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MpeancnoBue

«A Tenepb HEYTO COBEPLUEHHO UHOE...»

B sT0if KHUTe HCccaeayIOTCA CIIOCO0bl IPUMEHEHUS A3bIKa IPOrpaMMUPO-
BaHuA Python B TMOMYHBIX IPUKJIATHBIX 00JIACTAX U B PeaibHO BO3HU-
KaloluX 3aJadax. JTa KHUra PacCKas3bIBaeT, UTO MOKHO 0e/lamb C A3BIKOM
Python mocJie Toro, Kak BbI OBJIaJieJIN €70 OCHOBAMMU.

ITa KHUTA IPEAI0IaTraeT, YTO UNTATEb eIlle TOJIbKO HAUNHAET 3HAKOMUTD-
cs ¢ paccMaTpPUBAEMBIMH B KHUTE IIPUKJIAAHBIMU O0JIaCTAMHU — rpaduye-
ckuMu mHTep(peiicamu, MHTEepHEeTOM, 0a3aMU JAaHHBIX, CHCTEMHBIM IIPO-
rpaMMUPOBAHUEM U TaK [aJiee, — U MPEACTABIAET KA Y0 U3 HUX, HAUU-
Had C CAMbIX a30B, BBITIOJIHAA POJIb YyueOHUuKa. IIomyTHO KHUTA CTABUT CBOEH
IEeJbI0 TTO3HAKOMUTD YUTATENA C YAaCTO MUCIOJb3yEeMBbIMU MHCTPYMEHTaAMU
u 6ubJImoTeKaMu, HO He C OCHOBaMU sA3bIKa. TaKuM 00pas3oM, JaHHas KHUTa
ABJISIETCA PECYPCOM, ITO3BOJIAIOIINM UUTATE]I0 IIOJYUUTh OoJiee TIy0oKoe
HMOHMMaHUe poau a3biKka Python B mpaKTuKe mporpaMMUpPOBaHUA.

OO THUTEILHO B 9TOM KHUTE HUCCJIeAyeTCs IPUTOAHOCTD sA3biKka Python ma
POJIb UHCMPYMEHMA Pa3pabomKy npozpammHozo obecneyerus, B OTINUNE
OT IIPOCTO MHCTPYMEHTA «CO3MAHUs CIleHapueB». MHOrne IpuMepsl, Ipe-
cTaBJIEHHBIE B 3TOI KHUTE, II0J00paHbl B COOTBETCTBUU C TOMU IIeJIbI0 — Cpe-
IV HUX BBl HaljeTe IPUMepPHI ITOCTEIEeHHON paspaboTKU KJIMEHTOB 9JIeK-
TPOHHOM TOYTHI, ONMUPAOINeCcd HA THICAYU CTPOK IIPOIPAMMHOTO KOAa.
Cospmanue MOJOOHBIX KPYIHOMACIITAOHBIX MPUJIOKEHUH Bcerma OyaeT He-
TIPOCTHIM JI€JIOM, HO MBI TOKa’KeM, HACKOJIbKO ObICTPEE U IPOIIE CO3Ta0TCA
TaKue IPUJIOKEeHU s, KOT[a OHU paspabaTeiBaioTcA Ha A3bIKe Python.

ITO UeTBepTOe M3JaHue ObIJIO JOIIOJHEHO IIpeAcTaBIeHneM HOBBIX OCOOEH-
HOCTell sI3bIKa, OMOJIMOTEeK 1 IPAKTUUYECKUX IPHUEMOB IIPOrPaAaMMUPOBAHUSI
nasi Python 3.X. B uacTHOCTH, IpHMeEpPEI, IPeACTaBJIeHHLIE B KHUTE, BHIIIOJI-
HAIOTCSA IO YIIpaBJIieHneM nHTepnperaropa Bepcuu Python 3.1 — mauboiee
cBeskeli Bepcuu Python Ha MOMeHT HanmucaHUs 9TUX CTPOK. HemocpeacTeeH-
HO TIepen MyOoJnKaIueil KHUTY BCe OCHOBHbBIE IPUMePHI ObLIN OIPO6OBAHBI
moJ TpeThel anb(pa-Bepcueir Python 3.2, 1o BooOIie ToBOPs, OHU JOJMKHBI
COXPAHUTh CBOIO PabOTOCHIOCOOHOCTDH HPU MCIIOJb30BAHUU JII000H Bepcuu
Python us guneiiku 3.X. Kpome Toro, aTo usmanme O0bIJI0 PeOPraHU30BaAHO
C IeJbI0 YIOPAJOUNTD MIPEeKHUNM MaTepua U JOOABUTH ONMMCAHNE HOBBIX
WHCTPYMEHTOB U TEM.
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Mpenncnosure

ITocKoaBKY cpeau uuTaTesiell aToil KHUTU OYyAyT U Te, KOMY B PYKU mep-
BBIM IIOIIAJIO ATO U3JAaHUe, U Te, KTO 3HAKOM C IPEeIbIAYIIUMU U3TaHUIMU,
A X0Uy B 9TOM IIPEAVCJIOBUY 60JIee TOAPOOHO OCTAHOBUTHCS HA IEJISAX U 3a-
Jauax 9TOM KHUTH, IPeKIe YeM IIepeiT K TPOorpaMMHOMY KOAy.

OO0 3TON KHUre

HanHas KHUTA SBJIAETCS YUEeOHUKOM [0 MPUMeHeHHuo A3bika Python misa
perreHns HamboJiee TUIMUYHBIX 3a7ad B PA3JUUYHBIX IPUKJIATHBIX 00Ja-
cTax. B Hell pacckasbIBaeTcs 0 IpUMeHeHUU sA3bIKa Python B cucremHOM
aIMUHUCTPUPOBAHUMU, AJIA CO3MaHUA rpauuecKUx MHTep(deiicoB u Beb-
TPUJIOKEHUH U UCCIeAYIOTCS IIPUeMbl ITPOrPaMMUPOBAHUS CETEeBbIX B3au-
MOJeHCTBUM, BBaUMOAelicTBUM ¢ 6a3aMu JaHHBIX, 00paboTKU TeKCcTa, co3a-
HUSI nHTep(ercoB AJA CIleHapreB 1 BO MHOTUX APYTuX obsactax. HecmoTpsa
HA TO, YTO HA IPOTAKEHNN BCel KHUTU NCI0JIb3yeTcs A3bIK Python, Tem He
MeHee OCHOBHOe BHUMAaHUe OyeT yIAeJasaThCA He OCHOBaM S3bIKA, a IprueMaM
pellieHuA TPaKTUUYEeCKUX 3a1ad.

JKoCcucTemMa 3TOM KHUrm

IMuanasoH TeM, 06CYsKIaeMbIX B 9TOM KHUT'E, I03BOJIAET €€ pacCMaTpPUBaTh,
KaK BTOPOM TOM ABYXTOMHHKA, KOTOPLINA JOJIKEH ObITh JOIOJHEH TPETHUM
TOMOM. BaXHO IIOMHUTE, UTO 3Ta KHUAT'A OIKUCHLIBAET 0COOEHHOCTH PaspadoT-
KU MPUJIOKEHUN U ABJseTCA mpomokenreM kuuru «Msyuaem Python»!,
paccMaTpuBaroIeil OCHOBBI A3LIKA, 3HAHNE KOTOPBIX COBEPIIEHHO HEO0XO0-
AWMO OJIAd YTeHUA BTOﬁ KHUTu. HOHCHI/IM, KaK CBA3aHbl 9TU KHUTU MEXOY
co0oii:

e «Mayuaem Python» — moagpo0OHO OIIMCHLIBAET OCHOBBI IPOrPAMMUPOBAHMIA
Ha a3bike Python. OcHoBHOe BHUMaHUe yaesisgeTcss 6a30BbIM 0COOEHHO-
cTAM s3bIKa Python, sHaHUE KOTOPBIX ABJIAETCA HEOOXOAUMOIL IIPEAIIo-
CBIJIKOM JJIA UT€HUSA 9TON KHUTH.

o «IIporpammupoBauue Ha Python» — sTa KHHUra oXBaThIBAeT IIPAKTUYE-
CKIe IIPUeMbI IporpaMMupoBanus Ha si3bike Python. OcuoBHOe BHUMA-
HUe B 9TOW KHUTe yaeJsgeTcs O0ubJIrMoTeKaM U HHCTPYMEHTaM, 1 IIPeIIo-
JIaraeTcsi, YTO YUTATEJDb YIiKe BHAKOM C OCHOBAMU SI3BIKA.

o «Python Pocket Reference» — KpaTkuii cipaBOYHUK, B KOTOPOM OXBa-
THIBAIOTCA HEKOTOPBIE ITOAPOOHOCTH, OTCYTCTBYIOIIVE B JaHHOU KHUTE.
9TOT CIPAaBOYHUK HEe MOKET HCIIOJIb30BAaThHCA B KadecTBe yueOHUKA, HO
OH IIO3BOJIUT BaM OBICTPO OTHICKMBATH ONMUCAHNE TEX MU WHBIX 0COOEH-
HOCTeH.

B HekoTopoMm cMmbIcie, aTa KHUTA ABJsAeTcAa aHasorom «Msyuaem Pythony,
HO B Hell PacKPHIBAIOTCA HE OCHOBBI sI3bIKA, & OCHOBBI ITPUKJIAAHOTO IIPO-
rpaMMUPOBAHUS. ITO IIOCIEJOBATEIbHbIN YUeOHUK, B KOTOPOM HeE [eJIaeTCs

1 Mapxk JIyr « Usyuaem Python», 4 usgauue, CII6.: Cumsos-ILitoc, 2010.
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HUKaKUX IPEAIoIoKeHnIT 06 ypOBHE Ballleil MOATOTOBKU, U KaKJas TeMa
HauMHaeT pacCMaTpuBaTbBCA C CaAMBIX a30B. HaHpI/IMep, IIPY N3y4YeHU U TEeMBbI
paspaboTKu BebG-TIPUIOKEHNI BBl IprobpeTeTe Bce HeoOXOoauMble 3SHAHUI,
KOTOPBIE TTO3BOJIAT BAM CO3[]aBaTh IIPOCTHIE Be6-CANUTHI, U MOJYUUTE TIPE-
craBjieHne O 0OoJiee Pa3BUTHIX (PPEHMBOPKAX U MHCTPYMEHTaX, KOTOPBIE
OPUTONATCA BaM C POCTOM Bamux moTpebHOCTed. OOCy KIeHUE 0COOEHHO-
CcTell KOHCTPYUPOBaHUA rpad)muecKux MHTEP(ENCOB TaKIKe UIET 110 Hapac-
TAIOIIell — OT IIPOCTOr'0 K CJI0KHOMY.

HomonHeHNEM K 9TOI KHUTE MOXKeT caAy:KuTh KHura «Python Pocket Refe-
rence» (KapMaHHBIA CIPaBOYHUK 110 A3bIKY Python), roe nmpemgocrasasercsa
TOTIOJTHUTEIbHAA NHPOPMAIIUA 0 HEKOTOPBIX 0COOEHHOCTAX, He pacCMaTpU-
BaeMbIX B JAHHOU KHUTE, M KOTOpPAA MOKET CIYKUTb OTJIMYHBIM CITPABOY-
aukoMm. Kuura «Python Pocket Reference» siBiisieTcst Bcero Jauiiib cpaBod-
HUKOM, U B HEW MPAKTUUYECKU OTCYTCTBYIOT IIPUMEPHI U MOACHEHU A, HO OHAa
MOXKET CJIYKUTH OTJIWYHBIM AONoJHeHrueM K Kuuram «Msyuaem Python»
u «IIporpammupoBanue Ha Pythons. IIocKoJbKy TeKyIllee ueTBepTOE U3La-
aue «Python Pocket Reference» comep:xut nudopmaimio 06 06enx 0CHOB-
HBIX Bepcuax Python, 2.X u 3.X, 0HO TakKe MOKeT HCII0JIb30BAThCS UNTA-
TEeJIAMU, BBIIOJIHAIOINMY IIePexXo/ MeKAy STUMU ABYMs Bepcusamu Python
(moxpoGHee 00 5TOM UyTh HIXKeE)'.

Yero HeT B 3TON KHUre

W3-3a pacupepesneHns 00acTeil pACCMOTPEHMUS 10 KHUTaM, O KOTOPBIX YIIO-
MUHAJIOCh BBIIIE, 00JIACTH IIPUMEHEHHUS 9TONH KHUTU HMMEeT CJIeHYIOIue
OrPaHUYEHUS:

e Ouma He pacKpbIBAeT OCHOBBI A3bIKa Python

e OHa He IpegHA3HAYAJIACH [IJIS UCIIOJb30BAHNS B KAUECTBE CIIPABOYHUKA
II0 OCOOEHHOCTSAM SI3BIKA

IlepBoIii U3 dTUX ABYX MIYHKTOB OTpaskaeT TOT (PAKT, UTO OCBeIlleHUe
OCHOB f3bIKa SBJIAETCS UCKJIIUUTEIHLHONU IpeporaTuBoil KHUrHu «Vsydaem
Python», u ecsiu BbI cOBepIIIEHHO He 3HAKOMEI ¢ A3bIKoM Python, s pekomeH-
IyI0 cHauaja MpoumuTaTh KHUry «Msydaem Python», mpexkae uem mpunHu-
MaThCd 3a 3Ty KHUTY, TaK KaK 37eCh IPeAIoJaraeTcsa 3SHaHMe OCHOB SI3bIKA.

§1 ABnAIOCH aBTOPOM BCeX TPeX KHUT, YIOMSAHYTBIX B 3TOM pasjese, U 3TO JAeT
MHE BO3MOKXHOCTh KOHTPOJIMPOBATH UX COJAEPKUMOEe W m30eraTh IMOBTOPEHUIA.
ITO TaKKe 03HAUAET, UTO KAaK aBTOD S CTApaloCh He KOMMEHTUPOBATH MHOTHE
npyrue kHuru o Python, KoTophie MOTyT oKas3aTbcd [JIA BaC BeCbMa IIOJIE€3HBIMU
¥ B KOTOPBIX MOTYT 00CY K /JaThCSA T€MbI, HE PACCMATPUBAIOIINEC HI B OJHOI 13
MOUX KHUT. YIIOMUHAHUS 00 9TUX KHUTAX BbI Halizere B IHTepHETE NI B APY-
rux ucTouHukax nH@opmanuu o Python. Bece Tpu Mou KHUTH OTPaKaroOT OMBIT
13 set npenoxaBanud Python u nyTs, mpoiiieHHBIH OT MOMEHTA BBIXO/Aa IIEPBO-
ro ugganua KHuru « Programming Python» 8 1995 roxy. (3meck BmosiHe ymecT-
HO moMecTuUThb hororpaduio yOeJIeHHOTO CeJUHAMU IIyTelIIeCTBEHHUKA-UCCJIIe-
JOBaTeJIs.)
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Koneuwno, HEKOTOpbIe MPUEMbI I3bIKa AEMOHCTPUPYIOTCSA B IpUMepax aToi
KHUTH, a B KPYIHBIX IIPUMepax UJLIIOCTPUPYETC, KaK MOMKHO 00beINHATH
6a30BbIe KOHIIEIIIIUHY B AeHcTBYIoIe mporpaMMbl. OCOGeHHOCTH 00HEKTHO-
OPUEHTUPOBAHHOTO ITPOTPAMMUPOBAHUS, HAIPUMED, UACTO JYUIIE BCETO
JTeMOHCTPUPOBATh Ha IMPUMepax KPYIHBIX IIPOrpaMM, KOTOpPbIe U OyAyT
mpeacTaBJeHbI 3Mech. OqHAKO (hOPMAIBLHO 9Ta KHUTA IPEIIOJaTaeT, YTO BhI
yoKe 3HAKOMBI C OCHOBaMM #A3bIKa Python B gocrarounoil cremenu, 4TOOBI
MOHSATH IIPUMEPHI MporpaMMHOro Koza. OCHOBHOe BHHUMAaHUE 3IeCh OyaeT
yaensaTbcsa OubaIroTexkaM WM mHCTPyMeHTaM. IlosToMy ecau mporpaMMHBIH
KOJ, KOTOPBI OyIeT AeMOHCTPHUPOBATHCS, TIOKAKETCS BAM HEIOHSITHBIM, —
CIIPaBJANTECH B APYTUX UCTOYHUKAX.

Bropoit u3 3TUX ABYX MYHKTOB OTPakaeT TOT (PaKT, UTO 3a MHOTHE TOABI 00
9TOI KHUTE CJOKUJINCH HEBEPHBbIE MpeACcTaBJIeHUA (BEPOSTHO, CTOMJIO Ha-
3BaThb 9Ty KHury «IIpumenenne Python», 6yap MbI uyTh GoJ1ee IPO30PIUBEI
B majmexkoM 1995 roay). {1 xouy scHO 0003HAUNTD: 9Ta KHUTA — He CIIPaBOY-
HUK. ITO yueOHUK. 3Hechb BBl MOXKeTe HaWTU HEKOTOPhIE IOJPOOHOCTH, BOC-
OJI3OBABIINCEH OTJIABJIeHWEM MM aJ()aBUTHBIM yKasaTeseM, HO JaHHasd
KHHUTa He IpegHas3HavaJach MJIsS MCIOJIb30BAHUS MMEHHO B TAKUX IEJIAX.
Kparkuii cipaBOYHMK BbI HalijeTe B KHUre o HassauueMm «Python Pocket
Reference», KoTopbiii BbI HalifieTe BecbMa I0JIE3HBIM, KaK TOJbKO HAUHETE
CaMOCTOSATEJIbHO MUCATh HETPUBUAJIBHEIIN IPOorpaMMHEBIH Koz, CyIIiecTBYIOT
U Ipyrue UCTOYHUKU CIPaBOUYHON MH(GOPMAIIUY, B TOM YKCJIe APYyTrue KHU-
T ¥ COOCTBEHHBI HAOOP CIIPABOYHBIX PYKOBOACTB O A3bIKY Python. ITean
9TOI KHUTHU — MOCTEeIIeHHOe 00yUueHne IpuMeHeHn 0 13biKka Python gisa pe-
IIeHUsT TUIINYHBIX 3a/1a4, a He TOAPOOHoe omucaHre MeJIbuyaiIiinux 0co0eH-
HOCTeI.

O yeTBepTOM M3JaHUN

Ecau aTo epBoe usganme KHUTH, KOTOPOE Bbl BUAUTE, IIOCIeIHIE U3MeHe-
HIS, BEPOATHO, Bac OyAyT MHTEPECOBATHL MEHBIIIE BCEr0, II0O3TOMY BbI MOJKETE
IIPOCTO EPEHTH K cJeAyolnemMy pasneny. [IJsa Tex, KTO YUTaJ IPeIbIayIIne
U3NAHUSA, MOKHO OTMETHUTH, YTO YeTBEPTOE U3LAHNE dTON KHUT'Y COLEPKUAT
TPU BAXKHBIX NU3MEHEHU:

e Oumo oxBarbeiBaeT ToJbKO0 Python 3.X.

e Omo 66170 COKpaIIeHo, YTOOBI caesiaThb KHUTY €eIlle HallpaBJIEHHee 1 OCBO-
6OI[I/ITB MEeCTO OJId HOBBIX TE€M.

e B Hero 0b110 700aBJIEHO 00CY:K/IeHIIE HOBBIX T€M U MHCTPYMEHTOB, IIO-
ABuBIINXCs B Mupe Python.

IlepBBIil U3 9TUX NYHKTOB SBJISAETCS, IIOMKAJIYH, Hanboaee BaKHBIM — 3TO
usnanue onupaerca Ha Python 3.X, Ha crangapTHY0 6UOJIMOTEKY OJI 3TOM
BEPCHUHU U HA PACIIPOCTPAHEHHBIE IIPHUEMEI IIPOrPAMMUPOBAHMSA, UCIOIb3ye-
MBbIe ero moJab3oBaTeasaMu. OTHAKO YTOOBI 00BACHUTD, KAK 9TO U JBa IPYIUX
U3MEeHEHU OTPASUJINCEH HA TaHHOM M3LAHNUMU, S JOJIMKEH II0BEIATh O HEKOTO-
PBIX JeTassax.
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N3meHeHUs B 3TOM U3gaHNN

Ilpenpigyiue BepcHy KHUT'M IIOJYUYNJIN BEChMAa IIHNPOKOE pacIpocTpaHe-
HUe, II03TOMY HUJKe s IIPUBEIY HEeKOTOpbhIe 13 HanboJjee 3aMeTHBIX 3MeHe-
HUH B 9TOM U3JTAHUN:

Cywecmeosasuiuil paree mamepua 0ol CHeam, ¥moodvl 0c60600umbs mecmo
0151 HOBbLX meMm

IIpenvigyiiee nsganmue KHUTH TaKaKe nMeso 00beM okojio 1600 crpanmil,
YTO HE IT03BOJIMJIO BBIJEJIUTh HOCTATOYHO MECTa AJIsI PACCMOTPEHUS HO-
BBIX TeM (0HA TOJLKO OpreHTHpoBaHHoCcTh Python 3.X Ha mcmosnn3oBa-
Hre IOHUKOZA IIpeAmoIaraeT Maccy HOBOro MaTtepuaJjia). K cuacTsio, He-
IaBHUE u3MeHeHUA B Mupe Python mosBosmnau Ham 6e3 ocoboro yiepba
BBHIKMHYTH YacTh CYII[ECTBYIOIIET0 MaTeprajia 1 OCBOOOJUTH MECTO AJIs
HOBBIX TEM.

T'nmy6uHa o6CysKIeHUA OCTABIINXCS TEM IIPU 3TOM He IMOCTpazaa — aTa
KHHTa OCTaeTCs TaKoIi »Ke OCHOBATEJIbHOM, KaK 1 mpexae. Tem He MeHee
OIHOM 13 OCHOBHBIX 3aJa4, CTOABIINX IIPU IIOATOTOBKE STOr'0 M3JaHU,
OBIJIO He JOIYCTUTDH AAJILHEHIIIero pocra ero oobeMa, a MHOXKECTBO IPY-
TUX U3MEHEeHUH 1 COKPAIIeHNT, 0 KOTOPBIX s YIIOMAHY HIUKe, ObLIN c/Ie-
JIAHBI OTYACTH JJIS TOTO, YTOOBI BKJIIOUUTH HOBBIE TEMBI.

Paccmampusaemcsa monvro Python 3.X

IIpumeps! 1 OACHEHUS OBIIN UBMEHEHBI C YUeTOM TOT'0, UTO TeIephb aTa
KHUTra oXBaTbIBaeT TOJbKO Bepcuio Python 3.X. Bepcus Python 2.X
00JIbIIE He IOIEPIKUBAETCS, 38 UCKJIIOUEHNEM TeX 0COOEHHOCTe, KOTO-
pble nepekoueBasiu us Bepcuu 2.X B Bepcuio 3.X 6e3 uamenenuii. Hecmo-
TPS Ha TO, UTO TAKUX OCOOEHHOCTEI JOCTATOYHO MHOTO, 6JI1arofapa uemMmy
YMTaTeJIN MOTYT HMCIOJIb30BaTh Bepcuio 2.X, TeM He MeHee (hOpMaJIbLHO
KHUTA TOAAEP:KMUBAeT TOJIbKO Bepcuio 3.X.

B cBo10 0uepenn 9T0 06CTOSATEIHCTBO IBUJIOCH OCHOBHBIM (DaKTOPOM, 00e-
CIIEUUBIIINM COXpPaHeHNe 00'hbeMa 9TOr0 M3LAHWsS Ha IpPeKHeM ypPOBHE.
OrpaunyuBINKCH TOAMEPKKON TOMbKO Bepcuu Python 3.X — mecosme-
ctumoii ¢ Bepcueii Python 2.X, KoTopyio ciaeayer paccMaTpuBaTh Kak
oynmyimee a3bika Python, — Ham ymasmoch usbexaTh IyO0JIUPOBAHUS OIU-
caHUA 0COOEHHOCTEH, OTINUAIONINXCSA B 3TUX ABYX Bepcuax Python. Ta-
KOe OTpaHMYeHNe MO IePKUBAa€MbIX BEPCUHE 0COOEHHO BasKHO JJIA TaKOH
KHUTY, KaK 9Ta, I/le IPUBOJUTCA MHOXKECTBO PACIIUPEHHBIX IIPUMEPOB,
TaK KaK HTO II03BOJIAET JTeMOHCTPUPOBATH IPUMEDPHI TOJIBKO AJIA OTHOU
BepPCUMN.

i Tex, KTO IO-TPEeKHEMY IBITaeTCA YAEepP:KaThbCsi B 000MX MUpAX,
2.X u 3.X, g nonpobHee pacckaky o0 nusmenenusx B Python 3.X muxe,
B 9TOM ’Ke mpeaucioBuu. CaMbIM BaKHBIM, ITOMKAJIYH, U3MEHEHUEM
B Bepcuu 3.X, U3 TeX, UTO OMUCHIBAIOTCS B KHUTE, SIBJISETCSA YCOBEPIIIEH-
CTBOBaHHASA MOJEPIKKA MHTEPHAIIMOHAIN3AI[MY B IPUMepax IporpaMmm
PyEdit u PyMailGUI. HecmoTpst Ha TO, uTO B Bepcuu 2.X TaKiKe HMeeT-
ca noppep:kka FOHUKO#A, TeM He MeHee YCOBEPIIIEHCTBOBaHHAs ee pea-
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nmsanusa B Bepcuu 3.X BBIHYIKJAeT 32HOBO IIEPECMOTPETDH PeaIn3aIuio
TOJOOHBIX CHUCTEM, IIPEIKIe OPUEHTUPOBAHHBIX Ha PAOOTY ¢ KOJUPOBKOI
ASCII.

BraioueHnue He0a8HO NOABUBWUXCA OUOAUOMEK U UHCPYMERMO8

C MOMEHTAa BBIXOJA MPEIBLIAYINEro M3LAHNS IOABUIOCH WJIN IIOJIYYIIIO
JaJIbHeNIlee PasBUTHEe MHOMKECTBO HOBBIX OMOJIMOTEK U MHCTPYMEHTOB,
Y OHU TaK)Ke YIIOMUHAIOTCA 3[eCh. B MX YMCJI0 BXOAAT HOBLIE MHCTPY-
MEHTBHI CTAaHJAPTHOM O0mbaMoTeKM sa3bika Python, Takme kak momyaum
subprocess (paccmaTpuBaeTcs B ItaBax 2 u 3) u multiprocessing (paccma-
TPUBAETCS B IJIaBe H), a TaKiKe HOBbIe BeO-(hpeiiMBOPKY, CO3TaHHbBIE CTO-
pouumMu paspaborumkamu, u mHCTpyMeHTHEI ORM (Object-Relational
Mapping — 00beKTHO-PEIAIIOHHOe OTOOpaskeHne) A paboThl ¢ 6asaMu
IaHHBIX. BOJIBIIIMHCTBO M3 HUX PACCMATPUBAIOTCS HE OUEHb ITOAPOOHO
(MHOTHE TIONYJIsIPHbIe PACIIUPEHUS CAMU 10 cebe SABISIOTCS CIOKHBIMU
cucTeMaMU U ropasfio IMoApo0Hee OIMMCAHBI B COOTBETCTBYIOIIEH JuTepa-
Type), HO AJIs HUX JaeTcs IO KpaliHell Mepe KpaTKoe ONMCaHUe B BUIE
pesioMme.

Hanpuwmep, HoBas 6ubsuorexa BumsxeroB Tk tkinter.ttk paccmarpuBa-
eTcs B IIaBe 7, HO BecbMa KpaTko. Kak mpaBuJio, B 9TOM M3TAaHUU MbI
IPEeAIIOUYNTANN YIIOMUHATD MOAO0HbIE PACIIUPEHU IO XOAY JeJjia, BMe-
CTO TOTO YTOOBI IPEACTABJATH IPUMEDPHI IPOIPAMMHOTO K0oJa 6e3 BHAT-
HOT'0 TIOSICHEHU .

Imo npeducnosue 6bLL0 YHAMmMOo

A ymanua Bce MHCTPYKIIMH II0 3aIlyCKy W KCIIOJIb30BAHUIO IIPUMEDPOB
nporpamm. IlosToMy Temeps 3a MHCTPYKIIUSAME II0 UCIOJIb30BAHUIO 00-
paiaiirecsh kK aiimam README, BXOASAIIUM B COCTAB JUCTPUOYTHBA C KOM-
IJIeKTOM IIprMepoB. Kpome Toro, s yopaJ 60JbIIYIO YacTh 0J1arogapHo-
cTell, IIOTOMY YTO OHU HOBTOPAIOT GJIATOJapPHOCTH U3 KHUTHU «Vzyuaem
Python», — Tak Kax sHaxoMcTBO ¢ KHuroit «Msyuaem Python» Temepsn
cuuTaeTcsa HeoOOXOAMMOI IIPEAIIOCHLIKOM, Ny0JIupoBaHue OJHOTO U TOTO
JKe MarepraJa 3Jech HMUeM He ompaBgaHo. Kpome Toro, 6b1710 yOpaHO
OIMCaHe COAEPKUMOr0 KHUTU — UTOOBI 03HAKOMUTHLCA CO CTPYKTYPOI
KHUTH, o0paIfainTech K OrJIaBJIeHUIO.

Boina yopana 6600rnas enasa c 0630pom s3vika Python

f ymanun «opraHM3aTOPCKYIO» TJIaBY, IIPUCYTCTBOBABIIYIO B IIPEIbI-
IyIeM U3LAHWUU, I'le OMMCHIBAJINCL CHUJIbHBIE CTOPOHBI s3biKa Python,
IpeAcTaBIAAINCh Hambojsiee BUIAHBIE ITOJH30BATEIM, PACCMATPUBAJINCH
pasauunbie puaocopum u Tak gasee. O6pareHre B CBOIO Bepy UTPaeT
BasXHYIO POJIb B JI000I chepe, I'le BOIIPOC «IIOUEMY» 3a1aeTCsI MeHee ua-
CTO, UeM J0oJI3KeH Obl. B melicTBuTeIbHOCTH, ecau ObI MmacTepa Python me
3aHMMAJINCE €0 MONYJIAPu3aliiueil, Bce Mbl, BEPOATHO, NCIIOJIb30BaIN ObI
ceituac Perl nin a3bIKu KOMaHIHBIX 000JI0UeK!

OpHAaKO IPUCYTCTBUE 3[1€Ch TAKOI TVIABBI CTAJIO COBEPIIIEHHO U3JTUIITHUM
n3-3a HaJIUYHUA CXOOHOM ITaBbl B KHUTe «M3yuaem Python». ITockoabky
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kHura «Msyuaem Python» moskHa mpenmiecTBOBATH 3TOM KHUTE, A pe-
IINJI He PacX0[0BaTh KHUKHOE IIPOCTPAHCTBO HA IIOBTOPHYIO aruTaIlNIO
«ITutonucroB» («Pythonista»). B aT0if KHUTre penmONIaTAETCS, UTO BHI
yIKe 3HaeTe, I0YeMy CTOUT MCIIONb30BaTh Python, mosromy MbI cpasy ke
nepeliieM K ero IpUMeHeHUIO0.

BuLno y6paH0 3aKJjiniumeJibHoe nocJjecjosue

3aKJIIUYNUTETbHOE TIOCJIECTOBYE K 9TOM KHUTE OBLIO HANIMCAHO eIle AJIA
TIEepBOT0 M3JaHUA, U TEIeph eMy UCIOJHUJIOCH yiKe 15 jseT. EcTecTBen-
HO, YTO OHO OTpaskaeT B3TIAABI Ha Python, B 6osblieil cTemeHn Xapak-
TepHbIe [JiA TOTO BpeMeHu. Hampumep, mcnosib3oBanue A3bika Python
IJIs paspaboTKU THOPUIHBIX IIPUJIOMKEHUH Kas3ajioch 00jee 3HAUMMBIM
B 1995 rony, uem B 2010. B coBpemenHoM, 6oJiee odmupuom mupe Python
GOHBHJI/IHCTBY IoJb30BaTejiell He IIPUXOOUTCA MMETH JeJI0 CO CBA3aHHBIM
IporpaMMHBIM KOJOM Ha A3biKe C.

B mpenpiaymiux nsnanuAx g 00aBJIAI HOBOE IIOCJIECIOBYE AJIA KarKJOTO
U3TaHUA, YTOOBI YTOUHUTEH U JOIMOJHUTL UIEU, MIPeACTaBJIeHHbIEe B 3a-
KJIIOUeHUN K KHure. Tenepsb A yOpaJ TU MOCJIECJIOBUA, 3aMEHUB UX KO-
poTkuM mpuMeuanueM. CamMo 3aKJIIOUEHUE S PEIUJI OCTABUTh, ITOTOMY
YTO OHO MO-TIPEKHEMY aKTyaJIbHO IJI MHOTUX YUTAaTeJell U TMeeT HEKO-
TOPYIO UCTOPUUECKYIO IIEHHOCTD. Jla K TOMY JKe yIauyHble Iy TKH...

Bovino yoparno ecmynumenvHoe ca080

ITo moxoKuUM TTPUUYMHAM, IPEACTAaBICHHBIM B IBYX HPEALIAYIIUX ITyH-
KTax, g yOpaJ pasmesibl CO BCTYIUTENIbHBIM CJIOBOM K IIPEIBIAYIIIUM M3~
mauusam. Te, KoMy 9T0 OyIeT HHTEPECHO, ICTOPUUECKYIO CIIPABKY O BKJIa-
me I'sugo Baum Poccyma (Guido van Rossum), cosmarenss Python, B pas-
BUTHE SA3bIKAa CMOTYT HaWTu B VHTepHeTe. Ecam BaM MHTEpecHO, Kak
3a 9TU TOAbl UBMEHUJICA ASBIK Python ¢ TexHMYECKOU TOUKU 3peHusd,
cvorpute foKkyMeHT «What’s New» («HTo HOBOro»), BXOAAIINUI B COCTAB
CTAHZAPTHOI'O KOMILJIEKTAa PYKOBOJCTB 110 A3bIKY Python (moctymen mo
anpecy htip://www.python.org/doc u ycranaBauBaetcsa BMecte ¢ Python
B Windows u Ha apyrux miatgopmax).

Pasden, noceawennulit unmezpayuu ¢ sa3vikom C, 6bL cokpauser 0o 00ROl
2710661

f coxkparua paszmes, IOCBAINEHHBIN CO3JaHUIO paciinpenuii Ha a3bvike C
¥ BCTpPauMBaHUIO ClieHapreB Ha sa3bIKe Python B mporpammebr Ha a3bike C,
IO OZHOII KOPOTKOI I'JIaBhI B KOHIE YACTU, ITOCBAIIEHHON MHCTPYMEH-
TaJbHBIM CPEACTBAM, I'le KOPOTKO ONMCHIBAIOTCA OCHOBHBIE IOHATHUA,
CBsI3aHHBIE C 3TOH TeMoii. IIpo6aeMbl CBABBIBAHUSA IPOTPAMM HA A3BIKE
Python ¢ 6ubamorexamu Ha sa3bike C HA CErOOHAIIHUI AeHL BOJHYIOT
JINIIh He3HAUYUTEJNBHYIO YacThb II0Jb30BATEIEH, a Te, KOMY 9T HABBIKU
IeHCTBUTEJbHO HeOOXOAMMBI, HAHAYT OoJiee IIOJHBIA IIpUMep MHTEerpa-
Y B UCXOAHBIX TEKCTAaX caMoro sisbika Python. meroriuecs Bo3MOXK-
HOCTHU IIePEeYUCJIeHBI 3[eCh JOCTATOYHO IIOJIHO, HO 3HAUUTEJIbHBIN 00beM
IporpaMMHOTO Koza Ha A3biKe C ObLJI BhIpe3aH B pacyeTe Ha TO, UYTO 6oJjee
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IIpeICTaBUTEIbHbIE IIPUMEPhI BLI HAWZETe B IIPOrPAMMHOM KOJ€e peasiu-
3amuuy camMoro asbika Python.

Yacmb, NOCEAUWEHHAS CUCMEMHOMY NPOZPAMMUPOBAHUIO, ObLIA COKPAULEHA
u nepepabomana

IIpesxHue aBe IIaBbI C OOJBIINMU IIPUMepaMU MCIOJab30BaHUA Python
B CHCTEMHOM IMIPOrpPaMMHUPOBAHUU OBIIU O0BEIUHEHLI B ONHY, OoJiee
KOPOTKYIO IVIABY C HOBBIMHU HUJIU 3HAUYUTEJIHHO IePepabOTAHHBIMU IIPU-
Mepamu. PaKTUUeCKH 3Ta JYacTh (dacThb II) moaBepriiach caMbIM 3HAYU-
TeJbHBIM u3MeHeHuaM. OHa BKJIIOUAET OMMCaHNe HOBBIX NHCTPYMEHTOB,
TaKUX KaK MOIYJIX Subprocess m multiprocessing, 3HAKOMUT YKUTATeJIEH
C COKeTaMU, a KpoMe TOTo, U3 Hee ObLIV yIOAaJIeHBI yCTapeBIIINE CBeJe-
HUSA U IPUMEPHI, YHACIEIOBAHHBIE U3 IPEKHUX uaganuii. YecTHo mpu-
3HATHCA, HECKOJIBKO IIPUMEPOB paboThI ¢ (haiisamMuy ObLIN CO3LAHBI eIle
B 1990-x romax m okasaJIICh CUJIBHO ycTapeBmumu. HauanbHas riiaBa
B 9TOI1 yacTu ObljIa pa3buTa Ha JBe, YTOOBI YIIPOCTUTh UTE€HVEe MaTepruaJia
(ommcaHVMe KOHTEKCTa KOMAaHIHOW 00OJIOUKM, BKJIOUAs IOTOKU BBOJA-
BBIBOJIa, OBIJIO BEIHECEHO B OTHAEJIbHYIO IJIaBY), & HECKOJbKO JUCTUHIOB
KPYIHBIX IIPOrpaMM (BKJIIoUas 3aIlyCKalolue CIleHapuU C aBTOMAaTUYe-
CKOIf HACTPOIKOIi) Temeph BBIHECEHBI 3a IpeJesbl KHUTU W BKJIIOUEHBI
B COCTaB JUCTPUOYTHBA C KOMIIJIEKTOM IIPUMEPOB.

Hexomopbie kpynHsle npumepbl OblaU UCKLIOYEeHbL U3 KHU2ZU (HO OCMAJLUCD
6 cocmage ducmpubymueéa ¢ KOMNJLeKmom npumepos)

TouHO Tak ’Ke M3 KHUTU OBLIM WCKJIIOUEHBLI ABAa KPYIHBIX IIPUMepa,
IEMOHCTPUDYIOIINX co3faHue rpaduueckoro wuHTepdeiica, PyTree
u PyForm. OgHaKo uxX 0OOHOBJIEHHAA Pean3anusa JOCTYITHA B KOMILJIEK-
Te IpPUMepoB. B aTOM mM3maHUM BBI BCe €Ille CMOXKeTe HAWTU yIOMUHA-
HUEe U OMMCaHWe MHOKeCTBAa KPYITHBIX IPUMEPOB, BKJIOUAA IIPUMEPHI
peanusanuu MOJHOIIEHHBIX KJIMEHTOB SJIEKTPOHHOM IIOYTHI C rpaduue-
CKUM 1 BeO-mHTep(delicoM, a TaKiKe IIPOrpaMMbI IJA IIPOCMOTPA M30-
OpasKkeHunii, KaJbKYJIATOPHI, YaChl, TEKCTOBBIE PEJAKTOPHI C IOAIePKKOMI
IOuukoma, mpocteie rpaduyecKkre pegaKkTophI, CIIEHAPUY PErPEeCcCUBHOTO
TEeCTUPOBAHUA U MHoOrue apyrue. OmHaAKO, TaK KaK IPOrPaAMMHBINA KO
IPUMEPOB He J00aBJIAET HUUEro BaKHOTO K PACKPBITUIO TeMbI U BOOOIIe
9TU IPUMEPHI IPEJIarajJuch B OCHOBHOM [JIA CAMOCTOATEJIHHOT'O U3yue-
HUA, — A IIepeBeJI UX B paspA] JOIOJHUTEIHHOU NHMDOPMAIINY U UCKJIIIO-
YU UX U3 TEKCTA 9TOT'0 U3AAHUA KHUTH.

Oo6wupHas 2na8a ¢ onucanuem mem, kacarnuuxcas Hnmepuema, 6viaa 3a-
MeHeHa KpamKum 0630poM

§1 mosHOCTHRIO YOpPaJ OOIIMPHYIO IJIaBY C OMMCAHUEM TEeM, KacalolIuXCs
WHuTepHETA, OCTABUB JINIIb KPATKUI 0030p B HaUaJie YaCTU (C aKIEHTOM
Ha BO3MOKHOCTAX cO3MaHUA rpaduuecKkoro nurepdertica, KOTOPBIHU Ipu-
BOAUTCA B Hauajsie Tperheil uactu «IIporpammupoBanme GUI»). 3mech
BBI HalijieTe Bce paHee BKJIIOUABIINECS B PACCMOTPEHNE MHCTPYMEHTHI,
Takue Kak Beb-ppeiimBopk ZOPE, oobekTHas momeab COM, TexHOJIO-
run Windows Active Scripting u ASP, HTMLgen, Python Server Pages
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(PSP), Jython u y:xe cepbesno ycrapesiiasa cucrema Grail. Hekoropsie
W3 9TUX WHCTPYMEHTOB MO-TIPEKHEMY 3aCJIyKUBAIOT MOJOMKUATEIbHBIX
OIIeHOK, HO B 9TOM M3JaHUU HUKAKNe U3 HUX He PAaCCMaTPUBAIOTCS TIOM-
po6Ho. B 0630p O6b1s11 100aBJIEHBI HOBBIE MHCTPYMEHTHI (BKJIIOUA S MHOTHIE
U3 TeX, UTO MEePeuncIeHbl B caeayoIieM ab3aiie), HO, OIATD JKe, BeCbMa
KpaTKue u 0e3 mpruMepoB IPOTPaMMHOTO KO/a.

HecmoTps Ha Bce MONMBITKY aBTOPA yraaaTh HAIlPaBJIeHUs PA3BUTHUA BeO-
TeXHOJIOTHH B OyAyIleM, meyaTHoe u3gaHue He CIIOCOOHO IIOJIHOCTHIO CO-
OTBETCTBOBATH ABOTIOINU c(hephl padBuTus MHTepHeTa. Hanpumep, B Ha-
cTosAlllee BpeMs NOABUINCH BeO-PpeliMBOPKH, Takue Kak Django, Google
App Engine, TurboGears, pylons u web2py, conepHuuaroliye mo cBoei
nonynsapaoctu ¢ ZOPE. Touno Tak ke dpeiimBopk .NET Framework Bo
MHOTUX IPUJIOMKEHUAX BBITECHUJ 00BHeKTHYI0 Mozenb Windows COM.
Peanusanus IronPython Temeps criocob0Ha 00eCHEUNTH TAKYIO JKe Tec-
myio uuarerpanuio ¢ .NET, kak u Jython ¢ Java. A mexaumsm Active
Scripting B 3HAUNTEIBHOI CTEIIEHN MOXKET OBITh 3aMeIlleH KJINEeHTCKU-
Mu (perMBOpKaMu, OCHOBAHHBIMHU Ha JavaScript m mcooab3yoniuMu
rexuosiornio AJAX, rakumu Kak Flex, Silverlight u pyjamas (koTopsie
YacTO Ha3bIBAIOT CPeACTBAMU PA3pPabOTKU MOJTHODYHKIIMOHAJIBHBIX BEO-
npujo:kenuit). Kpome coG0CTBEHHO MCTOPUYECKOU ITEHHOCTH, IPUMEDPHI,
paHee TIpeACTaBJ€EHHBIE B ATOH KaTeropuu, He AaBaJi BO3MOKHOCTU
U3YUYUTH ONUChIBAEMble MHCTPYMEHTHI UJIN XOTsI ObI CYAUTH 00 UX JOCTO-
WHCTBaX.

BwmecTo Toro uTo0bI BKJIIOUATh B KHUTY HEHOJIHOE (M IIPpaKTUUYecKu Oec-
[I0JIE3HOE) OIMCAHVE WHCTPYMEHTOB, KOTOpPbIe B TeUeHHe IIPe/IoJia-
raeMoro Cpoka KU3HU 9TOTO M3JaHUS MOT'YT KaK VHTHU JaJieKo BIepen
B CBOEM DPa3BUTUU, TaK U MCUE3HYTh CO CII€HBI, s PEINJ IIPeJOCTABUTD
JINIIBb KpaTKue 0030pbl HanboJiee BasKHBIX TeM, Kacaluxca VHTepHe-
Ta, ¥ Ipeajarai YUTaTeJAM CAMUM IIOCTapaThbCsa HAWTH HEOOXOAUMBIe
noapobuocTu B uTepHeTe. ITo cyTu, ocHOBHAS I1€1b KHUTH, KOTOPYIO BEI
YUTaeTe, COCTOUT B TOM, UTOOBI JaTh YIJIYOJeHHbIe 3HAHUSI 00 OCHOBAX
WHuTepHETA, KOTOPHIE TO3BOJIAT BAM BOCIIOJIE30BATHCA 00JI€€ CI0KHBIMU
cucTeMaMu, KOT/ia BBl Oy/ieTe TOTOBHI CIeJIaTh IIIar BIepes.

EnnncrBenHoOe uckIoueHue: onucanue XML, mpucyTcTBOBaBIliee paHee
B 9TOM IJ1aBe, ObLJIO AOIMOJHEHO U IIePeMeIlleHO B IJIaBY, IOCBAIIEHHYIO 00-
paboTke TeKcTa (Te OHO U JOJYKHO OBIJIO ObI HAXO0AUTHCA). TOUHO Tak Ke
OBLJIO COXPAHEHO ONMUCAaHNE 00'bEKTHO-OPUEHTUPOBAHHON 6a3bl JaHHBIX
ZODB, nognep:xkuBaemoii dpeiimBopkom ZOPE, xoTsa 1 B CHJIBHO ype-
3aHHOM BUJE, UTOOBI IOJYUYUTH BOSMOKHOCTb JOOABUTH OIIMICAHLE MeXa-
HusmoB ORM, takux xKax SQLObject m SQLAlchemy (Tak:ke B KpaTKoit
dopme).
3adeiicmeosanvl cospemerHble URCMPYMeHmbl, docmynHuie 8 epcuul 3.X

K momenty Hanucanuda atux ctpok Python 3.X Bce emre Haxoguica Ha
Jrame BHeAPEHWsd, W HEKOTOPble M3 WHCTPYMEHTOB CTOPOHHUX paspa-
0OTYMKOB, KOTOPBIE HCIIOJH30BAJINUCh B IPUMEPAX B MPEABLAYITUX W3-
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JaHUAX DTON KHUTU, MO-TIPEKHEMY JOCTYIIHBI TOJbKO B BEPCHUSAX IJIs
Python 2.X. UTo06bI 0601 TH 5TOT BpeMEHHBIN HEJOCTATOK, I U3MEHIJI He-
KOTOpbIe TIPUMEPHI, 3aJefiICTBOBAB B HUX aJIbTePHATUBHBIE UWHCTPYMEH-
ThI, 00ecIieunBaoIe ToAnepKKy Bepcuu Python 3.X.

Haubosee 3aMeTHBIM B 3TOM CMBbICJIE ABJISIETCSA Pa3fesi, IOCBAIIeHHBIN
6asam gfaHHBIX SQL, — Temeps B HeM BMecTO nHTepdeliica JOCTyIIa K cepBe-
py MySQL, npucyrcrsytoriero 8 Python 2.X, ncmonb3yercs 6ubanoTexa
SQLite mogmep:kKm 6a3 MaHHBIX, BCTPAUBAEMBIX B ITPUJIOMKEHUS, KO-
Topas B Bepcumu 3.X craJia cTaHZapTHOH uacThbio Python. K cuactbio,
epeHoCUuMbIil MpUKJIaaHoi uHTepdeiic Python mossosser cieHapuam
B3aMMOJEHCTBOBATh ¢ 000MMHU MeXaHU3MaMU MPaKTUUeCKU OJUHAKOBO,
TO3TOMY TaKOe U3MeHEHUe ABJISIETCA BeChMa He3HAUNTEILHOM YKEePTBO.

OTneqbHO cJIeAyeT OTMETUTDL HCIIOJb30BaHmMe pacmimpenusa PIL mgas
oToOpaskenusa usobpakeHuit B ¢popmare JPEG B uacTtu, mocBAIeHHONR
co3gaHuio rpaduueckoro uaTepdeiica. ITo pacirupenue ObLIO agalTH-
poBano ®@peapuxom Jlyagom (Fredrik Lundh) gaa sepcuu Python 3.1
KaK pa3 K MOMEHTY IIOATOTOBKM 3TOro magaHus. Korga g cimasaj B u3-
JaTeJbCTBO OKOHUATEJbHBIM BapHMAaHT PYKOIIMCU 5TOM KHUTU B HIOJE
2010 roza, sTa Bepcus pacIiinpeHud opUIINAILHO ellle He Obla BhITYIIe-
Ha, HO OHa JOJI)KHA OblJIa BCKOPE BRINTHU; TI09TOMY B KaueCTBe BpeMeHHO
MephI 3aIJaThl AJA 9TOH OMOJIMOTEKM, 00ecIeurnBaIONINe IOAIEePIKKY
Python 3.X, Oblyiz BKJIIOUEHBI B KOMILJIEKT IIPUMEPOB.

BuL10 UCKAI0YEHO ONUCAHUEe OONOJLHUMENbHLLYX B03MONCHOCMEll A3bIKA

Bce momosHuTeIbHBIE 0COOEHHOCTH A3bIKa Python, Takue KaK AeCKpUII-
TOPBI, CBOIMCTBA, AEKOPATOPBI, MeTaKJacchl u moxmep:kka IOHmkoma,
SABJISIIOTCS 4acTbio A3biKa Python. IlosTomy mx ommcamme GBIIO IIepe-
MEII[eHO B ueTBepToe magaHue KHuru «Msyuaem Python». Hampumep,
yiyudllleHHas mognep:kka IOHuUKoma 1 ee BIAMSHUE HA IIPUEMBI Pa0OTHI
¢ daitramu, uMeHamMu (PaijoB, COKETaMU U CO MHOTMMU IPYTUMU WUH-
CTPYMEHTAMU O0CYKIAIOTCSA B 3TOI KHHUTe, HO ocHOBbI IOHUKOAA 31eCh
He paccMarpuBaTcsa. HeKoTopbie TeMbl U3 9TOI KaTeropuu OIIpe/IesieH-
HO MMEIOT IIPUKJIAJHONA XapaKTep (Uau, o KpaifHel mMepe, IpeacTaBId-
0T MHTEepeC IJis Pas3spaboTUMKOB MHCTPYMEHTAJbHBIX CPEICTB U apXu-
TEKTOPOB IPUKJIATHBIX UHTEP(eicoB), HO HAJIUUYNE UX OIMUCAHUA B KHU-
re «M3yuaem Python» mosBosmio nsbe:xarh JaIbHEHNIIero yBeInueHmnsa
o0bema 9Toit KHuru. UImure moapobHoe o0Ccy KaAeHe STUX TeM B KHUTe
«Mzyuaem Python».

Hpouue He3HavumeJibHble USMEHEeHUA

EcTecTBeHHO, UTO IOIMYTHO OBIJIO BHECEHO MHOKECTBO MEJKHUX H3Me-
HeHuit. Hanpumep, Ajia pasMelieHusd 3JIEMEHTOB ()OpPM Temepb BMECTO
MeToza pack MCIoJMb3yeTcss MeTos (rid ma 6mbamnoTeku tkinter, moTomy
YTO OH oOecmeumBaeT 06oJiee HEIPOTUBOPEUUBHINA CIOCOO pPasMeIeHus
5JIEMEHTOB B IaT(opMax, rae pasMmep mpudTra B IOATINCAX HE COOTBET-
cTByeT BhIcoTe moJieit BBoza (Bkaouasd OC Windows 7 netbook, ycranos-
JIEHHYIO Ha HOYTOYKe, MCII0Jb30BaBIIIEMCS IJis PAabOThI HAJ TUM M3[a-
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aHuem). Kpome Toro, mo Bceil KHUTe OBIIM N00aBJIEHBI HOBBIE CBEAEHU,
BKJIIOUas HOBOE OMMCAHNe MexXaHHu3Ma Iiepeaapecalini IIOTOKOB BBOZA-
BBIBOJIa B COKETBI, B UACTH C OIIMCAHNEM IprueMoB paboThl B VIHTepHeTe;
HOBBIM MHOTOIIOTOYHBIN AMAJIOT MOMCKA II0 PEeTyAAPHBIM BbIPpAKeHUIM
¢ mogaepskkoii FOHUMKOa 1 m3MeHeHUA B TecTax AJasa npuMmepa PyEdit;
MHOK€ECTBO APYTUX M3MeHeHU, KOTOpbIe, BEPOSATHO, BaM OyIeT JyuIiie
PacKpBIBATH II0 XOAY AeJja, YeM UHUTATh O HUX B IIPEeJUCIOBHIHU.

Haxoner, HekoTOpbIe 6JIOKM KOMMEHTAPUEB, HAUMHAIOIMECS C CUMBO-
Ja «#» 1 pacroJio;KeHHbIe B HauaJie (DaiiJioB ¢ UCXOJHBIMU TEKCTAMH,
51 3aMEHUJI CTPOKaMU JOKYMEHTHUPOBaHUA (1, A efUHO00pasusd, fasKe
B CIIeHapudaXx, KOTOPbIEe HE IIPEAHA3HAYEHBbI OJIAd UMIIOPTUPOBAHUA, XOTA
OoTAeJIbHbIE CTPOKHU «#» ocraauch B KPYIIHBIX IIpUMepax, rae OHU OT-
eS0T TeKCT). 1 TaKikKe 3aMEHMJ HECKOJIBKO YCTAPEBIIINX OIIEPATOPOB
«while 1» Ha «while True»; uaie cTaj UCIOIHL30BATH OIIEPATOD +=; BHEC
IpyTue M3MeHeHUs, UCIIPABUB HEKOTOPhIe yCTapeBINMe MIabJ0HBI IPO-
rpamMmupoBaHusa. Crapble IPUBLIUYKYN OBIBAET CJIOKHO HCKOPEHSATH, HO
oM00HbIe N3BMEHEeH NI AeJIal0T IPUMEpPhI He TOJIbKO 0oJiee (PyHKITMOHAIb-
HBIMU, HO U 00Jiee IIOJTHO OTPaKalo[MMU COBpPEeMeHHbBbIe MPUeMbl IPOo-
TpaMMUPOBAHUA.

HecmoTpsa Ha no6aBiieHMEe HOBBIX TE€M, B OOIIEH CJIOMKHOCTU OBLIO yAaJIeHO
YyeThIpe IJIaBhbl (HeTeXHUUYEeCKOe BBeJeHUe, OfHa U3 TJIaB C IpUMepaMu II0
CHUCTEMHOMY IIPOTPAMMUPOBAHUIO, TJIaBa C PACIIMPEHHBIMU TeMaMM’, Ka-
catomumucsa MHTepHETa, 1 ogHA O00beJUHUTEJbHAS TJIaBa). Belau ypesa-
HBI HECKOJIBKO JOIOJHUTEIbHBIX IIPUMEPOB M COIIYTCTBYIOIIUNA UM MaTe-
puan (Braiouaa PyForm u PyTree), a Tak:ke, cnenuajbHO AJA dSKOHOMUU
MPOCTPAHCTBA, KHUTA OTPAHUYMBAETCA IMPEACTABJIEHNEM TOJbKO BEPCUU
Python 3.X u onmucanuem JIMIIIL CAMBIX OCHOB Pa3pa00TKU IIPUIOMKEH .

YT0 )XXe ocTtanocb?

B pesyJjabTare HSMGHGHHﬁ, O603Ha‘-IeHHBIX BBIIIIE, 3TO U3JaHMeE IIOJIYyUYNJIOCh
0oJiee KpaTKUM U1 00Jiee UeTKO OTPaKaIoI[IM OCHOBHYIO €TI0 POJIb — yueOHoe
PYKOBOZCTBO II0 IPUMEHEHUIO A3biKka Python mis perrenuss THIUYHBIX 3a-
Iau nporpammupoBaHusd. OgHAKO, YUUTHIBAsI 00beM KHUTHY, MOMKHO CMEJO
YTBEPKAaTh, YTO STO IO-TIPEKHEMY 00CTOATENbHAST U 8CECTNOPOHHASL KHA-
ra, IpeagHasHaueHHas ObITh IEePBOU CTYMNEHbIO HA MYTH OBJAJEeHUS MAcCTep-
CTBOM pa3pabOoTKU IIPUJIOKEHU Ha A3biKe Python.

Bompeku mocyiefHUM HACTPOEHUAM (M PUCKYA MOJYUYUTH KJIEHMO epeTuKa)
s COBEPINIEHHO yYBEepPeH, UTO KHUTHU, MOJ00HbIe 3TOM, JOIKHBI IOATATUBATH
CBOUX UHTATeJeld BBepPX, a He OMyCKaThbCA N0 WMX ypoBHA. CHUIKEHUE WH-
TeJIJIEKTYAJIbHON MIJIaHKU BPEIUT HE TOJHKO YNTATENIM, HO U TOH obJyacTu
3HaHUI, B KOTOPOII OHU IPEAIOoJIaralT AelCcTBOBaTh. B 9TOil KHUre BBI He
HalieTe MHOKECTBO 3a0aBHBIX PUCYHKOB, KaK B HEKOTOPbBIX, 1 OHA He OyaeT
mopaskaTh Bac Pas3BJEKATEeJbHBLIM IIOBECTBOBAHMEM BMECTO TEXHUYECKOM
ryouHsl. Ilegb MOMX KHUT COCTOUT B TOM, YTOOBI II€PEAaTh CJA0KHBIE ITOHA-
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THUA y6e,ZI;I/ITeJII>HI>IM 1 HageXHbIM crocobom u CH8.6J.'[I/ITI> BaC MHCTPyMEHTa-
MH, KOTOPbIE HOTpe6yIOTCH BaM B pa3pa60'1‘1~ce IIPOrpaMMHOI'O obecmeueHm.

PasymeeTcs, cyliecTByeT MHOYKECTBO THIIOB OOYUAOIMUXCS, W HU ONHA
KHHUTa He CMOKeT paboTaTh Ha Jo0yoo ayauTopuio. PaKTUUYecKn MMEHHO
110 ATOI IPUUYNHE N3HAUAJIbHAA BePCUs 9TOIl KHUTHU II034Hee ObLiIa pasjee-
Ha Ha JBe, U ONMCAHNEe OCHOB A3bIKa ObLIO JeJIETUPOBAHO OTAEIbHON KHUTE
«HMsyuaem Python». Kpome Toro, u npozpammucmos MOKHO MOAEJUTH Ha
JIBE€ KaTeropuu — TeX, KTO JKeJaeT MOJYyUYUTh INIy0oKue 3HaHUA B 00J1aCTH
pa3paboTKu IPOrpaMMHOI0 00eCIieueHnsi, U CKPUNmMepos, He UCIBITHIBAIO-
IUX TaKoii moTpebHocTr. HeKOTOPHIM BIIOJHE JOCTATOUHO MMETDH dJIeMeH-
TapHble 3HAHUA, ITO3BOJIAIOIINE J0padaThIBATh CUCTEMbBI MU OMOJIMOTEKU
U pelnaTh TeKyinue npobyeMbl. Ho 5To TOKa OHU He HaUHYT BTOPTaThCs B 00-
JIACTh Pa3pabOTKU ITOJTHOMACIIITAOHBIX ITPUJIOMKEHUI — IIOPOT, 38 KOTOPBIM
B XYIIIIEM cJIydyae MOKeT HaCTYIIUTh pa3ouapoBaHue, a B IYUIIIeM — JIydIliee
TOHUMAaHUE CJIOKHOU IPUPOILI 3TOM 06IaCTH.

HeBa:xHo, K KAKOMY Jiarepio Bbl IPUHAAJIEIKUTE, BAKHO IIOHATH OCHOBHOE
HasHAuYeHNe 9TOM KHUrU. Ec/u Bbl UIlleTe KpaTdalilnuil IyTh K MacTepPCTBY,
BaM e/iBa JI IIOHPABUTCA 9Ta KHUra (Kak 1 paspaboTKa mporpaMMHOro obe-
crieueHus B 1esiom). OMHAKO eCJIM BbI CTPEMUTECHh HAYUUTHCSA XOPOIIIO ITPO-
rpaMMUpPOBATh Ha A3bIKe Python n ogHOBpEeMeHHO MOIYUYUTH YIOBOJIbCTBUE
OT IpoIlecca M3yUYeHUsl, 3Ta KHUTra HaBePHIKA CTAHEeT JJIs BaC BaXKHOU Be-
XOIf Ha My TH O0OPEeTeHU OIbITa.

B Koreunom cueTe, OBJIaleTh HABBIKAMU IIPOI'PaMMUPOBaAHUA JAJEKO HE TAK
TIPOCTO, KaK MBITAIOTCS IIPEICTaBUTH HeKOTophle. OZHAKO €CIu BbI IIPUJIO-
JKUTE HeOOXOAUMBIE YCUJINA, TO OOHAPYKUTE, UTO 9TO CTOUT 3aTPAUEHHOTO
BpeMeHU. ITO 0COOEHHO BEPHO JJIA TeX, KTO BOOPYKaeT cedA yAOOHBIM WH-
CTPYMEHTOM IPOTpaMMUPOBAHNUA, TAKUM KaK a3bIK Python. Hu ogna kKHu-
ra ¥ HU OZHU KyPCHI He IpeBpaTAT Bac B «IloBenuTena Beenennoii» Python,
TeM He MeHee 11eJIb STOUM KHUT'YU COCTOUT B TOM, IIT061>I IIOMOYb BaM ,].'[OﬁI/ITbCH
9TOT'0, COKPATUB HAUAJBHBIN ATall OCBOEHUA U 00eclieunB HAJeKHBIN QyH-
JaMeHT B Hanm0oJiee TUIINYHBIX 00JIacTAX mpuMeHenus: Python.

BnusHune Python 3.X Ha 3Ty KHuUry

Kaxk y:Ke yIroMuHAJIOCh BBIIIIE, 9TO N3AaHNe Tellepb 0XBAThIBAaeT TOJIHKO Bep-
cuio Python 3.X. Bepcusa sssika Python 3.X mecoBmecTuma ¢ Bepcueii 2.X.
B cBoeit ocHOBe sa3BbIK Bepcuu 3.X oueHb HamoMuHaeT Python 2.X, HO nme-
eT MHOXKECTBO CYIIeCTBEHHBIX OTJINUYNI, KPOIOIINXCA KaK B caMOM S3BIKe,
TaK U B CTaHAAPTHOI Oubamorexe. Yurareau, He UMEIOIIE OIbITa PabOThI
¢ Bepcueii 2.X, MOT'yT IPOIIYCTUTh OIIMCAHNE 3TUX OTJIUUNIL, HO ITOSBUBIIIN-
ecsl UBMEHEeHUA OYeHb CUJILHO TOBJUAIU HA COAep:KaHUe dTOr0 M3TaHUsd.
st mmupororo Kpyra moJb3oBaresieit Python 2.X B aTom pasfesie omuchi-
BaroTCA Hanbojee 3HAUNMbIE UBMEHEH U, OTHOCAIIECS K dTOM KaTeropumu.

Ecin BaM MHTepecHO MOOJMIKe MO3HAKOMUTHCSI C OTJUUYUSIMHU OT Bep-
cum 2.X, a1 mpeasarai JOIOJHUTEJIbHO HAWTH YeTBEPTOe U3JaHue KHUTU
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«Python Pocket Reference», ymomsanyToe Boimie. Tam nmpuBogATCcA omuca-
HUA OCHOBHBIX CTPYKTYD A3bIKa o0eux Bepcuii, 2.X u 3.X, BCTPOEHHBIX
GYHKIIUHA 1 UCKJIIOUEHUI, a TaKIKe IEePEUNCIAETCA OOJIBIITNHCTBO MO YJIEH
U3 CTAaHZAPTHOU OMOJTUOTEKN U NHCTPYMEHTOB, MCIIOJIb3YEMbIX B 9TOMH KHU-
re. XoTsa yerBeproe usnanme kuuru «Msyuaem Python» ne siBnsercs cupa-
BOYHUKOM II0 PA3JINYUAM MEXKIY BEepPCUAMI, OHO OXBaThIBaeT 00e Bepcuu,
2.Xu 3.X, 1, KaK yKe 0TMeUaJIoCh, 3HAKOMCTBO C Hell ABJIAETCA 003aTeIb-
HBIM YCJIOBMEM MIJIS YCBOEHHsI MaTepuaJa 3Toi KHuru. Lleyss sToro mama-
Hua kauru «IIporpamvupoanme Ha Python», opueHTHpPOBAHHOrO TOJIBKO
Ha Bepcuio 3.X, 3aKJI0UaeTCs BOBCE HE B TOM, UTOOBI OCTaBUTH 3a OOPTOM
Or'POMHOE KOJMUYECTBO II0Jib3oBaTeseit Bepcuu 2.X, a B TOM, YTOOBI IOMOYb
YUTATEJNAM IIepPeiiTy Ha HOBYIO BEPCHUIO U M30eKaTh YBeJIUUYEHUS Pa3MepOB
u 0e3 TOro MacCHUBHOI KHUTH.

N3meHeHuUs, cBAAI3aHHble C BK/IlOYeHneM
nopgaep>xku sepcum 3.X

K cuacTbio, MmHOTHE OoTiInuns MekaAy Bepcusamu 2.X u 3.X, o0yCJ0BUBIITE
He00XO0IMMOCTh BHECEHUA M3MEHEHUH B 9TY KHUTY, JOCTATOYHO TPUBUAJb-
Hbl. Hanmpumep, 6ubanorexa tkinter, IIMPoOKoO UCIIOIb3yeMasi B 9TOM KHUTE
LA TIOCTPOeHUs rpaduueckux MHTePGENcoB, IPUCYyTCTBYeT B Bepcuu 3.X
oI UMeHeM tkinter m mMeeT CTPYKTYPY MaKeTa — ee IPeKHAd UHKaPHAIIUA
B Bepcuu 2.X, B Buje MOAYJA Tkinter, B 9TOM KHUTe He OMMCHIBAETCA. OTO
OTJINYME IPUBOAUT, B OCHOBHOM, K HEOOXOMMOCTH MCIIOJIb30BATh OTJINYHbBIE
WHCTPYKIIMY WMIOPTHUPOBAHUA, HO 3JEeCh IIPUBOASATCA TOJBKO WHCTPYK-
muu aasa Bepcuu Python 3. AHaJIOrmuHO ¢ IEJIBI0 COOJIIOAEHUS COTJIalle-
HUH 00 UMEHOBaHUU MOAYJIeli, MPUHATHIX B Bepcuu 3.X, MOAYJIN AJIS Bep-
cum 2.X anydbm, Queue, thread, StringI0.StringI0 m urllib.open mpeBpaTuInCH
B Python 3.X u B sToM ma3manum B moxyJsu dbm, queue, _thread, 10.StringI0
um urllib.request.urlopen coorBercTBeHHO. TOUHO TaK Ke OBLIY IIEPEeMEeHOBA-
HBI ¥ APYTUE UHCTPYMEHTEI.

C mpyroi cTOpoHbI, mepexola K Bepcuu 3.X mpefmosaraet 6oJiee MIUPOKUe
uIuoOMaTUYeCKre WN3MeHEeHUsd, KOTOphble, KOHEUHO JKe, ABJIAITCA Oojee
pasukanpHbIME. HampuMmep, ycoBepIlleHCTBOBaHHAsS moazep:kKa HOHMKO-
ma B Python 3.X moAToJKHYIa K CO3QAHUIO IJIsI DTOI'0 M3TAHNUA IPUMEPOB
MOJHOCTHI0 MHTEPHAIMOHAJN3NPOBAHHLIX BEpPCUII TEKCTOBOrO peJaKTopa
PyEdit u kamenTa smexTponuoi mouTkl PyMailGUI (mozpoGuee 06 aTom
yyTh HUKe). Kpome Toro, sameHa MOAYJs 0S.pOPEN?2 MOAYJEM Subprocess
moTpeboBaja BKJIIOUEHUA HOBBIX IIPUMEPOB; OTKA3 OT MOAYJIA 0S.path.walk
B IIOJIb3Y MOAYJISI 0S.Walk ITO3BOJIMJI COKPATUTH HEKOTOPEIE IIPHIMEePhI; HOBOE
paspenenue Ha (paiiabl u cTpoku IOHMKOAA M MBOMUYHBIE (DAl 1 CTPOKU
moTPe6oBaJIO U3MEHEeHN S I'PYIIIbL JOIOJHUTEIbHBIX IIPUMEPOB U OIIMCAHNS;
KpOMe TOI'0, IOABUJINCH HOBbIE MOAYJIM, TAaKUe KaK multiprocessing, mpenJjia-
ralolnue HOBbIe BO3MOMKHOCTHU, KOTOPhIe HEOOXOAMMO OBIJIO OIUCATEH B 9TOM
U3IAHUN.



28

Mpenncnosure

ITomuMo M3MeHeHUH B OMOIMOTEeKe, B IIPUMepax 3TOro U3AAHUA TAKIKe OT-
pasxeHbl msMeHeHus B A3bike Python 3. Hanpumep, 3mech yuTeHbI BCe 13-
MeHeHUsd, KOCHyBIuecsa GyHKIUHA us Bepcuu 2.X print, raw_input, keys,
has_key, map u apply. Kpome Toro, HOBas MOJEIb UMNOPMUPOBAHUS OMHOCU-
meJsibHO nakKemos, MoABUBINIAACA B Bepcuu 3.X, HAIILJIA OTPaKeHue B HeKO-
TOPBIX IIpUMepax, TaKUX Kak mailtools m aHaIu3aTOPH! BRIpaKeHU, a OT-
JUYUSA B IIOBEJEHUU ONepamopos OejieHus BBIHYIUJIN BHECTU HEOOJbIIUe
u3MeHeH!sI B IPUMEpPhI CO3JaHusA rpa)iuecKoro marepgeiica, Takue Kak
PyClock, PyDraw u PyPhoto.

3aMeuy TaK:Ke, UTO d He CTaJ 3aMEHATh BCe BhIPAKeHUA (DOPMATUPOBAHUA
CTPOK Ha OCHOBe omepaTropa % HOBBIM MeTomoM str.format, moromy uTo oba
cnocoba popMaTupoBaHUA Hognep:KuBaoTcAa B Python 3.1, u moxoxe, oba
OHU OyIyT MOAIEPIKUBATHCA €Ille OUeHb JOJITO, eCJIU He Bcerga. PaxkTuye-
CKU €CJIX BOCIIOJIE30BATHCA IIOUCKOM C IIOMOIIHI0 PETYIAPHBIX BEIPAKEHU,
KOTOPBIM MBI peajudyeM B IIpuMepe TekcToBoro pemaxkropa PyEdit B rimase
11, MOKHO O0HAPYKUTH, UTO BTOT olepaTop BcTpeuaerca 6osee 3000 pas
B IIPOrpPaMMHOM Koze omubanorexku mja Python 3.1. fI He mory ¢ abcosoT-
HOI TOYHOCTBIO IIPeACKa3aTh, Kak OyaeT passuBarbcs Python B 6yayiem,
mo9TOMY obpaliaiiTech K IIepBOii IiaBe, I'ie MoAPoOHee pacCcKasbiBaeTcsa 00
9TOM, eCJIi KOTma-HuOyAb BaM ITOoTpedyeTcs BHECTH N3MEHEHU .

Kpowme Toro, n3-3a Toro, 4TO 3TO U3JaHUE OXBATHIBAET TOJHKO Bepcuio 3.X,
0Ka3aJIoCh HEeBO3MOXKHBIM MCIIOJb30BaTh HEKOTOPhIE CTOPOHHUE MHaKeTHl,
CYILIECTBYIOII[MIE TOJIBKO B Bepcuu s Python 2.X, o uem ysxe roBopmioch
BbIIIe. B ux uncio BxoaaT uarepdeiic kK MySQL, ZODB, PyCrypto u apyrue.
Kak y»xe ymoMmHaI0Ch BBIIIE, AJIA padboThl mox yiupasiaenuem Python 3.1
ObLIa aganTupoBaHa oudamoreka PIL ¢ 1es1bi0 UCIIOJIB30BaHUSA B 9TOM KHU-
re, HO JJIsI STOr0 IOTPEOOBAJIOCHh HAJOMKUTEL CIEIMAJbLHbIE HMCIPABICHU,
a ojpurmabHasg Bepcus, mogaep:xubainas Python 3.X, 1o cux mop He BbI-
mia. MHOTMe 3 HefoCTaIoIUX MOAYaeH Ad Bepcun 3.X MOTYT IMOABUTHCS
K MOMEHTY, KOT/[a BbI OyZeTe YNTATh 3T CTPOKU, JUOO B BUIE aJaIlITHPO-
BaHHBIX Bepcuii ajasa Python 2.X, 1160 B Bue coOBepIIIeHHO HOBBIX BEpPCUIi,
cuenuaJbuo A Python 3.X.

OcobeHHOCTU A3blKa 1 bubnumnoTteka: KOHMKop,

ITocKOoaBKY 5Ta KHUAT'A IOCBSAIeHA N3YUYEHNIO IPUHIIUIIOB Pa3pa00TKU IIPU-
JIOXKEHUH, a He OCHOB S3bIKA IMPOrpaMMUPOBAHNSA, U3MEHEHNA B sI3LIKE He
00A3aTeJIbHO JOJIKHBI OTCJIEKUBATHCA 37eCh. B MelicTBUTEILHOCTH, OIJIA-
IbiBasick Ha KHury «Mayuaem Python», MoxHO cKasaTh, UTO M3MEHEHUS
B A3bIKE, CBA3AHHLIE C IIePeX0J0M Ha Bepcuio 3.X cKopee KacalmTcsd ee, a He
JaHHON KHUI'M. B GOJBIIMHCTBE CIydYaeB M3MEHEHUs B IIPpUMepax K JTOM
KHUTe ObIIU 00YCJIOBJIEHBI HEOOXOAMMOCTRIO CAeIaTh X 00Jee MOHATHBIMU
uiu 6ojiee QyHKITMOHAJIBHBIMY, a He BKJIIOUEHNEM IO IepP:KKH Bepcun 3.X.

C npyroii cTopoHsI, mepexon Ha Bepcuio Python 3.X oxkaseiBaeTr BIMAHNE Ha
BHAYUTEJHHYI0 YaCTh IPOIPAMMHOIO KOJa, U MHOIIA 3TO BANSHUE MOMKET
OKas3aThCs BecbMa TOHKUM. TeM He MeHee UUTATEJH C OIIBITOM HCIIOJIb30Ba-
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Hua Python 2.X o6Hapy:kat, uTo ecau oTauuus B Bepcuu 3.X A3bIKa Yallle
BCETr0 JIETKO IIPEOIOJINMBI, TO OTJINYMS B CTAHJAPTHOMN 61bInoTEKe A8 BEP-
cun 3.X IpeofoseTh MHOTIa OKAa3bIBAETCA I'OPA3/0 CIOKHEE.

Ho x mawmboJiee IMIMPOKMM ITOCJIEACTBUSAM IIPHBEJIO IJIABHOE U3MEHEHWe
B Python 3.X — yanyumrennas moazeps:kka cTpok IOHuMKozma. Bymem uect-
HBIMU: moaaep:kka IOHuKoma B Bepcuu 3.X HMHOTA MOKET CYII[eCTBEHHO
OCJIOKHSATD KU3HD Te€X, KTO BCIO "KM3Hb CTAJKUBAJICA TOJIbKO C KOTUPOBKOM
ASCII! Kak MbI yBUAUM JaJiee B 9TOH KHUTe, 9Ta IMOAAePKKA OKas3bIBaeT Cy-
II[eCTBEHHOE BJAUSHNTE IIPU paboTe ¢ coaepKUMbIM (haiioB, c UMeHaMu (paii-
JIOB, C IeCKPUIITOPAMU KAaHAJIOB, C COKeTaMu, IIPU BBIBOJIe TeKCTa B rpadu-
yecKoM mHTepdeiice, mpu paboTe ¢ TAaKMMHU IIPOTOKoJamMu MHTepHeTa, Kak
FTP u email, mpu paspaboTtke ciienapueB CGI u gaske mpu UCIOJIb30BaAHUN
HEKOTOPBIX MHCTPYMEHTOB XpaHEeHUs JaHHBIX. [1J10X0 3TO MM XOPOIIT0, HO
KaK TOJBKO MBI BOIZEM B MUP PaspaboOTKU MPUJIOKEHUI, OMUChIBAEMBIN
B 9TO#1 KHUTe, FOHMKOI IIepecTaHeT ObITh He00A3aTeaAbHOI TeMOIi AJIsI MHO-
I'ux, €CJIM He AJIA OOJIBITNHCTBA IIPOrPpaMMUCTOB Ha A3bike Python 3.X.

KoneuHo, ecsiu y»X Ha TO HOIILJIO, HUKOMY M HUKOT/Za He CJIef0BaJo ObI pac-
cMaTpuBaTh HCIoJb3oBaHue IOHUKOLA, KaK JOMOJHUTEIbHYIO U HE00A3a-
TeJbHYI0 BO3MOYKHOCTb. [lajilee MBI YBUIUM, YTO HEKOTOPBIE IPUEMBI, KO-
TOpBIe, Ka3aJyoch 661, paboTtaioT B Python 2.X, Ha camMoM fejie HeIb3s IPU-
3HATDH Y OBJIETBOPUTEIHLHBEIMU — paboTa ¢ TEKCTOM KaK C IIPOCTHIM HAG0pPOM
6aliTOB MOYKET IOPOYKIATH PA3JIUYHBIE TPOOJIEMBI, TAKNE KAK OIIUOKY IIPU
CpaBHEHUWU CTPOK B PA3IMYHBIX KOAMPOBKaX (YTUJINTA grep, peaans3oBaH-
Hasl B cocTaBe TekcToBoro pemaxrTopa PyEdit B rmase 11, aBasiercsa apKuM
IPUMEPOM IIPOrPAMMHOTr0 KOZa, KOTOPBIH JOJIMKEeH TepIleTh Hey1auy [IPU OT-
Kase oT ucnoab3oBanusa IOuukona). Python 3.X o6Haskaer 1mogo0HbIe Ipo-
0J1eMbl, fejas ux 6oJiee 3aMETHBIMY IJIA IPOrPAMMUCTA.

OmHako mepeHoC HeTPUBUAJIBHOTO IMIPOTPAaMMHOT0 KoJa Ha Bepcuio 3.X He
ABJIAETCS HEpaspeInMoi 3agaveii. Kpome Toro, MHOTHME YUTATEJ N 9TOTO U3~
IaHUA UMEIOT IIINKAPHYI0 BO3MOXKHOCTD HAUaTh NCII0JIb30BaTh A3bIK Python
cpasy ke ¢ Bepcuu 3.X U He UMETh Jiejia ¢ CYIeCTBYIONINM IPOTrPaMMHBIM
KomoM 1Jis1 Bepcuu 2.X. Ecau BbI NpuHAAJIEKNUTE K UX UYKCJIY, Bbl YBUIUTE,
uro Python 3.X aABisgeTca HaLeKHBIM A3BIKOM [INPOKOI0 IPUMEHEHMS IJIs
paspaboTKU CIleHAPUEB U IMPUJIOMKEHU, CTPEMAIINMCS YCTPAHUTh MHOTHE
npobJeMbl, KOTOPhIe KOTr/[a-TO CKPhIBaJich B Bepcun 2.X.

OrpaHuyeHuns Python 3.1: anekTpoHHas nouyTa, CGl

3mech HEOOXOAUMO CAeJaTh OZHO BasKHOE 3aMeduaHue, Kacaroleecs OCHOB-
HBIX IPUMEPOB B KHUTe. UTOOBI MX peasns3alinus IpeACcTaBIsaIa HHTepec A
KaK MOYKHO 0oJiee IITUPOKOIT ayAUTOPUY, OCHOBHEBIE IPUMEDPEI B 9TOH KHUTE
VMEIOT OTHOIIIeHUE K 9/leKMPOHHOI noume v 00eCcIeYynBaOT MOAAEPIKKY UH-
TepHaruonausanuu u IOuukoga. K aToit Kareropuu 0THOCATCS TPUMEDHI
PyMailGUI (8 rnase 14) u PyMailCGI (8 riaBe 16), a Takike Bce mpejrie-
CTBYIOII[ME IPUMEPHI, UCIIOIb3yeMbIe STUMU IPUIOKEHUAMY, B IUCJIO KOTO-
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PBIX BXOAUT TeKCTOBLIN pegakTop PyEdit, mogaep:xuBatomuit FOuukonm mpu
pabore ¢ daiimamMu, Ipu 0TOOPaKEeHUN U ITIOKMCKE TEKCTa.

B aTom ecTh cBou mitockl m MUHYCHI. [L1f0OC B TOM, UYTO B KOHEYHOM HTOTE
MBI IOJIYYUM IIOJHODYHKIIMOHAJBHBIN ¥ WMHTEPHAIIMOHAJJIN3NPOBAHHBIN
KJIMEHT 3JIeKTPoHHOUN mouTkl PyMailGUI, ucmonb3yoluii CyIIiecTBY IOt
HBbIHE TaKeT email. 9To mpuJo:KeHue OyAeT IMOAAeP:KUBATH JIOOble KOMU-
POBKU IJI COAEPIKUMOI0 M 3ar0JIOBKOB 9JIEKTPOHHBIX ITHCEM U 00ecIieuuT
BOBMOJKHOCTH He TOJIBKO UX IIPOCMOTPA, HO U COCTaBJeHusi. MUHYC 3aKJIIO-
YaeTcs B TOM, UTO IIPU 9TOM IIPUAETCS IIPUJIOKUATE OIIpeIeIeHHbIe YCUInA,
YTOOBI 000MTH CIOKHOCTH, CBSI3aHHbBIE C 0COOEHHOCTAMU pean3aliny maKe-
Ta email B Python 3.1.

K coxamenuio, kax OyzeT mokasaHo B riiase 13, B makere email B Python 3.1
uMeeTcsa pAL TOpobJiieM, CBA3AHHBIX € 00pabOTKON TuIoB str/bytes
B Python 3.X. Hampumep, OTCYTCTBYeT HPOCTOH CIIOCO0 OIPENeUTh KO-
IUPOBKY IJIA Ipeo0pasoBaHUSA TEKCTA MUCHbMAa, BO3BPAIIAeMOI0 MO YJIEeM
poplib B Bume o6beKTa Tuma bytes, B THUII Str, KOTOPBIA OKUAAET MOJYyUUTH
napcep email. Kpome Toro, B HacTosIee BpeMs MaKeT email He B COCTOSIHUN
o0pabaThIBATh HEKOTOPBIE BUALI COOOIIEHUH, a MOAAeP:KKa HEKOTOPBIX TU-
TIOB COOOIIeH N peain30oBaHa HeIIPABUIBHO UM CAUIITKOM CIIEIIU(UIHO.

dTa cuTyalus HOCUT, CKOpee BCero, BpeMeHHBIA XapakTep. VcipaBieHue
HEKOTOPBIX M3 IIP00JIeM, C KOTOPBIMHU HAM HPUIETCS CTOJKHYTHCS B DTOM
KHUTe, YiKe 3allJITaHuPOBaHO pasdpaboTunkamu. (PaKTUUYecKu m3-3a OLHOTO
"3 TAKUX HCIIPABJIEHUH, BLHIIIOJHEHHBIX B Bepcuu 3.2, B IMIOCJIEHUT MOMEHT
moTpeboBaJIOCh BHECTU M3MEHEeHUA B OAUH u3 mpuMepoB B riase 13.) Kpo-
Me TOro0, BefieTcA paspaboTKa HOBOIT BepCUU IIaKeTa email, B KOTOpoit 6yayT
YUTeHBI Bce ocobeHHOoCTU moaaepkKu FOHnKoaa 1 Tuna bytes B Bepcun 3.X,
HO HOBas Bepcusa IMaKeTa OyIeT BBIMYINeHA 3HAUNTEJBHO I03:Ke BBhIXOIa
9TOI KHUTHU, U OHA MOYKEeT OKasaTbCcsa HecoBMecTuMoi ¢ API Texyieii Bep-
cuu makera, Kak u cam Python 3.X. ITo aToiif mpuunie B KHUTe IPUBOASATCA
He TOJIBKO 00XOJHBbIe pelleHns, HO U IMIOMYTHO JeJal0TCsa HeKOTOphIe Ipe-
noJsioskeHusaA. HacToaTesbHO PEKOMEHAYI0 PEryJIApHO MOCeIlaTh BeO-cauT
KHUTH (OIMUCHIBAETCA HUXKE), T/ie OyAyT IIPUBOAUTHCA CBeIeHUA 00 n3MeHe-
HUAX B Oyayiux Bepcusax Python. OguH 13 III0COB 9TOM CUTYAIIMNA COCTO-
UT B TOM, YTO JeTajJbHOEe OMMCAHHNEe MPOOJEeMBI OTPAKAET CYII[eCTBYIOIINe
peannu paspaboTKU MPUJIOKEHUHA — OCHOBHOM TeMbI 9TOM KHUTH.

IIpo6siemsl, HabIIOmAOIIIMECA B TIAKETe email, TakiKe B 3HAUUTEIBLHOM CTe-
meHu OB YHAacCJeJOBaHbI peatusaiueil moayasa cgi B Bepcun 3.1. Ciena-
puu CGI — 310 0fHA M3 MTPOCTENIINX TEXHOJOTUH, HA CMEHY KOTOPOU IIPU-
XOnAT BeO-hpeliMBOPKY, T€M He MeHee OHU IO-TIPEKHEeMY MOTYT CJIYKUTH
meaaM o0yueHus ocHOBaM Beb u Bce ellle CcOCTaBJISIOT OCHOBY MHOXKECTBA
KPYIIHBIX HAOOPOB MHCTPYMEHTAJLHBIX cpencTB. CKopee BCEro, 9TH HemI0-
craTku Bepcun 3.1 TaK:Ke OyAyT UCIIpPaBJeHbI B OyAyIIieM, HO HAM IIPUEeTCS
MIPUJIOKUTE OIpee/ieHHbIe YCUINs, YTOObI peann3oBaTh B cieHapusax CGI
BBITPY3KY TEKCTOBLIX (paiiysoB B riiaBax 15 1 16 1 BIOXKEeHUI B COOOIIEHUAX
2JIEKTPOHHOI mouThl B mpuoxkenuu PyMailCGI. Kasamock Obl, ciycTs aBa
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roza mocje BhIXoja Bepcum Python 3.0 Taxoe moJioskeHue [ejl KaK MUHU-
MyM HEIOIIyCTHMO, HO TAKOBA yKU3Hb B JUHAMWYECKOM MUpPEe paspadboTKu
IPOrPaMMHOI0 O0eCIleUeH!A U B MUPEe KHUT, KOTOPhIE CTPEMSATCS BECTH 3a
co00i1, a He ILJIeCTUCh B XBOCTE.

Ncnonb3oBaHMe NpMepPOoB U3 KHUMN

ITockosbKy MpUMEpbl COCTABJSAIOT OCHOBHYIO YaCThb COAEPKUMOI'0 3TOM
KHUTH, A JOJI’KEH CKasaTh HECKOJIbKO CJIOB O HUX.

F'ne uckaTb Npmepbl U 0OHOBNEHUS

Kak u npe:x e, mnpuMepsl, 00HOBJICHU S, UCIIPABJIEHUS 1 JOIOJHEHU K 9TOMN
KHHUT'e MOKHO HaliTH HA Beb-caiiTe aBTopa, 10 agpecy:

http://www.rmi.net/~lutz/about-pp4e.html

Ha sToii cTpanuie Bed-caiiTa Moeill KHUI'M OyAYyT HABaThCA CCHLIIKM Ha J0-
IIOJTHUTEJIBHYIO I/IH(l)OpMa]J;I/IIO, NMEIIYI0 OTHOIIEHUE K ,Z[aHHOfI Bepcuu
KHuru. OGHAKO s He ABJISIOCH BJIAEJIBIIEM 9TOr0 JOMEHHOTO UMEHH, II03TO-
My eCJIM yKa3aHHAas CChLIKA IepecTaHeT PadoTaTh HA IPOTAKEHUN CPOKa
"KU3HU 9TOT0 U3JaHIsI, IOIIPOOyiiTe 00paTUThCS Ha APYTOM CaiiT, 110 agpecy:

http://learning-python.com/books/about-pp4e.html
(asbTEpHATUBHAS CTPAHUILA)

Ecau mepecranyT fneficTBOBaThH 00€ CCHIIKM, IOIPOOYIHTE BHITIOJIHUTE ITIOVCK
B lHTepHETE (HE COMHEBAIOCH, UTO OOJIBIIIMHCTBO UMTATEJIEH MPENIPUMYT
WMEHHO 3TOT IIIar).

Ha Be6-caliTe kuuru (a Tak:ke Ha caite usgarenbcTBa O’Reilly, o KoTropom
TOBOPUTCS B CJAEAYIOIIEM pasaese), rae ObI OH HU HAXOAUJICS, BbI CMOYKETe
3arpysuThb JuCmpubymué ¢ KOMNJAeKmoMm npumepos — (aiia apxusa, CO-
IepoKaluil Bce IPUMephl, KOTOPhIe IIPUBOAATCS B KHUTE, a TAaKKe HEeCKOJIb-
KO JIOIIOJIHHUTE/JbHBIX IIPUMEPOB, KOTOPbIE YIIOMHUHAIOTCS, HO OTCYTCTBYIOT
B camoli KHmure. YToObl MMETh BO3MOXKHOCTBH OIPOOOBATH IIPUMEPHI M H3-
0aBuTH ce0sd OT HEeOOXOAMMOCTH BBOAUTH MX BPYUYHYIO, 3arpDy3UTE apXUB,
pacmaxkyiTe ero 1 03HAKOMbBTEChH C cofep:KuMbIM (paitia README.txt, roe
MPUBOLSTCS UHCTPYKIIUU I10 UCII0Jb30BaHMU0. IlopAnOK nMeHoBaHUSA (haii-
JIOB IIPUMEPOB U CTPYKTYPY AepeBa KaTajoroB IaKeTa S OMUIIY HUKe, KOr-
JIa MBI IIepeiifieM K OoITpo00OBaHUIO IIEPBOT0 CIleHapus B IIePBOIi TJIaBe.

Kax u B cayuae ¢ IepBLIMU TPEMS HU3AAHUAMU, A OyIYy TOALEPKUBATH Ha
9TOM Beb-caiiTe HeO(PUITMATIBHBIN «BJIOT», THe OYAYT OMUCHLIBATHLCA M3MeEHe-
HuA B si3biKe Python, a Takske OyayT maBaTbCs MOSICHEHUS UM OOHOBJICHUS
B KHIUTe, KOTOPBII BbI MOYKETEe PacCMaTpPUBaTh, KaK JOIOJHUTEJIbHOE IIPU-
JIOKEeHUe.

Kpome Toro, na Beb-caiiTe msmaresnnctBa O’Reilly, o Koropom rosoputcs
HUJKe, MMEeeTCs CUCTeMa PEerucTparuy coobIneHnii 00 ornevyaTKax, Iie BbI
CMOJKeTe COOOITUTHL 00 O0HApPY KEeHHBIX OIMMOKax. AHaJornyHas CTPaHU-
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Ia IPUCYTCTBYET HA MOeM caiiTe KHUTU. I cTapaioch OOHOBIATH BeO-CANTHI
MOMX KHUT KaK MOYKHO Uallle, T€M He MeHee MOKeT TaK IMOJYyUYUTHCH, UTO
cTpaHuIa Ha caite usgareabcTBa O’Reilly co cickoMm omeuaTox 6ymeT co-
Iep:KaTh 0ojiee cBeXKy0 mHQMOpMaInuio. B gro6oM ciyuae B KauecTBe odu-
IUAJBHOT'O0 UCTOYHUKA HH(pOpMaIuy 00 OIInbKax 1 NCIPABIEHUAX CIIEYET
paccMaTpuBaTh 00beUHEHNe ITUX JBYX CIUCKOB.

MNepeHOCMMOCTb NpUMeEpPOB

IIpuMmepsb! aJd 5TOM KHUTM paspadaThIBAaJINCh, TECTUPOBAJINCH U 3aIlyCKa-
aucek nox yupasiaeHrnem OC Windows 7 u Python 3.1. HemocpezacTBenuo
mepes mepejaveil KHUTY B IIeUaTh BCe OCHOBHBIE IIPUMEPHI YCIIEIITHO IIPOIII-
JIV TECTUPOBAHME TI0J] yIIpaBJeHueM rpaayieii Bepcuu Python 3.2 (TpeTba
asbda-Bepcus), TO eCTh BCe, O UeM PACCKA3bIBAETCS B 9TOM KHUTE, B PABHOM
creneHu otHocuTcA W K Python 3.2. Kpome Toro, mporpaMMHBIN KOJ Ha
sasbike C us rimaBsl 20 1 P TPUMEPOB TapaJLIe IbHOTO IPOTPaMMUPOBAHUA
onL1m onpoboBausl B Windows mop ynpasienueMm obosiouku Cygwin, mmu-
TUPYyOIel okpyKerHme Unix.

Hecmotpsa Ha To, uro Python u crangapruas 6ubimnoreka, BoobIe ropops,
HeHTpaJbHBI B OTHOIIIEHNH UCIIOJIb3yeMOH IIaT(OopMbI, TeM He MeHee B He-
KOTOPBIE IPUMePhl He0OX0AMMO OYIeT BHECTU He3HAUUTEIbHbIE NU3MEHEeHU,
YTOOBI MX MOXKHO OBIJIO OIMPO0OBaTh Ha APYTIUX ILTaT(opMax, TAaKUX Kak
Mac OS X, Linux u B ipyrux pasHoBugHocTax OC Unix. [Ipumeps! ¢ rpadu-
yecKUM MHTepdeiicoM Ha OCHOBe makeTa tkinter, a Tak:Ke HEKOTOPbIE IIPU-
MepHI U3 pasfeia, MOCBAIIEHHOTO CUCTEMHOMY IIPOrPaMMUPOBAHNIO, MOTYT
OBITH 0COOEHHO YYBCTBUTEJIBHBI K PA3INUNAM MeX Y miiardopmamu. dacts
Tpo6seM, CBABAHHBIX C IIEPEHOCUMOCTHI0, OYAYT OTMEUAThCA B XOZE 00CY K-
JIEHU IIPUMEPOB, HO HEKOTOPbIE IIPO0JIEMBI MOI'YT He YIIOMUHATHCS SABHO.

Tak Kak y MeHA He ObILJI0O HM BpPeMeHU, HU BO3MOXKHOCTH HPOTECTHPOBATH
IpUMEPhI Ha BCeX BO3MOKHBIX IIJIaT(hopMax, KaKue TOJIbKO MOT'YT UMeThCs
B paCHoOpPsKeHUU YUTaTe ell, afalTalliio 9TUX IPUMePOB AJIA KOHKPEeTHOM
mIaT@opMbl HpeAjiaraeTcsa pacCMaTpUBaTh, KaK YIPaKHEHUS IJIs CcaMo-
CTOSITeIBHOTO pellleHusA. Kcau BbI 00HAPYKUTE KaKyI0-Tn60 3aBUCUMOCTD
oT Tuma maaTGOPMBI U IIOJKejlaeTe MOMeJUThCS CBOMMU HCIIPABJICHUSIMU,
obpaiaiiTech Ha MOM CAaliT KHUTH, YKa3aHHBII BhIIIIE, — s OyAY pak JOHEeCTH
IO IPYTUX YMTATEJIeH BAIlU UCIPAaBICHUS AJIs JIIOOBIX ILIaT(OpM.

CueHapum 3anycka A,eMOHCTPaLMOHHbIX NporpaMmm

B cocras makera ¢ mpuMepamMu, KOTOPbII OBbLJI OIIUCAH BBIIIE, TAKKE BXOIAT
crenapuu PyDemos u PyGadgets 3anmycka jeMOHCTPAIIMOHHBIX IPOTPaMM.
OHU TTO3BOJIAIOT OBICTPO 03HAKOMUTHLCA C HEKOTOPHIMU OCHOBHBIMU IIPUMe-
pamu ¢ rpadpuueckuM u BeO-mHTepdeiicoM. 3amycKaroliue UxX CIleHapuu,
HaXOAIMecA Ha BEPXHEM YPOBHE JlepeBa KaTaJIOTOB ITaKeTa ¢ IpuMepaMu,
IpegHasHaYeHBbI AJIA HACTPONKY MY TU MMONCKA MOy e B 3aTyCKAeMbIX IMU
mporpaMMax X MOTYT MCIOJb30BAThCA HETIOCPEACTBEHHO HA COBMECTUMBIX
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miaardopmax, Bkaouad Windows. Bosee moapooHyio nHGOPMAIIUIO 00 3THUX
ciieHapuaXx BEI HaligeTe B paitiax README, a Takike B KpaTKuUX 0030pax,
KOTOpbIE ITPUBOAATCS B KOHIIe TyiaBhl 6 u 10.

MonuTrka NOBTOPHOro NCNOJIb30BaHUS
nporpamMmMHOro Koga

Mgz1 IpepbIiBaeM IpeaUCIOBUE, UYTOOBI BCTABUTH HECKOJBKO CJIOB OT MMEHU
IOPUAMYECKOro oTAesa. JlanHas KHUTa Ipu3BaHa OKa3aTh BaM IIOMOIIH B Pe-
IIIeHU U BaIuXx 3agad. Boobire BbI MOsKeTe CBOOOTHO MCIIOIb30BaTh IpPUMe-
PBI IPOTPAaMMHOT'0 KOJIa M3 3TOM KHUTY B CBOUX IPUJIOKEHUAX U B OKY-
MeHTanuu. BaMm He Hy)XKHO obpaliaTbcad B U3ATEJIHCTBO 3a Pa3peIleHneM,
ecJIV BBl He cOOMPAaeTech BOCIIPON3BOAUTE CYIIECTBEHHBIE YaCTH IPOTPaMM-
Horo Koxa. Hanpumep, eciiu BBl paspabdarbiBaeTe IPOrpaMMy U UCIIOJIb3yeTe
B Hell HeCKOJIbKO OTPBLIBKOB ITPOTPAMMHOrO KOJa M3 KHUTHU, BAM He HYKHO
obpararbcs 3a pasperrenueM. OqHAKO B cIydyae IPOJAKY UJIX PACIIPOCTPA-
HEeHUs KOMIIaKT-IMCKOB C IPUMepaMU U3 9TOH KHUTU BaM Heo0X00uUMO T0-
Jy4YuTh paspelenue ot usgareabctBa O’Reilly. [asa nutupoBaHusa JaHHOMN
KHUTY U IPUMEPOB U3 Hee, IIPU OTBETE Ha BOIIPOCH! He TpebyeTcs moIyue-
HUe paspernienus. [Ipy BKIIOUEHUN CYIIeCTBEHHBIX 00beMOB IIPOTPAMMHO-
T'0 KOJJa IPUMEPOB U3 3TOM KHUTHU B BAIIly JOKYMEHTAIIUIO BaM Heo0Xx00uMmo
OyZIeT mOJyUYUTh Pa3peleHre u3aaTeIbCTBa.

MsI mpuBeTCTBYEM, HO He TpebyeM m00aBJIATH CCHIIKY Ha MEePBOUCTOUHUK
npu muTUpoBaHWU. I1oA CCBHLIKON Ha MEePBOMCTOYHUK MbI IIOJpPa3yMeBa-
eM yKasaHle Ha3BaHWSA KHUTHW, aBTOPOB, uagareabcTBa u ISBN. Hampwu-
mep: «Programming Python, Fourth Edition, by Mark Lutz (O’Reilly).
Copyright 2011 Mark Lutz, 978-0-596-15810-1».

Kak cBs3atbcsa c uspatenocrsom O'Reilly

B npegbpigymiem paszese A OmMcaJl CBOM COOCTBEHHBIE CAWTHI, T'e MOYKHO
HaWTH OpUMepPbl U O0HOBJIEeHUSA. B JomOJHEeHNe K TeM caliTaM Bbl MOJYKeTe
00paTUThCA HA CAWIT U3AATEIbCTBA C BOIPOCAMU U IIPEIJIOMKEHUAMU, Kacaio-
MIUMUCS 9TON KHUTHU:

O’Reilly Media

1005 Gravenstein Highway North

Sebastopol, CA 95472

800-998-9938 (B Coequnenubnix [IlITatax Amepuku uiau B Kawmage)
707-829-0515 (Me:x 1yHAPOIHBITT)

707-829-0104 (dpaxc)

Kaxk y:xe roBopuioch BuIllie, Ha caliTe usgarenbcTBa O’Reilly mogaep:xuBa-
eTcs BeO-CTpaHUIlA AJIS 9TOM KHUTHU, TJe MOKHO HANTH CIUCOK OIeYaToK,
(aiiapl ¢c IpUMepaMU U APYT'YIO JOMOJHATEIbHYIO HHPOPMAIIHIO:

http://www.oreilly.com/catalog/9780596158101
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CBou IOKeJaHUSA U BOIPOCHI TEXHUYECKOTO XapaKTepa OTIPaBJIAHTE IO
agpecy:
bookquestions@oreilly.com

ITomoSHUTENBHYIO MHPOPMAILIUIO O KHHUIraX, OOCYKIEHUSA, MIPOrpaMMHOE
ob6ecmieuenue, IlenTp pecypcos usparenbctBa O’Reilly BoI HatifeTe Ha caiiTe:

http://www.oreilly.com

Tunorpadgckue cornawueHus

B o101 KHUTe IPUHATHI CJIEAYIOINE COTVIAIIIEHUA:

Kypcus
Kypcue npuMmeHnsercda IJid BelJeseHUs MMeH (aiijioB 1 KaTajoroB, HO-
BBIX TEPMUHOB U HEKOTOPBIX KOMMEHTAapHeB B IpUMepax IPOrpaMMHOIO
KoJa.

MOHOWMPUHHBIN WPNGT

IIpumensieTca AJiA IpeAcTaBIeHU JUCTUHTOB IIPOTPAMM, a TaKiKe JJIs
BBIZIEJIEHIS B OOBIYHOM TEKCTEe IPOrPAMMHEBIX 9JI€MEHTOB, TAKUX KaK
nMeHa MOZYJIei, MeTOI0B, IIapaMeTPOB, KJIACCOB, (PYHKIIUNA, MHCTPYK-
nuii, mporpamMmm, o0'bekToB u TeroB HTML.

MOHOWMPUHHBIA XMUPHbIA

Hcnonpsyerca Oas BHIAEICHUS KOMAHJ WJINA TEKCTA, KOTOPBIA JOJIKEH
OBITEH BBEJIEH II0JIL30BaTeJIeM.

MOHOWMPUHHBIVE KYDCUB

O0o3HAUaeT 3JIeMeHThI B IIPOIPAMMHOM KO/le, KOTOPBIE JOJIKHBI ObITH 3a-
MeIleHbl, ICXOIA N3 KOHKPETHOM CUTYaIlUN.

Tax BBIZEIAIOTCA NPUMeYaHUsA, UMeIOIIe OTHOIIIEHNEe K TeKY-
emMy o0Cy K AeHUIO.

Tax BBIOENAIOTCA IPELYIPEKJEHUA WJIN MIPEJOCTEePerKeHU,
VMeIOII[1ie OTHOIIIeHNE K TeKYIIeMYy 00CYKICHUIO.
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§ 6iraromapes BceM, KTO II€PEUUCIIEH B IIPEAUCIOBUY K YETBEPTOMY U3JaHUIO
kHuru «Msyuaem Python», Beimenmnemy MeHbIle roga Tomy Hasan. Tak Kak
3HAKOMCTBO ¢ Kuuroit «Mayuaem Python» sBasercs ob6s3aTebHBIM yCJIO-
BUEM [JIs YTeHUs 9TOM KHUTH, a TaKJKe IOTOMY UTO JIFOAH, [IOMOTaBIIIe MHe
B CO3TaHUM 00X KHUT, — ONHU U Te JKe, g He CTaJ MOBTOPSATH BECh CIIMCOK
3necb. Ho, Kak OBI TO HU GBIJIO, ST XOTeJ ObI BRIPA3UTH 0JIar0JapHOCT:

o WsmarenbctBy O’Reilly 3a mpogeuxenue Python u mybiaukaiuo cepbes-
HBIX U COAEPKATEIbHLIX KHUT, NMEIOIIINX OTHOIIIEHNE K IIPOrPaMMHOMY
00€CIIeYeH IO C OTKPBITBIMU MCXOJHBIMU TEKCTAMU

e Coob6mectBy Python, cocTaBiaoiiemMy GOJIBIITYIO YaCTh MOETO MUPa Ha-
yuHada ¢ 1992 roma

e Tricguam CTYHeHTOB, mpolneninux uepes 250 KypcoB o0yueHUs A3BIKY
Python, Koropsle a nposes Haunuag ¢ 1997 roga

e CoOTHAM THICAY YMUTATEJEH, MPOUNTABIIUM 12 M3JaHUIl BCeX TPeX MOUX
kHur o Python, koropsie Bormiau ¢ 1995 rona

e Mowutu Ilaittony (Monty Python), resake Python, 3a mHOxecTBO uHTe-
PECHBIX CHUTyalluii, B KOTOPBIX €CTh YeMYy MOYYHUTBhCS (ompoOHee 00
9TOM — B CJIeAYIOIIIel IJIaBe)

Kuury nuirer 06bIYHO OJUH YeJIOBEK, HO MHOTHE UJEU POKIAIOTCA B CO00-
miectBe. 1 61aromapeH 3a OTKJINKY, KOTOPhIe MHE ITOBE3JIO TIOJIYUUTh B Te-
YeHMe IoCJIeHUX 18 JIeT OT MOUX CTYZeHTOB 1 uynTtareseil. CTyoeHThl — JIyd-
Ve YYUTENA YUUTeen.

C JTUYHOI CTOPOHBI A XOTeJ ObI CKas3aTh cnacrub0 MOUM OpaThAM U CECTpPe 3a
cTapble Jo0OpbIe BpeMeHa, a Tak:ke MmouMm getam, Maiikay (Michael), Caman-
Te (Samantha) u Poxcane (Roxanne), 3a BOSMOYKHOCTb T'OPAUTHCSA M.

A ocobennas 6saromapHocTh Moeli cynpyre Bepe (Vera), KOTOpoii Tak MU
HNHadYe ygajJIoCh BHECTH HeMaJIO XOPOoIIIero B 3TOT B KAKOM-TO CMBICJIE€ HEM3-
MEeHsIEMbI 00'bEKT.

Mapx JIymuy (Mark Lutz), uroav 2010
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Tak yTO Xe Takoe Python?

FKax y:Xe roBopmJIOCH BBIIIIE, B 9TON KHUTEe He OyIeT yAeaAThCA 00Ib-
1I10e BHUMaHuWe ocHoBaM Python, m MbI OT/IOKHM aOCTpaKTHBIE pac-
cysxaeHns o pouu Python 1o 3aKIr0U4nTeIbHOM IVIABLI, TO €CTh O TOI'O
MOMEHTAa, KOTra BbI IIOBHAKOMMTECH C 3THM A3BIKOM IIPDOIrpaMMMHpPOBa-
HUA Ha IIPAKTHUKE. TeMm He MeHee eCJIM BbI XOTUTE IIOJIYYHUTHh NCUYEPIIbI-
Balolliee ornpeaesaeHne TeMbl 3TON KHUI'u, N3BOJIbTE:

Python — 310 a3BIK IporpaMMuUpPOBaHUA O0IIIET0 Ha3HAUEHU A, PACIIPO-
CTPaHSIEMBIN C OTKPBLITHIMU MCXOAHBIMU TeKcTaMu (open source). OH
ONITUMU3UPOBAH [IJIA CO3aHNA KAaUeCTBEHHOT'0 IIPOrPaMMHOr0 obecIie-
YeHUsA, BBICOKOM IIPOM3BOAUTEILHOCTH TPyAa PaspabOTUMKOB, Iepe-
HOCHMOCTH IIPOrPAMM UM MHTErpauy KOMIIOHEHTOB. fI3pik Python uc-
MMOJIb3YETCA COTHAMM THICAY PaspaboOTUYMKOB IO BCEMY MHPY B TAKUX
obJracTaX, Kak co3fgaHue Beb-CIleHAapueB, CUCTEeMHOE IPOrpaMMUPO-
BaHUe, CO3JaHMe IT0JIb30BATEIbCKUX MHTEP(ENcoB, HACTPONKA IIPO-
rpaMMHBIX IPOJYKTOB IIO] II0JIb30BAaTEJIA, YMCJICHHOEe IPOrPaMMUPO-
BaHUe U B Apyrux. Kax cumraroT MHOTMe, OOUH U3 CAMbBIX HCIIOJIb3ye-
MBIX A3BIKOB ITPOrPaMMUPOBAHUS B MUPE.

Kaxk nmonynsapHBIi A3bIK, 00eCIIeUBAIONINI COKPAIlleHie BpeMeHH, 3a-
TPauMBAaeMOro Ha pas3paboTKy mporpamm, Python mcmonbsyercsa mis
CO3JaHUSA IIMPOKOTI0 KPyra IPOrpaMM B CAMBIX PASHBIX 00JIACTSIX.
B uwmciio monbsosaresiein Python B macrosiee spems Bxogar Google,
YouTube, Industrial Light & Magic, ESRI, cucremsr BitTorrent oome-
Ha (paiimamu, Jet Propulsion Lab 8 NASA, urpa Eve Online u National
Weather Service (HaroHaIbHAas METEOPOJIOTTUYECKas cayxoa, CIITA).
fAsbix Python mcmonssyercss B caMbIX pasHbIX 00aCTAX, OT aMUHUI-
CTPUPOBAHUA CUCTEM, pPa3paboTKu BeO-caiiTOB, CO3JAHUA CIleHAPHEB
IJs1 MOOUJIBHBIX YCTPOHCTB U 00yUeHUs, 10 TeCTUPOBAHUA almapary-
pBI, aHaan3a KaIluTAJOBJIOMKEHN, KOMIbIOTEPHBIX UTP U yIIpaBJie-
HUSI KOCMUYECKUMU KOPaOIAMU.

Cpeau mpoumx AOCTOMHCTB, Python oTimuaercss yauBUTEIbHOM IIPO-
CTOTOI, YI000YNTAEMOCTHIO M IIPOCTHIM CHHTAKCHUCOM; OH JIETKO HH-
TErpupyeTcs C BHEIIIHNMY KOMIIOHEHTaMU, HAIMCAHHBIMU Ha APYTUX
A3BIKAX MPOrpaMMUPOBAHUSA; MMeEeT MYJIbTUIIapagUTMEeHHYI0 apXu-
TEKTYPY U TOAJEP:KUBAET OO0BEKTHO-OPUEHTHUPOBAHHOE, (DYHKIIUO-
HaJbHOE U MOAYJIBHOE IPOrpaMMUPOBaHMe; 06JIalaeT OOIINPHOI KOJI-
JIeKITHell yiKe 3aITporpaMMUPOBAHHBIX nHTepdeticoB u yruaut. Habop
BCTPOEHHBIX WHCTPYMEHTAJbHBIX CPEJCTB JejJaeT ero HeoObIUaiHo
TUOKUM U JUHAMUYHBIM SI3BIKOM IPOTPAMMUPOBAHUA, UIeaJIbHO IIOI-
XOIAIIUM He TOJBKO AJIA OBICTPOTO PEIIeHus TAKTUUYECKUX 3a1ad, HO
U OJis pas3paboTKM IepPCHeKTHBHBIX CTpaTernuecKux pelneHunii. He-
CMOTPSA Ha CBoe 00Illee HasHaueHune, Python yacTo HABLIBAIOT S3bIKOM
cueHapues, TaK KaK OH IT03BOJIAET JErKO U IIPOCTO UCI0JIb30BATh APY-
rue IporpaMMHbBIE KOMIIOHEHTHI U YIIPABJIATH UMH.
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CambIM GoJibIInM gocTornHCTBOM Python siBiasiercs, moskamnyii, To, 4TO
C ero IIOMOIIbI0 Pa3padboTKa MPOrpaMMHOr0 00ecleueH s CTAHOBUTCS
6osiee OBICTPOI U IPUATHOH. ECTh Takas KaTeropus Jirogei, I Ko-
TOPBIX MPOTPaMMUPOBaHUE SABJAETCA caMmoleabio. OHU HacaaKiaa-
I0TCS caMUM IIpoIleccoM. IIMITyT mporpamMMbl MCKJIOUNTEIbHO IS
COOCTBEHHOT'0 YIOBOJBCTBIUA, 4 KOMMepPUYeCKIe NN KapbepHbIe BBITO-
OBl pacCMaTPUBAIOT JIUIIIb, KAK BTOPUUHOE cJencTBue. VIMeHHO TaKkue
JIIOAY B 3BHAUNTEJIbHOM CTEIIeHW TPUYACTHRI K MOoABJIeHuIo MIHTepHeTa,
IBUKEHUS 3a PACIIPOCTPAHEHEe ITPOrPaMMHOT'O 00eCIIeUeHU ST C OTKPBI-
TBIMM KUCXOAHBIMU TeKcTamu (open source) u Python. 9tu ke mogu
WCTOPUYECKU ABJIAIOTCSI OCHOBHBIMU UUTATEIAMY 3TON KHUTH. OT HUX
YacTO MOJKHO YCJBIIIATH, YTO C TAKMM MHCTPyMeHTOM, Kak Python,
IIporpaMMUPOBaHMeE IIPEeBPAIlaeTCsd B HACTOAIIee PasBJIeueHne.

YT006BI MOHATH, KaK 9TO IPOUCXOIUT, UnTaliTe fajbiie. Kak mo6ouHbIi
9 PeKT, BHaUNTEeJIbHAA YaCTh 9TO KHUTHU ITPEICTABIIAET COOO0Ii JeMOH-
CTpaIuio BOMJIOIIeHusA uneajoB Python B meficTByromuii mporpamMmm-
HBIT Ko Kak MBI yBUAUM faJjiee, 0COOEHHO Koraa OyaeM 3HAaKOMUTHCS
C UHCTPYMEHTAJbHBIMU CPEACTBAMU, UCIIOJb3yEMBIMU JJIsI CO3MAHUA
rpadguyueckoro nuTepdeiica MoabL30BaTesA, Be0-CaliTOB, B CCTEMHOM
IIporpaMMHUPOBAHNM U TakK najiee, Python cmocobGerByer mpoaBusxe-
HUIO HOBBIX T€XHOJIOT' M.




OO0 aBTOpE

Mapk Jytu (Mark Lutz) sBiasiercs BeqymiuM CIIeriuajIncToM B 001acTu 00y-
UyeHUus sI3BIKY IMporpamMmMupoBanusi Python, aBropom caMbIx paHHUX U HaU-
0oJiee IOMYISAPHBIX MyOJUKAIINI 1 U3BECTEH B COOOIIECTBE MOJIb30BaTe e
Python cBonMu HOBaTOPCKUMU UAEIMU.

Mapk asasterca aBropom KHur «Msyuaem Python», «IIporpammvupoBanme
Ha Python» u «Python Pocket Reference», BRIIyIEHHBIX M34ATEIbCTBOM
O’Reilly, kasxmas u3 KOTOPBIX IIpeTepiesa y:xe derbipe udganusa. OH uc-
moab3yeT Python u sarnmaercs ero nonyaapusanueit Haunuasg ¢ 1992 roxa;
kHuru o Python mauan nucars B 1995 roay; mpemozaBaHueM 5TOTO A3BIKA
nporpaMMUpOBaHuA cTaJa 3aHuMarbea ¢ 1997 roma. Ha Hauano 2010 roma
Mapk nposea 250 Kypcos, o6yum 6osiee 3500 cTyneHTOB, HAIMCAJI KHUTHU
no sa3beIKy Python, cymMmapHbIil TUpak KOTOPHIX COCTABUJI IPUMEPHO UeT-
BEPTh MUJIIMOHA KOIIMI U KOTOPHIE ObLIN IlepeBeieHbI 60Jiee ueM Ha JeCATh
SABBIKOB.

O6yagaeT creneHaMu 0akajiaBpa U Maructpa B oogactu nHGOpPMaTUKH, 3a-
rKoHun®yuusepcurer 1rara Buckoucun (CIITA). Ha npoTrsakeHun mocJies-
HuX 25 jJeT 3aHuUMaJCcA paspaboTKON KOMIIUJISTOPOB, MHCTPYMEHTAaJIbHBIX
CPeJCTB MPOrPaMMUCTA, IIPUI0KEHUIN U PA3HOOOPA3HBIX CUCTEM B apPXUTEK-
Type KaueHT/cepBep. CBA3aThesa ¢ MapKoM MOYKHO uepes BeO-caliT KHUT'U
http://rmi.net/~lutz n Be6-caliT KypcoB, KOTOPbIe OH BefeT: hitp://learning-
python.com.



Hayano

JTa yacTh KHUTU 3alIyCKaeT IOBECTBOBaHUE, MpeaIarasd KPpaTKUi 9KCKypcC,
B KOTOPOM pacCcMaTpUBaIOTCA (PyHIaMeHTaJbHBIE IOHATUA A3bIKa Python
¥ IPEACTABISAIOTCS HEKOTOphIe M3 Hambojee TUIMYHLIX IIPHEMOB €ro HC-
MOJIb30BAHMS.

T'nasa 1

Jra raBa HaUMHAET PAaCCKa3 C IIPOCTOr0 IpumMepa — 3amucu uHGOP-
MaIuu O JIOAAX, — UTO IMO3BOJUT KOPOTKO IIPEACTABUTh HEKOTOPhIE U3
OCHOBHBIX OOJiacTell mpuMeHeHHus A3bIKa Python, xoTopble MbI Oymem
M3y4aTh B 3TOM KHUTEe. MBI 3aCTaBUM 9TOT IPUMEDP CYIIIEeCTBOBATh B Ca-
MBIX PasHbIX CUTyanuax. [Io IyTu MBI BCTPeTHUMCA ¢ 6a3aMu JaHHBIX,
rpaduuecKkuMu uHTepdeiicamMu, BeG-caliTaMu U TaK gajee. JTa CBOETO
poIa IeMOHCTPAaIlMOHHAA IVIaBa 38 yMbIBAJIACh C IIeJIbI0 BO30OYAUTD B BacC
uHTepec. 3hech MbI He OyZeM MCCIeIoBaTh BCe aclleKThI, HO Y Hac OymeTr
BOBMOJKHOCTB YBUIeTh Python B meficTBuuU, mperx e 4eM MbI IIOTPY3UMCST
B getasiu. JlaHHaA IJ1aBa CIIYXKUT TaKyKe 0030pOM HEKOTOPBIX 0a30BBIX
ujei A3bIKa, C KOTOPBIMU BBI JOJIXKHBI ObITh 3HAKOMBI, IIPEKIE UeM IIPU-
CTYMAaTh K UTEHUIO 9TOM KHUTU, — TAKUMHU KaK MPeICTaBJIeHNe TaHHBIX
1 00beKTHO-OprueHTupoBaHHOe mporpamMmmuposanue (OOIT).

Hasnauenue sToil yacTu KHUTHU HE B TOM, UTOOBI JAaTh BaM BCECTOPOHHU!I
0030p as3bixka Python, a B ToM, 4TOOBI MO3HAKOMUTEL BAC C IPHUMEPOM €ro
OpPUMEHEHU U IPeJOCTABUThL KPAaTKII 0030D OIpeaeIeHHOr0 Kpyra 3anad,
pelraeMuIX ¢ IOMOIIbIO A3bIKa Python.
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«MporpammupoBaHme Ha Python»:
KpaTKUN o4yepk

Ecau BBI GepeTe B PYKM KHUTY TAKOTO pasMepa, KaK 9Ta, TO BaM, Kak
u OOJBIMUHCTBY JIOfell, mepel TeM KaK 3aCyuYuTh PyKaBa, HaBepHAKA 3a-
XOUeTcs HEMHOTO Y3HATh O TOM, UTO BBI cOOMpaeTech udydyarhb. ViMeHHO 00
5TOM pacCcKas3bIBaeT JaHHAaA IJIaBa — B Hell MPUBOASATCS HECKOJBKO IIPHU-
MepOB, KOTOPBLIE MO3BOJAT BaM OIEHUTH BO3MOMKHOCTH sa3bika Python,
mpe:ke YeM BbI mepeiifleTe K N3y4YeHnIo IoapodHocTel. 31echk BbI HAlgeTe
JUINb KPATKNE MOSICHEHUS, IMOITOMY €CJIM Y Bac MOSABUTCA KeJaHue II0-
JYYUTH IOAPOOHOE ONMMCaHNEe MHCTPYMEHTOB U IIPHEMOB, MCII0JIb30BAHHBIX
B 9TOI IVIaBe, BaM IPUAETCA IPOUUTATh MOCIeAyoIre yacTu Kuuru. Ilean
STOM IJIaBBI COCTOUT B TOM, YTOOBI BO3OYAUTE Y Bac alllIeTUT KPATKUM 0030-
poM ocHOB A3bIKa Python 1 osHaxoMIeHUEeM ¢ HEKOTOPBIMU TeMaMU, pac-
cMaTpUBaeMbIMHU JaJjiee.

st 9TOro s BO3BMY JOBOJIBHO IIPOCTOE IIPUJIOKEHHEe, KOHCTPYHUPYIOIee
0asy HaHHBIX, ¥ IIPOBEIY BAC Uepe3 Pas/IMUYHbIE TAILI €r0 CO3MAHU: MO-
JeJUpOBaHVe B MHTEPAKTHUBHOM PeKHMe, HCIIOJb30BaHNE MHCTPYMEHTOB
KOMAaHJIHOM CTPOKU, co3JaHme MHTepderica KOMaHIHON CTPOKMU, CO3aHue
rpaguueckoro nHTepderica u co3manre IpocToro Bed-uaTepdeiica. IlomyT-
HO MBI ITO3HAKOMUMCS C TAKUMU MMOHATUAMHU, KaK IpeAcTaBIeHNe JaHHbIX,
coxpaHeHmne 00beKTOB 1 00HEeKTHO-OPUEHTHPOBAHHOE IIPOrpaMMUPOBaHUE
(OOII); uccaenyem HECKOJIbKO aJIbTEPHATUBHBIX PEIeHNHN, K KOTOPHIM Bep-
HeMcA MO3JHee; M PACCMOTPUM HEKOTOpbIe OCHOBHBIE naen a3bika Python,
KOTOpbIE BBI JOJYKHBI 3HATH, MPEXKAe UeM IPOJOJIKATh UTeHNe 9TON KHU-
ru. B KoHeUHOM MTOTre MBI TOJTyUYuM 0a3y JaHHBIX, XPAHAIITYIO SK3eMIIIIPEI
KJiacca, KOTOpble MOKHO OyZeT MpocMaTpUBaTh U U3MEHATDH C MCIIOJb30Ba-
HUEM PasJInYHbIX HHTeP(deHcoB.
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ROHe‘IHO, AaJiee d 3aTPOHY U OOIIOJIHUTEJIbHBbIE TEMbI, HO IIPMEMbI, KOTOPbIE
6y,ZIyT IIpeaCcTaBJIEHBI 3/1€Ch, IIPDUMEHNMbI K HEKOTOPBIM IIPUKJIaAHBIM 06'
JIaCTSAM, KOTOpPbIe MBI OyeM HCCJIeLOBAThL Aajiee. 3aMeuy TaKiKe, UTO eCJIU
4YTO-TO B IIpOorpamMmax ms3 9TOU IJIaBBI AJIsd BaC OCTaHeTCdA HEeIIOHATHBIM, HE
BOJIHYITECh, TAK U JOJIYKHO OBITH — IIOKAa, II0 KpaiiHell Mmepe. 3mech IPOCTO
IEMOHCTPUPYIOTCs BosdMoxxHOCTH Python. C HemocTaromumMu mogpooHOCTS-
MU BBI IIO3HAKOMUITECH JOCTATOYHO CKOPO. A Temeph HAUHEM C HEOOJIBLIIIOTO
pasBJjieueHn .

N
o Yurarenu uerBeproro usganusa kauru «Msyuaem Python» mo-
an TyT 3aMEeTUThH B IIpPIMepe U3 9TOU IVIaBbl 3HAKOMBIE UePTHI — 31eCh
L YUacTBYIOT Te Ke IepcoHaku, uTo u B riase nmpo OOIIl B KHure

«Azyuaem Python», a mocsiegquue Bepcuu npumMepa, OCHOBAHHBIE
Ha UCII0JIb30BAHUU KJIACCOB, II0 CYTHU ABJIAIOTCS BapUAIUAMU Ha
Ty ke Temy. He 60sicb 00BUHEHNH B N30BITOUHOCTH, S 3[€Ch BO3-
BpAIlaioCh K 9TOMY IIPUMEDPY II0 TPEM IPUUYNHAM: OH BIIOJIHE MO-
JKeT MCIO0JIb30BAThCA 1A 0030pa OCHOBHBIX BO3MOYKHOCTEH A3bI-
Ka; HEKOTOpble YUTATeJHW JTON KHUru He uurtanu «Vsydaem
Python»; 3qecs aToT IpuMep HoJsyuaeT faJbHeHIIee pa3BUTHE 38
cueT nobaBjeHus rpaduyeckoro u Be6-unTepdeiicor. Takum 06-
pasoM, 3Ta IJIaBa HAUYMWHAETCA C TOI'O MeCTa, TIe 3aKOHUUJIACh
kHura «Msyuaem Python», u momelraeT sToT mpuMep UCIOIb30-
BaHUA OCHOBHBIX BO3MOYKHOCTeHl f3bIKA B KOHTEKCT AeHCTBYIO-
IIer0 MPUJIOKEHUA, YTO B OOIUX YepTaX COOTBETCTBYET IleJIU
9TON KHUTU.

NMocTtaHoBKa 3apaun

IIpencraBbTe, UTO II0 HEKOTOPBLIM IIPUYMHAM BaM HEOOXOAUMO XPAHUTH
nH(GOPMAIIUIO O JIOAIX. ITO MOMKET ObIThL aJpecHas KHHUra Ha BaIllleM KOM-
IbIOTEPe WJIM, BO3MOXKHO, MH(OpMAIUA O ciayskamux Baineir ¢pupmsel. Ilo
KaKuM-Tu00 IpUYMHAM BaM TPeOyeTcs HalKcaTh IPOrpaMMy, KOTOPas CO-
xpaHsaga 661 nHGOPMAIINIO 00 9TUX JIIoAAX. [[pyrumu cioBamu, BaM Tpeody-
eTcs OpPraHn30BaTh COXPaHeHue 3alceil B 6ase JaHHBIX, YTOOBI 00€CIeUNTh
BOBMOJKHOCTH [JOJITOBPEMEHHOTO XPaHEHWUs B KOMIIbIOTEpEe CIIMCKa Joaeit
¢ uH(opmaIueit o HIUX.

EcrecTBeHHO, CyIITeCTByeT MHOKECTBO ysKe TOTOBBIX IpOTpaMM AJiA pado-
ThI ¢ OasdamMu gaHHBIX. OOHAKO, HAIIKCAB CBOIO IPOrPAMMY, BBI IIOJYUHTE
HOJIHBIII KOHTPOJb HAJ TeM, KaK OHa JelicTByeT. Bbl cMokeTe H0OABIATH
B Hee 00pabOTKY CHeIMAJbHBIX CJIyYaeB, KOTOPhIe, BO3MOMKHO, HE IIPELy-
CMaTPUBAIOTCSA CTAHJAPTHLIM IPOrPpaMMHBLIM obecleueHneM. Bam He mIpu-
JleTcs YCTaHABJAMBATL 0a3y JaHHBIX U YUUTHCA II0Jb30BATLCA €10. M Bam He
IpUugeTcs KIATh, IIOKA IIOCTABIINK IPOrPAMMHEOI0 00eCIeUeHns NCIIPABUT
OITMOKY MM JOOABUT HOBBIE 0coGeHHOCTH. VITaK, BbI PEIIUIN HAIUCATD Ha
asbike Python mporpamMmmy, yrpaBiaAoIyo nuGopMaluei o JoaIx.
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LLar 1: npeacrasneHne 3anucen

Koab ckopo MBI coOpasivch COXPaHATh 3anucu B 6a3e JAHHBIX, Ha CAMOM
epBOM 9Talle HaM HeOOXOAUMO PEIUTh, KaK OyAYT BBITJIANETDH dTU 3aIlu-
cu. B a3pike Python numeeTcs macca crroco00B IIpecTaBIeHna NH(POPMAIIIT
0 JIIOAAX. 3aYacTyIO JJIS 9TUX Iejieli BIIOJIHE JOCTATOUHO ObIBAET UCIIOJIb30-
BaTb 00'bEKTHI BCTPOEHHBIX TUIIOB, TAKMe KaK CIUCKY U CJI0Bapu, 0COOEHHO
ecJu U3HAYAJIbHO He TpebyeTcs IpeaycMaTpPuBaTh 06paboTKY COXPaHIeMbIX
JTaHHBIX.

Cnuckun

Croucku, HaIIpuMep, IMO3BOJIAIOT COXPAHATh MHPOPMAIINIO O JIOAIX YIIOP-
IOYEHHBIM CIIoco00M. 3amycTuTe nHTepnperarop Python B nuTepaxTuBHOM
pesxuMe U BBEIUTE CIAEHYIOIINE IBe NHCTPYKI[N:

>>> bob = ['Bob Smith’, 42, 30000, ‘software’]
>>> sue = [‘Sue Jones’, 45, 40000, ‘hardware’]

MpbI TOJBKO UTO CO3JaJIU IBe IPOCThIe 3aIlMCU, ITPEACTABJSAIONINE UHDOP-
maruio o Bo6e (Bob) u Ceio (Sue) (Mou M3BUHEHNUS, €CJIN Bac AEeHCTBUTEIb-
HO 30ByT B006 miu Crio'). Kaxgast 3anuch ABISETCA CHUCKOM C YETHLIPHMS
3JIEMEHTaMU: UMs, BO3PACT, OKJIAT U JOJKHOCTb. UTOOBI IOJTYYUTH HOCTYI
K 9TUM 3JIeMEHTaM, JJOCTATOYHO IIPOCTO UCIIOJIH30BATH OMEPAIINI0 UHIEKCH-
poBauwusi. PesysbraT B IprMepe HUKe 3aKJII0UeH B KPYIJyIble CKOOKH II0TOMY,
YTO OH ABJIAETCA KOPTEIKEM U3 JBYX PEe3yJILTATOB:

>>> bob[0], sue[2] # NONy4YuTb MMA W OKnad
(*Bob Smith", 40000)

B rakom npezcTaBiieHUY 3anIMcH JETKO 06pabaThIBaTh — JOCTATOUHO ITPOCTO
WCIIOJIb30BATh OMepaIlny Hal ciuckamu. Hampumep, MOKHO TOJYUYUTh (a-
MUJINIO YeJIOBeKa, Pa3OUB II0JIe C MMEHEM IO IPOOEJILHOMY CUMBOJIY M OTO-
OpaB MOCJIETHIOI YacCTh, TOYHO TAK YK€ MOXKHO IIOBBICUTH OKJIA[[, N3MEHUB
COOTBETCTBYIOIIU CITUCOK:

>>> bob[0].split()[-1] # nonyunts Gamunuio boba
‘Smith’

>>> sue[2] += 1.25 # noBhHicUTb oknapd Cbio Ha 25%
>>> sue

[“Sue Jones’, 45, 50000.0, ‘hardware’]

S Boosme cepbesuo. Ha xypcax mo usyuenuio Python, koTopsie s Beny yoxe 10-
BOJILHO JaBHO, s MIOCTOSHHO MCII0JIb30Bas uMsa «Bob Smith» (Bo6 Cmur), Bo3-
pact 40,5 ser u momkHocTu «developer» (paspaboTumk) u «manager» (PyKo-
BOJUTEJIb) AJIs CO3MaHUsA (PUKTUBHON 3amucu B 0ase JaHHBIX, IIOKA HA Kypcax
B Hukaro s He BCTpeTua cTyaenTa ¢ umenem Boo Cvut (Bob Smith), koTopomy
65110 40,5 €T, M KOTODPHIH 3aHUMAJ HOXKHOCTU Pa3paboTunKa U PYKOBOJUTE-
Jisg. B oKM3HU MHOTA CIYyYaloTCA KYPheshl.
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Bripaskenue, nssjieraloinee (aMUJINIO B 9TOM IIpUMepe, 00padaTbIBAeTCs
MHTEPIPETATOPOM CJIEBA HAIIPABO: CHAUAJIA M3BJIEKAETCS CTPOKA C MMEHEeM
u pamuaueit Boba, 3aTeM cTpoka pasbuBaeTcs 1o IpobdesaM 1 mpeodpasy-
€TCsA B CIIMCOK IIOACTPOK, a Ollepallus NHIEKCUPOBAHNS BO3BPAIaeT (haMu-
auio (pasbeiiTe 5TO BBIpasKeHUe Ha HECKOJIBbKO OomepaIinii, YTo0bl YBUAETD,
KaK 9TO IIPOMCXOLWT).

MepBble 3amMevyaHus

ITocKOaBKY 9TO IEPBLIN MPUMEP IPOTPAMMHOI0 KO/la B KHUTE, HE00X0AMMO
clleJlaTh HECKOJIbKO IIPAKTUUYECKUX 3aMeUaHU:

e IJTOT mMporpaMMHBIII Koa Mo:KHO BBecTu B cpene IDLE ¢ rpajpuueckum
uHTep@eiicom; Iocjie BBOJa KOMaHAbI python B KOMaHIHOUN CTpoKe (Mau
TOM JKe KOMaHIbI C YKa3aHWeM IOJIHOIO IIyTHU K Hell, ecii OHA He HaXO-
IUTCSA B CUCTEMHOM CITHCKe MMy Tel IMONCKAa BBITTOMHAEMbIX (PaiioB) 1 Tak
naJee.

e CumBoabl >>> characters — aTo mpuriaiesne K BBOAY MHTEPIIPETATOPA
Python (sTu cUMBOJIBI HE HYKHO BBOIUTS).

e UudopmanuoHHble CTPOKU, KOTOPhIe mHTEepIperaTop Python BeIBOAUT
IIpU 3aIlyCcKe, A OIIyCTUJI paJu 9KOHOMUU MecCTa.

e Bce mpumepsl U3 9TOM KHUTY S 3aIlyCKaJI moj yrpasjenuem Python 3.1;
pesyabTaThl paboThI IIPMMEPOB BO BCeX BEPCUSAX JUHEHKU 3.X MOJIKHBI
OBITh OMHAKOBBIMU (pas3yMeeTcs, UCKJI0UaA HEePeABUAEHHbBIE CIIyUan
BHECEHMUs CYIIeCTBEHHBIX n3MeHeHui B Python).

e DBoJsabiiasa yacTs IIpUMEpPOB B 3TOM KHHUTIe, 3a NCKJIIOYEHNEM HEKOTOPBIX
U3 HUX, JEMOHCTPUPYIOIIUX IIPHUEMBbI CUCTEMHOI'O IIPOrpaMMUPOBaHUA
¥ WHTETPAIUY C IPOrPaMMHBIM KOJ0M Ha A3bIKe C, BrinmosHAMNCh B OC
Windows 7. Oguako, 6irarogaps nepesocumoctu Python, He umeer 3Ha-
YeHUsA, B KaKOI OoIepaIrimoHHO cucTeMe 6y IyT oIrpo0oBaThCA MTPUMEDPHI,
€CJIi MHOe He YKA3aHO ABHO.

Eciu mpeske BaM He JOBOAUJIOCH BBIIOJIHATE IIPOrPAMMHLIN KO HA A3LIKE
Python momo6HBIM crtoco6oM, Torma obpainaiiTecsh 3a CIIpaBOYHO nHpoOpMAa-
muell K BBOAHBIM MaTepuajaM, TaKuM Kak KHura «Msyuaem Python». Ila-
Jiee B 9TOH TUIaBe s CIeJIal0 HECKOJIBKO 3aMeUaHUi, KacalolluXca 3amycKa
IPOrpaMMHOTO0 KOJ]a, XpaHsaIerocs B daiijaax ciieHapues.

ba3a gaHHbIX B BUge cnucka

K HacrosIiieMy MOMEHTY MBI BCETO CO3[aJIi BCETO JIUIIh ABe IePEeMeHHbIX,
HO He 0a3y maHHBIX. YTOOBI 00beAMHUTL UH(MOPMaInio o Bobe u Cbio, MBI
MOTJI OBI ITPOCTO BKJIIOUUTE €€ B IPYTOM CIUCOK:

>>> people = [bob, sue] #f CCHNKW B CMWUCKE CMNMCKOB
>>> for person in people:
print(person)
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[*Bob Smith’, 42, 30000, ‘software’]
[*Sue Jones’, 45, 50000.0, ‘hardware’]

Temnepp Hamly 0as3y JaHHBIX IPEACTABIAET CHHCOK people. MBI Mo:KeM m3-
BJIEKATh U3 HEro OTAeJIbHBIE 3aIIMCH B COOTBETCTBUU C UX MO3UIIUAMU B CITU-
CKe 1 00pabaThIBaTh UX B ITUKJIE:

>>> people[1][0]
‘Sue Jones

>>> for person in people:

print(person[0].split()[-11) # BLIBECTU damunuio
person[2] *= 1.20 # yBenuunTb oknag Ha 20%
Smith
Jones
>>> for person in people: print(person[2]) # NPOBEPVTb HOBHI pasMep oknaga
36000.0
60000.0

Temnepsb, Korma y Hac MMeEETCsI CIIMCOK, MBI MOYKEM OpPraHN30BaTh BHEIOOPKY
3HAUYEHUI OJIeH 13 3aIUCeH C TOMOIIBIO 00JIee MOIITHBIX NHCTPYMEHTOB BbI-
MOJIHeHU A UTePaIuii, IPUCYTCTBYIOIUX B A3biKe Python, Takux Kak reme-
PaTOPHI CIIMCKOB, GYHKIIUS Map U BbIPAKEHUA-TeHEePATOPHI:

>>> pays = [person[2] for person in people] #f BHOpaTb BCE OKNapl
>>> pays
[36000.0, 60000.0]

>>> pays = map((lambda x: x[2]), people) # TO xe camoe (B Bepcuu 3.X
>>> list(pays) # OYHKUMS map BO3BpAaWlaeT reHepaTop)
[36000.0, 60000.0]

>>> sum(person[2] for person in people) # BbpaXxeHue-reHepaTop
96000.0 # sum - BCTPOEHHas QyHKUMS

s mobaBieHUs HOBBIX 3amucell B 6a3y MAHHBLIX BIIOJHE JOCTATOYHO HC-
OJb30BaTh OOBIUHEBIE OIlepaIluy HAJl CIIUCKaMu, TaKKe Kak append u extend:

>>> people.append([‘Tom’, 50, 0, Nonel)
>>> len(people)

3

>>> people[-1][0]

‘Tom

CIMCKU HEIJO0XO IMOAXONAT AJIS pean3anuy Haleil 0asbl JaHHBIX, U UX
BO3MOXKHOCTEI BIIOJIHE JOCTATOYHO IJisi HEKOTOPBLIX IIPOrpaMM, HO OHU
CTpafaloT PSAJAOM CYII[EeCTBEHHBIX HEZOCTATKOB. Bo-mepBbIX, MH(pOpPMAIIUI
0 Bo6e 1 Cbi0 B HACTOAIIMIT MOMEHT XPAHUTCSA B BIIe 00'bEKTOB B OIIepPaTHB-
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HOIT TaMATH, 1 OHA OyIeT yTepsaHa cpasy Iocje 3aBepIeHns paboThl MHTEP-
nperaropa Python. Bo-BTopbIX, BCAKUI pas, Korma morpebyeTcs uU3BJIEUYb
(daMmInI0 YeJ0BEKA MJIM HOBBICUTH €My OKJak, HaM MIPUAETCA IIOBTOPHO
BBOAUTH IPOTPAMMHEBIN KOJ, KOTOPBINT MBI TOJTBKO UTO BUAEIU. ITO MOKET
BBIBBATH OIIpeeIeHHbIe TPO6JIeMbI, eCJIU KOTNa-HUOY b ITOMEHAETCA ajiro-
PUTM BBITIOJTHEHUA STUX OIlepaIinii, — HaM MOKeT IToTpe6oBaThCsa UBMEHUTH
HAaIl IPOrPaMMHBIN KOJ BO MHOTHX MecTax. MbI BepHeMCs K 9TUM IpobJie-
MaM uepes3 HECKOJIbKO MUHYT.

OGpaLeHne K NonsM no MMeHam

CaMbIil, mOKaIyH, CYIIeCTBEHHBIN HEJOCTATOK IIPU WCIOJb30BAHUU CITU-
CKOB 3aKJIIOUAeTCs B HEOOXOZVWMOCTHM 3aIlOMHHATDL ITO3UIIMM IIOJIEH: KaK
nHaUue MOYKHO YTBEP KIAaTh, UTO IIPOrPAMMHBINA KO, OOpaIaroIuiicsa K 3je-
MEHTY 3alKCU C TAMHCTBEHHBIM WHIEKCOM 2, M3BJIEKAeT pasmep OKJIaza?
C TOUKHU 3peHuA OUEeBUAHOCTH HNPOTPAMMHOTO Koja OBIJI0 OBI JIyUIIle, eCJIn
OBbI MOKHO OBLJIO IIPUCBOUTH KaKAOMY IIOJI0 OCMBICJIEHHOE UMS.

Mps1 Mori ObI CBA3ATh MMeHA C MO3UITUAMU TOJiell B 3alUCU, UCIIOJNIb3YsI
BCTPOEHHYIO QYHKIIMIO range, KOTopas reHepupyeT HabOp IOCTIeI0BATEIb-
HBIX IeJBIX YKCEJ IIPU UCIIOJb30BAHUY B KOHTEKCTe UTepalnii (Takux Kak
orepalus MPUCBAUBAHUSA ITOCJEOBATEILHOCTY HUMKE):

>>> NAME, AGE, PAY = range(3) #0, 1n?2
>>> bob = [‘Bob Smith’, 42, 10000]

>>> bob[ NAME]

‘Bob Smith’

>>> PAY, bob[PAY]

(2, 10000)

ATo pelraeT MpodJIeMy YUTAEMOCTH IIPOIrPAMMHOTO KOJa: TPU UMEHU Iepe-
MEHHBIX, COCTOAIMUX M3 3arJIaBHBIX CUMBOJIOB, II0 CYTU, IPEBPATUINCH
B mMeHa moJseii. OgHaKO TaKoe pelleHue AejlaeT MPOTPAMMHBIN KO 3a-
BUCAIIUM OT MHCTPYKIIUU ITPUCBAWBAHUSA MO3UININ MMEHAM IIOJIeH, — MBI
MOJI’KHBI TIOMHUTEH O HEOOXOMMOCTY OOHOBJIATH €€ IIPHU JII000M U3MEHEHU N’
CTPYKTYPHI 3anucu. IIoCKOIbKY MMeHAa II0JIeil 1 3allicy HUKAK He CBI3aHbI
MeXKy co00ii, OHM MOI'YT IIepecCTaTh COOTBETCTBOBATEL APYT APYTrYy, U TOTIA
BO3HMKHET HE00OXOJMMOCTEL BMEIIIaTeJIbCTBA B IPOrPAMMHEBIN KOJI.

Kpowme Toro, Tak Kax mMeHa I0JIeH ABISIOTCA He3aBUCUMBIMU ePEeMeHHbI-
MU, MEXKIY 3aIlllChI0 B BUe CIIUCKA 1 UMEeHaMU II0Jieli OTCYyTCTBYeT oGpar-
Had CcBA3b. VIMed OJHY TOJBKO 3alUCh B BUJEe CIIWCKA, HAIIPUMED, HEJIb3sd
peanmsoBaTh (h)OPMAaTHUPOBAHHBIN BBIBOJ 3HAUEHUU IIOJEN ¢ MX MMEHaMMU.
B cayuae ¢ mpempiayineii samuchio 0e3 MOMOJHUTEIbHBIX YXUIIPEHUN He-
B0O3MO:KHO moaryuuTh uMsa AGE u3 3Hauenusa 42: BbI30B bob.index(42) Bep-
HeT 1, 3HaUeHMe IepeMeHHoIi AGE, Ho He camo uma AGE.

MosxHO0 6bLTIO GBI HOHpO6OBaTL IIpeaCcTaBJIATH 3allCU B BU€ CIIMCKOB KOP-
TexKel, Iae KOPTeXHU XPpaHAT He TOJIBKO 3HAUEeHUA moJieii, HO uX umeHa. Ho
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elrfe Jiyuiiie 66110 ObI MCIOJIb30BATh CIIMCKU CIIMCKOB, UTO MO3BOJIMJIO ObI 13-
MEHSATH M0JIA (KOPTEKU OTHOCATCA K KAaTeTOPUY Hen3MeHsIeMbIX 00'beKTOB).
Huke neMoHCTpUpPYeTCs BOILIOINEHE dTOI UAer Ha IpuMepe MPOCThIX 3a-
IIHCen:

>>> bob = [[“name’, ‘Bob Smith’'], [‘age’, 421, [‘pay’, 10000]]
>>> sue = [[‘name’, ‘Sue Jones'], [‘age’, 451, [‘pay’, 200001]
>>> people = [bob, sue]

O,E[HaI{O Ha caMOM JeJie 9TOT IIpueM He peniaetT HpOﬁJIeMy, IIOTOMY 4YTO OJIA
W3BJIEUEHUA TI0JIelT Bce PaBHO HEO6XOI[I/IMO HCIIOJIB30BATh YNCJIOBBIE MHIEK-
CBI:

>>> for person in people:
print(person[0][1], person[2][1]) # wms, oknap

Bob Smith 10000
Sue Jones 20000

>>> [person[0][1] for person in people] # BbOOpKA MMeH
[*Bob Smith’, ‘Sue Jones’]

>>> for person in people:
print(person[0][1].split()[-1]) # nonyy4nThL damunmio
person[2][1] *= 1.10 # noBbCKUTbL oknag Ha 10%

Smith
Jones

>>> for person in people: print(person[2])

[*pay’, 11000.0]
[‘pay’, 22000.0]

Bcee, uero mb1 m006uIMCH, — JOOABUIIN €Ille OAUH YPOBEHb MHIEKCUPOBAHMS.
I noCTHKEeHUA JKejlaeéMOoTo MBI MOTJIM ObI ITPOCMATPUBATL MMEHA IToJei
B I[UKJIEe, OTBICKUBaA HEOOXOAUMBIE (B CJIELYIOITEM ITNKJIE UCIIOIb3YeTC s OIre-
palus IprCBaMBaHU KOPTEXKA IJIS PACIIAaKOBBIBAHUS 1P UMs/3HAUYEHNE):

>>> for person in people:
for (name, value) in person:
if name == ‘name’: print(value) # nonck Tpebyemoro nons

Bob Smith
Sue Jones

Eirie syurrre 661710 GBI PeaSN30BATh (PYHKITNIO, BBIITOJIHSAIONIYIO BCIO paboTy
3a HaC:

>>> def field(record, label):
for (fname, fvalue) in record:
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if fname == label: # NOMCK nons no UMEHK
return fvalue

>>> field(bob, ‘name’)

‘Bob Smith’

>>> field(sue, ‘pay’)

22000.0

>>> for rec in people: # BHIBECTW BO3PACT BCEX NN
print(field(rec, ‘age’)) # B 06ase [gaHHbIX

42

45

Eciu gBurarbca gajibiiie Mo 9TOMY IIYyTH, B KOHEYHOM KUTOTe MOKHO ITOJIY-
YUTH HAOOP PYHKIIMI, OCYIIEeCTBAAIONINX NHTepGec K 3anucsaM, oTodpa-
JKAIOIIUX MMEeHAa IoJieil B ux sHaueHus. OQHAKO eclu Iperke BaM IIPUXO0-
IUJIOCHh IIPOrPAMMUPOBATEL Ha s3biKe Python, BbI HaBepHsAKa 3HaeTe, 4TO
cyIiecTByeT 0oJiee IPOCTOI cIIoco0 pean3aii TaKOT0 POLa acCoIlUaIluii,
¥ BbI yiKe HaBePHSIKa JoTafa/IlCh, B KAKYIO CTOPOHY MbI HAIIPABUMCS B CJIe-
IyIOIleM pasieJie.

CnoBapwm

Peanmsanusa sammuceii Ha OCHOBE CIUCKOB, KaK OBIJIO MMOKA3aHO B IIPEABIAY-
eM pasjeje, BIOJHEe paboTOCIOCO0HA, XOTS W 3a CUET HeKOTOPOU IoTepu
TIPOU3BOAUTEIHHOCTH M3-3a HEOOXOAMMOCTHY BBITIOJHATH IIOUCK IIOJIE II0
uMeHaM (ecau Bac BOJHYIOT IOTEPU, U3MepseMble MUJInuceKyHaamu). On-
HAKO eCJId Bbl yiKe MMeeTe HEKOTOpOe 3HAKOMCTBO C s3bIKoM Python, BbI
IOJIKHBI 3HATh, UTO CYIIECTBYIOT 0ojiee a(p(pekTuBHBIE U OoJiee yoOOHBIE
CcTI0COOBI CBA3BIBAHUA NMEH ITI0JIeH ¢ MX 3HAUeHUAMU. BCTpoeHHbIE 00HEeKTHI
CJIOBapeii BBITJIALAT eCTeCTBEHHO:

>>> bob = {‘name’: ‘Bob Smith’, ‘age’: 42, ‘pay’: 30000, ‘job’: ‘dev’}
>>> sue = {‘name’: ‘Sue Jones’, ‘age’: 45, ‘pay’: 40000, ‘job’: ‘hdw’}

Temeps bob u sue — 3ToO 00BEKTHI, AaBTOMATHUUYECKU OTOOpasKalolnue nMeHa
moJiell B X 3HAYEHUA, M UX HCIIOJb30BaHNE JejiaeT IIPOrPaMMHBIN KOI 00-
Jiee IPOCTHIM U HOHATHBIM. HaMm He TpebyeTcs 3aIIOMUHATE, YTO O3HAUAIOT
YKCJIOBBIE MHIEKCHI, M MBI JaeM HHTEPIPETATOPY BO3MOXKHOCTH MCIIOJIB30-
BaThb €ro BBICOKO3((EKTUBHBIN AJITOPUTM WHAEKCAIIUU CJIOBapei, YTOObI
OTBICKMBATH 3HAUECHU S MOJIEH, acCOIMUPOBAHHLIE C X MMEHAMI:

>>> bob[ ‘name’], sue[‘pay’] # B oTanume oT bob[0], sue[2]
(‘Bob Smith", 40000)

>>> bob[ ‘name’ ].split()[-1]
“Smith’

>>> sue[‘pay’] *= 1.10
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>>> sue[‘pay’]
44000.0

ITockosbKy Temeph Ipu OOpAIEHUM K MOJISM HCIIOJb3YIOTCS CHUMBOJIMYE-
CKUe MMeHa, MPOrpaMMHBIN KO/ BRITJIAAUT 00Jiee OCMBICJIEHHBIM IJIS BCEX,
KTo OyzIeT uuTaTh ero (BKJHUYasd U Bac).

Jpyruve cnoco6bl co3paHns crioBapem

CioBapu SBJIAIOTCA HACTOJBKO YIOOHBIMU O0BbEeKTaMU IPU IPOrPaMMUPO-
BaHUU Ha A3bIKe Python, uTo Ob1JI0 IpeayCcMOTPEHO ellle HeCKOJIbKO CIIOCO-
00B UX CO3MaHUS, OTIUYAIOIUXCA OT TPALUIIMOHHOTO CUHTAKCHCa JIUTEPa-
JIOB, IIPOIEMOHCTPUPOBAHHOTO BbIIlIe, — HAIIPUMEP, BLIZOBOM KOHCTPYKTOpA
C UMEHOBAHHBLIMU apryMeHTaMH, IIPU 9TOM BCe KJIIOUU OYAYT CTPOKAMIU:

>>> bob = dict(name='Bob Smith’, age=42, pay=30000, job='dev’)
>>> sue = dict(name='Sue Jones’, age=45, pay=40000, job="hdw’)
>>> bob

{*pay’: 30000, ‘job’': ‘dev’, ‘age’': 42, ‘name’: ‘Bob Smith’}
>>> sue

{*pay’: 40000, ‘job': ‘hdw’, ‘age’: 45, ‘name’: ‘Sue Jones'}

3aII0JIHEHUEM CJIOBAPS IT0JIe 3a IT0JieM (HAaIOMHIO, UTO IJIS KJIoUell CJIoBaps
He IIpelyCMaTpUBaeTCs KaKO-TO OIIpeieIeHHBIN ITOPAJOK CJAeJOBAHMA):

>>> sue = {}

>>> sue[‘name’] = ‘Sue Jones’

>>> sue[‘age’] = 45

>>> sue[‘pay’] = 40000

>>> sue[‘job’] = ‘“hdw’

>>> sue

{"job’: ‘hdw', ‘pay’: 40000, ‘age’: 45, ‘name’: ‘Sue Jones’}

00beJUHEeHNEM IBYX CIIICKOB, COAEPIKAIINX NMEHA 1 3HAUCHI:
>>> names = [‘name’, ‘age’, ‘pay’, ‘job’]
>>> values = [‘'Sue Jones’, 45, 40000, ‘hdw’]
>>> list(zip(names, values))
[(‘name’, ‘Sue Jones'), (‘age’, 45), (‘pay’, 40000), (‘job’
>>> sue = dict(zip(names, values))
>>> sue
{"job’: ‘hdw', ‘pay’:

“hdw' )]

40000, ‘age’: 45, ‘name’: ‘Sue Jones’}

CJioBapu MOXKHO JasKe CO3LaBaTh M3 IIOCJIENOBATENLHOCTEH KJIOUEel U He-
00513aTeIbHOT0 HAaYaJIbHOT'0 3HAUEHUA AJIA BCeX KJIUel (3ToT crrocob ymoo-
HO MCTIOJb30BATh IJIsI MHUITUAJIN3AIINY TYCTHIX CJIOBapei):

>>> fields = (‘name’, ‘age’, ‘job’, ‘pay’)

>>> record = dict.fromkeys(fields, ‘?')

>>> record

{"job™: 2", ‘pay’: ‘?', ‘age’: '?’, ‘name’: ‘?'}
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Cnunckun cnosapen

HesaBucumo ot criocoba cosgaHusA caoBapeii, HaM Bce ellle HeO0XOIUMO CO-
OpaTh caoBapu-3anucu B 6a3y JaHHBIX. 3[eCh TaK:Ke MOKHO HCIIOJIE30BaTh
CIIMCOK, IIPU YCJIOBUU, UTO HAM He TPpebyeTca 00eCIieunTh JOCTYII IO KUY
Ha BEPXHEM YPOBHE:

>>> bob
{'pay’: 30000, ‘job’: ‘dev’, ‘age’: 42, ‘name’: ‘Bob Smith’}
>>> sue
{"job’: ‘hdw’, ‘pay’: 40000, ‘age’: 45, ‘name’: ‘Sue Jones'}

>>> people = [bob, sue] # CCbIKM B cnucke
>>> for person in people:
print(person[‘name’], person[‘pay’], sep=', ') # BCe uWMeHa, OkNnap

Bob Smith, 30000
Sue Jones, 40000

>>> for person in people:
if person[‘name’] == ‘Sue Jones’: # oknan Cobio
print(person[‘pay’])

40000

37ech TOUHO TAK JKe HCIIOJb3YIOTCA NHCTPYMEHThI UTepaIliii, HO BMECTO Ta-
MHCTBEHHBIX UMCJIOBBIX MHIEKCOB MCIIOJB3YIOTCA KJouu (B TepMuUHAX 6as
JTaHHBIX I'eHepaTop CIIMCKOB U (PYHKIIMA Nap B CIAEAYIOIIeM IIpruMepe BO3Bpa-
IIAIOT MPOEKINIO 0as3bl JAHHBIX II0 IIOJII0 «Name»):

>>> names = [person[‘name’] for person in people] # BbbGupaeT umeHa
>>> names
[*Bob Smith’, ‘Sue Jones’]

>>> list(map((lambda x: x[‘name’]), people)) #f TO Xe camoe
[“Bob Smith’, ‘Sue Jones’]

>>> sum(person[‘pay’ ] for person in people) #f Cymma BCex 0KnafoB
70000

I/IHTGPECHO, 4TO TaKHe HWHCTPYMEHTHI, KaK reHepaTopbl CIIICKOB
U BBIPAKEHUA-TeHepPaTopPhl, CIIOCOOHBI IO CBOEMY YAOOGCTBY IMTPUOIUSUTHCS
K 3ampocaM B A3bIKe SQL, ¢ TeM oTyimuneM, UTO OHU MaHUIYJIUPYIOT 005~
€KTaMU B IIaMATU:

>>> [rec[‘name’] for rec in people if rec[‘age’] >= 45] # SQL-nonobHbIi
[*Sue Jones’] # 3anpoc

>>> [(rec[‘age’] = 2 if rec['age’] >= 45 else rec[‘'age’]) for rec in people]
[42, 2025]
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>>> G = (rec['name’] for rec in people if rec[‘age’] >= 45)
>>> next(G)
‘Sue Jones

>>> G = ((rec['age’] *» 2 if rec[‘age’] >= 45 else rec['age’])
for rec in people)

>>> G.__next__()

42

A Tak Kak cJoBapu SBJISAIOTCA OOBIYHBIMU OOBEKTaMH’, K 9THUM 3aIIUCIM
MOYKHO TaKKe 00pallaThbCs C UCII0Ab30BAHNEM ITPUBBIYHOIO CHHTAKCHCA:

>>> for person in people:
print(person[‘name’].split()[-11) # bamunng
person[‘pay’] *= 1.10 # nosbiwerne Ha 10%

Smith
Jones

>>> for person in people: print(person[‘pay’])

33000.0
44000.0

BnoxkeHHble CTPYKTYpbl

B mpeapiaymiux mpuMepax Mbl MOTJIM ObI IIPU KeJaHUU n30esKaTh Heo0Xo-
IUMOCTH IIHCATh JOTMOJHUTEJbLHBINA TPOrPaMMHBIN KO/, U3BJIEKaIOIUi (a-
MUJINHU, elre 00JIbIlle CTPYKTYPUPOBaB HaIlu 3anucu. [IoCKOJIbKY B A3bIKe
BCe O6'I:eI{TLI COCTaBHBIX THUIIOB JaHHBIX MOT'YT BKJIaAbIBATHCA APYT B ApyTra
CKOJIb YTOOHO TJIYOOKO, MBI JIETKO MOXKEM KOHCTPYHPOBATH UPE3BLIUAIHO
CJIOKHBIE CTPYKTYPHI JAHHBIX, UCIOJb3YysA MPOCTOM CUHTaAKCHC 00HEKTOB,
a Python cam mosabotuTcsi 0 co3maHNM KOMIIOHEHTOB, CBASBIBAHUN CTPYK-
TYp B IAMATHA ¥ OCBOOOKIEHNN IMAMATH MO3JHEee. ITO OHO U3 3HAUUTEb-
HBIX IPEMYIIEeCTB TAKUX SI3BIKOB CIleHapueB, Kak Python.

B caenyromiem mpuMepe AeMOHCTpPUPYeTCsS 0ojiee CTPYKTYPHUPOBaHHAS 3a-
ONUCh, COJlePsKallad BJIOKEHHBIN CJIOBAPh, CIIMCOK U KOPTEXK BHYTPU IPYTO-
TO cJjoBaps:
>>> bob2 = {‘name’: {‘first’: ‘Bob’, ‘last’: ‘Smith’}

‘age’: 42,

‘job’: [‘software’, ‘writing’],

‘pay’: (40000, 50000)}
JTa 3aInCh CONEPKUT BJIOKEHHBIE CTPYKTYPbI, IO9TOMY [IJ AOCTYIIa K 00-
Jiee HIBKOMY YPOBHIO MBI IIPOCTO OyIeM MCII0JIb30BATh MBOMHBIE NHIEKCHI:

>>> bob2[ ‘name’ ] # nontoe umsa boba
{*last’: "Smith’, ‘first’: ‘Bob’}
>>> bob2[‘name’ ][ ‘last’] # damunns boba

‘Smith’
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>>> bob2[ ‘pay’ 1[1] #f BepxHwit npegen oknaga boba
50000

ITose name 3eck — BTO ellle OAUH CJIOBAPb, IIOATOMY BMECTO TOI'O UTOOLI pas-
OMBATH CTPOKY IJIsl M3BJeUeHUA (DaMUJINK, MBI IIPOCTO MCIIOJL3yeM OIlepa-
U0 NHAeKCHupoBaHUus. Kpome TOro, COTpyAHUKY MOTYT 3aHUMATDL HECKOJIb-
KO JOJIXKHOCTEH, a TaK:Ke NMeTh BEPXHUU U HUKHUU Ipeaes okaana. Pak-
TUYECKU B MOJOOHBIX cuTyanuax Python mpeppaiaercss B cBoeoOpa3HBIM
SABBIK 3aIIPOCOB — MBI MOKEM M3BJIEKATh U U3MEHATDH BJIOKEeHHBIe 3HAUCHU
Cc MpUMeHeHeM OOLIUHBIX OllepaIuii Hag 00beKTaMu:

>>> for job in bob2[‘job’]: print(job) # Bce gonxHocTu, 3aHuMaembie bobowm
software
writing

>> bob2[ “job’ ][-1] #f nocnegHas [OMXHOCTb boba

‘writing’

>>> bob2[‘job’ ].append(‘janitor’) #f bo6 nony4aeT HOBYI [ONXHOCTb

>>> bob2

{"job’: ['software’, ‘writing’, ‘janitor’], ‘pay’: (40000, 50000), ‘age’: 42

‘name’ : {'last’: ‘Smith’, ‘first’: ‘Bob’'}}
B pacimupeHnn BJI0KEHHOTO CIIMCKA € IIOMOIIIBI0 METOAAa append HeT HUUYero
HEOOBIYHOT0, IIOTOMY UTO B JeHCTBUTEIHLHOCTH OH SBJISETCS HE3aBUCUMBIM
o0bekToM. TaKue BJIOYKEHHBIE KOHCTPYKIIUM MOTYT IIPUTOAUTHCA B Gojiee
CJIOKHBIX TPUIoKeHnaAX. ONHaKO0, YTOOBI He YCIOKHATL IPUMEPHI, MBI CO-
XpaHUM IPEKHION, IJIOCKYIO CTPYKTYPY 3alUCe.

CnoBapu cnoBapemn

W eme oguH mOBOPOT B peasim3alnuy Halei 6as3bl JaHHBIX ¢ WH(OpMAaIu-
el 0 JIOOAX: MBI MOJKEM PaCIIUPUTH 00JIacTh MPUMEHEHUs CJoBapei, 3a-
JEMICTBOBAB €Ille OAWH CJIOBApPh JJIA IIPENCTABJIEHUS caMOil 6a3bl JaHHBIX.
To ecTh MBI MOYKEM CO37aTh CJIOBaph CJIOBapeil — BHEIIHUU CJI0Baphb OyaeT
urpaTh poJib 0a3bl JaHHBIX, a BJIOKEHHBIE CJIOBApPU — POJIb 3amuceit. B ot-
JINYMe OT IIPOCTOT'0 CIIMCKA 3aluceli, 6a3a TaHHBIX, IPEeACTABIEHHAA B BUE
cJIOBaps, ITO3BOJIUT HAM COXPAHATH U U3BJIEKATH 3AIIVCH C IIOMOIIIHI0 CUMBO-
JINYECKUX KJIIOUeH:

>>> bob = dict(name="Bob Smith’', age=42, pay=30000, job='dev’)
>>> sue = dict(name='Sue Jones’, age=45, pay=40000, job="hdw’)
>>> bob

{*pay’: 30000, ‘job': ‘dev’, ‘age’: 42, ‘name’: ‘Bob Smith’}

>>> db = {}

>>> db[“bob’ ] = bob #f CChIKM Ha Cnosapu B Cnosape
>>> db[‘sue’] = sue

>>>

>>> db[*bob’ ][ name’ ] # n3Bnedysb umg boba

‘Bob Smith’
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>>> db[‘sue’ ]J[‘pay’] = 50000 # mameHnTb oknag Cbio
>>> db[‘sue’ ][ pay’] # u3Bnedb oknap Cbio
50000

O6paTuTe BHUMAaHNe, YTO TaKas OPraHU3aIUsA I03BOJISeT HaM 00palaTbCs
K 3aIMCAM HEIOCPEJCTBEHHO, 663 He0OXOUMOCTH BBIMTOJIHATH ITOUCK B I[U-
KJIe — MBI TIOJIyYaeM HelOCPeACTBeHHBIN JOCTYII K 3alucu ¢ nHpopMaimrei
0 BoGe 3a cuet mcorb30BaHMA Kiroua hob. 9To AefiCTBUTEIBHO CJI0BAPD CJIO-
Bapeii, XOTs 9TO U He 3aMETHO, €CJIM He BhIBECTU BCIO 0a3y AAaHHBIX CPa3y
(mJ1a momOOHBIX IeJieli yA0OHO UCIIOIB30BaTh MOLYJIb PPrint (hopMaTupoBaH-
HOT'O BBIBOJIA):

>>> db
{*bob’: {'pay’: 30000, ‘job’: ‘dev’, ‘age’: 42, ‘name’: ‘Bob Smith'}, ‘sue’:
{*pay’: 50000, ‘job’': ‘hdw’, ‘age’: 45, ‘name’: ‘Sue Jones'}}

>>> import pprint

>>> pprint.pprint(db)

{"bob’: {'age’: 42, 'job’: ‘dev’, ‘name’: ‘Bob Smith’, ‘pay’: 30000},

‘sue’: {‘age’: 45, 'job’: ‘hdw’, ‘name’: ‘Sue Jones’, ‘pay’: 50000}}
Ecau ke BOBHUKHET He0OXOAMMOCTD II0CIeN0BaTeIbHO 000MTH BCe 3aIlNCHU
B 6ase JaHHBIX, MOKXHO BOCIIOJIB30BAThCSA HTepaTopaMu cJjoBapeii. B mo-
caenHux Bepcuax Python peanmnszosan ureparop cioBaps, KOTOPBIM Ha KaK-
IO MTeparum B IUKJe fOr BOCIIPOMSBOAUT IO OAHOMY KJIOUY (IJIA COBMeE-
CTUMOCTH C 0oJiee PAHHUMU BEPCUAMU B ITUKJIAX fOr MOMKHO TaKyKe BMECTO
IPOCTOr0 MMeHU db MUCII0JIBb30BaTh IBHBIN BBIZOB MeToza db.keys, HO, TAK KaK
B Python 3 meTon keys Bo3BpaliiaeT remepaTop, KOHEUHBIN pe3yabTar 0yaeT
TOT K€ CaMblIii):

>>> for key in db:
print(key, ‘=>", db[key][‘name’])

bob => Bob Smith
sue => Sue Jones

>>> for key in db:
print(key, ‘=>', db[keyl[‘pay’])

bob => 30000
sue => 50000

B IIpoiecce o6x011a JOCTYII K OTAEJBHBIM 3aIllCAM MOMHO IIOJIiydaThb C HUC-
IIOJIb3OBaAHMEM OIlepanyy NHIASKCUPOBaAHMA 110 KJIIOUYy:

>>> for key in db:
print(db[key][‘name’].split()[-1])
db[key][‘pay’] *= 1.10

Smith
Jones
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WY HATIPSMYIO, OPTaHU30BAB 00X0/] 3HAUEHUI CIIOBAps:

>>> for record in db.values(): print(record[‘pay’])

33000.0
55000.0

>>> X
>>> X
[*Bob Smith’, ‘Sue Jones’]

[db[key][‘name’] for key in db]

>>> x = [rec[‘name’] for rec in db.values()]
>>> X

[*Bob Smith’, ‘Sue Jones’]

A 4T00OBI I[O6aBI/ITI: HOBYIO 3aIllCh, JOCTATOYHO IIPOCTO BBIIIOJITHUTH OIlepa-
IOUIO ITprCBaBaHUSA II0 HOBOMY KJIIOUY. B KOHII€ KOHIIOB — 3TO BCEIr'0o JINIIIb
CJIOBaphb:

>>> db[‘tom’] = dict(name="Tom’, age=50, job=None, pay=0)
>>>

>>> db[“tom’ ]

{'pay’: 0, “job’: None, ‘age’: 50, ‘name’: ‘Tom’}
>>> db[“tom’ ][ ‘name’ ]

Tom

>>> list(db. keys())

[*bob’, ‘sue’, ‘tom’]

>>> len(db)

3

>>> [rec[‘age’] for rec in db.values()]

‘

[42, 45, 50]
>>> [rec[‘name’] for rec in db.values() if rec[‘age’] >= 45] # SQL-nogoOHbIl
[“Sue Jones’, ‘Tom'] # 3anpoc

Haima 6a3a faHHBIX IO-IPEIKHEMY SABJIAETCSA 00BEKTOM, XPAHAIIINMCSH B OITe-
patuBHOI namaTu. Ho, Kak okaspIBaeTcd, TaKo (hpopmar cjaoBaps caoBapeit
B TOYHOCTH COOTBETCTBYeT (hopMaTy, KOTOPHII MCIIOJIb3YyeTCA CUCTEMON CO-
XpaHeHUuA 00bEKTOB B (haitiax, — MoxyJseM shelve (C TOUKY 3pEeHUs rpaMMa-
TUKY aHIVIMHCKOTO A3bIKA STOT MOAYJIb IOJKeH ObLI Obl HaseIBaThCA shelf,
HO B Python Tepmun shelve, o6o3Hauaromuii coxpaHeHre 00EKTOB, OJHO-
BPEMEHHO CJIYKUT U Ha3BaHWEM COOTBETCTBYIOIIETro eMy Moayis). O Tom,
KaK 9TO JieJlaeTcs, BBl y3HAeTe B CJIeYIOIIEM paszeie.

LLlar 2: coxpaHeHue 3anncen Ha ganTenbHOe BpeMs

K HacTosIieMy MOMEHTY MbI OCTAHOBUJINCH Ha IIPEJCTaBICHUN HAIIIEH Oashl
JaHHBIX B BUJE CJIOBAPS U IIONYTHO PACCMOTPEJIN HEKOTOPhIE CIIOCOOBI pea-
JIM3AIUU CTPYKTYP AaHHBIX B s3biKe Python. Ognako, Kak y:ke ymoMuHa-
JIOCh BBIIIE, O0'BEKTHI, C KOTOPLIMU MBI HMEJIX JEJIO N0 CUX II0P, — BPeMeH-
HBIE 00'bEKTHI; OHU PACIIOJIATAIOTCSA B OTIEPATUBHOM MaMsTH U UCYE3aI0T Gec-
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CJIeTHO TIOCJIe 3aBepIlleHusa paboThl mHTepnperaTopa Python niau nporpam-
MbI, co3maBIeil ux. YTobbl 06ecIeuuTsh AOJTOBPEMEHHOe XpaHeHne 0asbl
JTaHHBIX, ee He0OXOIMMO COXPAHUTh B KAKOM-HUOYAb (haiiie.

TekcTtoBble paninbl

OpuH u3 crmoco00B 00eCIIeUnTh COXPAHHOCTh JAaHHBIX MEXXKAY 3aIllycKaMIK
IporpaMMBbl 3aKJII0UaeTCs B COXPaHEHUM BCeX MAaHHBIX B IPOCTOM (aiiie,
B BHJe OT(POPMATAPOBAHHOI'O TEKCTa. BEIpaboTaB OIpeseIeHHYI0 JOr0BO-
PeHHOCTh O (popMaTe IIPeACTAaBJIEHUS HAHHBIX, KOTOpasa OyAeT MCIOJIb30-
BaTbCA MHCTPYMEHTaMM YTeHMHA W 3alliCH, MBI CMOMeM peaJii30BaTh JIIO-
OyIo cXeMy XpaHeHus.

TecTOBbIN CLLEHAPUI CO3AaHUSA BaHHbIX

Yro0bI He IPOMOJIKATHL MaJbHEHIYI0 Pad0Ty B MHTEPAKTUBHOM DPeKUMeE,
HAIINIIIEM CIleHAPUil, MHUIINAJN3UPYIONNi 6a3y JaHHBIX, KOTOPYIO Tpeoy-
eTCs COXPAHUTH (€CJIU BBHI yiKe MMeeTe OIBIT paboThI ¢ sa3biKkoM Python, To
IOJIKHBI 3HATh, UTO KaK TOJILKO BbI HAUMHAETEe MUCATh MIPOTPAMMHBIHN KO[I,
3aHUMAIOIUI 6O0JIbIlIe OZHOI CTPOKU, paboTa B MHTEPAKTUBHOM DEKUME
CTAHOBUTCSA yTOMUTeabHOM). CiieHapuit B mpumepe 1.1 co3gaeT HeCKOJIBKO
3aImuceil U cJI0Baph 0as3hbl JTaHHBIX, C KOTOPBIMI MBI Pa0OTAJIN IO CUX IIOP, HO
TaK KaK OH OZHOBPEMEHHO ABJISAETCA MOJYJIEM, MbI CMOYKEM UMIOPTUPOBATH
ero u n36aBUTHCA OT HEOOXOAMMOCTY BCAKUN pPa3 BBOJUTH IIPOTPAaMMHBIHN
KOJ BPYUYHYI0. B HEKOTOPOM CMBICJIE ATOT MOAYJIb M ABJIAETCA 6a30i1 JaH-
HBIX, HO ero peaJusalus He MOJIePKUBAeT BO3MOKHOCTD U3MEHEeHU S JaH-
HBIX aBTOMATUYECKHU UM KOHEUHBIM [10JIb30BATEJIEM.

Ilpumep 1.1. PP4E\ Preview\initdata.py

#f MHWMUMaNM3MPOBATH [aHHbE ANS NOCNeAynlero coxpaHeHus B dainax

# 3anucu

bob = {'name’: ‘Bob Smith’, ‘age’: 42, ‘pay’: 30000, ‘job’: ‘dev’}
sue = {‘name’: ‘Sue Jones’, ‘age’: 45, ‘pay’: 40000, ‘job’': ‘hdw’}
tom = {‘name’: ‘Tom’, ‘age’: 50, ‘pay’: 0, ‘job’: None}

#f 6asa [aHHbIX
db = {}

db[ “bob’ ] = bob
db[‘sue’] = sue
db[ “tom’ ] = tom

if __name__ == ‘__main__": # ecnu 3anyckaeTcd, Kak ClUeHapuit

for key in db:
print(key, ‘=>\n ‘, db[key])

Kax o0bIuHO, IpOBEepKa IIepeMeHHOM __name__ B KOHIle mpumepa 1.1 Bo3spa-
miaer true, TOJAbKO ecyu (aiij ObLI 3aIyIleH KaK CAaMOCTOATEIbHBIH CIleHa-
puii, a He ObLT UMIIOPTUPOBAH KaK MOAYJIb. Eciau 3a0yCcTUTL IpuMep Kak
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CaMOCTOSTEJILHBIN clleHapuil (Halrpumep, n3 KOMaHIHON CTPOKY, IIeJTUKOM
Ha apJabiKke uau u3 cpeasl IDLE), 6yneT BBIIIOIHEH IPOrPaMMHBIN KOJ TecTa
B TeJjie YCJIOBHOII MHCTPYKIIMU, KOTOPBIN BHIBEJET COAEP:KUMOEe 0ashbl JaH-
HBIX B IIOTOK CTaHJaPTHOTO BHIBO/A (HATIOMHIO, YTO PYHKIIUA Print MCIOIB-
3yeT 9TOT IIOTOK II0 YMOJTYAHUIO).

Huxe npuBoguTCca mpuMep 3amycKa clieHapus 13 KoMaHAHOI cTpoku B OC
Windows. B oxue KomaHaHas ctpoka (Command Prompt) BeImoTHUTE KOMaHAY Cd,
uTOOBI ITePeiiTh B KaTaJior co ciieHapueM. Ha apyrux miardopMax UCIIOJIb-
3yHTe aHAJOTUYHYIO IPOIPaAMMYy-KOHCOJIb:

... \PP4E\Preview> python initdata.py

bob =>

{*job’: ‘dev’, ‘pay’: 30000, ‘age’: 42, ‘name’: ‘Bob Smith’}
sue =>

{*job’: "hdw’, ‘pay’: 40000, ‘age’: 45, ‘name’: ‘Sue Jones’}
tom =>

{*job’: None, ‘pay’: 0, ‘age’: 50, ‘name’: ‘Tom’}

CornaweHusi 06 MMeHoBaHUU ¢annos

ATOo HAII IePBHIH (haii (OH JKe «CIleHAPUi») C UCXOMHBIMU TEKCTaMU, ITO3TO-
MY 3[IeCh HeOOXOIMMO CAeJiaTh TPU 3aMEeUYaHUs 10 NCIIOJb30BAHUIO IIPHUMe-
POB U3 KHUTHU:

e Texcr ...\PP4E\Preview> B IepBOii CTPOKE IPEABIAYIIIETO IpUMepa 0603Ha-
yaeT IIpUIVallleHre K BBOAY B KOMaHIHON CTPOKEe U MOYKET OTJINUaThCS
B pas3HBIX IIaTdopmax. BaM He0OX0qMMO BBECTHU JIMIIH TEKCT, CJIEIYIO-
Ui 3a 9TUM npuriaiiesueM (python initdata.py).

e Bo Bcex mpuMepax B 9TOM KHHUIe€ TEKCT CUCTEMHOU MOACKAa3KW K BBOIY
COIEPsKUT IIYyTh K KaTaJIOTy B 3arpy:KaeMoM ITaKeTe ¢ IpuMepaMu, BHY-
TPU KOTOPOTo AOJIKHA 3allyCKaTbcAd YKasaHHas KoMaHzaa. [Ipu samycke
clleHapus U3 KOMaHJHOU CTPOKYU YOEUTECh, YTO TEKYIIIUM PabounM Ka-
TajoroM ABJsgeTcA Kataynor PP4E\Preview. 9To MOMKeT NMETh 3HAUEHIE
LIS TIPIMEPOB, UCIOJIb3YIOMIUX (Paiiabl B paboueM KaTajore.

e Kpome Toro, mommnucu, IPeIIIECTBYIOI[NE IPUMepPaM C JUCTUHTaAMN
IpPOTrPaMMHOT0 Koja 13 (paiijaoB, coOOIIa0T, rae HaxoauTcd Gaiia B ma-
Kere ¢ npuMmepamu. Tak, moamnuck K npuMepy 1.1 BwIIle coobImaeT, 4To
MIOJIHOEe UM CIleHapus B JiepeBe KarajoroB umeetr Bun PP4E\Preview\
initdata.py.

Mz1 6ymeM TOIB30BATHCS ATUMU COTJIAIIIEHUAMHY HA TIPOTIKeHUY BCell KHU-
TY — B IPEAUCJIOBUY OIMCAHO, KaK MOJYUYNUTh IPUMEPHI, €CJIU Bl coOupae-
Tech paboTaTs ¢ HuMHU. MIHOrMa, 0CO6GEHHO B YaCTH KHUTHY O CHCTEMHOM IIPO-
IpaMMUPOBAHUMH, I 0yAy YKA3bIBATh B IPUIJIAIIIEHNN K BBOAY 00Jiee IOJIHBIH
OyTh K KaTaJory, ecJid 9TO OyZeT HeoOX0AMMO, YTOOBI YTOUHUTH KOHTEKCT
BbITIOJIHEeHUA (Hanpumep, npedukrc «C:\» 8 Windows uian gomoIHUTEIbLHBIE
nMeHa KaTaJIoroB).
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3amevaHus no nosoay cueHapues

Brlimre A yoKe [aBaJl HECKOJIBKO 3aMeUaHUI 110 IOBOAY MHTEPAKTUBHOIO
pesxkuma. Temepb, Korga MbI HaUMHAEM HMCIIOJIb30BaTh (hailyibl CIleHAPUEB,
S TAKKe X0Uy JaTh HECKOJIBKO OOIIUX 3aMeUaHUH 10 UCIOIb30BAHUIO CIie-
HapueB Python:

e Ha HeKoTOpBIX ILTaTdopMax MOKET IMOTPebOBaTLCSA BBOLUTH IOJIHBIN
IIyTh K KaTajJory ¢ Iporpammoii Ha a3bike Python. Ecau myTs K BbI-
noJsiHsieMoMy Gaitny maTepuperaTropa Python orcyTcTByeT B cucTeMHOM
IIyTHU IIOUCKa, 3aMeHuTe B Windows, Hampumep, KoMauay python Ha C:\
Python31\python (3mech mpenImoJiaraeTcsi, YTO BbI II0Jb3yeTeCh BEpPCUEH
Python 3.1).

e B ooapmmucTBe cuctrem Windows BooOIre He 00A3aTeILHO BBOAUTE KO-
MaHAy Python — 4TOOBI 3AIIyCTUTH CIIEHAPU, BIIOJIHE [OCTATOYHO BBECTH
TOJNBKO UM (haiiia, IOCKOJLKY mHTepuperaTrop Python o6eruno peru-
CTpUpPYeTCsi, KaK mporpamMMa IJis OTKPBITUSA (AiljoB ¢ paclInpeHueM
«.py».

e Kpome Toro, (paiianl crieHapreB MOKHO 3aIllyCKaTh B CTAHIAPTHOH cpele
IDLE (oTkpotiTe ¢aiiys m 3aIyCTUTE €r0o, BOCIOJIb30BABIINChL MEHIO Run
(3amycTuTh) B OKHE pPeJaKTUPOBAHUA (paiijia) MUIM MOXOKUM CIOCOOOM
B JII00011 IpyTroii cpeme paspaboTku nporpamMm Ha A3bike Python IDE (ua-
mpumep, B Komodo, Eclipse, NetBeans uiu Wing IDE).

e Ecau BBI cobmMpaeTech 3amyckarsh aiia B Windows I1ie TYKOM MBIIITHA Ha
ApPJIBIKE, He 3a0yabTe 0OaBUTh BBI30B GYHKIMU input() B KOHEI] CIieHa-
pus, YTOGBI OKHO C BBIBOJOM IIPOTPaMMBbI He 3aKPBIJIOCH IIOCJIE ee 3aBep-
meHusd. B ipyrux cucremax, 4ToObI 06eCIIeUUTh BOSMOYKHOCTD 3aIycKa
CIleHapU II[eJTUKOM Ha APJIBIKE, MOMKET IOTpeboBaThCcA NOOABUTH B €TO
HAYaJIo CTPOKY #! U caesaTh (hpaita BBIIOJHAEMBIM C TOMOIIBIO KOMAaH I
chmod.

Iaiee g 6yay NCXOAUTH U3 IPEIIOJIOKEHN A, YTO BBl B COCTOAHNY 3aIIYCTUTH
mporpaMMHBIN Kox Ha sa3biKke Python kakum-nu6o cmoco6om. OxHaKo ecau
BBI CTOJIKHETECH C TPYAHOCTAMH, 3a IOJHOI mHpopMaImeil o ciocobax 3a-
ImycKa mporpamm Ha As3bike Python obparaiitech K JpyruM KHATAM, TAKAM
Kak «Msyuaem Python».

CueHapui 3anncn/4TeHUs JaHHbIX

TEHepL OCTaJIOCh JIMIIIb PeaJin30BaThb COXPaHEHUEe BCeX MNaHHBIX M3 IIaMdd-
™1 B (paiiie. [oOUTHCA STOr0 MOMKHO HECKOJIBKHMHU crocobamu. CaMblit
IIPOCTOM M3 HUX 3aKJIYAETCS B TOM, YTOOBI COXPAHATH 3AIMIMCU II0 OJHOMN
¥ BCTABJIATH MEXXKIY HIMU Pa3Ie/INTe/I, KOTOPhIE MOYKHO OYIEeT MCII0JIb30-
BaTh IIPU 3aTPy3Ke JaHHBIX, UTOOBI OTAEJATH 3aIIUCH APYT OT Apyra. B mpu-
Mepe 1.2 moxasaH OAUH 13 CIIOCOO0B BOILJIOIIEHUS STON UIeH.
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Ilpumep 1.2. PP4E\ Preview\make_db_file.py

TRIET]

CoxpaHseT B ¢ann 6a3y AaHHbX, HaxoAsllylcs B OnepaTVBHOM NamsaTW, WCMONb3ys
cOOCTBEHHbI GOpMAT 3anucK; npeanonaraeTcs, 4TO B [aHHHX OTCYTCTBYIT CTPOKM
‘endrec.’, ‘enddb.’ u ‘=>"; npeanonaraetcsd, 4T0 0as3a AaHHLX ABNAETCH CNOBAPEM
CnoBapei; BHUMaHUE: NpUMEHeHWe OyHKUMM eval MOXeT ObiTb OnacHsM - OHa
BbINONHAET CTPOKM K&K MPOrpaMMHbli KOA; C MoMoublo OyHKUMM eval() MOXHO Takxe
peann3oBaTb COXPaHeHWe Cnosapei-sanncei LENWKOM; KPOMe TOro, BMECTO Bbi30Ba
print(key, file=dbfile) moxHo ucnonb3osaTb BbH30B dbfile.write(key + ‘\n');

W

dbfilename = ‘people-file’
ENDDB = ‘enddb.

ENDREC = ‘endrec.

RECSEP = ‘=>’

def storeDbase(db, dbfilename=dbfilename):
“coxpaHsaeT 0a3y naHHbX B dann”
dbfile = open(dbfilename, ‘w")
for key in db:
print(key, file=dbfile)
for (name, value) in db[key].items()
print(name + RECSEP + repr(value), file=dbfile)
print(ENDREC, file=dbfile)
print(ENDDB, file=dbfile)
dbfile.close()

def loadDbase(dbfilename=dbfilename):
“BOCCTAHABAMBAET [aHHbe, PeKOHCTPyupys 6asy gaHHbX”
dbfile = open(dbfilename)
import sys
sys.stdin = dbfile
db = {}
key = input()
while key != ENDDB:
rec = {}
field = input()
while field != ENDREC:
name, value = field.split(RECSEP)
rec[name] = eval(value)
field = input()
dblkey] = rec
key = input()
return db
if __name__ == "__main__":
from initdata import db
storeDbase(db)
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ITO JOCTATOUHO CJIOMKHAA IPOrpaMMa, OTUYACTH IIOTOMY, UTO B Hell peaJiu-
30BaHBI 00€ Olepaluy, COXPAaHEHUs W 3arpy3Kd, a OTYACTHU IIOTOMY, YTO
9TU OIlepalluy peajn30BaHbI He CAMBIM IIPOCTHIM cnocobom. Kak GymeT mo-
KasaHo HUKe, CYIIeCTBYIOT 00Jiee IPOCThIe CIIOCOOBI COXPaHEeHUS 00HEKTOB
B (paiiy u uTeHUA UX U3 (paiiyia Mo cpaBHEHUIO ¢ (hopMaTUPOBAHUEM U I1ap-
CHHI'OM JAHHBLIX BPYUYHYIO.

OpHaKo I peaau3aruy IPOCTHIX 3a7a4 TaKOU II0JIX0/] BIIOJHE OIIPaBAAH.
IIpu samycke mpumepa 1.2 Kak clieHapusa 60as3a JaHHBIX OyZeT coxXpaHeHa
B (paitn. OH HHUero He BLIBOAUT HA 9KPaH, HO MbI MOYKEM IIPOBEPUTH COHEP-
sKuMoe (paiisa 6a3bl JaHHBIX B MHTEPAKTUBHOIN 000JI0YKE II0CJIE BBHITIOJIHE-
Hud ciieHapus BHyTpu IDLE mniau B oKkHe KOHCOU (Tak Kak aiia 6assl JaH-
HBIX TIOABUTCA B TEKYIIeM paboueM KaTaJjore):

... \PP4E\Preview> python make_db_file.py

... \PP4E\Preview> python

>>> for line in open(‘people-file’)
print(line, end="")

bob

job=>"dev

pay=>30000

age=>42

name=>'Bob Smith

endrec.

sue

job=>"hdw’

pay=>40000

age=>45

name=>'Sue Jones

endrec.

tom

job=>None

pay=>0

age=>50

name=>"Tom’

endrec.

enddb.

’

IToT (haita XpaHUT CONEPIKUMOe 0ashl JAHHBIX C JOIOJHUTEIBHBIMU 3JIe-
MmeHTaMu (opmatupoBanusa. Camu faHHBIe 6epyTCA U3 TECTOBOI 6a3bI JaH-
HBIX, CO3LaHHOU MOJYJIeM, IIPEJCTAaBICHHBIM B mpuMepe 1.1, KOTOPBIN UM~
HOPTUPYETCS IIPOrPAMMHBIM KOZOM caMonpoBepku B mpumepe 1.2. C Touxku
3peHusd IPaKTUUYECKOTO IIPUMeHe s, npuMep 1.2 cam Mor 6bI UMIOPTHUPO-
BaTbhCS U UCIIOJIB30BATHCA [JIS COXPAHEHUA PA3JIUYHbBIX 0a3 JaHHBIX.

OGpaTuTe BHUMAaHme, 4TO (hOopMATUPOBAHUE COXPAHAEMBIX MaHHBIX BbI-
TOJIHAETCA C IIOMOIIbI0 (DYHKIIUU repr, a o6paTHOe IIpeodpasoBaHUe IPO-
YHUTAHHBIX JaHHBIX — C TIOMOIILIO PYHKITNY eval, KOTOpas UHTEePIPEeTUPYeT
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BXOJHYIO CTPOKY KaK IIPOrPaMMHBIN Ko Ha A3biKe Python. 9To mosBoaser
COXPaHATH U BOCCO3/aBaTh TaKMe BUIBI JaHHBIX, KAK 00BEKT None, HO 3TOT
crioco6 Hebezomacen. He ciexyer mcmonb3oBaTh (MYHKIIUIO eval, €CIM HET
YBEPEHHOCTHU, UTO 06a3a JaHHBIX He COAEPIKUT 3JIOHAMEPEHHBIN IpPOrpaMM-
HBIM Kox. OMHAKO B HAIIIEM CJIydae HET IPUYNH 115 BOJTHEHUI.

BcrnomoraresibHble cUueHapumn

Huxe IIPUBOAATCA AOOIIOJIHUTEJIbHBIE CIH€HapPUM, KOTOPbI€ MOMHO MCIIOJIb-
30BaTh AJ1a TectupoBanHud. CrieHapuii B ipuMepe 1.3 BBINIOTHAET 3arPy3Ky
0aswl TaHHBIX U3 (aiiia.

ITpumep 1.3. PP4E\Preview\dump_db_file.py

from make_db_file import loadDbase
db = loadDbase()
for key in db:

print(key, ‘=>\n ‘', db[key])
print(db[‘sue’ ][ name’])

A cuenapuii B mpumepe 1.4 3arpy:kaetr 6a3y JaHHBIX, BHOCUT B Hee N3MeHe-
HUSA U COXPaHdAEeT ee 00paTHO B daii.

Ilpumep 1.4. PP4E\Preview\update_db_file.py

from make_db_file import loadDbase, storeDbase
db = loadDbase()

db[“sue’ ][ ‘pay’ ] *= 1.10

db[‘tom" ][ *name’ ] = ‘Tom Tom

storeDbase(db)

Huxe mpuBoauTcs npumep 3anycka ciieHapueB dump _db_file.py u update
db_file.py u3 KOMaHIHOU CTPOKM, TZle BULHO, UTO MEXKAY 3aIyCKaMU CIle-
"Hapua dump_db_file.py namendaroTca oxkaan Coio m uma Toma. Obpature
BHUMAaHUE, YTO IIOCJIe 3aBEPIIEeHNA KaKI0r0 U3 ClieHapHUeB JaHHbIe COXpa-
HAIOTCA, — 9TO 00YCJI0BJIEHO TE€M, UTO HAIIIN 00'EKThI IIPOCTO 3aTPYKAIOTCS
¥ COXPAHSIOTCA B TEKCTOBOM (haiie:

... \PP4E\Preview> python dump_db_file.py
bob =>

{*pay’: 30000, ‘job’: ‘dev’, ‘age’: 42, ‘name’: ‘Bob Smith’}
sue =>

{*pay’: 40000, ‘job’: ‘hdw’, ‘age’: 45, ‘name’: ‘Sue Jones’}
tom =>

{*pay’: 0, ‘job’: None,
Sue Jones

‘

age’ : 50, ‘name’: ‘Tom’}

... \PP4E\Preview> python update_db_file.py
... \PP4E\Preview> python dump_db_file.py
bob =>
{*pay’: 30000, ‘job’: ‘dev’, ‘age’: 42, ‘name’: ‘Bob Smith’}
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sue =>

{'pay’: 44000.0, ‘job’: ‘hdw’, ‘age’: 45, ‘name’: ‘Sue Jones’}
tom =>

{*pay’: 0, “job’: None, ‘age’: 50, ‘name’: ‘Tom Tom’}
Sue Jones

B macrosamiuii MOMEHT, YTOOBI BHECTU B 0a3y JaHHBIX KaKue-Inbo u3MeHe-
HUA, He0OXOIMMO HAIIKMCATDH OTAEJbHBIN IIPOrPAMMHBINA KO/, B BHE CIleHa-
pusg UK B UHTEPAKTUBHOM 000JI0UKe (Iajiee B 9TOI IiIaBe OYAYT IIPeACTaB-
JIEHBLI 0OJiee yAauHbIe PEeIIeHUsI ¢ YHUBEPCAJIbLHBIM HHTep(EercoM KOMAH/I-
HOH CTPOKH, rpadmueckuM nHTEepdeiicoM u Be6-unrepdeiicom). Ho, Kak ObI
TO HU OBIJIO, HAIIl TEKCTOBLIN (haila ABIsAETCSa 0a30i JaHHBIX, COepKaIIei
sanucu. OgHAKO, KAK MBI YBUINM B CJIEAYIOIeM pasfieiie, Mbl TOJIbKO UTO
IpoJeai MacCy HeHY K HOI pabOThI.

Mogpaynb pickle

Peanusarnua 6a3bl JaHHBIX Ha OCHOBE TEKCTOBOTO (paiija, mpeicTaBJIeH-
Has B IPEIBIAYINEM pasieJie, BIOoJHe PaboTocroco0Ha, HO OHA MMeeT P
CYIIIECTBEHHBIX OTpaHMYeHU. Bo-IepBBIX, YTOOBI MOJYUYUTDH JOCTYI BCETO
K OIHOII 3alNCH, HEOOXOAMMO 3aTPY3UTh BCIO 0a3y JaHHBIX u3 (paiiia, a mo-
cjie HeKOTOPBIX M3MEeHeHU oOpaTHO B (aiil HeoOX0AMMO 3allNChLIBATH BCIO
0asy maHHBIX. [laHHOE OrpaHMYeHUEe MOKHO 000MTH, eCJiM KaXKIYIO 3aICh
COXPaHATH B OTAEJbHOM (haiiye, HO 9TO erle 60JIbIlle OCTOKHUT PeaaIu3alinio
IPOrpaMMBI.

Bo-BTOpBIX, pellienre Ha OCHOBE TEKCTOBOTO (haiija mIpeAIoaaraeT, YTO CUM-
BOJIBI, BBITIOJTHAIOIIYE POJIb Pa3ieinTesel 3amuceii, He JOJKHBI OABJIATh-
Cs B CAMUX JAaHHBIX: €CJIN, K IPUMEPY, JaHHbIE MOT'YT COAEPIKaTh IIOCJIeI0Ba-
TEJILHOCTH CUMBOJIOB =>, IPEAJIOKEHHOE PellleHre OKAXKeTCs HeIIPUT O HbIM.
Ms1 Mmorsiu 6bI 000MTH 3TO OrpaHUUEHNe, COXpaHAsa 3anucu B hopmare XML,
a IJIA 3arPYSKHU JaHHBIX HCIIOJNb3YsA MHCTPYMEHTEI IJIs1 pa00ThI ¢ ()OpMaTOM
XML, Bxogsaiue B coctaB Python, ¢ KoTOpbIMI MBI IIO3HAKOMUMCS Jajiee
B oToil KHure. Mcnoab3oBanue TeroB XML mosBosnio ObI 130eKaTh KOH-
(GIUKTOB ¢ (PaKTUUECKUMU JaHHBIMU B TEKCTOBOM BIie, HO HEOOXOAUMOCTh
co3panua u napcuara XML cHoBa mpuBesa ObI K YCI0KHEHUIO IIPOTPaAMMGBIL.

Xy:xe Bcero, moskaJyi, To, YTO pelleHre Ha OCHOBE TeKCTOBOTO (haiiia oKa-
3BIBAETCS CJIAUIIKOM CJIOMKHBIM, He OyAydYM IIPU 9TOM JOCTATOYHO YHUBEP-
CaJIbHBIM: OHO IIPUBS3AHO K Oprammsanuy 0asbl JAaHHBIX B BUE CJIOBAPS
cJIoBapeli M He cIOCOOHO paboTaTh ¢ 0azaMu JaHHBIX, UMEIOIIUMU APYTYIO
CTPYKTYDPY, 6€3 CYIIIeCTBEHHOTO PACIINPEeHUA Peaanusalni. Belio 661 310po-
BO, ecJiu ObI CYIIeCTBOBAJ YHUBEPCAJIbHBIN NHCTPYMEHT, CIIOCOOHBIH IIPeo6-
Pas30BBIBATH JII00BIe TUIIHI faHHBIX Python B hopmar, KOTOPBIH MOKHO OBLIO
OBbI cOXpPaHATH B (haiiy 3a OGUH IIar.

WmenHo assa aToro paspaboTaH MOAyJb pickle. TOT MOAYJIb IIpeodpasyeT
00bekT Python, Haxogsamuiicss B onepaTuBHON MaMsTH, B IIOCJIEI0BATEIb
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HOCTb WUJIU B CTPOKY 0aiiTOB, KOTOPYIO MOYKHO 3aIlMCaTh B JIIO0OI 00BEKT,
nonob6HbIN (aitny. Kpome Toro, moxynsb pickle sHaeT, KaK BOCCTaHOBUTH
OPUTHUHAJNBLHBIN 00BEKT B IaMATH, MOJYUYUB IIOCJIEI0BATEIHLHOCTL 0ANTOB,
TO €CTh MBI ITOJIYYaeM OOPATHO TOT K€ CAMbIl 00beKT. B HEKOTOPOM CMBICTE
MOIYJIBb pickle mO3BOJIsAET M30€KATH HEOOXOUMMOCTY pa3padaThIBaTh CIEIIN-
asibHBIe (hOpMAaThI IPEACTABICHUA JAaHHBIX — IIOCJIeIOBAaTEeIbHBIN (hopMar,
peanmn30BaHHBIN B 9TOM MOJYyJe, JOCTATOUHO YHUBepcaJeH U 3(hGheKTuBeH
Ias1 OOBIITMHCTBA IpuMeHeHu. [Ipu ucnoabp3oBanum Moayada pickle orma-
IaeT HeoOXOAMMOCTh BPYUHYIO IIPe00pPa30BbIBATh O0BLEKTEI IIepel CoOXpaHe-
HUEM U aHAJU3WPOBATH CJOKHBIN (h)opMaT IpeAcTaBIeHUA TaHHBIX, YTOOBI
MOJIYYUTD UCXOAHBIE 00beKThI. [IpremM, OCHOBaHHBIN Ha UCIIOJIb30BAHUU MO-
nynsa pickle, HAaTOMUHAaET IPUEeM, OCHOBAHHBIN HA MCIIOJIb30BaHNM (opMaTa
XML, HO OH ABJAETCS HE TOJLKO 6oJiee xapaKTepHBIM Aa Python, mo u 60-
Jiee IPOCTHIM B Peau3aIiuu.

Hdpyrumu cioBamMu, IpuMeHeHMe MOAyadA pickle MO3BOJIUT HAM COXPAHATH
¥ M3BJEeKaTh 00beKThl Python 3a oguu 1mar, 6garozaps 4eMy MBI CMOXKEM
0o0pabaTeIBATh 3aIIMCH, MCIIOJb3Ys IPUBLIUHBIN CHHTaKCHUC A3bIKa Python.
Hessupas Ha CII02KHOCTh peayii3aluu, MOAYJIb pickle YAUBUTEIbHO IPOCT
B UCHOJb30BaHuu. B mpumepe 1.5 qeMOHCTpUPyeTCs, KaK C IIOMOIIIIO 9TOTO
MOZYJISA MOYKHO COXPAHATH 3alucu B (aiisie.

Ilpumep 1.5. PP4E\ Preview\make_db_pickle.py

from initdata import db

import pickle

dbfile = open(' people-pickle’, ‘wb’) # B Bepcun 3.X cneayeT WCNONb30BaTb
pickle.dump(db, dbfile) #f NBOWYHbIA pexum paboTel C dainamm, Tak Kak
dbfile.close() #f naHHWle umenT Tun bytes, a He str

Ecau 3amycTuTh 9TOT clieHapuii, OH COXPAaHUT BCIO 0asy AaHHBIX (CJIOBaph
cJIoBapeil, KOTOPBIHA cosmaeTca cieHapueM u3 npuMepa 1.1) B daitn ¢ ume-
HeM people-pickle B TekyIiieM pabouem KaTtaJiore. B mpoitecce paboThl MOIYJIb
pickle mpeoOpa3oBbIBaeT 00'bEKT B CTPOKY. B mpumepe 1.6 nemoHcTpupyeTcs,
KaK MOYKHO PeaM30BaTh JOCTYII K COXpaHEHHOI 0ase JaHHBIX IIOCJE ee CO3-
JaHuns, — JOCTATOUHO ITPOCTO OTKPHITH (paiiya 1 ImepeaaTh ero MoayJaro pickle,
KOTODBII BOCCTAHOBUT O0'HEKT M3 IIOCJIEJOBATEIHLHOI0 IIPE/ICTABICHNUA.

Ilpumep 1.6. PP4E\Preview\dump_db_pickle.py

import pickle
dbfile = open(‘people-pickle’, ‘rb’) # B Bepcun 3.X cnegyeT Wcnonb3oBaTb
db = pickle.load(dbfile) # NBOMYHLIA pexum paboTel ¢ Gaitnamu
for key in db:

print(key, ‘=>\n ‘, db[key])
print(db[‘sue’ ][ ‘name’])

Hwuke mpuBoauTCcA MpUMep 3amycKa 9TUX ABYX CIleHapueB U3 KOMAaHIHOM
ctpoxu. EcTecTBEeHHO, 3TH CIIEHAPUU MOMKHO 3anycTuTh U B cpene IDLE,
YTOOBI B MHTEPAKTUBHOM CeaHCe OTKPBITh 1 MCCJIeNOBATh (DA, CO3MaHHbBIMA
MonmyJem pickle:
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... \PP4E\Preview> python make_db_pickle.py
... \PP4E\Preview> python dump_db_pickle.py
bob =>

{*pay’: 30000, ‘job’: ‘dev’, ‘age’: 42, ‘name’: ‘Bob Smith’}
sue =>

{*pay’: 40000, ‘job’: ‘hdw’, ‘age’: 45, ‘name’: ‘Sue Jones’}
tom =>

{*pay’: 0, ‘job’
Sue Jones

None, ‘age’: 50, ‘name’: ‘Tom’}

Brecenne nsMeHeHHn B 0a3y JaHHBIX, COXPAHEHHYIO C IIOMOIIbIO MOZYJIS
pickle, BBEIIOJHAETCA TOYHO TaK Ke, KaK U IIPU UCIOJIB3OBAHUU TEKCTOBOI'O
daiina, CO3TaHHOr0 BPYUHYIO, 32 UCKJIIOUEHIIEM TOI'0, UTO BCe HEOOXOMMbIe
npeoOpa3oBaHUs BHINOJHAIOTCA CTAHAAPTHBIM MoayaeM. Kak sTo mesaer-
cs, IeMOHCTpupyeT mpumep 1.7.

Ilpumep 1.7. PP4E\ Preview\update-db-pickle.py

import pickle

dbfile = open(‘people-pickle’, ‘rb")
db = pickle.load(dbfile)
dbfile.close()

db[“sue’ ][ ‘pay’] = 1.10
db[“tom’ ][ “name’ ] = ‘Tom Tom

dbfile = open('people-pickle’, ‘wb’)
pickle.dump(db, dbfile)
dbfile.close()

O6paTuTe BHUMaHNe, YTO HOCJEe M3MEHEHUs 3alncy B (Pailjl COXpaHSIeTcs
Bcd 0asa JaHHBIX IIEJIUKOM, KaK U IIPU UCIIOJIH30BAHUU IIPOCTOTO TEKCTOBO-
ro (aiiysa; 9TO MOKET 3aHUMATh IIPOAOJIKUTEIHLHOE BpeMs, ecau 06as3a JaH-
HBIX UMeeT 3HAUYUTEJbHBIN 00'beM, HO MBI IIOKa He Oy/eM 0eCIOKOUTHCSA 00
aToM. Huke mpuBOAMTCA mpuMep 3amycKa ciieHapueB dump_db_pickle.py
u update_db_pickle.py — Kak 1 B IPeABIAYIIIEM pasjesie, I3MeHeHHbBII OKJIa
Cobio 1 uma Toma cOXpaHAIOTCA MeXAy BBHI30BAMHU CIIEHAPHEB, IIOTOMY UTO
3aIUCHIBAIOTCA 00paTHO B (haiiy (HO Ha 9TOT pas ¢ IOMOIIbIO MOAYJIA pickle):

... \PP4E\Preview> python update_db_pickle.py
... \PP4E\Preview> python dump_db_pickle.py
bob =>
{'pay’: 30000, ‘job’: ‘dev’, ‘age’: 42, ‘name’: ‘Bob Smith’}
sue =>
{*pay’: 44000.0, ‘job’: ‘hdw', ‘age’: 45, ‘name’: ‘Sue Jones’}
tom =>
{'pay’: 0,
Sue Jones

‘ ‘

job’: None, ‘age’: 50, ‘name’: ‘Tom Tom’}

Kax mbr y3naem B riiaBe 17, Mmomysb pickle mommep:KuBaeT 00bEKTHI IIPaK-
TUYECKU JIFOOBIX TUIIOB — CIIMCKHU, CJIOBAPU, SK3EMILISAPBI KJIACCOB, BJIOKEH-
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HbIe CTPYKTYPhI U MHOTHE Apyrue. Tam ke MBI y3HaeM O TeKCTOBBIX I JIBO-
WYHBIX IIPOTOKOJAX IIPeobdpas3oBaHmsA cOXpaHAeMbIX JaHHBIX. B Python 3
UL TPENCTaBJIEHUS COXPAHEHHBIX NaHHBIX BCE IIPOTOKOJBI MCIOJb3YIOT
00BbEeKTHI TUIIA bytes, ueM 00ycJIOBJIeHA HEOOXOAUMOCTb OTKPHIBATE (haJIbI
pickle B IBOMYHOM pesKuUMe, HE3aBUCUMO OT UCIIOJIB3yeMOI'0 IIPOTOKOJIA.
Kpowme Toro, kax OyzeT moKasaHO gajee B 3TOII IiaBe, MOAYJb pickle u ero
dopMar mpeacTaBJeHUSA JAaHHBIX MCIOJIb3yeTcs MOAyJaeM shelve m GasamMu
mauubsiXx ZODB, a B ciyuae sK3eMILIAPOB KJIACCOB COXPAHAIOTCA HE TOJIbKO
TaHHbIe B 00beKTaX, HO U UX ITOBEJIeHUE.

Monyns pickle paKkTHUUeCKH ABJIAETCA ropasno 60jee YHUBEPCAIBHBIM, Y€M
MOJKHO OBIJIO ObI 3aKJIIOUUTH U3 IPECTaBIeHHBIX TpuMepoB. [IocKOIbKY ce-
praau3oBaHHbIE JaHHBIE TPUHUMAIOTCA JIIOOBIMU O0BEKTaMU, HMOALEPIKIU-
BamoImuMu uHTepdeiic, coBMmecTuMbll ¢ (haitsmamu, meTonsr dump u load Mo-
IyJis pickle MOryT MCIIOJMIB30BATHCA IJIA Hepemaun 00beKToB Python uepes
pasauuHbIe cpeabl pacupocTpaHenusa nH@opmanuu. C TOMOIIBIO CETEBBIX
COKEeTOB, HAIIPUMEDP, MOKHO OpPraHM30BATh Ilepeadyy CepuaM30BaHHBIX
00bekToB Python 1mmo cetu u Tem caMbIM 00eCIIEUNTEL aJbTePHATUBY 0oJiee
TsIKeJILIM IpoToKoJIaM, TakuM Kak SOAP u XML-RPC.

Pa6oTta mopyns pickle c otaenbHbIMUN 3anncamn

Kax yrmoMuHaJI0Ch BBIIIIE, OAUH 13 IIOTEHIINAJbHBIX HEJOCTATKOB IIPIMEPOB,
IPEeNCTaBJIEHHBIX B 9TOM pasfesie A0 HACTOAIIEr0 MOMEHTA, COCTOUT B TOM,
YTO OHU MOT'YT OKa3aThCA CIAUIIKOM MeAJEHHBIMU IIPU Pab0Te C 0UeHB 60JIb-
muMu 6a3aMu JaHHBIX: TaK KaK 1A U3MEeHeHUA eIUHCTBeHHON 3aucy He-
00X0QUMO 3arpysKaTh U COXPAHATEL 0a3y JAaHHBIX IIEJIUKOM, IPU TaKOM pe-
IIIeHU Y 3HAUYUTEJbHAA YaCTh BpeMeHU OyAeT TPaTUThCcA BOyCTyio. MbI MOT-
Ju ObI M306eKaTh 9TOr0, IPEIyCMOTPEB COXPaHeHMe KasKIol 3almncu 0asbl
IaHHBIX B OTHeJbHOM (paitie. Ciemyrolue Tpu IpUMepa IeMOHCTPUPYIOT,
KaK 9TO MOYKHO peajin30BaTh, — CIleHapuil u3 mpuMepa 1.8 coxpaHdeT Kaxk-
IYIO 3aIlNCh B OTAEJIbHOM (haiiye, rae B KauecTBe uMeHHU (haiijia NCIOIb3yeT-
cs YHUKAJBHBIN KJII0Y 3aIl1CH, K KOTOPOMY qobaBiidgeTcs paciiupenue .pkl
(oH cosnaet (aiiasl bob.pkl, sue.pklu tom.pkl B TekyiieM paboueM KaTaJjiore).

Ilpumep 1.8. PP4E\Preview\make_db_pickle_recs.py

from initdata import bob, sue, tom

import pickle

for (key, record) in [(‘bob’, bob), (‘tom’, tom), (‘sue’, sue)]:
recfile = open(key + “.pkl’, ‘wb")
pickle.dump(record, recfile)
recfile.close()

Crenpyromiuii clieHapUii, IpeAcTaBIeHHbIil B mpuMepe 1.9, BRIBOOUT comep-
JKUMOe Bcell 6a3bl JaHHbBIX, UCIIOJb3YsI MOAYJIb §1OD AJIs MOJCTAHOBKY UMEH
daiioB 1 TeM caMbIM JJiA BbIOOpa Becex (haiioB ¢ paciiupeHueM .pkl, mpu-
CYTCTBYIOIIUX B TEKYIIleM KaTaJjiore. YTo0Obl 3aTrpys3uTh €UHCTBEHHYIO 3a-
MHUChb, MBI OTKPBIBaeM (paiij aToil 3amKMCU W BBINOJHSEM IpeoOpasoBaHUeE
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COZIePKUMOTO (paiija ¢ IOMOIIbI0 MOAYJIA pickle. Temepb, YTOOBI TOJIYUUTH
OIHY 3aIInCh, HAM HE00XOIMMO 3aTrpy3uUTh (Paiij e JMHCTBEHHON 3aIncu, a He
BCIO 6a3y MTaHHBIX.

Ilpumep 1.9. PP4E\Preview\dump _db_pickle recs.py

import pickle, glob

for filename in glob.glob(‘=.pkl’): # ona ‘bob’, sue’,’ tom’
recfile = open(filename, ‘rb’)
record = pickle.load(recfile)
print(filename, ‘=>\n ‘, record)

suefile = open('sue.pkl’, ‘rb")
print(pickle.load(suefile)[ ‘name’]) #t ussnedys nMg Cbio

Haxomner, crienapuit B mpumepe 1.10 o6HOBIISET comepsKuMoe 0a3hl JTaHHbBIX,
u3BJIeKad 3amuch U3 ee Gaiiia, u3MeHAsI 00BbEKT B TIaMATU U 3aTe€M coXpa-
HA ero o6paTHO B (paiiya ¢ moMoIbo MoAy s pickle. Ha sToT pas ajs BHece-
HUA I/ISMeHeHI/Iﬁ HQOGXOI[I/IMO M3BJI€Yb M COXPAaHUTh €JMHCTBEHHYIO 3alIlCh,
a He BCIO 0a3y JaHHBIX.

Ilpumep 1.10. PP4E\ Preview\update_db_pickle_recs.py

import pickle

suefile = open(‘sue.pkl’, ‘rb")
sue = pickle.load(suefile)
suefile.close()

sue[‘pay’] == 1.10

suefile = open('sue.pkl’, ‘wb")
pickle.dump(sue, suefile)
suefile.close()

Huxe npuBosmTCA IpuMep 3alycKa ClIieHapueB, PeaJu3yIoinX pelleHue,
KOTZla KasKJas 3aluCh COXpPaHSeTCA B OTHeJIbHOM (aiine. Pe3ynbrars! mo-
JIy4aloTcd Te jKe, UTO U IPeXKie, HO Telleph YHUKAJIbHbIE KJII0YY B 6a3e TaH-
HBIX UTPAIOT poJib uMeH (aiinoB. IIpu Taxkoil peanusanuu GaisoBas cuc-
TeMa IIpeBpallfaeTcs B CBOEOOPA3HBIH CJIOBAph BEPXHETO YPOBHA — MMeHa
(aitioB obecreunBAIOT IPAMOM JOCTYII K OTAEJIbHBIM 3aIIUCAM.

... \PP4E\Preview> python make_db_pickle_recs.py
... \PP4E\Preview> python dump_db_pickle_recs.py
bob.pkl =>

{*pay’: 30000, ‘job’: ‘dev’, ‘age’: 42, ‘name’: 'Bob Smith’}
sue.pkl =>

{*pay’: 40000, ‘job’: ‘hdw’, ‘age’: 45, ‘name’: ‘Sue Jones’}
tom. pkl =>

{*pay’: 0, “job’: None, ‘age’: 50, ‘name’: ‘Tom’}
Sue Jones

... \PP4E\Preview> python update_db_pickle_recs.py
... \PP4E\Preview> python dump_db_pickle_recs.py
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bob.pkl =>

{*pay’: 30000, ‘job’: ‘dev’, ‘age’: 42, ‘name’: ‘Bob Smith’}
sue.pkl =>

{*pay’: 44000.0, ‘job’: ‘hdw', ‘age’: 45, ‘name’: ‘Sue Jones’}
tom. pkl =>

{*pay’: 0, “job’: None, ‘age’: 50, ‘name’: ‘Tom’}
Sue Jones

Mopaynb shelve

CoxpaHeHmne 00bEKTOB B (paiiyax, KaK ObLIO ITOKa3aHO B IPEIBIAYIIEM Pas-
nIeje, ABJISeTCA ONTUMAJNBLHBIM PellleHreM AJIS MHOTUX HMpuIoKeHui. Pak-
TUUYECKU HEKOTOpble IPUJOKEHUA UCIOJIb3YIOT MOAYIb pickle myd nepena-
yu 00beKTOB Python uepes cereBbie COKeThI, KaK 0oJiee IPOCTYIO aJbTepPHA-
TUBY CETEBBLIM IIPOTOKOJaM Beb-cayk0, TakuM Kak SOAP u XML-RPC (orn
TaksKe moagep:xuBaiorcss B Python, Ho siBasiioTcst Gosiee TSKeIOBECHBIMU
IO CPaBHEHUIO ¢ MoayJeM pickle).

Kpowme Toro, ecau [OmyCcTUTh, UTO (paiisoBas cucTeMa CIIoco0Ha XPaHUTD He-
o0xommMoe HaM KOJIMUEeCTBO (PaiijioB, peaansanus, COXPaHIomaa KaKIyio
3aINCh B OTAEIBHOM (haiije, yeTpaHsIeT HeoOXOOUMMOCTh 3aTPY3KHU U coXpa-
HeHUs Bcel 6a3bl JaHHBIX MIPU KaskaoMmM msMeHeHuu. OmHakKo, Korma Aeii-
CTBUTEJIHHO HEOOXOJMMO NMETh BOSMOMKHOCTE JOCTYIA K 3aIIUCAM IO KJIIO-
vy, MOKHO HCIOJb30BaTh 00Jiee BHICOKOYPOBHEBBLIM MHCTPYMEHT: MOIYJIb
shelve.

Mogysis shelve aBTOMATHYECKU COXPAaHSIET U 3arpysKaeT 00beKThl U3 Xpa-
HUJININA, 00eCIIeYnBAaIOIIero JOCTYII 10 KUY, XPaHUININA HATIOMUHAIOT
CJIOBApH; NX HEOOXOAUMO OTKPBLIBATH, M OHU ABTOMATHUUYECKU COXPAHIIOTCS
mocJje 3aBepIIeHusa IPorpaMMbl. ITOCKOJBKY XPaHWIHUINA 00eCIeUnBAIOT
IOCTYII K XPAHHMBIM 3AIIMCAM II0 KJIOUY, OTHALAeT HeOOXOIMMOCTh CO3-
IaBaTb OTHeJIbHBIE (DAMbl AJIs KasKIOM 3aIllicu — MOAYJb shelve aBTOMAa-
TUYECKU PasmesisieT 3alliCU W M3BJIEKAeT U OOHOBJISIET TOJLKO T€ 3aIluCH,
K KOTODPBIM OCYII[ECTBJISETCA JOCTYII WJIM KOTOPBbIE M3MEHSITCS. Takum
obpasoM MOAyJIb Shelve obecirieunBaeT pellleHre, HAaIIOMUHAIOIee PelleHue,
COXpaHdAIIee KayKIyI0 3alliCh B OTAeJIbHOM (haiiie, HO 0oJjiee IIPOCTOe B 1C-
TOJIb30BAHUU.

HNuTepdetic momyia shelve Tak JKe IPOCT, KaK W mHTep(etic moxyasa pickle:
XpaHUJININA, co3faBaeMble MOAyJaeM shelve, MIEeHTUUYHBI CJIOBAPAM C OO-
TOJHUTEJLHBIMI MeTOoJaMu open u close. B mporpaMMHOM Koze O0BEKTHI
XPAHUJIUIL JeHCTBUTEIBHO BBITVISAAAT, KaK CJI0BapU, COMEPKIMOEe KOTOPBIX
COXpaHAETCA IOCJIe 3aBEePIIeHNA IPOrpaMMbl. A Bce omeparuu mo oroopa-
JKEHUIO COJIEPIKUMOT0 XpaHUanINa B haita u us (aiyia BIIIOJIHAIOTCSI WH-
Tepuperaropom Python. Hanpumep, ciienapuii B mpumepe 1.11 gemoHCTpHM-
pyeT, KaK MOKHO COXPAHUTH O0'bEKTHI U3 CJOBAPA B XPAaHUJIUIIE, CO3JaH-
HOM C IIOMOII[BIO MO YA Shelve.
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Ilpumep 1.11. PP4E\Preview\make_db_shelve.py

from initdata import bob, sue
import shelve

db = shelve.open(‘people-shelve’)
db[ “bob’ ] = bob

db[‘sue’] = sue

db.close()

ITOT cIleHapUii CO3JACT B TEKYIIEM KaTaJjore OAuH miu OoJiee Ghaiios, nme-
HA KOTOPBIX HAUMHAKOTCA ¢ npedurca people-shelve (8 OC Windows, mog
yupasiernuem Python 3.1, cuemapwii cosmact (aiiibl people-shelve.bak,
people-shelve.dat n people-shelve.dir). Bel He TOKHBI YAAJIATD 3TU (haIbI
(OHU COCTaBJIAIOT BaIlly 0a3y JaHHBIX!), & YTOOBI IOJYUYUTH JOCTYI K 9TOMY
XPaHUJUIINY B IPYTUX CIIEHAPUAX, HEOOXOJMMO UCIIOJIb30BaTh TO JKe caMoe
umsa 6aswl. CiieHapuii B mpumepe 1.12, Hampumep, IIOBTOPHO OTKPBLIBAET
XPaHUJIUIIE U IOCTeI0BATEJIFHO U3BIEKAaeT XPAHAINeCAd B HEM 3aIIUCH.

Ilpumep 1.12. PP4E\ Preview\dump_db_shelve.py

import shelve
db = shelve.open(‘people-shelve’)
for key in db:

print(key, “=>\n *, db[key])
print(db[‘sue’ ][ ‘name’])
db.close()

Mp&I o-TipesKkHEMY UMeeM CJIOBaphb CJIOBapeii, HO Ha ATOT Pas CJI0BapeM BepX-
HEro ypoBHSA SABJIAETCS XpaHUJIUINe, oToOpaskaemoe B ¢aiii. Beakuii pas,
KOT/Ia IIPOUCXONUT OoOpallleHre K 9JIEMEHTY B XPaHUJININe, MOAYIb shelve
BBITIOJIHAET HEOOX0qUMbIe oriepanuu ¢ (aiiioBoil cucrTeMoii, 06ecieurnBaio-
el JOCTYH IO KJIIOYY, U KCIOJB3yeT MOAYJb pickle JJsA cepramsanuu
u gecepuaausanuu 00beKToB. OIHAKO, C TOYKU 3PEHUA IIPOrPAMMUCTA,
XPaHUJHUIIE — 3TO BCETO JIUIIb CJI0BaPh, 00J1aJal0IU BO3MOYKHOCTHIO CO-
XPaHATHCSA MEXKAY BbI3oBaMu nporpamMmsbl. Ciienapuii B npumepe 1.13 ne-
MOHCTPUPYET, KaK MOKHO PeaJin30BaTh U3MEHEHNE JaHHBIX B XPaHUJIUIIIE.

IIpumep 1.13. PP4E\ Preview\update_db_shelve.py

from initdata import tom
import shelve
db = shelve.open('people-shelve’)

sue = db[ ‘sue’ ] #f n3snexkaeT 00beKT sue
suel ‘pay’] *= 1.50

db[‘sue’] = sue #f n3meHseT 00bekT sue
db[“tom’ ] = tom # nobaBnseT HOBYI 3anuchb
db.close()

O6paTuTe BHUMaHMUe, YTO B 9TOM IIPUMepe CHAYaJIa Mo KUY U3BJIEKAaeTC s
00'BEKT Sue, 3aTeM OH UBMEHAETCA B IAMATHU U CHOBA COXPAHAETCA B XPaHU-
Juiie o kiaouy. Tak qeficTBYIOT XpaHUJININA II0 YMOJIYaHII0, OJHAKO OoJiee
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COBepIIIeHHbIe CUCTEeMBI XpaHeHusd, Takue Kak ZODB, o KoTopoil paccKasb-
BaeTcs B riaBe 17, MoryT feficTBoBaTh nHaue. Kak MbI y3HaeM IIO3aHee, Me-
Tox, shelve.open B MOLOOHBIX CHCTEeMAaX MMeeT HOIIOJHUTEJIbHbIA NMEeHOBAH-
HBIN apryMeHT writeback. Eciiz B aToM aprymMeHTe nepesaTh 3HaUeHMWe rue,
BCe 3arpyKeHHbIe 3aIUCH OYIYT COXPAaHATHCA B KAIlle U aBTOMATUYECKU 3a-
HUCHIBATHCS 00paTHO B (Daiij mIpy 3aKPBITUM XPaHUJININA. Baarogaps sTo-
My He TpeOyeTcsa BPYUYHYIO 3aINChIBATH N3MEHEHUsI OOPaTHO B XPaHUJINIIE,
HO IPH 3TOM yBeJIMUYHBaAETCS MOTpebjeHne IIaMsaTH, a caMa Oolepalius 3a-
KPBITUA MOKET 3aHIMATh IIPOJOIKATEIHHOE BpeMs.

OGpaTI/ITe TaKe BHUMaHHUe Ha HeOﬁXOI[I/IMOCTL ABHOI'O 3aKPbITUA XPaHUJIN-
ma. Ham He TpeOyeTcs yKassIBaTh (hJIary Pe;KUMOB B BLI30Be MeToza shelve.
open (110 YMOJIYaHUIO OH CO3JaeT HOBOE XPAHUJILIIE, €CJIN 9TO HeOOXOINMO,
Y OTKPBLIBAET CYINECTBYIOINee XPAHWININE JIA YTeHUS U 3aMNCH), OMHAKO
HEKOTOpbIe MEXaHU3MbI, 00eCIIeUnBaOIIe JOCTYII K COAePHKUMOMY (PaiijaoB
0 KJIFOUY, TPeOYIOT BhI30BA MeTOLa C10Se, UTOObI COPOCUTD Ha AMCK BBIXO-
HbIe O0y(ephbl ¢ U3MEeHEeHUIMU.

Haxkoner, HuKe IPUBOAUTCA IIPUMeD 3allyCKa CIleHapUeB, ONUPAIONIUXCA
Ha UCIIOJIb30BaHMe MOLYJIsA Shelve, KOTOPBIE CO3AI0T, UBMEHAIOT U U3BJIEKa-
IOT 3aIIMCHU. 3aIlNCU IIO-TIPeKHEMY peain30BaHbl KaK CJI0Bapu, HO caMa 6asa
AJaHHBIX TeIlepPb ABJIAETCA XPaHUJIHNUINEM, HAIIOMUHAIOIIINM CJIOBapb, KOTO-
PRIl aBTOMATUYECKU COXPaHAET CBOE COEPKMMOe B (haiie:

... \PP4E\Preview> python make_db_shelve.py
... \PP4E\Preview> python dump_db_shelve.py

bob =>

{'pay’: 30000, ‘job’: ‘dev’, ‘age’: 42, ‘name’: ‘Bob Smith’}
sue =>

{*pay’: 40000, ‘job’: ‘hdw’, ‘age’: 45, ‘name’: ‘Sue Jones’}
Sue Jones

... \PP4E\Preview> python update_db_shelve.py
... \PP4E\Preview> python dump_db_shelve.py
bob =>

{'pay’: 30000, ‘job’: ‘dev’, ‘age’: 42, ‘name’: ‘Bob Smith’}
sue =>

{'pay’: 60000.0, ‘job’: ‘hdw’, ‘age’: 45, ‘name’: ‘Sue Jones’}
tom =>

{*pay’: 0, ‘job’: None,
Sue Jones

age’: 50, ‘name’: ‘Tom’}

ITocse BrinmostHeHu A crieHapueB update db_shelve.py m dump _db_shelve.py
MOJKHO 3aMeTHUTD, UYTO OblLjia HoOaBJIeHA HOBas 3aINCh ¢ KJIOUOM tOm ¥ Ha
50 mporeHToB Obl yBeamueH okJah Chio. OTHM M3MEHEHUS COXPaHSITCS
MeXKy 3aIllyCKaMU CIleHapueB, IOTOMY UTO 3aMIMCH-CIOBAPY OTOOPAKAIOTCA
moayaeM shelve BO BHEITHUH (aiia xpauuauina. (ATOT ciieHapuii 0COOeHHO
xoporil 15 Cbio — y Hee MOTJIO ObI ITOABUTHCA KeJaHue IoJallle 3alycKaTh
STOT CIieHApUIl C TOMOIIBIO IIJIAHUPOBIUKA cron B Unix My IOMECTUB €To
B manky ABrosarpyska (Startup) ¢ momorsio msconfig 8 Windows...)
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Y10 B MeHn Tebe moem?

YiuBuTeIbHO, HO YaCTO OCTAeTCs TAWHOW, UTO CBOe Ha3BaHUE S3BIK
Python momyuwmn Graromaps OPUTAHCKOMY TEJIEBU3UOHHOMY KOMeE-
nuitnomy cepuaay «Monty Python’s Flying Circus», mossusimemycs
Ha sKpaHax B 1970-x rogax. @oasKJiop coobiecrsa Python yreepax-
maet, uro I'sugo Ban Poccym (Guido van Rossum), cosgarens Python,
CMOTpPEJI IOBTOPHBIE IIOKA35I ATOI'0 cepraJjia KaK pas B TO BpeMs, KOr'Ia
moa0upaJI Ha3BaHue AJIS HOBOT'O A3bIKA IPOrpaMMUPOBAHUA, KOTOPBII
oH paspabarbiBaj. M, Kak roBOpsAT B IIIOy-OM3HECE: «OCTAJLHOE YiKe
MICTOPHUSI».

Takas HaCJeICTBEHHOCTb YACTO SBJSAETCS NPUUYUHON ITOSBICHUS
B IIpUMepax 1 OOCYKAEHUAX CCHhLIOK Ha KOMeIuiiHyio urpy. Hampwu-
Mep, B CIIeHApUAX UYACTO MCIOJb3yeTcA mMA Brian; cimoBamu spam
(xoucepBUpOBaHHEBIN (api), lumberjack (mecopy0) u shrubbery (ry-
CTapHUK), MOJYUYUBIINMHU CIIEI[MAJbHOE 3HAUEHWe, Ha3bIBaIOT I0JIb-
soBaresieii Python; a mpeseHTamum MHOrZa Ha3BIBAIOT <«MCIIAHCKOI
UHKBusuiueii». Kaxk mpasuio, Korga mojb3oBareib Python maunna-
eT MPOU3HOCUTH (ppasbl, He WMEIOII[e OTHOIIEH!A K PeaJlbHOCTH, OHU
OKAas3bIBAIOTCS 3aMMCTBOBAHHBIMU M3 cepuajia WJaIu (PUILMOB C yua-
crueMm nepcoHaska Monty Python. Hexkoropbsle m3 sTux ¢pas MoryTt
BCTPETUTHCS Oaske B 9TOM KHuUTe. KoHeuHOo, YTOOBI MKcCaTh IIpoOrpam-
MBI Ha A3bIKe Python, HeoOsasarenbHo OesxaTh u OpaTh B ipokare «The
Meaning of Life» unu «The Holy Grail», Ho u Xysxe OT aTOro He Oymer.

Nmsa «Python» GbICTPO IPUIKMIOCH, TEM HEe MEeHee ero 3aMCTBOBAaHIE
CTaJI0 IPUUYMHONM MHTEPEeCHBIX Kypbe3oB. Hampumep, Korma B 1994
rofy BOSHUKJIA TeJleKoHpepeH1tuA mo Python, comp.lang.python, mep-
BBbI€ HECKOJIBKO HeJeJIb OHA MPAKTUYECKU ITOJHOCTHIO OBbLIa OKKYIIU-
pOBaHa }KeJaIoIUMU 00CYKAaTh TEMbI, KaCaIOIINecs TeJIeBU3UOHHOM
nocraHoBKU. [lo3nHee creruajbHOE IPUJIOMKEHNE K KypHAIY «Linux
Journal», kacarorteecs Python, cramo compoBokaarecs dhororpadueit
I'Bumo, 06/1aueHHOTO B 0043aTeIbHYI0 «KPAaCHYIO (hopMYy».

B cuucke paccewliiku Python Bee elrie mosiBasiioTes caydyaiiHble INChMA
OT ITOKJIOHHUKOB cepuaJjia. Hampumep, B O4HOM IICbMe HEBUHHO IIPe/I-
Jlarajioch OOMEHUBAThCs CIIEHAPUAMU C yyacTueM mnepcoHaska Monty
Python. Eciu 01 aBTOp mumchMa IIOHMMAJ HasHaueHue (GopyMma, TO
XO0TsA OBI yKas3aJj, MOT'YT JI1 OHU BBITIOJHATHCSA B PA3HBIX OMEPaI[HOH-
HBIX CHCTeMaXx WUJIU HeT.

LWar 3: nepexop k OOI

HaBaiTe oTBJIeUEMCS Ha MUHYTKY U IIOCMOTPUM, KyJa MbI npuniu. Uraxk,
B HACTOAIIUI MOMEHT y HAC MMeeTCs [Be peajmsanuy 0asbl JaHHBIX: Ha
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OCHOBe MOAyJA shelve m Ha OCHOBe MOAYJA pickle, B KOTOPO KaiKIas 3a-
ONCh COXPaHAETCA B OTHEeJbHOM (paiijie, — 9TOTO BIOJIHE AOCTATOYHO MIJIs
XpaHeHUA NPOCTHIX MaHHBIX. Hamiu 3anucu mpeacTaBIeHbl IPOCTHIMU CJIO-
BapsaMU, KOTOpbIe 00ecIeunBaioT 60Jiee IPOCTOM U MTOHATHBIN JOCTYII K TIO-
JISIM, YeM CIIMCKH (TO eCTh He IO YMCJOBBIM MHAEKcaM, a mo Kawouam). Ox-
HAKO CJIOBapU MMEIOT HEKOTOPbhIE OTPAHUUYEHU A, KOTOPhIE MOT'YT OKa3aThC
CYIIIECTBEHHBIMHU II0 Mepe pa3paboTKu IPOrpaMMBbI.

Bo-miepBbIX, Y Hac He IPeIyCMOTPEHO MECTO [IJIs IEHTPAJIN30BAHHOTO XpaHe-
HUSA JIOTUKU 00paboTKu 3amnuceii. Ouepanuu nsBieueHns PaMUIUU U yBe-
JINUEHUSA OKJIa[a, HATPUMep, MOTYT BBITIOJHATHCS TaK:

>>> import shelve

>>> db = shelve.open(‘people-shelve’)

>>> bob = db[‘bob’]

>>> bob[ ‘name’ ].split()[-1] # BepHeT damunuio boba

“Smith’

>>> sue = db[‘sue’]

>>> sue[‘pay’] *= 1.25 # yeennunt oknapn Coio
>>> suel ‘' pay’ ]

75000.0

>>> db[‘sue’] = sue
>>> db.close()

Taxoe pellleHue BIIOJHE IPUIOLHO AJIA HeGoiabIIuX mporpamm. Ho eciam
Korma-Hubyab MoTpedyeTcss M3MEHUTDh JIOTUKY U3BJeUeHUA (paMUJIUN MU
yBeJIMUYEHUA OKJIaLa, HaM, BO3MOMKHO, IPUIETCA OOHOBUTD IIOAOOHBIN IPO-
rPaMMHBIN KOJ BO MHOXX€CTBE MecT B mporpamme. Ha mpaxTuke gaske mpo-
CTO OTBICKATH BCE TaKue (h)parMeHThl MOMKET OKA3aThCSA TOCTATOYHO CJIOMK-
HBIM JeJIOM — KOIIMPOBaHNE OAMHAKOBBIX (hparMeHTOB IPOrPaMMHOI0 KOAa
PpaHo uan Mo34HO 00A3aTeJIbHO JaCT 3HATH O cebe.

ITomo6HBIe (parMeHTHI IPEAIOUTHUTEbHEee CKDPbIBAaTh, TO €CTh UHKANCY-
JUpPo8amMyb. ATU OIeparu MOKHO ObLIIO OBl peaJsin30BaTh B Bujae QYHKIIUHI
B OJHOM MOAYJie M T€M CaMbIM H30e)KaThb M30LITOYHOCTH, HO IIPU TAKOM
noxxone QYHKIMY HUKAK He OyIyT CBSI3aHBI C caMuMu 3anucamu. Ham ke
JKeJIaTeJIbHO CBABATH JJOTMKY 00pa0OTKY C JaHHBIMU, XPAaHAIIUMUCS B Oase
JaHHBIX, YTOOBI ee IMPoIiie ObLJI0 TOHUMATD, OTJIAKUBATH U MHOTOKPATHO KC-
OJIE30BATb.

Hpyroit He[OCTaTOK UCIIOJIL30BAHUSA CJIOBAPEN [IJIs ITPeICTABJIIEHUA 3aIUCei
3aKJI0YaeTcs B TOM, UTO CO BPEMEHEM MX CTAHOBUTCS TPYAHO PACHINPSATH.
Hanpuwmep, npeacraBbTe, 4T0 nMeeTcss HaGOP MOJel JaHHBIX WUJIN PA3JINY-
HbIe TIPOIleAYDPHI, YBEJNUNBAOIINE OKJAJA AJS PAa3HBIX COTPYIHUKOB IIO-
pasHOMY (HAIIpUMeEpP, KTO-TO MOYKET ITOJIYUYATh €3KeTOHY 0 TPUOaBKY, a KTO-
1o — HeT). Ecsiim HaM Korma-HUOYyab MOTpedyeTcAa PacUIuPUTh IPOrpamMmy,
clesaTh 5TO OyIeT OUEHBb CJIOYKHO, TAK KAK HET IIPOCTOT0 M €CTECTBEHHOTO
crocofa pacIIupuTh IPoCcThie caoBapu. C yueToM NaIbLHEHIIero pocTa HaM
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XOTeJIoCch ObI, YTOOBI Hallle IIPOrpaMMHOEe obeclieueHre MIPeSycMaTPUBaJIO
BO3MOYKHOCTH PACIINPEHMS U HACTPONKY eCTECTBEHHBIMU CII0CO6aMU.

Ecun BBI yiKe morpysxainch B usyuenue Python, To, maBepuoe, 3Haere, 4To
9TO TOT CAydYaii, KOrJa HaunHaeT IPOSIBIAThLCA IpuBIeKareabaocTh OOIT:

Cmpyxkmypupoearue

Baaromapa OOII mosBasieTcss BOSMOYKHOCTD CBA3ATh JIOTUKY 00paboTKMI
3amucell C CAMUMHY 3aIIUCAMY — KJIACCHI TPEICTABIIAIOT COOOH ITporpaMm-
HbIe eUHUIBI, O0BeIUHAOIINE JOTUKY U JaHHBIE, a HACJIeLOBAHUE II0-
3BOJISIET JIETKO n30eKaTh N30BITOUYHOCTH IIPOrPAMMHOTO KO/a.

Hukrancynrayus

Baarogaps OOII MOXHO CKPBITH JeTaJIN pean3alluy TaKUX OIepalluii,
Kak 00paboTKa MMEeHU WJIM YBeJWUYeHNe OKJIaZa, BHYTPU METOIO0B — TO
€CTb B JJaJIbHEUIIIeM MbI JIETKO CMOKeM M3MEHSATh Pean3aIiinio MeTO/I0B,
He BJIMAA Ha paboTOCIIOCOOHOCTE IMPOrPAMMHOI0 KOZA, UCIIOIbL3YIOIIEero
nx.

Cneyuanusauus

ITpumenenne OOIIl obecreunBaeT eCTECTBEHHBIN CIIOCO0 AaJIbHEHIIIero
paciupenusi. Kjaaccsl MOTyT paciiupaThbCA U CIEIHMATU3UPOBATHCA 34
CUeT CO3[JaHUA HOBBIX IIOAKJIACCOB, 0€3 M3MEeHeHUs WJIM HapyIlleHus pa-
60TOCIIOCOOHOCTH CYIIECTBYIOIIEro IIPOrPaMMHOr0 Koja.

Takum 00pa3oM, B 00bEKTHO-OPUEHTUPOBAHHOM IPOTPAMMUPOBAHUU MBI
CIIEIIUAJIN3UPYEM W TIOBTOPHO WMCIIOJIB3YEeM IIPOTPAMMHBIN KOJ[, a He Ilepe-
nuceiBaem ero 3aHoso. OOII B Python aBisgeTcsa JOIOJIHUTEIBHONM BO3ZMOK-
HOCTBIO, KOTOpPAasd, UEeCTHO IIPU3HATBLCHA, JIyUIlle HOAXOAUT IJIA PpelleHUud
cTpaTeruueckKux, a He TakTuueckux sagad. OOII smyuire moaxomuT, Koraa
Y BaC mMeeTCd BpeMd AJdA IIpeaBapuTeJIbHOIo IIJIaHMPOBaAHUA, YTO MOMKET
0Ka3aThCs HEIIO3BOJNTEIbHOM POCKOIIbIO, KOI/IA BAIIIN II0Jb30BATEN YiKe
HAYaJIX IIITYyPMOBAThL BOPOTA.

IIpeumyiiiecTBa CTPYKTYPUPOBAHUSA U IIOBTOPHOT'O WCIIOJNB30BAHUS IIPO-
TPaMMHOTO KOZa B KPYIIHBIX CUCTEMAaX, KOTOPBIE ITPOJIOJI?KAIOT PA3BUBATHCA
B TeUeHMe JAJINTEJHLHOT0 BpeMeHH, IIePeBeInBaoT saTparsl Ha usyderue OOIT
¥ CIIOCOOHBI CYIIIECTBEHHO COKPATUTh BpeMsdA paspaborku. [lake B HaIem
IIPOCTOM CJIydYae BOSMOKHOCTD CITeI[MAIU3aI[UN U CHUIKEHUSA U30bITOUHOCTH,
KOTOPYIO JAIOT KJIACCHI, MOKET OKa3aThCs PEIIAIOIINM IPEUMYII[eCTBOM.

Ncnonb3oBaHMe KJlaccoB

OOII B Python oTimuaercss IpoCTOTOI WMCIOJIb30BAHUA, B 3HAUUTEIHLHOMN
cTeneHu 0arofapsa AUHAMUYECKONH Mogesu TUIoB. PaKTUUYeCKHu mporpam-
MUPOBAaTh B O0BEKTHO-OPHMEHTUPOBAHHOM CTHJI€ HACTOJIBKO IIPOCTO, UTO
d cpasy ke mepeiiny K mpuMepy: npumep 1.14 peasusyeT HAIIU 3aTIUCH YiKe
He B BU/JIe CJIOBapeii, a B BU/ie 9K3eMILIsIPOB KJjacca.
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Ilpumep 1.14. PP4E\ Preview\person_start.py

class Person:
def __init__(self, name, age, pay=0, job=None):
self.name = name
self.age = age
self.pay = pay
self.job = job

(N

if __name__ == ‘'__main__
bob = Person(‘Bob Smith', 42, 30000, ‘software’)
sue = Person(‘Sue Jones’, 45, 40000, ‘hardware’)

print(bob.name, sue.pay)

print(bob.name.split()[-1])
sue.pay *= 1.10
print(sue. pay)

9TO OUEeHb IIPOCTOH KJIACC — OH COAEPIKUT eTUHCTBEHHBIN METOA-KOHCTPYK-
TOP, SAMOJHAMOINNA 9K3eMILIAP KJacca NAaHHBIMH, NEePeJaHHBIMU B BUIE
apryMeHTOB IIpU OOpallleHnH K MMeHU KJjacca. TeM He MeHee 5TOro BIIOJIHE
JOCTATOYHO IJIA IPeACTaBIeHUA 3aIllUCU, a KPOMe TOro, CIofa yiKe MOKHO
I00aBUThH TaKUe 9JI€MEHTHI, KaK 3HAUeHUSA 10 YMOJUYAHUIO AJS IOJei pay
u job, Uero HeJb3dA coesaTh B cJ0BapaxX. IIporpaMMHBIN KO CAMOTECTUPO-
BaHUA B KOHIlE 9TOTO (haiiyia co3JaeT ABa dK3EMILIApa Kiiacca (IBe 3amucy)
u obparfaercsa K ux arpubyram (mosam). Huske npuBoguTca BBIBOJ, IOJIY-
YEeHHBIN B pe3yJbTaTe 3allycKa 9Toro ciieHapus B cpege IDLE (mpu 3amycke
U3 KOMaHIHOU CTPOKY PE3YJIHTATHI IOJyJAIOTCA TAKUMU 3Ke):

Bob Smith 40000
Smith
44000.0

ATo erre He 0asza JaHHBIX, HO Mbl MOTVIN Obl, KAK U MpeKJae, BCTABUTH 9TU
00'BEKTHI B CIIMCOK UJIU B CJI0OBAPh, YTOOBI 00BEeIUHUTE UX B OJTHO IEJI0€e:

>>> from person_start import Person
>>> bob = Person(‘Bob Smith’, 42)
>>> sue = Person(‘Sue Jones’, 45, 40000)
>>> people = [bob, suel # cnncok “6asb aaHHbIx”
>>> for person in people:
print(person.name, person.pay)

Bob Smith 0
Sue Jones 40000

>>> x = [(person.name, person.pay) for person in people]
>>> X
[(“Bob Smith’, 0), (‘Sue Jones’, 40000)]



LLar 3: nepexon k OOM 73

>>> [rec.name for rec in people if rec.age >= 45] # SQL-nogoOHbIli 3anpoc
[*Sue Jones’]

>>> [(rec.age ** 2 if rec.age >= 45 else rec.age) for rec in people]
[42, 2025]

O6paTuTe BHUMaHUe, UYTO IJisd Boba ObLI yCcTaHOBJEH OKJaJ (IIoje pay) Io
YMOJIYaHUIO, PaBHEIH 0, IOTOMY UTO IIPU CO3NAHNY 3AIINCKA MbI HE YKa3aJIHn
CYMMY B COOTBETCTBYIOIIEM apryMeHTe (MOKeT ObITb, ChI0 ero MOAAEPIKU-
Baetr?). MbI Tak:Ke MOIJIX ObI Peajn30BaTh KJIACC, IIPEACTABJIAIONINN 6asy
JaHHBIX, BO3MOKHO, KaK ITOAKJACC CIMCKA WJU CJI0Baps, JOOABUB B HETO
MeTOJbl BCTABKU U yAaJIeHUs, Peau3yioIine 0COOeHHOCTN (DYHKITMOHUPO-
BaHUA 6a3bI faHHBIX. OMHAKO IIOKA MBI OTKaKEeMCS OT 3TOT'0, IIOTOMY UTO I'0-
pasmo moJiesHee peain30BaTh COXpaHeHe 3aluceil B XpaHUINIE, KOTOPOoe
yoKe obJiaaeT MeTomaMu 3aucy 1 uTeHusda. Ho Impeskie ueM MOIbITaThCs HC-
TOJb30BaTh XPAHUJIHUIIE, OOABUM B HAIIIY 3aIIMCU HEMHOT'O JIOTUKH.

JlobaBnsem noBegeHue

IToka uTO HAIII KJIACC — 3TO BCEro JINIIb JaHHBIE: OH 3aMEHWJI KJIKUU CJIO-
Bapsa aTpuOyTaMu o0beKTa, HO He Ho0aBJseT HUUYEro HOBOTO CBEpX TOrO,
yTO y Hac ObLIO mpe:kae. UToObl 3a1eiCTBOBATh BCIO MOIIL KJIACCOB, HEOO-
XOOUMO I00aBUTH Pean3aliio MoBefeHnsa. SaKJI0Uas pealnusauio moBe-
IEeHUsA B METOIbI KJIacca, MBI CMOKEM H30JMPOBAThH KJINEHTOB OT BIUSHUSA
u3MeHeHu# B OyayieM. A o0beUHAS METOAbI B JUHOE 1IeJI0e C JaHHBIMMU,
MbI 0OecIieurBaeM eCTEeCTBEHHOe MeCTO, I'/le Apyrue OyAyT UCKaTh HAIII IPO-
TPaMMHBIN KoZ. B HEKOTOPOM CMBICJIe KJIAacChl O0BeJUHAIOT B cebe 3amucu
U IporpaMMbI, 00pabaThIBAOIIE STU 3aIUCH, — METOIbl Pealu3yiOT JOTU-
Ky UHTEPIPeTaIuy U U3MEeHEeHUA JaHHbBIX (9TOT CTUJIb IPOTPAMMUPOBAHUA
TOTOMY U Ha3bIBAETCHA 003CKMHO-OPUCHMUPOBAHHBLM, UTO IIPU TAKOM IIOJ-
XoJle Bcerma 00pabaThIBAIOTCA JaHHBIE 00 HEKTOB).

Hanpumep, B npumepe 1.15 noGaBiseTcsa JOrnKa IMOJYYeHUS (PaMUIAN
¥ YBeJIWYEHUA OKJaja B BUIe MeTomoB. s qocTyma K obpabaTbiBaeMOMY
9KBEMILIAPY (3amIKcu) METOAbI UCIIOJIb3YIOT apryMeHT self.

Ilpumep 1.15. PP4E\ Preview\ person.py

class Person:

def __init__(self, name, age, pay=0, job=None):
self.name = name
self.age = age
self.pay = pay
self.job = job

def lastName(self):
return self.name.split()[-1]

def giveRaise(self, percent):
self.pay == (1.0 + percent)
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‘

if __name__ == ‘__main__
bob = Person(‘Bob Smith’, 42, 30000, ‘software’)
sue = Person(‘Sue Jones’, 45, 40000, ‘hardware’)
print(bob.name, sue.pay)

print(bob.lastName())
sue.giveRaise(.10)
print(sue.pay)

Eciu 3anycTUTB 3TOT CIieHaPUii, OH BEIBEET Te JKe Pe3yJIbTaThl, YTO U ITPEe/IbI-
IYIIuii, HO Terephb 9TH Pe3yIbTaThl BO3BPAIIAIOTCA METOIaMU, a He U3BJIeKa-
IOTCS C TIOMOIIIBIO JKECTKO 3AIlUTON JOTUKY, KOTOpasa BCeraa OKa3bIBAeTCs
n30BITOUYHOM, KOrJa Obl OHA HI IPUMEHSJIACD:

Bob Smith 40000
Smith
44000.0

,D,OGBBHHEM HacdnenosaHve

U HaxoHeI, pacCMOTPUM eIlle OJHO PacITMpeHre HAINX 3aluceil, mpesxae
UyeM MHepediTH K peajusaluy UX COXPAHEHUS: IIOCKOJBbKY Telepb 3allucu
peanu3oBaHBLI B BUE KJAacca, OHU O0PEeTaloT eCTECTBEHHYI0 BO3MOYKHOCTH
CIenuaJn3aIuy uepes MexaHusM HaciaemoBaHus B Python. Ilpumep 1.16
cIenuaJIusupyeT OPenbIAYINUi KJjacc Person, mpeaycMmarpuBas 10-mpo-
IEeHTHYI0 Hag0aBKy, A00ABISEMYIO IIPU YBEJIUUYEHUU OKJaJa MeHeIKepOoB
(1r00ble COBIIaeHUA C PeaJbHBIMU IPUMEPaAMU U3 KUSHU SABJIAIOTCA CIIY-
YalHBIMU).

Ilpumep 1.16. PP4E\ Preview\manager.py

from person import Person

class Manager(Person)
def giveRaise(self, percent, bonus=0.1):
self.pay == (1.0 + percent + bonus)

if __name__ == ‘'__main__
tom = Manager(name='Tom Doe’, age=50, pay=50000)
print(tom.lastName())
tom.giveRaise(.?20)
print(tom.pay)

Eciu 3anycTuTh 9TOT CIleHAPHiil, OH BEIBEJET CJeAYIOIIee:

Doe
65000.0

31ech 00bABJIEHNE KJacca Manager HAaXOAUTCS B OTAEJIbHOM MOZYJE, HO 9TO
00'bABJICHNE TOYHO TaK K€ MOXKHO IIOMECTUTEL B MOAyJab person (Python e
TpebyeT co3maBaTh OTAeJbHbIE MOAYJIN IJIA KasKI0T0 Kiiacca). OH HacaegyeT
KOHCTPYKTOP 1 MeTOJ lastName OoT cBoero cylepkJjacca U CIelruaIu3upyeT
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MeToq giveRaise (Kak OymeT IOKas3aHO MO3LHEE, CYIIECTBYIOT Pa3JIMUYHBIE
CIIOCOOBI Peain3aIiuu 3TOTO pacIuperns). [IoCKoIbKY JaHHOE JOTOJHEHUE
OB1J10 0hOPMJIIEHO B BUJe HOBOT'O ITOAKJIACCA, OHO HUKAK He OTPA3UTCA Ha pa-
060Te BK3EMIIIAPOB OPUTUHAJIBLHOTO KJjacca Person. DK3eMILIAPHI, IPEICTaB-
naromue nHGopMmaruio o Bobe u Chio, HATPUMED, YHACIELYIOT OPUTTHAJIb-
HYIO JIOTUKY YBEeJIUUYEHUA OKJIa1a, a 9K3EeMILIAD, IIPECTABIIAIONNNT HHDOP-
manuio o Tome, MONYUYNUT CIIEUATU3UPOBAHHYIO BEPCUIO, IIOTOMY YUTO OH
ABJISIETCA dK3eMILIApPOM Apyroro kjaacca. B OOII mporpaMMbl paspadaThbI-
BAIOTCH 3a CUET CIIeINAaJIN3aiy IPOrPAMMHOTO KO/a, 4 He ero U3MeHeH .

daxTHUUeCcKU IporpaMma, UCI0oNb3yoIasa HAIlln 00 HeKThI, BOOOIIle HIUYEro
He JOJIKHa 3HATh 00 0COOEHHOCTAX peaausaluu MeTogaa giveRaise — 00beKT
caM oIpefessaeT IOPSIAOK BRITOJHEHUA TOW WM WHOM omepalini, Oupasich
Ha KJIacc, 9K3eMILJIAPOM KOTOPOTO OH ABJseTcs. [Ioka 00beKT oA aepKuBa-
eT O:KUaeMblii mHTepdeiic (B TaHHOM ciryuae MeTon giveRaise), oH GyaeT co-
BMECTUM C BBISHLIBAIOIIEH HPOrpaMMOi, HE3aBUCHMO OT KOHKPETHOI'O THIIA
00BbeKTa 1 Jake He3aBUCHUMO OT 0COOEHHOCTEH peain3aluy 9TOr0 MeToxa,
KOTOpasA MOYKET [eiiCTBOBATL COBEPIIIEHHO MHAaUe.

Eciu BaM y:Ke IpUXOAMJIOCH M3ydaTh A3bIK Python, Bo3aMo:xHO, BBl 3Hae-
Te, UTO TaKOe TOBeJeHNe HA3hIBAETCA NOJLUMOPPUIMOM. DTO OTHO M3 OCHOB-
HBIX CBOMCTB f3BIKA, X OHO OOBACHAET 3HAUUTEJHHYIO IOJII0 I'MOKOCTH
mporpaMMHOro kKoza. PegynbTaT BbIBOBa MeToZa giveRaise B cienyromiem
(parmMeHTe 3aBUCUT OT TOTO, K KAKOMY KJIACCy IIPUHAIJIEKUT oOpabaThiBae-
MBIt 00BeKT 0bj, — Tom mosmyuuTt 20-IIPOILEHTHOE MOBLIIIIEHNE OKJIALa, a He
10-IpoIeHTHOE, IIOTOMY UTO COOTBETCTBYIOIIUI €My SK3eMILIAP ABJIAETCS
SK3EMILJISIPOM CIIeInaIn3nPOBAHHOIO KJjacca Manager:

>>> from person import Person
>>> from manager import Manager

>>> bob = Person(name='Bob Smith’, age=42, pay=10000)
>>> sue = Person(name='Sue Jones’, age=45, pay=20000)
>>> tom = Manager(name='Tom Doe’, age=55, pay=30000)
>>> db = [bob, sue, tom]

>>> for obj in db:
obj.giveRaise(.10) # MeTon MO YMOMYaHWo MNu CNeunani3npoBaHHbI

>>> for obj in db:
print(obj.lastName(), ‘=>', obj.pay)

Smith => 11000.0
Jones => 22000.0
Doe => 36000.0

PecTpyKTypusaums nporpaMMHOro Koga

Hpem/:[e YeM OBUHYTBHCA AaJbIlle, PACCMOTPUM e€Ile HECKOJIBKO aJIbTepHAa-
TUBHBIX BAapWMaHTOB peaJlu3alumn. BosbmuHCTBO M3 HUX IIOAYEPKUBAIOT
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npeumyirnectsa mogeau OOII B Python u paccmaTpuBaioTes 3ech A1 KpaT-
KOr'0 3HAKOMCTBA.

PacumpeHMe MeTongoB

Bo-niepBbIX, 06paruTe BHUMAHNWE HA HEKOTOPYI0 M30LITOYHOCTH B IIPUME-
pe 1.16: pacuer yBeInueHusA OKJaa IPOU3BOAUTCS B ABYX MecTax (B ABYX
KJiaccax). Mbl Moryiu ObI peajin3oBaTh CIenaJIu3nPOBaHHbBIN KJrace Manager,
He 3aMell[asi yHACJIeIOBaHHBIN MeTo[ giveRaise HOBO# peasimsaiiueii, a pac-
WLUPSLA eTO;

class Manager(Person):
def giveRaise(self, percent, bonus=0.1)
Person.giveRaise(self, percent + bonus)

Bcesa xuTpocTh 3aKJiouaeTcAa B HEIIOCPEACTBEHHOM BBISOBE BEPCUM METOJA
cymepKJiacca U ABHOI mepegaude emy aprymeHnta self. IIpu Takom momxoze
MBI TaKJKe IEePeoIpeiesIseM MeTOM, HO Ha 3TOT Pas3 MBI IPOCTO BHI3BIBAEM
YHUBEPCAJbHYI0 Bepcuio mociie nobaBieHua 10-mpoleHTHON HaxbaBKU
(IpeyCMOTPEHHOH II0 YMOJIYaHNIO) K YKa3aHHOMY 3HAUEHUIO B IIPOI[EHTAX.
ITOT ImpUeM IT03BOJSIET YMEHBIIUTh M30BITOUHOCTH IIPOrPAMMHOIO KOAa
(opuruHaJibHas JIOTUKA MeTOZa giveRaise HaAXOAMTCA B OZHOM TOJBKO Me-
CcTe, UTO YIPOIIaeT BOBMOYKHOCTh €e UBMEeHeHUA B OyAyIleM), 1 ero 0co0eH-
HO yIOOHO KCIIOJI30BaTh IIPU IIEPEeOoIpelesIeHUN MEeTOJ0B-KOHCTPYKTOPOB
CYIIE€PKJIacCOB.

Ecuau BoI yixe 3HaKOMBI ¢ ocobenHocTamu OOII B Python, To qoKHEI 3HATS,
YTO STOT IIpueM paboTaeT Gyaromaps BO3SMOYKHOCTU BbI30Ba METONOB KakK
OTHOCHUTEJBHO SK3eMILJISIPa, TAK M OTHOCUTEJIbHO MMEHU KJacca. Boobiie
TOBOPS, CJIEAYIOIIME TBa BbI30BA ABJSIOTCA 9KBUBAJIEHTHBIMU, U MOYKHO HC-
0JIb30BATh 00€e (DOPMBbI:

instance.method(argl, arg2)
class.method(instance, argl, arg2)

B nmeficTBUTEIBLHOCTH, IIepBad (hpopMa 0ToOpakaeTcs BO BTOPYIO — IIPU BBI30-
B€ METO/la OTHOCUTEJNHLHO 9K3eMILIsaApa narepuperatrop Python orsickuBaeT
B [lepeBe HAaCJIeOBAaHUSA OJIVIKAUINUNA KJacC, B KOTOPOM HMeeTca Tpebye-
MBI METO/l, U BBISBIBAET €TI0, aBTOMATHUYECKHU IIepeiaBasa 9K3eMILIAD B Iep-
BOM aprymenTe. B sioboMm ciayuae, BHyTpu MeToja giveRaise aprymenrt self
Oy/ZeT CChIIATHCA Ha DK3eMILIAD, ABJISIONINICA 00bEKTOM BbI30BA.

dopmat oTobGpaxkeHus

YT006BI TOMYUYUTDH JOTOJHUTEIHLHOE YI0BOJIbCTBUE OT ncnoab3oBauua OOII,
MBI MOTJIX OBI JOOABUTHL B HAIIIM KJIACCHI HECKOJHKO METOMOB IIePerpysKu
omeparopoB. Hanpumep, meron __str__, peaJin30BaHHBIN 3eCh, BO3BpAIIlA-
eT oT()OPMATUPOBAHHYIO CTPOKY [AJIs OTOOPAKeHUs HAIIUX O0BEKTOB IIPU
mevyaTu 00'bEKTOB IEJUKOM — TAKOE IIPECTABIeHNe BBITVIALAT rOPaso Jyu-
1I1e, 4eM IPeyCMOTPEHHOE 10 YMOJIUYaHUTO:
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class Person:
def _ str_ (self):
return ‘<%s => %s>" % (self.__class__.__name__, self.name)

tom = Manager('Tom Jones’, 50)
print(tom) # BbiBeneT: <Manager => Tom Jones>

31ech aTpuOyT __Class__ COAEP:KUT CCBHIIKY Ha OJMKANIINN KJIAacc, SK3eM-
IJISIPOM KOTOPOTO ABJISETCS 00BbeKT Self, Jae Ipu TOM, UTO METOH, __Str
MOJKeT OKasaThbCsA yHacJeIoBaHHOU Bepcueii. Meron __str _ Mo3BOJISAET BbI-
BOAUTH 9K3EMILISAPLI HEIIOCPENCTBEHHO, BMECTO TOI'0 UTOOBI BBIBOAUTH OT-
IeabHbIe aTpuOyThI. B MeTox __Str__ MOKHO OBIIO ObI JOOABUTH IIUKJI, BbI-
TOJHSIONNHN 00X0 cJoBapsa aTpubyToB __dict__ sK3eMIIsapa u oTobpaska-
foruii Bce aTpubyThl. Ho 9T0 aullh KpaTKuit 0630p, IOITOMY OCTABUM 9TO
IpeaJiosKeHre IS CAMOCTOSTeIbHOTO YIIPaKHEH!A.

Mgr Moz ObI aske peasin3oBaTh MeToH __add__, 4TOOBI omlepaTop + aBTO-
MaTHUYeCKH BBIBBIBAJ MeToq giveRaise. Hy:kHo au aTO — Apyroii Boupoc. Hc-
MOJIb30BaHIE OllepaTopa + IJis YBeJINUeHUA OKJIagZa MOXKeT ObITh MCTOJIKO-
BaHO HENPaBUJIbLHO TEeMI, KTO BIIOCJIEACTBUU OYAeT UYUTATh HAII IPOrpaMM-
HBIHA KO,

Cneuuvanunsaums KOHCTpyKTopa

Haxomern, o6parute BHUMaHue, 4To B npuMepe 1.16 mpu cosgaHuM SK3EM-
miasapa KJjacca Manager MblI He IlepefiaeM KOHCTPYKTOPY apryMeHT job. Ilpu
HeO0O0XOAMMOCTH MbI MOTUIX OBI II€pefaBaTh 9TO 3HAUEHNEe B BUIe MMEHOBAH-
HOTO apryMeHTa, KaK IMOKa3aHo HUKe:

tom = Manager(name="Tom Doe’, age=50, pay=50000, job='"manager’)

IIpumumna, 10 KOTOPOW MBI B IPHUMepe He BKJIOUNJIHN IIepemady apryMeHTa
job, 3aKJIIOUAETCSA B TOM, UTO B 9TOM HET HeOOXOAMMOCTH: €CJIM CO3L4aeTCs
HOBBII 9K3eMILJISAP KJacca Manager, 3aHMMaeMas JOJIXKHOCTh yiKe IMoApasy-
MeBaeTcs KjaccoM. TeM He MeHee, UTOObI HE OCTABJIATH II0J€ joD ITyCTHIM,
BO3MOKHO, IMEeT CMbICJI IBHO Peain30BaTh KOHCTPYKTOP OJIs KJiacca Man-
ager, KOTOPBIN OyAeT 3alMOJHATDH 9TO MOJIe aBTOMATHUUYECKHU:

class Manager(Person):
def __init__(self, name, age, pay):
Person.__init__(self, name, age, pay, ‘manager’)

Temepp nmpu co3gaHny SK3eMILIApPa KJaacca Manager ero moJje job Oyzmer 3a-
TOJHATHCA aBTOMATUUYeCKU. BesA XUTPOCTh 3aKJIIOUAETCA B SIBHOM BBHI3OBE
BepcuU MeToja cylepKJjacca, TaK Ke, KaK Mbl JIeJIajid IIPU peau3aniuu
MeToja giveRaise Bbimme. EquHCTBEHHOE OTIMUYME 3[[eCh — HEOOBIUHOE MM
MeToa-KOHCTPYKTOpa.

An bTepPHaTUBHbIE KJ1aCCbl

B IIoCJeAYIOIINX IIpuMepax MbI He 6y,11eM HCIIOJIB30BATh HU OOJHO M3 TpPpexX
pacmnpeHHf/'I, IIpeaCTaBJIEHHBIX B 9TOM pas3aeJie, HO AJIAd AEMOHCTPAaIlu X
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B JelicTBUU cobepeM Bce aTu ujen B mpumepe 1.17, roe mpeacTaBIeHbl ajib-
TepHATUBHBIE peajan3aluiu KJaaccoB Person u Manager.

Ilpumep 1.17. PP4E\ Preview\person_alternative.py

AnbTepHaTUBHbE peannsauuy Knaccos Person w Manager ¢ faHHbMWA, MeTOAamu
W C neperpyskoi onepaTopoB (He MCNONb3yeTcs B 00bekTax, NpefycMaTpuBaumx
BO3MOXHOCTb COXPaHeHMs)

class Person:

wn

YHUBEPCaNbHOE NpeacTaBieHne d4enoBeka: NaHHble+noruka
def __init__(self, name, age, pay=0, job=None):
self.name = name
self.age = age
self.pay = pay
self.job = job
def lastName(self):
return self.name.split()[-1]
def giveRaise(self, percent):
self.pay == (1.0 + percent)
def __str__(self):
return (*<%s => %s: %s, %S> %
(self.__class__.__name__, self.name, self.job, self.pay))

class Manager(Person)
Knacc cO CneuuannsmMpoBaHHbIM MeTOAoM giveRaise,
Hacneayounii 0606ueHHyle meTons lastName n __str__
def __init__(self, name, age, pay):
Person.__init__(self, name, age, pay, ‘manager’)
def giveRaise(self, percent, bonus=0.1)
Person.giveRaise(self, percent + bonus)
if __name__ == "__main__":
bob = Person(‘Bob Smith’, 44)
sue = Person(‘Sue Jones', 47, 40000, ‘hardware’)
tom = Manager(name='Tom Doe’, age=50, pay=50000)
print(sue, sue.pay, sue.lastName())
for obj in (bob, sue, tom):
obj.giveRaise(.10) # BbI30BET MeToA giveRaise obbekTa 0bj
print(obj) # BbI30BET 0000ueHHYI0 Bepcuio meToda __str__

O6paTuTe BHUMaHNUEe Ha MOJIUMOP(PU3M B ITUKJE fOr, HAXOAAIEMCA B IPO-
TPaMMHOM KOJie CaMOIIPOBEPKM! 3TOTO MOZYJA: BCE TPU OOBEKTA HCIIOJIb-
3YIOT OOUH U TOT XK€ KOHCTPYKTOP, MeTon lastName m MeTOLbI BBIBOLA, HO
Ipu o0paIleHny K MeTony giveRaise BbI3bIBAeTCS BEPCUA B 3aBUCUMOCTHU OT
KJiacca, Ha OCHOBE KOTOPOT'O OBLJI CO3/JaH dK3eMILIAP. Kciiu 3ammycTuTh cIie-
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Hapuii us npumepa 1.17, oH BBIBEJIeT B CTAHAAPTHBIN ITIOTOK BBIBOJA IIPUBE-
JIleHHbIe HI)Ke CTPOKY; IToJIe job B 9K3eMILIApe KJacca Manager 3amojHaeTcS
KOHCTPYKTOPOM, (DOPMATUPOBAHHBIN BHIBOJ HAIIINX 00 BEKTOB OCYIII€CTBJIA-
eTCs ¢ OMOIITBI0 HOBOT'O MeToza __str__, a HoBad Bepcus MeTona giveRaise
B KJIacce Manager IefiCTByeT TOUHO TaK ‘Ke, KaK U IIpeKae:

<Person => Sue Jones: hardware, 40000> 40000 Jones
<Person => Bob Smith: None, 0.0>

<Person => Sue Jones: hardware, 44000.0>

<Manager => Tom Doe: manager, 60000.0>

Takada pecmpykmypusayus TPOrPaAaMMHOTO KOZA YaCTO IIPUMEHAETCS II0
Mepe PoCcTa M Pa3BUTUA UePAPXUN KiaccoB. PaKTUUECKU MBI HUKAK He CMO-
JKeM YBeJUYUTH OKJIAJ TeM, ¥ KOT'0 OH OKa3aJjcsa paBHBIM HYJi0 (Boby saBHO
He II0BE3JI0), I09TOMY HaM, BEPOSITHO, HEOOXOIMMO IIPEIyCMOTPETH BOZMOIK-
HOCTB IIPSIMOr0 M3MEHEHUS OKJIaja, HO OCTaBUM 3TO YCOBEPIIIEHCTBOBAHIE
o caenmyioiieil Bepcun. Camoe IpUSATHOE, YTO THOKOCTD U yI000UNTAEMOCTb,
npucyinue 36Ky Python, cylmecTBeHHO yIIpOIaiT PECTPYKTYPU3AI[UIO
IPOrpaMMHOI'0 KOJa — BbI JIETKO U TIPOCTO CMOXKETe PEeCTPYKTYypPHUPOBATH
CcBOU mporpaMMmbl. Ecu mpeske BhI He M0Jb30BaJNCh A3bIKoM Python, To
CO BpeMeHeM 00Hapy:KUTe, UTo paspaboTka mporpamm Ha Python BeImoHs-
eTcs OBICTPO, TIO9TATTHO 1 B UHTEPAKTUBHOM PEKIUMeE, UTO XOPOIITO TIOAXOIUT
JLISI IOCTOSAHHO U3MEHAIOINXCA TOTPeOHOCTel pealbHbBIX ITPOEKTOB.

Jo6aBnsieM BO3MOXXHOCTb COXPaHEHUs

IIpuiio BpeMs IPOLOIKUTE. Terepb Y HAC MMEIOTCS peanu3aliii 3alcei,
TOAJAIONINECs CIeIMaJu3alu U BKJIOYAIOIINE JIOTUKY UX 00paboTKu,
B popMme KJaccoB. OcTajoch caeaTh IMOCHeIHUN MaJIeHbKUI Iar U peaJin-
30BaTh COXPaHEHVe HAIIUX 3alNceil, OCHOBAHHBIX Ha KJjaccaxX. Mbl Mmorian
OBbI CHOBA COXPAHATH KaKIYI0 3aII1Ch B OTAEJIbHOM (paiiye ¢ IOMOIIbIO MOIY-
a4 pickle, HO MOAYJb shelve IpegoCTaBIAET TOYHO TAKYIO K€ BO3BMOXKHOCTb,
a KpoMe TOro, ero Tropaszo IIPoIlle NCI0Jab30BaTh. KaK 9To ciesaTh, JeMOH-
crpupyercd B mpumepe 1.18.

Ilpumep 1.18. PP4E\ Preview\make_db_classes.py

import shelve
from person import Person
from manager import Manager

bob = Person(‘Bob Smith’, 42, 30000, ‘software’)
sue = Person(‘Sue Jones’, 45, 40000, ‘hardware’)
tom = Manager('Tom Doe’, 50, 50000)

db = shelve.open(‘class-shelve’)
db[ “bob’ ] = bob

db[‘sue’] = sue

db[“tom’ ] = tom

db.close()
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ITOT clleHApUil CO3MAaeT TPU SKIEMILIsApa (IBa SK3EeMILIsaApa OPUTUHAIBLHO-
To KJIacca W OOWH — ero CIelrnaJu3upPOBAHHOM BepCUU) U IPHUCBANBAET X
KJIIOUaM BHOBB CO3MaHHOTO XpaHuUIUIA. [[pyruMu cioBaMu, CIleHapUil co3-
IaeT XPaHUJIUINE C 9K3EeMILIApaMM KJaccoB. [Jsd HaIero mporpaMMHOTO
Koma 6a3a BRITVIAAUT B TOYHOCTHU, KaK CJI0OBAPh 9K3EMILIIAPOB KJIACCOB, C TOHU
JIUIITH PA3HUIEH, UTO CJIOBAPh BEPXHET0 YPOBHA oToOpaskaeTcA B (paiia xpa-
HUJWINA, KaK U IpeKae. YOequThCdA, YTO Bce paboTaeT, ITIOMOKET CIleHAPUH
B mpumepe 1.19, KOTOpPBIii YNTaeT COAEP:KUMOe XPaHUINIIA U BEIBOAUT 3HA-
YeHUA TI0JIelT 3aTInce.

Ilpumep 1.19. PP4E\Preview\dump_db_classes.py

import shelve
db = shelve.open(‘class-shelve’)
for key in db:
print(key, “=>\n *, db[key].name, db[key].pay)

bob = db[‘bob’ ]
print(bob.lastName())
print(db[‘tom’].lastName())

O6paTuTe BHUMaHMWe, UTO B 3TOM IIpHMepe HaM He TpedyeTcs MMIOPTHUPO-
BaTh KJacc Person, 4ToObI U3BJIEKATD 9K3EeMILISAPEI U3 XPAHUIUIA UJIU BbI-
3BIBATh UX MeTOABI. Korja sK3eMIIAPhI COXPAHAIOTCA C TIOMOIIBIO MOIYJIA
shelve uau pickle, ucrnosb3yemMasa 3TUMU MOAYJIAMU CUCTeMa COXPaHEHUA
3amuchIBaeT B (DAl He TOJIHKO 3HAUEHU aTPUOYTOB 9K3EMILIAPOB, HO U J0-
TOJTHUTEJIbHYI0 WH()OPMAIINIO, ITO3BOJIAIOIIYI0 IIO3JHEE aBTOMATHUUECKU
OIIPENEeJINTL MECTOIOIOMKEHNE KJIACCOB IIPU U3BJIEYEHUN SK3EMILIAPOB (MO-
IYJIN C OIPeNeIeHUAMHU KJIACCOB IIPOCTO MOJIXKHBI HAXOAUTHCS B IIYTH II0-
WCKAa MOJYJIel TPU BBITIOJHEHUHN OepaIluy 3arpy3Ku). ITO CAeJIaHO CIIeIu-
aJIbHO, IIOTOMY UYTO OIpe/iesieHre KJIacca U ero dK3EeMILIAPHI B XPAaHUJIUIIE
COXPAHAITCA OTHAEJbHO; BBl MOXKeTe M3MEHUTH KJAcCC, YTOObI M3MEHUTH
TOPSANOK MHTEPIPEeTAINM dK3EeMILJIAPOB IIPU 3arpyske (moapobHee 06 3TOM
pacckasbIBaeTcs pajee B KHure). Huke mpuBogATCSa pe3yJIbTaThl 3alycKa
crenapus dump_db_classes.py cpasy mocJje CoO3TaHusA XPAHUIUIIA C TIOMO-
mIbIo crieHapusa make_db_classes.py:

bob =>

Bob Smith 30000
sue =>

Sue Jones 40000
tom =>

Tom Doe 50000
Smith
Doe

Kax mokasano B mpumepe 1.20, uamenenue nHpopManuu B 6a3e JaHHBIX
BBITIOJTHAETCA TaK JKe IIPOCTO, KaK U Ipeskae (cpaBHuUTe ¢ mpumepom 1.13),
HO Ha 9TOT pa3 BMECTO KJIIOUell CJI0Bapeil UCIOJIb3YIOTCA aTPUOyThI 9K3eM-
ILJISIPOB, a KECTKO 3AIUTYIO JIOTUKY M3MEHEHU 3aMeHUJIW BBHI30OBBI METO-
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JoB KiaccoB. O6paruTe BHUMAHNE, UTO HAM MO-IPEKHEMY HEOOXOTUMO 13-
BJIEUD 3aIIUCh, U3MEHUTD €€ ¥ BHOBb IIPUCBOUTH TOMY K€ CAMOMY KJIIOUY.

Ilpumep 1.20. PP4E\ Preview\update_db_classes.py

import shelve
db = shelve.open(‘class-shelve’)

sue = db[ ‘sue’ ]
sue.giveRaise(.25)
db[ ‘sue’ ] = sue

tom = db[‘tom’ ]
tom.giveRaise(.20)
db[ “tom’ ] = tom
db.close()

U makoHel, HUKe IPUBOAATCS Pe3yJIbTAThI IOBTOPHOTO 3aIIyCKa CIIeHAPUA
dump_db_classes.py nocie 3amycka ciueHapusa update_db_classes.py. Tom
n CBIO TeIlepb NMEIOT HOBbIE OKJIaAbl, IIOTOMY UTO TeIlIePb COOTBETCTBYIOII[1E
00'BEKTHI COXPAHAIOTCA B XpaHuauire. Kpome Toro, MbI MOTJIN GBI OTKPBITH
W WCCJEJOBATh COAEPIKMMOe XPAaHWJIUINA B WHTEPAKTUBHONW 000JIOUKe
Python — HecMoTpsa HA CBOIO JOJTOBEUYHOCTD, XPAHUIUIIE SABJISIETCSI BCETO
Jguirb o0bekToM Python, comepsxammum apyrue oobexTsl Python.

bob =>

Bob Smith 30000
sue =>

Sue Jones 50000.0
tom =>

Tom Doe 65000.0
Smith
Doe

Tom u Crio moayunan IpubaBKy K OKJIAAy, IIOTOMY UTO Telepb 5TU 00beK-
ThI — 00'bEKTHI, COXPaHeHHbIe B 0as3e JaHHBIX. XOTI MOAYJIbL shelve TaK:Ke
CcII0co0eH COXPaHATH 00BbEKThI 00Jiee IPOCTBIX TUIIOB, TAKWX KAK CIHCKU
U CJIOBapU, OAHAKO KJIACCHI IIO3BOJIAIOT HAM O0beIUHATD JaHHbBIE U IIOBE/e-
HUe B eIUHBIe COXPaHsAeMble 9JIeMeHThI. B HEKOTOPOM CMBICJIe aTPUOYTHI 9K-
3eMILISIPOB U METObI KJIACCOB PABHOCUJILHEI 3aIUCAM 1 00pabaThIBAIOIIIM
UX IporpaMMaM, UCIIOJIb3yeMbIM B 00Jiee TPaJUIIMOHHBIX PEIleHnAX.

OApyrvue pasHOBUAHOCTU 6a3 faHHbIX

K macroamemMy MOMEHTY MBI cO3/ja/iN BIIOJIHE (hYHKIMOHAJIBHYIO 0a3y JaH-
HBIX: HAIIX KJIACChI OMHOBPEMEHHO Pean3yIoT XpaHeHre JaHHBIX 3alucei
u uX 00paboTKy 1 3aKJIIOUAIOT B cebe pean3aliiio IIOBeAeHNusI. A MOIyIn
pickle m shelve obecrieumBaIOT HMPOCTOI CIIOCO0 COXpaHeHUs HaIlleil 6a3bl
JaHHBIX MEKAY 3aIlyCKaAMU IPOrPaMMBI. OTO He PeJIAIlNoOHHAd 0a3a JaHHbIX
(oHa XpaHUT 00'BLEKTHI, a He TaOJUIIbI, ¥ 3aIIPOCHI UMEIOT BU IIPOTPAMMHOTO



82

lnaga 1. MpeaBapuTenbHbIn 0630p

Kojia Ha A3bIKke Python, o6pabarsiBaorero o0'beKThl), HO €e BIIOJHE JOCTa-
TOYHO JJIS MHOTMX BUJOB IIPOIPAMM.

Ecau morpebyiorcsa 6ojee MinpoKre GyHKIIMOHAIbHBIE BO3MOMKHOCTY, MBI
CMOKEeM IIePEBECTH 9TO IPUJIOKEeHNe HA NCII0JIb30BaHUEe 00Jiee MOIIHBIX MH-
crpymenToB. Hampumep, eciim HaM ITOTPeOyeTCs MMOJHOIEHHAA ITOAAePKKa
3aIrpocoB Ha sa3bIKe SQL, MBI CMOKEM HCIIOJIb30BaTh OMOJIMOTEKHU, IIO3BO-
JA0INe clieHapuAaM Ha A3bike Python myrtem mepeHoca BaammomeiicTBO-
BaTh C PEJANMNOHHBIMY 60a3aMu JaHHBIX, TaKuMU Kak MySQL, PostgreSQL
u Oracle.

Mexauusmer ORM (Object Relational Mapper — 00BeKTHO-PEIAIMOHHOE
orobpakenue), Takue Kak SQLODbject m SqlAlchemy, mpemmaratmoT mHON
OAXOJ, COXPaHSIOIUI IpecTaBJIeHNe 3anucelil B Buje o0bexToB Python,
HO mpeobpasys UX B U M3 IPEACTaBJIEHUS TaOJUIl B PeIAINOHHLIX 0aszax
IaHHBIX, B HEKOTOPOM CMBICJIe O0ecIieunBasi coueTaHme JYUIInuX J4epT 000-
WX MHUPOB — C CHHTaKCHCOM KJiaccoB Python cBepxy u Hage:KHbIMU OasaMu
JaHHBIX BHYTPU.

Kpowme Toro, cymiectByeT oTkphiTas cuctema ZODB, peanusyoiias 6ojee
GYHKIIMOHAJBbHYI0 OOBEKTHYIO 0a3y MAaHHBIX MO IIPOrpaMM Ha A3bIKe
Python, ¢ mommep:XKKoil 0COOEHHOCTEH, OTCYTCTBYIOIINX B XPAHMJIKIIAX
shelve, BKJMOUAs IapaJLIeibHOe W3MEHEHHe 3allrcell, IIOATBEPKIeHUE
U OTKAT TPaH3aKI[Ui, aBTOMATHUYEeCKOe OOHOBJIEHVE KOMIIOHEHTOB, HU3Me-
HUBIIUXCA B OI€PATUBHON ITaMsTU, ¥ MHOTHE Apyrue. Mbl m03HaAKOMUMCS
¢ aTUMH, 60JIee COBEPIIIeHHbLIMU MHCTPYMEHTAMU, CO3LAHHBIMU CTOPOHHU-
MU paspaboTunKamMu, B yiase 17. A Temepsb mepeiigemM K CO3MaHMIO JIUIlA Ha-
el CUCTEMBI.

ABTOOYCbI MPU3HaHbI ONacHbIMN

Ha mpotsiskenun MHOrux JieT Python mosabsoBasicss MOIHON u 100pO-
BOJIBHOM MOAAEPIKKOU M OTAEJbHLIX JINI, U OpraHusaiuii. B HacTosa-
mee BpeMsA KOH(EPeHIINN U APYrue HeKOMMePYeCKUe MePOIPUSITUS
B coobiectBe Python mpoxomaT mpu comeficTBMM HEKOMMEPUYECKOI
oprauusanuu Python Software Foundation (PSF). Opranusamuu PSF
mpezaniecTBoBaJjia opranusanusa PSA — rpynna, KoTopas nepBoHavYajb-
HO GblJ1a 00pa3oBaHa B OTBET Ha KOTa-TO JaBHO BO3HUKIIIEE B TEJIEKOH-
depenniuu Python o6ey:xaenue morycepbesHoro sompoca: «4ro 6yzmer,
ecau I'Buo monajeT mof aBTooyc?»

B macrosmee BpeMms cosgareab asbika Python, I'sumo Bam Poccym
(Guido van Rossum), [o-mpe:XHeMy SIBJISETCS BEPXOBHBIM apOUTPOM
IIPY HOCTYILJICHNH IIPEIJI0KEeHNI 0 BHeceHn: udMeHennii B Python. Ou
odpunraabHO ObLI MoOMas3aH Ha mocT BeaukopyiirHoro Ilo:xkusHeHHOTO
Hurraropa (Benevolent Dictator for Life, BDFL) na nepsoii ske KoHbe-
peunuu Python, u mo-mpeskHeMy OKOHUATEJIBHOE PeIlleHne O IPUHATAN
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M3MEHEHU B sI3bIKe OCTAeTCs 38 HUM (M MHOT'Ve U3MEHEHUS, BeyIIue
K HEeCOBMECTUMOCTH, 3a UCKJJUueHneM Bepcuu 3.0, HECOBMECTHUMOCTD
KOTOpPO# ObLiIa IIpeayCcMOTpPeHa 3apaHee, OH OOBIYHO OTKJIOHSET: 3TO
XOpOoIIlas yepTa AJA A3bIKOB IPOorpaMMUPOBaHusd, moToMy uTo Python
IOJIMKEeH U3MEHSATHCS SOCTATOUHO MeIJIEHHO Y M3MEeHEHUs He JOJKHbI
HapymaTh 00paTHYIO COBMECTHUMOCTD).

Ho, xak ObI TO HI OBLJIO, OTPOMHOE KOJIMYECTBO IoJIb3oBaTe el Python
IIOMOTaeT IIOAJEP/KUBATH SI3bIK, PaboTaeT HaJl PACIIMPEHUSIMU, KC-
IpaBJIdeT OMINOKY 1 TaK JaJiee. ITO II0-HACTOSIIEMY COBMECTHBIN IIPO-
ekT. PaKkTryecKku paspadorka Python ceiiuac siBiasieTcss COBEPIIIEHHO
OTKPBITHIM IIPOIECCOM — JIFO0OI JKeJIAIOIIUIl CMOYKET IIOJYUYUTh CaMble
cBeskme (haiiabl ¢ MCXOTHBIMY TEKCTAMU WJIN OTIPABUTH CBOU MCIIPAB-
JIeHUs, TIOCeTUB BeO-caiiT mpoeKTa (MoApoOHOCTH BBl HalifieTe 110 agpe-
cy http://www.python.org).

Paspaborka Python, Kax maxera OTKPBITOrO IIPOrPaMMHOIO obecIie-
YeHHUsA, B JeCTBUTEIBHOCTH HAXOAUTCA B PyKax OOJILIIIOr0 KOJHUe-
CTBa IPOrpPaMMICTOB, pa30OpOCAHHBIX IO BceMy cBeTy. IloaTomy, masxe
ecau Bemukonymrusiii [loskusaenHbId [IMKTaTOp KOoTAa-HubyAb mepe-
IacT (hakeJs mpeeMHUKY, Python mpakTruyecku HaBepHAKA IPOJOIIKUT
MOJIb30BaThCA MOAIEPKKOI CBOUX IMoJb3oBareseit. I1o cBoeil mpupoze
OTKPBITHIE ITPOEKTHI, XOTA 1 He 0e3 OTCTYIJIeHUIT, OOBIYHO OTPaKAIOT
TMOTPEeOHOCTH COOOINECTB MX II0Jb30BaTeell B OOJbINEH CTeIIeH, YeM
TMOTPEeOHOCTH OTAEIBHBIX JUUHOCTEH NN YUpeaUTe e,

C yuerom nonyiasapHocTu Python HamazeHnme co cTopoHsI aBTOOyCa yake
He KaKeTcsA TaKMUM OIIaCHBIM, KaK paHbIle. Bupouem, I'Bumo Moxxer
CUMTATh NHAUE.

LLar 4: no6aBnsiem nHtepgenc KOMaHZHON CTPOKUN

IToka uTo Halla mporpaMma COCTOUT U3 9K3EeMILISAPOB KJACCOB, Peasn30-
BaHHBIX B MIPEBIAYINEM pasjeJie, KOTOpble COXPaHeHbl B (paiijie XpaHUIu-
ma. B KauecTBe XpaHUJININA OHA [JeJIaeT JOCTATOYHO, HO IJIS JOCTYIIa K CO-
JePKUMOMY U pabOThI C HUM HaM ITOTpedyeTcsa 3anyCcKaTh APyTrue ClleHapuu
WJIV BBOAUTH IPOrPAMMHBIN KO/ B MHTEPAKTUBHON 000J0UKe. YIyUIIUTh
CUTYaIlUI0 JOCTATOYHO IIPOCTO: HEOOXOAMMO HAIKUCATh YHUBEPCAJHHYIO
mporpaMmy, KoTopas OyAeT B3auWMOJAEICTBOBATEH C IOJb30BATeJeM JNOO
C TIOMOIIIBI0 OKHA KOHCOJIH, JIN0O C IIOMOIIhI0 rpadudyeckoro narepdeiica.

NHTepdenc KomaHAHON CTPOKMU K XPaHUNLLY

Haumewm ¢ maunboJiee mpocToro BapuanTa. B camom npocTom Bue nuuTepdeiic
K 0ase JaHHBIX JOJIMKEH JaBaTh [MOJIb30BATEIAM BO3MOXKHOCTD BBOIUTD KJIIO-
UM 1 3HAUYEHUS B OKHE KOHCOJIX (BMECTO TOr'0 YTOOBI IIHMCATH IIPOrPAMMHBIA
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Kopx Ha asbiKke Python). Crierapuii B npumepe 1.21 peanusyet npocTedInmmin
IWKJI WHTEPAKTUBHBIX B3aMMOAEHCTBUI, IO3BOJISASA IOJIb30BATENIO 3aIpa-
IUBATh 00'BEKTHI, UMEIOIINeCA B XPAHUIUIIE.

IIpumep 1.21. PP4E\ Preview\peopleinteract_query.py

# VHTEePaKTVBHbIE 3anpocChl

import shelve

fieldnames = (‘name’, ‘age’, ‘job’, ‘pay’)
maxfield = max(len(f) for f in fieldnames)
db = shelve.open(‘class-shelve’)

while True:
key = input(‘\nKey? => ') # k4 unan nyctag cTpoka, Bo3OyxaaeT WCKNYEHue
# npu BBoge EOF
if not key: break

try:

record = db[key] # 13Bneyb 3annuchb MO KN4y W BHBECTM
except:

print(‘No such key “%s”!’ % key)
else:

for field in fieldnames:
print(field.ljust(maxfield), ‘=>", getattr(record, field))

i m3BIeueHUs 3HAUEHUII aTPUOYTOB B STOM CIIEHAPDUM HCIIOJIb3yeTCs
BCTpoeHHadaA QPyHKIUA getattr, a g (popmMaTupoBaHUA BEIBOLA UCIOJIb3Y-
eTcs CTPOKOBBIN MeTon 1just, BBIPABHUBAIOIIUI CTPOKY IIO JIEBOMY Kpaio
(3HaueHme maxfield, IMOpoOKIEeHHOE BbIpasKeHHEeM-TeHepaToOpPoOM, IpeacTaB-
JIgeT AJUHY HauOOoJbIIero MMeHH 1moJis). Ilocse 3amycKa ciiegHapusa OH BXO-
IUT B IIUKJI, IpeAjaraeT II0Jb30BaTe 10 BBECTHU KJIIOU (CO CTAHIAPTHOTO I10-
TOKAa BBOJ[a, KOTOPHII OOBIYHO COOTBETCTBYET OKHY KOHCOJIN) U 0TOOpasKaeT
U3BJIEUEHHYIO 3alIUCh II0JIe 3a IojieM. BBox ImycToil CTPOKU 3aBepIliaeT ce-
aHC paboTHI co cieHapueM. [IpeATIOIOKUM, XPAHUIUIIE HAXOQUTCSA B TOM
JKe COCTOSAHUU, B KAKOM MBI €70 OCTABUJIU OJMIKe K KOHITY IIPEJbLIYIIEro
pasgerna:

... \PP4E\Preview> dump_db_classes.py
bob =>
Bob Smith 30000
sue =>
Sue Jones 50000.0
tom =>
Tom Doe 65000.0
Smith
Doe

M5!I cMOsKeM HCII0JIb30BaTh HAIIl HOBBIU CIIeHAPUH IJIA 3aIIpoca 00'beKTOB U3
0ashl JaHHBIX B MHTEPAKTUBHOM DeKUMe:

... \PP4E\Preview> peopleinteract_query.py
Key? => sue
name => Sue Jones
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age => 45
job => hardware
pay => 50000.0

Key? => nobody
No such key “nobody”

Key? =>

Crenapuii B npumepe 1.22 sSBJIAETCS CHEAYIOI[UM IIAIOM K CO3LAHUIO WH-
Tep(deiica, MO3BOIAIOINM BHOCUTh U3MEHEHUSA B UHTEPAKTUBHOM PEXKIUMe.
151 3aJaHHOTO KJII0YA OH II03BOJISET BBECTH 3HAUEHUS [IJIs KAXKIOT0 U3 II0-
Jieli 1 b0 M3MeHSeT CYIIeCTBYIOIIYIO 3aII1Ch, JIL0O0 CO3aeT HOBYIO, IIOCJIe
Yero COXpPaHsAeT ee C YKAa3aHHbBIM KJIFOUOM.

Ilpumep 1.22. PP4E\ Preview\ peopleinteract_update.py

#f WHTEPaKTUBHbLIE W3MEHEHNS
import shelve
from person import Person

fieldnames = (‘name’, ‘age’, ‘job’, ‘pay’)

db = shelve.open('class-shelve’)
while True:
key = input(‘\nKey? => )
if not key: break
if key in db:
record = db[key] # M3MEeHNTb CYuecTBYOUYD
else: # vnu Co34aTb HOBYI 3anucChb
record = Person(name="?", age="?") # Ana eval: CTPOKM B KaBb4ykax
for field in fieldnames:
currval = getattr(record, field)
newtext = input(‘\t[%s]=%s\n\t\tnew?=>" % (field, currval))
if newtext:
setattr(record, field, eval(newtext))
db[key] = record
db.close()

O6paTuTe BHUMAHUE, YTO JJI5 IIPe00pa30BaHs BBeIeHHBIX 3HAUEHUI B 9 TOM
CIIeHAPUU UCIIOJIb3yeTcA QYHKIIUA eval (9TO IO3BOJIAET BBOAUTD JIIOObIE 00b-
eKTbl Python, HO 3TO 03HaUaeT, YTO CTPOKU IIPU BBOJE HOJIKHBI 3aKJII0UATh-
cA B KaBbluKm). PyHKIMA setattr mpucBauBaeT 3HaUeHHE aTPUOYTY, UM
KOTOPOT'0 3aJaeTCsA CTPOKOM. OTOT CIleHAPUH ITO3BOJUT N00ABIATH UJIU M3~
MEHATH JI000€e KOJIMYECTBO 3aINCEN — UTOOBI COXPAHUTE IIPEKHEee 3HAUEHUE
TOJIA B 3aIIMCH, TOCTATOUYHO IIPOCTO HAKAaTh KJIaBUIIY Enter B OTBET Ha IPOCH-
0y BBeCTH HOBOE 3HAUEHUE:

Key? => tom
[name]=Tom Doe
new?=>
[age]=50
new?=>56
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[job]=None
new?=>"mgr’

[pay]=65000.0
new?=>90000

Key? => nobody
[name]=?
new?=>"John Doh’
[age]="?
new?=>55
[job]=None
new?=>
[pay]=0
new?=>None

Key? =>

ITOT clieHapUil Bce ellle OUeHb IIPOCT (B HEM, HAIIPUMeD, He IpeIyCMOTPeHa
00paboTKa OIunO0K), HO IOJIB30BATHCSA UM IrOpas3io yAoOHee, YeM BPYUHYIO
OTKPHIBATh ¥ BHOCUTH U3MEHEHU B XPAHUJINUIIE B UHTEPAKTUBHOI 000JI0UKE
Python, ocobGeHHO mJiA TeX, KTO He 3aHNMAETCSA IPOrpaMMUpPOBaHueM. 3a-
IyCTUM CIleHapuil peopleinteract query.py, 4ToObI IPOBEPUTH N3MEHEHU,
KOTOpBIE€ MBI BHECJHU (€CJIM KOMY-TO TAKOI MOJXO0J MOKAKeTCA YTOMUTEb-
HBIM, OH CMOKeT 00'beIUHUTE 00a ClileHapusA B OAUH, IIeHOI JOIIOJHUTEIbHO-
T'0 IPOTPAaMMHOTO KO/]a U TIOBBIIIIEHUS CIOXKHOCTH JIJIA OJIb30BaTEIIA):

Key? => tom
name => Tom Doe
age => 56

job  => mgr

pay => 90000

Key? => nobody
name => John Doh

age => 55
job => None
pay => None
Key? =>

LLar 5: po6aBnsem rpadpunyecknin nHTepdenc

HWurepdeiic KOMaHIHON CTPOKHU, Peal30BaAHHBIN B MIPEeAbIAYIIeM pasjaeie,
BHOOJIHEe paboTocmocobeH, 1 AJisd HEKOTOPBIX II0JIb30BATEJ e ero BIIOJIHE J0-
CTaTOYHO, €CJIM IIPEAIIONOKNUTE, UTO UM He JocakIaeT BBOJI KOMAaHJ B OKHE
KoHcoi. OmHAaKO, IPUJIOKUB HEOOJIBIIOE KOJIUUECTBO YCUIUMA, MbI CMOKEM
n100aBUTh COBpPEMEHHBIN rpaduueckuii mHTepdeiic, 60jiee MPOCTOl B HC-
TOJIb30BAHUY, CHUKAIOIINI PUCK OIUOOK UM OIPeAeeHHO 0oJjiee IpUBJE-
KaTeJbHBIN.
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OcHoBbI rpadunyeckmx nHTepgencos

Kak OyzeT mokasamo gaJjiee B 3TOI KHUTE, IIPOrPAMMUCTAM, UCIOJIb3YIOITIM
sa3eIK Python, mocTynHo MHOMKECTBO Pa3HOOOPA3HBIX NMHCTPYMEHTOB CO31a-
HUa rpadpuueckux mHTepdeiicos: tkinter, wxPython, PyQt, PythonCard,
Dabo u muorue gpyrue. I3 Hux B cocraBe Python mocraBisgercs TOJIbKO
tkinter, KoToOpbIii Ae-paKkTo cUMTaeTCA CTAHIAPTHLEIM UHCTPYMEHTOM.

tkinter — 9T0 JlerKOBECHBI!T MHCTPYMEHT, KOTOPBIIl IPEKPACHO MHTETPUPY-
eTcs ¢ SIBBIKAMU CIleHapueB, TaKuMu Kak Python. Ero jgerko ncmosns3oBaTh
JLJISI peajins3aliuy IIPOCTHIX rpaduyecKux NHTEPQECcoB, a JOTIOJTHUTEIbHBIE
paciiupeHua K HEMY U ITPUMeHeHre ITPUEMOB 00'beKTHO-OPUEHTUPOBAHHOTO
IpOorpaMMUPOBAHUSA ITO3BOJSIOT 6e3 0CoOBIX 3aTpaT peain30oBaTh OoJiee
caoxkHble mHTEpdelickl. Kpome Toro, peanmsanusa rpaduyeckoro mHTEP-
(deiica Ha 6ase tkinter cmocobHa 6e3 KaxuUX-I1M00 MOAUPUKAIINI pabOTATh
B Windows, Linux/Unix u Macintosh — gocTarouno mpocTo nnepesnectu aii-
JIBI C MCXOAHBIMY TE€KCTaAMU Ha KOMIIBIOTED, IIe IIPENIOoJIaraeTcsa UCIOJIb-
30BaTh IporpaMmy c¢ rpadudueckuM mHTepdeiicom. B tkinter orcyrerByioT
pa3HOOOpasHble «0AHTUKY U PIOIIEYK», UMEIIecA B 00jiee pa3BUTHIX UH-
CTPYMeHTaX, Takux Kak wxPython niu PyQt, HO 5TO Ke ABIs€TCA OCHOB-
HOU IIPUUYMHOMN €r0 OTHOCUTEJIBHON MPOCTOTHI, UTO AEJAET €r0 UIeaIbHBIM
WHCTPYMEHTOM JIJId TeX, KTO TOJbKO HAUMHAaeT CO3aBaTh IIPOTPAMMEI C I'pa-
puueckuM nuaTEpPdhEIICcCOM.

HMucTpymenT tkinter paspaboTaH AJIs UCIOJB30BAHUSA B CIIEHAPUAX, ITOATO-
My mIporpaMMupoBaHme rpadudecKux HHTEeP(EHCcOB C ero mpuMeHEeHUeM
OpraHm30BaHO C AOCTATOUHOI OUeBUIHOCTBHIO. [ajiee B 3TOil KHUTre MBI II0-
OaUsKe TOBHAKOMMMCS CO BCEMU €T0 TOHATUAMU U BOBMOKHOCTAMU. A B Ka-
YecTBe IEPBOT0 IIPUMePa PAaCCMOTPUM IIPOTrPaMMy, UCIOJIb3YIONTyIo tkinter,
KOTOpas COLEPKUT BCeT0 HECKOJIBKO CTPOK IIPOrPAaMMHOT0 KOZa, KaK BUHO
u3 mpumepa 1.23.

ITpumep 1.23. PP4E\ Preview\tkinter001.py

from tkinter import =
Label(text="Spam’).pack()
mainloop()

WNwmnoprupoBaB moaysib tkinter (xa camom gmesne, B Python 3 — maker moxy-
Jieii), MBI TIOJIy4aeM BO3MOXKHOCTBH 00paIaThbCcs K Pa3IMUHBIM SKPAHHBIM
KOHCTPYKIIUAM (MJIKN «BUKeTaM»), TaAKUM KaK Label; MmeTogaM MeHeIKepa
TeOMeTpPUM, TAaKUM KaK pack; mMpeaBapuTeIbHO YCTAHOBJIEHHBIM KOMILIEK-
TaM HaCTPOEK BUIKETOB, TAKUM KakK T0P u RIGHT, ompeaendmoiiuM Kpait g
BBIPABHUBAHUA KOMIIOHEHTOB U WCIIOJIb3YEMBIX IIPU BBISOBE MeTona pack;
u K QYHKIUYA nainloop, sammycKaroIeil MUK 00paboTK COOBITHUH.

ATOo He caMbIil ITOJIE3HBIN CIleHapuii ¢ rpaduuecKuM UHTepdeiicom us Kormga-
Jub0 CO3IAaHHBIX, HO OH J€MOHCTPHPYET OCHOBBI WMCIIOJNIb30BaHUs tkinter
U co3JgaeT IIOJHOPYHKIMOHAJLHOE OKHO, KaK IOKasaHo Ha puc. 1.1, —
BCEro TpeMs CTPOKAMH IIpOrpaMMHOro Koza. MsobOparkeHue OKHa, Kak
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¥ BCEX APYruxX rpaduuecKnx MHTEP()ENRCOB B 9TOM KHUTE, OBLIO ITOJIYUYEHO
B Windows 7. OKHO elicTByeT OUHAKOBO U HA APYTUX IIIaTdopMax (TaKuX
kak Mac OS X, Linux u B 6oJiee crapbix Bepcuax Windows), HO Ipu 3TOM
MMeeT BHEITHUH BUJ, XapaKTEPHBIA Jisd TOU IJIaT(OPMbI, Ha KOTOPOU 3a-
TyCKaeTcd CIleHapUii.

W el

Spam

Puc. 1.1. Oxkno cyenapus tkinter001.py

BbI MoskeTe 3ammycTUTB 9TOT ciieHapuit u3 cpenbl IDLE, n3 KomaHgHOI CTPO-
KM UJIM IeJTYKOM Ha APJbIKEe — TO eCTh TOUHO TaK JKe, KaK J000# Apyroi
creHapuii Ha A3bIKe Python. Cam mHCcTpyM™MeHT tkinter aBiderca crargapT-
HOM uyacThi0 Python u pabGoraer, uTo Ha3bIBaeTCs, «U3 KOPOOKM», HA BCEX
mwirardgopmax, BKaouas Windows. OgHAKO B HEKOTOPBIX OIEPAIIMOHHBIX
cucTeMax MOKeT HMOTPeb0BATHCS BBIMOJHUTL AONMOJHUTENbHBIE IIATu II0
YCTAaHOBKE U HACTpPOIiKe (mompobHee 06 3TOM OyZeT paccKasbIBaThCA Jajiee
B KHUTE).

CoBceM HEMHOI'0 YCUJIUM TpebyeTcs MPUJIOKUThL, YTOOBI CO3JaTh I'paduue-
cKuli nHTep(ENc, OTKJINKAIIIUNCA Ha TeACTBUA II0JIb30BaTEJIA: CIleHapUi
B mpuMepe 1.24 peanusyeT rpaduueckuii nuTepdeiic ¢ KHOIKOM, IIETU0K
Ha KOTOPOU MPUBOAUT K BBISOBY QYHKITUHU reply.

Ilpumep 1.24. PP4E\Preview\ tkinterl01.py

from tkinter import =
from tkinter.messagebox import showinfo

def reply():
showinfo(title="popup’, message='Button pressed!’)

window = Tk()

button = Button(window, text='press’, command=reply)
button. pack()

window.mainloop()

ATOT IIpUMep TaKiKe HocTaTOuHO mpocT. OH ABHO CO3MaeT IJIaBHOE OKHO TK
TIPUJIOKEHUI, KOTOPOe OyIeT CAYKUTH KOHTeHHePOM IJis KHOIKH, 1 BOC-
IPOM3BOAUT Ha 9Kpame IIPOCTOe OKHO, KaK IMoKas3aHo Ha puc. 1.2 (mpu cos-
JTaHWYW HOBOTO BUAKETa B MOAyJe tkinter mMpuHATO ITepemaBaTh KOHTeHEp-
HbIe 5JIEMEHTHI B IIEPBOM apryMeHTe; KOTOPbIH II0 yMOJIUYaHUIO CChIIAeTCS Ha
TyIaBHOE OKHO). Ho Ha 9TOT pas mpu KasKA0M IeJTUKe Ha KHOIIKE ¢ HaAITHUCHI0
press TporpamMma GyeT OTKJINKAThCA BHISOBOM ITPOTPaMMHOTO KOIa, KOTO-
PBIii BBIBOOUT AUAJIOT, KaK IIOKas3aHo Ha puc. 1.3.
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b Tk -- - "

press |

Puc. 1.2. I'nasnoe okHoO cyenapus tkinterl01.py

OOparuTe BHUMAaHUE, YTO OKHO auaJiora BeirasaauT B Windows 7 (ua miar-
dopme, TIe cesTaH CHUMOK C 9KpaHa) UMEHHO TaK, KaK 1 TOJIPKHO BBITVISAIET.
IToBTOpPIOCH, UTO MOAYJIBL tkinter obeclieunBaeT BHEIIIHII BU CO3IaBAE€MbIX
5JIEMEHTOB, XapaKTePHbBIN IJIA TOI IIJIaT(OpPMbI, Ha KOTOPOI 3aIlyCKaeTCs
crenapuii. Mbpl MOKeM HM3MEHATH CaMble PasHbIe ACIeKThI I'Pa(ruecKoro
unTepdeiica (HanpuMep, I[BET U MIPUQPT, TEKCT U SIPJIbIK B 3ar0JIOBKe OKHA,
OMeIIaTh Ha KHOIKYN M300paskeHns BMECTO TEeKCTa), HO OJHO U3 IMPEeruMYy-
II[eCTB UCII0JIb30BaHUA MOAYIA tkinter — B TOM, UTO HaM HE00XOIMUMO OyaeT
U3MEHSATH JUIIb Te TapaMeTpPhl, KOTOPhIe TpebyeTcsa N3MEeHUTh.

6 popup ==
@ Button pressed!

Puc. 1.3. Tunuunoe okno duanoza, co30arnnoe cyeHapuem tkinter101.py

OO npu paspaboTke rpacdunyeckmx nHTepogencos

Bce mpumeps! peanmmsarnuu rpaduueckoro mHTepdeiica, mpeacTaBIeHHbIe
JIO CUX TIOP, UMEeJIN BUJl CAMOCTOATENLHBIX CIleHAPUEB, BKJIIOUAIOITUX PYHK-
10 00paboTKU cOoOBITHI. B KPYIIHBIX IIporpaMmax dacTo 0ojee MOJIe3HO
ObIBAeT O()OPMUTH HPOTPAMMHBIN KO, CO3Jaloiuii rpaduuecKuii HHTEp-
(deiic, B BuJe MogKJaacca BumkeTa Frame us oumbamorexu tkinter — KoHTeii-
Hepa IJId IPpYyTuX BUAKeToB. B mpumMepe 1.25 mpuBoauTcs nepepaboTaHHAS
BepCUs IPEeABIIYIIEro ClieHapusi C OHOM KHOIIKOI, B KOTOPOI rpadnuecKuii
uHTepdeiic pealn30BaH B BUE KJacca.

Ilpumep 1.25. PP4E\ Preview\tkinter102.py

from tkinter import =
from tkinter.messagebox import showinfo
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class MyGui(Frame):
def __init__(self, parent=None):
Frame.__init__(self, parent)
button = Button(self, text='press’, command=self.reply)
button. pack()
def reply(self):
showinfo(title="popup’, message='Button pressed!")

if __name__ == ‘__main__
window = MyGui()
window. pack()
window.mainloop()

O6paboTuYuK COOBITUII OT KHONIKU — 9TO CB8A3AHHbLI memod self.reply, To
ecThb O0BbEeKT, XpaHAIINN B cebe 3HaAUeHUe Self U CCBHIIKY Ha MeTOom reply.
JaHHBIN IPUMep BOCIIPOU3BOLUT TO Ke caMoe OKHO U IMAaJIoT, YTO U CIleHa-
puit B mpumepe 1.24 (puc. 1.2 u 1.3). Ho Teneps rpadpuueckuit nuuTepdeiic
peasn3oBaH KaK MOAKJACC KJjiacca Frame M MOTOMY aBTOMATUYECKU CTAHO-
BUTCS IIPUCOEINHSIEMBIM KOMIOHEHMOM — TO €CTh MBI CMOXKeM I00aBUTH
BCe BHU/JKETHI, CO3JaBaeMble 9TUM KJAaCCOM, KaK eIUHBIN HaKeT B JI00i
apyroii rpadudeckuii nHTEepdeiic; JOCTaTOYHO IIPOCTO IPUCOEANHUTH dK-
3eMILIADP ATOr0 KJacca K rpaduueckomy umHTepdeiicy. Kak aTo memaercs,
mokasaHo B mpumepe 1.26.

Ilpumep 1.26. PP4E\ Preview\attachgui.py

from tkinter import =
from tkinter102 import MyGui

# rnasHoe OKHO NpuIoXeHus
mainwin = Tk()
Label(mainwin, text=__name__).pack()

# OKHO Auanora

popup = Toplevel()

Label(popup, text="Attach’).pack(side=LEFT)
MyGui(popup).pack(side=RIGHT) # NPUCOELVHUTL BUOXETHI
mainwin.mainloop()

ITOT clieHapUil IPUCOeAUHAET HAIIl IpaduuecKUil mHTepdeic ¢ OAHOI KHOII-
KOI K ApPYyroMy OKHY popup Tuma Toplevel, KOTOpoe IepefaeTcs UMIIOPTU-
POBAaHHOMY IIPUJIOYKEHUIO Uepe3 BBISOB KOHCTPYKTOpA, KaK POAUTENILCKUM
KOMIIOHEHT (KpOMe TOT'0, BHI IIOJIyUaeTe AOCTYI K IJIABHOMY OKHY Tk — KaK
OyZeT IOKAa3aHO MO3Ke, BbI BCETJ]A CMOJYKETe IIOJIYIUTh K HEMY JOCTYII, He3a-
BHCHMO OT TOT'0, CO3/IaeTcs OHO ABHO uiu Het). Ha sToT pas Hamm makeTt Bua-
JKEeTOB, COJIePIKAINYA e[UHCTBEHHYIO KHOIIKY, IPUCOeANHAETCA K IIPABOMY
Kparo KoHTelHepa. Ecim 3amycTuTh 5TOT mpuMep, BBl YBUAUTE KapTUHY,
u3o0paskeHHyI0 Ha puc. 1.4, rie KHONKA ¢ HAAIIUCHIO press — 9TO HAII IIOA-
KJIacc KJjacca Frame.
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Ttk | o | B3 [ 8]
__main__ % popup 24

—

e
L@,l Button pressed!

OK |

Puc. 1.4. IIpucoedunernue unmep@eiicHbLX 3J1eMeHmo8

Kpowme Toro, Tak xak Hai rpaduueckuit uaTepdeiic MyGui odopmiieH B Buie
KJiacca, MbI II0JIy4aeM BO3MOYKHOCTh HACTPAUBATh €r0 3a CUeT HCIOJIb30Ba-
HUA MeXaHU3Ma HacJIeJOBaHUSA — JOCTATOYHO IIPOCTO ONIPEAEeUTD IOIKJIaCe,
peanusyonuii Heo6xoAUMbIe OTINunA. Hanpumep, MOKHO U3MEHUTH pea-
JIM3aIUI0 MEeToJa reply, YTOOBI OH JeJajl YTO-TO OCOOeHHOe, KaK IIOKa3aHOo
B mpumepe 1.27.

Ilpumep 1.27. PP4E\ Preview\customizegui.py

from tkinter import mainloop
from tkinter.messagebox import showinfo
from tkinter102 import MyGui

class CustomGui(MyGui): # HacnepgyeT meTon __init__
def reply(self): # 3amewaeTt MeToh reply
showinfo(title="popup’, message='Ouch!")

if __name__ == "__main__":
CustomGui().pack()
mainloop()

Ecau samycTuTh 3TOT clieHapuii, OH CO3JaCcT TO JKe IJIaBHOE OKHO C KHOI-
KOM, UTO 1 OPUTUHAJIBHBIN KJacc MyGui. Ho 1meryoK Ha KHOITKE CTeHepUupyeT
WHOM OTBeT, KaK MOoKasaHo Ha puc. 1.5, moToMy uTo GymeT BhI3BaHA Apyrasd
Bepcusa Mmetoza reply.

HecMoTps Ha CBOIO IIPOCTOTY, 5TU rpadpuuecKkrie MHTep(eHichl UIII0CTPH-
PYIOT HECKOJIbKO BasKHBIX ujeii. Kak OyaeT moxkasaHo JaJiee B 9TOM KHUTre,
ucnoab3oBaume nmpruemoB OOII, TaknxX KaK HacJeJoBaHNe 1 IPUCOeINHEeHYE
B JAHHBIX IIPUMeEpPaxX, M03BOJISIET MOBTOPHO MCIIOJb30BATh MAKEThl BUIMKE-
TOB B HAIIUX IPOTpaMMax — KaJbKYJISATOPHI, TEKCTOBLIE PEIaKTOPhI 1 IIO-
IOOHBIe UM MHTEeP(dechl JIeTKO MOT'YT HACTPAUBATHCA U N00ABIATLCS B IPY-
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Puc. 1.5. Hsmenenue epagpuueckozo unmepgeiica

rue rpauueckue nHTepdeichl KaK KOMIOHEHTEI, €CJIU OHU pPearn30BaHbl
B BUJE KJiaccoB. Kpome TOro, mofKJacchl BUAKETOB CIIOCOOHBI 00€CTIEUUTH
eIUWHCTBO BHEIITHETO BHUAAa MU CTAHAAPTU30BAHHOE IIOBEJEeHNE BCEX CBO-
WX 9K3eMIIJISIPOB, UTO B MHBIX TEPMHHAX MOKeT ObIThH HAa3BAaHO CTUJIIMU
u TeMaMu rpaguuecKoro mHTepderica. ITo OOBIYHBIN TOOOUYHBIN IMPOAYKT
Python u OOII.

I'Ionyqume BBOda OT NOJib3oBaTenga

B mpumepe 1.28 mpuBogUTCA 3aKJIIOUUTEIBHBIM IPUMED BBOAHOIO CIleHA-
pud, JeMOHCTPUPYIOIINH, KaK MOJYYUTH BBOJ IIOJIB30BATENA C IIOMOIILIO
BUIKeTa Entry u BeIBECTHU ero B AuaJjiore. Vcmoab3oBanHas 34€Ch NHCTPYK-
nua lambda OTKJagbIBaeT BHIZOB (DYHKIIMU reply 1O MOMEHTa, KOTrZa BBOJ
TOJIb30BaTEJsI MOYKHO OyIeT mepenaTh AAJbIle, — 5TO TUIWYHBLIN IpUeM
TporpaMMUPOBAaHUA IpU paboTe ¢ MoayaeM tkinter. Bes mucTpyRITuu lambda
dyHKIUS reply Oblia ObI BEI3BAHA B MOMEHT CO3JaHUS KHOIIKY, a HEe B MO-
MEHT IIeJYKa Ha Hell (MbI MOTJIX ObI MCIOJB30BATh IJI00aJbHYIO ITIepeMeH-
HYI0 ent BHYTpPU QYHKIIUHU reply, HO 3TO AejiaeT GYHKIIUIO MeHee YHUBEP-
caabHOM). KpoMe TOro, aTOT IpuMep JeMOHCTPUPYET, KAK NSMEHUTD SAPJIBIK
¥ TEKCT B 3aT'0JIOBKE OKHA BEePXHEro YPoBHA. B JaHHOM ciorydae aita apiabl-
Ka HaXOAUTCSA B TOM JKe KaTaJiore, UTO 1 CIleHapuil (ecji B Ballleli cucremMe
BBIBOB MeTOZa iconbitmap TepnuT Heymauy, HonpobyiiTe 3aKOMMEHTHUPOBATH
STOT BBI30B — K COYKAJIEHMIO, B PA3HBIX IIJIaTdopMax pabora ¢ ApJbIKaMU
BBITIOJIHAETCS IO-PAa3HOMY).

Ilpumep 1.28. PP4E\ Preview\tkinter103.py
from tkinter import =

from tkinter.messagebox import showinfo

def reply(name):
showinfo(title="Reply’, message="Hello %s!’ % name)



LLar 5: nobaensiem rpadpryeckmin MHTepdEenc 93

top = Tk()
top.title( Echo’)
top.iconbitmap(’ py-blue-trans-out.ico’)

Label(top, text="Enter your name:”).pack(side=TOP)

ent = Entry(top)

ent.pack(side=TOP)

btn = Button(top, text="Submit”, command=(lambda: reply(ent.get())))
btn.pack(side=LEFT)

top.mainloop()

B sTom mpumepe K IIaBHOMY OKHY K IPUCOEAUHSIOTCS BCErO TPU BUIKE-
Ta. Ilajsiee BbI y3HaeTe, KaK MCIIOJb30BaTh BJIOJKEHHBIE KOHTEHHEDHI Frame
BUIMKETOB AJIA OOCTUMEHUA PAa3JINUYHBIX CXE€M PasMEIlleHNA 3TUX TpeX BUmI-
skeToB. Ha puc. 1.6 usobpaskeHbI IJIaBHOE OKHO ¥ OKHO JAMAJIOTa, IOSBJISIO-
mreecs IocJIe MeTYKa Ha KHOomKe Submit. HeuTo moxoskee MbI YBUAUM Jajiee
B 9TOI TVIaBe, HO peajn30BaHHOe Ha aA3bIKe pasmeTku HTML — nasa orobpa-
JKeHus B BeO-Opoysepe.

Pecho [o[@ ][]

Enter your name;
Bob

Submitl

Puc. 1.6. Ilonyuenue 6600a nosv3osameJs

IIporpaMMHBIZI KO/, IIPEACTABJICHHLINA BBIIIE, JEeMOHCTPHPYET MHOMKECTBO
0Cco0eHHOCTel MPOorpaMMUPOBaHUA rpamuecKux nHTepdeiicoB, HO MOAYIb
tkinter obaamaeT HAMHOrO 0oJiee IMIMPOKUMU BO3MOYKHOCTSIMM, YeM MOYKHO
OBLIO OBbI 3aKJIIOUUTH M3 3TUX IpuUMepoB. B moxysae tkinter peasn3oBaHbI
6osiee 20 BUIKETOB U eIlle MHOXKECTBO CIIOCOOOB JaTh IOJIb30BATEJIO BO3-
MOJKHOCTL BBOAUTHL MaHHBIE, BKJIIOUAS DJEMEHTHI BBOJA MHOTOCTPOUHOI'O
TEKCTa, «XOJICTHI» IJII PUCOBAHNSA, PACKPHIBAIOII[ECI MEHIO, PAJUOKHOIKN
u (hJIasKKHU, TOJOCHI TPOKPYTKHU, a TaAKIKe MeXaHN3MbI YIIPABJICHUA pa3Me-
IeHreM BUIKeTOB U 00paboTKu coOwbiTuii. IToMmuMo momyssa tkinter B co-
CTaB CTAHIAPTHOI O0MOJIMOTEeKH A3bIKa Python BXogaT TaksKe paciinpeHus,
rakue Kak PMW, u unctpymenTsl Tix u ttk, KoTopble 106aBIAIOT MOIOJI-
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HUTeJIbHbIEe BUIKETHI IJId UCIOJIb30BaHUA B rpaduuecKkux mHTepdeiicax,
THOCTPOEHHLIX Ha 6ase tkinter, u mosBoasAionie MpugaTh NHTEPQEHCy ere
6osee Tpod)ecCUOHANBHBIN BHEITHUI Buf. UTOOBI B OOIIUX UepTaxX IpPoje-
MOHCTPUPOBAThH NMeIoI[uecsa BOSMOYKHOCTHU, faBaiiTe 3azeiicTByeM MOAYJIb
tkinter mis cosmanusa nHTep@eiica K Hallleil 6a3e JaHHBIX.

Mpacduyeckun nHTepdenc K XpaHunuLLy

IlepBoe, uTO HEOOXOAMMO cCHejaTh AJIS HAIIEro IPUJIOKeHus 0as3 maH-
HBIX, — BTO CO3JAaTh rpapuuecKuil nuTepdeiic Aad IPOCMOTPa XPaHAIIUXC
mTaHHBIX ((OPMY C MMEeHAMM UM 3HAUEHUAMHU II0JIeil) U peajn30BaTh CII0co0
U3BJIEUCHUS 3amuceit 1mo Kiaouy. Tak:Ke ObLIO ObI IIOJIE3HO MMETh BO3MOIK-
HOCTH M3MEHATHh 3HAUEHUS TOJeH B 3amncAX U A00ABJATL HOBBIE 3aIIVCH,
3amoJIHAA MycTyIo (opmy. [[Jig MPOCTOTHI MBI peausdyeM eIMHBIN rpadu-
yecKU# mHTepdelic, MO3BOJAIOIINNA pelnaTh Bce 9Tu 3amaun. Ha puc. 1.7
n300paskeHo OKHO, KOTOpOe MBI CO3MaamM, oToOpaskeHHoe B Windows 7,
C COMIePKUMBIM 3aIINCH, TIOJYUYEHHOH 0 KJII0UY sue (34ech CHOBA UCIIOIb3Y-
eTcsA XPaHUJIUIIE B TOM COCTOSIHUM, B KAKOM MBI €I'0 OCTaBUJIU B ITOCTETHUMN
pas). [JlanHas 3anuch B TeHCTBUTEJILHOCTH SIBJSAETCS SK3eMIIJISIPOM HAIIIETO
KJIacca, COXpaHeHHBIM B (haiijie XpaHUJININA, HO II0Jb30BATEII0 9TO JOIKHO
OBITH O€3Pa3JINYHO.

‘4% People Shelve

key !sue

name!'Sue Jones'

age i45

job i'hardwate'
pay (500000

Fetch | Updatel Quitl

Puc. 1.7. I'nasroe 0KkHO cyeHapus peoplegui.py

Peanunsauuns rpadpunyeckoro nHtepgenca

Kpowme Toro, 4To0BI HE YCIA0MKHATE IIPUMED, JOIMYCTUM, UTO BCe 3aII1CH B 0ase
MTaHHBIX WMEIOT OMWH W TOT »Ke Habop mojeii. Bolio GBI COBCEM HECJIOKHO
co3maTh 0oJiee YHUBEPCAJBHYIO peajnu3alinio, CIIOCOOHYI0 paboTaTh C JIIo-
ObIMU HabOpaMu ToJeH (1 IPU 9TOM CO3AaTh YHUBEPCAJTbHBIN MHCTPYMEHT
KOHCTPYUpPOBaHUA (POPM ¢ IpaduuecKuM MHTEepdeitcoM), HO MBI OTI0MKUM
peassaiinio I0 cCJAeAYIONIUX TIaB B aToi KHure. CiieHapuit B mpumepe 1.29
peanusyet rpaduuecKkuii nuTepdeiic, n300parKeHHbIN Ha puc. 1.7.
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Ilpumep 1.29. PP4E\ Preview\ peoplegui.py

W

Peannsdaums rpaduyeckoro vHTepderca ong npocMoTpa M M3MEHEHWH 9K3EMNNAPOB kiacca
XPAHAUMXCH B XPAHUNMUE;

XpaHuaulle HaxOAUTCS Ha TOM Xe KOMMblTepe, rAe BHNONHAETCH CueHapuit B BUAE OAHOMO
unu 6onee nokanbHX 0ainnos

from tkinter import =

from tkinter.messagebox import showerror

import shelve

shelvename = ‘class-shelve’

fieldnames = (‘name’, ‘age’, ‘job’, ‘pay’)

def makeWidgets()
global entries
window = Tk()
window.title('People Shelve’)
form = Frame(window)
form. pack()
entries = {}
for (ix, label) in enumerate(('key’,) + fieldnames):
lab = Label(form, text=label)
ent = Entry(form)
lab.grid(row=ix, column=0)
ent.grid(row=ix, column=1)
entries[label] = ent
Button(window, text="Fetch”, command=fetchRecord).pack(side=LEFT)
Button(window, text="Update”, command=updateRecord).pack(side=LEFT)
Button(window, text="Quit”, command=window.quit).pack(side=RIGHT)
return window

def fetchRecord()
key = entries[‘key’ ].get()
try:
record = db[key] # n3BAeYbL 3anuchb no kni4y, 0T0oO6pas3nTL B dopme
except:
showerror(title="Error’, message='No such key!’)
else:
for field in fieldnames:
entries[field].delete(0, END)
entries[field].insert(0, repr(getattr(record, field)))
def updateRecord()
key = entries[‘key’ ].get()
if key in db:
record = db[key] # M3MEHSeTCH CyuecTBylWas 3anuchb
else:

from person import Person # c034aTb/COXPaHUTb HOBYI 3aMUCh
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record = Person(name="?", age="?") # eval: CTPOKM [JONXHbI
# 3aKkn4aTbCA B KaBblH4KK
for field in fieldnames:
setattr(record, field, eval(entries[field].get()))
db[key] = record

db = shelve.open(shelvename)

window = makeWidgets()

window.mainloop()

db.close() # B 3Ty To4ky nporpamva nonajaeT npu wendke Ha kHonke Quit
# MMM NpU 3aKpHTUM OKHA

15 pasMelieHus: HaAIuceil U moJieil BBOZA B 3TOM CIieHaPUY BMECTO METO-
Ia pack memoab3yercsa meron ¢rid. Kak mMbl yBUAUM JgaJiee, STOT METOJ pac-
moJiaraeT BUKETHI IT0 CTOJIOIAM U CTPOKAM CeTKU, UTO o0ecmeunBaeT 6ojiee
ecTecTBeHHOe AJiA (OpM BbIpaBHUBaHUE HaAINCell 1 0Jieii BBOJA IO TOPHU-
3oHTau. Jlajiee MBI TaKKe YBUIUM, UTO HEILJIOXOT'O Pa3MeIleHnsa BUAKEeTOB
Ha (opMe MOKHO HOOUTHCA W C IIOMOIIBIO MEeToma pack, J0OaBUB BJIOKEH-
Hble KOHTeNHEePhI IJs pasMeIeHusa BUAKEeTOB II0 TOPU3OHTAIU U HAAIIUCHU
dukcupoBanHoi AauHBI. [loka rpaduueckuit nuTEepdeiic HUKAK He obpa-
OaTpIBaeT M3MEHEHVE Pa3MepPOB OKHA (IJIA 9TOr0 HEOOXOAMMBI ITapaMeTpPhI
HaCTPOIKM, KOTOPhIe MBI OyZeM HCCJIeI0BaTh IM03Ke), TEM He MeHee 00beM
IPOrpaMMHOTO KOa Pean3aiuy TaKOM BOSMOKHOCTHU ITPY UCIOJIb30BAHUN
JII000TO U3 METOJ0B, Jrid uiu pack, 6yAeT MIPUMEPHO OJUH U TOT JKe.

O6GpaTuTe BHUMaHMNe, YTO B KOHIIE CIleHApUA CHavaJja OTKPhIBAETCI XPaHU-
JuIne, Kak 1iiodajbHasa IIepeMeHHad, a 3aTeM 3alyCcKaeTca rpaduuecKmil
uHTepdeiic — XpaHUJIUINE OCTAETCSI OTKPBITHIM Ha IMIPOTAKEHUN BCETO Bpe-
MeHU paboThl rpaduyueckoro mHTEpdeiica (hyHKIIMA mainloop Bo3BpaIaeT
yIIpaBJieHUE TOJBKO ITOCJe 3aKPBITUA TVIaBHOT0 OKHA). Kak OymeT mokasaHo
B CJIeYIOIIeM pasfeJie, TAaKOoe yaep:KaHue XPAHUINIIA B OTKPBITOM COCTOS-
HUU CYIIECTBeHHO OTJINUaeT rpapuuecKuil maTepdeiic oT Be6-uuTepdeiica,
roe Kaskjaasi omeparus OObIUHO SBJISIETCSI aBTOHOMHOI mporpammoii. O6-
paTuTe Tak:Ke BHUMaHWE, UTO HCIIOJb30BaHUE IVIO0AJBHBIX IEePEeMEeHHBIX
JejaeT IPOrpaMMHEBIN Kof 60Jiee IPOCTHIM, HO HEIIPUTOAHBIM AJIA NCIIOIb-
30BaHUA BHEe KOHTEKCTA Halllel 0a3bl JAHHBIX; MOAPOOHEe 00 9TOM MBI TI0-
TOBOPUM HUIKE.

Monb3oBaHue rpacgpuyeckum nHTepgencom

ITocTpoennbIit HaMu rpaduUyecKuil mHTepPdelic J0CTaTOYHO IPOCT, HO OH II0-
3BOJIAET IIPOCMATPUBATh U U3MEHATH colep:KuMoe (aiisa xpaHnuauiia 6e3
BBOJIa ITPOrPaMMHOT0 Kofa. YToObI M3BJIeUh 3allMCh U3 XPAHUIUINA U OTO-
O6pasuTh ee B rpaduueckoM nHTepdeiice, HEOOXOAUMO BBECTH KJIOU B II0JIE
key (kJIt0Y) U IeIKHYTH Ha KHomKe Fetch (M3Byeub). UToOBI M3MEHUTH 3a-
OK1Ch, HEOOXOAMMO U3MEHUTh COAEPIKIMOe II0JIeH 3aINCH IOCJIe ee 13BJieue-
HUS U3 XPAaHUJIUINA U MEeJKHYTh Ha KHOnKe Update (I3MeHUTD) — 3HAUEHUA
u3 I0JIeil BBOoAA OyAyT COXpaHEeHBI B 0a3e HJaHHBIX. A UTOOBI 10OaBUTH HO-
BYIO 3aIIMCh, HEOOXOAUMO 3aIIOJIHUTD BCE MOJISI BBOJA HOBBIMU 3HAYEHUAMU
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U MIeJIKHYTHh Ha KHoKe Update (M3MeHUTD) — B XpaHuUIUIIe OyAeT fobaBieHa
HOBAs 3aIIMCh C YKA3aHHBIM KJIIOUOM U 3HAUEHUSIMHU II0JIEH.

HpyrumMu cjioBaMu, IIOJIA BBOZA CJIY/KAT OJHOBPEMEHHO W AJA OToOpaske-
HusA, 1 15 BBoga. Ha puc. 1.8 nuzobpaskena popMma 1ocJie 106aBIeHNA HOBOI
sanucu (meaukom Ha KHomke Update (smenuTsh)), a Ha puc. 1.9 — guajor
¢ coobrmrenneM o6 ommubKe, KOTya IMoJIb30BaTe b IIOMTBITAJICA N3BJIEYD 3aIINCh
C KJIFOYOM, OTCYTCTBYIOIIAM B XPaHUJIHUIIIE.

74 People Shelve IH!III!!HFH?HT

key itomtom

| ;
name |'Tom Tom

age i4[}

job |'5a|es'
pay 40000

Fetch | Updatel Quitl

Puc. 1.8. Hnmepgeiic peoplegui.py nocae 0o6asnernus H08020 00seKma

% Error

@ No such key!

oK

Puc. 1.9. [Juanoz peoplegui.py ¢ coobuseruem 06 owudke

O6paTuTe BHUMAaHUE, UTO IJis OTOOpasKeHUsA 3HAUeHUU MoJel, M3BJIeueH-
HBIX M3 XPaHUJUINA, 3[eCh TaK/Ke UCIoIb3yeTcsa GYHKIIU repr, a AJid Ipe-
o0pasoBaHua 3HAUEHU moJeil B 00bekThl Python, mepes rem Kak oHu OyAyT
3ammMcaHbl B XpaHUIUIE, — QyHKIUA eval. Kak ye ymoMuHAaJI0Ch BHIIIIE,
9TO IIOTEHI[MAJIbHO OMIACHO, TAK KaK OTKPBIBAET BO3MOKHOCTE BBECTH B IIOJIA
BBOJla 3JI0HAMEPEHHBIII IPOrPpaMMHBINA KO/, HO MBI IIOKAa He OyJeM KacaTbCs
9TOU ITPO6JIEMBI.

OpHako mMeNnTe B BUAY, UTO IPU TaKOM peasns3aliui CTPOKOBLIC 3HAUCHUI,
BBOAMMUBIE B TOJIS BBOJA, AOJIKHBI 3aKJIIOUATHCSI B KABBIUKM, TAK KaK CO-
Iep:KuMOe BceX TIoJiell BBOZA, Kpome moJs key (KJII0UY), MHTEPIIPETUPYETCA
KaK IIPOrpaMMHBIHA Ko Ha A3biKe Python. @axTuuecKku, 4To0ObBI OIPENEINTh



98

lnaBga 1. MpeaBapuTenbHbIn 0630p

HOBOe 3HauUeHUe, B II0Jie BBOJa MOXKHO BBECTHU IIPOU3BOJILHOE BBIpasKeHUeE
Ha a3bike Python. Hanmpuwmep, ecaiu B moJsie name (MMsA) BBECTU BhIpasKeHUE
“Tom"+3, mocJie meuKa Ha KHonKe Update (3MeHUTH) B 3anucu OyJeT coxpa-
HeHO uMA TomTomTom. YToObI yOEeAUTHCSA B 9TOM — M3BJIEKUTE 3aIUCh U3 XPa-
HUJINIIA.

HecmoTps ma Hanuuwme rpaduueckoro muTepdeiica, MO3BOISIONIEr0 IPO-
CMaTPUBATh U U3MEHSATDH 3aIlMCU, MBI IIO-IIPEKHEMY MOKEeM IIPOKOHTPOJIU-
pOBaTh CBOU JEHMCTBUSA, OTKPHIB U IIPOBEPUB (haily XpaHUIUINA B UHTEPAK-
TUBHOM DEe)KMMe WU 3aIllyCTUB ClieHapuii, Takoi Kak dump_db_classes.
Py, npeacraBiaenHbril B mpuMepe 1.19. He 3a6piBaiiTe: HECMOTPs Ha TO, UTO
Telepb MbI MOJKEM IIPOCMATPUBATH 3AIINCU C IIOMOIIHIO IPa)UUECKOT0 WH-
Tepdeiica, cama 6a3a TaHHBIX ABJIAeTCA (HailJioOM XPAaHUJUINA, COLEPIKa-
muM 00beKThl Python sK3eMmIsipoB KJ1accoB, MO3TOMY 00paIaThCsa K HUM
MOXKeT JIIO0OH ITPOrpaMMHBIN Kop Ha ssbike Python. Huxe mpusomsarcsa
pesysabTaThl 3anycKa cueHapud dump_db classes.py mocyie u3MeHEeHUA CY-
IIECTBYIOIIUX U I00ABJIEHUSI HOBBIX O0BEKTOB C IIOMOIILIO IpaduuecKoro
uHTeppdeiica:

... \PP4E\Preview> python dump_db_classes.py
sue =>

Sue Jones 50000.0
bill =>

bill 9999
nobody =>

John Doh None
tomtom =>

Tom Tom 40000
tom =>

Tom Doe 90000
bob =>

Bob Smith 30000
peg =>

14
Smith
Doe

MyTu ycoBepLueHCTBOBAHMS

ITocTpoenHbIN HaMU rpauUecKnit HHTep@eic crpaBaseTcsa co cBoeii 3aa-
ueii, TeM He MeHee B HEro MOKHO BHECTU MHOYKECTBO PAa3HBIX YCOBEPIIIEeH-
CTBOBaHMUI:

e Ha macroamuiit MoMeHT rpaduuecKuil nHTEepQeiic IpeacTaBaaeT coboit
Habop QYHKIINMI, UCIOJb3YIOIIUX IIO0AJBHBIN CIIMCOK moJelt (entries)
BBOJZIa U TUiobasibHOEe XpaHusuie (db). BmecTo aToro Mbl Morsiu 661 IIepe-
math db B BeI30B (pyHKIIUU makeWidgets u opraHM30BaTh Iepegady o60mx
9THUX 00BEKTOB 00paboTUMKaM COOBITUI B BHIE apr'yMEHTOB, BOCIIOJIb-
30BaBIIINCHL IIPUEMOM C MHCTPYKIIMEN lambda m3 ImpembIayIero pasmie-
ga. XoTd AJA TaKUX MaJIEHbKHUX CIeHAPHeB 9TO U He TaK BaKHO, CTOUT
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UMeTb B BUAY, UTO SBHOE OIIpeaesieHre MOJO0HBIX BHEIITHUX 3aBUCUMO-
cTeil mesaeT IPOrpaMMHEBIN KOJ 00jee IPOCThIM AJIA IIOHUMAHUA U TI0-
BTOPHOT'O MCIIOJIb30BAHUA B IPYTUX KOHTEKCTaX.

e IroT rpadpuueckuit nHTEepdheic MOKHO OLLIO OBl PeayiM30BaTh B BIE
KJiacca, 4T00bI 00eCIIeUnTh IIOAAEPKKY BO3MOKHOCTHU CIICI[MAIU3AIIUN
U IIPUCOEIUHEHUSA K APYTUM rpadguueckuM umHTepdeiicam (ryiodaabHbIE
repeMeHHbIe B 9TOM CJIydyae MOTJIM ObI CTaTh aTpUOyTaMU 9K3eMILISAPa),
XOTs TOBTOPHOE WCIIOJIb30BaHUE CTOJIb CIIeIU(PUUECKOro mHTepdetica
MaJIOBEPOSATHO.

o IlonesHee ObLIO OBI IepefaBaTh GPYHKIUAM B BHJAE ITapaMeTpPa KOPTEXK
fieldnames, 4TOOBI B OyIyIlIeM UX MOXKHO OBIJIO UCIIOJIb30BATH C IPYTUMU
TunamMu 3anuceii. IIporpaMMHEBIIT KOA B KOHIE CIIEHAPUS TaKiKe MOXK-
HO ObLIO OBI O(POPMUTHL B BHIAEe (PYHKIMU, IIPUHUMAIOIIE nMsa (aiiia
XpaHUJNIA, a B GyHKIUI updateRecord MoHO OBIIO ObI IIepegaBaTh
GYHKIINIO, CO3AOIIYI0 HOBYIO 3aII1Ch, YTOOLI OHA MOIJIA COXPAHSTDH He
TOJIBKO 9K3eMILJIAPHI KJlacca Person. OTH yCOBEPIIIEHCTBOBAHUA BBIXOJAT
JaJieKo 3a PaMKM JAHHOTO KPaTKOro 0030pa, HO MX peasin3alus Oblia
OBI 1715 Bac HEILJIOXUM yIpaskHeHueM. Ilo3Hee A MO3HAKOMJIIO BaC C eIIfe
OOHUM JOTOJHUTENLHBIM IIPUMEPOM, BXOAAIINM B KOMIIJIEKT IIPIMEPOB
K KHure, PyForm, B KOTOPOM HCIIOJIE3YETCS MHOM IOAXON K CO3LaHUIO
YHUBepCcaJabHBIX (h)OPM BBOZA.

e Yro06bI caesaTh 3TOT rpapuuecKuil nuTepdeiic 6osiee APY:KECTBEHHBIM
II0 OTHOIIEHHUIO K IIOJIb30BATEJI0, MOXXHO OBLLIO ObI HOOABUTHL OKHO CO
CIIMICKOM BCeX KJIIoueil, MMeIoInXcs B 6ase JaHHBIX, 1 TEM CAMBIM YIIPO-
CTUTH IPOCMOTP CONEPKUMOT0 6a3bl TaHHBIX. [lo1e3HO OBIJIO OBI IPEAY-
CMOTPETh IPOBEPKY JAHHBIX IIepel] COXpPaHEeHUEM, a KPOMe TOT0, JETKO
MOJKHO OB1JIO OBbI 100aBUTH KiaaBuiiru Delete (YmanuTs) u Clear (OuucTuTs).
Totr dakT, UTO BBeleHHbBIE JaHHbIE MHTEPIPETUPYIOTCI KaK IPOorpaMM-
HBIM KoJ Ha s3bike Python, Mmosker mocraButs Maccy OeCIIOKOMCTB — pea-
JIN3aIUs IPOCTEHIIel CXeMbl BBOJIa MOTJIa ObI IIOBBICUTH 0€30IaCHOCTE.
(I me 6ymy saBHO mpemJiaraTh PeaU30BATh ATHU YCOBEPIIEHCTBOBAHUS
B KaueCcTBe CAMOCTOATEJIbHOI0 YITPAKHEHUA, HO 3TO OBIJIO ObI TIOJIE3HO.)

e Msbl Morsz ObI TaKyKe peasn30BaTh MOAAEP:KKY M3MEHEeHUs PasMepoB
OKHa (KaK MBI y3HaeM II03JJHee, BUIYKeThl MOTYT PACTATUBATHCA U CoKU-
MAaThCSA BMECTe C OKHOM) U IPEIOCTaABUTH BO3MOYKHOCTD BEI30Ba METOOB,
KOTOPBIMHU 00JIa7af0T COXpaHsAeMble SK3eMILIAPHI KJIAacCOB (B TOM CMBIC-
Je, 4To rpaduyuecKkmit maTEP(dEiic IT03BOIAET UBMEHUTHh 3HAUECHME IT0JISA
pay, HO He TI03BOJISET BBIZBATh METOH giveRaise).

e FKcuawu ObI MBI INIAHUPOBAJU PACIPOCTPAHATDH STOT rpaduuecKuii MHTEP-
detic, MbI MOTJIN OBl YIIAKOBATDH €TI0 B CAMOCTOSITEIbHYIO BBIIOJIHAEMYIO
IporpaMMy — CKOMNUJUPOBAHHULI 080uyHblil (ailn (frozen binary) —
C HCIIOJIb30BAHUEM CTOPOHHUX WHCTPYMEHTOB, TakKux Kak Py2Exe,
PylInstaller u npyrux (ZomoJHUTEeIbHYO UHGOPMAIIUIO UIITuTe B HTED-
Here). Takue mporpaMMbI MOKHO 3alIyCKaTh, He ycTaHaBauBasa Python
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Ha KOMIIBIOTED KJIMEHTA, IIOTOMY YTO MHTEPIIPeTaTop 6aiT-KoJa BKJIIO-
yaeTcsA HEIIOCPEeJCTBEHHO B BHIIIOJIHAEMBIH (haii.

S1 ocTaBJIIO BCe 3TU paCIIMPEHUS AJIA JajbHeHInero o6QyMbIBAHUS U Bep-
HYCHh K HEKOTOPBIM 13 HUX JaJjiee B BTOﬁ KHUre.

[Ba mpuMedYaHUsA, IPeKe UeM ABUHYThCS AajbIie. Bo-TIepBBIX, A MOJKEH
YOOMSAHYTH, UTO IPOrpaMMUCTAM Ha d3bIKe Python mocTymHO MHOKECTBO
IaKeToB co3faHusa rpaduueckux mHTepgdeticoB. Hanpumep, ecau BaM 1o-
TpedyeTcsa pean3oBaTh rpadUUecKUil MHTEPPEc, COCTOAIINI He TOJIBKO
U3 IPOCTHIX OKOH, BBl CMOJKETE BOCIOJIB30BATHCA BUIKETOM (anvas us 6ub-
smoreku tkinter, mogaep:KuBAIOIIM BO3MOKHOCTE CO3JaHUS [IPOU3BOJILHOMN
rpaduru. CTopoHHUE pacmiupenns, Takue Kak Blender, OpenGL, VPython,
PIL, VTK, Maya u PyGame, npegocTaBJsioT eie 00jee COBepIIIeHHbIe NH-
CTPYMEHTHI CO3JaHUsA rpauuecKux M300paKeHuil, BUSyaIu3alluu U BOC-
MIPOM3BENEHNS AaHNMAITMOHHBIX 9(D()EKTOB JJI UCIIOJIb30BAHUS B CIIEHAPUAX
Ha A3bike Python. Kpome Toro, BoamMoKHOCTH MOAYJIA tkinter MoryT ObIThH
pacIInpens! ¢ oMo b0 6udanoTek sumxeros PMW, Tix u ttk, ymomunaas-
muxcda paumee. Onucanue 6ubarnorex Tix u ttk BbI HalizeTe B pyKOBOACTBE II0
craHgapTHOI 6ubiauoTeke Python, a Tak:ke mompoGyiiTe moucKaTh CTOPOH-
HUe IrpaduyecKkue paciupenud Ha caliTe PyPI unu B nTepHete.

W3 yBaskeHMs K IOKJOHHUKAM APYTrUX HHCTPYMEHTOB CO3IaHUs rpadu-
YyeCcKUX MHTep(eiicoB, Takux Kak wxPython u PyQt, a momxen sameTuTs,
YTO CYII[ECTBYIOT U IPYTHe CPeICTBa PaspaboTKu rpaduuecKux nHTepdei-
COB, BBIOOP KOTOPBIX WHOTA 3aBUCHUT OT JIMUHBIX IIpeAmnouTeHuii. Monyib
tkinter OBLI IIPOJEMOHCTPUPOBAH 3IeCh MOTOMY, UTO OH SABJAETCA HOCTa-
TOYHO 3PEJIbIM, HaJeKHBIM, IIOJTHOCTHIO OTKPBITHIM, XOPOIIIO JOKYMEHTHPO-
BaHHBIM, 3(P(PEeKTUBHO IOAAEePKUBAEMBIM U JIETKOBECHBIM MHCTPYMEHTOM,
BXOJSAIIUM B COCTaB CTaHAApPTHOM 6ubaroreku Python. ITo 6oabitomy cue-
Ty, OH ABJIAETCA CTAHZAPTOM JJIA IIOCTPOEHUA IEPEHOCUMBIX IpahruecKux
uHTepdeiicoB Ha A3bike Python.

Ipyrue nHCTPYMEHTBI CO3MaHuA IrpaduuecKux NHTepQecoB AJs CIleHApH-
eB Ha ssbIke Python o61azaroT cBOMMM JOCTOMHCTBAMM U HEJOCTATKAMMU,
KOoTOphle OyayT obcyKAarbea maJjiee B KHure. Hampumep, 3a MCIOJIb30BaA-
HUe 6oJiee 6oraThIXx HAOGOPOB BUIMKETOB IMPUXOAUTCA MJIATUTH HEKOTOPHIM
YCJIOMKHEHMEM IIPOrpaMMHOr0 Koza. Bubamoreka wxPython, k mpumepy,
obsazaeT 6osree OOraTLIMM BO3MOMKHOCTAMM, HO OHA 3HAYUTEILHO CJIOMKHEe
B MCI0ab30BaHnu. OQHAKO APyrue NHCTPYMEHTBI B 3HAUNTEILHON CTelleHn
SABJISIIOTCS JIMIIb BAPDUAIMSIMY HA TY K€ TeMy — U3YUYWB OANH MHCTPYMEHT
co3gaHusa rpa)MuecKoro nuTepdeiica, Bl JIErKO U IIPOCTO OBJIAIEETe U IPY-
rumu. ITosToMy B 5TOM KHUT'e MBI He OyZeM pacCMaTPUBAThL IIPUMEPHI IIPH-
MeHeHUs Pa3HBLIX NHCTPYMEHTOB, a COCPEJOTOYNMCSA Ha TOM, YTOOBI IIOJIHO-
CTBIO OCBOUTH OJVIH MHCTPYMEHT.

XoTa IporpaMMbl ¢ TPAaAUIIMOHHLIMU IrpaduuecKkuMu mHTepdelicaMu, mo-
CTPOEHHBIMU, HaIIpUMep, ¢ IoMolIbio tkinter, mpu Heo6xoAMMOCTH MOTYT
O IEP’KUBATH JOCTYII U3 CETU, OOBIYHO OHU BBITIOJHAIOTCA HA €UHCTBEH-
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HOM, OTIeJIbHOM KOMITbIoTepe. Horaa gase Be6-CTPaHUIILI CUMTAIOTCS pas-
HOBUIHOCTBHIO rpa)muecKoro nurTepdeiica, H0, YTo6bI COCTaBUTHL CBOE COO-
CTBEHHOE MHEHMe, BaM HeoOXOAUMO IPOUUTATH CJAEAYIONUHN U MOCIeTHUHN
pases 5TOH TIaBhI.

Ha pocyre...

Komeuno, 6ubanorexa obagaeT ropasmo 6ojee MINPOKUMU BO3MOKHO-
CTSMU, YeM OBLIIO IIPOJEMOHCTPUPOBAHO B 9TOM IIPEABAPUTEILHOM 00-
30pe, ¥ MbI ITIOAPOOHO Oy/eM 3HAKOMUTHCSA C HUMU JaJjiee B 9TOM KHUTe.
B KauecTBe ellie OAHOI0 HEOOJIBIIIOTO IPUMEPA, AJIA JeMOHCTPAIINY He-
KOTOPBIX JOIOJHUTEIbHBIX BO3MOKHOCTEH! O1ubaimoTeku tkinter, Husxe
MPUBOAUTCS ClleHapuil fungui.py. B sTOM clieHApUU HCIOJIb3YeTCs
MonyJab random m3 6ubaunoTeku Python — nis opranusamuu BeIoopa us
CIHUCKA; KOHCTPYKTOP Toplevel — AJIs CO3MAaHMs HOBOI'O HE3aBUCHMOTO
OKHA; 1 (PYHKI[MS 0O0PaTHOrO BbI30Ba after — IJIs MOBTOPHOI'O BBEI3OBA
METOZA Uepes YKa3aHHOe KOJNUEeCTBO MUJIJINCEKYH/I:

from tkinter import =

import random

fontsize = 30

colors = [‘red’, ‘green’, ‘blue’, ‘yellow’, ‘orange’, ‘cyan’, ‘purple’]

def onSpam():
popup = Toplevel()
color = random.choice(colors)
Label(popup, text='Popup’, bg='black’, fg=color).pack(fill=B0OTH)
mainlLabel.config(fg=color)

def onFlip():
mainlLabel.config(fg=random.choice(colors))
main.after(250, onFlip)

def onGrow():
global fontsize
fontsize += 5
mainLabel.config(font=("arial’, fontsize, ‘italic’))
main.after(100, onGrow)

main = Tk()
mainLabel = Label(main, text="Fun Gui!’, relief=RAISED)
mainLabel.config(font=(‘arial’, fontsize, ‘italic’)
fg="cyan’,bg="navy’)
mainlabel.pack(side=TOP, expand=YES, fill=BOTH)
Button(main, text='spam’, command=onSpam).pack(fill=X)
Button(main, text="flip’, command=onFlip).pack(fill=X)
Button(main, text="grow’, command=onGrow).pack(fill=X)
main.mainloop()
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3amnycTuTe 3TOT CIleHAapUii, YTOOBI IOCMOTPETh, KaK OH paboraer. O
CO3/aeT IJIaBHOE OKHO C HAJMMChI0O BHYTPU U TPEeMsI KHOIIKaMU — II[eJI-
YOK Ha IePBOU KHOIIKe IIPUBOAUT K ITOSBJIEHUIO HOBOTO OKHA C METKOI,
IIBET KOTOPO#l BBIOMpaeTcs cayuaiiHbIM obpasom. Illenuox Ha ABYX
IPYTUX KHOMKAX MPUBOAUT K 3alIyCKY He3aBUCUMbIX I[UKJIOB BHI3OBOB
MeTOIOB 00pabOTUNKOB II0 TaliMepy, OANH 13 KOTOPBIX IIOCTOSHHO 13-
MeHseT I[BeT HAaAINCKU B IJTaBHOM OKHe, a APYToil MOCTEeIIeHHO YBeJIu-
YyuUBaeT pasMep IJTaBHOTO OKHAa U mipudTa Haxmucu B HemM. Ho OyabTe
BHUMATEJbHBI, KOT/Ia OyeTe IeJKaTh Ha MOCJeIHell KHOIKe, — U3Me-
HeHUe pa3MepPOB BHITIOJHAETCS €O CKOpocThio 10 pas B CEKYHY, ITO3TO-
MY He YIIYCTUTE BO3MOXKHOCTD 3aKPBITh OKHO, TIOKA OHO He Y0erKaJo OT
Bac. i, g Ke IIpeayIpes Bac!

LLiar 6: pob6aBnsiem Be6-nHTepdenc

T'paduueckure nuHTEP(dEICH ITPOITE B UCTIOJIb30BAHNY, UeM KOMaHIHAA CTPO-
Ka, 1 3aUacTyI0 9TO BCe, UTO HaM TPebyeTcs, YTOOBI YIIPOCTUTE JOCTYII K JaH-
HeIiM. OgHAKO, Oo0eclieunBasi JOCTYII K Hallleil 6ase faHHBIX u3 VIHTepHeTAa,
MBI OTKPBIBAEM ee JJIs 0oJiee MINPOKOT0 Kpyra mojib3oBareeii. JIxo00ii, KTo
obJiazmaeT BeIXonoM B VIHTepHET 1 mMeeT 6poys3ep, CMOMKET HOJIYUUTD JOCTYII
K JaHHBIM, HE3aBUCUMO OT TOTO, I'/le OH HaXOAUTCA 1 KaKOH OlepaIinoHHON
cucTeMoli moJyib3yeTcs. ['oguTes 1r000e yCTPOUCTBO, OT pabouei CTaHIIUU 0
cotoBoro Tesiepora. Kpome Toro, npu Haaunuuu Be6-uHTepdeiica TpedyeTcs
TOJIBKO Be6-0poy3ep — UTOOHI OJTYUUTD JOCTYII K JaHHBIM, He HYJKHO yCTa-
HaBauBaTh Python, 3a ncka0OueHMEM yCcTaHOBKH Ha cepBepe. Tpaauiinon-
Hble BeO-uHTep(deiichl 0OBIYHO YCTYHAOT B yA0OCTBE U CKOPOCTU T'paduue-
CKHUM HMHTepdeiicaM, 0OJHAKO UX IIePEHOCHMOCTb MOKET UMETDh pPellaioree
3HAUEeHUe.

Kaxk OyzeT mokasaHo faJjiee B 9TOM KHUT'e, CYIeCTBYIOT PA3JIMUYHbIE CIIOCOOBI
peanusanuy HHTEPAaKTUBHBIX Be0O-CTPAHUIl, 00eCIeunBaIOIIUX JOCTYII K Ha-
UM JaHHBIM. [[J1s pelleHusA MPOCTHIX 3ahad, Kak Haia, CGIl-cuienapues,
BBITIOJIHAIOIIIXCSA HA CTOPOHE cepBepa, OyaeT 6ojee ueM mgoctaToumo. Ilo-
CKOJIBKY 3TO, IMOKAJyHd, CAMBIHA IIPOCTOH ITOXOMA 1 K TOMY K€ ABJIAIONTUIACT
OCHOBOI /J1s1 60Jiee COBEPIIIeHHBIX TeXHOJI0TUi, padpadoTka CGI-ciienapues
XOPOIITO TOAXOAUT JJIs U3YUEHUA OCHOB PaspaboTKU Be6-TTPUIOIKEH .

Hns co3manus OoJiee CIOMKHBIX IIPUJIOMKEHUU CYIIIECTBYeT 60oraToe MHOTO-
o0pasue MHCTPYMEHTAJbHBIX CPeACTB 1 (hpeiiMBOpPKOB A1 Python — BKJIIo-
yas Django, TurboGears, Google App Engine, pylons, web2py, Zope, Plone,
Twisted, CherryPy, Webware, mod_python, PSP u Quixote, — ympoirazo-
IUX PellleHre TUIINYHBIX 3a4a4 M IPeJOCTABJIAIOIINX WHCTPYMEHTHI, KO-
TOpBIE B IPOTHUBHOM CJIyuae MOKeT IOTPe0oBaThCA Peasn30BaTh CAMOCTOS-
TeabHO. HoBelimmme TexHoJsioruu, Takue Kak Flex, Silverlight u pyjamas
(Bepcus ppeiimBopra Google Web Toolkit, nmepenecennas na siseix Python,
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U KOMOUJIATOP ¢ A3bika Python mHa ssbik JavaScript), mpemsaraior momot-
HUTEJbHbIE TYTU CO3NAHUSA MHTEPAKTUBHBIX M AUHAMHUECKUX II0JIH30Ba-
TeJILCKUX MHTep(eiicOB BeO-CTPAHUIl U OTKPHIBAIOT ABEPHh K KCIIOJIH30BaA-
Huio Python B pazpaboTke moaHOGYHKITMOHATIbHBIX HHTEPHET-TTPUIOKEHMH
(Rich Internet Applications, RIA).

51 e1rie BepHYyCh K 9TUM MHCTPYMEHTAM II03HEe, a [IOKa He O0yAeM YCI0KHATH
sagauy u Hanuirem CGI-ciienapuii.

OcHoBbl CGI

ITucars CGI-crienapum Ha sa3bike Python mocraTroumo mpocTo, ecau yike
umeeTcs oubIT padoTsl ¢ hopmamu HTML, agpecamu URL 1 nmeerca HEKO-
TOpOe IpefcTaBJIeHNEe 00 0COOEHHOCTAX MOJeIu KJIueHT/cepBep VHTEepHETA
(Bce 9TU TeMbI MBI OyZieM 00CYKaTh Jajiee B 9TOM KHUTe). BeI MOsKeTe 3HATH
WJIM He 3HATH BCe IOAPOOHOCTM, HO B OCHOBHOM MOZeJb B3aWMOJAENCTBUH
BaM JOJIKHA ObITH 3HAKOMA.

B aByx cioBax: MoJIb30BaTeJb IPUXOAUT Ha BebG-cafiT um moayuaeTr (opMmy
HTML nna sanonnenus B 6poysepe. Ilociae ormpaBku ()OpMbI Ha cepBepe
3alyCKaeTCsa CIleHApUil, YKas3aHHBIN 160 B camoii ¢hopMme, OO B agpece
URL cepBepa, KOTOPHII B 0OTBET BOCIIPOU3BOAUT APYyTryio crparnuity HTML.
B Takoii cxeme B3amMOAEHCTBUY JaHHBIE OOBIYHO IIPOXOIAT Yepes TPHU IPOo-
TpaMMBbI: OT Opoysepa KJIMeHTa OHM mepenaloTcsa BeO-cepBepy, 3arem CGI-
CIIeHApPUIO 1 BO3BpAIlaloTCsa 0O0paTHO Opoys3epy. ITO eCTeCTBeHHAsA MOIEJIb
B3aMMOJENCTBUSA ¢ 0a3aMu JaHHBIX, KOTOPOU MbI OyIeM CJIeJOBATh, — IIOJIb-
30BaTesIb Oy/JIeT OTIPABJIATEH CEPBEPY KJIOU B 6a3e JaHHBLIX 1 B OTBET OyaeT
OJIyYaTh COOTBETCTBYIOIIYIO CTPAHUILY C 3aIUCHIO.

Iaee B KHUTe MBI ITOAPOOHee modHakoMuMcs ¢ ocaoBamu CGI, a moka, B Ka-
YyecTBe IIEePBOr0 MpUMeEpPAa, CO3AAAUM IIPOCTON MHTEPAKTUBHBIN CIleHAPUH,
KOTOPBIH OyeT 3ampalinBaTh UM II0JIb30BaTe A 1 BO3BpaIaTh ero obpar-
HO Be0O-6poysepy. IlepBas cTpaHuIla B 9TOM IIPpUMeEpPe — 9TO IIPOCTO hopmMa
BBOZIa, peasudoBanHasa B Bule pasmerku HTML, Kax moxkasaHo B mpume-
pe 1.30. 9ror ¢aiim HTML xpanurcsa Ha Beb-cepBepe u mepejaeTcs Beo-
Opoy3epy, BLIIOJIHAIEMYCs HA KOMIILIOTEpe KJIMEeHTA.

IIpumep 1.30. PP4E\ Preview\cgil01.html

<html>

<title>Interactive Page</title>

<body>

<form method=POST action="cgi-bin/cgi101.py”>
<P><B>Enter your name:</B>
<P><input type=text name=user>
<P><input type=submit>

</form>

</body></html>

OOparuTe BHUMaHNE, 4TO B aTpuOyTe action sToil ()OPMBI OIpeAesaeTcA
cIleHapuii, KOTOPBIH OyaeT oOpabaThIBaTh ee. ITa CTpaHuIla OyaeT BO3Bpa-
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maThesA npu obparnenuu mo ee aapecy URL. Ilocie moayueHnsa KJINEHTOM
sTa popMa B OKHe Opoysepa OyAeT BBITVISAETh, KaK mokKasauo Ha puc. 1.10
(B manHOM cayuae, B Internet Explorer).

% Interactive Page - Windows Internet Explarer

v ‘@J http:/flocalhost/cgil01.html " @ | +y ‘ ¥

28| Goagle R v|

. Favorites ‘ @ Interactive Page ‘ |

Enter your name:

Bob

Submit Query

Done & Internet | Protected Mode: On v ®15% «

Puc. 1.10. Dopma 6800a na cmparnuuye cgil01.html

ITocoe ornpaBKM (DOPMBI KJIMEHTOM BeO-cepBep MOJIYUUT 3ampoc (Ioxpo6-
Hee 0 BeO-cepBepe uyTh HuKe) u 3anmyctut CGI-cienapuit Ha s3bike Python,
upencrasienHblil B mpuMepe 1.31. Kak u daitn HTML, sToT crieHapumii Tak-
JKe HaXOOUTCA Ha BeO-cepBepe — OH BBHINOJIHAETCA HA CTOPOHE cepBepa, 00-
pabaTbIBaeT BBeIeHHbIE JaHHBIE U BOCIIPOU3BOAUT OTBET, KOTOPBIN OTIIPaB-
JseTcAa Opoysepy Ha cTOpoHe KjaueHTa. ClieHapuil MCIOJab3yeT MOJYJIb CJ1,
YTOOBI U3BJIEUDb JaHHBIEe 13 (DOPMBI 1 BCTABUTH UX B IIOTOK pasmerku HTML
OTBeTa C COOTBETCTBYIOIUM dKpaHupoBaHueM. Moayib cgi obecreunBaeT
uHTepdeiic K MoJAM BBOZA (POPMBI, OTIIPAaBJIEHHON GPOy3epoM, HAITOMUHA-
fomuii nHTEPQENc ciaoBaps, u nepegauy pasmerku HTML, koTopyio BBIBO-
IUT CIleHapuii, 6poysepy AJsa 0TOOpakeHUsA B BUE CJEAYIOIIel CTPaHUIIbI.
B mupe CGI moToK cTaHZApPTHOTO BBIBOZA COEQWHEH C KJIMEHTOM IIOCPEe-
CTBOM COKeTa.

Ilpumep 1.31. PP4E\ Preview\cgi-bin\cgil01.py
#! /usr/bin/python

import cgi

form = cgi.FieldStorage() # NapCUHT AaHHHX GOpMbI
print(‘'Content-type: text/html\n") #f http-3aronoBok nawc nycras CTpoka
print(‘<title>Reply Page</title>") # html-pasmeTka 0TBETa

if not ‘user’ in form:
print(‘<h1>Who are you?</h1>")
else:
print(‘<h1>Hello <i>%s</i>!</h1>" % cgi.escape(form[‘user’ ].value))

U ecsiu Bce mIpoiifileT KaK Hal0, MBI IIOJIYYHUM B OTBET CTPAHUILY, T300pasKeH-
Hy!0 Ha puc. 1.11, KoTopasi, II0 CyTHU, IIPOCTO BLEIBOJAUT AAaHHBIE, BBEIeHHBIE
Ha cTpauuiie ¢ ¢gopmoii BBoga. CTpaHuIla Ha 3TOM PUCYHKE ObIJIa BOCIPOMU3-
BeneHa pasmeTkoir HTML, koropyio BeiBes CGI-crieHapuit Ha CTOpOHE cep-
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Bepa. B namHOM cayuae nMs MOJb30BaTeJIs CHAUYAJIa OBIJIO IIepegaHo Co CTO-
POHBI KJIEHTA Ha cepBep, a 3aTeM 00paTHO, BO3MOKHO IIPEOI0JIeB 10 IYTHU
MHOTHE CeTH U KMJIOMEeTPbI. Be3ycIoBHO, 3TO OueHb HeGOIBIITOM BeO-caiT, HO
OOHU U Te Ke MPUHIUIILI AeHCTBYIOT AJIA JI000TO caiTa, BRBIBOAUT OH IPO-
CTO BBeJIeHHBIE JaHHBIE UJIU ABJIAETCS ITOJHOIEHHBIM CaliTOM 3JIEKTPOHHOT'O
OousHeca.

& Reply Page - Windows Internet Explorer
@(Dv |@J http://localhost/cgi-bin/cgil0lpy | ) | +y | b 4

24| Google e '|

:‘/\5 Favorites ! @ Reply Page

Hello Bob!

Done & Internet | Protected Mode: On v ®Hi15% -

Puc. 1.11. Cmpanuya omsema, socnpousgedennas cyenapuem cgil01.py 6 omaem
Ha noayyenue Gopmvl 6600a

Eciu y Bac BOBHUKJIU ONpPOOJIEMBI C OpraHU3aIuel 9TUX B3aWMONEHCTBUM
B Unix-mogo0HOI cucTeMe, MONPOOyTe N3MEHUTD ITYTh K WHTEPIIPETATOPY
Python B cTpoke #!, HaxXogAIIEHCSA B HAUaJe CIleHapus, U AaTh (hailry cie-
Hapus IIPaBO Ha BBITIOJHEHVE KOMaHI0M chmod, XOTSA BO MHOTOM 3TO 3aBUCHUT
oT Barero Be6-cepBepa (moapobHee 0 cepBepe MbI IOTOBOPUM UYTh HUKE).

Oobparute Tak:ke BHuMaHue, utro CGI-crienapuii B npumepe 1.31 BBIBOZUT
He nonHyio padMerky HTML: 3neck orcyTceTByloT Teru <html> u <body>, KO-
TOpbIe MOYKHO yYBUeTh B mpuMepe 1.30. CTporo roBops, 9TH TETH CIEI0BAJIO
OBI BEIBECTH, HO BeO-0pOy3ephl CHOKOIHO BOCHPUHMMAIOT UX OTCYTCTBUE, Ja
U IeJIb 9TOM KHUTYU COCTOUT BOBCE HE B TOM, UTOOBLI OOYUUTHL Bac (hopMaJIb-
HOMY A3BIKY pasMmeTku HTML, — 6osee mogpoouyo na@opmamuio o6 HTML
UIUTE B [PYTUX UCTOYHUKAX.

Mpacduyeckue n Be6-mHTEpdencobl

IIpesxne ueM ABUHYTHCS JAJIbIIIe, UMEET CMBICJ IIOTPATUTh MUHYTY, YTO-
ObI cpaBHUTH 9TOT mpocToii mpumep CGI-crieHapusa ¢ mpocThiM Tpaduye-
ckuM uHTepdelicoM, pealn3oBaHHLIM B npuMepe 1.28 m m3o00pakeHHBIM
Ha puc. 1.6. B anHOM ciyuae clieHapuu BBITIOJHSAIOTCS Ha CTOPOHE cepBepa
u redepupyior pasmMetrky HTML, koTopas oTrobpaskaercsa BeO-Opoy3epoM.
B peanusainuu rpaguueckoro matepgdeiica Mbl BbI3bIBaeM (PyHKIIUU, KOH-
cTpyupymooIlue nHTepdeiic Ha 9KpaHe U pearupyiomniue Ha coObBITHA, KOTO-
PbIe BBITIOJHAIOTCA B paMKaX eMHOr0 IIpoliecca 1 Ha OTHOM U TOM JKe KOM-
nbpioTepe. ['padpuueckuit nHTEpGEIC COCTOUT 13 HECKOJIbKUX IIPOTPAMMHBIX
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YPOBHEI, HO IEJMKOM peaJii30BaH B eMUHCTBEHHOI mporpamme. Peanusa-
nusa Ha ocHoBe CGI, HampOTUB, UMEET pacIpeeIeHHYI0 aDXUTEKTYPY — CEP-
BEp, Opoysep u, Bo3MOKHO, caM CGI-ciieHapuii BHIIOJIHAIOTCSI KaK OTIEIb-
HBI€ IIPOrPAMMBbI, OOBIYHO B3aMMOJENCTBYOIINE APYT C APYTOM II0 CETH.

VuurbiBasg 9TH PasINUNsi, aBTOHOMHASA MOJe/Ib Peajnusanuy rpapuueckoro
uHTep(deiica BRIIIAAUT 00jiee IPOCTOI 1 HEIOCPeACTBEHHOIi: B Heil OTCyT-
CTBYeT IIPOMEKYTOUHBIN CepBepP; YTOOBI IIOJYUYUTh OTBET, He TpeOyeTcs BbI-
3bIBaTh HOBYIO IIpOrpaMMy; He Tpebyercsa reHepuposBaTh pasmerky HTML
¥ B HAIIleM PacHopPAKEeHUN UMeeTCs BCSI MOIIb MHCTPYMEHTA CO3JaHUA I'pa-
duueckoro nuTepgdeiica. C aApyroii cTopoHbI, BeG-mHTEPDEHC MOKET OTO-
OpaskaTrbcs B JII000M Opoysepe, Ha JII060M KOMIIBIOTEpPE U OJIA ero paboThl
Heo0XoauMO ycTaHoBUThH Python Tosbko Ha cepBepe.

E1ite 6oJbIlie CUTyaIINIo 3aIIyThIBAET TO 00CTOATEIBCTBO, UTO IrpaduuecKuii
uHTepdeiic TaKKe MOYKET MCIIOJIb30BaTh CeTeBble MHCTPYMEHTHI M3 CTaH-
maptHo¥ 6mOamoreku Python niasa monyuenuss m orobpaskeHUs NaHHBIX,
XpaHAININXCA Ha YIAJeHHOM cepBepe (TO ecTh Tak JKe, KaK 9TO AeJIalT Opo-
ysepbl). HexoTopble HoBelfinue ¢gpeliMmBopKu, Takue Kak Flex, Silverlight
U pyjamas, IpeJoCTaBIsgI0T HHCTPYMEHTHI peaausanuu 6ojiee IOTHODYHK-
IIUOHAJbHBIX II0Jb30BATEILCKUX WHTEpP(deiicoB B Beb-cTpaHUNAX (IOJHO-
GYHKIIMOHAJBHBIX HWHTEPHET-TTPUIOKEHN, YIOMUHABIINXCSI BBIIIE),
XOTA U I[EHOHM CJIOYKHOCTHM HIPOIPAMMHOTO KOZa W OOJIBIIEr0 KOJIMUYEeCTBA
OIpPOrpaMMHBIX YPOBHeI. [lajiee B KHUTe MBI eIlle BepHeMCA K 00CY:KIeHUI0
pasauuunii Mmexxay rpadpuueckum mHTepdeiicom u CGI, moTomy uTO Ha ce-
TOOHSAIIHUNA JeHb 9TO U €CTh OCHOBHOI BBIOOpP. A Tellepb PacCMOTPUM He-
CKOJIBKO IIPAKTUYECKUX IIPO0JIEM, CBI3aHHBIX ¢ padoroit Mmexanuama CGI,
mpeskJe 4YeM IIPUMEeHHUTh ero K Hallleil 0ase JaHHBIX.

3anyck BeO-cepBepa

IOnsa sanycka CGI-cuieHapueB HaM mmoTpedyeTcsa BeG-cepBep, KOTOPHIH OyIeT
obcays:xkuBaTh Hammu crpauuibkl HTML 1 3amyckaTh clieHapuu Ha A3bIKe
Python mmo zampocam. CepBep ABIAETCA HEOOXOOUMBIM HPOMEKYTOUHBIM
3BeHOM MeXK Ay Opoysepom u CGI-ciienapuem. Ecau y Bac HeT yueTHO 3amu-
CcHU Ha KOMIILIOTEpe, T'Zle V3Ke YCTAaHOBJIEH TaKOI BeO-cepBep, BaAM IIPUAETCA
3aIyCTUTH COOCTBEHHBIT BebG-cepBep. MbI MOTyI GBI HACTPOUTH ITOJTHOIIEH-
HBIN BeO-cepBep IIPOMBIIIJIEHHOTO YPOBHS, TaKOil KakK CBOOOZHO pPacIpo-
crpaHseMblii BeO-cepBep Apache (B KOTOpPOM, KCTaTH, MOYKHO HACTPOUTH
nogaep:kKy Python ¢ momornsio paciupernus mod_python). OgHaKO A1 JaH-
HOI MIaBbI A Hamucas Ha a3bike Python co6cTBenHbIN IpocToil BeO-cepBep,
IPOrpaMMHBIN KO/ KOTOPOT'O IIPUBOAUTCSA B Ipumepe 1.32.

Mpu1 ertie BepHEMCA K MHCTPYMEHTaM, UCIIOJIb30BAHHBIM B 3TOM IIpHMepe, aa-
Jiee B KHure. Tem He MeHee 3aMeuy, UTO B CTAaHIAPTHOM 6ubinorexe Python
yiKe MMeeTCsA peails3alius HEeKOTOPBLIX TUIIOB CETEeBBIX CEepPBEpPOB, OJaro-
maps ueMy MBI MokeM peasmnsoBaTh CGI-coBMeCTHMBIN W II€PEHOCUMBII
Beb-cepBep, HAIIMCaB BCEero 8 CTPOK IIPOrpaMMHOTO Koza (Touwee, 16, ecau
y4ecTh KOMMEHTapPUU U MYCThIe CTPOKN).
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IHanee B aTOM KHUTE MBI YBUIUM, HACKOJIbKO IIPOCTO CO3ATH COOCTBEHHBIHN
CeTeBOI cepBep, UCIIONIb3Ysd HU3KOYPOBHEBbIe (DYHKIIUY IJIA PAaOOTHI C COKe-
tamu B Python, ogHako B cranmapTHOM OMOIMOTEKE YiKe MMEIOTCA peainsa-
MY MHOTUX HamboJiee pacIIpoCTPaHEHHBIX TUIIOB cepBepoB. Moayab SOCk-
etserver, HaIpuMep, TOAAEPKUBAET MHOTOIIOTOUHBIE U BETBAIIUECA BEPCUN
cepBepoB TCP u UDP. Emte 60JibIltee KOJIUYECTBO peaTns3alinii MOKHO Ha-
TH B CTOPOHHUX CHCTeMaX, TakuxX Kak Twisted. Moaynau u3 crammapTHOMI
OMOJIMOTEeK M, MNCIIOJb30BaHHBIe B IpuMepe 1.32, mpemocTaBiaslOT BCe, YTO
HeoOXOAMMO AJIS 00CIYKUBaHUA HAIIIETO BeO-COmepPiKITMOTO.

IIpumep 1.32. PP4E\ Preview\webserver.py

TRIET]

Peanusauns Beb-cepBepa Ha A3bike Python, cnocobHas 3anyckaTb CepBepHbie
CGI-cueHapun Ha a3bike Python; obcnyxuBaeT ¢ainsl M clueHapuu B TEKyWeM
paboyeM KaTanore; cueHapnnm Ha a3bike Python AOMXHH HAXOAUTbCH B KaTanore
webdir\cgi-bin nnn webdir\htbin

import o0s, sys

from http.server import HTTPServer, CGIHTTPRequestHandler

webdir = '’ # MecTo, rae HaxomaTca ¢anns html u nomkaTanor cgi-bin
port = 80 # no ymonyanuio http://localhost/, uHaue ucnonbayiTe
#t http://localhost:xxxx/
0s.chdir(webdir) # nepeiTn B KOpHeBOW kaTanor HTML
srvraddr = (“”, port) # “Ma XoCTa 1 HOMep nopTa
srvrobj = HTTPServer(srvraddr, CGIHTTPRequestHandler)
srvrobj.serve_forever() # 3anycTUTb Kak 6eCKOHEYHbI (OHOBHIA nNpouecc

Kiaccel, ucmnosbsyembie clieHapueM, IPEAIoIaraioT, YTO 00Cay:KuBaeMble
daitner HTML maxomaTcs B TeKyIeM paboueM KaTaJjiore, a 3alycKaeMble
CGI-crienapuu HaxXOAATCA B mMoaKarajore cgi-bin mau hibin. Kax ciemyet
u3 umeHu aiina B mpuMepe 1.31, 1ya clieHapreB MbI OY/IeM HCIIOJIH30BaTh
nogkarajor cgi-bin. Hekoropnie Be6-cepBepbl onpefendoT CGI-cienapunu
O pacITupeHui0 B WMMeHax (aijoB, omHaKO MBI Oymem cumtarh CGI-
CIleHapUAMU Bce (paiiibl, HaXOAAIIUECA B OIIPeIeIeHHOM KaTaJjore.

YT006BI 3aITyCTUTH BE6-CEPBED, JOCTATOYHO 3AITYCTUTH TOT CIleHapUii (13 KO-
MaHIHOH CTPOKH, II[eJIUKOM Ha APJILIKE NI UHBIM citocooom). OH OyaeT BbI-
TMOJIHATHCA 0€CKOHEUHO, OKUAAA 3aIPOChl OT OPOY3epOB U APYTUX KJIMEH-
ToB. CepBep OKUJAeT 3aIpOChl, HAIIpaBasgeMble Ha KOMIIbIOTED, I'le OH BbI-
HOJHseTC, IpocayinuBad craugapTHbi mopT HTTP ¢ momepom 80. UTo0w!
HMCIIOJIb30BATh ATOT CIIeHAPUH IJId 00CIY:KUBAHUS IPYTUX BeO-caliToB, He-
00xoaMMO JIn6O0 3aIyCTUTD €TI0 13 APYTOro KaTaJjora, Coaep:KaImnero (paiirs
HTML u noaxaraJor cgi-bin co cuienapuamu CGI, 1160 usMeHUTh 3HaAUCHUE
mepeMeHHO webdir, 3amucaB B Hee UMs KOPHEBOT'O KaTaJjiora caiira (cieHa-
puii aBTOMATHUYECKHU IIepeiiieT B 9TOT KaTaJor 1 OyaeT o0Cay:KuUBaTh (paii-
JIBI, HAXOOSAIIIECs B HEM).

Ho rue B xubeprnpocTpancTBe (GaKTUUECKN BBIMIOJHSIETCS CIIEHAPUI cepBe-
pa? Eciiz mocMoTpeTh BHUMAaTEIbHee, Ha PUCYHKAX B IPEABLIAYINEeM paszese
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MOKHO 3aMeTUTh, UTO B aIPECHOM CTPOKe 6poysepa (B BepXHeil yacTu OKHa,
cpasy mocJje IIOCJIe0BaTeILHOCTA CUMBOJIOB Atip://) BCcerga MCIOIb3yeTCsA
ums cepBepa localhost. YTOOBI He YCIOKHATD, I 3aIIyCTUJ BeO-cepBep HAa TOM
JKe KOMIIBIOTepe, I'/ie 3aIllyCKaeTcsa BeO-0poysep, a 5TO 0O3HAYAeT, YTO CepPBEP
oymetr umets uMsa «localhost» (u coorBercTByromuit IP-agpec «127.0.0.1»).
To ecTh KJIMEHT U CEPBEP — 9TO ONUH U TOT K€ KOMIIBIOTED: KJIMEHT (Beb-
O6poysep) u cepBep (BebO-cepBep) — ATO IPOCTO PasHbIe MPOIECCHI, OAHOBPE-
MEHHO BBITIOJIHSIOIIMECS Ha OLHOM U TOM JKe KOMIIbIOTepe.

XoTs 3TOT BeO-cepBep He MOKeT NCI0JIb30BAThCA B IPOMBIIILIEHHBIX I1eJIAX,
TeM He MeHee OH OTJIMYHO IMOAX0AuT A TectupoBanusa CGI-ciienapres — BbI
MOJKeTe pa3pabaThIBaTh X HA TOM JKe caMOM KOMIIbIoTepe 0e3 HeoOX0qMMO-
CTHU TIepeMeIaTh MPOrpaMMHBIH KO/ Ha yAaJeHHbIH cepBep mocJie KaI0r0o
usMeHeHUdA. [IpocTo 3amyCcTUTE 9TOT CIleHAPUU M3 KaTaJora, IIe HaXOqAT-
ca daiiasr HTML u mogkaraJor cgi-bin ¢ CGI-cuienapusiMu, 1 3aTeM BBOIU-
Te B Opoysepe anpec htip://localhost/..., 4TOOBI TOJYUYUTDH AOCTYII K CBOUM
HTML-cTrpanuiiam u cieHapuam. Hiuike IpUBOAUTCA BBIBOJ, MOJYUYEHHBIH
oT cieHapus Be6-cepBepa B okHe Koucouu B OC Windows, KOTOpBI# ObLI 3a-
OyIIeH HAa TOM Ke KOMIILIOTepe, UTO 1 Beb-0poysep, U3 Karajora, rie HaxXo-
narcs gaiasr HTML:

... \PP4E\Preview> python webserver.py

mark-VAIO - - [28/Jan/2010 18:34:01] “GET /cgi101.html HTTP/1.1” 200 -
mark-VAIO - - [28/Jan/2010 18:34:12] “POST /cgi-bin/cgi101.py HTTP/1.1” 200 -
mark-VAIO - - [28/Jan/2010 18:34:12] command: C:\Python31\python.exe -u C:\
Users\mark\Stuff\Books\4E\PP4E\dev\Examples\PP4E\Preview\cgi-bin\cgi101.py “”
mark-VAIO - - [28/Jan/2010 18:34:13] CGI script exited OK

mark-VAIO - - [28/Jan/2010 18:35:25] “GET /cgi-bin/cgi101.py?user=Sue+Smith
HTTP/1.1" 200 -

mark-VAIO - - [28/Jan/2010 18:35:25] command: C:\Python31\python.exe -u C:\
Users\mark\Stuff\Books\4E\PP4E\dev\Examples\PP4E\Preview\cgi-bin\cgi101.py
mark-VAIO - - [28/Jan/2010 18:35:26] CGI script exited OK

3mech caeyer cieiaTh OJHO 3aMeUaHre: Ha HeKOTOPBIX IJIaT(OPMaXx, ITOOBI
3aIlyCTUTH CepBeP, IPOCIYIITUBAIOIIUE IOPT IO YMOJIYaHuI0 ¢ HoMepom 80,
BaM MOT'YT IIOTPe6OBATHCS MIPUBUJIETUN aJMUHUCTPATOPA, II03TOMY Y3HAT-
Te, KaK B Balllell CUCTeMe 3aIlyCTUTh TAaKOIl CepBep, WJU IIOMpPOoOyiiTe Hc-
OJb30BATh IOPT C APYTUM HOMepoM. UToObI 3aefiCTBOBATH IMIOPT C APYTUM
HOMEpPOM, U3MEeHITe 3HaueHUe IePeMeHHOM’ port B CIleHapUy 1 YKas3bIBanTe
€ro ABHO B aJIPECHOIi CTpoKe Opoysepa (Hampumep, http://localhost:8888)).
ITonpoGHee 06 aTOM coruiareHnu OyeT pacCKashbIBaThCA Jajiee B KHUTE.

Yro0Bl 3aIyCTUTH 9TOT CEPBEpP HA YOAaJIEHHOM KOMIIBIOTEDPE, BBITPY3UTE
daiiner HTML u mogkarajor ¢ CGl-cuieHapusMu Ha yoaJeHHBIH KOMITBIO-
Tep, 3aIlyCTUTE TaM 9TOT CIleHapHUil, a B aJPECHOI CTPOKe Opoy3epa BMECTO
umenu «localhost» ucmonbayiite qomennoe nmsa uau IP-agpec yaaieHHoro
KOMIIbIOTepa (Harmpumep, http://www.myserver.com/). Ilpu ucnosbzoBaHUN
yIaJIeHHOTO cePBEpa BCe B3aMMOJENCTBUA OyAyT MPOTEKaTh, KAK IIOKa3aHO
37Iech, HO IIPU 9TOM 3aIIPOCHI 1 OTBETHI OYAYT IlepenaBaThCA He MeXKAy IIpU-
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JIOKEHNAMU Ha OJHOM M TOM K€ KOMIIBIOTEPe, a aBTOMaTU4YeCKHN 6y,I_IYT Ha-
IIPaBJIATBCA Uepe3 CeTeBbl€ COEAVHEHUA.

YT00BI IOKOIIATHCS B PeaIU3aIly CEPBEPHBIX KJIACCOB HAIIIET0 BeO-cepBepa,
obpaiaiiTech K (paijaM ¢ HCXOOHBIMH TEKCTAMH B CTaHZApPTHON OMoO-
auotexe Python (C:\Python31\Lib gns Bepcuu Python 3.1). OxHo 13 ocHOB-
HBIX IIPEUMYIIECTB OTKPBITHIX CUCTEM, TaKuX Kak Python, cocrour B ToM,
YTO MBI BCErZla MOKEM 3arjIAHYTh «IIOJl KammoT». B rimase 15 MBI paciimpum
npumep 1.32 BO3MOKHOCTBHIO YKa3bIBaTh UMA KaTajiora U HOMep IopTa U3
KOMAaHIHOII CTPOKH.

Ucnonb3oBaHue cTpoku 3anpoca n moayns urllib

B mpoctom CGI-ciieHapuu, mpeacTaBJIeHHOM BBIIIE, MbI 3aITyCKAJIU CIleHA-
puit Ha sa3pike Python, samonusas u orupasisas GopMy, COAEPIKAIIIYIO MM
cuenapus. Ha npaktuke ceppepubie CGI-ciieHapuy MOT'yT BBISBIBATHCS Pas-
HBIME cIloco0aMu — Jubo 3a cueT OTHpPaBKU (POPMbBI, KAaK OBLIO IIOKAa3aHO
BBIIIIE, JIN0OO 3a cueT oTupaBKu cepBepy cTpoku URL (uHTEepHET-aApEca), co-
IepsKaleli BXOAHbIe JaHHbIEe B KoHIEe. Takyio ctpoky URL MoikHO oTipa-
BUTH He TOJIBKO C IIOMOIILI0 Opoy3epa, TO eCTh MUHYS TPaAUIMOHHBINA Iy Th,
Jexaiuii yepes (opMy BBOZA.

Hamnpuwmep, Ha puc. 1.12 nzobpakeHa cTpaHuUIA, CTeHEPUPOBAHHAA B OTBET
Ha BBox agpeca URL B agpecHoi cTpoke 6poysepa (CMMBOJI + 3[leCh O3HAUAET
mpobe):

http://localhost/cgi-bin/cgi101. py?user=Sue+Smith

@ Reply Page - Windows Internet Explorer lEI
w ‘QJ hitp://localhost/cgi-bin/cgil01.py?user=Sue+Smith v| [ | 45 ‘ X || M| Google 2 "

L. Favorites ‘@Reply Page | ‘

Hello Sue Smith!

Done & Internet | Protected Mode: On i v ®|125% ~

Puc. 1.12. Omeem cyenapus cgil01.py na 3anpoc GET ¢ napamempamu

Bxonnble naHHbIe 3/1eCh, UBBECTHBIE KaK NApaAMempysl 3anpoca, HaxonATCA
B KoHIIe cTpoku URL, mociie cumBoJia ?. OHU He ObIIM BBEEHBI B OJIA Op-
Mbl. CTpoky URL ¢ OTOTHUTEILHBIMY BXOMHBIMY JAHHBIMU MHOTIA HA3bI-
BaioT GET-3anpocom. Haira opurnHaabHas (popMa OTIIPABJISET 3aIIPOC Me-
TogoMm POST, B KOTOpOM BXOJHBIE JaHHBIE OTIPABJIAIOTCS OTAEJbHO. K cua-
cTbio, B CGI-cuenapusax Ha a3bike Python me Tpebyerca pasinuars 5Tu 1Ba
BHIa 3aIIPOCOB — ITIapcep BXOAHBIX JAHHBIX B MOAYJIE CJi aBTOMAaTUUYeCKH 00-
pabaTbIBaeT BCe Pa3ANUNA MEXKIY METOAAMU OTIIPABKHY JaHHBIX.
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BrosiHe BO3MOKHO M YACTO JasKe I0JE3HO UMETh BO3MOMKHOCTD OTIIPABJIATE
BXOAHBIE HaHHEBIe B cTpoke URL B Buzie mapaMeTpoB 3almpoca BooOie 0e3
momoInu Be6-6poysepa. ITaker urllib us crammapTHO# 6ubaunoTeku Python,
HAIIPUMED, II03BOJIAET YATATH OTBET, CleHePUPOBAHHEIN CEPBEPOM IJIS JIIO-
6oro gonycrumoro aapeca URL. @axkTuuecKu OH ITO3BOJIAET IIOCEIAaTh BeO-
crpaHuIbl uian BeidbiBaTh CGI-clieHapuy U3 APyroro CIeHapusi — BAIIl IPO-
rpaMMHBIN Koj Ha A3bike Python Oyzer urpars poab BeO-KiaumenTa. Husxe
JIeMOHCTPUPYETCA IPUMEpP KCIOJIb30BAHNA IIaKeTa B MHTEPAKTUBHON 000-
JIOUKe:

>>> from urllib. request import urlopen

>>> conn = urlopen(‘http://localhost/cgi-bin/cgi101.py?user=Sue+Smith’)
>>> reply = conn.read()

>>> reply

b’ <title>Reply Page</title>\n<hi1>Hello <i>Sue Smith</i>!</h1>\n

>>> urlopen(‘http://localhost/cgi-bin/cgi101.py’ ). read()
b'<title>Reply Page</title>\n<hi1>Who are you?</h1>\n

>>> urlopen(‘http://localhost/cgi-bin/cgi101.py?user=Bob’).read()
b’<title>Reply Page</title>\n<hi>Hello <i>Bob</i>!</h1>\n

ITaker urllib peasmusyetr nuaTep(deic mOSIyueHUs OTBETOB OT cepBepa IJd 3a-
mauuoi crpoku URL, HamomuHaooIuit uETEepdeiic gpaiinioB. OdOparuTe BHU-
MaHIe, UYTO OTBET, KOTOPBI MBI IIOJIyUYaeM OT cepBepa, IpeAcTaBIseT co00ii
npoctyio pasmetrky HTML (06b19HO oTOOpaskaercsa 6poysepom). MbI MosKeM
00pabaThIBATh STOT TEKCT C IIOMOIIBIO JIOOLIX MHCTPYMEHTOB 00pPabOTKU
TeKCTa, BXOAAIuX B coctaB Python, Bkitouas:

e CTpoKOBBIe METOABI IONCKA U pa3bueHusa

e Monaynab re, ITIO3BOJIAIOIINI BBHITIOJHATEL COIIOCTABJIEHNUE C PETYIAPHBIMUA
BBIPAYKEHUAMU

e PazBuryio noaaep:xkky mapcunra pasmerku HTML u XML B cranzaprt-
HOU OmOJIMOTeKe, BKJIIouasa MOAYJb html.parser, a Takike SAX-, DOM-
u ElementTree-momo0Hble MHCTPYMEHTEI MapcuHra pasmerku XML.

B coueranmm ¢ TaKMMM MHCTPYMEHTAMHU HaKeT uUrllib ecTecTBeHHBIM 00-
pPasoM IOAXOAUT IJs MPUMEHEHUA B MHTEPAKTUBHOM TEeCTHMPOBAHUU Beb-
ca’ToB, B COOCTBEHHBIX KJMEHTCKHUX TIpaduuecKkux mHTepdeiicax, B Mpo-
rpamMMax, U3BJEKAIOIINX COAEPIKUMOe BeO-CTPaHUI, U B aBTOMaTU3UPOBaH-
HBIX PErPeCCUOHHBIX TeCTax JJisd TecTupoBauud yaameHHbrx CGI-ciieHapues.

dopmaTupoBaHue TeKCTa oTBeTa

Eite onnHo, mocirenHee mpuMevaHMe: TaK KakK AJIA B3BAUMOAEHCTBUA C KJINEH-
tamu CGI-ciieHapuu UCIIOJIB3YIOT TEKCT, OHU JOJIYKHEI (DOPMATHUPOBATE €r0,
caenys ompenesieHHOMY Habopy mpaBuj. Hanpumep, oopaTuTe BHUMAaHUE,
yto B mpumMepe 1.31 Mesxay 3aroioBKoMm otrsBeTa u pasmerxkoir HTML npu-
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CYTCTByeT IycTas CTPOKA B BHUIE ABHOI'O CHMMBOJIa mepeBoza ctpoxu (\n),
B JOIIOJIHEHVE K CIMBOJIY II€PEBO/Ia CTPOKH, KOTOPBIIA aBTOMATUYECKI BBIBO-
nuTcesa GyHKImei print, — 970 06513aTEIBHBIN PA3AEIUTEb.

Kpome Toro, o6parure BHUMAaHNE, YTO TEKCT, HOOABISEMBIN B PasMeTKY
HTML orBera, nepenaerca uepes BbI30B GYHKIIMU CJi.escape (oHA ke html.
escape B Python 3.2 — cmorpure mpumeuanue B paszese «VHCTpyMeH-
el 9kpanupoBanuss HTML u URL B aswike Python», B rmase 15), Ha ToT
cayuail, ecaiu OH COOEP:KUT CHMBOJIBI, UMEOINEe CIIeInaJbHOe 3HAaueHUe
B HTML. Hanpuwmep, Ha puc. 1.13 usobpaskeHa CTpaHHUIIA OTBETA, IIOJIY-
YyeHHAasA B Pe3yJIbTaTe BBOJAa MMEHU II0Jb30BaTe s Bob </i> Smith, — mocJe-
OBaTeJIbHOCTH CUMBOJIOB </1> B cepeamue mpeodpasyeTcs 9Toi (pyHKIIuei
B IIOCJIEIOBATEIbHOCTH &1t;/14gt;, OIaromapsa ueMy UCKJIIOUAETCS BIUSHUE
3TO mocJie[oBaTeIbHOCTH Ha (pakTruecKyto pasmeTky HTML (Bocmosrs3yii-
TeCch BOSMOXKHOCTBIO IIPOCMOTPA MCXOAHOTO KOZA CTPAHUIILI, MMeIOoIIercsa
B Opoysepax, 4ToObI yOeaUThCA B 3TOM). besd BbI30Ba aTOH (PYHKITUY OCTATOK
uMeHH ObLI ObI BIBEIEeH OOBIYHBIM, HEKYPCHUBHBIM IIPHA{TOM.

| % Reply Page - Windows Internet Explorer
v |’§J hitp://localhost/cgi-bin/cgil01.py v| b | 4 | X ||1*¥] Google e v|
1.¢ Favorites i@Reply Page ! |
=
Hello Bob </i> Smith!
Done @ Intemet | Protected Mode: On fhy v ®125% -

Puc. 1.13. xpanuposarnue cumeonos HTML

JKpaHUPOBAHUE TEKCTa, KaK B JaHHOM IIpuMepe, TpebyeTcs He Bceraa, HO
ero cjaeqyeT IPUMeHATH, KOT/la COAePsKUMOe TeKCTa 3apaHee He U3BECTHO, —
creHapuu, regepupyloiue pasmetrky HTML, mosxHEBI ciieqoBaTh mpaBujaM
ee opopmitenusa. Kak Mbl yBUIUM JaJjiee B 9TOM KHUTE, TIOX0Kasd QYHKITUA
urllib.parse.quote mnpuMeHsaeT IpaBUJja SKPAHUPOBAHUSA K TEKCTY B CTPOKE
c agpecom URL. Kpome Toro, Mbl yBUAUM, UTO KPYIIHBIE (DPEIMBOPKH YACTO
pemIaroT 3aauu (QOPMaTUPOBAHUSA TeKCTa aBTOMaTUUECKU.

BebG-nHTepdenc K xpaHUNULLY ¢ AaHHbIMU

Temeps AJA CO3MaHUA HAIIET0 MPUJIOKEHUI 0a3 JaHHBIX HA OCHOBE TeXHO-
goruu CGI, mpeacTaBieHHON B MpeALIAYIIEM pasieiie, HaM IoTpebyeTrcs
peanusoBaTh 6oJiee KpymHYIO ()OpMY BBOZa U OTOOpaskeHUs MaHHBIX. Ha
puc. 1.14 uzobpaskeHa (opma, KOTOPYIO MbI peajusdyeM I JOCTyIa K Ha-
mreii 6ase JAaHHBIX.



12

lnasa 1. MpeaBapuTenbHbI 0630p

Peanusauuns Be6-canTa

Yr06bl 00€CIIeunTh BOSMOKHOCTH B3aMMOJAENCTBUI, CO3JaqUM Pa3METKY
HTML mauaibHOIi (hopMbI BBOZA, a Takke CGI-crienmapuii Ha sisbike Python,
KOTOPHBIH OyzeT oTobpaskaTh MOJyUeHHBIE PE3YJIbTaThl U 00pabaThIBaTh 3a-
IPOCHI HA UBMEHEHMe TaHHBIX B XpaHujauile. B mpumepe 1.33 npuBogurca
pasmerka HTML ¢opmMbI BBOZA, KOTOpas CO3qaeT CTPAHUITY, M300pasKeH-
HYI0 Ha puc. 1.14.

& People Input Form - Windows Internet Explorer =
v ‘@J http://localhost/peoplecgihtml '| = | 4y | X || %4 Google el v|
},\? Favorites ‘ & People Input Form | |

Key bob I
Name
Age |
Job | i
Pay i
n
Done € Internet | Protected Mode: On 9 v R125% -

Puc. 1.14. Dopma 8soda peoplecgi.html

IIpumep 1.33. PP4E\ Preview\peoplecgi.html

<html>

<title>People Input Form</title>

<body>

<form method=POST action="cgi-bin/peoplecgi.py”>
<table>
<tr><th>Key <td><input type=text name=key>
<tr><th>Name<td><input type=text name=name>
<tr><th>Age <td><input type=text name=age>
<tr><th>Job <td><input type=text name=job>
<tr><th>Pay <td><input type=text name=pay>
</table>
<p>
<input type=submit value="Fetch”, name=action>
<input type=submit value="Update”, name=action>

</form>

</body></htm1>

0O6paboTKOM (QopMBI U APYTUX 3ampocoB Oyaer 3anuMaTbesa CGI-crienapuit
Ha A3bIKe Python, mpezncrasienHsiil B mpumepe 1.34, KOTOpBIH OymeT ms-
BJIEKATh U U3MEHATH 3alliCcU B HallleM xpauuauiie. O0paTHo OH OyJaeT BO3-
BpAIllaTh CTPAHUILY, IIOXOKYIO Ha TY, UTO BOCIPOU3BOAUT Pa3MeTKa B IIPHU-
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mepe 1.33, HO ¢ moasaMu (OPMbI, 3AIMIOJHEHHBIMU 3HAUEHUAMU aTPUOYTOB
00'beKTa, N3BJIEYEHHOI0 U3 XPAHUJIHIIA.

Kax u B peanusamnuu rpadguyueckoro nuaTepdeiica, A BLIBOAA PE3YJIbTATOB
¥ BBOJA M3MEHEHHi OyJeT MCIOJIb30BAaThCA ONHA U Ta ’Ke Beb-cTpaHMIla.
B oTsinune ot rpadpuueckoro nuTepdeiica, STOT ClieHaApuil OyAeT 3anycKaTh-
Cs 32aHOBO B OTBET Ha KasKJoe JefCTBHE II0JIb30BaTe A 1 KasKIbIi pa3 CHOBa
OymeT OTKPBLIBAThH 0a3y JaHHBIX (ATpUOyT action ()OPMBI COAEPIKUT CCHLIKY
Ha clieHapuil 1y ciexpyioiero 3amnpoca). Mogens CGI He mpemocraBiiser
BO3MOXKHOCTH COXPaHeHUs MHPOPMAIINN O COCTOSHUN MEXKIY 3alpocaM,
TO09TOMY KaKIbI# pa3 MBI BBIHY KAEHBI BBITIOJHATL BCE AEHCTBUA C CAMOI0
HavaJja.

Ilpumep 1.34. PP4E\ Preview\cgi-bin\peoplecgi.py

PeanuayeT Be6-MHTEPOEHC ANS NPOCMOTPA U W3MEHEHWs 3K3EMNNAPOB KIaccos
B XpaHunuue; XpaHunuue HaxoguTcd Ha cepBepe (MﬂM Ha TOM Xe KOMNblTepe,
ecn ncnonbayetcs uma localhost)

TRIRT

import cgi, shelve, sys, os # cgi.test() BbBEmeT nons BBOAA
shelvename = ‘class-shelve’ #f Gainy xpaHunuua HaxoaaTces

# B Tekylwem katanore
fieldnames = (‘name’, ‘age’, ‘job’, ‘pay’)

form = cgi.FieldStorage() #f NapcuHr AaHHbX GOPMbI
print(‘Content-type: text/html’) # 3aronoBOK + MycTas CTpoka And 0TBeTa
sys.path.insert(0, os.getcwd()) # Onaropnaps aTomy Moaynb pickle

# v cam cueHapuit 6yayT CnocobHbl
#f MMNOPTMPOBATL MOAYAb PErson
# rnaBHbil wabnoH pasmeTky html
replyhtml = "~
<html>
<title>People Input Form</title>
<body>
<form method=POST action="peoplecgi.py”>
<table>
<tr><th>key<td><input type=text name=key value="%(key)s">
$ROWSS
</table>
<p>
<input type=submit value="Fetch”, name=action>
<input type=submit value="Update”, name=action>
</form>
</body></html>

W

# BCTaBWTH pasmeTky html ¢ aaHHbiMu B nosuumio $ROWSS
rowhtml = ‘“<tr><th>%s<td><input type=text name=%s value="%%(%s)s">\n
rowshtml = *’
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for fieldname in fieldnames:
rowshtml += (rowhtml % ((fieldname,) = 3))
replyhtml = replyhtml. replace(‘$ROWSS’, rowshtml)

def htmlize(adict):

new = adict.copy() # 3HayeHns MoryT cogepxaTb &, >
for field in fieldnames: # 1 oapyrue cneunansHbie CUMBOSH,
value = new[field] # oTobOpaxaemble 0co6HM 06pasom
new[field] = cgi.escape(repr(value)) # ux Heob6X0ANMO 3KpaHWPOBATb
return new

def fetchRecord(db, form):
try:
key = form[ ‘key’].value
record = db[key]

fields = record.__dict__ # [Ns 3anofiHeHus CTPOKKM OTBETa
fields['key'] = key # Mcnonb30BaTh CnoBapb aTpubyTos
except:

fields = dict.fromkeys(fieldnames, '?’)
fields['key'] = ‘Missing or invalid key!
return fields

def updateRecord(db, form):
if not ‘key’ in form:
fields = dict.fromkeys(fieldnames, ‘?')
fields['key'] = ‘Missing key input!

else:
key = form[‘key'].value
if key in db:
record = db[key] #f M3MEHWTb CYWECTBYOWYI0 3anuCh
else:
from person import Person # co3/1aTb/COXPaHUTb HOBYI

record = Person(name="?", age='?") # eval: CTPOKM [OMKHH ObTb
#f 3aK4YeHbl B KaBblYkHK
for field in fieldnames:
setattr(record, field, eval(form[field].value))
db[key] = record
fields = record.__dict__
fields[ key' ] = key
return fields

db = shelve.open(shelvename)
action = form[ ‘action’].value if ‘action’ in form else None
if action == ‘Fetch’

fields = fetchRecord(db, form)

elif action == ‘Update’:
fields = updateRecord(db, form)
else:
fields = dict.fromkeys(fieldnames, ‘?") # HemonyCTUMOE 3Ha4veHue

fields['key'] = ‘Missing or invalid action!’ # kHonmku oTnpaBky GopMb
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db.close()
print(replyhtml % htmlize(fields)) # 3anonHNTL GOpMYy OTBETA
# 13 cnosaps

CueHapuii MOJyYNJICA TAKUM OOJIBIIINM, IIOTOMY YTO B €r0 3aJja4y BXOJUT
00paboTKa BBOZA IOJH30BaTEJIA, BLIIOJHEHUE ollepanuii ¢ 6a30i JaHHBIX
u reaepupoBanue padmeTku HTML nnsa orBera. Tem He MeHee felicTBYeT OH
JIOCTATOYHO NIPAMOJIMHEHO U II0 CBOEMY IIOBEIEHNIO HAIOMIUHAET peaansa-
nuto rpaduyeckoro nHTepdeiica U3 NIpegbIAYINEro pasjea.

KaTtanoru, popmatupoBaHue cTpok n 6e3onacHocTb

IIpesxme ueM ABUHYTBHCA OaJbllle, HEOOXOAMMO CAeJaTh HECKOJBKO BaiK-
HBIX 3aMeuvaHuii. [Ipe:xxae Bcero, ciieHapuii BeO-cepBepa, IpeacTaBIeHHBIN
B mpuMepe 1.32, mo2KeH ObITH 3aIYINEeH 10 TOTO, KaK Bbl HAUHETE SKCIIePU-
MEHTUPOBaTh, — OH OyJeT IepexBaThbIBaTh 3aPOCKHI OT Opoysepa U Imeperna-
BaThb ux Hamemy CGI-ciienapuio.

OGpaTuTre Tak:ke BHUMaHme, uTo npu samnycke CGl-crenapuii mobaBiiseT
OyTh K TeKylneMy paboueMy KaTaJjory (0s.getcwd) B IyTh IIOMCKA MOAYJIEH
sys.path. He nsmensasa nepeMeHHYyI0 OKpyKeHUA PYTHONPATH, aTOT IIpreM mo-
3BOJIAT MOAYJIIO pickle 1 caMOMYy CIleHapuio UMIIOPTUPOBATH MOLYJIBb PErSON,
HaXONAINUICA B TOM Ke KaTaJiore, UTo U ciieHapuii. I13-3a HOBOro cmocoba
samycka CGI-creHapues, peanmsoBanHoro B Python 3, texyiuit paboumit
KaTaJor He 100aBJIAETCSA B CIIMCOK SYS.path aBTOMATUYeCKM, XOTA IIPU STOM
daiiabl XpaHUININA, HaXO4AINeCs TaM, OyAyT O0OHAPYKUBAThCA U OTKPbI-
BaThCA KOPPEKTHO. ITa 0COOEHHOCTD B ITOBEIEHUY MOKET OTJINYaThCA, B 3a-
BHCHMOCTH OT BEIOPAaHHOrO BeO-cepBepa.

Erie ogqun naTepecHsblit mpuem B CGI-ciieHapuu — MCIIOJIH30BAHUE CJI0BAPS
aTpubyToB 3anucu (__dict__) Kak MCTOUHWKA 3HAUEHUI B OIepaI[uu dKpa-
HUPOBAHUA IOJIeH BHYTPHU BhIpasKeHUA (hOPMATUPOBAHUA CTPOKHU, IIpeodpa-
gytomero ctpoky mabsona HTML B oTBeT, B ocaeHEl CTPOKE CIleHAPU .
Hamomuro, uTo BeIpaskenme Buma %(key)code 3aMEHUT KJIIOY key 3HAUCHUEM
9TOr'0 KJI04a B CJIOBape:

>>> D = {‘say’: 5, ‘get’: ‘shrubbery’}
>>> D['say’ ]

5

>>> § = ‘¥(say)s => %(get)s’ % D

>>> 8

‘5 => shrubbery

Banaromaps mcnosib30BaHUIO CJIOBapsA aTpPUOYTOB MBI MOKEM CChLIAThCA Ha
aTpubyTHI 10 UX UMeHaM B ¢hopMe CTPoK. PaKTUUECKHU YaCTh II1abJI0OHA OTBe-
Ta TeHepPUPYeTCA IIPOrPaMMHBIM KOIoM. KEcm ero cTpyKTypa KaskeTcs BaM
HEeTIOHSATHOM, IPOCTO BCTABbTE MHCTPYKIIUU BBIBOMA replyhtml u BbI3OBA SYS.
exit u BamycTuTe clieHapuii u3 KoMaHIHOI cTpoku. Huke mokasaHo, Kak
BeIMIAAUT pasMeTka HTML TabauIisl B cepefuHe CTeHEPUPOBAHHOI'O OTBETA
(memMHOTO OTOPMATHPOBAHHAS 3[IeCh JJIs YI000UUTAEMOCTN):
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<table>

<tr><th>key<td><input type=text name=key value="%(key)s”>
<tr><th>name<td><input type=text name=name value="%(name)s”>
<tr><th>age<td><input type=text name=age value="%(age)s">
<tr><th>job<td><input type=text name=job value="%(job)s">
<tr><th>pay<td><input type=text name=pay value="%(pay)s”>
</table>

Masee 5TOT TEeKCT 3alOJHAETCA 3HAUEHUAMU KJIIOUeH M3 cjaoBapsa aTpudy-
TOB 3allUCU MHCTPYyKIUel (opMaTUpOBaHUA CTPOKM B KOHIlE CIleHapud.
9Ta MHCTPYKIVA BBIIIOJIHAETCA IIOCJIEe TOTO, KaK CJIOBaph OyneT o6paboTaH
BCIIOMOTATeJIbHON (DyHKIIMelH, Ipeodpas3yoell 3SHaUueHUs B TEKCT C IIOMO-
b0 GYHKIUY repr ¥ SKpaHUpPyIolneill TeKCT BEIB0BOM (hYHKIIUU CJgi.escape,
B COOTBETCTBUU ¢ TpeboBaHMAMU A3bIKA pasMeTku HTML (omaTs ke, 1mO-
CJIeIHUH IIar He Bcerja ABJISeTCA 00A3aTeIbHBIM, HO OH HUKOT/A He OyzeT
JIATITHUM).

Atu crpoku orBera B popmare HTML MOKHO OBIJIO ObI »K€CTKO OIPENeJUTh
B IIPOrPaMMHOM KOjle, HO TeHepUPOBaHUeE UX M3 KOPTEeKa ¢ UMEeHaMU IT0JIeH
obecrieunBaeT 0ojiee YHUBEpPCAJIbHOE DEIlleHNe — B OyAYIIleM MBI CMOXKEM
00aBJIATH HOBBIE II0JIA 0€e3 Heo0X0AMMOCTY N3MeHATh madgon HTML. WH-
CTPYMEHTHI 00paboTKY CTPOK B A3bIKe Python mosBosazoT sTo.

CrpaBeJIMBOCTU Paju CJIEIYeT 3aMEeTUTh, UTO 0oJiee HOBBIN MeToxn str.for-

mat I03BOJISAET JOOUTHCA TOrO JKe d(PPeKTa, YTO U TPASUIIMOHHLIN OIIepaTop

% (hopMAaTUPOBAHUSA, MCIOJIB3YEMbIN B CIleHAPUM, U JAaeT BO3MOYKHOCTH HC-

0JIb30BATh CUHTAKCHC CCHIJIOK Ha aTpUOyThl 00'beKTOB, KOTOPBII BLITVIAIUAT

06oJiee ABHBIM IO CPABHEHUIO C IIPHEMOM HCIIOJNH30BAHUSA KJIIOUell caoBaps
dict__:

>>> D = {'say’: 5, ‘get’: ‘shrubbery’}

>>> ‘%(say)s => %(get)s’ ¥ D #f BbpaXeHue: CChakKa Ha KIioy
‘5 => shrubbery
>>> ‘{say} => {get}’.format(xD) #f METOA: CChiKa Ha KoY

‘5 => shrubbery

>>> from person import Person
>>> bob = Person(‘Bob’, 35)

>>> “%(name)s, %(age)s’ % bob.__dict__ # soipaxeHue: knoyn __dict__
‘Bob, 35

>>> *{0.name} => {0.age}’.format(bob) # wmeTon: cuHTakcuc aTpubyTOB
‘Bob => 35

OpgHAaKO M3-3a TOr0, UTO HAM CHauaJjia HeoOXOAMMO SKPaHUPOBATh aTPUOYThHI,
MBI He MOKeM HCII0JIb30BaTh CUHTAKCUC aTPUOYTOB B BbI30BE MeToxa (hop-
MaTupoBaHuA. PaKTUUYECKU IJIA BBIOOpA HAM HOCTYIIEH JIUIIh CUHTAKCUC
CCBLJIOK Ha KJIIOUM, IIPeCTaBJeHHbIN Bbile. (K MOMEHTY HaIMCaHUA dTUX
CTPOK ellle He ObIJI0 OUeBUHO, KAKOU U3 ABYX CHOCO00OB (DOPMATUPOBAHUA
3alfiMeT JOMUHUDPYIOIIee MOJ0KeHe, TTI09TOMY MBI ITI03BOJIUM cebe MCIIOJIb-
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30BaTh B KHUTe 00a crocoba — AaxKe ecin KaKoIi-TO U3 3TUX CII0CO00B 3aMe-
HUT /:[pyr‘of/'l, BBI BCE€ paBHO OCTaHETECh B BI:II/II‘pBILT_Ie.)

B unTepecax 6e30mMacHOCTH HEOOXOAMMO TaKiKe HAIIOMHUTh, UTO IIPUEM IC-
OJIb30BAHUS (PYHKIIMHY eval I IPeoOpas3oBaHUs BXOJHBIX TaHHBIX B 00b-
eKThI s13bIKa Python sBasieTcs qocTaTouHO MOIITHBIM, HO JAJIEKO He Gesorac-
HBIM. ITa (PYHKIIUS C PAJOCThIO BBITIOJHUT JIO00M MPOTrpaMMHEBIN KO Ha
sa3pike Python, KoTopeIil B CBOIO ouepeab CMOXKET BBIMOJHUTE JIFOObIE CHC-
TeMHbIe Ollepalluy, paspelreHre Ha KOTOpbIe OyaeT MMeTh IIPOoIlecc CIleHa-
pusa. Eciu nmpob6iema 6e30macHOCTH MMeeT AJIsA Bac 3HaueHue, TO BaM IIpPU-
JIeTcs 00eCIIeUnTh BBITIOJIHEeHNE CIleHaPU s B OTPAHNYEHHOM OKPYKeHU T NN
WCII0JIb30BATh OoJiee CIeIUaIn3upPOoBaHHbIe MeXaHU3MbI TIpeo0pasoBaHUd,
Takue Kak QyHKIuu int u float. BoobIe roBops, mpobieMa 6e30IacHOCTHA
3aHUMAaeT BasKHOEe MECTO B MHPe BeO-TIPUJIOKeHUl, Ile CTPOKU 3aIpPOCOB
MOT'YT IOCTYTATh M3 CAMBIX Pa3HBIX UCTOUHUKOB. OMHAKO, ITOCKOJIBKY BCe
MBI 3/IeCh CUUTaeMCA APY3bAMU, MbI IPOUTHOPUPYEM BO3MOMKHYIO YI'PO3Y.

Monb3oBaHMe Be6-caniToM

HecMmoTps Ha CI0KHOCTU, CBSI3aHHBIE C CEpBEpaAMM, KATAaJIoraMU W CTPOKAa-
MH, TTOJIL30BaThCA Be6-mHTEep(deiicoM HUUYTh He CJI0KHee, ueM rpapuuecKuM
uaTepdeiicom. BrobaBok BebG-uHTep(deiic MMeeT AOIOJHUTEILHOE IIPEnMY-
IIeCTBO — UM MOJKHO IIOJIb30BATHCS B JIFOOOII OIIEpPAI[MOHHON CHCTEMeE, IIe
umeeTcsa O6poysep u noakaouenre K MHTtepHery. UT0OBI U3BJIEUL 3aIUCHh U3
XpaHuUININa, sanoauute noje Key (Kirou)  menrkuuTe Ha KHOKe Fetch (U3-
BJIEUB) — CIIEHAPUI 3aMIOJHUT CTPAHUILY HJAHHBIMU, [OJYUYEHHBIMU U3 aTPU-
OyTOB COOTBETCTBYIOIIEr0 SK3EeMILIAPA KJIAacca, U3BJICUEHHOTO U3 XPAHUJIN-
11a, KakK mokasaHo Ha puc. 1.15, rae Oblja n3BJIeUeHA 3aIKUCh C KJIIOUOM bob.

Ha puc. 1.15 mokasaHo, UTO MOJYUYUTCA, KOTAA KJIOU IEePefaeTcs ¢ IIOMO-
mbpio opmbel. Kak yike ormeuasioch Beimte, CGI-ciieHapuii MOYKHO TaKiKe

1@ People NP For Windows Tnternet Explores

- ‘@J http://localhost/cgi-bin/pecplecgi.py v| bt | +y | X || 28] Google pe ‘|

[ Favorites ‘ @ People Input Form | :

key bob
name 'Bob Smith'
age 42
job ‘software’

pay 30000

n

Done & Internet | Protected Mode: On g v ®125% v

Puc. 1.15. Cmparnuya omeema peoplecgi.py



118

lnaga 1. MpeaBapuTenbHbIn 0630p

BBI3BATH, MEpelaB BXOAHbIE JaHHBIE B BUJE CTPOKHU 3aIIpoca, IIOMECTUB ee
B Komerr agpeca URL. Ha puc. 1.16 nmokasaHa cTpaHuiia, moJaydeHHas B OT-
BeT Ha IOMBITKY 00paTuTheA 110 ciaenyoiiemy aapecy URL:

http://localhost/cgi-bin/peoplecgi.py?action=Fetch&key=sue

%@ People Input Form - Windows Internet Explorer
=

’ w |@J http://localhost/cgi-bin/peoplecgi.py?action=Fetch&key=sue v| @ | *3 ‘ X

L)
€ 3| Google

;,4 Favorites ‘ @ people Input Form ‘ |

key sue
name 'Sue Jones'
age 45
job ‘hardware'

pay 50000.0

s

Done & Internet | Protected Mode: On g v RI15% +

Puc. 1.16. Omeem cyenapuas peoplecgi.py Ha 3anpoc ¢ napamempamu

Kak BwI y:ke 3HaeTe, Takyio cTpoKy URL MOMKHO OTIIPaBUTH C IIOMOIIIBIO
Opoy3epa WU CIleHAPHUs, NCIOJIb3YIOIIEero TaKkye NHCTPYMEHTEI, KaK IIaKeT
urllib. 1 cuoBa, 3amenure «localhost» Ha momeHHOe mMsA cBoero cepsepa,
ecJIM BBI 3allyCKaeTe CIeHapuil Ha yaaJJeHHOM KOMIILIOTEpe.

qT06BI N3MEHUTH 3allCh, U3BJIEKNTE €€ II0 KJII0UYy, BBEAUTE HOBbIE 3HAYE-
HUA B NIOJIA BBOJA U IeaKHUTe Ha KHonKe Update (smMeHUTH) — crieHApmil
U3BJIeUET 3HAUCHUS U3 IOJei BBOJla N 3allMIIIeT NX B COOTBETCTBYIOIIINE
aTpuOyThHI SK3eMILIAPA KJacca B xpaHuauiie. Ha puc. 1.17 moxkasana crpa-
HHIIa OTBETAa, IIOJIYYeHHAasdA II0CJIe U3SMEHEHNA 3allCH C KJIIOUOM SU€E.

Haxkomnerr, omeparusa no06aBJeHNs HOBOM 3aIlIMCHU BBITIOJHIAETCS TOYHO TaK
JKe, KaK U B rpaduyecKoM MHTepdelice: yKaK1UTe HOBbIe 3HAUEHUA KJII0Ua
U TIoJIel, meaKHuTe Ha KHonKe Update (M3menuts) — CGI-ciienapuii cosmact
HOBBIH 9K3EMILIAD KJacca, 3alUIlNeT B €r0 aTpuOyThl 3HAUEHUS COOTBET-
CTBYIOIIIUX TOJIEN BBOJa U COXPAHUT €T0 B XPAHUJIUIIE C HOBBIM KJIIOUOM.
B meficTBUTENBLHOCTH 37€Ch ITOf, TOKPOBOM BeO-CTPAHUILBI BBITIOIHSIIOTCS
orepanuu ¢ 00beKTOM KJiacca, HO HaM He PUXOJUTCSA UMETDH JeJ0 C JIOTU-
Koii ero co3manus. Ha puc. 1.18 usobparkeHa sammich, fobaBieHHas B 6a3y
ITAHHBIX TAKUM CIIOCOOOM.

B npuHIuize MbI TOYHO TAK K€ MOKEM M3MEHATHL U JO0ABJIATEH 3aIICH, OT-
mpaBJiAs coorBercTByONMe cTpokyu URL — u3 Gpoysepa nuiau us crieHapus —
HAIIPUMeED:

http://localhost/cgi-bin/
peoplecgi.py?action=Updatedkey=sue&pay=50000&name=Sue+Smith& ...un panee..
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A ‘@ http://localhost/cgi-bin/peaplecai.py v| kA ‘ +4 ‘ b4 Hﬂ] Google

'ig Favorites ‘@ People Input Form | |

key sue
name 'Sue Smith’

age 45

job ‘hardware’

pay 60000

e

Done @ Internet | Protected Mode: On ‘n | B 125% ¥

Puc. 1.17. Omeem peoplecgi.py Ha Onepayuio u3meHeHUs 3anucu

‘g] http://localhost/cgi-bin/pecplecgi.py

9.7 Favorites ‘9 People Input Form | |

key guido
name 'GvR'

age None

1

job 'BDFL’
pay ‘'<shrubbery='

n

Done & Internet | Protected Mode: On v ®15% ~

Puc. 1.18. Omeem peoplecgi.py nocae 006a8seHUsL HOBO 3ANUCU

OpHaKo BBOAUTH TaKyio AJauHHYIO cTPoKy URL 6e3 mcmosb3oBaHUsa aBTO-
MaTU3NMPOBAHHBIX MHCTPYMEHTOB CYIIIECTBEHHO CJIOMKHEE, UeM 3aIlOJTHATHb
nonsa ¢popmbl. Huske NpuBoaMTCA 4aCTh CTPAHUIILI OTBETa, CleHEPpUPOBAH-
HOM B OTBET HA CO3JaHMe 3aIMCHU C KJIIUOM «guido» u m300pakeHHOM Ha
puc. 1.18 (Bocmonb3y#TeCh BO3SMOYKHOCTBIO IIPOCMOTPA HCXOJHOTO KOJa
CTPaHUIBI, UMeIOIIeca B Opoysepax, YToObl yoenuThesa B aTom). O6parure
BHUMAaHUe, UYTO CUMBOJBI < U > ObLIU ITpeobpa3oBaHbl GYHKIIMEH cgi.escape
B 9KpaHUpoBaHHbIe TTocaenoBaTeabHocT HTML, mepen Tem Kak OHU ObLIN
BCTaBJIEHBI B OTBET:

<tr><th>key<td><input type=text name=key value="guido”>
<tr><th>name<td><input type=text name=name value=""GvR' ">
<tr><th>age<td><input type=text name=age value="None”>
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<tr><th>job<td><input type=text name=job value="'BDFL’ ">
<tr><th>pay<td><input type=text name=pay value="'&lt;shrubberyé&gt;’ ">

Kak o6b1uno, ajia tectupoBanusa Hainero CGI-ciieHapusa MOYKHO MCIOJIB30-
BaTh makerT urllib ma craHgapTHON OMOJIMOTEKM — BO3BpPAIIlaeMbIil Pe3yjb-
TaT mpeacTaBageT coboit mpoctyio pasmerky HTML, KoTopyio MOKHO HpPO-
aHAJIU3UPOBATh C IIOMOIIBIO JPYTUX WHCTPYMEHTOB, UMEIOIIUXCA B CTaH-
JapTHOI OMOJIMOTEeKe, M WCIOJH30BaTh B KAaueCTBE OCHOBBI AJIS CUCTEMBI
PErpecCuoOHHOr0 TECTUPOBAHMA CEPBEPHOTO CIIeHAPU A, BHITIOJIHAIONIIEHCS Ha
JI000¥1 MaInHe, TOAKJIIOUeHHON K M HTepHeTy. MBI MOTJIN OBI fasKe peaJiu-
30BaTh aHAJIU3 OTBETA CEPBEPA, MOJYUEHHOT'O TAKUM CIIOCO00OM, U O0TOOpa-
JKaTh JaHHBIE B rpaduyuecKoM mHTepdelice, PeaJM30BAHHOM C IIOMOIIIBIO
oubsmoreku tkinter, — rpaduueckre nmHTEpQEchl U BeO-CTPAHUIILI HE SIB-
JIAIOTCSA B3aMMOUCKJIIOYAIOIIUMY TEXHOJOTUSAMU. B IocjesHeM IpuMepe
MOJIyUYEeHUS NJAHHBIX B MHTEPAKTUBHOM CeaHce [eMOHCTPUpyeTcs (hparMeHT
crparunl HTML ¢ coobiernem o6 omndke, KoTopas ObLiIa CTeHepupoBaHA
B OTBET Ha OTCYTCTBYIOIIee WU HeJOIIYCTUMOE BXOJHOe 3HAUeHe, C Pa3phbl-
BaMU CTPOK, JOOABIEHHBIMHU AJIsI YA0O0OUUTAEMOCTH:

>>> from urllib. request import urlopen

>>> url = ‘http://localhost/cgi-bin/peoplecgi.py?action=Fetch&key=sue’
>>> urlopen(url).read()

b’ <html>\n<title>People Input Form</title>\n<body>\n

<form method=POST action="peoplecgi.py”>\n <table>\n
<tr><th>key<td><input type=text name=key value="sue">\n
<tr><th>name<td><input type=text name=name value="\'Sue Smith\’”">\n
<tr><t ...ocTanbHON TEKCT yaaneH. .

>>> urlopen(‘http://localhost/cgi-bin/peoplecgi.py’).read()

b’ <html>\n<title>People Input Form</title>\n<body>\n

<form method=POST action="peoplecgi.py”>\n <table>\n

<tr><th>key<td><input type=text name=key value="Missing or invalid action!”>\n
<tr><th>name<td><input type=text name=name value="\'?\'">\n

<tr><th>age<td><input type=text name=age value="\'?\'">\n<tr> ...ocTanbHoli TekCcT

yaanex. .

darkTuuecku, ecau CGI-crenapuit BEITOJHAETCA HA JOKAJIBHOM KOMIIBIOTE-
pe «localhost», mya mpocMoTpa OAHOIO 1 TOTO YK€ XPAHUJIUIIA BBl CMOYKETe
HUCIIOJIb30BAaTh U rpaduuecKuii HTepdeic 13 mpeabIIyIlero pasaeia, U Beo-
uHTepdeiic 13 3TOTO pasesa — 3TO BCETO JUIIb aIbTePHATUBHBIEC MHTepQeli-
CBbI OCTYTIA K OJHUM U TeM Ke XPaHUMBIM o0bekTaM Python. Ilyia cpaBue-
Hua Ha puc. 1.19 mokasaHo, KaK BBITVISAUT 3aIllUCh B IpaUUecKoOM MHTEP-
delice, KOTOPYIO MBI BUAeJN Ha puc. 1.18, — 9T0 TOT Ke caMbIii 00BLEKT, HO
Ha 3TOT pas3 MBI TIOJYUYUJIN ee, He 00paIaiach K MPOMEKYTOUHOMY CEepBEpPY,
3aIlyCcKaloeMy APyTrue ClieHapuu UIu reHepupyiomniemy pasmerky HTML.

Kak u mpesx e, MBI Bcerzia MosKeM IIDOBEPUTH PE3YIbTATHI HAIIIEH JeaTellb
HOCTH Ha CepBepe, UCIOJb3YA NHTEPAKTUBHYIO 000JI0UKY NN APYTHe CIie-
"Hapuu. MBI MOKeM IPOCMATPUBATH COEPKUMOe 0a3bl JTaHHBIX C IIOMOIIIBIO
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Be0O-0poy3epoB unu rpadudyeckoro naTepdeiica, HO B JTIOOOM CIIydae 3TO BCe-
ro auiirb 06 beKThl Python B aiine xpanunauina:

>>> import shelve

>>> db = shelve.open(‘class-shelve’)

>>> db[‘sue’ ].name

‘Sue Smith’

>>> db[‘guido’].job

‘BDFL’

>>> list(db[‘guido’ ].name)

['¢", ‘v, ‘rR"]

>>> list(db. keys())

[*sue’, ‘bill’, ‘nobody’, ‘tomtom’, ‘tom’, ‘bob’, ‘peg’, ‘guido’]

== e = E—
24 People Shelve |- |[-[5)-tdm]

key buho

nameerR

age|NDne
job |BDFL
pay r<ﬁwubbewb'

Fetch | Updatel Quitl

Puc. 1.19. Tom ixce cambLii 06sekm, omoodpaxcaemvlii 6 zpapuieckom unmepgeiice

Huske npuBomATCS pe3yabTAThI 3aIlyCKA IIEPBOHAYAIBHOI'O CIIEHAPUSA U3
npumepa 1.19, msBiekaroriero mHopManio u3 0a3bl JaHHBIX, KOTOPBIH
MBI HAIIKCAJIU IO TOTO, KaK IePellIy K Pealnusanuy rpauueckoro u Bed-
unrepdeiica, — B a3bpike Python cyiectByer macca croco0oB mpocMoTpa
MaHHBIX:

... \PP4E\Preview> dump_db_classes.py
sue =>

Sue Smith 60000
bill =>

bill 9999
nobody =>

John Doh None
tomtom =>

Tom Tom 40000
tom =>

Tom Doe 90000
bob =>

Bob Smith 30000
peg =>

14
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guido =>

GVR <shrubbery>
Smith
Doe

,D,aane|7||.uv|e HanpaelieHnsa ycopepweHCTBoOBaHUA

EcrecTBEeHHO, UTO B 9TOT IIpHMEP MOKHO ObIJIO ObI BHECTU MHOYKECTBO YJIyU-
IIIeHU:

Pasmerrka HTML nsisa HauanpHOM (hOPMBI BBOZIA, IPEACTABJIEHHASA B IIPU-
mepe 1.33, HeCKOJIbKO M30bITOUHA OJIS clieHapus B upumepe 1.34, u ee
MOKHO OBLJIO ObI T€HEePUPOBATDH C TTOMOIIBIO APYTOT'O CIeHAPUA, UCIIOTIb-
3yeMOro KaK UCTOUYHNK COBMECTHO MCHOJb3yeMOU nH(pOpMAaIlUu.

daKTHUUECKN MBI BOOOIIE MOKEM OTKAa3aThCs OT BCTPAUBAHUA PA3METKH
HTML B Ham crieHapuii, €CJau BOCIOJIb3YEeMCS OJJHUM U3 NWHCTPYMEHTOB-
regeparopoB HTML, ¢ KoTopbIMU MBI II03HAKOMUMCSA Jajiee B KHUTE,
rakuM Kak HTMLgen (cucrema cosmanus pasmerku HTML us mepeBa
00bexToB moxkymenTa) u PSP (Python Server Pages — cepeepHbIe cTpa-
uunsl Python, cepsepuas cucrema mradaonos HTML gias Python, mamo-
muHatortasa PHP u ASP).

YT006BI YIIPOCTUTH O0CTYIKUBAHNE, MOYKHO OBIJIO ObI TAKKe BLIHECTU Pas-
meTky HTML nnsa CGI-cuieHapusa B OTAeNbHBIN (aiija, YTOOBI OTAEIUTH
IIpeAcTaBJIeHre OT JOTUKHU (C pasHbIMHU (aisaMu MoOriam ObI paboTaTh
pPa3HBIE CIIEIUAJINCTEI).

Kpome Toro, eciau BeG-caiiToM MOTyT IIOJB30BATHhCA CPady HECKOJIbKO
YeJIOBEK, MBI MOTJIM ObI JO0OABUTHL BO3MOMKHOCTH OJIOKMPOBKU (aiiia
XPaHUJIUIIA UJIU TIePedTH Ha UCIOJIb30BaHue 6a3bl OAHHbLX, TAKOH KaK
ZODB niau MySQL, uTo0bI 06eCIeunTh BO3MOMKHOCTD ITapaJiieIbHbIX 13-
menenuii. ZODB u apyrue moJIHOIIEHHBIE CUCTEMBI YIIPaBJIeHUA 6azamMu
TaHHBIX TO3BOJIAIOT TaK:Ke KCIIOJIh30BaTh BO3MOYKHOCTH OTMEHBI TPaH-
3aKIMi B cayydae omnOoK. Peain3oBaTh MPOCTENIITYIO OJIOKUPOBKY (haii-
Jia MOYKHO C IIOMOIITbI0 (DYHKITUY 0S.0pen u ee )Iaros.

Mexauusmbst ORM (object relational mappers — 06'6€KTHO-PEIAIIOHHOTO
oTtobpaskenus) nja Python, rakmne kax SQLObject 1 SQLAlchemy, ymo-
MUHABIIIECH BbIIIe, TAKKe CIIOCOOHBI 00eCIIeUNTD MOAJEePIKKY OLHOBDE-
MEHHOM paboThl HECKOJILKUX II0JIL30BaTeJ el ¢ PeIAIMOHHON 0a30it qaH-
HBIX, COXPAaHASA B Hell IpeAcTaBjeHNe NJAaHHBLIX B BHJE HAIINX KJIACCOB
Python.

Haxoner, ecqiz pasmep HAIEro caiiTa cTaHeT OOJIbINIE, YeM HECKOJIbKO
MHTEePAKTUBHBIX CTPAHUI], MBI Moriau Obl mepeiitu oT CGI-cueHapues
K OoJjiee pasBUTHIM BeO-(ppeliMBOpPKAM, TAKMM KaK YIIOMHHABIINECS
B HauaJie sToro paszgena — Django, TurboGears, pyjamas u gpyrue. Ha
cayuaii, ecau moTpedyeTcsa COXpPaHATh MHM)OPMAIINIO MeKIy o0palineHu-
AMU K CTPAHUIIAM, MOYKHO OBIJIO ObI UCIIOJIB30BATh TAKMEe WHCTPYMEHTHI,
Kak cookies, CKpBITHIE IIOJIS BBOZA, CEAHCHI, IIOAAeP:KUBaeMble MOLYJIEM
mod_ python u FastCGI.
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e Eciu morpebyercsa XpaHUTh HA caiiTe MHMOPMAIMOHHOE HAIIOJHEHUE,
IIPOM3BOAMMOE €r'0 II0JIb30BATE/IAMM, MBI MOIJIX ObI IIEPEATH Ha WCIIOJb-
soBauue Plone. 9To monysisApHAas U OTKPHITASA CUCTEMA YIPABJIEHUS CO-
JePKUMBIM, HamucaHHasa Ha sa3biKe Python, mcmoabsyromias cepsep
MPUJIOKEHUH Zope, peanusyoiias MoJeab JOKYMeHTO000poTa u jaee-
TUpPYyIOIasa yIpaBJeHne COMePKUMBIM CafiTa ero aBTopaM.

e A eciu Ha HOBECTKe JHS BCTAaHET MOAAEPIKKA 0ecnpo8o0HbLX WU PAC-
npedesenHvlx nHTEP(HENCOB, MbI MOIUIX OBI IEPEHECTH HAIly CUCTEMY Ha
COTOBBIE TeIe()OHBI, NCII0JIb3Ys OAUH 13 TPAHCIATOPOB ¢ A3bIKa Python,
IOCTYIHBIX, HATTpuMep, AJd mirargopmbl Nokia u Google Android, nan
Ha mIaT@opMy pacipeeeHHBIX BbIUKCICHUH, TaKkyio Kak Google App
Engine. fIssik Python ¢ ycmexom npoHuKaer B o61acTi, KyJa BeleT pas-
BUTUE TeXHOJOT UM,

Ho, Tem He menee, m rpaguuecKkuii, u BedO-unTepdeiic, co3gaHHbIe HAMU,
BIIOJIHE CIIPABJISIOTCS CO CBOEI paboTOoM.

KoHel, A€MOHCTPAULMNOHHOIO nNpumMmepa

Ha sTomM MBI 3aKaHUYMBaeM 3HAKOMCTBO C BBOAHBIM J€MOHCTPAITMOHHBIM
IPUMEPOM KCI0JIb30BaHMA s13biKa Python. Mbr ncciefoBaiu crroco0sI mpej-
craBieHusa nauubrx, OOII, MexaHU3MbBI COXpaHeHUA 00 bEKTOB, MHCTPYMEH-
ThI CO3JaHU IpaduuecKUX NHTeP(elicoB 11 OCHOBBI pa3paboTK BeO-caliTOB.
Hu ogny u3 sTuX TeM MBI He paccMaTPUBAJIM AOCTATOUHO Iiy0oko. Tem me
MeHee X0TeJIoCh ObI HaJlesIThCs, UTO 9Ta IIaBa NPoOyAMJIa B BAC JIOOOMBIT-
CTBO K IIPOrpaMMUPOBAHUIO IPUJIOKEHNH Ha A3bIKe Python.

B ocrasimeiics yacTy KHUTM MBI YIUIyOMMCSA B U3YyUYEHUE 3TUX U APYTUX WH-
CTPYMEHTOB U Te€M HPUKJIATHOIO IPOrPAaMMUPOBAHUA, YTOOBI IIOMOYbL BaM
BRJIIOUNTH A3BIK Python B paGoTy B Bammx COGCTBEHHBIX IpOrpamMMax.
B cuenyiomeil rimaBe Mbl HauHeM Hallle ITyTelleCTBUE C U3YUEHUA UHCTPY-
MEHTOB CHCTEMHOTO ITPOTPAMMUPOBAHUS U aJMUHUCTPUPOBAHUA, UMEIO-
IIUXCA B PACIIOPSKEHNY TPOrPAMMUCTOB Ha sisbiKe Python.

CKpbITble «ctopnpusbi» B Python

Ha macroaimuii MOMEHT, Korga A nuiity st cTpoku B 2010 roxy, A 3a-
HUMAaIOCh I3bIKOM Python y:xe moutu 18 e, u s BuAe s, Kak OH BBIPOC
13 HUKOMY He M3BECTHOTO A3bIKA B MHCTPYMEHT, KOTOPBINI B TOM UJIU
WHOM BHJe MCHOJIb3yeTCA MPaKTUYECKU KaiKAOoW opraHusamnmeir, 3a-
HUMaroIelica paspaboTKOIl, 1 BXOAUT B UeTBEPKY UJIU MATEPKY HaAU-
0o0J1ee UCIIOIb3yEMBIX A3BIKOB IIPOIPAMMUPOBAHUS B MUPE. ITO ObLIN
JIyUIIye TObI.

OI‘JIH/II)IB&&'{CL Has3ag, MOr'y CKas3aThb, UTO €CJIX B A3BIKE Python YTO-TO
1 OCTaJIOCh ILefICTBHTe.J’IBHO HEN3MEHHBIM, TaK 3TO €ro BPOMXIAEeHHasd




124 lnaBga 1. MpeaBapuTenbHbIn 0630p

CIIOCOOHOCTH 3aCTaBJIATH Pa3pabOTUMKOB aKIEHTUPOBATh BHUMAaHUE
Ha KauyecTBe IIPOrpPaMMHOro Koma. VM 9To IpaKTHUeCKU Hem30erKHO.
S3bIK, KOTOPBIA TpebyeT, UTOOBI pas3paboTuuk (GOpMATHUPOBAJ IIPO-
TPaMMHBIH KOZ IJiA G0JibIllell yI060UnTaeMOCTH, He MOKeT He 3acTa-
BUTH JIIOEeH MOJHNMATh BOIIPOCHI O BEIOOpEe HamboJiee yaauHbIX IIpHe-
MOB pPas3paboTKY MIPOrPaMMHOr0 00ecIeueH .

IMosxanyii, HUUTO TaK He MOTUYEPKUBAET ATy CTOPOHY JKU3HU A3BIKA
Python, xak momyap this ua craHZAPTHOM OMOJIMOTEKY — CBOEro poaa
CIOPIIPM3, MK «IIacxXajbHoe Aiio» B Python, cosmamublil ogHuM U3
ocHOBHBIX paspaborunkoB Python — Tumom ITerepcom (Tim Peters),
KOTOPBIH XPAHUT B cebe CIIMCOK OCHOBHBIX IPUHITUIIOB, HA KOTOPBIX
OCHOBBIBaeTCsA A3bIK. UYTOOBI YBUAETH UX, 3AIIYCTUTE NHTEPAKTUBHBIN
ceamc mHTeprnperaropa Python u ummopTupyiiTe Moayab (eCTecTBEH-
HO, OH JIOCTYIIeH Ha BcexX IaaTdopMax):

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

Beautiful is better than ugly.

Explicit is better than implicit.

Simple is better than complex.

Complex is better than complicated.

Flat 1s better than nested.

Sparse is better than dense.

Readability counts.

Special cases aren’t special enough to break the rules.

Although practicality beats purity.

Errors should never pass silently.

Unless explicitly silenced.

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

There should be one-- and preferably only one --obvious way to do it.
Although that way may not be obvious at first unless you're Dutch
Now 1s better than never

Although never is often better than srightx now.

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

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

(Nepesop:

Nl3eH a3vika Python, cocTasneH Tumom [leTepcom

Kpacusoe ny4uwe, 4em ypOAINBOE.
ABHOE ny4we, 4em HEedBHOE.
[lpocToe ny4ywe, 4em CNOXHOE.
CnoxHoe nyduwe, 4eMm 3anyTaHHoe.
llnockoe nydwe, 4em BIIOKEHHOE.
PaspexeHHoe nyduwe, Yem Ma0THOE.
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Ya0004MTAEMOCTb MMEET 3HAYEHWE.

Ocobble cnyyanm He HaCTONbKO 0COObe, 4TOOH HapywaTb npasuia.

Mpy 9TOM NPaKTUYHOCTb BaxHee 0e3ynpeyHoCcTH.

Ounbrn HUKOTAa He [LOJIXHb 3amManynmBaTbCd.

Ecnu He 3amanyuMBanTCs ABHO.

BCTpeTMB ABYCMLICNIEHHOCTb, OTOPOCH MCKYWeHWe yragaTb.

JloNXeH CywecTBOBATb OAMH M, XENaTeNbHO, TOAbKO OAMH O4EBMAHBIA Cnocod

caenatb 4To-To.

XoTs OH noHa4any MoxeTt ObTb U He O4YeBMAEH, eCnun Bbl He ronnaHzeL.

Cetyac nyywe, 4em HMKOraa.

XOT# HMKOT[A 3a4aCTylo Ny4e, 4eMm *NpAMo Cemdacs.

Ecnu peannsaumio CNOXHO OObACHUTH — WAEA M0Xa.

Ecnu peanusaumio nerko 00bACHUTL - waesd, BO3MOXHO, Xopouwa.

MpocTpaHcTBa MMEH - OTAWYHas wTyka! bymem penats wx nobonbue!

)1
Oco6oro yImoMruHAHUSA 3aCJIYKUBaeT IIPaBUIO «fIBHOE JIydUIlie, uemM He-
sIBHOEe», KoTopoe B Mupe Python ussectHo, kak a66peBuarypa «EIBTI»
(«Explicit is better than implicit») — ogHa 13 OCHOBHBIX Haeil A3bIKa
Python, u ogHO 13 caMbIX CUJIBHBIX OTJIUYUI OT APYTUX A3BIKOB. JI0-
0011, KTO ITPpopaboTas Ha ATOM HUBE DoJIee, UeM HECKOIBKO JIET, CMOJKET
3aCBUIETEIbCTBOBATh, UTO BOJIIEOCTBO U MHIKEHEPHOE UCKYCCTBO €CTh
Belu HecoBMecTuMbIe. Komeuno, cam a3bik Python me Bcerma Heykoc-
HUTEJbHO CJIeOBAJI BCEM STHM IIPaBUJIAM, HO CTApaJICA IIPUIAEPIKU-
BaThCA UX KaK MOKHO Oymxe. U ecau Python sacrasiser arozmeit 3a-
IYMBIBAaTBCA O TaKUX BeIllax, TO 3TO y:Ke mobena. KcraTtu, HasBanume
SA3BIKA OTJIMYHO CMOTPUTCA Ha (pyTOOIKE.

! TlepeBop B3sT us Buxkunenuu: http://ru.wikipedia.org/wiki/Python — IIpum.

nepee.
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CunctemMHoe
nporpamMmmMmupoBaHue

B 3TOi1 mIepBOII MOCBAIIEHHOU MeTalAM YacTU KHUTU IMIPeACTaBJIEHbI WH-
crpymenThl Python misi cucreMHOro mporpaMMHpPOBAaHUS — HHTEPMEHCHI
K cay:k0aM OIepamuoHHON CHCTEMBI, a TaKyKe K KOHTEKCTY BBIIOJHEHUS
IporpaMMBbl. OTa YaCTh KHUTHU COCTOUT U3 CJAEAYIOIINX TJIaB:

T'nasa 2

JTa riaBa obecleunBaeT MOJHBIN 0030p YACTO MCHOJb3YEeMbIX HHCTPY-
MEHTOB CHCTEMHOTr0 mporpamMmMmupoBauusi. OHa HEeTOPOIJINBO 3HAKOMUT
C UHCTPYMEHTaMHU U IPUeMaMu, KOTOpble MbI O0y/IeM HCIIOJIb30BaTh Aajee
B 9TOI KHUTe, X OTUYACTU MOYKET UCII0JIb30BAThCS, KAK CIPABOUHUK.

T'nasa 3

JTa rIaBa IPOAOJI:KaeT TeMy, HauaTyio B IyiaBe 2, U MOKa3bIBAET, KakK
paboTaTh CO CTaHIAPTHLIMU IIOTOKAMH BBOJA-BBIBOJA, apI'yMEeHTaMU KO-
MaHJIHO CTPOKH, IIEPEMEHHBIMI OKPYKEHUA M MHOTUM JPYTIM.

T'nasa 4

dTa IIaBa IPOAOJI:KaeT 3HAKOMHUTH HAC C CHCTEeMHBIMHU HHTepdeiica-
MU U ONHUCHIBAET MHCTPYMEHTHI U IIPUEMBbI, UCIOJIb3yeMble IIpu padboTe
¢ paiiiaMu 1 KarajoraMu. B aToi ri1aBe MbI II03HAKOMUMCS C JBOUYHBI-
mu daitsamMu, ¢ IpueMaMu 00X0/a IePeBbeB U TaK gaJee.

I'nasa 5

Jra rIaBa CAYKUT BBeJeHUEM B IOAAeP:KKy omoiamorexoit Python ma-
paJLIeIbHOTO BBIIIOJHEHUS IIPOorpaMM. 31ech Bbl HalijeTe OnucaHue Io-
TOKOB BBIIIOJITHEHU S, MEXaHU3Ma BETBJIEHUA IIPOIIECCOB, KAHAJIOB, COKe-
TOB, CUTHAJIOB, OUepeieil 1 TOMY IIOJ00HOTO.
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T'nasa 6

ITocoenusaa ryiaBa 3TOM YaCTU COAEPIKUT KOJIJIEKIIUIO TUITNYHBIX IIPUMe-
POB CHUCTEMHOT'O IIPOTrpaMMMPOBAHNS, OCHOBAHHBIX Ha MaTepuaJie 1mmep-
BBIX yeThIpex miaB. Crenapuu Python, mpeacrasieHHBIEe 3[1eCh, BBIIIOJI-
HSAIOT peaJbHbIE 3a4aul; IeMOHCTPHUPYIOT CPeAH IIPOUero, KaK paspesarhb
u 00beIUHATh (alijibl, CPABHUBATH U KOIMPOBATH KATAJIOTH, TECTUPO-
BaTh ApyTrue IIporpaMmsbl, a TAaKMe OTBICKMBATDH 1 3aIlyCKaThb BBIIIOJIHAE-
Mble (haiiJIbl.

XoTsl B 9TOI YaCTH KHUTHU 0C000€e 3HAUEHNE IIPUIAETCS 3a4auaM CUCTEMHOTO
IPOrpaMMUPOBAHUS, IIPEACTABJICHHBIE B HEM CPEACTBA SIBJISAIOTCA YHUBEP-
CaJBbHBIMM U 4aCTO OYAYT MCIIOJIb30BATHCSA B MOCJIEAVIOINX TJIaBaX.



CUCTeMHble NHCTPYMEHTbI

«os.path - gpopora K 3HaHuio»

B sT0if rmaBe HauMHAaETCA JeTaJbHOE PACCMOTPEHE CIIOCOO0B IPUMEHEHU A
Python nna pemenus mpakTmuecKuX 3ajad IporpaMMUpOBaHusa. B aToit
U B IIOCJIEAYIOINX TJIaBaX MBI YBUAUM, KaK UCI0JIb30BaTh Python mia pas-
paboOTKM CHCTEMHBIX MHCTPYMEHTOB, rpadmruecKux MHTEeP(EHCcOB IMOJIb30-
BaTeJd, IPUJIOXKEeHNI 0a3 JaHHBIX, BeO-ClleHapueB, Be6-caiTOB M MHOTOTO
npyroro. IlomyTHO Ha IpaKTHMUECKUX IIPUMepax OyAyT TaK'Ke M3ydaTbCca
BasKHeHINe KOHIENIUN IporpaMMupoBanus Ha Python: moBTopHoe wmc-
TOJIb30BaHME IIPOIPAMMHOIO KOZa, IIPOCTOTA COIPOBOXKIEHMA, O0HEKTHO-
opueHTHUpoBaHHOE mporpammupoBanue (OOII) u Tak gasee.

B BTOfI YaCTW KHUTYW MBI HAYHEM CBO€ IIyTeIlleCTBHE IIO IIpOorpaMMHpOBa-
HUIO Ha a3bIKe Python ¢ mcciemoBanusa obiacmu CucmemHbLX NPUJLOdHCE-
HUill — cileHapueB, paboTaroIux ¢ (paisaMu, IporpaMMaMU U OKPY KeHUueM
IporpaMM B IIeJIOM. XOTsA MPUMEPHI U3 3TOI ob6siacTy chOKYCUPOBAHBI Ha
OoIlpeJeIeHHOM THUIIE 3a1a4, NCIIOJb3yeMble B HUX IIPHEMbI OKAXKyTCsI II0JIe3-
HBIMMU 1 B IIOCJIEAYIOIINX YaCTAX KHUTH. I/IHI)IMI/I CJIOBaMH, €CJIX BEI €Ille He
SKCIIEPT IO CHCTEMHOMY IporpaMMupoBanuio Ha Python, Bam caexnyer my-
CKaTbCdA B IIYTh IMMEHHO C 9TOI'O MecCTa.

3auem 3pecb Hy>keH Python?

Cucremusbie naTepdeiicsl Python o6cay:xuBaroT 001acTH IPUIOKEHNI, HO
B TIOCJIEAYIONINX TIATU TJIaBaX OOJBIIWHCTBO IIPUMEPOB OyAEeT OTHOCUTHCA
K KaTeroOpuu CUCMeMHbLX UHCMPYMEeHmo8 — IPorpaMM, MHOT/Ia Ha3blBae-
MBIX YTUJINTaMU KOMaHIHOU CTPOKHU, CIIEHAPUAMU KOMAHIHON 000JIOUKH,
oporpaMMaM¥ CUCTEMHOTO aJMUHUCTPUPOBAHUA, CUCTEMHBIMIU IIPOTPAM-
MaMU U IPYTUMU COYETAHUAMU dTUX cJIoB. HezaBrcuMoO OT TOro, 3HaKOMBI
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JIX BaM 5TU Ha3BaHUS, Bbl, BEPOATHO, ViK€ 3HAKOMEI CO CIIeHAPUSIMU 3TOT'0
THUIIA: OHU BBIIOJHAIOT TaKNe 3aJaul, Kak o0paboTKa (ailjoB B KaTaJjore,
3aIlyCK TECTOBBIX CIleHAPHEB M TOMY IIofo0HOe. McTopruecKy TakKue IIPo-
I'paMMBbI IIHCaAJINCh Ha HEIIEPEHOCHMBIX M CHHTAKCHUYE€CKH HEOUYEeBUIOHBIX
SABBIKaX 000JI0UeK, TAKUX KaK KoMaHauble (aitasl DOS, csh u awk.

OpgHAaKO Jaske B 9TOW OTHOCUTEJBHO IPOCTOH 00JIACTH SAPKO IIPOABJISIOTCS
ayurne cBoiicrBa Python. Hampumep, mpocrora ucnoab3oBauusa Python
U O0IIMPHOE MHOroo0pasue BCTPOEHHBIX OMOJMOTEK YIpOoIlaioT (4 gake
JIeaioT IPUATHBIM) MCIIOJIb30BaAHNE PA3BUTHIX CHUCTEeMHBIX MHCTPYMEHTOB,
TaKUX KaK IIOTOKU BBITIOJHEHUS, CUTHAJILI, BeTBJIEHNE IIPOIIECCOB, COKETHI
U aHAJIOTHYHBIE UM; TaKle MHCTPYMEHThI HAaMHOI'0 CJI0KHee MCII0Ib30BaTh
B HEJCHOM CHHTAKCHCEe I3BIKOB 000JI0UYEK M B MHOTOITAMHBIX ITUKJIAX pas-
paboTKU Ha KOMIUJIUPYEMbBIX a3bIKax. I[logmepskka B Python Takux uneii,
KaK sICHOCTH ITPOTPAMMHOTO KO/la U 00'beKTHO-OPUEeHTUPOBAHHOE TIPOTrpaM-
MHPOBaHUE, CIIOCOOCTBYET CO3MAHUIO0 TAKUX WHCTPYMEHTOB 000JOUYKM, KO-
TOPBbIe MOYKHO UMTATh, COIPOBOKIATH U MOBTOPHO MCIIOJIb30BaTh. IIpu mc-
noab3oBanuu Python meT HeOOXOAMMOCTH HAUMHATL C HYJIA KaKIBIA HO-
BBIU CIleHapuii.

Boiee Toro, Mbel 06Hapy:KUM, uTO B Python He TOIbKO ecTh Bce mHTepQeii-
CbI, HEOOXOUMBbIE /151 Pa3paboTKU CUCTEMHBIX MHCTPYMEHTOB, HO OH TaKJKe
obecrieunBaeT nepeHocuMocms ciieHapueB. IIpu uCnosb30BaHUY CTAHAAPT-
HOM Oubsmorekn Python GoJBIIMHCTBO CHCTEMHBIX CIleHAPHEB, HAIINCAH-
HBIX Ha A3bIKe Python, aBroMaTnuecKu CTAaHOBSATCA IIEPEHOCHMBIME HA BCE
OCHOBHBIE ILIaT@opmbl. Hampumep, ciieHapuii st 00pabOTKU KaTaJjoros,
HanucaHubl moxg Windows, OOBIYHO MOJKET BBINOJHATHCA M IO Linux
0€e30 BCAKOM IPaBKU MCXOAHBIX TEKCTOB: JOCTATOUHO IIPOCTO CKOIMPOBATH
crenapuii. s paspaboTKu ciieHapueB, 00ecreunBaINX TaAKOH YPOBEHb
IePEeHOCUMOCTH, HeoOXOANMO MPUKJIAALIBATE HEKOTOPLIE YCUJIUS, TeM He
MeHee IIPU pa3yMHOM HCIIoJab3oBaHuu Python MoxkeT cTaTh eTMHCTBEHHBIM
CpeaCTBOM, KOTOPHIM HEOOXOAMMO BJIAAETH AJIA CO3NAHUA CUCTEMHBIX CIfe-
Hapues.

B cneaylowmx Nty rmaBax

YT00bI yIPOCTUTH U3YUEHNE DTOM YACTH KHUTH, S MIOAEJINJI ee Ha IIATh IJIaB:

e B aT0i1 r1aBe A MO3HAKOMJIIO BaC C OCHOBHBIMY CUCTEMHBIMYU MOIYJIAMU
B BHJE KpaTKoro o03opa. 31ech MbI BIIEPBbIE BCTPETUM HEKOTOPBIE U3
HamboJIee YaCTO UCIIOJIb3YEeMbIX CUCTEMHBIX NHCTPYMEHTOB.

e B riaBe 3 MbI IPOJOJIXKUM MCCJIEOBAHNE OCHOBHBIX CUCTEMHBIX UHTEPD-
delicoB — M3yUeHUEM X POJIU B TEPMUHAX CUCTEMHOI'0 IPOTrpaMMUIPOBAa-
HUSA, TAKUX KaK IIOTOKU BBOJA-BBIBOJA, APT'YMEHThI KOMAaHIHOI CTPOKH,
nepeMeHHbIe OKPYKeHUA U TaK JaJjee.

e B ruase 4 MbI COCPEeaoTOYMMCA HA N3YUYEHNUN NHCTPYMEHTOB Python LA
paﬁOTbI C q)aﬁJIaMH, KaTaJioraM1 1 epeBbAMU KaTaJIOrOB.
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BriaBe 5 MBI iepeiiieM K U3y Y€HUIO CTAHIaPTHBIX MHCTPpyMeHTOB Python
LA peasin3aliy IapaJijieIbHOM 06pab0TKY JaHHBIX — IIPOIIECCOB, IIOTO-
KOB BBITIOJIHEHU A, OUepeieil, KaHAJIOB, CUTHAJIOB M MHOTUX IPYTHX.

B riaBe 6, 3aBepimaroliieil 5Ty 4acTh KHUTHU, OyIeT IIpeAcTaBjieHa KOJI-
JIEKI[USI 3aKOHUEHHBIX CUCTEMHBIX IIPOrpaMM. 31eCh IPUBOAATCS Oojee
KPYIIHbIE IPUMEPHI, UMEOIINe MPAKTUYECKYI0 IIeHHOCTD; B HUX [JIS pe-
IIeHusI TPaKTUUYECKUX 3a/a4 UCIIOJb3YIOTCA MHCTPYMEHTBI, IIPeaCcTaB-
JIEHHbIe B UeThIpPeX MPeABIAYIIUX TJIaBaX. B cocTaB 9TO KOJJIEKIIUU
BXOZAT HE TOJbKO YHUBEPCAJIbHbBIE CUCTEMHbIE CIIEHAPUY, HO U CIleHApUU
IJIsi 06paboTKU KaTaJoros ¢ daiimamu.

B npumepax, nmpeacTaBJaeHHBIX B IOCJIEIHEH IIaBe 9TOU YacTU KHUTU, MbI
OyaeM yaeasTh 0OJIbIIIOe BHUMAaHNE He TOJbKO CHUCTeMHBLIM mHTep(deiicam,
HO U IIPUHIAIIAM PaspaboTKM mporpamMm Ha a3bike Python B mesom. Ilo-
TyTHO OyAYT IPeJCTaBJIeHbI IPOIEAYPHBIE 1 00BEKTHO-OPMEHTUPOBAHHbBIE
BEPCUU OAHUX U TeX Ke IIPUMEPOB, YTOOHI ITI0Ka3aTh IPEUMYIIEeCTBa CTpaTe-
TUYECKOT'0 MBIIIJIEHNA.

«baTapenku — B KOMMieKTe»

B nmanHOU 11aBe M B CIEAYIOIIUX 3a HEU peUb UAET OJHOBPEMEHHO
o sizeike Python u o ero cmandapmuoil 6ubiuomere — KOJLIEKIUN MO-
IyJei, HamnuCaHHbIX Ha A3bIiKe Python u C, KoTopble aBTOMaTHYECKN
YCTAHABJIMBAIOTCS BMECTe C MHTepiIperaTropoM. Xorda Python u mpex-
cTaBJsAeT cOOOU JIeTKUII SI3BIK CIleHApPHeB, 0OJIbINIAS YaCTh OIepalllii
B peasibHBIX paspaboTkax Ha Python BbImosHseTCS ¢ MpUBJIeYeHIEM
9TOM OOIIMPHON OGMOJIMOTEKN MHCTPYMEHTOB (IO MOCJIeTHUM IIO[CUe-
TaM — HECKOJILKO COTE€H MOJYJel), IOCTaBJAsIeMbIX BMECTe C ITaKeTOM
Python.

B meificTBuTeIbHOCTH cTaHAapTHaAA O0mMOIMOTEKA 00JaJaeT HACTOJIHKO
IMUPOKUMHU BO3MOYKHOCTSIMU, UTO HEPEAKO MOYKHO CJBIIIATH B OTHO-
meauu Python ¢pasy «batteries included» (baTapeiiku — B KOMILIEK-
Te), 00bIuHo nmpunuckiBaemyio @psury Crasuo (Frank Stajano) u osua-
YaIoIIyI0, UTO BCe HeOOXOoAMMOe IJIs MPaKTUUYeCKOil TOBCeHEBHOM Je-
ATEJbHOCTHU YiKe IMPUCYTCTBYET B CTAHJAPTHON OMOJIMOTEKE M MOXKET
OBITH UMIIOPTHUPOBaHO. HecMoTps Ha TO, UTO cCTaHAAPTHAA OMOINOTEKA
He SBJISIeTCS YaCThbIO0 CAMOI'0 A3bIKa, TeM He MeHee OHa SABJISeTCs CTaH-
JapTHOM YacThio cucTeMbl Python, m MoXHO GBITH yBEPEHHBIM, UTO
oHa OyeT NOCTyIIHA Be3Je, I'/le BLITTOMHAIOTCA clieHapun. PaKkTuuecKu
3TO OFHO M3 HamboJiee CyIecCTBeHHBIX oTiinunii Python ot HeKoTOpPBIX
IPYTuX SA3LIKOB CIleHApueB — 0jaromapsi TOMY, 4TO B cocrtaBe Python
TIOCTABJIAETCA OTPOMHOE KOJMYECTBO OMOJIUOTEUHBIX WHCTPYMEHTOB,
IJs1 mporpaMmucToB Ha Python BcmomoraresnbHBIE CAliThl HE MMEIOT
TaxKoro 0oJbInoro suavenusa, Kaxk CPAN mia nporpammuctos Ha Perl.
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Kak Oymer moxkasaHo maJiee, CTaHIAPTHBLIE OMOJMOTEKM BBIIIOJHSIIOT
CYIIIECTBEHHYIO YacTh 3aJauM IporpaMMupoBanus Ha Python. Osia-
JIeB OCHOBAMM S3bIKA, BBl 3aMETHUTE, YTO B OCHOBHOM 3aHATHI IIPUMe-
HEHIEeM BCTPOEHHBIX (ZDYHKIUN U MOZYyJIel, IOCTaBJIAEMbIX BMeCTe
¢ cuctemoii. C 1pyroi cTOPOHBI, OMOIMOTEKM 00eCIeUBAIOT BCE CAMOe
WHTepecHoe. B peaJbHOM MUpPe IPOrpaMMBbI CTAHOBATCSI MHTEPECHBI-
MU, KOTZIa B HUX HAUMHAIOT MUCIIOJIb30BAThCA CIYKObI, HAXOMAIINECS
BHe MHTepIIpeTaTopa A3bIKa: ceTH, (haiasl, rpaduuecKkre nHTEpdei-
chl, 0as3bl JAHHBIX U TaK JaJiee. Bce aTo moaaep;KuBaeTCA CTAaHIAPTHOMR
oubsmorexoi Python.

ITomumo cTanmapTHOM 6ubanoTexku Aid Python cyiecrsyroT donoarnu-
meJibHble naKemovl, CO3NaHHBIE CTOPDOHHUMY Pa3paboTyuKaMu, KOTO-
pbIe MOTYT OBITH ITOJIYUYEHBI ¥ YCTAHOBJIEHBI OTAEIbHO. Korga mucaack
9Ta KHUTA, OOJBITMHCTBO TAKUX PACIIUPEHUI CTOPOHHUX paspador-
YNKOB MOMHO 6BIJIO HaUTH IIyTeM IIOUCKa B I/IHTepHETe U IIO CCBLJIKAM
Ha hitp://www.python.org u Ha Beb-caiite PyPl (cchlika Ha KOTODPBIH
TaKJKe IPUBOAUTCA Ha caiite http://www.python.org). Hekoropslie cTo-
POHHUE pacUIMpeHus ABJIAIOTCA KPYOHBIMU cucTeMamMu. Hanpuwmep,
pacmmpenuss NumPy, Django u VPython peasusyior omepamuu Bek-
TOPHOII aJredpbl, 00ecIeunBalOT KOHCTPYUPOBaHNE CAliTOB U IIPENO-
CTaBJIAIOT CpeaCTBa BU3yaJIn3alliii COOTBETCTBEHHO.

Ecuu Hy:KHO ciesaTs ¢ momoInbio Python uro-1u6o cneriuanbHoe, eCTh
6OoJIbIIIasi BEPOATHOCTD, UTO HeOOXOoAUMAas IOAAepiKKa yiKe BKJIIoue-
Ha B COCTAB CTAHAAPTHONM OMOJMOTEKM MM peajn3oBaHa B Buue bOec-
IJIATHOTO MOJYJISI C OTKPBITBIM MCXOMHBIM KOAOM. BOJBIITMHCTBO MH-
CTPYMEHTOB, WCIOJb3YEeMbIX B 9TOM KHUTE, BXOAUT B CTAHAAPTHBINA
nucTpudyTus Python, a To, 4TO JOJXKHO YCTAHABINBATHCSA OTAEILHO,
OyaeT oTMeueHo 0co00. KoHeuHo, naroMa IIOBTOPHOT'O MCIIOJIb30BAHU S
IPOrpaMMHOTO KOJa JejlaeT IPOorpaMMbl 3aBUCIMBIMU OT HCIIOJIb3ye-
MOT'0O B HUX KOJIa, OMHAKO Ha IIPAKTUKE, B UeM MBI eIlle He pas3 yoeamuMcs
B 9TOH KHHUIe, MOIIHbIE OMOJINOTEKN C OTKPBITHIMU MCXOAHBIMIU TEK-
cTaMH Pa3BUBAIOTCA OUEeHBb OBLICTPO, HE 3alIpas CBOUX IT0JIb30BaTeJIeil
B Y3KOM KPYyTry GUKCUPOBAHHBIX BO3MOMKHOCTEH 1 OrPaHUYCHUHA.

3HAaKOMCTBO C pa3paboTKOM CUCTEMHbIX CLLeHapUueB

WccienoBaune 00JIaCTH CHUCTEMHOI'O IIPOrPAMMUPOBAHUSA MBI HaYHEM
C KpaTKoro o003opa MOAyJIel Sys U 0S U3 CTAHJapPTHON OMOJINOTEKH, a 3aTeM
nepeigeM K 60Jiee BaKHBIM IIOHATUSIM CUCTEMHOI'O IporpaMMupoBanus. 13
epevHsi aTpuOyTOB 9TUX MOLYJIEH MOKHO 3aKJIIOUNTh, UTO 9TO OUeHb KPYII-
HbI€ MOIYJIN, — CJIeAYIOMNH IPUMeP NHTEPAKTUBHOTO CeaHCa ObLJI MOJTyYeH
B Python 3.1 u 8 Windows 7 Bue cpeasr IDLE:
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C:\...\PP4E\System> python

Python 3.1.1 (r311:74483, Aug 17 2009, 17:02:12) [MSC v.1500 32 bit (...)] on
wind2

Type “help”, “copyright”, “credits” or “license” for more information

>>> import sys, o0s

>>> len(dir(sys)) #t 65 aTpnbyTOB

65

>>> len(dir(os)) # B Windows 122 aTpubyta, B Unix - Gonbue
122

>>> len(dir(os.path)) # MOOYNb, BNOXEHHHI B 0S

52

Cozep:KmMOe 9TUX [ABYX MOJYJIEH MOKET OTJINYATHCS AJA Pa3HBIX Bep-
cuit Python u nnardopm. Hanpumep, Momyab 0S MMeeT HaMHOI'O 0OJIb-
muit pasmep mociae c6opku Python 3.1 us mcxomubix TekcToB mmog Cygwin
(Cygwin — cucrema, obecneunBaromniasa Unix-mogo6Hyo0 QyHKIINOHATIbHOCTH
B Windows; o Heli pacckasbiBaeTcs Bo Bpeske «Ilogpobuee o Cygwin Python
st Windows» B riiase 5):

$ ./python.exe

Python 3.1.1 (r311:74480, Feb 20 2010, 10:16:52)

[GCC 3.4.4 (cygming special, gdc 0.12, using dmd 0.125)] on cygwin
Type “help”, “copyright”, “credits” or “license” for more information
>>> import sys, o0s

>>> len(dir(sys))

64

>>> len(dir(os))

217

>>> len(dir(os.path))

51

1 He cobuparoch IPEACTAaBIATEH BCE SJIEMEHTHI B KaKJOM BCTPOEHHOM MO-
IyJie, IOATOMY TIPEK]Ie BCETO d X0UY II0Ka3aTh, KaK CAMOCTOATEIHHO TIOJIY-
yaTh 6oJiee MoAPoOHYIO mHPopMaIimio. Takasa 3agaua MOKET CIYKUTH Op-
MaJIbHBIM OIpaBIaHUEM TOMY, UTO 3[eCh OYIAYT IIpeICTaBJIeHbl HEKOTOPBIE
0a30BbIe MOHATUA CUCTEMHOTO ITPOrpaMMupoBanud. [[omyTHO MBI HATIUIIIEM
KOJI TIEPBOTO CIleHapus A1 (hOpMaTUPOBAHUS JOKYMEHTAI[UH.

CuctemHble moaynu Python

BoabmmuuacTBo nHTepdeiicoB Python cucTeMHOro ypoBHA HaXOAUTCSA BCETO
B IBYX MOIYJISAX: SYS U 0S. BripoueM, 5T0 HECKOJIBKO YITPOIIEHHOE IIPe/ICTaB-
JIeHUe — K JaHHOM 06J1aCTh OTHOCSTCS U JPYTHe CTaHAaPTHBIE MOAyau. B nx
qucie:

glob
Peanusyetr MmexaHM3M II0JICTAHOBKY NMeH (haiijioB
socket

ObecrieurBaeT BO3SMOMKHOCTY CO3JAHUSA CETEBbIX COeNUHEHUN 1 B3aIMO-
nmerictBuii me:ky nporeccamu (Inter-Process Communication, IPC)
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threading, _thread, queue

CpeI[CTBa 3aIlyCKa 1 CMHXPOHM3AIINU I1apaJjijieJIbHbIX IIOTOKOB BBEIIIOJIHE-
HUA

time, timeit

ObecrieuBaOT BOBMOMKHOCTH IIOJIYUEHUs WHMOPMAIMU O CHUCTEMHOM
BpeMeHU

subprocess, multiprocessing

CpencTBa 3aIrycka U yIpaBJIeHUs HapaJjeJbHbBIMU IIPOIleccaMu
signal, select, shutil, tempfile u dpyeue

Js pelrieHns IPYyTUX CUCTEMHBIX 3a7a4

HexkoTopble CTOPOHHIE pacIIupeHns, Takue Kak pySerial (uaTepdeiic k mo-
cJenoBaTeIbHOMY IIOPTY), Pexpect (MexaHM3M yIpaBJIEHUS B3aUMOMAEH-
CTBUAMU MeXKy IIporpaMMaMU, HaIOMUHAOINHN yTuauty Expect) u gaxe
Twisted (ceTeBoii GpeliMBOPK), TaKyKe MOT'YT OBITH OTHECEHBI K Pa3pAmy
CHCTEMHBIX WHCTPYyMeHTOB. KpoMe TOro, HEKOTOpbIe BCTPOEHHBIE (DYHK-
MUY TaKKe B IeHCTBUTEJIHLHOCTU ABJIAIOTCA CUCTEMHBIMU UHTEPheicaMu —
GYHKIIUSA open, HAIpuMep, odecmeunBaeT nHTep(deiic K (pailjoBoii cucTeMe.
Ho B o01miem u 1eJiom siApo apceHasa CUCTEMHBIX HHCTPYyMeHTOB Python 06-
PasyoT MOLYJIU SYS U 0S.

B reopuun, 1o KpaiiHeii mepe, MOAYJIb SYS SKCIIOPTUPYET KOMIIOHEHTHI, OTHO-
cAlrecs K caMomMy urmepnpemamopy Python (Hanpumep, Iy Th IoUCKa MO-
IyJieit), a MOLYJIb 0S COIEPIKUT IepeMeHHble U (hYHKI[UY, COOTBETCTBYIOIIHE
OIlePAIlMOHHON CUCTeMe, B KOTOPO# BeIMOJHAeTcA Python. Ha mpakrtuke
3TO pa3JINUe MOYKET OBITh HE CTOJIb OTUETJINBHIM (HaIIpUMeD, CTAaHAAPTHBIE
TIOTOKY BBOJIA W BBIBOZA HAXOJATCA B MOAYJIE SyS, HO MOYKHO YTBEPIKAATh,
YTO OHU CBSABAHBI C MapaJurMaMU ONepaIruoOHHOI cucTeMbl). Mory Bac 00-
pazoBaTh: MHCTPYMEHTBI, HAXOAAIIHUECS B 9TUX MOAYJISAX, OYIYT UCIOJIb30-
BaTbhCS TAK YACTO, UTO MX MECTOHAXOMKICHME ITPOUHO OTIIeYaTaeTCSA B BaIlein
mamsaTm.!

Mopnyns 0s mbITaeTcA TaKKe IPEOCTABUTD NepeHocuMulii mHTepdeiic Ipo-
TPAaMMUPOBAHUSA JJIS NCHIOJIb3YEeMOM OIIePaIlIOHHOM CUCTEMBI: eT0 QYHKITUNT
MOT'YT OBITH ITO-PA3HOMY pPear30BaHbI Ha PA3JIUUYHBIX IIaaTGOpMax, HO AJIA
cueHapueB Ha si3biKe Python onu BeirIsgaT oguHaxkoBo. Kpome Toro, mo-
IYJIb 0S 9KCIOPTUPYET BJIOMKEHHBIN MOAMOAYJIB 0S. path, IpegocTaBISIONTNT
IepPeHOCUMbIN HHTep(elic K cpeacTBaM 00paboTKU (DAMIOB U KATaJIOTOB.

NCTOYHUKM fOoKYMeHTauum no Mmoaynam

Kax M0oKHO 3aKJIIOYUTH U3 IPEJbIAYIUX ab3aleB, 00ydyeHre CUCTEMHOMY
IporpaMMUPOBAaHUIO Ha a3bIiKe Python B ocHOBHOM cBoguUTCA K M3yUYEeHUIO

! OHE MOTYT IPOHMKATL U B Bale mozicosHanmne. Hoepuuku Python unorga omm-

CBHIBAIOT TaKOe ABJEeHNE, KaK «CHbI Ha Python» (mompo0OyiiTe aTh yIpoIeHHy0
uHTepIperanuio mo Ppeiigy...).
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cucTeMHbIX MoxyJeir Python. K cuacTbio, CyIecTByeT MHOKECTBO HCTOY-
HUKOB HH(pOPMAINY, 00JErJaroiuX 9Ty 3aa4dy, — OT aTPUOYTOB MO YJIS 10
MeYATHBLIX CIIPABOYHUKOB U KHHT.

Hanpumep, ecau morpedyeTcss y3HATh, KAKHe 9J€MEHTHI JKCIIOPTHUPYET
BCTPOEHHBIA MOIYJb, MOYKHO IIPOUYECTH COOTBETCTBYIOIIMIA pasfges PyKo-
BOJZICTBA M0 OMOJIMOTEKe, MCCIeN0BATh €ro NCXOMHBIN Ko (Bce-Taku Python
SABJISIETCSA OTKPBITHIM ITPOrPAMMHBIM 00eCIIeUYeHreM) UJIH IIOJIYUUTh CIIUCOK
aTpubyTOB U CTPOKY JOKYMEHTAIIMN B MHTEPAKTUBHOM pe:kume. llaBaiiTe
UMIIOPTUPYEM MOAYJIb Sys B Python 3.1 u mocMoTpuM, YTO B HEM HAXOAUTCS:

C:\...\PP4E\System> python
>>> import sys
>>> dir(sys)

[*__displayhook__', ‘__doc__', '__excepthook__", ‘__name__', ‘'__package__’
‘__stderr__', '__stdin__’', ‘__stdout__', ‘_clear_type_cache’, ‘_current_
frames’, ‘_getframe’, ‘api_version’, ‘argv’, ‘builtin_module_names’

‘byteorder’,’call_tracing’, ‘callstats’, ‘copyright’, ‘displayhook’
‘dllhandle’, ‘dont_write_bytecode’, ‘exc_info’, ‘excepthook’, ‘exec_
prefix’, ‘executable’, ‘exit’, ‘flags’, ‘float_info’, ‘float_repr_style’
‘getcheckinterval’, ‘getdefaultencoding’, ‘getfilesystemencoding’
‘getprofile’, ‘getrecursionlimit’, ‘getrefcount’, ‘getsizeof’, ‘gettrace’
‘getwindowsversion’, ‘hexversion’, ‘int_info’, ‘intern’, ‘maxsize’
‘maxunicode’, ‘meta_path’, ‘modules’, ‘path’, ‘path_hooks’, ‘path_importer_
cache’, ‘platform’, ‘prefix’, ‘ps1’, ‘ps2’,

‘setcheckinterval’, ‘setfilesystemencoding’, ‘setprofile’, ‘setrecursionlimit’
‘settrace’, ‘stderr’, ‘stdin’, ‘stdout’, ‘subversion’, ‘version’, ‘version_
info’, ‘warnoptions’, ‘winver’]

DyHKIUA dir IPOCTO BO3BPAIIAET CIIUCOK CTPOK C MMeHaMU BCEX aTPpUOyTOB
ILIs1 1I000T0 00'bEeKTa, MMEIOIero aTpuOyThI; 9TO YA00HA I MOACKa3Ka 1Mo Co-
IEepP:KUMOMY MOIYJIA MIPU pad0Te B MHTEPAKTHUBHOM pekrume. MbI MOKeM II0-
HATH, HAIIPUME]P, UTO CYIIIECTBYET HEUTO C MMEHEM SYS.Version, MOCKOJIbKY
MM Version mpuCyTCTBYeT B COUCKe, Bo3BpariaemMoM (pyHKIuei dir. Ecan
5TOr'0 HELOCTATOUHO, BCEra MOXKHO O0OPATUTLCS K CTPOKe __d0C__ BCTPOEH-
HOT'O MOJYJIS:

>>> sys.__doc__

“This module provides access to some objects used or maintained by the\
ninterpreter and to functions that interact strongly with the interpreter.\n\
nDynamic objects:\n\nargv -- command line arguments; argv[0] is the script
pathname if known \npath -- module search path; path[0] is the script directory
else ‘’\nmodules -- dictionary of loaded modules\n\ndisplayhook -- called to
show results in an 1

...Janee cnepyet eue MHoro Tekcta. ..

MocTpaHN4YHbIV BbIBOA, CTPOK AOKYMEHTaLN

Berpoennsrit arpulyT __doC__ OOBIYHO COAEPIKUT CTPOKY JOKYMEHTAIIWH,
KOTOpPas MOJKET BBIIVISIIETh HECKOJBKO CTPAHHO IIPK OTOOPAYKEHUN B TAKOM
BUE, — TO OJHA AJWHHAS CTPOKA C CMMBOJIAMHU II€PEBOLA CTPOKU, BBIBO-
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OAITIMUCS KaK \N, a He KPaCUBBII CIIMCOK CTPOK. UTOOHI 0T(hopMaTUPOBATh
39TU CTPOKU U IIPUAATH UM 0oJiee yI000UNTAEMBbIN BUJ, MOKHO BOCIIOJIB30-
BaTbCA PYHKIIUEH print:

>>> print(sys.__doc__)
This module provides access to some objects used or maintained by the
interpreter and to functions that interact strongly with the interpreter.

Dynamic

argv --
path --
modules

objects:

command line arguments; argv[0] is the script pathname if known
module search path; path[0] is the script directory, else
-- dictionary of loaded modules

... gajnee ciefyert elje MHOro Tekcra. . .

BCTpOEHHaH q;)yHICI_LI/IH print, B OTJIMUMEe OT MeXaHu3Ma BbBIBOJa B MHTEPaK-
TUBHOH 000JI0UKe, KOPPEKTHO NHTEPIPETUPYET CUMBOJILI IIEPEBOA CTPOKM.
K coxamenuio, QyHKITHA print He peaansyeT BO3ZMOMKHOCTD IPOKPYTKY UIN
TOCTPAHUYHOT'O ITPOCMOTPA U ITOATOMY MOYKET OBITh HEeyZOOHOI Ha HEKOTO-
peIX mwiIaTdopMax. BoabIrero ycmexa MOMKHO TOOUTHCA C IOMOIIBIO IPYTUX
MHCTPYMEHTOB, TAKUX KaK BCTPOeHHadA (DYHKIuUA help:

>>> help(sys)

Help on

NAME
sys

FILE

built-in module sys:

(built-in)

MODULE DOCS
http://docs.python.org/library/sys

DESCRIPTION
This module provides access to some objects used or maintained by the
interpreter and to functions that interact strongly with the interpreter

Dynamic objects:

argv -- command line arguments; argv[0] is the script pathname if known

path -- module search path; path[0] is the script directory, else

modules -- dictionary of loaded modules

...ganee cnegyet ele MHOro Tekcra. ..

Dyurnua help — aTo ofuH u3 uHTEepP(deiicoB, IpegocTaBasAeMbIX CUCTEMOM
PyDoc. OHa BXOAUT B COCTAB CTaHAAPTHOI OMOJIMOTEK M, PaCIPOCTPaHAEMO
Bmecre ¢ Python, u npegnasnauvena s orobpaskenusi B GopMaTHPOBAHHOM
BUJEe AOKYMEHTAIuu (CTPOK MOKYMEHTAIIMU, a TaK/Ke IOMOJHUTEJILHOM
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CTPYKTYPHOI MHMOpPMAIINN), CBA3aHHOI ¢ 00beKTOM. [[JOKyMeHTaIusa Mo-
JKeT OBITH B (popMaTe CTPAHUIL CITPABOYHOTO PyKoBoAcTBa Unix, KOTOPBIi
WCIIOJIb3YETCs 1A BBIBOAA C IOMOIIbI0 PyHKIMYU help, mau B Buge HTML-
CTPAHUIIBI, UTO ellle JIyUIlle. ITO OUE€Hb YIOOHBIIH CTIOCO0 MOTyUeHNA HauaIh-
HOI nH(MOpPMAaINK IPU paboTe B UHTEPAKTUBHOM PEKUMe, 1 9TO ITOCTeTHU N
IIaHC Pa3odpaTbCs, Iperk e ueM MOTPYy3UTHCA B CIPABOYHUKY U KHUTHU.

Cu.eHapvu7| nocTpaHN4YHOro BbiBOAA

DyHKIUA help, ¢ KOTOPOH MBI TOJBKO UTO MO3HAKOMUJINCH, TaK:Ke He 00-
JajaeT JOCTaTOYHOU r’MOKOCThIO IPU OTOOpaskeHnu nHGopMaIuu. XoTA OHA
U MBITAETCS B HEKOTOPBIX CUTYyaI[UsX 00eCIeUUTH MOCTPAHUYHBIH BBHIBO[,
TeM He MeHee Ha HeKOTOPBIX KOMIILIOTEpaX — 13 TeX, Ha KOTOPLIX MHE IIpU-
XOAUJIOCH paboTaTh, — OHAa HETOYHO BBIOMpaeT pasMep cTpaHuilbl. Kpome
TOT0, OHA BOOOIIe He 00eclieurnBaeT IMOCTPAHUYHBIN ITPOCMOTP B I'paduue-
ckoMm uHTepdeiice IDLE; BMecTo 9TOro mpeaaaraeTcsa UCI0JIb30BaTh II0JIO-
Cy IPOKPYTKHU, UTO BecbMa HeyZIoOHO Ha 0OJBINUX MOHHTOpax. Korma MHe
TpebyeTcs MOJIYUUTE O0Jiee TIOJHBIN KOHTPOJIb HAl TeM, Kak GyHKIUI help
Oy/ZeT BBIBOLUTDH TEKCT, sI 0OBIUHO MCIOJIL3YIO CBOI COOCTBEHHBII BCIIOMOTra-
TeJbHBIN CIleHAPUI, IIPeACcTaBIeHHbI B mpumepe 2.1.

Ilpumep 2.1. PP4E\System\more.py

pa36m5aeT CTPOKY Wnnn TEKCTOBHN dain Ha CTpaHuUpl Ang MHTEPakKTUBHOIO NMPOCMOTPA

TRIET

def more(text, numlines=15)
lines = text.splitlines() # nogobHo split(‘\n') Ho 6e3 ‘' B KOHLE
while lines:
chunk = lines[:numlines]
lines = lines[numlines:]
for line in chunk: print(line)
if lines and input(‘More?’) not in ['y', ‘Y’ ]: break
if __name__ == "__main__":
import sys # ecnu 3anyckaeTcs Kak cleHapuit
more(open(sys.argv[1]).read(), 10) # oTo6pa3nTb NOCTPAHUYHO COAEPXMMOE
# 0aina, ykaszaHHOro B KOMaHAHOW CTPOKe

T'nmaBHOI B 9TOM (haiiie aBiadeTcAa GYHKIIUA More, ¥ eCJau BBl obJjagaeTe m0-
CTATOUHBIMY 3HAHUAMU s3bIKa Python, uTo0bI unTaTh 9Ty KHUTY, BBl 0€3
Tpyna moiimete ee. OHaA IPOCTO pa3bMBaeT CTPOKY IO CUMBOJIAM IIepeBoa
CTPOKHU, & 3aTeM HM3BJIEKAETCA CPe3 M BHIBOAUTCA CPady HECKOJBKO CTPOK
(mo ymosuauuio 15), uTo6bl n36eKaTh IPOKPYTKH d9KpaHa. BeipaskeHue ms-
BJeUeHHuA cpesa lines[:15] BepHeT mepBble 15 3/IeMEHTOB CIIHCKAa, a BhIpa-
sKeHue 1ines[15:] — mocaename. YToOBI M3MEHUTh pa3Mep CTPAHUIIBI, IIepe-
IatiTe TpebyemMoe UKCJIO CTPOK B apryMeHnTe numlines (Hampumep, B IOCJIEI-
Hel cTpoke mpumepa 2.1 B aprymenTe numlines yHKIIMU MOre mepegaeTcs
yucJio 10).
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BrI30B cTpoKoBOrO MeToza splitlines, MCOIB3yeMbIi B 9TOM CIIeHAPUHU, BO3-
BpAIIlaeT CIUCOK MOJCTPOK, IOJTYUEeHHBII B pe3ybTaTe pa3oreHn s NCXOTHOM
CTPOKH! II0 CHMMBOJIAM IlepeBofa CTPOKU (HampuMmep, [“line”, “line”,...]).
AnbTepHATUBHBIA MeTO[ Split IO3BOJIAET MOJIYUUTH MOXOKUU DPE3yJIbTaT,
HO B IIOCJIEJHEM dJIEMEHTe MAaCcCUBa OH BO3BpPAIIlaeT IIYCTYIO CTPOKY, €CJIN UC-
XOJHAfd CTPOKA 3aKaHUNUBAETCA CUMBOJIOM \N:

>>> line = ‘aaa\nbbb\nccc\n’

>>> line.split(‘\n’)
[‘aaa’, ‘bbb’, ‘cocc’, ']

>>> line.splitlines()

[‘aaa’, 'bbb", ‘ccc’]
Kax OymeT mokasaHo maJjiee B riiaBe 4, CHMBOJIOM KOHIIA CTPOKU B CIleHAPU-
ax Ha as3biKe Python Bcerma apisierca \n (00o3HaUaOIMil 6ANT C YACIOBBIM
sHauenueMm 10), BHe 3aBucuMOCTH OT miaTdopmbl. (Eciiu B ellie He 3HaeTe,
moueMy 5TO UMeeT 3HaueHue, — cuMBOJIbI DOS \r oTOpaceIBalOTCA IPU UTe-
HUN.)

OCHOBbI UCNONb30BaHUSA CTPOKOBbIX MeToa0B

IIpumep 2.1 — aT0 mMpocTas mporpamMMma Ha A3bike Python, Ho B meit mpen-
CTaBJIEHBI TPU Ba’KHbIE TEMBI, 3aCJYsKHUBAIOI[Ne KPAaTKOr0 YIIOMUHAHUI:
OHa WCHOJb3yEeT CTPOKOBBIE METONbI, OCYIIECTBJSIET UTeHUHe u3 (aiiza
U IIpeyCMaTpPUBaeT BOBMOKHOCTh UMIIOPTUPOBAHMUSA UM BBITIOJHEHUA KaK
caMOCTOATENBLHOTO ciieHapud. CTPOKOBBIE MeTOALI B s13bIKe Python Kak Ta-
KOBBIE He SIBJAIOTCA CUCTEMHBIMU WHCTPYMEHTaMM, HO UX MOKHO BCTpe-
TUTHh B OOJBIIKHCTBE IIporpaMm Ha A3bike Python. B melicTBuTenbHOCTH
OHU OYAYT IOCTOSTHHO BCTPEUYATHCA HA MIPOTAKEHUN dTON U MOCTIEIYIOITNX
TJIaB, MMO9TOMY KOPOTKO PacCMOTPUM Hambojiee IOJie3Hble MHCTPYMEHTHI,
umepIreca B Habope. B 4K1cio CTPOKOBBIX METOMOB BXOIAT BHI3OBHI IJI I10-
WCKa U 3aMEeHBI:

>>> mystr = ‘xxxSPAMxxx’

>>> mystr. find(' SPAM’) # BEPHET WHOEKC NepBOr0 BXOXAEHWS
3

>>> mystr = ‘xxaaxxaa’

>>> mystr.replace(‘aa’, ‘SPAM’) # 3aMeHa BCeX BXOXAEHWI

" XXSPAMXXSPAM’

Bri3oB meTona find Bo3BpalaeT cMeleHNe MEPBOTO BXOMKJIEHUA ITOIACTPO-
KU, a METOZ, replace OCyII[ecTBIAET INI00AIBLHBIN IONCK U 3aMeHy. Kak u Bce
CTPOKOBBIE OIlepaIiuu, MeTOM replace BO3BpAIllaeT HOBYIO CTPOKY, OCTaBJIAA
MCXOJHYIO CTPOKY HEM3MEHHOU (HAIIOMHIO, UTO CTPOKU SBJISIOTCA HEM3Me-
HsAeMBIMHU 00'beKTamu). [[J1s BcexX 9TUX METOJI0B IOACTPOKY ABJIAIOTCS IIPO-
CcTO cCTpOKamu; B rviase 19 Gymer mpencTaBiieH MOAYJIb e, KOTOPBII IT03BOJIA-
€T VCIIOJIL30BaTh W a0 /l0HbL PETYIIAPHBIX BEIPAKEHUH IIPU ITIOUCKE U 3aMeHe.
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B cambix mocaemHux BepcuAx Python mmeercss BO3MOMKHOCTH MCIIOJIB30-
BaTh OIIepPaToOp in ompeneseHUA MPUHAMJIEIKHOCTH, KaK aJIbTePHATUBY Me-
Tomy find, Korma HeoGXOAUMO BCErO JIUIIh MIOJYUYUTEH OTBET «Ia» WU «HeT»
(OH TIpoBepseT IPUCYTCTBUE MOACTPOKU B CTPoKe). CyIecTByeT TaKiKe He-
CKOJILKO METOJI0B, VIAJIAIOIINX IpobeJbHbIe CUMBOJIBI U3 KOHIIOB CTPOKH,
YTO 0COOEHHO TOJE3HO TP PaboTe ¢ TEeKCTOBLIMU CTPOKAMMU, U3BJIEKAE€MbI-
mu u3 (aiiia:

>>> mystr = ‘XXXSPAMxxx’

>>> 'SPAM’ in mystr # nposepka MNpUCyTCTBMA MOACTPOKM B CTPOKE
True

>>> *Ni’ in mystr # ecnn MoACTpOKa OTCYTCTBYET

False

>>> mystr.find(‘Ni’)
-1

>>> mystr = ‘\t Ni\n’

>>> mystr.strip() # ynanuT npobefbHbe CUMBOSbI

i

>>> mystr.rstrip() # TO Xe camoe, HO TONbKO C NPaBOro KoHua
\t N

Cpenu CTPOKOBBIX METOIOB NMEIOTCA TaKKe QYHKI[MY, KOTOPhIE MOTYT OBIThH
TOJIe3HbI, HAIIPUMepP, KaK MHCTPYMEHTHI IIPeo0pa3oBaHUs PErucTpa CUM-
BOJIOB, a KPOMe TOTO, B CTAHAAPTHOI O0MOJIMOTEeKe NMeeTcA MOAYJIb String,
OIIPeNeJIAIONINI HEKOTOPbIE I0JIe3HbIE KOHCTAHTHI:

>>> mystr = ‘SHRUBBERY’
>>> mystr.lower() # npeobpasyeT perncTp CUMBOJIOB
‘shrubbery’

>>> mystr.isalpha() # NpoBepAeT COAepPKMMOe
True

>>> mystr.isdigit()

False

>>> import string # KOHCTaHTH, Hanpumep, AN9 MCNONb30BaHug B '1in
>>> string.ascii_lowercase
“abcdefghijklmnopgrstuvwxyz

>>> string.whitespace # npobenbHbie CUMBObI
S A\T\n\r\x0b\x0c

CyIIIecTBYIOT TaKJKe MeTObI, II03BOJISIONIe Pa30UBATh CTPOKY II0 ITOACTPO-
KaM-pasAeInTe]IsIM U 00beJUHATh UX BMECTe, BCTABJIAA MKy HUMU IIOJ-
CTPOKY. OTU cpejcTBa OyAyT M3yUYeHbI Jajiee B 9TOM KHUTre, HO B KAUeCTBe
3HAKOMCTBA IIOKAKeM, KaK OHU PaboTaroT:

>>> mystr = ‘aaa, bbb, ccc’
>>> mystr.split(‘,’) # pasbuTb B CNNCOK MOACTPOK
[faaa’, ‘bbb’, ‘ccc']
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>>> mystr = ‘a b\nc\nd’
>>> mystr.split() # pasgennTenb no ymonyaHuo: npobefbHbie CUMBOMMI
[a, b, ‘¢, ‘d']

>>> delim = ‘NI’
>>> delim.join([‘aaa’, ‘bbb’, ‘ccc’]) # 00beanHWTL NOACTPOKM W3 CMMCKa
“aaaNIbbbNIccc

>>> 't join(['A’, ‘dead’, ‘parrot’]) # mobaBuTb npoben Mexamy NOACTPOKaMY
‘A dead parrot’

>>> chars = list(‘Lorreta’) # npeobpasoBaTb B CNUCOK CKUMBOOB

>>> chars

('L, "o’y ‘r'y, frt, e, tth, tal]

>>> chars.append(‘!")

>>> ' join(chars) # npeobpa3oBaTh B CTPOKY: C NYCTHM pa3fenuTenem
‘Lorretal

9T BBI3OBHI OKA3BIBAIOTCA YAWBUTEJIBHO MOIHBIMU. Hampumep, CTPOKY
C KOJIOHKaMU NAHHBIX, Pas3feIeHHLIMU CHUMBOJAMU TaOyaAIUUd, MOYKHO
pasobpaTh 10 KOJOHKAM eIUHCTBEHHBIM BBIBOBOM MeToza Split; ciiemapmii
more.py, TPeICTaBJIEHHBII BHIIIE, WCIOJIb3yeT Pa3sHOBUIAHOCTEL splitlines
9TOT0 METOZia, YTOOBI Pa3dUTh CTPOKY B CIMCOK CTPOK. Ha mpaKTuKe BHIZOB
MeTojza replace MOKHO SMYJINPOBATh C IIOMOIIbI0O KOMOMHAaI; split/join:

>>> mystr = ‘xxaaxxaa’
>>> ‘GPAM’.join(mystr.split(‘aa’)) # ycnoxweHHas Bepcusa str.replace
* XXSPAMXXSPAM’

3anomHNUTE Ha Oyayiree, uTo A3bIK Python me mpexgycmarpuBaeT aBToMaTm-
YEeCKOro IpeodpasoBaHUA CTPOK B UMCJIA U 00PATHO, ITIOATOMY €CJIM B TOM
BOBHUKHET HEOOXOAMMOCTh, TaKue IIpeo0pasoBaHUA HEOOXOAUMO BBITIOJI-
HATH IBHO:

>>> int(“42"), eval(“42") # npeobpasoBaHue CTPOKM B LEN0E HUCNO
(42, 42)

>>> str(42), repr(42) # npeobpa3oBaHue UENOr0 yucna B CTPOKY
(42", "427)

>>> (“%d” % 42), '{:d}’.format(42) # c nomouwbl onepatopa u MeTOoAa GopMaTMUPOB
(142", "42")

>>> “42" + str(1), int(“42”) + 1 # B onepauuax KoOHKATeHALMW 1 CMOXEHWS
(4217, 43)

B mocienmeii mpuBeneHHONI MHCTPYKIIMU IIEPBOE BHIPAKEHUE BBIIIOJIHSET
KOHKaTeHaI[UI0 CTPOK (TaK Kak 00a omepaHaa SBJIAIOTCA CTPOKAMU), a BTO-
poe BBITIOJIHSET CJIOKEeHUE MEeJIBIX Yrce (TIOCKOJIbKY 00a 00 beKTa SIBIAIOTCA
yuciaamu). Python He fgesaeT mpeAmoosKeHUi 0 TOM, KaKoe IpeobpasoBa-
HUe BbI MOTJI UMETh B BUY, 1 He BBITIOJIHIET Ipeo0pasoBaHMUI aBTOMATHAUe-
cku. OnHO U3 TVIaBHBIX IIPaBUJ nHTepuperaTopa Python — rae ToabKo Bo3-
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MOJKHO, usberars 3aKYJIMCHBIX Marm4yeCKux II,’efICTBPIfI 1 IIOIIBITOK YTO-TO
yraasiBath. Bojee moapoOHO 0 cpeacTBax AJs PabOTHI CO CTPOKaMu GygeT
pacckasaHo fajee (MM IOCBAIEHA Ifejasd [VIaBa B IATOH YacTu), HO, KPOMe
TOr'o, CTOUT IIOCMOTPETH OIIMCaHMNEe OOIIOJIHUTEJIBHBIX CTPOKOBBIX HMHCTPY-
MEHTOB B PYKOBOJCTBE II0 O1OJIOTEKE.

Apyrmne oco6eHHOCTU cTpok B Python 3.X:
IOHukopa n TnnN bytes

Ctporo roBops, uctopusd co crpokamu B Python 3.X ropasmo 6oraue, uem
MOXKHO OBLIIO OBI 3aKJIIOUNTH U3 BbINIECKa3aHHOT0. J[o cux mop OBIJIO mpoje-
MOHCTPUPOBAHO, UTO 00BEKTHI THUIIA StI ABJSIOTCA IIOCJIEIOBATEIbHOCTIMU
CHMBOJIOB (TOUHEe — «KOZOBBIMHU MYyHKTaMmu» HOHUKOmA, IPeaCcTaBIISIOIIN-
MU «3JeMeHThl» IOHMKOmA), KOTOPhbIe MOT'YT OBITh HE TOJBKO CHMBOJIAMI
ASCII, Ho 1 MmHOro6aliToBEIMU cuMBoJamMu IOHUKOAA U IIpeayCcMaTPUBAIOT
BOBMOXKHOCTh KOJUPOBAHUSA U MeKOJNUPOBAHUS BPYUHYIO U aBTOMATUYe-
CKU IIPU BBIIIOJIHEHUU OIlepalliii ¢ TeKCTOBbIMU (paitsamu. CTPOKHU B HPO-
rpaMMHOM KOJie 3aKJII0UAIOTCSA B KaBbIUKU (HAIpuMep, 'abc’) u JOIMyCKaoT
HMCII0JIb30BaHMe NOMOJHUTEIHLHOTO CHHTAKCHCA AJIA IIPEICTABICHN CUMBO-
JIoB, He Bxoaamiux B Habop ASCII (mampumep, ‘\xc4\xe8’, ‘\u00c4\u00e8’).

Opuaxo Ha camoM zesie B Python 3.X mmeercs: nBa JOMOJIHUTEIHLHBIX CTPO-
KOBBIX THIIA, MOAAEPKUBAIOIINX OOJBIIMHCTBO OIepamunii, KOTOPhIMHU 00-
JamaeT TUI Str: TUI Dytes — MOCJIeI0BATEIbHOCTh KOPOTKUX IE€JIBIX UHCEJ
[UIs TIpeJCTaBIeHus 8-OMTOBBIX ABOMYHBLIX AAHHBIX W THUI Dytearray — ms-
MeHsAeMbIl BapuaHT Tuia bytes. Kak BuI yike 3HaeTe, IPUCYTCTBHE CUMBOJIA
«b» mepen oTKpbIBAIOIIEll KaBBIUKON (Hampumep, b’abc’, b'\xc4\xe8') roso-
PUT 0 TOM, UTO BBl IUMeeTe [1eJIo ¢ 00 beKToM Tumna bytes. Kak 6yzer mokasaHo
B riiaBe 4, gaitnbl B Python 3.X Tak:Ke nIposaBAAOT TOAOOHYIO ABOMCTBEH-
HOCTB: IIPU paboTe B TEKCTOBOM PesKMMe MCIOJIb3yeTcd TUIl Str (Ipu aToM
IpeaycMaTPUBaIOTCSa ITPeobpa3oBaHUA CUMBOJIOB KOHITA CTPOKU U CHMBO-
JgoB IOHUKOZA, B COOTBETCTBUU C YKA3aHHOW KOAWPOBKOI), a mpu pabore
B IBOMYHOM Pe’KUMe UCIIOJIb3yeTCsa TUI Dytes (B 9TOM cjaydae TaHHbIE TPU
YTeHUN/3allUCU He IMOABEPraTcsa mpeodpasoBaHuaM). B riiaBe 5 Mbl yBU-
IUM TaKOe JKe JeJieHre IpU padoTe ¢ TAKMMY MHCTPYMEHTAMU, KaK COKeTHI,
KOTOpBIe HA CETOAHANIHUN JeHb paboTalT CO CTPOKaMU 0aliTOB

Tekct FOHUKOAA MCTHIONB3yeTCA B MHTEPHAIIMOHAJIN3UPOBAHHBIX ITPUJIOKE-
HUSX, 1 MHOTHEe MHCTPYMEHTHI A3bIKa Python, pamee opueHTpPOBaHHbBIE Ha
paboTy ¢ IBOMYHBIMU JAHHBIMU, B HACTOSAIIee BpeMA paboTaioT cO CTPOKa-
Mu 6aiiToB. K HUM OTHOCATCS HEKOTOPHIE MHCTPYMEHTHI 1A PAOOTHI ¢ (haii-
JlaM¥, KOTOpble MBI BCTPETUM [aJjiee, TaKme KaK QYHKIIUA 0pen, a TaKk'Ke
MHCTPYMEHTHI 0S.1istdir u 0s.walk, KOTopbkle MBI OyJeM M3ydYaTh B IIOCTE-
IYOIMNX riaBaxXx. Kak OyzeT mokasaHo HUMKe, Taske IPOCThIe MHCTPYMEH-
THI 1J1 PaOOTHI C KaTaJoraMu JAOJMKHBI UMETh BO3MOKHOCTL 00padaThIBaTh
cuMBoJbl JOHUKOZA B coep:KUMOM 1 B mMeHax (paityioB. Kpome Toro, mH-
CTPYMEHTHI 1151 CepUaIn3aIiuy 00'beKTOB 1 aHAJIM3a JBOMYHBIX JaHHBIX Ha
CEeroHANIHUN IeHb OPUEHTUPOBAHBI HA PA0OTy CO CTPOKAMU DA TOB.
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Hanee B aTOM KHUTE MBI TaKyKe YBUIUM, UTO B HacTosAllee BpeMsa IOHU-
KO/l UCIIOJIB3YEeTCs IJIA IIPEeACTaBIEHUA TeKCTa B rpaduuecKux mHTEepQeri-
cax; AJjs oOMeHa TaHHBIMU IIO CETH, B BUJE IIOCJEN0BAaTEILHOCTEHN 0AaliTOB;
B CTaHOAPTHBIX MHCTPyMeHTax M HTepHeTa, TaKUX KaK JJIEKTPOHHASA IIO-
uTa; U JasKe B HEKOTOPBIX MeXaHU3MaX COXpPaHeHUA 00beKTOB, TAKUX KaK
datiner DBM u mozyab shelve. JIro60it mHTepdeic, TpeqycMaTpUBaIOIITIH
paboTy ¢ TEeKCTOM, Ha CETONHAIIHUN AeHb 0043aTeJIbHO IPeLyCcMaTpUBaeT
pabory ¢ FOHIKOIOM, IIOTOMY YTO THUI Str IIPeACTABJIAET CTPOKU CHUMBOJIOB
Onukoga, a He Tonbko ASCII. Kak ToJIbKO MBI B 3TOII KHUTe foOepeMcs I0
cdepbl IPOrpaMMUPOBAHUSA MPUIOMKEHUN, M/ OOJBIIUHCTBA IIPOrPaMMU-
ctoB Ha Python 3.X rema FOHukoa mepecraneT ObITH HEOOSI3aTEJILHOIA.

Mper otyiosxkuM masbHelIee oocyskaenne OHEMKOma, TOKa HAM He IIpeicTa-
BUTCS BO3SMOYKHOCTb YBUIETh €T0 B MIPUKJIAJHOM KOHTEKCTE U B IpaKTUUe-
CKUX IIporpamMmax. Bosee pyHIZaMeHTaIbLHOE OCBEIlEHUE OAAEPIKKN TEK-
CTOBBIX U MBOMYHBIX MaHHBIX IOHMKOZA B CTPOKax W (aiiax BLI HalijeTe
B yeTBepTOM m3fanuu Kuuru «Msyuaem Python». 9ra xuura opunuajibHo
MOCBAIIIEHA OCHOBAM SI3BIKA, UTO IIPeIiojaraeT yriyoJeHHOe PACCMOTPeHe
TeM U II03BOJIMJIO OTBECTU STOM TeMe OTHeJbHYIO IJIaBy, 3aHUMAIOIIy0 45
CTPaHUII.

OcHOBbI onepauunm c pannamu

ITomumo 06pabOTKM CTPOK, CIEHAPUI more.py TaK:Ke HCIOJIb3yeT (Daii-
JIBI — OH OTKPBIBAeT BHEITHUH (haiiy, mMA KOTOPOTO 3aJaeTCsA B KOMAaHIHOMN
CTPOKe, C IIOMOIIIBI0 BCTPOEHHON (hYHKITUU 0pEN, U MEJTUKOM CUNTHIBAET €T0
B IaMATH C TMOMOINBI0 MeTofa read obbexra (aiima. [IoCKOIbKY 00BEKTHI
daiisoB, Bo3BpalaemMble QyHKIIMEH 0pen, ABJAAIOTCA COCTABHOM YacThIO ca-
Moro 6a30B0oro A3bika Python, S MoOry mpeamoaoXuThb, 4TO BB XOTs ObI Oer-
JIO 3HAKOMBI ¢ HuMu. Ho B cirydae, eciu 9Ta rjiaBa IIomajiach BaM B CaMOM
HavaJie nudyuenusi Python, moackaky, uTo ciaenyroIiue BbI30BbI 3aTrPyKa0T
B CTPOKY cofepkumoe (paiiia, 3arpysKaioT B CTPOKY HaAOOp 6aiiToB (pUKCH-
POBAHHON IJIUHBI, 3aTPYIKAIOT comep:KuMoe (haiiia B CIUCOK CTPOK U 3arpy-
JKaIoT B CTPOKY OUePEIHYI0 CTPOKY (haiijaa, COOTBETCTBEHHO:

open(‘file’).read() #f YuTaeT BeCb Gailn B CTPOKY
open('file’).read(N) # ynTaeT cnegyoune N 0alnToB B CTPOKY
open( ' file’).readlines() # 4uTaeT Becb dain B MAccuB CTPOK
open(‘file’).readline() # uuTaeT cnepywuyin CTPoKy, A0 cumBona ‘\n

RaR MBI CKOPO YBHUJAMM, 3THU BBI3OBBI MOKXHO TaKie€ IIPDUMEHATH B Python
K KOMaHJIaM 000JIOUKM, UTOOBI IIPOUYUTATH UX BBIBOA. ¥ 00HEKTOB (haiijaoB
€CThb TaKJKe MeTOIbI Write, KOTOpPhIE TOCKIIAIOT CTPOKH B COOTBETCTBYIOITU M
daiin. Bosee rimy0oKo TeMbl, CBA3aHHBIE ¢ (pafiiaMu, paCKPBIBAIOTCA B TJIa-
Be 4, omIHAKO caMU OIlepalluy BbIBOA JAHHBIX B (DA U UTEHUA UX 00paTHO
B a3biKe Python peanusyrorcsa ouens mpocTo:

>>> file = open(‘spam.txt’, ‘w’) # cospatb dann spam. txt
>>> file.write((‘spam’ = 5) + ‘\n’) #f 3anucaTb TeKkCT: BepHeT
21 # 4MCNO 3annCaHHLX CUMBOJOB



3HaKOMCTBO C Pa3paboTKOM CUCTEMHBIX CLIeHap1eB 143

>>> file.close()

>>> file = open(‘spam.txt’') #t van open(‘spam.txt’).read()
>>> text = file.read() #f NpoYnTaTh B CTPOKY
>>> text

‘ spamspamspamspamspam\n

JBa cnoco6a ncnonb3oBaHUs NporpamMm

ITocnenHve HECKOIBKO CTPOK B CIleHApUU more.py u3 npumepa 2.1 3HaKO-
MAT HAC ¢ OJHUM U3 IIEePBBIX BasKHBIX MOHATUI B MPOIPAMMUPOBAHUU WH-
CTPYMEHTOB KOMaHIHOM cTpoKu. OHU HacTpamBaiT (aiia Tak, YTOOBI €Tro
MOJKHO OBLJIO HCIIOJIB30BATH ABYMSA CIIOCO0aMU: KaK CYeHapuil MM KaK 0uob-
JUOMEKY.

Hamnowmmuro, uto B Kakgom moxayse Python mocrymua BcTpoenHas mepemeH-
Hasd __name__, B KoTopyio mHTepuperarop Python samuceiBaer sHauenue
__main__, TOJBKO ecyiu (haiia BHINOJHAETCA KaK IporpaMmMa, a He MMIIOP-
TUPyeTcA B KauecTBe OubamoTeku. Biarogapsa sToMy QyHKIIUA MOre B 3TOM
¢daiisie aBTOMATUUYECKHU BBITIOJHAETCA B IIOCJETHEN CTpoKe (paiima, Korma
cIleHapUii 3aITyCKaeTcs, KaK CAaMOCTOSATeIbHAS IporpaMMa, a He UMIIOPTH-
pyeTcsa B KaKoe-Inbo APyroe MecTo. TOT IPOCTOM IPHUEM ABJIAETCA KJIIUOM
K CO3JJaHWI0 MHOTOKPATHO MCIIOJIb3YEeMbIX CIeHApUeB: OJjlarofapsA peaansa-
Y JJOTUKY IIPOrPAMMGBI B BUe PYHKYUL, a He B BU/[€ IPOrPAMMHOI0 KOja
BEPXHEr0 YPOBHS, €e MOYKHO MMIIOPTUPOBATh M IIOBTOPHO KCIIOJB30BAaTh
B IPYTUX CIIEHAPUIX.

B pesysbrare mosaBiseTca BO3MOMKHOCTD 3alIyCKaTh More.py OTAeJIHLHO NN
HMIIOPTHUPOBATH €T0 1 BBIZBIBATH (DYHKITHIO MOre 13 JII0O60r0 APyroro Mecra.
ITpu 3anmycke daiina Kak caMOCTOATEJbHON IIPOrPaMMbI MBI IlepefilaeM el
B KOMaHIHOII CTPOKe mMsa (haiijga, KOTOPBHIM HYKHO IIPOYECTh U BHIBOAUTH
TOCTPAHUYHO: B CJIeAYIOIeH TyiaBe OyaeT MOJHOCTHIO OMMCAaHO, KaK CJIOBA,
BBOAMMBIE B KOMaHJE AJIA 3allyCcKa MPorpaMMbl, MOSIBJISIOTCSA BO BCTPOEH-
HOM CIIMCKe Sys.argv. HuKe mpuBoguTca npumMep 3amycka (paiija crieHapus
IIs1 TIOCTPAHUYHOTO BBIBOZA caMOro cebsa (3Ta KOMaHIa JOJYKHA BBIMOJ-
HATbCA B Kartasiore PP4E\System, nuaue BXxoxHOH (daiin He OymeT HalileH;
IpUYMHA 3TOTO OyIeT MoACHEeHAa I03THee):

C:\...\PP4E\System> python more.py more.py

TRIET

pa3buBaeT CTPOKY WM TEKCTOBbIA dain Ha CTpaHMUb ANd WHTEePaKTMBHOIO MPOCMOTPa
def more(text, numlines=15)
lines = text.splitlines() # nopobHo split(‘\n’), Ho 6e3
while lines:
chunk = lines[:numlines]
lines = lines[numlines:]
for line in chunk: print(line)

B KOHLE

More?y
if lines and input(‘More?’) not in ['y’, ‘Y']: break
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‘

if __name__ == ‘__main__
import sys #f ecnu 3anyckaeTcs Kak ClueHapui
more(open(sys.argv[1]).read(), 10) # oT06pasuTb NOCTPAHUYHO COAEPXMMOE
# 0aina, yka3aHHOro B KOMaHAHOW CTPOKe

1.

Eciu Mbl uMmopTUpyeM (aiia more.py, Mbl SBHO II€pefaeM CTPOKY B €ro
GYHKIUIO more; QYHKIIUA more — KaK pas Takasd YTUJIUTA, KOToOpasd HaM
HYKHa JJIA IPOCMOTPA TeKCTa JOKYMEeHTaIuu. 3amycK 3TOH YTUIUTHI IJI
IPOCMOTPA CTPOKU AOKYMEHTAIIUU MOAYJA SYyS IPEeACTaBUT WHMOPMAIIUIO
0 TOM, KaK¥e BO3MOYXHOCTHU JAeT 9TOT MOJYJIb CIIeHAPUAM, B BUJE, ITPUTO-
HOM [IJIS UTeHI:

C:\...\PP4E\System> python
>>> from more import more
>>> import sys

>>> more(sys.__doc__)

This module provides access to some objects used or maintained by the
interpreter and to functions that interact strongly with the interpreter.

Dynamic objects:

argv -- command line arguments; argv[0] is the script pathname if known
path -- module search path; path[0] is the script directory, else
modules -- dictionary of loaded modules

displayhook -- called to show results in an interactive session

excepthook -- called to handle any uncaught exception other than SystemExit
To customize printing in an interactive session or to install a custom
top-level exception handler, assign other functions to replace these.

stdin -- standard input file object; used by input()
More?

Hasxkarme xknaBuiu y uau Y 3acTaBUT (PYHKIIUIO OTOOPA3UTH HECKOJIBKO
CIeAYIOIINX CTPOK AOKYMEHTAI[MX W CHOBA BBIBECTHU IIPHUTJIAIIIEHUE, €CJIU
CIIMCOK CTPOK ellle He 3aKOHUUJCA. IlompobyiiTe caenars 9TO y ceb6si, U BBI
YBUAUTE, KaK BBITVISIUT OCTABIIASACS YaCTh CTPOKHU JOKYMeHTanuu. Kpome
TOro, IOIPOOYHTE IIOSKCIEPUMMEHTHPOBATD, 3a4aBas pa3Mep OKHA BO BTO-
pom aprymenTe, — BBI3OB more(sys.__doc__, 5) OyAeT BBIBOAUTH TEKCT GJIOKA-
MU II0 5 CTPOK.

PykoBopcTBa no 6ubnuorekam Python

Eciu usnoxkenune KasKercs HEJOCTATOUHO AETAJBLHBIM, TO MOJHYIO MH(MOP-
MaIlio Bbl MOJKETe MOJIYUUTH, OOPATUBIINCH K Pasmesy, IMOCBSIIIEHHOMY
MOZYJIIO SYS, B PYKOBOACTBe 110 oubanorexkam Python. Bee cranmapTHbie py-
KoBozacTBa Python moctynuber B IHTEpHETE 1, KPOME TOTO, YaCTO YCTAHAB-
ausBaioTca BMmecTe ¢ Python. B Windows crammapTHble pyKOBOICTBA yCTa-
HaBJIUBAIOTCA aBTOMaTuuecKu. [[Jisa obpalieHus K PyKOBOJACTBAM IIPUBENY
HECKOJILKO ITPOCTHIX YKa3aHUM:
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e B Windows miesxkHuTe Ha KHOmKe [yck (Start), BeiGepuTe myHKT Bce npo-
rpammbl (ALl Programs), 3aTem BeIOepuTe TyHKT Python u myHKT Python Manuals
(PykoBogcTea Python). PyKoBozacTBa uymecHBIM 00pa3oM IMOABATCS HA Ba-
meM sxpate. Haumnas ¢ Bepcuu Python 2.4 pykoBoactTBa niasa Windows
mocTaBaATCcA B (hopmaTe (GaiioB CIIpaBKU, OJIarogapsa 4eMy OHU IIOZ-
IEP’KUBAIOT BO3MOKHOCTD IIONCKA M HABUTAITWH.

e B Linux mau Mac OS X M0OKHO INEJKHYTh Ha 3J€MEHTe PYKOBOJCTBa
B MeHe/:Kepe (aiyioB Mam 3amyCTUTH OpOy3ep M3 KOMaHIHON CTPOKU
¥ TeperTHu B KaraJjior, I/ie B Ballleil cucteMe HaxoxaTcsa paiasr HTML
PYKOBOJZCTBA.

e Kcuu B Ballleii cucTeMe PYKOBOJCTB He O0OHAPYKUJIOCh, X BCErJa MOMK-
HO npouectb B MHTepHere. Ilepeiinure Ha Be6-caiiTr Python http://www.
python.org m HaWgUTe CCHLIKU, BeAyIIHe K JOKYMEHTAIMU. JTOT CANT
TaksKe 00ecIeurnBaeT BO3MOMKHOCTD IIPOCTOr0 IIOMCKA IIOPYKOBOACTBAM.

B nr060om cryuae BriOepuTe pykoBozacTBO «Library», ecau Bac mHTEpecyooT
TaKVe Belly, KaK MOAYJb SyS. OTO PYKOBOACTBO COZEPIKUT ONHNCAHUE BCEX
CTaHZAPTHBIX MOAYJel, BCTPOEHHBIX TUIIOB JAaHHBIX U QYHKIUN U MHOTOE
apyroe. B KOMIUIEKT cTaHAapTHHIX PyKoBoacTB Python Bxomur Takike
KpaTKuil yueOHUK, CIIPABOUHHIK II0 A3BIKY, CIPABOUYHUKMU II0 PACIIINPEHUIM
U MHOI'O€ pyTroe.

KoMmMepyeckue cripaBoYHUKU

Puckys sacay:KuTh yIpek 3a peKjJaMy B KHUTe, s JOJKeH YIIOMAHYTh, YTO
MOJKHO IPpUOOpecTr KOMILIEKT PyKoBozCTB 1o Python, oTreuarauubiii u me-
PeILIeTeHHBI; OPOOHOCTH U CCHLIKK MOMKHO HAUTH Ha MH(GOPMAIIMOHHOMN
CTpaHUlle IO U3JAaHUAM Ha caiite hitp://www.python.org. Ha ceroguanmanii
[IeHb eCTh TaKJKe KOMMepUeCKue meuaTHbie cipaBounuku mo Python, B Tom
yucye «Python Essential Reference»!, «Python in a Nutshell», «Python
Standard Library» u «Python Pocket Reference». Hekoropsie us sTux KHUT
SABJAIOTCA 0OJiee TIOJTHBIMU U COEPIKAT MIPUMEPHI, IIPU 3TOM ITOCTIETHUIT U3
IePeUYNCIEHHbIX CIIPABOYHMKOB YAOOHO MCIIOJB30BATh KAK <«HAIIOMUHAJ-
Ky», IIOCJIE TOTO KaK BbI YoKe pas-Ipyroil N3y uymnaiu OnbanoTexy.?

' II. Busnu «Python. ITogpo6usblii cipaBouHuk », CI16.: Cumsosa-ILatoc, 2010.

2§ manucan l'IOCJIe,I[HI/Iﬁ CIIPaBOYHHUK B Ka4ueCTBe 3aMeHbI CIIDaABOYHOMY IIPUJIOMKE-

HUIO0, UMEBIIIeMYCs B IePBOM U3gaHuu 9Tol Kuuru. OH 3aJyMaH KaK JOMOJTHEeHIe
K KHHUTe, KOTOPYIO BbI UMTAETE, a €T0 IocJefHee N3JaHre TaKKe MOYKeT CIYKUTD
epenpaBoii AJIs YhuTaTesaei, NCIoab3yonux sepcruio Python 2.X. Kak yxe ro-
BOPMJIOCH B IPEAMCIOBUH, KHUTA, KOTOPYIO BbI ceHUac Aep:KuTe, IBISETCS yueo-
HUKOM, a He CIIPAaBOYHUKOM, II0O9TOMY BaM, BEPOSTHO, MPUIETCA B KOHEUHOM
cueTe HANTU KaKON-HUOYIb UCTOUHUK CIPABOUYHON MH(MOpPMAIUY (OOHAKO I Ha-
CTOJIKO CAMOHAIesH, UTO IIPeAJarai BbIOpaTh MOU CIIPABOYHUK).
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Mopaynb sys

Ho mocraTouno pasroBopoB 00 ucTouHnKax nHpopMauu (1 OCHOBaX paspa-
0OTKU CIleHapueB) — IepeiieM K TOAPOOHOCTAM, KACAIOIINXCSA CUCTEMHBIX
moxyJsei. Kak ropopuJioch BbIIIEe, MOAYJIN SYS U 0S 00pasyioT Sapo Hadbopa
uHCTpyMeHTOB Python nnsa pemenusa cucremubix 3amau. Caemaem ceiiuac
KPaTKUil MHTEPaKTUBHBIN 0030p HEKOTOPHIX MHCTPYMEHTOB, MMEIOIUXCS
B 9TUX [BYX MOAYVJIAX, IPEKAe YeM UCII0JIb30BaTh UX B 60JIee KPYIIHBIX IIPU-
mepax. HauneM ¢ MOIYJIs SYS, MEHBIIIET0 U3 9TUX ABYX MoayJeii. HamomHro,
YTOOBI TTOJYUYUTH MOJHBIN CIUCOK BCEX aTPUOYTOB MOAYJIA SYS, BBl MOXKETe
mepenaTh ero yHKIIUY dir (MU TOCMOTPETD Ha CIIHMCOK, MOJYUYeHHBIN HaMu
BBIIIIE B ATOI TJIaBe).

Mnatdopmbl n Bepcun

Kax u B 60JbITMHCTBE MOLYJIEH, B MOZYJIE SYS €CTh aTPUOYTHI, COIEPIKAIITIe
uHpOpPMAINi0, U (PYHKINU, BBIIOJHAINE AeiicTBus. Hanpumep, B ero
aTpuOyTax MOYKHO HAaliTH HasdBaHUe OIePAIlMOHHON CUCTEMbI, B KOTOPOM BbI-
TMOJIHSAETCA MPOTPAMMHBIN KOM, HamboJbIllee I1eJI0e UKCJIO, MOAIep KuBae-
Moe aTIapaTHOH IIaT(opMoii Ha JaHHOM KoMibioTepe (xoTsa B Python 3.X
IeJble Yrcjia MOTYT OBITH IIPOM3BOJBHOM BEJIMUYUHEI), I HOMEP BepPCUU WH-
Tepuperatropa Python, BeImoHAIOIIEr0 TPOTrPAaMMHBII KOJ:

C:\...\PP4E\System> python

>>> import sys

>>> sys.platform, sys.maxsize, sys.version

(*win32', 2147483647, '3.1.1 (r311:74483, Aug 17 2009, 17:02:12)
... IOMNONHUTETIbHHE CTPOKM ObiN yaaneHsl. .. )

>>> if sys.platform[:3] == ‘win’: print(‘hello windows’)

hello windows
Ecam mporpaMMHBIA KOJ JOJI’KEH II0-PA3HOMY BBIMIOJHATHCA HA Pa3HBIX
KOMIBIOTEPAX, IIPOCTO IIPOBEPHTE CTPOKY Sys.platform, Kak caeJaHO B 9TOM
npumepe. HeemoTpsa Ha To, uro Python mo GosbImeil yacTy HE3aBUCUM OT
mwIaT@opMbl, a HEIEPEHOCUMbIE CPEICTBA OOBIYHO 3aKJIOUAIOTCSA B YCJIOB-
Hble MHCTPYKIIUU if, THMIA TOH, UTO 3[leCh IIPUBEJeHAa, TeM He MeHee raJee,
HaIpuMmep, OyAeT IMOKasaHO, UTO CPEJCTBA 3alyCKa HporpaMM U HUIKO-
YPOBHEBBIE B3aMMOJEHCTBUSA C KOHCOJIBIO PA3JINYAIOTCA B 3aBUCUMOCTU OT
miaardopmsel. ITosToMy mpoBepKa sHaueHuA Sys.platform momoskeT BLIOPATH

OPaBUJIbHBIN MHCTPYMEHT IJIsT TOW MAIIWHBI, HA KOTOPOUW BBIMOJIHAETCS
CIleHapUN.

MyTb noncka mopynen

Mopgyb sys m03BOJISIET TaKsKe TPOBEPUTD ITYTh ITIOMCKA MO YJIel KaK B MHTE-
PaKTHUBHOM pPeKUMe, TaK U U3 IMporpaMMbl Ha sisbike Python. Ilepemennas
Sys.path XpaHUT CIIMCOK CTPOK, IPEACTABJIAIOIINX AEUCTBUTEJbHBIA IYTh
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TOWCKa B BBITIOJHAOIeMcA uHTeprnperarope Python. Korga Beinmonusercsa
omepanus MMIOPTUPOBAHUA MOAyJaA, Python mpocmarpuBaer aTOT IIyTh
cJIeBa HAIIPaBO, IILITAACH OTHICKATD (DAl MOAYJIA B KAXKIOM KaTaJjore, yKa-
3aHHOM B ciiucKe. [losToMy naHHadA mepeMeHHAaA IMO3BOJIUT BaM yOeAUThCS,
YTO IIyTh ITOMCKA JAEMCTBUTEIBHO 3aJaH TaK, KaK HYKHO.!

CHucox sys.path IPOCTO MHUITMATUSUPYETCA IIPU II€PBOM 3alIyCKe UHTepIIpe-
TaTopa u3 PYTHONPATH ¢ mo6aBieHneM CUCTEeMHBIX 3HAUEHUN 10 YMOJIUYaHUIO
u cofiep:KkuMoro (aitaoB .pth, HaXOAANIINXCA B KaTaJoraxX CO CIleHapUAMU.
B meficTBUTENBHOCTH, €CIU 3aTVISHYTDH B CIIMCOK SYS.path B MHTEPaKTUBHOMN
000JI0YKe, MOYKHO OOHAPY:KUTh JOBOJBHO MHOTO KaTaJIOTOB, KOTOPHIE OT-
CYTCTBYIOT B II€peMEHHOIT PYTHONPATH: B HETO BXOJUT TaKiKe YKa3aTeJb Ha J0-
MAaITHUH KaTaJor CIleHapusa (IycTas CTPOKa — HasHaueHUe KOTOPOH A 00b-
SACHIO Jjajiee, IOCJIe 3HAKOMCTBA ¢ (QYHKITMEH 0S.getcwd) 1 HaGOp KaTaJIoroB
CTaHIAPTHHIX OMOJIMOTEK, KOTOPBIN MOXKET OBITH PA3JIMYHBIM B KaKIOH
YCTaHOBKeE:

>>> sys.path
[*7, "C:\\PP4thkEd\\Examples', ...maoc katanorn cTtaHaapTHoW OGubanoTexku. .. |

Kax sTo Hu yAUBUTEJIHHO, HO CIIMCOK SYS.path MOMKHO U3MeHAMb TPOTPaAMM-
HBIM CHOCOﬁOM. CLIEHapI/II/I MOT'YT MCIIOJIB30BAaTh TaKMNe oIlepanuy Hal CIIN-
cKaMu, Kak append, extend, insert, pop m remove, a TaKyKe HCIOJb30BaTh
UHCTPYKIUIO del, YTOOBI M3MEHATH IIYyTh IIOMCKA MOAYJEl B IIPOIEecce BbI-
IIOJTHEeHUd, ‘ITOﬁBI IIOAKJIIOUNTH BCEe KaTaJIOTU! C HQOGXO,Z[I/IMBIMI/I MOOYJIAMM.
Python Bcerma mcmoJsib3yeT o1 MMIIOPTA TEKYIee sHAUYeHne Sys.path, yum-
ThIBas BCe BHECEHHbIC BaMU U3MEHEeHU d:

>>> sys.path.append(r’C:\mydir’)
>>> gys.path
[*7, "C:\\PP4thEd\\Examples', ...more deleted..., ‘C:\\mydir’]

Takoe HemocpeACTBeHHOe U3MeHeHUe IIepeMeHHOU sys.path gBigeTcd ajb-
TEPHATUBON YCTAHOBKE IIepeMeHHOoU 00oouku PYTHONPATH, xoTsa u He caMoit
gyurieii. IsMeHeHUA B SyS.path cOXpaHAIOTCS JIUIIH O 3aBEPIIIEHUS IPO-
mecca Python, u ux Hy:XKHO IIOBTOPHO BHOCUTB IIPU KAKJOM HOBOM 3aIIyCKe
mporpaMMbl uiau ceanca Python. OqHaxko HEKOTOpbIe TUIBI IIporpamMm (Ha-
npuMep, ClieHapUU, BHIIOJIHAOIEC Ha Be6-cepBepe) He NOJIKHBI 3aBHUCETh
ot 3HaueHus PYTHONPATH. Takue ciieHapruu MOTYT CAMH HACTPAUBAaTh CIIMICOK
sys.path mpu 3amycke 1 BKJIIOUATh B HETO BCce HEOOXOAUMBIE KATaJIOTU C M-
HOPTUPYEMBIMHU MOAYJIAMU. Bojlee KOHKDPETHBIN IIPUMEP HCIOJIb30BAHUSA
sys.path mpuBomuTcsa B mpuMepe 1.34, B IpeabIayIlieil riiaBe, Ie MBI BbI-

Mosxet cayuurbesi, uro Python Buaut nepemennyro okpysxenus PYTHONPATH nua-
uye, yeM Bbl. CHHTaKCcHUYecKad omunoKa B (paiiiax HaCTPOUKY CUCTEMHOU 060104~
KU MOXKeT UCIOpTUTh 3HadeHuUe PYTHONPATH, maske eciu oHa KaKeTCsa BaM HOD-
masbHOM. Hanpumep, 8 Windows npu Hanmuuuy npo6esioB BOKPYT = B KOMaH/e
DOS set B (aiisne ¢ HacTpoiikamu (Hanpumep, set NAME = VALUE) B mepeMeHHYIO
NAME B mefiCTBUTEJIBLHOCTH OyIeT 3aIrcana mycrasi CTPOKa, a He VALUE!
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HYSKJEeHBI ObLIN IPEeIyCMOTPETh AUHAMUYECKYI0 HACTPONUKY IYTU IOUCKA,
TaK KaK IpUMeHeHUe BeO-cepBepa He IO3BOJIAET AeJiaTh KaKue-Iubo mpes-
TOJIOXKEHUA 0 MYyTAX K UMIIOPTUPYEMbBIM MOAYJIIAM.

NyTn k katanoram B Windows

O6paTuTe BHUMaHMe, UTO IIPU HACTPOIKe CIMCKa Sys.path B mpume-
pax BBIIlIe OBLIN UCIOJIb30BAHBI JUTEPAJIbl HEOOpabaThIBAEMbIX CTPOK
(raw string): moCKOJBKY OOpaTHBIN cjell B cTpoke Python o6Gbrumo
O3HAUaeT HAYAJI0 SKPAaHUPOBAHHOW MOCJIeZOBATEIHLHOCTH, IOJH30Ba-
Tesin Windows JOJIXKHBI CI€IUTH 34 TeM, YTOOBI YABANMBATEH CHMBOJIbI
CcJIeIla IIPY HCIOJIb30BAHUY B CTPOKAX C IIYTSAME K Karajoram (Hampu-
Mep, B cTpoke “C:\\dir’ xomOuHAIUA \\ B AEHCTBUTEJIbHOCTU ABJSET-
cAd 9KPAHUPOBAHHOI IIOCJIEIOBATEIbHOCTHIO, O3HAUYAIOIIEN CUMBOJI
\), WJIN UCIIOJH30BaTh KOHCTAHTHI HEOOpPabaThIBAEMBIX CTPOK, UTOOBI
MMeTh BO3MOKHOCTE BCTABJIATL CIMBOJI OOPATHOTO cJellia 6e3 BCAKUX
yxuipeHui (Haapumep, r’C:\dir”).

IIpu npocmoTpe myTei K Karajgoram B Windows (Hampumep, IPU BbI-
BOJIe CIIMCKA SYS.path B mHTEepakTUBHOM 000/10uKe) Python BeiBogUT \\,
KaK oguH cuMBOJI \. PopMaIbHO MOXKHO OOOUTHUCH ONHIM CIMBOJIOM \,
ecJIN 3a HUM CJeIyeT CUMBOJI, He BocupuHuMaeMsblii Python Kak mpo-
IOJIKeHNe dKPAaHUPOBAHHOM IIOCJI€IOBATEIbHOCTH, HO HCIIOJIH30BATh
yaBoeHNe U HeoOpabaTbIBaeMble CTPOKM OOBIYHO Jierye, ueM 3aIloMU-
HaTh TAOJUIBI SKPAHUPOBAHHBIX IIOCJIEJOBATEIbHOCTE.

O6paTuTe Tak:Ke BHUMaHM1e, UYTO OOJBIITUHCTBO OMOIMOTEUHBIX (DYHK-
muit Python B KauecTBe pasmenuTesieil 91eMeHTOB IIyTeH K KaTaJaoraM
MIPUHUMAIOT KaK IpsaMoi (/), Tak m oopaTHbIH (\) cjelr, He3aBUCUMO
OT HUCHOJIb3yeMOH ILIaT(OPMBI. ITO 3HAUYUT, UTO / OOBIUHO JeliCTBYyeT
u B Windows, 4To CII0COGCTBYET CO3JaHMIO CIIeHAPHEB, IePEHOCUMbBIX
Ha Unix. OnuceiBaeMble faJjiee B 9TOH IiiaBe MHCTPYMEHTHI 13 MOIyJIei
0S ¥ 0S.path TaksKe CII0COOCTBYIOT IIEPEHOCUMOCTH IYTEH B ClieHaAPUAX.

TaGnuua 3arpy>XeHHbIX Moaynen

B mopyute sys ecTh TaKIKe CpeicTBA, IIO3BOJIAIONYE ITOAKIIOUNTHCSA K NWHTEP-
nperatopy. Hanpuwmep, mepemenHas sys.modules CIYKUT CJIOBapeM, COLEP-
JKAIIM 3aIIUCH BUA Name:module AJs KasK/A0r0o MOAYJIs, MMIOPTHPOBAHHOTO
B ceaHc uu mporpamMmy Python (Tounee, B BbI3bIBatomuit mporecc Python):

>>> sys.modules
{'reprlib’: <module ‘reprlib’ from ‘c:\python31\lib\reprlib.py’>
...4aCTb CTPOK ynaneHa. ..

>>> list(sys.modules.keys())
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[“reprlib’, ‘heapq’, °

‘

_ future__", ‘sre_compile’, ‘_collections’, ‘locale’,

_sre’, ‘functools’, ‘encodings’, ‘site’, ‘operator’, ‘io’, ‘__main__', ...vacTs
CTPOK ypaneHa. .. ]

>>> sys
<module ‘sys’ (built-in)>
>>> sys.modules[‘sys’]

<module ‘sys’ (built-in)>

Mp1 Moryiu GBI MCITOIB30BATE ATY IIEPEMEHHYIO [IJIA CO3JaHMUA IPOTPaAMM, BbI-
BOJAIINX UJIU UHBEIM 00pa3oM 00padaThIBAIOIINX BCE MOIYJIN, 3aTDYKEeHHBIE
ITPOTrpaMMoi (Hy»KHO IPOCTO OOOMTH B IIMKJIE CIIMCOK KJoUei sys.modules).

AHaJOTUYHBIM CPEACTBOM IIOJKJIIOUEHNS K NUHTEPIIPETATOPY SIBJISAETCS CUeT-
UMK CCHLIOK Ha O0'BEKTHI, JOCTYIIHBIM uepe3 mepeMeHHyo sys.getrefcount,
¥ CIIMCOK MMEH MOJyJiell, BCTDOEHHBIX B BBIMIOJIHAEMBIH (Daila mHTEpIpe-
tatopa Python (sys.builtin_module_names). Bojee moapoOHble CBeIEHUA BBI
HalifeTe B PyKoBoacTBe mo Gubamorexke Python. Ilomo6GHble mepeMeHHBIE
IJIaBHBIM 00pasoM IpeHasHAYeHBI [JJIA MMOJYUYeHUs BHYyTPeHHeH nHpopMa-
muu uaTepnperaropa Python, Ho uHOrmA OHM MOTYT MMeETh GOJIBINIOE 3HAYUE-
HUE JJIs1 TPOTPAMMUCTOB, CO3JAOIINX WHCTPYMEHTHI AJIs IPYTUX IPOTpaM-
MUCTOB.

CBepeHNA 00 NCKNIOYEeHUAX

HexkoTopbie arpubyThl MOAYJIS SYS ITO3BOJIAIOT IIOJYUYUThH BCE CBEJIEHUS O Ca-
MOM IIOCJIeJHEM HCKJIIOUeHUU, BO3OY KIeHHOM HHTepiperaTopom Python.
ATo ymobHO, Korma TpedyeTcs peajn3oBaTh O0OOINEHHYIO IIPOIenypy 00-
paboTku wuckJoueHuit. Hampumep, QyHKIuUA Sys.exc_info BosBpaliaeT
KOPTEXK, COMEPIKAIINI TUII TTOCJIEJHETO UCKJIIOUEHN s, €T0 3HAUeHUe U 00b-
eKT ¢ TpaccupoBOUYHOU mH(popManueli. B momenn nckiamoueHU, KoTopas
B Python 3 monmHOCTBIO OCHOBaHA Ha KJjaccax, IEPBBIE JBa 3JIEMEHTa KOP-
Te}Ka COOTBETCTBYIOT KJIACCY IIOCJTIETHETO UCKJIIOUEHUA 1 €T0 9K3EeMILIADPY:

>>> try:
raise IndexError
except:
print(sys.exc_info())

(<class ‘IndexError’>, IndexError(), <traceback object at 0x019B8288>)

Aty nHGOPMAI[UIO MOXKHO HCIOJb30BATh IJS CO3JaHUS COOCTBEHHOI'O CO-
o0mieHnsa 00 omubKe, BEIBOAMMOIO B OKHE AUAJIora rpa(puuecKkoro MHTEp-
(etica nnu B Be6-crpanuie HTML (HamomHIo0, UTO He 00paboTaHHbIE UCKJIIO-
YEeHUs [0 YMOJYAHWIO 3aBEPIIA0T IIPOrPAMMBI C BBIBOJOM COOOIIeHUsA 00
omu0Oke). ITepBhle nBa siIeMeHTa KOPTEK A, BO3BPAIIAeMOI'0 9TOM (PYyHKI[He,
0 YMOJIYAHUIO IIPeNyCcMaTpUBAIOT BBIBOJ IIOJIe3HOI mH(poOpManuu, a Tpe-
TUH 3JIEMEHT, 00BEKT C TPACCHPOBOUHON MH(MOpMAaIeli, MOKHO 00padoTaThb
C IOMOIIBIO CTAHJAPTHOI'O MOAYJIA traceback:
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>>> import traceback, sys

>>> def grail(x):
raise TypeError(‘already got one’)

>>> try:
grail(‘arthur’)

except:

exc_info = sys.exc_info()
print(exc_info[0])
print(exc_info[1])
traceback.print_tb(exc_info[2])

<class ‘TypeError’>

already got one
File “<stdin>”, line 2, in <module>
File “<stdin>", line 2, in grail

Mogyab traceback MOKeT TaKiKe IIPEACTABJATH COOOIEHUS B BUAE CTPOK
¥ 3aIMCHIBATH UX B YKa3aHHBIN 00BbeKT (paiisa — 6ojee TOoApoOHYI0 MHGPOP-
MAaIl1io Bbl HaliieTe B PYKOBOZCTBe 110 Oubianorexe Python.

Apyrve anemMeHTbl, 3KCNOPTUPYyeMble MOAYNEM SYS

Mopgynb sys aKCIOPTUPYET U JPYTHe YaCTO MCIOJb3yeMble MHCTPYMEHTHI,
C KOTOPBIMU MBI BCTPETHUMCS B KOHTEKCTe 00Jiee KPYITHBIX TEM 1 IIPUMEPOB
naJjee B 9Toi yacTu KHuru. Hanpumep:

e AprymMeHTHI KOMaHIHONM CTPOKM MOKHO IOJYUYUTDH B BUJE CIIHCKA CTPOK
IO, UMEHEM SYS.argv

e CrammapTHbIe IOTOKM BBOJA-BBIBOZA AOCTYIIHBI B BHIe sys.stdin, sys.
stdout m sys.stderr

e 3aBepIlleHIEe TPOrPAMMbI MOKHO BBI3BATH C IIOMOIIBI0O PYHKITUHY SYS.exit

OmHaKO MOCKOJIbKY BCE 9TH MHCTPYMEHTHI BeAyT K OoJiee KPYITHBIM TeMaM,
0 HuX OyJeT pacCKa3aHO HUKE B OTAEJIbHBIX Pasaesax.

Mopaynb os

Kax ysxe roBopuIoCH BBIIIE, MOIYJIb 0S — 00Jiee KPYITHbBIN U3 TBYX OCHOBHBIX
CUCTEMHBIX MOy eii. B HeM comep:kaTcsa Bce OObIUHbBIE BEISOBEI OIIEPAT[MOH-
HO# CHUCTeMBI, C KOTOPLIMHU BBI MOTVIX paHee BCTPEYaThCs B CBOUX IIPOTPaM-
Max Ha A3bIKe C 1 B clleHapuax 000Ji0uKi. Ero BEI30BBI MMEIOT JIEJIO C Ka-
TaJIoraMu, IPOIlecCaMu, IIePeMEeHHBIMU O00JI0UKY U TaK gajee. PopMaibHO
9TOT MOAYJIb IIPEeIOCTaBISAeT NHCTPYMeHTaIbHbIe cpencTBa POSIX — mepeHo-
CHMOTI'0 CTaHIAPTA BHI30BOB OIEPAIIMOHHOI CUCTEMBI — BMECTE C I1JIaT(OPMO-
HEe3aBUCUMBIMU CPEJCTBAMU PAOOTHI ¢ KaTaJoraMu, K KOTOPBIM OTHOCHUTCS
BJIOKEHHBINI MOAYJIb 0S.path. @YHKIIMOHAJIBHO MOAYJIb 0S UI'PAET POJb IIe-
peHocuMoro mHTEep(deiica K CUCTeMHBIM BbI30BAM OIIEPAIlMOHHOIN CHCTEMBbI:
CIleHApNM, HAaIlMCAHHBIE C HMCIOJb30BAHUEM MOJYJIell 0S U 0S.path, OOBIUHO
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MOTYT BBIIOJIHATHCA Ha J1000i1 tardopme 6e3 BHeceHUA nsaMeHeHuii. Ha me-
KOTOPBIX ILIaT(opMax MOAYJIb 0S BKJIIOUAET AOIOJHUTEIbHbIE NHCTPYMEH-
ThI, JOCTYIHBIE TOJBKO Ha 9TOl IaaTdopMme (HampuMep, HU3KOYPOBHEBLIE
omepanuu ¢ mporeccamu B Unix). OgHaKoO, B 00IIIEM U IIEJIOM, 3TOT MOIYJIb
ABJIAETCA KPOcC-TIaT(HOPMEHHBIM, HACKOJIBKO 3TO TEXHNUECKU BOBMOXKHO.

MNHCcTpyMeHTbI B Mofyne oS

Bpocuwm Gersbrii B3TUIsAL Ha OCHOBHBIE WHTEep(deiickl B MmoxyJe 0s. B Tada. 2.1
MPUBOAUTCSA CIIMCOK HamOOJiee YacTo UCHOJIb3yeMbIX NHCTPYMEHTOB 13 MO-
IYJIs 0S, OPraHM30BAHHBIX I0 PYHKIIMOHAJHPHOMY HA3HAUEHUIO.

Tabauuya 2.1. 9acmo ucnoav3yemvie uHCMpPYmerRmol U3 MOOYJLs 08

O61acTs NpUMeHeHu I HNucTpymMeHTHI

ITepemenHbBIE OKPYIKEHUA 0s.environ

3amyck mporpaMmm 0S.system, 0S.popen, 0S.execv, 0S.spawnv
ITopokaeHre foOUEepPHUX IIPOIIECCOB os.fork, os.pipe, os.waitpid, os.kill

HecxkpunTops! GpaniaoB, OJJOKUPOBKU | 0S.0pen, 0s.read, 0S.write

O6paboTrka (aitaoB 0s.remove, os.rename, os.mkfifo, os.mkdir,
0s.rmdir

NHCTPpYyMEHTH aAMUHUCTPUPOBAHUA | 0s.getcwd, 0s.chdir, os.chmod, o0s.getpid,
0s.listdir, 0s.access

WMHcTpyMeHTHI o6ecieyeHns mepeHo- | 0s.sep, 0s.pathsep, o0s.curdir, os.path.split,
CHMOCTH 0s.path.join

HNucTpyMeHTHI A1 paboThI ¢ IyTAMEU | 0S.path.exists(‘path’), os.path.isdir(‘path’),
K KaTaJjoram 0s.path.getsize('path’)

Ecan HOHpO6OBaTL IIOJIYUYUTH II€epeYeHb anI/I6yTOB 9TOIr'o0 MOAYJIA B MHTE-
PaKTHUBHOM DPeKUMe, ITOJYUUTCA I'POMAJHBIN CINCOK UM€EH, KOTOPBIN OyIeT
pasIMYHBIM AJIs pasHbiX Bepcuii Python. Ckopee Bcero, o OymeT 3aBHUCETh
oT maaTdOPMbI 1 He OyeT CAUIIKOM IT0Je3€H, eCJIU He N3YUUTh, YTO O3HA-
yaeT Kaskaoe UM (I Mo3BOJIUI cebe HeEMHOTO OT(OPMaTHPOBATDL STOT CIIU-
COK UM yOAJIUTh YaCTh CTPOK AJId SKOHOMHUU MeCTa — 3aIlIyCTUTE 9Ty KOMaHIY
y cebs):

>>> import os

>>> dir(os)

[*F_OK", ‘MutableMapping’, ‘O_APPEND’, *O_BINARY', *O_CREAT', ‘0_EXCL', '0_
NOINHERIT', *O_RANDOM’, ‘O_RDONLY’, *O_RDWR’, *O_SEQUENTIAL', ‘O_SHORT_LIVED’,
“0_TEMPORARY", “O_TEXT", “0_TRUNC', “O_WRONLY', “P_DETACH', ‘P_NOWAIT', ‘P_
NOWAITO', ‘P_OVERLAY', ‘P_WAIT', ‘R_OK', ‘SEEK_CUR', ‘SEEK_END', ‘SEEK_SET,
" TMP_MAX’

...31eck 6vi10 yaaneHo 9 CTPOK. .

‘pardir’, ‘path’, ‘pathsep’, ‘pipe’, ‘popen’, ‘putenv’, ‘read’, ‘remove’, ‘rem
ovedirs’, ‘rename’, ‘renames’, ‘rmdir’, ‘sep’, ‘spawnl’, ‘spawnle’, ‘spawnv’,
‘spawnve’, ‘startfile’, ‘stat’, ‘stat_float_times’, ‘stat_result’, ‘statvfs_
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result’, ‘strerror’, ‘sys’, ‘system’, ‘times’, ‘umask’, ‘unlink’, ‘urandom’
‘utime’, ‘waitpid’, ‘walk’, ‘write’]

IToMmMO 5TOT0 BIIOYKEHHBIN MOAYJb 0S.path 9KCIOPTUPYET JOTOJTHUTEIbHBIE
MHCTPYMEHTHI, O0JIBIITNHCTBO U3 KOTOPBIX CBA3AHO ¢ 00ecIeueHneM IIepeHo-
CUMOCTH IIPU BBITIOJHEHUH OIlepaIuii ¢ mMmeHaMu (haiijaoB U KaTaJoToB:

>>> dir(os.path)

[*__all__’, *__builtins__', *__doc__’', '__file__’', ‘__name__', '__package__",
‘_get_altsep’, ‘_get_bothseps’, '_get_colon’, ‘_get_dot’, '_get_empty’, °
get_sep’, ‘_getfullpathname’, ‘abspath’, ‘altsep’, ‘basename’, ‘commonprefix’,

‘curdir’, ‘defpath’, ‘devnull’, ‘dirname’, ‘exists’, ‘expanduser’, ‘expandvars’,
‘extsep’, ‘genericpath’, ‘getatime’, ‘getctime’, ‘getmtime’, ‘getsize’

‘isabs’, ‘isdir’, ‘isfile’, ‘islink’, ‘ismount’, ‘join’, ‘lexists’, ‘normcase’
‘normpath’, ‘os’, ‘pardir’, ‘pathsep’, ‘realpath’, ‘relpath’, ‘sep’, ‘split’
‘splitdrive’, ‘splitext’, ‘splitunc’, ‘stat’, ‘supports_unicode_filenames’,
‘sys’]

CpeacTBa agMUHUCTPUPOBAHUS

Ecuau BbI mosiaraeTe, 4TO IPUBENEHUSA 9TUX OTPOMHBIX JUCTUHIOB HEIOCTA-
TOUHO, YTOOBI ABUHYTHCA AAJbIlle, aBaiiTe MOIKCIEPUMEHTUPYEM C HEKO-
TOPBIMU U3 IIPOCTENIINX WHCTPYMEHTOB MOAYJIA 0S B MHTEPAKTUBHOMH 000-
gouke. Kak u MOAyab SysS, MOAYJIb 0S COIEPKUT HAOOP MHCTPYMEHTOB JJIA
MOJIyYeHNA NHPOPMAIUY 1 A JMUHUCTPUPOBAHMIA:

>>> 0s.getpid()

7980

>>> 0s.getewd()
“C:\\PP4thEd\\Examples\\PP4E\\System’

>>> 0s.chdir(r’'C:\Users’)
>>> 0s.getewd()
“C:\\Users

3mech BUAHO, UTO QYHKIUSA 0S.getpid Bo3BpaIiaeT YMCJIOBOM UAEHTUDUKA-
Top (ID) mporecca (YHUKaJIbHBINA UAEHTU(MUKATODP BBHIMIOJHAIONIIEHCA IPO-
TpaMMGBbI, OINpeAeAeMblii CHUCTEeMO), a (QYHKIHuA 0S.getcwd Bo3BpaIlaeT
TeKyIIui pabounit karajor. TeKyImuM padouuM KaTajoroM SBJISETCS TOT,
B KOTOPOM IIPeZIIoJIaraeTcsa HaxoKJeHre (DaiijioB, OTKPBIBAEMbIX CIIeHAPU-
eM, ecJI¥ B UX UMeHaX IBHO He YKa3aH IYTh K KaTaJory. Bor mouemy panee
A TIpeJiaraj 3anyCTUTD CJIEAYIONTYI0 KOMaHy MMEHHO B TOM KaTaJjiore, Te
Haxoxurca daitn more.py:

C:\...\PP4E\System> python more.py more.py

AprymeHT ¢ nMeHeM BxomHOTO (haiija 31ech 3amaH 6e3 ABHOTO IIyTH K Ka-
TajJory (XOTs ero MOKHO yKasaTb, UYTOOBI 00€CIIeUUTh MOCTPAHUYHBIN BbI-
BOZ (haiiyoB m3 Apyroro Karajora). Eciu morpebyeTca Ha3BHAUUTH TEKYIITUM
IPYTOM KaTaJior, BEI3OBUTE (DYHKIIUIO 0S.Chdir: BaIl mporpaMMHBIN KoJ 0y-
JleT BBIIOJHATHCA OTHOCHUTEJIHHO HOBOTI'O KaTaJjora 0 KOHIIa IIPpOrpaMMbI
(nu HOBOTO BBI3OBA 0S.cNhdir). B ciemyroleii ryiase eire 6yaeT TOBOPUTHCS
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0 MOHATUH TEKYIIero pabouyero KaraJjora 1 ero CBA3U C ollepalireil MMIIop-
TUPOBAHUSA MOJYJIel, KOT/la MbI Oy/IeM N3ydYaTh KOHTEKCT BBIIIOJTHEHUS CIfe-
Hapud.

KOHCTaHTbI nepeHoCMMocCTu

Mopnysns 0s 9KCIIOPTHUPYET TaKKe PAL UMEH, YIIPOIIAIIINX IPOIPAMMUPO-
BaHMUe [JIs HECKOJBbKUX IaTdopm. B aToT Habop BxomAT cuemudpuuecKue
I TIaaT(OPM HACTPOWKM CHUMBOJIOB-pasfenuTesieii KOMIIOHEHTOB ITyTeil
¥ KaTaJIOr0B, YKas3aTeJeil Ha POAUTENIbCKUHA 1 TeKYIIUN KaTaJoTd 1 CUMBO-
JIOB, UCIIOJIb3YEMBIX JJIS 3aBEPIIIeHUS CTPOK B HUCIIOJIb3yeMOIl CCTeMe:

>>> o0s.pathsep, 0s.sep, os.pardir, os.curdir, os.linesep

T N A AV
KomncramTa 0s.sep ompenensaeT CUMBOJ, KOTOPBIN MCIIOJb3YETCS B KaUecTBe
pasgesnuTesass KOMIIOHEHTOB IMyTH K KaTaJor'y Ha ILTaTdopMe, Te BBIMOJ-
gsercsa Python. Oma aBromarnuecku mosydaer sHauernue \ B Windows, / —
B POSIX-coBMeCTMMBIX CHCTEMAX 1 .| — B HEKOTOPHLIX Bepcuax Mac. AHaJo-
TUYHO KOHCTaHTa 0S.pathsep ompenesiseT CUMBOJI, OTAEJIAIOIIUN KaTaJoTu
B cnouckax karaJyoros. OHa moisyuaet sHaueHue . B POSIX-coBMeCcTUMBIX
cucremax u ; — B DOS u Windows.

Hcnonb3oBaHMe TaKUX aTpPUOYTOB AJA COCTABJEHUS U pasdbopa OTHOCH-
IMUXCsA K CHUCTEeMe CTPOK JejaeT CIleHAPUU IIOJHOCTBHIO ITePeHOCUMBIMU.
Hampumep, BbI3oB Buga dirpath.split(os.sep) mpaBuabHO pasbepeT Ha Co-
CTaBJIAIOINME cienu(puUecKre AJd IaTGOpMbl MMEHA KaTaJIoroB, HasKe
ecsiz dirpath BeImIAguT Kak dir\dir B8 Windows, dir/dir B Linux u dir:dir
B HEKOTOPBIX Bepcusax Ha Mac. Kak y»ke roBopmiocs BhIIlIe, IIPY OIpeese-
HUY UMEH OTKpbIBaeMbIX (paiisoB B Windows momyckaercs MCIIOJIb30BATH
CHMBOJIBI IIPSAMOTO CJIeIlla BMECTO CIMBOJIOB OOPaTHOTO CJIellla, HO IIpuMe-
HeHMe 9THUX KOHCTAHT o0ecIlieurnBaeT He3aBUCUMOCTh MPOTPaMMHOT0 K04,
peasn3yIoliero omepannun ¢ KaTajoraMu, OT IJaaT(OpPMbI, Ha KOTOPOH OH
BBITIOJTHAETCS.

O6paTuTe TaKKe BHUMaHUe, YTO PYHKIIUA 0S.1inesep B IpuMepe BBIIIEe BO3-
BpAalllaeT II0CJIeI0BATEIbHOCTE CUMBOJIOB \I'\N — 9KPaHUPOBAHHBIE IIOCJIEN0-
BaTEJIBLHOCTHU, COOTBETCTBYIOIEe KOMOMHAIINY CMBOJIOB BO3Bpara KapeTKu
U IepeBojia CTPOKU, KoTopasi B Windows rcmnosibsyercs Kak IPU3HaK KOHIA
CTPOKU U Ha KOTOPYIO 00BIYHO HUKTO He obpaliiaeT BHUMAaHUA IpU 00padoT-
Ke TeKcTOBBIX (paitaoB B Python. IToapobuee o mpeoObpasoBaHUM CMBOJIOB
KOHIIA CTPOKHU OyAEeT pacCcKas3bIBaThCA B IiaBe 4.

OCHOBHbIe MHCTPYMEHTbI 0s.path

Biio:keHHBIN MOZYJIB 0S.path mpemocTaBiseT 60JIBITON HAGOP COOCTBEHHBIX
cpeacTB OJiA paboThl ¢ KaTajoramMu. Hampumep, B HETO BXOAAT IIEPEHOCH-
Mble QYHKIIMY JJIA TAaKUX 3a]a4, KaK mpoBepka tuna daiaa (isdir, isfile
U ApyTHUe), MOATBEP:KIEHNE CYIIleCTBOBaHUA (aiiyma (exists) um moayueHUe
pasmepa daiisa mo ero uMmeHu (getsize):
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>>> os.path.isdir(r’C:\Users’), os.path.isfile(r’C:\Users’)

(True, False)

>>> os.path.isdir(r’C:\config.sys’), os.path.isfile(r’C:\config.sys’)
(False, True)

>>> os.path.isdir(‘nonesuch’), os.path.isfile(‘nonesuch’)

(False, False)

>>> os.path.exists(r’c:\Users\Brian’)

False

>>> o0s.path.exists(r’c:\Users\Default’)
True

>>> o0s.path.getsize(r’C:\autoexec.bat’)
24

dyurmuu 0s.path.isdir m 0s.path.isfile coobIIal0T HAM O TOM, IBJISIETCS JIU
umMa Qaiiaa KaTaJoroM U IPOCTHIM (aiisom; obe OHM Bo3BpamiaioT False,
ecJIV YKasaHHbIN (Daiij He CYIecTByeT (TO eCTh OTCYyTCTBHE (haiiia mpeo-
Jaraet orpuiiaaue). EcTh Tak:ke QyHKIIUU AJd pasdoueHusa Uin o0begnHe-
HUSA CTPOK IIyTeH K Karajoram, KOTOPble aBTOMATUUYECKU HCIIOJL3YIOT CO-
ranieHus 06 UMEeHOBAaHUM KaTaJoroB AJsA TOI maTdopMbI, Tae paboTaeT
Python:

>>> o0s.path.split(r’C:\temp\data.txt’)
(“C:\\temp’, ‘data.txt’)

>>> os.path.join(r’C:\temp’, ‘output.txt’)
“C:\\temp\\output. txt’

>>> name = r'C:\temp\data.txt’ # nytu 8 Windows
>>> o0s.path.dirname(name), os.path.basename(name)
(“C:\\temp', ‘data.txt’)

>>> name = ‘/home/lutz/temp/data.txt’ # nytu 8 cTune Unix
>>> os.path.dirname(name), os.path.basename(name)
(*/home/lutz/temp’, ‘data.txt’)

>>> o0s.path.splitext(r’C:\PP4thEd\Examples\PP4E\PyDemos.pyw’)
(*C:\\PP4thEd\\Examples\\PP4E\\PyDemos', ‘.pyw")

dyHKIUA 0S.path.split oTmesser mmA (aitja OT IyTHU K €ro KaTaJory, a
0s.path.join cHOBa coegUHAET X BMECTe, 1 BCE 9TO — COBEPIIIEHHO IIePEeHOCHU-
MbBIM 00Pa30M, C UCIIOJIb30BaHUEM COTVIAIIIEHUH 110 0(hOPMJIIEHUIO Ty TeH, Aeti-
CTBYIOIIIUX B TOU CHCTEME, T/le OHU BhI3bIBatOTCA. DyHKIIMU dirname u base-
name BO3BPAINAIOT MEPBBINl U BTOPOM 3JIEMEHTHI, BO3BpaIaeMble (DYHKI[UEH
split, ¥ peaJan30BaHBI IPOCTO AJIs yA0OCTBA, a PYHKIUA splitext oTmesnser
pacmiupenue aiisa (3a mOCJIeTHUM CUMBOJIOM .). TOHKOe 3aMedyaHUe: 9TU
(GYHKIIUU O CBOEMY [AEHCTBUIO MOUTH SKBUBAJIEHTHBI CTPOKOBBIM METO-
maM split 1 join, ecyiv BBIBBIBATH UX OTHOCHUTEJIBHO CTPOKOBOM KOHCTAHTHI
0s.sep. ITouTu, HO He coBceM:
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>>> 0S.Sep
X
>>> pathname = r’C:\PP4thEd\Examples\PP4E\PyDemos.pyw’

>>> o0s.path.split(pathname) # OTOeNWTb MM daina OT KaTanora
(*C:\\PP4thEd\\Examples\\PP4E", ‘PyDemos.pyw’)

>>> pathname.split(os.sep) # pa3buTb NyTb N0 CUMBONAM Creua
[*C:", "PP4thEd’, ‘Examples’, ‘PP4E’, ‘PyDemos.pyw’ ]

>>> 0s.sep.join(pathname.split(os.sep))
“C:\\PP4thEd\\Examples\\PP4E\\PyDemos. pyw’

>>> 0s.path.join(*pathname.split(os.sep))
“C:PP4thEd\\Examples\\PP4E\\PyDemos. pyw’

ITocnenuuii BBI3OB join TpebyeT mepemaur OTHEJLHBLIX apryMeHTOB (OTCIO-
Jla 1 CUMBOJI *), HO OH He BCTaBJIAET IIePBBINA CHMMBOJI CJIEIla Iocje OYKBEI,
obosHauaromleii uma aucka B Windows. Ecau mogo0HbBIe OTINUYNSA MMEIOT
0OJIBIIIOE 3HAYEHME, WCIIOJL3YITe IIPEAIeCTBYIONNI BBI3OB MeToma Str.
join. @YHKIM normpath MOMKeT IPUTOSUTHCS B CUTYAI[USAX, KOTIA B IIYTIX
TIPOMBBOJILHO CMEIIUBAIOTCA PAa3JeIUTESM KOMIIOHEHTOB ImyTu nad Unix
u Windows:

>>> mixed

“C:\\temp\\public/files/index.html

>>> 0s.path.normpath(mixed)
“C:\\temp\\public\\files\\index.html

>>> print(os.path.normpath(r’C:\temp\\sub\.\file.ext’))
C:\temp\sub\file.ext

B srom moaysie nmeerca Takyke PYHKIMA abspath, KoTopasi IepeHOCUMbBIM
o0pasom Bo3Bpalaer morHoe ums daitina. OHa yuuThIBaeT 100aBIEHHBIH Te-
KYIIIUHA KaTaJor, POAUTEJIbCKUI KaTaJjor .. 1 MHOTOe APYTroe:

>>> os.chdir(r’'C:\Users’)

>>> 0s.getewd()

“C:\\Users

>>> o0s.path.abspath(‘’) # nycTas cTpoka o3HavaeT Tek. pab. kaTanor (cwd)
“C:\\Users

>>> o0s.path.abspath(‘temp’) # pacwvpseT [0 NOAHOrO NyTW K Gainy B Tek. kaT.
“C:\\Users\\temp

>>> 0s.path.abspath(r’'PP4E\dev’) # 4acTuuHblil NyTb OTHOCUTENLHO Tek. pab. kaT.
“C:\\Users\\PP4E\\dev’

>>> o0s.path.abspath(‘.") # pacwuMpseT OTHOCWTENbHbE MyTw
“C:\\Users

>>> os.path.abspath(‘..")

O
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>>> o0s.path.abspath(r’..\examples’)
“C:\\examples’

>>> o0s.path.abspath(r’C:\PP4thEd\chapters’) # abconoTHbe nNyTW HE U3MEHSNTCS
"C:\\PP4thEd\\chapters

>>> o0s.path.abspath(r’C:\temp\spam.txt’)

“C:\\temp\\spam. txt’

ITockospky nMeHa GaiijioB CUNTAIOTCA OTHOCAIIMMUCA K TEKYyIeMy pabo-
yeMy KaTaJjoTy, ecJu He 3aJaHbI IOJHBIMU MyTAMU, GYHKIUA 0S.path.ab-
spath MOKeT IPUTOAUTHCS, CJIU ITOTPEeOyeTCA MOKa3aTh I0JIb30BaTe 0, Ka-
KO¥ KaTaJor UCIOJb3yeTCs B AEHCTBUTEIBLHOCTU AJIA COXpaHeHuUA (aiia.
B Windows, Hanpumep, ipu 3aIycKe mporpaMm ¢ rpaduueckum narepdeii-
COM IIIeJTUYKOM Ha APJIBIKaX B MPOBOZHUKE MJIM Ha paboueM CToje paboumm
KaTaJIoTOM IIPOrPAMMBI ABJIAETCA TOT, B KOTOPOM HAaXOAMTCS 3aITyCKAEMBbIH
(atin, 4TO He Bcerma OUeBUHO II0JIH30BaTEI0. B TaKUX ciryyasax MOKeT II0-
MOYb BBIBOJl 3HAUEHMA, BO3BpaIiaemMoro GyHKIue abspath gia daiia.

BbinonHeHMe KOMaHA 000/104KM N3 CLeHapueB

MozyJib 0S HO3BOJIAET TAKKe BBIIOIHATL KOMAHIbI 000JOUKH 13 CIleHAPHU-
eB Python. 9to nmonarue nepemeraercsa ¢ ZPYyruMu, TAKUMHA KaK MOTOKK
BBOJa-BBIBOJ[4, KOTOPLIE He OYAYT OCBEIATLCA B MOJHONM Mepe 10 CIeLYIO-
el IIaBhI, HO, IIOCKOJILKY 9TO OJHO 13 KJIIOUEBBIX HOHATUI, KOTOPOe OyaeT
HCIIOJIb30BATHCSA HA MIPOTSIKEHNY BCeil JaHHON YacT KHUTH, 0erjIo KOCHEM-
cs1 0CHOB. B Mmozxyiie 0s umeroTes qBe (PyHKIIUY, IO3BOJISIOIINE 3AllyCTUTh U3
CIleHapUs JII00YI0 KOMAHIy, KOTOPYIO MOXHO BBECTU B OKHE KOHCOJIM:

0s.system
3amyckaer KoMaHAy 0600uKy u3 ciieHapus Python
0S.popen

3amnyckaeT KOMaHay 000JIOUYKM 1 COeINHAETCS C ee IOTOKaMU BBOAA U
BBIBOZA

Kpome Toro, cyiiecTByeT OTHOCUTEJIBbHO HOBBIM MOAYJBL SUbprocess, obe-
cIeunBaloNInii 60jee TOUHOE yIIpaBJIeHNe 3allyCKaeMbIMU KOMaHIaMu 000-
JIOUKHU Uepes MOTOKU BBOJA-BbIBO/[A, KOTOPBII MOYKET HCIIOJIb30BATHCI KaK
aJbTepHATUBA U JaiKe IJIA peajusanuy ABYX (MYHKIIUI, IpeacTaBJIeHHbIX
BBIIIIE (XOTS U 38 CYET HEKOTOPOU CJI0KHOCTH ITPOrPAMMHOTO0 KO0Za).

YT0 Takoe kKoMmaHga 0605104Kn?

Yr0o0bI ITOHATL 00JIACTH AEMCTBUSA STUX BBI3OBOB, HY:KHO CHauajia BBECTU
HECKOJIbKO TEePMHHOB. B HaHHOI KHHUTIe IIOA TepMUHOM o00o.zi0uka (shell)
opa3yMeBaeTcs CUCTeMa, KOTOPas CUNTHIBAET U BBIMIOJHSIET KOMaHIHBIE
CTPOKHU Ha BaIlleM KOMIIBIOTEpE, a oI KomaHAoil o6onouku (shell command)
moapasyMeBaeTcsa KOMaHIHAA CTPOKA, KOTOPYIO BhI OOBIYHO BBOAUTE B OT-
BET Ha IIPUIJIAIIIeHNEe 000JI0UK Y.
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B Windows, HanpuMep, MOKHO OTKPBITH OKHO KoHcosin MS-DOS (oHa Ke
KomangHas ctpoka (Command Prompt)) u BBoauTh B HeM KoMaHbl DOS, Takue
Kak dir aJis moJiyueHUs CIIMCKAa KaTaJloroB, type s mpocMoTpa (aiina,
nMeHa IporpaMM, KOTOpble HY»KHO 3allyCTUTh, 1 Tak nayee. DOS aBiser-
CsI CCTEMHOII 000JIOUKOIi, a KOMaH/Ibl, TaKHe KaK dir u type, — KOMaHIaMK
o6omouku. B Linux u Mac OS X M0:XHO 3aIIyCTUTH HOBBIHM ceaHC 000JI0UKH,
OTKPBIB OKHO TEPMUHAJIA, U TaK)Ke BBOJUTDL B HETO KOMAaHIbI 000JIOUKY — 15
[JIsI BBIBOZA CIIMCKA KAaTaJIoroB, cat A mpocmoTrpa (aiaoB U TaK maJee.
IHast Unix cyiecTByerT MHOKeCTBO obosiouex (Hampumep, csh, ksh), Ho Bce
OHUM YMWTAIOT U BBIMOJHSIOT KOMaHAHbBIE CTPOKU. HuKe ITOKas3aHbI JBE KO-
MaHAbI 000JIOUKM, BBEJEeHHbIe M BBLIIOJHEHHbIE B OKHe KoHcoau MS-DOS
nox Windows:

C:\...\PP4E\System> dir /B ...8800 KOMAHObL 060J0UKU

helloshell.py ...0aznee ciedyem 6b.800 amoil KOMAHObL
more.py ...DOS uzpaem ponwv o6os0ouxu 6 Windows
more.pyc

spam. txt

__init__.py

C:\...\PP4E\System> type helloshell.py
# a Python program
print(‘The Meaning of Life’)

BbinonHeHne KoMaHp 0605104KUN

Koneuwo, Bce 3T0 He MMeeT MPAMOTO OTHoIeHus K Python (Hecmorps ma
TO, UTO CIleHapUU KOMaHIHOI CTPOKHU Ha A3bIKe Python mHorma omubouso
Ha3bIBAIOT WHCTPYMeHTaMu o6oJsiouku). Ho, MOCKOABKY QyHKIMU System
¥ POPEN U3 MOAYJIS 0S ITO3BOJIAIOT ClleHapusaM Python BEITOTHATE J1100bIe KO-
MaHObI, IIOHATHBIE 000JI0UKe CUCTEMBbI, MbI MOJKEM NCIIOJIB30BaTh B CBOUX
CIleHapPUSIX JI00bIe NMEIOIIecs B CIUCTEMe NHCTPYMEHThI KOMAaHIHOMU CTPO-
KM, He3aBHCHMO OT TOr'0, HamucaHel oHM Ha Python mam mer. Hampuwmep,
HUKe IPUBOJUTCA HeKOTOPBIHM IIpOrpaMMHBIN Kof, Ha s3biKe Python, koro-
DBIii BRITIOJIHSAET ABe KoMaHAbI 00oouku DOS, BBeieHHBIE BBIIIIE B OTBET Ha
IpurialieHue 000J0UKM:

C:\...\PP4E\System> python
>>> import os

>>> os.system(‘dir /B’)
helloshell.py

more.py

more. pyc

spam. txt

__init__.py

0

>>> os.system(‘type helloshell.py’)
# a Python program
print(‘The Meaning of Life’)
0
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>>> os.system(‘type hellshell.py’)
The system cannot find the file specified.
1

Hynu, KoTopble BEIBOAATCS MO OKOHUAHUY BBITIONHEHUS HMEPBBIX IBYX KO-
MaH], ABJIAIOTCA 3HAUCHUSIMH, BO3BpAIIlaeéMbIMU caMOl (PyHKITHUei systenm.
DyHKIUIO System MOKHO MCIOJIb30BATh AJIA BBIIOJHEHUA JIIO00M KOMAaH-
HOI CTPOKM, KOTOPYIO JOIIYCKaeTCs BBECTU B OTBET Ha IPHUIJIAIIIEHIe 000-
JOUuKU (3mech mpuriarmteHueM ABiderca C:\...\PP4E\System>). BeiBogumbie
KOMAaH/ION JaHHBbIe O0OBIYHO IIOIIAaJai0T B CTAHAAPTHBINA IOTOK BBIBOIA CeaHca
Python uau nporpamMmsl.

ObmeH AAdHHbIMU C KOMaHAaAMU obonouku

Ho uTo ecsiz B ciieHapuy moTpedyeTcs: IepeXBaTUTh JaHHBIE, BBIBOLUMbBIE
KoMauoi? @YHKINA 0S. SyStem IIPOCTO 3ayCKaeT KOMaHAy 000JI0UYKHM, TOT-
Ia Kak QYHKIIUA 0S.pOPEN TOMOJHUTEIbHO COeIUHIETCA CO CTAHJAPTHBIMU
TMOTOKaMHU BBOJA-BBIBOJA KOMAaHIbl, — OOPATHO BO3BpAIllaeTcs 00'HEKT, II0-
IOOHBIN (haiiiay, II0 YMOJYAHUIO COeINHEHHBIN ¢ BHIBOAOM KOMaHIbI (ecaiu
nepegaTh QyHKIUY popen (iar pe;KuMa W, To BMECTO 3TOTO IIPOU30U LT IO~
KJIIOUEHMeE K IIOTOKY BBOJA KOMAHKI). VICIIONB3Ys 9TOT O0BEKT AJIs UTEHUA
MTaHHBIX, BEIBOAUMBIX KOMAHAOMN, 3aMyIIIeHHON C IIOMOIILIO POPEN, MOYKHO
TepexXBaThIBATh TEKCT, B OOBIUHBIX YCJIOBUAX MOABJIAIOIIUHACA B OKHE KOH-
coJin, T7ie BBOAUTCA KOMaHIa:

>>> open(‘helloshell.py’).read()
“# a Python program\nprint(‘The Meaning of Life')\n”

>>> text = os.popen(‘type helloshell.py’).read()
>>> text
“# a Python program\nprint(‘The Meaning of Life')\n”

>>> 1listing = os.popen(‘dir /B’).readlines()
>>> listing
[“helloshell.py\n', ‘more.py\n', ‘more.pyc\n', ‘spam.txt\n’

__init__.py\n']

31ech MBI IIOJIyYaeM cofepKumMoe (paiisa cHauaja 00bIYHBIM CII0OCOO0M (Cpe-
crBamu Python mas pa6orsl ¢ aiizamu), a 3aTeM — KaK BBIBOJ KOMAaHIbI
obosouku type. UTeHre BBIBOJA KOMAaH/IBI dir TO3BOJSAET IMOJYUYNTh CIIMCOK
¢aiiioB B KaTajore, KOTOPBIHM 3aTeM MOKHO 00paboTarh B iuKJie. B riase 4
OymyT IpeAcTaBJIEHBI APYTHE CIIOCOORI ITOJyUYeHN TaKOT'0 CIINCKA, U TaM JKe
MBI TIOBHAKOMUMCS C umepamopamu GpaiaoB, KOTOPhIE B OOJIBIITMHCTBE IPO-
TpaMM AeJaioT HEHYXXHBIM BBI3OB (pyHKIU readlines, MOKasaHHBIN B IIPU-
Mepe BBIIIe, 38 NCKJIIOUEeHEeM 0TOOpaKeHU s CINCKA B MHTEePaKTUBHOMN 000-
JIOUKe, KaK B TaHHOM cJyuae (ZOMoJHUTEeIbHAd NHPOPMAIIUA 10 3TON TeMe
IPUBOAUTCS TaKKe BO BpesKe «subprocess, 0S.popen 1 UTepaTophl» HUMKE).

o cux MOp MBI BBITIOJNHSAJNN TMPOCThble KoMaHAbl DOS, HO TOCKOJBKY 9TH
GYHKIIMY MOT'YT 3ayCKaTh JIIO0ObIE JOMYCTUMbIe KOMaHbI, C UX IIOMOIILIO
MOYKHO TaKKe 3alycKarb apyrue cieHapum Python. Ilpexmomosxum, uto
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KaTaJor ¢ BBITIOJIHsAEeMBIM (aiioom umHTepuperaropa Python B Bameii cuc-
TeMe HaXO[UTCs B IIyTHU IoucKa (aiioB (UToObI MOKHO OBLIIO MCIIOJIH30BaTh
KOPOTKYI0 KoMaHIy «python» Bmecto «C:\Python31\python»):

>>> os.system(‘python helloshell.py’) # 3anycTuT nporpammy Ha s3sike Python
The Meaning of Life

0

>>> output = os.popen(‘python helloshell.py’).read()

>>> output

‘The Meaning of Life\n

Bo Bcex sTHX mpuMepax KOMaHIHbIEe CTPOKU, IlepelaBaeMble (PYHKI[USIM
system u popen, *KECTKO «3aIlIUThl» HEIOCPEACTBEHHO B IIPOrPaMMHBIN KO/,
HO HET HMKAKUX MIPUYUH, II0 KOTOPHIM IIPOrpaMMbl Ha A3biKe Python ne
MoTJIu OBbI CO3JTaBaTh TAKME CTPOKY HA ATATlle BHITIOJHEHUS C TIOMOIIBIO O0BIU-
HBIX CTPOKOBBIX oIleparuii (+, % u Apyrux). YUYUTsIBas, YTO KOMAaHIbI MOT'YT
KOHCTPYUPOBATHCS 1 BEIMOJIHATHCA TMHAMUYECKN, PYHKIITUHT System u popen
IpeBpalllaloT clieHapuu Ha A3biKe Python B rubkme u mepeHoCUMEbIE Cpe-
CTBa 3aIlycKa U yIOpaBJeHUS APYTUMHU TIporpamMMamu. Hampumep, Tecto-
BRI «yIpaBaAOIInUil» clleHapuil Ha a3bIKe Python mokHO mcmosmb3oBaTh
JIJIA 3aIlyCKa IPOrpaMM, HAaIIMCAHHBIX Ha JIOOBIX A3BIKaX IPOrPAMMUPOBA-
Huda (Hanpumep, C++, Java, Python), u ananusa ux seiBoga. Taxoii ciiena-
puii OymeT paccMoTpeH B rviaBe 6. B cieayroleit riaBe MbI CHOBA BepHEMCS
K QYHKIIUU 0S.popen, rae 0yaeM paccMaTpUBaTh €e B COeUHEHUHN C Ipo0Je-
MO mepeHaIpaBieHns II0TOKOB BBOJA-BbIBO/A — KaK OyIeT IIoKa3aHo TaM,
MeXaHU3M IIepeHanpaBIeHNA TaKKe MOKeT UCII0JIb30BaThCA [IJIs Ilepefaun
BBOJIa B IIPOT'PaMMEBI.

AﬂbTepHaTVIBa Ha OCHOBe MmoAaynd subprocess

Kak y:xke roeopuiioch, B mocienuHux Bepcusax Python mosBuica monyiab
subprocess, MO3BOJIAIOMIUN JOOUTHCA TOro Ke dPPeKTa, 4To u PYHKIUU
0s.system m 0s.popen. BooOire roBoOps, I/ 9TOr0 MPUAETCA HAMUCATh O-
HOJHUTENbHBIN MPOrpaMMHBIA KO, HO 3TOT MOAYJL obecrmeumBaeT 6ojiee
TOJIHBIN KOHTPOJIb HaJ MOAKJIIOUEHNEM U MCIOJIL30BAHUEM IIOTOKOB BBOJA-
BBIBOZIA. ITO OCOOEHHO ITOJIE3HO AJIA Pean3aliy CJIOKHBIX CXeM CBA3LIBA-
HIA TOTOKOB BBOJA-BBIBOJA.

Hampumep, 4TOOBI 3alIyCTUTh IPOCTYIO KOMaHAY 000JIOYKY, KAK MBI IeJIajin
3TO C IIOMOIIbI0 QYHKIIUH 0S.System BhIllle, MOKHO BOCIIOJIb30BATHCSI (HhYHK-
nueii call M3 HOBOTO MOAYJISA, KOTOPAsA AeMCTBYET ITIOX0KUM 00pasoM (UTOOBI
3allyCTUTDh TAKYI0 KOMaHAy, Kak type, BCTPOEHHYIO B 000/10uKy Windows,
TpebyeTca COOIIOCTU NOIOJHUTENbHbBIE YCIOBUA, XOTA I 3allycKa O0BbIU-
HBIX BBITIOJHSAEMBIX (DaiijoB, TaKUX KaK python, 9Toro He TpedyeTcs):

>>> import subprocess
>>> subprocess.call(‘python helloshell.py’) # HanommHaeT 0s.system()
The Meaning of Life

0

>>> subprocess.call(‘cmd /C “type helloshell.py

) # BCTpOEHHas KomaHaa
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# a Python program
print(‘The Meaning of Life’)

0

>>> subprocess.call(‘type helloshell.py’, shell=True) # anbTepHaTWUBHLI CNOCOO
# a Python program # 019 BCTPOEHHBIX KOMaH[
print(‘The Meaning of Life’)

0

OGpaTuTe BHHMaHME Ha apryMmeHT shell=True B IIOCJeIHEM BBI30BE. OTO
miraTdopMo3aBUCUMasd 0COOEHHOCTh:

e UYro0OBl 3aIlyCTUTH BCTPOCHHYIO KOMaHAy obosouxkum B Windows, mH-
CTPYMEHTaM MOZAYJIA SUbProcess, TakUM Kak call u Popen (00 aTo# (pyHK-
muu OyZeT paccKasbIBaThCA HUKE), He0OXOJMMO IlepefaBaTh apryMeHT
shell=True. Komauasr Windows, Takue Kak type, TpeOyIOT COOJIIOAEHIA
IOIIOJITHUTENbHBIX YCJIOBUIM, HO AJS 3allyCKa OOBIYHBIX BBIMOJJIHAEMBIX
daiimos, TakUX Kak python, aToro He TpedyeTcs.

e B Unix-momo6ubIx maaTgopMax, KOTaa apryMeHT shell mpuHUMAaeT 3Ha-
yeHme False (TI0 YMOJIUaHUIO), KOMaHAa 3allyCKaeTcsa HEIOCPeICTBEHHO
BBI3BOBOM (DYHKIIUH 0S.6XEeCVD, C KOTOPOM MBI BCTPETUMCA B TyiaBe 5. Ecau
B 9TOM apryMeHTe ImepefaTh 1rue, KoMaHaa 0y/eT BBITIOJHEeHA C TIOMOIITLIO
000JI0YKH, ITPU 9TOM BbI MOJKETE YKa3aTh UCIOJIb3yeMYI0 000J0UKY B J0-
IIOJTHUTEJFHOM apryMeHTe.

ITogpoGHee 0 HEKOTOPBIX M3 STUX OCOOEHHOCTEl MBI TOTOBOPUM HIKE,
a MOKa JOCTaTOYHO OyAeT 3allOMHUTH, uTO B UniX-mooOHBIX CHUCTEMAaX BaM
MOKeT IoTpeboBaThCs ImepefaBaTh apryMeHT shell=True B HEKOTOPBIX IIPU-
Mepax B 3TOM pasfiesie U B KHUTE, eCJIN OHU IIPEJIIOJIaTraioT NCIOJIb30BaHUe
TaKUX O0COOEHHOCTEH 000JIOUKM, KaK IIyTh IIOKMCKA IporpaMm. IIocKOJBKY
A 3amyckaio npumepsl B Windows, 5TOT apryMeHT s 4acTo OyIy OIyCKAaTh.

ITomumo NMHUTaII (l)yHKIII/II/I 0S.system, MBI TOUHO TaK K€ MOXXeM HCIIOJIb-
30BaThb 9TOT MOAYJIb MJIA MMHUTAIINN (I)yHK]’J;I/II/I 0s.popen, YTOOBI 3allyCKaTb
KOMaHIbI 000JI0UKHY U II0JIy4aTh €€ BbIBO/J B HAIlIEM CIl€eHapunun:

>>> pipe = subprocess.Popen(‘python helloshell.py’, stdout=subprocess.PIPE)
>>> pipe.communicate()

(b’ The Meaning of Life\r\n’, None)

>>> pipe.returncode

0

31ech MBI CBSI3AJIM TIOTOK CTAHAAPTHOTO BBIBOJIA KOMAHIABI 000JIOYKHU C Ka-
HAJIOM W BBIZBAJIM METOJ communicate, OKUAAIONINH 3aBEePIEeHNA KOMAaHIbI
Y IPUHUMAOIIUN TeKCT, KOTOPhI OHA BEIBOAUT B CTAHAAPTHBINA IIOTOK BBI-
BOJIa ¥ B CTAHIAPTHBIN IOTOK ominbok. Kox 3aBepiieHnsa KOMaH bl JOCTYIIEH
B Buje aTpudyTa, Iocje TOro Kak oHa OyaeT BhIIIOJIHEHA. TOUHO TaK »Ke MbI
MOTJIM OBbI MCIIOJIb30BATh OTAEJbHYIO (DYHKIIUIO UTeHUS MOTOKA CTaHIAPT-
HOTO BBIBOJAa KOMaHABI U OTAEJbHYI0 (PYHKIIAIO OJKUJAHUSA €e 3aBePIIeHU
(kKoTopas BO3BpAaIllaeT KO/ 3aBePIIeHN):
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>>> pipe = subprocess.Popen(‘python helloshell.py’, stdout=subprocess.PIPE)
>>> pipe.stdout. read()

b’ The Meaning of Life\r\n’

>>> pipe.wait()

0

DaKTHUUECKU CYIIeCTBYeT BO3MOYKHOCTH IIPSAMOU 3aMeHBI BBI3OBA 0S.pOpeEN
o0BeKTOM subprocess.Popen:

>>> from subprocess import Popen, PIPE

>>> Popen(‘python helloshell.py’, stdout=PIPE).communicate()[0]
b’ The Meaning of Life\r\n’

>>>

>>> import os

>>> os.popen(‘python helloshell.py’).read()

‘The Meaning of Life\n

Kax Bugute, peanusaius OTHOCUTEIBHO ITPOCTHIX CIYyUaeB ¢ IIOMOIIBIO MO-
Iyas subprocess TpebyeT MOMOJHUTEILHOI padoTsl. Ho cuTyamusa MeHsieT-
cA B JIYUIIIYIO CTOPOHY, KOTZIa BOBHUKAET HEOOXOAMMOCTh I'MOKOr0 yIIpaB-
JIEHUsI IIOTOKaMHU BBOAA-BbIBOma. PaxTuuecKu, Oaromaps BO3MOIKHOCTH
oOpabaThIBaTh CTaAHJapPTHBIE IIOTOKK BHIBOJA 1 OIIMOOK KOMAHIbI ITOXOMKU-
MU crocobamu, MOAyJIb subprocess B Python 3.X sameHMns opurnHaJIbLHBIE
GyHKIMIHA 0S.popen2, 0s.popend u 0s.popend, umesinuecss B Python 2.X. Te-
mepb 9TU PYHKIIUY ABJIAIOTCS JUIITH YACTHBIMU CJIYYasIMU UCIIOJIb30BaAHUA
uHTepdeiica 00beKTOB MOAYasa subprocess. ITocKoabKYy B 6oJiee CIOMKHBIX
caydasixX MCIOJb30BAHUA STOT'O0 MOAYJS IPeANoJgaraeTcs B3anuMoaelicTBUe
CO CTAaHJAPTHBIMU IIOTOKAMU BBOJA-BbIBOMIA, MbI OTJIOMKUM JaJibHelee 00-
Cy:KIeHre 9TOT0 MOAYJA, ITOKa He IMO3HAKOMUMCSA ¢ MEeXaHW3MOM IlepeHa-
TIpaBJIeHUA IOTOKOB B CJIEAYIOIIEeH TaBe.

OrpaHuyeHus, NnpucyLe KoMaHaamM 06004KMU

IIpesxae ueM ABUHYTBHCSA OaJjbllle, BbI JOJIKHBI 3aIIOMHUTDH JBa OTpaHUUe-
HUS, CBA3AHHBIE ¢ QYHKIIUAMET System m popen. Bo-epBBIX, XOTA caMU II0
cebe 9Tu QPYHKITUYU XOPOIIIO IIEPEHOCUMBI, B TeHICTBUTEIHLHOCTHY UX IIPUMeHe-
HUe IePeHOCUMO JIUIITH B TOA Mepe, B KaKOU 5TO OTHOCUTCS K BBITIOJTHIEMBIM
umu Kkomaugam. IIpegpiayimue mpuMepsl ¢ Komaagamu DOS dir u type, Ha-
npumep, padoraioT ToabKo B Windows, a gy Unix-mogo0HbIX ILIaT(opM nx
cJaenyeT UBMEHUTH TaK, YTOOBI OHY BBITIOJHAJY KOMaHIBI 1S 1 cat.

Bo-BTOpBIX, BasKHO IMIOMHUTH, UTO 3amyck (aiimoB Python xax camocros-
TEJBbHBIX IPOTPAMM TAKKUM CIIOCOO0OM OUEHb OTJIMYAETCS OT MMIIOPTA IPO-
TpaMMHBIX (halijioB 1 BBI30BA (PYHKI[UH, 00BABIEHHBIX B HUX, U OOBLIUHO
TPOUCXOAUT Topas3no MexasjeHHee. Horgma BeI3bIBarOTCA (QyHKRIMU 0S.System
¥ 0S.pOpen, UM IPUXOAUTCA 3aIIYCKATh COBEPIIIEHHO HOBYIO U HE3aBUCUMYIO
IporpaMMYy, BBITIOJTHAEMYIO OIEPAIlMOHHON cHCTeMOU (KaK IIpPaBUJIO, OHU
3aMyCKAOT KOMaHIbI B BUI€ HOBBIX IpOIieccoB). IIpu uMIropTe mporpaMMbl
B KauecTBe MOAYyJsl nHTepuperaTop Python mpocro sarpy:kaeTt u BHIMIOJIHS-
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erT Kox (aiisia B TOM Ke Ipollecce, reHepupysa o0beKT MoAyis. Ilpu sTom
HUKaKWe JpyTrue IporpaMMbl He 3aIIyCKaoTcd.!

MoryT ObITH BeCKMe OCHOBAHUSA MJIsI ITIOCTPOEHUS CUCTEMBI B BUJE OTHEJb-
HBIX IIPOTPAMM, U B CJENYIOIell riaaBe OyIyT PAaCCMOTPEHBI TaKue TeMHI,
KaK apryMeHThl KOMaHIHOU CTPOKU M ITIOTOKY BBOAA-BLIBOJA, KOTOPHIE II0-
3BOJIAIOT IIporpaMMaM mepeiaBaTbh MHGOPMAIIO0 B 000UX HAITPABJIEHUAX.
Ho B GosbINIMHCTBE Cay4YaeB omepalus UMIIOPTUPOBAHUS ABJsAETCA OoJiee
OBICTPBHIM U IIPAMBIM CIIOCOOOM MOCTPOEHUS CUCTEM.

Eciau BB cephe3HO HaMepeHbI UCIIOJIB30BaTh 9TU BBIBOBHI, TO CJIEAYET 3HATH,
YTO BBIBOB 0S.SyStem 00bIYHO OJIOKUPYET (TO eCTh IPUOCTAHABINBAET) BBISHI-
BaIOIIYIO IIPOrPaMMYy JI0 3aBepIIeHNs 3aNyIIeHHON €0 KoMaHabl. B Linux
u Unix-mogo6HBIX my1aTGopMax nMeeTcs BO3MOKHOCTD 3aCTaABUTh KOMAHY
BBITIOJIHATHCS HE3aBUCUMO U IapaJljieJIbHO ¢ BHI3BABIIEH ee IPOrpaMMOi,
n00aBUB B KOHEI[ KOMaHIHOIN CTPOKU OIepaTop & BBHIMTOJIHEHUS B (DOHOBOM
peKkume:

0s.system(“python program.py arg arg &”)

B Windows 3amyck ¢ momorbio koMauabl DOS start 0o0bIYHO TaKIKe ITPUBO-
IUT K 3aIlyCKy KOMAHIbI B BUJie HE3aBUCHMOI'0 IIPOIIECCA, BBIIOIHAIOIIEr0-
Cs IapaJijieIbHO:

0s.system(“start program.py arg arg”)

B peificTBUTEIBHOCTH, TAKOM CIIOCO0 3amlycka KOMAaHJ OKA3aJICA HACTOJb-
KO yIOOHBIM, UTO B mocjienuue Bepcuu Python Onina mobaBiiena (pyHKIMA
os.startfile. 9ra GyHKIIUS OTKPBIBAET (paiij ¢ IIOMOIIbIO IIPOrPAMMBI, YKa-
3auHOI B peectpe Windows miisa (aifjioB 5TOro TUa, Kak ecjiu Obl ObLI BbI-
TOJIHEH II[eJTUOK MBIIIBIO Ha APJbIKe 9TOoro (aiiaa:

os.startfile(“webpage.html”) # open file in your web browser
os.startfile(“document.doc”) # open file in Microsoft Word
os.startfile(“myscript.py”) # run file with Python

Nucrpyknusa Ha as3bike Python exec(open(file).read()) Toke BBIIOJHSET KOJ,
nporpamMMHOro (haiijga, HO BHYTPU TOTO ’Ke IIpollecca, KOTOPBI ee BbI3BAJI.
B sTOM OTHOIIIEHMM OHA IIOXOXKA HA OIEePAIMI0 UMIIOPTUPOBAHUSA, HO IIO CBOE-
MYy OeHCTBUIO OHA OOJIbIIE ITOXO0XKAa Ha OIEPAI[UI0 6CMABKU COLEPIKUMOro daii-
Jia B BBIBBIBAIOIIIYIO IIPOIPAMMY B TOM MeCTe, T'Zie CTOUT BBI3OB exec (ecu IBHO
He TepemaloTcsi CJI0Bapu II06aIbHOTO MU JIOKAJTBHOTO IIPOCTPAHCTBA MMEH).
B oTsimume ot onepanuu UMIOPTUPOBAHUSA, PYHKIIUA €XeC YNTAET U BBIIIOJTHAET
IpOrpaMMHBIN KoJ (haiiia 6e3 BCAKUX IPOBEPOK (OAMH U TOT »Ke (ailyi MOIKHO
BBIIIOJIHUTH HECKOJILKO Pa3 B OJHOM IIPOIlecce); IIPY BLHIIOJHEeHUYU (haiiia He CO3-
naeTcsa O0BEeKT MOJYJsA; U, ecau MYHKIUU ABHO He IepefaloTcs CJI0Bapu IIpPO-
CTPAHCTB MMEH, ONepPaIluy IIPUCBAaMBAHUA B IIPOrPAMMHOM Koze (aiijaa MoryT
3aTUpaTh epeMeHHbIe B 00/IaCTH BUJUMOCTH, I'/le HAXOJUTCA BBI30OB eX6C. 3a J0-
TMOJTHUTEJIbHBIMHY ITOAPOOHOCTSIMHU 00paIaiTech K PyKOBOJCTBY 10 6ubIMOTEeKe
Python.
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DyHKIUA 0S.popen 00BIYHO He OJOKHPYET BLI3BIBAIOIIYIO IIporpaMmmy (oHa,
IO OIIpeieJIeHNI0, JOJ’KHA MMEeTh BO3MOKHOCTh UMNTATh MUJIM IIHNCATH B BO3-
BpalliaemMblii 00beKT (haiina). Tem He MeHee BLI3bIBAIOIIAA IIPOrpaMMa MHO-
Tla BCe JKe MOKeT OKasaThCA 3a0JIOKMPOBAHHOM B JIFO0OI OIlepaIiuoHHOMN
cucreme, Windows miam Linux, eciu 00beKT KaHaja OyAeT 3aKpPBIT I0 3a-
BepIIeHUA TOPOKAEHHOM IporpaMMbl (HATpUMep, Ipu cO0pKe Mycopa) Uau
Korga KaHaJ OyJZeT IMMPOYMTAH 0 McUeprnanusa (HaIpuMep, ¢ ITOMOIbI0 Me-
Toma read() KanaJa). Kak Oyzer moxkasaHo JaJjiee B 9TOUM YACTU KHUTHU, OJII
mapaJijieIbHOTO UCIIOJHEHUs IIporpaMm 0e3 6JIOKMPOBAHUS MOMKHO HUCIIOJIb-
3oBarh QyuKmuu 0s.fork/exec 8 Unix u 0s.spawnv — B Windows.

ITocKkoabKY (PYHKIIMM System W popen U3 MOAYJA 0S, a TaKiKe MOAYJIb Sub-
process momagaioT eIle U B KaTeropuio CPeACcTB 3aIycKa IpPorpaMM, mepeHa-
TIpaBJIeHUA ITOTOKOB BBOJIa-BBIBO/Ia U CPEICTB B3aMMOIEMCTBUSA IPOIECCOB,
OHU CHOBA TOABSATCA B MOCJIEAYIOITUX ITJIaBaX, MIO9TOMY ITOKA MBI OTJIOMKUM
ux gajbHelInee oocyskaeraue. Eciiu BaM yiKe ceiiuac HEOOXOIM MBI JOIIOJIHU-
TeJbHBIE TIOJPOOHOCTH, IIPOUNTAliTEe pas3aes, KacalIluicsa BOIPOCOB IIepe-
HaAIIPaBJIEHUs IIOTOKOB BBOAA-BHIBOJA B CJIEAYIOIIEH IyiaBe, U Pasfesi, OIlu-
CBHIBAIOIIUI ITOJIyUeHNe CINCcKa KaTaJjoroB, B riiase 4.

Lpyrve anemMeHTbl, 3KCMOpPTUPYEMble MOAYIeM OS

MEeI paceMoTpesIin B MOAYJIE 0S, UTO ¢cMOIIN. IIOCKOJIBKY BCE APYTHe UHCTPY-
MEHTBI MOIYJIA 0S ellle TPyAHee OIeHWTh BHE KOHTEKCTa 00jiee KPYIIHBIX
MIPUJIOXKEHN, MBI OTJIOKUM UX 0Ojiee IPUCTAJILHOE PACCMOTPEHHE IO II0-
cienyoux paszesios. Ho, uToObl maTh BaM IIPEACTABJIEHNE O XapaKTepe
9TOr0 MOLYJIsI, HUKe IPUBOLUTCSA KPATKUI CIIPABOYHBIN 0630p. Cpenu mpo-
Yero Ha BOOPYIKEHUU MOIYJIS 0S COCTOST:

0S.environ

VsBiexkaeT u ycTaHaBJIWBAeT 3HAUEHUS TEPEMEHHBIX OKPYKeHUs 000-
JIOUKU.

os.fork
3amnyckaeT HOBBIH gouepHUit mporece B Unix-mogo0HBIX cCTeMAaX.
0S.pipe
ObecmeunBaeT 0OMEH JaHHBIMU MEXK Y IIPOorpaMMaMU.
0S.execlp
3anycKaeT HOBbIE IIPOI'PAMMGEI.
0S.spawnv

3amycKaeT HOBbIe MPOrPAMMBI C BO3MOYKHOCTBHIO HH3KOYPOBHEBOTO
yOpaBJIeHUS.

0s.open

OTKpbIBaeT (paiij ¢ UCIoab3oBarnueM (DaiiIoBOr0 JeCKPUIITOPA.
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0S.mkdir
Co3spmaeT HOBBIN KaTaJIoOr.
0s.mkfifo
CospmaeTr HOBBIT MMEHOBAHHBIN KaHAaJ.
0s.stat
IToryuaeT HUBKOYPOBHEBYIO MH(OPMAIUIO O (paiiie.
0S.remove
Vnanser gaiiy o CTPOKe IyTH K HEMY.
0s.walk

IIpumenseT GyHKIIUIO MK TEJO IIUKJIA KO BCEM 9JIeMeHTaM B iepeBe Ka-
TaJIOTOB.

U rak gasee. 3apaHee mpenynpeskaaio: MOAYIb 0S IPENOCTABIIAET IPYIITY
GbYHRIUNA 018 OTKPBITUA, UTeHUA U 3anucu (aiijioB, HO BCe OHU HUCIIOJIb3Y-
IOT JOCTYI K (hpaiimaM Ha HM3KOM YPOBHE M KapAWMHAJIBHO OTIUYAIOTCA OT
BCTPOEHHBIX (haiiaoBbIX 00beKTOB Python stdio, cosmaBaeMbIx ¢ IIOMOIIIBIO
BCTpoeHHON (QyHKIMHU open. OOBIYHO BO BCEX CAYyYAsIX CIEAYeT MUCIIOJIH30-
BaTh BCTPOEHHYIO YHKIIUIO Open, a He MOAYJb 0S, KpoMe OYeHb crerudu-
YyecKuX morpebHocTelr 06paboTKU (haiiyioB (HampuMmep, Korga Tpedyercsa oT-
KDPBITH (haiij, 3a06JI0KMPOBAB JOCTYII K HEMY U3 APYTUX IIPOTPaMM).

B cienyroirieii rimaBe MBI OyIeM MCIIOIb30BaTh MHCTPYMEHTHI U3 MOAYJIeH Sys
¥ 0S JJIA PelteHunss OOBIYHBIX CUCTEMHBIX 3a7ja4, HO 00beM JaHHON KHUTHU He
TI03BOJISAET IIPUBOJUTH IIOJHBIE CIIUCKU COAEPKUMOT0 BCTPEYAIOIIUXCA MO-
nyneti. Ecoim BBI 8TOTO erfe He cAesajii, 03HAKOMBTECH C COMEPIKUMBIM Ta-
KHUX MOJYJIel, KaK 0S U SyS, 00paTHBIINCH K PecypcaM, OIMMCAHHBIM BHIIIIE.
A Tenepb nepenieM K UCCJIETOBAHUIO JOIIOJHUTEIbHBIX CUCTEMHBIX HHCTPY-
MEHTOB B KOHTEKCTe 6oJiee IITUPOKUX IMOHATUN CUCTEMHOTO IIPOrPaMMUPO-
BaHUS.

subprocess, os.popen 1 utTepaTopbl

B riiaBe 4 MBI 6ymeM MccCJIeqoBaTh UTEPATOPHI (haiyoB, HO IEpes TeM,
KaK B3ATbH 9Ty KHUTY, Bl HABEPHAKA Y:Ke 03HAKOMUJINCH C OCHOBaAMMU.
ITockoabKy 00bEKTHI, BO3BpaIllaeMble (PYHKIUEH 0S.popen, 00JaagatoT
UTEepaTopaMu, MO3BOJSIONIMMY YUTATh JaHHBIE IO OJHOUM CTPOKE 3a
pas, ucioJib3oBaHMe MeToAa readlines aTuX 00bEKTOB OOBIUHO ABJISAET-
cda uaauirauM. Hampumep, HuKe TPUBOAUTCA IPUMED UTEHUA CTPOK,
KOTOpBIE BRIBOAATCA APYTOM IPOrpaMMOoii, 0e3 SBHOTO MCIOJIb30BAHU S
METO/IOB UTEHUA:

>>> import os
>>> for line in os.popen(‘dir /B *.py’): print(line, end="")
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helloshell.py
more. py
__Init__.py

WurepecHo, utro B Python 3.1 ¢pyHKIUA 0S.popen peaimsoBaHa C HC-
oJIb30BaHmeM 00beKTa subprocess.Popen, ¢ KOTOPBIM MBI TTO3HAKOMU-
JINCh B 3TOI ryIaBe. BBl MoKeTe yOeAUTHLCS B 9TOM, 3aIJISHYB B (paiia
0s.py B craumapTuoi oubdianorexe Python (B Windows BeI Halizere sToT
datin B karanore C:\Python31\Lib). PesynbraToM BbI30Ba (DYHKIIUHI
0S.popen ABJAETCS 00BEKT, YIIPABJISIOIINNA 00beKTOM Popen 1 ero Ka-
HaJaMu:

>>> 1 = os.popen(‘dir /B *.py’)
>»>> 1
<0s._wrap_close object at 0x013BC750>

IToT 00 bEeKT-00epTKAa KaHaJja oIlpeessieT MeTol __iter , mo3ToOMYy OH
MO IePsKUBAET BOSMOKHOCTD UTEPAIIUI II0 CTPOKAM, KOTOPBIE MOT'YT
BBITIOJIHATHCSA aBTOMAaTUUECKU (HapuMep, B IIuKJe for, KaK IOKa3aHo
BBIIIIE) UJIU BPYUHYIO. JIIOOOIBITHO OTMETUTH, UTO, HECMOTPSA HA HAJIU-
uynre B 00beKTe-00epTKe MOAJeP:KKY IPAMOro BEI30Ba MeToAa __next
KaK ecJu ObI 9TOT 00BEKT 006J1a7asl COOCTBEHHBIM UTepaTopoM (TIom00-
HO IIPOCTHIM (haiijiamM), TeM He MeHee OH He IIOAAePyKNBAeT BCTPOEHHY IO
GYHKIHIO next, XOTsA MOCIeSHAsI, BEPOATHO, IPOCTO BBIZLIBAET METO
next__:

>>> I = os.popen(‘dir /B *.py’)
>>> I.__next__()

‘helloshell.py\n’

>>> I = os.popen(‘dir /B *.py')
>>> next(I)
TypeError: _wrap_close object is not an iterator

IIpuumHaA TAKOTO MOBEIeHNS CKPhITA TIIYOOKO B HepaxX peaausaiuu —
MPSAMOM BBI3OB MeTOofa __next__ IepexBaThIBAETCSI METOAOM __(e-
tattr__, ompemesleHHOM B 00beKTe-00epTKe KaHaJja, U IIpeodpasyercs
B BBIBOB MeToja 00epHyToro oobexra. Ho pyuKIua next obpariaercs
K MeXaHU3My Heperpy3K’ OIepaTopoB, KoTopeiii B Python 3.X meii-
CTByeT B 00xo MeToza __getattr _, Korma IpoM3BOAUTCS BBIZOB METO-
JIOB CO CIIeIMaJbHBIMU MMeHaMu, TaKUMU Kak __next__. ITocKoJbKY
00'beKT-00epTKa KaHaja He oIpeleisaeT COOCTBEeHHBIN MeTos __next_
oOpaillieHre K HeMy He IIepexBaTbIBaeTCA 1 He mepenaeTcs o0epHyToMy
00'BEKTY, UTO MPUBOAUT K OMINOKE MPU BbI30BE BCTPOECHHOM (DYHKIIUU
next. Kax merambHO 00bscHseTcA B KHure «Msyuaem Python», meton
__getattr__ o0epTKH He BBI3BIBAETCA IO TOIM IPOCTOI IPUUYUHE, UTO
B Python 3.X morck MeTomoB HAUMHAETCA He ¢ 9K3eMILISIPa, a ¢ Kjacca.
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Taxoe mmoBezeHVe MOMKET OBITH MJIM He OBITH OKUJaeMbIM, HO BaM He
npuaeTcs 0eCIIOKOUTHCS 00 9TOM IIPU BLITIOJTHEHUY UTEePaIiii IO CTPO-
KaM B KaHaJie ¢ IIOMOIIbIO IUKJIa Tor, reHepaTopoB U APYIUX UHCTPY-
meHToB. Tem He MeHee, UTOOBI 00ECIIEUUTHL BBIMOJHEHNE HTepalluii
BPYUYHYI0, HEOOXOAMMO CHAaUaJIa BLI3BATh BCTPOCHHYIO (QYHKITUIO iter —
OHa BBIBOBET METOX __iter _ 00beKTa-o0epTKM KaHajga U 00ecCIeuuT
KOPPEKTHYIO MOAAePKKY 0001X CII0CO00B IepeMeIleH s II0 CTPOKaM:

>>> 1 = os.popen(‘dir /B *.py’)
>>> 1 = iter(I) # Tak nocTtynaeT uukn for
>>> I.__next__() # Tenepb 06e dOpMHl MTEpaUUi AEeNCTBYIT NPaBUIbHO

‘helloshell.py\n’
>>> next(I)
‘more.py\n’




KOHTeKCT BbINOJSIHEHUSA cueHapuesB

«Baluu aprymeHTbl, noXxanymcra!»

Crenapun Ha A3bIKe Python BEIIOIHSAIOTCA He B BAKyyMe (XOTsI, BO3MOXKHO,
BBI CJIBIIITAJIM YTO-TO MHOE). B 3aBuCHMOCTH OT I1aT(OPMBI U IIPOLEAYPhI 3a-
mycKa ImIporpaMMbl Ha s3biKe Python BeImOMHAIOTCS B OmpenesieHHOM KOH-
TEKCTe, TO ecTh obJiafatoT uHopMaIlreil, KoTopas aBTOMaTUYECKH Iepea-
eTCsI OIlepaIlMOHHOM CUCTEeMOM IIpU 3aIycKe mporpamMmMbl. Hampumep, y ciie-
HapueB eCTh JOCTYN K CJEAVIOIIMM BHUIAM BXOTHBIX NAHHBIX CHUCTEMHOTO
ypoBHA U nHTEP(deicoB:

Texywuil pabouuil kamaJoz

DdyuKIUA 0S.getcwd MpegocTaBIsAeT JOCTYII K KaTaJory, U3 KOTOPOro 3a-
IYIIeH ClleHapUil U 3HaUeHMe KOTOPOro HesABHO MCIIOJIb3YIOT MHOTHE UH-
CTPYMEHTHI JJiA PaboThI ¢ haiiiaMu.

Apzymenmol KOMAHOHOI CMPOKU

SyS.argv mpefoCcTaBJIgeT JOCTYH K CJI0BaAM B KOMaH/e, C TIOMOIILI0 KOTO-
poii ObLyIa 3amyIlieHa IIPorpaMMa 1 KOTOPbIe UTPAIOT POJIb BXOJHBIX JaH-
HBIX CIIeHAPHUA.

IlepementbLe 000104KU

0s.environ mpemocraBiigeT nHTEP(DENC K IePEeMEeHHBIM OKDPY KEHUA, CO3-
JTaHHBIM B OXBaTBLIBAIOIIEH 000J0YKe (MJIM POAUTEIHCKOM IPOTPaMMOL)
U IIepesaBaeMbIM CIEHAPUIO.

CmandapmHtble nOMOKU 8800a-6bL600a

sys.stdin, stdout u stderr sKCIIOPTUPYIOT TPU IIOTOKA BBOAA-BLIBOJA, Jie-
JKalliye B IIeHTPe NHCTPYMEHTOB KOMAaHIHOM 000JI0YKY, U MOT'YT UCIIOJIb-
30BaThCA B CIIEHAPHUAX C IIOMOMIBIO (DYHKIIUHU pPrint, 0S.popen 1 MOAYJIEM
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subprocess, mpeAcTaBJIeHHLIMHE B IVIaBe 2, C IIOMOIIBIO KJracca i0.StringI0
U IPYTUX NHCTPYMEHTOB.

Takue HHCTPYMEHTHI MOT'YT UTPATh POJb BXOAHBIX JAHHBLIX CII€HAPUEB, Ta-
paMeTpoB HACTPOWKM U TaK JgaJjee. B 9Toii rimaBe MBI HCCJIEyeM BCe 3TU Ue-
ThIPE MHCTPYMEHTA PaboThI ¢ KOHTEKCTOM — NX MHTep@eiicel B Python u Tu-
OUYHBIE 00JIACTY UX UCIOJIb30BAHUA.

Tekywnn pabounnm katanor

ITousiTue Texymero padbouero KaraJjora (current working directory, CWD)
OKa3bIBaeTCA KJIOUEBLIM ITPU BBITIOJHEHUM HEKOTOPBIX CII€HAPHEB: 9TO
BCerjza HesIBHO OIIPe/ieJIeHHOe MecTO B (DaiiIoOBOM cucTeMe, Ie IpeAIIoara-
eTcs pasMelreHre oopadaTeIBaeMbIX ClleHapHreM (PaijioB, eClii B UX UMEeHaX
OTCYTCTBYET a0COJIIOTHBIN ITYTh K KaTajory. Kaxk MblI y:ke BUgean, QyHKIITUI
0S.getcwd ITO3BOJIAET CIIEHAPUIO IOJIYUUTD UM TEKYIIero pabouero KaraJjo-
ra B ABHOM BHIe, a PyHKIMA 0S.Chdir IO3BOJAET ClleHAPUIO IepPeMECTUTHCA
B HOBBIU TEKYIITUUA PaOOUYMI KaTaJor.

OpxHako uMelTe B BUAY, UTO JJiA UMeH (ailjioB, HE COLEPIKAIINX IIOJTHOTO
oyTH, IOAPa3yMeBaeTCA, UTO OHU HaXOJATCA B TEKYIIeM paboueM KaTaJiore,
W 9TO He MMeeT HMKAKOT'0 OTHOIIIEHUA K IIepeMeHHOU OoKpy:xkeHusa PYTHON-
PATH. C TeXHIMYECKOIl TOUKH 3PEeHN CIleHapuii Bcerga 3alyCKaeTcs U3 TeKY-
mrero pabouero KaraJjora, a He U3 KaraJjora, cogep:rarniero Gpai crieHapus.
HanpoTug, mpu “MIOPTUPOBAHUY MOJYJIEl IOVCK BCEra HAUMHAETCA B Ka-
Tajiore, colep:KallleM ClieHapuii, a He B TeKyIleM paboueM KaTtaJjore (eciu
TOJIBKO CIleHapUii He pasMeIleH B TeKyIeM pabouem Kartasore). [JoCKOJIbKY
9TO TOHKOE pas3jnyue, Ha KOTOPOM UYacTO IOIIaJaloTCA HOBUYKU, U3YyUUM
ero 6oJjiee TOAPOOHO.

Tekywumn pabounm KaTanor,
¢dannbl 1 NyTb Noncka moayneun

Ecau sanyctuts cruenapuii Python, BBegs B KoMaHmy, Hampumep, python
dirf\dir2\file.py, — TekyIum paboumnM KaTaJOroM OyaeT KaTajor, B KOTO-
POM BBI HAXOAUJINCH IIPU BBOJE 9TOI KoMaHAbI, HO He dirl\dir2. C gpyroi
cTopoHbl, Python aBToMaTnuecku mobaBisdeT MyTh K KaTajory, Tae HaXo-
OUTCA CIleHApH!ii, B HAUaJI0 IYTU IOWCKa MOAYJel, mosromy file.py Bcerga
CMOKeT MMIIOPTUPOBATH NpyTue daiinas! us dirl\dir2, orkyzna 061 OH HU OBLIT
s3amyireH. YTo6bl TPOUJIIOCTPUPOBATE 3TO, HAIIUIIIEM IIPOCTOH CIleHAPU,
BBIBOISAINUN NMSA TEKYIIero padouero Karajora 1 IIyTh IOMCKA MOIYJIeli:

C:\...\PP4E\System> type whereami.py

import os, sys

print(‘my os.getcwd =>", os.getcwd()) # BbBOA Tekyuero paboyero kartanora
print(‘my sys.path =>", sys.path[:6]) # BbBOA nepsbx 6 KaTanoros B NyTu noucka
input() #f OXMpaeT HaxaTus Knasuum
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Temneps Ipu 3aIyCKe 9TOTO CIIEHAPHUA B TOM KaTaJjore, Iie OH HaXOAUTCs, 0y-
JeT BLIOPAH OKUIaeMBbIi TEKYIITNI padounil KaTaJjor, ¥ KM 3TOr'0 KaTaJjora
OyzeT mo0AaBJIEHO B HAUAJIO IIYTH IOMCKA. MBI y3Ke BCTPEUaJINCh CO CIIMCKOM
sys.path, comepsKaluM IyTh HOUCKA MOAYJIEH, — IIEPBLIN €ro 3JeMeHT MO-
JKeT OBITh ITyCTOU CTPOKOIT, 0003HAUATOIIEel TeK YU pabounii KaTayor Ipu
paboTe B MHTEPAaKTUBHONA 000JI0UKe; 3leCh OOJIbINIad YacTh IIyTH K TeKyIIle-
My paboueMy KaTajory YCeKaeTCs J0 «...» IIPU OTOOPaKEeHUN:

C:\...\PP4E\System> set PYTHONPATH=C:\PP4thEd\Examples

C:\...\PP4E\System> python whereami.py

my os.getcwd => C:\...\PP4E\System

my sys.path => [C:\\...\\PP4E\\System’, ‘C:\\PP4thEd\\Examples', ...apyrue
3/1EMEHTHI. . . ]

Ecau zamyckaTh 9TOT clieHapuii U3 APYTUX KAaTaJIOroB, BCJEI 3a HAIIUM
mepeMellieHreM IIePeMeCcTUTC U TeKyI[uii pabounii KaTaJjor (3To KaTaJor,
B KOTOPOM BBOAATCSA KOMaH/bI), a Python 6yger 106aBasaTh B HAUAJIO TYTH
TIOWCKAa MOAYJIEell KaTaJior, Ile HaXOAUTCA CaM CIIeHAPU, YTO ITO3BOJIUT CIIe-
HapHUIo MO-TIPpeKHEeMYy BUIeTh (haiijbl B CBOEM MCXOAHOM KaraJiore. Hampu-
Mep, ecJIU 3aITyCTUTD CIIeHaPU i, MOJHABIITNCH Ha OOUH YPOBEHb (..), KaTaJjor
System OynmeT mobaBJieH B HayaJIo CIUCKA SyS.path U cTaHeT HMepPBBIM KaTa-
Jiorom, B Koropom Python craner uckars MOLyJIN, MMIIOPTHUPYEMEbIE CII€HA-
pueMm whereami.py: IepPBBII SJIEMEHT CIIMCKA OyAeT HaleIuBaTh UMIOPT 00-
paTHO Ha KaTaJjor, COAep Kallluil BBIIIOJHAEMbIN ciieHapuii. OJHaKO IIONCK
(daiimoB, UMeHa KOTOPBIX HE COMEPKAT IIOJHOTO IYTU, OYAEeT BBIIOJHSITH-
cA OTHOCUTEJBHO TeKyIlero pabouero karajora (C:\PP4thEd\Examples\
PP4E), a ue B ero noxkarajore System:

C:\...\PP4E\System> cd ..

C:\...\PP4E> python System\whereami.py

my os.getowd => C:\...\PP4E

my sys.path => [C:\\...\\PP4E\\System’, ‘C:\\PP4thEd\\Examples', ...zpyrue
9/IeMEHTHI. . . ]

C:\...\PP4E> cd System\temp

C:\...\PP4E\System\temp> python ..\whereami.py

my os.getcwd => C:\...\PP4E\System\temp

my sys.path => ["C:\\...\\PP4E\\System’, ‘C:\\PP4thEd\\Examples', ...]

B pesynbrare monck (aiisioB, ©MeHa KOTOPBIX B CIIeHAPUU He COMePIKaT IMOJI-
HBIX IIyTel, OyAeT BBIMOJIHATHLCA B TOM MECTe, I'/ie OblIa BBeJeHa KoMaHOa
(0s.getcwd), HO ommepaIuy UMIIOPTUPOBAHUA MO-TIPEKHEMY OYIyT UMETH J0-
CTYI K KaTaJory, T/ie HaXOAUTCA BBIMOJHSIEMBIN cueHapuil (uepes IepBhIi
9JIeMEeHT B cmucke sys.path). Hakower, ecau (aiia 3amycKaeTcs IeJI4KoM
Ha APJBIKE, TEKYIUM PabOUYUM KaTaJOoroM CTAHET KaTaJIor, COAepP KaIlluil
daiin, Ha KOTOPOM BBIIIOJHEH INeJUOoK. Hampumep, cieqyiollre CTPOKU
OyayT BBIBeJEHLI B HOBOM OKHe KoHcosir DOS mpu ABOMHOM IeJuKe Ha
whereami.py B mpoBogauKe Windows:
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my os.getcwd => C:\...\PP4E\System
my sys.path => [C:\\...\\PP4E\\System’, ...more... ]

B nanHOM caydae TeKyIIUii pabOUYMii KaTaJor, NCIOJb3yeMbIil A/ MOUCKA
¢aiisioB, U IMEPBBIM KATAJIOT B IIyTHU IIOMCKAa MOAYJell COBHANAI0T ¢ KaTaJo-
TOoM, coaep:KamiuM (aiia ciienapus. OOGBIYHO BCe MEHCTBYET TaK, KaK IIpel-
moJiaraeTcsi, HO 3[eCh BaC MOT'YT IIOJICTEPEraTh ABe OIIACHOCTH:

o Nwmena ¢aiijoB HOJKHBI COAEPIKATh MOJHbIE TTYTHU K KaTajoraM, ecju 3a-
paHee He U3BECTHO, U3 KAKOI'0 KaTaJjora 0yeT 3amyIeH CIleHapuit.

o CreHapuu KOMaHIHOHN CTPOKU He BCerya MOTYT UCIIOJIb30BATh TeKYITUN
pabounii KaTajor, YToObI YBUAETh UMIOPTUPYeMbIe (Daiiibl, He HaXOLA-
myecs B COOCTBEHHBIX KaTaJlorax ClleHapueB, — IJI JOCTYyIa K MOZYJIAM
U3 APYT'UX KaTaJor'oB CJIeAyeT MCIIOJb30BaTh IIEPEMEHHYIO OKPYKEeHUA
PYTHONPATH 1 Ty T K UMIIOPTUPYEMBIM IaKeTaM.

Hanpuwmep, clieHapum 13 9TOM KHUTHY BCET/Ia MOTYT UMIIOPTUPOBATE APYyTUe
daitbl 3 COOGCTBEHHOI'0 UCXOJHOI'0 KAaTaJjora, He YKas3bIBasd IIyTh K UMIIOP-
TupyemMomy maketry (import file here), He3aBHCHMO OT TOT'0, KaK OHU 3a-
nyiieHbl. Ho, 4To6GBI OTHICKATE (haiiabl B JPYTOM MeCTe B JepeBe KaTaoroB
IPUMEPOB, ITYTh IOWCKA JMOJIKEH IIPOXOJUTh uepes3 KopeHb nmakera PP4E
(from PP4E.dir1.dir2 import filethere), maske ecyiz 3amycKaTh CIIEHAPUU U3
KaTaJiora, CoAep:Kalero HyKHBIH BHEITHUN MOAyJab. Kak OOBIUYHO, UTO-
ObI 00€eCIIeYUTh BO3MOXKHOCTH MMIIOPTHUPOBAHUA MOAYJeH, MMs KaTaJora
PP4E\dirl\dir2 Mmoo Tak:Ke 700aBuTh B PYTHONPATH, uTo6BI cesaTh file-
there BUAMMBIM OTOBCIONY, 63 YKa3aHUA ITyTHU K UMIIOPTUPYEMOMY TTaKeTy
(xoTs gurmHAe KaTaaoru B PY THONPATH yBeTMYMBAIOT BEPOSTHOCTD KOH(MIUK-
Ta UMeH). B J11000M ciiyuyae MMIIOPT BCETIA OCYINECTBIAETCS M3 UCXOTHOTO
KaTaJiora CIieHapusa UJIU U3 JPYToro KaTaJyora, HaX0IAIIerocsa B Iy TU OUC-
ka Python, a He u3 TekyImero pabouero KaraJora.

Tekywmn paboumnm KaTanor n KOMaHZHble CTPOKMU

ATo pasauure MeXKAY TEeKYIIUM pabouymM KaTajJoroM M IIyTAMH IIOHCKa
MoayJel o0bACHSET, IIoOUeMy MHOTUE CIIeHAapUU B JaHHON KHUTE, KOTOPbIe
MOJI’KHBI TefiCTBOBATh B TEKYIeM paboueM KaTaJore (a He B TOM, UM KOTO-
poro mepenamo), 3aycKaoTca KOMAaHIHOM CTPOKOM BUIA:

C:\temp> python C:\...\PP4E\Tools\cleanpyc.py obpabomka cwd

B manuom mpumepe cam (aiii crieHapus Ha a3bike Python maxogures B Ka-
rajiore C:\..\PP4E\Tools, HO TOCKOJBKY OH 3anmycKaercsa us C:\temp, To 06-
pabarbeiBaeT daiiiinl, cogepakarniuecsa B C:\temp (To ecThb B TeKyIIeM pabouem
KaraJjore, a He UCXOJHOM KaraJjore cieHapus). UTo6bl 06padboTaTh ¢ IIOMO-
HIBIO TAKOTO CcIleHapusa Gaiiabl, HAaXOAAIUECA Ie-TO B JPYTOM MecTe, HY K-
HO IIPOCTO M3MEHUTH TEKYIIUH paboumil KaTayor ¢ IMOMOIIbI0 KOMAHIBI Cd
¥ TIepeiTH B KaTaJjor, KOTOPBIN H0JIKeH ObITh 06paboTaH:
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C:\temp> cd C:\PP4thEd\Examples
C:\PP4thEd\Examples> python C:\...\PP4E\Tools\cleanpyc.py obOpabomka cwd

ITockoabKy TeKyIuil paboumnii KaTaJor Bceraa HesBHO OIIpeleJseH, CIleHa-
puii y3HaeT, KaKOU KaTaJor JoJI;KeH ObITh 00paboTaH, OT KOMaHALI cd ¢ TOM
JKe CTeIleHbIO OIpeleJIeHHOCTH, UTO U IIPU ABHOM IIepefaue UMEHU KaTaJjora
CIleHapuIo, KaK MOKAa3aHo HUKe (IpuMevaHue, Kacarlleecs MepeHOCuMO-
CTU: B APYTUX IPUMepax KOMaHJ BaM MOJKET IIOTpeboBaThCA 3aKJIIOUUTH
*.py B KaBBIUKU, YTOOBI IPEIOTBPATUTL MOACTAHOBKY MMeH (aiioB, KOTO-
pas BBIIOJHAETCA B HEKOTOPHIX 000I0uKax Unix):

C:\...\PP4E\Tools> python find.py *.py C:\temp obpabomka yxasanHozo
Kamadaoza

B sT0li KOMaHIHOI CTPOKE TEKYIITUM PabOUYMM KATaJoroM SBJIAETCS KaTa-
JIOT, COZIePIKAIINI 3aIIyCKAaeMblIii ClieHapUii, KOTOPBIH JOJIKEH ObITH BBITIOJI-
HeH (oOpaTuTe BHMMaHUe Ha OTCYTCTBUE IIYTU B UMeHU (haiija ciieHapus).
Ho mockosbKy aTOT ciieHapuii oOpabaThIBaeT KaTaJjor, ABHO yYKa3aHHBIN
B KoMaHAHOII cTpoke (C:\temp), B TaHHOM CJIydJae He MMeeT HUKAKOro 3Ha-
YeHUs, KaKOI KaTaJior ABJAETCA TeKyIIuM pabounm Karajsorom. HakoHerr,
ecau mOTpedyeTcA BBIIOJHUTH TAKOU CIIEHAPUH, PACIIOJIOKEHHBIN B HEKO-
TOPOM IPYT'OM KaTaJiore, AJd 00paboTKU (haiijioB, HAXOOAIUXCA B TPETHEM
KaTaJjore, MOYKHO IIPOCTO YKAa3aTh IIYTHU KATAJOTOB AJIA 000UX:

C:\temp> python C:\...\PP4E\Tools\find.py *.cxx C:\PP4thEd\Examples\PP4E

B sTom ciyuae myis mmmopTa OyAyT HOCTYHHBI (DAMJIBI B MCXOAHOM KarTa-
Jore cuenapuss PP4E\Tools, a o6pabaTsiBaThesa OyayT (aiijbl B KaTajore,
YKa3aHHOM B KOMaHIHOI CTPOKE, IIPU 3TOM TeKYIIUM PabouuM KaTaorom
OyzmeT coBepIiieHHO Apyroi KaraJsor (C:\temp). Vcmosb30BaHUe IIOCJIEeIHEH
¢dopmbI TpebyeT 60JIbIIIe BBOAUTE C KJIABUATYPhI, TEM He MeHee B 9TOI KHUTe
BaM ellle He pPas3 BCTPETATCA PAa3JIMUYHBIE TEKYII[HEe padoune KaTaJoTu U KO-
MaHIHbIE CTPOKY C ABHBIMU ITYTAMHU K CIIEHAPUAM.

AprymeHTbl KOMaHOHOW CTPOKMU

Monynis sys 03BOJIAET TaKJKe IMOJYUUTh T€ CJI0BA, KOTOPBIE ObIIN BBEIEHBI
B KOMAaHJe, 3alyCTUBIIEH clieHapuii HA sA3bIKe Python. 9Tu cioBa 00bIuHO
HaA3BIBAIOTCS apryMeHTaMU KOMAaHIHON CTPOKY M HaXONSATCS BO BCTPOEH-
HOM CIIUCKEe CTPOK Sys.argv. [IporpammucTs! Ha C MOT'YT 3aMETUTh CXOACTBO
¢ MaccuBOM argv B a3biKe C (MacCMBOM CTPOK). B MHTEPAKTUBHOM peKUME
CMOTpPEeTh 0COOEHHO He Ha UTO0, TaK KaK JJd 3anmycka Python B aTom pesxume
emy He TpebyeTcdA mepefaBaTh apryMeHThl KOMaH/IHOMN CTPOKU:

>>> import sys
>>> sys.argv
"]
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YT00BI AEHCTBUTEILHO YBUIETh apryMEHThI, HYKHO 3aIIyCTUTL CIEHAPUM
u3 KOMaHIHOI cTpoKu. B mpumepe 3.1 mpuBOAUTCS IPOCTOIL 10 Oe300pasusa
CIleHAPUI, KOTOPBIA BCErO JIUIIb BIBOLUT CIIMCOK arQV JIJIA U3YUSHUS.

Ilpumep 3.1. PP4E\System\testargv.py

import sys
print(sys.argv)

Ecnu sanycTuth aTOT ClieHAapUii, OH BHIBEIET CIUCOK apryMeHTOB KOMaHJ-
Hol cTpoku. OOpaTuTe BHUMAaHYeE, YTO IIePBLIM DJIEMEHTOM BCET/a SBJIAET-
Cfl IMA CaMOI'0 BBHITIOJIHAEMOTI'O CIleHapus, He3aBUCUMO OT CIocoba 3amycKa
(cmoTpuTe Bpe3Ky «BrimosHAaeMble ciieHapuu B Unix» naJjee B 9TOM I1aBe):

C:\...\PP4E\System> python testargv.py
[“testargv.py’ ]

C:\...\PP4E\System> python testargv.py spam eggs cheese
[‘testargv.py’, ‘spam’, ‘eggs’, ‘cheese’]

C:\...\PP4E\System> python testargv.py -i data.txt -o results.txt
[‘testargv.py’, ‘-i", ‘data.txt’, '-o’, ‘results.txt’]

ITocnenussa KoMaHIa B 9TOM (hparMeHTe UJIIOCTPUPYET OOIIeTIPUHSITOE CO-
riamreHue. [Tomo6HO aprymeHTaM GyHKINY, TapaMeTPhl KOMaHIHON CTPO-
KU WHOTJA IIepefaloTCcsa [0 MO3UINH, a MHOTA 10 UMEeHU € IIOMOIIBIO ITaphbl
«umMda 3HaueHue». Hanpumep, mapa -1 data.txt o3Hauaer, YTO 3HaUeHUEM
KJIfoua -1 ABideTcd data.txt (Hampumep, nMA BXogHOTO (aiina). B KauecTBe
mapaMeTpPOB KOMaHIHOI CTPOKH JOIYCKAaeTCs IepeaaBaTh J00ble CJ0Ba, HO
00OBIYHO HPOTrPaMMbI HaKJIaAbIBAIOT Ha HUX HEKOTOPHBIE CTPYKTYPHBIE Orpa-
HUYeHUud.

AprymMeHTHI KOMAHIHOM CTPOKM UT'PAIOT B IporpaMMax TaKyIiO JKe pPOJib,
KaK apryMeHTHI B QYHKITUAX: OHU IIPOCTO MO3BOJISIOT ITepeaTh B IporpaMm-
My nHGOPMAINI0, KOTOpPaA MOYKET ObITh PA3JIMUYHON AJIA KasKAIO0r0 3aIlycKa
nporpaMMbI. To 06CTOATEIBCTBO, YTO OHU HE OIPENEIAIOTCA JKEeCTKO B IIPO-
TPaMMHOM KOZ€, IIO3BOJIAET HCIIOJB30BaTh CIleHApUU 0O0JIee YHUBEPCAJIb-
HBIMU crocobamu. Hampumep, apryMeHThI KOMAHIHOM CTPOKU MOT'YT HC-
IOJIL30BAThCA A Iepenaun uMeH (aiijoB cleHapuAM, UX obOpabaThIBaio-
UM, — B3IVISHUTE Ha clieHapuil more.py B riase 2 (mpumep 2.1), KOTOPBIHA
OBILJI HAIIIMM IIePBBIM ITpuMepoM. J[[pyrue clieHapuu MOTYT IPUHUMATH (jia-
U pesKkumMa o0paboTKu, aapeca VlHTepHeTa U Tak gaJjee.

AHanus aprymMmeHToB KOMaHOHOMN CTPOKN

OmHAKO IIPU PEryJaspHOM KCIIOJIb30BAHUY apr'yMEHTOB KOMAaHIHOM CTPOKU
BBI MOJKeTe O6Hapy)KI/ITB, qgTo ImucaTthb Kon, ROTOpBIfI BbBIJIaBJINBAET B CIIVICKE
caoBa, Heyno6Ho. OGBIYHO IPU 3aMyCKe MPOrpaMMbI ITPeo6pasyIoT CIIMCOK
apryMeHTOB B CTPYKTYpPbI, OoJiee ya0oOHEIe A obpaboTku. Huike mpuso-
IUTCS OAWH 13 CIOCO0OB peaiM3alliil TAKOro IpeobpasoBaHUs: CIeHapuii
B mpuMepe 3.2 IpocMaTpUBaeT CIKMCOK argyv B IMIOMCKAax map -optionname op-
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tionvalue u momemIaeT UX B CJIOBApPh, UCIOJH3Ys B KaUueCTBe KJIIOUell nmMeHa
mapaMeTpoB, UTOOBI IIOTOM MX OBLJIO JieTdye M3BJIEKATh.

Ilpumep 3.2. PP4E\System\testargv2.py

“cobupaeT napameTpbl KOMaHAHOW CTpokM B cnosape”

def getopts(argv):
opts = {}
while argv:
if argv[0][0] == *-": # nouck nap “-name value”
optsfargv[0]] = argv[1] # kn4yamn cnosapei OyAyT WMeHa napameTpoB
argv = argv[2:]
else:
argv = argv[1:]
return opts
if __name__ == ‘__main__
from sys import argv #f NpuMep KNMEHTCKOTO MPOrpaMMHOro Koja
myargs = getopts(argv)
if -1’ in myargs:
print(myargs[‘-1"1)
print(myargs)

1.

Tarkyo GYHKIINIO MOXHO NMIIOPTUPOBATH U UCIIOJIb30BaTh BO BCEX MHCTPY-
MEeHTaX KOMaHIHOUM CTPOKU. Eciiu 3aIycTUTh 9TOT IPUMED KaK CaMOCTOS-
TEeJILHBIN ClleHapuii, OH IIPOCTO BHIBEAET OT(HOPMATUPOBAHHBIN CJI0BapPh ap-
T'yMEHTOB:

C:\...\PP4E\System> python testargv2.py
{}

C:\...\PP4E\System> python testargv2.py -i data.txt -o results.txt
data. txt
{*-0": ‘results.txt’, ‘-1’: ‘data.txt’}

EcTecTBeHHO, MBI MOTIUIM OBI IPEAYCMOTPETH eIle 6oJiee CIOKHYIO peaJiu-
3aIi0 MexaHu3Ma pabdoThI ¢ apryMeHTaMM, H00aBUTH IIPOBEPKY OIINOOK
u ToMYy mogo6Hoe. [{yia 06paboTKmM 6oJiee CIA0MKHBIX KOMAHJHBIX CTPOK MBI
MOTJI GBI NCIIOJIL30BATh 60JIee Pa3BUThIE MHCTPYMEHTHI 00pab0TKY KOMAaHI-
HOIT CTPOKM U3 cTaHAapTHOI 6ubanoreku Python:

e Monaynab getopt MomenupyeT moBefeHre OqHONMeHHON yTuauTbl Unix/C

e Moaynab optparse aBaseTcsa 6oJjiee COBpeMEeHHOM aJIbTepHATUBOM U O 00-
meMy IIPpU3HAHWI0 — 00JIee MOIITHOMN

0O6a MoayJid omMcaHbl B PYKOBOJACTBE 10 OubinoTeke A3bika Python, u tam
JKe BBl HailijeTe MPUMepPhl MCIIOJIb30BAHUSA, KOTOPLIE MBI He OyAeM IIPUBO-
IUTH 3[eCh pajy SKOHOMHU MecTa. BooOIle roBops, ueM 0oJjiee IINPOKUTe
BO3MOJKHOCTH II0 HACTPOUKeE IIPeAyCMAaTPUBAIOT BAIIH CIIEHAPUH, TeM 00JIb-
e Tpyaa BaM IPUIETCS BJIOKUTH B Peaju3aliiio JJOTMKY 00paboTKU apry-
MEHTOB KOMAaHTHOI CTPOKH.
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BbinonHsemble cueHapum B Unix

ITombaoBarenmam Unix m Linux: TeKcToBbIe (hafijbl C UCXOMHBIM IIPO-
rpaMMHBIM KOJOM Ha si3bIKe Python MokHO cresnars HemocpencTBEHHO
HUCIIOJTHAEMBIMHY, JOOABUB B X HAUAJIO 0COOYIO CTPOKY, COMEePIKAIIYIO
IyTh K uHTEepuperaropy Python, u npucsous ¢aitny npasa Ha BBIIOJ-
HeHme. Hampumep, coxXpaHUTe CJHEAYIOIIUA (hparMeHT B TEKCTOBOM
¢atise c mMmeHeM myscript:

#! /usr/bin/python

print(‘And nice red uniforms’)

IlepBast cTpoka OyneT BOCIIPUHUMATHCA MHTEPIIPETATOPOM KaK KOM-
MeHTapui (OHAa HAaYUWHAEeTCs ¢ #), HO IIPU 3allyCKe 9TOoro (paiiyia omepaiu-
OHHAasA cucTeMa OyAeT MOChLIATh CTPOKHM 3TOTO (paiijia MHTEePIPeTaTopy,
YKa3aHHOMY IIocJie #f! B mepBoii cTpoke. Eciiu aToT haiis cresmaTh HETO-
CPEeACTBEHHO UCIOJHAEMBIM C IIOMOIIBI0 KOMaHAbI chmod +x myscript,
ero MOJKHO OyZeT 3aIlyCKaTh HEIIOCPEACTBEHHO, He BBOAS CJI0BO python
B KOMaHJe, KaK ecJii ObI 9TO OBIJI ABOMYHBIN (paiiy MCIOTHIEMOM IPo-
TPaMMBI:

% myscript a b ¢

And nice red uniforms

IIpu samycke TaKUM CHOCOOOM CIIMCOK SYS.argyv ImO-IpeskKHeMy Oyaer
colepiKaTh MM CIleHApusA B IIePBOM dJieMeHTe: [‘myscript”, “a”, “b”,
“c”] — B TOYHOCTH, KaK ecJiu ObI CIleHApUil ObIJI 3alyINeH C IIOMOIIbIO
6oJiee IBHOT'O U IIepeHOCUMOro (hopmaTa KoMaHABI python myscript a
b c. IIpeBpairenue crieHapreB B HEIIOCPEJCTBEHHO UCIIOJIHAEeMbIe daii-
JBI Ha caMoM feJsie saBjaserTcsa TpiokoM OC Unix, a He 0COGEHHOCTHIO
Python, HO cTOUT OTMETUTH, YTO MOYKHO CHEJIATh €r0 HECKOJIBKO Me-
Hee MAIITMHHO-3aBUCUMbBIM, YKa3aB B Hauajie KoMaHIy Unix env BMecCTo
IIyTHU K UCIIOJHsIeMoMy (aitiry Python:

#! /usr/bin/env python
print(‘Wait for it...")

B sTOM ciryuae omepaimonHas cucTeMa OyAeT OTHICKUBATh MHTEPIIPe-
ratop Python ¢ momoirbio sHaUeHnit MepeMeHHbIX OKPYsKeHus (00bIU-
HO C MOMOIIbI0 ITIepeMeHHo# PATH). Ecyiu ofuH U TOT Ke cIleHapuii mo-
TpedyeTcsA KCIOJb30BATh Ha PAa3HBIX MAaIIMHAX, JOCTATOUHO OyIeT
TOJILKO U3MEHUTDH Ha HUX HACTPOUKY OKPY KeHU (a He peJaKTUPOBaTh
UCXOMHBIN IMIPOTPaMMHBIN KoOX clieHapus). KoHeuno, daiinsr Python
MO-TIPEeKHEMY MOYKHO 3aIIyCKaTh € IIOMOIIIbIO 60Jiee IBHOM KOMaHJHOM
CTPOKU:

% python myscript a b ¢
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IIpum sTom mpepmosiaraeTcs, YTO WHTEpPIpeTaTop python HaxomuTcsa
B CHCTEeMHOM IIyTU NOWCKA (MHAYe HYKHO YKAa3bIBATH IIOJHBINA IIYTh
K HEMY), HO 9TOT IIpUeM AeHCTBYeT Ha J00ii mmrargopme, I'ie YCTaAHOB-
sner Python um mmeercsa noctyn kK KoMaHAHOU cTpoke. IIoCKONIBKY 5TO
6oJiee TIEPEeHOCUMBIH CI0Cc00, s OOBIYHO HMCIIOJB3YIO €ro B IpUMepax
KHUTH (32 JOMOJHUTEIbHONH MHMOPMAIIMEN II0 9TOI TeMe A PeKOMEH-
IyI0o obpalarbecs K cTpaHuiiaM pykosogacTBa Unix). Ho, HecmoTpsa Ha
3T0, 0COOBIE CTPOKU #! MOKHO BCTPETUTH BO MHOTUX IIPUMEpPAX TaH-
HOU KHUTY — HA CJIy4Yail, eCJIU YUTATEJIAM ITOTPeOyeTCA 3alyCKaTh UX
Kak ucnoaHseMble aiinel B Unix nau Linux; Ha Apyrux niaatdopmax
OHU IIPOCTO UTHOPUPYIOTCA KaK KoMmMeHTapuu Python.

O6paTuTe BHMUMAHHIE, YTO B IIOCJEAHUX Bepcusax Windows Taxixe
MOKHO BBOJUTH UMA CIleHApUs HeIocpeacTBeHHO (6e3 caoBa python),
YTOOBI 3aIIyCTUTD €TI0, U A00ABJATH CTPOKY #! B HaAUaJO ClieHapusd He
HyskHo. [Ipu yctanoBke Python perucrpupyercs B peectpe Windows
KakK IporpaMma JAJs OTKPBITHA (PailjioB ¢ pacCIIMPEeHUAMU, KOTOPhIE
BOCIPUHUMAIOTCA MHTEpPIpeTaTopoM Python (py u apyrue). ITO Tak-
JKe 00'bsCHSAET, [I0UEeMY CIIeHAPUY MOT'YT 3alycKarbesa B Windows mpo-
CTBIM II[EJTYKOM MBIIITH.

MNepemMeHHble OKpYyXXeHNs 060104KH

ITepemenHbIe 060JI0UYKM, KOTOPbIE MHOTIa HA3BIBAIOT TaKiKe ITePeMeHHBIMU
OKDY:KeHUsA, NOCTYIHEI B ClieHapUAX Ha sa3bIKe Python uepes os.environ —
00bekT Python, HamomMuHaromuii cioBapb, B KOTOPOM /IS KaKIOH Iepe-
MEHHO! 00O0JIOUKM OTBOAUTCA OTHeJbHAs 3amuchb. IlepeMeHHBIE 000JI0UKYT
HaXo#ATCA 3a mpexpenamu uuteprperaropa Python. Omu uacto ycramas-
JIMBAIOTCA B KOMAHIHON CTPOKe, B CIIEHAPMAX HAUYAJIBLHOTO 3aIlyCKa CHC-
TEeMbI UJIU C TIOMOIIBIO TTAHEeJN YIPaBJIEeHUA U OOBIYHO CJIYIKAT B KauecTBe
00IIeCUCTEMHBIX ITIaPaMETPOB HACTPOUKY JJIS IIPOrPAMM.

Ha camom mese BaM y:ke JOJIKeH ObITH 3HAKOM IJIaBHBIHM IPUMED: IYTh IIOUC-
Ka momyJseii PYTHONPATH aABJIsieTcA ITepeMeHHOM 060JI04KH, KOoTopyio Python
HUCNOJIb3yeT IIPU BBIMIOJHEHNY Ollepaliuy UMIIOPTUPOBaHUuA Moz yJieii. Ilocse
YCTAQHOBKU DTOI IlepeMeHHOU B CUCTeMe ee 3HaUeHUEe CTAHOBUTCS NOCTYII-
HBIM [JIs KasKIOM s3amyckaeMoil mporpammbl Python. ITepemenubie 000-
JIOUKM MOT'YT TaKiKe YCTaHaBJIMBATHCA IPOrpaMMaMu, YTOOBI IlepenaBaTh
BXOJHBIE JaHHBIE [PYTUM IIPOrPaMMaM B IIPUJIOKEHN; IOCKOJIBKY OOBIYHO
UX 3HAUYEHUA HACJIeAYIOTCA IIOPOKJeHHBIMY IPOrpaMMaMu, OHU MOT'YT CJIY-
SKUTH IIPOCTHIM CPEACTBOM CBA3U MEKAY IIPOIleccaMu.
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I'Ionyqume 3HaYeHUN nepemMeHHbIX 00605104KHN

B Python oxpysxenne 000J0YKM ABIAETCA IPOCTHIM IIPEIYCTAHOBIEHHBIM
00 BEKTOM, JJIs 00pallleHs K KOTOPOMY He TpedyeTcs NCI0JIb30BaTh CIIeI[U-
aJbHBIN cuHTaKcuc. Onepanusa nHAEKCUPOBaHUSA 00beKTa 0S.environ cTpo-
KaMU ¢ UMeHaMU IIepeMeHHbIX 000J0UKY (Hampumep, 0s.environ[ ‘USER’']) aB-
JIgeTcs SKBUBAJIEHTOM 3HaKa JoJiIapa mepel UMeHeM IepeMeHHON B 60JIb-
muHCTBe o6oouek Unix (Hampumep, $USER), MCIIOIB30BAHUSA C IBYX CTOPOH
s3Haka mporenTa B DOS (%USER%) u BbIBOBa getenv(“USER”) B mporpamme Ha
aseike C. 3amycTUM MHTEPAKTUBHBIA CEaHC U IIOJKCIEPUMEHTUPYeM (cje-
Oyoui ceanc BernosHsacAa B Python 3.1 B Windows 7):

>>> import os
>>> os.environ.keys()
KeysView(<os._Environ object at 0x013B8C70>)

>>> list(os.environ.keys())

[*TMP", ‘COMPUTERNAME', ‘USERDOMAIN’, ‘PSMODULEPATH’, ‘COMMONPROGRAMFILES’
... MHOXECTBO CTPOK 0bi10 YyAaneHo. . .

“NUMBER_OF _PROCESSORS', ‘PROCESSOR_LEVEL', ‘USERPROFILE', ‘0S’, ‘PUBLIC’
“OTJAVA' ]

>>> os.environ[‘TEMP’ ]
“C:\\Users\\mark\\AppData\\Local\\Temp’

3mecb MeTon keys BO3BpAIIlaeT UTEPUPYEMBII OOBEKT CO CIIMCKOM YCTAaHOB-
JIEHHBIX TI€PEMEHHBIX, a OIlepaliui NHAEKCUPOBAHUA BO3BpAIllaeT 3HAUCHUe
nepemennoi TEMP 8 Windows. B Linux 5Ty MHCTPYKIIUK JeHACTBYIOT TOUHO
TaK JKe, HO 00bIUHO Hpu 3anmycke Python ycramasiamBalorcst gpyrue mepe-
meHHBIe. [lockobKy Ham 3HakKoma mepemeHHas PYTHONPATH, mocmoTpum
B Python Ha ee 3HaueHnue u ybenuMcs B €ro NpaBUJIbHOCTHY (KOTAa s IIHCaJ
9TU CTPOKHU, B 9TY II€PEMEHHYIO0 BPeMeHHO ObLI J00aBJEeH TyTh K KOPDHEBOMY
KaTaJIory ¢ IpuMepaMu K UYeTBEePTOMY U3TaHUI0 KHUTH):

>>> 0s.environ[‘PYTHONPATH' ]
“C:\\PP4thEd\\Examples;C:\\Users\\Mark\\temp

>>> for srcdir in os.environ[‘PYTHONPATH' ].split(os.pathsep)
print(srcdir)

C:\PP4thEd\Examples
C:\Users\Mark\temp

>>> import sys
>>> sys.path[:3]
[*7, "C:\\PP4thEd\\Examples’, ‘C:\\Users\\Mark\\temp’]

ITlepemennasa PYTHONPATH comepsKUT CTPOKY, COJEPIKAIIlyI0 CIMCOK KaTaJo-
TOB, paslieJIeHHBIX CUMBOJIOM, UCIIOJb3YEeMbIM AJIA Pas3fesieHusa TaKUX aJje-
MEHTOB IIYTHU Ha Baleil miaatdopme (Hanpumep, ; B DOS/Windows, : B Unix
u Linux). YTo6bl pasmeluTh 3Ty CTPOKY Ha COCTABJIAIONINE, TIepeaamnM
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CTPOKOBOMY MeTOZAY split pasmenmTesib 0s.pathsep (mepeHocuMasa KOHCTAHTA,
JaroInas IPpaBUIbHBIN PasgeuTeNb I COOTBETCTBYIOINIEH cucTeMbl). Kak
00BIUHO, (haKTHUUECKUI IYTh IIOMCKA, NCIIOJIb3YEeMbIi BO BpeMSA BBITIOJTHEHN S,
XpaHUTCA B COUCKE SyS.path u ABIgeTCA 00BeJUHEHNEM IYTU K TEKYIIEMY
paboueMy KaTaJIOTy U COMEPKUMOTO TTepeMeHHO OKpy KeHus PYTHONPATH.

N3meHeHMne nepemMeHHbIX 00605104KHU

Kak u o6bIuHbIe caoBapu, 00bEKT 0S.environ moageps:KuBaeT oopaIliesHue mo
KJII0UY U npucsausarnue. Oneparnus IpucBanBaHusd, IPUMeHAeMasd K CJI0Ba-
pAM, U3MEHAEeT 3HAUeHUe KJII0Ya:

>>> o0s.environ[‘TEMP’ ]
“C:\\Users\\mark\\AppData\\Local\\Temp
>>> os.environ[ ‘TEMP’] = r'c:\temp’
>>> os.environ[ ‘TEMP’ ]

“c:\\temp

Ho B tanHOM coTyuae BEIIOTHAIOTCA HEKOTOPHIE JOTIOJTHUTEIbHEIE TEHCTBU .
Bo Bcex mocaemuux Bepcuax Python sHauenus, mprcBamBaeMble KJIOUaM
0S.environ TakmM cmoco60M, aBTOMATUYECKU IKCNOPMUPYIOMCS B IPyTrue
YacTu mpuaokKeHud. To ecTh MpUCBaWBaHUE IO KJIIOUY U3MEHAET HE TOJb-
KO 00'bEKT 0S.environ B mporpamMme, HO U COOTBETCTBYIOIIYIO IIEPEMEHHYIO
B OKPY’KEHUU 000/104KU IJIS IPoIllecca BBIMOJHAEMON mporpamMmbl. HoBoe
3HAUYEHUeE [TePeMeHHOM CTAHOBUTCS BUANMBIM IIporpaMme Ha a3bike Python,
BCEM CBA3aHHBIM C Hell MOAYJIAM Ha A3biKe C 1 BceM ITporpaMmaM, MOPOK-
JaeMbIM nporieccom Python.

3a KyJIrcaMu IpU MPUCBAUBAHUYU OOBEKTY 0S.environ mo KJOUy IPOUCXO-
JIUT BBIBOB 0S.putenv — GYHKINY, U3MEHAIOIeH IepeMEeHHYI0 OKPYKEeHUA 3a
rpaaunamMu nHTepuperaropa Python. Yro6sl moxkasaTh, Kak 9T0 padoraer,
HaM norpebdyeTcs mapa ClieHaprueB, KOTOPbIe M3MEHSIOT U [I0JyYatoT 3HaUe-
HUSA IIepeMeHHBIX 00010ukH. [IepBolii 13 HUX IIPUBOAUTCA B IpuMepe 3.3.

Ilpumep 3.3. PP4E\System\ Environment\setenv.py

import os
print(‘setenv...’, end=" ")
print(os.environ[ USER’ ]) #f BHBEJET TeKylee 3HAYEHME nepemMeHHon 000104KN

os.environ[*USER'] = ‘Brian’  # HesiBHO BbI3OBET (yHKUMI 0S.putenv
0s.system(‘python echoenv.py’)

os.environ[ “USER’ ] = *Arthur’ # n3meHeHue nepefaeTcs MOPOXAAeMbiM NPOrpaMMam
0s.system('python echoenv.py’) # u cBs3aHHbM C npoueccoM 6ubn. mopynam Ha C

os.environ[ ‘USER"] = input(‘?")
print(os.popen(‘python echoenv.py’).read())

HauHBIN crileHapUil Setenv.py IPOCTO N3MeHAEeT TepeMeHHY 0 o0osouky USER
¥ 3alycKaeT APYTrou CIleHApWil, BBIBOASAIIUNA 3HAUEHUE STOUM IIepeMeHHOH,
KOTOPBIH IPUBOAUTCS B Ipumepe 2.5.
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IIpumep 3.4. PP4E\System\Environment\echoenv.py

import os
print(‘echoenv...’, end=" ")
print(‘Hello,’, os.environ['USER’])

HesaBucumo ot criocoba 3amycka ciieHapuii echoenv.py BEIBOAUT SHAUEHUE
nepeMeHHON OKpyskeHuA USER. Ilpm 3amycke m3 KOMaHIHOW CTPOKU STOT
cIleHapUii BhIBeJeT 3HAUeHre, YCTAHOBJIeHHOe HAMU B CAMOM 000JI0UKe:

C:\...\PP4E\System\Environment> set USER=Bob

C:\...\PP4E\System\Environment> python echoenv.py
echoenv. .. Hello, Bob

OpHaKO IpU 3alyCcKe U3 OIPYTOro CIieHapus, HallpuMep, U3 setenv.py, ¢ mo-
MOIIbI0 (QDYHKIIMHU 0S.SyStem uIm 0S.popen, ¢ KOTOPHIMU MBI IO3HAKOMUJINCH
paHee, ciieHapuit echoenv.py IOJyYnUT TO 3HAUEHNE IIepeMeHHOoH USER, KoTo-
poe GBLJIO YCTAHOBJIEHO POAUTEIBCKOM IIPOrpaMMOIi:

C:\...\PP4E\System\Environment> python setenv.py
setenv... Bob

echoenv. .. Hello, Brian

echoenv... Hello, Arthur

?Gumby

echoenv... Hello, Gumby

C:\...\PP4E\System\Environment> echo %USER%
Bob

TouHo Tak ke sTOT MexaHU3M JeiicTByeT u B Linux. Boo0Oire rosops, mo-
pOsKIaemMas mporpaMMa Beerja Hacaedyem SHAUeHU s IePeMEeHHBIX OKPYIKe-
HUS OT CBOUX poxutesieii. [1opoxicOenHbLMU NPO2PAMMAMU ABIASTIOTCA TaKNeE,
KOTOpBIE 3allycKaroTcsa cpeacTtBamu Python, mampumep os.spawnv, KomoOu-
"Hamuei 0s.fork/exec B Unix-mogo6HBIX cucTEMAaX, M 0S.pOpen, 0S.system uam
C IIOMOIITbIO MOZYJIA SUDProcess Ha paAge APYrux miatdopm. Bee mporpaMmel,
3amyIlleHHbIe TAKUM CII0OCOO0M, IMOJIYUYAIOT 3HAUEHU S IIePeMEeHHBIX OKPYKe-
HHS, CYI[ECTBYIOI[ME B MOMEHT 3allyCKa B POLUTEILCKOM IIpolecce.!

Tak mpoucxXomuT 10 yMoTuaHuio. HeKoTopble MHCTPYMEHTBI 3alyCKa IPOrpaMM
MO3BOJISIOT CIIEHAPUAM IlepelaBaTh B JOUYepHME MPOrpaMMbl 3HAUEHUS Iepe-
MEHHBIX OKPY/KeHUsA, OTJIUYHBIE OT CBOUX cOOCTBeHHBIX. Hampumep, GyHKITUA
0S.Spawnve IO CBOEMY ITOBEIEeHUI0 HAaITOMUHAaeT QYHKITHIO 0S. Spawnv, HO IPUHUMA-
eT B BUJie apTyMeHTa JOMOJHUTEIbHBIN CJI0Baph, IPEACTABIIIONINNA OKPYIKeHe
000JI0YKY, KOTOPOe JOJKHO OBITH IlepefaHo 3amyckaemoil mporpamme. Heko-
TOpPBIE PA3HOBUIAHOCTH 0S.eXeC* (MMeHa KOTOPHIX OKAHUYWBAIOTCS Ha «€») TOXKe
TIPUHUMAIOT ABHOE OIpenesieHMe OKpy'KeHUs. IlogpobGHee o dopMaTe BBI3OBaA
0S.€exec* pacCKasbIBaeTCA B IJIaBe 5.
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ITomo6HBII cioco6 YCTAaHOBKYW TIEPEMEHHBIX OKDPY:KEHUs Iepel 3alyCKoM
HOBO¥ IPOrpaMMBbI ABJSAETCA OJHUM M3 CIIOCOOOB Iepemaum MHOOPMAIUU
B HOByI0 nmporpammy. Hanmpumep, MOKHO HamucaTh CIleHapuii, M3MeHsIO-
muii nepemeHHy0 PYTHONPATH BKJITOUeHMEM B Hee II0JIb30BATEJILCKUX KaTa-
JIOTOB, IlepeJ 3alIyCKOM JPYTUX clieHapueB. Biiarogapsa sToMy 3anyieHHBIH
CIleHAapPUU IOJIYYUT CBO MYTh IOMCKA MOAYJIE B CHMCKe SyS.path, moTomy
YTO IIepeMeHHBIe 000JIOUKY IIepelaloTCA MOTOMKaM (TaKOM 3aIIyCKAaIOIIui
cileHapuii OyZeT IpeacTaBaeH B KOHIIE IJIaBbI 6).

OcobeHHOCTU NepeMeHHbIX 000/104KN:
poauTenu, putenv u getenv

O6paTuTe BHUMaHUe Ha TOCJEeIHIO KOMaHIYy B IPEIBIAYIIEM IIPpUMepe —
IocJie 3aBepIIeHus IMPOrpaMMbI BepXHeEro ypoBHsA IepeMeHHad USER mo-
JIlyJaeT CBOe IIepBOHAYAJIbHOE 3HaueHue. [IpMCBOEHUSA SHAUEHHUH KJIIOUYaM
0S.environ mepemarTcs 3a IMpefesibl HHTEPIPeTaTopa 8HU3 II0 IEMoYKe II0-
POKAEHHBIX MPOrPAMM U HHUKOTA He IepefaloTCsa 868epX IPOIleccaM POIU-
TeJILCKUX IPOrpaMM (BKJIOUas CUCTEMHYIO 000JI0UKY). ITO OTHOCUTCA U K
nporpamMMaM Ha s3bIKe C, MCIOJB3YIONMM OMOJMOTEUHBIH BBISOB putenvy,
TO €CTh JaHHAs OCOOEHHOCTH He ABJIAETCA OTPAaHUYEHUEM, XapaKTEePHBIM
umMeHHO 1 Python.

ATO efBa JIM BBI3OBET IIPoOJeMbl B cieHapuu Python, aBisaromiemMcs Bep-
MIMHON IPUJIoKeHnuss. Ho mMOMHUTE, UYTO HACTPONKMU 000JIOUKH, CAeIaHHbIe
BHYTPHU MPOrPaAMMBbI, AeHCTBYIOT, JIUIIb IIOKA BBLIMOJHSAETCS dTa IIPOrpaM-
Ma U MOPOsKAeHHBIE €0 JouepHue IporpamMmel. Eciiu BaMm mmoTpedyeTcs sKc-
MOPTUPOBATh HACTPOUKU OKPY:KEHUs, UTOOBI OHU AECTBOBAJIM IIOCJIE 3a-
BepIIIeHUs MporpaMMbl Ha A3biKe Python, Bam Heobxomumo OyzeT HalTH
miraTGopMO3aBUCUMBbIE PACIIUPEHNA, PEATU3YIONINE TAKYI0 BO3MOYKHOCTb.
ITonpoGyiiTe monckaTh UX Ha caiite hitp://www.python.org u B UuTepHeTe.

Jpyras TOHKOCTh: B HEIHEIITHEH pean3anuy U3MeHeHe 3HaUeHU T B 0S.en-
viron aBTOMaTUYeCKY IIPUBOAUT K BBI3OBY (DYHKITUU 0S.pUtENV, KOTOPaSA BbI-
3bIBaeT PYHKIIUIO putenv B Oubamoreke A3bika C, ecsi OHA JOCTYIIHA Ha Ba-
mrei maaTdopme, YTOOI SKCIIOPTUPOBATDH N3MEHEHHOEe 3HAUeHYE 3a ITPeeJIbI
uHTepuperaropa Python Bo Bce cBsizamHBIe ¢ HUM paciiupeHus Ha asbike C.
OpHakKo, XOTd U3MEHEeHU B 0S.eNViron IpUBOAAT K BEISOBY 0S.putenv, TeM He
MeHee IPAMOM BbI3OB GYHKIIMU 0S.pUtenv He OKasbIiBaeT BIUAHUA Ha COJED-
s)xkumoe 0s.environ. Ilo aToit mpuunHe AJA UBMEHEHUA OKPYKEHUA IIPEJII0-
YTHUTEeJbHee NCI0JIb30BaTh mHTEpPdeTic 0s.environ.

O6paTuTe Tak:Ke BHUMAaHHNE, YTO HACTPOUKU OKPY:KEHHUSA 3arpysKarTcCs
B 0S.environ Ha aTame 3amycKa IIPOrpaMMbl, a He IpU KaKI0M o0palleHun
K 9TOoMY 00beKTy. I10o 9T0ii mpruynHe U3MEeHEH s, BbIITOJHEHHbIE B PacIInpe-
HUAX Ha a3bIKe C yiKe mocje 3alycKa IporpaMMbl, MOTYT He OTPasKaTbCcs
B 0s.environ. B a3bike Python Ha camom mesie mmeercs 6ojiee KOHKpeTHaAA
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GyHKIUSA 0S.getenv, HO OHA He BBI3BIBAET (PDYHKIINIO getenv U3 OMOJIUOTEeKN
sasbika C, a TpocTo BEIOMpaeT 3HAUEHUA KJIUel 13 0S.environ B GOJIBIITUH-
ctBe 1maaTdopm (Bo Bcex B Bepcuu 3.X). A GONBITUHCTBA TPUIOMKEHUHN
B 9TOM HET HUYETO IIJIOXOTO, 0COOEHHO €CJIU OHM COAEP:KaT IPOrpaMMHBIN
KoJ TobKO Ha sa3biKke Python. Ha miardopmax, rie orcyTcTByeT QyHK-
U putenv, OJIsd HAaCTPOUKU OKPYKEHUA MOPOKIAEMOI IIPOTPaMMBbI MOXKHO
mepenaBaThb CJIOBaphb 0S.eNvViron MHCTPyYMEHTaM 3amycKa IIPorpaMM B BUE
mapamerpa.

CrtaHpa PTHbl€e MOTOKN BBOAAa-BbiBOAa

Mogyss sys — 9To MeCTO OOMTAHUA CTAHZAPTHBLIX IIOTOKOB BBOZA, BHIBOJA
¥ BBIBOZA OIITUOOK JJIA ITporpaMM Ha sa3biKe Python. 3Tu moToKku obecmeun-
BAIOT ellfe OMH PacIpPoCTPaHEeHHbIN CITI0CO0 opranmsanuy ooMeHa JaHHBIMU
MEKAY IPOrpaMMaMU:

>>> import sys
>>> for f in (sys.stdin, sys.stdout, sys.stderr): print(f)

<_io.TextIOWrapper name='<stdin>’ encoding='cp437’ >
<_io.TextIOWrapper name='<stdout>" encoding='cp437 >
<_1o.TextIOWrapper name='<stderr>" encoding='cp437 >

CrangapTHbIe IOTOKU — 9TO BCETO JIUIIh IPEIBAPUTETHHO OTKPBITHIE 00bEK-
THI haitsoB Python, KoTophkle aBTOMAaTHUECKH MOAKJIIOUAIOTCA K CTAaHIAPT-
HBIM IOTOKaM BBOZA-BLIBOJA IpOrpaMMEI ITpu 3amycke. I1o ymosuanuio Bce
OHU CBA3aHBI C OKHOM KOHCOJIM, B KOTOPOM OBLJ 3aIyIlleH MHTEPIPETATOD
Python (mnu nporpamma Ha aswsike Python). I[lockonbKy BCTpoeHHBIE (hYHK-
ouu print u input ABIAIOTCA He UeM WHBIM, KaK JPYKEeCTBEHHBIMU UHTEP-
(eficaMu K cTaHIZAPTHBIM IIOTOKAM BBIBOJIa-BBOJIa, 10 CBOEMY JIeHICTBUIO OHUI
QHAJIOTUYHBI IPAMOMY MCIOJIB30BAHUIO stdout u stdin B sys:

>>> print(‘hello stdout world’)
hello stdout world

>>> sys.stdout.write(‘hello stdout world’ + ‘\n’)
hello stdout world
19

>>> input(‘hello stdin world>’)
hello stdin world>spam
‘spam

>>> print(‘hello stdin world>’); sys.stdin.readline()[:-1]
hello stdin world>

eggs

‘eqgs
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CraHpapTHble notokn B Windows

TTosnzoBarensim Windows: mpu 3amycKe mporpaMm Ha sisbike Python
u3 npoBogHuKa Windows mieaukoMm Ha mMeHU (daiija ¢ paciuimpeHu-
eM .py (MU ¢ IOMOIIBIO 0S.SyStem) aBTOMATUYECKU TOABJISAETCA OKHO
koucosu DOS, cay:kalliee cTaHZAPTHBIM IOTOKOM IIporpamMmbl. Eciu
IIporpaMMa co3faeT COOCTBEHHBIE OKHA, MOYKHO M30€)KaTh OTKPBITUA
OKHa KOHCOJIU, AaB (aiisy ¢ UCXONHBIM TEKCTOM IIPOI'PaMMBbI PACIIIU-
peHue .pyw, a He .py. PacmupeHue .pyw o3HavyaeT IIPOCTO UCXONHBIH
¢aiis .py IporpaMMBsl, 14 3allycKa KOTOPOI He TpedyeTcsa OTKPHIBATH
okHO DOS B Windows (9T0 obGecrieunBaeTcsa HaCTPOMKAMU B PeecTpe
Windows, rae daitiaM ¢ pacuimpeHUeM .pyw IIOCTaBJIeHA B COOTBET-
CTBUE CcIleruaan3upoBanHasa Bepcus Python). @aiinbl ¢ paciiuperremM
.PYW MOT'YT UMIIOPTUPOBATHCA, KAK OOBIYHBIE (DATIHI .pY.

O6paTuTe TaKksKe BHUMAaHMe, YTO IPU 3aITyCKe IIPOTPAMMBI IMIeJIUKOM
MBIIIY BBIBOJ IIPOM3BOAUTCSA BO BCILIbIBalomiee oKHO DOS, mosTomy
CclIleHapuu, KOTOPhIE IIPOCTO BBIBOAAT TEKCT W 3aBepPIIIAalOT CBOIO pa-
60Ty, IPOUBBOAAT CTPAHHYIO «BCIBIIIKY»: IIPU 3aIlyCKe ITOSABJIAETCS
OoKHO Koucosin DOS, B Hero mpousBOAUTCSA BBIBO/, a 3aTeM OKHO cpasy
3aKpbIBaeTcs (He camoe Apy:kecTBeHHOe moBemeHwue!). UToObI coxpa-
HUTH OKHO DOS OTKPBITHIM U IIOJYUYUTh BOBMOKHOCTh O3HAKOMUTHCS
C pesyabTaTaMu pabOThI CIleHAPUS, IIPOCTO J00aBbTE BHI3OB (DYHKIIUU
input() B KOHeIl cIieHapuA, KOTOPBIN IIPUOCTAHOBUT BBITIOJHEHUE IO
Ha)xaTud Ha Kjaasuiny Enter.

MNepeHanpaBneHne NOTOKOB BBOOa-BbiBOAA
B (paiinbl U NporpaMmmbil

TeopeTnuecku, TEKCT, KOTOPBIH BEIBOAUTCS B CTAHZAPTHBIN MOTOK BBIBOIA
(1 ¢ ToMoMTbI0 PYHKITUU Print), oToOpaKkaeTcss B OKHE KOHCOJIM, B KOTOPOM
3amyIlieHa mporpaMMa, TeKCT B CTaHIapTHBIN MOTOK BBOZA (1 Bo3Bpallae-
MBI (PYHKIIMEH input) mocTymaeT ¢ KJIaBUATYPHI, a CTAHAAPTHBIA ITOTOK
BBIBOJIA OIIIMOOK OOBIYHO BEIBOLUT COOOIIeHusa 00 ommnbkax Python B okHO
KoHcoun. ITo kpaiiHeil Mmepe, TaK IIPOUCXOAUT 110 yMoadaHuio. CyIinecTByeTr
TaKsKe BO3MOKHOCTD NepeHanpasums 9T MOTOKU B (haiyibl UM B APyTUe
IporpaMMbl CUCTEMHOI 000JIOUKH, a TAKIKEe B IPOU3BOJIbHBIE 00BEKTHI BHY-
Tpu ciieHapus Ha a3bIKe Python. B 6oabIlInHCTBE CCTEM BOSMOKHOCTD II€-
peHanpaBJeHUA YIPOIlaeT IOBTOPHOE MCIIOJIb30BaHNEe M KOMOMHUPOBAHUE
YTUJIUT KOMaHIHOM CTPOKHU OOIIero HasHaUeH U A.

ITepenamnpasieHne yao0HO MCIIOJL30BAThH, HAIPUMED, IJs BBOLA 3apaHee
HOATOTOBJIEHHBIX T€CTOBBIX JAHHBIX: OAUH U TOT K€ CIIeHAPUI MOXKHO IIPO-
TEeCTHUPOBATH, UCIIOJIb3Ys HECKOJIHKO HA00OPOB BXOAHBIX JAHHBIX, IIPOCTO IIe-
peHampaBiIAsg CTAHAAPTHBIM IIOTOK BBOAA IPU KAMKIOM 3allyCKe CIeHAPUS
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B pasHble (ailsbl. AHAJOTUUYHO IepeHalpaBJeHre CTAHJAPTHOI'O IOTOKA
BBIBO/IA TI03BOJISET COXPAHUTH U BIIOCJEACTBUM IPOAHAIU3UPOBATH BHIBO
mporpammbl. Hanmpumep, B cuCTeMaxX TECTHUPOBAHUS [Jid OOHAPYKEHUS
OIMOOK MOYKET BBITTOJIHATHCA CPABHEHNE COXPAHEHHOT'O CTAHAAPTHOTO BbI-
BOJIa cIleHapud ¢ (paiijaom, comep:RaIuM OXKUJaeMble Pe3yIbTaThL.

HecmoTpsa Ha BCIO MOIIL 9TOM MapagurMbl, CAM MeXaHU3M IIepeHaIpaBie-
HUSA BecbMa IIPOCT B MCIIOJb30BAHWU. B KauecTBe IMpuMepa PacCMOTPUM
IIPOCTOM IUKJI «IIPOYECTh-BHIUNCIUTH-BBIBECTU», IPEJCTABJIEHHLIA B IIPU-
mepe 3.5.

Ilpumep 3.5. PP4E\System\Streams\teststreams.py

“4yuTaeT Yucna A0 CMMBONA KOHLa daina M BHBOAWT WX KBaapaTh”

def interact()
print(‘Hello stream world") # print BbBOAMT B SYS.stdout
while True:
try:
reply = input('Enter a number>’) # input uuTaeT u3 sys.stdin
except EOFError:
break #f UCKNYeHNe npu BCTpedve cumBona eof
else: #f BXOOHblE [laHHbe B BWAE CTPOKM
num = int(reply)
print(“%d squared is %d” % (num, num *x 2))
print(‘Bye’)
if __name__ == "__main__":
interact() #f ecnn BHNONMHAETCH, a He UMMOPTUPYeTCs

Kax o6bIuHO, PYHKIIUA interact BBISHLIBAETCSA aBTOMATUUYECKU, €CJIU (paiii
He UMIIOPTUPYETCS, a BBITIOJHAETCA KaK CAMOCTOSATEIbHBIN clieHapuii. I1o
YMOJIYAHUIO 3aIIyCK 9TOr0 (haiisa 13 KOMaHJHO! CTPOKU BBIBBIBAET IIOSABJIE-
HUe CTAaHJapTHOT'O IOTOKA B MEeCTe, Te BBoAuIach Komauaa. CiieHapuii mpo-
CTO YMTaeT YMCJIa, IOKA He JOCTUTHET KOHIa (haiija B CTAaHAAPTHOM TIOTOKE
BBoja (B Windows Kowmerr, (haiiia 00bIYHO MOKHO BBECTH KOMOUHAIIEHN ABYX
kaaswui Ctri+Z; B Unix HysKHO Ha)kars KomOuHauio Ctrl+D):!

O0paTuTe BHUMaHUE, YTO PYHKI[U 1nput BO3OYIKAAET NCKJIIOUEHNE, CUTHAJIU3K -
Py 0 KoHIIe (paiiyia, OMHAKO MEeTOAbl YTeHU (PaiijIoB IIPOCTO BO3BPAIIIAIOT B 9TOM
cayJae IycTyio CTPOKy. IIOCKOJIBKY input TaKkKe OTCEKaeT CUMBOJI KOHILA CTPO-
KU, TO IIPU UT€HUH ITyCTOM CTPOKU U3 (paitjia TaKKe BO3BPAIIlaeTCA IIyCTasd CTPO-
Ka, II09TOMY HMCKJIUYeHNe COBEPIIIEeHHO He0OX0MMO, YTOOBI OIPEAeUTDh KOHEI
daiima. MeToab! ureHusa (PaiijioB COXPAHSIIOT CUMBOJI KOHIIA CTPOKHY 1 BO3BpAaIla-
IOT [IJIA IIYCTHIX CTPOK CHMBOJI \N , a He . OTO OJHO W3 OTJUUYMNNA IPAMOTO UTe-
Hus u3 sys.stdin or pyuKiuu input. Ilocaenusas Takke IPUHUMAET B KAUeCTBe
apryMeHTa CTPOKY MPUTJIAIIIEHUA K BBOAY, KOTOPas aBTOMATUYECKU BHIBOJAUTCS
mepes IpueMOM BXOJHBIX JaHHBIX.
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C:\...\PP4E\System\Streams> python teststreams.py
Hello stream world

Enter a number>12

12 squared is 144

Enter a number>10

10 squared is 100

Enter a number>"Z

Bye

1 B Windows, u B Unix-momo6HBIX CHCTeMaxX CTaHIapPTHBIN IIOTOK BBOIA
MOJKHO IIepeHaInpaBuTh B (paiiy — ¢ TOMOIIbI0 CUHTAKCUYECKOM KOHCTPYK-
muu < filename obosouru. Huske mpuBOAUTCA ceaHC pabOTHI B OKHE KOHCOJIN
DOS moxg Windows, rze ciieHapuii YnTaeT BXOAHLIEC JaHHEIE 13 TEKCTOBOI'O
daiina input.txt. To :Ke camoe MOKHO TpoeaTh 1 B Linux, TOJIbKO KOMaH-
ny DOS type Hy»KHO 3aMeHUTh KomaHao#i Unix cat:

C:\...\PP4E\System\Streams> type input.txt

8

6

C:\...\PP4E\System\Streams> python teststreams.py < input.txt
Hello stream world

Enter a number>8 squared is 64

Enter a number>6 squared is 36

Enter a number>Bye

3mech BBOJ TaHHBIX, KOTOPBIE OOBIYHO MOCTYHAIOT C KJIaBUATYDPHI B UHTE-
PaKTUBHOM DPEXKMMe, aBTOMATU3NPOBAH ¢ mOMOIIbI0 (haiiia input.txt: cie-
Hapuil unTaeT gaHHbIe U3 9TOrO (haiiysa, a He ¢ KIaBuaTypsl. TouHO Tak 'Ke
MOKHO IlepeHanpaBUTh B (paii u cTaHJapTHHIM IOTOK BBIBOZA — C IIOMOIIIHIO
CUHTAKCUUEeCKOU KOHCTDPYKIIUM > filename o6Gosouxku. IIpum sTomM mepeHa-
IpaBJIeHNe BBOJ|A U BBIBOZA MOYKHO O0'B€JUHUTD B OTHOII KOMaH/Ie:

C:\...\PP4E\System\Streams> python teststreams.py < input.txt > output.txt

C:\...\PP4E\System\Streams> type output.txt
Hello stream world

Enter a number>8 squared is 64

Enter a number>6 squared is 36

Enter a number>Bye

Ha srtor pas3 CTaHgapTHBIE IIOTOKHW BBOJa 11 BEIBOJA CIleHapuAd OTOGpaHCaIOT‘
CdA B TEKCTOBEBIE (I)aﬁJILI, a He B ceaHC HHTepaKTHBHOﬁ KOHCOJIN.

CoegunHeHune nporpamMm C NOMoLbio KaHaJloB

B Windows 1 B Unix-miofo0HBIX cHCTEMAaX MMeeTCsS BO3MOXKHOCTEL HAIlpaB-
JIATH CTAHAAPTHBIA BBIBOJ OAHOII IPOrPaAMMBbI B CTAHAAPTHBINA BBOJ, APYTOIi,
noMelas MeKy KoMaHgamMu cuMBOJI |. OOBIUHO 5TO HA3bIBAETCA OIEepaIln-
ell cosmaHusa «KaHaja» WIN «KOHBeliepa»: 000JI0UKA CO3JJaeT KaHaJl, COeIau-
HSAIONUH BLIBOJ U BBOJ ABYX KoMaH. [Tompo6yeM OTIIpaBUTh BBIBOJ CIl€HA-
pus Ha BXOJ IPOTPaMMBI MOre, YTOOBI YBUAETD, KaK MeHCTBYeT 9TOT IPUeM:
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C:\...\PP4E\System\Streams> python teststreams.py < input.txt | more

Hello stream world
Enter a number>8 squared is 64
Enter a number>6 squared is 36
Enter a number>Bye

B sTom nmpumepe mamHHBIE TaKKe IIOCTYIAIOT B IIOTOK CTAHJAPTHOT'O BBOJA
cieHapusa teststreams us paiiia, HO BBIXOAHBIE JaHHBIEe (KOTOPHIE BHIBOILAT-
cd BBI30oBaMU (PyHKITUU print) mocklaaloTca APyTroit mporpaMMme, a He B (haiia
nin okHo. IIpuHuMaromnieil nporpaMMoi ABJIAETCA MOre — CTaHJapTHAA IIPO-
rpaMMa KOMaHIHOU CTPOKM JJIf MOCTPAHUYHOTO IIPOCMOTPA, MMEIIaacsa
B Windows u B Unix-mogo6ubIx cucremax. [TockonbKy Python npussassiBa-
€T CIleHapuu K CTaHJapTHO! MoJesu IIOTOKOB BBOJA-BbIBOJA, CIleHApUU Ha
saseike Python MosxHO ncmob30BaTh ¢ 000X KOHIIOB KaHAaJIa: BEIBOJ OJTHOTO
cuenapusi Python Bcerma Mo2KHO OTIIpaBUTH Ha BBOJ, [PYTOr0:

C:\...\PP4E\System\Streams> type writer.py
print(“Help! Help! I'm being repressed!”)
print(42)

C:\...\PP4E\System\Streams> type reader.py
print('Got this: “%s” % input())

import sys

data = sys.stdin.readline()[:-1]

print(‘The meaning of life is’, data, int(data) = 2)

C:\...\PP4E\System\Streams> python writer.py
Help! Help! I'm being repressed
42

C:\...\PP4E\System\Streams> python writer.py | python reader.py
Got this: “Help! Help! I'm being repressed!”
The meaning of life is 42 84

Ha sroT pas ¢BA3b ycTaHABINBAETCS MEKAY IBYMS IPOrPAMMAaMU Ha SI3BIKE
Python. Crenapuii reader moayuaeT BXOIHbIE JaHHBIE OT CIleHAPUA writer —
o06a ciieHapusA IPOCTO UCIIOJAb3YIOT CTAHAAPTHBIE DYHKIIUU UTEHUS U 3a-
nucu, He 3ayMbIBasich 0 paboTe MexaHmaMa IOTOKOB. Ha mpakTuke Takoe
coeqUHEHNE IIPOrPAMM B IIEIIOUKY ABJIAETCSA IPOCTOM (hOPMOIi OpraHU3aI U
B3aUMOZENCTBUH MexK Ay mporpaMmmamu. OHO 00JIeryaeT no8mopHoe UCnoJlb-
308aHUe YTUJINUT, IPEYCMAaTPUBAIOIINX BOBMOKHOCTh B3aUMOJEHCTBUI Ue-
pes stdin u stdout, caMbIMU HeOKUIaHHBIMU criocobamu. Hampumep, mpo-
rpaMmmy Ha a3bike Python, Koropasi copTupyeT TEKCT, MOCTYIAOIUNA 13
stdin, MOKHO MCIIOJIB30BAThH IS PAOOTHI C JIIOOBIM MCTOUYHHNKOM JAHHBIX,
B TOM YHCJI€ C BEIBOJIOM JPYTUX CIleHApHeB. PACCMOTPUM CIleHapUU KOMAaH -
HOI CTPOKU U3 IIpuMepoB 3.6 u 3.7, KoTopblie COPTUPYIOT CTPOKHU C UKUCJIAMU,
MOCTYMAIOIIYE B CTAHAAPTHBIN IIOTOK BBO/A, U CKJIAJBIBAIOT UX.
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Ilpumep 3.6. PP4E\System\Streams\sorter.py

import sys # win sorted(sys.stdin)

lines = sys.stdin.readlines() #f 4YMTAeT BXOAHbE CTPOKM M3 stdin
lines.sort() #f copTupyeT ux
for line in lines: print(line, end="") # oTnpaBnseT pe3ynbTaTs B Stdout
# ong nansHenwern o6paboTKu

Ilpumep 3.7. PP4E\System\Streams\adder.py

import sys
sum = 0
while True:
try:
line = input() #f win sys.stdin. readlines()
except EOFError: # winm for line in sys.stdin:
break # input oTcekaeT cuMBOAb \N B KOHLE CTPOK
else:
sum += int(line) # BO 2-M M3AaHWM WcnoMb3oBanach GyHKUMs sting.atoi()
print(sum)

MpbI MOXKXeM HCIOJIb30BATh 9TU YHUBEPCAJIbHBIE MHCTPYMEHTHI KOMAHTHOMN
CTPOKU, UTOOBI C MX IOMOIIBI0O COPTHUPOBATH M CKJAABIBATH COAEPIKUMOE
MPOU3BOJBHBIX (haiiloB M BBIBOAA APYTUX IpOrpaMm (IpuMedaHue s
noab3oBareseit Windows: Ha moei mpeasiayineii mainuae ¢ Windows XP
u Python 2.X a mosxeH Ob11 BBOAUTH KoMaHAy «python file.py», a me mpo-
cto «file.py», B TpoTUBHOM ciyuae mepeHamnpaBjeHIe He JaBajio OKUIae-
MBIX pes3yabTaToB; HbIHe, B Windows 7 u Python 3.X, o6e (opmbl KoMaH]
IeHCTBYIOT KOPPEKTHO):

C:\...\PP4E\System\Streams> type data.txt
123
000
999
042

C:\...\PP4E\System\Streams> python sorter.py < data.txt copmuposkKa gaiiia
000
042
123
999

C:\...\PP4E\System\Streams> python adder.py < data.txt B8bLYUCILeHUE CYMMbL
1164

C:\...\PP4E\System\Streams> type data.txt | python adder.py e6wiuucrenue cymmoL
1164 0214 8bL800a
KomanOvL type
C:\...\PP4E\System\Streams> type writer2.py
for data in (123, 0, 999, 42):
print('%03d" % data)
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C:\...\PP4E\System\Streams> python writer2.py | python sorter.py copmuposrxa

000 8vL600a cCueHaAPUS
042
123
999
C:\...\PP4E\System\Streams> writer2.py | sorter.py Kpamkas opma anucu

8bL800um me JxHce pe3yavmamot, ¥mo u npedvidyuias komanda Windows...

C:\...\PP4E\System\Streams> python writer2.py | python sorter.py | python adder.

py
1164

B mocaenHelr KomaHe cocTaBJieHA IETIOYKA W3 TpexX CIleHapueB Ha A3bIKe
Python: BBIBO/J] KaXOOT'0 IIPeabIAYIIEro CIeHapusa CoOeJuHAETCA C BBOAOM
IIOCJIEOAYIOIIIET'O C IIOMOIIIBI0O CHHTAKCHCA ROHBeerpa.

AnbTepHaTUBHbIe peanusauum cueHapues adder n sorter

Ecau mpucMmoTpeTbcsi, MOKHO 3aMETUTDb, UTO CI€HAPUU Sorter.py UmTaeT
cpasy BCe JaHHBIe, UMelluecs B stdin, UCIIONb3ya MeTox readlines, a coe-
Hapuil adder.py uuTaeT JaHHBIE II0 OTHOH cTpOoKe. Ecii NCTOUHNKOM BXOA-
HBIX MaHHBIX SBJSETCS APyras IporpaMMa, TO B HEKOTOPBIX CHUCTEMAaX coe-
IVWHEHHBbIe KaHAJOM IPOTrPaMMBI BBITIOJTHAIOTCS napaaiesvbio. B Takux cuc-
TeMaX, 0COOEHHO eCJI1 IepechlaaeTcs 00JIbII0N 00 beM JaHHBIX, JYYIIIe IPO-
M3BOAUTH MIOCTPOUYHOE YTEHNUE: YNTAIOIIEeN IporpaMMe He IIPUAETCA K IATh,
OKa MUNIYIasd IPorpaMMa IIOJTHOCTHIO 3aBEPIIUT PabOTy, YTOOBI 3aHATHCA
00paboTKo maHHbIX. Tak Kak QYHKIUS input IPOCTO YUTAET HAaHHBLIE U3
moToKa stdin, cxeMy IOCTPOYHOTO BBOJIa, UCIIOJIb3yeMYIO B adder.py, MOKHO
TaKJsKe peasn30BaTh IPIMBIM obpaleHneM K sys.stdin:

C:\...\PP4E\System\Streams> type adder2.py
import sys
sum = 0
while True:
line = sys.stdin.readline()
if not line: break
sum += int(line)
print(sum)

JlanHas BepcuA UCIIOJB3YeT TOT (PaKT, UTO PYHKIIMA int momyckaer HaJIH-
yre IpobebHBIX CUMBOJIOB BOKPYT unca (pyHKIuS readline BosBpaiaer
CTPOKY BMECTE C CHMBOJIOM \N, HO MbI He JOJI*KHBI UCIIOJB30BaTh [:-1] mim
rstrip() masa ero yoanenusa). PaKTUUECKU I JOCTUMKEHUS TOTO ke adhdeK-
Ta MOYKHO HCIIOJIb30BaTh 0OJiee COBpeMeHHbIe UTepaTophl (haiJIoB — ITUKJI
for, Hampumep, aBTOMATHUUYECKU M3BJIeKaeT m3 o0beKTa (paiija MO OMHOI
CTPOKE B KasK0li urepamnuu (moapodHee 00 ureparopax (paitjioB pacCKasbl-
BaeTcCs B CJIEAYIOINel riiase):

C:\...\PP4E\System\Streams> type adder3.py
import sys
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sum = 0
for line in sys.stdin: sum += int(line)
print(sum)

OnmHAaKO IIepeBo/ ClieHapusA Sorter Ha IOCTPOYHOE UTeHHe eBa JIX JACT 00JIb-
IO BBIMTPBIII B IPOU3BOLUTEILHOCTH, IIOTOMY YTO METOX SOrt CIHCKOB
TpebyeT, UTOOBI BeCh CIIMCOK ObLT 3amoiHeH. Kak OymeT mokasaHo B TJa-
Be 18, samporpaMMuUpOBaHHBIE BPYUHYIO aJI'OPUTMbI COPTUPOBKM, CKOpee
BCEro, OyayT paboTaThb 3HAYUTENHHO MeIJICHHEee, YeM METOJ COPTHPOBKU
cnucka Python.

uTepecHo OTMETUTE, UTO B Bepcuu Python 2.4 u BhIllle 5T [Ba CIleHAPUI
MOKHO peajin3oBaTh 0ojiee KOMIIAKTHO, HCIOJIb3ys HOBYIO BCTPOEHHYIO
dyHRIUO Sorted, BRIpaskeHUA-TeHepaTOPhl U uTepaTops! daiiaos. Ciaenyio-
U ClleHApPUU AeMCTBYeT TOYHO TaK sKe, KAK Y OPUTHUHAJBI, HO IMeeT 3a-
MEeTHO MEHBIITNN pasMep:

C:\...\PP4E\System\Streams> type sorterSmall.py
import sys
for line in sorted(sys.stdin): print(line, end="")

C:\...\PP4E\System\Streams> type adderSmall.py
import sys
print(sum(int(line) for line in sys.stdin))

B mocrmemnem npumepe (QYHKIIM SUM B BHOe apryMeHTa IepeJaercs
BBIpa’KeHMe-TeHepaTop, II0 CBOeMY IIOBEeIeHUIO II0OX0Kee Ha TeHepaTop CIIU-
CKOB, C TOH JIUIIIh Pa3HUIIE, YTO OHO BO3BpAIIlaeT PE3yJIbTATHI II0 OJHOMY
3HAUEHUIO, a He B BUJe CIIUCKA. B pesyabTare clieHapuii mojaydaerca OoJiee
KOMITaKTHBIM. 3a MOIMOJHUTEJIbHON MH(popMaIiueii oopainaiTech K pecyp-
caM II0 OCHOBAM SI3bIKA, TAKUM Kak KHura «Msyuaem Python».

lNepeHanpaBfeHne NOTOKOB
M B3auMoJencTBue ¢ Nosib3oBaTtenem

Brlmmie B aTOM paspelie Mbl HallpaBUJIU BBLIBOJ, CIleHapus teststreams.py Ha
BXOJ, CTAHZAPTHOU IIporpaMMbl KOMaHIHOM CTPOKU MOre C IIOMOIIBIO CJe-
OyIOIer KOMaH/IbI:

C:\...\PP4E\System\Streams> python teststreams.py < input.txt | more

Ho mocKobKy B IpenbIAyINeil riiaBe MBI yiKe HaIucaan Ha A3bike Python
COOCTBEHHYIO YTUJIUTY «MOTre» MOCTPAHUYHOI'O BBEIBOJA, IIOUEMY He CHesaTh
TaK, YTOOBI OHA TOKe MpuHUMaJa BBoj us stdin? Hanpumep, eciiu usMeHUTH
mocJeHUe TPU CTPOKU B (paiiie more.py, IpeicTaBiIeHHOM B mpuMmepe 2.1,
HAa CJIeAYIONINe:

if __name__ == ‘__main__’: # ecnu BHMOMHAETCH, a He MMNOPTUPYEeTCS
import sys
if len(sys.argv) == 1: # BHIBECTU [aHHbie u3 stdin, ecnu HeT aprymeHToB

more(sys.stdin.read())
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else:
more(open(sys.argv[1]).read())

Torna, 1moxoske, MbI CMOKEM IlepeHAIIPABUTh CTAHJAPTHBIN BBIBOJ, CIleHA-
pus teststreams.py Ha CTaHJAPTHBIN BBOJ more.py:

C:\...\PP4E\System\Streams> python teststreams.py < input.txt | python ..\more.

py

Hello stream world

Enter a number>8 squared is 64
Enter a number>6 squared is 36
Enter a number>Bye

B 1es10Mm TaK 01 TprieM MOYKHO MCIIOIH30BaTh B ClieHAPUsX Ha A3biKe Python.
3nmech crieHapUil teststreams.py CHOBa IPUHUMAET AaHHbIe 3 (aiina. U, kax
¥ B IPEABIAYINEM paszesie, BBIBOJ OTHOM MPOrpaMMbI OTIIPABJIAETCS 0 Ka-
HaAJIy Ha BBOJ NPYTOH — CIleHAPUil more.py B POLUTENIHCKOM (..) KaTajore.

OmHako B MpeABIAYINe KoMaHIe more.py KpoeTcs MaJjosaMeTHas IIpooJie-
Ma. B meficTBUTEIBHOCTHY 3Ta IIeIIoYKa cpadoTaJsia Mo YNCTOM CIydaiiHOCTH!:
ecJIu TIePBLIH clleHapuii 6yeT BHIBOAUTE CIAUIITKOM MHOT'O JaHHBIX 1 CIleHa-
PpHIo MOre MPUAETCS CIIPAIIIUBATD IT0JIb30BATEJIA O Pa3pelIeHun IPOAOIKUTh
BBIBOJI, IPOW30MAET MOJHBIN OTKAa3 clieHapud (TouHee, Koraa PyHKITUA in-
put Bo30ymauT ucKJouernmue EOFError).

IIpoGiema B TOM, UTO YJIyUIIIeHHBII BADUAHT MoOre.py UCIONAb3yeT stdin mguasa
JOCTHMIKEHUs ABYX PasMUHbIX Ieseifi. OH unTaeT OTBET II0JIb30BATEN U3
stdin, BeI3BIBaA input, HO TeIlepsb euje U IpUHUMaeT U3 stdin OCHOBHBIE BXOJ-
Hble faHHble. Korma moTok stdin mogkJroyaeTcs K BXOZHOMY aiiry mim Ka-
HaJy, ero HeJIb3s UCIIOJIb30BaTh AJIA IOJYUYEeHUs OTBETa OT II0JIb30BaTesd,
IIOTOMY YTO OH COJEP’KUT BXOJHBIE JaHHBIE. KpOMe TOT0, IOCKOJIBLKY IIepe-
HaIlpaBJIeHNe IIOTOKa Stdin MPOMCXOAUT ellle SO 3allyCKa IIPOrpaMMBbI, He-
BO3MOJKHO y3HATH, OBbLJI JIX OH IIepeHAIIPaBJIeH B KOMaHJHO! CTPOKe.

Ecin morpebyeTcsa IpUHUMATH BXOAHBIE JaHHBLIE M3 Stdin u MCIIOJL30BATH
KOHCOJIb JIJIS B3aNMOJAEHCTBUA C IOJb30BaTeJIeM, B CIleHApUI HYKHO OyaeT
BHECTH OOIIOJIHUTEJIbHBbIE HN3MEHEHNdA: HaM IIpuaeTcdA OTKa3aThbCA OT HC-
ToJIb30BAHUSA (DYHKIIMU 1nput M 3aJefCTBOBATH CIIeIUAJIbHBIE MHTEP(E-
ChbI JJIs UTEHUS OTBETOB II0JIL30BATEJSA HEIOCPEACTBEHHO C KJIaBUATYDHI.
B Windows Taxyioo BO3MOKHOCTh 00ecmeunBaeT MOAYJIb MSVCIt, BXOAAIITUHN
B COCTAaB cTaHAapTHOM 6ubauoreku Python; B 6osnbmmracTBe Unix-momo0HbIX
CHCTEM JOCTATOUHO OyZeT MCIOJIb30BAaTh (Paiiyi ycTpoiicTBa /dev/tty.

ITocKOJIBKY 9TO MOCTATOUHO peAKas CUTYyallus, MBI PACCMOTPUM IIOJHYIO
peanmusanuio IPeIJosKeHHOro pemieHusd. B nmpumepe 3.8 mokasaHa MOAU-
(unupoBanHas Bepcusa cuenapusa more.py naa Windows, KoTopas mocrTpa-
HUYHO BBIBOAUT AaHHBbIE M3 CTAHJAPTHOr'O IIOTOKA BBOJAA IPHU BBHI30Be 0e3
apryMeHTOB, & KpOME TOr0, B Hell MCII0Jb3YIOTCS HU3KOYPOBHEBEIE U 3aBU-
cAlue OT mIaT(GOopPMbI CPEJCTBA B3BANMOJEMCTBUSA C MOJH30BaTEJIeM Uepes
KJIaBUATYDY.
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Ilpumep 3.8. PP4E\System\Streams\moreplus.py

W

obecneynBaeT NOCTPaHMYHLIA BbBOA B Stdout COAEPXMMOro CTPOKM, ¢aina uam noToka;
ec 3anyckaeTcs Kak CaMOCTOATENbHbI CLeHapuii, obecneyuBaeT NOCTPAHMYHLIA BHBOL
COLEPXMMOro notoka stdin unn danna, wms KOTOPOro ykas3bBaeTCd B BMAE aprymeHTa
KOMaHOHOM CTPOKW; KOT[a BXOMAHbE [laHHbEe MOCTynawnT 4eped notok stdin, wuckwyaercs
BO3MOXHOCTb MCMNONb30BATH €r0 ANd NonyyeHus OTBETOB NONb30BATENS --BMECTO 3TOr0
MOXHO MCNONb30BaTb NAATHOPMO3ABUCKMbIE MHCTPYMEHTH MK Fpaduyeckuii nHTepbdenc;

TRIRT]

import sys

def getreply()

4UTAeT KNaBulWly, HaxaTylo NONb30BaTenem

paxe ecnu stdin nepeHanpasneH B ¢ann unau KaHan

if sys.stdin.isatty(): # ecnn stdin ceA3aH ¢ KOHCONbIO

return input(‘?’) # yuTaTh 0TBET M3 stdin

else:
if sys.platform[:3] == ‘win’: # ecnu stdin 6bin nepeHanpapneH
import msvert # ero Henb38 WUCNONL30BATbL [ANG HYTEHWd
msvert.putch(b'?’) #f oTBETa Nonb3oBaTeNd
key = msvcrt.getche() #f UCNONb30BaTb MHCTPYMEHT KOHCOMM
msvert. putch(b’\n") # getch(), koTopas He BbLIBOAAT CWUMBON
return key # 009 HaxaTon Knasuwu
else:

assert False, ‘platform not supported’

#ong Linux: open(’/dev/tty’).readline()[:-1]

def more(text, numlines=10):

IEIED

peannayeT nocTpaHN4HbI BHIBOJ COAEPXMMOro CTPoku B stdout
lines = text.splitlines()
while lines:

chunk = lines[:numlines]

lines = lines[numlines:]

for line in chunk: print(line)

if lines and getreply() not in [b'y’, b'Y']: break

if __name__ == ‘__main__": # ecnu BHNOMHAETCHA, a He WMNOPTUPYeTCH
if len(sys.argv) == 1: #f ecnu HeT aprymMeHTOB KOMaHAHOW CTPOKM
more(sys.stdin. read()) # BbBECTV cogepxumoe stdin
else:

more(open(sys.argv[1]).read()) # vHa4e BHBECTW copmepxumoe ¢aiina

Bosnbnias yacTs HOBOBBeIeHU T 9TOM Bepcuu HaxXoAUTCA B QyHKIIUY getreply.
Merop datina isatty coobiraer, coefuHeH au stdin ¢ KOHCOJIBIO, — €CJIN 1,
(GYHKIIMA IPOCTO CUMTHIBAET OTBET U3 Stdin, Kak u paublne. KoHeuHO, 1MO-
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IOo0HAsA NOTOJTHUTEIbHAA JOTUKA He00X0AMa TOJBKO B CIIEHAPUAX, IPELY-
CMaTPUBAIOIINX BO3MOKHOCTH B3AUMOAENUCTBUA C IIOJH30BATEJIEM U IIOJIY-
YeHUs BXOAHBIX NJaHHBIX u3 stdin. B mpuoskeHuax ¢ rpaduyecKUM UHTEP-
(deticom MOKHO OBIJIO OBI, HATIPUMED, BEIBOAUTD JUAJIOT, Peajn30BaTh 00pa-
OOTKY COOBITHH OT KJIaBUATYPHI B Bue (GDYHKIMI 00paTHOTO BBI30BA U TaK
nmajee (3HAKOMUTHCSA ¢ TpaduuecKkuMu nHTepdericaMu MbI OyzeM B Tyiase 7).

Nmess Ha Boopy:keHMU (PyHKIUIO getreply, MOKHO CIIOKOMHO 3aIlyCKaTh
YTUJIUTY MOoreplus pasiaunyHbIMU ciocobamu. Kak u mpekie, MOKHO UMIIOD-
TUPOBATh U HEIIOCPEACTBEHHO BHI3BIBATH (DYHKIIMIO 9TOT'0 MOIYJIA, Iepena-
Basd el Ty CTPOKY, KOTOPYIO TPeGyeTcs: BLIBECTU IIOCTPAHUUHO:

>>> from moreplus import more

>>> more(open(‘adderSmall.py’).read())
import sys

print(sum(int(line) for line in sys.stdin))

1 rak ke, KaK U Ipekje, IPU 3aIlyCKe C Ap2YyMeHmom KOMaHIHON CTPOKU
STOT CIIeHAPU MHTEPAKTUBHO OyAEeT IPOJHUCTHIBATH TEKCT YKa3aHHOTO (hati-
Ja:

C:\...\PP4E\System\Streams> python moreplus.py adderSmall.py
import sys
print(sum(int(line) for line in sys.stdin))

C:\...\PP4E\System\Streams> python moreplus.py moreplus.py

obecneynBaeT noCTpaHW4HbIA BbBOA B Sstdout comepxuMoro CTpoku, daina uam noToka;
ecMM 3anyckaeTCs Kak CaMOCTOATENbHbI ClLeHapuit, obecneyuBaeT NOCTPAHWYHLIA BHBOA
COLEPXMMOro notoka stdin unw daina, wms KOTOPOro yKas3bBaeTCd B BMAE aprymMeHTa
KOMaHLHOWM CTPOKM; KOrfha BXOAHHE AaHHbE NOCTynanT 4yepes noTok stdin, wuckwyaeTtcs
BO3MOXHOCTb WCMONb30BaTb €ro And NofyyeHus OTBETOB MONMb30BATENs - BMECTO 3TOr0O
MOXHO WCNONMb30BaThb NAATOHOPMO3aBUCHMBIE MHCTPYMEHTH WK Fpaduyeckiniic UHTepoeinc;

import sys

def getreply()
n

Ho Teneps crienapuii Takske IpaBUJIbLHO BBIBOAUT IIOCTPAHUYHO TEKCT, IIepe-
HaIIpaBJIEHHBIN B stdin u3 @ailna uaum mo xKoneeilepy KOMaH[, AasKe ecau
STOT TEKCT CJIUIIKOM BEJIUK, UTOOBI IIEJIMKOM YMECTUTHCS B OJHY CTPAHUILY.
B 6onbiinHCTBE 060JI04EK BXOTHBIE JaHHBIE TIOCHLIAIOTCS C IIOMOIIBIO TIepe-
HaIpaBJIeHNUA UJIU OIIepaTOPOB KOHBellepa, KaK IIOKa3aHO HUXKe:
C:\...\PP4E\System\Streams> python moreplus.py < moreplus.py

TRIRT]

ofecnednsaeT nNoCTpaHW4HLIM BbBOA B Stdout comepxmMMoro CTpoku, daina uam noToka;
eCM 3anyckaeTcs Kak CaMOCTOATENbHbI CueHapuit, obecneyuBaeT NOCTPAHMYHLIA BHBOL
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COMEPXMMOro noToka stdin wnn daina, wmMg KOTOPOr0 yKas3wBaeTCs B BUAE apryMeHTa
KOMaHAHOM CTPOKW; KOrAa BXOAHbE [aHHbE MOCTynanT 4epes noTok stdin, wcknio4aetcs
BO3MOXHOCTb MCMNONb30BaTbL €ro AN4 NofyyeHus OTBETOB M0Nb30BATENS - BMECTO 9TOr0
MOXHO MCNOMb30BaTb NIaTHOPMO3ABUCKMbBIE MHCTPYMEHTH MAN TFpaduyeckuit nHTepbdenc;

IEIET

import sys

def getreply():
n

C:\...\PP4E\System\Streams> type moreplus.py | python moreplus.py

IEIET

obecneynsaeT MOCTpaHWYHbIA BHBOA B Stdout COAepXMMoro CTPOkW, Gaina wiau noToka;
ec/ 3anyckaeTcs Kak CaMOCTOATENbHbI ClLeHapuii, obecneyuBaeT NOCTPAHWYHbIA BHBOL
COflepXMMOro notoka stdin wan daina, wMg KOTOPOro YKas3wBaeTCHd B BUAE aprymeHTa
KOMaHIHOW CTPOKM; KOr[a BXOAHHE AaHHbE NOCTYnanT 4yepe3 noTok stdin, wuckoyaeTces
BO3MOXHOCTb MCMNONb30BaTb €ro ANd NoNyyeHus OTBETOB MONb30BATENS - BMECTO 3TOr0
MOXHO MCNOMb30BaTb NAATGOPMO3ABUCKMbHIE MHCTPYMEHTH MK Fpaduyeckuii nHTepbdenc;

TRIET

import sys

def getreply():
7n

Haxomnern, ecsiz BbIBOJ, OJHOT'O CIIeHAPUA OTIIPABJAETCA II0 KaHAJY Ha BBOJ,
IPyToro, Bce paboTaeT KakK HAZ0, U IIPU 9TOM B3aMMOJ€ACTBUE C IOJIb30Ba~
TeJeM He BBI3bIBAeT HAPYIIEHUi (M BOBce He MOTOMY, UTO HAM IIPOCTO IIO-
BEe3JI0):

...... \System\Streams> python teststreams.py < input.txt | python moreplus.py
Hello stream world

Enter a number>8 squared is 64

Enter a number>6 squared is 36

Enter a number>Bye

3ech CTaHJAPTHBINA 6b.600 ONHOTO CIIEHAPUS IIOfAeTCA Ha CTAaHZAPTHBIN
6600 IPYTOro CIleHapusA, HaXOAAIIerocs B TOM jKe KaTajore: moreplus.py
YuTaeT BLIBOJ teststreams.py.

Bce nmepenamnpasiienusi B TaKUX KOMaHAaX MeMCTBYIOT TOJBKO IIOTOMY, UTO
creHapusiM 0e3pasjnyHO, YeM B IeHCTBUTEJIbHOCTU SBJSIOTCS CTaAHIAPT-
HBI BBOJ U BBIBOJ — KOHCOJIBIO, (DaiijiaMu NI KaHaJaMy MeKIy IIporpam-
mamu. Hampumep, npu sanycke moreplus.py KaK caMOCTOSITE€JILHOTO CIIeHa-
pUs OH IIPOCTO UYUTAET IIOTOK Sys.stdin; KoMaHIHAA 000J0UKa (HAIIpUMep,
DOS B Windows, csh B Linux) mpukpeniseTr Takue IOTOKUA K NCTOUYHUKAM,
ompenesiseMbIM KOMaHI0, TIepel 3aITyCKoM cileHapusd. [[J1a focTymna K 9TUM
WCTOUYHUKAM CI[€HAPUU HCIIOJB3YIOT 3apaHee OTKPBIThIe 00BeKThI (PailioB
stdin u stdout, He3aBUCUMO OT UX UCTUHHOU IPUPOILLI.
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g uurareneil, BeAyIINUX II0ACUYET: MbI 3alIyCKAaJIU OOWH CIleHapuii mocTpa-
HHUYHOI'O BBIBOJA MOre 4YeThIPbMA PaA3JIMUYHBIMU crocobaMu — HNMIIOPTUPYA
U BBIBBIBadA ero QyHKINIO, IepefaBasa uMA daiina depes apryMeHT KOMaH/-
HOH CTPOKH, IepeHanpaBiAda stdin B haiia u nepegaBas BbIBOJ KOMaHIbI 110
KaHaJy B stdin. Biarozapa BO3MOKHOCTY UMIOPTUPOBATh (DYHKIIUY, IIPU-
HUMaTh apryMeHTbl KOMaHIHOU CTPOKU U MOJyYaTh BBOJ Uepe3 CTaHLAPT-
HbI€ IIOTOKY CUCTEMHbBIE MHCTPYMeHTHI Python MOXHO ITOBTOPHO MCIIOJIB30-
BaTh B Pa3HOOOPA3HBIX PEIKUMAX.

MNepeHanpaBneHne NOTOKOB B 00beKTbl Python

Bce npuBenenHblie BbIIle CIIOCOOBI ITIepeHanpaBIeHNA CTAHIAPTHBIX IIOTOKOB
,HeﬁCTByIOT JJIA IIporpamMM, HallMCaHHBIX Ha JIIO6OM A3BIKE ITPOrpaMMUpPO-
BaHUd, KOTOpI:Iﬁ 06ecnethaeT BO3MOHOCTB ITepexXBaTbIBaThb CTaHOAPTHEIE
TOTOKH, ¥ 3aBUCAT CKOpPee OT IIpolleccopa KOMaHIHOI CTPOKU O00JOUKIH,
uyeM OT caMoro muTeprperaropa. Omepanuu mepeHalpaBJIeHns B KOMaH]-
HOIT CTPOKe, TaKkue Kak < filenameu | program, oopabaTbIBatOTCsa 000JI0UKOIL,
a He uHTepuperaropom Python. Bosee «IuTOHMCTEIN» CIIOCOO IIEepeHAIIPaB-
JIEHUSI MOYKHO Peain30BaTh B CAMUX CIIEHAPUAX, IPUCBANBAS IIePEMEHHBIM
sys.stdin u sys.stdout 00O'bEKTBI, MOX0OKKE Ha (PAIIBI.

ATO BO3BMOJKHO OJtaromaps TOMY, YTO JII000# 00BEKT, KOTOPEIIT HabopoM Me-
TOIOB HAaIlOMUHAaeT (paiiy, MOKeT BBICTYIIaTh B POJIA CTAHIAPTHOTO MIOTOKA.
BaskeH He KOHKPETHBIN TUI 00beKTa, a ero nuTepdelic (MHOTAA ero Ha3bIBa-
IOT IIPOTOKOJIOM). OTO 03HAUAET CJIeAYIOIIee:

o Jlro60if 00 bEeKT, 00J1aAIOIIUI METOAAMU YMEeHUS, MOMKET ObITh IPHCBO-
€H IepeMeHHOI sys.stdin, B pesyJbTare uero BBOJ OyAeT OCYII[eCTBJIATh-
Cs uepes3 MeTO/bl YTEHU 9TOr0 00'beKTa.

e JI1060if 00HEKT, 00IaAAIONNIT METOJaMU 3ANUCU, MOYKET OBITh TPUCBOEH
TIepeMeHHoM sys.stdout; B pesyabTaTe BeCh CTAHAAPTHBIA BBIBOJ OyaeT
OTIPABJIATHCA METOJAM dTOTO O0'BEKTA.

Tak Kak pyHKIUU print um input TpocTo BBI3BIBAIOT METOALI Write u readline
00'bEKTOB, Ha KOTOPHIE CChLIAIOTCA SyS.stdout u sys.stdin, MBI MOMKeM reHe-
pupoBaTh W IepexXBaThIBaTh CTaHJAPTHbIE TEKCTOBBIE IIOTOKU C IMOMOIILIO
00'bEKTOB, PEaJIN30BaAHHBIX C IIOMOIILIO KJIACCOB.

Ecin Bam yike mpuxoamiaoch m3ydarh A3bIK Python, BbI, BepoaTHO, 3Hae-
Te, YTO MOAOOHAS COBMECTHMOCTH IO MHTepdeiicaM OOBIUYHO Ha3bIBAETCS
noAuUMOp@PU3IMOM — HEBAIKHO, YEM SBJSAETCS 00HEKT, U HEBAKHO, UTO JeJia-
IOT €r0 METOMbI, — BasKHO, UTOOBI 9TOT 00'HEKT IIPENOCTABJISA OXKUIaeMbIi
uaTepdeiic. Takoe aubepaabHOE OTHOIIEHNE K THUIAM JAHHBIX O00BACHIET
3HAUYUTEJIbHYIO I0JII0 THOKOCTH U BEIPA3UTEJIHbHOCTHY IIPOrPaMMHOI0 KOZa Ha
sasbike Python. Huxke neMoHCTpUpyeTCs CI0C00, TO3BOJISIONIUH CIIeHAPUAM
mepeonpee saTh COOCTBeHHBIe IOTOKM BBOAA-BbIBOAA. B mpumepe 3.9 mpu-
BOJUTCS BCIIOMOTATEJIbHBIH MOAYJIb, JEMOHCTPUPYIOIITUHA 9Ty UIEI0.
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Ilpumep 3.9. PP4E\System\Streams\redirect.py

W

00bEeKTH, MOXOXME Ha Oaifbl, OQMH M3 KOTOPbX COXPAHAET B CTPOKe TEKCT,
OTMpaBNEHHbI B CTaHAAPTHbIA NOTOK BHBOAA, & APYroi obecneqnsaeT BBOA TekcTa
13 CTPOKM B CTaHAAPTHHI NOTOK BBOAA; OyHKuMA redirect Bbi3biBaeT nepefaHHyio
el OyHKUMI, AN9 KOTOPO/ CTaHAapTHbe NOTOKM BwBOAA M BBOAa OyayT CBA3aH

C 00bekTamy, MOXOXuMK Ha Ganns;

TEIRT

import sys

class Output:

def

def

def

__init__(self):

self.text = "’

write(self, string):

self.text += string
writelines(self, lines):

for 1ine in lines: self.write(line)

class Input:

def

def

def

def redirect(function, pargs, kargs, input):

__init__(self, input=""):
self.text = input
read(self, size=None):
if size == None:

res, self.text =
else:

res, self.text =
return res
readline(self):
eoln = self.text.find(‘\n")
if eoln == 1.

res, self.text =
else:

res, self.text =
return res

self.text, '

self.text, '

savestreams = sys.stdin, sys.stdout
sys.stdin = Input(input)
sys.stdout = Qutput()
try:
result = function(xpargs, =xkargs)
output = sys.stdout.text
finally:

sys.stdin, sys.stdout = savestreams

return (result, output)

H R o H =

self.text[:size]

FH F

#

FHOH H= =

/MNOPTMPOBATH BCTPOEHHHIA MOAYb
VMUTVPYET BHIXOIHOW (ann

npu co3faHun cTpoka nyctas
no6aBnseT cTpoky OailTos

nobasnsgeT Bce CTPOKKM B CNMCOK

VMUTVDYET BXOOHOW Gain
aprymeHT Mo yMOnYaHuio
COXPaHWTb CTPOKY NpW CO3AaHMM
HEo0s3aTeNbHbIN aprymMeHT
npountaTh N 6aiT unu Bce

self.text[size:]

HaWTW CMelleHne cnepypuero eoln
13BMeYb CTPOKY A0 eoln

self.text[:eoln+1], self.text[eoln+1:]

nepeHanpasngaeT stdin/out
BbI3HIBAET 0OLEKT (GyHKUMM
BO3BpawaeT TekcT B stdout

BH3BATH (YHKUMO C apryMeHTamu

BOCCTAHOBWUTL, HE3aBUCUMO OT
TOro, 6bNO M UCKIYEHME
BEPHYTb pesynbTarT,

ECAN UCKNYEHN He Bblno

B atom MoayJie OoIIpeaesieHbl [Ba KjiacCa, MaCKUPYOIIeCd 110 HaCTOAIIe

daiinbl:
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Output

IIpenocTaBiseT uHTepdeiic (0H Ke ITPOTOKOJ) METOAA 3aIlNCH, IPEIIo-
JlaraeMblii Y BRIXOIHBIX (DaiijioB, HO COXpAaHsAET BCIO 3aIllMIChIBAEMYIO UH-
(opmaIuio B CTpOKe, XPaHAIMIEHCS B TaMATH.

Input

IIpenocraBiasgeTr nuTepdelic, IpeaIoaraeMblii y BXOJHBIX (aiiioB, HO
BO3BpAaIIjaeT BXOJHBIE JaHHbIE 10 TPeOOBAHUIO, N3BJIEKAA UX U3 XPAHA-
mielics B IaMATY CTPOKHY, ITepeJaHHON IIPY CO3JaHMU 00'bEeKTa.

dyHKIUA redirect B KoHIIE aTOr0 (paiiia 00'beJUHSIET 3TH ABa 00bEKTa, YTO-
OBI BBITIOJTHUTE €AMHCTBEHHYIO GYHKIINIO, AJI5 KOTOPOU CTaHLapPTHHIE TIOTO-
KU BBOJIa U BBIBOZIA Oy YT IIepeHanpaBieHbl B 00beKTh Python. ®yukiuy,
KoTopas BhI3bIBaeTcAa (pyHKIMel redirect, He TpebyeTcsa HU 3HATH, HU 3a-
OOTUTHCA O TOM, UTO BhI3BIBAEMBIE €10 (QDYHKIIMU Print 1 input mMam MeTOABI
stdin u stdout B AeicTBUTEIBHOCTH OYyAYT MMETH IeJI0 C HAIlIUMU 00beKTa-
MU, a He ¢ HacToAIuM (aiijom, KaHAJIOM NN I0JIb30BaTEJIEM.

Yr0o0bI IPOAEMOHCTPUPOBATDL, KAK AEHCTBYeET 3Ta PYHKIINUSI, UMIIOPTHUPYEM
" BbI30BeM (PpyHKI[MIO interact, Jekallyio B OCHOBe cIieHapusd teststreams,
IpecTaBJICHHOT0 B IIpuMepe 3.5, KOTOPBIN MpesKe MBI 3aIllyCKaJ I U3 KO-
MaHJIHOM CTPOKM (AJIA MCIIOJIH30BAHUSA BCIIOMOTaTEeJILHON (DYHKIIUY IIepeHa-
TIpaBJIeHUA HYXKHO NefiCTBOBATh Ha A3bIKe PDYHKIU, a He (aiinos). IIpu He-
TIOCPEICTBEHHOM BBI30Be (DYHKIIMA UUTAET JaHHBIE C KJIAaBUATYPHI U BBIBO-
IUT pe3yJbTaThl Ha 9KPaH, KaK ecJu Obl OHA BBITIOJHAJIACH KaK IIporpaMMa
0e3 mepeHaNpPaBIeHNA:

C:\...\PP4E\System\Streams> python
>>> from teststreams import interact
>>> interact()

Hello stream world

Enter a number>2

2 squared is 4

Enter a number>3

3 squared is 9

Enter a number~Z

Bye

>>>

Teneps BbI30OBEM 3Ty (DYHKIIMIO IIOA yIpaBjeHMeM (QYHKIIUN IIepeHaIlpas-
JeHUdA B redirect.py u nepenaiuM eil HEKOTOPBIA I'OTOBBIN BXOJHOMN TEKCT.
B srom ciyuae Ha BxoA MyHKIUM interact MOCTYIUT IlepefaHHAA CTPOKA
(‘4\n5\n6\n’ — Tpu CTPOKU C ABHBIMU CUMBOJIAMU KOHIA CTPOKHU), a Pe3yJb-
TATOM BBINIOJIHEHUA DPYHKIMU OyAeT KOPTeXK, COmep KaIuil BO3BpaIiaeMoe
3HaYeHWe U CTPOKY C TEKCTOM, KOTOPBIH OBbILJI 3aIIMICAH B CTAHLAPTHBINA IIOTOK
BBIBOJIA:

>>> from redirect import redirect
>>> (result, output) = redirect(interact, (), {}, ‘4\n5\n6\n’)
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>>> print(result)

None

>>> output

‘Hello stream world\nEnter a number>4 squared is 16\nEnter a number>5 squared
is 25\nEnter a number>6 squared is 36\nEnter a number>Bye\n

Ha BeIxXOM€ mosyunTCa ofHA NIUHHAA CTPOKA, COAEPIKAIIasa BeCh TEKCT, 3a-
TUCAHHBIN B CTAHJAPTHBIN ITIOTOK BBIBOJA. UTOOBI YIYyUIIIUTh BHEIITHU BU/T
CTPOKH, €e MOYKHO IepefaTh GYyHKIMU print mam pasduTh HA OTAEIbHBIE
CTPOKM C IIOMOIIIbIO CTPOKOBOT'O MeTozAa splitlines:

>>> for line in output.splitlines(): print(line)

Hello stream world
Enter a number>4 squared is 16
Enter a number>5 squared is 25
Enter a number>6 squared is 36
Enter a number>Bye

Ete srydire moBTOPHO MCIIOIB30BATH MOLYJIb MOre. Py, KOTOPBIM MBI HAIIWCA~
Ju B mpenbiayineit raase (mpumep 2.1). Ilpu aTom npupercs MeHbIIe 3aI0-
MHUHATh ¥ BBOIUTH C KJIABUATYPHI, 8 KAUECTBO PAaOOTHI yiKe MPOBEPEHO HAMU
(EmKe, KaK U BO BCeX IIPUMepax, I'fie BHIIOJHAETCS MMIOPTUPOBAHUE MO-
IyJell m3 APpYyTux KaTajioroB, IIPeAIoiaraeTcs, 4YTo KaTaJjor, CoAepKaIlni
KOpHeBoU mogkarajior PP4E, HaXoAUTCA B IIyTHU IIOUCKAa MOJyJei, — u3ame-
HUTe 3HaUeHUe ITlepeMeHHOU oKpysKeHusa PYTHONPATH, ecsii 9T0 HeOOXOAUMO):

>>> from PP4E.System.more import more
>>> more(output)

Hello stream world

Enter a number>4 squared is 16

Enter a number>5 squared is 25

Enter a number>6 squared is 36

Enter a number>Bye

KoneuHo, 3T0 NCKYyCCTBEHHBIN IpUMep, HO IPOJAEMOHCTPUPOBAHHBIE IIpHe-
MBI MOT'YT UMETh IIIUPOKOe IpuMeHeHue. Hampumep, B mporpamMmmy, peaJiu-
3yIomyio nHTepdeiic KOMaHIHON CTPOKU [Jis B3aUMOJENCTBUA C IIOJH30-
BaTeJieM, JeTrKo Ho00aBUThL rpaduueckuii matepdeiic. Hy:xHo mpocTo mepe-
XBATHUTDH CTAHAAPTHBIN BHIBOJ, C IIOMOIIBIO 00HEKTa, TAKOTO KaK dK3eMILJIIP
KJracca Output, m cOPOCUTH TEKCTOBYIO CTPOKY B OKHO. AHAJIOTMYHO CTaH-
MTapTHBIN BBOJ MOKHO ITIePEHATIPABUTDH B 00HEKT, KOTOPBIH MOJyUYaeT TeKCT
u3 rpauueckoro uHTepdeiica (Hanpumep, U3 okHa Auasiora). [IoCKOIbKY
KJIACCBI MOTYT 3aMeHATH HacToArue (haijabl, UX MOYKHO MCIOJbh30BATh
B JIOOBIX MHCTPYMEHTaXx, padoramiux ¢ ¢aiimamu. O6paTurech K MOIY-
JII0 TIepeHaIpaBJIeHUA IIOTOKOB ¢ rpadumuyeckuM mHTepdeiicom guiStreams
B ri1aBe 10, e BBI HalijleTe KOHKPETHYIO Peain3aliiiio HEKOTOPBIX U3 OIIU-
CaAHHBIX HUJEH.
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BcnomoraTenbHble Knacebl i0.StringlO n io.ByteslO

IIpuem mepeHampaBJieHUA ITOTOKOB BBOAA-BBIBOZA B OOBEKTHI, O KOTOPOM
PaccKashIBAJIOCh B IIPEABIAYINEM pasfielie, OKa3aJCsa HACTOJIbKO YIOOHBIM
Ha IPaKTUKe, UTO B CTAHJAPTHYIO OMOJIMOTEKY ObLI 100aBJIeH MOAYJb, aB-
TOMATUBUPYIOUINIT 3aauy ero IpuMeHeHUs B OOJBIITUHCTBE CayUaeB (XOTsA
B HEKOTOPBIX CJyYadX, HAIIPUMEDP, IIPU peaudaniui rpa)uueckoro nHTep-
(deiica, Bce ele MOKeT MOTPedoBaThCA IHCATH CBOI IIPOrPaMMHBIA KO).
B crampapTHO#l 6MOIMOTEeKe MMeeTCcss 00beKT, KOTOPBIi 100aBasAeT MHTEp-
(deiic 00beKTOB (haiyoB K 06beKTaM CTPOK, XpaHAIMUMCSI B mamaTu. Ha-
IpuMep:

>>> from io import StringIO

>>> buff = StringIO() # COXpaH@eT 3anuChLiBaeMbill TEKCT B CTPOKe
>>> buff.write(‘spam\n’)

5

>>> buff.write(‘eggs\n’)

5

>>> buff.getvalue()

“spam\neggs\n’

>>> buff = StringIO(‘ham\nspam\n’') # BO3BpaWaeT BXOAHHE [AaHHbE M3 CTPOKM
>>> buff. readline()

“ham\n’

>>> buff.readline()

“spam\n’

>>> buff.readline()

IKBeMILIAPHI KJjacca Stringl0 MoryT mpucBamBaTbCca IEPEMEHHBIM SyS.Stdin
u sys.stdout, KaK JEMOHCTPUPOBAJIOCH B IIPEAbIAYIEeM Pa3feie, C Iesbko IIe-
peHanpaBuUTh MOTOKM IJid GYHKIIUK input u print, ¥ mCmoab30BaThCS B JIIO-
00M IIPOTrPAMMHOM KOJZie, BBITIOJHAOIIEM OIepaIluy C HACTOAIIUMU 00b-
extamu (paitnos. HamomHIo eire pas, uTo B a3biKe Python mpasuiaa urpsr
ompeneaoTcsa nuTepdeiicom 00beKTa, a He ero KOHKPETHBIM THUIIOM:

>>> from io import StringIO
>>> import sys
>>> buff = StringIO()

>>> temp = sys.stdout

>>> sys.stdout = buff

>>> print(42, ‘spam’, 3.141) # wnav print(..., file=buff)

>>> sys.stdout = temp # BOCCTAHOBUT OPUTMHANbHLIA NOTOK
>>> buff.getvalue()

“42 spam 3.141\n

Crnenyer Tak:Ke OTMETHUTD, UTO CYIIIeCTBYeT KJiace 10.BytesI0, obamatomimii
IOXOKUM IIOBEEHNEM, HO OH 0TOOpAasKaeT onmeparuu ¢ (paiijiaMu He Ha CTPO-
Ky Tuna str, a Ha 6ydep 6aiiToB THHA bytes:
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>>> from io import BytesIO
>>> stream = BytesIO()

>>> stream.write(b’spam’)
>>> stream.getvalue()

b’ spam

>>> stream = BytesIO(b’dpam’)
>>> stream. read()
b’ dpam

W 3-3a cyIlieCTBEHHBIX PA3IUUNNA MEKAY TEKCTOBBIMU 1 JBOMUHBIMU JaHHBI-
mu B Python 3.X sra ajbTepHATHBA MOJMKET OKa3aThCs 0o0Jee MOAXOAAIe
IIJIs1 CIleHApHeB, IMEIOIUX IeJI0 C JBOMYHBIMU JaHHbIMH. ITogpobHee ¢ mpo-
0JIeMOH Pa3JINUYNA MeK/AY TEKCTOBLIMU M JBOMYHBIMU JaHHBIMY MBI II03HA-
KOMUMCS B CJIEYIOINEH IiaBe, Koraa 3aiiMeMcs UccaefoBaHneM (haiiioB.

MepexBaT noTokKa stderr

Mp&z1 cocpenoTouninch Ha epeHanpaBaeHny stdin u stdout, HO MOTOK stderr
TaKKe MOJKHO IIepeHaNpaBIATh B (Dailyibl, KaHAJBI U 00beKTHl. HecmoTpa
Ha TO, UTO HEKOTOPhIe O0OJOUKU IOAAEP:KUBAIOT BO3MOKHOCTH IIE€PEHAa-
IpaBJIEHUSA 9TOTO IIOTOKA, TeM He MeHee dTO TaKiKe MOYKHO CHeslaeThb Jer-
Ko u mpocTo B crienapuu Python. Hampumep, nprcBoeHre nepeMeHHO Sys.
stderr sxgeMILIApa KJacca, Takoro Kak Qutput mam Stringl0 us npenwpigyie-
To IIpuMepa, MO3BOJIUT CIIeHAPUIO IlepeXBaThIBaTh TAKKe TeKCT, 3alchiBae-
MBIl B CTAHJAPTHBIN IIOTOK OIIIMOOK.

Cawm uHTepnperarop Python ucmonb3yer cTaHZAPTHBIN TOTOK OITUOOK IJIA
BBIBOJIa cO00ITIeHMIT 00 omubkax (rpadudueckuii marepdeiic IDLE mepexBa-
THIBAET ATOT TEKCT U 110 YMOJIYAHUIO OKPAIIIMBAET €T0 B KpacHBIH 11BeT). On-
HAKO B ABBIKE OTCYTCTBYIOT BHICOKOYDPOBHEBBIE MHCTPYMEHTHI IJIA PAOOTHI
CO CTAHJAAPTHBIM IIOTOKOM OINTMOOK, TaKKMe KaK QYHKIUY print m input miaa
CTaHJIAPTHBIX IIOTOKOB BBIBOMA 1 BBOjla. Eciii BaM moTpedyeTcss OpraHmso-
BaTh BBIBOJ B CTAHJAAPTHBIN IOTOK OIIMOOK, BbI MOYKETe ABHO BBI3BATh Me-
Tox sys.stderr.write() uam MPOYMTATH CIIEAYIOIIUI Pas3ei, I/ie OINChIBAET-
cs OHA 0COOEHHOCTh (DYHKIIUU Print, yIpoIaoInas 9Ty BOSMOMKHOCTb.

Omnepaliusa mepeHanpaBIeHns CTAHAapPTHOTO MIOTOKA OITNOOK M3 KOMaHIHOMN
CTPOKHU BBITVIAAUT HECKOJBKO CJIOKHEe M XyiKe IIepeHOCUuTCs. B O0oJbITnH-
ctBe Unix-TIoJOOHBIX CHCTEM IT€PeXBATUTL BBIBOJ B IIOTOK Stderr OOBIUHO
MOJXKHO C IIOMOIIBIO OIlEpaiiy IepeHanpaBJIeHnsa Buga command > output 2>&1.
OpHaKo B HEKOTOPEIX Bepcusax Windows oxa He meiicTByer, 1 faske B HEKOTO-
pBIX o0oouKax s Unix oHAa MOMKeT UMeTh APYTOi BU — 34 JOIOJHUTEIb-
HOIT MH(MoOpMAaIueil obpalaiiTech K CTPAHUIIAM CIIPABOYHOT'O PYKOBOICTBA
0 BaIlleil 000JIOUKeE.

BO3MOXXHOCTb NepeHanpaBieHUs C MOMOLLbIO (pyHKLMM print

Besiepcrsue Toro, uTo mepeHasHaveHne aTprlyTOB MOTOKOB IIPHIOGPEIIO 60Ib-
MIYI0 TOMYJIAPHOCTH, BCTPOeHHAA PyHKIMA print B aA3sike Python rakixe
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ObLIa JOMOJIHEHA BO3MOYKHOCTBHIO SIBHO YKa3bIBaTh (aiiy miis BeiBoma. Cire-
IVIOIIAsA MHCTPYKITUS:

print(stuff, file=afile) # afile - aTo 00bekT, a He WMA CTPOKOBOK NEpPeMeHHON

BeIBegeT stuff B afile, a He B moTok sys.stdout. Ilo cBoemy melicTBMIO 9TO
HATIOMHUHAET IIpUcBanBaHme 00'beKTa mepeMeHHoN Sys.stdout, HO B JaHHOM
cayuJae OTIafaeT HeoOXOAMMOCTh COXPAHATH WM BOCCTAHABJIMBATEL IIEPBOHA-
yaJbHOE 3HAYEeHNe, YTOOLI BEPHYTHCA K MCIIOJb30BAHUIO OPUIMHAJILHOTO
OTOKA BBIBOAA (KakK OBLIO IOKA3aHO B pasielie, OMMCLIBAIOIEM IlepeHa-
IpaBJieHIe IIOTOKOB B 00beKThl). Hampumep:

import sys
print(‘spam’ 2, file=sys.stderr)

BBIBEJIET TEKCT B 00'BEKT CTAHJAPTHOTO ITOTOKA OIMMUOOK, a He B Sys.stdout,
mpuueM TaKoe IepeHanpaBJeHre O0yaeT AeficTBOBATh TOJBKO AJA JAHHOTO
BbI3oBa PyHKIMU print. Caexyromiuii BbI30B QYHKIIUY print (0e3 aprymenTa
file) BBIBeZIET TEKCT B CTaHIAPTHBIN IIOTOK BBIBOZA, KaK 00bIuHO. TOUHO TaK
’Ke B KauecTBe BBIXOAHOTO (paiijia MOKHO IIepefaTh CBO COOCTBEHHBIN 00'b-
eKT UJIN 9K3eMILIAD KJacca U3 CTAHJapTHOU OMOJIMOTeKU:

>>> from io import StringIO
>>> buff = StringI0()

>>> print(42, file=buff)

>>> print(‘spam’, file=buff)
>>> print(buff.getvalue())
42

spam

>>> from redirect import Output
>>> buff = Qutput()

>>> print(43, file=buff)

>>> print(‘eggs’, file=buff)
>>> print(buff.text)

43

eggs

Lpyrvie BapuaHTbl NnepeHanpaBneHus:
eLue pa3s ob os.popen n subprocess

Banixe K KOHITY IPeIBIAYIIEll TJIaBbl MBI BIIEPBbI€ BCTPETUINCH ¢ PYHKITU-
el 0S.popen U POACTBEHHOI el subprocess.Popen, KOTOPBIE TMPEAOCTABISIIOT
BO3MOJKHOCTD IIepeHaIIPaBJIeHNs IIOTOKOB BBOJA-BbIBOJA IPYTUX KOMAaH]I U3
nporpaMMbl Ha sisbike Python. Kak MbI Bumesnu, sTu MHCTPYMEHTBI MOTYT
WCII0JIL30BATHCSA JJIA BBIIOJHEHUS KOMaH[ 000/I0uKY (HAIpuMep, KOMaH/I,
KOTOpPBIE OOBIYHO BBOJATCA C KJIaBUATYpPHI B OTBeT Ha mpuriaarienue DOS
usu csh), u oum BosBpamiaoT 00beKT Python, moxo:xuii Ha daiii, coeqnHeH-
HBIH ¢ IIOTOKOM BBIBOJAa KOMaHJbI, — UT€HIEe 13 00beKTa (haiiia Mo3BOIsIET
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CIl€HapUIO IPDMHMMAaTh BBIBO/ ,ZI,’pyI‘OfI IIporpaMMabI. OI[HaI-CO 9T MHCTPYMEH-
ThI MOT'YT TaKM€ UCIIOJIb30BaTHCA OJIdA COEJUHEHUA C IIOTOKaMM BBOJA.

Bnaromapa stomy GyHKIMIO 0S.pOpEN M MWHCTPYMEHTHI M3 MOIYJIA SUDPro-
CeSS MOYKHO pacCMaTpUBaTh KaK eIlje OAWH CII0CO0 ITepeHanpaBjIeHus I0-
TOKOB IOPOJKAAE€MbBIX IIPOrPAMM, POACTBEHHBIA TOJBKO UTO PACCMOTPEH-
HBIM IIpuemMaM. VX meiicTBre BO MHOTOM IIOXO:Ke Ha JelicTBHue oleparopa |
o0 beuHEeHUA KOMaHI B KOHBeleD ((haKTUUeCKHU NMeHa 9TUX UHCTPYMEHTOB
03HAUAIOT «Pipe open» — «OTKPHITh KaHAJ»), HO OHU BBIMTOJHSIIOTCSI BHYTPU
CIleHapUs U MPEeNOCTaBJISAIOT CXOMKUI ¢ (aiimamMu uHTepdeiic K IOTOKaM
IaHHBIX, CBA3AHHBIX KaHaJoM. [lo 1yxy oHu 6iu3Ku GyHKIUA redirect, HO
3amyCKaloT He QYHKINU, a IPOrPaMMbl, 1 IIOTOKY BBOAA-BBIBOAA 06pabaThI-
BAIOTCA B IOPOKAAIONIEM CliIeHapUU KakK (Paiiyibl (He MpUBA3AHHbBIE K 00BEK-
TaM KJIaCCOB). OTH MHCTPYMEHTHI IIePEHAIPABJIAIOT IIOTOKY BBOJA-BHIBOJA
IporpaMM, 3aIIyCKaeMbIX CIleHapueM, a He CAMOro CIleHapus.

MepeHanpaBneHne BBOAa UK BbIBOAA C MOMOLLbIO 0S.popen

ITepenaBasa B pyHKIIUIO (hjIar HY;KHOT'O PerKUMa, MbI (DAKTUUECKU BBIIIOJI-
HAEM IlepeHaIpaBjeHMe B (hailyi MOTOKA BBOJA WUJU BBIBOJA IIPOTDAMMEI,
TOPOJKAEHHOH ClleHapHueM, U MOYKEeM IOJIYUYUTH KO 3aBEPIIeHU 9TOH IPO-
TpaMMBbI BEI3OBOM MeTOZa close (3HaueHMe None TOBOPUT OO YCIIEIITHOM 3a-
BepIreHun). YToObI IPOUIIOCTPUPOBATE ATO, PACCMOTPUM CJEIYIOINe 1Ba
CIleHapUs:

C:\...\PP4E\System\Streams> type hello-out.py
print(‘Hello shell world’)

C:\...\PP4E\System\Streams> type hello-in.py
inp = input()
open(‘hello-in.txt’, ‘w’).write(‘Hello ' + inp + ‘\n’)

At CIleHapuu MOT'YT 3allyCKaTbCA U3 KOMaHHOU CTPOKH, KaK OOBIYHO:

C:\...\PP4E\System\Streams> python hello-out.py
Hello shell world

C:\...\PP4E\System\Streams> python hello-in.py
Brian

C:\...\PP4E\System\Streams> type hello-in.txt
Hello Brian

B npeawigyineit riiaBe MbI BUfieIn, UTO ClleHapuu Ha s3bike Python moryt
TaKyKe YUTATh 6bl600 APYTUX IPOrPAMM ¥ IOAOOHBIX WM CIIeHAPUEB, KAK
TIIOKa3aHOo HUXKe:

C:\...\PP4E\System\Streams> python
>>> import os
>>> pipe = os.popen(‘python hello-out.py’) # ‘r’ - mo ymonyanuo, 4TeHue stdout
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>>> pipe.read()

‘Hello shell world\n

>>> print(pipe.close()) # Kon 3aBepuwenus: None - ycnex
None

Ho cuenapuu Ha a3pike Python moryTt urparb poJsis ucmouHuko8 0aHHbLX,
OJaBaeMbIX B MOTOK CTAHAAPTHOT'O BBOJA IIOPOKAAEMBIX IIPOTPAMM, —
ecau mepenaTh PYHKIUU 0S.popen (iar peskuMa «w» BMECTO «I», TOIPa3-
yMeBaeMOro 0 YMOJIUYaHUIO, OHA BEPHET 00'BEKT, IOJKJIIOUYEHHBIN K IIOTOKY
BBOJZIa TIOPOJKAEHHONM mporpaMMbl. Bee, UTO MBI 3aIIUIIIEM B 3TOT 00HEKT CO
CTOPOHBI POAUTEIbCKOr0 CIIeHAPHU S, OKAKEeTCsI B CTAHJaPTHOM IIOTOKE BBOIA
3aIlyIIeHHON IIPOrPaMMbI:

>>> pipe = os.popen(‘python hello-in.py’, ‘w’) # ‘w' - 3anucb B stdin nporpammsl
>>> pipe.write(‘ Gumby\n')

6
>>> pipe.close() # cumBon \n B KOHUe HeobsizaTeneH
>>> open(‘hello-in.txt’).read() #f BHBOA ObiN OTNpaBneH B ¢ain

‘Hello Gumby\n’

DYHKIUA POpen JOCTATOUHO COOOPaA3UTENIbHA, UTOOBI BRITIOJTHUTH KOMAHIY
000JIOUKY KaK He3aBUCHUMBIN IIPOIIecC Ha maIaTdopMax, IOAIePKUBAIOIINX
TaKyI0 BO3MOKHOCTH. OHa MpruHUMaeT Heo0A3aTeILHBIN TPeTUN ITapaMeTp,
KOTOPBIA MCIOJIb3yeTCcs MJs yIpaBieHusa Oydepusaiueil 3amnuchbiBAeMOTO
TeKCTa, HO MBI TIOKA He 0yleM 3aTparuBaTh 9Ty TEMY.

MNepeHanpaBneHue BBOAA U BbIBOAA
c nomouwbio Moayns subprocess

Er1tie 60abITnii KOHTPOJIb HAJ TOTOKaMU BBOAA-BBIBOMIA TOPOXKIAE€MBIX IIPO-
TpaMM MO3BOJIAET MOJYUYUTb MOAYJIb SUDProcess, mMpeacTaBIeHHBIN B IIPeIbI-
nyiteii riiaBe. Kak ObII0 TOKa3aHO paHee, C IIOMOIIIBIO 3TOTO MOJYJIA MOYK-
HO MMUTHUPOBATH (PYHKI[MOHAJIBHOCTD 0S.POPEN, HO OH MO3BOJISIET HOOUTHCS
0O0JIBIIIEr0, HAIIPUMEDP — CO3JAaBaTh ABYHAIIPABJIECHHLIE IIOTOKK OOMeHa JaH-
HBIM (TO €CTh IIOAKJII0UATHCA K 000MM II0OTOKAaM, BBOJIA U BBIBO/IA, IIOPOXK Ja-
eMOIi IPOorpaMMbl) 1 CBA3BIBATEH BLIBOJ, OJHOM IIPOrPpaMMbI ¢ BBOJOM IPYTOM.

Hanpumep, 9TOT MOAYJIb TIO3BOJIAET MHOYKECTBOM CIOCOOOB 3aITyCKaTh IIPO-
TpaMMYy, IOAKJIIOUYATHCA K €e CTAHAAPTHOMY IIOTOKY BBIBOJA U MOJYyYaTh KOJ
3aBepIeHus. Huke NeMOHCTPUPYIOTCA TPU HamboJiee TUMMMYHBIX crocoba
WCIIOJIb30BAHUSA 9TOTO MOJYJIA MIJIs 3aIllyCKa IPOrpaMMbl W TIepeHaIrpaBJe-
HUS ee IIOTOKA BhIBOJA (HAIIOMHIO, UTO AJIsI OIPOOOBAHUS IIPUMEPOB U3 3TOTO
pasmesna B Unix-mmogo0HBIX CCTEMAX BAM MOKET II0OTPe00BaThCA IIepeiaBaTh
dyuKIIUK Popen aprymeHT shell=True, KaK 0TMeYaJioCh B IJIaBe 2):

C:\...\PP4E\System\Streams> python

>>> from subprocess import Popen, PIPE, call

>>> X = call(‘python hello-out.py’) # ynoGHo
Hello shell world
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>>> X
0

>>> pipe = Popen(‘python hello-out.py’, stdout=PIPE)

>>> pipe.communicate()[0] # (stdout, stderr)
b'Hello shell world\r\n

>>> pipe.returncode # Kof 3aBepleHus
0

>>> pipe = Popen(‘python hello-out.py’, stdout=PIPE)

>>> pipe.stdout. read()

b'Hello shell world\r\n

>>> pipe.wait() #f Kon 3aBepueHus
0

Ddyuknusa call, UCIOJb30BaHHAS B IIEPBOM U3 3THUX TPEX CIOCO0OB, — 9TO
BCEro JINIb PYHKIIUA-00epPTKa, peaan3oBaHHAA AJId yA00CTBa (CYyIecTByeT
HECKOJIbKO TaKUX (PYHKIIUIT, 0 KOTOPBIX BBl CMOKETe IPOUUTATD B PYKOBOJ-
cTBe 1m0 6ubanoTeke si3bika Python). @yurmusa communicate mesmaeT BTOpPOit
croco6 HEMHOTo yaoOHee TpeThero (0OHa IIO3BOJIAET OTIPABJIATH NaHHBIE
B stdin; unTars maHHBIE U3 Stdout, TOKa He OYIeT HJOCTUTHYT KOHeIl daiisia;
¥ OJKUIaeT 3aBEPIIEeHUA TOUEePHETO IIPoIecca).

IlepenampaBiieHre W IOAKJIIOUEHME K IIOTOKY BBOJA IIOPOKIAEMOII IPO-
IpaMMBbI peajnu3yeTcsa TaK JKe IPOCTO, XOTS U HEeMHOIO CJOKHee, YeM IPHU
WCIIOJIb30BAHUY (DYHKIIMU 0S.popen ¢ (yiarom pekuMa 'w', Kak ObLIO IIOKa-
3aHO B IIPEABIAYIIEM pasaeie (KaK yKe YyIIOMUHAJOCh B IPeAbIAYIIeN TJa-
Be, B HAcTosdAIlee BpeMs (DYHKIIUSA 0S.pOpen peain30BaHA C IIPUMEHEeHUeM
WHCTPYMEHTOB M3 MOIYJS SUDProcess, W IMOITOMY caMa MOYKET CUMTATHCS
GyHKIHEeH-06epTKOI, peaJln30BaHHOM AJA yA006CTBA):

>>> pipe = Popen(‘python hello-in.py’, stdin=PIPE)

>>> pipe.stdin.write(b’ Pokey\n')

6

>>> pipe.stdin.close()

>>> pipe.wait()

0

>>> open(‘hello-in.txt’).read() #f BHBOA OblN OTMpaBieH B Gain
‘Hello Pokey\n

C MOMOIIBIO 3TOTO MOAYJISI MBI MOYKEM MOJYUUTD JOCTYII K 000UM NOMOKAM,
8600a u 8v.800a, TOPOKIEHHOI ITPOrpaMMbl. [[JIsd JeMOHCTPAIIUY BOCIIOIb-
3yeMcs MTPOCTBIMU CIIEHAPUAMU, BHITOJHSIIONIMMY ONeparuy YTeHUA U 3a-
IUCH, CO3TaHHBIMY HAMU pPaHee:

C:\...\PP4E\System\Streams> type writer.py
print(“Help! Help! I'm being repressed!”)
print(42)

C:\...\PP4E\System\Streams> type reader.py
print(‘Got this: “%s”" % input())
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import sys
data = sys.stdin.readline()[:-1]
print(‘The meaning of life is’, data, int(data) = 2)

Crnenyiomuii OporpaMMHBIA KOJA JE€MOHCTPUPYET BO3MOXKHOCTH YTEHUSA
¥ 3aIliiC B IMOTOKM BBOAA-BBIBOMAA CIieHApUsA reader — oOBEKT pipe mmeeT
IBa aTpubyTa ¢ 00beKTaMu, MOX0KUMU Ha (haiijabl, OQUH U3 KOTOPBIX IO~
KJIIOUaeTcAa K IOTOKY BBOJA, a APYTrOil — K IMOTOKY BBIBOJA (IIOJIb30BATEIN
Python 2.X serko moryr y3HaTh B HUX 9KBUBAJIEHT KOPTE)Ka, BO3BpAIIae-
Moro QYHKITHEH 0S.popen?2, HbIHe UCKJIIOUeHHON 13 OMOIMOTeKN):

>>> pipe = Popen(‘python reader.py’, stdin=PIPE, stdout=PIPE)
>>> pipe.stdin.write(b’ Lumberjack\n’)

ik

>>> pipe.stdin.write(b’12\n")

>>> pipe.stdin.close()

>>> output = pipe.stdout.read()

>>> pipe.wait()

0

>>> output

b'Got this: “Lumberjack”\r\nThe meaning of life is 12 24\r\n

Kax GymeT mokasaHo B IlaBe 5, IPU AByHaOpaBJIeHHOM OOMeHe JaHHBIMU
C TporpaMMaMH, IIOJOOHBIMU STUM, HEOOXOAWMO IIPOABJSATH OCTOPOIK-
HOCTBH — MeXaHU3M 0y(depusanunu ITOTOKOB BEIBOJa MOJKET IPUBOAUTH K B3a-
UMOOJOKUPOBKE IPU UepPeIOBAHNY ONepaIllUil 3alIUCU U UYTEHUA U, B KOHEU-
HOM cueTe, K HeOOXOIMMOCTHU UCII0Jb30BaTh IJIsI PEIIIeHUs IIPO0JIeMbI TAKKe
MHCTPYMEHTHI, KaK Pexpect (moapobuee 00 aToit GyHKIIMHU OyIeT pacCKas3bl-
BaThCA Jajiee B KHUTE).

Haxomerr, Moayab Subprocess mo3BOJISET PeaJn30BaTh elle 0oJee SK30TIde-
CKUue (bOpMLI yInpaBJIeHudA IIOTOKaMK BBOJA-BbIBOJAa — HUMXeEe NJEMOHCTPHUDPY-
eTcsa coefMHEHMe 08YX NPozpami, Te IOTOK BBIBOJA OJHOTO CIleHAPUA Ha
saseike Python mopkirouaercsi K mOTOKY BBoma apyroro. CHauaJsia JeMOH-
CTPUPYeTCs MOAKJIIOUEHe ¢ UCIIOJIb30BaHNEeM KOMAaHIHOUN 000JI0UKY, a 3a-
TeM — C IIOMOIIIbIO MOAYJIA SUDProcess:

C:\...\PP4E\System\Streams> python writer.py | python reader.py
Got this: “Help! Help! I'm being repressed!”
The meaning of life is 42 84

C:\...\PP4E\System\Streams> python

>>> from subprocess import Popen, PIPE

>>> p1 = Popen(‘python writer.py’, stdout=PIPE)

>>> p2 = Popen(‘python reader.py’, stdin=p1.stdout, stdout=PIPE)

>>> output = p2.communicate()[0]

>>> output

b’Got this: “Help! Help! I\'m being repressed! "\r\nThe meaning of life is 42 84\r\n
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>>> p2.returncode
0

Heuto nmoxosxee MOKHO peajin30BaTh C IIOMOIIbI0 (YHKIIUH 0S.pOPen, HO TOT
dakT, 4TO OHA MOXKET MOAKJIIYATh TOJIbKO OAWH U3 IIOTOKOB BBOJA-BhIBOA
(#0 He 00a), IPEensATCTBYEeT BOBMOKHOCTHU IIePEeXBATUTh BHIBOJ BTOPOTO CIIe-
Hapus:

>>> import os

>>> p1 = os.popen(‘python writer.py’, ‘r
>>> p2 = os.popen(‘python reader.py’, ‘w
>>> p2.write( pl.read() )

36

>>> X = p2.close()

Got this: “Help! Help! I'm being repressed!”
The meaning of life is 42 84

>>> print(X)

None

)
)

C TouKku 3peHUA 00JIee IMTUPOKOM MEePCIeKTU BRI, PYHKIINA 0S.p0PEN U MOAYJIb
subprocess ABJIAIOTCS IEPEHOCUMBIMY dKBUBAJEHTAMHN MeXaHU3Ma MepeHa-
IpaBJIeHUs IIOTOKOB BBOA-BBIBO/IA IIOPOXKIa€MbIX IIPOrPaMM, PeaaIn30BaH-
HOT'0 B KOMaHIHBIX 000/10uKax ajia Unix-mogo6HbIX cucTteM. OnHaKo pean-
samnuu Ha A3bIKe Python ¢ Takum ke ycnexom paborator B Windows u mpe-
JIOCTaBJIAIOT 60JIee YHUBEPCAJIBHBIN CII0CO0 3aIlycKa APYTUX IpOrpaMM U3
cieHapueB Ha A3bIKe Python. CTpoku Komamn, mepemaBaeMble UM, MOT'YT
WMeTh CBOU OCOOEHHOCTH B 3aBUCUMOCTH OT IIIaT¢opMbl (Hanpumep, B Unix
CIIHMCOK COMEePKMNMOr0 KaTaJaora MOMKHO ITOJYUYHUTDh C IIOMOIIbI0 KOMAHIEI 1S,
a B Windows — ¢ moMoIs0 KoMaHakl dir), HO caM¥ MHCTPYMEHTHI MOTYT
IPUMEHSTBCS Ha BCeX ILIaTdopMax, moamep:xuBammux Python.

3amycK HOBBIX, He3aBHCHUMBIX IIPOTPAMM U IIOAKJIOUEHNE K WX IOTOKaM
BBOJla-BBIBOZA 13 POAUTENBCKOUN ImporpamMmbl B Unix-mmoJo0HBIX CHUCTEMaXx
MOJKHO TaK:Ke peaiu30BaTh C MOMOIbLI0 (pyHKIUI 0s.fork, 0s.pipe, 0s.dup
¥ HeKOTOPBIX (PYHKIINIT 13 ceMelicTBa 0S.exec. Kpome Toro, oHu obecrieunBa-
IOT ellfe OAMH CII0cob ImepeHapaBIeHsI IIOTOKOB BBOAA-BbIBOIA U IBJISIOTCS
HUBKOYPOBHEBBIMU SKBUBAJIEHTAMHU TaKUM HMHCTPYMEHTaM, KakK 0S.popen
(byurmusa os.fork gocrymaa B Windows, B Bepcuu Python gia Cygwin).

OpHakKo Bce IepeuyrciieHHble QYHKIUU SABJISIOTCSI 00Jiee CJIOMKHBIMMU WH-
CTPYMEHTAMHU IIapaJijIeIbHON 00pab0TKU JaHHBIX, IIO3TOMY MbI OTJIOMKUM
IaJibHelilee nxX o0CysKAeHUe 0 IJIaBbl 5, T/ie JOIOJHUTENLHO OyAeT pac-
CKasbIBaThCsA 00 OpraHM3alluy KaHAJOB U MOJYUYeHUN KOJOB 3aBEePIIIeHUs.
A K Momyro subprocess MBI BepHEMCS B IyiaBe 6, Tie Ha ero OCHOBe peansy-
eM MeXaHU3M PEerpecCHOHHOTO TECTUPOBAHUS, IIEPEXBATHIBAIOIINI BCe MPuU
CTAHIAPTHBIX IIOTOKA BBOJA-BBIBOJ[A TECTUPYEMOI'0 CIleHaPUs — IIOTOKM BBO-
Ila, BLIBOAA U OIINOOK.

Ho niepen sTum, B riiase 4, MbI IIPOJOJIZKUM HAIlle UCCJIeI0BAHNIE CUCTEMHBIX
uHTepdeiicoB, pealn3oBaHHLIX B 0mMbOaMoTeKe a3bika Python, m mosnaxo-



204

[naBa 3. KOHTeKCT BbINONMHEHWS CLeHapreB

MUMCSA ¢ MHCTPYMeHTaMu IJid paboTsI ¢ aitiamu u Katajgoramu. Hecmorpsa
Ha TO, UTO BCe Hallle BHUMAaHUe 0y1eT CKOHIIEHTPUPOBAHO Ha APYTUX BOIIPO-
cax, TeM He MeHee Mbl YBUIUM, UTO HEKOTOPbIe MHCTPYMEHTBI, U3y YeHHbIe
3[leCh, MOTYT HCHOJb30BAaThCs, KaK YHUBEPCAJHHBIE MHCTPYMEHTHI CHC-
TEMHOTO IIporpaMMupoBaHuA. Hampumep, BOSMOKHOCTD 3aIIyCKa KOMaH]
000JIOUKY IIO3BOJIAET WCCJIEOBATH COAEPIKMMOE KaTaJIoroB, a mHTepdeic
00BeKTOB (paiijioB, HA KOTOPOM MbI MOAPOOHO OCTAHOBUMCS B CJIEAYVIOIIE
rJ1aBe, COCTABJISET OCHOBY IIPUEMOB PAbOTHI ¢ IOTOKAMU BBOZA-BBIBOJA, 00-
CYJKIaBIIUXCS 31€Ch.

Python u csh

Eciz BBI 3HaKOMBI C IPYTUME PACIIPOCTPAHEHHBIMU A3BIKAMU CIleHa-
preB KOMaHIHOM O0OJIOUKM, BAM MOXKET OKAas3aThbCd IMOJIE3HBIM CpaB-
HUTH UX ¢ A3bIKOM Python. Huke mpuBogUTCSA IPOCTOI clieHapuii HA
sIBBIKE KOMaHIHOI 000g0uKuy csh aasa Unix, KOTOPBIH OTIPABIAET IO
BJIEKTPOHHOM ITOYTe Bce (haiJIbl ¢ PACIIUPEHNEM .pY U3 TEKYIIETO padbo-
yero KaraJjora (To ecTh Bce (Daiiabl C ICXOAHBIM IPOTPAMMHBIM KOIOM
Ha a3bike Python) Ha QUKTUBHBIN, KaK MBI HaJeeMCs, dJIEKTPOHHBIA
agpec:

#!/bin/csh
foreach x (*.py)

echo $x

mail eric@halfabee.com -s $x < $x
end

Huxe npuBoguTCSA 9KBUBAJICHTHLIN ClieHAPUl HA aA3bIKe Python:

#! /usr/bin/python
import os, glob
for x in glob.glob(‘+.py’):
print(x)
os.system(‘mail eric@halfabee.com -s %s < %s’ % (x, X))

OH BeIIAAUT GoJiee moapoOHbIM. 36Kk Python, B oTanume ot csh, He
nmpenHasHauYeH JJIA pa3spaboTKU MCKJIOUUTENHHO CIleHapUeB KOMaH/I-
HOUM CTPOKH, MOITOMY CHUCTEMHBIe MHTepdeiichl HeoO0X0AMMO UMIIOP-
TUPOBAThH 1 BHI3LIBATH ABHO. A TaK Kak Python He aBIseTcsa I3bIKOM
IPOrpaMMUPOBAHUS, OPUEHTUPOBAHHLIM Ha PabOTy MCKJIIOUUTETHHO
CO CTPOKaMU, CTPOKY CUMBOJIOB HEOOXOIMMO 3aKJII0UATh B KaBLIUKH,
Kak B a3bike C.

U xota ucnoJsb3oBanne A3bika Python misa co3maHms IpoCcThIX ClieHa-
pueB, TaKUX KaK 9TOT, Tpe0yeT JUITHNX HaKaTUI Ha KJIaBUIIIN, TeM He
MeHee ero MPUHAIJIEKHOCTD K KJIacCy S3bIKOB IIPOrpaMMUPOBAHUA 00-
IIero HasHaueHUs obecHeurBaeT eMy 0oJiee BLICOKYIO ITPUBJIEKATE b-
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HOCTh, KaK TOJBKO MBI IIOKKJaeM 00JIACTh TPUBUAJIBHLIX IIPOrPAMM.
Mpz1 Mmoryiz ObI, K IPUMEPY, PACIIUPUTh MPEAbIAYIUI CIleHapuil, O0-
0aBMB B HEro TaKle BO3MOMKHOCTHU, KaK mepemada (aijoB IO IPOTO-
koay FTP, nmpemocrasiaeHre BLIGOpa omeparnuu ¢ MOMOIILIO rpaduue-
ckoro mHTepdeiica, COmep KAaIlero CTPOKY COCTOSHUS, M3BJIEUEHIe
cooOIeHni 13 6as3bl JaHHBIX SQL, mcmoanszoBanme COM-00BEKTOB
B Windows, — 1 Bce 9TO ¢ IpUMeHEHNEM CTaHIAPTHLIX NHCTPYMEHTOB
Python.

Kpowme Toro, cuienapumn Ha a3bike Python o0bIuHO JIerKo MoryT mepe-
HOCUTBLCSA Ha Apyrue miaaTdopmbl, B oTauuue oT csh. Hampumep, 3a-
JIefiCTBOBAB JIA OTIIPABKHU JJIEKTPOHHON IoUuThl Moayab Python, obe-
creunBatomuii maTepdeiic kK SMTP, BMecTo yTuinuTel mail KOMaHIHONI
CTPOKHU, MBI CMOXK€M HCII0JIb30BATh ATOT CIIeHAPUH Ha JII000M KOMIIHIO-
Tepe, Tae yctaHoBseH Python u umeercs nmoakaouenue Kk VIHTepHeTY
(kaK MBI y3HaeM B myiaBe 13, A paboTsl ¢ mpoTtokosom SMTP gocra-
TOYHO ONHUX coKeToB). Kak u B aA3bike C, HaM HeT HeOOXOAUMOCTH HC-
IIOJIb30BaTh NpeduKC $, YTOOBI MOSyUaTh 3BHAUEHUA IIePEMEHHBIX; UTO
eIle MOJKHO JKeJIaTh OT CBOOOJHOIr0 A3bIKA?




NHCcTpyMeHTbI gns paboTbl ¢ pannamm
M KaTtanoramwu

«Kak o4ncTuTb CBOM XXE€CTKUN ANCK 3a NATb
NPOCTbIX LUAros»

Jra TyIaBa MPOJOJIKAeT MCCJAeIOBaHIe CUCTeMHBIX mHTepdeiicoB Python,
doKycupysich Ha UHCTPYMEHTAaX AJIA paboThI ¢ (hatisamu u KaTajgoramu. Kak
BBl YBUAUTE B 9TOU TyiaBe, 0Jarogaps BCTPOEHHBIM WHCTPYMEHTAM U WH-
CTPYMEHTaM U3 CTaHIapPTHOM 6MOJIMOTEK Y omepaIuu ¢ aiiaaMu 1 JepeBbs-
MM KaTaJor0B Peasn3yloTcsa OUeHb IpocTo. MexaHM3MBI paboThI ¢ (aiiia-
MU COCTaBJIAIOT YacTh Axpa ssbika Python, mosromy uacTs MmaTepuaa sToi
TJIaBBI TOCBSAIIeHa 0030Py OCHOBHBIX CBeIeHUI 0 (paitjax, mMogpoOHO pac-
cMaTpUBaeMbIX B IPYTUX KHUraX, TAKUX KaK yeTBepToe usgaunue «syuaem
Python», ¥ KOTOpPEIM MBI PEKOMEHAYEeM O0PATUTHCA 3a AeTAJTbHBIMU Pashb-
SACHEHUAMHU KOHIIENIIN, CBA3aHHBIX C¢ (Qaitnamu. Hampumep, Mbl Oymem
KacaThCA TaKUX TeM, KaK UTepaluu, MeHeI Kephbl KOHTEKCTa U IO IepiKKa
IOnukoma oobekTamu haiiaoB, HO OHU He OyAYT PACKPBIBATHCS 34€Ch IOJHO-
cTbio. Ilesb 9TOM TIaBbl — OATh HOCTATOUYHBIN 00HeM CBeIEeHUil, UTOObI BBI
MOTJIY HAuaTh IIMCATD MIOJIe3HbIE CIleHaPUU.

NHcTpyMeHTbI ang paboTtsbl ¢ pannamm

Bremraue aiiyisl — 3T0 TOT 00BEKT, PaAu KOTOPOro Uallle BCero paspadaThl-
BaIOTCS CUCTEMHBIE YTUIANTHI. Hampumep, cucteMa TeCTHPOBAHUSA MOIKET
YUTaTh BXOAHBIE JAHHBIE U3 ONHOTO (hailsa, COXPAaHATH Pe3yJabTAaThl IIPO-
rpaMMBbI B IpYyToM (haiije U IPOBEPATH MOy UYeHHbBIE Pe3yIbTaThl, 3arpysKas
Tpetuii dpaitia. [Jarke IporpaMMBbI C IOJIb30BaTEJILCKUM NHTEP(deicoM u Be6-
TPUJIOKEHUA MOTYT 3aTPYsKaTh JBOMYHBIE N300PaKeHUA U ayANOKJIUIIBI U3
JIOKaJbHBIX (PailjoB. JTO 6a30Bas KOHIIENIUA IPOrPaMMUPOBAHUA.
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B Python rimaBHBIM HHCTPYMEHTOM, MCIIOJIb3YE€MbIM CIIEHAPUAMU AJIA JOCTY-
ma K (aimam, CIyKUT BCTpoeHHaA GyHKIUA open. ITocKoabKy aTa GyHKITHAA
ABJIAETCA HEOTheMJIeMOII yacThio a3biKa Python, BbI, BeposaTHo, y:Ke 3Ha-
KOMBI C TéM, KaK oHa paboraeT. [Ipu BbI3oBe QYHKIIMU OpEn BO3BPAIIlaeTCsA
HOBBII 00BeKkm (pailsia, COeTUHEeHHbIN ¢ BHenmHUM (aitaom. O0beKT (aiima
obsaaeT MeTOIAMU AJIS UTEHU U 3alUCU JaHHBIX U AJIA BBITIOJHEHU pas-
JUYHBIX ollepanuii Hang gaigsamu. Kpome Toro, PyHKIMS 0pen IPegoCTaB-
JISeT nepeHocumblii nHTEpdEc K UCIoab3yeMoi (halJIoBON cucTeMe — OHa
OAMHAKOBO paboTaeT Ha 10001 maaTdopme, rae Beinoausgercsa Python.

IOpyrue cBsazauHble ¢ Gaiisamu Moxyau B Python mosposisior, Hampumep,
BBITIOJIHATE ONlepanuu Haj (aijiaMyu Ha HUSKOM YPOBHE C MCIIOJbL30BAHU-
eM (pafiJIOBBIX NECKPUITOPOB (MOAYJL 0S), IMepemMeniaTh (aiijabl U TPYIIIIEI
daiinoB (Mogysau 0s u shutil), coxpaHATh B (haiiaax JaHHBIE U 00BEKTHI 10
KJouy (momyau dbm u shelve) m obpainaTbea K 6asam ganHbIX SQL (Moxyab
sqlite3 m MomysM CTOPOHHUX paspaboTumkoB). [locaemHue qBe KaTeropuu
B 00JIBbIIIETi CTeIIeH! OTHOCATCSA K 00CY KIeHNI0 0a3 JaHHBIX, KOTOPOE BeIeT-
ca B riase 17.

B mamHOM paszesie MBI KPaTKO PacCMOTPHUM BCTPOEHHBLIN 00BEKT (aiima
U HECKOJIBKO 0oJiee CJIOKHBIX TeM, OTHOCAIUXCA K (aiinam. Kak o6bIuHO,
6osiee TTOAPOOHOE OMUCAHME U METOAbI, KOTOPhbIe MBI HE MMEeeM BO3MOXKHO-
CTU PasMeCTUTh 3[IeCh, CJIeAyeT UCKATh B PYKOBOACTBE O OMOIMOTEeKe UIn
B cupaBouHUKaXx, Takux kKak «Python Pocket Reference». He 3a6riBaiire,
YTO KPATKYIO CITPABKY MOYKHO ITOJIYUYUTh B MHTEPAKTUBHOM 000J0UYKE: UTO-
OBI 0BHAKOMUTBLCS CO CIIMCKOM aTpuOyTOB 00'beKTa (paiija, MOXKHO BbI3BATh
dyurmuoo dir(file) mas obbeKTa OTKPHITOrO (haiiysa; BbIBBAB (QYHKIIUIO
help(file), MOKHO IIOJYUYUTh CIIPaBKY 0oJiee 00IIero xapakTepa; a ¢ IIoOMO-
b0 BbIBOBa help(file.read) — cIpaBKy O KOHKPETHOM METOe, TAKOM KaK
read, XoTda peasmusanus ob6beKTa daiisa B Bepcuu 3.1 COAEPIKUT MeHbIIe
CIIpaBOYHOI MHMOPMAIINI, YeM PYKOBOJCTBO O OMOJIMOTEKEe U APYyTue pe-
CYDPCBI.

Mopgenb o6bekTa pavna B Python 3.X

Kax u B ciryuae co CTpPOKOBBIMU THUIIAMHU, O KOTOPBIX TOBOPUJIOCH B TIaBe 2,
noxazepskka ¢aiios B Python 3.X crasa ropasmo 6orade, ueM B IIPEABLIAY-
mux Bepcusx. Kak y:xe ormeuasiocs pauee, B Python 3.X crpoku Tuma str
Bcerga mpeacTaBiadaT TekeT IOumKona (cumBouibl ASCII uim mHOTO6GAMTO-
BbIe CMBOJIBI), & CTPOKHU THUIIOB bytes u bytearray IpeacTaBISIOT MPOCThIE
IBoMuHbIe AaHHBbIe. Python 3.X mpoBoauT IOJO0HBIE PA3IUUYUSA MEIKIY
daitiamu, conepKaIUMU TeKCT U JBONYHEIE JaHHbIE:

e Texcmosvle haiinvl comeps:KaT TEKCT, COCTOAINI U3 cuMB0JI0B FOHUKO-
ma. Comep:KUMoe TEeKCTOBBIX (paiiioB B CIleHAPUAX BCETA IIPEeACTaBJIIA-
eTcs B BUJZE CTPOK TUIIA STr — mOcJiefoBaTeILHOCTEl CMMBOJIOB (TOUHee,
TIOCJIeIOBaTeIbHOCTEH «KOMOBBIX MMyHKTOB» IOHMKOA). 71 TEKCTOBBIX
(¢aityioB aBTOMATHUYECKH BBLIIOJIHSAETCS IPeodpa3oBaHMe CIMBOJIOB KOH-
1A CTPOKM, O KOTOPOM PACCKAa3LIBAETCS B 9TOM I'IaBe, a K COAEPIKUMOMY
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(¢aiiyioB aBTOMATUYECKN TPUMEHSIOTCSA ONeparuy KOAUPOBaHUI/IEKO-
IWPOBAHUA: faHHbIE KOTUPYIOTCA B IBOMUYHOE IIPEICTABICHNE IIPU 3aTIH-
cu B (daiia u qekonupyiorca ooparuo B JOHUKO npu ureHun us daiina,
B COOTBETCTBUY C YKA3aHHOM MJIM MCIOJIH3YyeMOM II0 YMOJTUYAHUIO KOITU-
poBkoii. KomupoBaHue ABIAeTCA TPUBUAJIBHOU ollepaliueil IJisd TeKCTa
ASCII, 10 MOsKeT OBITH BeCbMa CJIOYKHOM B IPYTUX CAYUATX.

o JlgouuHvle ¢haiinvl comeprar oObryHBIe 8-0mTOBBIE OaiiThl. ComeprrmumMoe
IBOMUHBIX (haiijioOB B CIleHAPUAX BCeraga IIPEeJCTaBJSAETCSA B BUIE CTPOK
0aliToB, OOBIYHO B BUJe 00beKTa TUIa Dytes — mocaefoBaTeIbHOCTH KO-
POTKHUX IIeJbIX UYMCEJ, KOTOPBIE IIOAAEP:KUBAIOT OOJBIIIMHCTBO OIlepa-
Ui, TPUCYIUX TUNY Str, U 0TOOPasKarTCsa KaK IIOCJIeJOBATEIHLHOCTHI
cumBosi0B ASCII, Korma 9To BO3MOKHO. [ IBOMUHBIX (DaiijaoB He Ipeay-
cMaTpUBaeTCA HUKAKUX IPeoOpPa30BaHUI JaHHBIX IIPU YTEHUUW WU 3a-
IIVCHU: HU ITPeoOpa30BaHUA CMBOJIOB KOHIIA CTPOKM, HU KOZWPOBAHUA/
IexogupoBanus B FOHUKOLI.

Ha nmpaxTuke TeKcToBble (hailabl MCHOJB3YIOTCA AJIA XPaHEHUS NeHCTBU-
TeJIbHO TeKCTOBBIX AAHHBIX, & ABOUYHBIE (DAMIBI — OIS XpaHEHUS TaKUX
3JIEMEHTOB, KaK yIaKOBaHHbIe JBOWUUYHBbIE NaHHbIE, N300paKeHUA, ayquo-
IaHHbBIE, BHITOJHAEMBIN IPOTPAaMMHBIN KO/ U TaK gaJee. IIlporpaMMHO 9TH
IBa Tuna (paiJaoB pasauyalOTCA ¢ IIOMOIILIO apIyYMEHTa CO CTPOKOI PEXKU-
Ma, KOTOPBI mepegaeTcsa QyHKIIUN 0peN: JOTOJHUTEIbHBIN CUMBOJ «b» (Ha-
mpumMep, ‘rb’, ‘wb’) odHauaer, 4YTO (A COLEPIKUT ABONUHBIE faHHBIE. [[1a
CO3JaHUS HOBOI'O COAEPIKUMOI0 TEKCTOBBIX (paiijioB MCHOJL3YIOTCSI O0BIU-
HbIe CTPOKU (HAIrpuMep, ‘spam’ miau bytes.decode()), a AJiA cO3JaHUSI HOBOTO
COZIEP:KUMOTO JBOMUHBIX (DAfiJIOB — CTPOKU O6aiiTOB (Hampumep, b'spam’ uam
str.encode()).

Ecsu B Bareil mpaKTukKe 00JacTh IpUMeHeHUA (PaiijioB He OrpaHNUYNBAET-
csA MCIOJb30BaHMeM TeKcTa B KogupoBke ASCII, pasauuusa Mexay Tpen-
CTaBJIEHNEM TEKCTOBBIX U ABOMUYHBIX JAaHHBIX B Bepcuu 3.X mHOTAA OyAYT
CKa3bIBAThCS Ha BallleM IIPOTrPaMMHOM Koze. IIpm paboTe ¢ TEKCTOBBLIMU
daiimamu TpedyeTcs MCIOJIb30BaTh CTPOKU THUMA Sir, a ¢ IBOMUYHBIMU (Paii-
JaMu — CTPOKU 6aifiToB. IIOCKOJIBKY BBl HE CMOKETe CMEIINBATDL 9TU TUIIbI
B BRIPAXKEHUAX, BAM IIPUIETCA BHUMATEJIbHO IIOAXOAUTEL K BOIIPOCY BBIOOpA
pesxuma oTKpbITHA (haitsa. MHOrue BCTPOEHHBIE MHCTPYMEHTHI, KOTOPBIE
MBI OyZIeM MCIOJIb30BATh B 9TOI KHUTE, AeJAal0T 3TOT BHIOOD 3a HAC — MOXY-
Jau struct u pickle, manpumep, B Bepcuu 3.X paboTaioT cO CTPOKaMu Oaii-
TOB, a maket xnl — ¢ JOHuKomOoM. Kpome Toro, o pasanumnax Me:KIAY TeKCTO-
BBIMHU U ABOUYHBIMU JAHHBIMU B Bepcuu 3.X HE0OXOAMMO IIOMHUTH JasKe
TPU UCIIOJH30BAHUU CHCTEMHBIX MHCTPYMEHTOB, TAKUX KaK JeCKPUITOPHI
KaHAaJIOB 1 COKEThI, IOTOMY UTO Ha CETOTHAIITHUMN NeHb 9T WHCTPYMEHTHI
mepenaioT JaHHBIE B BUIE CTPOK 0AHTOB (BIIpoUeM, IPU HEOOXOJMMOCTH 3THU
TaHHbIe MOJKHO KOIUPOBATh 1 MeKOAUPOBATh KaK TekcT IOHuKOoma).

Kpome Toro, ipu paboTe ¢ TeKCTOBBIMU (haiijiaMu BBINOJIHAETCA 00s3aTeIb-
HOe IeKOoIUpOoBaHUe UX cojeps;kumMoro B FOHMKOI B COOTBETCTBUU C BHIOPaH-
HO# KOAUPOBKOM, ITIOATOMY BaM IIPUAETCS UCIOJIb30BATEh JBOUUHBINA PEIKUM
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IS UTEHUS COAEePIKUMOro (paiiioB, He IOATAIOIIUXCA IeKOSUPOBAHMUIO,
B BUJE CTPOK 0aliToB (Mam 00pabaThIBATh HCKJIIOUEHUA AeKOAMPOBAHUS
B IOHUKOM ¢ TOMOIIBI0 MHCTPYKIIUM try W MPOIIyCKaTh TaKOM (paita meau-
KOM). TO OTHOCUTCS U K COOCTBEHHO ABOMUYHBIM (paiijaaM, U K TEKCTOBLIM
daitram, 1Jid IpeacTaBICHUS TEKCTa B KOTOPBIX UCITOb3YeTCA HEITOoAePIKU-
BaeMas WJIM Heu3BecTHadA KoaupoBKa. Kak MBI yBUAUM [maJjiee B 9TOH IiiaBe,
B Bepcuu 3.X CTPOKM TUIa Str Bcerma comepskar TekcT IOHUKOIA, TO9ITOMY
MHOTJA IIPUAETCS HCIO0JIb30BATh CTPOKM OANTOB JJIs IPEACTABICHUSA MMEH
(aiiyIoB TpU UCIIOJIb30BAHNY TAKMX MHCTPYMEHTOB, KakK 0S.11stdir, glob.glob
M 0S.walk, eCJiy OHM He MOI'YT ObITh JEeKOAMPOBAHKI (IIepegadua B BIIE CTPOKU
6aiiToB (haKTUUECKH IIOJaBJIAET HEOOXOANMOCTD JeKOINPOBAHII).

Ha npoTs:xeHun Bcell KHUTH MBI OyIeM BUIETh IPUMEPHI BIAUAHUSI Pa3JIu-
YU MeKIY TEKCTOBLIM U JBOMYHBIM TUIIAMU Str 1 bytes B MHCTPYMEHTaxX
st paboThI ¢ paiimamu: B ryiaBax 5 u 12, Korma 6yeM mccefoBaTh COKeTHI;
B mIaBax 6 u 11, Korga HaM moTpedyeTcsa UrHOPUPOBaATh omnoku IOHMKOoma
Ipu IIOMCKe B (pailjax 1 Karajorax; B riiaBe 12, korga OyaeM 3HAKOMUTBLCS
C MOAYJISIME IOLAEeP:KKH IIPOTOKO0JI0B MHTEepHeTa Ha CTOPOHE KJINEHTAa, Ta-
Kux Kak FTP u mpoTOKOJIBI 9JIeKTPOHHOM IIOUTHI, PeaJM30BAHHBIE IIOBEPX
COKETOB, IIpeAIIoaraioliuX OlpeaeeHne pesXuMoB (PailjioB U KOJUPOBOK;
U ¥ BO MHOTUX IPYTUX MeCTaxX.

Ho Tax Ke, KaK U [/ CTPOKOBBIX THUIIOB, B JAHHOI TJIaBe MbI He Oymem
YIUIYOJIATHCA B 9Ty TEMY, XOTA 1 OyIeM pacCMaTpPUBATh ITPAKTUYECKOe BIIUA-
HIEe HeKOTOPLIX U3 IIPEACTABICHHBIX KOHIeNN . Paijabl 1 CTPOKU ABJISTIOT-
cs1 6a30BOIi YACTHIO A3bIKA, 1 3HAHUE UX SBJIAETCS HEOOXOAMMbBIM YCJIOBHEM
IJIS UTeHHUs 9TOM KHuru. Kak ymoMuHAaJIOCh paHee, mommep:kke IOHuUKoma
TOCBAINEHa 45-cTpaHNYHAA IJIaBa B YeTBEPTOM M3JaHUU KHUrH «M3yuaem
Python», mosTomy s He Oyy MOBTOPATE 9T CBEeIEHNA B JaHHOM KHure. Ecan
IpU YTEHUU CJEAYIOIMUX Pas3lesioB BaM IIOKasKeTcs, UTO BbI BKOHEIT 3aIly-
TaJNCh B KOHIIENIIUAX, CBA3AHHBIX ¢ FOHUKOIOM, 1 B PasiUUUAX MEKIY
TEeKCTOBBIMU U IBOMYHBIMU CTPOKAMU U (paiijiaMu, s COBETYIO 00paTUTHCA 3a
6oJee TOJTHOM MH(MpOPMaImell K YKasaHHOI BBIIIe KHUTE WU K APYTUM HC-
TOUHUKAM.

Ncnonb3oBaHune BCTPOEHHbIX 006beKkToB CpaﬁﬂOB

Hecvorpsa Ha pasnanums MeKIy TEKCTOBBIMYM W JBOWYHBIMH JAHHBIMU
B Python 3.X, ¢aiine! mo-npexHemMy O4eHb IIPOCTHI B UCIIOJIb30BaHuU. [[J1d
OOJIBIIIMHCTBA 3a7a4 00paboTKU (PailjioB B CIleHAPUAX HOCTATOYHO 3HATH
dyurmuo open. O0beKT (aiiia, Bo3BpaliaeMblil GyHKI[MEH open, obaamaeT
MeTomaMu JJIA UTeHUs HaHHBIX (read, readline, readlines), 3ammcu JaHHBIX
(write, writelines), ocBOOOMKIEHUS CUCTEMHBIX pecypcosB (close), mepemeriie-
HUA o (aiay (seek), IPUHYAUTEIbHOTO BEITAJIKNBAHNIA BBEIXOAHBIX Oy(de-
poB Ha auck (flush), MOJyUeHUsS COOTBETCTBYIOIEro AeCKpPUIITOpa (aiima
(fileno) m gpyrux. Ho Tak KakK BCTPOEHHBIN 00BEKT (paiiaa OueHBb IIPOCT
B UCIIOJIL30BAHUHU, JaBaliTe Cpas3y PaCCMOTPUM HECKOJbKO MHTEPAKTUBHBIX
IPUMEPOB.



210

MnaBa 4. IHCTpyMeHTbI Ans paboThl C hannaMm U KaTanoramm

BbiBopg, B pannbl

YT006BI CO3ATH HOBBIN (haiij, cienyeT BHI3BATh (DYHKIIUIO Open ¢ IBYMS ap-
T'yMeHTaMU: BHEIITHUM UMeHeM co3aBaeMoro (aiisia 1 cTpoKou pexcuma “w”
(ot write — 3amuck). YTOOBI COXPAHUTH JaHHBIE B (haiije, HYyKHO BHI3BATh
MeToJ write o6beKTa haiiyia co CTPOKOI, comepsKalleil TaHHBbIE, KOTOPhIE
HYKHO COXPaHUTD, a 3aTeM MeTOoJ c10Se, UTOOBI 3aKPHITH (haitia. MeToxm write
BepHET KOJIMYEeCTBO CUMBOJIOB MJI 0AHTOB, 3alIMCAHHBIX B (DAl (0 KOTOPOM
MBI He Bcerpa OyZieM yIOMUHATH IJI SKOHOMHUU MecTa B KHuUTe). BBEI3oB me-
Tozma close, KAK MbI YBUIUM JaJjee, He ABJSEeTCA 00s3aTeTbHBIM, €CJIU BaM
TpebyeTcs OTKPBITH 1 IPOUYNTATH (paiij MIOBTOPHO B TOM JKe IIporpaMMe MJIn
ceaHce:

C:\temp> python

>>> file = open(‘data.txt’, ‘w’) #f oTKpoeT ¢dain Ana BHBOLA: CO34aCT 00bLEKT
>>> file.write(‘Hello file world!\n') # sanuweT CTPOKYy, Kak eCTb

18

>>> file.write(‘Bye  file world.\n’) 1 BepHeT uucno cumsonos/6arnTos

18

>>> file.close() # 3akpuTve “coopumkom Mycopa” U BbIXOA

BoT 1 Bce — BBI TOJIBKO YTO CO3JAJM HA CBOEM KOMIIBIOTEDE, HEBAMKHO Ka-
KOM, COBEPIIIEHHO HOBBIN (paii:

C:\temp> dir data.txt /B
data. txt

C:\temp> type data.txt
Hello file world

Bye file world.

B HOBOM (haiisie HET HUYEro HEOOBIYHOTO. 3/ech IJIsA ITOKa3a NMeHu (aiiia
¥ 0TOOpaKEHM ero COEPIKUMOTI0 UCII0Ib30BaHbl KoMaHAsl DOS dir u type,
HO 9TOT (haiiy TaksKe OyneT BueH B MeHeAKepe (aiiioB ¢ rpaduuecKnM MH-
TepdericoM.

OrkpbiTue (aiinos. B BbI3oBe QYHKIINMU 0pen, MOKA3aHHOM B IPEABIAYIIEM
npuMepe, IIePBbIA apryMeHT MOYKEeT COAep:KaTh Heo0sS3aTelbHbBIN IIOJIHBIN
nyTh K (Qaiay. Ecau mpocro mepemats umsa (aiiaa 6e3 ykasaHUS ITYTH,
daiin okaxkeTcs B TeKyineMm padbouem Karasore Python. To ecTs ou mosaBuT-
cs B TOM MecTe, OTKya ObLJI 3alyIIeH IPOrpaMMHBIN KO, — B JAHHOM CJIY-
yae mpocToe uMsa (aiina data.txt mpeamosaraeT UCIOJIb30BaHUE KaTajora
C:\temp Ha MOeM KOMIbIOTEPE, IIO3TOMY B PeaJILHOCTU OyAeT co3maH (aiia
C:\temp\data.txt. Eciu ObITh 60JI€e TOUHBIM, B CJIydae OTCYTCTBUA abCO-
JIIOTHOTO TMYTH B UMeHU (aiijia IyTh K HEMY OIPeneAeTCsI OTHOCUTEIbHO
TeKyIero pabouero Karasora. OCBeKUTH 3Ty TeMY B MaMATU MOYKHO C TIO-
MoIIbio pasnaena «Texkyiuii pabouunii KaTaJyors (Tyiasa 3).

OGpaTuTe Takke BHUMaHMNe, YTO IIPKU OTKPHITUU B peskume w Python snu6o
co3JaeTr HOBBIH (haiij, eciu OH ellle He CYIIeCTBYeT, JU0O0 CTUPAET TeKyIlee
comep:kuMoe (haiija, eciu OH ysKe IIPUCYTCTBYeET (II09TOMY CJIEAYET IPOAB-
JISITh OCTOPOKHOCTD — IPU OTKPBITUU B 9TOM PEKHMe BbI IOTEepsIeTe Bce, UTO
HaXOIUJIOCH B (haiiie).
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3amuck. OOpaTuTe BHUMAaHNIE, UTO B CTPOKU, 3alKUChIiBaeMble B (paiiji, ObLI
SABHO 100aBJIEH CMBOJ KOHIIA CTPOKHY \N. B oTiimume ot pyuKImmm print, me-
Tox write oO'beKTa (paiijia 3amuchbIBaeT B TOUHOCTH TO, UTO €My IIepegaHo, 0e3
JIOIIOJIHUTEIbHOro (popMmaTupoBanud. CTpoka, mepemgamHas MeTOAy write,
MOSABJISIETCS BO BHEIIIHEM (paiijie «CHMBOJI B CUMBOJI». IIpy 3ammcu B TEKCTO-
BbIe (hailJIbl MOYKET BBIIIOJHATHCA IpeodpasoBaHre CUMBOJIOB KOHIIA CTPOKH
uIu omepanusa KogupoBanusa IOHUKOZA, 0 KOTOPBIX YIIOMUHAJIOCH BBIIIIE,
a Korma MosaHee JaHHbIe OyayT YuTaTheA U3 (paiisa, aBTOMATUYECKU OYIAYT
BBITIOJIHEeHBI OOpaTHbBIE IPeo0pa3oBaHUAA.

Hna sanucu B Qaiijabl MOMKHO TaK’Ke MCIIOJIb30BaTh MeToxd writelines, Ko-
TOPBIN MPOCTO 3aIMMCHLIBAET BCE CTPOKU M3 CIIMCKA 0e3 JOIMOJHUTEJIbHOTO
dopmarupoBanusa. Hanpumep, HUKe IPUBOLUTCA BBI3OB writelines, sKBU-
BaJIEHTHBII IBYM BBI3OBaM Write, MOKa3aHHBIM paHee:

file.writelines(['Hello file world!\n’, ‘Bye file world.\n’'])

ITOT METOJ WCIIOJL3YeTCA He OUEHBb YacTO (M MOYKET SMYJIUPOBATHCA IIPO-
CTBIM IIUKJIOM fOr M APYTMMU MHCTPYMEHTaMU UTEepaInii), HO ero yao6HO
WCIIOJIL30BATh B CI€HAPUAX, KOTOPhIe CHaUaJIa COXPAHAIOT BEIXOAHbBIE JaH-
HEBIE B CIIICKe, a II0TOM 3aIIUCHIBAIOT €T0 B (haii.

3akpeiTe. Vcrnob30BaHHbIN BbIIle MeTof (haiiaa close 3aBepiraeT (hOpMU-
poBaHUeE coepKUMOro Gaiisa u 0cBOOOKIaeT cucTeMHbIe pecypcebl. Hampu-
Mep, 3aKphITHe (haiija BiieUeT BBITAJKHBAHNE Ha AUCK Oy(epr3oBaHHBIX
BBIXOJHBIX AaHHBIX. OOBIYHO (haiibl aBTOMATUUYECKHU 3aKPHIBAIOTCA, KOTA
00beKT (haiiyia YHUUTOMKAETCS MHTEPIPETATOPOM IpU cOOpKe Mycopa (To
€CTh KOI'Zla B CIIeHAPUU UCUYE3HET MOCTeTHAA CChLIKA Ha 00beKT). Ilog aTum
opa3yMeBaloTCs Bce (paiiabl, OCTABIINECA OTKPBITBIMY K MOMEHTY 3aBEP-
mieHusA mporpaMmbl uiu ceanca Python. Ilo aToit mpuunte BhI30B MeTOAA
close gacTo saBIAeTCSA HeoOA3aTeJ bHBIM. Ha mpakTmKe JacToO MOYKHO yBU-
IeTh MPOTrPaMMHELII KO, o0padaTeiBatonuii (haiiabl, KOTOPBIA MCIIOJIb3YeT
9Ty UJUOMY:

open(‘somefile.txt’, ‘w’).write(“G'day Bruce\n") # 3anucaTb BO BPEMEHHbHI Oaiin
open(‘somefile.txt’, ‘r’).read() #f Npo4YnTaTL BPEMEHHbI daiin

Tak Kak B 000X BBIPAKEHUAX CO3JAIOTCS BpeMeHHbIe 00heKTHI (haiijoB,
cpasy 2Ke OCYIIeCTBJISeTCA 3aIliCh U YTEeHUEe U IIPU 3TOM He COXPaHAIOTC
CCBHLIIKM Ha HUX, 00BEKTHI (DaiijI0oB HEeMeAJeHHO aBTOMATUUYECKU 3aKPbIBa-
IOTCSI ¥ YHUUTOXKAIOTCSA CPasy IOCje BHITIOMHEHUS onlepanuu. B Takux ciy-
yasxX HeT HUKAKOM HeOOXOAMMOCTH BEI3BIBATH METOJ, C10Se SIBHO.

OnHAaKO B HEKOTOPHIX KOHTEKCTaX BaM MOJKET IIOTPe0OBATHCA ABHO 3aKPhI-
BaTh (PamJIbI:

e Bo-nepsrix, peanusanua Jython omupaercsa Ha MexaHU3M COOPKU MYyCO-
pa B uHTepIperaTope Java, Ir0aTOMY BbI He BCErga MOKeTe 3HATDb, KOrIa
daiianl OyAyT 3aKPBITHI, KAK BEI 9TO 3HAETE IIPU Pabd0Te CO CTAHAPTHLIM
Python. Ecau BbI cobupaeTech 3aIllyCKaTh CBOM IIPOrPaMMHBIA KOJ Ha
aspike Python mox yopasiaenuem Jython, Bam MmoskeT morTpeboBaThes 3a-
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KPBIBATh (DailyIibl BpYUHYIO, €CJIU IIPorpaMMa co3ZaeT 60JIbIIIoe KoJuue-
CTBO 00'bEKTOB (hailJIOB 38 KOPOTKOE BpeMsA (HaIpuMep, B ITUKJIE), UTOOHI
usb6erxaTh ncueprnanud (haiJoBbIX PECYPCOB B OIIEPAIIMOHHBIX CUCTEMAX,
T7Ie UX KOJIUYECTBO OTPAHUYIEHO.

e Bo-BTOpPBIX, HEKOTOPHIE CpPedbl Pas3paboTKM, TaKKWe KaK CTaHIapPTHBIN
rpadpuueckuit uHTepdeiic IDLE, MoryT yaep:KuBaTh 00beKThI (DAMIOB
IOJIbIIIE, UeM XOTeJIOCH ObI (HaIpuMep, B 00beKTax ¢ TPACCUPOBOYHOM N H-
dopmarueii 0 IPeabIAYIIUX OIMIMOKAX), U TEM CAMbIM IIPEIATCTBOBATH
HeMeIJIEHHOI MX YTUJINU3AINU COOPIITUKOM Mycopa. BBITIONHAS 3aIlncCh
B BBIXOAHOI (aiin B cpeme IDLE, o6s3aTesibHO 3aKphIBaiiTe €ro sSBHO
(unu BeIBBIBaliTE MeTo flush), ecau BaM HEOOXOAMMO 06eCIIeUnTh JOCTO-
BepHOe uTeHre mH(popMaIuu us3 aToro (aiijga B TeUeHUE TOTO JKe ceaHca
IDLE. B mpoTuBHOM cJiyuae MOYKET MOJIYyYUTHCSA, UTO BEIXOHEIE Oy(hephl
He OyAyT BBITECHEHBI HA AVCK, W IPU UTEHUU BbI MOJYUUTE HEIOJHbIE
TaHHBIE.

e Il xoTd 3TO U KarKeTcs MaJIOBEPOATHHIM, TeEM He MeHee TaKas 0COOEeH-
HOCTBb, KaK aBTOMAaTHUUeCKoe 3aKpbITHe (hailyoB, B OyAyIIeM MOKeT 13-
MeHUThCA. TeXHUUECKN 9TO 0COOEHHOCTH peajusanuu 00BHEeKTOB aii-
JIOB, KOTOpAafA C TeUEHWEM BPEMEHU MOJKET IIepPecTaTh pPacCMaTPUBATHCA
KaK 4acTh OIPeeIeHIs A3BIKA.

ITo sTuM mpuumHaM 3aKpbiTHe (aiijloB BPYUHYIO — XOPOIIUHN HaBBIK IJIS
HeTPUBUAJBHBIX IIPOTPAMM, MasKe eCJIU C TeXHUUYECKON TOUKU 3PEHUS 9TO
He Tpebyercs. 3axkpbiTue GaiiioB BOOOIIe He TOJHKO He HaHeceT Bpeaa, HO
¥ CUUTAETCH IIOJIEe3HOM IPaKTUKOM, KOTOPOH CTOUT CJIeI0OBaTh.

FapaHTUpoBaHHOe 3aKpbiTue annos: 06paboTunkm
UCKJIIOYEHUN N MeHepKepbl KOHTEKCTa

Oneparnus sakpbITus aiisa BpyYHYIO 0)OPMIISETCA B IIPOrPaMMHOM KO
OYeHb IIPOCTO, HO KaK rapaHTHUPOBATD 3aKphITHE (haiijaa B caydyae UCKII0Ue-
HUSA, KOTOPOE MOKeT 0TOPOCUTH IOTOK BBIMIOJHEHUS IIPOrPAMMBI AaJEKO OT
TOrO MecTa, I'le HaXOAUTCs BbI30B MeTona close? Ilpesknae Bcero, He 3a0bI-
BaiiTe, YTO (pafIbI 3aKPHLIBAIOTCS CAMU, KOT[a COOTBETCTBYIOIIE UM 00 beK-
ThI (PAHJIOB YTUIUBUPYIOTCS COOPIITUKOM Mycopa, IIPUUYEM 9TO IIPOU30MIeT
B JII0O0OM ciIydae, faske ecju BOSHUKHET UCKJIIOUEeHUE.

OpHAaKO ecJi HEOOXOAUMO 00eCIIeUnTh SBHOE 3aKPLITHE (paiija B II0OOM CIIy-
yae, y Bac €CTh JiBa ITyTU: HanboJyiee TUITMYHBIN — UCIIOJIb30BaAHUE UHCTPYK-
nun try ¢ npeajoxkenuem finally, MOTOMY UTO OHO II03BOJIET PEAJIN30BATH
BBITIOJIHEHYE 3aKJIIOUNTEIbHBIX ONePaIlUil AJIs JIIOObIX TUIIOB UCKJIIOUEHUI:

myfile = open(filename, ‘w’)
try:

...0bpaboTka myfile. ..
finally:

myfile.close()
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B nociaenaux Bepcusx Python mosasuiack nHCTPpYKITUA with, oGeciieunBaio-
mias 6oJiee KpaTKUil criocob peaaus3aliny 3aKJII0UNTEIbHBIX OlepPaIuil Jid
00'BEKTOB OIIPE/IeJIEHHBIX TUIIOB, BKJIIOUAA 3aKPBITHE (DaiiIoB:

with open(filename, ‘w’) as myfile:
obpaboTka myfile, 3akpbiBAETCH aBTOMATMYECKM MOCAE BHXOAA. . .

HanHasa MHCTPYKIIMA OUpPaeTCA Ha UCIIOJIb30BaHNE MEeHEJKepa KOHTEKCTa
o0beKTa (haiiyia: IPOrpaMMHOI0 KOJa, KOTOPBII aBTOMATHUUYEeCKU BBISHIBAET-
CA IIPpU BXO/Jle ¥ IIPU BBIXO/Ie 3 MHCTPYKIIY, HE3aBUCUMO OT TOT'0, BOBHUKJIO
au uckjatoueHue. [IocKOIbKY peajusaliusa BbIXoga B 00beKTe (aiisa aBTO-
MaTHUUYeCKM 3aKpbIBaeT (paiij, 9TOT IIpUeM TapaHTHUPYyeT 3aKpbITme (aiiia
B JII000M cJIyUuae, He3aBUCUMO OT BOSHUKHOBEHUA NCKJIIOUEHNA.

Perrenne Ha oCHOBe MHCTPYKITUY With BRITVISAUT 3aMeTHO Kopoue (Ha 3 CTpo-
KH), 4YeM aJIbTepHATUBHOE peIlleHre Ha OCHOBe KOHCTPYyKmuu try/finally,
HO OHO ABJIAETCA MeHee YHHBEPCAJbHBIM — MHCTPYKIUA with MoKeT mmpu-
MEHSATHCA TOJBKO K 00beKTaM, IOAAEPKUBAIOIIINM IIPOTOKOJ MEeHEeIKepPOoB
KOHTEKCTa, TOTJa KaK KOHCTPyKIuA try/finally mos3BoJisgeT peasin3oBaTh
TIPOU3BOJIbHLIE 3aKJIOUNTEJIbHBIE OIEePAI[uU AJIA MPOU3BOJbHBIX KOHTEK-
cToB mcKJoueHuii. O6sacTh MPpUMeHeHNA WHCTPYKIIMHU With orpammueHa,
HEeCMOTPS Ha TO, UTO Y HEKOTOPBLIX TUIOB 00HEKTOB TaKKe MMEIOTC MeHe -
JKephbl KOHTeKCTa (Hampumep, y OJIOKMPOBOK MOTOKOB). Ecu Bam xouerca
TOMHUTD TOJHKO OAUH BapUAHT pean3alui 3aKJII0UNTEeIbHBIX OIlepaIinii,
TO KOHCTPYKIUA try/finally BeIMIAAUT Haubosee obbemiarorieii. [Ipu aTom
WHCTPYKIIUSA With MO3BOJISET YMEHBIIUTL 00bEM ITPOTPAMMHOTO KOAa IJIs
¢aiiioB, KOTOpPhIE MOJIKHBI OBITH 3aKPBITHI B JIIOOOM ciiydae, W IIpeKpac-
HO CIIPaBJISETCSA C 9TOM KOHKpeTHOH 3amaueii. OHa MO3BOJISET COKOHOMUTDH
CTPOKY IIPOrPaMMHOTI0 KOjla, KOorJa o0paboTKa MCKJIIOUEeHU He IpeaycMa-
TpUBaeTCcs (XOTS U 3a cueT MoOaBJIeHUsS B JIOTUKY 00paboTKu (haiina erre
OIHOT'O YPOBHS BJIOYKEHHOCTU U OTCTYIIOB):

myfile = open(filename, ‘w’) # TpagnuuoHHas ¢oopma
...00paboTka myfile. ..
myfile.close()

with open(filename) as myfile: # C mpuMeHeHWeM MeHeaxepa KOHTEKCTa
obpaboTka myfile. ..

B Bepcum Python 3.1 u BbIIlle 5Ta MHCTPYKIIUS II03BOJISAET YKA3bIBATH HE-
CKOJIBKO (TO €CTh BJIOKEHHBIE) MEHEIKepPOB KOHTEKCTAa — B MHCTPYKIIUU
MOKHO IEPeUHCIUTD Yepes 3aIATYIO JII000e KOJINUeCTBO MEeHEIKePOB KOH-
TeKcTa, 1 OHa OyJeT IelicTBOBaTh, KaK HAOOp BJOKEHHBIX APYT B Apyra WH-
cTpyKIuit with. B obmiem cayuae B Bepcum 3.1 U BBIIIE CIEAYIOITUNA HPO-
TPaMMHBIT KO

with A() as a, B() as b:
.. MHCTPYKUMK. . .

IeHCTBYeT TaK JKe, KaK IPOrpaMMHBIN KO HIKE, KOTOPBIA MO HO HCIIOJIb-
30BaTh B Bepcuax 3.1, 3.0 u 2.6:
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with A() as a:
with B() as b:
.. UHCTPYKUMK. . .

Hamnpumep, Korga mporpaMma BEIXOIUT U3 CJAEIYIOIIEro 0JI0Ka MHCTPYKITUHT
with, aBTOMaTHUYeCKM BBITIOJHAIOTCA MEMCTBUS IIO 3aKPBITHUIO 000omX (haii-
JIOB, HEBaBUCUMO OT TOT'O, BOSHUKJIO UCKJIIOUEHNE NN HET:

with open(‘data’) as fin, open(‘results’, ‘w’) as fout:
for line in fin:
fout.write(transform(line))

B nocaenuue rogbl TaKoi IPOrpaMMHBIN KO/, OITUPAIOIIAIicA Ha UCIOIb30-
BaHUe MEHeJKepOoB KOHTEKCTa, CTAHOBUTCA Bce 0oJiee MPUBBLIUYHBIM, ITPU-
YeM OTYacTHu GJiarofapsA MPUXOAY HOBBIX IPOTPAMMUCTOB U3 A3BIKOB, TPe-
OyIOIMX BPYYHYIO 3aKPHIBATH (hAaMJIbl B JIIOOBIX CIydasax. B GOJBIINHCTBE
CUTyaInuii HeT HUKAaKOU He0OXOAUMOCTHU 00ePTHIBATh MHCTPYKIUAMY With
IPOrPaMMHBIHN Ko 00paboTKM (PaiijoB — YacTO ObIBAET BIIOJIHE JOCTATOYHO
TOTO, YTO O0BEKTHI (hailJIOB aBTOMATUUECKYU 3aKPBIBAIOTCA IIPU yTUIN3A~
uu, a AJA IPYTUX CUTYaIluii JOCTATOYHO BPYUYHYIO BBI3BIBATH METOJ, Close.
IIpuembl, OCHOBaHHBIE Ha UCIOJIb30BAHUY MHCTPYKIIUH with u try, onucaH-
HbIe BBIIIE, CJIeIyeT UCIIOJIb30BATh TOJBKO B CIyduae HeOOXOIMMOCTHU SBHO
3aKpbIBaTh (Pailibl U TOJBKO, KOT[a CYIIECTBYET BEPOSTHOCTb MCKJIOUE-
aHuii. ITockonbKy cranmapruad peanausanusa C Python aBromaruueckn 3a-
KpbIBaeT (Gaiabl IPpU yTUIN3AIUN 00EKTOB, BO MHOTUX (€cau He B 60JIb-
IIMHCTBE) CUTyalluAX HU OAWH U3 IPUBEJEHHBIX BADUAHTOB HE ABJSAETCA
HEOOXOAUMBIM.

YreHune ns pannos

YreHre MaHHBIX W3 BHEIIHUX (DaiJIOB OCYII[ECTBJIAETCSA CTOJb K€ IIPOCTO,
KaK 3aIluch, HO IIPXA 3TOM JOCTYIIHO OOJIbIIIee KOJIUYECTBO METOMIOB, IT03BO-
JIAOINX 3arPysKaTh AaHHBIE B PA3HOOOPA3HBIX pPeKMMaX. BXOAHBIE TEK-
cToBble (haiiJibl OTKPBIBAIOTCA ¢ paaroM pe:xuma “r’ (or «read» — UMTaTh)
aub6o BooO1rte 6e3 (oara pesxkuma (‘r’ — 3HaUeHUe IO YMOJYAHUIO, U Iapa-
MeTp YacTo npomyckaercsa). [loce oTKPBITHS TEKCTOBOTO (haiisa ero CTPOKYU
MOYKHO YUTATh C HOMOIIIBIO MeToAa readlines:

C:\temp> python

>>> file = open(‘data.txt’) # OTKPLITb BXOAHOW dain: ‘r’ — no ymon4aHuio

>>> lines = file.readlines() # npo4nTaTb B CMNWCOK CTPOK

>>> for line in lines: # HO! ncnonb3oBaTb uTepatop daina
print(line, end="") # CTPOKM OKaH4YMBAKWTCS CUMBOMOM ‘\n

Hello file world
Bye file world.

Metop readlines sarpy:kaet comep:kumoe aiijaa B IaMATh IIeJIUKOM U Iepe-
IaeT eTo CIIeHAPUIO B BU/IE CIICKA CTPOK, KOTOPBIH MOYKHO O00MTH B ITUKJIE.
B meiicTBUTEIBHOCTH CYIIECTBYET MHOI'O CIIOCOOOB UTEeHM A BXOTHOTO (hatiaa:
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file.read()

BoaBpalaeT cTpoKy, comepsKaIlyi Bce CUMBOJILI (MU OaliThl), XpaHs-
muecd B (paiiiie.

file.read(N)

BoaBpalaeTr CTpoKy, cofep:kaIiyo ouepenubie N cuMBOJIOB (ujiu Oaii-
TOB) U3 (paiiia.

file.readline()

YuraeT cogepaxumoe (aiiia go 6amxaiimero cuMBoia \nN 1 BO3BpAaIllaeT
CTPOKY.

file.readlines()
YuraeT (hailya e JMKOM 1 BO3BPAIAeT CIINCOK CTPOK.

TTonpoGyem BOCITOIB30BATHCS STUMU METOAAMMU IJIS YTeHUA (hailioB, CTPOK
¥ CUMBOJIOB 13 (pailsloB — BBIBOB MeToza seek(0) mepes KasKJoil MOmbITKOMN
UTEHUS MepeyCTaHaBJINBAET TEKYIYIO MO3UIIUI0 UTEeHWs B HauaJso (daiiia
(moxpobHee 06 3TOM METOIe PaCCKa3bIBAETCI UYTh HUMKE):

>>> file.seek(0) # nepeiTn B Hauano ¢aina
>>> file.read() # NpoynTaTh B CTPOKY Gamnn UesmKoMm
‘Hello file world!\nBye file world.\n’

>>> file.seek(0)
>>> file.readlines() # npoynTaThb Gann LenMKoM B CMUCOK CTPOK
[*Hello file world!\n’, ‘Bye file world.\n']

>>> file.seek(0)

>>> file.readline() # 4nTaTb N0 OLHOW CTPOKE

‘Hello file world!\n

>>> file.readline()

‘Bye file world.\n

>>> file.readline() # KoHey ¢danna — BO3BpAWLAETCH NycTag CTpoka

>>> file.seek(0) # npountats N (uan ocTaswmecs) CuUMBONL/OaiThl

>>> file.read(1), file.read(8) # xoneu ¢alina - BO3BpawaeTcd nycTas CTpoKa

(“H", ‘ello fil")
Bce aTu MeToAbI BBOZIA TTIO3BOJIAIOT ONPENEINTH, CKOJIBKO JAaHHBIX IOJIMKHO
OBITH ITOJTyueHo. Huke IpUBOAUTCA HECKOJIBKO IPAKTUUYECKUX ITPABUII BbI-
6opa meTozma:

e read() u readlines() sarpysKaroT B HaMATh cpasdy 8ech Pails. ITO yaoOHO,
KoT[la sKeJjlaTeJbHO IIOJIYUUTH cojep:kumoe aiina, Hamucas Oojee KO-
POTKUI MporpaMMHuBIZ Kox. Kpome Toro, aTv MeTObI AEMCTBYIOT OUEHb
OBICTPO, HO [IJisI GONBINTUX (PAiiIOB UX IPUMeHeHVe HaKJa HO: 3arpy3Ka
rurabaiiTHBIX (PaiijioB — OOLIUHO He caMoe Jydlllee peleHune (a Kpome
TOT0, Ha HEKOTOPHIX KOMIIBIOTEPAX — IIPOCTO HEBO3MOIKHOE).
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e C nmpyroi#l cTopoHBI, BBI3OBBI readline() m read(N) BO3BpalllaloT JUIIb
uacms gaiina (oOUuepeHyI0 CTPOKY uiiu 610K 3 N CMMBOJIOB MJIu 6aTOB),
TI09TOMY OHHU Haje)kHee IJIA MOTEeHIIMAJBLHO OOJbINuX (aijoB, HO He
TaK yAOOHBI U OOBIUYHO paboraioT MemiernHee. Ob0a MeToma BO3BPAIAOT
IIYCTYIO CTPOKY IIO JOCTM:KeHUU KoHIIa (aiisa. Ecau ckopocTs Ajda Bac
BasKHAa, a Bammu (haujbl He CJAUINKOM BEJHKMU, MeTonbl read m readlines
MOT'YT OKa3aThCs JYUIIIIM BEIGOPOM.

e Kpowme Toro, cMmotrpuTe 00Cy:KIeHIEe UTEPATOPOoB (ailjioB B CJIEAYIOIIEM
pasgene. Kak MbI yBUAUM, UTEPATOPBI 00HEUHAIOT B cebe y1o0CTBO Me-
Tozxa readlines() 1 9KOHOMHOEe OTHOIIIEHME K maMATu MeTozaa readline(),
¥ Ha CEeroNHSIIHUN JAeHb ABJSIOTCA Hanbojiee IPeqIoYTUTEJIbHBIM CIIO-
CO0OM ITOCTPOYHOI'O UTEHUS TEKCTOBBIX (DaiJIOB.

YacTo BCTpeUaroIuics 3aech BbI30B seek(0) o3HaUaeT «BePHYTHCS B HAUAJIO
daiima». B HamreM npuMepe 9TOT BBIBOB ABJISETCA aJlbT€PHATUBOI TOBTOP-
HOMY OTKPBITHIO (haiiyia mepe/ ouepeaHoi IoNbITKOM. Bee oneparinu uTeHns
¥ 3aIrcy B (paiijaax MPOUCXOAAT B TeKyIen nodunuu. OObIYHO ITPU OTKPbI-
TUU TeKyIas Mo3uiiud B (aiije ycTtaHaBIuBaeTcs co cmernienuem 0 u mepe-
MelllaeTcA BIEpe] 10 Mepe Iepefaun JaHHbIX. MeToq seek IpoCcTo O3B0~
€T IIEPEMECTUTHCA B HOBYIO MO3UIUIO JJIA OUEPEIHOU Ollepaluu Iepegadn
maHHBIX. [logpoOHee 00 aTOM MeTone OyZeT pacCKashIBaThCA HUMKE, KOTJa
MBI TIepeiieM K WCCJIeJOBAHUI0 BO3MOXKHOCTU IIPOM3BOJIBHOTO JOCTYIIA
K haiiiam.

YTeHune CcTPOK C NOMOLLbIO UTepaTopoB ¢annoB

B npesxuux Bepcuax Python npuaATHEIM c1oCO6G0M TOCTPOYHOTO UTEHUA UH-
dopmatuu u3 gaiiga B muKJe for 60 UTeHUE (aiija B CIIMCOK, a 3aTeM
00XO0/ 3TOIr'0 CIINCKA B IIUKJIE:

>>> file = open(‘data.txt’)
>>> for line in file.readlines(): # HE JEJAUTE TAK BOJbUE
print(line, end="")

Eciu BBI yKe U3y UMM OCHOBHI I3BIKA C IIOMOIIBIO APYTUX KHUT, TAKUX KaK
«M3yuaem Python», Bo3M0sKHO, BBI 3HAETE, UTO TOTO K€ PE3yIbTaTa MOYKHO
IOOUTHCA C MEHBIIIUMU YCUJIUAMYU — U AJId Bac, U AJIA BaIlIero KOMIILIOTEpa.
B nociieguux Bepcusax Python o0beKT (paiisa BKIOUaET UTEPATOP, KOTOPBIH
IpU KakI0M OOpallleHNN U3BJIEKAEeT TOJHKO OIHY CTPOKY u3 (ailia B JII0-
OBbIX UTEePAIlMOHHBIX KOHTEKCTaX, BKJIIOUAS ITUKJLI fOr 1 reHepaTopsbl CIIU-
ckoB. [IpaxkTuuecKkas BBITOJa 3aKJIIOYAETCA B TOM, UTO TelepPb HeT Heo0XO0-
IUMOCTHU BBI3BIBATH MeTO[ readlines B muKJe for, 4TOOBI IOCTPOYHO IPOCKA-
HUPOBATh coZiep:KkuMoe daiiia, — UTepaTop YNTAaeT CTPOKY aBTOMATUYECKU:

>>> file = open(‘data.txt’)
>>> for line in file: #f HeT HEoOXOAMMOCTM BbI3bBATH readlines
print(line, end="") # WTepaTop Kaxdbil pas 4MTaeT CHeLyluyln CTPOKY

Hello file world
Bye file world.
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Bouee Toro — Temneps (aitg MOMKHO OTKPBIBATEH HEIIOCPEACTBEHHO B MHCTPYK-
U IUKJIA, KAK BpEMEeHHBIN, KOTOPBIA OyIeT aBTOMAaTUYeCKN 3aKPBIT COOP-
IIIUKOM MYycopa ITOCJie BbIX0/a U3 IuKJa (TaK KaK YacTo IIUKJ — 9TO eIuH-
CTBeHHAas CChLIKA Ha 00BLEKT (paiia):

>>> for line in open(‘data.txt’): # euwe kopodye: BpemeHHuil 00bEKT daiina
print(line, end="") # OyneT 3akpuT npu yTuAM3auMM aBToMaTUHecKu

Hello file world
Bye file world.

Kpome Toro, rakas opma o06xoma CTPOK B (paiijie He BLI3LIBAET 3arpys3Ky
BCET'0 COZlep:KUMOTO (hailjia B CIMCOK CTPOK, IIOATOMY OHa 0ojiee SKOHOMHO
pacxoayer maMsaTh Ipu padoTe ¢ 00JIbIINMEI TeKCTOBbIME (aitiamu. I1o sToit
IpUYNHEe JaHHBINA CII0C00 MOCTPOYHOr0O UTeHU (haiIoB ABJIsgeTCA Hanboiee
IPEeANOUTUTESLHBIM Ha CEMOTHAIIHUN AeHb. Ecau BaM MHTEepPEeCHO Yy3HATh,
YTO K€ B IefiCTBUTEILHOCTH IIPOUCXOAUT BHYTPU ITUKJIA for, BBI MOXKeTe Io-
mpo6oBaTh UCIIOJIb30BATh UTEPATOP BPyUHYIO0. FITepaTop — 9TO BCErO JUIIh
MeTon __next__ (BBIBBIBAE€MBIN BCTPOEHHOI (PYHKIIMEI next), KOTOPBIN CBO-
1M IIOBEeAEeHNEM HAIIOMMHAET MeTo[ readline, 3a NCKJIIOUEHHUEM TOTO, UTO II0
JOCTUIKEHNN KOHIa (haiijia MeTOAbl UTEHUA BO3BPAIIAIOT IYCTYIO CTPOKY,
a uTepaTop Bo30YIKIAeT NCKJIIOUeHe, YTOOBI IIPEePBATh UTePaIlU:

>>> file = open(‘data.txt’) # METOOb YTeHud: nycTas CTpoka B KOHUe daina
>>> file.readline()
‘Hello file world!\n
>>> file.readline()
‘Bye  file world.\n
>>> file.readline()

>>> file = open(‘data.txt’) # WTepaTops: WCK4EHWEe B KOHUe ¢anna
>>> file.__next__() # He HyXHO npeaBapuTenbHO BbI3bBaTb iter(file),
‘Hello file world!\n’ # noToMy 4TO daitnbl MMenT COOCTBEHHbIE UTEpPaTOps
>>> file.__next__()
‘Bye  file world.\n
>>> file.__next__()
Traceback (most recent call last):
File “<stdin>", line 1, in <module>
StopIteration

HHTEepecHO OTMETUTDH, UTO UTEPATOPHI ABTOMATUYECKU HUCIOJIB3YIOTCS BO
BCEX UTEPAIMOHHBIX KOHTEKCTaX, BKJIOUAs KOHCTPYKTOP CIIMCKAa, reHepa-
TOPBI CIIUCKOB, (DYHKIIHIO Map 1 OIIePaTOp 1n MIPOBEPKU Ha BXOKIACHUE:

>>> open(‘data.txt’).readlines() # BCerga YuTaeT CTPOKM
[‘Hello file world!\n’, ‘Bye  file world.\n']

>>> list(open(‘data.txt’)) # BunonHaeT 06xoa CTPOK
[*Hello file world!\n’, ‘Bye file world.\n']

>>> lines = [line.rstrip() for line in open(‘data.txt’)] # renepatops
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>>> lines
[*Hello file world!’, ‘Bye file world.’]

>>> lines = [line.upper() for line in open(‘data.txt’)] # npouss. peicTsug
>>> lines
[*HELLO FILE WORLD!\n’', ‘BYE  FILE WORLD.\n']

>>> list(map(str.split, open(‘data.txt’))) #f npumeHeHue OyHKUMK
[[‘Hello’, ‘file’, ‘world!’'], [‘'Bye’, ‘file’, ‘world.’ ]]

>>> line = ‘Hello file world!\n’
>>> line in open(‘data.txt’) # npoBepka Ha BXOXAEHWe
True

Ha mepBbIii B3I/ UTEPATOPHI MOTYT ITOKA3aThCs He CIUIITKOM IIPeJICTaBU-
TEJbHBIMU, HO OHU ITPEJOCTABJIAIOT MHOKECTBO CIIOCOOOB, YITPOIIAIOIITNX
JKM3HBb Pa3spabOTUMKOB IIPOrpaMMm Ha a3biKe Python.

Apyrve peXumMbl oTKpbITUA (pannos

IToMmuMO pesKUMOB OTKPBITUA (haitioB “w”’ u “r’ (0 yMOJUaHUIO) GOJBIITUH-
CTBOM HJIaT(HOPM HOAAEPIKUBAETCA CTPOKA PeKmMa OTKPBITHA “a’, 03HA-
yaromiasa «append» (momosimenue). B aToM pesxuMe BHIBOAA METOIbI 3aIIUCH
I00aBJIAIOT JaHHBIE B KOHEI] (haiiyia, 1 BbI30B QYHKIIUY Open He YHUUTOXKAET

TeKyIlee cojep:rumoe daiiia:

>>> file = open(‘data.txt’, ‘a’) #f ANg NONONHEHMS: COAEPXMMOE He CTUpaeTcs
>>> file.write('The Life of Brian’) # no6aBuT B KOHEL CYUWECTBYOWAX A&HHHIX

>>> file.close()

>>>

>>> open(‘data.txt’).read() #f OTKPHTb ¥ MpoYMTaThb BECh dain

‘Hello file world!\nBye file world.\nThe Life of Brian

XoTsa B OOJIBIIIMHCTBE CJIYyYaeB NI OTKPHITUA (DaJIOB IPUMEHAIOTCA YoKe
paccMoTpeHHBIe HaMU ()OPMBI BEIBOBOB, HO KpOMe TOTr0, QYHKITUA OPEn MO-
JKeT MPUHUMATH JOIOJHUTEJIbHbIe apTryMeHThI, IT03BOJIA0IINe 0ojiee Tou-
HO OIIpeJeJINTh MOTPpeOHOoCTH 00paboTKu (aiima. Hale Bcero B mpakTUKe
WUCIIOJIL3YIOTCS MEPBhIe TPU apryMenTa — uMsA (pailjia, PesKUM OTKPBITUS
u pasmep Oydepa. Bce oHI, KpoMe IIePBOT0, IBJISAIOTCSI HE00sI3aTeIbHBIMU:
€CJIVl OHU ONYIIEeHbI, IPUHUMAETCS PEeKUM OTKPBITUSA 10 YMOJYaHUO “r”
(BBOZ) M paspeliaercs mojHas Oydepusanusa. Huike npuBogaTca HEKOTO-
pble cBefeHUs 00 9TUX TPeX apryMeHTaX (DYHKIIUU 0pen, KOTOPhIe BaM cJe-
IyeT 3HATh:

Ums gpaiina

Kak ysxe ropopuiioch, nMeHa (aiijioB MOI'YT BKJIIOUATH IYTh K KaTAJO-
I'y, 4TO JJaeT BOSMOYKHOCTD CChLIATHCS Ha (Pailyibl, HAXOAAIMECT HA KOM-
[IbIOTEPE B IPOU3BOJILHOM MECTE; €CJIU ITOJIHBIN ITyTh B MUMeHU (aiiia oT-
CYTCTBYeT, CYUUTAETCS, YTO IIYTh K (pailyiaM yKa3bIBAETCS OTHOCUTEIHLHO
TeKyImero padbouero xarajora (KOTODBIM OIUCHIBAJICA B MPeABIAYyINeit
riase). B miesom, 11060 (hoopmat uMmeHu (aiiia, KOTOPbIH MOKHO BBECTHU
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B CUCTEMHOU 060JI0UKe, MOKHO HCIIOJIH30BATH U B BBI30BE (PYHKITUH 0pen.
Hamnpuwmep, aprymenT umenu gaiina r’. \temp\spam.txt’ B Windows coor-
BeTCTBYeT (ailny spam.txt B mogKaraore temp, HaXONAMIEMCS B POJU-
TeJIbCKOM KaTaJjore TeKyIIero paboyero karajaora, — Ha OJUH ITIaT BBEPX
U 3aTeM BHU3 B KaQTaJIOT temp.

Pexcum omkKpsvlmus

DYyHKIMUA 0PEN MOKET IPUHUMATD U APYTHE PEKUMbI, YaCTh U3 KOTOPBIX
MBI YBUAUM Jajiee B 9TOU TiaBe, “r+”, “w+’ u “a+”’, KOTOpbIE UCIIOJIb3YIOT-
cd, YTOOBI OTKPBITH (haiiy I UTeHUs U 3alucu, u D’ — aasa obosHaue-
HUA JBOMYHOTO PekuMa. B yacTHOCTH, pekxuM “r+"’ o3HAYaeT, 4To (Pam
IOCTYIEeH KaK AJIA YTeHWdA, TaK U JJIA 3aIlMCU, IIPU STOM COAEPKUMOE
CYIIeCTBYIOMNX (pallJIOB COXpPaHAETCA; "W+, II03BOJIAET BHIIOJHATD OIIe-
pamuuy YTeHuA 1 3aIllUCHU, HO co3maeT (haiij 3aHOBO, YHUUTOKAS ITPerKHee
€r0 COIEPKUMOe; PeXKUMBI “rb” 1 “wb” paspelIaroT YUTATh U 3alIUCHIBATH
IaHHbIE B JBOMYHOM peKuMe 0e3 BBIIIOJHeHUS aBTOMAaTUYEeCKUX IPeod-
pasoBaHU; HAKOHEIl, PeKUMBI ‘wb+’ u “r+bh” 00 beAUHAIT BO3BMOYKHOCTD
YTEeHUA U 3aIIUCHU C JBOUYHBIM pekuMoM. [Ipoirie roBops, o yMoI4YaHIIO
VICIIOJIB3YETCSA PEKUM [JId YTeHUs “r’, HO BBl MOKeTe HCII0JIb30BaTh pe-
JKUM “w” IJIA 3alUCH U “a” AJIS HOTOJHEHU, MOXKeTe 100aBIATH CUMBOJI
+, UTOOBI 00ECIIeUNTh BO3MOXKHOCTH M3MEHEHUs COAepKuMoro (aiia,
a TaKsKe YKasbIBaTh b U T, YTOOBI 3a4aTh ABOMUHBIN MU TEKCTOBBII pe-
KuM. Ilopamgok ciieqoBaHUA CIIEIIU(PUKATOPOB B CTPOKE PeKUMa He MMe-
eT 3HAUeHUAd.

Kak Oyzmer mokasaHo HUKe B 9TOU IJIaBe, PeKUMBI CO CIIeIu(pUKaATOPOM +
YacTO UCIOJIb3YIOTCSA COBMECTHO C METOLOM Seek, 00ecrieunBaoIuM BO3-
MOXKHOCTB IIPOM3BOJILHOTO A0oCTyIIa K (haitsam. HesaBucumo oT perxuma
comep:KUMBIM (paiijioB B mporpammax Python Bcerma aBisAoTcsa cTpo-
KU — METOJbI UTEHUA BO3BPAIIIAIOT CTPOKY, I CTPOKY MBI IIepeZiaeM MeTO-
nmam 3anucu. OqHAKO TUI UCIIOJIB3YEMOM CTPOKY 3aBUCUT OT BIOPAHHOTO
pesxumMa: str — IJid TEKCTOBOI'O PeXKUMa, U bytes uaum gpyrue TUIIbl CTPOK
0afiTOB — IJIA JBOMYHOTO PEXKIMA.

Pasmep 6ypepa
DyHKIUA 0pen TaKKe MPUHUMAaET HE00A3aTeJIbHBIN TPEeTUl apryMeHT
¢ pazmepoM Oydepa, ITO3BOJIAIOINN YIIPAaBIATh Oydepusanueii daiiia —
CcIoco0OM pa3MeIlleHUs MaHHBIX B OUEpeqU, MO3BOJIAIOIIUM IIOBBICUTH
IPOU3BOAUTENBLHOCTh. 3HaueHre 0 B 3TOM apryMeHTe O3HAYaeT OTCYT-
crBue Oy(hepusanmu (qaHHBIE IePeSAIOTCA HeMeJIEHHO, HO 3TO 3HAUEHIE
IOIIYCTUMO TOJIBKO IJIA JBOMYHBIX PEKMMOB), 3HaUeHMe 1 03HAUaeT I1o-
cTpouHyio 6ydepusaiuio, a JJrodoe Apyroe MoJOKUTETbHOE YKUCJIO O3HA-
YyaeT UCIIOJIb30BaHUE PeKUMa MOJHON Oydepusanum (KOTOPHIN MCIIOIb-
3yeTrcs IO YMOJUYAHUIO, €CJIU TPETUUH apryMeHT OTCYTCTBYET B BBI3OBE
GYHKIIUN).

Kax 00b1uHO, MOJIHBIE CBEIEHUA O JOIMOJHUTENHHBIX apryMeHTaxX (QYHKIINN

open, IIOMUMO 3TUX TPeX, Bl HalifieTe B PYKOBOJCTBE II0 OMOJIMOTEKe SI3hIKA

Python u B cupaBounbix uzganusax. Hanpumep, QyHKIIUA 0pen MOYKET IIPU-
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HUMATh JOIOJHUTEIbHBIE apI'yMEeHThI, YIIPABJSIOIINE IIOBeJIeHIEeM 0ToOpa-
JKEeHUs KOHUA ()ailsia U OTpenedaoIue KoOUposKy CuUMB80J108, aBTOMaTHUIe-
CKU IIPUMEHSIEMYIO K COIEPKUMOMY TEKCTOBLIX (haitoB. O0e 3TH KOHIEIIIINHT
OyZyT 00CY K IaThCs B CIEAYIOIIEM pasiee, II09TOMY IBIMHEMCS AaJIbIIIe.

[ BONYHbIe U TeKCTOBbIEe hansibl

Bo Bcex mpembIAyImuUX IIpuMepax o0padaThbIBAIOTCS IIPOCTHIE TEKCTOBBIE
daitibl, HO cuieHapuy Ha A3bIKe Python moryT Taxske OTKpbBIBATL M 00pa-
0aTeIBATh (paabl, comeprKale dsouitble fanubie — nsobparkenus JPEG,
ayINOKJINIIbI, YIIaKOBAaHHBIE JBOMUHbIE JaHHBIE, IPOU3BEIeHHbIe IIPOrpaM-
mamu Ha a3bike FORTRAN u C, KogupoBaHHBI TEKCT U BCE OCTAJIbHOE, UYTO
MOKeT XpaHUThCcA B (haiigax B BUAe IIOCJemoBaTesibHOCTel GaiiToB. I1as-
HOEe OTJINYHMeE AJIS IPOrPaMMHOTO KOJla 3aKJII0UaeTCA B apryMeHTe pexcuma,
mepesaBaeMOM BCTPOEHHOI GYHKITUY 0pen:

>>> file = open(‘data.txt’, ‘wb’) # 0oTKpoeT ABOWYHHI daitn Ana 3anucu
>>> file = open(‘data.txt’, ‘rb’) # oTkpoeT aBoOW4HbI dain Ans 4TeHus

ITocsie OTKPBITUSA ABOMYHBIX (haiijIoB TAKUM CIOCOOOM MOYKHO UHTATH U 3a-
OHUCBHIBATHh UX COJEP;KUMOE C IOMOIIILIO IPEACTABJIEHHBIX BBIIIE METOIOB:
read, write m Tak masee. Meroasl readline u readlines, KaK 4 IIOCTPOYHBIE
urepaTopsl (aiyioB, mo-TIpeskHEMY OyAyT paboTaTh C TEKCTOBBIMU (aiiia-
MU, OTKPBITBIMHY B JBOMYHOM peKHMe, HO HeT HUKAKOT0 CMbICJIa IPUMEHATH
UX K OeMCTBUTEJIbHO JBOMUYHBLIM JAHHBLIM, KOTOPbIe HEe MMEIOT IOCTPOUHOMN
opranusauu (6afiTbl, 0003HAUATOIIIE KOHEIT CTPOKY B TEKCTOBBIX JAaHHBIX,
He MMEeIOT TAKOTO CMBICJIA B JBOMYHBIX MaHHBIX, Ha 1 BOOOIIE UX MOKET He
OBITH B (haiiye).

Bo Bcex cayuasax maHHBIe, IIepeMelllaeMble MeXKAy (aijaMm U IIporpam-
MaMU, IPEeJACTABIAIOTCA B CIeHApPUAX B Bumae cTpok Python, maske ecam
OHU ABJAIOTCA ABOMUYHBIMU. OqHAKO A5 (aiijoB, OTKPBITHIX B JBOMYHOM
pe:xuMe, comep:kuMoe (daiina OyaeT IpeacTaBJIeHO B BULe CMPOK 0ailmos.
IIpomomkuM TpeabIayIITNi TPUMep:

>>> open(‘data.txt’).read() # TEKCTOBHI pexuM: Tun Str
‘Hello file world!\nBye file world.\nThe Life of Brian

>>> open(‘data.txt’, ‘rb’).read() # nBOMYHHI pexum: Tun bytes
b'Hello file world!\r\nBye file world.\r\nThe Life of Brian

>>> file = open(‘data.txt’, ‘rb’)
>>> for line in file: print(line)

b'Hello file world!\r\n
b'Bye  file world.\r\n
b’ The Life of Brian

Jto obycyaoBseHo TeM, uTo B Python 3.X comep:xumMoe TEKCTOBBIX (DaiijioB
WHTEPIPETUPYETCs, KaK IOCIeL0BaTeIbHOCTh cuMBoJIOB IOHMKORA, KOTO-
pasi aBTOMaTUYECKH AeKOAUPYETCA IPU YTEHUU U KOAUPYETCs IIPU 3aIIUCH.
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Comepsxumoe (haiyioB, OTKPBITHIX B IBOMYHOM PesKUMe, HAIIPOTUB, JOCTYII-
HO B BHU/Ie ITPOCTHIX CTPOK 0aNTOB, NS KOTOPBHIX HUKAKUX IIPOMEKYTOUHBIX
mpeoOpasoBaHUU He BBINIOJHAETCA, — OHU COJEPsKAT MMEHHO TO, YTO Xpa-
HuTCcA B (haitie. B Python 3.X cTpoxku Tuna str Bcerza comepskaT CMBOJIBI
IOHuKoma, mosTomMy ns mpeAcTaBIEHUA NBOWMUHBIX TaHHBIX IIOTPeOOBa-
JIOCh BBECTH CIEIINAJIbHBIN CTPOKOBBIH TUII hytes, IPeICTaBIAIOIINNI IOCTIe-
JIOBaTEJIbHOCTD OTHOOAMTOBBIX IEJIBIX YNCEJ, KOTOPhIE MOTYT UMETH JIIOObIe
8-6uToBnle 3HaueHus. OObIUHELIE CTPOKHM U CTPOKU 0AlTOB 00JIaJai0T IPaK-
TUYECKU UAEHTUUYHBIMU HAOOpPAMU OIEePaIluil, TI0ATOMY PAa3JIUUYUS MEKIY
HUMH B OOJIBIIIMHCTBE CJIy4YyaeB He3aMeTHBI, HO UMeiiTe B BUAY, UTO AeNCTBU-
TeJLHO ABOUYHBIE (DAbl JJIA YTEHUS 00AMHCHb. OTKPBIBATHCSA B JBOMYHOM
pe:xuMe, IIOTOMY UTO OHU MOTYT COIEPKaTh JaHHbIe, KOTOPbIe HEBO3MOKHO
OyzeT mekoxupoBaTh B TeKcT IOHUKOzA.

TouHO Tak 2Ke IIPU BHIBOJIE B JBOMYHEBIE (PAMJIBI HEOOXOIUMO HUCIIOJIH30BATH
CTPOKHU 0AHTOB, IIOTOMY UTO OOBIUHBLIE CTPOKU MHTEPIPETUPYIOTCS He KaK
IBOMYHBIE JaHHbIE, a KaK IeKOAuPOoBaHHbIe cuMBOJIbI FOHMKOA (TO €CTh KO-
JIOBbIe IIYHKTBI), KOTOPBIE MOJIKHBI ObITH 3aKOAUPOBAHLI B TBOUYHOE IIPEJ-
cTaBJIeHNe IIPU 3aIucu B (pailj B JBOMYHOM MM TEKCTOBOM PEKUMe:

>>> open(‘data.bin’, ‘wb’).write(b’Spam\n’)
5

>>> open(‘data.bin’, ‘rb’).read()
b’ Spam\n’

>>> open(‘data.bin’, ‘wb’).write(‘spam\n’)
TypeError: must be bytes or buffer, not str
(TypeError: aprymeHT ponxeH wveTb Tun bytes unu buffer, Ho He str)

Ho o6paTuTe BHHMaHNe, UYTO B JAHHOM IIPUMEPE CTPOKU 3aBEPIIAIOTCI CHM-
BOJIOM \N BMECTO TIocJiefoBaTeabHOCTH \r\n, mpuHaToi B Windows, koTopas
IPUCYTCTBOBaJIa B HMPEIbIAYINIEM IpuMepe PaboThl C TEKCTOBBLIM (haiijom
B ABouuHOM pekume. CTporo roBops, ABOMYHBIN PEKUM 3alpeliaeTr He
TOJIFKO KOAUPOBaHMe cuMBOJI0B FOHUKOIA, HO 1 aBTOMaTUYecKoe mIpeodpa-
30BaHIe CIMBOJIOB KOHI[A CTPOKM, KOTOPHIE II0 YMOJIUYAHHNIO BBIIIOJHSIIOTCS
1 (PaiiioB, OTKPBITBEIX B TEKCTOBOM peskume. Ho mmpesxe uem HAM yAacT-
Cs IIOJIHOCTBIO C STHM Pa3odparbesa, HeOOXOAMMO IIO3HAKOMUTLCS C IBYMS
OCHOBHBIMY OTIMUNAMHU MEXK Y TEKCTOBBIMHU M JBOUUHBLIMU (PaiiIaMu.

KO}J,I/IpOB&HI/IE cumBonoB FOHUKOAA B TEKCTOBbIX q)aﬁnax

Kak ymoMuHaJI0Ch BBIIIE, 00BEKTHI (DAMJIOB, OTKPBITHIE B TEKCTOBOM PEXKU-
Me, [P Iepejave JaHHBIX MEK Iy IIPOrpaMMoil 1 BHEIITHUM (PaiijioM Bcerga
mpeobpasyioT HaHHbIE B COOTBETCTBUU C KOAUPOBKOM II0 YMOJUYAHUIO MU
yKasaHHOU ABHO. IIpu 3ammcu B (paiiy BRINOJIHAETCS KOAUPOBaHNE TaHHBIX,
a Ipu YTeHuu — JeKogupoBanue. isa GaiiaoB, OTKPHITHIX B JBOUUYHOM pe-
JKUMe, HUKAaKNX IIPeo0pasoBaHMUil He BBIMIOJHAETCS, IIOTOMY YTO MMEHHO
9TO U TpebyeTcs AJIA JefiCTBUTEeIbHO JBOMUHBIX JaHHBIX. Hampumep, B3rsa-
HUTEe Ha CJENYIOIIYI0O CTPOKY, ComepsKaIyio cuMBosa IOHUKOZA, TBOMUHOE



222

[naBa 4. IHCTpyMeHTbI Ans paboThl C hannaMm 1 KaTanoramm

IIpecTaBJIeHre KOTOPOI'0 BEIXOAUT 34 PAMKHU 7-OMTOBOIO JUAIIA30HA IPE/-
crasJieHna cuMBoJioB ASCII:

>>> data = ‘sp\xe4m’

>>> data

‘spam’

>>> 0xe4, bin(0xe4), chr(Oxed)
(228, *0b11100100", "&’")

ATy CTPOKY MOKHO 3aKOIMPOBATH BPYYHYIO B COOTBETCTBUHU C TOM MU WHOM
KOAUPOBKOI, 1 IJIA PA3HBIX KOAUPOBOK OYAYT IIOJYYaThCA PA3JIUUHBIE IBO-
HNYHBbIE IIPEeACTAaBJIEHUA CTPOKM!:

>>> data.encode(‘latin1’) # 8-OMTOBbIE CMMBOMbI: ASCii + AONONHUTENbHbE
b’ sp\xe4m’

>>> data.encode(‘utf8’) # 2 bailTa 0TBOAMTCA TOMbKO

b’ sp\xc3\xadm’ # [ns cneuynanbHuX CUMBONOB

>>> data.encode(‘ascii’) # KOOMPOBaHWe B ascii HEBO3MOXHO

UnicodeEncodeError: ‘ascii’ codec can’t encode character ‘\xe4’ in position 2:
ordinal not in range(128)

(UnicodeEncodeError: koldex ‘ascii’ ne modxcem npeobpaszosams cumeon ‘\xed’
8 no3UUUL 2: YUCL0 8bLX00UM 3a npedeavl range(128) )

WNurepnperarop Python orobpakaer meuaraemble CMMBOJBI B TAKUX CTPO-
Kax Kak oObIYHO, a HelleuaTaeMble — B BUJie IIIeCTHAAIATePUUHBIX 9KPaHU-
poBaHHBIX 3HaueHUI \XxNN, KOJIMYECTBO KOTOPBHIX YBEJIUYUBAETCS IIPU HC-
TOJIb30BAHUY HEKOTOPBIX 60Jiee CIIOMKHBIX cxXeM KogupoBaHuA (cp500 B cie-
IyrolieM mpumepe — 1o Koguposka EBCDIC):

>>> data.encode(‘utf16’) # no 2 OaiiTa Ha cumBON MaKC npeambyna
b \xff\xfes\x00p\x00\xe4\x00m\x00

>>> data.encode(‘cp500’) # KoampoBka ebcdic: nBOMYHOE npeacTaBieHue
b \xa2\x97C\x94’ # CTPOKM CyWeCTBEHHO O0T/IMYyaeTcs

Pesynprar KomumpoBaHUA 34eCh OTpaskaeT ABOUUHOE IIPeACTaBJIeHUE CTPO-
KU, KoTOopoe OyzeT 3anucaHo B (aiia npu coxpaneHun. OTHAKO BBIIOJIHATH
KOIMPOBaHUE BPYUHYIO OOBIYHO He TpedyeTcs, IIOTOMY UTO IJIA TEKCTOBBIX
(GaiimoB KOZWPOBAHME BBINOJHAETCA aBTOMATHUYECKU IIPpU Iepejade JaH-
HBIX — JaHHBbIEe JEKOJUPYIOTCA IIPU UTeHWU U KOLUPYIOTCA IIpU 3allucH,
B COOTBETCTBUU C UMeHeM YKa3aHHOI KOJUPOBKU (UJIU C UCIOJIb30BAHUEM
KOJIMPOBKU, UCIOJIb3yeMOl Ha TeKylel miaTdopme: CMOTPHUTE OIMCaHUE
dyurmuu sys.getdefaultencoding). IIpomossxumM MHTEePAKTUBHBIHN ceaHC:

>>> open(‘data.txt’, ‘w’, encoding='latin1’).write(data)
4

>>> open(‘data.txt’, ‘r’, encoding='latin1’).read()
‘spam’

>>> open(‘data.txt’, ‘rb’).read()

b’ sp\xedm’
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Eciu @aiia oTKPBITH B ABOUUYHOM PeKUMe, HUKAKUX ITpeodpa3oBaHUil IPo-
U3BOAUTHCA He OyAeT — MOoCJeAHAS MHCTPYKIINA B IPEeAbIAYIIeM IpuMepe
OpeabaBIAET B TOYHOCTH TO, UTO XpaHUTCA B (aiime. UToOBI YBUIETH OT-
JINYUA TIPU UCIOJIB30BAHNUY JPYTUX KOTUPOBOK, COXPAHUM 3Ty CTPOKY eIrle

pas:
>>> open(‘data.txt’, ‘w’, encoding="utf8').write(data) # kogupoBka utf8
4
>>> open(‘data.txt’, ‘r’, encoding='utf8’').read() # nexoaupoBaHue: OTMeHseT
‘spam’ # KoAMpoBaHue
>>> open(‘data.txt’, ‘rb’).read() #f npeobpasoBaHue
b’ sp\xc3\xadm’ # He npou3BOANTCA

Ha sTor pas gBouunoe comep:kumMoe (aiija moJayduaoch IPYTUM, HO B pe-
3yJIbTaTe€ aBTOMATUYECKOTO AEKOAUPOBAHUSA, KOTOPOE BBIMOJHAETCA IIPU
uyTeHUU (paiiga B TEKCTOBOM pPe’KMMe, BO3BPAII[aeTCs Ta JKe caMas CTPOKA.
B neficTBuTe IbHOCTH, KOZUPOBKA UMEET 3HAUEHUE JJIA CTPOK, TOJIBKO KOT-
la OHM HaxoxATcA B ¢ailylax, — cpasy IocJie 3aTPY3KU B IMaMATh CTPOKU
IPEeBPAIlaloTCA B IPOCTHIE IOCIE0BATEIbHOCTH cuMBOJIOB FOHUKOmA («KO-
JIOBBIe TTYHKTBI»). ITOT 9TAI HNpeoOpasoBaHUS KejaTeJleH AJA TEeKCTOBBIX
daitioB, HO He NJs ABOUYHBIX. IIpu MCIOJIb30BAHUYU TBOUYHBIX PEIKUMOB
aTamn IpeodpPa3OBAHUSA COMEPIKMMOr0 IIPOIIYCKAeTCs, II09TOMY IpHU padoTe
C UICTUHHO ABOMYHBLIMU JAHHBIMU HEOOXOIMMO UCIOJIb30BATD 9TU PEIKUMBIL.
Ecau BaM HYKHBI TOKa3aTeJlbCTBa, IIOIPOOYHTe caMiU: MOIMLITKA 3aINCATh
WJIV IIPOYUTATH HEeJAeKOAUpyeMble JaHHbIe B TEKCTOBOM PEeKUMe IIPUBeaeT
K TIOABJIEHUIO OIITUOKU:

>>> open(‘data.txt’, ‘w’, encoding='ascii’).write(data)
UnicodeEncodeError: ‘ascii’ codec can’'t encode character ‘\xe4’ in position 2:
ordinal not in range(128)

(UnicodeEncodeError: koOex ‘ascii’ He modxcem npeobpasosambv cumeon ‘\xe4’
6 no3uyuu 2: yucno eblxodum 3a npedeavt range(128) )

>>> open(r’C:\Python31\python.exe’, ‘r’').read()
UnicodeDecodeError: ‘charmap’ codec can’'t decode byte 0x90 in position 2:
character maps to <undefined>

(UnicodeDecodeError: kodek ‘charmap’ He moxcem npeobpaszogamsv 6aitm 0x90
6 no3uyuu 2: cumeos. omoopaxcaemcs 6 cumeos <undefined> )

JIBOUYHBIN PEKUM MOMKHO TaKiKe pacCMaTpuBaTh, KaK IIOCJETHUI IITaHC
IPOUYUTATHL TEKCTOBBIN (PAiijl, €CJr OH He MOKET OBITh JeKOJNPOBAH C IC-
TOJb30BaHUEM KOJIMPOBKY II0 YMOJIYAHUIO, & KOAUPOBKaA (haiijia Hem3BeCcTHA.
CrenymoIuil IIporpaMMHBIN KOJ BOCCO3JAaeT OPUTHUHAJIbHBIE CTPOKU, KOTIa
KOAMPOBKA U3BECTHA, HO TEPIIUT HeyAauy, KOTa OHA HEM3BECTHA, €CJIU TOJIb-
KO He HCIIOJIb30BATh ABOMUHBIN PEKUM (TaKue OIMMOKKU MOT'YT BOSHHKATH
KaK IpU YTEeHUU NaHHBIX, TAK U IIPU 3aIIKCH, HO B JIIOOOM CJIydae IIporpaMm-
HBIN KOJ TEePIUT HEeyaauy):

>>> open(‘data.txt’, ‘w’, encoding='cp500’ ).writelines([‘spam\n’, ‘ham\n’'])
>>> open(‘data.txt’, ‘r’, encoding='cp500’).readlines()
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[“spam\n’, ‘“ham\n’]

>>> open(‘data.txt’, ‘r’).readlines()

UnicodeDecodeError: ‘charmap’ codec can’'t decode byte 0x81 in position 2:
character maps to <undefined>

(UnicodeDecodeError: kopek ‘charmap’ He moxeT npeobpasoBaTb 6ailT 0x81 B noanumm
2: cumBon oTtobpaxaeTca B cumBon <undefined> )

>>> open(‘data.txt’, ‘rb’).readlines()
[b"\xa2\x97\x8 1\x94\ r%\x88\x8 1\x94\r%" ]

>>> open(‘data.txt’, ‘rb’).read()
D \xa2\x97\x81\x94\ r%\x88\x81\x94\ r%’

Ecau BeI nMeeTe fes10 ToIbKO ¢ TekcToM ASCII, BbI MOKeTe IIPOIYCTUTh BCE,
YTO CBA3AHO C KOAUPOBKAaMU, — TaHHBbIE B (haiisax 6yayT OAUH-B-OJUH OTO-
OpaKaThbCsA B CHMBOJIBI B CTPOKax, moromy uTo ASCII aBiasgeTcs mogMHOMXKe-
CTBOM OOJIBIITMHCTBA KOAUPOBOK, UCIIOJb3YEeMbIX II0 yMOJIYaHUIO. Ecau Bam
npuxoguTca o0pabaTbiBaTh (haiiabl, CO3MaHHLIE C IIPUMEHEHHeM IPYTUX
KOIMPOBOK, W, BOBMOKHO, Ha APyrux miaaTdopmax (Hampumep, Ghaiibl, mMo-
JydJeHHBIe u3 IHTEpHETa), BAM MOKET II0TPe60oBaThCA UCII0JIb30BaTh JBOMY-
HBII PeXKUM, eCJIU KOAUPOBKA 3aparee He ndBectHa. OnHaKo uMeiiTe B BULY,
YTO TEKCT B KOZUPOBAHHOM JBOMYHOM IIPEACTABIEHUN He MOXKEeT 00pabaThI-
BaThCA TaK, KaK BaM XOTEJOCh ObI: TEKCT, 3aKOAMPOBAHHBIN ¢ TPUMEHEHU-
eM oIIpeieIeHHON KOJUPOBKHY, HE MOYKET CPAaBHUBATHCSA UM 00beINHATHCA
C TEKCTOM, 3aKOAUPOBAHHBIM C IIPUMEHEHUEM APYTUX KOJUPOBOK.

W cuoBa 3a momosmuTenbHOUW wuH(@opMaimuein o IOHuMKome obpalmaiTech
K apyruM pecypcaMm. MEI elrje He pas OyzeM Bo3BpaliaThca K Teme FOHUKORA
B 9TOH KHUTE: B IyIaBe 9 OyzeT mokasaHo, KaKoe BIUAHME OKasbIBaeT IOHU-
KoJ Ha BUIKeT Text us oubanoreku tkinter, a B wactu IV, oxBaTsiBaromei
BOIIPOCHI IpOrpaMMUpoBaHuA njis VIHTepHeTa, Mbl Y3HAaeM, KaK 9TO OTpa-
JKaeTcs Ha JaHHBIX, JOCTABJIAEMbIX II0 CETU C UCIIOJIb30BaHUEM IIPOTOKOJIOB
FTP, smekTponHO# TOouTH 1 B UHTEpHETE B I1e0M. TeKCTOBBIE (DaiiiIbl 06-
JIaaioT eIfe OJAHOIN 0COOEHHOCTBHIO, OTCYTCTBYIOIIEH y ABOMYHBIX (haMJIOB:
mpeobpas3oBaHMe CHUMBOJIOB KOHIIA CTPOKY, UTO IBJIAETCS TEMOH CJIeLYIOIIe-
To paszesa.

Mpeo6pa3zoBaHMe cMMBOJIOB KOHL,A cTpoku B Windows

ITo mcTopmueckuM mpUuYMHAM KOHEI[ CTPOKU TeKcTa B (haiije mpeacTaBid-
eTcsd Ha pasHBIX ILIaTdopMax pasdanuabiMu cuMBogamMu. B Unix u Linux —
5TO OAMHOUHBINA cuMBOJ \N, a B Windows — 3TO mocJiefoBaTeIbHOCTL W3
IByX cuMBOJIOB \r\n. B peayibrare (aiianl, mepemelriaeMmble Mexkay Linux
u Windows, MOryT IocJie Iiepeiadu CTPAHHO BBITVISAAETh B TEKCTOBOM PeIaK-
TOpe — OHM MOTYT COXPAaHUTH OKOHUAHWE CTPOKU, IPUHATOE HA UCXOTHOMN
miaTdopme.

Hanpumep, 60JBITUHCTBO TEKCTOBBIX peqaKTopoB aAaa Windows oopabaThbi-
BaeT TeKcT B popmare Unix, HO bnokHoT (Notepad) cocTaBisgeT 3aMeTHOE HC-
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KJIIOUeHIe — TeKCTOBEIe (Paiijibl, cKonrupoBaHHbIe 13 Unix nau Linux, 00bIu-
HO BBITVIAAAT B BJIoKHOTE, KaK ofHAa 00JIbINIasd CTPOKA CO CTPAHHBIMHU CUM-
Bosamu BHYTpH (\n). TouHo TaK 'xKe npu KonupoBauuu ¢aisoB us Windows
B Unix B ABOMYHOM peKMMe B HUX COXPAHAETCA CUMBOJI \I (KOTOPBIH B TEK-
CTOBBIX PeJaKTOpaxX 4acTo OToOpaskaercs Kax ~M).

CuenapusaMm Ha A3bike Python 570 00b1YHO 6€3pas3/IMUHO, IIOTOMY YTO 00b-
eKThI (DailJIOB aBTOMaTUUECKH 0TOOpaskaioT mocenosareabHocTh DOS \r\n
B ONMHOYHBIN cuMBoJI \N. IIpu BeInToIHeHNY ciieHapreB B Windows aTo meii-
CTBYeT TaK:

o Jlna ¢aiiysoB, OTKPHITHIX B TEKCTOBOM DeXKUMe, IPU YTeHuu \I\n mpeod-
pasyetcs B \N.

o Jlns ¢aiisoB, OTKPHITHIX B TEKCTOBOM PEyKUMe, IIPU 3aIucu \N rpeodpa-
ayercsd B \r\n.

o Jlna ¢aitysoB, OTKPHITHIX B IBOMYHOM DEKMMe, HUKaKue IIpeodpasoBa-
HUA He IPOU3BOIATCA.

B Unix-mogo0HBIX cucTeMax IpeoOpasoBaHNe He MPOU3BOAUTCA B JIFOOOM
pe:xuMe, IOTOMY UTO B (haiimax ucmoabayercsa cuMBoa \n. Ciexgyer 3amoMm-
HUTDH IBa BasKHBIX CJEACTBUSA M3 9TUX MPaBUJ. Bo-IepBBIX, IIOUTHU BCeraa
BO BCeX CIleHApMAX Ha aA3bIKe Python cuMBOJI KOHIIA CTPOKU IIPEACTABJIA-
eTcsA OJMHOUYHBLIM \N, He3aBUCUMO OT CII0CO0a ero COXpaHeHusA BO BHEITHUX
daiimax Ha cooTBeTCTBYMOINEN naaTdopme. IlyTeM COOTBETCTBYIOIIETO IIpe-
oOpasoBaums \N IIpu uyTeHnn u 3anucu Python ckpeiBaeT mpucyimue miaT-
dopMaM pas3auund.

Bropoe ciencTBue us aToro nmpeobpasopanus 60jee TOHKOe: IIPU 00paboTKe
IBOMYHBIX (pAiiIOB MCHOJIb30BAaHNe JBOMYHOTO pekuma (Hampumep, rb, wb)
OTKJIIOUaEeT MeXaHU3M IIPeo0pa3oBaHUA CUMBOJIOB KOHIA CTPOKU. Ecau BbI-
OpaTh HEIPaBUJIbHBINA PE;KUM, YKasaHHbIEe TPeo0pa3oBaHusA BIIOJIHE MOT'YT
TOBPEeIUTD AaHHbIe, KaK IIPU UTeHUU, TAK U IPU 3aIllUCU, — CAYUYAHHO OKa-
3aBIUECs CPear MBOMYHBIX MAaHHBIX OAUTHI \I MOTYT OBITH OIITMOOYHO OT-
OPOITIeHBI ITPU YTEHU N UJIN OITUOOUHO J0OaBJIeHBI K 6aiiTaM \N IpH 3aIIHCH.
B uTore nBouuHbIe JaHHBIE OKAMKYTCA UCKAKEHHBIMU, UTO, BEPOATHO, CO-
BCEM He TO, UTO BAM XOTEJIOCH ObI IIOJIYUUTE IIPU paboTe ¢ n300parkeHUIMI
WJIN ayAUOKJIAIIaMu!

B Python 3.X sTa npo6siema yiia Ha 3aJHAI IIJIaH, IOTOMY YTO MBI B IIPUH-
IuIne He MOYKeM HCII0JIb30BaTh JBOMYHEIE JaHHbIE ¢ (pafiiaMu, OTKPBITHIMU
B TEKCTOBOM DPEKIMME, M3-3a TOT'0, UTO TEKCTOBBIN PEKUM IIPENIIOIaTaeT aB-
TOMAaTUYeCKOe IpuMeHeHre KogupoBoK IOHUKOmA K comep:xuMomy (haios.
Omnepanuu YTeHUA W 3aIIUCHU IPOCTO OYAYT TepHeTh Heyaauy, ecjau HaHHbIe
HEe CMOT'YT OBITH TeKOAUPOBAHBI IPU UTEHUU UJIU 3aKOAUPOBAHBI IPU 3aTIU-
cu. Mcronp30BaHre JBOMYHOIO PeKUMa II03BOJIAeT 130eKaTh OIIIN0O0K, CBS-
3aHHBIX C IIpeobpasoBaHureM IOHUKOLA, 1 AaBTOMATUYECKHU 3aIIPeIaeT Irpe-
oO0pasoBaHMe CUMBOJIOB KOHITA CTPOKM KaK TaKoBoe (OIIUOKY, CBSISAHHBIE
c npeobpasosanuem IOHIKOA, MOXKHO OBLIO OBI IIePeXBATLIBATEH B MHCTPYK-
nuu try). Utak, cTOUT 3aIIOMHUTH KaK OTAEJNbHBIN (paKT, UYTO JTBOMYHBINA pe-
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KM IpefoXpaHseT JBOMYHbIe TaHHbIe OT NCKAXKeHUs B pe3yJIbTaTe Ipeood-
pasoBaHUs CUMBOJIOB KOHIIA CTPOKM, OCOOEHHO ecJii BbI paboTaeTe TOJIbBKO
¢ TekcToBbIMU HaHHBEIME ASCII, Korma MOKHO cMeJso 3a6bITh 000 BCeX IPo-
bJyieMax, cBaA3aHHLIX ¢ FOHUKOmOM.

Huxe nemoncTpupyercs AeiicTBHe MexXaHMU3Ma IIpeodpasoBaHUs CIMBOJIOB
KouIa crpoku B Python 3.1 B Windows — 00'beKT (haiiia, OTKPLITOTO B TEK-
CTOBOM DpeKHMe, BBIMOJIHSIET Mpeo0pasoBaHUe CHMBOJIOB KOHIIA CTPOKU
u obecreyrBaeT IePEeHOCUMOCTh HAIIINX CIIeHAPUEB:

>>> open(‘temp.txt’, ‘w’').write(‘shrubbery\n’) # 3anucb B TEKCTOBOM peXuMe:

10 #\n ->\r\n

>>> open(‘temp.txt’, ‘rb’).read() # YTEHWe ABOMYHBIX AAHHbIX:

b’ shrubbery\r\n’ # dakTuyeckne GaiTH U3 daina
>>> open(‘temp.txt’, ‘r').read() #f nposepka uyTeHuem: \r\n -> \n
“shrubbery\n’

IIpu 3amucu B ABOMYHOM pesKUMe, HAIIPOTHUB, IPEIOTBPAIIIAIOTCS JIIOObIe
npeoOpasoBaHms, KaK M IIPELI0Jarajoch, Jake KOrma JaHHBIE COAEePIKaT
0alThl, KOTOPbIE B TEKCTOBOM PeKHMe NHTEPIPETUPOBAINCH ObI KAK YaCTh
CUMBOJIOB KOHIIA CTPOKU (ITPU BBIBOZE CTPOK 0AMTOB OTAEIbHBIE OANTHI BbI-
BogATcA Kak cuMBOJIbI ASCII, ecsii OHM COOTBETCTBYIOT EeUATAEMBIM CHM-
BOJIaM, U KaK 9KpaHUPOBaHHBIE IITeCTHAAIIATePUUHbBIE TIOCIEJ0BATEIbHOCTH
B IIPOTUBHOM CJIyYae):

>>> data = b’a\0b\rc\r\nd’ # 4 GanTta, 4 00bYHHIX CUMBONA

>>> len(data)

8

>>> open(‘temp.bin’, ‘wb’).write(data) # 3anuCb ABOMYHBIX [@HHBIX Kak €CTb
8

>>> open(‘temp.bin’, ‘rb’).read() #f YTeHWe ABOWYHBIX OaHHbIX :
b"a\x00b\rc\r\nd’ #t 6e3 npeobpasoBaHus

Ho npu ureHnu JBOMYHBIX HAHHBIX B TEKCTOBOM PEKUME, HEBAMKHO, CJIY-
JaiHO UJIN HEeT, MeXaHU3M IIPeo0pa30BaHUsI CUMBOJIOB KOHIA CTPOKH MOJKET
MOBPEIUTH JaHHEIE (IPeIIoJaras, 4To BOOOIe IPH AeKOAUPOBAHNY He BO3-
HUKJIO OIn00K, Kak ¢ HammuMu ASCII-nanabpiMu Ha miaaTdopme Windows):

>>> open(‘temp.bin’, ‘r’).read() # 4TeHue B TEKCTOBOM PEXMME: WCKAXEHb \I
“a\x00b\nc\nd’

Tor ke ahheKT MOKET BOSHUKHYTD P 3aIIMCU JBOMYHBIX JAHHBIX B TEK-
CTOBOM PEXKUM€ — MOTYT U3MEHSATHCA UJIU BCTAaBIAATHCA OANTHI, 3HAUEHUA
KOTOPBIX COBIIQAAIOT C CHMBOJIAMY KOHIIA CTPOKHY (4 CHOBA MMEIOTCS B BUAY
IaHHBbIE, YCIIEIITHO IPOIIEIINe 9Tall KOAUPOBAHUA B KOAMPOBKY II0 YMOJIYA-
HUIO IAJIA TeKYyIel mi1aTdopMbI):

>>> open(‘temp.bin’, ‘w’).write(data) # B TEKCTOBOM pexume [JONXHA
TypeError: must be str, not bytes #f nepegaBaTbCs CTpoka Tuna Str
# ncnonbayiTe bytes.decode()
#f ong npeobpasoBaHug Tuna
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>>> data.decode()

“a\x00b\rc\r\nd’

>>> open(‘temp.bin’, ‘w’).write(data.decode())

8

>>> open(‘temp.bin’, ‘rb’).read() #f 3anucb B TEKCTOBOM pexume: A00aBAT \r
b a\x00b\rc\r\r\nd’

>>> open(‘temp.bin’, ‘r’).read() #f ONATb WCKaxeHue, W3MeHUT \r
“a\x00b\nc\n\nd’

IIportrte roBOps, 3aIIOMHUTE, UTO BO BCEX TEKCTOBBLIX (haiijlax IIpU ompeze-
JIEHUU KOHIIA CTPOKHU CJEeNyeT OPUEeHTHUPOBATHCSA HA CUMBOJI \N, a ABOWY-
Hble (halJbl BCerga AOJIMKHBI OTKPBIBATHCS B JBOMYHOM PEXKHME, UTOOBI
IPeIoTBPATUTh IPeodpasoBaHMe CHMBOJIOB KOHIIA CTPOKY U KOAUPOBaHMNe,/
IexoxupoBaHue cuMBoJIoB IOHUKOma. Boobime Tum comep:xumoro Qaiiia
OIIPeeIAeTCA PeKUMOM €T0 OTKPBITHUSA, & PEKUMbBI OTKPBITHUS OIIPEAEJIAI0T
croco0bl 06PabOTKY COMEPIKUMOr0, YTO B TOUHOCTH COOTBETCTBYET HAIIIUM
JKeJIaHUSIM.

OpgHAaKO clIeayeT IOHUMATh, UTO B OCOOBIX CJYUYASX MOYKET IIOTPe6OBATHCS
OTKPBLIBATh TEKCTOBBIE (PAMJbI B IBOMYHOM pekmuMe. Tak, B mpuMepax u3
TJIaBBI 6 MBI MHOTIA OyeM UCIIOJIb30BaTh JBOMYHBIA PEXKUM JIJIS TEKCTOBBIX
daiiioB, YTOOBI N30€:KaTh BO3MOKHBIX OIINOOK MekoaupoBaHusa B FOHUKOL
upu paboTe ¢ aisamMu, CO3TaHHLIMI Ha pPasHBIX IIaTGopMax, e MOTYT
WCII0JIb30BAThCA PA3JINUYHbIe KOOUPOBKU. [laHHBIN IPUeM MO3BOJsAET usbe-
JKaTh OIMINO0K KOAUPOBAHUS, HO IPU 9TOM HEKOTOPLIE OepaIuy ¢ TeKCTOM
MOT'YT BBINIOJHATHCS HE TaK, KaK IPEAII0Iaraercs, — OUCK B TAKOM JBOMY-
HOM TEKCT€ He BCerja MOMXEeT JaBaThb TOYUHBIE pe3yJjibTaThbl, IIOTOMY UYTO HC-
KOMBII KJIIOU TaKyKe IIPUAETCS IIPeo0pasoBarb B CTPOKY O0AMTOB B COOTBET-
CTBHUU C HEKOTOPOH KOJUPOBKOM, BOSMOXHO, HECOBMECTUMOM C KOLUPOBKOMI
TeKcTa B (haiiie.

B npumepe TekcroBoro pemaxktopa PyEdit, B riiase 11, HaMm Takike moTpe-
OyeTcs IlepeXBaThIBATH MCKJIOUEHNs, BbI3BaHHBLIE OIMOKAMHU IIPeodpaso-
Banua IOHUKOZA B yTUINUTE MOUCKA «grep» 1o (aiigaM B KaTajiore, M MbI
moijeM elle Jajiblile, ITO3BOJIUB IIOJH30BATEJI0 OIPENeIATh KOAUPOBKY
CUMBOJIOB COJEP:KUMOTO (haiiioB IJid IIeJOTO JepeBa KaTaJyioroB. Kpome
TOT0, KOT/Ia HEOOXOAMMO SBHO BBHIIIOJHUTE IIPe00pPa3oBaHME CUMBOJIOB KOH-
I1a CTPOKU B COOTBETCTBUU C COTVIAINIEHUSAMU AJIA ABYX PA3HBIX IJIAT(OPM,
MOXKET ITOTPe60BaThCA TPOUYNTATD TEKCT B IBOMYHOM PerKUMe, YTOOBI coxXpa-
HUTH OPUTUHAJIBHOE IIPEICTaBJIeHNe KOHIIOB CTPOK, — IIPU OTKPBITUU B TEK-
CTOBOM peKUMe OHU MOT'YT OKa3aThCs MPeoOpasoBAHHLIMH B \N K MOMEHTY,
KOT[a JaHHbIE IIOIaIyT B CIleHaPUii.

Wmeercsa Takske BO3MOKHOCTD 3alIPETUTh MPeoOpasoBaHUe CUMBOJIOB KOH-
I1a CTPOKH B TEKCTOBOM PEKMME C IIOMOIILIO JOIIOJHNUTEIbHBIX apI'yMEHTOB
(dbyHKIIMH 0pen, KoTopble MBI He OyeM paccMaTpuBaTh 31ech. Ilogpo6HOCTH
WINUTE B ONMMCAHWU apryMeHTa newline B CHPaBOYHON JOKYMEHTAIIUH IIO
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(GYHKIIUH Open, HO, B ABYX CJIOBAX: €CJIM B 3TOM apr'yMeHTe IIepeaaTh ITyCTYIO
CTPOKY, 9TO IPEJOTBPATUT IPeodpasoBaHne CUMBOJIOB KOHIIA CTPOKU U CO-
XPAHUT OCTAJbHBIE OCOOEHHOCTH IOBEIEHUSA TEKCTOBOTO perkmma. Temepb
o0paTuMCA K CAEAYIOINIUM ABYM TUIUYHBIM CJIYUYaAM HUCIOJb30BAHUSA ABO-
UYHBIX (aiyjoB: paboTa ¢ yIaKOBAaHHBIMU JBOMYHBIMU JAHHBIMU U ITPOU3-
BOJILHBIN JOCTYII.

PaboTa ¢ ynakoBaHHbIMU ABOUYHbIMU AAHHbIMU
c nomMoLubio Moayns struct

Wcnonb3yss cuMBOJI b B apryMeHTe peskuMa (pyHKIIUU 0pen, BBl MOJydaeTe
BO3MOXKHOCTH OTKPBIBATH ABOMYHBIE (pAMJIbI ¢ JaHHBIMU ILJIAT(OPMOHE3a-
BUCUMBIM CIIOCOOOM, a TaKiKe UNTATh U 3alIUCHIBATH UX COAEPIKUMOE C TI0-
MOII[bI0 OOBIYHBIX METOLOB 00beKTa (paitsa. Ho Kak o6pabaThiBaTh ABOMY-
Hble JaHHBIE IIOCJe TOTO, KaK OHU OyAyT MPOUYUTAHBI? ITU HAHHBIE OYIAYT
BO3BpAIIeHbI CIIeHAPUIO B BUJIE IIPOCTOI CTPOKU 0AaHiTOB, OOJIBIIIAA YaCTh U3
KOTOPBIX HaBepHsIKAa OyIeT COOTBETCTBOBATH HEIleuaTaeMbIM CMBOJIAM.

Ecin HYXHO JUINTL IepenrcarTh ABOWUYHBLIE HaHHbIE B APYroi (aia mam
mepenaTh IPYyroil IIporpaMme, TOTJa BCe IIPOCTO — AOCTATOUYHO 3aMMUCATh
CTPOKY 6a¥TOB B ApYToii (paiisl, OTKPBITHIN B IBOMYHOM perkume. Eciu mo-
TpebyeTcs M3BJIEUYb HEKOTOPOE KOJUUECTBO OAHTOB U3 OIIPEIeIeHHOMN T03U-
MY, MOXXHO BOCIIOJIF30BAThCA ONEepaIiueil N3BJIeUeHNA cpe3a cCTpoKu. [Ipu
HEeOOXOAMMOCTH MOMKHO JasKe HCIIOJIb30BaTh OMTOBBIE omepamuu. Kpome
TOT0, UMEETCSI MOIITHBIA MHCTPYMEHT, TTO3BOJISIONINN ITOJYUYNUTh TBOUYHBIE
MaHHbIE B CTPYKTYPUPOBAHHOM BUJI€ MJIM CKOHCTPYUPOBATh UX, — MOAYJb
struct ms cTtaHIapPTHOU OMOGJIMOTEKHU.

B momyne struct mmeroTca (PYHKIIUU AJIA YIIAKOBBIBAHUA U PACIaKOBBLIBA-
HUS IBOUYHBIX JAHHBIX, KaK €CJU Obl JaHHbIE OBLIN CO3JaHbBI C TIOMOIILIO
o0baBaeHus struct aspika C. MMeeTca BOBMOXKHOCTD ITPU YIIAKOBBIBAHUU
¥ PacHaKOBBIBAHUY AAHHBIX YUYUTHIBATH IMPAMON MU OOPATHBIN ITOPAIOK
caemoBaHUA 0AUTOB (IOPSAJOK CJaemOBaHUA OAWTOB OIpemessdeT, rae OyayT
HAXOQUTHLCS CTAPIIFE 3HAUMMBbIEe OMTHI B JABOMYHOM IIPEICTABICHUN YML-
ceJi, — caeBa uau cirpaBa). Cosganue nBouuHOro aiija ¢ JaHHBIMU, HAIIPU-
Mep, — JOCTATOYHO IIPOCTAs 3ajava: HYKHO YIIaKOBATh 3HAUCHUS SA3BIKA
Python B cTpoky 6aiiToB u 3anucars ee B (paiti. CTpoka (popMaTa B BHI30BE
pack HIKe OIIpeessdeT: IPAMOI IOPAA0K caeqoBauusa 0afiToB (>), IieJioe Yuc-
JI0, 4-CUMBOJIBHYIO CTPOKY, KOPOTKOE I[eJI0€ UKCJIO U BEeIlleCTBEHHOe UKCJIO:

>>> import struct

>>> data = struct.pack(‘>i4shf’, 2, ‘spam’, 3, 1.234)
>>> data

b \x00\x00\x00\x02spam\x00\x03?\x9d\xf3\xb6

>>> file = open(‘data.bin’, ‘wb’)

>>> file.write(data)

14

>>> file.close()
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ObparuTe BHUMaHUe, YTO MOAYJIb Struct BO3BpaIllaeT CTPOKY GaiTOB: ceii-
yac MbI HAXOAUMCS B IIaPCTBE ABOUUHBIX JAaHHBIX, a HE TE€KCTa, 1 IJI CO-
XpaHEeHUsA OOJIXKHBI UCIIOJIb30BaTh JBOMUHEIE (paiiabl. Kak 00bIYHO, MHTED-
mpeTaTop oToOpaskaeT OOJIBIITYIO0 YaCTh OAMITOB C YIAKOBAHHBIMY TBOUYHBI-
MU TaHHBIMU, KOTOPbIe HE COOTBETCTBYIOT ITeUaTaeMbIM CMBOJIAM, B BUJE
IIIeCTHAAIIATEPUYHBLIX dKPAHUPOBAHHBIX IIocjemoBaTesbHOCTEr \XNN. HTo-
OBI BBITIOJIHUTH 00paTHOE IpeodpasoBaHre 3TUX JAHHBIX, HYJKHO IIPOUYNTATD
ux us aiinga m nepeaaTb MOAYJIIO Struct ¢ TOM Ke CTPOKOI hopmaTa, KaK
¥ IIPU CO3JAHUM, — B Pe3YJbTaTe MOJYUYUTCA KOPTEK SHAUECHUU, MOJYyUeH-
HBIX B Pe3yJIbTaTe aHAJIM3a CTPOKMU 6ANTOB 1 ITPe00pPa30BaHHBIX B 00'bEKTHI
sasbika Python:

>>> import struct

>>> file = open(‘data.bin’, ‘rb’)

>>> data = file.read()

>>> values = struct.unpack('>i4shf’, data)
>>> values

(2, b'spam’, 3, 1.2339999675750732)

Amnanusupyembie CTPOKHU — 3TO TaAKJKe CTPOKU 0afiTOB, U K HUM JIOITyCKAETCs
IPUMEHATH CTPOKOBBIE ¥ OMTOBBIE ONIEPAIINHY [/ 60Jiee TUTyOOKOT0 aHAJIM3A:

>>> bin(values[0] | 0b1) # pocTyn Kk 6utam u baiTam
0b11’

>>> values[1], list(values[1]), values[1][0]

(b’ spam”, [115, 112, 97, 109], 115)

OOGparuTe Takke BHUMAaHUE, UTO 3[[€Ch MOKET IIPUTOAUTHLCS OIePaIusa 13-
BJIEUEHUS cpesa. 4-CUMBOJIbHYIO CTPOKY M3 CEePeNUHBI TOJBKO UTO IIPOYU-
TAHHBIX YIIAKOBAHHBLIX JABOMYHBIX NAHHBIX JIEMKO IOJYYUTH, MUCIOJL3YS
oIepaIuo U3BJIeYeHns cpe3a. YuCIOBble 3HAUEHUS TAKIKe MOMKHO M3BJIE-
KaTh IMOJOOHBIM CIIOCOO0M U IepemaBaTh MYHKIMU Struct.unpack o mpe-
o0pas3oBaHmUA:

>>> data

b \x00\x00\x00\x02spam\x00\x03?\x9d\xf3\xb6
>>> data[4:8]

b’ spam

>>> number = data[8:10]

>>> number

b \x00\x03

>>> struct.unpack(‘>h’, number)

(3,)

YmaxkoBaHHBIE OBOWYHBIE TaHHbIE OBLIBAIOT ITOJYUYEeHBI M3 CAMBIX PAa3HBIX
KOHTEKCTOB, BKJIIOUas HEKOTOPhIE BUABI CETEBLIX B3aUMMOJIEUCTBUN U1 IIPEI-
cTaBJieHWEe NAHHBIX APYTUMH SI3bIKaMu mporpamMMmupoBanma. OgHaKko Bce
9TO He OTHOCUTCS K pPaspAay HOBCEeIHEBHBIX 3a1aU IIPOrpaMMUPOBAHNA, I10-
9TOMY OCTaBUM OIIMCAHIE IIOAPOOHOCTEN 3a pas3esioM C OIIMCAHNEM MOIYJIS
struct B pyKOBOZCTBE II0 CTaHAapTHOI Oubinorexke Python.
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Mpoun3BoONbHbIN A0CTYN K AaHHbIM B hannax

IIpu pa6ore ¢ ABOMYHBIMHY (haiizaMu YacTO TaK:Ke IPUMEHsIeTCA oIepaIus
IPOM3BOJIBLHOT'O HOCTyHa. PaHee yIIOMUHAJOCH, UYTO HO0OABJIEHNE CUMBOJIA +
B CTPOKY PEKUMa OTKPBHITUA (paiija M03BOJIAET BHINIOJHATH 00e omepaliuu,
YTEHUA W 3aIUCU. ITOT PEKUM OOBIUHO HCIOJIb3yeTCA BMECTe C METOIOM
seek 00beKTOB (haHJIOB, ITO3BOJIAIOIIUM BHIIOJIHATEH YTEHNE/3aINCH TIPOU3-
BOJILHBIX YUYaCTKOB (paiina. Takue rubKMe pesKuMbI 00paboTKY (haiioB mo-
3BOJIAIOT YUTATH OAWTHI U3 OHOTO MECTa, 3aIICHIBATE B IPYTOE 1 TAK JaJjee.
IIpu 00beIMHEHNY STUX PEIKUMOB C JBOMUYHBIM PEKMMOM ITOABJIAETCSA BO3-
MOJKHOCTBH U3BJI€KATh I U3MEHSATh IIPOU3BOJIbHEIE 0alThI B (Daiiie.

Bermie nsa mepexona B HauaJso (paiijia BMECTO onepaluil 3aKpuITUA (Qaiiia
¥ IOBTOPHOT'O €0 OTKPBITUA UCIIOJIb30BaJica MeTox seek. Kak yike ymomu-
HAJIOCh, OIlepAIlNU UTEHUA U 3aIIMCHU BCETIA BBITIOJHAIOTCS B TEKYIIEH IT031-
nuu B (aiine. IIpu oTKpeITHYN (DaiiIoB TEKYyIIaa MO3UINA OOBIYHO YCTaHAB-
auBaeTrca B cMmelnenne 0 or Hauasa daiisia 1 mepeMeiaeTcsa BIepes mo Mepe
yTeHUA/3anucu AaHHBIX. MeTos seek MO3BOJIAET IEPEMECTUTH TEKYITYIO
TOBUITNIO JJIS CJIEAVIOIIEH omepanuy YTeHUA/3alNCu B IPyroe MecTo, AJIA
Yero eMy JOCTATOYHO IIepefaTh BeJIMUUHY CMeIlleHuA B OaiiTax.

Meton seek B sisbike Python mpuHMMaeT Tak:Ke BTOPOIl HeoOs3aTeIbHBIN
apryMeHT, KOTOPBII ompemenseT (GU3UUECKUI CMBICJI IEePBOTO apryMeHTa
U MOYKeT IPUHUMATH ONHO M3 Tpex 3HaueHui: 0 — abCcoaoTHAA TO3UITUI
B (haiisne (mo ymoauauuiio), 1 — cMeleHre OTHOCUTENIBHO TeKYINel MO3uITuu
u 2 — cMeIleHre OTHOCUTEJILHO KoHITa (aiina. Korma Mmetony seek mepemaer-
cA TOJIBKO aprymMeHT cMmelreHus 0, 9To0 COOTBETCTBYET OIepaIluu nepemomxu
¢aiina 8 Hauaso (rewind): TeKyIas MO3UINA IepeMeIiaeTca B HavaJo daii-
saa. Boobrrte, MeTo/ seek moAep:KuBaeT IPOU3BOJIBLHBIN JOCTYHI HA YPOBHE
cMmelrieHusA B Oairtax. Mcmonab3ys B KauecTBe MHOMKUTEJS pasMep 3allicu
B IBOMYHOM (haiije, MOKHO OPraHM30BaTh JOCTYII K 3AIIUCAM I10 UX OTHOCHU-
TeJbHBIM HO3UI[UIM.

MeTtop seek MOKHO NCTIOJIB30BATh U 0e3 creru(uKaTopa + B CTPOKe peskmuMa
Inas GyHKIIUU open (HampuMmep, YTOOBI TPOCTO 00ECIIeUUTH MPOU3BOJIHLHOE
yTeHre JaHHBIX), HO HanbOOoJIbIasa TmOKOCTh JOCTUTAeTCA Ipu pabore ¢ daii-
JIaMU, OTKPBITBIMY [IJISI YT€HUS U 3aIIUCH. BO3MOXKHOCTD IIPOM3BOJIBHOIO 0-
CTyIIa IMOAAEePKUBAETCA U IJIA (PaiIOB, OTKPBITBHIX B MEKCMOBOM Pexcume.
Ho BrImosiastoniuecs B TEKCTOBOM PEKUME OIepaIluy KOAUPOBAHUS/IEKO-
nupoBanus IOHUKOIA 1 TPeoOpa3oBaHUsA CHUMBOJIOB KOHIIA CTPOKU CUJIBLHO
OCJIO}KHSIOT BBIUHMCJIEHNE aOCOIOTHBIX CMeIlleHull B 6aiiTaXx u IJIUH, HE00-
XOAUMBIX METOAAM MOSUIIMOHUPOBAHUSA U UTEHUS, — IPEICTaBJIEHNE BAIIINX
JTaHHBIX MOXKeT 3HAUNTeJIbHO U3MEHUThCA IIPU coXpaHeHnH B (paiia. Kpome
TOT0, IPUMEHEHNe TEeKCTOBOT'O PeKrMMa MOJKET TaKiKe YXYAIIUTDL IIepeHo-
CHMOCTDH JaHHBIX MEXKAY ILIaTdopMaMu, Tlie 0 YMOJUYaHUI0 UCIIOJIb3YIOT-
cdA pas3auvHbIe KOAUPOBKH, €CJIU TOJHKO BBl He IIpeAIoaraeTe BCeraa SBHO
YKas3bIBaTh KOOUPOBKY (aiiaoB. MeTon seek Jaydlre MOAXOMUT AJIA PabOTHI
C IBOMYHBIMHU (haiimaMu; UCKJIIOUEHNE COCTABIIAET IPOCTON HEKOAUPYEMBbIH
TekcT ASCII, B KOTOPOM OTCYTCTBYIOT CUMBOJIBI KOHITA CTPOKM.
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Hnsa meMoHCTpanuuy co3ganuM aiija B pexxume “wibh’ (9KBUBAJIEHT PEIKU-
Ma “wb+”) u 3ammIieM B HEro HEKOTOpbIe JaHHbIE — 9TOT PEIKUM II03BOJIAET
yuTaTh U3 (hpaiija u mrUcaTh B HETO U CO3JAeT HOBBIN ITycTOU (haiij, ecau OH
CYII[ECTBOBAJI IpeK /e (3TO OTHOCUTCA KO BceM perkumam “w'). ITocse 3amum-
CU JAHHBIX MBI BEDHEMCS B HauaJio (pailjia U IIPOUYUTAEM €r0 COJEPKUMOe
(HeCKOJIBKO IeJTOUNCIeHHBIX 3HAUCHU M, BO3BPAIllaeMbIX BHI30OBAMU METOOB
B 9TOM IIpUMepe, ObLIIO OIYIIIEHO PAau SKOHOMUY MECTa):

>>> records = [bytes([char] » 8) for char in b’spam’]
>>> records
[b"ssssssss’, b’ pppppppp’, b'aaaaaaaa’, b’ mmmmmmmm’ ]

>>> file = open(‘random.bin’, ‘w+b’)
>>> for rec in records: # 3anucaTb YeTbpe 3anucu
size = file.write(rec) #f bytes 03HA4aeT ABOWYHbIA PEXUM

>>> file. flush()

>>> pos = file.seek(0) #f npounTaTb Gaitn UenuKoMm
>>> print(file.read())

b’ ss5SSSSSPPPPPPPPaaaaaaaammmmmmmm’

Temeps TOBTOPHO OTKPOoeM (haiiyi B peskume “r+b” — OH TaKKe IT03BOJIAET YU-
TaTh U3 (paiija 1 OIucaTh B HET0, HO He OUHUINaeT (Paily Ipu OTKpPhITUU. Ha
9TOT pas3 MbI OyZeM BBITIOJHATH O3UIIMOHUPOBAHYE U YTEHUE C YUYETOM Pas-
MEPOB 3JIEMEHTOB JAaHHBIX («3amuceii»), YTOObI IOKA3aTh BOSMOKHOCTD II0-
JIYUYeHUA U U3MEHEHUA 3alIICed B IPOU3BOJIBHOM IIOPATKE:

c:\temp> python

>>> file = open(‘random.bin’, ‘r+b’)

>>> print(file.read()) #f npoynTaTh GalN LEenuKoMm
b’ ssssssssppppppppaaaaaaaammmmmmmm’

>>> record = b'X’ = 8

>>> file.seek(0) #f N3MEHWTL NepByl 3anucb
>>> file.write(record)
>>> file.seek(len(record) * 2) #f M3BMEHWTb TPETbl0 3anuChb

>>> file.write(b’Y’ « 8)

>>> file.seek(8)

>>> file.read(len(record)) #f U3BneYL BTOPYW 3annchb

b’ ppppppPpP

>>> file.read(len(record)) #f u3Bneyb cnepybuyin (TpeTbi) 3anuch
D YYYYYYYY’

>>> file.seek(0) #f npounTaTb Gainn LEenuKoMm

>>> file. read()
b XXXXXXXXppppppppYYYYYYYYmmmmmmmm'

c:\temp> type random.bin # nocMoTpeTh Qann 3a npepenamu Python
XXXXXXXXppppppppYYYYYYYYmmmmmmmm
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Haxkomerr, umeiiTe B BUAY, UTO METOJ S€eK MOYKHO HUCIIOJIb30BATh, Jake eCau
¢aiis OTKPBIT TOJBKO s uTeHusA. Cleayiomuii mpuMep AeMOHCTPUPYET
BO3MOXKHOCTD UTEHUA TPOU3BOJIbHBIX 3anucel GUKCUPOBAHHOM JInHEI. O0-
paTtuTe BHUMAaHUE, UTO IIPU STOM HCIOJIb3yeTCA TeKCTOBBIN PeKUM 'r’: TMo-
CKOJIbKY MaHHBIEe ITPeACTaBIAI0T co00it mpocToii TekeT ASCII, rae KasKabIit
CUMBOJI IIPEJICTABJIEH OJHUM 0AafiTOM, I TEKCT He COIEPKUT CUMBOJIOB KOHITA
CTPOKH, Ha JaHHOU MIaT(opMe TEKCTOBBLIN U IBOUYHBIA PEKUMBI JeHCTBY-
0T OOUHAKOBO:

c:\temp> python

>>> file = open(‘random.bin’, ‘r’) # TEKCTOBHA PEXMM MOXHO WCMONb30BaTb, ECNU
#f He BHMONHAETCH KOAMPOBAHWE U OTCYTCTBYWT
# CUMBONb KOHUA CTPOKM

>>> reclen = 8

>>> file.seek(reclen * 3) #f U3BNeYL 4ETBEPTY 3anuchb

>>> file.read(reclen)

“mmmmmmmm’

>>> file.seek(reclen = 1) # n3BneYb BTOPYI 3anuchb

>>> file.read(reclen)

" PPPPPPPP

>>> file = open('random.bin’, ‘rb’) # B8 paHHOM cny4ae ABOWYHbIA pEXuM AeACTBYeT
# TOYHO TaK xe

>>> file.seek(reclen * 2) #

>>> file.read(reclen) #

D’ YYYYYYYY’

“3BNEYb TPETbID 3aNNCh
BEpHeT CTpoKy 6aiiTos

Ho B 00111eM ciyuae TeKCTOBBIN PEKUM He CJIeIyeT UCII0JIb30BaTh, €CJIU BaM
TpebyeTcsa MPOM3BOJBHBINA AOCTYII K 3amucaM (3a MCKJoueHmeMm (GaiijaoB
C IPOCTBIM HEKOAMPYeMbIM TeKcToM, momobubIM ASCII, He comep:xkamium
CHMBOJIOB KOHIIa CTpPoKM). CMMBOJBI KOHIIA CTPOKM MOTYT IPeoOpasoBbI-
BaThcA B Windows, a mpumMenHeHune KogupoBok IOHMKOZA MOKeT BHOCUTH
pasauuHbe NCKaKeHUsda — 00a 9TH mpeodpasoBaHUA CYIIIEeCTBEHHO OCJIOMK-
HAIOT BO3MOYKHOCTD IIO3UI[MOHUPOBAHNUSA IO a0COJIOTHOMY cMelrieHno. Ha-
IpuMep, B CJeAyIomeM (parMeHTe COOTBETCTBUE MEKAY CTPokoii Python
U ee KONUPOBAHHLIM IpeAcTaBjJeHMeM B (haiijie HApyIIaeTcs cpasy ke 3a
nepsuIiM He-ASCII cumBoJIOM:

>>> data = ‘sp\xe4m’ #f naHHHle B cueHapuu
>>> data, len(data) # 4 cumsona HHukoga
(“spam’, 4) # 1 cumBon He-ASCII

>>> data.encode(‘utf8’), len(data.encode(‘utf8')) # 6aiiTe ana 3anucu B Gaiin
(b’ sp\xc3\xadm', 5)

>>> f = open(‘test’, mode="w+', encoding="utf8') # TexkcT. pexum, KOAMpPOBaHME
>>> f.write(data)

>>> f.flush()

>>> f.seek(0); f.read(1) #t paboTaeT ana 6aiiTos ascii

>>> f,seek(2); f.read(1) #t 2-6aiToBblin He-ASCII
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>>> data[3] # a B cMeweHun 3 - He ‘m’ !

.

m
>>> f.seek(3); f.read(1)

UnicodeDecodeError: ‘utf8’ codec can’t decode byte O0xa4 in position O:
unexpected code byte

(UnicodeDecodeError: kodek ‘utf8’ ne moixcem npeobpaszosams 6aitm Oxa4
6 nosuyuu 0: Heono3HauHbwLil K00)

Kax BunmTe, pesKuMbI OTKPBITHA (paiinoB B Python obecmeunBaioT HE06X0-
IUMYI0 THOKOCTH IpU paboTe ¢ (haiimamMu B mporpaMMax. A MOAYJIb 0S IPe-
Jaraer eire 6oJiee IITMPOKVE BOZMOYKHOCTU IJiA 00paboTKu (haiijaoB, KOTO-
pbIe IpeiCTaBJIEHBI B CJIEAYIOIIEM pas/eie.

HunskoypoBHeBble MHCTPYMEHTbI B MoAyJie 0s Ans paboTbl
¢ hannamm

Mogyb 0S COmEePKUT AOTIOJHUTEIbHBIN Ha00p QYHKIIUH M1 paboThI ¢ (aii-
JaMu, OTJIMYHBIX OT MHCTPYMEHTOB, KOTOPBIMU PAaCIIOJIaTAI0T BCTPOEHHBIE
00sexmul (haniyioB, TEMOHCTPUPOBABIINECI B MPeAbIAYIIX npumepax. Ha-
IpuMep, HIKe IIPUBOJUTCS HEIOJHBIN CIINCOK (DYHKIIUI B MOAYJIE 0S, IMe-
IOIIMX OTHOIIEeHNE K (haiiaam:

os.open(path, flags, mode)

OTkpbIBaeT (haiia, BOSBPAIIIAET €T0 TeCKPUIITOD
os.read(descriptor, N)

YuraeT He 60siee N 6afiTOB 1 BO3BpAIIlaeT CTPOKY OaiiToB
os.write(descriptor, string)

3amnuceiBaeT B Gaiiys 6afiThI U3 CTPOKU 6AUTOB St/ring
0s.1seek(descriptor, position, how)

IlepemerlraeTcs B IIOSUITUIO pOSition B (paiiyie

C TeXHUUECKOU TOYKY 3peHUA, PYHKIIUY U3 MOAYJIA 0S 00pabaThIBAIOT (hati-
JIBI TIO UX 0eCKpunmopam, KOTOpble MPeACTABIIAIOT COOOM IEeJIOUNCIeHHBIE
Koxel mau «omucarenu» (handles), ugentudurupyromiue Gaiasl B omepa-
IUOHHOII cucTeme. Paiiiabl, IpeacTaBJIeHHbIE NeCKPUIITOPAMU, MHTEPIIpe-
TUPYIOTCS KaK OOBbIYHBIE JBOMUHBIE (haMJIbl, K KOTOPLIM HE IIPUMEHSIOTCS
HU IIpeoOpasoBaHMe CHMBOJIOB KOHIIA CTPOKM, HU KOAWPOBAaHUE TEKCTa,
0 KOTOPBIX PAaCCKas3bIBAJIOCh B IIpeAbIAyIleM pasaere. PakTuuecKu, 3a uc-
KJIIOUEHUEeM OTAeJIbHBIX OCOOEHHOCTEeH, TaKUX Kak Oydepusamus, omepa-
nuu ¢ paitaMu, IPeaCTaBJIeHHBIMU JeCKPUIITOPAMU, MAJIO UYeM OTJIUYAOT-
cdA OT ollepanuii, HogIep:KUBaeMbIX 00beKTaMu (haiiIoB IJid ZBOUYHOTO Pe-
sxkuma. [Ipu pabore ¢ TakuMu aiiiaMu MBI TAKKe YUTAEM U ITUIIIEM CTPOKU
Tuna bytes, a He str. OgHAKO TaK KaK MHCTPYMEHTHI AJIs PabOTHI ¢ haitiaMmu
C WCIOJIb30BAHUEM [eCKPUIITOPOB, IIPEeACTABJIEHHBIE B MOLYJe 0S, — OoJiee
HUBKOT'0 YPOBHS 1 00JI€€e CJI0KHBI B IPUMEHEHNH, YeM BCTPOEHHBIE 00 bEK THI
(daiiios, cosgaBaeMble ¢ IIOMOIILIO BCTPOEHHON (DYHKIIUK 0PEN, TO CIEAYeT



234

[naBa 4. IHCTpyMeHTbI Ans paboThl C haniaMm U KaTanoramm

HCIIOJIb30BaTh MOCJIEHIE BO BCEX CUTYAIUAX, 38 UCKJIIOUEHNEM OTAEIbHBIX
CJIyYaeB CIeIuaJbHoi 00paboTKu (aitios.!

Wcnonb3oBaHue annos, BO3BpalLaeMbliX 0s.0pen

Yro6el maTh BaM 00lllee IpejacTaBieHMEe 00 3TOM Habope MHCTPYMEHTOB,
IIpoBegeM HECKOJIBKO MHTEPAKTUBHBIX 9KCIIEPDMMEHTOB. BCTpoeHHBIe 00b-
eKThI GaiiioB 1 (aiIoBble JeCKPUIITOPHI MOAYJIA 0S 00pabaTbIBalOTCA pas-
JINYHBIMU Ha60paMI/I HNHCTPYMEHTOB, HO B Pea/JIbHOCTHU OHU CBA3aHBbI MEX Y
c000it — 00 bEKTHI (DAHIIOB IIPOCTO KOOABIAIOT AOIIOJIHUTEIbHYIO JIOTUKY T10-
BepX AeCKPUNITOPOB (hailaoB.

Meron fileno oO0bexTa (paitjia BO3BpaIllaeT IEJOUYNCICHHBIN IECKPUIITOD,
acCOIMMPOBAHHBIN CO BCTPOEHHBIM 00 beKToM (paiina. Hampumep, 00beKTHI
(aiioB cTaHAAPTHBIX IIOTOKOB BBOAA-BBIBOAA UMEIOT AecKpuntopsl 0, 1 u 2;
BBIBOB (DYHKIIHH 0S.write IJIs OTIPaBKMU AAHHBIX B STdoUt IO AECKPUITOPY
IaeT ToT ke 9deKT, UTO U BBIZOB MeToa Sys.stdout.write:

>>> import sys
>>> for stream in (sys.stdin, sys.stdout, sys.stderr)
print(stream.fileno())

- o

>>> sys.stdout.write(‘Hello stdio world\n’) # 3anucaTb C MOMOWbI MeToAa
Hello stdio world # obvekTa daina

18

>>> import os

>>> os.write(1, b’Hello descriptor world\n') # 3anucaTb C NOMOlUbLI MOAYNS 0S
Hello descriptor world

23

ITockosnbKy 00BEKTHI (haiiyioB, OTKPHIBAEMBIE IBHO, BEAYT Ce0sS TOYHO TaK
JKe, C OMMHAKOBBIM YCIIEXOM JJIA 00paboTKM KOHKPETHOTO BHEIITHero (aiiia
Ha KOMITBIOTEPE MOYKHO MCIT0JIb30BATh BCTPOEHHY0 (DYHKI[UIO 0PEN, HHCTPY-
MEHTBI U3 MOJYJIsI 0S UJIW U TO U JPYToe BMecTe:

>>> file = open(r’C:\temp\spam.txt’, ‘w') # co3gaTb BHewHuit dainn, oObEKT

>>> file.write(‘Hello stdio file\n') # 3anucaTb C nomoubl 0bbekTa Qaina
>>> file. flush() # vnu cpasy - OyHKUMM 0S.write
>>> fd = file.fileno() # nonyYnTb AeckpunTop 13 06bekTa

Hamnpumep, 115 00paboTKU KAHaAL08, OIUChIBaeMbIX B riiaBe 5. B Python ¢pyuk-
mus 0S.pipe Bo3Bpalaer ABa GaiI0BBIX JECKPUIITOPA, KOTOPbIe MOYKHO o0pa-
0aTBIBATH CPEACTBAMU MOJYJIA 0S WM 00ePTHIBATh UX 00beKTamMu (hailoB ¢ mo-
Mo1bio GyHKIuU 0S. fdopen. IIpu ucmonb3oBannu (hailloOBEIX MHCTPYMEHTOB U3
MOAYJIsI 0S JaHHBIE Uepes3 KaHaJbl IIepealoTCs B BUIe CTPOK 6aiiToB, a He TEKCTAa.
Kpome Toro, HUBKOYpPOBHEBbIE MEXaHU3MBI MOTYT TaK:Ke IMOTPe6oBaThCS AJS
paboThI ¢ HEKOTOPHIMHU (haiiamMu yCTPOICTB.
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>>> fd

3

>>> import os

>>> os.write(fd, b’Hello descriptor file\n') # 3anucaTb C nomoubi MOayns 0S
>>> file.close()

C:\temp> type spam.txt # CTpOKM, 3anucaHHbe
Hello stdio file # nBymMs cnocobamu
Hello descriptor file

®narun pexxuma os.open

3aueM JKe HY KHBI TOIIOJHUTEJIbHBIE (DaiioBble cpeacTBa B MoxyJe 0s? Eciau
BKpAaTIle, TO OHU 00ecreunBaioT 60Jiee HUBKOYPOBHEBOE YIIPaBJIeHUE 00pa-
6oTKoOI (haiiaoB. BeTpoeHHas YyHKIIUA Open MPOCTa B MCHOJIb30BAHUH, HO
OHAa OT'PaHUYEHA BO3MOYKHOCTAMU (PaiiIoOBON CUCTEMBI, KOTOPYIO MCIIOJIb3Y-
eT, 1 100aBJIAET HEKOTOPHIE JOIOJHUTEIbHBIE 0COOEHHOCTH, KOTOPHIE MOT'Y T
OBITH He)KeJsaTeJdbHBbl. MOAyab 0S MO3BOJISET CIieHapuAM OBITH Oojee TOU-
HBIMU; HAIIpUMep, CJeAYIONNi (hparMeHT OTKPBLIBAEeT AeCKPUITop daiiaa
B JBOMYHOM peKUMe AJIs1 UTeHUS-3aIUCHU, BBIMOJHASA OUTOBYIO OIEPaIlnuio
«MAJIN» mang gByMsA GiaraMu pesKuMa, 9KCIOPTUPYEMBIMU MOLYJIEM 0S:

>>> fdfile = os.open(r’C:\temp\spam.txt’, (0s.0_RDWR | os.0_BINARY))
>>> os.read(fdfile, 20)
b'Hello stdio file\r\nHe’

>>> o0s.lseek(fdfile, 0, 0) #f BEPHYTbCHA B Hayano ¢aina
>>> os.read(fdfile, 100) # B ABOMYHOM pexmme coxpaHanTca “\r\n”
b'Hello stdio file\r\nHello descriptor file\n

>>> 0s.1seek(fdfile, 0, 0)
>>> os.write(fdfile, b’HELLO’) # nepesanucaTb nepshbie 5 0aiiToB
5

C:\temp> type spam.txt
HELLO stdio file
Hello descriptor file

B narHOM ciiyuae SKBUBAJEHTHBIA PEXKUM OTKPBITUS C IIOMOIIBI0 BCTPOEH-
HOU (DYHKIIMU 0pEN OIpeessaeTcsa cTpokaMu 'rb+" u “r+b”:

>>> file = open(r’C:\temp\spam.txt’, ‘rb+’) # To xe camoe, HO C MOMOUbID Open
>>> file.read(20) # 1 00beKToB ¢ainos

D"HELLO stdio file\r\nHe’

>>> file.seek(0)

>>> file.read(100)

b"HELLO stdio file\r\nHello descriptor file\n

>>> file.seek(0)

>>> file.write(b’Jello’)

5

>>> file.seek(0)
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>>> file.read()
b’Jello stdio file\r\nHello descriptor file\n

B HekoTophIxX cucTemMax yaru a4 GYHKIIUY 0S.0pEN TTO3BOJIAIOT YKa3bIBaTh
OoJiee CIIOKHBIE PEIKUMBI — HAIIPUMED, UcKaouumenvuslic docmyn (0_EXCL)
u Hebaoxupyowuilt pexxum (0_NONBLOCK). HekoTopble m3 aTux (hjIaroB He
TIePEeHOCUMbI MeXAY mIaTdopMaMu (elrne ogHa IPUYNHA B II0JIB3Y BCTPOEH-
HBIX 00'bEeKTOB (paiinoB). HaliTu MOJHBIN COUCOK APYTUX (PJIAaTOB OTKPBITUA
MOKHO B PYKOBOJCTBE IO OMOJIMOTEKEe UM BHI3BAB Ha CBOEM KOMIIBLIOTEpPE
dyuKIIUI0O dir(0s).

U nocaenuee sameuanue: 8 Python ncnosssoBanmne QyHKIIT 0S.0pen ¢ Jia-
rom 0_EXCL Ha CeromHSAIIHUN AeHb ABJAETCA Haubojee MePEeHOCUMbBIM CIIO-
co00OM HCKJIIOUUTH BO3MOJKHOCTH IIapajljieIbHOTO M3MeHeHUs (paiija miIn
o0ecIeunTh CUHXPOHMBAIUIO ¢ APYTUMHU IporeccaMu. I'ie MOMKeT MCIIOIb-
30BaThCA 9Ta 0COOEHHOCTD, MBI YBUINM B CJIEAYIOIIlell TyiaBe, KOoraa IIPUCTy-
OUM K HCCJIeJOBAHUIO MHCTPYMEHTOB ITapaJijebHON 00pabOTKMU JAaHHBIX.
IIporpamMmmam, IapaJijie;IbHO BBINOJHAIOINIMMCS Ha CEPBEpPE, K IIPUMEpPY,
MOJKET ITOTPe6oBaThCA YCTaAHABINBATE OJIOKUPOBKY Ha (Paiijabl, IPeK e ueM
U3MEHSATh X, €CJIU MOJ00HbIe N3MEHEeHNA MOT'YT OJJHOBPEMEHHO 3aIIpaliiu-
BaThCA HECKOJBKUMU NOTOKAMU BBITIOJTHEHUA UJIN IPOIeCCaAMMU.

OGepTbiBaHME [ECKPUNTOPOB 0ObeKkTamMu ¢annos

Pamee ObLI0 TOKa3aHO, KaK MePeNTH OT UCIIOJIb30BaHUA 00beKTa (paiisa K 1c-
TOJIb30BAHUIO JECKPUIITOPA C TTIOMOIIIBIO MeToa o6beKTa hatiia fileno, — mo-
JYUYUB JEeCKPUIITOP, MBI MOYKEM MCIIOJH30BATh MHCTPYMEHTHI M3 MOIYJIA 0S
IIJIsI BBITIOJIHEHU ST HU3KOYPOBHEBLIX omepariuii ¢ paiaom. Ho MoKHO mmoiiTI
U o0paTHBIM IIyTeM — (PYHKImA 0S.fdopen obepThIBaeT AeCKPUITOP (aiima
ob6bexToM (aiiaa. ITocKoIbKY IpeodpasoBaHms MOTYT BBITIOJHATHCS B 000-
uX HANpPaBJIEHUSAX, Mbl MOXKEM BBIOMPATH JIF0OOW HAOOP MHCTPYMEHTOB —
00beKT (paiiyia uau MOLYJIb 0S:

>>> fdfile = os.open(r’C:\temp\spam.txt’, (0s.0_RDWR | os.0_BINARY))
>>> fdfile

3

>>> objfile = os.fdopen(fdfile, ‘rb’)

>>> objfile. read()

b’ Jello stdio file\r\nHello descriptor file\n

DdaKTHUUECKN MBI MOKeM O0epHYTbH AECKPUITOp (aiijia JIO0LIM 00HeKTOM
¢aiiia, OTKPLITHEIM B TEKCTOBOM HJIX B ABOMYHOM pe:xkuMe. B TeKcToBOM pe-
JKMMe OoTIepaliuy YTeHUA U 3alucu OyAyT ITPOU3BOAUTL KOATUPOBAHME/IeKO-
nupoBaHne IOHMKOAA U mpeoOpasoBaHue CMBOJIOB KOHIIA CTPOKH, C KOTO-
PBIMU MBI TO3HAKOMUJINCH BBIIIE, U AJIS PA0OTHI ¢ HUMHU HE00X0AMUMO OyaeT
HCHOJBb30BaTh CTPOKU THUHA Str, a He bytes:

C:\...\PP4E\System> python

>>> import os

>>> fdfile = os.open(r’C:\temp\spam.txt’', (os.0_RDWR | os.0_BINARY))
>>> objfile = os.fdopen(fdfile, ‘r’)
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>>> objfile.read()
‘Jello stdio file\nHello descriptor file\n

Berpoennas ¢yurmusa open B Python 3.X rakike MoKeT IpUHEMATL Je-
CKpPUIITOP (paiija BMECTO CTPOKM C ero UMeHeM. B aToM pe:Kmme oHa [ei-
CTBYeT MPaKTHUUYECKU TaK iKe, KaK QyHKIua 0s.fdopen, HO obecreuynBaeT
0oJiee TIOJIHBIN KOHTPOJIb. Hampumep, MOKHO HCIIOJIH30BAThH JOIIOJIHUTEIb"
Hble apr'yMeHTHI, UYTOOBI ONPEAeJUTh KOAUPOBKY IJA TEeKCTa U IIONABUTH
oIepaIuio 3aKPHITUA JECKPUIITOPA, KOTOPAs BHITIOJHAETCA 110 YMOJIUaHUIO.
OpHako Ha MpakTuKe GYHKIUS 0S.fdopen B Bepcuu 3.X IPUHUMAET Te Ke
JOTIOJTHUTEJIbHBIE apTyMeHThI, IOTOMY UTO OHa Oblja IepeolpeneaeHa 1 Te-
epb BBIBBIBAET BCTPOEHHYIO (PyHKIUIO open (cMoTpuTe (haiia 0s.py B CTAH-
IapTHOM OuOIMOTEeKe):

C:\...\PP4E\System> python

>>> import os

>>> fdfile = os.open(r’C:\temp\spam.txt’', (os.0_RDWR | os.0_BINARY))
>>> fdfile

3

>>> objfile = open(fdfile, ‘r’, encoding="latin1’, closefd=False)
>>> objfile.read()
‘Jello stdio file\nHello descriptor file\n

>>> objfile = os.fdopen(fdfile, ‘r’, encoding='latin1’, closefd=True)
>>> objfile.seek(0)

>>> objfile.read()

‘Jello stdio file\nHello descriptor file\n

Hanee B KHUTEe MBI OyJ€M HCIIOJH30BATh 3TOT IIPUEM OOEPTHIBAHUA B 00B-
eKThI (paiijIoB, UTOOBI YIIPOCTUTH PA0OTY B TEKCTOBOM peKHMe C KaHaJaMu
U IPyTUMU 00'beKTaMH Ha OCHOBE JeCKPUITOPOB (HaIpuMep, COKeThI 00a-
maioT MmeTomoM makefile, TO3BOIAIOIINM JOOUTHCA TOX0Kero ahGeKrTa).

Apyrve NHCTpyMeHTbl Ans paboTbi ¢ parinamm B Moayrne os

B mMopyne os umeerca Tak:Ke pAJ MHCTPYMEHTOB AJs paboTHI ¢ (aiiiamu,
KOTOPbIE IDUHUMAIT CTPOKY IIYTU K (I)anIy U BBIIIOJIHAIOT PAL onepaunix’l,
CBA3aHHBIX C (pailjlaMu, TaKUX KaK IllepernMeHoBaHUe (0S.rename), ymaje-
Hue (0S.remove) U U3MeHeHMe BJIafesblla (paiisa u mpaB AoCcTyIa K HeMy (0S.
chown, o0s.chmod). PaccMOTpuM HECKOJBKO IPUMEPOB MCIOJH30BAHUA ITUX
MHCTPYMEHTOB:

>>> 0s.chmod(‘spam. txt’, 00777) # paspewvTb JOCTYN BCEM MOAb30BATENAM

DyHKIMY 0S.Chmod yCTaHOBKY IIPaB JoCTya K haiy mepefaeTcsi CTPOKa u3
JEeBATU OUTOB, COCTOAIIAA U3 TPEX TPYIII, IO TPU OUTa B KAKION. ITU TPU
TPYINBI ONIPEJEeSA0T IpaBa JOCTyIla, CJieBa HAIpaBo, AJIA MI0Jh30BaTessd-
BJIazenblla (aiija, Mida TPYNObl HOJb30BATEJeil, KOTOPOU IPUHAAJIEKUT
(aiii, 1 1151 BceX oCTANbHBIX. Tpu OuTa BHYTPU KAXK IO IPYIIIILL OTPAXKAIOT
IPaBoO HA UTeHWE, Ha 3alNCh U HA BBINOJHeHHEe. Ecan Kakoh-To OUT B 9TOM
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CTpPOKe paBeH «l», 9TO 03HAUAET paspelleHle Ha BhIIIOJHEeHIE COOTBETCTBY-
formeii onepanuu. Hampumep, BocbMepuuHoe urco 0777 sBasgeTcs CTPOKOM
U3 JeBATH eIWHWYHBLIX OMTOB B JBOMYHOM MPEACTABJIEHHUMN M pPaspelraeT
BCe TPHU BUA JOCTYIIA AJISA BCeX TPeX I'PYIII MOJIb30BaTe eil; BOCbMEePUYHOe
ypncsio 0600 o3HAUaeT BO3ZMOYKHOCTD TOJBKO UTEHUA U 3aNCH JJIS MOJIb30-
BaTeJisA, KOTOPBIH BaameeT (aitaom (BocbMepuuroe urcao 0600 B ;BomuHOM
sanucu gaet 110 000 000).

Jra cxeMa BeleT CBOe IIPOUCXOKIeHNe OT CUCTeMbI IIpaB goctymna B Unix,
Ho paboraet Tak:ke B Windows. Eciiu oHa Bac ozagauniia, IOCMOTPUTE OIIU-
canme KOMaHILI chmod B HOKYMEHTAIlMHU IO Ballleil cucreMme (Hampumep,
B CTpaHUIlaX pykKoBoacTBa Unix). aem nasbiie:

>>> os.rename(r’ C:\temp\spam.txt’, r’C:\temp\eggs.txt') # oTkyga, Kyna

>>> os.remove(r’C:\temp\spam.txt’) # ynanuTb Qain?
WindowsError: [Error 2] The system cannot find the file specified: ‘C:\\
temp\\. ..’

(WindowsError: [Error 2] Cucmeme He y0aemcsa Hallmu yka3anHsLit nymo: ‘C:\\
temp\\...")

>>> os.remove(r’C:\temp\eggs.txt’')

Hcmonb3oBaHHAA 3ech PYHKIMA 0S.rename u3MeHseT umsA (aiina; QyHK-
U 0S.remove ynajaseTr (paiiy, OoHa CMHOHUMKYHA QYHKIUU 0S.unlink (ums
mocJiegHelr — UM, KoTopoe uMeeT aTa GyHKIuA B Unix, HO OHO He 3HAKOMO
moJib3oBareasam Apyrux miaardopm)t. Mogyab 0s TakKe 9KCIIOPTUPYET CHC-
TeMHBIN BBIBOB Stat:

>>> open(‘spam.txt’, ‘w’).write(‘Hello stat world\n') # +1 gna cumsona \r
17

>>> import os

>>> info = os.stat(r’C:\temp\spam.txt')

>>> info

nt.stat_result(st_mode=33206, st ino=0, st dev=0, st nlink=0, st uid=0
st_gid=0, st_size=18, st_atime=1267645806, st_mtime=1267646072, st_
ctime=1267645806)

>>> info.st_mode, info.st_size # 4epe3 aTpubyTsl WMEHOBAHHOIO KOPTEXA
(33206, 18)

>>> import stat
>>> info[stat.ST_MODE], info[stat.ST_SIZE] # u4epe3 koHCTaHTH B Moayne stat

IToxosxue MHCTPYMEHTHI BBI HalijleTe TaKKe B MOyJIe shutil, B cTaHgapTHOM 6u6-
sauorere Python. OH comepXUT BEICOKOYPOBHEBBIE MHCTPYMEHTHI [IJIA BHITIOJTHE-
HUA oIepanuii KONUPOBAHUA U yaajleHuda (paityioB u MHOTHe Apyrue. B riase 6
MBI JOTIOJTHUTEJIBHO HAIIUIIIeM NHCTPYMEHTHI, II03BOJIAIOIIYE BBIIIOJHATH OIlepa-
UU HaJ KaTajoramMu, Takue KaK cCpaBHeHUe, KOITMPOBaHIE U IIOUCK, IT0CJIe TOr'0
KaK MO3HAKOMUMCS C MHCTPYMEHTAMU [IJid pabOTHI ¢ KaTaJIoraMu Jajiee B 9TOM
rJase.
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(33206, 18)
>>> stat.S_ISDIR(info.st_mode), stat.S_ISREG(info.st_mode)
(False, True)

dyurmua 0s.stat Bo3BpalaeT KopTe:K BeaudnH (B Bepcunu 3.X aTo ocobas
PasHOBUAHOCTL KOPTEXKA, 9JI€MEHTHI KOTOPOTO MMEIOT MMEeHA), IpeacTaB-
JISIONIUX HUBKOYPOBHEBYIO MHMOPMAIUIO O (haiije ¢ YKasaHHBIM UMEHEM,
a MOAYJIb Stat 9KCIOPTUPYET KOHCTAHTHI U (DYHKITUY AJIA MOJYUECHUST 3TOM
WH}OPMAaIy IepeHoCuMbIM criocoboMm. Hampumep, 3HaUeHME, TOTyUaeMoe
u3 pe3dyabTaTa QyHKIUU 0S.Stat mo mHAeKcy stat.ST_SIZE, cooTBeTCTByeT
pasmepy (aiiia, a BeI3oB pyuKIiuu stat.S_ISDIR ¢ mapaMeTpoM «pPexKuM»,
TOJYYEeHHBIM M3 peadyJjbTarTa GyHKIIUU 0S.Stat, MO3BOJISIET MMPOBEPUTD, SB-
asercda au paiia karamorom. OgHAKO, KaK OBLIO IIOKa3aHO BBIIIE, 00e 3THU
orepanuy JOCTYITHLI M B MOAYJe 0S.path, Mo9TOMY Ha IPAKTUKE PEJKO BO3-
HUKaeT HeoOXOAUMOCTh UCIIOJIb30BaTh (GDYHKIIUIO 0S.5tat; MCKJIOUeHue Co-
CTaBJIAIOT HUBKOYPOBHEBBIE 3aIIPOCHI:

>>> path = r’C:\temp\spam. txt’
>>> os.path.isdir(path), os.path.isfile(path), os.path.getsize(path)
(False, True, 18)

CkaHepbl pannos

IIpexae uem 3aKOHUYUTH 0630P MHCTPYMEHTOB JJIA PabOThHI ¢ (haiinamu, pea-
JusyeM 6ojiee MIPaKTUUHYIO 3aauy U MIPOUJLIIOCTPUPYEM KOe-UTO U3 TOTO,
YTO MBI VK€ BN, B OT/ImuMe 0T HeKOTOPBIX I3BIKOB KOMaHIHOI 000J104-
K#, B Python meT HessBHOI mpOIeayPhI ITNKJINYECKOT0 CKAHUPOBAHUA (hati-
Jia, HO HaIucaTh TaKyI0 YHUBEPCAJbHYIO IPOLENYPY, IPUTOLHYIO AJII MHO-
TOKPATHOTO MCIOJIb30BAHMA, HECIOKHO. Monyss B mpuMepe 4.1 onpenenseT
YHUBePCAJbHYIO IIPOIleIyPYy CKaHUPOBaHUS (PaiijioB, KOTOpad IIPOCTO IIPU-
MeHseT IepelaHHyIo B Hee QYHKITUIO K KayKJI0W CTPOKe BHEITHero (aiiia.

ITpumep 4.1. PP4E\System\Filetools\scanfile.py

def scanner(name, function)

file = open(name, ‘r’) # co3naTb 00bekT faitna
while True:
line = file.readline() # BbH30B MeTOMOB ¢alna
if not line: break # 0O KoHua ¢aina
function(line) #f Bbi3BATb 0ObEKT OYHKLMM

file.close()

DyHKIMK scanner 6e3pas3aIndHo, KaKkad QYHKIII 00paboTKM CTPOK B Hee IIe-
penaHa, 4yeM UM ONpeesiseTcs ee YHUBEPCAJbHOCTb: OHA TOTOBA IPUMEHUTH
2106y10 GYHKIIMIO OFHOTO apryMeHTa, YyKe CYIIEeCTBYIOIYIO MJIU KOTopas
MOJKeT MOSIBUThCA B OyAyIlleM, KO BCEM CTPOKaM B TeKcToBoM (paiine. Eciiu
peansaIuio 3TOro MOAYJIA IOMECTUTD B KATAaJIOT, BXOAAIIUH B IIYTh MOUCKA
MO yJIel, UM MOYKHO OyZeT BOCIIOJIb30BaThCs BCAKUIL pas, Koraa morpedyer-
Cs BBITIOJIHUTE IIOCTPOUYHBINA 00X0 (paiiia. B mpumepe 4.2 IpuBOAUTCA KJIU-
eHTCKUI clleHapuii, BLITOJIHSAIOIIUI IIPOCTOe IIpeodpa3oBaHIie CTPOK.
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Ilpumep 4.2. PP4E\System\Filetools\commands.py

#! /usr/local/bin/python

from sys import argv

from scanfile import scanner

class UnknownCommand(Exception): pass

def processlLine(line): # onpenennTb GyHKUMIO
if 1ine[0] == "« : #f NPUMEHSAEMYID K Kax/[JOW CTPOKe
print(“Ms.”, line[1:-1])
elif line[0] == "+
print(“Mr.”, line[1:-1]) # oTOpPOCUTHL MEPBHI W MOCNEAHUIA CUMBOI
else:
raise UnknownCommand(1line) #f BO3OYANTL NCKIIYEHME

filename = ‘data.txt’
if len(argv) == 2: filename = argv[1] # aprymMeHT KOMaHOHOW CTPOKM C MMEHEM
scanner(filename, processLine) # daina 3anyckaeT ckaHep

s rekcroBoro daiina hillbillies.txt:

*Granny
+Jethro
«E11ly May
+"Uncle Jed”

HAIII clieHapuii commands.py BEPHET CJIeYIOIe Pe3yIbTaThI:

C:\...\PP4E\System\Filetools> python commands.py hillbillies.txt
Ms. Granny

Mr. Jethro

Ms. Elly May

Mr. “Uncle Jed”

Bce paboraer, TeM He MeHee CYII[eCTBYET MHOKECTBO aJIbTEPHATUBHBIX CIIO-
co00B peansauu 000X IPUMEPOB, U KaKue-TO U3 HUX MOT'YT IIpeaaaraTh
O6osnee ymaunble permeHudA. Hampuwmep, mmporeccop KOMaH[, IPeACTaBJIEH-
HBIII B mpumMepe 4.2, MOKHO ObLIO OBI peasin30BaTh, KaK IIOKa3aHO HUKe.
IIpeunmyimecTBa sTOl peaansalii CTAHOBATCS 00JIee OUeBUIHBIMU C POCTOM
obOpabaThIBaeMbIX BapUAHTOB — YIOPaBJIAEMbBIN JAaHHBIMHU IIOJXOJ MOIKET
0Ka3aThCsl KOPOUe U IIPOIlle B COIPOBOKIECHNY, YeM IJINHHAA UHCTPYKIIUA
if ¢ UBOBITOUYHBIMHU, II0 CYTH, AEUCTBUAMU (€CJaU BaM KOTa-HUOYIb MOTpe-
OyeTcsA U3MEHUTH CII0CO0 BBIBOZIA CTPOK, B CJIEAYIOIIEH peaan3aliuni Bbl CMO-
JKeTe clesiaTh 9TO, U3MEHUB BCETO OMHY CTPOKY):

commands = {‘=": ‘Ms.’, ‘+': 'Mr.’} # paHHbe W3MEHATbL npowe, 4Yem koa?

def processLine(line):
try:
print(commands[1line[0]], line[1:-1])
except KeyError:
raise UnknownCommand(line)
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CraHep TaKKe MOKHO ObIJIO ObI YAYUIINTH. Kak IIpaBmio, mepeMelrneHue
00paboTKy u3 mporpaMMHOro Koga Python Bo BCTpoeHHBIE MHCTPYMEHTHI
MIPUBOIUT K YBEJWUYEHUIO CKopocTu. Hampumep, ecjiz CKOPOCTh UMeeT 60JIb-
moe 3HaUeHue, cCKaHep PaiyioB MOKHO OBLJIO OBI CeIaTh ObICTPee, 3aMEHUB
B nmpuMepe 4.1 BBI30B (Q)yHKIUU readline umepamopom obsexma @ailna
(B 9bheKTUBHOCTY KOTOPOTO BBI Y3Ke NMEJN BOSMOKHOCTh YOeAUTHCA):

def scanner(name, function)
for line in open(name, ‘r’): # NOCTPO4HOE CKaHWpOBaHMe
function(line) # BbIBOB 00beKTa (yHKLMK

Erie 6osbI1mix uymec B mpuMepe 4.1 MOKHO JOCTHUYD C IIOMOIITBIO TAKUX WH-
CTPYMEHTOB uTepalinii, Kak BCTPOeHHasdA PYHKIIUA Map, TeHepaToOphl CITHC-
KOB U BBIpasKeHUA-TeHepaTopbl. HUKe TPUBOAUTCA MUHUMAJUCTCKA
Bepcuda. [{uka for 3amerriaeTca BbI30BOM (DYHKIIUY Map MJIA T€HEPATOPOM,
u Python cam saxkpuiBaeT (haiia Ha sTame COOPKM Mycopa MU IIPU BEIXOJE U3
ciieHapus (B mporecce o6pab0TKM BO BCeX pPeau3alusax CO3AAeTCs CIIMCOK
pes3yabTaToB, OAHAKO TaKOe He9KOHOMHOE PacXOJOBAaHNE PEeCypPCOB BIIOJIHE
JIOIIYCTHMO, 38 NCKJIIOUEHNEM OUeHb O0JIBINNX (PAiIoB):

def scanner(name, function):
list(map(function, open(name, ‘r’)))

def scanner(name, function)
[function(line) for line in open(name, ‘r’)]

def scanner(name, function)
list(function(line) for line in open(name, ‘r’))

dunbTpbl paninos

IIpensigyminii mpumep paboTaeT, Kak IPeAIoarajioch, HO KaK ObITh, €CJIU
BO BpeMs CKaHupoBauus (paiiaa HaMm morpebdyercs Gpaiia usmenums? B mpu-
Mepe 4.3 MOKasaHbI ABa IIOAXONA: B OJHOM HCIIOJb3YIOTCA ABHBIE (haiijbl,
a B IPYIrOM CTaHAAPTHBIE IIOTOKY BBOJA-BBIBOJA, KOTOPHIE MOYKHO II€peHAa-
IpPaBUTH B KOMAHIHOM CTPOKE.

Ilpumep 4.3. PP4E\System\Filetools\filters.py

import sys
def filter_files(name, function): # ounbTpaumna Gannos yepes OyHKUMIO
input = open(name, ‘r’) #f co3naTb 0OLEKTH 0ainos

output = open(name + ‘.out’, ‘w’) # BbXOAHOW Oailn
for line in input:

output.write(function(line)) # 3anucaTb M3MEHEHHYID CTPOKY
input.close()

output.close() #f BbIXOOHON Oaitn uMmeeT pacumpeHue ‘.out’
def filter_stream(function): #f OTCYTCTBYNT $BHbE daitbl
while True: # MCNONb30BaThb CTAHAAPTHLE NOTOKK

line = sys.stdin.readline() # v input()
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if not line: break
print(function(line), end="") # wnu: sys.stdout.write()

if __name__ == ‘__main__
filter_stream(lambda line: line) # konupoBaTb stdin B stdout, ecnu
#f 3anyuweH Kak caMOCTOATENbHbIA CueHapui

O6paTuTe BHUMAaHNe, UTO IIPMMEeHeHVe TAKOM HOBEHIeil 0COOeHHOCTH, KakK
MeHedxcepvl KOHmMmeKcma, obCysKAaBIIecs BbIIe, ITO3BOJINJIO Obl COKOHO-
MUTH HECKOJILKO CTPOK IIPOrPaMMHOI0 KOJa B peaausanuu (puaIbTpa us mpu-
Mepa 4.3, onuparolerocs Ha NCIIOJIb30BaHue (PaiiaoB, U rapaHTUPOBAJIO ObI
HeMeIJIEHHOe 3aKPLITHe (PaiijoB B cIyUae MOABICHU NCKIIOUeHNI B QYHK-
uu 06paboTKU:

def filter_files(name, function)
with open(name, ‘r’) as input, open(name +
for line in input:
output.write(function(line)) # 3anucaTb M3MEHEHHYI CTPOKY

.out’, ‘w’) as output:

U cHoOBa, IpUMeEHEHUE UMepanmopos 00sexnos Pailios IMO3BOJUIIO ObI YIIPO-
CTUTH peaansaiuio GpuiIbTpa Ha OCHOBE IIOTOKOB BBOZA-BBIBOA:

def filter_stream(function)
for line in sys.stdin: # aBTOMATMYECKM BbHINOJHAET MOCTPOYHOE 4YTeHue
print(function(line), end="")

ITockoNBKY CTaHZAPTHBEIE MOTOKM BBOLA-BBIBOLA OTKPBLIBAIOTCS aBTOMATHI-
YEeCKH, OHM OOBIYHO IIPOIEe B MCIIOJIb30BAHUM. EC/IM 3aIyCTUTHL 9TOT IPU-
Mep, KaK CaMOCTOSATeIbHBIN ClleHapuil, OH IPOCTO CKonupyeT stdin B stdout:

C:\...\PP4E\System\Filetools> filters.py < hillbillies.txt
*Granny

+Jethro

+Elly May

+”Uncle Jed”

OgHAKO 3TOT MOAYJb OoJiee IOJIe3eH, KOTAAa OH MMIIOPTHUPYETCS KaK Ouo-
JUOTeKa (KJINEHT MPeaocTaBIAeT PYHKIINIO 00pabOTKH CTPOK):

>>> from filters import filter_files

>>> filter_files(‘hillbillies.txt’, str.upper)
>>> print(open(‘hillbillies.txt.out’).read())
*GRANNY

+JETHRO

*ELLY MAY

+"UNCLE JED”

B ocraBimeiicsa uacTu KHUTY MBI 4acTO OyIeM BUAETH IPUMEPHI MCIIOJIH30Ba-
HuA (haitaoB, 0cO0OeHHO B HanboJIee MOJHBIX 1 IPAKTUUYHBIX IPUMeEPax CIUC-
TEeMHBIX IIporpaMm B riaee 6. OqHaxKo cHauajia MO3HAKOMUMCS C UHCTPY-
MeHTaMu 00pabOTKYU *KUJINIIA HAIINX (PaiaosB.
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WHCTpyMeHTbI gns paboTbl ¢ KaTanoramwu

Opuoii 13 HamboJiee YACThIX 3aau AJIS YTUJIAT KOMaHIHON OOOJJIOUKM SB-
JIsieTCs IPUMEHEeHUe Oollepaluii K MHOXKeCTBY (DaiijIioB, HAXOAAIUXCA B Ka-
madJaoze — «Iamnke» Ha a3bike Windows. Cuienapun, criocoO0HbIe BBIIOIHATH
omnepaluy HajJ TPyOnoi (pailjioB, IO3BOJAIT aBTOMATHU3UPOBATH (TO €CTh
npozpammuposams) 3agauu, KOTOpble B IPOTUBHOM CJIydyae IIPHUIIJIOCH ObI
MHOTOKPATHO IIOBTOPATH BPYYHYIO.

Hanpuwmep, gonycTum, 4To HY»KHO HaTH BO Bcex (hailsax ¢ IporpaMMHBIM
kKomom Python ms Karajora paspaboTKu nMsA II00AJILHON IEePEeMEHHOMN (BbI
MOTJIX 3a0bITh, TIe OHO MCHOJb3yeTcdA). Ilasa Kaskmoii maaTdopMbl CyIie-
CTBYET MHOXKECTBO CITOCOO0B PEITUTH ATy 3a4auy (Hampumep, KOMaHIAbI find
u grep B Unix), Ho crenapuu Python, BBIOJHAIOINE TaKKe 3a0a49n, OYAYT
paboraTs Ha Jr000#1 IaTdgopme, rae padoraer Python, — B Windows, Unix,
Linux, Macintosh u mpakTuuecku Ha J1000# APyroil pacnpocTpaHeHHO!
miardopme. [[oCTaTOUHO IIPOCTO CKOIMPOBATH CIEHAPUI Ha JIO00H KOM-
IbIOTEP, TIe IpearoaaraeTcsa ero NCIoJab30BaTh, U OH OyaeT paboTaTh He-
3aBUCUMO OT MUMEIOIUXCA Ha HEM YTHUJUT, — IOJISI 9TOr0 HeOOXOAUMO MMEeTh
auiltb uHTepuperarop Python. Kpome Toro, mporpaMmMumpoBaHMNE TaKUX
3amau Ha A3bIKe Python mosBoJsiseT mo Xomay Aejia BBITOJIHATE JIIOObIE Aeti-
CTBUA — 3aMeHY, VIaJieHre U JI00ble JpyTrue, Kakue TOJIbKO MOYKHO peaJIn-
30BaTh Ha A3bIKe Python.

OOxop ogHoOro Karanora

Yaire Bcero npu HaIIMCaHNY TAKUX MHCTPYMEHTOB CHaUaJIa MOJYYatOT CITU-
COK MeH (hailyioB, KOTOpPbIe HYsKHO 00paboTaTh, a 3aTeM IIOIIaroBO 00XOJAT
ero B 1uKJe for, moouepenHo obpadaTbiBas Kaskablil aiiia. Bech GoKyc co-
CTOUT B TOM, YTOOBI HAYUUTHCA IOJYUYATh B CIEHAPUSAX TAKOM CIIMCOK CO-
Iep:KxuMoro Karajora. CyIecTByeT 0 MEHBIIIEHN Mepe TpU criocoba chesaTh
3TO: BBINOJHUTL KOMAaHABI 000JOUKU JJIA MOJYUEeHUA CIIMCKA C IIOMOIIbIO
0S.popen, OThICKaThL (Paiiabl MO IIabJIOHY MMEHHU C IIOMOIILI0 glob.glob 1 mo-
JIYYUTH IEPEUEHDb COEPIKMMOTI'0 KaTaJIora ¢ TOMOIIBI0 0S. 11stdir. 9Tu cmoco-
OBbI pas3auualoTcA o nHTepdeiicy, (hopMaTy pe3yabTaTa U IePeHOCUMOCTH.

3anyck KOMaHpA, Nony4yeHUsl CNucka coaepXXMmMoro katanora
C MOMOLLLbIO 0S.popen

Crakure-Ka, Kak BBI IIOJyYaJu CIUCKU (PailioOB B KaTaJjore IO TOTO, KaK
yeasimanau o Python? Eciu y Bac Her ombiTa paGoThI ¢ MHCTPYMEHTAMU
KOMaHIHOI CTPOKM, OTBET MOJKeT OBITh ciexyromuM: «Hy, s s3amyckan
B Windows OpoBOZHUK U IIeJIKAJ, Kyga Hy:KHO». Ho 37ech y HAC peus ujer
0 MeXaHU3MaX, MeHee OPUEHTUPOBAHHBIX Ha rpaduduecKuil nurepdeic, To
€CTh 0 MeXaHU3MaX KOMaHIHON CTPOKMU.

i oty ueHus ciucKoB (aiioB B Unix 00BIYHO UCIOIB3yeTCA KOMaH A 1s;
B Windows CIIMCKHM MOYKHO CO3aBaTh BBOAOM dir B okHe KoHcoau MS-DOS.
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ITockonbKy cuienapuu Python MOryT BBITOSHUTE JIFO0YI0 KOMaHIy 000J0U-
KU C ITIOMOIIIBIO 0S.p0pen, OHU ABJAIOTCS CAMbIM YHUBEPCAJIBLHBIM CIIOCOO0M
TOJIyUYEeHUA COAEP:KUMOTO KaTaJjiora u3 mporpamMm Ha a3bike Python. Mur
yoKe BCTpedaiuch ¢ QyHKIIUeN 0S.popen B IPeAbIAyIell IjaBe — OHA BBIIIOJI-
HAET KOMaHAY 000JIOUKY U BO3BpAIaeT 00BeKT (haiiia, M3 KOTOPOTO MOK-
HO IIPOYeCThb BBIBOJ KOMaHAbL. [[Jd uimiocTpanuy JOIYCTUM cHadaja, 4To
MMeeTcsI CIeyIolnas CTPYKTypa KaTajJoros — Ha MoeM HOyTOyKe ¢ Windows
ecTb 00e KomaHuabl, dir u Unix-mogob6uas 1s us Cygwin:

c:\temp> dir /B
parts

PP3E

random. bin
spam. txt

temp. bin

temp. txt

c:\temp> c:\cygwin\bin\1ls
PP3E parts random.bin spam.txt temp.bin temp.txt

c:\temp> c:\cygwin\bin\1ls parts
part0001 part0002 part0003 part0004

WNwmena parts u PP3E ABAAIOTCA 3/leCh IOAKATAJIOraMU, BJIOKEHHBIM B Ka-
Tajor C:\temp (MOCJegHUI M3 HUX SABJIAETCA KOIUEH nepeBa KaTaJIOTOB
Cc IpUMepaMu IJId IPeabIAYINero u3ganusa KHUTH, YacTh U3 KOTOPBIX S HC-
TOJIB30BAJ B 3TOM u3gaHuu). Temepb MbI 3HAeM, UTO CIIEHAPUU MOTYT IIOJIY-
YaTh CIIUCKY MMeH (alioB U KaTaJIOTOB Ha 9TOM YPOBHE, ITPOCTO 3aITycKas
crenuuUUecKyo A IaaT(QOPMbl KOMAaHAY U YUTAA IOJYUYEHHBIN BBIBOJ
(TeKcT, OOBIYHO BEIBOJMMBINA B OKHO KOHCOJIM):

C:\temp> python

>>> import os

>>> os.popen(‘dir /B').readlines()

[“parts\n’, ‘PP3E\n’, ‘random.bin\n’, ‘spam.txt\n’, ‘temp.bin\n’, ‘temp.txt\n’]

CTpoKu, BoO3BpalllaeMble KOMAHION O0OJOUKM, COAEPKAT 3aMBIKaIOIIHIA
CHMBOJI KOHIIA CTPOKM, HO €r'o JIerK0o MOXKHO oTceub. Kpome Toro, pyHKIIMA
0S.popen BO3BpAIllaeT UTePaTOp, TOUHO TAKOH JKe, KaK UTepaTop 00beKTOB
daiinoB:

>>> for line in os.popen(‘dir /B’)
print(line[:-1])

parts

PP3E

random. bin

spam. txt

temp. bin

temp. txt
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>>> lines = [line[:-1] for line in os.popen(‘dir /B’)]
>>> lines
[‘parts’, ‘PP3E’, ‘random.bin’, ‘spam.txt’, ‘temp.bin’, ‘temp.txt’]

B ciyuae 065€KTOB KaHAJOB JEHCTBUE UTEPATOPOB MOYKET MMETh ele 00-
Jiee BHAUUMBIHN a(p(eKT, ueM IIPOCTO YXOJ OT OTHOBPEMEHHOM 3arpy3KU BCeX
pe3yabTaToB B MaMATh: MeTOoJ readlines Bcerma OJJOKHPYET BBISBIBAIOITUM
IIpolece, IIOKa He 3aBEPIIUTCS IOPOMKAeHHAd IIporpaMmMa, TOrAa Kak IIpu
MCHOJIb30BAHUU UTEPATOPOB 3TOT'0 HE IIPOUCKXOLUT.

O6e KoMaHIBI, dir U 1S, IO3BOJSAIOT 3aJaBaTh TpedyemMble 00pas3Ilbl MMEH
¢aiiyioB 1 MMEH KaTaJIoroB, CIMCOK COAEPsKMMOr0 KOTOPBIX HOJIMKEH ObITh
MOJIYYeH, C IIOMOIIbIO IITa0JI0HOB UMeH. B cieayroiemM mpuMepe MbLI CHOBA
IPOCTO BBITOJIHSIEM KOMAHABI 000JI0UKM, IO3TOMY T'OAUTCSA BCE, UTO MOIKHO
BBECTU B KOMaHIHOU CTPOKE:

>>> os.popen(‘dir *.bin /B’).readlines()
[*random.bin\n", ‘temp.bin\n']

>>> os.popen(r’c:\cygwin\bin\ls *.bin’).readlines()
[“random.bin\n’, ‘temp.bin\n’]

>>> list(os.popen(r’dir parts /B’))
[*part0001\n’, ‘part0002\n’, ‘part0003\n', ‘part0004\n’]

>>> [fname for fname in os.popen(r’c:\cygwin\bin\1ls parts’)]
[*part0001\n’, ‘part0002\n’, ‘part0003\n', ‘part0004\n’]

OTU BHI3OBBI HCIIOJIB3YIOT YHUBEPCAJIbHbBIE MHCTPYMEHTHI 11 BCE rZI(-Z‘I‘/’ICTByIO’l‘,
KaK OBIJIO 3aABJIEHO. OJIHaICO BBIIII€ OTME4YaJIoCh, YTO HEJOCTAaTKaMM 0S.pOPeEN
ABJIAOTCA HeOﬁXO,LU/IMOCTI: HCIIOJIb30OBAHUA KOMaH/[ 060JIO‘II{I/I, cneunque-
CKUX OJId HJIaT(l)OpMI:I, 1 IIoTepdA IIPOM3BOAUTETIBHOCTHU IIPU 3aIlyCKe He3a-
BHCHUMBIX IIPOrpaMM. Ha IIPDaKTHUKEe PAa3JINYHbIe MHCTPYMEHTBI MOT'YT BO3-
BpaIaThb pa3jinuyHbIe pe3yJabTaThbI:

>>> list(os.popen(r'dir parts\part* /B'))

[*part0001\n’, ‘part0002\n’, ‘part0003\n', ‘part0004\n’]

>>>

>>> list(os.popen(r’c:\cygwin\bin\1ls parts/part+'))

[*parts/part0001\n’, ‘parts/part0002\n’, ‘parts/part0003\n’, ‘parts/part0004\n’]

Crepyroliie 1Ba aJlbTePHATUBHBIX IIPHeMa IIPOSIBJIAIOT ce0s JIyUIlle B 000X
OTHOIIIEHUAX.

Mopaynb glob

Tepmun globbing (rmo6aabHBIN IMTOUCK IO MIA0JI0HY) TPOUCXOIUT OT T'PYIIIIO-
BOT'O CIMBOJIA *, ICIIOJb3yeMOT0 B I1abonax nMeH ¢aiiaoB. Ha xkomnboTep-
HOM CJIGHT'€ CHMBOJI * TPaKTyeTcs, Kak «glob» (rpymma cumBosos). Bosee
IPU3EMJIEHHO, IIO0AJbHBIN IIOMCK II0 IMA0JIOHY IIPOCTO O3HAUaeT II0JIyde-
HUe UMeH BCeX 3JIEMEeHTOB B KaraJiore — (aijioB 1 IIOAKAaTaJIOr0B, UMeHa
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KOTOPBIX COOTBETCTBYIOT 3aJaHHOMY ITabjoHy. B KOMaHIHBIX 000JI0YKaX
Unix npu rio6ajbHOM IIOMCKe IIabJIOHBI UMeH (PaiijioB, yKasaHHBIE B KO-
MaHJIHON CTPOKE, PACIIUPAIOTCS A0 BCeX COBHANAIOIIUX MMEH ellle Iepe]
BBITIOJTHeHHEM KoMaHIbl. B Python Mo:XKHO mesaTh HeUTO MOXO0Kee, BHI3bI-
Bad BCTPOEHHYIO (hyHKIIMIO glob.glob, — MHCTPYMEHT, IPUHUMAIOIIUH II1a-
0JI0H UMeHU (paiijia ¥ BO3BpAIAIONINi CINCOK (He TeHepaTop) uMeH (haiijaos,
COOTBETCTBYIOIINX 9TOMY IIA0JIOHY:

>>> import glob
>>> glob.glob(‘+")
[“parts’, ‘PP3E’, ‘random.bin’, ‘spam.txt’, ‘temp.bin’, ‘temp.txt’]

>>> glob.glob(‘«*.bin")
[*random.bin’, ‘temp.bin’]

>>> glob.glob(‘parts’)
[‘parts’]

>>> glob.glob(‘parts/+")
[*parts\\part0001", ‘parts\\part0002', ‘parts\\part0003', ‘parts\\part0004’ ]

>>> glob.glob(‘parts\parts')
[“parts\\part0001", ‘parts\\part0002', ‘parts\\part0003', ‘parts\\part0004’]

s onpeneneHusa mabOHOB B QyHKIIUY §10b UCIIOIB3yeTCA OOBIUHBINA CUH-
TaKcuc mabJoHOB NMeH (haiioB, MCIOJIb3YEeMbIHl B KOMaHIHBIX 000JI0UKAX:
? o3HAUaeT O4WH JI000M CMMBOJI, * 03HAYAeT J000e YMCJIO CIMBOJIOB, a [ ]
03HAYaeT MHOYKECTBO CHMBOJIOB, AOCTYIHBIX AJs BbiOopa.! Eciau momck
HYKHO OCYIIIEeCTBJIATH B KaTaJore, OTJIMYHOM OT TEeKyIIero pabouero Kara-
Jiora, B ITa0JIOH HYJKHO BKJIIOUUTH IIYTh K KaTaJyory. Kpome Toro, Mmoxyab
OPUHUMAET pPasAesUTeJ I uMeH KarajioroB B ctuje Unix mau DOS (/ niu
\). OTa QYHKINS pean30BaHa TaK, UTO HE BBIBLIBAET KOMAaHIbl 000JIOUKHU
(oHa mcnoab3yeT (GyHKIIUIO 0S.1istdir, omucheiBaeMylo B cJeqyIOIeM pas-
[leJie) U IIOTOMY MOJIKHA BBINIOJHATHCS ObICTPEe U JIYUIlle ITIEPEeHOCUThC Ha
Bce maardopmbl Python, uem mokasaHHBIe BBINIE IPUEMBI C IPUMEHEHUEM
(QYHKITUH 0S.popen.

Boob1ie pyrKIIMa glob HECKOJBKO MOIITHee, YeM 37ech onucano. I[lomyue-
HUe cuucKa (paijoB B KaTajore SBJIAeTCs JUIIb OJHOU U3 ee BOBMOKHOCTeI
moucka 1o mabsony. Hampumep, ee MOKHO HCIIOJB30BATh AJIA MMOJYUYeHUS
CIIMCKAa MMEH U3 HeCKOJIbKUX KaTaJjoroB, TaK KaK KaKIblil YPOBEHD B IIepe-
JaBaeMOM ITyTH K KaTaJIory TaKKe MOKHO OIIPeJeJIUTh B BUE ITabJI0HAa:

>>> for path in glob.glob(r’PP3E\Examples\PP3E\*\s+.py’'): print(path)

PP3E\Examples\PP3E\Lang\summer-alt.py

B geficTBuTesbHOCTH QYHKIMA glob IPOCTO UCIONB3YET CTAHAAPTHBLIA MOIYJIb
famatch muIs moMcKa mMeH 1o IabJIoHy; CMOTPUTE OmKcaHue fnmatch B mpumepe
monynasa find B raase 6.
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PP3E\Examples\PP3E\Lang\summer.py
PP3E\Examples\PP3E\PyTools\search_all.py

31ech MBI IIOJYUYHUJIN COHCOK MMeH (aiijloB, COOTBETCTBYIOIINX IabJIOHY
S*.py, U3 IBYX Pa3HBIX KaTajoros. Tak KaK B KaueCTBe UMEHU IPeIIeCTBY-
IOIT[ero KaTaJiora ObIJI MCIIOJIb30BAaH IPYIIIIOBOM CUMBOJ *, Python mepe6pan
BCe BOBMOJKHBIE ITyTH K (haiiaaMm. 3amycKas KOMaHIbl 000JI0YKH C IIOMOIIIbIO
GYHKIIUHA 0S.pOpEN, TAKOTO Ke Pe3yIbTaTa MOMKHO JOOUTHLCS, TOJBKO €CJIU
momo0HaA BO3MOKHOCTH MHOAAEP:KMBAETCS CaMOll KOMaHIHON 000J0YKO
WM KOMaHOU BHIBOJIA CIIUCKA (DAMJIOB.

dDyHkumns os.listdir

Dyurmua listdir s MogyIa 0S ABJIAETCS €Ile OAHUM CIIOCO00M ITOJYUUTH
cnucok uMeH daiiaos. Ho oHa mpuHUMaeT He 111a0J10H nMeHu daiisa, a Ipo-
CTYIO CTPOKY C MMEeHEeM KaTaJiora U BO3BpAaIIlaeT CIIMCOK, COJeP;KAIINI mMme-
Ha Bcex (paiijoB B KaTajgore — KakK IpocTo (haiijoB, TaK U BJIOKEHHBIX IIOM-
KaTaJoroB, — AJIA UCIOJb30BAHUSA B BbI3BIBAIOIIEM CIIeHAPUN:

>>> import os

>>> os.listdir('.”)

[*parts’, ‘PP3E’, ‘random.bin’, ‘spam.txt’, ‘temp.bin’, ‘temp.txt’]
>>>

>>> 0s.listdir(os.curdir)

[‘parts’, ‘PP3E’, ‘random.bin’, ‘spam.txt’, ‘temp.bin’, ‘temp.txt’]
>>>

>>> 0s.listdir(‘parts’)

[*part0001’, *part0002’, ‘part0003’, ‘part0004’]

IdTta QYHKIIUA TaKMKe He IIPUBJIEKaeT K padoTe KOMaHIbl 000JI0UKH, 1 II09TO-
MYy JAaHHBIN CIIOCO0 ABJISIETCSA He TOJIBKO OBICTPHIM, HO U MEePEHOCHUMBIM Ha
Bce ocHOBHBIE mtaTopMbl Python. PesynbraT hyHKIIMY He YIOPALOUEH HU-
KaKuM 00pa3oM (HO MOKeT ObITh OTCOPTUPOBAH METOAOM CIMCKOB SOt MJIu
dyuKIMeR sorted); BodBpalmaeT 6a3oBble MMeHa (paiiioB 0e3 myTeil K KaTa-
JioraM; He BKJIIOUAeT MMeHa KaTaJoroB «.» UJH «..» W COAEePKUT UMeHa (aii-
JIOB U IIOIKATAJIOT'OB AJIA TaHHOT'O YPOBHA.

Yro0bI CPAaBHUTH BCE TPU crocoba, 3allyCTUM UX APYT 3a APYTOM A ABHO
3amaHHOro Karasgora. OHM OTJIMYAIOTCA HEKOTOPBIMU JIETAJIAMHU, HO B II€JIOM
ABJIAIOTCSA BapuanuAMM Ha OGHY U TY Ke TeMy: (QyHKIIUA 0S.popen Bo3Bpa-
I1aeT CUMBOJIBI KOHITA CTPOKY M CIIOCOOHA COPTHPOBATH MMeHa (aiiyioB Ha
HEKOTOPBIX ILIaTdopMax, PyHKIUA glob.glob mpuHUMAaeT MIabJ0HbI U BO3-
BpalljaeT IIOJIHbIE UMeHa (PaiijoB ¢ IyTAMU, a PYHKIUA 0S.1istdir mpurM-
MaeT 00BIYHOE MM KaTaJiora M Bo3BpalilaeT nuMeHa (GaiisoB 6e3 myTeil K Ka-
TaJIoraM:

>>> os.popen(‘dir /b parts’).readlines()
[*part0001\n’, ‘part0002\n’, ‘part0003\n', ‘part0004\n’]

>>> glob.glob(r’ parts\*’)
[*parts\\part0001', ‘parts\\part0002', ‘parts\\part0003', 'parts\\part0004’]
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>>> 0s.listdir(‘parts’)
[*part0001’, ‘part0002’, ‘part0003’, ‘part0004’ ]

W3 sTux Tpex cmoco0oB JYUYIINMHU BapUaHTaMU SABJIAIOTCA QPYHKIHHU ¢lob
u listdir, ecqu BaskHa MEePEHOCHUMOCTD CIleHApUA U eInHOOOpasue pe3yb-
TaToOB, IPU 9TOM (PYHKIUA 1istdir B mocaegquux Bepcuax Python BeiriaguT
camMoi1 OBICTPOII (TeM He MeHee COBETYIO 3aMePhl TPOMU3BOAUTEIHLHOCTHU IIPO-
M3BECTU CAMOCTOATEJNHLHO — Peau3arusa MOMKeT CO BpeMeHeM NU3MEeHUTHLC).

Pas6bueHue n OG'bG}J,I/IHEHI/Ie pe3ynbTaToB BbiBOAA

B nipenpinyiiem npumMepe 0TMEUaJIOCh, YTO GYHKIIUA §10h BO3BpAaIIiaeT moJI-
Hble UMeHa (ailjoB ¢ MyTaMHU, a QpyHKIUA 1istdir BosBpalaeT IIpocThie
O6asoBble uMeHa (haiiaoB. B ciieHapusax A yaoocTBa 06paboTKU YacTo Tpe-
OyeTcsa pasdbmBaTh Pe3yabTaThl PYHKIIUU (10D, UTOOBI MOJYUYUTH 0Aa30BbIE
uMeHa, Ju00 N00aBIATh MOJHBIEe IYTU B Pe3yabTaThl pyHKIIMU listdir. Ta-
KI1e IPeo0pa3oBaHUsA JIETKO PeaJIu3yI0TCA, €CJIN IO3BOJIUTE MOLYJIIO 0S.path
BBITIOJTHUTH BCIO paboTy. Hampumep, ciieHapuio, KOTOPBIH JOJIKEH CKOTTHPO-
BaTh Bce (haiiabl B KaK0e-TO MeCTO, OOBIYHO HYKHO cHAuaJia BBIAEJUTH Oa-
30BBbIe MMeHa (paiiyioB u3 Pe3yabTaTOB, MOJYUYEHHBIX C ITIOMOIILI0 (QYHKIIUNT
glob, 1 3aTeM 100ABUTH BIEpPeaU HUX APYTYe UMEeHA KaTaJOTOB:

>>> dirname = r’C:\temp\parts’
>>>
>>> import glob
>>> for file in glob.glob(dirname + ‘/x")
head, tail = os.path.split(file)
print(head, tail, ‘=>", (‘C:\\Other\\’ + tail))

C:\temp\parts part0001 => C:\Other\part0001
C:\temp\parts part0002 => C:\Other\part0002
C:\temp\parts part0003 => C:\Other\part0003
C:\temp\parts part0004 => C:\Other\part0004

31ech mocJie => MOKa3aHbI MOJTHbIe TMeHa (haioB, KOTOPbIE MOJyYaTcs IIo-
cie iepeMelrennsa. HampoTus, clieHapuio, KOTOPBIH JOJI3KeH 00padoTaTs Bce
daiianl B KaTajore, OTJIMYHOM OT TOT'0, B KOTOPOM OH BBIIOJIHAETCS, BEPOAT-
HO, IToTpebyeTrcs J00aBUTH K pesyabTaTaM QYHKIIUUA 1istdir mms meseBoro
KaraJjiora, IIpeskje ueM IIpeaaBaTh UMeHa (PaijoB IPyTruM NHCTPYMEeHTaM:

>>> import os
>>> for file in os.listdir(dirname):
print(dirname, file, ‘=>", os.path.join(dirname, file))

C:\temp\parts part0001 => C:\temp\parts\part0001
C:\temp\parts part0002 => C:\temp\parts\part0002
C:\temp\parts part0003 => C:\temp\parts\part0003
C:\temp\parts part0004 => C:\temp\parts\part0004

Korpa Be1 HauHeTe TMCATh NEeHCTBYIOIINE MHCTPYMEHTHI JJid paboThI ¢ KaTa-
JioraMu, TIOXOKUe Ha Te, YTO MBI OyZeM paspabaTbiBaTh B riiaBe 6, moIb30Ba-
HUe 5TUMU (PYHKIIUAMU BOUAET Yy BaC B IPUBBLIUKY.
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O6Gxop, fepeBbeB KaTanoros

BosMmo:xHO, BBI 00paTUIM BHUMAHUE, UTO BCE IPEAIIECTBYIOIINE IPUEMBI
B 9TOM pasiejie BO3BpalllaloT mMeHa (GaijioB TOJBKO U3 00H020 KaTaJjora
(eAMHCTBEHHBIM MCKJIIOUEHHEM SBJIAETCA IVI00aIbHBIN IIOUCK II0 I1a0JI0HY).
Takoil mogxon TOAUTCA B OOJIBIIMHCTBE CAyYaeB, HO UTO €CJU IIOTPedyeT-
csA MIPUMEHUTH OIepaInio K KaxaoMy (paiiay B KasKI0M KaTajaore U BO BcexX
mogKaraJjorax depesa KataJyioros?

Hamnpumep, gonyctum, uTo TpedyeTcss HAWTH B ClieHAPUAX Ha A3bIKe Python
BCE BXOJKJIEHUSI HEKOTOPOro riobaabHoro uMenu. OqHAKO HA 9TOT Pas HAIIIKN
CIleHAapUU OPTaHUB30BAHBI B BUE NAKema MOIYJIel — KaTajora ¢ BJIOKeHHbI-
MU IIOAKATAJIOraMu, KOTOPhIE MOT'YT COJEPsKaTh COOCTBEHHBIE IIOKATAJIOT .
Mo:kHO BpyUHYIO 3aIlyCKaTh HAII I'MIIOTeTUYECKUI ITOMCKOBBINI MeXaHU3M
[JIs OJHOT'O KaTaJjora B KasKIOM U3 IIOAKATAaJIOrOB B JiepeBe, HO 3TO YTOMU-
TeJILHO, UPEeBATO OIINOKAMM ¥ TOUHO HE JOCTABUT YIOBOJbLCTBUA.

K cuacTero, peannsoBaTh 00pabOTKY JepeBa KaTaJoroB Ha ssbiKe Python
MOYTH TAaK Ke MPOCTO, KaK W MPOCKAaHWPOBATH €JUHCTBEHHBIN KaTaJIor.
Mo:xkHO HammcaTh PEKYPCUBHYIO IIPOLEAYPY 00X01a JepeBa WU UCIIOJIb30-
BaTh YTUJIUTY IIepeMeIleHns [0 JAePeBY, BCTPOSHHYIO B MOAYJIb 0S. Takue
HNHCTPYMEHTBI MOMKHO MCIIOJIB30BAaTh OJIA IIOMCKa, KOIIMPOBAaHMWA, CpaBHE-
HUSA U BBIIIOJHEHUS JIOOBIX APYTUX Olleparuil HaJ IPOM3BOJILHBIMU Jlepe-
BbAMU KaTaJIOTOB Ha J000ii miraTdopMme, rae BeinoanseTcss Python (To ects
TOYTH BCIOAY).

dyHKuMA obxopa pepeBa os.walk

YrobbI 00IeTYUTH MPUMEHEHNE ollepalny KO BceM (paiijiaM B JepeBe Ka-
TaJoros, B coctraBe Python mocraBiasieTcsa yTuinTta, BHIIOJIHAONAA 00X0]
JlepeBa U 3aIlycKarollas B KaKJJOM KaTaJore YKasaHHyio QyHKIU0. PyHK-
muu 0S.walk mepemaeTcss MMs KOPHEBOTO KaTaJiora, M OHAa aBTOMaTHUUYECKU
00XOJUT BCE IEPEBO OT KOPHA U HUKE.

ITo cBoeit cyTu pyHKIUA 0S.Wwalk aBIgeTca QyHKYUell-2eHepamopom — NJid
KasKJOT0 KaTaJiora B JiepeBe OHA BO3BPAIIAeT KOPTEXK U3 TPeX BJIEMEHTOB,
coZlepsKaIui UM TEKYIIero KaTaJjora, a TaKkKe CIIUCKY Beex (haiijoB U BcexX
MOAKATaJOTOB B TEKyIleM Karajore. Tak Kak 5To (DYyHKIUA-TeHepaTop,
00X0/] IepeBa OOBIUHO Peau3yeTcs C IOMOIIBIO ITUKJA for (Mau Ipyroro
WHCTPYMeHTa wurepalnui). B xKamkmoii mrepanuu (QYyHKIUSA IepeMeliaer-
cA K CJeyIomeMy IIOAKATaJory, a MHCTPYKIUSA IUKJIA BBINIOJHAET CBOE
TeJIO AJIA CJAENYIOIIEro YPOBHA B iepeBe (HaIpuMep, OTKPHIBAET Bce (hailibl
B 9TOM IIOAKATAJIOTe U TPOU3BOAUT IOUCK TI0 UX COLEPKUMOMY).

Ha mepBbIii B3TUIA, TAKOE ONKUCAHNE MOYKET IMIOKA3aThCA YIKACHO CJI0KHBIM,
HO KOTJla BBl IIPUBBIKHETE K (DyHKIINHU 0S.walk, BCe OKaKeTCA JOBOJBHO IIPO-
cTeIM. B cienymomieMm (parmMeHTe, HallpuMep, TeJO IIUKJIA BBINOJHSIETCS
IS KasKIOTOo KaTaJiora B JiepeBe ¢ KOpHEM B TeKYIIeM paboueM KaraJiore.
ITuks mpocTo BHIBOOAUT MMA KaTaJjora U UMeHa Bcex (aiijioB B HEM, 100aB-
JAsg K HUM uMsa Karajora. OnucaTh 9To Ha A3biKe Python mporne, yem Ha
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00OBIYHOM fA3bIKe (IIepef TeM KaK 3aIlyCKaTh 9TOT IPUMEp, A YAaJ NI KaTajior
PP3E, uT00BI COKPATUTDH BHIBOJ):

>>> import os

>>> for (dirname, subshere, fileshere) in os.walk(‘.’):
print(‘[* + dirname + ‘]")
for fname in fileshere:

print(os.path.join(dirname, fname)) # obOpaboTka ogHOro odaiina

[]

.\random. bin

\spam. txt

.\temp.bin

A\temp. txt

[.\parts]

\parts\part0001

\parts\part0002

\parts\part0003

\parts\part0004

NupiMn CJIOBaMU, MBI peaJin30BaJI1 HaIIl CO6CTBeHHBIfI, JIETKO HU3MeHdAe-
MBI MHCTPYMEHT PeKYPCUBHOTO BBIBOJIa COAEP:KUMOTO KaTaJjora Ha A3bIKe
Python, ITockobKy HaM MOKeT TOTPEOOBATHCS MOAIIPABUTE €TI0 U MUCIIOIb-
30BaTh rIe-HU0yIb ellle, faBaiTe CleIaeM ero IIOCTOSHHO JOCTYIIHBIM B BULE
daiima MoayJId, KaK MOKa3aHo B Ipumepe 4.4, — Temnepb, KOraa Mbl Ipopado-
TaJIu JeTaJIl B MTHTEPAKTUBHOM PeKHMe.

ITpumep 4.4. PP4E\System\Filetools\lister_walk.py

“BbIBOANT CNMCOK (GalnoB B [lepeBe KaTanoros ¢ nomoubio 0s.walk”

import sys, 0s

def lister(root): # 19 KOPHEeBOro katanora
for (thisdir, subshere, fileshere) in os.walk(root): # nepeuncnset
print('[* + thisdir + *]") # KaTanorn B fnepese
for fname in fileshere: #f BbBOA (GalnoB B kartanore
path = os.path.join(thisdir, fname) # nobaBnTb MMa KaTanora
print(path)
if __name__ == "_main__":
lister(sys.argv[1]) # wma kaTanora B

# KOMaHOHOW CTpoKe

IIpu rakom ohopMIIEHNY JaHHBIH MTPOrPAMMHBIN KO MOYKHO TaKJKe BBITIOJI-
HATH U3 KOMAH/HOI cTpOKU. Huke MPUBOAUTCS IpUMep 3alyCKa ero AJs
MOJIYUYeHUSA CIUCKA COJEPIKUMOTO JPYToro KOPHEBOTO KaTajora, KOTOPBIH
mepefaeTcsA B apryMeHTe KOMaHIHOM CTPOKHU:

C:\...\PP4E\System\Filetools> python lister_walk.py C:\temp\test
[C:\temp\test]
C:\temp\test\random.bin
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C:\temp\test\spam. txt
C:\temp\test\temp.bin
C:\temp\test\temp. txt
[C:\temp\test\parts]
C:\temp\test\parts\part0001
C:\temp\test\parts\part0002
C:\temp\test\parts\part0003
C:\temp\test\parts\part0004

Hu:xe mpuBomuTcsa 6ojiee CHIOMKHBIN IIPUMep HCHOJIb30BAHUA (DYHKIIUU
0s.walk. ITpeaIoo:KuM, UTO IMEETCs AePeBO KaTajioros ¢ (aijiaMu, 1 BaM
He0o0XO0AMMO OTHICKATh B HEM Bce (DaiijIbl ¢ IPOTPaMMHBIM KOJOM Ha A3bIKE
Python, KoTopble cehlIaOTCAa Ha MOAYJIb Mimetypes (C 9TUM MOIYJIEM MBI II0-
3HaKoMuMcA B riiaBe 6). Huike meMOHCTPUPYeETCs OOUH M3 CIOCOOOB (XOTA
¥ CIUIMIKOM CITeI(UUYHBIN U He YHUBEPCAJbHBIN) PEIIeHUs ITOCTaBICHHON
3amauu:

>>> import os
>>> matches = []
>>> for (dirname, dirshere, fileshere) in os.walk(r’'C:\temp\PP3E\Examples’)
for filename in fileshere:
if filename.endswith(‘.py'):
pathname = os.path.join(dirname, filename)
if ‘mimetypes’ in open(pathname).read()
matches.append(pathname)

>>> for name in matches: print(name)

C:\temp\PP3E\Examples\PP3E\Internet\Email\mailtools\mailParser.py
C:\temp\PP3E\Examples\PP3E\Internet\Email\mailtools\mailSender.py
C:\temp\PP3E\Examples\PP3E\Internet\Ftp\mirror\downloadflat.py
C:\temp\PP3E\Examples\PP3E\Internet\Ftp\mirror\downloadflat_modular.py
C:\temp\PP3E\Examples\PP3E\Internet\Ftp\mirror\ftptools.py
C:\temp\PP3E\Examples\PP3E\Internet\Ftp\mirror\uploadflat.py
C:\temp\PP3E\Examples\PP3E\System\Media\playfile.py

HamHasa peanansaiusda B IMUKJIe 00XOOUT Bce (GaMabl B KaK0M W3 ITOAKAaTa-
JIOTOB, OTBICKMBAaeT (pailabl ¢ pacUIupPeHUEM .pY, COAEpIKaIue HNCKOMYIO
cTpoky. Eciu coBmameHne HalIeHo, IOJIHOe uMs (paiiia 1o0aBasIeTca B 00b-
eKT CIIMCKa ¢ peayabTaTaMu. Kak BapuaHT, Mbl MOTJIM ObI IPOCTO CO3JaTh
CIIMCOK BceX (DaiijIOB C pacIIMPEHMEM .py U OPraHu30BaTh IONCK TpebyeMoi
CTPOKU B IuKJe for y:Ke mocje o6xoma mepeBa. Tak Kak B riiaBe 6 MbI IIpe-
craBuM 0oJiee YHUBepPCAJIbHOE PeIlleHre AJIs 9TOr0 TUIIA 3a1a4, TO OCTABUM
TIOKAa BCe, KaK eCTh.

Ecau Bam OymeT MHTEPECHO Y3HATH, YTO B JEMCTBUTEIBHOCTHU IIPOUCXOLUT
BHYTPHU TeHepaTopa 0S.walk, Tompo0yiiTe HECKOJIBbKO pas3 BhI3BAThH €I'0 METO/T
__next__ (mau mepemaTh ero BCTPOEHHON (YHKIIMHU next), Kak 9TO aBTOMAa-
TUYECKU [OejlaeTcsd IUKJOM for, — KasKAbIA pas Bbl OymeTe IepeMelaThbCs
K ouepeIHOMY IIOLKATAJIOrY B IepeBe:
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>>> gen = os.walk(r’C:\temp\test’)
>>> gen.__next__()
(*C:\\temp\\test', [‘parts’], [‘random.bin’, ‘spam.txt’, ‘temp.bin’, ‘temp
txt'])
>>> gen.__next__()
(*C:\\temp\\test\\parts', [], ['part0001’, ‘part0002’, ‘part0003’, ‘part0004’])
>>> gen.__next__()
Traceback (most recent call last):
File “<stdin>", line 1, in <module>
StopIteration

Onucanne QyHKIUHT 0S.Wwalk B pyKOBOZCTBE II0 OMOJIHMOTEKe COMEeP:KUT OoJiee
noapobHyio nHdopmaluio. Hanpumep, sTa QYyHKIIUA TOAIePKUBAET IIOPS-
JIOK 00X0/Ia He TOJIbKO B HAIIPABJIEHUY CBEPXY BHU3, HO U CHU3Y BBEPX — J0-
CTaTOYHO TepeaTh (GYHKIMKU Heo0s3aTeJ bHBIN aprymeHT topdown=False,
¥ BBIBLIBAIOIIUH TPOrPaMMHBIH KO ITOJYUYUT BO3MOXKHOCTh COKPATUTDh KO-
JINYECTBO TIOCEI[aeMbIX BETBEH JepeBa, yAaaada UMeHa U3 CIIUCKa IoJKaTa-
JIOTOB B BO3BpAIIlaeMbIX KOPTEXKAX.

[ cosmanmsa COINCKOB UMEH Ha KaKIOM YPOBHE B lepeBe KaTajoroB QyHK-
nusa 0sS.walk memosbayeT GYHKIMIO 0S.1istdir, ¢ KOTOpPOiT MBI BCTPEUANCH
BBIIIIE, BO3BPAIIIAIONTYI0 UMeHAa (DaiijioB ¥ KaTaJaoroB 6e3 omrpenesieHHOTO 1I0-
pAanka u 6e3 myTel K KarajgoraM. IIpexie ueM BepHYTDH OuepeHON Pe3yib-
TaT, GYHKIIUSA 0S.Walk ITeJIUT STOT CIIMCOK Ha CIIMCKU KaTaJIoroB W (haiijaoB
(Tounee, mexkaTtaJyoro). O6paTuTe TaKKe BHUMAaHNE, UTO (PYHKIIHAA 0S.walk
HUCHOJIb3YeT TOT K€ CIUCOK II0JKaTaJIOTOB, KOTOPHIY OHA BO3BpAIllaeT BhI3bI-
BaOIEMy IIPOrPAMMHOMY KOV, UTOOBI 3aTeM CIIYCTUTHLCSA B MOAKATAJIOTH.
Coucku ABJIAIOTCA UBMEHSAEMBIMU 00BEKTaMU, KOTOPbIe MOYKHO M3MEHATH
HEIIOCPEJCTBEHHO, II09TOMY, M3MEHAS COLEPKUMOe IOJIyYEHHOT'O CIIHCKAa
TOAKAaTaJOT0B, BHIBBIBAOIIIUI IPOTrPAMMHBIN KO/ MOYKET OKa3bIBATh BJINA-
HUe Ha JaJbHEHIyo paboTy 0s.walk. Hampumep, yaanas nMeHa KaTajoros,
MOXKHO COKPATUTHh YUCJIO TOCEIaeMbIX BeTBei, a OTCOPTHUPOBAB CIIKCOK,
MOXKHO OITPEIEJINTh OUePEeTHOCTH 00X0/1a ITOAKATAJIOTOB.

PekypcnBHbIN 06x0p[, ¢ noMoLubio os.listdir

dyurmua 0s.walk cama ocyIecTBasAeT 06X0/ JepeBa — HaM OCTAeTCs JUIIh
peann3oBaTh TEJO ITUKJIA, BEIIIOJHIIOIIee HeoOX0oAuMbIe geiicTBus. Ho nHo-
raa 0oJblei TMOKOCTH MOYKHO JOCTHUYb, pean30BaB 00X0 I JepeBa caMOCTO-
ATEeJbHO, IIPY 9TOM IOUTH He NPUJIOKUB JUIMTHUX ycuauii. B caemyiomiem
cIleHapUU IIPecTaBJIeHa APyras peajn3arus BbIBOAA COAEPIKMMOT0 KaTa-
JIora ¢ WCIIOJb30BaHUEM PeKYpCcu8HOoll MyHKIuu obxona (GYHKIIUA, KOTO-
pasd BBI3BIBAET caMy ce0si, YTOOBI IIOBTOPUTE omepariun). Pyurmusa mylister
B mpuMepe 4.5 oueHb MoOX0Ka Ha QYHKIIMIO 1ister 3 npumepa 4.4, HO cO3-
JaeT COUCKU MMeH (haiijioB ¢ IIOMOIIBIO 0S.1istdir 1 BeI3BIBAaeT camy ceds
PEKYPCUBHO, YTOOBI CITYyCTUTHCA B IIOJKATAJIOTH.
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Ilpumep 4.5. PP4E\System\Filetools\lister_recur.py

# BLIBOLWT CNWUCOK (Garnnos B [epese KaTaNoros C MNPUMEHEeHWEM DPEKYpPCUM
import sys, 0s

def mylister(currdir)
print(‘[* + currdir + 1")
for file in os.listdir(currdir): # reHepupyeT CNUCOK 0ainos
path = os.path.join(currdir, file) # no6aBuTb NyTb K KaTanory
if not os.path.isdir(path):

print(path)
else:
mylister(path) # PEKYPCUMBHBIA CNYCK B MOAKATANoru
if __name__ == ‘__main__":
mylister(sys.argv[1]) # vMa KaTanora B KOMaHOHOW CTpoKe

Kak 00b1uHO, 9TOT (haiia MOKHO IMIIOPTHPOBATH UJIM 3allyCKaTh KaK caMo-
CTOATEJbHBIN clieHapuii. TOT (paKT, UTO Pe3yILTATOM €ro PaOOThI ABJISIETCS
meyaThb TEKCTa, MOKHO OTHECTH K ero HeJIoOCTaTKaM IPU ero UCIOJIb30BAHUN
B KaueCcTBe UMIIOPTUPYEMOI'0 MHCTPYMEHTA, eCJIN TOJbKO €0 CTAHIAPTHBIHN
TIOTOK BBIBOJIA HE IIepeXBaThIBAeTCA B APYToil IIporpaMme.

Korma sTor ¢aiin 3amyckaeTca KaK CaMOCTOATENbHBIN ClleHAapuii, OH BOC-
TIPOU3BOAUT IIOUTHU Te JKe Pe3yabTaThl, UTO U IpuMep 4.4; MoUTH, HO He IOJI-
HOCTBHIO — B OTJIMYME OT BEPCUU HA OCHOBE (YHKIIMU 0S.walk, peKypcuBHAA
BepcusdA He 00A3yeT IMPOUTH Bce (alijbl Ha TeKYINeM YpPOBHE, IpPeKIe ueM
CIIyCTUTBLCS B IIOAKAaTaJoru. MOKHO ObIJIO ObI 000MTH CIIMCOK MMEH (paiijaoB
IBaKObI (UTOOBI cHauajia oToOpaTh (haiijabl), HO B JaHHONU peain3aluu I10-
PAIOK 00xo0a oIpenesseTcs pe3yJbTaTaMM, BO3BpalllaeMbIMUu (QYHKIIMEH
0s.listdir. s MHOTUX caydaeB TaKoOIl ITOPSIA0K 00X0[a MOKET OKa3aThCs
HeIIprueMJIeMbIM:

C:\...\PP4E\System\Filetools> python lister_recur.py C:\temp\test
[C:\temp\test]
[C:\temp\test\parts]
C:\temp\test\parts\part0001
C:\temp\test\parts\part0002
C:\temp\test\parts\part0003
C:\temp\test\parts\part0004
C:\temp\test\random.bin
C:\temp\test\spam. txt
C:\temp\test\temp.bin
C:\temp\test\temp. txt

MpeI errie BocmoJib3yeMcs 0OJIbIEH YacThio IPUEMOB, IPUBEIEHHBIX B 9TOM
paspeJie, B raBe 6 u najee B KHure. Hanpumep, mpuBeleHHbIE BBIIIIE IIPU-
eMbl 00XOfa IepeBbeB OYAYT WCIOJBH30BAaHBI B CIIEHAPUAX KOIUPOBAHUA



254

[naBa 4. IHCTpyMeHTbI Ans paboThl C haniaMm U KaTanoramm

W CpPaBHEHUS JEepPeBbeB KaTaJyioros. 110 XOmy M3JIOMKEeHUS Bbl YBUAUTE 9THU
MHCTPYMEHTHI B AelicTBun. Kpome Toro, B riase 6 Mbl peajiu3yeM YTUIUTY
find, o0benMHAIONIYIO B cebe 06X0[ AepeBa KaTaJoTroB ¢ IIOMOIIBIO 0S.walk
¥ TIOUCK MMeH (paiijoB mo mrabJaoHy ¢ IIOMOIIbIo glob.glob.

O6paboTka umeH ¢annos B KOHMKope
B Bepcum 3.X: listdir, walk, glob

ITockoabKy B Python 3.X Bce 00bIYHBIE CTPOKU COCTOAT M3 CUMBOJIOB IOHU-
KOJa, MMeHa KaTaJioroB u (haiijoB, BO3BpaIaeMbie (QyHKIIUAMHA 0S.1istdir,
os.walk u glob.glob, B mefCTBUTENIBHOCTU SABJAIOTCA cTpokamMu FOHUKOmA.
ATO MOKET UMeTh HeKOTOPbhIe TOCJEACTBUSI, €CJIN KaTaJIOTH Comep:KaT He-
0OBIUHBIE UMEHA, He TTOAJA0IIeca TeKOIUPOBAHUIO.

dopmasbHO MMeHa (haiJoB MOTYT COAEPIKATH JIOObIe CUMBOJBI, II09TOMY
B Bepcuu 3.X QPYHKIIHA 0S.11stdir MoskeT paboTaTh B IBYX PEKUMAaX: €CJaU
el mepefaTh apryMeHT TUIlla bytes, oHa OyAeT BO3BpaIllaTh KOAUPOBAHHBIE
uMeHa (aiioB B BUe CTPOK 0AMTOB; ecau el mepenaTb apryMeHT THUIa Str,
oHa OyZeT Bo3BpalllaTh nMeHa (aiijoB B Buje cTpok IOHUMKOIA, TeKOAMPO-
BaHHBIX B COOTBETCTBUU C KOJAMPOBKOM, NCIIOJIb3yeMOH (DaiiJIOBOM CCTEMOM:

C:\...\PP4E\System\Filetools> python

>>> import os

>>> o0s.listdir(‘.’)[:4]

[‘bigext-tree.py’, ‘bigpy-dir.py’, ‘bigpy-path.py’, ‘bigpy-tree.py’]

>>> o0s.listdir(b’.’ )[:4]
[b’bigext-tree.py’, b'bigpy-dir.py’, b’bigpy-path.py’, b'bigpy-tree.py’]

Bepcus, ocHoOBaHHAaA HA NCHOJIb30BAHUY CTPOK 6AMTOB, MOMKET IIPUMEHATh-
ca A (paiJioB ¢ HeAeKOAUPyeMbIMU nuMeHaMu. PyHKIUM 0S.walk m glob.
glob 3a Kysmcamu obparmiaoTesa K GyHKIIUY 0S.11stdir, oT KoTopoit Hacaeny-
IOT TO 2Ke camMoe ToBeneHne. @YHKITUA 0S.walk 00Xoma nepeBbeB, HaIIpuMep,
BBI3BIBAET 0S.1istdir maIs Kaskaoro mogkaTaJjora — mepegada CTPOKU 0aNToOB
B apryMeHTe IiogaBJideT JeKOONPOBaHMe, BCJIEeACTBHE Yero B pe3yJjbTaTe BO3-
BpallaeTcs CTPOKa 0aiToB:

>>> for (dir, subs, files) in os.walk('..’): print(dir)

.. \Environment
..\Filetools
..\Processes

>>> for (dir, subs, files) in os.walk(b’..’): print(dir)

b
b". . \\Environment’
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b". . \\Filetools’
b"..\\Processes

dyurmua glob.glob Tak:ke BhI3bIBaeT GYHKIIUIO 0S.1istdir mepen mpumene-
HUeM I1abJIOHOB UMEH, 1 IIOATOMY TOKe BO3BpAIllaeT MMEHA B BUJie HEJIEKO-
IVPOBAHHBIX CTPOK 0AHTOB, KOT/IA IMIOJYYaeT CTPOKY 6afiTOB B apryMeHTe:

>>> glob.glob(‘.\*")[:3]

[ \\bigext-out.txt’, ‘.\\bigext-tree.py', ‘.\\bigpy-dir.py']
>>>

>>> glob.glob(b’.\+’)[:3]

[b” .\\bigext-out.txt’, b’ .\\bigext-tree.py’, b’ .\\bigpy-dir.py’]

ITepemaBast mMeHa B BUe OOBIUHBIX CTPOK (HAIpuUMep, MOCPEACTBOM apry-
MeHTa KOMAaHIHOIM CTPOKMU), BBl MOYKETE CTOJKHYTHCSA C HEOOXOJMMOCTHIO
IpeoOpas3soBBEIBATH OOBIUHBIE CTPOKM B CTPOKMW 0OANTOB, C IEJBIO ITONABUTH
IEKOIMPOBaHUE:

>>> name =
>>> 0s.listdir(name.encode())[:4]
[b’bigext-out.txt’, b’'bigext-tree.py’, b’bigpy-dir.py’, b’'bigpy-path.py’]

Takum 06pasoM, ecji KaTaJord MOTYT COIep:KaTh MMeHa, He IO 1aioIecs
MTeKOIUPOBAHUIO C MCIIOJIb30BAHEM KOAUPOBKY, NCIOJIb3YEeMOM IO yMOJIYa-
HUIO0, BAM MOXKET IMOTPeOOoBaThCA IIepeaBaTh 9TUM MHCTPYMEHTAM CTPOKU
0aliToOB, YTOOBI N30€KaTh OIINOOK, CBA3aHHLIX ¢ KogupoBanueMm IOHUKozA.
B oTBer BbI OymeTe moydYaTh CTPOKY 0AMTOB, KOTOPBLIE MOT'YT OKa3aThCs Me-
Hee YUTaeMbIMU IIPU BBIBOJE, HO 9TO yOepe:KeT Bac OT OMINOOK IIpu 00xoje
KaTaJIoroB U (DaiiJIoB.

Takoil moaX0 MOMKET OKa3aTbCA OCOOEHHO IOJIE3HBIM B CUCTEMAaX, TIe HC-
TOJB3YIOTCA mpocTeiinmume KoaupoBKu, Takue Kak ASCII uau Latin-1, mo
MOT'YT UMeThCsA (halbl ¢ UMEHAMU B IIPOU3BOJLHBIX KOTUPOBKAX, CKOIIU-
POBaHHBLIMU C IPYTUX KOMIIBIOTEPOB, 13 VHTepHeTa 1 TaK majee. B 3aBu-
CHUMOCTHU OT CUTYaIluu AJIA IOAAaBJICHUS HEKOTOPBIX OITUOOK KOAUPOBAHUA
MOJKHO MCIIOJIb30BATh TaKiKe 00pabOTUNKY NCKJIIOUEeHUIHA.

IIpumep TOro, KAaKoe 3TO MOMKET UMETh 3HAUeHMe, Mbl YBAAUM B IIEPBOM Pas-
Jejie TJIaBbI 6, Tle HEeJEeKOAMPYyeMOe MMs KaTaJjiora BbISHIBAET IOSBJICHUE
OIUOKY IIPX BBIBOJIE BO BPEM S ITOJIHOT'O CKAHMPOBAHUS AUCKA (XOTs JaHHAA
oImurbKa OTHOCUTCA CKOpee K YHKIIUY BBIBOJA, YeM K OllepaIuu JeKOIuPo-
BaHU).

ObparuTe BHUMaHUe, YTO BCTPOCHHAA (QDYHKIIUA 0pen TaKKe MOMKeT IIPUHU-
MaTh UMeHa OTKPBIBaeMBIX (paiijoB Kak B Buje cTpok str FOHuKoa, Tak u B
BUJIe CTPOK 0aiiToB Dytes, OMHAKO OHA WMCIIOJB3YeT 9TOT apr'yMeHT, TOJIbKO
uyTOOBI AATh HauaJbHOE UM (hairy, — IOPAJOK Ke 00paboTKU COmepP KIMO-
ro (aiina onpenesndeTcsa JOIOJHUTEILHBIM apI'yMEeHTOM PesKuMa. Bo3aMosk-
HOCTH IIepeZlaBaTh CTPOKY 0AaMTOB B KauecTBe UMeHU (haiijia IO3BOJIAET 1C-
TOJIb30BaTh IPOU3BOJIbHELIE KOAUPOBAHHbBIE TMEHA.
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MNpaBuna ncnonb3oBaHus IOHMKopa: coaepxnmoe pannos
M nmeHa ¢pannos

BaxHo moMHUTD, uTo FOHUKO MOKET BBITIOJHATH IPUMEHUTENBHO K (haii-
JlaM JIBe PasJIMuHble 3aJaduu: KOAUPOBAHUE cO0eprumozo (hailaoB U KOLU-
poBauue umen paiiaos. Marepnperarop Python ompenenser HacTpoiKu Mo
YMOJIUAHUIO JJIS 9THUX ABYX OHEpaIuil B ABYX Pa3JUUYHBIX aTpuOyTax; I
Windows 7:

>>> import sys

>>> sys.getdefaultencoding() # KOOMPOBKA [ANA COLEPXMMOTO Gainos
‘utf-8

>>> sys.getfilesystemencoding() # KomMpoBKa Ang uMeH $annos

‘mbcs

9Ty HACTPOMKMU MMO3BOJSAIOT SBHO YKA3LIBATH HCIIOJIb3yeMble KOIUPOB-
KU — KOJWPOBKA [JIS COAEPsKUMOI0 UCIOJIb3YEeTCs OePaAUsIMU UTEHUS U3
daiisioB u 3amnucu B Gaiiabl, a KOZUPOBKA AJA MMeH (DAiIOB HCIIOJIb3YeT-
cs mpu padboTte ¢ umenamu (Gaiijos, 0 Iepeaadyn faHHLIX. Kpome Toro, mc-
TOJIb30BAaHME CTPOK 0aMTOB bytes A mepenaun uMeH GaiioB PasaIndHBIM
WHCTPYMEHTAM IO3BOJIsAET 000HTU IPOOIeMy HECOBMECTHUMOCTU CO CXEMOM
KOAMPOBAHUS, MUCIIOJb3yeMoil (DailJIOBOM CUCTEMOI, a OTKpPBITHE (haiijaoB
B IBOMYHOM pPe’KHMe II03BOJIAET MOJAaBUTDH OIMUOKK JeKOLUPOBAHUA UX CO-
EPYKUMOTO.

OnmHako, KaK MBI y)Ke BUJEJIU BBIIIEe, OTKPHIBAsA T€KCTOBBIE (haliIbl B JBO-
WYHOM Dpe’KUMe, Mbl MOXKEM CTOJKHYTBHCSA C IPOOJIeMOil HecoBIAAEHUS
KOJUPOBAHHOT'O TEKCTa C MCKOMOI CTPOKOH B OIepanuax IOUCKA: CTPOKU
IIOMCKA B 9TOM CJIyYae TaKiKe JOJKHBI ObITh CTPOKaMMU 6AaMTOB, 3aKOLUPO-
BaHHBIMU C IPUMEHEHUEM OIIpe/leJIeHHON KOJUPOBKY, BO3MOXKHO HECOBMeE-
CTUMOM C KOOUPOBKOM comep:KuMoro paiia. PakKTUUeCKU JaHHBIN IOAXO
B 3HAUUTEJILHOU CTEIeHNW BOCIPOM3BOAUT TIOBEJEHNE TEKCTOBBIX (DaiijioB
B Python 2.X u moguepKuBaeT BayKHOCTH UCIIOJIL30BaHUA FOHMKOIA B BEP-
cuu 3.X — npu pabore ¢ TakuMu (dailjiaMu MHOTIA MOYKET CJIOKUTHCS JIOMK-
HOe BIIeUaTJIeHNe, YTO Bce paboTaeT mpeKkpacHo. C IpyTroil CTOPOHBI, BOZMOIK-
HOCTb OTKPBIBATH TEKCTOBBIE (haMJIBI B JBOMYHOM PEKUMe, YTOOBI IIOLAaBUTH
JEKOAVPOBaHIE COAEPIKUMOro (DailioB u n306eKaTh IMOSBIEHNUS CBA3BAHHBIX
C 3TUM OIINOOK, BCe eIlle MOKeT ObITh MOJIE3HOIT, eCJIU BbI He KejlaeTe MPo-
IIyCTUTH HeJeKoqupyeMble (haiiibl, COAEPIKUMOe KOTOPHIX He UMeeT 6OJIb-
III0T0 3HAYEHU .

Kax mpaBuio, HeOOXOAMMO BCeT[a YKa3bIBATh UMA KOAUPOBKHU MIJIs COAEP-
JKMMOTO TeKCTOBBIX (haiiyioB, €CJIM OHA MOJKET He COBIIaAaTh C KOTUPOBKOM
IO YMOJTUAHUIO, U B OOJILIITMHCTBE CJAyUYaeB BaM CJeyeT OMUpaThCcAd Ha WH-
Tepdelickl, IPUHUMAIOIEe UMeHa (aiisoB B Bume cTpok IOHUKOoma. OunaTh
JKe, IOJIHYI0 MH(OpPMAaIlHIo 10 mcHojib3oBanmio IOHUKOLa B mMeHaX (paii-
JIOB BBl HalimeTe B PYKOBOACTBAxX IO A3bIKY Python, Tak Kak 3mech Hemo-
CTATOYHO MECTa, YTOOBI [aTh IIOJHBIA OXBAT 9TOU TEeMbI, a 3a MHMOpMAaI e
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o IOuuKome BooGiIre obpalaiTech K YeTBEPTOMY U3AaHNI0 KHUTH «3yuaem
Python»!.

B riaBe 6 MbI cobrpaeMcs 3a1efiCTBOBATh NHCTPYMEHTEI, C KOTOPLIME BCTPE-
TUJINCH B 9TOU IJIaBe, B peajibHOU 3amade. Hampumep, Mbl IPUMEHUM WH-
CTPYMEHTHI IJI paboThI ¢ (hailiaMu 1 KaTaJIoraMy IIPU PeaTu3aliuu 1eJIUTe-
Jieit haiisioB, CUCTEM T€CTUPOBAHUS, HHCTPYMEHTOB KOIIMPOBAHUS U CPABHE-
HUSA KaTaJoroB, a TaKKe IPYTUX YTUINUT, OIAPAIOIINXCS Ha UCIIOIb30BAHNIE
IpoIeaypPhl 00X07a qepeBbeB. Mbl YBUIUM, UTO MHCTPYMEHTHI AJIA PaOOTHI
C KaTaJjioraMu, ¢ KOTOPLIMU MBI BCTPETUJINCH 371eCh, 00JIafal0T KaueCTBaMU,
TO3BOJIAIOIIMMY aBTOMATU3UPOBATH OIPOMHBIN KPyT 3agadu. OgHaKo mepen
STUM IIPOUYUTAEM IJIABY D, 3aBepIalolyi0 0030p OCHOBHBIX MHCTPYMEHTOB
uccaeqoBaHUEM eIre OTHOM TeMbl CUCTEMHOT'0 ITPOrPaMMUPOBAHNUA, KOTOPasd
TECHO IIePeIlIeTaeT A C PA3INYHBIMU IPUKJIaTHBIMU 00JIaCTIMU, — peansa-
rel mapaJjuieIbHo 06paboTKY JaHHbBIX Ha sa3bike Python.

1

Mapk JlyTi «Asyuaem Python», 4 usgauue, CI16.: Cumsou-ILitoc, 2010.



CucrtemMHble MHCTPYMEHTDbI
napannesnbHOro BbinosiHeHNA

«Pacckakute obesbsiHaM, UTO UM AenaTb»

BobIIMHCTBO KOMIILIOTEPOB TPATUT MACCY BPEMeHM, HIuuero He gejas. Ecian
3aIyCTUTh CUCTEMHBIN MOHUTOP M IMOCMOTPETh HA YPOBEHb 3arpy3KHU IIPO-
Ieccopa, BbI IIOIMeTe, UTO S MMeIO B BUAY: OH OueHb penko gocturaet 100%,
Jaske ecJM BBIIIOJHSAETCA HECKOJBbKO IIporpaMMm oxHoBpeMmeHHOo.! IIpocro
B IIPOrPAaMMHOM OO€eCIIeUeHNN CYIIeCTBYeT OUeHb MHOT'0 3a/IePiKeK — JOCTYII
K [IWCKY, CeTeBOM TpaduK, 3aIpoCchl K 6a3aM JaHHBIX, OXKUIaHNUE HAKATUA
KJIABUIITHU TOJb30BaTeJeM U TOMY Homo0Hoe. PaKTruecKu GOJIbINAS YACTh
MOIITHOCTY COBPEMEHHBIX IPOIECCOPOB GOJIBIIYIO YACTh BPEMEHH! He MCIOJIb-
3yercsd: 6ojiee OBICTPBIE IPOIECCOPHI AAIOT YCKOPEHWe BO BpeMs MUKOB IIO-
TPeOGHOCTU B ITPOU3BOAUTEIBHOCTU, HO 3SHAUUTEJIbHAA YaCTh UX MOIITHOCTH
B IIeJIOM MOKET OKa3aThCs HEBOCTPEOOBAHHOIA.

Eme Ha 3ape 3IIoX1W KOMIIBIOTEPOB IIPOIrPaMMUCTBI IIOHAJM, YTO MOI'yT BOC-
T0JIL30BAThCA TAKON HEHCHOJILSYGMOﬁ BBIUUCJIUTEIbHOMN MOIITHOCTBIO, BBI-
IIOJTHAA OOHOBPEMEHHO HECKOJIBKO ITPOrpaMM. Ecan pacipenesinTb IIpoiec-
COpHO€ BpeMd Cpeau MHOXXeCTBa 3aja4, ero MOIITHOCTb He 6y,1:[e'1' TPATUTBCA

st aroro B Windows HY»KHO mieIKHYTh Ha KHOIKe [lyck (Start), BEIOpaTh IyHKT
mewto Bce nporpammbl (ALl Programs) — CraHaapTHble (Accessories) — CnyxebHble (System
Tools) — CuctemHblit moHuTop (Resource Monitor) u mepetiTu Ha mouuTop LM (CPU)/3a-
rpy3ka LI (Processor Usage) (aHAIOTHYHYIO KAPTUHY MOYKHO HAOII0ATH HA BKJIA[ -
ke lpoussogutensHocTs (Performance) B oxue [lucnetyepa 3agay (Task Manager) ). Kor-
Ila s IMHCAJ 9Ty CHOCKY, Ha MOe€M HOYTOyKe rpaduk He mombimasics Beimre 10%
(mo kpaiineit mepe, moKa g He BBeJ while 1: pass B OKHE KOHCOJIU UHTEPAKTUBHOTO
ceanca Python...).
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BIIYCTYIO, IOKa HEKOTOPasA KOHKPEeTHAaA 3aJjaua sKAET OCYIIIeCTBIEHUA BHEIII-
Hero co0bITuA. Takas TeXHOJIOTUsS OOBIYHO HA3BIBAETCA NAPAJLICJLbHOIL 00-
pabomkoii (Min, UHOTAA, «MYJIBTHOOPAOOTKOM» MU AaKe «MHOT03aTauHO-
CTHIO»), IOTOMY UTO BOBHUKAET BIIeUATIeHNE OJTHOBPEMEHHOT'0 BLITIOJTHEH A
HECKOJIBKUX 3aJaHU ITapaJijebHO BO BpeMeHN. JTO OHA U3 IEHTPATbHBIX
ugell COBpeMEeHHBIX OMEPAIMOHHBIX CHCTEM, Ha OCHOBE KOTOPOH BO3HUKJIO
IpeAcTaBJIeHe 0 KOMIBIOTEPHBIX UHTeP(deiicax ¢ HeCKOJIbKUMU aKTUBHBI-
MU OKHAMU, BOCIPUHIMAaEMOe HaMHU TellePb, KaK HeUTO caMo cO00i pasyme-
forreecs. Jlaske BHYTPHU OAHOUM IPOTrpaMMBbl pasziesieHre o0paboTKY HaA PAL
mapaJjijieJIbHO BBITIOJHAMOINUXCA 3aJaHUN MOKET YBEJIUUYUTH OBICTPOMAEi-
CTBHE CUCTEMBI B I[€JIOM, BO BCIKOM CJIy4ae [0 MEePKaM BHEIIITHUX YacOB.

CToJb JKe BajyKHO IJIS COBPEeMEeHHBIX CHCTeM o0JagaHue ObICTPOH peaKIiueit
Ha JelicTBUS MOJb30BaTeJIs, He3aBUCUMO OT 06beMa paboThl, BHITIOJIHAEMOMN
3a Kyanucamu. OObIYHO HeJIOTMYCTUMO, UTOORI ITPOrpaMMa 3aBUCAJIa TIPU BbI-
MOJIHEHUY 3ampoca. BariasHuTe, HaIpruMep, Ha M0Jb30BATEIbCKUIT MHTEP-
delic KJIMEHTA 3JIEKTPOHHON HOUTHI: oOpabaThIBas 3aIIpoC Ha IIOJyUYeHUe
IOUYTHI C CepBepa, mporpaMMa AOJI’KHA 3arpysduTh JJIEKTPOHHBIE IHCHMA
¢ cepBepa uepes ceThb. Ecu MoUYTHI JOCTATOYHO MHOTO, a coenuHenue ¢ MH-
TEPHETOM JOCTATOUHO MeIJEeHHOe, IJIf 3aBEePIIIeHUs dTOr0 9TAIla MOYKET I10-
TpeboBaThCsI HECKOJIBbKO MUHYT. HO 10 XOAy BBINIOJHEHUA 3aJaul 3arpys-
KU IporpaMMa B I[eJIOM He JOJI2KHA OCTaHaBJIMBATHLCS — OHA IO-TIPEKHEMY
MOJI’KHA pearupoBaTh HA 3aIPOChl OOHOBJIEHUSA 9KpPaHa, IeIUKN MBIIIHIO
¥ TaK gajee.

U 3mech Ha MOMOIIE IIPUXOAUT MapaJijieJbHas 00padoTka. BeIIoOIHIA TaKue
IOJITOBBITIONHSIONINECS 3aJauy [IapaJjijieIbHO C OCTAJbHON YaCThIO IIPO-
rpaMMBbl, CUCTE€MA B I[€JIOM MOYKET COXPaHUTh CIIOCOOHOCTh pearnpoBaTh Ha
JIeNCTBUS I0JIb30BaTES HE3aBUCUMO OT TOI'0, HACKOJIbKO 3aHATHIMU OKAa3bI-
BaIOTCSA OTAEJIbHBIE ee YacTu. BoJjiee Toro, MoesIb mapaJjiejibHOi 06paboTKu
ABJISIETCA BIIOJIHE €CTECTBEHHOH IJIs CTPYKTYPUPOBAHUS TAKUX U HEKOTO-
PBIX MHBIX IPOTPaMM — HEKOTOpbIE 3aJauu Jierde IIPOoIle IPOeKTHUPOBATH
U peajn30BLIBATH KaK HAOOpP MPOrpaMMHBIX KOMIIOHEHTOB, NeMCTBYIOITNX
HEe3aBUCUMO U TTapaJLIeIbHO.

Cyi1mecTByeT JBa OCHOBHBIX CIIOCO0a peasn3aliiy OJHOBPEMEHHOT'O BBIIIOJI-
HeHus 3agad B Python — aemaanenue npoueccos (forks) u nopoxcdennuvie no-
moxu (threads) BeimonHenusa. @YHKIIMOHAJLHO [JIS OPraHU3AIUM Iapa-
JIEJIbHOT'O BBITIOJIHEHUA IIPOTPaMMHOI0 Koza Ha s3bike Python o6a coco6a
HUCTIOJb3YIOT CJIYsKOBI OIEepaIMoHHOM cucTeMbl. IIpoleaypHO OHU CYIIe-
CTBEHHO OTJIMYAIOTCS B CMBbICJIe HHTeP(ECOB, IIEPEHOCHMOCTH 1 OPraHn3a-
UM B3aUMOAENCTBUN MexAy 3amaHuaMu. Hampumep, HA MOMEHT HAIIKCA-
HUSA JAHHON KHUTY BO3MOJKHOCTH IIPSAMOI'O BETBJIEHUS IIPOIIECCOB HE IIOJ-
Iep:KuBaJiach cTaHmapTHOU peanmsanueir Python mias Windows (ograxo
Takas MOLJePs;KKa IpucyTcTByeT B Bepcuu Python gisa Cygwin).

Hamporus, moggep:kka IIOTOKOB BbIIoJHeHUs B Python peasmsoBama ma
BCeX OCHOBHBIX ILIaTdopmax. Kpome Toro, cemeiicTBO GYHKIIHI 0S.Spawn
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obecmeunBaeT AOMOJHUTENbHbIE CIOCOOBLI 3aIlycKa CIIocoO00M, He 3aBUCH-
UM OT THHA IIJIaT(OPMbI, — HAIIOMUHAIOIINM BEeTBJIEHME MpoIieccoB. Jlis
3amycKa IIporpaMM IIepeHOCUMBIM CIIOCOO0M, C TIOMOIIBI0 KOMaHI 000J104-
KM, TaKiKe MOKHO HCIIOJB30BaTh (DYHKIIMM 0S.pOpPENn, 0S.System m MOAYJIb
subprocess, ¢ KOTOPBIMU MBI ITO3HAKOMUJINCEH B IiaBax 2 u 3. HoBeiirumit
makeTr multiprocessing mpegocTaBJAEeT OOIOJHUATEJbHBIE IIEPEHOCUMbIE CIIO-
coOBI 3aITyCcKa IIPOIIECCOB.

B manmHOIT r1aBe MBI IPOJOJIMKUM PACCMOTPEHME CUCTEMHBIX UHTEP(hENcoB,
JOCTYIHBIX IIpOrpaMMHCTaM Ha fA3bike Python, mcciaemyem BcTpoeHHBIE
MHCTPYMEHTHI AJIs IapaJjijieJIbHOTO 3allycKa 3aJaHuil 1 oOMeHa mHQOpMa-
el ¢ 9TUMU 3aJaHUAMU. B HEKOTOPOM CMBICJIE MbI IIPUCTYIIUIN K 9TOMY
paHbIIe — QYHKIUU 0S.SyStem, 0S. popen U MOAYJIb SUDProcess, KOTOPBIE MBI
M3yyaJi U UCIIOJb30BaJIU B MPEABIAYIIINX TPEX IIaBaX, 00ecrieunBaioT Ie-
PEHOCUMBIN CIOCO0 ITOPOXKAEHUA IPOrpaMM KOMaHIHOU CTPOKY U OOMeHa
uHpopMarnueii ¢ HuMu. OTHAKO 3IeCh MBI HE cOOMpPaeMCcsA TOBTOPATH OJHOE
OIIMcaHue d9TUX NHCTPYMEHTOB.

BMmecTo aTOT0 MBI ceIaeM YIIop Ha 3HAKOMCTBE ¢ 60Jiee IPAMO OTHOCSIITN-
MHCA K TeMe IIpreMaMi, TAKUMHU KaK BeTBJIeHUE MPOIeCCOB, MMOTOKM, Ka-
HaJIbl, CUTHAJIbl, COKE€ThI 1 JPYI'MMH, 1 HA NCIIOJIb3SOBaAaHUU BCTPOEHHBIX NH-
CTPYMEHTOB A3bIKa PythOIl, IIogoePUBAKIIUMU UX, TAKUMU KaK Q)YHKI_II/IH
os.fork m mogysnu threading, queue m multiprocessing. B cienmyrorieii rnase (u
B OCTaBIIIelicA YacTU KHUTHU) MbI OyeM MCIIOJb30BATh STU IIPUEMBI B ITPU-
Mepax AefCTBYIOIIUX IIPOrpaMM, II03TOMY, IIPEKAe YeM ABUTaThCA BIIEPE],
H906X0£[I/IMO YCBOUTH OCHOBBI.

OpHo IpeBapuTeIbHOE 3aMeUaHe: IPOoIlecChl, TIOTOKY U MeXaHU3MbI B3au-
MOAEHCTBUN MeKIY MpolleccaMi, KOTOPbIe MBI OyIeM MCCJIeSoBaTh B 3TOH
TyIaBe, SIBJAIOTCA OCHOBHBIMHM MHCTPYMEHTAMM OPTraHU3aIluy Tapajijiejib-
HOIT 00paboTKU B clleHapuaX Ha A3bike Python, ommako cyrecTByeT MHO-
JKECTBO CTOPOHHUX WHCTPYMEHTOB, IIPEAIAaTAOIINX JOTMOJTHUTEIbHBIE BO3-
MOJKHOCTH, CIIOCOOHBIE OOCJIY)KMBATL PACIIMPEHHbIE HJAN YIIyOJIeHHBIEe
norpebHocTH. B KauecTBe mpumepa mpuseny cuctemy MPI mas Python,
MO3BOJISAIONIYIO B CIIEHAPUAX Ha A3bIKe Python mcmonb3oBaTh cTaHIAPT-
HbIN mHTEep(deiic nepenaun coobmnienuii (Message Passing Interface, MPI),
JaoINi BOBMOKHOCTh OPraHM30BaTh B3aNMOEHCTBIE MK 1Y IIPoIleccaMu
pasanuubIMU ciocobamu (mogpobHocTy uiute B MIaTepHeTre). M3yueHue mo-
IOOHBIX PACIIUPEHUH BBIXOAUT JaJIeKO 3a PAMKHU 3TOM KHUTHU, TeM He MeHee
GOJIBLIITMHCTBO PACIITNPEHHBIX TeXHUK, C KOTOPBIMHU BbI MOYKETEe BCTPETUTh-
cdA B OyAyIlleM, TaKsKe ONMPAIOTCA Ha OCHOBHI ITapaJiesibHOW 00paboTKH,
KOTOpbIE MBI Oy/IeM MCCJIeI0BATh 3/IeCh.

BeTBneHue npoueccos

BerBiienue mpoIeccoB ABJSETCA TPAAUIIMOHHBIM CIIOCOOOM OPraHU3AIIUU
mapaJjiieIbHBIX BBIUMCJIEHUUN W TPEJCTaBJSeT co00il (PyHIaMeHTaJbHYIO
yacTh MHCTPyMeHTa bHOro Habopa Unix. BerBjieHume mpolieccoB — 9TO ca-
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MBIl IIPOCTOM CIIOCO0O 3aIlyCKa He3aBHUCHMBIX IPOrPaMM, KaK OTJIMYHBIX,
TaK 1 He OTVIMYHBIX OT BHI3LIBAIOIEN IIporpaMMel. IIpreM BeTBJIeHUA OCHO-
BaH HA MOHATUU KONUPOBAHUS TIPOTPaMM: KOTJa IporpamMMa BbI3BIBAET
MIPOIIeAYPY BETBJIEHUS, OIEPAI[MOHHAS CHCTEMA CO3JAeT B IaMSTH HOBYIO
KOIIMIO STOM IIPOrpaMMEbI U 3aIIyCKAeT ee IMapaJiIIeIbHO OpuruHany. B Heko-
TOPBIX CUCTEMAaX NCXOAHASA IIPOrPaMMa B JeCTBUTEIbHOCTH He KOIIMPYeTCs
(3TO CIUIITKOM JOPOTOCTOAIAA OlepaIus), HO HOoBas KOmus paboTaeT Tak,
KaK ecJi Obl OHA JeMCTBUTEJIbHO ObLIA IIOIJIMHHONA KOIIe.

Tlocuie omeparuu BeTBJIEHUS UCXOMHBIN 9K3eMILJIAD MPOrpaMMbl Ha3bIBAET-
¢l po0umeavbCKuM IPOIECCOM, a KOIUsA, CO3LaHHAA C IOMOIIBI0 MYHKINN
os.fork, HageIBaeTca douepHum mpoueccoM. Boobire roBopsi, pOSUTEIbh MO-
JKeT BOCIPOUBBECTHU JII000€ UMCJIO IIOTOMKOB, a IOTOMKY MOTYT CO3JaTh CO0-
CTBEHHBIE JJOUEPHUE IPOIECCHl — BCE OTBETBJIEHHBIE TPOIECCHI BHITIOJTHIIOT-
¢ He3aBUCUMO U IIapaJijIeJIbHO IO YIIPABIEHUEM OIIePAIlIOHHON CUCTEMEI,
¥ ZOYepHYE IPOIIeCCHl MOT'YT IIPOJOJIKATD BHITIOIHATHCA asKe IIOCJIe 3aBep-
MIeHUSA POAUTEIHCKOI0 IIpoIiecca.

Bosmo:kHO, 9TO IpOIlle TOHATH HA IpuMepe, ueM B Teopun. Ciienapuii Python
B nipuMepe 5.1 IpoJoyIKaeT OTBETBJIATH HOBBIE JAOYEPHUE IIPOIECCHI, IIOKA
B KOHCOJIU He Oy/ieT HaskaTa KJIaBUIIA (.

IIpumep 5.1. PP4E\System\Processes\forkl.py
“0TBETBNAET [0YEepHMe MPOLEcCH, noka He OyneT HaxaTa knasuwa ‘g "
import os
def child():
print(‘Hello from child’, os.getpid())

0s._exit(0)  # wHaye npou3oiaeT BO3BPAT B POAMTENLCKUA LMK

def parent():

while True:
newpid = os.fork()
if newpid == 0:
child()
else:
print(‘Hello from parent’, os.getpid(), newpid)
if input() == 'q’: break
parent()

WucTpymMeHTHI BeTBJIEHUA mpoleccoB B Python, maxogsaimuecsa B MomyJie
0S, — 3TO IIPOCTO TOHKUE 00ePTKU BOKPYT CTAHJAPTHBIX CPEJCTB BETBJIEHU
U3 CHCTEMHOM OMOJIMOTEeKM, UCIIOJIb3yeMOM TaKiKe IMporpaMMaMu Ha A3bI-
Ke C. 3amycK HOBOTO IapaJjieJIbHOTO IIPOIlecca OCYIIECTBISETCA BHISOBOM
dyurmuu os.fork. IIocKoabKy 9Ta QYHKIIUA CO3LaeT KOIUIO BHI3BLIBAIOIIEH
IporpaMMbl, OHA BO3BpalllaeT pa3IUUYHble 3HAUEHUA B KaKION KOIIWU:
HOJIb — B JJOYEPHEM ITPOIlecce U YMCJIOBOA maeHTuuKarop ID mporecca Ho-
BOT'O IIOTOMKA — B POAUTEIbCKOM IIPOIECCE.
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OOBIYHO TPOTPAMMBbI IIPOBEPAIOT 3TOT PE3YJILTAT, YTOOBI IPUCTYIUTD K BbI-
TIOJIHEHUIO KaKUX-TO ollepaliiii ToJIbKO B JoUepHeM Ipoliecce. B aToM crieHa-
puu, HampuMep, GyHKIMs child BEI3BIBAETCS TOJIBKO B JOUEPHUX IIpolieccax.!

ITockosbKY BeTBJIEHHE IIPOILECCOB MCXOMHO SIBJIAETCS YACTHIO MOIEJIH IIPO-
rpammupoBaHua B Unix, sTOT ciieHapuii 3aMeuaTeJIbHO O0yaeT PyHKITMOHU-
poBark B Unix, Linux u B coBpemenubix Bepcusax Mac OS. K co:xkanenuro,
9TOT CIleHapuil He OyzeT pabdoTaTh II0J yIpPaBJIEHUEM CTaHIAPTHOII BepCcuu
Python B Windows, moromy uto yHKIHA fork He CTBIKYETCS C MOJeJIbIo
Windows. Tem ne meree B Windows ciienapuu Ha sisbike Python Bcerma mo-
T'yT MOPOXKJATh IIOTOKY BBITIOJHEHUSA, a TaKKe HMCII0Jb30BaTh HaKeT multi-
processing, omMchIBaeMbIil HUKE B ATOH IVIaBe. OTOT MOAYJIb 00eCIIeunBaeT
aJIbTEePHATUBHBIN 1 TIEPEHOCUMBIH CIIOCO0 3aITyCcKa IPOIeCCOB, KOTOPHIH 10~
3BOJISIET OTKA3aThCs OT IPUeMa BeTBJIeHUs IpoieccoB B Windows B KOHTEK-
CcTax, COIJIACYIOIIMXCA C er0 OTPAHUYEHUAMH (XOTS U 3a CUET HeOOXOUMO-
CTU BBITIOJTHEHUA HEKOTOPHIX HU3KOYPOBHEBBIX OMEPAIlUii).

Opuaxko crieHapuii u3 mpumepa 5.1 oyaer padorars B Windows, ecIiu UCIIOIb-
3o0BaTh Bepcuio Python, pacmpocrpansemyio BmecTe ¢ cuctemoit Cygwin
(nau coOpaHHYIO BaMM M3 HMCXOAHBIX TEKCTOB BMeCTe C OMOJIMOTeKaMu
Cygwin). Cygwin — aT0 OecmyaTHas U OTKPBLITAs CHCTEMa, 00eCIIeunBaio-
masa moaHyio Unix-mogo6Hyo GyHKITMOHATBHOCTS IJ1d Windows (omuchIBa-
eTcsa HUKe, Bo Bpeske «Ilogpoduee o Cygwin Python gia Windows»). e-
mosb3ysa Python gnsa Cygwin B omeparmuonHoii cucreme Windows, MOXKHO
HCIIOJIF30BATH IIPUEM BETBJIEHUS IPOIIECCOB, XOTA OH HE IIOJTHOCTHIO COOT-
BETCTBYeT IpueMy BeTBJIeHUsA mporeccoB B Unix. OgHaKo, ITIOCKOJBKY 9Ta
Bepcus Python mocrarouno 6iMska K paccMaTpUBaeMbIM B JAHHOM KHMUTE,
IaBaiiTe BOCIOJIb3yeMCs €10, UYTOOBI 3aIlyCTUTD CIIEHAPMIMA:

[C:\...\PP4E\System\Processes]$ python forkl.py
Hello from parent 7296 7920
Hello from child 7920

Hello from parent 7296 3988
Hello from child 3988

Hello from parent 7296 6796
Hello from child 6796

q

ITU COOOIIEeHNA MIPECTABIAIOT TPU OTBETBJIEHHBIX JTOYEPHUX IIPoOIlecca —
YHUKaJbHbIE NACHTU(PUKATOPHI BCEX YUACTBYIOIIUX IIPOIIECCOB IOJIYUEHBI

ITo kpaiineit mepe, B Tekymiei peanusanunu Python dyaxmua os. fork B ciena-
puu Python paxkTuuecku Konupyer mpoiiecc NHTepIpeTaTopa (€CjIu B3TJIAHYTD
Ha CIIMCOK IIPOIIECCOB, TO IIOCJIe BETBJIEHNU B HEM MOYKHO Oy/eT HaiiTu JBa IPo-
mecca Python). Ho mockoabKy uuTepuperarop Python sa6orurcsa o6o Bcem, uTo
KacaeTca paboOTHI CIieHApUs, MOKHO CUNTAThH BBI30B (MYHKIMU fork HEIocpen-
CTBEHHBIM KOIMPOBaHMEM IporpaMMbl. COOCTBEHHO, TaK U OyIeT, eCau CKOM-
IUJIUPOBATH ClieHapuu Ha A3bIKe Python B IBOMYHBIN MAITUHHBIN KOA.
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¥ BBIBEJIEHBI C IOMOIIIbI0 QYHKIMM 0S.getpid. BadKHO OTMETUTBH, UTO BHISOB
¢dyHKIIUU child B JouepHEM IpoIlecce ABHO 3aBepIIaeT ero BIIIOJHEHNE BbI-
30BOM (BPYHKIIUU 0S._exit. 9Ty GYHKIIUIO MBI 00Jiee TTOAPOOHO 06CyauM ma-
Jiee B 5TOI IyiaBe, HO e€CJIU ee He BBI3BATh, JOUEPHUI IPOIECC IPOJOJIIKUT
CyIllecTBOBaHUE MOCJIe Bo3Bpara n3 QPyHKIuY child (e 3abbIBaiiTe, UTO 9TO
JIUIITH KOIIUS MCXOMHOTO0 IIpoIiecca). B 9ToM ciayuae JOUEePHUH ITPOIECC BO3-
BpaTUTCA B [IUKJ, HAXONAIIMICA B QyHKIIUY parent, 1 HAYHET IIJIOAUTD CO0-
CTBEHHBIX IIOTOMKOB (TO €CTh y POAUTEJA MOABATCA BHYKHU). Ecau yoaanuTb
BBIBOB BBIXOJIA U II€PE3aNyCTUTDH CIIEHAPUH, TO IJIS €TI0 OCTAHOBKU MOYKET
TOHATO0UTHCA HECKOJBbKO Pas HaYKaThb KJABUIIY (, TOCKOJbKY HECKOJIBKO
MIPOIIECCOB OYAYT BBIIOJIHATEL (PYHKIUIO parent.

B mpumepe 5.1 KaxIbIi mpoliecc 3aBepIliaeTcsa BCKOpe Mocje 3amycKa, mMo-
5TOMY IIePeKPBITHE TI0 BpeMeHH He3HauuTe bHO. [TompobyeM caeaTh HEUTO
0oJsiee CJIO}KHOE, UTOOBI JIyUIlle IPOJEMOHCTPUPOBATH HapPaJIJIEIbHOE BbI-
HOJIHeHNEe HeCKOJbKUX OTBETBJIEHHBIX IIpoIlieccoB. IIpumep 5.2 s3amyckaer
5 Komuii cebs1 caMoro, IIPU STOM KaKAas KOS CUMTAET 0 D ¢ OOHOCEKYHI-
HO 3a/Iep:KKOM MexK oy urepanuamu. PyHKIua time.sleep us craHgapTHON
OMOJIMOTEKU ITPOCTO IIPUOCTaHABINBAET PA0OTY BHI3BIBAIOIIETO IPOIlecca Ha
yKasaHHOe KOJIMUEeCTBO CEKYH/I (IOIIyCKaeTCsl YKas3bIBaTh 3HAUEHNE C IIJIaBa-
FOIIeH TOUKO#1, YTOOBI MIPUOCTAHOBUTSD IIPOIlECC Ha IPOOHYIO UaCTh CeKYHIBI).

Ilpumep 5.2. PP4E\System\Processes\fork-count.py

TRIET

OCHOBb BETBNEHMA: 3aNyCTUTb 5 KOMWIA 3TOW MPOrpaMMbl NapasienbHO OpUruHany; kaxgas
Konus cuuTaeT A0 5 1 BHBOAWT CHETYMK B TOT e NOTOK stdout -- npu BeTBNEHUU
KONMpYeTCH namaTb npouecca, B TOM 4UCIe [ecKPUnTops Qainos; B HaCTOAWEE Bpems
BeTBNeHWe He faelcTsyeT B Windows 6e3 Cygwin: 3anyckaiTe nporpammsl 8 Windows

C nomoubilo GyHKUMM 0S.Spawnv uau naketa multiprocessing; ¢GyHKuMs spawnv npuMepHo
CO0TBETCTBYET KOMOuHauMM ¢yHkunit fork+exec

TRIET]

import os, time

def counter(count): # BHI3HIBAETCH B HOBOM Mpouecce
for i in range(count):
time.sleep(1) # uMATUPOBATL paboTy

print('[%s] => %s’ % (os.getpid(), 1))

for i in range(5):
pid = os.fork()

if pid != 0: # B poAMTENbCKOM Mpouecce:
print(‘Process %d spawned’ % pid) # NPOAONXMTb LMKN

else:
counter(5) # B [04epHeM npouecce
0s._exit(0) # BHI3BATL GYHKUMIO W 3aBEPWUTHCS

print(‘Main process exiting.’) # poaMTENb HEe AONXEeH XaaTb
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Ilociie 3anmycka 5TOT ClleHapUii cpasy 3alyCTUT 5 IIPOIECCOB U 3aBEPIIIUT pa-
6ory. Bce 5 0TBeTBJIEHHBIX IIPOIIECCOB OTOOPAYKAIOT CEKYH IO 03sKe IIePBoe
MoKas3aHue CYETUNKA U Jajiee — KaxKIyIo IOCJeIyIonyio cekyuny. Ooparure
BHUMAaHUE, UTO [JOUEPHUE ITPOIIECCHI IPOJOJIKAIOT BBHITIOJHATHCS JarKe MOCIe
TOT0, KaK CO3/aBIIUI NX POAUTEIHCKUHA MIPOIleCC 3aBEPIIIUT CBOIO paboTy:

[C:\...\PP4E\System\Processes]$ python fork-count.py
Process 4556 spawned
Process 3724 spawned
Process 6360 spawned
Process 6476 spawned
Process 6684 spawned
Main process exiting.

[4556] => 0
[3724] => 0
[6360] => 0
[6476] => 0
[6684] => 0
[4556] => 1
[3724] => 1
[6360] => 1
[6476] => 1
[6684] => 1
[4556] => 2
[3724] => 2
[6360] => 2
[6476] => 2
[6684] => 2

...0OCMAJIbHAS LacCmb 8bL800a onyuierna...

BrIBo BCex 9THX mpoIleccoB 0TOOpaKaeTcss Ha OJHOM U TOM JKe dKpaHe, Io-
TOMY YTO BCE€ OHU MCIIOJIb3YIOT CTAHIAPTHBIN IIOTOK BHIBOIA (B IIpoIlecce pa-
06OTHI IEPUOINUECKY MOKET IMOABJISATHCS CUCTEMHOE IIPUTJIAIleHe K BBOIY).
TexHMUEeCKU OTBETBJICHHBIN IIPOIECC ITOJyUYaeT KOO II00aIbHOI TaMATH
OPUTUHAJBHOTO IIPOIECCa, B TOM UYHCJIEe JeCKPUIITOPHI OTKPBITHIX (haiIoB.
W3-3a sToro riobanbHble 00BEKTHI, TaKue Kak (ailjbl, HAUNHAIOT padboTy
B JJOUEPHEM IIPOIecCe C OAHMMU U TeMHU K€ 3HAUCHUIMU, II03TOMY BCe IIPO-
IecChl B TOM IIPHMEPE OKA3bIBAIOTCS IIOAKJIIOUEHHBIMY K OZHOMY W TOMY
JKe IIOTOKY BhIBoga. HO BaXXKHO MOMHUTB, UTO IVIO0AIbHAA IIAMATH KOIIUPY-
eTcs, a He HCIIOJb3yeTCsI COBMECTHO, — €CJIU JOUEepPHUI IIPOIlecC M3MEHUT
TJI06aIbHBIHA 00HEKT, TO UBMEHUT TOJIHKO CBOIO KOIIUIO 9TOro obobexTa. (Kak
MBI YBUIUM, B IOTOKAX BBIIIOJHEHUS BCE IIPOMCXOAUT COBCEM HHAUe. ITO
TeMa CJeMYIOIero pasiesa.)

Kom6uHaums fork /exec

B mpumepax 5.1 u 5.2 mouepHHe HpoIlecChl MPOCTO BBI3BIBAJIUN (PYHKIIUIO
B IIporpaMmMe u 3aBepinanu cBoio pabory. B Unix-momo6HbIX miaTdopMax
BETBJIEHUE YACTO CJYKUT OCHOBOH AJIs 3aIlyCKa IIPOTPaMM, BBIMIOJIHSIO-
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IUXCA HE3aBUCUMO ¥ COBEPIIIEHHO OTJIUYHBIX OT IIPOTPaMMbl, BHI3BaBIIIEH
dyurunuio fork. Tak, B mpuMepe 5.3 OTBETBJIEHNE HOBBIX IIPOILIECCOB TAKIKe
BBIIIOJIHAETCH, IIOKA He Oy/ieT HasKaTa KJIaBUIIA |, HO B JOYEPHUX IPOILieccax
BMECTO BBbI30Ba GYHKIIUH B TOM Ke (haiije 3aIyCKaeTCAa COBEPIIEHHO HOBAA
mporpamMma.

ITpumep 5.3. PP4E\System\Processes\fork-exec.py

“3anyckaeT nporpammsl, noka He OyneT HaxaTa knasumwa ‘q’ "

import os
parm = 0
while True:
parm += 1
pid = os.fork()
if pid == 0: # Konua npouecca
0s.execlp(python’, ‘python’, ‘child.py’, str(parm)) # nogMeHuTb NPOTp
assert False, ‘error starting program’ # BO3BpaTa ObIThb
# He LONxXHO
else:
print('Child is’, pid)
if input() == 'q’: break

Ecuu BBI focTaTOYHO MHOTO 3aHUMAJIUCH pa3paboTkoii mporpamMm iid Unix,
KomOmHanua GyHKIuN fork/exec HaBepHAKa OyeT BaM 3HaKoMa. [JraBHOe,
HA YTO cJIeAyeT OOpaTUTh BHUMAaHUe, — 9T0 QYHKIINA 0S.execlp. B qByx cio-
BaXx, 9Ta (PYHKIUA 3aMellaeT IPOrPaMMYy, BBIIOJIHAMIYIOCA B TEKYII[EM
mporiecce, HOBOU mporpammoii. I[losTromy kombOunauyus GyHKIUHA 0S.fork
U 0S.execlp o3HaUaeT 3aIIyCK HOBOT'O IIPOIlecca 1 3aIIyCK HOBOM IIPOrPaMMBI
B 9TOM IIporiecce. [IpyruMu cJIoBaMu — 3aIyCK HOBOM IPOTPaMMBI IapaJi-
JIeJIbHO OPUTMHAJIBHOM.

®dopmbl Bbi3oBa pyHKLUMN 0S.exec

AprymeHTBI QYHKIIUU 0S.6XeClp OIMpemesialoT IPorpaMMy, KOTopas JOJIMK-
Ha OBITH BBITIOJIHEHA, M apryMeHThI KOMAaHIHON CTPOKM, KOTOPbIE CJIeIyeT
mepenarb e (mocTymHbIe B cliieHapusax Python B Buze cmmcka sys.argv).
B ciyuae ycrnexa HaunHaeTCs BBIIIOJHEHNE HOBOI IIPOrpaMMBbI, 1 BO3Bpa-
Ta M3 BBI30BA (DYHKIIMU 0S.eXeClp He MPOUCXOAUT (TaK KaK OPUTMHAJIbHAI
mporpaMMa 3aMeIlaeTcs HOBOM, TO BO3BPAIaThCs JeHCTBUTEIbHO HEKY/1A).
Ecau Bo3BpaT Bce-TaKu IPOUCXONUT, 3TO O3HAYAET, UTO IPOUIOIILJIA OIIN6-
Ka, I09TOMY B CIIeHAPUU IOCJE BbI30Ba (PYHKIMY CTOUT MHCTPYKIUA assert,
IpU JOCTUKEHUU KOTOPOI BCera Bo30y K/IaeTCsa UCKIIOUEHUE.

B crangapTHoii 6ubamorexe Python ecTs HeCKOJIBLKO pa3HOBUIHOCTEH (PYHK-
mum 0s.exec. HacTh M3 HUX IO3BOJIAET HACTPAUBATH II€PEMEHHbBIE OKPYIKe-
HUSA IJI HOBON IIPOI'DAMMBI, IIepeaBaTh apryMeHTHI KOMAaHIHOU CTPOKU
B pa3JMUYHBIX (hopMaTax U Tak najee. Bce onu mmelorcsa kak B Unix, Tak
u B Windows, 1 3aMeHAIOT BBIBBABIIIYIO UX IIPOrpaMMy (TO eCTh UHTEPIIPE-
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Tatop Python). Becero cyiiectByer BoceMb pasHOBUIHOCTEHN (QDYHKITUU EXEC,
YTO MOKEeT BhI3BIBATDH 3aTPYAHEHU B BEIOOPE, eCJIU He cesiaTh 0000IIeHe:

0s.execv(program, commandlinesequence)

BasoBaa «v»-opma pyHKIIHU exeCc, KOTOPOH IepefaeTcsa UM BBIIIOTHA-
eMoii IporpaMMbl BMECTe CO CIIMCKOM MJIU KOPTerkeM CTPOK apr'yMeHTOB
KOMAaH/JIHOU CTPOKU, UCIIOJb3yEeMbIX IIPU 3allyCKe IIPOrPaMMBbI (TO ecThb
CJIOB, KOTOpBIE OOBIYHO MOKHO BBECTH B KOMAaHIHOM CTPOKE JJI 3aIIyCKa
IpOrpaMMBEI).

os.execl(program, cmdargl, cmdarg2, ... cmdargh)

Baszosasa «I»-(popma QPyHKIIIHT exeC, KOTOPOI IIepesaeTcs: MM BITIOJIHIe-
MO¥ IPOTrPaMMBbI, 38 KOTOPBIM CJIEYIOT OOWH MJIU O0Jiee apryMeHTOB KO-
MaHJHOHM CTPOKU, IlepelaBaeMbIX KaK OTJeJbHbIe apI'yMeHThI (hYHKITUU.
CooTBeTCTBYeT BBI3OBY (hyHKIIMU 0S.execv(program, (cmdargl, cmdarg2,

-

0S.execlp
0S.execvp

CuMmBoJI «p», HOOaBJIEHHBII K MMeHaM exeCv M execl, o3HadaeT, UTO
Python craner uckars KaraJor, rie HaX0JUTCSA IPOrpaMMa, UCIOJIb3Ys
CUCTEeMHBI! Ty Th IOKCKA (TO eCTh IIepeMeHHY0 PATH).

0s.execle
0S.execve

CumBoa «€e», ,].IOGaBJIeHHI:IfI K MMeHaM exeCV U execl, o3HauvaeT, 4To O0-
THOJHUTEIbHBIN nocae0HUll apryMeHT ABJIAEeTCA CJIOBapeM, CoAepiKalllrM
IIepeMeHHbI€ OKPYMXEHU A, KOTOPHhIE HYMHO IIepeaaTsb IIporpaMMe.

0S.execvpe
0S.execlpe

CHUMBOJIBL «P» U «€», J0OaBJEeHHBLIE K 0a30BBIM MMEHAM €XeC, 03HAYAIOT
OJTHOBPEMEHHOE MCII0JIb30BAHUE Iy TH MONUCKA U CJI0BAPS C IIepeMeHHBIMI
OKPY:KEeHUs.

IToaTomy, kKorma crieHapuii B mpuMepe 5.3 BBIBBIBAET 0S.eXeClp, OTAEJIHHO 1Ie-
penaBaeMble ITapaMeTPhI OIIPEEJIAI0T apryMeHThI KOMaH/JHOM CTPOKYU JJIA
IporpaMMbl, KOTOPYIO HYYKHO BBIIIOJIHUTH, a CJIOBO python orobOpaskaercsa
B BBITIOJTHAEMBIN (haiiy, HaXOAAIUACA B IYTH IMOMUCKa cucTeMbl (PATH). 9To
COOTBETCTBYET BBITIOJITHEHHUIO B 000JI0UKe KoOMaHAbI Buja python child.py 1,
HO Ka’KIbIN pas ¢ pa3HBIMU apryMeHTaMU KOMAaH/JIHOU CTPOKU B KOHIIE.

nOpOM(D,EHHaﬂ AodyepHsa nporpamMmmMa

Taxk ke, Kak IPU BBOJEe B KOMaHAHOI 000JI04Ke, CTPOKA apr'yMeHTOB, IIepe-
maBaeMas QYHKIIUU 0S.execlp cieHapueM fork-exec ma mpumepa 5.3, s3amy-
cKaer eirie oguH (aiia mporpamMmbl Python, KOTOpbIi IpUBOAUTCS B IpUMe-
pe 5.4.
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Ilpumep 5.4. PP4E\System\Processes\child.py

import os, sys
print(‘Hello from child’, os.getpid(), sys.argv[1])

Hwuxe moxkasamo, KaK 9TOT IPOTPAMMHBIN Kof meiicTByeT B Linux. OH He
CHJILHO OTJINYAeTCA OT opuruHasa forkl.py, HO B IeHCTBUTEIHLHOCTU 3a-
TyCKaeT HO8YI0 NPOzpaAMMYy B Ka’KIOM OTBETBJIEeHHOM mporecce. Haubosee
HalOJI0maTeIbHbIE UNTATENN 3aMEeTAT, UTO uaeHTu(uKaTopsl ID mouepHero
mpoiiecca, oToopaskaeMble POAUTEIbCKOM IIPOrPaAMMOM 1 3aMyIIEHHOHN IPo-
rpammoii child.py, onmHaKoBBle — (YHKIIUSA 0S.€XeClp IIPOCTO 3aMelliaeT
mporpaMMy B TOM Ke CaMOM IIpOIiecce:

[C:\...\PP4E\System\Processes]$ python fork-exec.py
Child is 4556
Hello from child 4556 1

Child is 5920
Hello from child 5920 2

Child is 316
Hello from child 316 3
q

B sswmike Python cymiecTsyroT u gpyrue cooco0Obl 3aIycKa IIPOrpaMM, II0-
mMuMo KomOmHamuu fork/exec. Hampumep, GyHKIUM 0S.System m 0S.popen
U MOAYJIBb SUDProcess, ¢ KOTOPHIMU MbI TTO3HAKOMUJINUCH B TVIaBaxX 2 1 3, IO-
3BOJIAIOT BBIIIOJIHATH KOMaH/bI 000JIOUKH. (I)YHKHI/IH 0S.Spawnv u ImaxKetT mul-
tiprocessing, ¢ KOTOPLIM MbI MIO3HAKOMUMCS JaJjiee B 9TOU IJiaBe, II03BOJIA-
IOT 3aIlyCKaTh HedaBUCHUMBIe IIPOTPaMMBI 1 ITPOIEeCChl 60Jiee ITepeHOCUMbIM
crnoco6om. [lajiee MbI YBUAUM, UTO B HEKOTOPBIX CUTYAIIUAX MOJAEJb IIOPOIK-
JIeHU s ITPOIIeCCOB C IOMOIITBIO ITaKeTa multiprocessing MosKeT MCIoJIb30BaTh-
cd KaK mepeHocuMas 3aMeHa QyHKIun 0s.fork (xora u meHee s GeKTUBHA )
U IIPUMEHATHCA B COEJUHEHUHU C Q)YHRHI/IHMI/I 0S.exec*, IOKa3daHHbIMU 31€Ch,
ILIST JOCTHKEHUS TOTro JKe a(h(eKTa B cTaHAapTHON peanausdanuu Python gia
Windows.

Hamee B TO¥ r1aBe OyAyT IPeACTaBJIEHBI JPYTUe IIPUMePHI BETBJIEHUA IIPO-
1eccoB, 0COOEHHO MHOTO — B pasjesiaX, MOCBAIIeHHBIX IpUeMaM 3aBepIiie-
HUSA IPOILECCOB U OPraHMU3allu¥ B3aWMOAEHCTBUN MEKIY HUMU, IIOITOMY
MBI 3/eCh OI'PAHUUYNMCSA YyiKe IIPUBENeHHLIMU IIpuMepaMu. B cienyonmx
TJIaBaX 9TOM KHUTHM MBI TaKyKe PAaCCMOTPUM JPYTHE TEMbI, OTHOCAIIMECS
K nporeccaMm. Hanpumep, B ritaBe 12 MBI CHOBa BEDHEMCSA K IIPUEMY BETBJIE-
HUA IPOIECCOB, YTOOBI PA30OPaATHCA ¢ 30MOU — «MEPTBBIMU» IIPOIlECCAMU,
3aTAUBIIIUMUCA B CUCTEMHBIX TAOJIMIIAX ITOCJIe CBOETO KOHIIA. A Temeph me-
pelizeM K IOTOKAaM BBLIIIOJHEHUS — K TeMe, KOTOPYIO IO KpalfHell Mmepe HeKO-
TOpPBIE TPOTPAMMUCTBI HAXOJAT 3HAUUTEJIHLHO MeHee ITyTrafoIe. . .
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Noppo6Hee o Cygwin Python gna Windows

Kak y:xe ynmomwmHasoch, PyHKIUA 0S.fork OPUCYTCTBYET B BEPCUU
Cygwin Python giass Windows. 9ta QyHKIIIA OTCYTCTBYET B CTAHIAPT-
Hoit Bepcuu Python mias Windows, Tem He MeHee BbI MOYKETE HCIIOJIb-
30BaTh IIPMEM BeTBJIEHUSA IpoiieccoB B Windows, ecii ycTaHOBHUTE
u Oyzmete ucmoJb3oBaTh Cygwin. OgHako peanusamusa QyHKIun fork
B Cygwin He TaK a(pdeKTrBHA 1 JeliCTByeT HEMHOIO He TaK, KaK (PyHK-
nusa fork B HacTodAmux cucreMax Unix.

Cygwin — 5To GecIIaTHBIN W OTKPBITBIA HMaKeT, BKJIIOUAIONINI Oub-
JUOTEKy, peanusyiomniyo Unix-IogoOHBIM TPUKJIATHON HHTEpdeiic
IUIsi UCIoJib3oBauusi B Windows, a Takixe HaOOpP MHCTPYMEHTOB KO-
MaHIHON CTPOKH’, peanusyoinux Unix-momo0HOe OKpy:KeHue. ITO
yIOpoIllaeT HpUMeHeHVe HAaBBIKOB IIPOrPaMMUPOBAHUSA, [IOJYUYEHHBIX
B Unix, B omepanuonuoii cucreme Windows.

OpHAaKoO, COIVIACHO COOPHUKY UYaCTO 3aJaBaeMbIX BOIIPOCOB K 9TOMY
nakery: «®yurnua fork() B Cygwin mo cytu aeiicTByeT, KaK HEKO-
nupytoiaa mpu 3anucu Bepcusa fork() (kax 9To OBIIO MPUHATO B CTa-
peIx BepcuAx Unix). BesemeTBue 3TOro oHa MOMKET OKas3aThCsA HEMHOTO
MenJeHHee. B GOJIBIIIMHCTBE CIYyYAeB JYUIle UCIOIB30BATh CEMECTBO
(PYHKIIUNA Spawn, KOTZIa 9TO BO3MOKHO». II0CKOJIBKY IPOM3BOANTEIIb-
HOCTBL He SBJISE€TCS OCHOBHOI II€JIbIO IIPMMEPOB B 3TOII KHHUTe, OyaeM
cunTaTh IpeacTaBiaeHHy0 Bepcuio ¢pyukmuu fork 8 Cygwin ymosier-
BOPUTEJBHOM.

B pmomosnenme Kk ¢yurnum fork Cygwin mpepocraBisger m gpyrue
uHCTPYMeHTHI Unix, HeIOCTyIIHBIE HU B OXHOM m3 Bepcuit Windows,
BKJIouada GyHKIU0 0S.mkfifo (obcysxmaeTcsa gajee B aToi riaase). Kpo-
Me TOT'O, B COCTaB ITAKEeTa BXOAUT KOMIUJIATOP JCC, XOPOIIIO 3HAKOMBIH
paspaborunkaM mporpaMm s Unix u HO3BOJIAIONINII BBIIOJHATH
cOopKy pacmmupennii Ha asbike C miasa Python B Windows. Ecau BbI
OyaeTe MCIIOJb30BaTh OubamoTekn Cygwin aasa cOOPKM CBOUX ITPUJIO-
JKeHu# u Baiei sepcunu Python, BbI oKaskerech oueHb 0Iu3KK K Unix
B Windows.

OpHako, KaK 1 Bce CTOpoHHMEe 0ubarnoreku, Cygwin IpruBHOCUT SOIOJI-
HUTEJbHYIO 3aBUCUMOCTEL. UTO camoe, mOKaayi, BaxkHoe, — Cygwin
B HacrosAlnee Bpemsa BbixoxuT mop Jjuriensmeit GNU GPL, xotopas
Io0aBiAeT NOTMOJHUTENbHbIE TPeOOBAaHUA K PACIpPOCTPAHEHUIO ITPO-
rpaMm, KOTOPbIE Iopas/o MIrpe TPeOOBAHU JUIEH3UN AJIsI CTAHJAPT-
Hoit Bepcuu Python. Ilpu ncnonszoBaraunu 6udamnoreku Cygwin B 10-
IoJIHeHNe K caMoMmy uHTepuperaropy Python mosker morpeboBarhes
PaCIpOCTPAHATh CBOM IIPOrPAMMBI C OTKPBITBIMU HCXOJHBIMU TEK-
cramu (BrpoueM, komuauusa RedHat mpemiaraer BO3MOKHOCTE «BbI-
KyIma», 0CBOOOIKIAIOIIYIO BAC OT 9TOr'0 TpeOOBaHU). YUTHUTE, UTO 3TO
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JOCTAaTOYHO CJIOKHBINA IOPUAMYECKHH BOIPOC, W BaM HEOOXOIZUMO
BHUMATEJHHO UBYUYUTH JuleHsuio Ha Cygwin, KoTopas MOKeT pac-
IIPOCTPAHSATH CBOE AeliCTBME M HA BaIlld IIPOrpPaMMbl. ITa JIUIEHBUSI
IefCTBUTEIBHO HajaraeT OOJIbIlle OrPDAaHUYEHUH, YeM JIMIeH3Us Ha
Python (Python pacmpoctpanserca mog BSD-momo6HOM suIleH3MeH,
a me GPL).

Ho mecmoTpsa Ha mpo0aeMbl, CBsABaHHBIE ¢ JulleHsmeit, Cygwin Bce-
TaKXd MOMKET CIYsKUTb OTJIUYHBIM crmocobom obpectru Unix-mmogo0HYIO
pyuKImoHaJIbHOCTL B Windows 6e3 yCTaHOBKM APYTIOil IIOJIHOIIEHHOMR
OIlepaIlMOHHON CUCTEeMBI, TaKOHM KaK Linux, — 6ojiee moHOro, HO U 00-
Jee CJIOKHOT'O BapuaHTa. 3a HOIOJHUTEJbHON MH(MoOpMaIueii obpa-
miaiTeck o axpecy http://cygwin.com unu nouiute B IHTEepHeTE 1O
dpaze «Cygwin».

O6paTuTe TakKe BHUMAaHUe Ha TTaKeT multiprocessing ua cTtaHIapTHOMR
OMOJIMOTEeKN 1 Ha ceMeMcTBO (DYHKIIMIT 0S.Spawn, KOTOpbIe OYAYT pac-
CcMaTpPUBAaTBLCS Jajiee B TOM IiiaBe. OTU MHCTPYMEHTHI IPEeI0CTaBISIIOT
aJIbTEPHATUBHBIN CIIOCO0 3aITyCKa MapaJsijaebHO BBITOJHSIIONINXCS 3a-
maanii 1 nporpamm B Unix u Windows, KoTopble He TpeOyIOT HAJIH-
uyna B cucreme Gpyurmuii fork u exec. Yro6sr B8 Windows samycTuThb
mpocTyio (YHKIIMIO IapaJijieIbHO OCHOBHOI IIporpamMme (He B BHUJE
BHEIITHell ITporpaMMbl), MOKHO BOCIIOJIB30BATLCA IOAIEPIKKOI MIOTO-
KOB BBITIOJTHEHUS B CTaHAAPTHOM O01OIMOTEeKe, 0 KOTOPOM paccKasbiBa-
eTcs JaJjiee B 9Toii ryaBe. IIoTOKY BBITIOJNHEHUA, TaKeT multiprocess-
ing 1 QyHKIINHT 0S.Spawn MOYKHO MCIIOJIb30BATh B CTAHJAPTHOM BEpCUU
Python gas Windows.

HomonHeHne K YeTBEPTOMY U3AAHUIO: KOT[A S BHOCUJ IOMOJHEHUS
B Ty raBy B ¢espase 2010 roga, B Cygwin odpunuaibHOU Bepcueit
Python mo-nmpesxuemy ocraBajsach Bepcusi Python 2.5.2. Yro6s! mo-
ayuutsh Bepcuto Python 3.1 pna Cygwin, ee Heo6xoaumMo cobpaTh u3
UCXOMHBIX TEKCTOB. EC/IM K MOMEHTY, KOT/Zla Bbl UNTAeTe 3TU CTPOKH,
IaHHOE TpeboBaHUe BCe eIlfe B CuJe, yOeIUTeCh, UTO B BAIlleM OKPYIKe-
Hum Cygwin ycTaHOBJIEHBI KOMIIMJIATOD JCC ¥ YTUJINTA Nake, 3aTeM 3a-
rpysuTe ucxomubie TeKcThl Python c caiita python.org, pacnakyiite ux
u cobepure Python ¢ momoinbio ciaeayomux KoMaHI:

./configure

make

make test

sudo make install

9tu KoMaHAbI ycTaHoBAT Python kak python3. Ty ke mporteaypy ycra-
HOBKM MOJKHO MCIIOJIB30BaTh BO Bcex Unix-momobHbIX cucremax. B OS
X u Cygwin BEIIOTHAEMBIH (Daii MHTepIpeTaTopa HasbIBaeTCA python.
€xe, B OCTAJIbHBIX OKDPY:KeHuAX — python. Boobime roBopsa, mocienuHue
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JIBe KOMaHIbI MOKHO HE BBINOJHSATH, €CJIY BbI MOKeJJaeTe 3alIyCKaTh
Python 3.1 us xaraimora coopxku. O6s3aTeJIbHO IIPOBEPHTE, HE BOIILIA
Jau Bepcus Python 3.X B crangapTHbIil makeT aiaa Cygwin K ToMmy Bpe-
MeHU, KOTZa BbI OymeTe UYUTATh STU CTPOKHU, — IIPU COOPKEe M3 MCXO[-
HBIX TEKCTOB BAM MOJKET IOTPe60BaThCA UBMEHUTH HECKOJIBKO (DaiijioB
(MHe IpUILJIOCh 3aKOMMEHTUPOBATh MHCTPYKIOUIO #define B daiime
Modules/main.c), OfHAKO 9TU W3MEHEHUS CIUIITKOM CIIeIu(PUUeCKUe
U HeOOXOJUMOCTb B HUX MOJKET OTIIACTh CO BPEMEHEM, IIOITOMY S He
OyZIy OMMCHIBATH UX 3[I€Ch.

MoToKun BbINONMHEHUS

TIoToKY BBHITIOJIHEHUA MIPEACTABJIAIOT eIre OJUH CIIoco0 3aIIyCcKa OmepaIuii,
BBITIOJIHAEMBIX OJHOBPEeMeHHO. B IBYX cjoBax, MEXaHU3M MOTOKOB BBIIIOJI-
HEeHUS T03BOJIAET 3aMYCTUTDh DYHKI[UIO (MU BHI3BIBAEMBIN 00'BEKT JPYTOT0
THIIA) IapaJlyIeIbHO OCHOBHOM mporpamMme. MIHOT#a mX Ha3BIBAIOT «00JIEr-
YeHHBIMHU IPOIlECCAMM», IIOTOMY UTO OHHI PA00TAaIOT HmapaJijiebHO, IIOJ00HO
JOYEPHUM IIPOIECCAM, HO BBIMIOJIHSAIOTCS B PAMKAX OJHOTO U TOTO K€ IIPO-
mecca. IIporecchl 0OBIYHO UCIIOIB3YIOTCS [JIsI 3alIyCKa He3aBUCUMBIX IIPO-
rpamMM, a MOTOKYW BBINIOJHEHUS — [JIS PelleHus TaKuX 3ajad, Kak HeOJo-
KUPYIOIUH BBOM, U [JIsI BBHIMOJHEHUS IPOJOJIKUTENbHBIX 3aJaHUil B IPO-
rpammax ¢ rpaduyeckuM naTepdeiicom. OHM TaKKe MPEICTABIAIOT ecTe-
CTBEHHYIO MOJEJb peaju3aliii aJTOPUTMOB, KOTOPbIE MOYKHO BBIPA3UTH
B TePMUHAX HE3aBUCUMBIX 3aJaHUi. B MPUIOMKEeHUSIX, KOTOPbIe BEIUTPHIBA-
IOT OT MapaJjlieIbHOM 06pab0TKH, MOTOKY JAal0T IPOrPaMMUCTAM OOJIBIIITE
BBITO/IBL:

IIpoussodumenvHocms

HOCKOJII:KY BCe€ IIOTOKH BBIIIOJIHAIOTCA B IIpeesiaxX OgJHOI'O IIpoiiecca, nx
3aITyCK He COIIPAMEH C BBICOKMMU HaKJIaTHBIMU pacxXxogaMu, KakK IIPU KO-
IIMPOBaHUMU IIpOIlecca B I€JIOM. I/Is/:[epmrm, CBs3aHHBIE C KOIIMDOBaHUEM
IIOPOX OaeMBbIX NOYEPHUX IIPOIECCOB M 3aIlyCKOM IIOTOKOB, MOI'yT OBITH
Pas3iIindYHbBIMU B 3aBUCUMOCTHU OT I'I.TIaT(l)OprI, HO OOBIYHO cCuuTaeTcda, 4To
IIOTOKH O6XOI[HTCH JelieBJie B CMBICJIE€ IIPOM3BOAUTEIBHOCTH.

IIpocmoma

IToToku BBITIOJSIHEHUA 3aMETHO IIPOIlle B oOpallleHuu, OCOOGEHHO ecCJIu
Ha CIIEHY BBIXOAAT 0OOJiee CJIOJKHBIE aCIEKTHI IIPOIECCOB (HAIIPUMED,
3aBepIIIeHNe IMIPOIeCCOB, OOMeH WH(pOpPMAIMel MeXKIy IIpolieccaMu
U TIPOITECChI-«30M0OM», 0 KOTOPBIX paccKasbIBaeTca B IiaBe 12).

CosmecmHo ucnoJiv3yemas 27100a/1bHAS NAMAMD

Kpome TOro, mocKoabKY IMOTOKU BHITIOJHAIOTCA B OJHOM IIPOIlecce, OHU
HCIIOJIB3YIOT OOIIYIO IIO0AJBbHYIO TaMAThH Ipollecca. bBiaarogapsa sTomy
IOTOKM MOT'YT IIPOCTO M €CTECTBEHHO B3aMMOJEICTBOBATH APYT C APY-
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TOM IIyTEM YTEHUS U 3aIllMCHU JAHHBLIX B TNI00AJIBHON MaMATH, JOCTYITHOMN
BCEM IIOTOKAaM BBIIOJHeHUs. [[1sa mporpammucra Ha sa3bike Python ato
03HAYAeT, YTO IJI00a bHbIE ITIepeMeHHbIe, 00BEeKThl M UX aTPUOYTHI 1 Ta-
KMe KOMIIOHEHTHI, KaK UMIIOPTUPOBAHHbBIE MOIYJIN, COBMECTHO MCIIOJIb-
3yIOTCSA BCEMU IMIOTOKAMH BBITIOJIHEHUA B IPOTPaMMe — eCJIU, HallpuMep,
B OJHOM TIOTOKE BBITIOJTHEHUS IPUCBAWBAETCS 3HAUECHUE TJI00aIbHON 1Ie-
PeMeHHOIi, ee HOBOe 3HaUeHUe YBUIAT BCE APYTUe MOTOKY BBITIOJHEHUA.
IIpu oOpallleHnu K COBMECTHO MCIIOJIbB3YEeMBIM IJIOOAJIBHBIM OOBeKTaM
HEO0OXOAUMO IIPOSABJISTh HEKOTOPYIO OCTOPOKHOCTH, HO BCE PABHO 3TO
0OBIYHO IIPOIIE, YeM T€ CPeICTBA OPraHMU3aINy B3aMMOIEMCTBUMA, KOTO-
pble IPUMEHAIOTCA AJIs1 00MeHa JaHHBIMU C JOYEPHUMHU IIPOIeCCAMU U C
KOTOPBIMU MBI IO3HAKOMUMCS HUKE B 9TOI IiaBe (HalrpuMep, KaHaJbl,
TOTOKU BBOZA-BBIBOZA, CUTHAJIBI, COKETHI U TaK jajiee). Kak u MHoroe
B IPOrpaMMUPOBAHNH, BCE BBIIIIEN3I0MKEHHOE He ABJIseTCA YHUBEPCaIb-
HOI 11 OOIIIeNIPUHATON NCTUHOM, TO9TOMY BaM CAMUM IIPUIETCSA B3BECUTH
¥ OIEHUTD PA3JIUUMNSA C MTO3UIIUU CBOUX IPOTPAMM U IIaT(HOPM.

Ilepenocumocmsb

Bosmo:kHO, BaskHee BCero, uTo MPHeMbl PaboThI C IIOTOKAMU BBIIIOJI-
HEeHUS JyUIlle TIePeHOCATCS Ha Apyrue IaIaT(opMbl, YeM IpHeMbl pa-
60THI ¢ mporieccaMu. Ha MOMEHT HaOmMCAHUS AAHHON KHUTU (PYHKIAS
0s.fork BooOIIle He TTOAAEP:KUBAETCA CTaHgapTHON Bepcueir Python mia
Windows, Torga KaK IOTOKU BBITIOJTHEHUA MOAAEPKUBAIOTCA. Ecn BaM
Heo0XoauMO 00ecCIIeunTh mapaJijieIbHOEe BBHIIIOJTHEHNE 3alaHUN B CIleHA-
puax Ha a3bIiKe Python mepeHocumMbIM c1tocO60OM, U BBI He JKejiaeTe WJIn
He Moskere yeranoBuTh B Windows Unix-mogo6Hy 0 O16IMOTEKY, TAKYIO
kak Cygwin, HOTOKY BBIMIOJHEHUS OKAIKYTCS, CKOPEe BCEro, JIyYIIIM pe-
meHreM. IHCTPYMEHTHI 4JId paboThI ¢ MOTOKAaMU BhIIOIHEeHN B Python
aBTOMATHUYECKU YUUTHIBAIOT CIIeIU(PUUECKUe I KaKIoU MaaT(opMbl
pasinyusd B IIOTOKAX BBIIIOJHEHUS U IPEIOCTABJIAIOT eInHOOOPa3HbBIH
uHTepdeiic A BceX OeparnouHbIX cucteM. Ciie1yeT OTMETUTh, UTO OT-
HOCUTEJLHO HOBBIIM MaKeT multiprocessing, ommchIBaeMbIN gajiee B aTOM
TJIaBe, IIpeJIaraeT eIe OJHO PellleHue IPOo0JIeMbI ITIePEHOCUMOCTH, KOTO-
poO€e MOJKET UCI0JIb30BaThC B HEKOTOPHIX CIAyUYaAAX.

Taxk B uem ke moaBox? CyIllecTByeT TPU OCHOBHBIX IIOTEHIIMAJbHBIX HEI0-
CTaTKa, 0 KOTOPBIX CJeAyeT 3HATD, IPEXK e YeM HBIPSATH B CBOU IIOTOKHU BbI-
TIOJTHeHUA:

Bui306vL QyRKEYUIL U 3anyCK npozpamm

IIpesx e Bcero, MOTOKY BBITIOJTHEHUA HE ABJIAIOTCS CIIOCOOOM, IO Kpaii-
Hell mMepe, He CaMbIM IPOCTBIM CIIOCOOOM, 3aIycKa APYTUX NPOZpaAMM.
TToToKu BBIMOJIHEHUA TIPeAHA3HAUEHHBI IJIs 3alycKa QyHKuuil (TouHee,
JII000TO BBI3HIBAEMOT'O O0'BEKTa, BKJIOUAS CBA3aHHBIE M HECBS3AaHHBIE
MEeTO/IbI), BEITIOJIHSAIOIIMXCS ITapaJiieIbHO ¢ OCHOBHOMU mmporpaMmoii. Kak
MBI BUZEJU B IPEALIAYIIEM pasjiese, II0cje BHITIOJHeHUS OIepaluy BeT-
BJIEHUS JOUYEPHUE IPOIECCHl MOT'YT BBISBIBATH (DYHKIIUY WJIN 3aIIyCKATh
HOBBIE IporpaMMbl. EcTecTBeHHO, (PYHKIINA, 3alIyIIeHHAA B OTAETHHOM
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TIOTOKE BBITIOJIHEHUA, TaK/Ke CIOCOOHa 3amyCKaTh APYTrUe CIleHaApUU
C TIOMOIIIBIO BCTPOEHHOU (DYHKIIMU €XeC U HOBBIE IIPOTPAMMBI C IIOMO-
IbI0 TAKUX MHCTPYMEHTOB, KaK (QyHKIIUU 0S.System, 0S.popen ¥ MOAYJIb
subprocess, 0COGEHHO eCJIV OHU IIPOUSBOAAT MPOAOJIKUTEIbHBIE BHIUIC-
snenus. Ho BooOIlle, TOTOKYM BBITIOJHEHNUA IIPEJHASHAUEHBI JJIA 3aIIyCKa
(GYHKIIUHA BHYTPU IPOTPAMMEL.

C mIpaKTUYEeCKON TOUKM 3PEeHHUS 5TO OOBIUHO HE paccMaTpuBaeTcs, KakK
HeIOoCTAaTOK. [ MHOrMX NIPUJIOKEHUN BO3MOKHOCTH MapaJiebHOTO
BBITIOJTHEHUsST (DYHKIIMI caMa 1o cebe ABJAETCA JOCTATOUHO MOIITHBIM
npuobperenueM. Hanpumep, ecau BaM HEOOXOIUMO Peain30BaTh HeOJIO-
KUPYIOITUH BBOJ U BLIBOJ WJIN M30€:KATh «IMOABUCAHUSA» IpadUUeCcKOro
uHTepdeiica 13-3a BLIMOJHEHUA MPOAOIKUTEIbHON OMepanuu, ¢ 9TUM
IPEKPACHO CIIPABATCA IMOTOKU BBITIOJIHEHUS — IIPOCTO CO3JaliTe IIOTOK
BBITIOJTHEHUA. KOTOPHIN 3aIyCTUT (DYHKIIUIO, IPOUBBOAAIIYIO IIPOLOJI-
JKUTeJbHbIe BBIUUCJIEHNA, a OCHOBHASA ITPOrpaMMa MPOJOIMKUAT BBITIOJ-
HSITHCS He3aBUCUMO.

CuprOHusauuﬂ nomokKoe 8blnoJIHeHUA U ouepeau

Bo-BTOpPBIX, TOT (haKT, UYTO MOTOKHU BBITIOJTHEHUSA COBMECTHO HUCIIOJIL3YIOT
00'BEKTHI U TIepeMeHHbIe B TVIO0AJBLHON IMaMATH IIPOIlecca, MMeeT CBOU
TOJIOKUTENbHBIE U OTPUIIATEJbHBIE CTOPOHBI — BTO YIIPOIaeT OPraHu-
3aIMI0 B3aMOIEHCTBUM, HO IIPU 9TOM HaM HEOOXOAUMO CUHXPOHU3UPO-
BaTh BBIIIOJIHEHNE Pas3JIMUHBIX onepanuii. Kak Mbl yBUIUM gajiee, Jaxke
TaKue ollepaliii, KaK BBIBOJA, MOTYT CTaTh MCTOUHUKOM KOH(DJIMUKTOB,
IOTOMY YTO OHU IIOJIb3YIOTCS OTHUM IIOTOKOM BBIBOZA SyS.Stdout mpo-
mecca.

K cuactrsio, Mogysb queue M3 CTaHJAPTHOU OMOJIMOTEKM, ONMMCHLIBAEMBIH
B 9TOM pasjieJie, YIIPOIIAET PeIleHne 3TOU IPOo0IeMbl: Ha TPAKTUKE MHO-
TOIIOTOYHBIE IPOTPAMMBI OOBIYHO CO3AIOT OJUH UJIN HECKOJIBKO IIOTOKOB
npouseodume.ieil (pabOIUX TOTOKOB), KOTOPBIE [OOABJIAIOT JaHHBIE B OUe-
pens, u onuH uiau Gojiee IOTOKOB nompebumedieil, KOTOPble U3BJIEKAIOT
JaHHBbIe U3 ouepenu W obOpabarbiBaroT nx. Hanpumep, B TUINYHON pea-
Jusanuy rpaduueckoro uHTepdeiica MPousBOLUTENN MOTYT 3arpysKarThb
WJIN BBIYKUCJIATH JAaHHbIe U IOMEIaTh UX B Ouepelb, a IIOTPeOuTes b —
TJIaBHBIN ITOTOK BBIMIOJHEHUS B IIpOrpaMMe — IePUOLUYECKH IIPOBEPSTH
HaJu4ue JaHHBIX B OUePeAy IO COOBITUAM OT TaliMepa 1 0TOOpakaTh UxX
B rpaduyeckom uHTepdeiice. [IoCKOIBKY CTaHIAPTHAA peaausalius oue-
peneit y:Ke IpeiycMaTpUBaET BO3MOYKHOCTh PaOOTHI C HECKOJIBKUMU II0-
TOKAMM BBITIOJIHEHUA, IIPOTPAMMBI, CTPYKTYPHUPOBaHHBIE TAKUM CIIOCO-
60M, aBTOMATUYECKU 00€CTIeUNBAIOT CHHXPOHU3AIUIO JOCTYIIAa K JTaHHBIM
U3 HECKOJIbKUX IIOTOKOB BBITIOJTHEHUA.

T'nobanvras 6aoxuposka unmepnpemamopa (Global Interpreter Lock, GIL)

Haxoser, kak MbI y3HaeM JaJjiee B 9TOM pasfiesie, peaausanid MeXxaHus-
Ma IOTOKOB BbIOJIHeHUs B Python momyckaer BBIIOJHEHUWE BUPTYAJIb-
HOI MaUIWHOUN TOJIBKO OZHOTO IIOTOKA B KaMKABIN KOHKDPETHLIY MOMEHT
Bpemenu. [Toroku BermosrHenus B Python aBasirores HacTOAIIIUMY TIOTO-
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KaMu BBIIIOJITHEHU A OHepaIII/IOHHOﬁ CucremMsnl, HO Ka?ﬂj.'[blf/i IIOTOK OOJIXKEH
IpuoOpecTy eqUHCTBEHHYIO O0IIeIOCTYIIHYIO0 OJIOKMPOBKY, Korma OyaeT
T'OTOB K 3aIlyCKYy, 1 I-Ca?KJ.U:Iﬁ IIOTOK BBIIIOJIHEHUA MOJKET 6I:ITI: BBITECHEH
yepes KOPOTKUHM IPOMEIKYTOK BpeMeH! (B HACTOAIIee BpeMs — IIOCJIEe BbI-
TOJIHEHUA BUPTYaJbHOU MAIIIMHON HEKOTOPOT'O KOJIMYECTBA WHCTPYK-
UM, XOTS TAKOU IIOPAIOK MOYKET U3MeHUThCs B Python 3.2).

BeseaeTBre 5TOro mMOTOKM BBIMOJHEHUA B s3biKe Python He MoryT BbI-
MOJIHATHCA OAHOBPEMEHHO HA HECKOJLKMX IIPOILECCOPAX B MHOI'OIIPOIIEC-
COPHBIX CHCTeMax. I{’1‘06151 BOCIIOJIB30BaThCA IIPpEeMMYyIllleCTBaMM MHOI'O-
IIPOIIECCOPHBIX CHCTEM, MOXKXHO BMECTO IIOTOKOB BBIIIOJIHEHUS BOCIIOJIb-
30BaThCA MEXaHN3MOM BETBJIEHHUS IIPOIECCOB (00beM U CJIOKHOCTE IIPO-
rPaMMHOIO KOZAa B 000UX CJIYYasiX OCTAITCS IIPUMEPHO OSUHAKOBLIMMU).
Kpome ToOro, yacTu moTOKOB BBIIIOJHEHNS, PEAN30BAHHBIE KAK PACIIH-
peuus: Ha A3bIKe C, MOI'YT BBIIOJHSTHCS [IO-HACTOSIIEMY HE3aBUCKUMO,
ecau oHU 0cB0oO0xkga0T GIL, uToOBI 00ECIIeUNTh BOSMOYKHOCTE BBIIIOJIHE-
HUs IIporpaMMHOro Koxa Python B gpyrux moroxax. OgHaxko mporpaMmm-
HBIN KOJ Ha s3bIKe Python He MoXeT BLINOJIHATHCA OJHOBPEMEHHO B He-
CKOJILKUX IIOTOKAaX.

IIpeumyIiecTBO peanrusany MeXaHn3Ma IOTOKOB BhIoTHeHuA B Python —
BBICOKAaA IIPOU3BOAUTEJIBHOCTE. HepBbIe IIOIIBITKX BHEAPUTH MEXaHMW3M
IOAJEPYKKM IIOTOKOB BBINIOJIHEHUSA B BUPTYAJBHYIO MAIINHY [IPUBEIN
K IBYKPATHOMY CHUKEHUIO CKOPOCTH BBHITIOJIHEHMsI rporpamm B Windows,
u elre OoJibITiee CHUMKeHUe Habaomaaoch B Linux. lake OmHOTOTOUHBIE
IporpaMMbl paboTaJIn B IBa pasa MeAJIeHHee.

Hasxe mpu ToM, uTo Haanure GIL cHM:KaeT IpakTUUYECKYIO 03y IOTO-
KOB BBINOJIHEHUA B s3bIKe Python, He 1M03BoO/IAA MCIOIB30BATH IPEUMY-
II1ecTBa MHOT'OIIPOIIECCOPHBIX CUCTEM, — IIOTOKY BBLIIOJHEHUS OCTAIOTCH
TOJIEBHBIM WHCTPYMEHTOM peajm3anuy HeOJOKUPYIOIUX Ollepaliuii,
0CO0EHHO B IPWJIOMKEHUAX C rpadudeckuM mHTepdeiicom. Kpome Toro,
HOBBIN makeT multiprocessing, ¢ KOTOpPHIM MBI IIO3HAKOMUMCS Jajiee,
mpenJaraeT Ipyroe perieHue 3Toi mpobyeMbl — OH IIPEOCTABISAET IIepe-
HOCHUMBIH IPUKJIaAHON NHTEPQeic, IOX0KNi Ha nHTepdelic MexaHu3Ma
TIOTOKOB BBITIOJTHEHU A, HO OCHOBAHHBIN Ha Mpolieccax, barogapsa yemMy
IPOrpaMMBI ITOJIYUYAIOT IIPOCTOTY O0paIleHnsa C MOTOKAMY BBITTOJTHEHU
W IIPENMYINeCTBa BBHIIIOJIHEHUSI HE3aBUCUMBIX IITPOIIECCOB B MHOTOIIPO-
I[ECCOPHBIX CHUCTEMAaX.

HecmoTpst HA TO, UTO MOCJIE IPOYTEHUS 3TOTO 0030Pa Y Bac MOIJIO CJIOMKUTH-
Cs MHOe MHEHUE, s1 YTBEPXK A0, UTO IIOTOKY BBIIOJHEHUSA B A3blKe Python
VAUBUTEIBHO IIPOCTHI B MCIOJb30BaHUN. PAaKTUUYECKU KOITa 3aIlyCKaeTCs
IIPOrpaMMa, OHA yiKe BBIIIOJIHAETCS B IIOTOKE, KOTOPBIN OOBIYHO HA3BIBAECTCA
«IVIABHBIM IIOTOKOM» IIpoIiecca. J1Jis 3amycKa HOBbIX, He3aBUCHMBIX IIOTOKOB
BBIMTOJIHEHUS B PAMKAaX OJHOT'O M TOT0 K€ IIPOIecca B IPorpaMMax Ha S3bIKe
Python o6b1uHO Mcmosb3yercs JuO0 HU3KOYPOBHEBBINT MOAyJb _thread, mo-
3BOJIAIOIINN 3aMyCKATh (PYHKIIUN B MOPOXKAEHHBIX IIOTOKAX BBIMOJHEHUS,
00 BBICOKOYPOBHEBBIM MOAYJb threading, IIPeZoOCTABJIAIONIMEA BO3MOMK-
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HOCTB YIIPABJIEHUS HOTOKAMY BBLIIIOJHEHUS C IIOMOIILI0 00BEKTOB BHICOKOT'O
YPOBHS, CO3JaHHBIX HA OCHOBe KjaaccoB. O6a MOAY/Is TaKyKe IpeayCcMaTpu-
BAIOT MHCTPYMEHTHI CHHXPOHU3AIUH JOCTYIIA K COBMECTHO HCIIOJIb3YEeMbBIM
00'BEeKTaM C TIOMOITIHIO OJIOKMPOBOK.

W N

B mammoii KHure OymyT wucciaegoBaThbca oba MomyJssd, _thread
u threading, u B npuMepax oHU OyAYyT MCIOJIb30BATHCA B3AUMO3a-~
meHsiemo. Hexkoropsie mporpaMMuCThI Ha A3bike Python morin
* OBl IIOPEKOMEHIOBaTh BCEra MCIIOJbh30BaTh MOAYJb threading
¥ OCTaBUTb MOAYJIb _thread B mokoe. Ilocienunit us HUX paHee Ha-
3pIBaJicA thread u B Bepcuu 3.X moJsry4yuJ HagBauue _thread, KoTo-
poe mpeaIoiaraeT MeHee BHICOKUI CTATyC MOAYJIA. JIMYHO A cun-
Talo, YTO ATO KPAWHOCTH (9TO OfHA U3 IPUUNH, IOYEMY B HEKOTO-
PBIX IIpUMepax B JaHHOU KHUTe UCIIOJb3YeTCs KOHCTPYKIIUA as
thread B MHCTPYKIUAX HMIOPTUPOBAHUSA, IO3BOJAMOINASA HC-
OJIB30BaTh OPUTUHAJIBHOE UM MOJYJS B IPOrPaMMHOM KOJe).
Ecau TonbK0 BaM He TPEOGYIOTCA MOIIHBIE MHCTPYMEHTHI U3 MO-
nyJidg threading, BBIGOP MEXKAY STUMU ABYMSA MOAYJIAMU ABJISAETCSI
BOIIPOCOM JIMYHBIX IPEAIIOUTEHU, IPU STOM AOIOJHUTEIbHBIE
TpeboBaHUsS MOAYJIA threading MOTyT cUMTATHCS HUUEM He O paB-
ITaHHBIMU.

B 6azoBom mopnyie _thread He UCIIONIB3YIOTCA IpUEMBI 00 BEEKTHO-
OPHEHTUPOBAHHOI'O IPOIPAMMUPOBAHUSA, X OH OUeHDb IIPOCT B UC-
OJIb30BaHUM, KaK OyJeT IIOKa3aHO B IpUMepax 3TOTO pasneJa.
Mopgyap threading Jaydiile moagXoAUT Jis pelleHus 6ojiee CJI0K-
HBIX 33/1a4, KOTOpbIe TPeOYIT coxpaHeHusa NHPOPMAINY B KOH-
TEeKCTe IIOTOKOB UK HaGJII0JeHNs 3a TIOTOKaMu, HO He BCe MHOTO-
TIOTOYHBIE IPOTPAMMBI TPEOYIOT IPUMEHEHUA JOTOJHUTEIbHBIX
UHCTPYMEHTOB, U BO MHOTHX U3 HUX HUCIOJb3YETCA LOCTATOUHO
OrpaHUYEHHBINI HAO0P BO3MOXKHOCTEN MHOI'OIIOTOYHOU MOJEJIH.
DaKTUUECKY CPaBHEHUE STUX MOAYJIe HallOMUHAEeT cpaBHEHUe
dyHKIUU 0s.walk ¢ KjgaccaMu, peaju3yIOIUMU 00X0[ IepeBa,
C KOTOPBIMY MBI BCTpeTHMCA B I1aBe 6, — 06a mpueMa NMeIOT CBO-
UX CTOPOHHUKOB 1 obJsiacTh npuMeHeHuA. Kak Bcerga, He 3a0bI-
BaiiTe ocHOBHOe mtpaBuyo Python: ne dob6asasiime caoxicnocmeii,
K020a CLOHCHOCMU He HYNCHbBL.

Mopaynb _thread

ITockoabKy 0a30BBIII MOAYJIb _thread HEMHOTO IPOIle, YeM 0ojiee MOIITHBIN
MoAyJab threading, 0 KOTOPOM pacCKas3bIBaeTCs Aajiee B 9TOM pasjeie, Hau-
HEM C PacCMOTPEHUs ero nHTep(deicoB. OTOT MOAYJIb IIPEJOCTABJIAET nepe-
HocumbLil nHTEPdEC K JII000#1 cCcTeMe ITIOTOKOB BBHITIOJTHEHU ST, TMEIOIIeics
Ha BaIlmei miatdopme: ero nHTepdeiicel ofnHAKOBO padoraroT B Windows,
Solaris, SGI u m060ifi ApPyroil cucreme, TI'e yCTAHOBJEHA pean3aliusd
pthreads morokoB POSIX (Bkiaiouaa Linux). Cienapuu Ha aswike Python,
UCTIOJIb3YIONINe MOAYJIb _thread, 6yayT paboTaTh Ha BCeX STUX MJIaTdopMax
0e3 BHECEHU A KAKUX-TN00 N3MEHEHUH B UCXOAHBIN IPOrPAMMHBIN KO/I.
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OCHOBbI UCMOJIb30BaHUSA

Iia HauaJyia IOSKCIEPUMEHTHPYEM CO CI€HapueM, IeMOHCTPUPYIOIIUM
IIPUMEeHEeHEe OCHOBHBIX HHTep(beﬁCOB MeXaHUu3Ma IIOTOKOB BBIIIOJTHEHWMI.
Cuenapuii B mpumMepe 5.5 MOposK1aeT IOTOKU BIIIOJTHEHH S, [IOKA B KOHCOJIT
He OygeT Ha)KaTa KJIaBUIIA (, 1 HATIOMUHAET 110 AyXY (0yaAydYu HEMHOI'0 Ipo-
11e) ciieHapuii B mpuMepe 5.1; HO OH 3aIlycKaeT mapaJijeJibHO ITIOTOKH, a He
JIOUEepPHIE TIPOIEeCCHI.

Ilpumep 5.5. PP4E\System\Threads\threadl.py

“NopoXpaeT NOTOKW BHMOAHEHMs, noka He OyaeT HaxaTa knaguwa ‘q
import _thread

def child(tid):
print(‘Hello from thread’, tid)

def parent():

i=0
while True:
i+=1
_thread.start_new_thread(child, (i,))
if input() == ‘q’: break
parent()

B neficTBUTEIFHOCTY B 3TOM CIIEHAPUU TOJIBKO IBE CTPOKU UMEIOT OTHOIIIEHE
K TOTOKaM BBITIOJITHEHUSA: WHCTPYKIIUA MMIIOPTUPOBAHUA MOAyJA _thread
¥ BBI3OB (DYHKITNU, CO3AOIEH TOTOK. YTOOBI 3aITyCTUTh HOBBIH IIOTOK BbI-
IIOJTHEHHU A, TOCTATOUYHO IIPOCTO BbhI3BATh DYHKIIUIO _thread.start_new_thread,
HEe3aBHUCHUMO OT TOT'0, HA KaKOi miaard)opMe BBIIOJIHAETCA Iporpamma. dra
GyHKIUA TpuHUMaeT QYHKINIO (MU APYTOil BHIBLIBAEMBIN 00 HEKT) U KOP-
TEXX apryMeHTOB, U 3aIIyCKaeT HOBBIHM IIOTOK BBITIOJTHEHNA, B KOTOPOM OyeT
BbI3BaHA yKasaHHadA (QYHKIUA C NepeJaHHBIMU apryMeHTaMUu. JTO OUeHb
TOX0Ke Ha CUHTaKcUC BbI3oBa function(xargs) — u TyT, 1 TaM IPUHUMAaETCA
Heo0s3aTeJIbHBIHM CJI0Baph MMEHOBAHHBIX apr'yMEHTOB, — HO B JaHHOM CJIy-
yae (pyHKIIUA HAUNHAET BBITIOJHATHCS apaJjjieJbHO OCHOBHOI IpOrpaMMe.

Cama pyurmus _thread.start_new_thread cpasy ke Bo3BpaIlljaeT yupaBaeHUe
BBIBBIBAIOINEH, He BO3BpaIad KaKoro-Iru0o IOJIe3HOTO 3HAUEHU A, a TIOPOIK-

! Bopumepax UCIOJIb30BAHUA MOAYJs _thread B 9TON KHUTE Telephb Be3e UCIOJIb-
gyerca QyHKIuMA start_new_thread. Ilo mcTopuuecKu CIOKUBIINMCA IPUINHAM
Ta QYHKIIUA JOCTYIIHA TaKIKe [0 uMeHeM thread. start_new, HO B OyAyIIIUX Bep-
cuax Python sror cunonuM moxker 6bITh yaasen. B Bepcuu Python 3.1 o6a nme-
HU IO-IIPEKHEMY IOCTYIHBI, HO B JOKYMEHTAIIUN, KOTOPAas BHIBOAUTCA (QYHK-
nuei help, pyHKIUA start_new o6bABIEeHA ycTapesieii. [[pyrumu cioBamu, ee
HE CJIeLYyeT HUCIIOJb30BaTh, €CJIU BBl OECIIOKOUTECH O OymyIeM (U YTO HOJIMKHO
YUYUTHIBATHCSA B KHUrE!).
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MEeHHBIN €0 IMIOTOK THXO 3aBepIaeTcs, KOrAa IIPOMCXOIUT BO3BPAT U3 BbI-
ToJIHAEeMOU (pyHKIIMY (3BHAUEHUe, BO3BpaIiaeMoe (DyHKI[Mell, BHITIOJIHAEMO
B IIOTOKE, IIPOCTO UTHOPHUPYeTcs). KpoMe Toro, eciiv BLITIOJIHAEMAasA B IOTOKE
GYHKIUSA BO3OYIUT MCKJIOUEHNE, MHTEPIIPEeTATOP BHIBEIET TPACCUPOBOU-
HyI0 nHGOPMAIIUIO U 3aBEPIIUT PaboTy IMIOTOKAa, HO OCTAJbHAS IIporpaMMa
upoposkuT pabory. Ha GoabimHECTBe NIaT(GOPM IPU UCIOIH30BAHUYN MO-
Iyas _thread Bcg mporpaMMa 3aBepIInT padoTy 6e3 BEIBOAA KaKUX-I100 Co-
0o0IIeHniT, KOTIa 3aBEePIIUTCA IVIABHBINA IOTOK (0JHAKO, KaK OyaeT mMoKasaHo
Iajiee, IPHU MUCIIOJb30BaHUN MOAYJA threading MoskeT moTpeboBaThCA IIpem-
IPUHATH AONOJHUTEJLHbIE NeHCTBUS, €CJIU JOUYepPHUEe MMOTOKY K 9TOMY MO-
MEHTY eIlle IPOIOJIKAIOT BBIIIOJIHATHCS).

Ha nmpakTuke, omHAKO, MCIIOJIb30BaHNME IIOTOKOB BLITIOJTHEHUS B CIIEHAPUAX
Ha s3pike Python mouTtu TpuBmaipHO. 3ayCTHUM 9Ty IPOrPaMMy U II03BO-
JIUM eli TIOPOAUTH HECKOJIbKO HOBBIX MOTOKOB. Ha 5TOT pas ee MOXXHO BBI-
HOoNMHATh Kak B Unix-momo0HBIX cucTeMax, Tak 1 B Windows, moTomMy 4To
IOTOKH IIEPEHOCSATCS JIyUllle, UeM BeTBJIeHNte IpoileccoB. Huxe mpuBoguT-
cdA IPHUMeP IOPOKAEHNA II0TOKOB B Windows:

C:\...\PP4E\System\Threads> python threadl.py
Hello from thread 1

Hello from thread 2
Hello from thread 3

Hello from thread 4
q

31ech KaskIoe CoOOIeHe BEIBOAUTCSA HOBBIM IIOTOKOM BBIIIOJITHEHMSI, KOTO-
PBIi 3aBepIIaeTCsa MOYTH CPa3y IIOCJIe 3aIyCKa.

Apyrve cnocobbl peanusaunm NnoTokoB
c nomouwbio moaynsa _thread

B mpeapiayiem npuMepe clieHapUil 3aycKaeT MPOCTY0 PYHKIIUIO, TeM He
MeHee B OT[EJHHOM IIOTOKE BBITIOJHEHUS MOYKHO 3allyCTUTh 000 8bl3bl-
8aemblil 006eKm, 6arofaps TOMY UTO BCe TOTOKY BHIMIOJIHAIOTCS B pAMKaX
OHOT'O U TOTO 3Ke Iporecca. Hanpumep, B OTeIbHOM ITIOTOKE MOKHO 3aIly-
CTUTH lanbda-QyHKIINIO NN CBA3aHHBIN MeTO 00beKTa (HUIKe IPUBOAUTCS
(parmeHT cuenapusa thread-alts.py, BXOEAIET0 B COCTaB ITaKeTa C IpUMe-
paMu K KHUTE):

import _thread # BO BCex 3 cnyyasx
# BbBOAMTCS 4294967296

def action(i): # npocTas QyHKUMA
print(i =» 32)

class Power:
def __init__(self, 1i):
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self.i =1
def action(self): #f CBSA3AHHLIA METO.
print(self.i = 32)

_thread.start_new_thread(action, (2,)) #f 3anyck npocTON QYHKUWY
_thread.start_new_thread((lambda: action(2)), ()) # 3anyck lambda-dyHKUum

obj = Power(2)
_thread.start_new_thread(obj.action, ()) # 3anyck CBA3aHHOI0 MeTofaa

Kak Oymer moxkasaHo majiee B KHUTe, B 0ojiee KPYIITHBIX IPUMepax, B 3TOIH
POJI OCOOEHHO TIOJIE3HBIMU OKAa3bIBAIOTCS CB8A3AHHbLE Memodvl — TaK KaK
OHUM XPaHAT B cebe U CCHIIKY Ha (DYHKI[UIO, U CCHLIKY HA SK3EMILISIP 00~
€KTa, TO OHU 00J1aJaf0T JOCTYIIOM K MH(OPMAIIUU O COCTOAHUY U METOIaM
KJiacca, KOTOPhIE MOT'YT MCIIOJIB30BATh B IIPOIIECCE BBITIOJIHEHUA BHYTPHU 10~
TOKA.

Ecau cmoTperh riy0ike — TaK KaK BCe MOTOKHU BBIMOJHAIOTCA B PaMKax
OIHOT'O M TOI'O »Ke IIPoIlecca, TO CBA3aHHBIE METOIbI, BLIIOJHSIEMEIE B OT-
JeJIbHBIX IIOTOKAX, IMEIOT JOCTYII K OPUTMHAJILHOMY 9K3eMILISAPY 00bEeKTa,
a He K ero Konuu. CiremoBareabHO, JIOObIe N3MEHEeHN A, BLIIIOJHEHHbIE B II0-
TOKEe, aBTOMATUUYeCKH OyAyT BUAUMBI AJIs BCEX OCTAJbHBLIX ITIOTOKOB. Kpome
TOT0, CBA3aHHBIE METO/bI 9K3eMILJISIPOB KJIAaCCOB, KAK BLI3bIBAE€MbIe 00bEeK-
ThI, MOT'YT MCIHOJb30BATHCS BMECTO IIPOCTHIX (DYHKITNIT, TI09TOMY MUCIIOJIH30-
BaHMe X B IIOTOKAaX BBLIIIOJHEHUS He BJIeUeT HUKAKUX CJIoKHocTel. U, Kak
OymeT MoKas3aHo faJiee, TOT (PAKT, UTO OHU SABJISIOTCA OOBIUHBIMIU 00HEKTa-
MH, TTO3BOJISIET COXPAHATDH UX B OOITETOCTYIHBIX OUePemax.

3aﬂyCKHECKOﬂbKMXﬂOTOKOB

ITo-HaCTOAIIEMY OI[YTUTH BCIO MOIIb MAPAJIJIEJIbHO BBITTOJHAIOIIUXCSA TIO-
TOKOB MOJKHO, TOJIBKO €CJM Peain30BaTh B HUX BBITIOJHEHUE TPOJOJIKU-
TeJBbHBIX ONepamuii, KaK MBI JeJaJii 9TO BBIIIE JJis IIPOIeccoB. VaMeHUM
mporpaMmmy fork-count u3 IpeabIAYINero pasieia Tak, YTo0bI B Hell MCIIOIb-
30BaJIVCh TIOTOKY BBHITIOJIHEHUS. B cileHapuu us3 mpumepa 5.6 3amyckaercs
5 9K3eMILIAPOB (PYHKIMHK COUNter, KOTOPhbI€ BBLIMOJJHSIOTCS IIapaJijeIbHO
B OTEJbHBIX IIOTOKAX.

IIpumep 5.6. PP4E\System\Threads\thread-count.py

W

OCHOBb MOTOKOB: 3anyckaeT 5 Konuii GyHKUMM B napannenbHux noTokax; QyHkums time.
sleep 1cnonb3yeTcs, 4TOOb TAaBHbIA MOTOK HE 3aBEPWMACS CAMWKOM PaHO, TaK Kak

Ha HEKOTOPbIX MiaTeopMax 9TO MPUBEAET K 3aBEPWeHW0 OCTalbHHX MOTOKOB BHMONHEHUS
notok sueofa stdout - obwwit: pesynbTaTh, BHBOAMMLIE MOTOKAMWU BHIMONHEHMS, B 3TON
BEpCUW MOTYT NEPEMewnBaTbCs NPOM3BONLHEM 00PA30M

import _thread as thread, time
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def counter(myId, count): # 5Ta QYHKUMS BHINOAHAETCS B MOTOKAX
for 1 in range(count):
time.sleep(1) # vMnTMpoBaTL paboTy

print(‘[%s] => %s’ % (myId, 1))

for 1 in range(5): # nNopoanTb 5 NOTOKOB BbINONHEHMS
thread.start_new_thread(counter, (i, 5)) # kaxab® NOTOK BLINOAHAET 5 UMKMOB

time.sleep(6)
print(‘Main thread exiting.’) # 3agepxaTb BLXOL M3 MPOrpaMMbl

Kampaa mapasiesbHO BBITOJTHSAIONIAACA KOMUA (GPYHKIIUU COUnter mpocTo
CUUTAET 3JECh OT HYJIS A0 YeThIPEX U IPU KaKAOM YBEJIUUYEHUU CUETUMKA
BBIBOAUT COOOII[eHNE B IIOTOK CTAHJAPTHOTO BBIBOZA.

OOparuTe BHUMaHUe, YTO B CAMOM KOHIIE STOT CIIeHAPUI IPUOCTaHABJINBA-
erca Ha 6 cekyua. B Windows u B Linux, Kak ObLIO IPOBEPEHO, TJIABHBIN
TIOTOK He JOJI’KEH 3aBepPINaThCs, IIOKA BCe IOPOXKIEHHbIe ITIOTOKY He 3aKOH-
yusum paboTy, ecjau BasKHO, YTOOBI OHU mopaboranu. Eciu riaBHBIN ITOTOK
3aBEPIIUTCSA PAHbIIIe, BCE MOPOKAEHHbIE IOTOKY OYIYT HeMeJIEHHO 3aBep-
II€HbI. OTUM IOTOKY BBIMOJHEHUS OTJIUYAIOTCA OT IIPOIIECCOB, I'le H0Yep-
HIUe IIPOIeCChI IMIPOAOJIKAIOT pPaboTaTh MOCje 3aBePIIeHUsT POIUTEIHCKOT0
nportecca. Eciu yopars BbI30B (DYHKIIUU Sleep B KOHIIE CIIeHAPUS, TOPOK-
JIeHHBIE IIOTOKU BBHIMIOJIHEHUA Oy Ay T HEMEAJIEeHHO 3aBePIIIeHbl, IPAKTUUYECKU
cpasy ke IIocJIe UX 3alycKa.

Mosxer mokasarbcd, UTO TaK CHEJIAHO CIIEIMAJBLHO, HO 3TO HEOOXOAMMO He
Ha Bcex miaTdopMax, ¥ IIPOrpaMMbl OOBIYHO pPeaM30BaHBLI TaK, UTOOBI
TJIABHBIHM ITOTOK BBIMIOJHEHUS IIPOJOJIMKAJ PaboTaTh CTOJBKO JKe, CKOJIbKO
IIOTOKHY, UM 3alyIeHHble. Hanpumep, nHTEepQeric I0ab30BaTe s MOMKeT Ha-
yaTh 3arpysky (aiiaa mo nporokosy FTP B moToke, HO IPOAOI:KUTEILHOCTD
oIepaIuu 3arpy3Ku sHAUUTEIHLHO KOPoUe, UeM BpeMs ;KU3HU CAMOT0 UHTEP-
(etica monn3oBaresnsa. [lajgee B 9TOM pas/esie Mbl YBUAUM, KaK Pa3IUYHBIMU
crmocofaMu MOKHO 130esKaTh 9TOM IMayshbl C IIOMOIIBIO TVIO0AJBHBIX OJIOKU-
POBOK U (DJIaTOB, ITO3BOJIAIOIINX IIOTOKAM BBITIOJHEHUS CUTHAJN3UPOBATH
0 CBOEM 3aBEPIIEHNN.

Kpome Toro, gaaee MbI y3HaeM, 4TO MOAYJIb threading mpemocTaBaseT METOL
join, KOTOPBIN ITO3BOJISET JOKIATHCSA 3aBEPIICHUS ITOPOKIEHHBIX IIOTOKOB
U He JJaeT IIporpaMme 3aBepIIUTHCA O TOT'0, MOKa XOTs Obl OAUH OOBIUHBIH
TMOTOK BBIMIOJHEHUS IIPOAOJIKAeT paboTy (YTO ObLIO OBI IIOJIE3HO B JaHHOM
caydae, HO B IPYTUX CAyUYasiX MOYKET MOTPeO0oBaTh BHIMOJIHEHUS JOTOJIHU-
TeJBHBIX OIlepaliuii 1Mo IPUHYAUTEeIbHOMY 3aBEPIIeHUI0 MOTOKOB). IlakeT
multiprocessing, ¢ KOTOPBIM MBI BCTPETUMCS JaJiee B 9TOM IiaBe, TaKJKe I0-
3BOJIAET ITIOTOMKAM IIPOAOJIMKATh PaboTy Iocje 3aBepIleHusA POAUTENA, HO
5TO B BHAUMUTEJBHOI CTEIeHU 00'bICHAETCS MCIOJb30BAHUEM MOJEJHU IPO-
IIECCOB.

Ecuu Tenepsb 3anycTUTh crieHapuii u3 npumepa 5.6 8 Windows 7 mox yupas-
aenuem Python 3.1, ou BeIBezeT:
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C:\...\PP4E\System\Threads> python thread-count.py
[1] =0

(11 =
[0] =>
(11 =>
(0] =>
(2] =
[3] =>
[3] =>

O O O O O o o

[1] => 1
[3] => 1
[3] => 1
[0] => 1[2] => 1
[3] => 1
[0] => 1[2] => 1
[4] => 1

[1] => 2

[3] => 2[4] => 2
[3] => 2[4] => 2
[0] => 2

[3] => 2[4] => 2
[0] => 2

[2] => 2

[3] => 2[4] => 2
[0] => 2

[2] => 2

..Hacmv 6v.600a Onyuwena...
Main thread exiting.

ITosmyuenHbIE Pe3yabTAThI, BOBMOYKHO, ITIOKAKYTCA BaAM CTPAaHHBIMHY, HO TaK
OHU U JOJIYKHBI BBITVIAAETD. [[laHHBIN IPUMeD JeMOHCTPUPYET OJUH U3 HAU-
0ojiee HEOOBIUHBIX ACIIEKTOB IMOTOKOB BBINOJIHEHUS. B aTOM mpumepe pe-
3yJIBTAThI 5 IIOTOKOB, AEHCTBYIOIIUX ITapaJljaeJbHO, IePEeMEeIaInch MEeXKIY
co6oii. IIocKOIBbKY BCE TIOTOKU BBITIOJIHSIOTCA B PAMKAaX OJHOTO U TOTO JKe
mpoIecca, Bce OHU COBMECTHO HCHOJIb3YIOT ONUH U TOT K€ IIOTOK CTaHIAAPT-
HOTO BBIBOZIA (B TepMuHaX A3biKa Python oHu coBMecTHO ncnions3yoT (aiin
sys.stdout, Kyma BRIBOAUT TeKCT PYHKITUA print). B pesyabrare BIBOA IIOTO-
KOB BBITIOJTHEHU S MOJKET IIePEeMeIInBaThCsA Ipous3BoibHO. Ha mpaxkTuke npu
KaXXJIOM 3aIIyCKe 3TOr0 CIleHApUA MOTYT OBITH IOJIyUEHBI PA3HBIE PE3YJIb-
tarel. B Python 3 mepemernuBaHue BbIBOLA CTAJIO ellle 0ojiee SIBHLIM, UTO,
BEepPOSATHO, 00YCJIOBJIEHO HOBOI peain3aliieil BBIBOAA B (haiijbl.

s aToro ciaenyer BasKHBIN BBIBOJ: KOT/Ia HECKOJIBKO IIOTOKOB BBIIIOJITHEHU
MOT'yT COBMECTHO UCIIOJIb30BAaTh HEKOTOPHIH! pecypc, KaK B JaHHOM IIPIMepe,
omepaiuu JOCTyIa B HUX JOJYKHBI CHHXPOHU3UPOBATHCA, YTOOBI N30€KaTh
TIePEKPHITUSA BO BpeMeHH, a KaK — OyZeT OIMCAHO B CIeAYIOIIEM paszeie.
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CVIHXpOHI/I3aLI,I/I$I AocTtyna
K rno6anbHbIM 0ObeKkTam u nepemMeHHbIM

IIpuAaTHO 0CcO6EHHOCTHIO IOTOKOB BBIITOJHEHUSA ABJAETCA HAJUUYNE TOTO-
BOTO MexaHU3Ma o0MeHa HaHHBIMHU MeKIy 3aJaHUAMU: 00BEKTOB U Iepe-
MEHHBIX IIPOIlecca, COBMECTHO HCIIOJNb3yeMbIX IMOoToKamu. Hampumep, Imo-
CKOJIBKY BCe TIOTOKU BBITIOJIHAIOTCS B OAHOM U TOM K€ IIPOIecCe, TO IIPU 13-
MeHeHU! TJI00aJbHOM MepeMeHHON OJHUM IIOTOKOM 3TO M3MeHEeH!e BUIHO
BCEM JPYTUM IOTOKAM B IIPOIlecce: 1 TJIaBHOMY OTOKY, U AouepHuUM. TouHo
TaK ’Ke IIOTOKU MOT'YT COBMECTHO MCII0JIb30BATh U3MEHsIeMble 00 bEKTHI B IIa-
MATH IIPOIiecca, IIPU YCJIOBUU, UTO OHU XPAHSAT CChIIKY HA HUX (HaIpumep,
MOJIyUYEeHHBIE B BUe apryMEHTOB). ITO YIIPOIIAET BOSMOXKHOCTDH II€peaadun
uHGOPMAIINY MEXK Y IOTOKAMU IPOrpaMMbl — ()JIard 3aBepIIeHusd, 00beK-
TBI C Pe3yJIbTaTaAMU, UHANKATOPHI COOBITUH 1 TaK JaJiee.

HenmocTaTKoM TaKoii cXeMBbI SIBJISIETCS TO, UTO IMOTOKU MOJIMKHBI CJAETUTDH 3a
TeM, UTOObI He M3MEHATh IJI00aJbHbIe 00HeKTHI OJHOBpeMeHHo. Ecau aBa
TOTOKA OJHOBPEMEHHO U3MEHAIOT 00BeKT, MOJKET CAYUUTHCI TaK, UTO OJHO
U3 JBYX W3MEHeHUU OyJeT yTpaueHO (MU, UTO ellle XY'Ke, COBMECTHO WIC-
TOJb3YEeMbIH 00BbEKT IIPUAET B IIOJHOCTHIO HETOAHOE COCTOSHNE): OAUH II0-
TOK MOJKET IPUCTYIUTH K BBIIOJHEHHUIO OIEepalluil, KOrga APYroi IIOTOK
ellie He 3aBePIInJ padoTy ¢ 00beKToM. IIpUBOAUT i 9TO K OIINOKE, 3aBUCUT
OT IIPUJIOKEHHUS; MHOTIa IP0o0JeM BooOIIe He BOBHUKAET.

IIpo6yieMBbI MOT'YT BOBHUKHYTH U TaM, Tle 9TOT'0 COBCEM He »KJelllb. Hampu-
Mep, paiijabl 1 TOTOKU BBOAA-BHIBOAA COBMECTHO MCIIOJNIB3YIOTCS BCEMU IIO-
TOKaMU BBITIOJTHEHUS IPOTPAMMBI — €CJIU HECKOJIbKO MIOTOKOB BBITOJTHEHU
OTHOBPEMEHHO IPOU3BOAAT 3aIl1Ch B OMWH U TOT sKe IMOTOK BBOAA-BBIBOIA,
B MOCJESHEM MOTYT IOSABUTHCA IIepeMerKaloluecsa NUCKaKeHHbIe JaHHBIE.
IIpumep 5.6 u3 mpeAbIAyIIero pasiesa ABJISIETCS IPOCTOI, HO IIOKa3aTeb-
HOI JAeMoHcTpalueil momo0HOro poga KOH(GINKTOB, KOTOPLIE MOTYT IPOMC-
XOIOUTH IIPU [TapaJIIeFHOM BBIIIOJHEHNHN HECKOJbKUX ITIOTOKOB. [laske mpo-
cTeiIne n3MeHeHU MOTYT IIYCTUTDb BCe BKPUBb U BKOCH, KOT[a €CTh BEPO-
SATHOCTb OJHOBPEMEHHOI'0 MX BBITTOJHEHUsA. UTOOBI MCKJIOUUTH ITONOOHBIE
OIMOKY, IPOrPaMMBbl JOJIKHBI YIPABJIATH JOCTYIOM K INIOGAJIBLHBIM 00B-
eKTaM, UYTOOBI B KayKIbIN KOHKPETHLIN MOMEHT BpEeMEeHH TOJIHLKO OUH ITIOTOK
BBITIOJTHEHU A MOT MCIIOJIb30BATh MX.

K cuacrtrio, B Mozpysie _thread mMeroTcss COGCTBEHHBIE IPOCTHIE B MCIIOJIb30-
BaHUU MHCTPYMEHTHI CHHXPOHU3AIINY TIOTOKOB, BBHITTOJIHSAIONINX OlepaIuu
C COBMECTHO HCIIOJIb3YeMbIMU 00'beKTaMU. JTU UHCTPYMEHTHI OCHOBAaHBI Ha
TOHATUY 0JL0KUPOBKU — UTOOBI UBMEHUTH COBMECTHO UCIIOJIb3yEeMbIN 00'BEKT,
IIOTOKU npuobpemaiom OJOKUPOBKY, IPOU3BOAAT TpeOyeMble M3MEHEHUS
u 0c8000xc0aiom GJIOKUPOBKY [JIS WUCIOJH30BAHUA B APYTIUX IOTOKAX BBI-
moJiHeHusA. VIHTepIpeTaTop rapaHTUPYeT, YTO B KaKIblil KOHKPETHBIN MO-
MEHT BPeMEHH TOJILKO OJWH IOTOK BBITIOJHEHU OyeT BilafeTh OJJOKUPOB-
KOi#1, — ecJiu 3aIIpoc Ha MprodpeTeHne GJIOKMPOBKY IIOCTYIIUT B TOT MOMEHT,
KOT[]a OHA yAEeP:KUBaeTCA HEKOTOPHIM IIOTOKOM, 3aIIPOCUBIIINIH ITOTOK OyIeT
TIPUOCTAaHOBJIEH IO TOT'O MOMEHTA, TOKa OJIOKMPOBKA He 0yIeT 0CBOOOKAeHA.
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O0BeKTHI OJIOKMPOBKHY pa3MeIaioTcsa B IaMATH, 00padaThIBAIOTCS € ITIOMO-
IIBIO IIPOCTHIX 1 IIEPEHOCUMBIX (DYHKIIMH U3 MOAYJIs _thread m aBToMaTnue-
CKHM OTOOPaYKAIOTCs HA MEXaHU3MbI OJIOKMPOBKY IOTOKOB, CYII[€CTBYIOIIME
HA COOTBETCTBYIOIIEH IIaTdopme.

Taxk, B mpumepe 5.7 ¢ momoribio GyHKIuu _thread.allocate_lock cosmaerca
00BeKT OJIOKMPOBKU, KOTOPBII IPpHOOpeTaeTcs 1 0CBOOOKIAeTCa KaKIbIM
IOTOKOM BBIIIOJTHEHU S ITepei BEIZ0BOM (DYHKIIUY Print, ¢ IOMOIIIBIO KOTOPOH
OCYIIECTBJISIETCA BHIBOJ B COBMECTHO MCIIOJIb3yEeMBIM CTaHIAPTHBIN IIOTOK
BBIBOJIA.

Ilpumep 5.7. PP4E\System\Threads\thread-count-mutex.py
CUHXPOHW3MPYET A0CTyn K Stdout: Tak kak aTo obwnit rnobanbHulil 0ObEKT, AaHHbIE,

KOTOpble BHBOAATCA M3 MOTOKOB BbLIMNOJIHEHMS, MOTYT nepemewnsaTecd, ecin  He
CUHXPOHM3NPOBATL Onepaumnmn

TRIET]

import _thread as thread, time

def counter(myId, count): # 9Ta OYHKUMS BHNOMHAETCA B MOTOKAX
for 1 in range(count):
time.sleep(1) # vMnTMpoBaTh paboTy
mutex.acquire()
print(‘[%s] => %s’ % (myId, 1)) # Tenepb paboTa OyHKkuMM print

# He OygeT npepbBaTbcA
mutex. release()

mutex = thread.allocate_lock() # co3naTb 06bekT 6A0KMPOBKU
for 1 in range(5): # nNopoauTb 5 NOTOKOB BbINONHEHMS
thread.start_new_thread(counter, (i, 5)) # Kaxabit NOTOK BHNOAHAET 5 UMKNOB

time.sleep(6)
print(‘Main thread exiting.’) # 3agepxaTb BHXOA M3 MPOTrpaMMbl

B meficTBUTEILHOCTH STOT CIleHAPUil ABJISETCA BCErO JIUIIL PACIINPEHHOH
Bepcueli mpumMepa 5.6, B KoTopyio Oblja go0aBjieHa CUHXPOHU3AIUA 00pa-
mieHn# K QYHKIUT print ¢ npuMeHeHreM OJIOKMPOBKU. Biarogaps sTomy
HUKaKNe JBa IIOTOKA BBIITOJHEHU B 9TOM CIIeHapUY He CMOI'Y T OJHOBPEMeH-
HO BBI3BATb (PYHKITUIO Print — OJIOKMPOBKA rapaHTUPYeT UCKJIIOUNTEIbHBIHN
IOCTYII K CTAHAAPTHOMY IIOTOKY BbIBOZa stdout. Takum 06pa3oM, MBI IIOJIY-
YyaeM BBIBOJ, CXOJHBII C BBIBOJIOM OPUTUHAJJIBHOM BEPCUH, 3a UCKIIOUEHEeM
TOTO, UTO TEKCT Ha BHIXOJEe HUKOTJA He OyAeT mepeMeInBaThCca U3-3a Imepe-
KPBIBAIOIIMXCS OIlepaIluii BIBOIA:

C:\...\PP4E\System\Threads> thread-count-mutex.py
[0] =>0

[11 = 0

[3] =0
[2] => 0
[4] => 0
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(0] =>
(11 =
[3] =>
[2] =>
[4] =>
(0] =>
(11 =
[3] =>
[4] =>
[2] =>
(0] =>
(11 =
[3] =>
[4] =>
[2] =>
[0] =>
(11 =
[3] =>
[4] =>
[2] => 4

Main thread exiting.

S BhA BB D W LWLWLWWwMNDMNPDMNDMNDND L 4 4

ITopsimok, B KAKOM ITOTOKU BBITIOJTHEHUA BBIBOAAT CBOU JaHHBIE, 3aBUCUT OT
JIaTMOPMBI ¥ TO-TIPEKHEMY MOKET U3MEeHATHCA OT 3aIlyCKa K 3aIyCKYy, Io-
TOMY UTO OHU BBITIOJIHSIOTCSA [IapaJLIeJIbHO (B KOHIIE KOHIIOB, IIOTOKU BBITIOJI-
HEeHUA KaK pas U IpeJHa3HaUeHbI IJIA HapaJjaeJbHOl 00paboTKY TaHHBIX).
Ho onu 6osbimte He KOHQIMKTYIOT IIPU BBIBOZE TeKcTa. [lajee B aToi ryiase
MBI YBUAUM APYTHE CIAYUau UCIOJIb30BAHNA OJOKUPOBOK — OJIOKUPOBKU SIB-
JIAIOTCA BasKHOI COCTaBJAIONIEN MHOIOIIOTOYHOM MOIEIU BBITIOJTHEHU .

OxunpaHue 3aBepLieHus NOPOoXXAeHHbIX NOTOKOB BbIMNOJIHEHUSA

ITomumo ycrpameHus KOH(MJINKTOB IIPU BLIBOJE JAHHBIX, OJOKUPOBKU MO-
IyJis IOTOKOB MMEIOT U APYTHe OueHb IoJiedHble IpuMeHeHus. OHU MOTYT
WCIIOJIL30BAThCA B KAUeCTBEe OCHOBBI IAPaJUIM CUHXPOHU3AIUHU 00Jiee BbI-
COKOTr'0 YPOBHA (Hampumep, cemMadopoB) U KCIIOJIb30BAThCA KaK YHUBED-
caJIbHBIe MHCTPYMEHTHI B3aNMOAEHCTBUN Me:xay morokamu.! B uactaocTu,

OpHaKo UX HEeJab3s UCII0JB30BATh AJIA HETIOCPEACTBEHHON CUHXPOHUBAIUU NPO-
yeccos. IToCKONBKY TIpoIiecchl 6ojiee HEBABUCUMBI, UM OOBIYHO TPEOYIOTCS Me-
XaHU3Mbl OJIOKMPOBKM, 0OJiee MOJrOBPeMEHHBIe U BHEIIIHUE II0 OTHOIIEHUIO
K mporpamMMam. BeI30B (DyHKIIHH 0S. 0pen, IpeAcTaBIeHHOH B Ty1ase 4, ¢ (prarom
0_EXCL mo3BoJIsIET ClIeHAPUAM OJIOKMPOBATE U Pa30I0OKUPOBATH JOCTYII K (haiiaam
U IIOTOMY MOJKET CUMTATHCSA MIAeaJbHBIM MHCTPYMEHTOM OJIOKHUPOBKHU MIJIS KC-
MOJIb30BaHMUs B mporeccax. O0paTuTe Tak:ke BHUMAaHIe HA NHCTPYMEHTBI CHH-
XPOHU3AINY B MOAYIAX Multiprocessing m threading, a TaksKe mpoumnTaiTe pasmesa
00 OpraHm3aIn Iy B3aNMOJEICTBUH MeKIy IIPOIleccaMy fajiee B 9TOH Iyase, Tae
IIpeACcTaBJeHbI APYTYe YHUBEPCcaJbHbIe IIPUEMbl CUHXPDOHUBAIIUH.
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B IIpuMepe 5.8 1I06aNBbHBIA CHUCOK 6JIOKI/Ip0BOR II0O3BOJIAET YyCTaHOBUTH
OKOHYaHUe paGOTLI BCeX NOUYEPHUX IIOTOKOB.

Ilpumep 5.8. PP4E\System\Threads\thread-count-waitl.py

NCMONb30BaHNE MbOTEKCOB B POAMTENLCKOM/TNABHOM MOTOKE BHIMOMHEHUS A8 ONpeaeneHus
MOMEHTA 3aBEeplieH!sl 04epHIX NOTOKOB, B3aMmeH time.sleep; OnokupyeT stdout, 4TOOH
n3bexaTb KOHOAMKTOB MpY BHBOAE

TXIET

import _thread as thread
stdoutmutex = thread.allocate_lock()
exitmutexes = [thread.allocate_lock() for i in range(10)]

def counter(myId, count):
for i in range(count):
stdoutmutex.acquire()
print('[%s] => %s’ % (myId, 1))
stdoutmutex. release()
exitmutexes[myId].acquire() #f CMTHanN rnaBHOMY MOTOKY

for 1 in range(10):
thread.start_new_thread(counter, (i, 100))

for mutex in exitmutexes:
while not mutex.locked(): pass
print(‘Main thread exiting.’)

151 TpOBEPKU COCTOSHUS OJOKUPOBKU MOJKHO WCIIOJIB30BaTh €€ MeTOJ
locked. I'1aBHBIN IIOTOK CO3JaeT IO OAHOU OJIOKUPOBKE AJA KasKIOTrO I0-
YepHEro MOTOKa, ITOMeIlas X B II00AJIbHBIN CIUCOK exitmutexes (He 3a0bI-
BaliTe, YTO PYHKIIUA ITOTOKA UCIOJIB3YET IVI00aJIbHYIO 00JIaCTh COBMECTHO
¢ rIaBHBIM TOTOKOM). Ilo 3aBepIIeHMN Ka'KAbIi IIOTOK IIPHUOOpPETAaEeT CBOIO
OJIOKMPOBKY B CIIMCKe, a TVIAaBHBIN ITOTOK TIPOCTO JKAET, Korma OyAyT IIpu-
o0OpeTeHbl Bce OJIOKMPOBKHU. JTO 3HAUNUTEJNLHO 0OJiee TOUHBIN IIOAXOM, UeM
IPOCTO IIPUOCTAHABJIMBATEL PAOOTy HA OIpeAesIeHHOE BPeMs, IIOKA BBIIIOJI-
HAIOTCA JOUepHUe IIOTOKU, B HAaeK e O0HAPYKUTH II0CJie BO3OOHOBICHN,
YTO BCe OHU OYIyT 3aBepPIIEHbI.

B saBucumocTH OT omepaiuii, BBIIOJHIEMBIX B IIOTOKAX, BCE 9TO MOYKHO
OpPraHm30BaTh €Ille IPOIIe: TOCKOJbKY IOTOKU B JIIOOOM CJIyuae COBMECTHO
HUCIOJIB3YIOT IVIO0AJBHYIO TaMATh, TOTO K€ Pe3yJbTaTa MOYKHO TOOUTHCA
C IIOMOIIBIO IIPOCTOT'O TUIOOAJIBHOTO CIIMCKA UeJblX Yuces, a He BJIOKMPO-
BOK. B mpumepe 5.9 mpocTpaHCTBO MUMEH MOAYJIA (00J1aCTh BUAUMOCTH), KaK
U IIPEesKJe, COBMECTHO MCIIOJIb3YeTCs IPOrPaMMHEBIM KOIOM BEPXHEr0 yPOB-
HA 1 QYHKIMEH, BRIMOJHAeMON B moToKe. MIMsa exitmutexes cculimaercs Ha
ONVH U TOT K€ 00'beKT CIIMCKA B IIABHOM IIOTOKE U BO BCEX MOPOKIAeMbIX
notTokax. Ilo aToli mpuYnHe U3MEeHeHUs, IIPOU3BOAUMbIE B IIOTOKE, BUIHBI
B IVIABHOM IIOTOKe 0e3 MCII0JIb30BAHU S JUIITHUX GJIOKUPOBOK.
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Ilpumep 5.9. PP4E\System\Threads\thread-count-wait2.py

W

MCcnoib30BaHNe NPoCThIX rnobanbHbX AaHHHX (HE MbITEKCOB) AN onpeaeneHna MOMeHTa
3aBepueHnd BCcex NOTOKOB B pOﬂ.VITeﬂbCKOM/FﬂaBHOM noToKe,; NOTOKM COBMECTHO
NCnofib3ylT CMMCOK, HO HE ero 3JIeMeHTh, MNpu 3TOM npeanonaraeTcd, 4T1o nocne
c0o34aHns Cnucok He 6y,[l,eT nepemewaTecd B NaMaTu

TRIET

import _thread as thread
stdoutmutex = thread.allocate_lock()
exitmutexes = [False] = 10

def counter(myId, count):
for i in range(count):
stdoutmutex.acquire()
print('[%s] => %s’ % (myId, 1))
stdoutmutex. release()
exitmutexes[myId] = True # CUIrHan rnasBHOMY MOTOKY

for i in range(10):
thread.start_new_thread(counter, (i, 100))

while False in exitmutexes: pass
print(‘Main thread exiting.’)

BrIBog sTOrO clleHapus IIOX0XK HAa BBIBOA Ipenbiayinero — 10 moToxkoB ma-
panensao BeayT cueT n0 100 u B mpoiiecce paboThl CUHXPOHU3UPYIOT CBOU
obparmenuss K GyHKIuU print. daxkTuuecku o00a IIOCIeTHUX CIIEHAPUSI
C IIOTOKaMM-CUETUNKAMU ITPOU3BOIAT BBIBOJ, B O0IIEM aHAJOTUYHBIN Iep-
BOHAUAJbHOMY CIleHapuio thread count.py, HO faHHBIE IPU BBIBOAE B stdout
He TTOBPEeKIAI0TC, 3HAUEHUA CUETUNKOB OOJIBITE ¥ OTINYAETCA CIAYUAHHBIN
TOPSAIOK BBIBOJA CTPOK. OCHOBHOE OTJIMUYME COCTOUT B TOM, UTO TJIaBHBIH TIO-
TOK 3aBepIllaeT paboTy cpasdy mocJjie (4 He paHbIle!) TOpoKIeHHBIX J0Uep-
HUX TTOTOKOB:

C:\...\PP4E\System\Threads> python thread-count-wait2.py
..1acmv 8vi600a yoaena...
[4] => 98

[6] => 98

[8] => 98

[5] => 98

[0] => 99

[71 => 98

[9] => 98

[1] => 99

[3] => 99

[2] => 99

[4] => 99

[6] => 99

[8] => 99

[5] => 99
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[7] => 99
[9] => 99
Main thread exiting.

AﬂbTepHaTI/IBHbIe npuemMbl: UNKIbl 3aHATOCTU, aprymMmeHTbl
n meHepgXxepbl KOHTEKCTa

O6paTuTe BHUMAaHUE, YTO TIaBHbIE TIOTOKU BHITIOJTHEHUA B IBYX MOCJIETHUX
CIIeHAPUAX B KOHIIE BBIMIOJHAIOT ITUKJ OXKUAAHUA, KOTOPBIN MOXKET 3aMeT-
HO CHUBUTH IIPOU3BOJUTENHLHOCTh B KPUTUUECKU BAXKHBIX IIPUJIOKEHUAX.
B rakux cuTyanuax gocTaTouHO IIPOCTO JOOABUTD B IUKJI OXKUTaHUA BEISOB
dyuRIUT time.sleep, 4ToObI 0GOPMUTE IIAY3Y MEKAY IIPOBEPKAMU U OCBO-
0OIUTH IPOIIECCOP [JIA NPYTUX 3aJaHul: aTa QYHKIUA OyAeT IPUOCTaHaB-
JIMBATH TOJBKO BBIBHIBAIOIITUH MOTOK BHITIOJTHEHU S (B JTaHHOM CJyUuae — IJIaB-
HBIH MOTOK). MOKHO TaKske MOIpo6oBaTh MO0OABUTH BBIZOB (DYHKIIUU Sleep
B (DYHKITHIO, KOTOPAs BBITIOJNHAETCS B IOTOKAX, UYTOOBI CBIMUTHUPOBATH BbI-
TIOJTHEHUE ITPOJOJIKUTEJIbHBIX OTlepaInii.

Hnsa equHOOOpPa3WsaA BMECTO UCIIOJIb30BAHUA TVIOOATBHONM 00JIACTH BUAUMO-
CTU MOJKHO OBITIO ObI TaKyKe OpraHMn30BaTh Iepenauy OJOKUPOBKU B BHE
apeymenma QYHKIIUU, KOTOPas BBINOJHAETCA B IMIOTOKax. B aToM ciydae
BCe MMOTOKH BBITIOJTHEHUS OYAYT CChLIATHCS HA OAMH 1 TOT 2Ke 00beKT OJIOKHU-
POBKH, IIOTOMY UTO BCE OHU SIBJISIFOTCS YACTHIO OJHOI'O M TOI'0 »Ke IIPoIecca.
ITamaATs mpoliecca, 3aHATasA 00HEKTOM, SBJISETCS IaMATHI0, COBMECTHO HC-
OJIb3YEeMOIl IMMOTOKAMU HEe3aBUCKMO OT TOr'0, KaK OyIeT IOJIyYeHa CChLIKA
Ha BTOT 00'bEKT (Uepes raobasibHbIe IIepeMeHHBIE, Uepe3 apryMeHThl (hyHK-
uu, yepes aTpubdyThl 00'bEKTOB UJIN KAKUM-JTIU00 JPYTUM CIIOCOO0M).

U erie — uT00BI TapaHTHPOBATH OCBOOOKAEHNE OJOKUPOBKU IIPU BBHIXOIE
MOTOKA BBIMIOJHEHUS M3 KPUTUYECKOrO 0JI0OKA, MOYKHO HCIIOJIb30BATH WH-
CTPYKIIMIO With, KAK MBI JeJajii 9TO B IPEABIAYIINEeH IriiaBe, YTOObI obecme-
YUTH 3aKpbITUE haitsioB. Menedxiep koHmekcma 6JIOKUPOBKU IproOpeTaeT
OJIOKMPOBKY IIPU BXOJle B MHCTPYKIIUIO With 1 0CBOGOIKIAaeT ee IPU BHIXO-
Jle U3 Tejia MHCTPYKIIUY, HE3aBUCUMO OT TOTO, BOSHUKJIO UCKJIIOUEHNE NN
HET. DTOT IPUEM IO3BOJIAET COKOHOMUTD OTHY CTPOKY IIPOTPAaMMHOTO KoJa
¥ IONOJIHUTEJIBHO TapaHTUPYEeT 0CBOOOKeHTe OJIOKUPOBKU B CUTYAIIUAX,
KOT/la BOBMOJYKHO IIOSIBJIEHUE UCKJIIOUEeHUA. Bece 9TH IpreMbl peaan30BaHbl
B mpuMepe 5.10, mpeacTaBISIONIEM YIYUIIEHHYO BePCUIO HAIIIEro CIleHAPU
C IOTOKaMU-CUETUNKAMU.

Ilpumep 5.10. PP4E\System\Threads\thread-count-wait3.py

W

00bEeKT Mbl0TEKCA, COBMECTHO WCMOMb3YEMbli BCEMU MOTOKAMYU BHMOMHEHVS, NepefaeTcs
OYHKUAM B BMAE aprymeHTa; A1s aBTOMAaTM4eckoro npuobpeTeHns/ocB000xaeHNs
6710KMPOBKM CTONb3YETCA MEHEAXep KOHTEKCTa, 4T0Ob M30exaTb W3NMWHEN Harpy3Ki
B UMKIE OXWAAHNS, U A8 WMATAUMM BHMOMHEHUS NPOAOSXATENbHX Onepaunii nobasneH
BbI30B GyHKUMM Sleep

import _thread as thread, time
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stdoutmutex
numthreads
exitmutexes

thread.allocate_lock()
5
[thread.allocate_lock() for i in range(numthreads)]

def counter(myId, count, mutex): # MbiTeKC nepegaeTcd B aprymeHTe
for i in range(count):

exitmutexes[myId].acquire()

time.sleep(1 / (myId+1)) # pasnuyHble [0AM CeKyHIb!
with mutex: #f npnobpeTaeT/ocBobOXnAET ONOKNPOBKY !

print(‘[%s] => %s’ % (myId, 1))

for i in range(numthreads):
thread.start_new_thread(counter, (i, 5, stdoutmutex))

while not all(mutex.locked() for mutex in exitmutexes):. time.sleep(0.25)

print(‘Main thread exiting.’)

with

# rnobanbHblii CNMCOK: CUrHAN rnaBHoOMY MOTOKY

Pasimunbie BpeMeHa OKUAAHNS JI51 PA3HBIX IIOTOKOB BLIIIOJIHEHUS IeJIaf0T
ux 0oJiee He3aBUCUMBIMU:

C:\...\PP4E\System\Threads> thread-count-wait3.py

(4]
(3]
(2]
[4]
(1]
(3]
[4]
(2]
(3]
[4]
(4]
(0]
(1]
(2]
(3]
(3]
(2]
(1]
(2]
(0]
(1]
(1]
(0]
(0]
(0]

0
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Main thread exiting.

KoHeuHO, TOTOKY BBITIOJIHEHUA MOTYT PeIlaTh ropasao 6ojiee CIOKHBIE 3a-
Jllauu, yeM IIPOcToi moncueT. Bosiee mpaKTUUYHBIN IpuMep MCHOJIb30BaHUA
TI00aIbHBIX HAHHBIX MBI PACCMOTPUM B paszeisie «I[obaBiigeM mOJIb30Ba-
TeJILCKUIT mHTepdelic» B TyiaBe 13, rme oHM OyAyT UTrpaTh POJb CUTHAJIOB
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TJIaBHOMY IIOTOKY, YIIPABJAOIIEMY rpa)muecKuM UHTepdeiicoM Ha OCHOBE
oubanoTexku tkinter, o 3aBepIleHNN JOUYEPHUM OTOKOM IIepefadyu JaHHBIX
o ceTH, a Tak:ke B rtaBe 10, B mpuMepe peanmsanuy MOAyJas threadtools,
u B raBe 14, B npumepe npuokenusa PyMailGUI, gmna orobpaskeHus pe-
3yJITATOB OTIIPABKU 9J€KTPOHHOI MOUTHI B rpaduuecKkoM nHTEepdeiice (mo-
TOJIHUTEJIbHBIE YKa3aHUA 110 3TON TeMe BbI HalifieTe B paszgene «I'paduue-
cKkue mHTepGeichbl U TOTOKY BHITIOJNHEHUS: TPeIBapUTeIbHOe 3HAKOMCTBO»
HUJKe, B 9TOH IiaBe). BO3MOKHOCTH COBMECTHOT'O JOCTYIIa K IVIO0AJIbHBIM
JaHHBIM M3 IIOTOKOB BBIIOJHEHUS TaKJ)Ke ABJIIETCS OCHOBOI OpraHmu3aIuu
ouepeieil, KOTOpbIe 00CYKIaI0TCs Aajiee B IJIaBe, — KaKAbII IIOTOK BBIIIOJI-
HEHUS MOYKeT M3BJICKATh UJIU J00aBIATh JaHHbIE, NCIOJIb3Ys OAUH 1 TOT JKe
00111 00BEKT OUepeu.

Mopaynb threading

B crangaptayio 6udbamorexy Python Bxomar aBa momyiia aas paboThl ¢ TO-
ToKaMu: _thread — OCHOBHOI HM3KOYyPOBHEBEIH nHTEpdelic, KOTOPHIl 1eMOH-
CTPUPOBAJICS 0 CUX TIOP, 1 threading — mHTEep(deiic 601ee BELICOKOTO YPOBHSI,
OCHOBAHHBINA Ha 00beKTaxX U KJaccax. BHyTpu Moayab threading ncmoanbsy-
eT MOAyJIb _thread misa peanusamuu 00bEKTOB, IPEACTABIAIOIINX IIOTOKK
¥ MHCTPYMEHTHI cuHxpouusanuu. OH B KAKOH’-TO Mepe OCHOBAH Ha MOAMHO-
JKeCTBe MOJIeJI IIOTOKOB BBITIOJIHEHUS A3bIKa Java, HO eCTh Pas3jandus, Ko-
TOpBIE 3aMETAT TOJAbKO IIporpaMMucThl Java.! B mpumepe 5.11 npusogurcsa
elle oJlHa, IOCJeIHs BePCUs HAIero CIieHapuA ¢ IIOTOKaMU-CUeTUMKAMH,
JIeMOHCTPUPYIOINIasd NHTEP(ENChl 3TOr0 HOBOT'O MO YJIS.

Ilpumep 5.11. PP4E\System\Threads\thread-classes.py

IEIET

aKkaemnnapsl knacca Thread, coxpaHsiouue MHGOPMALMIO O COCTOSHMM U obnapamoume
MeTomoM run() And 3anycka NOTOKOB BLINOMHEHMS; B peanu3auuu WCNoNb3yeTcs
BHICOKOYPOBHEBbIM 1 Java-noaobHui MeTon join knacca Thread mopyns threading
(BMECTO MbIOTEKCOB 1 rn00anbHbX NEPEMEHHbIX), 4TOOb M3BECTUTb MNaBHHA POAUTENbCKM
NOTOK O 3aBEpWeHMM 04epHUX NOTOKOB; NoapobHOCTM 0 Moayne threading wumTte

B DPYKOBOACTBE MO CTaHaapTHoW GubnuoTeke

TRIET

import threading

class Mythread(threading.Thread): # noaknacc knacca Thread
def __init__(self, myId, count, mutex):
self.myIld = myld
self.count = count #t vHdopMaumMa ANg KaxL4oro noToka
self.mutex = mutex #f COBMECTHO MCNONb3yemble 00beKTHl,

IToacHeHmMe MyiA IPOrpaMMUCTOB Java: OJIOKMPOBKU M YCJIOBHBIE IIePEMEHHEBIE
B a3biKke Python saBasioTcss oTaeIbHBIMU 00BEKTAMU, a HE YEeM-TO MPUCYIIUM
BCeM 00'beKTaM, a Kjacc Thread B A3biKe Python He o6agaeT Bcemu xapakTepu-
CTUKaMU, KOTOPbIE €CTh Y OAHOMMEHHOTO KJjacca B A3bIKe Java. [loIoJIHUTE Ib-
HBIE JeTaJiu MOXKHO HAalITU B PYKOBOJCTBe 110 6ubsamoreke Python.
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threading. Thread.__init__(self) # BMECTO rnobanbHbX NepeMeHHbIX
def run(self): # run peanusyeT n0OrnKy noToka
for 1 in range(self.count): # CWMHXPOHW3MPOBATL A0CTYN K stdout
with self.mutex:
print(‘[%s] => %s’ % (self.myId, 1))

stdoutmutex = threading. Lock() # To xe, 4yTo u thread.allocate_lock()
threads = []
for i in range(10):
thread = Mythread(i, 100, stdoutmutex) # cosgaTb/3anycTuTts 10 NOTOKOB
thread.start() # BbH3BaTb METOL run nortoka
threads. append(thread)

for thread in threads:
thread. join() # XxpaTb 3aBepweHus noToka
print(‘Main thread exiting.’)

ATOT ClieHApUil ITPOM3BOAUT TOUYHO TAKOH K€ BBIBOJ, KAK W €ro IIpejrre-
CTBEHHUKU (4 CHOBA CTPOKHU CJYUYAMHO pacupeesieHbl II0 BpeMeHU, B 3aBU-
CHUMOCTH OT UCIOJIb3yeMOIi MIaT(OPMBbI):

C:\...\PP4E\System\Threads> python thread-classes.py
..1acmv 8vi600a yoanena...
[4] => 98

[8] => 97

[9] => 97

[5] => 98

[3] => 99

[6] => 98

[7] => 98

[4] => 99

[8] => 98

[9] => 98

[5] => 99

[6] => 99

[71 => 99

[8] => 99

[9] => 99

Main thread exiting.

Hcmonbp3oBaHme Moayiid threading saKkJrirouaeTcs B OCHOBHOM B OIIPe/IeJIEHU I
HOBBIX KJiaccoB. IIOTOKM B 5TOM MOAYJE Peajn3yIoTCA ¢ IIOMOIIBI0 00beK-
Ta Thread — xjaacca Python, KoTopsIii HacaeayeTca U CIeluaIu3UPyeTCs
B KaQXKJIOM IIPUJIOXKEHUM IIYyTEM peau3allui MeTOoJa run, Oonpeaeadioniero
ﬂeﬁCTBHﬂ, BBITIOJIHAEMBIE IIOTOKOM. HaanMep, B JaHHOM CIleHapuu CO3-
maeTcs TofkJace Mythread xjacca Thread, MeTom run KOTOPOTO OyAeT BbI-
3bIBATBhCA POLUTEJHBCKUM KJIACCOM [hread B HOBOM IIOTOKE IIOCJIe CO3MaHUA
9K3eMILIApa Kjaacca Mythread u BpI3oBa ero meroza start.

WMubIMu cioBaMu, 9TOT CIleHAPHT IIPOCTO 00ecIieunBaeT METOAbI, IIPeII0Iax
raemble CTPYKTYpOi KJacca Thread. IIpeumyIiecTBO aTOro priemMa, Tpedyo-
II1ero CO3aHu s 00JIBIIEero 060'beMa MIPOrPaMMHOI0 KOZIa, 3aKJII0UAETCs B TOM,
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UTO OH obecreunBaeT «OecIIaTHBINA» JOCTYI K MH(MOPMAIMU O COCTOSHUU
Ka’KJOoTo IIOTOKa B OTAEJBHOCTH (B BUE aTPUOyTOB SK3EMILIAPA) U K PALY
AOIIOJTHUTEJIBHBIX MHCTPYMEHTOB OJIA pa6OTBI C IIOTOKaMH, IIpegocTraBJisie-
MBIX JAHHOHM CTPYKTypoil. K mpumepy, MCHONIb3yeMbIli B KOHIIE CIIeHApPUA
MeTox Thread.join oKumaeT 3aBepIieHusd (0 YMOJTUAHNIO) TIOTOKA BBITIOJIHE-
HUA — 3TOT MeTOo4 MOYHO NCIIOJIB30BAaTh, YTOOBI IIpeaoTBPaTUTh 3aBEPIIIEeHNE
TJIaBHOT'O IIOTOKA [0 TOT'0, KAK 3aBEPIIUTCS JOUEePHUU IIOTOK, U OTKA3aThCA
OT BBIBOBAa PYHKIIMU time.sleep, TVIOGATBHBIX OJIOKMPOBOK U ME€PEMEHHBIX,
VICIIOJIB30BABIIINXCA B IPEABIAVINUX IIPpUMepax ¢ IOTOKaMU.

Kpowme Toro, 115 CHHXPOHU3AIMK JOCTYIIa K CTAHAAPTHOMY IIOTOKY BBIBOZA
B mpumepe 5.11 ucnoabayercsa KOHCTPYKTOP threading. Lock (XoTsA B TeKyIIet
peanusanuy 9TO MPOCTO CHMHOHUM KOHCTPYKTOpa _thread.allocate_lock).
Mopnynas threading mpemocraBiidgeT u IPpyTUe CTPYKTYPHI KJIaCCOB, HO OHU He
BJIUAIOT HA OOIYI0 KAPTUHY MHOTOIIOTOYHOM MOJeJU HmapaJijieabHOi oopa-
OOTKU JAHHBIX.

Apyrve cnocobbl peanusaumnm NnoToKOB BbINOMHEHUS
c nomouwbio moayns threading

Kraacc Thread MOKHO TaKiKe UCIIOJIB30BATh [IJId 3aIIyCKa IPOCTHIX (QYHKITUHI
U BBI3BIBA€MBIX 00'BEKTOB APYTUX THUIIOB, BOOOIIE HE cO37jaBasd IMOAKJIACCHL.
Metoz run xaacca Thread mo yMOJIUaHUIO MIPOCTO BHI3BIBAET O0'HEKT, IIepe-
IaHHBI KOHCTPYKTOPY B apryMeHTe target, cO BCEMU JOTOJHUTEIbHBIMU
apryMeHTaMUu, IIepeJaHHLIMU B apryMeHTe args (KOTOPBIM MO yMOJYaHUIO
SABJISIETCA MYCTHIM CIUCKOM ()). 9TO IO3BOJISIET UCIOJb30BaTh KJjacc Thread
IJIsI 3aIllycKa IPOCTHIX (DYHKIWII, XOTA Takas (opMa BbI30BA HEHAMHOIO
IPOIlle UCII0Jb30BaHUA MOAyJas _thread. Hampumep, B caeayroomux ¢par-
MEHTaX [IeMOHCTPHUPYIOTCA YeThIPe PAl3JIMYHBIX CIIoco0a 3aIrycKa OJHOI0
¥ TOTO Ke ITOTOKa (CMOTPHUTE clieHapuu four-threads*.py B tepeBe IpUMeEPOB;
BbI MOJKETe 3aIIyCTUTh BCE UeThIpe II0TOKA B OJHOM CIleHapUU, HO IIPU 3TOM
BaM IIOHATO0UTCSA CUHXPOHU3UPOBATH 00paIeHnd K QYHKIINY Print, YTOOBI
n36e:KaTh CMEIITNBAHUA BbIBOAUMBIX TaHHBIX):

import threading, _thread
def action(i)
print(i == 32)

#f noaknacc, xpaHauuini coBCTBEHHYI WHHOPMALMID O COCTOAHMM
class Mythread(threading. Thread):
def __init__ (self, 1i):

self.i =1
threading.Thread.__init__(self)
def run(self): # nepeonpefennuTb METOA run
print(self.i == 32)
Mythread(2).start() # meTon start Bh3oBeT meTon run()

# nepegada npocTon GyHKUMM
thread = threading.Thread(target=(lambda: action(2))) # run Bbi3oBeT target
thread.start()



290

naBa 5. CuctemMHble MHCTPYMEHTbI MapalnesibHOro BbIMOJIHEHNA

#f To xe camoe, HO 6e3 lambda-@yHkuuy
#f coxpaHaoWen MHGopMaL/io 0 COCTOAHWM B 00pasyemMoM en 3ambikaHni
threading. Thread(target=action, args=(2,)).start() # BbI3bBAEMbI 00bEKT
# v ero aprymeHThl
# ¢ nomoublo Mopynsa thread
_thread.start_new_thread(action, (2,)) # NONHOCTbI0 NPOUEAYPHHI UHTepdeic

Kak mpasuiio, BEIOMpATh peasn3aluio IOTOKOB Ha OCHOBE KJIACCOB MMeEeT
CMBICJI, KOT/Ia IIOTOKHU JOJIKHBI COXPAaHATH MHMOPMAI[NIO O CBOEM COCTOSHUN
UIN KOIZA KejaTeJbHO MCIOJIL30BATh KaKKe-Iu00 M3 MHOI'OYMCJIEHHBIX
npeumyirects OOII. OgHAKO KJacchl IOTOKOB BBIMOJHEHUA He00sI3aTesIb-
HO JOJIKHBI HacJieJoBaTh KJacc Thread. PaKTUUeCKU, KAK U IIPU HCIIOJb-
30BaHUU MOAYJA _thread, peajsu3anusa IIOTOKOB B MoZAyJie threading MoskeT
OPUHUMATH B apryMeHnTe target gvi3vigaemoie o6serxmyt A100020 muna. Ilpu
00beIMHEHNY C TAKUMHU ITpUeMaMi, KaK CBA3aHHbIe METO/IbI U BJIOKEHHbBIE
o0slacTy BUAWMOCTH, PA3JUUYUSI MEXKAYy IpHUeMaMH IIPOorpaMMUPOBAHUA
CTAHOBATCS €Ille MeHee BhIPaKeHHBIMU:

# 0Obl4HbIA Knacc ¢ aTpubyTamu, 00N
class Power:
def __init__(self, 1i):
self.i =1
def action(self):
print(self.i = 32)

obj = Power(2)
threading. Thread(target=obj.action).start() # 3anyck CBA3aHHOIO MeTofa

#f BnoxeHHas 06NacTb BWAMMOCTM, A1 COXPAHEHUS WHHOPMALMM O COCTOSHUM
def action(i):
def power()
print(i == 32)
return power

threading. Thread(target=action(2)).start() # 3anyck BO3BpAUAEMON GyHKLNN

#f 3anyck 000oMX BapuaHTOB C momoubl Moayns _thread
_thread.start_new_thread(obj.action, ()) #f 3anyck Bb3bHBaeMoro obbekTa
_thread.start_new_thread(action(2), ())

Kak Bugure, uarepdeiic moayasa threading Takoii ke rubKkuii, Kak 1 caM
a3eiK Python.

Ewe pas o CMHXpPOHM3aLMM focTyna
K COBMECTHO UCNOJIb3yeMbIM 06beKTam U nepeMeHHbIM

Beriirie MbI BUEIM, UTO BBI3OBBI (DYHKIIUH Drint B MOTOKAX BBIMIOJHEHUS He-
00X0IMO CUHXPOHHU3UPOBATH C IIOMOIIbI0 OJOKMPOBOK, UTOOBI 130€:KaTh
CMeIIUBaHUSA BBIBOIUMBIX JAHHBIX, IOTOMY YTO CTAHAAPTHBINA IIOTOK BBIBO-
Jla COBMECTHO UCIIOJIb3yeTCs BCEMU MOTOKaMU BbITTOJIHEHUA. CTPOro roBops,
TMOTOKY BBITIOJIHEHUSA MOJYKHBI CUHXPOHU3UPOBATH JIIOObIe OIepaIuy n3Me-
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HEHUA COBMECTHO MCIIOJIB3YEMbIX 00'BEKTOB U IIepeMeHHBbIX. B zaBucumocTn
oT HEHEﬁ IIpOrpaMMBbI B UHCJIO 3TUX 00 BLEKTOB MOI'YT BXOOUTb:

e lsmeHsemble 00BEKTHI B TaMATH (00EKTHI, CCHLIKU Ha KOTOPHIE Iepe-
IalTCsa MOTOKAM MJIM IPHOOPETATCA KaKUM-TO UHLIM CIIOCOO0M, IPO-
IOJIXKUTEJHLHOCTD CYIIIeCTBOBAHUSA KOTOPBIX IIPEBBIIIAET BpeMs PabOThI
IIOTOKOB)

o HepeMeHHLIe B 1"JIO6aJILHOfI O6JIaCTI/I BUONMOCTI (I/ISMEHHEMI:IG IIepeMeHn-
HbIe, O0bABJIEHHBIE 3a TIpeaeaMu (PYHKIIUN 1 KJIaCCOB, BBHITIOMTHIAEMBIX
B ITIOTOKAaX)

o Copep:xkuMoe mMomyJiel (I KasKAOTO MOIYJs CYIIECTBYET BCEro OJHA
KOIIMSA 3aIIMCH B CUCTEMHOMN TaOJINIIe MO YJIeH)

Hasxe ipu paboTe ¢ IPOCTHIMU TVIO0ATBHBIMY IEPEMEHHBIMU MOJKET IIOTPE-
00BaTHCS KOOPAUHAINSA AeHCTBUI, €CJIN €CTh BEPOSITHOCTD OJHOBPEMEHHBIX
TOTBITOK X U3MEHeHNA, KaK ITOKasaHo B mpumepe 5.12.

Ilpumep 5.12. PP4E\System\Threads\thread-add-random.py

“BbIBOANT pasdnuyHble pedynbTaThl Npu KaxaoMm 3anycke nog Windows 77

import threading, time
count = 0

def adder()
global count
count = count + 1 # uameHseT rnobanbHyn NepemMeHHyi
time.sleep(0.5) # NOTOKM BHNOMHEHWA COBMECTHO MCMOMb3YIOT
count = count + 1 # rnobanbHbie 00bEKTH U NepeMeHHbe

threads = []

for 1 in range(100):
thread = threading.Thread(target=adder, args=())
thread.start()
threads.append(thread)

for thread in threads: thread.join()
print(count)

Arot mpuMep nopoxkaaeT 100 TOTOKOB BBITIOJTHEHNA, KaKIbIN U3 KOTOPBIX
IBaKIbl M3MEHAET OOHY U TY JKe TVI00aJbHYI0 IepeMeHHYI0 (C 3aAep:KKoi
MeXKy HUMU, YTOOBI 00eCIeunTh YepeJoBaHUe OIepaIinii B pa3JIMYHbIX TI0-
Tokax). IIpu kaxgom sanycke B Windows 7 aToT ciieHapuii 0ymeT BOCIIPOU3-
BOAUTH Pa3JnNUYHbIe PE3YJIbTaThI:

C:\...\PP4E\System\Threads> thread-add-random. py
189

C:\...\PP4E\System\Threads> thread-add-random. py
200
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C:\...\PP4E\System\Threads> thread-add-random. py
194

C:\...\PP4E\System\Threads> thread-add-random. py
191

ITO 0O'BSICHIETCS T€M, YTO MOTOKY BBHIMOJHEHUS IPOU3BOJIBHO IIEPEKPhIBA-
IOTCA IPYT C APYTOM II0 BpEMEHU: NHTEePIPEeTATOP He rapaHTUPYeT, YTO WH-
CTPYKIIUM — Jajke TaKHUe IPOCThie MHCTPYKIIUY IPUCBANBAHNA, KAK B JaH-
HOM IIpuMepe, — OYAYT BBIMOJIHEHBI IIOJHOCTBIO 0 TOr0, KaK yIIPaBJICHHUE
mmepeigeT ApyromMy IOTOKY BBHIIOJHEHUA (TO €CTh OHU He ABJISITCA aToOMap-
ueiMu). Korga oqus moTok nsMeHsaeT 3HaUeHre IJI00aIbHOM ITepeMeHHOM, OH
MOJKEeT IOJIYUUTH [IPOMEKYTOUHBIN Pe3yIbTaT, IPOU3BEIeHHbIN IPYTIUM I10-
ToKOoM. Kak ciencTsre aToro Mbl Ha0/I0gaeM HelIpeAcKasyeMoe IIoBeJeHne.
YT00BI 3aCTABUTL STOT CIEHAPUN padoTaTh KOPPEKTHO, HEOOXOLMMO CHOBA
BOCIIOJIB30BATHCA OJIOKMPOBKAMY IJIA CAHXPOHU3AIUN U3MEHEeHU — B Ka-
KoIf 66 MOMEHT MBI HU 3alyCKaJIU clieHapuil us3 mpumepa 5.13, oH Bcermga
OyzmeT BeIBOAUTD umcio 200.

Ilpumep 5.13. PP4E\System\Threads\thread-add-synch.py

“Beerpga BuBoauT 200 - Gnarogaps CUHXPOHM3aUWMW [OCTyna K rnobanbHomy pecypcy”

import threading, time

count = 0

def adder(addlock): #f COBMECTHO MCNONb3yemblii 00bekT BNOKMPOBKM
global count
with addlock: # Grokuposka npuobpeTaeTcs/ocBob0XIaETCA

count = count + 1 # aBTOMaATM4ECKU
time.sleep(0.5)
with addlock: # B Kaxnpl KOHKPETHbI MOMEHT BpEeMEeHu
count = count + 1 # TONbKO 1 MOTOK MOXET M3MEHUTb 3HAYEHWE NEepPEeMEeHHON

addlock = threading. Lock()

threads = []

for 1 in range(100):
thread = threading.Thread(target=adder, args=(addlock,))
thread. start()
threads. append(thread)

for thread in threads: thread.join()
print(count)

HexoTopsie mpocreiinme onepamnuu B s3bike Python siBisiroresa aromMapHbI-
MU 1 He TPeOyIOT CUHXPOHU3AIINHN, TeM He MeHee JIYUIlle BCe-TaAKU IPery-
CMAaTPUBATh KOOPAUHAIINIO IIOTOKOB BBIMIOJHEHUS, €CJIN €CTh BEPOATHOCTH
OIHOBPEMEHHBIX IMOINLITOK M3MeHeHus: 3HaueHnsa. Co BpeMeHeM MOXKeT M3-
MEHHUTBHCS He TOJBKO HA0OP aTOMapHBLIX OIlepalluii, HO ¥ BHYTPEHHSS pea-
JM3aIusa MeXaHn3Ma MOTOKOB BBITIOJTHEHU (TaKue N3MEeHeHU s OYKUJAI0TC
B Bepcuu Python 3.2, Kak onuceiBaercs gajee).
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KoneuHo, 3TO BO MHOTOM MCKYCCTBEHHBIHN npuMep (mopokaaTb 100 moToKoB
BBITIOJTHEHU S, YTOOBI B KAKJOM U3 HUX MBaKAbl YBEJIUUUTDH CUETUNK, — 9TO
OIIpeieJIEHHO He caMbIil IPaKTUUYHBIHN cyUail NCIOJIb30BaHU A IIOTOKOB!), HO
OH HATVIAJHO UJLIIOCTPUPYET IPOOBJIEMBI, C KOTOPBIMU MOYKHO CTOJTKHYTHCS,
KOT[Ja CYIIeCTBYET BEPOATHOCTDb IapaJlIeJIbHOIO U3MEHEHUA 00HEeKTa MU
mepeMeHHOM, COBMECTHO HCIOJIb3yeMOI IMOoToKaMu. K cuacTwio, AJid MHO-
THUX, eCJIN He IJid OOJBINNHCTBA IPUMEHEHNH, MOYJIb UEUE, OITMCHIBAEMBIH
B CJIEIYIOIeM pasjese, CIIocobeH 06eclIeuYnTh aBTOMATUYECKYI0 CUHXPOHU-
3aIT1IO0 TIOTOKOB BBITIOJTHEHUA.

IIpexkne uem ABUHYTHCA AAJbIIe, d AOJKEH OTMETUTh, UTO IIOMUMO KJIac-
coB Thread u Lock B MoayJie threading mMerOTCA U APYyTrue BBICOKOYPOBHEBBIE
WHCTPYMEHTHI CUHXPOHU3AIUH HOCTYIIa K COBMECTHO MCIOJb3yeMbIM 00b-
extaM (Hampumep, Semaphore, Condition, Event) — MHOTO 60JIbIIIe, UEM TO3BO-
JIAeT BMECTUTDH 00'beM 3TOM KHUTH, II03TOMY 3a JOTIOJIHUTEILHBIMU ITOAPO06-
HOCTAMHU o0palaiTech K PyKOBOACTBY IO OuOamorexe. [[OMOTHUTEIbHBIE
TIPUMEPHI UCIIOJIL30BAHUSA MIOTOKOB BLIIOJHEHUA U JOUEPHUX ITPOIIECCOB BBI
HalifieTe B OCTaBIIIEHCA YaCTU 9TOU IVIABbI, a TaKKe Cpequ IPUMEPOB B pas-
JIejax KHUTH, IOCBAIEHHBIX peanmusanum rpadguyeckoro nuTepdeiica u ce-
TeBbIX B3aumojelicTBuii. B rpadpuueckux nHrepdeiicax, HalrpuMep, MbI 0y-
JIeM MCII0JIb30BaTh IIOTOKM, YTOOBI N30eKaTh NX OJIOKUPOBaHUs. MbI TaKKe
OyZeM MOpOsKAAaTh MIOTOKU U JOUEPHUE IPOIIECCH B CETEBBIX CEPBEPAX, UTO-
OBbI MCKJIIOUUTH BEPOATHOCTh OTKAa3a B O0CIYKUBAHUU KJINEHTOB.

Kpowme Toro, mb1 6yzem nccaenoBaTs IpreMbl MCIIOJIB30BAHUA MOLYJIA thread-
ing ;1a 3aBepIleHUs IPOrpaMMbl 6e3 IPUMEeHEeH!A MeTo/ia join, Ho B coenu-
HEHUU C OUepeaAMU — KOTOPbhIe ABJIAIOTCA TEeMOI CJIeAYIOIIEero pasjiesa.

Mopaynb queue

CI/IHXPOHI/IBI/IpOBaTI) JAOCTYII IIOTOKOB BBIIIOJITHEHUSA K COBMECTHO MCIIOJIB3Yye-
MBIM pecypcaM MOYKHO C IOMOIIbIO GJIOKMPOBOK, HO YaCTO B 9TOM HET He-
06XOI[I/IMOC’I‘I/I. RaK YiKe YIIOMUHAaJIOCH BHIIIIE, HA IIPAKTHUKE MHOI'OIIOTOYHBIE
IporpaMMBbI YaCcTO OPraHUBYIOTCS, KaK Habop IOTOKOB IPOW3BOAUTENIEH
U TIOTpeduTe e, KOTOPhIe B3aNMOAEHCTBYIOT MEXKIY cOo00ii, moMeIasa JaH-
HBbIe B OOIIYIO Ouepeab U M3BJeKasd UX OTTyAa. Kciu ouepenb CUHXPOHU3U-
PyeT JOCTYII K caMoii cebe, 0Ha aBTOMATHUUYECKHU OyIeT CUHXPOHU3UPOBATDH
BSaHMOﬂeﬁCTBHH IIOTOKOB BBIIIOJIHEHU A.

Kaxk pas Takoe XpaHUJIUIE JaHHBIX Peajnu3yeT MOAYJIb (UEUE U3 CTAaHIAPT-
HOM Ombsmoreku. OH IpemoCTaBIsSeT CTAHJAPTHYIO Oouepenb NAHHBIX —
cnucok 00beKTOB Python, mocTpoeHHBIH 1T0 IPUHINNIY «IE€PBBLIN IPUIIIE,
nepBeIit yireas (first-in first-out, fifo), B KoTopom nobaBsenuUe s1eMEeHTOB
TIPOU3BOAUTCSA C OTHOTO KOHIIA, a yoaJieHue — ¢ Apyroro. ITogo6HO 00BIYHEIM
CIIHMCKaM, Oouepenu, peain3yeMble STUM MOJYJIEM, MOTYT COZEP:KaTb 00b-
€KTBI JIIOOBIX TUIIOB, BKJII0YasA OO0BEKTHI IPOCTHIX TUIOB (CTPOKM, CIUCKH,
CJI0OBapM U TaK JaJiee) 1 60jiee 9K30TUUECKUX TUIIOB (9K3eMILISPhI KJIACCOB,
IPOU3BOJIbHBIE BBIZbIBa€MbIe O0'BEKTHI, TAKME KaK (DYHKINU U CBA3aHHBIE
MEeTOJbI, I MHOTHE [PYTHE).
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OmHAaKO, B OTJIMYME OT OOLIUHBIX CIIMCKOB, OOBEKT OUepear aBTOMATHIYe-
CKH YIIPABJAET ONEPAIUAMYU IPUOOPETEHN 1 OCBOOOK IeHI S OJIOKUPOBKH,
0saromapsa 4eMy B KasKIbIM KOHKPETHBIA MOMEHT BPEMEHU N3MEHATh Oue-
penb MOXKeT TOJIbKO OAWH IIOTOK. BeJleCcTBHE 9TOr0 HPOrpaMMbI, HMCIOJIb-
3yIOIe Ouepeny IJIs OPraHM3aIluM B3aMMOAENCTBUIM MeXIY IIOTOKAMMU,
M3HAYAJIBHO 00€CIIeYnBAIOT IOAAEPIKKY MHOIOIIOTOYHOM MOJEJIY BBIIIOJIHE-
HUS ¥ 0OBIYHO HE MCIIOJL3YIOT CBOU COOCTBEHHBIE OJIOKMPOBKY AJIA JOCTYIIA
K JAHHBIM 13 IIOTOKOB BBLIIIOJIHCHUSI.

ITomo6HO APyrUM MHCTPYMEHTAM M3 apceHaJsia MOAAePsKKU TOTOKOB BBITIOJ-
HeHUs B A3bIKe Python, ouepeau yauBuUTeIbHO IIPOCTHI B UCIOJIH30BAHUM.
Tak, cueHapuii B mpuMepe 5.14 moposkJaeTr nBa IIOTOKA-OTPeOUTEN, KO-
TOpPbIE OXKUJAOT MOABJEHUA TaHHBIX B O0IIIEll ouepeau, U YeThIPe IIOTOKA-
TPOU3BOAUTEINA, IEPUOANUECKY, UePe3 OIpPeleIeHHbIE NHTEPBAJLI BpeMe-
HU, IIOMeIaloIIe TaHHBIE B oUuepenb (I KasKIO0ro M3 HUX YCTaHOBJIEHA
CBOSI TIPOJIOJIPKUTENIBHOCTh MHTEPBAJIa, YTOOBI UMUTHUPOBATH BBLITIOJTHEHUE
IIUTEJNbHBIX omeparmii). JpyruMu cjoBaMu, dTa IIPOrpaMMa 3alycKaeT
ceMb ITOTOKOB BBITIOJTHEHUA (BKJIIOUAA TVIABHBIN ITOTOK), IIIECTh U3 KOTOPBIX
obpairaoTca K o0Ieii ouepeau mapaJsijiealbHo.

IIpumep 5.14. PP4E\System\Threads\queuetest.py

“B3aNMOfIEICTBNE MOTOKOB Npon3BoaMTENEl W noTpebuteneit nocpeacTsoM oyepenn”

numconsumers = 2 #f KOMNMYecTBO MOTOKOB-NOTPebUTEne
numproducers = 4 # KONMYecTBO MOTOKOB-NPOU3BOAMTENEN
nummessages = 4 # KONM4ecTBO COOOWEHW, NoMewaeMbix NPOU3BOANTENEM

import _thread as thread, queue, time
safeprint = thread.allocate_lock() # B MpPOTMBHOM Cny4ae BbBOA MOXET
# nepemewnBaTbLCH
dataQueue = queue.Queue() # obwaa ovepenb HEOrpaHMYEHHOTO pasMepa

def producer(idnum):
for msgnum in range(nummessages):
time.sleep(idnum)
dataQueue.put(' [producer id=%d, count=%d]" % (idnum, msgnum))

def consumer(idnum):
while True:
time.sleep(0.1)
try:
data = dataQueue.get(block=False)
except queue.Empty:
pass
else:
with safeprint:
print(‘consumer’, idnum, ‘got =>", data)

'

if __name__ == '__main__
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for 1 in range(numconsumers):
thread.start_new_thread(consumer, (i,))

for 1 in range(numproducers):
thread.start_new_thread(producer, (i,))

time.sleep(((numproducers-1) * nummessages) + 1)

print(‘Main thread exit.’)

IIpeske yeM f MMOKAaKy BBIBOJ 3TOTO CIIEHAPUSA, A X0UY IOAUYEPKHYTH HEKO-
TOpPBIE BasKHBIE MOMEHTHI B 9TOM IIPOT'PAMMHOM KOJ€e.

AprymeHT unu rno6anbHas nepemeHHas?

O6paTuTe BHUMaHNe, YTO CChIJIKA HA Oouepenb COXpPaHseTcsa B INI00aJIbHOI
nepeMeHHOI. Biarogaps aToMmy ouepenb MOMKET UCII0JIb30BATHCSA BCEMHU I10-
POKAEHHBIMU IOTOKAMY BBITTOJHEHUA (BCE OHU BBIIIOJIHAIOTCSA B OAHOM IIPO-
mecce U B OZHOM IJIO0AJBHOM IIPOCTPAHCTBEe uMeH). [IoTOKM M3MEeHAI0T caM
00'bEKT Ouepeny, a He CCHLIKY B IIEPEMEHHOIi, II03TOMY OHU TOUHO TaK Ke
Moruiu 661 paboTaTh C OUepenbio, ecau ObI OHA IIepefaBaiach, KAk apryMeHT
(GYHKIIUU, BBITIOJHAEMON B ToTOKe. Quepennb ABIAETCA COBMECTHO HCIOJIb-
3yeMbIM O0'EKTOM B IaMATH, U HEBAKHO, KAKUM CIIOCOOOM IIOTOK 00peTeT
CCBLIKY Ha Hero (IOJIHYIO BEPCUIO CIleHAPUd, (DparMeHT KOTOPOTO IIPEICTaB-
JIeH HUJKe, BBI HalifieTe B (haiiye queuetest2.py, B [epeBe IPUMEPOB):

dataQueue = queue.Queue() # obunit 00bEKT, HeorpaHU4eHHb pasmep

def producer(idnum, dataqueue):
for msgnum in range(nummessages):
time.sleep(idnum)
dataqueue. put(‘ [producer id=%d, count=%d]" % (idnum, msgnum))

def consumer(idnum, dataqueue):

if __name__ == "_main__":

for i in range(numproducers
thread.start_new_thread

for 1 in range(numproducers
thread.start_new_thread

producer, (i, dataQueue))

producer, (i, dataQueue))

—~ L~

3aBepu1eHv|e nporpamMmbl C AO0OYHEPHNUMU NOTOKaMMU BbINMNOJIHEHUSA

Ob6paTuTe Tak:Ke BHUMAaHNe, UTO CIeHAPUI 3aBepllaeT CBOIO pabdoTy BMe-
cTe ¢ 3aBepIlleHreM IJIABHOT'O IIOTOKA, IIPU TOM, UTO MOTOKU-TIOTPEOUTeIn
TIPOAOJI?KAIOT BBITIOJIHATE CBOM OECKOHEUHBIH IUKJI. TOT IIPHEeM IPEeKPacHO
nmeiictByeT B Windows (11 B OOJIBIIIMHCTBE APYTUX CUCTEM) — IIPU MUCIIOJIH30-
BaHUM MOAYJA _thread mporpaMMa IPOCTO 3aBepIaeT CBOIO PaboTy BMeCTe
C TJIaBHBIM TTOTOKOM. VMIMEHHO TT09TOMY MBI UCIIOJIH30BAIN (PYHKIIUIO Sleep
B HEKOTOPBIX IpUMepax — UTOOBI JaTh AOUEPHUM IIOTOKAM BO3MOXKHOCTH
3aBePINUTHh CBOIO pabOTy, 1 MMEHHO IT0ATOMY HaM HET HeoOXoAmMOCTu Oec-
TOKOUTBLCA O 3aBEPIITEHUY ITOTOKOB-TIOTPEeOUTEIe, KOTOPhIe B JAHHOM ITPU-
Mepe BBITIOJIHAIOTCS B 06CKOHEYHOM ITUKJIE.
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OpHAaKO IPU UCIIOJH30BAHUY aJIbTEPHATUBHOI'O MOAYJIA threading mporpam-
Ma He MOYKeT 3aBepIIHUTHCSA, KOTAa XOTd Obl OAUH IOTOK ITPOJOJIMKAeT pa-
00Ty, ecyii TOJIBKO OH He OBLJI 3aIyIeH, KaK nomok-0emoH. B wacTHOCTH,
mporpaMMa 3aBepIlIaeTcsd, KOTa B HEHl 0CTAIOTCA TOJBKO MOTOKU-TEMOHBI.
IIpu cospaHUM TOTOKM HACJEAYIOT IPUSHAK MPUHAMJEKHOCTHA K IIOTOKAM-
IeMOHaAM OT IIOTOKAa, IIOPOAUBIIEro nX. [JIaBHBIN IIOTOK B IIpOrpaMMax Ha
aspike Python me MmoskxeT OBITH IEMOHOM, TOI'Ia KAK IIOTOKM, CO3LAaHHbIE 0e3
TIOMOIITA ATOTO MOAYJIA, CYUTAIOTCA JeMOHAMU (BKJIIOUas HEKOTOPbBIE IIO-
TOKU, cO3laBaeMble pacirnpeHusamMu Ha a3bike C). YToObI mepeonpenesnThb
IPU3HAK, YHACJEJOBAHHBIN 0 YMOJTYAHUIO, MOKHO BPYUYHYIO YCTAHOBUTH
aTpubyT daemon o6'beKTa ITOTOKA. [[pyrumMu cjioBaMu, IOTOKU, HE OTHOCAIITN-
ecs K IIOTOKaM-IeMOHaM, IPEeIATCTBYIOT 3aBePIIEHNIO IPOrPaMMBbl, 1 IIPO-
rpaMMBbI IPOJOJIXKAIOT paboTaTh, IIOKa He 3aBepIlaTcA Bce IIOTOKU, CO3JaH-
HBIE IO/ yIIpaBJIeHneM MoAyJa threading.

ATy 0COOEHHOCTh MOYKHO pacCcMaTPUBaTh KAK JOCTOMHCTBO MJU KaK Hemo-
CTaTOK, B 3aBUCHUMOCTH OT IIOTPEeOHOCTEH IIPOrpaMMbl, — C OJHOI CTOPOHBI,
KOT/Ia He UCIIOJIb3yeTCA MEeTO] j0in, Mjim Korza IrJIaBHBINA IIOTOK He IIPHUOCTa-
HaBJINBAeTCA HA HEKOTOPOE BPeMs, OHA MOKET IPUHYIUTEIHLHO 3aBEPIIATh
paboune MOTOKHU; C APYTOi CTOPOHBI, OHA MOJKET IIPEIATCTBOBATh 3aBepIIe-
HUIO IPOrpaMMBbI, KaK II0OKasaHo B mpuMepe 5.14. YToObI 3TOT mpuMep MOr
paboTaTh IpU UCIOJIb30BAHUMN MOAYJA threading, MCoONb3yiiTe caeayoiee
aJIbTEPHATUBHOE pellleHre (CMOTPUTE TOJHYIO Bepcuio B (aiine queuetest3.
PY B IepeBe IPUMEDPOB, a TaKKe ClleHapuii thread-countthreading.py — B Ka-
YecTBe JEMOHCTPAIIUU TOTO0, IJIe MOMKET IIPUTOUTHCA IPENATCTBOBAHME 3a-
BEPIIIEHUIO):

import threading, queue, time
def producer(idnum, dataqueue):

def consumer(idnum, dataqueue):
if __name__ == ‘__main__’
for 1 in range(numconsumers):
thread = threading.Thread(target=consumer, args=(i, dataQueue))
thread.daemon = True # uHaye nporpamma He 3aBEpPUMTCH
thread.start()

waitfor = []

for 1 in range(numproducers):
thread = threading.Thread(target=producer, args=(i, dataQueue))
waitfor.append(thread)
thread.start()

for thread in waitfor: thread.join() # wiu 6onbwoe 3Ha4eHue B time.sleep()
print(‘Main thread exit.’)

MeE1 emrie BepHEMCA K TOTOKAM-IEMOHAM U K IIPO0JIeMe 3aBEPIIIEHN IIOTOKOB
B riaBe 10, Korma OymeM u3ydaTh 0COOEHHOCTHU peasm3aliuu rpapuuecKux
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unrepdeiicos. Kak Mbl yBUAMM, B TOM KOHTEKCTE BCE IPOMCXOAUT TOUHO
TaK JKe, 3a UCKJIIOUEHUEM TOI'0, UTO TaM IJIaBHBIN IMOTOK OOBIUHO 3aHUMAET-
ca obearykuBaHueM rpaduyeckoro nuarepdeiica.

3anyck cueHapus

Temeps BepHemcsa K mpumMepy 5.14. Huske mIpuBOAUTCA BBIBOM 3TOTO IPUMe-
pa 1mocJie 3amycKa Ha MOeM KOMIIbloTepe moj yrupasiaenueM Windows. O6-
paTuTe BHMMAaHUE, UTO HECMOTPA HA aBTOMATUYECKYIO KOODAUHAIIUIO 06-
MeHa JAaHHBIMU MeXKIY MOTOKAMHU C IIOMOINLIO OUepenu, B 9TOM CIleHApUU
HO-TIPeKHEMY He00XO0IMMO UCIO0Ib30BATh OJIOKMPOBKY AJIA CUHXPOHUBAIINHT
IOCTyIa K CTaHJZAapTHOMY IIOTOKY BBIBOJa — OUYepedb CUHXPOHUBUPYET 00-
MeH TaHHBIMHU, HO B HEKOTOPBIX IIPOTPAMMAX BCEe PABHO MOKET IIOTPebo-
BaTbCA HCIIOJb30BaTh OJOKUPOBKHU AJIS APYTUX IeJieii. Kak ObLIO mMOKasaHo
B IPeAbIAYIIUX IIPUMepax, ecjii He MCIO0Jb30BaTh OJOKUPOBKY safeprint,
BBIBOJ OT Pas3HBIX ITIOTOKOB-TIOTPEOUTENIell MOKEeT IIepeMeIlInBaThCs, II0-
CKOJIBKY €CTh BEPOSITHOCTD, UTO IMIOTOK-IIOTPEOUTENb OyIeT IIPHUOCTAHOBJICH
B IIPOIIECcCe BBIMIOJTHEHU A OllepPaIluy BbIBOA:

C:\...\PP4E\System\Threads> queuetest.py
consumer 1 got => [producer 1d=0, count=0]

consumer 0 got => [producer id=0, count=1]
consumer 1 got => [producer id=0, count=2]
consumer 0 got => [producer id=0, count=3]
consumer 1 got => [producer id=1, count=0]
consumer 1 got => [producer id=2, count=0]
consumer 0 got => [producer id=1, count=1]
consumer 1 got => [producer id=3, count=0]
consumer 0 got => [producer id=1, count=2]
consumer 1 got => [producer id=2, count=1]
consumer 1 got => [producer id=1, count=3]
consumer 1 got => [producer id=3, count=1]
consumer 0 got => [producer id=2, count=2]
consumer 1 got => [producer id=2, count=3]
consumer 1 got => [producer id=3, count=2]
consumer 1 got => [producer id=3, count=3]

Main thread exit.

ITonpobytiTe MOSKCIIEPUMEHTUPOBATH C IIapaMeTPaMM B HadaJe 3TOTO CIie-
Hapud. EQUMHCTBEHHBIN IOTpPeOUTENb, HAIIPUMEpP, MOT Obl MMHUTHPOBATH
TJIABHBIA IIOTOK rpaduueckoro mHTepdeiica. Huike mpeacTaB/ieH BBIBOI
CIleHapUs C eIMHCTBEHHBLIM IIOTPEOUTEeM — IMOTOKHU-IIPOU3BOAUTEH II0-
mpe:kHeMy I00aBJSIOT JaHHBIE B OUepelb B JOCTATOYHO CJIAYUYANHOM IIO-
pPAIKe, IOTOMY UTO IIOTOKY BBIIOJHAIOTCA IapaJljieJbHO IPYT C APYTOM U C
TIOTOKOM-TIOTPEeOUTEIEM:

C:\...\PP4E\System\Threads> queuetest.py

consumer 0 got => [producer id=0, count=0]
consumer 0 got => [producer id=0, count=1]
consumer 0 got => [producer id=0, count=2]
consumer 0 got => [producer id=0, count=3]
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consumer 0 got => [producer id=1, count=0]
consumer 0 got => [producer id=2, count=0]
consumer 0 got => [producer id=1, count=1]
consumer 0 got => [producer id=3, count=0]
consumer 0 got => [producer id=1, count=2]
consumer 0 got => [producer id=2, count=1]
consumer 0 got => [producer id=1, count=3]
consumer 0 got => [producer id=3, count=1]
consumer 0 got => [producer id=2, count=2]
consumer 0 got => [producer id=2, count=3]
consumer 0 got => [producer id=3, count=2]
consumer 0 got => [producer id=3, count=3]

Main thread exit.

Kpome ocHOBHEBIX 0COOEHHOCTEIT ouepeeil, IPOAeMOHCTPUPOBAHHLIX B 3 TOM
CIleHApUHU, OUepear MOI'YyT UMeTh (DMKCUPOBAHHBIN WJIV HEOIPDAHUYEHHBIN
pasmep, a MeToAbI get u put MOr'yT OJIOKMPOBATh UJIU He OJIOKMPOBATH BBI3BI-
BalOIINII MOTOK — IOAPOOHOE oIlrcaHme MHTepdeiica ouepeeil Bbl HalifeTe
B PYKOBOJCTBE II0 CTaHIApTHOH O0ubanorexke Python. OnHako, mOCKOIBKY
MBI TOJIBKO YTO ITOITPOO0BAIN CEBIMUTUPOBATH TUMINYHYIO CTPYKTYPY CIleHa-
pus ¢ rpadguueckuM nHTEP(DEHCcOM, IPOAOIKUM UCCIeI0BAHNE dTOT'O IIOH -
TUS JaJIbIIIe.

Mpadunyeckme nHTepdencbl U NOTOKU BbIMOJIHEHUS:
npepBaputesibHoe 3HAKOMCTBO

Mpu1 errte BepHEMCSA K IIOTOKAM BBITIOJTHEHUA U 0UePEeNAM U PACCMOTPUM J0-
MOJHUTEJbHbIE TPUMEPhI UX MCIIOJb30BAHUS, KOT/Ia I03Ke OyaeM u3yJaThb
IpueMbl co3mauuA rpadpuueckux mHTEpdeiicoB. B mpumMepe mpUIOKeHUA
PyMailGUI, npexacraBiienHoM B ritaBe 14, ITUPOKO OYAYT MUCIIOJIb30BATHCA
WHCTPYMEHTHI YIIPABJEHUSA MOTOKAMU BBITIOTHEHUS U OUEPemsIMU, TIpe-
craBJeHHbBIMU 37ech. B riaBax 10 u 9 6ymyT obCcyKIaThCA 0COOEHHOCTH
WCTOJIb30BAHUSA MHOTOIIOTOUYHOM MOJEJNU BBITIOJHEHUS B KOHTEKCTe Ouob-
auorexku tkinter MHCTPYMEHTOB IJIA HOCTPOECHUS IpauUecKoro nHrTepderi-
ca, — KaK TOJbKO MBI IIOBHAKOMIMCS C Hell mobmske. B aToM pasgese MbI He
OyzeM IOTpyKaThCA B IIPOrPAMMHBIN KOJ, HO OTMETHUM, UTO ITOTOKU BBITIOJI-
HeHUA OOBIUYHO ABJSIOTCS HEOTHEeMJIEMOU YacTbI0 OOJILIITMHCTBA HETPUBU-
aJbHBIX rpad@uyeckux naTEpPdeiicoB. Mogeab GyHKIIMOHNPOBAHUA MHOTUX
rpaduyecKknx uHTEPGECcOB MpeacTaBadgeT co00l KOMOMHAIIMIO IIOTOKOB
BBITIOJIHEHU A, OUepeieii U IIUKJIOB, BEITIOJIHAEMBIX II0 TaiMepy.

U Bot mouemy. B KoHTeKcTe rpaduueckoro nurepderiica gobdas omepanus,
BBITIOJTHEHNE KOTOPOM MOYKET ObITh 3a0JJOKMPOBAHO MJIU 3aHATDH MIPOJOJIIKU-
TeJIbHOE BpeMsi, JOJI’KHA 3aIlyCKAThCs B IapaJjjieIbHOM IIOTOKE, YTOOBI I'pa-
duueckuii mHTEpP(deiic (TJIaBHBIA MOTOK) OCTABAJICS AKTUBHBIM WM ITPOIOJI-
JKaJI OTKJIMKAThCSA Ha IeHCTBUS oIib3oBaTesid. [logo0HbIe omepamuy MOKHO
OB1JIO OBI 3aIIYCKATh B BUIe OTAEJbHBIX IIPOIECCOB, OAHAKO 3(h(HeKTUBHOCTH
TIOTOKOB BBIIIOJTHEHUS U IOAAeP:KUBaeMasi UMU BO3MOKHOCTH COBMECTHOTO
WCIOJIb30BAHNUA MaMATH IIpoIlecca AejlaeT UX UAeaJTbHBIM UHCTPYMEHTOM



[OTOKM BbINOSIHEHUSA 299

JJIL pellleHus MOoJO0OHBIX 3amad. Kpome Toro, Tak Kak 6oJbIIasg 4acTh MH-
CTPYMEHTOB cO3/faHuA Irpaduueckux nHTepGeiicoB He I03BOJIAET OOHOBIATH
uHTepdeiic cpady U3 HECKOJBKUX IIOTOKOB, TO BHECEHNE U3MEHEHNUH B I'pa-
(uueckuit uHTEPdEiic OyAET OTPAHNUEHO TJIABHBIM IIOTOKOM.

Tak Kak TOJIBKO IIaBHBIN IIOTOK JOJIXKEH B 00IIleM cIyuae NU3MeHATHL NHTEeP-
(detic, TporpaMmbl ¢ rpaduyecKUM UHTEP(EcoM 00BIYHO IPUHUMAIOT CJIe-
IYIONINI BUJ: IIABHBIN OTOK, KOTOPBIM 00CIyKHBaeT nHTEepdeiic, 1 oquH
WJIV HECKOJIBKO JOJITOKUBYIIIUX ITIOTOKOB-IIPOM3BOAUTEIEH — IT0 OZHOMY II0-
TOKY IJIs KaKIoi sagaun. [[Jid CHHXPOHU3AIIUY IOTOKOB BCE IVIO0AJIBHBIE
JaHHBIE TIepeNaloTCA MEKAY HUMU C IOMOIIBIO IVIO0AJLHBIX OUuepeeii: pa-
0oure MOTOKU IOCBLIAIOT PEe3yJIbTaThl, & IMOTOK, YIIPABIAIONININ rpaduye-
cKuM uHTepdeiicoM, TOTpedIaeT ux.

Ecau ropoputs 60J1ee onpeesieHHo:

o [ 1a8HbLIL NOMOK BBHIIIOJIHAET BCe U3MEHEHUA B IpaduuecKoM uHTepdeit-
ce U 3aIlyCKaeT ITUKJI, BHITOJIHAIOIUNICSA 110 TaliMepy, KOTOPHIH BBITIOJ-
HAET IIePUOANUECKYIO IIPOBEPKY HAJUUNS HOBBIX JaHHBIX B OUEPEU I
orobpaskeHudA Ha sKpaHe. B 6mbauoreke tkinter, Hanpumep, 1A nepuo-
IUUYEeCKON IPOBEPKU OUepeay MOYKHO MCIIOJIb30BaTh MeTof after(msecs,
func, *args). Tak Kaxk Takme COOBITUA PACIIPOCTPAHSAIOTCS IPOIECCOPOM
coOBITUH T'paduuyecKoro nHTepdeiica, Bce U3MeHeHUuA B nHTEepdeiice 0y-
YT BBIMTOJHSATHCS TOJHKO B IJIABHOM IIOTOKeE (M YaCcTO 9TO SBJISIETCS 00s-
3aTeJIbHBIM TPeOOBaHMEM, M3-3a TOr'0 UTO MHCTPYMEHTHI CO3TaHUSA I'pa-
duyecKknx nHTEPDEHCOB PEIKO IIOAAEPKUBAIOT MHOT'OIIOTOYHY O MOEJIh
BBITIOJTHEHU A).

o JlouepHue nomoxu BOOOIIe He BRITIOJHAIOT OIEPAIii ¢ rpad)MueCcKUM UH-
Tepdeiicom. OHU JIUITH TPOU3BOAAT JAHHBIE U ITOMEIAIOT UX B 0Uepeb,
OTKyZa 5TU AaHHBIe OyAyT M3BJEKATHCA TVIABHBIM ITOTOKOM. [Ipu Heo6-
XOAUMOCTH [OUYEPHUE IIOTOKY MOI'YT IIOMEIaTh B ouepenb QyHKIIUKU 00-
PaTHOTrO BBIZOBA, KOTOPbIE OYIYT BEISBIBATHLCA INIABHBIM IOTOKOM. B mpo-
rpamMMax ¢ rpapuuecKkuM uHTepPdeicoM 00LIUHO HEeIOCTATOYHO IIPOCTO
nepegatsb (PYHKIIMIO 00paTHOrO BbI30BA, M3MEHSIOIIYI0 MHTepdeiic, us
TJIaBHOT'O TIOTOKA B JOYEPHUI U BHI3BIBATH €€ OTTyga — (DYHKIIUA OyAer
BBITIOJTHATHCSA B JJOUEPHEM IIOTOKE M, BOBMOKHO, TIapaJjjieJIbHO C APYTH-
MU IIOTOKAMU.

Tak Kak TOTOKM obOecmeuymBaiOT 0oJiee BBICOKYIO OT3BIBUMBOCTDL T'padu-
YecKoro mHrepgdeiica, ueM IIUKJ Ha OCHOBE TaiiMepa, TaKas OpraHmus3alus
IPUJIOKEHUS IT03BOJIAET u30eKaTh OJOKMPOBaHUA MHTepdeiica (IOTOKU-
IPOUBBOAUTESN PabOTAIOT IapajijieibHO ¢ rpadguueckuM HHTEpdeiicom)
U He TePATHh BXOASAIME COOBITUSA (IOTOKU-IIPOU3BOAUTENN AEUCTBYIOT He-
3aBHUCHUMO OT ITMKJIa COOBITUI rpaduueckoro nuTepdeiica U BHIITOIHIIOTCA
C MaKCUMaJbHOU CKOPOCTHIO). I'IaBHBIN MOTOK, 0OCHy:KUBaOIUil rpadu-
uecKuil muHTEpdeEiic, OymeT 0ToOpasKaTh Pe3yabTaThl U3 0UePeau TaK ObICTPO,
KaK TOJBKO 9TO BO3MOKHO B KOHTEKCTe 00Jiee MeJIEHHOTO ITNKJIa COOBITUHI
rpaduyeckoro nuTepdeiica.
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Kpowme Toro, nmeiitTe B BULY, UTO, HE3aBUCHUMO OT HAJUUUA IOALEPKKHI MHO-
TOIIOTOYHOI MOJ[eJIX BHITIOJTHEHUS B MHCTPYMEHTEe CO3MaHUs IpadpruecKoro
uHTepdeiica, MHOTOIIOTOUHLIE IPOTrPaMMBI ¢ rpaduuecKuM mHTepdeiicom
TO-TIPEKHEMY NOJIMKHBI IPUAEPKUBATHCA OOINX HTPUHIIUIIOB MOCTPOEHUS
MHOTOIOTOYHBIX IIPOIPAMM — MOKeT ITOTPebOoBATHhCA CUHXPOHU3WPOBATH
IOCTYII K OOIIIM pecypcaM, ecJii OH BBIXOAUT 32 PAMKU MOZEJIN C ouepe-
b0, COBMECTHO UCIIOJIb3YEeMON ITPOM3BOAUTENAMU,/ToTpebuTenamu. Ecau
JouepHUe MMOTOKY JOJIKHBI UBMEHATH IPyTrue O0Ire Pecypchl, UCIOJIb3ye-
MbIe TJIABHBIM IIOTOKOM TrpaduuecKoro mHrepdeiica, MmoxkeT morpeboBaTh-
Cs HCIIOJIB30BaTh OJIOKMPOBKHU, UTOOBI M30e:KaTh X B3auMoBIusaHuA. Ha-
IpuMep, JOUepHUEe MOTOKHU, 3arpysKalollue U KSIINPYIONue COOOIIeHUA
9JIEKTPOHHOM MOYTHI, HEe JOJIKHBI IEPEKPHIBATHCA II0 BPEMEHU € IPYyTUMU
TMOTOKaMU, MCIOJL3YIOIMIUMYU UJIU U3MEHSIOIIUMU cofgep:KumMoe Kama. To
€CTh OMHUX TOJIBKO ouepefieli MOKeT oKasaTbcsa HemocTaTouHo. Ecau 06s-
3aHHOCTD IIOTOKOB He CBOAUTCSA K PasMeIlleHII0 CBOUX JAaHHBIX B 0Uepeab, TO
MHOTOTOTOYHBIE TTPUJIOKEHUA ¢ TpaduuecKuM HHTEPGhecoM JOMKHEI YUU-
THIBATH IPOOJIEMBI, COITYTCTBYIOIINE TapaJljIeIbHOM 00paboTKe JaHHBIX.

Hasiee Mbl yBUINM, KaK MOYKHO PeaJin30BaTh MHOT'OIIOTOUHYIO MOJEJIb B I'pa-
duueckom mHTEpderice. [OMOSTHUTEIbHYI0O HHOOPMAIIUIO II0 dTON TeMe BBI
HalifeTe B IUCKYCCUU, IIOCBAIIEHHOII NCIIOJIb30BAHUIO IOTOKOB BBITIOJTHEHU S
mpu pabote ¢ mHcTpyMeHToM tkinter cosmanus rpadpuueckux naTepdeiicoB
B Iv1aBe 9, B mpuMepax peajnusalui HHCTPYMEHTOB IJis Pab0ThI ¢ IOTOKAMU
BBITIOJTHEHUA 1 ouepeqamu B ryiaBe 10 u B mpumepe npuioskenusa PyMailGUI
B iaBe 14.

Hamee B aTO# r1aBe MBI TaK2Ke BCTPETUMCA ¢ TaKkeToMm multiprocessing, moa-
JepsKKa IIPOIIECCOB M OUYepesieid B KOTOPOM ITPEOCTaBJISAET HOBBIE BO3SMOMK-
HOCTH peainudaluu Mojeau rpaduueckKoro mHrepdeiica, rie BMECTO IIOTO-
KOB BBINOJIHEHUSA UCIIOJIb3YIOTCA IIPOIECChI. ITa MOJEJb IO3BOJIsIeT 000HATH
orpaunuenue GIL, Ho ee IpuMeHeHNE MOXKET OTPUIIATEIHLHO CKA3hIBATHCS
Ha ITPOM3BOJUTEJIBHOCTH, B 3aBHUCHUMOCTU OT ILJIAT(HOPMBI, M MOXKET OKa-
3aThCs BOOOIIEe HEIPUMEHNMOM B KOHTEKCTE IOTOKOB (3Ta MOJEJNb HE IO~
IepsKuBaeT IPAMOI HOCTYII K OOIIUM U3MEHAEMBIM 00beKTaM, XPaHAITIM
nHGOPMAINIO O COCTOAHUY ITOTOKOB BHITIOJTHEHUA, OTHAKO OHA MOJIEPIKU-
BaeT MexaHu3M oOMeHa coobieHnuamMu). Ho cHavaga paccMOTPUM HECKOJIb-
KO MHTEPECHBIX MOMEHTOB, KAaCAIOIINXCs ITIOTOKOB.

Tanmepbl-NOTOKN NPOTUB TaUMepoB
rpadpunyeckoro nHtepdenca

WuTepecHo oTMETUTH, UTO MOAYJL threading sKCIOPTHUPYeET YHHUBEP-
caJbHYI0 PYHKITHIO Timer, KoTopas, KaK u MeTon after BUIKeToB B Oub-
auoreke tkinter, MoskeT MCIONB30BATHCA IJIA 3aIllyCcKa APYTroi (MyHK-
1Y II0 UCTeUeHNU YKa3aHHOI0 MHTepBaJia BpeMeH!:
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Timer(N.M, somefunc).start() # Bu3oseT ¢yHkumo somefunc yepea N.M cexyHp

OO0 BeKThI-TaliMephl MMEIT MeTo[ start(), samycKamImuii Taiimep,
a TaK:Ke mMeToJ cancel(), TO3BOJIAIONINII OTMEHUTh 3allJIAHUPOBaHHOE
coOBITHE, a KPOME TOr'0, OJKHUAaHe B HUX Peajn30BaHO B BUIE OTAENb-
HOT'O IIOTOKA BBINOJIHeHUA. Hampumep, ciaeayioninii IpUMeD BBIBEIET
COO0O0IIleHe CIYCTS 5.5 CeKyH/I:

>>> import sys

>>> from threading import Timer

>>> t = Timer(5.5, lambda: print(‘Spam!’)) # pgouyepHuit noTok

>>> t.start()

>>> Spam!

BTOT WHCTPYMEHT MOMKET IIPUTOAUTHCA B CaAaMbIX Pa3HBIX CUTyalluAX,
HO OH He JIOJI’K€H HCI0JIb30BaThCA B IrpaduuecKuxX nHTEepdeiicax: 0TIo-
sKeHHadA QYHKIUA Oy/eT BbI3BaHa B KOHTEKCTE TOYEPHETO ITIOTOKA, a He
B IVIABHOM IIOTOKeE IrpaduuecKkoro maTeppdeiica, roaToMmy oHa He JOJIK-
Ha BBIIIOJIHATH UBMeHeHUudA B rpadudeckoM uHTepdeiice. Meron after
u3 ombamorexu tkinter, HAIpPOTUB, BBHI3BIBAETCS M3 IMKJA 00paboT-
KU COOBITHI I'IABHOT'O IIOTOKA BBIIOJHEHUS 1 3aIllyCKaeT YKasaHHYIO
(YHKIIUIO B TJIABHOM IIOTOKE, IOATOMY OHA CBOOOIHO MOKET U3MEHATh
rpaduyueckuit uHTEPQEIC.

Hanpuwmep, ciaeqyiomiuii mpuMep BbIBEAET OKHO AuaJjiora uepes 5.5 ce-
KYHJ B KOHTEKCTe IJIaBHOT'O ITOTOKa MHCTpyMeHTa tkinter (B HexoTo-
pBIX mHTepdelicax BaM MOKeT TaKiKe MOTPedoBaThCA 3aITyCTUTh Win.
main loop()):

>>> from tkinter import Tk

>>> from tkinter.messagebox import showinfo

>>> win = Tk()

>>> win.after(5500, lambda: showinfo(‘Popup’, ‘Spam!’))

B nmocnenmeii cTpoke 37ech IIJIaHUPYeTCs OMHOKPATHBIN 3ayCK (PYHK-
IIUY B TVIAaBHOM IIOTOKE BBITIOJTHEHUA rpaduuecKkoro nuTepderica, Ho OH
He TIpUOCTaHaBJIMUBaeT PAaboTy BBIBLIBAIOINEH MPOrpaMMbI U IIO3TOMY
He O0J0oKHupyeT rpapuueckuii nuTepdeiic. Hurxke mpuBoguTcsa sKBUBa-
JIeHTHasa u 60Jiee mpocTas opma:

>>> win.after(5500, showinfo, ‘Popup’, ‘Spam’)

B cienyroiieil yacTu KHUTHY, B riaBe 9, mogpoOHee OygeT paccKasbl-
BaThcA o0 6ubauoTeke tkinter u o meroze after, a B rimaBe 10 — o posu
TIOTOKOB BBLITIOJTHEHU A B IIPUJIOMKEHUAX € Tpa)muecKuM MHTEP(ENCOM.
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MNoppo6GHee o rMob6anbHOM GNOKUpPOBKe
nHTepnpeTatopa (GIL)

9ra TeMa OTHOCHUTCSA K 00JIaCTH HI3KOYPOBHEBOT'O IIPOI'PAMMUPOBAHUSA, 1 BO
MHOT'UX CJaydYadX MOMKHO U 0e3 DTUX 3HAHUNI YCIIEIIIHO OpraHn30BaTh MHOI'O-
MOTOUYHYI0 paboTy B mporpammax Ha sf3bike Python, HO Tem He mMeHee pea-
JIU3anya MeXaHu3Ma IOTOKOB B Python MoskeT okaspIBaTh BIUAHIE KaK Ha
IPOM3BOAUTEIbHOCTh, TAK W HA CTUJIb IIpOrpaMMupoBaHusd. B sToM pasme-
Jie IPUBOASATCS CBeJeHuA 00 0OCOOEHHOCTAX PeaM3alui 1 O HeKOTOPBIX UX

CJIeICTBUAX.
N
AOg O peanusayuu nomoKo8 6blNOJAHEHUS 6 zpaldyuiell eepcuu
s Python 3.2: B aToM pasjeie OIUCHIBAETCS TEKYIAA Peajn3aus
Lo TIOTOKOB BBITIOJTHEHU I, BKJIouasd Bepcuio Python 3.1. K momenTy

HAIMCAHUS 9TUX CTPOK Bepcusi Python 3.2 Bce eme Haxomuiach
B CTaAuy paspaboTKM, HO OJHUM 13 HOBOBBEICHUI B HEell HaBep-
Haka oOymetr nHoBas Bepcus GIL, obGecmeunBaromias 60Jiee BbICO-
KYI0 IPOU3BOAUTEIBHOCTE, OCOOEHHO B CUCTEMAaX C MHOTOAZED-
HBIMU nporeccopamu. HoBasa peanusanusa GIL mo-mpesxaemy
OymeT CHHXPOHU3UPOBaTh qocTyl K PVM (mporpaMMHBIN KOJ Ha
saseike Python mo-mpeskmemy 6GyaeT MYyJIbTUIIEKCUPOBATHCS,
KaK U paHee), HO OHA Oy[eT UCIOJIb30BATh 0oJiee dPHEKTUBHYIO
cXeMy MePeKJIIOUeHNA KOHTEKCTA, YeM HbIHe HUCII0Jb3yeMas CXe-
Ma IepeKJUYeHnsa yeped N-UHCTPYKIIUi-B-0aiiTKOIE.

ITomumo Bcero mpouero, Tekyiiasa GyHKIUA Sys.setcheckinterval,
BEpPOATHO, OyZeT 3aMeHeHa TaliMepoM C IIOAJePKKOI HOBOM cxe-
MbI. B yacTHOCTH, IOHATVE MHTEPBAJa IPOBEPKU HEOOXOIMMO-
CTU IIePEeKJIIOUEeHUs IOTOKOB BBITIOJHEHUA OyIeT JUKBUANPOBA-
HO U 3aMeHEHO abCOJIIOTHBIM 3HAUYEHUEM IIPOIOJIKUTEIHLHOCTH,
BBIPA’KEHHBIM B CeKyHIaX. Kak oKumaercs, 9TO 3HAUEHUE II0
yMOJIUYaHUIO OyZeT PaBHO 5 MUJJINCEKYHIAM, HO er0 MOKHO 0y-
neT U3MEHATH ¢ IIOMOINbI0 GYyHKIIMHU Sys.setswitchinterval.

Kpowme Toro, cymiecTBoBaso MHOKECTBO IIJIAHOB II0 IIOJTHOM JINK-
suganyu GIL (Bkaiouas npoexkT Unladen Swallow, samyiieHabrit
corpyaaukamu Google), omHaKO 10 CUX ITOP He OBLJIO IpeAcTaBJIe-
HO HU OJHOT'0 BapmaHTa pemleHusd. SI He 6epych IpeCKa3bIBaTh
Oyayiee, MOSTOMY UMTAWTE HJOKYMEHTAIIMIO K HOBBIM BEDPCHUSIM
Python, uTo6sI ocTaBaThCs B Kypce.

Crporo rosopsi, B Hacrosinee Bpems Python mcmoabsyer mexaHmsm 2.710-
6anvroll 6aorkuposku unmepnpemamopa (Global Interpreter Lock, GIL),
IpeacTaBJICHHBIM B HauaJjie 9TOTO pasfesia u 00ecIeunBaIONIUil BbIIOJIHE-
HUe uHTepuperaropoMm Python B KaKablli KOHKPETHBINI MOMEHT BpeMeHU
IPOrpaMMHOTO Koja He 0oJjiee YeM OJHOTO ITOTOKa. Kpome Toro, 4To0bI AaTh
KaKJIOMy IIOTOKY BO3MOXKHOCTH IOPaboTaTh, MHTEPIIPETATOP aBTOMATUYE-
CKU IIEPEKJIIOUaeTCs MeKIy HUMU uepe3 paBHBbIE IIPOMEKYTKU BPEMEHU
(8 Python 3.1 — myTem 0cBOGOKAeHUA U TPUOOPETEHN GJIOKMPOBKY TIOCTE
BBITIOJTHEHUSA HEKOTOPOTO UMCJIa MHCTPYKIUM B 6aiiT-Koze), a TaKsKe B Ha-
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yaJje JINTeJTbHBIX Onepalinii (HampuMep, B HauaJjie orepariuii BBOAa,/BIBOAA
B (haiiib).

Takas cxeMa II03BOJIsIET N30€KaTh IIPOOJIEM, MOTYIIIX BOBHUKHYTh, KOTIA
HECKOJIbKMM IIOTOKAM BBIIOJIHEHUS OZHOBPEMEHHO MOXKET II0TPeb0BaThCs
00HOBUTH cuCTeMHBIe fauHble Python. Hampumep, eciiu AByM HOTOKAaM pas-
PeIuTh OAHOBPEMEHHO N3MEHUTH CUETUNK CChLIOK HA 00'HEKT, Pe3yIbTaThl
MOTYT OKasaThCs HempencKasyeMbIMu. I[IpuMeHeHne 9TOH CXeMbI MOKeT
TaKJKe MOBJIeUb TOHKYE HeOUeBUAHbIE TIOCJeCTBU. B UacTHOCTH, B IpUMe-
pax MCIoJbL30BAHUS MMOTOKOB, IPUBEIEHHBIX B JaHHOI IlaBe, MBI BUEJIN,
YTO IIPU BBIBOJE B Stdout TEKCT MOIKET IIOBPeIKIaThC, €CJI TOTOKU He CUH-
XPOHUSUPYIOT CBOU OIIePAI[NU BHIBOJA C IIOMOIIHIO GJIOKMPOBOK.

Kpome Toro, xoTs riobasbHass 0JJOKMPOBKA MHTEPIPeTaTopa He paspeliaeTr
OHOBPEMEHHO BBIIIOJIHATE 60Jiee omHOro moToka Python, aToro Hegocrarou-
HO JJ1d obecrieueHns 0e30IaCHOCTH ITIOTOKOB B IIEJIOM U 9TO HUKAK He pelra-
eT mIpo0bJeMbl CMHXPOHM3AINY Ha 0ojiee BBICOKOM ypoBHe. Hampumep, eciiu
OJHOBPEMEHHO HECKOJIbKO IIOTOKOB IBITAIOTCS U3MEHUMb ONHY U TY Ke
mepeMeHHYI0, UM OOBIUHO JOJI’KEH IIPeJ0CTaABIATHCA UCKIIOUNTEIbHBIH 0~
CTYII K 00'bEKTY C IIOMOIIIBI0 OJIOKMPOBOK. B IPOTUBHOM cjIyuae CyIeCTBYeT
BEPOATHOCTD, UTO IIEPEKJIIOUEHNE IOTOKOB IIPOM30HAeT mocpeau 6aiiT-Koga
BBIPAYKEHUA, OCYIIIECTBIIAIOIETO NU3MEHEHUE.

He o6s3aTesibHO MCHOJIB30BaTh OJIOKMPOBKHU AJIA OOpAIlleHusS KO BCEM CO-
BMECTHO HCIIOJIb3yeMbIM 00'b€KTaM, OCOOEHHO €CJIN TOJBKO OJUH ITOTOK 13-
MeHsAeT 00beKT, a OCTaJbHbIE TOJbKO HAOIIOJAIOT 38 U3MEHEHUSAMU. B03b-
MUTEe 3a IPABUJIO BCEr[a WCIIOJIb30BATh OJIOKMPOBKU IJIA CUHXPOHUB3AIIUU
TIOTOKOB B Te€X CJIyYasiX, KOT[a BO3MOKHA KOHKYPEHIIUA B OllepaI[uu u3Me-
HEeHUsd, He IoJlarasich Ha TEKYIIUH cIIocod peasnsaliuu IOTOKOB.

MHTepBaﬂ nepekno4YeHNsa NOTOKOB BbiMOJIHEHUA

B HEeKOTOPHIX ciryuasx mapaJjebHble UBMEHEHU S MOT'YT BBITIOJHATHCS KOP-
PeKTHO u 6e3 IpruMeHeH! A OJIOKUPOBOK, €CJIU CIeIaTh MHTEPBAJI IIepeKIioue-
HUSA IIOTOKOB HACTOJILKO OOJIBIIINM, UTOOBI KaXKAbIi 113 IIOTOKOB MOT' BBIIIOJI-
HUTBHCA IpesKae ueM OyzeTr mepekJioueH. PyuKiusa sys.setcheckinterval(N)
ycTaHaBJIMBaeT YaCTOTY, C KOTOPOM MHTEPIIPeTaTop OyAeT BLITIOJHATDL TaKUe
omepanuy, KakK IIepeKJIIoUeHre IIOTOKOB U 00paboTKa CUTHAJIOB.

IOTOT WHTEpPBAJ U3MEPSAeTCS B MHCTPYKIIUAX OalT-KONA, BBIIOJHIEMBIX
MeKAy MepeKJIYeHnAMU. B OOJIbIIINHCTBE IIPOrpaMM He TpedyeTcs uame-
HSATH 3Ty YaCTOTY, HO C ee IIOMOII[bI0 MOKHO PeryJInpoBaTh IPOU3BOLUTEIb-
HOCTHh PabOTHI IIOTOKOB. YCTaHOBKa 0o0Jiee BHICOKUX SHAUEHUH MTPUBOILUT
K TOMY, UTO TEpeKJIOUeHNEe IIPOUCXOIUT PeKe: YMEHBIIATCSA HaKJaTHBIe
pacxoAnl Ha MepeKJIIoUeHre MOTOKOB, HO IIOTOKU MeJJeHHee OyAyT pearu-
poBaTh Ha COOBITUA. YCTAHOBKA 00Jiee HUBKUX 3HAUEHMI obecneunuT OoJiee
BBICOKYIO OT3LIBUMBOCTH ITOTOKOB HAa COOBITUSA, HO YBEJIUUYUT HaAKJATHBIE
Pacxonbl Ha MX MEPEKJII0UeHNE.
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AToMapHble onepauun

W3-3a Toro, kakuMm obpasom mHTeprnperatrop Python mcmoassyer GIL mia
CHUHXPOHU3AIIUH AOCTYIa K BUPTYaJbHOII MaIllnHe, HU AJIA KaKUX NHCTPYK-
U BLICOKOT'O YPOBHS He TaDAHTUPYETCS BHITIOJHEHVE MHCTPYKITUU IO KOH-
1A 0 ITePEeKJTIOUeHN Ha JPYTOi IIOTOK, HO OHO TapaHTUPYeTCA JJI BCeX WH-
CTPYyKIUil B 6aiiT-Kome. NHCTPYKIIUY B 6aliT-KOAE ABIAIOTCA HEJeINMbIMU,
IO3TOMY HEKOTOpBIE oriepaiuu B g3biKke Python obecieunBatoT GesomnacHyio
pabory ¢ morokamu. Taxkme omeparuu HA3bIBAIOTCA AMOMAPHLLMU, TIOTOMY
YTO MX BBIIOJHEHNE He MOYKET ObITh IPEePBAHO — U IIPU UX HMCIOJIb30BAHUU
He TpebyeTcsa 3ameicTBOBATh OJIOKMPOBKU MJIU OUepenu, UTOOLI 1M30eKaTh
npobjeM, CBA3aHHBIX C OAHOBPEMEHHBIMU N3MeHeHuAMu. Hanpumep, K MO-
MEHTY HAIIMCAHUA 3TUX CTPOK B cTaHmapTHoi peanusanuu C Python BbI-
TMOJIHAIOTCS aTOMapHO: MeToA 1ist.append, omepaiiuu n3BJIeUeHUs 1 HEKOTO-
pble ollepaluy IPUCBAWBaHUA 3HAUEHUN IIePeMeHHBIM, OOpallleHre K aJje-
MeHTaM CIIMCKOB, KJIF0UaM CJIOBapeil 1 arpubyTamM 00'eKTOB, a TaKKe HEKO-
TOpbIe APyTHe omepanuu. [[pyrue omepanuu, Takue Kak x = x+1 (1 BooOIIe
JIT00BIE OTIepaIuu, ITPU BHITTOTHEHUY KOTOPBIX ITPOMCXOMUT UTeHNE JaHHbBIX,
WX U3MeHeHUe U 3aIucCh 00PaTHO), — HeT.

OpHaKo, KaK yiKe 0TMeUaJioch BBIIIIE, He CJIeAYyeT II0JlaraTbCsi HAa 9TU 0CO-
0EHHOCTH, IIOTOMY UYTO OHHM TPeOyIOT IIyOOKOro MOHMMAHUS BHYTPEHHEeI
peanusaiuu NHTEPIpeTaTopa 1 MOI'yT UBMEHATHCS OT Bepcuu K Bepcuu. Ha
caMoM [eJie, Habop aTOMapHBIX OMEePaIlNil MOKET CYIeCTBEHHO U3MEHUTHCS
¢ BBefieHUEM 06oJiee CBOOOJHOM OT OTpaHUYEHUI peasus3aliuu IOTOKOB. Ha
TpaKTUKe IIPOIIE UCIIOJH30BaTh OJIOKUPOBKHU JJIA JOCTYIIA KO BCEM IVI00aIb-
HBIM IE€PEeMEeHHBIM U O0IIUM 00heKTaM, UeM IILITAaThCS 3allOMHUTh, KaKue
orepanuy MOT'YT WU He MOT'YT ObITh 6€30ITaCHBIMY IIPU OAHOBPEMEHHOM HC-
TOJb30BAHUY UX B HECKOJBbKUX ITOTOKAX BBITIOJTHEHUA.

MpuknagHon NHTepdenc NOTOKOB Ha A3blke C

Haxomerr, eciiu BbI cOOMpPaeTech UCIOJIb30BATh CMEIIAHHBIN TPOTPaMMHBIHN
Koj Ha a3bikax Python u C, mocmoTpuTe Takske nHTEpdEHCHI TOTOKOB, OIN-
ceIBaeMble B cTaHmapTHOM pyKooacTse mo API Python/C. B muoromorou-
HBIX IporpaMMax pacHimpeHud Ha A3biKe C JOIKHBI 0CBOOOKIATh U CHOBA
npruobpeTaTh II00aJbHYIO OJIOKMPOBKY MHTEPIIPETATOPA IPU BHIIOJHEHUN
IUIATEJIbHBIX OIePAaIii, YTOOBI IT03BOJUTD BBIMIOJHSITHC IPYTUM IIOTOKAM
Python. B vactHOCTH, DYHKIIMK B pacinpeHuAx HaA a3biKe C, BLIIOIHSIIO-
m[ye IPOIOJIMKUTEeJbHbIE OllepPalliu, JOJKHBI 0CBOOOKIATh OJIOKMPOBKY Ha
BXOJle U IIproOpeTaTh Ha BBIXO/e, YTOOBI BO3OOHOBUTH PA0OTY IIPOrPaMMHO-
ro xkoza Python.

O6paruTe BHUMaHUe: XOTsA MPOrPaMMHBIH Ko Python B pasubIx moTokax
Python He MOXKeT BBITIOJHATHCS OSHOBPEMEHHO 13-3a CUHXPOHU3AIUHA C II0-
moirbio GIL, Tem He MeHee (hparMeHThI IIOTOKOB C IIPOTPAMMHEBIM KOJOM Ha
sa3bike C TaKyI0 BO3SMOMKHOCTb UMeIOT. IlapasiiebHO MOYKET BBITTOJTHATHCS
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J11000€ YHMCJIO TIOTOKOB, IIPU YCJIOBUU, UTO OHU AENCTBYIOT 3a IpeaeaMu
BUpPTyabHOI Mamuubl Python. IloToku Ha s3biKe C MOT'YT IEpEKPHIBATDH-
CdA BO BPpEMEHHU U C APYyT'MMU IIOTOKaMM Ha A3bIKE C, " C IIOTOKaMu PythOIl,
BBIIOJTHAEMBIMHU BUPTYaJbHOU MaIlllMHOI. Biaromaps sTomy pasneneHme
OPOrpaMMHOTO KoJa Io OmbiamoTekaM Ha A3bIKe C MOXKET NMPUMEHATHCA
B IpUJIoKeHuAxX Python mis ucmonbp30BaHMsA IPEMMYINECTB MHOTOIIPOLIEC-
COPHBIX CHUCTEM.

OpHako yacTo ObIBaeT MPOIlle UCII0JIb30BaTh MIPEUMYIIECTBa MHOTOIIPOIIEC-
COPHBIX CHCTEM 3a CUeT CO3LAaHMUs IPOorpaMM Ha A3blKe Python, KoTopnie
BMECTO IIOTOKOB 3allyCKalOT IapaJjuiejbHble mIporecchbl. CI0MHOCTL IIPO-
rPaMMHOIO KO, YIPaBJSMIIIEro IOTOKAMM M IIPOIECCaMM, IIPHUMEPHO
opuHakKoBasi. IlogpoOHee 0 pacimupeHusax Ha A3biKe C 1 UX TpPeOOBAHUAX
K MHOT'OITOTOYHOI MOJIeJIN BBITIOJTHEHUA paccKkasbiBaeTcs B riiase 20. Tem He
MeHee KOPOTKO OTMeUY, 4TO B cocTaB Python BXomAT MHCTPYMEHTHI HA S3bI-
ke C (cpegu HUX mapa Makpoolpeaenennit nis ynpasiaenusa GIL), KoTopbie
MOTYT MCHOJIb30BAThCA OJIS 00EPTHhIBAHUSA HPOMOJKHUTEIbHBIX OIlepalliii
B IPOTPaMMHOM KOJle pacIIupPeHunil Ha a3biKe C 1 I03BOJISIOT HapaJjjielbHO
BBITIOJIHATLCSA APYTUM IIOTOKAM B IIPOrPaMMHOM Koje Ha A3bIke Python.

AnbTepHaTMBa Ha OCHOBeE NMpoueccoB: NnakeT multiprocessing
(onucbiBaeTcsa panee)

K macroamemy MOMEHTY y Bac JOJIMKHO CJIOMKUTHCA OOIlee IIPeACTaBJIEHUE
0 TIapaJijeJbHO BBITIOJHAIONINXCS IIPOIleccax M IIOTOKAaX, a TaKiKe 00 WH-
cTpyMeHTax B si3bike Python nast ynpasiaenus umu. Jlajsee B riiaBe MbI Bep-
HEMCS K dTUM HAesaM, Korga 0yaeM 3HAKOMUTHCA ¢ ImakeToM multiprocess-
ing — MHCTPYMEHTOM M3 CTAHAAPTHOI OMOJINOTEKN, O0beUHAIOIINM B cede
IPOCTOTY U IIePEHOCHMMOCTH IIOTOKOB C IIPEUMMYIIeCTBAMM IIPOIIECCOB, — 3a
CUeT peaJus3aliuy IPUKJIATHOTO MHTepdeiica, HAITOMUHAOIIEr0 ITIOTOKH, KO-
TOPBIII BMECTO IIOTOKOB 3aIlycKaeT mpoieccbl. OH CTPEMUTCS PEIIUTh IPO-
0JIeEMBI ITIEPEHOCUMOCTHU TONIEPIKKY IIPOIIECCOB U OTPAHMUEHUI HA UCIIOJIb-
30BaHUe IPENMYIIIECTB MHOTOIIPOI[ECCOPHBIX CUCTEM, HAKJIAJbIBAEMBIX 0JIO-
KupoBKoil GIL. Ho B HEKOTOPBIX CUTyaInuAX OH HE MOYKET MCII0JIb30BAThCA
KaK 3aMeHa IIPUeMY BETBJIEHUA IIPOIIECCOB U HAKJAIBIBAET PAJL OTPaHUUE-
HUI, KOTOPbIe OTCYTCTBYIOT IIPU paboTe ¢ MOTOKAMU, IIPOUCTEKAIOINX U3
0COOEHHOCTE! MOJIeJIu IIPOIIEeCCOB (HamrpuMep, u3MeHaeMble 00 beKThI He MO-
T'yT MCIOJb30BATbCS HEIIOCPEICTBEHHO, TOTOMY UTO MX IMPUXOAUTCA KOIIU-
poBaTh yepes3 IPAHUIIBI TPOIECCOB, a 00BEKTHI, HE MOIePIKUBAIOIINE BO3-
MOXKHOCTD CEpHAINBAIUN, TAKKE KaK CBA3aHHbIE METOIBI, BOOOIIE HE MOT'Y T
HWCIOJIb30BATHCS).

ITaker multiprocessing peanusyer HabOp WHCTPYMEHTOB, YIPOIIAIOIINX
TaKHe 3aJa4d, KaK B3aUMOJEeNCTBIe MeXKAy IIpoleccaMt U IIepefada Koja
3aBepiieHuda. IloaToMy MBI CHauasaa UCCIeAyeM MOAJEPIKKY DTUX BO3ZMOMK-
HOcTel B A3bIKe Python u momyTHO paccMoOTpuM elije HECKOJIbKO IPUMEDPOB
HCIIOJIB3OBAHMA IIOTOKOB BBIIIOJTHEHU A 1 IIPOIIECCOB.
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3aBepLueHMe nporpamMmm

Kax MbI Bugenau Bheile, B oTiamune oT aA3bika C, B Python Her QpyuKImun
«main». IIpu 3amycke mporpaMMBbI BeCh IPOTPAaMMHBII KO/l BEPXHEr'0 YPOB-
HA B (haiiie (To ecTh B (haiiyie, uMA KOTOPOTO YKa3aHO B KOMAaHIHOU CTPOKE,
HA KOTOPOM ObLJI BBIIIOJIHEH II[eJTYOK B IIPOBOJHUKE, U TAK Jjajiee) IPOCTO BbI-
TMOJIHSAETCA OT HauaJjia 1 10 KoHIla. OOBIUHO CIleHApUU 3aBepIaiTes, Koraa
WHTEPIPeTAaTOp AOCTUTAeT KOHIIA (paiiyia, HO 3aBEePIIUTD IPOrPaMMy MOKHO
¥ SIBHO C IIOMOII[bI0 MHCTPYMEHTOB U3 MOAYJIEH SyS U 0S.

3aBepLueHMe NporpaMmm cpeacTBamMu Moayns sys

Hampumep, mporpaMMy MOKHO 3aBEpPIINTL PaHbIle OOBIYHOTO, BBIZBAB
(QYHKITUIO SYS.exit:

>>> sys.exit(N) # BbX0A C KOOOM 3aBepleHus N, B NPOTUBHOM Cry4ae
# nporpamMma 3aBepuwuTCs MO AOCTUXEHUM KOHLA CUeHapus

WHTEpecHO OTMETUTH, UTO B AEMCTBUTEJIBHOCTH 9Ta (PYHKIIUSA IPOCTO BO3-
Oy:KJaeT BCTPOEHHOe HCKJIoueHue SystemExit. IloaToMy ero MosKHO OOBIU-
HBIM 06pa30M IIepexBaTblBaTh, IIT06I:;I BBIIIOJIHUTH 3aBEPIIAIOIIe IL[E!I‘/,ICTBI/IJE[.
Ecau aTo nCKIIOUeHEe He ImepexBaTblBaTh, MHTEPIIPETATOP 3aBEPIIUT pa60-
Ty Kak 00b1uH0. Hampumep:

C:\...\PP4E\System> python
>>> import sys
>>> try:
sys.exit() # cmoTpuTe Takxe: 0s._exit, Tk().quit()
. except SystemExit:
print(‘ignoring exit’)

ignoring exit

>>>
HexkoTopble mporpaMMHBIe MHCTPYMEHTHI, TAKHe KaK OTJIaJUNKY, MOTYT HC-
TOJIb30BATh 3TY OCOOEHHOCTD AJIs IPEJOTBPAIIeHUA 3aBEPIIeHUA TPOTpaM-
Mbl. PaKTUUECKU ABHOE BO30Y:K/€HUE BCTPOEHHOI'O MCKJIOUEHUS System-
Exit ¢ TOMOIIBbI0 MHCTPYKIIUM raise SKBUBAJIEHTHO BBISOBY (DYHKIIUU SYS.
exit. B mpaxTnuecKkux cueHapuax B OJIOKe try MOKHO OBLIO ObI IepexBa-
TBIBATh UCKJIIOUEHUS 3aBePIIeHns paboThl, BO30Oy K IaeMble B JIIOOOM MecTe
nporpammbl. CiieHapuii B mpumepe 5.15 3aBepiaeTcsa n3 BLITOJIHSAIONIECA
(QPYHKITUU.

IIpumep 5.15. PP4E\System\Exits\testexit_sys.py

def later()
import sys
print(‘Bye sys world’)
sys.exit(42)
print(‘Never reached’)

‘

if __name__ == ‘__main__": later()
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Ecnu 3anycTuTh 5TOT IpuMep KaK CaMOCTOATENbHBIN clieHapuii, OH 3a-
BEpIINUTCA ellle 0 TOTo, KaK MHTePIpeTaTop AOCTUTHeT KoHIa daiina. Ho
TIOCKOJIBKY MYHKITUA SyS.exit Bo30Oy:KJaeT UCKJIIOUEeHe, B CIydae MMIIOD-
TUPOBAHUA 5TON (DYHKIIUYU BBHI3BIBAIOIMI IPOrPaMMHBIN KO MOYKeT Iiepe-
XBaTHIBaTh BO30Y K IaeMOe MCKIIOUeHEe 3aBEePIIeHNA 1 OTMEHATH eT0, JIN00
mpenycMaTpuBaTrh 0JI0K finally, KOTOpBIN OyZeT BBINOJHEH IIPU 3aBepIIe-
HUIU IIPOrPAMMBIL:

C:\...\PP4E\System\Exits> python testexit_sys.py
Bye sys world

C:\...\PP4E\System\Exits> python
>>> from testexit_sys import later
>>> try:
later()
. except SystemExit:
print(‘Ignored...")

Bye sys world
Ignored. ..
>>> try:
later()
finally:
print(‘Cleanup’)

Bye sys world
Cleanup
C:\...\PP4E\System\Exits> # npouecc MHTEPaKTUBHOrO CeaHca 3aBepuuncs

3aBepLieHue NporpamMm cpeacTBaMm MOAYIA OS

Mosxmo BeiiiT u3 Python u apyrumu cmocobamu. Hanpumep, B mouepuem
nporitecce B Unix o6bIYHO BbI3bIBaeTcA GYHKIUA 0S._exit, a He sys.exit. ITo-
TOKHU MOXKHO 3aBepIliaTh C IIOMOIIbI0 PYHKIUM _thread.exit, a IpuJjiosKeHUd
¢ rpaduyecKkuM nHTEpP@deiicom Ha ocHOoBe tkinter wacTo saBepiaroTes ¢ mMo-
MoIrbio Metoma Tk().quit (). C momymem tkinter MBI ITO3HAKOMUMCS Jajiee
B 9TOII KHUTe, a ceiuac mobIMKe PACCMOTPUM MHCTPYMEHTHI 3aBEPIIeHUA
IporpaMM B MOZYJIE 0S.

IIpu BBIZOBE OYHKIIMU 0S._exit BBI3BIBAIOIIUII IIPOIIECC 3aBEPIIIAeTCs cpa-
3y, He BO30Y:KJas MCKJIOUEHHUS, KOTOPOe MOKHO II€PeXBATUTh U UT'HOPHU-
poBarh. PaKTUUYECKHU IIPU TAKOM 3aBePIIIeHUU IIPOIect IIpeKpaIaeT padbo-
Ty, He BBITAJKNUBas 0ydephbl ITIOTOKOB BBHIBOJA U He BLI3bIBAs 00pa0OTUMNKI,
BBITIOJIHAIOIE 3aKJIIOUNTEIbHEIE OepaIin (KOTopble MOXKHO OIPeaeuTh
C TIOMOIIIBI0 MOAYJIA atexit U3 cTaHgapTHOM 6UOJINOTEK M), II09TOMY B 00IIIeM
ciaydae faHHaA QYHKIUA TOJKHA NCIIOJIb30BATHCA TOJIBKO JOUEPHUMY IIPO-
meccaMu, Korza He TpebyeTcsa BRITIOJHEHUA eMCTBUH 110 3aBePIIeHNIO BCeit
nporpamMMmbl. IIpumep 5.16 miarOCTPUPYET OCHOBBI MCIOJIB30BAHUSA DTOHU
QYHKIUN.
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Ilpumep 5.16. PP4E\System\Exits\testexit_0s.py

def outahere()
import os
print(‘Bye os world’)
0s._exit(99)
print(‘Never reached’)

if __name__ == ‘__main__': outahere()

B omstmume ot sys.exit, QyHKIIUA 0S._exit HeysasBUMA AJIA UWHCTPYKIIUI 00-
paboTKu UCKJIOUeHUH try/except u try/finally:

C:\...\PP4E\System\Exits> python testexit_os.py
Bye os world

C:\...\PP4E\System\Exits> python
>>> from testexit_os import outahere
>>> try:
outahere()
. except:
print(‘Ignored’)

Bye 0s world # 3aBepuweHue npouecca WHTEPakTUBHOIO ceaHca

C:\...\PP4E\System\Exits> python
>>> from testexit_os import outahere
>>> try:
outahere()
. finally:
print(‘Cleanup’)

Bye os world # ditto

Koabl 3aBepLueHNs KOMaHA, 060104KN

0O06e QyHKIIUY 3aBePIIeHNA U3 MOAYJIEI SyS U 0S, C KOTOPBIMU MBI TOJIBKO UTO
TO03HAKOMUJIVCh, IPUHUMAIOT apI'yMeHT, OIpefeaAonuil Ko 3aBeplIeHn s
mporiecca (B QyHKIIUM U3 MOAYJSA SyS OH HeoOs3aTeseH, HO B PYHKIIUU U3
MonyJsid 0s — Heobxonmm). ITocsie 3aBepIIeHUA TPOTPAMMEBI 3TOT KOJ MOKET
3ampaInBaThCa 000JI0UKOI TN IIPOTPaAMMOi1, 3aIIyCTUBIIIEH ClieHapUi KakK
mouepHU mporecc. B Linux, HampuMep, YTOOBI TOJYUUTh KO 3aBEPIIIEeHU
TmocJiefHel TporpaMMbl, 3aIpallinBaeTcAa 3HAUeHNEe IIePeMEeHHON 000JI0UKYT
status. ITo corsarmeHW0 HeHYJieBOe 3HAUEHNE YKa3bIBAET, UTO BOSHUKJIU
KaKue-TO Ipo0IeMbl:

[markelinux]$ python testexit_sys.py
Bye sys world

[markelinux]$ echo $status

4?2

[mark@linux]$ python testexit_os.py
Bye os world
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[markelinux]$ echo $status
99

B nociiemoBaTe1bHOCTH KOMaH /I IOy THAA TPOBEPKA KOJIOB 3aBEPIITEHUA MO-
JKeT MCIO0JIb30BaThCA KaK IIpocTad hopMa CBA3U MEKAY IIPOrpaMMaMu.

MosxHO Tak:Ke IOJIYUUTH KOJ 3aBepIIeHUs IIPOIPaAMMBbI, 3allyIeHHOU py-
ruMm creHapreM. Hanmpumep, Kak pacckasblBajoch B IVIaBax 2 U 3, IPH 3a-
IIyCKe KOMaH/] 000JI0YKY KO/ 3aBePIIeHUs IIPeJOCTaABIIAETCA KaK:

e 3HaueHUe, BO3BpaIaeMoe (PyHKIHel 0S.system

e 3HaueHMe, BO3BpalllaeMoe MeTOZ0oM Close 00BbeKTa 0S.popen (II0 UCTOPH-
YeCKUM IPUUYNHAM AJid 3HaueHud None BosBpalaercsa Koz 0, UTo o3HaUa-
€T OTCYTCTBUE OIIINOOK)

e 3HaueHme, BO3BpPAIlaeMOe PA3JMUYHLIMU HHTepdeiicaMu B MOZyJe Sub-
process (Hampumep, Bo3BpalllaeMoe 3HaueHune QYHKIUK Call, 3HaueHue
arpubyTa returnvalue o6beKTa Popen u Bo3BpalllaeMoe 3HAUeHUEe METOLa
wait)

Kpowme Toro, B cryuae, Korga mporpamMMa 3alyCcKaeTcsa IPUeMOM BeTBJICHUA
TIPOIECCOB, KOJ 3aBEPIITEHUS MOKHO MOJYUYUTDH BHISOBOM (DYHKITUM 0S.wait
1 0S.waltpid B pOAUTETIBCKOM IIPOIlECCe.

nonyqel-wle KoAa 3aBepLUeHns C MOMOLLLbIO 0s.system n os.popen

PaccmorpuM cHavaJja ciaydaii ¢ KOMaHZaMU OOOJIOUKY — B OIePAIlMOHHOMN
cucteme Linux 3anmycKarTcsa IporpaMMbl u3 mpuMepoB 5.15 u 5.16, mpous-
BOIUTCS UTEHNE BBIBOJA dTUX CIEHAPUEB Uepes KaHaJIbl U IT0JIYYeHNe KOIOB
3aBepIIeHUA:

[markelinux]$ python

>>> import os

>>> pipe = os.popen(‘python testexit_sys.py’)

>>> pipe.read()

‘Bye sys world\012

>>> stat = pipe.close() #f BO3BpAWlAET KOJ 3aBepueHus
>>> stat

10752

>>> hex(stat)

*0x2a00

>>> stat >> 8 # M3BNEeKaeT KO 3aBepweHus 13 OWTOBOI MacKu
42

>>> pipe = os.popen(‘python testexit_os.py’)
>>> stat = pipe.close()

>>> stat, stat >> 8

(25344, 99)

B Bepcuu Cygwin Python mog Windows sToT mpumep neficTByeT TOYHO TaK
ske. [Ipu ncnonbzoBanmu QyHKIUY 0S.popen B Unix-moA0OHBIX CHUCTEMAX II0
OpUYMHAM, KOTOpPbIe MBI He OyZeM 3/IeCh PacCMaTpPUBATh, KOl 3aBEPIIIEHUA
TIOMeITaeTcs B OIIpeiesIeHHbIe O TOBBIE ITO3UIIVY BO3BPAIIaeMOTr0 3HAUYEH .
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Kop meficTBUTEILHO HAXOAUTCA TaM, HO UTOOBI €r0 YBUAETH, HYIKHO CIBU-
HYTB Pe3yJbTaT BIIPABO Ha BOceMb pa3psaoB. Kox saBepiiienust KoMaH[, BbI-
TIOJIHAEMBIX C IIOMOIIBI0 MYHKITUY 0S.SyStemn, MOKHO MOJIYUIUTE C TIOMOIIIHI0
O016IOTeUHON PYHKITUN:

>>> stat = os.system(‘python testexit_sys.py’)
Bye sys world

>>> stat, stat >> 8

(10752, 42)

>>> stat = os.system(‘python testexit_os.py’)
Bye os world

>>> stat, stat >> 8

(25344, 99)

Bcee sty mpuemsl eificTBYIOT 1 B cTaHAapTHOM Bepcuu Python nias Windows,
OIHAKO B TOU ONEPAIlMOHHON CHUCTeMe KO 3aBePIIeHUs YiKe He ABJIAeTCS
OMTOBOI MacKoii (IpoBepsiiTe 3HaUeHue Ssys.platform, ecau Bala mporpam-
Ma JoJI;KHa paboTaTh Ha 00eux miratdopMax):

C:\...\PP4E\System\Exits> python

>>> os.system(‘python testexit_sys.py’)
Bye sys world

42

>>> 0s.system(‘python testexit_os.py’)
Bye os world

99

>>> pipe = os.popen(‘python testexit_sys.py’)
>>> pipe.read()

‘Bye sys world\n

>>> pipe.close()

42

>>>

>>> os.popen(‘python testexit_os.py’).close()
99

Bydepusaums notToka BbiBoAa: NEPBbIN B3rNsg,

O6paTuTe BHUMAaHUE, YTO B IIOCJIEIHEN IIPOBEPKE, B IIPebIAyIeM (hpparMeH-
Te IPOrPaMMHOI0 KOJa, He IPEJIPUHNMAETCS IONBITKA IPOYUTATH BHIBO
KOMaHZbI. B MOOGHBIX CUTyaIMaX MOXKET IOTPe0OBATHCS 3alyCKaTh Ie-
JIeBOM clieHApU B HeOY@epu3o6aHHOM PEKUME, TO €CTh 3allyCKaTh NHTEP-
npetatop Python ¢ dutarom -u, miu u3MeHUTH CIleHAPU, YTOOBI OH BBITAJI-
KMBaJI BBIXOAHOI Oydep BPYUHYIO C OMOIIbI0 GYHKIMU Sys.stdout.flush.
B mporuBHOM ciiyuyae TeKCT, BHIBOAMMBIN B CTAHAAPTHBIN IIOTOK BBHIBOJA,
He OyZeT BBITOJIKHYT U3 Oydepa CTaHIAPTHOT'O ITIOTOKA BBIBOZA IIPU BHI3OBE
dyurIMU 0s._exit. ITo ymMosyaHMIO IPU NOAKJIIOUEHNN KaHayia, Kak B JaH-
HOM IIpUMepe, CTAHZAPTHBINA IOTOK BBIBOJA PAbOTAET B PEIKUME IIOJITHOM 0Y-
(depusanuy — Ipy NOAKJIIOUEHNY K TEPMUHAIY B Oydep ITOMeIaeTcsa TOIb-
KO OJ{Ha CTPOKA:
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>>> pipe = os.popen(‘python testexit_os.py’)
>>> pipe.read() # Gydeps He BuTaNKMBAWTCH NPU BbIXOAE

>>> pipe = os.popen(‘python -u testexit_os.py’) # npuHyauTENbHbI
>>> pipe.read() # Hebyhepn3oBaHHb pexmnm
‘Bye os world\n

CrpanHO, HO, HECMOTPS Ha TO, YTO MMEETCS BO3MOKHOCTBH IlepeaBaTh
(GYHKIIUAM 0S.popen M subprocess.Popen apryMeHT, YIIPaBJISIOIIUN PEKU-
mMoM U Gydepusariueii, — B JTaHHOM CJIydae 9TO He IMOMOKET. APryMeHTHI
nepefalTCsa MHCTPYMEHTAM CO CTOPOHBI BBI3BIBAIOIIETO IIPOIlecca, C KOHIIA
KaHaJia, paboTaloIlero B MOPOKIEHHONU IporpaMMe, KaK IIOTOK BBOJA, a He
KaK IIOTOK BBIBOJA:

>>> pipe = os.popen(‘python testexit_os.py’, ‘r’, 1) # nocTpouHas Oydepusauns
>>> pipe.read() # HO MOV KaHan - 3TO He NOTOK BbIBOAA MPOrpaMMbl

>>> from subprocess import Popen, PIPE

>>> pipe = Popen(‘python testexit_os.py’, bufsize=1, stdout=PIPE) # nng moero
>>> pipe.stdout. read() #t kaHana -
b’ #f He MOMOXeT

ApryMeHTHI, OIIPeNe/IAoIe peXuM o0ydepusaiiny, BO3AeCTBYIOT Ha II0-
TOK BBIBOJA BBIZBIBAIOIIETO IIPOIlECCa, Uepe3 KOTOPLI OH 3alnChIBaeT HAaH-
HbIE€ B CTAHJAPTHBIN IIOTOK BBOJA KOMAaH/bI, 4 HEe Ha IIOTOK BBIBOZA KOMAaH-
IBI, OTKY/A BBI3BIBAIOIIMII IPOIIECC YUTAET JaHHBIE.

IIpu HE0O6XOAUMMOCTH 3aIyCKaeMBIi CIleHAapUil MOYKET caM, BPYUYHYIO BBI-
TaJIKNBATh BbIXOOHBIE 6y(bepLI — IIepuognYeCKHM NJU Iepen IIpuHyguTeJIb-
HBIM 3aBepieHreM. IlogpoOHee o Oy(epusamuy MbI IOTOBOPUM, Korga 0y-
JIeM 00CY K /1aTh BO3MOYKHOCTb BOSHUKHOBEHUS CUTYAI[UU 83AUMOOLOKUPOB-
KU JaJjiee B 9TOMU IyiaBe, u elrfe pa3 — B rmaBax 10 u 12, roe Mbl y3HaeM, Kak
BCe€ 3TO YBA3bIBAETCA C COKEeTaMMU. HOCICOIII:ICY MBI BCIIOMHUJIN IIPO MOAYJIb
subprocess, pacCMOTPUM TeIleph IPeIOCTABJIAeMble UM MHCTPYMEHTHI 3a-
BepIIeHUA IPorpaMM.

NMony4yeHune Koga 3aBepLUEHUS C MOMOLLLbIO MOAYIA SprI’OCESS

Mogyab subprocess ImO3BOJAET MOJYUYUTH KO 3aBEpIIEeHUA Pa3IUUYHBIMU
cmocobaMu, KaK OBIJIO TTOKa3aHo B TyiaBax 2 u 3 (3HaueHue None B aTpubyTe
returncode yKasbIBaeT, UTO JOUEPHU IIPOIIECC eIlle He 3aBEePIITUJICH):

C:\...\PP4E\System\Exits> python

>>> from subprocess import Popen, PIPE, call

>>> pipe = Popen(‘python testexit_sys.py’, stdout=PIPE)
>>> pipe.stdout. read()

b’Bye sys world\r\n

>>> pipe.wait()

42
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>>> call(‘python testexit_sys.py’)
Bye sys world
42

>>> pipe = Popen(‘python testexit_sys.py’, stdout=PIPE)
>>> pipe.communicate()

(b'Bye sys world\r\n', None)

>>> pipe.returncode

42

Mogayab subprocess meiicTByeT aHAJOrMUYHO 1 Ha Unix-mmogo0HbBIX maIaTdop-
MaXx, Takux Kak Cygwin, Ho B oTsimuue oT QYHKITUH 0S.p0pEN, KO 3aBepIIie-
HUSA He IpeobpasyeTrcs B OUTOBYIO MACKY, U II09TOMY OH COBIIAIAET C PE3YJIb-
tarom B Windows (o6paruTe BHUMaHUe, YTO IIPU UCIIOJIb30BaHuu B Cygwin
u B Unix-momo0HBIX cucTeMaxX TpebyeTcs YyCTaHOBUTEL apryMeHT shell=True,
KaK MBI Y3HAJHX B IiaBe 2, Torna Kak B Windows sToT aprymeHT Tpedyer-
Cs YCTAHOBUTD TOJBKO [JIS 3allyCKa BCTPOEHHBIX KOMAHJ 000JI0UKU, TAKUX
Kak dirn):

[C:\...\PP4E\System\Exits]$ python

>>> from subprocess import Popen, PIPE, call

>>> pipe = Popen(‘python testexit_sys.py’, stdout=PIPE, shell=True)
>>> pipe.stdout. read()

b’Bye sys world\n

>>> pipe.wait()

42

>>> call(‘python testexit_sys.py’, shell=True)

Bye sys world

42

Kop 3aBeplueHUs npouecca
M COBMEeCTHO ucnosblyemast uHpopmauunsa

Teneps, UTOOBI y3HATH, KAK MOJIYUYUTH KOJ 3aBEPIIEHNA IIPOIecca, IOPOIK-
JMeHHOTO BETBJIEHUEM, HATIUIIIEM ITPOCTYIO IPOTPAMMY, BBITIOJIHAOIIYIO BET-
BJIEHME: cIleHapuii B mpuMepe 5.17 moporkmaeT mouepHUe IIPOIeCChl U BbI-
BOIUT KOIbI MX 3aBepIlleHUsI, BO3BpalllaemMble (PYyHKIUEH 0s.wait, moka He
OyzmeT HasKkara KJjaBuiia q.

Ilpumep 5.17. PP4E\System\Exits\testexit_fork.py

W

NOPOXAAeT [0YEePHUE MPOLECCH W NOAy4aeT KOAb MX 3aBEPWEHUS BbH30BOM OYHKLMWM
0S.wait; npuem BeTBREHMS MOXeT ucnonb3oBaTbes B Unix w Cygwin, HO oH He paboTaeT
B CcTaHpapTHoW Bepcun Python 3.1 ana Windows

npyMeYaHne . MopoxaaeMbie MOTOKM BHMOMHEHWS COBMECTHO WMCMONb3YWT rnobanbHbe
NEPEMEHHbIe, HO Kaxabii NPOUEcC MMEeT COOCTBEHHbE KOMWWM STUX NepeMeHHbX (O0AHaKo
npy BETBJEHWM NPOLECCOB (GainoBbe AECKPUNTOPH MCMOAL3YHNTCH COBMECTHO) --

exitstat 3mecb Bcerga WMEET OOHO WM TO Xe 3HaYeHWe, HO MOXeT OTNM4aTbCd B chydae
MCNONL30BaHNA NOTOKOB

TEIET
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import os
exitstat = 0

def child():
global exitstat
exitstat += 1

F H R

print(‘Hello from child’, os.

0s._exit(exitstat)
print(‘never reached’)

def parent():

3[€Cb MOXHO Bb3BaTb 0S.exit Ana 3aBepueHus
M3MEHNT rnobanbHyl0 NepeMeHHyl 3TOr0 npouecca
KOL 3aBepuweHus ang OyHkumn walt poantens
getpid(), exitstat)

while True:

newpid = os.fork() # 3anycTuWTb HOBYI KOMMIO MpoLecca

if newpid == 0: # ecnu 9TO KOMMS, BbI3BaTb QyHKUMO child
child() # xpaTb BBOAA '’ C KOHCOMM

else:
pid, status = os.wait()
print(‘Parent got', pid, status, (status >> 8))
if input() == ‘q': break

if __name__ == ‘__main__’: parent()

Ecau samyctuts oty mporpammy B Linux, Unix mam Cygwin (me 3a0bI-
BaiiTe, uTo pyHKIUA fork He paboraeT B craHmapTHON Bepcuu Python mia
Windows, — mo KpaiiHeil Mepe, Korzga s padoTaJjl HaJ YeTBEePTHIM U3JaHNeM
9TOU KHUTH), OHA BBIBEJET CJIEAYIOIIe Pe3yJIbTaThl:

[C:\...\PP4E\System\Exits]$ python testexit_fork.py

Hello from child 5828 1
Parent got 5828 256 1

Hello from child 9540 1
Parent got 9540 256 1

Hello from child 3152 1
Parent got 3152 256 1
q

Ecyiu BHUMATEIbHO U3YUYUTH 3TOT BBHIBOJ, MOYKHO 3aMETUTD, UTO KO 3aBep-
mreHus (mocJiefHee BLIBOAMMOE UHCJI0) Beerma ofuHakoB — 1. [IocKoIbKY OT-
BeTBJIEHHBIE IPOIECCHI HAUMHAIOT *KU3Hb KaK KONUU CO3JAaBIIUX UX IIPO-
IIeCCOB, OHU TaKJKe IIOJYYaIOT KOO II00aabHO maMaTu. IlosTomy Kaxk-
OB JOUEePHUI MPOIlecC IOJyJYaeT U M3MeHseT COOCTBeHHYIO INI00aJbHYIO
mepeMeHHYI0 exitstat, He Tporas sK3eMILIAPOB 9TOI IIePeMEeHHON B IPYTUX
mporeccax. B To ke BpeMA AOUEpHIE IIPOIIECCHI MOMYyYaroT Konuu (haiio-
BBIX JECKPHUIITOPOB, KOTOPBIE HCIIOJBH3YIOTCA COBMECTHO C POAUTEILCKUM
IIPOIECCOM, ¥ MMEHHO IIOATOMY BBIBOJ| OT JOUEPHUX IIPOIIECCOB IOMAaeT

B TO K€ caMoe MeCTO.
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Kop 3aBeplueHMs NnoToka
M COBMECTHO ncnosnb3yemMas MHpopmauus

B omimume oT mPOIECCOB, MOTOKU BBITIOJHAIOTCS MapajjieIbHO BHYTPU
OIHOT'O ¥ TOT'O JKe IIPOIlecca ¥ COBMECTHO UCIOIb3YIOT II00aJIbHYI0 IaMAT.
Bce motroxku B mpumepe 5.18 n3MeHAIOT OGHY U TY Ke IMI00AJIBHYIO IepeMeH-
HYIO exitstat.

ITpumep 5.18. PP4E\System\Exits\testexit_thread.py

TRIRT

NOPOXA&ET MOTOKM BHMOMAHEHWS W CNeauT 3a M3MeHeHusaMn B rnobanbHoi naMaTu; 00b4YHO
MOTOKY 3aBEPWANTCA NPU BO3BPATE W3 BHMNOMHAEMOU B HUX (QYHKUMM, HO MOTOK MOXET
3aBepWMTHCS, Bb3BaB OyHkuMio _thread.exit(); oyHkums _thread.exit urpaet Ty

Xe posib, 4TO W OyHKUMs sys.exit, u Bo3byxmaeT ucknwodeHne SystemExit; noToku
B3aVMOAENCTBYIT 4epe3 rnobanbHele nepeMeHHsle, no Mepe HafnoOHOCTW ONOKMpYyeMmbe;
BHUMAHWE: Ha HekoTopbix nnaTtoopMax MoxeT noTpeboBaTbCcsa NpuaaTb aTOMapHOCTb
BbI30BaM OYHKUMI print/input -- u3-3a COBMECTHO MCMONb3YeMbX NOTOKOB BBOAA-
BbIBOAA;

W

import _thread as thread
exitstat = 0

def child():
global exitstat # ucnonbayeTcsd rnobanbHad nepemeHHas npouecca,
exitstat += 1 #f COBMECTHO MCMOMb3yemMas BCEMW MOTOKaMu
threadid = thread.get_ident()
print(‘Hello from child’, threadid, exitstat)
thread.exit()
print(‘never reached’)

def parent():
while True:
thread.start_new_thread(child, ())

e

if input() == ‘q’: break

if __name__ == ‘__main__

s

. parent()

Huxe mokasaHo, Kak AeiicTByeT sTOT cieHapuii B Windows, — B oTiimune
OT BETBJIEHUS IIPOIIECCOB, IIOTOKY BBIMTOJHEHUS MOAAePKUBAIOTCA U B CTAH-
maptHoii Bepcum Python maa Windows. Bce moToKM mosaydaroT pasHbIe
UIeHTU(PUKATOPSI — OHU IPOU3BOJIbHBIE, HO YHUKAJbHBIE CPEIN aKTUBHBIX
TOTOKOB, ITOATOMY WX MOJKHO HCIIOJIb30BATh B KauecTBe KJIOUei cJioBa-
pA IS cOXpaHeHUs MH(OPMAIUK O MOTOKAaX (HAa HEKOTOPHIX mIaTdopMax
UIeHTU(PUKATOPHI IIOTOKOB MOI'YT MOBTOPHO MCIIOJIb30BATHLCS IOCJE UX 3a-
BEPIIIEHUA):

C:\...\PP4E\System\Exits> python testexit_thread.py
Hello from child 4908 1

Hello from child 4860 2
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Hello from child 2752 3

Hello from child 8964 4
q

O6paTuTe BHMMAHNE, YTO 3HAUeHHe TIJI00AJbHON IIepeMeHHON exitstat
B 9TOM CIleHAPUU W3MEHSeTCS Ka’KIbIM IIOTOKOM BBINIOJHEHUS, — U3-3a
TOr'0, YTO IMMOTOKU COBMECTHO MCIOJB3YIOT IVIO0AJbHYI0 MaMsATh IIPOIEecca.
9ra 0cOGEHHOCTb YACTO UCIOJB3YEeTCA i OPraHU3aluu B3aUMOAENCTBUI
MeKIy IIOTOKaMu. BMecTo TOro uTo0bl BO3BPAIlaTh KOAbI 3aBEPIIEHN, I10-
TOKU MOT'YT IPUCBANBATDH 3HAUEHU S IVI00AILHBIM II€PEeMEeHHBIM MO YIS WU
MOAUMUIINPOBATH U3MEHsIeMble 00'beKThI, a IJIS CUHXPOHU3AIIUU JOCTYIIa
K COBMECTHO KCIIOJIb3YEeMBIM dJIEMEHTAM OHU MOI'YT MUCIIOJIb30BAaTh OJIOKHU-
POBKU U ouepenu, ecjau 3TO HeoOXoauMo. B mJaHHOM clieHapUU TaK:Ke MO-
JKeT BOBHUKHYTH IIOTPEOHOCTh B CUHXPOHU3AIUY ITIOTOKOB JJI N3MEHEeHU S
1062 IbHOTO CUETUNKA, €CJIN OH KOTIa-In6o OyAeT UCII0Ib30BAThC JJIA Pe-
mIeHusd TpaKTUUYecKux sagad. MoskeT moTpeboBaThCA CUHXPOHU3UPOBATH
Iaske obpareHua K GYHKIUAM print u input, ecau Ha MCIOIb3yeMOIl ILIaT-
(hopme TOTOKU MOT'YyT OLHOBPEMEHHO 00paIaThCA K ITIOTOKAM BBOZA-BBIBO/A.
B sTOM mIpocTOM J€MOHCTPAILMOHHOM CIIEHAPUU MBI OTKA3aJINCh OT HUCIOJIb-
30BaHUA OJIOKUPOBOK, IIPEAMOJOMKUB, UTO IIOTOKMW He OyayT obpamiaTbcsa
K 9THUM OIIePaIUsIM OJJHOBPEMEHHO.

Kak mbI y:Ke 3Haem, paboTa IIOTOKa 3aBepIIaeTcsd HOPMAaJbLHBIM 00pasoM
u 6e3 cOOOIIIeHUIT, KOT/Ia IIPOMCXOAUT BO3BpAT 13 GYHKITNY, 3alyIIIeHHOI 110~
TOKOM, U 3HaUeHUe, BO3BpaIaemMoe GyHKINel, urHopupyercsa. Kpome Toro,
MOJKeT OBITH BhI3BaHa MYHKIIUA _thread.exit njia 3aBepIlieHUs BHI3BABIIIETO
ee IIOTOKA ABHO U TUXO0. ITa QPYHKIUA AEHCTBYET IIOUTH B TOUHOCTH KaK SYS.
exit (HoO He IPUHUMAET apryMeHTa ¢ KOJIOM 3aBePIeHNA) U BO30YKJaeT uc-
KJoueHue SystemExit B BbIBBaBIIEM ee MOTOKe. I109TOMY ITIOTOK MOXKHO TaK-
JKe TOCPOYHO 3aBEPIIUTD, BbI3BAB (DYHKITUIO SYS.eXit MJIu HerocpeaCcTBEHHO
B030yAuB MCKJIOUeHHne SystemExit. CiaenuTe, ogHAKO, 34 TE€M, UTOOBI HE BbI-
3BaTh BHYTPU PYHKIIMU IIOTOKA (DYHKITUIO 0S._eXit, — 5TO MOXKeT IIPUBECTHA
K CTPaHHBIM peadyJbTaTaM (Ha Moei cucteMe Linux B pesyJbTaTe IIOIBEIIN-
BaJICcA Bech IIporiece, a B Windows yHUUYTOKAJUCh BCe IIOTOKH IIpoireccal).

B asnpreprnaTuBHOM MonyJse threading peajausanusa IIOTOKOB He IMeeT MeTO-
a, SKBUBaJEeHTHOTO (PyHKIMM _thread.exit(), HO, TaK KaK eJUHCTBEHHOE
JIefcTBUE, KOTOPOE BBITIOJHSAET IIOCJIEIHUNE, — 9TO BO30YKICHNE MCKJIII0OUe-
HUA SystemExit, mpuMeHeHMe 9TOU ONepanuy IPU UCIIOJIb30BAHUYN MO YJIA
threading macT Takoii ke a(pHeKT — MOTOK HEMEJIEHHO U TUX0 3aBEPIIUT pa-
60Ty, KaK, HaIIpuMep, B cJeAyIOIneM (dparMeHTe (3TOT MPOrpaMMHBIA KO
HaxoxmurTcd B (atine testexit-threading.py B epeBe IPpUMepPOB):

import threading, sys, time
def action():

sys.exit() # wnu B03OyxaeHME UCKYeHns SystemExit()
print(‘not reached’)
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threading. Thread(target=action).start()

time.sleep(2)

print(‘Main exit’)
ITomHUTE TaKiKe, YTO MOTOKM BBIIOJHEHUS U IIPOIECChl MMEIOT COOCTBEH-
HbIe MOJeJIM NIPOLOJIKUTEJBHOCTU MKU3HU, KOTOPBbIEe MbI UCCJIeJOBaJIU
BbINIe. HarmoMHUM, UTO €CJu JOUepHUEe MOTOKHU ITPOJOJIMKAIOT BHITOJIHATH-
cd, TO TIOBeeHMe, o0eceunBaeMoe ABYMs MOAYJIAMU PaboThI C IOTOKAMU,
OymeT pasauvyaThbcAa — Ha OOJBIIIMHCTBE IIJIaT(GOPM IIporpaMMa 3aBepIIIuT-
cs, €CJIU TVIABHBIM MOTOK OBIJI CO3JAH C MOMOIIBI0 MHCTPYMEHTOB MOJYJIS
_thread, HO He CMOXKeT 3aBePIIUTHCH, €CJIN UCIIOJb30BaJICA MOAYJIb threading
¥ BCe JOUepPHIe IIOTOKHU He ObILIN 3alyIeHbl, KaK IIOTOKKU-IeMOHEI. B cayuae
HCIIOJIb30BAHUA IIPOIIECCOB ABJIAETCA HOPMAaJbHBIM, KOIZa LJOUYEPHUE IIPO-
IIeCChl «IePEeKNUBAIOT» CBOEr0 POAUTEJIS. ATY OTIUUYUTEIbLHYIO UepTy IPOo-
I[ECCOB JIETKO O0'BACHUTD, €CJIM IIOMHUTH, YTO IIOTOKU BBIMOJIHEHUSA — 3TO
BCEro JINIIb BBI3OBBI (DYHKIIMI BHYTPHU IIPOIlECCca, a MPOIlecChl — aTo OoJiee
aBTOHOMHBIE U HE3aBUCUMbIE €IUHUILBI.

ITpu mpaBUIBLHOM ITPUMEHEHU N KO/ 3aBePIIeHnA MOYKHO UCIIOJIb30BATh IJIs
0o0HapY KeHUs OITUOOK U B IIPOCTHIX IIPOTOKOJAX OOMeHa JaHHBLIMU B CHUC-
TeMax, 00pas3yeMbIX CIIeHAPUAMU KOMaHIHOI cTpoKku. Ho mpu aToMm cienyeT
MOJUYEePKHYTH, YTO B OOJILIIIMHCTBE ClleHaPUEB 3aBePIIeHNe COBIIAAET C J0-
CTHKeHIeM KOHIIA MCXOAHOTO (haiija, a O0JBIMINHCTBO (DYHKI[UI IIOTOKOB
BBITIOJTHEHU S IIPOCTO BO3BPAIIIAIOT YIIPaBJeHNe — SBHOE 3aBePIIIeHre 00bIU-
HO IIpeaycMaTPUBAeTCA TOJIbKO IJIA UCKJIIOUNTEIbHBIX CUTYaIluil U TOJIbKO
B 3aJlaHHBIX KOHTEKCTax. BaauMozelicTBre MeKAy IporpaMMaMu OOBIYHO
obecmeunBaeTca 6oJiee 6OraThbIM HAOOPOM MHCTPYMEHTOB, Ye€M IIPOCTO IIe-
pemaua IeJouMCJIeHHBIX KOJOB 3aBepIlleHNnsd, a KaKUM — PacCKas3bIBaeTCsd
B CJIeAYIOIIEM pasmesie.

B3anmopgencTema Mmexay npoueccamm

Kax MbI Bugenau BBIIIE, KOTJA CIEHAPHUU IIOPOKIAIOT NOMOKU BblNOJHE-
HUs — 3aa4l, BBIIOJHAEMbIe ITapaJieIbHO BHYTPU MPOrpaMMbl, — IIOTOKK
MOI'YT €CTECTBEHHBIM 00pas3soM IIOAJePKUBATh CBA3b APYT C APYI'OM IIyTeM
N3MEHEHU U UTeHUs IIePeMeHHBIX 1 00beKTOB B COBMECTHO MCIIOJIbL3yeMOit
ryio6anbHo maMmAaTru. Crofa OTHOCATCSA KaK JOCTYIIHbIE IepeMeHHbIe U aTPU-
Oy THI, TAK U U3MEHsAeMble 00beKThI. MBI BUIEIU TaKIKe, UTO CIaeayeT I03a00-
TUTHCA 00 MCIOJIB30BAHUY OJIOKMPOBOK JJIsT CHHXPOHU3AIINHU JOCTYIA K CO-
BMECTHO MCIIOJIb3YeMbIM 00 bEKTaM, €CJIN €CTh BEPOSITHOCTEH OJHOBPEMEHHO-
TO UX UBMEHEeHUI M3 PA3HBIX MOTOKOB. IIOTOKM BHIMOJIHEHUS TpeaaraioT
IOCTATOYHO IIPOCTYIO MOJIEJIb B3BAMMOAEHCTBUM, 1 MOJAYJIb UeUue BO MHOTTIX
CHUTyaIlUSaX peajnu3yeT CHHXPOHUB3AINIO IPAKTUUYECK aBTOMATNYECKI.

Bce craHOBUTCA HAMHOIO CJIOKHEE, KOTZa CIIeHAPUU 3aIlyCKAIOT JOUEepHUE
MIPOIeCCHl U IPOTPAMMBI, BOOOIIe He MMEIOI[ieé COBMECTHO HCIIOIb3yeMOH
mamsaTu. Ecau onpenesnTh BUABI B3aUMOAEHCTBUM, KOTOPBIE MOT'YT OCY-
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IIECTBJATBCA MEXAY IIporpaMMaMmn, TO OKaxKeTCd, 4TO GOJIBLIITMHCTBO Ba-
PHUAaHTOB MBI Y€ paCCMOTPEJIN B 9TOI U B IIpeabIaAyIinuXx rjiaBax. HaHpI/IMep,
HU e ITIePEeYrCJIEHBI IIPOCThIE MeXaHM3Mbl, KOTOPbIE€ MOI'YT pacCMaTpuBaThb-
Cd, KAK UHCTPYMEHTBI B3aHMOI[eI>JICTBHI>JI MeX Ay IIporpamMmmMmaMm:

e IIpocTshlie (aiiabt

e AprymMeHTHI KOMaHIHOIN CTPOKU

e Kopbl 3aBepIiieHUA TPOTPAMM

o Ilepeaapecalus CTaHIAPTHBIX IIOTOKOB BBOAA-BBIBOZA

e KamaJssl, cosgaBaeMble C IOMOIIBI0 QYHKIIUM 0S.p0PEN M MOLYJIST SUDPIo-
cess

Hanpumep, nepegaua mapaMeTpoB B KOMaH/IHOI CTPOKE 1 3aIINCh B IIOTOKU
BBOJIa MO3BOJIAET IIepeJaBaTh IIapaMeTpPhl BBIMIOJHEHNA IPOrpaMM; UTeHUe
IIOTOKOB BBIBOZA 1 KOLOB 3aBEPIIEHNUA JAET BO3MOKHOCTD II0JIYUYaTh PE3YJIb-
TaThbl. IIOCKOJIBKY MOPOKIaeMBIMY IIPOrPAMMAMU HACJIEAYIOTCS 3HAUCHUS
IepeMeHHBIX OKPYKEHUs, UX TaKMKe MOYKHO PacCMaTpUBaTh, KAK OIWH U3
CIoco0O0B Iepefaun KOHTeKcTa. KanaJisl, co3maBaeMble IIPU IOMOIIY (QyHK-
UM 0S.POPEeN UM MOLYJISI SUDProcess, IO3BOJIAIOT OPraHn30BaTh elle 0oJiee
INHAMUYECKUE B3aNMOLEHCTBUSA: JaHHbIE MOI'YT IIePefaBaThCs MEMXK Y IIPO-
rpaMMaMu B IIPOU3BOJIbHBIE MOMEHTHI BPEMEHH, He TOJIbKO BO BPEMS 3aIly-
CKa 1IN 3aBePIIeHNI.

ITomuMo sTX MexaHuU3MOB B 6ubamorexe Python ecth u apyrue cpeacrsa
opraHmusanuu B3ammogeilicTBuil me:xay mporeccamu (Inter-Process Com-
munication, IPC). K HuM oTHOCATCA COKeThI, pasfesseMas MaMaTh, CUT-
HaJIbI, aHOHUMHBIEe 1 UMEeHOBaHHBIe KaHAaJbl U Apyrue. HekoTopble 13 HUX
ABJIAIOTCA 60Jiee IePEeHOCUMBIMY, HEKOTOPhIE MeHee IePeHOCUMbBIMU, 1 BCE
OHU Pa3JNYaIOTCA II0 CJIOKHOCTU U chepe UCIoIb3oBaHusa. Hampumep:

o CuezHasbl TIO3BOJAIOT IIPOrpaMMaM IiepefaBaTh IPOCThIE YBEIOMJIEHUS
IPYTUM IIporpaMMaM.

o AHOHUMHbLE KAHAJIbL TIO3BOJISIOT OOMEHNBATHCSA JaHHBIMI IIOTOKAM BbI-
TIOJTHEHUA U POJICTBEHHBIM ITPOIECCaM, COBMECTHO MCIOJIbL3YIONIUM (ati-
JIOBBIE JECKPHUIITOPhI, HO 3TOT MEXaHMU3M OIIMPAETCs Ha MOJEJbL BeTBJe-
Hu 1nporieccoB B Unix-momo0HBIX cCTeMAaX, KOTOpasa He sBJISIeTCs Iepe-
HOCHMOI.

e HmeHoBaHHbLEe KAHAAbL OTOOPAKAIOTCSA B (DAIJIOBYIO CUCTEMY — OHU IIO-
3BOJIAIOT OOMEHMBATHCA JAaHHBIMU IIOJHOCTHIO HE3ABUCUMBIM IIPOrDaM-
MaM, HO OHU AocTymHBI B Python He Ha Bcex mimaTdopmax.

e (CorxembL oToOpaskaioTCsa Ha OOIIECHCTEMHBIN HA0OpP HOMEPOB CETEBBIX
IIOPTOB — OHM TOYHO TaK ’Ke IT03BOJIAIOT OPraHM30BaTh OOMEH JaHHBIMU
MeXK Iy IPOU3BOJIbHBIMY IIPOrPaMMaMu, AeHCTBYIOIIUMY Ha OTHOM KOM-
IbIOTEpe, HO IIPU STOM IIPEAOCTaBJISIOT BOSMOKHOCTDh B3aUMOIEHCTBUI
110 CeTH C IPOorpaMMaM, BEITTOMHAOIINMUCS Ha YIaJeHHOM KOMIIbIOTE-
pe, 1 K TOMY 2Ke IIPEeICTaBJIAIOT co00i HanboJjiee IePeHOCUMBIN BapHUaHT.
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X0Ts1 HEKOTOPBIE 13 HUX MOI'YT MCIIOJIb30BAThCA, KAK MEXaHNU3MbI B3aMO-
JeMCTBUI MEJKIy IIOTOKAMU BBIIOJHEHNS, HO MCTUHHAS X MOIIb CTAHO-
BUTCSA BUHA, KOVl OHU MCIIOJIL3YIOTCS AJIS OPraHU3aluY B3aNMOAeACTBU I
MesKy OTIAeJbHBIMU IIPOIeCCaMU, BOOOIIE He MMEIOI[UMU O0IIeil maMsaTH.

B manmom pasmesie MbI IO3HAKOMUMCS C KaHaJIaMu (AHOHUMHBIMU U TMEHO-
BaHHBIMH), a TaKKe ¢ curHajsaMu. IloMuMo 9TOro 3/1ech MbI BIIepPBbIe BCTPE-
THUMCS C COKeTaMU’, HO TOJIbKO B BU/e IIPeABapUTeIbHOro 3HaKoMcTBa. Coke-
THI MOT'YT HCIIOJIb30BATHCS AJIsI OPraHU3aI[MU B3AUMOAENCTBUN IIPOIIECCOB,
BBITIOJTHAIONNXCA HA OMHOM KOMIIBIOTEPE, HO TaK KaK OCHOBHOE UX Ha3HAa-
UyeHUe 3aKJII0YaeTcA B paboTe ¢ CeTAMU, OOIBIIYIO YACTh TOAPOOHOCTEH MBI
OCTaBUM JI0 YaCTU KHUTH, T/ie OyJeT paccKasbIBaThCsa O pa3paboTKe IPUJIO-
JKeHUuda quid VlHTepHeTA.

IIporpammucTsl Ha si3biKke Python moryTt mosib3oBarbesa u APyruMu Mexa-
ausmamu [PC (manpumep, pasaesseMoi IaMsaThiO, TOCTYII K KOTOPOU IIpe-
JIOCTaBJISETCA MOIYJIeM Mmap), 0 KOTOPBIX 3[IeCh HE pacCKasbIlBaeTCA M3-3a
HemocTaTka Mecta. Ecaiu Bac mHTepecyeT 4To-To 6oJjiee CreuajbHoe, UIITUTe
B pykoBozacTBax Python u Ha Be6-caiiTe mogpoOHOCTH MCHOJIb30BAHUA IPY-
rux cxem IPC.

ITo okoHUaHUM BTOTO paszesia Mbl TAKIKe UCCIeAyeM ImakKeT multiprocessing,
KOTOPBINA HIpeajaraeTr OOIOJHUTEJbHBIE U IIepeHocuMble MexaHuambl IPC,
SABJISIONINECS YacThio ero yHuBepcaabuHoro API 3amycka mpoiieccoB, BKJIIO-
yas pasaessieMyIo IaMsaTh, a TaK:Ke KaHAJbl U ouepenu IJis Iepesadn mpo-
M3BOJIbHBIX 00beKTOB Python B cepuanusosannom suge. Ho cHauaJsia mosua-
KoMuMCcs ¢ 60Jiee TPagUITMOHHBIMU IOIX0IaMU.

AHOHUMHbIe KaHasbl

Kamanbpl, Kak MexXaHU3M B3aUMOIENCTBUA IPOTPaMM, Peau3yIOTCs orepa-
IIMOHHOII CUCTEMOIi, a cTaHmapTHasa 6ubanorexka Python sums obecrieunBa-
eT IOCTYII K HuM. KaHaJbl — 9TO OHOHATIPABJIEHHBIE TTOTOKY BBOAA-BHIBOIA,
IO CBOEMY JeMCTBUIO HAIlOMUHAIONHe 0ydep B COBMECTHO MCIIOJIb3yeMOit
naMATH, nHTepdelic KOTOPOro ¢ 00enx CTOPOH IIOXOYK Ha IIPOCTOH (haii.
B camoM THOMYHOM cJydae MCIIOJb30BAHUSA OMHA IIPOrpaMMa IIHUIINET JaH-
HbIe C OHOI'0 KOHITa KaHaJla, a BTopasi YUTaeT UX ¢ Apyroro Kouia. Kaxmgas
U3 IporpaMM BHJUT TOJBKO CBOM KOHeIl KaHaJia u oopabaTbIBaeT ero ¢ Io-
MOIIBIO OOBIYHBIX (QDYHKIIUH A paboTsI ¢ (paiizamMu.

Boabmryio yacTs paboThI ¢ KaHAJIAMU IPO/IEIBLIBAET OIIEPAIIOHHAA CUCTEMA.
Hampumep, QyHKIUY 114 YTeHUA JAaHHBIX U3 KaHaJia 00BIYHO OI0KUPYIOMm
BBIBBIBAIOIIYIO IPOTPAMMYy, TTIOKA JaHHBIE HE CTAHYT JOCTYIIHHI (TO €CTh 0y-
IyT OTIPaBJE€HbI IPOrPaMMOM Ha APYTOM KOHIIE), BMECTO TOTO UTOOBI BO3-
BpalaTh NPU3HAK KoHIa (paiiiaa. Kpome Toro, yHKIMS YTeHUSA U3 KaHAJIA
BCera BO3BpAalllaeT caMble «CTapble» JaHHbIe, 3alIMCAHHbIe B KaHAJI, TO eCTh
KaHaJIbl PeaJnu3yioT MOIEJb «IIePBbIM IIPHUIIIEJI, IIePBLIM YIIIeJ» — JaHHBIE,
KOTOpBIe OBLIM 3alKUCAHbl PAHBIIE, OYAYT IPOYUTAHBI B IEPBYIO OUEpPeb.
Takue 0COOEHHOCTU TO3BOJSAIOT WCIIOJH30BATh KaHAJBI IJIs CUHXPOHU3A-
MU BLINOJHEHUA He3aBUCUMBIX IIPOTPAMM.
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Kananwr ObIBalOT OBYX BUJOB — GHOHUMHbLE VI UMEHO6AHHble. VIMeHOBaH-
Hble KaHaJbl (MHOTA uX HasbiBaloT «fifo») mpencraBaAOTCA B KOMIBIOTE-
pe B Buze (daiina. Tak KaKk IMeHOBaHHBIe KaHAJbl (PaKTUUECKU ABJIAIOTCA
BHEIITHUMU (paiiiaMu, B3aUMOAEHUCTBYIOINE IPOIECChI BOOOIIE MOTYT OBITH
He CBA3aHBI POJICTBEHHLIMU y3aMU — OHU MOT'YT OBITH COBEPIIIEHHO HEe3aBU-
CUMBIMU IIPOTPaMMaMU.

AHOHMMHBIE KaHAJbI, HAIIPOTUB, CYIIECTBYIOT TOJBKO BHYTPU IIPOIECCOB
U OOBIUHO MCIIOJIB3YIOTCA BMECTE C IIPUEMOM 8emaJleHUs IIPOILECCOoB, KaK
CPEJICTBO CBSA3UW POJUTENILCKOTO W IOPOMKIEHHOTO [IOYEpPHETro IIPOIIECCOB
B IPUJIOKEHUU: POSUTEDH 1 IIOTOMOK OOIIIAaI0TCSA Uepe3 COBMECTHO MCIIOJIb-
3yeMble TeCKPUIITOPHI (haiijioB KaHaJJ 0B. IIOTOKU BBIMTOJHEHUA NEHCTBYIOT
B OJHOM U TOM JKe IIPOIlecCe 1 COBMECTHO MCIOJIb3YIOT BCIO TJIO0ATBHYIO Ta-
MATH, ITI09TOMY aHOHMMHBIE KaHaJIbl MOT'YT MCIIOJIb30BAThCA 1 JJIA B3aMO-
IeNCTBUUA MeXKIy HIIMMU.

OCHOBbl aHOHUMHbIX KaHaJl0B

ITocKObKY aHOHMMHBIE KaHAJBI SBJISIOTCS Hanbojee TPaIUIIMOHHBIM WH-
CTPYMEHTOM, MbI ITO3HAKOMUMCS C HIUMU B IIePBYI0 ouepenb. CiieHapuii B mpu-
mepe 5.19 cosmaeT KOMMIO BBISBLIBAIOINETO IIPOIECCa C IMIOMOIBI0 (PYHKITNHT
0s.fork (c BeTBJIeHHEM TIPOIIECCOB MbI TOBHAKOMUJIUCEH BBIIIIE B OTOH TJIaBe).
ITocste BeTBI€HUS NCXOAHBIN POAUTEIHLCKIUI IIPOIECC U €T0 JOUEePHAST KON
00ITIaI0TCA MEXK Ty co00¥ uepes3 KaHaJl, CO3MaHHbIN (QyHKITMeH 0S.pipe mepen
BeTBIeHreM. @YHKIIUA 0S.p1ipe BOZBPAIIaeT KOPTEXK C ABYMsA deckpunmopa-
MU (ailoe — HUSKOYPOBHEBBIMU HIeHTU(GUKaTOpaMu (haiyioB, ¢ KOTOPBIMU
MBI IOSHAKOMMJINCH B IVIaBe 4, IIPeACTAaBIAIONIMMU BXOTHON M BBIXOLHOU
KOHITBI KaHaJja. Tak KaK 0TBeTBJIEHHBIN JOUEPHU IIPOIecC IMOJIyUaeT KOnuu
MTeCKPUITOPOB (haiijiOB CBOETO POAUTEJSI, TO IPU 3AIIMCHU B JECKPUIITOD BbI-
XOJHOTO KOHIIA KaHaJjia B JOUePHEM IIpoIecce JaHHbIe ITOChLIAI0TCI 00paTHO
poauTeIo TIo KaHaJly, CO3TaHHOMY J0 CO3JaHUsA JOoUePHero mpoiecca.

IIpumep 5.19. PP4E\System\Processes\pipel.py

import os, time

def child(pipeout):

zzz = 0

while True:
time.sleep(zzz) #f 3aCTaBNTb POAUTENs NOAOXAaTb
msg = (“Spam %03d" % zzz).encode() # kaHans - [ABOWYHbE Oaimbl
os.write(pipeout, msg) # 0TNPaBUTb [AHHLIE POAMTENI
zzz = (zzz+1) % 5 #t nepexon k 0 nocne 4

def parent():

pipein, pipeout = os.pipe() # co3aaTb KaHan ¢ 2 KoHuamu

if os.fork() == 0: #f co3naTb KOMui npouecca
child(pipeout) # B Konuu BbI3BaTbL child

else: # B poauTene caywaTb KaHas
while True:

line = os.read(pipein, 32) #f 0CTAHOBMTLCA [0 NOMYYEHUS LAHHbIX
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print(‘Parent %d got [%s] at %s’ % (os.getpid(), line
time.time()))

parent()

Ecau zanmyctuts sty mporpammy B Linux, Cygwin maum B apyroit Unix-
mogo0HOM cucreme (PYHKIIUA pipe mMeeTcsA B CTAHZAPTHOM pean3alluu
Python xns Windows, a BoT QyHKIuA fork — HeT), TO POAUTENbCKUI IIPO-
Imecc IpH KaKJIOM BBI30Be 0S.read OyHeT KOAATh, IIOKA AOUYEPHHUII IPOIlEcC
OTIIPABUT JaHHBIE B KaHaJ. 3IeCh JOUEPHUUA U POAUTEIbCKUII IIPOIECCHI
JeHCTBYIOT IIOUTH KaK KJIMEHT U CePBepP — POAUTENb 3aIlyCKAeT JOUEePHUIA
IIPOLIECC U 2KJAET OT Hero MHUInanuy ooMena.! I[J1ia uMuTauu AJanTe bHbBIX
orepanuil JOUePHUHN IPOIeCC 3aCTABJIACT POAUTEN KAATh KaKI0€e CIemy-
foIree cOOOIeHre HA OMHY CeKYHAY M0JIbIIe IPEeIbIAYIIEero ¢ IOMOIIIbIO BbI-
3o0Ba GyHKIUU time.sleep, MOKa 3aeprKKa He JOCTUTHET UYeThIPeX CeKYH/I.
Korga cueTunk 3amep:xKku zzz craHoBuTca paBubiM 005, ou cOpackiBaeTcs
oopatro B 000, 1 oTcueT HAUMHAaETCA cCHaUAaJIa:

[C:\...\PP4E\System\Processes]$ python pipel.py
Parent 6716 got [b’Spam 000" ] at 1267996104.53
Parent 6716 got [b'Spam 001" ] at 1267996105.54
Parent 6716 got [b’Spam 002" ] at 1267996107.55
Parent 6716 got [b’Spam 003" ] at 1267996110.56
Parent 6716 got [b’Spam 004" ] at 1267996114.57
Parent 6716 got [b’Spam 000" ] at 1267996114.57
Parent 6716 got [b’'Spam 001" ] at 1267996115.59
Parent 6716 got [b’Spam 002° ] at 1267996117.6
Parent 6716 got [b’Spam 003" ] at 1267996120.61
Parent 6716 got [b’Spam 004" ] at 1267996124.62
Parent 6716 got [b’'Spam 000" ] at 1267996124.62
Parent 6716 got [b’Spam 001" ] at 1267996125.63

...u mak danee: Ctrl-C dns 8brxo0a...

ITonaTusa «KJIUEHT» U «CcepBep» OYyAYT Pa3bACHEHBI B YaCTU KHUTY, IIOCBAIIEH-
HOU npuiokeHuam aia MuatepHera. Tam B3aumoeiicTBue OyLeT OpraHN30BaHO
C IIOMOIIIBIO COKETOB (C KOTOPHIMY MBI BCTPETUMCS Jjajiee B 9TOU I'JIaBe U KOTO-
pBle TPy0O MOKHO HA3BaTh ABYHAIIPABIEHHBIMU KAaHAJAMU CBA3U MEXKAY IIPO-
rpaMMaM¥, BEIIOJHAIOINMUCA Ha KOMIIBIOTEPAX, COEJUHEHHBIX CEThI0, NI Ha
OJTHOM U TOM K€ KOMIIBIOTEPE), HO MOJesib o0MeHa nH(GOpMAaIlUe B IeJIOM OCTa-
eTcsa cxoskeli. ImenoBarHbIe KaHAJH! (fif0), onmcrIBaeMble HUMKE, JTyUIIIE COOT-
BETCTBYIOT MOJEJN KJINEHT/CePBEP, IOCKOIbKY JOCTYI K HIM MOXKET OCYIIIECT-
BJIATHCA IPOUB3BOJILHBIMY, HECBASAHHBIMU IIPOIIECCAMU (BBIIOJIHATH BETBJIEHNE
upu aToM He Tpebyerca). Ho kak MBI yBUIUM, MOJ€JIV COKETOB II0BCEMECTHO HC-
OJIB3YIOTCA GOJIBITMHCTBOM IIPOTOKOJIOB clieHapueB aia MHTepHeTa — coob1Ie-
HUA BJIEKTPOHHOM IIOUTHI, HAIIPUMED, ABJIAIOTCS, IO CyTH, BCETO JIUIIH (hopMa-
TUPOBAHHBIMU CTPOKAMU, IIepefaBaeMbIMU MEXKAY IIPOTPAMMAaMU YePe3 COKETHI
CO CTAaHZAPTHBIMU HOMEDPAMU IIOPTOB, 3aPEe3ePBUPOBAHHBIMU [JIA IIPOTOKOJIOB
o0MeHa BIIEKTPOHHOU IIOYUTOM.
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ObparuTe BHUMaHUe, UYTO POAUTEH IPUHUMAET U3 KaHaJa CTPOKY 0aiiTOB.
HdaHHBIE Uepe3 IPOCThIe KaHAJBI OOBIYHO IIEPEefaloTCs B BUIE CTPOK Oaii-
TOB, €CJIV OHU O0CTYKUBAIOTCA C IPUMEHEHNEM NHCTPYMEHTOB I Pa6OTHI
¢ mecKpunTopaMu (paigoB, ¢ KOTOPEIMHY MBI BCTPEUAJUCh B IiaBe 4 (KaK MBI
BUJEJIN TaM, THCTPYMEHTHI UT€HUA U3 JeCKPUITOPOB U 3aIIUCH B TECKPUII-
TOPBI, UMEIOIIIeCA B MOZYJIEe 0S, BCETZIa BO3BPAIIIAIOT ¥ IPUHUMAIOT CTPOKU
6aiiToB). IMEHHO ITOATOMY MBI BEIHYKIEHBI B JOUEPHEM IIPOIECCe BPYUHYIO
KOIMPOBATH TEKCT B CTPOKY OAMTOB II€pe] 3aIlMChbI0 B KaHAJ — OIEePaIius
dopMaTUpPoOBaHUsa CTPOK HE MOJKET IIPUMEHAThCA K cTpokaM OaliToB. Kak
OyzeT IIOKAas3aHO B CJIELYIOIEeM pasjeJie, JeCKPUIITODP KaHajla MOKHO 00ep-
HYTb 00bEKTOM TEKCTOBOTO (haiija, KaK MBI Jejlajiid 9TO B IpUMepPax IIaBbl
4, HO BTOT IIPUEM O0ECIIeUUT JUIIL aBTOMAaTUYECKOe KOOIUPOBAHNE U JeKO-
IUpOBaHUe IIPU Iiepefiaue TaHHBIX CPeACTBAMU 00'beKTa, TOTa KaK BHYTPU
KaHaJia JaHHbIe BCe PaBHO OyAYT IlepefaBaThca B (hOPMe CTPOK OaTOB.

OGepTbiBaHMeE AeCKPUNTOPOB KaHana obbektamu pannos

IIpu BHUMAaTEIbHOM PACCMOTPEHUY BBIBOAA IIPEABIAYIIIETO CIIeHAPUA MOMK-
HO 3aMETUTh, UYTO KOTJa CUETUNK 3aJ€PKKU B JOUEPHEM IIPOIleCCe JOCTUTA~
et sHaueHus 004, poaguTeabCKUI IPOIECC MOJyUYaeT U3 KaHaja cpasy aBa
COOOIIeHNA — JOUEPHUI IPOIIECC 3alIMChIBAET ABa PA3JIUYHBIX COOOIIEHU,
HO Ha HEKOTOPBIX IJIaTdopMax WU MPU OMPeAesIeHHBIX HacTpPOMKax (OT-
JINYHBIX OT TE€X, YTO UCIIOJB3YIOTCA 3/[eCh) OHU MOT'YT OKa3aThbCA JOCTATOYHO
OJIM3KY IO BpeMEeHHU U ITOJIyUYeHbl POIUTEeIeM KaK OTUH 0JI0K JaHHBIX. B meti-
CTBUTEJHLHOCTU POAUTEIb KaKIBIN Pas CJIENO 3aIpalrnBaeT YTeHne He 00-
Jee 32 6aiTOB, HO MOJIYUYAET TOT TEKCT, KOTOPBII €CTh B KaHAJIE.

YT0o06BI OTAEIATH OJHO COOOII[EHE OT JPYTOr0, MOKHO OIPENEIUTh AJII Ka-
HaJia CHMBOJI-Pa3/ieIuTeNb. I 9TOT0 MOXKHO UCIOJIb30BAaTh CUMBOJ KOHITA
CTPOKY, TaK KaK MOYKHO OOEDHYTbH JEeCKPUIITOP KaHaJja o0beKToM (haiiia
C IOMOIIbI0 QYHKIUY 0S.TdOpen u UCIoJIb30BaTh ero MeTof, readline mjda mo-
HUCKa B KaHaJe OuepeHOro pasaenauTesid \Nn. Kpome Toro, sToT nprem no3Bo-
JIUT UCIIOJIL30BaTh 60JIee MOITHBIE MHCTPYMEHTHI 00'EKTOB TEKCTOBBIX (hati-
JIOB, C KOTOPBIMY MBI IIO3HAKOMMJINCE B IyiaBe 4. Takaa cxema peasimzoBaHa
B mpumepe 5.20.

ITpumep 5.20. PP4E\System\Processes\pipe2.py

# aranornyeH cueHapwio pipel.py, Ho 006epThHBAET BXOAHOW AECKPUNTOP KaHana
#f oO6bekTOM ¢arna ansg 0becnevyeHnss NoCTPOYHOTO HTEHUS AaHHbIX,
# 1 B 000MX NpoLeccax 3akpuBaeT HEMCNONb3YyeMblil JeckpunTop kaHana

import os, time

def child(pipeout):
zzz = 0
while True:
time.sleep(zzz) # 3aCTaBUTb POAMTENA NOAOXAATb
msg = (“Spam %03d\n’ % zzz).encode() # kaHans - ABOW4YHbHE dainb B 3.X
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os.write(pipeout, msg) # 0TNpaBNTb [aHHLe POAWUTENIo
777 = (zzz+1) % 5 # nepexon K 0 yepes 5 uTepauuit

def parent():

pipein, pipeout = os.pipe() # co3aaTb KaHan ¢ 2 KoHLamy

if os.fork() == 0: # [OYepHUn Mpouecc nuueT B kaHan
0s.close(pipein) # 3aKkpuHTb [ECKpUNTOp BBOAA
child(pipeout)

else: # B poauTene caywaTb KaHan
0s.close(pipeout) # 3aKpHTb OEeCKpPUNTOp BbBOAA
pipein = os.fdopen(pipein) # cos3paTb 00bEKT TEKCTOBOro ¢aina

while True:
line = pipein.readline()[:-1] #f 0OCTAHOBNUTHLCS [0 MOMYYEHUS AaHHbIX
print(‘Parent %d got [%s] at %s’ % (os.getpid(), line
time. time()))

parent()

JTa BepcudA paclIupeHa TeM, UTO 3aKPbléaem HEeUCIoab3yeMble KOHITBI Ka-
HAJIOB B KaXKJIOM IIporiecce (HAITPUMED, ITOCJEe BETBJIEHUSA POAUTETbLCKUI
IPOIleCC 3aKPbIBA€T CBOIO KOIIMIO BBIXOMHOTO KOHIIA KaHaJia, B KOTOPBIHN
OUIIIEeT JOUePHUN IIpoIece); 00BIYHO IIPOrPaMMbI JOJIXKHBI 3aKPLIBATh HEHC-
moJIb3yeMble KOHITBI KaHAaJI0B. B 5T0M HOBOII BepCUM POAUTEIO IIPU KaiKI0M
UYTeHUU U3 KaHaJia rapaHTUPOBAHHO BO3BPAIIlAeTCSA OJHO COODIIeHe Jouep-
Hero mpoiiecca, II0TOMY UTO IIPU 3allCH BCe OHU Pa3e/Ig0TCA MapKepaMu:

[C:\...\PP4E\System\Processes]$ python pipe2.py
Parent 8204 got [Spam 000] at 1267997789.33
Parent 8204 got [Spam 001] at 1267997790.03
Parent 8204 got [Spam 002] at 1267997792.05
Parent 8204 got [Spam 003] at 1267997795.06
Parent 8204 got [Spam 004] at 1267997799.07
Parent 8204 got [Spam 000] at 1267997799.07
Parent 8204 got [Spam 001] at 1267997800.08
Parent 8204 got [Spam 002] at 1267997802.09
Parent 8204 got [Spam 003] at 1267997805. 1
Parent 8204 got [Spam 004] at 1267997809, 11
Parent 8204 got [Spam 000] at 1267997809. 11
Parent 8204 got [Spam 001] at 1267997810.13

..u mak danee: Ctrl-C dns 8vixoda...

OGpaTuTe BHUMAaHUE, UTO B 9TOI BepPCUU TEKCTOBbIE JaHHBIE Tellepb BO3Bpa-
mialoTcA B BUAe 00beKTa Str, TaK KaK (pyHKIUA 0s.fdopen mo yModaHUIO
yCTaHaBJIWBAET PEKUM I IIPU OTKPHITHU (aiina. Kaxk y:ke ymomMmHaIOCH,
o0MeH JaHHBIMHU Uepe3d KaHaJbl OOBIYHO ITPOUCXOAUT C HMCIIOJHL30BAHU-
eM CTPOK 0aiiToOB, KOTJa JECKPUIITOPHI HMCIIOJB3YVIOTCA HEIOCPEICTBEHHO,
Cc IpUMeHeHWeM WHCTPYMEHTOB U3 MOAYJIA 0S, HO 00epThIBaHUE AECKPUII-
TOPOB O0BeKTaMu (hailjioB ITO3BOJIAET HCIOJIb30BATH AJIA IIPEACTABICHUA
TaHHBIX CTPOKU Str. B aTom mpumepe AeKogupoBaHue 6aMTOB B CTPOKY Str
B POAUTEIbCKOM IIPOIECCE BBIMOJHSETCS omepalueil ureHus. VICmonb3o-
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BaHme QPyHKIUY 0S.fdopen U TEKCTOBOT'O PeXKIMa B JOUEPHEM IIpoliecce IIo-
3BOJINJIO OBbI 130€:KaTh HEOOXOAMMOCTHY KOTUPOBAHUA JaHHBIX BPYUHYIO, HO
9TO KOJUPOBAHUE B JIIOOOM CJIyUae BHIMIOJHAJIOCH ObI 00beKTOM (haiiia (XoTa
rogupoBanue cuMBoiIoB ASCII, Kak B JaHHOM IpHUMepe, ABJIAETCA JOCTa-
TOYHO TPUBUAJLHOU omeparmeir). YTo KacaeTcsa IPOCTHIX (haiIoB, TYUIITUH
pesxuM 00paboTKY JaHHBIX B KaHAJE OIIPe/IesIAeTCA CAaMOM NX IIPUPOJIOH.

AHOHMMHbIE KaHasibl U MOTOKU BbINOJIHEHUSA

dyurmua 0s.fork, ucmoab3dyemMasi B IpuMepax U3 MPeabIAYINero pasmiesa,
HeIOCTYyIHAa B craHmapTHOU Bepcum Python mias Windows, Ho QyHKIUA
0s.pipe mocrymnHa. Tak KaK Bce IIOTOKM BBITIOJHEHHUSA PabOTAIOT B paMKax
OJIHOI'0 ITPOIECCA M COBMECTHO HCIIOJIB3YIOT MEeCKPUIITOPHI (haiiaoB (1 BCIO
rI00aIbHYIO IIaMSTh), 9TO MO3BOJISET MCIOJIb30BATH AHOHUMHBIE KAHAJIBI
[JIsI CAHXPOHU3AIUY ITOTOKOB BBIMOJIHEHUS. JTO, BO3MOYKHO, 00JIee HU3KO-
YPOBHEBBIA MeXaHU3M, YeM ouepeny UJIU o0Iiue 00beKThl, 1 TeM He MeHee
OH 00ecIlieynBaeT NOIOJHUTEIHLHOE CPEICTBO OPraHU3aIluY B3aNMOAeICTBU I
MeKAy IIOTOKaMU BbITTOJIHEHUA. TaK, B mpumepe 5.21 1eMOHCTPUPYETCA TOT
JKe croco0 oOMeHa JaHHLIMU C IIOMOIIbI0 KaHaJa, HO yiKe MeXK /Ay IIOTOKaMH,
a He MeXKy IIPOoIleccaM.

Ilpumep 5.21. PP4E\System\Processes\pipe-thread.py

#f QHOHMMHBIE KaHanbl ¥ NMOTOKW BHINONHEHWS BMECTO NPOLECCOB
# oTa Bepcua pabotaeT 1 B Windows

import os, time, threading

def child(pipeout):

77z = 0

while True:
time.sleep(zzz) #f 3aCTaBNTb POAMTENS MOOOXAATb
msg = (“Spam %03d" % zzz).encode() # KaHans - ABOWYHbE (Al
os.write(pipeout, msg) # 0TNpaBNTb AaHHHe POAUTENH
zzz = (zzz+1) % 5 # nepexon k 0 nocne 4

def parent(pipein)
while True:
line = os.read(pipein, 32) # OCTQHOBUTHCHA [0 NOMYHEHUS [aHHbIX
print(‘Parent %d got [%s] at %s’ % (os.getpid(), line, time.time()))

pipein, pipeout = os.pipe()
threading. Thread(target=child, args=(pipeout,)).start()
parent(pipein)

Tak kKak cranmapTHad Bepcusa Python xias Windows mommepsxuBaer moro-
KU BBINIOJIHEHUS, JaHHBIN clieHapuii Oyzer padorats u B Windows. Breisog
CIleHAPU IIOX0XK HAa IPEeAbIAYIINI, HO B3aNMOJENCTBYIOIIMMY CTOPOHAMU
3/leCh ABJIAIOTCS MOTOKM BBIMOJHEHNS, a He Ipolecchl (00paruTe BHUMA-
HUe, UTO 13-3a 0ECKOHEUHBIX I[UKJIOB II0 KpaiiHell Mepe OAUH M3 IIOTOKOB
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BBITIOJIHEHUS MOYKET He 3aBePIIUTHLCS Mocjae HaxaTusa Komouuamuu Ctrl-C —
4TOOBI OCTAHOBUTH IIPOIlECC python.exe, BBINOJIHAIOIUNA 3TOT CIeHAPUI,
B Windows mosxer morpeboBaThcsa BbI3BaTh [ucnetyep 3aaay (Task Manager)
VIV 3aKPBITh OKHO KOHCOJIN):

C:\...\PP4E\System\Processes> pipe-thread.py

Parent 8876 got [b’Spam 000" ] at 1268579215.71
Parent 8876 got [b’'Spam 001" ] at 1268579216.73
Parent 8876 got [b’Spam 002' ] at 1268579218.74
Parent 8876 got [b’Spam 003" ] at 1268579221.75
Parent 8876 got [b’Spam 004’ ] at 1268579225.76
Parent 8876 got [b’'Spam 000' ] at 1268579225.76
Parent 8876 got [b’Spam 001" ] at 1268579226.77
Parent 8876 got [b’Spam 002" ] at 1268579228.79

.. mak danee: Ctrl-C unu JJucnemuep 3aday 0as 6bLx004...

JByHanpaBneHHbI 0OMeH AaHHbIMU
C MOMOLLLbIO aHOHMMHbIX KaHasnoB

OOBIYHO KaHAaJIbI MMO3BOJISAIOT JaHHBIM II€peMeIaTbCs TOJBKO B OZHOM Ha-
IpaBJIeHNU — OAUH KOHEIl ABJIIETCA BXO0M, APYTO# BHIX0A0M. A KaK ObITh,
ecau moTpedyeTcA OpraHU30BATh OOINlEHWE MEKIYy IporpaMMaMHu B 000MX
HampaBaenuax? Hampumep, ogHa mporpaMMa MOXKeT MOChLIaTh IPYyToii 3a-
mpoc Ha WHMOPMAIINIO U JKAATH MOJyUYeHua 3Toi mHpopmaruu. OnuH Ka-
HaJI He MOXKeT CIIPABUTHCA C TAKUMU JBYHATIPABJIEHHLIMU IIePEeroBopaMm,
HO 9TO MOYKHO Peajin30BaTh C IOMOIIBIO ABYX KAHAJIOB: OJUH KaHAJ NCIIOJIb-
3yeTrcs s mepefadu 3ampoca, a BTOPOI — IJIA MEePechlIKM OTBETa 3amIpo-
CHUBIIIEH IIporpaMme.

Tak TpoucXOAUT BO MHOYKECTBE MpPaKTUUeCKUX HpuMeHeHuii. Hampumep,
OFHAKABI A HamrcaJ rpaduuecKuil mHTepdelic 14 OTIafunKa KOMaHTHOM
crporku C-mo06HOr0 A3bIKA IPOTPAaMMUPOBAHUA U CBA3aJ [Ba IIPOIlecca
KaHaJaMU, UCIIOJIb3Yys ONMChIBAEMBIN ITpueM. I'padmrueckuit mHTEpPQEIC 3a-
TYCKAJICS KaK OTAEJIbHBIN IIPOIECC, KOTOPHIH KOHCTPYMPOBAJ 1 OTIIPABJIAN
KOMAaHJBI OTJIASUYNKY KOMAaHIHON CTPOKU B €ro IIOTOK BBOJA Uepe3 KaHAJ,
a 3aTeM aHaJM3UPOBAJI Pe3yJIbTaThl, BO3BpAIllaeMble OTJIaTUNKOM Yepes ero
TOTOK BBIBOZA. I'padmueckuii mHTep@deiic BICTYIAJ B POJIU IIPOrPaAMMUCTA,
BBOJAAIIETO0 KOMaHIBI C KJIaBUATYPHI, 1 KAK KJHEHT OTJIaJuuKa-cepBepa.
Boo0611e roBops, BOBMOKHOCTH 3aIllyCKaTh IIPOrPaMMbl KOMAHHOM CTPO-
KU KaK JJoYepHUe IIPOIeCChl, C TOTOKAMX BBOJIa-BbIBO/A, MTOIKJJIIOUEHHBIMU
K KaHaJlaM, II03BOJIAET J00aBJIATH HOBbIe HHTEP(EICh K CTaphIM IIPOrpaM-
mam. IIpocToit mpumMep peasusanuu rpadpuueckoro nHTepdeiica mogo0HOro
pozna Mbl yBuauM B riase 10.

Mopgyns B mpumepe 5.22 neMOHCTPUPYET OIUH M3 CIIOCOO0B peamsaruu
UJeU CBA3LIBAHUSA CTAHAAPTHBIX IIOTOKOB BBOJA U BBIBOJA ABYX IIPOrPAMM.
B Hem QyHKIIHA Spawn 3aIllyCKaeT HOBYIO JOYEPHIO IPOrPaAMMY U COeIUH -
eT IIOTOKY BBOJA ¥ BBIBOZA POAUTEIbCKON IPOrpaMMBbI C IIOTOKAMHU BBOJA
¥ BBIBOJA JOUEPHEHN IPOrpaMMbl. ITO 03HAUAET, UTO:
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Ror;[a POANTEIb UNTAaeT N3 CBOEro CTaHJapTHOI'O IIOTOKa BBOJA, IIPO-
HUCXOOUT YTE€HUEe TEeKCTa, OTIIPaBJI€HHOI'O ].'[O‘IepHefI HpOI‘paMMOfI B CBOH
CTaHI[apTHLIfI IIOTOK BBIBOJa.

Korma poguTtenb 3amuchIBaeT B CBOM CTaHAAPTHBINA IIOTOK BBIBOZAA, IPO-
WCXOLUT OTIIPABKA JAHHBIX B CTAHZAPTHLIN IIOTOK BBOLA JOUYEPHEH Ipo-
rpaMMBI.

B uTore nBe He3aBUCHMBIE ITPOrPAaMMbl OOMEHUBAIOTCA MEXKAY cO00i maH-
HBIMU Uepes CBOU CTaHAapTHBIE TOTOKY BBOJA-BHIBOA.

Ilpumep 5.22. PP4E\System\Processes\pipes.py

TRIRT]

3anyckaeT [04epHUI NPOLECC/nporpamMMmy, COeAMHseT cBoW noToku stdin/stdout

¢ noTokamu stdout/stdin podepHero npouecca -- onepauuy YTEHWS ¥ 3aNUCK Ha
CTOPOHE POAMTENLCKOrO npolecca 0To0OpaxanTcs Ha CTaH4apTHHe NOTOKM BBOAA-BHBOAA
JOYepHel nporpamMMbl; HanOMUHAET COEAMHEHUE MOTOKOB C MOMOWbI MOAYNA Subprocess;

TRIET

import 0s, sys

def spawn(prog, =*args): # VM NpOrpaMMbl, apryMeHTbl KOMaHAHOW CTPOKM
stdinFd = sys.stdin.fileno() # Nony4nTb AECKPUNTOPL MOTOKOB
stdoutFd = sys.stdout.fileno() # 00b4HO stdin=0, stdout=1

parentStdin, childStdout = os.pipe() # co3paTb aBa kaHana IPC
childStdin, parentStdout = os.pipe() # pipe BosspawaeT (inputfd, outoutfd)

pid = os.fork() # co3maTb KOMM NpoLecca
if pid:
0s.close(childStdout) # B pOANTENbCKOM NOCNE BETBIEHNS:
0s.close(childStdin) # 3aKpbTb [0YEPHUE KOHLE B poauTene
0s.dup2(parentStdin, stdinFd) # konns sys.stdin = pipel[0]
0s.dup2(parentStdout, stdoutFd) # konusg sys.stdout = pipe2[1]
else:
0s.close(parentStdin) # B [OY4EPHEM MOCNE BETBNEHUS:
0s.close(parentStdout) # 3aKpbTb POAUTENbCKME KOHLb
0s.dup2(childStdin, stdinFd) # konug sys.stdin = pipe2[0]
0s.dup2(childStdout, stdoutFd) # konua sys.stdout = pipel[1]
args = (prog,) + args
0s.execvp(prog, args) # 3anycTWTb HOBYI MpPOrpammy
assert False, ‘execvp failed!’ #f 0S.exec HMKOrga He BEPHETCH ciaa

if __name__ == ‘'__main__
mypid = os.getpid()
spawn(‘python’, ‘pipes-testchild.py’, ‘spam’) # NOpoAUTb A04EpH NPOrp

1.

print(‘Hello 1 from parent’, mypid)
sys.stdout. flush()

reply = input()

sys.stderr.write('Parent got: “%s"\n" % reply)

B stdin podepHei nporp
BBITONKHYTH Oydep stdio
13 NOTOKa BbIBOAA NOTOMKA
stderr He cBa3aH

C KaHanom!

H = = = =
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print(‘Hello 2 from parent’, mypid)

sys.stdout. flush()

reply = sys.stdin.readline()
sys.stderr.write('Parent got: “%s"\n" % reply[:-1])

DyHKIUA Spawn B 3TOM MOJyJie He paboTaeT IIOf yIIPaBJIEeHUEM CTaHIAPT-
Hoit Bepcuu Python gia Windows (#e 3abbrBatiTe, uTo PyHKITUU fOrk B 9TOM
cucreMe ToKa HeT). B melicTBUTEIBHOCTY OOJBITUHCTBO (DYHKITMH, UCIOTIb-
3yeMBIX B BTOM MOJZYJie, OTOOPA’KAIOTCA HEIOCPEINCTBEHHO B CHUCTEMHBIE
BbIBOBBI Unix (1 MOTYT yKacHYTh paspaboTUYMKOB, KOTOPbIE HE MUTITYT JJIs
Unix!). C HeKOTOpbIMU U3 3TUX QYHKIIUI MbI YiKe BCTPeUaInCh (HalIpumep,
o0s.fork), HO 3HAUMUTEJIbHAS YACTh 9TOr'0 IPOTPAMMHOr0 KO/[a OCHOBBIBAETCSI
Ha KoHmenmuax Unix, paso6paTbcsa ¢ KOTOPBIMHY JOJIXKHBIM 00pa3oM B JaH-
HOUM KHUTE HaM He IT03BOJIUT BpeMs. TeM He MeHee HUKe IPUBOLUTCS YIIPO-
IIeHHOEe ONMCaHUe CUCTEMHBIX BBI3OBOB, UCIIOJH30BAHHBIX B 9TOM IIPUMEpE:

0s.fork

CosaeT KOIMUIO BhISBLIBAIOIIEr0 IPOIlecca 1 BO3BPAIllaeT YHCI0OBON UAeH-
Tudurarop ID gouepHero mpoiiecca TOJIbLKO POLUTEIbCKOMY IIPOIECCY.

0S.6Xecvp

3aTupaeT BbI3BIBAIOIUII IPOIECC HOBOM IIPOrpaMMOM. dTa (GYHKIIUS
OYeHb II0XO0XKa Ha HCIIOJb30BABINYIOCA BbIIIEe (DYHKITUIO 0S.execlp, HO
IPUHUMAET KOpMeXd NI CNUCOK apT'yMeHTOB KOMaHIHOI CTPOKM (B ap-
TYMEHTe *args B 3aroJIOBKe (DYHKITUN).

0S.pipe

Bossparmaer KopTex AeCKPUIITOPOB (aiijaoB, IPeACTABISIONINX BXOI-
HOM M BBIXOAHOI KOHITHI KaHaja, KaK II0Ka3aHO B IPUBEJEHHBIX paHee
npuMepax.

os.close(fd)
3akprnIBaeT Gaiij ¢ JecKpunTopom fd.
0s.dup2(fd1, fd2)

Komupyer Bcio cucTeMHY0 nH(pOPMAIINIO, CBA3aHHYIO ¢ (paiiaoM, 3amaH-
HBIM JecKkpuntopoMm fdl, B (haiii, 3aJaHHbIi JecKpuITopoM fd2.

Yro KacaeTcs CTaHIAPTHBIX IMOTOKOB BBOJAA-BBIBOLA, CaMO€ BasKHOE MECTO
3mech 3aHUMAaeT (pyHKIuA 0s.dup2. Hampumep, BBI3OB 0s.dup?(parentStdin,
stdinFd) mo cyTu mpucBamBaeT AecKpunTop (aiiaa stdin poauTeIbCKOT0 IPOo-
mecca BXOSHOMY KOHITY OJHOTO M3 CO34aBaeMbIX KAaHAJIOB — BCe OIlepaIuu
YTeHUS U3 MOTOKAa Stdin ¢ 9Toro MoMeHTa OyAyT M3BJIEKATh HAaHHBIE M3 Ka-
HaJta. Ilocse coequHeHMsT APYToro KOHITA ATOTO KaHaJa ¢ Komuel (aiia mo-
TOoKa stdout mouepHero mmporecca mocpeacTBoM 0s.dup2(childStdout, stdoutFd)
TEKCT, BLIBOJJMMBII JJOUEePHUM IIPOIIECCOM B €T0 ITOTOK sdtdout, 6yaeT oTmpas-
JSAThCA uepes3 KaHaJ B IMoToK stdin poputens. Ilo cBoemy adderTy aTOT Impu-
€M HaIllOMUHAEeT CII0Cc00, KOTOPBIM MBI COeIUHSIN MIOTOKYU BBOZA-BBIBO/IA C TI0-
MOIITBI0 MOAYJISA SUDprocess B IviaBe 3, HO STOT CLieHApPUIl MeHee IIePEeHOCUM
u feficTByeT Ha 60Jiee HU3KOM YPOBHE.
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J 1 IpoBepKYU 9TOM YTUIUTEL B KOHIIE (haiisa momeIreH IporpaMMHbBIN KOJ,
CaMOTeCTUPOBAHNUSA, KOTOPHIN 3aIlyCKaeT B JOUepHEM IIpoIecce IIPOrpaMMmy,
IPUBEAEHHYIO B mpuMepe 5.23, ¥ TPOM3BOAUT OIEPAIIUY UTEHUA U 3aIIVCU
B CTaHJapPTHBIE IOTOKY BBOJJa-BbIBO/A, OCYIIIECTBJIASI OOMEH JaHHBIMU Uepes
JBa KaHaJa.

IIpumep 5.23. PP4E\System\Processes\pipes-testchild.py

import os, time, sys

mypid = os.getpid()

parentpid = os.getppid()

sys.stderr.write('Child %d of %d got arg: “%s”\n" %
(mypid, parentpid, sys.argv[1]))

for i in range(2):
time.sleep(3) #f NPMOCTAHOBUTL POAMTENLCKUI MPOUECC
recv = input() # stdin cBa3aH ¢ kaHanom: faHHue OyayT nocTynaTb W3
# poaMTeNnbCKOro noToka BeBoga stdout
time.sleep(3)
send = ‘Child %d got: [%s]” % (mypid, recv)
print(send) # stdout cBa3aH C kaHanoMm: faHHue OyayT nocTynaTb B
# poanTensckuii notok BBoga stdin
sys.stdout. flush() # rapaHTupoBaTb OTNPABKY, MHa4ye MPOLECC 3abnokupyeTcs

Huxe mpuBoaATcs pe3yabraThl TecTupoBauusa B Cygwin (HamomuaaeT Unix-
momo0HbIe CHCTEeMbI, TaKue Kak Linux). BeIBog mHe mpoms3BOAUT OOJIBIIIOTO
BIIEUATIEHU S, HO TTIOKA3LIBAET, KaK JBe IPOrpaMMbI BBITIOJHAIOTCA HE3aBU-
CuUMO 1 OOMEHUBAIOTCA JaHHBIMU Uepes3 KaHaJbl, yIIpaBJdeMble OllepaIuoH-
HO¥ cucTeMOli. ITOT IpUMep errfe 0ojee HATIOMUHAET MOJEJb KJINEeHT/cepBep
(ecsiz IpeicTaBUTH cebe TJOUePHUA Iporece KaK cepBep, OTBEYAIOIT NI Ha 3a-
mpockl poauTess). TeKkeT, 3aKJIIOUeHHBIN B KBaJApaTHbIe CKOOKM, ITOMAaJ U3
POAUTEILCKOTrO IMpoIlecca B IOUEPHUN 1 BepPHYJICA 00pPaTHO B POAUTEIbCKUM,
¥ BCe 9TO uepes KaHaJIbl, MOJKJIIOUeHHbIe K CTAHJAPTHLIM IIOTOKAM BBOJA-
BBIBOJIA:

[C:\...\PP4E\System\Processes]$ python pipes.py

Child 9228 of 9096 got arg: “spam”

Parent got: “Child 9228 got: [Hello 1 from parent 9096]"
Parent got: “Child 9228 got: [Hello 2 from parent 9096]"

Ewe pa3 o 6ydepunsaunm notoka BbiIBOAA: B3aMMOGIOKMPOBKU
U BbITallIkuBaHue Oycdepos

IIBa mporiecca u3 IpuMepa B MPeIbIAYINEeM pasiesie BeJyT IPOCTOM IuaJjor,
HO 3TOr'0 BIIOJIHE JOCTATOUHO, YTOOBI IPOUJIIIIOCTPUPOBATH HEKOTOPBIE OIIac-
HOCTHU, TasIuecs B Ipoleaypax oOMeHa JaHHBIMHU MeKy IIporpaMMaMu.
Bo-miepBBIX, OTMETHUM, YTO 00€ IPOrPaMMBbI JOJIKHBI BEIBOIUTEH COOOIIIEHUA
B MOTOK stderr — uX moTOKM Stdout MOAKJIIOUEHBI K IIOTOKaM BBOJA NPYTOM
nporpaMMbl. [IOCKOJIBKY IIPOIIECCHI UCTIOIB3YIOT O0IIIEe JECKPUIITOPHI (hati-
JIOB, TIOJIYYaeTCs, YTO B POAUTEIHCKOM U B JOUepHEM IIpoliecce stderr — aTo
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OIUH U TOT K€ TIOTOK, II09TOMY COOOIIIeHNA Oy AYT BHIBOAUTHCA B OLHO 1 TO
JKe MecTo.

Bosee ToHKast 0COGEHHOCTH COCTOUT B TOM, UTO U POAUTENLCKUN, U HOUYEP-
HUI IIPOIIECCHI IIOCJIe BHIBOAA TEKCTA B IIOTOK Stdout BBIBBLIBAIOT (DYHKIIUIO
sys.stdout.flush. 3ampoc BBOja m3 KaHaJja OOBLIYHO OJOKHPYET BHISHIBAIO-
LU TPoIlece, ecau B KaHaJjle HeT JaHHbBIX, HO B HAIIIeM IIPUMepe 13-3a 3TOT0
He JOJIKHO BO3HUKATh ITP06JIeM, IIOTOMY UTO 3aIIMCh ITPOU3BOIUTCS CTOJIBKO
JKe pas, CKOJIbKO UTeHMe Ha JPYTroM KoHIle KaHasa. OnHaKO 110 YMOJTYaHUIO
MmoTOK Sys.stdout Oygepusyemcs, MOITOMY BBIBEJEHHBIM TEKCT B IeHCTBU-
TEJILHOCTU MOJKET OKa3aThCs IIePeJaHHbIM TOJBKO Yepe3 HEKOTOPOoe BpeMs
(korma 1o KoHIAa OyAyT 3amoJsiHeHBI Oydepsl BhIBoga). Ha mpakTuke, ecau
MPUHYAUTEIbHO He BRITAJKUBATE COep:RuMoe Oydepa, oba mporecca MOTy T
3aBHUCHYTD B OXKUJAHUY JAHHBIX IPYT OT IPYyTa — BXOZHBIX JaHHBIX, HAXO/ -
muxca B Oydepe 1 He cOpachIBAEMBIX B KaHAJ. JTO IPUBOAUT K COCTOAHUIO
s83aumoonorxuposru (deadlock), xorma o6a mpoirecca 6JIOKUPYIOTCSA B BEISOBE
GyHKIUHT input 1 OXKUAAIOT COOBITUA, KOTOPOE HUKOT/Ia He IIPOU30M/IeT.

C TeXHUUYECKO TOUKU 3PEHUs, IJIid IMOTOKA BbIBOAA stdout IO yMOJIYaHUIO
WCIIOJIL3YeTCA PERUM NOCMPOouHOl Oygepudayuu, KOTJa OH ITOAKJIIOUYEH
K TepMUHAJY, a KOT[a OH IOJKJIoUaeTcA K APYTHUM YCTPOHCTBAM, TaKUM
Kak (haityibl, COKeThI WM KaHAJBI, AJI HErO UCIOJIb3YeTCA PeKUM NOJLHOU
oygepusayuu. ITo 00BSICHAET, TOUEMY TEKCT IIPU BBIBOJE B OKHO KOHCOJIHU
MOSIBJISIETCS HA 9KpaHe HeMeAJeHHO, a He KOT/Ja IPOIecC 3aBepIIuT paboTy
niu Korza 0ydep BIBOJIA OKAYKETCsI 3al0JIHEH, KaK B CJIyUasaX, KOTJa ITOTOK
BBIBO/IA ITOAKJIIOUEH K KAKOMY-TO [PYTOMY YCTPOHCTBY.

Eyq)epnsannﬂ BBIXOJHBIX NaHHBIX B II,’efICTBPITeJII:HOCTPI IIPOMU3BOAUTCA CUC-
TeMHBIMHA OMOJIMOTEKAaMU, UCIOJb3YEeMbBIMU AJIS JOCTYIIA K KaHajaM, a He
caMMHM KaHaJaMun (KaHaJILI IIOMEeIIaloT BBIXOAHBIE JaHHBbIE B oUuepeab, HO
He CKpBIBAIOT uX oT ureHusa!). Ha camom mese B JaHHOM mpuMepe Oydepu-
3aIMsl BBIIIOJHSIETCA TOJBKO IIOTOMY, UTO MBI IepemaeM MH(MOPMAIIUIO IJI
KaHaJa yepes sys.stdout — BCTPOEHHBIN 00beKT (haiiia, Mo YMOJTUYAHUIO BbI-
mosHAonni oypepusanuio. OnHaKo TaKue aHOMAJNH MOTYT IIPOUCXOAUTDH
¥ IIPU UCHOJIL30BAHUU APYTUX MHCTPYMEHTOB B3aNMO/eHICTBISA IIPOI[ECCOB.

B 1mestom, Korma mporpaMMbl BEAYT TAKOI'0 PoJa ABYCTOPOHHUM JUAJIOT, 13-
0eskaTh B3anMOOJIOKUPOBKY, CBA3AHHON ¢ Oy(epusanueiil, MOKHO HECKOJIb-
KIMHU CIIOCO0aMIUI:

e Buwmaarxusanue 0ygepos: Kax nmokasano B npumepax 5.22 u 5.23, BbI-
TaJKUBaHNUE BBIXOAHBIX 0y(epOB MOTOKOB BHIBOAA B KaHAJ C TIOMOIIIHIO
meToma flush ob0bexTa (paiija ABIAETCA IIPOCTHIM CHOCOOOM IIPUHYIU-
TeJIbHOM ouncTKY 0ydepoB. s BeITAIKUBAHUS BRIXOAHOrO Oydepa 1mo-
TOKAa BBIBOZA, UCIIOJIb3yeMOro MYHKIIMEHN print, NCIIOJb3yHTE METO SYS.
stdout.flush.

° Apzymenmbu Ra}c T'OBOPUJIOCH BHIIIIE B BTOfI IJiIaBe, €CJIN BBI3bIBATh NH-
Tepuperarop Python ¢ KiaroduoM -u KOMaHIHON CTPOKM, OH OTKJIIOUKT
MOJIHYI0 Oydepus3anuiio MoToKa BBIBOJA SyS.Stdout B BBITTOJNHAEMBIX UM
mporpamMMax. 3aIuch J00r0 HEITYCTOrO 3HAUECHH A B IIEPEMEHHYI0 OKPY-
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keHudA PYTHONUNBUFFERED sxBuBaJIeHTHA IIepefaue 9TOT0 KJII0Uua B KOMaH-
Iy 3aIlyCKa BCeX IIporpaMM.

Pexcumvr omxpoimusa: ImeeTcsa TaKkiKe BO3SMOYKHOCTD MCIIOJIb30BATh Ka-
HaJIbI B HEOy(depusoBaHHOM pe:kume. [[JIs 9TOro MOXKHO MCIIOJIB30BaTh
HUBKOYPOBHEBbIe (ODYHKIIUU W3 MOJYJIA 0S JJIA YTEHUA W 3aIlVCU B Je-
CKPUNOTOPHI KaHAJa WUJU IlepefaBaTh B apryMeHTe QyHKIUU 0S.fdopen,
ompenendmoIleM pasmep Oydepa, sHaueHue 0 (HeOypepu3o6aHHbLIL De-
KuUM) uan 1 (PesKUM nOCMpPouHOol Oygepus3ayul), 4TOObI OTKJIIOUUTH
Oydepusanuio B 00beKTe (aiina, o6epTHIBAIOIEM AeCKpUITOp. s
yIOpaBJIeHUA PeRuMoM Oydepusanuu BbIBoOAa B ¢ailavl fifo (omuchiBa-
I0TCA B CJEAVIOIEM pasfese) MOYKHO TaKiKe HCIIOJB30BaTh apT'yMEHTHI
dyuxmuu open. O6patute BHUMaHUe, uTo B Python 3.X mosHOCTHIO HEOY-
(hepu30BaHHBIN PEKUM BO3MOXKEH TOJBKO IJIA JBOMYHBIX (hailjioB U He-
BO3MOJKEH [IJIA TEeKCTOBBIX.

Kananvt komarno: Kak yIroMruHAJIOCH BBIIIIE B 9TOI IilaBe, TOUYHO TaK Ke
MOJKHO OIIPeeNATh apryMeHThI, YIpaBJadioniue oydepusaiuei, 1 Ka-
HaJIOB KOMAaHIHOM CTPOKM, KOI/la OHU CO3[AI0TCA (QYHKIIUAMM 0S.popen
u subprocess.Popen, HO OHU BO3EHMCTBYIOT Ha KOHEI[ KaHaJa B BHI3bIBAIO-
II[eM IIPOIecce, U He BIUSIOT Ha PeKuM Oydepusanuu B MOPOKIEHHBIX
nporpammax. CieoBaTesbHO, 9TOT IPUEM HE B COCTOSTHUU IIPeIOTBpa-
TUTH 3a€PIKKY BBIBOJA U3 TOCJEJHNUX, HO MOYKET MCII0JIb30BaThCA IJIs
repefavyy TEKCTOBBIX JAHHBIX B KAHAJBI BBOJA [PYTUX IPOTPaMM.

Cokemuwi: Kak MBI yBUIUM HaJjiee, QyHKIUA socket.makefile mpuHuUMaeT
TIOXOXKUH apryMeHT, OIIPEeIeIAI0INN Pe:KuM 0y(epusalinu AJas COKeTOB
(ommuchIBAIOTCS MaJjiee B 9TOM IiaBe m KHHUTeE), Ho B Python 3.X TpebyeT
00A3aTebHYI0 Oydepusanuio A TeKCTOBBIX AAaHHBIX U, IOXOKe, He
TIOAEP;KUBAET IIOCTPOUYHBIN perkuM Oydepusanuu (mogpodHee 06 3TOM
B viaBe 12).

Huempymenmot: IIna permenuda 6ojiee CIOKHBIX 3a7a4 MOXKHO TaKIKe
HCIOJIL30BATh BHICOKOYPOBHEBbIE MHCTPYMEHTHI, KOTOPble (DaKTUUECKU
00MaHBIBAIOT IPOTPAMMY, 3aCTaBJAA ee I0JIaraTb, YTO OHA IOJKJI0Ue-
Ha K TepMUHAJTY. ITU NHCTPYMEHTHI IIpeJHa3HaUYeHbI AJ1s paboThI ¢ IIPO-
rpaMMaMu He Ha sa3bIKe Python, B KOTOpBIX HEBO3MOYKHO OPraHM30BaTh
BRITAJIKMBaHUE O0y(depoB BPYUYHYIO UJIM UCIOJb30BaTh KJIOU -U. [lomoJ-
HUTEJbHBIE TONPOOHOCTY IPUBOAATCA BO Bpedke «IlogpobGHee o Gydepu-
3aIiu ITIOTOKOB BBOAA-BBIBOAA: pty m Pexpect» HmKeE.

Hcnonbp3oBaHue OMOJHUTENIbHBIX IIOTOKOB BBITIOJHEHUSA IIO3BOJISIET W3-
Oe)xaTh OJIOKMPOBAHUA IJIABHOTO IIOTOKA, YIIPABJAIOIIEr0 rpad@uyecKuM
uHTepdeiicoM, HO B AeACTBUTEIBHOCTU TO PEIleHNe JIUIIh IIEPEeHOCUT IIPO-
0J1eMy W3 OJHOI'O MecTa B APYyroe (JOUEepHUI IMOTOK TOUHO TaK Ke MOMKeT
OKa3aThCs 3a0/I0KMPOBAHHBIM). VI3 TpeJIOJKEHHBIX PEIlleHn, ITepeyrncIeH-
HBIX BBIIIE, IIEPBHIE IBa — BRITAJKUBaHUE Oy(GhepoB BPYUHYIO U apryMeHTHI
KOMAaHJHOI CTPOKU — YacTO ABJAIOTCA Hanbojiee mpocThiMu. PaKTUUECKH,
O6saromapsA yAOOCTBY B MCHOJIb30BAHUM, BTOPOM M3 MEPEUUCTIEHHBIX BBIIIE
IPUEMOB 3aCIYKUBaeT, UTOOBI CKa3aTh O HEM HECKOJIBKO cJjIoB. [lompobyiiTe
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cemyioliee: 3aKOMMEHTUPYHTE Bce BBISOBBI MeToza sys.stdout.flush B mpu-
Mepax 5.22 u 5.23 (B aiinax pipes.py u pipes-testchild.py) u usmeHUTE BBI-
30B QOYHKIIUU, IOPOKJAIOIIUY TouepHUl poliecc B (haiiyie pipes.py, Kak 1o-
KasaHo HUKe (TO eCcTh 106aBbTe KJITOY -U KOMaHIHONH CTPOKM):

spawn(‘python’, ‘-u’, ‘pipes-testchild.py’, ‘spam’)

ITocsie aTOTO BamrycTHUTE TPOrPAMMY C IIOMOIITBI0 KOMaHIHOM CTPOKM python
-u pipes.py. Pabora OymeT IpOMCXOAUTDL TaK JKe, KaK IIPU BbITAJKUBAHUUI
BBIXOJHOT0 Oydepa MmoToKa BeIBoAa stdout BpyUHYI0, IOTOMY UTO TeIephb II0-
TOK BBIBOJA Stdout OyaeT AeficTBOBATh B HEOY(PePH30BAHHOM PeKIIMe.

Mg ermte 6ymemM paccMaTpuBaTh 9(P(PEKTHI, CBA3aHHBIE C OTCYTCTBUEM Oy(de-
pusaIuu IIOTOKOB BBIBOJIA, B ryiaBe 10, Te HAIUIIIEM IPOCTOM rparuecKuin
uHTepdeiic, 0TOOPaKaIONUA BBIBOM ITPOTrPAMMbBI KOMAHIHOM CTPOKHU, KO-
TOPBIA OyJeT IPUHUMATLCS Uepes3 HeOJOKUPYIOMNII COKeT U uepes KaHall
B IIOTOKE BBITIOJIHEeHUs. Eiile pas, 0ojiee IIOAPOOHO MBI UCCJIEAYEM Ty TEMY
BIIaBe 12, roe OyaeM MCIIOJIb30BaTh 00JIee YHUBepCcaIbHbIE CIIOCOOLI IIepeHa-
IpaBJIeHUSA CTAHAAPTHBIX IOTOKOB BBOAA-BBIBO/A B COKEThI. B 1esioM, ogHa-
KO, B3aMMOOJOKNPOBKA IIPEACTABJISAET cO00M 0oJiee OOIINPHYIO IIPOOIEeMY,
[IJIs TIOJTHOT'O MCCJIeJOBaHUSA KOTOPOI 3mech HegocTaTouHo Mecta. C npyroit
CTOPOHBI, €CJIM Y Bac JOCTATOUHO 3HAHUI, UTOOBI MBITATHCA MCIIOJH30BATH
mexaunusmbl IPC B s3pike Python, To, HaBepHOe, BBI yiKe BeTepaH BOMH CO
B3aUMOOJIOKUPOBKAMMU.

AnoHUMHBIE KaHAaJbl 00eCIeUMBAIOT BO3MOXKHOCTh OOIIEHMS IIPOIIECCOB,
CBSI3aHHBIX POJCTBEHHBIMU Y3aMU, HO OHU He MOAXOMAT AJIs IPOrpaMM, 3a-
IyCKaeMbIX HE3aBUCUMO APYT OT Apyra. UTob6bl 00ecreunTh O0IIeHre MeK-
Iy TaKMMHU OporpaMMaMM, HeOOXOAUMO IIePedTH K CIAeAVIOIIeMY pasaey
¥ HUCCJIe0BaTh MeXaHU3Mbl, o0JiafaoIue 6ojee MIUPOKOIT 001aCThI0 BULU-
MOCTH.

MNoppobHee o 6Gydepusaum NOTOKOB BBOAA-BbIBOAA:
pty n Pexpect

B Unix-mmomo6HBIX cucTeMax AJA IPUHYAUTEJIHLHOTO IIepeBoa MOTOKa
CTAaHJAPTHOTO BBIBOJA APYTUX IPOrpaMM B HeOydepm30BaHHBIN pe-
"KM MOXKHO TaKJKe HCII0Jb30BaTh MOAYJIL Pty M3 CTAHIAPTHOH OMO-
aunoreku Python, uTo ocobeHHO yo00HO, €CIN STU APYTHe IIPOrPaMMbI
HAIIVICAHBI HEe Ha A3bIKe Python " BBI HEe UMeeTe BO3SMOXKHOCTHU nU3Me-
HUTDH UX IPOTPAMMHEBII KOJI.

TexHUYecKu pexuM Oydepusamum moToKa BbIBoja stdout B Apyrux
IporpaMMax OIpenesseTcd 3a IpefeaMu HMHTepuperaropa Python,
IIOCPECTBOM IIPOBEPKY — IOAKJIIOUEH JIU JEeCKPUIITOP IIOTOKA BHIBOLA
K TepMHUHAJY. JTa IPOBEPKA BBITIOJHAETCA B CTAHAAPTHON OMOINOTEKE
BBOZIa-BBIBOjIa (haliJIOBOM CHCTEMBI, 1 €€ PEe3yJIbTAaThl He MOT'YT KOHTPO-
JMPOBATHCA MMOPOKIAEMBIMU IPOTPAMMAaMMU.
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B mesiom, Korma cTaHIZapPTHBIN IIOTOK BBIBOAA IIOAKJIIOUEH K TEPMUHA-
JIy, IJIS HEro MCIIOJb3yeTCs PEeKUM IIOCTPOUHON Oydepusanuu, a mpu
MOAKJIIOUeHUH K IPYTUM yCTPorcTBaM (BKJIOUadA (haiiabl, KAHAJBI 1 CO-
KeThI) UCIIOJb3YyeTCA PeKuM HoJHou Oydepusaruu. Takasd IMOJUTUKA
MIPUMEHAETCS C I1eJIbI0 MOBLIIeHU a(hpeKTuBHOCTU. Paiabl U TOTOKHU
BBOZa-BBIBOJIa, CO3/laBaeMble BHYTPHU CIleHapueB Ha a3bike Python, cire-
IYIOT TeM JKe IIpaBuUjIaM, HO B HUX BBl MOYKETe ABHO YKa3aThb IIOJUTUKY
Oydepusaliuy ¢ IOMOIIbI0 MHCTPYMEHTOB CO3JaHUA (haiiaoB.

Mogayab pty pakTHUeCKH 00MAaHBIBAET IIOPOKIEHHYIO IIPOrpaMMy, 3a-
CTaBJIssA ee AyMaTb, YTO OHA ITOAKJIIOUEHA K TEepMHUHAJY, OJarogaps
yemy B Oydepe IMOoToKa BbIBOAA Stdout cCOXpaHsSIeTCs: TOJIBKO OHA CTPO-
Ka. B pesysibTaTe mosiBJieHNe B IIOTOKE BBIBOAA KaKA0T0 HOBOTO CUMBO-
Jia TIepeBOoia CTPOKM IIPUBOAUT K BBITAJKMBAHUIO IPEABIAYIEll CTPO-
Ku u3 Oy(depa, YTO TUIIMYHO I MHTEPAKTUBHBIX IIPOI'PAMM U IUMEHHO
TO, UTO HYKHO, €CJIV BbI IIPeAIoaraeTe moJaydyaTh CTPOKHU IO Mepe uX
BOCIIPOUBBEIEHU.

OpHako oOpaTuTe BHUMaHNe, UTO MOAYJIL pty He TpeOyeTcs Impume-
HATH NI UBMEHEeHUA peskuMa O0ydepusalnuy MOTOKOB BBOAA-BHIBOAA
IIpu 3allycKe clieHapueB Ha s3biKe Python: mpocTo ncnonbayiiTe Kam0u
-U KOMaHIHOI CTPOKU, IIepefaBaiiTe MHCTPYMeHTaM co3fgaHusd (haiijioB
apryMeHTHI, ONPEeNeIAIIINe PeKUM IIOCTPOUHOM Oydhepusanum, Uiau
BPYYHYIO BBIBBIBAMTE MeTOn sys.stdout.flush() B mOposKaaeMbIX IPO-
rpammax. Kpome Toro, Momysab pty Ha CETONHAIIHUN AEHBL NOCTYIIEH
B Python He Ha Bcex nmiardopmax (oH umeercsa B Bepcuu Python mia
Cygwin, HO OTCYTCTBYET B CTaHIapTHOI Bepcuu 1y Windows).

ITaker Pexpect, skBuBajeHT mporpaMmbl expect miaa Unix Ha A3bIKe
Python, ucnoabayer momyab pty AJs obecreueHUs TOIMIOJIHUTEIBHOMN
(GYHKIIMOHAJBLHOCTA U B3AUMOMAENCTBUI B 00XOI CTaHJaPTHBIX IIOTO-
KOB BBOZa-BBIBOZIA (HampuMep, IJis BBOJA ITapoJisd). Bojee mogpoObHY0
uHGOPMAaIUIO0 0 MOAYJIe Pty BbI MOYKETe HAWTH B PYKOBOJACTBE IO 610-
auorexke Python, a Tak:ke mompo0OyiiTe mouckaTh MHGOPMAIIMIO O Ha-
kete Pexpect B IHTepHeTe.

MmeHoBaHHble kaHanbil (fifo)

Ha mexoropsrx niardopmax nMeeTca BO3MOYKHOCTE CO3/IaBaTh KAHAJIBI, CY-
IIeCTBYIOIIIE B BI/Ie HacTOAIuX (aiiioB B aiiioBoii cucteMme. Taxue aii-
JIBI Ha3bIBAIOTCSA MMEHOBAHHBIMY KaHajaamu (named pipes), uiu «fifo», rar
KaK OHU BeAyT ce0A B TOUHOCTU KAaK KaHAJbI, KOTOPhIe CO3AaBaIUCh B IIPO-
rpaMMax U3 Ipeabiayinero pasgena. OgHako, BCIeICTBUE TOT'O, YTO MMEHO-
BaHHBIE KAaHAJIbI CBA3AHBI C HACTOAIUMY (aiiiaMu, pacroIaraoiiuMuCcs
Ha KOMIBIOTEPE U ABJIAIONIUMUCA BHEIITHUMU AJIs JIIO00I TporpaMMbl, OHU
HUKAaK He CBA3aHBI C IaMATHI0, COBMECTHO UCIIOJIE3YEeMOU 3aJaHUAMMU, U MO-
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T'YT HCIIOJIB30BATbBCA, KaK MEXaHU3M BBaHMOﬂeﬁCTBHﬁ MeX Ay IIOTOKaMu,
IIpomeccaMu 1 IIporpaMMaMu, 3allyCKaeMbIMU HE3aBUCHUMO APYT OT ApyTra.

ITocse cosmanus (aiisia MMEHOBAHHOTO KaHAaJa IIPOIECChl OTKPHIBAIOT €TI0
IO MMEHW M OCYII[ECTBJISIOT YTEHWE M 3alNCh B HEro C MCIOJIb30BAHUEM
OOBIUHBIX (PaiiyioBbIX onepaiuii. Fifo aBiadroTca ogHoHATIpaBIeHHBIME II0-
TOKaMu. B TUIIMYHOM CUTyal[My CepBepHAs MporpaMMa YMUTaeT JaHHbIe U3
fifo, a ogHa nu 60Jiee KINEHTCKUX IIPOTPAMM 3aIlINChIBAIOT B HET'O JaHHEIE.
Kpome Toro, nyia peanusainiuu JBYCTOPOHHE! CBA3U MOKHO KCIIOJIB30BaTh
rpynmny us aByx fifo, TouHO TaK Ke, KaK 9TO [eIajJoCch B IPeAbIAYIIeM pas-
JleJie ¢ MCII0JIb30BaHEM aHOHMMHBIX KaHAJIOB.

Tak KaK IMEeHOBaHHBIE KaHAJIBI ABJIAIOTCA (hailjiaMu, OHU KUBYT JOJIbIIIE,
yeM aHOHMMHBIE KaHAJIbl BHYTPHU IIPOIIECCOB, M K HUM MOT'YyT 00palnaTbCs
IporpaMMbl, 3aIIyCKaeMble He3aBUCUMO. IIpuBOMUBIIIECS BBIIIIE IPUMEPHI
WCIIOJIb30BAHUSA HEMMEHOBAHHBIX KaHAJOB OCHOBBIBAJIMCHL Ha TOM (haKTe,
YTO JeCKPUNTOPHI (paiijoB (B TOM UMCJIe KaHAJOB) KOIMUPYIOTCA B HIAMATD JI0-
YEPHUX IIPOIECCOB. JTO OCJOKHAET MCIIOJIb30BaHNEe AaHOHUMHBIX KaHAJOB
ISl OPraHM3alluy B3aMMOJENCTBUU IIPOTrpaMM, 3allyCKaeMbIX He3aBUCHU-
mo. C momornkio ke fifo gocTynm K KaHajiaM IIPOM3BOJUTCA IO UMeHU (aii-
Jia, KOTOpPOe BUJAT BCE IPOrPAMMBI HE3ABUCUMO OT HAJWUYUA OTHOIIEHUH
POIUTENb-TIOTOMOK MEKAy IpolieccaMu. PaKTUUECKU, TOA0OHO OOBIYHBIM
datimam, fifo 06BIYHO KUBYT LOJIBIIIE TPOTPAMM, UCIOIB3YIOMINX uxX. OmHa-
KO, B OTJINUME OT OOBIUYHBIX (hAaHiIOB, OIIEPAIIMOHHAA CUCTEMA CUHXPOHUSU-
pyert mnoctyi K fifo, uro memaer ux ngeanbubIM MexaHusmom IPC.

Biaromaps aTuM OTIMYMAM MMEeHOBAHHBIE KAHAJIBI JIYUIIle IOAXOAAT B Ka-
yecTBe yHHBepcaJbHoro Mexanmama IPC a1 He3aBUCHUMBIX IIPOTPAMM,
B3anMOEHCTBYIOINX II0 cXeMe KJIneHT/cepBep. Hampumep, IIOCTOSHHO BbI-
TOJHSAIONIAasACS IIporpaMMa cepBepa MOoXKeT co3aBaTh KaHnaubl fifo u :xgaTh
W3 HUX 3aIPOCHI, TIOCTYIIAIONINE OT IPOU3BOJIBHBIX KJINEHTOB, a He TOJIbKO
OT TeX, UTO MOTJIX ObI OBITH MOPOKIEHBI CEpBePOM. B HEKOTOPOM CMEBICIIE,
MMEHOBaHHBIE KAHAJBI COCTABJIAIOT aJlbTEePHATUBY COKETaM, C KOTOPBIMU
MBI BCTPETUMCA B caenyroIieM pasaene. OnHako, B OTIMYNE OT COKETOB, IIPU
ucmoJib3oBaHuM KaHasoB fifo HeT mpsMoil BO3MOKHOCTH yCTaHABJINBATH
ceTeBbIe COeIMHEHN C yIaJIeHHBIMU KOMITbIOTePaMU, OHU He ITOAAeP/KUBa-
1orcs B Bepeuu Python gisa Windows Ha ceroguAiumii [eHnb, 1 AJId JOCTYIIA
K HIM HCIIOJIb3YyeTCsA CTaHIapPTHBIN nHTepdeiic 1 paboTh ¢ haiijiaMu Bme-
cTo 6ojlee YHUKAJbHBIX HOMEDPOB IOPTOB U (DYHKIIUI, KOTOPbIE MBI OyaeM
u3yuaTh gajee.

OCHOBbI MME@HOBaHHbIX KaHaJoOB

B Python ¢aiinsl nMeHOBAHHBIX KAHAJIOB CO3JAIOTCS C IIOMOIIbI0 (DYHKITNHI
os.mkfifo, KoTOpas KOCTyIHA B HacTOAIIee BpeMs ToIbKO B Unix-momo6HbIX
cucremax u B Bepcuu Python gma Cygwin B Windows, HO HemocTymHa
B cTaHgapTHoU Bepcuu Python gisa Windows. 9ta GyHKITIA IPOCTO CO3HaeT
BHEITHUH (paily — IJid OTIpaBKU U IOJTyYeHus JaHHbIX yepes fifo ero myox-
HO OTKDBIBATh 1 00pabaThiBaTh, KaK CTAHIAPTHBIN (aiii.
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[sist miarocTpanuu B IpuMepe 5.24 npuBOAUTCS M3MEHEHHAs BEPCUSA CIie-
Hapusd pipe2.py us upumepa 5.20, B KOTOPOIl BMECTO aHOHUMHBIX KaHa-
JIOB MCIIOJIB3YIOTCSA MMEHOBaHHEBIE KaHaJbl. Kak u cieHapuit pipe2.py, sta
BepcusA OTKPBIBAET B AouepHeM mporiecce kaHas fifo ¢ momorbio GyHKITHN
0S.0pen B PesKuMe JBOUYHOTO JOCTYIIA, & B POSUTETIHCKOM IIPOIlecce — C II0-
MOIIbIO BCTPOEHHOM (PYyHKIIUY 0pen, B TEKCTOBOM perkume. Boobiiie rosops,
Ha JI000M KOHIIE KaHAJIa MOYKHO HCIIOJIb30BaTh JIIO0OI M3 IPEATOKEeHHBIX
preMoB, YTOOBI MHTEPIIPETUPOBATD SJaHHBIE B KaHAJE KAK JBONYHbIE AaH-
HBIE WU KaK TEKCT.

IIpumep 5.24. PP4E\System\ Processes\pipefifo.py

TRIET]

NMeHOBaHHbe KaHans; ¢yHkuna os.mkfifo negocTynHa B Windows (6e3 Cygwin)
30€Cb HeT HEOOXOAMMOCTW MCMONb30BaThb MPUEM BETBAEHNS MPOLECCOB, MOTOMY YTO
Oanne kaHanos fifo ABNANTCA BHEWHMMW NO OTHOWEHWK K NpPOUEcCcaMm -- COBMECTHOE
MICMONb30BaHNe eCKpPUNTOPoOB GainnoB B poauTeENe/noTOMKe 3[eCh HeakTyaNlbHO

TRIET

import os, time, sys
fifoname = */tmp/pipefifo’ # MMeHa [OMXHb ObiTb 0AMHAKOBbLIMM

def child():
pipeout = os.open(fifoname, os.0_WRONLY) # oTkpbTb fifo kak geckpunTop
zzz = 0
while True:
time.sleep(zzz)
msg = (“Spam %03d\n" % zzz).encode() # Obn OTKPHT B ABOMYHOM pEXUME
os.write(pipeout, msg)
zzz = (zzz+1) % 5

def parent():

pipein = open(fifoname, ‘r’) # OTKpuTb fifo Kak TexkcToBb Qainn
while True:
line = pipein.readline()[:-1] # 6n10KMpYeTCH A0 OTNPABKM AaHHHIX

print(‘Parent %d got “%s” at %s’ % (os.getpid(), line, time.time()))

if __name__ == ‘__main__":
if not os.path.exists(fifoname):
os.mkfifo(fifoname) # co30aTb VMMEHOBAHHbIN KaHan
if len(sys.argv) ==
parent() #f eCAN HET aprymMeHTOB - 3anyCTWUTb KAk POAMTENbCKMI MpoLecc
else: #f MHaye - KaK [04epHWii NpoLEece
child()

ITockonbky Kauau fifo cyiecTByeT He3aBUCUMO OT POAUTEIHCKOTO U 10YEP-
Hero IMpoIlecCOB, HET HUKAKON HeOOXOJMMOCTU KCIIOJIbh30BAaTh IIPHUEM BET-
BJIEHUS IIPOIECCOB: AOYEPHUI IIPOIECC MOYKET OBITh 3alyIeH He3aBUCUMO
OT POAUTENHCKOTO 1 JOJMKEH JIUITh OTKPBITE (haiia fifo c Takum ke umeHeM.
Huxke, manpumep, B Cygwin, poauTeab 3amyIeH B OAHOM OKHe KOMAaHIHOMN
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CTPOKH, a TIOTOMOK — B APyroM. COOOIIeHNST HAUNHAIOT HOABIATHCSA B OKHE
POAUTENIST TOJIBKO IIOCJIEe TOr0, KaK IIOTOMOK Oy/eT 3aIlyIleH U HAUHeT 3aIu-
chIBaTh coobienus B atia fifo:

[C:\...\PP4E\System\Processes] $ python pipefifo.py # OKHO poguTens
Parent 8324 got “Spam 000" at 1268003696.07
Parent 8324 got “Spam 001" at 1268003697.06
Parent 8324 got “Spam 002" at 1268003699.07
Parent 8324 got “Spam 003" at 1268003702.08
Parent 8324 got “Spam 004" at 1268003706.09
Parent 8324 got “Spam 000" at 1268003706.09
Parent 8324 got “Spam 001" at 1268003707.11
Parent 8324 got “Spam 002" at 1268003709.12
Parent 8324 got “Spam 003" at 1268003712.13
Parent 8324 got “Spam 004" at 1268003716.14
Parent 8324 got “Spam 000" at 1268003716.14
Parent 8324 got “Spam 001" at 1268003717.15

.. mak danee: Ctrl-C dnsa évixoda...

[C:\...\PP4E\System\Processes]$ file /tmp/pipefifo # OKHO MoTOMKa
/tmp/pipefifo: fifo (named pipe)

[C:\...\PP4E\System\Processes]$ python pipefifo.py -child
...Ctrl-C ons evixo0a...

O6nactn npyumMmeHeHNnd NMeHOBAHHbIX KaHaJ10B

Bnaromapa otobpaskeHWI0 TOUEK B3aMMOAENCTBUH B (haHJIOBYIO CHCTEMY,
IOCTYIIHYIO BCEM IIPOrpPaMMaM, BBIITOTHAIOIINMCA HA KOMIBIOTEPE, UMEHO-
BaHHBIE KaHAJbBI CIIOCOOHBI PEeIIaTh caMble pa3HOOOpa3HbIe 3a/1aUy B3aWMO-
IeficTBUH MeK Iy ITpolleccaMu Ha miaTdopMax, e OHU IOAAePIKUBAIOTCS.
Hampumep, xoTda ciieHapuii, IpeAcTaBIeHHBIII B 9TOM pasjelie, 3alyCcKaeT
He3aBUCHMbIE€ IIPOTPaMMbl, UMEHOBAHHbIE KAHAJBI MOT'YT TAKiKe HCIIOJIb-
30BaThCA KaK MeXaHU3M B3aUMOMAEHCTBUI MeKIy IMMOTOKAMU BBIIOJHEHUS
BHYTPHU IIpOliecca U Me:KIy IPolleccaMu, CBA3AHHBIMU OTHOIIIEHUEM PO~
TeJIb/TIOTOMOK, IIPAKTHUUECKU TaK JKe, KaK aHOHUMHbIe KaHaJIbl.

OpHako, 01arogapsa oA AePs;KKe B3aNMOLeCTBUI He3aBUCUMBIX IIPOrPAMM,
daiinsr fifo MmoryT HaiiTu 60J€€e IMIUPOKOE IPUMEHEHEe B MOJEIAX B3aAUMO-
IeficTBUU KJIMeHT/cepBep. Hampumep, ¢ TOMOITBI0 MMEHOBAHHBIX KaHAaJOB
MOKHO C/IeJIaTh CBSI3h OTJIAJUNKA KOMAHIHON CTPOKU C rpaduIecKUM WH-
Tepgeiicom, 0 peaausauy KOTOPOH Ha OCHOBE aHOHMMHBIX KaHAJIOB s Pac-
CKa3bIBAJI BbIIIE, O0oJiee TOKOI — mpu ucnoab3oBauuu ¢aitios fifo gis co-
eIMHEHUs IIOTOKOB BBOJA-BhIBOJAA rpaduuecKkoro unTepdeiica ¢ IoToKaMu
BBOJAa-BBIBOJA OTJIAAUMKA KOMAaHIHON CTPOKHU, rpaduuecKkuii mHrepdeiic
MOXKHO OBLTIO OBI 3aITyCKATh HE3aBUCUMO.

ITomo6HYI0 (DYHKIIMOHAIBHOCTE IIPEAOCTAaBIAIT COKEThI, KOTOPhIE K TOMY
JKe TOAKYIAalOT CBOMCTBEHHON MM BO3MOYKHOCTBIO IIepemaul MaHHBIX II0
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CeTy U MepeHOCHUMOCThI0 Ha miaaTdopmy Windows, o ueM paccKasbIiBaeTcs
B CJI€IYIOIIIEM pasfeJie.

CokeTbl: I'IepBbII7I B3rnan

Cokersl, peajmsalusi KOTOPHIX Ha s3bIiKe Python maxomurcss B momyse
socket, IpeacTaBJISIOT cO00Ii 00Jlee yHUBepcaabHBIN MexaunusM IPC, uem Ka-
HaJIbI, KOTOPbIe MBI paccMaTpuBaJu nepeq sTuM. COKeThI IIO3BOJISIOT IIepe-
JaBaTh OaHHbIE€ HE TOJBKO MEXXOY IIporpaMMaMM, BBIIIOJHAIOIIMMMICA Ha
OTHOM M TOM K€ KOMIbIOTepe, HO U MEeXKy IporpaMMaM4, BbIIOJHAIOIIN-
MMHCA Ha Pa3dHbIX KOMIIbIOTEPaX, COeJMHEHHBIX CEThIO. HpI/I HCIIOJIB30BAHUU
COKEeTOB JIJI peaIn3aliy MeXaHn3Ma B3auMOJECTBII MeK Ay IIPOLeCCaMU,
BBITIOJIHAKIIMUCA Ha OJHOM 1M TOM K€ KOMIIBIOTEPE, IIPOrpaMMbI ITIOAKJIIO-
YaTCA K COKETaM, MCIOJIb3Ys IVI00AJbHBIN [JIS STOr0 KOMIILIOTEpa HOMED
IIopra, 1 riepegamT JaHHBIE. HpI/I HNCIIOJIB30BAHMNM COKETOB AJId BBIIIOJTHEHU A
CeTeBbIX COBI[I/IHeHI/Iﬁ IIporpaMMbl YKa3bIBAlOT Ce€Te€BO€ HMMsA KOMIIBIOTEPa
%8 HOMep nop'ra %8 06MeHI/IBaIOTCH JAaHHBIMU C y,I[aJIeHHBIMI/I HpOI‘paMMaMI/I.

OCHOBbI COKETOB

CoKeThI — 9TO OUH 13 HanboJjiee YacTO MCIOJIb3yeMbIX HHCTPpYyMeHTOB IPC,
TeM He MeHee HEBO3MOXKHO JI0 KOHIIA TOHATH nX API, He mOHMMAas ero poJb
B CETEBBIX B3aMMOENCTBUAX. BeecTBIE 3TOTO A OTJIONKY IIOAPOOHOE OCBe-
mieHMe 0COOEHHOCTEH COKETOB, IIOKA MBI He MCCIeAyeM HMOPALOK UX MCIIOJIb-
30BaHUA B CETEBBIX MPUJIOKEHUAX B r1aBe 12. B sToM paszese gaeTcs KparT-
Koe BBeJleHUe U IIPeABapUTeJIbHBIN 0030p COKETOB, Oj1arogaps KOTOPOMY BbI
CMOJKeTe CPaBHUTH UX ¢ UMeHOBaHHBIMU KaHasamu (fifo), mpexcraBiieHHbBI-
MU B IPeAbIayIlieM paszaeie. B 1Byx ciaoBax:

L4 HOﬂOﬁHO NMEHOBaHHBIM KaHaJlaM, COKETBbI ABJIAOTCA TJI00ATBHBIM AJIA
KOMIIbIOTEpA MEXaHU3MOM — OHHM He Tpe6y10T HaJIn4yud maMATH, COBMECT-
HO I/ICHOJIBSyeMOfl IIOTOKaMM BBIIIOJITHEHUWA WJIN IIPOIleCCaMM, U IIO3TOMY
MOT'YT UCIIOJIb30BATHCA HE3aBUCHMMBIMU IIPOrpaMMaMu.

e B omiimume oT “MEHOBAaHHBIX KAHAJIOB, COKETHI UJeHTUMUIIMPYIOTCA II0
HOMepY IopTa, a He 0 UMeHHU (paiiia B (paiijIoBoii cucTeMe, — Ipu paboTe
C HUMHU HUCIOJIb3yeTcA coBepiiieHHO nHolt API, He moxo:kuit Ha Qaiiis,
TeM He MeHee MMeeTCs BO3MOYKHOCTH 00epThIBATh MX O0beKTaMu Qaii-
soB. CokeThl 001a0ai0T 60JIee BHICOKOU CTEIIEHBIO IIEPEHOCUMOCTU: OHU
TIOAJEP;KUBAIOTCA MIPAKTUUECKU HA BceX IIaTdopMax, BKJIOUAA CTaH-
naprayio Bepcuio Python gisa Windows.

Kpome TOro, COKeTsI MOT'YyT UT'PATh POJIU, BEIXOAAIINE JAJEKO 32 PAMKU B3a-
UMOJIeHICTBUII Me:KAY IIPoIleccaMi U 3a PAMKU 3TOU IIaBbl. TeM He MeHee,
YTO0BI IPOUJIIIOCTPUPOBATH OCHOBHBIE 0COOEHHOCTH HCIIOJIb30BAHUS COKe-
TOB, B MpuMepe 5.25 MPUBOAUTCSA CIleHAPHUil, KOTOPBIN 3aIllyCKaeT cepBep
U 5 KJIMEHTOB B BU/ie IIOTOKOB BBIMIOJHEHHUA, PAO0OTAIONNX ITapaJjeibHO Ha
OIHOM KOMIBIOTEPE M OOMEHHUBAIOIIUXCA JAHHLIMU Uepe3 COKeThl. Tak Kak
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BC€ KJIMEHTHI IIOAKJIYAITCA K OTHOMY 1 TOMY e IIOPTY, CEPBEP II0JyUaeT
JaHHBbIE, OTIIPpaBJIA€Mble BCEMU KJIMEHTaMMU.

Ilpumep 5.25. PP4E\System\Processes\socket_preview.py

TEIET

NCnosib3yeT COKEeTbl /14 obmeHa [laHHbIMM MEXLY 3afdaHnAMK: 3afyCkKaeT NOTOKK
BHINONHEHWS, B3aAMMOLENCTBYWME C NOMOWbLI COKETOB; HE3aBMCUMBIE NPOrpaMMbl TaKxe
MOTYT UCNONb30BaTb COKETH AN% B3aWMOLEWCTBWI, MOTOMY YTO OHW NpUHAAnNexat

cncT

eMe B LEeNIoM,

KakK 1 UMEeHOBAHHLIE KaHasbl,

CMOTPUTE HacCTW KHUTK,

NOoCBAlleHHbIE

paspaboTke rpapuyeckux WHTEpHerncos u cueHapues ana WHTepHeTa, rae NpuBOAATCS
fonee NpakTHU4HHE NPUMEPSI MCMONBb30BaHUS COKETOB; HEKOTOPHM CEpPBEPaM MOXEeT
notpeboBaThCs B3aUMOAENCTBOBATL Yepe3 COKETh C KAWeHTaMu B BuAe MOTOKOB
BLIMOJHEHMS M MPOLECCOB; [aHHHe Yepes COKeTb nepeaanTcs B BUAE CTPOK 0ainToB, HO
TOYHO TakK Xe 4Yepes HUX MOXHO nepefaBaTb Cepuann3oBaHHbe 00bEKTb MM KOAMPOBAHHbIN

TEeKC

T 0HuKona;

BHUMAHWE: npu obpaweHnn K OyHKUMM print B NOTOKAaX BHMONHEHWS MOXET MoTpeboBaTbCS
CUMHXPOHW3MPOBATL UX, €CMN eCTb BEPOATHOCTb MEPEeKPHTUA N0 BPEMEHU;

TRIRT]

from

port
host

def

def

if

__Nname__

socket import socket, AF_INET, SOCK_STREAM # nepeHocumbii APT cokeTOB

50008
‘localhost

server():
sock = socket(AF_INET, SOCK_STREAM)
sock.bind(('", port))
sock.listen(5)
while True:
conn, addr = sock.accept()
data = conn.recv(1024)
reply = ‘server got: [%s] % data
conn.send(reply.encode())

client(name):

sock = socket(AF_INET, SOCK_STREAM)
sock.connect((host, port))

sock. send(name.encode())

reply = sock.recv(1024)
sock.close()

print(‘client got: [%s] % reply)

1.

__main__
from threading import Thread
sthread = Thread(target=server)
sthread.daemon = True
sthread.start()

for 1 in range(5):

#
#

# HOMEp nopTa, MAEHTUOUUMPYIOWMIA COKET
# CepBep W KAWEHT BHMNOMHANTCA HA JIOKANBHOM KOMMbITEpe

IP-anpec TCP-coeanHeHuns
NOAKMIOYUTb K NOPTY Ha 3TOi MawnHe
N0 5 oxupanuMx KiaMeHToB

XAaTb COEAMHEHUS C KIWEHTOM
npounTaTb OaiThl [aHHHIX OT KAMEeHTa
CONN - HOBbHIA NOAKMOYEHHbIA COKET
0TNPaBnTb 0aiTbl JaHHLIX KAWEHTY

NOAKMYUTb COKET K MOpTy
0TNpaBuTb OaiTh AaHHHX CepBepy
NPUHATL GaliThl faHHLX 0T cepsepa
no 1024 6aiToB B COOOWEHNN

He X[aTb 3aBepuieHns noToka cepsepa
X[ATb 3aBepUeHNs A04EPHUX NOTOKOB

Thread(target=client, args=(‘client%s’ % 1i,)).start()
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BHuMaTe/IbHO pAaCCMOTPUTE IPOTPAMMHBIN KOJ 9TOr'0 IpHuMepa M KOMMEH-
Tapuu, YTOOBI MOJIYUYUTD MPEACTaBJIEHIE O TOM, KaK MCIIOJIb3yIOTCI METOIBI
00bEeKTa COKeTa AJA Iepelauyu AaHHBIX. B ABYX cJIoBax, MeTOX accept co-
KeTOB JaHHOTO TUIIA, KOTOPBIA BLI3LIBAETCS CEPBEPOM, IPUHUMAET COemU-
HEHUA OT KJIUEHTOB, II0 YMOJIYAHUIO OJIOKUPYA BHIIIOJTHEHUE CEPBEPA, IOKa
KJIMEHT He IPUIILJIET 3aIPOC Ha O0CHIYy:KUBaHUE, U BO3BPAIIlaeT HOBBIN CO-
KeT, COeTUHEHHBIN ¢ KimeHTOM. [locie ycTaHOBIEHUS COeTUHEHNA KINEHT
¥ CepBep IPUCTYIAIOT K 00MEeHY CTPOKaMu 0AMTOB C IIOMOIIIBI0 METOHOB IIPU-
emMa U mepemayr, BMecCTO 3amnucu u urenusi. OqHAKO, KaK OyIeT IOKasaHo
Iajiee B 9TOM KHUTE, COKEeThl MOT'YT 00epThIBaThCA 00beKkTaMu (haiijioB, Kak
3TO [1eJIaJIOCh BBIIIE C JAECKPUIITOPaMU KaHaJyoB. Kpome Toro, momo6HO 1e-
CKPHUIITOPAM KaHaJIOB, HEOOePHYThIe COKeThI paboTaroT co cTpoKaMu bytes,
a He ¢ TEeKCTOBLIMU CTPOKAMU Str. 9TO 00BACHSAET, ITOUEMY Pe3yJabTaT (hop-
MaTUPOBAHUA CTPOK B IPUMepPe KOAUPYETCA BPYUYHYIO.

Huoxe mprBoguTCA BBIBOJ 9TOI0 CIleHAPUA HocJie 3armycka B Windows:

C:\...\PP4E\System\Processes> socket_preview.py
client got: [b”server got: [b'client1’]"]
client got: [b”server got: [b'client3’]"]
client got: [b”server got: [b'client4’]"]
client got: [b”server got: [b'client2’]"]
client got: [b”server got: [b'client0’]"]

BoTux pesysabraTax HeT HUUEro 0COOEHHOr0; KasKJasd CTPOKAa OTPaKaeT JaH-
HBIE, OTIPABJEHHbIE KJIMEHTOM CepBepy U 3aTeM OTIIPaBJIEHHbIE 00paTHO:
cepBep MPUHUMAET CTPOKY 0AfTOB OT KJIMEHTA U OTIIPABJIAET UX 00paTHO,
00aBUB HEKOTOPHIH TeKCT. Tak KaK BCe MOTOKY BBITIOJTHAIOTCS Mapasijiesib-
HO, KJIMEHTHI HA 9TOM KOMITBIOTEPE 00CTYKUBAIOTCS B CIyYAHOM TIOPSIKE.

CokeTbl U He3aBUCMMble NMPOorpaMmmbli

IToTOKM BBIMOJIHEHUS MOT'YT MCIIOJH30BATh COKETHI MJIs B3aMMONEHCTBUI
MeK Iy cob60ii, OMHAKO MOJEJIb IIOTOKOB ¢ 00IIell MaMAThIO YACTO IIO3BOJIAET
WCIOJIb30BATh 00JIee MPOCThle MeXaHU3MbI, TaKMe KaK To0ajbHBIE Iepe-
MeHHBIe I 00BeKTHI 1 ouepenr. Haunbojiee APKO COKETHI IPOSABIAIOT cebsd,
KOTr[a OHU HCIIOJIb3YIOTCS AJIsI OPraHu3aliy B3aMMOIEHCTBUN OTAEJIbHBIX
MIPOIIECCOB U IIPOrPaMM, 3aIlyCKAaeMbIX He3aBUCUMO APYT OT aApyra. B mpu-
Mepe 5.26 TOBTOPHO MCIOJIB3YIOTCS PYHKIINU Server u client U3 mpeabIay-
I[ero mpuMepa, HO TelepPb OHU BBIZBLIBAIOTCS IIPOIECCAMU U IIOTOKAMU U3
mporpaMM, 3alIyCKaeMbIX He3aBUCUMO APYT OT ApyTa.

IIpumep 5.26. PP4E\System\Processes\socket-preview-progs.py

TRIET

TOXe COKeT, HO Tenepb And O@lLLeHVIﬂ HE3aBMCUMbIX MPOrpaMM, a He TOJIbKO NOTOKOB
BbIMOJIHEHNSA; CEPBEP B 3TOM Npumepe O@Cﬂy)KVlBaeT KNNEeHTOB, BHINOMHANWNXCHA B BUE
OTAENbHLIX NMPOLECCOB M NOTOKOB; COKETH, KakK W MMEHOBAHHLIE KaHalbl, ABNANTCHA
rnobanbHbIMY Ona KomMnbioTEepa: ANg UX MCNONb30BaHUA He Tpe6yeTcs:| COBMECTHO
ncnonb3yemaa namMdaTb

TRIRT]
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from socket_preview import server, client # oba ncnonb3ywT TOT e HOMep nopTa
import sys, o0s
from threading import Thread

mode = int(sys.argv[1])

if mode == 1: # 3anycTuTb Cepsep B 3TOM npouecce
server()

elif mode == 2: # 3anyCcTuTb KNIMEHTa B 9TOM npouecce
client(‘client:process=%s’ % o0s.getpid())

else: # 3anyCTWTb 5 NOTOKOB-K/IMEHTOB

for 1 in range(5):
Thread(target=client, args=(‘client:thread=%s’ % i,)).start()

3amycTuM 3TOT ciieHapuili B Windows (IepeHOCHMMOCTb — BayKHOE IIPEUMY-
miecTBO coKeToB). CHauasia 3aIyCTUM B OTJEeILHOM OKHE CEpBep, KaK Hesa-
BHUCHMYIO IIPOTPAMMY, — 3TOT IIPOIecC OyAeT BBIIIOTHATHCA 03 OCTaHOBKMU,
OXKUas OT KJIMEHTOB 3aIIPOCOB Ha COeUHEeHUe (KaK U B IPEIbIAYIIeM IIPU-
Mepe ¢ KaHaJaMu, BaM MOXKeT MOTPedoBaThCA BOCIOIB30BAThHCA [ucneryepom
3apay (Task Manager) miin 3aKpBITH OKHO, YTOOBI ITPEPBATH PAOOTY cepBepa):

C:\...\PP4E\System\Processes> socket-preview-progs.py 1

Temneps, B APyroM OKHe, 3aIyCTUM HECKOJbKO KJINEHTOB, BHITIOJHAIOIIIXCS
B BHJE IIPOILECCOB U IMOTOKOB, KAK HE3aBUCHMBLIE IIPOIPAMMBI; €CJIH Iepe-
IaTh CIEHAPUIO apr'yMeHT 2 B KOMAaHIHOM CTPOKE, OH 3aIIyCTUT ONUH KJIU-
€HTCKUI IIPOIECC, a eCJIU IIepelaTh 3, OH HOPOAUT HSATh IIOTOKOB BBIIIOJIHE-
HIUSA, 0OMEHUBAOIUXCA JAHHLIMU C CEPBEPOM IIapaJLIe/ILHO:

C:\...\PP4E\System\Processes> socket-preview-progs.py 2
client got: [b”server got: [b'client:process=7384"1"]

C:\...\PP4E\System\Processes> socket-preview-progs.py 2
client got: [b”server got: [b’'client:process=7604"1]"]

C:\...\PP4E\System\Processes> socket-preview-progs.py 3
client got: [b”server got: [b'client:thread=1"]1"]

client got: [b”server got: [b’'client:thread=2"1]"]
client got: [b”server got: [b'client:thread=0"]"]
client got: [b”server got: [b'client:thread=3"]"]
client got: [b”server got: [b’'client:thread=4"1"]

C:\..\PP4E\System\Processes> socket-preview-progs.py 3
client got: [b”server got: [b'client:thread=3"]"]
client got: [b”server got: [b'client:thread=1"]"]
client got: [b”se