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W3yuaetcs s3bIK nporpaMMupoBaHus Python, ero ocHoBHbie GUO/IHOTEKH U HEKOTOpbIE
MPUJIOXKEHUS.

Kypc nocesuied ogHomy K3 OypHO pa3BUBAKOLLMXCH U [OMY/SPHLIX B HACTOsILIEe BpeMs
ClieHapHbIX fA3LIKOB MporpammupoBanHus - Python. f3wik Python no3sonser ObicTpo
C03/aBaTh KaK IMPOTOTUIILI POrPAMMHBIX CUCTEM, TaK U CAMH NPOrpaMMHbIE CHCTEMbl,
MOMOraeT B WHTerpauMu MporpaMMHoro obecrieyeHust Ui pelleHUs MPOU3BOJCTBEHHbIX
3ajau. Python umMeet Goraryio cTaHAApTHYI GUOIHOTEKY W DOJLIIOe KOTMUeCTBO MOIyiei
pacluMpeHus TMPAKTUUeCKU IS BCEX HYXKJ 0Tpacid WMHGOPMALMOHHBIX TeXHOJOIHIA.
Bnarojapst siICHOMY CHHTakCUCY M3yueHHe s3blka He cocTaBnser Oosblioid npobnemsl.
HarnucanHble Ha HeM MPOrpaMMbl [OIYYarOTCS CTPYKTY PUPOBAHHLIMU 110 (OpMe, U B HUX
nerko npocnieuts oruky pabotel. Ha npumepe sizpika Python paccmartpupaiotcs Takue
Ba’KHbIE MOHATHS KaK: 00 HeKTHO-0pHeHTHPOBaHHOe NIPOrpaMMHPOBaHUe, () yHKIMOHAIbHOe
rnporpaMmMupoBaHue,  cobwITHiiHO-ynpaBnsieMble  nporpammbl  (GUI-npuioxxeHus),
¢opmatsl npeacranenus gadHbix (Unicode, XML W Tr.). Bo3MOXHOCTb [IMa/OrOBOrO
pexkuma paboTel uHTepriperatopa Python mno3posseT CyuecTBeHHO COKpaTUTL Bpems
W3yUeHHsl CaMOoro s3blKa W MepedTd K PeLleHUI0 33/jad B COOTBETCTBYIOLIMX TPeJMeTHbIX
obnmactax. Python cBoGoaHo gocTyneH g MHOTMX riathopM, a HaMMCaHHBEIE Ha HEM
nporpaMMel  0OLIUHO TMEPeHOCHMBI Mex1y MmiathopmMaMu 6e3 H3MeHeHHH. OTo
06CTOATeNILCTBO  1103BOJIAET [PUMEHHTL Ul U3yueHus sa3blka /o0yl UMerLylcs
annapaTHyo ruathopmy.

(c) 000 "MIHTYUT.PY", 2006-2016
(c) Cysu PA., 2006-2016




Cyau P AL H 3wk nporpammuposadua Python

Begenue B mporpaMmmupoBaHue Ha si3bike Python

B aToii nexkuuu noiijiler peub 0 CUHTaKcuce si3bika Python st ocHOBHBIX
IFOPUTMUYECKUX KOHCTPYKLIUH, INTEPA/IOB, BblpaKeHU. ByneT npuseieHo
OMUCaHWe BCTPOEHHBIX THUIIOB [laHHBIX, a TaKKe C/leJlaHa [OMbITKA
paccMOTpeTb HEKOTOpble BOMpochkl  obujenpunstoro B Python cruns
MpOrpaMMUPOBaAHUSL.

Yo Takoe Python?

O Python (y1yuilie NpoU3HOCUTH "TIMTOH", XOTS HEKOTOPbIE FOBOPSIT "MauTOH")
- npeaMeTe [AHHOIO W3y4yeHWs, Jydllle BCEro rOBOPUT CO3[aresib 3TOro
si3bIKa MPOrpaMMUpOBaHus, ro/utader ['Bugo Ban Poccym:

"Python - UHTepIIpeTUpyeMbIid, 00BEKTHO-OPUEHTUPOBAHHbII
BbICOKOYPOBHEBBIN $I3bIK [IPOrPAMMUPOBAHUS C IMHAMUYECKON CeMaHTUKOU.
BcTpoeHHble  BbICOKOYPOBHEBBIE CTPYKTYPbl JIJaHHBIX B COYETAaHUMU C
IUHAMUYECKON  Tunwu3aluei U CBSI3bIBAHMEM  [JIeIal0T  SI3bIK
NpUBJIEKaTeIbHBIM I ObIcTpoil paspabotku npunoxenuid (RAD, Rapid
Application Development). Kpome Toro, ero Mo)KHO UCI10/1b30BaTh B KauecTBe
CLIEHApHOro $i3blKa /Ui CBSI3M MPOrPaMMHBIX KOMITOHEHTOB. CHUHTaKCHUC
Python npoct B u3yueHuu, B HEM MpujaeTcs ocoboe 3HaueHUe UYMTaeMOCTH
KOJa, a 3TO COKpalaeT 3arpaTbl Ha COINPOBOXKJEHUE IPOrpaMMHBIX
npoaykroB. Python nogzep>kuBaer MOAyIu U NakeThl, MOOLIPSS MOAYILHOCTb
W TMOBTOPHOE WCMo/b30BaHUe koja. MHrtepniperatop Python u 6oJibiias
cTaHjaptHasi OubnUMOTeKa [OCTYrHbI 0OecriaTHO B BUJIE HCXOAHBIX W
WCIOJIHSIeMbIX KOJOB /ISl BCEX OCHOBHBIX IaThopM U MOryT CBOOOJHO
pacrpocTpaHaThes."

B nporjecce usyueHus OyeT pacKpbIT CMbIC/ 3TOrO OINpejiesieHus:, a celiuac
JIOCTaTOYHO  3HaTh, uTO0 Python - 3T0  yHHUBepca/bHbI  s3bIK
nporpaMMupoBaHusi. OH UMeeT CBOW MPeUMMYILeCTBa U HeJ0CTaTKHU, a TakKe
chepnl npumenenus. B nocraeky Python BxoguT obumipHasi craHjapTHas
bubsoTeka [yis pellieHusl IIMPOKOro Kpyra 3ajiad. B VIHTepHeTe [0CTYIHbI
KauecTBeHHble Oubmuoreku [y Python mno pasiduHbIM - TpejMeTHbIM
obnactsim: cpeactBa 00paboOTKM TEKCTOB U TexHosioruu MHTepHer,
obpaboTka u300pa)KeHWM, WHCTPYMEHTbI [yisl CO3[aHUsl TPUJIOXKEHUH,
MeXaHW3Mbl JIOCTYIa K 06a3am JIaHHBIX, TIAKeThl [jisi HAyYHbIX BBIUMC/IEHHH,
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bubsmoTekd mnoctpoenusi rpaduueckoro uHrtepdeiica u T.n. Kpome Ttoro,
Python umeeT jocTaTOUHO IPOCTHIE CPe/ICTBA /11 UHTerpaluu C s3bikamu C,
C++ (u Java) kak nyrem BcTpavBaHusi (embedding) uHTepriperatopa B
MpOrpaMMbl Ha 3TUX s13bIKaxX, TaK U HAa0OOPOT, MOCPEICTBOM UCITO/Ib30BAHMUS
Oub/MOTeK, HalMCaHHBIX Ha 3TUX si3blKax, B Python-mporpammax. f3bik
Python nopgep)kuBaer  HeCKOJILKO — MapajurM  I1pOrpaMMHUpOBaHUSE:
umrepatuBHoe (MpoLeAypHbld, CTPYKTYPHBIM, MOJAWIbHBIA I1OAXO/bI),
00bEKTHO-OPUEHTUPOBAHHOE U (BYHKI[MOHA/ILHOE TIPOrpaMMUPOBaHUe.

MoxxHo cuuTath, uto Python - 3T0 Uenas TexHonOrusi [JJjisi CO3JAHUS
MPOrpaMMHBIX NTPOAYKTOB (M UX MPOTOTUMNOB). OHA AOCTYITHA NTOYTH Ha BCeX
coBpeMeHHbIX Tatgopmax (Kak 32-OMTHBIX, TaK U Ha 64-OMTHBIX) C
komnunstopom C 1 Ha niatdopme Java.

MoJKeT 1oKa3aThbCs, YTO, B IPOrPAMMHOM WH/YCTPUM HET MeCTa Ji/isl Yero-To
npyroro kpome C/C++, Java, Visual Basic, C#. OpHako 5T0 He TaK.
Bo3mokHo, Gsiarosapsi JaHHOMY KypCY JIEKI[MIA U MPAKTUUECKUX 3aHSITUN Y
Python rmosiBATCST HOBbIE TIPUBEP)KEHLIbI, [J/Isi KOTOPbIX OH CTaHeT
He3aMeHUMbIM UHCTPYMEHTOM.

Kak ormmcarb SI3bIK?

B 370l NeKuuM He CTaBUTCS 1[eId CUCTeMaTUUecKd onucath Python: s
3TOTO  CYIIECTBYET OpPWUIMHA/ILHOE CIIPaBOYHOE pPYKOBOACTBO.  371€Ch
TIpe/ljlaraeTcsi PacCMOTPETh SI3bIK OJJHOBPEMEHHO B HECKOJIbKUX acIeKTax,
UTO JIOCTUTaeTcsi HabOpOM TIPUMEpOB, KOTOPbIe TI03BOJIAT ObICTpee
MPUOOIMTLCS K PealbHOMY NPOrpaMMHUPOBAHMIO, YeM B CJIyuae CTPOTOro
aKaJIeMUUYeCKoro MoJxo/a.

OpHako CTOUT 0OpaTuTh BHUMaHWEe Ha TPaBUJIbHBIM TMOAX0M K OMUCAHUIO
s3bika. Co3jlaHue TporpaMMbl - 3TO BCera KOMMYHMKAlUs, B KOTOPOW
MpPOrpaMMUCT TlepejjaeT KOMIbIOTepy WHbOpMaluo, HeoOXOoUuMyl Jiis
BbIMIOJIHEHUSI TIOCJIeHUM JlelicTBUA. To, Kak 3TU [IeCTBUSI MOHUMAaeT
MporpaMmMucT (To ecthb "cMbICI"), MOXKHO Ha3BaTh ceMaHTUKDU. CpejcTBOM
riepe/laud 3TOro CMbIC/IA SIBJISIETCSI CHHTAKCUC s13bIKa NporpaMmmupoBaHus. Hy
a To, UTO JleJlaéT WHTEpIIpeTaTop Ha OCHOBAHWW TepejaHHOro, 0ObIUHO
Ha3bIBAKOT nparMaTuKol. [Ipy HarnmMcaHUK MPOrpaMMbl OUeHb Ba)XKHO, UTOObI
B 9TOMU 1IeroyYke He BO3HUKA/IO cO0eB.
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CHUHTaKCUC - MOJHOCTLI0 (hopMa/lu30BaHHasl YacTh: ero MOXKHO OIUCaTh Ha
(opManbHOM  si3bIKe CUHTAKCHYeCKUX JuarpaMMm (4To U Jenaercss B
CrIpaBOYHLIX PYKOBOACTBAX). BbIpakeHuWeM T[parMaTHKU SIBJISIETCS  CaMm
WHTepriperaTop s3blka. MIMEHHO OH uuTaeT 3alkCaHHOE B COOTBETCTBUU C
CUHTAKCUCOM "Moc/iaHue" v npeBpaiaeT ero B JIeMCTBUS 10 3a/10)KeHHOMY B
HeM airoputmy. HedhopmasibHbIM KOMITIOHEHTOM OCTaeTCsl TO/IbKO CeMaHTUKaA.
WmenHo B mnepeBofge cMmbicia B ¢opManbHOe OornucaHue U KpoeTcsi camas
Oonbliasi  C/I0KHOCTL mporpamMmmupoBaHusi. CUHTAKCMC s3bika Python
o0/1a/laeT MOIMHBIMU  CpPe/JCTBAMH, KOTOpble [1OMOTalT MpUOIU3UTh
MoOHWMaHue  1pobseMbl  MPOrpaMMHUCTOM K ee 'MOHUMaHUK"
uHreprperatopom. O BHyrpeHHem yctpoiictBe Python Gyner roBoputhesi B
OJTHOW U3 3aBePILAOLIMX JIEKI[UH.

Uctopus si3bika Python

Co3sganue Python 6b1/10 Hauato I'Buzio Ban Poccymom (Guido van Rossum) B
1991 ropy, korma oH pabortan Hay pacrnpegeneHHor OC Ameba. Emy
TpeboBancs paciMpsieMblid  sI3bIK, KOTOpbIM Obl obecrieuns TofIep>KKy
CUCTEMHBIX BbI30BOB. 3a ocHOBY Obutv B3saTel ABC 1 Moayna-3. B kauectse
Ha3BaHMs OH BbiOpan Python B uecth KomeauitHbix cepuit BBC "Jletaroimii
uupk MoHTu-IluToHa", a BoBCce He 110 Ha3BaHulO 3meu. C Tex rop Python
Pa3BUBA/ICS MPU MOAJIEP)KKe TeX opraHu3aljuid, B KOTopbix ['Bujj0 pabotar.
OcobeHHO aKTUBHO $13bIK COBEPILIEHCTBYETCSl B HACTOsIIIee BpPeMsi, KOrjia Ha/l
HUM paboTaeT He TONBKO KOMaH/a CO3/iaTesield, HO U 1je/ioe COO0DOLeCTBO
[pOrpaMMUCTOB €O Bcero wmupa. W Bce-takd mnociejHee JIOBO O
HaripaB/leHUM pa3BUTHS sA3blKa ocTaeTcs 3a ['Buo BaH Poccymom.

[Tporpamma Ha Python

[Mporpamma Ha si3bike Python Mo)keT cOCTOSITb W3 OJHOIO WM HECKOJTbKUX
moayneid. Kaxaelii MoAyib TpejcTaBiser co00W TeKCTOBbIM (haiin B
KOAIMPOBKe, COBMECTUMOM ¢ 7-O0uTHOM Kopuposkoi ASCIL. 1151 KOOUPOBOK,
UCMOJB3YIOIMX CTapumii OUT, HeoOXoAMMO SIBHO YKa3blBaTh Ha3BaHUe
KoAUpOBKU. Hampumep, Moayib, KOMMEHTapUU WA CTPOKOBBIE JIATEPAsibl
KoToporo 3anucaHbl B kKopgupoBke KOI8-R, gomkeH umeTh B 1epBod Wid
BTOPOU CTPOKE CJIeYIOLIYIO Crieljh(rUKalUI0:

# -*- coding: koi8-r -*-
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bnaropgapst aToit crienudukaiuu uHTepriperarop Python Oyner 3Hath, Kak
KOPPEKTHO MepeBOoAuTh CUMBOJLI uTepanoB Unicode-crpok B Unicode. be3
3TOW CTPOKM HOBbie Bepcuu Python Oyayr BbijaBaTh MpejaynpexieHue Ha
KaXKbli MOJY/b, B KOTOPOM BCTPeYarOTCs KOJbl C YCTAHOBJIEHHBLIM BOCLMbIM
buTOM.

O ToMm, Kak JiefiaTh NIpOrpaMMy MOAYIBHOM, CTaHeT U3BECTHO B CJIEAYHOLIMX
nekuusix. B rnipumepax HHKe HUCIOAb3YIOTCS KakK (DparMeHThl MOZY/eu,
3anycaHHbIX B (baiis1, Tak U (pparMeHThI Juasiora ¢ uHTepriperatopoM Python.
[MocnepgHuie OTIMYAKOTCS XapakTepHbIM I[pUDIallleHdeM >>>. CHUMBON
peletka ( # ) OTMeUaeT KOMMeHTapUi [J0 KOHL|a CTPOKU.

[Mporpamma Ha Python, ¢ Touku 3peHUst uHTeprperaropa, COCTOUT U3
noruveckux cTpok. OiHa Jioruueckasi CTpOKa, Kak rpaBUJIO, PacriosiaraeTcs B
ONHOW (M3UUeCKOid, HO [JIMHHbIE JIOTUYeCKHe CTPOKA MOXHO SIBHO (C
MOMOILIBEI0 00paTHO KOCOM uepThl) WK HesBHO (BHYTPU CKODOK) pa30UThL Ha
HEeCKO/TbKO (p13UUYeCKUX:

print a, " - OueHb JIJIMHHAS CTPOKA, KOTOpasi He moMeraeTcsi B", \
80, "3nakomecrax"

[TpumeuaHue:

Bo Bcex nprmepax B OCHOBHOM UCI0/Ib3yeTCsl "ouLHa/IbHbINA" CTUIIb
odopmienus koga Ha Python B cootBetcTBuM ¢ jokymeHTOM "Python Style
Guide", KOTOpBIM MOXXHO HAWUTHU Ha caiTe ccbuka: httpy/python.org

OCHOBHBIE a/ITOPUTMUYECKUEe KOHCTPYKLIUU

[MpearonaraeTcs, YTO CAYILIATE/IU Y)K€ YMEKOT NPOrpaMMHUPOBATh XOTs Obl Ha
YPOBHE IIKOJILHOM TMPOrpamMMbl, W [OTOMY BIOJIHE /IOCTAaTOYHO IPOBECTU
napauie/ii  Mex/Jy aJrOpUTMUUYECKAMU KOHCTPYKIUSIMH W CUHTAKCHCOM
Python. Kpome Ttoro, Python kak rpaBuWi0 He TOABOAUT WHTYUI[UIO
nporpaMMucra (Mo KpailHeli Mepe, HayKe XOpOIIO W3BEeCTHbI TUIWYHbIE
ouMOKM HAUMHAKIMX M[porpaMMucToB Ha Python), mostomy u3yuaThb
cuHTakcuc Python npeamouTtutensHee Ha mnpumepax, a He C TOMOIIBIO
CUHTaKCHUeCKUX Ararpamm uid dopm Bakyca-Haypa.
7
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[TocnenoBareIbHOCTL OTIEPAaTOPOB

[MocnenoBarenbHble  [IACTBUSE  OMUCHLIBAKOTCS  T10C/€0BaTe/IbHBIMU
CTpOKaMu niporpamMmbl. CTOUT, npaB/ia, [06aBUTb, UTO B POrpaMMax Ba)KHbI
OTCTYTbI, I103TOMY BCe OMNEepaTopbl, BXOAsIMEe B I[10C/I€40BaTeIbHOCTb
NeUCTBUH, 10/DKHBI UMETh OJJUH U TOT K€ OTCTYII:

a=1
b=2
a=a+b
b=a-b
a=a-b
print (a, b)

Yro pgenaet 3T0T npumep? IIpoBepuUTh CBOK [OrajKy MOXKHO C TOMOIIIbIO
WHTEPaKTUBHOIO Pe)KMMa uHTeprperaropa Python.

[lpu pabote c Python B uWHTepakTHBHOM peXMMe Kak Obl BBOAUTCS OJHA
Oonblliasi TMporpamma, COCTOsilias M3 T10C/I€l0BaTe/IbHbIX JelcTBuil. B
rpuMepe Bblllle UCIO/b30BaHbl OrNepaTopbl IPUCBauBaHUS U OIepaTop
print.

Omneparop yc/0BHs U BeIOOPa

PaBYMee’TCH, OIHUMH TOJILKO Ioc/aen0BaTe/IbHBIMH ,ILEI:'iCTBI/IH_MH B
nporpaMMHpoOBdHHH He 0601‘;ITI/ICI:|, [MO3TOMY IIpH HallHCAHWHK a/I'OPUTMOB
HCI10J/Ib3YeTCH ellle 1 BeTB/IeHHe:

ifa>b:
c=a

else:
c=b

OTOT KycOK Kola Ha Python MHTYMTUBHO MOHATEH KaXK0MY, KTO TIOMHUT, UTO
if no-aHmMMCKU 3HauuT "ecsiu’, a el se - "uHaue". Orieparop BeTBJIEHUS
“MeeT B JAHHOM (Jlydae JiBeé UaCTH, OIepaTropbl KaXK[A0W U3 KOTOPbIX
3aMUCbIBAIOTCS C OTCTYIIOM BIPaBO OTHOCUTE/ILHO Olleparopa BeTBJIeHUSs.
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Bonee obumii cnyudaii - oriepatop BbIOOpa - MOYKHO 3aIlicaTh C IMOMOIIIBIO
C/IeIyrollero CMHTakcuca (rpuMep BbIYMC/IeHUs 3HaKa YA C/Ia):

ifa<0:
s=-1
elif a==0:
s=0
else:

s=1

CrouT 3amMeTuTh, uT0 elif - 9TO cCoOkpaileHHbIM else if. be3
COKpALLeHUsI MIPULIVIOCH Obl IPUMEHSITh BJIO)KEHHBIW OMepaTop BeTBJIeHUS:

ifa<0:
s=-1
else:
ifa==0:
s=0
else:
s=1

B oriuume ot oneparopa print, omnepatop if-else - cocraBHOMU
orneparop.

Rz

TpeTbell HEOOXOAMMOM aNrOPUTMUUECKOW KOHCTPYKLUel siBsieTcs: Uk, C
MOMOLLBIO0 [JUK/IA MOXXHO ONUCaTh MOBTOpstolmecs jelictBust. B Python
uMeroTcss ABa BuZa UuiIoB: Luk1 [IOKA (BbIosiHSIeTCSE HeKOTOpoe
ycnoBue) u quka J1JIS (Bcex 3HaueHUl rocefoBarebHOCTH). Creayroinmi
ripuMep uimoctpupyet LUk [TOKA Ha Python:

s = "abcdefghijklmnop"
while s I=""

print s

s=s[1:=-1]

Onepatop while roBoput uHTepriperaropy Python: "moka BepHO ycioBue
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LMK/, BBINIOJIHATE Tesio 1uKiIa ". B s3eike Python Tesio 1jukia BblesieTcs
orctynoM. Kaxoe ucnonHeHre Tesja 1jukia OyleT Ha3bIBaThCs UTepaLiUei.
B npuBeseHHOM nipumMepe youpaeTcs nepBblid U MOC/IeAHUN CUMBOJI CTPOKU
[0 TeX Iop, [10Ka He OCTaHeTCHd [ycTas CTPOoKa.

Nns  Oonbieldd THOKOCTM TPU  OpPraHM3allid  LUK/IOB  TIPUMEHSIOTCS
oneparopel break (mpepBarb) U continue (Mpomo/LKUTh). [lepBbiit
[03BOJISIeT TpepBaTh LMK, a BTOPOW - TMPOAO/DKUTH LUK, Tepelfs K
ceyrouel utepaluu (ec/iv, KOHEUYHO, BLITIOHSETCS YC/I0BUe LIUKIA).

Cnenyooumid npumMep 4ydTaeT CTPOKM W3 (aijla U BLIBOAWUT Te, Y KOTOPbIX
JmHa borblie 5:

f = open("file.txt", "r")
while f:
1 = freadline()
if not I:
break
if len(l) > 5:
print 1
f.close()

B sTOoM npumepe opraHu3oBaH OeCKOHEUHbIW LUK/, KOTOPbIH MpepbIBaeTcs
TOJILKO TIPH TOJyueHuu W3 ¢aitna nyctoi crpoku ( 1 ), uto 0003HAauaet
koHel] (aitna.

B s3bike Python jioruueckoe 3HaueHHe HECET KaXK/[blii 0OBEKT: HYIM, MMyCThbie
CTPOKU U MOCJIe/I0BATe/IbHOCTH, CIiel[dabHbid 00beKT None U JI0ruueckuii

nuTepan False HUMEIOT 3HaueHHWe 'MOXKb', a mpoure OOLeKThl 3HaueHHe
"uctuHa". 17151 0003HaUeHUsI UCTHHBI 0OBIYHO HCITO/B3YeTCs 1 Uau True.

[TpumeuaHue:
Jlutepasbl True u False s 0003HaueHUs TOTMUeCKUX 3HaUeHU

nosiBUMKUCL B Python 2.3.

[ukn for BBLINOMHAET TeNO [MKIA JJI9  KaKAOro  3JIeMeHTa

Noc/e/loBaTe/IbHOCTA. B ciefiytollleM rpuMepe BbIBOAWTCS  Tabsuliia
10
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YMHOeHHUA:

for iinrange[1, 10):
for j in range[1, 10):
print "%2i" % (i*j),
print

3peck UUKIbL for ABASIOTCS BJIOKeHHbIMU. DyHKUA range ()
TOPOXK/IaeT CIUCOK LieJIbIX YhCesT U3 MOJIYOTKPLITOro uHTepBaia [1, 10).
[Mepep kaxxao¥i UTepaljMell CYETUMK [{UK/Ia [T0/Iy4aeT ouepe/iHOe 3HaueHue U3
3TOrO CIUCcKa. [lo/yOTKpBIThbIE [Mara3oHbl  0oOLenpuHaTel B Python.
CuuTaercs, 4to UX MCIO/b30BaHUe OoJiee yIOOHO U BbI3bIBAET MEHbIIe
MpOrpaMMUCTCKUX oumbok. Harmpumep, range (len(s)) IOpOXKAaeT
CIUCOK WH/IeKCOB uis criucka s (B Python-nmocsepoBaTesnsHOCTU TepBblid
3/1eMeHT umeeT UHJeKC 0 ). [Iisi KpaCMBOro BbIBOAA TAOJMI[bl YMHOXKEHUsI
ripuMeHeHa onepauus GopMaTUpoBaHUs S (17151 LieJIbIX UUCesT TOT JKe CUMBOJ
UCIOJB3yeTCst st 0003HauUeHWsi Orepaluu B3sITHS OCTaTKa OT JleJIeHus]).
Ctpoka dopmaTpoBaHusi (3a[@eTcsi C/eBa) CTPOMTCS IOUTH KaK CTPOKa
(opmatupoBanus st print £ uz C.

D yHKIMA

[MporpaMMHUCT MOXXET  OIpefessiTb COOCTBeHHble  (GYHKLIMH  JABYMs
cnocobaMu: C MOMOLIBIO orepatopa def WM MPSMO B BBIPAKEHWH,
nocpeacteom  lambda. Bropoilh crocod (ma u  BooOuwe pabora c
hyHKIMSAME) OyZieT pacCMOTpPeH ToipoOHee B JIeKIUK M0 (GyHKI[UOHAILHOMY
NporpaMMHUpoOBaHWI0 Ha Python, a 3mece ciegyeT TpPUBECTH TIPUMEP
OTIpe/Ie/IeHHs U BbI30Ba (DYHKIIMH:

def cena(rub, kop=0):
return "%i py6. %i kort." % (rub, kop)

print cena(8, 50)
print cena(7)
print cena(rub=23, kop=70)

B stoMm mnpumepe onpejeneHa (yHKIUMSL JBYX apryMeHTOB (M3 KOTOPBIX
BTOPOM WMeeT 3HaueHWe Mo yMmojuaHuio - 0 ). BapuaHTOB BbI30Ba 3TOM
11




Cyau P.A. s13b1K nporpaMmupoBadna Python
(YHKIUU C KOHKPETHBIMH [apaMeTpaMH TaKkKe HeCKOJIbKO. CTOUT TOJILKO
3aMETUTb, UTO MPU BbI30Be (PYHKLMU CHaudaia JO/DKHBI UATH MO3UL[HOHHLIE
rnapaMeTpbl, a 3areM, UMEHOBaHHbIe. APryMEHThbI CO 3HAUEHUSMU I10
YMO/TUaHHI0 [IOJ/DKHBI C/Ie[0BaTh IMOC/E€ OOLIYHLIX aprymeHToB. OrepaTop
return BO3BpAL@AET 3HaueHHe (QyHKUUH. 13 QyHKIUH MOXKHO BO3BPaTHUTh
TOJBKO OJWH OOBEKT , HO OH MOXET OBLITh KOPTEeKEM M3 HEeCKOJIbKMX
00BEKTOB.

[Mocne oneparopa def WMsi cena OKa3blBAaeTCsl CBSI3aHHBIM  C
(byHKI[MOHA/IbHBIM OOBEKTOM.

N cknmoueHus

B coBpemeHHbIX MporpaMMax repejiaua yripaBjaeHUsi IPOUCXOUT He BCerja
TaK [V1a/IKO, KaK B OMMCAHHbBIX BbILLE KOHCTPYKIUsX. [1yisi 06paboTku 0cobbix
cuTyauui (TakMX Kak /ieJieHue Ha HOJIb WM TOMbITKA YTeHUs U3
HecyllecTByrolllero (aiijia) rNpUMeHsIeTCsl MeXaHU3M UCKIoueHui. Jlyuie
BCEro TMOSICHUTh CHHTAKCUC oOreparopa try-except ClIeQyiOLMM
TIPUMEPOM:

try:
res = int(open('a.txt').read()) / int(open('c.txt').read())
print res

except IOError:

print "Oumbka BBO/a-BbIBOAA"
except ZeroDivisionError:

print "/Tenenue Ha 0"
except KeyboardInterrupt:

print "[IpepsiBaHue C K1aBUaTypsbl"
except:

print "Oumbka"

B 3TOM npumepe Gepyrcs urciia U3 JByX (ailJIoB U AENATCS OJJHO Ha JpYyroe.

B pesyisrare 3TUX HEXUTPBIX [JEHUCTBUM MOXKET BO3HUKHYTH HECKOJIBbKO

UCK/TIOUMTE/IbHLIX CUTYalUi, HEKOTOpPble W3 HUX OTMEUeHbl B YaCTaX

except (30eCh MCIIO/IL30BAHbI CTaH/IAPTHbIE BCTPOEHHBIE WCKIHOUEHHUs

Python). [Mocsie/iHsisi yacTh except B 3TOM MPUMepe YIaB/IUBaeT BCe JApyrue

WCK/TIOUEHHUs], KOTOpbIe He ObL/M ToMMaHbI Bhiile. Haripumep, eciv xoTst Obl
12




Cyau P.A. 361K nporpaMmupoBanns Python
B OfHOM U3 (ailJIOB HAXOAWUTCS HEUMCJIOBOe 3HaueHWe, (yHKUMUs int ()
BO30yquT ucKIoueHue ValueError. Ero-to 4 CMOXeT OT/IOBUTH
roc/e/iusist yacth except. Pazymeercs, BLINO/IHeHHe YacTU try B C/lydyae
BO3HUKHOBEHUsI OLMOKM y)Ke He IPOJ0JIXKAeTCsl T0C/Ie BBIMOTHEHUsl OfHOU
U3 uacreii except.

B oT/iMure OT Jpyrux si3bIKOB INpOrpaMMUpoBaHusi, B Python uckiroueHwus
HepeJIKO CTy)KaT Ji/Isl YIPOLLeHUsI anropuTMOB. 3aruchiBast oreparop try-
except, MPOrpaMMUCT MOXKET JyMaTh Tak: 'MOMNpoOyro, a ec/ii COpBeTcs -
BBLIMOJIHUTCSA kOJ B except ". OCoDEHHO YacTO 3TO WCIIOJIL3YeTCs s
BLID@KEHUH, B KOTOPBIX 3HAUEHHE T10JIyUaeTCs 110 K/IKUY W3 OTOOpaykeHUSI:

try:
value = dict[key]
except:
value = default value

BwmecTo

if dict.has_key(key):
value = dict[key]
else:
value = default_value

[TpumeuaHue:;

[Tpyumep y)Ke HeCKOJIbKO yCTapeBLlel UIUOMBI s3bIKa Pythﬁn WJUTFOCTPUPYET
TOJIBKO JyX 3TOI0 MOAX0/a: B COBPEMEHHOM Pythnn JIydllle 3a1Mcarh Tak
value = dict.get (key, default value).

UckntoueHusi MOXXHO BO30y)KAaTh W W3 MpoOrpamMmbl. [Ijisi 3TOr0 C/YKUT
orepaTop raise. 3a00HO C/IeAYIOIMIA TPUMepP MOKa3biBaeT KAHOHUYECKU i
crocob ornpejeneHusi COBCTBEHHOIO UCKITHOUEHUSI:

class MyError(Exception):
pass

13



Cyau P AL H 3wk nporpammuposadua Python

try:
raise MyError, "my error 1"

except MyError, x:
print "Oumbka:", X

Kcratyd, BCe HWCKIOYEHUS BLICTPOEHBI B HepapXyui) K/1accoB, MO3TOMY
ZeroDivisionError MOXKeT ObITH rnoiimMaHa Kak
ArithmeticError, ecii COOTBETCTBYIOLAS YaCcTh except Oyler uATu
paHblLe.

Insi yTBep>KAeHUN NpPUMeHsieTCs CrelMa/ibHblA onepatop assert. OH
BO30yXKzaeT AssertionError, ey 3aJlaHHOe B HEM YCJIOBHE HEBEPHO.
OTOT oOrepatop WCIOJBL3YIOT Ui CaMOIPOBEPKH TporpaMmel. B
ONTUMU3HMPOBAHHOM KOJIe OH HE BBIMOJIHSETCS, [103TOMY CTPOUThH Ha HEM
JIOTHKY aJITOPUTMa HeJib3s. [Iprumep:

c=a+b
assertc==a-+b

Kpome onucanHoli ¢opmbl oneparopa, ecth euje dopma try-finally
[UUIsl TApAaHTUPOBAHHOIO BbLITOTHEHUS] HEKOTOPBIX IeACTBUI TpU Iepejaue
yrpaBjieHuss W3HYyTpu orepatopa try-finally BoBHe. OH MOXeT
MPUMEHSITLCSL  JIUIsi  OCBODOJK/JEHMSI 3aHSTBIX pecypcoB, uTo Tpebyer
00s13aTe/IbHOr0  BBITIO/JIHEHUS, HE3aBUCUMO OT TPOM30LIEJIIIIMX BHYTPU
KaTaK/IU3MOB:

try:

finally:
print "O6paboTKa rapaHTUPOBAHHO 3aBepileHa"

BCTpO €HHbIe THIIbI JdHHbIX

Kak yxe rosopusoch, Bce AaHHbie B Python ripeicraBiieHbl 0ObeKTaMu.

VMeHa sIB/ISIOTCS JIUILb CCbUIKAMU HA 3TH 0OBEKTbl U He HEeCYT Harpy3ku 1o

JeKiapalyMyd Tura. 3HaueHusi BCTPOEHHBIX TUIIOB MMEKOT CIelUalbHYHO

MO/JIeP)KKY B CUHTAKCUCE si3blKa: MOXKHO 3allucaTh JIMTepas CTPOKU, YMCIia,
14




Cyau P.A. 361K nporpaMmupoBanns Python
CIUCKa, KOpTexa, cjioBapsi (U UX pasHOBUAHOCTe). CUHTAKCUYECKYH e
TOA/IeP>KKY OMepaljuii Haj, BCTPOEHHLIMU TUIMAMU MOXXHO JIErKO CJieJlaTh
JOCTYITHOM U 1151 00BEKTOB OMpe/ie/sieMbIX [10/1b30BaTe/IsIMU KITaCCOB.

Crnefyer Takke OTMETHUTb, UTO OOBEKTbI MOrYT ObITh HEU3MEHUMBLIMU U
u3MeHurBbIMU. Haripumep, ctpoku B Python siB/isitOTCS HeM3MeHUMBBLIMU,
M03TOMY Orepaljiy HaJi CTPOKAMU CO3/Iat0T HOBbIE CTPOKH.

Kapra BcTpoeHHbIX TUMOB (C uMMeHamMu (GYHKIMUA i [pUBEIeHUs K
HY)KHOMY TUITY U UME@HaMU KJ1aCCOB [Ijisl Hac/1e/IOBaHUsl OT ITUX TUIIOB):

¢ crielua/sbHbIe TUNLL: None, Not Implemented M Ellipsis;
® uyucna;
© [esble
® o0bIYHOE LIe/ioe int
B []eJi0e [TPOM3BOJILHOM TOUHOCTU long
" JlorMueckuit bool
© YUMo C IJ1aBarole Toukot float
© KOMILIEKCHOE UUC/I0 complex
® [10C/1e/10BaTeILHOCTH;
© Heu3MeHUUBbIE:
® CTpoKa str;
® Unicode-ctpoka unicode ;
B KOpTexX tuple;
© KU3MEeHYUBbIE:
B CIUMCOK 1list ;
e orobOpa)keHus:
o cjioBapb dict
00BEKTbI, KOTOPbIE MOXKHO BbI3BaTh:
© (yHKUMHU (110/1b30BaTe/IbCKUE U BCTPOEHHbIE);
(yHKIUU-TeHepaTopkl;
MeTOo/bI (T10/1b30BaTe/IbCKUe U BCTPOEHHbIE);
Knaccel (HOBbIe U "Knaccuueckue');
5K3eMIL/IAPbI K1acCoB (ec/id UMeloT MeTos,  call  );
MOAYH;
K/1acChl (CM. BBIILER);
9K3eMIL/ISIPbl KIacCOB (CM. BBbIILE);
(aiisibl file ;

o ©

(o]

15



Cyau P AL H 3wk nporpammuposadua Python

e BCroMorarejibHble TUNILI buffer, slice.

Y3Hath TUN 1000ro 00bEKTa MOXKHO C TOMOIIBbI0 BCTPOEHHOM (yHKIUU
type ().

Tum int v long

HBa tina: int (uensie yuwia) U 1ong (Uesble TPOU3BOJILHOWM TOUHOCTH)
CJ1y>KaT MOZIe/IbIO /151 TIpeJiCTaB/ieHus LenblX uices. [lepBblil COOTBETCTBYeT
tuny long B komnuasTope C /s UCIO/Ib3yeMON apXuTeKTypbl. Uuc/ioBble

NUTEepasIbl MOXKHO 3aIMCaTh B CUCTEMaX CUMC/IeHHs C OcHoBaHueM 8, 10 uu
16:

# B sTuX nuTepasax 3anvcado uucio 10
print 10, 012, 0xA, 10L

Habop omnepauuii Haj uYMCIaMM - JIOCTaTOYHO CTaH/JAPTHBIA KAk TI0
CeMaHTHKe, TaK U 10 0003HaYeHUsIM:

>>>print 1 + 1, 3 -2, 2%2,7/4, 5%3
21412
>>> print 2L ** 1000
1071508607186267320948425049060001810561404811705533607443750
8370351051124936122493198378815695858127594672917553146825187
528569231404359845775746985748039345677748242309854210746050€
7114187795418215304647498358194126739876755916554394607706291
71196477686542167660429831652624386837205668069376
>>>print3<4<6, 3>=5  4==4, 4!=4 #cpaBHeHuUs
True False True False
>>>print 1 <<8, 4>>2, ~4 #n1o0UTOBbIE CIBUTH U UHBEPCUS
2561-5
>>>for i, j in (0, 0), (0, 1), (1, 0), (1, 1):

. printi j,"™" i&],i|j, i # nobutoBbie onepaLuu

00:000
01:011
10:011
11:110
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Cyau P AL H 3wk nporpammuposadua Python
3HaueHMs THMNa int JO/DKHBI MOKPbLIBaTh Auaria3oH ot -2147483648 no
2147483647, a TOYHOCTb 1le/IbIX TPOU3BOJIBHOM TOYHOCTHA 3aBUCUT OT
obbema JIoCTYIHOM MaMsITH.

CTOMT 3aMeTUTh, UTO €C/IH B pe3yIbTaTe Oreparjuu MoJydaeTcsi 3HaueHue,
BbIXOJsIlIiee 3@ PAMKU [JOMYCTUMOrO, TUI 1int MoXeT ObiTh HesIBHO
npeobpa3oBaH B 1ong:

>>> type(-2147483648)
<type 'int>

>>> type(-2147483649)
<type 'long'>

Takke HYXHO OBITH OCTOPOKHBIM IIpH 3allMCH KOHCTAaHT. Hyf[H B Hayade
UHC/a - IIpH3HaK BOCbMepI/ILIHOFI CUCTEMBLI CUYMC/IeHHWd, B KOTODOﬁ HeT

uudpsl 8:

>>> 008
File "<stdin>", line 1
008
A

SyntaxError: invalid token

Tum float

CootBerctByer C-tuny double s HUCIO/NB3YeMOW apXUTEKTYpBI.
3anucbIBaeTCsl BIIOJIHE TPAJULMOHHbBIM criocobom mubo uepe3 Touky, 1460 B
HOTALUU C YKCITOHEHTOM:

>>> pi = 3.1415926535897931

>>> pi** 40
7.6912142205156999¢e+19

Kpome apudmerruueckux ornepaluii, MOXXHO UCII0Nb30BaTh Olepaluy U3
Moaynd math.

[TpumeuaHue:;
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Cyau P AL H 3wk nporpammuposadua Python

st pHAHCOBBIX PaCUeToB Jiydllle IPUMEHSTh DoJiee OAXOASIIMI THII.

M3 rmone3HbIXx BCTPOEHHBLIX GYHKIMA MOKHO BCIIOMHUTHL round (),
abs ().

Tun complex

Jlurepan MHUMOW 4YacTu 3ajjaercsi jobaBreHueM | B KauecTBe cyddukca
(mepeMHOXXarTCsi MHUMBbIE eJUHULbI):

>3 _1j * _1j
(-1-0j)

Tun peanu3oBaH Ha 0asze BewecTBeHHOro. Kpome apudmerrueckux
oreparjuii, MOXKHO MCI10JIb30BaTh OMepaljuu U3 MoAysi cmath.

Tur bool

[MoaTHI [@/IOUMC/IEHHOrO0 THIAa Ui "KaHOHWYeckoro" 0003HaueHus
JIOTMUECKUX Be/MurH. [IBa 3HaueHus:: True (UCTUHA) U False (/10Xb) -
BOT W BCe, UTO MPUHAJJIEXUT 3TOMY TUMY. Kak yxe roBOpU/OCh, Jitoboi
obbektT Python uMMeeT UCTUHHOCTHOE 3HaueHWe, JIOTMYeCKUe Orepaljuu
MOXXHO IMPOUJUTHOCTPUPOBATS C IMOMOLLIBIO JIOTUYeCKOro TUIla:

>>> for iin (False, True):
for j in (False, True):

print i, j, ™", iand j, ior j, not i

False False : False False True
False True : False True True
True False : False True False
True True : True Tiue False

Cnenyer orMeTuTh, uto Python fgake He BbIUMC/IiET BTOpPOW omnepaH/
orepaluu and WM O, eC/IM ee UCXo[ sICeH T0 TepBoMy orepaHay. Takum
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obpasom, eciv repBbIi onepaH/| UCTUHEeH, OH ¥ BO3BPAIL]AeTCsl KaK pe3ysibraT
or, B MPOTUBHOM C/lyyae BO3BpAILa€TCsi BTOPOU oriepaHy. [I/si orepaijuu
and BCe aHaJIOTUYHO.

Tum string u Tum unicode

B Python crpoku ObiBalOT ABYX THIIOB: 00bluHble M Unicode-cTpokw.
@dakTUueckd CTPOKa - 3TO [0C/e[0BATe/bHOCTb CUMBOJIOB (B C/Tyuae
00BIYHBIX CTPOK MOKHO CKa3aTb 'foc/ie/joBaTe/ibHOCTh 0aiToB"). CTPOKU-
KOHCTaHTbl MOXKHO 3a/1aTh B IPOrpaMMe C MOMOILBI0 CTPOKOBBIX JIMTEPAJIOB.
s nuTepanoB HapaBHE MCIO/B3YIOTCS Kak arnoctpodwl ( ' ), Tak u
00bIUHbIE IBOMHBIE KaBbIUKU (" ). [I/11 MHOTOCTPOYHBIX JIUTEPATIOB MOYKHO
WUCIONBL30BaTh  yTPOEHHbIe  anocTpo(bl WM YTPOEHHbIE  KaBbIUKU.
Ynpasnsitoupe 1ociaefloBaTe/lbHOCTU BHYTPU  CTPOKOBBIX  JIUTepasioB
3aziatoTest obpatHoi Kocoi ueptoi ( \ ). IIprMepbl HarMCaHUsi CTPOKOBLIX
NTUTEepPasoB:

sl = "crpokal"

s2 = 'cTpoKa2\nc rnepeBojOM CTPOKH BHYTpH'
s3 = ""'crpoka3

C MepeBo/ioM CTPOKU BHYTPU
ul = u'\u043fu0440\u0438\u0432\u0435\u0442" # npuser
u2 = u'Ewe npumep' # He 3abyasre npo coding!

e

Jl71si CTPOK UMEETCsI ellie OfiHa Pa3HOBU/HOCTb: He0OpaboTaHHbIe CTPOKOBbIE
nutepasibl. B 9THX nuTepanax obpaTHasi Kocasi uepTa U CJieflyrolpe 3a Hei
CHMBOJIBI He UHTEepIpeTUPYIOTCHd KaK CIIel|CUMBOJIbI, a BCTaB/AKOTCA B
CTPOKY "KakK eCcTb':

my_re = r'"(\d)=\1"

OO6bIYHO TaKue CTPOKU TPebyrTCs [yisi 3alKuCU PeryisipHbIX BbIpaKeHUH (0
HUX MOWJeT peub B JIeKWW, TNOCBSLIEHHON 00paboTke TeKCTOBOM

uHdopmarum).

Habop onepaijuii Haji CTpOKaMU BK/THOUaeT KOHKaTeHaluwo " + ", moBTop " *
3

" dopmatupoBaHue " % ". Takke CTPOKM HUMeIOT OO0JIbILIOE KOJIMUECTBO

METO/I0B, HEKOTOpble W3 KOTOPLIX MpuBejeHbl HMKe. [lonHblii Habop
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METOJI0B (M UX Heobs3aTe/IbHbIX AapryMeHTOB) MOJXKHO [10JIyUUTb B
JOKyMeHTaiuu no Python.

>>>"A"+ "B"

IABI

>>>"A"]()
'AAAAAAAAAA'

>>> "%s %i" % ("abc", 12)
‘abc 12'

HekoTopbie MeTObl CTPOKOBBIX OOBEKTOB OyqyT pacCMOTPEHBI B JIEKIIMH,
MOCBAILEHHON 00paboTKe TEKCTOB.

Tum tuple

Jlns TipeACTaB/ieHHsl KOHCTAHTHOM I10C/1e/[0BATe/IbHOCTH (Pa3sHOPOJHBIX)
00bEKTOB  WCMO/b3yeTcss TUM  KOpTeX. JluTepan KopTeka O0ObIUHO
3aIUCBIBAETCA B KPYIIBIX CKOOKaX, HO MOJXKHO, €C/Idi He BO3HUKAKOT
HEOJHO3HAYHOCTH, THUCaTh U 0e3 HUX. [IprMephI 3aIiCH KOPTeXKe:

p=(1.2,3.4,0.9) # Touka B TpeXMepHOM IPOCTPAHCTBE

for s in "one", "two", "three': # LMK/ 110 3HAUEHUSIM KOPTEXKa
print s

one_item = (1,)

empty = ()

pl=1,3,9 #06e3ckoboK

p2 =3, 8, 5, # 3arnsTas B KOHLle UTHOPUPYeTCs

Wcrionb30BaTh CUHTAKCUC KOPTeXel MOXXHO W B JIEBOM 4YaCTU orepaTtopa
rpucBauBaHus. B 3ToM cjiydae Ha OCHOBE BbIUMCJIEHHBIX CIIPABa 3HAUeHUM
(hopMuUpyeTCsi KOPTEX U CBSI3bIBA€TCS OAWH B OJUH C UMEHAMU B JieBOM
yactu. [ToaTromy 0OMeH 3HaYeHUSIMU 3aIUCbIBAETCS OUeHb U3SIIHO:

a,b=b,a

Tur list
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B "uwucrom" Python HeT MacCMBOB C ITPOU3BO/IbHBIM TUIIOM 3J/IeMEHTa.
BmecTo HUX UCIOAL3YIOTCA CHOHUCKA. KX MOXHO 3a7aTb C I1IOMOLLBHO
JIATEPasioB, 3aluChbIBaéMbIX B KBaJIpaTHbIX CKOOKaX, WJIM [OCPe/CTBOM
CIUCKOBBIX BK/IHOUeHUI. BapuaHThl 3a/jaHusl CriMcKa MpUBe/leHbl HUXKe:

Ist1 =[1, 2, 3,]
Ist2 = [x**2 for x in range(10) if x % 2 == 1]
Ist3 = list("abcde™)

Nnsi paboTbl CO  CHOMCKAMU  CYIECTBYET  HECKOJIbKO — METO/OB,
JIOTIO/THUTE/IbHBIX K TeM, UTO UMEHOT HeW3MeHUMBbIe MOC/Ie/[0BaTe/IbHOCTH.
Bce oHU CBsi3aHbI C U3MEHEHUEM CITHCKA.

[TocnenoBarenbHO CTH

Huke 00001eHbI OCHOBHBIE MeTOAbl TMoc/enoBate/ibHOCTel. Crempyer
HallOMHUTb, 4YTO T10C/E/0BaTe/IbHOCTM ObIBAlOT HEW3MEHUUBLIMU U
WU3MEHUYMBBLIMU. Y MOC/eJHUX METO/IOB UyTh DOJIbILE.

CHHTaKCUC CemaHTHKa
len (s) JnvHa nocsie0BaTe/IbHOCTUA S

[poBepKa NMpUHA/JIE)KHOCTH 3JIEMEHTA M0C/Ie/J0BATeILHOCTH.
x in s B HOBBIX Bepcusix Python MO>KHO npoBepsiTh MPUHA/JIEKHOCTh
MOJICTPOKU CTPOKe. Bo3Bpaiger True umu False

X not in
s

=not x in s

s + sl  KoHkareHallus Moc/ie0BaTe/IbHOCTeH

s*num [locienoBarenbHOCTb U3 n pa3 noBTopeHHoM s. Ecmun < 0,

n*s BO3BpalLiaeTcs MycTasi [10C/1e/10BaTe/IbHOCTb.

s[i] Bo3spaujger i-i 3n1eMeHT s Wik len (s) —i-,ecm 1 < 0
L Cpe3 13 noc/1ej0BaTeIbHOCTU S OT 1 10 j ¢ warom d Oyger

sli:3:d] PacCMaTpUBATLCS HUXKE

min (s) HaumeHsliii 3/1eMeHT s

max (s) Hauboneumii snemMeHT s
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,H.OI'IOJ'[HHTEJ'ILHLIE KOHCTPYKUHWHK [OJ1d U3MEHUYHUBBIX HOCJIE,[I'OBEITEIILHOCTEI‘;IZ

s[i] = x 1 -1 971eMeHT CIIUCKA S 3aMeHSeTCH Ha X
s[i:7:d] = t Cpe3or i o j (cmwarom d ) 3ameHsieTcsi Ha (CITUCOK) t

del s[i:7j:d] YganeHue 3JIeMEHTOB Cpe3a U3 M0C/Ie/I0BaTeILHOCTH

HEHJTOprE MeToAbl A1 DHGOTI:;I C rmoc/1e10BaTe/IbHOCTAMM

B Tabnuile mnpuBejieH psifi METONOB W3MEHUMBBLIX MOC/e]0BaTe/LHOCTeH
(Harpumep, CIUCKOB).

MeTton OnucaHue
MobaBsieT 3/ieMeHT B KOHeI]|
. append (x)
nocaef0BaTe/IbHOCTH
.count (x) CuMTaeT KoJIM4yecTBO 3/1eMeHTOB, PaBHbIX X

[obaBsieT K KOHLIY M0C/1e/10BaTe/IbHOCTH
MOC/1eI0BaTe/IbHOCTD S

.extend(s)

Bo3sBpalligeT HauMeHblllee 1, Takoe, UTo s [ 1 ]
.index (x) == x.BoﬂwmﬂmnLEKMWMHHeValueErroL
eC/IU X He Hal/IeH B s

.insert (i, x) BcrasnsieT ss1eMeHT x B 1 -i IPOMeXKYTOK

op (1) Bo3sepauger i -ii 3/1eMeHT, yaassis ero us
el 1oc/e/l0BaTe/IbHOCTH
.reverse (s) MeHsieT opsi/i0K 3/IeMEHTOB S Ha 00paTHbIN

Coptupyer 3/1eMeHTb! S. Mo)keT ObITh yKa3aHa

: t £
e dyHKuMA cpaBHeHus cmp func

B3saTue snemeHTa o HHAEKCY H Cpe3bl

3hech ke clie/lyeT CKa3aTh HECKOJbKO CM0B 00 WHJEKCUPOBaHUHU

MoC/e/IoBaTe/IbHOCTe W BbIJIe/IGHUM  MOACTPOK (U BooOIEe -

MOAIOC/Ie/JOBaTe/IbHOCTeH) 10 WHAeKcaMm. [Ijisi MmojyueHusi OT/IeJIbHOro

3/IeMeHTa T10C/e[0BaTe/lbHOCTH WCIOJIB3YIOTCS KBajipaTHble CKOOKW, B

KOTOPbIX CTOUT BbIpaKeHue, Jatoniee WH/IEKC. WHeKcbl
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HOCﬂeﬂOBﬂTEﬂbHOCTeﬁ B PythOI'l Ha4WHAKTCA C HYVIA. OTpI/IL[ﬂTEJ'[]JH]JIe
HHAEKChI C/IYXKAT [JI1 OTCUETa 3/IeMEHTOB C KOHILla Ioc/ieloBaTe/IbHOCTH (
-1 - nocneaHuit anemenT). Ilpumep nposicHseT jeo:

>>>5=[0,1, 2, 3, 4]
>>> print s[0], s[-1], s[3]
043

>>>g[2]=-2

>>> print S

[0, 1,-2, 3, 4]

>>> del s[2]

>>> print S

[0, 1, 3, 4]

[TpumeuaHue:;

yAaHHTB 9/1eMeHThI MOXKHO TOJIBKO H3 U3MEeHUYHUBLIX HOCHEAOB&TEHLHOCTEY‘I
W KejlaTe/IbHO He [1e/1aTh 3TOr0 BHYTPH LIKK/IA I10 [MoC/1e10BaTe/IbHOCTH.

Hecko/ibko uHTEpecHee 00CToAT fiena co cpe3amu. [esio B ToM, uto B Python
TIpU B3STHU CPe3a 110C/Ie[J0BATe/IbHOCTH IMPUHATO HYMEPOBATh HE 3JIEMEHTHI,
a TIPOMEXYTKH MeKay HUMHU. [ToHauany 3TO KaKeTcsi HeOObIUHBIM, TEM He
MeHee, 0UeHb YI0OHO /I/Ist yKa3aHUs POU3BOJIbHBIX CPe30B. [lepe HyIeBbIM
(M0 UH/IEKCY) 3/IEMEHTOM T10C/Ie/J0BATE/ILHOCTU TTPOMEKYTOK UMEET HOMEp
0, mocne Hero - 1 u T.ja. OTpHIlaTe/bHbIE 3HAYEHWUS OTCUMUTHLIBAKOT
TIPOMEJKYTKH C KOHILIA CTPOKH. [1Jis1 3aITiCH CPE30B UCII0JIB3YeTCs CJIeIYFOIIMi
CUHTAKCHC:

HOCHE,[LOBaTeHbHOCTb[H au:KOH1uar|

e Hau - MPOMEXYTOK Hauasja cpes3a, KOH - KOHLa cpe3a, war - war. [lo
yMoiyaHuw Hau=0, koH=len (mocjienoBaTeJIbHOCTL), mWar=1,
eCJIM 1aT He yKa3aH, BTOpOe JIBOeTOUKWe MOXKHO OIMYCTUTb.

A teriepb pumep paboTbl CO Cpe3amu:

>>> s = range(10)
>>> g
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[0,1,2,3,4,5,6,7,8,9]
>>> g[0:3]
[0, 1, 2]
>>> g[-1:]
[9]
>>> g[:3]
[0, 3, 6, 9]
>>>¢[0:0] =[-1, -1, -1]
>>=> g
[-1,-1,-1,0,1,2,3,4,5,6,7,8, 9]
>>> del s[:3]
>>=> g

[0! ]‘! 2! 3! 4} 5! 6! 7! 8) 9]

Kak BU/IHO U3 3TOro npumepa, C MOMOLIBbIO Cpe30B y1o0HO 3ajaBaTh 100yi0
TMOZICTPOKY, JaXKe eC/id OHA HYIeBOW [UIMHBI, Kak Jyisl YialeHusl 3/1IeMEeHTOB,
TaK W [IJisi BCTaBKU B CTPOIO OIpe/le/IeHHOe MeCTo.

Tun dict

CnoBapb (X311, aCCOL[MATUBHbLIM MacCUB) - 3TO W3MEHUMBas CTPYKTypa
JaHHBIX [UIsi XpaHeHUsl Map KIu-3HaueHue, Ijle 3HaueHue OfIHO3HAYHO
ornpejensiercss  KIOUOM. B KauecTBe  KIHOua  MOXKET — BBICTYNAThb
HEeU3MEeHUMBbIM TUIl JIaHHbIX (YMCJI0, CTPOKA, KOpTeX U T.11.). [Topsigok nap
K/II04Y-3HauUeHWe TMpou3BoJieH. Hubke mpuBefieH JjdTepan [Ajisi CJIOBapsi U
nipumep paboTbl CO C/IOBapeM:

d = {1:'one', 2:'two', 3: 'three', 4: 'four'}

d0 = {0: 'zero'}

print d[1] # OepeTcs 3HaUEHHE T10 KUY

do[0]=0 # npuUcBavBaeTCsl 3HaYeHHe 10 KUy

del dO[0] # ynansiercs rapa Kiarou-3HaueHue C JJaHHbIM KITHUoM
print d

for key, val in d.items(): # LMK/T 110 BCEMY CJIOBApIO
print key, val

for key in d.keys(): # uuKi 110 K1rouaM ciaoBaps
print key, d[key]

for val in d.values(): # LUK/ 110 3HAUEHUAM CJIOBAps
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print val
d.update(d0) # noroJiHsieTCS C/I0Baph U3 JIPYroro
print len(d) # konuuecTBO 1ap B c/i0Bape

Tur file

OOBeKTBI 3TOr0 THIA MpeAHa3HaueHbl /i paboThl C BHEIIHUMH JaHHBIMM.
B npocrom cinyuae - 310 (haiin Ha gucke. DaiiyioBble 0OBLEKThI JO/DKHBI
1oAAepXUBaTe OCHOBHbIE MeToAbl: read (), write (), readline(),
readlines (), seek(),tell (),close () U T

Crenyronpii npyumep rokasbiBaeT KornuposaHue daiia:

f1 = open("filel.txt", "r'")

f2 = open("file2.txt", "w")

for line in f1.readlines():
f2.write(line)

f2.close()

f1.close()

CTOMT 3aMeTUTh, UTO Kpome coOcTBeHHO (haitnioB B Python ucrionb3yrorces u
(aitiononobHble 00beKTbI. B 0ueHb MHOrMX (YHKI[MSIX MPOCTO HEBaKHO,
nepejiaH Jid ekt 06beKT Tumna £ 1 1le WM pyroro TWiia, eC/id OH UMeeT BCe Te
)Ke MeTofibl (M B TOM >Xe CMbIcjie). Haripumep, KOonupoBaHue CONEepKUMOro
1o ccbiike (URL) B haiin £11e2 . txt MOXKHO JOCTUTHYTb, €CJIM 3aMEHUTD

TIepBYIO CTPOKY Ha
import urllib
f1 = urllib.urlopen("http://python.onego.ru')

O moaysix, Kiaccax, obbekrax u (PyHKUUsX Oy/1eT roBOPUTHCS Ha JAPYrUX
NEKI[USIX.

Bripaxkenusi

B coBpeMeHHBIX s3bIKaX [POrPaMMHPOBAHUSA TIPUHATO T[POU3BOJUTE

0O/IbIIIYI0 UacTh 00PAbOTKU JIAHHBIX B BLIPKeHUSAX. CUHTAKCUC BhIPAXKEHUN

y MHOTMX $3bIKOB TMPOrPaMMHPOBAHMS TMPUMEPHO OAHMHAKOB. CHHTAKCUC
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BbIpakeHUi Python He y1MBUT rnporpammucra yem-to HOBbLIM. (Pa3Be uro
LieroueyHble CpaBHeHWsi MOT'YT MPUSTHO 110Pa/l0BaTh. )

[MpuopuTeT omepaijuii NMoKa3aH B HWkKecjeaytollei Tabsudie (B ropsjke
yBesuueHust). [lisi  yHapHbBIX —onepaluid  x  0D03HauaeT —onepaH/.

AccorMaTUBHOCTb onepaijuii B Python - cjieBa-HaripaBo, 3a UCKIHOUEHUEM
orepaljuyd BO3Be/leHUsi B CTereHb ( ** ), KOTOpasl acColMaTHBHa CripaBa

HaleBo.

Onepayus Hassanue
lambda nsiMb/1a-BbIpaXkeHue
or noruueckoe UJIN
and noruueckoe U
not x noruueckoe HE
in, not in IpoBepKa NpHUHaA/1e)KHOCTH
is, is not poBepKa UeHTUUHOCTU

<,<=,>,>=, | =, == CcpaBHeHus
| noburosoe NJIN

~ rnoduToBoe uckrouaroiee UM
& nodurosoe 1

<<, >> noOUTOBbIE CABUTH

+, - C/I0)KeHUe U BbIUMTaHUe

*, /. % YMHOKeHHe, [je/leHre, 0CTaToK
+x, -X yHapHbI I/II0C U CMeHa 3HakKa
~X noburosoe HE

== BO3Be/IeHUe B CTereHb

X .aTpubyT CCbL/IKa Ha aTpubyT

X [MHIOEeKC ] B3ATHe 3/1eMeHTa 10 UH/IeKCY
x[oT:mo] BbIJIe/IeHre cpe3a (0T U /i0)

f (apryMeHT, . ..) BbI30B (JyHKLUH
( ... ) CKOOKU WUJTH KOPTEX
[ ... ] CIIUCOK WUJTU CITUCKOBOE BK/IIOUeHUe

{kaI:3H, ...} C/I0Baphb Map KIru-3HauyeHHe
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"BHIpAXEHUS ripeobpa3oBaHue K CTpoke (repr)

TakuMm 00pa3oM, MOPSA/OK BLIUUC/IEHWH OMEpaHJIOB OMpeje/isieTcsl TaKUMU
MpaBU/IaMHU:

1. OnepaHj c/ieBa BBIYMCJISIETCS paHblle OlepaH/ja crpaBa BO BCeX
OUHApHBIX Orepalusix, KP)OMe BO3Be/leHUsl B CTeleHb.

2. lenouka cpaBHeHUl BUJjaa < b < ¢ ... vy < 2z (haKTUUeCKd
paBHOCH/BHA: (a < b) and (b < ¢) and ... and (y <
z).

3. Tlepen akTUueCcKUM BbITIOJTHEHHUEM OMepaliii BbIUMC/ISIOTCS HY)KHbIE
[Uisi  Hee omepaHjbl. B OosbumHCTBe OWHApHBIX  Orepalui
TpeJiBapuTe/IbHO BLIYMC/IAIOTCS 00a orepaH/ia (CHauasa JieBbli), HO
orepaluM or U and, a TaKKe L[eMOoYKU CPaBHEHUU BbIUMCIISIOT
Takoe KOJIMUeCTBO OrepaH/i0B, KOTOpoe JOCTAaTO4YHO /1Sl TI0Jly4eHust
pe3yisrata. B HeBbIUMC/IEHHOW 4aCTU BBIDAKEHUS] B TakOM CJTyyae
MOIyT iake ObITh Heornpe/ie/ieHHbIe UMeHa. DTO Ba)XXHO YUUThIBaTb,
eCJTA UCTI0JIb3YIOTCS (PYHKIUU C T1000UHBIMU 3xpeKTamu.

4. AprymeHTbI (PyHKIIUA, BbIp@)KeHUS [/1s1 CITMCKOB, KOPTeXel, clioBapei
U T.II. BBIYUUIAIOTCA CleBa-HarnpaBo, B TOps/Ke C/ieJOBaHUS B
BbIPOKEHUH.

B iyuae HESICHOCTH TIPUOPUTETOB JKEJIAT€/IbHO TIPUMEHSTh CKOOKH.
HecmoTpsi Ha TO, UTO OJHU W Te K€ CUMBOJIBI MOTYT MCIO/Ib30BAThCS JIJIst
pasHbIX Orepaiilii, MPUOPUTEThI OMepaluii He MeHsitoTCsl. Tak, $ UuMeeT TOT
)Ke TIPUOPHUTET, UTO U *, a TIOTOMY B C/IeJVIOLIEM NPUMepe CKOOKM TPOCTO
HeoOXomuMbI, YTOOBLI Orepailis YMHOXKEHUSsI TIPOM301ivia repe] oreparuei
(hopMaTUpPOBaHUSL:

print "%i" % (i*])

Boipaxkenust MoryT ¢urypupoBaTth BO MHOTUX oniepatopax Python u gake kak
CaMOCTOSITe/ILHBIN OrepaTop. Y BhIpaKeHUS BCerja ecTh pesyisrar, XoTs B
HEKOTOpbIX C/ydasiX (KOrga BbIpaKeHHWEe BbLIUMAC/SIETCS pajd 10O0YHBIX
3(pekToB) ITOT pe3yisraT MOXKeT ObITh "HUUeM" - None.

OueHb YaCTO BbIPaXKEHUs CTOST B MPaBOM yacTW oriepaTopa NpucBauBaHUs

WK pacumpeHHoro npucBauBaHus. B Python (B oTiuume, ckaxem, ot C)

HeT orepaljuyd MprCcBavuBaHusl, T03TOMY CUHTAKCUUECKU Tepe]; 3HAKOM =
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MOT'YT CTOSITh TO/IbKO UJeHTU(UKATOP, UH/IEKC, CPe3, JOCTYI K aTpubyTy uin
KopTex (Ccriicok) u3 nepeurciaeHHoro. (IToapobHOCTH B IOKYMEHTALIUH ).

NmeHa

06 umeHax (MAeHTU(UKATOPAax) FOBOPU/IOCH Y)K€ He pa3, TeM He MeHee,
HeoOXOIMMO CKa3aTh HECKOJTbKO CJIOB 00 UX MPUMEeHeHUU B si3bike Python.

WMsi MOXKeT HauMHaThbCS C JIAaTUHCKOM OykBbl (JIFOOOro perucrpa) Wiu
NoflYepKUBaHKS, a Jlajibllie J0MYCTUMO WCIOo/b30BaHue 1udp. B kauecTBe
UZIEHTU(DUKATOPOB  HENb3s TPUMEHATh KIIOUeBble CJI0Ba s3blKa W
HEeXKeJlaTeJIbHO Tepeorpe/ie/iaTh BCTPOeHHble uMeHa. CIHCOK K/IHUeBbIX
CJIOB MOXKHO Y3HaTb TaK:

>>> import keyword

>>> keyword.kwlist

['and', 'assert’, 'break’, 'class', 'continue', 'def, 'del,
'elif, 'else’, 'except’, 'exec', 'finally’, 'for', 'from,
'global, 'if, import’, 'in, 'is', 'lambda’, 'not', 'or’,
'pass’, 'print', 'raise’, return’, 'try’, 'while', 'yield']

MMeHa, HauuHAlOUMeCss C MOJYePKUBAHUS WM [IBYX [O[UYEPKUBAHUM,
UMET  0C00bIA  cMbic.  OJMHOYHOE — TMOJYEePKUBAaHHUE  TOBOPUT
MPOrpaMMUCTY O TOM, UTO UMsI UMEeT MeCTHOe IPUMEeHEeHUe, U He JI0JDKHO
WCIOJIb30BaThCsl 3a TpefiesiaMd  Mofyisi. /IBOWHBIM TMOAYEPKUBAHUEM B
HayaJie U B KOHLIe 0ObIYHO Ha/Ie/ISIFOTCS Crieljda/ibHble UMeHa aTpubyToB - 00
3TOM OyJeT TrOBOPUTLCS B JIEKI[UW 110 OOBEKTHO-OPHUeHTHPOBAHHOMY
MpOrpaMMUPOBaHMUIO.

B ka0l Touke mporpaMmbl UHTepIipeTaTop "BUAMUT' TPU IMPOCTPAHCTBA
UMEH: JIOKa/ibHoe, miobasibHOe W BCTpoeHHoe. [IpocTpaHCTBO WMeH -
orobpakeHue U3 UMeH B 0OBEKThI.

Insi moHWMaHusi TOro, kKak Python HaxoquT 3HaueHWe HEKOTOpOM
rnepeMeHHOM, HeoOXonUMO BBecTH moHsTUe O/0ka koma. B Python 6G10kom
KOJla SIBJISIETCSI TO, UTO MCIIOJHSETCSA Kak eJIMHOe 1lle/ioe, Harpumep, TeJio
orpeziesieHus PyHKLIMU, Kiacca Uik MOAYISL.

JlokansHbIe UMEHa - UMEeHa, KOTOPLIM ITPHUCBOEHO 3Ha4eHHWe B JaHHOM bioke
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koza. [obasibHbIe MMEHa - UMeHa, orpeje/isieMbie Ha ypoBHe 0JioKa Koja
oripe/ie/iIeHHs1 MOJY/Isl UJIM Te, KOTOPbIe SIBHO 3a/]aHbl B oriepatope global.
BcTpoeHHble UMeHa - UMeHa U3 CreliMalbHOro (yioBapsi __builtins _ .

ObnacT BUJAUMOCTH HMEH MOTYT ObIThb BJIOKEHHBIMU [JpYr B Jpyra,
Harpumep, BHYTPU BbI3BaHHOW (DYHKI[MU BU/HBI UMEHA, Orpe/ie/ieHHbIe B
BbI3bIBalollleM Kojie. [lepeMeHHbIe, KOTOpbIe UCTOJIL3YIOTCS B O/I0Ke Kojja, HO
CBSI3aHbl CO 3HAUEHUEM BHE KOjla, Ha3bIBalOTCsl CBODOOHBIMU ITePEMEHHbIMHU.

Tak Kak repeMeHHYI0 MOYKHO CBsi3aTb C 00bekroM B Jjit0boM Mecte 6J10Ka,
B@)XHO, 4TOOBI 3TO TIPOM30IUIO [0 €€ WCIIO/b30BaHUs, HHaue Oymer
B030y)K/]eHO ucKmoueHre NameEr ror. CBsi3biBaHUe UMEH CO 3HAaYeHUsIMU
TPOMCXOIUT B Oreparopax rpucBauBanusi, f rom, import, B (popMaabHbIX
aprymeHTax (QyHKUUU, 1pU onpejeneHUU (QyHKUU UK Kjlacca, BO BTOPOM
rnapaMeTpe 4acTH except oneparopa try-except.

C obsactssMd BUJAMMOCTM W CBSI3bIBAHWMEM WMEH €eCTb MHOI0 HHOAHCOB,
KOTOpble XOpOLUO OMNMCAHbl B JIOKyMeHTauuu. JKenatenbHo, 4YTOObI
NporpaMMbl He 3aBUCE/JM OT TaKUX HKOAHCOB, a /I 3TOr0 JOCTaTOUYHO
TIPU/IEP)KUBATBCS CJIe/IYOIIMX IPaBUJI:

1. Bcerma cnefyeT CBsI3bIBaTh IePEMEHHYIO CO 3HAUeHUEM (TeKCTyaslbHO)
10 ee UCI0J/Ib30BaHus.

2. Heobxoaumo u3berats robasibHbIX MepeMEHHbIX U epe/laBaTh BCe B
KauecTBe TapaMeTpoB. [7100aibHBIMU Ha YPOBHE MOAYIS [O/DKHbI
0CTaTbCsl TOJILKO UMEHA-KOHCTaHTbl, UMEHa KIIaCCOB U (PyHKLIUH.

3. Huxorjia He cefyeT UCIO/b30BaTh from MOAYIbL import * - 3TO
MOJKEeT TNPUBECTH K 3aTeHeHWI) UMeH W3 JIDYTMX MOjyleid, a BHYTPH
oripefiesieHust PyHKI[UU MTPOCTO 3aripeleHo.

[MpeanouruTensHee Mepejenartb Koi, HEXeIH MCII0/b30BaTh [I00aIbHYIO
nepeMeHHyr0. KoHeuHo, /i1 mporpaMM, COCTOSILIMX U3 OJHOTO MOAY/S, 3TO
He TaK BaXHO: Be/lb BCe OIpe/ie/ieHHble Ha YPOBHE MOY/Is MepeMeHHble
100a/IbHBbI.

YbpaTh CBSI3b UMEHH C OOBLEKTOM MOKHO C TOMOIIBI0 orepatopa del. B
3TOM CJlyyae, eCcJii OOBLEeKT He HMMeeT JPYrMX CChIJIOK Ha Hero, oH Oyier
yaaneH. [yis yripaByieHus namsrteio B Python ucrionb3yeTcs nogcuer cCbuiok
(reference counting), ans ynaneHuss HaOOPOB OOBEKTOB C 3al[UK/IEHHBIMU
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cchl/IKamu - cOopka mycopa (garbage collection).

CTuibs MporpaMMUPOBaHUS

CTusiib  1MporpaMMHMpOBaHuUsE -  JIONOJIHUTE/IbHbIE  OrpaHUYeHUs,
HaK/Ia/lblBaéMble Ha CTPYKTYPY W BW/I TPOrPaMMHOIO Kojla TpYIIron
COBMECTHO paboTaroIMX MPOrpaMMUCTOB C L[€/IbI0 MOJyueHust YioOHbIX J1J1s]
NPUMEHEHUs], JIeTKO uuTaeMbiX W IPbeKTUBHBIX MporpamMMm. OCHOBHbIe
OrpaHWYeHWs] HAa  BWJ| [pPOrpaMMbl  JIaéT  CHHTAKCUC  s3bIKa
NporpaMMUpPOBaHUsl, U €ro HapyllleHUs BbI3bIBAIOT CUHTaKCUUECKUe
oumbku. HapyileHue CTW/isi He TIPUBOJUT K CUHTAKCUUECKUM OIlMOKam,
OIHAKO KAaK OT/[e/IbHble TMPOrPaMMUCTbl, TaK W Lie/ible KOJUIeKTUBbI
CO3HaTe/IbHO OrpaHUuYMBalOT cebs B  CpeACTBaX BbIPDAKEHUs pajiu
JIPOIIEHUsI COBMECTHOM  pa3paboTKuh, OTNaJKM W  COIPOBOXK/EHUS
MPOrpaMMHOTO TPOJYKTa.

Crtunb MNporpaMMHpOBdHHUA  3aTparHBdeT TIIPAKTHYECKH BCe aCIleKThl
HallUCaHH A KOda:

® yMeHOBaHWe 00LEKTOB B 3aBUCUMOCTH OT TWIla, Ha3HaueHus, 001acTu
BUJMMOCTH;

e odopmneHue ((yHKUM, METOAOB, K1acCOB, MOAyIed U  UX
JOKyMEHTHUPOBAHUE B Kojie TIPOrpaMMbl;

® IeKOMIIO3UL[AS [POrpaMMbl HAa MOAYIM C  OMNpejeleHHbIMU
XapaKTepUCTHUKaMU;

¢ crocob BKIKOUEHUSs OT/Ia0uHON WHopMaLUy;

¢ [pUMeHeHUWe TeX WU UHbIX (yHKIUK (MeTol0B) B 3aBUCUMOCTU OT
MPeAoIaraéMoro  ypoBHSI ~ COBMECTUMOCTH  pa3pabaTbiBaeMoit
MPOrpaMMbI C Pa3TMUHBIMUA KOMITbIOTEPHBIMU IJ1aTOpPMaMu;

® OrpaHHYeHWEe  HWCI0/b3yeMbIX  (PyHKUMM M3 coobOpakeHWi
Be3onacHoCTH.

Ins s3bika Python I'euao Ban Poccym paspabortan oduimanbHbiii cTuib. C
opuruHa/sibHbIM TekcToM '"Python Style Guide" MOXXHO 03HaKOMUTLCS T10
aapecy ccouka: http//www.python.org/doc/essays/styleguide.

Haubosnee cyiecTBeHHble MOJOXKEHUsSI 3TOr0 CTUJIsI TlepeurcieHbl Huxe. B
CJlyuae COMHEHMM XopoumM 00pasijoM CTU/A  SBJISIIOTCS — MOIYIU
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CTaHJAPTHOUN OUOIHUOTEKHU.

® PeKkoMeH/1yeTCsl UCT0JIb30BaTh OTCTYIbI B 4 Tipobea.

e JInvHa pM3KMUECKOW CTPOKU He JI0JDKHA MPEeBbIlaTh 79 CHMBOJIOB.

e JINMMHHBIE JIOTMUECKWE CTPOKM Jyullle pa3buBaTh HEABHO (BHYTPU
CkODOK), HO W $IBHbIE METO/IbI BIIOJIHE YMeCTHbI. OTCTYIbI CTPOK
TIPOJIO/DKEHHMS] PEKOMEH/IyeTCsl BbIpaBHHBATh 10 CKOOKaM WM TI0
MepBOMY oOrepaHjly B Tpeiblayiiei crpoke. TeKCTOBbINM pejakTop
Emacs B pexume python-mode ¥ HeKOTOpbie WHTErpUPOBaHHbBIE
obosioukn (IDE) aBTOMaThueckd [iefial0T HeoOXOAWMble OTCTYIIBI B
Python-riporpammax:

def draw(figure, color="White", border_color="Black",
size=5):
if color == border color or \
size == 0:
raise "Bad figure"
else:
_draw(size, size, (color,
border_color))

e He pekoMeHjyeTcsi CTaBUThb Npobesibl Cpa3dy Mocjie OTKpbIBaroLlel
CKOOKM WU 1epej] 3aKpbIBakoILeH, repe/] 3arsiToii, TOUKOM C 3arsiToi,
repe/i OTKpbIBAIOUIeH CKOOKOW Mpu 3anmucu BbI3oBa (yHKIUU UM
WH/IEKCHOTO BblpakeHus.. Taike He peKOMeHJyeTcsi CTaBUTbL Oosee
ofHoro npobesia BOKPYr 3HaKa paBeHCTBa B NpUcBauBaHusX. [Ipoberbl
BOKPYT 3HaKa paBeHCTBA He CTAaBATCA B C/lydae, KOIjla OH [PUMeHseTCs
[UIsl YKa3aHUs 3HaUeHHUs 10 YMOJIUaHUIO B OIpe/le/IeHUH apaMeTpoB
(YHKLMY WM [TPU 3aJJaHUY UMEHOBAHHbIX apI'yMeHTOB.

e Tawke peKOMeH/yeTCsi NpPUMeHeHHe OJUHOYHbLIX NpoOenoB BOKPYr
HU3KOTIDUOPUTETHLIX  Olepaluid  CpaBHeHUss U olepaTopa
npucBauBaHus. [Ipobesibl BOKpyr Oosiee NMPUOPUTETHBIX OrepaLiuii
CTaBATCSl B paBHOM KOJIMYeCTBe CJIeBa U CIpaBa OT 3HaKa OrepaLuu.

Heckonbko peK{)MEH,H.ElU.HI:'i KaCdak0TCdA HallHCAHHWA KOMMEHTapHUeB.
L KOMMEHT&]JI/II/I AOJDKHBI TOYUHO OTPayKaTh dKTYa/lbHO€ COCTOsHHEe KO/ld.

(Mogep)kaHue  akTyaJibHbIX ~ KOMMEHTapueB  JIO/DKHO  ObITb
MPUOPUTETHOH 3aziaueii!) TTocsie KOPOTKUX KOMMEHTApUEB MOXKHO He
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CTaBUTb TOUKY, TOI[la KaK [UIMHHbIe /yullle MUCaTb [0 [paBUIam
HarMcanust Tekcra. ABTop Python obpailigercsi K HeaHIIOSI3bIYHBIM
MporpaMMKUCTaM C Npocb0ol MucaThb KOMMEHTAPUM Ha aHIIUHCKOM,
ec/iM eCcTb XOTs Obl HeOoJiblliasi BEPOSITHOCTb TOrO, 4TO Kofi, Oyayr
UUTaTh CIeLiUaauCThl, TOBOPSLIMe Ha JPYTUX A3bIKax.

e KommeHTapuu K (parMeHTy Kofla cjie/lyeT MUcaTh C TeM JKe OTCTYIIOM,
uTO U KOMMeHTUpyeMmblid koi. [Tocne " # " mo/mKeH UATH OfUHOYHBIN
npobesi. AB3alibl MOXKHO OT/E/IATL CTPOKOH € " # " Ha TOM Ke YpOBHe.
BNOUHBIM KOMMEHTapuil MOXXHO OT/JE/JIUTh MYCTHIMU CTPOKAMMU OT

OKpY>KaroLLero Koja.
e KomMmeHTapuu, OTHOCSLMecss K KOHKDeTHOW CTpPOKe, He ciejyer
ucrnonb3oBatb uvacro. CumBon " # " [JO/DKeH OTCTOATbL OT

KOMMEHTUPYEMOr0 OlepaTopa Kak MUHUMYM Ha JiBa ripobera.

e Xopoumii KOMMeHTapuii He repedpasHpyeT MPoOrpamMmy, a CONEP)KUT
JOTIO/THUTE/IbHYI0 MH(OPMAITUIO O IeMCTBUM NIPOrPaMMbl B TEPMUHAX
rpeaMeTHON 00/1acTH.

Bce wmomynu, knaccel, (QyHKUUM W METOAbl, Ipe/Ha3HauUeHHble JIIsl
UCMOJIb30BaHUsl 32 TpejiesiaMd  MOAYIs, [IO/DKHbI WMMeThb CTPOKU
JIOKyMEHTAllUK, OIUChIBaOlMe Crnocod uX TMpUMeHeHUs, BXO[Hble WU
BbIXO/IHbIE TTapaMeTphl.

e CTpoKa [JOKYMEHTalMW [Uis OT[eJIbHOW [pOrpamMmbl  JI0J/DKHA
OOBSICHSITH WCIIO/Ib3YeMble €10 KIKUM, Ha3HauyeHUe apryMeHTOB WU
repeMeHHbIX CPe/ibl U JIPYryIo NoA0OH Y0 nHbOpMaLIUIO.

e [Ins CTPOK JOKyMEHTalUM peKOMeHJyeTCsi Be3jle MCI0/b30BaTh
yTpPOeHHbIe KaBbluku (""" ).

¢ OpHOCTpOYHAst JOKYMEHTAal|us MULLeTCS B UMIlIepaTUBe, KaK KOMaH/a:
"nenaii 3T0", "BO3BpalLaii T0".

¢ MHorocrpouHasi JOKYMeHTalusl COLepXXUT paclupeHHoe olucaHue
Moaynsi, pyHkimK, kiacca. OHa OyeT CMOTPeThbCs Jiydllle, eC/Id TEeKCT
Oymer HarMcaH C TeM JKe€ OTCTYIIOM, UYTO M Haualo CTPOKU
JOKyMEHTalL[UHU.

e JlokymeHTalMsl JUIsi MOAYISL [JOJDKHA MEePeurc/IsTh 3KCIOPTUpYeMble
(bYHKIMHY, K/1AaCChl, UCKTHOUEHUs] U Apyrie 00beKTbl, 110 OfHOM CTpPOKe
Ha 0OBeKT.

e CTpoka JOKyMeHTaluu it (QYHKLMU WIKM MeTOfa J0/DKHA KPaTKO
OMUCHIBaTL JeWCTBUsA (yHKIIMK, ee BXOJHble T[apaMeTpbl U
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BO3BpalligeMoe 3HaueHue, M000uHbie 3ddheKTbl U BO3MOXKHbIE
UCKIoUeHust (ecid TakoBble ecTb). Jo/DKHBI ObiTh 0003HAUEHbI
HeoOs13aTe/IbHbIe APIYMEHThl U apIyMEHThI, He SIBJISOIMECs YacThbiO
uHTepdeiica.

e JloKymeHTalUsi JJiIsi Kjacca [0/DKHA MepedyucssTb 0O6IeJoCTyIHbIe
MeTOAbl W aTpubyThbl, COlEp)KaTb PEKOMEHJalluK 10 TPUMEHEeHUIO
K/1acca B KauectBe 06a30BOro Jyisi Ipyrux Kinaccos. Eciiv kiacc siBiisietcst
MoJIKIaccoM, HeoOXOJAUMO —yKa3aTh, Kakde MeTO/bl IOJIHOCTBIO
3aMeHSsIIOT, Tleperpyskar0T, a KakKue UCIIONb3YI0T, HO PpacLMpsoT
COOTBETCTBYIOILME METO/bl Hajiknacca. HeobxofMMo ykasaTh U Jipyrue
U3MEeHeHUsI 110 CPaBHEHUIO C Ha/K/1aCCoM.

e KOHTPO/IbL BepcUU [MOBBLIAET KaueCTBO I[IpoLiecca Co3JaHusd
rnporpaMmMHoro obecrieueHust. [yt 3TUX 1je/iell 4acTo UCIIOJIb3YHOTCS
RCS wm CVS. '"Python Style Guide" pexkomeH/yeT 3anucbIBaTh
SRevision:1.31 $ BIIepeMEHHYIO C MMEHEM version ,a
JIpyrue JlaHHbIe 3aK/ItouaTh B KOMMeHTapuu " # "

CerofiHst  COCYILICTBYKOT  HECKOJIbKO  Oosee WM MeHee  IIMPOKO
pacrpoCTpaHeHHbIX T[paBU/l MMeHOBaHUSI 00BeKToB. [IporpaMMuCTbI
BOJIbHBI BbIOpATh TOT, KOTOPBIU MPUHST B UX OPraHU3alluy UM KOHKPETHOM
npoekre. ABTop Python pekoMmeHyeT MpUJIEPKUBATLCA HUXKEC/e[YHOIIMX
MpaBU/ /Il UMEHOBAHUsSI Pa3/IMUHbIX 0OBEKTOB, C TeM uToObl 3TO ObLIO
TIOHATHO JTF0OOMY IPOrPAMMHUCTY, HCIIO/b3YIoleMy Python.

e limMeHa Mmoayiedl Jyuile jaBaTb CTPOUYHbIMK OyKBaMu, Haripumep,
shelve, string, nubo penarb nepebie OYKBbI C/I0B 3ar/laBHbIMM,
StringIO, UserDict. MwmeHa HanucaHHbix Ha C wmomynei
pacumpeHusi OObIYHO HAUMHAKOTCA C nojguepkuBaHus " ", a
COOTBETCTBYIOIIME UM BbICOKOYPOBHEBble O0EPTKU - C TPOIMUCHbBIX
bykB: tkinter m Tkinter.

e KiroueBble €JI0Ba HeJb3sl WUCMO0/bL30BaTh B KaueCTBe WUMEH, O[HAKO,
eC/IM BCEe-TaKd HeoOXOAMMO BOCIOJ/Ib30BaTbCsl 3TUM MMEHEeM, CTOMT
N00aBUTL OJJMHOUHOE TO[UepKWBaHWe B KOHLle uMeHU. Haripuwmep:
class .

e Knaccel 00bIYHO Ha3bIBAKOT, BbIjeisisi TepBble  OyKBbI  CJIOB
IPOIMUCHBLIMU, KaKB Tag unu HTTPServer.

¢ lIMeHa MCKIHOUEHUHW OOLIYHO COJepKaT B CBOEM COCTaBe CJI0BO "error”
(v "warning”). BcrpoeHHbIe MOAYIM TUILYT 3TO CJIOBO CO CTPOUYHOM

33



Cyau P.A. 361K nporpaMmupoBanns Python
Oykebl (Kak os.error ) (HO MOIyT MUCaTb W C TIPOMMCHON):
distutils.DistutilsModuleError.

¢ DYHKUUU, DSKCIIOPTUpPYeMble MOAYIeM, MOIYT WMEeHOBaThCsd I10-
pazHoMYy. MO>KHO /laBaTh C MPONUCHBIX OYKB MMeHa Hanbosiee BaXKHbIX
(GyHKLM, a BClIOMOraTe/ibHble MUCcaTh CTPOUYHBIMU.

e limeHa m100a/bHBIX TepeMEeHHbIX (eC/IM TaKOBble WCIO/Ib3YHOTCS)
Jydille HAYUMHATh C TIOAUePKHUBaHUs, YTOObl OHU HE UMITOPTUPOBAUCH
U3 MOy onepaTopoM from—-import €O 3Be3J0UKOM.

¢ liMeHa MeTOJOB 3alMChLIBAIOTCA 10 TeM »Ke MpaBU/aM, 4TO U UMeHa
(hyHKLUUA.

e liMeHa KOHCTaHT (MUMeH, KOTOpble He [0JDKHBI [epeoripejessiThCs)
Jydilie 3aMMChbiBaTh MPOMUCHbIMUA OyKBamMu, Hanpumep: RED, GREEN,
BLUE.

e [lpu pabore c sa3bikoM Python HeoOXoAMMO yUUTHIBaTh, UTO
UHTEepIpeTaTop CUUTAeT HEKOTOpble K/I1acChl UMeH CllelUa/lbHbIMU
(0OBIUHO TaKKMe UMEeHa HAUMHAIOTCS C MTOJUePKUBaHUSI).

3aK/IroueHue

B aTol sleKiuM CUHTAKCUC si3blKa MOKa3aH Ha MpPUMeEpax, uto B Cjiydae C
Python ompaBjiaHo, Tak Kak 3Ta 4acTh si3blka [OCTATOYHO TpocTa. bbuin
pacCMOTpeHbl OCHOBHbIE€ OIEpPaTopbl si3blKa, BLIPAKEHUST U MHOTME U3
BCTPOEHHbBIX TUIOB JIaHHBIX, KPaTKO 0OBSICHeHbI MPUHLIMITBI paboTbl Python
C UMEeHaMH, NpUBe/eHbl TTpaBu/Ia OGUI[UATBHOTO CTUJIS IPOrPaMMUPOBAHUS
Ha Python.
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OcHoBHBIe cTaHjapTHBIe MOoAYyTU Python

Jlekijusi 3HAaKOMUT C Haubosiee BaKHBIMH MOAYISAMA W  TaKeTaMu
craHaptHbiX 6ubnuorek Python B Mepe, gocratouHoit misi cBobogHOro
OPUEHTUPOBAHUS B HUX.

OJHUM U3 BaXKHBIX MPEUMYILECTB si3biKa Python siBnisieTcst Hanuuue H60sbIIOH
Oub/IMOTeKM MOyl U MaKeTOB, BXOASIIMX B CTaHAAPTHYIO MocTaBKy. Kak
rosoprt, K Python "npuioxxensl batapeiiku'

[TousTHe MoOnYysis

[lepesy TeM Kak MPUCTYNIUTh K HU3YUEHUIO MOAyIeld CTaHJapTHOM
OubsoTekd, HeoOXoAMMO oOrfpese/uTh TO, uTto B Python Ha3sbiBaercs
MOJLYJIEM.

B cooTBeTCcTBUM C MOAYIbHBIM MOAX0AOM K MPOrPaMMHUPOBaHUIO OOJIbILAs
3a/lada pa30MBAETCsl Ha HECKOJbKO 0ojiee MEJIKUX, KKy M3 KOTOPLIX (B
yjieasie) peliaeT OTAE/NbHBIM MOAYIb. B pasHbIX MeTQHOJOrusX Aar0TCs
pas/vuHble OrpaHUYeHUs] Ha pa3Mep MoOAyIed, O4HAKO MpPU I10CTPOEHUHU
MOJYIBHOU CTPYKTYPhl MPOrPpaMMbl BaXKHEe COCTaBUTh TaKylH) KOMITO3ULUIO
MO/Iy/iei, KOTopast 1103B0JIW/Ia Obl CBECTH K MUHUMYMY CBSI3U MEX[Y HUMU.
Habop knaccoB u (yHKIMH, UMEIOLME MHOXXECTBO CBSI3ed MEXKIy CBOUMHU
3/1IeMeHTaMU, Ob110 Obl JIOTMYHO PaCIOIOXKUTb B OHOM Mojyse. EcTb U elie
O/IHO T10JIe3HOE 3aMeuaHue: MOJYIU I0JDKHO ObITh jierde UCMO/b30BaTh, YeM
Harmucath 3aHOBO. DTO 3HAYMT, UTO MOAYIb [IO/DKEH WMeTb YI0OHbIM
uHrtepdeiic: Habop (yHKLMH, KIaCCOB U KOHCTAHT, KOTOPLIHA OH TpejijlaraeTt
CBOUM I10/1b30BaTeJIsIM.

B si3bike Python Habop mopnyneli, rocBsilieHHbIX OfHOW MNpobieme, MOXKHO
MOMECTUTh B MakeT. XOpOIMM PUMEPOM TaKOro akeTa SIBJSIETCS TakKeT
xml, B KOTOPOM coOpaHbl MOAYIU /ISl pa3/IMUHBbIX acrnekroB 00paboTku
XML.

B nporpamme Ha Python wmoxgyns mnipejcraBiieH  00bEKTOM-MOyIeM,
aTpubyTaMy KOTOPOTO SIBJISIFOTCS UMEHa, OTpe/le/IeHHbIe B MOJY/Ie:

>>> import datetime
>>> d1 = datetime.date(2004, 11, 20)
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B gaHHOM IipyMepe HMMIIOPTHPYETCH MOAYIh datetime. B pesyisrare
paboThl omeparopa import B TEKYLIEM IPOCTPAHCTBE MMEH I10SB/ISETCS
00BEKT ¢ UMeHeM datetime.

Moaymu it MCMONb30BaHUsl B TporpaMMax Ha si3bike Python mo cBoemy
TIPOUCXOXK/IEHHUIO JIeNIATCSA Ha 0ObIuHbIe (HarucaHHble Ha Python) u momynu
pacIlMpeHus], HalMCaHHble Ha JIPYrOM si3bIKe TPOrPaMMUPOBaHUS (Kak
npaBusio, Ha C). C TOUKM 3peHus TO/b30BaTesi OHU MOTYT OT/IMUYATHCS
pasBse uTo ObICTpOElicTBHEM. BbiBaeT, uto B CTaHAAPTHOM OUO/IMOTEKe eCTh
nBa BapuaHTa monyisi: Ha Python u Ha C. TakoBbl, Haripumep, MOAY/IH
pickle u cPickle. O6GbiuHo Moaymi Ha Python B uem-To rubue, uem
MOJYIH PaCIipPEeHUs.

Mopymi B Python

Moayns odopmisiercss B Bujfle OTAenbHOro ¢aijia ¢ UCXOQHBIM  KOJOM.
CraHjapTHble MOJAYIM HaxO[sATCs B KaTrajore, [Je HUX MOXXeT HauTu
COOTBETCTBYIOLLMUK UHTepriperatop s3bika. [IyTM K KarajsoraM, B KOTOPbIX
Python wmer wmoayid, MOXHO VyBUJeTb B 3HaUeHUU IepeMeHHOU
sys.path:

>>> sys.path

[", '/usr/local/lib/python23.zip', '/usr/local/lib/python2.3',
'fusr/local/lib/python2.3/plat-linux2', '/usr/local/lib/python2.3/lib-tk',
'fusr/local/lib/python2.3/lib-dynload’,

'fusr/local/lib/python2.3/site- packages']

B nocnepnux Bepcusix Python Mogynu MOXXHO roMenaTh U B Zip-apXuBbl J1J1sl
DoJiee KOMIMAKTHOrO XpaHeHwus (M0 aHA/IOMMU C jar-apxuBamu B Java).

[pu 3amycke rnporpaMMbl MOMCK MOAY/IEM TakKe UJIeT B TEKYILeM KaTajore.
(Hy)kHO BHUMaTelbHO Ha3blBaTh COOCTBEHHbIE MOAYIM, uTOOBI He ObLIO
KOH(VIUKTA UMEH CO CTaH/APTHLIMU WU JOTIOMHUTEBHO YCTAaHOB/IEHHBIMU
MOJIYIISIMMU. )

[NopxroueHue monynst K rporpamMme Ha Python ocyiuectBasieTcst ¢ moMoLpsro
orneparopa import. Y Hero ectb gBe opMbl: import U from—-import:

import 0s
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import pre as re
from sys import argy, environ
from string import *

C nomotipto repsoi GopMbl ¢ Tekyield 006/1acTbi0 BUJUMOCTA CBSI3bIBAETCS
TOJILKO WMs, CChLIAKOIeecs Ha OOBEKT MOIyIsi, a TpPU HCII0JIb30BAHUU
BTOPOM - yKa3aHHbIe UMeHa (UM BCe UMeHa, eC/Iu NpUMeHeHa * ) 00beKTOB
MOJY/Isl CBSI3bIBAIOTCS C TeKyllel 00/1acTbi0 BUAMMOCTU. [Ipu umrmopre
MOJKHO U3MEHUTb UMsl, C KOTOPbIM 00beKT OyeT CBsi3aH, C MOMOIIBI0 as. B
TIepBOM CJlydyae MPOCTPAHCTBO UMEH MOJY/ISl OCTAeTCsl B OTJeJIbHOM UMEHHU U
IS 10CTYIa K KOHKPETHOMY UMEHU U3 MOJY/Isi HY)KHO NIPUMEHSITh TOUKY. Bo
BTOPOM CJ/lyyae HMe€Ha WCIO/Ib3YIOTCS TaK, Kak ecyid Obl oHU Obuin
orpe/iesieHbl B TEKYLLeM MOJy/e:

os.system("'dir")
digits = re.compile("\d+")
print argv[0], environ

[TOBTOpHBIN UMITOPT MOAY/IS TIPOMCXOAUT TOpa3o ObICTpee, TaK Kak MOMYIU
K3ILIMPYIOTCS WHTEPIIPETAaTOPOM. 3arpy)KeHHbIH MOAYIb MOXKHO 3arpy3dThb
elle pa3 (Harpumep, €caU MOAYIb U3MEHWJICS Ha J[IMCKe) C TOMOIIBIO

dbyHkuuu reload () :
import mymodule
reload(mymodule)

O,H‘HEIKD B 3TOM Ci1y4dyae BCe OﬁLEKTIJI, ABJAKOIMEeCHd 3K3eMILIApaMH KiaCCOB
H3 CTaporo BapHaHTad MOAY/sdA, He U3MEHAT CBOEro rnoBejeHus.

[Tpu pabote ¢ MoAyIsSIMU €CTh U JIpyrie TOHKOCTH. Harpumep, cam mporjecc
UMIIOpTa MOAYIS MOXHO Tiepeornipejesuthb. [logpobHee 06 3TOM MOXKHO
y3HaTh B OPUTHHA/IBHOM JIOKYMEHTal[1u.

BcTpoenHbie QyHKIUU

B cpepie Python 6e3 fiono/iHUTe/IbHBIX ONepaluii UMIopTa JOCTYHO Oojee
COTHU BCTPOEHHbIX 00BLEKTOB, B OCHOBHOM, (DyHKUMUA U UCKIOUeHU. [1is
ynobcTBa (hyHKIMM YCIIOBHO pa3/jesieHbl [0 KaTeropusim:
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1. ®yHKUMU ripeoOpa3oBaHUsi TUIOB W KIaCChl: coerce, str, repr,
int, list, tuple, long, float, complex, dict, super,
file,bool,object

2. YucnoBble U CTPOKOBBIE (PyHKIUU: abs, divmod, ord, pow, len,
chr,unichr, hex, oct, cmp, round, unicode

3. ®yukiuu 06paboTKu JaHHBIX: apply, map, filter, reduce,
zip, range, xrange,max,min, iter, enumerate, sum

4, OyHKIUU oOripejle/ieHUss CBOMCTB: hash, 1id, callable,
issubclass,isinstance, type

5. @yHKUUU JJIg JOCTyra K BHYTPeHHUM CTpykrypam: locals,
globals,vars, intern,dir

6. OYHKIMK KOMOWISLUM M UCIOJHeHUs:: eval, execfile,
reload, import ,compile

7. @yHKUMH BBOAA-BbIBOJAA: input, raw input, open

8. ®yukyuu g paborel ¢ arpubyramm: getattr, setattr,
delattr,hasattr

9. ®yHKUUU-"yKpalaTenu"  METOJNOB  KnaccoB: staticmethod,
classmethod, property

10. TIpouue pyHkiuu: buffer, siice

CogerT:

YTOUHUTH Ha3HaueHHe (PYHKLUH, ee aprYMEHTOB U pe3y/IsTaTa MOXKHO B
HWHTEepaKTUBHOM ceccuu uHTepriperaropa Python:

>>> help(len)
Help on built-in function len:
len(...)
len(object) -> integer
Return the number of items of a sequence or mapping,

Wnu Ttax:
>>> print len.__doc___

len(object) -> integer
Return the number of items of a sequence or mapping.
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D yHKIMY Tipeo6pa30BaHKs TUTIOB U K/1aCChI

DYHKIIUU U KJIaCChl U3 3TOU KaTeropuu CJ1yKar Jjist ipeoOpa3oBaHusi TUITOB
naHHbIX. B crapbix Bepcusix Python st mpeobpa3oBaHusi K HY)KHOMY TUITY
UCIO0Jb30Ba/Iach ofHOWMeHHast (yHKius. B HoBbiXx Bepcusix Python posb
TakuX GYHKLMI UIPalOT UMeHa BCTPOEHHBIX K1acCcoB (O/[HAKD CeMaHTHKA He
W3MeHu/ach). [1isi MOHUMAaHUs CYTH JIOCTATOYHO HeDOJIbILIoro MpUuMepa:

>>> int(23.5)

23

>>> float('12.345")

12.345000000000001

>>> dict([('a’, 2), ('b", 3)])

{'a": 2, 'b": 3}

>>> object

<type 'object'>

>>> class MyObject(object):
pass

YucioBbie ¥ CTPOKOBBIE (PYHKIUU

OyHKIMKM paboTalOT C UUCIOBBIMU WM CTPOKOBBIMU aprymMeHTamu. B
ceayroLeit Tabnuiie JaHbl OMMCAHUS ITUX (PYHKLIUIA.

abs (x) Mopaynb uncna x. Pesynsrar: | x | .

divmod (x, YacTHoe U 0CTaToK OT jeseHus1. Pe3ynsrat: (4acTHOe,
y) OCTAaToK).

pow (x, vy /[, Bo3BeaeHue x B cTerneHb y 10 MOAYMO m. Pe3ynbrar: x * *y
m]) % m.

round (n[, OkpymieHue uKces 40 3a/JaHHOIO 3HaKa rocJe (U J0)
z]) TOUKHU.

DyHKIMs Bo3BpauaeT Ko/ (u1u Unicode) 3aaHHOrO ei

ord(s) -
CHUMBOJIa B OJHOCHMBOJILHOH CTPOKe.

chr (n) Bo3sepauger cTpoky ¢ CHMBOJIOM C 3aJaHHBIM KO/IOM.
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len(s)

oct (n),
hex (n)

cmp (X, V)

unichr (n)

unicode (s
[,

encoding |,
errors]])

H 3wk nporpammuposadua Python
B03Bpa1u,a9T UYHCJ/10 3/IEMEHTOB 110C/1e10BaTe/IbHOCTH HUJIH
0TOOpaKeHusl.

(DYHK]_[I/II/I BO3BpallldloT CTPOKY C BOCEMEPHUUHBLIM HJTH
ecCTHaaAlaTepuYHbIM IIpeACTaB/IeHHEM Lie/1oro 4YMcia n.

CpaBHeHUe JIBYX 3HauUeHUU. Pe3yikraT: oTpULiaTebHbIH,
HOJIb UJIU TOJIOKUTEJIbHbIN, B 3aBUCMMOCTHU OT pe3y/brara
CpaBHeHMSI.

Bosspaitger ogHocumBosibHYI0 Unicode-cTpoky ¢
CUMBOJIOM C KOJIOM 1.

Cospaet Unicode-06beKT, COOTBETCTBYIOLLMI CTPOKE S B
3a/laHHON KopupoBke encoding. Oumbku KogupoBaHuUs
00pabaThIBalOTCsi B COOTBETCTBUM C €ITOI'S, KOTOPbIA MOXKeT
NPUHUMATh 3HaueHus: ' strict ' (cTporoe
npeobpasoBanue), ' replace’ (c 3aMeHOM
HeCYILLeCTBYIOLLMX CUMBOJIOB) UK ' ignore'
(MrHOpUpOBaTh HECYILECTBYIOIMEe CUMBO/IbL). ITo
yMojluaHUr: encoding="utf-8",
errors="'strict'.

Cnepytoumii ipumMep CTPOUT TabJMIy KOJUPOBKU KUPUJITUUECKUX OyKB B

Unicode:

print "Tabimia Unicode (pycckue Oykebi)".center(18%*4)

i=0

for c in "ABBIJEXK3UMK/IMHOTIPCTY® XIUIIITHbIb3KOA™
"abBI1IeXK3UHK/IMHOM PCTY(PXIULIITLLIEIFOS
u = unicode(c, 'koi8-r')
print "%3i: %1s %s" % (ord(u), ¢, u’),

i+=1

ifi% 4 ==0:

print
dyHKIMM 06paboTKN JaHHBIX
Otu  dyHkuu  1ignpobHee  Oynyr  pacCMOTpPeHbl B JIEKIUU [0

(byHKI[MOHA/ILHOMY TTpOrpaMMUpoBaHuto. [Ipumep ¢ GyHKIUsAMU range ()
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Henumerate ():

>>> for i, ¢ in enumerate("ABC"):
print i, ¢

0A

1B

2C

>>> print range(4, 20, 2)
[4, 6, 8, 10, 12, 14, 16, 18]

DyHKIMY OTIpe/ie/ieHus1 CBOUCTB

Ot yHkiUK 06eCIeunBarOT JOCTYI K HEKOTOPbIM BCTPOEHHBIM aTpubyTam
00bekTOB U ApyruM cBoictBaM. CrieAyiOlpii TNpuUMep [OKa3bIBaeT
HEKOTOpble U3 3TUX (DYHKI[MIA:

>>> s = "abcde"

>>>s] = "abcde"

>>>s2 ="ab" + "cde"

>>> print "hash:", hash(s), hash(s1), hash(s2)
hash: -1332677140 -1332677140 -1332677140
>>> print "id:", id(s), id(s1), id(s2)

id: 1076618592 1076618592 1076618656

34eChb, MOXXHO YBUIETb, UTO JI/Isi OAHOIO U TOrO K€ CTPOKOBOIO JIUTepasia
"abcde" nonaydaeTcsi OUH U TOT »Ke 00BEKT, TOTr/ja KakK [Jjisi OIMHAKOBBIX 110

3HAYEHUIO 0OBLEKTOB BITOJIHE MOYKHO IMMOJIYYHUTb pa3HbIe 00BLEeKTEI.

DyHKUM A1 10 CTyra K BHYTPEHHUM CTPYKTypam

B coBpemeHHOl peanu3auuu si3bika Python miobGanbHble W JIOKa/ibHbIE
repeMeHHbIe JOCTYITHbI B BU/JIe cjioBapsi Oarogapst dyHkiusm g lobals ()
u locals (). IlpaBga, 3anuchiBaTh 4TO-IMO0 B 3TH CJOBapyd He
PEKOMEH/1yeTCsl.

OyHKIMSE vars () BO3Bpal@er Tab/ully JIOKa/JbHbIX WMEH HEKOTOPOro
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obbekra (ecsd mapaMeTp He 3ajlaH, OHa BO3Bpal@eT TO JKe, UTO W
locals () ). OObIUHO WUCIOJIL3YETCS B KaueCcTBe CI0Baps /i orepaijuu

(hopMaTHPOBaHUS:

a=1
b=2
c=3

print "%(a)s + %(b)s = %(c)s" % vars()
(I)YHKI_IHI/I KOMITWIALIUYU U UCITO/THEHUA

Oyukiua reload () yKe paccMaTpuBasach, a W3 OCTa/IbHBIX (YHKIUM
3TOW KaTeropuu 0coboro BHUMaHUs 3aciyKuBaet eval (). Kak cinenyer u3s
Ha3BaHUs, 3Ta (PYHKI[UsI BLIUKCIISET MepefiaHHoe eil BhipakeHue. B ripumepe
HU)KE BBIUMCIISIETCS BbIPa)KEHUE, KOTOPOe CTPOUTCS JIMHAMUUECKU

a=2

b=3

for op in "+-*/%":
e="a"+op+"b"
print e, "->", eval(e)

Y dyukiuu eval () Kpome MOJIEKAllero BbIUYMC/IEHUIO BbIP@KEHUs eCThb
elje /iBa IapaMeTpa - C UMX IOMOLIBH0 MOXHO 3a/ilaTh Di0OasbHOE U
NIOKaJIbHOe TIPOCTPAHCTBAa WMEH, M3 KOTOPbIX OyIyT pa3peliathcs MMeHa
BbipaKeHusi. [lpumep Bblllle, TePerMCaHHbIA JJIi  MCIO0/b30BaHUSl C
COOCTBEHHBIM C/I0BapeM MMEH B KaueCTBe 17100a/IbHOro MpOCTPaHCTBA UMEH:

for op in "+-*/%":
e:”a |'T+0p_|_lell'
print e, "->", eval(e, {'a": 2, 'b": 3})

OyHKiMel eval () Jerko 3/10yrnotpeduts. Hy)KHO cTapaThCsi UCI0/b30BaTh
ee TONbKO TOrja, Korjga Oe3 Hee He oboTHCh. W3 coobpaxeHui
Ge30racHOCTU He Cie/lyeT MPUMEHSTh eval () Ui apryMeHTa, B KOTOPOM
TIPUCYTCTBYET HEIPOBEPEHHbIN BBOJ OT M10JIb30BATeJIs.
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D yHKLIMUA BBO/Ia-BbIBO/IA

OyHKUMM input () W raw input () HCIONL3YIOTCA [/ BBOAA CO
CTaHAPTHOrO BBOJA. B cepbe3HbIX nporpaMmax UX Jydille He IMPUMEeHSTh.
OyHKIMSA open () CIYKUAT s OTKPbITUS (aiijla 0 UMEeHU [i/Isi UTeHusl,
3arucyu UaM u3MeHeHus. B cnepyromem npumepe ¢aiinn OTKpbIBaeTcst Ais
YTEHUS:

f = open("file.txt", "r", 1)
for line in f:

f.;:l.o.se()

DyHKIMS TIPUHUMAaeT TPU aprymeHTta: uMms (aiiia (ryrb K aiiny), pexxum
oTkpbiTUs (" r " - ureHue, " w " - 3anuce, " a " - gobaBnenue unu "w+ ", "a+
" " r+ " - usmeHenue. Takke mMoxer npubaenaTecs " t ", uTo 0OO3HaAUaeT
TeKCTOBbIN (aiis. 3TO UMeeT 3HaueHWe TOALKO Ha Iiargopme Windows).
TpeTuit aprymeHT yka3sbiBaeT pexkuM Oydepusaiuu: O - 6e3 Oydepu3zaruu, 1 -

rocrpouHas Oydepusarus, 6osbine 1 - 6ydep ykazaHHOro pasmepa B baiiTax.

B HoBbix Bepcusix Python dyHkius open () sB/sSETCS CAHOHUMOM Jiisl
file().

®yHKIMY A1 paboTEI C arpudyTamMu

Y 06bekToB B si3bike Python moryt 6biTb aTpubyThl (B TEDPMUHOIOTMM s3bIKa
C++ - ujeHbl-JlaHHble U wieHbl-QyHKIKMK). Creayolme ABe MPOrpaMmbl
3KBUBAJIEHTHBI:

# nepgas porpamMma:
class A:
pass
a=A()
a.attr=1
try:
print a.attr
except:
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print None
del a.attr

# BTOpast porpamMma:

class A:
pass
a=A()
setattr(a, 'attr', 1)
if hasattr(a, 'attr'):
print getattr(a, 'attr')
else:
print None
delattr(a, "attr")

@ yHKLMU-"yKpallliare/im'" MeToJ0B K/1aCCOB

H 3wk nporpammuposadua Python

Ot QyHKLUHU OyIyT pacCCMOTpPEHLI B JIeKL[UH, TTocBsieHHon OOIL

O630p cTaHgapTHOI OUOMMOTEKM

Mopynu cranzjapTHOM 6U6/IMOTEKH MOXKHO YC/IOBHO pa3OUTh Ha IPYIILI 110

TeMaTHKe.

. CepBucel nepuopa BoinosHenus. Mopymu: sys, atexit, copy,
traceback, math, cmath, random, time, calendar,
datetime, sets, array, struct, itertools, locale,
gettext.

. Tlopnepskka njukia paspaborku. Mopynu: pdb, hotshot, profile,
unittest, pydoc. [laketsl docutils,distutils.

. Bzaumogeiicreue ¢ OC (daitnel, npoueccel). Moaynu: os, os.path,
getopt, glob, popen2, shutil, select, signal, stat,
tempfile.

. ObpaboTtka TekcroB. Monynu: string, re, StringlIO, codecs,
difflib, mmap, sgmllib, htmllib, htmlentitydefs.
[TakeT xm1.

. MHorororouHble BbluMcieHus. Moaym: threading, thread,
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Queue.

6. XpaHeHue paHHbIX. ApxuBauus. Moapymm: pickle, shelve,
anydbm, gdbm,gzip,zlib,zipfile,bz2, csv, tarfile.

7. Tlnardopmo-3aBucumsele moaymu. s UNIX: commands, pwd, grp,
fentl, resource, termios, readline, rlcompleter.
Hnsa Windows: msvert, winreg,winsound.

8. Tonnepxka cetu. Ilporokosiblt MHTepHer. Moaynu: cgi, Cookie,
urllib, wurlparse, httplib, smtplib, poplib,
telnetlib, socket, asyncore. Ilpumepsl cepBepoB:
SocketServer, BaseHTTPServer, xmlrpclib,
asynchat.

9. Tonnepxka Internet. dopmartbl JaHHbIX. Moaynu: quopri, uu,
baseéd, binhex, binascii, rfc822, mimetools,
MimeWriter, multifile, mailbox.IlakeT email.

10. Python o cebe. Moaymu: parser, symbol, token, keyword,
inspect, tokenize, pyclbr, py compile, compileall,
dis,compiler.

11. TI'paduueckuit untepdeiic. Moayns Tkinter.

[TpumeuaHue:

OueHb 4aCTO MOJYIU COZIePIKaT OIUH UJIK HeCKOJTBKO K/IACCOB, C TIOMOILIBIO
KOTOPBIX CO3/1aeTCsi 00BEKT HY)KHOTO TUIIA, a 3aTeM peub UJIET y)ke He 00
MMeHax U3 Mozyns, a 06 arpubyrax atoro o6sekra. I HaobopoT, HekoTopkIe
MOJLY/IH COLepIKaT JIUIb GyYHKIUU, JOCTATOUHO 0OIIMe /15l TOro, UTOObI
paboTraTh HaJ| MPOU3BOJILHLIMU 00LeKTaMu (TM60 10CTaTOUHO OO/IBLILON
KaTeropueil 00LeKToB).

CepBUCHI IEPUO/a BBLIMOTHEHUS

Monynsb sys

Mopaynb sys coep)KUT UHGOOPMAIMI0 O Cpejie BbINOJIHEeHHUsI TTPOrpaMMbl, 00
unreprperatope Python. [lanee GymnyT rnpezcraBieHbl Haubosiee MonyisipHbie
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H 3wk nporpammuposadua Python

00BEKTEI U3 3TOr0 MOV OCTaAbHOE MOXHO H3YUMUTh 110 JJOKYMEHTal|lKuH.

exit([c])

argv

platform

stdin, stdout, stderr
version

setrecursionlimit (1limit)

exc _info ()

Mopyns copy

Bbixon 13 riporpammMel. MOXKHO
nepe/JaTh UMC/I0BON KO/l 3aBepILeHMUSL:
0 B Cslyyae yCIIeIHOIO 3aBeplieHus,
[pyrue 4unciia pu aBapuiiHoM
3aBepILeHU U TTPOrPaMMBbI.

Cnucok aprymMeHToB KOMaH/IHOH
cTpoki. OObIUHO sys.argv [0]
COLePXXUT UMS 3amyIleHHOH
MpPOrpaMMBbl, a OCTa/IbHbIe [TapaMeTPhbI
nepe/iatTCsi U3 KOMaHHOM CTPOKH.

[Tnardopma, Ha KOTOpoi paboTtaeT
WUHTEepIpeTarop.

CraHlapTHBIN BBO/, BbIBO/I, BLIBOJ,
o060k, OTKphITHIE (haii/I0BbIe
OOBEKTHI.

Bepcus unTepriperaropa.

YcTaHOBKa YPOBHSI MaKCUMa/IbHOM
BJIO’KEHHOCTU PeKypCUBHBIX
BLI30BOB.

Wudopmarius 06 obpabareiBaeMoM
UCKJTFOUEHH U,

OTOT MOAYIb COAepXUT (PYHKUUU [yl KornupoBaHus oObekToB. BHauane

rpejjlaraeéTcsi K  PacCMOTPEHUI0
3aMelliaTe/IbCTBO HOBUUKOB B Python:

Ist1 = [0, 0, 0]
Ist = [Ist1] * 3
print Ist
IstfO][1] =1
print Ist

"Mmapa/lokc”, KOTOpPbIM BBOAUT B
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B pe3yibkraTre 11o/ydaeTcsd, BO3MOXKHO, He TO, UYTO 0K [1d/10Ch!:

([0, 0, 01, [0, 0, 0], [0, 0, 0]
[0, 1, 0], [0, 1, 0], [0, 1, 0]]

Jlesio B TOM, UTO CIIUCOK 1 St CONEP)KUT CChUIKK Ha O[UH U TOT )K€ CITUCOK!
Insi Toro utoObl JIECTBUTENBHO Ppa3MHOXXHTb CIIMCOK, HeobXo[uMo
NPUMEHUTb (PYHKI[UIO cOopYy () U3 MOAYISA COPY:

from copy import copy

Ist1 = [0, 0, 0]

Ist = [copy(Ist1) for i in range(3)]
print Ist

Istf0][1] =1

print Ist

Teriepb pe3yibraT TOT, KOTOPbIA 0XKU/AJICS:

([0, 0, 01, [0, 0, 0], [0, 0, 0]
[0, 1, 0], [0, 0, 0], [0, 0, 0]]

B wmonyne copy ectb e u ¢yHkuusi deepcopy () s m1ybokoro
KOTUPOBAHUs, MPU KOTOPOM OOBEKTbI KOMUPYKOTCS HA BCH) BO3MOXKHYIO

1yOMHY, peKYPCHUBHO.

Moaynu math u cmath

B 3tux mMoaynsix cobpaHbl MateMaTuueckue MyHKLUU [ist IeHCTBUTETbHbIX U
KOMIT/IEKCHBIX apPTYMEHTOB. JTO Te »Ke (DYHKLIMU, UTO UCI0JIb3YIOTCS B SI3bIKE
C. B tabnuue Huxke gaHbl GyHKUuM momyns math. Tam, rge aprymeHT
0003HaueH OyKBOW z, aHasiorMuHast QyHKI[Ms oripe/iesieHa U B Mozyie cmath.

DyHKUMSA UK

KOHCTaHTa DR
acos(z) APKKOCHHYC Z
asin(z) apKCUHYC Z
atan(z) APKTAHIeHC Z

atan2(y,x) atan (y/x)
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ceil (x)

cos (z)
cosh (x)
-

exp(z)
fabs(x)

floor (x)

fmod (%, vy)

pi

pow (%X, V)
sin(z)
sinh(z)
sqgqrt (z)
tan(z)

tanh(z)

Mopayns random

H 3wk nporpammuposadua Python

HauMeHblllee 1jesioe, Hosibliiee UK paBHOE x
KOCUHYC Z

ruriepboIMUecKuii KOCUHYC X

KOHCTaHTa e

JKCIMOHEeHTa (TO eCTh, e * * z )

abCcosiloTHOE 3HaUeHUe x

HauboJbllee 11e/10e, MeHbIlee WU PaBHOE x
OCTATOK OT JIeJIeHUs X Ha

BO3BpallgeT MaHTUCCY U MOPSZIOK X Kak napy (m, i), rge
m - YUCJIO C MJIaBarollieid TOUKoM, a i - 1enoe, Takoe, UTo x
=m * 2.**i, Ecm 0, Bo3spauaer (0, 0), uHaue 0.5
<= abs(m) < 1.0

sgrt(x*x + y*y)
il 2 L]
HaTypa/lbHbIH Jlorapugm z

JleCITUUYHbIN Torapudm z

BO3Bpall@er rnapy (y, q) - LjeJayro U IpoOHYIO UacTh X.
O6e yacT UMEIOT 3HaK UCXOAHOIO YUCIIA

KOHCTaHTa U
X * * y

CUHYC Z
runepbo/IMUecKuii CHHYC z
KOpeHb KBaJIpaTHbIN OT z
TAHTeHC Z

rurepboIMUecKiii TaHTeHC Z

OTOT MOAYIb TeHepupyeT [CeBJOC/TydailHble YWCaa il  HEeCKOJIbKUX
pa3nuuHbIX pacnpe/esieHuii. Hanbosee ucriosnb3yembie GyHKITUU:

random ()

[enepupyet rcesjioc/iyyaiiHoe UUuCiIo U3
M10JIYOTKPBITOro AuamnasoHa [0.0, 1.0).
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Bbibupaet ciiyuaiiHbll 3/1eMEHT U3

choice (s)
rocjie/JoBaTe/IbHOCTH S.

PasmenmBaeT 3/1eMeHTbI U3MEHUHUBOH
rnocjaenoBaTe/IbHOCTH s Ha MeCTe.

shuffle(s)

Brigaer ciyuaiiHoe 1jesi0e YMC/I0 U3 jUanasoHa
randrange ([start, ] range (start, stop, step).
stop[, step]) AHanornuHo choice (range (start,

stop, step) ).

BuigaeT unciio u3 rnocsefjoBateIkHOCTU
HOpPMAaJILHO pacripefie/leHHbIX
MCeB/I0C/Iy4alHbIX Unuces. 3/iecb mu - cpejHee,
sigma - cpefiHeKBaJipaTUUeCKoe OTKIOHeHHe
(sigma > 0)

normalvariate (mu,
sigma)

OcrasnbHble GYHKIMU W UX TapaMeTPbl MO>KHO YTOUHUTD 110 JJOKyMEeHTAl[UH.
Cnefyer OTMETUTb, UTO B MOAYIe ecTb (QYHKUUS seed(n), KoTopas
MO3BOJISIET YCTAaHOBUTh TreHepaTop CJIyuallHbIX uWCell B HEKOTOpOe
coctosiHie. Hampumep, ecyidi BO3HUKHET HeoOXOqUMOCTb MHOIOKPATHOIO
WCIO0JIb30BaHUs OJHOM M TOMW >Ke I0C/iefloBaTe/IbHOCTH T1CeB0CTyYaiiHbIX
yuceJ.

Mopaysb time

OToT MoAylb [JaeT (YHKUMM Jyisi TIOJIydeHWs] TeKYIero BpeMeHU U
npeobpa3oBaHusi pOPMATOB BPEMEHH.

Mopywins sets

Mopyis peanusyeT TUI JaHHBLIX [ MHOXecTB. Creyroupii ripumep
M0Ka3blBaeT, KaK MCI0/b30BaTh 3TOT MOAyIb. CrieflyeT 3aMeTUThb, UTO B
Python 2.4 v crapuie tun set CTajJl BCTPOEHHBLIM, U BMeCTO sets.Set
MO>KHO UCIO/b30BaTh Set:

import sets
A = sets.Set([1, 2, 3])
B = sets.Set([2, 3, 4])
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print A|B, A& B, A- B, A\ B
foriin A:
ifiin B:
print ,

B pe3yiisrare OyeT BhIBe/IEHO:

Set([1, 2, 3, 4]) Set([2, 3]) Set([1]) Set([1, 4])
23

Mopynu array u struct

OTU MOAYIM peaji3yi0T HU3KOYPOBHEBbIA MaCCUB U CTPYKTYPY [JaHHbBIX.
OCHOBHOe WX Ha3HaueHue - pa3dbop ABOUUHBIX POPMATOB JAHHBIX.

Moays itertools

OTOT MOAYIb CONEp)KUT Habop ¢yHKUMN aisi paboThl C WTEpaTOpPaMu.
Wrepatops! M03B0JsAIOT paboTaTh C JaHHBIMHU I10C/1€10BATebHO, KAK eC/Id
Obl OHM TOJTy4aJIUCh B LjUK/Ie. AJITEPHATUBHBIN MOJXOJ - UCII0/Ib30BaHUE
CIIUCKOB [ijisi XpaHEHUsI TPOMEXYTOUHBIX pe3yisraToB - TpebyeT mojuac
OO/BILIOrO KOJIMYEeCTBA TMaMSATH, TOIIA KaK MCIO/Jb30BaHHE WTepaTOpPOB
MO3BOJISIET T10/1yUYaTh 3HAYEHUs] HAa MOMEHT, KOIjla OHM JIeMCTBUTE/IbHO
TpebytoTcs [yist AanbHeHIMX BbluMc/ieHui. Ureparopel OynyT pacCMOTpeHbl
bosnee nogpo6HO B j1eKI[MU 110 (BYHKI[MOHA/ILHOMY ITPOrPaMMUPOBaHUIO.

Moaysns locale

Moayie locale mnpumeHsiercs Jyisi paboTbl C KyIBTYPHOH cpezoil. B
KOHKDETHOW KYIBTYDHOH Cpe/ieé MOTYT HCII0/Ib30BaThCsl CBOW TpaBWJIA JIJIs
HaMUCaHUs YUCes, BAJIFOT, BpeMeHU U JaThl U T.n. Cleaywonmi npumep
BLIBOJIMT JIaTy CHauasia B KyIsTypHo# cpejie "C", a 3aTeM Ha PYCCKOM SI3bIKe:

import time, locale

locale.setlocale(locale.LC_ALL, None)

print time.strftime("%d %B %Y", time.localtime (time.time()))
locale.setlocale(locale. LC_ALL, "ru_ RU.KOI8-R")
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print time.strftime("%d %B %Y", time.localtime (time.time()))
B pesynerare:

18 November 2004
18 Hosb6ps 2004

Mopayns gettext

[Tpu uHTEpHALMOHANM3ALIMK TIPOTPAMMbI BaXKHO HE TOJILKO MPeyCMOTPeThb
BO3MOKHOCTb MCIT0JIb30BaHUSI HECKOJIbKUX KYIBTYPHbBIX CpPeJl, HO U TepeBoy]
COOOIIPHUI YW MEHIO MPOrpaMMbl Ha COOTBETCTBYHOIIMM si3bIK. Mopmyib
gettext MO3BOJSET YIIPOCTUTL ITOT IMPOLIECC JOCTAaTOYHO CTaHAAPTHBIM
criocobom. OCHOBHbIe COOOLIEHUMSI TTPOrPAMMbI THUIIYTCS Ha AHIIMIACKOM
s3blKe. A MepeBOJbl CTPOK, OTMEYEHHbIX B TMpOrpaMMe CrieliiajJbHbIM
obpasom, JatoTcs B BU/e OT/eNbHbIX (aiijioB, M0 OJHOMY Ha KaXK/bld si3bIK
(U1 KYIBTYPHYIO Cpely). YTOUHUTb HIOAHChl MCIMO/b30BaHUS gettext
MOJKHO 10 JIoOKyMeHTaijuu K Python.

[Topgeprkka 1UK/Ia pa3paboTKu

Mopaymi 3TOro pasiesa IOMOTalOT TOAJEP)KUBAThL  JOKYMEHTAl[UI0,

MPOU3BOJUTD perpeccuoHHOe TeCTUpOBaHUe, OT/Ia’)KUBATh U
npoduvpoBarte rporpamMmbl  Ha Python, a Takke 00C/Iy)KHBaKOT
pacripocTpaHeHWe  TOTOBbIX  TpOrpaMM,  co3fiaBas  cpely s

KOH(UTYPUPOBaHUS U YCTAHOBKU I1aKeTOB.

B xauecTBe W/UTIOCTpALIUU MOXKHO MPEANOIOXKUTb, UTO CO3[AeTCd MOAYIb
JI1S1 BBIUMC/IEHUS TIPOCTBIX YMCes 110 ajJroputMmy "perero 3paTtocheHa".
Mopayis Oyrer HaxoAuTbCcs B (aiiyie Sieve.py M COCTOATH W3 OJHOU
dyHkiuu primes (N), koTtopas B pe3yisrare cBoed paboTbl /aeT Bce
npoctbie (He UMEIoIMe HaTypasbHbIX Jle/iuTesiell kpome cebsi U eJMHULIbI)
yucIa ot 2 10 N:

import sets
import math
""Mopayib 111 BBIYMC/IeHUS TTPOCTbIX uhcen ot 2 jo N ™"
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def primes(N):

""'Bo3BpaluaeT Bce npocteie ot 2 10 N™
sieve = sets.Set(range(2, N))
for i in range(2, int(math.sqrt(N))):

if i in sieve:

sieve -= sets.Set(range(2*i, N, i))

return sieve

Mogaysns pdb

Moayns pdb npepgocrasssierT (DyHKUUM OTajuMka C UHTepdelicoM -
KOMaH/HOW CTpokoi. Ceccust OT/Ia/IKA BBILLETIPUBE/IEHHOTO MOAY/IS MoI/a
Obl ObITH TAKOM:

>>> import pdb

>>> pdb.runcall(Sieve.primes, 100)

> /home/rnd/workup/intuit- python/examples/Sieve.py(15)primes()
-> sieve = sets.Set(range(2, N))

(Pdb) 1
10  import sets
11 import math
12 ""Mopaynb A/ BbIUMC/IeHUs TIPOCThIX uuces ot 2 jo N "™
13 def primes(N):
14 """BosBpaiuget Bce npocteie ot 2 go N'™

15 -> sieve = sets.Set(range(2, N))
16  foriinrange(2, int(math.sqrt(N))):

17 if i in sieve:

18 sieve -= sets.Set(range(2*i, N, i))
19 return sieve

20
(Pdb) n

> /home/rnd/workup/intuit- python/examples/Sieve.py(16)primes()
-> for iin range(2, int(math.sqrt(N))):

(Pdb) n

> /home/rnd/workup/intuit-python/examples/Sieve.py(17)primes()
-> if i in sieve:

(Pdb) n

> /home/rnd/workup/intuit- python/examples/Sieve.py(18)primes()
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-> sieve -= sets.Set(range(2*i, N, i))
(Pdb) n
> /home/rnd/workup/intuit-python/examples/Sieve.py(16)primes()
-> for iin range(2, int(math.sqrt(N))):
(Pdb) p sieve
Set([2, 3,5, 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79,
81, 83, 85, 87, 89, 91, 93, 95, 97, 99])
(Pdb) n
> /home/rnd/workup/intuit- python/examples/Sieve.py(17)primes()
-> if i in sieve:
(Pdb) n
> /home/rnd/workup/intuit-python/examples/Sieve.py(18)primes()
-> sieve -= sets.Set(range(2*i, N, i))
(Pdb) n
> /home/rnd/workup/intuit- python/examples/Sieve.py(16)primes()
-> for iin range(2, int(math.sqrt(N))):
(Pdb) p sieve
Set([2, 3, 5, 7, 11, 13, 17, 19, 23, 25, 29, 31, 35, 37, 41, 43, 47, 49,
53, 55, 59, 61, 65, 67, 71, 73, 77, 79, 83, 85, 89, 91, 95, 97])

Moayss profile

C nomotpio npodaiinepa pa3paboTuvky rporpaMmMHoOro obecrieueHusi MOryr
y3HaTh, CKOJIbKO BpPeMEeHM 3aHUMaeT WCIIO/IHeHUe pPa3IuuHbIX (QyHKUIUN U
METO/IOB.

[Mpomokasi mipumep C pelerom OpatocdeHa, CTOMT TOCMOTPETb, Kak
TPaTUTCS NPOLECCOPHOE BPeMsi IPY BbI30Be QYHKLUUU primes () :

>>> profile.run("Sieve.primes(100000)")
709 function calls in 1.320 CPU seconds

Ordered by: standard name
ncalls tottime percall cumtime percall filename:lineno(function)

1 0.010 0.010 1.320 1.320 <string>:1(?)
1 0.140 0.140 1.310 1.310 Sieve.py:13(primes)
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1 0.000 0.000 1.320 1.320 profile:0(Sieve.primes(100000))
0 0.000 0.000 profile:0(profiler)
65 0.000 0.000 0.000 0.000 sets.py:119(__iter__)
314 0.000 0.000 0.000 0.000 sets.py:292(__contains__)
65 0.000 0.000 0.000 0.000 sets.py:339(_binary_sanity check)
66 0.630 0.010 0.630 0.010 sets.py:356(_update)
66 0.000 0.000 0.630 0.010 sets.py:425(__init__)
65 0.010 0.000 0.540 0.008 sets.py:489(__isub__)
65 0.530 0.008 0.530 0.008 sets.py:495(difference_update)

3peck ncalls - KOMMYECTBO BbI30BOB (DYHKIIUU WM MeToAd, tottime -
MoJIHOe BpeMmsl BbIMOJHeHUsl Kofia (yHkiuu (6e3 BpeMeHU HaxoXK[eHUsi B
BbI3blBaeMbIX (PYHKLUsAX), percall - TOXe, B mepecueTe Ha OQUH BbI3OB,
cumtime - akKKyMyIMPOBAaHHOE BpeMsl HaxoXK/jeHus B (DyHKLIMH, BMECTe CO
BCeMU Bbi3bIBaeMbIMU (yHKIUsIMU. B nociegHem crosbiie npuBeieHO UMsl
(haiis1a, HOMEp CTPOKU C QyHKI[UeH UM MEeTOIOM U ero UMsl.

[TpumeuaHue:

"CtpaHHble" UMeHa, Harlpumep, iter , contains #
__isub_ - MMeHa MeTOJOB, Pealu3yIIMX UTePaLMIO 110 3/IeMeHTaM,
TPOBEPKY MPUHA/IEXHOCTH 3/1eMeHTa ( in ) v onepauuio —=. Metog

~init - KOHCTpYKTOp 0ObeKTa (B JaHHOM C/Iy4ae - MHOXKeCTBA).

Moaysb unittest

[Mpu paspaboTke rporpaMMHOro obecrieueHusi PeKOMEH/YeTCsi PUMEHSITh
TaK Ha3biBaemble perpecCUOHHbIe UCIbITaHUs. [l Kakgoro Moayis
cocraB/isieTcsi Habop TECTOB, MO BO3MOXHOCTM TakuM 00pa3oM, uToObI
IPOBEpPsUIMCh He TOJbKO TUIMWYHBbIE BBLIYMC/IEHUS, HO U '"KpallHue',
BbIPOXK/IEHHbIE C/lydad, UTOObI MCIIbITAaHUSI 3aTPOHYIU KAXKAYIH0 BETKY
asiropuT™a XoTsi Obl ofiiH pa3. TecT /iJ1s1 JaHHOTO MOJLY/Isi (HarTMCaHHbIM cpa3y
rocae TOro, Kak ornpejeneH uHTepdedc Moayis) Haxoautcss B (ailie
test Sieve.py:

# file: test_Sieve.py
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import Sieve, sets
import unittest

class TestSieve(unittest. TestCase):

def setUp(self):
pass

def testone(self):
primes = Sieve.primes(1)
self.assertEqual(primes, sets.Set())

def test100(self):
primes = Sieve.primes(100)
self.assert_(primes == sets.Set([2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, «
53,59, 61, 67, 71, 73, 79, 83, 89, 97]))
if name ==' main_ "
unittest.main()

TecToBBI MOIYIb COCTOUT U3 ONpe/ie/ieHUs Kjlacca, YHAaC/IeJI0BaHHOIO OT
Klacca unittest.TestCase, B KOTOPOM OINUCHLIBAETCS MOArOTOBKA K
UCnbiTaHusiM  (MeTo, setUp ) M CaMU  MCHbITAaHUS --  METO/bl,
HauWHaKLMecs Ha test. B JaHHOM clyyae TaKUX UCIBITAHWN BCEro /IBa: B
TIepPBOM UCITLITLIBAETCS CTydaid N=1, a BO BTOpoM -- N=100.

3anyck TeCTOB TPOU3BOJUTCS BBITTOJIHEHHEeM (byHKLIMU
unittest.main (). BOT Kak BBIDIAAAT YCIICIIHbIE UCTIbITAHUS:

$ python test_Sieve.py

Run 2 tests in 0.002s

OK

B rnpouecce pa3paboTku repej KaKAbIM  BBIIYCKOM BCe  MOAYIU
MPOTOHSIKOTCST Uepe3 perpecCUOHHbIe UCIIbITaHUs,, UTOObI 0OHAPYXUTh, He
ObUIM M BHeceHbl oMbk, OJHAKO HUKaKue TecTbl B 00IleM cCyiydyae He
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MOrYT TI'dpaHTHUPOBATh 0e3011M00UHOCTH  CI0XKHOM ImporpaMmal. HDH
A0Iro/iIHeHHH MO,H.)U'[eﬁ TeCTbl TakKXKe MOryr OBITh AO0I0J/IHEHBI, YTOOBI
OTPA3UTEL U3MEHEHUS B IIpOeKTe.

Kcratu, cam Python u ero cranjaptHasi 6ubivoTeka UMEHOT TeCThbl JJIsl
Ka)K/I0r0 MOAY/IS - OHW HaXO[STCS B KaTtajore test B MecCTe, [Jie pa3BepHYThbI
(haiinibl mocraBku Python, v SIBISIIOTCS 4acThIO MakeTa test.

Moaynb pydoc

Ycriex npoekra 3aBUCHT He TOJIbKO OT obecrieueHusi 3hdEKTUBHOIO U
KaueCTBEHHOI'0 K0Zla, HO U OT KaueCcTBa [IOKYMEHTalMu. YTuauTa pydoc
aHaJIorMyHa komaH/ie man B Unix:

$ pydoc Sieve
Help on module Sieve:

NAME
Sieve - Moaynb /17151 BBIUKMCJIEHUS TPOCTBIX uKces1 oT 2 10 N

FILE
Sieve.py

FUNCTIONS
primes(N)
Bosspaiger Bce npoctblie oT 2 10 N

OTa cTpaHuIla MOMOILIM MOsBU/IAck Oarofaps TOMY, UTO ObIIM HaIlMCaHbI
CTPOKM JJOKYMEHTAallUM - KaK KO BCeMy MOAYI0, TaKk U K (QyHKIUU
primes (N).

CrtouT rorpoboBaTh 3anyCTUTh pydoc CAeAyrollel KoMaH[0Mm:
pydoc -p 8088

W wnarpaButh Opayzep Ha URL ccohuika: http//127.0.0.1:8088/ - moxHO
TOJTYUUTh JOKYMeHTal1Io 1o Moayisim Python B Buie kpacuBoro web-caiira.

Y3HaTh Jpyrde BO3MOXXHOCTH pydocC MOXHO, MofjaB KoMmaHjy pydoc
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pydoc.

IMaket docutils

OTOT IakeT ¥ HabOp YTU/IUT TOKA UTO HE BXOAWUT B CTAHAAPTHYIO [MOCTABKY
Python, oiHako 0O HeM HY)KHO 3HaTb TeM, KTO XOoueT ObICTPO TOTOBUTH
JIOKyMeHTalu0 (PYKOBOJACTBA I0/b30BaTe/sl U T.1.) [/ CBOMX MOZYIeu.
OTOT NakeT UCMOJb3yeT CreluaabHbIM 3bIK pa3MeTku (ReStructuredText), u3
KOTOPOTrO TOTOM JIETKO rojiyuyaetcs gokymeHTauus B Bujie HTML, LaTeX u B
apyrux ¢gopmarax. Tekct B hopmate RST nerko uurtath U B UCXOAHOM BUJE.
C 9TUM  UHCTPYMEHTOM  MOXXHO  II03HAaKOMMTBLCS  Ha  CChbUIKA:
http://docutils.sourceforge.net

IMakeT distutils

IlaHHBIN TaKeT IpeJoCTaB/isieT CTaHJAPTHBLIN IMYTh [/ PaClPOCTPaHEeHUs
cobctBeHHbIX — Python-nakeroB.  [loctatouHo  HamucaTh — HeOOJbLIOH
KOH(UrypalMOHHbIM (a1 setup.py, UCnonb3ywIMd distutils, u
daiin ¢ nepeudciaeHveM (¢aisoB npoekra MANIFEST.in, uToObI
T10/1b30BaTe Iy NakeTa CMOIJIA er0 YCTAHOBUThL KOMaH/101

python setup.py install

ToHKOCTH paboThl ¢ distutils MOXHO U3YUUTh 110 JOKYMEHTALIUH.
B3aumogeiicTBue C oriepaljuOHHOM CUCTEeMOM

Pa3iiuHbie onepaljMoHHbIe CUCTEMbl UMEKT CBOU 0COOEHHOCTH. 3iech
paccMaTpUBaeTCsi OCHOBHOW MOJYIb 9TOW KaTeropuu, (yHKIUH KOTOPOro
paboTar0T Ha MHOTMX OIepaLMOHHbIX CHCTEeMaX.

Mogyns 0s

P«':IB,[I.EJII/ITEJ'[H KaTajloroB W JApyrue CB#A3dHHbleé C 53THM 0003HaueHUs
HAOCTYIIHBI B BU/le KOHCTAHT.
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Koucranra Yto obo3Hauaet

os.curdir Tekyumi Katanor

os.pardir PoauTensCKiu Kataaor

0S.sep Pazpenuresns 3/1eMeHTOB NyTH

os.altsep [lpyrou pasgenuTesb 371eMeHTOB yTH

os.pathsep Pa3genurens nyreil B Crivcke nyrei

os.defpath CnucoK nyTel o yMo/JI4aHUIO

0s.linesep IIpU3HaK OKOHUAHUSI CTPOKU

[Mporpamma Ha Python pabotaer B oOmnepalMoOHHOM cuUCTeMe B BU/E
OT/leJIbHOrO Tipoliecca. OyHKIMKM MOAYIS OS Aal0T AOCTYIl K pa3/IMUHbIM
3HAUeHUsIM, OTHOCSLMMCSI K TMPOLIeCCY W K Cpele, B KOTOPOW OH
ucnosusiercs. OJIHUM U3 BaKHBIX OOBEKTOB, JAOCTYIIHBIX U3 MOAYISA OS,
SBJISIETCSl  (JIOBAapb TMEepeMeHHbIX OKpyKeHusi environ. Harpumep, c
MOMOIIBI0 MepeMeHHbIX OKPY)KeHUsi web-cepBep repejiaeT HeKOTOpble
napametpbl B CGl-cijeHapuii. B cnexytomieM npumepe MOXKHO TOJIYUUTb
repeMeHHYI0 OKpY)KeHust PATH:

import 0s
PATH = os.environ['PATH']

Bonblasi rpynma ¢yHkiui nocesieHa pabote ¢ ¢aijlaMu ¥ KaTaJloramu.
Huke mipuBoAsSTCS TOJBKO Te, KOTOpble AOCTYIHbI Kak B Unix, Tak U B
Windows.

[TpoBepka foCTynHOCTH (paidia UM KaTanora C

uMeHeM path. Pexxum 3anpanmsaemoro jocryna

yKasblBaeTcs 3HauyeHHeM £ 1ags, COCTaBIeHHbBIX
access (path, KkombuHarueit (moburosim UJIN) duiaro
flags) 0s.F OK (¢aiin cymectsyer), os .R_OK (43

(haiiia MOXKHO UMTaTh), 0s . W OK (B dain

MOXKHO MUCaTth) U 0s . X OK ((paid/1 MOXKHO

U CITO/THSITh, KaTaJlor MOXKHO [IPOCMAaTPUBATh).

chdir (path) Henaet path TeKypM pabouyuM KaTajiorom.
getcwd () Texyumii pabounii KaTaor

YcTaHaB/IMBaeT pexxuM Joctyna K path B
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3HaueHWe mode. Pexxum A0CTYyIla MOXHO

chmod (path, MOJIyUUTh, CKOMOMHUPOBaB (yiaru (CM. HUXe).

mode) Crnenyet 3aMeTUTh, UTO chmod () He J0MOJHsET
[eMCTBYIOLLMI peXXuM, a yCTaHaB/IMBaeT ero
3aHOBO.

Bo3sBpaitger crivcok aiisioB B Katasore dir. B
listdir (dir) CIIKCOK He BXOJAT CrieljiajibHble 3HaueHus " . " u

Co3spaet karanor path. ITo ymomyaHuio pexxum
mkdir (path(, mode pageH 0777, TO eCTb:
mode] ) S IRWXU|S TIRWXG|S IRWXO,eciu
10/1b30BaThCsl KOHCTAHTAMU MOAy/st stat.

Ananor mkdir (), co3garoupii Bce
makedirs (path[, HeoOXoAMUMble KaTaloIu, eC/IM OHU He
mode]) CyLLeCTBYIOT. Bo30yXK1aeT uckitoueHue, Korjga

MOC/IeIHUM KaTaslor y)Ke CyLeCTBYeT.

remove (path), Ynansier aiin path. [11s ynaneHus KaTaaoros
unlink (path) UCNoAb3yTCA rmdir () U removedirs ().
rmdir (path) Ynansietr nycrou Karanor path.

Ynansier path Jo nepBoro Hermycroro Karanora. B
CJlydae ecid CaMbli MOC/eJHUN BJIO>KeHHbIN
MO/IKaTasIor B yKa3aHHOM MYTH - He MYCTOM,
BO30y)K/1aeTcsi ucKmoueHue OSError.

removedirs (path)

[TepermeHOBBIBaeT (hait/1 UM KaTanor src B

rename (src, dst)
dst.

AHanor rename (), coO3ar0lMi BCe

renames (src,
HeoOXoIMMbIe KaTaJIoru [ist Nyt dst U

dst)
VIanAroMH MYCThIe KaTaJoru YT src.
Bo3sspaiger ungopmaiuio o path B BUje He
MeHee 4eM JIeCSITU3/IeMeHTHOro KopTeska. s
OCTVIIa K 3/7IeMeHTaM KOpTeXKa MOXKHO
stat (path) AocTyn P

MCI10/1b30BaTh KOHCTAHThI U3 MOAYIsA stat,
Harnpumep stat.ST MTIME (Bpems
nocjiegHer moaudukaluu daiia).

YcraHaB/IMBaeT 3HaUeHUs BpeMeH l'[OCJIE}JlHEﬁ
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MoAuduKauu ( mtime ) u goctyna K gainy (
atime ). Ecm times paBeH None, B KaueCTBe
BpeMeH DepeTcs Tekyiee Bpemsi. B apyrux
c1ydasix t imes paccMaTpuBaeTcs Kak
[BYX3/IeMEeHTHBIN KOpTeX (at ime, mtime ).
Jns nonyyenust at ime U mt ime HEKOTOPOro
(baiisia MO)KHO UCIT0/Ib30BaTh stat () COBMECTHO
C KOHCTaHTaMU mMofynst stat.

st paboThl € rpoleccaMu MOAyIb OS Tpejaraer ciaeayioolpe (QyHKIUu
(37eCh YIIOMSIHYTBI TOJILKO HEKOTOpbIe, JOCTYITHble Kak B Unix, Tak ¥ B

Windows):

abort ()

system (cmd)

times ()

getloadavg ()

Mopywns stat

Bbi3bIBaeT /1si TeKyllero rnpotecca curian SIGABRT.

BbinosiHsieT koMaH/IHY10 CTPOKY crd B OTJe/IbHON
060s10uKe, aHAa/IOrMYHO BBI30BY S v s tem 6ubnuoreku
s3bika C. Bo3Bpailjagemoe 3HaueHue 3aBUCUT OT
UCI10/1b3yeMOH M1aT(hOpPMBI.

BosBpaitiger KopTex U3 MsATH 3/1IEMEHTOB, COLep Kalliil
BpeMmsi B ceKyHiax pabotsl npouecca, OC (1o
obcmyKUBaHUIO Tpoliecca), JouepHux rporeccos, OC
[U1sl JOUePHUX MPOLIeCCOB, a TAKKe BPeMs OT
(MKCMPOBAHHOIO MOMEHTA B MPOLIOM (HarpuMep, OT
MOMEHTa 3aI1yCKa CUCTeMbl).

Bo3Bpalljger KopTex U3 Tpex 3HaueHUH,
COOTBETCTBYIOLLMX 3aHATOCTHU IpOLjeccopa 3a NociaejHue
1, 54 15 MuHyT.

B 3TOM Momyne ornucaHbl KOHCTAHThbI, KOTOPbI€ MOYKHO MCIIO/Ib30BaTh Kak
WHJIEKCBI K KOpTeXaM, TpUMeHsieMbIM GYHKIUsSMU oOs.stat () u

os.chmod () (a

TaKKe HEKOTOPbIMU ApyrumMu). VX MOXXHO yTOUHUTHL B

JOKyMeHTaiuu no Python.
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Mopuyss tempfile

[Mporpamme uHorza Tpebyercst co3naTh BpeMeHHBIN (haii, KOTOpbIHA Moc/ie
BbINIOJIHEHWSI HEKOTOPbIX [leMCTBUM Oosbille He HykeH. [lisi 3TUX 1esei
MOXKHO MCIoJb30BaTh QyHKUKMK TemporaryFile, koTopas BO3BpalljaeT
(hali/10BbI 0OBLEKT, TOTOBBIH K 3aMTMCH U UTEHUIO.

B cnenytoiiem npumepe co3jaetcsi BpeMeHHbIW (aiisi, Kyaa 3anuchbiBatoTCs
JlaHHbIE U 3aTeM YMTArTCS:

import tempfile

f = tempfile. TemporaryFile()

f.write("0™100) # 3anuckIBaeTCss CTO CUMBOJIOB 0

f.seek(0) # yCT. yKa3aTe/b Ha Hauasio (haiisia

print len(f.read()) # uuTaercsi 1o KoH1ja dailia U BbIYUCISETCS J/IMHA

Kak u cniefjoBajio 0XXujarth, B pesynsrate Oyner BeiBejeHo 100. BpemMeHHbIM
haiis1 OyzeT yianeH, Kak TOJILKO OyiyT yianeHbl BCe CChIIKUA Ha ero 00beKT.

O6paboTKa TeKCTOB

Moaymu 31Ol KaTeropuu OyayT MoapoOHO pacCMOTPeHbI B OT/IeIbHOU
NEKI[UH.

MHOTornoToUYHbIe BBIYHUC/IeHUS

Mopayni 3TON KaTeropuud CTaHyT MpPeJAMeTOM pacCMOTPEHUsI OT/e/lTbHOU
NeKI[UH.

XpaHeHue JaHHbIX. ApXUBaLs

K 3TOl KaTeropuu OTHECEeHbI MOAYIM, KOTOpbie paboTaldT C BHEHUMU
XPaHW/IMIIAMU JIAHHBIX.

Mopayns pickle
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[Mpotiecc 3anucu 0ObeKTa B BUJIe M0OC/Iej0BaTe/IbHOCTY OaliTOB Ha3bIBAETCS
cepuanusanuent. [ys Toro utobbl COXpaHUTh 0OBEKT BO BHEILHEeN MamsiTu
WU/IK Mepe/iaTh ero 1o KaHajlaM CBSI3U, ero HY)KHO BHaua/ie Cepuaii3oBarh.

Mopaynb pickle 10o3BoJsieT Cepuan30BbiBaTh 00BEKTbI U COXPAHATb UX B
cTpoke unu daiisie. Cneayroipie 00beKTbl MOTYT ObITh CEPUATA30BaHbI:

® BCTPOEHHLIE TUILI: None, uncia, cTpoku (00biuHbie U Unicode).

® CIIMCKW, KOPTEXU U CJIOBApH, COJEp’Kallie TOJbKD Cepuau3yemble
00BEKTHI.

¢ (yHKIMU, OTNIpe/ie/ieHHble Ha YPOBHE MOJY/Is (COXPaHSeTCst UMsl, HO He
peanu3aiius!).

® BCTPOEHHbIe (YHKIUMU.

® KJ1acChl, OTpe/ieJieHHbIe Ha YPOBHE MOJYJIS.

e o0bekThbl KlaccoB, dict  wm  setstate () KoTopble
SIBJISIIOTCS CePUATA3YEMbIMU.

TUNUYHBIN BapuaHT UCIIO0L30BaHUSI MOZYIISE TIPUBEJIEH HUKe.
CoxpaHeHue:

import pickle, time

mydata = ("abc", 12, [1, 2, 3])
output_file = open("mydata.dat", "w")
p = pickle.Pickler(output_file)
p.dump(mydata)

output_file.close()

BoccraHosneHnue:

import pickle

input_file = open("mydata.dat", "r"")
mydata = pickle.load(input_file)
print mydata

input_file.close()

Mopayns shelve
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st xpaHeHusi 00beKTOB B posHOM i1t Python dopmaTte MOKHO rpuMeHSITH
nonky (shelve). Ilo cBoemy unHTepdelicy Ioska HUYeM He OT/IMYAeTCs OT
cnoaps. Crefiyroliil IpyMep 1oKa3sblBaeT, KakK UCI0/1b30BaTh MOJIKY:

import shelve
data = ("abc", 12)  # - gaHHbIe (00BEKT)
key = "key" # - K1ou (CTpoKa)

filename = "polka.dat" # - ums alina a1 XpaHeHuUs MOJIKHU
d = shelve.open(filename) # OTKPBITUE [TOJIKU

d[key] = data # COXpaHUTHb JIaHHbIE MO/ Ko4oM key
# (ymasnsieT ctapoe 3HaueHHUe, eC/TU OHO ObLIO)
data = d[key] # 3arpy3uTh 3HaUeHU e 110 KUy
len(d) # MOMYUHUTb KOTMYECTBO 00BEKTOB Ha MOJIKe
d.sync() # 3anuck u3MeHeHui B B/l Ha aucke
del d[key] # yoanuTh KIKOU U 3HaueHue
flag = d.has_key(key) # npoBepka HanMuus Kioda
Ist = d.keys() # CUCOK K/THoUeu
d.close() # 3aKpLITHE MOJIKU

Moaynu anydbm u gdbm

Il BHellHero XpaHeHWsl [JaHHbIX MOXXHO MCI0JIb30BaTh MPUMUTUBHBIE
Oa3bl [laHHBIX, COZlepXKalle TMapbl Kiou-3HaueHue. B Python umeercs
HEeCKOJIbKO Mojiynielt fijisi paboTbl ¢ Takumu H6azamu: bsddb, gdbm, dbhash
u T.n. Moaynb anydbm BbIOUpaeT 0UH U3 UMEIOLMXCS X31Leid, T0TOMY ero
MO’KHO TTPUMEHSATB JIJist uTeHus psga dopmaros (any - j1000i).

Hoctyn K x3u1y 13 Python mano orimuaercs ot gocTyna K cyioBapio. Pa3uuiia
MU B TOM, YTO X3LI ellle HY)KHO OTKPBITh il CO3[aHUs, YTEHWs WU
3alucy, a 3aTeM 3akpbiTb. Kpome Toro, mpu 3anucu x3ul GIOKUPYeTCs,
4yT0ObI HE UCTIOPTUTD JIAHHbIE.

Mopayns csv

®opmar CSV (comma separated values - 3HaueHus1, pa3je/eHHbIe 3arsIThIMU)
JIOCTaTOYHO TonyisipeH [ obMeHa JaHHBIMU MeX/y 3/J1eKTPOHHbIMU
Tabmmiamu U 6azamu  JaHHbIX. CrieAyIOIMI HUXKe TpUMep TMOCBSILLEH
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3anucu B CSV-daiin u yTeHuto U3 Hero:

mydata = [(1, 2, 3), (1, 3, 4)]
import csv

# 3anuck B haiis:

f = file("my.csv", "w")

writer = csv.writer(f)

for row in mydata:
writer.writerow(row)

f.close()

# Urenue u3 (aiina:
reader = csv.reader(file("my.csv"))
for row in reader:

print row

[Tnardopmo-3aBUCUMbIe MOA YU

OrTa kaTteropusi MOAYIeHd HMeeT IPUMEHEeHUe TO/IbKO [Jisi KOHKPEeTHbIX
OMepaliMOHHBIX CUCTEM U CEeMEeWCTB OrlepaljuOHHbIX cucTteM. JlOBOJIbHO
Oo/bloe UK C/I0 MOAYIeH B cTaHapTHOUM noctaBke Python nocesieHo Tpem
rutardopmam: Unix, Windows u Macintosh.

[Mpyu co3paHUM TePEeHOCUMbBIX TIPUJIOKEHUH U CI0Jb30BaTh M1aThopMo-
3aBUCUMbIE  MOAYIM MOXHO TOJMBKO TIPU  YCJIOBUM  peau3aljuu
a/IsTePHAaTUBHBIX BETOK a/IrOPUTMa, MO0 C OTKa30oM OT CBOWCTB, KOTOpbIe
JIOCTYNHbI He Ha Bcex ruiatdgopmax. Tak, nog Windows He pabotaer

nocratouHo obbiuHas st Unix dyHkuusi os . fork (), no3tromy rmpu
CO3[jaHUU TIePEHOCUMbIX TPUIOKEHUM HYKHO WCII0/Ib30BaTh [Jpyrue
cpejcTBa IJist pacrapa’uiesieHHbIX BbIUUC/IEHUH, Harpyumep,
MHOIOTIOTOYHOCTb.

B JoOKyMeHTAalUUW 10 s3bIKY OOBIYUHO OTMEYEHO, /il KakuX riatgopm
JIOCTYIeH TOT WJIK WHOW MOJY/Ib WK JlaXKe OT/e/ibHasi (PyHKIUsI.

[Topgnepxka cetu. [IpoTokosibl UHTEpHeET
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[Toutu BCe MOAYIH U3 3TOH KaTeropuu, OGCHY)KHBBPOLLH/IE KIIHeHTCKYH) 4dCThb
MpOTOKOJ/Ia, IIOCTPOE€HbI I10 OAHOMY H TOMY »Ke [NPUHLMITY: W3 MOAYIA
HeoOXOAUM TOJNLKO KacC, OOBLEKT KOTOPOro COAEpXKUT HH(OpMaLuio o
coelMHeEHWH C CepBepoM, d METO/ibl peallu3yroT B3aHMOﬂEﬁCTBHE C cepBepoM
10 COOTBETCTBYIOLIEMY ITPOTOKO/TY. Taxkum 06pﬂ30M, ueM CJ10KHee ITpoTOKOJI,
TeM OOoJbIIe MEeTOHO0B U ANPYIHX ,H,eTaJ'lel?'I TpeﬁyETCﬂ A1 peain3al|ui KI1MeHTa.

[primepbl CepBEpPOB HUCMOJIL3YIOTCS [0 JIPYrOMy TNpUHLMNY. B momyne c
peayiM3aijieii cepsepa ornucaH 0a30BbIM Kaacc, U3 KOTOPOrO MOJIb30BaTeb
MOAYIsl JIOJDKEH Hac/ae[oBaTh CBOM K/lacC, peaM3yrlpid Tpedyemyto
(hyHKIIMOHAIBLHOCTD. [IpaB/ia, HHOI/A 3aMelaTh HY)KHO BCEro OIMH WU JIBa
METO/Ia.

OTtomy Borpocy OyieT NMOCBsAIIEHa OT/ie/IbHast JIEKLIMSI.
[Topmepxxka Internet. @opmars! JaHHBIX

B crangaprHoil 6ubiuoteke Python uMmeroTcsi pa3HOYPOBHEBbIE MOJAYIU ISl
paboThl C pa3mMuHbIMUA (hOpMaTaMu, TPUMEHSIIOILMMUCS /111 KOAUPOBAHUS
JIAHHBIX B CeTH VIHTEpHET U TOMY MOi00HBIX MPUJIOKEHHUSIX.

CeroiHsi HauboJsiee MOLHBIM UHCTPYMEHTOM [yist 00paboTkKu coobieHui B
topmate siBaisiercsi naker email. C ero NoMoIBH MOXXHO Kak pa3dupaThb
coolieHuss B yIoOHOM 11 MporpaMMHON  00paboTKu BuUJE, TaK W
tdopmupoBaTh cooDIllleHHE Ha OCHOBE JAHHLIX O TMOJSX W OCHOBHOM
Co/Iep>KUMOM (BK/THOUAs BJIOYKEHU ).

Python o cebe

f3bik Python sBnasiercss peduieKTUBHBLIM — SI3bIKOM, B KOTOPOM  MOXKHO
"3arnsHyTh" [1yO0KO B COOCTBEHHbIE BHYTPEHHUE CTPYKTYPbI KO/la U JJaHHBIX.
Moaynu 3Toi KaTeropuu JaroT BO3MOXKHOCTb MPUKOCHYTLCS K BHYTPeHHeMy
ycrpoiictBy Python. Bonee nogpo6Ho 06 3TOM pacckas3biBaeTcsi B OT/Ae/TbHOM
JIeKLUU.

I'paprrueckuit uHTEpdEIC
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[loutn Bce coBpeMeHHble TPUJIOKEHUsT UMEKT rpaduueckuii uHTepdeiic
rons3oBaresis. Takvde NpuIoKeHHUs1 MOXKHO CO3/laBaTh U Ha si3bike Python. B
CTaHJAPTHOM MOCTaBKe umeeTcst MoAylb Tkinter, KOTOpPbIM eCTh He UTO UHOE,
Kak uHtepdelic K s3biky Tcl/Tk, Ha KOTOPOM MO)KHO OMUCKLIBAThL rpaduueckyit
uHTepdeiic.

Crnenyer  OTMETUTb, UTO  CYLIECTBYKOT U JpyrMe  TMakeTbl ISl
rporpaMmMupoBaHust rpaduueckoro uHTepdeiica: wxPython (ocHoBaH Ha
wxWidgets), PyGTK u T.5. Cpeiu 3TUX I1aKeTOB B OCHOBHOM Takue, KOTOpble
paboTaroT Ha ofHO# 11aTdopme (pexe - HA JBYX).

[ToMrmMO  BO3MOXKHOCTEI  TPOrPaMMHOIO  OINUCAHUsl  rpaduueckoro
uHTtepdeiica, mis Python eCcTb HECKOIBKO KOMMEPUECKUX U HEKOMMepUueCKuX
nocrpoutenier rpaguueckoro uHtepdeiica (GUI builders), oqHako B gaHHOM
KypCe OHU He PaCCMaTpUBAKOTCSL.

3aK/IroueHue

B 3TOll €KUM TrOBOPWJIOCH O BCTPOEHHbIX (yHKIUsIX si3biKa Python u
MOAYISIX ero CTaHAapTHOW Oubsmortekd. Hekoropbie HaripaBijieHust OynyTt
paccMoTpeHbl Oosiee mogpobHO B csieayloupx sekiusx. Python umeer
HACTO/MbKO OOIIMPHYK CTaH/apTHYH0 OWOJ/IMOTEKY, uTO B paMKaxX OJHOM
NIEKITUM MOYKHO TOJIbKO CJIeJ1aTh ee KpaTKuii 0030p, MoAKpenuB HeOoMbImMMu
npuMepamu HanboJiee TUIMMUYHbIE UIMOMbI TIPU U CIOb30BAHUU MOJYIEH.
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OnemMeHThbI (DyHKIIMOHA/ILHOTO MPOTPAMMUPOBAHUS

OTa JeKIMsA MOXKEeT T0KAa3aThCsl HEeOObIUHOW /il TOr0, KTO MCII0/Ib3yeT
UMIepaTUBHbIe 53bIKM TporpaMmupoBaHust (Bpoge Pascal, C++ unu Java).
Tem He meHee, (yHKUMOHa/JbHbIM TOAX0A JaeT TPOrPaMMUCTY MOLIHBIE
Cpe/CTBa, MO3BOJIsisi CO3/laBaTh He TOJbKO 0oJiee KOMITAKTHBIW, HO U OoJjiee
YCTOMUMBBLIM K ommMbkaM nporpamMmHbiii koi. CoBceM He 00si3aTeNibHO
nucatb ¢ nomoukio Python uucro dyHKIMOHa/NBHBIE TPOrPaMMbl, HO
HeoOXOAUMO  HayuuThCs BU[ETb, T[je 37eMeHTbl  (DyHKI[MOHAJLHOIO
IPOrpaMMHUPOBAHUS IPUHECYT MaKCUMa/bHbINA I¢heKT.

OYHKIUU  SIBJISIOTCS  aOCTPaKIMsIMU, B KOTOPbIX [IeTald peaau3aljuu
HEKOTOPOro JIeMCTBUSI CKPLIBAIOTCS 3a OT/e/IbHbIM MHMeHeM. XOpoLlo
HarnucaHHbIM Habop GyHKIUI T103BOJISIET MCIO/b30BaTh MUX MHOIO pa3s.
CranjyiaptHasi 6ubsimoreka Python comepKUT MHOXECTBO TOTOBBIX U
OT/Ia’KeHHBIX (PYHKLMM, MHOrMe W3 KOTOPbIX [JOCTaTOYHO YHUBEpCA/IbHbI,
yrobbl paboTaTh C IMPOKAM CIIEKTPOM BXO[AHBIX [JaHHBIX. [lake eciu
HEKOTOPbIM Y4aCTOK KOJia He MCIO/b3YeTCsl HeCKOJIbKO Pa3, HO M0 BXOAHBIM U
BbIXOJIHBIM JIJAHHBIM OH JIOCTATOYHO aBTOHOMEH, €ro CMeli0 MOJXKHO
BbI/IEJTUTh B OT/I€/IbHYIO (PYHKIIUIO.

OTa nekius 6osee OpUEHTHPOBAHA Ha MIPAKTUUYECKHEe COOOpaKeHHs, a He Ha
Teopu0 (DYHKIIMOHA/ILHOTO NporpaMMyupoBaHust. O/IHAKO TaM, Ijie HYKHO,
OyayT yroTpebsThCs U MOSICHATLCSI COOTBETCTBYHOIIME TEPMUHBI.

Hanee OynyT noapobHO pacCMOTPEHbI OMUCAHUE W UCTO/b30BaHUe (yHKIUH
B Python, pekypcusi, nepejjaua v Bo3BpaT (yHKIWH B KauecTBe IapaMeTpOB,
0bpaboTka 1oc/ej0BaTeIbHOCTEH W UTEPATOPbI, a TAKKE TAaKOe TOHATHE KaK
reHepatop. Byuer mpogeMoHcTpupoBaHo, uto B Python dyHKUWM SBSIOTCS
oObekTamu (M, 3HAUMT, MOTYT ObITh Iepe/aHbl B KaueCTBE IapaMeTpoB U
BO3BpAlleHbl B pe3yisraTe BbinoyiHeHWs1 GyHKuuii). Kpome TOro, peub
MOWJET O TOM, KaK MOXHO peajM30BaTh HEKOTOPble MeXaHW3MbI
(YHKIIMOHA/ILHOTO TIPOrPAMMHUPOBaHKs, He umewlpe B Python mnpsimoi
CUHTAKCMYECKOH TMOJIEP)KKK, HO IIMPOKO paCIpOCTPAHEHHbIE B SI3bIKAX
(YHKIIMOHA/ILHOTO [TPOrPAMMHPOBaHUSL.

Yrto Takoe GyHKIIMOHATLHOE MPOr pPAMMUPOBaHUe?

DYHKIIMOHAJIBHOE TPOrpaMMHPOBAaHUE - 3TO CTHJ/Ib [POrPaMMHUPOBaAHUS,
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UCMOMB3YIOIMK TOJILKO KOMIIO3ULIMKU (yHKUMA. [IpyrumMu cji0BaMu, 3TO
NnporpaMMHpOBdHHE B BbIpa)K€HHAX, 4 HE B UMIIePATHBHBIX KOMdH /1aX.

Kak ormeuaer [I3Buj  Mepty (David Mertz) B cBoeld craTbe O
(yHkuMOHaNILHOM —nporpamMmupoBaHuu  Ha Python, "dyHkunoHanbHOe
MporpaMMUpOBaHue - MpOrpaMMHUpOBaHHe Ha (YHKI[MOHA/bHBIX S3bIKax
(LISP, ML, OCAML, Haskell, ...)", OCHOBHbIMH aTpUOyTaMH KOTOPBIX
ABJISIFOTCSL:

¢ "Hajvuue yHkiuii nepBoro Knacca" (PyHKIMM HapaBHe C APYTUMU
00BbEKTaMU MOXKHO T1epe/ilaBaTh BHYTPb (DyHKLIUIA).

e Pekypcusi sB/ISIETCSI OCHOBHOM  VIIPABJIAIOLIEHA  CTPYKTYpOM B
rporpamme.

OO6paboTka CriickoB (110c/iej0BaTe/IbHOCTEH).

3aripereHre MobouHbIX 3dxpeKToB y GyYHKI[MI, UTO B MEpPBYIO OUYepe/b
03Ha4YaeT OTCYTCTBUe MNpucBauBaHUs (B "UMCTbIX" (DYyHKIMOHA/TbHBIX
sI3bIKaXx)

e 3anpelleHre OMepaTopoB, OCHOBHOWU YIIOpP /ieJlaeTCsl Ha BbIPaXKEHUSL.
BMmecTo omnepaTopoB Bcs IporpamMma B u/jieasie - OAHO BhIpa)KeHHe C
COIMYTCTBYHOLMMU OIpe/ie/IeHUsIMU.

e KJroueBOl BOMPOC: UTO HY)KHO BBIUUC/IUTD, & He Kak.

¢ lcnonb3oBaHue GyHKIUM 0oJiee BLICOKUX MOPSAKOB ((DYHKUUH Hajl

GyHKUUAMY Haf, QYHKLUAMUA ).

DdyHKUIMOHA/IbHAsA POrpaMMa

B maremaruke QyHKiMs otoOpakaeT OOBEKTbI U3 OJHOIO MHOXecTBa (
MHOKeCTBa oripejie/ieHuss DyHKUMU ) B Jpyroe ( MHOXKECTBO 3HaueHUM
dbyHkuuu ). Marematuueckue (QYHKIHM (MUX Ha3blBalOT UUCTbIMU )
"MeXaHU4eCKH', OJIHO3HAaYHO BbIYMC/IAKT pe3yisTaT [0  3a/laHHbIM
aprymeHTam. Yuctbie QyHKIUU He [IOJDKHBI XpaHUTb B cebe Kakue-ubo
JlaHHbIe MEX/y JByMsi BbI30BaMU. VIX MOXKHO Tpe/CTaB/isiTh cebe uepHbIMU
SIMKaMH, 0 KOTOPBIX U3BECTHO TOJILKO TO, UTO OHHU [Ie/lal0T, HO COBCEM He
BA)KHO, KakK.

[MporpaMmbl B (DyHKIIMOHAILHOM CTHJIE KOHCTPYUPYHOTCS KaK KOMITO3WILIUS
dyskuui. [Ipy 3ToM (QYHKIIMM TTOHUMAKOTCS TOYTH TaK K€, Kak U B
MaTtemMaTuke: OHU  OTODpakarloT ofHU O00BekThl B Jpyrve. B

TporpaMMUpoOBaHuK "uncThie" QyHKIUU - Ujleall, He BCerja J0CTU)KUMbIM Ha
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npaktyke. [IpakTuueckd rosie3Hble (YHKIIMU OObIUHO MMEKT M0O0UHbIM
3(¢xbeKT: COXpaHSIOT COCTOSIHUE MEX/]y BbI30BAMU W/IM MEHSIIOT COCTOSIHUe
apyrux obwektoB. Hampumep, 6e3 1nobouHbiX 3(peKTOB HEBO3MOXKHO
npejcTaBuTh cebe GyHKUMU BBOfa-BbiBoga. CoOCTBeHHO, Takue (GyHKIUU
pagu 3tux "ddekroB" U ucnonb3ywTcs. Kpome Toro, Marematuueckue
(hyHkuuu nerko paboraroT ¢ 00beKTaMu, TpebyropMU DecKoHeuHOro obbema
uHdopmaliu (Haripumep, BelleCTBeHHble uYucsia). B obmem ciydae
KOMITBIOTEpHAst TpOrpaMMa MOYKET BBITIOJIHUTh JIUIIL [PUOIUIKEeHHbIE
BBbIYUCJIEHUS.

Kcratu, OunapHele omepanuu " + ", " - " " ox "/ " goTOpBIE
3aMUCbIBAIOTCS B BbIP@OKEHUSIX, SB/SIOTCH "MaremMaTUueCKUMU" (DyHKUUSIMU
HaJ [IByMs apryMeHTaMu -- ornepaHjamu. VX MCronb3yroT HAaCcTO/IBLKO 4acTo,
YTO CUHTAKCHUC 5i3bIKa MIPOrPAMMUPOBAHUSI UMEeT Jijisi HUX OoJiee KOPOTKYO
3anuck. Mogyne operator mno3sBoJisieT IpejCcTaB/sATh 3TU Olepaluy B
(yHKI|MOHA/ILHOM CTUJIE:

>>> from operator import add, mul
>>> print add(2, mul(3, 4))
14

DyHKLUS: onpe/ie/ieHre U BbI30B

Kak yxe roBopwioch, oripefiesidTh GyHKIUMW B Python MoxHO [AByms
criocobamu: ¢ romolpto orepatopa def U lambda-BeipaxkeHus. [lepBbiii
crocob 1o3BoJIsIeT UCI0JIb30BaTh oreparopsl. [Ipy BTOpOM - oripejesieHue
(yHKI[UU MOXKET ObITb TOILKO BhIP@XKEHUEM.

3aberasi Briepe/i, MOXXHO 3aMeTUTb, UTO METO/bl K/IaCCOB OTPeJe/IsitoTCsl TaK
xe, Kak U (yHkuuu. OT/IMUKMEe COCTOUT B CIlel[Ma/IbLHOM CMbIC/Ie TepBOro
aprymeHTa self (B HeM repeJaeTcsi 3K3eMIIsIP Kiacca).

Jlyuiiie BCEro paccMOTPeTb CUHTAaKCUC oOfpejeneHuss (yHKIUU Ha
HEeCKOJIbKUX rpuMepax. [locsie oripejesieH|si COOTBETCTBYIOLIRH (YHKIUU
TOKa3aH OJWH W/ HECKOJIbKO BADHAHTOB €€ BbI30Ba (HEKOTOPbIe MPUMEphI
B3AThl U3 CTAHJAPTHON OMO/IMOTEKH ).

Onpegenenvie  ¢GYHKUMM  JIO/DKHO  COAEpXKaTb  CIHMCOK  (hOpMasibHBIX
rapamMeTpoB W TeJIo ornpezenenus (yHkiuu. B ciydae ¢ oneparopom def
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GyHKUMM TakKe 3aJaeTcss Hekotopoe uMs. PopmaibHble [1apaMeTpbl
SIBJISIFOTCS JIOKA/IbHBIMM WMEHaMU BHYTPU Tesia omnpejesieHusi QyHKIUU, a
NPy BbI30Be (YHKIUU OHU OKa3bIBAlOTCSl CBSI3aHHBIMU C OOBEKTaMHU,
nepeJlaHHbIMUA  Kak (akTUueckve IapaMeTpbl. 3HayeHUs M0 YMOJIYaHUIO
BLIUMC/ISIOTCS B MOMEHT BbINOJIHEHUs1 oriepatopa def, U MOTOMY B HUX
MOJKHO MCII0/Ib30BaTh BUJMMbIe Ha MOMEHT OMpe/ie/ieHus UMeHa.

Bbi3oB (byHKIUKA CUHTAKCUYeCKU BBIIVIAIAT Kak 0BBEeKT—
byukums (bakruueckme napamerps). OObIYHO 00BEKT-(DYHKLIMA -
9TO TPOCTO UMsi (QYHKIUU, XOTSI 3TO MOXKeT ObITb U Ji0boe BbIpakeHue,
KOTOpOE B pe3y/ikTaTe BbIUMC/IeHUS JaeT UCTIOMHSeMbIN 00BeKT.

@OYHKIUS O[HOTO apTyMEeHTa:

def swapcase(s):
return s.swapcase()

print swapcase("ABC")

OyHKIUST JIByX apryMeHTOB, OAWH W3 KOTOPbIX HeoOsi3aTe/leH U WMeeT
3HaueHue 10 yMOIUaHUIO:

def inc(n, delta=1):
return n+delta

print inc(12)
print inc(12, 2)

@OYHKIUSA C OJHUM 00s3aTe/IbHBLIM apryMeHTOM, C OJHUM, HWMEHIM
3HaUEHWe [0 YMOJUAHWIO U HEOINpeJe/eHHbIM YHUC/IOM WMEHOBAHHBIX

aprymMeHTOB:

def wrap(text, width=70, **kwargs):
from textwrap import TextWrapper
# kwargs - cJioBapb ¢ MMeHaMU U 3HaUeHUSIMA apryMEHTOB
w = TextWrapper(width=width, **kwargs)
return w.wrap(text)

print wrap("'my long text ...", width=4)
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(DYHK]_[I/IF[ IMPOU3BOJILHOI'O YHC/Ia APr'YMEHTOB!

def max_min(*args):
# args - CIIMCOK apryMeHTOB B MOPsi/IKe UX YKa3aHUs [TPU BbI30Be
return max(args), min(args)

print max_min(1, 2, -1, 5, 3)
DYHKIMSA C 0OLIYHBIMU (MTO3ULIMOHHBIMK) U UMEHOBAHHLIMH apryMeHTaMHu:

def swiss_knife(arg1, *args, **kwargs):
print argl
print args
print kwargs
return None

print swiss_knife(1)

print swiss_knife(1, 2, 3, 4, 5)

print swiss_knife(1, 2, 3, a="abc', b="sdf")

# print swiss_knife(1, a="abc', 3, 4) # !!! oumbka

Ist=1[2, 3, 4, 5]
dct = {'a": 'abc’, 'b'": 'sdf'}
print swiss_knife(1, *Ist, **dct)

[pumep orpezeneHuss QYyHKIMKA C MOMOLIBI0 lambda -BblpaKeHUs JjaH
HUKE:

func = lambda x, y: x +y

B pesyisrare lambda -BbIpaKeHUsI TMOJiydaeTcss Oe3bIMSHHBIA 0OBEKT-
GyHKIUs1, KOTOpast 3aTeéM UCIIO0/Ib3YeTCsl, HallpUMep, [isl TOro, YTo0ObI CBs3aTh
C Hell HekoTopoe uMs. OJIHAKO, Kak IMpaBUJIO, omnpefensemMbie 1ambda -
BbIpayKeHUueM (DyHKLIUU, TPUMEHSIFOTCS B KaueCTBe rapameTpoB (DyHKLUI.

B s3bike Python dyHKLIMSI MOXKeT BO3BPAaTUTh TOJBLKO OJJHO 3HaueHue, KOTOpoe
MoxeT ObITh KOpTeXXeM. B crefyrolem rprMepe BUJHO, KaK CTaH/apTHast
¢dyHkuus divmod () BO3BpalaeT YaCcTHOE U OCTAaTOK OT Je/eHUsl JIBYX
yuceJs:

71



Cyau P AL H 3wk nporpammuposadua Python

def bin(n):
""" Indpbl JBOUUHOIO Mpe/iCTaB/IeHUs HaTypaabHOro udcia "

digits =[]
while n > 0:
n, d = divmod(n, 2)

digits = [d] + digits
return digits

print bin(69)

[Tpumeuanue:

Baxkno [NOHATH, YTO 3da HMeHeM (lJYHK]_[I/II/I CTOUT 00BEKT. DTOT 0OBLEKT MOXKHO
CB#A3aTh C APYTUM UMEHEM:

def add(x, y):
return X + y
addition = add # Teneps addition u add - pa3Hble KUMeHa OJHOTO U TOTO XKe 0

[lpumep, B KOTOPOM B KauecTBe 3HAYEHUsS [0 YMOJUAHUIO aprymMeHTa
(yHKI[UU UCTIO/b3YeTCsl U3MEHUMBBIN 00BEeKT (CITUCOK). DTOT 00BEKT - OfIuH
Y TOT Ke Ji/Is1 BCeX BbI30BOB (DyHKIIMI, UTO MOXKeT [IPUBECTHU K Ka3ycaMm:

def mylist(val, Ist=[]):
Ist.append(val)
return Ist

print mylist(1),
print mylist(2)

Bmecro oxkujaemoro [ 1] [2] nonywaercss [1] [1, 2], Tak Kak
100aB/ISIOTCA 3/IEMEHTHI K '3HaUeHHI0 110 YMOJTYaHMI0".

[paBuU/IbHBIM BapUAHT pellieHus OyeT, HarpuMep, TaKKUM:
def mylist(val, Ist=None):

Ist = Ist or []
Ist.append(val)
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return Ist

KoneuHo, npuBe/ieHHas Bblilie (hopMa MOKeT UCI0/Ib30BaThCA /1 XpaHeHUs
B (yHKIMM HEKOTOPOIr0 COCTOSIHUSI MeXK/y ee BbI30BaMM, Of[HAKO,
MPAaKTUUYEeCKH BCerja BMeCTO (pyHKIUM C TaKuM N0O0UHbIM 3ddeKToM syuliie
Harnucarh K1acC U UCMO/b30BaTh €ro 3K3eMILIsip.

Pekypcus

B HekoTOpbIX C/lyvyasix ornuvcaHue (PYHKLMW 3/1efaHTHee BCero BBIIIIAUT C
TpUMeHeHWeM BbI30Ba 3TOM e (dyHKUU. Takod npuem, korja GyHKIUs
BbI3bIBaeT camy ce0Osi, Ha3biBaeTCsi peKypcueil. B dyHKIMOHANBHBIX si3bIKaX
peKypcust 00bIYHO MCITO/Ib3YeTCsl MHOTO Yallle, YeM uTepaius (LUK/IbI).

B cnepyroiem npumepe nepenucbiBaeTcs GyHKUS bin () B peKypCUBHOM
BapuaHre:

def bin(n):
""" udpbl JBOUUHOIO MpeCTaBJIeHUs] HAaTypa/JlbHOrO YhC/1a
ifn==0:
return [ ]
n, d = divmod(n, 2)
return bin(n) + [d]

print bin(69)

34ech BUJIHO, UTO LUK while 6oJibllie He UCII0/b3yeTCs, @ BMECTO HEro
MOSIBU/IOCH YC/IOBME OKOHYAHWSl DPEeKYpPCHUU: YCJIOBUE, MPU BBINIOJHEHUH
KOTOpOro (hyHKI[Usi He BbI3bIBaeT cebsl.

KoHeuHo, B 1oOroHe 3a KpacMBbIM PEKYPCUBHBLIM pellleHUeM He Clefyer
yryckatb U3 Bujy 3hdekruBHOCTh peasnv3aiuu. B uactHOCTH, Mpumep
peau3aliuu (PyHKIUKM [IIs1 BBIYMC/IEHUS] n -r0 udcia PuboHauur 3TO
JIeMOHCTPUPYeT:

def Fib(n):
ifn<2:
return n
else:
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return Fib(n-1) + Fib(n-2)

B JaHHOM C/1ydae KO/TH4YeCTBO PEKYPCHUBHBIX  BbI30BOB pacreT
9KCIMOHEeHLIHa/IbLHO OT YKC/l1a n, YTO COBCeM He COOTBeTCTBYeT BDEMEHHOﬁ
C/I0KHOCTH DEI_LIEIEMOI‘;I 3d/la4uu.

B KauecTBe ynpaKHeHWUs TMIpejJjlaraeTcsi HaNUCaTb WTEPAaTUBHBIA U
PEKYPCUBHBIHM BapHaHTbI 3TON (YHKLMU, KOTOpPbIe Obl TpeboBamu TMHEHHOro
BpeMeHHU JI/Isi BLIUMC/IeHUs] pe3y/ibTaTa.

[TpepynpexeHue:

I1pu pabore ¢ peKypCUBHBIMU (DyHKLIMSIMU MOXXKHO JIETKO [PEBLICUTh
r1ybuHy gornycrumoii B Python pekypcuu. /171 HaCTpOMKY yOUHBI
PeKypCUU C/1eflyeT UCIO0/L30BaTh QYHKIUI setrecursionlimit (N)
M3 MOZLY/ISl SV'S, YCTaHOBUB TpebyeMoe 3HaueHue N.

D YHKIUM KaK MapaMeTpbl U pe3y/ibTar

Kak yxe He pa3 roBOpu/IOCh, (YHKIIUU SIBJISFOTCS TaKUMHU K€ 00beKTamu
Python kak uucia, CTPOKM WM CHOUCKU. DTO 03HAUAeT, UTO UX MOXKHO
riepe/laBaTh B KaueCcTBe rapamMeTpoB (GyHKI[UU U/IU BO3BpAILATh U3 (DYHKI[UA.

DyHKIMKY, NPUHUMAIOLMEe B KaueCTBe aprymMeHTOB WJ/IM BO3BpallRIoIIMe
apyrue (QyHKI[MU B pe3yibTaTe, Ha3bIBAIOT (DYHKIIMSIMU BBICILErO Mopsiika. B
Python ¢yHKUMK BBICILETO TMOpsiIKA MPUMEHSOTCA [POrpaMMHUCTaMU
JI0OCTaTOYHO YacTo. B OONbUMHCTBE C/lydaeB TakduM 00pa3oM CTPOUTCs
MexaHu3M obparHeix Bbi30BOB (callbacks), HO BcTpeuaroTcss u apyrue
BapUaHThl. Harpumep, ajJirOpuT™M MOKWCKAa MOXXET BbI3bIBATh MepeJjaHHYHO
emMy (DyHKI[HIO [UIsl KayKI0r0 Hali/leHHOro 00beKTa.

Oynkupst apply()

Oyukiusa apply () TpUMeHsieT GYHKIWIO, T€PeJaHHYI0 B KauecTBe
MepBoOro aprymeHTa, K rapamerpam, KOTOpbIe repeJjaHbl BTOPbIM U TPeThUM
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aprymeHToM. JTa (yHkuus B Python ycrapena, Tak Kak BbI3BaTb (DYHKIUIO
MOJKHO C MOMOIIBI0 0OBIUHOIO CUHTAKCHCA BbI30Ba (YHKIMU. [T03UI[MOHHbIE
U UMEHOBaHHbIE T[apaMeTpbl MOXXHO IlepelaTb C UCI0Jb30BaHUEM
3Be3/104eK:

>>> st = [1, 2, 3]
>>>dct = {'a": 4, 'b": 5}
>>> apply(max, Ist)

3

>>> max(*Ist)

3

>>> apply(dict, [], dct)
{'a":4,'d": 5}

>>> dict(**dct)

{'a": 4, 'b": 5}

Ob6paboTKa 110 C/ie/JoBaTe/IbHO CTel

MHoOTHe aIropUTMbI CBOAATCS K 00pab0TKe MaCCHBOB JJAHHBIX U TOTy4EHUIO
HOBbIX MAaCCHMBOB [JAHHBLIX B pe3yibraTe. Cpead BCTPOEHHBLIX (YHKUUN
Python ecTb HECKOJIBKO J1/ist pabOThI C TTOC/Ie[0BATeILHOCTSIMH.

[ox mocnemoBaTenbHOCTLID B Python roHumaercs ir060M TUM JJAHHBIX,
KOTOpBIM ToAJepXKHBaeT UHTepderc nocjieqoBaTe/lbHOCTU (3TO HECKOJIBLKO
Criel{UajibHbIX METO/I0B, peanu3yolmxX onepaluu Ha/|
10C/1e/I0BaTe/IbHOCTSIMU, KOTOPbIE B JJAHHOM Kypce 00CyK/1aThCst He OyyT).

Cnenyer 3aMeTUTb, UTO TWI, OCHOBHOW 3ajjaueii KOTOPOIO SIBJISIETCS
XpaHeHue, MaHUIYIMpOBaHUe U obecrieueHue JI0CTYIa K CaMOCTOSITe/IbHbIM
JAaHHBIM Ha3bIBAeTCs KOHTEHHEPHBbIM TUIIOM WJ/IM [POCTO KOHTeHHepoM.
[Mpumepsb! koHTeliHepoB B Python - criucku, KOPTeXU, C/IOBapH.

®ynkimu range() u xrange()

OyHKIUSE range () yKe YIOMWHalach MPU PACCMOTPEHUM LUKIa for.

OTa QyHKIUsA MPUHUMAET OT OJHOTO JI0 TPeX apryMeHToB. Ec/v aprymeHT
BCEro OfIMH, OHA TeHepupyeT CrUcoK uucesn oT 0 (BKIKOUMUTENILHO) [0
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3a/laHHOTO 4uC/la (UCKIHOUMUTENbHO). ECM apryMeHTOB /iBa, TO CITMCOK
HAUMHAETCsA C YKMC/Ia, YKA3aHHOTO MepBbIM apryMeHTOM. EC/i aprymMeHToB
TPH - TPETUH apryMeHT 3a/jaeT Lar

>>> print range(10)
[0,1,2,3,4,5,6,7,8,9]
>>> print range(1, 10)
[1,2,3,4,5,6,7,8,9]
>>> print range(1, 10, 3)
[1,4,7]

OyHKIMSL xrange () - aHanor range (), bosiee peanOUTUTE/IbHBIN 1151
WCI0JIb30BaHUsI NP MOC/e/[0BaTe/IbHOM JIOCTYIIe, HalpuMmep, B 1{UKie for
unu ¢ ureparopamu. OHa BO3Bpall@eT CrelUabHbIl xrange -00bEKT,
KOTOpbIN BefleT cebsi MOUTH KakK CITUMCOK, MOPOXKJaeMblii range (), HO He
XPaHUT B MaMsITU BCE Bbl/JaBaéMble 3/1IeMEHThI.

DyHKst map()

Insi  npuUMeHeHUsi  HEKOTOpOM  (yHKIMM KO  BCeM  3jieMeHTaM
MoC/Ie/I0BaTe/IbHOCTU TpUMeHsieTcst pyHkuust map (£, *args). [lepBbiid
napametp 3Toi GyHKIUU - BYHKLMS, KOTOpas OyJeT NMpPUMEHSTLCS KO BCeM
3/1IeMeHTaM T0c/ieioBaTesisHOCTd. Kaxapiii cneaytonmii n+1 - napameTp
JI0JDKeH ObITh IMOC/Ie/I0BaTe/IbHOCTLIO, TaK KaK Ka)K/bl ero 3jemMeHT Oyner
WCMOJ/Ib30BaH B KaueCcTBe n -ro rapaMeTpa Mpu BbizoBe dyHKiuu f ().
Pe3ynsrarom OyeT CrKMCOK, COCTAB/IEHHbIA W3 Pe3yIbTaTOB BbINO/JIHEHUS

3TOW (PYHKLIMH.

B cnepytoiiem ripumepe CKia/ibIBatOTCS 3HaY€HUsT U3 JIBYX CITUCKOB:

>>>1=1[2,7,5, 3]
>>>R=[-2,1,0, 4]

>>> print map(lambda x, y: x+y, 11, 12)
[0, 8, 5, 7]

B stom nipumepe rpuMeHeHa Oe3bIMsiHHAsE PYHKLMS /151 [IOJTy4eHUs] CyMMbl
JIBYX OIepaH/I0B KO BceM 3jeMeHTaM 11 u 12. B ciaydae ecid ofHa U3
1oC/1e/I0BaTe/IbHOCTEN Kopoue Jpyroil, BMeCTO COOTBETCTBYIOLIEIo OrepaH/ia
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Oyner None, 4uTo, KOHEUHO, COOLET Orepal|io C/I0XKeHUs. B 3aBucuMocTH
OT pelaeMoi 3aJjaud, MOXKHO JTMOO BUJOH3MEHUTb (DyHKIIUIO, MO0 CUMTaTh
pasHble 10 [yIMHE T[0C/Ie[0BaTe/IbHOCTH OLMOKOM, KOTOPYH) HYKHO
00pabaThiBaTh KakK OT/IeJIbHYIO BETBb a/IFOPUTMA.

YacTHbIN Ccydail npuMeHeHust map () - UCIoJ/ib30BaHUWe None B KauecTBe
nepBoro aprymenrta. B 3Tom ciyuae ripocto dbopMUpPYyeTCsi CIIMCOK KOpTexei
13 3JIEMEHTOB UCXO/IHBIX MOC/Ie/I0BATeJIbH OCTeN:

>>>01=[2,7,5, 3]
>>>2=[-2,1,0, 4]
>>> print map(None, 11, 12)
[(2> '2)1 (7’ ]-)s (Ss U)s (3: 4)]

dynkups filter()

Ilpyroi 4acTo BCTpeuarolleics orepalued sBaseTcss (UILTPOBaHUe
WCXOIHOU MOC/Ie/[0BaTe/IbHOCTH B COOTBETCTBUU C HEKOTOPLIM MPeAUKATOM
(ycioBuem). @yukuusi filter (f, seq) NpUHUMaeT JBa aprymeHTa:
GyHKI[MI0 C YCIOBUEM U [0C/Ie[0BAaTebHOCTb, W3 KOTOpOW OGepyrcs
3HaueHusi. B pe3yIbTUPYIOLLYIO [0C/eJ0BaTe/IbHOCTh TOMa/yT TOJBKO Te
3HauUeHUs] U3 UCXO[HOH, [ koTOpoi f () BO3BpaTUT UCTUHY. Eciu B
KauecTBe f 3a/laHO 3HaueHUe None, pe3yIsTUPYIOLasi MOC/Ie40BaTe/IbHOCTb
OyzeT coCcTosTh U3 TeX 3Ha4eHUM WCXO[HOM, KOTOPbIe UMEHT UCTUHHOCTHOE
3HaueHue True.

Hanpumep, B c/iefyromeM (parMeHTe Koja MOXKHO M30aBUTCS OT CUMBOJIOB,
KOTOpbIE He SABJISIOTCs OyKBaMu:

>>> filter(lambda x: x.isalpha(), 'Hi, there! I am eating an apple.")
'Hitherelameatinganapple'

Cr1CKOBBIe BK/TFOUEHHS

st 6onee ecrectBeHHOW 3amucu o0pabotku crivckoB B Python 2 Oblna

BHECEHA HOBUHKA: CMIMCKOBLIE BK/IHOUEHUs. DAKTUUECKU 3TO CrieljuaibHbli

COKpAIlleHHBIM CUHTAKCUC JIJISl BJIOXKEHHBIX [[UKIOB for W ycioBuM i f, Ha
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CaMOM HH3KOM YpOBHE KOTOPbIX OIllpe/ie/ieHHOe BbIpaKeHHue rH.OfjaBJ"[}'-IeTCJ:I K
CITUCKY, HarlpuMep:

all_pairs =[]
for i in range(5):
for j in range(5):
ifi<=j:
all_pairs.append((i, j))

Bce 3T0 MOKHO 3aImUCaTh B BU/Ie CIIMCKOBOTO BK/IFOUEHUS TaK:
all_pairs = [(i, j) for i in range(5) for j in range(5) if i <= j]

Kak nierko 3aMeTuThb, CIIMCKOBbIE€ BK/IHOUEHUS MO3BOJISIFOT 3aMEHUTb map ()
ufilter () Ha bonee ynoOHbIe jIJisi IPOUTEHUS] KOHCTPYKI[UH.

B ciiepyroieit Tabnuile nprBe/ieHbl 5KBUBA/IEHTHbIE BbIPa)KE@HUsI B Pa3HbIX
hopmax:

B dopme dyHximn B ¢opme crivcKoBOro BKIHOUEHUsE
filter(f, 1lst) [x for x in l1lst if f(x)]
filter (None, 1lst) [x for x in lst if x]
map (f, 1lst) [f(x) for x in 1lst]
dyHkims sum()

[ToNyuUTL CyMMY 3/IEMEHTOB MOXKHO C ITOMOLIBI0 QYHKI[UU sum () :

>>> sum(range(10))
45

Ota GyHKUMSA paboTaeT TONLKO /Il YKMCAOBBIX TUIIOB, OHA He MOXET
KOHKaTeHUpOBaTh CTPOKU. J[ljisi KOHKaTeHal[Uh CIUCKAa CTPOK C/ejyeT
UCI0/1b30BaTh MeTo join ().

®dynkuys reduce()

78



Cyau P.A. s13b1K nporpaMmupoBadna Python
Jl/1s1 opraHu3al[yiy 1[eroUeUHbIX BbIYMC/IEHUH (BBIYMCTIEHUH C HAKOTJIEHUEM
pe3ynsTaTa) MOXKHO MPUMEHSTh QYHKIHI0 reduce (), KoTopas TPUHUMAET
TPU aprymeHTa: (yHKIUIO [JByX apryMeHTOB, I10C/Ie[|0BaTe/IbHOCTh U
Hauya/ibHOe 3HaueHHe. C MOMOIIBI 3TOM (DYHKI[MH MOXKHO, B UYACTHOCTH,
peayii30BaTh QYHKIMIO surm () :

def sum(lst, start):
return reduce(lambda x, y: x + v, Ist, start)

CogerT:

CnezlyeT IOMHUTS, UTO B KauecTBe repefiaBaeMoro 00beKra MoyKeT
0Ka3aThCsl CIIUCOK, KOTOPBIH MT03BOJIMT HAKAI/IUBAThL IPOMEXXYTOUHbIE
pe3ynsrathl. Tem camMbiM, reduce () MOXKeT UCI0/b30BaThCs sl
reHeparuu 1oc/ae0BaTe/IbHOCTeH.

B cnepyronieM npumepe HAKarJMBAaKOTCS TIPOMEXYTOUHbIE pe3yIbTaThbl
CYMMUPOBaHUSI:

Ist = range(10)
f=lambda x, y: (x[0] + y, x[1]+[x[0] + y])
print reduce(f, Ist, (0, []))

B urore noaydaercs:

(45,10, 1, 3, 6, 10, 15, 21, 28, 36, 45])

Pyrxims zip()

Ota byHKIMS BO3BpalldeT CIUCOK KOPTeXed, B KOTOPOM i -W KOpTex
COIIEP>KUT 1 -e 93JeMeHTbl aprymMeHTOB-TOcC/efoBaTebHOCTel. [lirHa
pe3yILTUPYIOLLel T10C/IeJ0BaTe/IbHOCTA PaBHA [JIMHE CaMOU KOPOTKOW W3
1ocJie/j0BaTe/IbHOCTe-apryMeHTOB:

>>> print zip(range(5), "abcde")
[0, a), (1, DY), (2,'c), 3,'d), (4, '€")]
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Nteparopsl

[MpumeHsiTh [yisi 06pabOTKK JJAHHBIX SIBHBIE 110C/I€/I0BAaTeIbHOCTH He BCer/a
3(heKTMBHO, TaK KaK Ha XpaHeHWe BPeMEHHbLIX JAaHHBIX MOXXET TPaTUThCH
MHOrO  oOrnepaTMBHOW  rmamsatu. bosee  3(eKTUBHBIM  pellieHUemM
Npe/ICTaB/ISIeTCST UCI0/Ib30BaHWE WTEpaTOpPOB - CreljHalbHbIX 00bEKTOB,
obecrieurBarOIMX 10C/e/J0BaTe/IbHbIN IOCTYI K JIaHHBIM KOHTeliHepa. Eciu
B BBLID@KEHUM €CThb OMepaluu C HUTeparopaMd BMECTO KOHTEeHEepOoB,
MPOMEXXYTOUHbIe laHHbIe He OynyT TpeboBaTh MHOIO MeCTa Ji/isi XpaHeHUsI -
Be/lb OHU 3arpallMBalOTCs 110 Mepe HeoOXoAqUMOCTHU Ji/isi BblurcaeHuid. [lpu
00paboTke J/laHHBIX C UCI0JIb30BaHMEM WTEPaTOPOB MamsTh Oyjer
TpeboBaTbCsI TONMBKO JIIi WCXOHBIX JAHHBIX M pe3ylbrata, Jla U TO
Heo0Osi3aTe/IbHO BCsI Cpa3y - Be/lb JJaHHbIe MOTYT UATAThCsl U 3aIUChIBATHCS B
(haiinn Ha guCKe.

WUtepaTopsl MOXXHO TIPUMEHSITL BMECTO M0CJIe[l0BATe/IbHOCTU B OIepaTope
for. bonee Toro, BHyTpeHHe omnepaTop for 3ampalmMBaeT OT
MoC/IeI0BaTe/IbHOCT ee uTepaTop. OOBeKT (aAiIOBOro TUMA TOXKe
(1MOCTPOYHBIN) UTEpPATOP, UTO M03BOJIsteT 0OpabaTbiBaTh DoO/bIIME (aii/bl, He
CUUTBIBAs UX LIe/IMKOM B [1aMSATh.

Tam, rae Tpeﬁye'rc;l HTEpPAaTOpP, MOXHO MCI10/1b30BATh [MOC/1e0BaTe/IbHOCTb.

Pabora ¢ wuTepaTopaMu pacCMaTPUBAeTCsi B pasjesie, [OCBSIIEHHOM
(yHKI[MOHA/ILHOMY T[POrpaMMHPOBAHMIO, TaK KaK HTeparopaMu yao0HO
MaHUIYTMPOBATh UMEHHO B (PyHKI[MOHA/IbHOM CTHJIE.

Wcrionb3oBaTh uUTEpaTop MOXHO W "BpyuHyw'. JIroOol  0ObeKT,
Toj/Iep)KUBaKoLMK uHTepQeiic uTepaTopa, UMeeT MeTol next (), KOTOPbIK
MPU KaXkJIOM BbI30B€ BbI/IaeT ouepeHOe 3HaueHue ureparopa. Ecin 6osblie
3HaueHUW HeT, BO30yKJaeTcs WCKIoUeHHe Stoplteration. [ns
MoJIydeHUsI WTepaTopa MO0 HEKOTOPOMY OOBeKTy HeoOXoAuMOo Tpex/e
MPUMEHUTb K 3TOMy 00bekTy dyHKUMI0 iter () (uyukn for penaer 3To
aBTOMaTUYeCKH ).

B Python umeercs momyns itertools, KOTOPBIM CONEPXXUT Habop
(yHKIUH, KOMOUHUPYST KOTOPbIE, MOXXHO COCTABJISITh /IOCTATOYHO CJIOXKHbIE
cxembl  00pabOTKM  JaHHBIX C  [OMOUBIO  WTepaTopoB.  [anee
paccMaTpUBAalOTCSt HEKOTOPble (PYHKLMU 3TOT0 MOAYIISL.
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O yHKIMA iter()

Ora ¢yHKMS KUMeeT [Ba BapuaHTa WUCIIONL30BaHUs. B nepBoM oHa
TPUHUMaeT BCEro OIUH apryMeHT, KOTOPbIU JI0/DKeH "yMeTh'" rpe/loCTaB/IsTh
CBOU uTepatop. Bo BTOPOM O[IMH U3 apryMeHTOB - (yHKI[UsI O3 apryMeHTOB,
JIpyrou - crorioBoe 3HaueHue. MirepaTop BbI3biBaeT yKazaHHYIO yHKLUIO [10
TeX Mop, MOKa Ta He BO3BPAaTUT CTOMOBOe 3HaueHue. Bropoli BapuaHT
BCTPEUaeTCsi MHOTO pexke MepBoro U 0ObIYHO BHYTPU MeTo/[a K/lacca, TaK Kak
CJIOXKHO MOPOXKJaTh 3HaUeHUs "Ha MyCcToOM MecTe':

it1 = iter((1, 2, 3, 4, 5])

def forit(mystate=[]):
if len(mystate) < 3:
mystate.append(" ")
return " "

it2 = iter(forit, None)

print [x for x in it1]

print [x for x in it2]
[TpumeuaHue:

Ecnu dyHkus He BO3BpalljaeT 3HaYeHUst IBHO, OHa BO3BpalligetT None, uto
Y MCI0JIb30BaHO B IpUMepe BBIILE.

dyHKIMA enumerate()

Orta GyHKUs CO3[0aeT UTepaTop, HYMEPYIOIMU 3/1eMeHThI JIpyroro
ureparopa. Pe3yIbTUDYIOIMI UTepaTop BbIJaéT KOPTEeXH, B KOTOPbIX

1epBbIi 3/IeMEeHT - HOMep (HaulHasi C HY/s1), @ BTOPOU - 3/IeMeHT UCXOJHOU
10C/1e/I0BaTe/IbHOCTHU

>>> print [x for x in enumerate("abcd")]

81



Cyau P AL H 3wk nporpammuposadua Python

[(0, 'a), (1, DY), (2, '¢), (3, 'd)]
dyukius sorted()
Ota (yHkuus, nosiBuBluagcsa B Python 2.4, rno3BoJisgeTr co3jaBaTb UTeparop,

BbINOJIHSIIOUMIA COPTUPOBKY:

>>> sorted('avdsdf’)
[Ial) ldl! ldl! rf) 'Sl) lv‘]

Ianee paccMaTpuBarOTCs QyHKLUK Mofynst itertools.
dynkiws itertools.chain()

OyHkiMsE chain () T103BO/SeT CAe/laTh WTEPAaTop, COCTOSIMA U3
HECKOJIbKMUX COe/JMHEeHHbIX T0C/e/loBaTe/IbHO UTepatopoB. MrepaTopsl
3a/1at0TCsl B BU/IE OT/Ie/IbHbIX apryMeHToB. [Ipumep:

from itertools import chain
it1 = iter([1,2,3])
it2 = iter([8,9,0])
for i in chain(it1, it2):
print ,

JlaCT B pe3y/ibrare

123890

dynHkiWs itertools.repeat()
OyHKIMA repeat () CTPOUT UTEpaTop, MOBTOPSIIOIIMI HEKOTOPbIA 00BEKT
3d/laHHOE KOJIHYeCTBO pa3s:

for i in itertools.repeat(1, 4):
print ,
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1111
dynakiws itertools.count()

beckoHeuHbIl UTEpaTop, /1AL 1]e/Ible YK C/la, HaulHasi C 3a/laHHOrO:

for i in itertools.count(1):
print ,
ifi>100:
break

1234567891011121314151617181920212223242526
272829303132 3334353637 383940414243 44 45 46 47 48 49
50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72
7374757677 7879 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95
96 97 98 99 100 101

dynukiws itertools.cycle()

MoXHO OeCKOHeUHO MOBTOPSITb U HEKOTOPYHO IMOC/Ie[0BaTebHOCTh (UJn
3HAUeHUs1 [PYroro UTepaTopa) ¢ MoMolipbio QyHKIuu cycle () :

tango = [1, 2, 3]
for i in itertools.cycle(tango):
print ,

12312312312312312312312312312312312
31231
23123123123123123123123123123123123
12312
31231231231231231231231231231231...

Oyukipu  itertools.imap(),  itertools.starmap()  u
itertools.ifilter()
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Ananoramu map () u filter () B Moayle itertools sBISAIOTCA
imap() umifilter ().Otrnuude imap () ormap () B TOM, UTO BMECTO
3HAUEHUsI OT MPEXIEeBPEMEHHO 3aBepIMBILIMXCA UTEPaTOpoB 00BLEKT None
He nofcTaBsiercs. [Ipumep:

for i in map(lambda x, y: (x,y), [1,2], [1,2,3]):
print ,

(1, 1) (2, 2) (None, 3)

from itertools import imap
for i in imap(lambda x, y: (x,y), [1,2], [1,2,3]):
print i,

(1,12 2)

3hech CieflyeT 3aMeTUTb, uTO OObIuHas GyHKUsSE map () HOPMaTbHO
BOCIIDUHUMAET WTepaTopbl B Jil0OOM CoueTaHUM C uTepabenbHbIMU
(roaAaro MU CSt UTepaLiusiM) 0ObeKTaMu

for i in map(lambda x, y: (x,y), iter([1,2]), [1,2,3]):
print ,

(1, 1) (2, 2) (None, 3)

OyHkiusg itertools.starmap () mnomobHa itertools.imap (),
HO UMeeT BCero /iBa aprymeHTta. BTopoil aprymeHT - mocse/oBaTe/IbHOCTb
KOPTEXXeH, KaK/bId KOPTeX KOTOPOM 3aiaeT HabOp MapamMeTpoB s
(yHKUMU (T1epBOro aprymeHTa):

>>> from itertools import starmap
>>> for iin starmap(lambda x, y: str(x) + y, [(1,'a"), (2,'b")]):
print i,

la2b
@Oyukyusa 1 filter () pabotaer kak filter (). Kpome Toro, B Moayne

itertools ecrb ¢yHkuus ifilterfalse (), KoTOpas Kak OBl
[06aBIsieT OTpUL[aHUe K 3HAYeHUIO (yHKIUK:
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for i in ifiterfalse(lambda x: x > 0, [1, -2, 3, -3]):
print ,

2-3
dynkumu itertools.takewhile() u itertools.dropwhile()

HexkoTopyto HOBHM3HY BHOCHUT /Ipyrol Buj, ¢usrpa: takewhile () u ero
"oTpuniarensHbld" aHanor dropwhile (). Cnegyroupii npumep MosiCHsieT
UX MIPUHLIUI e CTBUSL:

for i in takewhile(lambda x: x> 0, [1, -2, 3, -3]):
print ,

print
for i in dropwhile(lambda x: x> 0, [1, -2, 3, -3]):
print i,

1
-23-3

Takum obpa3om, takewhile () JaeT 3HaUeHUs], MOKA YCJIOBHE UCTUHHO, a

OCTajibHble 3HaueHusl jJjaxke He OepeT W3 urepatopa (MMeHHO He OepeT, a He
BbiCaceiBaeT Bce J0 koHia!). W, Haobopotr, dropwhile () HUYEro He
BbI/IAeT, MOKA BBITIOJIHSETCS YC/IOBUE, 3aTO MOTOM BbIjIaeT Bce Oe3 ocraTka.

dyukims itertools.izip()

DyHKIMA 1z1p () aHaJoOrduyHa BCTPOGHHOW zip (), HO He TPaTUT MHOI0
MaMaTU Ha [OCTPOeHUe CIUCKA KOpTeXXKed, TaK KaK UTepaTop Bbl/laeT UX
cTporo 1o TpeboBaHu1o.

dyrkims itertools.groupby()

Ora ¢yukuusa jedrotupoeana B Python 2.4, ®yHKIHUS NpUHHUMaeT /JBa
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aprymeHTa: urteparop (oOsi3aTe/bHBIA) M HeoOs3aTe/bHLIA apryMeHT -
dyHkUMIO, Aalolyl0  3HaueHWe KIwda: groupby (iterablel(,
func]). Pe3yisraToM SB/SIETCS UTEpaTop, KOTOPLIM  BO3Bpallger
JIByX3/IeMeHTHbIM KOPTeX: K/II0U U UTepaTop 0 UAYLIMM [0APs/]] d/leMeHTam
C 3TUM KMouoM. Eciu BTOpoU aprymeHT OmylleH, 3/1eMeHT uTepaTopa CcaM
sBJIseTCd K/IouoM. B cnezyioiem rpumepe rpyrupyroTcs Uaylpe mojpsij
T10JI0XKUTeJIbHBIE U OTPULIATe/IbHbIE 3/IeMeHThI:

import itertools, math

Ist = map(lambda x: math.sin(x*.4), range(30))

for k, iin itertools.groupby(lst, lambda x: x > 0):
print k, list(i);

dynkiws itertools.tee()

Ota (yHKuMs TOXKe rosiBunack B Python 2.4. OHa no3BonsieT KIOHUPOBATh
ureparopbl. [lepBblii aprymeHT - wTepaTop, Mojjiexalmi KIOHUPOBAHUIO.
Bropoit ( N ) -- KOM4ecTBO HeoOXOAUMBIX KOrui., @YHKLUS BO3BpalliaeT
KopTexx u3 N urepatopoB. [lo ymonuanuio N=2. DyHKIUS UMeeT CMBICI,
TOJILKO €C/TU UTePATOphl 3a/leliCTBOBaHbl OoJsiee UM MeHee TapasuiesbHo. B
TIPOTUBHOM CJTy4yae BBITOfIHEe IPeBPaTUTh UCXOAHLIN UTEPAaTop B CIIUCOK.

Co6CcTBeHHbIN UTepaTop

[l TONMHOTBI  ONMUCAHWS 3[1eCh TPEJCTAaBJieH TIPUMEpP UTeparTopa,
OTIpe/IeJIeHHOr0 T0Jib30BaTe/ieM. Ec/ii nmpuMep He OueHb TOHATEH, MOXKHO
BEePHYTbCS K HEMy T[I0C/e W3ydeHHUss OOBEKTHO-OPHEHTHUPOBAHHOIO
MPOrpaMMUPOBAHUSL:

class Fibonacci:
""Ureparop nocnenoBaTeibHocTd ®@uboHauun o N'™"

def __init__(self, N):
self.n, self.a, self.b, selfmax=10, 0, 1, N

def __iter_(self):
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# camu cebe uTeparop: B Kjlacce ectb Metos next()
return self

def next(self):
if self.n < self. max:
a, self.n, self.a, self.b = self.a, self.n+1, self.b, self.a+self.b
return a
else:
raise Stoplteration

# Wcnonb3oBaHue:
for i in Fibonacci(100):
print i,

[IpocThie reHeparopsbl

Pa3paboTuvku si3blka He OCTAHOBWJIMCh Ha uTepaTopax. Kak okasaioch, B
uHtepriperatope Python pgocratouHo mpocTO peanv30BaTh MPOCThbIE
reHepatopbl. [1og 3TUM TepMUHOM (PAKTUUECKM TTOHUMAETCS CrieljuabHbIi
00bEeKT, BBIUMC/IEHUSI B KOTOPOM IPOJI0/DKAKOTCS /10 BbIpabOTKU 0YepejHOro
3HauUeHWs, a  3aTeM  [IPUOCTAHABIUBAIOTCS /10  BO3HUKHOBEHWUS
HeoOXOAMMOCTU B BblJjaue C/IeAVIOLEro 3HaueHus. [IpocToil reHepaTop
topmupyetcsi hyHKIMe-reHepaTOpoM, KOTOpasi CUHTAKCUUYeCKHd T10X0)Ka Ha
00bIUHYI0 (QDYHKIIMIO, HO UCIOJb3YeT Crieljia/ibHbIi onepartop yield s
BblJjauu ciefytollero 3HayeHusi. Ilpu Bbi3oBe Takast (YHKLKWSI HUUEro He
BBIUMUC/ISIET, a Co3/aeT 00bekT ¢ uHTepdelicom uTeparopa isi MOJIy4eHuUsl
3HaueHuil. [lpyrumu 1oBamMH, ewid (PYHKUUS [I0/DKHA BO3BpalATh
10C/Ie[JOBaTe/IbHOCTb, W3 Hee JOBOJLHO [POCTO C/ieflaTh TeHepaTop,
KOTOpBIM Oyner (pyHKI[MOHAMLHO 3KBUBAJIEHTHOH 'TIeHUBON" peanu3alipen.
JIeHUBBIMU HAa3bIBAIOTCS BHIUUC/ICHUS, KOTOPbIe OTK/Ia[bIBAOTCA 10 CaMOro
NoC/ieJHer0 MOMEHTa, KOIjja MojiyuaeMOoe B pe3ylsraTe 3HaueHue cCpasy
WCII0/b3YeTCsl B IPYTOM BbIUMCJIEHU M.

[lnsi mpumepa C T0C/IeA0BaTebHOCTbI0 DPUbOOHAUUM MOXKHO TOCTPOUTH
TakoW BOT reHepaTop:

def Fib(N):
a,b=0,1
for i in xrange(N):
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yield a
a,b=b,a+b

Hcrionb30BaTh ero He ClI0XKHee, yeM Jiroboit Jpyroit utepaTop:

for iin Fib(100):
print i,

OpHako cjieflyeT 3aMeTUTb, UTO [pOrpaMMa B 3HAUMUTEbHON CTereHu
YIPOCTU/IACh.

['eHeparopHOe BbIpakeHHe

B Python 2.4 no aHasorMM cO CIIMCKOBBIM BK/IHUEHUEM TMOSIBUIOCH
reHepatopHoe BbipakeHue. [10 CUHTAaKCHCY OHO aHAJIOMMYHO CITUCKOBOMY,
HO BMECTO KBaJIpaTHBIX CKODOK WCHOMB3YIOTCS Kpyribie. CIUCKOBOE
BK/IFOUEHUEe TIOPOXK/IaeT CIUCOK, a, 3HAYUT, MO)KHO HeHAPOKOM 3aHSTb OUeHb
MHOIO MaMsITU. ['eHepaTop ’ke, MOJYYalOMIACS B pe3ylkTaTe NMpUMeHeHUsl
reHepaToOPHOr0 BbIPa)KeHWsl, CIIMCKA He C03/1aeT, OH BBLIYMC/ISIET KaXK7oe
C/IefyIollee 3HaueHWe CTpPoro 1o TpeboBaHMIO (IIPH BLI30BE METOA
next () ).

B cneaytoiiem ripyumepe MOXHO MpodecTb U3 (aiijia CTPOKU, B KOTOPBIX
MPOU3BO/SATCS HEKOTOPbIE 3aMeHbI:

for line in (Lreplace("- ", " - ") for 1 in open("input.dat")):
print line

HuuTo He MelllaeT UCI0/Ib30BaTh UTEPATOPbI U /ISl 3arucu B (aii:

open("output.dat”, "w").writelines(
Lreplace("- ", " - ") for L in open("input.dat"))

3ech [yisi FeHepaTOPHOro BbIp@KeHUs He MOTpeboBaioCh [0MOJHUTETbHbIX
CKODOK, TaK KaK OHO PACroJiOKeHO BHYTPU CKOOOK BbI30Ba (DYHKLIMH.

Kappunr
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bubnuoreka Xoltar toolkit (aBrop Bryn Keller) Bkarouaer Momayib
functional, KOTOpbIM  [O3BOJIIET  YIPOCTUTHL  MCII0Jb30BaHUE
BO3MOXXHOCTel (yHKUMOHA/ILHOTO [pOrpaMMUPOBaHUSL. Mopayins
functional npumensieT "uncteiil”" Python. BubnuoTeky MOXXHO HalTH 110
azipecy: ccbika: httpy/sourceforge.net/projects/xoltar-toolkit.

[Mpu kappuHre (4aCTUYHOM TpUMeHeHUM) GYHKIIUU CO3[aeTCs HOBasl
(yHKIUS, 3a/laBasi HEKOTOPble apryMeHTbl UCXOAHOM. Creayolmil rpumep
WJUTIOCTPUPYET YaCTUYHOE TTPUMEeHEeHUe BbIUMTaHUSI:

from functional import curry
def subtract(x, y):
retun x - y

print subtract(3, 2)

subtract_from_3 = curry(subtract, 3)
print subtract_from_3(2)

print curry(subtract, 3)(2)

Bo Bcex Tpex ciydasix Oymer BbiBejeHO 1. B cieapyroliem npumepe

MoJTyyaeTcs HoBas (ByHKLIM, TOJCTaB/IAsA BTOPOM aprymeHT. Bmecto jgpyroro
aprymMeHTa BCTaBJISIeTCA Criel{UalbHOoe 3HaueHue Blank:

from functional import curry, Blank
def subtract(x, y):
return x - y

print subtract(3, 2)

subtract_2 = curry(subtract, Blank, 2)
print subtract_2(3)

print curry(subtract, Blank, 2)(3)

3aK/IF0UeHHe

B 3TOl JIeKIMK pacCMaTpUBA/ICS TIPUHLIMIT TTOCTPOEHUST (DyHKIIMOHATbHBIX

nporpamm. Kpome Toro, 6b110 moka3aHo, uto B Python u ero crangapTHbIX

MOJYISIX MMEIOTCS JIOCTATOUHO MOIIHbIE BbIpa3uTe/IbHbIE CPEICTBA JIJIs

co3faHus  GYHKIMOHA/NBHBIX MporpaMM. B ciydae, korja TpeOyrorcs

JIOTIOJIHUTE/IbHBIE BO3MOYKHOCTH, HAllpuMep, KappUHI, UX MOXHO JIETKO
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pealr30BaTh W/IK B3ATh 'OTOBYHO pealk3dliHulo.

Cnegyer OTMETUTb, YTO WMTEpPAaTOpPbl - 3TO TMPAKTUUHOE TPOJO/DKEHKe
(YHKIIMOHA/ILHOTO Hauasia B si3bike Python. MTepatopbl Mo CyTH TMO3BOJISIFOT
OpraHW30BaTh TaK Ha3biBaeMble JieHUBbIe Bblurcienus (lazy computations),
TIPU KOTOPBIX 3HAUEHMsI BLIYMC/ISIFOTCA TOJIBKO KOTZla OHM HErOoCpPeACTBEeHHO
TpebyroTCs.

CCBUIKHY TI0 Teme

Crarbs []. Meprua ccbuika: http//www-106.ibm.com/developerworks/library/l-
prog. html

Yacro 3a/laBaeMble  BOIPOCHI B comp.lang functional ~ cchuiKa:
http//www.cs.nott.ac.uk/~gmh/faq.html
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O6BbeKTHO-0pUeHTUPOBAHHOE MPOTPaMMUPOBaHKEe

S3pik Python vmeeT [0CTaTOYHO MOLIHYIO, HO, BMECTe C TeM, CaMODOBITHYIO
MOA/ePKKY 00BEeKTHO-OPUEHTHPOBAHHOIO IpOrpaMMUpoBaHus. B aroii
nekiguu OOIT npepacrasisiercss 6e3 ymiHUX dopMaibHocTeld. Pabora c
Python ybexxzaet, uTo nucarb NporpaMmbl B 00BLEKTHO-OPUEHTHPOBAHHOM
CTWJIe He TOJILKO [TPOCTO, HO U MPUSATHO.

Python  npoekrupoBasicsi  Kak  OOBEKTHO-OPUEHTUPOBAHHbBIA  SI3bIK
rnporpaMMupoBaHusi. JT0 o3HauyaeT (Mo AsaHy K»sio, aBTOpPY 00BEKTHO-
OpUeHTUPOBaHHOIO s3bika Smalltalk), UTO OH MOCTPOEH C yueToM CeAyHIMX
TIPUHLIUIIOB:

1. Bce slaHHbIe B HEM MPe/CTaBJISIOTCS 0OBEKTaMMU.

2. TlporpaMmMy MOXKHO COCTaBUTb KakK Habop B3auMOeNCTBYHOIIMX
00BEKTOB, MOCHIIALMX JIPYT APYTry COODIIEHMUSI.

3. Kaxapili 00BbeKT HMeeT COOCTBEHHYIO 4YaCTb IMaMSTU W MOXKET

COCTOSITb U3 APYTUX OOBLEKTOB.

Kax/1bli1 00beKT UMeeT THIL.

5. Bce 00bekrbl 0OfHOrO TUIA MOrYT MPUHUMATh OJHU U Te XKe
Co001LeHNs (U BBITIOIHATD OJ[HU U T€ JKe JIeUCTBUs).

o

[TpumeuaHue:

K coxanenuro, 6osbimHCTBO BBejeHU B OOI (1a)ke UMEHUTBIX aBTOPOB)
130011yeT 3HaUUTeTbHLIM YK C/IOM TEPMUHOB, 3aUacTyH 3aTeMHSIOLIX
CyTb BOIpoca. B aHHOM U3/10keHUU OyIyT yroTpeb/IsThCs TOIBKD Te
TE€PMUHBI, KOTOpPble HeOOXOMMbI Ha MPAKTUKE [Iisi B3aUMOIIOHUMaHUsI
pa3paboTUMKOB UK ISt pacllMpeHusi Kpyrosopa. Tak Kak B pa3HbIX sI3bIKax
nporpammupoBanusi OOIT uMeeT cBoU HIOAHCHI, B ckoOKax MHOT/AA OynyT
JlaBaTbCsl CHHOHUMBI WJIM aHaJIOTW TOTO WJIA UHOTO TePMUHa.

[TpumeuaHue:

OO rnporpaMMUpPOBaHUE - 3TO METOJ0JIOIUsI HAITUCAHUS KOJIa. 3/1eCh He
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ByneT nogpobHO paccMaTpUBaTHCS 0O BEKTHO-OPUEHTUPOBAHHbBIN aHAIU3 U
00bEKTHO-OPUEHTHPOBAHHOE NPOEKTUPOBAHUE, KOTOPbIE He MEHEee Ba)KHbI
KaK CTa/Iuy CO3/IaHusi TPOrPaMMHOT0 00eCrieueHusl.

OCHOBHBIE TTOHATUS

[Tpu mporeypHOM TpPOrpaMMHUPOBAHUM MpOrpaMma pa3OMBaeTCst Ha YacTu
B COOTBETCTBUMU C aJIfOPUTMOM: KaxK/asi yacThb ( mofrporpamMmma, (GyHKLIus,
ripoLie/iypa ) siB/IsleTCsi COCTaBHOM YaCThiO aJiIrOpUTMa.

[Mlpyu  0OBEKTHO-OPUEHTUPOBAHHOM  IMPOrPaMMUPOBAHUK  [pOrpamma
CTPOUTCS KaK COBOKYITHOCTb B3aUMO/IeH CTBYIOIIMX 0OBEKTOB.

C ToukM 3peHusi 0O0BEKTHO-OPUEHTMPOBAHHOrO Moaxofa, 0OBEKT - 3TO
Heuto, obsajarolee 3HaueHWeM (COCTOsSIHUEM), TUIOM (IOBeJeHHeM) W
WHUBU/lya/IbHOCTBI0.  Korga  riporpaMMuCT — BbljjesisieT  O0BeKTbl B
npeAMeTHOH obsacTi, OH 00bIUHO abcTparvpyercsi (OTBJIEKAeTCsA) OT
OONBIIMHCTBA UX CBOMCTB, KOHL|@EHTPUPYSICh Ha CYILECTBEHHBIX /IS 3a/laui
cBolcTBax. Haji o6bekraMu MOXKHO MPOWM3BOAUTL Orepaluu (Mocblias UM
coo0buenusi). B sizbike Python Bce faHHbIe ripe/icTaB/eHbl B BU/ie 0ObEKTOB.

BsaumozelicTBre 00BEKTOB 3aK/TH0UaeTCs B BbI30B€ METOJ0B O[HUX 00BEKTOB
apyrumu. MHOra roBopsiT, UTO 00BeKThI MOCHIIAIOT APYT APYry COOOIEHUsl.
Coo0itieHust - 3TO 3arpockl K 00BLEKTY BbINOJHUTh HEKOTOPbIe JeMCTBUS. (
Coo0itieHusi, METO/bI, OTiepaLiuu, (GYHKLMK-UYIeHbI SIBJISFOTCS CHHOHUMAaMHM ).

Kaxipiii 06eKT XpaHUT CBOE COCTOSIHUE ([IJ1s1 3TOT0 Y Hero eCTb aTpulyThI )
U UMeeT onpeie/ieHHbI Habop MeTonoB. (CUHOHKUMBIL: aTpulyT, 110J1e, CJIOT,
00beKT-uJieH, repeMeHHasi 3K3eMIlisipa ). MeToJpl ONpeie/sioT M0BeJeH e
obbekra. OOBEKTHI K/lacca UMEHOT 00ILiee 1oBeIeHHe.

OO6beKTbl OMUCHIBAKTCA HE MHMBU/YabHO, a C TIOMOIIBLIO K1accoB. Knacc -
00BeKT, AB/IsOIMMCS 1abs10HOM oObekra. OOBLEKT, CO3/JaHHBLIH Ha OCHOBE
HEKOTOPOro KJjlacca, Ha3bIBAaeTCsl JK3eMIUIAPOM Kiacca. Bce 0OBEeKTbI
OTIpe/IeJIeHHBIX T10/1b30BaTe/IeM K/IaCCOB SIBJIIFOTCS JK3eMILIspaMy  KJiacca.
Tem He MeHee, 0OBEKTHI JJakKe C OJHUM W TEM )K€ COCTOSIHUEM MOTYT ObITb
pasHbIMU 00beKTaMu. [OBOPSAT, UTO OHU UMEIOT Pa3HYI UHAUBUAYA/IbHOCT.
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B si3bike Python jij1s1 oripe/ie/ieHust Kjiacca UCI0JIb3yeTCsl ornepaTop class:

class umsi_knacca(knaccl, knacc2, ...):
# oripefiesieHHst METO/IOB

Krnacc ompegensier Tl 00beKkra, TO €CTh €r0 BO3MOJKHBbIE COCTOSIHUSI U
Habop oreparuid.

ABCTpakLUs ¥ [eKOMITO3ULIUS

Abctpakuuss B OOIl no3BossieT COCTaBUTb W3 JAHHBIX W aJrOPUTMOB
00paboTKu 3TUX JAHHBIX OOBEKTbI, OTBJIEKAsiICb OT HECYLIECTBEHHBIX (Ha
HEKOTOPOM YPOBHE) C TOUKWA 3pEHUsl COCTaB/IeHHOW WHMOpMalMOHHOU
mopenu aertaneit. Takum obpa3om, nporpamMma MofiBepraeTcst JeKOMIT03ULUU
Ha yacT "N03UpOBaHHON" C/IO)KHOCTU. OT/eNbHBIA 00BEKT, JaKe BMecTe C
COBOKYITHOCTBIO €ro CBsi3el C  JApyrMMd  O0ObeKTamMd, UelOBEKOM
BOCIIPUHUMAETCs Jjierdye (MMEeHHO TakK OH IPUBbLIK OepUpOBaTh B peajbHOM
MHpe), UeM UTO-TO HeCTPYKTYPUPOBAHHOE U MOHOTOHHOE.

[Mepes TeM Kak HauaTh HarMCaHWe [jaKe CaMOW TPOCTeHbKOH O0OBEeKTHO-
OpPUEHTUPOBAHHOM MPOrpaMMbl, HEOOXOUMO ITPOBECTH aHaIU3 MpeIMeTHOM
obactu, [isi TOro uTo0bl BBISIBUTH B Hell K/1acChl 0OBEKTOB.

[Mpu BbIZIENIeHUM 00BbEKTOB HeoOxonuMo abcTparvpoBaThCsi (OTB/IEULCS]) OT
OONBIIMHCTBA MPUCYIIMX UM CBOWCTB U CKOHLIEHTPUPOBATHCS HAa CBOMCTBAX,
3HAUMMBIX JIJ151 3a/ja4i..

Bobigesisiembie 00beKTbl He0Os3aTe/IbHO JI0/DKHBI TOXOAUTh Ha (r3uueckue
00beKTbl - Be/lb 3TO aOCTpaKIMM, 3a KOTOPbIMU CKDPBLIBAIOTCSI MPOLIECCHI,
B3aUMO/IeCTBUS], OTHOLIEHUSI.

YiauHasi JeKOMIO3uldsi CTOUT MHororo. OT Hee 3aBUCAT He TOJIbKO
KOJIMUECTBEHHbIe XapaKTepUCTUKU kofja (ObicTpoelicTBue, 3aHHUMaeMast
NamsiTh), HO U TPYJOEMKOCTb Ja/IbHeMIero pa3BUTHsI U COMPOBOXK/EHUSI.
[Tpu OTCYTCTBUU COOTBETCTBYIOIIErO OINbITa JIyullle He 3arafiblBaTh Oymyimpx
nyrell pa3BUTHUS MPOrpaMMbl, a /JleflaTb €e KaK MOXKHO Tipoule, Toj

KOHKDETHYIO 3a/jauy.

,H,ax(e eC/Id ITpOCTO IIepeurc/iiTh BCe CYLIeCTBHUTe/IbHbIE, BCTPETHBIIMECH B
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OMMHUCaHHH 3d/ladH (HBHO HITH HEHBHO), MOJMYUHUTCA HEeIJIOXOH CITUCOK
KaH/IH14TOB B K/1aCChl.

[Ipy mpoLeAypHOM TIOAXOA€ TOXKE HCIIOJ/IL3YeTCs JAeKOMIIO3ULIUA, HO TMpU
00BLEKTHO-OPUEHTUPOBAHHOM TIO[IX0/le TIPOM3BOAUTCA J[EKOMITO3ULIUS He
CaMoro aaropuTMa Ha 0Oojiee MeJIKMe uacTH, a MpeAMeTHOM o00/acTh Ha
K/1aCChbl 0OBEKTOB.

OOBeKTHI

o stoii nekuuu 06wekTbl Python BcTpewanuch MHOrO pa3: Befib Kaxjoe
YUCI0, CTPOKA, (GYHKIUS, MOAYIb M T.I. - 3T0 00BekTbl. HekoTopbie
BCTPOEHHbIE 00beKThl UMEHT B Python cHHTakcHuecKyro mopiepky (s
3a/laHusi TUTepasioB). TakoBbI UMC/Ia, CTPOKU, CIIUCKH, KOPTEXKU U HEKOTOPbIe
Jpyrue TUIbL.

Teriepsb CrieflyeT MOCMOTPETb Ha HUX B CBETE TOJBLKO UTO TMPHBEIEHHBIX
ornipenenenuii. [pumep:

a=3
b=4.0
c=a+b

n "

3peck mpoucxoaut cienytomee. CHayana uMsi a CBSI3bIBAeTCS B
JIOKaJIbLHOM TIPOCTPAHCTBE WMeH C OOBeKToM-uucioM 3 (Lie/ioe 4Yucio).
3atem " b " cBa3biBaeTcd € 00BbeKTOM-uucioM 4.0 (UHMCI0 C MUlaBaroLleit
Toukoii). Tlocie 3toro Haj obbekramMu 3 U 4.0 BBIMOJIHAETCS OMepaLUs
C/I0’KeHHUsl, U UMs "' ¢ " CBsI3bIBaeTCsA C MONyurBLUMMCH 0ObeKToM. KcTtatu,
oreparjusiMi, B OCHOBHOM, OyIyT Ha3bIBaTbCs METO[bl, KOTOPble UMEIOT B
Python cuHTakcHuecKyro noj/iep>kKy, B JAHHOM C/lydae - UH(UMKCHYIO 3aUCh.
To >xe caMoe MOXXHO 3arnucaTh Kak:

c=a._add_ (b)

3pecb  add () - MeTof oObekTa a, KOTOPbIM peaau3yeT OnepaLjuio +
MEJK/1y 3TUM OOBEKTOM U JIPYTUM 0OBEKTOM.

Y3HaTh HabOp MeTO[0OB HEKOTOpPOro O0O0beKTa MOXHO C  [OMOILBIO
BCTPOEHHOU pyHKUMU dir () :
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>>> dir(a)

[ abs_','" add_',' and_'," class_ ','_cmp_',' coerce_ ',
" delattr',' div_',' divmod_','" doc_ ' ' float ',

" floordiv_',' getattribute_ ',' getnewargs_ ', hash '
'"hex ' it ',' int ')" invert ',' long ',

" Ishift ','" mod_ ' mul ',' neg ' new_ ',

' _nonzero_',' oct_'," _or ', pos_'," pow_,
'"radd_',' rand_',' rdiv_',"' rdivmod__',' reduce ',
" reduce_ex_'," repr_', ' rfloordiv_','_ rishift '

" rmod_',' _rmmul ','_ ror_',' rpow_', ' rrshift '

" rshift ',' rsub_ ',' rtruediv_',' rxor_ ',

' setattr ', str ',' sub_ "' truediv_',' xor ']

34ech CTOMT yKa3aTb Ha emlje ofHy ocobeHHocTh Python. He TonbkO
WH(UKCHBbIE oOrepaljud, HO W BCTPOeHHble (GYHKIUUA OXKHJAT HaTUYus
HEKOTOPbIX METOJI0B y 00beKTa. Hariprmep, MOXXHO 3aIicaTh:

abs(c)

A QyHKUMA abs () Ha CcaMOM [ejle MCIIO/Ib3YeT METOJ IepeJaHHOoro e
oOBeKra:

c.__abs_ ()

OOBeKTbl TOSB/AAKTCA B pe3yisrare Bbi3oBa (yHKUUH-(Gabpuk wam
KOHCTPYKTOPOB ~ KiaccoB (06 3TOM HMXKE), a 3aKaHUMBAKOT CBOE
CYLLECTBOBaHWE TIPU YJaJIeHUU TOC/eJHeN CChIIKM Ha 00bekT. OrepaTop
del ypmansieT ums (a 3HAYMUT, U OHY CCbLJIKY Ha 00BEKT) U3 MPOCTPaHCTBa
VIMeH:

a=1
#...
del a

# uMeHU a Do/bLLe HeT

Turiel 1 K/1accel

Tun onpegesser o6sacTb [JOMYCTUMBIX 3HaYeHUM oObekra U Habop
onepauuii Hajg HUM. B OOII Tun TecHo CBsi3aH C 1OBeJJeHUeM - J1elCTBUSIMU
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OGLEKTEI, COCTOAIMMHA B U3MEHEHHWH BHYTPEHHero COCTOsAHHA W BbI30BaMH
METO/IOB JIPYrX OOBEKTOB.

Panee B s3bIKe PythOIl BCTpOeHHbIe THUIIbI [JdaHHbLIX He SABJIA/IHMCbh
IK3eMI/IApaMH KilacCcCa, [Mo3ToOMY CUMTA/T0Ch, UTO 3TO ObLIN IMMpocCTo 00BLEKThI
onpeje/eHHOro THIIA. Tenepb CUTYyallud HM3MEeHH/1dCh, H 00BEKTEI
BCTPOEHHbIX THIIOB HUMEKT K1daCChl, K KOTOPbIM OHH IIpHHA//I€XaT. Takum
OGDEBOM, THIT U KacC B PyThOIl CTAHOBATCHA CHHOHHMaMH.

Wuteprniperatop si3bika Python Bcera MOXeT cCKa3aTh, K KakoMy TUIY
OTHOCUTCS 00BekT. OJJHAKO C TOUKM 3PEHHUs] TMPUMEHUMOCTA O00BLeKTa B
orepaljuyd ero MpUHA/JIeKHOCTh K KIacCy He WrpaeT Ppelarolleil posiu:
ropas/io BakHee, Kakie MeTo/Ibl MOfJePXKUBAeT OOBEKT.

[TpumeuaHue:;

[Toka uto B Python ects "knaccuueckue" u "HoBble" K1accel. [lepBbie Knacchbl
onpezestOTCsl caMu 1o cebe, a BTopble 00s13aTe/IbHO BeJlyT CBOIO
POZIOC/IOBHYIO OT K1acca object. [l Leseld JaHHOro U3/M0KeHUs!
pasHuUL{a MeXy STUMUA BUJIaMU K/1aCCOB He UMeeT 3HaYeHUsL.

OK3eMIIspbl  K/IaCCOB MOTYT TOSIBJISATLCSE B [pOrpaMMe He TOJIbKO U3
NIUTEpaJioB WU B pe3yibraTe ornepaiuil. OObIUHO [isi TT0/ydeHUs: 0ObeKTa
Klacca [JOCTaTOYHO BbI3BaTb KOHCTPYKTOP 3TOr0 Kjaacca C HEKOTOPbIMU
napametpamu. OObEKT-K/I1acC, Kak U 00beKT-GYHKIIUS, MOXKET ObITh BbI3BaH.
OT0 U OyIeT BbI30BOM KOHCTPYKTOPA:

>>> import sets
>>> g = sets.Set([1, 2, 3])

B srom npumepe moayib sets ColepKUT onpejeneHue Kinacca Set.
Bbi3biBaeTcsi KOHCTPYKTOpP 3TOr0 Kiacca ¢ mapamerpom [1, 2, 3]. B
pe3y/ibTaTe C UMeHeM s OyfeT CBsi3aH 00BeKT-MHOXKeCTBO U3 TPeX 3JIeMEHTOB
1, 2, 3.

Cneayer 3aMeTUTb, UTO, KPOME KOHCTPYKTOpPA, OIPeJe/ieHHbIe KIacChl
UMEIOT U JeCTPYKTOP - METO/l, KOTOPbIM BbI3bIBAETCS NPU YHUUTOXKEHUU

obbekra. B si3bike Python 00BbekT yHUUTOXKaeTCss B C/lydae yiaJeHus
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HOCﬂe,[[HEi;I CCBIJIKM Ha Hero 1100 B pe3ynbrare C60pl{ﬂ MYCOpa, ec/id 00BeKT
OKa3d/iCd B HeUCI10/1b3YyeMOM L|UK/1e CChI/IOK. Tak kak Python CaM VIipaBJ/ifdeT
pacripejie/ieHieM TI1aMsTH, JEeCTPYKTOPbl B HEM HY)KHLI OU€Hb PEeJIKo.
OOBIUHO B TOM Cliy4dae, Korjga 00BeKT yripaB/seT pecypCoMm, KDTOpLIi;I HYHO
KOPpPEeKTHO BepPHYTL B OIlpejie/ieHHOe COCTOAHHE.

Eule oauH criocob nonyuuTbh 0ObEKT HEKOTOPOrO THIA - WCIO0/b30BaHUE
yHKuH-(abpuk. [To cMHTaKCHUCY BbI30B (GYHKLMU-(HaOpUKA He OT/IMYaeTcs
OT BbI30Ba KOHCTPYKTOpA K/acca.

OripesiesieHure Kiacca

[lycte B Xoe aHanu3a JaHHOW TipegMeTHOW 006sacTd  HeobXoaUMO
ornpeaenuts Kiacc I'pad. I'pad - 3T0 MHOXKecTBO BepumH u Habop pebep,
MOMapHO COeQUHSIIONMU 3TU BeplMHbl. Haz rpadomM MOXKHO mpofenbiBaTh
orepaljuy, Takde Kak joOaBjeHWe BeplMHbI, pebpa, NpoBepKa Haluuus
pebpa B rpade u T.n. Ha s3eike Python ompepeneHue Kiacca MOXET
BbIIJISI/IETh TaK:

from sets import Set as set # THII [I/I1 MHOXXeCTBa

class G:
def __init_ (self, V, E):
self.vertices = set(V)
self.edges = set(E)

def add_vertex(self, v):
self.vertices.add(v)

def add_edge(self, (v1, v2)):
self.vertices.add(v1)
self.vertices.add(v2)
self.edges.add((v1, v2))

def has_edge(self, (v1, v2)):
return (v1, v2) in self.edges

def __str__ (self):
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return "%s; %s" % (self.vertices, self.edges)
Wcrnosb30BaTh Knacc MOXKHO CJie/lytolM o6pa3oM:

g=G(1,2,3,4],[(1, 2), (2, 3), (2, 4)))

print g
g.add_vertex(5)
g.add_edge((5,6))
print g.has_edge((1,6))
print g

YTO /IaCT B pe3y/ibrare

Set([1, 2, 3, 4]); Set([(2, 4), (1, 2), (2, 3)])
False
Set([1, 2, 3, 4, 5, 6]); Set([(2, 4), (1, 2), (5, 6), (2, 3)])

Kak BuaHO u3 npejpiayliero npumepa, onpejenuTh K1acC He TakK yXK
C10XKHO. KOHCTPYKTOp Kjlacca MMeeT CreluaibHoe Mmda  init .
(JecTpykTop 3/lecb He HyKeH, HO OH Obl Umen ums  del .) Metogbl
K/acca orpejie/istOTCS B MPOCTPaHCTBe WMeH Kiacca. B KauecTse repBoro
(opmansHOro aprymeHTa Meroja MPUHATO Ucnosb3oBaTh self. Kpome
METO/IOB B 00BEKTe K/lacca UMEOTCs fiBa aTpubyra: vertices (BepIMHbI)
u edges (pebpa). [lns mnpejcraBiieHuss obbekra G B BUJle CTPOKU
UCTIO/IB3YeTCs ClIeLMaNbHbIA MeTog,  str ().

[MpuHaIeXKHOCTh K/IaCCy MOXHO BBISICHUTb C T[OMOILBIO BCTPOEHHOMH
dyHkiuu isinstance ():

print isinstance(g, G)
Nukarncynsiumst

OObIYHO CUMTAeTCs, UTO O€3 UHKATICY/IAL[MU HEBO3MOXKHO TPeJCTaBUThL cebe
OOIl, uro 3T0 KMOUeBOe TmoHsTHE. VICTOpUS pasBUTHSL METOMO0JIOTUI
MPOrpaMMUPOBAHUs  JIBU)KMMa 0O0pb00Ol €O  C/IOXKHOCTBIO  pa3paboTKu
rporpaMMHOro obecrieuenusi. C/I0)KHOCTh OOJBIIMX [TPOrPAMMHBIX CUCTEM,
B CO3/IaHWUU KOTOPBIX yU4acTBYeT Cpa3y OOJIbIIOe KOJIMYeCTBO pPa3pabOTUMKOB,
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YMEHBIIIAeTCs, eC/TM Ha BEepPXHEM YPOBHE He BU/HO JleTaseil peanu3aljuu
HWKHUX ypoBHel. CoOCTBEHHO, MpoLieJypPHbIN MOAX0/ ObLT MepBbIM 1IArOM
Ha 3ToM nyrtu. [Tog uHKarncynsiueit (encapsulation, UTo MOXHO IepeBeCTU
M0-pa3HOMY, HO Ha HY)KHbIE acCOLUMAalMd XOpOLI0 HaBOAUT CJIOBO
"obBONakMBaHue') TMOHUMAETCss COKpbITHEe WHMOpPMal[uu O BHYTPEHHEM
ycTpoiictBe 00beKTa, MpPU KOTOPOM paboTa C 0OBEKTOM MOKeT BeCTHUCH
TOJILKO uepe3 ero obmemoctynHbiii (public) uHTepdeiic. Takum obpasom,
apyrue 0OLEKTHl He [I0/DKHBI BMeLMBaThCA B "nena" oObeKTa, KpoMe Kak
WCTI0/1b3Y$ BBI30BbI METO/IOB.

B si3bike Python WHKarcynsiuy He MpUAAeTCs TPUHIUITHATBHOTO 3HAYEHWUS:
ee CoO/OeHre 3aBUCUT OT JUCLUIUIAHUPOBAHHOCTH TIpOrpaMmucTta. B
JIPYrUX si3blKaX [POrpaMMHPOBaHUsI UMEHTCS Orpe/ieieHHble Tpajaliuu
JIOCTYITHOCTH METO/IOB 00BbeKTa.

HocTyn K cBOWCTBaM

B si3bike Python He cuMTaercs 3a30pHBIM MOMYYUTH JOCTYIT K HEKOTOPOMY
aTpubyTy (He MeTo/y) HarpsiMylo, ecjid, KOHeYHO, 3TOT aTpubyT OnucaH B
JIOKYMEHTALMKM Kak yacTb uHTepdeiica Kiacca. Takue aTpubyThbl Ha3bIBAKOTCs
cBoucTBamu (properties). B Apyrux si3bikax rporpaMMUpOBaHUs TIPUHSITO /151
JIOCTYI1a K CBOWCTBAM C03/1aBaTh CrieljdajibHble METO/Ibl (BMECTO TOrO UTOOLI
HarnpsiMyro obpaijathCsi K 0O1IeIOCTYITHBIM 4eHaM-JaHHbiM). B Python
JI0OCTATOYHO MCI0/Ib30BaTh CChUIKY Ha aTpuOyT, ec/id CBOMCTBO HU Ha UTO B
obbekTe He BusieT (TO eCTb Jpyrve OObeKTbl MOIYT €ro IpoW3BOJILHO
MeHsTb). Ecnv ke CBOHCTBO MeHee TPUBUA/ILHO W TpebyeT KaKUX-TO
JIeMCTBUI B CaMOM 00BLEKTe, ero MOXKHO OITUCaTh KaK CBOMCTBO (IpUMep
B3SIT U3 JJOKyMeHTaluu K Python):

class C(object):
def getx(self): return self.__ x
def setx(self, value): self.__x = value
def delx(self): del self.__ x
X = property(getx, setx, delx, "I'm the 'x' property.")

CHUHTaKCHUYeCKH JIOCTYII K CBOKCTBY x OyeT 0ObIUHON CCHUIKOH Ha aTpubyT:

>>> (0 = C()
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>>>cx=1
>>> print c.x
1
>>>del c.x

A Ha camoMm jiesne Gy,qyr BbI3LIBAThLCA COOTBETCTBYIOLIMEe MeToAbl: setx (),
getx(),delx ().

CrnefyeT OTMETUTD, UTO B 9K3eMILIsipe Kiacca B Python MOKHO opraHU30BaTh
JOCTYI K MH0ObIM (flaXke HecyllecTBYrOIMM) aTpubyram, obpabaTbiBast 3arpoc
Ha JIOCTYIT K aTpulyTy IPYIIIoN CrierjiajibHbIX METO/[OB:

OTOT MeToy, 00BeKTa BI3bIBAETCS B TOM C/Iy4ae,
ecru aTpubyr He HaliZileH ApyruMm criocobom (ero
HeT B JJaHHOM JK3eMIL/IsIpe U/ B JiepeBe
K/1accoB). 3/7ieck name - umsi atpubyra. Metop,
getattr (self, /O/DKeH BLIUMC/IUTL 3HaUeHUe aTpubyra mibo
name) - BO30YIUThL UCK/TIOUeHUe At tributeError.
15t nonyueHus MOJTHOrO KOHTPOJIS Haf
arpubyramu B "HOBBIX' K/1accax (TO ecTb
IIOTOMKax object ) ucnonb3yiTe MeToj
__getattribute ().

OTOT MeTO/| BbI3bIBAETCS IPU NPUCBAaUBaHUU
3HaueHUsi HeKOTOpoMy aTpubyty. B oTinume ot
__getattr (), Meroj Bcerja BhI3bIBACTCH,
a He TOJILKD TOI/a, Korjia aTpubyT MosKeT ObITh
HallJleH B 3K3eMIL/Ispe Kjlacca, [I09TOMY HY)KHO C
OCTOPO’KHOCTBIO MMPUCBAUBATh 3HAUEHUSsI
setattr (self, arpubyTaM BHYTPU 3TOr0 MeTOZa: 3TO MOXEeT
name, value) BbI3BaTh peKypcuto. [11st npyucBanBaHus
3HaueHUI aTpUbyTOB MperoUTUTe/IbHee
MpUCBaMBaTh CIOBapl0 ~ dict
self. dict [name] = value WM
(a1t "HOBBIX' K/1accoB) - obpalleHue K
setattr () 0a3oBoro Kiacca:
Ej ect .__ggtattr__ (self, name,
value).
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__delattr  (self, Kak MOXHO /lorajaThCs U3 Ha3BaHUs, 3TOT
name) MeToJ| CIY)KUT [ yaaneHus: aTpubyra.

Cnengytoupii HeOONbILIOW IpUMEp [IEMOHCTPUPYET BCe Iepeurc/ieHHble
MOMeHTbl. B 3TOM mnpumepe U3 cjioBapsi co3jaercsi 00BEKT, MMeHaMu
aTpubyTOB KOTOpPOrO OyAyT K/IHOUM C/I0Bapsi, a 3HAYEHWUSIMU - 3HAUEHHs U3
CJIOBApSi 110 3a/JaHHBIM K/THOUaM:

class AttDict(object):
def __init_ (self, dict=None):
object.__setattr__(self, '_selfdict', dict or {})

def __ getattr__(self, name):
if self._selfdict.has_key(name):
return self. selfdict| name]
else:
raise AttributeError

def __setattr__(self, name, value):
if name[0] 1="_"
self. selfdict[name] = value
else:
raise AttributeError

def __delattr__(self, name):
if name[0] !'="_" and self._selfdict.has_key(name):
del self. selfdict[name]

ad = AttDict({'a": 1, 'b": 10, 'c':'123'})
print ad.a, ad.b, ad.c

ad.d =512

print ad.d

COKpBbITHE JaHHBIX

[NoguepxkuBanue (" ") B Hauase uMeHH aTpubyTa yka3blBaeT Ha TO, YTO OH

He BXoAUT B o0O0wenoCTynHBIH UHTepdeiic. OObIUHO TpUMeHSsIeTCs

O/IMHOYHOE T0[UepKUBaHKe, KOTOpOe B si3blKe He Urpaet ocoboit ponu, HO
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Kak Obl FOBOPUT IIpOrpaMMHMCTY: "3TOT MeTO/[I TOJILKO [Jid BHYTPEHHEro
UCIOJIL30BaHUA". ,H,BOI?'iHoe rnoavyepkrMBaHHe paﬁoTaeT KdK YKda3dHWe Ha TO,
yro aTpubyT - npuBaTHLINA. [Ipyu 9TOM aTpUOYT BCE XKe JOCTYIIEH, HO YXKe IO
APYrHM UMeHeM, UTO U HIIJTIOCTPUPYETCH HUKe:

>>> class X:

S>> di;(x)
[ X x,' doc_','" module ',' X, 'x]

[Tommopduzm

B nepeBose c¢ rpeueckoro ronumopdusm o3Hadaetr "MHorodopmue". Tak B
UHGbOpPMAaTUKe HA3bIBAIOT BO3MOXKHOCTb HUCI0JIb30BAHUSL OAHOIO UMEHHU JJIs
BbINIOJTHEHUS Pa3/IMYHbIX JeMCTBUM.

MOXXHO BCTPETUTh MHOXECTBO OIpeie/ieHHui momuMopdu3Ma (Takke ecTb
HECKO/IbKO ~ BHW/IOB  TojMMopdM3mMa) B 3aBUCMMOCTM  OT  si3bIKa
nporpaMmupoBaHusi. Kak mMpaBu/io, B KauecTBe IpUMepa IpOsBJIEHUS
noaumopdr3ma NMpUBOJAT Tepeoripejie/ieHe MeTONO0B B mofkiaccax. [lpu
3TOM MOXKHO C03/[aTh GyHKI[MI0, TpeOyrollyto (GopMaabHOr0 aprymeHTa -
3K3eMIuisipa 0a30BOTO K/1acca, a B KaueCTBe (aKTUUEeCKOro apryMeHTa JjaBaTh
3K3eMIUIsIp Tofknacca. @yHKiUs OyeT BbI3bIBaThH METOJ, 00bEKTa C UMEHEM,
a 3a UMeHeM OyIyT CKpbIBaTbCS pa3IMuHble AEeHCTBUS. B CBS3M C 3TUM
noumopdr3m 00bIYHO CBSA3BLIBAIOT C W€PapXUei Hac/e/l0BaHusl.

B Python monmumopdusMm cBsi3aH He C Hac/ieJoBaHWeM, a C HabopoMm u
CMBICJIOM JIOCTYITHBIX METOJIOB B 9K3eMILIsIpe Kinacca. Hubke OymeT mokasaHo,
4TO, WMes OMpeJie/IeHHble MeTOIbl, MO)KHO BOCCO3/]aTh K/1aCC /ISl CTPOKU
wmi  moboro gpyroro BCTpoeHHOro Tumna. [lnsi 3Toro  HeoOXoAuMO
OTpe/Ie/TUTh CBOMCTBEHHBIH THITy Habop MeTo0B. KoHeuHo, HY>KHbIH Habop
METO/IOB MO>KHO TOJIYUMTh U C MIOMOIIBIO Hac/iefloBaHus, HO B Python 310 He
TOJILKO He 00s13aTe/TbHO, HO MHOI/]A U TIPOTHBOPEUMT 3/[PaBOMY CMBICITY.

[Mpu Hanvcanuu GyHKIMK B Python 0ObIYHO He TpoBepsieTCs, K KAKOMY TUITY
(K1acCy) OTHOCUTCS TOT WJIA WHOW apryMeHT: HEKOTOpPble MeTO/bl MPOCTO
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MPUMEHSIIOTCS K repelaHHoMy 00bekTy. TeM caMbiM (YHKIIMU MOTydatoTCs
MaKCUMaJIbHO 000OIIEHHBIMU: OHH He TpebyroT OoT 0OBEeKTOB-IlapaMeTpoB
Oo/blliero, ueM HajMuhe METOJOB C OIpe/e/ieHHbIM HMeHeM, Habopom
apryMeHTOB U CeMaHTUKOM.

Criegyronpii npyuMep rokasbiBaeT MoJMMOp(U3M B TOM BUJie, B KOTOPOM OH
cBouctBeHeH Python:

def get_last(x):
return x[-1]

print get_last([1, 2, 3])
print get_last("abcd")

OrnucanHoi dyHkiuu OyIeT noaxoAuTh B KaueCTBe aprymMeHTa BCe, OT uero
MOXXHO B3SITb UHJIEKC — 1 (rocneHuid s1emeHT). OJHako ceMaHTUKa "B3siTUe
NOC/IeJHer0 3/ieMeHTa" BBIMOJIHSETCS TOJILKO JUIsi T10C/Ie[JOBaTeIbHOCTEH.
Oyukiusi Oyner paboraTh M /i CJioBaped, HO CMbIC/I MpPU 3TOM Oyner
HEMHOTIO0 JIpYrou.

MmuTalys TUIIOB

Insa  wmocTpald  MOHSATUSL  [MOAMMOpP(M3Ma MOXHO — TTOCTPOUTh
COOCTBEHHBIM THII, TTOXOKUW Ha BCTpoeHHbIH Tun "pyHkuusa'. ITocTpouts
K/1acC, 00BEKTbI KOTOPOTO BBI3BIBAIOTCA MOAOOHO MeTogaM WiH (YHKIUsM,
MOJKHO TaK:

class CountArgs(object):
def __ call (self, *args, **kwargs):
return len(args) + len(kwargs)

cc = CountArgs()
print cc(1, 3, 4)

Kak BUHO M3 3TOro npumepa, 3K3eMIUISpbl Kiacca CountArgs MOXKHO
BbI3bIBaTh MoA00HO dyHKIUsiM (B pe3yibrate OyieT BO3BpallleHO KOJTMUeCTBO
nepeJlaHHbIX MapamMeTpoB). IIpy MOMNbITKe BbI30Ba 3K3eMIUIpa Ha CaMOM
Jene Oyner BeI3BaH MeTog, call () CO BCeMH apryMeHTaMH.
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Crnepyronpii rnpuMep Io0KasbiBaeT, UTO CpaBHEHHMeM 35K3eMIUISIPOB Kjacca
TOXe MOYKHO YIIpPaBJIATE:

class Point:
def __init  (self, x, y):
self.coord = (x, y)
def __nonzero__(self):
return self.coord[0] !'= 0 or self.coord[1] != 0
def __cmp__(self, p):
return cmp(self.coord, p.coord)

for x in range(-3, 4):
for y in range(-3, 4):
if Point(x, y) < Point(y, x):
print "*",
elif Point(x, y):
print ".",
else:
print "o",
print

[Mporpamma BbIBe/IeT:

# ok ok ok ok sk
# ok ok ok ok

# ok ok

B  panHoii nporpamme kinacc Point  (Touka) umeer  MeTof

_ _nonzero (), KOTOpbIi oOmnpefe/nsieT WCTUHHOCTHOE 3HauyeHHe
obbekra kiacca. MctuHy OyayT JaBaTh TOMBLKO TOYKM, OT/IMYHBIE OT (O,
0). Jpyroii meron - cmp () - BbI3bIBaeTcs NpH HeoOXOAUMOCTH

CPaBHUTb TOUKY U JPYroil 00bekT (MMelLpil Kak U Touka aTpubyr coord,
KOTOPBIA CO/IEP)KUT KOPTEX KaK MUHHUMYM M3 /IByX 37ieMeHTOB). HyxHO
3aMeTUTb, UTO BMECTO  CIP  MOJXXHO OIpe/le/IUTh OTZe/bHble MeTO/bl

Js onepauuii cpaBHenus: 1t ., le ,  ne , eq
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ge , gt (<, <= !=, == >= > COOTBETCTBEHHO).

ﬂ.OCT&TOQHO JIerk0  UMHUTHPOBaTb M UYMC/IOBLIE THIILL. Knacc, K{JTODIJII:i
MoJib3yeTcsd }{ILOﬁCTBOM CHHTaKCHCa HHdJHKCHOl"O +, MOXXHO onpejenauTh TakK:

class Plussable:
def __add__(self, x):

def __radd__(self, x):

def __iadd__(self, x):

3peck merog  add () BbI3bIBAeTCs, KOIZa 9K3eMIUIAD  Kacca
Plussable CTOUT C/ieBa OT C/IOKeHUs, radd () - ewId Crpaea OT
CJIOKEHUs U MeTOJ, C/ieBa OT Hero He uMeeT meroga  add (). Merog
__dladd () HyXeH Jyig pealu3alyu +=.

OTtHo1IeHus MeXXy K/1dCCAdMHU

HacnenoBanue

Ha ripakTuhke uyacTO BO3HUKAeT CUTYallUsi, KOrJla B TpeJMeTHOM ob/acTu
Bbl/le/IeHbl 04eHb 0/11M3KKMe, HO BMECTe C TeM Heo[[MHaKOBbIe KiacChl. OHUM
13 crocoboB COKpaIleHUsI OMMCAHMS KIAaCCOB 3a CUET WCIO/b30BAHUS UX
CXO[CTBA SBJISeTCA BbICTpauBaHWe KIacCOB B uepapxuto. B kopHe sTou
vepapxuu CTOMT 0a30Bbld K1acC, OT KOTOPOrO HUXKeJeXallle KIacChl
vepapxuu HacjaeJyrOT CBOM aTpuOyThbl, YTOUHSS U paCUMpsisi MOBe/eHue
BblIlLIe/IeXalero knacca. O6bIYHO TIPUHLIMIIOM [TOCTPOEHUS KiacCU(UKaLUn
seasietcst oTHoleHue "IS-A" ("ECTbB"). Hanpumep, kiacc OKpy)XHOCTb B
rporpamMmMe - rpaduueckoM pejakTope MoKeT ObIThb YHAC/Ie/0BaH OT Kjacca
leomerpuueckass Purypa. [Ipu 3ToM OKPYKHOCTb OyIeT sBJSTLCA
noakiaccom (wau cybknaccom) it kiacca [eomerpuueckass durypa, a
leometpuueckass durypa - Hajgk1accoMm (WM CyrepKiaccoMm) [yis Kiacca

OKpY>KHOCTb.

B s3bike Python Bo maBe uepapxuu ("HOBBIX") K/I1aCCOB CTOMUT Ki1acc
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object. [lnis OpUEHTALMXM B UepapxuM CYIIECTBYKOT HEKOTOpbie
BCTpPOEHHble (YHKIMU, KOTOpble Oylyr paccMoTpeHbl HuKe. DyHKIUs
issubclass (x, y) MOXeT CKa3aTb, SIBJSIETCS JIM KJacC X TOJK/IACCOM
K/1acca vy:

>>> class A(object): pass
>>> class B(A): pass

>>> issubclass(A, object)

True

>>> issubclass(B, A)

True

>>> issubclass(B, object)

True

>>> issubclass(A, str)

False

>>> issubclass(A, A) # Kiacc SBASETCs MOIKIacCoM caMoro cebs
True

B ocHoBe noctpoeHus KiaccUMKaLMKM BCera CTOUT MPUHLIUII, UTPAIOLMA
Haubojiee Ba)KHYKO pPOJIb B aHA/IM3UPYeMOM W MOJE/IMPYeMOM CHUcTeMe.
Cnemyer 3aMeTHTb, YTO OAHUM M3 "mepern6oB" npu ucrnonb3oBanuu OO
METO/J0JIOTUM SIBJIIeTCS. UCKYCCTBEHHOE BBLICTPaUBaHUe HMepapXuU K/1acCoB.
Hanpumep, He crout HaciegoBath knacc MaumnHa ot kinacca Koneco
(BHUMaTe/IbHbIE 3aMETST, YTO 3/leCh OTHOILEHWE JPYroe: KOJeco SBJSeTCs
YaCThIO MallMHbI).

Knacc Ha3sbiBaeTcs EIGCT]JEIKTHLIM, eCJldi OH IIpedHa3Ha4yeH TOJbKO MJid
Hac/1e10BaHKH . BKBEMI'IHHDBI aGCTpaKTHODO Knacca OOBLIYHO He WMEKOT
bosboro cmeicsia. Knaccel ¢ DHGOHHMH 9K3eMIliApaMHi  Ha3blBdlOTCA
KOHKpPETHBIMH.

B Python npumepoM abCTpakTHOro Kjiacca sIB/SIeTCS BCTPOEHHBIM THI
basestring, y KOTOPOro eCTb KOHKPETHbIe MOAKIACChl St r U unicode.

MHo)XeCcTBeHHOe Hac/1en0oBaHHe
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B otnuuue, Hanpumep, ot Java, B si3bike Python MoXXHO HacsiefjoBaTh Kjiacc
OT HECKOJIbKMX KiaccoB. Takasi CUTyallusi Ha3bIBaeTCsl MHOYKECTBEHHBIM
HacnegoBaHueM (multiple inheritance).

Knacc, nonyuaemblii Mpud MHOXXECTBEHHOM HacC/Ie[0BaHUMU, OObeAUHSET
MOBe/IeH’e CBOMX HaJIKIaCcCOB, KOMOMHUPYS CTOSIIME 32 HUMH aOCTPaKI[Uu.

Hcrionb3oBaTh MHOMKECTBEHHOE HacnejloBaHue cjielyeT oO4ueHb OCTOPOXHO, a
HEOGXO,[LHMOCTL B HEM BO3HHKAET pexKe OAHMHOYHOro.

¢ MHO)XecTBeHHOe Hac/ie[JOBaHUe MOXXHO TPUMEHUTh [Jis TOydeHus
K/1acca € 3a[JaHHbIMUA OOIIEIOCTYITHBIMU MEeTO/IaMU, TIPUUYEM METO/bl
3a/laeT OAUH POAUTE/IbCKUN KIacC, a pealu3yloTCs OHU Ha OCHOBe
METOJ0B BTOpOro Kiacca. IlepBblii KjlacC MOXeT ObITb MOJTHOCTBLEO
abCTpaKTHbBIM.

* MHOXeCTBEHHOe Hac/ieJOBaHWe TpPUMeHsieTcs [yisi  Jj00aB/ieHus
npuMeced (mixins). [lpumech - creLMasbHO CKOHCTPYMPOBAHHbIM
K1acc, pAo0aB/sIOUME B HEKOTOPbIA KlacC Kakyi-ubo uepry
noBefieHusi (mpuBHeceHueM aTpubyToB). [IpumecH 0ObIUHO SBISIHOTCS
abCTpaKTHBLIMU K/1aCCaMH.

e l3penka MHOKECTBEHHOE Hac/e/loBaHUe TIPUMEHSIeTCSI B CBOEM
OCHOBHOM CMbIC/Ie, Korjla OOBeKTbl Kjlacca, [0JIydarollerocsi B
pe3y/isTaTe MHO)XeCTBEHHOI'0 Hac/ie[jJoBaHUs, Mpe/iHa3HayaloTcs JIis
WCI10JIb30BaHUsl B KaueCTBe 0OBEKTOB BCEX POUTE/IbCKUX K/1aCCOB.

B cnyuae ¢ Python HaciefoBaHWe MOXKHO CUMTaTh OJIHUM W3 CrocobOoB
cobparb Hy)KHbIe KOMOUHALIMU METO/IOB B CePUU K/1aCCOB:

class A:

def a(self): return 'a’
class B:

def b(self): return b’
class C:

def c(self): return 'c'

class AB(A, B):
pass

class BC(B, C):
pass
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class ABC(A, B, C):
pass

Brnipouem, cobpaTb HyKHbIe METO[Abl MOXHO W TMO-pyromy, 0e3
WCI0JIb30BaH sl Hac/1e/I0BaHUSI:

def ma(self): return 'a’
def mb(self): return 'b'
def me(self): return 'c’

class AB:
a=ma
b=mb
class BC:
b=mb
c=mc
class ABC:
a=ma
b=mb
c=mc

[Mopsiziok pa3pellieHust MeTO/I0B

B ciyuae, korja Hajk/IacCkl UMEIOT OJUHAKOBble METO[bl, UCI0J/Ib30BAHUE
TOTO WM WHONO0 METOJA OIpeJesiseTCsl TMOPSJKOM pa3pellieHUsi MeTO/0B
(method resolution order). [Insi "HOBBIX" K/1aCCOB y3HAaTh TOT MOPSI0K OU€Hb
NPOCTO € MoMolpto arpubyra mro

>>> st mro__
(<type 'str'>, <type 'basestring'>, <type 'object’>)

OTO oO3HauaeT, 4YTO CHayajla MeTO/bl HILYTCS B Kilacce str, 3aTem B
basestring, a yKe 10TOM - B object.

s "knaccrueckux'" KIacCOB TMOPSAJA0K HECKOJIbKO OT/IMYaeTcsd OT Topsi/ka
paspellieHUss MeTooB B "HOBBIX" Kinaccax. HykHo crapatbcs u3beraThb

MHOXeCTBeHHOI'o Hac/ieA0BaHWUA UJIW MIPUMEHATb ero oUeHb dKKYpPaTHO.
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Arperauusi
KoHreiliHepsl

[Moy, koHTeliHepOM O0ObIYHO MOHUMAKOT O0BEKT, OCHOBHLIM Ha3HaueHUeM
KOTOPOTO $IBJ/ISIETCS XpaHeHUe U obecrieueHue JOCTYNA K JAPYruM OoObeKTam.
Kourelinepnl peanmusytior otHowenue "HAS-A" ("UMEET") wmexpay
obbekramu. BcTpoeHHble THUIIbI, CIIUCOK U CJIOBapb -- sIPKAe TpUMepbl
KOHTelHepoB. MO)KHO TMOCTPOUTh COOCTBEHHbIE THIIbI KOHTEHHEpOB,
KOTOpble OylyT MMeTb CBOKO JIOTMKY JOCTYIa K XpaHUMbIM OObekram. B
KOHTelHepe XPaHSTCsl He CaMU 00beKTbl, @ CChLTKM Ha HUX.

Nnsi npaktuueckux HyxJ B Python o06bluHO XBartaer BCTPOEHHBIX
KOHTelHepOB (C/I0Bapsi U CIKMCKA), HO eC/TH 3TO HeoOX0AUMO, MOXKHO CO3/aTh
u apyrue. Huxxe npuBeseH kinacc Ctek, peaM30BaHHbIN Ha 6a3e crivcka:

class Stack:

def __init_ (self):
""MHunanu3anus creka
self. stack =[]

def top(self):
""Bo3BpaTUTb BeplIMHY CTeKa (He CHUMast)
return self. stack[-1]

def pop(self):
""CHSITb CO CTeKa 3jieMeHT ™"
return self._stack.pop()

def push(self, x):
""TlomecTuTh 3/1eMeHT Ha cTeK'™™
self._stack.append(x)

def__len__(self):
""KonunuecTBo 3/1eMeHTOB B CTeKe
return len(self._stack)

def __str__ (self):
""[IpencraBjieHue B BUJle CTPOKU
return " : ".join(["%s" % e for e in self._stack])

mmnn

mny

i

mm

Hcrnions3oBaHue:
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>>> s = Stack()
>>> s.push(1)
>>> s.push(2)
>>> s.push("abc")
>>> print s.pop()
abc

>>> print len(s)

2

>>> print S

1:2

TakuMm 00pa3oM, KOHTeHHEepbI TO3BOJISIOT YIIPaB/ATH HAaboOpoM (JIHOOBIX)
Ipyrux OObLEeKTOB B COOTBETCTBUU CO CTPYKTYPOM WX XpaHeHUsi, He
BMEIIMBasiCh BO BHYTPeHHHe Jiejla OObeKTOB. Y3HaB uHTepdeiic Knacca
Stack, MOXKHO U He JIOTaJjaThCs, UTO OH peajii30BaH Ha OCHOBE CITUCKa, U
KaKUM WMMEHHO 00pa3oM OH pea/M30BaH C MoMoIlpld Hero. Ho s
UCIO/Ib30BaHUsI CTEKA 3TO He BaXKHO.

[TpumeuaHue:

B fanHOM npumepe /1151 KpaTKOCTH U3/10’KeHUsl He YUTEHO, UTO B pe3y/isTrare
HEeKOTOPbIX JeHCTBUI MOryT BO30yKaThcst McKItoueHust. Hanpumep, npu
TOMbITKE CHSATH 3/IEMEeHT C BePLIMHEI [TYCTOr0 CTeKa.

Hrepartopsl

Ureparopbl - 3T0 00bEKTbI, KOTOPbIe TMPEJOCTABJSIOT MOC/Ie]0BaTe/TbHbIN
JIOCTYII K 3/IeMeHTaM KoHTelHepa (U1 reHepupyeMbIM "Ha JieTy" 00beKTam).
Ureparop ro3Bossiet repebuparb 3/1eMeHTbl, abCTparupysich OT peaau3aljuu
TOr0 KOHTeHHepa, OTKya OH UX OepeT (ec/i1 3TOT KOHTeliHep BOOOILE eCTh).

B cnepytomem npumepe rnpuBelleH UTepaTop, BbIJAKOLMI 3HAUeHUS U3
CITUCKA 10 NPUHLUATTY "CUUTAIOUKH " 10 N:

class Zahlreim:
def __init__(self, Ist, n):
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selfftn=n
self.Ist = Ist
self.current = 0
def __iter__(self):
return self
def next(self):
if self.Ist:
self.current = (self.current + self.n - 1) % len(self.lst)
return self.Ist.pop(self.current)
else:
raise Stoplteration

print range(1, 11)
for i in Zahlreim(range(1, 11), 5):
print i,

[Mporpamma BblAacT

[l} 2} 3} 4} 5} 6} 7} 8} 9) ]-0]
51062981473

B sToii mporpamme [enerMpoBaHO yrpaBjieHHWe [JOCTYIIOM K 3j1eMeHTaM
cnucka (unn moboro Jpyroro KOHTelHepa, UMEIOLIEro MeTol pop (n) s
B3STUA U yAa/lleHusl n -ro 3jeMeHTa) Kiaccy-ureparopy. Ureparop posmkeH
uMeTb MeTof next () U BO30ykgaTh UCKIOUeHHe Stoplteration mo
3aBepllieHMH uTepauuid. Kpome Toro, merosq  iter () JoJ/DKeH
BbIJIaBaTh UTEPaTop 110 IK3eMIUISIpY K1acca (B JaHHOM cJlydae UTepaTop - OH
caM ( self)).

B Hacrosiiiee BpeMsi HTEpPAaTOPbl MPUOOPETAT BCe Oo/bilee 3HAUEHUE, U O
HUX  MHOIO TOBOPW/IOCH B  JIEKMM 10  (yHKIUOHALHOMY
MIPOrPaMMUPOBAHUIO.

Accoumanys

Ecnu B ciyuae arperaiiuv umeeTcs JIOBOJIbHO ueTkoe oTHouleHue "MIMEET"
(HAS-A) unu "COOAEPXUTCSH-B", KoTopoe ga)ke 0TpaXkeHO B CUHTaKCUCe

Python:
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Ist=1[1, 2, 3]
if 1 in Ist:

TO B C/yyaé accoljdaljud CChUIKA Ha 3K3eMIUIsp JPYyroro Kiacca
UCMONb3yeTcss 0e3 OTHOIIEHUS BKIKOUEHUsI ONHOTO B JPYrod Wd
NpUHaAIeKHOCTU. O TakOM OTHOLIEHUU MEX/y KlacCaMd IOBOPSAT Kak 00
otHowenn USE-A ("MCITOJIB3YET"). 3T0 goctatouHo 0o0lee OTHOLIEHKE
3aBUCUMOCTH MeX/1y K/laCCaMHu.

B s3bike Python rpanuibr mexay arperainjued W accoLMarjieill HeCKOJIBKO
Pa3MbIThl, TaK KaK 0OBEeKTbI MPU arperaljuiy 0ObIUHO He XpaHATCs B 00s1acTu
MaMsTH, BblJje/IeHHOM T10/] KOHTelHep (XpaHATCS TOJILKO CChLIKK ).

O6BbeKTbl MOTYT TAaKXKe CChLIaThCsl APYT Ha Jjpyra. B 3ToM cjlyuae BO3HUKAIOT
L[UK/TMUeCKUe CChbUIKH, KOTOpble TIPU HeaKKypaTHOM UCIIO0/b30BAHUU MOTYT
npuBecTH (B cTapbix Bepcusix Python) Kk yreukam namsiti. B HOBbIX Bepcusix
Python 151 UK UeCcKUX CCbIOK paboTaeT cOOPLMK Mycopa.

=0

PaBYMee’TCH, rnpu "yrcroun drperalfii HHK/IHYeCKUX CCbL/IOK HEe BO3HHKAET.

Haripumep, ripu rpejicTaB/ieHUU JiepeBa CCbUIKM MOTYT U/ITH OT POuTesiei K
JeTsiM U 00paTHO OT KaXK/[0r0 JI0UEePHEro y3/1a K PO TeIbCKOMY.

Cabble CChLIKU

Nnsi obecnieueHusi accordaiuii 00beKTOB 0e3 CBONUCTBEHHbLIX CChLIKaM
npob/ieM ¢ BO3MOXXHOCTBH 00pa3oBaHus LIMK/IMUYEeCKUX CCbUIOK, B Python fi1s
C/IOXKHBIX CTPYKTYP [JaHHBIX U JIPYTUX BU/IOB UCII0/Ib30BAHUS, [IPU KOTOPBIX
CCbI/IKM He JIO/DKHbI MeIliaTh YianeHuro o0beKTa, rpejjiaraeTcs MeXaHu3Mm
1abbix ccblIOK. Takasi CCbUIKA He YUMTBIBAETCS MPU TOJCUeTe CChUIOK Ha
00BEKT, a 3HAUUT, OOBEKT YIa/ISeTCsl C UCUe3HOBEHHeM MocieiHel "cCuibHON"
CCBIJIKH.

Nnsi paboTbl CO C/1abbIMU CChIIKAMU TIPUMEHSIETCS MOAylb weakref.
OCHOBHBI@ TIPUHIUITLI €r0 pabOThl CTaHYT TMOHSATHBI W3 CJIEMYHOIIEro
rpumepa:

>>> import weakref
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>>>

>>> class MyClass(object):

. def __str__(self):

return "MyClass"

>>>
>>> s = MyClass() # co3paeTcs IK3eMIUISIp Kilacca
>>> print S
MyClass
>>> g1 = weakref.proxy(s) # co3maeTcs IpoKCU-00BEKT
>>> print 51 # npokcu-o00beKT paboTaeT Kak UCXOAHbIN
MyClass
>>> g5 = weakref.ref(s) # cosmaercsa cnabas ccblika Ha HEro
>>> print ss() # BbI30BOM CChIJIKM T0JIyUaeTCsl UCXO/HbIN 00beKT
MyClass
>>> dels # ynassieTcst e IMHCTBeHHasi CUJIbHAsI CChIIKA Ha 0ObEKT
>>> print ss() # Terepb UCXOIHOrO 00BEKTA He CYIeCTBYeT
None
>>> print s1

Traceback (most recent call last):
File "<stdin>", line 1, in ?
ReferenceEirror: weakly-referenced object no longer exists

K COXKa/leHW1o, IoBeJeHHue l'lpOKCH-OG'bEKTa He COBCeM Takoe, KaK Yy
HCXO/IHOI'0: OH He MOXKeT OLITH  K/THOUOM C/10Baps, TdK KadK SABJIAETCH
HeXsHIMpYyeMbIM.

CraTtiueCcKuil MeTo/]

UHora HeoOXoAMMO MCHOIbL30BaTh METO/I, PUHA/JIeXALlMIA K1accy, a He ero
9K3eMIUIIpy. B 3TOM (/lydae MOXXHO oOmnucaTh CTatuueckuit meron. [lo
rosisfieHust jgexkopatopoB (g0 Python 2.4) onpepensitb CTaTUUECKUM METO
MPUXO/IUJIOCH CJIE/IYIOLMM 00pazom:

class A(object):
def name():
retrn A._name
name = staticmethod(name)
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print A.name()
a=A(
print a.name()

CraruueckoMy MeTOIy He Tepe/laeTcsl rapameTp C 3K3eMIuisipoM Kinacca. OH
€My TOIMPOCTY He HY)XXeH.

B Python 2.4 nns npumeHeHus onucarenei (descriptors) ObL1 TMpUymMaH
HOBbIW CUHTAKCUC - [1eKOPATOPBI:

class A(object):

@staticmethod
def name():
retrn A._name

CMbIC/T IekopaTopa B TOM, UTO OH 'TiporiyckaeTt" oripejessemMyr0 (QyHKIHUIO
(unu Metoq) uepe3 3ajaHHYIO B HeM QyHKuuio. Terneps nucatb name TPU
paza He mnoTpeboBanoCh. JleKopaTOpoB MOXKeT ObITh HECKONbKO, U
MIPUMEHSIIOTCS OHU B 0OpaTHOM TOPSIZIKe.

Metopn Knacca

Ecnu cratuueckuit meton umeer cBou aHasiorn B C++ u Java, To MeToj
Klacca OCHOBaH Ha ToM, uto B Python knaccel sBiisitorcsi obbekramu. B
OT/IMYME OT CTATUYeCKOro MeTofa, B METOJ Klacca IMepBbIM IapaMeTpoM
nepejjaercsi  o0beKkT-knacc. Bmecto  self il noguepKUBaHUS
MPUHA/IEXKHOCTU MeToJ|a K MeToJjaM K/acca MpUHSITO UCI0/b30BaTh ¢ 1 s.

[Mpumep ucronb30BaHUsS MeTO4Aa Kilacca MOXXHO HAaWTH B Moayle tree
naketa nltk (Natural Language ToolKit, Habop HHCTPpYMEHTOB /s
eCTeCTBEHHOIo s3blka). Huke mnpuBesieH /vl (parMeHT orpejesieHus
Kiacca Tree (6a30BoOro Kimacca Jyist Jpyrux nojkinaccos). Metosq convert
Kiacca Tree onpeienseT npoieaypy npeobpasoBaHus jiepeBa OJJHOro TUra
B JlepeBO Apyroro Tuma. JTa mnpoieaypa abcTparupyercsi OT Jerasieid
peaju3allui KOHKPETHbIX THUIIOB, OMUChbIBass OOOOILEHHBIA aJrOPUTM
rpeobpa3oBaHUsI:
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class Tree:
#...
def convert(cls, val):

if isinstance(val, Tree):
children = [cls.convert(child) for child in val]
return cls(val.node, children)
else:
return val
convert = classmethod(convert)

[Mpumep wucrionb3oBaHUs (B3IT W3 CTPOKA  JIOKYMEHTAl[MM  MeToja
convert () )

>>> # [IpeoOpa3oBarh tree B 3K3eMILISp Kiacca Tree
>>> tree = Tree.convert(tree)

>>># """ """ ParentedTree
>>> tree = ParentedTree.convert(tree)
>>> """ MultiParented Tree

>>> tree = MultiParented Tree.convert(tree)

METO,IL Klacca I103BOJisieT 0ojiee  eCTeCTBEHHO OINMCHLIBATh ﬂEﬁCTBHH,
KOTOpble CBs3daHbl B OCHOBHOM C K/ldCCaMH, 4 He C MeTOAddaMH 3K3eMIL/1sdpa
Kiacca.

MeTak/1accbl

Fie ofHuM OTHOILIEHWEM MeX/y KiacCcaMu sIBJiseTCsl OTHOIlleHWe KJlacc-
MeTaki1acc. MeTakiacC MOXKHO CUMTaTh "BBICIIMM MUJIOTaKeM'" 00LEeKTHO-
OpPUEHTHPOBAHHOIO MPOrpaMMHUpOBaHUs, HO, K CuacTbio, B Python mMo)xHO
co3/1aBaTh COOCTBEHHBIE METAK/IACChI.

B P}’ThOl‘l KinacC TOXKe SABIAeTCs OG'LEKTOM, I03TOMY HUUEro He MellaeT
HallKUCaTb KidCC, Ha3Ha4deHHWeM KOTOpOro G)I,ILET CO3laHHe ApPYrHX KilaCCOB
JUHaMHU4YeCKH, BO BpeMs BLITIOJIHEHHA IIPOI'PpaAMMBEI.

[Tpumep, B KOTOPOM K/1acC MOPOXK/aeTcsl uHaMuuecku B yHKiuu-(abprike
K/1aCCOB:
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def cls_factory_f(func):
class X(object):
pass
setattr(X, func._ _name__, func)
return X

Hcrnions3oBaHue 6}ﬂET BbIIMANETh TakK:

def my_method(self):
print "self:", self

My_Class = cls_factory_f(my_method)
my_object = My_Class()
my_object.my_method()

B stom npumepe ¢yHkuusi cls factory £ () Bo3Bpauger Kiacc C
€IMHCTBEHHBIM MEeTOJ[OM, B KaueCTBE KOTOPOr0 WCIO/b3yeTCst (DyHKIjus,
nepejjaHHasi el Kak aprymeHT. OT 3TOro Kiacca MOXHO TOJYYUTh
9K3eMIUISPBL, a 3aTeM Y 9K3eMIUISIPOB - BbI3BaTh MeTo my method.

Teriepb MOXKHO 3a/1aThCA 1[I0 MTOCTPOUTH K/1acC, IK3eMILIspaMUd KOTOPOro
Oyayr knaccel. Takoli Kj1acc, OT KOTOPOro IOPOXKAAKOTCS K/IAcChl, W
Ha3bIBAeTCsl METAK/I1aCCOM.

B Python umeercs knacc type, KOTOPbIM Ha Je/ie SIB/ISIETCS MeTaKIacCoM.
Bort Kak ¢ moMolipio ero KOHCTPYKTOpa MO>KHO C03/1aTh K/1acc:

def my_method(self):
print "self:", self

My_Class = type('My_Class', (object,), {'my_method': my_method })

B kauecTBe MepBOro rnapamerpa type MepellaeTcss MUMs Kiacca, BTOPOM
napametp - 6a30Bble K/1acChl /1S JAHHOTO K/lacca, TPeTUH - aTpuOyThI.

B pe3yibkrare MoJaydyuTcsd Kiacc, 9KBUBA/IEHTHBII areayronemy:

class My_Class(object):
def my_method(self):
print "self:", self

116



Cyau P.A. s13b1K nporpaMmupoBadna Python
Ho camoe WHTepeCcHOe HAUMHAETCs TPU TOMbITKe COCTABUTL COOCTBEHHBIM
metakiacc. [lpoiie Bcero Hac/ie[0BaTh METAK/IaCcC OT MeTakiacca type
(mpumep B34t U3 cTaThu [[3BUzIa MepTija):

>>> class My_Type(type):
. def __new__(cls, name, bases, dict):
print "BbiesieHye raMsaTH 1o/ kKiacc', name
return type.__new__(cls, name, bases, dict)
. def__init_ (cls, name, bases, dict):
print "MHunanu3auus Kiacca', name
return super(My_Type, cls).__init__ (cls, name, bases, dict)

>>>my = My_Type("X", (), {})
Beigenenue namsTy nog Kinacce X
Nuuuuanuszanus kiacca X

B 3TOM ripuMepe He MPOUCXOIUT BMELLATeNLCTBO B co3/laHue Kinacca. Ho B
~ new ()u _ init () ¥MeeTcs MO/HBIA NMPOrpaMMHbIH KOHTPOJIb
HaJ| CO3/JaBaeMbIM K/1aCCOM B IepHO/] BLITTOTHEHUSI.

[TpumeuaHue:

CrefyeT 3aMeTUTb, UTO B MeTAK/IaCCaX IIPUHSATO Ha3bIBATh MEPBbIN
apryMeHT MeToJ0B He sel f, a ¢l s, uToObl HATIOMHUTb, YTO IK3eMILISID,
HaJ| KOTOPbIM paboTaeT MPOrpaMMUCT, SIBJIIETCSI He TIPOCTO 00BEKTOM, a
KJIaCCOM.

MynbTMeTOo bl

Hekotopble  00BEKTHO-OPUEHTHPOBAHHbIe  "ITy4kd" HE BXOAAT B
craHzaptHbii  Python wmu  cranpgaptHyto  6ubnuoreky. Huke Oyayr
pacCMOTpeHbl MYIBETUMETO[bl - MeTO[bl, COueTarolpe O0O0BEeKTbl Cpa3y
HECKDJILKUX pa3IuuHbIX KiaccoB. Hampumep, cnoxeHue JByX uwucen
pa3UUHbIX TUMOB (akTUueckd TpebyeT HCIOJ/Ib30BaHUsI MYIBTUMETO/a.
Ecnin "oguHOYHBIM" MeToZ JOCTaTOYHO 3ajaTh [/ KaKAOro Kiacca, TO
MYIETUMeTO/], TpeOyeT 3aiaHus [JIst KaXK/I0ro COUeTaHUsl KITaCCOB, KOTOPbIe OH
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obcnyxuBaet:

>>> import operator

>>> operator.add(1, 2)

3

>>> operator.add(1.0, 2)
3.0

>>> operator.add(1, 2.0)
3.0

>>> gperator.add(1, 1+2j)
(2+2))

>>> gperator.add(1+2j, 1)
(2+2))

B atom npumepe operator .add Beer cebs Kak MyTETUMETO/, BbITTOJIHSS
pasHble JIeNCTBUS [Jis pa3/IMUHbIX KOMOWHAIUI MTapaMeTpOB.

st opraHu3aluu COOCTBEHHBIX MYILTUMETOLOB MOXXHO BOCIOJ/Ib30BaThCS
MopyneM Multimethod (aBTop Neel Krishnaswami), KOTOpbIi J1lerko HallTU
B VntepHere. Crneapyoupi rpumep, afaliTUPOBAHHBIA U3 JOKyMeHTal[UU
MOZYJIsl, TI0Ka3bIBaeT MOCTPOeHUe COOCTBEHHOIO MY/ILTUMETO/A:

from Multimethod import Method, Generic, AmbiguousMethodError

# KJ1acchbl, J|1s1 KOTOPBIX OyfieT orpe/ie/ieH My/IsTHMETO]
class A: pass
class B(A): pass

# yHkiMM MyETUMeETOIA
def mi(a, b): return 'AA'
def m2(a, b): return 'AB'
def m3(a, b): return 'BA'

# onpenenenve MynsruMetoza (6e3 oHOM (YHKLIMK)
g = Generic()

g.add_method(Method((A, A), m1))
g.add_method(Method((A, B), m2))
g.add_method(Method((B, A), m3))
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# rnpuMeHeHue My/IETUMeTo/1a
try:
print "Turibl aprymeHToB:, 'Pe3ynsrat’
print ‘A, A, g(AQ), A()
print ‘A, BY, g(A(), B()
print ‘B, A, g(B(), A()
print ‘B, B, g(B(), B()
except AmbiguousMethodError:
print 'HeoqHo3HauHbIH BeIOOp MeTOa'

YcTronuuBbie 00ObeKThI

[inst Toro uToObl OOBEKTHI KWK [I0fIbIlle, YeM CO3/aBllas WX MpOrpamMma,
HeoOXomUM MeXaHW3M WX T[pPe/ICTaB/IeHUs] B BHJIe MOC/IeI0BaTe/TbHOCTU
OaiiToB. Bo BTOpOW /€KUM YK€ pacCMaTpuBaics MOAylb pickle,
KOTOPBIi TTO3BOJISET CEPUATM30BaTh 00OBEKTHI.

3meck ke OymeT TIOKa3aHO, KaK KIacC MOXeT CrocoOcTBoBaTh Ooree
KaueCTBEHHOMY KOHCepBUPOBaHUIO 00bekTa. Crieayrolie MeTO/Ibl, eC/i UX
oripe/ie/IiTh B Kacce, MO3BOJISIIOT YIpaB/sTh paboToit Moyt pickle u
paccMOTpeHHOW paHee GyHKIMKW 1yDOKOro KomupoBaHusi. [Ipyrumu
CJIOBaMH, TPaBU/IbHO COCTaB/IeHHblE METO/bl  JAIOT  BO3MOXKHOCTb
BOCCO3/aTh OOBEKT, MepejiaB CaMyto CyTh - COCTOsIHUE 00beKTa.

[o/KeH BO3BpallaTh KOPTEXK U3 apryMeHTOB,
__getinitargs__ ()  KoTopelii byger nepesaBaThbcs Ha BX0j MeToja
~_init () npu co3paHuM obbeKra.

JomxeH BO3BpalaTh C/I0Baphb, B KOTOPOM
BbIpa)KeHO cocTosiHUe obbekra. Eci 3ToT

__getstate_ () MeTOJ B K/1acce He Onpe/iesieH, TO
MCIo/b3yeTcst aTpubyr  dict | KOTOpbIi
eCTb Y KaXk[J0ro 0ObeKTa.

JomkeH BOCCTaHaB/IMBaTh Oﬁ'beKTy paHee
setstate (state)
= - COXpaHEHHOe cocTosiHue state.
B cnepytoiiem npumepe kinacc CC yripaBJ/isieT CBOMM KOITMPOBaHUEM (TOUYHO
TaK JKe DJK3eMIUIApbl 3TOr0 Kjlacca CMOILYT KOHCepBUPOBATbCA U
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PaCKOHCepBUPOBATHLCS MPU ITOMOLLM Moayist pickle ):

from time import time, gmtime
import copy
class CC:
def __init__(self, created=time()):
self.created = created
self.created_gmtime = gmtime(created)
self._copied = 1
print id(self), "init", created
def __ getinitargs__(self):
print id(self), "getinitargs", self.created
return (self.created,)
def __ getstate__(self):
print id(self), "getstate", self.created
return {'_copied": self._copied}
def __setstate__(self, dict):
print id(self), "setstate", dict
self._copied = dict['_copied'] + 1
def __repr__(self):
return "%s obj: %s %s %s" % (id(self), self._copied,
self.created, self.created_gmtime)

a=CC()

print a

b = copy.deepcopy(a)
print b

B pe3synsrare OyzeT rosyueHo

1075715052 init 1102751640.91

1075715052 obj: 1 1102751640.91 (2004, 12, 11, 7, 54, 0, 5, 346, 0)
1075715052 getinitargs 1102751640.91

1075729452 init 1102751640.91

1075715052 getstate 1102751640.91

1075729452 setstate {'copied': 1}

1075729452 obj: 2 1102751640.91 (2004, 12, 11, 7, 54, 0, 5, 346, 0)

CocrosHue 00beKTa COCTOMT W3 Tpex arpulyroB: created,
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created gmtime, copied. IlepBblii U3 3TUX aTpUOYTOB MOXeT OBITH
BOCCTAHOBJIEH Tepe/iaueil rapaMeTpa KOHCTPYKTOPY. BTopoii - Belunc/ieH B
KOHCTPYKTOpPE Ha OCHOBe MepBOro. A BOT TPeTUW He BXOAUT B UHTepdelic
Klacca U MOXeT ObITh Mepe/laH TOMbKO uepe3 MexaHusM getstate /
setstate. IlpuueMm, MO CMBICJIYy 3TOro aTpubyra TMpU  KaXKAOM
KOMUPOBAaHUM OH JIO/DKEH YBE/IMUMBATbCS Ha eJUHULY (XOTS B pa3HbIX
clydasix aTpubytr MokeT TpeboBaTh APYrUX JelCcTBUN WM He TpebOBaTh UX
BooOIe). CrieflyeT BK/IOUUTH OTJ/IJIOUHBLIE OTEPaTOPbl BBIBOAA, YTOOBI
OTCJIeIUTh [10C/IeIOBATEIbHOCTb BbI30BOB METO/OB IMPU KOITUPOBAHUHU.

MexaHnu3sm getstate / setstate To3BoJseT TmepeaBaTh TIpU
KOIHUPOBAHUM TOJILKO TO, UTO HY)KHO [IJI1 BOCCO3/]aHUsi 00BEKTa, TOT/a Kak
atpubyr  dict = MoXeT cojepxaTb MHOro JjuumHero. bonee Toro,
~dict MOXXET COJep)KaTb OOBEeKTbl, KOTOpble TIPOCTO  TaK

cepyasM3aliuy He TMOAJAITCS, W TM03TOMYy getstate / setstate -
e/IMHCTBeHHasi BO3MOXXHOCTb 000MTH 11000HbIe OrpaHUYeHUsI.

[TpumeuaHue:

CrefyeT 3aMeTUTb, UTO Cepuan3aliust GyHKUI U KIacCoB - JIUIb
K)KYILAsICsi: Ha MPUHUMAIOIIEH CTOPOHE /I0JDKHBI ObITh OMpe/ie/ieH st
(YHKLMI U K1acCOoB, MepejaloTCs JKe TObKO UX UMeHa U MPUHAJIeKHOCTh

MO/LY/ISIM.

Jlnsi XpaHeHust 00bEKTOB MCIO/Ib3YIOTCS He TOJILKO TPOCTeiliie MeXaHU3Mbl
XpaHeHus Bpoje pickle.dump / pickle.load Wiy NojkH shelve.
Cepuanu3oBaHHble 00BEKThI Python MOXXHO XpaHUTb B
CrelMau3uPOBaHHbIX XpaHWIUIAX 00bekroB (Haripumep, ZODB) wiu
pesISILIMOHHbBIX 0a3ax JIaHHbIX.

OTO TaKKe KacaeTcs repejjaud 00bEKTOB IO CeTsM repe/iau JaHHbIX. Eciu
npocreiiile 00beKTbl (Bpofe CTPOK HJIM UMCe/) MOXKHO Tiepe/iaBaThb
Hanpsmyto uepe3 HTTP, XML-RPC, SOAP wu T.j., rie OHU HMEKT
COOCTBEHHBIM  TWUI, TO  TPOU3BOJIbHBIE  OOBEKTHI  HEoOXOAUMO
KOHCEePBUPOBaTh Ha Tepejalollleil CTOPOHE UM PacKOHCepBUPOBATH Ha
IIPUHUMAIOLLEH.
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Kputrka OOII

OOBEKTHO-OPUEHTUPOBAHHBIA  TIOAX0[  CErojHsl  CUMTAeTcs  ''CaMbIM
nepefioBbiM', OJHAKO He CJie/lyeT CJIell0 BepUTb B €ro BCEMOTYIIECTBO.
Otpaua (B BUJE CKOPOCTHA Pa3paboTKU) OT OOBEKTHOrO MPOEKTUPOBAHUS
UyBCTBYETCSI TOJILKO B OOJILIIMX TIPOEKTaX W B TIPOEKTaX, KOTOpbIe
POACTBEHHBI 00BEKTHOMY IMOAXOAY: MOCTpOeHUe rpaduueckoro uHtepderica,
MO/Ie/IMPOBAHUE CUCTEM U T.IT.

Taxke criopHa 60Jibilasi TMOKOCTb 0OBEKTHBIX ITPOrpamMM K u3mMeHeHusiM. OHa
3aBUCUT OT TOr0, BHOCUTCSI JIU HOBbIA MeTo (/151 cepur O0OBEKTOB) WU
HOBBIN TUN oObekTa. IIpyu npoleypHOM MOAX0/e TPU TOSIBJIEHUM HOBOIO
MeTO/la THUIIeTCs OT/AenbHasi TMpolefypa, B KOTOPOW B KaXK[0W BeTKe
anroput™Ma 00pabaTbiBaeTCsi CBOW THIT JIAHHBIX (TO €CTh TaKoe M3MEHeHue
TpebyeT pejlakTUpOBaHUsi OfHOro mecta B koie). Ilpu OOIl u3MeHsITH
NIPUAETCH KK/bIH KJ1acc, BHOCS B HEr0 HOBbIN MeTo[ (TO eCTb U3MeHeHUs B
HeckonbKUX Mectax). 3aro OOII BbIUIrpbIBaeT 1Mpyu BHECEHUU HOBOIO THUIIa
JaHHBIX: Be[b W3MEHEeHUs TPOUCXOAAT TOJILKO B OOHOM MecTe, [le
OMUCHIBAIOTCS BCe MeTo/bl /sl AaHHoro tuna. [Ipu nmpoueaypHoM noaxone
TIPUXOJUTCS U3MEHSITb HeCKObKo Tipoueayp. CkazaHHOe WJUTHOCTPUPYeTCs
Huxe. [Tyctb uMeroTcs kiaccel A, B, C U MeToAbl &, b, c:

# OOII

class A:
defa():...
defb(): ...
def c(): ...

class B:
defa():...
defb(): ...
def c(): ...

class C:
defa():...
defb(): ...
def c(): ...

# nporielypHbId OAX0.
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def a(x):
if type(x) is A: ...
if type(x) is B: ...
if type(x) is C: ...

def b(x):
if type(x) is A: ...
if type(x) is B: ...
if type(x) is C: ...

def c(x):
if type(x) is A: ...
if type(x) is B: ...
if type(x) is C: ...

[lpy BHeCeHWHM HOBOro TuIa oOBbekra u3meHeHuss B OO-rnporpamme
3aTparvBal0T TOJLKO OfIMH MOJYb, a B IPOLe/lypPHOH - BCe MPOoLe/ypbl:

# 00I1

class D:
defa(): ...
defb(): ...
def c(): ...

# nporielypHbId OAX0.

def a(x):
if type(x) is A: ...
if type(x) is B: ...
if type(x) is C: ...
if type(x) is D: ...

def b(x):
if type(x) is A: ...
if type(x) is B: ...
if type(x) is C: ...
if type(x) is D: ...

123



Cyau P AL H 3wk nporpammuposadua Python

def c(x):
if type(x) is A: ...
if type(x) is B: ...
if type(x) is C: ...
if type(x) is D: ...

W nHaobopot, Terepb HYKHO [00aBUTbL HOBbIA MeTon o0pabotku. [lpu
MPOLE/lyDHOM TOJAX0/le TMPOCTO THUILETCS HOBasi TPOLeAYPa, a BOT s
00BEKTHOIO TIPUXOJUTCS U3MEHSTh BCE K/1aCChl:

# nporielypHbId OAX0.

def d(x):
if type(x) is A: ...
if type(x) is B: ...
if type(x) is C: ...

# 00I1

class A:
defa():...
defb(): ...
def c(): ...
defd(): ...

class B:
defa(): ...
defb(): ...
def c(): ...
defd(): ...

class C:
defa():...
defb(): ...
defc(): ...
defd(): ...

S13biK mporpamMmupoBaHusi Python wu3HauasbHO Obl1 OPUEHTUPOBAH Ha
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rpakTuueckue Hyx/bl. [IpuBesleHHOe BhIllle BbIpa)kaeTcsi B CTaH/apTHOU
bubsmoreke Python, To ecTb B TOM, UTO TaM TNPUMEHSIIOTCS U (YHKLMH
(06bIYHO CHUBLHO 0000IIEHHbIE HA [JJOBOJILHO IIMPOKUH KPYr BXOJHbBIX
IaHHBIX), W Klacchl (Korga onepanuy  J0CTaTOUYHO — crieljuuyuHbI).
O6061eHHas nipupoaa ¢yHkuuii Python u nonmvmopdusm, He 3aBsA3aHHBINA
Lle/IMKOM Ha Hac/le/loBaHUU - BOT cBoicTBa si3bika Python, nosponstonpe
UMeTb O0OJBIIYI0 THOKOCTE B KOMOWHALIMU TIPOLIEAYPHOIO W OOBEKTHO-
OPUEHTUPOBAHHOI'O MOJX0J0B.

3aK/IF0UeHHe

Naxe pocratouHo HedopmaibHoe BBeleHue B OOIl  norpeboBasio
orpeziesieHusi OOMBIIOIO KOJIMUECTBa TePMUHOB. B iekijuu Obuia c/ieniaHa
MOMbITKA C TIOMOIIBIO TPUMEPOB TepeJaTh He CTOJIbKO OYKBY, CKOJIBKO [ZIyX
tepmuHoniorud OOIL Bbui paccMoTpeHbl Bce Da30Bble MOHSATHUS: 00BEKT,
THI1, KIaCC U BU/IbI OTHOILEHUI mMexy oobekramu (IS-A, HAS-A, USE-A).
CrlynaTesiv Moydd/d TpefcTaBjieHle O TOM, UYTO Takoe WHKAMCYISLUS U
nomumopdusm B crusie OOIL, a Tawke Hac/eloBaHUe, TPOJJIEHUEe BPeMeHU
KU3HU 00bEKTa 3a PaMKaMK MCITOJHSIOIEHCSl MPOrpaMMbl, U3BECTHOE Kak
ycToMuMBOoCTh 00bekTa (object persistence). Bbuld yKa3aHbl HeJOCTaTKU
OOIl, HO 1npd 3TOM BeChb TIPeAbIAYIIMA MarepHas OOBLEKTHBHO
CBU/IeTebCTBOBAJ O JIOCTOUHCTBAX 3TOr0 MOAX0AA.

Bo3Mo0)XHO, UTO UMEHHO 3Ta JIeK|Usl [IpUBeJieT C/lyllaTesield K MOHUMaHUI0
OOI1, npurogHOMy U Y10OHOMY J1/1s TPAKTUUYECKOH paboThbI.

CChUIKH

Hasun MepTi coblika: http//www-106.ibm.com/developerworks/linux/library/l-
pymeta.html
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YucneHHsle anr OPHUTMBI. Mar PpHUYHBIE BBIYHUC/IEHUA

B panHoM siekiiuu paccmatpuBaercsi raketr Numeric /jisi OCYILECTBJ/IEHUS
YUC/IEHHBIX ~ PAcyeToB W BbIMOJHEHUS] MATPUUHBIX  BbIUMC/IEHUH,
MPUBOAUTCS 0030p APYrUX MAKeTOB /ISt HAYyYHbIX BbIUUC/IEHUH.

Numeric Python

OTOT pa3esn B 40CTaTOUHOM cTerieHU ycrtapes. Celluac MOyib Ha3biBaeTCs
numpy. B 1iesiom, BCé, uro 6bu10 B Numeric, 0CTYNHO U B NUMPY, HO UMEHa
MOryT He coBrnajartb. Numeric sjoctyreH Kak numpy/oldnumeric. PekomeHayem
00paTUTHCS K JIOKYMEHTaLI| K.

Numeric Python - 3To Heckonbko Moayied [jis BbIYMCIEHUW C
MHOTOMEPHBIMM ~MaCCMBaMW, HeOOXOAUMBIX J[I/Ii MHOIMMX UYWC/IE€HHBIX
rnpuioxeHu. Moayis Numeric BHOCMT B Python BO3MOKHOCTM TaKMX
rnaketoB u cucrem kak MatlLab, Octave (ananor MatlLab), APL, J, S+, IDL.
[Monb3oBaresn Haiigyr Numeric 0CTaTOUHO MPOCTbIM U YI0OHbIM. CTOUT
3aMeTUTb, UTO HEKOTOpble CUHTAaKCUueckue Bo3MmoxxHocTd  Python
(CBSI3aHHBIE C WCIIO/Ib30BAHUEM Cpe30B) ObUIM CrieluanbHO pa3paboTaHbl
st Numeric.

Numeric Python umeet cpezcTBa s

MaTpUYHbIX BbIUMCIeHUul LinearAlgebra ;

beicTporo npeobpasoBanus Oypee FET ;

paboThbl C HEOCTAKOIIMMU 3KCIIEPUMEHTATbHBIMU JAHHBIMU MA
CTaTUCTUYECKOTO MOJeIUPOBAHUS RNG ;

smynsLiKd 6a30BbIX (hyHKLME rporpaMmbl MatLab.

Mogayms Numeric

Mopaynb Numeric onpefensieT MOJHOLEHHbIA TUI-MAaCCUB U COIEPIKUT
Bonbinoe uicio GyHKIUI /15 oniepaluil ¢ MaccuBamu. MaccuB - 3To Habop
OIHOPOJHBIX 3/IEMEHTOB, JOCTYITHbIX I10 MHJAEKcaM. MaccuBbl MOZYIs
Numeric Moryr ObITb MHOTOMEpPHLIMH, TO €CTb WUMeTb 0Oosee OfHOMU
pa3MepHOCTH.
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Co3maHue MacCHBa

Ilnsi co3paHusi MAacCMBa MOJXKHO MCIOJIb30BaTh (YHKIUIO array () C
yKa3aHUeM CO/ep>XMMOro MaccuBa (B BU/E BJIOXKEHHBIX CIMCKOB) U TUIa.
@yHKUs array () [enaeT KOMUIO, eC/IH ee apryMeHT - MacCUB. PyHKLIUS
asarray () paboTaeT aHa/JIOTMUHO, HO He CO3/la€T HOBOIO MACCHBa, Korjla
ee apryMeHT yiKe sIBJISIeTCsl MaCCUBOM:

>>> from Numeric import *

>>> print array([[1, 2], [3, 4], [5, 6]])

[[12]

[3 4]

[5 6]]

>>> print array([[1, 2, 3], [4, 5, 6]], float)

[[1. 2. 3.]

[4. 5. 6.]]

>>> print array([78, 85, 77, 69, 82, 73, 67], 'c)
INUMERIC]

B KauecTBe 3/1eMEHTOB MaCCHUBAa MOXXHO HCII0/Ib30BaTh C/leyrole THUIIbL:
Int8-Int32, UnsignedInt8-UnsignedInt32, Float8-
Float64d, Complex8-Complex64 U PyObject. Uucna 8, 16, 32 u
64 10Ka3bIBAOT KOJIMUECTBO OMTOB ISl XpaHeHUsl BesiduuHbl. Tunel Int,
UnsignedInteger, Float u Complex COOTBETCTBYOT HauOO/IBIIMM
TIPUHSATBLIM HA JaHHOW maatdgopMe 3HaueHUsIM. B MaccuBe MOXXHO Takke
XPaHUTb CChIIKA Ha NTPOU3BOJIbHbIE 0OBEKTHI.

KonmuuectBo pa3MepH0cre1>'1 H ANTHHa MaCCHBa 10 K:':].)K,H.Of‘l OCH HA4A3bIBAKOTCH

tdopmoit maccuBa (shape). [octyn K ¢opme MaccuBa peanu3yeTcss uepes
atpubyr shape:

>>> from Numeric import *

>>> a = array(range(15), int)

>>> print a.shape

(15,)

>>> print a
[01234567891011121314]
>>> a.shape = (3, 5)
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>>> print a.shape
(3,5)
>>> print a
([0 123 4]
[567 8 9]
[10 11 12 13 14]]

MeTobI MAaCCUBOB

[Mpuparsb HYXKHYIO topmy MacCUBY MO>KHO dyHkuMen
Numeric.reshape (). Orta dyHKUUs cpa3y cO3/aeT OOBEKT-MacCUB

HY)KHOM (JOpPMbI 13 TI0C/Ie0BATETLHOCTH.

>>> import Numeric

>>> print Numeric.reshape("abpakaznabp", (5, -1))
[[a 6]

[p al

[k a]

(4 al

(6 pl]

B srom npumepe -1 B yKazaHWU (OPMbI TOBOPUT O TOM, YTO
COOTBETCTBYIOLLe® 3HAUEHWe MOXKHO BbIUMCIUTL. OOllee Ko/IMYeCTBO
9/71eMeHTOB MaccuBa u3BecTHO (10), mosromy [JIMHY BJO/Ab OAHOM U3
pa3MepHOCTel 3ajjaBaTh He 00s13aTebHO.

Uepe3z arpubyr flat MOXKHO IOIYyUUTb OJHOMEPHOE IIpe/CTaB/IeHUe
MaCcCHBa:

>>> a = array([[1, 2], [3, 4]])

>>> b = a.flat
>>>h

array([1, 2, 3, 4])
>>>b[0]=9
>>>h

array([9, 2, 3, 4])
>>> g

array([[9, 2],
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(3, 4]])

CHE,[[YET 3daMeTuThb, 4YTO 3TO HOBBIH BHJ TOro e MacChBa, I103TOMY
NnpucBaviBaHH e 3HAueHU ero 3JieMeHTaM NpUBOAUT K H3MEHEeHUsM B
HCXO0IHOM MadCCHBe.

®dyHKIMA Numeric. resize () moxoxka Ha Numeric.reshape, HO
MOXKeT I10/ICTpauBaTh YUC/I0 3/IeMEeHTOB:

>>> print Numeric.resize("NUMERIC'", (3, 2))
[[N U]

M E]

[RI]]

>>> print Numeric.resize("NUMERIC'", (3, 4))
[[N UME]

[RICN]

[UMER]]

®yHKUSg Numeric.zeros () MNOpOXKJaeT MacCUB M3 OJHUX Hylel, a
Numeric.ones () - U3 OOHUX eAUHUL|. EJUHUUYHYIO MaTpULly MOXKHO
MOJIyYUTh C MOMOLIBI0 GyHKIUMU Numeric.identity (n):

>>> print Numeric.zeros((2,3))
[[000]

[0 00]]

>>> print Numeric.ones((2,3))
[[111]

[111]]

>>> print Numeric.identity(4)
[[1000]

[0100]

[0010]

[0001]]

J171s1 KOTIMPOBaHUsI MACCUBOB MOYKHO MCIT0/Ib30BATh METO/, COPY () :

>>> import Numeric

>>> a = Numeric.arrayrange(9)
>>> a.shape = (3, 3)

>>> print a
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[[012]

[345]

[6 7 8]]

>>>al = a.copy()

>>>all0, 1] =-1 # onepauus Haj, KONUer
>>> print al

[[0-12]

[345]

[678l]

MaccuB MOXXHO TIpeBpaTUThL 00OpaTHO B CIMCOK C TIOMOIBI MeToa
tolist ():

>>> a.tolist()
[[0, 1, 2], [3, 4, 5], [6, 7, 8]]

Cpe3sbl

O6bekTbl-MaccuBbl Numeric HUCHOMb3YIOT pacUMpPeHHbIH CUHTAKCUC
BbljeseHus: cpe3a. Ciefyrolpe IpuMepbl WJUTIOCTPUPYIOT — pasiuyHble
BapyuaHTbl 3anuch cpe3oB. DyHKiUsa Numeric.arrayrange ()
SIBJISIETCSL aHA/IOTOM range () J1si MaCCUBOB.

>>> import Numeric

>>> a = Numeric.arrayrange(24) + 1
>>> a.shape = (4, 6)

>>> print a # UCXO/IHbI MacCUB
[[123456]

[7 8 91011 12]

[1314 1516 17 18]

[19 20 21 22 23 24]]

>>> print a[1,2] # snemeHrT 1,2
9

>>> print a[1,:] # cTpoka 1

[7 8 910 11 12]

>>> print a[1] # To)Ke cTpoka 1
[7 8 910 11 12]

>>> print a[;,1] # cronbery 1
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[2 814 20]
>>> print a[-2,:] # nipeirocsieIHsIsE CTPOKa
[13 141516 17 18]
>>> print a[0:2,1:3] # okHo 2x2
[[2 3]
[8 911
>>>print a[1,:3]  # KaK/ablid TpeTU 3/1eMeHT CTPOKU 1
[ 710]
>>> print a[;,:-1]  # 271eMeHTbI CTPOK B 0OpaTHOM IOpsifiKe
[[654321]
[1211 10 9 8 7]
[1817 16 1514 13]
[24 23 22 21 20 19]]

Cpe3 He konupyeT MaccuB (Kak 3TO MMeeT MeCTO CO CIHMCKaMH), a JaeT
JIOCTYN K HEKOTOpOW 4vacTu MmaccuBa. /lanee B npumepe meHsiercss Ha 0
KaK/Ibl TPeTUI 3JIeMeHT CTPOKH 1:

>>> a[1,:3] = Numeric.array([0,0])
>>> print a

[[1 2345 6]

[0 89 01112]

[1314 151617 18]

[19 20 21 22 23 24]]

B cnepyroumx npumepax Haxo[UT IIPUMeHeHWe [JOCTaTOUHO pejKas
CUHTaKCUuecKass KOHCTPYKLUs: cpe3 C MHorotouneMm ( Ellipsis ).
MHoroTouue CTaBUTCA JI/1s1 YKazaHUsl TIPOM3BO/ILHOIO UMC/A MTPOMYLEHHbIX
pa3mepHocTed (1, 1, ...,

>>> import Numeric
>>> a = Numeric.arrayrange(24) + 1
>>> a.shape = (2,2,2,3)
>>> print a
(12 3]
[4 5 6]]
[[7 8 9]
[10 11 12]]]
[[[13 14 15]
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[16 17 18]]
[[19 20 21]
[22 23 24]]]]
>>> print a[0,...] # 0-11 650K
[([1 23]
[4 5 6]]
[[7 8 9]
[10 11 12]]]
>>> print a[0,:,:0] # cpe3 110 1epBoi U 1ocjielHerd pa3MepHOCTsIM
[[1 4]
[ 7 10]]
>>> print a[0,...,0] # TO »Ke, HO C UCI10JIb30BAHUEM MHOIOTOUMSA
[([1 4]
[ 7 10]]

YHuBepcanbHble (PYHKIUU

Mopaynbs Numeric onpejesisier Habop QyHKLMH [i/1si IPUMEHEeHUSs K 3IeMeHTaM
MaccuBa. DYHKIMU TPUMEHUMbI HE TOJBKO K MacCMBaM, HO U K
MOC/e/IOBaTe/IbHOCTSM (K COXKaJIeHW0, ~ MTepaTopbl  [OKa  He
NO//IeP)KUBAIOTCs1). B pesynbrarte 1moydaroTCsi MaCCUBDI.

OyHKIUA Onucanue

add (x, vy),

Co)KeHHe U BbIUMTaHUue
subtract(x, V)

nmultiply(x, V),

divide(x, y) YMmHOXKeHHe U JejeHue

remainder(x, y), [TosryueHue octaTka OT JesieHus (115 Le/IbIX
fmod (x, V) YKCen U YA Ce C TJIaBarollied 3arnsiToim)
power (x, V) Bo3BejieHue B cTereHb

sqrt (x) M3BieueHu e KOPHS KBaJJpaTHOrO
negative (x),

absolute (x), CMeHa 3HaKa ¥ abCo/I0THOe 3HaUeHue
fabs(x)

HaumeHnbitiee (HauboJibiliee) 1jesioe, Hobliee

ceil(x), floor (x)
(MeHbLLIee) U/IM paBHOE apryMeHTy
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hypot (x, V)

sin(x), cos(x),
tan (x)

arcsin (x),
arccos (x),
arctan (x)

arctan2 (x, V)

sinh (x), cosh(x),
tanh (x)

arcsinh(x),
arccosh (x),
arctanh (x)

exp (x)
log(x), loglO(x)

maximum (x, V),
minimum(x, V)

conjugate (x)

equal (x, v),
not equal (x, y)

greater (x, vy),
greater equal(x, y)

less (x, vy),
less _equal (x, y)

logical and(x, y),
logical or(x, vy)

logical xor(x, y)
logical not (x)

bitwise and(x, y),
bitwise or(x, y)

bitwise xor(x, y)
invert (x)

left shift(x, n),
right shift(x, n)

H 3wk nporpammuposadua Python
JnvHa runoreHyss! (faHbl JAJIUHBL JABYX
KaTeToB)

TpuronomeTpuyeckue GyHKLIUU

OO6parHble TpUroHoMeTpuueckue QyHKIUU

ApICI'aHI"EHC OT YaCTHOI'O aprymeHTa

T'unep6oueckue QyHKLHAY

O6parHble runepbosueckue QyHKIUU

JkcrioHeHTa (e*)

HartypanbHblil U JeCATUUHBIN JIorapU(Mbl
MakcuMyM U MUHUMYM
ConpsbkeHue (/11 KOMITJIEKCHBIX UM Ce1)

PaBHO, He paBHO
Bosiblie, 60siblle WK paBHO
MeHbliie, MeHbllle UJId PaBHO

Jlornueckue U, WJIN

Jlornueckoe uckovatouiee U1
Jlornueckue HE

[TobuTtoBsie U, NJTU

[TobuToBoe uckmrouaroiee UJIN
[MobuToBasi UHBepCHs

[ToOUTOBLIE CABUIH BJIEBO U BIIPAaBO Ha N
OUTOB
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HepeqHCﬂeHHbIe (IJYHK]_[I/IH AB/IAIOTCA  oOBeKTaMM Turna ufunc H
NpUMEHAKTCA K MdCCMBaM  I103JIeMEHTHO. o1 quHI{U.HH HMeT
CrieliMajibHble MeTOAbI:

accumulate () AxkkymynupoBaHHe pe3yibTaTa.

outer() BHenmee "npou3ssesieHue.
reduce () CokpatueHue.
reduceat () CokpalieHue B 3a/JaHHbIX TOUKaX.

[Mpumep ¢ dyHkuMenn add () MO3BOJIAET MOHSTH CMbIC YHUBEpPCaIbHOU
(yHKI|MU U ee MeTO0B:

>>> from Numeric import add
>>>add([[1, 2], [3, 411, [[1, O], [0, 1]])
array([[2, 2],
(3, 511)
>>>add([[1, 2], [3, 4], [1, O])
array([[2, 2],
(4, 4]])
>>>add([[1, 2], [3, 4]], 1)
array([[2, 3],
(4, 51)
>>> add.reduce([ 1, 2, 3, 4]) # 1.0 1+2+3+4
10
>>> add.reduce([[1, 2], [3, 4]], 0) #T.e. [1+3 2+4]
array([4, 6])
>>> add.reduce([[1, 2], [3, 4]], 1) # 1.0 [1+2 3+4]
array([3, 7])
>>> add.accumulate([1, 2, 3, 4]) #1e. [11+2 1+2+3 1+2+3+4]
array([ 1, 3, 6, 10])
>>> add.reduceat(range(10), [0, 3, 6]) # 1.e. [0+1+2 3+4+5 6+7+8+9]
array([ 3, 12, 30])

>>> add.outer([1,2], [3,4]) # T.e [[1+3 1+4] [2+3 2+4]]
array([[4, 5],
[5, 6]1)
Metoabl accumulate (), reduce () M reduceat () INPUHUMAIOT

HeobOsi3aTe/IbHbIA  apryMeHT - HOMep Pa3MepHOCTH, HCIOJb3yeMOH Jiis
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COOTBETCTBYIOIIETO JieMcTBUSA. [lo yMO/UaHUKO TIPUMEHSIeTCSl Hy/eBasi
pa3MepHOCTb.

YuuBepcaibHble (YyHKI[UW, TOMUMO O[HOrO WU JIBYX He0OXOAUMbIX
rnapaMeTpoB, MO3BOJISIIOT 3ajaBaThb W ellle OJUH apryMeHT, Jjs Ipuema
pe3yisrata  ¢yHkuuu. Tum  TpeTbero aprymMeHTa JIO/DK€H — CTPOro
COOTBETCTBOBATh THUIy pe3yisrata. Haripumep, dyHkius sqrt () jgaxke oT
1e/IbIX YMCesl UMeeT TUI Float.

>>> from Numeric import array, sqrt, Float
>>> a = array([0, 1, 2])

>>>r = array([0, 0, 0], Float)

>>> sqrt(a, r)

array([ 0. , 1. , 1.41421356]))

>>> print r

[ 0. 1. 1.41421356]
[TpepynpexeHue:

He cnesyer ucronb30BaTh B KauecTBe NprieMHUKa pe3ynkraTta MacCUB,
KOTOPbIN (MIypUpYyeT B MpeAbIAYLIIX apryMeHTax GyHKI[UU, TaK KaK Py
3TOM pe3y/IbTaT MoKeT ObITh ucropue. CreyloLpii IpUMep roKasbiBaeT
MMEHHO TaKOW BapHUaHT:

>>> import Numeric

>>>m = Numeric.array([0, 0, 0, 1, 0, 0, 0, 0])
>>> add(m[:-1], m[1:], m[1:])

array([0, 0, 1, 1, 1, 1, 1])

B Takux HeOAHO3HAYHBIX C/1ydasdx HEOﬁXD,[[HMO HCI10/1b30BATh
l'lpOMe}KyTOllelf*I MdCCHB.

dyHkumU moayst Numeric

Cnenyoupe GyHKUM MOAYIss Numeric SBJAOTCH KPaTKOW 3ariMChbiO
HEeKOTOPbIX Harbosiee yroTpeduTebHbIX coueTaHU QYHKLUI U METO/IOB:
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DyHK s AHanor QyHKUMH
sum(a, axis) add.reduce (a, axis)
cumsum(a, axis) add.accumulate(a, axis)
product (a, axis) multiply.reduce(a, axis)

cumproduct (a, axis) multiply.accumulate(a, axis)

alltrue(a, axis) logical and.reduce(a, axis)
sometrue (a, axis) logical or.reduce(a, axis)
[Tpumeuanue:

[TapameTp axis ykasblBaeT pa3MepHOCTb.

dyHKIMY 7151 paboTHI C MaCCUBaMHU

@YHKUNA [JOCTATOUHO MHOrO, I03TOMY M0oApoOHO OygyT paccMOTpeHbl
TOJILKO JIB€ U3 HUX, A OCTa/IbHbIE CBE/IeHbI B TabIULLY.

Dyukius Numeric.take()

@yHKUMsA Numeric.take () [M03BOJAeT B3ATb YacTb MacCHBa 110
3a/laHHbIM Ha OIpe/ie/IeHHOM M3MepeHUU uHjekcam. [lo ymonuaHuio Homep
y3MepeHust (TpeTUi apryMeHT) paBeH HY/I0.

>>> import Numeric

>>> a = Numeric.reshape(Numeric.arrayrange(25), (5, 5))
>>> print a

([0 123 4]

[567 8 9]

[10 11 12 13 14]

[1516 17 18 19]

[20 21 22 23 24]]

>>> print Numeric.take(a, [1], 0)

[[56789]]
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>>> print Numeric.take(a, [1], 1)
([ 1]
[ 6]
[11]
[16]
[21]]
>>> print Numeric.take(a, [[1,2],[3,4]])
[([56789]
[10 11 12 13 14]]
[[1516 17 18 19]
[20 21 22 23 24]]]

B ornvume ot cpesa, dyHkKius Numeric.take () coxpaHser
pa3MepHOCTb MaCCUBa, eC/Md KOHEeuHO, CTPYKTypa 3aJJaHHbIX WH/EKCOB
onHomepHa. Pesynmsrar Numeric.take (a, [[1,21,[03,411)

M0Ka3bIBaeT, UTO B3SThie M0 WHJEKCAaM YacCTU TOMELIAIOTCS B MacCUB CO
CTPYKTYPOH CaMHUX UH/IEKCOB, KaK ec/ii Obl BMecTo 1 ObL/IO HamMcaHo [5 6
7 8 9],aBmecro2- [10 11 12 13 14] UuTnh.

@yukiuu Numeric.diagonal() u Numeric.trace()

OyHKIUA Numeric.diagonal () BO03BpallgerT JuaroHajib MaTpHULbI.
OHa uMeeT ciefiylole apryMeHThl:

a WcxoaHblii MaccuB.
of fset CMeleHHe BripaBo OT "aBHOU" AuaroHanu (1o ymoauasuio 0).

[TepBoe U3 U3MepeHuii, Ha KOTOPBIX OepeTcs AraroHass (o

axisl
ymosnuanuto 0).

52 BTO])OE H3MepeHHe, 06pa3y}0mee BMeCTe C ITepBBIM I1JIOCKOCTh,
axis o .
Ha KOTOpoil u 6epercs auaroHass. [To ymonuanuio axis2=1.
®dyHKIMA Numeric.trace () (s BbIUUCIEHUS CIllella MaTPULE )
VMeeT Te >Ke apryMeHTbl, HO CYMMHUPYeT 3JIeMEeHTbl Ha JuaroHanu. B
TIpUMepe HU)Ke PaCCMOTPEHBI 00€ 3TH (YHKIIUHU:

>>> jmport Numeric
>>> a = Numeric.reshape(Numeric.arrayrange(16), (4, 4))
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>>> print a
([0 12 3]
[4 56 7]
[8 91011]
[12 13 14 15]]
>>> for iin range(-3, 4):
print "Sum", Numeric.diagonal(a, i), "=", Numeric.trace(a, i)

Sum|[12] =12
Sum|[ 8 13] =21
Sum|[4 9 14]=27
Sum[ 0 510 15]=30
Sum[1 611]=18
Sum[27]=9
Sum|[3]=3

dyHkuus Numeric.choose()

OTa (yHKUMS UCTO/b3YeT OAWH MACcCUB C Lie/IbIMA YhcaaMu oT 0 0 n s
BbIOOpA 3HAUEHMS W3 OIHOTO U3 3a[AHHBIX MACCUBOB:

>>> a = Numeric.identity(4)

>>> b0 = Numeric.reshape(INumeric.arrayrange(16), (4, 4))
>>> b1 = -Numeric.reshape(Numeric.arrayrange(16), (4, 4))
>>> print Numeric.choose(a, (b0, b1))

([0 1 2 3]

[4-56 7]

[ 8 9-10 11]

[12 13 14 -15]]

Csop, dyHkiuii Moaysi Numeric

Cnepytouasi Tabnuiia npuBoguT onucanust GyHKUMi Mozysnsi Numeric.

DyHKIMSA U ee apryMeHThbI Ha3nauenue dynxiuu

CpaBHeHUe a U b C 3a/laHHbIMU
allclose(a, b/[, OTHOCHUTE/IbHBIMU €P s U abCOMOTHBIMU A
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eps([, Al])

H 3wk nporpammuposadua Python
MOorpelHoCTAMH. ITo YMOJ/ITUaHUKO epP s paBeH
1.0e-1,aA = 1.0e-8.

alltrue(al, axis]) Jloruueckoe M no Bcelt ocu axis MaccuBa a

argmax(al[, axis])

argmin(al[, axis])

argsort (al, axisl])

array(al, typel)

arrayrange (start|[,
stopl, stepl,
typelll)
asarray(al, typel,
savespace] ])

choose (a,
(b0, ...,bn))

clip(a, a min,
a max)

compress (cond, al,
axisl))

concatenate(al,
axisl))

convolve (a, b[,
mode] )

WNH1ekc MakcUMaibHOroO 3HaueHusl B MacCUBe
110 3a/]JaHHOMY U3MEPeHUI0 axis

WH1eKc MUHUMMAaJIbHOT'O 3HaUeHUsI B MacCUBe
I10 33/]JaHHOMY U3MEPEHUI0 ax1is

WH1eKcbl 0TCOPTUPOBAHHOI0 MacCUBa, Takue,
uro take (a,argsort (a,
axis),axis) AaeT OTCOPTUPOBAHHbIN
MAaCCHUB &, Kak ecjii Obl ObI/IO BBITIOJIHEHO
sort (a, axis)

Co3zaHue MaccuBa Ha OCHOBE
rocaeioBaTe/IkHOCTH a JIaHHOro TUIa type

AHasor range () /s MaCCUBOB

To )xe, utro ¥ array (), HO He CO3/]aeT HOBbI
MAaCcCHB, eC/IA a yXKe SIBJISIeTCS MaCCUBOM.

Co3gaeT MacCUB Ha OCHOBE 3/IEMEHTOB,
B3STHIX 110 UH/EKCaM U3 a (MHJeKchl oT 0 [0 n
BK/IHOUMTETbHO). @OPMbI MAacCUBOB a, b1,

. .., bn JI0/DKHBI COBIAJATh

O6pybaet 3HaueHUsi MaCCUBA & Tak, YTOObI
OHU HaXo/IUIUCh MeXK/y 3HaUeHUsIMU U3

a min M a_ max I03JIEMEeHTHO

BosBpaitigetT MacCUB TOJIBKO U3 TeX 3/1eMEHTOB
MacCHBa a, /151 KOTOPLIX YC/I0BUe cond
WUCTUHHO (He HY/b)

CoeauHeHMe 1ByX MacCUBOB (KOHKaTeHal|Hs)
10 3a/JaHHOMY U3MepeHHUI0 ax1 s (1o
YMOJ/TUAHUIO - T10 HYJIEBOM)

CBepTKa JjByX MacCUBOB. ApryMeHT mode
MOJKeT IIPUHUMATh 3HaueHus 0, 1 unu 2

B3auMHasi KoppessiLiusi ZIByX MaCCUBOB.
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cross_correlate (a, [lapamerp mode MOXeT NPUHUMATh 3HAUEHUS

b[, mode])

cumproduct (a [,
axisl))

cumsum(a[, axis])

diagonal(al[, k[,
axisl[, axis2]]1])

dot (a, b)

dump (obj, file)
dumps (ob7j)

fromfunction (f,
dims)

fromstring (s /[,
count[[, typell)

identity (n)

indices (dims [,
typel)

0,1 wunmu 2

[Mpou3BeieHMe 110 U3MEPEHUI0 ax 1S MacCUBa
a C IPOMEXXYTOUHBIMU pe3y/ibTaTaMu

CYMMHDOBaHHe C MPOMEXYTOUHBIMH
pe3yisraTaMH

B3darue k -l qjuaroHasu MaccuBa a B
TJIOCKOCTU U3MepeHuid axisl u axis?2

BHayTpeHHee (MaTpyuHOe) IIpoU3Be/ieHHe
MaccuBos. [1o onpesenenuto:
innerproduct (a, swapaxes (b,
-1, =-2)), T.e. Cc nepecTaB/IeHHbIMU
MOC/IeJHUMH U3MePeHUsIMU, KaK U JJO/DKHO
OBITb [PU MEePEeMHO’KeHUU MaTpuL]

3anuch MaccuBa a (B JIBOMUHOM BU/IE) B
OTKPbIThIN (haiiyioBbiil 00beKT f1 1e. Daiin
J0/DKeH ObITh OTKPBIT B OMHAapHOM pexume. B
(haii/1 MOXKHO 3arMcaTh HECKOJIbKO 0ObEKTOB

noaApsz,

CTpoKa C IBOMYHBIM Mpe/icTaB/ieHueM 00beKTa
obj

Crtpout MaccuB, rosyyast UH(GOPMaLUIO OT
¢yHKUuMuU f (), B KauecTse apryMeHTOB
KOTOPOM BBLICTYIAIOT 3HauUeHUs KopTexka
WH/1eKCOB. DaKkTHuecku sBsSeTCs
COKpallleHUeM Ji/1s
f(*tuple(indices(dims)) )
Co3panue MacciBa Ha OCHOBe OMHAPHBIX
JIJAHHBIX, XPAHSIIUXCS B CTPOKE

Bo3epauger aBymMepHLIN MaccuB (opMsl (1,
n)

Bo3BpaitigeT MaccuB MH/IEKCOB 3aIlaHHOMN
JJIMHEI 110 Ka)XK/IOMY U3MepPeHHUI0 C
M3MeHeHHeM [100YepejHO 110 KaXKJoMy
usMeHeHuro. Hanpumep, indices ([2,
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innerproduct (a, b)

load(file)

loads (s)

nonzero(a)

ones (shape [,
typel)

outerproduct (a, b)

product(al[, axis])

put (a, indices, b)

putmask (a, mask,
b)

ravel (a)

repeat(a, nl[,
axisl))

reshape (a, shape)

H 3wk nporpammuposadua Python
21) [1] paet nBymepHbIA MaccuB [ [0,
1], [0, 1]1.
BHyTpeHHee npou3BejieHUe /IByX MaCCUBOB
(o obueMy usmepeHuro). s ycremHon
oreparuu a . shape [-1] J0/DKeH ObITh
paBeH b.shape [-1]. dopma pe3ynsraTa
Oymer a.shape[:-1] +
b.shape [ :-1].3nemMeHTbl NpPOMNa/aroLiero
U3MepeHUst IT0NapHO YMHOXKaKTCS U
NoJlyJarolpecs: IpousBe/ieHus CYMMUPYIOTCS

Urenue maccuBa u3 (paitna file. Daiin
JIO/DKEH ObITh OTKPLIT B OMHAPHOM peXume
Bo3Bpaiiper 00beKT, COOTBETCTBYHOLMN

OuHapHOMY I1pe/ICTaB/IeHHUIO, 3a/laHHOMY B
CTpOKe

BOBB]JE:I]_L[EIET WH/IEKCHl HEHYTEBLIX 3JIEMEHTOB
OAHOMEPHOI'0O MaCCHBa

MaccuB U3 eqrHuUl1] 3a7iaHHOM (opMbl shape
1 0003HaueHust TUNa type

BHellHee npou3BeieHre a ¥ b

[Ipou3BeneHue 1o U3MepeHUr0 ax i s MaCCUBa
a

[lpucBauBaHKe yacTsM MacCuBa, a [n] =

b [n] s BceXx UHAEKCOB 1 ndices

[IprcBauBaHWe & JIEMEHTOB U3 b, st
KOTOPBIX MacKa ma s k UMeeT 3HaueH!e UCTUHA

[IpeppaieHue MaccHBa B O4HOMEPHLIM,
AHajioruyHo reshape (a, (-1,))

[ToBTOpSsieT 2/1eMeHTLEI MacCUBa & n pa3s 1o
U3MEpPeHUI0 axis

Bosspaitger MaccuB HY)XHOU (pOpMbI (HOBOTO
MaccHBa He coszaet). KonvuecTeo s1emMeHTOB
B UCXOJHOM U HOBOM MacCCUBAax JI0/DKHO
COBIA/ATH
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resize(a, shape)

searchsorted (a, i)

shape (a)

sometrue (al[,
axisl))

sort(al[, axis])

sum(al[, axis])

swapaxes (a, axisl,
axisl)

take (a, indices]|,
axis])

trace(al, kI,
axisl[, axis2]]1])

transpose(al,
axes])

where (cond, al,
az)

zeros (shape(,
typel)

H 3wk nporpammuposadua Python
Bo3spaiper MaccuB ¢ rpou3B0JIbHOM HOBOU
(opMoii shape. Pazamep ucxogHoOro MaccuBa
He BakeH

/1 KayK/10r0o 3/1eMeHTa U3 i HalTHU MecTo B
MaccuBe a. MaccuB a JI0/bKeH ObITh
OIHOMEpPHBLIM U OTCOPTUPOBaHHBIM. Pesynsrar
uMeet (opMy MaccuBa i

Bosspauger popmy MaccuBa a

Jlornueckoe WJIM no BceMy U3MepeHUI0 ax1s
MaccuBa a

COpTHpOBKﬂ 3/1eMEeHTOB MdCCHBa I10
3dJdHHOMY H3MEPEHH IO

CyMMHpOBaHUe 110 U3MEePeHUI0 axi s
MacCHBa a

CmeHa U3MepeHUH (YaCTHBIM C/lyyaid
TPaHCIIOHUPOBAHUS)

Bbi6op uacTeii MacCBa a Ha OCHOBe UH/IEKCOB
indices M0 U3MEPEeHUID ax1i s

CymMa 371eMeHTOB B/10/Ib JMaroHaau, To ecThb
add.reduce (diagonal (a, k,
axisl, axisZ2))

[TepecTaHOBKa U3MepeHU B COOTBETCTBUM C
axes, b0, eCM axes He 3aJaHbl -
PAacIio/ioyKeHue UX B 00paTHOM MOopsiiKe

Bb160p 3/71eMeHTOB Ha OCHOBAHUU YCIIOBUSI
condus3 al (ecnu He HyIb) U a2 (TIpU HYe)
rnosjemMeHTHO. PaBHocCuU/IeH

choose (not_equal (cond, 0), (y,
%) ). POpMbI MaCCUBOB-apryMeHToOB al U a2
JI0JDKHBI COBIAJaTh

Maccus U3 Hynel 3alaHHOu Gopmbl shape U
0003HaueHus TUNa type

B aToli Tabnuue B KauectBe 0003HaueHWsi TUMA type MOXHO YKa3blBaThb
pacCMOTpeHHbIe Bblllle KOHCTaHThI: Int, Float u T.a.
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Moawyib Numeric Takke ornpeessieT KOHCTaHTbl € (YUUCI0 ) U pi (Yucio
u).

Mopyns LinearAlgebra

Moaynb LinearAlgebra CONep)KUT aJifOPUTMbI TMHEHHOU anrebpel, B
YaCTHOCTU HaXOXK/IEHWEe Orpe/le/IuTeIsi MaTpUllbl, PeleHUH CUCTeMbl
NMHeHHbIX ypaBHeHUH, oOpalleHue MaTpulibl, HaXoX/eHue COOCTBEHHBIX
yrcesl U COOCTBEHHBIX BEKTOPOB MAaTpHI[bl, Pa3/o)KeHHue MaTpHUl[bl Ha
MHOXXUTe/U: X0JIeLIKOro, CHHIYISPHOE, MeTOJ, HauMeHbLLIMX KBa/IpaToB.

dyukuusa LinearAlgebra.determinant () HaxXoQUT OIpe/ennuTe/b
MaTpUL{bL:

>>> jmport Numeric, LinearAlgebra
>>> print LinearAlgebra.determinant(
Numeric.array([[1, -2],
[1, 511)

7
DyHKIUA LinearAlgebra.solve linear equations()
pellaeT JIMHelHble ypaBHeHUs BU/la ax=Db 110 3a/laHHbIM apryMeHTam a 4 b:

>>> import Numeric, LinearAlgebra

>>> a = Numeric.array([[1.0, 2.0], [0.0, 1.0]])
>>> b = Numeric.array([1.2, 1.5])

>>> x = LinearAlgebra.solve_linear_equations(a, b)
>>> print "X =", X

x=[-1.8 1.5]

>>> print '"TIpoBepka:", Numeric.dot(a, x) - b
[Tpoeepka: [ 0. 0.]

KOF,E[EI MaTpulia a HWMeeT Hy}'[eBOﬁ ornpejendTesib, CHCTeMa HMEET He

e/JUHCTBeHHOoe peleHue u B030y>K/1aeTCst UCK/TIOUeHue
LinearAlgebraError:

>>> a = Numeric.array([[1.0, 2.0], [0.5, 1.0]])
>>> x = LinearAlgebra.solve_linear_equations(a, b)
Traceback (most recent call last):
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File "<stdin>", line 1, in ?
File "/usr/local/lib/python2.3/site-packages/Numeric/LinearAlgebra.py", line 98,
in solve_linear_equations raise LinAlgError, 'Singular matrix'
LinearAlgebra. LinAlgError: Singular matrix

@OyHKMs LinearAlgebra.inverse () HaxoguT oOpaTHYIO MaTpULLY.
OpHako He @IejyeT pellaTb JMHelHble YypaBHEHUS] C I1OMOLLBIO
LinearAlgebra.inverse() yMHOXeHHWeM Ha 0OpaTHY MarpuLly,
TaK KakK OHa ornpejeneHa uepes
LinearAlgebra.solve linear equations():

def inverse(a):
return solve_linear_equations(a, Numeric.identity(a.shape[0]))

OyHKMA LinearAlgebra.eigenvalues () HaxXoOUT COOCTBEHHBIE
3HaYeHus Marpulbl, a LinearAlgebra.eigenvectors () - mnapy:
cobcTBeHHbIe 3HaUeHUsl, COOCTBEHHbIE BEKTOPA:

>>> from Numeric import array, dot

>>> from LinearAlgebra import eigenvalues, eigenvectors
>>> a = array([[-5, 2], [2, -7]])

>>> Imd = eigenvalues(a)

>>> print "Co0cTBeHHbIe 3HaueHus:", Imd
CobcrBeHHsble 3HaueHust: [-3.76393202 -8.23606798]
>>> (Imd, v) = eigenvectors(a)

>>> print "CobcTBeHHbIE BeKTOpa:"

CobcTBeHHbIe BEKTOPA:

>>> print v

[[ 0.85065081 0.52573111]

[-0.52573111 0.85065081]]

>>> print '"TIpoBepka:", dot(a, v[0]) - v[0] * Imd[0]
[TpoBepka: [ -4.44089210e-16 2.22044605e-16]

HpOBEpKa [10Ka3blBaeT, 4YTO TOXIAECTBO BbIIIOJHACTCA C [AOCTATOUHO

OOMBILION TOUHOCTHIO (UMC/la COBCEM MaJleHbKUe, TPAKTUUYeCKd HYIN):
CcoOCTBEHHbBIE YUC/Ia U BeKTOPbI Hai/IeHbl BEPHO.

Mopyne RandomArray
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B arom Mmogyne cobpaHbl (yHKUMM /1S TeHepalid MacCUBOB C/TydaliHbIX
yKces pa3/iduHbIX pacrpe/iesieHuii U CBOUCTB. VIX MOYKHO TPUMEHSITb JIIs]
MaTeMaTUueCcKoro Mojle/IMpOBaHUsl.

DyHKIUS RandomArray.random () co3jaetr MacCHUBBbI us3
T1CeB/I0C/Iy4aliHbIX UuCes, paBHOMEPHO pacripejie/leHHbIX B UHTepBane (0,
1):

>>> import RandomArray

>>> print RandomArray.random(10) # maccuB 13 10 rceBaoc/ydailiHbIX UUCE

[ 0.28374212 0.19260929 0.07045474 0.30547682 0.10842083 0.14049¢
0.01347435 0.37043894 0.47362471 0.37673479]

>>> print RandomArray.random([3,3]) # MaccuB 3x3 U3 nCeB0CTYYaliHbIX Y

[[ 0.53493741 0.44636754 0.20466961 ]

[ 0.8911635 0.03570878 0.00965272]

[ 0.78490953 0.20674807 0.23657821]]

OyHkuuss RandomArray.randint () g IO/JydeHMsi MacCuBa
paBHOMEPHO paclipe/ie/IeHHbIX YhCesl U3 3a/laHHOr0 MHTepBaa U 3a/laHHOU
(hopMmbi:

>>> print RandomArray.randint(1, 10, [10])
[8199752532]
>>> print RandomArray.randint(1, 10, [10])
[2255773437]

MoxHo nosnydaTb U C/lydaiiHble  MepecTaHOBKU C  IIOMOLLI
RandomArray.permutation():

>>> print RandomArray.permutation(6)
[401325]
>>> print RandomArray.permutation(6)
[120354]

JlocTynHbl W Jjpyrye pacripejiefieHusi fijisi IoJiydeHusi MacCuBa HOPMasbHO
pacripe/ie/ieHHbIX BeJUUMH C 3aJaHHbIM  CPeJHUM M CTaHJapTHbIM
OTK/IOHEHUEeM:

>>> print RandomArray.normal(0, 1, 30)
[-1.0944078 1.24862444 0.20415567 -0.74283403 0.72461408 -0.57834.
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0.30957144 0.8682853 1.10942173 -0.39661118 1.33383882 1.5481861
0.18814971 0.89728773 -0.86146659 0.0184834 -1.46222591 -0.784274
1.09295738 -1.09731364 1.34913492 -0.75001568 -0.11239344 2.736921
-0.19881676 -0.49245331 1.54091263 -1.81212211 0.46522358 -0.08338

Crneaytoliast TabMila MPUBOAUT (PYHKI[UU JIJIS APYTHX PACTIPeIeIeHU i

DYHKIUA U ee apryMeHThbl Onucanue
F(dfn, dfd, shape=[]) F-pacnipenenenue
beta(a, b, shape=[]) bera-pacripefenenue

binomial (trials, p, shape=

') BuHOMMaJIbHOE pacripejiesieHue

chi square(df, shape=[]) PacnipeneneHue xu-kBajipat
, OKCIOHeHLUa/lbHoe
exponential (mean, shape=[]) H
pacripejeneHue
gamma (a, r, shape=[]) ["amma-pacripesiesieHue
multivariate normal (mean, MHoromepHoe HOpMasibHOe
cov, shape=/[]) pacrnpejieneHue

negative binomial (trials,

HeratuBHoe GUHOMHANILHOE
p, shape=[])

noncentral F(dfn, dfd, HewnentpansHoe F-

nconc, shape=[]) pacrpejeneHye
noncentral chi square (df, HelieHTpansHoe Xu-KBajpar
nconc, shape=[]) pacripe/iesieHue

normal (mean, std, shape=[]) HopmanbHoe pacrnipezeyeHue
permutation (n) CrnyyaiiHasi mepecTaHOBKa
poisson (mean, shape=[]) Hymcmﬂmmmepmmpmmnmﬂm

randint (min, max=None,

shape=[]) CnyuaiiHoe Ljesioe
PaBHOMepHOe pacrpefiesieHue

e elold (ko= Ha untepsane (0, 1)

random integers (max, min=1, o
— CnyuaiiHoe Ljesioe

shape=[])
CtanapTHOe HOpMaJibHOe

standard normal (shape=[])
— pacnpepiesieHue
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uniform(min, max, shape=[]) PaBHOMepHOe pacripejiesieHHe

3aK/IroueHue

B oToii siekumM paccMaTtpuBancs Habop Mopyied il UMC/I€HHBIX
BbluMC/ieHUH. Moaynb Numeric onpefesieT TUIl MHOrOMePHbI MacCUB U
MHOXecTBO  ¢yHKUMWA i1 paboTel ¢ MaccuBamu. Takke Obuid
Npe/CTaB/IeHbl MOAYIW JUIsl JIMHeWHOW ayirebpbl W MOAETUPOBAHUS
MOC/Ie/I0BaTe/IbHOCTEN C/TydaliHbIX UMCe/T Pa3/IduHbIX PaCTipe/ie/IeHUui.

CChUIKH

Caiir, nocssiieHHb1 Numeric Python: cebinka: http//www.scipy.org/
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Ob6paboTka TekcToB. PerynsipHbie BeipakeHusi. Unicode

B sTol nekuuu jaercs KpaTKoe Tpe/CTaB/ieHWe O BO3MOJKHOCTSX s3bIKa
Python o obpaboTtke TekcroBoi uHdopmalyu. PacCMOTpeHbI CHHTAKCUC U
CéMAaHTUKa peryisipHbIX BBbIPOKEHWUM, a TakKe HEKOTOpble BOMPOCHI
ucrnons3oBanus Unicode.

[Mog 06paboTKOM TEKCTOB INMOHUMAETCsl aHaau3, rnpeobpa3oBaHUe, MOUCK,
nopoxkaeHue TekcToBo wuHpopmanuu. Ilo Gonbleit wactd paborta c
eCTeCTBEHHbIMU TEKCTaMHU He OyeT miybyke, ueM 3TO BO3MOXKHO 0e3 cucTem
UCKYCCTBEHHOIO WHTe/U1eKTa. KpoMe Toro, 371ech rpe/noJiaraeTcs onyCcTUThb
paccMoTpeHue 00paboTKU TEKCTOB TMOCPeICTBOM TEKCTOBBIX [TPOLIECCOPOB 1
pe/lakKTOpOB, XOTsl HeKoTopble U3 HUX (Harpumep, Cooledit) npegocraBastoT
BO3MOKHOCTb MU CaTh MaKpOKOMaH/ibl Ha Python.

Cneayer oTMeTUTb, uTO /i Python co3zaHbl Takke MOAYIH it paboThI C
eCTeCTBeHHbIMU SI3bIKAMM, a TAKKe J/Isi JIMHTBUCTUYECKUX MCC/Ie/l0BaHUM.
XopoumM yyeOHbIM PUMEPOM MOXKeT CIyKUTh n 1tk (the Natural Language
Toolkit).

Crout OTMETUTh TPOEKT PyParsing (calT:CcCBINKA:
http//pyparsing.sourceforge.net), ¢ moMoILBp KOTOPOr0 MOXXHO OpraHW30BaTh
00paboTKy TeKcTa no 3aJjJaHHON rPaMMaTHKe.

Ctpoku

Ctpoku B s3bike Python sBnsitoTCS TUNOM  J@aHHBIX, CIEL{UAJIBHO
npeJHa3HauYeHHbIM [j1s1 00paboTKu TekcToBOM MH(popMaiiuu. CTPoKa MOXKET
cofiepyKaThb TPOU3BO/ILHO JIIMHHBIM TEKCT (OrpaHUUYeHHbIA WMeoLeics
MaMAThI0).

B HoBbiX Bepcusix Python umerorcsi gBa Tuma CTPOK: 0ObIUHBbIE CTPOKU
(nocnemoBaTe/ibHOCTL OaliToB) W Unicode-cTpoku (moc/iefioBaTe/ibHOCTh
cumBoJ10B). B Unicode-cTpoke KayK/jblii CHMBOJI MOYKeT 3aHUMAaTh B MaMsITH 2
unu 4 OGalita, B 3aBUCUMOCTA OT HACTPOEK [epuojla KOMITUJISL[UMU.
YeTbipexDaliTOBble 3HAKM WCIIO/Bb3YIOTCSI B OCHOBHOM [I/Isi BOCTOYHBIX
SI3bIKOB.
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[TpumeuaHue:

B si3bIke U CTaHjapTHOM 6KO/IMOTEKe 3a HEKOTOPLIMU WCK/THOUeHUSIMU
ctpoku 1 Unicode-CTpoku B3auMo3aMeHsieMbl, B COOCTBEHHBIX
MIPUJIOXKEHUSIX [/Isi COBMECTUMOCTH C 000MMU BU/IAMU CTPOK CJIe/lyeT
u3beratb NPOBEPOK Ha THIl. Ec/ii 3T0 HeobXoquMo, MOYKHO MPOBEPsITh
NPUHA/JIE)KHOCT Oa3oBoMmy (4151 cTpok U Unicode-CTpoK) TUMY € ITOMOLIBIO
isinstance (s, basestring).

IMpu ucnosnb3oBanuu Unicode-CTPOK, C/ie/lyeT MbIC/IEHHO MPUHSTH TOUKY
3peHusi, OTHOCUTEJIbHO KOTOpoi umMeHHO Unicode-ripejicTaBiieHUe sIBJISIeTCS
JIaBHbIM, a BCe OCTalbHble KOAUPOBKUA - JIMIL YaCTHbIE CJlydau
Npe/iCTaB/IeHUs] TEKCTa, KOTOpble He MOIYT repefiaTh BCeX CUMBOJIOB. be3
TakOW yCTAaHOBKUA OyIeT HernoHsTHO, ToueMy rpeobpa3oBaHue U3
BOCBMUOUTHOM KOJUPOBKWA HasbiBaeTcss decode (nekogupoBanue). s
BHEILHETr0 pe/ICTaB/IeHUsI MOXKHO C YCITeXOM UCI0J1b30BaTh KOAUPOBKY UTF-
8, X0Ts, KOHEUHO, 3TO 3aBUCUT OT pelliaeMbIX 3a/iau.

Koauposka Python-rporpamMmer

st Toro uro6er Unicode-ymutepasnsl B Python-niporpamMmme BOCIIPUHUMAJTUCh
WHTEepIPeTaTopoM MpaBU/IbHO, HeoOXOAUMO yKa3aTh KOAWPOBKY B Haudae
MpOrpaMMbl, 3arucaB B MePBOM UJIM BTOPOI CTPOKe MPUMEPHO C/iefyrolee
(aust Unix/Linux):

# -*- coding: koi8-r -*-
unu (nog, Windows):
# -*- coding: cp1251 -*-
MoryT 6bITb U Apyrie BapUaHThI:
# -*- coding; latin-1 -*-
# -*- coding: utf-8 -*-

# -*- coding: mac-cyrillic -*-
# -*- coding;: is08859-5 -*-

149



Cyau P AL H 3wk nporpammuposadua Python

[MonHbll nepeueHb KOAUPOBOK (M UX TNCEBIOHUMOB):

>>> import encodings.aliases
>>> print encodings.aliases.aliases

{'iso_ir_6'": 'ascii', 'maccyrillic": 'mac_cyrillic',
'iso_celtic": 'iso8859_14', 'ebcedic_cp_wt': 'cp037',
'bm500': 'cp500, ...

Ecniu konupoBKa He yKasaHa, TO CUMTAeTCs, YTO MCIOJb3yeTcd us—-ascii.

[lpu 3TOoM uHTepriperatop Python Oyier BbiZiaBath npeayripekieHus: rmpu
3arycKe MOJLY/IS:

sys:1: DeprecationWarning: Non-ASCII character "xf0' in file example.py
on line 2, but no encoding declared;
see http//www.python.org/peps/pep-0263.html for details

CTpOKOBBIe TUTepasIbl

CTpOKM MOXXHO 3a/laTh B TIPOrpaMMe C TOMOLBI0 CTPOKOBBIX JTUTEPAJIOB.
JluTepanbl 3anmMCLIBAIOTCS C MCMOJIb30BaAHWEM arocTpodoB ', KaBbluek "
WX 3TUX K€ CHMBOJIOB, B3SITBIX TPWXKIbl. BHyTpU suTepanoB obparHas
Kocasd 4epra HMeeT crieljMaibHOe 3HadeHue. OHa CIYKUT [ BBOJA
crieljMasbHLIX CUMBOJIOB M /1S YKa3aHUsl CUMBOJIOB Yepe3 kojel. Ecnu nepep
CTPOKOBBIM JIMTEPAJIOM TOCTaB/eHO r, obpaTHasi kocasi uepra He WMeeT
CrelUajibHOTr0 3HaueHust ( r OT aHIIMWUCKOrO CJI0BAa raw, CTPOKa 3a/laeTcs
"kak ectb'"). Unicode-nmurepansl 3aal0Tca ¢ npegukcoM u. BoT HeCcKObKO
[PUMEpOB:

sl = "crpoka 1"

s2 =r\1\2'
s3 = ""apple\ntree'"" # \n - cuMBOJI epeBOJA CTPOKU
S4 - """r':lppj.e

tree""" # CTpOKa B YTPOEHHbIX KABbIUKAX MOXKET UMEeTb BHYTPU TepeBo/ibl CT
$5 = "\x73\65'

ul = u"Unicode literal"

u2 = u'\u0410\W0434\u0440\u0435\u0441'
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[TpumeuaHue:

OO6parHasi Kocasi uepTa He J10JDKHa ObITh MOC/IeJIHUM CUMBOJIOM B JIUTepaJie,
TO eCTh, " st r\ " BbI30BET CHHTAKCUYECKYI0 OLMOKY.

YKkazaHue KOJUPOBKM TI03BOJIsieT npuMeHsTh B Unicode-nurepanax
yKa3aHHYI0 B Hauajie Nporpammbl KOAMPOBKY. EcC/M KOIMPOBKAa He yKa3aHa,
MOXXHO T10/Ib30BaThCsl TOJIBKO KOJlaMd CUMBOJIOB, 3a/laHHBIMHA Uepe3

00paTHYIO KOCYIO UepTYy.
Orneparuu HaZi CTPOKaMU

K onepaiusM Haji CTPOKaMM, KOTOpble WMEKT  CrHel[UaIbHYI0
CUHTAKCUUECKYI0 TO[JIEPXKKY B  si3blKe, OTHOCATCS, B  YaCTHOCTH
KOHKaTeHal|usl (CK/IeMBaHUe) CTPOK, TOBTOPEHUE CTPOKH, (opMaTHPOBAHUE:

>>> print "A" + "B", "A"™*5, "%s" % "A"
AB AAAAAA

B onepatyu dopMaTHpOBaHUsI JIeBbIN OMepaH/| sIBJISIeTCsl CTPOKOM ¢opmara,
a npaBblii MOXKeT ObITh MO0 KopTeXxXeM, b0 croBapeM, OO HEKOTOPBIM

3Ha4yeHHWeM [pYyroro THlia:

>>> print "%1" % 234

234

>>> print "%i %s %3.2f" % (5, "ABC", 23.45678)
5 ABC 23.46

>>>a=123

>>>b=1[1, 2, 3]

>>> print "%(a)i: %(b)s" % vars()

123:(1, 2, 3]

Onepauus opmaTUpOBaHUS

B crtpoke dopmara Kpome TeKCTa MOTyT yroTpebisTbesi crieljddukaiuu,
periameHTUpYyrole GopMat BeiBogrMMOro 3HaueHus. Crierjudukaiivs umeer
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CUHTaKCHC

"%'"" [krou ][ dnar* J[ump][.TouHOCTB ][ A/TMHA_THNAa |crierudukaTop
Kmou: (" CMMBOJT 32 MCK/THOUEHUEM KPYITIbIX CKOOOK™* )"
dwiar: "+" | "-" | mpo6Gesn | "#" | "0"
U_H/ip: (llll’l . TBIY)(II{]TI . '9")* | e 11
TOUHOCTB: ("1" ... "9")* | "™*"
JnvHa_tuna: "a"... "z"|"A" ... "Z"
criefudukaTtop: "a" ... "z" | "A" ... "Z" | "%"
[ne cuMBosBl 0003HAYAIOT ClIeYIOLIEe:
KJTHOY
Kiitou 13 ciioBaps.
(hnaru
JlonoHUTeIbHbLIE CBOMCTBA NTPeobpa3oBaHusl.
mp
MuHuMasbHast HMPUHA MOJISL.
TOYHOCTh
TouHOCTS (/1151 YU Ce C TJ1aBaroLel 3amnsTom).
JUTUHA_TUIa
MogudukaTop THIa.
criel{urKaTop

Tun npejicTaBieHust BBIBOAUMOIo 06beKTa.

B criepyroiieit Tabuie npuBeieHbl HEKOTOpbIe HauboJsiee YOTpeOUTeIbHbIe
3HaueHust 1 crietuukalid opMaTUpOBaHUSL.

Cumson I'ze npumeHsiercs Uro ykasbiBaeT
0 doar 3arnosiHeHHe HYISIMU CrieBa
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dmar BripaBHUBaHUe 110 /IeBOMY Kpato
bmar O6s3aTe/IbHbIN BBIBOJ, 3HAKa YKCIA
bmar Wcrionb3oBaTh npobes Ha MecTe 3HaKa uKrciia

crneundrkaTop 3HaKOBOeE Lie10e

cneuudmrxaTop be3sHakoBoe Liesoe

crneundrraTop BocbMepuuHoe 6e33HaKOBOE 1]e/10e
[lecTHaaTepuuHoe Oe33HaKoBOE Lieioe (Co

crneluudrKaTOpP CTPOUHBIMUA WU MPOMUCHBIMU JIATUHCKUMU
OykBamu)
Yuco ¢ nnaBaroleid 3ansToi B (oopmare ¢

crnenupmraTop .
SKCIIOHEeHTOoH

crneundmraTop YUCI0 ¢ niaBaroilen 3ansiroim

Uucsio ¢ naaBarolieil Toukok B 60/1ee KOpOTKOM
creundrkaTop HaMUCAHUU (ABTOMAaTUUYECKH BbIOUpPAeTCs e

unu f)

OMHOUYHBIM CUMBOJI (L]eJ10e YKCJI0 WU

crnenupmraTop
O/IHOCMMBOJIbHAs CTPOKA)

JTrob0o# 00BEKT, IPUBEIEHHbIN K CTPOKe

¢byHkuMen repr ()

JTrob0o# 00BEKT, IPUBEIEHHbIN K CTPOKe

byHukument str ()

3Hak npoueHTa. [l1s1 3aiaHusi OfUHOYHOTr0
rpoLieHTa HeoOXoaUMO 3anucaTth %%

crnenupmraTop

crnenupmraTop

crnenupmraTop

HNupexcs! U cpesbl

Cnepnyet

HAIIOMHHTE, uTo CTPOKH ABJIAKOTCS HelM3MeHYHBLIMH

nocaeaoBare/IbHOCTAMH, I103TOMY K HHM MOXHO IIpUMEHAThL oOIlepalhiu
B3ATHSA 3/IeMeHTa I10 UHAEKCY U Cpe3bl:

>>> g = "rpaHcrnopt”
>>> print s[0], s[-1]

TT

>>> print s[-4:]
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nopr
>>> print s[:5]
TpaHC
>>> print s[4:8]
Criop

[IpumevaHue;

HpI/I Bbl/le/IEHWH Cpe3da HyMepyrTCA He CHMBOJIbI CTPOKH, a IMTPOMEKYTKHU
MeXxay HUMH.

Mopayms string

[lo TOro Kak y CTPOK INOSIBUIMCb METO[bl, JJIsi Orepaluil HaJi CTPOKamMu
MPUMeHsUICS MOAYIb st ring. [IpuBeieHHbIN MPUMep JAeMOHCTPUPYeT, KaK
BMecTO (YHKIUM M3 string HCHOMb30BaTh MeTOH (KCTAaTH, IOCTe[Hee
bonee 3¢pekTUBHO):

>>> import string

>>> s = "one,two, three"
>>> print string,split(s, "'
['one', 'two', 'three']

>>> print s.split(",")
['one', 'two', 'three']

B Bepcuu Python 3.0 dyHKLMH, KOTOpBIE AOCTYITHLI Uuepe3 MeTo/bl, Dosiee He
OynyT nybnupoBaTbCst B MoAyle st ring.

B Python 2.4 mnosBunach ajbrepHaTMBA MCIO/Ib30BAHUID — Orepaljuu
topmaTtrpoBaHust: Knacc Temp 1 ate. [Ipumep:

>>> import string

>>> tpl = string. Template("$a + $b = ${c}")
>>>a=2

>>>h=273

>>>c=a+bh
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>>> print tpl.substitute(vars())
2+3=5
>>> del c # ynansiercst UMS C
>>> print tpl.safe_substitute(vars())

2+3=5c
>>> print tpl.substitute(vars(), c=a+b)
2+3=5

>>> print tpl.substitute(vars())
Traceback (most recent call last):
File "/home/rnd/tmp/Python-2.4b2/Lib/string.py", line 172, in substitute
return self. pattern.sub(convert, self.template)
File "/home/rnd/tmp/Python-2.4b2/Lib/string.py", line 162, in convert
val = mapping[named]
KeyError: 'c'

OObekT-11ab/IoH  MMeeT JiIBa OCHOBHBIX MeTola: substitute() u
safe substitute (). 3HaueHus /s NOACTAHOBKU B 11abioH Gepyrcs
13 cnoBaps ( vars () CONEp)XUT CJI0Bapb CO 3HAUEHWSIMM TepeMeHHbIX)
WM W3 HMEHOBAaHHLIX  (PAKTMUECKWX T[apamMeTpoB. ECIM  ecTb
HEO[HO3HAUHOCThL B 3aJlaHMM K/IKOUa, MOXXHO MCII0/Ib30BaTh (DMrypHbIE
CKOOKM T1pY HAITMCAaHUU K/TKoUa B 111a0JI0He.

MeTo/bI CTPOK

B Tabnuie HuKe mnpuBe/ileHbl HeKOTOpble Haubosee yroTpeOUTe/bHbIE
MeTOo/bl 00BEKTOB-CTPOK U Unicode-00beKTOB.

MeTton OnucaHue
center (w) LleHTpUpyeT CTPOKY B 110J1e JJIUHbI W
count (sub) U0 BXOXKeHUN CTPOKU sub B CTPOKe

Bo3spaiaer CTpOKy B KOJJUPOBKe enc.
[lapameTp errors MOXeT NPUHUMATD
3HaueHUsl "strict" (1o yMOIUaHUIO),
"ignore","replace" umm
"xmlcharrefreplace"

encode ([enc [,
errors]])

endswith (suffix) OkaHuMBaeTcst 1M CTPOKa Ha suffix
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find (sub
[,end]])

[,start

index (sub|[,
end]])

start [,

isalnum ()

isalpha ()

isdecimal ()

isdigit ()

islower ()

isnumeric ()

isspace ()

ripoGesbl. [To ymomuanuio tabsize=8

Bo3Bpaijger HauMeHbIIMK UH/IEKC, C
KOTOPOrO HaUMHAeTCs BXOXKeHUe
MOACTPOKU sub B CTPOKY. [lapameTpsl
start ¥ end OrpaHUUUBAIOT TOUCK
OKHOM start :end, HO BO3BpalllaeMblii
WUH/IEKC COOTBETCTBYET UCXOIHOU CTPOKe.
Ecnu nopcrpoka He HalfieHa,
BO3Bpalgerca — 1

AHanoruyHo find (), HO BO30OyKzaaet
HUCKIoUeHHe ValueError B CIydyae
Heyzauu

Bosepawger True, ec/id CTpoKa
COLeP>KUT TOJILKO OYKBBI U Li(pbI U
HMMeeT HeHYneByto JuHy. UHaue --
False

BosBpaiger True, ec/id CTpoKa
COJeP)KUT TOJILKO OyKBBI U [JTMHA
HeHyneBas

Bosspaiger True, ecjid CTpoka
COZIEP>KUAT TOJIBKD JeCSITUUHbIe 3HAKU
(Tosbko i ctpok Unicode) u ajiHa
HeHyrneBas

Bo3Bpaiiper True, eC/ii COAepKUT
TOJIbKO LIMGPBI U JI/TUHA HeHY/leBast

Bo3gpaiiger True, ecjii Bce OyKBbl
cTpouHkble (K uX bosiee oHOI), WHaue --
False

Bosspaitger True, ec/id B CTPOKe TOJIBKO
uKCJI0BbIe 3HaKKW (TosbKO it Unicode)

Bo3Bpaiger True, ec/ii CTpOKa COCTOUT
TOJILKO W3 1Po6e/bHbIX CHMBOJIOB.
Buumanue! [171s1 ycToi CTPOKH
BO3Bpall@eTcsi False
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join (seq)

lower ()

1strip ()

replace(old, newl[,

nj)

rstrip ()

split([sepl, nll)

startswith (prefix)

strip()

translate (table)

translate (table ],
dc])

upper ()

H 3wk nporpammuposadua Python
CoejuHeHue CTPOK U3
MOC/IeJOBATeILHOCTU S e uepe3
pasfienuTesb, 3a/laHHbIN CTPOKOU

[TpUBOAUT CTPOKY K HUXKHEMY PEerucTpy
Gyxs

Yiansier npobesibHble CUMBOJIbI C/IeBa
Bo3Bpalliger Korui CTPOKU, B KOTOPOI
NnoAcTpoku o 1d 3ameHeHbl new. Eciu

3a/laH rapaMeTp n, TO 3aMEeHSFOTCS TOJIbKO
repBble N BXOXK/eHUH

Ynansier npobesibHble CUMBOJIbI ClIpaBa

Bo3Bpalriger CricoK rnoJcTpoK,
TMO/TyJaloMXCst pa3breHrueM CTPOKU a
paszenuTeneM sep. [lapameTp n
oripe/ie/isieT MaKCMMa/IbHOe KOJIMUeCTBO
pa3buenuii (ciesa)

HauvHaeTcs v cTpoKa € moACTPOKU
prefix

Ynansier npobesibHble CUMBOJIbI B Hadasie
U B KOHLIe CTPOKU

[Tpou3BoaUT rpeobpazoBaHue C MOMOLIBO
Tab/ULbl NePeKOJIUPOBKU table,
coziepykalliel CJioBapb Jjisi epeBo/ia KoJj0B
B KoZibl (M1 B None, yToObl yianuTh
cumBon). Ins Unicode-cTpok

To e, HO /151 OOBIUHBIX CTPOK. BMecTo
C/I0Bapsi - CTPOKa IMepeKkoJUpOBKUA Ha 256
CUMBOJIOB, KOTOPYH MOXKHO
c(hopMUPOBATh C MOMOLLIBIO (YHKI[UH
string.maketrans ().
HeobOsi3aTe/bHbIH T1apaMeTp dc 3ajiaeT
CTPOKY C CUMBOJIaMH, KOTOpble
HeobXOUMO YIa/TUTh

[lepeBoAUT OYKBbI CTPOKM B BEPXHUI
peructp
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B cnepyroniem nprmepe NpUMeHsIOTC MeTofbl split () U join () ans
pa3bueHusi CTPOKU B CIUCOK (110 paszie/iuTesisiM) U obpatHoe 0ObeiuHeHue
CITUCKA CTPOK B CTPOKY

>>> s = "This is an example."
>>> st = s.split(" ")

>>> print Ist

['This', 'is', "an’, "example.']
>>> 52 = "\n"join(Ist)

>>> print s2

This

is

an

example.

Jlnisi TIpOBepKU TOro, OKAHYMBAETCs JIK CTPOKAa Ha OIpe/ie/IeHHOe COYeTaHue
OyKB, MO>KHO NPUMEHUTEL MeTol endswith ():

>>> filenames = ["file.txt", "image.jpg", "str.txt"]
>>> for fn in filenames:
if fn.lower().endswith(".txt"):
print fn

file.txt
Str.txt

[TouCcK B CTpPOKE MOXKHO OCYIIECTBUTb C TOMOLBI Metoga find ().

Crneaytouasi mporpaMma BbIBOAUT Bce (DyHKIUM, OmpejiesieHHble B MOAY/e
oriepaTopom de f:

import string
text = open(string.__file_ [:-1]).read()
start = 0
while 1:
found = text.find("def ", start)
if found == -1:
break
print text[found:found + 60].split("(")[0]
start = found + 1
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BakHbiM 1151 ripeoOpa3oBaHusi TEKCTOBOM WH(OPMAlL[UKM SIB/ISIETCS METO]
replace (), KOTOPbIA PACCMaTPUBAETCS HUXKE:

>>> a = "3TO0 TEKCT , B KOTOPOM BCTPEYAIOTCH 3allsiThie , [I0CTaB/IeHHbIE He '
>>> b = a.replace(",", ",")

>>> print b

3TO TEKCT, B KOTOPOM BCTPEUarTCs 3arsiThle, I0CTaB/IeHHbIe He TakK.

PekomeHpa1uu 110 3¢pheKTUBHO CTU

[Mpu pabore C oueHb JIMHHBIMA CTPOKAMU WJIM OOJIBIIMM KOJTMUECTBOM
CTPOK, TIpUMEHsiIeMble Ofepaljid MOTyT TMO-pa3HOMy BJ/IMSITb  Ha
ObICTpOEICTBUE MPOrPAMMBI.

Harnpvimep, He peKOMEH/YeTCsi MHOTOKPAaTHO WCII0J/Ib30BaTh OIepaljuio
KOHKaTeHal[uu I CKIIeMBaHusi OOJIbIIOTO KOJIMYeCTBA CTPOK B ofiHy. JIydire
HaKariMBaTh CTPOKM B CIMCKe, a 3aTeM C MOMOIp0 join () cobupath B

OfIHY CTPOKY:

>>>g ="
>>> for i in xrange(1000):
a += str(i) # HeaddekTUBHO!

>>> a = " join([str(i) for i in xrange(1000)]) # 6osee 3dxbekTHBHO

KoneuHo, ecnu cTpoka 3areM oOpabaTbiBaeTcsi, MOXKHO [TPUMEHSITh
WUTepaTopbl, KOTOpble T[O3BOJIIT CBECTHM WCIMO/b30BaHUE TMaMsiTH K
MUHUMYMY.

Mopayms StringlO

B HekoTopbIX C/lydasix jKejlaTesibHO paboTarth CO CTPOKOW Kak C daiisiom.
Mopaynb St ringIO Kak pa3 JiaeT TaKyr) BO3MOXXHOCTb.

OtkpbiTHe "(aiisa" npou3BoauTcss BbI3oBOM StringIO (). Ilpu BbI3oBe
Oe3 aprymeHTa - CO3/1aeTCsi HOBbIN "daiin", 1pu 3a/JaHUU CTPOKU B KauecTBe
aprymeHTa - "Gaiin" OTKpbIBaeTCs /1 YUTeHUSL:
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import StringIO
my_string = "1234567890"
f1 = StringO.StringIO()
f2 = StringlO.StringlO(my_string)

Hanee c daviniamu £1 U £2 MOXKHO paboTaThk Kak ¢ 00BIYHBIMM (paii/IOBBIMU
oObeKTaMu.

HOnst monydeHust COAEP’KUMOro Takoro (aijia B BU/Ie CTPOKM TPUMEHSIeTCs
Merod getvalue ():

f1.getvalue()

[IpoTuBOMNONOXKHLIM BapuaHT (rpejicTaBjieHue Gailsla Ha JUCKe B BU/E
CTPOKM) MOXXHO peanu3oBarb Ha mnargopmax Unix v Windows ¢
UCTIONb30BaHUeM MOAYIA mmap. 3/eCb 3TOT MOAYIb pacCMaTpUBaThCS He

Oyzer.

Mopyns difflib

st npubnM3nTeIbBHOTO CpaBHEHMS IByX CTPOK B CTaH/AapTHOW Oubinoreke
npenycMoTper moayis diff1lib.

Oynkuma difflib.get close matches () mo3Bo/iseT BbIAEIUTL N
O/IM3KUX CTPOK K 3a/]JaHHOM CTPOKE:

get_close_matches(word, possibilities, n=3, cutoff=0.6)
e
word
CTpOKa, K KOTOPOM MILyTCs O/M3KKe CTPOKM.
possibilities
CnuCcoK BO3MOXHbIX BADUAHTOB.

n
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TpebyemMoe KoIMueCcTBO O/IMXKalIIMX CTPOK.
cutoff

Koaduument (43 auariazona [0, 1]) HeoOXoAMMOro ypoBHSI COBIA/IEHUs
ctpok. CTpoKH, KOTOpble MPU CPaBHEHUM C word Jal0T MeHblllee 3HaueHue,
WUTHOPUPYIOTCS.

Cnepyroumi rpumep M0OKa3bIBaeT (GyHKLIMIO
difflib.get close matches () B JeldCTBUU:

>>> import unicodedata

>>> names = [unicodedata.name(unicode(chr(i))) for i in range(40, 127)]
>>> print difflib.get_close_matches("LEFT BRACKET", names)

['LEFT CURLY BRACKET, 'LEFT SQUARE BRACKET']

B cniucke names - Ha3Banus Unicode-cumBonoB ¢ ASCII-konamu ot 40 10
127.

PerynsipHbie BbIpakKeHUsI

PaccMOTpeHHBbIX CTaH/apPTHBIX BO3MOXHOCTeM [yisi paboTbl C TEKCTOM
JI0OCTaTOYHO Jlafieko He Bcerja. Harpumep, B Metogax find () w
replace () 3ajaeTcs BCero OfHa CTPOKAa. B peasbHbIX 3ajjayax Takas
O/IHO3HAYHOCTb BCTPEYAeTCs JOBOJILHO PEJIKO, Yallle TpebyeTcss HauTH Wiu
3aMeHUTh CTPOKU, OTBEYAIOIIie HEKOTOPOMY I1IA0J/I0HY.

Perynsipubie BoipaykeHus (regular expressions) onuceIBat0T MHOXECTBO CTPOK,
UCMONb3ysl CrielyasbHbli s3bIK, KOTOpbIA ceiiuac U Oyger paccMoTpeH.
(Ctpoka, B KOTOpPOW 3aJjaHO peryisipHoe BblpakeHUe, OyleT Ha3bIBAThCs
1ab/10HOM.)

st paboThl € peryisipHbIMUA Bbipa)keHusiMu B Python ucriosib3yeTcst Momy/ib
re. B cieayroiiemM npumepe peryisipHoe BbIpaKeHUe [OMOraeT BbI/Ie/TUTh U3
TEKCTa BCe UMC/Ia:

>>> import re
>>> pattern = r'[0-9]+"
>>> number_re = re.compile(pattern)
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>>> number_re.findall("122 234 65435")
['122','234', '65435']

B 3TOoM npumepe mabnoH pattern ONUCHIBAET MHOXECTBO CTPOK,
KOTOPbI@ COCTOSIT U3 OAIHOTO Wiu Oosiee CUMBOJIOB U3 Habopa "0", "1" ,
vy "9 . ODyHKIUA re.compile () KOMIWIMpPYeT I1AOOH B
crielidanbHbiil Regex-00beKT, KOTOPbId UMeeT HEeCKOJIbKO METO/OB, B TOM
yucie metog findall () aid moaydeHUs CIMCKA BCeX HellepeceKalouXxcs
BXOXK/IEHUY CTPOK, YIOBJIETBOPSIFOIIMX 1aO/I0HY, B 3a/JaHHYIO CTPOKY.

To ke caMmoe MOYKHO ObI/IO c/lleaTb K TakK:

>>> jmport re
>>> re.findall(r'"[0-9]+", "122 234 65435")
['122','234','65435']

[MpeaBapuTe/ibHas KOMIWJIsUsl 1A0/IOHA TMPeANOUYTUTe/IbHEee TP ero
YacTOM MCI0JIb30BaHWU, 0CODEHHO BHYTPHU L[UKIIA.

[IprmeyaHue:

Crnejyet 3aMeTUTb, UTO JyIsl 3a/jaHus 11abJI0Ha UCNo/Ib30BaHa
HeoOpaboTaHHasi cTpoka. B jaHHOM npumepe oHa He TpeboBajiach, HO B
o611em ctydae Jiyditie 3anucbiBaTh CTPOKOBBIE JIUTEPA/Ibl UMEHHO Tak,
uTOOBI UCK/THOUUTD B/IUSIHUE Clel{UabHbIX [10C/Ie/J0BATe/ILHOCTEH!,
3aMMUCbIBaeMbIX yepe3 00paTHYIO0 KOCYIO UepTy.

CHHTaKCHC peryisipHOTO BbIPaKeHUsI

CUHTaKCUC peryisipHbIX BelpakeHud B Python nmoutu Takoil ke, Kak B Perl,
grep Y HEKOTOPBLIX JPYrMX MHCTpyMeHTaX. YacTb CUMBOJIOB (B OCHOBHOM
OykBbl u uudpel) o603HauaroT camu cebs. CTpoka yIOB/IETBOpSET
(cooTBeTcTBYeT) WAO/IOHY, €C/IM OHA BXOAUT BO MHOXKECTBO CTPOK, KOTOpbIe
3TOT 11a0/I0H ONUCHIBAET.

3,£LECb CTOUT TakKXke OTMEeTHTb, 4YTO pa3/d4yHbie oOIlepaldd HCI10/1b3YHT
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wabnoH no-pasHomy. Tak, search () HUIET MepBOe BXOXKIEHUE CTPOKH,
VIOBJIeTBOPsitolel 111ab/IOHY, B 3a/laHHON CTpokKe, a match () Tpebyer,
yTo0bl CTPOKA Y0BJIETBOPsi/Ia 111abJIOHY C CaMOro Havarna.

CuMBO/IbI, UMeElOLMe CrieljuajbHOe 3HaueHWe B 3allUCU  PeryisipHbIX
BbIDAKEHU ;

Cumson Uto 0603Ha4YaeT B peryisipHOM BbIpOKeHUU

" JIroboit cumBo

man Hauano crpoku

i Konery crpoku

man IMoBTOpeHue parmeHTa HyIb UK Oosiee pa3 (KaiHoe)

myn IMoBTOpeHue (pparmeHTa ofMH UK Dosee pa3 (KaaHOe)

e [Mpeabiayumii pparmMeHT MO0 MPUCYTCTBYET, MO0 OTCYTCTBYET

"imn) IloBTOpenue npesbiAyIero pparmeHTa OT m Ji0 n pas

’ BK/IIOUUTEJILHO (JKaiHOe)

JIroboit cumBos1 U3 Habopa B ckobkax. MOXXHO 3a/iaBaThb

"[...]" AManasoHbl CHMBOJIOB C UAYLIMMU MOAPS KOAAMU, HallpUMep:
==

m -

A K JIro6o# cumBos He U3 Habopa B ckoOKax

ny OO6parHasi Kocasi uepTa OTMEHsIeT Clielja/ibHoe 3HaueHue
C/lejyro1Lero 3a Hell CMMBOJIa

" @®parMeHT cripaBa uiau (parMeHT cJieBa

e [MoBTOpeHue pparmeHTa HyIb UK Oosiee pa3 (He XKaJHoe)

myon IMoBTOpeHue (hpparmeHTa ofuH WK Dosee pa3 (He XKa/IHOE)

A [loeTOpeHue npebiAyIero pparMeHTa OT m J0 n pas
{m, n}?" BKIOUUTENLHO (He )Ka/HOe)

Eciu A u B - perynsipHble BbIpaKeHHWsl, TO UX KOHKaTeHalusi AB siBjisieTcst
HOBBIM pPeryisipHbIM BbIpa)keHHeM, IIPUUeM KOHKaTeHallusi CTPoK a ¥ b Gyner
ynosJsieTBopsith AB, ecnu a ynosnerBopsier A u b ynossiersopsier B. MoxHO
CUMTAaTh, UTO KOHKATEHAl[Usl - OCHOBHOM Crocob COCTaB/IeHUs PeryisipHbIX
BbIpaKeHUH.
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CKDGKI/I, OINHMCaHHbIEe HHXKe, IIPUMEeHHAKTCA /A 3daddHHMA [MPHOPUTETOB M
BblAe/IeHHUHA I'DYIIII (quﬁl"MEHTOB TeKCTa, KOTOphkle IMOTOM MOXHO I1ONYYHTb
10 HOMepy HW/HW K3 C10Bapsd, U [dXe COC/IaTbCHd B TOM JKe peryisdpHoM
BbIDAKEHUU ).

AJITOPUTM, KOTOpBLIHA COIOCTaB/SieT CTPOKU C PperyisipHbIM BbIpaXkKeHUeM,
1poBepsieT COOTBeTCTBUE TOr0 UJIM UHOro ¢parMeHTa CTPOKU peryisipHoOMy
BbIpakeHWt0. Hampumep, cTpoka "a'" COOTBeTCTBYeT peryisipHOMY
BBID&KEHUIO "la-z]", CTpOKa "fruit" COOTBETCTBYeT
"fruit|vegetable", a BoT cTpokKa "apple'" He COOTBETCTBYeT
uabnony "pineapple™.

B Tabnuie HuWKe BMECTO perBhp MOXeT ObiTh 3allMCaHO peryisipHoe
BLID@KEHUE, BMECTO MM - UAeHTU(UKATOp, a quiark OyayT pacCMOTpPEeHbI
HUDKe.

Obo3HaueHue OnucaHue

O6ocobisieT perynsipHoe BbIpa)KeHHe B CKOOKax 1
BBIJIEJISIET TPYIIITY

O6ocobsieT perynsipHOe BbIpakeHUe B CKOOKax 6e3
BbI/IeJIEHUSI TPYTIIbI

" (persrp) "

"(?:perBrp) "

B3misiz1 Briepe/i: CTpoKa JJ0/DKHA COOTBETCTBOBATh
33/IaHHOMY PEry/isipHOMY BbIP@KEHU0, HO
JanbHellliee COrocTaB/ieHue C 1abI0HOM HAaYHeTCs C
TOrO )K€ MecTa

"(?=perBrp)"

"(?!pereup)"  To ke, HO C OTPUL|AHUEM COOTBETCTBUS

B3msig Ha3az;: cTpoka J0/DKHA COOTBETCTBOBATL, eC/IH
10 9TOr0 MOMEHTa COOTBETCTBYeT PeryisipHOMY
BhIpaeHU0. He 3aHUMaeT MecTa B CTPOKe, K
KOTOpO# rpumeHsieTcsi wabnoH. [lapameTp perBep
J0/KeH ObITh (PMKCUPOBAHHOM JI/IMHbI (TO eCTh, 6e3
"t E")

" (?<=persBrop) "

"(?<!persup)" To ke, HO C OTPUL|AHUEM COOTBETCTBUS

'Il'(?

P<yumMa>perBHp) " BoljlensileT UMEHOBAHHYIO IPYIITY C UMEHEeM MM s

Touno COOTBETCTBYET BLI,ELEHEHHOﬁ pdHee
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MMEHOBaHHOM rpyririe ¢ UMeHeM MM A

" (?#pereep) " KoMMmeHTapuil (MTHOPUpYeTCs)
Ec/u rpyrina ¢ HOMepOM UJId UMEHEeM 1M 5
" (? (uMa) pel|  OKasasach oripejesieHa, pe3ylisraTom Oyrer
pB2)" comocTaBJieHue ¢ pe 1, UHaue - ¢ pe2. Yacth | pB2

MOXKeT OTCYTCTBOBATb

3ajaet uiar yist BCEro JaHHOrO PeryisipHoro
" (?2dmar) " BhIpaKeHus. dyiaru HeoOXOOUMO 3a/1aBaTh B Hauajie
wabsoHa

B TabnWile HWKe OINHCaHbl  Crel[UHa/bHbIe  T0C/Ie[0BATeIbHOCTH,
UCTIO/B3YIOIKEe 0OpaTHYIO KOCYIO UepTy:

[NocnesoBarebHOCTb Yemy cooTBeTCTBYeT

W\ 1" _ mwygm I'pynna ¢ ykasaHHbIM HOMepoM. [pyrinbl
HYMepYIOTCsl, HauhHas C 1

n\p [TpomexxyToK repej Ha4a/IoM BCed CTPOKM (I10UYTH
aHajIoruyHo "~ ")

gz [Tpome)xyTOK repej KOHLIOM BCel CTPOKH (I104TH
aHaJIorMyHo "$" )

m\pn [TpoMeXxyToK Me>X/ly CUMBOJ/IaMU [1epe[| C/IOBOM HJIU
1ocJjie Hero

n\p" Haobopor, He COOTBETCTBYET TPOMEXYTKY MEX1Y
CUMBOJ/IaMU Ha IpaHuUlie C/10Ba

WY\ @l Hudpa. Ananoruuno " [0-9] "

g n JIro6oit npobenbHbINA CUMBO/. AHAIOrMYHO "
[\NEAn\r\fA\v]"

g JIro6oit HerpobenbHbIN CUMBOJI. AHA/JIOTMUHO
[*\t\n\r\f\v]"

" g JIrobast yudpa nnm OykBa (3aBUCHUT OT ¢viara
LOCALE)

T JIro6oli cumBoJI, He sB/IsOLMIICS LUGPOM nu

OykBoii (3aBUCUT OT (rara LOCALE )

®naru, HCI10/1b3yeMble C peryidpHbIMH BbIPpaKEHHUAMHA
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®naru, UCTob3yeMble C PeryisipHbIMU BbIP)KeHUSIMU:
"(?)", re.l, re IGNORECASE

Conocras/ieHue NpoBoauTcs 6e3 yuera perucrpa Oyks.
"(?L)", re.L, re. LOCALE

Bnusier Ha onpegenenwe Oykeel B "\w", "\W", "\b", "\B" B
3aBUCUMOCTHM OT TeKyllleid KynsTypHoit cpefibl (locale).

"(?m)", re.M, re. MULTILINE

Ecnu sToT dwiar 3afaH, "~ " U "$" COOTBETCTBYIOT Haualy U KOHILY JIF0O0M
CTPOKH.

"(?s)", re.S, re. DOTALL
Ecnu 3apaH, " . " COOTBETCTBYET TakKe U CUMBOJTY KOHLIA CTPOKK " \n".
"?x)", re.X, re. VERBOSE

Ecnu 3apan, mnipobesibHble CUMBOJIBI, He 3KpaHUpOBaHHbIe B MabyioHe
00paTHOM KOCOU uepToM, SIBJISIFOTCS He3HaUallMMU, a BCE, UTO PACrio/IO’KeHO
rnocie cumBosia "# ", -- koMMeHTapuu. [lo3BosigeT 3anUchIBaTh peryispHoe
BbIpa)KeHHe B HECKOJIbKO CTPOK IS WIYUIIEHUS ero YATaeMOCTH W 3allucH
KOMMEHTapueB.

"(?u)", re.U, re. UNICODE

B mabioHe u B cTpoke ucrosb3oBad Unicode.
MeTtoab! 00beKTa-111ab0Ha

B pe3yssraTe YCITelIHOM KOMITUJISILIUU mabioHa byHkUMel
re.compile () nojydaercsi  1wabnoH-o6bekT  (OH ~ UMeHYyeTCs
SRE Pattern ), KOTOPbI UMeeT HECKO/IbKO METO/IOB, HEKOTOPbIe U3 HUX
Oynyr paccmotpeHbl. Kak 00bluHO, mogpobHocTy u  uHbopmaius o
JIOTIOJIHUTE/ILHBIX aPTYMeHTax - B JlokyMeHTaluu no Python.
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ConocraB/isieT CTPOKYy s C 1ab/0HOM, BO3Bpalljas B C/ydae YIauHOro
CorocTaB/ieHUsl 0OBEeKT ¢ pe3ylIsTaToM cpaBHeHMs (00beKkT SRE Match ). B
Clydae Heyauu Bo3ppaigetr None. CorocTaB/ieHre HauMHaeTCsl OT Hadala
CTPOKH.

search(s)

AHanornueH match (s), HO MILET MOAXOMSILYIO TTOACTPOKY 110 BCel CTPOKe
S.

split(s[, maxsplit=0])

Pa3buBaeT CTPOKY Ha IOACTPOKU, pa3fie/IeHHbIe MOJCTPOKAMH, 3alaHHbIMU
mwabsonom. Ecnmu B 1mabsioHe BbIZIEJIEHbI TPYIIbI, OHU TOMAAyT B
Pe3yETUPYIOMI  CIIUCOK, TepeMeXkasiCb C  IIOACTPOKAMH  MEXIY
pasaenutensMu. Eciu ykasaH maxsplit, Oyler npou3sseseHo He Oosee
maxsplit pa3dbueHui.

findall(s)
WinieT BCe HerepeKpbIBatolecs MoACTPOKU S, YI0BIETBOPSIOILIMe 11ab/I0HY,
finditer(s)

Bo3Bpaiiger utepaTop no 0b6beKTaMm C pe3yisTaTaMud CpPaBHEHUs JJisi BCeX
HerepeKpbIBAIOLMXCs MOJICTPOK, Y0BJ/IETBOPSONMX 1ab/10HY.

sub(repl, s)

3ameHsieT B CTPOKe s Bce (WJIM TOJILKO count, eC/id OH 3a/jaH) BXOXK/IeHUsl
HernepeKpbIBAIOLMXCsl TMOJACTPOK, YIOBJIETBOPSIOUMX 111a0/I0HY, Ha CTPOKY,
3a/laHHYIO C MOMOILIBI0 repl. B KauectBe repl MOXKET BbICTYIATh CTPOKA
unu QyHkius. Bo3BpalligeT CTPOKY C BbIITOJTHEHHbIMU 3aMeHaMu. B nepsom
CJlyyae CTPOKa rep 1 MOACTaB/IsSeTCs He MPOCTO TaK, a MHTePIIPeTUPYeTCs C
3aMeHON BXOXKJeHUH "\ Homep" Ha IPYIY C COOTBETCTBYIOIIMM HOMEPOM
U BXOXKAeHUW "\g<umsa>" Ha Tpynmny C HOMEpPOM WX UMeHeM ums. B
clydae, Korga repl - dyHKIUs, el nepeaeTcsi 00ObEKT C pe3yIbraToM
Ka)K/IOTO YCITelHOro COMOCTaBJeHUs, a U3 Hee BO3BpalL@eTcsi CTpPOKa Jiist
3aMeHbl.
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3aMeHbl.
subn(repl, s)

AHasiorrueH sub (), HO BO3BPAIL@eT KOPTEX W3 CTPOKU C BbIMOIHEHHbIMU
3aMeHaMU W YK(Jia 3aMeH.

B ciepyromieM ripumepe CTpoKa pa30MBAeTCs Ha TOACTPOKU IO 3aJJaHHOMY
mabsoHy:

>>> import re

>>> delim_re = re.compile(r'[;]")
>>> text = "This,is;example"

>>> print delim_re.split(text)
['This', 'is', 'example']

A Teriepb MO)KHO y3HAaTh, Y4eM UMEHHO ObLIN Pa30UThI CTPOKHU:
>>> delim_re = re.compile(r'([:,;])")

>>> print delim_re.split(text)
[Th-lsl: I:l: I l: Isl: 'EXEIIT]IJIEI]

[TpymepsI 111a0/I0HOB

BrajieHue peryisipHbIMUA BBID@KEHUSIMA MOXKET CYLLECTBEHHO YCKOPUTb
MOCTPOEHUE  aNrOpUTMOB st 00paboTku  JaHHbIX. Jlyumie Bcero
MO3HAKOMUTLCS C ab/10HaMK Ha KOHKPETHbIX IPUMepax:

r"\b\w+\b"

CoOTBeTCTBYeT CJIOBY 13 OYKB U 3HAKOB MOJUePKUBAHUSIL.
r'[+-]\d+"

CooTBeTCTBYeT 1ie/1oMy uuC1y. Bo3aMo)KHO, CO 3HAKOM.
r"\([+-]\d+\)"

Uucso, crosiiee B ckoOKax. CKOOKU HCIIO/IB3YIOTCS B CAMUX PEryIsipHbIX
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r'la-cA-C]{2}"

COOTBeTCTBYeT CTpPOKe W3 BYX OykB "a", "b" wmui "c". Hanpuwmep,
"Ac"’ "CC"’ "bc'll'-

r"aabb|cc|AA|BB|CC"
CTpoKa 13 JIByX O[JMHAKOBbIX OYKB.
r'"([a-cA-C])\1"

CTpoka u3 JIByX OAMHAKOBBIX OYKB, HO 1AOOH 3ajjaH C WCIO/b30BAHUEM
rpyrmn

r'aalbb".

CooTBercTBYyeT "aa" umm "bb"
r"a(alb)b"

CootBercTBYyeT "aab™ umm "abb"
r"ARNd{8}\d{4})\s*(.*)$"

COOTBETCTBYeT CTPOKe, KOTOpas HauuMHaeTcss C Habopa W3 BOCbMH WU
yeThipex HUGpP U J[BoeTours. Bce, UTO MJET MOC/e [JBOETOUUs U TI0C/Ie
C/Ie/IyIOIIMX 32 HUM NIpo0esioB, BbiZe/IsieTCsl B TPYIIy C HOMepoM 1, Torjja Kak
Habop LKdp B IPyIIy He BbIJIe/EeH.

r'(\Ww+)=4\b\1\b"

CrnoBa c/ieBa W ClipaBa OT 3HAaKa paBeHCTBa MnpucyrcTByroT. Onepany "\ 1"
COOTBETCTBYET IpYyIirie C HoMepoM 1, Bbijie/IeHHOH C TTIOMOILIBIO0 CKODOK.

r'"(?P<var>\w+)=.*\b(?P=var)\b"
To >xe camoe, HO Terepb UCIO/b3YeTCst UMEHOBAHHasi FPYIiNa var.
r"\bregular(?=\s+expression)".

CooTBercTByeT /OBy "regular" TOMbKO B TOM C/lydae, eC/id 3a HUM
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CooTBercTBYeT (/1I0BYy "regular" TOMBKO B TOM C/lydae, eCJIM 3a HUM
nocsie npobenos cnegyer "expression”

r'(?<=regular )expression"

CooTBercTBYyeT (IOBYy "expression", T1epel KOTOPbIM  CTOUT
"regular" u oquH rpobe.

CriefiyeT 3aMeTUTb, UTO MPUMEPbI CO B3DISOM Ha3ajl MOTYT CHUJIbHO B/IUSTH
Ha MPOU3BOAUTE/ILHOCTD, [T03TOMY MX HE CTOMT MCII0/Ib30BaTh 0e3 0coboit
HeoOX0UMOCTH.

OtnajKa peryisipHbIX BbIPDayKeHUM

Cnenytoupii HeGOJBILOW ClieHapUil T03BOJISIET OT/IAKUBATh peryisipHoe
BbIp@)KeHUe, MPU YCJIOBUM, UTO €CThb IPUMep CTPOKM, KOTOpOH 111abyioH
[IOJDKEH YIOBJIeTBOPSATb. B3AT Kycouek siora iptables, ero Heobxoaumo
paszobparb [yis rosiyueHusi nosneid. VIHTepecHbl CTPOKU, B KOTOPBIX TOC/Ie
kernel: crout PAY: a B 9TUX CTPOKAaX HY)KHO MOJYUYUThL JaTy, 3HAUYEHUs
DST, LEN u DPT:

import re

def debug_regex(regex, example):
""Ornagka per. BeipakeHus. [lepes oTnagkol fydile yopaTh TUILIHKE CKOO)
last_good ="

for iin range(1, len(regex)):
try:

re.compile(regex|:i]).match(example):
last_good = regex[:i]
except:
continue
return last_good

example = """Nov 27 15:57:59 lap kernel: PAY: IN=eth) OUT=
MAC=00:50:da:d9:df:a2:00:00:1c:b0:c9:db:08:00 SRC=192.168.1.200 DST=1
LEN=1500 TOS=0x00 PREC=0x00 TTL=64 ID=31324 DF PROTO=TCP S
WINDOW=17520 RES=0x00 ACK PSH URGP=0""
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log re = r""[A-Za-z]{3}\s+\d+\s+\d\d\d\d:\d\d) \S+ kernel: PAY: .+
DST=(?P<dst>\S+).* LEN=(?P<len>\d+).* DPT=(?P<dpt>\d+) "™

print debug_regex(log_re, example)

®dyuxkius  debug regex () npobyeT  COMNOCTaB/IsATL — IHpUMEp  C
YBEJIMUMBAIOIMMUCS TTOPLIUSIMUA PEryisipHOTO BbIpa)XeHUsi U BO3BpalliaeT
roc/iefiHee yiaBilieecsi COroCTaB/IeHUe:

[A-Za-z]{3 }\s+\d+\s+\d\d

Cpa3y BUAHO, YTO He IMOCTaBJ/IeH CUMBOJI .

[IpriMepbI MpUMeHeHUs! Per I PHOTO BbIPayKeHUsI

ObpaboTka nora

[Mpeapigynpii npuMep peryisipHOro BbIPaXeHUs MO3BOJUT BbIJEIUTh U3
J7iora 3arnucy C ornpe/ie/IeHHOW MeTKOM U 1ojaTh X B COKPAIIEHHOM BU/I€:

import re
log_re = re.compile(r'""'(?P<date>[ A-Za-z]{3 }\s+\d+\s+\d\d:\d\d:\d\d) \S+ kern
PAY: .+ DST=(?P<dst>\S+).* LEN=(?P<len>\d+).* DPT=(?P<dpt>\d+) "")

for line in open("message.log"):
m = log_re.match(line)
if m:
print "%(date)s %(dst)s:%(dpt)s size=%(len)s" % m.groupdict()

B pe3ynsrate nonydaercst

Nov 27 15:57:59 192.168.1.115:1039 size=1500
Nov 27 15:57:59 192,168.1.200:8080 size=40
Nov 27 15:57:59 192.168.1.115:1039 size=515
Nov 27 15:57:59 192.168.1.200:8080 size=40
Nov 27 15:57:59 192.168.1.115:1039 size=40
Nov 27 15:57:59 192,168.1.200:8080 size=40
Nov 27 15:57:59 192.168.1.115:1039 size=40
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Nov 27 15:57:59 192.168.1.115:1039 size=40

AHanmm3 3armcu Yymcjia

XopolUMi IpUMep PperyisipHOr0 BbIDOKEHUsI MOXKHO HaWTh B MoOAyne
fpformat. D10 peryisipHOe BbIpakeHUe I103BOJIsIeT pa3obpaTh 3aruch
yicia (B TOM BU/E, B KAKOM UYMC/IOBOW JiUTepas MPUHATO 3alUChIBATh B

Python):

decoder = re.compile(r'A([-+]?)0*(\d*)((?\\d*)?)(([eE][-+]2\d+)?)$")

# Cuienytolpie yaCTi YU CJIOBOIO JIMTePasia BbIEJISIOTCS C TOMOLIbE) FPYIII:
#\0 - Becb nuTepan

#\1 - HaYa/IbHBIW 3HAK UJTK MTYCTO

#\2 - uudpsl C1eBa OT TOUKU

#\3 - npobHast yacTh (MycTast UJIA HAUMHAETCS C TOUKK )

#\4 - nokaszatesb (MycTor uau HauuHaeTcs ¢ 'e' unu 'E')

Harnipumep:

import re
decoder = re.compile(r'A([-+]?)0*(\d*)((?:\\d*)?)((?:[eE][-+]2\d+)?)$")

print decoder.match("12.234").groups()
print decoder.match("-0.23e-7").groups()
print decoder.match("1e10").groups()

[Monyuum
(",'12',".234',")
(I_I’ ”s I-23I’ le_7l)
(1,7, 'e10)

MHoXecTBeHHas 3aMeHa

B HeKoTOpbIX NpUIOKEHUSIX TpeOyeTcsi NpPOM3BOAUTHL B TEKCTe cCpasy
HEeCKOJIbKO 3ameH. [/1si pelieHusi 3TON 3a/jauyd MOYKHO MCI0JIb30BaTh METO]
sub () BMecTe co cneuMansHON QyHKIUel, KoTopast ¥ OyieT yrnpaB/siTh
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def multisub(subs_dict, text):
def _multisub(match_obj):
return str(subs_dict[match_obj.group()])

multisub_re = re.compile("|".join(subs_dict.keys()))
return multisub_re.sub(_multisub, text)

repl_dict = {'one": 1, 'two': 2, 'three': 3}

print multisub(repl_dict, "One, two, three")
Bynet BeiBejeHO

One, 2, 3

B kauecTBe yrpaKHeHUs TpejjiaraeTcsi cjiejlaTb BepCUlo, KoTopasi Obl He
yuuTbhIBasa peructp Oyks.

B npusejeHHol nporpamme BcriomorareibHas (QyHkuusa multisub ()
T0 TI0JIyYeHHOMY OOBEeKTY C pPe3y/IkTaTOM CPaBHEHHsI BO3BpaAlllaeT 3HaueHHe
U3 CJI0Bapsi C ONUCAHUSMU 3aMeH subs dict.

PaboTa c HeCKo/IbKUMU (aiiiaMu

Nnsi yripoieHusi paboTbl ¢ HECKOJIbKUMM (palijlaMu MOXKHO MCI0J/Ib30BaTh
Moayib fileinput. OH no3BosisseT 06paboTaTh B OAHOM LIMK/IE CTPOKU
BCEX YKa3aHHbIX B KOMaH/IHOM CTPOKe (haii/IoB:

import fileinput
for line in fileinput.input():
process(line)

B ciyuae, korja ¢ai/ioB He 3a1aH0, 00pabaTbIBaeTCs CTaHJAPTHBIM BBO/,

Pabora ¢ Unicode
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Pabora ¢ Unicode

Ho mosmnenuss Unicode CUMBO/IBI B KOMITBIOTEPE KOAMPOBATUCH OJHUM
DaliToMm (@ TO U TO/MBLKO cembro OuTamu). OauH OalT OXBAThIBAT J[MAITa30H
KopoB oT 0 10 255 BK/IWOUMTE/IBHO, a 3TO 3HAYWT, 4TO OOJbLIE [BYX
asaBuTOB, 1[UdP, 3HAKOB MYHKTYAllMK U HEKOTOPOro Habopa crieruaibHbIX
CUMBOJIOB B ofiHOM Oalite He rmiomelercs. Kaxblii NpouU3BOAWUTEb
WCII0/1b30BaJl CBOK KOAUPOBKY [/Isl OJIHOTO U TOro >ke andaButa. Harprmep,
10 HACTOSILLIEr0 BPEMEHU JI0XKUJIW LIeJIbIX MSITh KOJMPOBOK OYKB KUPHUJ/UIULIbI,
Y KayK/Ibli 110/1b30BaTesib He pa3 BUjesl B cBoeM Opay3epe UM 3/1eKTPOHHOM
MKUCbMe TIPUMep HEeCOOTBETCTBUS KOJUPOBOK.

Crangapt Unicode - efuMHasi KOAMPOBKA [Jisi CUMBOJIOB BCEX SI3bIKOB MHUpa.
Oto Gosbilioe obsierueHre U HEKOTOPOe Heyno0CTBO ofHOBpeMeHHO. [lioc
COCTOMT B TOM, uto B ofHoi Unicode-CcTpoke IOMeNAIOTCS CUMBOJIBI
COBEpILEHHO Pa3/IMUHbIX S3bIKOB. MHHYC e B TOM, UTO [10JIb30BaTesu
MPUBBIKIA  TIPUMEHSTb  OfHODAWTOBbIE  KOJUPOBKW,  OOJIBIIMHCTBO
TIPUJIOKEHUM OPUEHTUPOBAHO HAa HUX, BO MHOIMX CUCTEMax MOAJeprKKa
Unicode ocyiecTB/sIeTCsl JIMIlb YaCTUYHO, TaK Kak TpebyeT OrpoMHOI
paboTel 10 paspabotke 1pudros. IlpaBia, CAMBOJbI ONHOM KOJUPOBKU
MO’KHO riepeBectd B Unicode u obpatHo.

3[eck ke cse/lyeT 3aMeTUThb, UTO (hail/ibl MO-MPeXHEeMY MPUHITO CUUTAThb
MOC/Ie/I0BaTe/IbHOCTBI0 DaliTOB, MO3TOMY /ISl XpaHEeHUsI TeKcTa B (daiiie B
Unicode TpebyeTcst uCIoJib30BaTh OAHY W3 TPAHCIOPTHBIX KOIUPOBOK
Unicode (utf-7, utf-8, utf-16,...). B HEKOTOPLIX K3 3THUX KOJUPOBOK HUMeEeT
3HaueHWe MPUHATBIA Ha JaHHOW matdopme nopsaok OaktoB (big-endian,
crapiiMe paspsiibl B koHLe wau little-endian, Mnazaiume B KoHLE). Y3HATb
nopsiZiok 6aNTOB MOXKHO, ITpoUUTaB aTpudyT U3 Moays sy s. Ha nnatdopme
Intel 3TO BHIMSAUT TaK:

>>> sys.byteorder
'little'

Jlnsi UCKMIOUeHUsT HeoiHO3HAauUHOCTU JoKymeHT B Unicode moeT ObIThb B
camoM Hauasie cHabken BOM (byte-order mark - meTka mopsika 06aiiToB) -
Unicode-cumBosiom ¢ kogom Oxfeff. Ins panHod nnardopmel cTpoka 6aliTos
st BOM Oynet Takoii:
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Ins mipeobpa3oBanusi cTpoku B Unicode HeoOXomuMO 3HATh, B Kakoi
KO/IMPOBKE 3aKO[MpOBaH TeKCT. [Ipearosniokum, uto 310 cpl251. Torma
npeobpa3oBath TeKCT B Unicode MOXKHO CJie/IyrOIIMM CI10COO0M:

>>> s ="Ctpoka B cp1251"
>>> s.decode("'cp1251")
u"\u0421\u0442\u0440\u043e\u043a\u0430 \u0432 cp1251'

To ke camoe C IOMOILIBI0 BCTPOEHHOU (yHKIIMU unicode () :

>>> unicode(s, 'cp1251")
u"\u0421\u0442\u0440\u043e\u043a\u0430 \u0432 cp1251'

OpHolt U3 mnone3HbIX GYHKIAW 3TOro MOAYIsA  sIBJsieTcst  (yHKI[Us
codecs.open (), N03BOJSIONIAS OTKPLITL (haii/l B PYroi KoM POBKeE:

codecs.open(filename, mode[, enc[, errors|[, buffer]]])
31ech:

filename
Nwms daiina.

mode

Pexxum oTKpbITUS (haitna

enc
Kogupogka.

errors

Pexxrm peardpoBaHusi Ha OIMOKM KogupoBKu (‘strict’ - BO30OyKIaTb
UCK/TIoUeHue, 'replace’ - 3aMeHSITb OTCYTCTBYIOLLME CUMBOJBI, 'ignore' -

WUTHOPUPOBATh OLLMOKK).
buffer

Pexxum Oydepusanuu (0 - 0e3 Oydepusanuu, 1 - mocrpouHo, n - OalT
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buffer

Pexum Oydepuszanuu (0 - 6e3 Oydepusanuu, 1 - nmocTpouyHo, n - Oait
Gydepa).

3aK/IroueHue

B oroli  nekiuu  ObUIM  PAacCCMOTPEHbI  OCHOBHBIE  THIbI IS
MaHUMYIUPOBaHUs TeKcToMm: cTpoku U Unicode-ctpoku. [locTaTouHo
nogpoOHO onMcaHbl peryisipHble BbIpaKEHWsi - OJUH W3 Haubosiee
3(xbeKTUBHBIX MeXaHWU3MOB /ISl aHaiu3a TeKCTa. B KoHLe MpuBejeHbl
HekoTopble dyHKIY Jy1st paboTel ¢ Unicode.

CChUIKH

NLIK

ceblika: http//nltk.sourceforge.net
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PaboTa ¢ JaHHbIMY B pa3/MuHbIX (hopMarax

Pabota c coBpemeHHbIMM (HOpMAaTaMU JIaHHBIX - OJHO W3 CHJILHBIX MECT
craHgaptHoit Oubmuoreku Python. B 3Tol snexkuuu Oyiyr paccMOTpeHbl
TunuuHbie s Python mogxoibl K ureHUio, rnpeobpa3oBaHUI0 W 3arlucH
uHdopmaiuu B Tpedyembix dopmatax. B HacTosiiee Bpemsi pa3paboTaHo u
noctynHo B MiHTepHeTe 60Jibllioe KOJTMYeCTBO MOJY/Iel Ji/isi BCeBO3MOXKHbIX
(hopMaTOB JJaHHBIX.

dopmar CSV

®aiin B dopmare CSV (comma-separated values - 3HaueHusi, pasjeneHHble
3ansiThiIMM) - YHUBEpPCA/IbHOE CPeACTBO [yisi [epeHoca TabiuuHol
uHbopMaL[UU MeX/y TPUI0KEHUsIMUA (371eKTpoHHbIMU Tabsuiamu, CYB]I,
afpecHbIMM KHUramu W T.1.). K coxkanenuto, dopmar daiisia He uMmeer
CTPOro  OIpeJe/IeHHOr0  CTaH/JapTa, I[03TOMy  Mexay  daitiamu,
MOPOXK/IaeMbIMU  Pa3/IMUHbIMUA TPUJIOKEHUSIMU, CYLLECTBYIOT HEKOTOpbIe
TOHKUWe pa3iuuusi. BHyTpu (aiin BeIIAAUT NPpUMEPHO Tak (haiiyi pr.csv ):

name,number, text
a,1,something here
b,2,"one, two, three"
¢,3,"no commas here"

Insi pabotbl ¢ CSV-daitnaMyd UMeroTCs [iBe OCHOBHbIE (DYHKLIUM:
reader(csvfile[, dialect="excel[, fmtparam]])

Bo3Bpaiger uuTarolmii 00bEKT, KOTOPBIN SIBJISIETCS UTEPATOPOM [0 BCEM
CTPOKaM 3a/iaHHOoro (aiisia. B kauectBe csvfile MOXKeT BbICTYNaTh JitoOoM
00BeKT, KOTOPbIN MOAeP)KUBAeT TIPOTOKOJI UTepaTopa U BO3BpallgeT CTPOKY
npu obpaiieHU K ero Merony next (). Heobsi3aTenbHblid aprymeHT
dialect, 10 yMOMYaHUK PpaBHbIM 'excel', yKa3blBaeT Ha
HeoOXOMMOCTh UCI0/Ib30BAHUSI TOTO WJIM WHOrO Habopa CBOMCTB. Y3HaTb
JOCTYIHbIe BApUaHTbl MOXKHO C MOMOLpI0 csv.list dialects ().
AprymeHT MOKeT ObITb OJHOH W3 CTPOK, BO3BpallldeMbIX YyKa3aHHOM
dynkiueit, nbo IK3eMIUIIPOM MOfKIacca Kilacca csv.Dialect.
HeobOsi3aresibHblli  apryMeHT fmtparam COYKAT JJis [epeHa3HauyeHus
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OT/Ie/IbHBIX CBOWMCTB I10 CPaBHEHWMIO C 3aZlaHHbLIM IapaMeTpoM dialect
HaﬁopOM. Bce [ojiydaeMble IaHHbIE ABJIAKOTCH CTPOKAMM.

writer(csvfile[, dialect="excel[, fmtparam]])

Bo3Bpaiiper nuiyiipii 00OBEKT /JIsi 3alHMCH T10J1b30BATE/IbCKUX JIaHHBIX C
WCIIO/Ib30BAHUEM pa3jeNuTeNid B 3afaHHbIM  (aiiiononobHbii  0OBLEKT.
[MapameTpsl dialect U fmtparam UMeIOT TOT )K€ CMbIC/I, UTO U BBhILLE.
Bce panHble, kpome cTpoK, oOpabarbiBaoT ¢yHKUMeld str () Tmepej
romereHeM B haiis.

B cnepyrowem nprumepe uurtaercss CSV-gailn U 3anucbiBaeTcst Apyrou, rje
yKC/ia BTOPOro CTosiblia yBe/iMueHbl Ha eJUHULLY:

import csv

input_file = open("pr.csv", "rb")

rdr = csv.reader(input_file)
output_file = open("prl.csv", "wb")
wrtr = csv.writer(output_file)

for rec in rdr:
try:
rec[1] = int(rec[1]) + 1
except:
pass
wrtr.writerow(rec)

input_file.close()
output_file.close()

B pe3ynsrate nonyuntcst aiin prl.csv ciaeayiomero cofepikaHusi:

name,number,text
a,2,something here
b,3,"one, two, three"
¢,4,"no commas here"

Moaynb TakkKe ornpezenser ABa Kiacca s Oosiee ynoOHOro uteHus u
3aMMCH 3HAYeHUW C UCMOb30BaHUEM CJIOBapsi. BbI30BbI KOHCTPYKTOPOB

crieiyroLpe:

class DictReader(csvfile, fieldnames[, restkey=None[, restval=None[, dialect="e>
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Co3/laeT udTarOIMi 00bEKT, MoA0OHbIA TOMY, YTO pacCMaTPUBAJICS BbILLe,
HO TIOMeLAIOLUMU CUMThIBaeMble 3HaueHUss B «i1oBapb. [lapamerpsl
csvfile u dialect Te xe, uTo U paHblle. [lapamerp fieldnames
3a/laeT MMeHa rojied cnuckoM. [lapamerp restkey 3ajaerT 3HaueHuUe
K/IoUa it TIOMeLeHUs CITIUMCKA 3HaueHWH, [J1si KOTOPBLIX He XBaTU/I0 UMeH
nonel. Ilapamerp restval HUCONb3YyeTCs Kak 3HaueHHe B TOM C/Iydae,
ec/iM B 3alluMCU He XBaTaeT 3HaueHUM s Bcex nosied. Ecmu napametp
fieldnames He 3ajaH, WMeHa IoJiell OylyT MpPOYMTAHLI W3 TEpBOH
3anucu CSV-¢aitna. Hauunass ¢ Python 2.4, napametrp fieldnames
HeoDbsi3aTeseH.

class DictWriter(csvfile, fieldnames|, restval=""1, extrasaction="raise'[, dialect="ex

Co3paer nuuynpmii 06bekT, KoTopblid 3anuckiBaer B CSV-daiin cTpoku,
rosiydasi laHHble U3 cinoBaps. [lapameTpsl aHanoruudsl DictReader, HO
fieldnames obs3aTesieH, TaK Kak OH 3a/laeT MOPsIOK CJ/IeI0BaHUsI MOJIei.
[TapameTp extrasaction ykasbiBaeT Ha TO, Kakoe J[eHCTBUe HYKHO
MpOU3BeCTH B C/ydae, Korjga TpebyeMoro 3HaueHWsi HeT B CJIOBape:
'raise' - BO30OyguTb uUCKIOUeHHe ValueError, 'ignore' -
WUrHOPUPOBATh.

CooTBeTcTBYrOMI npumep jaH Huxe. B ¢aiisie pr. csv uMeHa 1oneu
3a/laHbl B [epBOW CTpoke (aiina, T1OITOMY MOXHO He 3a/laBaTh
fieldnames:

import csv
input_file = open("pr.csv", "rb")
rdr = csv.DictReader(input_file,
fieldnames=["name', 'number’, 'text'])
output_file = open("prl.csv", "wb")
wrtr = csv.DictWriter(output_file,
fieldnames=["name', 'number’, 'text'])
for rec in rdr:
try:
rec['number'] = int(rec['number']) + 1
except:
pass
wrtr.writerow(rec)
input_file.close()
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output_file.close()

Mopayis UMeeT Takke Jpyrve Kiacchbl U yHKLMM, KOTOPble MOYXHO U3YyUHTh
Mo JoKymeHTaluu. Ha mpumepe 3TOro Mofyisi MOXKHO YBUJETb 0OLMiA
noaxon K pabore c caiisiom B HekotopoMm opmate. Creayer obpaTUTh
BHUMaHUE Ha C/ie/lylolie MOMEHTBI:

e Moaym pans pabotbl ¢ opmatamMu JlaHHBIX OOBIUHO COflepIKaT
GYyHKIIUM WM KOHCTPYKTOPbLI KIacCOB, B YAaCTHOCTM Reader U
Writer.

¢ OTu GYHKIMUA U KOHCTPYKTOPbI BO3BPAILIAIOT 00BEKThI-UTePaTOPbI [1J1sl
UTeHUs JAHHBIX U3 (aitsia U 00beKThbl CO CreljuajbHbIMU MeTOlaMu
JUTs1 3aMUACU B (paiis.

e Jlns pa3HbIX HYXKJ 0ObIYHO TpeOyeTcsi UMeTb HeCKOJbKO BapUaHTOB
K/IaCCOB UMTAKIMX W MUIIYIMX 00bekToB. HoBble K1acChl MOTyT
MoJiydaThCsi  Hac/leJoBaHWeM  OT  0a30BbIX  K1accoB 6o
obeprbiBaHUeM GYHKIUH, TPeJ0CTaB/IseMbIX MOJYIEM pacilipeHus
(HanucaHHbIM Ha C). B npuBegeHHOM mnpumepe DictReader u
DictWriter sBasioTcs obepTkamu it GyHKUUM reader () U
writer () 1 00BEKTOB, KOTOPbIE OHU MOPOXK/IALOT.

ITakeT email

Mopayni nakera email romoryr pa3obpaTh, U3MEHUTb U CreHepUpOBaTh

coobuenue B opmare RFC 2822. Haunbosee uacto RFC 2822 npumMeHsieTcs
B COOOILIEHUSIX 3/IEKTPOHHOM 110uUThl B VIHTEpHeTe.

B mnakere ecTb HECKO/JIbKO MOJy/ieil, Ha3HaueHUue KOTOPbIX (KPAaTKD) yKazaHO
HUKeE:

Message

Mopayns  omnpezensier Kiacc Message - OCHOBHOM — Kiacc — Jyis
rpe/iCTaB/ieHUsi COOOIIEHUS B TlakeTe email.

Parser
Mopaynb st pa3bopa IpejACTaB/€eHHOIO B BH/@ TeKCTa COOOIIEHUS C

noyiydeHueM 0ObEKTHOM CTPYKTYPhI COODIIEHUSI.
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Header

Mopaynb anasi paboTbl € TOMSMH, B KOTOPbIX MCIONb3YeTCS KOAMPOBKa,
ornuuHas ot ASCIL.

Generator
[Moposxaet TekeT coobienust RFC 2822 Ha 0CHOBaHUH O0BEKTHOUW MOJIETH.
Utils

PasuuHble YTUINMTBI, KOTOPbIE PellaloT pa3HoobpasHbie HebobliMe 3a/1auu,
CBsI3aHHbIE C COODIIPHUSIMHA.

B nakere ecTb u ipyrie MoZyId, KOTOpbIe 3/1eCh paCCMaTPUBAThLCS He OyIyT.
Pa3bop coobienus. Kinacc Message

Knacc Message - 1jeHTpa/bHbII BO BCeM Makete email. OH onpejesisier
MeToAbI /st paboThl € co0DLIeHHeM, KOTOpoe COCTOUT U3 3aro/ioBka (header)
u Tesna (payload). ITone 3aro/ioBKa MMeeT Ha3BaHUe U 3HaUeHUe, pas/ie/ieHHOoe
nBoeToureM (IBOETOUME He BXOJAUT HU B Ha3BaHWe, HU B 3HAUEHUe).
Ha3BaHust 11osieii HeuyBCTBUTEJIbHBI K PErUCTPY OyKB TIPU TIOUCKE 3HAUEHUS,
XOTsl XPAHSTCS C YUETOM perucrpa. B Kiacce Takke orpejiesieHbl MeTO/bI [1J1s]
JIOCTyra K HEKOTOPbIM 4YacTO WCI0/Ib3YeMbIM CBeJeHUsIM (KOJUPOBKe
COOOIIEHUS, TUITY COIEP)KUMOTO U T.I1.).

Cneayer 3amMeTUThb, UTO COOOIEHWE MOXXET MMETh OfIHY WM HEeCKOJbKO
YyacTell, B TOM UMC/ie BJIO)KEHHBIX JIpyr B ipyra. Haripumep, coobiienue 06
oumbKe JOCTaBKU TMKWCbMa MOXET COJIepP’KaThb MCXOHOe MUCbMO B KauecTBe
BJIOJKEHUSI.

[lpumep Haubonee yrOTpeOMTELHBIX METONOB 3K3eMIUISIPOB  Kjacca
Message C MOICHEHUsIMU

>>> import email
>>> input_file = open("prl.eml")
>>> msg = email. message_from file(input_file)
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3pece ucnonb3yercs QyHKUusA email.message from file () s
yreHusi cooOienus u3 ¢aiina prl.eml CooOleHre MOXKHO MOJYUYUTh U U3
CTPOKU C MOMOLLBI0 QYHKIUU email .message from string(). A
Terepb C/aeJyeT MPOU3BECTH HEKOTOpPbIe Ornepaliid Haj 3TUM CooOLeHueM
(He crout obpali@aTh BHUMaHWS Ha CTpaHHble MMeHa - cooblleHue ObLIo
B3sTO U3 nanku CITAM). JloCTyn K [10/1sIM 110 UMEeHU OCYLLeCTBIISIeTCs] TakK:

>>> print msg['from']

"felton olive" <zinakinch@thecanadianteacher.com>

>>> msg.get_all('received")

['from mail.onego.ru\n\tby localhost with POP3 (fetchmail-6.2.5

polling mail.onego.ru account spam)\n\tfor spam@localhost

(single-drop); Wed, 01 Sep 2004 15:46:33 +0400 (MSD)',

"from thecanadianteacher.com ([222.65.104.100])\n\tby mail.onego.ru
(8.12.11/8.12.11) with SMTP id i817UtUN026093;\n\tWed, 1 Sep 2004
11:30:58 +0400']

CTOUT 3aMeTUThb, UTO B /IEKTPOHHOM MUCbMe MOXKET ObITb HECKOJIbKO M0J1el
C UMeHeM received (B 3TOM rpuMepe HX JiBa).

HekoTopeble BakHbIe JaHHbIE MOXHO I0JIY4UTh B TOTOBOM BU/Je, HArlpUMep,
TUI COZEP)KUMOI0, KOUPOBKY:

>>> msg.get_content_type()

"text/plain’

>>> print msg.get_main_type(), msg.get_subtype()
text plain

>>> print msg.get_charset()

None

>>> print msg.get_params()

[(‘text/plain’, "), (‘charset’, 'us-ascii')]

>>> msg.is_multipart()

False

WK CIHUCOK ITOJIeH:

>>> print msg.keys()
['Received', 'Received’, 'Message-1D', 'Date’, 'From', 'User- Agent',
'MIME-Version', "To', 'Subject, 'Content-Type',
'Content-Transfer-Encoding', 'Spam, 'X-Spam']
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Tak Kak COOGH_[EHHE COCTOMT U3 O,L'l.HOf‘I 4acTH, MOKHO ITOJIYYUTE €ro TeJlo B
BU/le CTPOKH:

>>> print msg.get_payload()
sorgeloosheid hullw ifesh nozama decompresssequenceframes

Believe it or not, I have tried several sites to b"_"uy presription
medication. I should say that currently you are still be the best amony

Terieps OyeT paccMoTpeH JpYyroil npumep, B KOTOPOM COODIIEHKWE COCTOUT
13 HEeCKOJTIbKUX YacTedl. 3To coobieHue nopoxkaeHo BupycoM. OHO COCTOUT
u3 aByx vacreii: HTML-tekcra ¥ BnoxeHHoro (aisa ¢ pacumpeHuem cpl
Jlnst goctyra K 4acTsiM CooOLIeHUS UCIT0Ib3yeTcst MeTof, walk (), KOTOpbIH
0bxopuT Bce ero yactu. [lonytHO ciiegyetr cobparth TUIbI COAEPKUMOIo (B
ciucke parts ), moas Content-Type (B ct fields ) u uMeHa
(aitsioB (B £ilenames ):

import email

parts = []

ct_fields =[]

filenames = []

f = open("virus.eml'")

msg = email. message_from_file(f)

for submsg in msg. walk():
parts.append(submsg.get_content_type())
ct_fields.append(submsg. get('Content-Type', "))
filenames.append(submsg. get_filename())
if submsg. get_ filename():

print "/TnuHa daitna:”, len(submsg.get payload())

f.close()

print parts

print ct_fields

print filenames

B pe3y/brare rnoJjy4yu/jioch:

Hnvna aiina: 31173
['multipart/mixed’, 'text/html’, 'application/octet-stream']
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['multipart/mixed;\n boundary="-------- hidejpxkblmvuwfplzue',
'text/html; charset="us-ascii",
‘application/octet-stream; name="price.cpl"]
[None, None, 'price.cpl']

U3 crivcka parts MOXKHO YBHETh, UTO CamMoO COOOILEHWEe WMEeT THII
multipart/mixed, Torga Kak J[Be ero 4yactu - text/html wu
application/octet-stream cooTBeTCTBeHHO. TOMBLKO C Moc/eHeil
yacThbl0 CBsi3aHO uMs  ((aita (price.cpl). dailn  udTaeTCs  MeTOAOM
get payload () W BBIYMC/IAETCS €ro JIUHa.

Kcratu, B ciyuae, Korja cooOlleHUe SIBJISIETCS KOHTEMHEepOM [yist ApPYruX
vacreil, get payload () BbljaeT CIMCOK 00beKToB-co00LeHUH (TO ecTb
9K3eMIVISIPOB K/1acca Message ).

dopmMupoBaHue co00I1eHHs

YacTo BO3HMKAeT CHUTYallUsi, KOrja HYKHO c(hOpMUpOBaTh CO0OLIeHUEe C
BJIOKEHHBIM (haitsiom. B ciiesiytoiieM rpumMepe CTPOMTCS cOoOleHue C
TEKCTOM U BJIO)KeHUeM. B KauecTBe Kjiacca Jiisi MOPOXKJEHUsI COOOIIeHMS
MOJKHO MCI0/IL30BaTh He TOJIBKD Message u3 Moy email .Message,
HO M MIMEMultipart usemail .MIMEMultipart (a1 coobueHui
W3 HEeCKOJIbKUX dacTei), MIMEImage (g cooOlieHuss ¢ rpaduuyecKum
usobpaxxenuem), MIMEAudio (mis ayguodaiinioB), MIMEText (mis
TEeKCTOBBIX YacTen):

# 3arpykaroTcs HeoOXouMbIe MOAYIH U (PyHKLMKU U3 MOIY/Iei
from email. Header import make_header as mkh

from email MIMEMultipart import MIMEMultipart

from email MIMEText import MIMEText

from email MIMEBase import MIMEBase

from email. Encoders import encode_base64

# Co3paetcs maBHOe COoDILeHre U 3a/Iat0TCsl HEKOTOPbIe M0Jisi

msg = MIMEMultipart()

msg["Subject"] = mkh([('TIpuBet"”, "koi8-1")])

msg["From'] = mkh([("Opyr", "koi8-r"), ("<friend@mail.ru>", "us-ascii")])
msg['To"] = mkh([("Opyr2", "koi8-1"), ("<friend2@yandex.ru>", "us-ascii")])
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# To, uero OymeT He BU/IHO, €CJIMA T10UYTOBAs MporpamMma rojepxkusaet MINV
msg.preamble = "Multipart message"
msg.epilogue = "™

# TekcToBast yacTb COOOIIEHHSA

text = u""'K nucemy npusoxen ¢aiin c apxusom."".encode("koi8-r")
to_attach = MIMEText(text, _charset="koi8-r")

msg.attach(to_attach)

# [puknajbiBaeTcs (aiij

fp = open("archive_file.zip", "rb")

to_attach = MIMEBase("application", "octet-stream")

to_attach.set_payload(fp.read())

encode_base64(to_attach)

to_attach.add_header("Content- Disposition", "attachment",
filename="archive_ file.zip")

fp.close()

msg.attach(to_attach)
print msg.as_string()

B sTom npumepe BUIHO Cpa3y HeCKO/ILKO MoayieH nakera ema i 1. @yHKyud
make header () wu3 email.Header mO3BO/MeT 3aKOAUPOBAaTh
COZIEP>KUMOE [1/151 3aTr0JI0BKa:

>>> from email. Header import make_header

>>> print make_header([("Ipyr", "koi8-1"), ("<friend@mail.ru>", "us-ascii")])
=?koi8-r?b?5NLVxw==?= <friend @mail.ru>

>>> print make_header([(u"dpyr", "), ("<friend@mail.ru>", "us-ascii")])
=?utf-8?b?w6TDksO Vwdc="?= <friend@mail.ru>

@ynkuusa email.Encoders.encode base64 () BO3JeMCTBYeT Ha
nepejlaHHoe el coobleHre U KOJUpYyeT Teso C noMoupio base64. [Ipyrue
BapuaHTel: encode quopri () - kogupoBarh quoted printable,
encode 7or8bit () - OCTaBUTbL CeMb WU BOCeMb OUT. DTU (yHKIUU
1100aBIAIOT HEOOXOUMBIE TTOJIS.

AprymeHTb! KOHCTPYKTOPOB Ki1accoB u3 MIME-monynel nakera email:
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class MIMEBase(_maintype, _subtype, **_params)

ba3zoBbiii kiacc st Bcex ucnonb3yroumx MIME coobuienuit (nopkiaccos
Message ). Tun cogepumoro 3ajaercs uepes maintype u
_Subtype.

class MIMEN onMultipart()

IMonknacc ayiss MIMEBase, B KOTOPOM 3aripellieH Metoj attach (), oTuero
OH rapaHTUPOBAHHO COCTOMT U3 OJ[HOM YaCTH.

class MIMEMultipart([_subtype[, boundary|, _subparts[, _params]]]])

[Mogknacc gns MIMEBase, KOTOPbIM siBiasercs 0a3oBbiM ans MIME-
COOOILIEHUI W3 HECKOJILKUX uacTel. ['MaBHbIH TMN multipart, MOATHI
YKa3bIBaeTCs C MOMOLBI0  subtype.

class MIMEAudio(_audiodata[, _subtype[, _encoder|, **_params]]])

Ilogknacc MIMENonMultipart. Wcrnonb3yerca ans cosgaHus MIME-
COOOIIPHUH, cofepyKallMX ayquo JaHHble. [1aBHbIA TUMN - audio, NOATUIT
yKa3bIBaeTcsa C IMOMOLBI subtype. JlaHHble 3aal0TCA IapaMeTpoM
_audiodata.

class MIMEImage(_imagedatal, _subtype[, _encoder[, **_params]]])

Ilogknacc MIMENonMultipart. Wcrnonb3yerca ans cosgaHus MIME-
coobienuit ¢ rpaduueckuM wu3o0paxkeHueMm. [aBHbIH THII - image,
MOATUI  yKasbiBaeTcd C TMoMmoupo  subtype. [laHHble 3aj1al0TCA
napamerpom imagedata.

class MIMEMessage(_msg|, _subtype])

IMopknacc MIMENonMultipart mad Kiacca MIMENonMultipart
ucronb3yercs s cosfganust MIME-00BeKTOB € IIaBHBIM TUIIOM message.
[Tapamerp msg IPUMEHSETCA B KauecTBe Tejla M JIO/DKEH SABJIATLCH
9K3eMIUIAPOM Kiacca Message Wad ero notoMkoB. Ilogrun 3amaercs ¢
NOMOLIBI0  subtype, No yMomuaHuw 'rfc822".

class MIMEText(_text[, _subtypel[, _charset]])

186




Cyau P.A. 361K nporpaMmupoBanns Python
INopknacc MIMENonMultipart. Ucnonssyercs pnsa cospganuss MIME-
Co001IeHUI TeKCTOBOrO THMa. ['7laBHbIN TUIT - tex t, MOATUI YKa3bIBAETCS C
noMouplo  subtype. JlaHHble 3aal0TCs  MapameTpoM — text.
[TocpeactBoM charset MOXHO YKa3aTh KOAUPOBKY (110 YMO/IYaHMIO
'us-ascii').

Pa3bop nosis 3arosoBKa

B npumepe BbiLe 1one Subject (OPMHPOBANOCH C  TOMOIIBIO
email.Header.ma ke header (). Pa360p 11011 [IOMOXKET IIPOBECTH
apyras QyHKuus: email .Header.decode header (). OTa QyHKUUA
BO3BpallaeT CITMCOK KOpPTeXeM, B KaKJOM U3 HUX YKasaH KyCcOueK TeKCTa
MoJisi U KOUPOBKA, B KOTOPOM 3TOT TeKCT Obln 3azaH. Creyrolmii npumep
MOMOKeT IMOHATL CYThL Jejid:

subj = ""=?koi8-r?Q?=FC=D4=CF_=D0=D2=C9=CD=C5=D2_=CF=DE=C
=?koi8-r?Q?=CE=CE=CF=C7=CF_=28164_bytes=29_=D0=CF=CC=D1_:
=?koi8-r?Q?=C5=CD=CF=CA_=D3=CF=CF=C2=DD=C5=CE=C9=D1=2
=?koi8-r?Q?=D2=C1=DA=C2=C9=CC=CF=D3=D8_=CE=C1_=CB=D5=I
=?koi8-r?Q?_=D3=CF=CF=C2=DD=C5=CE=C9=C9=2C_=CE=CF_=CC:
=?koi8-r?Q?_=D3=CF=C2=C9=D2=C1=C5=D4=D3=D1_=D7_=D4=C5=(
=?koi8-r?Q?=D3_=D0=CF=CD=CF=DD=D8=C0_email=2EHeader=2Edecc
=?koi8-r?QQ?=28=29?="""
import email. Header
for text, enc in email. Header.decode_header(subj):

print enc, text

B pe3ynsrarte Gyzet BbIBe/IeHO:

koi8-r OTo npumep ouensb aAuHHOTO (164 bytes) mossi ¢ TeMoit coobiEeHus.
OHo pa3bu/ioch Ha KYCKU B COODIIEHUH, HO JIETKO COOUPAeTCs B TEKCT
¢ nomotibo email. Header.decode_header()

CrnepyeT 3aMeTUThb, UTO KOJWUPOBKY MOXKHO He yKa3bIBaTh:
>>> email. Header.decode_header("simple text")

[(‘'simple text', None)]
>>> email. Header.decode_header("npumep")
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[("xd0'\xd2\xc9\xcd\xc5\xd2', None)]
>>> email. Header.decode_header("=?KOI8-R?Q?=D0=D2=CF_?=Linux")
[("xdO\xd2\xcf", 'koi8-r"), ('Linux', None)]

Ecnu B nepBoM cityyae MOXXKHO T0/ipa3yMeBaTh US-ascii, To BO BTOPOM C/Tydae
0 KOAWPOBKe TNPUJIeTCs oraJblBaThCs: BOT IOYEMY B JIEKTPOHHBIX TUCbMax
HeJ/lb3sl MPOCTO TaK MCI0J/Ib30BaTh BOCbMUOMTHBIE KOJUPOBKU. B TpeTbem
rnpuMepe pycckde OyKBbl 3aKOJMpOBaHbl, a JIATHHCKWE - HET, M03TOMY B
pesynsTate email . Header.decode header () CIMCOK W3 ABYX Iap.

B obiem ciyuae nipejcTaBuUTh 1oJjie coobIeHNUst MOXKHO ToJibko B Unicode.
Co3zpanue QyHKIMU [ TaKoro rpeobpa3oBaHusi Mpe/jlaraeTcsi B KauecTse
YIIPaKHEeHUsI.

A3k XML

B pamkax ofHOH JIeKI[UK JJOBOJILHO CJIOXKHO 00OBACHUTB, UTO Takoe XML, u
TO, KaK C HHUM pabortaTh. B mnpumepax HUCIIO/b3yeTCs BXOAALMH B
CTaHAAPTHYIO MTOCTaBKYy akeT xml.

XML (Extensible Markup Language, pacumpsieMblii $3bIK pa3MeTKH)
M03BOJISIET  HaJlWKUBAaTh  B3aUMOAEWCTBUE  MeXAy  IPUJI0KeHUSIMU
pa3IMuUHBIX MPOM3BOAUTENeH, XPAaHUTb W TOABEprath 006paboTKe C/I0KHO
CTPYKTYPUPOBaHHbIE JJaHHbIE.

A3bik XML (kak 1 HTML) sBnsiercss nogmHo)kectBoMm SGML, HO ero
TpUMeHeHus1 He orpaHuueHbl cucteMod WWW. B XML Mo)KHO co3/1aBaTh
cobcTBeHHBbIE HADOPBI TETOB JI/Is KOHKPETHOM rnpeiMeTHOM obnactu. B XML
MOXKHO XpaHWUTb W TioABeprath 00paboTke 0a3bl AHHBIX W 3HAHUH,
MPOTOKO/IbI B3aUMOJIEMCTBUSI MeXK1y OObLeKTaMH, OIWCaHWs PecypcoB H
MHOroe Jipyroe.

HoBuukam He Bcerjja [MOHSATHO, 3a4eM HY)XHO UCI0/Ib30BaTh TaKoh
JIOCTaTOYHO MHOrOC/IOBHBIM  (OpMaT, KOrJla MOXHO CO3/JaTh CBOM,
KOMITAKTHBIN (opmar jijisi XpaHeHHsl TeX JKe CaMbIX JIaHHbIX. [IpeumyiecTso
XML cocTtouT B TOM, 4TO BMeCTe C JIAaHHbIMU OH XPaHUT U KOHTEKCTHYIO
uHdopMal[Mio: Terd U UX atpubyTbl UMEKT MMeHa. HeMasoBaXHO Takxke,
yro XML ceroiHs - eAWHbIM OOLENPUHATBIA CTaHAAPT, /Jisi KOTOPOro
C03[]aHO HeMaJi0 UHCTPYMEHTA/IbHbIX CPeJICTB.
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Toeopst 06 XML, Hago wumerb B Buiy, uro XML-10KyMeHTbI ObIBAHOT
dopmaneHo-TipaBuibHbIMU  (well-formed) wu  cocrostenbHbIMU  (Valid).
CocrositenibHbld  XML-/10KyMeHT - 3T0 hopmaibHO-NpaBUbHbIA XML-
JIOKYMEHT, UMeIIMi 00bsiB/ieHre Thra gokymeHTa (DTD, Document Type
Definition). O0bsiB/IeHHE TUITA JOKYMEHTA 3a/laeT rPAMMATHKY, KOTOPOH TEKCT
nokymMeHTa Ha XML Jo/pKeH yi0OB/eTBOPSTh. [/11 MIPOCTOTHI U3/I0XKEHUSs
3fech He Oyaer paccmarpuBatbes DTD, npejnoututesibHee OrpaHUUYUTHLCS
(hopmasibHO-TIPaBUJILHBIMU [IOKYyMEHTaMMU.

Inst nipepcrasyienusi OykB U apyrux cuMeosioB XML ucrnons3yer Unicode,
YTO COKpali@er Tpo0/eMbl C TPe/CTABJIEHUEM CHMBOJIOB Pa3/IMUHBIX
anaButoB. OjHaKO 3TO 0OCTOSTENBCTBO HEOOXOAMMO TOMHUTb U He
ynotpebssitb B XML BOCbMUOUTHYIO KOAUPOBKY (BO BCSIKOM Ciydae, Ge3
SIBHOTO YKa3aHWsl).

Cnenytoupii  ripumep jgocraroudHo rnipocroro  XML-zpokymeHTa  faet
ripejicraByieHue 06 arom dopmate (dhaiin expression.xml):

<?xml version="1.0" encoding="is0-8859-1"?>
<expression>
<operation type="+">
<operand>2</operand>
<operand>
<operation type="*">
<operand>3</operand>
<operand>4</operand>
</operation>
</operand>
</operation>
</expression>

XML-J0KyMeHT Bcerja UMeeT CTPYKTYPY JepeBa, B KOPHE KOTOpPOro cam
IOKyMeHT. Ero uyacTu, OINUChbIBaeMble BJIOXKEHHBIMM [1apaMH  Teros,
obpasytor  y3ael. Takum  oOpasom, pebpa JepeBa  0003HaAuaKOT
"HEerocpeJCTBeHHOe BJIO)KeHHe". ATpUOyThbl Tera MOXKHO CUMTATh JIUCTHLIMH,
KaK 1 Haubosiee BIOXKEHHbLIE YaCTH, HE UMEIOLIe B CBOEM COCTaBe JPYruX
yacreii. [ToyiyyaeTcst, UTO JOKYMEHT UMEET JIPEBECHYIO CTPYKTYPY.

[TpumeuaHue:
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Crnepyet 3aMeTUTh, uTo B oT/ivure or HTML, B XML onuvHOUYHble
(HermapHbIe) Teru 3arnuCbIBAKOTCs C KOCOU uepToil: <BR/ >, a aTpubyThl - B
KaBblukax. B XML umeet 3HaueHue peructp OYKB B Ha3BaHUSIX TETOB U
arpulyToB.

dopmupoBanre XML-gokymeHTa

KoHLlenTyanbHO CYLECTBYIOT JABa nyrd o00pabotku XML-a0KymMeHTa:
rocsieoBaTe/ibHast 00paboTka v paboTta ¢ 0ObEKTHOM MOJIe/IbIO JOKYMEHTA.

B nepom ciyuae o0biuHOo wucrnonsdyercas SAX (Simple API for XML,
1pocToit nporpammHbiid nHTepdelic ais XML). Pabora SAX 3ak/iouaeTcs B
YTeHUU MUCTOYHUKOB AaHHbIX (input source) XML-ananmu3saropamu (XML-
reader) ¥ reHepalUM T[10C/Ie[0BATE/IbHOCTH COOBITHI (events), KOTOpbIE
obpabarbiBaroTcst  obbekramu-oOpadborunkamu  (handlers). SAX  maer
rocsieoBaTesibHbIN JocTyn K XML-nokymeHTY:.

Bo BTOpom cnyuae ananu3arop XML crpoutr DOM (Document Object Model,
oObekTHasi MoOJle/ib  JJOKyMeHTa), npemiaras s XML-qokymeHTa
KOHKPeTHYH0 00beKTHYH0 Mojiesib. B pamkax 3Tol mogesu y3insl DOM-nepeBa
JOCTYIHBL /1Sl TPOU3BOJILHONO [OCTYIa,a [Jisi TepexofoB MeXAy y3jlaMu
Tpe/lyCMOTPEH Psifi METO/0B.

Mo)XHO NpUMeHUTh 00a 3THX Noaxofa /it GopMUpPOBAHUs MPUBEIEHHOIO
Bhillle XML-okymeHTa.

C nomoupio SAX J0KyMeHT C(hopMUPYETCS Tak:

import sys

from xml.sax.saxutils import XMLGenerator
g = XMLGenerator(sys.stdout)
g.startDocument()
g.startElement("expression”, {})
g.startElement("operation”, {"type™: "+"})
g.startElement("operand", {})
g.characters('2")

g.endElement("'operand")
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g.startElement("operand", {})
g.startElement("operation”, {"type": "*"})
g.startElement("operand", {})
g.characters("3")
g.endElement("'operand")
g.startElement("operand", {})
g.characters("4")
g.endElement("operand")
g.endElement("'operation”)
g.endElement("'operand")
g.endElement("'operation”)
g.endElement("'expression’)
g.endDocument()

[Moctpoenue pepeBa OOBLEKTHOM MOJe/NIM [JOKYMEHTa MOXXET BBIIIS/JETh,
Harpumep, Tak:

from xml.dom import minidom

dom = minidom.Document()

el = dom.createElement("expression”)
dom.appendChild(e1)

pl = dom.createElement("operation")
pl.setAttribute('type’, '+'")

x1 = dom.createElement("operand'")
x1.appendChild(dom.createTextNode('2"))
pl.appendChild(x1)

el.appendChild(p1)

p2 = dom.createElement("operation")
p2.setAttribute('type’, '*')

x2 = dom.createElement("operand")
x2.appendChild(dom.createTextNode("3"))
p2.appendChild(x2)

x3 = dom.createElement("operand")
x3.appendChild(dom.createTextNode("4"))
p2.appendChild(x3)

x4 = dom.createElement("operand")
x4.appendChild(p2)

pl.appendChild(x4)

print dom.toprettyxml()
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Jlerko 3amMeTUTb, UTO TPU UCIMOML30BaHUM SAX KOMaHJbl Ha reHepaljuio
TEroB W JIPYyTMX 4YacTeill BBIJAIOTCSH I0C/Ie[0BaTeIbHO, a BOT MOCTPOEHUE
ofHOM U Tod ke DOM  MOXHO  BBIMOJHATb  Pa3IMUHLIMU
10C/1e/J0BaTe/IbHOCTSIMU KOMaH/i (JOpMUPOBAHUS y3/71a U €r0 COeJUHEeHUS C

JIPYIrUMU y3/1aMH.

KoHeuHo, yKa3aHHbI€ MPUMepPbl HOCAT JI0BOJIbHO TEOPETUUYECKUM Xapakrep,
TaK KaK Ha IMpakTuke CTpouTh XML-0KyMeHTbI TakuM 06pa3om 00bIYHO He
TIPUXOUTCS.

Anam3 XML-gokymeHTa

st paboThl ¢ roToBbIM XML-I0OKyMEHTOM HY)KHO BOCI0J/Ib30BaThcst XML-
aHasim3aropamu. AHam3 XML-I0KymMeHTa C ropox/jeHuemM obbeKra Kiacca
Document MNPOUCXOAUT BCEro B OAHOM CTPOUKe, C IMOMOLIBI (QYHKUUU
parse (). 34ecb CTOUT 3aMeTUTb, UTO KPOMe CTaHJapTHOro Iakera xml
MOXXHO TIOCTaBUThL MakeT PyXML WM ajbTepHaTUBHbIE KOMMepuecKue
nakeTbl. Tem He MeHee, pa3pabOTUMKU CTAPAKOTCS TTPU/IEP)KUBATHCS €JUHOIO
API, xotopsiit npogukroBaH crangaprom DOM Level 2:

import xmLdom.minidom
dom = xml.dom.minidom.parse("expression.xml'")

dom.normalize()

def output_tree(node, level=0):
if node.nodeType == node. TEXT_NODE:
if node.nodeValue.strip():
print ". "*level, node.nodeValue.strip()
else: # ELEMENT NODE uwm DOCUMENT_NODE
atts = node.attributes or {}
att_string =", ".join(
["%s=%s "% (k, v) fork, v in atts.items()])
print ". "*level, node.nodeName, att_string
for child in node.childNodes:
output_tree(child, level+1)

output_tree(dom)
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B 3TOM mipumepe /iepeBo BLIBOAUTCS C MOMOIIBIO Onpe/e/ieHHOW (yHKIUu
output tree (), KOTOpasgd NpPUHUMaeT Ha BXOje y3e/l M BbI3bIBAeTCS
PEKYPCHUBHO /1151 BCEX BJIOXKEHHbIX Y3/10B.

B pe3synbrare noJiydaeTcsi IpUMepHO C/ieyioLlee:

#document
. expression
. operation type=+
. operand
.2
. operand
. operation type=*
..... operand

..... operand

31eck Ke TpUMeHsieTcss MeToj normalize () mis Toro, ytoObl BCe
TEKCTOBbIe ()parMeHThl ObUIU CJIUThI BOEAUHO (B TIPOTHBHOM C/Ty4ae MOJKET
CJ1e/10BaTh MOJIPSi/l HECKO/ILKO Y3/10B C TeKCTOM).

MOXXHO 3aMeTUTb, 4YTO Jaxe B HeDOJBIIOM TpUMepe HCI0/b30Ba/IUCh
aTpuOyThI Y3/10B: node.nodeType VKasbIBaeT THI y3na,
node.nodeValue IpUMeHsdeTcs  Jyid J0CTylla K JaHHBIM,
node.nodeName JaeT uUMsl Vy371a (COOTBETCTBYeT Ha3BaHWUIO Tera),
node.attributes Jaer JOCTyII K aTpubyram y3/1a.
node.childNodes npumeHsieTcs /sl JOCTYIIA K JOUEPHUM y3/1aM. DTUX
CBOMCTB /IOCTaTOYHO, UTOObI peKYpCUBHO 000WTH JiepeBo.

Bce y3/1bl SBASIOTCS 3K3eMIUISIpaMU MOAK/IacCcOB Kiacca Node. OHM MOTyT
ObITb CJI/IYIOLIMX TUITOB:

Ha3BaHue Onucanue Meropn st co:

ELEMENT NODE DJIeMeHT createElement(tagnan

ATTRIBUTE_NODE Atpubyt createAttribute(name
1 -

TEXT NODE CKCTOBBIM  eateTextNode(data

y3en
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CDATA_SECTION NODE Paszien
CDATA

ENTITY REFERENCE NODE Cenumaing
C YLL[H OCTB

ENTITY NODE CyiHocTb

Mucrpykuus  createProcessinglnstr

PROCESSING_INSTRUCTION_NODE
1o obpaboTke data)

COMMENT_NODE KommenTapuii createComment(com
DOCUMENT NODE JokymeHT
DOCUMENT TYPE NODE Tun
JIOKyMeHTa
DOCUMENT FRAGMENT NODE  DParMeHT
JIOKYyMeHTa
NOTATION NODE Hotauus

B DOM J0oKyMeHT sIB/ISIeTCs [JlepeBOM, B y3/71aX KOTOPOrO CTOSIT OOBEKTbI
HEeCKOJIbKMX BO3MOJKHBIX THUIIOB. ¥3/IbI MOT'YT UMETb aTPUOYThI WU JIaHHbIE.
HocTyn K y3/1aM MOXHO OCYIIECTB/IATH uyepe3 aTpubyTbl  Bpoje
childNodes (gouyepHue y3nbl), firstChild (nepBblid JOYEPHUN y3en),

lastChild (nocnegHuii jJodepHuit y3en), parentNode (poguTesns),
nextSibling (cneaywoumit 6par), previousSibling (npeblayipi
Opar).

Beile yxke rosopusiock 0 Metgle appendChild (). K HeMy MOXHO
nobaButh MeToabl insertBefore (newChild, refChild)
(BctaBuTh newChild go refChild ), removeChild(oldChild)
(ynanuTh JjouepHUi y3en), replaceChild (newChild, oldChild)
(3ametuTh 01dChild Ha newChild ). Ecrs eme Merof
cloneNode (deep), KOTOpbIA KJIOHUpPYeT y3en (BMecTe C JOYepHUMU
y3/1aMH, eC/u 3ajjaH deep=1 ).

Y3en Tuna ELEMENT NODE, IOMHUMO IepeUYUC/IEHHBIX METOAOB '"MPOCTO"
y3/1a, UMeeT MHOI0 JAPYruxX MeTo0B. BOT OCHOBHEIe U3 HUX:

tagName
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Wwmst Tuna 3/1emeHTa.
getElementsByTagName(tagname)

HOHY‘-I&ET 3JIEMEHTBI C YKa3aHHbIM UMeHeM tagname cpejyu BCeX I0TOMKOB
AaHHOro 3/71eMeHTa.

getAttribute(attname)

[MonyunTh 3HaUeHUe aTpubyTa C UMeHeM at tname.
getAttributeN ode(attrname)

Bo3sspaiiper atpubyT c uMeHeM at trname B BUJie 00beKTa-y3/1a.
removeAttribute(attname)

YaanuTh atpubyt c UMeHeM at tname.
removeAttributeNode(old Attr)

Yianute atpubyr o 1dAt t r (3ajaH B BUjie 00beKTa-y3/1a).
setAttribute(attname, value)

YcraHaB/iMBaet 3HaueHue aTpubyra at tname paBHbIM CTPOKe value.
setAttributeN ode(newAttr)

[obapisier HOBBIN y3en-atpulyT K d/1eMeHTy. CTapelii aTpubyT 3aMeHsIeTcs,
€C/IH UMEeT TO YK€ UMSI.

3/1eCb CTOUT 3aMETUTh, UTO aTPUOYThI B PaMKax 3/IeMeHTa MOBTOPSATLCS He
JIOJDKHBL. VX NOpsAIOK Takke He Ba)KeH C TOUKU 3peHust UH(OpMaLMOHHOU
mopend XML.

B KauecTBe yripa)kHeHUsl TIpejiaraeTcsi COCTaBUTh (DYHKI[UIO, KOTOpasi Oyner
BBLIUMC/ISITH 3HaUEHUe BbipaXkeHus, 3afjaHHoro B XML-ripeicraBieHUu.

[IpocTpaHcTBa MMeH
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Eule onHolt uHTepecHoW ocobeHHocThto XML, 0 KOTOpOW Hesib3si He
VIIOMSIHYTb, SIBJSIFOTCA TPOCTpPaHCTBa UMeH. OHU MO3BOJSIKOT COCTaBJIATh
XML-/I0KyMeHTbI U3 KyCKOB pa3/iMuHbIX cxeM. Haripumep, Takum obpa3om B
XML-/10KyMeHT MOKHO BKIHOUUTE Kycok HTML, yka3zaB BO Bcex 3jieMeHTax
HTML ripuHai1eKHOCTb 0COO0MY ITPOCTPAHCTBY UMEH.

Cnepnyroumii npumep XML-Ko/ia 1OKa3biBaeT CUHTAKCUC MPOCTPAHCTB UMeH

(cbaiin foaf.rdf):

<?xml version="1.0" encoding="UTF-8"?>

<rdf:RDF
xmins:dc="http//http//purl.org/dc/elements/1.1/"
xmins:rdfs="http//www.w3.0rg/2000/01/rdf-schema#"
xmins:foaf="http//xmlns.convfoaf/0.1/"

xminsrdf="http//www.w3.0rg/1999/02/22-rdf-syntax-ns#"
>

<rdf:Description rdf:nodeID="_;CBxPziO1">
<foafnick>donna</foafmnick>
<foafname>Donna Fales</foaf:name>
<rdfitype rdfresource="http://xmins.convfoaf/0.1/Person"/>
</rdf:Description>
</rdtRDF>

[TpumeuaHue:

[TpuMep n03aMMCTBOBAH K3 [1aKeTa CWM, CO34aHHOr0 KOMaH/l0i
paspaboTtunkoB Bo mase ¢ Tumom BepHepc-Jlu, co3paTreneM TeXHOI0rMU
WWW. Kcraty, cwm Toxxe HanucaH Ha Python. ITakeT cwm ciiykut
06paboTunkoM JJaHHBIX 001Lero Ha3HauUeHUs J/1si CEeMaHTUUYECKOH CeTH -
HOBOM ujien, npozaeuraemot Tumom Bepuepc-Jlu. KopoTtko cyTh ujien
COCTOMUT B TOM, UTOOBI C/Ie/1IaTh COBPEMEeHHBIN "Be6" MHOTO mnoJies3Hee,
(popmas30BaB 3HaHUS B BU/le pactipesiesieHHOH 0a3bl XML-/10KyMeHTOB,
0 aHa/ioruu ¢ TeM Kak WWW nipejcrasisier coboii pacripeseneHHyto 6asy
JNOKyMeHTOB. OT/inure mobanbHOM cemMaHTHUeCKol ceth T WWW B ToM,
UTO OHA JACT MallMHAM BO3MOXKHOCTb 00pabaTbiBaTh 3HAHMUS, JeJiast
JIoruyecKye BbIBOJBI Ha OCHOBAHUM 3a/10)KeHHOU B JIOKyMeHTax

UH(bOpMaLUH.
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Ha3sBaHusi npocTpaHCTB MMeH C/ie/lyl0T B BUZe TpedrKCOB K Ha3BaHUSIM
3/IEMEHTOB. OJTWU Ha3BaHWUS - He MnpocTo uMeHa. OHU COOTBETCTBYIOT
UJeHTU(UKATOPaM, KOTOpble JIO0/DKHBI ObITh 3agaHel B Buge URI (Universal
Resource Identifier, yiuBepcaibHbll yKa3aTenb pecypca). B npumepe Bbillie
YIIOMUHAIOTCA MATh TNpPoCTpaHCTB umeH (xmilns, dc, rdfs, foaf u rdf), us
KOTOPbIX TOJIbKO TiepBoe He TpeOyeT o00bsiB/ieHUs, TaK KAk SIBJISIeTCS
BCTPOEHHbIM. VI3 HUX peasibHO UCI0/1b30BaHbl TOJIbKO TpU: (xmlns, foaf u rdf).

[lpocTpaHcTBa MMeH MO3BO/SIOT BbilenaTk U3 XML-JOKyMeHTa 4acT,
OTHOCALLMECS K Pa3/IMUHbIM CXemMaM, UYTO Ba)KHO [/Il TeX WHCTPYMEHTOB,
KOTOpbIe uHTepripeTupyroT XML.

B nakere xml eCTb MeTO/bl, TOHUMAIOLIMe MEXaHU3M TMPOCTPAHCTB UMEH.
OObIUHO TaKKe MeTO/Ibl U aTpUbyThl UMEIOT B CBOEM UMeHU OyKBbI NS.

[Monyuuts URI, KOTOpBI COOTBETCTBYET IPOCTPAHCTBY WMEH [JAHHOIO
3/IEMEHTA, MOXKHO C TIOMOIIbI0 aTpubyra namespaceURT.

B cnepyromem ripumepe nevataetcst URI 371eMeHTOB:

import xmlLdom.minidom
dom = xml.dom.minidom.parse("ex.xml")

def output_ns(node):
if node.nodeType == node. ELEMENT_NODE:
print node.nodeName, node.namespaceURI
for child in node.childNodes:
output_ns(child)

output_ns(dom)
[Tpumep BbIBEIET:

rdf:RDF http//www.w3.0rg/1999/02/22-rdf-syntax-ns#
rdf:Description http//www.w3.0rg/1999/02/22-rdf-syntax-ns#
foafmnick http:/xmins.com/foaf/0.1/

foafname http://xmins.comv/foaf/0.1/

rdfitype http//www.w3.0rg/1999/02/22-rdf-syntax-ns#

CJ"[E,H‘YET 3dMEeTUTh, UTO YKd3dHHE ITPOCTPaHCTBd UMEH MOXKeT OBITH caeaaHo
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A1 HMeH He TOJIbKO 3/1eMeHTOB, HO U aT]JHGYTOB.

[MoapobHee y3HaTh 0 paboTe € MpPOCTpaHCTBAMHM WMEH B Xml-makeTax s
Python MO>KHO U3 JOKYMEHTALIUH.

3aK/IroueHue

B 9TOil nekiuu ObLIM PAcCMOTPEHbI BapUaHTbI 00PabOTKH TEKCTOBOM
UHGopMalMK Tpex JI0CTaTOYHO pacrpocTpaHeHHbIX (GopmatoB: CSV, Unix
maibox u XML. KoneuHo, opMaroB /laHHbIX, [ja)Ke OCHOBAHHbIX Ha TEeKCTe,
ropasao Gosiblile, OJJHAKO TO, UTO ObLIO Tpe/ICTaBIEHO, MTOMOXKET ObiCTpee
pasobparbcsi ¢ HOOBIM MoAyIeM it 00paboTku GopmaTa MK TTOCTPOUTH
CBOW MOY/b TaK, YTOOBI Jpyrie MOIIX TIOHSTh BAllld HAMEPEHUSI.
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Pa3paboTtka Web-npusokeHuit

OpHa u3 maBHbIX chep npumeHeHus sizbika Python - web-nipunoxenus -
Tpe/ICTaB/ISIeTCsl B ITOW JIEKIIMM Ha KOHKpPeTHbIX npumepax. Kpome Toro,
JleJIaeTCsl  aKLeHT Ha TUINWYHBIX 1abbix Mectax 6Oe3onacHocTd web-
TIPUIOXKEHU M.

[Mog web-nipunoxeHuem OyneT TMOHUMATLCS —TMpOrpaMMa, OCHOBHOM
uHTepdeiic Tmosib30BaTeNsi KOTOpoW paboraer B cTaHgaptHoM WWW-
Opaysepe nop ynpaenennem HTML u XML-g0KymeHTOB. [1s1 ynydilieHus
KauecTBa WHTepdeiica Moab3oBaTe/si 4aCTo MpUMeHstOT JavaScript, oiHaKo
3TO HECKDJIKO CHUXKaeT YHUBEePCa/lbHOCTh UHTepdelica. Creayer 3aMeTUTh,
yTo MHTep(eilC MOXXHO MOCTpoUuTh Ha Java- unu Flash-annnerax, ogHako,
TaKue TPUJI0XKEHHUS CJIOKHO Ha3BaTh web-npuiokeHUsIMU, Tak Kak Java uu
Flash moryr wcrionb3oBate COOCTBEHHBbIE MPOTOKOJIbI [iJisi OOIIEHUs] C
cepBepoM, a He ctaHAapTHbIN a18 WWW npotokon HTTP.

[lpu co3maHuu web-npunoKeHu craparoTcs OTAeNUTb Popmy (BHELLHUN
Bujl, ctuib), Comepkanue u Jloruky obpabotku paHHbIX. CoOBpeMeHHble
TEXHOJ/IOTUM TMOCTPOeHUsi web-caliToB JIal0T  BO3MOXXHOCTb  MOJOUTH
ZIOCTaTOYHO OJIM3KO K 3TOMY Mjeasty. Tem He meHee, Aake 0Oe3 IIPUMeHEHUs
MHOIOYPOBHEBbIX  TPU/IOKEHUW  MOXXHO  TIPUJEP)KUBATLCS  CTUJIS,
MO3BOJISIONIET0 U3MeHsSTh I000H M3 3TUX acneKToB, He 3aTparvBasi (W/d
MOUTH He 3arparvBasi) JABYX JApyrux. PaccyxieHusi Ha 3Ty Temy Oyayrt
MPO/JI0JDKEHBI B pa3/iesie, MOCBsIIEHHOM cpe/iaM pa3paboTKu.

CGI-cuenapumn

Knaccuueckuii nyrb co3ganus npunoxxeHud ajigs WWW - nanucanue CGl-
cueHapueB (MHoraa ropopst - ckpuntoB). CGI (Common Gateway Interface,
o0pi  1wir030BoNH  WHTepderc) - 3TO CTaHAapT, perlaMeHTUPYIOLMMA
B3aUMO/IeliCTBUE CcepBepa C BHEILHUMU MPUIoKeHUsiMU. B cinyuae ¢ WWW,
web-cepBep MOXXeT HarpaBUThb 3allpoC Ha TeHepalui0 CTPaHULlbl T0
ornpejie/leHHOMY CLieHaput0. DTOT CLieHapui, MOJIYyUUB Ha BXO[ JaHHbIe OT
web-cepeepa (TOT, B CBOIO ouepejb, MOI MOJYUUTL UX OT M0Jb30BaTe/st),
reHepupyeT rotoBbi 00beKT (M300pakeHuUe, ayuoiaHHble, TabuLy cTuei
U T.0.).

[Mpu BbI30Be cijeHapusi Web-cepsep mnepesaer emy uHdbopmaluio uepes
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CTaHAAPTHBLIM BBOJ, TepeMeHHble OKpyKeHusi U, s ISINDEX, uepe3
aprymeHTbl KOMaH/IHOUW CTPOKU (OHU JIOCTYIHBI Yepe3 sy s .argv ).

JlBa OCHOBHBIX MeTOfa TMepelaud JaHHbIX W3 3aro/HeHHOW B Opay3epe
opmbl Web-cepsepy (u CGl-cueHapuio) - GET 1 POST. B 3aBUCMMOCTH OT
MeTO/la J[laHHble T[epefarTcsi [o-pa3HoMy. B rmepBoM c/iydyae OHHU
KOAUDPYIOTCS U MOMEeIAITCS  MpsMO B URL, Harpumep:
http://example.com/cgi-bin/a.cgi?a=1&b=3. CueHapuii
Mo/y4aeT UX B IePeMeHHOW OKpYKeHUsi ¢ uMeHeM QUERY STRING. B
ciyuae Meroga POST OHU TepeflatoTcs Ha CTaH/APTHBIN BBO/,.

Jlnsi KoppeKTHOW paboThbl ClieHapyuu MOMEIAIOTCS B MpeJHa3HaueHHbIN 11s]
3TOr0 Karajsor Ha web-cepBepe (00bIUHO OH Ha3biBaeTcsi cgi-bin ) um,
eCJid 3TO Ppa3pellieHO KoHdurypaiueil cepsepa, B /1000M Mecte cpeju
nokymentoB HTML. CueHapuil A0/KeH UMeTh ITPU3HAK UCIOJ/IHseMOCTU. B
cucreMe Unix ero MOXXHO YCTaHOBHTL C ITOMOLIBIO KOMaHbl chmod a+x.

Crnenywinmi MNpocTeilMi ClieHapyuid BbIBOAUT 3HAY€HUs M3 CJioBapd
0S.environ U No3BOJISIET YBU/IETh, UTO XKe Obl/I0 eMy repejiaHo:

#!/usr/bin/python

import os
print ""'Content-Type: text/plain

%s""" % o0s.environ

C mnomoupl0 HEro MOXKHO VBHU/IeThb YyCTaHOBJIeHHbIe Web-cepBepom
riepemMeHHbIe OKpyKeHust. BoiaBaemeliii CGI-ciieHapuem web-cepBepy daiij
COIEP>KUT 3arojIOBOYHYK) UacTh, B KOTOPOWM VKa3aHbl MO/ C MeTa-
uHbopmalpeld (THUIT  CONEPXKUMOrO, BpeMmsl TocjeqHero 0OHOBJIEHUS
[IOKYMEHTa, KOJUPOBKA U T.I1.).

OCHOBHbIE TepeMeHHble OKPY)KeHMsl, JOCTaTOUHble [yisi  CO3/iaHus
CLieHapueB:

QUERY_STRING

CTpoka 3aripoca.
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REMOTE_ADDR
IP-azipec kiveHTa.

REMOTE_USER

Wmst knueHTa (ec/iv OH ObLT UeHTHPUIIHPOBaH).

SCRIPT_NAME

Wwmsa cueHapus.
SCRIPT_FILENAME

Nwms daiina co cueHapuem.
SERVER_NAME

Hwms cepsepa.
HTTP_USER_AGENT

Ha3Banue Opay3epa KIMeHTa.
REQUEST_URI

Crpoka 3aripoca (URI).
HTTP_ACCEPT_LANGUAGE

JKenatesibHbIN SI3bIK JJOKYMEHTA.

H 3wk nporpammuposadua Python

BoT uto MoxkeT cogepkathb cioBapb os . environ B CGl-cueHapuu:

{

'DOCUMENT _ROOT": '/var/www/html',
'SERVER_ADDR':'127.0.0.1",
'SERVER PORT": '80',
'GATEWAY_INTERFACE'":'CGI/1.1',

'HTTP_ACCEPT_LANGUAGE': 'en-us, en;q=0.50",

'REMOTE_ADDR':'127.0.0.1',
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'SERVER_NAME': 'rnd.onego.ru',
'HTTP_CONNECTION": 'close’,
'HTTP_USER_AGENT": 'Mozilla/5.0 (X11; U; Linux i586; en-US;
rv:1.0.1) Gecko/20021003,
'HTTP_ACCEPT_CHARSET" 'ISO-8859-1, utf-8;q=0.66, *;q=0.66',
'HTTP_ACCEPT': 'text/xml,application/xml,application/xhtml+xml,
text/html;q=0.9,text/plain;q=0.8,video/x-mng,image/png,image/jpeg,
image/gif;,q=0.2,text/css,*/*;q=0.1",
'REQUEST _URI'": "/cgi-bin/test.py?a=1",
'PATH'": '/sbin/usr/sbins/bin:/usr/bin:/usr/X11R6/bin’,
'QUERY_STRING'": 'a=1&b=2',
'SCRIPT_FILEN AME'": '/var/www/cgi-bin/test.py’,
'HTTP_KEEP_ALIVE': 300/,
'HTTP_HOST": 'localhost’,
'REQUEST_METHOD'": 'GET,
'SERVER_SIGNATURE': 'Apache/1.3.23 Server at rnd.onego.ru Port 80',
'SCRIPT_NAME': '/cgi-bin/test.py’,
'SERVER_ADMIN': root@]localhost',
'SERVER_SOFTWARE'": 'Apache/1.3.23 (Unix) (Red-Hat/Linux)
mod_python/2.7.8 Pythor/1.5.2 PHP/4.1.2",
'SERVER_PROTOCOL":'HTTP/1.0',
'REMOTE_PORT": '39251'
}

Cnepyroupii CGI-cueHapuil BbllaeT YepHbIid KBazipaT (B HeM UCIO0JIb3YeTCsl
Moayb Image st 00paboTKu n306paxkeHU):

#!/usr/bin/python

import sys
print ""Content-Type: image/jpeg

import Image

i = Image.new("RGB", (10,10))
Lim.draw_rectangle((0,0,10,10), 1)
L.save(sys.stdout, "jpeg")
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Mogayms cgi

B Python umeercs nopgepxka CGI B Buze mopyrs cgi. Cnepyroumi
TIpUMep 0KAa3bIBaeT HEKOTOPbIE U3 ero BO3MOXXHOCTEH:

#!/usr/bin/python
# -*- coding: cp1251 -*-
import cgi, 0s

# aHaymM3 3anpoca
f = cgi.FieldStorage()
if f.has_key("a"):
a = f{"a"].value
else:
a="0"

# obpaboTka 3aripoca

b = str(int(a)+1)

mytext = open(os.environ["SCRIPT_FILENAME'"]).read()
mytext_html = cgi.escape(mytext)

# opMUpOBaHUe OTBETA
print """'Content-Type: text/html

<html><head><title>Perenue npumepa: %(b)s = %(a)s + 1</title></head>
<body>

%(b)s

<table width="80%%"><tr><td>

<form action="me.cgi" method="GET">

<input type="text" name="a" value="0" size="6">
<input type="submit" name="b" value="O6paborarp'>
</form></td></tr></table>

<pre>

%(mytext_html)s

</pre>

</body></html>" % vars()

B 3TOM npumepe K 3alaHHOMY B opme umnciy ripubasisiercst 1. Kpome Toro,
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BBIBOJUTCA UCXOAHBIN Kof camoro cueHapus. Crefyer 3aMeTUTb, UTO A/Is
9KpaHUPOBaHUA CUMBOJIOB >, <, & wucrions3oBaHa  QyHKUUSA
cgi.escape (). [na dopmupoBaHusi Web-CcTpaHHULbl TIpUMeHeHa
onepayus dopmarupoBaHusi. B kauecTBe cJioBaps 11 BbINOJIHEHUS
MO/CTAaHOBOK HWCMO/B30BaH CI0Bapb vars () €O BCeMU JIOKaJIbHbIMH
rnepeMeHHbIMM. 3HAKU TIPOLIEHTa TMPHUIIVIOCh YIBOUThb, uTOObI OHU He
WHTEepPIPeTUPOBA/IUCh KOoMaHJol  dopMaTrpoBaHus. CTOUT 0OpaTUTb
BHUMaHUEe Ha TO, KaK II0JIyUeHO 3HaueHWe OT TMoJb3oBaTes. OObekT
FieldStorage '"moutu" cC/ioBaps, C TeM WCK/IKOUEHUEM, YTO [Jid
nojiydeHust OOBIYHOrO 3HAYEHUs] HY)KHO [IOMOJHUTE/IbHO [MOCMOTPETh
atpubyr value. [lefo B TOM, 4TO B ClieHApUil MOTYT Tepe/iaBaThbCs He
TOJILKO TEeKCTOBble 3HaueHUs, HO M (pailyibl, a TakKKe MHOXKeCTBeHHble
3HaUeHUs C OJHUM U TeM Ke UMeHeM.

OcropoykHo!

[1pu obpaboTke BxoaHbIX 3HaueHul CGI-clieHapyeB HY)KHO BHUMATeJIbHO U
CKPYIY/Ie3HO MPOBEPSITH AOMYCTUMbIe 3HauUeHUs. Jlyulle CUUTaTh, 4TO
KJIMEHT MOXKeT TepejiaTh Ha BX0f BCe, uTo yrogHo. U3 3Toro Bcero
HeoOXoMMO BbIOpaTh U MPOBEPUTH TOJILKO TO, UTO OXKU/IA€T CL{eHapUil.

Haripumep, He cie/iyeT NoACTaB/IsATh [10JydeHHble OT [10J1k30BaTes JaHHble
B IIyTh K (paii/1y, B KauecTBe apryMeHToB K QyHKUUU eval () U el
noAo0HBIX; TapaMeTPOB KOMaHJHOM CTPOKM; yacTek B SQL-3arpocax K Ha3e
JaHHBIX. Takke He CTOUT BCTaBJIATH N10JyYeHHbIe laHHbIe HAlpsMYIO B
(opmUpyeMble CTPaHULIbI, €C/IA ITU CTPAHULIbI OyIeT BUIeTb He TOJIbKO
K11eHT, 3aka3aBumii URL (Hanpumep, Takasi cutyauusi 0bbiuHa B web-
yarax, (hopyMax, roCTeBbIX KHUrax), U Jake B TOM C/lyuae, ecjid
e[IMHCTBeHHbIN YMTaTe/Ib 3TOW UH(OpMaLIUK - a/MUHUCTpaATOp caiTa. ToT,
KTO CMOTPUT CTpaHuLb! ¢ HeripoBepeHHbIM HTML-kozom, noctynueiumm
HAarpsIMyI0 OT N0JIb30BaTesl, PUCKYIOT 06paboTath B cBoeM Opay3epe
3/I0BPeJHbIN KOJ|, UCI0/Ib3YIOLM Opellb B ero 3aimre.

Haxe ecnmn CGI-cueHapuii UCOAB3YeTCs UCKIHYUTE/IbHO JPYyriMU
cueHapusiMu uepe3 3aripoc Ha URL, HY)KHO NpoBepsiTh BXO/Hble 3HaUeHUst
CTOJIb JKe TIIATe/IbHO, KaK ec/ii Obl JaHHbIe BBOJMJI M0/b30BaTe/b. (Tak Kak
Hel00poyKesiaTe/lb MOXeT 1oflaTh Ha web-cepBep JitoOble 3HaueHus1).
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B npumepe Bbillle TpoBepkKa Ha AOIMYCTUMOCTh IPOM3Be/ieHa MpPU BbI30Be
dyHKUU int (): ewid ObLI0 ObI 33laHO HEUMC/IOBOE 3HAUeHUe, CLieHapui
aBapuUHO 3aBepUMJICS, a MOo/Ab30oBaTellb yBUJen Internal Server
Error.

[Mocsie aHanM3a BXOJHBIX JAHHBIX MOXXHO BbIZIe/IUTh (a3y ux obpabotku. B
stoii wactu CGI-ciieHapusi BbIUMC/ISIOTCS TIepeMeHHbIe /ISl Aa/IbHeUIero
BbIBO/lA. 3/1eCh HEOOXOAUMO YUMTbIBATH HE TOJILKO 3HAYEHUsl repejaHHbIX
repeMeHHbIX, HO U (PaKT UX NMPUCYTCTBUSI UJIK OTCYTCTBUSL, TaK KaK 3TO TOXe
MOJKET BJIMSTh Ha JIOTUKY CLIeHapHsi.

W, nakoHell, (a3a BbiBosa rotoBoro obmekra (Tekcra, HTML-pokymeHTa,
1300paKeHust, MyIbTHMe/Ma-00beKTa W T.0.). [Ipoie Bcero 3apaHee
TIOITOTOBUTH 1IA0/IOH CTPAHMIIBI (MJTH ee KPYITHBIX YacTel ), a OTOM MPOCTO
3aT0JTHUTh COJEP>KHMBIM U3 MIepeMeHHbIX.

B npuBefieHHBIX NpuMepax MMeHa MOSBJ/ISUIUCh B CTPOKe 3arpoca TOJILKO
onuH pa3. Hekotopbie GopMbl MOPOXK/AOT HECKOJIbKO 3HAYEHUH /ISl OIHOrO
uMeHU. [TosyurTh BCe 3HaUEHUsI MOXKHO C IMOMOIIBI0 MeTofa getlist ():

Ist = form.getlist("fld")

Crnucok 1 st Oyer cofiepsKaTh CTObKO 3HAUEHUM, CKOJIBKO T0JIel C UMeHeM
f1d mnonydeHo U3 web-Gopmbl (OH MOXKeT ObITh U MYCTbIM, €C/IM HU OJHO
T0Jie C 33/JaHHbIM UMEHEeM He ObLJI0 3arl0THEHO).

B HekoToOpbIX Ciyuasix HeoOXoAuMo repejaTh Ha cepBep (aiisibl (CAesaThb
upload). Cneayronpii mpymMep ¥ KOMMEHTapU K HEMY MTOMOTYT pa3o0parbcs
C 9TOM 3ajia4ueit:

#!/usr/bin/env python
import cgi

form = cgi.FieldStorage()

file contents ="

if form.has_key("filename"):
fileitem = form["filename"]
if fileitem. file:
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file_contents = ""'<P>CoznepxumMoe repesaHHoro aiia:
<PRE>%s</PRE>"""% fileitem.file.read()

print """'Content-Type: text/html

<HTML><HEAD><TITLE>3arpy3ka taitna</TITLE></HEAD>
<BODY><H1>3arpy3ka daiina</H1>

<P><FORM ENCTYPE="multipart/form-data"

ACTION="getfile.cgi" METHOD="POST">

<br>®aiin: <INPUT TYPE="file" NAME="filename">

<br><INPUT TYPE="submit" NAME="button" VALUE="TIepeaatb caitn">
</FORM>

%s

</BODY></HTML>"" % file_contents

B Hauane cnepgyer paccmotpets web-dopmy, koTopasi ripuBefieHa B KOHLIe
CLieHapusi: UMEHHO OHa Oy/leT BbIBOAUTHCS T10JIb30BATe/I0 MpPU obpalljeHuu
no CGI-cuenaputo. ®opma umeeT mnoJsie turna file, kotopoe B web-
Opaysepe rpejCTaB/iIsieTCs TOJIOCKON BBOjAa U KHorkoi "Browse". Hakumast
Ha KHOIMKYy "Browse", rosib3oBare/ib Bbibupaer daiin, goctynueii B OC Ha
ero komrbloTepe. [locse 3Toro oH MoXKet Hakatb KHOMKY 'Tlepesaars chaiin"
st riepefiauu haiina Ha cepsep.

HOnsi otnagku CGI-cueHapusi MOXKHO UCIIO/b30BaTh MoAyib cgitb. Ipu
BO3HUKHOBEHUM OLLMOKU 3TOT MOAYIb BbiJacT Kpacounyto HTML-cTpanuily
C yKa3aHHEeM MecCTa BO30y)K/IeHHs WCKIueHHs. B Hauajie OT/IaKUBaeMoro
CLieHapus HY)KHO [TOCTaBUTh

import cgitb
cgitb.enable(1)

Wy, ec/ii He HY)KHO MOKa3bIBaTh OLLMOKY B Gpay3epe:

import cgitb
cgitb.enable(0, logdir="/tmp")

Tonbko HeOOXOAUMO TOMHUTB, UTO CjeayeT ybpaTh 3TH CTPOKH, KOrJa
cLieHapuii OyJleT OT/Ia)KeH, TaK Kak OH BbI/IaeT KYCOUKU KOJa ClieHapus. JTO
MOXeT ObITb HWCIO0JIb30BAHO 3/I0YMbILVIEHHUKAMU, C TeM uTOObl HaWTH

ysi3BuMoctd B CGI-clieHapuu WM TNOACMOTPeTb Mapo/id (eC/id TaKoBble
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MPUCYTCTBYIOT B CL{EHAPUM ).

Yto nmocne CGI?

K coxkaneHuio, cTpouTe/NIbCTBO UHTEPAKTUBHOIO U IOCEIIAeMOro caiTa Ha
ocHoBe CGI vmeeT CBOM OrpaHUYeHHs], [JIaBHbIM 00Opa3oM, CBsi3aHHbIE C
NPOU3BOUTENBHOCTLIO0. Beab [u1si KaKA0ro 3armpoca HY)KHO BbI3BAaTh Kak
MUHUMYM O/IUH CLIeHapuii (@ 3HaUuT - 3aryCcTUTh UHTepriperarop Python), u3
Hero, BO3MOJXKHO, C/ieflaTb coeArHeHWe C 0a30d pAaHHbIX U T.J. Bpewms
3anycka uHTepriperaropa Python gocratouHo HeBenuko, TeM He MeHee, Ha
3aHATOM CepBepe OHO MOXXeT OKa3blBaThb CU/IbHOE BJIMSIHUE Ha 3arpy3Ky
ripotLieccopa.

JKenatesbHO, 4TOOBI MHTEPIIPETATOP Y)Ke HaXONW/ICS B OIMepaTUBHOMU
NamsiT, U ObUIU JOCTYITHBI COe/[uHeHust ¢ 6a30i JaHHbIX.

Takve TeXHOJOrMK CYIECTBYOT M OOBIYHO OMMPAKOTCS HAa MOZY/IH,
BCTpauBaemblie B web-cepeep.

Onst yckopenust pabotel CGl UCIob3yloTcs pa3iuyHble CXeMbl, HarpruMep,
FastCGI uwnu PCGI (Persistent CGI). B gaHHOM JileKUMU TipejijlaraeTcsi K
pacCMOTpeHMI0  crelUanbHbIA  Moaylb  anss web-cepsepa  Apache,
Ha3sbIlBaeMblii mod python.

[lyctb Moaylb ycTaHOBJeH Ha web-cepeepe B COOTBETCTBUM C
WUHCTPYKLUSMH, JAHHBIMU B €r0 JJOKyMEHTall|H.

Mopgyne mod python nos3possieT cLeHapuio-06paboTUNKY BKIMHUBATHCS
B niporecc obpaborku HTTP-3anpoca cepsepom Apache Ha nrobom 3Tare,
[UIsl Uero ClieHapuid [I0/DKeH UMeTh Orpejie/ieHHbIM 00pa3oM Ha3BaHHbIE

GyHKIMH.

CHauajla HY’)KHO BBIJIe/IUTh KAaTaJIOf, B KOTOPOM OyneT paboTaTh ClieHapuii-
obpabotuuk. Ilycte 3TO Karanor /var/www/html/mywebdir. [Ons
Toro utobbl web-cepBep 3Hasl, UTO B 3TOM KaTajore HeoOXoMMO MPUMEHSITh
mod python, cnegyer pobaBute B ¢aiin  koH@urypauuu Apache

C/IeIYIOLLEe CTPOKU:
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<Directory "/var/www/html/mywebdir'>
AddHandler python-program .py
PythonHandler mprocess
</Directory>

[Mocsie 3TOr0 HEOOXOMUMO Tepe3anycTUTh web-cepBep U, ec/ii BCe IPOLuIo
0e3 oumbOK, MOXKHO TIPUCTYNaThb K HanuWcaHWo  oOpaboTurKa
mprocess.py. OTOT CleHapuil OyneT peardpoBaTh Ha /000# 3anpoc
Bu1a http//localhost/*.py.

Cnepyonpii clieHapui mprocess . py BbIBEJET B Opay3epe CTpaHHLy CO
cnoBamMu Hello, world!:

from mod_ python import apache

def handler(req):
req.content_type = "text/html"
req.send_http_header()
req.write(""'<HTML><HEAD><TITLE>Hello, world!</TITLE></HEAD>
<BODY>Hello, world!</BODY></HTML>"")
return apache.OK

OTnuuns cueHapusi-obpaborurka ot CGI-cLeHapust:

1. Cuenapuii-obpaboTuuk He 3amyckaeTcs rnpu Kakaom HTTP-3arnpoce:
OH y)Ke HAXO[UTCsl B MaMsITH, U U3 HEro BbI3bIBAKOTCS HEOOXOAUMbIe
byHKMU-00paboTurikK (B TMPUBEAEHHOM IpUMepe Takas (GyHKLUsS
Bcero ofHa - handler () ). Kaxgelid npoijecc-noToMoK web-
cepBepa MOXXeT HMMeTb CBOK KOMHIO CLIeHapusi U UHTepIipeTaTopa
Python.

2. Kak cyepcrBue 1.1 paznuudbie HTTP-3anpockl fesitt oqHU U Te xe
miobasibHble TiepeMeHHble. Hanpumep, TakiM 00pa3oM MOXXHO
WHULIMAU3UPOBATh Coe/juHeHre ¢ 0a30i JIaHHbIX U TIPUMEHSITb ero
BO BCexX 3armpocax (XoTss B HEKOTOPbIX C/ydasix TMoTtpebyrorcs
O/0KUPOBKM,  MCK/IIOUAKOIMe  OJHOBPEMEHHOe  MCI0/Ib30BaHUe
COeJIMHeHUs pa3HbIMU [MOTOKAMU (HUTSIMU) YIIPABIEHUS).

3. O6pabotuuk 3afelcTByeTcss 1pu oOpaieHUd K Jirobomy 'daiiny" c
pacimpeHuem py, Torna Kak CGI-cuieHapuii 00bIUHO 3aIyCKaeTcsi [pu
obpallieHUU M0 KOHKPeTHOMY UMEHH.
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4.

10.

B cueHapuu-06paboTurike HeJb3si pacCUMThIBaTh Ha TO, 4YTO OH
YBUAUT MOAYIU, Pacliojio)KeHHble B TOM Ke KaTasore. Bo3moikHO,
npuieTcs 100aBUTh HEKOTOPbIE KaTa/loTh B sys . path.

Tekyimii pabounii Karasor (ero MO>KHO y3HaTb C TIOMOIBIO (YHKLMH
os.getcwd () ) TakKe He HaXxO[UTCS B OJHOM Karajore C
00paboTUHKOM.

#!-cTpoka B IIepBOM CTpPOKe ClLieHapus He orpejesisieT BepCUlo
unTtepriperaropa Python. Pabortaer Bepcusi, /it KOTOPOM ObL1
CKOMITU/IMpOBaH mod python.

Bce HeoOxoquMble MapameTpbl repejaloTcsi B 00paboTuuMk B BuU/je
Request-o06bekra. Bo3BpalliaeMble 3HaUeHUsI TaKKe MepesatoTcst uepes3
3TOT OOBEKT.

Web-cepBep 3ameuaert, uTo clieHapuii-00pabOTUMK U3MEHUJICS, HO He
3aMeTUT W3MEeHEeHUU B UMIIOPTUPYEMBIX B Hero moayisx. KomaHpga
touch mprocess.py 0OHOBUT JaTy U3MeHeHUs daiisia clieHapusl.
Orobpaxkenue os.environ B o00paboTuMke MOXeT ObITh
obpesaHHbiM. Kpome TOro, Bbi3biBaembie W3 ClieHapusi-0bpaboTurka
Jpyrue rporpamMmbl ero He HacC/AeAyHT, KaK 3TO [POUCXOAUT MpU
pabore ¢ CGl-cienapusivu. [lepeMeHHbIe MOXHO TOJIYUUTb JIPYTUM
nyrem: req.add common_ vars(); params =
req.subprocess env.

Tak Kak crjeHapuii-oopaboTuuk He siBiisieTcs "'onHopa3oBbiM", Kak CGI-
ClieHapuii, 13-3a OIMOOK MpOrpaMMHUpOBaHus (Kak CaMoro ClieHapHs,
TaK W [JPYrUX KOMIIOHEHTOB) MOIYT BO3HUKAaTb YTeUKU I[1aMSATH
(nmporpamma He 0CBOOOJK/IAeT CTaBILyl0 HeHY)KHOM mamsThb). Creayer
YCTaHOBUTL  3HaueHWe TIlapamerpa MaxRequestsPerChild
(MakcMManbHOe  YMEJIO  3anpocoB,  oOpabaTbiBaemMoe  OAHUM
TMPOL|@CCOM-TTOTOMKOM) BOJIbIIe HYJISL.

Jlpyroii Bo3MOXXHbIH 00pabOTUMK - CLieHapUK UIeHTU(UKAL[UHN:

def authenhandler(req):
password = req.get_basic_auth _pw()
user = req.connection.user
if user == "user1" and password == "secret":

return apache.OK

else:

return apache. HTTP_UNAUTHORIZED
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O1y dyHKUMIO CceayeT J00aBUTH B MOAYIb MProcess . Py, KOTOPbIU Obl1
paccMoTpeH paHee. Kpome TOro, HYKHO JONOJHUTL KOHGUIYypaLUo,

Ha3HauuB 06paboTumnk ans 3arpoCoB UJieHTU (pUKaLuu (
PythonAuthenHandler ), a Takke oObluHbIe Ji1si Apache JUpPeKTHUBBI
AuthType, AuthName, require, orpejensonme crocob
aBTOpU3ALUU:

<Directory "/var/www/html/mywebdir'>
AddHandler python-program .py
PythonHandler mprocess
PythonAuthenHandler mprocess
AuthType Basic
AuthName "My page"
require valid-user

</Directory>

Pasymeercsi, 3T0 - BCero Jivib rpumep. B peanbHOCTH uieHTUDUKALMS
MOKeT ObITh YCTPOeHa HAMHOTO CJIOXKHEE.

Jpyrre Bo3Mo)KHble 00paboTumki (o AoKyMeHTaluu K mod python
MO>KHO YTOUHUTb, B KaKie MOMeHTbI 00pabOTKU 3arpoca OHU BbI3bIBAOTCS):

PythonPostReadRequestHandler
O6paboTKa 110/1yueHHOro 3arpoca Cpasy rocJie ero rnojiydeHus.
PythonTransHandler

[To3zsonsier usamenuth URI 3arpoca (B TOM uucae UMS BUPTYaJLHOIO
cepBepa).

PythonHeaderParserHandler
O6paboTka roseit 3arpoca.
PythonAccessHandler
O6paboTtka orpanuueHuii gocrtyna (Harmpumep, no IP-agpecy).

PythonAuthenHandler
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Wnentudukaljys rnoabs3oBaTes.
PythonTypeHandler

OnpejeneHye W/Uiv HACTPOUMKA THIIA JOKYMEHTA, s3bIKa U T.[.
PythonFixupHandler

M3meHeHUe T10/ieli HEMoCpeJCTBEHHO Tiepe], BbI30BOM 00paboOTUMKOB
COJ1eP>KUMOTO.

PythonHandler
OcHoBHOM 06paboTuMK 3aripoca.
PythonInitHandler

PythonPostReadRequestHandler U
PythonHeaderParserHandler B 3aBUCHMMOCTH OT HAaxXOX/eHUS B
koH(urypaluu web-cepsepa.

PythonLogHandler
YripaB/ieHue 3anuchbiO B JIOTH.
PythonCleanupHandler

O0OpaboTuMK, BbI3bIBAEMbIM HEINOCPEJCTBEHHO I1epe], YHUUTOKEeHUEM
Request-obbekra.

HekoTopble 13 3TUX 006paboTUMKOB paboTarT TOMLKO [100a/IbHO, TaK Kak Mpu
BbI30B€ Jla)Ke KaTajor MX MPUJIOXKEHUs] MOXKeT ObITb Heu3BecTeH (TakoB,
Hanpumep, PythonPostReadRequestHandler ).

C nomoupto mod python MOXHO CTPOUTh web-caliThl ¢ AMHaMUUeCKUM

CO/IeP’KUMbBIM U KOHTPO/IMPOBATh HEKOTOPbIE acreKTbl paboThl web-cepBepa
Apache uepe3 Python-crieHapuu.

Cpefibl pa3pabOTKU
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Nnsi cozpanusi Web-nipusiokeHu NpuMeHsitoTCsi U OoJiee  C/I0)KHbIe
cpeicTBa, ueM web-cepBep C pacriofo)KeHHbIMU Ha HeM CTaTU4YeCKUMU
nokymeHntamu U CGI-cueHapusiMyu. B 3aBUCMMOCTU OT Ha3HaueHUs Takue
rporpaMMHble  CUCTeMbl Ha3bIBAlOTCS CcepBepaMu  web-npunoxxeHui,
cucteMaMu yripaBieHusi cogepxumbiM (CMS, Content Management System),
cucteMbl web-nybMKaliMM U cpejcTBaMu Jiisi co3fianust WWW-nopTtasos.
[Mpuuem CMS-cucremMa MOXeT ObITh BbINOJIHEHA Kak web-mipusiokeHue, a
CpejcTBa JiJisl CO3[[aHUsl TIOPTAZoB MOryT Ga3sMpoBaThCsl Ha cucTeMax web-
nybsukaiuu, ayist koropeix CMS-cucreMa siBasieTcs rogcucremoit. [loatomy,
BbIOMpasi cUCTeMy JIJisi KOHKPETHBIX HY)XK/l, CTOUT YyTOUHUTh, Kakue yHKI[UU
OHa 10JDKHA BBITNOJIHSATE.

f3bik Python, xots u ycrynaer PHP 110 kosimyecTBy co3iaHHbIX Ha HeM web-
CUCTEM, UMeeT HEeCKDJIbKO [JOCTaTOUHO MOMYISIPHbIX NMpuioykeHui. CaMbiM
SPKUM TIPUMEPOM Cpe/iCTBa /Il CO3/laHUsl cepBepa web-TIpuioKeHui
sBJisieTcst Zope (rnpousHocuTcs "3on") (M. cobika: http//zope.org) (Z Object
Publishing Environment, cpega mnyonmukaiud o0BeKTOB ). Zope UWMeeT
BCTPOEHHbIN web-cepBep, HO Moker pabotatb W C Jpyrumu Web-
cepBepamu, Hanpumep, Apache. Ha ocHoBe Zope MOXXHO cTpouth web-
nopTasibl, HaripuMep, ¢ nomoipo Plone/Zope, HO MOXXHO pa3pabarbiBaTh U
cobctBeHHble web-ripunoykenusi. [lpy 3ToM Zope TMO3BOJSIET Pa3le/UTh
®opmy, Coneprkanue u JIoruky 7o Takoil crereHd, uto Coaep>kaHueM MOTyT
3aHUMATbCSl OfIHU JItoAU (MeHeKepbl 110 cojepumomy), Popmoii - apyrue
(web-au3aiiHepsl), a Jlorukoi - TpetbM (rporpammucTtbl). B cinydae ¢ Zope
JIoruky MO)KHO 3a/1aTh C IOMOILBIO si3bika Python (unu, kak Bapuanrt, Perl),
dopma MoOXKeT ObITb CO3[jaHa B rpaMuecKux WU Creljuai3upOBaHHbIX
web-pefjakropax, a pabora ¢ cofepXUMbIM OpraHv3oBaHa yepe3 Web-hopMbi
camoro Zope.

Zope 1 ero 0ObeKTHasi MO/Ie/lb

B pamkax 23TOil J/leKIMM HEeBO3MOXKHO [IeTa/lbHO pacCMOTPETh TaKon
WUHCTPYMEHT Kak Zope, M03TOMY CTOMUT JIMIIb 3aMETUTb, UTO OH JIOCTATOYHO
WHTEepPeCeH He TOJbKO B KauecTBe Cpejibl pa3paboTku web-1nipuioxenuii, HO
U C TOYKM 3peHus moaxomoB. Haripumep, yHUKa/ibHas OOBEKTHO-
OPUEHTHPOBAHHAs MOJe/b ZOpe TO03BOJISIET JI0BOJIbHO T'MOKO OMKMCHIBATh
TpebyemMoe rpuioKeHue.
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Zope BKJItOUaeT B cebsi Cieyrole BO3MOYKHOCTH

e Web-cepeep. Zope moxeT paboraTk ¢ Web-cepsepamu uepes CGI unu
UCI0/Ib30BaTh CBOM BCTpoeHHbI Web-cepBep (ZServer).

e Cpesa paspaboTudka BbIMOJIHEHA Kak Web-nipunoxkeHue. Zope
1103B0OJISIeT Co3/aBath Web-ripunokeHus uepe3 Web-unrepdeiic.

e [lognepxkka cueHapueB. Zope TMOAJeP)KUBAET HECKO/ILKO $SI3bIKOB
cuenapues: Python, Perl u cobcreennsii DTML ( D ocument T emplate
M arkup L anguage, si3bIK pa3MeTKu 111abjioHa JOKYMEHTa).

e baza /laHHbIX O00bEKTOB. Zope UCIO/b3yeT B CBOeid pabote
yCTOuMBble 00bEKThbl, XpaHWMble B CreljUa/ibHOM 0a3e JaHHBIX
(ZODB). UmeeTcs 10CTaTOYHO TNPOCTOM UHTEpdeiC /s yrpaB/eHus
3TOM 0a30 JaHHBIX.

e UuTerpaijus C pesisiiiuOHHbIMU Da3aMu JJaHHBIX. ZOpe MOXXeT XPaHUTb
cBou O00OBEKTbl U JApyrue JaHHble B pessifuoHHbIXx CYB/l: Oracle,
PostgreSQL, MySQL, Sybase u T.11.

B psay apyrux mnopobHbIX cucTeM Zope Ha TepBbId B3I KaKeTcs
CTPAHHBIM U HEITPUCTYITHBIM, OHAKO TeM, KTO C HUM "Ha Thl'", OH OTKPbIBAeT
Oo/bIIIe BO3MOXKHOCTH.

Pa3zpaboTuvku Zope WUCXOQU/IU U3 Jiexalleil B ocHoe WWW 00bekTHOU
Mofied, B KOTOpoW 3arpy3ky JokymeHTa 1o URI MOXHO CpaBHUTH C
OTIpaBKoOM coobueHust 00bekTy. OObeKTbl Zope pa3/io)KeHbl MO0 Tarkam
(folders), K KOTOpBLIM TpUBs3aHbLI MMOJUTHKA [OCTYyIa [Jisi [10JIb30BaTesei,
UMEIOIIMX Orpefie/ieHHble poyid. B KauecTBe 0OBEKTOB MOIYT BBICTYIAThb
JIOKYMeHTbI, U300pakeHus, MylbTUMequa-dailibl, ajantepbl K 0Oa3am
JaHHBIX U T.I1.

HokymeHTsl Zope MoxXHO nucath Ha s3blke DTML - gononmnennu HTML c
CUHTAKCHCOM Jijisl BK/IOUeHUs 3HaueHui nopobHo SSI (Server-Side Include).
Hanpumep, s BCTaBKM MepeMeHHON C Ha3BaHUEeM JOKYMEHTa MOJKHO
WCI10/1b30BaTh

<!I- #var document_title ->

Cnepyet 3aMeTUTh, UTO 00beKTbl ZOpe MOr'YT UMeTh CBOM aTpUOyThI, a TakKe
MeTO/lbl, B YaCTHOCTH, HarucaHHble Ha si3bike Python. IlepemeHHble e
MOTYT TOSIBJISIThCSE KaK M3 3aJJaHHBIX [10JIb30BaTe/leM 3HaueHWM, Tak U U3
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APYIrHX HMCTOYHHMKOB [OdHHBIX (Ha_'l'[pl/IMep, U3 0asbl AaHHbIX IMOCPpeACTBOM
BbITNO/IHEeHHUs BbIOOpkU (hynkiueit SELECT).

Ceiiuac a1 onyMcaHusi JoKyMeHTa Zope Bce uvaite ripumMensiercst ZPT ( Z ope
P age T emplates, mabsoHbl cTpaHul] Zope), KOTOpPble B CBOK Ouepe/b
ucnons3yior TAL ( T emplate A ttribute L anguage, s3bIK AOJIOHHBIX
atpubyToB). OH MO3BOJISIET 3aMEHSITh, TOBTOPSITH UJ/IA MPOMYCKaTh 3/IEMEHThI
JIOKYMEHTa OMNUChbIBaeMOro 1abjsoHoM JokymeHTa. "OrmepaTopamu’ si3bika
TAL siBristorcst XML-arpubytsl u3 nipoctpanctBa umeH TAL. [TpocTpaHCcTBO
HUMeH Cero/jHsi OMUChIBAeTCs CJIelyIOLMM UIeHTU(HUKATOPOM:

xmins:tal="http://xmlzope.org/namespaces/tal"

Oneparop TAL wumeer ums U 3HaueHHe (UTO BbIpaKaeTcsi UMEHEM W
3HaueHueMm aTpubOyra). BHyTpu 3HaueHust 00bluHO 3ancaHo TAL-
BbIpaKeHUe, CUHTAKCUC KOTOPOro OINMUChIBaeTcd ApyruM si3bikoM - TALES
(Template Attribute Language Expression Syntax, CHHTakCUC Bbipa)keHuid TAL).

Takum obOpasom, ZPT Haro/aHsSeT CoAepXXUMbIM ILHA0/I0OHBI, UHTEPIIPETHPYS
arpubyrsl TAL. Hanpumep, uToObl Zope TOJCTaBU/I Ha3BaHUE JIOKYMEHTa
(ter TITLE ), wab/0H MOKeT UMeThb C/Ie/IyHOLLIMH KO/

<title tal:content="here/title">Doc Title</title>

CTOUT 3aMeTUTh, UTO NpUBeJeHHbIN Kof coifieT 3a kof Ha HTML, To ects,
Web-u3aiinep MokeT Ha J0bom  3Tarne  paboThl  HaJ, [POEKTOM
pejakripoBaTh mabnon B HTML-pegakrope (Ipd  yCJIOBUM, UYTO TOT
CoXpaHsieT He3HakoMble aTpuOyThl W3 mpocTpaHcTBa uMmeH tal). B 3tom
rnpumepe here/title aBnsercs BblpakeHuem TALES. Tekcr Doc
Title CAYKUT OPUEHTUPOM [ web-/u3aliHepa U 3aMeHsieTCsl 3HaueHUueM
BbipaKeHUsi here/title, TO ecTb, Oyger B3ATO CBOWCTBO title
JokymeHTa Zope.

[TpumeuaHue:

B Zope 00beKTsl UMeIOT cBoMcTBa. Habop CBOWCTB 3aBUCHUT OT THIIA
06beKTa, HoO MOXKeT ObITh PaCIlMpPeH B UH/MBU/YATbHOM TOPSI/KE.
CBOICTBO 1 d MpUCYTCTBYeT BCera, CBOMCTBO £ it 1le 0ObIYHO TOXeE
YKa3blBaeTCsl.

214



Cyau P AL H 3wk nporpammuposadua Python

B kauectBe 0Oosee C/I0)KHOrO MpUMepa MOXXHO PacCMOTPEeTb OpraHu3aljuio
MoBTOpa BHYTPH 1abioHa (1y1st orpoboBaHUs 3TOro NpuMepa B Zope HY)KHO
nobaButhk 00ObekT Page Template):

<ul>
<li tal.define="s modules/string"
talrepeat="el python:s.digits">
<a href="DUMMY"
tal:attributes="href string/digit/$el"
talcontent="el>SELECTION </a>
</li>
</ul>

OTOT WAOJIOH MOPOAUT C/Ie/IYIOIIMIA pe3y/brar:

<ul>
<li><a href="/digit/0">0</a></li>
<li><a href="/digit/1">1</a></li>
<li><a href="/digit/2">2</a></li>
<li><a href="/digit/3">3</a></li>
<li><a href="/digit/4">4</a></li>
<li><a href="/digit/5">5</a></li>
<li><a href="/digit/6">6</a></li>
<li><a href="/digit/7">7</a></li>
<li><a href="/digit/8">8</a></li>
<li><a href="/digit/9">9</a></li>

</ul>

3,H|ECI: HYXXHO OGDHTHTL BHHMdHHEe Had [1Bda OCHOBHbLIX MOMEHTa:

® B wab/roHe MOXXHO WCIObL30BaTh BbipakeHusi Python (B gaHHOM
rnpuMepe IrepeMeHHasi S onpefeneHa Kak Moayis Python) wu
IepeMeHHY0-CUeTUdK LjUKI1a el, KoTopas IPOXOAUT WUTepaluu I10
CTpOKe string.digits.

e c noMoupo TAL MOXHO 337jaBaTh He TOJILKO COZEpKUMOe 3/1eMeHTa,
HO u arpubyra Tera (B JaHHOM IpUMepe HUCIO/b30Baics atpubyr
href).
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rHlETf':lﬂI/I MO>KHO Y3HAThb I10 [JOKYMEHTAl|HH. CToUT nUIL 3dMeTHTh, 4YTO
HUTepalusa MOXKeT IPOMCXOAWThL M0 CaMbIM pa3HbIM HCTOYHHKAM [JdHHBIX:
CO/IepP>KUMOMY TeKyllel Iarku, BbIOOpKe W3 0a3bl JaHHLIX WM, KakK B
rnpuBejeHHOM [pumMepe, 110 OG'LEKTy PyThOI'l.

JTroboli TpOrpaMMKCT 3HAET, UTO IPOrpaMMUpOBaHUE TeM 3(QxpeKTUBHee,
yeM JIydilie yoajock "paccTaBUTL CKOOKU', BbIBe/s "OOLMI MHOMKWTE/bL 3a
ckobku", JIpyruMu C/10BaMH, XOpOlLMe TMPOrPaMMUCTbI JIO/DKHbBI  ObITh
JIOCTaTOYHO 'NMeHuBbI", uTOObI HAWTH ONTUMAJLHYK JI€KOMITO3ULIUIO
pewiaemoid 3ajjau. [lpyu npoekTupoBaHUM JUHAMUUeCKOro web-caiita Zope
MO3BOJIAET Pa3MeCTUTh "MHOXHUTENU'" U "CKOOKMU'" TaK, uTOObI JOCTUIHYTH
MaKCUMaJIbHOI0 MOBTOPHOIO WCMOJIL30BaHUS Koja (Kak pasMeTKW, Tak U
cueHapueB). Ilomoraer 95TOMY YHMKA/IbHbIA T104X0[ K TIOCTPOEHHUIO
B3aMMOOTHOIIIEHUH MeX/1y 00beKTaMu: 3auMCcTBOBaHUe ( acquisition ).

[lyctb  HeKOTOpbIM  00BEKT  (JOKyMeHT, u300pakeHue, ClieHAPH,
TIO/IK/TIOUeHKe K Oa3e JaHHBIX U T.I1.) pacrosiokeH B rarke Example. Terepb
0OBEKTBI 3TOM TMAIK| J0CTYITHBI 110 UMEHU W3 JIFOObIX HUKeJIeXKallX Marok.
[axxe MOMUTUKA OE30TMaCHOCTH 3aMMCTBYIOTCS D0Jiee TTyOOKD BJIOYKEHHBIMU
MarnkaMu OT TIAloK, KOTOpble OJiMKe K KOPHI. 3aUMCTBOBaHUE SIBJISIETCS
OueHb BaKHOW KoHLleriuell Zope, 63 MOHUMAHUS KOTOPOH Zope C/I0KHO
IPaMOTHO TIPUMEHsITh, U HA00OPOT, ee TOHMMaHWEe T03BOJISIET SKOHOMUTD
CWJIbI U BpeMsi, IOBTOPHO MCIOJIb3ysl 00BEKThI B pa3paboTKe.

Camoe WHTepecHOe, 4TO 3aUMCTBOBaTb OOBLEKTbI MOMKHO TaKkKe U3
napauiesisHbix manok. [lycts, Hampumep, psiaoM ¢ nankod Example
Haxo[UTCsA Tarnka Zigzag, B KOTOPOW JIEKUT HYKHBIH O0OBeKT (ero
HaumeHoBaHue note). [lpyu 3TomM B manke Example nporpammucra
uHTepecyeT 00bekT index html, BHYTPM KOTOPOrO BbI3bIBAaeTCs note.
OObIuHbIN ITyTh K 00bekTy index html Gyger npoucxoauts no URI Bpoge
http://zopeserver/Example/. A BOT eC/IM HY)KHO UCM0J/b30BaTh
note u3 Zigzag (u B manke Example ero wHer), T0 URI O6yger:
http://zopeserver/Zigzag/Example/. Takum obpasom,
yKazaHue IyTU B Zope 0T/IMuaeTcs OT TPAAULMOHHOrO MyTH, cKaxkeM, B Unix:
B IyTM MOrYT IPUCYTCTBOBaTh '3ursaru’ uyepes3 rapa/ule/ibHble Marku,
JIAIOLMEe BO3MOXKHOCTb 3aUMCTBOBATb OOBEKTbI W3 ITUX Marnok. Takum
00bpa3oM, MOXHO C/ie/laTh KOHKDETHYIO CTpPaHULly, KOMOUHUDPYS OfUH WU
HECKO/IbKO He3aBUCHMBIX aCleKTOB.
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3aK/IroueHue

B 370l Jsiekiuu ObI/TM pacCMOTPEHbI pa3/iMuHble MOAX0/bl K UCI0/Ib30BaHUIO
Python B web-npunoxenusix. Cambiii mipocToil criocod peanusanuu web-
ripuoxxeHus - ucronaszoBanue CGI-cueHapueB. bosnee c/i0KHBIM SBJIsSIeTCS
WCIONb30BaHUe CrieliMalibHBIX MOAYIel [yt web-cepBepa, TakMX Kak
mod python. HakoHel|, CylecTByrOT TeXHO/IOIMH Bpoge Zope, KOTOpble
TNpe/lOCTaBJISIIOT Creljuali3upoBaHHble CEePBUCHI, MO3BOJISIOIIE CO3/aBaTh
web-npunoyKeHusl.
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CeTeBble npuokeHus Ha Python

B aToii nexkiuu paccmaTtpuBaetrcsi peanu3anusi Ha Python mpocreiinero
K/IMeHT-CepBepPHOro MpUI0XKeHUs], JaeTcs rpejcTaBjieHue 0 TUITUUHOM Jis
cetn Internet npuiokeHud. CraHjaptHas Oubnuoreka Python wumeer
HEeCKOJIbKO MOAyied jyisi paboTbl C pa3/MUHBIMU TIPOTOKOJIAMU. DTUMHU
MOJAWISMM  OXBaTbIBAlOTCS KaK HU3KOypoBHeBble TpoToKoabl (TCP/IP,
UDP/IP), tak u BeicokoypoHeBbie (HTTP, FTP, SMTP, POP3, IMAP, NNTP,
...). 3pecs Oymer paccmoTpeHa pabora ¢ cokeramu (Monyib socket) U Tpu
Moaynsi BeicokoypoBHeBbIX npotokosnos (urllib2, poplib, smtplib). Tlpu stom
rpe/iroJiaraeTcsi, YTO UMeeTcsi IOHUMaHue MPUHLKUIOB paboTbl IP-cetu u
HEKOTOPbLIX ee CepBUCOB, a TakxKe rpejcTaBieHue o cucteMe WWW.

PaboTa c cokeramu

[lpumensiemass B [P-ceTsix apxuTekrypa KiIueHT-cepBep wucCroib3yer [P-
rakeTbl Uil KOMMYHUKALIMM MeXJy KIUeHTOM U cepsepoMm. KiueHT
OTIIPABJISIeT 3arpoc CepBepy, Ha KOTOpbI TOT oTBeuvaer. B ciyuyae ¢ TCP/IP
MEXY KIMeHTOM M CEepBepOM YyCTaHaB/IMBaeTcs coejuHeHue (00bIUHO C
JIByCTOPOHHe! nepejiaueid laHHbIX), a B ciiydae ¢ UDP/IP - K1deHT U cepBep
oOMeHUBAITCA TMakeTaMd (jJedTarpaMMaMMH) C HerapaHTUPOBaHHOU
JI0CTaBKOM.

Kaxapiii cereBoit uHTepdeiic [P-cet uvmeeT yHUKa/lbHbIA B 3TOM CeTH
anpec ( IP-azpec ). YpoleHHO MOYKHO CUMTaTh, UTO KaXK/blid KOMIIbIOTEp B
cet ViHTepHeT uMeeT cobcTBeHHBIN IP-ajpec. IIpyd 3TOM B paMKax OIHOIO
cereBoro uHrepdeiica MoXeT ObITb HECKOJbKO CeTeBbIX MOPTOB. [lis
YCTaHOBJIEHUSI CeTeBOr0 COeJUHEeHUs T[pPU/IOXKeHUe KIWeHTa [I0/DKHO
BbIOpaTh CBOOOAHBIA TMMOPT M YCTAHOBUTb COEIMHEHWE C CepBEepHbIM
MpUIoKeHueM, KoTopoe ciyiuaer (listen) mopt ¢ onpejesieHHbLIM HOMEPOM Ha
ynaneHHOM ceteBoM uHTepdeiice. [lapa [P-agpec U mopT xapakTepusyroT
cokeT (rHe3f0) - HayaJbHYIO (KOHEUHYH)) TOUKY CeTeBOM KOMMYHUKAI[UM.
Inst co3nanus coenauHeHuss TCP/IP HeoOxoquMo JBa COKeTa: OAWH Ha
NIOKaNnbHOM MallMHe, a ApYrod - Ha yuaneHHOW. Takum oOpasoM, Kaxuoe
ceTeBoe coefHeHUWe uMeeT [P-azipec ¥ MOPT Ha JIOKaJbHOWM MallMHe, a
takke IP-azpec v nopT Ha yjaneHHOU MallMHe.

Moaynes socket obecrieurBaeT BO3MOXKHOCTh paboTaTth C COKeTaMU W3
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Python. CokeTbl  UCHOJB3YIOT  TPaHCIOPTHLIM  YPOBEHb  COIVIACHO
cemuypoBHeBou ~ mogend  OSI (Open  Systems  Interconnection,
B3aUMO/IEMCTBUE OTKPBITBIX CUCTEM), TO eCTh OTHOCATCS K Oosiee HU3KOMY
YPOBHIO, ueM OOJIbIIMHCTBO OMUChIBA@MbIX B 3TOM pa3/ie/ie [POTOKOJIOB.

YposHu mopenu OSI:
Dusnueckuit

[Motok 6uToB, mnepejaBaemMbix 110 (u3nMueckort uHUU. Omnpejesisier
rapaMeTpbl (M3UUECKOU TUHUMU.

Kananenbiii (Ethernet, PPP, ATM u T.11.)

Komupyer u [JexkogupyeT JlaHHble B BHJIe TOTOKa OWTOB, CrIpaB/sisiCh C
oumbKaMu, BO3HUKAOIMMU Ha (pU3UUYeCcKoM YpOBHE B Ipefiesiax (hu3nuecku
e/IUHOU CeTu.

Cetesoii (IP)
Mapupyrusupyer UHGOPMAL|MOHHbIE MTAKeThI OT Y3/1a K Y3/1Y.
TpancnoptHeii (TCP, UDP u 1.1.)

ObecrieuBaeT MNpPO3pauHy0 Tepejadyy [JaHHbIX MEX/Y [BYMs TOUYKaMU
COeJIMHEeHMUSI.

CeaHCOBbIH

YipaBsisieT ceaHCOM COeIMHEHMsI MeX/y YydaCTHUKaMu ceTu. HauuHaer,
KOOP/IMHUPYET U 3aBepIliaeT COe/IMHEeHMUSL.

[lpepcraBnenus

ObecrnieurBaeT He3aBUCUMOCTb JIAHHbIX OT (POPMbI UX MPe/ICTaB/ICHUS ITyTEM
npeobpa3zoBanust ¢opMatoB. Ha 3TOM ypOBHE MOJKET BBITIOTHATHCS
Mpo3payHoe (C TOYKWA 3pEeHHs BhIIIEIE)KAIEro ypOBHs) lImMQpoBaHHe W
nenmppoBaHue JaHHbIX.

[punoxenuut (HTTP, FTP, SMTP, NNTP, POP3, IMAP u 1.1.)

219



Cyau P AL H 3wk nporpammuposadua Python
HO,H,H‘ED)KHBEIET KOHKpeTHbIe CeTeBble IPUITIOKEeHUH. HDOTOKOJI 3dBUCHT OT
THIla CepBHCa.

Kakzplii COKeT OTHOCUTCA K OAHOMY W3 KOMMYHMKAl|UOHHBIX [IOMEHOB.
Moayns socket nogaepkuBaet goMeHbl UNIX u Internet. Kaxkabii jomeH
rojpasyMeBaeT CBOe CeMeMCTBO I[IPOTOKOJIOB W ajpecayuto. [laHHoe
u3oxeHue OyleT 3aTparuBaTh TOJILKO JOMeH Internet, a MUMEHHO MPOTOKOJIbI
TCP/IP u UDP/IP, nosTomy /1151 yKa3aHUsi KOMMYHUKALIMOHHOIO JlOMeHa Mpu
CO3[aHUU COKeTa OyzleT yKa3bIBaTbCst KOHCTaHTa socket .AF INET.

B kauecTBe rpuMepa cjie/lyeT paCCMOTPEeTb ITPOCTEHIIYI0 KIHeHT-CepBepHYo
napy. Cepep Oymer NpUHMMaTh CTPOKY W OTBeuaTh KiueHTY. CereBoe
YCTPOUCTBO HMHOIZa Ha3biBaloT xocToM (host), mostomy Oyret ynotpebnsrees
3TOT TEPMHH [10 OTHOLIEHHIO K KOMITBIOTEPY, Ha KOTOPOM paboTaeT cereBoe
TIPUJIOKEHU .

Cepgep:
import socket, string

def do_something(x):
Ist = map(None, x);
Ist.reverse();
return string. join(lst, ")

HOST=" # localhost
PORT = 33333
srv = socket.socket(socket. AF_INET, socket. SOCK_STREAM)
srv.bind((HOST, PORT))
while 1:
print "Cnyiato nopt 33333"
srv.listen(1)
sock, addr = srv.accept()
while 1:
pal = sock.recv(1024)
if not pal:
break
print "TlonyyeHo ot %s:%s:" % addr, pal

lap = do_something(pal)
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print "OTrnpaBneHo %s:%s:" % addr, lap
sock.send(lap)
sock.close()

Knuenr:

import socket

HOST=" # ynaneHHblv komnbroTep (localhost)

PORT = 33333 # TOPT Ha yaJIeHHOM KOMITbIOTepe

sock = socket.socket(socket. AF_INET, socket. SOCK_STREAM)
sock.connect((HOST, PORT))

sock.send('TIAJIMHAPOM")

result = sock.recv(1024)

sock.close()

print "Tlonyueno:", result

[TpumeuaHue:

B [IPUMEpPE UCTI0/Ib30BAHBI DYCCKH € 6YKBbIZ HEOﬁXD,[[I/IMO YKa3blBaThb
KOZIUPOBKY.

[pexxe BCero, HY)KHO 3anmycTuTh cepBep. CepBep OTKDbIBAaeT COKeT Ha
NoKa/ibHOU MaumHe Ha nopty 33333, u agpece 127.0.0.1. ITocsie aToro oH
cnymaer ( listen () ) nopr. Korga Ha MOPTY TOSIBJSIIOTCS JlaHHbBIE,
npuHuMaercst ( accept () ) BXogsiee coefuHeHue. Meton accept ()
BO3BpaligeT mnapy - Socket-oObeKT W ajipec yoaJieHHONo KOMITbIHOTepa,
yCTaHaBJ/IMBaloIllero coeauHeHue (napa - IP-ajpec, mopT Ha y#aneHHoOH
MaiimHe). [Tocse 3TOro MOXKHO MPUMEHSITb MeTofAbl recv () U send ()
11st 0B1eHMSs ¢ KTMeHToM. B recv () 3ajiaetcs uncio 6aliToB B ouepe/iHOM
nopuuu. OT KIMeHTa MOXXeT ITPUNTH U MeHblllee KOJIMUeCTBO JaHHbIX.

Kon nporpaMmbi-k/iMeHTa [JOCTaTOYHO oveBHeH. Meton connect ()
yCTaHaB/IMBaeT COeJMHeHWe C YIaleHHbIM XOCTOM (B TpUBEJeHHOM
rnpyuMepe OH PAaCIo/IOKeH Ha TOW ke MallMHe). /laHHble TepejaroTcs
MeToJioM send () U NPUHUMAKTCS METOJOM recvVv () - aHaJIOTUYHO TOMY,
YTO MPOUCXOUT Ha CepBepe.
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Moayns socket UMeeT HeCKOJILKO BCIIOMOrare/ibHbIX GyHKUu. B
YaCTHOCTH, YHKLUH /1/1si paboThI C cucTeMO# JloMeHHbIX uMeH ( DNS ):

>>> import socket

>>> socket.gethostbyname('www.onego.ru')
(‘www.onego.ru', [], ['195.161.136.4'])
>>> socket.gethostbyaddr('195.161.136.4")
(‘www.onego.ru, [], ['195.161.136.4'])
>>> socket.gethostname()

'rnd.onego.ru'

B HoBeix Bepcusix  Python nosBusack  Takasi  (yHKUMST  Kak
socket.getservbyname (). OHa mno3BoasieT MpeoOpa3oBbIBATh
HavMeHOBaHUs VIHTepHeT-CepBUCOB B OOLLENPUHSATLIE HOMePA [TOPTOB:

>>> for srv in 'http', 'ftp', 'imap', 'pop3’, 'smtp':
print socket.getservbyname(srv, 'tcp'), srv

80 http
21 ftp
143 imap
110 pop3
25 smtp

Moayis TakKe CONEP)KUT OOJbIIOe KOJIMUECTBO KOHCTAHT JUIS YKa3aHWS
MPOTOKOJIOB, TUIIOB COKETOB, KOMMYHUKAI[MOHHbIX JIOMEHOB U T.I. /Ipyrue
dyHKIMM MoAylss socket MOXHO TpU HEOOXOQUMOCTH U3YUUTh T10

JIOKyMeHTal1uH.
Mopgyns smtplib

Coo0itieHusi 371eKTPOHHOW 110uThl B VIHTepHeTe repejaroTcst OT KIMeHTa K
cepBepy U MeXX/ly cepBepaMd B OCHOBHOM 110 nipoTokoay SMTP ( S imple M
ail T ransfer P rotocol, mpocroii ripoTokos repejauu routsl). [Iporokos SMTP
u ESMTP (pacumpeHHblii BappuaHT SMTP) onucanbl B ccbiika: RFC 821 -
http//www.fags.org/rfcs/rfc821.html U CChIJIKA: RFC 1869 -
http//www.fags.org/rfcs/rfc821.html. 1nsi paboter ¢ SMTP B cranpapTHOU
bubmoreke momyneit umeercst Moayib smtplib. Jlnsg Toro 4robbl HauaTh
SMTP-coenvHeHUe C CepBEPOM 3/IEKTPOHHOM MOUThI, HEOOXO[MMO B Hadasie
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co3aark 00bekT Asis ynpasiaenuss SMTP-ceccuell ¢ MOMOLLBIO KOHCTPYKTOPA
Knacca SMTP:

smtplib. SMTP([host[, port]])

[Tapametpsl host u port 3agawT agpec u nopt SMTP-cepeepa, uepe3
KOTOphIl Oyzer ortnpaBisitbesi noura. [lo ymonuanui, port=25. Ecmu
host 3ajaH, KOHCTPYKTOpP CaM YCTaHOBUT COeAUHEHHUEe, WHaue MpUJeTCd
OT/leJIHO BBI3bIBaTL MeTof connect (). OK3eMiuisipbl Kiacca SMTP
UMeIT MeTObl /111 BCeX pacrpocTpaHeHHbIX kKomaH SMTP-niporokona, HO
Ul OTIPAaBKU [0YThl [JOCTAaTOYHO BbI30Ba KOHCTPYKTOpPAa U METO/0B
sendmail () uguit ():

# -*- coding: cp1251 -*-

from smtplib import SMTP
fromaddr = "student@mail.ru"  # Ot Koro
toaddr = "rmd@onego.ru" # Komy

message = """From: Student <%(fromaddr)s>
To: Lecturer <%(toaddr)s>

Subject: From Python course student

MIME- Version: 1.0

Content-Type: text/plain; charset=Windows-1251
Content-Transfer- Encoding; 8bit

3apascryiiTe! S U3ydaro Kypc 1o s3biky Python u
OTIIPABJISIIO MUCHMO €ro aBTOPY.

connect = SMTP('mail.onego.ru')
connect.set_debuglevel(1)

connect.sendmail(fromaddr, toaddr, message % vars())
connect.quit()

Cnepyer 3ameruth, uro toaddr B coobuweHuu (B mone To ) U Ipu
OTIIPAaBKe MOTYT He COBMa/aTh. /lesio B TOM, UTO MoJiyyaTesib U OTIIPaBHUTE/b
B xone SMTP-ceccuu mnepesnaercss komaHjamu SMTP-nporokona. Ilpu
3anycKe VKa3aHHOrO BbIllle TMpUMepa Ha HSKpaHe TMOSBUTCA OT/1aJl0uHas
uHGopMaLus (BeJb YpOBeHb OT/Ia/IKU 3a/laH paBHbIM 1):

send: 'ehlo rnd.onego.ru\r\n'
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reply: '250-mail.onego.ru Hello as3-042.dialup.onego.ru [195.161.147.4], pleas
send: 'mail FROM:<student@mail.ru> size=270\r\n'
reply: '250 2.1.0 <student@mail.ru>... Sender ok\r\n'
send: 'rcpt TO:<rnd@onego.ru>\r\n'
reply: '250 2.1.5 <rnd@onego.ru>... Recipient ok\r\n'
send: 'data\r\n'
reply: '354 Enter mail, end with "." on a line by itself\r\n’
send: 'From: Student <student@mail.ru>\r\n. . ."
reply: '250 2.0.0 iBPFgQ7q028433 Message accepted for delivery\r\n'
send: 'quit\r\n'
reply: '221 2.0.0 mail.onego.ru closing connection\r\n'

W3 9Toil (HEeCKO/ILKO COKpallleHHOM) OT/1aiouHold WH(pOpPMaLU¥d  MOXKHO
yBU/leTh, UTO KIWeHT oTtnpas/sieT (send) komangsl SMTP-cepsepy (EHLO,
MAIL FROM, RCPT TO, DATA, QUIT), a TOT BbINOJHSET KOMaH[Abl U

orBeuaert (reply), Bo3Bpalupas Koz Bo3BpaTa.

B xopne ogHoit SMTP-ceccuu MOXKHO OTIPaBUTL Cpa3y HECKONBKO IMUCeM
110Jpsifl, €C/I He BbI3bIBAaTh quit ().

B npunuune, komauasl SMTP MOXHO T0ofaBaTe U OT/E/ILHO: JJI 9TOro Y
obbekTa-coefiuHeHUsi ectb Metoabl ( helo (), ehlo (), expn(),
help (), mail (), rcpt (), vrfy(), send (), noop (), data () ),
COOTBETCTBYIOLIMe OfJHOUMeHHbIM koMaH1aM SMTP-npoTokoa.

Mo)XHO 3aaThb U TIPOU3BO/BHYKO kKoMaHay SMTP-cepBepy € IOMOILBIO
Merofla docmd (). B cnexgyrouem npumepe IoKasaH —IPOCTeHIIMN
CLieHapui, KOTOpbIM MOrYT HCI0/b30BaTh Te, KTO Bpemsi OT BpPeMeHU
IpUHUMaeT [OUTy Ha CBOW cepBep mno rnpotokony SMTP ot nouroBoro
cepBepa, Ha KOTOPOM XPAaHWUTCs oOuepe/ib COOOIIEHUUM Uil HEKOTOPOro
JloMeHa:

from smtplib import SMTP

connect = SMTP('mx.abcde.ru’)
connect.set_debuglevel(1)
connect.docmd("ETRN rnd.abcde.ru")
connect.quit()

OTOT TMpPOCTEeHLKUU CLeHapuil mpejjaraer cepBepy mx.abcde.ru
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MOonbITaTbCAd CBA3ATbCAd C OCHOBHBLIM IIOYTOBBIM CeépBepOM JIOMeHa
rnd.abcde. ru u nepecjaaTb BCHO HAaKOIUBUIYIOCS [J1sl HErO 11OUTY.

[Mpu pabore ¢ k1accom smtplib . SMTP MOryr Bo30OyK/aThCs pa3/idiuHble
ucKIoueHusl. HazHaueHue HeKOTOPBIX U3 HUX MTPUBEJIEHO HUXKeE:

smtplib. SMTPException
bazoBblii K1acc [yist Bcex UCK/THOUeHUN MOJIYIISL.
smtplib. SMTPServerDisconnected

CepBep HEOXWJAHHO TpepBal CBsi3b (MM CBsi3b C CepBepoM He Oblia
yCTaHOBJIEHA).

smtplib. SMTPResponseException

ba3oBbIi Knacc jjisi BceX UCK/IIOUeHU, KOTOpble UMel0T Koj oTBeta SMTP-
cepsepa.

smtplib. SMTPSenderRefused
OTnpaBuTe/b OTBEPIHYT
smtplib. SMTPRecipientsRefused
Bce nosnyyarenu oTBepPrHyThl CepBepoOM.
smtplib. SMTPDataError
CepBep OTBETHJI HEM3BECTHBIM KOJIOM Ha JIaHHbIe COODILEeHUsI.
smtplib. SMTPConnectError
Oumbka ycTaHOB/IEHUS COe/[UHEeHUsl.
smtplib. SMTPHeloError

CepBep He OTBETWJI TPaBUJILHO Ha KOMaH 1y HELO WM OTBEpr ee.

Mopgyns poplib
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Eie oaun ripotokon - POP3 (P ost O ffice P rotocol, moutoBbIii npoTOKo/) -
C/IY)KUT JIs1 TIpMeMa I0YThl U3 [OUYTOBOrO SlIMKAa Ha cepBepe (MPOTOKO/
onpepesied B RFC 1725).

Hnsi paboTel C TMOUYTOBBIM cepBepoM TpebyeTcss YCTAaHOBUTH C HUM
coeJUHEHUEe U, TMOJOOHO PACCMOTPEHHOMY BbIllE TPHMEpY, C [OMOLIBIO
SMTP-komaHyg mnonyduts Tpebyembie coobueHus. OObekT-coeiuHeHUe
POP3 MOXHO YCTaHOBHMTHL I1OCPEJCTBOM KOHCTPYKTOpa Kiacca POP3 wu3

Moayns poplib:
poplib.POP3(host[, port])

[ne host - ampec POP3-cepBepa, port - mnopr Ha cepBepe (10
ymonuanuio 110), pop obj - 06beKT Ans yrpaBaeHUst ceaHCOM paboTsl ¢
POP3-cepBepom.

Cnenytoupii npumep JAeMOHCTPUPYET OCHOBHble MeTOAbl [jsi paboThl C
POP3-coegunHenueM:

import poplib, email

# YueTHble laHHbIe 10J1b30BaTe/s:
SERVER = "pop.server.com"
USERNAME = "user"
USERPASSWORD = "secretword"

p = poplib.POP3(SERVER)

print p.getwelcome()

# 9Tan ugeHTUUKalUuu

print p.user(USERNAME)

print p.pass_(USERPASSWORD)

# 3Tan TpaH3akUun

response, Ist, octets = p.list()

print response

for msgnum, msgsize in [i.split() for i in Ist]:
print "Coobienue %(msgnum)s uMeet JauHy %(msgsize)s" % vars()
print "UIDL =", p.uidl(int(msgnum)).split()[ 2]
if int(msgsize) > 32000:

(resp, lines, octets) = p.top(msgnum, 0)

else:
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(resp, lines, octets) = p.retr(msgnum)
msgtxt = "\n".join(lines)+"\n\n"
msg = email.message_from_string(msgtxt)
print "* OT: %(from)s\n* Komy: %(to)s\n* Tema: %(subject)s\n" % msg
# msg ColepXXUT 3aroJIOBKU COODIIEHUS UK BCe coobLieHue (ec/ii OHO Hel

# 9ran 0OHOBJIeHUS
print p.quit()

[Tpumeuanue:

Pazymeercsi, uro6bl pumep cpaboTas KOppeKTHO, HeoOXOAUMO BHECTU
peasibHble yueTHbIe JaHHbIe.

[Tpu BBINO/THEHWUH ClieHApUI BbIBEJET Ha 9KPaH IMPUMEPHO CJIe/IVIOLIee.

+OK POP3 pop.server.com server ready
+OK User name accepted, password please
+0OK Mailbox open, 68 messages

+0OK Mailbox scan listing follows
Coo0uenue 1 umeet uny 4202

UIDL = 4152a47e00000004

* Or: online@kaspersky.com

* Komy: user@server.com

* Tema: KL Online Activation

+0OK Sayonara

OTH U Ipyrie MeTo/Ibl IK3eMIISIPOB Ki1acca POP 3 ONMUCAHbI HUXKE:

Komanpa

POP3 OnucaHue

Meton

getwelcome () [Tonyuaet cTpoky s ¢ npuserctsuem POP3-
cepsepa

[Tocklnaet KOMaH 1y USER C YKa3aHueM UMeHH
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user (name)

pass_(pwd)

apop (user,

secret)

rpop (user)

stat ()

list ([num])

retr (num)

dele (num)
rset ()

noop ()

quit ()

top (num,

name

PASS
pwd
APOP

user
secret

RPOP
user

STAT

LIST
[num]

RETR

DELE

RSET

NOOP

QUIT

H 3wk nporpammuposadua Python
IMoJIL30BaTe/Id name. BOBBpaH_[aeT CTPOKY C
OTBETOM CepBepa

OTrnpas/isieT naposib M0/1b30BaTe sl B KOMaH/ie
PASS. Tlocsie 3TOM KOMaH/ibl U [0
BbIMosiHeHUst koMaHibl QUIT rnouToBbId SIIMK
Bnokupyercs

Wpentudvkanus Ha cepsepe o APOP

Wpentudukarus no merony RPOP

Bosspaiger koptex ¢ uHdopmaliien o
MOUTOBOM SilIMKe. B HeM m - KOJIMYecTBo
coo01ieHui, 1 - pa3mep MOYTOBOIO SIIIMKa B
DaliTax

Bo3Bpallger cricok coobieHui B hopmate
(resp, ['num octets', ...]),
eC/IM He yKasaH num, U "+0OK num
octets", ecnu ykaszaH. Criucok 1st
COCTOMUT U3 CTPOK B (hopmare "num
octets".

3arpyaet C cepsepa coollLLeHe C HOMEPOM
num ¥ BO3BpalligeT KOpTexx C 0TBeTOM CepBepa
(resp, lst, octets)

Yiansier coobieHHe ¢ HOMEPOM num

OTMeHsieT MOMeTKHU yaneHust COoOIeHUH

Huuero He penaet (mofjepKuUBaeT
coe/IMHeHue)

OTtitoueHue ot cepeepa. CepBep BbINOTHSET
BCe HeoOXoiuMble u3MeHeHus (yaassiet
Co0O1IeHUST) U CHUMAET GJIOKMPOBKY
MOYTOBOIO SIIMKA

Komanzia ananornuta RETR, HO 3arpyxaet

TOP num T0/16K0 3aro/I0OBOK U 1 ines CTPOK Tefa

228



Cyau P.A. 361K nporpaMmupoBanns Python
top (num, TOP num T0JIbKO 3aro/IoBOK U 1 ines CTPOK Tesa
lines) lines coobienus. Bo3spalgeT KopTex (resp,
lst, octets)
Coxkpatenue ot "unique-id listing”" (criucok
YHUKAbHBIX UJIeHTU(MKATOPOB COODILIEHUH).
UIDL dopmar pesynsrara: (resp, lst,

uidl ([num]) Eems octets), ecd num He yKa3aH, U " +0K
num unigid", ecnu ykasaH. CriMcok 1st
COCTOUT U3 CTPOK BHJa "+OK num
unigid"

B 370l Tabnumie num obo3HauaeT HoMep CooOIeHUs (OH He MEeHsSIeTCsl Ha
MPOTSDKEHUU BCeU CecCUM), resp -- OTBeT CepBepa, BO3BpalpeTcs Aid
moboi KoMaH/ibl, HauMHaeTcsi ¢ "+0K " Jyisi yCrelHbIX orepaiuit (npu
Heylaue Bo30Oyxjgaercss uckmoueHue poplib.proto error ).
[Mapametrp octets obo03HaAuaeT KOMUUECTBO OaMT B MPUHSTHIX JaHHBIX.
unigid - ugeHTUUKATOP COOOILIEHUS, TeHepUPYeMbI CepPBEPOM.

Pabora ¢ POP3-cepeepoM cocTouT u3 Tpex ¢a3: wuaeHTHUUKALUH,
TpaH3akui W oOHoB/eHWsi. Ha 3Tane ujeHTHdUKAIMU Cpasy Ti0cje
co3nanusi POP3-06bekra pasperieHbl TobKO KoMaHibl USER, PASS (uHorga
APOP u RPOP). Tlocne uagentudukatuu ceppep rnosjydaer uHGopMaLuw o
1o/ib30BaTesie M HACTyIaeT 3Tal TPaH3aKUi. 3[1eCb YMeCTHbI OCTajibHbIe
KOoMaHzbl. JTan 00HOBJIeHHs BbI3biBaeTcss komaHgod QUIT, noce koTopoi
POP3-cepBep 0OHOBJISIET TIOUTOBLIN SIIMK T10/Ib30BATE/ISE B COOTBETCTBUU C
MOJAHHLIMU KOMaHJAMU, a UMEHHO - YlassieT ToMedeHHbIe IS yoaJieHUus
COOOLIEHUSI.

Mopymu ans kiieHta WWW

CraH/lapTHbIe Cpe/iCTBa si3blKa Python MoO3BO/ISIOT TMO/TydaTh M3 MPOrPAMMbI
noctyn K oobekram WWW Kak B MPOCTBIX (J1ydasik, TaK U MPU CJIOKHBIX
00CTOATe/ILCTBAX, B YaCTHOCTH TIPH HEOOXOAMMOCTH Tiepe/laBaTh JaHHbIE
hopmbl, ueHTU(UKALTIH, [IOCTYTIA Yepe3 MPOKCH U T.II.

CTOUT OTMETUTb, uTO Tpu pabore ¢ WWW UCII0/b3yeTCss B OCHOBHOM

nipotokos1 HTTP, ogHako WWW oxBatbiBaeT He To/ibko HTTP, HO u MHOrue

npyrue cxemsl (FTP, gopher, HTTPS u T.1.). Ucrionbe3yemast cxema 0OBIUHO
229




Cyau P AL H 3wk nporpammuposadua Python

yKa3aHa B camoM Hauasie URL.

DyHKLIMY /17151 3aTPY3KH CETeBBIX 00bEKTOB

[pocToii cnyuaii nonyuenuss WWW-o06bekra 1o ussectHomy URL rokasaH B
creyrolem rnpyumepe:

import urllib

doc = urllib.urlopen("http:/python.onego.ru").read()

print doc[:40]
OyHkiuss urllib.urlopen() co3gaer ¢ainononobHbIA  00bLEKT,
KOTOpbI uMTaeT MeroaoM read (). [lpyrue Metofbl 3TOro obbekra:
readline (), readlines (), fileno (), close () pabOTalOT KaK U

y obbluHOro (haiisia, a Takke ectb MeTon info (), KOTOpbI BO3BpaIl@eT
COOTBETCTBYIOIMI TOYUeHHOMY C cepBepa Message-00beKT. DTOT 00BeKT
MOYXHO UCI0/1b30BATh 1715 TIOJTYUeHUS! JI0TIOTHUTEIbHOU UH(pOpMaL|UK:

>>> import urllib

>>> f = yrllib.urlopen("http://python.onego.ru")
>>> print f.info()

Date: Sat, 25 Dec 2004 19:46:11 GMT

Server: Apache/1.3.29 (Unix) PHP/4.3.10
Content-Type: text/html; charset=windows-1251
Content-Length: 4291

>>> print f.info()['Content-Type']

text/html; charset=windows-1251

C nomoupko ¢yHKuM urllib.urlopen () MOXHO Jenatb ¥ Oojee
C/I0KHBIE BelM, HarpuMep, repeaBaTh web-cepBepy AaHHble GopMbl. Kak
W3BECTHO, JlaHHble 3aro/iHeHHON web-hopMbl MOryT ObITh TepejaHbl Ha
web-cepeep c ucrnons3oBanuem metroga GET unu meroga POST. Metog, GET
CBsi3aH C KOAUPOBaHUEM BceX Iepe/ilaBaeMblX [1apaMeTpoB Mocsie 3Haka " 2"
B URL, a npu merogne POST panuble nepejatotcsi B Tene HTTP-3anpoca.
Oba BapuaHTa repejauu MpejiCcTaBeHbl HUXKE:

import urllib
data = {"search": "Python"}
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enc_data = urllib.urlencode(data)

# meton GET
f = urllib.urlopen("http://searchengine.comvsearch" + '"?" + enc_data)
print f.read()

# meton POST
f = urllib.urlopen("http:/searchengine.com/search', enc_data)
print f.read()

B HeKoTOpbIX C/ydasix JlaHHble MMEKT MOBTOpPsHOIMecs UMeHa. B 3tom
Clyyae B KauecTBe rmapamerpa urllib.urlencode () MOXHO
MCI0J1b30BaTh BMECTO CJIOBAPS MOC/Ie/I0BaTe/IbHOCTb Map UMsi-3HaueHHe:

>>> import urllib

>>>data = [("n", "1"), ("n", "3"), ("n", "4"), ("button", "TIpuset"),]
>>> enc_data = urllib.urlencode(data)

>>> print enc_data
n=1&n=3&n=4&button=%F0%D2%C9%D7%C5%D4

Moaynb ur11ib no3Bossier 3arpykatb web-00beKTbl uepes poKcu-cepsep.
Ecnu HUuero He yKasbiBaTh, OyeT UCI10/1b30BaThCst IPOKCU-CEPBEP, KOTOPbIi
Ob1 3a7aH MpUHATEIM B KoHKpeTHoH OC criocobom. B Unix npokcu-
cepBepbl  3aJjal0TCs B MepeMeHHbIX OKpyKeHHs http proxy,
ftp proxy u T.n., B Windows rnpokcu-cepsepbl 3alicaHbl B peecTpe, a B
Mac OS ouu 6Gepyrcs u3 koHdurypanuu Internet. 3agath NpoKCH-cepBep
MO>KHO u Kak VMeHOBaHHbIN rapameTp proxies K
urllib.urlopen():

# Wcrionb30Barh yKazaHHbIA [IPOKCU

proxies = {'http": "http//www.proxy.com:3128'}
f = urllib.urlopen(some_url, proxies=proxies)

# He ucnonb30BaTh IPOKCU

f = urllib.urlopen(some_url, proxies={})

# Vcnosib30BaTh MPOKCH 10 YMOJTUAHUIO

f = urllib.urlopen(some_url, proxies=None)

f = urllib.urlopen(some_ url)

dyHkuMsg urlretrieve () no3BoJster 3anucaTh 3afaHHbId URL ceTeBoit
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00bexT B aiin. OHa UMeeT Cjie/lytoliye IapaMeTphbl:
urllib.urlretrieve(url], filename[, reporthook[, data]]])

3peck url - URL cereBoro obnekra, filename - UMs JIOKa/bHOro (haitia
UIsi ToMellleHusi o0bekta, reporthook - dyHKyusA, koTopas Oyger
BbI3bIBAThCs JI/Isi COOOIIPHUSI O COCTOSIHMM 3arpy3kd, data - JaHHbIe s
meroga POST (ecsiv oH wucronb3yercs). PyHKUUS BO3BpalligeT KOpTex
(filepath, headers) ,rge filepath - ums nokanabHoro daia, B
KOTOpPbIM 3aKkauaH 00beKT, headers - pe3yisrat mMeroga info () s
obbekTa, BO3BpallleHHOro ur lopen ().

Hns obecrieueHust UHTePaKTUBHOCTH GyHKL s
urllib.urlretrieve () BbI3bIBaeT BpeMsl OT BpeMeHM (YHKIIUIO,
3a/laHHy10 B reporthook (). OToH QyHKIUU epeiatoTCsd TPU aprymMeHTa:
KOJIMUECTBO MPUHATLIX O/IOKOB, pa3mep Osioka W obumii  pasmep
npuHuMaemoro obbekra B OailiTax (ecsii OH HeW3BeCTEH, 3TOT IapameTp
paBeH -1).

B cneayroiem npumepe nporpamMMa rpuHuMaer Gosnbuiod ¢aiin v, 4Tobbl
M0/b30BaTe/lb He CKydas, MULLIET TMPOLIeHT OT BbINOJHEHHOW 3arpy3ku U
Tripe/iroJiaraeMoe OCTaBILIeecs: Bpemsi:

FILE = 'boost-1.31.0-9.src.rpm'’
URL = "http//download.fedora.redhat.com/pub/fedora/linux/core/3/SRPMS/' + 1

def download(url, file):
import urllib, time
start_t = time.time()

def progress(bl, blsize, size):
dldsize = min(bl*blsize, size)

if size 1= -1:
p = float(dldsize) / size
try:

elapsed = time.time() - start_t

est_t = elapsed / p - elapsed
except:

est t=0

232



Cyau P AL H 3wk nporpammuposadua Python
print "%6.2f %% %6.0f s %6.0f s %61/ %-6i bytes" % (
p*100, elapsed, est_t, dldsize, size)
else:
print "%6i/ %-6i bytes" % (dldsize, size)

urllib.urlretrieve(URL, FILE, progress)
download(URL, FILE)

OTta nporpamMma BbIBeleT TIPUMEPHO cJiefytoiee (IIPOLIeHT OT T0JTHOrO
oObeMa 3aKauku, MpOLLe/JIIe CeKyH/Ibl, TTPe/IoiaraeMoe OCTaBILeecs: BpeMsi,
3aKauaHHbIe OaliThl, MO/THOE KOJIHUecTBo 6aliToB):

0.00% 1s 0s 0/6952309 bytes
0.12% 5s 3941 s 8192/6952309 bytes
0.24% 7s 3132s 16384 /6952309 bytes
0.35% 10s 2864 s 24576 /6952309 bytes
0.47 % 12s 2631s 32768 /6952309 bytes
0.59% 15s 2570s 40960 /6952309 bytes
0.71% 18s 2526s 49152 /6952309 bytes
0.82% 20s 2441s 57344 /6952309 bytes

dyHkmu 11 aHam3a URL

ComtacHo JIOKYMEHTY CChLTKA: RFC 2396 -
http//www.fags.org/rfcs/rfc2396.html URL fo/mkeH cTpoUThCS 1O ClieyIoLeMy
mabsoHy:

scheme//netloc/path;parameters?query#fragment
e

scheme
Apnpecnast cxema. Hanipumep: http, ftp, gopher.

netloc
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MeCTOHaX0XK/IeHUE B CEeTH.
path

I1yrs K pecypcy.
params

[MTapameTpsl.

query

CrpokKa 3aripoca.

fragment
Unentudukarop dparmenTa.

Opna w3 ¢yHkuyuil yxe wucnonb3oBatack s ¢dopmuposanuss URL -
urllib.urlencode (). Kpome Hee B mMomyie urllib uMewTCs U

Apyrve (QyHKINH:
quote(s, safe="/")

@yHKus sKpaHupyet cumMBojibl B URL, uToObI UX MOXKHO ObUIO OTIIPABJISITH
Ha web-cepBep. OHa npe/iHa3HaueHa [ S5KpaHUPOBaHUs MYTH K Pecypcy,
103TOMy ocrapsieT ' /' Kak ectb. Harpumep:

>>> urllib.quote("rnd@onego.ru")
'rnd%400onego.ru'

>>> urllib.quote("a = b + ¢")
'a%20%3D%20b%20%2B%20c'
>>> urllib.quote("0/1/1")

'0/1/1

>>> rllib.quote("0/1/1", safe="")
'0%2F1%2F1'

quote_plus(s, safe=")

DyHKIMs dKpaHUpyeT HekoTopble cuMBOiabl B URL (B cTpoke 3arpoca),
yrobbl UX MOXHO ObUIO OTNpaB/isATE Ha web-cepBep. AHaIOrMuHa
quote (), HO 3aMeHsieT 1pobeJsibl Ha IJTHOCHI.
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unquote(s)
[Mpeobpa3oBanue, obpaTHoe quote () . [Ipumep:

>>> urllib.unquote('a%20%3D%20b%20%2B%20c")
a=b+c

Ilpeobpa3zoBanue, obpaTHoe quote plus (). [Ipumep:

>>> urllib.unquote_plus('a+=+b+%2B+c")
'a=b+c(

Ins ananusa URL MOXKHO UCII0/1b30BaTh (PYHKLIMK U3 MOAYIS ur lparse:
urlparse(url, scheme=", allow_fragments=1)

Pa3zbupaer URL B 6 KOMITOHEHTOB (COXpaHsisi S9KPaHUPOBAHHE CUMBOJIOB):
scheme://netloc/path;params?query#frag

urlsplit(url, scheme=", allow_fragments=1)

Pasbupaer URL B 5 KOMIIOHEHTOB (COXpaHss 3KpaHHPOBAHWE CUMBOJIOB):
scheme://netloc/path?query#frag

urlunparse((scheme, netloc, url, params, query, fragment))
Cobupaer URL 13 6 KOMIIOHEHTOB.

urlunsplit((scheme, netloc, url, query, fragment))
Cobupaer URL 13 5 KOMIIOHEHTOB.
[Mpumep:

>>> from urlparse import urlsplit, urlunsplit

>>> URL = "http//google.com/search?q=Python"

>>> print urlsplit(URL)

('http', 'google.com, '/search’, 'q=Python’, ")

>>> print urlunsplit(

('http', 'google.com’, '/search’, 'q=Python’, "))
http/google.com/search?q=Python
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Eme opna dyHkuMs TOro ke MoAyiss urlparse I03BOJSAET KOPPEKTHO
coeuHUTE /1Be yacTh URL - 6a30By0 U OTHOCUTE/IbHYIO:

>>> import urlparse
>>> urlparse.urljoin('http://python.onego.ru', 'itertools.html")
'http//python.onego.rw/itertools. html'

Bo3moykao ctu urllib2

DYHKIIMOHAILBHOCTH MoAyned urllib W urlparse xBaraer s
OonbLUIMHCTBA 3ajad, KOTOpble peliaioT cueHapuu Ha Python kak web-
KiueHTbl. Tem He MeHee, uHoOrA Tpebyercs Oosbilie. Ha 3TOT ciyuail MOKHO
UCMOb30BaTh MOAYIb /i paboTel ¢ nporokosom HTTP - httplib - u
cospatk cobctBeHHbI Kiacc i HTTP-3anpocoB (B /1eKUMSX MOAYIb
httplib He paccmarpuBaercs). OJiHaKO BIIO/IHE BepOSTHO, UTO HY)KHas
(byHKLIMOHA/ILHOCTD Y)Ke UMeeTcs B mogyne urllib2.

OpiHa 13 1oJie3HbIX BO3MOXKHOCTEH 3TUX MOAyel - focTyn K web-o0bekram,
Tpebytormii aBTopu3salii. Huyke Oyer paccMOTpeH TpuMep, KOTOPbIU He
TONLKO ODecrieunT JOCTyn C aBTOpU3auueld, HO U 0003HAUYUT OCHOBHYIO
ujero Moaynst ur 111b2: ucronb3oBanue obpadorurkos (handlers), Kaxkibiii

13 KOTOPbIX pellaeT y3Kyto criel{u(uueckyro 3a/auy.

Crneayroupii npuMep MokKa3sbIlBaeT, Kak CO3/1aThb COOCTBEHHbIN OTKpbIBATe/b
URL c nomotikio Mmoaynst url1ib2 (3TOT npumMep B3ST U3 JJOKYMEHTalluU

o Python):
import urllib2

# IloaroroBKa UeHTUUKAIMOHHBIX JaHHbBIX
authinfo = urllib2. HTTPBasicAuthHandler()
authinfo.add_password('My page', 'localhost’, 'userl’, 'secret’)

# [locTyr yepes NpoKcH
proxy_support = urllib2.ProxyHandler({'http" : 'http/localhost:8080'})

# Co3/laHie HOBOI'O OTKPbIBaTe/Isi C YKa3aHHbIMK 00paboTurKaMu
opener = urllib2.build_opener(proxy_support,
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authinfo,
urllib2.CacheFTPHandler)
# YcraHoBKa 110151 C Ha3BaHWeM K/IMeHTa
opener.addheaders = [('User-agent', 'Mozilla/5.0")]

# YcTaHOBKa HOBOIO OTKPLIBATE/IsI 10 YMOJTYaHHIO
urllib2.install_opener(opener)

# Wcrionb3oBaHue OTKPbIBATes1s
f = urllib2.urlopen('http:/localhost/mywebdir/")
print f.read()[:100]

B sTtoM npumepe mosydyeH JOCTYIT K CTpaHulle, KOTOPYIO OXpaHseT
mod_python (cM. npeabiayiyto nekuuro). [lepBbiii aprymMeHT MNpuU BbI30Be

Meroga add password() 3ajaer obnactb  jelictBus  (realm)
UIeHTU(UKALIMOHHBIX JJaHHbIX (OH 3a/laH AUPEKTUBOW AuthName "My
page" B koHdurypauuu web-cepBepa). OcrajibHble MNapamMeTpbl

JJOCTaTOYHO TOHSTHBI: UMSI XOCTa, HAa KOTOPBIM HY)XHO IMOJY4UTH AOCTYII,
VMsi T10/1b30BaTe/Iss U ero rnaposib. Pasymeercs, /11 KOppeKTHOW paboThbl
rnpuMepa HYXKHO, uTOoObl Ha JlOKa/bHOM web-cepBepe Obul KaTasor,
TpebyroImMii aBTOpU3aLuu.

B pganHoM mpumepe siBHBIM 00pa3oM 3aTPOHYThbI Bcero Tpu 00paboTuMka:
HTTPBasicAuthHandler, ProxyHandler U
CacheFTPHandler. Bwmoayie urllib?2 ux Gosee gecsiTka, Ha3HauYeHHe
Ka)K/IOr0 MOXKHO y3HaTh U3 JOKYMEeHTal|UM K UCIo/b3yeMol Bepcuu Python.
Ectb u  creuuansHbld  Kj1acc /1 YIIpaB/IeHUS  OTKPbIBaTesIsIMU:
OpenerDirector. VMeHHO ero 9k3eMiuigp co3fiana  (QyHKUUs
urllib2.build opener ().

Moayis ur11ib2 UMeeT U crieliMa/lbHbIA K/1acC /i1l BOIUIOLIEHUS 3arpoca
Ha otkpeiTHe URL. Ha3wiBaetcs 3TtoT Knacc urllib?2.Request. Ero
9K3eMIISIP COZLePXKUT COCTOsIHUMe 3arpoca. Crelyroluii pyuMep oKasblBaer,
KaK TOJIyYUTh JOCTYI K KaTajory C aBTOpU3aLuveil, UCIo/b3ys JobaBieHue
3arosioBka B HTTP-3arpoc:

import urllib2, base64
req = urllib2.Request('http://localhost/mywebdir')
b64 = base64.encodestring('user1:secret’).strip()
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req.add_header(' Authorization', 'Basic %s' % b64)
req.add_header('User-agent', 'Mozilla/5.0")

f = urllib2.urlopen(req)
print f.read()[:100]

Kak BUHO W3 3TOro mpumepa, HUYEro 3arajOuHOro B aBTOPU3ALIUU HET:
web-K/IMeHT BHOCUT (3akoguvpoBaHHble base64) uaeHTUDUKALIMOHHBIE
JlaHHble B 1ojle Authorization HTTP-3anpoca.

[TpumeuaHue:;

HpI/IBe,E[EHH]:IE ABd MMpHUMepa IMoYTH 3KBHUBa/IEHTHBI, TOJIBKO BO BTOPOM
I[pHUMepe IMPOKCH-CepBep He Ha3Ha4eH ABHO.

XML-RPC cepBep

o cux nop BLICOKOYPOBHEBble TIPOTOKOJILI pPacCMaTpPUBAJIUChL C TOUKU
3peHus: KiveHTa. He meHee rpocto co3gaBath Ha Python u ux cepepHblie
yactu. [Iis WamoCTpaldd TOro, Kak paspaborath nporpamMmy Ha Python,
peayu3ymolLyo cepsep, Obu1 BbiOpaH rpotokos XML-RPC. Hecmotpsi Ha
CBOE Ha3BaHWe, KOHEUHOMY T10/Ib30BaTe/ 0 Heobs3aTenbHO 3HaTh XML (00
3TOM si3blKe pa3MeTKU rOBOPUJIOCH Ha OQHOM U3 TpejblAyLLMX JIeKLUI), TaK
Kak OH CKpbIT OT Hero. CokpateHue RPC ( R emote P rocedure C all, Bb130oB
yoaJIeHHOW TIpoLie/lypbl) OOBSICHSIET CyTh jena: ¢ romoipo XML-RPC
MOXXHO BBI3BIBATh [pOLIeAYpPhl Ha yiaieHHOM xocte. [IpuueM npu rnomoup
XML-RPC  MoxHO  abcTparupoBaThCsi  OT  KOHKPETHOrO  s3bIKa
MpOrpaMMUPOBAHUsI 3a CUET UCI0JIb30BaHUs OOIEPUHSATBIX TUIIOB JJaHHbIX
(cTpOKM, uuC/ia, JOruueckde 3HaueHUss U T.a1.). B s3eike Python BbI30B
ylaneHHoU (YHKIUU M0 CUHTAKCUCY HUUeM He OT/MYaeTcs OT BbI30Ba
00bIYHON (hyHKIUH:

import xmlrpclib

# YcTaHOBUTL CoeJUHEeHUe
req = xmirpclib.ServerProxy("http://localhost:8000'")

try:
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# BbI3BaTh yaneHHY GyHKIUO
print req.add(1, 3)
except xmirpclib.Error, v:
print "ERROR",

A Bor Kak BuImgAUT XML-RPC-cepBep (i1 Toro utobbl morpoboBaTh
rpuMep Bblilie, HEOOXOAMMO CHauasla 3alyCTUTh CepBep):

from Simple XMLRPCServer import SimpleXMLRPCServer

srv = SimpleXMLRPCServer(("localhost", 8000)) # 3arnyctuth cepsep
srv.register_function(pow) # 3aperucTpupoBath (yHKLHIO
srv.register_function(lambda x,y: x+y, 'add') # U ere ogHy
srv.serve_forever() # O6cnyKuBaTh 3aripoChl

C nowmotpto XML-RPC (a 3TOT IpOTOKO/T JOCTaTOYHO "IerKOBeCHbIU'" cpeiu
JPYTUX 1OA0OHBIX TTPOTOKOJIOB) MPUJIOXKEHHUsI MOTYT 0OLLATHLCS APYT C APYTOM
Ha MOHSTHOM WM S$i3blKe BbI30BAa (YHKIUU C [apaMeTpaMd OCHOBHBIX
OOIENPUHATLIX TUIMOB W TaKUMU >K€ BO3BpAllliéMbIMUA 3HAYEHUSIMHU.
[MpeumyiectBom >xe Python siBasiercsi  yAoOHBIA CHMHTAKCMC BbI30Ba
ylaneHHbIX (PYHKLIWA.

Buumanue!

Pasymeercs, 310 ToBKO ipuMep. [1pu peasibHOM K CII0/Ib30BaHU U
HeoOxoauMo 1o3abotuthesi, utobbl XML-RPC cepsep oTBeuat
TpeboBaHusiv 6e3onacHoctd. Kpome Toro, cepeep Jydllle aenathb
MHOI'OIOTOYHBIM, 4T00OBI OH MOT 00pabaThbiBaTh HECKOILKO TOTOKOB
ofHOBpeMeHHO. [111 MHOrOroTOUHOCTH (OHa OyzeT obcyKaaThest B
OT/leJILHOM JIeKLIMM ) He HY»KHO MHOTOe I1epe/le/lbIBaTh: J0CTaTOuHO
orpe/ie/IUTh CBOM K/acc, CKakeM, ThreadingXMLRPCServer, B
KOTOPOM BMECTO SocketServer.TCPServer HUCI0/JL30BATh
SocketServer.ThreadingTCPServer. JTo npejjaraeTcs B
KauecTBe yripaxHeHus.. HaBozsiipil BOnpoc: rjie HaxoAUTCs orpejiesieHye
Knacca SimpleXMLRPCServer?

3aK/IIOuUeHue
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B sT0li nekuuu Ha npakTUUecKuX rpuMepax U CBeJleHUsIX U3 JJOKyMeHTaluu
ObLIM TOKa3aHbl BO3MO>KHOCTH, KOTOpble JaeT CTaHjaapTHbid Python st
pabotei B WurepHere. W3 cueHapus Ha Python MOXHO yIpaB/sTh
coe/JUHEHWEM Ha YpPOBHEe COKeTOB, a TakkKe WCII0/Ab30BaTh MOAYIM [
KOHKPETHOI'O CeTeBOro MpOTOKo/Ia WM Habopa nmpoTokosioB. [lisi paboTsl C
COKeTaMM CIYKUT MoAylb socket, a MoAyId [/ BBICOKOYPOBHEBBIX
MPOTOKOJIOB UMEIOT TakWe Ha3BaHWsl Kak smtplib, poplib, httplib u
.. [Jna pabotel ¢ cuctemoiik WWW MOXHO WCIO/b30BaTh MOAYIU
urllib, urllib2, urlparse. ¥YKa3zaHHble MOAYIUM PaCCMOTPEHBLI C
TOUYKU 3peHUsi TUITUUHOrO TpUuMeHeHUs. [l peleHUs] HeCTaHAAPTHBLIX
3a/iau Jiyuiiie 0OpaTUThCs K IPYrHM MCTOUHMKAM: JOKYMEHTALIUU, UCXO[HOMY
Koy mopyneid, rnoucky B MHtepHete. B 3TOM J/leKLMM TOBOPUJIOCH U O
CepBepHOM COCTaBJISOLeN BLICOKOYPOBHEBBLIX CETEBBLIX IPOTOKOJIOB. B
KaueCcTBe IIpUMepa IpUBe/leHa KIWeHT-CepBepHas I1apa /s IpOTOKo/a
XML-RPC. 3tor mnporokosn co3gaH Ha ocHoBe HTTP, HO cinyxur
crieLiuanbHOU Liesiy.
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PaboTta c 6a30i1 JaHHBIX

B stoii nekiuu paccmarpuBaetcsi crietjugurkanus DB-API 2.0 u moayns aist
paboThbl ¢ KOHKPeTHOM 0a30l JIaHHbIX, /IA€TCs Haua/bHOE Mpe/CTaB/ieHue 0
s3bIKe 3arpocoB SQL.

OcHoBHbIe MoHsTUS pensituoHHor CYB/I

PensitinoHHast 6a3a JlaHHbIX - 3TO Habop TabJUL] C JaHHBIMH.

Tabnuua - 9T0 NpsMOYro/ibHasi MaTpulia, COCTOSIAs U3 CTPOK U CTOJIOLIOB.
Tabnuiia 3aaet otHoleHue (relation).

CTpoKa - 3aruch, COCTOsIas U3 1osiedl - crosibioB. B KaK/ioM 1osie MoXeT
colep)KaThCsl HEKOTOpoe 3HadyeHue, /b0 crenuanbHoe 3HaueHune NULL
(nycro). B Tabnuiie MokeT ObITb MMPOU3BOJILHOE KOJIMUECTBO CTPOK. [ljist
peJIILIMOHHOU MOJie/id TOPsZ0K PacroyioXKeHUsi CTPOK He orpejeneH U He
Ba)KeH.

Kaxzapiii ctonber; B Tabnuiie umeer cOBCTBEHHOE UMS U THIL.

Yto takoe DB-API 2

BbiHeceHHast B 3arosioBOK abbpeBuatypa o0beiuHsieT fiBa mMoHsiTusi: DB
(Database, 6a3a manubiX) U API (Application Program Interface, unrepdeiic
TPUKIaHOW NPOrpaMMbl).

Takum obpasom, DB-API onpesensier nutepdelic npyukiagHoN MporpaMmsl C
0azoif gaHHBIX. OTOT UHTepdeic, ONMUCLIBAEMbIH HUXKE, 0J/DKHBI
peanu30BbIBaTh BCe MOAYIA pacCIlMPeHUs, KOTOpble C/IyKaT [ CBSI3U
Python-nporpamm ¢ 6asamu jaHHbIX. Epuabiii APl (B HacTOsIIMA MOMEHT
ero BTOpasi BepCcusi) 1o3BoJisieT abcTparipoBaThCsi OT MapKd M CI0/Ib3yeMoi
0a3sbl J@HHBIX, PU HEOOXOAUMOCTU JOBOJILHO Jierko MeHsTbh oqHy CYB/l Ha
ZPYTyt0, U3y4lB BCEro ofuH Habop hyHKIMH U METO/I0B.

DB-API 2.0 onucaH B PEP 249 (cauT CChLJIKa:
http//www.python.org/dev/peps/pep-0249/), U [aHHOe HWKe oONUCaHUe
OCHOBaHO UMEHHO Ha HeM.
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Ormmcanue DB API 2.0

DB API 2.0 peramenTtrpyeT uHTepdelicbl MOIY/Ist pacilMpeHust it paboThI
c 0a3oii aHHBIX, MeTO/IbI 00BEKTa-coeiiHeHHs ¢ 0a30l, oOBeKTa-Kypcopa
Tekylleii oOpabaTbiBaeMOM 3ariucy, OOBEKTOB pa3/IMuUHbIX [i/I TUIIOB
JaHHBIX U MX KOHCTPYKTOPOB, a TakkKe COJepPXWUT PpeKOMeH/aluu [Jis
pa3paboTurKoB Mo peanv3auuu moayieit. Ha cerogusi Python nopgiepxkriBaer
yepe3 MOAYIA PaClMpPeHUsi MHOTMEe W3BeCTHble 0a3bl JIaHHBIX (YTOUHUTH
MO>KHO Ha web-crpanuie no anpecy CChUIKA:
http//www.python.org/topics/database/). Huyke paccmaTpuBarOTCsi TOUTH BCe
nosioxkenust DB-API 3a uckioueHHeM pekoMeHjaljuii [yt pa3paboTunkoB
HOBBIX MOJLY/IEM.

Nurepdetiic moayns

3nech HeoOXOAMMO CKa3aTh O TOM, UTO JJO/DKEH TPe0CTaB/isATh MOAYIb [isl
ynoBaeTsopeHus Tpebosanuii DB-API 2.0.

Hoctyn K 6a3e JaHHBIX OCYIIECTBJISIETCS C MOMOIIBI0 00beKTa-CoeJUHEeHUs
(connection object). DB-API-coBMeCTUMBbI MOAYIb JI0/IKEH MpejoCTaB/IsTh
(yHKI[UIO-KOHCTPYKTOp connect () /il Kiacca OObeKTOB-COeJuHEeHUM.
KoHcTpyKTOp A0/KEH UMeTh C/le[lyIole UMeHOBaHHbIe [TapaMeTphbl:

dsn Ha3BaHue UCTOUHUKA [JaHHBIX B BU/Ie CTPOKU
user Wwms nonb3oBaresis

password [lapons

host Ajpec xocta, Ha KoTopom pabortaer CYB]]
database Wms 6a3bl JaHHbIX.

MeTozbl 00beKTa-CoeIMHEeHUs OyIyT paCCMOTPEHbI UyTh MO3Ke.

Mopaynb  onpefesisieT  KOHCTaHTbl,  COfep)Kallie  ero  OCHOBHbIe
XapaKTepUCTUKU:

¢ apilevel Bepcus DB-API ("1.0" unu "2.0").
e threadsafety LlesouncieHHass KOHCTaHTa, OMUCHIBAKOLIAA
BO3MO>KHOCTUA MOJY/Is1 [IPU UCIO/Ib30BAHUU TTIOTOKOB YIIPaBJICHUS:
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0 Mopnyns He noj/iep>KUBaeT MOTOKH.
1 TloToKM MOryr COBMECTHO MCIOJIb30BaThb MOIYIb, HO He
COeJJUHeHMUs!.
o 2 TloToku MOryT COBMECTHO WCIIO/Mb30BaTh MOAYIbL U
COeJJMHeHMUSI.
o 3 [loToKM MOryT COBMECTHO HCI10/1b30BaTh MO/Y/b, COeAUHEHUS
u  kypcopbl. ([log coOBMeCTHBIM WCIOJIb30BaHUEM 3[eCh
MOHUMAETCSl  BO3MOXKHOCTb ~ WCIO/b30BAaHUS  YIIOMSIHYTBIX
pecypcoB 6e3 mpumeHeHus: cemagopos).
¢ paramstyle Tum WHCNoONb3yeMbIX TOMETOK IIPU [OACTaHOBKe
riapameTpoB. Bo3MO)KHBI c/iefyiolpe 3HaueHust ITOM KOHCTAHTBI:
o "format" <dopmarupoBaHue B ctuae s3bika ANSI C
(Hanpumep, "Ss", "Ei").
o "pyformat" Wcnonbs3oBaHue VMEeHOBAHHbIX
crietudukaTopoB Gopmara B ctuie Python ("% (item) s™
o "gmark" HWcrnonb3oBaHue 3HAKOB " ?" Ui TOMETKA MECT
MOJCTAaHOBKU 1apaMeTpOB.
"numeric" Wcnons3o0BaHue HOMEPOB O3yl (" : 1" ).
© "named" Hcnonb3oBaHue UMEH IOJCTAB/sSeMbIX [1apaMeTPOB
(":name™).

(o]

o

Mopayb 10JDKeH OTpefie/isiTh Psifi UCKIFUeHUH Ji/isi 0003HaueH sl TUTTUYHbIX
UCK/TIOUUTEeIbHBIX CUTYalui: Warning (npeayrnpexieHue), Error
(oumbka), InterfaceError (oumbka untepdeiica), DatabaseError
(oumbka, oTHocsmfasica K 0Oa3e JaHHBIX). A Takke TOJKIACChI 3TOrO
MoC/IeJHer0 UCKMoUeHus:: DataError (ommbka o0pabOTKU JaHHBIX),
OperationalError (ommbka B pabote umu cOoi coenrHeHus ¢ Da3oi
JaHHBIX), IntegrityError (oumbKa LeloCTHOCTH 0a3bl JAHHBIX),
InternalError (BHYTpeHHsIs oumbka ba3bl JIaHHBIX),
ProgrammingError (rporpaMMHasi onmOKa, Haripumep, ommbka B
cuHTakcuce SQL-3amnpoca), NotSupportedError (Npd OTCYTCTBUM
TMOJ/EeP’KKA 3arpoLLieHHOro CBOWCTBA).

OOBeKT-coeuHeHne

OOmbekT-coeiMHeHWe, TOydaeMblii B pe3ylsTaTe YCIEIHOro BbI30Ba
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dyHkiuu connect (), JOJDKEH UMEeTh CJIe/[YIOIIe METO/bI:

e close () 3akpbiBaeT coeiHeHHe C 0a30M JaHHBIX.

¢ commit () 3aBepLiaeT TpaH3aKLUO.

¢ rollback () OrkarbiBaeT HaYaTyl0 TpaH3akKLul0 (BOCCTaHABIMBaeT
UCXOIHOE COCTOSIHUE). 3aKpbiTUe COoelMHeHUs TMPU He3aBeplueHHOU
TpaH3aKl{MH{ aBTOMaTUYeCKU [TPOU3BOJUT OTKAT TPAH3aKIIHU.

e cursor () Bo3Bpam@er 00BEKT-KypcOp, WCITOJIb3YIOLMI JIaHHOEe
coeprHenue. Ecnu 6a3a JJaHHBIX He TO/JIEP)KUBAET KYPCOPbI, MO/Y/Ib
COIpsDKEHUA JO/DKeH WX UMHTHPOBATh.

[Moy TpaH3akuuWel T[MOHUMAeTCs TIpylra W3 ONHOM WM HEeCKOJIbKUX
orepairjuii, KOTopble W3MeHsitOT 0a3y JaHHbIX. TpaH3aKiUsi COOTBETCTBYET
NIOTUYECKd HeNeMMOM orepauuu Haja 0a30d JIaHHBIX, a YaCTAYHOE
BbINIOJIHEHWE TpaH3aKMK TPUBOJUT K HapylleHWto uenoctHoctd Bl
Haripumep, npu nepeBo/ie ieHer C OJHOr0 CueTa Ha JPYroi oreparjuu mno
YMEHbIIIEHWUI0 T[EepBOr0 CYeTa W YBEJIMUEHUID BTOPOrO  SIBJISIHOTCS
TpaH3akiuei. Metozbl commit () U rollback () 0bo3HaUarOT Havyaao U
KOHel| TpaH3aKMu B siBHOM Buje. Kcratd, He Bce 0a3bl JJaHHBIX
MO/I/IeP)KUBAIOT MEXaHU3M TPaH3aKLIUM.

Cnepyer OTMETUTD, UTO B 3aBUCUMOCTU OT peasiv3atiuu DB-API 2.0 monys,
HeoOXOMUMO COXPaHATh CCHUIKY Ha OOBEKT-COeJAMHEHWEe B TIPOJO/DKEHHe
paboTbl KYpCOPOB 3TOr0 COeMHEeHWs.. B 4acTHOCTH, 3TO O3HAuyaeT, uTo
He/lb3sl Cpa3y >Ke TI10/lydaTb OOBEKT-Kypcop, He TMpUBs3bIBasi OObBEKT-
COe[IMHEHUE® K HEeKOTOPOMY WMeHM. TakKe HeJb3si OCTaBJ/sATh OOBEKT-
coeJJUHeHUe B JIOKA/IbHOU MepeMeHHOM, BO3Bpalliasi U3 PyHKIUU UM MeToja
00BLeKT-Kypcop.

O6BeKT-Kypcop

Kypcop (ot anmi. cursor - CURrrent Set Of Records, Tekyumii Habop
3anuceit) CIyKUAT JiJ1si paboThl C pe3yisraToM 3arpoca. Pe3yisratoM 3arpoca
00bIYHO SIBJSIETCS O[JHA WM HECKOJIbKO [PSMOYrOJibHbIX Tabsul Co
CTONOLaMU-TIONSIMUA U CTPOKaMU-3anucsaMu. [IpuioykeHrue MOXKeT uuTaTh U
obpabartbiBaTh TO/IydeHHbIe TabMUIBI W 3alicH B Tab/vlle 1Mo OJHOMH,
M03TOMY B KypCcOope XpaHUTCs WHGOpMalUsi O TeKyiled Tabiauie U 3aruc.
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KoHKpeTHBIH Kypcop B Jit000M MOMEHT BpPeMEHM CBsI3aH C BbITNOJHEHUEM
onHoM SQL-UHCTPYKUUU.

AtpubyTbl 00BEKTa-Kypcopa Toxe orpejenensl DB-API:

e arraysize Arpulyr, paBHBII KOJIMUECTBY 3arnuceii, BO3BpalaeMbIX
MetoqoMm fetchmany (). Ilo ymonuanuro paseH 1.

¢ callproc (procnamel(, params]) BbI3biBaeT XpaHUMYH
rnpoueaypy procname € [apamMeTpaMd U3  U3MEHUUBOU
110C/Ie/loBaTe/IbHOCTH  params. XpaHumas [poueaypa MOKeT
U3MEHUThL 3HaueHUs HEeKOTOPLIX [apaMeTpoB I10C/1e0BaTe/IbHOCTH.
Metosy, MOXKeT BO3BpaTUThL  pe3ylsTaTr, [JOCTYyIl K  KOTOpOMY
ocyllecTBisieTcsd uepe3 fetch -MeToabl.

e close () 3akpbiBaeT 0ObEKT-KYpCop.

® description OTOT [OCTYNHbIA TOJBLKO A/l uUTeHUs aTpubyT
SIBJISIeTCS 110CJ1e10BaTe/IbHOCTLIO us CeMU3/IeMeHTHBIX
nocnejoparensHocreil. Kaxzas U3 9TUX 1ociefoBaTelbHOCTeN
COZIEP>KUT WH(OPMAL[UIO, OMTUCHIBAIOLIYIO OJUH CTO/OeL] pe3y/kTaTa:

(name, type_code, display_size, internal_size, precision, scale, null_ok)

[lepBble [JBa 3/1eMeHTa (MMsi M TUI) o0Osi3aTeNbHbl, a BMECTO
OCTa/lbHBIX (pa3Mep il BbIBOJA, BHYTPEHHUU pasmep, TOUHOCTh,
Maciirrab, BO3MOXXHOCTb 3aJlJaHUMsi [YCTOrO 3HayeHWs) MOXeT ObITb
3HaueHHe None. DTOT aTpubyr mMoxeT ObITb paBHbIM None s
oriepaljuii, He BO3BPALLAOIIMX 3HAYUeHUS.

¢ cxecute (operation[, parameters]) HcrnonHsier 3arpoc
K 6aze manHbIX uau komanay CYB/. [lapametpel ( parameters )
MOryT ObITh Ipe/CTaB/eHbl B MPUHATOM B 0a3e JaHHBIX HOTAL[MU B
COOTBETCTBUM C aTpubyroM paramstyle, ONUCAHHBIM BbILLE.

¢ cxecutemany (operation, seq of parameters)
BbIroHseT cepuio 3arpocoB WK KOMaH[, I1OACTaB/sAd [1apamMeTpsl B
3a7aHHblil  wabnoH. [lapamerp seq of parameters 3ajaer
110C/1eI0BaTe/IbHOCTL HAabOPOB MapaMeTpoB.

e fetchall () DBosBpauwper Bce (WM Bce OCTaBLIMeCs) 3aluCU
pesynsrara 3arpoca.

e fetchmany([size]) Bosepauger cneayroinpe  HeCKOJIBKO
3aryced W3 pe3ylsraToB 3arpoca B BUJe [10C/1eJ0BaTe/IbHOCTU
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rocnejoBaresisHocTeld.  [lycras  mociefoBaTe/lbHOCTh — O3HAYaeT
OTCyTCTBUe [aHHbIX. Heobsi3aTenbHbIM MapameTp size ykas3blBaer
KOJIMYeCTBO BO3BpallgeMbIX 3arnucell  (pealbHO  BO3BpalliaeMbIX
3aruceil Moxer ObITh MeHblle). Ilo ymonuaHui size paBeH
atpubyry ar raysize obbeKra-Kypcopa.

e fetchone () BosBpauger cieaywolyl0 3anuck (B BUje
M0C/Ie/|0BaTe/ILHOCTU) U3 pe3ylbTaTa 3arnpoca WA None TIpH
OTCYTCTBUM JJaHHBIX.

® nextset () IlepeBoguT Kypcop K Hauany crefyiooujero Habopa
[JAHHBIX, TI0JIy4eHHOr0 B pe3ylsraTe 3arpoca (IIpU 95TOM 4acThb
3aruceil B rpejblylieM Habope MOXKET OCTaTbCsi HEIPOUUMTAHHON).
Ecu HabopoB Gosblie HeT, Bo3Bpalger None. He Bce 6a3bl JaHHBIX
TOJ/IeP)KUBAIOT BO3BPAT HECKOJIBKUX HAaOOPOB pe3yILTaTOB 3a OIHY
ornepayuto.

e rowcount KomuyecTBo 3anuceid, rojiydeHHbIX WA 3aTPOHYTBIX B
pe3y/israTe BBINOJHEHUs [0C/IeHero 3arnpoca. B ciyuyae orcyrcrBus
execute-3aripoCcoB WM HEBO3MOXXHOCTHU YKa3aTb KOJIMUECTBO 3aruceit
paBeH -1.

e setinputsizes (sizes) Ilpegornpeaenser 00/acTH NMamMsITH JJis
rapameTpoB, UCIO/b3YeMbIX B Orepauusix. ApryMeHT sizes 3ajaer
M0C/Ie/|0BATe/ILHOCTb, [le KaXK/bIi 3/1eMEHT COOTBETCTBYET OJHOMY
BXOJHOMY [1apaMeTpy. OJieMeHT MOXeT ObiTb O00BLEeKTOM-TUIIOM
COOTBETCTBYIOLLIErO NapamMeTpa WK Lie/bIM UMCJIOM, 3a/jat0LM [JTUHY
crpokd. OH TakkKe MOXKET UMeTb 3HaueHWe None, ecid O pa3mepe
BXOJHOIO [1apaMeTpa HUUEro Hejb3sl CKasaThb 3apaHee WA OH
rpearoaaraeTcs oueHb OonbUmMM. MeTon A0/DKeH ObITh BbI3BaH 10
execute-MeTo/10B.

¢ setoutputsize(size[, column]) ¥YcraHaBJUBaeT pasmep
Oycepa /st BLIXOAHOIO napameTrpa W3 crosibla ¢ HoMepoM column.
Ecm column He 3ajiaH, MeToj yCTaHaBIMBaeT pa3Mep A/l BCeX
BOo/bLIMX BLIXOJHBIX I1apaMeTpoB. MOXKeT UCI0/1b30BaThCsl, HalpUMep,
[Uist moJiyueHust 6osibimx 6uHapHbIX 06bekToB ( B inary L arge O bject,
BLOB).

OOBeKTBI-TUIIBI

DB-API 2.0 npeaycMaTtpyBaeT Ha3BaHWS  JUId  OOBEKTOB-THIIOB,
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HCI0J/1b3yeMbIX [J1A OITMCaHHA rosieii basel JdaHHBIX:

O6bexr Tun
STRING  CrTpoKa U CUMBOJ
BINARY  BuHapHbIiii 00BEKT
NUMBER  Yucno
DATETIME [laTa ¥ BpeMmsl
ROWID Npentudvkarop 3anucu
None NULL-3HaueHue (OTCYTCTBYIOLLee 3HaUEHUe)

C Kax/JbIM THUIIOM J[aHHbIX (B pealbHOCTH 3TO - KJacChl) CBsi3aH
koHCTpyKTOp. CoBMectHMbii ¢ DB-API momyns Jo/mkeH onpejensith

C/IeYIOLLMe KOHCTPYKTOPbI:

e Date(rom, mecsau, neds) [lara.

¢ Time (uac, MUHYTa, CcekyHzna) Bpems.

¢ Timestamp (ron, MecHll, OEeHb, yac, MUHYTAa,
cexyHna) Jlara-Bpems.

¢ DateFromTicks (secs) [lata B BUJe uuCiIa CeKyHJI secs OT
Hauasa 31oxu (1 suBapst 1970 roaa).

¢ TimeFromTicks (secs) Bpewms, To xe.

¢ TimestampFromTicks (secs) [lara-Bpems, TO xe.

¢ Binary(string) Bonblioii OWHapHBIA OOBEKT HAa OCHOBAHWU
CTPOKM string.

Paborta c 6a30i1 JaHHBIX 13 Python-rpunokenus

[anee B NeKI[MW HAa KOHKPETHLIX MpuUMepax OyneT moka3aHo, Kak paboraTs C
Ga3oii laHHBIX U3 TPOrpaMMbl Ha si3bike Python. Hy)kHO OTMeTUTb, UTO 3/1€Ch
He CTaBUTCs 1ieJId TMOCTHYbL MPEMYIPOCTH $i3blKa 3arnpocoB (3TO Tema
oT[esIbHOrO Kypca). [IpocTble rpuMepbl TO3BOJIAT TOHSTb, 4YTO TpH
nporpaMMupoBaHuu Ha Python joctyn K 6as3e JaHHBIX He C/I0XKHEe JI0CTYyIla
K IpYyr'MM UCTOUHHKAM JJaHHLIX ((aiiziaM, ceTeBbIM 00LEKTaM).

VimeHHO 1ioaToMy i/ist iemMoHcTparuu Beibpana CYB/I SQLite, paboTaroias
Kak rog Unix, tak v rnog Windows. Kpome ycraHoBku cobcteeHHo SQLite
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(caiiT ccbuika: http//sglite.org) u monynst conpsbkeHuss ¢ Python (ccbuika:
http//pysqlite.org), Kakux-nub0 JOMOJHUTENBHBIX HACTPOEK MPOBOAUTHL HE
Tpebyercs, Tak Kak SQLite XpaHUT JaHHbIe 0a3bl B OTAEALHOM (aiisie: cpasy
MPUCTYIaTh K CO3/laHUuK0 Tabsdll, 3aHeCeHUID B HUX [JlJaHHBIX U
MPOU3BEIEHUI0 3arnpocoB Henb3s. Beibpannass CYBI (B cuny cBoei
"nerkocTu') UMeeT O[HY CYLECTBEHHYH) 0CODEHHOCTb: 3a O[HUM HeOO/IbIIMM
uckmouenvem, CYB/]l SQLite He oOpailiger BHUMaHWS Ha TUIbI JAHHBIX
(oHa XpaHUT Bce J[aHHbLIe B BUJIe CTPOK), MOITOMY MOAWIb pacllMpeHus
sglite pmns  Python npoiensiBaer JONOMHUTENBHYHO paboTy 10
npeobpasoBanuo TurnoB. Kpome toro, CYBIl SQLite mnoajgepkupBaet
JI0CTaTOYHO 0OJIBILIOE TTOAMHOXXEeCTBO CBOMCTB cTaHaapta SQL92, ocraBasich
npu 3ToM HebosibIIol U ObICTPOH, UTO HEMA/IOBA)KHO, HArlpUMep, [is web-
npuiokeHuu. JlocrarouHo cka3atb, uto SQLite noaaepxuBaer Jaxe
TPaH3aKI1H.

Ellle pa3 CTOUT MOBTOPUTB, UTO BbIOOD yueOHOM Da3bl JAHHBLIX HE BJIMSET Ha
CUHTAKCUC HUCII0/b30BaHHBIX CPE/CTB, TAK KaK MOAYIbL sglite, KOTOpbIM
Oyner ucrnonb3oBaThbes, nopep>kuBaer DB-API 2.0, a 3HauuT, rnepexoj Ha
mobyro apyryto CYB/l notpeGyeT MUHMMaibHBIX WU3MEHEHWH B BbI30Be
dyHkiuu connect () W, BO3MOXHO, WCIOJb30BaHUsI Oosiee yIauHbIX
TUMOB JIAHHBIX, CBOWCTBeHHbIX 1|esieBoil CYB/I.

CxemaTHuHO paboTa ¢ 6a30¥ JaHHBIX MOKET BBIIVISIETh IPUMEPHO TaK:

e [logwioueHue K Oa3e JaHHBIX (BbI30B connect () C TMOJydeHUEM
0ObeKTa-Ccoe/[UHeHUs).

¢ (Co3/jaHue OHOr0 WK HeCKOJIbKUX KypCcopoB (BbI30B MeTOla 00beKTa-
COeJMHEHUSI CUTrSOT () C rosiyueHuemM 06beKTa-Kypcopa).

¢ licnoniHeHUWe KOMaHAbLl WM 3arnpoca (BbI30B MeTola execute ()
W/IK ero BapuaHToB).

¢ [lonyueHue pe3ynsraToB 3arpoca (BbI30B MeTofa fetchone () umu
€ro BapuaHTOB).

e 3aBepilieHMe TpaH3aKIUM WM ee OTKaT (BbI30B MeTola OOBbeKTa-
coefiMHeHUst commit () uad rollback () ).

e Korza Bce HeoOxXoiuMble TpaH3aKLMM TIPOU3BE/I€HbI, MOIK/IIOYEeHKe
3aKpbIBAeTCsl BLI30BOM MeTofja close () 00beKra-coeiuHeHUs!.

3HakomcTBO ¢ CYB/]
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MonycTtum, nporpaMMHoe obecrieueHrue yCTaHOBJIEHO MPaBU/IbHO, U MOXKHO
paborath ¢ MomyieM sqglite. CTOMT MOCMOTpeTb, uemy OyayT paBHbI
KOHCTAHTbI:

>>> import sqlite
>>> sqlite.apilevel
'2.0'
>>> sqlite.paramstyle
'pyformat’
>>> gqlite.threadsafety
1

Orcroga cnepyet, uto sglite nopgepxkuBaer DB-API 2.0, noacraHoBKa
rapaMeTpOB BLINOJ/IHSAETCS B CTU/Ie CTPOKU (hopmaTupoBaHus si3bika Python,
a CoelMHEHUS Hesb3sl COBMECTHO WCIO0JIb30BaTh U3 PaszIMUHLIX [1OTOKOB
yrpasieHus (6e3 6/10KUPOBOK).

Co3panue 6a3bl JaHHBIX

Insi co3panust 6asbl JAHHBIX HY)KHO YCTAHOBUTD, Kakue Tabiuibl (U gpyrue
00beKTbI, HAIPUMEP UHJIEKChl) B Hell OyyT XpaHUThCS, a TakKKe OIpe/ie/TUTh
CTPYKTYPhbl Tab/ML] (MMeHA U TUIIbI T10J1€H1).

3ajlaua - co3maHuve 0a3bl  JIAHHBIX, B KOTOpOM OygeT XpaHUTbCs
Tenernporpamma. B 3toii 6a3e Oymer Tabsuiija co CeyIOMU TTOJISMMU:

tvdate,
tvweekday,
tvchannel,
tvtimel,
tvtimeZ2,
prname,

prgenre.

3neck tvdate - mara, tvchannel - KaHan, tvtimel u tvtime?2 -
BpeMsi Hauasia ¥ KOHLla [epeau, prname - Ha3BaHUe, prgenre - KaHp.
KoneuHo, B 3Toli Tabyuie ecTb (YHKIUOHAbHAsA 3aBUCUMOCTb (
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tvweekday BBIUMC/ISeTCS Ha OCHOBe tvdate u tvtimel ), HO U3
MpakTHYeckux coobpaxenuit B/] K HOpMa/ibHbIM (hOpMaM TIPUBOAUTHCS He
Oymer. Kpome Toro, Oyner co3zaHa Tabnuiia ¢ Ha3BaHUSIMU [Hell Heflend
(ycraHaB/iMBaeT COOTBETCTBHE MeXXy HOMEPOM /IHSI U JIHeM HeJle/H):

¢ yweekday,
¢ wdname.

Cnenyroupii cieHapuii co3pact tabmuuy B 6a3e jaHHbIX (B ciydae ¢ SQLite
3a00TUTBCA O co3gaHMU  0asel JaHHBIX He HYKHO: (aila co3gacTes
aBToMaruuecku. [lsisi ipyrux 6a3 jaHHbIX HEOOXOAUMO TepeJi 3TUM CO3/aTh
Oa3y aaHHbIX, HarlpuMep, SQL-uHcTpykuueit CREATE DATABASE):

import sqlite as db

¢ = db.connect(database="tvprogram')
cu = c.cursor()

try:
cu.execute(
CREATE TABLE tv (
tvdate DATE,
tvweekday INTEGER,
tvchannel VARCHAR(30),
tvtime1 TIME,
tvtime2 TIME,
prname VARCHAR(150),
prgenre VARCHAR(40)
);
")
except db.DatabaseError, x:
print "Oumbka: ", X
c.commit()

i

try:
cu.execute(
CREATE TABLE wd (
weekday INTEGER,
wdname VARCHAR(11)

i
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);
")
except db.DatabaseError, x:
print "Oumbka: ", X
c.commit()
c.close()

31eck npocto ucnosHsTes SQL-uHCTpyKUMK, U obpabaTbiBaercs onmbka
0a3bl [JaHHBIX, €CJIA TAaKOBasl CAYYUTCs (Harpumep, INPU MOMNBITKE CO3/aTh
Tab/MLY C yXKe CYILECTBYIOUMM wuMeHeM). [lyisi TOro utoObl TabUL[bI
CO3/1aBaJIMCh He3aBUCUMO, UCIIOJIb3YeTCst commit ().

Kcrary, yganuth Tabsuisl U3 6a3bl JaHHBIX MOXKHO C/1eVIOLM 00pa3oM:

import sqlite as db

¢ = db.connect(database="tvprogram')
cu = c.cursor()

try:

cu.execute("""DROP TABLE tv;""™)
except db.DatabaseError, x:

print "Oumbka: ", X
c.commit()

try:
cu.execute("""DROP TABLE wd;™")
except db.DatabaseError, x:
print "Oumbka: ", X
c.commit()
c.close()

HaroHeHue 0a3bl JaHHBIX

Teriepp MOXKHO HamoHUTL Tabsuibl 3HaueHusiMu. CreayeT HayaTh C
pacimbpOBKUA YMC/IOBbIX 3HAUEHUH JIJIs [IHe! Hejie/u:

weekdays = ["Bockpecenbe", "TlonesenbHuk", "BropHuk', "Cpena',
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"Yersepr", "TIatauria", "Cybbora", "Bockpecenbe"]
import sqlite as db

¢ = db.connect(database="tvprogram')

cu = c.cursor()

cu.execute(""DELETE FROM wd;"™")

cu.executemany(""INSERT INTO wd VALUES (%s, %s);"",
enumerate(weekdays))

c.commit()

c.close()

CTOMT HalOMHUTb, YTO BCTpOeHHast (GYHKIMS enumerate () Co3Aaer
CIKCOK Map HOMep-3HauyeHKe, HarpuMep:

>>> print [i for i in enumerate(['a’, 'b', 'c'])]
[0, "a"), (1, D), (2,'c)]

W3 npuBeieHHOro TpuMepa siCHO, UTO MeToJ, executemany () oObekra-
Kypcopa WCIOJb3yeT BTOPOW TMapaMeTp - I0C/IeJ0BaTe/IbHOCTh - IS
MacCOBOr0 BBOJIA IaHHLIX C IToMobio SQL-uHeTpykyuu INSERT.

[Mpeanonoxxum, uTo Tesenporpamma 3ajiaHa B (aiiie tv.csv B (oopmare CSV
(oH yxxe obcyxaancs):

10.02.2003 9.00|0OPT|HosocTtu|HoBocTH(|9.15
10.02.2003 9.15|0OPT|"HEXKHBIN S1/1"|Cepuan|10.15
10.02.2003 10.15|0OPT|"Macku-1oy"|HFOMopucTruueckas nporpammal10.45
10.02.2003 10.45|OPT|"Uenosek u 3akoH"||11.30
10.02.2003 11.30|OPT|"HOBBIE IMPUKJTFOHEHUA CUH/IBA/IA"|Cepua.

Cnenytouasi nporpamMma pasbupaer CSV-¢aiin u 3anuceiBaeT JaHHble B
tabnuyy tv:

import calendar, csv
import sqlite as db
from sqlite.main import Time, Date ## Tonbko a/is
db.Date, db.Time = Date, Time ## sqlite

¢ = db.connect(database="tvprogram')
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cu = c.cursor()

input_file = open("tv.csv", "rb")
rdr = csv.DictReader(input_file,
fieldnames=['begt', 'channel, 'prname’, 'prgenre’, 'endt'])
for rec in rdr:
bd, bt = rec['begt'].split()
bdd, bdm, bdy = map(int, bd.split('."))
bth, btm = map(int, bt.split("."))
eth, etm = map(int, rec['endt'].split("."))
rec['wd'] = calendar.weekday(bdy, bdm, bdd)
rec['begd'] = db.Date(bdy, bdm, bdd)
rec['begt'] = db.Time(bth, btm, 0)
rec['endt'] = db.Time(eth, etm, 0)

cu.execute(""INSERT INTO tv
(tvdate, tvweekday, tvchannel, tvtime1, tvtime2, prname, prgenre)
VALUES (
%(begd)s, %(wd)s, %(channel)s, %(begt)s, %(endt)s,
%(prname)s, %(prgenre)s);"", rec)

input_file.close()

c.commit()

Bonbliasi yacts rpeobpa3oBaHuil CBsi3aHa C TOJyUYeHHEM JlaT U BPeMeH
(npuxoauTcs pa3dUBaTh CTPOKK HA YaCTH B COOTBETCTBUM C (DOPMATOM JIaThl
U BpemeHU). [leHb Hejleny TMO/JydeH C IOMOLIBIO (PYHKUMM W3 MOAY/IS
calendar.

[Ipumeuanue:

U3-3a HebGosblioi oumbku B nakete sqlite KOHCTPYKTOpbl Date, Time
U T.[. He romnajawT U3 Moaynsa sglite.main Ipu UMIOpPTe U3 sglite,
M03TOMY MPUIIVIOCh 100aBUTh JIB€ CTPOKU, crieliuduuHbie 1isi sglite, B
YHUBepCaIbHbIN "MOAYL" ¢ UMeHeM db.

B 3ToM xe npumepe ObLIO MPOJEMOHCTPUPOBAHO UCIO/Ib30BAaHUE C/I0BApS
[Ulsl BCTaBKW 3HaueHWM B Tabnuily 6asbl gaHHbIX. CrieflyeT 3aMeTUTb, UTO
NOJCTAHOBKA BBIMOJIHSETCSA BHYTPU BbI30Ba execute () B COOTBETCTBUU C
TUIAMUA TiepefaHHbIX 3HadeHWd. SQL-uHcTpykuusi INSERT Oblia Obl
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HEKOppeKTHOﬁ [1pHU TMOIBLITKE BLIMNOJHHUTE I[MOACTAHOBKY CaMOCTOSATE/IBHO,
Harpumep, oreparyei GopmaTUpoBaHus %.

Br100pKM 13 6a3bl JaHHBIX

basbl JaHHbIX CO3/al0TCs /it yobCTBAa XpaHeHUsl U U3BJieueHus: DOJIbIMX
obbemoB. CrielylOllMii  HEXATPbIA TIPUMED T03BOJISIET  IPOBEPUTD,
MPaBUJILHO JM ObUIM BBeJieHbl B TaO/IULy IHU He/le/u:

import sqlite as db

¢ = db.connect(database="tvprogram')
cu = c.cursor()
cu.execute("SELECT weekday, wdname FROM wd ORDER BY weekday;")
for i, nin cu.fetchall():
print i, n

Ecnu Bce 6bL/10 ¢/1e/1aHO MPABUIBHO, MOTYUUTCSE:

0 BockpeceHbe
1 IloHepenbHUK
2 BropHHUK
3 Cpepna
4 YerBepr
5 I[arnuria
6 Cybbora
7 BockpeceHbe

Hec10)kHO fiorajjaThesi, Kak c/ie/1aTh BLIDOPKY Te/lerporpaMMsl:
import sqlite as db

¢ = db.connect(database="tvprogram')

cu = c.cursor()

cu.execute(""

SELECT tvdate, tvtimel, wd.wdname, tvchannel, prname, prgenre
FROM tv, wd

WHERE wd.weekday = tvweekday
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ORDER BY tvdate, tvtime1;"™"")
for rec in cu.fetchall():
dt = rec[0] + rec[1]
weekday = rec[2]
channel = rec[3]
name = rec[4]
genre = rec[5]
print "%s, %021.%021.%04i %s %021:%02i %s (%s)" % (
weekday, dt.day, dt. month, dt.year, channel,
dt.hour, dt.minute, name, genre)

B sTom npumepe B KauecTBe TUIa s AaThl U BpeMeHUW UCIIOIbL3YeTC sl TUIT
U3 mx.DateTime. VIMEHHO M0O3TOMY CTa/J0 BO3MOKHLIM IOJIYUUTh IO[,
Mecsll, 1eHb, uaC U MUHYTY obpaitenuemM K arpubyry. Kcraru, datetime -
00beKT cTaHJapTHOTO MOyt datet ime umeeT Te ke aTpubyTbl. B 061ieM
ciydae JUis 1aThl U BpeMeHU MOXKeT UCII0/1b30BaThCd JPYroi THII, 103TOMY
ecsid  Tonydaembie W3 0a3bl AaTbl OymyT npoxoquTh 0Oosiee 1yOOKYHO
00paboTKy, UX cje/lyeT MepeBoAUTbL BO BHYTPEHHEeEe MpeJCTaBjeHUe cpa3y
rocJ/ie TojiydeHust o 3arpocy. Tem cambim TuIl gatbl U3 moaynst DB-API He
OyzieT B/IMSTh Ha JJpyryie 4acTd NMpOorpaMMbl.

Hpyrue CYB/] v Python

Mogyns sglite [gaeT mnpekpacHble BO3MOXHOCTH /Uil TIOCTPOEHUS
Hebo/bIMX W ObICTPLIX 6a3 JIaHHBIX, OHAKO /Il MOJHOThI WM3/I0XKEHUS
ripejiaraercs 063op moaynedt paciumpenust Python gis apyrux CYB/.

Boiilie Be3e uMnoptupoBascs Moayib sglite, ¢ U3BMEHEHHeM ero UMeHU
Ha db. 310 ObUIO C/lelaHO He C/ydaiiHo. [leslo B TOM, uTO Moj00HbIe
Moaynu, noaaepkuBatoie DB-APIT 2.0, ects u g apyrux CYB/, u paxe
He B eAuHCTBeHHOM uucie. ComiacHo wuHGOpMaLMM Ha  caiTte
www.python.org DB-API 2.0-coBmectumble Moaymi st Python umeroT
cnepyroupe CYB/l unu npoTtokosibl goctyra K B1:

¢ 7zxJDBC [octyn no JDBC.

e MySQL [na CYB MySQL.

¢ mxODBC Jloctyn no ODBC, npogaercs dupmoit eGenix (ccblika:
http//www.egenix.com).
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® DCOracle2, cx Oracle [na CYB/ Oracle.

PyGresQL, psycopg, pyPgSQL [dns CYB/ PostgreSQL.
Sybase [lns Sybase.

sapdbapi Ona CYB/ SAP.

KInterbasDB lna CYB/ Firebird (3To noromok Interbase).

PyADO Apantep K Microsoft ActiveX Data Objects (Tonbko rof
Windows).

[Ipumeuanue:

HOnsi CYB/ PostgreSQL HyxHO B3sTh He PyGreSQL, a psycopg, Tak Kak B
NepBoM ecTb HebosibliMe TpobaemMbl ¢ TUIIOM ISl 1aThl U BPeMeHU TMpu
BCTaBKe IapamMeTpoB B MeTofle execute (). Kpome Toro, psycopg
ONTUMU3UPOBaAH s CKOPOCTH u MHOI'OIOTOYHOCTU (
psycopg.threadsafety=2).

Takum o6pa3om, B npumepax, HCI0/Ib3yeMbIX B 93TOM JIeKI[UU, BMECTO
sglite MOXHO TIPUMEHSITb, HANpUMep, PsSyCOpg: pPe3ylbTaT [0J/DKeH
ObITb TEM )Ke, eC/Ii, KOHEYHO, COOTBETCTBYHOIIMI MO/YIb ObUT YCTAHOBJIEH.

OpHako B o6uem ciydae nipu rnepexoge ¢ ogHoit CYB/] Ha apyryio moryr
BO3HUKAaTb HEeCTBIKOBKH, Jlake, HeCMOTPSI Ha IOAJep>KKy ofHo! Bepcuu DB-
API. Harnpumep, y Moayned MOryr pasivuatbCsi paramstyle. B aTom
C/1ydae IpU/IeTCss HEMHOIO repejiesiath rnapameTpbl K BbI30By execute ().
Moryr ObITb W Jpyrde MPUUUHBI, 03TOMY Tepexon Ha apyryio CYB/I
c/1ejyeT TIHATe/IbHO TeCTUPOBATh.

Wmets unTepdeiic DB-API mMoryr He To/ibKO 0asekl jJaHHbIX. Hampumep,
paspabotunkd mnpoekra fssdb crpemsircs roctpouts DB-API 2.0
uHTepdeic K... (aiiioBoii cucreme.

HecMOTpsi Ha /I0CTaTOUHO XOPOIME TeOpeTUUYeCKhe OCHOBbI U CTabu/ibHbIe
peasv3alUu, peyigliUOHHAss MOfe/lb - He eJWHCTBeHHas W3 YCIIelHo
ucrosb3yeMelx ceropHs. K npumepy, yke paccmarpuBasics si3blk XML u
uHrepdeiicel st paborbl ¢ HuM B Python. [IpeBoBUHAsE MOJE/b JJaHHBIX
XML pans MHOTHX 3a[jad sIBJisieTCs 0oJjiee eCTeCTBEHHOH, W B HACTOSIIee
BpeMsi U/IyT UCC/Ie[I0BAHMS], Pe3yIbTaThl KOTOPBIX M03BOJAT paboTats ¢ XML
TaK JKe Jlerko M CcrabuibHO, Kak ¢ pensiuoHHbiMd CYB/. fA3bIK
riporpammupoBanust Python - ofiuH U3 MOJIMTOHOB 3TUX UCC/IEJ0BAHUM.
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Peliasi KOHKDETHYIO 3ajjady, pa3paboOTuMK IPOrpaMMHOI0 obecrieueHus
JIOJDKeH cJiesiaTb BbIOOp cpezcTB, Haubosiee TOAXOASIIMX [JIsi pelleHust
3ajaud. OueHb MHOIMEe MOAXOASAT K 3TOMY BbIOOPY C MpeAB3STOCTBIO,
BbIOMpasi HEONITUMAIbHYIO (/11 JAaHHOW 3a/laud WM T10/3a/|aui) MOJIeb
JaHHbIX. B pe3synsrare JaHHbIe, KOTOpble I[10 CBOei IIpupoje Jjerye
Npe/iICTaBUTh JIPYrON MOJe/blo, TPUXOAUTCS XpaHUTb U obOpabaTbiBaTh B
BbIOpAaHHOW MOJIe/1, 3a4acTyr0 HeBOJIbHO Mogenupysi 6o/ee ecTeCTBeHHbIe
CTPYKTYPbI AoCTyra U XpaHeHus. Tak, XML MOXXHO XpaHUTb B peJIsiiUOHHOU
B/1, a Tabnuunble gaHHbie - B XML, ofiHaKO 3TO HeecTecTBeHHO. M3-3a 3TOro0
CJIO)KHOCTb W TIOABEP)KEHHOCTh  OlMOKaM TPOrpaMMHOIO  TPOAYKTA
BO3pacTaloT, Jjaxe eCu UCI0/b30BaHHbIe UHCTPYMEHThI BBICOKOTO KauecTBa.

3aK/IroueHue

B pamkax JJaHHOM JjieKiMK ObUTM pacCMOTPeHbI BO3MOKHOCTH CBsi3u Python ¢
CUCTeMaMU yrpaBJjieHUsi pesiiMOHHbIMU Oa3amu  jaHHbIX. [lisi Python
paspaboraH craHaapt, HasbiBaembiii DB-API (Bepcus 2.0), KOTOpPOro
JIOJDKHBI TIPU/IEP)KUBATBCSI BCe Pa3pabOTUMKU MOJIYIel COTpsDKeHUst C
pensiliMOHHbIMUA 0a3zamu JaHHbIX. byarogapsi atomy API ko npukiagHoi
MpOrpaMMbl CTAHOBUTCSI MeHee 3aBUCUMbIM OT MapKM MCIO/b3yeMOi 0a3bl
JAaHHBIX, €ro MOrYT MOHATh pa3pabOTUMKKU, WUCIOJb3YIOLKe Apyrue 0Oasbl
nanHbix, @akruuecku DB-API 2.0 onucbiBaer umeHa (yHKIUI U K1acCoOB,
KOTOpbI@ JIO/DKEH Cofiep)KaTb MOAYIb COTpspKeHUsi ¢ 0a30i JaHHBIX, U UX
ceMaHTUKy. Moayib CONpsDKeHUsi [O/DKEeH Coflep)KaTh Ki1acC OOBeKTOB-
coejlMHeHU ¢ 0a30l JIaHHbIX M K1acC [yisi KYPCOPOB - Crieljda/ibHbIX
00bEKTOB, uepe3 KOTOpble TPOUCXOAUT KomMmyHukauuss ¢ CYBI Ha
TPUK/Ia/IHOM YPOBHE.

3pece Obuia ucrionbzoBaHa CYB/l SQLite ¥ COOTBETCTBYHOLIMH MOIYIb
pacumpenus Python anst conpsbkenus ¢ atoi CYBI - sglite, Tak Kak OH
nopgepxkvBaer DB-API 2.0 u pocrarouHo npoct B ycraHoBke. C ero
MOMOIIIBIO ObUIX MPOJEMOHCTPUPOBAHLI OCHOBHBIE MpUeMbl paboThl ¢ Ha3oi
JAHHBIX: CO3/JAHKE U HaroJIHeHHe TabJull, BbIOJIHEHHEe BLIOOPOK U aHA/U3
TMOJTyUeHHBIX JIAHHbIX.

B KoOHLIe JIeKIIMM [JaH CIUCOK J[IPYTUX TaKeTOB W MOJYIeHl, KOTOpble
no3posisitor  Python-nporpamMme paboTtath €O MHOTMMH COBPEMEHHBIMU

CYB/I.
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CChUIKH

Moaynu mxDateTime u ap. ccbiika: http//www.lemburg.com/files/python/
CYB/ SQLite ccouka: httpi//sqlite.org

Mopayns conpsbkeHusi ¢ SQLite cebuika: http:/pysqlite.org
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MHOTOIoTOUYHBIe BBIYHUC/IeHUS

B 9roM nexkuuu paccmaTpUBArOTCS BOMPOCHI B3aMMOJEMCTBUSI TTOTOKOB
(HUTeil) B pamMKax OAHOW mporpamMmbl. BBOASITCSI OCHOBHbIE TTOHSTUS
(cemadopbl, ouepenau, OnOkUpoOBKW). [lenaercss TMOMNbITKA OOBSICHUTH
0COOEHHOCTHU Mapa/lieJIbHOr0 TPOrpaMMUPOBAHUsI Ha OCHOBE MOJIe/u
MHOT'OMIOTOYHOCTH.

O noTokax yrnpasJieHUsI

B coBpeMeHHOli OrepaliMOHHON CUCTeMe, [lake He BbITIO/IHSIIOIEeH HUuero
0cOOEeHHOro, MOryT OJHOBpPeMeHHO paboTaTb HECKOJIbKO [POL|eCCOB
(processes). Hamnpumep, mpu 3anycke MpOrpaMMbl 3aryCKaeTCsi HOBbIN
npouecc. DYHKUMU [yisi  yrIpaBJeHUs] TMPOLeCCAMA MOXXHO HaWTU B
CTaH/IapTHOM MoAy/ie o s si3bIKa Python. 3meck ke peub noiijleT 0 MOTOKax.

[Motoku ynpaenenus (threads) obpasyrorcsa v paboTardT B paMKax OIHOIO
npoiecca. B OQHONOTOUHOM MpPUIOXKeHUW (TporpamMme, KOTOpasi He
UCIOJIb3yeT JIOTIOJIHUTEIbHBIX T[OTOKOB) WMEETCs TOJbKO OJUH TOTOK
ynpaBsieHus. [OBOpsi yMpoUeHHO, MpU 3arycke IporpaMmbl 3TOT MOTOK
MOC/Ie/IOBaTe/IbHO HKCIIO/IHSeT BCTPeYaeMble B TIpPOrpaMMe OIlepaTopbl,
HarpaB/sisiCh 10 OJHOM W3 a/bTepHATUBHbBIX BeTBe orepaTtopa BbiOOpa,
MPOXOJUT Yepe3 Tejo LUKIa HY)KHOe YUC/IO0 pa3, BbIOMpaeTcss K MeCTy
00pabOTKU UCKITIOUEHUS TIPU BO30OY)KIeHUH UCKTIoUeHust. B moboli MOMeHT
BpeMeHU uHTepriperatop Python 3Haer, kakyi0 KOMaHJy WCIIOJHUTb
cnepyoieid. [locre MCMOMHEHUs KOMaH/ibl CTAHOBUTCS W3BECTHO, Kakou
KOMaH/le TiepejaTh yrpaBjieHWe. OTa HUTOYKA HerpepbiBHa B X0/
BbITIOJIHEHHsI TPOrPaMMbI U 0OPBIBAETCsI TOJILKO 110 €€ 3aBepIIeHUH.

Terepb MOXXHO npeAcTaBUTL cebe, UTO B HEKOTOPOW TOUKE MPOrPaMMbl
HUTOYKA Pa3/iBAUBAETCs, U KXK/bIA MOTOK UJIeT CBOUM myreM. Kakabiii 13
00pa3oBaBIIMXCsi TIOTOKOB MOXKET B JIa/IbHEMINEM eIle HEeCKOJbKO pa3
pas3aBauBaTbCsi. ([IpyU 3TOM OIMH U3 TOTOKOB BCEIJ[A OCTAeTCs IVIABHBIM, U
€ro 3aBepllieHHEe O3HaAuyaeT 3aBepllieHHe BCel TMporpammbl.) B Kaxbii
MOMEHT BpPEMEHU HWHTEpIPeTaTop 3HAeT, KaKyld KOMaHJ/ly KakOoh TMOTOK
JIOJDKEH BBITIOJIHUTh, U YEJISieT KBAaHThl BDEMEHHW KaXKIOMY IMOTOKY. Takoe,
Ka3asoch Obl, HE3HAUUTE/IbHOE YCJIO)KHEHWe MeXaHW3Ma BbITIOJTHEHUS
MporpaMMbl  Ha caMoM Jiefie  TpeOyeT KaueCTBEHHBIX W3MEHeHWH B
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rnporpamMmMe - Bellb [AedATebHOCTb ITIOTOKOB [OJ/DKHAa ObITH COIIacOBaHa.
Henb3zs JOIYCKaThb, yTOOBI MTOTOKU OOHOBpeMEHHO U3MEHA/IM OWH U TOT »Ke
OGLEKT, pe3yibkraT TAKOro M3MeHeHusd, CKopee BCero, HapyuMT Le/IOCTHOCTb
obnekra.

OgHMM HM3 KIaCCMYeCKUX CPeACTB CONIACOBAHUSI TOTOKOB SIBJISIOTCS
00bekTbl, Ha3biBaemble cemadopamu. Cemadopbl He  J0OMYCKAKOT
BbI[IOJIHEHUS] HEKOTOPOro  y4yacTKa Kofla  HeCKOJIbKUMU  [OTOKaMH
onHoBpeMeHHo. Cameblid nipocroii cemadop - 3amok (lock) unu mutex (ot
anmmickoro mutually exclusive, B3aumouckrouarwonmii). s Toro 4yToObI
MOTOK MOT TPOJO/DKUTEL BBITIOJIHEHWE KO/la, OH JI0/DKeH CHayasla 3aXBaTUTh
3amMoK. [Tocsie 3axBaTa 3aMKa MOTOK BbIMOJTHSIET OINpe/e/IeHHbIN Y4aCTOK KoJja
¥ MOTOM OCBODOXKAeT 3aMOK, uToObl JPyroi MOTOK MOI €ro IMoJyudTh U
TPOMTH Jla/bllie K BBITIOJIHEHUIO 0XPaHseMOro 3aMKOM y4yacTKa IPOrpaMMbl.
[TOTOK, CTONKHYBIIMCh C 3aHSITHIM JIPYTUM [OTOKOM 3aMKOM, OObIUHO >K[JET
€ro 0CBODOIK/IeHUSI.

[Monnepxka MHoOronoroyHoctd B sa3bike  Python  pgocrymHa  uepe3
WUCTIONb30BaHue psija moayied. B craHgaptHom moayne threading
orpejeneHbl HYXHbIe [Jia pa3paboTKu MHorororouHoi (multithreading)
MpOrpaMMbl KJ1acChl: HECKOJILKD BUJOB ceMa(opoB (k1acchl 3aMKOB Lock,
RLock W wiacc Semaphore ) W JApyrde MexaHW3Mbl B3aUMOJeHCTBUS
MeXay noTokamu (Kinacckl Event U Condition ), Kiacc Timer ad
3anycka (yHKIMM 0 TPOLIECTBUU HEKOTOpPOro BpemeHU. Moayis Queue
peanu3yeT ouepe/ib, KOTOPOIl MOTYT T0JIb30BAThCsl CPa3y HECKOJILKO IOTOKOB.
st co3paHus ¥ (HU3KOyPOBHEBOI'0) yIpaB/ieHUsI MOTOKaMU B CTaHAAPTHOM
Moayie thread onpegesneH kiacc Thread.

[Tpymep MHOTOTIOTOYHOM MPOT PaMMBbI

B cnepyroiem npruMepe CO34aeTcst Ba JOMOJHUTE/bHBIX TOTOKA, KOTOpbIe
BLIBOJIAT HA CTaH/IAPTHLIN BLIBOJ KXK/bIN CBOE:

import threading

def proc(n):
print "TIponecc”, n
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pl = threading. Thread(target=proc, name="t1", args=["1"])
p2 = threading. Thread(target=proc, name="t2", args=["2"])
p1l.start()
p2.start()

CHauana monyJaercs gBa oObekTa Kinacca Thread, KOTOpble 3aTeéM W
3ayCKalTCsl C pa3/IMUHBIMM aprymeHTamMu. B jlaHHOM C/lyuae B IOTOKax
paboTtaer omHa M Ta XXe QYHKUS proc (), KOTOPOM mepeiaeTcs OAWH
apryMeHT, 3aJlaHHbIi B WMEHOBAHHOM I[lapaMeTpe args KOHCTPYKTOpa
Ki1acca Thread. HeTpyaHo Aorafarbcs, 4To MeTol start () CIYKAT s
3anycka HOBOro TroTOoKa. Takum o00pa3oM, B TMpPUBEJEHHOM [pUMepe
paboTalOT TPU MOTOKA: OCHOBHOM W JiBa JOTNOJIHUTETbHBIX (C MMEHaMu
"E1"H"t2").

dyHkuyy Moayns threading

B moayie threading, KOTOpbIM 3/1€Ch MCIO/BL3YeTCS, €CThb (DyHKIUM,
O3B OJISIFOLIME MTOTYUUTh MH(GOPMALIUIO O TTOTOKaX:

¢ activeCount () Bo3Bpallger K0JMUeCTBO aKTUBHBIX B HACTOSIIM K
MOMEHT 9K3eMIUIIpoB  Kinacca Thread. @akruueckd, 3TO
len(threading.enumerate ()).

e currentThread () Bo3Bpaiper TeKYILMA OOBLEKT-TIOTOK, TO €CTb
COOTBETCTBYIOLMK TOTOKY yIpaB/ieHUsl, KOTOpbIM BbI3Bajl 3Ty
byukiuio. Ecim 1oTok He ObL1 cOo3/aH uepe3 MoAylb threading,
OyzneT Bo3BpallieH 00BEKT-TIOTOK C COKpallleHHON (GyHKIIMOHAIbHOCTBEO
(dummy thread object).

¢ cnumerate () Bosspaiper CIIMCOK  aKTWBHBLIX  I[1OTOKOB.
3aBepHMBIIMECS U eIlie He HauaTble TTOTOKU He BXOJST B CITUCOK.

Kiacc Thread

Ok3eMIIsspbl  Kiacca threading.Thread TpeJCTaBisSIOT TMOTOKU

Python-riporpamMmbl. 3aiaTh [JeHCTBUs, KOTOpble OyIyT BBIMOJHATLCS B

MOTOKe, MOXHO JByMs criocobamu: repefatb KOHCTPYKTOPY Kiacca

UCMOJHSAEeMbId O0BEKT W apryMeHTbl K HEMy WM MYTeM Hac/ie[[0BaHUs
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MOJIyUYUTh HOBBIM K/acC C repeonpejiesieHHbIM MeTofoMm run (). Ilepsbiid
cnoco6 Obul  paccmoTpeH B mpumepe Bbile. KoHcTpykTOp Kiacca
threading.Thread umeer ciaeiylolMe apryMeHTbl:

Thread(group, target, name, args, kwargs)

31ech group - IPyIIa MOTOKOB (II0Ka YTO He UCIO/b3YeTcsl, J0/DKeH ObITh
paBeH None ), target - 00beKT, KOTOpbIH OyeT BbI3BaH B MeTole run (),
name - UMs MOTOKa, args U kwargs - M0C/IeJ0BaTe/IbHOCTh U C/I0Baphb
MO3ULIMOHHBIX U UMEHOBAHHBIX 11aPaMeTPOB (COOTBETCTBEHHO) /ISl BbI30Ba
3a/laHHOTO B TMapaMmeTpe target oObekra. B rpumepe Bbillle ObLIU
UCIOJIb30BaHbl TOJILKO TIO3ULIMOHHBIE TTAPAMETPhI, HO TO )K€ CaMOe MO>KHO
ObL/I0 BLIMO/HUTL U C IPUMEHEHUEeM UMEHOBaHHbIX [TapaMeTpOB:

import threading

def proc(n):
print "[Ipouecc”, n

pl = threading. Thread(target=proc, name="t1", kwargs={"n": "1"})
p2 = threading. Thread(target=proc, name="t2", kwargs={"n": "2"})
pl.start()
p2.start()

To ke camoe MOXHO TMpoJenaTb Yepe3 HawleJoOBaHWe OT Ki1acca
threading.Thread c onpegeneHueM COOGCTBEHHOTNO KOHCTPYKTOpa U
Metoda run () :

import threading

class T(threading. Thread):
def __init_(self, n):
threading. Thread.__init__(self, name="t" + n)
selfn=n
def run(self):
print "TIporecc”, self.n

pL="T(1")
p2="T(2)
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pl.start()
p2.start()

Camoe miepBoe, uTO HeoOXOQUMO cjie/laTb B KOHCTPYKTOpPE - BbI3BaTh
KOHCTpYKTOp 0a3oBoro Kinacca. Kak v paHbliie, [1/Is1 3aIycKa IMOTOKA HYKHO
BLINIOJIHUTL MeTof, start () 0OBEeKTa-MmoTOKa, uTO TMIpPUBEAEeT K
BBITNIOJIHEHU IO JIEUCTBUI B MeTofle run () .

JKU3HBIO TTOTOKOB MOYKHO VI1paBJIATh BbI30BOM METO/0B:

e start () [JaeT NOTOKY KU3Hb.

e run () OTOT MeTO/ Ipe/CTaB/IseT JeUCTBUS, KOTOPbIe JOJIKHBI ObITh
BBITNOJIHEHEI B TTIOTOKE.

¢ join([timeout]) IloTOK, KOTOpPbIM BbI3bIBAET 3TOT MeETO,
MPUOCTAHAB/IUBAECTCS, OXKU/lasg 3aBeplleHUs] IT10TOKa, ueld MeTo
BbI3BaH. [lapamerp timeout (UMCI0 C TIUIAaBaWOUIEd TOUKOM)
103BOJISeT YKa3aTb Bpemsi O)KuJaHusi (B CeKyH/ax), M0 HUCTeYeHUU
KOTOPOI'0 TPUOCTAHOBJIEHHBLIM T1OTOK TPOJO/DKAeT CBOK paboTty
HEe3aBHCHUMO OT 3aBepIleHUsl IMOTOKa, yell MeToJ join ObLI BbI3BaH.
BeI3biBaTh jOin () HEKOTOPOrO MOTOKA MOXKHO MHOrO pas. IloTok He
MOXKET BbI3BaThb MeTOJ join () camoro cebs. Takke Heb3sl 0XKU/IATh
3aBepIleHus ele He 3anyleHHoro rnoroka. CiaoBo "join" B mepeBoje
AHIJIMMCKOTO O3HadyaeT "MpUCOeAUHUTDL'", TO €CTb, MOTOK, BbI3BaBIIMU
join (), Xeyaet, 4TOObI IMOTOK IO 3aBEpPIIEHUM TIPUCOEIUHUIICT K
BBI3bIBAIOIIEMY MeTO/, [TOTOKY.

¢ getName () Bo3sspamger vMs noroka. Jljsi miaBHOrO MOTOKAa 3TO
"MainThread".

e setName (name) lIpvcBavBaeT rMOTOKY UMS name.

e isAlive () DBo3Bpal@er HCTHHY, eC/l IMOTOK paboraer (MeTof
run () e BbI3BaH, HO ellle He 3aBepLIMJICs).

¢ isDaemon () Bo3Bpalger UCTUHY, eCJiM MOTOK HWMeeT TPU3HAaK
neMmoHa. [Iporpamma Ha Python 3aBepumaercss mo 3aBepllieHUU BcCex
MOTOKOB, He SBJISIIOUMXCS JeMoHaMW. [JlaBHbIA TOTOK JE€MOHOM He
SIBJISIETCSL.

¢ sctDaemon (daemonic) YcraHaBIuMBaeT MpU3HAaK daemonic
TOr0, UTO MOTOK SIB/sIeTCS JeMoHOM. HauajsbHOoe 3HaueHUe STOro
MpU3HaKa 3aMMCTBYETCsl y T0TOKA, 3allyCTUBILEro JaHHblii. [Ipu3Hak
MOXXHO U3MEHSITh TOJILKO /IJ1s1 TIOTOKOB, KOTOPKIE ellle He 3allyIleHbI.
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B Moyne Thread TOKa UTO He peaji30BaHbl BO3MOXXHOCTH, TIPUCYIIHE
MoTOKaM B Java (orpejie/ieHHe TPYIN IIOTOKOB, TIPHOCTaHOBKA W
rpepbIBaHue TOTOKOB W3BHE, MPUOPUTETbI U HEKOTOpPble Jpyrde BelM),
O/IHAKO OHHU, CKOpee BCero, OyIyT COo3/aHbl B HE/IaJIeKOM OyIyiem.

Tarimep

Knacc threading.Timer npeicTaB/isieT [AeUCTBUE, KOTOPOE [O/DKHO
ObITh BBIMIOJIHEHO Yepe3 3a/laHHOoe BpeMsl. DTOT K/1acC SBJISIeTCS MOJKIacCoM
K1acca threading.Thread, Mo3TOMYy 3aryckaeTcsi TakXKe MeTOLOM
start (). Cneayroupii pocTou rpumep, nevataroldid Ha CTaHAAPTHOM
BbiBOJle Hello, world! nosicHseT ckazaHHOe:

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

t = Timer(30.0, hello)
t.start()

3aMKH

[MpocTelinmii 3aMOK MOXET ObITb peasi30BaH Ha OCHOBe Krmacca Lock
Moyt threading. 3aMOK UMEET /IBa COCTOSIHUSI: OH MOXKET ObITb WU
OTKDBIT, WJIK 3arepT. B rocsiegqHem ciiyuae UM BJIaJieeT HEKOTOPbIN IOTOK.
O0mBekT K1acca Lo ck UMeeT CJIeYIOIe MeTO/bI:

¢ acquire([blocking=True]) [enaer 3ampoCc Ha 3arupaHue
3aMKa. Ecnu napametp bl ocking He yKa3aH WM sIBJISIETCSI UCTUHOM,
TO MOTOK OyeT o)kujaTb 0CcBOOOXK/eHUsi 3aMKa. Ecyii riapameTrp He
Obla1 3ajlaH, METOJ, He BO3BpaTUT 3HaueHus. Ecim blocking 6bui
3a/ldH U MCTUHEH, MeTol BO3BpaTUT True (rociae YCIiewHoro
oBJsiajienusi 3amkoM). Ecin 6/0kupoBka He TpebyeTcs (TO ecTb 3ajjaH
blocking=False ), MeTol BepHeT True, eC/id 3aMOK He Oblj
3arepT U UM YCIelHOo OBJajle JaHHbIM NOTOK. B npoTUBHOM ciiyyae
OyzmeT BO3BpalleHO False.

e release () 3anpoc Ha OTIHPAHUE 3aMKA.
264




Cyau P.A. s13b1K nporpaMmupoBadna Python
e locked () Bo3Bpaiijer Tekyilee COCTOsiHUE 3aMKa ( True - 3amnepr,
False - otkpbIT). CrieflyeT UMeTb B BU/LY, UTO Jla’Ke eC/IU COCTOSIHUE
3aMKa TOJIKO UTO TMPOBEPEHO, 3TO He 03HAYaeT, UYTO OH COXPAaHUT 3TO
COCTOSIHUE 10 CJIe/IyHOLIe KOMaH/IbI.

WmeeTcst elle OJuMH BapuaHT 3aMKa - threading.RLock, KOTOpbIH
ornvyaercss or threading.Lock Tem, UTO HEKOTOPbI TMOTOK MOJKET
3arnpalmBarh ero 3anupaHve MHOro pas. OTnupaHUe Takoro 3aMKa JI0JDKHO
MPOUCXO[UTh CTOJILKO )K€ pa3, CKOJIbKO ObLI0 3amupaHuil. 3TO MOKeT ObITb
110J1e3H0, HaTllpUMep, BHYTPU PEKYPCUBHBIX (PYHKIIUM.

Kora Hy)KHBI 3aMKH ?

3aMKi M03BOJISIIOT OrpaHUYMBATh BXOJ B HEKOTOPYHO 00JIaCTh MpOrpamMmbl
OfIHUM T[OTOKOM. 3aMKu Moryr rnotpeboBarbcsi st obecrieyeHus
1|e/IOCTHOCTH CTPYKTYPbI JlaHHbIX. Haripumep, eciiu fiJisi KOpPeKTHOU paboThbl
nporpammbl  Tpebyetcsi JobaBjieHHe OIpe/ie/IeHHOro 3/IeMeHTa cpasy B
HEeCKOJIbKO CIMCKOB WJ/IM CJIOBapei, Takue orepaljud B MHOIOMOTOYHOM
MPUJIOXKEHUU CJieflyeT 0OCTaBUTh 3aMKaMu. BOKDYr aromapHbIX orepaijui
HaJl BCTPOEHHbIMU TUIaMU (Oreparjuii, KOTOpble He BbI3bIBAIOT UCIIO/IHEHUE
Kakoro-to jpyroro koga Ha Python) 3aMku craBUTh HeoOsi3aTesibHO.
Haripumep, metos append () (BCTPOEHHOI'0) CITUCKA SIBJISIETCSI aTOMapHOM
oriepaijueii, a TOT ke MeTO[], peaJii30BaHHbIN TM0/b30BATE/IbCKUM K/1aCCOM,
MOXeT TpeboBath O/JIOKMPOBOK. B cjiyuae COMHEHWH, KOHEUHO, JIydllie
MepecTpaxoBaTbCs U MOCTABUTh 3aMKH, OIHAKO CJie[lyeT MUHUMMW3UPOBATh
obilee BpeMmsi JIeMCTBUSI 3aMKa, TaK KaK 3aMOK OCTaHaB/IMBaeT [pyrue
MOTOKH, TILITAIOIIMECs TOMacTh B Ty e 06/1acTh nporpammbl. OTCYyTCTBUE
3aMKa B KPUTUUECKOW 4YaCTW MpPOrpaMmbl, paboTaroiei Haj obummu s
IByX v 0Oojiee TOTOKOB pecypcamMu, MOXKET TPUBECTH K CJIydaldHbIM,
TPYAHOYIOBUMbIM OLIMOKaM.

TynukoBast cutyanus (deadlock)

3aMKU MMPUMEHSIFOTCS JI/1s1 YIIPAaBJIeHUs! JOCTYIIOM K PeCypCy, KOTOPbIN HeJlb3s

UCIO0JIb30BaTh COBMECTHO. B rmiporpaMme TakuX pecypcoB MOKeT ObITb

Hecko/1bKO. [Tpu paboTe ¢ 3aMKaMu Ba)KHO XOPOLLIO MPOAyMath, He 3aiijieT i

BbINOJIHeHUe Tporpammbl B TynuK (deadlock) u3-3a Toro, 4ro AByM MoTOKam
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HOTpeﬁy}OTCﬂ OAHU U Te »Ke pecypcChbl, HO HU TOT, HHU ,H,pyml?'l He CMOryT UX
MOoJIyunThb, TdK KdK OHH YXKe [I0/IyUHl/IM 3aMKH. Takas CUTYyalusl
MPOUJUTIOCTPUPOBAHA B C/IeAYIOLLEM [pUMEpe:

import threading, time
resource = {'A": threading.Lock(), 'B": threading.Lock() }

def proc(n, rs):

forrinrs:
print '"TIpowiecc %s 3anpaimBaer pecypc %s" % (n, r)
resource[r].acquire()
print "TIpowecc %s noayuun pecypc %s" % (n, r)
time.sleep(1)

print "TIporecc %s BoirosHsercs” % n

for rinrs:
resource[r].release()

print "TIporecc %s 3akoHUYM/ Bbio/HeHHe" % n

pl = threading. Thread(target=proc, name="t1", args=["1", "AB"])
p2 = threading. Thread(target=proc, name="t2", args=["2", "BA"])
pl.start()
p2.start()
pl.join()
p2.join()

B stom npumepe aBa noroka (t1 v t2) 3anpainmBarOT 3aMKU K O[HUM WU TeM
ke pecypcaMm (A u B), HO B pasHOM IOpsifKe, OTYEro ro/y4aeTcs, 4To HU Y
TOro, HU y JIPYroro He XBaTaeT PecypcoB JJisi JajbHellleit paboTbl, U OHU
oba 0Ge3Hale)KHO TMOBUCAIOT, OXKW/asi OCBODOXK/I€HUsI HY)KHOTO pecypca.
bnarogapsi oneparopam print MOXHO YyBUJETL [10C/1e0BaTeNLHOCTb
COOBITHIA:

[Tpowecc 1 3anpaiimBaeT pecypc A
[Tpouecc 1 nonyuun pecypc A
[Ipouecc 2 3arnpaimBaet pecypc B
[Tpouecc 2 nonyuun pecypc B
[Ipouecc 1 3anpaumeaet pecypc B
[Tpouecc 2 3anpaimBaet pecypc A
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CyILeCcTBYIOT METOAWKU, T103BOJIsIolMe H30eKaTh IMOJA0OHBIX TYIHUKOB,
0JHAKO MX PacCMOTpPeHHWEe He BXOJUT B PaMKWd JaHHOW JeKuuu. MoxXHO
MocoBeToBaThk C/1elyrole rpueMbl:

® [1OCTPOUTD JIOTHKY MPUJIOKEHUs TaK, YTOObI HUKOI/]a He 3arpalliBaTh
3aMKU K JIByM pecypcam cpa3sy. Bo3MmoxHo, npujiercss ornpejeiuTb
COCTaBHOM pecypc. B yacTHOCTH, K JIAHHOMY NPUMEPY MOXKHO ObLIO
Obl ornpeienuTh 3aMOK "AB" 111 yKa3aHUsA 9KCKIKO3UBHOIO J0CTYIA K
pecypcam A u B.

® CTPOro YropsiiouuTb BCe pecypchbl (Harmpumep, 10 LeHe) U Bcernaa
3arpainmBaTh UX B OMpeie/ieHHOM Topsi/iKe (CKakeM, HaurHasi ¢ bosee
Joporux pecypcoB). [Ipu 3TOM rnepej 3aka3oM HEKOTOPOro pecypca
MOTOK JIOJDKEH OTKAa3aThCsl OT 3a0/I0KMPOBAHHLIX UM Oosiee JielieBbixX
pecypcoB.

Cemacdopbl

Cemadopbl (Mx uHoOrma HasbiBarOT cemadopamu [luiikerpbl (Dijkstra) mo
MMeHM uX u3o0perarens)) sB/soTCA Oosee  OOLKMM — MeXaHHM3MOM
CUHXPOHM3AllUK MOTOKOB, Hexenu 3aMKu. Cemadopsl MOryT J0OMYCTUTHL B
KPUTUUECKYI0 00/1aCcTb MporpaMMbl Cpa3y Heckosbko mnotokoB. Cemadop
VMMeeT CUeTUYMK 3aripoCOB, YMEHbIIAIIMUCSH C KaX/bIM BbI30BOM MeETOJa
acquire () W YBeIMUUBAWIMUCS MPU KaKAOM BbI30Be release ().
CueTuMK He MOXKeT CTaTb MeHblle HYIs, MO03TOMY B TakOM COCTOSIHUU
I0TOKaM TIPUXOAUTCA K[aTh, KAK U B (jlydae C 3aMKaMM, I0Ka 3HaueHUe
CUeTUUKa He YBeJIUUUTCS.

Koncrpykrop knacca threading. Semaphore NpUHUMaeT B KauecTBe
(HeoOsi3aTe/IbLHOr0) apryMeHTa HauaJlbHOe COCTOsIHWEe CYeTudka (1o
YMOJIUaHUIO OHO PaBHO 1, UTO COOTBETCTBYET 3aMKYy K/acca Loc k ). MeTozpl
acquire() U release () AeUCTBYIOT aHAJOTMYHO OMNUCAHHBLIM BhILLe
OlHOUMEHHLIM MeTO/jaM Yy 3aMKOB,

Cemadop MOXKeT TPUMEHSITBCS /Il OXpaHbl OrPaHUUEHHOT0 pecypca.
Haripumep, ¢ ero noMoipo MOXXHO BeCTH T/ COeIMHeHUN ¢ 6a30i aHHbIX.
[Mpumep Takoro KcCro/b3oBaHus cemadopa (3aMMCTBOBAH W3 JIOKYMEHTal[Uu
K Python) naH HuxXe:
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from threading import BoundedSemaphore
maxconnections = 5
# IMoaroroBka cemadopa
pool_sema = BoundedSemaphore(value=maxconnections)

# BHyTpH 1OTOKA:

pool_sema.acquire()

conn = connectdb()

# ... UCTIO/Ib30BaHUE COEJUHEHMUS ...
conn.close()

pool_sema.release()

Takum obpa3om, npuMeHsieTcsi He BoJiee MSATU COeIMHEHUM ¢ 6a30i JaHHbIX.
B npumepe wucrions3oBaH kKinacc threading.BoundedSemaphore.
OK3eMIIIpbl  3TOr0  Kjlacca OTIMYaloTCs  OT  9K3eMIUIIPOB  Kjlacca
threading.Semaphore Tem, UTO He JalwOT clenatb release ()
OosblLe, uem caenad acquire ().

CoObITus

Eme ogHuM criocoboM KOMMYHMKAI[UM MeXIy OObeKTaMU SIBJISIOTCS
cobbiTusl. OK3eMIUsApbl  Kiacca threading.Event Moryr ObiTh
WCIIONB30BaHbl Ui nepejadyd UHGOPMAlMU O HACTYIUIEHUM HEKOTOPOro
coObITUSI OT OJHOIrO MMOTOKa OJHOMY WM HECKOJbKUM [PYrdM I1OTOKaM.
OOBeKTLI-COOLITHSI UMEIOT BHYTPEHHUM dyiar, KOTOPLIH MOXKET HaXOIUThCS B
YCTAHOBJIEHHOM WM cOporeHHOM coctosiHuu. [lpu cBoem co3maHuu ar
coObITUsI HaxoAuTcss B cOpoilleHHOM  coctosHuu. Ecm  duiar B
YCTaHOBJIEHHOM COCTOSIHUM, 0XKU/IAHUSI HEe TIPOUCXOUT: MOTOK, BbI3BaBILIMMA
MeTo[ wait () [yist o)KuJaHusi COObITHS, TTPOCTO MPOOJ/DKAeT CBOK paboty.
Huxe npuBeseHbl MeTO/IbI 9K3eMIUISIPOB Knacca threading.Event:

¢ set () YcraHaB/MBaeT BHYTPeHHUW (wiar, CUTHa/U3UPYIOLMU O
HacTyrnjeHdd cobbiTusi. Bce jxayipe JaHHOrO COOBITUS TMOTOKM
BBIXO/ISIT U3 COCTOSIHHSL O’KU/IaHUSL.

e clear () CopacbiBaetr dviar Bce coObiTUs, KOTOpbie BbI3bIBAIOT
MeTofi, wait () 9Toro 0O0BbeKTa-coObITHs, OyIyT HaxXO[UTLCA B
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COCTOSIHUM OXKWJAHHUS 10 TeX rop, rnoka duiar cOpoIleH, WK T10
UCTeUYeHUH 3aJJaHHOr0 TalMayTa.

¢ isSet () Bosepaiger coctosiHue (uiara.

¢ wait ([timeout]) IlepeBOAUT MOTOK B COCTOSIHUE OXKUJlaHUS,
eciu duiar cOpoilieH, U cpa3y BO3BpalliaeTcs, eciv (uiar ycTaHOBJIEH.
AprymeHT timeout 3ajllaeT TaMMayT B CeKyH/ax, M0 HCTeYeHUU
KOTOPOro OXKHJAHWe TIpeKpallaeTcs, Jake ecad CcoObITue He
HaCTYIUIIO.

CoctaButh npumep paboTbl C COOLITUSIMM TIpejJlaraeTcsi B KauecTBe
yrpakHeHusl.

YcnoBus

Bonee c/1o)KHBIM MeXaHHW3MOM KOMMYHUKALIUU MeXX[1y TTOTOKAMU SIBJISIeTCS
MeXaHU3M YC/I0BUM. YC/I0BUS TPe/CTaBJIAIOTCA B BU/Je SK3eMIUISPOB Kjacca
threading.Condition W, NoKOOHO TOJNLKO YTO pPacCMOTPEHHBLIM
COOBITUSIM, OIOBEIIAIOT TMOTOKU 00 M3MEHEeHWW HEeKOTOPOro COCTOSIHUSI.
KoncTtpykTop KJjlacca threading.Condition [pUHUMAaET
HeoDOsi3aTeNIbHBIN MapameTp, 3a/lalolMid 3aMoOK Ki1acca threading. Lock
um threading.RLock. [To ymo/nuaHUIO CO3JaeTCsi HOBBIM JK3eMILIsip
3aMKa Ki1acca threading.RLock. Meroabl 00beKTa-yC/I0BUSI OMUCaHbI
HUXe:

e acquire(...) 3anpaumBaer 3aMOK. DaKTUUYECKU BbI3bIBAETCS
OJHOMMEHHBIH METQJ, MPUHAJJIeKALero 00beKTy-yCI0BHI0 00beKTa-
3aMKa.

e release () CHUMAaeET 3aMOK.

¢ wait ([timeout]) IlepeBOAUT MOTOK B PEXXUM O0XKHJaHUS. DTOT
METOJl MOKEeT ObITb BBI3BAH TOJILKO B TOM C/Iyuyae, e€C/Id BbI3bIBAKOIIMI
ero MOTOK IOJY4K/1 3aMOK. MeTo CHUMaeT 3aMOK U OJIOKUpPYeT IOTOK
JI0 MOSIBJIEHUs1 00OBSIB/IEHHUM, TO €CTh BBI30BOB METO0B notify () u
notifyAll () Japyrumu rorokamu. Heobs3aTenbHBIA aprymeHT
timeout 3afaeT TaMMayT O)KUJaHUS B ceKyHjax. [Ipu Bbixoge U3
0XKU/laHWSl MOTOK CHOBA 3arpalliMBaeT 3aMOK W BO3BpalljaeTcsi U3
meroga wait ().

¢ notify () DBbIBOAUT M3 peXuMa OXKUJAHUSI OMH W3 TOTOKOB,
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OKUJIAIOIMX JlaHHble YOI0BUs. Meros MOXKHO BbI3BaTbh, TOJILKO
OBJIa/IeEB 3aMKOM, acCCOLIMMUPOBAHHBIM C ycjoBUeM. JloKymeHTalusl
NpeayrpeXxaaeT, uto B OyaylMX peanu3alusx MOAYIS U3 Liesei
ONTUMM3aLMU ITOT MeTon OyleT TmpepbiBaTh OXUJAHUE Cpa3y
HEeCKO/IbKUX MOTOKOB. Cam 1o cebe Mmetrof notify () He NMPUBOAUT K
MPOJI0/DKEHUI0 BLIMOJHEHUS OXXHUJABIIMX YCJIOBUS MOTOKOB, TaK Kak
3TOMY TPeNnsiTCTBYeT 3aHsThld 3aMOK. [I0TOKM Mo/lydaroT yripaB/ieHUe
TOJILKO T10CJIe CHSTHUS 3aMKa TT0TOKOM, BbI3BaBIIIMM MeTof notify ().

e notifyAll () ITOT Meroj aHaioruueH Meropy notify (), HO
rpepbIBaeT OXKUaHUe BCeX XKAYLIMX BbIMO/IHEHUS YC/I0BUS ITOTOKOB.

B cnepyrouem npumepe yc10BUs UCITO/IB3YHOTCS [I/1S1 OMOBeLLeHHs ITOTOKOB O
NpUOBITUU HOBOM TIOPIIUU JJaHHBIX (OpPraHU3yeTCsl CBsA3b MPOU3BOJAUTENDb -
norpebuTesb, producer - consumer):

import threading
cv = threading. Condition()

class Item:
""Knacc-koHTelHep it 2/IEeMEHTOB, KOTOpbIe OyayT MoTpedasThCs
B noTokax'™"
def __init__(self):
self. items =[]
def is_available(self):
return len(self._items) > 0
def get(self):
return self._items.pop()
def make(self, i):
self._items.append (i)

item = Item()

def consume():
""TlorpebnieHre ouepeHOro 3/1eMeHTa (C 0JKUIaHWEM €ero MOosIB/Iet
cv.acquire()
while not item.is_available():
cv.wait()
it = item.get()
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cv.release()
return it

def consumer():
while True:
print consume()

def produce(i):
""3aHeceHHe HOBOI'O 3/1IeMeHTa B KOHTeHHep U OlloBellleHHe [10TOK
cv.acquire()
item.make(i)
cv.notify()

cv.release()

pl = threading. Thread(target=consumer, name="t1")
pl.setDaemon(True)

p2 = threading. Thread(target=consumer, name="t2")
p2.setDaemon(True)

pl.start()

p2.start()

produce("ITEM1")

produce("TTEM2")

produce("ITEM3")

produce("TTEM4")

pl.join()

p2.join()

B 3TOM rmipuMepe YC/IOBHE CV OTpakaeT Hajauuve HeoOpaboTaHHBIX

3/1eMeHTOB B KOHTeliHepe 1item. DyHKUUS produce () "mpou3Bogut'

1

3/1IeMeHThl, a consume (), paboTarolasi BHYTpU MOTOKOB, 'rioTpebsisiet".
CTOUT OTMETUTb, UTO B TMPUBEJEHHOM BHJE IpOrpaMMa HUKOLJa He
3aKOHUYMTCS, TaK KaK MMeeT OeCKOHeuHbIH LMK/ B TOTOKaX, a B [IABHOM
MOTOKe - O)KUjlaHWe 3aBeplleHUsi ITUX MOTOKOB. Ele ogHa 0coOeHHOCTD -
NpU3HAaK JIeMOHA, YCTaHOBJIEHHBLIM C MOMOLBI MeToga setDaemon ()
00beKTa-1oToKa [0 ero CTapTa.

Ouepenb
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[lpoijecc, mnoka3zaHHbIM B MOpeAbIAYIIIEM TIpUMepe, HMeeT 3HaueHue,
JOCTONHOe OTJenbHOro Moayns. Takolt Mogynb B cTaHjapTHON 6ubnuoTeke
s3bIKa Python ecTsb, U OH Ha3bIBaeTcs Queue.

[lomumo wucknoueHud - Queue.Full (ouepeib TMeperiojHeHa) |
Queue.Empty (ouepeab mycra) - MOAYIbL OINpefensieT Kiacc Queue,
3aBe/lyrOlMi COOCTBEHHO OUepe/ibIOo.

CoOCTBeHHO, 3/1eCb MOXKHO TPHUBECTH aHAJIOr MpUMepa BbIILe, HO YXKe C
HCII0/IL30BAHUEM Kilacca Queue . Queue:

import threading, Queue
item = Queue.Queue()

def consume():
""TlorpebnieHre ouepeHOro 3/1eMeHTa (C 0JKUIaHWEM €ero MOosIB/Iet
return item.get()

def consumer():
while True:
print consume()

def produce(i):
""3aHeceHUe HOBOIO 3/1eMeHTa B KOHTelHep U OloBeLeHUe [TOTOK
item.put(i)

pl = threading. Thread(target=consumer, name="t1")
pl.setDaemon(True)

p2 = threading. Thread(target=consumer, name="t2")
p2.setDaemon(True)

pl.start()

p2.start()

produce("ITEM1")

produce("TTEM2")

produce("ITEM3")

produce("TTEM4")

pL.join()

p2.join()
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CrieqyeT OTMETUTB, UTO BCe OJIOKUPOBKH CIIPSATAHbLI B peajM3aliiu ouepe/u,
M03TOMY B KOJIe OHU SIBHBIM 00pa30M He MPUCYTCTBYIOT.

Mopyms thread

[To cpaBHeHuto ¢ moayieM threading, Moayib thread rnpejocTaBisieT
HU3KOYDOBHEBBIM  JIOCTYIT K [OTOKaM. MHorue (QyHKUMU  MOMYIs
threading, KOTOpbIA pacCMaTpUBaJICs [0 3TOrO, peajiM30BaHbl Ha Oa3ze
Moayisi thread. 3pech CTOMT CAeflaThb HEKOTOPble 3aMeuaHUsi 110
NpUMEHEHUI0 MOTOKOB BooOIe. /TokymeHTalus o Python ripeayripekziaer,
YTO UCIO/Ib30BAHUE [TOTOKOB UMEeT 0COOEHHOCTH:

e lckinoueHue KeyboardInterrupt (npepbiBaHUEe oT
K/IaBUATypbl) MOXeT ObIThb MOJiyueHO Jit0ObIM K3 TOTOKOB, €C/U B
nocraeke Python Hetr Moayns signal (a1 00pabOTKU CHTHAMOB).

¢ He Bce BCcTpoeHHble (yHKI[UU, OJIOKMPOBAHHbIE OXKUJAHWEM BBO/a,
MO3BOJISIIOT JIPYrUM MoTokam pabortath. [IpaBjia, OCHOBHBIE (YHKLIMH

Bpoge time.sleep (), select.select (), Mmeron read ()
(haitIoBbIX 00BLEKTOB He OJIOKUPYIOT JPYrve MOTOKHU.
¢ HeBO3MOXHO TMpepBaTh MeTo[, acquire (), TaK KaK WCKIHUeHue

KeyboardInterrupt Bo30yK/[aeTcsi TOJLKO M0OC/Ae BO3BpaTa U3
3TOr0 MeTo/a.

¢ HexenaresibHO, uTOObI [IABHBIM TTOTOK 3aBEpIA/ICS paHbllle JPYrUX
MOTOKOB, TaK KaK He OyiyT BbINOJHEeHbl HEOOXOAUMbIe JIeCTPYKTOPbI U
naxe vactd finally B oneparopax try-finally. OTO CBsi3aHO
C TeM, UTO T[OYTU BCE OlepalMOHHbIe CUCTeMbl 3aBepLIAOT
MpUJI0XKeHUe, Y KOTOPOro 3aBepILIMJICS [JIaBHbIN MOTOK.

Busyam3anusi paboThl TIOTOKOB

Crenytoupii  rpuMep WUTIOCTPUPYET Mapa/leJIbHOCTh  BBIMOJHEHUS
MOTOKOB, MCII0J/Ib3Ysi BO3MOXHOCTU OubMoTeku rpadmueckux rpUMUTUBOB
Tkinter (oHa BXOAUT B CTaHJApTHyH ToctaBky Python). Heckonbko
[IOTOKOB HarieperoHKu yBeJIMUMBalOT pa3Mepsbl MpsMOYrojbHUKA HEKOTOPOro
yBera. LIBeTom robeguBIero noToka oKpanmsaeTcst KHorka Go:

import threading, time, sys
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from Tkinter import Tk, Canvas, Button, LEFT, RIGHT, NORMAL, DI
global champion

# 3ajaeTcs AUCTAHLMS, LIBET [10/I0COK U JIPyTrye TapaMeTphbl
distance = 300

colors = ["Red","Orange","Yellow", "Green","Blue", "DarkBlue", "Violet"]
nrunners = len(colors)  # ko/MueCTBO JOMOJHUTEILHBIX ITOTOKOB
positions = [0] * nrunners # CrUCOK TeKYLMX MO3UL[UIA

h, h2 = 20, 10 # mapaMmeTpbl BbICOTHI T10JI0COK
def run(n):
""TIporpamma 6era n-ro yuactHuka (rmortoka)™"
global champion
while 1:
for i in range(10000): # UHTEeHCUBHbIE BbIUUC/IEHUS
pass
graph_lock.acquire()
positions[n] += 1 # nepegBUKeHUe Ha 1Uar
if positions[n] == distance: # ecnu yxxe UHUII
if champion is None: # 1 YEeMITUOH ellle He Orpe/iesieH,
champion = colors[n] # Ha3HAYaeTCHd YeMITMOH
graph_lock.release()
break

graph_lock.release()

def ready_steady_go():
""MHUManu3al sl HauaIbHbIX TTO3ULMK U 3aITyCK MOTOKOB™"'
graph_lock.acquire()
for i in range(nrunners):
positions[i] = 0
threading. Thread(target=run, args=[i]).start()
graph_lock.release()

def update_positions():
""O0HOBJIeHHE TTO3ULUH""
graph_lock.acquire()
for n in range(nrunners):
c.coords(rects[n], 0, n*h, positions[n], n*h+h2)
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tk.update_idletasks() # npopucoBka u3aMeHeHUM
graph_lock.release()

def quit():
""Beixog U3 nporpaMmselr"
tk.quit()
sys.exit(0)

# IIpopuCcOBKa OKHa, OCHOBBI JIJIs1 IPSIMOYTOJILHUKOB U CaMUX TPSIMO
# KHOMOK JIs TTyCKa U BbIXOAA
tk = Tk()
tk.title("CopeBHOBaHue 1OTOKOB ")
¢ = Canvas(tk, width=distance, height=nrunners*h, bg="White")
c.pack()
rects = [c.create_rectangle(0, i*h, 0, i*h+h2, fill=colors[i])

for i in range(nrunners)]
go_b = Button(text="Go", command=tk.quit)
go_b.pack(side=LEFT)
quit_b = Button(text="Quit", command=quit)
quit_b.pack(side=RIGHT)

# 3aMOK, peryipyroumi goctyr K GyHKiuu rnakera Tk
graph_lock = threading.Lock()

# L1k npoBe/leHrs] COpeBHOBaHU A

while 1:
go_b.config(state=NORMAL), quit_b.config(state=NORMAL)
tk.mainloop() # Orku/laHue HaXKaTusl K/1aBuIL

champion = None
ready_steady_go()
go_b.config(state=DISABLED), quit_b.config(state=DISABLED)
# I'naBHbIN NMOTOK XXAeT (MHUILA BCEX YUaCTHUKOB
while sum(positions) < distance*nrunners:
update_positions()
update_positions()
go_b.config(bg=champion) # KHorika okpaimBaeTtcsi B LiBeT robe;
tk.update_idletasks()

[Mpumeuanue:
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OTa rnporpaMma HUCIO/b3yeT HEKOTOpble BO3MOXXHOCTH si3bika Python 2.3
(BCTpoeHHYIO QYHKI[MIO sum () U CIIUCKOBbIe BK/IIOUEHMUS), IO3TOMY JJisl ee
BbIIMOJIHEHUS HY>KeH Python Bepcuu He MeHblle 2.3,

3aK/IFOUeHHe

HaBbiKd  TrapajiieJibHOrO — MPOrpaMMUpPOBaHUsI  HEOOXoAUMbI  HOOOMY
ripoecCUOHa/NILHOMY TiporpaMMucty. OJHUM U3 BapUAHTOB OpPraHU3al{uu
(riceB/10) mapasie/IbHOrO MPOrpaMMUPOBAHUsL SIBJISIETCS MHOIOMOTOYHOE
rporpaMMUpoBaHue (Apyroi BapuaHT, bosiee cBolicTBeHHbIH Unix-cuctemam
- MHOrOmnpoliecCHOe NporpaMMUpOBaHue - 3[eCh He paccMaTpuBaetcs). B
00bIYHOM (OJHOMOTOYHOM) TMporpaMme JIeCTByeT BCEro OJUH [10TOK
yIpaBJieHusl, a B MHOTOMIOTOYHOUN OJIHOBPEMEHHO MOTYT paboTaTh HECKOJILKO
TIOTOKOB.

[MapannensHoe TmiporpaMMupoBaHue TpebyeT TIATENbHOH  OTpabOTKU
B3aUMO/IEUCTBUSI MeXK/ly MOTOKaMHU yripaBjieHus.. HeKoTopble ydacTKu Kofia
HeoOXOMUMO OrpakaThb OT OJHOBPEMEHHOrO WCIIO/Ib30BaHUS  IByMsI
pa3IUUHBIMU TOTOKaMU, Jabbl He HapYIMTh 1[e/I0CTHOCTh M3MeHsieMbIX
CTPYKTYP [JAHHbIX WM JIOTMKY paboThl C BHENHWMU pecypcamu. Jljs
OrpaXk/[eHUs YUaCTKOB KO/la UCIOJIb3YFOTCS 3aMKH U ceMacopbl.

CranpiaptHasi Oubsmoreka Python mnpesocTaB/isieT [IOBOJIBHO HEIJIOXOH
Habop BO3MO)KHOCTEH [/isi MHOTOMIOTOUHOI'0 MTPOrPaMMHUPOBAHKMsI B MOZY/ISIX
threading u thread, a Takke HEKOTOPbIE T10JIe3HbIE BCIIOMOraTe/IbHble
MOJYIU (Haripumep, Queue ).
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Co3paHre MpWIOKeHUW ¢ rpaduueckum HHTepdeiicoM
TI0JTb30BaTeIsl

B 3T0il nexkuuu paccmaTpuBaeTCs CO3JjaHUe TPOCTEHILero MPUI0KEHUS C
rpaduueckum uHTepdeiicom nosb3oBarens. [11s moctpoeHus uHTepdeiica He
TIPUMEHSIIOTCST  BU3ya/ibHble cpeAcTBa (‘mocTtpoutend wuHTtepdeiica”), a
WCII0/Ib3YOTCS BO3MOXKHOCTH rpaduueckoii 6ubnmvoreku Bumpketos (Tk).

O630p rpaduueckux OMOIMOTEK

Crpoutsb rpaduueckuii uHTepdeiic nosnb3oBatens (GUI, G raphical U ser I
nterface) a1 nporpaMmMm  Ha s3bike Python MOXHO 1pU  MOMOIIM
COOTBETCTBYIOIMX OUOIMOTEK KOMIIOHEHTOB rpaduueckoro uHTepdeiica
WJIK, UCTI0JIb3Ysl KaTbKy C aHIIMHCKOTro, OUBIMOTeK BU/KETOB.

Cneayroolpii CIIUCOK JlaJiekD He T0JI0H, HO OTpakaeT MHoOroobpasue
CYLLECTBYIOLLMX PeLLeHU;

¢ Tkinter MHorommarGopMeHHbIN NaKeT UMEeT XOpoLlee YIipaB/ieHue
pacriosioKeHreM KOMIoHeHTOB. MHTepdelic BHIMISAUT OQUHAKOBO Ha
pa3nuuHbiX T1uiarhopmax (Unix, Windows, Macintosh). Bxogut B
CTaH/lapTHYt0 1octaBky Python. B kauecTBe [10KyMeHTallud MOXHO
UCroab30BaTh pykoBoacTBo "An Introduction to Tkinter" ("BBenenuve B
Tkinter"), HalucaHHoe ®pepukoM Jlynaom: CChLJIKa:
http//www.pythonware.comvlibrary/tkinter/introduction/

e wxPython TIloctpoen Ha MHororyiaThopmHoln  6Gubuoreke
wxWidgets (paHblile Ha3biBanack wxWindows). BeIIsiIUT poAHbIM 115t
Bcex maatopM, aKTUBHO COBEpILEHCTBYETCS,  OCYLeCTBJIeHa
nogaepxkka GL. meetcs s Bcex ocHOBHBIX ruiatopm. Bo3morkHo,
saiimer mecto Tkinter B Oynyumx Bepcusix Python. CaMT: cchblika:
http//www.wxpython.org/

¢ PyGTK Habop Bu3syanbHbiXx kKomrioHeHTOB i GTK+ u Gnome.
Tonbko ayig nnatdopmsl GTK.

¢ PyQT/PyKDE Xopolme MakeTbl Ajs TeX, KTO ucnosb3dyer Qt (mof
UNIX umu Windows) unu KDE.

¢ Pythonwin IloctpoeH Bokpyr MFC, rmocraB/siercsi BMecTe C
obonoukoli B nakere win32all; Tosibko a1 Windows.

e pyFLTK Amnanor Xforms, noggepxka OpenGL. Wmeercs s
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riatdopm Windows 1 Unix. Caiit: cebinka: http://pyfltk.sourceforge.net/

e AWT, JFC, Swing IlocraBnisiercsi BMectTe ¢ Jython, a gnsi Jython
JOCTYIHbI CpeJCTBa, KOTOpble wucrnosb3yer Java. IlognepskuBaer
riatdopmy Java.

¢ anygui He3zaBUCHMMBIM OT HUKesexalled naaTGopMbl TakeT s
rnocrpoeHus rpaduueckoro uHTepdeiica Ans nporpamMm Ha Python.
CaiiT: ccbuika: httpz//anygui.sourceforge.net/

¢ PythonCard Iocrpoutens rpadrueckoro uHTepdeca, CXoAHbIU 110
uneonioruu ¢ HyperCard/MetaCard. Pa3paboran Ha 0a3e wxPython.
Caiit: cobuika: http/pythoncard.sourceforge.net/

CHNUCOK aKTya/lbHbIX CCbLJIOK Ha Ppas3/iduHble rpaduueckue OubIMOTEKH,
nocryrnHbele U3 Python, MoxHO HaliTU 10 CiieayloleMy azipecy: CChUIKA:
http://phaseit.net/claird/comp.lang.python/python_GUI.html

bubnuorekn wmoryr ObiTh MHOroypoBHeBbimMu. Haripumep, PythonCard
ucrionb3yer wxPython, kotopblii, ckakem, Ha ruiatdopme Linux Gasupyercs
Ha mHoronatdopmHor GUI-6ubnnoreke wxWindows, KoTopas, B CBOIO
ouepe/ib, basupyercst Ha GTK+ uiu Ha Motif, a Te - ToXKe UCNOJIB3YIOT 1Sl
BbiBOZa X Window. Kcrartu, anst Motif B Python rimeroTcsi cBou rpuBsi3Ki.

B nexuuu Gyger paccMaTpyBaThes naket TKinter, KOTOPbIH MO CYTH SIBJISIETCSI
obeptkoit ans Tcl/Tk - u3BecTHOro rpaduueckoro nakera jyis CLieHapHOIO
s3biKa Tcl. Ha mpumepe 3TOro nakera jierko U3y4yuTb OCHOBHBIE TIPUHLIMITBI
rnocrpoeHus rpaduueckoro UHTepdeiica roJjib3oBarTeJis.

O rpadurueckom uHTepdetice

[Moutu Bce coBpemeHHble rpaduueckue uHTepdeiickl 001Iero Ha3HaYeHUsl
crpositca o mogend WIMP - Window, Icon, Menu, Pointer (0OKHO, MKOHKa,
MEeHI0, VyKaszaTe/ib). BHYTpU OKOH pUCYIOTCS 3J1eMeHThl TIpaduueckoro
uHTepdeiica, KOTOpbIe J/Isl KPAaTKOCTH OyIyT Ha3bIBaThCS BU/pKeTaMu (widget
- wrydyka). MeHI0O MOryT pacriojiaraTbCsi B pas3/IMUHbIX UacTSX OKHA, HO UX
MOBe/IeHUe JIOCTaTOYHO OJIHOTUITHO: OHU CJIYXKAT Ji/isi BbiOOpa JielCTBuUs U3
Habopa nipejoripe/ie/ieHHbIX  JeicTBUM. [losib3oBaresib  rpaguueckoro
uHTepdeiica "oObsCHsSET" KOMITBIOTEPHOH TTporpamMme TpedyeMble 1eliCTBUS C
nomolIplo ykazatesiss. OObIYHO yKa3aTesleM CAYKUT KypcOp MbIIMA WA
JDKOMCTHKA, O[IHAKO eCThb U Apyrue "yKa3aTe/bHble" ycTpoiicTtBa. C MOMOLIBIO
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WKOHOK rpaduueckuil uHtepdeiic ripuodbperaeT HE3aBUCUMOCTD OT SI3bIKa U B
HEKOTOPbIX C/Tydasix M03B0oJIsieT ObICTpee OpUeHTUPOBAThLCS B MHTepdelice.

OcHoBHOU 3afladeid rpaduueckoro uWHTepdeiica SBISETCS YIPOIIEHUE
KOMMYHUKAI[UU MEXX[y M0Jib30BaTesieM U KomrbioTepoM. O6 3TOM crepyer
IIOCTOSIHHO [IOMHUTL IIpU TMpPOeKTUpoBaHUM UHTepdeiica. [IpumeHeHue
UMeUMXCS B Ha/IMUMU y MporpaMmucTa (Ui Ju3ailHepa) CpefiCTB IpU
co3saHuu rpaduyeckoro wuHTepdeiica HYKHO CBeCTU [0 MHHUMYMa,
BbiOMpasi Haubosee ynoOHbIe T10/Ib30BATE/I0 BU/PKETbl B KaXK/OM
KOHKpeTHOM ciyuae. Kpome Toro, T1iojie3Ho CjeJjoBaTh TPUHLUIY
HaUMEHbBIIIETO YIUBJIeHUs: U3 Gopmbl HHTepdeiica JO/PKHO ObITh TTOHATHO
ero noBegeHue. [lnoxo npopymaHHbId uHTepdelC MOPTUT OLIYLIEHUS
rnosib3oBaresiss OT Mporpammbl, Jaxe ecid 3a dacagom wuHTepdeiica
ckpbiBaetcst 3dxpekTuBHBIN anroput™M. MHTepdeiic go/mkeH ObITh ynobeH s
TUINUUHBLIX [eUCTBUM To/b30Baresis. [lns MHOrMX TMpUIOKeHUM Takue
eUCTBUSL BbIJIeJIeHbl B OT/Ae/IbHble CepUMd JKPaHOB, Ha3blBaeMble
"mMacTepamu" (wizards). OHaKko ec/id MpUJIo)KeHUe - CKopee KOHCTPYKTOP, U3
KOTOPOrO 110/1b30BaTe/Ib MOXKeT CTPOUTb HY)KHbIe €My pelleHus, TUITUYHbIM
JeliCTBHeM SBJISIETCSI UMMEHHO I[0CTpoeHUe peuleHus. OrnipeesUuTh
TUTHAYHbIE [JeMCTBUSI HE BCer/ia JIETKO, [03TOMY KOMITPOMHCCOM MOXET ObIThb
rubpuj, B KOTOPOM ecThb "Mmacrepa" W XOpOLMEe BO3MOXKHOCTH JIIs
cobcTBeHHBIX TocTpoeHuil. Tem He MeHee, rpaduueckuii uHTepdeiic He
ABJIITCS CaMbIM 3(eKTUBHBIM UHTep(eiicoM BO BCeX cydasix. [as MHOTHX
npeMeTHbIX 00J1acTell pelieHKe Tpolle BbIPa3UTh C TTOMOIIBIO JieKiapaljuii
Ha HeKOTOpoM (OPMaJIbHOM s3blKe UJIU a/IFOPUTMA Ha CLIeHapHOM Si3bIKe.

OcuoBsl Tk

OcHoBHasi 4yepTa JioOOW mporpamMmbl C rpaduueckuM uHTepdeiicom -
VHTepaKTUBHOCTb. [IporpamMma He MPOCTO UYTO-TO CUMTaeT (B IAaKeTHOM
pexriMe) OT Hauajia CBOEro 3arycka /10 KOHL|a: ee [eHCTBUSI 3aBUCSIT OT
BMeLLIATe/IbCTBA TO/b30BaTessl. PakThuueckd, rpaduueckoe TPUJIOKEHUE
BLINO/IHAET OeckoHeuHblM LMKI 00paboTku  cobbiThii. [Iporpamma,
peanu3yroias rpaduueckdii uHTepdeiic, codbITHIHO-OpHeHTHpoBaHa. OHa
XIeT oT unTepdeiica cobbITUM, KOTOPbIe U 0OpabaTbiBaeT CO0Opa3HO CBOEMY
BHYTPEHHEMY COCTOSIHUIO.

Ot COOLITUSI BO3HMKAKOT B 37eMeHTax rpaduueckoro wuHTepdeiica

(Bumkerax) ¥ 00pabaThbIBAlOTCS TPUKPEIVIEHHBIMA K 3THUM BUDKETaM
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OGDHGOTHHKEIMH. Camu BH/KeThbl HMEHT MHOIOUMC/IEHHbIE CBOMCTBaA (UlBET,
pa3smep, paCHOﬂO)KEHHE), BbICTPAUBAKOTCH B HepapXUk IIPpHHAI/1eKHOCTH
(OIUH BU/PKET MOXKET ObITh X039MHOM JPYroro), UMeT MeTO/bI JJis1 I0CTyIa
K CBOEMY COCTOSAHHIO.

PacrnosioxkeHueM BU/DKETOB (BHYTPU JIPYrUX BHU/DKETOB) BeJalOT Tak
HasbIBaeMble MeHe/PKepbl pacriojioKeHus.. BU/DKeT yCTaHaB/IMBaeTCs Ha
MECTO [0 TpaBu/jiaM MeHe/pKepa pacrio/ioKeHUs. OTH [paBUjla MOTYT
orpe/iesisiTb He TOJIbKO KOOPJAWHATHI BU/KeTa, HO W ero pasmepbl. B Tk
UMEIOTCSI TPU THUIA MEHEe/PKePOB PAaCIOJIOKeHHUsl: TMPOCTON YIaKOBIIMK
(pack), cetka (grid) u rnpou3BoLHOE pacrosioxeHue (place).

Ho 3Toro st pabotbl rpadwmiueckoii mporpaMmbl HeJJOCTaTOUYHO. [1eio B TOM,
UYTO HEKOTOpble BU/PKETbl B rpaduueckoli mporpaMme [JO/DKHbI ObITb
B3aMMOCBsI3aHbl OMpe/e/ieHHbIM 0Opa3oM. Haripumep, mosiocka mpoKpYyTKd
MOXXeT ObITb B3aUMOCBsI3aHa C TEKCTOBLIM BHKETOM: MIPU UCI0JIb30BAHUU
MOJIOCKA TEKCT B BUJPKETe J[IOJDKeH [IBUraThCs, W HA000pOT, mMpu
repeMereHUH 10 TeKCTY MOJI0CKa JO/DKHA MOKa3bIBAaTh TEKYILEe MOoJI0KeHHe.
Nnsi cBsizu Mexy BupkeTamu B TK MCOJB3YIOTCS TepeMeHHble, uepes
KOTOpbIE BU/PKETbI U TIepefiatoT APYr APYry rapaMmeTphbl.

Kraccel BUmxeToB

Inst moctpoenus rpaduueckoro uHTepdeiica B 6ubmmoreke Tk orobpaHbI
c/ieyrole K1acckl BU/DKeTOB (B a/1haBUTHOM IOpPSi/IKe):

¢ Button (KHonka) Ilpoctas KHOMKa [yis BbI30Ba HEKOTOPbIX
JleCTBUI (BBITIOJIHEHUS ONpe/ie/IeHHOM KOMaH/ Ibl).

¢ Canvas (Pucynok) OcHoBa jjis BbIBOJA rpaduuecKux MpUMUTUBOB.

¢ Checkbutton (®naxok) KHorka, koTopas yMmeeT IepeKIHuaThCs
MeX/1y AByMsl COCTOSTHUSIMU TIPY Ha»KaTUU Ha Hee.

e Entry (Ilone BBoma) [opu3oHTa/NLHOE T10/ie, B KOTOPOE MOXKHO
BBECTH CTPOKY TEKCTa.

e Frame (Pamka) Bu/pker, KoTOpbl cofepkuT B cebe jpyrue
BU3ya/lbHble KOMITOHEHTHI.

¢ Label (Hagnuce) Bupker MOXKeT [0Ka3blBaTb TEKCT WU
rpadmueckoe n3obpaxkeHue.
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Listbox (Cnucok) [IpsiMoyrosibHasi paMKa co CITUCKOM, U3 KOTOPOIro
T10/1b30BaTe/Ib MOXKET BbIZIEJTUTh OIMH UK HECKDJILKO 3/1EMEHTOB.
Menu (MeHI) 3D/iIeMeHT, C MOMOLIBK KOTOPOr0 MOXXHO CO3/aBaTh
BCIUIbIBaOIMe (popup) U HUcnajatonme (pulldown) meHto.
Menubutton (KHonka-MeHr) KHOMKa ¢ HUCNA[AIOMM MeHH0.
Message (CoobuieHue) AHAJIOIMYHO HAAMUCH, HO [03BOJISIET
3aBOpauMBaTh [IMHHbIE CTPOKA M MEHSThb pa3Mmep Mo TpebOOBaHUIO
MeHe/pKepa PacIioyioKeHusl.

Radiobutton (CenekropHas kHOnkKa) KHorika jjisi npeacTaB/ieHust
O/IHOTO U3 a/JIkTePHATUBHBIX 3HaueHWU. Takue KHOIKU, KakK MPaBUIIO,
JeiictByer B rpymre. [Ipy HaKaTUM Ha OHY U3 HUX KHOTIKA IPYIIIIbI,
BbIOpaHHas paHee, "0TCKaKUBaeT".

Scale (lllkana) CayKuT st 3aJjaHUsi YMC/IOBOTO 3HAYEHUsl MyTeM
repeMellieHUs1 IBU)KKA B OTIPeie/IeHHOM Jiara3oHe.

Scrollbar (Ilonoca npokpyrku) Ilosoca MpPOKPYTKU CIAYKUT AJist
0TOOpaKeHUs1 BEeJIMUUHBI TMPOKPYTKU B JIPYrUX BUDKeTax. MoxkeT
ObITh KaK BePTUKa/IbHOU, TaK U TOPU30HTA/IbHOM.

Text (dPopmMaTUPOBAHHBLIA TEKCT) OTOT IPSIMOYIOJbHBIM BUDKET
103BOJIIET  peAakTUpoBaTb U (opmMaTUpoBaTh  TEKCT  C
UCII0/Ib30BaHUEeM pa3/IMUHbIX CTUJIeW, BHEJPATb B TEKCT PUCYHKH U
JlaKe OKHa.

Toplevel (OkHo BepxHero ypoBHsi) Iloka3biBaeTcsi KakK OT/ie/IbHOe
OKHO U COfIEP>KUT BHYTPU JIPyre BU/PKEThI.

Bce 3T K1acchl He UMEKOT OTHOIEHUN Hac/ej0BAHUS JIPYT C JPYIOM - OHU
paBHOMNpaBHbI. JDTOT HAabOp [JOCTaTOuYeH Jyisi TIOCTPOeHUs WHTepdeiica B
OOJIBIIIMHCTBE C/Ty4aes.

CoOpITHs

B cucreme coBpemeHHoro rpaguueckoro uHTepdeiica UMeeTcst BO3MOXXHOCTb
OTC/IE)KUBATDh pa3/iiuHble COObITUSI, CBsI3aHHbIE C KIaBUATYPOW U MbIIILIO, U
rpoucxojisiipie Ha '‘repputopuu’ Toro wiau uHoro Bumkera. B Tk cobbiTus
OIUCBHIBAIOTCSA B BUJIE TEKCTOBOM CTPOKM - 11Ia0/I0HA COOBITHS, COCTOSIIETO
U3 Tpex »3JIeMeHTOB (MoAW(MKAaTOpbl, TUM COOLITUST W JleTaju3alus
coObITHUS).
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Tun cobeiTus Copepxanue cobbITUS
Activate AKTHUBM3aL|1s OKHA
ButtonPress HakaTye KHOMKU MbILLH

ButtonRelease OTKaThe KHOIIKU MbIIIM

Deactivate JleakTuBalus OKHa

Destroy 3akpbITHe OKHA

Enter BxoxxieHue Kypcopa B 1npeje/bl BU/pKeTa
FocusIn [Tonyuenue pokyca OKHOM

FocusOut [Toteps okyca 0OKHOM

KeyPress HakaTue ki1aBuilM Ha K1aBuartype
KeyRelease OTxKaTue KI1aBUILIM Ha K/1aBHaType
Leave Brixos Kypcopa 3a nipejie/nisl BUpKeTa
Motion [BuKeHue MBI B rpejiesiax BUHKeTa
MouseWheel ITpokpyTKa KoJjlecuKa MbILI
Reparent W3meHeHue poauTesisi OKHa
Visibility N3meHeHWe BUAMMOCTH OKHa

[Mpumepbl OrucaHuii COOLITUI CTPOKAMH W HEKOTOPble Ha3BaHWs KIaBUIII
TIpUBE/IEHbI HUXKeE:

"<ButtonPress-3>" WM npocto "<3>" - LeIYOK MPaBOM KHOMKHU
MBI (TO eCTb, TPEThEHM, eC/IM CUUTATh Ha TPEXKHOIOUYHOM MBI CJieBa-
HaripaBo). "<Shift-Double-Button-1>" - [OBOWHOW LIETYOK
MbILILKO (JIeBOM KHOMKOM) € HakaTtol KHonkod Shift. B kauectBe
MOAU(UKATOPOB  MOryT ObITh  WCIO/b30BaHbl  CJieAytolpe  (CIUCOK
HEeMOJ/IHbIN ):

Control, Shift, Lock,
Buttonl-Button5 unu B1-B5,
Meta, Alt, Double, Triple.

[MpocTo cumBO/ 0603HaUYaeT cobbITUE - HAXKaTHe KiaBuiiM. Haripumep, " k"
- TOXe, uT0 "<KeyPress-k>". Jlna Hean(paBUTHO-[U(DPOBLIX KIaBHIII
€CTb CIieljda/ibHble Ha3BaHUsI:
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Cancel, BackSpace, Tab, Return, Shift_L, Control_L, Alt L,
Pause, Caps_Lock, Escape, Prior, Next, End, Home, Letft,
Up, Right, Down, Print, Insert, Delete, F1, F2, F3, F4, F5, F6, F7,
F8, F9, F10, F11, F12, Num_Lock, Scroll_Lock, space, less

3meck <space> obo3Hauaer npoben, a <less> - 3HaK MeHblLe. <Left>,
<Right>, <Up>, <Down> - CTpeNKU. <Prior>, <Next> - 910 PageUp
u PageDown. OcranbHble K1aBULM 0Oosiee WM MeHee COOTBETCTBYIOT
Ha/IIMUCSAM Ha CTaHJapTHOU KlaBuarype.

[MpumeuaHue:

Cnepyer 3ameruth, yto Shift L, B oTaMuMe oT Shift, Hembss
WCI0/Ib30BaTh KaK MOAU(UKATOP.

B KOHKpeTHOM cpeje KOMOMHAL[MM, O3HAUAKOIME UTO-TO 0CODeHHOe B
cucTeMe, MOIYT He JOUTM [0 rpaduueckoro npuiokenus. Hanpumep,
usBecTtHbId BceM Ctrl-Alt-Del.

CJ"[E,[[}:‘I-OLU,&H rnporpamMMa TI103BOJIA€T I[1€4aTaTb HallpaBJ/ideMble BUJKETY
COGI::ITHH, B YaCTHOCTH - keysym, d TakKe daHa/JIM3HpOoBaTh, KdK pd3/IHYHbIE
KMaBHIIH MOXHO IIpeACTaBUTh B ab/10He COOBITHUS:

from Tkinter import *
tk = Tk() # OCHOBHOE OKHO MPUJIOXKEHU s
txt = Text(tk) # TekCTOBbIN BUJKeT, TpUHaJIeKal i okHY tk
txt.pack()  # pacnonaraercst meHe/pKepoM pack

# dyHKLMsA 00pabOTKU CODOBLITUS
def event_info(event):
txt.delete("1.0", END) # ynansiercst ¢ Hauasia /10 KOHL|a TeKCTa
for k in dir(event):  # uuki 1o atpubyram cobbITHS
ifk[0] !="_" # Depyrcs TOJILKO Hec/TyKeOHbIe aTpubyThI
# roToBUTCA ornucaHue aTpubyra coObITHS
ev = "%]15s: %s\n" % (k, repr(getattr(event, k)))
txt.insert(END, ev) # nobaB/isieTcsi B KOHel] TeKCTa

# npuBsi3bIBaeTCs BUIPKeTY txt dyHKums event_info s 06paboTku
# coorBercTBYIOLMX 11a0/10HY <KeyPress>

txt.bind("<KeyPress>", event_info)
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tk.mainloop() # maBHBIM LUK 00pabOTKU COOLITUH
[Npu HakaTuu K1aBULM ESC B OKHe MOXXHO YBU/IETb IPUMEPHO CJle/lyolLLiee:

char: "x1b'
delta: 9
height: 0
keycode: 9
keysym: 'Escape’
keysym_num: 65307
num: 9
send_event: False
serial: 159
state: 0
time: -1072960858
type: '2'
widget: <Tkinter. Text instance at 0x401e268c>
width: 0
x: 83
X_root: 448
y: 44
y_root: 306

Cnenyet 0ObICHUTL HEKOTOPbIE U3 ITUX aTPUOYTOB:

char Haxarblii CHMBOJI (/1/11 HEKOTOPBIX COOBITHH - ?7?)

height, width BsicoTa u umpuHa.

focus Beunmm B MOMeHT coObITUS (POKYC Y OKHA?

keycode Koa cumBoJia (CKaH-KO/1 K1aBUATypbl).

keysym CUMBOIMYECKOe UMsl KJIaBUILIA.

serial CepuiiHblli HOMep COOLITHS. YBeIMUHMBAETCA [0 Mepe
BO3HUKHOBEHUS COObITHA.

t ime Bpems BO3HUKHOBeHHs cOObITHs. Bce Bpemsi yBe/IMuUMBaeTCsl.
widget BUIKET, B KOTOPOM BO3HHUK/IO CODOBITHE.

%, v KoopauHatel yka3aresisi B BUpKeTe BO BpeMsi COObITHSI.

x root, y root KoopguHarbl yka3aTels Ha 5KpaHe BO BpeMsi
COOBITHSL.

B nipuHIue, coceMm Heobs3aTe/IbHO, UYTOObI COOBITHS 00pabaTkiBal TOT XKe
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BU/PKET, KOTOPBIM UX IepBHUUHO NpuHsii. Haripumep, MOXXHO nepeHaripaBUTh
Bce COObITHSI BHYTPU [MOJUMHEHHBIX BU/DKETOB Ha JAHHBIA BU/PKET C
nomouplo Meroga grab set () ( grab release () ocBoboXzaeT
BUJDKET OT 3TON 00si3aHHOCTH). B TK CyIleCTBYIOT M JIpyrie BO3MOXKHOCTH
yrpaBJieHUst COObITHUSIMU, KOTOPbIE MOYKHO U3YUMTh 10 JIOKYMEHTal[1 K.

Co3panue ¥ KOH(QUTypUpOBaHUe BUJ)KETa

Co3paHue BU/PKeTa MPOUCXOAUT BHI30BOM KOHCTPYKTOpPA COOTBETCTBYHOLLIETO
K1acca. BeI30B KOHCTPYKTOPa UMeeT CIIe/yIOLMi CUHTaKCUC:

Widget([master[, option=value, ...]])

3neck Widget - KjlacC BU/DKeTa, master - BUIDKeT-X038UH, option U
value - KOHQUIYpalMOHHAs1 OTLIUS U ee 3HaueHue (TaKuUX rap MOXKeT ObITh
HECKO/TbKO).

Kakzplii BU/DKET KMMeeT CBOMCTBA, KOTOpPble MOXXHO YCTaHaB/IHMBaTh
(koH(UryprpoBaTh) € TOMOLBLK — MeTogoB  config () (v
configure () ) X uUMTaTh C MOMOIBID METOOB, TOAOOHBIX MeToaM
paboTbl co ciioBapsimu. Huyke mpuBe/ileH BO3MOXKHbBIM CHHTAKCUC JIIsl
paboThbl CO CBOMCTBAMU:

widget.config(option=value, ...)
widget["option"] = value
value = widget["option"]
widget.keys()

B ciyuae, xorga MMsi CBOMCTBAa COBMAajaeT C KIIOUEBLIM C/I0BOM si3blKa
Python, nmpuHATO KCI0/IL30BATH N10C/Ie UMEHU OAUHOUYHOE IOAYepKUBaHKe,
Tak, cBOWCTBO class HYKHO 3aJlaBaTh Kak class ,atoKak to .

W3meHsiTb KOHGUIYpallMI0 BU/PKETa MOXKHO B /11000l MOMeHT. ITo
W3MeHeHHe TPOPUCYeTCsl Ha dKPaHe M0 BO3BPALEHUU B IIUKI 00paboTKu
COOBLITUI WU NPU SIBHOM BbI30Be update idletasks ().

Cneayolumii rpuMep IOKa3biBaeT OKHO C JIByMSl BU/PKETaMW BHYTPU -
noJsieM BBO/Ia U HaAMUcbio. C MOMOLIBIO MTepeMeHHON HaJITUCh HarlpsiMyto
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CBfA3dHa C 11o1eM BBO/a. 3TOT I[pUMep HapO4YHO HCII0/1b3YeT OYeHb MHOI'O

CBOWCTB, 4TOOBI MPOJEMOHCTPUPOBATh
KOH(UTYPUPOBAHUIO:

from Tkinter import *

tk = Tk()

tv = StringVar()

Label(tk,
textvariable=tv,
relief="groove",
borderwidth=3,
font=("Courier", 20, "bold"),
justify=LEFT,
width=50,
padx=10,
pady=20,
takefocus=False,
).pack()

Entry(tk,
textvariable=tv,
takefocus=True,
)-pack()

tv.set("123")

tk.mainloop()

B pesy/nsrare Ha 3KpaHe MOXKHO YBU/IETh:

123

[123

BO3MOXHOCTH 1o

BupkeTbl KOH(GUIYPUPYIOTCSI MIPSIMO TIPU CO3/jaHUU. bosiee TOro, BU/KeTbI
He CBS3bIBAKOTCA C MMEHAMW, MX TOJIbKO pacrojiaraldT BHYTPU BH/KETa-
OokHa. B jaHHOM mMpuMepe WCIOb30BaHbl CBOWCTBA textvariable
(rekcroBasi repeMeHHast), relief (penbed), borderwidth (UMpUHa
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rpaHulibl), justify (BelpaBHUBaHUe), width (umMpuHa, B 3HAKOMeECTax),
padx ¥ pady (IpoC/IoiKa B MUKCESIX MeXY COfep>XUMBIM U TPaHULIaMU
BupKera), takefocus (BO3MOXKHOCTL TPUHATL (POKYC TMPU HaKaTUU
knaeuum Tab), font (wpudr, oguH U3 crocoboB ero 3azaHus). OTH
CBOMCTBA [JJOCTAaTOYHO TUIIMYHbI [UIsi MHOTUX BU/DKETOB, XOTSl WMHOIZA
e[IMHULIbl U3MePeHUsl MOTYT OT/IMUaThCS, HallpUmep, Ui BUpketa Canvas
LIMPUHA 3a/1aeTCsl B ITUKCeJIsIX, a He B 3HAKOMeCTax.

B cnenytoiiem rnpuMepe JIeMOHCTPUPYIOTCS BO3MOXKHOCTU T10 Ha3HAUEHUIO
1iBeTOB (PoHY, IepesiHeMy IJIaHy (TEKCTY), Bbl/le/IeHUI0 BUDKeTa (T10/CBeTKa
rPaHUL{bI) B aKTHBHOM COCTOSIHUM U MPU OTCYTCTBUM (PoKyca:

from Tkinter import *

tk = Tk()

tv = StringVar()

Entry(tk,
textvariable=tv,
takefocus=True,
borderwidth=10,
)-pack()

mycolorl = "#%02X%02X%02X" % (200, 200, 20)

Entry(tk,
textvariable=ty,
takefocus=True,
borderwidth=10,

foreground=mycolor1, # fg, TekcT BUDKETA
background="#0000FF", # bg, doH BUKeTa
highlightcolor="green’, # noaceeTKa rpu (pokyce
highlightbackground="red', # nopceerka 6e3 okyca
).pack()

tv.set("123")

tk.mainloop()

=[B]X]
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[Tpu >xelaHWK MOXKHO 3a/laTh CTUJIEBbIE OILIMU /ISl BCeX BU/DKETOB Cpasy: C
nomolupto Metoga tk setPalette (). IIoMMMO UCIO/IB30BAHHBIX BbILLIR
CBOMCTB B 3TOM MeTO[e MOXHO UCIMO0JIb30BaTh selectForeground U
selectBackground (nepegHud I1wuiaH W (OH  BbljieJIeHUS),
selectColor (yBer B BbIOpaHHOM COCTOSHUM, Harpumep, Y
Checkbutton ), insertBackground (JBeT TOUKA BCTaBKU) U
HEeKOTOpbIe JIpyrue.

[Ipumeuanue:

[MonyunTh 3HAYEHUE U3 M0JIsi BBOAA MOXKHO U TIPU IMOMOILM MeTofa get ().
Harnpumep, e Ha3BaThb O0BEKT Kjlacca Entry MMeHeM e, TOIYYdTb
3HaUeHUe MOXKHO Tak: e . get (). IIpaBja, 3TOT MeToq He 00/1a/laeT TOM XKe
rUOKOCTBIO, UTO MeToJ, get () 3K3eMIUIAPOB K1acca Ajisi (opMaTUPOBAHHOTO
TEKCTa Tex t: MOXKHO B3STh TOJILKO BCE 3HAUEHHE 1[€/TUKOM.

Bumket popMaripoBaHHOTO TeKCTa

Anst Toro uToOBI MOKa3aTh paboTy C HETPUBUAJILHBIM BU/PKETOM, MOXXHO
B3iTb BU/PKeT ScrolledText W3 ogHOMMeHHOro mopyas Python. Ortot
BU/DKET aHa/IOrM4yeH paMke C (hopMaTUPOBAHHBIM TEKCTOM W BEepPTUKA/IbHOM
10JI0COM MPOKPYTKHU:

from Tkinter import *
from ScrolledText import Scrolled Text

tk = Tk() # OKHO BepXHEero ypoBHsl
txt = ScrolledText(tk)  # BU/PKeT TeKcTa C IPOKPYTKOU
txt.pack() # BU/DKeT pasMelaeTcst

for x inrange(1, 1024): # BU/PKeT HATlOJHAETCS TEKCTOBBIM COJIEf
txt.insert(END, str(2L**x)+"n")

tk.mainloop()
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tk

231584178474632390847141970017375815706539969331281128078915168015826259279872

463168356949264781694283940034751631413079938662562256157830336031652518559744

926336713898529563388567880069503262826159877325124512315660672063305037119488

1852673427797059126777135760139006525652319754650249024631321344126610074238976
37053468555941182535542715202780130513046395093004980492626426882532201484 77952
7410693711188236507108543040556026102609279018600996098525285376506440296955904
14821387422376473014217086081112052205218558037201992197050570753012880593911808
29642774844752946028434172162224104410437116074403984394101141506025761187823616
59285549689505892056868344324448208820874232148807968788202283012051522375647232
11857109937901178411373668864880641764174846429761593757640456602410304475129446

33714219375302356322?47337729779233523349692859523187515280913204320603950253392
37423439751604713645494615459558561056699385719046375D30561826409641217900517785
3435637950320942?290939350919117134113398771438092750061123552319232435301035571
%8971375900641885458197870133823426822619754287618550012224?3956385648?160207114
§$942?51301233??0916395?403676463536453595085?523?100024449451127712974320414223
§§885503602567541832?91480735293TUT29U119017150474200048898922255425948640828456

115792089237316195423570985008687907853269984665640564039457584007913129639936 |

o

Terepb  cleyeT pacCMOTPeTb METOAbl W CBOWCTBA BHU/DKETa
(hopmaTpoBaHHBIM TeKCTOM Gosiee noapobHo.

Ins HaBurayuu B Tekcte B Tk mpegycmMoTpeHbl CrieljUa/ibHble WH/EKChI.
Wnpexcst Bpoge 1.0 u END yKe BCTpeuaMch - 3TO Hadaslo TeKcTa (rnepBas
CTPOKa, Hy1eBod cumBoj) U ero koHel]. (B Tk cTpoku HymepyroTcsi €
e[IMHULIbl, 8 CUMBOJIbI CTPOKH - C HY/s1). Bosiee mosHbIN CITUCOK MH/IEKCOB:

L.C 3pecs L - HOMep CTPOKH, a C - HOMep CUMBOJIa B CTPOKe.
INSERT Touka BCTaBKu.

CURRENT CuUMBOJI, OJIMKAH I K KYpCOPY MBILLMA.,

END [lo3uuust cpasy 3a nNocjie[HUM CUMBOJIOM B TEKCTe

M yuacTKa Tekcra.

M.first, M.last MHjaeKcsl Hauasa U KOHLA TIOMEUeHHOro Terom

e SEL FIRST, SEL LAST MHjeKcbl Hauaaa U KOHLA BbI/IeJIEHHOIO

TeKCTa.

¢ M [Nonk3oBaTesib MOXKET OrpezensiTh CBOM UMEHOBaHHbIe MO3ULIUU B
Tekcre (aHajioriyHOo END, INSERT wau CURRENT ). Ilpu
pe/laKTUPOBAHUM TEKCTa MapKepbl OYYT CAABUTAThCS C 3a/IaHHBIMU 1151

HUX [MTpaBH/IaMH.

e @x, vy CUMBOJ TeKCTa, O/MXKAUIIMI K TOUKE C KOOPAWHATAMM X, .
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Crneayroupii npumep nokasbiBaeT, Kak CHabauTb GOpMaTUPOBAHHBIA TEKCT
TUIePTEKCTOBbIMUA BO3MOYKHOCTSMMU:

from Tkinter import *
import urllib
tk = Tk()
txt = Text(tk, width=64) # none ¢ TekcTom
txt.grid(row=0, column=0, rowspan=2)
addr=Text(tk, background="White", width=64, height=1) # nosie aaf
addr.grid(row=0, column=1)
page=Text(tk, background="White", width=64) # nose ¢ html-kogowv
page.grid(row=1, column=1)

def fetch_url(event):

click_point = "@%s,%s" % (event.x, event.y)

trs = txt.tag_ranges("href") # cnimcok obacreit TekcTa, OTMEUEHH]

url=""

# onpeiessieTCs, Ha KakOW y4aCTOK MPULLIJICS LIe/TY0K MbILLIH, U

# coorBercrBytoumii emy URL

for iin range(0, len(trs), 2):

if txt.compare(trs[i], "<=", click_point) and \

txt.compare(click_point, "<=", trs[i+1]):
url = txt.get(trs[i], trs[i+1])

html_doc = urllib.urlopen(url).read()

addr.delete("1.0", END)

addr.insert("1.0", url) # URL nomellgercs B roJsie ajpeca

page.delete("1.0", END)

page.insert("1.0", html_doc) # nokaseiBaercs HTML-a0KymeHT

textfrags = ["Python main site: ", "http//www.python.org",
"\nJython site: ", "http//www.jython.org",
"\nThat is all!"]
for frag in textfrags:
if frag.startswith("http:"):
txt.insert(END, frag, "href") # URL nomelaercsi B TEKCT C METKOI
else:
txt.insert(END, frag) # dbparmMeHT NoMeL@eTCs B TEKCT

# CCBIJIKM OTMEUaroTCcs nogyepkiBaHueM U CHHHUM LIBETOM
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txt.tag_config("href", foreground="Blue", underline=1)
# npu 1Lie/TUKe MBIILM Ha TeKCTe, OTMedueHHOM Kak "href",
# cnenyer BeI3bIBaTH fetch_url()
txt.tag_bind("href", "<1>", fetch_url)

tk.mainloop() # 3anycKaeTcst LUK COOBITHM

B pesynbrare (10c/ie Ha)KaTHsi Ha TUTIEPCChUTKY) MOXKHO YBU/IETh [PUMEPHO
CiefyrolLee:

http: //ww. python. org

Python main site: http://vwy python org

Jython site: http //www jython org < \DOCTYPE html PUBLIC *-//W3C//DTD HIML 4.01 Transitional//EN"

That is alll *http: //www. w3 org/TR/htnld/loose. dtd" >
c;m%-su,'le:hzet hrefs"_ /cas/htZhtml css® types"text/ces"?>
<html>

¢l== THIS PAGE IS AUTOMATICALLY GENERATED DO NOT EDIT. -->
<!-- Thu Aug 12 10:20:00 2004 -->

<!-- USING HTZHTML 2.0 -->

¢l-= SEE http://htlhtnl. sf net -->

¢|-- User-specified headers:

Title: Python Programming Language

==3

<head>

<title>Python Programming Language</title>

<g§ta http-equiv="Content-Type" content="text/htal; charset=iso-
8859-1* />

<meta name="generator” content="HT2HIML/2.0" />

<meta name="keyvords"

content="Python programming language object oriented web free
source” />

<meta name="description* content="Home page for Python. an
interpreted, interactive, cbject-oriented, extensible

| programming language. It provides anm extraordinary combination

Jlnisi py/iaHKksi HEKOTOPLIM yY4aCTKaM TeKCTa 0COObIX CBOMCTB HeoBX0[uMO
UX OTMeTHUTL Terom. B JAdHHOM C/1ydae URL oTmeuaetcsa TeroM href,
[losgHee ¢ mnomoupro MeTofa tag config () 3ajawTcd CBOWCTBA
oTOOpa)keHUsl TeKCTa, OTMEYeHHOIo TakUM TeroM. MerogoMm tag bind ()
MPUBSI3bIBAETCS] HEKOTOPOE COObITHE (IIEJTYOK MBIIIM) C BbI30BOM 3aJlaHHOM
dyskumu ( fetch url () ).

B camoii gyskyuu fetch url () HYKHO B Hauajie OIpe/e/IuTh, Ha Kakou
MMEHHO Y4aCTOK TeKCTa [PULIe/ICS LIeTY0K MbIM. [ljig 3TOro ¢ IOMOLLBIO
MeToJa tag ranges () IOy4arOTCAd BCE MHTEPBaJIbl, KOTOPbIE OTMEUEHbI
kak href. [lna onpepenenus: konkperHoro URL npoBogsATcs cpaBHeHUs
(MeToaOM compare () ) TOUKM LEMUKa MbILIBIO C KXK/IbIM U3 UHTEPBAJIOB.
Tak HaxoqUTCs UHTEpBaJl, Ha KOTOPBLIM I0oMas 1ejTuoK, U C OMOLIBI0 MeToja
get () mnosydaeTcss TEKCTOBOe 3HaueHWe HalJeHHOro uHrepBana. Haiijs
URL, ero B mnoJie 3anuceiBalOTCA ajpeca, W mnoiaydaercs HTML-kon,
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coorBercTByroumi URL.

OTOT mnpUMep  TOKa3blBaeT  OCHOBHbIE  TPUHLMIBLI  paboTbl  C
(hopMaTHUPOBAaHHBIM TeKCTOM. [[pUMeHEeHHbIMU METOaMK apCeHasl BU/PKeTa
He ucueprnbiBaercsi. O [Jpyrux MeTofax U CBOMCTBAX MOXHO Y3HaTb W3

JIOKYMEHTaLUH.
MeHe1>kepbl pacoI0yKeHUst

Cneayroumii mpumep JOCTaTOYHO HawIsiieH, 4YTOObI TMOHSTb TPUHLUIIBI
paboThbl MeHeKepoB pacrioyiokeHus, uMerwonpxcs B Tk. B Tpex pamkax
MO>KHO NIPUMEHUTH pa3iMuHble MeHe/pKepbl: pack, grid u place:

from Tkinter import *
tk = Tk()

# Co3jjaeM TpU paMKu
frames = {}
b={}
forfnin1, 2, 3:
f = Frame(tk, width=100, height=200, bg="White")
f.pack(side=LEFT, fil=BOTH)
frames[fn] = f
forbnin1, 2, 3, 4: # Co31ar0TCst KHOIKH It KaXK/I0M U3 PaMOK
b[fn, bn] = Button(frames[fn], text="%s.%s" % (fn, bn))

# IlepBas pamka:

# CHauasia JiBe KHOIKM MPUKPEIUISIOTCS K JIEBOMY Kpato
b[1, 1].pack(side=LEFT, fil=BOTH, expand=1)

b[1, 2].pack(side=LEFT, fil=BOTH, expand=1)

# Elle 1Be - K HXKHeMY

b[1, 3].pack(side=BOTTOM, fill=Y)

b[1, 4].pack(side=BOTTOM, fil=-BOTH)

# Bropasi pamka:

# JIBe KHOMKU CBepxy

b[2, 1].grid(row=0, column=0, sticky=NW+SE)
b[2, 2].grid(row=0, column=1, sticky=NW+SE)
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# 1 o[jHA Ha JIBE KOJIOHKU B HU3Y
b[2, 3].grid(row=1, column=0, columnspan=2, sticky=NW+SE)

# TpeTbs paMka:

# KHonku BbicoTOM U nmpuHoi B 40% paMKu, sSIKOpb B JIEBOM Be
# KoopauHatel sikopsi 1/10 OT LMPUHBI U BLICOTHI PAMKU

b[3, 1].place(relx=0.1, rely=0.1, relwidth=0.4, relheight=0.4, anchor=
# KHorika cTporo no ueHTpy. Akops B LeHTpe KHOIKU

b[3, 2].place(relx=0.5, rely=0.5, relwidth=0.4, relheight=0.4, anchor=
# fAxkopsb 1o ueHTpy kHONKU. KoopuHarts! sikopst 9/10 oT umMpUHbI
b[3, 3].place(relx=0.9, rely=0.9, relwidth=0.4, relheight=0.4, anchor=

tk.mainloop()
Pe3ynbrar cyieytonmii:
3.1
2.1 | 2.2
1.1 1.2 —
2.3
1.4
1.3 33

MeHepkep pack TMpocTo 3arnoJiHseT BHYTPeHHee T[IPOCTPAHCTBO Ha
OCHOBaHWM TMpEANOUTEHUs] TOr0 WM WHOIO Kpasi, HeoOXoquMOoCTu
3aM0JIHATh BCe U3MepeHUe. B HEKOTOPbIX C/Iydasix eMy MPUXOAUTCS MEeHSITh
pa3Mepbl MOJUYUHEHHBIX BU/PKETOB. DTOT MeHEe/Kep CTOMT MCI0/1b30BaTh
TOJIBKO /1J151 JJOCTaTOYHO MPOCTBIX CXeM PACIOJIOKeHUsI BU/PKETOB.

Menepkep grid momelger BU/PKEThbI B KIIETKU CETKU (3TO OUeHbL [OX0XKe Ha
criocob Bepctku Tabnui, B HTML). Kakzaomy pacriojlaraéMoMy BHUIDKETY
J1al0TCsl KOOPAUHATEI B OQHOU U3 fiueek CeTKU ( row - CTpoKa, column -
crosibel]), a TakKe, €C/Id HY)KHO, CTOJIKO TOC/IeYIOLMX siueeK (B CTpOKax
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HWKEe WIM B CToJibLlaX TpaBee) CKOJIbKO OH MOXKeT 3aHsTb (CBOHCTBa
rowspan WM columnspan ). 3TO caMblii THOKUI U3 BCEX MEHE/KEPOB.

Menempkep place 1o3BosisieT pacriosiaraTb BUJDKETbI T10 TPOU3BOJILHBIM
KOOp/IMHATaM W C TIPOM3BOJIbHBIMU pa3MepamMu TMOJUUHEHHbIX BU/KETOB.
Pa3mepbl 1 KOOP/IMHATBLI MOTYT ObITh 3a/laHbl B JI0/ISIX OT pa3Mepa BU/KeTa-
XO35IMHa.

Heriocpe/icTBEHHO BHYTPU OfIHOIO BU/DKETAa Heslb3sl UCI0J/Ib30BaTh OoJiee
O/IHOT0  MeHe/pKepa pacCrOoIOXKeHUs: MEeHE/PKepPbl MOTYT — Ha0XKWUTb
MpOTUBOpeUallde OrpaHUYeHUs] Ha BJIO)KEHHbIe BUJ/DKETbl U BHYTPEHHUeE
BU/DKEThI MPOCTO HE CMOTYT ObITh PaCIiO/IOXKeHbI.

N3o06pakenus B Tkinter

CpeactBamu  TKinter MO)KHO BBIBOAUTb HE TOJIBKO TEKCT, NMPUMUTHUBHbLIE
topMmbl (Cc momorpio BupKeta Canvas), HO M PacTpOBble M300paKeHUs.
Crnenytoupii  npumep [IeMOHCTPUPYET BbIBOA, WKOHKA C PacTPOBBIM
n3o0pakeHueM ([yisi 3TOrO MpUMepa HY)KHO MpeJBapUTe/bHO YCTAaHOBUTD
nakeT Python Imaging Library, PIL):

import Tkinter, Image, ImageTk
FILENAME = "lena.jpg" # daiin ¢ rpadgmiueckum uso0bpakeHHeM

tk = Tkinter. Tk()
¢ = Tkinter.Canvas(tk, width=128, height=128)
src_img = Image.open(FILENAME)

img = ImageTk.Photolmage(src_img)
c.create_image(0, 0, image=img, anchor="nw")

c.pack()
Tkinter.Label(tk, text=FILEN AME).pack()

tk.mainloop()

B pe3synbrare nosydaeTcs:
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3/1eChk UCMO/B30BaH BUPKET-PUCYHOK ( Canvas ). C noMoupio GyHKIMN U3
naketoB Image u ImageTk u3 PIL nonydaercs obbekr-uzobpaxeHue,
rofxo/siee [yisi BKIroueHus: B pucyHok Tkinter. CBolcTBO anchor 3ajaet
yroJi, KOTopbli npusssbiBaeTcs K koopauHatam (0, 0) B pucyHke. B fanHom
npuMepe 3TO ceBepo-3anafHbiii  yron (NW - North-West). [Ipyrue
BO3MOXKHOCTH: N (ceBep), w (3ariaj), s (tor), e (BOCTOK), ne, SW, Se U C (L|eHTp).

B cnepyromem rnpumepe TmokazaHbl rpaduueckue MPUMHUTUBLI, KOTOpbIe
MO>XHO UCI0/b30BaTh Ha PUCYHKe (TIpUBe/IeHHble KOMMEHTapUH OOBCHSIOT
cBO¥iCTBA rpauueckux 00beKTOB BHYTPU BU/DKeTa-PUCYHKA):

from Tkinter import *

tk = Tk()
# Pucynok 300x300 rukceneit, ¢oH - benbiid
¢ = Canvas(tk, width=300, height=300, bg="white")

c.create_arc((5, 5, 50, 50), style=PIESLICE) # Cekrop ("KyCOK 1uf

c.create_arc((55, 5, 100, 50), style=ARC) # [lyra

c.create_arc((105, 5, 150, 50), style=CHORD, # CermeHT
start=0, extent=150, fill="blue") # ot 0 g0 150 rpaaycos

# JlomaHasi Co CTPeJIKDU Ha KOHLIe

c.create_line([(5, 55), (55, 55), (30, 95)], arrow=LAST)

# KpuBas (cria>keHHasi ioMaHast)

c.create_line([(105, 55), (155, 55), (130, 95)], smooth=1)

# MHOroyrojibHUK 3eJieHOro LjBeTa

c.create_polygon([(205, 55), (255, 55), (230, 95)], fill="green")

# OBan

c.create_oval((5, 105, 50, 120), )
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# T1psiIMOYTo/IbHUK KPAaCHOTO LiBeTa C DOJbIIoH cepoii rpaHuLieit
c.create_rectangle((105, 105, 150, 130), fill="red",
outline="grey", width="5")

# Tekcr
c.create_text((5, 205), text="Hello", anchor="nw")
# OTa TOUKa BU3yasibHO 0003HaUaeT yroJi mpuBs3Ku
c.create_oval((5, 205, 6, 206), outline="red")
# TekcT ¢ 33/1JaHHBIM BbIpaBHUBAHUEM
c.create_text((105, 205), text="Hello,\nmy friend!",

justify=LEFT, anchor="c")
c.create_oval((105, 205, 106, 206), outline="red")
# Elle o/IMH BapuaHT
c.create_text((205, 205), text="Hello,\nmy friend!",

justify=CENTER, anchor="se")
c.create_oval((205, 205, 206, 206), outline="red")

c.pack()
tk.mainloop()

B pe3synbrare paboThl 3TOM NporpaMMbl Ha SKpaHe MOSIBUTCS OKHO:

"Hello

Hello,
Hello, my friend!
my friend! p
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CrefyeT 3aMeTHTb, UTO MeTOAbl create * CO34al0T 0OLEKTHI, CBOMCTBA
KOTOPBIX MOKHO MEHSITb B Jla/IbHEMIIeM: MepeMeCcTUTb B JIPyroe MecCTo,
MepeKpacuTh, yIalIuTh, U3MEHUTh TOPSJOK U T.J. B ciexyoiem rpumepe
MO>XHO HAPHCOBATh KPY)KOK, MEHSIIOIIH LIBET T10 IIe/TUKY MBIIIIN:

from Tkinter import *
from random import choice

colors = "Red Orange Yellow Green LightBlue Blue Violet".split()
R=10

tk = Tk()
¢ = Canvas(tk, bg="White", width="4i", height=300, relief=SUNKEN
c.pack(expand=1, fill=-BOTH)

def change_ball(event):
c.coords(CURRENT, (event.x-R, event.y-R, event.x+R, event.y+R)
c.itemconfigure(CURRENT, fill=choice(colors))

oval = c.create_oval((100-R, 100-R, 100+R, 100+R), fill="Black")
c.tag_bind(oval, "<1>", change_ball)
tk.mainloop()

30eck HapuCOBaH KPYKOK paadyca R, € HHUM CBsidaHa QyHKud
change ball () Mo HaXaTHIO KHOIKW MbIlM. B ykasaHHOW (yHKUUU
3a/laHbl HOBBIE KOOPAMHATBl KPYXKKa (€ro L|eHTP PpacrojioKeH B MeCTe
e/UKA MbIIIM) W 3aTeM HW3MeHeH I[BeT C/iydallHbiM 00pa3oM MeToioM
itemconfigure (). Ter CURRENT B TKinter ucCIio/b30BaH [/is yKa3aHUs
00beKTa, KOTOPBIHM MPUHST COOLITHE.

I'padmueckoe nipunoxkeHue Ha Tkinter

Teriepb cJsieJlyeT pacCMOTpeTb HeDOJIbIOe TPUIOKEeHWe, HallMCaHHOe C
ucrnosib3oBaHueM Tkinter. B aTom nipunoxenuu Oymet 3arpyxeH (aiia c
rpaduueckum usobpaxenuvem. [Ipuioxkenue OyeT UMeTh NpocTeiilliee MeH0
File ¢ nynkramu Open u Exit, a Takke Bupker Canvas, Ha KOTOPOM W OynyT
JIeMOHCTPUPOBATLCS U300paxkeHust (orsATh noTpedyercs naket PIL):
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from Tkinter import *
import Image, ImageTk, tkFileDialog
global img, imgobj

def show():

global img, imgobj

# 3anpoc Ha ums (aitnia

filename = tkFileDialog.askopenfilename()

if filename != (): # Eciiu ums daiiia Ob110 3a/1aHO 1MOJTL30BATEIEN
# pucyercs u3obpakeHue u3 aiina
src_img = Image.open(filename)
img = ImageTk.PhotoImage(src_img)
# xoHgurypupyercsi usobpa’keHue Ha pUCYHKe
c.itemconfigure(imgobj, image=img, anchor="nw")

tk = Tk()

main_menu = Menu(tk) # hopMUpYyeTCsi MeHI0
tk.config(menu=main_menu) # MeHI0 [00aB/IAETCA K OKHY
file_menu = Menu(main_menu) # co3gaeTcs 1ogMeH
main_menu.add_ cascade(label="File", menu=file_menu)

# 3anonnsiercs meHo File

file_menu.add_command(label="Open", command=show)
file_menu.add_separator() # uepta /st OT/Ie/IeHUsI TYHKTOB MEH10
file_menu.add_command(label="Exit", command=tk.destroy)

¢ = Canvas(tk, width=300, height=300, bg="white")
# roroBUM 00beKT-1U300paKeHue Ha PUCYHKe
imgobj = c.create_image(0, 0)

c.pack()

tk.mainloop()

[Npuno>xeHue (c 3arpy)KeHHOH KapTUHKOI) OyfieT BLINIS/IeTh Tak:
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SIS

CTOMT OTMETUTb, 4YTO 3/|eCb MPULVIOCh TPUMEHUTHb JiBe [o0a/ibHbIe
repeMeHHble. JTO He oueHb Xopouo. CyilecTByeT APYrod MOAXoA, KOrja
NIPUJIOXKeHKe CO3[jaeTCsl Ha OCHOBE OKHa BepxHero ypoBHs. Takum obGpasom,
camMO TPUJIOXKEHWEe CTAaHOBUTCS 0coObIM  BuUpKeTOM. [lepejieniaHHast
rporpamMma rpe/craBjieHa HUXe:

from Tkinter import *
import Image, ImageTk, tkFileDialog

class App(Tk):
def __init__(self):
Tk.__init__ (self)

main_menu = Menu(self)

self.config(menu=main_menu)

file_menu = Menu(main_menu)
main_menu.add_cascade(label="File", menu=file_menu)
file_menu.add_command(label="Open", command=self.show_img)
file_menu.add_separator()

file_menu.add_command(label="Exit", command=self.destroy)
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self.c = Canvas(self, width=300, height=300, bg="white")
self.imgobj = self.c.create_image(0, 0)
self.c.pack()

def show_img(self):
filename = tkFileDialog.askopenfilename()
if filename != ():
src_img = Image.open(filename)
self.img = ImageTk.PhotoImage(src_img)
self.c.itemconfigure(self.imgobj, image=self.img, anchor="nw")

app = App()
app.mainloop()

B o0bekre 3akmoueHa uHbopMalus, KoTopasi o 3Toro Obuia mobaabHON Co
BCEMU C/IE[YIOUMMM W3 ITOr0 OrpaHUYEHUsIMUA. MOXKHO TOMTH Jajibliie U
BbIJIE/IUTh B OT/ENbHbIM MeTO[ HACTPOMKY MeHI0 (ecu mpusoxeHue Oyrer
IUHAMUYECKd M3MEHSATh MEHIO, OOBEKTBI-MEHID TOXe MOryT ObITh
COXPaHEeHbI B TIPUJIOXKEHUH ).

[Ipumeuanue:

Ha HekoTOpbIX cHcTeMax HOBble Bepcud Python moxo paborator c
Hal[MOHA/ILHBIMU ~ KOJUPOBKAMH, B YaCTHOCTH, C KOAUPOBKaMM Jiisl
KUPUJIIULbL. DTO CBsi3aHO C repexonoM Ha Unicode Tcl/Tk. TIpobiem MoXKHO
u3bexxarb, €CJId UCNofb3oBaTh KoaupoBky UTF-8 B cTpokax, KOTOpble
JIOJDKHbBI BBIBOAUTBCS B BUJDKETaX.

3aK/IroueHue

B 3Ttoli  siekuuu  ObLIO  JJAaHO  TIpe/icTaBiieHUWe O (HeBU3Ya/lbHOM)
rporpaMMUpoBaHuU rpaduueckoro MHTepdeiica ais Python Ha npumepe
nakera Tkinter. Tlporpamma c rpaduueckuM uHTepdelicoM - COOBITHIHO-
yrpasJisiemMasi [iporpaMma, rpoBoJsiiasi BpeMsi B LiMK/1e 06paboTKu COObITHIA.
CobbiTust Moryr ObITb BbI3BaHbl (DyHKI[MOHUPOBaHUEM rpadrueckoro
uHTepdelica UMM APYriMy MpUUYMHAMK (Haripumep, no Taimepy). OObIUHO
COObITUST BO3HUKAOT B BHU/DKETaX M HEKOTOPble M3 HMX [I0/DKHbI
obpabatbiBaTbcsi  TipusiokenueMm. B Tkinter cobbiTHe mpejcTaB/ieHO
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OT/AEIbHLIM 00BEKTOM, U3 aTpubyTOB KOTOPOr0 MOXKHO YCTaHOBHMTb, KAKOBO
ObL/10 10/I0)KeHHe yKasaTesist (Kypcopa MBILLK ), B KAKOM BU/DKETE IPOU30ILII0
CcoOBITHE U T.II.

3peck ObLIM pacCMOTPEHbI KIacChl 3/IeMeHTOB WHTepdeiica (BUIKETbI), UX
CBOWCTBA M MeTOAbl. BU/DKETbl MUMEIOT OOJIbIIOe KOJIMUECTBO CBOMCTB U
MeTo/10B. HekoTopbie CBOICTBa U MeTQAbl JOCTATOUHO YHUBEpCaldbHbl (X
UMEIOT BCe WM TOYTH BCe BU/PKeThbl), [Apyrue ke creluduuHbl [As
KOHKPEeTHOro Kiacca BupKeToB. ['padmueckuid naker Python Imaging Library
(PIL) npenocraBsieT Knacc 0ObeKTa J/isi PaciiosioXKeHUsl B BUPKeTe-pPUCYHKe
pacTpoBoro rpaduueckoro U300paykeHusl.

BupkeTsl pacrnosiaraloTcsi BHYTPUA JPYroro BUpKeTa (Harpumep, pamMKu) B
COOTBETCTBMM C Habopom mnpaBwi. OTOT HabOp TpaBUI  peajn3yloT
MeHepKepbl pacrnosioykeHus1, KoTopbix B TKinter Tpu: pack, grid u place.

[MpuioxkeHue ¢ rpadueckUM UHTEpdeCcoM MOXKHO MOCTPOUTh Ha Dase OKHa
BEPXHEr0 YpOBHS, IPOCTBIM HacjAeJoBaHWeM. OTOT TMOAX0J T[103BOJISET
WHKAICyIMpoBaTh HHMOOPMALIKI0, KOTOPYHO B MIPOTUBHOM CJIydae TMpPUIIIOChH
ObI 1en1aTh 17100a/1bHOM.

HyxHO OTMeTUTBh, UTO [JIs1 IOCTPOeHUs UHTepdeiica MOXKHO UCI0Ib30BaTh
He TosbKO uucTbld Tkinter. Hampumep, B Python pgocTyrHbl Mopynu
ScrolledText u Tix, nonojHswoupe Habop BuUpKeToB. Kpome Toro,
MO)KHO HAWTH TaKeThl [Jisi CHelUa/IbHbIX BHU/DKETOB (Hampumep, [Ais
otobpakeHust iepeBa).

[Moctpoenue rpaduueckoro uHTepdeiica HeBU3yalbHbIMU CIIOCODaMU - He
Takasl CJIOKHasl 3ajiaua, ec/ii MCIoJib30BaTh LKinter. TOT rMakeT BXOJUT B
CTaH/IapPTHYIO TocTaBKy Python W moToMy Mo)KeT MCIO/b30BAaThCS MOYTH
Be3je, rie ycraHossieH Python.

CChUIKH

CIHCOK aKTyaJbHbIX CChbUIOK Ha Ppa3/duHble rpaduueckie OUOIMOTEKU
MOYXHO HAWUTHU 10 C/IeAYIOIIEMY aZipecy:

ceblka: httpy//phaseit.net/claird/comp.lang. python/python_GUI.html
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NuTerpauums Python C JIPYTUMH sI13bIKaMU
MPOTPaMMUPOBaHUs

B  9roii  nekuuu  paccMarpuBaercsi  BcrpauBaHue  (embedding)
uHTepnperatopa Python B nporpammy Ha C, 4, HaoboOpoT, HamucaHue
monyied anis Python Ha si3bike C  (extending). Kparko onucbiBaeTcs
WHCTPYMEeHT sl CBsi3biBaHust C-6ubnuorek ¢ nporpammamu Ha Python
(SWIG). [Haetrcs o0030p cBA30K s3bika Python ¢ apyrumu  si3biKamu
nporpammupoBanusi: C++, Java, OCaml, Prolog. Kopotko roBopurcsi o
Criel{MaJisHOM si3blKe Uil HarucaHust Moayneit pacumpenus Python - Pyrex.

C API

HoctynHble W3 s3bika Python mogynmu pacumpsitoTes 3a CcueT MOAy/Ien
pacumpeHus (extension modules). Moaynmv pacimpeHUs MOXXKHO MUCaTb Ha
s3bike C unu C++ U BbI3bIBATh U3 rporpamm Ha Python. B 3toii nekijuu peus
noiger o peanusanuu Python, HassiBaemoit CPython(Jython, peanu3arjus
Python Ha riyiatdopme Java He OyeT pacCMaTpUBaThLCS).

Cama HeoOXomUMOCTb KCIO0JIb30BaHUsA s3blkKa C MOXKET BO3HMKHYTh, €C/Id
peasu3yeMbli anroputM, Oyayuu 3ariporpammupoBaH Ha Python, paboraer
Me/iyieHHO. Harpumep, BbICOKOIIPOU3BOAUTE/bHBIE ONepalui ¢ MacCUBaMU
Moyt Numeric (0 KOTOPOM rOBOPHUJIOCH B OAHOW U3 TPebIAYILMX JIeKI[UM)
HanucaHbl Ha sibike C. Moayid paclmpeHMsi M03BOJISIIOT OObeIUHUTD
sdpexTHBHOCTL MOpoXKAaeMoro Kommnuastopom C/C++ kofa ¢ ynobcTBoM U
rubkocTbio UHTepripeTaropa Python. HeobxoiyMble cBeieHUst [iJisi CO3/iaHUS
Momyeil pacumpeHusi st Python ganbl B ucueprbiBaroiiemM obbeme B
CTaHAAPTHOM JIOKyMeHTallud, a uMeHHO B JokymeHTe "Python/C API
Reference Manual' (cripaBounoe pykoBozactBo rno "Python/C API"). 3meck
OyoyT pacCcMOTpeHbl /Ui OCHOBHBIE TIPUHI[UIIBI TIOCTPOEHUS MOMYIIs
pacimpenusi, 6e3 jgeranbHbIX nogpobHocTeit 06 APL. CTOUT 3aMeTUTh, UTO
Bo3MokHOCTU Python paBHO goctynHbl U B C++, IPOCTO OHU BbIPaKeHbI B
C-exnaparusix, KOTOpble MOXHO UCI0Jb30BaTh B C++.

Bce HeoOxomumbie jjisi MOAYIS PaCIlMPEHUs OINPe/e/IeHUs] HaXoAsTCs B
3aro/iIoBOYHOM (haiinie Python.h, KoTopbiid 10/DKeH HaXOAHUTCS TAe-TO Ha IYTU
3aro/ioBoYHbIX (aitsioB komnuasitopa C/C++. CneayeT 1onb30BaThCs TEMU
e BepcusMd OuUOIMOTEK, C KOTOpbIMM Obll OTKOMIIW/IMpOBaH Python.
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JKenaresibHO, U TOM ke Mapkoi komrussitopa C/C++.

Cesi3b ¢ uHTepriperatopoM Python U3 koma Ha C OCYLLECTB/SeTCS MyTeM
BbI30Ba (yHKI[U, orpejeneHHbIX B uHTeprperarope Python. Bce ¢ynkiuu
HauMHATCsl Ha Py WM Py, NOTOMY BO U30exxaHHe KOH(UIMKTOB B MOZY/ISIX

paciMpeHusi He CJieflyeT orpe/esisiTh PyHKIMH C 11oJ0OHBIMA UMEHAMM.

Yepe3z C API pgocTyrnHbl BCe BCTPOEHHbIE BO3MOXKHOCTH si3blka Python (npu
HeoOXoquMOCTH,  JleTajlbHee  U3YUUTb  9TOT  BOMPOC  MOXKHO IO

JIOKYyMeHTal{UK):

® BBLICOKOYPOBHEBbIH HHTepdeiic uHTepriperaTopa ((PyHKLMU U MaKpOChl
Py Main (), PyRun String(), PyRun File(),
Py CompileString(),PyCompilerFlags () uTIL),

e (yHkiuu 15t paboThbl CO BCTPOEHHBIM UHTEPIIPETaTOPOM U MOTOKAMU
( Py Initialize(), Py Finalize(),
Py NewInterpreter (), Py EndInterpreter(),
Py SetProgramName () W Jpyrue),

® yhnpaBjieHWe TI04CYeTOM  CCbUIOK (Makpockl Py INCREF (),
Py DECREF (), Py XINCREF (), Py XDECREF (),
Py CLEAR() ). Tpebyercs npu co3gaHuu umm ypaneHuu Python-
00bekToB B C/C++-Kojie.

e obpabotka uckmouenuit ( PyErr* -dynkuum u PyExc * -
KOHCTaHTHI, Haripumep, PyErr NoMemory () U
PyExc IOError)

® yrpaBJ/ieHWe T[pOLeCcCOM W CepBUCHI OINepalMoOHHOU cucreMsl (
Py FatalError(), Py Exit (), Py AtExit(),
PyOS CheckStack (), u apyrue QyHKIMHU/MaKPOChl PyOS™ ),

® umnopt moaytei (PyImport Import () ujgpyrue),

® [0/ JepiKKa cepuanusaluu 00BEKTOB (
PyMarshal WriteObjectToFile(),

PyMarshal ReadObjectFromFile () uTm.)

® 110/ eprKKa aHanmusa CTPOKH aprymMeHTOB (
PyArg ParseTuple(), PyArg VaParse(),
PyArg ParseTupleAndKeywords (),

PyArg VaParseTupleAndKeywords (),
PyArg UnpackTuple () u Py BuildValue () ). C noMoLp0
3Tux (QyHKUMI obsieryaercst 3ajaua rnosnydeHuss B koge Ha C
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rapameTpoB, 3aJaHHbIX IIPU BbI3oBe GyHKUMU U3 Python. dyHkuuu
PyArg Parse* MPUHUMAIOT B KaueCcTBe aprymMeHTa CTPOKY
(opmara noJiydeHHLIX apryMeHTOB,

® [0//Iep’KKa NTPOTOKO/I0B abCcTpakTHBIX 00beKToB: + [IpoTOKO/ 0ObeKTa
( PyObject Print (), PyObject HasAttrString(),
PyObject GetAttrString(), PyObject HasAttr(),
PyObject GetAttr(), PyObject RichCompare(), ..,
PyObject_IsInstance(), PyCallable Check{(),
PyObject Call(), PyObject Dir () wu pgpyrue). To, uro
[O/DKeH yMmeThb JenaTb n00od o0bekr Python + [Mpotokon uucia (
PyNumber Check(), PyNumber Add(), e
PyNumber And (), e PyNumber InPlaceAdd(), e
PyNumber Coerce (), PyNumber Int (), ...). To, urto go/mKeH
jenatb 000N 00BeKT, mnpejcTaBistOMA  uucio + [IpoTokos
rnociesoBaTe/IbHOCTH ( PySequence Check(),
PySequence_Size(), PySequence Concat (),
PySequence Repeat(),
PySequence InPlaceConcat(), e

PySequence GetItem(), .., PySequence_GetSlice (),
PySequence Tuple(), PySequence Count(), ..) +
[TpoTokon oTobpaXkeHUst (narpumep, C/I0Bapb ABJIAETCS
oTobpaKeHuem) (pyHKUMM: PyMapping Check(),
PyMapping Length (), PyMapping HasKey (),
PyMapping Keys (), .., PyMapping SetItemString(),

PyMapping GetItemString () u ap.)+ I[Iporokon ureparopa (
PyIter Check(), PyIter Next () ) + Ilporokon Oydepa (
PyObject AsCharBuffer(),
PyObject AsReadBuffer(),
PyObject AsWriteBuffer (),
PyObject CheckReadBuffer () )

® [10//lepKKa BCTPOEHHBIX TUIIOB JaHHbIX. AHAJIOTMYHO ONUCAHHOMY B
rpe/blayllieM [YHKTe, HO Y)Ke [iIsi KOHKPeTHbIX BCTPOeHHBLIX TUIIOB
AaHHbIX. Hanpumep: + ByneBckuii obbekr ( PyBool Check () -
TpoBepKa MPUHAANEKHOCTH TUny PyBool Type, Py False -
00bekT False, Py True - obbekr True,

e yIrpaB/leHWe MamAaTbi0 (TO ecTb Kyded uHTepriperatopa Python)
(pynxiuu PyMem Malloc (), PyMem Realloc (),
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PyMem Free(), PyMem New (), PyMem_Resize(L
PyMem Del () ). Pa3symeercs, MOXHO IpUMEeHSITb WU Cpe/CTBa
BbijeneHus mnamaty C/C++, oAHAKo, B 3TOM C/yyae He Oyayr
UCII0/Tb30BaThCS TpeuMyIecTBa yIipaBJ/ieHUs NaMsThbI0

unrepnperaropa Python (cbopka mycopa u T1.1.). Kpome Toro,
0CBOOOXK/]eHH e TTaMSITH HY)KHO NIPOU3BOJUThL TeM Ke CriocoboM, UTo U
ee BblgeseHue. Eile pa3 CTOMT HANOMHUTL, 4YTO T[1IOBTOPHOE
0CBOOOX/eHHe OAHOM W TOH ke obnactd namard (@ paBHO
WCI0JIb30BaHWe 00J/1acTH MaMsTH 1ocje ee 0CBODOXK/eHUs) YpeBaTo
cepbe3HbIMU  olmMOKamu, KoTopble Kommnuisstop C  He uHMeeT
BO3MO>XHOCTH Pacro3Harh.

® CTPYKTYpbl /I Orpeje/ieHdss OOBEKTOB BCTPOEHHBIX TUIMOB (
PyObject, PyVarObject U MHOIO JIpyrux)

[Iprimeuanue

[Mog, mpoToKONOM 371eCh MOHKMMaeTcs:i HabOp MeTO/0B, KOTOpbIe [0JDKEeH
MoA/lep>KUBaTh TOT UJIM UHOM KIIACC JJisi OpraHu3al{Uy orepaluii co CBOUMU
3K3eMIUISIpaMU. JTU METOAbl JOCTYIHbI He ToJbKO U3 Python (Hanpumep,
len (a) pmaer JJUHY I[0C/Ae[10BaTe/IbHOCTH), HO U u3 koga Ha C (
PySequence Length() ).

Harmicanue mogynst paciuvipenust

Eciu HeobxoaumocTs BetpouTh Python B riporpaMmy Bo3HUKaeT HeyacTo, TO
ero pacimpeHue TiyTeM HanucaHus wmopyieii Ha C/C++ - J0OBOJIBHO
pacrpocTpaHeHHass TIpakTHKAa. M3HauanbHo Python Obll HarjesieH Ha
BO3MO)XHOCTb PACIMPEeHHUs, TTI03TOMY B HACTOSIIMI MOMEHT OYeHb MHOTHE
C/C++-6ubmoTekr UMEIOT NPUBS3KU K Python.

[MpuBsska K Python, XoTs ¥ MOXXeT OLITh HECKOJILKO aBTOMAaTHU3UPOBaHa, BCe
)Ke 3TO MpOLeCC TBOPUYECKWM. [Ieio B TOM, UTO €C/AM [peAro/araercs
WHTEeHCUBHO HUCI0/Ib30BaTh 0MO/MoTeKy B Python, ee mpHBA3KY XKejlaTe/IbHO
c/lefiaTh Kak MOXKHO Dosiee TiaTe/bHO. BO3MOXKHO, B X0O[e MpUBA3KU Oyier
clenaHa  OOBEKTHO-OpPUEHTUPOBAHHass  HAACTPOMKAa  WM/IM  Jpyrue
apXUTEKTYPHbIE U3MEHEHHUS, KOTOPhIe MO3BOJIAT YIIPOCTUThL UCIIO/Ib30BAHKE
OuOIMOTEKH.
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B KauecTBe rpuMepa MOXXHO IPUBECTH BbIJIEPXKKY U3 UCXOJHOIO Kofla MOZY/IS
md5, KOTOpbIM peanu3yeT (QYHKUUIO i [OoJdydeHUst md5S-[ai/pKecta.
Mogayib MPUBOAUTCH B LIeJISIX WUTKOCTPALIUU (TO €CTh, C COKPALUEHUSIMU).
Mopaynb BBOAUT COOCTBEHHBIA THI JlaHHbIX, MD5Type, M03TOMY MOXHO
YBU/IeTb He TO/IbKO peasv3alivio (YHKUUH, HO U cnocob onucaHus
BCTPOEHHOro Tturna. B pamkax 3Toro Kypca He M3y4uTb BCe TOHKOCTU
NpOrpaMMUpOBaHUsl MOAy/Iell paclMpeHusi, IJlaBHOe I[IOHATL JyX 3TOro
3aHsATUS. Ha KoMMeHTapuu aBTopa Kypca JeKl{Ui yKasblBaeT JBOWHOU (JI31L
/7

// 3arosioBoYHbIe (haidjibl
#include "Python.h"
#include "md5.h"

// B yactHOCTH, B 3aro/ioBouyHoM aiinie md5.h ects ciieayronpe orp
/1 typedef unsigned char *POINTER,;
/1 typedef unsigned int UINT4,;

/1 typedef struct {

// UINT4 state[4]; /* state (ABCD) */

// UINT4 count[2]; /* number of bits, modulo 264 (lsb first) */
/I unsigned char buffer[64]; /* input buffer */

// } MD5_CTX:

/I Ctpykrypa obbekra MD5type
typedef struct {

PyObject HEAD

MD5_CTX md5; /* the context holder */
+ md5object;

/I Onipepenenue Thra odbekra MD5type
static PyTypeObject MD5type;

// Makpoc ripoBepky turia MDb5type
#define is_md5Sobject(v) ((v)->ob_type == &MD5type)

// Tlopoxaenue obbekra Turia MD5type
static md5object *
newmd5Sobject(void)
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}

A36IK nporpammupoBadua Python

md5object *md5p;
md5p = PyObject_ New(md5object, &MD5type);
if (md5p == NULL)

return NULL; // He XBATU/I0 NAMSITH
MD5Init(&md5p->md5); // vHULManU3aLus
return md5p;

// OnipeeneHust MeTO0B

/I OcBOOOXKEHHE TTaMSITU W3-110]1, 00beKTa
static void
md5_dealloc(md5object *md5Sp) { PyObject_Del(md5p); }

static PyObject *
md5_update(mdSobject *self, PyObject *args)

{

}

unsigned char *cp;
nt len;

// pa3bop cTpoku aprymeHToB. DOpMar ykasbIBaeT CJie[ytolliee:
// s# - ofiuH TTapaMeTp, CTPOKa (3a/laHHas yKa3aTesieM U JIJIMHOU
// ;- pa3nenuTenb
// update - Ha3BaHUe MeTO/a
if (!PyArg_ParseTuple(args, "s#:update", &cp, &len))

return NULL;

MD5Update(&self->md5, cp, len);
// Daxke Bo3BpaT None TpebyeT yBeIMUeHUsI CUeTUMKA CChITIOK

Py_INCREF(Py_None);
return Py_None;

// CTpoKa oKymMeHTaluu Metoa update
PyDoc_STRVAR(update_doc,
"update (arg)\n\

\n\
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A36IK nporpammupoBadua Python
Update the md5 object with the string arg. Repeated calls are\n\
equivalent to a single call with the concatenation of all the\n\

arguments.");

// Metop digest

static PyObject *

md5_ digest(md5object *self)

{
MD5_CTX mdContext;
unsigned char aDigest[16];

/* make a temporary copy, and perform the final */
mdContext = self->md5;
MD5Final(aDigest, &mdContext);

// pe3ynsraT BO3BpaIAeTCs B BUJE CTPOKU
return PyString FromStringAndSize((char *)aDigest, 16);
}

// ¥ CTpOKa JIOKyMeHTaluu
PyDoc_STRVAR(digest_doc, "digest() -> string\n\ ...");

static PyObject *
md5_hexdigest(md5object *self)
{

// Peanu3arust Mmetoga Ha C

}

PyDoc_STRVAR(hexdigest_doc, "hexdigest() -> string\n...");

// 3peckb ObL10 onpeeneHue metona copy()

// Metoael obbekTa B cbope.

// 1151 KayK0ro MeTo/ia yKa3biBaeTcsi Ha3BaHue, uMs Metofa Ha C

/ (c npuBesenreM K Ty PyCFunction), criocob riepejiaud aprymeH1
// METH_VARARGS (niepemenHoe koJ1-B0) uiii METH_NOARGS (I
// B KOHLle MacCHBa - MeTKa OKOHYAHUS CITMCKA apryMeHTOB.
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static PyMethodDef md5_methods[] = {

{"update", (PyCFunction)md5_update, METH_VARARGS, update_
{"digest", (PyCFunction)md5_digest, METH_NOARGS, digest_do
{"hexdigest", (PyCFunction)md5_hexdigest, METH_NOARGS, hexdig
{"copy", (PyCFunction)md5_copy, @METH_NOARGS, copy_do
{NULL, NULL} /* sentinel */

b

/I Arpubyrel md5-00bekTa 00C/Ty)KUBaeT 3ta (PyHKLUS, peau3ys MeT
// getattr.
static PyObject *
md5_ getattr(mdSobject *self, char *name)
{

/I arpubyt-ganHoe digest_size

if (strcmp(name, "digest_size') == 0) {

return PyInt_FromLong(16);

}

// nouck aTpubyra-mMeTojia Be/IeTCsl B CIIUCKe

return Py_FindMethod(md5_methods, (PyObject *)self, name);
}

// CTpoKa JOKYMeHTal[Uu1 K Moo mdS
PyDoc_STRVAR(module_doc, "This module implements ...");

// CTpoKa JOoKyMeHTal[uu K Kjiaccy md5S
PyDoc_STRVAR(md5type_doc, "An md5 represents the object...");

// Ctpykrypa 11 o6sekta MD5type ¢ onucaHusIMU i MHTeprpeTa
static PyTypeObject MD5type = {
PyObject HEAD_INIT(NULL)

0, /*0b_size*/

"md5.md5", /*tp_name*/
sizeof(mdSobject), /*tp_size*/

0, [*tp_itemsize*/

/* methods */

(destructor)md5_dealloc, /*tp_dealloc*/
0 /*tp_print*/

(getattrfunc)md5_ getattr, /*tp_ getattr™/
0, [*tp_setattr*/
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/*tp_compare™*/
[*tp_repr*/
/*tp_as_number*/

/*tp_as_sequence*/
/*tp_as_mapping*/
/*tp_hash*/
/*tp_call*/
[*tp_str*/
/*tp_getattro™/
[*tp_setattro*/
/*tp_as_buffer*/
[*tp_xxx4*/
md5type_doc, /*tp_doc*/

- - - -

-

- - - - -

coooc oo oo oo oo

-

// ©yHKuMU Moaynst mds:

// @ynkiys new() A/1st oydeHust HoBoro obwekra turia mdStype
static PyObject *
MD5_new(PyObject *self, PyObject *args)
{
md5object *md5p;
unsigned char *cp = NULL;
int len = 0;

// Pa3bop napaMeTpoB. 3/ieCb BepTHKabHasi uepTa

// B cTpOKe (hpopmara 03HayaeT OKOHYaHUe

// ciucka obsi3aTe/IbHbIX TAPaMeTPOB.

// OcTanbHOe - KaK U BbILLE: S# - CTPOKa, Mocjie : - UMs

if (!PyArg_ParseTuple(args, "|s#:new", &cp, &len))
return NULL;

if ((md5p = newmd5object()) == NULL)
return NULL;

// Ecnu ObLT 3a7jaH rapameTp cp:

if (cp)
MD5Update(&md5p->md5, cp, len);

310



Cyau P AL

H 3wk nporpammuposadua Python

return (PyObject *)md5p;
}

// CTpoKa AOoKymMeHTaLuu st new()
PyDoc_STRVAR(new_doc, "new([arg]) -> md5 object ...");

// CniucoK yHKI[UM, KOTOpbIe JaHHbIA MOAY/Ib SKCIIOPTUPYET
static PyMethodDef md5_ functions[] = {

{"new", (PyCFunction)MD5_new, METH_VARARGS, ne
{"md5", (PyCFunction)MD5_new, METH_VARARGS, ne
{NULL, NULL} /* Sentinel */

b
// CnepyeT 3aMeTUThb, UTO MdS - TO )Ke camoe, YTO new. ITa yHKIIUs
// obpaTHON COBMECTUMOCTH CO CTapbiM Moayiem md5

// HuumManu3sausi Moayss
PyMODINIT_FUNC
initmd5(void)
{

PyObject *m, *d;

MD5type.ob_type = &PyType_Type;
// UHuuManu3upyeTcsi Mofy/b
m = Py_InitModule3("md5", md5_ functions, module_doc);
// TlonyuaeTcsi c/i0Bapb ¢ UME@HaMU MOAYIIst
d = PyModule_GetDict(m);
/I Dobasnsiercst arpubyr MD5Type (tun md5-o06bekTa) K c/10Baf
PyDict_SetltemString(d, "MD5Type", (PyObject *)&MD5type);
/I MobaensierTcs jesiast KoHcTaHTa digest_size K MOIy/HO
PyModule_AddIntConstant(m, "digest_size", 16);

}

Ha ocHoBe »3TOro mnpumepa MOXHO CTPOMTb COOCTBEHHbIE MOAYIU
paclmpeHuss, 03HAKOMUBUIMCh C AokyMeHTalueld 1o C/API u jokymeHTOM
"Extending and Embedding" ("Pacumpenue u BcTpauBanue') U3 craHapTHOU
nocrasku Python. [lepes Tem, Kak NpHUCTyIaTh K CO3JJaHUI0 CBOEr0 MOZYIS,
crepyer ybesuThCS, UTO 3TO Liesecoo0pa3sHo: MOAXOAALIEr0o MOAYIS elle He
Co3/1aHO U peanu3aniusi B Buje uncroro Python HeadxpextrBHa. Ecnu co3gan
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J1eICTBUTEJILHO T10/1e3HbIM MOJY/Ib, €10 MOKHO IPe/IJIOKUTD [I/1s1 BKIHOUeHUS
B nocraBky Python. [1s11 3TOro Hy)XKHO NMPOCTO CBSI3aThCsl C KeM-HUOyIb U3
pa3paboTUMKOB 110 3JIEKTPOHHOM I0YTe WM TPeJyIOKUTh MOAYIbL B BUJIE
"narua" yepe3s ccbiika: http://sourceforge.net.

[Ipumep BcTpaniBaHus MHTepHpeTaropa B rporpamMmy Ha C

Unrepriperatop Python moxker 6biTh BCTpoeH B mnporpammy Ha C c
ucnonb3oBaHuem C  APL. 3ro nyulle Bcero JAeMOHCTPUPYET — yxkKe
paboTatoimii npumep:

/* File : demo.c */
/* Tlpumep BCcTpauBaHuUs UHTepripeTaTtopa Python B apyryto riporpan
#include "Python.h"

main(int argc, char **argv)

{
/* Tepenaet argv{0] untepriperaropy Python */
Py_SetProgramName(argv[0]);

[ MHuyuanusauus uHTepriperatopa */
Py_Initialize();

f*LLF
/* BelrosiHeHre oneparopoB Python (Kak 66l MOgYyIL _ main__) */
PyRun_SimpleString("import time\n");
PyRun_SimpleString("print time.localtime(time.time())\n");
f*LLF
/* 3aBepileHue paboTbl HHTEpIIpeTaTopa */
Py_Finalize();
}

Komrusisitiust 3TOoro npumepa C MOMOLIBI0 KOMITWISTOPa gCC MOXKET ObIThb
BbITIOJIHEHA, HallpUMep, Tak:

ver="2.3"
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gce -fpic demo.c -DHAVE_CONFIG_H -Im -Ipython${ver} \
-Ipthread -lutil -IdI \
-I/usr/local/include/python$ {ver} \
-L/usr/local/lib/python$ {ver}/config \
-WIL-E\
-0 demo

3/1echb cie/lyeT OTMEeTUTD C/Ie/[YIOIieé MOMEHThI:

® [porpaMMmy HeoOXoQMMO KOMITUIMPOBAaTh BMecTe C OubiuoTekoit
libpython cooTBeTcTBYIOIIEH BepcyU (/1 3TOr0 UCTIOL3YeTCs OMLUs —
1, 3a KoTOpOW cneayetr ums OuOIHMOTEKH) M ele ¢ OUOIMOTEKAMH,
KoTopele Tpebytorca anist Python: 1ibpthread, 1ibm, 1ibutil u
T.11.)

® OnuUsl picC TOPOXKAAeT KOJ, He 3aBUCALMUA OT MO3ULUMU, 4TO
T103BOJISIET B a/IbHeH11IeM JMHAMUYeCKd KOMITOHOBATh KO

® 00biuHO TpeOyeTcsi SIBHO VYKa3aThb KAarajio, B KOTOPOM JIEXKUT
3arosioBouHbIi (haiin Python.h (B gec aTo genaetcs oniueid -1 )

e yro0Obl TOJIYYUBLIMICA MCIO/NHSEMbIH (Al  MOr  KOPPEKTHO
MpeloCTaB/IsATL MUMeHa /I IMHAMUYeCKd 3arpykaemblX Mopyiei,
TpebyeTcs repejaTb KOMIIOHOBIIMKY OMI[MI0 —E: 3T0 MOXHO C/leJiaTh
U3 gcc ¢ noMoupko oniuu -Wl, —E. (B npotuBHOM ciiyuae, MOAyb
time, a 3TO MOAYIb PACLIIMPEHUs B BU/le IMHAMUYECKU 3arpy’KaeMoro
Moaynsi, He Oyier paboraTh W3-3a TOrO, UTO HE YBUJUT WMeEH,
ornpeeneHHbIX B libpython)

37eck e ciie/lyeT cliesaTth ele OfHO 3aMeuyaHue: porpaMma, BCTpauBaroLas
Python, He jo/mkHAa MHOro pa3s BbIIOMHATE Py Initialize() wu
Py Finalize (), Tak KaK 3TO MOXeT IPUBOAUTEL K yTeuke ramard. Cam

ke uHTepriperatop Python oueHb crabuieH U B OOJIBLIIMHCTBE C/IydyaeB He
[IAeT yTeueK MamsTH.

Wcrionb3oBanue SWIG

SWIG (Simplified Wrapper and Interface Generator, yrpOoIeHHBIH yIIaKOBLIMK

U TreHepaTop UHTep(delicoB) - 3TO MPOrpaMMHOE CPeJCTBO, CUJIBHO

yrpoujroiee (BO MHOTMX C/Iydasix - aBTOMaTU3UPYIOLLee) UCI0JIb30BaHKUe

Oubmmorek, HanucaHHbix Ha C u C++, a TawkKe Ha [JpPYrUX s3bIKax
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rnporpaMMHpoOBdHHsA, B TOM 4HC/ie (He B IocieJHHH ouepeﬂ,b!) Ha PyThOI'].
HY)KHO OTMETHUTL, UTO SWIG obecrneunBaer AO0CTAaTOUHO [OJIHYHO
TOANEPXKKY  TpakKTUUeCKH  BCeX  BO3MOXKHOcTed  C++,  BKIIOuas
npe,ﬂloﬁpaGOTK}; K/NnaccChl, YKd3aTe/Id, HaC/lieJoBaHHe H [ldxKe 1abnoHbr C++,
HOCHEfH,Hee O4yeHb Ba)XHO, eC/IH HEOGmﬂ'HMO C03/1aTh HHTepq:EﬁC K
6ubnuotexe 111a610HOB.

[Mons3oBatbcst SWIG  jgocTaroyHo TMpOCTO, eC/ld  yMeTb [PUMEHSITh
KOMITWJ/ISTOP M KOMITIOHOBIUMK (uTOo B /0bom ciydae TpebyeTcst mpu
riporpammupoBaHuu Ha C/C++).

[Tpocroii npumep ucronb3oBanus SWIG

[Mpearnonoxum, 4tro ecTb mnporpamma Ha C, peasu3yrollas HEKOTOPYIO
dyHkiuwo (nycTb 3TO OyeT BbIUMC/IEHWE YaCTOThl TMOSIBJIEHUS] Pa3/IMYHbIX
CUMBOJIOB B CTPOKe):

/* File : freq.c */
#include <stdlib.h>

int * frequency(char s[]) {
int *freq;
char *ptr;
freq = (int*)(calloc(256, sizeof(int)));
if (freq != NULL)
for (ptr = s; *ptr; ptr++)

freq[*ptr] +=1;

return freq;

}

Inist Toro uTobbl MOXKHO OBIIO BOCIO/IL30BATLCSA 3TOU dyHKIHed u3 Python,
HY)KHO Harnucatb WHTep(elicHbld ¢aiin (pacumpeHue .0) IpPUMEpPHO
C/IeIYIOLIETO CONepPIKaHUS:

/* File : freq.i */
%module freq

%typemap(out) int * {
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int i;
$result = PyTuple_ New(256);
for(i=0; i<256; it++)
PyTuple_Setltem($result, i, PyLong_FromLong($1[i]));
free($1);
}

extern int * frequency(char s[]);

WnTepdeiicable (aitsbl copepykar UHCTPYKLUU camoro SWIG u ¢parmeHTh!
C/C++-Kkofa, BO3MOXKHO, C MAaKpOBK/IKUEHUsIMU (B TIpUMepe BblIlLe:
Sresult, $1 ). Cnegyer 3aMeTUTh, 4TO A5 npeoOpa3oBaHUsi MacCHBa
1[eJIbIX YMCe/T B KOPTEeX 3/IEMEHTOB TWMa 1ong, HeobXoqumo ocBoOOIUTD
MaMsITh U3-110J] UCXOJHOTO MaCcCUBa, B KOTOPOM MOACUUTHIBA/TUCH YACTOThL.

Teneps (mozgpasymeBasi, 4TO MCIO/b3YeTCS KOMIIWJISTOP gCC), CO3JaHUe
MOJY/Isl pacLLMpeHusl MOXKeT ObITh BbIIIOJTHEHO MPUMEPHO TakK:

swig -python freq.i
gcc -c -fpic freq_wrap.c freq.c -DHAVE_CONFIG_H
-I/usr/local/include/python2.3 -1/usr/local/lib/python2.3/config
gcc -shared freq.o freq_wrap.o -o _freq.so

[locne sroro B pabouem Karanore mnoswisercss (aiibl  freg.so wu
freq.py, KOTOpble BMeCTe U JIal0T JOCTYII K TpeOyeMoii dyHKiuu:

>>> import freq
>>> freq.frequency("ABCDEF")[60:75]
(OL, OL, OL, OL, OL, 1L, 1L, 1L, 1L, 1L, 1L, OL, OL, OL, OL)

[MoMuUMO 3TOr0, MOXXHO MOCMOTPeTb Ha cojepkumoe daitia freq_wrap.c,
KOTOpbIK Obu1 TIOpoXkJeH SWIG: B HeM, cpe[ju MPOUYMX BCIIOMOTaTe/bHbIX
oripejie/ieHUH, Hy)KHbIX camoMy SWIG, MOXHO yBU/eTb UTO-TO TOA0OHOe
NPOU/UTIOCTPUPOBAHHOMY BhlLle IpuMepy Mozyns md 5. BoT gparmeHT 3T0r0
(haiina c onpesenenreM obepTku st PyHKIMU frequency () :

extern int *frequency(char []);
static PyObject *_wrap_ frequency(PyObject *self, PyObject *args) |
PyObject *resultobj;
char *argl ;
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int *result;

if('PyArg_ParseTuple(args,(char *)"s:frequency"”,&argl)) goto fail;
result = (int *)frequency(argl);

{
nt i;
resultobj = PyTuple_New(256);
for(i=0; i<256; i++)
PyTuple_Setltem(resultobj, i, PyLong_FromlLong(result[i]));
free(result);

}

return resultobj;

fail:

return NULL;

}

B kauectBe ynpaxKHeHus, IpejJiaraeTcs CONOCTaBUTh ITO OMperesieHue C
datiziom  freqi W MOHATH, UYTO TMPOUCXOAUT BHYTPU  (QPYHKI[HUU
~wrap frequency (). Ilogckaska: MOXHO IIOCMOTpPeTL eIllg pa3
KOMMeHTapuu K C-kony moaynst md 5.

CTouT ellle pa3 HaANOMHUTL, uTo B oTavuve oT Python, B s3bike C/C++
yrpaBjieHHe TMaMATbIO JO/DKHO TMPOMCXOAUTH B sIBHOM Bujle. VmeHHO
nosromy pobasneHa ¢yHkiusi free () npu npeobpazoBanuu tuna. Eciu
3TOr0 He ¢Je/laTb, BO3HUKHYT YTeUKU IaMATH. OTH YTeUKH MOXXHO
00HapY>KUTh, TPU MHOTOKPATHOM BbITTOJTHEHUU (PYHKI[UH:

>>> import freq
>>> for i in xrange(1000000):
dummy = freq.frequency("ABCDEF")

>

Ecm  ¢ynkuus freqg.frequency () HMeeT yreuykd  [MamsTH,
BbITIOJIHSIEMbIH T1POLIECC OUeHb ObICTPO 3aliMeT BCIO UMEFOLIYIOCS [aMSITh.

Nurerpaiusa Python u gpyrux crcrem nporpaMmmMupoBaHuUs

S13bIK mporpamMmupoBanusi Python siBjisieTcsi ClieHapHBIM SI3bIKOM, a 3HAUYUT
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€ro OCHOBHOE Ha3HaueHWe - WHTerpalusi B eJIMHYI0 CUCTEMY Pa3HOPOHbIX
MpOrpaMMHBIX KOMIIOHEHTOB. Bblllle paccMaTpuBanach (HU3KOYPOBHeEBas)
uHTerpaiuss ¢ C/C++-npunoxeHussMd. HyKHO 3aMeTUTb, UTO B
OOJILIIMHCTBE C/Iy4aeB JOCTAaTOYHO WHTErpaliid C HUCIOJb30BaHUEM
MpoToKosia. Harmpumep, WHTErpupyeMble TPUIOKEHUS MOIyT O0OL@AThCS
yepe3 XML-RPC, SOAP, CORBA, COM, .NET u T.n. B cnyuasix, korja
TIPUJIOXKEHUS] UMeIOT WHTephelC KOMaHAHON CTPOKU, UX MOXXHO BbI3bIBAaThb
u3 Python u ympaBisTh CTaHJapTHLIM BBOIOM-BBLIBOAOM, IepeMeHHbLIMU
okpykeHust. OZIHAKO eCcTh U DoJiee HHTepeCHbIe BapUaHThbl MHTErPAL|H.

CoBpeMeHHOe COCTOSsIHUWE JIe/T 110 W3/laraeMOMY BOMPOCY MOXKHO y3HAaTh 110
azipecy: CChL/IKA:
http://www.python.org/moin/IntegratingP ythonWithOtherL.anguages

Java

HokymenTtauusi no Jython (3To peanusanus Python Ha Java-nnatdopme)
orMmeuaet, uro Jython o6najaer  CAeAYIOIMMHW  HEOCHOPUMbIMU
MpPeUMYIIECTBAMU Ha/| IPYTUMU SI3bIKaMH, UCTIOJIB3YIOIMMU Java-0aiT-ko;:

e Jython-koi pAuMHaMuuecku KoMnuaupyer OalT-koibl Java, XoTd
BO3MOKHA M CTaTUYeckash KOMITMJISILIUSL, UTO T[103BOJISIET MUCATh
anruieTbl, CepPBJeThl U T.I1.;

e [lognepxuBaer 0OBEKTHO-OPUEHTUPOBAHHYKD MOJenb Java, B TOM
yKc/ie, BO3MOXXHOCTb Hac/Ie[joBaTh OT abDCTPAaKTHBIX Java-K/1accoB;

¢ Jython sBasiercs peanusanued Python - s3blka € NpakTUUHBIM
CUHTaKcucoM, ob6sajawliero 6oJiblliold  BbIPA3UTENLHOCTLI), UTO
M103BOJISIET COKPATUTh CPOKK Pa3pabOTKU MPUIOXKEHU B Pa3bl.

[paBjia, UMEIOTCS U HEKOTOPLIE OrpaHHUUYEHHs 110 CPAaBHEHHIO C "0ObIYHBIM"
Python. Hanipumep, Java He rogjep>xuBaeT MHOXXeCTBEHHOI'0 Hac/1e/l0BaHus,
MO3TOMY B HEKOTOPbIX Bepcusix Jython Henb3si Hac/ienoBaTh Ki1acChl OT
HEeCKDJILKUX Java-K/1accoB (B TO JKe BpeMsi, MHOXKeCTBeHHOe Hac/le/loBaHue
nogaep>xuBaercs a1s Python-knaccos).

Cnepyroupii npumep (aiin lines.py) rnokassiBaeT MoJH YO UHTerparuo Java-
K/1aCCoB € UHTeprnperaropoM Python:

317



Cyau P AL H 3wk nporpammuposadua Python
# IMnoptupyroTcs Mojyny 13 Java
from java.lang import System
from java.awt import *
# A sTo moaynb U3 Jython
import random

# Kulacc 1151 pucoBaHus IMHUM Ha PUCYHKe
class Lines(Canvas):
# Peanu3zauust metoza paint()
def paint(self, g):
X, Y = self.getSize().width, self.getSize().height
label.setText("%s x %s" % (X, Y))
for i in range(100):
x1, y1 = random.randint(1, X), random.randint(1, Y)
x2, y2 = random.randint(1, X), random.randint(1, Y)
g.drawLine(x1, y1, x2, y2)

# MeTKH, KHOIMKH U T.II.

panel = Panel(layout=BorderLayout())

label = Label("Size", Label.RIGHT)

panel.add(label, "North™)

button = Button("QUIT", actionPerformed=lambda e: System.exit(0))
panel.add(button, "South")

lines = Lines()

panel.add(lines, 'Center")

# 3aryck rnaHesu B OKHe
import pawt
pawt.test(panel, size=(240, 240))

[Tporpammel Ha Jython Mo)kHO KOMmnuMpoBaTh B Java U cobuparb B jar-
apxuBbl. [l co3/jaHKA jar-apxyMBa Ha OCHOBe MOAYIS (MM I1aKeTa) MOXKHO
NpUMEHUTb KOMaHJy jythonc, kotopas BxoguT B koMmruiekT Jython. U3
KOMaH/IHOW CTPOKU 3TO MOYKHO C/le/IaTh TPUMEPHO TakK:

jythonc -d -c -j Ins.jar lines.py

Jlnst 3anycka NpUJIOXKeHUsT JOCTATOYHO 3anyCTUTh lines U3 KOMaH[HOU
CTPOKU:
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java -classpath "$CLASSPATH" lines

B nepemenHol $SCLASSPATH 0/DKHbI ObITb MYTH K apXMBaM 1ns. jar u
jython.jar.

Prolog

st TeX, KTO XoueT MCI0/b30BaTh Prolog u3 Python, cyiectByeT Heckonbko
BO3MOXKHOCTEH:

¢ Bepcusi GNU Prolog (cadit: ccwuika: http://gprolog.sourceforge.net)
uHTerpupyetcsi ¢ Python nocpescrsom nakera bedevere (caiiT: ccbiika:
http://bedevere.sourceforge.net)

* Hmeercsa rakeT PyLog (ccbuika:
http//www.gocept.com/angebot/opensource/Pylog) ais pabotel ¢ SWI-
Prolog (ccbuika: http//www.swi-prolog.org) u3 Python

¢ MoXHO MCNO/b30BaTh Maker pylog (JOCTyleH C cailTa: CChUIKA:
http//christophe.delord. free.fr/en/pylog/), koTopsbiii 100aBAsIET OCHOBHBIE
BO3MOKHOCTU Prolog B Python

OTU TpU BapyhaHTa peaM3ylOT pa3/iMuHblie Crnocobbl HHTerpaluu
Bo3mo)kHOcTed Prolog B Python. [lepBwiii BapuaHT ucnosib3dyer SWIG,
BTOpPOI opranusyet obieHue ¢ Prolog-crucremoil uepe3 KoHBeliep, a TpeTHH
ABJIAETCA ClleliMaIu3MpoBaHHOM peau3aluei Prolog.

Crnepyolmii npuMep rnokasbIBaeT UCI0/Ib30BaHUe MOAYIS py 1 Og:

from pylog import *

exec(compile(r"™
man('Socrates').
man('Democritus’).
mortal(X) - man(X).
")

WHO = Var()
queries = [mortal('Socrates'),
man(WHO),
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mortal WHO)]
for query in queries:
print "?", query
for _ in query():
print " yes:", query

YTO BbI/IaeT pe3y/bTar:

? mortal(Socrates)

yes: mortal(Socrates)

? man(_)
yes: man(Socrates)
yes: man(Democritus)

? mortal(_)
yes: mortal(Socrates)
yes: mortal( Democritus)

Pasymeercs, 370 He "Hactosiumi" Prolog, HO ¢ moMoupw Moayls pylog
moboii, komy TpebyroTcs sioruueckue Bo3moxkHoctu Prolog B Python, moxxet
Harucarb rporpammy € UCriojs30BaHueM Prolog-cuHTakcuca.

OCaml

A3bik  nporpammupoBanus OCaml - 3T0  $3bIK  (PYHKIIMOHA/JILHOI'O
rnporpamMmmupoBaHust (cemeiictBa ML, uto o3Hauaer Meta Language),
co3nanHbii B uHCTUTYTe INRIA, ®@panuus. BaxHoit ocobenHoctsio OCaml
SBJISeTC TO, UYTO €ro KOMITUJISITOP IIOPOXK/JAaeT UCIIOJHSeMbIA Kof, I10
ObICcTpOneHCcTBHIO cpaBHUMBIN ¢ C, pomHoH [is 1iaTdopM, Ha KOTOPBIX
OCaml peanu3oBaH. B To ke Bpemsi, Oyiyur (yHKI[MOHA/ILHBIM 110 CBOEH
npupoge, oH mnpubmkaetrcs K Python mo creneHW BbIpa3UTeILHOCTH.
WmenHo mostomy manss OCaml Obiia co3gaHa Oubnuoreka Pycaml,
thaktruecku peamu3ytorias aHanor C API gis OCaml Takum obGpasom, B
rporpammax Ha OCaml MOryT UCI0/1b30BaThCst MOAYIU si3blka Python, B HUX
naxke MoxkeT ObITh BCTpoeH uHTepriperarop Python. nst Python umeetcs
Oonbllioe  MHOXKECTBO  afanTUpoBaHHbIX  C-0uMOMMOTEK, 3TO  Jaer
BO3MOXHOCTb  mosib3oBatesisim OCaml rnpumeHsitb B pa3pabotke
KoMbuHUpoBaHHOe mpeumyiectBo Python u OCaml Munycom siBiisieTcs
TOJILKO HeobxoguMocTh 3HaTh (yHkiuuU Python/C API, nmeHa KOTOpPOro
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ucrons3oBanb! 415 cBsisu OCaml u Python.

Cnepyroumii npumep (u3 Pycaml) nokassiBaer nporpammy pas OCaml,
KOoTOpasi ornpejessieT Moyt 41 Python Ha OCaml 1 BbI3bIBaeT BCTPOEHHbBIN
uHreprnperatop Python:

let foo_bar_print = pywrap_ closure
(fun x -> pytuple_fromarray (pytuple_toarray x)) ;;
let sd = pyimport_getmoduledict () ;;
let mx = pymodule_new "CamiModule" ;;
let cd = pydict_new () ;;
let cx = pyclass_new (pynull (), cd, pystring_fromstring "CamlClass") ;
let cmx = pymethod_new (foo_bar_print,(pynull ()),cx) ;;
let _ = pydict_setitemstring (cd, "CamIMethod", cmx) ;;
let _ = pydict_setitemstring (pymodule_getdict mx, "CamiClass", cx) ;;
let _ = pydict_setitemstring (sd, "CamiModule", mx) ;;
let _ = pyrun_simplestring
("from CamIModule import CamlClass\n" A
"x = CamlClass()\n" /A
"for i in range(100000):\n" A
" x.CamMethod(1,2,3,4)\n" A
"print 'Done"\n"")

Pyrex

Inst HanucaHus Mofynel paclMpeHust MOXXHO UCI0/b30BaTh Criel{UaabHbIN
A3bIK - Pyrex - kotopslii coBMmelgeT cuHTakcuc Python u tunbl gaHHbix C.
Komnunsrop Pyrex Hanucan Ha Python v npeBpainger ucxofHbid (aidi
(Hanpumep, primes.pyx) B ¢aiin Ha C - rOTOBbIH /111 KOMITMJISALIUM MOZY/Ib
pacumpenusi. SI3bik Pyrex 3abotutcsi 00 yripaB/ieHUW TaMSITBIO, Yalisis
nocie cebsi craBuMe HEHYKHbIMU 00bekTbl. [lpumep daitia u3
JOKyMeHTaLUH K Pyrex (Jy1s BIYMC/IeHUS TPOCTBIX YK Ces):

def primes(int kmax):
cdefint n, k, i
cdef int p[1000]
result = []
if kmax > 1000:
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kmax = 1000
k=0
n=2
while k < kmax:
i=0
while i < k and n % p[i] <> 0:
i=i+1
ifi==k:
plk] =n
k=k+1
result.append(n)
n=n-+1
return result

B pesynbrare npuMeHeHUs] KOMITUSTOpa PyreX, HEXUTPOH KOMIWJISILIUU U
KOMITOHOBKH (¢ nomotipo GCC):

pyrexc primes.pyx
gcc primes.c -¢ -fPIC -I /usr/local/include/python2.3

gcc -shared primes.o -0 primes.so
[Monyuaetcst Mmonynb pacumpenusi ¢ pyHkuel primes () :

>>> import primes
>>> primes.primes(25)
[2,3,5,7,11,13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59, 61,
67,71, 73, 79, 83, 89, 97]

Pasymeetcsi, B Pyrex MOXKHO HcI0/1b30BaTh C-010/IMOTeKH, UMEHHO I103TOMY
OH, Kak U SWIG, MOXeT C/Iy)KUTb Jiisi ocTpoeHust 0bepTok C-6ubnurorek

nanst Python.

CrneiyeT OTMETHTb, UTO [JIsl POCTBIX onepanuii Pyrex ripumensier C, a s
obpaienus K obwekram Python - BuizoBel Python/C API. Takum obpasom,
obbeiMHsIeTC BbIpa3uTeibHOCTH Python u adxpektuBHOCTL C. KoHeuHo,
HEKOTOpbIe Bl B Pyrex He JIOCTYITHBI, HallpUMep, TeHepaTopbl, CITMCKOBbIE
BKmoueHusi U Unicode, omHaxo, 11eib Pyrex - co3maHue ObICTpO/iel CTBYOIIMX
MOJy/ieii pacllMpeHus1, U JIJIs1 3TOr0 OH MPEBOCXOAHO MOAXOAUT. O3HAKOMUTCS
¢ Pyrex MOXXHO 110 IOKyMeHTal[iu (KOTOpasi, K CO’KaJIeHU 0, eCTh [10Ka TOJILKO
Ha aHIVIMFCKOM $I3bIKe).
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3aK/IroueHue

B 9Toii nexkuuu KpaTKO pacCMaTpUBAIMCh OCHOBHbIE BO3MOXXHOCTU
WHTerpaluu uHTepriperaropa Python u gpyrux cucreM nporpaMmMUpOBaHUsL.
ba3oBas peanusanus a3bika Python Hanucana Ha C, nostomy Python umeer
riporpaMmmHbid UHTepdeiic Python/C API, koTopbli M03BoJISIeT rporpaMmam
Ha C/C++ obpam@tbcsi K uHTeprniperaropy Python, otaenbHbIM oObekTam,
MoayissM v Turam faHHbiX. CocraB Python/C API pocratouHo obimipeH,
M03TOMY peub 11U1a JIUIb 0 HEKOTOPbIX OCHOBHBIX €r0 3JIeMeHTax.

bbu1 paccMoTpeH mipouecc HamvcaHusi MoAyisi pacumpeHus Ha C kak
HafnpsiMyl0, Tak U C MCIO0Jb30BaHUeM reHepaTopa uHTepdericoB SWIG.
Tarke KpaTKO FOBOPU/IOCH O BO3MOXHOCTU BCTpPAaWBaHWsSI UHTEpIIpeTaTopa
Python B nporpammy Ha C uu OCaml

fA3bik Python (c nomolplo crnenyanbHOM ero peanu3ainuu - Jython)
Mpo3pauHO  UHTerpupyercs ¢ s3blkoM Java: B Python-nporpamme,
BbiNoHsieMoi 1oy Jython B Java-anriere wiu Java-rpuyiokeHUU, MOXKHO
WCI0J1b30BaTh MPaKTHUECKH JitoOble Java-Kaacchl.

Ha mnpumepe s3bika Prolog Obuid TOKa3aHbl pa3/iduHble TMOAXOAbI K
nobaB/IeHUI0 BO3MOXXHOCTEM JIOrMueckoro BbiBoga B Python-riporpammbi:
He3aBuCuMasi  peaiu3auusi  Prolog-maumnel, cBs3b ¢ Prolog-
UHTEepIIpeTaTopoM uepe3 koHBeuep, cBs3b uepe3 Python/C API.

Wutepecusiii tubpua C u Python npeacraBnsier u3 cebst a3k Pyrex. 3tot
S3bIK CO3[j@H C LIeJIbI0 YIIPOCTUThL HanucaHue MOAY1el paciMpeHus /s
Python Ha C, u ucnonb3yer cTpykrypbl AaHHbiX C u nogobHbiii Python
cuHTakcuc. HecMmoTpsi Ha HEKOTOpble CMBIC/IOBbIE M CUHTAKCUUECKUe
ormuus kak ot C, Tak u ot Python, s3bik Pyrex momoraeT cyiiecTBeHHO
COKpaTWTb BpeMsi pa3pabOTKM  MOAYIeM  paclMpeHus, COXPaHUB
3(dekTuBHOCTL KoMItu/siTopa C U 3HakoMblii cuHTakcuc Python.

B jaHHOW nekiguu He ObUIM Mpe/CTaB/eHbl Jpyrde BO3MOXKHOCTH
uHTerpauuu, Haripumep bubmuoreka wabsonoB C++ Boost Python, koTopas
nospossier uHterpupoBats Python u C++. Kpome Toro, u3 Python MoxHO
WCI10/1b30BaTh OMO/IMOTeKH, HanrMcaHHble Ha PopTtpaHe (rpoekt F2PY).

Pa3BuTbie U TUOKUe HHTerpallMOHHbIe BO3MOXKHOCTH Pyﬂ'lOl'l ABJIAKOTCH ero
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OCHOBHbIM nperuMyiiecTsom B KauyeCcTBe  A3blKa  AJ1d HHTerpaiuu
HDHHO}KEHHE. U3 JIEKIUH HeTpYIHO 3dK/JIH4YHTb, 4TO Pyﬂ'lﬂn JIETKO
B3aUMO/IEMCTBYET C JAPYTUMH CUCTEMaMH.

CcplIKHu

Bbubnuoteka Boost Python gyt C++ cebliika: http//www.boost.org
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YeTrpoiicTBo uHTepniperaropa sisbika Python

B ston nekiuu cienaHa nonsiTKa NpPO/IUTL CBET HAa BHYTPeHHee YCTPOUCTBO
uHTepnperatopa Python. [ns wumoctpanuu  paboTbl MHTepriperatropa
paccMaTpUBAlOTCs OT/IaurK, podaiinep u "nu3accembnep'.

JleKCcrueCKUM aHa/13

JlekcuuecKuii aHa/IM3aTop s3blKa MPOrpaMMUpPOBaHUsl pa3dUBaeT UCXOAHbIN
TEKCT TpPOrpaMMbl (COCTOSILLMK U3 OJUHOUHBLIX CUMBOJIOB) Ha JIeKCeMbl -
HeJlesiuMble "cyioBa' A3bIKa.

OcHoBHbIe KaTeropuu jiekcem Python: uaeHTUdUKATOPBI U K/IOUEBbIE C/I0BA
(NAME), nurtepansl (STRING, NUMBER wu Tt.n.), onepaiuu (OP),
pasjienuTeny, CrelyaabHble JeKceMbl i 0003HaueHUs: (M3MEHEeHHsl)
orctyrioB (INDENT, DEDENT) u koHijoB crpok (NEWLINE), a Takke
koMMmeHTapuu (COMMENT). JlekcMyeckKdid aHaiv3aTtop AOCTYIeH uepe3
MoAyIb tokenize, a onpejesneHUs] KOOB JIEKCEM CO/EP)KaTCs B MOZYIe
token crangaptHoid  Oubnuoreku Python. Crneayronmii  ripumep
[10Ka3bIBaeT JIEKCUUeCKUM aHaIUu3aTop B [eUCTBUMU:

import StringlO, token, tokenize

prog example =""

for i in range(100): # comment
ifi% 1 ==0:\
print ", t**2

""strip()
rl = StringlO.StringlO(prog_example).readline

for t_type, t_str, (br,bc), (er,ec), logl in tokenize.generate_tokens(rl):
print "%3i %10s : %20r" % (t_type, token.tok_name[t_type], t_str)

A BOT uTO BbIBeJIeT 3Ta INpOrpaMma, pa3dUB Ha JieKCeMbl WUCXOAHBLIM KoJ
npumMepa:

prog_example:
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1 NAME : 'for'

1 NAME : T

1 NAME : 'in’

1 NAME : 'range’
50 OP: '

2 NUMBER: '100'
50 OP: ))
50 OP: "
52 COMMENT: '"# comment'
4 NEWLINE : "\n'
INDENT : t

1 NAME : 'if

1 NAME : T
50 OP: %'

2 NUMBER: T
50 OP: '=="

2 NUMBER: 0’
50 OP: "

1 NAME : 'print'
3 STRING:
50 OP: .

1 NAME : "t
50 OP: ekt

2 NUMBER: 2
6 DEDENT : "

0 ENDMARKER : "

DakTUUeCcKy M0J1y4eH MOTOK JIeKCeM, KOTOPbI MOXKeT HCI10/1b30BaThCsl [/
pa3IUuHbIX Lesed. Harpumep, [yt CUHTaKCUYeCKOro "OKpallMBaHUs'" Koja
Ha sspike Python. Cnoaps token.tok name no3pojser NOMY4UTh

MHeMOHHYeCKHe UMeHa /1718 TUIla JIieKCeMEI 110 HOMEpPY.

CHUHTaKCUUeCKHM aHa/In3

Bropast crasust npeobpa3oBaHusi UCXOHOTO TEKCTA MPOrpaMmbl B OaillT-Koj
UHTepripeTaTopa COCTOUT B CUHTAKCUUYECKOM aHa/v3e UCXOJHOr0 TeKCTa.
Moayns parser cogepXuT GyHKIMM suite () W expr () s
TIOCTPOEHUS JIePeBbeB CUHTAKCUUECKOro pa3bopa COOTBETCTBEHHO /IS KoJa
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rnporpaMm H Bblpa)KEHHﬁ PYT_hOI'l. MO,H‘}UIB Symbol COAepsKHUT HOMepa
CHUMBOJIOB I'PpaMMaTHKH PythOI'], C/10Bapb /s 1ojydeHWs Ha3BaHHWA CUMBOJI4
13 rpaMMaTiku Python.

Crnepytolast rnporpaMma aHalu3MpyeT JOCTaTOYHO IpocTtod kop Python (
pPrg ) W TOpOXJAeT [epeBO CHHTAKCUueckoro pasbopa (AST-o0wekr),
KOTOPBIM TYT K€ MOXXHO TMpeBpaljaTh B KOPTEXX W KPaCMBO BBIBOAUTh
¢dyukuuenl pprint.pprint (). [anee ormnpegensiercs QYHKUMS [
rpeBpalleH|si HOMEPOB CHMBOJIOB B WX MHEMOHWUYeCcKue 0003HaueHus
(uMeHa) B rpaMMaTUKe:

import pprint, token, parser, symbol
prg = ""'print 2*2"™"
pprint.pprint(parser.suite(prg).totuple())

def pprint_ast(ast, level=0):
if type(ast) == type(()):
for a in ast:
pprint_ast(a, level+1)
elif type(ast) == type("):
print repr(ast)
else:
print " "*level,
try:
print symbol.sym_name][ast]
except:
print "token."+token.tok_name[ast],

print
pprint_ast(parser.suite(prg).totuple())

Ora mnporpaMMa BbIBeJeT ciejyrollee (CTPyKTypa JepeBa OTpakeHa
OTCTYIaMH):

(257,
(264,
(265,
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(266,
(269,
(1, 'print’),
(292,
(293,
(294,
(295,
(297,
(298,
(299,
(300,
(301,
(302,
(303, (304, (305, (2, '2))),
(16, "),
(303, (304, (305, (2, 2NMNNN)),
4,")),
©,")

file_input
stmit
simple_stmt
small stmt
print_stmt
token.NAME 'print’
test
and_test
not_test
comparison
expr
XOr_expr
and_expr
shift_expr
arith_expr
term
factor
power
atom
token.NUMBER 2’
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token.STAR "*'
factor
power
atom
token.NUMBER 2’
token. NEWLINE "
token. ENDMARKER "

[Tonyuenue OarT-KOzA

[Mocsie TOro Kak roJjiydeHo /iepeBO CMHTAKCHUYeCKoro pa3bopa, KOMITUJISITOP
JIOJDKeH TIpeBpaTUTh ero B OalT-koi, NOAXOAALUMN [yl UCHOJHEHUs
WHTEepIrpeTaTopoM. B cieayioleil rporpamMme TPOBOASATCSH  OT/E/IbHO
CUHTAKCUUeCKUI aHa/u3, KOMITWISL[Ms U BbIMOJIHEHWe (BbIUMC/IEHUE) KOJa
(1 BoIpaykeHust) B s3bike Python:

import parser

prg = ""'print 2*2""

ast = parser.suite(prg)

code = ast.compile('filename.py')
exec code

prg = ""2%2m"

ast = parser.expr(prg)
code = ast.compile('filename1.py")
print eval(code)

DyHKIMA parser.suite () (WM parser.expr () ) BO3Bpal@eT
AST-00bekT (oepeBO CUHTAKCMUECKOrO aHasu3a), KOTOpOe MeTO/0M
compile () komnunupyetcs B Python 6aliT-kog u coXpaHsieTCsi B KOJOBOM
obbekre code. Ternepb 3TOT KOJ, MOXHO BBINOJHUTL (W/M, B Cllydae
BLID@)KEHUS - BBIUMC/IUTL) C TIOMOLIBIO oreparopa exec (UM (yHKUUU
eval () ).

3pech HeoOXoMUMMO 3aMeTUTb, UTO HeJaBHO B Python nosiBuncs naker
compiler, KOTOPbI 00beAUHSIET MOAYIU JJisi PabOThI aHa/IM3a UCXOHOIO
koga Ha Python u reHepaiuu koma. B jaHHOW slekiuM  OH  He
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paCCMaTpUBAETCHA, HO Te, KTO Xo4eT FJ'[YG}KE H3YUHUTbL 3TH MPOLEeCChbl, MOXeT
00paTUTBCS K JOKYMeHTaL|u 1o Python.

N3yuenue HOaiiT-koa

Nnsi uzyuenust 6alT-koza Python-riporpaMmbl MOXKHO MCIO/b30BATh MOJY/Ib
dis (cokpaieHue OT "mu3accembiiep'), KOTOpPbIA COHEPKUT (GYHKIHH,
MO3BOJISIIOLIME YBU/IeTh OalT-kOf B MHeMOHWYecKoM Buje. Crieyroimii
TIpUMep WTIOCTPUPYET 3TY BO3MOXKHOCTb:

>>> def f():
print 2*2

>>> dis.dis(f)

2 0 LOAD_CONST 1(2)
3 LOAD_CONST 1(2)
6 BINARY_MULTIPLY
7 PRINT_ITEM
8 PRINT_NEWLINE
9 LOAD_CONST 0 (None)
12 RETURN_VALUE

Onpepensiercss ynkyus £ (), KoTopasi 10/DKHA BBIUMC/IUTL M HaleuyaraTh
3HaueHWe BbIpaKeHUs 2*2. DYHKUUA dis () MOAyIS dis BBIBOAUT KOf
dynkiuu f () B BUjJe Hekoro "accembsiepa’, B koTopom OaiiT-kon Python
rpe/cTaB/jeH MHeMOHWUeCKUMU HMeHamu. CreflyeT 3aMeTUTb, UTO IpU
WHTEepPIpPeTaliMy MCIO/Mb3YeTCa CTeK, I103ToMy LOAD CONST Kiajer
3HaueHHe Ha BeplMHY cTeka, a BINARY MULTIPLY Geper co cTeka jBa
3HAUeHUsl U MOMeIldeT Ha CTeK pe3ylbraT uX rnepeMHo)KeHusi. OyHkius 6e3
orneparopa return Bo3BpaljgeT 3HauyeHUe None. Kak U B cjiydae C KofaMu
IUJ1sI MUKPOITPOL[€CCOPa, HEKOTOpble HalT-Ko/bl IPUHUMAIOT MapaMeTphbl.

MHeMOHHUYeCKie UMeHa MOXXHO YBHUJIETb B CIUCKe dis.opname (HUXe
1eYaTarTCsi TOJILKO 3a/leliCTBOBaHHbIE UMEHA):

>>> jmport dis
>>> [n fO]_‘ n jn djs‘opnam-e ifn[o] !: el
['STOP_CODE', 'POP_TOP" 'ROT_"[‘WOl’ lROT_THREE', 'DUP_T(
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'NOP', 'UNARY_POSITIVE', 'UNARY_NEGATIVE', 'UNARY_NO
'UNARY_INVERT', 'LIST_APPEND', 'BINARY_POWER', 'BINARY
'BINARY_DIVIDE', 'BINARY_MODULO', 'BINARY_ADD', 'BINAI
'BINARY_SUBSCR/, 'BINARY_FLOOR_DIVIDE', 'BINARY_TRUE
'INPLACE_FLOOR_DIVIDE', INPLACE_TRUE_DIVIDE', 'SLICEH-
'SLICE+2', 'SLICE+3', 'STORE_SLICE+0', 'STORE_SLICE+1', 'STC
'STORE_SLICE+3', ' DELETE_SLICE+0', ' DELETE_SLICE+1', 'DEL
'DELETE_SLICE+3', INPLACE_ADD', INPLACE_SUBTRACT, Il
'INPLACE_DIVIDE', 'INPLACE_MODULO', 'STORE_SUBSCR/, T
'BINARY_LSHIFT', 'BINARY_RSHIFT, 'BINARY_AND', 'BINARY
'INPLACE_POWER/, 'GET_ITER', 'PRINT_EXPR', 'PRINT_ITEM,

'PRINT_ITEM_TO', PRINT_NEWLINE_TO', INPLACE_LSHIFT,
'INPLACE_AND, INPLACE_XOR/, INPLACE_OR/, ' BREAK_LO
'RETURN_VALUE', MPORT_STAR', 'EXEC_STMT, "YIELD_VAL
'END_FINALLY', 'BUILD_CLASS', 'STORE_NAME', 'DELETE_N/
'UNPACK_SEQUENCE', 'FOR_ITER', 'STORE_ATTR', 'DELETE_A
'DELETE_GLOBAL', ' DUP_TOPX', ' LOAD_CONST, 'LOAD_NAM
'BUILD_LIST, 'BUILD_MAP', 'LOAD_ATTR', 'COMPARE_OP', 'IM
'IMPORT_FROM', JUMP_FORWARD', 'JUMP_IF_FALSE', JUMP.
'JUMP_ABSOLUTE', 'LOAD_GLOBAL', 'CONTINUE_LOOP', 'SE
'SETUP_EXCEPT, 'SETUP_FINALLY", 'LOAD_FAST', 'STORE_F2
'RAISE_VARARGS', 'CALL_FUNCTION', ' MAKE_FUNCTION', 'E
'MAKE_CLOSURE', 'LOAD_CLOSURE', 'LOAD_DEREF', 'STORE
'CALL_FUNCTION_VAR/, 'CALL_FUNCTION_KW', 'CALL_FUN
'EXTENDED_ARG']

Jlerko poragatbest, uto LOAD o3Hauaet 3arpy3ky 3HaueHusi B crek, STORE -
BoIrpy3ky, PRINT - neuars, BINARY - OuHapHyl0 orepanuio U T.0.

Otnagka

B uHtepniperatope s3bika Python 3anokeHbl BO3MOXHOCTH —OT/IaJKU
rporpaMM, a B CTAH/IaPTHOW TOCTaBKe UMEETCs MPOCTeMIMIA OT/Ia[uuK -
pdb. Cnexyroupii npumep NokasbiBaeT MpOrpamMmy, KOTOpasl MojBepraercs
OT/Ia/IKe, U TUITUYHYIO CECCUI0 OT/Ia/IKK:

# File myfun.py

def fun(s):
Ist =]
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Tak MOXeT BbIIISI/IeTh TUITUUHBINA MPOLIECC OT/Ia/KH:

foriins:
Ist.append(ord(i))
return Ist

>>> jmport pdb, myfun

>>> pdb.runcall(myfun. fun, "ABCDE")

> /examples/myfun. py(4)fun()
-=>Ist=1{]
(Pdb) n
> fexamples/myfun. py(5)fun()
->foriins:
(Pdb) n
> /examples/myfun. py(6)fun()
-> Ist.append(ord(i))
(Pdb) 1

1 #!/usr/bin/python
2 # File myfun.py
3 def fun(s):
4  bt=[]
5 foriins:
6 -> Ist.append(ord(i))

7 return Ist
[EOF]
(Pdb) p Ist
(]
(Pdb) p vars()
{'I"'A", 's'."ABCDE, 'lst": []}
(Pdb) n
> Jexamples/myfun. py(5)fun()
->foriins:
(Pdb) p vars()
{'I"'A", 's'."ABCDE/, 'Ist": [65]}
(Pdb) n
> /examples/myfun. py(6)fun()
-> Ist.append(ord(i))
(Pdb) n
> fexamples/myfun. py(5)fun()

A361K nporpammupoBadna Python
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->foriins:
(Pdb) p vars()
{'1.'B), 's"."ABCDE!, 'lst": [65, 66]}
(Pdb) r
- Return -
> /fexamples/myfun.py(7)fun()->[65, 66, 67, 68, 69]
-> return Ist
(Pdb) n
[65, 66, 67, 68, 69]
>>>

MNHTepakTUBHBIN OTN1aUUK BbI3bIBaeTcs pyHkMel pdb . runcall () U Ha
ero npumameHue (Pdb) crenyeT BBOAUTh KOMaH/bl. B aHHOM rpumepe
CecCHUU OTNa/KK ObLIM UCTI0/Ib30BaHbI HEKOTOPbIE W3 CJIE/YIOUIMX KoMaH: 1
(nmeyaTk (pparMeHTa TpaCCUpPyemMoro Kojia), n (BbIMOJHUTL BCe 0 C/Ie/yIoLIei
CTPOKU), s (CAenaTh CJIEIYIOLMI 11, BO3MOXKHO, YIYOMBLIMCh B BbI30B
Merola wWiu GdyHKUMU), p (redarh 3HadyeHUs), r (BBINOJIHUTL BCE [0

BO3Bpara U3 Tekylei GyHKIuu).

Pa3symeercsi, HEKOTOpble WHTEpaKTUBHbIe 000/I0YKd pa3paboTurka [iist
Python mnpegocraBisitor GyHKIMKA OT/iagudka. Kpome TOro, OTnafKy
JIOCTaTOYHO JIEFKDO OpraHu30BaTh, I[IOCTaBUB B K/IHOUEBbIX MeCTax
NporpaMMsl, OINepaTopsl print s BbIBOJa UHTEPeCYHOIMX apaMeTpoB.
OObIUHO 3TOr0 JIOCTaTOYHO, 4TOObI JIOKanu30BaTh rpobnemy B CGI-
CLIeHapUsIX MOXKHO MCI10/1b30BaTh MOAYIb Ccgitb, 0 KOTOPOM rOBOPUJ/IOCH B

OTHOU U3 NpebIAYILMX JTeKIUH.
[Tpodatinep

Jlns oripesiesieHHUs MECT B MPOrpamMMe, Ha BbIMTOJIHEHHE KOTOPBIX YXO[UT
3HAUMTE/IbHAs YaCTh BPeMeHHU, 0ObIYHO ITPUMEHSIeTCs Iipodaiiiep.

Mopyrns profile

OTOT MOAYIb MO3BOJISET MPOAHA/JM3UpPOBaTh paboTy (yHKIUM U BbIJaTh
CTaTUCTUKY UCIO/Ib30BAHUS MPOLIECCOPHOI0 BPEMEHU Ha BbITIOJIHEHUEe TOou
WU/IK UHOM YaCTH a/IfOPUTMa.
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B kauecTBe rpumepa MOXXHO pacCMOTpeThk NpoduaupoBaHue (QYHKUUMN 15
MOUCKAa CTPOK W3 CrUCKa, Haubosiee MOX0XKUX HA AaHHYH. [/ Toro 4tobbl
KaueCTBEHHO npoduMpoBaTh hyHKL U0
difflib.get close matches (), HyKeH 60/blIOH 00BEM [JaHHBIX.
B ¢aiine russian.txt cobpano 160 Teicsiu €/10B pycckoro sisbika. Creayromgs
rporpaMma [TOMO>KEeT npoguInupoBaTb dyHKIMIO
difflib.get close matches():

import difflib, profile

def print_close_matches(word):
print "\n".join(difflib.get_close_matches(word + "\n", open('russian.tx

profile.run(r'print_close_matches("rpodaiinep")")
[lpu 3armycke 370l porpaMmbl OyIeT BbIIAHO IIPUMEPHO CJIe/IyIOLLiee:
nposaiziep
Tpausiep
Opoiinep
899769 function calls (877642 primitive calls) in 23.620 CPU seconds
Ordered by: standard name

ncalls tottime percall cumtime percall filename:lineno(function)

1 0.000 0.000 23.610 23.610 <string>:1(?)

1 0.000 0.000 23.610 23.610 T.py:6(print_close_matches)

1 0.000 0.000 0.000 0.000 difflib.py:147(__init )

1 0.000 0.000 0.000 0.000 difflib.py:210(set_seqs)

159443 1.420 0.000 1.420 0.000 difflib.py:222(set_seql)

2 0.000 0.000 0.000 0.000 difflib.py:248(set_seq2)

2 0.000 0.000 0.000 0.000 difflib.py:293(__chain_b)

324261 2.240 0.000 2.240 0.000 difflib.py:32(_calculate_ratio)
28317 1.590 0.000 1.590 0.000 difflib.py:344(find_longest_match)
6474 0.100 0.000 2.690 0.000 difflib.py:454(get_matching blocks)
28317/6190 1.000 0.000 2.590 0.000 difflib.py:480(__helper)
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6474 0.450 0.000 3.480 0.001 difflib.py:595(ratio)

28686 0.240 0.000 0.240 0.000 difflib.py:617(<lambda>)

158345 8.690 0.000 9.760 0.000 difflib.py:621(quick_ratio)

159442 2,950 0.000 4.020 0.000 difflib.py:650(real_quick_ratio)

1 4930 4.930 23.610 23.610 difflib.py:662(get_close_matches)

1 0.010 0.010 23.620 23.620 profile:0(print_close_matches("ripodaiine|
0 0.000 0.000 profile:0(profiler)

34ech KOJIOHKM Tab/uilbl TMOKa3bIBAKOT CJieflytolpe 3HaueHus:: ncalls -
KOJIMUeCTBO BbI30BOB ((hyHKI[MM), tottime - BpeMsi BBINO/JHEHUS Koja
(yHkuuu (He BK/IHOYasE BPEMEHU BbLIITOJHEHUS BbI3bIBAEMbIX U3 Hee
dynkuuii), percall - To e Bpemsi, B IepecueTe Ha OAWH BbI30B, cumtime -
CyMMapHOe BpeMsl BbIMOJHeHUs (yHKUUU (M BCeX BbI3bIBA€MbIX U3 Hee
(byukuuii), filename - ums daiina, lineno - Homep crpoku B aiise, function -
umsi GyHKUUU (€C/TM 9TU TTapaMeTpbl U3BECTHBI).

W3 rmipuBeeHHONW CTaTUCTUKU CJIe[lyeT, 4YTO HaubosbliMe YCWIUsi 10
ONTUMHU3ALINU KoJia HeoOXouMo TIPUJIOKUTH B yHKUMSX
quick ratio() (Ha Hee MOTpayeHo 8,69 CeKYH[),
get close matches () (4,93 cekyHj), 3areM MOXKHO 3aHATBLCS
real quick ratio() (2,95 cekyng) u calculate ratio()

(cexkyH[).

OTO /il CaMblid MPOCTOM BapuUaHT WCI0/b30BaHus Tipodaiisiepa: MOayIb
profile (M cBsI3aHHBIK C HUM pstats ) MO3BOMSIET TMOJydaTb U

OGDHGaTbIBEITb CTATHCTHUKY: UX [IDUMeHeHH e OITHCaHO B JOKYMEHTAaL|HH.
Mopyns timeit

[MpearooXXuM, UYTO MPOBOAUTCS ONTHMH3alMsg HeDOJIBILIOr0 yyacTKa Koja.
HeoOxofMo orpeie/iiTh, Kakoli W3 BapUaHTOB KOJA SIBJISIeTCS Hawbosiee
ObICTPBIM. 3TO MOXKHO C/le/laTh C MOMOLIBEO MOAY/Ist timedt,

B ciieaytoliieit mporpamme UCMo/b3yeTcst MeTof, t imeit () /st U3MepeHust
BpEMEeHH, HeoOXOAUMOro il BBIUMC/IEHUs HeDOJbIoro ¢parmMeHTa Koja.
W3mepeHusi NPOBOASTCS JI/Isl TPEX BapPUAHTOB KOJia, Jie/IatolMX OJJHO U TO XKe:
KOHKaTeHUPYIOLLMX JeCATh ThICAY CTPOK B OAHY CTPOKY. B nepeom ciyuae
UCIO0Jb3yeTCst Haubosiee ecTeCTBeHHbIN, "MTODOBOI" rpueM MHKpPeMeHTHOM
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KOHKdaTeHallhk, BO BTOPOM - HdKOIlJlIeHHe CTPOK B CIIMCKe C nocneiyronum
OGBEﬂHHEHHEM B OJHY CTPOKY, B TpeTbeM IIpUMEHAETCA CIIUCKOBOE
BK/IHOUeHHe, d 3aTeM Oﬁ'bE,[LHHEHHE‘ 3JIEMEHTOB CITUCKa B OJHY CTPOKY:

from timeit import Timer

t = Timer(""'

res ="

for k in range(1000000,1010000):
res += str(k)

lTT"I)

print t.timeit(200)

t = Timer(""'

res =[]

for k in range(1000000,1010000):
res.append(str(k))

res = ",".join(res)

lTT"l)

print t.timeit(200)

t = Timer("™"
res = ",".join([str(k) for k in range(1000000,1010000)])
lTT"l)

print t.timeit(200)
Pasusie Bepcuu Python fasyr pa3nuuHbie pe3ynsraThl IPOrOHOB:

# Python 2.3
77.6665899754
10.1372740269
9.07727599144

# Python 2.4
9.26631307602
9.8416929245
7.36629199982

B crapeix Bepcusix Python pexomeHjyembiM Cr1ocob60M KOHKaTeHaLIUU
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OO/BLILIOr0  KO/IMUECTBA CTPOK SIB/SUIOCH HAKOIJIEHWe WX B CIUCKE C
Nnoc/ae/lyloluMM npuMeHeHveM (GyHkiuM join () (KCTatv, UHKpPeMeHTHasl
KOHKaTeHal|us MoYTH B BOCEMb pa3 MejijleHHee 3Toro npuema). HaunHas c
BepcuM 2.4, UHKpeMeHTHasi KOHKaTeHal[usi Oblsia ONTHMU3MPOBAHA U Terepb
VUMeeT JlayKe JIYUIMii pe3y/ibTaT, UeM BepCusi CO ClicKamu (koTopasi Bo6aBok
Tpebyer OGosblle namsit). Ho ueMriMoHOM BcCe-Taku siBJisieTcsi pabora co
CIUCKOBBIM BK/IIOUEHHEM, [103TOMY CBepThiBaHUE I[UKIOB B CIIUCKOBOE
BK/THOUEHUE M03BOJISIET MOBLICUTD 3(eKTUBHOCTD KOJ1a.

Ecnmu tpebytotcst 6osiee TouHble pe3yibraTbl, PpEKOMEH/YeTCsl UCI0J/Ib30BaTh
MeTo, repeat (n, k) - OH M03BOJsieT Bbi3bIBaTh timeit (k) n pa3,
BO3Bpalliags CIIMCOK W3 n 3HaueHW. HeoOxoqumMo OTMETUTb, 4YTO Ha
pe3yisTaTbl MOJKET BJIMSATh 3arpy)KeHHOCTb KOMITBKOTEPa, Ha KOTOPOM
TIPOBO/SATCSL UCTTBITAHUSI.

OnTuMM3aLus

OcHoBHasi peanu3aiius si3bika Python roka uto He UMeeT ONMTUMU3UPYIOLLEro
KOMITWJIITOpPA, T03TOMY pa3roBop 00 ONTUMU3al[UM KACAeTCs TOJILKO
ONTUMM3AllMM  KOJla CaMWMM  T[porpaMMucroM. B jobom  si3bike
MpOrpaMMUPOBaHUsI UMEIOTCSI CBOM XapaKTepHble MpUeMbl ONTUMHU3al[un
Koja. Ontumuszanus (yIydilleHWe) KoJa MOXeT TPOMCXOJUTh B JIBYX
(3a4acTyr0 KOHKYPUPYIOLMX) HarpaB/ieHUsIX: CKOPOCTb M 3aHUMaemasi
namsitb. B yc/oBUsiX [J0CTaTKa OMepaTUBHON MaMsITU MPUJIOXKeHUs1 0ObIUHO
ONMTUMMU3UPYIOT 10 CKOPOCTH. [Ipy onTUMM3aLMK 110 BpEMEeHU MPOrpaMMbl
IU1sl OIHOPA30BOr0 BbIYMC/IEHUS CJie/lyeT UMeTh B BUJY, UTO B 0OIlee Bpemsi
pelleHusI 3a/1a4l BXOJJUT He TOJIbKO BbIITOJIHEHUE MPOrpaMMbl, HO U BpPeMsi ee
HarnucaHus. He CTOUT TpaTUTh YCU/IUSI HA ONTUMU3AL[UIO TIPOrPAMMBbI, eC/Id
OHa Oy/IeT UCI0/Ib30BATHCSl OUEHb PEJIKD.

CnefyeT yuuTbIBaTh, YTO MpOrpaMma, peasu3yrollias HeKOTOPbI aropuTMm,
He MoXeT ObiTb ONTUMU3UPOBAHA [0 OECKOHEUHO Majoro BpeMeHU
BbIUUC/IEHUS: UCTI0/Ib3YeMbI aJIFOPUTM UMEeT OIpe/ie/IeHHY0 BPEMEeHHYI0
CJIO)KHOCTb U TIPOrpaMMy, OCHOBAHHYIO Ha C/IMIIKOM CJIO)KHOM a/I'OpPUTME,
CYLLIECTBEHHO ONTUMHU3UPOBaTh He yAacTcsi. MOXHO MOMbITaTbCsI CMEHUTb
ITOPUTM (XOTSI MHOTHE 3a/laud 3TOTO C/1e/1aTh He M03BOJISIIOT) UK 0C/1abUTh
TpeboBaHusi K pelleHusiM. MHOrjja romoraet yripoileHue anroputma. K
COXKaJIeHU10, ONTUMM3alUsl KOJla, KaK M MPOrpaMMHpOBaHMe - 3ajjadya
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HedopMasibHasi, I03TOMY YMeHHe ONTUMU3UPOBATh KOJ| [IPUXOUT C OMbITOM.

Eciu ckopocth paboThl mporpammbl Mpy  OOMbIIOH [JIMHE JAHHBIX He
yCTpauBaeT, CjelyeT MOUCKaTh Gosiee 3(heKTHBHBINA anroputMm. Ecim ke
Oonee 3¢beKTUBHBIN aJTOPUTM TPAKTHUYECKH HellenecoobpaseH, MOXKHO
TIOTBITATLCS TIPOBECTH ONTUMH3AIUI0 KOJa.

CobCTBeHHO, B JIAaHHOM TIpUMepe /i Mofaylss timeit yKe IOKa3aH
MpAaKTUUYeCKU Crocob Haxox/JeHUsi ONTUMalbHOro kofa. CTOUT Takke
OTMEeTUTh, UTO C MOMOIIBI0 Mnpodaiisiepa HYKHO OMNpeje/iiTh MecTa Koja,
OTHUMawIe HauboJbIyI0 uacTe BpemeHU. OObIUHO 3TO JIEHCTBUS,
BbITOJIHSIEMbIE B CAMOM BJIOXKEHHOM 1[UK/1e. MOKHO MOIbITATHCSI BbIHECTH
13 [[UK/Ia BCE, UTO MOXKHO BbIUUC/IUThL B O0/Iee BHEIHEeM L[UK/e Wi BooOiie
BHE 1[UK/a.

B s3bike Python BbI30B (yHKUMM SB/ISIETCSI OTHOCUTEBHO JOpPOrOCTOSIIIEH
oriepaijyieii, O3TOMY Ha KPUTHYHBIX 10 CKOPOCTH Y4aCTKaX KoAa CJieflyeT
n30eraTh BbI30Ba DOJIBILOTO YnC/Ia (YyHKI[HAH.

B HekoTopbix Ciyuasix paboTy mporpamMmbl Ha Python MOXKHO YCKOPUTH B
HEeCKDJILKO pa3 C MOMOUIbIO CreljMaibHOro ornTuMu3aropa (OH He BXOJUT B
cTaH/apTHY0 nocraBky Python, HO cBOOOIHO pacrpocTpaHsieTcsi): psyco.
Jlnsi yCKOpeHUsi MporpaMMbl [JOCTaTOYHO J100aBUTH CeMyrOle CTPOKU B
HayaJie [JTaBHOrO MOJY/Ist TPOrpaMMBbl:

import psyco
psyco.full()

[lpaBja, HekoTOpble (DYHKIUK He TMOAJAIOTCS "KOMITUASLUU" C TOMOILBIO
psyco. B 3tux cnyuasx Oyayr BbifjaHbl ripepyripexiaeHus. [locmorpute
JNIOKYMEHTALIUI0 M0 psSyco C TeM, uToObl y3HAaTb OrpPaHUYEHUSI B €ro
WCI0JIb30BaHUKW U CIIOCOOBI X MPeo/0/IeH sl

Eille ogHMM BapuaHTOM YCKOPeHUsi pab0Thl TMPUIOXKEHUS —SBJISIETCS
nepernuchbiBaHre KPUTUUECKUX YYaCTKOB aIropuTMa Ha si3bikax OoJjee
Hu3koro ypoBHs (C/C++) 1 ucrosib3oBaHue mofyneud pacimpenus u3 Python.
OpHako 3Ta KpaiiHsii Mepa 00bIYHO He TpeOyeTcst WM MOAYIA Jyisi 3ajiad,
Tpebytorimx Oosbitelt 3ddekTMBHOCTH, Yy)Ke HarucaHbl. Hampumep, s
paboThl C pacTpOBBLIMU H300pa’keHUsMU UMEeTCs IpeKkpacHas Oubiauoreka
monyiei PIL (Python Imaging Library). YucieHHble pacueTbl MOXXHO
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BLIIMOJIHATE C [MTOMOILIBHO ITdKeTd Numeric u T. M.
Pychecker

OpHuM U3 Haubosiee UHTEPeCHbIX UHCTPYMEHTOB [ijisi aHa/li3a MCXOHOro
koga Python nporpammsbr siBasiercss Pychecker. Kak u lint s sseika C,
Pychecker no3BosisieT BbISIBJISITE C/1aO0CTH B UCXOAHOM Kojie Ha si3bike Python.
Mo>KHO paccMOTpeTs C/le/lyrouMil npuMep ¢ ucrnosns3oBanuem Pychecker:

import re, string
import re
a="abc"

def test(x, y):
from string import split
a="xyz"
print split(a) + x

test(['d'], 'e")
Pychecker BoiacT ciefyromnpe rpejyrpexjeHus:

badcode.py:1: Imported module (string) not used
badcode.py:2: Imported module (re) not used
badcode.py:2: Module (re) re-imported
badcode.py:5: Parameter (y) not used
badcode.py:6: Using import and from ... import for (string)
badcode.py:7: Local variable (a) shadows global defined on line 3
badcode.py:8: Local variable (a) shadows global defined on line 3

B nepBoii cTpoke UMIIOPTUPOBAH MO/YIb, KOTOPbLIY flajiee He IPUMeHseTCs],
TO JKe camoe C MmopayleM re. Kpome Toro, mMopyis re WMIIOPTUPOBaH
MOBTOPHO. [Ipyrue npo6siemb! € KOIOM: TapaMeTp Y He UCIO/Ib30BaH; MOAY/Ib
string npUMeHeH Kak B oreparope import, Tak U BO from-import ;
NI0Ka/ibHasl TepeMeHHasi a 3aTeHsieT mI00ajbHYH0, KOTOpasi OIlpefie/ieHa B
TpeTbel CTPOKe.

MoskHO nepenucark 3TOT rnpumep Tak, utobbl Pychecker BeijaBan meHblie
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TIpeLyrpeXxAeHuid:

import string
a="abc"

def test(x, y):
al="xyz"
print string.split(al) + x

test(['d'], 'e")
Teriepb UMeeTCs JIUILL OHO TIPeAYTIPEX/eHHe:
goodcode.py4: Parameter (y) not used

Takoe To)ke ObiBaeT. [IporpaMMHUCT [0/DKEH JIHIL yOeAUThCS, UTO OH He
czieJian omMoOKu.

NccnenoBanue o0beKkTa

Nlaxxe camble TIPUMHUTHBHBIE OOBEKTHI B sI3bIKe MporpaMMupoBanusi Python
UMEIT BO3MOXKHOCTH, OOLMe //isi BCeX OOBEKTOB: MOXHO IMOJYYUTh HX
VHUKaNbHBIM ~ UJeHTU(GUKAaTop (¢ nomoupro  dyHKquu  id () ),
Tripe/iCTaB/ieHle B BUJ/Ie CTPOKU - [lake B JIByX BapuaHTax (pyHKMU str ()
U repr () ); MOXKHO y3HaTh arpubyTbl 0OBEKTa C MOMOIIBIO BCTPOEHHOM
dyHkiuu dir () W BO MHOTMX CJIydasX [10/Ib30BaThCs arpubyrom
~dict a4 gocTyna K c10Bapro uMeH obObekra. Takke MOXKHO y3HaTb,
CKOJILKO JIpyrUX OOBEKTOB CCbUIAETCS Ha JaHHbIA C TOMOLILIO (YHKIUU
sys.getrefcount (). Ectb e cbopka Mycopa, KoTopasi IpUMEHSIeTCs
U151 OCBODOXK/IeHUS TIaMSITH OT 00BEKTOB, KOTOpbIe Hojiee He UCTO/b3YHTCS,
HO UMEIOT CCBIJIKM JIPYT Ha Jipyra (LUKIuueckue ccbuiku). COopKoi mycopa
(garbage collection) MO>XHO yIpaB/sSiTh U3 MOAYIIS g C.

Bce 310 noguepkuBaet ToT (akrt, uto 00bekThl B Python cyiecTByroT He camu
no cebe, a SB/SIOTCA YaCTbiO CUCTEMbl: OHM W MX OTHOLIEHUS CTPOro
YUUTHIBAKOTCSI UHTEPIPETaTOPOM.

Cpa3y xe «ieayeT OroBoputhbcs, uto Python wumeer JBe CTOPOHBI
UHTPOCIEKUU: "0uLIMa/IbHY0", KOTOPYIO MOJJep)KUBaeT OMUCaHUe si3blKa
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U MHOTMe ero peaau3aluu, U "HeopuiMa/JbHYIO'", KOTOpasi MCI10/b3yeT
0COOEHHOCTH TOW WM WHOW peanu3sariuv. C oMokl "oduiiHaIbHBIX"
CpeJCTB UHTPOCTEKIIUM ~ MOXKHO  TOAY4UTh  UHGOOpMALIUIO 0
MPUHA/IE)KHOCTU 00BbEKTa TOMY WJIM UHOMY Kiaccy (byHkiusi type () ),
IpOBEepUThL IMPUHA/JIEKHOCTL JK3eMIulsipa Kiaccy ( isinstance () ),
OTHOLLIleHWe Hacjle[loBaHUsl Mexy Kiaccamu ( issubclass () ), a Takke
NnoJiyduTh WHGOPMAL[UI0, O KOTOPOW TOBOPWUJIOCH UyTh BbIllle. ITO KakK Obl
npubopHas nocka MaumHel. C MoMolpio "Heo(uIHanbHON" HHTPOCIIEKLUH
(3TO TO, UYTO MOA KAarlOTOM) MOXKHO MOJIYUUTHL [IOCTYIT K 4YemMy YrofHO: K
TekyleMy hpeiimMy HCITOJIHEHUs U CTeKY, K OalT-Kkofly yHKIIUU, K HEKOTOPbIM
MexaHU3MaM UHTepIripeTaTopa (OT 3arpy3Ku MoAy1ed 10 TMOTHOI0 KOHTPOJIS
HaJl BHYTpeHHel cpejou ucroyiHeHus). Cpa3y ke CTOMT CKa3aTb, UTO 3TOT
MeXaHW3M CJie[lyeT pacCMaTpUBATh (U TeM DoJiee BHOCUTH U3MEHEHHs1) OUeHb
JIeJIMKaTHO: pPa3pabOTUUKU si3blka HE TapaHTUPYIOT TOCTOSIHCTBO 3THX
MEeXaHU3MOB OT BepCMUM K BepCUU, a HeKOTOpble II0/e3Hble MOAYIU
UCIIOJIL3YIOT 3TU MeXaHW3Mbl [11 CBOMX Leseit. Harpumep, ynomsHyTbIU
paHee YycKOpUTe/b BbInosHeHUs Python-koa psyco oueHb cepbe3HO
BMEIIMBAeTCs BO (peiiMbl WCIIONIHEHUS], 3aMeHss1 UX CBOMMU OOBEKTaMH.
Kpome Toro, pasnble peanusayuu Python moryr umeTrs coBcem Jpyrue
BHYTpPEHHUE MeXaHU3MBbI.

CKa3aHHOe CTOMUT TMOJKPeUTh PUMePAMH.

B nepeom ripumMepe uccienyeTcss OOBEKT C TOMOILIBI "Oo(MIHaIbHBIX"
cpezctB. B kauecTBe 06bekTa BbiOpaHa 0ObIUHast CTPOKa:

>>>g = "abcd"

>>> dir(s)

[ add_',' «class_ ',' contains_ ', ' delattr "' doc_ ',

' eq_',' ge ''' getattribute_ ',' getitem_ ', ' getnewargs_ ',
" getslice_ '," gt ', hash ', it "' le "' len ',
"k " mod_ ' mul ', ne ','" new ',' reduce_ ',

' _reduce_ex_ ',' _repr_ ' rmod__','_rmul ','_setattr_ ',

__str__', 'capitalize', 'center’, 'count’, 'decode’,

‘encode’, 'endswith', 'expandtabs', 'find', 'index’, 'isalnum, 'isalpha’,
'isdigit', "islower’, 'isspace’, "istitle’, 'isupper’, 'join’, 'ljust',

'lower’, 'Istrip, 'replace’, 'rfind’, 'rindex’, 'rjust’, 'rstrip’,

'split', 'splitlines', 'startswith', 'strip’, 'swapcase', 'title',

'translate’, 'upper’, 'zfill']

341



Cyau P AL

H 3wk nporpammuposadua Python
>>> id(s)
1075718400
>>> print str(s)
abed
>>> print repr(s)
'abed'
>>> type(s)
<type 'str'>
>>> isinstance(s, basestring)
True
>>> isinstance(s, int)
False
>>> issubclass(str, basestring)
True

"HeoduipaneHbie" CpeiCcTBAa WHTPOCHEKLMH B OCHOBHOM paboTaloT B
obnactu mpejcraBieHUst 0ObEKTOB B cpeje UHTepriperatopa. Huke Oyzer
paccMOTpeHO, Kak [aBHas (Ha HacToAMW MOMeHT) peanusauus Python
MOXXeT J1aTb uHpopMaLrio 06 onpeeseHHON no/b3oBaTeneM GyHKIUU:

>>> def f(x, y=0):

... ""Function f(x, y)""'
... globals
returnt + x +y
>>>fsecure =1  # npucBaMBaeTcst JONOIHUTE/LHBIN aTpudyT
>>> ffunc name  # umA
'f
>>>ffunc_doc  # cTpoka JIOKyMeHTaL[uu
'Function f(x, y)'
>>> ffunc_defaults # 3HaueHus o ymo/TuaHUIO
©,)
>>> ffunc_dict # ciioBapb aTpubyToB ByHKIMK
{'secure": 1}
>>> co = f.func_code # komoBbIl 0OBEKT
>>> o
<code object f at 0x401ec7e0, file "<stdin>", line 1>

KopoBble 06beKTbl UMEIOT CBOU aTPUOYTHI:
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>>> co.co_code # BalT-Ko[
'tx00\x00/\x00'\x00'\x17|\x01\x00\x17Sd\x01\x00S'
>>> 0.co_argcount # UMCJI0 apryMEHTOB
2
>>2> C0.C0_varnames # UMeHa rnepeMeHHbIX
(x,'y)
>>> (C0.C0_consts # KOHCTAHTHI
(None,)
>>> C0.C0_hames # noKanbHbIe UMEeHA
(', X, y)
>>> C0.C0_name # 1M 0/10Ka Koda (B HallleM Ciiydae - UM (byHKl
'f

U Tak janee. bonee nMpaBU/LHO WCIIO/Nb30BaTh /ISl MOTYUEHUS] BCEX ITUX
CBeJIeHU Moy i nspect.

Mopayms inspect

OcHOBHOe Ha3HaueHUe Moyl inspect - JlaBaTh TPUJIOKEHUIO

uHdopMal[Mi0 0 MOAYISX, KiaccaX, MyHKIUsIX, TPAaCCHPOBOUHBIX 00BEKTax,
(peiliMax MCIONIHEHUsI U KOJOBBIX oObekrax. MIMeHHO Moaylb inspect

T1103BOJISIeT 3a/IIHYTh "Ha KyxHI0" uHTeprnperaropa Python.

Moaynb umeerT (GYHKUMU [Jisi [IPOBEPKUA TMPUHA[IE)KHOCTH 0OBEKTOB
Pa3IUUHbIM THIAM, C KOTOPbIMU OH paboTaer:

OyHKUKA [TpoBepsiemslii TUII
inspect.isbuiltin BerpoenHast hyHKLMS
inspect.isclass Knacc
inspect.iscode Kog,
inspect.isdatadescriptor ~ Onucarenb JaHHbIX
inspect.isframe dpeiim
inspect.isfunction DyHkUus
inspect.ismethod Meton

inspect.ismethoddescriptor Onucarens MetToza
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inspect.ismodule Mopyne
inspect.isroutine DYHKIUS UM METOJL
inspect.istraceback TpaccupoBouHbIH 00BEKT
[Ipumep:
>>> import inspect

>>> inspect.isbuiltin(len)

True

>>> inspect.isroutine(lambda x: x+1)

True

>>> inspect.ismethod(".split)

False

>>> inspect.isroutine(".split)

True

>>> inspect.isbuiltin(".split)

True

O6mwexT Thna MoAyIb nossisiercss B Python-riporpamme 6s1arozapst ornepayuu
umrnopra. s nosiydeHuss MHGOpPMAalMM O MOAYIe UMEITCS HeKOTOpble
dyHkuuM, a oObekT-moayis 00safiaeT orpeeneHHbLIMU aTpubyramu, Kak
MPOJIeMOHCTPUPOBAHO HUKE:

>>> import inspect
>>> inspect.ismodule(inspect)
True
>>> inspect.getmoduleinfo('/usr/local/lib/python2.3/inspect.pyc')
(‘'inspect’, ".pyc’, 'tb’, 2)
>>> inspect.getmodulename('/usr/local/lib/python2.3/inspect.pyc")
"inspect’
>>> inspect.__name___
"inspect’
>>> inspect.__dict__

>>> inspect.__doc___
"Get useful information from live Python objects.\n\nThis module encay

WHTepecHbl HeKOTOpble (YHKIMU, KOTOPbIe TMpPejoCTaB/sitOT UHOOpMAaI|Uio
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00 UCXONHOM Kojie 00BEKTOB:

>>> import inspect
>>> inspect.getsourcefile(inspect) # ums (aiiia ucxoqHOro Koja
'fusr/local/lib/python2.3/inspect.py’
>>> inspect.getabsfile(inspect)  # abCOMIOTHBIN MyTh K (haitny
'fusr/local/lib/python2.3/inspect.py’
>>> print inspect.getfile(inspect) # caiin Koma Mmoayst
/usr/local/lib/python2.3/inspect.pyc
>>> print inspect.getsource(inspect) # UCXOIHBINA TEKCT MoAY/s (B B
# -*- coding; is0-8859-1 -*-
""'Get useful information from live Python objects.

>>> import smtplib

>>> # KoMMeHTapuii HenmocpeACTBeHHO repe[ orpezesieHueM of
>>> inspect.getcomments(smtplib. SMTPException)

'# Exception classes used by this module.\n'

>>> # Tenepsb 6epem CTPOKY JJOKyMEHTHPOBaHUSI:

>>> inspect.getdoc(smtplib. SMTPException)

'Base class for all exceptions raised by this module.’

C mnomoupr Mogynss inspect MOXHO Yy3HaTh COCTaB aprymMeHTOB
HeKOTOPOM (DYHKLIMU C [MOMOLLBIO PYHKIUK Inspect.getargspec ():

>>> import inspect
>>> def f(x, y=1, z=2):
. returnx+y+z

>>> def g(x, *v, **z):
. return X

>>> print inspect.getargspec(f)
(I'x, 'y, '], None, None, (1, 2))
>>> print inspect.getargspec(g)
(I'x'], 'v, 'z', None)

Bo3BpaupemMblii  KOpTeX  COJEp)KUT  CIIMCOK  apryMeHTOB  (Kpome
creljManbHbIX), 3aTeM  C/eJyl0T WMeHa apryMeHToB /Uil CIIMCKA
MO3ULIMOHHBIX apryMeHTOB (*) U CrucKa UMEHOBaHHBLIX aprymeHTOB (**),
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oc/ie Uero - CIMCOK 3HaueHU# 110 YMO/IUaHHUKO g rnocdjieHUuX
MO3UIJUOHHBIX aprymeHTOB. HepBblﬁ dPryMeHT-CIIMCOK MOXKeT COLAepiKaTb
BJIOXKe€HHbIe CITHCKH, OTPa)Kas CTPYKTYDPY apryMEHTOB:

>>> def f(x1,y1), (x2,y2)):
return 1

>>> print inspect.getargspec(f)
([['x1', 'y1'], ['x2', 'y2']], None, None, None)

Knaccel (KaK BEI HOMHHTE) - TOXe Oﬁ'bEKT]:I, H 0 HUX MOXHO KO€-UTO y3HAaTh:

>>> import smtplib
>>> s = smtplib. SMTP
>>>s._module__ # moayib, B KOTOPOM Obli1 OripejiesieH 00beKT
'smtplib’
>>> inspect.getmodule(s) # MO>KHO J10ra/laTbCsi O TIPOUCXOXKAEHU U
<module 'smtplib' from 'fusr/local/lib/python2.3/smtplib.pyc'>

Jnsi BU3yanu3auuu JepeBa KI1acCOB MoKeT ObITh mose3Ha GyHKUUS
inspect.getclasstree (). OHa BoO3Bpal@eT HepapxuuyeckKu
BbLICTPOEHHBLIM B COOTBETCTBUU C HacC/Ae[0BaHUEM CIIUCOK BJIOXKeHHbIX
CIIUMCKOB K/1acCOB, yKasaHHBIX B CIIUMCKe-Tlapamerpe. B ciiefyroiem rpumepe
Ha OCHOBe CITMCKa BCeX BCTPOEHHbLIX KIaCCOB-UCK/IHUEHUM Co3/aercs
JlepeBo UX 3aBUCUMOCTEU I10 HaC/le[JOBaHUIO:

import inspect, exceptions

def formattree(tree, level=0):
""BbIBOJ lepeBa Hac/1e/J0BaHUM.
tree - 1epeBo, MOArOTOB/IEHHOE C ITOMOLIBI0 inspect.getclasstree(),
KOTOpOe Ipe/CTaB/IeHO CIIUCKOM BJIOXKEHHBIX CITUCKOB U KOPTeX
B koprexxe entry nepBblii 3/1eMeHT - KJ1acC, @ BTOPOU - KOPTEeX C ¢
Oa30BbIMM K1accaMu. ViHaue entry - BJIOYK€HHbBIN CITHUCOK.
level - ypoBeHb oTcTyI0B

mmnn

for entry in tree:
if type(entry) is type(()):
¢, bases = entry

print level * " ", c.__name__,\
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"("+ ", "join([b.__name__ forb in bases]) + )"
elif type(entry) is type([]):
formattree(entry, level+1)

v = exceptions.__dict__.values()
exc list=[e foreinv
if inspect.isclass(e) and issubclass(e, Exception)]

formattree(inspect.getclasstree(exc_list))

C nomoupto GyHKIMU inspect.currentframe () MOXHO MOJYUYUTb
TeKylpmid ¢peliMm wucrionHeHus. Atpubyrbl ¢dpeliMa MCIIOJHEHUS [JalOT
uHhopMalKio 0 6J10Ke Kofja, UCIOJHSIOIErocs B TOUKe Bbi30Ba MeToja. [Ipu
BbI30Be (YHKUMM (M B HEKOTOPBLIX JPYrUX CUTYalUsiX) Ha CTeK K/aJeTcs
COOTBETCTBYIOLMU 3TOMY (pelimy 650k Kopa. Ilpu Bo3BpaTe U3 QyHKUUU
TeKYyLLUM CTaHOBUTCA (pelim, XpaHUBLMNCA B cTeke. dpeliM CofepyKUT
KOHTEKCT BBITNIOJIHEHUS] KOJA: TPOCTPAHCTBA MMEH U HEKOTOpble Jpyrue
naHHble. TlonyuuTh 3TU JlaHHbIE MOXKHO uYepe3 arpubyTbl (hpeliMOBOro
obbekTa:

import inspect

def f():
fr = inspect.currentframe()
for a in dir(fr):
ifa[2]!1="_"
print a, ", str(getattr(fr, a))[:70]

fO

B pesynbrate rnosyuaetcs

f back : <frame object at 0x812383c>
f_builtins : {"help': Type help() for interactive help, or help(object) for k
f_code : <code object f at 0x401d83a0, file "<stdin>", line 11>
f exc_traceback : None
f_exc_type : None
f exc value : None
f_globals : {'f': <function f at 0x401e0454>, "' builtins__'": <module '_
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f lasti: 68
f lineno : 16
f_locals : {"a":'f_locals', 'fr'": <frame object at 0x813c34c>}
f restricted : 0
f trace : None

3pece £ back - npeapiayupii gpeim UCNONHeHUs (BbI3BaBLIMI JJAHHBIN
¢peitm), £ builtins - NPOCTPAHCTBO BCTPOEHHBIX MMEH, KaK €ro BU/IHO
u3 jaHHoro ¢peiima, £ globals - NpocTpaHCTBO [IOOa/JbHBIX HMEH,
f locals - NpOCTPaHCTBO JIOKA/IbHBIX UMeH, £ code - KoloBbli 00beKT
(B paHHOM ciydae - OaiT-kog Qynkuum £ () ), £ lasti - HHJEKC
noc/iejHell BbINO/HABLIHCA MHCTPYKU UK OaiiT-Kofla, £ trace - QyHKUUd
TPaCCUPOBKU /i1 JlaHHOro ¢peiima (M None ), £ lineno - TeKyups
CTPOKa HcCxXofHOro kofa, f restricted - npu3HaK BbIIIOJHEHUs B
OrPaHUYUTEJILHOM PeKuMe.

[Monyuuts UHGOpPMALIUID O CTE€Ke WHTEepIiperaTopa MOXHO C TOMOIIBIO
dbyskuuu inspect.stack (). OHa BO3Bpall@eT CIIMCOK KOpTeXeul, B
KOTOPbIX €CThb CJIe/[YIOIIEe 3/IeMEHThI:

(dpetim-obbekt, umst_daiina, ctpoka_e_daiine, UMs_(yHKLIWH,
CIIMCOK_CTPOK_MCXOAHOr0_KO/la, HOMEP_CTPOKU_B_Ko/le)

TpaccupoBouHble ~ 00BEKTbI ~ TaKKe  WIPAlOT  BaXHYH  po/ib B
UHTPOCITEKTUBHBLIX BO3MOXXHOCTAX s3blka Python: ¢ ux nomoupo MOXXHO
OTCJ/IE[IUTH MECTO BO30Y)KJeHUs UCKIoueHus U 00paboTath ero TpebyeMbiM
obpasom. [Ij1st paboThl C TPACCUPOBKAMH TPEYCMOTPEH JlaXKe CrieljUaibHbIi
MOIVIb - traceback.

TpaccupoBOUHbBIM 0OBEKT MPE/ICTaB/ISIET CONEP)KUMOe CTeKa UCTIOIHEHUS OT
MecTa BO30y>K[eHUsl UCKIIOUeHUs 10 MecTa ero obpabotku. B obpaborurike
WUCK/IIOUeHUW CBsi3aHHBIM C HWCKIIOUEHUEM TPaCCUPOBOUYHBIA  0OBEKT
[OCTYeH I0CPeACTBOM (YHKUUMU sys.exc info () (310 Tperui
3/IeMEHT BO3BpallageMoro JaHHou (QyHKI[Meu KopTexa).

TpaccupoBOUHEBIN 0OLEKT UMEET CJIe/IYIOLIAe aTPUDYTHI:

¢ tb frame ®PpelM UCIOIHEHUSA TEKYLLIETO YPOBHS.
¢ tb linenoutb lasti Homep cTpOKM M MHCTPYKLMH, Ife Oblio
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BO30Y)K/IeHO UCK/TIOUEeHMUe.
* tb next Crepyroupii ypoBeHb CTeKa (JApPyrod TpPacCUpOBOYHbLIN
00BLEKT).

OpHo u3 Hauboslee yacTbIX NIPUMEHeHU Moayns traceback - "wmsrkas”
06paboTka MCKIHOUEHUI C BLIBOJOM OT/IaJ0uHON WHGopMaLuu B yroOHOM
BH/Ie (B JIOT, HA CTAH/IAPTHBIW BLIBOJ OLIMOOK U T.I1.):

#!/usr/bin/python

def dbg_except():
""DYHKUMA 1J11 OT/Ia[JKU OIlepaTopos try-except™"
import traceback, sys, string
print sys.exc_info()
print " ".join(traceback.format_exception(*sys.exc_info()))

def bad_func2():
raise StandardError

def bad_func():
bad_func2()

try:
bad_ func()
except:

dbg_except()
B pesynsrare nosydaeTcst IpUMepHO C/eAyroLee:

(<class exceptions.StandardError at 0x4019729¢>,
<exceptions.StandardError instance at 0x401df2cc>,
<traceback object at 0x401dcb1c>)

Traceback (most recent call last):
File "pr143.py", line 17, in ?
bad_ func()
File "pr143.py", line 14, in bad_func
bad_func2()
File "pr143.py", line 11, in bad_func2
raise StandardError
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StandardError

@yHkuMsa  sys.exc info () pgaer KoprexX ¢ uWHpopManuendn o
BO30Y)K/JEHHOM MUCK/IIOUeHUU (K/1acC WCK/IIOUeHHUs], 0ObEKT WCKIHOUeHUs U
TPAaCCUPOBOYHbIA 00BEKT). DJIeMeHTbl 3TOr0 KOpTeXka IepejlaloTcsi Kak
napametpsl QyHKUUKU traceback. format exception (), KoTopas u
nevaraer uHgopmaiuio 06 UCKIHOUEHUU B yxKe 3Hakomoin dopme. Momyib
traceback cogepuT u Apyrue GyHKUUU (0O HUX MOXKHO Y3HaTb W3
JIOKYMEHTalluu), KOTOpble MOMOraloT (popMaTUpOBaTh Te UM UHBIE UACTH
nHdopmalu 06 UCKITIOUeHUH.

Pa3zymeetcs, 3T0 elle He BCe BO3MOXXHOCTU MOAYIS inspect U CBOWCTB
uHTpocrekiiuu B Python, a nuumb Haubosnee uHTepecHble (yHKIMU U
atpubytbl. IlogpobHee MOXXHO MPOYUTATh B JOKYMEHTAl[UW WM JlaXe B
WCXOJ[HOM Kojle Moayrieii ctanapTHON dubnuoreku Python.

3aK/IroueHue

C mnoMOLIBI0 BO3MOXKHOCTEH WHTPOCIIEKIIMM YI@aeTcss PacCMOTPeTh (hasbl
paboTbl TpaHcisitopa Python: nekcuueckuii aHanin3, CMHTaKCHYeCKUi pa3bop
U TreHepalMy Kofla [yisi WHTEepIIpeTaTopa, camy paboTy WHTepriperaropa
MO>XHO BU/IETh IPH MTOMOIIM OT/Ia/TYMKa.

Bmecre ¢ Tem, B 3ToW sekiuu ObLIO [AaHO TpeicTaB/ieHHe 00
WCI0JIb30BaHWK rpodaiisiepa [iyist UCCIe/JOBaHMsI TOTO, Ha UTO OOJIblie BCEro
TPAaTUTCS TIPOLIECCOPHOE BpeMsi B MpOrpaMMe, a TakKkKe 3aTpPOHYThI
HEKOTOpble  acrekTbl OornTuMu3aiuu  Python-mporpaMmM W BapUaHThbI
ONnTUMM3ALIMU Kojla Ha Python o ckopocTu.

HakoHel|, WHTPOCIIEKI|Msl T03BOJISIET MCCIe0BaTh HE TOJIbKO CTPOEHUe
MporpaMMbl, HO U 0OBEKTOB, C KOTOPbIMU paboTaer 3ta rporpamma. bbuiu
paccMoOTpeHbl BO3MOXHOCTH Python mno mnonyueHuto undopmanuu 06
00beKTax - 93TOM OCHOBHOM CTPOMTE/IbHOM Marepuase, W3 KOTOPOro
CKJ1a/IbIBAOTCs1 JlaHHbIe /it060i Python-niporpamMmbi.
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