


ITIVBJIMYHAL JINITEH3M A

VYuebuoe mocobue Annpest Bukroposuua Cromnsiposa «IIporpammupoBanme: BBefeHHE B IPO-
deccuro» B Tpéx ToMmMax, onybsmkopanHoe B usgareiabcrBe MAKC IIpecc B 2021 roay, Ha3bI-
BaeMoe najiee «lIpomsBeneHmeM», 3AIMUIEHO ACHCTBYIOMMM POCCHHCKMM W MEXKJIYHaPOIHBIM
aBTOPCKO-IIPABOBBIM 3aKOHOAATENILCTBOM. Bcee mpasa Ha [IponsBenenune, mpemsycMOTpeHHBIE 3a-
KOHOM, KaK MMYIIECTBEHHbBIC, TAK U HEUMYIIECTBEHHBIE, IPUHAJJIEXKAT €ro aBTopY.

Hacrosamas JIumnensus ycTaHaBINBaET CIIOCOOBI UCIIOJIL30BAHUS 3JIEKTPOHHON Bepcuu IIpons-
BeJICHHs, NIPABO HA KOTOPBIE MPEIOCTABJIEHO aBTOPOM U MPAaBOOOJIAIATEIEM HEOTPDAHUICHHOMY
KpyTy JINILI, DU yCJIOBUK GE30rOBOPOYHOIO IPHUHSITUS STUMHU JINIIAMYU BCEX yCJIOBHI maHHON JIu-
uensuu. JIo6oe ucnosbzoBanue [Ipoussenenusi, He COOTBETCTBYIOIIEE YCJIOBHAM NaHHON Jlumen-
nuu, a paBHO U HCIOIb3oBanue [IponsBenenus sumamMu, He COIVIACHBIMU C yCJIOBHAMH JInnensun,
BO3MOXKHO TOJIBKO IIPU HAJUYUU MMHCHMEHHOI'O Pa3peIIeHHs] aBTOpa U IPaBoodamaTess, a Ipu
OTCYTCTBUU TAKOTO Pa3PENICHUs SABJISAETCS MPOTUBO3AKOHHBIM M MPECJIEIYETCA B PAMKAX IDaXK-
JAHCKOrO, aIMUHICTPATHBHOIO M YI'OJIOBHOT'O IIPaBa.

ABTOD U IpaBoObJIAIATE/b HACTOAIIMM PA3PELIAET CJeIYOIINe BUIAbl NCIOIb30BAHNUS JTAHHO-
ro daiisia, sIBJISAIONIErocsI JIEKTPOHHBIM IIpeacTasiieHneM [Iponssenenust, 6e3 yBeIJOMIICHHS IIpa-
BooOsIa1aTesist 1 6e3 BBIILIATHI ABTOPCKOTO BO3ZHATDAXKICHUS:

1) Bocupoussenenue ITpoussesienust (IIOJHOCTHIO MM YACTUYIHO) Ha GyMare MyTEM PACIedaTKH C
IIOMOIIBIO IPUHTEPA B OJHOM IK3EMILISIPE JJIsSl YAOBJIETBOPEHUS JINIHBIX OBITOBBIX WJIH y4e0-
HBIX NOTpebHOCTEHN, 6e3 mpaBa Iepeadn BOCIPOU3BEIEHHOTO SK3EMILISAPA JIPYTUM JIHIIAM;

2) KONHMPOBAaHME M PacIpPOCTPaHEHWe JAaHHOTO (baila B 9JIEKTPOHHOM BHJE, B TOM YHCJE IIyTEM
3anucu Ha (QUIUUECKHE HOCUTEIU U IMyTEM Iepefadd IO KOMIBIOTEDHBIM CETSM, C COOJIO-
JleHueM cilefytonmx yciosuii: (1) Bce BocmpousBeAEHHBIE U IepefaBaeMble JIIOObIM
JIMLAM SK3EMIISIPbI (paiijia sIBJISIIOTCS TOYHBIMU KOIMSIMU OPHUTHMHAJIBHOTO haii-
ga B ¢popmare PDF, npu xonmmpoBaHuy He NMPOU3BOAUTCS HUKAKUX U3bATHN, COKPAIICHUI,
JIOIIOJIHEHUH, MCKayKEHUi 1 JIIOObIX JPYTUX W3MEHEHUil, BKIlo4das u3MeHeHue opMarTa Ipel-
crasienus daiina; (2) pacnpocTpaHeHne U nepejadya KONuii APyrUuM JIMLAM [IPOU3BO-
JAUTCH UCKJIIOYUTEJIBHO Hecn.aammo, TO eCThb IIPU IlepeJade He B3MMAETCH HUKAKOe
BO3Harpa>kJeHue HU B KakKoil dopMe, B TOM ducCIe B POpMe IPOCMOTPa PEKIAMEL, B (DOp-
Me IIJIAThI 33 HOCHUTEJIb HJIM 33 CaM aKT KOIMPOBAaHUS W Ilepeladd, Jarke eC/IM TakKas IJaTa
OKa3bIBAETCsI 3HAYUTEJIBHO MeHbIe (PAKTUYECKOH CTOMMOCTH UM Ce0eCTOMMOCTH HOCHTEJIH,
aKTa KOIMPOBAHUS U T. II.

JIrobbre npyrue crocoGbl PacIpOCTPAHEHUSI NAHHOrO (aiija IPH OTCYTCTBUH IMCHMEHHOIO pa3-
pellleHNsT aBTOpa 3allpelleHbl. B 4acTHOCTH, 3alpelaeTcsi: BHECEHNE KaKUX-Inb0 N3MEHEHUil B
JaHHBIA ailyl, co3jaHne U PacCHpOCTPaHEHWE MCKAXKEHHBIX SK3EMIUISPOB, B TOM HYHCJIE SK3eM-
IJISIPOB, COJEPrKallX KaKylo-JIH0O YacTh IMPOU3BEIEHHUsI; PacIpoCTpaHeHne JaHHOro daiina B
Ceru naTepHeT yepe3 BeO-caiiThbl, OKa3bIBAIOIIME IIJIATHBIE YCJLyTH, Yepe3 caiiThl KOMMEPYECKUX
KOMITAHU M MHIMBH/LyaJbHBIX [IpeJnpuHuMaresieil (Briodas dailiooOMeHHbIe U J06ble Apyrue
cepBuchl, oprann3osanuble B Ceru VHTepHET KOMMEPYECKMME KOMIIAHUSIMH, B TOM 4YHCJIE Oec-
IJTATHBIE), & TAKKE Yepe3 cafiThl, CoAepXKallue peKJaaMy JII060ro poaa; npojaxa u oOMeH
busnYeCKNX HOCUTEIEN, CONEPAKAIIUX JAHHBIH (hailil, JarXke eCiIi BO3HATIDaXK/IeHHe 3HAYNTEIBHO
MeHbIIIe Ce6eCTONMMOCTH HOCHUTEJIST; BKJIIOUEHNE JAHHOrO ¢aiijia B COCTaB KaKUX-Iub0 HHOpMa-
IIMOHHBIX M UHBIX IIPOJAYKTOB; PACIPOCTPAaHEHHE JaHHOrO (ailja B cocraBe KaKoil-nbo MIaTHOM
YCJIYTU WM B JIONOJHEeHUe K Takoil yciayre. C npyroi croponbl, paspermaercs: gapenue (Gec-
IJIaTHAs TIepeada) HoCUTeNei, CoaepKaIUX JaHHbIi (daiis, GecriyiaTHas 3anuch JaHHOro (aitia
Ha HOCHUTEJIH, IIPUHA/JIEXKAIINE JPYTUM II0JIb30BATEJIsIM, PACIPOCTPaHeHue JaHHOro daiiia de-
pe3 GecriaTHbIE AeleHTpan30BaHlble (daitnooomenabie P2P-cern u 1. 1. CChLIKM HA SK3EMILISIP
daiia, pacosozkeHHbI Ha oUINAILHOM CaliTe aBTOPa, Pa3pPelIeHbl 0e3 OrpaHuYeHui.

A. B. CroasipoB 3anpeuiaem Poccuiickomy aBTOPCKOMY OOIIeCTBY U JIIOObIM OpPY-
r'MM OPraHMU3aLusIM IIPOU3BOAUTH JIIOOOro poJa JUILEH3MPOBaHUE JIIOObIX €ro Npons3Be-
JEHUI U OCYILECTBJISITH B MHTEPECaX aBTOpa KakKylo Obl TO HU OBLIIO UHYIO CBSI3AHHYIO
C aBTOPCKMMM IIPaBaMHU [I€ATEJIbHOCTh 6e3 ero NucCbMEHHOI'O pa3pelleHns.
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Yacrp 4

IIporpammupoBanue Ha
si3bike Cu

4.1. ®enomen a3bika Cu (BMecTo
IIPEINCIOBUS )

K macrosiiiieMy MOMEHTY ¥ BacC yzKe€ €CTb OIBIT ITPOTPAMMHUPOBAHUS HA
[TackaJste u s3b1Ke accembiiepa. S3pik Cu Bo MHOrOM Hamomunaer llackab:
BO BCAKOM CJIydae, 3/1eCh TOXKE €CTh IIepEeMeHHbIe U UX THUIIbI, CTh OllepPaTo-
PBI, B TOM 4YHCJ€e XOPOIIO 3HaKOMBble HaM OIlepaTOPbl BETBJIECHUA U ITUKJIA,
€CTb U TIOIIPOTPAMMBbI, KOTOPBIE 3/1eCh BCET/IA HA3BIBAIOTCS «(PYHKITUSIMU ;
BIIPOYEM, aHAJOTH MMACKAJIEBCKHUX rporeayp B Cu ToXKe MPUCYTCTBYIOT, XO-
T UX TaK W HE Ha3bIBAIOT. 1049HO Tak ke, kak B Ilackasne, B Cu akTus-
HO TIPUMEHSIETCS COCTNABHOU ONepamop, XOTs BLIVISIAT OH Ha IEPBLIT
B3IUIsJ[ COBCEM MHAYE: BMECTO IIACKAJIEBCKUX CJIOB begin u end B Cu miis
IPYIIIPOBKHU OIEPATOPOB UCIIOIB3YIOTCH (DUTyPHBIE CKOOKH.

WNurepecno, aro susdyaavro npu nepexone ot Ilackans k Cu kak pas
OGpocaeTrcs B I1a3a BOT 3Ta 3aMeHa begin m end Ha CKOOKH; HaXOJIATCS J1a-
2Ke JIIOJIN, KOTOPBIE, €CJIM UX CIIPOCUTD, B 4éM pa3Huia mexay llackasem u
Cu, TyT K€ BCIOMHSAT UMEHHO IPO 3TO, & HOJIBIIE TOJKOM HAYErO CKa3aTh
HE CMOTYT; HEKOTOpBIE elié 100aBsT, aro B [lackasie npucBanBanme 0603Ha-
YaeTcsi CHMBOJIOM : =, TorJa Kak B Cu — IIPOCTBIM 3HAKOM PaBEHCTBA, KaK
OyaTo 910 Tak BaxkHo. Kak mpaBmiio, 3TO 03HAYAET, YTO MUHUMYM OJHOTO
U3 JBYX #A3BIKOB YEJOBEK He 3HaeT. Ha caMoM 1ejie COBEpIIEHHO HEBaXK-
HO, KaK UMEHHO U300pakaercsi Ta WK UHAS CYIIHOCTb; CYyTh, HAOOOPOT, B
TOM, YTO U «TaM», U «3JleChb» €CTh IIPUCBaWBaHUE U €CTh ONEPAMOPHbHLE
CcK0b6KU, C IOMOIIBIO KOTOPBIX CO3aETC COCTaBHOIT oniepaTop. BenomuuTe,
Benb U ipu o0cy K aennnu [lackasist Mbl Beeria Ha3bIBaJd begin u end omepa-
TOPHBIMU CKOOKAMM, TaK YTO IIPUMEHEHUE B 9TON POJIM HACTOSIIIUX CKODOOK
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(mycrb u UrypHBIX) JleJaeT CHHTAKCUC OJINXKe K UCIOJIb3YeMOil TepMUHO-
JIOTMHM, HO MO CYMu HUIEro B 5TOM ILIaHE He MeHsieTcsi. Kak IpaBujo, K
3TOI «pasHMIE» AJAITUPOBATHLCH IIPOIIE BCero. Korma BusyaJbHbIE Pas3iii-
4us IepPecTaoT pe3aTh a3 (& IPOUCXOIUT TO IOYTH CPa3y, JIOAU BOOG-
IIle HEIJIOXO YMEIOT aJIalITUPOBATHCS ), CTAHOBUTCS BUIHA KOHUENMYAAOHAA
pa3HUIA MEXKy JIBYMs A3bIKAMU, U YeM JaJIbllle MIPOJIBUTIAETCI U3yJIEeHUe
A3bIKa, TEM 3Ta pPa3HUIA Cepbé3Hee. BUsyasbHO €€ yXBaTUTb HEBO3MONK-
HO, TYT Tpebyercsi IOHUMAaHUe TPOUCXOMISINEr0 U ONPEIe/IEHHBINA OMbIT —
B YaCTHOCTH, €CJI BbI He OyJleTe aKTUBHO IHcaTh mporpammbl Ha Cu, ju-
60 ecji BBl B IIPOILJIOM He JIajiu cebe Tpyla IJIOTHO IONPOIPaMMHUPOBATH
na ITackaJe, ugeosornieckue pas3jnins 3TUX S3bIKOB, CKOPEE BCEro, IMPOii-
ayT MuMO Bac. MexXiy TeMm, MMEHHO STU pa3jindus, Oyydu, BO3MOXKHO,
He CTOJIb BaXXHbI B IIPOIIECCE HEMOCPEJICTBEHHOTO HANMMCAHUs Komua (B ca-
MOM JIeJIe, MBI BeJb IUIIEM Ha KAKOM-TO OJHOM #A3LIKE, 9TO HaM 34 JeJ0
JIO JPYTOr0), PHU TOM [O3BOJIAIOT CYIIECTBEHHO MOBLICUTH CBOH YDPOBEHb
BOCIIPUSITUAS] MHCTPYMEHTA, IEePEedTH OT BOIPOCA <«KAK YCTPOEH SI3BIK» K
BOIIPOCY «II0YEMY OH YCTPOEH MMEHHO TaK» U CO BPEMEHEM JIONTU 10 BbIC-
KX YPOBHE IOCTHXKEHUS IIPe/MeTa, Ha KOTOPBIX 00CY2KIaeTcst BOIIPOC O
TOM, KaK J0JI2KEH ObITh YCTPOEH U bHbBIA A3LIK IPOrPAMMUAPOBAHNUS; OT-
MEeTHM, 9TO, Pa3dyMeeTcs, OTBETAa Ha STOT BOIIPOC He 3HAET HUKTO, WHAYEe
TaKOM SI3BIK y2Ke JIaBHO OBbLT ObI co3man. Ho marke me Oyay<n B cuiax OTBe-
TUThb Ha BOIIPOC, KAKOB K€ MeaJsl S3bIKa IIPOrPaMMUPOBAHUs, Mbl BIIOJIHE
MOXKEM, UMesi JOCTATOYHBI yPOBEHb IMOHUMAHWS TUX MaTepuii, 060CHO-
BAHHO IIOKa3aTh, B YEM COCTOAT HedOCmamku KaXKJI0ro KOHKPETHOTO SI3bIKA
[IPOrPaMMHPOBaHUsSI, U BOT C 3TUM KBaJU(PUIUPOBAHHOMY IIPOIPAMMUCTY
BECbMa 2KeJIaTeJIbHO YMEThb CIIPaBJIATHCH.

Bepuémcst, Brpouem, ¢ Hebec Ha 3eMitio. A3bik Cu MOXKET IMOKA3aThCS
CTPAHHBIM; MBI HE CJIMIIKOM IOIDENIAM IIPOTUB UCTUHBI, €CJIA 3asdABUM, UTO
9TO TaK U €CTh — A3BbIK JeHCTBUTE]BHO CTPAHHBINA. AJIEKBATHON 3aMEHBI
3TOMY S3BIKY HET U HE IIPEIBUIUTCS, €CTh TaK/e KJIACCHI 3a1ad, IJ1s1 KOTO-
PBIX IIPOCTO HET JPYTUX MOIXO/ISIIUX SI3BIKOB; MPUIETCsI, KAK CJIEJICTBUE,
TepIIeTb CI/I TaKNM, KaKOB OH €CThb. HpI/IHHTb 9TOT A3bIK KaK (beHOl\/IeH BaM
[IOMOZKET IIOHUMAHHME TOI'O, OTKYJa OH B3sJICs, I0YEMY OH MMEHHO TaKOB,
[I0YeMy, HECMOTPs Ha BCE CBOU BLIBEPTHI U BHIKPYTACHL, 3TOT S3BIK IIPOIOJI-
JKAeT yIEpKUBATh [IEPBOE MECTO IO IOMYJSPHOCTH! M IIOodeMy, HAKOHEI,
nporpammucTa, He sHapomero Cu, Bcerjia u Be3je OYIAyT BOCIHPHHHUMATH
KaK COTPYIHHUKa BTOPOro copTa, dasice ecau nucamv Ha Cu om Hea2o He
mpebyemca.

Wcropust cosmanust si3bika Cu Hepa3pbIBHO CBI3aHa ¢ BOSHUKHOBEHUEM
OC Unix, o 94ém MBI y2Ke pacckasbiBain B epBoM Tome (cM. §1.2.2). Ilep-
Bas BEPCUs ITOM cucTeMbl ObLTa Hanncana Kemom ToMmricornom Ha aBTOKOIE
(accembiepe) g mamunbl PDP-7, koropast K ToMy BpemeHUu ObLia yiKe

Tlo 06b&My TPOrpaMMHOTO KOJ1a, HAXOJAIIErocss B aKTHBHOM HcHob3oBanuu, Cu
OBLT 1 OCTAETCsA GECCIIOPHBIM MUPOBBIM JIXIEPOM.
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ycrapesIieil u He IpejcTaBisyia ocoboro marepeca; 3ato Kena Tommcona
C €ro UrPYIIKAMU C 3TOU MAIIUHBI HEKOMY ObLIO cOorHaTh. VIMeBIeecs niis
9TOI MAINWHBI CHCTEMHOE IIPOrpaMMHOe obecrievernne ToMIicoHa He yCTpOou-
JIO, TAK YTO OH HAITMCAJI ONEPAIMOHHY0 CUCTEMY CaM; TaK U mosgBuicsa Unix.
B nportecce nanbheiimeir paborel Kerny Tomiicony moHamoOmics si3bIK BbI-
COKOT'0 YPOBHS, JOCTATOYHO IIPOCTOH, YTOOBI €10 MOXKHO OBLIIO PEATN30BATH
OBICTPO 1 O€3 CYMIECTBEHHBIX TPYA03aTpar. /st 9T0ro oH npumaymMas o9eHb
YCEedEHHYIO Bepcuio cyIiecTBoBasiiero panee s3pika BCPL, HazBas pesynib-
tar npocto B (uuraercst «Buy ), 1 HAMCAJ HHTEPIPETATOD ITOTO SA3BIKA.

IToz:xxe Tommcon mombITajcsa Mepenucarh Ha bu BCIO CBOIO cHuCTeMYy, C
TeM YTOOBI €€ He HYKHO ObLIO KaKIbIIl pa3 MEeperuchbiBATbL C HYJIS IIPHU
IepeHoce Ha JApyrue MamuHbl. K TOMy BpeMeHH cucrema yke paborasia
Ha nonynapHoit Torma PDP-11, koropas 6s1a HecoBmectuma ¢ PDP-7 no
MaIlIMHHOMY KOy, HO acceMOJiepHble MHEMOHUKH Ha ITUX KOMIIBIOTEPAX
HCITO/Tb30BAJIACH [TOYTH OJUHAKOBBIE, TAK YTO IMEPEHECTU CUCTEMY C OJIHOM
MAITUHBI Ha JIPYTYIO YIaJI0Ch CPABHUTEIHHO OBICTPO; OJHAKO CBOEH Ovepe/in
JKJIAJU JIpYyTHe allllapaTHble apXUTEKTYDPBI, U HEPCIEKTUBA KayKIbIil pa3
[IEPEIUCHIBATH BCIO CHCTEMY TOMIICOHY COBEPIIIEHHO HE HPABUJIACH.

[TombiTKa MCcmoIB30BaTh B B KayecTBe HOBOTO sI3bIKA PEAJIM3AIUNN $]1-
pa cHUCTeMbI yCIIEXOM He YBEHUYAJIaCh, CJAUIIKOM YK IMPUMUATHBEH OBLI 3TOT
SI3BIK; JIOCTATOYHO CKA3aTh, ITO MUN0E 0GHHLLT 6 HEM He Oblao, BCsT paboTa
C MaHHBIMU [IPOXOJNJIA B TEPMUHAX MAIMUHHBIX CJIOB. [lostoxkenne ymamoch
ucnipaBuTh J[sHHUCY PuTdn, KOTOpBIl BOBpeMsi MPUCOEIUHUIICT K TOMII-
COHY B €ro 3KCIIepUMeHTaX. 9I3bIK, CO3/aHHBI Ha OcHOBe bu, HaszBaJm,
HEJIOJITO JIyMas, CJIeIYIoNIei OyKBOM aHTINIICKOTO aI(aBUTa; TaK MOSIBUJICS
a3pik C (Cn).

Isuuuca Putun gacTo HaspiBaroT aBTOpOM si3bika CH, MOCKOJIBKY €ro
coaprop 10 kaure «S3bik Cu» [1] Bpaitan Keprauran sassui B ofHOM U3
CBOUX IO3IHUX MHTEPBBIO, YTO HE IPUHUMAJ YIACTUS B CO3JAHUAN A3bIKA U
9TO BCE TO pe3yJIbTaT paboThl PuTun; HO, Cy/ist IO BCeMy, TPABUJIbHEN CIU-
TaTh, 9T0 y s13bika Cu 6bu10 iBa aBropa: /lsuauc Purun u Ken Towmricon;
B KOHIIe KOHIIOB, C1 ObIJI BO MHOT'OM HMHCIIMPUPOBAH sA3bIKOM Bu, KOTODBIit
npugymasa Tommcon, n numenno TOMIICOH cTas HePBBIM AKTHBHBIM 0JIH30-
Baresiem Cu, mepenucaB Ha HEM CBOIO OMEPAIMOHHYIO CHCTEMY.

Bo Bceit 310i1 ucTOpuM BBIJAEISIOTCA TPU OCHOBHBIX (DAKTOPa, IMO3BO-
sstiormux noHATh Cu Kak siBjeHne. Bo-1epBhIX, sI3bIK OBLI CO3/1aH 6 Kaye-
CMBE 3GMEHUMENA A3DIKG GCCEMOAEPA; BO-BTOPHIX, OHUM U3 BarKHEHUIITNX
coobparkeHuil IIPU €ro CO3/IaHNN ObLIA NPOCMOMA PEaAU3AUUL; B-TPETHUX,
S3BIK OBIJ, YTO HA3BIBAETCH, <«CJIEIJICH» TI0JI KOHKPETHYIO 33J1a4dy, BCTaB-
IIYIO 3/IECh U CefiYac, W JIeJIAJId €ro, KaK NOBOPAT B TAKHUX CJIydasX, «HA
Kosterke». Bpsan s Isuruc Putyan, B To Bpems emé odeHb MOJIOION, MOT
[IpEeJIIoJIaraTh, YTO CO3/ABAEMbIl UM $3BIK NEPeHcusém ceoe2o co3dame-
AA U, Y2KE TIPOCYIIECTBOBAB GOJIbIE COPOKA JIET (& OIUCHIBAEMbIE COOBITHSI
npoucxonuiu B Hadase 1970-x rogos), Bcé emié He OyeT BbIKA3bIBATH HU-
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KaKNX I[PU3HAKOB HAJBUTAIOIIENCS CTApPOCTH; CefiYac MOXKHO JOCTATOYHO
CMeJIO TIPEJICKA3bIBATh, UTO eIIE 10 MEHBIIel Mepe MOJITOPa-JBa JIeCITKa
ser 36Ky CH HHYEero He T'PO3WT, JayKe €CJIU BJIPYT KOMY-TO YJIACTCS CO-
37aTh €My ITOJIHOIIEHHYIO 3aMEHY.

C TeXHOJIOrMYEeCKO! TOYKU 3pEHUsi CUTyallsl cefiyac BBIIVISIAT Tak.
Nmerorcst o MeHbIeil Mepe fiBe 00JIacTy 3aJ1ad, T/ eJMHCTBEHHON aJlb-
TepuaTuBoit Cu OKa3bIBAETCs A3BIK acceMbJiepa: 3TO, BO-IIEPBBIX, sipa Ole-
PAIMOHHBIX CHCTEM, M, BO-BTOPBIX, IIPOIIUBKH JJIsi MUKPOKOHTPOJIJIEPOB —
CIEIUAIN3UPOBAHHBIX KOMITBIOTEPOB, UCIIOJIB3YEMBIX JIJIsI YIIPABJIEHUS TEX-
HUKOH (nudpramMu, CrupasbHBIMU MAIIMHAME U T.11.); JaxKe OujIer Ha MeTpo
B MockBe mpejicraBiisier coboif He 9TO WHOE, KaK KOMIBIOTED Ha OCHOBE
MUKPOKOHTpOJIIepa. K Bompocy o TOM, nouemy 3TO TaK U UeM 37eCh He
YCTPAMBAIOT JIPYyTHMe $I3BbIKU, Mbl BEPHEMCs I1032Ke, OJIMXKe K KOHILYy ITOi
9aCcTH; MOKa MPOCTO OTMETHM, YTO paboTa Ha SI3bIKE acceMOyiepa OKa3bl-
BaeTCsl B JIECATKU pa3 6oJiee TPYAO0EMKOM, MPUIEM eC/Iu KOTJIA-TO JTABHO
elé MOXXHO OBLIO CChLIATHCsT Ha 00jiee BBICOKYIO 3(DDEKTUBHOCTL accem-
GJIEpHBIX IIPOrPaMM, TO cefiYac ONTHUMHU3ATOPBI KOJA, BCTPOEHHBIE IMIPSIMO
B KOMITHJISITOD, JOOUBAIOTCS TAKUX PE3YJIHTATOB IO OBICTPOJEHCTBUIO, 9TO
9eJIOBEK, paboTasi BPYYHYIO, B OOJIBINIMHCTBE CJIyYaeB MPOCTO HE MOXKET
cienarh jrydite. [ToaToMy, Korja J1e/10 JOXOJNUT 0 HU3KOYPOBHEBOIO IIPO-
rPaMMUPOBAHUS, SI3BIK acceMOepa UCIOIb3YEeTCs JINIID JIJIsT TeX PEJIKUX U
HE3HAYUTEJbHBIX 110 00bEMY (DParMeHToB, KOTOPBIE He Mo2ym Gvimb coe-
aanvt dastce wa Cu; TPUMEPOM TAKOro (DPArMEHTa MOYKET CJLYXKUATH TOYKA,
BX0J1a B 006paboTuuk npepbiBanus B siape OC wian, HampuMep, obpalieHne
K IIOpPTaM BBOJIa-BLIBOJIa B JpaiiBepe, U 3TO OOBITHO HECKOJIBKO CTPOYEK.
Béabniyio gacTh HU3KOYpPOBHEBOI MporpaMMbl TUITyT uMeHHo Ha Cu, 9To
MIO3BOJIIET SKOHOMUTD JTOPOTOCTOSIIEE BPEMsI IPOTPAMMUCTOB.

B nmocnemyromux naparpadgax mbr yBujgum, 9o Cu BO MHOIOM HEJIO-
TUYeH, Hecypa3eH U BOOOIE KOIIMAapEH, ero POXKJIEHHE B BHUJE «HAKOJIECH-
HOH mozesikuy maéT cebst 3HaTh. Kak roBOpsAT B TAKUX CIIydasX, HO A100UM
MblL €20 He 3G 9Mo: TMUCATh Ha sI3bIKe acceMbJiepa ObLIO OBbI eIE Xy¥xKe, a
JPYTUX BapHaHTOB MOXKET NpocTo He ObITh. Kpome yrke yromMmHaBIINX-
sl SJIep ONEPAIMOHHBIX CUCTEM U TPOIIMBOK JIJIs MUKPOKOHTPOJIIIEPOB, TO
€CTh MPOrpaMM, paboTaIONUX «HEIIOCPEJICTBEHHO Ha, YKeJIe3e», KOTOPhIE pe-
aJIbHO OOJIbIIE HM HAa YEM HE HAIUCATh, HU3KOYPOBHEBOE IMPOIPAMMUPO-
BaHME YaCTO MPUMEHSETCS U B JIDYTUX OOJACTSAX, KAaK MMPABHUJIO, PAJIU CO-
KPAIIEHUST 3a8UCUMOCMel 0m SHEWHUT Ycaosud. VI3BeCTHO, 9TO UMEHHO
Ha gyuctoM Cu HammcaHO OOJIBIIOE KOJIMIECTBO NMEPEHOCUMbBLT NPOZPAMM,
TaKuX, KOTOPble Oe3 CYIECTBEHHBIX M3MEHEHM 3aIyCKaloTCsl U paboTaoT
B COBEPIIEHHO Pa3HBIX OMEPAIMOHHBIX CPEJIaX W Ha Pa3HBIX AIlMAPATHBIX
wrardopmax. Camo 1o cebe ITO BBINVISIUT HECKOJBKO HEOXKUIAHHO, BE/Ib
MIpOrpaMMa, Ha, HU3KOM YPOBHE YuUMbBLEAEN 0COOEHHOCTNY NAGMEHOPMbL, HA
TO 9TO U HU3KMUII YPOBEHD; IIPAKTUKA [TOKA3BIBAET, YTO YIE€CTh OCOOEHHOCTH
pasnoobpasubix mwiatdopm B mporpamme Ha Cu OKa3bIBAETCsI BO MHOTHX
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cJIydasix IpOIe, HeXKejIn 00ecliednBaTh €IMHOODpa3ne paboThl WHTEPIIPE-
TATOPOB, KOMITMJIATOPOB M OMOJIUOTEK, IOJICPKUBAIONINX ITPOTPAMMUPO-
BaHWE Ha BBICOKOM yPOBHE, abCTParnpOBAHHOM OT MAIIHHBI; TPOTPAMMA,
KOHEYHO, IIPU ITOM MOXKET BOOOINE HUKAK HE YIUTHIBATH OCOOEHHOCTH Aall-
naparypbl U OIEPAIMOHKH, BOT TOJBKO OUOJIMOTEKU U TPAHCJISTOPHI Ca-
MH TIO cebe OKA3bIBAIOTCS MPOrpaMMaMU HU3KOTO YPOBHsSI, a UX 00BEM U
CJTOXKHOCTD, €CTECTBEHHO, MOTYT OBITH TOpa3o OOJIbINe, HEXKEIN 00bEM 1
CJIOYKHOCTD Hallleil TPOrpaMMBI.

Wrak, y HaAC ecmv npuvurs, mepnemsv A3vik Cu, IPUTOM UMEHHO TaKUM,
KaKOB OH €CTh. [JlaBHOE TpM 9TOM — He 3a0bIBaTh, UTO MBI €r0 WMEHHO
9TO MepnuM W He HAIMHATD, KaK 9TO YACTO MPOUCXOIUT C JIIOOUTEIIMU
9TOrO S3BIKA, HA HEM 0YyMamb, TOJHOCTbIO UTHOPUPYS €ro HeJOCTATKU ¥
JIayke BOCIIPHUHUMAasl WX Kak jiocroumHcTBa. K cuacreio, Cu s Bac Oyzaer
HE TEPBBIM SI3BIKOM MTPOTPAMMUPOBAHUS, TaK UTO BbI YK€ M30ETJIH TaCTH
OIIACHOCTEH, KOTOPBIE COMAEPKUT B ceOe ITOT A3BIK I HEOKPEIIIIEro MO3Ta
HAYMHAIOIIET0 ITPOrPAMMUCTA, HO 9TO He I0BOJ Yy TPAIUBaTh OIUTEIbHOCTD.

EAI/ITeJ'IbHOCTVI OT BacC |'|0Tpe6y|0T TaKXXe NpeanpuHATbie B nocnegHne nontopa
LECATUNETUS CYAOPOXKHbIE NOMbITKN yayHwmnTh s3blk Cn NyTEM NPUHSATUS HOBbIX
«craHpaptoB» — cHadana C99, a notom, yxe He Tak gasHo, C11. DTn cTaHgapThbl
NPUBENY K NOSIBIEHMIO COBEPLUEHHO HENEMOrO SIBJEHUS, PacTEPSIBLIEr0 BONLLINHCTBO
OCHOBHbIX NpUBAEKaTeNbHbIX YepT si3bika Cn, HO COXPaHUBLLEro BCE €ro HeAOCTaTKN.
Mpn 3ToM KOMWTETbI MO CTaHAapTU3aLMN (DAKTUHECKN 3asiBISIOT BCEMY COODLLe-
CTBY, 4TO, Mo, A3blk C1, K KOTOPOMY Bbl MPUBLIKAN, OTHBIHE NMPEACTaBAseT coboii
He TO, 4TO ObINIO paHblue, U BaM BCeM NpuAETcs ¢ 3TuM cmuputbes. Cnegyet oT-
METUTb, YTO TaK MPOUCXOAUT He TONbKO B 0BNacTU SA3bIKOB MPOrpaMMyipoBaHUsI.
B nocnepHne gecstuneTus TeXHUYECKMe CTaHAAPTLl BO BCEM MUPE BCE 4alle CTaHo-
BSATCS WHCTPYMEHTOM KPYMHbIX KOPNopauuii o BbITECHEHNIO C PbIHKA HE3aBUCUMbIX
pa3paboTUMKOB M HACAXKAEHUIO «PELUEeHUii», NpeasiaraemMblX KPYMHbIMU UrpoKamu.
B posepuermne kaptutbl ISO 3anpeiyaer oTKpbITYIO NybGAMKaLmMio CBOMX CTaHLapTOB
N B3UMQAET NJIaTy 3a UX TEKCTbl; €C/IN CHNTATb OQHNUM N3 OCHOBHbIX MpeaHa3Ha4e-
HUIA TEXHNYECKON CTaHAApTU3auuN COBMECTMMOCTL NPOAYKUMMN PasUYHbLIX NPOn3-
BoAuTeNei, To Takas nonntuka ISO oyeBMgHbIM 06pa3oM HanpsiMylO NPOTMBOPEYNT
LensiM, KOTOPbIM, MO UAee, AOMXKHA COOTBETCTBOBATL.

HecomHeHHO, COBMECTMMOCTbL YCTPOWCTB 1 MPOrpaMMm, CO34aHHbIX Pa3HbIMU MPO-
N3BOAUNTENAMUN — BELUb Ba>KHasA, Hy>XHas N NpU 3TOM HE MOXXET 6b|Tb AOCTUTHYTA 663
chopmanbHbIX creynbmkaymsi, OfHaKO 34€Ch Mbl CTaNKMBAeMCst C MaccoBoii (1, BO3-
MOXHO, B psifie C/Iy4aeB 3/I0HaMepeHHON ) nogMeHol noHaTuin. Beskunii TexHnyecknii
CTaHJapT, pasyMeeTcsi, NpeacTaBasieT coboii cneuyundunkaumo, Ho obpaTHoe KaTero-
pVYECKUN HEBEPHO.

Cnenudunkanms MoXeT ONUCbIBaTb HEHTO yXKe CyLLecTBytoLLee (peann3oBaHHOE),
1 Korga cneundnKaumio co34at0T TEXHNYECKME CNELNaNncTbl, He BXOAALINE HN B Ka-
Kne KOMUTETHI, O6b|'~|HO NMMEHHO TaK N MPONCXO4WNT. TaKyIO CI'IeLI,VICbVIKaU'VIIO MO>XHO
paccmaTpuBaTh Kak 3asiBieHMe BUAA St TYT YTO-TO CAENal, KTO XO4eT — Mpuco-
eanHsaiTecby. O4eBNAHO, KaXkaplii BNpaBe «4TO-TO cAesnaTb» (KOHEYHO, ec/in 3TO
He boeBoe OTpaBAsoLLEe BELLECTBO U He sigepHast bomba, Aa n B 3TUX ciyvasx BCé
HE CTOJIb OYEBUAHO), U, PasyMeeTcsi, coobymnTs 0b 3TOM WKMpoKoli Nybanke — Toxe.
EcTecTBeHHO, 3TO HUKOFO HU K YeMy He 0Dsi3bIBAET 1 0Dsi3bIBAaTb HE MOXKET, HO KTO-TO
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BMOJIHE MOXET MOCHUTATh MPELSIOXKEHHYIO CreungurKauuo JOCTORHON TOro, 4Tobbl
eé nojfepxnBaThb.

CogeplueHHo nHoe aeno — crangapTel. PakTuyeckn n10boii «oduumansHo npu-
HATBLIAY» CTaHZAapT — 3TO MNpuKasaHue BCEMY MUpY Ternepb AenaTb BOT Tak, a He
Kak-To no-gpyromy. JJocTtaTouHO OHEBUAHO, YTO HU Y KOFO, HUKOTAA W HUTAE HE MO-
XKET BbITb MOJHOMOYNIT NPUKA3bIBATE BCEMY MUPY; HTODbI Kak-TO 3apeTylunpoBaTb
3TO BECbMa HEMNPUATHOE AONA C66ﬂ O6CTO$IT€J'II:CTBO, CTaHOAPTU3ATOPbI BblHY>XXAEHbI
NCKaTb HEKNE KUNCTOYHUKWN NIETUTUMHOCTUN>». KaK nNpaBnio, B POJIN TAaKOBbIX BbICTY-
MatoT, BO-MEPBbLIX, MOJHOMOYUSI, NOJYYEHHbIE OT MPABUTENBLCTBA WM JAXKe MHOMMX
NPaBUTENIbCTB; BO-BTOPbIX. JINYHbIA aBTOPUTET OTAESbHbIX JINL, YHACTBYHOLNX B pa3-
paboTke cTaHfapTa; U B-TPETbUX, sIKOObI UMeoWNii MeCTO YHET MHEHUl BCeX «OC-
HOBHbIX» 3aUHTEPECOBaHHbIX CTOPOH, MO KOTOPLIMU B BONLLUMHCTBE Cydaes NoHu-
MatoTCsl KpYyrHble KopropaLuuu.

HensbexxHbiM cnefcTBremM 3TOro CTaHOBUTCS obpa3oBaHue Takoli 3amedvaTesib-
HOWi CyLHOCTY, Kak KoMuTeT. O TOM, KaK KOMUTETbI (OYHKLMOHUPYIOT 11 KaKOro Kade-
CTBa NPOAYKT BbIAAIOT HA BbIXOAE, CKA3aHO U HAMUCAHO YXKE CTOJIbKO, YTO, NOXayii,
K 3TOMy TpyaHO fobaBMTb 4TO-TO HOBOoe. OTMETUM /MLb HECKOJIbKO AOCTaTOYHO
04eBNAHbIX (haKTOB.

Mpexpae Bcero, komuteT — 3TO Bcerga cbopuue hakTUHeCKn CaydaiHbIX J1to-
feil, kKoTopble B BONbLUNHCTBE CliyHaeB Aaxke He Bbin 4o Tol nopbl Apyr C ApyromM
3HAaKOMBblI. ECTeCTBeHHO, KOMUWUTET NPUHLUUNNNANTBHO HE CI'IOCO6eH HN K KaKOMY MNOUCKY
KOHCEHCYCA U KOHCTPYKTUBHOMY 0bCyxaeHuto. YTobbl npoTawmTs Yepes KoMuTeT
TO W/ UHOE HOBLUECTBO, HY>XXHO TOJIbKO JOCTAaTOYHOE KOJINYECTBO HAroCTy y TOro,
KTO BbICTYNaeT C WHULNATMBON; KakK NpaBuio, OCTasibHble YeHbl KOMUTETa «0mL0b-
pAT» €€ NPOCTO MOTOMY, HTO UM BCEM OKaXKETCsl JIeHb BbICTYNaTb NPOTUB, CNOPUTH,
NPUBOANTL apryMeHTbI, NpuiaraTe owyTumMble ycunus. NHoraa (BoobLue-To kpaiiHe
peAKO) B KOMUTETE OKA3bIBAETCA Cneynannct, HOHMMaIOU.lMIZ, K KaKum nary6Hb|M no-
CNefCTBMSIM BefyT NpeAsiaraemble HOBLUECTBA, U FOTOBbIA TPAaTUTbL CUJbI 1 BPEMSI Ha
ODBSICHEHNS1 OCTaIbHBLIM Y4JIEHAM KOMUTETA, MOYEMY [AaHHOE KOHKPETHOE HOBLLIECTBO
He [LOJIKHO MPUHUMATLCS; TAaKOro HOHKOH(OPMUCTA OCTasibHbIE HJIEHbI KOMUTETA
MpaKTUYeCcKy BCerga BOCMPUHMMAKOT Kak JOCajHOe Hefopa3yMeHune, n3-3a KOTOporo
NPpUXOANTCA TEPSTb BPEMS.

BaxxHO Tak>xe MOHMMaTb, YTO NPEeACTaBUTENM Pa3HOODpPasHbIX OpraHu3sauui,
OTKOMAaHAMPOBAHHbIE B KOMUTET — 3TO MPAKTUHECKU BCErAa COTPYAHUKU BTOPOro
COpTa, MOCKOJIbKY COTPYAHNKOB MEPBOrO COPTa, €CTECTBEHHO, HUKTO HE OTNYCTUT B
Kakol-TO TaM KOMWTET, A/l HWX BCeraa ecTb paborta B camoli opraHusauuun. Ec-
N B KOMUTET MPUIIALLAIOT Cepbé3HOoro (Kak Npasuso, U3BECTHOrO B coobLiecTse)
CMeunanncTa, To, Kak NpaBuIo, UCKIIOHMTENBHO B POin «CBafgebHOro reHepasiay,
MOCKOJIbKY B NIIODOI MHOW PONN Takol YENOBEK LESTENbHOCTb KOMUTETA HayucTo
napanunsyet. C apyroii CTOpOHbI, 3aB€AOMasi CKJIOHHOCTb JIODbIX KOMUTETOB K MOMy-
CTUTENBLCTBY MO3BOJISIET MPEACTABNTENSIM OTAENIbHBIX KOMMEPYECKNX KOMMaHuii nc-
NoJIb30BaTb CTaHAAPTblI B CBOMX MHTEPecax — Hanpumep, AJis YCTPAHEHNS C pbiHKa
HE3aBMCMMBbIX pa3paboTyukos. B uenom komuteTsl ntoboro poga — 3710 Beerga (bes
UCKJIIOHEHWIT) SIBIEHNE BPEJOHOCHOE, HUKAKOW MOJIb3bl N HUKAKOrO KOHCTPYKTMBA
OHUW NOPOAUTbL HEe MOTyT NPOCTO B CUJy CBOEro yCTPOICTBa.

Mprumepom yaaunbix cneuudmkauuii MOXXHO CHUTaTb PaHHWE BEPCUM COralle-
HWiA, Ha KoTOpbIX ocHoBaH VHTepHeT. JdokymeHTol cepun RFC, HanncaHHble B anoxy
ctaHoBnenusi Cetn, npegcrasnsitoT coboii obpasel, NPOCTOTbI, MOHATHOCTY W IOTUY-
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HOCTW. Pa3ymeeTc9|, HUKaKNe KOMUTETbI K NX CO34aHUIO HE NPUHACTHbI; 3HAYUTENb-
HYIO 4acTb 3TUX crneymndmrKauuii cosgan eanHONNYHO Mon Mocren. VYEBbl, 3a/IOXKEHHbIE
UM Tpagnumy OKa3asinCb BO MHOrOM paspyLueHbl nocne ero cmeptu B 1998 rogy; co-
BpemeHHble RFC (MHOrme ns koTopbix cozaaHbl « paboyumu rpynnamMus, To ecTb, no
CyTM, TEMU >KE KOMUTETAMU) YaCTO NOMPOCTY HEBO3MOXHO YNTATb.

BpegnoHocHas cywHOCTb KOMUTETCKIMX NOAEN A 0COBEHHO OTHETAMBO BMAHA B 00-
NaCTn A3bIKOB NPOrpaMMmunpoBaHns. Mbl Yy>Xe ynoMnHanun ((CTaHp'apTHblﬁ naCKa)’Ib)),
KOTOprI7I HE NMEET HN4ero o6u_|,ero C p€asbHOCTbIO N HATAE HNKOrA4a HE BCTPEHaAETCA.
DTOT CTaHAapT, K CYACTbO, He MELIaeT NporpamMmMmncTam ucnosnb3osatb [lackanbe —
Ha MpaKTWKe CTaHAAPT MPOCTO WFHOPUPYETCS.

Menblue Bcero noeesno B 3Tom nnaHe s3biky Cu++: C NpUHATNEM NEPBOro e
CTaHfJapTa 3TOT HEKOrAa YHUKAJbHbIV MO CBOMM CBOWCTBaM 5i3blK OKa3acs hakTunye-
CKM YHUHTOXXEH, NPEBPaTUBLLNCH B 3aypsifiHblli 5i3bIK BbICOKOro ypoBHsi. Joseplunnn
peno npunatele nogpsag 8 2011, 2014, 2017 w 2020 rr. ewé 6onee nsBpalLéHHble
BEPCUM CTAaHAAPTOB, C YYETOM KOTOPbIX MOJIYHEHHbI HA BbIXOAE MOHCTP HEXU3He-
CMOCODEH 1 HEMPUIOAEH He TOJIbKO K MCMOJIb30BAHMIO, HO 1 K n3ydeHuto. B ogHoii n3
cnefytowmx HacTei Hawell KHUrM Mbl paccmotpum Cu++, HO npegMeToM Hallero
N3yYeHUNs CTaHeT ero yCce4&éHHOE NOAMHOXECTBO, B KOTOPOE BKJKOHEHbI TONIbKO Cpea-
CTBa, CyLLEeCTBOBaBLUME AO MPUHSATUS NEPBOrO CTaHAAPTA, U AAXKE 3TW CPEACTBA Mbl
bynem paccmaTpuBaTh He BCe.

C YNCTbIM CVI CNTyaunss HECKOJIbKO JyHle — BO BCAKOM CllyHae, A3blK No-
Ka He yTpaTua >XKU3HECMOCOBHOCTW, HECMOTPsS Ha BCE YCWWsi CTaH4ApPTU3aTOPOB.
Tem He MeHee, Takne OfMO3Hble BOSMOXHOCTW, KaK MAaCCUBbI NEPEMEHHON AJINHbI
(cm. 3amevaHmne Ha cTp. 85), KOMMJIEKCHbIE HUCIA, CTPOKN M3 MHOFOBalTHBIX CMM-
BOJIOB M TOMY NOAOOHOE HUYYTb He AENatoT s3blK JIy4LUe: WCMOb30BaTb 3TU BO3-
MOXXHOCTWU HEAZOMYCTUMO B CUNY MACChbl Pa3/IN4HbIX NPUYUNH, HO Ha/IN4Ne UX B A3blKe
BbIHY)KAA€eT PasyMHbIX JIO4EA TPaTUTb AparoueHHOe BpeMsi Ha 0bbsiCHeHME ApyruM
NPUYMH 3TOW HEAOMYCTUMOCTM, NPNYEM ODBACHEHNSI HaCTO He AOCTUrAlOT LEN.

Tak nnun nnadve, 06O KOMMNUIATOP NMO3BOJSIET OTK/IOHNTL BOSMOXXHOCTM, Npu-
WeALmne M3 HeNenbix CTaHAAPTOB, N nucaTb Ha ToM si3bike Cu, KOTOPBIN CywlecTBO-
BaJl 4O TOrO, KaK 3a HEro BCEPbE3 MPUHSANNCL CTaHAapTu3aTopbl. iIMeHHO Tak Mbl 1
HaMepeHbl NOCTYNUTb.

4.2. IlepBble BriedaTIeHUS

IIpexk e weM IpUCTYNUTH K PACCMOTPEHHIO ITPUMEPOB, CIeIaeM Hapy
BaKHBIX 3amedanuii. [Ipu pabore Ha Ilackajie Mbl MOIJIM IPUBBIKHYTH K
TOMY, YTO KOMIIWJIATOD UTHOPUPYET pa3jiuvune MeXK/Iy BEPXHUM WM HUXK-
auM peructpoM. Jisa s3pika Cu 9TO HE Tak: KJIIOYEBBIE CJI0BA 00S3aTeN b
HO 3allUCHIBAIOTCA B HUYKHEM PETUCTPE, a, K MPUMepy, cjaoBa wordcount,
WordCount, WORDCOUNT u WoRACoUnT — 5TO 4YeThbipe pa3HbIX UIeHTHMU-
karopa. Tpagunun a3pika Cu IPeIITUCHIBAIOT UCIOJIB30BaHIE WIeHTH(DU-
KaTOPOB, 3allMCAHHBIX IEJNKOM B HHUYKHEM DETHCTPE; €CJIM UM COCTOUT
U3 HECKOJIbKUX CJIOB, UX Pa3JeJISIoT MOJYEPKUBAHUAME, HAIIPUMED, TaK:
word_count. I13 sToro nmpasusia eCTh OJHO HCKJIIOYEHUE, JI0 KOTOPOI'O MBI
CO BpeMeHeM J100epémcs.
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U1 emg onmo. dna sanucu kommenmapues B Cu HCHIONB3YIOTCA KOM-
GuHAIN «/*» (HAIAI0 KOMMEHTapHsi) U «*/» (KOHel KOMMEHTADUSI), IPH-
46M BJIOXKEHHBIE KOMMEHTAPUM KOMIWJISTOD HE IIOHUMAET: €CJIH
KOMMEHTAPHH y7Ke HATAJICS, KOMIH/IATOP TOTOB OOPATHTH BHUMAHUE TOJIb-
KO Ha <«*/», a «/¥» WUTHOPHpYyeT, KaK U BCE ocranbHoe. Kak crencTsue,
koMMenTapun CH HeJIb3sl UCIOJIB30BATH [Jlsl BPEMEHHOIO HCKJIIOYCHHS U3
KOMITMJISIIIAN KYCKOB KOJIA; JIJIsl 9TOTO CJIEYET MOJIB30BATHCS AUPEK THBAMHA
YCJIOBHO# KOMIIMJIAIIAY, O KOTOPBIX IMOWAET pedb B IVIaBe O IIPEIPOIECCOpe
(cm. §4.6.6).

COBpeMeHHbIe KOMMOUAATOPbI NOAAEPKNBAKOT TAKXKE KCTPOYHbIE» KOMMEHTapun,
HaYMHAOLWNECs C ABYX CA3LWeEN «//» 1 3aKaHYNBAIOLWNECS NEPEBOAOM CTPOKM. DTOT
CTUNb KOMMEHTAPNEB XapPaKTEPEH ANA A3blKa CV|++ (VlMeHHO TaM TaKN€ KOMMEHTa-
pun n3Ha4asabHO nOﬂBl/lJ'lVle); NCNoNIb30BaHNE NX B HNCTOM Cl/l 4aCTO paccMmaTpuBa-
€TCA KaK AYPHOWU TOH.

4.2.1. IIporpamma «Hello, world»

Obyuenne 36Ky Cu TPaUIMOHHO HAYMHAIOT C IPUMEPOB IPOrPaMM,
MMOSICHEHNE K KOTOPBIM ITO3BOJISIET CO3aTh OOIee BIIEUATICHUE — HA ITO
IMOXOXK 9TOT SI3BIK M KaK C HUM CJjeayeT obparmarbesi. [locTynuM Tak u
MBI, HAYaB C TPAJUIMOHHOTO? IIpuMepa. BOT OHA M3 CAMBIX KOPOTKHX
nporpamm uHa Cu; oHa mpocro nedaraer ¢ppaly Hello, world:

#include <stdio.h>

int main()

{
printf ("Hello, world\n");
return O;

}

OcraBuM IOKa 9TO B IOKOE CAMYIO IEPBYIO CTPOYKY MPOrpaMMbl — Ou-
pexmusy #include® u IepeitjieM cpaly K CJIeAYIOIIeil CTPOKe, KOTOpast
npejicTaBisier coboit 3a200060k Pynkyuu. C QyHKIUIMU MBI y2Ke BCTpe-
qanuchk B [lackase; B sisbike Cu yHKIMs npecrasiisier coboif poBHO TO
Ke camoe: 060co0JIeHHBIN (bparMeHT IPOrpaMMbl, UMEOIUN cOOCTBEHHOE
UMsI, BBIIIOJIHEHAE KOTOPOTO MOXKET 3aBUCETH OT IAapaMETPOB U Pe3yJibTa-
TOM KOTOPOTrO Oy/IeT BBIYHUCJIEHHOE 3HAYeHHe OlpeeaéHHoro tuma. Kcra-
TH, B JAHHOM Cjydae (pyHKIUsI HA3BIBAETCS main, a cJIOBO int 3amaér eé

2C sroro mpumMepa naunHasack Kuura «S3pik Cu» Keprurana u Purtunm xax B pam-
HHUX, TaK ¥ B 6ojlee MO3THUX €€ M3JAHUAX; TOBOPAT, UTO 3Ty IPOrpaMMy IIPHIyMaJ
Bpaitan Kepauran. Hamn npumep oriimyaercs oT IpUBEIEHHOTO TaM; COBPEMEHHBIE KOM-
NHUJISTOPBL XOTSI X TOTOBBI CKYIIATh TOT IIPUMED B €r0 MCXOZHOM BHJE, BCE K€ BBIIALYT
NIPELYIPEXKIEHUs B IBYX MECTaX, TOTJA KAK HAIIl BADUAHT CKOMIIMJIUPYETCS MOJIYA.

3C aHANOTHYIHOH AMPEKTHBONH MBI YK€ CTATKHBAJIUCH [TPU U3Y<IEHUH SA3BIKA ACCEM-
6nepa NASM; neficTBUTENBHO, 3Ta AUPEKTUBA JAEJIAET IOYUTH TO YK€ CaMO€, HO HEKOTOPBIE
HIOAQHCHI BCE YK€ €CTh, U MBI IIOSICHUM HX IyTh IIO32KeE.
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THUI BO3BPAIAEMOr0 3HadeHUsi; B si3blke CH 9THM CJIOBOM 0O0O3HAYAETCS
TUI yeaoe 4ucio. Ilycrbie Kpyriible CKOOKH 0O3HAYAIOT, UTO [TaPAMETPOB 3Ta
PYHKINS He TPUHIMAET.

Ecnu roBopuTb coBcem CTporo, mycTbie CKODKM O3HAYatoT, YTO (DyHKUMWS, BO3-
MO>XXHO, MPUHMMAET NPON3BOJILHOE KOJIMHECTBO NapaMeTPoB, HO BCe nx bnarononyy-
HO UTHOPUPYET; BMNPOYEM, MOXETE He 0DpaLLaTh Ha 3TO BHUMaHUS.

Ha sToMm 3Tame y Hac MoKeT BO3HUKHYTH PE30HHBINH BOIIPOC, 3ad€M IT0-
TpeboBasack HYHKIW (TO eCTh nodnpo2pamma) B TAKON IPOCTOM IpOrpam-
Me, BBINOJHAIONEH Bcero oano geicrsue. Jemo B Tom, 9To B s3bike Cn
HET HUKAKOTO aHAJIOra IMACKAJIEBCKOU 20408100 npozpammoi. IIporpamma
na Cu cocrout, rpy6o roBopsi, u3 ¢hyrkyull, TO €CThb JIFOObIE OIIEPATOPHI MO-
I'yT HAXOIUTHCS TOJBKO B Tejiax (yHKiuit u 6osee murme. Brue dbynkimit
MOT'YT PAaCIOJIATaThCs OMUCAHUSI TUIOB, TJIOOAJIBHBIX ITEPEMEHHBIX U T.II.,
HO OHM OIlePATOpPaMU He BJIAIOTCA U HUKAKUX JEHCTBUIl He BBIIOJJIHSIIOT;
YTO-TO JIEJIATH MOTYT TOJILKO yHKIMNU. B aTOM m1ame GyHKINg main Hu-
9eM IPUHIAITHAJILHBIM OT APYTUX (DYHKIUH He OTINIAeTCs, 38 OJHIM Ma-
JIEHbKUM UCKJIIOYEHUEM: JIEUCTBYET COIJIAIIeHNEe, YTO C He€é HAUYNHAETCS BbI-
TIOJTHEHNE TTporpaMMbl. VHade ToBOps, MCIOTHIEMBIH (hailsI, MOy dIeHHbI
u3 nporpamMmbl Ha Cu, OOBIYHO YCTPOEH TaK, YTO IIOCJIE 3arpy3Kd €ro B
OIIEPATUBHYIO MAMATh YOPaBJIEHNE TOJYYNUT KO, CKOMIMJIMPOBAHHBLIN W3
dyHKIMKY main; ¢ HEKOTOPOU HATSKKON MOXKHO CUHTATH, UTO (PYHKIIUIO
main BBI3BIBAET ONEPAIMOHHAS CUCTEMA IIPU CTapTe IPOrPaMMBI.

B peiicTBnTENBHOCTN 3TO, KOHEYHO Xe, He Tak. VI3yvas accembnep, mMbl HeogHO-
KpaTHO ybexxaannch, 4TO peanbHOR TOHKON BXOAA CNY>XWT MeTKa C MMeHeM _start;
BMNPOYEM, 3TO MMSI MOXKHO U3MEHUTb B KOMaHAHOW CTPOKe pejakTopa cBsizeil. Tak
HasblBaemasi craHgapTHas 6ubnvoreka Cu npegocTaBisieT pparMeHT Koga, nome-
YeHHbIN MeTKoll _start, KOTOpbIi Kak pa3 U Bbi3blBaeT pyHKLMIO main, a BO3Bpa-
LWEHHOE et0 3HaYeHNe OTAAET CUCTEMHOMY BbI30BY _exit. B rnase 4.12 mbl Hanuwem
nporpammy Ha Cun 6e3 ncnonb3oBaHus CTaHgapTHON bubnnoTekn; Tam BCE 310 byaeT
HarisAHO BUAHO.

Konb ckopo Mbl Bbinu BbIHYXAEHbI YNOMSIHYTh TEPMUH «CTaHAapTHas bubnno-
TeKa», OTMETUM, 4TO, BOMPEKN CBOEMY Ha3BaHUIO, 3Ta BUBNMOTEKa Ha3bIBAETCS Tak
OTHIOAb He MOTOMY, YTO OMMCaHa B KakOM-Hubyab cTaHpgapTe. XoTs oHa Tam feii-
CTBUTENbHO ONMCAaHa, HO MOABUIACb OHA 3a40JIro A0 NPUHATUNA NEPBbIX CTaHAAPTOB
asblka Cu — pakTnyecku BMecTe ¢ camuM sizbikoM. Korga pedb ngér o ctaHgapTHoid
6rbnnoteke (He TonbKo sibika Cu, HO U APYruX sI3bIKOB), OBLIYHO NoApa3yMeBaeTcs
Takasi bubnuvoTeka, KOTOpasi MOCTABASIETCS BMECTE C KOMMUISATOPOM WM NHTEprpe-
TaTOpOM U, Kak CNeAcTBue, AOCTynHa sikobbl «Bcergay. Yawe Bcero TpaHcnsitop
NOAKJIIOHAET CTaHAAPTHYO0 BMbNMOTEKY K BaliMM NporpaMMam, He MHTEPEeCysiCb Ba-
WM MHEHWEM Ha 3TOT CHéT; B 3TOM [JlaHE A3blK CI/I, KaK Mbl MO3XXe yBNANM, NH-
TepeceH UMEHHO TeM, YTO OT CTaHAapTHON BnbAMoTeKN 34eCh NPOrPaMMUCT MOXKET
oTKa3aTbCs.

Qurypuble CKOOKI MBI yKe 00CYKIaJIM, OHU UT'PAIOT Ty K€ POJIb, ITO
u cjioBa begin u end B llackase: 00bEIUHAIOT HECKOJILKO OIEPATOPOB B
OJIUH cocmasHol, a Tak:Ke OOPaAMJISIOT TeJIO TOAIporpamMMbl (T.e. dhyHK-
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(MU, TIOCKOJIbKY 3TO €JIMHCTBeHHBbIH BuJ noiuporpamm B Cu). B orimune
ot ITackassi, B Cu oneparopHble CKOOKH — 3TO JefICTBUTEILHO CKOOKM.
Crpouka

printf ("Hello, world\n");

[IPEJCTaBIIIeT CO0OH 66306 bubAuOMEYHOT GYHKUUL, KOTOPas HA3bIBa-
ercst printf. OTMmeruMm OuH KpaifHe Ba’KHBINH KJICOJIOTMYECKHUII MOMEHT.
B orsimume ot Ilackans, rae omepaTopbl BBOOA-BbIBOJA SIBJISIFOT-
Ccd 4YacThIO #A3bIKa, B A3bIK CHM KaK TakKOBOIl HUKaKWe CPeJCTBa
BBO/Ia-BbIBOIA HE BXOIST. B 3TOT a3bIK BOOOIIE, KaK MBI BCKOPE yOeImM-
s, MAJIO 9TO BXOJIUT: B CJIEIYIONUX Haparpadax Mbl IEPEIUCTUM BCTPOEH-
HBIE TUIIBI IIEPEMEHHBIX, apudMETUIECKIe OllePaIlu, U3 KOTOPBIX CTPOSITCS
BBIPaXKeHUs, 1, HAKOHEI[, OIIEPATOPHI, TO €CTh YIIPABJIAIONNE KOHCTPYKIIAN
BpOJIe BeTBJIEHHI 1 HUKJIOB (KOTOPbIX B CH BCEro OJMHHAIIATE ), U B UTOTe
MMPaKTUYIeCKU BCe CpeicTBa s3bika Cu ncuepriaeM.

Dyuknus printf He sIBJsIeTcHd YacThio s3bika Cu 110 MeHbIEi
M€pe B TOM CMBICJIe, UYTO KOMIIMJISITOP O HEil HMYero He 3HAET, a €CJIH U
3HAET, TO 00sA3aH JIeJIaTh BUJI, YTO He 3HAET. Bosiee Toro, cama pyHKINsA
printf manucana Ha Cu.

Msr1 ucnosib3oBanu GpyHKIUO printf, 4ToObI HaEYaTaTh CTPOKY, HO €€
BO3MOXKHOCTU MHOI'O IIIHPE: OHA yMEET [1eYaTATh 3HAUEHUS BCEX BCTPOEH-
HBIX TUNOB si3bika CH, TPUYIEM IIeJIble UHCJIa MOXKHO IIe9aTaTh B PA3HBIX
cucTeMax CUYUCJIEHWs, MOYXKHO yIIPABJISTh KOJMYECTBOM I€YaTAaeMbIX 3Ha-
KOB U T.11. BykBa f B HazBaHUM (QPYHKIUU IIPOUCXOIUT OT CJIoBa formatted;
TOBOPAT, 9TO 3Ta (DYHKIIUS BHITIOTHIET hopMmMamuposartbili 661800. Oc-
HOBHBIE BO3MOXKHOCTHU printf MbI pACCMOTPUM UyTh ITO3ZKE.

Ormerum emé oguu MoMmeHT. PyHKInsg printf — 3T0 AeHCTBUTEIHHO
Pynryus; OHa BO3BPAINAET IeJI0e YHCJIO, PABHOE KOJUYIECTBY HAICUIATAH-
HBIX CHMBOJIOB, TO €CTh MbI MOTJI ObI, HAIIPUMED, HAIIUCATH

x = printf("Hello, world\n");

¥ B IEPEMEHHYIO X 0Ka3aJI0Ch ObI 3aHECEHO YncJio 13; HO HaM 9TO He HYKHO,
[IO9TOMY MbI IIPOCTO UTHOPUPYEM BO3BpaIEHHOE (DyHKINEH sHadenue. B ra-
KHUX CJIydastX MOBOPSAT, YTO (PYHKUUSL 6bi36aHA padu mobounozo sdderxma,
win, B OoJjiee 00ITeM ciiydae, 9To pajy mob0IHOro 3¢hdeKTa ObLIO BHIUUC-
JieHo apudmerndeckoe Boipazkenue. [Ipu pabore Ha s3bike Cu (omsaTh xKe,
B ornune or [lackass) 9TO HPOUCXOJUT OYEHb YacTO, BEIb ILPOIE/LypP-TO
TYT HET.

Kak Mbl YBUONM HYTb NO3XKE, NporpaMmbl Ha CI/I no MeHbLUen Mepe Ha ABE TPeTH,
€C/i1n He 6OJ'IbLIJe, COCTOAT U3 0rnepaTopoB BblHNC/IEHNA Bblpa>XeHns pagu I'IO60'-IHOI'O
acppexTa, 4TO KacaeTcss caMmux nobouHbix achdekToB, To nporpamma Ha Cu nonpocty
TOJIBKO UMW N 3aHNMaAETCA.

OrnenpHOrO paccMOTpeHust 3aCIIyKUBAET BBIpaYKEHTEe
"Hello, world\n", KOTOpOe TIpeiCTaBIsfeT cODOl CMPOKOBYIO KOH-
CMaHmMy Wik, KaK 9YacTo IOBOPAT, cmporoesiti aumepan Cienyer
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oOpaTuTh BHUMaHHE Ha 060UHble KaBbluky; arnocTpodbl B Cu ToxkKe uc-
MOJIB3YIOTCs, HO JIsi Apyrux reseir. Kpome Toro, BHUMaHUe MPUBJIEKAET
KOHCTPYKIHs \n; 9T0 0003HAYEHNE CUMBO0AA NEPEBOJA CTMPOKU, TO €CTh
cuMBosia ¢ KogoMm 10. MoxkHo BcmoMmHUTh, 9To B [lackaje MBI B TIOI0OHOM
CUTyalluy TPUMEHSIIH olleparop writeln:

writeln(’Hello, world?’);

— TO eCTb 3aCTaBJ/sINd Hallly IPorpaMMy CHadaJla HalledaTaTb JAHHYIO
CTPOKY, & 3aTeM IIepeBECTU CTPOKY Ha IeYaTH, HalledaTaB IS STOTO eIé
W CUMBOJI TI€PEBOJIa CTPOKH. B BBIMENPUBEIEHHOM IPUMEPE MBI ITPOCTO
BKJIIOUIJIM 3TOT CUMBOJI B COCTaB IledaTaeMOil CTPOKH.

OTmeTum, 4To Mbl Morm Bbl 1 B [lackane MOCTYNUTL TOYHO Tak XKe; cAaenatb
3TO MOXXHO OLHWUM 13 CleAytoLnX Crnocobos:

write(’Hello, world’#10);
write(’Hello, world’~J);

nnn aa>ke BOT TakK:

s := ’Hello, world’"J;
write(s);

Hago oTtmeTtutsh, ogHako, 4To obosHayeHnme \n, B koTopom BykBa n B3sTa OT CJIO-
Ba new [line], cyluecTBEHHO NpOLLE 3aNMOMHUTb, HEXENWN KOL CMMBOMA U Tem bosee
3aragoy4Hoe ~J.

IIpexxme weM 3aKOHINTL pas3bOp ITON CTPOKU TPOTPAMMBI, OOpPATHM
BHUMAHWE Ha CUMBOJI TOYKH C 3araToil. Posb sToro cumBosia B s3bike Cu
110/100Ha TIACKAJIEBCKOI, HO €CTh OJHO BaxkKHoe oriauuue: ecau B Ilackasie
TOYKAa C 3aIATOil pa3aeJisijia omeparopbl, To B Cu Touka c 3ars-
TO SBJISIETCS 9aCThIO CUHTAKCHCA OIlepaTopa, Tak 4To, B 9aCTHOCTH,
eé HaJM4ne HUKAK He 3aBHUCUT OT ITOJIOXKEHUs OIlEPaTOpa HEIOCPEeICTBEHHO
mepe;t 3aKphIBaloiieit purypHoit CKOOKOIL.

Paccmorpum Teneps cireyonyo cTpoKy, «return 0;». CiioBo return
B [IEPEBO/IE C AHTVINICKOrO O3HAYAET «BO3BpAT»; B si3bike Cu 310 onepamop
eo3zepama u3 pynruuu. OH Jeaer JiBe BElU: BO-IIEPBBIX, paboTa pyHK-
MY HA 9TOM 3aKAHIUBAETCH, YTO MOXKHO, HAIIPUMED, UCIIOJIb30BATD JJIs J10-
CpOYHOro eé 3aBepineHus (IOJOOHO ACKAIEBCKOMY €Xit); BO-BTOPBIX, €ro
rmapamMerp — BBIPAaXKeHNe, HAIIMCAHHOE [IOC/Ie CJIOBa return, B JAHHOM CJIy-
gae 0 — 33aET TO 3HAYEHUE, KOTOpoe 8epHéM byHKIusa (BCIOMHUM, 9TO
Hama QyHKIMs main onucaHa Kak BO3BDAIIAOIIas Iejoe Iuciao). B nan-
HOM ciiy4ae Haima GyHKINS main BepHéT uncio 0.

31ech MOYXKeT eCTeCTBEHHBIM 00pa30M BO3HUKHYTH BOIIPOC, KOMY U 3G-
YeM HYKHO 9TO YMCJIO, Belib (DYHKIMIO main B HaIllell mporpamMme Bpojie
OBl HUKTO HE BBI3BIBAET U €€ pe3yJIbTaT He aHajmusupyeT. Kparkuii orBer
COCTOUT B TOM, UTO 3HAYEHNE, BO3BpAINAEMOE M3 main, MpeIHa3HATACT-
csl OIIEPAIMOHHON cucTemMe B posin koda 3aeepwerusi. B mepBom TOoMe
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MBI y2Ke TPUXKJIBl BCTPEYaJUCh C KOJIOM 3aBEpIIEeHNs] — BO BBOJHON J4acTu
npu usyueHnn ckpuntos Ha Bourne Shell (§1.2.15), morom npu usyueHun
IMTackamna (omeparop halt, §2.4.2), a 3aTeM — HpHU M3YYEHUH CHCTEMHOIO
BBI30BA _exit B 9aCTH, MOCBAIIEHHON S3bIKYy accemOjiepa. BcioMHUB 3TOT
CUCTEMHBII BBI30B, MbI CMOYKEM BBIPA3UTHCsI DOJIee TOYHO: 3HAYEHHE, KOTO-
poe BO3Bpamaercs n3 MYHKIME main, CIyKUT apI'yMeHTOM BbI30Ba _exit;
HanoMHnM, 0 B JAHHOM CJIydae O3HAYAET, UTO BCE B IOPSIKE, T.€. MPO-
rpamMMa, 3aBepIlasiCh, CIUTAET, ITO BO3JIOKEHHYIO HA HEE€ MUCCUIO YCIIEITHO
BBITIOJTHUJIA.

Ham ocrasocs paccMoTpeTh, MO2KaIyii, CaMyio 3aKOBBIPUCTYIO CTPOKY B
nporpamme: nupekTuBy #include <stdio.h>. Kak y»xke, HecOMHEHHO, T0-
raJlajicss IUTaTesh, 9Ta JUPEKTUBA B TEKCTE IIPOTPAMMBI 3AMEHAEM CAMA
cebs Ha noaroe codeporcumoe Paiing stdio.h, a Hy»KHO 3T0, YTOOBI KOMITH-
JIATOP y3HAJ 1po (pyHKIHMO printf — Kak yKe TOBOPUJIOCH, caM 10 cebe
OH O Hell He 3HAeT. 3/IeCh CJIelyeT OTMETUTh CPa3y HECKOJIBKO HHTEpPec-
HBIX MOMEHTOB. Bo-11epBbIX, oOpaIiaT Ha cebs BHUMAHUE UCIOJIb3yeMbIe
YIJIOBbIE CKOOKH, KOTOPbIE O3HAYAIOT, YTO BKJIIOYaeMbIil (ail ciaexyer uc-
KATb B CUCTEMHBIX JIUPEKTOPHUSIX; TOUHEE FOBOPS, CIUTAETCs, UTO UMEHHO
TaK CJieflyeT BKJIIOYATH Jit000i (ail, KOTOPBIil He sSBJsieTcs caM 1o cebe
YaCThIO HAIEH IPOrpaMMbl; KOIJIA XK€ MbI IHUIIEM [TPOrPaMMY, COCTOSIIILY IO
u3 MHOTUX (ailjioB, TO JJIsT BKJIIOUEHHUSI CBOMX COOCTBEHHBIX (PAilIOB MBI
ucrosb3yeM #include ¢ mapaMeTpoM B JBOWHBIX KaBbIYKax, HAIIpAMEP:

#include "mymodule.h"

@aiin stdio.h — 9T0 BHOJIHE peasbHBIH (aill; CKopee BCero, OH HaXOIUT-
cs B Ballleil cucreMe B jaupekTopun /usr/include, Tak 4TO BBl MOXKETE
IPOCMOTPETh €ro, HallpuMep, KOMaHJIoi less:

less /usr/include/stdio.h

BaxkHO MmOHUMATBH, YTO B 9TOM aiijie COAEPXKUTCS TOJBKO 3a204080K
dyuknuu printf, a camoil pyHKIUN TaM HET; OTCIONA UCIOJIb3YEMBIi cyd-
dukc «.h», or caoBa header, TO €CThb «3ar0JOBOK» — B aHIVIMICKON Tep-
MUHOJIOTUN 3TO HazbiBaeTcs header file, a MO-pycCKM — «3arojI0BOYHBII
daiiy. Beé, 910 KOMIUIISATOP Y3HAET, YBUJIEB 3ar0JIOBOK — 9TO UTO 2de-1mo
(¥ IPUTOM COBEPIIIEHHO HEBAYKHO, TJIe) eCTh (DYHKIMSI ¢ TAKAM-TO MMEHEM,
MIPUHUMAIOIIAS CTOJIBKO-TO IAPAMETPOB TAKUX-TO THUIIOB; KaK (OYHKITHS BbI-
DJISIIAT, 9TO OHA JeJIaeT — ITOr0 KOMIUJISTOPY 3HATh He HyKHO. [lesio B
TOM, YTO KOMITMJISITOP P€HEPUPYET, KAK MbI 9TO y2Ke BbISICHUJIN [IPU H3Y4e-
HUK acceMOJjiepa, He TOTOBBI MAWUHHBLT K0d, a 06BekMmHbLT MOJYAD,
B KOTOPOM IIOKa UTO HE XBATAET HEKOTOPBHIX aJpPEeCcOB; B JAHHOM CJIydae
pe3ysibTaToM pabOThl KOMIMISTOPA CTAHOBUTCSI MOJYJIb, HE COJEPIKAIIII
camoit dynknun printf. BmecTo HEE MOIYIb CONEPXKUT yKa3aHHe Ha TO,
YTO pPeJAKTOpy cBsa3eil (JimHKepy) cielyer omkyda-mo HOOBITH (DYHKIHIO
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¢ TaKUM HMeHeM, a e€ ajpec IOJCTAaBUTh Ky/a cieiyer. VHade roBopsi, pe-
anpHasd QyHKINd printf nogBUTCH B HaIeil IporpamMMe TOJIBKO Ha JTalle
OKOHYATEIbHOI COOPKHU, KOrjaa padboTa KOMIMISATOPa OyIeT 3aBepIieHa.

Bonblwe Toro, B peanbHoli cuTyauun, ckopee Bcero, cyHkuus printf sooblie He
6y,u,eT coAepPXKaTbCA B MCNOJIHAEMOM cba|7|J1e Hallen nporpamMmsbl; nocne eé 3anycka
pyHKUNs ByaeT noarpy>eHa us AvHamuyeckont bubnnoreku. Bnpoyem, ncnonssosa-
HNne ANHaMN4eCKnx 6|/|6J'IVIOTeK MOXXHO OTKJTFOYUTb.

O6¢cyuB BCE 9TO, OTMETUM OJIHY ONIUOKY, CTOJIb YKe TPyOyIo, CKOJIb Ya-
CTO BCTPEYAIONTYIOCsT, KOTOPYIO JEJIAI0T, K COXKAJICHUIO, He TOJHKO HAIMHA~
fOIlKe MPOIPAMMICTBI, HO M HEKOTOPBIE Ipenojasaresn. Ha Bompoc o ToM,
a7 Ke JlesiaeT JupeKTuBa #include, MOXKHO OYeHb YaCTO yCJIBIIATh OTBET,
9TO-JI€ OHA «IIOJK/II0YAeT ONOINOTEKY », & caM (daitst stdio.h — 3T0 AKOObI,
COOTBETCTBEHHO, ObubsimoTeka. Tak BOT, CTOUT OCO3HATH Pa3 M HABCET A, ITO
JupeKTuBa #include He MMeeT HUMKAKOI'O OTHOIIEHUA K IIOAKJIIO-
YeHUI0 OMOJIMOTEK, a 3ar0/I0BOUHbIE (DalIbl, pa3yMeeTcs, OubImoTeKaMu
He SIBJISIOTCA — OHU SIBJISIIOTCS] IMEHHO 3ar0JIOBOYHBIME (hailylaMud 1 HIIeM
nabiM. 361k Cu BOOOIIE HE MTPEyCMaTPUBAET BO3MOXKHOCTH N00KAIOYUND
bubAuOMEKY U3 TEKCTa MPOrPAMMbI, ITOTOMY YTO KOMIIUJISITOP, MOIIPOCTY
rOBOPsI, STUM He 3aHUMAETCSI, 9TO HE ero JIeJ0. 3asBIATh TPOTUBOIOIOK-
HOe — 3TO rpyOeiimmas ommbKa, JeMOHCTPUPYIONIAs HEBEKECTBO 3ASBIISIO-
mero. Kcraru, B cienyromem naparpade Mbl Oyj1eM paccMaTpUBaTh IIPHU-
Mep, KOTOPBIi peaJibHO IOTPeOyeT IMOJK/IF0YeHrsT OUOJIMOTEeKN, 3a00HO U
YBHJIMM, KAK Ha CAMOM JIeJIe 9TO JIEJIAeTCs.

Teneps, Korma Mbl 3akonamn pa3dop nporpammsr «Hello, world», camoe
BpeMs IonpoboBaTh €€ 3amycTuThb. Mtak, BKIIOUaeM KOMIIBIOTED, BXOIUM B
CUCTEMY, 3aIlyCKaeM TEKCTOBBIN PeJAKTOP; YITUTE, YTO Ball (pail Jo/KeH
nMeTh CyHPUKC « . C», TOCKOJIBbKY BBl COOMPAETECh B HEM HAOPATH TTPOTPAM-
vy #Ha Cu. Hampumep, ums hello. ¢ ayis Barmero daiiia BIIOJIHE TOIOWIET.
Habupaem poBHO Takoii TEKCT MpOrpaMMBbI, KaK IIOKa3aHO Ha cTp. 16, u
coxpaHnseM ero. Temepb HaM HYKHO 3aIlyCTUTh KOMIIMJIATOD, KOTOPBIH B
JIAHHOM CJIy4ae Ha3bIBAETCS gCC. DTO Ha3BaHMe 00pa30BaHO OT cjioB Gnu
Compiler Collection, To ecThb «KOJUTEKITHsT KOMIIIATOPOB Gnuy; KOMIIH-
JISTOP yMeeT 00pabaThiBATh MIPOrpaMMbl He TOJIBKO Ha Cu, HO U Ha S3BIKe
Cu+-+, a Ipu UCHOJIB30BAHIY JOTTOJTHEHHH, TaK HA3BIBAEMBIX (DPOHT-3HJIOB,
TOT K€ KOMITHJISITOP MOXKHO ipuMeHuTh Jjiyist Objective-C, @oprpana, A bt
W MHOTHX JPYTHUX S3BIKOB.

B cncremax cemeiictea Unix foctynHo MHoro pastbix komnunstopos Cu, n Bos-
MOXXHO [a)ke, YTO gCC U3 HUX celivac He caMbllii NyylWunii; Ha MOMEHT HanucaHus
3TOro TekcTa gec bbin NpocTo Hanbonee pacnpocTpaHéHHbiM BapuaHToM. Ecnn ovenb
ntobonbITHO, NONpobyiiTe CAaMOCTOSITENBHO OCBOUTHL KOMMUASTOP clang.

Cpasy ke OTMETHM, YTO KOMIIHIATOP gCC HOJJIEPKUBAET MHOXKECTBO
Ppa3HOOOPa3HbIX (DJIAXKKOB KOMaHIHOW CTPOKHU, U3 KOTOPBHIX HaM MOTPeDy-
IOTCA II0 MeHblleldl Mepe asa: -Wall, KOTOpPBIA BKJIIOYAET 6CE PA3YMHHLE
npedynpesicdenus, U -g, KOTOPBI 3acTaB/isieT KOMITUISITODP CTeHEPUPOBATh
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oTnazouHyo nHdopMayo. 9T (JIa>kKKU MbI IPHA 3aIlyCKe gcc yKa-
3bIBaeM BcCerZa, TO eCTh BOOOIIE BCEr/a, CJIE/IyeT BhIPAOOTATH IIPUBBIYKY
K 9TOMY Ha yPOBHE, KAK T'OBODPSAT, CIIMHHOTO MO3Ta: OTCYTCTBUE JI0O0T0 U3
9TuX (JIAYKKOB MOXKET OYeHb H0poro oboiituck. He ykazwBarh sTn dhiraru
MOXKHO pa3Be 4TO TOIJia, KOIJa KOMIIUJISITOP 3aIlyCKaeT He MPOrPAMMUCT,
a KOHEYHBIl [T0JIb30BaTeJb, YTOOBI 3 IPUCTIAHHBIX €My UCXOJIHBIX TEKCTOB
MIOJIY9UTh UCIIOIHsAeMYO porpammy. [Ipu sTom npesmonaraercsi, 9To mpo-
rpaMma yzKe IIOJTHOCTBIO TOTOBA U OTJIaXKEHA, & JIa’Ke €CJIM OHA U COIEPIKUT
OIMMOKH, TO KOHEYHBI 110JIb30BATE/Ib BCE PABHO HE CTAHET WX UCIIPABJISITH.
Ho 370 He Ham ciyvaii: MBI OJIb3yeMCs KOMITMIATOPOM KAaK HHCTPYMEHTOM
MIPOrPAMMUCTA.

Emé ogun mosesnsiit duiar, -o, M03BOJISET 3aJaTh UMs (paiiyia, B KOTO-
pBIii OyJleT 3amucaH pe3y/IbraT KOMIWIANuE. Ecan 3TorT (JiakoK He yKa-
3aTh, UTOTOBBII UCTIOTHAEMBIH daiiys OyIeT UMEeTh UM a.out, ITO He Bce-
raa ynoouo. Kak mbl momuuM, 066190 ucnosiasieMbie daitisl B OC Unix
He umeroT cyddurca. VIMeHHO Tak MbI IOCTYIIUM U Cefdac — OTIPaBUM
pe3yabTaT KoMmusiiuu B daita hello:

gcc -Wall -g hello.c -o hello

[TonHOCTHIO 9TAa KOMaHIA O3HAYAET CJIEAYIONIEE: «BO3bMHU MCXOIHBIN (daii
hello.c, orkoMIIMJIMPYH €ro, BblIaBasd IIPA 3TOM BCe Pa3yMHbIE IIPpEAyIIpe-
XK JeHus, 106aBb B MOJIYI€HHBIH MOJIY/Ib OTJIAI0OUHY 0 HHMDOPMAIUIO, IIOTOM
BBI30BU PEJIAKTOP CBA3el, CKODMUB €My HAIIl MOJIYJIb U CIMaHdapmmyto 6uo-
auomery asvka Cu (1), a pesyabrar mycrs od 3anumier B daiin hello».
[TpomerkyTounbIii 0ObEKTHBIN (ailjl HaM B 9TOT pa3 He Hy»KeH, IOCKOJIbKY
HAIlla [IPOrpaMMa COCTOUT U3 OJIHOT'O MOJYJIsSl; KOMIIMJISTOD IOMECTHT 00b-
EeKTHBII KOJT BO BPEMEHHBIN (baiiy1, a 1Mo 3aBepiieHnn pabOThI €r0 COTPET.

Eciu Bcé cmenarh mpaBUIBHO, KOMIMJIATOD OTPabOTAET MOJHOCTHIO
MOJT49a, He BBIJIAB HU CJIOBA, a B TEKYIIEH JIMPEKTOPUU TOSIBUTCS (Daiir
hello, KOTOPBIIT MOXKHO OYIET 3AIYCTUTD:

avst@host:~/work$ ./hello
Hello, world
avst@host:~/work$

4.2.2. O 3aBepuIeHUU MTPOrPaMMbI

Kak MBI oTMeUa ! BBIIIE, ¢ HEKOTOPO# HATSIYKKOM MOYXKHO CIUTATH, ITO
6 POAU BBI3BIBAIOWLE20 OAA GYHKUUU MAIN GHCMYNAEMm ONepatuoOHHas ClU-
cmema, 1 IMEHHO OIIEPAITMOHHOI CHCTEeMe IPEIHA3HAYEHO JHCJI0, KOTOPOe
sra hyHKIUS BO3BpaIaer. bojee cTporo 3To 3HaUeHNE HA3BIBACTCH KOJOM
3a8epULeHUS; OHO KCIIOJIb3YeTCsl, YTOOBI ITOKAa3aTh OMEPAIMOHHON CHCTe-
Me, CYUTAET JIU 3aBEPIIAOIIAACT IPOrPaMMa, UYTO €€ BBIIIOJIHEHUE IIPOIILIO
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ycrentHo. Eciau Bcé 6bLIO XOPOINO U MPOorpaMMe YAaJI0Ch BBIIIOJIHUTD TY 3a-
Jady, paJu KOTOPOII e€ 3aIlycKaJjil, OHa 3aBepIIaeTcs ¢ KojoM O, Kak B IIpU-
Mepe U3 MPEebIIYIIero naparpada; ecjan 9To-To MONLIO HE TAK, HAIIPUMED,
OHA HE CMOIJIA OTKPBITh HYKHBII eil (ailyi, He CMOIJIa YCTAHOBUTH CBHA3b
C CEepBEPOM WJIM 3Ta CBA3b HEOXKHJIAHHO pa3opBaJjach — MaJjo JI OIIHOOK
MIPOUCXOJUT IIPU PabOTe MPOrpaMM — TO, YTOOBI OIOBECTUTH O HeyIade
OIIePaIMOHHYIO CUCTEMy, IIPOrpaMMa 3aBeplraeTcda ¢ KOJIoM 1, 2 m Tak Ja-
see. MakcuMaIbHO BO3MOXKHOE 3Ha4YEHUE TAKOTO KOjma — 255, MOCKOJIBKY
OH BOCBMHUOUTHBIN, HO OOJIbINIE 3HAUEHUA OOBITHO HE UCIOJIL3YIOTCS, B Pe-
aJIbHOH YKU3HU KOJI 3aBepIeHns peJKko npesbimaer 10.

Mexay mpodnmm, Ha 9TOM OCHOBAHBI JBE CAMbLE KOPOMKUE TPOrPAM-
MBI Ha si3bike Cu, KOTOpbIe HA3bIBAIOTCs true u false: 0b6e OHM HUYErO
He JeJIaIOT, 3aBepllasch HeMe/JIeHHO II0CJIe 3aIlyCKa, IIPU 3TOM IlepBast 3a-
BEpITAETCs YCIIEITHO, a BTopas — HeycnentHo. CaMast IpocTast pean3arust
IPOrpaMMBbl true OyIeT TaKOii:

int main() { return 0; }
IIporpamma false BBITVISIUT IOYTH TaK YKe:
int main() { return 1; }

[ToguepkuéM, 9TO B 000UX CJIyUIasix HAITUCAHHAS CTPOYKA — ITO MEKCM Npo-
2DAMMDBL UEAUKOM, HIKAKAX TUPEKTUB #include m 4dero-ymbo emé He Tpe-
OyeTcsi. DTH JIBe TPOrPAMMBI 9aCTO IPUMEHSIIOTCS TIPU HAITUCAHUHN CKPUII-
TOB Ha KOMAaH/IHO-CKPHUIITOBBIX A3bIKaX, BPOJE PACCMOTPEHHOI'O HAMU paHee
Bourne Shell.

Ciesyer cpasy ke IpejocTepedb YuTaTe sl OT JOBOJBHO YaCTOrO Bapu-
aHTa ONIMOOYHOrO MOHUMAaHUS poucxosiero. IlockoIbKy Bce HAIU PO-
rpaMMBbI IIOKA YTO COCTOSIIM U3 OJHON (PYHKIINK main, omeparop return B
HUX 3aBepliaj IporpaMMmy; HO Ha CaMOM JeJie 3TOT OIepaTop 3aBeplIiaeT
BBITIOJIHEHHE 00H0U (PYyHKUUL, T €CITH 9TO OyIeT He main, a KaKas-To Jpyras
dyHKIIMA, TO, 0OYEBUIHO, return K 3aBepPIIEHNIO0 IPOrPAMMBI HE IPUBEIET.
BoJibire Toro, MoXKHO BBIZBaTh W caMy (DYHKIMIO main u3 Kakoi-HUOYIH
Jpyro#t pyHKIMK WU Jake U3 He€ caMoil, cliejiaB eé PeKypCUBHOIl; 0ObIU-
HO TaK He JIeJIaloT, HO 3TO W He 3allpellleHo, U €C/IU TaK CJIeaTh, TO JaXKe
B YHKIUK main BHIIOJHEHNE return He CTaHEeT 3aBEPIIeHHEeM IPOrpaM-
Mbl. B Hammx mpumepax return 3aBepIiajl TPOrpaMMy JIAIIb MOCTOJIBKY,
IIOCKOJIbKY OH 3aBepiiajl paboTy TOro BBI30Ba main, ¢ KOTOPOro pabora
IporpaMMbl Ha4aJlach.

Bemmonmenne mporpammbl, Hanucanuoii #a Cu, MOXKHO 3aBEPIIUTbL HE
TOJIBKO U3 (DYHKIMM main, HO W U3 JiroOoro apyroro mecra. [ljas sToro
npe/iHa3HadeHa OubIMoTedHass DYHKINA eXit, UMeIomas OJINH IEeJ0UnC-
JneHHbrit mapamerp. Ilpororun 3Toit pyHKIME OnrcaH B 3ar0JI0BOTHOM (haii-
Jie stdlib.h; moAK/IIOYMB ero ¢ moMOIIbo #include, MbI CMOXKEM B JTIO0O0#
3 (GyHKIU Hameil mporpaMMbl HAIUCATH YTO-TO BPOJIE
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exit(0);

— W BBIIIOJIHEHHE TAKOI'0 OllepaTopa IIporpaMMy HEMeJIEHHO 3aBEpIIUT.
BwmecTo 0 MOXKHO MOACTABUTH JIFOO0i1 JIPYTOif KO, CJIEyeT TOJIBKO TOMHUTD,
9TO JJIsI HEro JOMYCTUMBI 3Hadenus or 0 710 255, HO OOBITHO MCIOJIB3YeT-
cs gucsio e 6ospmre 10. MoxkHO 00paTuTbCS W HAIPAMYIO K CHCTEMHOMY
BBI3OBY _exit:

_exit(0);

— HO TaK IOCTYyHAaThb CJEIYeT JIUIIb B CJIydae, €CJIM Bbl TOYHO 3HAETE, YTO
nenaere. Koneuno, GyHKINA exit TOKe B KOHETHOM CUIETE OOpATHTCS K
TOMY K€ CHCTEMHOMY BBI30BY, HO II€PEJl 3TUM OHA, «IIPUBOJUT B MTOPIIOK
Jiesiay; B 9aCTHOCTH, Bce OUbJIMOTeYHbIe (DYHKITUU BBIBO/A, C KOTOPBIMU MBI
Oyaem paborarh, 6ydepudyrom BBIBOIMMYIO WH(MOPMAIINIO, U €CJIU B UX Oy-
depax 9T0-TO OCTAIOCH, PYHKIN exit BCio 9Ty mHMOpManuio u3 6ydepos
BBITECHUT, TO €CTh BCE, UTO Ballla IIpOrpaMMa Bbluaja depe3 Oydepusyro-
e 6ubmmoTedHbie (PYHKINU, OYIET peabHO BBIBEJIEHO; €CJU 3aBEPIIUTH
IPOrpaMMy «I'Py0O0», HAIPSMYIO OOPATHBIINCH K CHCTEMHOMY BBI3OBY, TO
KaKWe-TO M3 CBOMX COOOIEHMIT TPOrpaMMa MOXKET TaK W HE HAIECYATATD, &
CO3/IaHHbBIE MMPOrPAMMOIl (ailjIbl MOTYT OKa3aThbCs KOpPOYe, YeM BbI MOTJIN
OBl OXKUIATh.

Mpasuna bydepusaunn BbiBOga Mbl NogpobHo paccmoTpum B §4.4.5; B coveTa-
HUWM C CUCTEMHbLIMM BbI30BaMIU YnpaeseHns npoueccamu bycepusaunsi MoxeT Aa-
BaTb OOCTATOYHO HEOXWMOAHHbIE 3df)d3€KTbl, ApuMepbl KOTOPbIX YNTaTENb Haﬁp,éT B
cnepytowein Hactm kiuru — B §5.3.6.

4.2.3. KBagpaTHoe ypaBHeHUEe

Bropasi mporpamma, KOTOPyI0O MBI PAaCCMOTPHM, OyIeT pelraTb KBaJl-
parHOe ypaBHeHme. Kak m3BeCTHO, KBaJpPATHOE YpaBHEHHUE BCErJa MMEET
POBHO J1Ba KOPHSI, HO IIOCKOJIBKY 3/I€Ch MBI 3aHHUMAaeMCs IIPOrPaAMMUPOBa-
HUEM, & He MaTeMaTUKON, Ccily4dail KOMIIJIEKCHBIX KOPHEIl Mbl pacCMaTpUuBaTh
He OyIeM, OrPDAHIIHBIIICH JJAKOHUIHBIM IITKOJILHBIM «KODHE HET» — ecTe-
CTBEHHO, To-aHTniicku. HecMOTpst Ha TPOCTOTY 3a7a4u, TPU €€ PereHnn
MbI Y3HaeM JIOBOJIbHO MHOT'O HOBOTO.

Y1066l TOCTUYH MTOCTABICHHON TEIN, HAM MOTPEOYIOTCS TepeMeHHbIe,
CIOCOOHBIE XPAHUTD YUCJIO C IJIABAIOIIEH TOYKOW; B si3bike Cu st 9TO-
ro Jydme Bcero noaxoaut Tui double?. BrrumciieHne JUCKPUMUHAHTA MBI
BBIHECEM B OTIEJIbHYIO (PYHKIIUIO, 3a0/HO YBUJMUM, KAK BBITJISIUT (DyHK-
sl ¢ mapamerpamMu. A BOT JIAJIbIe HAC YKJYT HACTOSINNE TPUKJIIOUCHMUS.
Bo-uepBbix, HaM OPHUIETCS Y3HATH, KaK I€4aTaTh 9UCIa (BBIIABATD HMX
[IpEJCTaBIEHAE B IIOTOK CTAHIAPTHOIO BBIBOJA) C HOMOIIBLIO yKE 3HAKO-
Moit HaM YHKIME printf m Kak 4uTaTh YUC/Ia U3 MOTOKA CTAHIAPTHOIO

4Berpoennsie THIBI MBI TOIPOGHO O06CymHM B §4.3.3.
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BBOJIA (C KJIABMATYPHI) C IIOMOILIBIO APYIoii hyHKIMI, KOTOPasd Ha3bIBAETC A
scanf. Bo-BTopbIx, MbI 06HAPYKHUM, 9TO Bee napaMerpbl B CH epeaioTcs
HUCKJIIOYNTEJIbHO KaK 3Ha4YeHusd, TO eCTb HUKAKOI'o aHaJIora var-apamMeTpaM
(«napamerpam-tiepeMeHHbIM» ) [lackansg 3/1ech HET; MEXKJIY TeM, KaK-TO
HY?>KHO 0ObsicHUTH scanf’y, KyJa (TO ecTh B KaKue IepeMeHHbIe) J[eBaTh
CBeKepoYnTaHHble 3HaYeHus. [lobe B KOBapHBINT BBOJI-BBIBOJ, MBI, BO3-
MOXKHO, B3JIOXHEM C ODJIerdeHreM, HO HEHAJ0JITO: JeJI0 B TOM, 9TO (DyHK-
nuu, padoTAoININe ¢ IJIABAIOIIEH TOYKOW, He BXOAAT B OCHOBHYIO OuOJ/IMO-
TEKy, KOTOPYIO KOMIIMJIATOP MOJKJIIOYAET M0 YMOJYAHUIO, U K (DYHKIINH
BBIYUCJIEHUA KBaJIDATHOI'O KOPHS CHE TOXK€ OTHOCHUTCH; TaK 4YTO, IIpexK/e
qeM IporpaMma 3apaboTaeT, HaM MPHUAETCS eIlé BBIICHUTDL, KakK XKe 6 0eti-
CMBUMEADHOCTNU TIOAKIIOUAIOTCs 6ubinoTekn (cM. 3amedanue Ha crp. 21).

Hauném ¢ 3amevanus, 970 PYHKIUS BBITUCICHUS KBaIPATHOTO KOPHSI
Ha3bIBaeTCd Sqrt, a e€ 3aro/IOBOK, HapsAy C 3arojIOBKaMM JIPYTUX MaTe-
Marndeckux (GyHKIuil (TAKUX KaK CHUHYC, JIOrapudM, SKCIIOHEHTa U T.1L.),
pacroJjiaraeTcsi B 3arojioBouHoM aiiie math . h. Kpome Toro, mockobKy Mbl
cobupaeMcst NCII0JIH30BaTh (DYHKIIMH BBO/IA-BBIBOJIA, HAM, KAK U B IIPEJIbITY-
melt mporpaMme, morpedyercs 3arogoBoIHuK stdio.h. Tpamumumonno mgu-
peKTuBbl #include pacroJsararoT B HadaJjie IIPOIPAMMbI, IIOCTYIUM TaK U
MBI; OTKPBIBAEM B PEJAKTOPE TEKCTOB HOBBIH (aili (Hampumep, qe.c oT
cnoB quadratic equation, TO €CTh «KBAJPATHOE YPABHEHUE ) U MUIIEM JIJIsT
HavaJa CJe/iyIolye JIBe CTPOKU:

#include <stdio.h>
#include <math.h>

BcrnioMHUM Tenepb, 9TO MbI XOTEJIM HAIUCATH OTIEIbHYIO (DYHKIIUIO JIJIst
BBIUUCJIEHUs] JTUCKpUMUHAHTA. J[JIsT 9TOro, Kak M3BECTHO, HYKHBI TPH KO-
sddurmenTa ypaBHeHns, a caM JIUCKPUMUHAHT BBIYUC/ISETCS IO (hopMysie
D = b2 — 4ac. Belme MBI yKe JOrOBOPHJINCE, UTO IS PAGOTEL C JIPOGHbI-
MU 9uCJIaMu OyJ/IeM HCIOJIH30BaTh THI double, TO €CTh U KOIPDUIIUEHTDI,
¥ CaM BBIYUCJIEHHBIN JUCKPUMUHAHT JOJKHBI OBITH KaK pa3 9TOr0 THUIIA.
Teneps yxke Hanucarh (PYHKIUIO HE COCTABUT 0COOOr0 TPyIA:

double discrim(double a, double b, double c)
{
return b*b - 4x*axc;

}

3aMeTuM, 9TO ONMMCAHUS IMapaMeTPOB UMEIOT BUJ «TUI-UMsi»; B sg3bike Cu
9TO TPAJUIMOHHBIN CIIOCOD OIMUCAHUS, IPUIEM HE TOJBKO JIJIsI I€PEMEHHBIX,
HO 1, HANpHUMeED, s DYHKIMA (B 3ar0JI0BKe TOXKE CHAYAJA YKA3BIBAETCS
THUII — B JIAHHOM CJIy4dae 3TO TUIl BO3BPAIaeMOI'o 3HaUYEHHs, — & IIOTOM Yy2Ke
ums bysxiun). Mbl Moriu Obl HAIIUCATH U TAK:
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double discrim(double a, double b, double c)

{
double d;
d = bxb - 4xa*c;
return d;

¥

U TI0YeMY-TO HAYUHAONHE OOBIYHO TaK U MHUIIYT. 376Ch UCIOJIb3yeTCs J0-
KAABHAA TIepeMeHHas d, B KOTOPYIO CHavaJsIa 3aHOCUTCS BBIYUCICHHOE 3Ha-
YeHue JUCKPUMUHAHTA, & 3aTeM 3HAUYEeHUe STOI IepeMeHHON BO3BpAaIaeTCst
n3 dyukiun. C TEXHUIECKOM TOYKN 3PEHUS 9TO HE UMEET HUKAKOI'O CMbIC-
Jia, HO €CJIM BaM TaK IOHSTHEE, UIINNATE TaK.

Hauném tenepsr mmcares dymkimio main. Kak yxke roBopusoch, oHa
JIOJ’KHA BO3BpAINATh 3HAYEHHME THUIIA int, KOTOPOE CIIYKUT K0JdoMm 3a6ep-
wenus npoepammal. IlapamMerpos oHa y HaAC MMOKa YTO He MpuHUMAaeT. Ham
00s13aTeJIbHO TOTPEOYIOTCS JIOKAJIBHBIE TIEPEMEHHBIE — KAK MUHUMYM IIJIst
XpaHeHus1 KO3(MMUIMEHTOB, a eIlIe JIOBOJIBHO yI00HO OYJIeT COXPAHUTH B OT-
JIeTbHOI TIepeMeHHO BBIYUCIEHHOe 3HAUeHe JucKpuMuHanTa. /lobaBum K
9TOMy ellé OfHy IIEpEeMEHHYIO THUIa int (Iyisi XpaHeHHs LEeJIOr0 YHCIIA),
3a9eM OHA HAM HYKHA — MBI MOWMEM UyTh IO3KeE.

B ornmmame or Ilackasist, B Cu MOXKHO ONKCATDH JIOKAJIBHYO IIEPEMEHHY O
JIIOOOM COCTaBHOM OIIEPATOpE, TO €CTh, HAIPUMED, MOYKHO 3aBECTH CBOU
JIOKAJIbHBIE TIEPEMEHHbBIE B Tejle NMUKJIA, U BUJHO WX Oy/IeT TOJBKO B 3TOM
TeJjie; HAM, BIPOYEM, ceifdac moTpedyercs mepeMeHHasi, KOTOPYIO BUIHO BO
BcéM Tesie pyHKImE. ONUCHIBAIOTCS JIOKAJIbHBIE [IEPEMEHHBIE CPA3y I1OCJIE
dburypHoit ckobku, OTKpbIBaoImel (hyHKIWMO (MM COCTABHON OMepaTop); ¢
YI€TOM 9TOro HAYAJIO Hamlel yHKIUA main OyIAeT BBIIVISAIETh TaK:

int main()

{
double p, q, r, d;
int n;

3J1eCh MOXKHO 3aMETHUTDb, 9TO Mbl HEMHOIO COKOHOMIUJIM, YKA3aB THUI 00UH
pa3 ¥ MepevncIuB UMEHA IePEMEHHBIX depe3 3alsiTyio. B onncanun mepe-
MEHHBIX TaK JejlaTh MOXKHO, & BOT B 3aroJIOBKe (DYHKIIUU, K COXKAJIEHUIO,
HEJIb3s, TO €CTh Mbl HE CMOIJIA OBl JIOOUTHCS aHAJOTMYHON SKOHOMHHM, Ha-
npumMep, B 3arosioBke ¢yukiun discrim. Ecim 661 MBI Hammca m 9To-TO
Bpoje double discrim(double a, b, c¢), TO moaydwu Obl CHHTAKCHYIE-
CKYIO OIIHOKY.

Hy urto ke, mpocTast 4acTh pelneHus, COOCTBEHHO T'OBOPs, MO3a U, a
Ternepb HAYHETCS camMoe mHTepecHoe. [Ipexie deMm uaTu fasibiie, gaBaiiTe
IIOCMOTPYM, KAKUE CPEJICTBA HAM TOHA00sITCsI, YTOOBI CHAYAJIA BBECTUA TPU
YUCTIa, 3a1ar01re Koa(hUIMeHThl YPABHEHNS, & 32T€M JIBa BBIYNCIEHHBIX
KOpHs HamedaTaTh. Haaném co Broporo. Kak yke roBopuioch, QyHKIHS
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printf ymeer medyararh He TOJBKO CTPOKH, HO M 3HAYEHUsI JIIOOBIX BCTPO-
€HHBIX THUIIOB. PaHee MbI HCIIOIB30BAJH €€ ¢ OHUM ITapaMeTpoM (CTPOKOI),
HO Ha CAMOM Jiejie IAPAMETPOB y Heé MOXKET ObITh CKOJIBKO YIOJHO, PH-
9éM TEPBBIM MapaMeTpPoOM B 3Ty (GYHKIMIO MePeIaéTcsl Tak Ha3bIBaeMast
dopmamnas cmpora, Kotopas 3a/1a6T HEKUH HEM3MEHHBIN MTabJIOH TO-
ro, 9TO JIOJIZKHO OBITh HAIeYaTaHO, a JOMOJHUTEIbHBIE TapaMeTPhl, eCJIn
OHH €CTb, 33/IAI0T TO, YTO OT CJIydas K CJIydaro MOXKeT M3MeHUTbCs. DyHK-
nus printf mpocMarpuBaeT cBOKO (DOPMATHYIO CTPOKY CJIEBA HAIIPABO IO
OJIHOMY CHMBOJIY, M €CJI OY€PEIHON CUMBOJI — He «%», TO (DYHKIS TAKOI
CHMBOJI TTPOCTO TredaTaeT. Eciau B GopMATHO CTPOKE TaK U HE BCTPETUIIOCH
HU OJTHOT'O «IIPOTIEHTA», TO BCsI 3Ta CTPOKa OYIET MOMPOCTY HAlleYATAHA KAK
€CTh, 9eM MBI U BOCIIOJIb30Ba/uch B mporpamme «Hello, worlds.

Cy1iecTBeHHO MHTEpecHee (DYHKIMsI OyieT 1eifiCTBOBATD, €CJIU OYepe/l-
HBIM CHMBOJIOM OKayKeTCs MAaruvecKuil «IporenTs. B 6oabninucTBe cayda-
€B 9TO O3HAYAET, YTO HYKHO B3ATH OYEPEIHON MapaMerp U3 CIUCKA Ia-
paMeTpoB, Ipeodpa3oBaTh €ro B TEKCTOBOE IIPEJICTABJIEHUE U HAIICYATATD.
OMH MM HECKOJIBKO CHMBOJIOB, UJYIIUX CPa3y IIOCJe CUMBOJIA IPOIEHTA
B (OpPMATHOM CTPOKE, YKA3BIBAIOT, KAKOIO THUIA OyJeT ITOT HapaMmerp u
B KAKOM BHJIE ero nevararhb. Hanpumep, koMOuHanusi «%d» O3HAYaer, 4To
OdYepeHON mapaMeTp B CIIMCKE CJIE/IyeT PACCMAaTPUBATD KaK IeJI0e 9UCIIO, a
Hale4yaTaTh Hy?KHO €ro JIeCATHYHOe IIpeJicTaBiienue («d» B JAHHOM CJIydae
npoucxonut ot cyosa decimal). Kombunarus «%x» 03HAYaET IPAKTUIECKU
TO K€ caMoe, HO HAIEYaTAHO YUCJIO OyJIeT B IIECTHA/IIATEPUIHON CHCTEME;
Hy a, K IpuMepy, «%05d» o3Ha4aeT, YTO IedaTaeMoe IEeJI0e UUCIO OyJeT
cojiepKaTh He MeHee IIsITU 3HAKOB, & €CJIU B YUCJIe 3HAKOB MEHbIIE, TO OHO
OyZeT MOIOJIHEHO CJIeBa HYXKHBIM KOJIUYeCTBOM Hyseil. Tak, eciam Mbl Ha-
[UIIIEM B TIPOTPAMME

x = 17;
printf("%d times Jd is %d\n", x, x, x*x);

TO OHA HamedaTaeT «17 times 17 is 289» u mepeBenET CTPOKY; €CJIA 2Ke
MbI HAITUIIIEM

x = 378;
printf ("%d %x %06d\n", x, x, x);

— TO HaleyaTaHo Oyjer «378 17a 000378» (u mepeBoj| CTPOKH).

ITompobuelit pa3sroBOp 0 BO3MOXKHOCTAX printf y HAC Bliepen; IOKa J10-
CTATOYHO 3aMETHUTh, 4TO JJIs edaTu ducia tuia double (a paBHO U duces
tuna float; DPyHKIUS UX HE PA3IMYACT) MOMXKHO BOCIIOJL30BATLCS KOM-
6unanueii «%f» (or ciosa float), HO pe3yabTaT GyJET HECKOJLKO CTPAHHO
BBITJIAIETD; IpaBUIbHee OYIeT SBHO YKa3aTh, CKOJBKO 3HAKOB TIOCJIE JECs-
TUYHOH TOYKH® MBI XOTHM BUJIETD, U JIEJIAETCs 9T0 Tak: <«%.5f» (31ech Mbl
yKazajid, 94TO B APOOHON 9acTu JOJRKHO ObITh sTh mudp).

SHarmoMHuM Ha BCSKMil CIIydail, 4TO B IPOrPAMMUPOBAHME ISl OTIEJIEHNs APOGHOM
YaCTHU OT IIeJIOM HUCIOJIb3YeTC AECATUYHASA MOYKQ, a He JECATUYHAA 3AIIATAA.
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st BBOJIa KO3(DPUIMEHTOB C KJIABUATYPbI HAM IPUIAETCS TPUMEHUTD
dyukmmio scanf, y KOTOPOil €CTh JIOBOJBHO MHOTO 00IIero ¢ printf. dra
byHKINA TaKKe MOXKET IPHHUMATH IPOU3BOJIBHOE KOJUIECTBO IIapPaAMET-
POB, TPUYEM IEPBBIM U3 HUX JIOJPKHA OBITH y2K€ 3HAKOMAS HAM (POPMATHAA
cmpora. Eé moapobHbIil pazbop MBI Ha HEKOTOPOE BPEMsl OTJIOXKUM, 3aMe-
THUB, YTO B OOJIBINIMHCTBE Ciy4daeB popMaTHasi CTpOKa st scanf JoJrzKHA
COCTOSITH M3 BCE TeX K€ KOMOMHAINI, HAYNHAIOIINXCS C IIPOIEHTA», ME¥K-
JIy KOTOPBIMHU CTaBsT mpobesbl. B wacTHOCTH, cTpoka "%1f" Oynaer o3Ha-
YaTh, YTO CJIEJyeT MPOYUTATh U3 [IOTOKA CTAHJAPTHOIO BBOJA YHCJIO THUIIA
double u 3anucaThb €ro B IIEPEMEHHYIO TOT'O Ke rumal. Ilepemennyto, cooT-
BETCTBEHHO, HY2KHO KaK-M0 Yka3ambv 6 6ude napamempa, i BOT TyT CAMOe
BpeMsI BCIIOMHUTB, 9TO B CU €CTh TOJIBKO OJUH CII0CcO0 IMepeiadn mapaMer-
pa — a UMEHHO, Ilepejiavya 110 3HaYeHUI0. 10 eCTh IepeiaTh «IEePEMEHHYIO
KaK TaKOBYIO», KaK MbI Jestaiau 970 B [lackasie ¢ TOMOIIbIO var-napaMeTrpos
(em.1.1,82.3.4), Hesb3sd — TYT HET HUYEIO MOXOXKErO Ha VAr-NapaMeTphl.

Yr0o0bI MOHATH, KaK PEIIaeTcs 9Ta IpodjeMa, BCIIOMHUM JJIsi HAYaJa,
YTO nepemerHas (BO BCSIKOM CJllydae, B UMIIEPATHBHBIX $3bIKaX [POrDaM-
MUPOBaHUs) — 9TO HE 4TO MHOE, KaK 00AACTY ONepamusHot namsmu, a K
obJracTu maMsaTH He 00s3aTeIbHO 00pAIaThCs 9epe3 UMsl IEPEeMEeHHOI, 110~
CTATOYHO 3HATH €€ (obsacTn) adpec. VHave roBopsi, €CM Mbl IPEJJIOXKUM
dyuKIMKM scanf MpoOYUTATH C KJIABHATYDPHI TUCJIO U JaJUM €it adpec obaa-
CMU NAMAMU, KyJIa CIEIYeT MOJIOKHUTH MPOYATAHHOE YHCJIO, OHA C ITUM
BIIOJIHE CIIPABUTCS.

VYmMecTHO bypeT oTmeTuTb, 4TO var-napametpbl [lackans Ha camom pgene pea-
JIN3YIOTCA B MALIVHHOM KOZE TOYHO TaK >Xe — rnepefadeit agpeca nepemMeHHol, HO
Mackanb OT Hac BClO 3Ty MexaHUKy cKpbiBaeT, Torga kak Cu npugyman nogbmu,
ANPUBbLIKWWNMW K A3bIKY acceM6nepa, TaK 4TO BMNOJIHE NOHATHO, NOYEMY OHU HE COYIN
HY>XHbIM HW4Y€ro CKpbiBaTb.

Wrak, 9T00bI IPOYUTATEH TPU YUC/IA C KJIABUATYPBI, Mbl BEI30BEM (DYHK-
nuio scanf U mepesauM eii, Bo-IIepBbIX, (POPMATHYIO CTPOKY, YTOOBI IIPO-
WHCTPYKTUPOBATH €€ YUTATh YNCIA C ILUIABAIOIIEH TOYKON B KOJIMIECTBE
TPEX IITYK; U, BO-BTOPBIX, MBI IEPEIAINUM €ii JOMOTHUTEIbHBIMA TaPAMET-
pamu adpeca Tpéx mepemeHHBIX Tuia double. OTMerum, 9TO Onepavus
e3amus adpeca obosHauaercss B Cu CUMBOJIOM «&», TO €CTh 3HAYEHUEM
BBIpaXKeHusI &t OyIeT aapec mepeMeHHoi t.

OrmernMm emé omuu BaxKHbIE MOoMeHT. DyHkumss scanf eozspauwaem
3HaveHUue, W ITO TOT CJIydail, KOrja BO3BPAIAEMbIM 3HAYECHUEM JIydIlle
BCE-TaK! BOCIIOJIb30BAaThCA. JleJ10 B TOM, YTO IOJIB30BaTEIb MOYKET BBe-
CTH ITO-HUOY/Ib TAKOE, UTO HAIla (PYyHKINS HUKAK HE CMOXKET IIPEBPATUTH
B UHCJIO — HAIPUMED, IPOU3BOJIbHYIO Oenubepy w3 O6ykB. B sTom cirydae
scanf HeMeJJIEHHO IMpEKpalllaeT YTeHNe U B Iepe/laHHble eif 00acTu mna-

SB ornuuue or printf, 3neck float u double pazmuryarorcs; mis float MbI IpEMEHAIN
661 kKoMOuHanmio "%f" Torma xak myst double BBIHY2KIeHBI mpuMeHATH " %If", oT coB
long float, TO ecThb «JJIMHHOE C IUJIABAIONIEN TOYKOi»; MOYEMY 3TO TaK, MbI IOJAPOGHO
obcynum B naparpade, HOCBAMEHHOM (HOPMATHPOBAHHOMY BBOZY-BBIBOLY.



§4.2. TlepBbie BewaT/ICHAS 29

MSITH HUYEro He 3alMCBIBAET, TO €CTh TaM TaK M OCTaHeTCs Mycop. B Takoii
CUTYaIlU MIPOJIOJIZKATH PEIaTh KBAJIPATHOE YPABHEHUE HECKOJIHKO TUIYTIO,
ropasio mpaBuIbHee OyIeT COOOIUTD MMOIb30BATEIO, IYTO OH Hempas. s
9TOrO KaK Pa3 U UCIOJIb3YyeTCsd 3HAYEHNE, KOTOpoe scanf BO3BpAIAeT Kak
GYHKIWS, a BO3BPAIAECT OHA UYECAOE HUCAO, PABHOE YCMEUHO O0OCAYNCENH-
HoLM «npouermukams. IIOCKOIBKY TaKUX y HAC TPHU, TO U BEPHYTH scanf
JOJIPKHA 9HCJIO 3; WHOE Oy[eT O3HAYATH, 9TO IIOJH30BATENh BBEJ YITO-TO
HEKOPPEKTHOE.

CireLyIomniue HECKOJIBKO CTPOK IPOIPAMMBI OYIyT BHIIVIAIETh TAK :

n = scanf ("%1f %1f %1f", &p, &q, &r);

if(n !'= 3) {
printf ("Error: wrong input.\n");
return 1;
}
C mpucBavBaHUEM MBI y»Ke 3HAKOMBbI, a JiekceMa != obo3HadaeT Jiorude-

CKYIO OIepaIMIO «He PaBHO» (T0, 4yTo B [acKase Mbl IPUBBIKIIM 0603HAYATH
kak <>). C omeparopom if ToxkKe BCE, CKOpee BCEro, MOHATHO [0 aHAJOIMU
¢ IlackaJjiem, cTouT Jiniib OOPATUTH BHUMAHUE HA KPYIJIble CKOOKH BOKPYT
ycstoBust (OHU 3/1eCh 00sI3aTENIbHBI) U OTCYTCTBUE KAKOrO-JMb0 aHAJIOTa [ac-
KAJIEBCKOMY CJIOBY then — mpu Hajuduu O0S3aTEJIbHBIX KPYIVIBIX CKOOOK
TaKoe CJIOBO HE HYKHO.

Obparure BHUMaHUE, 9TO, MOJIYYNB HEKOPPEKTHBIN BBOJ U BBIJIAB II0
3TOMY TMOBOJy coobienne 06 ommbKe, Halra (GpYHKIUS main HeMe I IeHHO
3aBEPINAETCs C MOMOIIBIO Y2Ke 3HAKOMOIO HaM oleparopa return, HO MpU
9TOM BO3BpAIaeT He HOJIb, KAK Mbl 9TO JIJIAJIN PAHbIIE, a €IUHUILYy. 1aK
OHA U3BENAET OIEPAIMOHHYIO CHCTEMY, UTO PENIUTH [TOCTABICHHYIO 33129y
HE yIaJI0Ch; JIeHCTBUTEIBHO, HEJIb3sl YK€ PEIIUTh KBaIPATHOE ypaBHEHUE,
He 3HasI ero Ko3(pOUINEHTOB.

Hasbiie BCE yxke JOBOJIBHO IpocTo. Ecym mepsbiit KoadduimenT pa-
BEH HYJIIO, TO 9TO ypPaBHEHMe He KBaJPATHOE M PEIIaTh €ro HYy»KHO COBCEM
WHaYe; HO HAIlla IPOrpaMMa IpeHa3HAYeHa sl PEIIeHns] KBaJPATHBIX
ypaBHEHUil, & HEe KAKUX-TO JPYIUX, TAK YTO OHA MPOCTO BHIIACT OIIUOKY:

if(p == 0) {
printf ("Error: Not a quadratic equation!\n");
return 2;
}
Kak y»xe, HeCOMHEHHO, IOTaJAJICAd YUTATENb, 3HAKOM == 00O3HAYAETCH

CpaBHEHHE, TO €CTb HpHBeﬂéHHbIﬁ OIepaTop YUTACTCAd KaK «€CJIn p PaBHO
HYJIIO, TO...». Bo3BpaLuaeM MbI B 3TOT pa3 ,ILBOI7IKy, 9TO TOZKe IIOKa3bIBaeT

"Kro-HuGynb MOT GBI 3asBUTEH HaM, UTO COOGIIEHHs 06 OIMHOKAX CIIELyeT BbIJaBaTh
He Ha CTaHJAPTHBIM BBIBOJ, & B CIIENMAJIbHO [PEIHA3HAUEHHBIN JJIS 9TOrO MOTOK JIHa-
THOCTUKH; TE€PIIEHUE, TOCIOMA, BCEMY CBOE Bpems!
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cucTeMe Hallle HeJOBOJIbCTBO, KaK U JIF000e UHCJIO, OTJIMYHOe OT Hysis. Ho
[oYeMy He eJMHUIA, KaK B Mponuiblii pa3? YTo K, MOXKHO OBLJIO BEPHYTH
¥ eIWHUILY TOXKE, HO BeJb OIMMUOKA-TO Apyras. Bo3aMoKHO, KTO-HUOYIL 3a-
XOUYeT HAIUCATH JPYTYIO MPOrpamMMy, KOTOpast OyIeT 3aIyCKaTh HAILY IIPO-
rpamMMmy JiJIsl peleHusi KaKOro-HuOy/ b YPaBHEHUsI, U €CJId MbI OyeM Bbljia-
BaTh pa3Hble KOJIbI OMIMOOK, 9TO MO3BOJUT BBIZBIBAIOIIEMY MOHSITDH, KaKas
3 omubOK MMeJIa MeCTO.

Yo6equBiuce, 9To nepBbiii KOIMMUIUEHT OTIIMIEH OT HyJIsl, MBI MOYXKEM
C IOJIHBIM Ha TO OCHOBAHMEM IIOCYUTATH JIMCKPUMHWHAHT, IIPOBEPUTH €ro
HA HEOTPUIATE]HbHOCTh ¥ U3BJIEYb U3 HEIO KBAJIPATHBIA KOPEHb, MPHIEM
COXPAHUTH ITOT KOPEHb MOXKHO B TOI Ke MepPEeMEHHOMH, BeJb caM JUCKPU-
MUHAHT HaM OOJIbIIE He TOHAI00UTCH:

d = discrim(p, q, 1);

if(d < 0) {
printf("No roots\n");
return O;

}

d = sqrt(d);

O6paruTe BHUMAHIE, ITO B CIydae, €C/IM yPaBHEHNE He NMeeT KOPHel, MbI
3aBepriaeM nporpammy ¢ kogom 0 (ycmex). [eso B TOM, 9TO OTCyTCTBUE
KOpHe#l — 3T0, BOOOIIe roBopsl, He ONNOKa, ypaBHEHHE BIIOJIHE MOXKET He
nMeTh KopHeil. lHave roBopsi, KopHeil Mbl He HAILIN, HO 3ada%y KaK Ma-
K068Y10 pewiual, BeJib COODITieHne 00 OTCyTCTBAN KOPHEH — 9TO TOYKe OTBET,
IIPUATOM IIDABUJILHBIA.

Citygait ¢ COBIAJAIONUMU KOPHIMHU MBI BBLIJEJIATH He OyJieM, Tak UTO
BCE, YTO OCTAJIOCh CHeJIaTh — JITO HalledyaTaTh BBIUYHUCJIEHHbIC KODHU U 3a-
BEPIIATHL IIPOrPAMMY:

printf("%.5f %.5f\n", (-q-d)/(2*p), (-q+d)/(2*p));

return O;

}

[To/THOCTBIO TEKCT TPOTPaMMBI TIOJTYIUICST TAKUM:
/* qe.c x/
#include <stdio.h>

#include <math.h>

double discrim(double a, double b, double c)

{
return bxb - 4xa*c;
}
int main()
{

double p, q, r, d;
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int n;
n = scanf ("}1f %1f %1f", &p, &q, &r);
if(n != 3) {
printf ("Error: wrong input.\n");
return 1;
}
if(p == 0) {
printf ("Error: Not a quadratic equation!\n");
return 2;
}
d = discrim(p, q, r);
if(d < 0) {
printf ("No roots\n");
return 0;
}
d = sqrt(d);
printf ("%.5f %.5f\n", (-q-d)/(2*p), (-q+d)/(2*p));
return O;

}

Kak =Hu crpanno, 3to oTHIOAL He KOHer uctopuu. Coxpannm daiiia u mo-
pobyeM OTKOMITMJIMPOBATD ITOJIYY€HHBIN Pe3yJibTar:

avst@host:~/work$ gcc -Wall -g ge.c -0 ge
/tmp/ccePjybn.o: In function ‘main’:
/home/avst/work/qe.c:26: undefined reference to ‘sqrt’
collect2: 1d returned 1 exit status

KumoueBbim Ty T siBageTcd cioBocodeTanne undefined reference, KoTopoe
[IEPEBOJIUTCST KAK «HeOoIpejleIeHHast CChliKay. OmubKy HaM B 9TOT pa3 BbI-
JaJl He KOMIINJIATOD, & PEJAKTOP CBA3ell; KOMINIAIUA-TO KaK Pa3 MPOILIa
YCIIEIIHO.

Boobuue BbllwenprnBeaéHHasi ANArHOCTMKA MOXXET MHOroe pacckasaTb Jitobo-
nbiTHOMY u4utatento. [ns Havana MOXHO 0bpaTwTb BHUMaHue Ha wuMms paiina
/tmp/ccePjybn.o; Mbl y)Xe OTMEYanu, H4TO KOMNUASTOP CO3AAET BPEMEHHbLIN 0OB-
€KTHBbII ¢pavin, 4TOBbI OTAATL €ro pefakTopy CBsA3el, a NoToM cTepeTb (cMm. cTp. 22).
3peck Mbl BUAMM HarnsiiHOE MposiBfieHne 3Toro hakTa: UMEHHO STOT 3arafouyHsblii
ccePjybn n ecTb TOT CaMblii BpeMeHHbIA chaiin.

3acnyKnmBaeT BHUMaHUS 1 NOCNEAHSIS CTPOYKA, FAE YNOMUHAETCS y>KEe 3HaKOMast
HaM no «accembiepHO» HacTy KOMaHAa 1d — HaNOMHUM, HTO 3TO 1 €CTb PEAAKTOP
cesizeli. Komnunstop, 3aBepwinB CBOWO 4acTb paboTbl, cam Bbi3Bas nporpammy 1ld
KOTOpasi, He CYMeB BbINOJHUTb BO3/IOXKEHHYIO Ha Heé 3agady (B faHHOM cnyyae n3-3a
OTCYTCTBUSI (PyHKUMM SQrt), Bblgana ANArHOCTUKY — MEPBble ABE CTPOYKM TOrO, YTO
Mbl YBUAEN — U 3aBEPLUNAACL C KOZOM 1, TeM caMbiM COOBLLMB BbI3BaBLUEMOMY €&
KOMMUAATOPY, 4TO npomn3oLia owunbka. MNMocreaHolo CTPoUKy HamedaTan yxe cam
komnuasTop. Kak BuAMM, BONPOC O TOM, KaKoe 4MC/O BO3BPaLaTh U3 DyHKLUN
main B Ka4ecTBe KOAA 3aBePLUEHNS — OTHIOAb He MPa3AHbIii.
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Omubra mpousoria, IOToMy 4TO (PYHKIUs SQrt HAXOIUTCS BHE TOM
YaCcTU CTaHAapTHON Oubamoreku s3bika CH, KOTOpasi MOJIKJIIOYAETCS IO
ymosrgannio. KoMmuadaTrop y3Haa M3 3arojioBoYHOro paitma math.h, aro
dbyHKIMS Sqrt CyIIECTBYeT, a TaKyKe KaKie OHA IPUHUMAET IMapaMeTphbl U
KaKOI'0 TUIIA BO3BPAINAET 3HAYMEHNE; BCE 9TO BIOJHE COBIAJIO C TEM, KAK MbI
9Ty (QYHKIUIO UCIIOJIb3yeM B IIPOrpaMMe, IIO9TOMY CaM KOMITMJIATOD HUKa-
KuX po0JieM He 3aMeTHJI, BBI3BAJ PEIAKTOD CBA3€il, 1 OmnOKa IPON30IILIa
y2ke Ha drtare (puHATBHOI cOOpKU. UTOOBI MCIPABUTH OMIUOKY, MPUIETCS
deticmsumenvro nodkasuums bubauomery. Hyxuast 6ubinoreka Ha3bI-
Baercd «m» (0T ciioBa mathematics), a NOAKIIOYAETCA OHA yKa3aHUEM B
KOMAHTHOM CTPOKE KOMITIIATOPa (hJrakka -1lm:

gcc -Wall -g ge.c -1m -0 ge

B sTor pas Hukakux mpobsieM He BOZHUKHET; Telepb Mbl HA COOCTBEHHOM
onbITe yOEIUINCH, 9TO 3ar0J0BOYHBIE (Dailjbl — 9TO HUKaKWe He Oub/Imo-
TEKHU, & KPOM€e HUX €CTb €Ié U HacmoAwue OUOIMOTEKN.

Bepcun gecc fo 4.* BKAOYMTENBHO MO3BOMANMN YKa3blBaThb dhlaru, NoAKIOHao-
wre 6ubnnoTekn, B NPOM3BOJILHOM MECTE KOMaHAHOW CTPOKMU, HO B Bosiee No3gHUX
BEPCUSIX 3TO yXe He Tak: chnarm -1 cnepyeT pacnonaraTb nocsiie UMEH UCXOAHbIX
haiinos. H1obbl NOHATL NPUYMHY 3TOrO, CTOUT BEPHYTLCA K NEPBOMY TOMY 1 nepe-
yutatb §3.7.5, nocBAwWwEHHbIN anropuTMy paboTbl pegakTopa CBs3eii.

ITopobyem mmoTecTHpOBATH HAITY TPOTPAMMY Ha, ITPOCTHIX JTAHHBIX:

avst@host:~/work$ echo "1 -2 1" | ./qe
1.00000 1.00000

avst@host:~/work$ echo "1 2 1" | ./qe
-1.00000 -1.00000

avst@host:~/work$ echo "1 -5 6" | ./ge
2.00000 3.00000

avst@host:~/work$ echo "1 1 1" | ./qe
No roots

avst@host:~/work$ echo "1 -1 -4" | ./qe

-1.56155 2.56155

4.2.4. Kak y3HaTh UMH HY>KHOT'O 3aroJioBOYHOro gaiisia

B pazobpanHbIX BBINE MpUMEpax HAM BCTPETHJIOCH IBa 3ar0JI0BOY-
HBIX (ailja: Jis UCIob30Banust (DYHKINI BBOIA-BBIBO/IA, MBI [TOJIKJIIOYa-
Ji stdio.h, a jyist PYyHKIUU BBIYUCIEHUSI KBJIPATHOTO KOPHSI HAM ITOHA~
nobusica math.h. B manpueiinieM HaM moTpedyIOTCS U JAPyTrUe 3aroJI0BOU-
Hble (haitabl, a 0bIIee IMCI0 3ar0JJOBOTHUKOB, TTOKPLIBAIOIINX OJHU TOJIHKO
BO3MOKHOCTH CTAHIAPTHON OHOJIHOTEKH, COCTABJISAET HECKOJIBKO JIECSITKOB.
K cyacTbio, IOMHUTH, B KAKOM 3ar0JIOBOYHUKE PACIIOJIOXKEHA KaKasl (PpyHK-
musl, HeT HU MaJjeinrelt HeobxoauMmocTn. Ecan Bl 3a0yaeTe MOJKIIOYATD
3aroJIOBOYHBIN (haill, KOMIMIATOP BBIJAACT AUATHOCTHUKY, HATHHAIOILYIOCST
C TIPeyIPEeXKIEHUsI IPUMEPHO TAKOIO POJIA:
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myprog.c:14:5: warning: implicit declaration of function ’malloc’

Konkpernast (hopMyInpoBKa mpeypeK IeHns] MOXKeT 3aBUCEeTh OT BepCuu
KOMITMJIITOPA, HO KJIIOUYeBbIe cyioBa implicit declaration 6ymayT IpUCyTCTBO-
BaTh 00s13aTebHO. [1OSICHUM, ITO OHH TEPEBOIITCI KAK <«HESIBHOE O0bSIB-
JIEHHE»; 0 B TOM, UTO II0 TPAJWIAN, 3AJOXKEHHOU PAHHUMH BEPCHUSIMU
Cu, GpyHKINIO BBI3BATH, HE O0bIBUB, IO3TOMY KOMIIUJISITOP HE CAUTAET ITO
ommbKoit. Vcmosib30BaTh 3Ty BO3MOXKHOCTb HU B KOEM CJIydae He CJIEIyeT,
BEeJb €CJU MBI HE JaJF KOMIUISITOPY WH(MOPMAIINA O TOM, KAKOBBI Iapa-
MeTphI HaIeil GYHKIMN U KAKOe 3HAYEHNEe OHA BO3BPAIAET, TO IPOBEPUTH
HaIll BbI30B HA COOTBETCTBUE TUIIOB KOMIIUJISITOP y?Ke HE CMOXKeT — a 3Ha-
Y9UT, cAesiaB OMIUOKY, MbI 00 9TOM He y3HaeM, WM, TOYHee IOBOPsl, Y3HAEM,
HO y?Ke€ BO BpeMs UCIOJHEHUsI, U MOXKET YATH OYeHb MHOTO BPEMEHH Ha
BBISICHEHUE, 9TO 38 ePYH/Ia IPOUCXOIUT.

Tak v uHave, 3Hast UMs (PYHKIUNA, KOTOPasl «HE IOHPABUJIACH> KOM-
[MIJIATOPY, MBI MOYKEM JIETKO [IOHATH, KAKOI'0 3ar0JI0BOYHOTO (paiijia He XBa-
TaeT Harmeil mporpamme. st 3TOTO JOCTATOYHO JATH KOMAHIY man ¢ mMe-
HeM (PYHKIIUU B Ka4eCTBE IapaMeTpa:

man malloc

Mpr osIyuM Ha 9KpaH TEKCT, OMUCHIBAIOINN 3a/JaHHyI0 (DYHKIINIO, U B Ca-
MOM HadaJje 3TOr0 TEKCTa OyIyT yKa3aHbl 3ar0JI0BOYHbIE (ailyibl, KOTOPBIE
HEOOXO0IMMO TTOAKIIOUATD JIJIsI €€ UCIOoIb30Banusd. e 3tux daitmoB 601b-
1IIe OJIHOTO, & TAKOe MHOIJIA ObIBaeT, — 3TO O3HAYAET, UTO HOJK/IIOUYNTH UX
HY2KHO BCe, IIDUYEM HUMEHHO B TAKOM IIOPsIIKe, KaK yKa3aHO B ONHUCAHUU,
HO [PU 9TOM MOYKHO TOJKJIFOUATh UX He TOAPs (TO €CTh MKy JHIOOBIME
U3 HUX IHOJKJIOYUTH KAKOH-TO eIé 3ar0J0BOYHUK ).

Nmena mHekoTOpBHIX (YHKIMI COBIAJIAIOT ¢ MMEHAMH KOMAH]I KOMAaH]I-
HOI CTPOKHU; UMEHHO TaK OOCTOAT JieJia, HAIIPUMED, C XOPOIIIO 3HAKOMOI HaM
dyuknueit printf. Komanaelii nHTEpIpPeTaTOP MOJIEPKUBAET OJTHOMMEH-
HYIO BCTPOEHHYIO KOMAHJLy, KOTOpPasi HECKOIBKO HamoMuHaeT GyHkimio Cn
110 CBOEMY HPHUHIUILY PAOOTBI; €CJIn Mbl HAIUIIIEM

man printf

— TO YBUJIMM OTIMCAHUE KOMGHObL Pprintf, a He MYHKIMNA, U 3TO COBCEM HE TO,
aro HaM HyKHO. C 9T0i1 Tpo0JIeMOii JIETKO CIIPABUTHCsI, 3HASI, UTO TEKCTHI,
BbIJ[aBaeMble KOMAHJION man, CrpyIIUPOBAHBI B TaK HA3BIBAEMBIE CEKUUU,
KakJasl U3 KOTOPBIX UMeeT CBO# Homep. B wacrtHocTH, cekius Ne1 omwm-
CBIBAET KOMAHbI U IIPOTPAMMBI, KOTOPBIE YCTAHOBJIEHBI B CHCTEME; CEKIIHs
Ne2 comep:kuT onmcaHusi CHCTEMHBIX BBI30BOB, TO €CThb TakuxX dyHKimit Cu,
KOTOPBIE TIPEJICTABIISIOT OO0 00EPTKY JIJIst OOpAIeHnsT K s1JIpy OIlepaliy-
OHHOW CHCTeMBbI; HaKOHeIl, ceKnus Nt 3 mocBsiiena byHKINAM CTaHIaPTHOM
6ubsmorekn sa3bika Cu. Ectb n apyrue cekrun: Hanpumep, cekimst Ne5 co-
JepkuT onucanust popMaToB (dailyios, a cekiust Ne8 — onmcanust KOMaH],
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[peIHA3HAYEHHBIX JIJIs CUCTEMHOTO aJMUHUCTPATOPA, HO HAM IIOKa JI0CTa-
TOYHO TEPBBIX TPEX. [TomyunTs onucanne nMeHHO OMOJIMOTETHOM DYHKITNANT,
a He 9ero-To JIPyroro, MOXKHO, YKa3aB HOMEpP CEKIMU B SIBHOM BHJIE:

man 3 printf

Eciu B 9T0#t cexium HyKHOTO BaM ONMUCAHUS He HAWIETCS, MOXKHO MOIIPO-
60BaTh CEKIINIO 2 Ha CJIy4ail, eciu (DYHKINSA, KOTOPYIO BBI UIETE, OKAYKETCS
CHCTEMHBIM BBI30BOM:

man 2 wait

TakuMm ke TOYHO 0OpPa30M — IPOYUTAB TEKCT, BLIJABAECMBIH KOMAHON
man, — MOXKHO Y3HaTbh U O TOM, 4YTO Hekas (DYHKIUS HAXOIUTCHA B 6ubsmo-
TeKe, TPeOYIOIIeil SIBHOI'O IIOJIK/IIOYEHN; HAIIPUMED, Man-CTPAHUIbI MaTe-
MaTu4decKux (PyHKIMIA, B TOM YHCJIe sqrt, ynoMuHaloT ¢guiar -1lm.

4.3. bazoBbie cpeacTBa a3bika Cn

IIpenpiaymmast riaBa MO3BOJIMIIA HAM IOJIYYUATH [I€PBOE BIIEYATICHUE O
TOM, UTO MPEMCTABIIsIET coboil mporpammupoBanue Ha Cu; Temepb TPUCTY-
M K ero cucremarmiyeckomy udydenuio. IIpu pacckaze o Ilackaie mbr
BBOJIMJIM €T'0 CPEJICTBa IIOCTEIIeHHO, IIPUBO/IS IIPUMEDPHI U pelllad 3aJa4d Ha
KaXkKJIyI0 ONMMUCAHHYI0 BO3MOXKHOCTH. C s3bikOoM CH MBI MOCTYIIHM IIPOIIIE,
10 KpaifHeil Mepe B caMOM HadaJie: IIPOCTO PACCKaXKeM, YTO B HEM €CTh.

4.3.1. O6bsaBIeHNd U onmucaHusi PyHKITUIA

[Iporpamma Ha si3bike CH COCTOUT U3 OTJAEIBHBIX €JUHUY, TPAHCAS-
yuu — Mmomyiei (bailyioB), KaxKplii U3 KOTOPBHIX 00pabaThIBAETCS KOM-
MIISTOPOM OTJEJIBHO OT JPYIHX, T.€. KOMIIMJISITOP, 0OpadaTbiBasi OIMH
MO/IyJIb, HUYEro He 3HAET O COJEPXKHUMOM JIPYyrux Mojyseit. Pesymprarom
TPAHCISIUNA MOIY/IsT CTAHOBUTCST (Al ¢ OOHEKTHBIM KOAOM; HADOP TaKUX
GailsioB CBA3BIBAETCH B TOTOBYIO IMIPOTPAMMY C IIOMOIIBIO CHCTEMHOTO Pe-
JaKTOopa cBsizeil (JImHKepa).

OriesibHO B3sTHIN (baiiy, HanucaHHbI Ha s3bike CH, COCTOUT U3 2/0-
banrbHBLT 00BA6AEHUL U 2A000AbHBLT ONUCAHUL; T Te, U IPYTHe BBO-
aat (005464410M U ONUCHIBAIOM) TI00AIBHBIE UMEHA — 3TO MOIYT ObITH
vMeHa (pyHKIU, UMeHa IJI00aJbHBIX IIEPEMEHHBIX U KOHCTAHT, UMEHA THU-
moB. CJi0BO «IJIOGAJIBHBIN» COOTBETCTBYET ODJACTA BUJIMMOCTH WMEHU WU
03HAYAET, 9TO TAKOE WM BUIHO KAK MUHUMYM OT €ro OObSIBICHUS WJIN
ONUCAHUS JIO KOHIA MOJYJIsi, & B HEKOTOPBIX CJIydasiX MOXKeT OBbITb JIOCTYII-
HO U B JIPYTUX MOJLYJISIX.
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Pasuuna mex 1y oObsiBJIEHHEM U OIIMCAHUEM COCTOUT B TOM, 9TO 00546~
A€NUE JUIIH COODIAET KOMITMIISITOPY, 9TO OOBEKT, COOTBETCTBYIOIIH JaH-
HOMY UMEHHU, cywecmayem zde-mo (BO3MOXKHO, B TOM K€ MOJLYJIe, a BO3-
MOKHO, YTO U B JPYTOM), TOIJIa KAK ONUCAHUE JAET UCUEPIBIBAIOILYIO WH-
dopMaIyio, CBI3aHHYO C UMEHEM, U MPEJIINCHIBAET KOMITUJISITOPY CO3/AaTh
COOTBETCTBYIOIINN O0BEKT 3/1€Ch U Cefvuac, PACIOJIOXKUB ero B TeHepupye-
MOM OOBEKTHOM KOJIE.

B wactHOCTH, MBI y2Ke BUIEN onucarHus GyHKUUt, KOTOPbIE COCTO-
AT U3 3420408KA PYHKUUYU U Meaa GYHKUUY; IIPU 3TOM B 3ar0JIOBKE
3aIMCBIBACTCAS THI 3HAYEHUH, KOTOPOE BO3BpamaeT (byHKIH, 3aTeM UM
GYHKIMK U CIIMCOK €€ mapaMeTpoB, 3aKJII0YEHHBIN B KPYIJIble CKOOKH, & Te-
JIo DYHKIINN, 3aKJIIOUYEHHOE B (DUTYPHBIE CKOOKM, COCTOUT U3 HEODsI3aTe b
HOM CEeKIMM OIMCAHWI JIOKAJBbHBIX UMEH U I10CJIEJI0BATEILHOCTU OIEPaTO-
poB. B npemsiaymiem maparpade MbI yKe JABaXKIbI OMUCHIBAINA (DYHKITAIO C
“MEeHeM main u, KpoMme TOro, Ha cTp.25 6bLia onucana MYHKIWA IS BbI-
YUCJIeHUs] JUCKPUMUHAHTA KBaJIpaTHOrO ypaBHeHus. IIpuseném emeé omuu
puMep onucaHust QyHKIN:

char case_up(char c)

{
if(c >= ’a’ && c <= ’z?)
return ¢ - (Pa’ - ’A%);
else
return c;
}

Dra GYHKIUI IPUHIMAET B KAYeCTBE IMapaMeTpa KO/ CUMBOJIA, OIIPE/IeIs-
€T, He COOTBETCTBYET JIM 9TOT KOJ CTPOYHOI JIATUHCKON OYKBE, U €CJIA ITO
TakK, TO BO3BpAaIllaeT KOJ[ COOTBETCTBYIOIIE 3arjiaBHON OYKBBI, B IIPOTHUB-
HOM CJIy4dae BO3BpAIaeT napaMerp 6e3 M3MeHeHUs. 3/1eCh Mbl TOIb3yeMC st
u3BecTHBIM pakToM, uro B Tabsuie ASCII kombl 3arjaBHBIX JTATHHCKUX
OYKB WJIyT MOJPsi] B COOTBETCTBUM C UX AJI(PABUTHBIM IOPSIJIKOM U TO K€
caMoe MOXKHO CKa3aTh O CTPOYHBIX OykBax. [y Hamero npumepa BCE 3TO
HEBaXKHO, HAM IIPOCTO HYXKHAa ObLIa KaKas-HUOyIb (DyHKITHS.

Ob6paruTe BHUMaHWE, YTO 37€Ch MPUCYTCTBYIOT BCE YACTU ONUCAHUS
GYHKIIMM — 3aroJIOBOK, COCTOSIIUI W3 THUIA BO3BPAIIAEMOrO 3HAYEHUSI
char, nmenu case_up u crnmucka GopMaJbHBIX mapaMmerpos (char c), a
TaK>Ke TEeJIO0, COCTosAIIee n3 oneparopa if. YBUIEB TaKoe OMUCAHUE, KOM-
MIIATOP HEMEJIEHHO 1Tpeo0pa3yeT Teji0 B 00bEeKTHBIN KOJI, KOTOPBIii IToMe-
CTUT B cekyuto koda B (bopMupyeMOM OOBbEKTHOM MO/LyJie; WHade I'OBOPs,
KOMITHJIATOD BBIIIOJIHSAET HAIIIEe IPEIIINCAHNE O CO3MaHNU (DYHKINH case_up
371ech U cergac.

8B HEKOTOPBIX SK30THYECKHX CIydasdX THII BO3BPAIAEMOrO 3HAYCHUS IIPUXOIUTCH
3a/laBaTh YaCTUYHO Tepej] UMeHeM (DYHKIMH, YaCTUIHO — HAOOOPOT, yXKe IOCJIe; MbI
CTOJIKHEMCsI ¢ TOJOOHOM cuTyarueil 6inxKke K KOHILy 9TOH dacTu KHuru. OTMeTum, 4To
OTOOHON SK30TUKH BCETa MOYXKHO U30eXKaTh.
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Msb1 moryin ObI BBecTH (DYHKITUIO Case_up MHAaYe — HAIUCAB TOJIBKO eé
3aroJIOBOK, a BMECTO TeJjla IOCTABUB TOYKY C 3alldTOil:

char case_up(char c);

DTO yKe He OIMCAHUE, a BCEro JIHUIIDb 00sA6Aenue (DYHKIIUU. YBUJEB €0,
KOMITMJIATOP HE CTaHeT (pOPMHUPOBATHL KAKOH ObI TO HU OBLIO OOBHEKTHBIM
KOJT U TIIe-TO €ro PACIoJiararb, TeM 0oJiee 4TO y HEro i STOTO IIPOCTO
HET Hy2KHOH MH(MOPMAIMA — BEIh MBI K€ HE MOKA3aJM KOMIIAJISITOPY Te-
Jio PYHKIUU, TO €CTh (paKTUIeCKu camy pyHkIimo. KoMmmmisarop mpocto
npumem K ceedenuro, 9To 2de-mo ecTb MYHKIHS C UMEHEM case_up, IIPUHU-
MaloITasi Ha BXOJ| OJIMH I1apaMeTp Tula char u BO3BpaIaomas Toxke char;
9TO O3HAYAET, UTO, BCTPETHUB 66,306 ITOM (PYHKIINU, KOMITAJISITOP CBEPUT THU-
Bl ITapaMeTpa U BO3BPAINAEMOrO 3HAYEHUsI B KOHTEKCTE TAKOI'O0 BBI30Ba C
nMeroteiicst nHdoOpMaIueil u, eciiu BCE B MOPsJIKE, YCIEIIHO OTKOMIIUIADY-
eT Takoi BhI30B. UTO KacaeTcs caMoil (DyHKITUH, TO OHA MOXKET MOSIBUTHCS
IM032Ke B TOM K€ MOJIyJIe, & MOYKET He IOsIBUThCS BOOOIIE — KOMITUJISITOP
B 9TOM cjydae Oyzer Ipejrojararb, 9T0 (DYHKIMS HAXOIUTCS B JIPYTOi
€/INHUIIEe TPAHCIANINY, & 3a00Ty O €€ MOUCKEe OCTABUT PEIAKTODPY CBs3eil.

Pa3z yxk peus 3amia o QyHKIHUSX, CTOUT CKa3aTh, YTO, XOTsS B s3bIKE
Cu HeT OTIEeJBLHOTO MOHATHS JJIs Npouedyp, HEKUI aHAJIOr IMacKaIeBCKOI
IIPOIIELYPBI MOXKHO IIOJIYYUTh, 3asIBUB, YTO (PYHKIIN HAYErO He BO3BPAIlla-
er. DTo JleaeTcsl yKa3aHueM KJIIOUeBOro cJioBa void BMecTo Tuma QyHK-
muu. [lycrs, Hanmpumep, HaM Hy>KHA TOIIIPOTPAMMA JIJIs TIe9aTH 33 JaHHOTO
cuMBOJIa 3a1aHHoe uncio pas. B Ilackase Mbr 661, paszymeercsi, oOpMUIn
TaKyIo HOAIIPOTPAMMYy B Buje Tmporeaypsl, HoO B Cu mporeayp Bpoje Obl
HET; OIHAKO ITO HE OTMEHHAET TOro (baKTa, ITO HAM IIOIPOCTY HEUE20 BO3-
BpaInarh u3 GyHKIUU, UMEIOIIEN Takoe IIpeIHa3HavYeHne, OHa, BCeria, Oymer
BBI3bIBATHCSI TOJIBKO PaJid MO60IHOr0 3 dekra. IToT haKkT Mbl MOKEM OT-
pa3uTh B HaIllell IporpaMMe, yKa3aB, 9TO (PYHKIIUs, XOTb U HA3BIBAETCS
dyHKIHEH, BCE-TaKN HUKAKUX 3HAYEHUI He BO3BPAIIAET:

void print_n_chars(char ¢, int n)

{
int k;
for(k = 0; k < n; k++)
printf("%c", <);
}

Kaxk BBI y2Ke, HECOMHEHHO, JIOTaJIaJnCh, % (0T cioBa char) B dhopMaTHOl
cTpoke printf o3HavaeT 1evaTh CUMBOJIA C 33/IaHHBIM KOJIOM; KO B JIAHHOM
caydae 3amaéres napamerpoMm c. C mukioM for BCE HECKOJBKO CJIOXKHEE;
3J1eCh TIepeMeHHast k OyzeT npoberars 3HaueHust OT 0 j10 n-1 BKIIFOUYUTETHHO,
IIPUMEPHO Kak ecym Obl Mbl Ha Ilackasie Hammcas m 4To-T0 BpOze

for k := 0 ton - 1 do

[TonrocThio ¢ Bo3aMoykHOCTSIME for Mbl o3HAKOMEUMCS B §4.3.6.



§4.3. Basosbie cpezcrsa a3pika Cu 37

4.3.2. IlepemeHHbIE U UX OIMCAHUE

OObsIBIIATH U ONMKUCHIBATH MBI MOXKEM HE TOJILKO (pyHKINU. Panee B ipu-
Mepax MbI UCIOJIH30BAJIH IIePEMEHHbIE, BBOJS UX BHYTPH TeJ DYHKIHIT; 3TO
TOXKe OBLIN ONUCAHUA — B JTAHHOM CJIyIae ONUCGHUSA AOKAALHOIL NEPEMEH-
Howxr. Ec moMecTuThb onucanne NepeMeHHoi 61e men Pyrkyul, Halpumep:

int dangerous_global_variable;

TO Takas IMepeMeHHas OyIeT 2.400a4bH0l, TO €CTh OYJIeT BHUIHA OT MECTa
CBOET0 ONUCAHUS [0 KOHIA €IUHUILI TPAHCIISINN, U JTOCTYI K HEH MOYXKHO
OCYIIECTBJIATH U3 JI000H (DYyHKIMM; HOJIBIIE TOrO, TAKYIO IIEPEMEHHY 0 MOXK-
HO B IPUHIAIE «J[0CTaThy U U3 JApyrux mosysieir. Cu mO3BOJISIET HE TOJBKO
ONIHCHIBATH, HO U 008A64AMb IJI00AJIbHBIE IIEDEMEHHBIE, & TAKXKE OIPAHU-
YUBATH BUAUMOCTb IePEMEeHHBbIX (M (DYHKIUI TOXKE) TEKYIIUM MOIYJIEM,
HO 00 TOM peYb MONJET B IUIaBe, IMOCBSIIEHHON pPa3/IeIbHON TPaHCISIINT
nporpamm. IToka ke cunTaeM yMeCTHBIM HAIIOMHHUTH, YTO MCIIOJIb30BaTh
rsiobanpHbIE IEPEMEHHbIE KpaiiHe HexkeJsaTeJabHo (cM. T. 1,§2.3.5).

Komb ckopo peds 3armia 06 onrcaHusx IepeMeHHBIX, OTMETUM CEIITE OTHY
WHTEPECHYI0 BO3MOXKHOCTh. [Ipu ommcanuu mepeMeHHOH MOYXKHO B SIBHOM
BHJIE 33/1aTh €€ HavaJIbHOEe 3HAYEHUE, HallPpUMep, TaK:

int dangerous_global_variable = 42;

int £()
{

int local_var = 42;

VA T Vi

Taxast KOHCTPYKIHS HA3BIBAETCH UHUUUAAU3AUUET, & BbIPAYKEHIE CIIPa-
Ba OT 3HAKA PABEHCTBA — UHUUUAAUIAGMOPOM. logaepkuém, 4T0 MHU-
MUaIn3anus He MMeeT HUYEro OOIero C IMpUCBAMBAHUEM, XOTs U
obozHavaeTcs TeM 2Ke 3HaKoM. [IpucBanBanue — 910 decmpyxmuenas ome-
panus, oHa pa3pyliaeT UMeloleecst 3HaUeHNe, 3alliCbIBas BMECTO HEr0 HO-
BO€; THUATINAJIA3AINS HUYIETo He Pa3pyIIaeT, BeJlb TIEPEMEHHOM 0 MOMEHTa
eé onmcaHus MPOCTO He OBLIO, U, 3HAYUT, He OBLIO 3HAUEHUS IEePEMEHHOIA.
Kak MBI yBUIMM 11032Ke, C IIOMOIIBIO HHUATIMAIN3ATOPOB MOYKHO CJIeJIaTh T'0-
pa3mo GoJIbIle, YeM ¢ IOMOIIBHIO IPUCBAMBAHMIL HAIIPUMED, MACCUBBI IIPHU-
CBAMBATDL HEJIB3s, 8 MHUIMAJIN3UPOBAThL MOKHO. Hamomuamm, uto B [lacka-
Jie MHUIMAJIN3allUs U [IPUCBAnBaHue 0003HAYAIOTCS PA3HbLMU 3HAKAMI; TO,
qro B Cu 3HAK OJIUH M TOT Ke, He JIOJKHO COMBATH BAC C TOJIKY.

Eciu B onmcanum mnepeMeHHOH HET HMHUITHAJIA3ATOPA, TO €€ HCXOJHOE
3HAYEHE 3aBUCHT OT TOTO, JIOKAJILHAS OHA IJIH IiobaabHad’. [robatnabie

93 sTOro mpaBmIIa eCTh OJHO BayKHOE MCKJIIOYEHHE — TaK Ha3bIBAEMbIE JIOKAIbHBIE
CTaTU4IeCKUe IepeMeHHble, KOTOPhIe Oy/IyT PACCMOTPEHBI MO3THEE.
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IIepeMeHHbIE, JJIsi KOTOPBhIX HAYAJIHLHOE 3HAYEHUE HE 33JIAHO, 3AITOTHIIOTCS
HYJIsIMU; JIOKAJIbHBIE [I€PEMEHHbIE B OTCYTCTBHUE HMHUIAAJIN3aTOPOB HUKA-
KX HAYAJIbHBIX 3HAYEHUN HE IOJIy4YalOT, TO €CTh B JIOKAJbHOI IlepeMeHHOIt
MOXKET OKa3aThCs aDCOJTIOTHO MPOU3BOIBHBIN MYCOD.

[TpunioMuHast cBejieHUsT U3 YACTH, [TOCBSIIIEHHO S3bIKY acceMbJiepa, mo-
fCHUM, YTO TJIODAJIbHBIE II€pEMEHHBIE, /I KOTOPBIX 33J@HO HaYaJbHOE
3HAaYEHNEe, KOMIIMIATOD IMIOMEeIaeT B ceKnuio .data, a HeHHUIIUAII3UPO-
BaHHBbIE — B ceKnuio .bss (cm.T. 1,§3.2.2); npu 3arpyske UCIOJHAEMOrO
daiisia B maMsiTh ollepallioHHasl cucTeMa (popMUpPYyeT U3 STUX CEeKIUil cee-
MeHM OAHHBLT U 3AIOJHSET HYJSIMA BCIO 00JIACTH, COOTBETCTBYIOILYIO
CeKInu .bss, 9eM 1 00bICHAIOTCsT Ha9aIbHbIE HYJIEBbIE 3HAUEHUS JJIsi HEU-
HUMMAIU3UPOBAHHBIX TJIO0AIBHBIX IIEPEMEHHBIX. UTO KacaeTcs JIOKAJIbHBIX
[IEPEMEHHBIX, TO OHU DACIIOJATAIOTCI 6 cmekosvr gpetimar (cM.§3.3.6),
KOTOpbI€, KAK MbI IIOMHHUM, CO3JAI0TCs IPHU BbI30Be (DYHKIMHM U YHUUTO-
JKaroTcd npu eé 3aBeprienun. Eciau ouncrka (IpUHYIUTENHHOE 3aII0JHEHIE
HYJISIMH) CEKIUU .bSS IPOUCXOJUT OJMH Pa3 IIPU 3arpy3Ke IMPOrpaMMbl U
MHOIO BPEMeHH He OTHUMaeT (Ha (bOHe BpPeMeHH, KOTODOe TPATHTCS Ha
qTeHre B IaMATh MAIIUHHOIO KO M3 UCIOJHsieMOoro dailjia, Ha 3aHysie-
Hue .bss MOXKHO BOOOIIE He 00pAINATh BHUMAHUS), TO OUUCTKA CTEKOBBIX
dpeiiMoB, ecu ObI KTO-TO PEIMI €€ Cle/iaTh, MoTpedoBaja Obl JIMIITHErO
uKyIa (3anmen HyJen) npu kascdom 6w306e GYHKUUL; STO TTPOUCKOIUIIO
OBl MUJIJIMOHBI, MUJITUAD/IbI, TPUJIIMOHBI PA3 338 BPEMsI BLIIIOJIHEHUS IIPO-
rpamMMbl, 1 3 OEKTUBHOCTD MOCTPaasia Obl BecbMa 3aMeTHO. [loaTomy cre-
KOBBbIE (DpEeiiMbl HUKTO HE OUUINAET, U B SUeHKaX MaMITH, OTBEJIEHHDBIX MO/
ouepenHoil dpeiiM, ocTaIOTCs Te 3HAYEHUs], KOTOPble TaM ObLin (0OCTAINCH
OT BBIIIOJIHEHNS PAHEE BBI3bIBABINUXC (DYHKIMA). DTO U €CTh MyCOpP, KOTO-
pBIii MBI HAOJIIOJIA€M B HEMHUIMAJIA3UPOBAHHBIX JIOKAJIBHBIX IEPEMEHHBIX.
Ucnonn3oBanue 3HaYEHUsT TaKOW IEPEMEHHON 0 TOro, Kak B HeE OyaeT
KaKOoe-TO 3HAYEeHMe 3aHEeCeHO — TpyOeiiinas ommoKa, KOTOPYI0 K TOMY 2Ke
B ODIIIEM CJIydae He MOXKET «IIOWMAaTh» KOMIUJISTOD, XOTs €CJIM OH BCE Ke
cMOT €€ 0OHAPYKUTh, OH BBIJACT BaM IPEIYyIIPEKIeHNUE.

OTMeTVIM, 4TO MHNUMnann3saymns r}'lO6a)'IbeIX NEePEMEHHbIX HNYEro HaM He CTOouT,
KPOME HeCKOJIbKIX baiiToB B ncnosHsieMom daiine, nockonbky obpas cekuun .data,
co,u,ep»(au.l,mﬁ BC€ 3TN Ha4YalibHbl€ 3HAYEHWUA, LUEJINKOM pPa3MeELLaeTCA B UCMNOJIHAE-
MOM d)aVlne, npun CTapTe nporpamMmMmbl OHUM MaxXOM KONMUPYETCA B ONEPATUBHYHO Na-
MATb, TaK YTO Ha4YaJibHbl€ 3Ha4Y€HUA rnobanbHbIX NEPEMEHHbIX OKa3bIBalOTCA POBHO
TaM, rae HY>KHO; nporpamMMa He TPaTUT HUKAKOro BPEMEHUN Ha X UHUUMaNN3aUnNto.
B NPOTUBONONIOXKHOCTb 3TOMY, NHULNANN3AUNA NOKAJIbHbIX NEPEMEHHbIX Ha YPOBHE
MALINHHOIO KO4Qa P€a/sn30BaHa TOYHO TaK >Ke, Kak O6b|KHOBeHHO€ npuceanBaHune,
TaK 4TO €C/n Bbl, HAaNpuUMep, B CAMOM Hadane byHKUUN NpuCBaMBaeTe JIOKaabHON
nepemeHHoﬁ HEKOEe 3Ha4deHWne, 3ajaBaTb ONs 3TOl nepemeHHon WHNUNANN3ATOP HE
HY>XHO: 3KOHOMUA AByX-TpéX TAaKTOB MpPOUECCOPHOro BpeMEHUN, KOHEYHO, HE Ccaunll-
KOM cepbésHa, HO N TE€PATb 3TW TaKTbl HA NYCTOM MECTE€ HE CTOUT.
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4.3.3. BcTpoennbie TUObI

Hayo ckazaTh, uro no cpasaenunto ¢ [lackasem HaGop BCTpoeHHBIX (Ga-
30BBIX) TUIOB si3bIKa CH MOXKET 110Ka3aThCsl BeChbMa KOMIIAKTHBIM U JIazKe
ackeTIHbIM. PAKTHIECKH 3/I€Ch €CTh TOJILKO 1IEJIble YUC/Ia, (Pa3/IMIarony-
€Csl Pa3PsIHOCTHIO M 3HAKOBOCTBIO) M YUC/IA C IUIABAIOIIEH TOUKOl (pasiiu-
JAOIIUecs Pa3spsAIHOCTHIO). U1 Ha 3TOM, COBCTBEHHO, BCE: HET HU CIIEIHAIb-
HOT'O THUIIA J[JIsI CUMBOJIOB, HU JIOTHYECKOT'O THIIA, HU CTPOKOBOLO.

Hocturayto 310 m0BoIbHO 11pocTo. [IporpaMmupyst Ha si3bIKe accembITe-
pa, MBI Ha COOCTBEHHOM OIIBITE YOEIMJINCH, UTO JJIsl YHUCEJI C IJIaBaroIei
TOYKOI Yy HAC €CTh OTJIEJbHBINH «COIPOIECCOP» CO CBOUMM PEIUCTPAMHU, TO-
7@ KaK BCE OCTAJILHOE — U CHMBOJIBI,  JIOTUYECKHE 3HAYEHUs, U BOOOIIE
BCE, ¢ ueM HaM B30DENET B roJIOBYy pabOTaTh, MPOIECCOP «IIEPEMAJIBIBAETS,
WCITOJTB3Ysl CBOM OCHOBHBIE PErMCTPBI, KOTOPBIE XPAHST HE YTO WHOE, KaK
yeavie wucaa. VlHade roBopsi, €ciau TO, C YeM MbI paboTaeM, He sBJIAETCS
YHUCJIOM C IUIABAIONIEH TOUKOl (UM, BO3MOYKHO, HECKOJIbKUMU TAKUMHU THC~
JIAME), TO OHO sIBJIseTCs (HA YPOBHE MAIIMHHBIX KOMAHJ) IIEJIBIM YUCJIOM
wim HabopoM 1esbix uuces. [lpu cozmanun s3pika Cu HUKOMY He MIPHIILIO
B TOJIOBY 9TOT (haKT KaKMM-TU00 00pa3oM MacCKHPOBATDH, IIO9TOMY, B 9aCT-
HOCTH, B Ka4eCcTBe JIorn4ueckKoro 3HadeHusi B Cu OOBIYHO HCHOJIb-
3YIOTCsI HeJIble YUCJa, TpuiéM 0 03HAYAET «JIOXKb», a BCE OCTAJIBHOE —
«uctury» 0. Tak, ecii y HAC €CTh II€JIOUNCICHHAS [ePEMEHHA a, TO BMe-
cro if(a != 0) mbr Moryim Obl HamucaTh mpocto if (a) — paboraTh 3TO
OyIeT TOIHO TakK Ke.

Kak ™Mbl 3HaEM, CUMB04 TIPEJCTABIISIETCS B MAMSTH MAIIWHBI CBOUM
KOO0OM, TO €CTh, OISITH K€, [EJIbIM YUCJIOM. Kak HeCJ0XKHO J0rajiaThCs,
aBTopbl CHu He CTaju MPOBOJWTH NMPUBBIYHOE HaMm 1o [lackamio pazsmdane
MEXK/Iy CAMHUM CHMBOJIOM U €r0 KOZOM, TO ecTb B Cu CMMBOJI U €ro KOO —
3TO OOHO U TO Ke. g 06o3HaueHus CUMBOJIOB (B OT/M4Yue OT CTPOK!)
B CH nCHOJB3YIOTCs OJIMHOYHBIE anocTpodbl, HAIIPUMED Tak: ’a’; HO ITO
IS KOMIIIATOPA abCoA0mHo mo e camoe’’, Kak eciim Gbl Mbl HAITHCAJIH
pocro 97 (umenHo Takos Koj, 6yksbl a B Tabsuie ASCIT). Masio roro, B Cu
COBEPIIIEHHO JIETUTUMHBIM OKa3bIBaCTCd BbIpakeHue ’a’+’b’, oHO paBHO
cymMMe KonoB 6ykB a 1 b (To ectb unciy 195), XOTsI, KOHEIHO, CMBICJIA B
TAKOM BBIPAXKEHUN HIUKAKOI'O HET ¥ IHCATH TAK HE CJIEyeT.

Hauném ¢ paccMOTPEHUS 1IEI0UUCICHHBIX TUIIOB. PaspsiHocTs (To ecTb,
rpy60 roBOPsi, KOJIMYECTBO HAMSITH, OTBOIUMOE TI0J] COOTBETCTBYIOIIEE 3HA~
YeHHUe) HTUX THUIIOB BADbUPYETCs B JOBOJIBHO NIMPOKUX IIPeJIesiax; 1jist 060~
3HAYCHUA PA3PATHOCTH UCIOIb3YIOTCA KIIOYEBbIe C10Ba char, short, int u

103a6erast Briepé 1, OTMETHM, UTO B KAMECTBE JIOTHHUECKOTO 3HATMEHHS MOYKHO TaKKe HC-
[I0JIb30BATh &JIPECHOE BbIpayKEHHe; HyJIEBOI yKa3aTeJb B 9TOM CiIy4ae Oyuer o603Ha4aTh
«JIOXKBb», & JIIOOOH APYTOfl — <«UCTHUHY>».

1 ns mambosiee «IIPOJBUHYTHIX» WUTATETeH COOGIIUM, UTO BHIDAYKEHHE ’a’ Nake
uMeeT THUI int, a He char, HecMoTps Ha Hangudne B Cu Takoro Tuma.
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long, a HanOOJIBIIEN BO3MOKHON PA3PsATHOCTA MOYKHO JOCTUYb, UCIIOJIB3YS
tun long long («UIMHHOE JJIMHHOE» ).

Haunmenbiryio pa3psiHOCTh UMEET THUI, KOTOPBII Ha3bIBaeTcs char; B
GOJILIIMHCTBE CJlydaeB OH umeeT pas3mep 1 GailT (To ecTh 8 6GUT), XOTs TEO-
pPeTHYeCcKr BO3MOXKHBI AllllapaTHbIE IIAT(OPMBI, TJe ¥ 9TOr0 THUIIA Pa3psil-
HOCTb OKasKeTcsl Kakas-To Jpyrast. CTporo roBopsi, T char Ha Jro0oii
wiaTdopMe paBeH 10 PasMepy MUHUMAAbHOMY adpecyemomy'?, To ecTb
MUHAMAJIBHON 00JIACTH MaMsITH, Y KOTOPOIl UMeeTCst CBOU COOCTBEHHBII aJl-
pec. MbI 3HaeM, 4TO siuefika MaMsiTH Ha BCEX COBPEMEHHBIX MalllnHaX (Kak
u Ha GOJIBIIMHCTBE HE OY€Hb COBPEMEHHBIX) COCTOUT U3 BOCHBMH OWT, Tak
9TO MOXKEM Ha 3Ty TeMy OCODeHHO He OecrokonThest. MHTepecHee mpyroe:
Tun char MOXKeT OKa3aTbCsi KaK 3HAKOBBIM, TaK U OE33HAKOBBIM, TO €CTh,
rpy0O TOBOPS, €CJIN MBI OIUINEM IIEPEMEHHYIO 3TOTO THUIA, TO OHA MOYKET
0Ka3aThCsA CIOCOOHA MPUHUMATDL 3HadeHusd oT 0 g0 255 ymbo ot -128 mo
127, v 3aBUCHUT 9TO UCKIIOYUTEIHHO OT KOMIMIATOPA. BrpoueM, si3bIK 03~
BOJISIET B3SITh 9TOT MOMEHT I10J] KOHTDOJIb, SIBHBIM 00pa30M yKa3aB 3HAKO-
60CMb, NJId Yero IpefyCMOTPEHBI CI0Ba signed u unsigned13; C Y4ETOM
9THUX CJIOB y HAC HOSABJSIOTCH ewé dea muna — signed char (3HaKOBBIIA)
u unsigned char (6e33HAKOBBIN), 9TO Ke Kacaercd o6bI9HOro char, To on
COBITQJIAET C OJTHUM U3 ITUX JBYX, HO BOT C KAKUM MMEHHO — HEU3BECTHO.

Y7066l NOHSATL NPUHUHY CTOJIb CTPAHHOR CUTYaLWK, CIEAYET BCOMHUTb, YTO TUM
char, kKak aTo cnenyeT U3 €ro HasBaHusA, NCXO4HO NpeaHa3Ha4Yancsa ONsA XpaHeEHUs
koga cmmeona, a tabnuua ASCIIl cogepxuTt Bcero 128 nozuuwmii, ot 0 go 127. B Te
BPpEMEHA N B TOM MECTe, KOrga un rae A3blk CI/I 06peTaJ1 bonee-meHee yCTOI?’I‘-II/IBbIe
o4epTaHusi, HUKOMY He BblsIo HUKAKOro fena [0 KO4MPOBaHWS CMMBOJIOB, He Monas-
wux 8 ASCII, Tak 4to «pacwumpennbix ASCll-Tabanuyy epoge koi8-r unu cpl251 He
ObINO AaXke B NMPOEKTE, HY a COBPeMeHHble MHOrobaliToBble KOAUPOBKU, OCHOBaHHbIE
Ha Unicode, He morau 66l npucHuTbes cozpaTenam Cn garke B CaMOM CTPALLIHOM HOY-
HOM KOLLUMape. C y‘-IéTOM 3TOro BHE3aMHO OKA3bIiBAeTCs, YTO 3HAKOBOCTb Tuna char
He Tak yx BaxkHa: Bce koabl ASClI-Tabavuel GaarononyyHo nokpeiBatoTcsi oboumu
BapunaHTamMmu.

Cpasy ke OTMETHM, 9TO TaKasl CUTyaIlisl HAOIIOIACTCS MOAbKO ¢ M-
nom char, a Bce OCTaJIbHBIE IIEJOYHNCJIEHHbIE TUIBI 110 YMOJYAHIIO 3HAKO-
BBbIE U CTAHOBSATCS OE33HAKOBBIMU, TOJHLKO €CJIM HAIIMCATDH CJIOBO unsigned;
[IPUMEHSITH C HUMU CJIOBO signed MOXKHO, HO HECCMBICIIEHHO, TO €CTh (haK-
THUYECKH 3TO CJIOBO HYXKHO JIMIIb 3aTeM, YTOOBI rapaHTUPOBAHHO CJIEJIaTh
3HAKOBBIM TOT BOT «XUTpbIii» char. To, uro B Cu ax mesoe KIOUEBOE
CJIOBO BBEJICHO I CTOJIb HECYPA3HON IIeJI, MO2KHO PACCMATPUBATH KaK
OYeHb XapaKTEPHBII MpuMep Ha TeMmy O0Ieil HEePANLINBOCTHA HOCTPOEHUS
9TOrO $I3BIKA; BIIPOYEM, ITO JAJEKO HE CAMBINl yOeIUTENTbHBIN pUMEp, B

123amernm, uro Kepuuran u Purdn B cBoeit KHUTe BOODIE HE yHOMUHAIOT HHKAKHE
«MUHUMAJIbHBIE aJpEeCyeMble», a TOBOPAT IIPOCTO «BalT»; BCE OCTAJIBHOE — IIPOUCKHU
KOMHUTETOB.

BYyraercss mpubIN3UTEIBHO KAK «CARHT» U «aHCAHHT>.
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JaJIbHENIIIEM Mbl YBUJIUM MHOTO BBIKPYTacOB MOJ00HOrO poja. Tak mim
nHave, KaK y>Ke TOBOPUJIOCH, MbI 136K CH JIFOOMM He 3a 3TO.

Citety oM 1Mo pa3psiTHOCTU UJIET TUII short U ero 6e33HAKOBBINM aHa-
Jor unsigned short. Kak Bomurcs, TpeboBanus k s36iky Cu He 3a/1a10T
KOHKPETHOI Pa3pdAAHOCTH JJId 3TOr'O THUIlA, U3BECTHO TOJBKO, YTO OH HE
uMeeT 1IpaBa ObITH MeHbIle char’a (BIpodyeM, TPYIHO ObITH MEHbIIe, HeZKe-
JII MUHUMAJILHOE aJ[PeCyeMOoe); OJHAKO €CTh M XOPOIIasi HOBOCTb: BBl MO-
JKeTe CYUTaTh, 9TO ME€PEeMEeHHAasi STOr0 TUIla, 3aHUMAaeT JBa OaiiTa, W 3TO
OKaXKeTCsl BEPHO Ha, JIIOOOH MallnHe, ¢ KOTOPOH BaM JOBEJETCS CTOJKHY Th-
CA B PEAJIbHOI »KU3HU; XOTdA, KOHEYHO, CTOUT IIOMHUTD, YTO MEOPEMUHECKU
BO3MOXKHO U mHOe. Kak cJie/icTBUe, ecyii BbI IUIIETe IPOrPAMMY He «IIJIs
cebsi», a JIIsd 3aKa39uKa, JIydIlle BCE-TaKy He Je/IaTh B Hell MOJI00HBIX MPeI-
II0JIOZKCHUIA.

OTmMeTUM elg ofuH MHTEPECHbIV Ka3yC: UCXOAHO MPeAnosaranocb NpUMeHsTb
cnoso short B kavecTBe MOgMUEMKATOPA, TO €CTb KNPUIAraTeNbHOro» K CNOBY int
nofobHo cnoeam signed u unsigned; Tak MOXHO AenaTb M JO CUX MOP, TO €CTb
MO>XHO OMMCaTb NEPEMEHHYIO, K NpUMepy, BOT Tak:

unsigned short int x;

OT 3TOro CTuasA B OCHOBHOM OTKa3aJ/INCb MN3-3a AO0BOJZIbHO MPOCTOro COO6pa)K€HI/Iﬂ:
npoCcTUTE, a YTO eLue' TYT MOXET BbITb <<KOpOTKI/IM>>? OKa3aJ'IOCb, 4yTo Huyero. Mo-
STOMy ceii4ac C/0BO int MOXXHO (M HY>XXHO) OMycKaTb.

ITocne short’oB wuaér yxKe 3HAKOMBIH HaM int B KOMIIAHWH C
unsigned int’om. C ero paspsyIHOCTBIO Jiea O0OCTOSIT, HOKAJIYI, CAMBIM
zabaBabiM 00pazom. Ha crapeix 16-6urnbix miardopMax (Hanmpumep, B
MS-DOS) int 6bu1 16-GUTHBIM, TO €CTh COBHAIAN MO CBOEH Pa3pAHOCTH
¢ short’om. Ilpu mepexose K 32-OMTHBIM apXUTEKTypaM THI int BBIPOC
10 9eTBIPEX OafT M CTAJI COBIAJATH C THIIOM long; OBITOBAJIO JAXKE MHe-
HUe, 9TO TUI int Ha J0bo# mwIaTdopMe JOKEeH COOTBETCTBOBATH Pa3Me-
Py MAaIMHHOIO CcjIoBa. Takoe Mpeo/ioXKeHne He JIMIIIEHO OCHOBAHMIA, BEJIb
COIIACHO TPAJUISAM [TOCTPOEHUsT KOMIIIATOpoB Cu, HaIIpUMep, BO3BpaT
3HavYeHus U3 (DYHKIUU IIPOU3BOIUTCS Yepe3 Peructp (06BIYHO TOT, KOTO-
PBIif TT0 KAKOW-TO TPUYUHE MOXKHO CUUTATH «IVIABHBIM»; B ciydae i386 3To
peructp EAX; ero 4acTo Ha3bIBAIOT «AKKYMYJISITOPOM» ), €CJIU TOJBKO BO3-
BpaIllaeMoe 3HAaUEHHE B ITOT PErHCTP IOMEIAETCs; IIPU STOM JO He CJIUII-
KOM J[aBHErO BPEMEHU CUUTAJIOCH, 9TO €CJIU JJjisd PYHKIUN HE yKA3aH THI
BO3BPAINAEMOr0 3HAYEHUsI, TO OHA BO3BpaInaeT int (ceiiyac 3To TOXKE Tax,
HO KOMIIUJIATOPBI BBIIAIOT IIPEILyIIPEXKICHNE).

Hecvmorps ma 310, mpm mepexome OT 32-OMTHBIX ApPXUTEKTYD K
64-OuTHBIM int TAK W OCTAJICH YETHIPEXOANTHBIM, OHO U MOHSATHO: €CJIA
OBbI €ro «BBIPDACTUJIN» BCJIEJ, 3a Pa3PsHOCTHIO PErHCTPOB, TO IEJIOTO THU-
a pasMepoM B 4eTbipe 6aiiTa B s13bIKe ObI IIPOCTO HE OCTAJIOCh; MOYKHO
ObLI0 OB TAKMM CleaTh short, HO Torna He crajo Obl JABYXOAWTHBIX. 3a-
10 Ha 64-6uTHBIX IATGHOPMAX «IIOAPOC» CJIAEAYIOMMiA TUl, long; OH CTaJ
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64-6utHBIM, B pe3yiabTare dero cosnadaem ¢ munom lLong long. Ho 31mech
MBI y2Ke 3a0exKaju BIIEepEI.

OuepeiHasi mapa THIIOB OJUMHAKOBOW Ppa3psIHOCTH — 3TO long u
unsigned long; j0 HacTymuieHust 3pbl 64-OMTHBIX JIAT(HOPM ITH THIILI
Bcerja ObLIM YeTBIPEXOANTHBIMU, & C HACTYILIEHUEM STON 3Pbl BHE3AITHO
BbIpocs. Kak u cj10B0 short, n3HAYaJILHO CJIOBO long IJIAHUPOBAJIOCH UC-
II0JIb30BaTh KaK IIpujiaraTebHOe, a lIepeMeHHbIe OIIMChIBAJINCH KaK-TO BPO-
ge long int x. B ornmume or cioBa short, cioBo long mMeeT emmé OTHO
MIPUMEHEHNE, O KOTOPOM MbI Y3HAeM M3 OOCY2KJIEHUsI TUIIOB C ILIABAIOIIECH
TOYKOI; TeM He MeHee, JJId JIyUIIero eIuHoo0pa3ns CJI0BO int pa3permin
OIIyCKaTh JJIA CJIydasd «JJUHHBIX» TOYHO TaK K€, KaK U JJId «KOPOTKUX>».

ITapa cambix OOJIBIIMX IIEJOYMCJIIEHHBIX THUIIOB, 00O3HAYAEMBIX
KaK <«JJMHHOe JumHHOe»'?, To ecrh, cooTBercTBeHHO, long long W
unsigned long long, ImOIAep:KUBACTCA HE BCEMHM KOMIIMJIATOPAMU W HE
Ha BCeX IIAT(OPMax; HO Be3/e, /i€ ITU TUIBI TPUCYTCTBYIOT, UX PA3Ps-
HOCTB cocTaBjsieT 64 6ura. /lake npu nosisjernn 64-OUTHBIX IIPOIECCOPOB
long long B pa3mepax He BBIPOC.

OrMeruMm eImé oJIH MOMEHT: JIEHICTBYeT COTJIAIIIeHNE, TI0 KOTOPOMY pa3-
PSTHOCTH 4YnCja THIa long JIOJIZKHO Ha JII000N apXUTEKTYpe XBaTaTh JIJIs
OpeACTaBJIeHNs] yKa3aTesell, XOTs 3TO COIVIAIlleHWe He SBJISETCS YacThIO
OUIIATHEHO YTBEPKIEHHBIX CTAHIAPTOB A3bIKa CH.

ToBopst 0 pasmepax, ciemyer BCerga MOMHUATH, YTO JIIOObIE PA3TOBOPHI
0 KOHKDETHOH Pa3psiTHOCTH TEJIOUUCIECHHBIX TUIOB si3bIKa CU BO3MOXKHBI
TOJIBKO C KOHCTATAIlMOHHOU IIO3UIUH, TO €CTh 110 IPUHIUIY <CYIIECTBYIO-
II[e€e IT0JI0YKEHUE Belleil TAKOBO», € 00s3aTeIbHBIM YIETOM TOrO OOCTOATE b
CTBa, YTO 3aBTPA MOXKET IMOsIBUTHCS WJIM HOBas miarTdopMa, WU HOBBIN
KOMIIUJISITOP TOJ, CYIIECTBYIOILYIO IaardopMy, U TaM BCE OyleT He Tax.
lapanTupoBaTh MOXKHO TOJBKO OJIHO: short me Oyzer Kopode char’a, int
He OKaxKeTcs Kopode short’a, long HU 3a YTO HE CTaHET KOpode int’a, HY
7, KOHEYHO, long long He MOXKET CTaTh KOpode, dyeM mpocToit long. Ho u
TOJIBKO.

CI/ICTeMa TUIIOB C IIJ'[aBaIOIII‘eI‘/’I TOYKON HECKOJIbKO IpoIre, 3TUuX THUIIOB
Bcero Tpu: float, double u long double, mpudyém O€33HAKOBBIMEU OHU HE
6erBaroT. Ha mmardopme 1386, kak mpasmio, £loat u double cooTBETCTBY-
FOT 9HC/IaM OOBIYHOI U JIBOIHOI TouHOCTH U3 crangapra IEEE-754, a tun
long double mpejocraBigeT JOCTYI K YHUCAAM NOGHIULEHHOT TOYHOCTU

14Cemyer oTMeTUTD, YTO aJEKBATHOE 3BYYaHHE STOIO TEPMUHA Ha PYCCKOM SI3bIKE
JIOCTUTraeTCsl He TOrJa, KOrJla MbI IIPEJCTaB/sieM cebe 4TO-TO BPOJAE OAUHHOe-OAUHHOE,
TO €CTh OAUHHOEe-NPedAuHHOoe, & KOTJa Mbl IIEPBOE CJIOBO BOCIPUHUMAEM Kak Ipujiara-
TEJIbHOE, a BTOPOE — KaK CYILIECTBUTEJIbHOE; TO €CTh y HAC MMEETCs TakKas CyI[HOCTb
«JJIMHHOE» (B JJAHHOM CJIydae 9TO CYIIeCTBUTEIBHOE), & IOTOM MBI 9TO «JIJIMHHOE» eIé
cuiibHEE YAJIMHUJIN, U TOJyYWJIOCh Y HAC HE NPocmoe JJIMHHOE, 8 BOT 9TO BOT OAUHHOE
JJIMHHOE. AHIJIOSI3BIYHBIM JIIOJsIM B 9TOM ILJIaHE MPOIIE, TaM OJHA U Ta Ke CJIoBodopMa
IIOYTH BCErZa MOXKET UCIIOJIb30BATbCA M KaK CyIIECTBUTEIBHOE, M KaK IIpUIaraTejbHoOe,
U Kak TJIaroJi.
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(naroMHMM, TakoBble 3aHMMarOT 10 GaiiT); IpKU 9TOM B IAMATH [IepeMeHHAst
tuna long double moxker 3aHuMarTh 12 mim naxke 16 6aiit. Ecoiu ke ro-
BOPUTH HE O KOHKPETHOH m1aTdopMe, a «BOOOINe», TO CKa3aTh TYT MOXKHO
TOJIBKO OnHO: double He MOXKeT OBITH KOpodue, dem float, min JjuHHEe,
4yeM long double; mpu 3TOM, HAIIpUMeED, BCe TPU THUIIA MOL'YT MEXKJy CO-
6oit coBIIaaTh, 9TO JIOCTATOYHO YACTO BCTPEYAETCs, KOIJA B IIPOIECCOPE
OTCYTCTBYET AIMIapaTHAs MOJAEPKKa apUMOMETUKH C ILUIABAIOIIEH TOIKOIA.

OrmernM erié OuH MOMEHT: MaTeMaTHIecKre (DyHKITNN, TAKUe KaK yKe
3HAKOMBII HaM sqrt, a TaK»Ke BCEBO3MOXKHBIC CHHYCBHI, KOCUHYCBI, 9KCIIO-
HEHTDHI U JIOTAPUMPMBI TI0 YMOJTIAHWIO paboTaroT ¢ TurnoM double; Gosbire
TOTO, /115t JIIOOBIX BBIYUC/ICHUI U TaKe JJIs IIPOCTOMH Iepeiadn mapaMeTpoB
3HadeHust tura float Beerya mpeobpasyrorcs K Tuily double, 4To jeaer
ncrob3oBanue Tuma float 6ecCMBICTIEHHBIM BO BCEX CIYUasaX KPOMe OHO-
rO: KOIJIa TAKUX YHCEJ OYCHb MHOI'O, a IIAMSTH He XBaraeT (& yMeHbIIeHIe
€€ pacxo/ia BJIBOE CIIOCOOHO pemuTh npobsemy). Muade rosopsi, nmoka Bbl He
BCTPETHUJINCh C HEXBATKOI nmaMmsaTy, float IpuMeHATH He HAJO.

Azpik Cu npeycMaTpuBaeT CIeluaaIbHy 0 BO3MOXKHOCTD JIJIsT OIIPeIesie-
HUS Pa3MePOB JIIOOBIX TUIIOB — KJIIOYEBOE CJIOBO sizeof. Bripaxkenue Buma
sizeof ( <mun>) KOMOUJISTOP 3aMEHSIET Ha IIeJIOe YHCJIO, PABHOE pa3Me-
Py JAHHOIO TUIA, TPHIEM edunuuel udmepenus asasemca char. Beipaxe-
uue sizeof (char) mo ompejesiennio paBHO eaunuile. Kpome uMén TUIIOB,
sizeof MOXKHO MPUMEHSITh TAKXK€ K MMEHAM I[I€PEMEHHBIX M BOODIIE MPO-
U3BOJIBHBIM BBIPAKEHUAM, THAI KOTOPBIX KOMIMJIATOD MOXKET OIIPEJe/IUTh.
Hanpumep, sizeof (1) ecth To ke camoe, 4ro sizeof (int).

Bonee Toro, cuHtakcnyeckn sizeof, popmasnbHO roBOps, SIBNETCS ONepauueil,
a He pyHKUWMel, Tak 4TO, MPUMEHSIST €ro K BbIpaXKeHnsiM (HO He K TUMam), MOXHO
HE MMcaTb CKODKM; BNPOYEM, SICHOCTU Nporpamme 3TO He A00aBUT, Tak YTO CKOOKM
Nyydlle BCE-TaKU NOCTaBUTh.

4.3.4. JIurepasbl (KOHCTAHTBI) PA3HBIX TUIOB

Jlumepasamu 0OBITHO HAZBIBAIOT 3HAYEHUS, 3AIMCAHHBIE B TPOI'DaM-
Me B SIBHOM BHJIe; MIPOCTEHININN IPpUMEp JINTEpaia — IeJIoe IUCJIO, 3alli-
CaHHOE KaK OHO €CTh.

Aspik Cu 1103BOJISIET 3aIMCHIBATE IIEJIbIE YNUCJIA B JECSITUYHON, EeCTHA-
JIATEPUIHON U BOCBMEPUIHOM cucTeMax cuucyeHus. Ecim Hanmcars 9uciio
0ObIIHBIMET apabckumu nudpamu 6e3 Audupyroue20 Hyai, KOMIIIITOP Oy-
JIET PacCMaTPUBATDH €0 KaK JCCATUIHOE; €CJIN 2Ke MBI donuwem cnepedu
HOAD, ITO YUCJIO OY/IET PACCMATPUBATHCS KaK 3aIMCAHHOE B 80CbMEPUYHOU
cucreme. Hampumvep, 035 o3HauaeT To ke, 910 1 29 (3 x 8+5 = 29)1°. ljna
3AIMUCH TECTHAIIATEPUIHBIX YUCENT UCHOJIb3yeTcs pedukc «0x», HAIPH-

15Ha caMoM fejte 9TO HE COBCEM OTHO U TO K€, IIOCKOJIBKY JECITHIHBIE KOHCTAHTHI
IO YMOJIYaHUIO 3HAKOBBIE, TOT/1a KaK BOCBMEPHUYHbIE U IIIECTHAAIATEpUYHbIE — Oe33Ha-
KOBbIE, HO B PEaJIbHON >KU3HU 3Ta PA3HUIA OOBIYHO HE UI'PAET POJIU.
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Mep, BCE TO ke jecaTudHoe 29 MoyKkeT OBITH 3anucano Kak 0x1d mam 0x1D,
a 3anuch 0x7EL o3nauaer 2021.

[JoBonbHO HeTpuBMaIbHLIM 06Pa3oM OBCTOST Aena C pa3psfAHOCTLIO 1 3HAKOBO-
CTbIO LENOHMCNEHHbIX nuTepanos. [lecaTnynble nutepansl B 60AbLINMHCTBE ClyHa-
eB pacCMaTpuMBaOTCA KakK 3HAKOBble, TOrAA Kak BOCbMEpPMYHble 1 LeCTHaLaTepuy-
Hble — BCerAa 6e33HaKoBble; HO 3TO TOJILKO HAYao NCTOPUU.

Ecnn pecatudnblii nutepan npefCcTaBAsieT HMCNO, <YMELLAOLIEECS» B Pa3psif-
HOCTb YMcia Tuna int, To oH ByaeT cyMTaTbHCA UMEOLWMM TUN int; ecnm oH nepe-
CTaéT ymewaTbcs B int, HO Moka 4TO nomewaetcs B unsigned int, TO oH byger
CcYMTaTbCA Yucaom Tuna unsigned int. Ecnam gans 3anucaHHoro ymucna He xBaTaer
paspsgHocTu unsigned int, kKOMNUAATOP NOMbITAaeTCA NPeACTaBUTbL ero Kak long,
3aTeM Kak unsigned long, Kak long long u Kak unsigned long long, HO eciu 1
TYT He XBaTWUT Pa3psiGHOCTU, TO ByAeT HaKOHeL-TO BbigaHa owmbka.

C NTEPAaNaMn BOCbMEPNYHbIMN N WECTHAAUATEPNYHBIMN CUTYaLNA NPUMEPHO
Takas »Ke, TOJIbKO KOMMUAATOP He MbITAeTCA AenaTb ux 3HakoBbiMu. VHaye rosops,
ecnu XBaTaeT paspsigHOCTV unsigned int’'a, TO OH U NCMONIL3YETCS, €C/IN XKE HE XBa-
TaeT, KOMNUAATOP MbITAETCA UCNONb30BaTh unsigned long nunsigned long long.

Kpome Toro, nporpaMMucT MoXeT caM siBHbIM 0bpa3om 3ajaTh Tun iuTepana,
R0baBuB B ero koHel kombuHaumio u3 cyddukcos L (long), LL (long long)'® un
U (unsigned): Hanpumep, 15 BypeT umMeTb TMN «3HaKoBbIV int», Torga kak 15ULL
byner Tuna unsigned long long. B npuHuune, 3Tu cydbrKcbl MOXHO 3anncbiBaThb
TaKXe 1 B HuKHeM perucTtpe (4To-HMbyab Bpoge 200ull), HO AenaTb Tak HE PeKo-
MeHIyeTCsl, NOTOMY 4TO BykBy 1 O4eHb JIerko cnyTaTb C eAVHULEDA.

Bonpekn pacnpoctpanénHomMy 3abnyxaeHuto, nutepasnos Tuna char B sa3bike Cu
HeT; nuTepanbl Buga ’a’, ’Z’ u T.n. umeroT Tun int. Jlutepanbl Tuna short u
unsigned short Tak)xe He NpeayCMOTpEHbI.

Yucsa ¢ miaBaoneit TOYKOi TPaIUIIMOHHO 3AIMMCHIBAIOTCS B BUIE JIUTE-
paJIoB B JECATUYHON CACTEME CUMCJIeHUs. B obmeM cirydae Takoit Jurepast
COCTOUT U3 IEJIONW YaCTH, TOUKH, JIPOOHOI YacTh U NopAdka, IPUIEM TOPsi-
JIOK He 00s3aTesieH, MOYKHO yKa3aTh OJHY TOJBKO IEJIYIO WA OJHY TOJIb-
KO JIPOOHYIO YACTb, €CJIU K€ MOPSIOK MPUCYTCTBYET, TO MOXKHO OIYCTUTD
JpOOHYIO JacTh BMecTe ¢ TOUKOoil. ITopsimok 3ammchiBaeTcst, Kak OOBIYIHO, B
Bujle OyKBBI € win E, 32 KOTOPOIl CJeayer JIecSTUIHOE IeJI0e IUCIIO (Bo3—
MOYKHO, CHaDKEHHOE 3HaKOM), U O3HA4YaeT, YTO MCXO/HOE YUCJIO CJIeayeT
JIOMHOXKUTDH Ha lOk, e k — 9mcs0, yKa3annoe B mopsaake. Hampumep, cie-
JIYIOIINE JTUTEPAJBI 0003HAYUAIOT OTHO U TO YKE UUCJTIO:

1500.0 1500. 1BE2 15.E2 1BE+2 0.15e4 .15e4 15000e-1

Mo ymonuanuto Takue nutepansl umetoT Tun double, HO Bbl MOXETe MPUHYAU-
TesbHO MpeBpaTuTb ux Bo float'nl gobaBneHuem cydpukca £ unm F, a Takxe B
long double'bl gobaeneHnem yxe 3Hakomoro Ham cydcpukca L (MoXHO n 1, HO He
Hafo).

Boobrie roBopst, Bce 3T BO3MOXKHOCTHU HY?KHBI JIOCTATOYHO PEIKO: JIJIs
peajm3anuu MaTeMaTUIeCKUX BBIYUC/IEHUI ecThb OoJiee yIOOHBIE SI3BIKH
nporpaMMupoBanus, Hexkeyn Cu.

16B npeciosyrsie crangapre Cu cydduke LL Bomén Toabpko Haumnas ¢ C99, HO
peanbHO 9TOT CydDPUKC HOAAEPKUBAJICS BE3M€, Ie IPUCYTCTBOBAJ TUI long long.
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Kaxk yxe roopuiiocnh, B s3bike CH cume04 U K00 CUMBOAG — ITO Ol
HO U TO 2Ke, a IS 3allUCU KOJOB CHMBOJIOB HCIIOJIB3YIOTCS CUMBOAbHDLE
aumepaasv,, GopmMupyeMbie ¢ IOMOIIBIO A0CTPOGMOB, TPUIEM OHU UMEIOT
Tun int. B wactHOCTH, *A’ — 3TO TO Ke camoe, uTo u 65, a >1’ — TO XKe,
qTO 49.

1711 IpeiCTaBIIEHUS CAYHCEOHDBIT CUMBOA0S8 TIPETyCMOTPEHBI TaK Ha-
3bIBAEMbIE €SCape-nocaedosameabHoCmu, OIHy U3 KOTOPbIX — «\n» —
MBI y2K€ MHOrO pa3 BcTpedasu. [IockonbKy Kom mepeBoma cTpokm — 10,
3anuch ’\n’ o3Ha4YaeT TO ke, uTo u 10. Kpome repeBojia cTpoku, mpey-
cMoTpeHbl TakxKe ’\r’ — BosBpar kaperku (kox 13), ’\t’ — rabydus
(kox 9), ’\a’ — «3BoHOK» (0T ci0oBa alarm, xKox 7), ’\b’> — «3aboit» (oT
caioBa backspace, ko7 8), > \f’ — Tak Ha3bIBAEMBIH I€PEBOJL cTpanuns (form
feed, ko 12) 1 coBceM yaKe K30THUIeCKas > \v’ — «BepTHKAJbHAas Tabyiisi-
s> (kox 11). ITockosbKy B escape-110CIeJoBATeIbHOCTAX UCIOJIb3YeTCs
CUMBOJI OOPATHOTO CJIAIIA, «\», & CAMU MIOCJIEI0BATEILHOCTU IPUMEHSAIOTCS
BHYTPHU CHUMBOJIBHBIX U CTPOKOBBIX JINTEPAJIOB, 00PAMIISIEMBIX arocTpoda-
MU U JIBOWHBIMUA KaBBIYKAMU, [IPEYCMOTPEHBI BIIOJIHE JIOTUYHBIE CIIOCOObI
TIPeICTABIEHNS ITUX TPEX cuMBOJIOB: > \\’ 0003HaYaeT KO OOPATHOTO CJI9-
ma, >\’’ um ’>\"’ — COOTBETCTBEHHO KOJbI allOCTPO(dha 1 KABBIUKH; BIIPOUIEM,
KOJI, KABBIYKHM MO2KHO TIOJIyYUTh U mpore: *" 7.

s mpencTaBiieHUs CMPOK HCIOJIB3YIOTCI CMPOKOSbBLE JAuMe-
paast, obpamMiIieMble JIBOWHBIMA KABBIYKAMH, W BCE II€PEYUCIEHHBIE
escape-II0CJIe/IOBATEIbHOCTH JIeHCTBYIOT B HUX TAaK Ke, KAK B CUMBOJIbHBIX
JINTEPAJIAX, 338 UCKJIIYEHHEM TOrO, 9YTO CHMBOJI AIOCTPOda 3J1eChb MOXKHO
3ammcaTh Kak ecrb (6e3 escape-110C/ieJ0BATeIbHOCTH ), TOI/Ia KAK KABbIUKY,
ecjin OHa MOTPebOBajIaCh BaM B CTPOKE, NMPUIAETCS 00S3aTebHO CHAOIUTD
CHUMBOJIOM CJId11a, HaupuMmep: "Never say \'"never\"".

OdyeHb Ba>KHO YSICHUTH PA3HUILY MEXKJY CHUMBOJIBHBIMHU JINTE-
pasiamu (B amocrpodax) u crpokoBbiMu (B KaBbrukax)! Hanpuwmep,
KOTJIa, KOMIWJIATOP BUJUT JINTEPAJ ’Z’, OH 3aMEHSIeT €r0 Ha UEA0E “YUCAO
90 (kom 6YKBBI Z), TOr/Ia KaK €C/JU KOMIUJIATOD YBUAUT Jjurepas "Z", ox
CJIeJ1aeT COBEPIIEHHO HHOE: PACIIOIOXKUT Iyie-To (Ha caMoM Jiejie — B CeKIUN
KOJIa) MACCUB U3 JIByX 3JIEMEHTOB TUIla char ¢ [EepPBBIM 3JIEMEHTOM, PaB-
HbeIM 90, & BTOPBIM — PAaBHBIM HYJIIO, TPU 3TOM CaM JUTEPAJ KOMIIATOD
3aMeHUT Ha adpec TO 00JIaCTH IaMsITH, TJIe PACIOIOXKeH MaccuB. Eciu 510
0Ka3aJI0Ch HEIIOHSITHO, HUYEro CTPAIIHOI0, PA3rOBOP O MaCCUBAaX U CTPOKAX
y HaC eI BIIEPEe/IN; TTOKa IIPOCTO 3AIIOMHATE, YTO CTPOKU U CUMBOJIBI —
9TO COBEPINEHHO pPa3Hble CYIIHOCTU.

Kpome BblwenepedmncneHtbix escape-nocnefosaTenbHocTel, s3bik Cu npegy-
CMaTpPUBAET BO3MOXXHOCTb 3a4aTb CMMBOJ1 €ro KOAOM B BOCbMepVI‘-IHOﬁ NN wecCTHa-
AuaTepuyHoi cucteme; Hanpumep, *\132° n ’\xba’ 03Ha4alT TO e, YTO U ’Z°.
Ecnun Ttakas nocnenoBaTe/IbHOCTb BCTPEHAETCA B CTPOKOBOM JINTEPANE, TO AN BOCb-
MEPNYHOro BapnaHTa NCNOJIL3YETCA OT OA4HOro A0 TpéX CAMBOJIOB, NPUrogHbIX B Ka-
YecTBe BOCbMepUYHON Lndppbl (To ecTb, Hanpumep, auTepansl "a\13222" n "aZ22"
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SKBUWBAJIEHTHbI, KaK 1 autepanbl "\tX" n "\11X"); ONs WeCTHaALAaTEPUYHOro KOM-
NUNATOP NbITAETCA KCbECTbY» BCE CMBOJIbI, MPUIOAHbIE B POJIN LUECTHAALLATEPUYHONA
unddpbl, CKOABKO Bbl UX HU BbINO, 1 BLIGAET OWMOKY, €CIN NX CIMLLKOM MHOrO.

B nporpammax Ha Cu 4acto MOXHO BCTpeTuTb 3anuck >\0’ gnsi 0bo3HaveHUst
CYLLHOCTU «CUMBOJI C KOZOM Honb». CemaHTuyeckn 370, pasymeertcsi, abcosoTHO
TO »Ke caMoe, YTO U NpocTo O, HO CO CTUNNCTUYECKON TOYKMN 3peHUs Takasi 3anucb
onpaBfaHa — 4UTaTeNtO MPOrpamMMbl Cpa3y CTAHET MOHATHO, YTO MMEETCs B BUAYy
MMEHHO CMMBOJI, @ HE MPOCTO apUPMETNYECKN HOMb.

OrmeTuM eré oJiHy YA00HYI0 BO3MOKHOCTD, CBI3aHHYIO CO CTPOKOBBIMU
nurepanaamu. Ecim HECKOIBKO TAKUX JTUTEPAJIOB 3AIMCATE OIWH 38 IPYTUM,
pa3aenuB UX TOJILKO MPOOEIHHBIMI CUMBOJIAME, KOMIIMJISITOP «CKJIEUT» UX
BCe B oHY cTpoKy. Hampumep, cieayromumit hparMeHT

llThis n llisll " a String" n Whi" Ilch isll n longll
€CTb TO K€ caMoe, 94TO U’
"This is a string which is long"

D70 ObIBAET MOJIE3HO, €CIU B IIpOrpaMMe Hy?KHa HACTOJILKO JJIMHHAS CTPO-
KOBasl KOHCTaHTa, YTO OHa He Bje3aeT Ha dKpaH (TouHee, B 80 KOJIOHOK;
cm. T. 1,§2.12.7) 10 mupune.

4.3.5. Onepanuu u BbIpa>keHUsI

Apupmemuueckue swvipasicenus B sisbike Cu UIrparT CyIIeCTBEH-
HO Oojlee BaXKHYIO POJib, UeM B mpuBbiaHOM HaMm Ilackase. Kak mbr yBu-
auM 1o3zke, B Cu IpUCYTCTBYET TaKas HETPUBUAJIbHAS Belllb, KAK adpecHas
apugpmemura; KpoOMe TOTO, CTOJIb IPUBBITHOE HAM NPUCEAUBAHUE, KOTOPOE
B Tackase 66110 onepamopom, B Cu COBEPINIEHHO HEOXKUIAHHO OKA3bIBAET-
¢ onepayuell W MOYXKET, KaK CJIEJICTBUE, OBITh 9aCcThio apudMETHIECKOrO
Bbipaxkerusi. Ho — 060 BCEM MO MOPSIIKY.

Apudwmernka, soruka, 6uThI

Ha‘{HéIVI MBI C TOI'O, 9YTO Ha/l BCEMU UMEIONIUMUCSH B sISbIKE BCTPOCHHBIMU
Tunamu (8 OHU, KAK Mbl IOMHUM, BCE YHMCJIOBBIE) OLPEEJIEHbl OObIUHbIE U
HUYEeM OCOOEHHBIM HE IIPUMEYATE/IbHBbIE CJIOXKEHUE «+», BBIUUTAHUE «-» U
YMHOXKEHHUE «*». Pagymeercs, IpUCyTCTBYeT Tak:Ke U JejieHne, 0003HaIa-
eMoe BIIOJIHE OXKUJIAE€MOit Ha 3Ty POJIb JIPOOHON UepToil «/», HO 3/1eCh yKe
noTpedyIoTcs mosicHerust. Jle10 B TOM, UTO CEMAHTHKA ONEPAIAN JTEJICHUS
3a6UCUM OM MUNG ONEPAHJOB: €CJTH ONIEPAHIBI TPEICTABIAIOT CODON TucIa
¢ IIABAIOIIEH TOYKOH, TO 3TO Oymer 00bIYHOE apudMETHIECKOoe JIeJICHNE,
TOrZ[a KaK €CJIM OIEPAHJIbI IEJIble — TO JIeJIEHuE Oy/IeT UeAouUCAEHHDIM,
monobno mackasiesckomy div. Tak, 3madenme Boipaxkenus 5.0/2.0 npu-
bau3umenvro paBHO 2.5, TOrma Kak 3HaYeHWe BbIpaXKeHusi 5/2 paBHO 2,



§4.3. Bazossie cpescrBa sizpika Cu 47

IpUTOM 6e30 BCAKUX <«IIPUO/IM3UTEIBHO> (ONEPAIMH HAJl HEJIBIMU, KAK MbI
3HAEM, BBIIIOJHAITCS TOUHO). Baamue ocmamka om deaenus B sa3bike Cn
0003HATACTCST CUMBOJIOM TIPOIEHTA, «%>.

3,u,er Y HATATENA MOXET BO3HUKHYTb Ll,eJ'IbIﬁ pAa4 BONPOCOB. YTo0 6y,u,eT, Hanpu-
Mep, ecnu y onepauuy AefieHnsi OQUH onepaHf uenbiii, a apyroii «nnasyunii»? Kak
paboTaeT B3siTMe OCTaTKa, eC/v OAUH UM oba onepaHaa oTpuuaTensHbl? MoxHO nn
NPUMEHATH B3sITME OCTaTKa K ApobHbIM Yucnam?

Ha Bce atn BOMPOCbI MOXXHO OaTb BMNOJIHE OAHO3HA4YHbIE OTBETbI, O4HAKO O€NATb
3TOro Mbl He Byaem: He HaZo 3acopsiTb MO3r uHdopMauueli NogobHOro CBOWCTEA.
Ecnn BOMPOCblI TakKOro poga BO3HWKAKOT U3 HYUNCTOro J'IIO6OI'|bITCTBa, MOXHO B34Tb
J'IK)6_\/IO bonee-meHee CepbéBHle KHUXXKY no CVI, MO>XXHO NOUCKaTb (I/I NPaKTU4eCKN
MIHOBEHHO HaﬁTm) oTBeTbl B VIHTepHeTe. BaxkHee apyroe: B npovecce npakTnydeckoro
nporpaMmMunpoBaHnNs Takune BOMNpPOCbl HE [OJIXHbl BOSHUKATh. B HaCTHOCTKM, nNpunmMe-
HATb AeNEeHNE K ONepPpaHAaM Pa3HbIX TUNOB HE HAJO0 — ONepaHAbl CneayeT NpnBecTn K
O4HOMY TUNY NN XOTA Obi caenaTtb X nan oba uenbiMmun, nnn oba «NAaBavoWnmMm>», a
6paTb OCTATOK OT AeNe€HNA CNnefyeT TOJIbKO MNpu LesibiX NOJIOXKUTEJIbHbIX onepaHgax;
€CJZIN BaM Ka>XeTCsA, 4HTO BO3HUKIA I'lOTpe6HOCTb B MUHOM, HY>XHO NMpoOaHain3npoBaTb,
OTKYyAa TaKas MbIC/b Npullaa B rosioBy: 3HaﬁTe, HYTO-TO TYT NOLWLUNIO HE TakK, B HOP-
MaJibHbIX YCJIOBUAX TaKoe I'IOHap.O6I/ITbCH HE OOJIXKHO.

Hab6op onepayuti cpasnernus B Cu BIOJIHE TPUBBIYEH; TOPSIIKOBBIE OIe-
paIuu 3aIuChIBAIOTCS TakK ke, Kak B llackase: <, >, <=, >= 4TO XK€ Ka-
caeTcs CpaBHEHUsI HAa PABEHCTBO U HEPABEHCTBO, TO 3/€Ch OHU IHIIYTCS
uHaue: «==» (0601IH01 3HAK PABEHCTBA) O3HAYAET «PABHO», & KOMOMHAIIUSI
«!=» — «He paBHO». OOpaTUTE 0OCOOOE BHMMAaHNE HA YABOEHHBII 3HAK
paBeHcTBa! [les0 B TOM, 9TO OAMHOYHBIN 3HAK PABEHCTBA, KAK MBI yIXKe
Buzgenn, B Cu O3HaYaeT MpuCBanBaHUe, IPUIEM BHIIIE YK€ YIOMUHAJIOCH,
9TO IpUCBauBaHUE MO2KET BCTPEYATHCA B BbIPparKE€HUAX. }EC.}'{I/I7 K IIpUMepy,
Bol Hamumrere if (a = 3), mporpaMma YCIIENIHO OTKOMITMIMPYETCA W 3a-
IyCTUTCs, HO paboTaTh OYIET COBCEM HE TaK, KaK €CJIU Obl Bbl HAIMCAJIN
if (a == 3). Xopolnasi HOBOCTH JIJIsi HAYMHAIOIIMX COCTOUT 31eCh B TOM,
YTO ec/i BbI He 3a0bIiBaeTe PO (hJiazkoK -Wall mpu 3ammycke KOMITAJIATO-
pa, TO IporpamMma, KOHEIHO, BCE PABHO OTKOMIIMJIMPYETCS, HO BbI XOTS OBI
MOJIy9nTe TIPEYIIPEKICHNE; TIJI0Xast HOBOCTh s JIeHTsieB — 6e3 drara
-Wall KOMOWISATOP MPOCTO MOJIYMA MPOTVIOTUT KOHCTPYKITUIO, B OOJIBIITIH-
CTBE CJIYYaeB ONMUOOTHYIO.

Ecnn BbI ,qeﬁCTBMTeﬂbHO PEWINTE NCNONIb30BAaTb 3HAYEHNE onepaunn npuceanBea-
HNA B KAa4YeCTBE JIOTNMYECKOro — 4YTO TEOPETUHECKU MOXET ObITb OCMBbICJIEHHO, ecnin
B npaBoﬁ HaCTN HE KOHCTAHTA, a KAaKOEe-TO Bblpa>KeHNe — TO, 4TObbI YCNOKONTb KOM-
ANNATOP N I/I36aBVITbC5| OT NpeaynpexaeHns, caeqyet 3To NpucBanBaHne 3aKIHOHYNTb
B [OMOJIHUTENIbHBIE KPYTble CKODKM, NPUMEPHO Tak:

if((a = £(x))) {
He Hafo 3TOro AenaTb, HANUWNTE Ny4ylle TaK:

a = f(x);
if(a) {
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CyllecTByeT Uenblil psf CUTyaunii, KOraa npucBauBaHue B POJU JIOTNHECKOro 3Ha-
HEHNSA OKa3blBa€TCA AONYCTUMO M fa>Xe NMpaBWJibHO, HO BCE€ OHU NMEKOT OTHOLWEHNE
K LMKIaM, a OTHIOAb He K onepaTopy if.

PesynbraTom omeparun cpaBHEHUS] CTAHOBUTCH UEAOE YUCAO, TIPUIEM,
KaK y2Ke TOBOPUJIOCH, 0 03HAYAET «JIOXKb»; B KAYECTBE IIPEJICTABJIEHUS «UC-
TUHBI» ITH OIEPAIINN BCEr[a BO3BPAIIAIOT €IUHUILY, ITO [TO3BOJISIET, HAIIPHU-
Mep, HAIMCaTh BOT TaKyIO BOT Oembepay:

x=(a<b)+ (a>c) - (c!'=1t);

Tak BOT, He Hado mak deaamv, arXKe €CJIM Bbl HaliJIETe CUTYyaIlUIO, B KO-
TOPO# IO/I00HAST KOHCTPYKIINS BAM MOKAXKeTCs OCMbICeHHOM. [Ipn arermn
MIPOTrPaMMBI TIOJIOOHBIE TPIOKH IIPUXOJUTCS IIOI0JITY AHAJU3UPOBATH, ITOOBI
[IOHSITh, YTG MMEJIOCh B BU/LY.

Bsess tormyeckue OTHOIIEHNSI, MBI €CTECTBEHHBIM 00Pa30M IPUXOINM K
BOIIPOCY O so2uyveckuxr onepayusax. B Cu oHn npeacraBieHbl TPUBBIY-
HBIM HaDOPOM <«KOHBIOHKIIWSI, U3 bBIOHKIINSI, OTPUIIAHUEY : ONEePAIUs «JIO-
IUYecKoe W» 3allUChIBACTCS 3HAKOM «&&» (/[Ba aMIIepCaH[Ia), «JIOrHIecKoe
ui» — 3HAKOM «| |» (Z1Be BepTHKAaJIbHBIE YepPThI), YHAPHAS ONEPAIUs OT-
putiaaus 0003HAYAETCS BOCKJIUIATEIFHBIM 3HAKOM « ! ». Cpa3y ke oTMeTnM
OJIHO MHTEPECHOE CBONCTBO OMHAPHBIX JIOTUIECKUX OIEPAIlii: ecJin 3HAYe-
HUEe BBIPAXKEHUsI yKe OMpe/IesIeHO, BTOPOi OIllepaH/i He BbIYUMCJIS-
ercsi. lnade roBops, eciu B nporpamme umeercs Boipaxkenue £ () || g()
u byskiua f() BepHyJa 3HAUEHHE, OTJUYHOE OT HyJs (T.e. <UCTUHY» ),
dyukmus g () BoobIe He Oy/IeT BBI3BaHA, ITO OCOOEHHO BaXKHO YIUTHIBATD,
eciu y 9To# (pyHKIUN uMeercst HOOOYHBIN 3P PeKT. AHAJOIUIHO IIPU BbI-
qucsrennn Boipaxkenns: £() && g() dyukiusa g() He OyaeT BBIYUCIATHCH,
ecin £ () BepHy/a HOJIb.

[IpoHunareIbHbIN YUTATE/IH MOXKET CIPOCHTH, IIOYEMY WCIIOJIb3yeTCst
dsa amiiepcaHia, a HE OJWH, U J6e <«Iaj0uKu», a He oxHa. [lesio B ToM,
910 00HUM AMIIEPCAHIOM 0DO3HAYAETCS OIEPAIlUs <My, HO HE JIOTUIECKAs,
a nobumosas, TO €CTb ITa OIepalysl IIPOU3BOJUTCS 10 OTJEIBLHOCTU HaJ
[epBbIME OuTamMu 00OUX OIEPAHJIOB, HaJl BTOPBIMU, HaJ TPETHUMU U T. .,
U pe3yJIbTAaThbl KOHBIOHKIINK OTJE/ILHBIX OMTOB O0OPAa3yIOT PE3Y/IbTAT BCeil
ollepallK; HAPUMep, 3HAYeHHeM BbIpaxkenus 25 & 62 Oyner 24 (4robbi
[OHATD, IOYEMy 3TO TakK, nepeseaute 25 u 62 B ABOMUHYIO cucTeMy). AHa-
JIOTUYIHBIM 00pa30M OJIHON <«IAJIOYKON» 0D03HAYAETCS MOOUTOBOE <MY,
TaK 9ITO, HAIIpUMeEp, 3HaderHneM 12 | 56 Oymer 60.

B ﬂaCKane, HanMnOMHWUM, KJKO4Y€EBblE C/10BaA and u or obo3HayvaloT Kak Jlorn4yeckue,
Tak U nobuTtosble BapnaHTbl COOTBETCTBYHOLLNX onepau,l/lﬁ; KOMMNUNATOP Mackansa
pPa3nn4aeT 3T cay4Ham no Tunam onepaHaoB: €Cin 3TO bOOleaIl’bl, TO BbIMOJZIHAETCA
Norn4eckas onepayunsa, ecamn uenble 4ncia J'IIO60ﬁ paspsagHoOCTU — TO |'|06V|TOBb|e.
B Cu tak CAENATb HENb34, MOCKOJIbKY OTAENBHOIO TUMNa ANs O603Ha'—|eHV|ﬂ Jsiorn4e-
CKUNX 3HAYeHUli TYT HeT.

[Mo6uToBoe orpuanre 0603HAYAECTCH 3HAKOM «~» (TUJIbJIA); HAIIPUMED,
~0 6yzer paBHo -1 (Bce 6urhl — enunannp). Kpome Toro, 8 Cu npucyrcrsyer
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omeparys I0OUTOBOIO «MCKJIIOYAIOIErO I (3HaKOMLIﬁ HaM XOR)7 KOTO-
past 0603HaTaETCI CUMBOJIOM «~». Jlormdaeckoro BapuanTa JJjisi 9TOI omepa-
NN HE IIPEIYyCMOTPEHO.

SaBepimnasi pa3roBop O MOOUTOBBIX OIEPAIUSX, OIUIIEM NOOUMOBbBLE
cdeuau BieBO (3HAK «<<») U BIOPaBO («>>»); JEBBIl onepaH]| 0benx ore-
panuit — MCXOTHOE CABUTAEMOE THCJIO, TPABbIit — KOJUIEeCTBO OUTOB, HA
KOTOPOE cJle/lyeT Ipon3BecTu cABur. CIOBUT BJIEBO BBIOJIHSIETCH OJNHAKOBO
JIJIsT BCEX IIEJIOYNCIEHHBIX THIIOB: OUTHI CABUTAIOTCA BJIEBO Ha, 3aJAHHOE UNC-
JIO IIO3ULUH, clIpaBa JONUCHIBAIOTCA HYJIU (KaK €csii ObI YUCJIO YMHOKIUJIN
Ha JIBOMKY B COOTBETCTBYIONIECH CTeHeHH). Co ¢aBUroM BIIPaBO BCE HECKOJIb-
KO CJIOZKHEE, €0 BBINIOJIHEHNE 3aBUCUT OT 3HAKOB0CTMU CABUTAEMOI'0O YHUCIIA.
Butbl B npesicraBiieHnn Umciia, €CTeCTBEHHO, B JIIOOOM CJIydae CIBUTAIOTCS
BIIPABO Ha 3a/@HHOE YUCJIO IIO3UIUH, HO CJjeBa (TO eCTb B cTapllue pas-
pH,ZLI)I) 7151 6€33HAKOBOTO YHC/Ia 3aIUCHIBAIOTCA HYJIU, TOT/Ia KaK JJIsT 3HaA-
KOBOTO 9UHCJIa — 3HAYEHUE CMaAPULE20 OUMA UCTOOH020 YUCAG; 3HAK THCTA
P 3TOM COXPAHLAETCH, & CaMa OIEePAIs BCEr/Ia OCTAETCA SKBUBAJICHTHO
LIEJIOYUCJICHHOMY JICJICHUIO Ha COOTBETCTBYIOILYIO CTEIICHb JIBOMKU.

Mockonbky ¢ onepaunsiMy MOBNTOBLIX CABUIOB Mbl Y>KE CTaJIKMBAJINCh MPU N3yHe-
HUW si3blKa accembnepa, OTMETUM, YTO A5t BE€33HAKOBbLIX YNCEN CABUT BbINOJHSETCS
KoMaHgamun shl n shr, a Ans 3HaKOBbLIX — KOMaHAAaMM sal n sar; HAaNOMHUM, 4YTO B
pelictButenbHocTn shl n sal — 370 o4Ha U Ta Xe KOMaHAa, Toraa Kak shr n sar —
pasHble; CABUM BMpaBoO, «Pa3MHOXAIOWMA» 3HaKOBbI OUT, HasbiBatlOT apugmern-
Heckum.

IIpucBamBauBanusi 1 MoaAupUKAITAUA

HpI/IBbI‘IHbIe onepamun Ha 3TOM KOHYAIOTCA U HAYHMHAETCA BCEBO3MOXK-
Has 3k30TuKa. OnHa u3 «PUpPMEHHBIX» ocobenHocreit Cu — onepauus
npuceausarus (a He OIEPATOp NPUCBAUBAHUS, KAK B OOJIBIINHCTBE sI3bI-
KOB, KOTOpbIe BOOOIIE IpejycMaTpuBaioT lpucsausanue). [Ipucsansamue
0003HaYAETCs, KAK MBI YK€ BUAJIEJIN, IPOCTHIM 3HAKOM PABEHCTBA. XUTPOCTD
B TOM, YTO KOHCTDYKIMsI BUJA a = b IpeJICTaBIsgeT co00il eupasicerue, n
9TO BBIpAYKEHHE MMeeT 3HAYeHHE — OHO PABHO TOMY 3HAYEHUIO, KOTOPOE
OBLIO TOJIBKO YUTO IIPHCBOECHO, TO €CTh 3aHECEHO B IEPEMEHHYIO CJIEBa OT
npucBanBanus. Hanpumep, B Cu momycruMa Takasi KOHCTPYKITUS:

x=(y=17) + 1;

3/1ech B IEPEMEHHYIO ¥ 3aHOCUTCSI 3Ha4YeHHe 17, 3TO Ke 3HAYEHHEe OKA3bl-
BaeTcs 3HadeHneM BbIpaxkeHus (y = 17), K HeMy IpubaBJIsieTCs eIUHUIA,
nojaydaercd 18, 9To U 3aHOCUTCA B X.

Jpyroit KjiacCuaecKuii IpuMep MPUCBANBAHUS B KAIECTBE OlEPAINY BbI-
[VISIAT TaK:
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31ech Oyzer B3STO 3HaYEHME [IEPEMEHHON e, K HeMy NpubaBsaT 5, pe3yiib-
TaT Oy/IeT 3aHecEH B d, IPUIEM Pe3yJIbTATOM BhIpakenusg d = e + 5 craHer
TOJIBKO YTO IIPUCBOEHHOE BBbIparkKeHUe, ero B pe3ysbTaTe 3aHecyT B C, pe-
3yJIbTATOM BbIpakeHud ¢ = d = e + b cTaHeT BCE TO Ke 3HAUYEHUe, U OHO
TaKuUM 2Ke 00pa30M MOMmaJIET B b, IOTOM B a.

"‘|T06bl NOHATb, NOYEMY TaKUE CTPAHHbIE BOSMOXHOCTU MPOHUKIIN B A3bIK, HYX-
HO, BO-NMEPBbIX, NPUNOMHUTb, 4TO Cun nsHa4anbHo npunaymMaH Kak 3aMEHUTENb A3blKa
acceM6nepa, N, BO-BTOPbIX, NPUHATb BO BHNUMAaHWNE, 4TO ONTUMN3ATOPOB B TE Bpe-
ME€Ha eLLl,é He bbino. O‘-IEBVIAHO, 4TO €C/sin B NporpaMme BCTPEHAETCA NpucBaMBaHune
X =y, TO Ha BbIXOA€E CreHepupyeTcsa 4T1o-To Bpoae

mov eax, [y]
mov [x], eax

B oTcyTcTBME ONTUMM3aTOpa KaXK bl ONepaTop TPaHCNMPYeTCsl B OOBEKTHbIA KOZ No
3afaHHOl ANs 3TOro onepatopa cxeme be3 yyéra cocegHux onepatopos. Hanpumep,
ON51 NOCNef0BATENbHOCTH

a = x;
b = x;
cC = X;

KOMMNUNATOP BblgacT

mov eax, [x]
mov [a], eax
mov eax, [x]
mov [b], eax
mov eax, [x]
mov [c], eax

OuyeBUAHO, YTO ABe KOMaHAb! TYT JIMLIHWE, Befb NPUCBANBAEMOE 3HAYEHUE Y)KE Jle-
xunT B EAX, 1 3arpy>aTb ero us x TpyXabl — COBepLUeHHO beccmbicnenHo. B bonee
obLLeM CMbIC/IE MOXHO 3aMeTUTb, YTO MPUCBOEHHOE 3HAYEHNE OCTAETCS B aKKyMYyJIsi-
TOpe, U eCAN CReayioLLast onepaums NCNob3yeT CBEXENPUCBOEHHOE 3HadeHne (a Tak
NPOUCXOAMT JOBOMLHO HACTO: CEAYIOLLAst OMEpPaLMsi MOXET, HanpuMep, obpalaTe-
Csl K TOJIBKO 4TO NMPUCBOEHHON MEPEMEHHON ), MOXHO CIKOHOMUTbL 06BEM MaLLNHHOTO
Kofa M BPEMSI UCMOJIHEHUS, €C/IN 3aCTaBUTb KOMMUIATOP MCMOJIb30BaTb 3HAYEHUe,
KOTOPOE Y>KE NMEETCS rAe HaAo, BMECTO TOro 4Tobbl ero Tyaa 3aHocuTb. KoHCTpyk-
uma Buja a = b = ¢ = X NO3BOJIET COKPATUTb KOZ:

mov eax, [x]
mov [c], eax
mov [b], eax
mov [a], eax

KoHe4YHO, B COBpPEMEHHbIX YC/IOBUSIX 3TO YXKE€ HE CTOJIb Ba)XHO, ONTWMM3ATOp Ta-
KOE COKpallleHMe Koga NpousBedér 6e3 kKakmx-nnbo NofCcKasoK C HaLed CTOPOHbI,
HO MpuUCBaWBaHMe B POJN WMEHHO onepauumn (a He onepaTopa) OTKPLIBAET OYEHb
NHTEpeCHble BO3MOXHOCTU Npu 3anucu umknos. O6 3ToM peyb NoRAET, KOraa Mbl
nobepéMcsi 40 ynpaBasitoWmnx KOHCTPYKLUUI S3bIKa.
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Kpome omneparuu mpocroro npucsanBanus, B Cu mpeLycMOTPEHbI Olle-
panyy IpUCBAUBAHUS IEPEMEHHOM 3HAYEHUsI, KOTOPOE TOJIyIeHO U3 eé XKe
CTapOro 3HAYEHUS BBIOJHEHIEM HEKOTOPOro nefictsus. Hampumep, a += 7
03HAYAET «IIPUCBOUTH IIEPEMEHHON a €€ Ke 3HAaUeHne, YBeJTUICHHOE Ha, T ».

YacTo MOKHO BCTPETUTDH YTBEPXKIEHHE, 9TO & += b — 3TO «COKPAIIEH-
Hasl 3alUCh» OIEpaIuyl a = a + b, HO 9TO, BOOOIIE ToBOps, He Tak. [leso
B TOM, 4TO nepemennas (TOUHEe, KAK IOBOPAT B (POPMAJIbHBIX TEKCTaX,
aesodonycmumoe 8vbLPaHCEHUE, TO €CTh TO, YTO CTOUT UJIH MOXKET CTO-
SITh CJIEBA OT 3HAKA [PUCBANBAHUS) MOYKET IPUHAMATD JIOBOJIBHO CJIOXKHBIE
dopmbl. MBI MOKa He pacCMaTpUBAIN pabOTy ¢ MaCCHBaMU, HO TIOCKOJIBKY
oneparus nHaekcupoBanus B Cu BBITVISIUT OU€HDb ITOX0XKE HA AHAJOTTIHY IO
oneparuio [Tackans, ciemyromuii mpumep OyjieT MOHATH HecI0KHO. Tak,
JIOIyCTHM, Y HAC eCTb MaccuB v U Hekasl (pyHKIiwms f (), Bo3Bpalmaroias
1eJoe 9ucyo. PaccMoOTpuM JiBe 3aIrucu:

v[f(x)] += 10;
vf(x)] = v[f(x)] + 10;

fcHo, 9TO 9TO COBEPIIEHHO HE OIHO W TO Ke, BeJb B mepBoM ciaydae f ()
OyJieT BBIYWC/IEHA OJIMH pa3, TOTJa KaK BO BTOPOM CJIydae OHa Oyler BbI-
YUCISTBCs JIBaXKbI. To 006CTOATENBCTBO, YTO JBONHOE BBIYHUC/IEHUE HeIh-
Pexmuero (BXOJIOCTYIO PACXOJLYETCsl IPOIECCOPHOE BPEMsl) — ITO €IIE [10JI-
GesIbl, HA ITO MPU ONPEIETEHHBIX 0DCTOATETHCTBAX MOXKHO OBLIO OBl HE 00-
paTtuTh BHUMaHus. ['opas/o cepbésnee Bcé cranoBuTCs, ecau dymnryua f()
umeem nobourvle aPdermot; B KauecTBe CaMOr'o MPOCTOro U 6e3061IHOr0
npuMepa Tako# CHUTYaInd MOYKHO Ha3BaTh Hajudue BHyTpH f () omeparun
BBIBOJIA, HAIIPUMEP MPOCTON HAJIMUCU HA SKPAH — B IIEPBOM CJIydae Takas
Ha/IIUCh TOSIBUTCSI OJWH pa3, BO BTOPOM — JIBaXKJbl. A COBCeM BCE CTaHET
CTPAHHO, €CJIN OKAYXKeTCsI, 9TO 8038paujaemoe 3uavenue pynkuuu f() pas-
AUSAEMCA 0M Pa3a K pasdy dastce npu 00UHAKOBOM 3HAYEHUU APLYMEHMA;
B 9TOM CJlydae 3HadeHue OyeT U3BJIEUEHO M3 OJHOI'O dJIEMEHTA MACCHBA,
a 3aHECEHO — COBCEM B JIPYIroii, Ipu4éM Takoil 3(dPeKT 0Ka3bIBAeTCs MMOJI-
HOIl HEOXKMJIAHHOCTBIO [JI YuTaTesist IPOrpaMMbl (M dalie BCero s eé
aBTOpa TOXKe).

AHaJIOrm4IHO omepanuu += paboraioT -=, ¥=, /= %=, &=, |=, =, <<=u
>>=: B KQ)KJIOM CJIydae U3 CTOSIIEH ciieBa IepeMeHHON N3BIEKAeTC s 3HATe-
HUe, HAJ[ 9TUM 3HAYEHUEM U IIPABBIM OIIEPAH]IOM TPOU3BOUTCS OLEPAIIHST,
CHUMBOJI KOTOPOI CTOUT TIEpeJ] 3HAKOM PABEHCTBA, & PE3YJbTAT OIMEPAITUN
3aHOCUTCSI OOPATHO B IepeMeHHY0. UToObI TOHsITh, OTKyda B Cu B3s/InCh
9TU ONEPAINH, JOCTATOYHO IPUTIOMHUTD SI3BIK acceMOsiepa u KoMaH bl add,
sub, and, or u T.1I.

Cierka OCODHSIKOM B CIIHCKE OIIEPaIluil CTOAT UHKpemeHm u dexpe-
MEHIM,, KOTOPbIEe 0003HAYAIOTCS COOTBETCTBEHHO JIBYMSI ILJIFOCAME U JIBYMsI
MUHYCAMU. DTO YHAPHBIE OMEPAIH, OOBITHO TPUMEHsIEMbIE K IIeJIOUNCIIeH-
HBIM IIEPEMEHHBIM U IIPEJIIICHIBAIONINE yBeJarndeHue (yMeHbIIeHNe) 3Haue-
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HUsI TIEPEMEHHOI Ha eJMHUILY; HHAYEe TOBOPsi, ++1 O3HAYaeT «3aHEeCTH B IIe-
PEMEeHHYIO i 3HaveHUe, HA €INHUILy OOJIbINee, YeM TO, UTO TaM Cefdacs, a
--i — TO Ke caMoe, TOJIbKO 3HAYEHHE 3AHOCUTCS HA EJIMHUILY MeHbULEE.
B Taxkoit ¢popme 3TH omepamuu 03HAYAIOT TO K€ caMoe, 9To U i += 1 u
i -= 1, HO, KaK BoguTCcH B si3bike CH, 5TO TOJIBKO HAYAJIO.

IIpomoszkeHIe COCTOUT B JTAHHOM CJIydae B TOM, 9TO y 00enX omeparuii
HapsiZy ¢ OBbIuHO npedukchot GopMoil (TO ecTh KOrja CUMBOJI OIEpa-
UM 3AIKCBHIBACTCS TIE€PE] IIEPEMEHHOI) IPUCYTCTBYET eié u cyddurcnas
¢opma, TO eCTb MOXKHO HAIIMCATH TakXke i++ m i--. B oboux ciydasix c
[IePEMEHHOI 1 IPOUCXOIUT POSHO MO HCE CAMOE, TO €CTh OHA YBEJTUINBAET-
Csl WM YMEHBIIAETCH HA €IUHUILY; HA 9TOM MecTe OOBITHO 3aJ[al0T BOIIPOC,
3a9eM ke, B TAKOM CJIydae, BOOOIIEe BBeIEeHBI 3TU CydMOUKCHBIE (POPMHBI.

YTo6bl TIOHATH, B UEM pa3HUIA MeXKIy NnpeduxcHoilt n cyddukcHoi
dopmoit orteparinit HHKPEMEHTa U JTeKPEMEHTa, HaM MPUIAETCS B OUe€pPETHON
pa3 BcuoMunTh, uT0 Cu — He [lackasp u Tpaaunmm 371eCh COBEPIIEHHO JIPY-
rue. B Tlackasie anajior onepanuii MHKpeMeHTa, / IEKPEMEHTa IIPUCY TCTBYET
B BHJE 68CMPOEHHHT npouedyp inc u dec, HO, OyIydn MpOIEypaMu, OHI
TOJILKO MEHSIOT 3HAYEHUE [TEPEMEHHO U 00JIbIlle HIYero ne aenaior. Vlnoe
nesio Cu, rjie MHKPEMEHT U JIEKPEMEHT — 3TO 0ONepayul, TO €CTb OHU MOTYT
BCTPEYAThCS B BBIPAXKEHUSIX UM, €CTECTBEHHO, UMEIOT HEKOTOPOe 3HAUYEHMUE.
Paznuune 3akiodaercsd Kak pa3 B 9TOM 3HAYEHHUH: €CJIM 3HAYEHUEM Olle-
paruu B npedukcHoil popme oKasbiBaeTcs Ho8oe (yKe yBeJIUIeHHOE WU
YMEHbIIIEHHOE) 3HAYEHUE IEPEMEHHOM, TO nocTdukcHas hopMa B KAuecTBe
CBOEro 3HAYEHHsS MMeeT Ccmapoe 3Ha4YeHHe IIePEMEHHOI, TOo, KOTOpoe OBbLIOo
B [IEPEMEHHON JI0 BBIIIOJTHEHUS OIIEPAIIHH.

Paccvorpum g1a mpumepa gBa pparmenTa:

x=7; Pp=17;
y ++X; q ptt;

3

B pesysnbrare BoimosHeHus mepBoro dparMenta ode mepeMeHHbIe X U Y I10-
JIygaT 3HaUYeHWe 8, TOrJa KakK ITOCJI€ BBITOJHEHUS BTOPOro ()parMeHTa p
ToxKe OyJieT paBHa 8, HO q Oyzer paBHa 7. C JEKPEMEHTOM CHUTYAIIUS TI0JI-
HOCTBIO AHAJIOTUYHA.

B cncreme komang PDP-11, ¢ koTopoii, kKak Mbl 3Haem, HavafiaCb WUCTOpUS
OC Unix n si3bika Cu, npucyTCTBOBaNa BOSMOXHOCTbL Npu paboTe ¢ KOCBEHHON agpe-
CaLl.I/Ieﬁ NPON3BECTN NPEUHKPEMEHT, NPEAEKPEMEHT, NOCTUHKPEMEHT NN NOCTAEKpE-
MEHT TOro PerucTpa, n3 KOToporo HGpancs KOCBEHHbI agpec. DTO NO3BOSET Ny4Lle
NOHATb, OTKyAa B3AJINCb B CI/I onepayunn ++nm --.

E1mié HeckoJbKO oriepaliuii

Teneps, moxkasyit, HACTAJIO BpeMs i HACTOsAmed Sk3oTuku. Hau-
HéM ¢ 3amedanusi, 970 B Cu apudMeTHIeCKUMU OIEPAIUMSMEI CIATAIOTCS
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(1 JefiCTBUTENIBHO SIBISIOTCS) ONEPaAuUs 663084 PyHKkuuu, 0603HATA-
eMasl KPYIVILIMUA CKOOKaMu, U onepayust urdexcuposarus (To ecTb 06-
pallleHust K 3JIeMEHTY MaccuBa), Koropasd, Kak u B Ilackasne, obo3nadaer-
csl CKOOKaM¥ KBaJIpaTHBIMU. [10poOHOE pacCMOTpEHUE Olepariu WHeK-
CUPOBaHUsI OTJIOXKUM JI0 Taparpada, MOCBAMEHHOIO MaCCHBaM; PO Ole-
panuio BbI30Ba (DYHKIIMA OTMETHUM, YTO IEPBBIM €6 ONEePAaH/IOM sIBJISIETCS
uma gynxyuu o0 adpec dynryuu'l’, a eé aprocmsd (T.e. KOMMHECTBO
OIIEPAHJIOB) MOXKeT ObITh JIOOLIM, HO HE MeHbIIe OiHoro. Tak, upu BbI30Be
dyHKIMK 6Ge3 nmapaMeTpoB Olepalnsi eé BbI30Ba OKa3bIBAETCs YHAPHON, u
BBITVISIITUT 3TO KakK UM (DYyHKINHU, TOCJI€ KOTOPOTO YKA3AHBI [TyCThIEe CKOOKU:
£ (). lomguepkuém, uro, B orimune ot Ilackamnsa, B Cu 3t ckoOKu 00st3a-
TEeJIbHO YKA3bIBAIOTCs, JayKe KOIJa [IapaMeTPOB HET, BeJlb MMEHHO CKOOKM
0003HAYAIOT [IJIsT KOMIUJIATOPA 661306 (hyHKkyuL; UMst (DYHKIINU 663 CKOOOK
BOCIIPUHUMAETCS KOMITUISITOPOM KakK adpec (DYHKIHH, & He €€ BbI30B.

[Ipu BBI3OBE (DYHKIMHU € MAapaMeTpamMyu apHOCTH OMEPAINN BbI30BA CO-
CTABUT KOJIMYECTBO ApaMeTPOB (DYHKIMHY IIJIFOC OJINH; HAIIPUMED, [IPU BbI-
30Be (PyHKIUU OT TPEX HMAPAMETPOB apHOCTH ONEPAIMH BHI30BA — YEThI-
pe: Juist Beipakenus f (a, b, €) MOXKHO CKa3aTh, YTO OIEPAHJIAMU OIlepa-
muu () cramum £, a, b u c.

Cuesyrornedi 9K30THUECKON Olleparueil Mbl PACCMOTPUM MepHapHyto (To
€CTb UMEIOIYI0 TPU apryMeHTa) YCAOBHYIO ONepauutro. SaliChIBATCs
OHa B BHJIe TPEX BBIPAXKEHUIl, MOC/E MTEPBOTO CTABUTCS BOIPOCUTEHHBIIN
3HAK, TOCJI€ BTOPOTO — JIBOETOYME, YTOOBI OTJIEJUTH €ro OT TpeTbero. Ilep-
BOE BBIPAXKEHUE BBIYUCJISIETCS U PACCMATPUBAETCsI KaK JIOTMYECKOe 3HAYE-
Hue («UCTHHA» WM <JIOXKb»), M €CJIH HOJLyYMIach <«HCTUHA», TO BBIYHC-
JISIETCST BTOPOE BBIPAYKEHUE, & €CJIM «JIOKb» — TO TpeThe. Hampumep, Mbl
MOIUIA OBl HAIMCATD:

x = cond(y) ? pro(y) : contra(y);

B srom ciygae cragasia Oyzer Bor3Bana dyuknus cond(y), u ecjix oHA BEp-
HET «uCTHHY» (9TO YrOJHO KPOME HyJis) — TO B IIEPEMEHHYIO X MONaJET
pe3yabTaT Bhruncienns pro(y), a contra BooOIie He Oy/IeT BBI3BIBATHCH;
ecan ke cond(y) BEpHET «JIOXKb», TO €CTh HOJIb, TO BCE OyzeT Ha0bOPOT:
Pro BBI3LIBATHCA He OyJeT, a pe3yabTar Bbraucienus contra(y) Oyaer 3a-
HecéH B x. BoJsiee oty isipHbIil IpuMep YCJI0BHOM ONepaIiy BBITJISIAT TaK:

max = a >b ? a : b;

3/1ech B TIEPEMEHHYIO max 3aHOCUTCS OOJIbIee U3 JABYX 3HAYEHU — a u b.
DTOT TpUMeEp JIAKOHUYIHEe, HO OH He JAET BO3MOXKHOCTH TOSICHUTH, 9TO
W3 BTOPOI'O W TPETHErO OMEPAH/IOB BHIOMPAETCs OJIMH, & BTOPOI IIPU ITOM

TEcrs Touka 3penust, uro B Cu uMsi DYyHKIME U €CTh €8 ajpec, HO eCTh U MPOTH-
BOIIOJIO?KHasA TOYKa 3PEHUsdA, U caMoe 3aHATHOE, UYTO CeMaHTHKa HEKOTOPLIX olepanuii
O AEP>KUBAET 0be TOUKU 3PEHUs], HE JaBasi BO3MOXKHOCTH IIOHATH, KaKas U3 HUX IIpa-
BusbHas. [TonpobHoe paccMoTpeHHe 3TOro MOMeHTa OyneT IPUBEIEHO BMECTE C OIIHCA-
HHEM yKazaTesell Ha OyHKIUH.
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HE TOJIbKO He BBIOMPAETCs, HO U, UTO OUCHb BAXKHO, HE BbIYUCAACTNCA; HA
[PeJIBLIYIINEM IIPUMEpPe 9TO BUIHO OoJiee HATJISIHO.

YTob6bI MOHATH, 3a9eM TaKas OIepaIis HyKHa, CIeIyeT COODPa3uTh,
9TO OHA, €CTECTBEHHO, MOYKET MPUMEHATHCS He TOJBKO B MPABOIl IaCTH
[IpUCBaWBaHUsl, HO U, HAIIPUMED, B KaUecTBe HapamMeTpa (OyHKIIUN:

printf ("Maximum value is %d\n", a > b ? a : b);

Bosee cnoxHbIii npuMep MOXET 0Ka3aTbCs HEMOHATHbLIM; B 3TOM HET HUYero cTpaLu-
HOrO, ero MOXXHO Celi4ac MPONyCTUTL U BEPHYTHLCS K HEMY MOCJIE U3Y4HEHUs onepaTopa
for. MNycTb y Hac eCTb MacCMB UeNbIX HUCEN Vec, a ero pasMep XpaHUTCS B nepe-
MeHHOl vsize, n OT Hac TpebyeTcs BblAaTb €ro 3NEMEHTbI Ha CTaHAAPTHLINA BbIBOA,
pa3genne ux 3ansaTbiMy 1 Npobesamun, a B KOHUE MOCTaBUTL MEPEBOL CTPOKU. DTO
MOXHO, Hanpumep, CAenaTb TakK:
for(i = 0; i < vsize; i++)
printf ("/d%s", vec[i]l, (i < vsize-1) 7 ", " : "\n");

[Moxkastyit, camast 9K30THIeCKasi onepanusi si3bika Cu — 3TO omepanust «3a-
nsTasy. BelpakeHne BUIa a,b BBIYUC/ISETCS TaK: CHAYAJA BBIYUCIISETCS a,
IIOTOM BBIMHCJISIETCS b, & 3HAYEHHEM BCErO0 BMECTE CTAHOBHUTCS PE3YJIbTAT
Berauciiennst b. K ToMmy, Kak m rme sTa omepariusi MOXKET OKa3aThCs I0-
JIE3HOI, MBI €IlIé BEpHEMCsI; HO BOODIIE-TO 9TOIl Olepaluy B si3bIKe BIIOJIHE
MOTJIO OBbI He OBITh, IIOCKOJIBKY BO 6Cex ClIydasX, KOrJa €€ HCIOJIb3YIOT,
6e3 Heé MOXKHO JIerKo oboituch. Ilpm 3TOM cam CUMBOJI «3amsTasi», Ha-
puUMep, pa3lelser IMapaMeTpbl B BbI30BE (DYHKIMH, U TaM KOMIIUJISITOP
BOCIIPHHUMAET 9TOT CUMBOJI HE KaK CUMBOJI OIlepallii, a KaK IIPOCTOil CUH-
Takcudeckuii pazzesnnresb. Ocraércst TOJBKO MPUIIOMHUATH HAILY MAHTPY:
uwer, Cu MBI JIFOOUM HE 33 9TO.

O1/esIbHOTO PACCMOTPEHUs 3aCIyKUBAECT ONepatus npeobpasosa-
HUSA TMUNG 68bipadcerus. Kcim expr — 3TO HEKOTOPOE BBIPAXKEHHE, &
type — HeKHil THIll, TO KOHCTPYKIus Buma (type)expr o3Ha4YaeT 3HA-
qeHUe eXpr, Mumn KOmopozo npunydumesrvHo 3amenén Ha type. Ilyctb,
HaIpUMeEp, y HAC WMeeTCs IeJIOYNCIeHHasl IIepeMeHHasi N; BbIpaykKeHue
(double) (n+1) /3.0 o3Ha4YaeT, UYTO K 3HAYEHUIO N OyJeT NpubaB/ieHa eIu-
HUIA, pe3ysibraT Oyer npeobpa3oBaH B YUCJIO C IJIABAIONIEH TOYKOH (Tuia
double) u nojeseH Ha 3.0, TpudyéM JesieHne OyIeT «HACTOSIIee» (He 1e-
JIOUUCJIEHHOE ), TaK KaK €ro ONEepPaH bl — YUCJIA C IIABAIONIE TOUKOM.

Yare Bcero omeparuio npeoOpa3oBaHUS TUIA IPUMEHSIOT [T aIpec-
HBIX BBIPAXKEHUIl U yKa3aTeJseil, HO 00 9TOM y HAC PA3roBOD eIlé BIEPEIH.

Onepaunﬂ, CBsA3aHHbBIE C aipecaMi U yKa3aTeJidMHn

B 3aBeplueHune obcyxpaeHusi onepauunii nepevyncium Te W3 HUX, AN KOTOPbIX
BpPeMsi NogpobHOro onncaHus ewé He MPULLO, MOCKOJIbKY Mbl MOKa He 3HaKOMbI
HU C yKa3aTensiMu, HW CO CTPYKTypHbiMu Tunamu. Ko Bcem 3TuM onepaumsm Mmbl
0bs13aTeNbHO BEPHEMCS, 30ECh XK€ Mbl NPUBOAUM UX UCKIIOYUTENBHO ANS NOJHOTbI
KapTUHbI:
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e onepauust B3sTuUA agpeca obo3HayaeTcs aMnepcaHaoM «&», a oT nobnuTtoso-
ro «KM>» OTNNHAETCA KOJINHECTBOM OMNEPAHOOB — OHA YHApPHasd, B OTAnN4ne OT
6rHapHOro NobUTOBOro «M»; HaMpUMEpP, BbipaXkeHne &X O3HavaeT agpec ne-
PEMEHHON X;

e obpaTHasi onepaunsi — onepauusi pasbiMeHoBaHusi (aHrn. dereference), obo-
3HavaeTCs 3BE304YKON «*»; OT ONEPaLMU YMHOXEHNS €€ TOXE OTANYAOT Mo
KOJINHECTBY apryMeHTOB; HaNpUMep, eCAU p — 3TO HEKWUI agpec, TO *p — 3TO
TO, 4TO PaCNONOXKEHO B NaMsTH NO STOMY agpecy;

e onepauus BbIBOPKN NOASA U3 CTPYKTYpPbl nan obbeanHeHns obo3HavyaeTcst To4-
Koii (4To-HMOyap Bpoae iteml.next);

e onepauunsi BbIOOPKU MOASi N3 CTPYKTYpbl UM OBbeaUHEHUS NO UMEIOLLEMYCS
aapecy obosHa4aeTcs CTpenkoli ->; Hanpumep, a->b ecTb TO e camoe, 4To
n (xa) .b.

O mpuopuTreTax omeparmii

BonabimuacTBO KHUT, MOCBAMIEHHBIX 13bIKy CH, COepKaT MOTHYIO Tab-
JINILy TIPUOPUTETOB OMEPAINNi, ¥ HAXOIATCHA JIIOAM, BLI3yOPUBAIOIINE 3Ty
TabJINILy HAM3YCTh; B OCHOBHOM 3TO CTYIEHTBI-TPOEIHUKU, KOTOPBIM 00sI3a-
TeJbHO HAJ0 yOeaUuTh XOTs ObI caMoro cebsi, YTO yCHauil Ha y4é0y moTpa-
9EHO «JOCTATOYHO», & €CJIM HUYEro He IIOJIYyYWJIOCh, TO BUHOBAT IIPEMET,
a He CTY/IEHT; KPOME TOTO, B BHI3yOpUBAHUU TAOJIHUIBI IPUOPUTETOB YACTO
OKa3bIBAIOTCS 3aMEYEHBbI KJIACCUIECKNE «YHBIIbIE OTIMIHUKI Y, ¥ KOTOPBIX
B IIIKOJIE BHIPabOTAJIACh BPeJHAsl MPUBBIUYKA 3YOPHUTH BCE, YTO IIONAJIOCH
B yuebnuke. Pagymeercs, /1jisi TPAKTHYECKOTO IPOIPAMMUPOBAHUS 3HAHUE
9TOil TaOJIUIIBI HE TOJBKO HE 00s3aTEIbHO, HO M, HMOXKAJIyil, OGecrose3Ho.
JlocTaToYHO TIOMHUATH BCEI'O HECKOJIBKO HECJIOXKHBIX ITPABHUIT;

® IIPHOPUTET YMHOXKEHUS U JIeJIEHUS BBIIIE, YeM CJIOKEHUS M BBIYUTA-
HOAS — TaK K€, KAK U B MATEeMATHIeCKnX (DOPMYJIax; [0 TOIl yKe Ipu-
9UHE IPUOPUTET KOH'bIOHKINY BBIIIE TPUOPUTETA, TN bIOHKITUH, BE/Ib
KOH'BIOHKIIUsI AHAJIOTUYHA YMHOXKEHUIO, & JIU3bIOHKITIS — CJIOYKEHUIO;

® IIPHOPUTET CPABHEHUU HUXKE, YeM IPUOPUTET apudMETUKU, a IPHO-
PUTET JIOTHYIECKUX CBA30K HUXKE, YeM IIPUOPUTET CPABHEHUN; B 9aCT-
HOCTH, B BBIpAXKEHUH C >= ’a’ && c <= ’z’ CKODKHU He HYXKHBI
(B orimume, keratu, or Ilackasst — 910 TOT peakwmil caydaii, Korja
Cu 0oKa3bIBAECTCS IIOCTPOEH JIOTHIHEE);

e puopuTeT JI000I YHAPHOI ONEpaIlny BBIIIE, YeM IPUOPUTET JIIOOO0M
OUHAPHOI; IPU TOM OTlepalus WHIEKCUpoBanus [], KaK HU CTpPaHHO,
CUNTAETCs] YHAPHOU, HECMOTPsI Ha HAJIMYKe BTOPOrO OllepaH/a, 3allu-
CBIBAEMOI'0 MEYKJ[y CKOOKAaMU; YHAPHON CUNTAETCS U OIEePAIlis BHI30-
Ba dynkun (), CKOJIBKO ObI MapaMeTpPoOB HU COAEPIKAJIOCH BHYTPHU
CKODOK;

e npuopuTer cyPPhuKrcHLIT ONepaIyii BbIIIe, €M IPUOPHUTET npeduKc-
HBIX; HAIIPUMeED, B BbIpaxkeHuu ++a[7] cHadasma K a IpPUMEHSIETCS
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UHJEKCUPOBAHUE, 8 K €ro pe3ysbrary (TO €CTh K HOJIy9eHHOMY 3Jie-
MEHTY MACCHBA) MPUMEHSIETCST ++;

® IIPUOPUTET TEPHAPHOI YCJIOBHOI Olepaluy HUXKe BCEro IepedrcIeH-
HOT'0, a IPHOPUTET BCEX Ollepaluiil IpUCBauBaHus — eIIE HIXKe, I B Ca-
MOM HH3Y TaOJIUIBI TOPJIO PACIOJIATAETCS OLEPAIUsT «3AIATAS ; €CJIH
He o0palaTh BHUMAaHUS Ha <«3alATYI0», TO B OIEPaHIaX TepPHAPHOI
OllePAIH MOXKHO HCIIOJIb30BaTh (6€3 CKOOOK) JII00ble BHIPAYKEHMs, HE
cofiepKallie IPUCBAaNBaHNil, a B IPaBOil YaCTU MPUCBANBAHUSI, OIIATH
ke 0e3 CKOOOK, II0CTaBUTH BOOOIIE JI000e BhIpazkeHue (KpoMme Co-
JIepsKalluX 3alATYI0; HO BBIPDAXKEHHUsI, B KOTOPBIX 3allsTasl BCE-TAKH
COMIEPZKUTCSI, JIYUIIe He MPUMEHSTH, sICHOCTHA IIPOrpaMMe OHU He JI0-
GaBT).

4.3.6. OnepatTopsl a3bika Cu

KommaectBo onepamopos B si3bike Cu ropas3jio Mmenbire, geM B [lacka-
Jie, IOTOMY YTO BCE BO3MOXKHOCTH, KOTODPBIE TOJBKO MOI'YT OBITH BBITEC-
HEHBbI U3 sI3bIKa B OMOJIMOTEKY, peajin30BaHbl UMEHHO B Oubsmoreke. Kak
yKe roBopuiiock, B Cu (camom 1o cebe) 0TCyTCTBYIOT Kakue Obl TO HU Obl-
JIO CPeJICTBA BBOIA-BBIBO/IA, & BCEBO3MOXKHBIE printf sl u scanf’si — 310
6ubsimoreynbie (byHKIMU, KOTOpble caMmu Hamucanbl Ha Cu. DTo 1m03BOJIH-
JIO CO3JAaTeJIsIM sI3bIKa OI'PAHUYUTHCS BCEIO 00UHHAIUAMbIO OIEPATOPAMH,
KOTODPBIE MbI Ceff9ac MepeuncInM.

Yuraressim, npussikmnM K [lackasro, emé pa3 pekomengyercs oOpa-
TUTHb BHUMAHUE HA TO, YTO, B OT/IMYHre OT llackasisi, CHUMBOJI TOYKH C 3allsi-
toit B Cu canraercs He pazdesumenes OMEPATOPOB, & YACMBIO CUHMAKCUCA
camux onepamopos (npuroMm He Becex). lHade roBopsi, eCiau CHHTAKCHCOM
omnepaTopa MmpeLycCMOTPEeHa TOYKA C 3alsToil, TO OHA OyIeT HyKHA TaM BHE
BCSIKOM 3aBUCUMOCTH OT KOHTEKCTA; €CJIU YKe OHa He IPEeyCMOTPEHa — TO
€8 TaM He GyzieT (9TO 3HAYUT, UTO KOMIMISITOD 663 BCSIKOM TOYKH ¢ 3aIsITolH
3HAET, KAK PACIIO3HATH KOHEI TAKOI'O OIlepaTopa).

Emé ommo obmee orsmane ot [Tackanas cocTouT B TOM, 9TO KJTFOUEBBIX
CJIOB, KOTODBIE CTABSATCS MEXK/]Iy YCIOBHEM M TeJoM (I0J0OHO IIacKaseB-
cknM do, then u of) B Cu He nmpeaycMoTpeHo; coznarensym CH IPHUILIOCH
MIPUYMAaTDh APYToii criocod 0603HAYEHHST KOHITA, YCIOBHOTO BBIPAYKEHUS: ITO
JIEJIAeTCs Iy TEM 3aKJIIOUEHHUsI €r0 B KPYIJIble CKOOKH, KOTOPbIE 371eCh (B OT-
smane or Ilackasst) oBsi3aTesbHBL.

Brurauciaenue BbIPpa>KeHus:d

Yame apyrux B mporpammax Ha Cu BCTpeUIaeTCcs: 0nepamop 8bluucae-
HUA 8vipadcerus padu nobourozo aggexma. Ero cunrakcuc BoITIs-
JIUT OY€Hb IIPOCTO: 9TO IPOU3BOJIbHOE apudMETUIECKOEe BBIPDAXKEHNE, TI0C/Ie
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KOTOPOr'O CTOUT TOYKa C 3alATOd — OHA KaK Pa3 U IPEBPAILACT Gblpadice-
Hue (KOTOpoe MOIJIO Gbl ObITH YAaCTHIO APYrOro BBIPAYKEHUSI) B 3aKOHYIEH-
HYIO KOHCTPYKIIMIO — OIepaTop. Posib y 9TO# TOYKM C 3amsITON IBOMHA:
BO-TIEPBBIX, OHA COODIAET KOMIMIATOPY, 9TO KOHCTPYKIHS 3aKOHIUIACH 1
MOXKHO 0OJIbIIIE HE OXKUJIATH [TOsIBJIEHNS] 3HAKOB OIT€PAINii; BO-BTOPBIX, OHA
MIOKa3bIBaeT, YTO JJId JAHHOT'O BbIPaXKeHUs HAC COBEPIIEHHO He HHTepecyeT
ero 3HadeHue.
B npunnune, KoHCTPpYKIMHU BUJIA

x + 5;

WIN JIazke TPOCcTo «5;» ¢ TOYKN 3peHust sizbika CH OKA3bIBAIOTCS BIIOJIHE
JIETUTUMHBIME, XOTs U GECCMBICJICHHBIMU, BEJIb 3/1€Ch HET HUKAKOTO 000U~
HOro adpderra. OUTUMHU3ATOP TPOCTO BBIOPOCUT COOTBETCTBYIOIIMIA KOJI,
a KOMITIJIATOP, €CJIN ero 3aIyCTWiu ¢ dJrarom -Wall, BBIJIACT MpeLyIIpe-
JKJIeHMe, YTO JIaHHBI oneparop «He umeer adbdexras (has no effect) —
OH TaK TIOCTYIMAET BCErJIa, KOTJIa KOHCTPYKIMS He HapymaeT (hopMabHbIX
MPABUJI A3bIKA, HO €CTh OCHOBAHMUS COMHEBATHCS, YTO IIPOTPAMMUCT WMEJT
B BHly UMeHHO 3T0. KOHEYHO, orrepaTrop BBIYUC/IEHUs] BBIPAYKEHUS TTPUJLY-
MaH JJIsl COBEPIIIEHHO WHBIX cuTyaruii. OmHa u3 HUX — 9T0 OOBIKHOBEHHOE
[IPUCBAUBaHUE:

x = 17;

W3 npenpiaymmero naparpada Mbl y3naau, 4ro npucBanBanne B Cu sBiis-
ercst oniepanyueii, Tak ITo x = 17 — 310 He 6oJiee UeM BbIpaKeHne, KOTopoe
MOTJIO ObI BCTPETHUTBHCSI B cOocTaBe GoJiee CJIOXKHBIX BhIPAXKEHHIl U KOTOPOE,
KCTaTU TOBOPSI, IMeeT 3HAYEHUE; CUMBOJI TOYKH C 3AISITON YKA3BIBAET, ITO
HaC He MHTEPECYeT ITO 3HAYEHUE, & BBIPAXKEHUE siBJisieT cO0O0il 3aBepIéH-
HYIO KOHCTPYKIHIO. [lomuepkuém eié pa3, 9T0 HUKAKOM HE «0IepaTop
MpUCBaUBaHMUA», TAKOT0 B CH MPOCTO HET. DTO OII€PATOP BHIYUCIIEHUS
BBIPAXKEHUST PaIu MOO0THOTO 3 deKTa, a caMO BBIPAYKEHNE ITOCTPOEHO Ha
OCHOBE OUHAPHOI apudMeTUIECKON Oneparu — MPUCBANBAHUS.

Bropast 9acTo BCTpedaromasicsi CUTYaIis — 9TO BbI30B (DYHKIIUU PaJIn
nobounoro addexta. TakoBa, HAIPUMED, XOPOIIO 3HAKOMasT HAM CTPOKa

printf ("Hello, world\n");

BeIrssauT 910 COBCeM He ITOXOXKe Ha BBIIIENPHUBEIEHHOE IIPUCBANBAHNE, U
TEeM He MeHee 3TO MOom Jice CaMbili ONepamop BBIYUCIECHUS BbIParKeHU.
B xadecTBe BbIparkeHUs 371€Ch BBICTYTAET OMHAPHAST BEPCUsT BHI30Ba (PYHK-
1y (IepBblil apryMeHT — printf, BTOPO apryMeHT — CTPOKOBBIN JIATe-
pan "Hello, world\n"). Mel jqaxe 3HaeM, 4TO y 9TOrO BBIPArXKEHUsl €CTh
3Hadenne — QyHKIMA printf B pe3ysbraTe TAKOrO BHI30BA BEPHET HUHUCJIO
13, HO HAM 3TO YHUCJIO HE HYXKHO, O UM MBI U COOOIIaeM KOMIUJISTOPY,
IIOCTaBUB TOYKY C 3allATOM.
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OrmernM, 9TO BBIpayKEHHE MOXKET OBITH IIyCTHIM, B PE3YJIbTaTe Yero
[IOJIyYNTCsI CaMbIii KOPOTKUil oneparop sisbika Cu — «IIycToii orepaTop»,
COCTOSATININ U3 OJHOM TOJHKO TOYKHU C 3amaToii. Ero 9acTto ncmoab3yior B
Ka4yecTBe Teja IUKJA, KOTAa BCE, UYTO JIOJIKEH JieJIaTh IUKJI, 0Ka3aJ0Ch B
zarosioeke (B Cu Takoe IPOUCXOIUT CIUIONIb U PsifioM). Bripodem, yxK eciu
BaM IIOHAJI0OMJICH IIYCTOI OIepaTop, ropas3jio JIydIle CIejaTh ero B BHJIE
nycmozo 6aoka «{}», 9eM B Bujie HEIIPUMETHOW U CJIMBAIOIIEHCH C OKPY-
JKAIOIIUM TEKCTOM TOYKHU ¢ 3ansToiil. I[lycrbie dpurypHbie cCKOOKEH Topasio
JydIlle BUJHO B TEKCTE€ IIPOrpaMMBbl, U He BO3HUKAaeT HUKAKWUX COMHEHUII,
YTO aBTOP IPOI'PaMMBbl UMeJI B BUJy UMEHHO IIyCTOIl ollepaTop, a He YTO-TO

Jpyroe.

CocraBHoii oniepaTop (6J10K); JIOKAJILHBIE ITIEPEMEHHBIE

Kak u B ITackane, B Cu gacto (M POBHO IO Te€M ¥Ke NPUIMHAM) BO3-
HUKAeT MOTPEOHOCTH 00 BEMHUTH HECKOJIBKO OIIEPATOPOB B OJIMH; JJISI 9TO-
IO UCIIOJIB3YETC COCTMAa8HOU, 0ONEepamop, KOTOPbI, KAK MbI YK€ YCIen
HOHATDH (M, BO3MOYKHO, JIa’Ke [IPUBLIKHYTH K 9TOMY ), 0003HaYaeTcsa puryp-
HeIME cKOOKamu. Ho B cpaBaennu ¢ Ilackajiem cocraBHOI orepaTop sI3bIKa
Cu — cpejsicTBo 6ostee MoITHOE, TTOCKOJIBKY B CH cOCTAaBHOI onepaTop siB-
JIST€TCS TOJIHOIIEHHBIM OA0KOM — TaKuUM (PPArMeHTOM IPOTDAMMBI, IJIs
KOTOPOT'O BO3MOKHBI JIOKAJIBHEIC OIICAHIA S,

JlokabHbIE TIEpeMeHHbIe (U JAPyTHE JIOKATbHBIE NMEHA, O KOTOPBIX MbI
y3HAEM I1032Ke) OIUCHIBAIOTCS B CAMOM HadaJie OJI0Ka, Cpa3y [oCJjie OTKPbI-
Bajomeit urypHoii ckobku'® 1 no mogBIeHNA B 6JI0Ke HEPBOro OIEePATOPA.
Hamomuaum, uro cuHTakcuc ommcanusi nepemeHHbix B Cu B Ipocreiimem
ciayuaae?’ mpemosaraeT UMs THIA, BCJIE 38 KOTOPBIM MJIST UMs IepeMeH-
HOIi, TGO HECKOJIbKO TaKUX MMEH, Pa3eIéHHBIX 3amsaToit. Onucanus Jio-
KAJIbHBIX IIEPEMEHHBIX MBI YK€ BUJIEN B IIPUMEPE IPOTPAMMBI, PEIIaoIeit
KBaJIpaTHOE ypaBHEHNe, HO TaM [lepeMEeHHbIe OIICHIBAJINCH B Hada e (pyHK-
[IUW; Telepb MbI 3HAEM, YTO 9TO MOXKHO JIeJIaTh B HaJaJje 2100020 cocmas-
H020 ONEPAMOPG.

K npumepy, npu peasmsanuun COpPTUPOBKH MACCUBA «IIy3bIPHKOM» HAM
HY>KHa IIepeMeHHasl, Yepe3 KOTOPYIO Mbl MEHsIEM MeCTaMU 3HaYeHUs B dJie-
MEHTaX MACCHBa, €CJIU STH JIEMEHTHI CTOAT He B ToM nopsiake. B ITackase

18Hanomuum, uro B ITackase GIOKH BCTPEYAIOTCS TOJIBKO B IIPOIELYPax U (hyHKIIH-
s1X; COOCTBEHHO T'OBOPsi, IMACKAJIEBCKasl IMOAIPOrpaMMa IIPeJICTaBjsieT coOOil 3arojI0BOK
u GJI0K, a GJIOK, B CBOIO OY€pe/b, COCTOUT U3 CEKI[UU OIMCAHUN U CEKIUU OIEePaTOPOB,
MOCJIEIHSIST OOPAMIISIETCS TPAIUIUOHHBIMY «OIIEPATOPHBIMU CKOOKAMU».

19 Apropsr cranmapra C99 9T0 OrpaHUYEHHE «OTMEHUJIM», a ONUCHIBATEH [TEPEMEHHBIE
paspemuyi B JiI0OOM MeCTe IIPOrpaMMbl; HACTOSTEJIHLHO HE PEKOMEHIyeM STHM IOJIb-
30BaThCsl — 3Ta BO3MOXKHOCTb HE CTOUT TOrO, YTOOBI pajy Heé HAvYaTh KCIOJIb30BATH
nestenbiit C99 BMecTo TpaguimonHoro a3bika Cu.

20B obmieM BHe CHHTAKCHC ONHCAHUSI IepeMeHHON B CH Ype3BBIUAHO CIIOMKEH —
HACTOJIBKO, YTO MbI BOODIIlEe HE Oy/ieM NPUBOIUTE €0 IOJHOCTBIO, a OT/Ie/IbHbIE €r0 BO3-
MOYKHOCTH OyJIeM BBOJUTH [TOCTEIIEHHO.
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MBI 3Ty ITEPEMEHHYIO BBIHY?KJICHBI OBLIIN OIKMCHIBATL KAaK JIOKAJbHYIO Iepe-
MEHHYIO COOTBETCTBYIOIEell mporerypbl. B Cu 910 MOXKHO cienaTh «bosee
JIOKAJTBHO», TIPSIMO B Tejte if’a, HampuMmep:

if(al[i] > ali+1]) {
int t;
t = alil;
ali] = al[i+1];
ali+1] = t;
flag = 1;

}

[lepemennas t uHurje GoJbine He Hy2KHA, HO B [lackaje HAM TPUXOIUIOCH
TepreTh TOT (PAKT, YTO OHA BUHA BO BCEM TeJjle IpOIeLyphl. B npuBeaén-
HOM IIpUMEPEe Mbl OTPDAHUYHIIA O0JIACTH BUAMMOCTU IIEPEMEHHO t Tak, 9YTO
eé He BUIHO HUTJE, KpOMe TOro (hparMeHTa, B KOTOPOM OHa HEIIOCPEICTBEH-
HO HUCIIOJIb3yeTCs.

BerBiienue

C omepaTropoM if MbI y2Ke HEOJHOKPATHO BCTPEUYAJNCH B IIPUMEPAX, TAK
9TO HAM OCTaJOCh CKa3aTh IIPO HErO He TaK MHOrO. Ero obmmit cuHTaKkcuc
TaKOB:

if ( <ycaosue> ) <onepamop 1> [ else <onepamop 2> ]

Kaxk s1o ob6brano mpoucxogur B Cu, ycjIoBHOE BbIparKeHHE 0O0S3aTETHHO
JOJI?KHO OBITH 3aKJIIOYEHO B KPYIVIble CKOOKH. THI yCJIOBHOIO BBIPAXKEHUST
JOJIZKeH OBbITH MO0 IeJIOYUCIEHHBIM, JU00 aJIpEeCHBIM; apudMeTUIeCKuil
HOJIb U HYJIEBOH yKa3aTejlb 03HAYAIOT «JIOXKb», BCE OCTAJIBHOE — HUCTHHY».
Eciin pe3yabraToM BBIMHC/IEHUsT YCJIOBHOIO BBIPAYKEHUS CTAJIA <HCTUHAY,
BBITIOJIHSIETCS < 0onepamop 1>, B TPOTUBHOM CJIydae BBIMOJHSIETCH <O0nepa-
mop 2>, ecJiu TaKOBOIl €CTh; €ro MOXKET He OBITh, IOCKOJIbKY BeTKa else
HeobsA3aTe/THHA.

Cnieryer obpaTuTh BHUMAHHE Ha TO, YTO CMHTAKCHUC oreparopa if
caM mo cebe He HpeayCMATPUBAET TOYKHU C 3aMATON, HO €8 MOryT
peycMaTpuBaTh <onepamop 1> u <onepamop 2>. Hanuvue uian orcyT-
CTBHE BeTKU else HUKAK HE BJIMFAET HA HAJIUYHUE WA OTCYTCTBHE TOYKHU C
3anaTol B <onepamope 1>, Ha 9TO BIUSET TOJIHKO CHHTAKCUC CAMOIO TO-
ro omeparopa; nocjie [Tackasss HEKOTOpoe BpeMst IIPUXOIATCST IPUBBIKATD K
TOMY, YTO TOYKa C 3aIlATON Iepes else — 3TO He OIMOKa.

ukabl

[Ipocreiinmuit BApHAHT MUKJIa — OOBIKHOBEHHBIN UuKA ¢ Npedycaosu-
em, Koropbiil BeiisauT B Cu mouTu Tak ke, Kak B [lackase (naxe Koue-
BOE CJIOBO UCIOJIB3YETCsI TO YKe caMoe — while), TOJIBKO yCIOBUE IPUXOIUT-
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cst 6paTh B KPyIJIble CKOOKM ¥ IIPU 9TOM HET CJIOBa do MJIM KaKUX-JIUDO ero

aHaJjioroB. Tounee roBopsi, CHHTAKCHC IUKJIA ¢ rpeayciaoBueM B Cu Takoii:
while ( <ycaosue> ) <onepamop>

Kak m cienoBaso 0XHUIATH, 3TOT ONEPATOP IPEJIIONATAET BBIUUCIEHUE

YCJIOBHSI, BBIXOJ, €CJIM OHO JIO?KHO, €CJIH K€ OHO MCTUHHO — BBINIOJIHEHHE

olepaTopa U CHOBa BBIYHCJ/IEHHE YCJIOBHU#A, U TaK IIOKa YCJIOBUE He CTaHeT

JIOZKHBIM.

Hukn ¢ mocrycioBuem B CuH, KOTOPBI HA3BIBAIOT OOBIYHO IIPOCTO
do-while, or mackajeBckoro repeat-until orsimdaercst JOBOJBHO 3aMETHO.
PopMaIbHO €ro CUHTAKCHAC TAKOB:

do <omepamop> while ( <ycaosue> ) ;

[Toxkauryit, camoe 3aMeTHOE €ro OTJINYNE OT MACKAJEBCKOIO BAPUAHTA — B
CEeMaHTHUKE <YCA0BUA>: 3IECh ITO YCA0GUE NPOJOAICEHUSA PADOTHI TTUKIIA,
Torga Kak B Ilackase IUKJI ¢ TOCTYCJIOBHEM IIPEIIOIATAEeT BHIPAXKEHUE JJIsT
ycaosua 3asepuierus uKiaa. Vaade roBopst, mukia do-while BbIoHSIETCST
TaK: CHavdaJIa BBIIIOJIHSIETCsSI <<onepamop>, 3aTeM BbIYUCILETCsI <YCA0BUE >,
1 €CJId OHO UCMUHHO, BBIIIOJIHEHHE IIPOJI0JIZKaeTcd ¢ HadaJjla, TO eCTb CHOBa
BBIIIOJIHACTCA < ONepamop>.

Bropoe ornmuune cocrout B mogxoze kK Teiry nukia. B Ilackarne ncmosb-
3yeTcsi TOT (paKT, YTO CJIOBA, ODO3HAUAIOIINE HAYAJIO ¥ KOHEIL ITUKJIA, YoHce
ecmb, U IIO3ITOMY MeXKJly HUMU MOXKHO 3aKJ/IOYUTBH CKOJIBKO YT'OJIHO OIle-
paToOpoB, He WCIOJIB3ysi omneparopHbie ckoOku. B Cu Ha mepBbIit B3DIsT
o0O3HaUeHNe Hadaja M KOHIA TOXKE YK€ €CTb, HO 9TO HEe MOMOraeT, I0-
CKOJIbKY B KOHIIE HCIIOJIb3YeTCd CJI0BO wWhile, KOTOpOe MOXKET C TeM XKe
yCIexoM 0003HAUATh HAYAJIO JPYroro (BJIOYKEHHOIO) IWKJIA, HA 9TOT Da3
C IpeJlyCcJIOBUEM; NPUXOJNUTCH IIPEeJIIoaraTb, YTO TeJIOM, KaK U B JIPyTUX
CJIOYKHBIX Oreparopax, Oymer odux omeparop. MHOI Bompoc, 9TO Ha Mpak-
THUKE TeJIO IIMKJIa do-while Bcerja 3amnmuchbIBaloT B BUJe COCTAaBHOI'O
omneparTopa, HEKOTOPbIe IIPOIPAMMHUCTHI J1aKe YBEPEHBI, 9TO 3TO TpeboBa-
HIE CAHTAKCHCA S3bIKA. Bojiee TOro, eIMHCTBEHHAS BO3MOXKHOCTH UCKJIIO-
9UTH IIyTAHUILY MEXKIy JBYMs CIydasMU YIIOTpeO/IeHns] KJIIOUEeBOTrO CJIOBaA
while cOCTOUT B TOM, UTO OPU 3anucH 1ukJa do-while 3aKII0YNTEITH-
HOe cJIOBO while OCTABJISIIOT Ha OJHOI CTPOKE C 3aKpbIBalolei
dburypHoii cKobKoii OoT TeJsa, IPUMEPHO TaK:

do {

get_event (&event) ;

res = handle_event (&event) ;
} while (res '= EV_QUIT_NOW);

Obparure BHMMaHUE, 9TO omeparop do-while OKaHINBAaETCH TOYKOM € 3a-
MSITOM, OHA BXOJUT B €0 CHHTAKCHC.

Kpome 0OBIYHBIX IUKJIOB C IIpejycjioBueM u mocryciaosuem B Cu Tak-
JKe TIPUCYTCTBYeT HKJI for, HO, B orimane oT [Tackadis, rjie o fHONMEHHBII
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[UKJI TIPOCTO HA3BIBAIOT apuMETUIECKUM, 3/1€Ch 3Ta KOHCTPYKIHS MO-
oKcem, MO He 00A3aHa TIPEJICTABIAThL apudmerudeckuit 1ukJi. Hemoaroros-
JIEGHHOMY 9UTATeN 10 POpPMAaIbHOE ONUCAHNE UK fOor MOMXKET MOKA3aThCs
COBEPIIIEHHO HETOHSITHBIM; MbI TOWIEM TPAJUIMOHHBIM JIJIsi TAKUX CUTYa-
Uit IyTéM — CHadJaJ/Ia MPUBEIEM IPUMEPbI U JIUIIhb 3aTeM JIaIuM (POPMAJIb-
HOE OINCaHUe.

Homycrum, y HAC UMeeTCsl TIeJI0IncyenHast nepemennas i. Coreayrornuit
[WKJI HAIIEYaTaeT KBaJIpAaThl IEJIbIX unucea oT 1 10 25:

for(i = 1; i <= 25; i++)
printf("%d x %d\t = Yd\n", i, i, ix*i);

DTO JIEWCTBUTEIHHO BBINVIAINT KaK apudMeTHIeCKUil IUKJI, U, COOCTBEH-
HO TOBOPsi, 3TO OH 1 ecTh. OHAKO, KAK MBI ceifiuac yBUIUM, KOHCTPYKIIHS
for HuKOMM 00pa30M HE 3aCTABJISAET IPOIPAMMUCTA CJEJATH IUKJ UMEHHO
apudMeTHIecKuM. 3aroJ0BOK UK fOr COCTOUT U3 TPEX CEKIWii, pasJie-
JIEHHBIX CHMBOJIOM TOYKH C 3alATON; B KaXKJIOW M3 HUX MOXKHO 3aIicaTb
BhIpazkenue. [lepBoe u3 BbIpaxkeHUH (UHUYUAAUSAUUS) BHITACISIETCS T1e-
pes HagasioM paboThl mukKja. OOLIYHO 3/1eCh 3allMChIBACTCS IIPUCBANBAHNE
HAYAJILHOTO 3HAYEHUST TIEPEMEHHO ITUKJIa, HO BOODIIE HUKTO HE MEIIaeT Ha-
[MACATH TYT YTO YyTrOIHO. BTOpPOE BBIpAXKEHUE IIPEJICTABIISIET COOOU Ycaosue
npojo/Kenus nukiaa (Kak B nukie while). Tperbe Boipazkenue (umepa-
YUA) BBIUUCISETCS KAXKIBI Pa3 NocAe BBIIOJHEHHs! TeJa IUKJa, TO eCTh
HENOCPEeCTBEHHO IIepe] OuepeHbIM (HO He 1epBbIM!) BBIYUCIEHUEM YCJI0-
Bust. DOpMAILHO CHHTAKCUC UK £Or MOXKHO MPEJICTaBUTH TaK:
for ([ <umuyuasusayus> | ; [ <ycaosue>] ; [ <umepayus>])
<onepamop>

Bce Tpu BbIpakenus, mpeyCMOTPEHHBIE B 3ar0JI0BKe for, SIBJISIIOTCS HEOOsI-
3aTEJIbHBIMU U MOI'YT ObITH HPOILYIIEHb! (HO TOUKH C 3aIsTOi JOJKHBL IPU
9TOM OCTATbCsl Ha Mecre). Eciu mpornyIineHbl HHANMAIU3AIAS WX UTepa-
U] — CYUTAETCSI, 9TO B COOTBETCTBYIOIIEH CUTyaIi HUYEro JejaTb He
HAJI0; IIPOITYIIEHHOE YCJIOBUE O3HAYAET, YTO IIUKJI CJIE/IyeT BBIMOJIHITH «Hec-
KOHEYHO», TO €CTh JI0 TeX MOP, MOKA BBIXOJ, U3 HEro He OyJIeT MPOU3BeIEH
KaKUM-JIN00 AJIbTEPHATUBHBIM CIIOCOOOM. B gacTHOCTH, €cim B 3aroJioB-
Ke for mpHUCYTCTBYET TOJBKO YCJIOBUE, TAKOW IMKJI KBUBAJICHTEH IHKJLY
while ¢ TakuMm ke ycjoBueMm. BeckoHedHbIil 1uks nporpamMmmuctsl Ha Cu
TPAJUIHOHHO 3AIUCHIBAIOT JakoHuIHbIM for (;;) (uuraerca Kak forever;
YUTATENN, 3HAKOMbIE C AHTJINHCKAM, MOT'YT OIEHUTh U3SIIIHYIO UTPY CJIOB).

OcosHarb, 4To nuKJ for B s3bike Cu — 3TO COBCEM HE TO K€ CAMOE,
qro omHOMMEHHBIN 1uKi [lackans m apudmerndeckum ObITH He 00s3aH,
HAM [OMOYKET CJIEYIONHH IpuMep:

for(s = 0; scanf("%41f", &k) == 1; s += k)

>

R



62 TIporpammMuposanue na sizbike Cu

Ha Bcakwuii caydail momIepKHEM, ITO TAKOH CTUJIb MPOIPAMMUPOBAHUS MbI
HUKOUM 00pPAa30M He IIPUBETCTBYEM U IIPUBE/IN ITOT (hPArMEeHT JIUIIb B Kate-
CTB€ IIpAMepa TOr0, 4YTO MOXKHO C/IeJIaTh ¢ MUKJIOM for, ecin He IIPOABIIATH
pasbopunBoCcTH B cpeficTBax. Kak HETPYIHO OTaIaThCsl, 3/1€Ch BBITOTHSIET-
cs ureHne 4nces Tuia double 70 HACTYILIEHUs] CUTYAIMH «KOHeIl daiiias
WM BO3HUKHOBEHUST OIMMOKU, & B MEPEMEHHON S MOJACUUTHIBAETCS CYyMMa
IIPOYUTAHHBIX YUCEJ; TEJIO ITUKJIA OKA3AJIOCh MYCTHIM, ITOCKOJBKY BCE, UTO
HY>KHO CHeJIaTh, J1eJaeTCs B BBIPAKEHUAX 3ar0JIOBKA.

Pacckaz o nukje for GyeT HEMOJHBIM O€3 YIIOMUHAHUS OTIEPAITIT «3a-
naras». OnucbiBast €€ (cM. cTp. 54), Mbl 00€IAdN PACCKa3aTb, IJId 9YEero
€€ MOXKHO HCIIOJIb30BaTh, HO «KOI/Ia-HUOYIb TOTOM». Tak BOT, Osiaromaps
HaJAYUIO ONepallui «3aldaTad», & TaKyKe TOMY, YTO YacTH 3arojoska for
Ppa3esoTcsa TOUYKOIt ¢ 3aaTolt (OTMeTI/IM, YTO 9TO €QUHCMBEHHDIT CITY Il
B Cu, KOrja TOYKa ¢ 3aIATONH HAaXOJAUTCHA He B KOHIIE OllepaTopa, a B caMoii
€ro cepJleBrHe), B IUKJe FOr MOXKHO UCIOJIB30BATH boavuwe 00not nepe-
Mmennoti yuraa. Hampumep, ciaeayionuii MUK «IIepeBOPAMUBACT> MACCUB
arr JIJIMHBI arr_len, COCTOAIIUN U3 11€JIOUUCJIEHHBIX 3JIEMEHTOB:

for(i = 0, j = arr_len - 1; i < j; i++, j--) {
int t;
t = arr[i];
arr[i] = arr[j];
arr[j] = t;
}

Haub6osee npumedaresiet 31ech TOT (HaKT, 9YTO, CYA 110 BCEMY, UMEHHO OAA
amozo 3anamyro cdeaasu onepayueti. HeKoTopbie 9HTY3MACTBI HAXOIAT €if
Jpyrue MpUMeHEHUs, HO BCSIKUN pa3 OKa3bIBAETCsI, UTO TAKUe <«HAXOIKU»
HUKAKOI'0 BBIUIDHINA He JaioT. lHade roBops, B A3BIK ObLia s00aBjIeHa
apudMeTnIecKas omeparysi, Oecroe3nass 1 6eCCMbBICTIEHHAas BO BCEX KOH-
TEKCTaX, KPOME OJHOTO, HO W B STOM OJHOM HCIOJIb3YIOMIAsIC PEIKO, K
TOMY K€ IIPeBPAIAOIIasl CHHTAKCUC BhIPAXKEHU B CyMOYD, IIOCKOJIBKY BO
MHOTHX CJIydasiX 3alsTasl UCIIOJIb3yeTCs He KaK CHMBOJI OIepaIlui, a Kak
poctoit pasnaeiuresnsb. Her, Cu Mbr j100uM HE 33 3TO.

JIr000i1 3 1UKJIOB B JTF000# MOMEHT MOXKET ObITh JIOCPOYHO IIPEKPAIIEH
yKe 3HaKOMBIM HaM 10 Ilackasio?! omepatopom «break;» (MMEHHO Tak,
HUCHOJIB3YeTCsd KJII0YeBOe CJIOBO break M TOYKa C 3alldTON, XOTd, KaK 3TO
OYeHb JIETKO BHJETH, TOYKA C 3aI4TOi TyT n30bITouHa — HO cuHTakcuc Cu
UMEHHO TaKOB).

[IpeaycMoTrper Tak:Ke MW BTOPOH XOPOIIO 3HAKOMBIA HaM OIEPATOP,
«continue;», KOTOPBII JIOCPOYHO 3aBEPIIIAET BBITOJHEHUE TEJIA TUKJIA, CaM
[UKJI TIPU 9TOM TPOJIOJIZKAETCsI CO CJIeAyIomeil nreparuu. B gacTHOCTH, B

21 Ha camom JeJie 9TUX OoIrepaTopoB HE ObLIO B OpUTUHAJIBHOM HaCKane; KaK HECJIO?KHO
JgoragaTrbCd, OHU 6bLINI 3auMCTBOBaHBbI, HpI/I‘{éM KaK pa3 U3 A3bIKa C}I/I7 TaK 4TO ceiiuac
MBI, €CJIn MOXKHO TaK BbIPDA3UTHCH, ;Lo6pa.nnc1> 0 UX IIEePBOUCTOYIHUKA.
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nukJax while u do-while BollOJIHEHNE IIPOLOJIZKACTCA C BBIYUCJICHUS YCIIO-
BUst (IIPEYCIIOBUSI MU TIOCTYCJIOBUSI — 3TO 3/1Ch HEBAXKHO), a B IUKJe for
BBIIIOJTHEHHE IIPOJIOJIZKAETCA OUePETHBIM BBIYUCICHUEM BBIDAXKCHUAS UMepa-
YU, TTOCJIE KOTOPOTO, OISTh-TaKM, Berauc/siercs ycaosue. OOIree mpaBuio
TYT TaKoe: oepaTop continue IPeANUCBIBAET NPOULHOPUPOSATND OCTNAMOK
mead Y4uKAQ, HO OCTAJIBHBIC 3JIEMEHTBI IIUKJIa IIPOJIOJIKAIOT BBIIIOJIHATHC
B OOBITHOM TIOPSIIIKE.

Bosspar u3 dbyHKIum

Kak MbI yKe HEOJHOKDPATHO BHJIEJN B IIPUMEPAX, BO3BPAT yIIPABJIEHU
3 QYHKIUA [TPOU3BOJUTCS OIEPATOPOM return. JTOT OMEpPaTop HECET
JBOMHYIO HAIPY3KY: BO-TIEPBBIX, OH OMpeessdeT 3HaUeHne, KOTOPOe BEPHET
bYHKIMSI; BO-BTOPBIX, OH 3aBEPIAET BBHIIOJHEHNE (PYHKIIUUA, B TOM JHCJIE
JOCPOYHO.

B 3aBucumocTu oT TOTO, IIPEyCMOTPEH T BO3BPAT 3HAYCHUS U3 TAHHON
dyHKIMH, oneparop return NpUHUMAET ONHY u3 JABYX (opm. st 0Obrd-
HBIX (DYHKIUIT €r0 CUHTAKCHUC TAKOB:

return <gupadcerue> ;
e <eupaoicerue >, Oyaydn BBIYUCICHHBIM, TaéT KaK pa3 pe3yJbTaT Bbl-
noHeHus (pyHKImu. YTo xKe Kacaercst MYHKINIA, 11 KOTOPBIX BMECTO THU-
I1a BO3BPAIA€MOr'0 3HAYEHHUs yKa3aHO CJIOBO Void, TO B HUX, pa3dyMeeTcs,
HUKAKOTO BBIPAXKEHUs HET, Be/lb OHU He BO3BPAINAOT 3HadeHuit. B sTom
CIydae OmepaTop MPUHUMAET JIAKOHUIHYIO BTOPYIO (OpMY:
return ;

Cuetyer orMeTuTh, 9T0 void-DYyHKIHS 3aMeYIaTeILHO MOYKET 3aBEPIIHTh-
cst 6e3 MOCTOPOHHEN ITOMOIIX, IPOCTO AOHS 10 KOHIIA, TAK YTO B TAKHUX
byHKIMAX return cjeayerT UCIOJb30BaTh, TOJBKO €CIU U3 (DyHKIUHU IMo-
TPebOBAJIOCh BBIATH JOCPOYHO.

WNuoe neno «Hacrosimues ¢yukiuu. [Tockosbky B Cu HET MHOTO CIIO-
coba yKa3aTh BO3BpAIaeMOe 3HAYUEHNE, a He BEPHYTHh HUKAKOI'O 3HAYECHUS,
KOTJ[a OT HAC €r0 OXKUJIAI0T — ITO SBHAS ONUOKA, OIIepaTop return B TaKuxX
GbYHKITUIX COBEPIIIEHHO HEOOXOUM U HEN30eKeH; B OOJIBLITMHCTBE CIyYIacB
OH CTaBHUTCS B IIOCJIEIHEN CTPOKe TekcTa MyHKIwH. VIHTepecHo, YTO ecin
9TOrO HE CJIEJIATD, UJIH, TOYHEEe TOBOPS, HAIMMCATh TEKCT (DYHKIMH TAK, IYTO
KOMITWJISITOPY Nokadicemcs, OyJITo OHa MOYKeT JONUTH /10 KOHIA, TaK U He
BCTPETHUB OIEPATOP return, v MPU 3TOM €€ TUIl 3HAYEHUs He void, To Oy-
JeT BBIJAHO IIPEIYIIPEXK IeHNE, U TaKOe IIPEIyIIPeXK IeHNEe HU B KOEM CIIyvae
HE CJIe/lyeT UTHOPUPOBATH. [10/b3ysCh ciryduaeM, emé pa3 HATOMHIM 9ATa-
Tesio po urazkoK -Wall B KOMaHIHON CTpoke KoMmuisTopa (He Oymer
daaxka — He OyJIeT U TPEIYNPEKICHUSI, U CKOJBKO KPOBU MBI HA 3TOM
UCIIOPTUM, OCTAETCS TOJIBKO IaJIaTh).

Y106bI NOHATL, NO4YEMY OnpeaeseHne BO3BpPaLLLa€EMOro 3Ha4€Hnsa HaMepTBO CcLen-
JIEHO C 3aBeEpPLUEHNEM beHKLI,I/II/I, cTonT O6paTVITbCFI K KOHBEHLU NN BbI3OBOB beHKLI,I/II7|
8 Cu. Mo Tpaguunn Bo3BpaT 3HaYeHMs1 N3 PyHKUWUE NPOU3BOAMTCA Yepe3 perucTp,
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NpUY4éM Cpeay BCEX PErmcTpoB BbIOMPAEeTCs «CaMmblii rMaBHbIf»; B HaCTHOCTW, Ha
apxuTtekType i386 uenbie 4ncna, ymewatowmecs B 32 6uTa, BO3BpaLLaAlOTCA Yepes
pernctp EAX, a ntobble 4ucna ¢ niasatoLLeil TOYKOM BO3BPALLAIOTCS Yepes BepLuu-
HY PerncTpoBoro creka conpoueccopa. Bcnomuus cuctemy komang i386, mbl nerko
ybeanMcsi B TOM, 4TO MOC/e 3aHeceHnsl (PMHaNbHOTO 3HaYeHns hyHKLMN B COOTBET-
CTBYIOLWMIA perncTp Mol BoNbLue HE CMOXEM MPOWN3BOAUTL BbIYUCAEHUS: CNLLIKOM
yX HeyfobHo obxoanTbest Be3 «akkymynsTopay (a ecim noHagobutcs yMHOXaTb 1
[eNNTb, TaK 1 MOMPOCTY HEBO3MOXKHO), HY @ BbIYMC/IEHUS C NAaBaoLeli TOYKOA B 06-
XOf, BEPLUMHbI CTEKA COMPOLIECCOPa He NOJyHUTCs AenaTh Booblie Hukak. Mano Toro,
€C/IN BbI3BaTh KaKyH-TO elé pyHKLMIO, OHA TOXXE — B COOTBETCTBUM C TOli XKe caMoli
KOHBEHLMeli — BEPHET CBOE 3HAYEHME HEpe3 Te XKe «CaMble [aBHbIE PErNCTPbI», TEM
CaMbIM NCMOPTUB TO, HTO B HUX JIEXUT.

BoT Tak BOT 1 nony4aertcsi, 4TO 3aHeceHWe BO3BPALLAEMOro 3Ha4YeHUs «Kyaa
cnenyeT» AOJIXKHO 6bITb nocinegqHum AeﬁCTBVIeM nepeg BO3BPAaTOM YNPaBJEHUA U3
yHKLMU.

Ho noyemy, MoxHO cnpocuTb, Takoro He npoucxoguno B Mackane? deno B ToMm,
4YTO KOHBEHLLVS BbISOBOB MOAMPOrpamMM, CMOJIb30BaBLUASICS B KJ1ACCUYECKMX BEPCUSAX
Mackansi, NpyHUMNNANBHO MHasA, K, B HaCTHOCTW, BO3BPAT 3HAYEHWsl TaM NPOU3BO-
ANNCA Yepes CrneuunanbHO AN 3TOro BblAeNeHHyto 0bnacTb naMaTu B CTeKe, NpUY4émM
Bblaensin eé Bbl3bIBaIOLU,VIﬁ22. SlcHO, 4TO 3aHeCcTM 3HauveHue B Takyto obnactb nams-
T MOXXHO B /1060 MOMEHT, 1 OHO ByaeT Tam nexxaTb, LOXMAASCb CBOEro 4Yaca u
HUKOVMM ODPa3oM He Mellasi HaM NPOU3BOANTL fasbHeliwmne BoiducneHns. Ctout oT-
METUTb, YTO A5t (PYHKLMIA, BO3BPALLAOLLMX HEYTO, He noMewatoeecst B EAX u npu
3TOM He SIBJSIOLLEECS HMC/IOM C MJaBatoLeli To4koid, komnunatopsl Cu nponssogsT
nepefady BO3BPALLAEMOro 3Ha4eHUsi Yepes obnacTb NamsTu, Yeii agpec nepeaaH B
PYHKUNIO HESIBHBIM MapaMeTPOM, Hy a B CaMblX PaHHUX BEPCUSX Si3blka 3HAYEHWS
TaknxX TUMNOB BOODLLE HENb3sA BbINO BEPHYTL N3 PYHKLMUU.

Omnepatop goto

Vuxe 3aakombriit HaMm 110 [lackasio onepamop 6e3ycaosHoz0 nepexo-
da 3aCiIyKUBaeT OTIETBLHOTO PACCMOTPEeHUs. EInHCTBEHHOE 3aMEeTHOe OT-
Jimare ot Ilackajist COCTOUT B TOM, 94TO METKY, Ha KOTOPYIO OYIeT JIeJIaThCs
goto, He HY2KHO 3apaHee OINCHIBATH: BBl IIPOCTO HCIIOJIb3yeTe IIPOU3BOJIb-
HBIA WieHTH(UKATOP, He 3aHATHI HI 11010 9TO Apyroe. O6acTbIO BUIH-
MOCTHU TaKOI'O MJIEHTU(DUKATOPA BCETIA sIBJIsTeTCs (DYHKIINS, IIPHITAThy U3
OJIHOIl (DPYHKIMK B JIPYI'YIO HEJIb3sl; HO BOT BHYTPH (PYHKIUU IPBITHYTH
MOXKHO B TOM YHCJIE U 8HYMPL CAOHCHO20 ONEPATNOPA, B TOM CMBICJIE, 9TO
KOMITUJISTOD HE CTAHET BaM MEIIATh BBHITBOPSATDH ITOMOOHBIN UANOTU3M; Pa-
3yMeeTCsI, OJIh30BAThCS ITUM HU B KOEM CJIydae He CJIeIyer.

Kaxk u B ITackaJjie, METKOI MOXKHO IIOMETUTDH TOJIBKO ONEPAIMOP, TAK UTO,
€CJIM BOZHUKAET HEOOXOJIUMOCTD ITIOCTABUTH METKY B KOHIIE COCTABHOT'O OITe-

22 Ormernm, uro Free Pascal, KOTOpBIil MBI H3y9IaJ/y, UCIIOIB3YET JIsT BO3BpATa 3HAIE-
HHS PETUCTPBI — TOYHO TaK 2Ke, KAK 9TO JAeJIal0T KoMnuisaTopsl Cu; eciiv npucBauBaHue,
dukcupyolee BO3BpaIaeMoe 3HATEHNE, AeIaeTCsd B MYHKIUH PAHBIIE €€ 3aBepIICHNs],
9TO 3HAYEHHE XPAHUTCS B OOJIACTH JIOKAJbHBIX IIEPEMEHHBIX, B II€PEJ] BO3BPATOM IIEpe-
HOocuTca B EAX nim B cTek comporeccopa.
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paTopa, mocje Heé HeoOXOMMO IIPELyCMOTPeTh [IYCTO! onepaTop (0OBIYHO
[POCTO CTABAT TOYKY € 3aIsATol ). Kak 1 B GOJIBIINHCTBE S3BIKOB, TJe PU-
CYTCTBYIOT METKH, COOCTBEHHO METKA 3AIMCHIBAETCS HEIIOCPEICTBEHHO IIe-
PEJT OTIepaTOPOM U OTIEJSIETCS OT Hero aBoerouneM. CHHTAKCUC OIlepaTopa
goto M BOBCe HMYEM Ha IIEPBBIN B3IV HE OTJIMYAETCS OT IaCKaJIEBCKOTO,
TOJIBKO YTO TOYKa € 3AIIATON IO TPAJUIUN BXOJHUT B COCTAaB OIEpAaTOpPa:
goto <memxra> ;

Nszyuas ITackaib, Mbl yzke ormedanu (eum. T. 1,§2.4.3), uro B GoJbIIUHCTBE
ciydyaes goto JIydile He UCIOJIb30BaTh, HO €CTh JiBa (He OJMH, He TPH, &
POBHO [[Ba) CJIydas, KOIJa UCIOJIb30BaHue goto He TOJIBKO HE 3allyThIBAeT
IpOrpaMMy, HO, HAIIPOTHUB, jiesiaeT e€ Oostee sicHoit. Hamomumm, 1To 91! CH-
Tyallud — BBIXOJT U3 HECKOJBLKUX BJIOYKEHHBIX JIDYT B JIPYTa KOHCTPYKITUN
U OCBOOOXKJIEHHE JIOKAJIBHO 3aXBaYEHHBIX PECYPCOB IIepeJ JOCPOYHBIM 3a-
BEpIIEHNEM IIOIIPOrPpaMMBbI; HaIlle PacCyzKJeHNe PO HCIOJIb30BHUE goto
B [lackase mosHOCTHIO TpUMeHNMO U K CH.

Omneparop BbIGOpPA

Omneparop BbIOOpa switch, MpUOIU3UTE/bHBIN aHAJOD MACKAJIEBCKOIO
case, oxKaJyii, cambiit 3amyrannbiii B Cu. Uges, kak u B [lackasne, cocrout
B TOM, 94TOOBI B 3aBUCHMOCTH OT 3HAYEHUST HEKOTOPOTO BBIPAYKEHUST BBIIIOJI-
HUTH OJIHY U3 HECKOJIbKUX BETBEIl KOJ&, TO €CTh 3TO CBOEr0 pojia 0b60bIeHne
BeTBJIeHUsI Ha cjaydail N BeTBeil; OJIHAKO IOIXOJ K IOCTPOEHHMIO COOTBET-
crByforiero oneparopa B Cu KapanHajibHO oTyimdaercs. O0mmil cuHTakcuc
oneparopa switch Takos:

switch ( <ewpaosicenue> ) { <memxu u onepamopwv.> }
IIpu srom <swipasicerue> JONMKHO UMETh MPOU3BOJIHHBINA II€JIOYNCIIEH-
HBIA THI, & <MemKUu U O0nepamopvl> MPEJCTABIAIOT CODOM MPOU3BOJIb-
HYIO MOCJIEJI0BATEILHOCTD OMeparopoB s3bika Cu, MepBbIil M3 KOTOPBIX,
a TakyKe, BO3MOXKHO, HEKOMOpuie Ipyrue CHaOXKEeHBl TaK Ha3bIBAEMbI-
MH case-MeTKaMH. DTH METKH OBIBAIOT JBYX BHJIOB; OOBIKHOBEHHBIE
case-MeTKH COCTOSIT M3 KJIIOUEBOTO CJIOBA Case, UEAOUUCAEHHOT KOHCMAH-
Mbl BPEMEHU KOMNUAAYUUY U JTBOETOUNS, TO €CTh WMEIOT CJIeYONuit
CUHTAKCHUC:
case <KoHCmaHma> :

Metka BTOPOro BHJA BBITJISIAUT ITPOIIIE:

default
Takasi MeTKa 0003HAYAaET «BCE BAPUAHTHI, KPDOME SIBHO IIEPEYUCIEHHBIX> ;
OOBITHO €€ CTaBAT B KOHIIE OMEpaTopa switch, XoTs 970 U He 06sI3aTeIHHO.
[ToraepKHEM, YTO KOHCTAHTBI B Case-MeTKaX JOJIKHBI ObITH TAKOBBI, YTOOBI
KOMITUJISITOP MOTI' BBIYUC/IUTB UX BO BPeMsl KOMITUJISIIIII; [IEPEMEHHBIE JTI
Tem 0oJiee BBI3OBBI (PYHKIIMI 371€Ch He rojsrcst. bojiee Toro, B sizbike Cu
MIPUCYTCTBYIOT KOHCTAHTBI, OMUCHLIBAEMbIE KAK IIEPEMEHHBIE, HO CO CJIOBOM
const, 3amperiamiuM UX U3MEHEHUEe; TaK BOT, OHU TOYXKE HE CUUTAIOTCS
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KOHCMAHNAMU 8PEMEHU KOMNUAAUUY A HE MOTYT UCIOJIb30BATLCI B
case-MeTKaX; 9TO OObICHAETCS TeM, YTO TaKas KOHCTAHTa MOKET, BOODIIe
roBOpd, paclojlaraTbCd B JIDYTOi eJIMHUIle TPAHCIAIINN, TaK YTO KOMIINJISA-
TOp He OyJeT 3HATh €€ 3HAYEeHNE BO BPEMs KOMITUJISTIAMN.

A Tereph monbITaEMCsT OCO3HATH KJIIOUEBOE OTIHIHE OllepaTopa switch
OT NPUBBIYHBIX KOHCTPYKIIUI BhIOOpaA U3 Apyrux s3bikoB. OmepaTopsl B
TeJie switch mpeacTaBaSAIOT co0Oif €IUHYIO CEKIIUIO OMepaTOpPOB,
KOTOPAasi BBIMOJIHSIETCSI OT METKH, COOTBETCTBYIOIEll BBIYNCJIEH-
HOMY 3HA4YEHUIO BbIPDAXKEeHUs, U J0 KOHIIA TeJia switch, eciu TOJIHLKO
BBITIOJTHEHIE He OYJeT IIPEePBAHO C IIOMOINBIO0 KAKOTO-HUOY/b U3 OIEePaTo-
POB, TIepeJAIONINX yIIpaBIeHue Kyaa-nuGyan emé. Hanpumep?3, omeparop

switch(t) {
case 1:

printf ("First\n");
case 2:

printf ("Second\n") ;
case 3:

printf ("Third\n");
case 4:

printf ("Fourth\n") ;
case 5:

printf ("Fifth\n") ;
default:

printf ("More\n");
}

npu t, paBHOM 4, HaledaraeT He IpocTo Fourth, Kak OOBIYHO OXKUJIAIOT
HAYUHAIOIINE, & TOPAa3I0 OOJIBIIE:

Fourth
Fifth
More

Wnatie roBopsi, ouepeHast case-MeTKa siBJIsSeT CO00M TOUKY, OTKY/A BBITIOJI-
HeHre TeJia sSwitch MOoryio 661 HAYATHCs, HO HIKOMM 00PAa30M He IIPE/IITNACHI-
BAET 3aBEPIIUTDH BHIIOJHEHUE OIIEPATOPOB, €CJIU 9TO BHIITOJTHEHNE HAYAIOChH
BBIIIIE HEE.

Takast sK30THUUECKAS CEMAHTUKA BIIOJIHE O0bICHUMA, €CJIM BCIOMHUTD,
qro Cu co371aH Kak 3aMeHa si3bIKy acceMbJiepa; B HEKOTODPBIX (JI0CTaTOUHO
PEIIKUX) CIydasgx ITO JaXKe OKa3bIBACTCH YJ00HO, HO Yalle HaM B IPOrPaM-
MaX, HaobOPOT, XOTeJIOCh Obl Pa3sbUTh KOJI Ha HEIepeCceKaroIuecs BETBA U
BBIOPATH ONHY M3 HUX B 3aBUCHMOCTHU OT 3HAYEHUs BBIPAKEHUS, TO €CTh,

2331ech B mpEMepax MBI HCIOJB3yeM B METKAaX case OOBIYHBIE Teble Uucia. B pe-
aJIBHBIX IIPOIPAMMAaX TaK JeJlaTh OOBITHO HE CIIEIYET, Y YUCEeJI JOKHBI ObITh HMEHA; MBI
BepHEMCH K 9TOMY Bompocy B §4.3.9.
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rpy00 TOBOpsI, TACKAJIEBCKUN BAPUAHT OllepaTOpa BHIOOPa HAC B OOJIBIITNH-
cTBe ciIydaeB ycTpousa Obl Gosbire. IlosToMmy mepes Kaxkoit ouepeHOit
case-MeTKOIl HaM IMPUXOIUTCS T€M WJIM MHBIM CIIOCOOOM SIBHO IIPEKPAIATH
BoInIosiHenue Tena switch. OOBIYHO JJIsT 9TOTO UCIOJIB3YIOT break, KOTO-
pBlit BHyTpu switch o3HagaeT IPUMEPHO TO K€, YTO U BHYTPH IHUKJIOB:
NPEKPaTUTh BBINIOJHEHUE Tesa, IepefaB YIpaBJIeHne B KOHEI] OIIepaTopa
switch; Hanpumep:

switch(t) {

case 1:
printf ("First\n");
break;

case 2:
printf("Second\n") ;
break;

case 3:
printf ("Third\n") ;
break;

case 4:
printf ("Fourth\n") ;
break;

case b:
printf ("Fifth\n") ;
break;

default:
printf ("More\n");

}

Kpowme Toro, mocpotumno 3aBepmuTh switch MOXKHO, CIe/1aB goto «HAPYKY»,
BEPHYB yIIpaB/ieHne 3 QYHKIUH C IOMOIIBIO return, a npu HAJAIAA 00b-
eMJIIOIIErO IMKJIA — BBIIOJHUB continue Jjisi JJOCPOYHOIO IIPEKPAIIEHUST
ero ureparyuu. B peasbHOIl KU3HU 4allle JPYyIUX U3 BCEX ITUX CIIOCODOB
MIPpUMEHseTCd KaK pa3 return.

Ciremyer cka3aTh HECKOJIBKO CJIOB 00 odopmieHnn (HparMeHTOB KOJa,
comepkamux switch. IIpexxie Bcero oTMeTuM, YTO B BBIMIEITPUBEIEHHBIX
IIpUMepax MbI He CIBUTAJIN METKH OTHOCUTEIHFHO CAMOT'0 OIIEPATOPA; MOZKHO
WX U CABUTATH, HAIIPUMED TaK:

switch(t) {

case 1:
printf ("First\n");
break;

case 2:
printf("Second\n");
break;

default:
printf ("More\n");
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Ho riaBuoe TyT B Apyrom. Omneparop BbiOOpa, Oyay4uu IPUMEHEH B PeaJib-
HO¥ IIPAKTHUKE, OOBIYHO NMEeeT TEHJIEHIINIO PACIYXaTh HA HECKOJIBKO JIECST-
KOB CTPOK, fejas (PYyHKINIO, B KOTOPOHl OH DPACIOJIATaeTCsl, COBEPIIEHHO
neuntaemoi. C 3TuM MOXKHO OOPOTHCsT HECKOJIBKUMU CIIOCOOAMUT:

e crapaiiTech BBIHOCATH SWitch IeJIMKOM B OTIAEIbHYIO (DYHKITUIO UIn
XOTs1 ObI OCTABJISTH BMECTE C HUIM B OTHON (DYHKITMH KAK MOXKHO MEHb-
1Ie JPyroro Koja;

® ecyin OT/E/IbHBIE CeKIMu switch mommaiorcs oQOPMIIEHUIO B BUIE
0060c006sIeHHBIX (DYHKIHIT, 00s13aTEIBLHO C/esaiiTe 9T0, OCTABUB B TEJIE
caMOTO Switch TOJIbKO METKHU, BBI30BBI 3TUX (DyHKIM n break’n;

e HUKOTIJAa He pa3MelaiiTe oauH switch BHYTpH ApYTroro.

4.3.7. Ilepeuncanmbiii TUAII

Kaxk mbr momanM (em. T. 1, §2.6.2), s1361k [Tackasis mo3BoJsieT BBECTH THUIL
JIAHHBIX, MHOYKECTBO 3HAYEHUH KOTOPOIO KOHEYHO U SIBHBIM 00pa30oM 3aa-
6TCsi MPOrpaMMUCTOM B Brie HAOOPa udenmu@uramopos; 3T naeHTuduKa-
TOPBI, COOCTBEHHO FOBOPSI, KAK Pa3 U SIBJISIOTCS BO3MOXKHBIMU 3HAYMCHUSIMU.
Takoit THI HA3BIBAETCS «NEPEUUCAUMDBLM >, OH €CTh He ToJbKO B [lacka-
Jie, HO ¥ BO MHOTHX JPYIHUX si3bIKaX MporpaMMupoBanust. B s3eike Cu me-
PEUYHUCIUMBII TUI TOYXKE HPUCYTCTBYET U 0D03HAYAETCS KJIIOUEBBIM CJIOBOM
enum (0T cjI0Ba enumeration — <IE€PEUNUCIEHUEe» ), HO IPU BHUMATEIbHOM
PACCMOTPEHUN OKA3bIBAETCSI SIBJICHIEM COBEPINEHHO WHBIM, HEXKEJIN Iepe-
aucsanmbiit Tun [Tackas.

[IpuBeém i1 Havasa IPUMED OINCAHUST IEPEUNCTIMOIO THIIA!

enum colors { red, orange, yellow, green, blue, violet };

3nech uiaeHTHdUKATOPHI red, orange U T.J. IPEJICTABIAIOT HAOOD 3HAUE-
HUII HOBOI'O THUIIA, COLlOrS — 3TO UMA NEPEUUCAEHUSA, HO, KAK HIU CTPAH-
HO, UMEHEM MUnNa dTOT UJIEHTUMUKATOP caM O cebe He SIBIISeTCs, XOTd,
HECOMHEHHO, HOBBI# THUII 3/1eCch BBeEH. 1o npaBmiam sizbika Cu uMst TOJIb-
KO 9TO BBEJEHHOTO THUIIA COCTOUT U3 J8YT CJIOB: enum colors, TO €CTh MbI
MOKeM, HAIIPUMepP, ONMUCATH IIEPEMEHHYIO0 TAKOTO THUIIA:

enum colors one_color;

Eciiz ipu 3T70M 320BITH CJIOBO enum, KOMITAJISITOP BBIIACT OMIUOKY, IOCKOJIb-
Ky THIa colors OH He 3HAEeT, & 3HAET TOJbKO Tull enum colors. [lo uyee,
repeMeHHas one_color Temepb MO0KHA Oblia Obl OBITH CITIOCOOHA TTPUHU-
MaTbhb TOJILKO 3HAYEHWSs, sIBHBIM 00Pa30M yKa3aHHBIE B OMUCAHUU THUIA, &
caMU 9THU 3Ha4YeHUs — red, green W podne — MOYKHO OBbLTIO ObI 3aHOCUTH
TOJIBKO B TaKWe IepeMeHHbIe; HO He TyT-To 66110, Begb Cu ne I[lackasb.
Takoe >e TOYHO MMEeHOBaHMe U3 ABYX CNOB — KJIOYEBOrO, YKa3blBalOLLEro pas-
HOBUAHOCTb TUNa, 1 naeHTurkaTopa camoro Tuna — npumensietcs 8 Cu Takxe ans
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COCTaBHbIX TUMOB, KOTOPbIE Mbl Byaem paccmaTpuBaTh B ciegytoweid rnase. MNoyvemy
1N 3a4eM CO34aTeNN A3blKa CI/I nowan 3sTMM AOBOJIbBHO HEOYEBUAHBIM I'IyTéM, CKa3aTb
TPYAHO; B YacTHOCTH, B sizbike Cr—++, NOSIBMBLUEMCS Ha AECSITOK JIET MO3XKE, NLEHTU-
pUKaTOpPbI NEPEYNCEHNiA, CTPYKTYpP 1 obbefMHEHNT, @ Takxke knaccos (pupmeHHoi
ocobeHHOCTH CI/I++) CTaan NONHOUEHHBIMU NWMEHaAMWN TUNOB, HO «YUCTBIR Y CI/I oT
TAKOro «ABYXC/IOBHOIM0» MMEHOBAHNA NMOJIb30BATEIbCKUX TUNOB TaK U HE OTKa3aCA.

B oruune ot Ilackanst, B Cu nageHTHdUKATOPHI, BBEAEHHBIE B Ka-
YecTBE BO3MOXKHBIX 3HAYEHUII B OIMCAHUU IEPEYNCIIMOro THUMA,
CYMUTAIOTCH 11€JIOYUCJIEHHBIMIA KOHCTAHTAMM, TO €CTh UMEIOT THII int.
Ilo ymomuanuio camasi mepBas KOHCTaHTa W3 OINUCAHUS IMEPEYUCJICHUS, B
JaHHOM ciiy4dae red, OyneT uMeTh 3HadUeHne 0, a KaxK/iasl CJAeIYIONas OKa-
JKeTCd Ha eIUHUILy Oosblne: orange Oyler pasBHa 1, yellow — 2 u T. 1.,
violet mosyunT 3Hadenue 5. BaxkHo mOHMMATH, YTO 9TU MUIEHTHUMOUKATO-
PBl AEHCTBUTEILHO CTAHOBATCS «YE€CTHBIMU CHHOHMMAaMH» COOTBETCTBYIO-
X YUCEJI, TO €CTh UX MOYKHO ITPUCBAMBATH IEJIOYNCIEHHBIM IIEPEMEHHBIM,
MO2KHO HCIIOJIb30BATh B apU(MMETUIECKIX BBIPAXKEHUAX U T. /.. HAIIPUMED,
BhIpakeHne violet * green - blue KOMIWISTOP IPOTJIOTUT 0€3 3BYKA,
[MOJIy9IUTCS TO Ke caMoe, KaK ecji Obl Mbl Hamucagu 5 * 3 - 4, TO ecTb
11 (aTo7 pasymMmeercs, He 3HQ4YUT, YTO TaK JIeHCTBUTEJIbHO CTOUT Je/1aTh; Ha-
0bopoT, Tak JesiaTh He HaJO). BoJbiie Toro, U B epeMeHHyI0 one_color
MOXKHO 3aHECTH JII000E IEJI0€ IUCTIO0, TOCKOJIBKY C TOUYKA 3PEHUS PA3PsTHO-
CTU M 3HAKOBOCTH OH& IIPEJICTaBJIsieT cOOOIl OOBIKHOBEHHBIN int, HO 3/1€Ch
KOMITHJIATOD XOTsI OBI BBIIACT IIPELYIIPEXKIEHUE.

Muorue nporpammucTsl, nuwywme Ha Cu, B 0COBEHHOCTU TE€, KTO HUKOrga He
nucan Ha bonee CTPOrnx sA3sblkax BpoOAE TOro e naCKaﬂﬂ, npeano4YnTaroT BOO6LLI,€
He BBOAWUTb MepemMeHHble U PyHKUMM Tuna enum, obxofscb ObblYHbIMK int'amu, a
ONMNCaHnA NEPEHNCANMbBIX TUNOB UCNOJIb3YIOT TOJIbKO ANA 3a4aHUA KOHCTAHT. TaKaFI
NPaKTUKa BpsA4 NN 3aCny>XMBaeT op,o6peH|/|$|, BeAb T€M CaMbIM Mbl JINLLAEM KOMMU-
NIATOP BO3MOXHOCTU BbIgaTb HaM MyCTb He OWMOKY, HO XOTsi Obl NpegynpexaeHue
B COMHUTEJIbHOWA CNTyauumn. Tem He meHee 3TOT noaxon OoKasasCsa CTOJIb NONYNSAPEH,
HTO NPV ONWUCaAaHMK TUNa enum B CI/I AaXXe paspewnain He yKa3sbliBaTb UMA NepedHunc-
JNIEHNA, TO €CTb NNCAaTb 4TO-TO BpoAE

enum { aplha, beta, gamma };

NPONyCTVB NpU 3TOM UAEHTUDUKATOP, OTHOCALLMIACS K cCamoMy Tumny. FcHo, 4To crno-
coba onucaTb nepeMeHHyIo AN YHKLMIO TaKoro Tuna y Hac He byger.

SHaueHus KOHCTAHT, BBOJUMBIX B OIMUCAHUY [IEPEUUCTIMOrO THUIIA, MOXK-
HO 33JIaTh sIBHO; TaK, [IPU OIUCAHUU I[BETOB MbI MOTJIA OBbI ITOCTYIIUTh XUT-
pee, 4eM B paCCMOTPEHHOM IIpUMepe:

enum colors {

red = 0x££0000,
green = 0x00££00,
blue = 0x0000ff,
yellow = 0xffff00,
cyan = OxO00ffff,

magenta = Oxff00ff,
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black =0,

white = Oxffffff,
grey = 0x808080,
violet = 0xee82ee

};

31ech MbI HE IIPOCTO BBEJIM KOHCTAHTHI J1j1s 0003HAYEHUSI IIBETOB, HO U CHAO-
JIVJTA UX 3HAYEHUSIMHU, COOTBETCTBYOIIUMHY [IPEJICTABJIEHUIO 3TUX IIBETOB B
mojiesm RGB; pasymeercst, 310 CyIIECTBEHHO paCIupsieT 0BJIACTH TTPUMe-
HEHUS BBEJIEHHBIX KOHCTAHT.

JIBe KOHCTAHTBI U3 OJHOIO W TOIO K€ IIEePEeYrC/IEHUs] MOI'YT UMETh OJIU-
HaKoBbIe 3HaueHusi, Cu 310 pasperniaer. Hanpumep, Mbl Morjiu 6b1 700aBUTH
B HAIIE [IEPEYUCTICHNE eIIE OJIHY KOHCTAHTY:

aqua = OxO00ffff,

KOTOpasd, KaK MOXKHO 3aMeTHTb, UMeeT TaKoe Ke 3HaueHue, KaK U cyan.

B onnOM onmcaHny MOYKHO CMEIIMBATH KOHCTAHTHI C yKa3aHUEM 3Hade-
Hus n 0e3 TAKOBOIrO; KOHCTAHTA, 3HAYEHNE KOTOPOH He yKa3aHo, OyJaeT Ha
enuHuIly Oosibiie mpeabaymeil. Hanmpumep, ecium Hanucarh

enum numbers { one = 1, two, three, first = 1, second, third };

TO MAeHTH(MUKATOPLI two n second OyayT mMeTh 3HadeHne 2, a three m
third — suavenne 3. [lpn yKazanum 3HadeHns CIIpaBa OT 3HAKa PABEHCTBA
MOXKHO HCIIOJIb30BATH JIFOOYI0 KOHCTAHTY BPEMEHU KOMITUJISIIIAN, B TOM UHC-
Jie apudMeTHIECKOe BhIpasKeHne, KOTOPOe KOMIMJIATOP MOYKET BBIUUCIUTD,
HallpUMep:

enum example_enum {
example_first = 100,
example_second = example_first * 20,
example_third = example_first + 1000,
example_last = example_third

};

31ech BBEIEHHBIE KOHCTAHTHI MOJTydar 3HadeHuss 100, 2000, 3000 u 3000.

OT/1eIbHOrO 3aMeYaHust 3aCIyKHBAET MOk ¢ 3aNAMOTL NOCAE 3GKDbL-
sarousets ueyproli ckobku B ONMCAHUAX MEPEYUCTUMBbIX TUoB. st Cu
o100HOe COYeTaHNe He BIIOJIHE XaPAKTEPHO M BCTPEYAETCS BCETO B IABYX
CIydasix: IPU ONMMCAHUU I0JIb30BATE]bCKUX THUIIOB U IPU OIMCAHUU II€pe-
MEHHBIX CO CJIOXKHBIMU HHUIUAJINBATOPAME; MbI YK€ BUJIEJIA 9Ty CUTYAIIAIO
B [IPUMEepAX UHUIUAINIATOPOB MaCCHUBOB.

Ha camom meste 910 He ABe pa3jiMdHbIE CUTYaIldd, & OJHA: TOYKON C
zansaToit B CH JIOJIKHO 3aKaHIMBATHCS JI0O0E 0ObsIBJIEHUE WJIN OIHCAHIE,
38 UCKJIIOUEHUEM ONUCaGHUA PYyHKUUL, B KOTOPOM BMECTO TOUYKH C 3AISITON
durypupyer reso dyurnuu. Bosbine Toro, B Cu BooOIIE He pa3IMdar0TCst
KOHCTPYKIMY ONMCAHUS THUIA U OIMCAHUS TIEPEMEHHOI; KOJIb CKOPO ITOSBUJI-
Csl THII, MOXKHO YKa3aTh U MMeHAa IIePEMEeHHBIX, HallPUMeD:



§4.3. Bazossie cpescrBa sizpika Cu 71

enum states {
running, blocked, ready
} new_state, last_state;

3J1eCch OJIHO ONMMCAHWE BBOIWUT Cpaly THUIl enum states, TPU IEJTOYUCTIECH-
Hble KOHCTaHTHI running, blocked u ready, a TakxKe JIBE NEPEMEHHLLE
new_state u last_state, obe umeromue Tun enum states. Touky c 3a-
[ATOi, KOTOPYIO MBI CTABUJIM PaHBIIE B OIMCAHUAX enum’oB Cpa3y IIoCJIe
3aKPBIBAIOINIEN PUTYPHON CKOOKHM, MOKHO PACCMATPHUBATHL KAK HAII OTKA3
OT BO3MOXKHOCTU HEMEIJICHHO OIIMCATDL IIePEeMEHHbIE JJI TOJAbKO YTO BBe-
JGHHOTO THIIA, HO HA CAMOM JIejie OHa IPOCTO 0003HAYAET KOHEI| KOHCTPYK-
U ONUCAHUA, KOTOPas B OOIIEM CIydae COCTOUT U3 CIelumduKaTopa THUIa
U CIHMCKA OIUCHIBAEMbIX II€PEMEHHBIX (BO3ZMOXKHO, 1ycToro). dopmasibublii
cuaTakcuc Cu MO3BOJISIET OCTABUTH CIMCOK IIEPEMEHHBIX IIYCTHIM B JIFOOOM
OIIMCAaHUU, B TOM YHUCJIe U TAKOM, KOTOPO€ HUKAKNUX HOBDLIX TUIIOB HE BBOJIUT;
HaIIpUMep, CTPOKa

int ;

HE SIBJIFETCSI OIMMUOOYIHON ¢ (POPMATHHO-CHHTAKCUIECKON TOUKY 3PEHUsI, ITO
OOBIYHOE ONUCAHUE C IYCTHIM CIUCKOM IepeMeHHbIX. KOoHeuHOo, Takoe onu-
caHue OeccMmbiCAeHH0, U DOJIBITUHCTBO KOMIMJISITOPOB BBIJACT 3/€Ch Py~
MpeXKIeHne — HO He OIHOKY.

Tax wan nHatwe, ecau 3a0bITh MOCTABUTH TOUKY C 3aIISTOI TOCTIE OIMICA-
HUSI TUIA, IUArHOCTUKA, KOTOPYIO BBI MOJIYIUTE OT KOMIIUJISITOPA, CKOpEee
BCEro, Oy/IeT HACTOJIBKO HEBPA3yMHUTEJIHHON, 9TO Y HAYMHAIONIETO [TPAKTH-
YeCKH HET IMIAHCOB C XO/y HOHSATH, B YEM HA CAMOM JIeJie COCTOUT IpobJieMa.
31ech MOYXKHO JIaTh Cpa3y JiBa coBeTa. Bo-mepBbix, OyabTe BHUMATEIbHbI
1 He 3a0bIBaliTe TOYKY C 3alsSTON B KOHIIE OMUCAHUSA HOBOIO TH-
a, OTHECUTECH K ITOMY MOMEHTY IyThb OoJiee cepbE3HO, 9€M K OCTAIbHBIM
BbIBepTaM s3bika CH, TpeOyIoNmM BHUMATEIBHOCTH. BO-BTOPBIX, MOMPO-
Oyfire (MOXKHO IPAMO ceifuac) CIeaTh 3Ty OMUOKY MPETHAMEPEHHO U HO-
CMOTpHUTE, KAKOBa OyJeT JUATHOCTUKA, BBIIAHHASI BAIIIMM KOMIIUJISITOPOM.
Ectb matc, 910 mociie 3Toro, KOrja To e caMoe MPOon30iIET HedassHHO, Bb
BCIIOMHUTE, 9TO TAKYI0 AUArHOCTUKY y?Ke BCTPEJaJId, U IOTPATUTE MEHBIIE
BpPEMEHU Ha BBISBJIEHNE UCTOYHUKA IIPOOJIEMBI.

4.3.8. BBegeHue KOHCTAHT C IIOMOIIBIO II€PEYUCIIMMOTIO
THUIIa

IIpu nzydenun [Tackais MBI OTMEYaJM, 9TO HAJTAYIHNE B IIPOTPpaMMe siB-
HBIM 00pa30M yKa3aHHBIX JHCEJI KpaiiHe HeXKeJaTeJIbHO, 33 UCK/II0YeHNEeM
COBEPIIIEHHO OYEBUJIHBIX CJIyYaeB C WUCIOJIb30oBaHueM 0, 1, o4eHb PeJjKo 2,
nnorza ené -1. Bee ocranbHble YUCA0BBIE KOHCTAHTHI JOJXKHBI OBITH CHAO-
JKE€HBI IMEHAMH, W B IIPOTPpaMMe CJeIyeT UCIOIb30BaTh UMEHA, a He THCIA.
[Tackanb Jj1st 9TOrO UpeLyCMaTPUBAET CEKIIUIO ONMMCAHUS KOHCTAHT.
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B pamnux Bepcusix Cu 11 MMEHOBAHUS KOHCTAHTHBIX 3HAYCHUI IPIXO-
JIJIOCH KUCIIOJIB30BATh MaKpPOIIPOIECCOP, HUKAKUX MHBIX CPEJICTB JIJjis BBe-
JieHust KoHcTanT He Obut0. [Toapobublit pazroBop o makpocax Cu y Hac emié
BIIEPEIIN, IOKa YK€ OTMETHM, UTO MaKPOIIPOIECCOP OTpadaThIBAET IOCIIE
JIEKCUYECKOT'O aHAJIM3a, HO PAHbINE CHUHTAKCUIECKOIO, B PE3YJIbTATE 9ero
HJIEHTU(DUKATOPBI, BBEIEHHBIE KAK MAKPOCHI, HE IOIYMHSIIOTCS O0JIACTSAM
BUINMOCTH, B YACTHOCTH, He JIOKAJU3YIOTCA B (DYHKIAAX U T. II., ¥ BOODIIE
OHU BO MHOTOM KpaiiHe HeyI00HBI.

BBejienne B sI3bIK [IEPEYUC/IMMOIO THIIA, PA3yMEeTCs, He UMEJIO CaMO-
CTOSATEJILHOM IIeJIBI0 CO3JIaHUe CPEICTBA JJIsl OIMCAHUSI KOHCTAHT; (PaKT,
OHAKO, COCTOUT B TOM, 9TO B CH 9TO e IMHCTBEHHBINH CITOCOO OIMUCATH KOP-
PEKTHBIN HACHTUDUKATOD, TOIIHHSIONIANACS COMIAITEHIAM 00 00IaCTIX BH-
JIUMOCTHU, HO TIPU 3TOM IIPEJICTABSIONINN COOOM KOHCTNAHMY B8PEMEHU
KOMNUAAUUY. BcKope 1ocie MosBiIeHus B SI3bIKE IEPEeYnCIAUMOro TUIIA
3TOT PaKT OBLT OCO3HAH W UM HAYAIN aKTUBHO IOJIH30BAThCsI. B coBpeMen-
HBIX TporpamMax Ha, CH MOXKHO 9aCTO BCTPETHUTH YTO-TO BPOJIE

enum { max_buffer_size = 1024 };

OueBnIHO, 9TO B KAYECTBE «IIEPETUCIUMOTO TUIA» TaKas KOHCTPYKIIHS HE
uMeeT HU MaJIefIlero CMbICja: HUKOMY He Hy’KeH THII, BbIPaKeHUs KOTO-
pOro MOTYT NMPUHMMATH BCErO OJIHO 3HAYEHME, J1a K TOMY Ke elné u Oe3bl-
MAHHBIA. [leb Takoro onucaHust — COBEPIIEHHO B JIPYTOM: CO3/IATH UMA
(B mamuoMm ciyvae max_buffer_size), koropoe OyueT B IporpaMme HC-
MIOJTB30BATHCS [IJIsT 0003HAYUEHNUS HEKOW KOHCTAHTHOW BEJIMYUHBI, N30aBIIsIsS
MIPOrPAMMMUCTa, OT HEOOXOJIUMOCTHU sIBHO yIOMHUHATH Yucjao 1024, npudaém,
BO3MOXKHO, B HECKOJBKHX MECTaX, UTO MOXKET O00EepHYTBhCS (eepuiecKu-
MU TpobJieMaMu B CIydae NPUHATHS PeIIeHns 00 M3MEHEHUU KOHCTAHTHI
(B mapHOM cilydae — 00 U3MEHEHUH MAKCHMAJILHOIO pa3Mepa KaKOro-TO
Gydepa), nanpumep, ¢ 1024 Ha 2048. Yuraresss mporpaMmbl IIPUMEHEHUE
KOHCTAHTBHI M30aBJIsieT OT HEOOXOMMMOCTU KaXKIbIil pa3 IpU BUJE UUCTIA
1024 cyZn0pO2KHO OBITATHCA IIOHATH, 9TO K€ UMEJIOCh B BUJY IIOJ YUCJIOM
1024 u moYeMy HCIIOJIb3yeTCs IMEHHO TaKOe 9HCJIO, & He KaKOe-TO IPYyToe;
[pU [IPUMEHEHUN WMEHU BMECTO YKCJIa CTAHOBUTCS OoJjiee-MeHee MOHSITHO,
9TO 3/1eCh UMEETCs B BUIY KaKOi-TO pa3Mep bydepa, a ecIu HEMOHATHO, YTO
3T0 3a Oydep m modeMy y Hero MMEHHO TaKOH pasmep, a He WHOM, MOXKHO
HaiiTu (OOLIYHBIM TEKCTOBBIM IOUCKOM ) TO MECTO, TJe TOT UICHTUPUKATOD
BBEJIEH; CKOPEE BCEro, TaM OKAXKeTCs IMO/I00AI0NNI KOMMEHTAPHIT.

DTOT €rocod BBEJEHHUS KOHCTAHT WMEET OJHO BeChbMa CYIIEeCTBEHHOE
OrpaHMYEHUE: TaK MOXKHO BBECTU TOJBKO UEAOUUCACHHYIO KOHCTAHTY, U
HUKaKYIO JPYIYIO; JUIS JPYTUX HNPUXOJUTCS IO-IIPEKHEMY HCIIOJIB30BATh
MaKpoIporeccop. Beé-raku cpesicTBo (IlepeuncanMble TUIIBI) 371€Ch IPUMe-
HfETCdA He 10 ero MCXOJIHOMY Ha3HA4YeHMIO, TaK YTO TYT U KajloBaTbCd, B
obrem, #He Ha 9To. HO make ¢ y4éTOM STOrO OrpAHWYEHUsI U IIPU HAJIU-
quu 9ETKOrO MOHUMAHWS, YTO CHE eCTh OTKPOBEHHBIH Tak, TaKOH CIocod
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BBEJIEHNUsI KOHCTAHT MMeeT HECOMHEHHbIE JOCTOMHCTBA B CDABHEHUU C IIPU-
MEeHEeHIeM MaKpPOIPOIECCOpa U, eCTECTBEHHO, MMUPOKO MPUMEHSIETCSI.

OT/1eIbHO CTOUT 3aMETHUTD, 9TO B GOJIBITHHCTBE IPOIPAMM, 8 PABHO U BO
MHOTUX KHHUTaX, mocBameHabix Cu, Briaodas kaury Kepaunrana u Puranm,
WMeHa TaKUX KOHCTAHT 3allMCBIBAIOT B BEPXHEM PEIUCTPE, TO €CTh BCEMU
bostbIiuMu OyKBaMu — 9TO-TO Bpojie MAX_BUFFER_SIZE. B riaBe, mocBs-
MEHHON MAKPOIIPOIIECCOPY, MBI ITOAPOOHO OOCYINM, OTKYAA B3JIACh TaKas
CTpaHHAasi TPAIUIUS U IO KAKUM IIPUIUHAM €l COBCEM He CTOUT CJIe/I0BATH,
KOIJ[a Pedb WIET O KOHCTAHTAX, BBOAUMBIX UEPE3 €num.

4.3.9. Ilepeuncaumbrii TUII ¥ OorepaTop BbIOOpa

IlockobKY KOHCTAHTBI-3HAYEHUS MEPEUUCTUMOTO THUIA MPEJICTABIIIOT
cob0i1, KaK y?Ke TOBOPUJIOCH, KOHCTAHMDL 8PEMENTY, KOMNUAAUUL, TX MOK-
HO (1 Hy?KHO) MCIIOJIB30BATh B COCTaBE case-MeTOK oneparopa switch. [Ipu
9TOM BLIPA2KEHNE B 3ar0JIOBKE OIIEPATOPA MOYKET, KOHETHO, MMETH OOBIITHBIH
[EeJIOYNCJIEHHBIA THII, HO €CJIM BCE-TAKU IOCTapaThbCd U C/IeaTh TaK, 4TO-
OBbI 9TO BbIpaKeHUe ObLIO TUIIA enum — UCIOJb30BaTh IMEPEMEHHYIO THIIA
enum uin (BYHKINUIO, BO3BPAIIAIONIYI0 3HAUEHNE ITOrO TUIA, — TO MBI I10-
JIyYUM JOIOJIHATEJIbHYIO HOAJAEP2KKY CO CTOPOHBI KOMIIUIATOPA: OH CTaHEeT
[IPOBEPSTD, 8CE AU BO3MONCHBLE SHAMEHUA Mb, 00PAOOMAAU.

T'oBopst popMaIbHO, KOMITUJISITOD IPEIIOIAraeT, UYTO €CJIU BhIparKeHue,
110 KOTOPOMY IIPOBOJIUTCs BBIOOD B omeparope switch, uMeeT repevdncsiu-
MBI THII, TO B Tejle switch JOJKHBI IIPUCYTCTBOBATH Case-METKHU JIJId
BCEX PA3AUNHHIL 3HAYCHUHN, IPEeNyCMOTPEHHBIX JJId JAHHOTO IIePeYNCIMMO-
ro Tuia, Jud0, 1o KpaitHeit Mepe, JIOKHA TPUCYTCTBOBATH MeTKa default;
€CJIN 9TO He TaK, KOMIUJISITOP BBIIAET npeaynpexaenne. [lycts, nanpumep,
Yy HAC ONMCAH IEePEYNCINMBII TUII

enum greek { alpha, beta, gamma = beta, delta };
U T/Ie-TO B IIpOrpaMMe BCTpevdaeTcs PyHKIIs

void greek_print(enum greek x)
{
switch(x) {
case alpha:
printf ("Alpha\n");
break;
case beta:
printf ("Beta\n");
break;
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[Tpu KoMImIsiiuu 3TON (DYHKIMY KOMITAJISITOP BBIIACT IIPELYIIPEXKICHIE O
TOM, YTO 3HaYEeHHe IlepedncanMoro tuia delta He o6paboTaHo B oriepaTope
switch; 3ameTuM, Ipo 3HaUYEHNE gamma KOMIIMIATOP HUYEro He CKaXKeT, 110-
CKOJIbKY OHO COBIIaJIaeT ¢ beta, a 3HadeHne beta B omepaTope 06paboTaHoO.

MN36aBuThCs OT 3TOrO MPEIYIPEKICHUT MOXKHO OYEHDb MPOCTO: IOCTa-
BUTH MeTKy default B caMOM KOHIIE oriepaTopa switch, a mocse Heé, ITo0bI
V/IOBJIETBOPUTH CHHTAKCHIECKNM TPEOOBAHUSIMHU, MPEIyCMOTPETH IIyCTOH
orneparop (HaupuMmep, MPOCTO TOUKY C 3AIATOH):

/* */
case beta:
printf ("Beta\n");
break;

default:

>

}
}

O1HAKO HAMHOTO JIydIlle W IpaBUibHee OyIeT He «u30aBJISThCS OT MPey-
MPEXKIEHUs», & BHUMATEIbHO M3YUUTh CUTYAIIUIO, YTOOBI MMOHSATD, MIOYEMY
ZKe TaK IOJIyYHUJIOCh, YTO B OllepaTOpe eCTh aJbTePHATHUBHI JJIsl BCEX Bapu-
AQHTOB, IIPEAYCMOTPEHHbLIX HAIlUM IIE€PEYUCJIUMbIM THUIIOM, KpOME OIHOI'O.
OueHb 9aCcTO 9TO MPOUCXOAUT MOTOMY, YTO B OMHMCAHUE THIIA ObLI J100aB-
JIEH HOBBIM BapuWaHT 3HA4Y€HUsd, HO IIPU 3TOM B COOTBETCTBYIONIUII olepa-
TOp switch ero obpaborky mobaButh 3abdviiu. [lpemynpexkienue, BulaaBa-
eMOoe KOMITHJIATOPOM, IIPU3BAHO OMOBECTUTH IIPOrPAMMUCTA 00 TOM OImuo-
K€, BO3MOXKHO, M30aBUB OT JIOJITOH M MYYUTEJHHONU OTJIAJIKH B OyIIyIneM;
OTMaXUBATbCA OT TAKUX IPEIYIPEKICHUN IIOIPOCTY IJIYIIO, BE/b BBIAIET
B MTOre, CKOpee Bcero, cebe nopoxke. BoJibllle TOro, B CUTyaIusx, KOTJIa
BbIpazkKeHUeE B 3ar'0JIOBKE switch mmeeT nepeducanMblii TUIL, pEKOMEH1yeT-
cst BOOOITE BO3/IEPKUBATHLCS OT npuMeHeHus MeTku default, mepeducisis
BCE BO3MOXKHBIE aJIbT€PHATUBLI (KOTOPBIX OOBIYHO HE TaK MHOIO) B SIBHOM
BU/I€; €CJIN JIJISI YaCTU aJIBTEPHATHUB, K IIPUMEPY, JIeJIaTh HUYEro He HYKHO,
UX cjlejlyeT CIpYHIIMPOBaTh B KOHIle Tesa switch, Tam, rje Bbl B IIDOTUB-
HOM ciiydae moctaBmwim Obl MeTKy default. CremepupoBaHHBIN MAITHHHBIH
KOJT HIYeM OT/IMYaThCsl He OyJ1eT, HO YUTATEJIO Ballleil TPOrPAMMBI BbI IIPHU
3TOM HEJIBYCMBICJIEHHO TTOKAXKeTe, ITO HIYETO He 3a0bLIH.

OrMernM erné o/IMH BayKHBIM MOMEHT. B mporpaMmax HAYMHAIOIINAX [TPO-
I'PAMMHCTOB YaCTO MOXKHO BCTPETUTH UYTO-TO IIOXOXKee Ha

switch(n) {
case 1:

/x .. %/
case 2:

/* ... %/
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VA T
case 13:
/x .. %/

}

— TaKOI OIIepaTOp BBHIOOPA, B KOTOPOM METKAMU BBICTYIAIOT OOBIYHBIE ITe-
Jgpie yucaa. Hu B olHOM cepb€3HOM MPOEKTE TAKON KOJ HE MMeeT IaH-
COB TIPOHUTHU KOHTPOJIb KAdeCTBa; OOJIbINIE TOrO, KAK TOJHKO TAKOE YBUJIUT
Barl 6ojiee OMBITHBIN KoJLIera, 3deKT BaM, CKOpee BCero, He OHPABUTCSI.
C pabotrbl, moxKajyil, He yBOJAT (XOTs CJLy4aeTCsl BCIKOE), HO HMIUPOKOIO
00CyXKIeHNs BaInX TPOdEeCCHOHAIBHBIX KAYECTB, B IPOCTOPEYUNN NMEHYe-
MOTO «ITYOJIMIHON MTOPKO¥», BAM TOYHO He n30e2KaTh, U, KOHETHO K€, TAKOit
KO/T OTHO3HAYHO IPHUIETCH IePe/IenaTh. B MOMOOHBIX CIIyYasiX UCIOJIb30Ba-
HIE enum BMECTO IUCes] 0043ameabHo, bojiee TOro, JJist TAKAX BEIei enum
KaK pa3 U IpeIHA3HAYEH.

Y1066l MOHATH, MOYEMY 3TO TaK, 33JiaiiTe cebe TPOCTOI BOIIPOC: & UTO
Takoe, mpocTuTe, 13, KAKYIO CUTYAIIAIO 9TO YHCJIO 0D03HAYAET, 9€EMY COOT-
BeTcTByeT? Bymyunm aBTOopoM KoJ1a, BbI, CKOpee BCero, OTBET HAMIETe TOUTH
cpa3y — JaxKe eCJIn BBl €ro He ITOMHHTE, TO, BEPOATHO, XOPOIIO ITOMHHTE,
KyJla HAJ0 IOCMOTPETh, YTOOBI BCHOMHUTH. A Temepb mocraBbTe cebs Ha
MECTO CTOPOHHETO YHNTATEsIsl BaIlllel MPOTPaMMBbl U IPUKUHBTE, CKOJIBKO Y
HEro 3afiMéT BPEMEHU IOWCK B BAIEM TEKCTE COOTBETCTBYINEHl mHMOpMa-
nH. BoJibiiie TOro, BbI M cAMU MOXKETE JIETKO TIePeIyTaTh, HAIIPUMED, TUCIIO
13 u gmcao 12, NCIOJH30BAB UX B OJHOM MECTE OJIHUM CIIOCOOOM, a B IPY-
rom — apyrum. Ecim mesmo moaéT mo anammsa BaIero Koma Ha IpeMeT ero
MPABUJIBHOCTH, MPUJETCS B KayKJIOM U3 MECT, TJie BCTPEUIAETCs 3arajJoTHast
HyMepalysi, IPOBEPSITH, HE IIEPEITyTaJI JIX ABTOP CBOU COOCTBEHHBIE HOMEPA,
Ha 9TO MOXKET YHTH Macca BpeMEHU U CUJI. A eCciii BMECTO 3araJIO9HOrO YHC-
Ja 13 B TporpaMMe UCIOIb30BaTh UM KOHCTAHTBI, OUCHIBAIOIIEE TO, TEMY
OHO COOTBETCTBYET, BCE MEPEUNCIIEHHBIE TTPOOJIEMbI BOOOIIE HE BOZHUKAIOT.

4.3.10. JlokajibHBIE «CTATUYECKHE» IIepeMeHHbIe

Mpb1 yKe 3HAKOMBI C 2400QAbHOMU A AOKAADHOLMY TTEPEMEHHBIMU; Ha-
IIOMHUM, 9TO TJIOOAThHBIE TIEPEMEHHBIE OMUCHIBAIOTCS BHE TeJl (DYHKIHI 1
BHUJIHBI BO BCEM TEKCTe MCXOJHOro (ailjia, HauMHasi OT TOYKHM WX OIIMCa-
HUsl (M OO'bSIBJIEHNST), TOT/IA KK JIOKAJIBHbIE IEPEMEHHBIE ONNCHIBAIOTCS
B HadaJe Jiro0oro 6/i0ka — Tesa DYHKIUA WX COCTABHOIO OIEPATOpa — U
BUIHBI OT TOYKM OIMCAHUS JO KOHIIA TOTrO 0JI0Ka, B KOTOPOM IIepeMeHHast
ommcaHa, TO €CTh JI0 3aKpbIBAOIIEil (pUrypHoit CKOOKH.

Kpome obaacmu sudumocmu, nepeMeHHbIe XapaKTePU3YIOTCs eIné
8pemeHemM CYULeCMB08AHUSA, TO €CTh BPEMEHHBIM IEPUOJOM OT TOTO
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MOMEHTa, KOIJIa IIepeMeHHas co31aérea (0] Heé BhLIEIAeTCs 06/1aCThb T1a-
MSITH), U JI0 MOMEHTA, KOIJIa paHee BbIJIeJIEHHAs II0]] [IEPEMEHHYI0 00JIacTh
maMsaTy BbICBODOXK maeTcs. [1j1st riiobaIbHbIX IIePEMEHHBIX BPEMsI CYIIIECTBO-
BaHMsS COBIIQJAEeT C BpEMEHEM BBINIOJHEHUA IIPOrPaMMBl, & JIOKAJIbHBIE IIe-
PeMeHHbBIe, PACIIOJIaralouecsd B CTeKe, HAUNHAIOT CYIeCTBOBATD IIPU BXO/e
B 0JIOK, B KOTOPOM OHU OITMCAHbBI, U MCUYE3AI0T IIPYU BBIXOJE U3 ITOTO OJIOKA
(TouHee rOBOPsl, OHU BOZHUKAIOT U UCYE3AI0T B MOMEHT COOTBETCTBYIOIIETO
U3MEHEHUsI PErUCTPa «YKa3aTeslb CTeKay ).

B sa3pike Cu mpeyCMOTpEH JIOBOJIBHO CTPAHHBINA THOPHJ JIOKAJIBHBIX
IIePEMEHHBIX C TVIOOAJBHBIMU — TAaK HA3BIBAEMbIE JIOKAJIbHbBIE CTATUIECKUE
nepeMeHHble. Kak U MpocThie JIOKAJIbHDBIE IEPEMEHHBIE, CTATUIECKHUE [Tepe-
MEHHBIE ONKCHIBAIOTCS B HadaJie OJIOKA M BUJHBI B TEKCTE IIPOIPAMMBI OT
TOYKHU ONMUCAHUS JIO0 KOHIA 0JI0KA, HO WX BpPEMs CYIIECTBOBAHUS, KaK U Y
r100aJIbHBIX TIEPEMEHHBIX, COBIIAJAeT CO BPEMEHEM PabOThI IPOTPAMMBI, 1
pa3MemaTcs OHM, KaK U IVIODabHbIE IIepeMEeHHbIe, B CeKInn .data miam
.bss B 3aBHCHUMOCTH OT TOT'O, 3aJIaH JJI HUX MHAINAJIN3ATOP WX HET; €CJIN
MHUIIAJIN3aTOPA HET, CTaTHIeCKas IlepeMeHHas NHUITAJIN3UPYeTCs HYJIEM.
Ornucanne JIOKaJbHON CTATUYECKON IMePEMEHHON OTJIMYAeTCs OT ONMCAHUS
OOBIYHOIT JIOKAJTHHOI ITEPEMEHHON HAJIMIueM CJI0Ba static, Hampumep:

int my_function(int x, int y)

{
int tt = 25;
static int zz = 75;
/* ... %/
}
B srom mpumepe tt — OOBIKHOBEHHAasT JOKAJbHAsI TepeMeHHasl, OHa 3a-

BOJUTCSI 3aHOBO KaXKJIBI pa3, KOTJA HAYMHAETCH HUCIOJHEHUE (OYHKITIN
my_function, m mosy4aer HadaJgbHOe 3HadeHue 25; ecom YHKIUA Oy-
JIeT UPsSIMO MJIM KOCBEHHO BbI3bIBATH cama cebs (HAIIOMHHM, 5TO HA3bIBa-
eTcsl peKypcueii), TO IepeMeHHas tt MOXKEeT OJHOBPEMEHHO CyIIECTBOBATH
B HECKOJIbKMX 3K3eMILIApax — II0 YUCIy BbI30BOB my_function, KoTOpbBIC
y2Ke COCTOSINCH, HO eIl He 3aBepIuiInch. B MOMEHT 3aBepIieHus paOOThI
GbYHKIINA COOTBETCTBYIOMINI IKIEMILIAD IIEPEMEHHO tt mcue3aeT BMecTe
CO BCEM CTEKOBBIM (ppeiiMOM.

CoBepiiieHHO MHaYe BeJET cebsl IIepeMeHHasl ZZ: BHE BCSKOW 3aBUCHMO-
CTU OT TOTI'O, BbI3bIBaeTCH Jin DyHKINA my_function miam HeT, mepeMeHHAs
ZZ C caMOro HaJaJia PaboThl IPOrPAMMBI Y2Ke CYIIECTBYET, NUMeeT 3HAUCHHE
75 u roToBa K pabore, a [0 OKOHYAHWHN PAbOThl (DYHKIMN OHA HUKYIA HE
nCYe3aeT; MHAYe TOBOPs, OHA COTPAMAELTM CEOE 3HaveHUue MeHcdY 8bl3084MU
dyrxyuu. Hanpumep, dyHKImS

void print_next_number ()

{
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static int n = 0;
printf ("%d\n", n);
n++;

>

}

IIPU KaXKJIOM €€ BBI30BE II€YaTaeT CJIEIYIOIIee IeJI0e YHUCJIO0, TO €CThb IIPU
epBOM BBI3OBe nedartaeT O, Ipu BTOPOM BBI30BE — 1 M Tak JiaJjee.

Ciemyer OTMETUTH, 9TO JIOKAJIbHBIE CTATUIECKUE IIepEMEHHbBIE 0bJIaIa-
10T OOJIBITMHCTBOM HEIOCTATKOB OOBIYHBIX TJIODAJBHBIX MTEPEMEHHBIX, TaK
9TO TIEPeJT UX UCIOJIB30BAHMEM CJIEIYET XOPOIIOo ToIyMaTh. Ecn BB He co-
BCEM yBEPEHBbI, YTO IIOHUMAaeTe, JJIg 9ero HY>KHO IPUMEHEHNE JIOKAJIbHBIX
CTaTUYECKUX IIePEeMEeHHBIX, TO He IIPpUMEHdATe UX BOBCe; Ballla IPOrpaMMa
OT 3TOr'0 XyzKe He CTAHEeT.

Ha Bcakunii cnyyaii oTMeTUM ewgé oguH MOMEHT, CBSI3aHHbIV CO C/I0BOM static.
IToT MoaNUKAaTOP MOXKHO MPUMEHSATL HE TOJILKO K JIOKabHbIM, HO 1 K F106anbHbIM
ONMCaHNAM, NPUYEM KaK K NMEPEMEHHBIM, TaK 1 K pyHKuumaM. [1pn 3Tom cmbich cnosa
static CTaHOBUTCS COBEPLUEHHO WHBLIM, HE UMEIOLLUM HNYEro obuiero ¢ Bbieonu-
CaHHbIMU CTAaTUYECKUMUN NOKaNbHBIMU MNEPEMEHHbIMU: AAs F10basbHbIX ONUCaHWi
static o3Hauaer, 4TO OHW He ByayT BuAHbI M3 Apyrux moayneit nporpammei. [o-
APOBHO Mbl 3TOT MOMEHT 0bCYANM B rnase, NOCBSLWEHHON pa3fenbHOR TpaHCaAALnN.

4.3.11. Anpeca, yKa3zareJjiu ¥ oneparum HaJ HUMU

[IporpamvupoBars Ha sizbike CHU COBEPIIIEHHO HEBO3MOXKHO 0€3 JIOCKO-
HaJIbHOT'O IOHUMAHKS PA0OTHI C yKA3aTeJISIMH U aJ[PECHBIMY BbIPAYKeHUSIMH;
3/1ech Ha PaboTy C ajpecaMu 3aBsg3aHa Macca BO3MOXKHOCTell, 6e3 KOTo-
PBIX BOOOIIE TPYAHO cebe MPEeICTABUTD CO3MaHUE MAJIO-MAJIbCKU CJIOKHOM
mporpaMmbl. Mbl yke 3HaeM u3 §4.2.3, 9T0 mapaMeTpbl B IMOIIIPOrPAMMBI
(byHKnum) 37€Ch MOXKHO IIEpeslaBaTh TOJBKO MO 3HAYEHWIO, W €CJIM HAM
TpedyeTcst, ITOOB! (PYHKITHS U3MEHUIA 3HATEHNE TIEPEMEHHOMN, TPUXOIUTCS
epesiaBaTh €ii adpec MEepPeMEeHHOM, KAK MBI 9TO JeJIaju IPU OOPAINeHIN K
dyuknuu scanf. MaJjo Toro, pabora ¢ MmaccuBamu B sizbike Cu Opranmso-
BaHa B BUE apuPmemuru adpecos; eé 4acTo Ha3bIBAIOT apudMETUKON
yKazaTeJeil, 9T0 He COBCEM BepHO. Tak WM mHade, MPEXK/e YeM PACCMAT-
pUBATH MACCUBBI, HY?KHO OCBOUTBH PADOTY C YKA3ATEJISIMHU.

Hamomaum, aro Hatr 6a30BbIi BBIYUCINTEb — 9TO MarmuHa (or Heii-
MaHa, OJHAM U3 OCHOBHBIX CBOWMCTB KOTODON ABJIAETCS JUHEHHOCTb U OJ-
HOPOJHOCTH OIEPATUBHON MMAMSTHU, & OT/EJbHbIE TIeHKN IMaMsITH HICHTHU-
dbunupytorcs adpecamu. To, 9T0 B S3BIKAX BLICOKOTO yPOBHs?? HA3BIBAIOT
nepemerHHOoU, Ha YPOBHE MAaIIMHHOIO KOJa IIpejcTaBiser oDoi He boJiee
qeM 004acmsd NAMAMU, TO €CTh HECKOJIBKO sTU€eK aMATH, PACIOJIOKEHHBIX
nozaps) (MMeromux nocjegoBareababe aapeca). [log adpecom obaacmu
NAMAMUY TOHIMAETCsI HANMEHBIINA U3 3 IPECOB sTUeeK, COCTABJISIONIUX 00-
JracTb. [lJ1st HAC 371eCh BayKHO TO, YTO Jit00asi IepeMeHHasl UMeeT CBOIl aJipec.

24BO BCAKOM CJIy4dae, B UMNEePAMUBHHDIT A3bIKaX, HO APYTUX MBbI IIOKa HE 3HAEM.
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CTporo FOBOPsA, KOMMNUAATOP MOXXET PaCnoNIOKUTb JIOKAJIbHYHO NEPEMEHHYIO B
perucTpe, Torga agpeca y Heé He OygeT; HO OH Tak NOCTynaeT AuMWb B Ciay4vae, ec-
JIN Mbl HAKAQK HE MOX>XEM 3TOro O6Hapy)KV|Tb. B HaCTHOCTHM, €CNn Mbl MPUMEHNUM K
nepemMeHHOl onepauunto B3siTUsi afpeca, KOMMUASTOP He CTaHeT pacnosaraTb eé B
perucTpe.

Bo muOrux sizpikax nporpammupoBanus, Bkiaodas [lackans u Cu, ajpe-
ca cuuTaroTcs mHMOpMaImeil, KOTOPYI0 MOKHO XPaHUTh M 00pabaThIBaTh;
HO ecjin Ipu paboTe HA #A3bIKEe acceMOepa ajpeca HUYEM He OTJIUYAIOT-
Cs OT OOBIYHBIX UUCEJI, TO S3BIKA BBLICOKOTO YPOBHS BBOJST JJIS aPECOB
otnesbuble Tuibl gaHabix. Kak u B [lackase, B a3pike Cu ajipecHbIil THIl
IIPUBA3aH K TUILY IIEPEMEHHOMH, aJpec KOTOPOil nMeeTcs B BUALY.

Hamomuamm aBa 6a30BBIX MPUHITAIIA, KOTOPBIE MBI YK€ (DOPMYIMPOBAJII
B IIEPBOM TOME IIpH paccMoTpeHnn ykasareseil [lackasst:

VYkasaTejgb — 3TO IIepeMeHHasl,
B KOTOPOI XpPAaHUTCsI aJpec.

YTBepKkaeHne Buga «A ykasbIiBaeT Ha B»
o3HavYaeT «A cogep>kut azapec B».

CobCTBEHHO TOBODSI, 3TU MPUHIUIBI OOIIMe, OHU CIIPABEIJINBBI HE TOJIBKO
g Cu. A renepb NpUCTYIHM K JI€JTy.

Agpecubrit Tunt ommcniBaercss B CH ¢ IOMOIIBIO CHMBOJIA 3BE3/IOYUKU,
KOTOpasi CTABUTCs IIOCJIE THIA [IEPEMEHHOI, aIpec KOTOPOIl ONMMCHIBAETCS;
HampuMep, «int *» o3nadaer adpec int, a «double *» — adpec double.
CoorBercTBYIONUM 00pPA30M OIUCHIBAIOTCA U IT€PEMEHHbIe-YKA3aTeJIN:

int *p;
double *q;

OTIenbHO CTOUT CKa3aTh O MOJIOXKEHUHM CHUMBOJIA <«*» B onucanuu. Cama
«3BE3/I0YKa» OTHOCHUTCH K CHMBOJIAM-PA3JIEIUTEIISIM, TO €CTh BBIJEIATh €€
npobejiaMu He 00s13aTeJIbHO, M C TOYKHU 3PEHUs] KOMITAJISITOPA COBEPIIIEHHO
HE BayKHO, ¢ KAaKOM CTOPOHBI MBI HOCTABUM ITPOOEJBI U IOCTABUM JIH WX
BooOme. CoGCTBEHHO TOBOPsT, HAM OBLIO ObI COBEPIIEHHO BCE PABHO, KaK
nrcaTh OObsIBJIEHUsT yKa3aTeseil, ecii Obl He BApUAHT OIUCAHUs, B KOTO-
POM IIEPEUHCIISIOTCS YEePE3 3alATY0 HECKOJIBKO UMEH IIePEMEHHBIX; U 3/1eCh
BHE3AITHO OKA3BIBAETCs, UTO 3BE3J[0YKA, XOTh M MUMEET OTHOIIEHUE K THILY,
BOCIIPUHUMAETCH KOMITIIATOPOM KaK aTPpUOyT OMUCHIBAEMOI'O MMEHH, a He
KaK JacTb Tuna. Hampumep, ecjm HAM HYXKHO OIHUCATH TPU yKa3aTejsd Ha
char, 9T0 BBITJISIIAT TaK:

char *sl1, *s2, *s3;

Hagurarorue nporpaMMuICThI, IPUCOEINHSIA 3BE3A0UKY K TUILY, a He K NMe-
uu (910, BOOOIIE TOBOPS, BIIOJIHE JIOTUIHO ), 4ACTO JEJAIOT JTOBOJLHO XapaK-
TEPHYIO OMHUOKY: MUIILYT YTO-TO BPOJIE
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char* sl1, s2, s3;

— ® XKJIyT, YTO BCE TPU IIEPEMEHHBIE TOJIy4YaT TUIl char*; Ha caMOM 2Ke
JieJie TIPA 9TOM TAKOMN THII MOJIYIUT TOJBKO s1, & OCTaJIbHBIE JIBE OKAXKYTCS
Tuna char. Eciam Bbl 4yBcTByeTe cebsi HEyBEPEeHHO, IPOCTO OMHCHI-
BaliTe KaxKJIbIii yKa3aTeJlb HAa OTJEJIbHON CTPOKe, HE MepPedUCIsis
UX depes 3arsiTyio. MHoro mecra 3To He 3aifiMET, a TEKCT CTAHET siCHEe.

OcHOBHBIE OIlEpAINH, CBA3aHHBIE C aJpPECaMd — 3TO ONEPAUUS 6335-
musa adpeca, obo3HAUAEMAasi CAMBOJIOM «&», M OOpaTHas K Heil onepayus
PaA3viMeH08aHUS, 0003HaAUaEMasT BCE TOM ¥Ke «3BE3M0UKOMy «*». Tak, ec-
J¥ t — MPOW3BOJIBHAS IIepeMeHHasl, TO &t — 3TO eé ajpec; ecau p — yKa-
3aTesib, TO *p — 3TO TO, HA YTO OH yKa3biBaeT. Hampmmep, ecom y mac
OIMCAHBI JIBE TIEPEMEHHbIE

int x;
int *p;

— TO MBI MOXKE€M 3aHECTHU aJpeC X B yKa3aTejb p:
P = &x;

Teneps *p — 9TO CBOETr0O poja «CHHOHUM» JIJII X, TO €CThb, HAIIPUMED,
*p = 27;

3aHecéT 3HadYeHWe 27 B 00JACTH MAMSITH THIA, int, PACIOJIOKEHHYIO IO
aJpecy p, TO €CThb B IIEDEMEHHYIO X.

Hasmnarormume 9acTo myTaoT CUTYAIH, B KOTOPBIX yKa3aTeIb C/I€BA OT
MIPUCBANBAaHUs CHAOXKAETCS WM He CHAOXKAETCH 3BE3MOUKON; MMOITOMY MBI
MIPUBEJIEM eIé oJinH npuMep. IlycTh uMeroTcs cieiyionue Omucanmst:

int x, y;
int *p, *q, *r;

[IycTb Temepb MBI ClieJian MIPUCBANBAHUS:

x = 2b;
y = 36;
p = &x;
q = &y;

Paccmorpum caemyromuii omrepaTop:
r = p;

31eCh MBI NEPEMEHHOT T NPUCBAUBLEM 3HAYEHUE NEPEMEHHOT P, & TTOCKOJIb-
Ky B IIepeMEeHHOI p HaXOJUTCsl aJipec IlepeMEeHHOU X, II0CJIe IIPUCBAUBaHUA
TO 2K€ caMoe — aJpec IePEMEHHON X — OyIeT HaXOIUTHCS TAKXKe U B IIepe-
MEHHOH T, TO €CThb OHa TOXe Oy/eT yKa3blBaTh Ha x. VTak, ceffuac y HAC p
7 r yKa3bIBaIOT HA X, &  YKa3bIBaeT Ha y. PaccMoTpuM Temeps orepaTop
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*r = *q;

31ech B JIEBOI YaCTU [IPUCBAUBAHUSI — «TO, HA YTO YKA3BIBAET I'», a B IIpa-
BOIl — «TO, HA UTO YKA3BbIBAET q», & MOCKOJIBKY OHU YKA3BIBAKOT (C yIETOM
BBIIIEPACCMOTPEHHOIO IIPUCBAMBAHNS) HA X U Y, 9TOT OIEPATOD 3aHECET B
X TeKyllee 3HAYEHUE y, TO ecTh umcyao 36. CaMmu yKasaTeau mpu 3TOM HE
U3MEHSITCSI.

Kazasoch 6bI, B IpUBEJEHHOM ITpUMEpPE BCE sICHO; K COYKAJIEHUIO, OIBIT
IMOKA3BIBAET, YTO JIAJIEKO HE BCE, KTO IO T€M WJIM WHBIM IIPUYWHAM U3yda-
eT IIPOrPAMMUPOBAHUE, MOTYT C X0y Pa300paThbCs B 3TUX MPUCBANBAHUSIX.
Ecau y Bac ocranuck 37iech XOTs Obl MaJieiline HesiICHOCTHU, Na-
ke He aymaiite maru gasbire! B nanbreiinem TekcTe BbI MOIPOCTY
BOOOIIEe HUYEro He MONMETe U TOJBKO 3psd norparute BpeMmsi. [lompobyiite
pa300paTh ITOT IPUMED €IIIE Pa3, eCIu JKe ITO He IIOMOXKET — 0DPATUTECH C
BOIIPOCAMU K KOMY-TO, KTO CMOXKET BaM Pa3bsCHUTH IPOUCXOisiiee. B s3bI-
ke Cu Ha yKasaTessix OCHOBAHO OyKBAJBHO BCE; OMEpAIUsT B3ATHS aJIpeca
moTpeboBaIach HAM JlaXke B IIPOTrPaMMe, PEIIAoINeil KBaIpaTHOE ypaBHE-
nue. Eciu celiuac ocTaBUTh «B THLIY» MAaJIEHINyI0 HEYBEPEHHOCTH — yIKe
[IPU YTEHUH CJIEYIONero maparpada Takas HeyBePEeHHOCTh IPEBPATUTCS B
dyHIAMEHTATEHOE HEITOHUMAHWE TIPOMCXOISIIIIETO.

Bo mHorux NCTOYHUMKaX, I'IOCBFILIJ,éHHbIX A3bIKY CI/I, MOXXHO BCTPETUTb yTBEPXKAE-
HWne, 4TO CUMMBOA ((*)) B onncCaHnm nepemeHHoﬁ—yKaaaTenﬂ NMEET NPAMOE OTHOLLEHNE
K onepauun pasbiIMEHOBAHUNA. HeKme 3a4aTKN NIOrMKN 340eCb MOXXHO YNOBUTb, €Caun
3aMEeTUTb, 4TO NOCJIe ONNCaHns

int x;
X nMeeT Tun int, a nocne onucaHmns
int *p;

P UMEeT TUN «yKa3saTesby, HO *p (TO eCTb TO, YTO 3aHUMAET MECTO NEPEMEHHON 13
npefblAYLLEro ONUCaHNs) — AeliCTBUTENLHO UMEET TUN int.

Jeno Bkyca, HO Ha AUYHbIV B3rNs4 aBTOpPa 3TUX CTPOK TaKyk JIOTUKY HUKaK
Hesb3sa cunTaThb besynpeqHoii. [Mo3xe, pa3bupas bonee cnoxHble onucaHus, Mol yoe-
OUMCS1, 4TO 3BE3L04KA NPV NPOHTEHNN OMUCAHNIA NMPEBPALLAETCS B C/IOBA <yKasaTesb
Ha», TO eCTb OHa, Byfy4n BCTPEYEHHON B OMMCaHUSIX, HE yKasaTeNb NpeBpalLaeT B
NPOCTYIO NEPEMEHHYIO, a, HarMpPOTMUB, ObbIYHbIV TN NpeBpallaeT B agpecHbli. MHa-
4e roBopsi, Posib 3BE3LOYKU B ONUCAHUAX npsiMo npoTusononoxHa (1) eé ponu B
BbIPaXkeHUsIX.

B Cu moxHO paboTarh ¢ ajipecaMu, He yTOUYHsIsI, HA IEPEMEHHbBIE KaKO-
ro THIA 9TU ajpeca OyayT yKa3bBaThb. COOTBETCTBYIONIMIA TUI YKA3ATEJIsT
Ha3bIBAETCd Void*; ecim onncarh yKa3aTesb TaKOr'o THIIA!

void *z;

— TO B MEPEMEHHYIO Z MOXKHO Oy/IeT 3aHECTU COBEPIIEHHO JII0OO0I aapec,
U Takoe IpUCBaBaHWE KOMIWJIATOD pacCMaTpUBaeT KakK JIETUTHMHOE, HE
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BBIIaBas HU OMUOOK, HU IIpeJIyIIpexK ieHnii. Bojiee Toro, pasperreHo Takxke
U IPUCBAMBAaHNUE B JPYLYI0 CTOPOHY, TO €CTh JIIOOOMY THUIU3UPOBAHHOMY
YKa3aTeJI0 MOXKHO IIPUCBOUTDH HETUIIN3UPOBAHHLIN aJIpeC.

Bcnmomuus ykazarenn Ilackass, Mbl MOxKeM 3aMeTHTh, 4To llackasb
IpeIyCMATPUBAJI CIEIUATBHOE «aJIPECHOE» 3HAUEHHE, KOTOPOE C TapaHTHEH
He $IBJISETCS aJIPecOM KaKOH-Ii0O0 sdelKy min 00JIaCTH MaMsTH; 9TO 3Ha-
genne B [lackase 0003Ha9a10Ch KIIOYEBBIM CJIOBOM Nil, ero WHOTIA HA3bI-
BAIOT «HYJIEBBIM YKa3aTeJEeMs, XOTs 9TO U He COBCEM BEPHO: 3TO aJIPeC, a He
ykazaresb. B s3bpike Cu Takoe TOXKe eCTh, HO B 3aBUCUMOCTH OT KOMIIUJIsI-
TOpA U aPXUTEKTYPhl KOHKPETHOE 3HAYEHIE TAKOI'O yKA3aTesI MOXKeT ObITh
pa3HBIM; K CYACTHIO, OHMOJMOTEKA [IPEIyCMATPUBAET CIIEIUAIHLHOE 0D03HA~
YeHUe JIIs TAKOTO aJIPECHOTO 3HAYEHUsI: WJIEHTU(MUKATOD NULL25, KOTOPBIIA
BCErJia paBeH COOTBETCTBYIOIMIEMY 3HAMEHUIO JIJIsI JIAHHOTO KOMIIUJISITOPA.

WNurepecno, 4ro 3HadeHne aapeca MOXKHO UCIOJIH30BATh B KAYECTBE JIO-
TUYECKOr0 3HAYEHWs Be3Je, IJe TAKOBOEe TPeOyeTcsi, B TOM YHCJE B 3aro-
JIOBKaX ONEPATOPOB BETBJIEHUS U ITUKJIOB; IIPU 9TOM <«HYJIEBOH yKa3aTe b
(To ectp 3HaueHne NULL) cumTaeTcss «JIOXKbIO», a JIOOOH Apyroit agpec —
«UACTUHOI».

4.3.12. Opranuszainus «BbIXO/HBIX» IMapaMeTpPOB
dbyukmii

[Mourn B camom Havasie uzydennsi Cu, MbITAsICh HAIUCATH TPOTPAMMY,
pemaoIyio kBajaparaoe ypasueaue (cM. §4.2.3), Mbl ObLIM BLIHYKIE€HBI OT-
MeTUTh, 9YT0 B CU €CTh TOJBKO OJUH CIIOCOD MEPeavdn MapaMeTpoB — II0
snadennio. B Ilackaje MbI MOTJIM MPUMEHHUTDH ApAMETD-TIEPEMEHHYIO, TO
€CTh TepeiaTh B MOJIIPOrpaMMy He 3HaueHue TIePEMEHHOM, a eé camy, ITo-
OBl TIOAMpOrpaMMa MOTJIa U3MEHHUTH eé 3HadeHume. B Cu B Takux cirydasx
IPUXOJIUTCS, KAK MbI y2Ke 00CY K JIaJIH, TIepeIaBaTh aJIpec IIePeMeHHOI, 1mo-
JIyIUB €r0 ¢ TOMOIIBIO OlepaIuu &.

B rmeme dymkiuum st obpaieHns K TAKOW IIEePEMEHHON HTPUXOIUTCS,
YTO BIIOJIHE €CTECTBEHHO, MCIIOJIh30BATH OOPATHYIO OMEpaIii0 — pa3bIMe-
HoBanue. Hampumep, hyHKIINs, MEHSIIONAsT MECTAMU 3HAYEHUST IBYX HEpe-
MeHHBIX Tuna int, Ha Cu Oyjier BBINISIETh TaK:

void swap(int *a, int *b)

{
int t;
t = xa;
*a = *b;
*b = t;
}

253101 mpenTuduUKaTOp HAGHPAETCH 3aIVIaBHBIME GYKBAMH; MOYEMY 9TO TaK, MBI
y3HaeM IO3JIHee U3 IVIaBbl O MaKPOIIPOIIECCOPE.
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BrisbiBaTh €€ npuAETCS IPUMEPHO TaK:
swap (&x, &y);

Ha Bpewmsi paboThl QYHKIUEN B €€ A0KAADHHT TIEPEMEHHBIX a U b OKaXyT-
csl adpeca TIEPEMEHHBIX X U Y, TaK YTO BBIPDAYKEHWE *a BPEMEHHO CTAHET
0003HaYATH IIEPEMEHHYIO X, & BHIPAXKEHNE *b — IEePEMEHHYIO .

4.3.13. MaccusBsl

Pacckas o maccuBax B si3bike Cu MbI HAUHEM C TAPAIOKCAJIBLHOTO, HA
MIEePBbIiT B3I, yTBEepKIeHNs: B si3bike Cu maccuBoB HeT. Cpasy mocye

TaKOI'O yTBEP2KJACHUA MBbI HpI/IBe‘HéM IIpuMep OonucCaHuAg MaCCI/IBaZGI

int m[20];

3mech omucan MaccuB u3 20 3JIEMEHTOB THITA int, TPUIEM STHU JIEMEHTDI
JOCTYIIHBI C IIOMOIIBIO OIepalliy UHAEKCUPOBaHUS 110/, HOMepaMu (I/IH;:LeK-
CaMI/I) ot 0 7o 19. IlpenBuas memoyMeHne INTATEIS (Bem) TOJIBKO 9YTO MbI
3aBUJIM, YTO MACCUBOB HET), MOSCHUM: 9JIEMEHTbI MACCUBA JOCTYIHBI KaAJ/C-
duiii 8 omdeavHOCMU, TOTJA KAK K CAMOMY MAaCCHBY KaK €JIMHOMY IEJIOMY
0OpATUTHCS HEBO3MOXKHO. IIpakTuvueckn BO BCEX CUTYAIUSX BBEICHHOE B
ONUCAHUU UMsI M 00O3HAYAET HE CaM MacCHUB KaK TaKOBOI, a adpec €20 nep-
8020 asnemerma. 1IoCKObKY 3/IEMEHTHI MacCHBa, B TOM YHCJE MEPBBLIN U3
HUX, B JIAHHOM CJIyYae UMEIOT THIl int, WMs m IIPEJCTaBJIsieT cOOOM KOM-
cmawmy Tuta int*. Hanpumep, eciii MbI OTIUIIIEM yKa3aTeTb

int *p;

[pUCBaMBaHWE p = m; Oy/eT He TOJHKO BO3MOXKHO, HO M He TOTpebyer OT
KOMITIJISITOPA HUKAKOTO ITPe0bpAa30BAHNUS TUTIA: BEJIb 3/1€Ch U CJIEBa, U CIIPa-
Ba OT IPUCBAWBAHUs MbI BUJUM OJMH U TOT Ke TUM int*. Bosbine Toro,
[10CJI€ TAKOTO IPUCBAUBAHUS MOXKHO OyJIeT 0OpAIaThCs K 9JIEMEHTAM Mac-
CHBa I Yepe3 IePEeMEHHYIO P C ITOMOIIBIO BCE TOM Ke Olepaliy WHIEKCUPO-
Banusi: p[0], p[1], ..., p[19] obo3na4vaioT Temepsr POBHO TO KE CAMOE, ITO
nm[0], m[1], ..., m[19]. C apyroii cTOPOHBI, MOCKOJIBKY m — 3TO AJpPeC, K
HEMY MOXKHO IIPUMEHUTDH OIEPAIMIO PA3bIMEHOBAHUS, TO €CTh OOPATHTHCS
K IIEPBOMY 3JIEMEHTY MAaCCHBa M MOXKHO HE TOJBKO Yepe3 MHJEKCHPOBAHUE
(m[0]), HO W mMHAYe: *m — 3TO abCOJIIOTHO TO Ke camoe. Mbl BUINM, 9TO
unyiekcuposanne B Cu — 3T0 onepanus He HaJl MacCUBaMU (HaJl MACCUBAMU
BOOOIIE HET HUKAKKUX OIEpaluii), a Hajl adpecamu.

263 ech u gasiee MbI B IpEMEpax YKa3bIBAeM DAa3MEPHOCTH MACCHBOB M HEKOTODBIE
Jpyrue KOHCTAaHTHI B sIBHOM BHJIe, TO €CTh B Buje 4ucia. Mbl JeraeM Tak, 94ToObI He
3arpOMOXKJATh IIPUMEPHI ONMCAHUEM KOHCTAHT, YTO CHU3UJIO Obl MX HAIVISHOCTD; CJIe-
JlyeT MOMHHTB, YTO B TEKCTEe HACTOsIEH nporpaMMbl (B OTJIMYHE OT WJLIIOCTPATUBHOTO
npuMepa) Uncia B $BHOM BUJE BCTPEYATHCA HE JOJIKHBI, BCE HX CJIEJYyeT OIUCHIBATD
KOHCTaHTaMMU.
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Yr00bI TOHATH, YTG HA CAMOM JIieJie IIPeJCTaB/sieT cODOil oneparust nH-
JIEKCUPOBAHUSI, HY?KHO TOSICHUTD €IMIE OJINH BayKHBIIT MOMEHT: B sidbike Cu
K TUIHM3UPOBAHHOMY AJPECHOMY BBIPAXKEHUIO (TO €CThb K aJ[PECHOMY BbIPa-
JKEHMIO JIIOOOT0 THUIA, KPOMe Void*) MOXKHO npubasumb yeaoe wucao, Upu
9TOM aJIpeC U3MEHSIeTCsI Ha pa3Mep dJIeMeHTa TOTO THIla, Ha KOTOPBI yKa-
3BIBAET MCXOJIHBIIN aJIpec; HAIpUMep, ajpec THIa char* npu mobaBieHnn K
HEMY eJIMHUIBI YBEJIMYUTCS Ha €JINHUILY, & aJpec THUMa int* B TAKOM Ke
ciydae — Ha derbipe (Beab int 3anumaer 4 Gaiira). Takum obpasom, eciiu
B IIaMsITH Pa3MEIIEH MaCCUB 3JIEMEHTOB OJHOTO THUIIA, H0DaBJIEHUE €IUHU-
[IBI K &JIPECy OJIHOIO U3 ITUX 3JIEMEHTOB JACT aJIPEC CJIEJIYIONIETO JIEMEHTA,
MaccuBa. Hade ToBOpsi, m — 3TO aJipec MepBOro sjeMenTa, m+l — ajapec
BTOPOr'O 3JIEMEHTA, ¥ TaK JIaJiee; TOCJIEIHUIT 3JIEMEHT HAIlero MacCuBa, NMe-
er ajpec m+19. DTo U ecTh Ta camasi adpecHas aPUPMemMUKa, KOTOPOii
9acTo IyraroT Jieteil n HoBUMYKOB. Hy a ecsm BbhIpaxkeHus: Buja m+k mpej-
CTaBJISIOT cODOi aspeca, TO, 3HAYUT, UX MOYKHO Pa3bIMEHOBBIBATH. [loiTy-
qaeTcs, 9YTO K JIEMEHTAM MaCCHBA MbI MOXKEM ODPAIAThCS Yepe3 pa3biMe-
moBanue: *m, * (m+1), *(m+2), ..., *(m+19), u 370 Oy/I€T COBEPIIIEHHO TO XK€
camoe, aro m[0], m[1], ..., m[19].

Ckaxxem OoJibirie: Bbipaxkenue al[b], KaxkoBbl Obl HU ObLIM 3TH a u b,
o3HavYaeT Mo oice camoe, ITo U * (a+b). Oco3HATH BCIO IVIYOHHY 9K30TH-
KU TO3BOJISIET 3aMeYaHUe, 9TO OT IIEPEMEHBI MEeCT CJIaraeMbIX CyMMa He
MeHsIeTCsI, TaK ITO BMecTo m[17] moxkno mamucars 17 [m], n koMmmmiaTop
910 Giaronosydno nporsiorut. He Hamo Ttak gesnars! O Hajmmaum 510
BO3MOYKHOCTH MbI PACCKA3bIBAEM TOJIBKO JIJIsI UJIJIIOCTPAIIH.

Bbiwe YNOMMNHANOCb, HTO UMA MaCCUBa NPEACTABNAET agpecC NEPBOro aN€EMeHTa
no4YTy BO BCEX CUTYaUUAX. Eﬂ,VlHCTBeHHaFI OCMbICJIEHHas CNTyauus, B KOTOPOVI nmsA
MaCCuBa COOTBETCTBYET BCEMY MACCUBY KakK €guHOMY O6'beKTy — 3TO NPUMEHEHNE
K MMEHN MacCCuMBa I'ICGB,D,OdDyHKLI,I/IVI sizeof: B aTOM cny4dae Bblp,aéTCﬂ pa3Mep BCero
MaccuBa uenukom. B vactHocTu, sizeof (m) gns maccuBa n3 Hawero npumepa by-
aet 80. lMNpecnoByTbiMK «CTaHJapTaMM>» NPefYCMOTPEHbI ELLE ABe CUTYyaLuu, Korga
MQaCCUB BbICTYMNAET KakK CaMOCTOATENbHbIN O61:eKT, HO UX AOCTATOYHO C/IOXKHO 061:91(:—
HUTb, @ O4HA N3 HNX K TOMY >X€ COBEPLUEHHO 6eCCMbICﬂeHH3. MoxeTe npeagnonaraThb,
4yTo sizeof — €ANHCTBEHHOE NCKJIIOYHEHNE U3 MPaBWU; TaKOE NpPennonoXXeHNeE BaM
HN4Y€M HE rpo3nT.

OnHuM U3 caMbIX 3aMETHBIX (M TAXKEJbIX) CJIEACTBUI HEIOCTYIIHOCTH
MaCCHBa KaK €JIUHOIO O0bEeKTAa MOXKHO CYUTATH HEBO3MOXKHOCTH IIPUCBa-
WBaHUS MACCHUBOB, KOTOPOI YacTO He XBaTaer, OCOOEHHO MpU Tepexojie C
[Tackans. Kak Mbl yBuIUM 9yTh MO32Ke, CTPOKH IIPEICTABIISIIOT OO0 JacT-
HBII CJIydail MaCCUBOB — U TOXKe, pa3yMeeTcsi, He IpucBanBatorcs. s Ha-
YHUHAIOININX, TPUBBIKIIUX K BBICOKOYPOBHEBOW paboTe CO CTPOKAMH B JIPY-
IMUX S3bIKAX, OTCYTCTBHE BO3MOXKHOCTU MPUCBOUTH CTPOKY MPEBPAIIACTCS
B HOYHOI KOIIMap, 10 Kpaiineil Mepe Ha IEPBLIX IIOpax.

OrmeruM emg ojuH nHTEepecHbiii MoMeHT. B si3pike Cu orpejiesiena orre-
panysi 8bNUMAHUSA TNUNUSUPOBAHHBLL adpecos8, pe3ysIbTaTOM KOTO-
POil SABJISIETCS TIEJI0e YUCJI0. DTA OIEPAIUS UMEeT CMBICJ TOJBLKO IIPU IPHU-
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MEHEHHUH K aJIpecaM 3JIEMEHTOB OJHOI'0 MAaCCHBa; €€ Pe3yJIbTaT — paccmo-
ANUe MEXKJLy IBYMs 3JIEMEHTaMHU, TO e€CTh Pa3HOCTh MX MuJekcos. Hampn-
Mep, ecjii MBI paboTaeM BCE C TeM Ke MaCCHBOM I H IIPHCBOMJIN yKa3aTe-
Juo p aapec ementa m[13] (To ects Bomoanum p = &m[13] wiu npocro
p = m + 13), To 3HAUEHNEM BbIparkeHusi p - m Oyzer uncio 13. Kak mMox-
HO 3aMEeTUTD, 3Ta Ollepalius 06pamHa olepalyuy IpudaBIeHHA IeJI0T0 JHCIa

K aJipecy.

4.3.14. JIlnHaMuiecKas NaMsTh

C dunamuueckoti namamsvio Mbl yxke 3HAKOMBI 110 [lackasto, HO B
Cu noxo/1 K €€ UCIOIH30BAHMIO CYIECTBEHHO oTyimyaercs. [Ipex e Bcero
OTMETHUM, 9TO 8 CAMOM A3biKe, KAK BOIUTCS, CPEJICTB PAbOTHI € JTUHAMUIE-
CKOIl TaMsATbIO HET: OHU BBITECHEHBI B OmOsmoreky. OCHOBHBIME (DyHKITH-
sSIMH CUMTAKOTCsI malloc, BBIJAE/ISAONAs aMsaTh, 1 free, 0CBOOOXKIAIOIIAS
[MaMsITh. 3aroJI0BKU 3TUX (DYHKINI BBINVISIAT TaK:

void *malloc(int size);
void free(void *p);

Oyukmus malloc TPUHUMAET B KadeCTBE MapaMeTpa pasMep HeoOXOIUMOit
00JIACTH TAMSTH, BBIJE/ISET TAKyI0 00JACTbh U3 «Ky4Id» U BO3BPAIIAET al-
pec Hauaa BblaeeHHO obstacTu. [lockoabky dyHKIMst malloc He 3HAET U
HE MOYKET 3HATH HUYETO O TOM, JIJIs KAKUX IeJiell Mbl 3aTpe0OBAIH TTAMSITh,
OHa BO3BpAalllaeT HETUIIN3UPOBAHHbI a/Jpec, KOTOPBLIM MBI CAMU MOKEM IIpe-
BPATUTD B ajipec TOTO, IYTO HaM HyKHO. Hampumep:

double x*k;
k = malloc(360*sizeof (double));

[Tocsie BbITIOJIHEHUST TAKOTO IPUCBAWBAHUS yKa3aTesb K OyIeT yKa3blBaTh
Ha CBEXKEBBIJIEJIEHHYIO 00/IaCTh MMaMATHU, Pa3MepP KOTOPOH JOCTATOYUEH JIJIsI
pa3memennust 360 ssiemenToB Tuna double. Beciomuus, 9To nniekcupoBanue
eCTh OIeparus HaJ, aJpecaMu, Mbl OOHAPYKUBAEM, UTO C ITOU 00IACTHIO
MOXKHO paboTaTh KaK C OOBIYHBIM MaCCHBOM, ODPAIasiCb K €ro 3JIeMEeH-
TaM 110 uHaekcaM. Hampumep, cieayromnuil 1nKII 3aI0JTHUT 3JIEMEHTHI 9TOTO
MaCCHUBa 3HAYEHUSMU CHHYCa C MHTEPBAJIOM OJINH I'DAIYC:

for(i = 0; i < 360; i++)
k[i] = sin((2#«M_PI/360.0) * (double)i);

Oyuknus free 0CBOOOXKIAET paHee BBIIEJIEHHYIO [TAMATH, Jiejias €6 BHOBb
JOCTYIIHOM JJIsd BBIesieHnsi. B KadecTBe mapamerpa 31a (DyHKINs TPUHU-
MaeT aJpec, paHee BO3BpalléHHbIN (yHKIMel malloc. Hampumep,
0CBODOIUTH HAIIl MaCCUB MOXKHO TaK:

free(k);
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Pazmep obsactu namsaTn 6ubjnoreka XpaHUT TJe-TO y cebsi, TaK 9TO yKa-
3BIBATH 9TOT pas3Mep IpHu 0cBOOOKIeHnn He Tpedyercs. C npyroif ctopo-
HbI, ecyin pyHKIUA free ciaydaiiHO JaTh MAPAMETPOM YTO-TO OTJIUIHOE OT
aJipeca, BO3BpAIIEHHOTO malloc’oM, aBapus BaM MPAKTUIECKHA TAPAHTHPO-
BaHAa, IPUYEM €CJIN IITPOT'PAMMa «CBAJIUTCA» HEIOCPEJICTBEHHO ITPU BBHI30BE
free, MOXKeTE CUMTATD, 9YTO BaM KPYIIHO IIOBE3JIO; CKOPee BCEero, IIporpam-
Ma YCITEET eIlé HEKOTOPOe BPEMsl TOPAbOTATH M TOJIBKO IIOTOM 3aBEPIIUTCSH
C aBapHeil, TaK YTO OLPEIEJINTDh, IJie CJeJIaHa OIMHOKa, MOYKET OKa3aThCs
BeCbMa HEIIPOCTO.

CranpaprHas bubnuoTteka npegycmaTpusaet ewé ase PyHKLUN ANsT BbIgENEHNS
AuHamunyeckoin namsatTn — calloc m realloc; Mbl OTJIOXKMUM UX PAaCCMOTPEHUE A0
rnasbl 4.10. OTmeTum, 4TO Ayylwe nsberatb Mcnonb3oBaHus realloc, noka Bbl He
Hay4nTeCb YBEPEHHO MEHSITb Pa3mepbl 4UHAMUYECKUX MACCMBOB 6e3 €€ nomoLym.

BarosoBku OyHKIHUH st pabOThI € JIMHAMAYECKON HAMITBIO PACIOJIO-
2KEHBI B 3aroJIOBOYHOM (daitsie stdlib.h.

4.3.15. Moaudukarop const

KiroueBoe cjioBo const, mpuiresinee U3 si3bIKa CI/I++27, HUCHOJIL3YeT-
cst B Cu (u B Cut+), 9robel 3anpemums usmenerue HeKomopold obaa-
cmu namsmu. B ormmaue ot Ilackanst, B Cu a1t onucarus KOHCMAHM, TO
€CTh MMEHOBAaHUS HEKNX 3HAYUEHN, CJIOBO const He TOAUTCs: IepeMeHHbIe,
OIMCAHHBIE C ITUM MOIMMUKATOPOM, BCE KE OCTAIOTCSA TNEePEMEHHBIMU, UX
IIPOCTO 3aIPEIeHO U3MEHSTh.

OOBIYHO KOHCTAHTHBIE IIEPEMEHHBIE OIMCHIBAIOT C MHUIUMAJIA3ATOPOM,
XOTsI KOMITIJIATOP 9TOrO M He TpebyeT; HaIpuMep:

const int iteration_count = 78;

ITogyepkuéM, YTO BBEIEHHOE TAKUM 0Opa30M MMsI — He KOHCTAHTA B TOM
CMBICJIe, UTO iteration_count HEJb3sT UCIOJIB30BATH TaM, TJe TpedyeTcs
3Havenue epemert, KOMNUAAUUY — HAIIPUMED, B case-MeTKaX OolepaTopa
switch, npu yKa3aHuU pa3MepHOCTENl MacCHBOB U T.II. Bcé aTo nenaer mo-
JOOHbBIE OIMCAHUS HE CJIUIIKOM II0JIE3HBIMHU.

Haunnas c C99, «cTaHpapThbi» paspeLiatoT NCNob30BaTh TaKUE KOHCTAHTLI 415
3ajaHus pasMepa MaccuBa; pasMep MaccuBa BOODLUe «CTaso MOXHO» 3afjaBaTb
MPOU3BOJIbHBIM BbIPAaXKEHUNEM, BbIYNCISIEMbIM BO BPEMSI UCMOJIHEHUS. JTa BO3MOX-
HOCTb HasbiBaeTcs variable length arrays (VLA). Hukorpa, Hu npu kakux ycnosusix
He ucnonb3yiite 310! Ecnn pgo seegenuns VLA nms nokanbHoii nepemenHoli Bcerga
NPeACTaBsAN0 cobOii KOHCTAHTHOE CMELLEHME B CTEKOBOM (ppeiiMe, TO Nocse nx BBe-
LEHUSI UMEHa JIOKasbHbIX MEPEMEHHbIX NPU NepeBofe B MaLUMHHbLIA KOG MOTYT npe-
BPaTUTLCS B CKOJIb YTOAHO CAOXKHbBIE apudPMETUHECKNE BbIPAXKEHUSI, A5 BbIYNCAEHUS
KOTOPbIX MOXET He XBaTuTb pernctpos. B ntore VLA okasbiBatoTCst CTONb CNOXKHbBI B
peanusauum, 4To MHOrMe KOMAWASTOPLI NpuberatoT K ycayram runtime-6ubanorekn,

27B 4aCTHOCTH, STO CJIOBO NPUHIMINAILHO HE MCIOJIb3YeTCs IasKe B IIOCIIELHEM H3-
nanun KHUrn Kepuurana u Puran.
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YHUHTOXasA TakKUM 06pa30M rnaBHoe N €4Ba Jin HE EANHCTBEHHOE AOCTOUHCTBO CVI —_—
zero runtime. Kpome Toro, pasmepbl cTeka 0bbI4HO OrpaHuYeHbl, n 6eCKOHTPOsIbHOE
npumeHeHne VLA pesko yBennuuBaeT puCK aBapuun, CBSI3aHHOW C MepenosiHeHneM
cteka. Cama BoamoxHocTb VLA npeepawaer Cn B BbICOKOYPOBHEBbIN 5i3blK, B Kaye-
ctBe koToporo Cu He UMeeT CMbICNa — B MUPE eCTb MHOTO BoJiee NPOCTbIX, MPUSATHBIX
N NOrMYHbIX BbICOKOYPOBHEBbLIX S13bIKOB, He obnagatowux HegoctaTtkamu Cu.
CoBceM JIpyroe JIeJio TOJIydaeTcsl MPU UCIOJIB30BaHUU CJIOBA COnst B
onucanusax (1 oObsaBIeHUAX) yKazaTeseii. s Hadama orMeTHM, 94To

const int *p;

OIUCHIBAET HE KOHCTNAHMHbLG yKkazamead (TO eCThb yKa3aTeb, KOTODLIH
HeJIb3d U3MEHATh; caM yKa3aTe/b B JIAHHOM Cjlydae HU3MEHATb KaK pa3
OYEHb JIAZKe MOXKHO), & YKA3AMeAd HA KOHCMAHMHYIO 00AACTb NAMAMU.
Wnave roBops, cI0BO const OTHOCUTCH 3/1eCh HE K MEPEMEHHOH p, & K TOU
06JIacT! MaMsaTH, HA KOTOPYIO p Oy/leT yKa3bIBaTh.

OnVICaTb HEN3MEHsIEMBbI A YKa3aTeslb TOXKE MOXHO, AN 3TOro Hy>XHO NOCTaBUTb
cnoBo const nocie 38€35049ku. KOHEYHO, TaKOMY yKasaTesto HY>KHO MpsiMO B Onu-
CaHWU 3afaTb 3HaYeHuWe, Befb NPUCBAUBATL eMy HUYero Henb3s. Hanpumep:

int x;
int * const q = &x;

Ecnun Bam 370 noHagobunock, CBSXKMTECH C aBTOPOM KHUIM U PAcCKaXKUTe, KaK Bbl
gownu fo Takoii xusHu. OTMeTUM, 4To eaBa nu He 6ONLLUNHCTBO NpodheccmoHanb-
HbIX MPOrpaMmuncToB, nuuwywinx Ha Cu, 06 3TOW KOHCTPYKLMN He 3HAKOT, NOCKOLKY
OHa NMPaKTUYECKN HUKOTAa He HyXXHa.

B sT0it cBoeil unocracu MOAMMPUKATOD COnst HAXOAUT OYEHb AKTUB-
HOE MpPUMEHEeHre, B OCOOEHHOCTH B OMUCAHUAX (DOPMAJIbHBIX HAapaMeTPOB
dyukmumit. K npumepy, ecam BbI BUIUTE 3ar0JI0BOK (DYHKITHH

void suspicious_func(int *a);

— TO BBI BBIHY?KJIEHBI TTO/I03PEBATH, UTO TaKas (DYHKIINUSA UTO-TO CIIEJIAET
C TIepeIAaHHON el 00JIACTHIO MAMSATH, TOI/IA KaK €CJIU IapaMerp CHaOKEH
MoaudUKaTOpOM const:

void trustworthy_func(const int *a);

— TO T€M CAMbBIM aBTOp (DYHKIIMH 3asBUJ BaM, MOJb30BATENIO, ITO M3Me-
HATH MaMATDh, Ha KOTOPYIO YKA3bIBAET a, ero PYHKIU He COONPAETC.

Mo npaBge rosopsi, CNOBO const HUYEro He rapaHTUpYeT, Befb BCErga MOXHO
M3MEHNTb TUM aAPECHOIO BbIPaXKeHUs Ha Nt0DOI APYroi, B TOM YUC/IE He Npeanona-
ratowynii koHctaHTHocTwW. Mpu paboTe ¢ HN3KOYPOBHEBLIMYU Si3bIKaMu BOODLLE TPYAHO
roBOpUTb O KaKUx-Anbo rapaHTusix. Tak Wau MHa4ve, CNOBO const MOXHO BOCMPU-
HUMaTb Kak obeLyaHne He MeHsITb COOTBETCTBYHOLLYI0 0bnacTb NnamsTh, a HapyLwaTb
cobcTBeHHble 0beLaHns, Kak N3BECTHO, HEXOPOLLO; K TOMY >e 3a cobstogeHmem Ta-
koro obelaHus BCE-Taku xyno-b6eHO CleguT KOMNUAATOP, Tak YTO HapyWuWTb ero
MO>XXHO, JINLb MPUMEHNB IBHO KHEKPACUBBIA» MPUEM.



§4.3. Basosbie cpezcrsa a3pika Cu 87

4.3.16. IloussTue J€BOAOITYCTUMOTO BbIPa*KeHUS
(lvalue)

[lostBiienne anpecoB, yka3areseli W Ol€panuii HAJI HIMH ITO3BOJISIET
[I0-HOBOMY OCMBICJIUTH PA3JITUUE MEXKJYy OOBIYHBIM (IPOU3BOJIBHBIM) 6bl-
pastceHuem 1 ero YacTHBIM CIydaeM — nepemerHoti. Eciu, Kk mpumepy,
B34Tb IIEJIOYUCJICHHYIO IIEPEMEHHYIO X U IIPUCBOUTH €il 3HadeHue 22, To u
«X», U «22» OyIyT IPeACTaBIATH COOOI BBIPAXKEHUs], IPUIEM 3HAYCHUEM
¥ TOrO, U JAPYroro Oyaer 4Yucjao 22, HO BPsJ JIX KTO-TO 3asiBUT, YTO X U
22 — 5T0 OJHO U TO Ke. Hayarh ¢ TOro, 4YTO 3HAYEHWE X MOXKHO I[IOME-
HATH (HA TO OHA U MEPEMEHHAA), TAK UTO X MOIHCEM CMOAMDL CABA OM
NPUCBAUSAHUA, & TAKXKE OBITH APTyMEHTOM I OIl€PAINil WHKPEMEHTA U
JIeKPEMEHTa (++ I --).

ITocse BBeIEHUST aPECOB U OLEPAIUil HAJl HUMUA MOKHO OTMETHTD €Ilé
OJIHY Y€PTy HEPEMEHHBIX KAK BBIPAXKEHUU «0COOOTO COPTa»: K HUM MOHC-
HO NPUMEHAMD ONEPAUUIO 3ATMUA AJPECA — TIOMPOCTY TOBOPs, y HUX €CMb
aJipeca, TO eCTh OHU IIPOCTO 110 CBOEH IIPUPO/IE SIBJISTFOTCST O0JIACTSIMU TTaMsi-
. O IPOU3BOJILHOM BBIPAyKEHUHU ITOIO CKA3aTh HUKAK HeJIb3s1. KcraTu, Bo
BCEX OCTAJIBHBIX CJIyYasgX — TO €CTh KOIJ/Ia K IEPEMEHHON He MPUMEHSIETCS
HU [IPUCBAUBAHME, HU MHKPEMEHT /JIEKPEMEHT, HU B3ATHE aJipeca — OHA B
BBIDAYKEHUN HUYEM He OTJINYAeTCs OT CBOErO TEKYIIEro 3HAUYEHUsI, TO eCTh
TaKoe Ke BhIPakeHre, B KOTOPOM IIepeMEHHAs 3aMeHeHa, CKaXKeM, IIPOCTOH
KOHCTAHTOIi (JINTEPAJIOM ), PABHBIM €6 3HAYEHUIO, TAPAHTHPOBAHHO JACT TOT
K€ pe3yJIbTar.

Ewmé npu nsydenun Ilackajisi Mbl MOTJIM 3aMETUTH, YTO BCEMU OCOOBIMU
CBOIICTBaMU, XapPaAKTEPHBIMHU JIJIs IEPEMEHHBIX, 00JI18/IaI0T HE TOJIHKO UMEHA
[MePEMEHHBIX; MPOCTENINI IpUMep — JIEMEHT MACCUBa, 9TO yKe IIPeBpa-
IAeT JIEBYI0 YaCTh IIPUCBAMBAHNS B BBIPAXKEHWE ITPOU3BOJIBHON CJIO2KHO-
CTH, BeJIb B MHJEKCE MOXKET OBITh UTO yIOJHO, JIUIIb Obl PE3YJIBTAT IIOJIY-
YaJICs IEJIOYNCJICHHBIM (MM TOrO THUIIA, KOTOPBIN UCIIOIB3yeTCsl B UHIEKCe
KOHKDETHOI'O0 MaccuBa, Beab B llackase 3T0 MOxkKeT OBITH TPOM3BOJIBHBIHN
nopstakoseiit Tun). Ho B Ilackase sro siBieHne He crosb HaruisiiHo. Orne-
panuu B3ATHA aJpeca TaM BOOOIe M3HAYAIBLHO He ObLIO; (PYHKIUU, BO3-
BpAIAIOININe aJIpec, BO3MOXKHbBI, HO He CTOJIb HOIYJIspHbI, Kak B Cu; ecTb
ermé ToJIs 3amucei, a caMa 3aIluCh MOXKET UIeHTU(UIMPOBATHCA €€ a-
pecoM, 9To IOpOoXKjiaeT Bbipaxkenus Bpoje plf(x)]~.t~.m, obmamatomume
BCEMHU CBOMICTBAMU IIEPEMEHHBIX — HO M Ha HUX OOBIYHO BHUMAHWE HE OCO-
OEHHO AKIEHTUPYETCs, W, KCTATH, [TOXKAJIYH, 3Ps, Be/lb NX MOXKHO HapPABHE
C TIepeMEeHHBIMU IepeaBaTh depe3 var-mapamerpbl. Tak wianm wHade, 1pu
onmncanuu [TackaJjist Bce CyIIHOCTH TAKOTO POJIa HA3BIBAIOTCSI IIPOCTO «IT€pe-
MEHHBIMU» ; KOTJIa CJIOYKHBIE BBIPAXKEHUs B ITON POJIM BCTPEYAIOTCS PEJIKO,
Takas TEPMUHOJIOTHS BIIOJIHE aJ€KBATHA.

WNuoe gesio — 361k Cu, B KOTOPOM CJIEBA OT IIPUCBAUBAHUSI IIPOCTOE UMS
[IeEPEMEHHON BCTPEYAETCsI €J1Ba JI He Pexke, UeM YTO-TO JIPYroe, a Bejlb BCE
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OCTAJIbHOE — 3TO BbPAIAHCEHUA, Y MOKHO 3AMETUTD, UTO y ITUX BBIPAYKEHUN
UMeeTCsI OTHO MHTEPECHOE CBOMCTBO, KOTOPOE HE BCE IOYEMY-TO OCO3HAIOT.
[IycTpb, Hanpumep, y HAC €CTh HEKUIT MACCUB yKa3aTeJell Ha IeJI0UNCICHHbIE
epeMeHHbIe, a eIé eCTh MPOCTas TEJIOUNCICHHAS IEPEMEHHAs], U MBI B 9TY
ITepeMeHHYI0 3aHECJIN YUCII0 27, a B OJUH U3 JIEMEHTOB MaCCHBa IIOMECTHIIH
eé ajipec:

int *ptrvec[20];
int x;
x = 27;
ptrvec([5] = &x;

Paccmorpum Teneps Beipazkenue *ptrvec[5]. Eciu Mbr 3ax0oTUM €ro 6wi-
YUCAUMD, TO €CTH HOJYIUTh €r0 3HAY%EHUE, TO HA YPOBHE MAIMUHHOIO KO-
Ia mpon3oiaeT caemyromiee. VmeHn ptrvec MoKeT COOTBETCTBOBATH JIW-
060 KOHCTAHTHBIN aJIpec, ecjii MacCuB OObsIBJIEH KaK IJIOOAJIBHBIN MJIM KaK
JIOKAJIbHO-CTATUYECKUil, MO0 CMeIeHre OTHOCUTEJHLHO PENEePHONl TOUKH
cTrekoBoro dpeiima; K 3ToMy aapecy OyaeT npubdbasieno uucsao 20 man 40 —
pasMep HATU JEMEHTOB MAaccuBa (ITO B HAIEM CJIydae YKa3aTesu, OHU
MOTYyT ObITh 4-O0aifiTHBIMEM WK 8-6ATHBIMU B 3aBUCHUMOCTH OT Pa3psi/HO-
CTH IIPOIECCOpA), [0 HOJIYYEHHOMY aJpPecy HPOLECccOp JOJIZKeH Oyuer 00-
PATUTHCs K HAMATH, U3BJIEYb OTTYAA aJPEeCHOe 3HAUYeHHe (TO €CTh, OIITh
ke, 4 Gaiita win 8 — 310 OyIeT B HAIEM IIPUMEPE AIPEC EPEMEHHOMN X ), U
y2Ke TI0 9TOMY aJIpecy CHOBa OOPATUTHLCS K TMAMSITH, ITOOBI OTTY/Ia JIOOBIThH
HUCKOMOe 3HadeHne 27 — 9TO U €CTh PE3Y/IbTAT BhIYMCJIEHUS.

Ho daro ecim mo oice camoe evipasicerue okaxkercs OO CaeBa OT IIPU-
cBaWBaHUs, MO0 B POJIU OIEPAHJIA JIJIsi HHKPEMEHTA, JIeKPEMEHTA WJIN B3si-
s ajgpeca’ B aTux ciaydasx y3HATD, YTO 3HAYEHUEM HAIIETO BHIPAXKEHUS
ABJISIETCST IUCJIO 27, ABHO HEJOCTATOYTHO JJIs JajbHefrneit paboThl — a To
7 BOBCe OECITOJIE3HO: IPOCTOH OIEpaliy MIPUCBANBAHUS 3TO 3HAYEHUE HE
HY?KHO HHU C KaKOro OOKY, OHa ero JOJIKHA 3amepemy; OlepaIlii B3sTHSsI
aJipeca TOyKe COBEPIIIEHHO BCE PABHO, KAKOE KOHKPETHO YUCJIO JIEXKUAT B TOM
MeCTe MAMSTH, aJpeC KOTOPOTO OHA JOJI2KHA, BBIJATH; IIPOYUNE OMEPAIINNA —
WHKDPEMEHT, JIEKDEMEHT U «CJIOYKHBIE» MIPUCBAUBAHUS BPOJE += WM >>= —
3HadeHne 27, KOHEYHO, UCIOJIb3YIOT, HO €ro OJIHOIO UM OyJIeT Majio, HyK-
HO emé 3HaTh, KyJa [IOTOM IIOJIOXKUTH HOBOe 3Hadenue. IlompocTy rosops,
THUM OIIEPAIUAM HY2KHO IIPEXKE BCETO 3HATH, 2de HAT00UmMCsA UX OIEPAHI,
a He YeMy OH paBeH. [losToMy KOMIHISATOP, HOPMUPYST KO, BEITUCISFOIIAN
OIEPAH/] 3TUX «XUTPBIX» ONEPAINN, 3a8EPULUM BLIMUCAEHUE HA ULA2 PAHD-
we — He Oy/IeT U3BJIEKATH U3 [TaMATHA 3HAYEHUE 110 BBIYUCJIEHHOMY &JIPEeCy,
a OCTaBUT B KAYECTBE PE3yJIbTaTa BLIUUCJIEHUS CaM ITOT ajpec (B HAIIEM
cilydae — ajpec IePEeMeHHO x).

Jlajieko He BCe BBIPayKEHHUsI CIIOCOOHBI K TAKOMY <«YKODOYEHHOMY>» BbI-
9HCJIEHUIO; CKaXKeM, BbIpakeHrne x+1 Tak He yMeeT, Belb B IIaMATH HET
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TaKOro MeCTa, Ije JieyKaJio Obl ero 3Hadenue. Ho 510 BhIpakeHue, O4eBUI-
HO, ¥ HE MOYKET CJIY2KUTb HH JIEBBIM OII€PAHOM IIPUCBANBAHUS, HU €JUH-
CTBEHHBIM OIIEPAHJIOM MHKPEMEHTA, JIEKPEMEHTA U B3ATHS aJ/ipeca. 1aK Mbl
€CTEeCTBEHHBIM 00pa30M MPUXOINM K Pa3Ie/IeHUI0 BCEX BO3MOXKHBIX BbIPa-
JKEHUI Ha Te, YTO MOI'YT CTOSITh CJIEBa OT IIPUCBAMBAHUS, U BCE OCTAJIBHBIE,
KOTOPBIE 9TOI'0 HE MOTYT.

VCTOSBIIHIIICSH PYCCKOS3BIYHBIN TEPMUH I 0003HAYEHUS BBIPAYKEHUI
[IEPBOrO BUJA — A€8000NYycmumbie 6bipadicerus. VlnrepecHo, 4To B
AHIINCKO JInTepaType NPUHAT JaKOHUIHBIN TepMuH lvalue nim (pexe)
l-value, mpuaém 6yKBa | NCXOIHO O3HAYAJA CJIOBO left M3 TPOMO3IKOrO CJIO-
Bocoderanus left-hand side operand of assignment. Bce ocranmbuble BbIpa-
JKEHUsI — TaKue, KOTOpbIe B IPUCBANBAHUEI MOTLYT OBITh TOJIBKO CIpaBa —
0603HAYAIOTCSI CTOJIb YK€ KOPOTKUM TEPMUHOM Tvalue, B KOTOPOM, IIOHSITHOE
Je0, OyKBa, 7 COOTBETCTBYET CJIOBY 7ight.

[Ipobsiempbr ¢ 3THMU TepMUHAME — TOYHee, ¢ TepMUHOM [value — Ha-
9aJIuCh MOcjie nosijieHust B sizbike Cu MmoudukaTopa const. Beipaxkenue,
B THUIIE KOTOPOI'O eCTh const, CTOATH CJIeBa OT IIPHCBAWBAHUSA yXKe HE MO-
2KE€T; HO TAKOe BBIPAKEHNE I0-IIPEYKHEMY IIPOSIBJISET €IBa JIU HE OCHOBHOE
CBOICTBO lvalue — yMeHUe BBIYUCIISITHCA He 70 3HAYEHUs, a JI0 aJpeca, Te
3HAYEHNEe HAXOJIUTCSI, IICTh JIayKe Teleph TUM CBONCTBOM MOXKET BOCITOJIb-
30BaThCS JIUIIL Olepalus B3ATHS ajapeca. K Tomy 2Ke BoOOIIE-TO 3aIiuT-
HBII MEXaHU3M KOMITIJIATOPA, HE TO3BOJIAIONINI BHITOIHSATD IPUCBANBAHIE
B KOHCTaHTHBIE 0DJIACTU TAMSITH, MOXKHO JIETKO ODOUTH, HO peaIbHOE IIPU-
CBaWBaHUe IIPOBECTU MOXKHO OyJIeTh JIUIIb B CJIy4ae, €U €CTh KyJia IIpu-
CBaMBaTh, U BOT 3TO BOT «€CTh KyJia IPUCBAUBATH» HYy>KJaeTcs B 0003HA-
qennu. [losromy Tepmun lvalue penmuan COXpaHUTH I 0DO3HAYEHUS BCEX
BBIPAYKEHUIA, ITOCJIEIHUM [ArOM BBIYUCJIEHUS KOTOPBIX SBJISIETCS U3BJIEUE-
HUE€ UTOrOBOI'O 3HAYEHUsI U3 MMaMsITU — MHade T'OBOPs, TAKUX, K KOTOPBIM
MIPUMEHNMA OIepaIus B3sATHA ajpeca, Hy a OyKBe | «CMEHUIU CMBICT» —
Tenepb OHa «OMUITNAIBHO» COOTBETCTBYET He CJIOBY left, a ciaoBy locator.

Ecnu Bbl nonbiTaeTeck nonckaTtb TEPMUHDbI /va/ue n rva/ue B VIHTepHeTe, TO HEN3-
6e)KHO HaTKHéTer Ha OOBOJIbHO MHOIOCJ/IOBHbIE U MYTHbIE PACCYXXAEHUA, B KOTOPbIX
bynet durypuposaTs ewg n xvalue. He nyraiitech, BCs 3Ta MyTb He MEET OTHOLLE-
Hust K Cu, pedb naét o sisbike Cu++, Npuy4ém 0 ero «Bepcusix», NPUAYMaHHbIX Cy-
MacwenuwnMmmym CTaHgapTn3aTopamu; xvalue B CI/I++ NOoABUNCL Ha4YNHAA CO «KCTaH-
paptay C++11. B Tpetbem Tome Halweii kKHUrM mbl byaem unsyqatb s3bik Cu++,
HO noAenbsA CTaHAAPTU3ALMOHHbBIX KOMUTETOB MPU 3TOM NMPOUTrHOPUPYEM, TaK 4TO
TepMuH xvalue Ham He noTpebyercs.

4.3.17. aunuaan3aTopbl JJid MacCUBOB

[Ipu onmcanum MaccuBa 136k CH TIO3BOJISIET 33J1aTh HAYAJbHbIE 3HA-
9eHUsi ero 3jeMeHTOB. MaccuB mpu 3TOM M300parkaeTcs B BUJIE IMEPEUUC-
JieHUsi B (PUI'YPHBIX CKOOKaX, & CaMU JIEMEHTBI PA3JIEJIsiOTCs 3AIIATHIMHU.
Hampumep:
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int mf10] = { 2, 3, 5, 7, 11, 13, 17, 19, 21, 23 };

Ob6paruTe BHUMaHNE HA TOYKY C 3allsITOI IOC/e 3aKphIBAOIIEl (DUrypHOit
CKOOKM, OHA 3/1eCh 00s13aTeIbHa — 9TO YaCTh CHHTAKCHCa omucanus. Kpome
TOro, KpaiiHe Ba>KHO IIOHUMATD €III€ OJUH MOMEHT: BCE 3JIEMEHTbI MHUIIY-
ajmn3aTopa o0sa3aHbl ObITh KOHCTAHTAMN BPEeMEH! KOMIIUJILAIUMT, TO
€CTh CpeJIi IEePEeYNC/IEHHBIX Yepe3 3alsTylo 3JIEMEHTOB He JIOJIZKHO OBITh
HU [IEPEMEHHBIX, HU BBI30BOB (DYHKIMIL, HU TAKWX BBIPAXKEHUI, KOTOPbIE
KOMITIJIITOP HE CMOYKET BBIYHC/IUTH TMPSMO BO BPEMsT KOMITHJISIIIAM.

Eciu pns maccuBa mpeaycMOTpEH WHUIUAJIN3ATOP, TO MOYXKHO HE YKa-
3BIBaTh B IBHOM BHJIE €r0 Pa3MEPHOCTH, KOMIIMJISTOP BBIYUCIUT €€ CaM:

int m{] = {2, 3, 5, 7, 11, 13, 17, 19, 21, 23 };

31ech pa3MepHOCTH MaccuBa OyJleT, KaK U B IPOIIJIOM CJydae, COCTaB-
JISAITD JIECSTDh 3JIEMEHTOB, MMOCKOJbKY UMEHHO CTOJIbKO JIEMEHTOB IIPEJLy-
CMOTpeHO B mHuImaan3arope. Tak caeramno, 9To00bI N30aBUTH TPOTPAMMIU-
cTa OT HEODXOIMMOCTHU IOJICUUTHIBATH KOJUYIECTBO SJIEMEHTOB BPYJHYIO;
y3HATh, KAKOW pasMep IOJIYUYMJICS, MOXKHO, IIOJIeJIUB pa3Mep MacCHBa Ha
pa3Mep ero sjgeMeHnTa, TO ecTh HammcaB sizeof (m)/sizeof (m[0]) wmm
sizeof (m) /sizeof (*m). Hampumep, cienyomuii muKa pacredaTaeT BCe
3JIEMEHTHI MACCHBA!

for(i = 0; i < sizeof(m)/sizeof (*m); i++)
printf (" [%d] = %d\n", i, m[il);

Ha nmpumepe mHUNIMAIN3ATOPOB JJIsT MACCUBOB HAIVISIHO BUJHO, YTO MHU-
UaJn3aIysa U IIPpUCBauBaHUE — 3TO COBEPHIEHHO Pa3HbIe BEIIU.
MaccuBy Heav3sa TaKUM CIOCOOOM HUYErO IPUCBOUTH, KOTJA OH YIKe Cy-
MIECTBYET, TO €CTh KOHCTPYKIMA n3 (DUTYPHBIX CKOOOK U CITMCKA 3HAYEHUH
He sBjisiercss B CH BBIPDAXKEHUEM M HE MOYKET BCTPEUYATHCS B JIPYTUX BbIPa-
2KEHUsIX, B TOM YHCJIe U B IPUCBAUBAHUN; OHA MOXKET BCTPEYATHCH TOJIBKO
B ONUCAHUY, MACCUBA — B POJIM MHUIINAJIU3ATOPA.

NHnumnanusmposaTb MOXHO He TObKO rnobanbHble, HO N JIOKaJIbHbIE MAcCUBSI,
TO €CTb MOXXHO HamMcaTb YTO-TO BPOAE

int f(int x)
{
int m[] = {2, 3, 5, 7, 11, 13, 17, 19, 21, 23 };

VA TN V4

}

Mpexae Yem BOCMOIb30BATHCS TOW BO3MOXXHOCTbIO, CNeAyeT OCO3HaTb, 4YTO BCE 3TO
OTHIOAb He becnnaTHo: gaHHble byayT KONMPOBATLCS B 06/1aCTb NaMsiTb B CTEKOBOM
chperime Kaxabili pa3 B Ha4asie BbiNOJHeHNs Takol pyHkumun. B HekoTopbix ciyyasx
5TO He CTPALUHO, HO Yalle BCEro Tak fenaTb He CTOWT.
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str
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Puc. 4.1. Pasmemenune B nmamsitu ctpoku "Hello"

4.3.18. CTpokn

Kak mbl y2Ke 3HaeM, cmpokuy (1, ToBops Iupe, 0aHHbLE 8 TeKCmo-
60M npedcmasaeHul) 3HAMEHATHI HEIIPeICKa3yeMOCThIO CBOEIO pa3Me-
pa: B OOJIBIIMHCTBE CJIy4aeB BO BPeMs HAIMCAHUS IIPOrPAMMBI MBI MOYKEM
JINIIb NIPUOJIN3UTEBHO IPUKUHYTh, KAKOI'O KOJIMYECTBa IIaMSITH <YK TOY-
HO XBaTUT» I Pa3MelleHus CTPOKH, U B UTOre C XOpollleil BepOATHOCTBIO
00HApyKUM, ITO OmUOIUCH. [laMaTh 0OBIMHO BBIJE/ISAETCS C HEKOTOPLIM 3a-
IIaCOM, & BO BPeMsI UCIIOJIHEHHSI OKa3bIBaeTCs, YTO CTPOKA 3aHUMAET MEHb-
IIle IaMsITH, YeM 110/ He€ BbIJIEeJIEHO; KaK CJIeJICTBUE, IIpU 00pabOTKe CTPOK
TpeOyeTCst KAKON-TO CII0co0 yKa3aHusl TeKyIneil JVIMHBI CTPOKH.

B ugacrrocTH, npu pabote co crpokamu Ha Ilackasie mox xpaHenue Jiiu-
HBI CTPOKU BBIJIEJISIETCsI OCOOBIN OaliT; eciin pacCMaTPUBATh ACKAJIEBCKYIO
CTPOKY KaK MAaCCHB CHMBOJIOB, TO €€ JJINHa XPAHUTCA B dJIEMEHTE 3TOrO
MaccHuBa, uMmeromeM naaekce 0. I13-3a aToro mackajgeBcKue CTPOKH HE MOTYT
NIPEBBINATD B JJINHY 255 CHMBOJIOB.

B Cu npumensiercsa apyroit mojxozs. CTPOKH 3/1eCh TOKE IIPEICTABIISAIOT-
cd MacCHBaMI CHMBOJIOB, TO €CTh MaCCHBaMHU 3JIEMEHTOB ThIla char, mpu
9TOM KOppekmHotll, cmpoxoli CUUTaeTCd TOJIBKO TaKOi MacCUB THIa char,
B KOTOPOM XOTsI OBI OJIMH JIEMEHT PaBeH HYJII0; OH PAaCCMAaTPHUBAETCS KaK
02PAHUNUMEND, TO €CTh BCE JIEMEHTDI, IPeAIIeCcTBYIONNe HyJIeBOMY, CUl-
TaIOTCS COCTABJIAIONINMHA CTPOKY, & BCE, ITO HAXOAUTCA B MACCHBE IIOCTE
HYJIEBOI'O 3jieMeHTa, urnopupyercs (cm. puc. 4.1). Koneuno, B Mmaccuse Mo-
JKeT OKa3aTbCsl OOJIbIIIE OJHOI'O 3JIEMEHTA, PABHOI'O HYJIIO; B 3TOM CIIydae
B Ka4deCTBe OFPAHUYNTEN pacCMaTpUBaeTCd TOT U3 HUX, HHIEKC KOTOPOIo
MeHbIIle, YeM Yy JPYTUX, WIN, HHade TOBOPs, OJMKHAN K HaYaIy MaCcCHBA.
JmHa cTpOKH, TaKUM 00pa30M, €CTh PA3HUIA MEXKJIy HOJOYKEHUEM Orpa-
HU9HTeNsl (HyJI€BOTO JIEMEHTa) U Hauaja CTPOKH.

Ecin cpasBHumBaTh 3TOT 10/1XOM ¢ nNpHHATHIM B Ilackasie, B kadecTBe
€ro HEeCOMHEHHOI'0 JOCTOMHCTBA CJIe/lyeT OTMETUTb OTCYTCTBHUE allpHOPHOI'O
OTpaHUYEHNs Ha JUINHY CTPOK: MOYKHO pabOTaTh CO CTPOKAMHU JIJIMHOHN XOTh
B MHJJINOH CHMBOJIOB, a €CJIM OYeHb HaJI0, TO U OOJIbIIIe, JIAIIDL OBl XBATUJIIO
omepatuBHOil mamsaTu. C APyToit CTOPOHBI, OYEBUAHBI U HEJIOCTATKH ITO-
ro IOAXOJa: BO-IIEPBBIX, JJId OIpeJie/leHnusd IJIUHbl CTPOKU €€ IIPUXOJUTCH
IIPOCMAaTPHUBaTh BCIO B IIOMCKAX HYJIEBOI'O 3JIEMEHTa, TOra KaK JjId IacKa-
JIEBCKOII CTPOKY JIOCTATOYHO OBbLIO M3BJIeUb OANT U3 €€ Havasa; BO-BTOPBIX,
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caMa CTPOKa HE MOXKET, OYEeBHJIHO, COJEpPXKATh CUMBOJ ¢ KojoM 0. Brpo-
YeM, CUMTAETCS, YTO «CHMBOJI» C TAKMM KOJIOM HE MOXKET BCTPEYAThCHA B
TEKCTOBBIX JIAHHDBIX; B TACTHOCTH, €CJTH B (bailyie BCTpeTuscs Hy/1eBoit OaT,
TO 3TOT (hailsl 3aBEIOMO HE TEKCTOBBINA.

Paccmorpum Heckosibko npumeposn. [l Hadasa HammmeMm (GyHKIUO,
KOTOpAas IMOJIydaeT Ha BXOJ CTPOKY U ompejesseT eé quuny. Hauném c 3a-
rosioBka. C TUIIOM BO3BPAIAEMOr0 3HAUEHUsI BCE GoJtee-MeHee TIOHSITHO, 3TO
BeJIb JIJIMHA CTPOKH B CHMBOJIAX, TO €CTh OOBIKHOBEHHOE Iiesioe uncyo. Mu-
TepecHee 0OCTOAT JeJia ¢ napamerpoM. Ha BXoJ1 110 ycsioBHUIO 331841 HEOO-
XOMMO TIOJIYIUTh CTPOKY, HO KaK 3TO cienarh! CTpoKa — 3TO IaCTHBIMA
caydait MacCMBa CHMBOJIOB, & MBI y2K€ 3HA€M, UYTO HUKAKOIO CIocoba obpa-
TUTbCSI K MACCUBY KaK eIMHOMY OOBbeKTy si3biK Cu He IpelyCMaTpHUBaeT;
MBI B€JIb 110 9TOI IPUINHE J1arKe 3asiBJISJIN, YTO MACCUBOB B si3biKe Cu BOOO-
me HeT. TeMm He MeHee, ¢ MACCHBAMHU MOYKHO paboTaTh Oyraromapst aJIpecHo
apudMeTHKe, YaCTHBIM TPOSBJIEHUEM KOTOPOIl SIBJISIETCS OIIEPAINS NHIEK-
CHUPOBAHUsI, ITO YK€ JIO CAMOI'0 MaCCUBa, TO JOCTYII K HEMY OCYIIECTBJISIETCS
1epe3 adpec nepsozo asemenma. CTpoKa y HAC COCTOUT U3 JIEMEHTOB THU-
ma char, Tak 4YTO mapamerp, depe3 KOTODBIH oHA OyIeT IepeiaBaThCs B
dyuKIMO, HOIKeH ObITh THma «ajapec char’ay. [laBaiire, omHako, He crre-
IIUTH C ONUCAHUEM Iapamerpa Tuia char*; ecTb emié oiHo coobpazkeHue,
BJIMSIONIEE HA STOT THII.

OueBUIHO, YTO JJIsT BBIYUCJICHUS] JJIMHBI CTPOKKA HE HYKHO BHOCUTH B
9Ty CTPOKY KaKhe-JTrO0 M3MEHEHUs. JTO MOXKET OKA3aThCs BAXKHBIM, €CJII
CTPOKa, JUIMHY KOTOPOI HaM HaJ0 IOCYUTATh, [0 T€M W/ UHBIM IIPUYU-
HaM OTHOCUTCS K YUCJIY OOBEKTOB, M3MEHEeHUE KOTOPBIX 3aIPEINEeHO; eCJIH
He O0BbSACHUTH KOMIIMJISITOPY, 9TO HaIma (DYHKIUS HE COOMPAETCS HIIEro
MEHSTh, TO IIPU IOIBITKE €€ BbI30Ba JjIs HEU3MEHsieMOro oObeKTa Oyier
BBIJIAHO IIPEIYIIPEXKIEHNE U C ITUM IIPHUJIETCsT 9TO-TO Je1aTh. MexK 1y mpo-
9UM, KOMIWJIATOP Pa3MeIlaeT CTPOKOBBIE JINTEPAJIbI B HEM3MEHSsI-
eMOoil MaMATHU, TaK ITO eC/Ii Halma (PYHKINs OyJeT IPUHUMATEH ITPOCTON
mapaMerp Tuia char*, OHa He CMOXKET CUATATDH JJINHBI CTPOK, 3aIIUCAHHBIX
B JIBOMHBIX KaBbIUKaX.

Wrak, nam Hy»>KHO OTPA3UTH B 3aroJIOBKe (DYHKIIUHU, ITO OHA BO3BPAIIA-
eT IeJI0e 9UCJI0, & Ha BXOJ, IPUHUMAET ajpec char’a, u mpuToM He cobupa-
eTCsi UBMEHSITh 00JIaCTh MTAMSITHU 110 SToMYy ajipecy. Ha3Bap Hamry yHKIMIO
string_length%7 MBI CMOYKEM HaJaTbh €€ OIICaHUe IIPUMEPHO TaK:

int string_length(const char *str)

28B crammaprHoit 6ubimorexe sizbika Cu mpucyTerByer dhyHKINs strlen, peraomas
PoBHO 3Ty 3ana4y. O0bsaBieHue (3ar0JI0BOK) 9TOH (DyHKIUHA HAXOAUTCH B 3arOJIOBOTHOM
daiiste string.h. Eciu onpenenenne 1inHBI CTPOKK MOTPEOyeTCs BaM B «HACTOSAIIEH»
(ue y4ebHOI) mporpamme, JIydlle UCIOJIb30BATh (PyHKIUIO U3 OUOIMOTEKN — TaK Balla
mporpaMma 6yeT IOHSITHEE CTOPOHHEMY YMTATENI0; HO MTOKA BbI TOJILKO YYUTECH, OT UC~
nonb30Banusa MYHKIME U3 string.h BaM HACTOATEIHHO PEKOMEH/IyEeTCs BO3IEPXKATHCH,
WHaJYe Bbl TAK U He MOiMéTre, 94TO Takoe cTpoka B Cu.
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Teneps HaAM HY?KHO IIPOCMOTPETH O0JIACTH MMAMSITH, HAYAJIO KOTOPOW pac-
[IOJIATAETCS 0 &JIpecy Str, B IMOMCKAX HYJIEBOT'O dJIEMEHTa THIla char, Ko-
TOPBIif, 3aMeTUM, 00sI3aH TaM MPUCYTCTBOBATH 110 YCJIOBUIO 3aJ1a49d, WHAYTE
910 ObLTAa OBI HE cTpoKa. Hamr mepBblit BApUAHT pereHus OyIeT BBITJIs-
JIETh COBEPIIIEHHO I0-TIACKAJIEBCKU: MbI IIPOCTO BCIIOMHIM, YTO, KOJIb CKOPO
yKa3aTeJgb str yKa3blBaeT Ha MAacCHB, TO C 9TUM yKa3arTejJeM MOYKHO U
paboTaTh Kak ¢ MACCHBOM, TO €CTh IPUMEHSITh K HEMY OIEPAIINIO HHIEKCH-
pOBaHUSs; HATIOMHUM €MI€ pa3, u4To uHAekcupoBanue B Cu — 3T0 oneparus
HaJ| aJpecoM, a He HaJl MACCUBOM. BBIIVIsJIeTh 3TO BCE MOXKET IIPUMEDPHO
TaK:

int string_length(const char *str)

{
int i;
i=0;
while(str[i] != ’\0’)
it++;
return i;
¥

Tekymast paccMaTpuBaeMasi MO3UINS 3/1€Ch XPAHUTCH B IEPEMEHHON 1, MBI
HAYUHAEM PACCMOTPEHME C HYJIeBOH IMO3WINN, €CJIU B TEKYIIel MO3UIUH B
MaCCHUBe OKa3aJICsl HOJIb — BO3BPAIAEM HOMED ITOH MO3UIUU B KA4eCTBE
pe3yJbraTa: HeTPYIHO BUIETh, 9TO, IOCKOJIbKY HyMepallus O3 HAUu-
HaeTCs C HyJIs, JIJINHA CTPOKKU B TOYHOCTH PaBHA IIEPBOI MO3UIINN, KOTOPAsT
B CTPOKY HE BXOJIUT: HAIIPUMED, €CJIU OIPAHUIHUTENb BCTPETUIICS B HYJIEBOI
MMO3UINH, TO CTPOKA IIyCTasi U €€ JJINHA, COOTBETCTBEHHO, PABHA HYJIIO, a
€CJIn, CKaykKeM, B TPEThell — TO CTPOKA COCTOUT U3 TPEX CHMBOJIOB, HAXO/IsI-
IIIUXCSI B HYJIEBOM, IIEPBOM M BTOPOM 3JIEMEHTaX MaCCUBA.

Bupoduewm, onbiTabIe TporpaMMucThl Ha CH HAIUAIIYT TO JKE CAMOE CO-
BceM mHadYe. Bo-mepBbiX, Bhipakenne str[i] HUKTO He MeEIIaeT WCIIOJ/Ib-
30BaTh B KAYeCTBE JIOTUYECKOI'O, a HE CPABHUBATH €r0 3a9€M-TO C HYJIEM.
Bo-BTOpBIX, €ciin BHUMATEIbHO IIOCMOTPETh Ha IUKJI Wwhile, MOXKHO 3aMe-
TUTH, 9TO HEMMOCPEJCTBEHHO Mepe HUM 3allMCAHO [IPUCBAUBAHNE TIEPEMEH-
HOI IUKJIA HAYAJLHOIO 3HAYEHUS, & HOCJAEJHUM (M €IUHCTBEHHBIM) OIle-
paTopoM B TeJjie MUKJIA SBJISIeTCS N3MEHEeHIe 3HAYEHUs] [IePEMEHHOM ITUKJIa,
Ha TO, KOTOpOoe Oy/IeT UCIIOb30BAHO B CJIEAYIONIeH nrepamnun. B momobubix
curyanusx B Cu ucnosib3yercs 1ukit for. Mcnpasus 06a yKazaHHBIX HEJTO-
96Ta, MBI TTOJIyIUM CJIEIYIOIIEE:

int string_length(const char *str)
{
int i;
for(i = 0; str[i]; i++)
8

return i;
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Teso 1uKIIa 3/1€CH MOJIYIUIOCH YCTHIM, 4TO it Cu Briosine tunuyaHo. O -
HAKO HaBEPHSKA HANJyTCs M Te, KTO 3asBHUT, UTO 3/IECh CJIMIIKOM MHOI'O
ollepanuit CJI0XKEHUs: Ha KaxK/I0 NTepPallni, BO-IIEPBBIX, YBEJIMUNBAETCS Ha
€JIMHUILY [IepeMeHHas i, a BO-BTOPBIX, €€ 3HaveHue NPUOABIISETCS K yKa-
3aTeso Str: B caMoM Jiete, str[i] ecTh, Kak MbI y2Ke 3HaEM, CTPOrO TO
Ke camoe, 9T0 U * (str+i). COKOHOMHUTDH OJIHO CJIOXKEHHWE MOXKHO, €CJIH B
KadecTBe IIePEMEHHOI! IIUKJIa MCIIO/Ib30BaTh HE NHIEKC TEKYIIEro JJIEMEHTA
CTPOKH, & YKa3aTeJb HA HEro; BBIUYUCIUTDH PE3YJIbTAT B KOHIE MBI CMOXKEM
Grarozapst oreparuu BerauTanus ajpecos. Hamma dyHKIus Terneps npumMer
CHAEAYIOIINNA BU;

int string_length(const char *str)

{
const char *p;
p = str;
while (*p)
pt+;
return p - str;
}

Moo Hammcars u Tak:

int string_length(const char *str)

{
const char *p;
for(p = str; *p; pt++)
{
return p - str;
}

Cpelin «IIpOXKIKEHBIX CUITHUKOBY KTO-TO HABEPHSIKA IPEIOUTET CIIETYIO-
Uil BApUAHT:

< int string_length(const char *str)
)«
const char *p = str;
while (*p++) ;
return p - str;

}

Hukorya Tak we jemaiite! Bo-nepBbix, Teso 1MuKIIa, JayKe eCJu OHO IIyCTOE,
cJIeJyeT 3alicaTh Ha OTJIEeJIbHON CTPOKE; BO-BTOPBIX, ITyCTOE TEJIO IIPABUIIb-
Hee 0003HAYATDH MyCThIM 0/10KOM {3}, a He OJMHOKOIN TOYKOIt ¢ 3amsToil, KO-
TOpyI0 Ha (HOHE OKPYKAIOIIUX OMEPATOPOB MPOCTO HE BUJHO; B-TPETHUX,
npex/e 4YeM 3arHartb nobounsili agdhexm B yCJIOBHOE BbIpaXKe-
HUe, HoAyMalTe TPUXKbI, B JIAHHOM CJIydae CIeJaHO UMEHHO 9TO, Olle-
parus ++ MeHsieT IePEMEHHYIO P, 9TO U eCThb 1n0b0o4HbIi 3ddekT. UTobbI
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CTAJIO HOHSTHO, IOYEMY TaK JeJIaTh He CJIeIyeT, IOoIpodyiiTe 0OHADYKUTH
B 9TOM KOJIe OHIHMOKY U 3aCEKHUTe, CKOJILKO BPEMEHH y Bac Ha 9TO YHIET.
Ha Beakwmit ciryvait moaaepKHEM, ITO OMIAOKA TYT €CTh.

B kauecTBe ciejyiomero npuMepa pacCMOTPUM (DYHKINIO KOIHPOBa-
HUsI CTPOKH B 3apaHee OTBEIEHHYIO 00IaCTh MaMsATH; OY/IeM IIPeIoaraTh,
9TO HAMSITH OTBEIEHO JTOCTATOYHO, TO €CTh 34 ITO HECET OTBETCTBEHHOCTH
sepBaomumii??. Mbl HasoséM eé string_copy. Bosspamars 310l byHK-
uu BpoJie ObI Hevero, MoITOMY B Ka9eCTBE THUIIA BO3BPAIIAEMOI0 3HAYCHUS
ykaxkeM void. B kadecTBe mapameTpoB GyHKIWMs OyJeT IOIyYaTh aJpec
obracTu aMATH, Kyda CIIeAyeT CKOIMPOBATH CTPOKY, & TaKKe, COOCTBEH-
HO, aJIpec CTPOKHW; MapaMeTPhl MBI IO TPAJUIUNN Ha30BEM dest M Src OT
cioB destination u source. Ilopsiiok mapaMeTpoB BbIOEpEM 110 AHAJIOIHU C
omepanueil TPUCBAMBAHUS: CHAYAJIA Kyda, TOTOM omkyda. 3aMeTHM, 9TO
OPUTHHAJ CTPOKN (DYHKIMSA HE MEHsIeT, & BOT 00/1aCTh [IAMATH, Ky/a IIPO-
MU3BOJIUTCSI KOIIMPOBAHUE — OYEBHJIHO, MEHSIET; C YIETOM 3TOrO 3ar0JIOBOK
[TOJIYIA€TCS TAKUM:

void string_copy(char *dest, const char *src)

Hauném, Kak 1 B IPeIbIIYIEM IPHMEPE, C BapHaHTa <«IO-IIACKaJIEBCKU»;
O00bsIBUM IIEDEMEHHYIO JIJIsI TEKYIIEH MMO3UINU U IPUMEHUM K ODOMM Mac-
CHBaM OIlCPAaIUIO MHICKCUPOBaHNdA, HO BapuaHT ¢ while mpomycTnm n 1e-
peiiéM cpady K HCIOJIb30BaHUIO for:

void string_copy(char *dest, const char #*src)

{
int i;
for(i = 0; srcl[i]; i++)
dest[i] = src[il;
dest[i] = 0;
}

ObpaTuTe BHUMaHME Ha MOCJEIHIOD CTPOUYKY; OHA HYKHA, YTOOBI IIpeBpa-
TUTb MaccuB dest B KOPPEKTHYIO CTPOKY. J[e10 B TOM, UTO Jjist 3HAYEHHUs 1,
COOTBETCTBYIOIIETO MO3UIMKA OIPAHUYUBAIOIIETO HYJIsI B MCXOIHOU CTPOKE,
TeJIO TIMKJIA BBIIOJTHEHO y2Ke He OyJIeT, TaK YTO HOJIb He OyJIeT CKOIMPOBAH.

Crenyromas Bepcus TOi ke (DYHKINA OYJET WCIOJIH30BATh yKa3arTe-
JIA, 9TOOBI COKOHOMUTD Ha, CJIOXKEHUSIX; IIPU ITOM MBI BOCIIOJIb3YEMCsT TEM,
YTO napaMerpsl (DyHKIUN BHYTPH HeE IPEJICTABISIOT cOOO0I IPOCTHIE JIO-
KajIbHbIe IepeMennbie®’, KOTOpbIe BIIOJIHE MOXKHO MeHATb. B pesyibrare
MBI CMOXKEM ODOUTHCH O€3 BBEIEHUsI JOMOJHUTEIbHBIX JIOKAJIBHBIX IT€pe-

MEHHBbIX:

29@yukiusa cTangapTHOH GUGJIMOTEKH, BLIIONHAIONIAS 3TO JEHCTBHE, HA3BIBACTCH
strcpy; CM. Tak»Ke CHOCKY 28 Ha cTp. 92.

30BcnoMuuTe CTPYKTYDY CTEKOBOTO (bpeiiMa, KOTOPYIO MBI OIPOGHO PACCMATPHUBAH
[IpU U3yYIEeHNU NPOrPAMMUPOBAHUS Ha S3bIKE acceMbJiepa.
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void string_copy(char *dest, const char #*src)

{
while (*src) {
*dest = *src;
dest++;
src++;
}
*dest = 0;
}

Wim maxke Tak:

void string_copy(char *dest, const char *src)

{
for(; *src; dest++, src++)
*dest = *src;
*dest = 0;
}

PaccmoTpenune 3agaun konupoBaHust CTpokmu He Byper nonvbim 6e3 npumepa, npea-
CTaBASIOLLErO MOAJIMHHBIA 0BpPa3HMK «UCTUHHO CULIHOFO» MPOrpaMMMUPOBaHUS.
OcTaBnsiem ceii npumep A/ CaAMOCTOSITE/IbHOMO aHa/lnM3a B HafeXAe, YTO BpeMms,
noTpayYeHHOEe Ha pacnyTbiBaHue 3Toro pebyca, mMo3BonuT 4uTaTento B Byayuiem He
YBJIEKATLCSI NOZOOHBIMU TPIOKaMU:

void string_copy(char *dest, const char #*src)

{
while((*dest++ = *src++));

}

oTMeTVIM, HYTO BTOpbIE Kpyrible CKO6KVI Mbl 34€Cb NOCTaBunAN, l-IT06I>I KOMMUNAATOP HE
BblAaBasl HaM npejgynpexgeHmne 06 NCNONb30BaHNN NPUCBAaNBAaHNA B KAa4e€CTBE JIorn-
YECKOro 3Hau4eHus, YTo B BONbLIMHCTBE CNyHaes (HO He B 3TOM) CBUAETENLCTBYET 06
OWMBOYHOM MCMONBb30BaHMM 3HaKa NpucBanBaHNA BMECTO 3HAaKa CpaBHEHUA (,D.BOVI-
HOrO paBEHCTBA).

Citestyer 3aMeTUTb, 9TO BCE BLIIIEIIPUBEJEHHDBIE BEpCUHU String_copy
HAIIUCAHBI B IIPEJIIIOJIOKEHNHN, 9TO objacTu namsaTu dest U src He mepe-
cekatorcs. g mepecekarormuxces obracTeit maMaT PyHKIHS T00aTOBOTO
KONMPOBaHUS OyJIeT 9yTh CJIOXKHEE: B 3aBUCHMOCTHU OT MX B3aMMHOT'O Pac-
[TOJIOZKEHHST KOIIMPOBAHNE MOXKET IOTPEOOBATHCS B IIPSIMOM HJIA OOPATHOM
HOPSIJIKE.

4.3.19. CTpoKOBbBIE JIUTEPATIBI

Paszobpasimuck, 9To mpeactaBiasior coboit cTpoku B st3bike Cu, MBI CMO-
2KEM TeIeph MOHATh, YTO KOHKPETHO JIEJ1aeT KOMITUISATOD [IPU BUJIE CTPOKH,
3aKJIIOYEHHON B J[BOWHBIE KaBBIYKH. [IpexKjie BCEro KOMIIMIISITOP OTBOJUT
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[Je-T0 B Heudmenaemol obaacmu namsamu (Jalne BCero — B CerMeHTe KO-
J1a, TO eCTh B CEKIUN . text) Hy?KHOe KOJIMIECTBO [AMSITH, 110 OJJHOMY HailTy
Ha CHUMBOJI U OJIMH OAfT HA 3aBEPINAONINI HOJb, 1 COOTBETCTBYIONUM 00-
pa3oM 3Ty 06J/1acTh mamsaTy 3amnoraser. Hanmpumep, Bums simrepas "Hello",
KOMITHJISTOD OTBEET wWecmd sideeK naMaT, B nepByto 3anecér ASCII-kon
OyKBbI H, BO BTOPYI0 — KO/ OyKBBI €, & B ITOCJEIHIOI0 — HOJIb.

Henzmensiemasi obnacte namaTu BoibupaeTcs ns coobparkeHuii 3phekTUBHOCTH.
Kak npaBnao, N3AMEHEHNE CTPOKOBOIro MTEpPasia BO BpeEMA pa6OTbI nporpamMmMbl He
HY>XHO, a NpN OO4HOBPEMEHHOM 3aMyCKe HECKOJIbKUX 3K3eMNIAPOB Op,HOﬁ N TOW >ke
nporpamMMbl COBPEMEHHbIE ONEPALNOHHbIE CUCTEMbI CO34a0T B NAaMATU TONIbKO OAUH
3K3eMMIAP HEN3MEHSIEMOW YacTu NporpaMmbl (B TOM 4ucCne CermMeHTa Kop,a). Kak
cnencTtene, pasMelleHne CTPOKOBbIX JINTEPANIOB B HeN3MeHsIeMOii O6}13CTI/I namMaTn
NO3BOJISIET NpU paboTe HECKOMBKMX KON OAHOI NPOrpaMmbl UMETbL B MaMSTU OFUH
SK3eMNaAp BCeEX eé CTPOKOBbIX KOHCTAHT. B cucremax cemeiictea Unix 3T1o ocobeH-
HO aKTyaJIbHO, MOCKOJIbKY HOBbI€ MpPOUECChl 3AeCb CO30al0TCA I'IyTéM KONnpoBaHUA
CyLLLeCTBYIOLLLEro npoLecca.

PazmectuB comepKumMoe CTPOKOBOTO JIMTEPAJa B T€HEPUPYEMOM O0Db-
€KTHOM MO/TyJle, KOMIMJIATOP BMECTO HEro IOJACTaB/fAeT, KaK MOXKHO JIora-
IAThCs, adpec Nepeoz2o NEMEHMA, TPUIEM ITOT aJapec CHAOKAETCS MO/IU-
duraTopoM const, MOCKOIBKY MOMBITKA U3MEHEHUsI BHY TPEHHOCTEH CTPO-
KOBOI'O JIHTEpaJia HU K 4YeMy XopolneMmy He npubenyT. lHade rosopsi, B
KOHTEKCTE BBbIparKeHUs, IJie BCTpedYeH CTPOKOBBLIHM JINTepaJl, OH UMeeT THUII
const char * M HpejcTaBiseT ajpec Toi o6aacTh (Hen3MeHsIeMO) maMsi-
TH, TJie PACIOJIO?KCHO €r0 COJICP2KUMOE.

Mexay IIPOYNM, BO3MOXKHO JaxKe TaKoe BBbIpazKeHue:
"Abrakadabra"[4]; omo Oymer mMeTh THUI char, a ero 3HaYeHUEM
Oyzner ko OykBbl k. B camom seste, murepast "Abrakadabra" ectb anpec, a
K aJIpecy MOXKHO ITPUMEHHUTDH OIIePaINio NHIeKcupoBanus. HekoTopbie mpo-
IPAMMUCTBI IIBITAIOTCS IPUMEHSITh BHIPAyKeHUsl [0J00HOr0 posa (KOHETHO,
C TEPEeMEHHON BEeJIMYMHON B KadeCTBe MHIEKCA, MHAYe 3TO OBLIO ObI BOBCE
JIMIIIEHO CMBICJIA), HO JIydIle TaK He JeJaTh, IMOCKOJbLKY $CHOCTU Balllel
porpamMMe 1o I0OHbIe TPIOKU He JT00aBAT. Tak:Ke BO3MOXKHO U BhIPaYKEHUE
*"Abrakadabra", KOTOpoe PaBHO KOIy OYKBBI A; €ro MpUMEHEHUE MOXKET
IIPECsIeIOBATh TOJIBKO OJIHY IeJIb: CIIEIUAIbHO 3aIlyTaTh IIPOrPaMMYy.

W3 Bcero ckaszaHHOIO NPO CTPOKOBBIE JIUTEPAJBI €CTh OJHO BasKHOE
uckjaodenne. CTPOKOBBIN JinTEpasl MOXKET MPUMEHSThCI B Kade-
CTBe MHUIAJIN3AaTOpa MacCCHUBa 3JIeMEHTOB Thna char, signed char
u unsigned char, u Ipu 3TOM, €CTECTBEHHO, KOMIMJIATOD HE CTaHET pa3-
MeIaTh MaCCUB B HEU3MEHsieMOil mamMsTu (KCTaTH, JaXKe B TOM CjIydae,
ecs MaccuB 6yjer obbsBIieH co cjioBoM const). Hanpumep, onucanue

char str([6] = "Hello";

CO3JaCT MaCCHUB U3 HIECTH JIEMEHTOB — TOYHO TaK 2Ke, KaK €CJIu OBl MBI
HalluCaJinu
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char str[6] = { ’H’, ’e’, ’17, ’1’, ’0°, 0 };

Yucsio, obo3HAUAIONMIEE PA3MEPHOCTh MAaCCHBA, MOXKHO, KAK OOBITHO IIpH
HAJIMYAN THUAIAJIN3aTOPA, OIIyCTUTh!

char str[] = "Hello";

3/1eCchb Pa3MepHOCTh MAaCCUBa COCTABHUT MIECTH JIEMEHTOB, TAK KAK UMEHHO
CTOJIBKO TI0JIPA3yMEBACTCsl CTPOKOBBIM JINTEPAJIOM (IIATh — JIJIMHA CTPOKH,
IUTIOC OJIVIH HA OIPAHMIUTENbHBIN HOJIB). [I014epKHEM, UTO 3TO COBEPIIEHHO
He TO 2Ke caMoe, YTO HallucaTb

char *ptr = "Hello";

B sroMm ciiydae onmchiBaeTcs HE MACCHUB, a yKa3aTesb, KOTOPBI MHAIAA-
JIN3UPYETCs aIPECOM CTPOKOBOIO JINTepaJja, TOTJa KaK caM JINTePaJl IPHU
9TOM BOCIPUHAMAETCH KOMIIMJIATOPOM COIJIACHO OOIIMM IIpaBUJIAM, U BCE
CKa3aHHOe [P0 HeM3MeHseMble 00JIaCTH ITAMSTH CHOBa OOPETaeT CIIY.

Camoe 09€eBHIHOE IPOSIBICHIE PA3JININs MEXK Y BBIMIEOMNCAHHBIMA StT
7 ptr COCTOUT B TOM, YTO Str — HE II€PEMEHHasl B TOM CMBIC/IE, YTO eif
HeJIb3sl HUYero IIPUCBanBaTh, TOTIa KaK ptr — OOBIKHOBEHHAs IIepEMEHHasT
THOA «yKazareaby. Kpome Toro, sizeof (ptr) Oymer paBeH pasmepy yKa-
3arens (1o ecth 4 Ha 32-GuTHBIX cucTeMax U 8 Ha 64-OGMTHBIX), TOIIA KaK
sizeof (str) Oymer paBeH pa3mepy OOJIACTU MAMSTHU, 3aHITON MACCUBOM,
B naHHOM ciydae 6. Hakomner, MaccuB str MOXKHO M3MEHSTH, TO €CTh, Ha-
npumep, npucBanBanne str[4]1=0 npesparur cioBo Hello B cioBo Hell;
€CJIM K€ TONBITAThCA cenaTh ptr [4]=0, 370 HpUBEJET K IONBITKE 3alli-
CH BHYTPB CTPOKOBOI'O JINTepaJja, TaK 4TO Ballla IIPOrpPaMMa 3aBEPIIUTCH
aBapuitno. HacrosiTeITbHO peKOMeH/ IyeTcsl onpoboBaTh TaK CAeIaTh, KOM-
MBIOTED OT TAKOH OmMMOKYM He B30OPBETCH, a BbI OyjleTe 3HATH, KAK BCE 9TO
BBITVISIIUT HA [PAKTUKE.

4.3.20. AprymMeHTbI KOMaH/JJHOMi CTPOKH

Kak Mbl Bujiesiu emmé npu usydenuu a3bika accembiepa (cm. . 1, §3.6.8),
[IpU 3allyCKe IIPOrPAMMBI OIIEPAIMOHHASI CUCTEMa OTBOJIUT B €€ aJpPecHOM
[IPOCTPAHCTBE CIEIUATIHHYIO0 00IACTD [TAMATH, B KOTOPOI PACIIOIAraeT CJIo-
Ba, COCTABJISIIONINE KOMAHIHYIO CTPOKY. [loyunTs ocTym K aToit obiactu
MaMsTH U3 TPOrpaMMbl, Hanucanuoi Ha Cu, MOXKHO, onucas HyHKIIAIO main
KaK UMEIOWYI0 Napamempsl, TPHIEM IIEPBLII U3 3TUX apaMETPOB JOJIKEH
OBITH THIIA int — OH 3a/1aéT KOJUYIECTBO JIEMEHTOB KOMAHIHON CTPOKH.
Bropoit mapamerp mpescraBisier coboit ajpec HaYajla MacCuBa U3 yKal3a-
Tesieil Ha caMu CTPOKU (CJIOBA), COCTABJISIIONIME KOMAHIHYIO CTPOKY; fCHO,
9TO KaKJbIl 9JIEMEHT 9TOTO MACCHBa MMEET THII char*, Hy a ajpec Iep-
BOro (Kak ¥ J060ro) 3JeMeHTa ITOr0 Maccuba OyJleT y¥Ke Thma chark.
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s
— T
[
] -a\0
\ a

NULL /usr/local\0

Puc. 4.2. CrpykTrypa JaHHBIX KOMAHIHOW CTPOKHU

O6bIvHO 9TH apryMeHTHI (DYHKIINN main HA3BIBAIOTCS argc U argv OT CJIOB
argument count u argument vector. 3arojloBoK (pyHKIUK main ¢ y4éToM
3TOr0 IPUHUMAET CJIENYIOMUA BUI:

int main(int argc, char **argv)

Ha pwuc. 4.2 mokazana CTPYKTypa JAaHHBIX, JJOCTYIHAs UYepe3 yKa3aTeslb
argv, Ha IpuMepe KoMaHgel 1ls -1 -a /usr/local. Ilapamerp argc B
9TOM cJiydae OyeT paBeH YeTHIPEM 110 KOJUYIECTBY 3HAYAIINX JIEMEHTOB
KOMAaH/JHOI CTPOKH, HO B MaCCHUBE, KaK MOXKHO 3aMETHUTh, SJIEMEHTOB Ha
o7 GoJIbIIe: TOCTIeAHNNA U3 HUX (B JIAHHOM CJIydae IsIThIi) DABeH <HyJle-
BoMy ajpecys NULL. Hampumep, ciemyromas mporpaMMa HamedIaTaeT CBOU
apryMeHThl KOMAH/JHON CTPOKH, B34B KaXKJbI U3 HUX JJIA HAIVIATHOCTH B
KBaJIpATHBIE CKOOKM:

#include <stdio.h>
int main(int argc, char **xargv)

{
int i;
for(i = 1; i < argc; i++)
printf (" [%s]\n", argv[il);
return O;
}

Kombunaiys %s B dpopmarHoii crpoke printf (s or csosa string) o3nadaer
evYaTh CTPOKH, PACIIOJIOKEHHON B IIAMSITH TI0 aJIPECy, KOTOPLIi 6epércs u3
0YepeHOrO aprymMenTa. Pe3ymbrar paboThl IpOrpaMMbl OY/IeT BBITJISICTD,
HaIIpUMep, TaK:

avst@host:~$ ./cmdprint abra kadabra shvabra
[abra]

[kadabra]

[shvabral

avst@host:~$ ./cmdprint 1 2 "3 4"5
[1]

[2]

[3 4]

[5]

avst@host:~$
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Hanmcare nporpammy cmdprint MOXKHO M HWHade, He WCIOJB3ysd argc, a
BMECTO 3TOr'0 BOCIIOJIb30BaBuch HajanyueM NULL B KOHIle MacCUBa yKa3a-
Teseil, HalpuMep:

#include <stdio.h>
int main(int argc, char *xargv)

{
argv++;
while (*argv) {
printf (" [%s]\n", *argv);
argv+t;
}
return O;
}

Ciemyrommast mporpaMMa HaIedIaTaeT UM, 10 KOTOPOMY €€ BbI3BAJIM:

#include <stdio.h>
int main(int argc, char **argv)

{
printf ("My name is %s\n", argv[0]);
return O;
}
Hampumep:

avst@host:~$ ./printname
My name is ./printname
avst@host:~$

4.3.21. (*) Touku cinenoBanus (sequence points)

Bo3moKHOCTE Ha/In4uust B OJHOM BBIPAyKEHNU HECKOJBKHUX ITOOOYTHBIX
3¢ deKTOB NOMHUMAET BOIIPOC O TOM, B KAKOIl KOHKDETHO IOCJIEIOBATE b
HoCTH T 3 dekThl mpon3oitayT. IIporre Bcero mpeacTaBuTh, ITO BCE IMO-
6ounbie 3 EKTHI CaydaTcs POBHO B TOU MOCJIEI0BATEHHOCTH, B KOTOPOit
(Bpozie Obl) JOJIZKHBI BHIYUCSTHCS 9aCTU BBIPAYKEHUS; HO HE TYT-TO OBLIO.
B Cu no6ounbie 3¢ deKTh! oneparuii, BXOISINIX B OJHO apu(pMeTHIeCKoe
BbIpazkeHUe, MOT'YT IIPOU30HTH B TAKOU XUTPOI MOCJIEIOBATEAbHOCTH, YTO,
€CJIn He 3HATh, KAK BCE yCTPOEHO, MOXKHO CJIYUIAHO MIOBEPUTH B JEMOHOB.

CaMblif IpOCTO#l NIpUMEP ITOrO0 — IOCJIEJOBATEIHLHOCTD BBIUUCIIE-
HUS apryMeHToB GyHKImu. PaccMoTrpum [uisi [OpuMepa BbIpakKeHHE
f(h1(, h20), h3()). Kak Hu cTpaHHo, 3/1€Ch PO MMOCIEIOBATEIHHOCTD
BBI30BOB (DYHKIMIT MOXKHO JOCTOBEPHO CKa3aTh TOJBKO OIHO: (byHKIus f
Oyzer BbI3BaHA HUKAK He paHbIle, YeM orpaboraroT hl, h2 u h3, 4ro u mno-
HATHO — JJIs BbI30Ba PyHKIMU f HYKHO, 4TOOBI BCE €€ apryMeHTHI yiKe
Beraucmchk. Ho na srom Bcé. HoBuuku gacto mpeamnosaraot, aro hl, h2
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u h3 OyIyT BBI3BaHBI IIPSIMO TaK, CJEBa HAIPABO; 0OJIee OIBITHBIE JIIOIH
BCIIOMUHAIOT, YTO BPOJie ObI apryMeHTBI IIOMEIIAIOTCS B CTEK CIIpaBa Ha-
JIEBO, TAK 9UTO IOCJIEI0BATE]HHOCTh OYyIEeT MPOTUBOIIOJIOXKHON; HO U T€, U
Ipyrue, yBbI, 3abiyxkaatorcs. [lociemoBaresbHOCTS BbI30BOB hl, h2 m h3
351eCh He onpedesera; OOBINE TOrO, OJUH U TOT K€ KOMIIUJISITOD, TPAHC-
JIUPYS OJHY U Ty Ke IPOrpaMMy, MOXKET B PA3HBIX €€ MeCTax IIPUMEHUTH
Pa3HYIO MOCJIEI0BATETFHOCTD BBITICIEHU, HCXO/ISI N3 CBOMX «TalHBIX» CO-
obpaxkeHuit, 0OBITHO 00YCJIOBJIEHHBIX ONTUMU3AINAEN; KCTATH, IIPU U3MEHe-
HUH YPOBHSI OIITUMU3AIUN TIOC/IE0BATEILHOCTh MOXKET U3MEHUTHCS.

910 OTHIOJE He KoHer ucropun. [lociie10BaTeIbHOCTD BBIMUCIIEHUST OTIe-
PaHI0B apuMMETHIECKUX OIEPAIINil TOXKE B OOJIBIMMHCTBE CJIYIAEB HE Ope-
nenera (nanpumep, B Boipaxkenuu £ ()+g()+h() mocsenoBaTebHOCTD BbI-
nosiHeHust GyHKIWA £, g 1 h MoxkeT GBITH JH060I); €CTh HECKOJIBKO «OCO-
OGeHHBIX» OIepaIuil, /jisi KOTOPBIX IIOCJIEI0BATEIbHOCTD 3a(UKCHPOBAHA,
K 9TOMY BOIIPOCY MBI BEPHEMCS UyTh MO3Ke. UTO camMoe HEempUusTHOe —
3TO TO, YTO JJISI ONlepaNuil, U3MEHSIIONINX 3HAYeHNe NePEMEHHOU —
TO €CTh JJIsl OOBIYHOI'O IIPUCBAMBAHUS, JJISI BCEX «XUTPBIX» IPUCBANBAHMIA
BpoOZie += Wiau &=, a TakKKe JJjIs Ollepalnii MHKPEeMeHTa U JeKPpEeMeHTa —
He OIIpedeJiéEH TOT MOMEHT, KOrJa HOBOE€ 3HadYeHUe MepeMeHHOM
OydeTr 3ammcaHo B mMaMsaTh. Kiiaccuueckuii mpuMep Ha 3Ty TeMY, IIPUBe-
nénnbil B kuure Kepanrana n Putyn, BeITISInT Tax:

ali] = i++;

Ecmn, ckaxkem, mepemeHHas i mmesa 3HaYeHHE 7, TO 9TO 3HAYEHHE KaK
pa3 u OyJleT 3aIMCaHo B JEMEHT MaccuBa (B CaMOM Jiejie, BeJb 3HAYCHU-
eM i++ KaK BBIDAsKEHUS ABJISIETCS] CMApoe 3HAYEHNE [ePEMEHHOI ), TOIBKO
DU 3TOM HEU36ECNHO, 8 KaKoU JIEMEHT MACCUBa OHO Oy/IeT 3allMCaHO — B
cepMOil Wn B BOChMOiT. KOMIUISATOp MOXKET CIIe/aTh W TaK, U TaK; TOU-
Hee TOBOPsl, KOMIIUJISITOP BOJIEH (PU3WYECKU 3AIlMCATh B MAMSATh, 3aHATYIO
[lepeMeHHol 1, eé HOBOe 3HaueHue Kak do Bbruucienus al[il, Tak u nocae.
Paccymorpum emé mpumep:

int a, b;
a=1;
b = (a+=5) + (a*=2);

3/1eCh eCTh TPSIMO-TAKU MACCA BO3MOXKHOCTEH JIJIsi 3HAYEHUN ePEMEHHBIX
a u b mocJie BBITOTHEHNS BTOPOro oreparopa. CaMblit TPOCTOi U MOHSITHBIN
ClleHapuii TaKOB: CHadaJla IIepeMeHHas a yBeJlndnBaeTcs Ha 5, pe3yibprar
(n eé cobcTBeHHOE 3HAUEHMe, W 3HAUYEHWE, BO3BDAIEHHOE olepanuen +=)
HOJIy4aeTcd 6, IOTOM OHa YBEJIMYMBACTCA BJBOE C pe3yjabTaToMm 12, 3ToT
pe3yJIbTaT B Heil M OCTa€TCs, a Olepalusd CJIOKEHHUs CKJIaJblBaeT 6 m 12,
Tak 910 B b momernaercs 3uadenne 18. Moxere ObITh yBepeHBI, TaK Balll
KOMITNJIATOP HE cae/laeT — 3TO 6])1.]'[0 6]31 CJIMIIKOM IIPOCTO.
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Hauném ¢ Toro, 4ro omepasjipl CJIOXKEHHsI MOIYT ObITh BBIIIOJIHEHBI B
00paTHOM HOpPsIIKe, TAK YTO CHAYAJIA @ YBEJUYNTCS BIIBOE, & IIOTOM y2Ke Ha
IATh, ¥ MOJYYUT UTOrOBOE 3Ha4YeHHe 7, Hy a b Torja, HaBepHOe, JIOJIZKHO
cTaTh paBHBIM JieBATH. HO 3T0 TOXKe BBINISAUT cymmikoM mpocto. Obe orre-
paiuu prcBauBaHUsl, pabOTalONe C a, UMEIOT MTOJHOe MPaBO OTJIOXKUTH
3aIUCh €€ 3HAYEHUS «JI0 JIYUIITUX BPEMEH», TAK YTO KarKJ1asl U3 HUX HATHET
cO 3HadeHusd 1; rmepeMeHHasg a B UTOre CTAHET paBHA TO JIU JIByM, TO JIX
MIECTU, B 3aBUCAMOCTHU OT TOT'O, KAKO€ M3 JIBYX 3HAYEHUI Oy/er 3ammucano
HOCJIeJHUM, YTO 10 b — TO, MO-BUAUMOMY, B Hell OKaxKeTcd 8.

ABTOp JI0JDKEH IPU3HATDH, YTO KOMIIMIATOP gcc (Toil Bepcuu, 9To ObLia
101, PYKOIi; HUKTO, PA3yMeeTCsl, He HOPYYUTCs 38 6C€ BEPCUH) [PEB3OIIEI
€ro OXKUJIQHWs: B IIEPEMEHHOI a 0Ka3a10ch 12 (JaxKe CTPAHHO — TO CaMOe
OXKIJIaeMO€e 3HAYEHUe JIJIsI He€, eCJI He 33/ yMbIBAThCSI O BCEBO3MOYKHBIX
OIITUMHM3AIIUSIX ), & BOT b oKa3asach paBHa 24. UT0ObI OHATH, KAK TAKOE
MOXKET OBITh, IPHUILIOCH TPUIOMHATE, 9TO (HOPMAALHO PE3YIBTAT OIepa-
U [IPUCBANBAHUS PaBeH 3HAYEHUIO IIePEMEHHOM, CTOdBIIEl B HEM CJIEeBA.
[IpucBanBanus nepeMeHHON a IPOILIN IOCJIEIOBATEIFHO OTHO 3a JIPYIUM
B «€CTECTBEHHOM» IIOP#/JIKe, HO BOT 3HAYEHUA ITUX IIPUCBAUBAHUN KaK Bbl-
paxkKeHuil KOMIUJIATOP HUKY/Ia, KPOMe IIepEMEHHOH a, 3aHOCUTH He CTaJl,
a TepeJ1 CJIO?KEHUEM TPOCTO OOpaTHJICA K Hell JBaXKJbl. TaM, eCTeCTBEHHO,
0ba pa3a OKa3aJIOCh OJHO U TO XK€, TaK UTO Pe3yJIbTaTOM Bceil mpaBoil da-
ctu craso 12+12. K decru gec ciemyer 3aMeTuTh, 9TO MPU KOMITAJIATIAN
OH BBLIAJI IPeYyIIPEK ICHHE.

HeckobKO CHU3UTH OCTPOTY MPOOJIEMBI TIO3BOJISIIOT MOYKY caedoea-
HUSA; AHTJINICKUI OPUTMHAJI TEPMUHA — Sequence points, MHOTJA BCTpeYa-
€TCsl TEePEBOJ «TOYKU TapAHTHPOBAHHBIX BBIYUCJIEHUN». B KaxKI0#l Takoit
«TOYKE» KOMIIUJISTOP JOBOJIUT JI0 KOHIIA BCe MoO0UYHBIE 3D (PEKTHI, KOTO-
pble OH MOI' paHee «OTJIOXKHUThb». CaMmasi IpocTasi U3 HUX — KOHEY 6bipa-
oCenUA. DTO KACAETCS MPEXKE BCErO BLIPAYKEHUsI B ONEPAIMOPE 8bi4UC-
AEHUSA BBIPAHCEHUSA: JOMIIN A0 TOYKH C 3alATON — BCE, YTO JOJIZKHO
OBLIO CJIyYUTHCsI, CJIYIUIOCH; HO TOYHO TAK K€ 3aKOHUYEHHBIMU CUUTAIOT-
CsI BCE BBIpaKEHUsI, TIPEIT0IaraeMble CHHTAKCUCOM A10061X OTIEPATOPOB, TO
€CTb 3TO ycJoBHBIEe BblpakeHusd B if, while um do-while, BbIpakenue B
3arojioBKe switch, BeIpakeHue, 3aJa011ee BO3BPaIlaeMoe 3HaUeHEe B OIle-
paTope return, a Tak»Ke BCe TPU BbIPayKeHUs B 3arojioBke for (KaxKJoe 110

OTJEJILHOCTH).
BeiBAIOT TOYKH CAEOBAHWS W B paMKaxX OJHOTO BBIPAYKEHUSI.
Bo-niepBbix, 310 slormdeckue cBs3ku && u | |: B HUX Bcera cHaYaJIa BBIYUC-

JISIeTCsl BbIPaXKeHUe, CTOSINEeE CJIeBa, ero BHIYUCIIEHUE JOBOJUTCS JI0 KOHIA
CO BCEMHU €ro HOBOYHBIME 3bQEKTAME, H TOJBKO HOTOM, €CAU HYHCHO !,
BBIUUCJIIETCH [IPABBI apryMeHT. TepHapHas ycaoenas onepauust (7:)

TOXKE TPEJIOJIAraeT TOUYKY CJEJOBAHUs: MPEXKIE UeM OyIeT BBIUUC/ISITh-

31Ecau y Bac BBI3BIBAECT HEYBEPEHHOCTD CJIOBOCOYETAHNE «ECIH HYXKHO», epednTaiTe
pacckas O JIOTUYEeCKHX CBA3KaX Ha CTp. 48.
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cs1 €6 BTOPOI WM TPeTHUil orepanj, KOMIUJISITOP JOBEAET 10 3aBEPIIeHUs
BBIYUCJIEHUE TIEPBOr0. AHAJIOTUYIHO JIEHCTBYET U ONEPAIUST «3alsdTasi»: eé
OTIEPAH/IBI BCEIJIa BBIUUCIIAIOTCS CIIPaBa HAJIEBO, U TI€PeJ] HAYAJIOM BBIUNC-
JIEHUsI TIPABOTO OIEPAH[IA 3aBEPINAITCS Bce M0O0UHBIE 3(D(PEKTHI JIEBOTO.
Haxkowner, mepes; BbI30BOM (DYHKIIMM KOMIIUJISITOP BCETJIa 3aBEPIIAET BbI-
JHCJIEHNEe BCEX €€ apryMeHTOB (XOTsl KOHKPETHAsl [I0CJIe/I0BATEe]bHOCTD UX
BBIUUCJICHUS] HEU3BECTHA).

Ectb u npyrue curyanun, B KOTOPBIX KOMIIIATOD TapaHTUPYeT (bruHaA-
JIN3AIINIO BCEX BBIYUCJIEHUI, HO MBI UX O0CY2KJIeHUE OILyCTUM; BMECTO 3TOIO
MPEJJIOKUM IUTATETI0 OCO3HATH OJIMH IIPOCTON MOMEHT: €CJIM B Balmei
mporpaMMe B KayKJIOM BbIpaXKeHuu OyZieT He GOoJIbIlle OJHOrO IIo-
6o4uHOro 3¢ddeKkTa, BeChb TEKCT 3TOro rnaparpada MO>KHO C YUCTOUN
COBECTBIO BBIKIUHYTh U3 I'OJIOBBI. K pEKOMEHIaIusIM O TOM, KaK CJIeIyeT
obpararbes ¢ moboaHbIME Y deKkTaMu, MbI BepHEMCs B §4.8.3.

4.3.22. I36paHHbIe ITPpUMEPHI ITPOrPpaMM

IIpexne 4eM WATH Jajbllle, PACCMOTPHM JBa WHTEPECHBIX MPHUMepA.
Haqném ¢ nporpaMmbl, KOTOPYIO MBI OGEIaIN HANUCATH €IIE BO BBOIHON
gacta (em.t.1,§1.3.5).

XaHolicKkue GarnHu

[TonpobHO MBI 3Ty 3ajatdy yKe HCCaegoBasn Ipu udydeHun [lackasis
(em.T.1,§2.11.2) u y6equamuch B TOM, 9TO €8 JIydIlle He MBITATHCSA DEIaTh
6e3 MpUMEHEHUs PEKYPCUH — TIOJIyYAeTCsl CJIOXKHO M HEKPACHUBO. 31€Ch MBI
OTPAHUIUMCS TOJIBKO PEKYPCUBHBIM PEIEHUEM, KOTOPOe OyIeT mpakTuIe-
CKI JIOCJIOBHO TIOBTODPSATL pereHne Ha llackase, mpuBepéHHOE B TEPBOM
ToMe B §2.11.2. Beirisiers nporpamma OyIeT Tak:

#include <stdio.h> /* hanoi.c */
#include <stdlib.h> /* for atoi */

static void solve(int source, int target, int interm, int n)
{
if(n == 0)
return;
solve(source, interm, target, n-1);
printf("%d: %d -> %d\n", n, source, target);
solve(interm, target, source, n-1);

}

int main(int argc, char **argv)
{

int n;

if(arge < 2) {
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fprintf (stderr, "No parameter given\n");

return 1;

}

n = atoi(argv[1i]);

if(n < 1) {
fprintf (stderr, "Incorrect token count\n");
return 2;

}

solve(1, 3, 2, n);

return O;

}

[Togpobuble mosiCHEHUsT MBI OIyCKaeM, IIOCKOJIBKY Yy2Ke IPHUBEIN WX JJId
nporpammbl Ha [lackase; obparuTe BHIMaHTE, HACKOJIBKO J[BE ITPOrPAMMBL
MOJIyYMJINCh CXOXKUMU.

ComnocraBJjienue CTPOKH C 06pa3u0M

C zamaqeil comocTaBieHNs CTPOKU ¢ 0OPA3IOM MBI JIBAK /bl CTAJIKUBA-
Jguch B mepsoM Tome: B §2.11.3 mpr pemmin 31y 3amady Ha llackase, B
§3.3.9 permenue TOil XKe 3a7a9M Ha S3bIKE acceMOJiepa MCIOJIb30BAJIOCH B
KadecTBe MpUMepa OPraHU3aIui PEKYPCUU HA yPOBHE KOMAH/I IIPOIECCO-
pa. Pemenne na Cu 6iarofiapst UCIIOJIB30BAHUI0 apudMETHKN yKa3aTesei
OKAa3bIBAETCs, MOXKAJIYI, HECKOJIBKO djleranTHee, yeM Ha [lackase; uTo Ka-
caercsi acceMOJIEPHOrO PelteHusi, TO cjeaytonuii ko Ha Cu MoBTOPSIeT ero
MIPAKTUYIECKU CJIOBO B CJIOBO:

/* match_c.c */
int match(const char *str, const char *pat)
{
int i;
for(;; str++, pat++) {
switch(*pat) {
case O:
return *str == 0;
case ’%7:
for(i=0; ; i++) {
if (match(str+i, pat+1))
return 1;
if ('strl[il)
return O;
}
case ’77:
if (Y*str)
return O;
break;
default:
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if (#str != xpat)
return O;

}

Bupouewm, my1s 60J1bImeH SICHOCTH PENIeHust ero MOKHO pa3duTh Ha JIBE B3a-
UMHO peKypcuBHble (yHKImu. OCHOBHAS TO-TIpeKHEMY Oy/IeT HA3BIBATH-
cs match, a IUKJI, OPraHu3yeMblil PN HAXOXKJCHUN B 00pasiie 3BE3/I0YKH,
MBI BBIJIEJIUM B OTJEIbHYIO (PYHKIINIO, KOTOPYIO Ha30BéM starmatch. Ilo-
CKOJIbKY (DYHKIIMU BBI3BIBAIOT APYT APYyTa, IJIs OMHON M3 HUX IPUAETCH
cesiaTh IPOTOTHUIN; MbI HAIMIIIEM IPOTOTHII JIUisi Starmatch, 3aTeM peasu-
3yeM match, U JIMIIb [I0CJIE TOIO HAIUIIEM, HAKOHEIl, TeJo starmatch:

/* match_c2.c */
int starmatch(const char *str, const char *pat);
int match(const char *str, const char *pat)
{
switch(*pat) {
case O:
return *str == 0;
case ’7’:
if (1*str)
return O;
return match(str+l, pat+1);
case ’x’:
return starmatch(str, pat+1);
default:
if (xstr != *pat)
return 0;
return
match(str+l, pat+1);

}
int starmatch(const char *str, const char *pat)
{
int i;
for(i=0; ; i++){
int res = match(str+i, pat);
if (res)
return 1;
if (tstrlil)
return O;
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4.4. CrangapTabie PYHKIIUN BBOIa-BbIBO/IA

OrBieuéMmcsi Ha HEKOTOPOE BpeMsi OT BO3MOXKHOCTel si3bika Cu 1 1mo-
pobyeM OCBOUTH HEOOJIBIIYI0 YACTh CTAHIAAPTHON OMOJIMOTEKH, KOTOPYIO
OOBIYHO HA3BIBAIOT CPEJCMBAMU BBLICOKOYPOBHEBO20 8800aG-8b1600a.
Bce BO3MOXKHOCTH, KOTOPbIE MbI PACCMOTPUM B 9TOM mHaparpade, MOKpbI-
BAIOTCS BCE Te€M K€ 3ar0JI0BOIHBIM (haittom stdio.h.

4.4.1. IlocuMBOJIbHBIII BBO/I-BbIBO/

HamomMHIM, 9TO HOCTOSTHHO MO IAIOIIAECS HAM «BBOJ C KJIABHATYDHI»
U «BBIBOJI Ha 9KpaH» IpaBUiIbHee ObLIO ObI HA3BIBATH BBOJOM U3 CMAH-
dapmmozo nomoka 6600a U BBIBOIOM 6 CMaHIGPMHYLT NOMOK 6v600a, BEllb
HUKTO HE MOYKET HAM PapaHTHPOBATH, YTO MO Ty CTOPOHY CTAHJAPTHBIX
[IOTOKOB HAXOJATCS JIEHCTBUTEHHO KJIABUATYPa U IKPaH; B OOIEM CJIy-
Yae MbI Jake He MOXKEM C yBEePEHHOCTBIO 3TO OHpelesuTh 2. VMenno tax
MBI U OyJIeM TOBOPHTH; «BBIBOJ| Ha 9KPAH U BBOJ] C KJIABUATYPBI» OCTABUM
TeM, KTO He COOMPAETCsi CTAHOBUTHLCS MPOrPAMMUCTOM. BoJIbIle TOro, Imo-
CKOJIBKY 9TOT M CJIEIYIONUI aparpadbl MOCBAIIEHBI TOJBKO CTAHIAPTHBIM
MOTOKAM, MBI He 6yJ/IeM 9TOT MOMEHT YTOYHSThH, TIOKa He TPHUJIET BPeMs pa-
GOTHI C TPOU3BOJILHBIMU TOTOKAMI, & HE TOJHKO CTAHJIAPTHBIMU; TIOKA, YKE
[IOJI CJIOBAMHU <«BBOJ[» U «BBIBOJ», & PABHO «UYTEHUE» U <«3AIUCH» MbI Oy-
JIeM IIOHUMAaThb COOTBETCTBYIOIIUE Ollepallui Ha/l CTaHIaPTHBIMHA ITIOTOKaMMU
BBOJIa~-BBIBOJIA.

Hauném ¢ 660da cumsona mim, TOYHEE NOBOPSI, BBOJA OYEPEHOM MOp-
MU JIAHHBIX, COOTBETCTBYIOIIEH MUHUMAJHLHOMY &JIPECYEeMOMY Ha JAHHOMN
MallliHe; B PeAJbHOI KU3HU 9TO BCET/Ia OJIMH BOCBMUOUTHBIN OaiiT. PyHK-
IIUsi, KOTOPAsl BBIMIOJIHSIET ITY OIepaIuio, Ha3biBaeTcst getchar; eé mpoduinb
BBITJISJIAT TaK:

int getchar();

Kak BuanM, oHa He MOJydaeT MapaMeTpOB, a BO3BPAIAET 3HAYEHUE TU-
ma int, To ecTh mesoe yuciao. Ho modemy e char, mim signed char,
nin unsigned char? Ilo cMmbicity Begb OHH, KaK KayKeTCs, ITOJIXOIAT JIyd-
me? JelicTBUTENBHO, €CJIM YUTAeTCs OXUH OailT, pa3psaAHOCTH JI0O0ro n3
char’oB xBaTmio ObI JJIsT TPEJICTABJICHUS MPOYUTAHHOTO 3HAYECHUS, HO
TOJIBKO IIPUA YCJIOBAU, YTO YMEHUE NPOWAO YCnewHo U O4epeJHOe 3Hade-
HUe JeficTBUTeIbHO TpounTano. [IpobieMa 3/mech He TOJIBKO U HE CTOJIBKO B

32B OC Unix MbI MO’keM 3aJaTh CHCTEME BOIIPOC, CBS3aH JIM JAHHbIH DailoBbIil J1e-
CKPHIITOP C MEPMUHAADHBIM YCMPOTCMEOM WUIIA HET; HO TEPMUHAJIBHOE YyCTPONRCTBO
MO2KeT ObITh (& B COBPEMEHHBIX YCJIOBHAX MPAKTUYECKH BCETJA SIBJISIETCS) PE3YJIBTATOM
IPOrPaAMMHOM SMYJISIIMHM, TaK YTO SKPaHa U KJIABHUATYPHI II0 Ty CTOPOHY JECKPHUIITOPA
MOKET He OKa3aThCs, JlasKe e€CJIM Ha BOIPOC O TEPMUHAJIBHOM YCTPOMCTBE CHUCTEMa OT-
BETHUT YTBEPAUTEJBHO; XOTsI, KOHEYHO, B OOJIBIIIMHCTBE CJIYYa€B «TEPMUHAJIBLHOE yCTPOM-
CTBO» IIPEJIIOJIATAET, YTO «C TOH CTOPOHBI» IIPUCYTCTBYET >KUBOH IOJIH30BATENb.
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TOM, YTO MOXKET IIPOM30HMTH OMMOKa: Ha CTAHIAPTHOM BBOJIE OIIMOKHU IIPO-
UCXOIAT pesko. Mbl 3HAEM OIHY GOCOAIOMHO WMAMHYO CATYAIUIO, KOTJA
HUKAKUX OIMUOOK HE IPOUCXO/IUT, HO 09epPEeTHOTO OaiiTa B IIOTOKE BBOJA HET
¥ IPOYUATATH OTTY/Ia HEUETO: 3TO cumyauus Korua gaiina. Ecim nosib3o-
BaTe/Ib, 3aIlyCTUBIIUI HAIIY [IPOTPAMMY, [TE€PEHAIIPABUJ HAM CTAHIAPTHBIN
BBOJI, <IIOJICYHYB» BMECTO KJIABUATyPBbI OOBIKHOBEHHBIN ails, curyanus
konna daiia Bosuukuer (crnacubo Kanuranmy OueBugnocts), Korga daiin
OyJeT BeCh MPOYUTAH, TO €CTh OH KOHUMUTCS; HO JayKe eCJIU Ha BBOJ HaIlei
[porpaMMe IMOCTYIAaT JAaHHBIE, KOTOPbIE YKUBOH I10JIb30BaTe/ b HAOUBAET
Ha OOBIYHON KJIaBHAType, CUTyallusl KOHIA (ailjia BCE PABHO MOXKET CJIy-
GUTBHCS: JIpaifiBep TEPMUHAIA UMUMUPYeM €€ MPU HAXKATHH KOMOWHAIIIN
kJiaBuin Ctrl-D.

Ecan dyukmus getchar ycmenrHo mpodnTasia OJuH OaifiT, OHa UMEH-
HO €ro W BEPHET, NPUIEM IPOUUTAHHBIN OalT OyIeT NPOMHTEPIPETHPO-
BaH KaK 0E33HAKOBOE YHCJIO COOTBETCTBYIOIIEH Pa3pPsiIHOCTU; UWHAYE TOBO-
psi, Bo3BpaieHo Oyier 3nadenue oT 0 70 255. Ecju Obl Tak mponcxoInio
Bcerja, (bYHKIUA JNeHCTBUTEIBHO MOIJIa Obl BO3BpAIATh 3HAYEHHE THUIIA
unsigned char, HO ecTh BeJib emé curyarnus KoHia daiiaa. O603HAIUTD
9Ty CHUTYyaIWi0 OJHWM K3 BO3MOXKHBIX 3HAadeHWU Tuma char Heab3s, mo-
CKOJIBKY B IIOTOKE BBOJIa, MOYKET BCTPETUTHCS abCOJIFOTHO JIFOOOI Gaiir —
HUKTO BeJb HE FapaHTUPYeT HaM, YTO 3TH JAHHbIE TEKCTOBbIE, OUHADHBIHA
daits ToxKe MOXKET OBITh IPOYUTAH U3 CTAHIAPTHOIO ITOTOKA BBOJ/A; KCTa-
TH, TeJIbII PsiJi yTUJIAT KOMAHIHON CTPOKYM MMEHHO TaK ¥ JIeJIaeT — B Cpejie
OC Unix Tak IOCTYIAIOT, HAIIPUMED, IPAKTUYIECKH BCe apXuBarTopbl. Ka-
KOBO OBbI HM OBLJIO 3HAUeHME n3 auana3ona 0..255, m3bpaHHoe HaMU JIJIs
0003HAYEHNsT CUTyallud KOHIA (ailjia, ITO mpuBeso Obl K HEPAIAIUMO-
cTu curyanuu «aityl KOHIUJICS» U CATyaluu «u3 (paityia mpounTaH Oaiir,
PaBHBII 3HAYEHIIO, 0D03HAYAONIEMY CUTYAIMIO KOHIa daiiiar. FcHo, 9yTo
9TO abCOJIIOTHO PA3HbIE CUTYAINH, TAK 9TO CIEIHAJILHOE 3HAYEHIE, BO3BPa-
maemoe (DYHKIMEH, ecim o9epeHoi 6ailT mpodnTaH He OBbLI, HE JOJIKHO
HaXO[IUThCS B IMATIA30HE 3HAYEHUI TPOYNTAHHBIX 6AfTOB, TO €CTh JOJIXKHO
Jiexkarhb 3a nmpedesamu duanadona 0. .255. MHOXKeCTBa BO3MOXKHBIX 3HAYE-
Huit Tuna unsigned char okasbiBaeTCsl HedOCMamMouHO, HyKHO eIné OJTHO
3HAYEHUE.

B kauecTBe TaKOr0 3HAYEHNS ABTOPBI CTaHIAPTHON Oubmoreku Cu u3-
Gpasm OOBIKHOBEHHYI0 MUHYC-eJuHUIYY (-1), HO 1yist Gosbiedi sicHOCTH €€
oboznauaior unenrudukaropom EOF (end of file), upuuéM umeHHO Tax,
3araBubiMu OykBamu. Ilockosbky yHKIMS BO3Bpalnaer ofHo u3 257
BO3MOKHBIX 3HAYEHMii, eé THUIl BO3BPAIAEMOr0 3HAYEHMs JIOJIPKEH MMeTh
O4JIBIITYI0 PA3PSATHOCTD, Y€M y THIIa char.

1t mpuMepa pacCMOTPHUM IIPOTPAMMY, KOTOPast YUTAET TEKCT U3 CTAH-
JApTHOI'O ITOTOKA BBOZA, ITOKA HE BO3HMKHET CHUTyallus KOHIA daitia, u
Ha KaXK/YI0 IIPOYUTAHHYIO CTPOKY OTBedaeT JJaKOHUIHBIM 0K. DTO MOKHO
ces1aTh, HAIIPUMED, TaK:
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#include <stdio.h>

int main()
{
int c;
c = getchar();
while(c != EOF) {
if(c == ’\n?)
printf ("0K\n");
c = getchar();
}
return O;

}

[Ipodeccuonaphble MpoOrpaMMuUCThI, nunryinue Ha Cu, IpakTHIecKd HU-
KOTJIa TaK He JIeJIAIOT, [TOCKOJIbKY CUHUTAIOT, YTO HEXOPOIIO JyOJIMPOBAThH
CTpOUKy «Cc = getchar();» mepes IUKJIOM W B KOHIIE TeJia IUKJIa. B oT-
simawne ot [lackaJist, e Takoro ayOJMpoBaHUsl MOXKHO n36eKaTh pa3Be 4To
C IOMOIIIBIO orepaTopa break, B Cu MO2KHO BOCIIOJIB30BATHCS TE€M, ITO IIPU-
CBaMBAHNE $IBJISETCS OIEPAINeil, U «3arHaTby BBI30B (GyHKINU getchar B
3aroJIOBOK ITUKJIA, & PE3yJIbTaT IIPUCBAaNBaHNUsl CPABHUTH ¢ KOHcTaHTO! EOF.
[TocKoIbKY TPUOPUTET NMPUCBAWBAHUS HUXKE, YeM IPUOPUTET CPABHEHWSI,
OIEPAITNIO TTPUCBANBAHUS TPUIETCS B3ITh B CKOOKHU. Beé BMecTe Oy1eT BbI-
IJISEeTh TaK:

#include <stdio.h>

int main()

{
int c;
while((c = getchar()) != EOF) {
if(c == ’\n’)
printf ("0K\n") ;
}
return O;
}

3/1eCh MBI IMeeM TOT PEJIKUIT CIydaii, Koraa mo00IHbIH 3(DMEKT B yCITOBHOM
BBIPAYKEHNN OKA3BIBAETCsT YMECTEH U OIPABAH. JTOT BOIIPOC MbI ITOIPOOHO
obcynum B §4.8.3.

Teneps nmasaiiTe cjaerka yCjaoKHAM HAIy IPOCPAMMY: IIyCTh OHA BMe-
cro OK mevyaraer JUINHY TOJIBKO UTO MPOYUTAHHON CTPOKHU. Iyt 9TOr0o MbI
BBEJIEM CUYETYIHUK, TO €CTh IEJIOUUCACHHYIO [IEPEMEHHYIO, B KOTOPOil Oy/eT
HAKAIJIUBATHCSI KOJIMYECTBO IPOYUTAHHBIX CUMBOJIOB, 8 KOI'JIa CTPOKA KOH-
9UTCs, IPOTPaMMa HAIleYaTaeT 3HAYEHUE ITOU ITePEMEHHON 1 OOHYINUT €€,
9TOOBI TTIOACIET CUMBOJIOB CJIEIYIONIE CTPOKU HAYAJICs ¢ Hysisd. Beé BmecTe
OyJeT BBIMJIAIETH TaK:
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#include <stdio.h>

int main()

{
int c, n;
n = 0;
while((c = getchar()) != EOF) {
if(c == ’\n’) {
printf ("%d\n", n);
n = 0;
} else {
n++;
}
}
return O;
}

[Toggepkuém, uT0 B 000MX IpHUMepax IePeMeHHAas, B KOTOPYIO 3aHOCHTCH
3HaveHue, Bo3BpaliénHoe GyHKIWel getchar, nmeer Tun int. Hauwnnaro-
e TPOrPAMMUCTBI, HE YUUTHIBas BBIIEIPUBEJIEHHBIX PACCYKIEHUN O TH-
IIe 3Ha4YeHus getchar, 9acTo [esraloT XapaKTEePHYIO OIIHOKY, OIUCHIBAs 3Ty
IepeMeHHyIo Kak char, B pe3y/bTaTe 4ero ux IporpaMma He pa3jindaeT CH-
Tyalun, Korja getchar sepuyia EOF (T.e. —1) u Korja oHa BepHYJIa YHCIIO
255, nmpounTaB Oa#T ¢ Takum 3HadeHueM. [Ipu ob6paboTke TEKCTOBOU WMH-
dopmanuu BUIUMBINH PE3yaAbTAT TAKOi OMUOKU 3aBUCUT OT MPUMEHSIEMOIt
KOJINPOBKM; K MpuMepy, ecju Harra nporpamma paboraer B OC Windows
u obpabaTbiBaeT TEKCT B KOAMPOBKe cpl251, oHa «CBajauTCsS» MO KOHILY
daiina, TpoYnTaB MaJIeHbKYIO OYKBY «s», IIOCKOJIBKY €€ Kol B ¢pl251 pa-
BEH KaK pa3 255; 1n1pu ucnosib30BaHu KOJAUPOBKU koi8-r, KOTOpad 10 CUX
IOp JOCTATOYHO YaCTO BCTPEYaAeTCsl B cUCTeMax ceMeiicTBa Unix, TOT xKe
addekT OymeT HAOIIOAATHCST IIPU IPOUTEHUH 3arJIABHONO TBEPJOrO 3HAKA.
Ecau Tekcr npencTaBieH B Koguposke utf8, To 6aiiT co 3uadenuem 255 ram
BCTPETUTHCS HE JIOJIKEH, HO €CJIM OH B IOTOKE JJAHHBIX BCE-TAKU CJIyJaifHO
OKaKeTCsl, TO TPOrPaMMa, OIsiITh-TAKH, IIPUMET ero 3a Kouerr (daitna. KEcaun
JKe Ha CTaHIAPTHBIN IIOTOK BBOA IO/aHbl OMHAPHBIE JaHHBIE, TO AT CO
3HadYeHueM 255 B HHX MOXKET BCTPEYATbCA JOBOJIBHO YacCTO: JOCTATOYHO
3anucarh B hailyl B IBOMIHOM BUE HEOOIBIIIOE IO MOJYJIIO OTPUTIATETHHOE
[IeJI0e YHCJIO, U €ro IpeJicTaBienne OyJIeT COCTOATh U3 OJHOIO 3HAYAIIErO
OaiiTa U BCeX OCTAJILHBIX, PABHBIX KakK pa3 255.

Ha Bcakuii caydail moBTopuM eIié pa3: 3HAYEHWE, BO3BPAIEHHOE
dyukIimeii getchar, HeJIb34 cpa3y NPUCBAUBATh IIEPEMEHHOI TUIa
char, 3170 TpuBEIET K moTEpe MH(POPMAINN; TAKOE MPUCBANBAHUE MOXKHO
C/IeJIATD JIUIID MTOCJIE TOTO, KAK MbI yOEIMIUCh, YTO BO3BPAIIECHO 3HAYUECHUE,
oramyHoe ot EOQF.

Ornepariuio BBIBO/Ia CUMBOJIA B CTAHIAPTHBIN IIOTOK BBIBOJIA ITPOU3BOIUT
dyHKIUst putchar; eé 3aroJI0BOK BBITVISIAT TaK:



110 TIporpammMuposanue na sizbike Cu

int putchar(int c);

ITapameTp 3a/1a€T KOJI BBIBOJMMOIO CHUMBOJIA; (DOPMAJBHO OH MMEET THUII
int, HO Ha caMoOM Jejie YHCJIa 3a [peJeJlaMH IUalla30Ha 3HAYEHU
unsigned char (B peaJsibHOI KIU3HU 3TO Beerja auanas3oH 0. .255) Gymyr
IIpeBPAIIEHbl B YHCJIa 3TOIO JUANA30HA IIyTEM OTOPACHIBAHUS <«JIAITHUX»
OUTOB, TaK YTO JIaBATh UX 3TOIl (DYHKIMHN HU K YeMy.

QyHKIMS BO3BPAINAET KOJI BbIBEJIEHHOI'O CUMBOJIA, €CJIM BCE B HIOPSIJIKE,
a ecJIn MIPOM30IILIa OIMNOKa, TO y2Ke 3HAaKOMyIo HaM Kouctanty EOF. Brpo-
yeM, OOBIYHO B IIPOTPaMMax 3TO 3HAYEHUE He IIPOBEPSETCs, TOYHO TaK K€,
KaK He IIpOBepsieTCsl 3HadeHne printf: omubKu Ipu BBIBOJIE B IIOTOK CTaH-
JAapTHOTO BBIBOJA BCTPEYIAIOTCA JOBOJIBHO PEIKO.

Hampumep, ciiemyromas mporpaMMa NIPUHAMAET HA BBOJT IIPOU3BOJIBHBIN
TEKCT, & BBIBOJUT Ha4YaJIO KarK/0il CTPOKU JI0 IIepBoro mnpobdesa. st aroro
npejycMarpuBaercs (JIazkoK pr, KOTOPBIi DABEH «HUCTUHE», €CJIM B TEKY-
meil CTpoke erié He OBLIO MPOOEJIOB, U «JIKU», €CJIN IIPODEJIB yIKe BCTPE-
JaJIACh.

#include <stdio.h> /* untilspace.c */

int main()

{
int c, pr;
pr = 1; /* true */
while((c = getchar()) != EOF) {
switch(c) {
case ’\n’:
putchar(’\n’);
pr = 1;
break;
case ’ ’:
pr = 0;
break;
default:
if (pr)
putchar(c);
}
}
return O;
¥

4.4.2. ®opMaTUpPOBaHHBII BBO-BBIBOJI

Oyukiuu popmamuposarrozo 60da-8wvi8oda printf n scanf Mol
y2Ke aKTUBHO UCIIOJIb30BAJIU B IPUMePaX, KarK/IbIil pa3 NOsICHASI OUepeTHYIO
X BO3MOXKHOCTD. HaCTaJ’IO BpeMd HABECTU B 3TOM JeJI€ IIOPAIOK, 1 HAYHEM
MbI ¢ pyHKIun printf. PopMasbHbBIA €€ TPOTOTHUI BBITJISIIUT TAK:
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int printf(const char *format, ...);

MHuororoune 03HAYAET, YTO B ITOM MECTE MOXKET OBITh eULé CKOADKO Y200H0
napamempos; Takue QYyHKIMA HA3BIBAIOTCH OOBITHO 8aPUGIUNECKUMU.
3/1eCh IPUCYTCTBYIOT HEKOTOPBIE OTPAHWYEHHST HA THUIIHI TAKUX ApPAMET-
POB, KOTOPBIE MBI OYJIEM PACCMATPUBATD, KOTJIA JIEJI0 JIOHIET IO HANUCAHUSA
Bapua ndecKnx (pyHKIUN, & MOKa MPOCTO IMPUMEM KaK JIAHHOCTH, YTO Ia-
paMeTpbl BCeX TUIIOB, KOTOPbIE YMeeT IevuaraTh printf, uepes3 3araJjouHoe
MHOT'OTOYHE [I€PEJATH MOZKHO.
Pabora dyukmun printf ynpasasemcsa HopMaTHON CTPOKO; MOXKHO
CKa3aTh, YTO MYHKIMS IIPEJICTABIAET CODON unmepnpemamop dpopMaTHOR
crpoku. @opmajibHO ToBOpsi, opMaTHasi CTPOKa COCTOUT U3 hopmain-
HBLT QUPEKMUB, KOTOPBIE JICJISITCS Ha 00b1Hbie CuMB0Ab: (1H00bIe GANTHI,
KPOMeE HYJIEBOI'O U CUMBOJIA <«%») U JUpPeKmues, npeobpa3osarus, KOTOpble
HAYMHAIOTCS C CUMBOJIA «%» M 3aKAHUYUBAIOTCS CNEYUPUKATMOPOM NPeodpa-
306aHUA, B POJIA KOTOPOT'O MOT'YT BBICTYIIATh cuMBOJIbI diouxXeEfFgGespl;
HEKOTOPBIE PEATU3aIUN HOIIEPKUBAIOT U JIPYTUE CUMBOJIBL B JTOTIOJIHEHUE
K 3TroMy Habopy. CreruduraTop mpeodpa3oBaHus yKA3bIBAET, KAKOTO TUITA
3HAYEHUE CJIeJyeT U3BJIeUb U3 CIUCKA (DAKTHIECKUX [apaMeTpOB (OYyHKIII
(TO ecTh, ONPOCTY TOBOPSI, U3 OYEPETHON IIO3UIN CTeKA) U B KAKOM BH-
JIe TIPEJICTABUTh ITO 3HadYeHne Ha redatun. Hampumep, Mbl y2Ke BCTpedasIn
cruenudurarop «d» (ot cioBa decimal) u 3HaeM, 9To «%d» O3HAYAET IEBII
THII U €70 JIECATUYIHOE IPeJICTaBIeHNe; CHeInUKATOPBI «0» U «X» TOXKE
O3HAYAIOT I[eJIbI THUI, HO TPEOYIOT IPEJCTABATH €0 B BOCHBMEPUYHON U
MECTHAIIATEPUIHON CrCTeMax COOTBETCTBEeHHO. Onucanue BCex Mepevnc-
JIEHHBIX CITEIU(pUKATOPOB IpUBEIeHO B TabJI. 4.1,
BuyTpu mupekTuBbl mpeobpa3oBaHUs, TO €CTh MEXKJy CHMBOJIOM J, U
cuMBoJIoM crerudurkanuu GopmMaTa, MOIYT OBITh YKa3aHbI JIOIOJHUATE b
Hble HapaMeTpbl hopMaTUpOoBaHus (KaXK bl U3 HUX He 00g3aTelIeH, TO eCTh
MOXKET TIPUCYTCTBOBATH, & MOXKET U OTCYTCTBOBATH:
e dutarn: HaOOP (BO3MOYKHO, MYCTON) U3 CUMBOJIOB «-», «+», «0», «#»
7 TIpobeT;

® T[eJI0e YUCJI0, 3a/IAI0IIee IMUPUHY IOJIsd, TO €CTh KOJIMIECTBO 3HAKO-
MeCT, OTBEJIEHHBIX Ha BBIBOJ[ JAHHOTO ITapaMerpa,;

® JecATUYHAS TOYKA U [IEJIO€ YUCJIO, 3aJaI0lee TaK HA3bIBAEMYIO 1Moy~
HOCND NPedcmasAeHUS,;

e Tak Ha3bIBaeMblil modudukramop pa3psadrocmu.

Haunéwm ¢ mupunst u giaros. Yuciio, 3a1aolee MUPUHY, O3HAYAET MUHU-
MaJIbHOE KOJITYEeCTBO 3HAKOMECT, KOTOPOe Oy/IeT MCIIOIb30BAHO I BbI/Ia-
91 IIPEJICTABIIEHNsI OYEPETHOTO ITapaMeTpPa; eCJIi MPEJICTABICHIE 3aHNMAET
MEHbIIIe 3HAKOB, OHO OyJieT (B IpocTeiiieM ciydae) JA0IOJHEHO IpobeamMu
cieBa. Hanpumep, printf (" [%45d]", 12) namewaraer «[  12]». ®@uarn
[IO3BOJIAIOT U3MEHUTH ITO MOBEJECHUE:
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Tabsmmna 4.1. Cuenudukarops! npeobpazoBanuii pyHKnun printf

CHUMBOJI 9TO U B KaKOM BH/JIE ITedaTaeTCA

d, i 3HAKOBOE I1eJI0€ YHUCJIO B JECATUIHON CUCTeMe CUUCJIEHUST
o 0e33HAKOBOE 1I€JI0€ YHUCJI0 B BOCBMEPUYHOM CHCTEME CUUC/ICHUS
u 6e33HaKOBOE TIEJI0€ YUCJIO B JIECATUIHON CHCTEME CUUCTICHUS
x, X 0e33HAKOBOE IIEJI0€ YUCJIO B IIECTHAIIATEPUIHON CUCTEME CUHC-
JIeHUs, IPUYIEM X UCHOJIb3yeT OyKBbI abcdef, a X ucrosb3yer OyK-
BBl ABCDEF
£, F 9HCJIO C IJIABAIONIEH TOYKON B BUJIE JIECATUIHON JIpodu
e, E YHCJIO C ILJIABAIOIIEHl TOYKONW B SKCIIOHEHIIMAJIbHON (opme, Ha-

npumep, 6.6234e-34 (6ykBa e miam E, oTaessomas nopsgoK OT
MAHTHCCBI, BBIOGUPAETCs Ta Ke, 9TO U B ClenudUKATOpE)

g, G YHCJIO C IJIABAIOINEH TOYKON B 9KCIOHEHIMAJbHON (opme, eciu
3HAEHHE IOPSIIKA MEHbIIE -4 niin 6oJIbie b0 PABHO TOYHOCTH,
3alaHHOM 11epe/] crienuduKaTopoM (110 yMOIYAHUIO 6); B IPOTUB-
HOM CJIy4dae — B BUJE OOBIYHOM JECATUYIHON IPOOHU, IPUIEM €CIIU
IpOOHAsT YaCTh HYJIEBasi, TO JAECITUIHAST TOYKA HE IIeIaTACTCS

c rmapaMeTp — IeJI0e YHUCJI0, 3TO YUCJO0 BOCIHPUHUMAETCS KaK OJl-
HOOAMTHBIN KO CUMBOJIA, MEYATACTCS B UTOTE€ CUMBOJI

s rnmapaMeTp — aJpec CTPOKH; CTPOKA IeIATACTCS
napaMeTp — aJipec TUlla void*, rneyaraeTcd B IIECTHAaTepUd-
HOM BH/IE

% [e9aTaeTcss CUMBOJI %, U3 CTEKa HUYEro He U3BJIEKAETCS

® 3HAK «-» O3HAYAET, UYTO BBIPABHUBAHNE ITedaTaeMoOil WHMOpMAaINN
cJIeJlyeT TIPOBOJUTH II0 JIEBOMY Kpalo, & He IO MPaBOMY; HaIpUMep,
printf (" [%-5d]1", 12) nameuaraer «[12 1»;

e mudpa «0» O3HATAET, ITO UNUCJIO CIEIYET JOMOJHITEH CJIeBa HE MPO-
Geamu, a HyasMmu; Hanpumep, printf (" [405d]", 12) mameuaraer
«[00012] »;

® 3HAK «+» O3HAYAET, YUTO HUHCJO JOJIKHO O00sg3aTe/IbHO Ieva-
TATBCS CO 3HAKOM, JayKe €CJTU OHO ITOJIOXKHUTETHHOE; HaIpuMep,
printf ("%+d,%+d", 12, -3) mameuaraer «+12,-3»; 6e3 3TOrO 3HA-
Ka OTPUIATETbHBIEC YUCIA BCE PABHO MEYATAIOTCSA ¢ MUHYCOM, HO IIO-
JIOXKUTETbHBIE 3HAKOM He CHADXKAIOTCH;

® CHUMBOJ <«IIpo0ej» O3HAYaeT, dUTO JJjd 3HAKA HYKHO OCTa-
BUTh MECTO, HO TI€YaTaThb €ro TOJBbKO JIJI OTPHUIATETbHBIX
qucesi, a IIOJIO2KUTEJIbHbIE TPEABAPAThL IMTPOOEJIOM; HaIpuMep,
printf("[% 41,[% 41", 12, -3) mameuaraer «[ 12],[-3]».

Oyar «#», XOTd W BXOAUT B UHCJIO (PJIATOB, 3aJa€T HE JIOMOJHUTEIHHOE
TpeboBaHNe K IIUPUHE MOJIA, a TpebOBaHNEe MOINMUIINPOBATEL caM (POPMAT.
JIJ1s1 BOCbMEPUYHBIX U MIECTHAIATEPUIHBIX YUCE]I 9TOT (pjiar Tpedyer BbI-
BECTH COOTBETCTBEHHO JIMANPYIOMWA HOIb MM KoMOnHAImo 0x / 0X (B 3a-
BUCHMOCTH OT TOI'O, UCIOJB3YeTCsl Ju %X win %X); fjist crenuduKaTropos
e, E, f u F daar tpebyer 00si3aTe/IbHON BBIIAYN JIECITUIHON TOYKH, J1a-
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2Ke ecsid JIpobHas 9acTh paBHA HYJIO; Ui g 1 G dJiar 3alpenaer yiaaasaTh
He3HaJall[ue Hy/IH B JPOOHON YaCTH.

OrMeruM, dYTO MIHPUHA 3aJa6T MUHUMAJbHOE, HO OTHIONbL HE
MaKCHMAaJIbHOE KOJIMYECTBO HCIOJB3yeMbIX 3HaKoMecT. Hampumep,
printf ("%3d", 1234) nameuaraer «1234», HEUKaKue U@PHl OTOPONICHBI
He Oy/IyT, HECMOTPsI Ha TO, YTO UnCI0 1234 B yKa3aHHbIE TPU MO3UINN HE
TOMeIIAeTCA.

IMocsie mupunbl (MM BMECTO HEE, ecau eé HeT) MOXKHO 3a1aTh MO~
HOCMb, 3AIIMCAHHYIO ¢ TOYKU. IIpoIie Bcero ¢ TOYHOCTBHIO 0OCTOAT Jesta JJIst
qHCeJI ¢ IJIABAIONIEN TOYKON: TOYHOCTD 33/1a€T KOJUIECTBO Iudp MOCe 3a-
naroit (g g u G — KoamdyecTBo 3Hadamumx nudp B Mantucce). OgHaKo
paboTraer 3Ta YaCTb JUPEKTHUBBI IIPE0OPA30BAHUs HE TOJBKO JIJIS UCEJI C
IJIaBaloIleil TOUKON, HO M JJId IeJbIX U JazKe JJId CTPOK, U B 3TUX CIydasx
eé ceMaHTHKa He CTOJIb 04YeBUIHA. [T CTPOK «TOYHOCTH» O3HAYAET MaK-
CUMAALHOE KOJMIECTBO CHMBOJIOB CTPOKH, OCTAJbHBIE OyJyT IIPOCTO OT-
opomensl. Hanpumep, printf (" [%7.5s]", "abrakadabra") nameuaraer
«[ abrak]s: or cTpoku OymeT B3ATO TOJIBKO IISITh CHUMBOJIOB B COOTBET-
CTBHUH C 33/]aHHOI «TOYHOCTBIOY», IIPH STOM Ha BCIO JUPEKTUBY Oy/1eT OTBe-
JIEHO CE€Mb ITO3UIINIA, TO €CTh MPOU30MIET JOMOTHEHNE CIeBa ABYMsI IIpobe-
sgamu; printf (" [%-7.5s]", "abrakadabra") mamevaraer «[abrak ]».

JIsisl 1eJIoro 4ucjia «TOYHOCTB» O3HAYAET MUHUMGALHOE KOAUMECTE0
yuPp; OOBITHO ITO MPUMEHSIETCSI COBMECTHO C <«IMUPHUHOM», TO €CTh YHC-
JIO CHadJaJIa JIOMOJIHAETCS HEe3HAJAlMMU HYJIsIMU 10 Tpebyemoit «Tod-
HOCTH», a 3aTeM — IMpobejaMu JI0 HYyKHOH «mupuHbl». Hampumep,
printf (" [%6.4d]", 12) nanegaraer «[ 0012]».

ITocnenusisi 9acTh AMPEKTUBBI IPEOOPA3OBAHNS, 3AINNCHIBAEMAs HEIO-
CPEJICTBEHHO IIePe/] CUMBOJIOM-CIIEIIN(DUKATOPOM, IIPEJICTABIIAET CODO MO-
JTUMUKATOD PA3PSATHOCTH, KOTOPBIH MOXKET ObITh:

e OYKBOIT «h», O3HAYAIONIEH, ITO METOINCTEHHBIH TapaMeTp UMEeT THUII

short mam unsigned short;

e OykBOil «l» («371»), O3HAYAIOIIEH, YTO EJOYMCICHHBIH IapaMeTp

uMeeT Tall long nan unsigned long;

e aByMs 6ykBaMu «11» («3J1-3J1» ), O3HAYAIONIUMHE, ITO [EJIOIUCICHHDII

mapaMeTp mMeeT Tl long long mim unsigned long long;

e 3ariaBHOII OykBOi#l «Ly», O3HaYaIoOIIell, 9TO mapaMerp C ILIABAOMIEei

TOYKON mMeeT TUll long double.
Crour obparuTh BHUMaHWE, 9TO pasandarbh float u double He Tpebyer-
Ccsl, TTIOCKOJIBKY TP BBI30BE JIO00# (DYHKIMM 3HAYEHUE BBIPAYKEHUS THUIIA
float, yka3anHOe B criicke (haKTHYECKUX ITapaMeTpPOB, BCETia Ipeodpasy-
ercs K Tutry double. Io Toit ke mpuvnHe He IPETYCMOTPEHO MOIMMPUKATO-
POB Pa3pASHOCTH JJId IEJIBIX YHCesI Pa3MepOM MeHee 4eM int, TO eCThb JJid
short’oB u char’oB — mpu nepesade B DYHKIMHU IEJTOYUUCIEHHBIX
napaMeTpoB Pa3psiAHOCTH MEHbIIEe, YeM int, KOMITWJISITOP Opeod-
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pasyeT mx K TUMY int, Tak 49T0 moyiyuurh char wim short dyHKuwms
printf He moxker (Kak u Jr0bast Apyrasi QYHKIHS).

Hampumep, «J% #7.4Lg» — 3TO mpUMEpP JAUPEKTUBHI IPEOOPA30BAHUS,
B KOTODO# IIPUCYTCTBYIOT BCe BO3MOXKHBIE 4acTu: jaBa duara (upoben u
«#»), mupuHa 7, TOYHOCTL 4, MOIUMDUKATOP PA3PAIHOCTU L 1, HAKOHEII,
CUMBOJI-CrIennUKATOP MpeoOpPa30BaAHUS g.

OTmeTuM ewg ofHy MHTEPECHYt0 BO3MOXHOCTb. Kak wupuHy, Tak n TOYHOCTb
MO>XHO H€ MncaTb B ABHOM BuUAE, a B3ATb N3 O4EpPeaAHOro UeN0o4HYUCNIEHHOro napa-
MeTpa. ,D'J'IFI 3TOro B COOTBETCTBYHOLLEM MECTE ANPEKTUBbLI BMECTO HUCNa NULLETCA
3Bé3a04Ka «*». Hanpumep. printf (")*.*d", w, p, n) Hane4aTaeT YNCAO 1 C UC-
NnoJib30BaHWEM LUUPUHBI, B3ATON U3 W, U TOYHOCTW, B3SITOl U3 p.

s hopMaTrpoBaHHOTO 86004 U3 CTAHJIAPTHOTO ITOTOKA BBOJIA UCIIOJIh-
3yercs DyHKIMSA scanf; e€ 3aroIOBOK HECKOJIBKO HAIIOMUHAET 3ar0JIOBOK
dyuknun printf:

int scanf(const char *format, ...);

Ora dyHrnus, Kaxk u GyHKIWMA printf, unmepnpemupyem @opmammyro
CMPoKY, OTHAKO HEBEPHO OBbLIO ObI MpeNnojaraTh, 9To, 3allOMHUB IPaBU-
Jia, 3armcu (POPMATHOM CTPOKHU printf, Mbl CMOXKEM I'DAMOTHO BOCIIOJIB30-
BaTbhCs TaKKe U scanf’oM; [IpaBuia HHTEPIPETAIINN UX (DOPMATHBIX CTPOK
BeCbMa, CyIIECTBEHHO Pa3JIMIAI0TCs.

OTrMeTuM TpeKJIe BCEro, YTO BUAOB (DOPMATHBIX JTUPEKTUB TYT HE JIBa,
a Tpu. Bo-1epBbhIX, ecth dupexmusn, npeobpazosarus, hpopMupyeMble, Kak
7 Jisd printf, U3 CHMBOJIA IIPONEHTA U CUMBOJIA-CHENU(MUKATOPA, MEXK-
JIy KOTOPBIME MOTYT OBITH HEOOsS3aTesIbHBIE JIOMOJTHUTEbHBIE HACTPONKN
B BHJE YKCJIa, 0003HAYAIONIEI0 MAKCUMAJIBHYIO IMUPUHY 0Jd (37eCh Ha-
JI0O OTMETHUTB, 4TO y scanf OTCyTCTByeT aHAaJjOr 3aJ[aHUsl «TOYHOCTU», a
caMa «IIUPHHA» MMEET COBEPIIEHHO MHYIO CEMAHTHKY ), U, BO3MOXKHO, OYK-
BbI, 33IAI011Ieli / M3MEeHSIOmEel pa3psaHOCTh YuTaeMoro yucia. Kaxias ta-
Kas [UPEKTUBA O3HAYAET, YTO HYKHO IIPOYUTATH W3 ITOTOKA 3HAYEHUE B
onpe/jieéHHoM dopMare W 3aHECTH €ro B 00JIaCTh HaMATH, adpec Komo-
potl nepedar ouepedHvim napamempom. Kpome mepedncieHHbIX HACTPOEK,
B JIUPEKTHBE CPa3y MOCJEe CUMBOJIA / MOYXKHO YKa3aTh €IMHCTBEHHBIH (haaz,
[MOHUMaeMbIil scanf — CHMBOJI «*», KOTOPBI 3anpeuwjaem npucéaueaHue,
TO €CTh 3HAYEHUE TUTACTCS, HO HUKAKOW IMapaMeTp U3 cTeKa He O6epeTcs u
HUKaKas HHGOPMAIWs HU B KAKYIO IAMSITh He 3aHOCUTCS: HAIIPUMED, «%*1i»
MPEJIUCHIBAET TPOYUTATH [IEJI0€ YUCII0, HO HUKY/A €ro He 3aHOCUTb.

Bo-Bropbix, mis scanf B KadecTBe JIUPEKTUB 0COOOI0 POJIa PACCMATPH-
BaIOTCsl MOCJIEIOBATEIBHOCTH NPOOEAbHBIT CUMBOAOE TTPOU3BOJILHON 1JIH-
HBI, IPUIEM MTPOOETHHBIMEI CIUTAIOTCST COOCTBEHHO MPOOET, a TakKe Tady-
JISATINST, TIEPEBOJT CTPOKH U T. JI.; JII0Das Takasi MOCIeI0BATEbHOCTD, BCTPE-
vyeHHasi B (POPMATHON CTpOKe (Ualle BCEro 3TO MPOCTO OAMH HPOoBes, BO
BCAKOM CJIydae, HeT HUKAKUX OCHOBAHUII MCIIOJIb30BATh YTO-TO JIPYToe) pac-
CMaTpUBAETCs KAK yKa3aHWe BHIOMPATDH U3 MMOTOKA BBOJA MTPOOETbHBIE CHM-
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BOJIBI 1 UTHOPUPOBATh UX, U TaK JO TeX IIOp, II0Ka OYepeJHON CHUMBOJI He
OKayKeTCsl HeIIPOOEJILHBIM.

Hakomer, kak u printf, scanf paccMaTpuBaeT 8ce 0CMAALHBIE CUMEO-
Abl KAK JTUPEKTUBBI 0COOOTO pofa, HO ecyn printf mX mpoCTO HedaTast, TO
scanf Tpebyer, 9TOOBI, €CJIN OH JOIIe]I B UHTEPIIPeTAINN (DOPMATHOMN CTPO-
KU JI0 OOBIMHOT'O CMMBOJI&, TO B IIOTOKE BBOJA B 3TOT MOMEHT BCTPETHUJICH
MOYHO MAKOT HCE CUMBOA; €CITTH CHMBOJIBL B TIOTOKE U B (DOPMATHON CTPOKE
He COBIAIAIOT, scanf mpekpariaer padboTy, OCTABUB «HEIIPABUJIHHBII» CHM-
BOJI B TOTOKe. T0 Ke camMoe MPOUCXOIUT, ecjin scanf He cMOryia TPaKTOBATH
110CJIeJOBATEeIbHOCTh CUMBOJIOB KaK TEKCTOBYIO 3allUCh 3HaYEHUsI, KOTOPOe
or Heé oxugaercs (IeJ10e IUCII0, YUCJIO C IUIABAIOIIEH TOYKO U T. 11.)

OrmernM emé ofHO KirodeBoe orianune. [ printf MoKHO He pasiiu-
4aTh, HapuMmep, float u double (HOCKOJIbe BCce 3HadeHuda tuina float
[IpH Iepejade B KavyecTBe IIapaMeTpoB HPHUBOJATCA K double), a Takike
MOXKHO HE OTJIMYATh YuCaa Tuna char u short or obbraasix int’os. Ilpu
WCIIO/Ih30BaHuU scanf Takoil HOMep He IIPOXOJUT, BeJlb B (DYHKIUIO IIe-
peJlaloTcsl He 3HadeHus, a adpeca OOJACTEil MAMSTH, U HE NPUHAMATH BO
BHUMAHWE UX Pa3PsIHOCTH — 3aBEIOMAs ONINOKA.

Habop ucmonb3yeMbIx CHMBOJIOB-CITENTA(MUKATOPOB U UX POJIH M1jisd Scant
HECKOJIBKO HAIIOMHUHAIOT CIeIUMUKATOPDI it printf, HO 3T HAOOPHI OT-
HIONb He ojuHakoBbl. Hanpumep, mia printf «%d» u «%i» o3HaYa0T 0/IHO
¥ TO 2Ke, TOrJa KakK moBejenne scanf 1y 9Tux cueruduKaTopoB pasimda-
ercsi: ecyi «%d» TIPEANNUCHIBAET MIPOYUTATH U3 IIOTOKA IIeJI0e YHCJIO, 3aIlu-
CAHHOE B JIECSITUYHON CHUCTEME, TO <«%1» IPEeIUChIBA€T IPOYUTATH IIEJI0e
9HCJIO, KOTOPOE MOYXKeT ObITh 3aIMCAHO B JECATHIHON, BOCBMEPUYHON MK
MIECTHAIATEPUIHON CHCTEeMax B COOTBETCTBUU C IpaBuiaamu s3bika Cu:
JINAUPYIONIUI HOJIb O3HAYAET BOCBMEPUIHYIO CUCTEMY, a TpeduKc «0x» WIu
«0X» — mecraaanarepuanyio. C apyroit croponsl, npu pabore ¢ printf
MBI He pa3iandaeM yucia tuna float u double, Torna kKak ajigd scanf Mbl
BBIHY2K/I€HBI 0003HAYATHh UX MO-PA3HOMY: HAlpumep, «%f» O3HAYaeT mpo-
yrenue uuciaa tuna float (MHaYe roBOPs, MPOUTEHNE YUCIA C ILIABAIOIIECH
TOYKOH 1 3aHeceHue pesy/bTaTa B IIaMATh 110 aJpecy, 3a/IJaHHOMY B Ilapa-
MeTpe, B IIPEIII0I0XKEeHNH, YTO 110 3TOMY a/Ipecy PaclioIoXKeHa IlepeMeHHasd
tuna float), Torga Kak Jyisi double MbI UCIOJIB3yeM KOMOUHAIUIO «%1f»;
dyHKMs printf Takoro cruermdukaTopa BooOIle He 3HAET.

Cruenupukaropsl, UCIOJIb3yeMble scanf, nepeducjiens! B Tad1. 4.2. [Ipu
YTeHHUH IeJIbIX dnuces scanf mpejmnosaraet, YTo odepeIHoi apaMeTp nMe-
er Tun int* (s «%i» u <«Jd») wiam unsigned int* (s «%o», <«%x» U
«%u»); 9TO MOKHO U3MEHUTh, JOOABUB HEIIOCPEICTBEHHO Mepe, crienuduka-
TopoM MoubuKaTOp paspsaaHocTy: h st short (wim unsigned short), 1
s long (coorBeTcTBEeHHO, unsigned long), L (a He 11, Kak MOYKHO OBIIO
Obl O>kHIaTh) i long long win unsigned long long. ITpu ureHun uu-
ceJl ¢ IIaBalolleil Toukoi npeanosiaraercd tul float, aia double nyzxnHo
ykazaTh Mogudukarop 1, mis long double — momudurarop L. [upuna
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Tabsmmna 4.2. Cuenudukarops! npeobpazoBannii pynrnun scanf

CHUMBOJI 9TO U B KaKOM BHJI€ YUTACTCA

d 1eJI0e YMCJIO B JIECATUYHON CUCTEME CUMCJIEHUA

i I[eJI0€ YUCJI0O B BOCBMEPUYHOH, NECATUYHON WM HIeCTHAJIaTe-
pUYHON cucreme cumcyieHust (¢ nmpedUKCAMH B COOTBETCTBHU C
npasuiamu Cu)

o IIeJI0€ YHCJIO B BOCbMEPUYHOIN CHCTEME CUYUCJIEHUS

0e33HaKOBOE TIEJI0€ YUCJIO B JIECATUIHON CHCTEME CUUCICHUS
[[eJI0€ YHCIIO B MIECTHAAIATEPUYIHON crcTeMe cuncyenus (JoIyc-
kaercst npedukc 0x nian 0X, HO OH He 0bsI3aTesIeH )

9HCIIO ¢ IJIaBaomiell TouKol (1o yMmosdaHuio float)

Hoe

[0}

aJpecHOe BbIparKEeHUe B TOM BHIE, KakK ero nedaraer printf
CHMBOJI (3aIIMCBIBAETCST KOZ, CUMBOJIA); 110 YMOJTYAHHUIO IUTAETCS
OJIVH CHMBOJI, HO €CJIN 33/IaHa IITUPUHA MIOJIsI, TO OYIET TPOINUTAHO

O T Hh

COOTBETCTBYIOIIEE KOJIMYECTBO CHUMBOJIOB B 3JIEMEHTBI MacCUBa,
Ha HAYaJo KOTOPOrO yKa3blBaeT odepenHOil mapamerp (MacCuB
He Oy/1eT CTPOKOIA, TIOCKOJIBKY «HYJIEBOW» CHMBOJI B €rO KOHeIl He
J106aBIIsIeTCS )

S CTPOKA; YUTAETCS OT TEKYIIeH MOSUIMN MaKCHUMAJLHO JJTMHHAS
[ENovKa, HE COJEPKAIAsA MPOOETbHBIX CHMBOJIOB (M HE IIPEBBI-
nIaomasl 33aHHYI0 IAPUHY I10JIs)

[...] CTPOKa, COCTOSIIIAsl W3 3aJaHHBIX CHMBOJIOB; YHTAETCS OT Te-
KyIIel MO3UIUU MaKCUMAJIbHO JJIMHHAS [EMOYKa, COIepKaIasi
TOJIKO CUMBOJIBI U3 [IEPEUNCIIEHHBIX MEXK 1y CKOOKaMu (1 He Ipe-
BBIIIAMOIIAST 33/ JAHHYO IIUPUHY I10JIs1); €CIIM HY?KHO BKJIIOUHUTH B
HabOp CUMBOJ ], €ro YKa3bIBAIOT IePBbIM, Hampumep []abc]
[~...] | crpoka, cocrosiiiiasi U3 JIOOBIX CUMBOJIOB, KPOME 3a/[@HHBIX; M-
TaeTCsl OT TEKYIel MO3UIMN MaKCHUMAJILHO JJIMHHAS IEITOYKa,
cofieprKaIast JiroOble CHMBOJIBI, KPOME IE€PEUNCITEHHBIX MEXKITY
ckoOKaMu (M He IPEBBIIIAION[Asl 3a/JaHHYIO IIUPUHY I10JIs1); €CJIH
HY’KHO BKJIIOYUTH B HAOOP CHMBOJI ], €ro yKa3blBalOT IEPBBIM,
nanpumep [~]abc]

TIOJISE JIJTsl 9HCeJT OOBIYHO HE UCIIOIB3YeTCs, HO B IIPUHITUIE €€ TOXKE MOXKHO
yKa3aTb; Torja JJis (POPMUPOBAHMS HUUCIa OY/IEeT MCIOJb30BaHO He Oosiee
YeM 3aJ[aHHOEe KOJIMYEeCTBO CHMBOJIOB U3 IIOTOKA BBOJIA.

CosepirieHHO UHAYe OOCTOST Jiesia TIPU YTEHUU CTPOK, TO €CTh MPHU HC-
mob30BaHun «%S», «hl...1» mw «%[~...]». Ecau He yka3saTb HIMpUHY
MOJIsI IPU YTE€HUU CTPOKU C MOMOINbIO scanf, TO KAKOB ObI HU OBLI
pa3Mep MaccuBa, KOTOPBIii BBbI CO34AJIi JJisl Pa3MEIIeHUus 3TOM
CTPOKH, 3TOT0 pa3Mepa MOXKET He XBATUTh W MPOU30UIET mepe-
nosiHeHue. [Ipu 3ToM ec/im Balia nNporpaMma IpoCTo «yIajgérs» (To ecThb
aBapUitHO 3aBEPINUTCH ), BBl MOKETe PACCMATPHBATH 3TO KAK HEBEPOSITHOE
BE3EHME; YeM Ha CaMOM JieJie OMACHBI IePEeoJHEeHNs] MACCUBOB JTAHHBIMU,
qUTaeMbIMU U3BHE, Oyzer monpobuo pacckazano na crp. 128. [oguepkuém,
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9TO 3a TAKOE YBOJIBHSIOT ¢ PAbOTHI, TAK YTO UTHOPUPOBATH TO 3aMe-
yaHue KpaiiHe He pekoMmeHiyeTcs. Kopode rosops, yKa3aHWe IINPUHBI
MOJIs MPU YTEHUM CTPOK abCOJIOTHO 0O0SA3aTeJIbHO, IPUYEM CJIE/Ty-
€T YYUTHIBATH, YTO MACCUB, B KOTOPBI OyJeT IPOYNTaHA CTPOKA, TOJIKEH
OBITH XOTsI ObI HA OJUH 3JIEMEHT 0OOJIbIIE, YTOOBI OCTAJIOCH MECTO JIJIsi OKaH-
YUBAIOIIEr0 CTPOKY «HYJIEBOTO» CHMBOJIA.

OrMernM, 9TO BO3ZMOXKHOCTH, Kak JiIs printf, B34Th mapaMmerp Iin-
PUHBI [IOJISI U3 CIMCKA apryMeHTOB y scanf HeT, YTO PE3KO CyKaeT Halry
cBOOOIy MaHEBpa: JIMOO MbI (DUKCUPYEM IIUPHUHY II0JIsI U PA3Mep MacCCHBa
BO BpeMs HAIKMCAHUS IIPOrPAMMBI, MO0, KAK BAPUAHT, MOXKEM C2EHEPUPO-
8aMb POPMAMHYIO CMPOKY BO BPEMS UCIIOJHEHUS], HO 9TO YK€ OKA3bIBAETCS
CJIOYKHEE, YeM YCTPOUTb OOBIKHOBEHHOE IIOCHMBOJIBHOE UTeHre Oe3 BCSIKOrO
scanf.

Mmorue mporpaMMUCTBI BOOOIIE CIUTAIOT, YTO OCMBICJIEHHOE ITPHMEHEe-
Hre scanf BO3MOXKHO TOJIBKO B MAJIEHBKUX BCIIOMOTATEILHBIX TPOTPaMMax,
KOTOpBIE MHIITYTCsI PAJIY OJIHOTO-JIBYX 3aIlyCKOB U He MePEIAI0TCsl KOHETHBIM
[I0JIb30BATEJISIM, TO €CTh €IMHCTBEHHBIM II0JIb30BATEIEM KOTOPBIX ABJISIETCH
ux aBTOp. BO BCeX OCTAJILHBIX CIIydasiX BO3IMOXKHOCTEl scanf HeIOCTaTod-
HO JIJIsi OPTAHU3AINY [TOJTHOIEHHON TUATHOCTUKHU OIMIHOOK.

Tak wjau mHAdYe, MMOJIE3HO 3HATH, 9TO scanf BO3BpAIaeT KOJIUIECTBO
YCIIENTHO TPe0OpPa30BaHHBIX U IOMEIIEHHBIX B HaMATh 3HAYEHUI, TO €CTbh,
WHAaY€e TOBOPs, KOJUIECTBO YCIIEITHO OOCJIYKEHHBIX JIUPEKTUB IIPeodpa3o-
BaHUsI, IPEJIIOJIATAIONINX 3aIMCh 10 JpPecaM, 33JIAHHBIM B CIIACKe [apa-
MeTPOB, OO0 -1, ecjiu JOCTUTHYT KOHeI| (railjia Wiy IMpou30ILIa OmudKa
npu garennu. Hampumep, scanf ("%d %d %d", &a, &b, &c) moxer Bep-
HyTh -1, ecyin, He YCIIEB MPOYUTATH HU OJHOTO UUCJA, OHA «YIIEDPJIACH» B
KoHer (paiiyia; oHAa BEpHET 0, eC/IM IIPU HOMBITKE TPOAHAIA3UPOBATE [TEPBOE
JK€ UHCJI0 OHA BCTpEeTHsa OmubouHbI BBOJ (OYKBBI, 3HAKM IIPEIMHAHUS
W JII00YI0 ApyTryio bemnbepay, KOTopast He MOYKET ObITh NCTOJIKOBaHA KaK
qKCiI0); 3Haderre 1 GygeT BO3BPAIIEHO, €CIM IEPBOe YUCII0 ObLIO yCIENIHO
MPOYUTAHO, a Oembepia BCTPETUIACh IPU YTEHUU BTOPOTO, W TaK Jiajee;
B CJIydae TMOJIHOTO ycrexa (TO eCTh KOTJa BCe TPH IPEJIIOIAraeMbIX IHCIIa
YCIIEIIHO [POYUTaHbl) OyieT BO3BPAINEHO 3HAJeHHe 3. YUrure, 4TO [PO-
rpamMMa, UCIo/Ib3yIomast scanf, u Tak MaJjo Ha YTO TOJUTCsI, HO €CJIU OHA
enié ¥ He aHAJM3UPYyeT 3HadUeHHe, KoTopoe scanf BO3Bpallaer, TO TaKyIO
[IPOrpaMMy MOXKHO Pa3Be UTO BBIOPOCHUTS.

4.4.3. Pabora c TekctoBbiMu daiiiamMu

fcHo, 9TO KpOMeE CTaHIAPTHBIX ITOTOKOB BBOJA-BBIBOIA HAM MOTYT IIO-
HAJI0OUTHCST U JPYTUe IMOTOKU, K KOTOPBIM OTHOCSATCsI, KPOME BCEI'O IIPOve-
10, OOBIKHOBEHHBIE (hailibl; TOUHEE TOBOPS, st paOOTHI ¢ (aitioM ero, Kaxk
W3BECTHO, TPeOyeTcs omKpums, B PE3YyAbTaTe 4ero Kak pa3 u odpasyercs
HOBBIil TIOTOK BBOJIAa-BBIBOJIA.
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Jist npeHTHUKAINN IOTOKOB BBO/A-BBIBO/IA, OMOIMOTEKA, [IPEyCMaT-
puUBaeT CBOEOOpA3HBIH AHAJOI MACKAJEBCKUX (DalJIOBBIX IEPEMEHHBIX —
tun FILE*. Cyig 1o HaJm4auio 3BE3/I09KH, 9TO HEKUH adpec, 1 MOXKHO JIarKe
ckaz3arTh O0Jiee OIPEEIEHHO — ITO aJpec 9ero-to, 4ro mMmeer tun FILE.
BoJibire Ha 3Ty TeMy CKa3aTh HUYEro Hejlb3si, pa3Hble Bepcuu OuOJIMOTE-
KM MOT'YT OIIACBHIBATB 9TO «HEYTO» COBEPIIEHHO II0-PAa3HOMY, X KaK OHO Ha
caMOM Jiejle yCTPOEHO, HAC He BOJIHYET; TO €CThb MBI MOXKEM, pa3yMeeTcd,
3arIgHYTh KakK B 3arojoBovHbll daitn (B gannoMm ciaydae stdio.h), tak u
B UCXOJHBbIE TEKCTHI CTAHIAPTHON OMOJIMOTEKN U B Pe3y/bTaTe y3HATDb, UTO
3a CyIIHOCTb B JEUCTBUTEJBLHOCTUA CKpbIBaeTCd 3a ¢j10BoM FILE, HO ZesiaTh
9TO CTOUT pa3Be UTO W3 JIOOOIBITCTBA. B camom sese, ecim MBI OIbITA-
eMCsI KaK-TO BOCIIOJIb30BaThCs IIOJIy4eHHBIM 3HAHHEM, TO Hallla IIPOrpaMMa
C XOpoIlleil BEpOATHOCTHIO HE OTKOMIIMJIUPYETCsl IIPU CMeHEe BEepCUU CTaH-
JapTHO#N OUOIMOTEKN W3-3a TOTO, ITO TaM BHYTpeHHOCTH Tuna FILE MoryT
OKa3aTbCs COBEPIICHHO NHBIMU.

Mo>KHO 3aMETUTD, YTO HOJXOJL K (hatinosvim nepemennvm B Cu pasu-
KaJIbHO oTim4aercda ot npuHaToro B Ilackame. Tam nepemennass cooTBeT-
CTBYIOIIEr0 TUTIA COMAEPKUT BCE HEOOXOaMMOE 11T pabOThHI ¢ daitioM, B pe-
3yJIbTaTe Yero, HaIpuMep, nepeMennbe daitnosoro tuna B [lackase Helb-
3s1 IepeJlaBaTh B IOAIPOrPAMMBI 10 3HaUYeHHMIO. Bubsmoreka si3bika Cu,
HAIIPOTUB, cama 3aO0OTUTCS O XpAHEHUHU BCel HYXKHOU /i paboThl ¢ (daii-
JIoM MHQOPMAIUY, & II0Jb30BATENIO (IIPOrPAMMUCTY) [OKA3BIBAET JIUIIH
HeKUl adpec, CITyKauil 11t 1eseil nIeHTuUKAIMY TOTOKa BBO/Aa-BbIBO/IA
(TO ecTh OTIIMUUST KOHKPETHOTO TIOTOKA OT BCEX OCTAJBHBIX), HO He GoJiee
Toro. Ykazaresu tuna FILE* MOXKHO IPUCBAUBAThH, MOXKHO II€PeIaBaTh UX
B QOYHKIMH 110 3HAYEHUIO, MOXKHO BO3BPAIATH U3 DYHKIWI, BeIb Iepesa-
éTcsl /KONMpyeTCst B KaXKJIOM CJIydae He HHdOpMAIHs, CBA3AHHAsL ¢ DallioM,
a IIpoCToe aJpecHOoe 3HadYeHue.

Bropoe Becpbma 3amernoe orimume ot [lackasist coctomT B TOM, 4UTO
I paboOTHl C «HECTAHIAPTHBIMUY» MOTOKAMH BBOIA-BBIBOMA IPEIYyCMOT-
PeH OT/e/ibHBIN HabOp (byHKIWMi, Torna Kak B [lackasie MbI UCIIOJIB30BAII
Te JKe OmepaTopbl (ICeBIO-TIpONeayphl) read U write, 9TO W JJIsl CTaH-
IAPTHBIX IOTOKOB, TOJILKO IIEPBBIM IIAPAMETPOM YKa3bIBAJIH (DAIOBYIO
IepPEeMEHHYIO.

Omneparust oTKpbITHS bailia J1Jis BBICOKOYPOBHEBOI'O BBOJIA-BBIBOA BbI-
nostHsieTcs pyHKImeil fopen, KOTopas UMeeT CJIEYIOIN 3ar0JI0BOK:

FILEx fopen(const char *name, const char *mode);

Kak moxxHO 3aMeTnTh, 06a mapaMerpa — 3T0 CMPOKU, TPUIEM HEU3MEHS-
eMble, TO eCTb (BPyHKIMsI fopen HUYEro He MBITAETCs JejaTh C UX COIEP-
JKAMBIM, TaK YTO B POJIM 3HAYEHUIT OJIHOIO MU 00OUX MApaMeTPOB MOI'YT
BBICTYIIATH CTPOKOBBIE JUTepaJsbl. [lepBbIM mapaMeTpoM B (QyHKIHMIO IIe-
pemaéres ums gatinag, Tpo KOTOPOe HYKHO TOJIBKO 3HATH, 9TO €CJIU OHO
HAYUHAETCS C CUMBOJIA «/», TO 3TO ABCOAOMHBLT NYMDb, HATHHAIOIINNCS



§4.4. Crannaprable (DYyHKIMA BBOIA-BBIBOJIA 119

OT KOPHEBOII JUPEKTOPUU U HE 3aBUCAIIUNA OT TOrO, B KaKOl JUPEKTOpUU
MBI ceffyac HaXOAUMCH; B IPOTUBHOM CJIy4ae UMs CUUTACTCA 3aJaHHbIM OT-
HOCHUTEJILHO TEKyIeil qupekTopun. B yacTHocTH, eciu B mMeHu BOOOIIE HET
HU OJTHOTO CJISIIA, UMEEeTCs B By (baili B TeKyIeil fUpeKTOPUHn.

Bropoit mapamerp 3a1aéT pexXUM OTKPBITUs paiijia, TO eCTh TO, UTO
MBI cobmpaeMcss ¢ 3TUM daitjioMm JejaaThb. BapuaHTOB 37eCh HEe TaK MHO-
ro: "r" o3magaet, 9TO Qaila CIEAYeT OTKPHITH TOJBKO sl 9TeHus; "r+"
MMOKA3bIBAET, YTO (hailjl Hy?KHO OTKPBITH HA YTEHNE W 3aIUCh, IPU ITOM pa-
bota HauHETCA ¢ Hadasja gaitna; "w" mpeanuchiBaeT OTKpbiTHE daiina Ha
3AIKCH, IIPX 3TOM ecju (aila He ObLI0, OH cOo3Ha8TCst (ILyCTBIM), a €CJIi OH
y2Ke CYIIeCTBOBAJI, €ro CTapoe COJEepXKHMOe YHHUYTOXKaeTcd; "w+'" mejaer
MMPAKTUYIECKU TO YKE CaMOe, TOJBKO (bailyl IpU ITOM OTKPBIBAETCS HA 3a-
MICh U HA YUTEHHUE, TO €CTh MOYKHO, 3aIUCaB 4TO-TO B (ail, mocyie 3Toro
NPUHYAATEIbHO CIO3UIIMOHNPOBATHCA Ha y2Ke 3allCAHHbIC JaHHBIC U IIPO-
qauTaTh ux; "a" oTKpbIBaeT daila Ha qobaBieHre nHMOPMAIUN B KOHEII, TO
ecTh (hailyl OTKPHIBAETCSI HA 3aIUCh, TEKYIIEE COJIEPIKUMOE COXPAHSIETCS, &
3alKCh HAYUHAETC C IEPBO IIO3UIMHU II0CJe CTApOro KOoHIA daiiia; ecn
daiisa He CyIIECTBOBAJIO, OH cO3JMaéTcs; "a+" paboTaer JOBOJBHO XUTPO:
dailsn OTKpbIBaETCA HA YTEHUE U 3AINCH, IPUIEM dTeHIEe HAUNHACTCS C Ha-
qaja daiiia, a 3aluch TPOUCXOJUT B €10 KOHEII.

Peannzaumnsi dpyHkunm fopen B cucremax cemeiictea Unix gonyckaet ewgé ogHy
bykBy — «b» OT cnosa binary, KoTopasi N0 ufee [OJXKHA 03Ha4YaTb, YTO OTKpbiBae-
Mblli chaiin crefyeT pacCMaTpUBaTh Kak ABOUYHbINA, TO €CTb HE TEKCTOBbIN. DTy DykBy
MO>XHO p,O6aBI/ITb B KOHEL, CTPO4YKN mode Nan NOCTaBUTb nepeg cCuMBOJIOM + (‘-ITO-TO
Bpoge "rb", "a+b", "wb+" n T.n.). B Unix-cuctemax sta byksa urHopupyetcsi, TO
€CTb COBEPLUEHHO HNYEro He AeNae€T N HN Ha YTO HE BAUAET; O4HAKO €C/in BaM B ro-
NOBY NpuAET nepeHecTn sawy nporpammy nog Windows, Bbl MOXeTe ¢ ygueieHnem
0bHapyXunTb, 4To paboTaeT Bala NporpaMMa «Kak-TO He Tak». ABTOP KHUIN B CBOE
BPEMS MOTPaTWS Yaca MOSTOPa Ha MOWCK «OWubKM», Noka He pa3obpancsi, 4To BCS
npo6neMa COCTOMT B 3J10CHACTHOIA 6yKOBKe.

Oyuknus fopen Bo3Bparmaer ajpec Tuia FILE*, KOTOPBI TOTOM MOXK-
HO OyJIeT MCIIOIb30BaTh IIPH BBI30BE JAPYrux (BYHKIINNA, €CJIU TOJHKO ITOT
aznpec — He NULL; ecnn ke fopen BepHysa NULL — 9TO CBUIETEIbCTBYET O
npou3oremnireit ommoke. [loBomoB omubuThess y fopen mocraTodno: daii-
Ja MOKeT He CyIeCTBOBAaTbh, y HAaC MOXKET He XBaTaTh IpaB Ha ero 4YTeHue
u /i MojuduKaIuo, 100 Ha co3aanue daiiia B yKa3aHHON JIMPEKTOPUH,
U Tak jaJiee; mo3ToMy nposepka zHa NULL mocsie fopen cTporo obs3arTebHa.

Wrak, Mbl qo6pasuck 10 Takoil (pyHKIUU, BBI30B KOTOPOIl HE IIPOCTO
«TEOPETUYIECKU» MOXKET KOHUHUTHCHA OINIMOKON, HO W B JIEHCTBUTEJIHLHOCTU
HACTOJIBKO YaCTO KOHYAETCs OIMUOKOI, YTO He IPOBEPATH HA OIIHOKY IIPO-
cTo Hesb3s. Kosb CKOpO 3TO Tak, camMoe BpeMsi Y3HATDb, 9TO Ke JIeJIaTh,
ecjin OImuOKa IMPOU3O0ILIA, U, MPEXKJE BCEro, KaK y3HATb, B UYEM MPUINHA
OITUOKH.

OTBer Ha BOIPOC «YTO JEJATH» 3aBHCAT OT TOTO, KAKYIO HMPOrpaMMy
MBI [HUIIEM U KaK JAJIEKO HaXOmuMcs OT yHKIuu main. fcmo, 4ro nHa-
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10 OBbI COOOIIMTE TOJIB30BATEIO O IIPOU3OIIEIIIEeM, HO He BO BCAKOM IIPO-
rpaMme MbI MOYKEM IIPOCTO B3dTh U HaledaTarhb coobienue. Kpome Toro,
BO3HHUKAET HEM30EXKHBIIT BOMPOC «UTO JaJbIney. Ecmm omubKa mposBUIach
psiMo B (DYHKIMK Main Wi B KAKOW-TO u3 (PYHKIINN, HATUCAHHBIX B Kate-
CTBe BCIIOMOTATEJIbHBIX JIJI main, MOYKHO IPOCTO 3aBEPIIUTH IIPOIPAMMY
C OIMMUOOYTHBIM KOJIOM; €CJTH K€ OITHOKAa BO3HUKJIA B HEJAPaX KaKOro-HUOYIH
reprudepuitHOro MOJLYJIsL MJIH BOOOIIE B HAIIMCAHHON HAMU OMOJIMOTEKe, IPO
KOTOPYIO MBI JaKe He 3HAeM, KTO U KaK e€ OyJIeT UCII0JIb30BaTh — TO 3aBEP-
MaTh IIPOrPAMMY 37eCh OYJIET, Pa3yMeeTcsl, HEyMECTHO; B TAKOW CUTyalluu
HaJI0 TPOMH(OPMHUPOBATDH BBIZBIBAIOINIET0 00 OIMMMOKE U /1aTh €My BO3MOXK-
HOCTB CAMOMY PEIIUTH 9TO Je/IaTh.

Tax nan naadve, IpeCcTaBIIsIeTCs HEOOXOIUMON BO3MOXKHOCTD Y3HATD, B
46M IPUIMHA HEYCIIENTHOTO BbI30Ba. B s3bike Cu (TOUHEe, B €10 CTaHIapT-
HOI 6ubIoTeKe) TOT BOIPOC it (DYHKIN, IPEIIOJAralouX oopaleHe
K OIIepaIlHOHHOH cucTeMe>?, pemaeTcs emImHOOOpPA3HO: KOJ OMIMOKH B BH-
Jie OOBIYHOIO IIEJIOTO YHCJ/Ia 3aHOCUTCsI B IJIODAJIBHYIO IIEPEMEHHYI0 errno.
YT006BI HOJIYYUTH MOCTYI K 3TOU II€PEMEHHOI, HyKHO IOJKJIIOYUATH 3aro-
JIOBOUHBIH (paitn errno.h. Bo3aMoXKHbIE 3HAYEHUST TIEPEMEHHOI errno nMe-
IOT CUMBOJIMYECKHE HMMeHa; Hanpumep, KoHctaHTa ENOENT osmadaer, 4TO
ommbKa MPOU30ILIA U3-32 OTCYTCTBUS JIUOO camoro ¢aiijia, KOTOPBIi B
[BITAJIACH OTKPBITH (HA UTEeHUe), b0 JUPEKTOPUH, B KOTOPOit 3ToT dbaiin
JIOJIZKeH ObLT OBITH pacrosioxken; EACCES o3HavaeT, 94To /JIst OTKPBITUS (daii-
Jia, Balllell mporpaMMe He XBaTujI0 nojaomounit; EROFS o3navaer, uro daiin
HAXOJMUTCHA HA TAKOM JUCKE, KOTOPBIH MOXKHO TOJIBKO YUTATH (HAIPUMED,
na CDROM’e), a BbI nbITaeTeCh OTKPBITH €10 HA 3allUCh, U TaK JlaJee.

st Kazk 1011 ONOJIMOTEIHOM (DYHKITIH WU CHCTEMHOTO BBI30BA BCE BO3-
MOXKHbBIE KOJIbI OITMOOK, KOTOPBIE MOT'YT ITPOU30MTH, IIEPEUNCIEHBI B COOT-
BETCTBYIOIIUX OIMCAHUSIX, JIOCTYITHBIX 110 KOMAaH e man; OJHAKO B OOJIbIINH-
CTBE C/Iy9aeB 9TUX KOJIOB OKa3bIBAETCS CJUIIKOM MHOI'O, YTOOBI 110 OT/E/b-
HOCTH OTpPabaThIBATH UX Bce. B wacTHOCTH, 71 fopen CMCOK BO3MOXKHBIX
ommObOK cofepKuT 21 pasjudHbIil KO, OOJBIINHCTBO U3 KOTOPBIX BaM HU-
KOIJIa Ha MpakTruke He BerperuTcsi. OOBIMHO B IporpamMmax Jubo BooOIe
He AHAJU3UPYIOT 3HAYCHUE errno, Jud0 IIPOBEPSIOT €€ Ha OJIHO-/IBa 0COOBIX
3HAYEHUs, & BCE OCTAJIbHBIE OMTUOKN 00PabaATHIBAIOT OJHIM MAXOM, UCIIOJIb-
3ysl IpeIHa3HAYeHHbIe JJIsi 9TOro cpejcTBa. Tak, QyHKIWsS strerror npu-
HUMAaeT Ha BXOJ, KOJI OIMOKH, 8 BO3BPAIIAET aJipec CTPOKU (TO eCTh BbIpa-
JKeHMe THUIa char*), cojepKalleil COOTBETCTBYIONIEE ITOMY KOJIY JHArHO-
CTUYECKOe COODINEHNe; Ha BXOJ TOW (DYHKITMH MbI MOXKEM IOIATH MPSIMO
caMy IIepeMeHHYI0 errno, a IMOJIyUYeHHYIO CTPOKY, HAllpUMEp, HAlleYaTaTh.

Bupouewm, eciim Mbl Bcepb€3 coOpainch BBIIATD JUATHOCTUYECKOE CO00-
[[EHUE, TO JIyUIlle BbIIABATH €r0 He HA CTAHIAPTHBIN BBIBOJ, & B CTAHIAPT-

33Cama bynkiust fopen He SIBJISIETCS CHCTEMHBIM BBI30BOM, HO OTKDHITH haiin 6e3
yuactusit OC oHa, pa3yMeeTcsi, He MOXKET; CBOIO 3aJiady OHa PEIlaeT, IPUMEHSsIsI CUCTEM-
HBIH BBI30B Open, 3HAKOMBIH HaM W3 YaCTH, IOCBSIIEHHON S3bIKY acceMOsepa.
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HbBIi IIOTOK JMArHOCTUKHY (Stderr), U IIPOIIEe BCEro 3TO CAEIATH ¢ IIOMOIIBIO
dyukIK perror. dra GYHKIMS UMeET OIUH HAPAMETP — CTPOKY, OIUCHI-
BAIOILYI0 TO, ¢ YeM BO3HUKJIA 1pobsema (s hailyioB 0OBIYHO yKa3bIBa-
0T uMs daitta, eciau ke npodaemMa He ¢ (aitoM, yKa3bIBAIOT, HAIIPUMED,
uMst GYHKIUH, BBI30B KOTOPOH NPUBEI K OIMMOKE); B OTOK JTUAIHOCTHKY
BBIJIAETCS TApAMETD Perror, 3aTeM JIBOETOYNE U JUATHOCTUIECKOe COODIIe-
HUe, BHIOpAaeMoe B 3aBUCHMOCTH OT 3HaYeHUs errno. Hampumep, oTKpbiTHe
daiina, umerorero nms file.txt, Mbl MOTIK ObI OOPMUTH TAK:

FILE *f;

f = fopen("file.txt", "r");

if (1) {
perror("file.txt");
exit(1);

}

Ecin daiina ¢ TakuM mMeHeM B TEKyIIeil JUPEKTOPUN He OKaXKeTCsl, B -
ArHOCTUYIECKUIT TTOTOK Oy/IeT BBIIAHO:

file.txt: no such file or directory

Ecnn B Baweil cucteme ckoHpuryprpoBaHa sokanmnsauusi, BoliaHHoe coobLieHmne Mo-
XKET OKa3aTbCsl PYCCKOSI3bIYHLIM UK, B 0bLLEM CriyHae, MOXeT bbiTe cdhopmynuposa-
HO Ha TOM s13blKE, KOTOPbLIA ycTaHoBEH B Baweli cucteme. He nyraiitecs. OTkntouunTts
HENpPOLUEHYIO PyCUMKaLMIO B TEKYLLEM ceaHce paboTbl Bbl MOXETE KOMaHZOM

export LC_ALL= LANG=

K coxaneHuto, COBCEM «OTKPYTUTb» PYCCKOS3bIYHbIE COOBLLEHNS MOXKET OKa3aTbCs
HECKOJIbKO CJIOXKHEE — 3TO NOTpebyeT pefakTUPOBaHNs CUCTEMHbBIX KOH(UTYPaLMOH-
HbiX (halifoB, KOHKPETHbIE MEHA 1 COAEP>XKaHNE KOTOPbIX 3aBUCAT OT NCMOJIb3YEMOrO
BamMu aucTpubyTuBa.

Tak nnn nHave, NONbITKM BaLLER CUCTEMbI OBLLATBLCS C BAMU HA S3bIKE, OTJINYHOM
OT aHIJ/INIACKOTO, MOJIE3HO Cpasy ke npecedb. Pycndukaumm pepko bbiBatoT ygad-
HbIMU, MPU 3TOM ECIN KOHEYHbIA MOJSb30BaTENb MOXET cebe Mo3BOANTbL He 3HaTb
aHrAUNACKOro, NporpaMmuUcT cebe Takoro NO3BOJIUTL HE MOXET: €CN MPOrPaMMuCT
He BJIafieeT aHMNACKM, OH 3aBE4OMO MPOeCcCnoHaabHO HenpurogeH. Ecnu e Bbl
aHFANACKUM BajeeTe, pycruKaLms MOXET JOCTaBUTbL BaM TOJIbKO HeyfobcTBa.

Saberasi BHEpé, OTMETUM, YTO B CTAHJAPTHBIA MOTOK JIHATHOCTUKU
MOXKHO, Pa3yMeeTCsi, BBIJIATH POM3BOJBLHOE COODIEHNE, HAIPUMED, TaK
(byuxnus fprintf u riobaibhas nepeMennas stderr OyayT pacCMOTPEHbI
II032Ke):

fprintf(stderr, "I think there’s an error\n");

Onepanust, oOpaTHast OTKPBLITUIO (paiijia, TO €CTh €r0 3aKPbLMUE, BHIITOIHSI-
ercst pyukimeit fclose:

int fclose(FILE *f);
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Ha Bxoj1 3T, DyHKIMS MOTyYaeT IOTOK BBOJIA-BBIBOJA M, COOCTBEHHO I'OBO-
P4, 3aKPBIBAET €ro, Jejlas JIaJIbHENIne olepalun ¢ HUM HEBO3MOXKHBIMU;
TIPU 3TOM BBICBODOXKIAIOTCS PECYPCHI OMEPAITHOHHON CUCTEMBI, 0DeCIe n-
BaBIIEe paboTy JAHHOTO MOTOKA BBOAA-BEIBOAa !, DYHKIMS BO3BpAIIAET
HOJIb B C/Iydae yclexa M -1, ecju MPOU30ILIa ONIMOKA; BIPOYEM, ITOTOK
3aKpbIBAETCS B JIIOOOM CJIydae, OCTATbCS OTKPBITHIM TIOCTE TTPUMEHEHUS
fclose MOTOK HE MOXKET.

Kak Mbl yBUAMM 4yTb NO3XKe, BbICOKOYPOBHEBbLIN BBOA-BbIBOA paboTaeT ¢ Hyde-
pu3aymesi, 4To, B HaCTHOCTW, MOAPa3yMeBaeT BPEMEHHOE XpaHEHUE AAaHHbIX, 3amu-
CaHHbIX B MOTOK, B bydepe, opraHnsoBaHHOM 6ubnnoTeKoli, TO eCTb B NamsiTu Ba-
weii nporpaMmmbl. Bnonxe Bo3amMoxHa, Hanprumep, Takasi cuTyauus: BbI3BaHHAst BamMu
pyHKLMS 3anMcn BO3BPALLAET yNpaB/IeHne C NMPU3HAKOM ycrnexa (To eCTb He 3asiBAs-
€T HM O Kakmx owmbKax), HO faHHbIE NMPU 3TOM He OTAAHbl OMNEPaLMOHHON CUCTEME,
a BCEro Nnwb nometeHsl B bydep. EcTecTBEHHO, HUKTO HE FapaHTUPYET, YTO NO3Xe,
Koraa bubanoTtedHble OyHKLMN BCE K€ MOMBITALOTCA KCAUTLY» CUCTEME MONYHEHHYHO
nHcpopmaumio, He Npoun3onaeT ownbka. Ecin Ha momeHT Bbi3OBa fclose B Bydepe
NMEKTCA HenepeaaHHble AaHHbIE, beHKU'VIFI, €CTECTBEHHO, NONbITAETCA UX NeEpPeaaThb,
npeXae Y4em OKOHYATeNbHO 3aKpbiTb MOTOK, W MPU 3TOM BMOJIHE BO3MOXHO, HTO
npou3oinaeT owmnbka.

JliobonbiTHO ByaeT oTMeTuTb, 3aberasi Bnepén, 4TO POBHO Takasi e CuTya-
uMs cknaabiBaetcs npu paboTe C BEOAOM-BbIBOAOM HU3KOFO YPOBHS, TO €CTb KO-
roa BBOA-BbIBOA OCYLLECTBNAETCA HENOCPEACTBEHHO CUCTEMHLIMU BbI30OBaMW; B 3TOM
C/ly4ae CBOIO poJib UrpatoT BHYTpeHHUe Bydepa onepaunoHHOl cucTemsl, a ownbky
MOXET BbljaTb CUCTEMHBIV BbI30B close.

Kosb ckopo mOTOK BBOJA-BBIBOJA OTKPBIT, HAJ HAM MOYKHO BBITIOJ-
HATH TOT 2Ke HaboOp JefiCTBWil, YTO W HAJ CTaHJIAPTHBIMHU ITOTOKAMU
BBOJIA-BBIBOJIa, TO €CTh OMOJIMOTEKa IIPEIyCMATPUBAET JIJIs IMOTOKOB TU-
ma FILE* Habop GYHKINH, aHAJOTUIHBIN VK€ PACCMOTPEHHOMY HAMMU JIJIsT
CTaHIAPTHBIX TOTOKOB. B 9acTHOCTH, JJIsT BBOIA M BBIBOIA OTIETHHBIX CHM-
BoJiIoB (char’os) umerorcst hyukuuu fgetc u fputc:

int fgetc(FILE *stream);
int fputc(int c, FILE *stream);

— COBEpIIEHHO aHAJOIMYHbIE paHee PACCMOTPEHHbIM getchar u putchar,
HO IPUHUMAIOIINE HA, OJIUH apryMeHT OOJIbIIe; 3TOT apryMeHT 3aJaéT IMo-
TOK, 4epe3 KOTOpHIi cienyeT padborars. Hanpumep, cienyromas mporpam-
Ma, IIOJIYYMB 4Yepe3 apryMeHThl KOMAaHJIHOM CTPOKH MMeHa NBYX (ailios,
OTKPOET IIePBBIl Ha YTE€HUE, BTOPOU Ha 3allUCh U 3alUIIeT BO BTOPO IIep-
Bble JIeCATh CTPOK U3 MEPBOro (eC/iu CTPOK OKaXKeTCs MeHbIie, (hailia oka-
JKETCST IPOCTO CKOIIMPOBAH ):

34K3,K MBI y3HaeM U3 CJ'IejlyIOLT_LeI‘/JI JacTH HaIlel KHHI'", BOBMO>KHa CUTyallud, KorJga C
OIHUM IIOTOKOM BBOZ@-BBIBOZIA CBA3aHO OoJible omgHoro deckpunmopa; pecypesl OC B
ITOM CJIydae OCBOOOXKIAIOTCS TOJBKO TOCIE 3aKPBITUs moceaaero n3 anx. K sspiky Cu
3TO NPSIMOTO OTHOIIEHUs] HE MMEET, 3TO OCOGEHHOCTU MOJIENU BBOJA-BBIBOJA B CUCTEMAX
cemeticrBa Unix.
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#include <stdio.h> /* fgetcputc.c */

int main(int argc, char *xargv)
{
FILE *from, *to;
int c, lcnt;
if(arge < 3) {
fprintf (stderr, "Too few arguments\n");
return 1;
}
from = fopen(argv[1], "r");
if ('from) {
perror (argv[1]);
return 2;
}
to = fopen(argv[2], "w");
if(1to) {
perror (argv[2]);
return 3;
}
lcnt = 0;
while((c = fgetc(from)) != EOF) {
fputc(c, to);
if(c == ’\n’)
lcnt++;
if (lent >= 10)
break;
}
return O;

}

K nocnmBonbHOMY BBOLY-BbIBOZY OTHOCUTCS €lé OfHa (PyHKLMS, KOTOpasi OKasbl-
BAETCS HEOXKNAAHHO MONE3HON NMPU aHaNU3e TEKCTOB, XOTsi 6e3 Heé BCerga MOXHO
oboliTuck. ITo byHKLUS ungetc, KOTOpasi NO3BONSIET BEPHYTb TOJLKO YTO MPOYM-
TaHHbI cumBoa obpaTHo B notok. E€ 3aronoBok BbiragnT Tak:

int ungetc(int c, FILE *stream);

Crepylolwas onepaums 4TeHUs NOAYHUT 3TOT CUMBOJ NEPBbLIM, Kak ecnu 6bl oH eLé
He 6bin n3Bne4éH M3 notoka. Bnpouem, TyT pelicTeByeT uenbili pspn orpaHUHeHMWiA.
Bo-nepBbix, BEpHYTL MOXKHO TOJILKO OAUH CUMBOJI; BO-BTOPLIX, 3TO pPeasbHO JOJKEH
6bITb CUMBOA, TONBLKO Y4TO NPOYUTaHHbIN U3 3TOro xe noToka. lNpu nonbiTke caenatsb
YTO-TO MHOE Pe3yNbTaT OKa3blBAETCS HEONPEAEN&H, TO eCTb, BO3MOXKHO, FAe-TO OHO
naxke cpaboTaeT, a rae-To — HeT.

DTy dyHKUMIO MHOTAA MPUMEHSIIOT NPU JIEKCUHECKOM aHanmn3e, KOorga HeBO3-
MOXXHO MOHATb, HE MPOYUTAB OYepedHOli CUMBOJ, SBISIETCA OH 4YacCTbio Tekyluel
nekcembl unm HeT. Hanpumep, 4nTas U3 noToka BbipakeHue 756+27, Mbl NOWMEM,
4TO YMCNO 756 KOHYMIOCh, NNLLL MPOYUTAB CUMBOA Ntoc. BnonHe BO3MOXXHO, 4TO
0bpaboTka 4Mcna y Hac BblgeneHa B OTAENbHYIO PyHKLMIO, B KOTOPOU COBEPLUEHHO
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HE XO4YETCs yCTpamnBaTh elwé n 06paboTky Bcex AOCTYMHbIX pa3gennTeneii, tem bonee
4TO pasgenuTenn o6paGaTmBaTb NPUXOANTCS, ECTECTBEHHO, HE TOJIbKO NOCJIE YUNCEeN.

SlcHo, 4TO BO3BpAT 3HaueHWs1 B MOTOK — He Bosee Yem xak, Tem Gosiee 4TO Npu
rPamMoTHON peanu3auunn JEKCUHECKOrO aHainm3aTopa OH BOODOLLEe HE JOJKEH 3HATb,
oTKyAa bepyTcs cumBonbl asist aHanusa. [pocTo B faHHOM KOHKPETHOM CJly4ae 3TOT
XaK 4aCTO SKOHOMUT 3HAYWTENbHble YCUAUS, B pe3yabTaTe 4ero yHKuus ungetc
[aXke BOLL/A, KaK Mbl BUAUM, B COCTaB CTaHAapTHoli bubnnoteku. MicnonbsosaTs eé
WM HeT — peluaiTe camu.

Hay morokamu Bo3MOKeH Takzke n (POPMATHPOBAHHBI BBO-BbIBOI. Co-
oTBeTcTBYIONE DyHKIMN HazbiBaoTca fprintf u fscanf, u or paccmoT-
PEeHHBIX BhIlie pyHKIMN printf u scanf OHU OTJIMYAIOCS TOJTBKO HAJIMINEM
JIOIIOJIHATEJILHOIO ITapaMerpa Tulla FILE*, KOTOPbIl yKa3bIBaCTCs II€PBbIM
(ro ectp nmepex, popmarHoil crpokoit). Hanpumep, ciemyomas nporpaMmMa
zanmirer B ¢aila sincos. txt 3HAYEHNS CHHYCA U KOCHHYCA JJIsd YIJIOB OT 0
110 359 rpajycos (He 3a0y/IbTe MOAK/IIOYATH MATEMATHIECKY IO OUOINOTEKY
upu 3arycke komnuiaropal Hanomunm, sto genaercs duiarom -1m):

#include <stdio.h> /* sin360.c */
#include <math.h>

int main()
{
FILE *f;
int grad;
f = fopen("sincos.txt", "w");
if (1f) {
perror("sincos.txt");
return 1;
}
for(grad = 0; grad < 360; grad++) {
double rads, s, c;
rads = (double)grad * M_PI / 180.0;
s = sin(rads);
c cos(rads);
fprintf (£, "%03d % 7.5f % 7.5f\n", grad, s, c);

}
fclose(f);
return O;

}

B kadecrBe ciieyrommero mpuMepa pacCMOTpuM (DYHKIMIO, KOTOpasi MOJIy-
JaeT Ha BXOJI Y2Ke OTKPBITHIi II0TOK BBOJIa U, PACCMATPUBAasI €ro KaK II0cJe-
JOBATEIbHOCTD IIPEJICTABICHUN IEIBIX YHCEs, TOJICINTHIBAET, BO-IIEPBHIX,
CYMMY 3THX YHCEN, U, BO-BTOPBIX, UX KOJUIECTBO; YTEHUE BBIMOJHACTCS 10
TeX TI0P, MOKA MOMBITKA YTEHUST OUYEePETHOTO YHUC/Ia 110 TEM WJIM UHBIM IIPU-
qUHAM HE OKAHIMBAaeTCd HeyAadHO. [[0CKOIbKY BEPHYTH HYKHO JIBa YUCIIA,
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BO3BpAT IIPOU3BOIUTCSI Yepe3 IapaMeTphl, a caMma (PyHKIUsT UMEET THIT BO3-
BpaliaemMoro 3gadyenud void:

void intfilesum(FILE *f, int *sum, int *count)

{
int n;
*count = 0;
*sum = 0;
while(fscanf(f, "%d", &n) == 1) {
*sum += n;
(*count) ++;
}
}

Ormernm ermé ojuH MOMeHT: J06yi0 pyHKIu0 (Kak Gubmorednyio,
TaK M Bally COOCTBEHHYIO), KOTOpasi pacCcYUTaHa Ha pabory c 1o-
TOKOM Tumna FILE*, MOXKHO IIPUMEHUTH K OJHOMY U3 CTAaHAAPTHBIX
IIOTOKOB BBOJA-BBIBOJA. [ljis1 3TOr0 B 6MO/IMOTEKE ONUCAHBI, a B 3aro-
JioBo9HOM (paiiie stdio.h 0b6bsaBIIEHBI TP IJI00AJIbHBIE IIEPEMEHHbBIE THIIA
FILE*: stdin (moTok craHmapTHOro BBoza), stdout (LIOTOK CTaHIAPTHOIO
BbIBOJIA) U stderr (JUarHOCTUYeCKUil IOTOK).

Hanpuwmep, mis dysakiun ungetc HeT aHasora, paboTaronero co cTaH-
JAapTHBIM BBOJOM, HO OJlarojaps HaJUYAIO TepeMeHHOi stdin BepHYTH
CHMBOJI B IOTOK CTAHJAPTHOIO BBOJA MOXKHO, HAIMCAB YTO-TO BPOJE
ungetc(c, stdin).

4.4.4. BBoa-BbIBO/, OT/I€JIBHBIX CTPOK

Kak MbI y2Ke HEOTHOKPATHO BUJIE/IH, ITPU 00PAbOTKE TEKCTOBLIX JAHHBIX
OJTHON M3 OCHOBHBIX €IWHUI, WH(MOPMAIMH OKA3BIBACTCS CIMPOKA, TPUIEM
TEKCTOBBIN (Daifjl COCTOUT U3 CTPOK, Pa3JIEIEHHBIX CUMBOAOM NEPEBOIa
CmpO’IC'U,. I_IB,CKBJH)7 KaK MbI IIOMHUM, IIpe/JjiaraeT JazKe ClieiuaJIbHbIe OIle-
parops! (ICEeBAONPONENYPhI) JJisl 3allUCH M YTEHUsI CTPOK eJuKoM. Vnme-
FOTCs AHAJIOTUIHBIE BO3MOXKHOCTHU U B CTaHAapTHOI 6ubinoreke Cu.

Hauném ¢ &yskiuii, tTpebyoommx sSBHOIO yKa3aHUs IIOTOKA
BBO/Ia-BBIBOJIa; OHU Ha3bIBaloTcad fputs u fgets, u, Kak MOXKHO [O-
raJiaThbCsl, MepBas M3 HUX BBIIAET 33J@HHYIO CTPOKY B 3aJ@HHBIA ITOTOK
BBIBOJIA, & BTOpas MPOYUTHIBAET CTPOKY W3 3aJaHHOIO IOTOKA BBOIA W
pa3MelnaeT MPOYUTAHHOE B YKA3aHHON 00JIACTU TTAMSITH:

int fputs(const char *s, FILE *stream);
char *fgets(char *s, int size, FILE *stream);

C dyukmnumeit fputs Bcé Oosiee-MeHee TMOHATHO; B YACTHOCTH, MBI MOTJIA
6n1 BbIBecTH Hagnuch "Hello, world\n" He ¢ mOMOIIBIO printf, KAk MbI
JeJIaJId JI0 CUX IIOp, & ¢ IoMolbio fputs:



126 TIporpammMuposanue na sizbike Cu

fputs("Hello, world\n", stdout);

OynnamenranbHoe oTyimaue fputs or printf m fprintf cocromT B TOM,
9TO COJIEPXKUMOE CTPOKH He unmepnpemupyemcs, fputs HUKak He 00-
pabarbiBaeT HUKaKWe CIEIMaJbHble CHMBOJIBI (BPOJE CHUMBOJIA <«%», KO-
TOPBIA CIEIUAILHBIM 00pa3oM obpabdaTbiBaeTcst QyHKIUAMI (HOPMATHOTO
BBO/IA~-BBIBOJIA) ; 3/IaHHAs CTPOKA [IPOCTO BBIBOIUTCS KAK OHA €CTh, CUMBOJI
3a CHMBOJIOM, IIOKa B OYEPEJIHOM 3JIEMEHTE MACCHBa HE OKaXKeTCs HOJIb,
O3HAYAIONIUI, YTO CTPOKA 3aKOHYHIach. Ecin cTouT 3a7a4a mpocTo BhIBe-
CTH CTPOKY, HE BCTABJISA B BBIBOJ HUKAKNE CKOHBEPTHUPOBAHHBIE B TEKCT
3HaYeHUs] BbIpaKeHuil, ncnosib3oBanue fputs okasbiBaercs 3ddeKkTHBHEE,
TO €CTh, IIOIIPOCTY T'OBOPsI, OHa paboTaeT ObICTpee, Beb €l He HYyKHO aHa-
JIN3UPOBATH CTPOKY; BIIPOYEM, HA IPAKTHKE BBIUIPBIII COBEPIIEHHO HE3a-
mereH. Bo3ppaiaer dyHKINS HEOTPUIATEIHHOE THUCJIO P ycrexe n -1 B
ciydae OmMOKU; OOBITHO YUCJIO, BO3BPAIAEMOe IIPH yCIIeXe, PABHO JJIMHE
BBIJJAHHO CTPOKH, HO B OINUCAHUSIX 3TOH (byHKIMH (BKIIOYAs CTAHIADTHI)
9TO He sIBJIAeTCS TPeOOBAHUEM.

Oyukius fgets 3aciyKuBaeT 60Jee THIATEILHOIO 00cy K tenust. [lapa-
METp S 33Ja€T aJpec 00JIACTH aMSITH, B KOTOPYIO BBl XOTUTE IIOMECTUTH
MPOYUTAHHYIO CTPOKY. OOBIYHO B KAMECTBE TAKOH 0DJIACTH TAMSATH UCHIOJIb-
3y10T OOBIKHOBEHHBIN MaccuB char’oB, MPUYIEM OH MOYKET OBITh KaK OIMCAH
crarudecKu (TO €CThb UMEHHO B BHJE MACCHUBA), TAK U BBIIEJICH JIMHAMIU-
9ecKd, 370 He BaykHO. OCHOBHOE, UTO TYyT HEOOXOINMO 3aMETHTh — 3TO
9TO JOCTOBEPHO MpeNCKa3aTh AJIMHY CTPOKHU, KOTOpas OyaeT BBe-
IleHa, HEBO3MO>KHO, TaK 9TO, CKOJb Obl DOJIBIION MACCHB MBI HU OIU-
caJiy, ero BCE PaBHO MOXKET He XBATHUTD ISl PA3MEIIEHUsI IIPOUUTAHHOIO;
ecyu Obl (PYHKIINA He 3HAJIA, CKOAbKO ITAMATH UMeeTCs B €€ PACIOPsIyKEHNH,
TO, IMOJIY9HUB CJUIIKOM JJIMHHYIO CTPOKY, OHA IIPO/IOIKUJIA ObI 3aIIUCHIBATD
€€ CUMBOJIBI B MAaMSTb, HAXONSAIILYIOCS 3a IpeJeaMi MacCUBa, U B JIyd-
neM cjydae 9To-Hubyab Ob1 ucnoprusia (zydwud ciaydaii OyJer paccMoT-
peH 4yThb nosxke). VIMeHHO Jyisi penieHusi 3TOH IpOBIeMbl IpeAHA3HAYEH
BTOpO#l mapaMeTp (PYHKINN, KOTOPBHI HA3BIBACTCA Size: Yepe3 HEro MbI
coobrmaeM pyHkImu fgets, CKOIBKO 3JIEMEHTOB B TOM MAaCCHUBE, aJIpeC Ha-
YaJja KOTOPOro IepefaH IepPBBIM IIapaMeTPOM.

Ilonyuus cou mapamerpsl, fgets yuTaer U3 3aJaHHOIO IIOTOKA BBOJA
Hne boaee wem size-1 CUMBOJIOB. UTeHMe MPEKPAITAeTCsI, €CJAU OdYepeTHON
CHUMBOJI OKA3aJICS CHMBOJIOM II€PEBOA CTPOKHU, JIUOO €CJIU OUePETHON CIM-
BOJI IIPOYMTATH HE YAAJOCH (TO €CTh IPOM3OILIA OMHUOKA MM BO3HUKJIA
curyanusi «koHery daitiay ), 1ub0 ecam yKe IPOYUTAHO MAKCUMAJIBHO BO3-
MOXKHOE (T.e. size-1) KOJMYECTBO CUMBOJIOB. Ecim nmpuanHOli OKOHYAHUS
9TEHUs CTaJl IEePEBOJi CTPOKH, OH TOXKE 3aHOCHTCS B MacCHUB KaK OOBIK-
HOBEHHBIN cUMBOJI. Eciu XoTs ObI OMMH CUMBOJI OBbLI IIPOYNTAH, (OYHKIHS
3aHOCHUT HOJIb B 9JIEMEHT MACCHBA, HEIIOCPEICTBEHHO CJIEYIOIINiT 38 TeM, B
KOTODBIl OBLI TIOMEIIEH [MOCJIEIHNAN U3 YCIEITHO MPOYUTAHHBIX CHMBOJIOB,
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[IpeBpalasi MacCUB B KOPPEKTHYIO CTPOKY; IIPU 9TOM (DYHKIIHS B KaIeCTBE
CBOEro 3Ha4YeHNUs BO3BpAIlaeT TOT 2Ke aJpec, KOTOPBIA OHa MOJIy4unJIa depe3
mapamerp s. Eciim Hr 01HOTO CHMMBOJIA TPOYUTATH HE YAAJIOCH, TO (DYHKITIS
HUKaK He U3MEHseT COAEPKUMOe MaccuBa s, a Bo3dppaaeT NULL.

Hanpuwmep, cieyromniast (hyHKINS 9uTaeT CTPOKK U3 1oToKa f1, mocse
Yero 3alliChIBAeT B MOTOK f2 3TM 2Ke CTPOKM, OOpaMJIEHHBIE KBaJIPATHBI-
ME CKOOKAMM; IIPU 9TOM CTPOKAM ITO3BOJIIETCS UMETh JinHy He 6osee 50
CHMBOJIOB, €CJIM K€ O4YepeHas CTPOKa OKa3blBaeTCd JJIMHHEE, B IOTOK f2
3AIUCHIBAETCS IIyCTasi CTPOKa (6e3 CKOGOK ).

void stringbO0(FILE *f1, FILE *f2)

{
char buf[51];
while(fgets(buf, sizeof(buf), f1)) {
int i;
int nlpos = -1;
for(i = 0; i < sizeof(buf) && buf[i]; i++)
if (buf [i] == ’\n’) {
nlpos = ij;
break;
}
if (nlpos == -1) {
int c;
fputc(’\n’, £2);
while((c = fgetc(f1)) !'= EOF)
if(c == ’\n?)
break;
} else {
buf [nlpos] = °\0’;
fprintf (£2, "[%s]\n", buf);
}
}
}

ITosicuuM, 9TO TIOCTIE YCHENTHOrO MPOYTEHUST OUEePETHON CTPOKU MbI 37€Ch
TIBITAEMCS B TIPOYUTAHHOM CTPOKE OTHICKATH CUMBOJI ITEPEBOJIA CTPOKH ’\n’,
HaJU9Iue KOTOPOTO CBUIETEJHCTBYET O TOM, YTO CTPOKA ObLjIa IPOYHUTa-
HA MOJHOCTHIO. Ec/im 9TOro cuMBoja B CTpOKe HET (TO €CTh IepeMeHHasd
nlpos Tak M OCTAJIach paBHa -1) — 3TO 3HAYWUT, YTO MIPOU3OILIO OTHO U3
IBYyX: JINOO OvYepeHasi CTPOKa OKA3aJach CJIUIIKOM JIJIMHHON, OO0 cuTya-
nus «KoHer (aitjiay BO3HUKJIA B MIPOIECCE YTEHUsI CTPOKH, TO €CTh HOCIIE -
HdA CTpPoKa B moToke fl okazajach HemoJiHOW. B mpuBeséHHOM mpuMepe
9THU JIBE€ CATYaIlUN He Pa3JINYIal0TCsd, XOTd OHY OT APYTOil JIerKO OTJINYUTb,
HAIPUMED, 110 IO3UIUU, B KOTOPOH KOHYAETCs CTPOKA (TO €CTh BCTPedYeH
<HYJIEBOHl CUMBOJI» ), & €IlE JIydllie — 110 HAJUYUIO UK OTCYTCTBUIO CUTYa-
UK «KOHITA (paityias.
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B canyuae, ecm mpounTaHHasl CTPOKA He 3aKAHYMBAETCS CHMBOJIOM IIe-
PeBOia CTPOKH, MBI IIPEJIIIOJIAraeM, YTO 9TO ObLJIA CIUIIKOM JJIMHHAA CTPO-
Ka, U IbITaeMCs BbIOPATh U3 HOTOKA OCTATOK 9TOH cTpoku (IMKJ while
¢ mycThiM TesioM). Ecau npuunnoit orcyTerBus ’\n’ cTajia HEMOJHAsl 110-
cJIeqHdAd CTPOKa B IIOTOKE, 3TOT IIUKJ IIPOCTO 3aBEPIINTCA Ha IIEPBOU 2Ke
UTEPAIUN U3-3a CUTYAINn «KoHer daiiyiay. Tak ninm nHadve, IPU STOM MBI
110 YCJIOBHIO 3a/1a4i BBIBOJIMM B IIOTOK f2 IIyCTYIO CTPOKY, TO €CTh IIPOCTO
CHAMBOJI IIePEBOJIa, CTPOKH.

B nporuBHOM cityuae (TO eCcTh ecyii CUMBOJI *\n’ Hali7leH) Mbl BBIBOJUM
B IOTOK f2 NPOYHUTAHHYIO CTPOKY, 3aKJIIOYEHHYIO B KBaJpaTHble CKOOKH,
JI7Is IeTo HaM CHaJdaJja Hy?KHO OTCeYb OT He€ CIMBOJI IIEPEBO/Ia CTPOKH; 3TO
JeJIaeTCA 3aHECCHHEM B Ty ITO3UIMIO, IJe O 3TOrO PACIONIAraJsIcs CUMBOJI
IIepeBoJia CTPOKH, HYJIEBOI'O CUMBOJIA.

st 06enx pacCMOTPEHHBIX OUOTHOTEIHBIX (DYHKITNI NMEIOTCST UX «aHa-
JIOTH», HE TPeOyIoIIre yKa3aHus MOTOKA M PADOTAIOIINE CO CTAHIAPTHBIM
BBO/IOM-BBIBOJIOM, HO 3TH «aHAJIOTU» Ha IIOBEPKY OKAa3bIBAIOTCS BECHMAa CO-
MHHUTEJIbHBIME. BOT ux mpoduim:

int puts(const char *s);
char *gets(char *buf);

Haumém c puts; COBEpIIEHHO HEOXKUJAHHO OKA3bIBAETCH, UTO ITa (DyHK-
nust paboTaeT He Tak, Kak €€ «dailJIoBbIil» aHAJIOr: MOCJE BBIBOIA CTPOKH
OHA 3a4YeM-TO BBIJIAET eI§ M CHMBOJI IIEPEBOJIa CTPOKH, TO €CThb €CJIU ObI
HaM IPUIILJIO B T'OJIOBY BBLJIATh BCE TO Ke "Hello, world" c e€ mOMOIIbIO,
HAIIMCATHh HAJI0 OBLIO OBbI TaK:

puts("Hello, world");

Ob6paruTe BHUMaHNE HA OTCYTCTBHE B CTPOKE KOMOMHAIU «\n».

Eciu npo puts MOXKHO CKa3aTbh, ITO OHA HECKOIBKO CMPAHHGA, HO BCE
JKe WHOIJIa MOXKET OBITh II0JIe3Ha, TO 32 HCIIOJb30BaHUE gets yBOJIb-
HSIOT ¢ paGorsl (!), U 970 HUYYTH HE IpPEyBeJIUYEHHEe — ABTOP CBOMMU
rjazaMu HabJIIOA TAKOe YBOJbHEHUE HA OJIHOM M3 CBOUX KOMMEPUYECKHUX
MecT pabOTHI.

Heno Tyt BoT B uéMm. EquHCTBEHHBIN apaMeTp, KOTOPBIH gets moury-
9aeT Ha BXOJ, 33J1a6T aJIpec MacChUBa JJIsl Pa3MeIeHns] CTPOKH; He TIPEeJTy-
CMOTPEHO HUKAKOI'0 CIOCO0a COOOIIUTH, KAKOB K€ y ITOI0 MacCuBa pas-
Mep. Kak MbI y2Ke oTmedasu, IpeJCcKa3aTh JJINHY CTPOKH HESO03MONMCHO,
KaK HEBO3MOXKHO (HUKAaKUMU criocobamu!) U rapaHTHpPOBATh, 4TO IIPU Ove-
peIHOM 00palleHnd K gets B MOTOKE BBOJA HE OKAYKETCsl CTPOKA, MPEBbI-
MIAMOIIAsT Pa3Mep OTBEIEHHOM MAaMSTH BO CKOJBKO YIOJTHO Pas.

B camom Jiydriiem ciiydae mporpamMMa, «HallOPOBIIACh» Ha TaKyi CTPO-
Ky, IPOCTO <«CBAJIUTCS»; €CJAU TaK MOJYyJIHIOCh — CYUTaiiTe, BaM OYeHb
KPYITHO TOBE3JI0. UTOOBI MOHSATH, KAKOB MOXKET ObITh HauTydwul CIeHa-
puii, IpUAETCsi BCIIOMHUTH CTPYKTYPY CTEKOBOrO (bpeiiMa, 3HAKOMYIO HaM
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C Tex IOp, KOrJa Mbl M3ydYajd [POrPAaMMUPOBAHME Ha si3bIKe acceMmoJie-
pa (em.T.1,8§3.3.6). JIokanbHBIE IepEMEHHBIE DA3MEIIAIOTCS B CTEKE, & CaM
CTeK PACTET B HAIIPABJIEHUN YMEHDIIIEHUs 3JIPECOB, TO €CTh B CTOPOHY, IIPO-
TUBOTIOJIOXKHYIO TOH, KyJIa MbI [IEPEMEIAEMCSI, YBEJIMINBAsL, HAITPUMED, UH-
JIeKC B MaccuBe. ey Mbl GyjieM 1mepeMerarThbest B0/ Ib MacCUBa, CO3IaHHO-
r'o JIOKAJbHO B (PYHKIINU, OT €ro HadaJja K KOHILYy, HO He Oy/leM 3HaTb, IJe
HaXO[INTCsl KOHEIl, U B PE3YJIbTATE MPOJIOJIKUM IE€PEMEIAThCs 0 TaMATH
y2Ke 3a rpaHulleil MacCuBa, TO PAHO WJIU TO3HO MBI JO0EPEMCs 0 MeCTa,
IJe B CTEKe PacCIIoJIaraeTcsi aJpec Bo3BpaTa U3 TeKylleil (oyHKIIH.

HanbHeiiee — 1e10 TEXHUKHT, TyCTh 1 puaurpannoii. Jomycrum, Harra
IpOrpaMMa BBOJIUT B OJHON n3 (DYHKINIT JTOKAJIBHBI MACCUB U BBITOJTHSIET
B HEro YTeHHe C MOMOIIbIo gets. Hekuil 3/10yMbIIIEHHUK, 3HAs 00 9TOM,
[I0/ICOBBIBAET HAIlleil IIporpaMMe Ha BXOJ[ CTPOKY TAKOl JJIMHBI, YTO aJipe-
ca BO3BpATa Cpa3y U3 HECKOJBKUX (DYHKIINNA OKA3BIBAIOTCS COMEPIKUMBIM
9TOI CTPOKM 3ATEPTHI, IPUIEM HE MIPOCTO TAK, & C THIATEJIHHO PACCIUTAH-
HbIM 3 dexTom. [Ipu 3aBepiieHnn BBIIOJTHEHNST TEKYITEH (DyHKIUN BMECTO
BO3BpaTa YIIPaBJIEHUS BBI3BIBAIOIIEMY IIPOU3OIIET Iepesiatia yIIPaBJIeHU
TYIa, KyJa 3aX0TeJs 3JI0YMBIIIJIEHHUK, ITO [TO3BOJIsIET €My BbI3BATHb B Ha-
meil mporpaMme JEOOy0 (DYHKIUIO ¢ TAKAMA 3HAYCHUSME [TaPAMETPOB, C
KaKUMH OH IIOXKeJIaeT — BeJlb (PYHKIUsI BO3BMET MMapaMerphbl U3 CTEKa, a
€ro CoJIep:KUMOe 3aTéPTO TPOUUTAHHON «CTPOKOi». Bosbie Toro, eciau B
HaIllell TporpamMMme He HAUAETCS (PYHKINU, TOAXOMAIEH /115 MCIIOTHEHUS
KOBAPHBIX 3aMBICJIOB 3JI0YMBIIIJIEHHIKA, OH MOXKET IMOCTYIIUTH €IE XUT-
pee: BCTABUTH B IOJICYHYTYIO gets’y CTPOKY HPOM3BOJILHBI MAITHHHBINA
Ko7, (TyIaBHOE, ITOOBI B 9TOM KOJIe He BeTpedasics Gait 10, naave dbyHKIms
[PEKPATUT YTeHUe; HO 0BoiTICh 6e3 Takoro HaifTa IIpOoIe IIPOCTOro), U IIy-
TEM 3aTHPaAHUS aJIpeca BO3BpaTa 00ECIeUNTh IIepeIady yIIPaBIeHNs IPIMO
HA 9TOT KOJI.

WNuave rosopsi, mporpamMmy, B KOTOPOil MMeeTCsl BBI3OB gets, MOXKHO
3aCTaBUTH [EJIATh MPAKTUIECKH UTO yrOAHO, B TOM YHCJIE HE HUMEIOIIEee
HUYEro o0IIero ¢ eé NCXoMHbIM IpegHasHaderHneM. OCTaaoch MpeCTaBUTh,
YTO Ballla IporpamMMa paboTaerT Ha KaKOM-HUOYIb CepBepe WJIU, CKarXKeM,
yIIpaBseT 6AHKOMATOM.

Ornucannas rexanka HasbiBaeTcs buffer overflow exploit u mpencras-
JisterT coboil OJIUH U3 MPOCTENINNX METOOB B3JIOMa KOMIILIOTEPHBIX CUCTEM;
OOBIYHO MMEHHO 3TY TEXHUKY PACCKA3BIBAIOT «JIJIs HAYaja» HAYNHAIOIIAM
«XaKepaM», U €€ yKe OMMCHIBAIOT B yI€OHUKAX IO MWHMOPMAIMOHHON 6e3-
OIACHOCTH, €CJTU TOJIBKO aBTOP TAKOr0 YIeOHUKA CAM XOTh ITO-TO IIOHUMAET
B 9TOI caMoil 6€30IMacHOCTH.

Boobuwie rosopsi, npuMeHeHmne cioBa xakep Aasi 0bO3HAYEHUS KOMMbIOTEPHbIX
B3/IOMLLNKOB MCXOAHO HEKOPPEKTHO. Xakepamu Ha3biBatoT cebsi BbicOkoKBanuduum-
poBaHHble MPOrpaMMUCTbI ONpeaenéHHoOro knacca, 8 ToM ducie Jlunyc Topsanbac,
Puuapg Cronnman, Jpuk Pelimong n mHorne apyrue 3HameHnutocTu. XypHannct-
CKOE€ MOHNUMaHWNE CNIOBA «XaKep» ABNSAET C06OI7I HE 60nee 4eM Cneancteme HeKommMne-
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TEHTHOCTWN NOAAB/AIOLLErO 6OJ'II>LIJVIHCTBa XKYPHANINCTOB NPaKTN4eCKN B J'II06OM npea-
METE, O KOTOPOM OHW NbITAKOTCA NNCATb. C KHUramMmum no ((6e3onaCHOCTVI)> TOXE nme-
toTca cnoxxHoctn. bonbwmHcTeo KHUT, B 3arf1aBun KOTOPbIX YNOMWHAETCA VIHCbOp—
MauuoHHasi 6e30MacHOCTb, Ha Aeie LENNMKOM MOCBSIWEHbI KpunTorpadum, a gpyrue
acneKkTbl 6e30MacHOCTM NOMHOCTLIO NFHOPUPYIOT. KpmnTorpadwlﬂ, KOHEYHO, BELLb NO-
J1é3HasA, HO HU OT B3JIOMA, HU OT Yrpo3, CBA3aHHbIX C HE€JIOBEHECKUM CbaKTOpOM, OHa
Hac He craceT.

Tak win wHave, UCHOJIB30BaTh (DYHKIHUIO gets KaTeropuvuecku
HEeJIOIIyCTMMO — HUKOTJa, HU B KaKUX IporpaMMax, HU JJI KaKUX
neJsieii. B 6ubianoreky s3pika Cu ra DyHKIMs momnajia, Koraa emgé He Obl-
JIO HU KOMIIBIOTEPHBIX CETeil, HU KOMITBIOTEPHBIX B3JIOMIIUKOB, HE CaMOI'O
MOHATHUS KOMIIBIOTEPHOII Oe3onacHOoCTH. Te BpeMeHa JJaBHO IIPOIILIIN.

[Touemy-T0, ma2xKe yCIIBIIAB BCE CKA3AHHOE, HEKOTOPBIE CTY/IEHTHI IIHITa~
TIOTCS UCIOJIB30BATh gets, HAJEsICh, IIO-BUIMMOMY, Ha IyJ0; YaCTO MOYKHO
YBUJIETh IPOrpaMMy, IJle Ha BXOJ gets MOJaéTcsl yKa3aTeslb, KOTOPBIi aB-
TOP IIPOrPaMMBI J1azke He HOTPYIUJICH HHUINAIN3npoBaTh. Pazymeercs, Ta-
Kas [IporpaMMa He padoTaer, IPOCTO I 1aeT; HEKOTOPBIX JIIOOUTE e dyIec
JaKe 9TO He OCTaHABIMBaeT. [pu mHUInaM3auy MacCuBa Hy )KHO yKa3aTh
pa3MepHOCTH, HO BeJlb Mbl HE 3HAEM, KaKOi JJIMHBI Oy1erT cTpoka. [Ipu BbI-
30B€ malloc HYKHO yKa3aTb pa3Mep BbIJEJIAeMOU ITaMATH, HO BeJb MbI He
3HaeM, KakoBa Oymer crpoka. [Ipu Bbi3oBe fgets Tpebyercs ykasaTb pas-
Mep Gydepa, HO Bejib MbI He 3HAEM, KaKoii 1ymHbI Oyer crpoka!l VI Toabko
gets He TpebyeT yKa3biBaTh HUKAKUX Pa3MEPOB.

Ha camowm jiesie maccuB B Jii000OM CIydae HY?KHO PACIIOJIOXKHUTD B MAMSI-
THU U [IPA ITOM, PA3yMEeTCsl, TPUAETCA YKA3aTh €ro pa3Mep — 0o TOro, Kak
CTpOKa OyJIeT cuuTaHa. YKa3aHus pa3Mepa M30eKaTh MOIPOCTY HEGO3MONHC-
HO, B CTaHJIAPTHOI 6ubsmmoreke Cu HET CPEICTB, KOTOPbIE OBl 3TO [TO3BOJIS-
sm. Beé, yem orninuaercs gets — 9TO TeM, YTO OHA COBEPIIEHHO CIOKOWHO
JIOIyCKAET BBIXOJ, 33 T'PAHUIIBI MAaCCHBA, KAKOB ObI OH HU OBLI, W HUKAK
9TOMY He MPEISITCTBYET, TO €CTh IO3BOJISIET IIPOrPaMMe 3aBepPINaThCs aBa-
PUITHO, ITO3BOJIAET 3JI0YMBIIIJIEHHUKAM 3aTEPETh aJ/IpeC BO3BPATa B CTEKE U
BCE Takoe. Ilomoub 3Ta DYHKINSA HE MOXKET HUYeM; KCTATH, €CJIA BAPYT 9TO
YTBED2K/IEHNE OCTABUJIO ¥ BaC OMIYIIEHNE KaKOI-TO HEeJIOCKA3aHHOCTH MJIN
[I0JIO3PEHNE, YTO «BCE HA CAMOM Jiejie He COBCEM TaK» — 3HAYUT, BbI JI0 CUX
0P He IOHUMAaeTe, O Y€M HUJIET Pedb, U BaM CPOYHO TPEOYETCs ITOCTOPOH-
Heisl TIOMOIIb JJIsi TIPUBEIEHUs] MBICTIEH B HOpsAoK. He mosleHnTech HAWTH
KOrO-HUOY/Ib, K KOMY MOXKHO 38 TaKOU MOMOIIBIO O0PaTUTHCS.

[ToguepkHEM, YTO HMITATHOTO CIIOCO0A MPOYUATATH CTPOKY, HUKAK
He orpaHmvmBag €€ nJmHy, B O0ubimoreke Cu HeT HU B KaKOM
Buge. Eciau Tpebyercss Takoe CPEICTBO, €ro MPUIAETCH U3TOTOBUTH CAMO-
CTOSITEJIbHO — HAIPUMED, C TIOMOIIBIO IIOCUMBOJILHOTO UTEHUST B 3JIEMEHTHI
JUHAMUYIECKN BBIJIEJIEHHOTO MaCCUBa, ¢ yBeJaudeHneM (pydHbiM!) pasmepa
9TOro MaccuBa 10 Mepe HagobHocTH. Tak>Ke MOXKHO MCIOJIH30BATh JIPYTUe
JIUHAMAYECKUE CTPYKTYPBI JAHHBIX, HAIIPUMED, CIIUCKU; ITO 3aBEIOMO HU-
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KaK He IOJIyUYUTCsl — TaK 9TO HANTH YTO-HUOYJb <«BOJIIIEOHOE», KOTOPOe
BBITIOJTHUT 3Ty paboTy 3a Bac. 3JeCh TaKUX Uy/eC He MPeyCMOTPEHO.

4.4.5. O dydepuzanuu BBOJA-BbIBOAA

Kak y»xe roBopmiock, 0011asi 0cOOEHHOCTD OMOINOTETHBIX (DYHKITUI BbI-
COKOYPOBHEBOT'O BBOJIa-BBIBOJIA, COCTOUT B TOM, YTO OHU, IIOMHMO IIPOYEro,
obecrieunBaioT 6ygepusauuro gaHHbIX. Tak, eciim Mbl BbI3bIBaEM (DyHK-
nuio getchar, To peajbHO TPOYUTAH OY/IET HE OJUH HANT, KAK MBI MOTJIN
OBbI TIPEIIOJIOKUTh, & CTOJIBKO, CKOJIBKO IPSIMO CeiiIac MOXKHO IPOYUTATH
U3 [IOTOKA CTAHJIAPTHOIO BBOJIA, HO HE DOJIbIIIE OIIPEIEIEHHOIO KOJIMIEeCTBA
(mampumep, deTblpéx Kusobaiir). B gacrHocTu, eciam 4reHne peasbHO BbI-
MIOJTHSIETCS C KJIABUATYPBI, 32 KOTOPOH CUIUT XKUBOI TIOJIb30BATE b, U 9TOT
[IOJIb30BATEJIb YCIIEJ Y2Ke HabpaTh HEKOTOPOEe KOJIMIECTBO JAHHBIX, TO C XO-
poIeil CTeneHbio BEPOSITHOCTH 3THU JAHHBIE OYAyT HPOYUTAHBI BCE; MHAYTE
rOBOPsI, KOTJIa Mbl BBI30BEM getchar, oHa MPOYUTAET BCE, YTO IMOJIH30Ba-
TeJh y2Ke HaOpaJI, IPU 3TOM HaM OHa OTJACT TOJIBKO OJINH OANT, a OCTaJIbHOE
moMecTuT B Oydep; Ipu ciieyIoneM BbI3oBe getchar oHa BOBce HE CTAHET
obpaIrarbcst K OMEepanoHHO CHCTeMe, BMECTO 9TOTO OHA OT/ACT HAM Ote-
pemHOIt baiiT u3 Oydepa.

To ke camoe IPOUCXOIUT MPHU 3AIMUCU B MOTOK BBIBOmA. JlaHHBIE, KO-
TOpBIE OCHOBHAsI IIPOIrPAMMa IT€PEJaéT Ha BBIBOJI, Y€pPe3 BBHICOKOYPOBHEBBIE
dbyuknuu — fputc, printf u T 1. — coxpausiiorcss B Oydepe 10 HacTyn-
JIEHUsI OJTHOTO W3 YCJIOBWIA, IIPU KOTOPBIX Oydep T0/KeH OBITh BBITECHEH.
Hampuwmep, ecau Mbr permum copMupoBaTh OoJjiee-MeHee KPYITHBIN (haiiir ¢
MOMOIIBI0 fputc, TO OIEPAIMOHHOI CUCTEME JIAHHBIE OY/IyT MepeIaBaThCs
HE 110 OJIHOMY CHMBOJLY, & CDABHUTEJILHO OOJILIIMME HOPIUAME (dale Bce-
ro — 110 4 KB), 4ro 1103B0JIsIeT 32aMETHO YCKOPUTD BBIIOJIHEHUE IIPOIPAMMBI,
BeJIb KarkJ[0e oDpallieHre K OIePAIMOHHOM CUCTeMe — 3TO U3Psi/IHAST [TOTEPSI
[IPOIECCOPHOTO BPEMEHU Ha IePEKJIIOYeHNN KOHTEKCTOB U T.II.

Samerum, uro Oydepusarys 660da B OOJLITUHCTBE CIyYaeB HU B Ka-
KOM YIPABJIEHUY HE HYKJIAeTCsl, ¥ XOTsl HEKOTOPbIE BOZMOYXKHOCTU TAKOTO
yIpaBJIeHUsI CYIIEeCTBYIOT, OHU I[IOYTH HE NMpUMeHsoTcdA. Jlego B ToM, 9TO
Oydepuszarius BBOIa B OOJILIITUHCTBE CIYYIAEB IMIPOCTO SKOHOMUT BpeMs, He
JaBas HUKAKOr0 BHINMOTO dddeKTa.

CoBepitenHo mHade obcrosT Jea ¢ Oydepusarmeit gwsoda. OOHADY-
KATH €€ Hajm4yue — IPOIIE MAPEHOI pelbl; HAYNHAIOIINE IPOIPAMMHUCTHI
[IPU OTJIAJIKE IIPOrPAMM OUYEeHb YaCTO JIOMYCKAIOT BEChMa XapaKTEPHBII IPOo-
CYET: BCTABUB B IPOIPAMMY OTJIAJ0YHYIO MeYaTh, 3a0bIBAIOT IIPU ITOM IIe-
peBecTH CTPOKy. B pe3sysbrare ux OTJIaI09YHBIE HAJIIUCH, €CTECTBEHHO, HE
JIOCTUTAIOT SKPaHa, & CKAIJIMBAIOTCA B Oydepe; ecii IporpaMMa IIpu 9TOM
3aBEpINAETCS ABAPUITHO, BBHITECHUTH Oydep OKa3bIBAETCS HEKOMY, W OXKH-
JaBIIasiCs HAJIUCh HA YKPAHe TAK U HE TMOSIBJISIETCS, U3 Yero He3a ad/Id-
BBIIl IIPOIPAMMUCT JI€JIA€T BBIBOJ, YTO JIO OIIEPATOpa C OTJIAJ0YHON Ieda-
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TBIO yIIPABJIEHHUE HE JIONIIO; BBIBOJI, TOHATHOE JIEJIO, OKA3BIBAETCS IETUKOM
U TIOJIHOCTBHIO OIINOOYHBIM.

CaMmpblit HaIEXKHBIH c110c00 3acTaBUTH OUOJINOTEKY OTIATH, HAKOHEI, CO-
nepkuMoe Oy depa OImepaIoOHHON CUCTEME — ITO TOTPEOOBATH BHITECHEHU ST
Oydepa B SIBHOM BHJIE; JIJIsl 9TOrO IpeaHas3Hadena GpyHkius fflush:

int fflush(FILE *stream);

[Ipumenus 31y PYHKINIO K IOTOKY 616004, BBl T€M CAMBIM IIOTpedyere
HEME/[JIEHHO OYHUCTUTh Oydep BbIBO/A, CBI3aHHBIN C ITUM ITOTOKOM; JIaH-
HBIE, €CTECTBEHHO, OYJIyT OTIPABJIEHBI 10 HA3HAYEHUIO.

NHTtepecHo, 4To fflush MOXXHO NPUMEHNTL U K NOTOKY BBOAA; Npw 3TOM B 60/1b-
LWMHCTBE peasnn3aunii nidopmaums, xpaHswascs s bydepe, byaet nonpocty cbpo-
LEeHa. Odomu,maano TaKO€ NOBEAEHNE HUKAK HE 3aKPENJIEHO, TaK YTO BNOJIHE BO3-
MO>XHbl peannsaynn, He aenatouime 3Toro.

EcrecrBenno, 6ydep BbIBOIa OyIeT OUUIIEH, a TaHHbIE TEPEIAHBI CHCTe-
Me, ecyii 9TOT Oydep 3aImo/HeH U O0JIbIle B HEr0 HUYEro He TOMEIaeTCs.
Kpowme Toro, oancrka Bcex 6ydepoB BBHIBOJA TPOUCXOINUT TIPH KOPPEKMHOM
3aBEPINEHNN Balllell TPOrPAMMBI.

Cy1ecTByIOT emg jiBe CuTyalnu, Kora 0ydep BbIBOIA OUUIAETCS, XOTsI
00 3TOM HUKTO HE IIPOCHJI; HO YTOOBI OIUCATDH 3TU CUTYAIMH, HAM IIOHAJIO-
OUTCS IPUIOMHATH, YTO MOTOK BBIBOJIA MOYKET OBITH CBA3AH C PA3JIMIHBIMI
CYIIHOCTSIMU: OH MOXKET MJTH B JMCKOBbIH aii, niu B Kaau (0ObIYHO
Ha BBOJ, JPYroii MporpamMe), W B COKET Jisi OTIIPABKH 110 KOMIIbIOTEP-
HOIl CeTH, WJIM B IICEBJOYCTPOUCTBO, KOTOPOE MOXKET, HAIIPUMED, OT/IaBaTh
JAaHHBIE HA IPUHTED WK €I B KAKOoe-HuOYyIb nepudepuiiHoe yCTpOiCTBO.
Cpenu Bcex 3THX CJIyYIaeB CjeayeT ocobO BBIIEIUTH OJUH, KOTZA BBIBOL
UIET HA MEePMUHAL — YCTPOHRCTBO (BO3ZMOXKHO, BUPTYAIBHOE ), IPEIIOa-
raroriee, 9To M0 Ty CTOPOHY €r0 HAXOJHUTCs YKUBOH mob3oBaTesh. Onepa-
[MOHHAST CHUCTEMA TIO3BOJISIeT Y3HATD, TAK JIX 9TO; B OMOIMOTEKE LIS STOTO
npegycmorpena dynkius isatty. Koneuno, 3To He 1aéT CTONPOIEHTHOMN
rapaHTUU HAJMYHsS «II0 Ty CTOPOHY» YKHUBOI'O ITOJIb30BATEJIsI, HO 9TO U He
TpedyeTCst: eCIu KaKasi-Ino0 TPorpaMMa SMYJIUPYyeT paboTy TepMUHAIA, TO,
CJIeZIOBATEJIHHO, IO KAKMM-TO [IPUIAHAM el TpebyeTcs, 9TO0bI €€ TapTHEPHI
10 B3aUMOJIEMCTBUIO BeJin cebsi TaK, KaK OyJITO pabOTAIOT C IIOJIb30BATEIEM.

Tak wiau wHave, €ecJu BBIBOJ, MMPOMCXOAUT HA TepMHUHAJ, Oydep
BBIBOJIA BBITECHSIETCH €II€ B IBYX BAa>KHBIX CJIyYasiX: IPU BBIBOJE
CHMBOJIA MePEBOA CTPOKMU M IIPU BBHINOJHEHUU OIlepanuyl BBOJA,
Opu4éM TOXKe Ha TepMuHAaJIe. [[jist IOTOKOB, He CBA3aHHBIX C TEPMUHA~
JIOM, 9TOT'O HE IIPOUCXOJIUT.

4.4.6. «BbIiBO/1» B CTPOKY M «BBO/I» U3 CTPOKMU

BosmoxkHOCTH OnmcaHHBIX paHee MYHKIH (HOPMATHOTO BBOJIA-BBIBOJIA
MOKHO 33JIefiICTBOBATD /It (POPMUPOBAHUS OT(HOPMATUPOBAHHOTO TEKCTO-
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BOI'O IIPeJICTaBJIEHUsI B CTPOKOBOM Oydepe B maMsiTh, He BBIBOJS €r0 HUKY-
Ja, ¥ Ha00OpOT, JJTsd aHAIn3a HH(MOPMAIINK, B TAKOM Oydepe comepKalieii-
ca. Oyukiusa sprintf, kak u printf, anaausupyer GOPMATHYIO CTPOKY,
110 Mepe HeOOXOMUMOCTH M3BJICKas 3HAUEHUS U3 CIINCKA CBOUX IMAPAMETPOB
(To ecTh M3 cTEKA), HO PE3yJIbTAT NPeobpa30BaHusl B TEKCTOBOE IIPEJICTAB-
JIeHre HUKY/a He BBIBOJIUTCH, & BMECTO TOT'O CKJIAJBIBAETCS B IIPEIOCTAB-
JIEHHBI! cTPOKOBBIH 6ydep. [Ipodurs sToit dyHKIMN TaKOIA:

int sprintf(char *buf, const char *format, ...);

Bydep, To ecTb MaccuB, B KOTOPOM CJjiejiyeT c(hOPMUPOBATH PE3YIbTUPY-
TOIIYIO CTPOKY, TepeaéTcs MYHKIINY UYepe3 IEPBhIi mapaMeTp; OCTaIbHbIE
rmapaMeTpbl TaKue 2Ke, Kak y printf: ¢popmaraas cTpoka, KOTOpast aHAIU-
3UPYyeTCsi B TOYHOCTH II0 TeM Ke ITPABUJIAM, UTO U Jijist OOBIYHOrO printf, u
JIOTIOJTHUTEJIbHBIE TTAPAMETPbI, KOTOPBIE JTO?KHBI COOTBETCTBOBATD ITPUCY T-
CTBYIOIIUM B CTPOKE JUPEKTUBaM IpeodpaszoBanus. Ciieiyer, pasymeercs,
IIOMHHUTDL, 9TO 3TOW (PYHKIMH HEOTKyJa 3HATHL pasMmep Oydepa, Tak dUTO
HUKAKUX [IPOBEPOK HA 9Ty TEMY OHa He IPOM3BOIUT; obecrednTsb Oydep
HY?KHOTO pasMepa — O00sS3aHHOCTH BbI3bIBatomiero. K mpumepy, eciu Bbl
TpUMeHsieTe TUPEKTUBY «%S» JJIsT BCTABKUA B BAIl PE3YJIbTAT HEKOU CTPO-
KM, OTHOCUTEJILHO KOTOPOIl TOYHO He 3HAeTe, KAKOTO pa3Mepa OHa MOXKET
0Ka3aThCsd, CIeayeT 00s3aTeIbHO OrPAHNYNATE ITPOCTPAHCTBO, KOTOPOE OHA
MOYKET 3aHSATh B BallleM pe3y/bTaTe, YKa3aB Mepel CIenupuKaTopoM «TOu-
HOCTB»; HAI[PUMED, UCIOIb30BaTh ITO-HUOYIbL Bpoae «%.20S»: 9TO rapaH-
Tupyer, 9ro Oosibine 20 3;1eMeHTOB 3 Oydepa UCIoIb30BaHO HE OyIeT.

B coBpemeHHbIx Bepcusix 6BubnnoTekn, Kak NpaBuio, NPUCYTCTBYET DyHKUUS
snprintf, npuHnmatowas ewé oanH napameTp — pasmep bydepa. K coxaneruto,
aTa cbyHkuns B bubnnotekax Cn nosiBuiacb AOCTaTOMHO NO34HO; B CTaHAAPTax OHa
3akpensieHa Tonbko HadmHas ¢ C99. B HekoTopbix cTapbix Bepcusix bubnanoTtekn sta
byHKLNSA NMpUCYTCTBOBaNA, HO UFHOPUPOBafa CBOV BTOPOI mapameTp.

Ecnn napameTpaMu KOMaHZHOU CTPOKM KoMnunsTopa 3adukcMpoBaTh BEPCUMIO
asbika Cu, nmeswyto mecto o npunstus C99 (Hanpumep, ykasaTb B KOMaHLHOM
cTpoke -ansi -pedantic), To dpyHKUMs snprintf OKaXKeTCs HEQOCTYMHA: CUCTEM-
Hble 3arosioBO4YHble cba|7|nb| HaMmncaHbl Tak, ‘-|T06b| onunnm KOMMUAATOPA BJNANN HE
TOJIbKO Ha CaM si3blK, HO U Ha BO3MOXHOCTU bubnnoTtekn. ITO O3Ha4vaer, 4TO B
npoekTax, B koTopbix ncnonbsosatue ANSI C sensetca Tpebosanuem, npumeHeHne
snprintf MOXeT Oka3aTbCA HEBO3MOXKHbLIM.

OyHKIWMIO Sprintf 9acTo MUCHIOIB3YIOT, YTOOBI EPEBECTH YHUCJIO TOTO
MJIM WHOTO THUIIA B €r0 TEKCTOBOE IIPEJICTABIEHNE, HAIIPUMED:

char str[32];

int n;

/* ... %/

sprintf(str, "%d", n);
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31echk BbI30B (byHKIMHN sprintf 3aHecér B MaccuB Str TEKCTOBOE IIPE-
CTaBJIEHUE YUCJIa, XpaHsIerocs B nepeMeHHoil n. Odenb mosie3na (yHK-
nus sprintf, KOrjga BOZHUKAET HEOOXOIUMOCTD II€PEIATH HEKINE TEKCTOBbIE
JaHHBIE C UCHOJb30BaHUEM BBOJA-BBIBO/IA HU3K020 YPO6HA, TO €CTh HEIOo-
CPEJICTBEHHO dYepe3 CHUCTEMHBIE BBI30BBI U JIECKPUIITOPHI IOTOKOB, MUHYS
BBICOKOYPOBHEBYIO OMOJMOTEKY; B 9TOM CJIydae JaHHBbIe cHadaJa (GpopMu-
PYIOT B Maccube Thlla char mpu nmoMomu sprintf, a 3aTeM yzKe nepesamoT
OIIEPAIIMOHHOI CUCTEMe.

ITonesno 3HaTh, 9TO DyHKIWMA sprintf, kak u printf, u fprintf, Bo3-
BpaIaeT KOJINYeCTBO «BbIBEJEHHBIX» CUMBOJIOB, TO €CTh, IIOIIPOCTY I'OBODH,
JIJIHHY CTpOKH, cchopmupoBanuoit B Oydepe. «HysreBoit» baiit, momMenénubIit
B KOHEI[ CTPOKH, 3/IeCh HE yUUTHIBAECTCS.

Oyuknus sscanf MpojeabIBaeT MTPOTUBOIIOIOXKHYIO OMEPAITNIO, TO €CTh
aHAJIU3UPYET CTPOKY B COOTBETCTBUU C 33JaHHBIM (OpMATOM U paCKJIa-
JbIBaeT TOJIyYeHHBbIE Pe3YJIBTATHI IO aJipecaM M3 CIMCKa ITapamMeTpoB. Fé
poduUIb TaKOB:

int sscanf(const char *buf, const char *format, ...);

[IpaBusra nuntepnperarnuu GopMaTHONR CTPOKU B TOYHOCTU COBIAIAIOT C Ta-
KOBBIMU [jTst scanf; poJsib cuTyarun KoHIa daiijia 3/1eCh UrpaeT MpexK/Ie-
BpPEMEHHOe OKOH4YaHUe CTPOKU buf, TO ecThb eciu 3Ta CTPOKA KOHUYMJIACH
panblie, YeM QYHKIUS YCIIENTHO IIPOAHAIN3NPOBAJIa XOTs Obl OJHY JUPEK-
TUBY IpeoOpa30BaHis, BO3BpaIaercs -1.

EcTb MHeHMe, 4TO noab3bl OT sscanf elwé MeHbLUe, 4eM OT scanf; BNpoYem, Mbl
HE NPEeTEeHAYEM Ha UCTUHY B MOCAefHeN NHCTaHLMN.

4.4.7. Bj10oYHBI BBOJ-BBIBOJ

Emg Bo BBoamoit vactu (cM. T. 1,§1.4.6) MBI OObACHIIN PA3TIHIAS MEXK-
JIy TEKCTOBBIM M OMHAPHBIM IIPEJICTABIEHNEM JIAHHBIX, a [103Ke, 00Cy XK 1ast
[Tackasb, caMu HayIuIUCh paboTaTh C dajiraMu, UMEIOIUMIA KaK TeKCTO-
BBI, Tak 1 OmHApHBINA hopmaT. EcrecTBeHHO, IpOrpaMMBbl, HAIIMCAHHBIE HA
Cu, Toke MOTYT pabOTaTh HE TOJBKO C TEKCTOBBIMU (bailmamu.

CpeJicTBa IIOCUMBOJIBHOIO BBOJIAZ M BBIBOJA (PACCMOTPEHHBIE DaHee
dbyukun fgetc u fputc) NPEKPACHO CIPABIISIFOTCS HE TOJIBKO ¢ HOTOKAMHU
TEKCTa, HO U C IIPOM3BOJIbHBIMU IIOTOKaMU 0aiiTOB, B TOM UHCJIE HE MMEIO-
[UMU HIYEro obmiero ¢ rekcroM. Onpenesisioneil IpuanHoii, Tpedyroreit
puMeHeHus st paboThl ¢ OMHAPHBIMI (afllaMi CIEIUAJILHBIX CPEJICTB,
OTJINYHBIX OT PACCMOTPEHHBIX <«IIOTOKOBBIX» (DYHKIIHI, OKA3BIBACTCI CKO-
pee He caMO HETEKCTOBOE IIPEeJICTaBJIEHNE JIAHHBIX, a TO, YTO TaKHe JaHHbIE
OTHIOAh HE BCErJa PacCMAaTPUBAIOTCS KaK nomok. Pabora ¢ OMHAPHBIMI
dairamu 9acTo OpraHu3yercs ¢ UCIOJIb30BAHUEM IIOIIEPEMEHHO OIlepaInit
YTEHUs W 3allCh B pa3Hble MecTa dailia; ¢ TeKCTOBBIM (ailyioM Takas
pabora HEBO3MOXKHA M3-33 HEIOCTOSIHCTBA Pa3MEPOB CTPOK M TEKCTOBBIX
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dparMeHTOB, MPEICTABJISIONNX YUC/Ia U Apyrue JaHHble, HO (ailja, KOoTo-
pBIii MBI HE CYUTAEM TEKCTOBBIM, HHKTO HE MEINIAeT PACCMATPUBATH KakK
[I0CJIeIOBATEILHOCTh HEKMX 3aIUCell, KOTOPble HUKOI/Ia He U3MEHSIOT CBOH
pa3mep. Eciau Ttakme 3ammcu OyryT pacrosioyKeHbl B «HacTosAeM» daiie,
TO JJIsl KaXKJI0i 3armucu OyIeT U3BeCTeH He TOJIBKO pa3Mep, HO U €€ MeCTo-
HaxoXK/JleHne (Belb pa3Mepbl BCeX HPEeABLAYINIUX 3aliceil TOXKe U3BECTHBI),
TaK YTO MOYKHO B JIIOOO MOMEHT JIIOOYIO M3 3alHceil KAK MPOYUTATD, TaK
u nepe3amucarb. Q4UeBHIHO, YTO NpU TAKOW padOTe MBI PACCMATPUBAEM
aiis He KaK MOTOK I MOCJIE0BATEIBHOCTD (GANTOB MK Yero Obl TaM HU
ObLI0), & CKOpee Kak HEeKHil aHAJIOI MAaCCHBAa, TOJIBKO DACIOJIOXKEHHbI Ha
nucke. Koneuno, OnHapHbIe JaHHBIE MOXKHO HE TOJBKO XPaHUTH B dailiax,
HO U TIepeJIaBaTh Yepe3 BCEBO3MOXKHBIE KAHAJBI U COKEThI, U B 9TOM CJIy-
Jae 0 «MECTOHAXOXKJIEHUN» NOBOPUTH OECCMBICJIEHHO, HO 9TO HE OTMEHSIET
APYTUX OTJANYUN OMHAPHBIX JAHHBIX OT TEKCTOBBIX.

Pacckas o crammapTHBIX GYHKIUIX BBOJA-BBIBOIA OBLI OBI HEITOJIHBIM
6e3 yIoMUHAHUS CPEJCTB pabOThl ¢ OMHAPHBIMU (bailjlaMu, U UMEHHO UM
MBI IIOCBSAITUM OCTaTOK Iaparpada; HO IIpezK/ie YeM IIPOJOJIKATH, OTMETUM,
9TO 9TU CPEJACTBA CPEJIU TPOrpaMMucToB, mumrymux Ha CH, He CIUIIKOM
nonyaspHbl. daire Bcero aiisi pabotsl ¢ daitjiaMmu, UMEIOHINMA TOT
WJIA MHOI HETEeKCTOBBIN popMaT, UCIOJIb3YIOTCA PYHKIUN HU3KO-
YPOBHEBOI'O BBOJIA-BbIBO/A; B cucTeMax ceMmeiicrBa Unix atu OyHKIMHI
MIPEJICTABJISIOT CODOM TOMIPOCTY CUCTMEMHDBLE BbL306bl, TOUHEE — UX 00EPTKH,
TO €CTb IMOJHOCTHIO COOTBETCTBYIOT MOJE/IN BBOJA-BBIBOMA, PeaIn3yeMoil
SIIPOM OIIEPAIMOHHOM CHCTEMBI; TI0JIy4aeTCsl, YTO paboTaTh ¢ OMHAPHBIMU
daiiiaMu TPOrPAMMUCTBI TPEAMTOIUTAIOT 6€3 TOMOIIN CO CTOPOHBI OMOINO-
TeKH, 0OpaIasiCh K CUCTEME HAIPSIMYIO.

[Tpuawsaa TyT BOoT B 4éM. BBICOKOYPOBHEBBIE CPEJICTBA BBOJA-BBIBOIA,
paborarorue ¢ pait;loBbIMU TTepeMeHHbIMU Tura FILE*, UMeEOT JBa HECO-
MHEHHBIX JOCTOMHCTBA. BO-II€PBBIX, OHHU IO3BOJISIIOT II€PEBOIUTH UUC-
JIa U3 BHYTDEHHErO IIPEJICTABJIeHMs B TeKCTOBOe (IPU 3alucu B IIOTO-
KU BBOJA-BbIBOJA) M OOpaTHO (IIpU YTEHWM W3 IMOTOKOB). BO-BTOPBIX,
BBOJI-BbIBOJI, Y€PE3 BBICOKOYPOBHEBBIE TIOTOKHU, KaK YK€ NOBOPUJIOCH, Oyde-
PUBYEMCA, ITO MO3BOJIIET IKOHOMUTH HA KOJIMIECTBE JTOPOrOCTOSANIUX 00-
pallleHnii K /1Py OIepaIMoHHoi cucTembl. [lepBoe oka3bIBaeTCs EHHO TPU
paboTe ¢ TeKCTOBbIMU (ailiaMu, BTopoe — npu pabore ¢ IIoToKaMu (HeBarK-
HO, TEKCTOBBIME HJIM GUHADHBIME); HO €CJIM MbI paccMaTpuBaeM dailn Kak
MaccuB HeKuX (OMHAPHBIX) 3alluceil, Yepejyst IIPU STOM OLeDAIUU YTEHUSI,
3allMCH U TO3UIIMOHUPOBAHNS, TO HAM OKA3bIBAETCs HE HYKEH HU MIEPEBOT B
TEKCTOBOE TpeJcTaBiaenne (Beap dopmar y Hac GuHAPHBIN), HU Oydepnsa-
[ys, KOTOpas paccdnTaHa Ha paboTy C MOTOKAMU U HE NPUHOCHUT IOJIB3BI,
€CcJIn IPBIraTh 1o Qailay Tyma-cromia.

Tem HE MeHee, BBICOKOYPOBHEBasi OMOINOTEKA BCE-TAKU COJIEPAKUT CPeJI-
cTBa It paboThl ¢ dailjlaMu KaK MacCHUBaMH [TPOW3BOJIBHBIX JAHHBIX —
byHKINN OJOTHOrO UTeHUs W OJOUHOM 3amucu. Bbl MoxkeTe MPOIyCTUTH
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WX OIKCaHWe, KOTOPOMY ITOCBSIIIEH OCTATOK 3TOro maparpada; Ipu 3TOM
BBl HUYero He norepsere. O ToMm, Kak paboTarh ¢ dailaMu Ha YPOBHE CH-
CTEMHBIX BBI30OBOB, MbI pacCcKaxeMm B §5.2.3.

3aro10BoYHbIN haiin stdio.h cogepXXUT NPOTOTHMbI HECKONBbKUX PYHKLUYA, NO3-
BO/IAOLLMX paboTaTh € haiifoM Kak C MaCCMBOM NPOU3BOSIbHBLIX (HETEKCTOBBIX) AaH-
Hbix. OTKpbITL haiin cnefyet, Kak obbI4HO, € NomMoLbio yHKuMK fopen; ans 4yTe-
HUS 1 3annucu npefHasHaderbl pyHkumn fread n fwrite, umerowume cnegyrowe
NpoTOTHMbI:

int fread(void *ptr, int size, int n, FILE *stream);
int fwrite(const void #*ptr, int size, int n, FILE *stream);

Onst 0benx pyHKLMiA NapameTp stream 3a4a€T OTKPbIThIN alin, C KOTOPLIM HYXXHO
paboTaTb; NapaMeTp n YKasblBAET KOJIUHECTBO 371EMEHTOB, KOTOPbIE HYXHO MPOYM-
TaTb WK 3anNuUcaTb, NapaMeTp size 3a4aéT pasmep KaXK[Oro Takoro s/iemMeHTa. Ye-
pe3 napameTp ptr B chyHKUNM Nepefaércs agpec obnactu namsitu: ana furite — co-
AepxxaLyeri nHgpopmaymio, KOTopasi Jo/KHa bbITh 3anucana B daiin, a gns fread —
TOW, Kyfa C/ieRyeT MOMeCcTUTb NPOHMTaHHYt0 nHdopmaumto. B obonx cnydasix sTa
obnactb namsiTh 0bsizaHa MMETbL pa3Mep HE MeHblue YeM size-n GaiAT.

DyHKLUN BO3BPALLAIOT KOJSMYECTBO YCMELHO MPOHUTAHHBIX WAW 3aMnUCaHHbIX
anementos (He baiitos!). Ecnn npousowna ownbka, yHKUMM BO3BPALLAIOT HOJb.
To e camoe npoucxoauT, ecnn dyHkuUus fread, He NPOYNTAB HU OLHOIO SNEMEHTA
(310 BaxHO), obHapyxuna cutyaumo «koHel, dalina». Cnutyaums «koHeu, chaiina»
MOXET BO3HUKHYTb, KOra HECKOJIbKO 3JIEMEHTOB Y)Ke NPOYUTaHO; B 3TOM Ciy4ae
fread BO3BpalLaeT 4MC/IO, MEHbLLEE, YEM YKa3aHHbIV eii napameTp n (paBHoe Kosn-
YeCTBY YCMELLHO MPOYMTaHHbIX IEMEHTOB), a ciegytolee obpalyerne K fread yxe
BEPHET HOJb.

OtnuunTs ownboyHyto cnTyaumio oT wTaTHoll (TO ecTb BMOJIHE HOPMasbHOIA,
He owmnboyHol) cnTyaumm «koHew, alina» MOXHO € nomowbto yHkuuli feof un
ferror:

int feof (FILE *stream);
int ferror (FILE *stream);

DyHKLMM BO3BPALLAIOT HEHYNEBOE 3HaYeH e («KUCTUHY» ) B Clly4ae, €C/in B 334aHHOM
NOTOKe BO3HUKAA CUTYyauus «KoHel, cpaiinay (feof) wnn owwnbka (ferror), B npo-
TUBHOM C/lyqae BO3BpaLLaeTcsi Homb («1oxkb» ). Hanpumep, ecnu dyrkums fread
BEPHY/a HOJIb, MOXHO Cpasy Xe Bbi3BaTb feof, N eCN OHa BEPHET UCTUHY — TO BCE
B NOPSIAKE, NPOCTO haiifl KOHYMICS, ECIIN XKE OHA BEPHET JIOXKb — TO YTO-TO MOLLIO
pyHLaMEHTaANbHO HE TaKk.

VsmeHnTb Tekyuyto nosuuumio B daiiiie MOXHO € nomoLlbio yHkuum fseek:

int fseek(FILE *stream, long offset, int whence);

MapameTp stream 3a8a€T OTKpbITbIV haiif, C KOTOPLIM HYXXHO paboTaTb. MNapameTp
offset ykasblBaeT, Ha CKOJIbKO baliToB crefyeT CMEeCTUTbLCS, a napameTp whence
onpefensieT, OT Kakoro mecra 3Tu baiiTbl cnefyer otcumTbiBaTh. [lpn 3HaveHun
whence, paBHom KoHcTaHTe SEEK_SET, oTcuér noligér oT Havana cailina (3HadeHune
offset npy 3TOM AOKHO BbITh HGOTpVILI,aTeﬂbeIM), npu 3HaveHnn SEEK_CUR — ot
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Tekywel nosuuyun (offset MOXeT BbITb KakK MOJOXKNTENBHBIM, Tak N OTpULATENb-
HbIM, W HyneBbiM), nNpu 3HadeHun SEEK_END — ot koHua chaiina (camoe 3abasHoe,
YTO 4151 3TOro Ciiyyasi 3HaveHune of fset Toe MOXET ObITb NtOBLIM, KaK OTpULATENb-
HbIM WU HYNEBBLIM, TaK U NONOXNTENbHBIM). PYyHKLNS BO3BPALLAET HOBOE 3HAYEHUE
TekyLleli no3uumu, cHuTasi oT Hadana cpaiina. CTonT cpasy ke OroBopuTbhbCs, HTO
He BCe MOTOKW BBOAA-BbIBOAA AOMYCKAIOT M3MEHEHMe TeKyllei nosuuum — Hanpu-
Mep, MOTOKM, CBSi3aHHbIE C TEPMUHANOM (Kak Ha BBOJ, TakK M Ha BbIBOA) MO BMOJIHE
O4eBUAHBIM NPUYMHAM TaKoli BO3MOXHOCTU He AAlOT: AaHHble, MPONyCKaeMble Yepes
3TN MOTOKMW, HUTAE He XPaHATCH, TaK YTO MOHATUS «TeKylieli no3nuumn» ANA HUX
npocTo HeT. [IprMepom OTKpbLITOro NOTOKA, 3aBEAOMO NMOAAEPXKNBAIOLLETO MO3MLU-
OHUPOBaHME, MOXHO CHUTaTb OBbIYHbIVE AUCKOBbIV haiifl, OTKPbITLIA HAa YTEHWE NN
3anuce.

Bosspawasice k dyHkumsim fread n fwrite, otmeTum, 4TO Haubonee yHusep-
Ca/lbHbIli pa3mep «3JieMeHTa» — oAuH DallT, n 4Yawe BCEro MMEHHO Tak C 3TUMK
dyHkunsiMn n paboTatoT, nepefasasi NapamMeTpom size eauHuLy.

4.5. CocTtaBHOII TUI JAHHBIX U JUHAMUYECKUIE
CTPYKTYPHbI

IIpu uzydenun [lackasiss MBI yKe CTAIKUBAJIUCH CO CBI3HBIMU JITHAMU-
YeCKUMH CTPYKTYPaMU JaHHBIX, TAKUMU KaK OJHOCBA3HBIA U JIBYCBA3HBIN
CIIUCOK, JIBOMYHOE JIePeBO moucka u xemnr-rabsmna. s mx mocrpoenwus,
KpOMe yKazareJiel, Hy2KeH cocmasholi mun dannwux, kotopbiii B [lackamne
HA3BIBAETCS «3alUCh» (record); B 9TOH IlaBe MbI BBEIEM aHAJIOr HACKa-
JIEBCKOI1 3aIiucu, KOTOPhIi B sizbike CU Ha3BIBAETCSI «CTPYKTYpPOii» 1 000-
3HaYaeTcd KJIOYEeBBIM CJIOBOM sStruct.

4.5.1. CTpyKTYypbI

Kak MBI y2Ke 3HaeM, COCMAHOT Mun OGHHbBLIET IIPEIIOoIAraeT, YTo
nepeMenHas STOr0 TUIIA COCTOUT U3 HECKOJIBKHX HEePEMEHHBIX IPYIHX TH-
OB, TTPUHYEM B 00IEM CJTydae Pa3InaHbIX — B 3TOM (6e30THOCHTEIBHO HC-
HOJTB3YEMOTO A3BIKA, MPOTPAMMHUPOBAHHUA) COCTOMT KJTIOUeBOe OTIIMIHE TTe-
PEMEHHBIX COCTABHOIO THIIA OT MACCHBOB. DJIEMEHTLI COCTABHOI'O THUIIA, TO
€CThb Te IlepeMeHHbBIe, U3 KOTOPBIX COCTOUT IEePEMEHHAs] COCTABHOTO THIIA,
HA3BIBAIOTCS 1LOAAMUSD.

B si3bike CH IS CO3/IaHMST KJIACCHYECKIX COCTABHBIX THUIIOB IIPHIMEHSIET-
Csl TIOHSITHE CMPYKMYPbL, BBOIUMOE KJIFOUEBBIM CJI0BOM struct. Obrmmit
HOIXOJ K CHHTAKCHCY OINCAHUS 3[eCh TOT K€, UTO M JJIS Y7Ke 3HAKOMBIX
HaM MepeducaUMbIX THIIOB: CHaYaIa KJII9eBoe cJIoBo (3/1ech struct, s
HepPevNCIAMBIX TUIIOB 3TO OBLIO CJIOBO €num) U3BemaeT KOMIUIATOD, KaKO-
r'o pojia THUII 6YIeT ONICHIBATHCS, 3aTeM CIEIyeT HeobA3aMeAvHoe UM —

5 o o o
35CoorBercrByiomuii anrauiickuii TepMus — fields; Kak BUIUM, II€PEBOJ B JAHHOM
CJIydae MOy YuJicsi OyKBAJIbHBIM.
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HUJIEHTU(DUKATOD, KOTOPBII BMECTe C IPeIIIeCTBYFOIINM KIF0UEBBIM CJIOBOM
COCTABHUT UM THIIA; ITOCJE ITOr0 B (DUTYPHBIX CKOOKaX ciie/ryeT nHdopMa-
ys O THUIE, JJIs CTPYKTYPHOrO THIIA 9TO IePEUNCIEHNE TOJIEH, COCTABIIS-
OIUX CTPYKTYPY; 3aBEPIIAET OIMCAHUE CIIMCOK BBOIMMBIX IT€PEMEHHBIX,
BO3MOXKHO, IIyCTOI:

struct [ <uma> | { <cnucox_noaetii> } [ <cnucox_nepem.> ] ;
Kak u B [Tackane, qia mocryma K mosssm cTpyKTypbl B Cu ucmosb3yercs
TOYKA, TO €CTh eCju sl — 3TO MMs MEePEMEHHOU CTPYKTYyPHOI'O THIIA U Yy
3TOM CTPYKTYPHI ecThb moJie £, To s1.f 0603HatIaeT COOTBETCTBYIONLYIO YACTh
nepeMeHHoOn s1.

Hampuwmep, coznasast 6a3y JaHHBIX JJIs yIeOHOTO 3aBEIEHNS, Mbl MOTJIN
OBl 3aMETUTDH, UTO OTHOCUTETIHLHO KAaXKJIO0I0 CMydenma HaC HHTEPECYeT €ro
UM, TI0JI, TOJT, POK/I€HUs, KOJI CIIeIIUaIbHOCTH, HOMEP KYyPCa, HOMEp I'PYIIIIbI
(KOTOpBI Ha caMOM JieJie JIydllle XPAHUTh B BUe HEDOJIBIIO CTPOKH, & He
9HCJIa, TOTOMY YTO TAKHA€ HOMEpPa YaCTO BKJIIOYAIOT B Ce0s JOMOJHUATE b
Hble OYKBBI), & TAK¥KE €ro CpeHuii 6ajul, KOTOPbIi MOXKHO XPAHUTH B BUJE
qucIIa ¢ mwaBaomeil Toukoit. CTpyKTypa, XpaHsIas BCIO MePEUNCICHHY IO
nHdOpMaIio, MOrJIa ObI OBITH ONKMCAaHA, HAIPUMED, TaK:

enum { max_name_len = 64, max_group_len = 8 };
VA
struct student {

char name[max_name_len];

char sex; /* m’ or ’f’ x/

int year_of_birth;

int major_code;

int year;

char group[max_group_len];

float average;

};

[Toguepkuém, uTo student 37ech — TaK Ha3bIBAEMOE UMS CMPYKMYPHL,
KOTOpOE caMo 0 cebe He ABJSIeTCST MMEHEM THIA; BBEICHHBI THI MMEET
HUMsI, COCTOsIIIEE U3 JIBYX CJIOB struct student. Hampuwmep, onucats nepe-
MEHHYIO 3TOI'0 THUIA MBI MOXKEM TaK:

struct student sti;

Temepb st1 — 3T0 mepeMeHHAasT, KOTOPasag COCMOUM U3 TMEPEMEHHBIX MEHb-
IIIero pasmepa — TeX CaMbIX noseti. Bocroab30BaBIINCh, OTHON U3 BepCuit
dbyHukIMEN string_copy, onucaHHbIX paHee (¢M.cTp. 95), MBI MOrIN OBI 3a-
TIOJTHATD 9Ty TTEpEMEeHHYI0 NH(POpMAIIAei:

string_copy(stl.name, "Otlichnikov Vasiliy Sergeevich");
stl.sex = ’m’;
stl.year_of_birth = 1995;



§4.5. CocTaBHO# THUII JAHHBIX U JUHAMUYIECKHE CTPYKTYPbI 139

stl.major_code = 51311;
stl.year = 3;
string_copy(stl.group, "312");
stl.average = 4.792;

IlepemenHbIe CTPYKTYPHOIO THIIA MOYXKHO MHUIIAAIM3UPOBATDH IIPUA UX OIU-
CaHUM, HAIIpUMED:

struct student stl = {
"Otlichnikov Vasiliy Sergeevich",
'm’, 1995, 51311, 3, "312", 4.792
};

OrmMernM, 9TO MOI00HBIE KOHCTPYKIIUN JIOTYCTUMBI [TPU UHUUUAAUSGUUL,
HO He [Ipu npucsausaruy, (M. paccyxkaenue Ha c¢rp. 90); ¢ Apyroii CTOpoHbI,
MIPUCBANBAThH CTPYKTYPHBIE IIEPEMEHHBIE JIPYT JIPYTY, B OTJIMIUE OT MaCCH-
BOB, MOKHO. BoJjiee TOro, CTpyKTYpbl MOXKHO IIepeiaBaTh B (DYHKINHN B Ka-
9ecTBe MapaMeTPOB, a TAK2Ke BO3BpAIATh n3 (DYHKIIHIT; 9TO, BIPOYEM, HE
03HAYAET, YTO TAK JIEACTBUTEIBHO HYKHO JI€JIATh, 38 UCKIIOYECHUEM CJIyda-
€B COBCEM HEOOJIBITIUX CTPYKTYP; €CJIU Ballla CTPYKTYPa uMeeT DoJiee-MeHee
CYTIECTBEHHBIN 00DbEM, TIepeiaBaTh B (PYHKITUIO JIYHIe BCE-TAKU €€ ajIpec.
Yro Kacaercsa Bo3BpaTa n3 MYHKIHUHA, TO OOLIYHO JIEJIAIOT WHAYE: B (DyHK-
U0 TIEePEIaioT aJpec CTPYKTYPHOU MepEeMEHHOM, 1 (PyHKIUs 3aII0THIEeT €€
[IOJIsI HY>KHOI HH(OPMAIIHUEIi.

NHTepecHo, 4To camu no cebe nMeHa CTPYKTYp, He CHabxEHHble cioBoM struct,
obpasytoT B A3bike Cn OTAENBHOE MPOCTPAHCTBO MMEH, TaK YTO NPOrPAMMMUCT MOXKET
NCNOJIb30BaThb TaKoli Xe I/I,El,eHTI/ICbI/IKaTOp ansa l-IeI'O-HI/I6y,EI,I:> eu.l,e — KaK nMsA nepemMmeH-
HOVI, d)yHKLI,VII/I, KaKOro-T1o Apyroro tmna v 1.n., n KOHCbJ'IVIKTa NMEH He BO3HUKHET.
Monb3oBaTbCcs 3TUM He PEKOMEHAYETCA, MNOCKOJIbKY B A3blKe CI/I-I--I- CNTyauunsa nps-
MO MPOTUBOMOJIOXKHA, U Ball KOL MOXET OKa3aTbCA HENPUroaeH Ans NpoOeKTOB, B
KOTOPbIX NCMOJIb3YyeTCs Cn++.

WNurepecno, 9T0 UTOrOBBII pa3Mep ePEMEHHOI CTPYKTYPHOIO THIIA MO-
2KET OKa3aThCs OOJIbINE, YeM CyMMAaPHBINA pa3Mep Bcex e€ 31eMeHToB. lesro
TYT B TOM, UTO IlepeMeHHbIe (T.e. 00JACTH IAMSITH), 3aHUMAOIIHe GOIb-
me oHOro Gafita (B 00meM ciydae — GOJIbINE OJHON sIIEHKYM MaMsITH) Ha
MHOTHX alaPATHBIX aPXUTEKTYPaxX MOTYT HAYUHATHCH B HMAMSTH TOJIBKO
C OIIPEJIEIEHHBIX aJIPecoB, Jallle Bcero — Y€THBIX. Hampumep, mporieccopsl
Sparc BooOIIe He TOJIEPYKUBAIOT OIePaIluU U3BJICUEHUS U3 ITAMSITU JBYX-
GalTHBIX U YETHIPEXOAUTHBIX UUCEsI 110 HEYETHBIM aJIPECaM; IIPOIECCOPHI
WHTEJIOBCKOW apXUTEKTYPBI, C KOTOPBIMH MBI JaIlle BCETO paboTaeM, Takoe
W3BJIeYEHUE JIOIYCKAIOT, HO OHO Pab0OTaeT 3aMETHO MeJJIeHHee, HeYKeJ Il ITPU
HCIIOJIb30BAHUY IETHBIX a/IpecoB. MoKeT 0Ka3aThCs, YTO UeThIPEXOATHBIE
1eJIble B CUJIY T€X MJIA MHBIX IPUYHUH JOJIKHBI PACIIOJIAraThCS [0 a/IPpecam,
KPaTHBIM YEeTBIPEM, U TaK Jlajee.

KoM Top BCE 9TO yUUTHIBAET U BCTABJISIET B IEPEMEHHYIO CTPYKTYP-
HOTO THIA TaK Ha3blBaeMble GbipasHusarowue batimot (anra. padding
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bytes), B KOTOPBIX He OyJIeT XPAHUThLCsI HUKaKast TH(MOPMAIIHS; € [MHCTBEH-
HOE TpeJHA3HAYEHNE STUX OAfTOB — 3aHUMAMb MECMO TaK, ITOOBI OUe-
peJiHOe T0JIe HAYMHAJIOCH C aJipeca, KPaTHOrO JIByM min deThipéM. Tak, B
CTPpYKType student m3 HAIIEro mpuMepa KOMIUISTOP 00s3aTEILHO BCTa-
BHUT BBIDABHUBAIOIMUI OafT Mocje Mmojisi seX, NPUYEM B 3aBHCHUMOCTH OT
KOHKPETHO! apXUTEKTYPbl U BEPCUN KOMIUIATOPA TAaKO# OalT TaM MOYKET
0Ka3aThCs OJMH (CJIe/yIoNIee [oJie HAYHETC ¢ YETHOrO aJPeca) Uil UX MO-
2KeT OBITh TpU (CjIeyIomiee NoJjie HAYHETCS C aJipeca, KPATHOTO YETHIPEM ).

D10 siBJIeHNE HA3BIBAETCS 8bLPasHUBaHUeM (aHTIL. alignment, TnTaeT-
sl «JIAfHMEHT> ), U y HErO eCTh JIBa OUY€Hb BAYKHBIX CJIeJCTBUsL. Bo-11epBhIX,
MBI B ODINEM CJIydae He MOYXKEM 3HATb, CKOJIBKO S9YeeK HMaMATH OyIeT 3a-
HUMATh [I€pEeMEeHHAasi CTPYKTYPHOI'O THUIIA; €IMHCTBEHHBIN JOCTOBEPHBIN HC-
TOYHUK TaKO HH(MOPMAIMK — yKe 3HAKOMasl HaM IceBIodyHKIus sizeof,
KOTOpasi TO3BOJISIET BOCIIOJIH30BATHCSI 3HAHUEM O pa3Mepe, KOTOPBIM 00JIa-
naer caM KoMmmmisitop. Hampumep, sizeof (struct student) Oymer mpum
KOMITUJISIIIUY 3aMEHEHO IIeJIBIM YHCJIOM, O3HAYAIONUM Pa3Mep 3TON CTPYK-
TYpbI B NAMSTH; €CJIH, K IIPUMEPY, HAM HY>KHO BBIJIEJIUTH JTUHAMUIECKYIO
MaMSATh [OJT Pa3MeNIeHne TaKOH CTPYKTYPbI, IIPABUILHO 3TO CEIATh TaK:

struct student *ptr;
ptr = malloc(sizeof (struct student));

Kcrarn, eciim Takoe BhIpaskeHUe KasKeTCS CIUIIKOM I'DOMO3IKIM, MOXKHO
BOCIIOJIB30BAThC TeM, 9TO sizeof paboTaeT He TOJIBKO JJIsi UMEH THIIOB,
HO W JIJIsl IPOU3BOJIBHBIX BBIPDAYKEHNUH (3HAUEHNE BBIPAXKEHUsI B 9TOM CJIy-
yae UIHOPHUPYETCs ), & BhIPDAYKEHUE *ptr KaK pa3 UMeeT HyXKHBIH HAM THII
struct student; ¢ y4éTOM 3TOro CTpOUKy C BbI30BOM mallocC MOKHO Ile-
penucarb Tak:

ptr = malloc(sizeof (*ptr));

Ecaun BBI He TOHSIN, ITO MPOU3OINLIO, HE TMAHUKYHTE W MUIINTE TaK, KaK
IOHATHEE.

Vkazaresu (4, B 00IIEM CJIydae, 8 [PECHbIE BbIPAXKEHNUS) HA IIEPEMEHHbIE
CTPYKTYPHOT'O THIIA UCHOIB3YIoTCs B CH HACTOJIBKO YaCTO, UTO it pabo-
THI C HUMU JlaXKe IPUIyMaHa clienuajbHas oneparusd. 1lycts y Hac HeKwmit
yKa3aTesJ b P YKa3bIBaeT Ha CTPYKTYpPy THUIla struct student, TO ecTb OH
OluCcaH KakK

struct student *p;

Eciin MBI XOTHM Tereph, UCIOJIB3Ysl 9TOT YKa3aTeb, 00PATUTHCH K IIOJIO
CTPYKTYpPBI (HaIpuMep, K MOJI0 year), TO MpeXKJe UeM IIPHUMEHSITH OIle-
paIio «TOYKa», HAM HYKHO C/eJiaTh M3 yKa3aTess Ha CTPYKTYpy, CoO-
CTBEHHO TOBOPs, CaMy CTPYKTYPY; 9TO HECJIOKHO, JJOCTATOYHO IIPUMEHHUTH
Omeparyio pa3bIMEHOBAHUS: *p M €CTh HyKHas HaM cTpykTypa. Ho BOT
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[IpeXKJie 9eM IPUMEHATH TOYKY K BBIPAYKEHUIO *P, CTOUT BCIOMHUTDL, 4TO
TOYKA IIPEJICTABIISIET CODOM YHAPHYIO ONEPALul0, TO €CTh OIEPAIHIO, y KO-
TOPOIl BCEro OJIMH OMEPAHJ: B CAMOM Jiejie, UMsI TOJIsl CIMTATh OlepaH-
JIOM HEBO3MOXKHO, BEJ[b OHO HE SIBJISIETCS BBIPAYKEHUEM KaKOro-Jubo THIIa,
€ro HeJIb3sl BBIYUCJ/IUTh, €10 HEJIb3sl BEPHYTh U3 (DYHKIIUU U T. II.; [TPABUIIb-
Hee BCEro CYMTATh, 9TO CUMBOJI TOYKH — 3TO emE He omeparys, a BOT
.year — 910 ounepanys (U3BJIEYEHUs [I0JII Year), IPUIEM OHA, OYEBUIHO,
yHapHas u umeer cyddurcuyo dopmy. Panee Mbl 0b6cy)Iamm, 9T0o cyg-
PurcHble YHapHble ONEPAtUL UMEIOM NPUOPUMEM boee BbLCOKUL, HEHCEAU
npegurcroie (cM. crp. 55). Cire10BaTE/IbHO, €C/IM HAIICATH (KaK 9TO 9aCTO
[BITAIOTCSL CIEJIATh HAUUHAIOINE) *P . year, Mbl IIOJIyYUM OMIMOKY: OIepa-
nus «.year» OyJeT IpUMEHEHa He K *p, a K CaMOMy P, HO BeJb p — 3TO
[IPOCTO yKa3aTeJb, HUKAKUX I0Jieil y Hero Her. IIpuxonurcss BMemaTbCsi B
MIPUOPUTETHOCTH OINEPAIUil, IPUMEHUB KPYIJIble CKOOKU, U BBITJISJIAT ITO
Tak: (*p).year.

HukTo He MemraeT mpsiMO Tak M MUCATH B IPOIPAMMAX, HO, MOCKOJIb-
Ky B CepbE3HBIX mporpaMmax Ha CH Takas CATyallusi BCTPEYAETCS OYUCHB
9acTo, a BBIPAXKEHME TAKOrO BUJIA BBITJISIIUT TPOMO3JIKO U HEMOHSITHO, B
s3bIK ObLIa JobaBiieHa onepanus «crpeikas («->»). Boipaxkenue Buia
a->b o3HaYaeT TO ke camoe, 4TO M (*a).b; nIpu TOM, pazyMeercs,
«b» JIOJIZKHO OBITH UMEHEM TIOJISI, & «a» — aJIPECOM CTPYKTYPbI, B KOTOPOA
TakKoe 1oJie ecTb. BmecTo (*p) . year Mbl MOXKEM, CJIEIOBATEIHHO, HAIIMCATD
p->year, 4To BBINJISIJUT HE TaK yKACHO.

CUHTaKCUC CTPYKTYP UCMOJb3YeTCsl TakKe B JOBOJIbHO HEOXWUAAHHOW posin —
ONs onucaHus 6UTOBbIX Nosel, a ToYHee — ONS aHanM3a U CUHTE3a LeSblX Yncen,
COCTOSALMX U3 OTAENbHO paccMaTpuBaeMbix 6UTOB 1 nx rpynn. Jns LenoYncneHHbix
noseii cTpykTypbl s3bik Cy MO3BONSIET B SIBHOM BUAE yKa3aTb KOJIMYECTBO GUTOB,
KOTOpbl€ gaHHOE noJse 6yp,eT 3aHumMaTtb. Kak NpaBnao, TakKNE NONA ONUCBHIBAKOT KaK
6e33HakoBbIE, @ TOYHEE — C UCMONb30BaHNEM Tuna unsigned int (HanmoMHum, 4ToO
C/IOBO int MOXHO ONMYCTUTB); KONMHECTBO BUTOB yKasblBAeTCs Cpasy NOC/IE NMEHM
nonsi 4yepes geoetoyme. Hanpumep, ctpykrtypa

struct myflags {
unsigned io_error:1;
unsigned seen_a_digit:1;
unsigned had_a_eol:1;
unsigned signaled:1;
unsigned count:4;

};

COCTONT 13 YeTbIPEX MMEHOBaHHbIX h1aroB, KaXkAblli N3 KOTOPbIX, Dyayyun ogHo-
OUTOBLIM, MOXET ObITb paBeH NMBO HyO, MO0 eaUHMLE, U HEKOErO «CHETHMKAY,
Ha KOTOPbIi OTBEAEHO 4YeTbipe buTa, TO €CTb OH MOXET MPUHUMATbL 3HadYeHue oT 0
no 15. BaxxHo noHuMaTb, 4TO NogobHOE MMEET CMbICS, TONLKO €C/IN HECKOJIbKO bu-
TOBbIX MOJIEN PaCNONOXeHb! B CTPYKTYpe NOApsA APYr 3a APYrom, NocKosbKy ntoboe
nosie, He ABAsIOLLEECS DNTOBbLIM, eCTECTBEHHO, DyeT HAa4YMHATLCA C FPaHULbl AHERKM
naMsT, BO3MOXXHO, Aa)ke He bavxkaiiweli.
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MN3HavanbHO BBEAEHHbIE B i3blke BUTOBbIE NOJSi BOODLLE HE NpeAnonaranock co-
YeTaTb B OAHOI CTPyKType € nonsimu apyrux tunos. B kHure Kepuurava n Putun
rOBOPUTCS, 4TO BUTOBbIE NONS NpeAHa3HaYeHbl, 4TObbI pasbuTb Ha OTAeNbHbIE BUTbI
MAaLUMHHOE C/I0BO, MPU4EM MOPSAOK BUTOB B C/OBe 3aBUCUT OT apxuTekTypbl (no-
psigka baiiToB B Uenbix Yucnax; cm.T. 1,§1.4.2), onncbiBaTb 3TU NONSE MOXKHO TOJb-
Ko TWna int wnum unsigned int, n ayqwe (418 COBMECTUMOCTM) NpoCTble int’'bl He
NPUMEHATb, TONbKO Be33HaKOoBbIE, @ B TOM, Kak 3To BCE byaeT obpabaTbiBaTbCs, MHO-
roe 3aBMNCUT OT peanusauumn komnuasitopa. OTMeTM, 4TO rpynna nAyLWmx nogpsA,
6UTOBbIX NOMEN BCErAa 3aHWMAET LEJI0e YUC/IO CJIOB, HO, BMPOHEM, NOL «CIIOBOM>»
MOHVMMAETCs CTOJIbKO BaiiT, CKOMIbKO 3aHMMAET int; B 4aCTHOCTU, CTPYKTYpa N3 Halue-
ro npumepa 3aiimér 4 baiita Kak Ha 32-6uTHoii, Tak Ha 64-6uTHol MawwnHe. Moxer
N ofHO BUTOBOE MoJsie pacnofaraTbCsl HaCTUYHO B OLHOM «CJIOBE», a YaCTUYHO —
B APYrOM, TOXe 3aBUCUT OT peajsin3auuny KOMMNUAATOpa.

HekoTopble komnunsTopsl (B TOM HucCie Hal gec) NO3BOASIIOT ONMUCLIBaTL buto-
Bbl€ MOJIS APYrUX TUNOB — Hanpumep, Tuna char lNpun sTom ugyuwme nogpsg 6uto-
Bble MOJISi TAKON KOMMUASATOP «ynakyeT» (bU3NYeCcKn) B HESIBHOE HMC/IO TOrO TUNa,
KaKoW Mcnonb3oBaH Npu onucaHun noneii. Ecnn cTpykTypy ns Hawero npumepa mo-
AndrumpoBaTh BOT Tak:

struct myflags_c {
unsigned char io_error:1;
unsigned char seen_a_digit:1;
unsigned char had_a_eol:1;
unsigned char signaled:1;
unsigned char count:4;

};

— TO OHa 3aiiMET B namsiTu OAnH DaiiT, To ecTb sizeof (struct myflags_c) oka-
XKeTCsl paBHO 1. JTa BO3MOXHOCTb OTHOCWTCS K YMCJY PaCLUMPeHUit s3blka, npeg-
noxeHHbix GNU, n B Apyrux komMnunsitopax He MoAAEpXKMBAETC — TaM rpynnbl
6GUTOBLIX MoJeli BCeraa 3aHNMAIOT Liefible KCI0BAY.

B uenom nonesHo 3HaTb O cywecTBOBaHMN BUTOBbLIX noneli (Hanpumep, 4TObbI
He 4yBCTBOBaTb CebA NANOTOM, KOra OHU BaM BCTPETATCS B HY>KOM KOge), HO CTouT
SN UX NPUMEHSITL HAa MPAKTUKE B CBOMX MPOrpaMmax — BOMPOC OTKPbITbIA. Muorue
NPOrpaMMuUCTbl CHNTAIOT, 4TO C Habopamu oTAesbHbIX GUTOB NpaBubHee paboTaTs,
NCMosib3ysi NOBUTOBLIE OMepauumn, Tak YTO BUTOBbIE MONST MPOCTO HE HYXKHbI.

4.5.2. OgHOCBSI3HbIE CIICKU

C mpocreiimieii u3 BCeX «CBSI3HBIX» JIUHAMUYIECKAX CTPYKTYD JTaHHBIX —
00HOCBA3ZHBIM CTNUCKOM — MBI y2Ke 3HAKOMBbI, Ha [lackase Mbl ¢ 3TOM
CYTITHOCTBIO paboTasu. [j1s SKOHOMHH MeCTa MBI OIYCTHM 37eCh MOIpO0-
HOE OIMCAHUE MPUEMOB PADOTHI CO CIHUCKAMHI, BCEBO3MOXKHBIE IHATDAM-
MBI M T.II., ¥ IIOCTPOUM PACCKA3 B IPEIIIOJOKEHUU, UTO UUTATE/Ib y¥Ke
yMeeT paboTaTh CO cucKaMu. Kcu Bbl 9yBCTByeTe ce0sl HeyBepeHHO, Bep-
HUTECh K MIEPBOMY TOMY U 3aHOBO mpopabotraiire §2.10.4.
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HamoMuamM, €TO 107, OJIHOCBSI3HBIM CIIUCKOM TIOHHMMAETCS CBSI3HAS
CTPYKTYypa JaHHBIX, COCTOANIAA U3 OTHE/IbHBIX 36€HbE6, UMEIOIINX COCTAB-
HOI THII, OTHO U3 IOJIefl KOTOPOTO MPEACTABIAET CODOM yKa3aTe b Ha CJe-
JOYIOIMAI 3JIEeMEHT CIHMCKA; B IIOCJIeTHEM 3JIEeMEHTe CIIMCKa 3TOT yKa3aTeJsb
HNweT‘HyﬂeBoe3HaquHe(nil,HHH]IaCKaHH,NULL,HHH CH).lLHH paboTHI ¢
OJTHOCBSI3HBIM CIIMCKOM UCIOJIB3YIOT YKA3aMeAb HA €20 NEP8HITL dINeMEHM T
JIOTIONTHATEIbHBIE YKA3aTEH, T/Ie 9TO TpedyeTcs; HyJaeBoe 3HadeHne B yKa-
3aTejie Ha MEPBBI JIEMEHT O3HAYAeT, YTO CIUCOK mycT. IIpu pabore Ha
Cu B poJid 3BEHBbEB HUCIIOJIb3YIOTCSI, ECTECTBEHHO, CTPYKTYPbI; B YACTHOCTH,
CHHCOK IEJIBIX YUCEJ MOXKHO IIOCTPOUTH U3 TAKUX 3BCHLEB:

struct item {
int data;
struct item *next;

};

st mpuMepa pacCMOTPHUM 3aJlady IOCTPOEHUsI CIIMCKA IIEJIBIX YUCeJ I10
3aJAHHOMY MACCUBY TEJIBIX UHCENT; perrenne opopMuM B Bujae QyHKIIAN,
KOTOpast Oy/IeT MPUHUMATH HA BXOJ[ aJpec MACCUBa U €ro JJINHY, a BO3BPa-
ATh aJpPec IEePBOro IJIEMEHTa ITOCTPOEHHOro circKa. HauuéMm ¢ BapuaHTa
pelleHust, P KOTOPOM HOBBIE 3JIEMEHTBI 3aHOCATCS 6 KOHEY, CIUCKA, JJIs
9ero MpUAETCS XPAHUTDH JIBa yKA3aTeNsI: Ha MEPBBI 9JIeMEHT CINCKa W Ha
oC/IeIHMIA; X MBI Ha30BEéM first m last. Kpome Toro, Ham morpebyercs
BPEMEHHBIN yKa3aTesb, KOTOPBIN MbI Ha30BEéM tmp (0T ciioBa temporary), u
[IeJIOUHCJIEHHAS TIepeMeHHas JIjIs OPraHUu3allui [IUKJIA 110 SJIeMEHTaM Mac-
cusa. ITumem:

struct item *int_array_to_list(const int *arr, int len)
{
struct item *first = NULL, *last = NULL, *tmp;
int i;
for(i = 0; i < len; i++) {
tmp = malloc(sizeof (struct item));
tmp->data = arr[i];
tmp->next = NULL;
if (last) {
last->next = tmp;
last = last->next;
} else {
first = last = tmp;
}
}
return first;

}

Ha xarkmoMm mrare nmukJja MbI CHadaJa CO3JAEM OYEPETHON IJIEMEHT CITHC-
Ka ¥ 3allOJIHSIEeM €ro II0Jisl; 3aIlO0JIHATH MOJIS CBEXKECO3/IaHHONU CTPYKTYPHI
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JAHHBIX BOOOIE BCETIa KeJaTeJbHO Cpa3y Iocje €€ CO3JaHusl. 3aTeM B
3aBUCHUMOCTH OT TOT'O, IIEPBBIIl 9TO JIEMEHT WJIA HET, Mbl Jub0 100aBIIs-
€M JIEMEHT «B XBOCT» MMEIOIIEMYCsl CIIUCKY (IIPH 9TOM €ro HAaJaJjI0 HUKAK
HE 3aTparuBaercd), Jubo, ecu CIUCOK MYCTOM, JeaeM ero COCTOSIIUM U3
€IMHCTBEHHOTI'O 3JIEMEHTA.

Pertenre MOKHO CYIIIECTBEHHO YIIPOCTUTH, €CJIM BCIIOMHHATD, UTO J00aB-
JIEHUE 68 HA%a.A40 OJHOCBS3HOTO CIIMCKA HAMHOIO IPOIIE, YeM JT00ABJICHIE B
€ro KOHeIl; B YaCTHOCTH, PACCMaTPUBATh OTJIEJIBHO CJIydail IIyCTOrO CIIMCKA
[IpU 3TOM He Hy2KHO. DJIEMEHTHI MacCHBa [1epedupaTh B 0OpATHOM IOPSIIKE
HAYYTh He TPYIHee, YeM B IPSIMOM, TaK 4TO JJId HAIllel 3a/1a9u 100aBIeHne
B HAYAJIO BIIOJIHE ITOIXOJIUT. BBINIsIIEeTh 9TO OyIeT TPUMEPHO TaK:

struct item *int_array_to_list(const int *arr, int len)
{
struct item *first = NULL, *tmp;
int i;
for(i = len-1; i >= 0; i--) {
tmp = malloc(sizeof (struct item));
tmp->data = arr[i];
tmp->next = first;
first = tmp;

}
return first;
¥
Haxomerr, MOZKHO BCIIOMHUTD, 4TOo 3ajia4u, CBA3aHHbIC co

CIIMCOYHO-IPEBECHBIMI CTPYKTYPAMH JAHHBIX, OOBITHO JIETKO PENTaioTCs
¢ momompio pekypcuu. Ha Cu Takoe pernenue Oyner BbIIVIsAETh Oojiee
ecrecTBeHHO, 4yeM Ha Ilackasie, Gsiarogapsi Tomy, 4TO JH060i (pparmMeHT
(cerment) maccuBa B CH MOXKET PacCMaTPUBATHCH KAK CaMOCTOSITEIbHbII
maccuB (B Ilackase Takoro Her). Basuc pexypcun OKas3bIBAaeTCd TPUBU-
AJIBHBIM: €CJIM MACCHUB ITyCTOM, CJIeJlyeT BEPHYTb IyCTOM crimcok. FKcim xe
MaCCHUB He IIYCT, TO CJIEJIyeT CO3/IaTh JIEMEHT CIIUCKA JIJIs XPAHEHUSI IUCTIa
U3 Mepeoz20 3JIEMEHTa MaCCHBA, II0CIE Yero, OOPaTHBIIMCH PEKYPCUBHO
K cBoeii 2Ke (QPyHKIUHU, IIOCTPOUTHL OCTATOK CIHMCKA, PAcCMAaTpHUBAas BCE
3JIEMEHTBI MaCcCHBa, KPOME IIEPBOro, KAaK MAaCCUB Ha, OJUH 3JIEMEHT KOpoUe.
Bemrasyur sTo Tax:

struct item *int_array_to_list(const int *arr, int len)
{

struct item *tmp;

if(!'len)

return NULL;

tmp = malloc(sizeof (struct item));

tmp->data = *arr;

tmp->next = int_array_to_list(arr + 1, len - 1);

return tmp;
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}

Ha Bcakmit ciay4ait g qutateseil, BCE eIé He OOPETINX YBEPEHHOCTU
C aJpecHOit apudMeTHKOHN, MOSICHUM, 9TO arr + 1 — 3TO aJpec TOro xKe
MaccuBa, TOJIbKO HAYMHAs C €r0 BTOPOro 3JIEMEHTA.

He menee nHTEpecHa ¢ MILIIOCTPATUBHON TOYKU 3PEHUs JApyras 3ajia-
“a — mepebop BCex IeMEHTOB crucka. [ mpumMepa namnuieM GyHKITHIO,
BBIYHUCIAIONIYIO CYMMY 6CET INEMEHMOE CIIHCKA, JJId KOTOPOI'0 M3BECTEH
aJIpec epBOro 3JeMeHTa. Keam NpuMeHsTh MOAX0/, y2Ke 3HAKOMBII HaM 110
[TackaJto, 3Ta QYHKIMS MOXKET BBIIJISIIETh, HAIIPUMED, TaK:

int int_list_sum(const struct item *1st)

{
int sum = 0;
const struct item *tmp = lst;
while (tmp) {
sum += tmp->data;
tmp = tmp->next;
X
return sum;
}

— onHako B mporpaMmax Ha CH TO ke caMoe OOBIYHO 3allMChIBAIOT MHAYE,
C IIOMOIIIbIO MuKJa for:

int int_list_sum(const struct item *1st)

{
int sum = 0;
const struct item *tmp;
for(tmp = 1lst; tmp; tmp = tmp->next)
sum += tmp->data;
return sum;
}

Y4uuTeiBasg, 9TO mapaMeTp 1st — 3TO TOXKe JIOKaJIbHas MEePEMEHHAasT U Me-
HATHh €€ HUKTO He 3allPeIaeT, MOXKHO CIeJIaTh (DYHKIUIO eé KopoJe:

int int_list_sum(const struct item *1st)

{
int sum = 0;
for(; 1lst; 1lst = lst->next)
sum += lst->data;
return sum;
}

BupouewMm, jaxke 3/1€ch OCTaETCsl MPOCTPAHCTBO JJIsT NAJIBHENIIEro coBep-
IIEHCTBOBaHNsI. BCIOMHUB cTapyIio J0OPYIO PEKypPCUIo, MBI MOXKEM BOODIIIE
0boiiTrch 6€3 JIOKAJBbHBIX [IEPEMEHHbBIX U ITUKJIOB:
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int int_list_sum(const struct item *1st)

{
if (1st)
return lst->data + int_list_sum(lst->next);
else
return O;
}

Hakomer, npuMeHUB yCIOBHYIO OMEPAIIAIO, MbI OJIATOIOJIY IHO IIPEBPAIIAEM
Harry (GyHKIUIO B TaK Ha3bIBaeMblii «one-liner» (0OHOCTPOYHUK):

int int_list_sum(const struct item *1st)

{
return 1lst ? lst->data + int_list_sum(lst->next) : O;

}

[TouTn Bceria, KOT/Ia, MBI CO3/IAJIN CIIMCOK, BOBHUKAET BOIIPOC, KAK €ro0 yIa-
JINTH, TO €CTh KaK yOpPaTh U3 MaMsITH BCE €r0 3JEeMEHTBhI. PacCMOTPUM JIBa
OYEBUIHBIX PEIIeHMUSI, TIEPBOe:

void delete_int_list(struct item *1st)

{
while(1lst) {
struct item *tmp = 1st;
1lst = lst->next;
free(tmp) ;
}
}

— W O4Y€eHb IIOX02Kee BTOpOeE:

void delete_int_list(struct item *1st)

{
while(1lst) {
struct item *tmp = lst->next;
free(lst);
1st = tmp;
X
}

B oboux ciyuasix BpeMeHHast mepeMeHHas IOMOTaeT HaM PEIUThb 1podJie-
My HApYIIEHUs] CBSI3HOCTH CIIUCKA IIPHU YIAAJEHUU €ro IMePBOro JJIeMEeHTa: B
CaMOM JIieJie, €CJIM YIAAJIUTD IIePBbIil 3JIEMEHT, TO 00paIIaThCsd K HeMy 00JIb-
e HeJIb3s1, & aJ[pec BTOPOrO JIEMEHTa €CTh TOJHKO B OJIHOM MECTe — B
[10JIe TIEPBOT0O IJIEMEHTA; C JIPYTOif CTOPOHBI, €CJIN CPa3y MEPECTABUTDH yKa-
3aTeib HA BTOPOI 9JIEMEHT, TO MbI morepsieM ajpec repsoro. Ilepsoe u3
BBIIIEIPUBEIEHHBIX PEIIEHUil COCTOUT B TOM, YTO BO BPEMEHHOM yKa3aTeJie
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COXPaHSETCs aJIPeC IIEPBOI0 JIEMEHTA, OCHOBHOI yKa3aTeJIb IIepecTaBjsieT-
csI HA BTOPOH 9JIEMEHT, I10CJIe Yero IIePBbIN YIAJIsSeTcs], Ul Yer0 UCIIOJIb3Y-
eTCsi ero aJipec, COXpPaHEHHbBI BO BPEMEHHOM yKa3zaresje. BTopoe pereHne
paboTaeT nHaYE: BO BDEMEHHOM yKa3aTe e COXPAHSIETCs aJIpec BTOPOro dJjie-
MEHTa, MEPBBIil yIaseTcsl ¢ NCI0JIb30BAHNEM OCHOBHOT'O YKa3aTeJisl, 3aTeM
B OCHOBHOII yKa3aTeJb 3aHOCUTCSI aJIpeC CJIEYIONIEro dJIeMeHTa, PaHee COo-
XPpaHEHHBI BO BDEMEHHOM.

Kak BomuTcs, ¢ MCHOB30BaHUEM PEKYPCUU TO K€ CAMOE JIEJIAETCS
HECKOJIbKO u3sinHee. B KadecTBe 6a3uca BbIOUpPAETCs CIydail IMyCTOro CIIUC-
Ka: TOIJla HaM JleJlaTh Hedero, BO3BpaIllaeM yIIpaBJIeHHE CPa3y Ke; B IPO-
THUBHOM CJIydae yAajiseM «XBOCT» CIINCKA, BbI3BAB CaMU cebsd, a 3aTeM OT-
JETBHO YIAJISIEM «TOJIOBY» CITHCKA:

void delete_int_list(struct item *1st)

{
if(11st)
return;
delete_int_list(1lst->next);
free(lst);
}

MozkHO 3TO 3ammcaTh U HHAYe, €CJIU He CTABUTH IEJIHI0 00sI3aTeIbHOE TEK-
CTyaJIbHOE BBIZe/ieHne 0a3nca PeKypCun:

void delete_int_list(struct item *1st)

{
if(lst) {
delete_int_list(lst->next);
free(lst);
}
}

B zakjouenue paccMOTpUM 3ajady yoaseHus U3 3a0aHH020 CNUCKG 6CET
INEMEHMOB, YOOBAEMBOPAIOUUL ONPEOCAEHHOMY YCA0GUIO; K TIPUMEPY, 10
IBITAEMCA YIAJIATD U3 HANIETO CIICKA IMEJBIX YHCEJT BCE 3JIEMEHTBI, B KOTO-
PBIX XpaHATCA OTpUIATEebHbIE Yunciaa. Jns nagana we GygeM ohOpMISThL
pemenne B Buje (PYHKINU; YCJIOBUMCS, UTO y HAC €CTh yKazaTesb first,
XPaHSI@i aJpec IepBOro 3JIEMEHTA, W HAIUIIEM (GPArMeHT KOJIa, KOTOPLIi
BBIKMHET BCE OTPUIATEIHHBIE TUC/IA U3 TAKOTO CITUCKA.

ITpobema 31ech B TOM, YTO Jisl UCKJIIOYEHUS IJIEMEHTa U3 CIUCKA
HYAHCHO MOOUPUBUPOBAND TMOM, YKAZAMEAD, KOMOPLIl YKasvieaem wa yoa-
AAEMBIT dAeMEHM, TIPUIEM 9TO MOXKET OKa3aThbCA KakK II0JIe next OIHOro
U3 3J1eMeHTOB (IIPEMIIeCTBYIONIEro YIaaseMOMy ), TaK U yKazarejb first
(B caygae, ecim HYXKHO VIQJIUTH CAMBIA 1EpBbIi aeMent). zydas pa-
60Ty co crnmckaMu Ha Ilackajie, Mbl PEIIEHHIO 3TOH IPOOJEMBbl HOCBSTH-
J otnenbHblil maparpad (em. . 1,§2.10.6). Hamomuum, pemnienue cocrour
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B TOM, 4TOOBI XPAHUTH Gdpec ykazamean Ha mexyuul ssemenm. B satom
cJIydae, eCjid HaM IPUJETCS YHUYITOXKATH TEKYIIHIIl 3JIEMEHT, MbI Oy1eM TO4-
HO 3HaTh, KAKOW yKa3aTesb Cje/lyeT U3MEHUTD, 3aCTaBUB YKa3bIBaTh TYyIa
2Ke, KyZla YKa3bIBaeT MoJIe next yaaiseMoro djaeMenTa. B pon «ykazaresis
Ha TeKyIuil» y Hac OyyT BBICTYIIATH [IOCJIEI0OBATEILHO yKa3are/b first,
1oJie next IepBOro 3JIEMEHTa, I10Je next BTOPOro 3JIeMeHTa U TaK JlaJjiee;
WHAYe TOBOPsi, HAM HYyKEH TaKOW yKa3aTejab, B KOTOPOM CHaJaJa Oymer
JIeXKaTh adpec yrazamenn first, 3aTeM adpec noas nert u3 nepeozo sne-
MEHMA CNUCKG, 38TE€M U3 BTOPOI'O U TaK IOKa CIIMCOK He KOHYUTCS, TO €CTh
HE OKazKeTCd. 4TO yKasaTellb, aJpeCc KOTOporo Mbl XxpanuMm, pased NULL.
Hamry mepemenHyro 1nuk/ia Mbl HA30BEM PCUr U ONUIIEM TaK:

struct item **pcur;

CaM 1K1 OyJieT BBIIVISIETh CJIeYIONUM 00pa3oM:

pcur = &first; /* cHavama pcur ykasmBaeT Ha first x/
while (*pcur) { /* mokRa TO, Ha YTO OH ykKasmwBaeT, He NULL */
if ((*pcur)->data < 0) { /* eciu >meMeHT Hamo yZamuTb */
struct item *tmp = *pcur; /* 3amoMuHaeM ero agpeck/
*pcur = (*pcur)->next; /* HCKRIYaeM W3 CIOHCKa */
free(tmp) ; /* ynamsem */
/* Ipu STOM CIeAyONUA yXe cTal TekymuM! */
} else { /* B mpoTuBHOM cnyYae mepexoZuM K CleAywmeMy */
pcur = &(xpcur)->next;
}
}

[Torrpobyem Temepb 0OPMUTE HAIIE PEIeHne B BUIE OTAEIbHON PyHKITAN.
[Tockonbky ykazarenab first MoxkeT mOTPEOOBATHCS M3MEHUTH, HAM IIPHU-
JA6TCs 1epeiaBaTh B OYHKIHIO HE €ro 3HAUEHHE, & ero adpec, HO 3TO B IEJIOM
He mpobJieMa, TakK JiaXkKe MPOIIe: MBI IPOCTO HA30BEM ITOT HApaMeTp pcur
¥ UCIOJIb3YEM B Ka4eCTBE [MEPEMEHHON IUKJIA. BHIMIsaaeTs 910 OyIeT Tak:

void delete_negatives_from_int_list(struct item **pcur)
{
while (*pcur) {
if ((*pcur)->data < 0) {
struct item *tmp = *pcur;
xpcur = (*pcur)->next;
free(tmp);
} else {
pcur = &(xpcur)->next;

}

}

BoeisbiBarh 9Ty OYHKIUIO IPUJAETCS TaK:
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delete_negatives_from_int_list(&first);
Kak 06br9HO, MOXKHO U JIJTsI 9TOI 331291 IPUMEHUTH PEKYPCHUIO:

void delete_negatives_from_int_list(struct item **pcur)
{
if (!*pcur)
return;
delete_negatives_from_int_list(&(*pcur)->next);
if ((xpcur)->data < 0) {
struct item *tmp = *pcur;
xpcur = (*pcur)->next;
free(tmp) ;

}

PekypcuBHOe perieHne cTaneT u3siinHee, X0Ts U He Kopode (U JaxKe JJIuH-
Hee), €CJIU HECKOJIbKO M3MEHHTH MOJXO0J K HCIOJb30BAHUIO IIAPAMETPA.
Bwmecto Toro, uTobbl iepesiaBaTh B (pyHKIMIO a/ipec ykazares first, Mol
MOZKeM IIePeIaTh ero 3HAUYEHUE, a HOG0€ 3HAYCHUE BEPHYTHh U3 (DYHKIIUU B
KauecTBe BO3BPAIAEMOI'0 W IPUCBOUTH 0OpaTHO B first; perneHue Torma
CTAHET ITPUMEPHO TaKUM:

struct item *delete_negatives_from_int_list(struct item *pcur)
{
struct item *res = pcur;
if (pcur) {
pcur->next = delete_negatives_from_int_list(pcur->next);
if (pcur->data < 0) {
res = pcur->next;
free(pcur);

return res;

}
BoizoB (byuKIIET B 3TO BEpCHUM BBITIOJIHSIETCS WHAME:
first = delete_negatives_from_int_list(first);

Koneuno, byHKImiO ¢ TakuM mpoduieM MOXKHO peam30BaTh U 6€3 peKyp-
CUH, TeM Ke IUKJIOM II0 YKa3aTeJsiM; OCTABUM 9TO UUTATE0 B KAaIeCTBe
yIpayKHEeH!sI.
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4.5.3. /IByCBSI3HbIE CIIMCKH

B deyceasrnom cnucke Kaxkjgoe 3BEHO XPAHUT AJIPEC MPEIBIIYIIEro
3BEHA U CJIE/IYIONIETO 3BEHA, YTO [T03BOJISAET, 3HAS &JIPEC JI000I0 U3 3BEHHEB
CIHCKa, 0OpaThCs JO BCEX OCTAJIbHBIX 3BeHbeB. OOBIYHO mpu pabore ¢
JBYCBSI3HBIM CIIMCKOM HCIOJB3YIOT IBa yKa3aTejld — Ha IIepBoe 3BEHO U
Ha IIocJieJ/iHee; B TAKOM CIHCKE MOXKHO JIETKO BHOCUTH HOBBIE 3JIEMEHTHI U
yIaJI4aTh CyllleCTBYIOIINe B HadaJle CIMCKa, B ero KOHIle U B IIPOM3BOJILHON
TIO3UTIAN, TIPIYEM HUKAKUX XUTPBIX TEXHUK BPOJE MPUMEHEHUS yKa3aTe s
Ha yKa3aTeJib I 9TOro He Tpebyercs. PaboTy ¢ ABYCBSI3HBIMU CIIMCKAMEI
MBI IOAPOGHO 06Cy K1 B iepsoM ToMe (cM. §2.10.7); orpaHmanMcs TeMm,
9TO aJAlTUPYEM PACCMOTPEHHBIN TaM perteHus K peaausm si3bika Cu.

Pacemorpum i mpumepa IByCBsi3HBIN crimcok dmces Tuma double,
KOTOPBIIT MOYXKHO COCTABUTh U3 TaKUX 3BEHHEB:

struct dbl_item {
double data;
struct dbl_item *prev, *next;

};

s paboThl C 3TUM CIHCKOM OIIMIIEM yKa3aTesd Ha ero Hadajo, KOHeIl,
TEKYIIUil 2JIEMEHT, a TaK»Ke BPEMEHHbI (BCIIOMOraTe/bHbI) yKa3aTelb:

struct dbl_item *first = NULL, *last = NULL;
struct dbl_item *current = NULL, *tmp;

Ormepariuu BHECEHUsT 3JIEMEHTa, B HAYAJIO ¥ KOHEIL CIIMCKA, BBIHYKJIEHHO 00-
pabaThIBAIOT CIEIUAJBHYIO CATYAIIMIO — CJIydail mycroro crmcka. Jlomy-
CTHUM, Y HaC UMeeTcd IlepeMenHas x Tuna double u 4unciio, KOTOpoe B Hell
XPAHUTCH, HY?KHO BHECTU B CIIHCOK. BHeceHNe B HA4aJjI0 BBIIVISIUT TaK:

tmp = malloc(sizeof (struct dbl_item));
tmp->data = x;

tmp->prev = NULL;

tmp->next = first;

if (first)

first->prev = tmp;
else

last = tmp;

first = tmp;

Brecenne B KOHEII BBIIVIAJAUT NPaKTUIECKU TaK 2K€ C TOYHOCTBIO 0 «3€p-
KaJILHOI CUMMETPHH»

tmp = malloc(sizeof (struct dbl_item));
tmp->data = x;

tmp->prev = last;

tmp->next = NULL;
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if (last)

last->next = tmp;
else

first = tmp;
last = tmp;

Mexgy npouum, B oboux cnydasix onepaTop if MOXHO 3aMEHWTb OLHOCTPOYHbLIM
npucsausaHnem. B nepsom cnydyae ato byger BbirisaeTh Tak

x(first 7 &first->prev : &last) = tmp;
Bo sTopom cnyuae — Tak:
*(last 7 &last->next : &first) = tmp;

Pasragatb 3Tu pebycbl npeanoXum YutaTento caMmoctosTenbHo. PasymeeTtcs, Mbl He
npegnaraeM B eACTBUTENbHOCTU TaK NUCaTb MPOrpaMMbl; HO €CNn Bbl C Nofob-
HbIM CTOJIKHETECH B YY>KOM KOZE, 3TOT OfbIT, N0 KPaiHE Mepe, MOMOXeT bbicTpee
CNpaBUTbLCS C LLUOKOM.

N3baTue nepBoro jieMeHTa JIBYCBSI3HOT'O CITMCKA, BBITVISIAT TaK:

if(first) { /* mpoBepra obasaTempHa! */
tmp = first;
first = first->next;

if (first)
first->prev = NULL;

else /* cmucox omycTem */
last = NULL;

free(tmp) ;

}

AnajormaHbIM o6pa30M BBIIIOJIHACTCA U3bATHE IIOCJTICIHETO dJIEMEHTA:

if (last) {
tmp = last;
last = last->prev;
if (last)
last->next = NULL;
else
first = NULL;
free(tmp) ;

}

3aMeTuM, 9TO eCJu B JIIOOOM U3 ITUX JABYX (PparMeHToB 3aMeHuTh if Ha
while, MBI IOy YNM KO/, YAAJIAIOMNNA BCE 3JIEMEHTHI CIIMCKA; BIIPOYEM, ClIe-
JIaTh 3TO MOXKHO U IIPOIIIE:
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if (first) {
first = first->next;
while(first) {
free(first->prev);
first = first->next;

}
free(last);
last = NULL;

}

ITosicauM, 9TO 3/1€Ch MBI, IPEXKJIE €M YTO-TO JIE€JIATh, CABUTAEM YKa3aTe/ b
first Ha cJeIyIONIyIo O3UINIO, U €CJIM OH IIOCJIE STOI'0 BCE €IE YKA3bIBAET
HA OYEPEHOE 3BEHO CIUCKA (TO eCTh He CTAJl HYJIEBBIM), Mbl YHUYITOXKAEM
IpeJIbIAyIIee 3BEHO, IOIb3YACh YKa3aTeJ eM Ha HEero U3 HOBOI'O «IIEPBOIO»
3BeHa. [locieauuit ocTaBmuiicss 3JIeMEHT MBI TAK YHHUITOXKUTH HE MOXKEM,
IIOTOMY YTO HET 3BEHA, YKa3aTeIb prev KOTOPOI'o yKa3bIBajl Obl Ha HEro;
CJBUHYBIINACH Ha CJIEIYIONLYIO IIO3UIUIO C IIOCJIEJHEr0 3BeHa, MBI IIOJIYIUM
yKazaresb first, paBHBI HYJIEBOMY aJIpECY; HO 3TO HE CTPAIIIHO, BEJIb Y HAC
ecThb emé u last, Yepe3 KOTOPBIH MBI OJIANOTIONIYIHO JIMKBUTUPYEM TTOCTIET-
Hee OCTaBIIleeCsl 3BEHO CIHCKa. IIpuMedaresbHO, UTO 371eCh MBI OOOILINCH
6e3 BCIIOMOTATEIHHOTO yKA3ATEIs.

Paccmorpum Tenepsb oneparuu 110 MOaAuMUKAIMN CIINCKA B IPOU3BOJIb-
HOM MeCTe C HCIIOJIb30BAHMEM yKa3aTelslsd Ha mexyuwul sasemenm. Pabo-
Ta C TEKYIIUM 3JIEMEHTOM, eCTEeCTBEHHO, IIpejlojaraer, 4To OH €CTb; B
JaJbHERIeM MBI 3TO HE IPOBepsdAeM, IIpeiojaras, YTo IIPOBEPKa y2Ke cle-
sana. IlycTb, Kak U paHbIle, 3HAYEHNE, KOTOPOE HY>KHO BCTABUTH, HAXO-
JATCS B TIepeMeHHOoi x. [ljist Havyasa BBIIIOJHUAM BCTaBKY neped mekyujum
INEMEHTTLOM:

tmp = malloc(sizeof (struct dbl_item));

tmp->data = x; /* 3BamonHAEeM HOBHH 3JEeMeHT */
tmp->next = current;

tmp->prev = current->prev;

current->prev = tmp; /* oH 6yZeT IpeIHIyLUM IJS TEKymWero */

if (tmp->prev) /* ecnu ecThb mpefpnymmit, To */
tmp->prev->next = tmp; /* HOBHI [Is Hero cienyomui */
else /* B IPOTHUBHOM CIydae HOBHY B3JEMEHT - */
first = tmp; /* Temephb IHepBHI */

AHAJIOrMYHO BBINOJIHSIETCS BCTABKA NOCAE TEKYIIEro sJjieMeHTa:

tmp = malloc(sizeof (struct dbl_item));
tmp->data = x;

tmp->prev = current;

tmp->next = current->next;
current->next = tmp;

if (tmp->next)



§4.5. CocTaBHO# THUII JAHHBIX U JUHAMUYIECKHE CTPYKTYPbI 153

tmp->next->prev = tmp;
else
last = tmp;

Paccmorpum terneps ydasenue mekyuiezo asemenma. st Hagaga Mbl HC-
KJIIOYMM €ro U3 CIIHCKa, MOIUMUIIMPOBAB YKA3ATEIN B IIPEIBIIAYIIEM U CJie-
IYIOIIEM 3JIEMEHTaX, eCJIM OHU eCTh, Tubo ykazaresu first u last:

if (current->prev)

current->prev->next = current->next;
else

first = current->next;
if (current->next)

current->next->prev = current->prev;
else

last = current->prev;

Temepsb HAIT TEKYIITNI 3/IEMEHT HAXOIUTCSI BHE CITUCKA, HECMOTPsI HA TO, UTO
€ro yKa3aTe/Il prev 1 next BCE ellé YKa3bIBAIOT HA COCE/IHHE JIEMEHTHI NN
pasubl NULL, ec/i COOTBETCTBYIOIIUX JIEMEHTOB He ObLIO (TO €CTh TeKy Iuii
9JIEMEHT PACIIOJIArajICs B Hadase 1,/ KOHIE CIIUCKA). FC/IM Mbl COrIaCHbBL
[IOTEPATh MECTO B CIHCKE, I[Jie HaxXOJUTCA cefiyac TeKyIIUil 3JIeMeHT, TO
olepals 3aBepliaeTcs COBCEM IIPOCTO:

free(current) ;
current = NULL;

B 3aBucumocTu or pernraeMoil 3aJ1a9Uu MbI MOYXKEM 3aXOTETh, ITOOBI HOBBIM
TEKYIIUM 3JIEMEHTOM CTaJl JIEBbIil MJIM IIPaBbIil cocel] y1aJIsgeMOoro 3JIeMeH-
Ta (0OBIMHO 9TO OBIBAET HYXKHO, €CJAH Mbl MJIEM BJOJIb CIIUCKA U3 KOHIA
B HAYAJIO WJIM M3 HAYAJIA B KOHEI COOTBETCTBEHHO). B 9TOM Cjlydae HaM
IPUIETCS BOCIIOJIb30BATHCS BCIIOMOTATEILHBIM yKa3aTeaeM. Ecau Mbl min
CJIeBa HAIIPABO W HOBBIM TEKYIIUM 3IJIEMEHTOM XOTHM OOBSBUTH TOT 3JIe-
MEHT, 9TO OBLI COpaBa OT YIAJISEMOr0, BMECTO JBYX <IIPOCTBIX» CTPOUYEK,
IIPUBEJIEHHBIX BBIIIE, ITUIIEM TaK:

tmp = current;
current = current->next;
free(tmp);

Ecau Mbr min cipaBa HAJIEBO M HOBBIM TEKYIIIUM JOJI?KEH CTATh TOT, YTO
OBLJI CJIeBa, IPOCTO MEHsiEM next Ha prev.
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4.5.4. IlpocToe buHapHOE AEpPEBO IOMCKA

Bunapnoe (To €cTh ABOMYHOE, [0 YUCTY BO3ZMOXKHBIX IIOTOMKOB Y KaXK-
JIOTO y3J1a) JIEPEBO TOUCKA COCTOUT U3 Y3JIOB, B KAXKJOM M3 KOTOPBIX IIPH-
CYTCTBYIOT YKa3aTeJ! Ha JIEBOE W IIPABOE IOMJIEPEBbs, & TAKXKE <II0JIE3-
Hast MHMOPMAIUs», IJIsI XpaHEHUs KOTOPOi, COOCTBEHHO TOBOpsI, U CO-
3/1a€TCsl JIepeBo. B mepBOM TOME MBI JIMINB YIIOMSIHYJIU JEPEBO ITOMCKa
(cMm.§2.10.8), HO He crasu ¢ HEUMHU PAbOTATh; OHPOOYEM YACTUYIHO BOC-
MIOJTHUTH 9TOT POOe.

HepeBo Jjist XpaHeHs MEeJIbIX YUCeNI MOXKHO OBLIO ObI COCTABUTH U3 Ta-
KUX Y3JI0B:

struct node {

int val;

struct node *left, *right;
}

st paboThI C TAKMMU JIEPEBbAMEU B OOJIBIITUHCTBE CJIyIaeB IPUMEHSIOT pe-
Kypcuio. YToOb! MOHATH, IOYEMY 3TO TaK, IPUBEIEM IIPOCTEHBKUN IIPUMED.
HormycTuM, y HAC €CTh JePeBO W3 y3JI0B TUMA Struct node W HAM HYKHO
HaIlevaTaTh ¢ MOMOIIBIO printf Bce wWmcsa, XpaHsiimecs B JiepeBe. Pexyp-
CUBHOE peleHne Oy/IeT TPUBUATLHBIM; €CJTU JEPEBO IIyCTOE, BO3BPAIIAEM
yupasjenue (310 6a3uC peKypcun), B IPOTHBHOM CJIydae OOpaIlaeMcs Ca-
MH K cebe, ITOOBI HAIIEYATATH JIEBOE IOMJIEPEBO, 3aTE€M MI€YATAEM UUCJIO B
«KOpHEe» (TO eCTh TEKYIIEeM y3JIe) IepPeBa U CHOBA 00paInaeMcs caMu K cebe,
HO Ha 3TOT pa3 IledaTaeM IIpaBoe IIOJJIEPEBO:

void int_bin_tree_print_rec(struct node *r)

{
if(!r)
return;
int_bin_tree_print_rec(r->left);
printf("%d ", r->val);
int_bin_tree_print_rec(r—>right) 5
}

[TombrTaeMcst Temepsb caeaTh TO YXKe camoe 0e3 HUCIIOIH30BAHUsT PEKYPCHM.
s Havyasa 3aMeTHM, UTO HaM, pacCMaTpuBasl JII0OOH M3 y3JI0B JepeBa,
HY?KHO OyJIeT IIOMHUTH, KaKW€ y3JIbl PACIIOJIOKEHBI BBIIIE, YTOOBI MMETH
BO3MOXKHOCTb BEPHYTHCS Ha BEPXHUE yPOBHU jepeBa. [iyOmua jepesa 3a-
paHee He U3BECTHA, TAK UTO MPUIETCS XPAHUTH COOTBETCTBYIOILY IO HH(OP-
MalliI0 TO JIU B MAaCCUBE, TO JIU B cliMcKe. KpoMe TOro, B OJIUH U TOT 2Ke
y3€JI MBI [onajaeM (M BBIHY2KJIEHBI €r0 PACCMATPHUBaTh) B ODIIEM CILydae
TPUKJBL: «CBEPXy» (KOIJa 9TOT y3eJ OKA3aJiCd KOPHEBBIM JIJIf 0YepeIHO-
IO PacCMaTPUBAEMOTO IOJJIEPEBA), IIPU BO3BPATE U3 PACCMOTPEHUS JIEBOTO
ToJIJIepeBa, U MPU BO3BpATE U3 PACCMOTPEHUS IIPABOrO mojepeBa. dToObI
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3HATh, YTO €IIE€ OCTAJIOCh CJleJIaTh B JIAHHOM KOHKDETHOM Y3JIe JI€peBa U
Ky/Ia CJIeayeT JBUTAThCS TOCJe, HaM IMPUIETCS T KaXKJI0ro y37a, paboTy
C KOTOPBIM MBI Ha4aJjd, HO €I¢ He 3aKOHYUIU, XPAHUTH COCMOAHUE; MbI
0003HAYNM BapUAHT <EIE HUYETO HE CIAEJAHO» CJIOBOM Start, CHTyamuio
«MBI Y2K€ PacCMOTpeJII JIeBOoe OoAiepeBo» cI0BOM left_visited u, Hako-
HeIl, COCTOSTHIE «BCE CJlIeJIaHO, ITopa Ha BBIXO/A» cJoBOM completed. Kosb
CKOPO JJIsT KAaXKJIOr0 y3J1a IMPUXOIUTCS XPAHUTH OOJIBINE OJHOTO 3HAYCHUS
(o MeHbINeH Mepe yKazaTesb Ha CaM y3eJl IUII0C COCTOSHUE JeJ ¢ ITUM
Y3JIOM), 3TO €CTECTBEHHO MIPUBOJUT HAC K HJIEe MCIOIb30BATH CTPYKTYPHI,
Hy a CMmexosas M0 CYTU TPUPOJa dTUX JTAHHBIX — K HJiee UCIOJIb30BaHUS
OOBIKHOBEHHOT'O OIHOCBA3HOTO CIUCKa. Ilociiennuii 9/ieMeHT 9TOro CIIHCKA
OyJeT BCerja COOTBETCTBOBATH KOPHIO BCETO JEPeBa, TOTIa KAaK JIEMEHT B
HavaJle CIIMCKa — TOMY Y3Jy, KOTOPBIil paccMaTpUBaeTCs IPsSIMO ceifdac.
[TosHOCTBIO peanmu3ariusa 00Xoma AepeBa OyIeT BBITJIAIETh, HATPUMED, TaK:

/* bintree.c */
void int_bin_tree_print_loop(struct node *r)
{
enum state { start, left_visited, completed };
struct backpath {
struct node *p;
enum state st;
struct backpath *next;
1
struct backpath *bp, *t;
bp = malloc(sizeof (*¥bp));
bp->p = r;
bp->st = start;
bp->next = NULL;
while(bp) {
switch(bp->st) {
case start:
bp->st = left_visited;
if (bp->p->left) {
t = malloc(sizeof (*t));
t->p = bp->p->left;
t->st = start;
t->next = bp;
bp = t;
continue;
}
/* no break here */
case left_visited:
printf("%d ", bp->p->val);
bp->st = completed;
if (bp->p->right) {
t = malloc(sizeof (¥t));
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t->p = bp->p->right;
t->st = start;
t->next = bp;
bp = t;
continue;

}

/* no break here */

case completed:

t = bp;
bp = bp->next;
free(t);

}

Jlaxke Ha caMblii IepBbIi B3IJIsI/ 9Ta PEATU3AINs MHOTO CJIOZKHEE, 9€M MPH-
BeJIGHHBII BBIIIE BADUAHT C UCIIOJL30BaHUuEeM peKypcun. BripoueM, HUKaKoii
Marum 3/1eCh HeT. B PEeKypCHBHOM BapHaHTE PACCMOTPEHUIO KaXKJOro y3-
JIa JIEPEeBa COOTBETCTBYET OYEPemHON BHI30B (DYHKINHU, 4 3HAYAT — CTe-
KOBBIl bpeiiM; B HEM mMeeTcs 3HadeHue (hakKTUIECKOro napamerpa (Ie-
peMeHHasl T'), KOTOpasl YKa3blBaeT Ha TeKyuwil y3esn. Kpome Toro, B Tes10
dyHKIMM MBI IONAJAEM TPHKIBL: OPU eé BbI3oBe (monajaeM B HAYAJIO),
[IOCJIe BO3BPATA U3 IIEPBOIO PEKYPCUBHOIO BBI30Ba (IIONAJaeM Ha TY CTPOY-
Ky, TJie¢ HaxXOAuTcd printf) u mocje BO3BpaTa U3 BTOPOTO PEKYPCUBHOIO
BbI30Ba (IIOIIaJ[@eM B CaMblil KOHEIl, B Pe3yJIbrare BBIXOAUM Hu3 (DyHKIWN).
DTO B TOYHOCTH COOTBETCTBYET HAIIUM TPEM COCTNOAHUSM, TO €CTh IMOJIY-
YAETCs, YTO TPU PEKYPCUBHOM OOXOME JI€PEeBa COCTOSTHUE TOXKE XPAHUTCH
(nestBHO) — B CTeKOBBIX dpefiMax B BHje adpeca 6036pama. Boubine To-
ro, HaIll CTEK, PEajM30BaHHBIN B BUJIE OJIHOCBSI3HOIO CIIMCKA U3 CTPYKTYDP
struct backpath — ecTp He YTO MHOE, KaK MOJIE/Ib AlIlapaTHOIO CTEKA,
HCIIONIB3yEeMOTO B PEKYyPCUBHOM DEIICHHN.

Takoe <«IpUHYIUTEIbHOE Pa3BEPTLIBAHUE» DPEKYPCHH HAXOJIUT IIPUMe-
HEHME, KOTJla JIePEBO HYXKHO ODOITH HE 34 OJWH IPUEM, a IOIIAroBO: Ha-
IIPUMED, B JIEPEBE MOTYT XPAHUTHCH HEKHME 3HAYEHUST, KOTOPBIE HAII MOJLY/Th
JIOJZKEH OTJABaTh 110 OJHOMY II0 MEpe TOTO, KaK UX y HaC 3alpalluBaioT.
OJ1HAKO TIOKa TaKasi CUTyallysi He BO3HUKJIA, CJIEJYeT, Pa3yMeeTCsl, UCIIOJIb-
30BaTh PEKYPCUIO: KAK MOXKHO JIETKO JIOT&JIAThCsI, IUKJINIECKOE PEIIeHIe
3716Ch OKa3bIBAETCS HE TOJBKO CJIOXKHEE TI0 TPYIO3ATPATAM W TPUIOKEHHIO
UHTEJIIEKTa, OHO BJOOABOK UCIOJIB3YeT OOJIbIIe IAMATH U PADOTAET 3aMeT-
HO MeJlJIEHHEE.

JlBonvaHOE JIEPEBO OOBITHO UCIOJIB3YIOT JIJIsl YCKOPEHHsI ITOUCKA HY?KHO-
ro 37eMenTa. st 3TOro 371eMeHThbl, MEHBIINE JAHHOTO, PACHIOJIATAIOT B JIe-
BOM TIOJJIEPEBE, & 3JIEMEHTHI, OOJ/IbIINe JAHHOrO — B npaBoM. Jlobasienue
HOBOT'O 3JIEMEHTA B JIEPEBO C COXPAHEHUEM ero yIOPsIOYEeHHOCTH MOYKHO
pPeaTM30BaTh, HAIIPUMED, TaK:
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void int_bin_tree_add(struct node **root, int n)

{
if (1xroot) {
*root = malloc(sizeof (**root));
(*root)->val = n;
(*root)->left = NULL;
(*root)->right = NULL;
return;
}
if ((*root)->val == n)
return;
if(n < (*root)->val)
int_bin_tree_add(&(*root)->left, n);
else
int_bin_tree_add(&(*root)->right, n);
}

[Tosichum, 4TO B (DyHKIMIO MBI IepegaéM adpec yKasarejsi Ha KOPHEBOM
y3eJI TIoJIJIepeBa; caM 3TOT yKa3aTeIb MOYKET ObITh HYJEBBIM, UTO O3HAYAET,
9TO MOJJEPEBO MYCTO, W KO BCEMY JIEPEBY IEJMKOM 3TO TOXKE OTHOCHUT-
Csl: TI0Ka COOTBETCTBYIOIINN yKa3aTesdb COIEPXKUT HYJIEBOH ajapec, JIE€PeBO
CUYUTaETCs MycThiM. [Ipu epBoHAYAILHOM BBI30BE (DYHKIMN OHA, [OJIyIaeT
aJIpec TOro yKa3aTeJisl, KOTOPBIi HCIOJb3yeTCsl B BBIZBIBAIOIIEH [TpOrpaMMe
J1st pabOTHI € JIEPEBOM; OOpaIasiCh PEKYPCUBHO K cebe caMoil, OHa mepea-
éT mapaMeTpoM aJipec OJHOIo U3 ykaszareseil left uian right u3 rexyimero
y3J1a JiepeBa.

B camoit dbyskiun npexie Bcero (B KauecTBe 6a3uca PeKypCHU) pac-
CMATPUBAETCA KaK Pa3 CJydail IycToro Jepesa,/ IoJIepeBa: B 9TOM U TOJIb-
KO B 9TOM CJIydae CO3/1a6TCs HOBBIN 3JIEMEHT JiepeBa, ero mojse val 3a-
MOJTHSIETCsT J0DABJISIEMBIM B JIEPEBO YHCJIOM, 8 YKA3aTeId Ha HOJIEPeBbs
[OJIYYAI0T HyJIEBbIE 3HAYEHUSI, YTO COOTBETCTBYET IIyCTOTE 00OUX TO/IEPE-
BheB. Ha 3TOoM 3aj1ada cuuTaercsi peni€éHHON U yIpaBjieHre BO3BPAIAeTCs
BBI3BaBIIIEMY.

Eciu nepeBo 0okazajioch HEIyCTHIM, MIPEXKJIe BCErO MPOU3BOUTCS IIPO-
BepKa, HE PasHo JIH HOBOE YHUCJIO TEKYIeMy. B 9TOM ciiydae He JeaeTcs
HU'ET0, TOCKOJIBKY TaKOE IHCJIO YK€ BHECEHO B JIEPEBO; YIIPABJICHNE HEME]I-
JIEHHO BO3BpAINaeTcs. B 3aBUCHMOCTH OT peIaeMoil 3a/Ia9di 3/1eCh MOYKHO
ObLIO OBl KAK-TO OMOBECTUTH IVIABHYIO MPOIPAMMY O TOM, YTO HA CAMOM
JieJie B JIEPEeBO HUYEro He BHECEHO — HAIIPUMED, BEPHYTH «JIOXKb», a B JIPY-
IUX CJIy4Yasix BO3BPAIATh <«UCTUHY», U T.J. M0OXKHO ObLIO ObI IIOCTYIIUTH U
XUTpee, HAIIPUMED, B KaXKJIOM y3JIe JIepeBa XPAHUTH HE TOJIBKO CAMO YHCJIO,
HO U CYETYHUK, MOKA3BIBAIOIINI, CKOAbKO Pa3 9TO YUCJIO0 OBLIO JI0OABIEHO B
JIePEBO.

Haxkomerr, eciiu TekyImee moJiJIepeBo He IIyCTO, HO IIPU 3TOM JI00aBIIsIeMoe
9HCJIO0 HE PABHO TEKYIIEMY, OHO MOYKET OBITh JIMOO MeHbIIe, 0o 6osbIe
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TEKYIIEro; B 9TUX CJIy4YasdX ero CJEJYeT IOINbITAThCd J00aBUTH COOTBET-
CTBEHHO B JIEBOE WJIU B IIPABOE MOJJEPEBO. DTO JIEJAETCS PEKYPCUBHBIM
BBI30BOM, I[IPU 3TOM B KAYeCTBE aJpeca yKaszarTess Ha KOPEHb IOJIepeBa
HUCIOJIb3YyeTCA aapec ykKasarejad left mim right u3 TeKyIero sjJaeMeHTa.
Hanbueiiee — 3ab0Ta PEKyPCUBHOTO BBI30Ba; HAIPUMED, €CJIHM HOJEpe-
BO OKa3aJI0Ch IIYCTBIM, TO Y3€JI, COJIEPXKAIH T00aBISIEMOe THCIIO, CTAHET
HEINOCPEJICTBEHHBIM ITOTOMKOM TEKYIIEro y3/a, U TakK Jajee.

Kak u3BecTHO, ¢ JIBOMYHBIME JIEPEBBSIMH [ONCKA CBS3aHA OJIHA OYEHb
cepbé3Hast IpobiIeMa: UX TOIOJIOTUS OKA3bIBAETCSI 3aBUCHMA, OT HMOPSIJIKA, B
KOTOPOM 3HAYEHUsI 3aHOCUJINCH B JiepeBo. Tak, ecyiin B IycToe JIepeBO Ha-
9aTh 3aHOCUTD TOCJIEI0OBATEBHOCTD MIEJIBIX YUCET, YKe YIOPSTOUEHHBIX 10
BO3PACTAHUIO UJIM 10 YOBIBAHWIO, HOBBIE YHCJIA BCETJa Oy/yT 3aHOCUTHCS B
caMyIo TIpaByio (WM CAMYIO JIEBYIO) MOBHUIUIO JIEPeBa, a CaMo JIEPeBo 10
CYTH TIPEBPATUTCS B OJHOCBSI3HBIN CIHMCOK, ODUITHAIBHO UMEHYEMbIil BbI-
POKJIEHHBIM J€PEBOM. $ICHO, UTO TIOUCK B TAKOM JiepeBe OyeT MPOUCXOIUTh
o4YeHb MejIeHHO. 715t perenust 3Toi mpobIeMbl TPUMEHSIOTCS TaK Ha3bIBa-
eMble cbasaHcuposarmnvie depesvs. Pacckas o HUX omycTuM, TeM OoJjiee 9TO
CITOCOOBI MX TIOCTPOEHUST U U3BECTHDIE AJITOPUTMBI OAJTAHCUPOBKH TIOIPOOHO
paciucaibl B JIUTEPATYPE M MHOXKECTBE UCTOYHUKOB B Murepuere. OTme-
THM TOJIBKO, YITO IIOJIXOJIOB K IOJJICPXKAHUIO JIepeBa B COAJTAHCUPOBAHHOM
COCTOSIHUY CYIIECTBYET JOBOJIBLHO MHOTO, U CPEJIU HUX HET HHU OJHOTO Npo-
€M020; IUTATEJISIM, 3aNHTEPECOBABIITUMCS 9TOM MPOOIEMATHKOMN, TIOCOBETY-
€M HavaTb C TaK HAa3bIBAEMBIX KPACHO-4EPHLIT Jepe6bes, TIOCKOJIbKY CPeJin
BCEX IOJIXOJIOB K HAJIAHCUPOBKE JIEPEBBEB ITOT, MOXKAJIYH, IPOIIE JIPYTUX.
[Ipumegarensho, aro noaxoj 6611 m306perén B Poccun, rounee — B CCCP.

Kak Hm crpanmno, BO MHOrmX 3amadax yaaércs oboiituch 6e3 Gasan-
CHUPOBKH — €CJIN BXOJIHBIE JIAHHDBIE B CHUJLy CBOEH IPUPOJIBI OKA3BIBAIOTCS
XOPOIIIO PACIPE/IETIEHBI, JIEPEBO U3HAYAIBHO HOJIYIaeTCsl JOCTATOTHO «Pa3-
BeCUCTBIM». ECan »Ke 9T0 He Ball CJIydail, TO YacTO OKA3BIBACTCS IIPOIIE
MPUMEHUTDH KaKOW-HUOY b APYTroil BU, JepeBa, HEYKeJU CTPOUTD JBOUIHOE
JIEPEBO U TBITAThCS ero cbaancuposaTh. Hampumep, /st XpaHeHns CTPOK
94aCcTo IIPUMEHSIOTCs npepurcHbie depesbs (aHImiickuii Tepmun — trie),
B KOTOPBIX y KayKJIOTO y3Jia MOXKET OBITh CTOJIBLKO MOTOMKOB, CKOJIBKO Cy-
HIECTBYeT Pa3HbIX OyKB/CUMBOJIOB; IPOJBUrAsACh OT KOPHS K JIACTHIAM, Mbl
OJIHOBPEMEHHO CJIBUTAEMCs BJIOJIb CTPOKH, PACCMATPUBast KaxK/ IbIil pa3 ciie-
JIYIOIIMiA €€ CUMBOJI, TO €CTh Ha N-HOM YDOBHE JIepeBa Mbl IIPUHAMAEM
peliienne, B KakKoe IMOJJIEPEBO MOWTH, UCIOJIB3Ysl N-HBI CUMBOJI U3 CTPO-
Ku. «BpicoTay Takoro jepeBa B TOYHOCTH paBHA JJIMHE CAMOW JIMHHOMN
U3 XPAHUMBIX B HEM CTPOK, a IOHCK HYXKHOI CTPOKU TpeOyeT CTOJILKHUX
CPaBHEHH, CKOJIbKO B CTPOKE €CTh CUMBOJIOB.
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4.5.5. O06be/luHEeHNS U BAPUAHTHBIE CTPYKTYPbI

IMox, o6sedureruem (union) B Cu moHMMAETCs TAKOI THUII JAHHBIX, TI€Pe-
MeHHas KOTOPOI'Oo MOXKET XPaHUTh 3HaYEHHE OJJHOI'0 U3 HECKOJIbKUX THUIIOB,
HO TOJIBKO OJ[HO B KaXKJiblii MOMeHT. CHMHTaKCHYIeCKHn OObeIUHEHUsI OUYeHb
IIOXOKH Ha CTPYKTYPbI: OHI OIUCBHIBAIOTCS TOYHO TaK K€ U 110 TeM 2Ke Ipa-
BHJIAM, TOJIBKO BMECTO CJIOBa Struct HCIOJIb3yeTcs CJIOBO union; y o6b-
€/INHEHNIl TOYHO TaK K€ €CTh N0, K KOTOPBIM MOYKHO O0PAIAThCS depe3
TOYKY, & €CJIH UCIOJIb3YeTCs adpec OObeIMHEHNsT — TO 9ePe3 «CTPEJIOUKY .
Ommane OT CTPYKTYP, TOBOPSI TEXHUYECKHU, B TOM, 9TO BCE IMOJIA OObeIu-
HEHUs PACIOJIOXKEHBI B ITAMSITH HAYMHAs C OJHOTO M TOTO Ke ajipeca — C
TOTrO ajipeca, ¢ KOTOPOro HAYMHAETCS caMo o0benuneHue. fIcHO, YTO 1pu-
CBaWBaHUE 3HAYCHUS JIOOOMY U3 IOl OObeINHEHUS IOIPOCTY 3amupaen
OCTaJIBHBIE €TI0 TI0JIs.

Ha3BaH|/|e <<061;e,qv|HeH|/|e>> onpaBAblBaeTCA COOGpa)KeHVIﬂMVI n3 Teopmnn MHO-
>kecTB. B camom pene, ecinm paccMaTpuBaTh TUM 4aHHbIX KaK MHOXECTBO BO3MOX-
HbIX 3Ha4eHnii, TO union AENCTBUTENLHO OKA3bLIBAETCS TEOPETUKO-MHOXXECTBEHHbBIM
obbeguHeHneM TUMNOB Kak MHOXECTB.

Paccemorpum i1t mpumepa o0beuHEHNE

union sample_un {
int i;
double k;
char str[16];
}

Ecim Tellepb ONUCATH IIEPEMEHHYIO 3TOI'O THUIIA:
union sample_un su;

TO B HaIlleM PAaCIOPAXKEHUU OKaXKyTCsd: IlepeMeHHad I1eJI0ro THlla su.i;
mepeMeHHas Tuna double su.k; maccuB char’oB, JOCTYIHBINA IO aJpecy
su.str. Bce onn pacrosioXkeHbl B TaMaTHA B OJHOM U TOM 2K€ MeCTe, HHade
rOBOpd, YHUCJICHHOE 3HA4YCHUE aJIpecoB &su, &su.i, &su.k u su.str omuo
u 1o xke. Obmuit 06bEM TaKOro OoObeIMHEHNs, CKOPee BCero, cocraBur 16
GaiiT, MOCKOJIbKY 3JIEMEHT StT y HEro caMblii GOJIBIION (XOTs TeOpeTuIecKn
BO3MOKHBI apXUTEKTYPbl, Ha KOTOPBIX TUII double OKaKeTCs 3aHUMAIOIINM
Gouibiiie 16 Gaiit). B obmem ciydyae pasmep oObeMHEHUsT PaBeH HAUOOIIb-
IeMy U3 pa3sMepoB ero IoJei.

WNsHavanbHO OObeuHeHNs ObLIM IPEeIHAZHAYEHBI JIJIS SKOHOMHM I1a-
MATH, HO B TaKOH POJIM UX JABHO yKe HHUKTO He HCIIOJIb3YeT, IIOCKOJIbKY
naMaTh HBIHYE JIEIIEBa, Yero HUKaK HeJb3sd CKa3aThb O BPEMEHH, 3aTpa-
YUBAEeMOM IIPOTPAMMUCTAMU Ha CO3JaHHE U OTJIQJKY IIPOrpaMM; MeXKIy
TeM, SKOHOMHUS MAMSITH C TIOMOIIBIO 00bEIMHEHNIT IpeBaTa HEOUEBUTHBIMU
OIMMOKAMHU: MOXKHO OYEHbB JIETKO [IEPENYTATh, KAKOe U3 MOJIeil MbI IPUCBaN-
BaJI TIOCJICJTHUM, & BeJb BCE OCTAJIbHBIE IIPU 3TOM COJIePKaT OTKPOBEHHYIO
abpakaabpy.
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OHO U3 YaCTHBIX IPUMEHEHUH 0ObEeIUMHEHUsI COCTOUT B PACUICHEHUN
TOT'0 WJIA MHOT'O 3HAYEHHUs Ha COCTaBJISIONINE ero 6aiTel. Tak, o0beInHeHre

union split_int {
int integer;
unsigned char bytes[sizeof (int)];

};

[TO3BOJTUT Y3HATD, U3 KAKUX OAHTOB COCTOUT IIPEICTABIICHNE IPOU3BOIHLHOTO
I1eJIOT'O YHnCJIa, HAlIPUMED:

int i;
union split_int si;
printf ("Please enter an integer number: ");
scanf ("%d", &si.integer);
for(i = 0; i < sizeof(int); i++)
printf ("byte #Jd is %02x\n", i, si.bytes[i]);

Bonee unTEpecHble BO3MOXKHOCTH OTKPBIBAIOTCS, €CJIU OObLEINHEHUE WC-
TOJIB3YETCs B Ka9eCTBE IOJISI CTPYKTYPbI. Pe3yabrar moaydaeTcs TOT Ke,
KakK IIPU HUCIIOJIb30BaHUM BapuaHTHBIX 3amnuceil B Ilackasie; Kak mpaBuiio,
110J1s1 OO BbEMJTIOIIEN CTPYKTYPBI COIEPKAT B TOM HJIM UHOM Bujie HWH(MOpMa-
A0 O TOM, KaKoe U3 ToJjieil 00beIMHeHUs CJIe/IyeT UCIOIb30BaTh.

K mpumepy, ecam 661 MBI TCAIN KAKOW-HUOYIH «IIPOABUHYTHINY KaJb-
KYJIATOD WU JPYTYIO IPOrpamMMy, paboTaoNIy o ¢ (popMyIaMu, HaM, CKOPee
BCero, oTpeboBaJIcst ObI CIIMCOK 3JIEMEHTOB (DOPMYJIbI, B KAYECTBE KOTOPO-
0 MOT'YT BBICTYIIaTh II€JI0UUCITIEHHbIE U «IIJIaBalOIey» KOHCTAHTHI, NMeHa
TIEpEMEHHDIX, & TaK¥Ke CUMBOJIBI AeficTBuil 1 cKoOOK. Ecin, ckaxkem, MBI CO-
JIACUMCSI OTPAHUYUTD JIJINHY UMEHU IIePpEeMEeHHOI CeMbIO CHUMBOJIAMH, 9YTO-
OBbI COOTBETCTBYIOIIAs CTPOKA HE 3aHUMAaJIa OOJIbIIIE MECTa, IeM UUCJIO THIIA
double, TO JJjId IpPEJICTABICHUA TAKUX IJEMEHTOB U UX XPAHCHUSA B BHUJIEC
CIIMCKA MBI MOTJIA OBI MCIIOJIB30BATE CJAEIYIONIYIO CTPYKTYPY:

struct expression_item {
char c;
union un_data {
int i;
double d;
char var[sizeof (double)];
} data;
struct expression_item *next;

};

ITpu 5TOM MOXKHO, HAIIPUMED, YCJIOBHUTBHCsI, UTO €CJId 3HAUEHUE C NPEBBI-
maer qnciao 32 (ASCII-koz mpo6Gesa), TO B HOJI€ C XPAHUTCS KOJ, CHMBO-
Jla OIEpaliy UK JIPYToro «GOpMyIbHOI0» CHMBOJIA (HAIPHMED, CKOOKN),
[IPU 3TOM TI0J1s1 06 beIMHEeHNs data He UCIOJIb3YI0TCs; B IPOTHBHOM CJIydae
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3Ha4YeHUue C (HaHpI/IMep, 0,1u 2) onpeaesdeT, KaKO TUII UMeeT Halll dJIe-
MEHT (POPMYJIbI B, COOTBETCTBEHHO, KaKO€e U3 MOJielt 00beIuHEeHUs C/IeIyeT
WCIIOJIB30BAaTD. JIjIst 3HAYMEHMT C CIeyeT, O-BUINMOMY, OINCATD IIEPEeTnC-
JIMMBIN THIL:

enum expr_item_types
{ eit_int = 0, eit_dbl = 1, eit_var = 2, eit_min_op = ’> ’ };

Teneps ecstu mosie ¢ paBHO 3HAYEHUIO eit_int, TO TO MeI0YNCIeHHAS KOH-
CTaHTa U UCHOJIb3yeTcsd data.i, ecim eit_dbl — 370 ApoOHAsT KOHCTAHTA U
ucnojb3yercd data.d, ecyiz eit_var — 3T0 M4 IEPEMEHHON U UCIIOJIb3yeT-
cs1 data.var; HaKOHeIl, ecIi 3HadeHne ¢ 6oJbIe Jinbo paBHO eit_min_op,
10 data He UCHOJIB3YeTCs BOOOIIE, & SJIEMEHT CIIMCKA [PEJICTABIAET cODO0it
CHUMBOJI OIIEPAIIAN UJIU CKOOKY.

MpakTuyeckn BCce KOMMNUASITOPbI €LUE B CepeaunHe AEBSHOCTbIX MOAAEPXUBANN
TaK Ha3blBaeéMble aHOHUMHbIE O6'be,£{l/lHeHl/l,q, XOTA B CTAaHAAPT A3blKa 3Ta BO3MOXK-
HOCTb Bowwa Tosibko HadmHas ¢ C11. CocTouT 3TOT MeXaHM3M B TOM, HTO BHYTPU
CTPYKTYpbl OMNUCLIBAETCH OObefuHEHME, NPUYEM €My HU B KakoM Bufe He [aéTcs
VMEHUN: He YKa3blBAETCS HW €ro Ter, HU UMs MOAs AAs Hero. Torpa nons Takoro
0bBbEAVNHEHNS CTAHOBSATCS MOMSIMU CaMOii CTPYKTYpPbl, HO PacroiiaratoTcsl, Kak v no-
JIOXKEHO MONSIM ODBEANHEHNS, KOAHO Ha ApyroM». B vactHocTu, ¢ ncnons3sosatnem
3TO BO3MOXHOCTU BbILLIENPUBEAEHHYIO CTPYKTYPY MOXKHO Bbi0 Bbl onucaTth Tak:

struct expression_item {
char c;
union {
int i;
double d;
char var[sizeof (double)];
};
struct expression_item *next;

};

Tenepb gns cTpyKTypbl TUNa struct expression_item AocTynHbl nons c, i, d, var
1 next, Npu 3ToM M3 TpEX noneii i, d N var MOXHO NCNOMb30BaTh TOJILKO KaKoe-TO
OflHO, MOCKOJIbKY OHW 3aHUMAIOT OHY U TY >Ke NamsThb.

4.5.6. dupexkTuBa typedef

A3bik Cu TO3BOJISIET BBECTH NOAB30BAMEALCKOE UMSA TUNG — UIEHTH-
duraTop, 0003HATAIONIIIT TOT WM WHOI TUI 3HAYEHUIT U TepeMeHHbIX. J[jis
3TOr'0 UCHOJb3yeTCsl AUPeKTUBa typedef; CMHTaAKCUYECKHU ONMCAHUE UMEHU
THIIA TOJyIAeTCI U3 ONUCAHUA 00HOU NEPEMEHHOT NPOU3BONDPHOL0 MUNG:
nobasiieHne caoBa typedef mpeBpaIaeT ero B OMUCAHNE UMEHU STOrO THIIA
BMecTO niepeMennoii. Hanmpumep, onucanue

typedef int *intptr;
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BBOJUT nMs Tuma intptr. C nomonipio typedef MOXKHO 3a7aTh CUHOHUM
JJIsl y2Ke CyIIeCTBYIOIIero TUIla, B TOM YHCJIe BCTPOEHHOIO:

typedef int integral_number;

Takue CHHOHUMBI IITUPOKO HCIOJL3YIOTCS OMOIMOTEKAMU JIJIsI BBEICHUS
TUIIOB, OIUCAHNE KOTOPBIX 3aBUCHT OT apPXUTEKTypbl. Hampumep, Tum
intptr_t, 0003HAYAIOIINI 1I€JI0E, PA3PIHOCTH KOTOPOrO XBATAET JJIsI Xpa-
HEHUs aJIPeCOB Ha JaHHON apXUTEKType, Ha 32-OMTHDLIX CHCTEMAaX OOBITHO
BBOJUTCS KaK CHHOHWM THUIa int, a Ha 64-OMTHBIX — KaK CHHOHUM THIIA
long.

Odenb YacToO MPOrPpaAMMUCTBI, HE »Kejlas KaKIblii pa3 MucarTb NMs
CTPYKTYPHOT'O THUIA U3 JBYX CJIOB, BBOJAAT JIJIsT HET'O CHHOHUM C ITOMOIIBIO
typedef, Hanmpnmep:

struct tag_mystruct {
int i;
double d;
};
typedef struct tag_mystruct mystruct;

WUJIN IIPOCTO

typedef struct tag_mystruct {
int i;
double d;

} mystruct;

9TO IIO3BOJIAET OIUCHLIBATD IIepeMeHHbIe TaKOI'0 TUIla 0€e3 UCII0JIL30BAHUS
cJIoBa struct:

mystruct sl, s2, s3;
mystruct *ptr;

Hauumarormue 1acTo OKa3bIBAIOTCH HEIOBOJIBHBI TEM, 9TO C IOMOIIBIO Ta-
KOI'0O MIMCHH THIIa HEJIb3¢ ONUCATDH IOJIe-yKa3aTeldb Ha CTPYKTYPY TOI'O 2Ke
THIA, KAK 3TO TpeOyeTcs IPHU IIOCTPOEHUHU CIUCKOB, JIEPEBBEB U IIPOYUX
MOIOOHBIX CTPYKTYP HAHHBIX. B caMoM resie, nMsi, BBEJAEHHOE C IIOMOIIHIO
typedef, HauMHAET JEHCTBOBATH TOJIBKO NOCAE JUPEKTUBBI; IPUXOTUTCSI
II03TOMY IIO-TIPEXKHEMY HCIIO/Ib30BAaTh UM CTPYKTYDBI, HAIIDEMED

typedef struct tag_item {
int data;
struct tag_item *next;
} item;

— XOTS BO BCEM JlaJIbHEHIIIEM TEKCTE MOXKHO yzKe MCIIO0JIb30BaTh BBEJIECHHOE
UM THUIIA, HallpUMep:
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item *first = NULL;

WNuorma B mporpammax #Ha Cu MOXKHO BCTPETHTH ONHCAHUS CTPYKTYDP C
typedef, B KOTOPBIX UMsl CTPYKTYPBI M UMsi BBOJAMMOI'O THUIA COBIIAJIAIOT.
KommmisiTop 1mo3BoJIsSIET 9TO, OCKOJBKY MMEHA THUIIOB U UMEHa CTPYKTYDP
otHOCsiTc B Cu K pas3HbiM 00/1aCTsIM BUAUMOCTH U He KOH(MukTyoT. CIre-
JIYIOIee ONUCAHNE KOMIIUJISITOP BIIOJIHE HOPMAJIBHO «CKYIIaeT :

typedef struct item {
int data;
struct item *next;
} item;

Hecmorpst Ha KaxKyIiyrocsi MPUBJIEKATEILHOCTh TAKOIO BAPUAHTA, JIEJIATH
TaK HE PEKOMEHJIYeTCsl, BO BCSIKOM CJIydae, €CJIM Bbl BBIHOCHTE BCE 9TO B
3arojioBouHbIi (aitn. Jleno B Tom, uro B sizbike Cu++, B ommmuane ot Cu,
MOHATHE <«UJACHTU(PUKATOPA CTPYKTYPBI» OTCYTCTBYET, TaM UMs CTPYKTY-
pBI Cpa3y Ke CUYUTAeTCS MMEHEM THIa, W OIHCAHWE, [TOJ00HOEe ITOMY, BbI-
30BeT KOHMIUKT UMEH, TO €CTh BAIll MOJLYJIb HEJIb3sl OYJ/IET UCIIOJIb30BATH B
npoekTax Ha Cu++, TosbKo Ha uncrom Cu.

4.6. Makpomnpoiieccop

4.6.1. IlpenBapuresnbHbIE CBEIEHUS

C KoHIIENIHEN MAKPOIIPOIIECCOPA MBI YK€ 3HAKOMBI 110 sI3bIKY acceMbJie-
pa; B si3bike Cu OH TOXKe IIPUCYTCTBYET U, DOJIeE TOrO, MBI C CAMOI'0 HAYaJIa
WCIIOIB3YEM €T0 BO BCEX HAIUX MpUMepax MporpaMM, XOTs 1 He obparmaem
Ha 9TO 0c000TO BHUMAaHUA. J[eJI0 B TOM, UTO XOPOIIO 3HAKOMAsT HAM JIUPEK-
TuBa #include Kak pa3 sBJISIETCsS 9aCThIo Makpomporeccopa. Obmas uaest
MAaKPOIIPOIECCUPOBAHNUS, HAIIOMHIM, COCTOUT B TOM, UTO TEKCT (B JAHHOM
CJlydae TeKCT IIPOrPAMMbI) B KAKOW-TO MOMEHT HOIAETCs Ha BXOJ CIEIH-
aJIbHOM IIporpaMMe WM IOJICUCTeMe KOMIINIATOPAa, KOTOpasd Ha3bIBACTCS
Mmarponpoueccopom. TekcT, mojaBaeMblilt Ha BXOJ MAKPOIIPOIIECCOPY, KaK
TIPABUJIO, COJEPIKUT OTIPEIeIEHHBIE YKA3AHUS IO €r0 TPeodpa30BAHUIO, BhI-
paKeHHBIE B BUIE MAKPOOUPEKIMUE U MAKPOSHL30608; B IIEPBOM IIPH-
OJIMKEHNN MOXKHO CUUTATh, 9TO MAKPOIUPEKTUBBI BCTPOEHBI B MAKPOIIPO-
1IeCCOp, TOrJa KaK MaKPOBLI3OBbI OCHOBAHBLI HA MAKPOCAIL, Olpejieisie-
MBIX TIOJIb30BaTesaeM. Pe3ymbraToM paboThl MAaKpPOIIPOIECCOPa CTAHOBUTCS
ONATBb-TAKH TEKCT, HO YK€ He COIEePKallliii HI MaKpPOBBI3OBOB, HU MaKpO-
JUPEKTUB, U He TPEOYOMUl JaJIbHeHIero mpeoopa3oBaHusl.

Bce makpompekTuBBI Ipernporeccopa sidbika Cu UMeT ODIIyI0 0Co-
OEHHOCTD: OHU 3AIMMCHIBAIOTCS HA OTACIBHON CTPOKE, W MEPBBIM 3HATAIAM
(HenpoBesIbHBIM) CUMBOJIOM TAKON CTPOYKHU JOJZKEH OBITh CAMBOJI «#».
OO6BIYHO TIEpe T MAKPOJIUPEKTUBOI ITPODEJIOB HE OCTABJISIIOT, TO €CTh CUMBOJI
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«#» pacroyiaraior B nepBoi mosunuu. MakpoaupeKTUBbI TPEICTABIISAIOT CO-
6oii IpsIMOii TPpUKa3 MaKPOIIPOIECCOPY; IO OKOHYAHUH €10 PabOThl HUKAKIX
CJIEJIOB OT MAKPOJMPEKTUB B AHAJU3UPYEMOM TEKCTE HE OCTAETCs.

Kpome makpomupekTus, mpemnporeccop 00pabaThIBAET TAKKE MaAKPO-
UMEHA, TO eCTh UJIEHTU(UKATOPHI, CBSI3AHHBIE C MAKPOCAMHY, BBEIEHHBIMU
[TOJTb30BATEJIEM.

Makporporieccop si3bika Cu 001a/[a€T OJHUM JTOBOJBHO HEIPUSITHBIM
CBOWCTBOM: OH PaboTaeT do HAUAAL CUHMAKCUNECKO20 GHANU3G, XOTS U O~
cje aHajm3a Jiekcudeckoro. Ilpu kommmisinuu Tekcer nporpammbl Ha Cu
cHadasa pa3buBaeTcss HA TAK HA3BIBAEMBIE JAEKCEMbL: KIIIOUEBbIE CJIOBA,
uJIeHTU(DUKATOPDI, 3HAKKM apUPMETUIECKUX ONePaIyii U JAPyTre 3HAKY [Ipe-
NHAHWUS, TAKUE KaK, HAIPUMEp, (PUTypPHBbIE CKOOKM, 3AISThIe, TOYKH C 3a-
[SITON M JIBOETOYMSI, 8 TAKXKE UUCJIOBbIE, CUMBOJIbHBIE ¥ CTPOKOBBIE JITE-
pasnsl. Hampumep, dparment

while(count < 10)
printf (" [/%d] Hello\n", count++);

IIPEBPATUTCS B PpeE3yJIbTaTe aHAIN3a B CJEAYIOIIYIO II0CJIeI0BATE b
HOCTBH JieKceM: «whiles, «(», «count», «<», «10», «)», «printf», «(»,
«"[%d] Hello\n"», «,», «count», «t++», «)», «;». Kommenrapun u npo-
GeJIbHbIE CHMBOJIBI IIOCJIE JIEKCHYECKOIO aHaJIM3a HCYe3al0T 0e3 ciela.
Ha Bcex mocieyomux 3TallaX TPAHCJSIUA BMECTO H3HAYAJILHOIO TEK-
CTa IIPOrPAMMBI, COCTOSAIIETO M3 OT/EJbHBIX CHMBOJIOB, PacCMaTpUBaeT-
cd IMOCIEeIOBATEIBHOCTh TAaKHX BOT JIEKCEM, IIPH 9TOM KaxKJad JIeKCe-
Ma CYUTAeTCd eIUHBIM HeJeJUMBIM IejbIM. VIMeHHO Ha 3TOM 3Tale, TO
€CTb KOIJIa TEKCT y2Ke Pa30UT Ha JIEKCEMBI, HO eIIé He IIPOAHAJU3UPO-
BaH, IIEPEMEHHBIM He [IPUMICAHBI TUIIbI, HE BBICTPOEHO CHHTAKCUIECKOE JIe-
PEBO OLIEPATOPOB U BBIPAsKEHUIl, HEe OIpeIeJeHbl O0OJACTH BHIUMOCTH —
KaK pa3 U 3allyCKaeTcs Makpolporeccop. 13 aToro cienyer, Bo-IE€pBBIX,
YTO MMEHA, BBEJIEHHBIE MAaKPOIIPOIIECCOPOM, IIPEJCTABISIOT COOOI OTIeNb-
HBI€ JIEKCEMBI-IIEHTU(MDHKATOPHI, TO €CTh MAKPOBBI30BbI HE MOLYT BBIIIOJI-
HSATBCSI BHYTPH KOMMeEHTapueB (COOCTBEHHO, MX K 9TOMY BPEMEHH yIKe
HeT), neHTUMUKATOPOB (YTO JIOBOJIBHO OUYEBH/IHO) M CTPOKOBBIX KOHCTAHT;
BO-BTOPBIX, MAKPOMMEHA He IOJYUHAIOTCHA 00JIacTaAM BUIMMOCTH,
IIOCKOJIBKY BO BPeMsI PabOTBI MAKPOIPOIECCOPa TEKCT IPOrPAMMBL Ha 00-
JIACTU BHJIUMOCTH eIIé He Pa30uT.

4.6.2. MakpoorpeejileHns 1 MaKpPOBbI30BbI

Maxpoonpedeaerue tnpeicrapisier codboil pparMeHT UCXOIHOI'O TeK-
CTa POrpaMMbl, B KOTOPOM BBOJIUTCS HOBOE UM (UaeHTH(MUKATOD), IPe]l-
Ha3HAYeHHOEe K 0O6paboTKe MakporpoleccopoM. B sa3bike Cu Makpoormpe-
JleJIeHUs [esIaloTCsd ¢ IIOMOIIBbIO AUpeKTUBbl #define; B mpocreiinieM ciy-
qae OHA COMEPKUT MACHTU(PUKATOP, a CICIOM 38 HUM U 0 KOHIIA CTPOKU
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HUAET TEKCT, Ha, KOTOPBIA 9TOT UAECHTUPUKATOD JOJXKEH ObITh 3aMeHéH. Bor
HECKOJIBKO IIPUMEPOB:

#define BUFFERSIZE 1024
#define HELLOMSG "Hello, world\n"
#define MALLOCITEM malloc(sizeof (struct item))

3necy BUFFERSIZE, HELLOMSG m MALLOCITEM — wmaxpoumeHa WU MpPO-
CTO MaKpOCHI; BCTPETHUB JI000i1 U3 3TUX MAEHTU(PUKATOPOB B JAJIbHEHIIIEM
TEKCTe NPOrpaMMbl, KOMIIMJIATOP 3aMEHUT IIEPBbIIf U3 HUX Ha 4ucao 1024,
BTOPOIT — Ha CTPOKOBYIO KOHCTaHTy "Hello, world\n", Tperuii — Ha BbI-
308 QyHKIuu malloc. MoXKHO 0XKUJIATh TEIEPh MOSIBJIEHUSI B IIPOIPAMME
4ero-To BpPoJe CJIe/lyIONIero:

char buffer [BUFFERSIZE];

VA N V)
puts (HELLOMSG) ;
/x .. %/

struct item *p = MALLOCITEM;

U Tak jajee. 9To, COOCTBEHHO I'OBOPsI, U €CTh MAKPOEbL306bL.
Teso Mmakpoca He 00s13aHO OBITh 3aKOHIEHHBIM BBIPAYKEHNEM WA TarKe
3aKOHYEHHON KOHCTPYKI[Meil; BIIOJIHE MOYXKHO OIKACATh, HAIIPUMED, TaKOe:

#define IF if(
#define THEN ) {
#define ELSE } else {
#define FI }

¥ 3aTeM B IIpOrpaMMe U300pa3uTh U4TO-TO BPOJIE

IF a > b THEN
printf("the first was greater then the second\n");

b = a;

ELSE
printf("the second was greater\n");
a = b;

FI

Wnoit Boripoc, 4T0 KOHKPETHO BOT TaK JIEJIaTh BCE YK€ HE CTOUT (XOTsl A3BIK
9TO U JIOIYCKAET), HO B 60JIee CJIOKHBIX CIYYasdX HOMOOHBINA CUHTE3 S3bIKO-
BBIX KOHCTPYKIIUI U3 MaKPOCOB BIIOJIHE MOYKET CeDsl OIpPaB/IaTh.
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4.6.3. Coryiaiiesusa o6 uMeHOBaHUN

YuraTeb HaBepHsSIKa 00pPAaTU BHUMAaHWE, 9TO BCe MMEHA MaKpPOCOB B
HAIKX TIpUMepax HaOpaHbl 3aryIaBHBIMI OyKBAMM, TOI/A KaK 0 CHX 0P B
nporpammax Ha Cu Mbl 3arjaBHble OyKBbI B UACHTH(MUKATOPAX HE UCIIOJIb-
30BaJId. JTO He cirydaitno. Kak y»ke roBOpHIOCH, MAKPOUMEHA HE TIO[IHHsI-
FOTCsI IIPaBUJIaM BUJIUMOCTH. UTO 9TO 3HAYUT HA MPAKTUKE, HAM IIOMOXKET
MOHATH CJIeAyomnmit mpuMmep. JomycTum, T/1e-TO B OJHOM U3 3ar0JIOBOTHBIX
QaiiIoB HAIIETO MPOEKTa KTO-TO U3 YIACTHUKOB OMPEIEINT MAKPOC C MMe-
HeM count:

#define count 35

Mp1, He 3Has1 00 9TOM MJIN IIOIPOCTY 3a0bIB, PeliaeM B KaKoH-HIOYIb DYyHK-
un OObSIBUTH JIOKAJIHHYIO IEPEMEHHYIO C TAKUM YK€ MMEHEM:

int f(int n, const char *str)
{
int count;

/* ... %/

ITockonpKy Makporporeccop oTpadaThblBaeT 0 HAYAIA CHUHTAKCHUIECKOTO
aHaJnM3a, OH He MOXKET HUYero 3HATh HU O (DYHKIHUSX, HU 00 UX TpaHu-
ax, HA O JIOKAJIU3alliM IIePEeMEeHHBIX; KaK CJIeCTBUe, OH IIPOCTO 3aMEHUT
CJI0BO count Ha 4ucI0 35, B pe3yJibTaTe 4ero CUHTaKCU4YeCKUi aHaJm3aTop
«YBUJUT» 3aMedaTeIbHyI0 KOHCTPYKIIUIO

int 35;

— U, pa3yMeeTcs, BbIIACT cooOIeHne 00 OImbdKe, B KOTOPOM KJIIOUEBBIMU
caoBaMu OyzIeT 9T0-TO Bpoje identifier expected, aTo OyKBaIbHO TEPEBOIUAT-
Csl KaK «OKUJIAeTC UIACHTU(MDUKATODY, a O3HAYAET ITO, €CJIH HE JIeJIATH I10/I-
CTPOYHOTO MEPEBOJIA, «3/IeCh JIOJIKEH CTOATh uieHTuduKaTop». [Ipu arom
MTO3UIUsT TPOU3OIIEINel OMmuOKN OyJeT Kak pa3 Tam, TJie CTOUT HUJICHTH-
duraTop — cioBo count. Bo3amoxkHa emé 6osiee MMKAHTHAS CUTYAIUs: Mbl
y2Ke JIABHO Hammcayn (pyHKIMIO C JOKAJLHOW [EPEeMEHHOH count, mocse
9ero KTO-TO M3 HAIUX KOJIJIET B OJHOM U3 3ar0JIOBOYHBIX (DAIOB perm
BBECTH ITO CJIOBO B KA4eCTBE MAKPOCA, U BECh HAII KOJ Pa30M IIePeCcTaJt
KOMITHJTHPOBATHCS.

VmeHHO 110 3TOi TPpUYUHE IPOrpaMMUCThI, paboTatomiue Ha Cu, mpuiep-
JKUBAIOTCS TPAJUIMN HCIIOJIB30BATH JIJIsi MAKPOCOB MMEHA, COCTOSIIE U3
OYKB BEPXHEr0 PerucTpa. Bo-mepBbiX, TaKue MMEHA XOPOIIO BUIHO B TEKCTE
IPOTrPaMMBbl, OHI KaK Oy/1TO roBopsiT: «OCTOPOXKHO, TYT MOYXKET BO3HUKHYTh
Kakas-HUOY b HeXKJaHHAs Tpo0sieMas (1, 9TO XapaKTEPHO, FOBOPAT BEChMA
110 ety ). Bo-BTODBIX, eciiu BCe CJIEAYIOT 9TOMY COIVIANIEHUIO, TO MAKDPOCHL
7 OOBIYHBIE TIEPEMEHHBIE HUKOT/Ia HE CMOTYT BCTYIHUTb B KOH(MJIUKT U CO-
3/1aTh CUTYAIUIO, TOJO0HYIO BBINIEIIPUBEIEHHO: B CAMOM JeJie, eCJIn BCe
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MaKpouMeHa HabpaHbl OOJIBIIUME OYKBaMU, & BCe MIPOYNe UIeHTH(OUKATO-
pbl — MaJIEHBKMMH, TO HU OJJHO MAaKPOUMS HE COBHAJIET HU C OJHUM U3
«IIPOYNX MUAEHTH(PUKATOPOBY — UMEH ITEPEMEHHBIX, TUTIOB U T. .

IloguepkuéM, 9TO ¢ TOUKH 3peHust Kommnuasatopa Cu MMeHEM MaKpo-
ca MOXKeT OBITH JII0OOH MIEHTU(UKATOP; COIVIAIICHUE HACUET 3arjIaBHBIX
OyKB — 9TO TpaJulius, BBeJAEHHAS MPOTPAMMUCTAMHU, a He TpeboBaHUe
SA3BIKA.

C >Toii Tpaguumeli ces3aH fJocTaTouHO 3abaBHbIl kasyc. Kak Mbl yxxe ynomuHanu
npu obcyxaeHnu nepedncanmoro tuna (cm. §4.3.8), fo nosiBneHns enum' 0B MakpoCh!
6bU'IVI B sA3blKe CVI €ONHCTBEHHbIM CI'IOCO6OM BBE€AEHNSA WMEHOBAHHbIX KOHCTAQHT, 3a-
TEM, KOrfa NepevnCcNnMBbIi TN B i3blKe NOSIBUJICS, MPOrPaMMUCTbI JOBOJIBHO BbICTPO
coobpasunu, 4to ero (a To4Hee, BBOANMBIE UM NAEHTUDNKATOPbLI-3HAYEHUS) MOXK-
HO MCNOJ/Ib30BaTh AN UMEHOBAHUS LLENOYNCIEHHBIX KOHCTAHT; HO K 3TOMY BpeMeHu
NPUBbLIYKA UMEHOBAaTb KOHCTaHTbI 3arnaBHbIMU ByKBamMU NycTuaa HacTONbKO rybo-
KME KOPHM, 4TO 0B NCXOAHOIW MPUHMHE Takoro MMeHoBaHusi (B KavecTBe KOTOPOI
NCXOAHO BbICTyMNajla OMNAaCHOCTb MAKPOCOB, CBA3aHHasA C UX HENOAYHUNHEHNEM 06)13—
CTsM BI/I,ELVIMOCTVI) 04N y>xe ycnenmn nO3a6b|Tb N NPUHANNCb NMEHOBATb TakK J7l06ble
KOHCTaHTbI, B TOM YUC/Ie BBEAEHHbBIE C MOMOLLbLIO enum. 3aKPEneHnto 3TOro HOHCEH-
ca B Hemasioli cteneHn cnocobcTeoBano 1o, 4to KepHuran n Putuu B cBoeii kHure
MCNob30BaNu 3arnasHble OyKBbI 4151 UMEHOBAHUS MaKpOCOB, HUKaK 3TOrO He nosic-
Hss, 1 BAODABOK CTann MCMNONL30BaTh 3arnaeHble ByKBbI A1 UMEHOBAHUS 3HAYeHUI
B NMEPEHNCANMbIX TUNAX, ONATb-TAaKN HE AaBas Ha 3Ty TEMY HUKaAKUNX MOSICHEHWNA.

Ntorom Bceli 3Toii axnHen CTaso yAUBUTENIbHO CUJIbHOE PAcMpOCTPaHEHNE Cpe-
LM NPOrpaMMnCTOB YBEXXAEHHOCTM B TOM, YTO-fe 3ar/aBHbiMu bykBamu ciesyet
MMEHOBATbL KOHCTAHTbI, MPU 3TOM HUKTO U3 Pa3feNistoLnX STOT NPUHLMM HE MOXET
[laTb BHSATHOrO ODBSICHEHNS, YEM XKE CTOMb K UHTEPECHBI» UMEHHO KOHCTaHThI, a He,
Hanpumep, nmeHa Tunoe nan dyHkuuli. OHO N NOHATHO, Befb U3HAYABHO NOA, K KOH-
CTaHTaMn» B CVI MOXHO 6bIJ'IO NMOHUMATb TOJIbKO MAaKpPOChbl, @ C HUMU, KaK Mbl yXKe
Bunaenn, BCé HACTOJIbKO MJIOXO, YTO UX ,quICTBMTeﬂbHO BE€CbMa XeJlaTeNbHO AeNnaTb
«3aMETHbIMUY B TEKCTE:

#define VERY_DANGEROUS_MACRO 756

Ho BOT 3Ha4eHUst nepeqmcinMbIX TUMOB — 3TO, Ha MEPBbIA B3rnsg, obbIKHOBEHHbIE
NAeHTUUKATOPBbI, N B HUX HET POBHLIM CHETOM HMYero ocobeHHoro. OTMETUM, YTO U
Ha BTOPOIi B3I/1i4 OHN TOXE SABASIOTCS ODbIYHBIMU UAEHTUUKATOPaMK, TaK HTO ec-
SN Bbl NCMOJIb3yeTe enum'bl MO HAa3HAYEHNIO — /151 0DO3HAYEHUSt OAHOV CMTyaunmn U3
NpesonpeAenEHHOr0 MHOXXECTBA — TO UAEHTUUKATOPLI MOXHO (1, NoXanyl, HyX-
HO) NncaTb, Kak OBbIYHO, B HVXXHEM PErmcTpe C UCMOJb30BAHNEM MOAHEPKMBAHMS.
34paBblii CMbIC/ NOACKA3bIBAET, YTO MPU NCMOL30BaHMM enum’a He MO Ha3HAYEeHNHo,
TO eCTb ANs1 BBEAEHUS MEHOBAHHbIX KOHCTAHT, C/iefyeT MOCTYynaTh TOHHO TaK XKe:

enum { absolutely_safe_constant = 756 };

NpentucpukaTop, noguuHsitowmiics obnactsim BMagnmMocTu, B tlobom cinydae ny4iwe,
HEXEeNU Takol uaeHTUNKaTop, KOTOpbIli BeAET cebsi Kak CIIOH B MOCYLHOW aBke
(a nmeHHO TakoBbl Makpockl B Cn), MO3TOMY METOA BBEAEHUSI KOHCTAHT Kak NAEHTU-
hUKATOPOB AJIst NEPEHNCNMBIX TUMOB MOJYYU LIVPOKOE PacrnpocTpaHeHue. 34eck
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BCE ewé Kak byaTo HeT nosoga AN 6ecnokolicTBa, HO OH MOSIBUTCS, KaK TOJIbKO Mbl
caoenaem cnep,ylou.mﬁ — BMOJIHE NIOTNYHbI — LWiar: pewunm nepeanenatb TakKUM CNoCco-
6OM BCE y)KE UMEIOLLNECSH KOHCTAHTbI, KOTOPbIE BbINN paHee OOBSABAEHBI C MOMOLLBIO
#define n B COOTBETCTBMU C BbILLEONMNCAHHBIMW COrNALLUEHNSAMMN HA3BaHbl UMEHaMW,
COCTOSILLMMM U3 3arnaBHbIX Byks. BO3MOXHO, HEKOTOpbIE N3 HUX Mbl JaXke nepenmMe-
HyeM. Ho paHO nmnu no3gHO Mbl CTONKHEMCS CO CllydaeMm, KOrga neperMeHoBaHue
KOHCTAHTbl HEAONYCTUMO: HaNpumMep, KOHCTAHTA 3asiBJieHa KaK 4acCTb MHTedeeﬁca
I'IOI'IyJ'IﬂpHOI7I 6I/I6J'IVIOTEKVI, BKJ/IIOHE€HA B OOKYMEHTAUWUIO U NCNONb3YETCA B OECATKE
(a TO N B AeCATKe TblCﬂ'—!) nporpamm. MTak, mMbl 0BHapYyXUan KOHCTaHTY, KOTOPYIO
HeNb3s1 NepPeNMEHOBaTb; YTO XKe Tenepb, Tak N OCTaBUThL €€ B Buge makpoca? Muoraa,
4YTO XapaKTEPHO, UMEHHO TaK U MOCTYNalOT, B COBPEMEHHLIX Nporpammax Ha Cu KoH-
CTaHTbl, BBeAEHHble #define oM, BCE elE BCTPEYAOTCA Yalle, HEXEeNM enum OBbIE.
Ho, ecnn nogymatb, BaAMAHbLIX NPUHNH ANt TAKOTO PELLUEHUSI MOMPOCTY HET: B CAMOM
[ene, Hy 4eMm Xy)ke CTaHET KOf, €C/in OYepeAHOli MakpoC 3aMeHnTb Ha besonacHyto
KOHCTaHTY C TeM e umeHem? Pe3ynbTaToMm CTaHOBUTCS MaccOBOE UCMOJb30BaHNE B
Ka4yecTBE UMEH KOHCTAHT MEPEYMCAMMOro Tuna ugeHTudukaTopos, bonee Npusbiy-
HbIX B POJIN MaKpPOMMEH, TO €CTb COCTOSILLMX U3 3araBHbIX JAaTUHCKUX BYKB:

enum { VERY_DANGEROUS_MACRO = 756 };

3pech Halla KOHCTaHTa yXe n He dangerous, U He Macro, HO eCau NepevMeHOBaTb
€€ Mbl He CMOIJIN, TO YTO >Xe Tenepb nogenatb?

K coxaneHuto, npu 3TOM HECKOJIbKO HapyluaeTcs efuHoobpasne UMEH uaeHTu-
pMKaATOPOB: OfHU KOHCTAHTbI UMEHYIOTCSI B HUXKHEM PETUCTPE, @ APYrue B BEPXHEM.
MosTomy TpeboBaHMe MMeHOBaTL C UCNOJIL30BaHMEM DYyKB BEPXHEro perncrpa tobbie
KOHCTaHTbI, B TOM YMCJE U TaKne, KOTOPbIE HUKOTAA He Bbian Makpocamu:

enum { ABSOLUTELY_SAFE_CONSTANT = 756 };

He nonydaeTcs obbABMTbL 3aBEAOMO HEMPaBUIbHBIM: KaK Mbl BUAENN, HEKOTOPbIE
KOHCTaHTbI, NYCTb M HE SBAAIOLLMECS MAKPOCaMU, BCE XK€ MPUXOANTCS Tak UMEHO-
BaTb, a eguHoobpasme NMEH LeHHO camo no cebe.

Kak 3To 4acTo 6biBaeT, OfHO3HaYHbIX yKa3aHWli 34ecb faTb Henb3s. Ecnm sac
NpUrNacuAN B CyLLECTBYIOLWMI NPOEKT, CrefyiiTe MEIOLMMCA COrNalleHNsM; ecim
Bbl HAUMHAETE MPOEKT C HyNs, NogymaiiTe camu, Kak Bam byaet yaobHee nmeHoBaTb
KOHCTaHTbI, HO He 3abbiBaliTe, OTKyAa Ha CaMOM Jesie B3An0Cb UMEHOBaHMe 3arnas-
HbiMU BykBamu. Ecnn Bl He Makpochl, He Bbi10 Bbl HUKAKMX OCHOBaHUIA «BLIAENATL»
B TEKCTE NPOrpaMMbl VIMEHHO KOHCTaHTbI, @ He YTO-TO ApYroe.

4.6.4. BoJsee cio>KHBIE BO3MO>KHOCTHA MaKpPOCOB

[Ipenporieccop st3bika Cu 103BOJISIET 33/IaBATh MAKPOCHI ¢ NAPAMEMPa-
Mmu. B KagecTBe npuMepa IPUBEAEM CBOEOOPA3HYIO «KJIACCHKY YKAHPAs:

#define MAX(A, B) ((A) > (B) 7 (A) : (B))

3ech BBOUTCS MAaKpoc MAX, TpUHUMAIOIIHIL IBa ITapaMeTpa, KOTOPhIE B Te-
Jie MaKpoca 0603Ha9a0TCst Kak A n B. BBI30B 9TOro Makpoca MOXKET BBITJIs-
JIeTh, Hampumep, Tak: MAX(x, 15), mpu 5TOM BMECTO MaKpPOBBI30Ba OyieT
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[IOJICTABJIEHO TEJI0 MAKPOCa, B KOTOPOM mapamerp A Oyier 3aMeHEH Ha X, a
mapamerp B — ua 15. Ilepes oTKpbIBaloIiieii Kpyrioii ckobKoii, ¢ Ko-
TOpOii HAYMHAETCHA CHNCOK MapaMeTPOB, He JIOJI2KHO ObITH Ipobde-
J1a, MHaYe BAIIl CIIUCOK TapaMeTPOB Oy/IeT BOCIPUHSAT KAK JaCTh TeJIa MaK-
poca, a caM MaKpOC CTaHeT OOBIYHOI MaKPOKOHCTAHTO 6e3 mapaMeTpoB.

Bor naBepHsgka 0OpaTuIn BHUMAaHUE HA HEOXKUJIAHHO OOJIHITIOE KOJTIIe-
CTBO KPYTJIBIX CKOOOK; mHTepecHo, uTo Kepuuran nu Purun, nmpusogsa stor
IIpUMeEp B CBOEU KHUTE, HE TPATAT BPEMEHU HA 00bsICHEHUS, 8 BMECTO 3TOTO
JIAIOT €eIEé OJIMH IIPUMEP:

#define square(x) x * x

U TIpeJJjiaraloT BBI3BaTh ero Tak: square(z+l), HaJesch, YTO 3TOT pedyc
OKayKeTCsT «IMO 3ybaM» BceM 0e3 MCKIIoveHus untarenasMm. Mbr He Oymem
CTOJIb ONTUMHUCTUIHBI U IMOSCHUM, YTO MPOU3OHIAET: BMECTO MAKPOBBI30-
Ba square(z+1) mpernporeccop CreHepupyer IOC/Ie0BATEIbHOCTh JIEKCEM
«z + 1 % z + 1», 9470, KAK MOXKHO 3aMETUTh, Ha OXKUJABIINNICA KBaJApaT
YHCJIa COBEPIIEHHO HE II0X0XKe. AHAIOrMYIHO, €Cii ObI MbI OIIPEIE/IMIA HAIl
MaKpOC JJIsi BBIYUC/IEHNAsT MAKCUMyMa 0e3 IpPUMEHEHNsT CKODOK:

#define BADMAX(A, B) A>B 7 A : B

— a [OTOM WCIIOJIb30BAJIM OBl €ro, HAIPUMED, B COCTABE BBIPAXKEHUS
BADMAX (100, 10) * 5, To BMecTO OxKuAaBIIErocss 500 MbI ObI ITOJTYIMIN
pe3yabTaT 100: B caMOM Jiejie, 9eMy eIé JOKHO OBITh PABHO BbIpazke-
mme 100 > 10 7 100 : 10 * 5, MOJyYEHHOE TOCTE MAKPOIIOICTAHOBKHU!
Yr0o0bl n36€KaTh MOJOOHBIX BBIBEPTOB, MPOIPAMMUCTHI IPUMEHSIIOT IIPO-
CTOe IIPABUJIO: B MApaMeTPU30BAHHOM MAaKpOCe KaK/10€ BXOXKICHUE
MakporapaMeTpa cJjeayeT o0s3aTeJIbHO 3aKJII0OYUTh B KPYTIJIbIe
ckoDOKU, a BCE Tesso Makpoca — emi€ B oguu. OrmernM, 9TO 9TO mpa-
BUJIO HU B KOl Mepe He sIBJIsieTCsI TPeOOBaHUEM CO CTOPOHBI KOMITUJISTOPA.:
eMy BCE PaBHO; CKOPEE ITO MPABUJIO CJIEAYeT OTHECTH K KATErOPHUH IIPUTY-
MaHHBIX TPOIPAMMUCTAMHE CIOCOOOB IIPEOIOJIEHNS TIOCIEICTBHUI OIHOTO U3
MHOT'UX KOITMAaPHBIX HEIO0IETOB sidbika, Cu. 3aMeTnM, 9YTO KPYIJyIble CKOOKH,
JTarKe eCJId UX IPABUJIBHO PACCTABUTH, HE CIIOCOOHBI TOOOPOTH BCE BO3MOK-
HBbI€ TIOCJIEJICTBUS IIPUMEHEHNsI MaKPOCOB; B YACTHOCTH, €CJIM BBIPAKEHIE,
3aJJaHHOE B POJIM OJHOrO M3 IapaMeTpOB Halmero Makpoca MAX, okazkeTcsa
nMemuM mo009HbIH 3PDEKT, TO 3TOT 3PEPEKT MOKET TPOSBUTHCH Ba-
JKJIBL; K TIpEMepY, B Bbipakenun MAX (f (x) ,g(x)) ta dbyskuus (f wm g),
pe3yabTaT KOTOPOit OKaxkeTcst OoJIbIe, OyIeT BbI3BaHa BTOPOIt pas.
BriBos 0ka3bIBaETCS IOCTATOYHO OYEBU/IEH: UCIIOJIB30BAHUS MAKPOIIPO-
1eccopa cJreJIyeT o Bo3MozkHocTn n3berars. K coxxasenuio, si3plk Cu cpas-
HUTEJIbHO OeJIeH, IT03TOMY YacTO SKOHOMMS BPEMEHU UM CHUJI, JIOCTUraeMast C
TOMOITIBIO MAKPOCOB, MIEPEBEITNBAET BO3MOXKHBIE TpobieMbl. S3bik Cu mo3-
BOJISIET IIMCATH MaKPOOIPEIEICHUs N3 HECKOJBKIX CTPOK, U JIaXKe 9Ta BO3-
MOYKHOCTb, HECMOTDsI Ha BCe HEYJ00CTBA, JIOBOJBHO YaCTO HCIIOJIB3YETCs.
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CTpPOKH «CKJIEMBAIOTCSI» € OMOIIBIO CUMBOJIA, OOPATHON KOCOW 9€PTHI «\»,
KOTODBIii CTABUTCSI B [IOCJIEHE TIO3UIUK CTPOKH (TO €CTh HEOCPEICTBEHHO
epeJi IIePeBOJIOM CTPOKH ), HAIIPUMED, TaK:

#define HELP_TEXT \
"This is a very good program that displays file size\n" \
"To use it you should specify the file name\n" \
"as a command line parameter, such as\n" \
" fsize file.txt\n"

BcenoMHUB, 9TO HECKOIBKO HUIIYIIHUX OIS CTPOKOBBIX KOHCTAHT KOMIIUJISI-
TOP «CKJIEUBaeT» B OJJHY CTPOKY, MBI MOXKEM JI0I'a/IaThCs, YTO 3/1€Ch OlIpe/ie-
JieHa OOJIbIlIasi CTPOKOBasi KOHCTAHTA, COIEpIKaIlas B cebe JeThipe CTPOKHI
TEKCTa, pa3/leJIEHHble CUMBOJIAMH IIEPEBO/IA CTPOKH; €€ MOXKHO, HAIIPUMED,
HaleJaTaTh B CJIydae, €CJId II0JIb30BaTeNb 3a0bLI 1aTh HAIleil IporpaMmme
HY2KHBII eil TapaMeTp KOMaH/IHOU CTPOKU:

if(arge < 2) {
fputs (HELP_TEXT, stderr);
return 1;

}

Bo03MOXKHOCTB OIMCaHKS MHOTOCTPOYHBIX MAKPOCOB 9aCTO UCIIOJIB3YIOT JIJIsT
ONMCAHUsI MAaKpPOCOB C MapaMerpaMu, KOTOPbIE HMOTOM Pa3BOPAYUBAIOTCS
B neJsibie dysKimu. [lycts, Hanpumep, HaM TOTPeOOBAIACH BO3MOXKHOCTD
CYMMUPOBAHUS JIEMEHTOB 3aJ[@HHOTO MacCHBa. Hcim Tul 3/1eMEeHTOB He
BBI3bIBAET COMHEHWsI, TO BCE JIOBOJILHO IIPOCTO; B YACTHOCTH, MACCUB W3
int’oB MOXKHO TTPOCYMMUPOBATH TaK:

int int_array_sum(const int *a, int n)
{
int s = 0;
while(n > 0) {
s += xa;
at+;
n--;
}
return s;

}

Ecin reneps HaM noTpebyeTcst cyMMa 3JIeMEHTOB MAaCCHBa, KAKOI'0-TO JIPY-
roro THUIA, B T'OJIOBY MOKET IPHUATU HJes CKOIHMPOBATH 3Ty (DYHKIUIO U
3aMEHUTH B KOIIMU CJIOBO int Ha MMd HY>KHOI'O THUIla, Hanpumep, double:

double double_array_sum(const double *a, int n)
{
double s = 0;
VA v
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OpHaKO OT peaji3aluu TAKUX U CJie/yeT BO3Iep:KUBAThCs: KOITUPOBa-
Hue pparMeHTOB KOJa, KaK H3BECTHO, J10 100pa He j1oBoauT. C IIOMOIIBIO
MeXaHN3Ma ITapaMeTPU30BAHHBIX MHOTOCTPOTHBIX MaKPOCOB MOYKHO TTOCTY-
OUTHh YyTh-9yTh JIy4IIl€e:

#define MAKE_ARRAY_SUM_FUNCTION(FUNNAME, TYPE) \
TYPE FUNNAME(const TYPE *a, int n) \
{\
TYPE s = 0; \
while(n > 0) { \
s += *a; \

A\
return s; \

}

Teneps BBecTH €mmIé OJHY TAKyI0 (DYHKIUIO [IJIsi CYMMUPOBAHUS MACCHBOB
0YEepEIHOIO MOHAIOOMBIIIEr0CsT HAM THIIa, MOYXKHO 6€3 BCIKOTO KOIUPOBAHNUS,
JIOCTATOYHO CJ/IeJIaTh COOTBETCTBYIONINN MaKPOBBI30B:

MAKE_ARRAY_SUM_FUNCTION(int_array_sum, int)
MAKE_ARRAY_SUM_FUNCTION(double_array_sum, double)
MAKE_ARRAY_SUM_FUNCTION(long_array_sum, long)

u Tak jasiee. MoxKHO TOfiTH €Ié JTAJIbITIe U BOCIOJb30BATHCS BO3MOYKHO-
CTBIO «CKJIEMBaHUsA TOKEHOB» 4Yepe3 IICEeBJI00Nepalnlo «##»; IOACHUM, YTO
B XO/Ie MAKPOIIO/ICTAHOBKH IIPEIIPOIIECCOP «CKJIEUBAET» B OJIHY JIEKCEMY JIBE
pa3HbIe JIEKCEMbBI, MEXKJLY KOTOPBIMH OOHAPYKUJIOCH 3TO caMoe «##t», mpu
9TOM B POJIA CKJIEUBAEMBIX JIEKCEM OOBITHO BBICTYIAIOT UJIEHTUMDUKATOPHI.
Hampumep, Mbl MOIUIn OBI OIIMCATDH HAI MAKPOC C OJHIM IIapAaMETPOM, & He
C JIByMH:

#define MAKE_ARRAY_SUM_FUNCTION(TYPE) \
TYPE TYPE ## _array_sum(const TYPE *a, int n) { \
TYPE s = 0; \
/* oL %/

I[Ipy MakpoBBI30Be, HAIpPUMEP, C [apaMeTpoM int 2KyTKOBaTOe
TYPE ## _array_sum npeBpaTurcd B mjaeHTHHUKATOP int_array_sum,
YTO BIIOJTHE COOTBETCTBYET HAIUM IiejisiM. [IpaBia, Takoe perienne umeeT
JOBOJIBHO OYEBU/IHBIN HEJOCTATOK: CYIIECTBYIOT UMeHa TUIIOB U3 OoJiee Yem
OZTHOTO CJIOBa, W IJId TaKUX CJIydaeB HOBad BepPCAA MAaKpOca He TOOUTCHA
(KaK MUHUMYM, OPUIETCH IIPEIBAPUTEIHHO BBECTH HOBOE MMsI JJIsi TAKOTO
THUIIA ¢ OMOIIBIO JUPeKTUBH typedef, cm. §4.5.6).

HeymobctBa paboThl ¢ MHOTOCTPOYIHBIME MaKpPOCAME HATHHAIOTCS C TO-
T0, YTO CHMBOJI OOPATHOM KOCOH UEepPThI, «IKPAHUPYIOMMIT» TEePEBO CTPO-
K, 00s13aH OBITH UMEHHO TOCAEJHUM CAMBOJIOM CTPOKH; €CJIN CJIYyYaiiHO
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OCTaBUTH MOCJIE HEro NMpobesi, TEKCT MepecTaHeT KOMINJINPOBATH-
Csl, IIPU 9TOM IIPOOeJI, KOTOPBIH CTajl NPUYUHON OomubKu, He bydem udko.
Brpouem, K 3Toif 0COGEHHOCTH KOMITMJISITOPA JOBOJIBHO JIETKO ITPHHOPO-
BHUTBCST; HO BOT €CJIM BBI JIONyCTUJIA B TEKCTE MAKPOCa OIMMHUOKY, PE3yJIbTa-
TOM KOTOPOU CTAHOBUTCS ONTMOKA KOMIMJISIIIAY, TO KOMIIMJIATOP BBIIACT
ommbKy B TOM MeCTe, TJe MaKpOC PacCKpbIBaeTCs, a He TaM, I'/ie OH
OIMCAaH, ¥ BBINCKABATH PUIMHY OMIMOKU B TEJIE€ MAKpOCa BaM IPUIETCS
6€e3 TIOMOITX CO CTOPOHBI KOMIMJISITOPa; (DaKTUIECKH B BaIlleM PaCIIOpsizKe-
HUW OCTAHETCS TOJHKO HEOGE3BI3BECTHBIN «METOJ IMPUCTATIHLHOTO B3TJISIAY.
K roii 0c06eHHOCTH MHOIOCTPOYHBIX MAKPOCOB «IIPUHOPOBUTLCS» HEBO3-
MOYKHO, TIOCKOJIBKY 3TO BOOOIIE HE BOIPOC CHOPOBKM.

HeGombIyo moMomts B jieie OTIAIKH MaKpOCOB BaM MOXKET OKa3aThb
KJIIOY KOMIWJIATOPA -E, IPEIUCHIBAIONIIN TPEKPATUTH KOMIIMJIAHIIO CPa-
3y MOCJE CTaJMUd MaKpPOIPOIECCUPOBAHUS, & PE3YJIbTAT BbLJIATH B IMOTOK
CTaHJAPTHOTO BBIBOJA; OyJIbT€ TOTOBBI IIPU 3TOM YBHJIETH HE TOJBKO Ba-
Iy TPOTPaMMy, HO U BCE, UTO TOJIYIHJIOCh U3 BCEX TOJK/IIOUEHHBIX K Heil
3aroJI0BOYHBIX (GailioB (& 9T0 0GBITHO MHOTO).

Kosb cKOpo Mbl YNOMSIHY/IN O CKJIENBAaHUN TOKEHOB Yepes ##, paCcCKa)keM 3a04HO
06 ewé ofHON CBOEODOPa3HOI BO3SMOXHOCTM MaKpOMPOLLECCOpa: O NMPeBpaLLeHnn To-
KeHa B CTPOKOBYHO KOHCTAHTY. ﬂ'OCTI/IraeTCﬂ 3TO C NOMOLWbIO O,D.I/IHO‘-IHOM ((peLLIéTKIA)),
NOCTaBJIEHHON HENOCPEACTBEHHO Nepen MMEHEM MaKponapamMeTpa. Hanpl/lMep:

#define VAR_PRINT(x) printf("%s = %d\n", #x, x)
Ecnu Tenepb 3TOT BbI3OB MCMNOJIb30BaTh, CKaXKeM, TaK:

int abrakadabra = 13;
VAR_PRINT (abrakadabra) ;

— TO PaCKPOETCS Hall MaKpoC B BblpaXkeHue
printf("%s = %d\n", "abrakadabra", abrakadabra) ;
Hy a Hane4aTaHo ByAeT, Kak JIerko BUAETb, YTO-TO BpoAe
abrakadabra = 13
BcnoMHuB, 4TO BCTpedeHHble B TeKCTe ABa wuau bosiee naywmnx noapsis CTPOKOBbIX
NinTepana «CKJIENBaOTCS», Mbl MOXKEM TOro Xe 3pdhekTa LOCTUYL HECKONbKO Bosee

WHTEPECHbBIM crnocobowm:

#define VAR_PRINT(x) printf(#x " = Jd\n", x)
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4.6.5. (*) Makpocst u koHcTpyKIus do { } while(0)

npm AKTUBHOM NCNOJIb30BAHNN MaKpPOCOB Bbl PaHO MaM no3gHoO HaTKHéTer Ha
CUTyauunto, Korga B Tesie MakKpoca no TOW AN NHOW NPUHNHE XOHETCA NCNONb30BaTb
HECKOJIKO OMepaTopoB UAN APYryto CIIOXKHYK KOHCTPYKLMIO Bpoae onepaTopa if ¢
BeTKoli else nnn 610Ka C 1OKaNbHLIMU NepemeHHbIMU. BbiBaeT 1 Tak, 4To OAWH 1 TOT
»KE€ MaKpOC Bbl B 3aBUCMMOCTY OT CJAOXKMBLUERCS CUTyaLnmn onpeaensieTe no-pasHomy,
TO C OAHUM AENCTBMEM BHYTPU, TO C ABYMSsI, TO BOODLLE KaK «NYCTBILKY», HE gena-
roLyto Huyero. [pn 3ToM xo4eTcst, 4Tobbl MaKpPOBLI3OB B NPOrpamMMe BbIrsfen Tak
e, Kak 0DbIYHbI OnepaTop € BbI30BOM pyHKLMU, Bpoge «MYMACRO ("argument") ; »,
C TOYKOI C 3ansToli Ha KOHLE, N Y4TODbI 3Ta KOHCTPYKLMsi Moria bbiTk 6e3 onacku nc-
Nosib30BaHa B JIIOBOM KOHTEKCTE, rAe JONYCTUM OMePaTop BblYUCIEHUS BbIPAXKEHUS,
Hanpumep, B kadyecTse Tena if. Ecau He NpuHSATL cneumanbHbIX Mep U MCMOJIb30BaThb
OfVH U3 CNeayloLnx BapmaHToB:

#define MYMACRO(arg) f(arg); gQO;
#define MYMACRO(arg) f(arg); g(Q
#define MYMACRO(arg) { f(arg); gO; X

— TO MOXHO C XO4Y YKa3aTb KOHCTPYKLUWIO, KOTOPas XOTb N BbIMAOUT B TEKCTE
nporpamMmbl COBEPLUEHHO npasmanoﬁ, TEM HE MEHEE HE OTKOMNUANPYETCA:

if (cond)

MYMACRO ("argument") ;
else

VA T

Mo>xHo npugymaTb U Apyruie KOHTEKCTbI, B KOTOPbIX BCE U/ HEKOTOPbLIE U3 Bbille-
npuBeagHHbIX onpefeneHuii «cnomatotcs». Kak 31o yacTto 6biBaet ¢ sasbikom Cu,
NPOrpaMMUCTbl JOBOJLHO BLICTPO HalWM ANst BO3HUKLIER npobnembl paboTatouiee
peLueHne, OCHOBAaHHOE HA KOHCTPYKLMW, UCXOAHO MpefHa3Ha4YeHHO COBEPLUEHHO He
4N151 3TOro; npobsieMa pelaeTcsi NyTEM 3aK/IOYEHUS TENa MAaKpPOCa B BbIPOXKAEHHbIN
unkn do-while:

#define MYMACRO(arg) do { f(arg); g(; } while(0)

Mockonbky ycnoeue B while n3Ha4anbHO YCTAHOB/IEHO JIOXKHbBIM, Takol Lk, Byay4n
LMKJIOM C MOCTYC/IOBMEM, BCETa BbINOJHAETCA POBHO OAUH pa3; C APYroil CTOPOHbI,
cunTakcmc sisbika Cu TpebyeT nocne Hero CTaBWTb TOYKY C 3aMsTOW, YTO MOJIHO-
CTbIO COOTBETCTBYET HalLeMy >KeJlaHUto OTHocuTenbHO BbisoBa MYMACRO ¢ To4koi ¢
3ansAToN Ha KoHLE, NOAOBHO OBLIKHOBEHHON (hyHKLMN.

MogyepkHEM, H4TO MOAXOASILLAS KOHCTPYKLMSI HAWacb B si3blke CAy4aiiHO; B
YaCTHOCTMN, CUHTAKCMC MOr Bbl 1 He TpeboBaTb TOYKU C 3aNsTOW B KOHLE KOHCTPYK-
uun do-while, oHa TaMm siBHO M3bbITo4YHa. NporpammucTbl Ha Cu BbIHY>XAeHbI BbLIN
cTaTb bonbWMMYK MacTepaMun Ha NofobHbIE BbIAYMKU.
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4.6.6. /IlupeKTuBBI yCJIOBHOII KOMIUJISIITAN

[Ipenporieccop si3bika Cu COIEPAKUAT CPEICTBA, TO3BOJIAIONIIE BPEMEHHO
HCKJIIOYATh U3 KOMIUJIAIUN (PPArMEHTHI UCXO/IHOTO KOJA, a TaKKe BBHIOU-
paTh OJUH M3 HECKOJIBKUX (PPArMEHTOB B 3aBUCUMOCTHU OT 33J[@HHBIX yCJIO-
BuUii; 9TO MO3BOJIIET OBICTPO CO3JABATH PA3JIUYHbIE (HAIPUMED, OTJIUYAIO-
muecss HabOPOM BO3MOXKHOCTEH, IPUMEHEHHBIMU A/JITOPUTMAMA U T. II.) Ba-
PUAHTHI OHON U TOM 2Ke IPOrPAMMBI, IPUIEM OPraHU30BATH PAOOTY MOKHO
TaK, YTO JJIs MEPEKJIIOYUEHUS C OJJHOIO BapUAHTA HA JIPYTOil He moTpedyeTcs
BHOCUThb HUKAKUX U3MEHEHUIl B MCXOJHBIE TEKCTBI, YTO MOYKET OKa3aTbCS
OYeHb BaXKHO.

C ycsioBHOI KOMIMJIANMEH Mbl BCTPEYAJIUCH yKe ABaXKIbl (06a pa3a B
[IepBOM TOMe) — cHadaJia B yacTu o [lackasie npu o6CyKAeHUN OTII0THON
negaru (§2.13.3), a 3areM B 4acTH, NOCBAIIEHHON acceMbjiepy — 1pu 06-
cyKennn Makporporeccopa (§3.5.4). Hano ckazars, uro u Bo Free Pascal,
u B NASM MakpoaupeKTUBbI, CBSI3aHHBIE C YCJIOBHON KOMITUJISIIIHEN, TPH-
uwtn u3 sizbika Cu, U 9TO ceifgac CTaHET OYEBUIIHO.

CaMblit TPOCTOIl IPUMED ITPUMEHEHUsI YCJIOBHONW KOMITAJISIIIANA — UCKJTEO-
4yeHne pparMeHTa, KOTOPbIii 60JIblle He HyzKeH (HAIpUMep, Bbl yzKe Halld-
caJid JIPYroil BAapHAHT PEeaJIM3alliy TOI Ke 3a/[a4u), HO YAAJUTH €ro PyKa
He mogHUMaeTcs. [Ipu pabore Ha JAPYyrux sS3bIKAX MPOTPAMMUDOBAHUS, B
ToM uncse Ha Ilackase, /st 9TOro OOBIMHO HCIIOIB3YIOTCS 3HAKH KOMMEH-
TapueB, COOTBETCTBYIOIIee JefiCTBUE JlazKe II0JIYYr/Io 2KapIroHHOe Ha3BaHue:
3AKOMMEHMAPUMDH KYCOK TEKCTa; B AaHIVIMHCKOM A3BbIKE UCIIOJIb3yeTCs JIAKO-
HuaHoe to comment out. B mporpammax wa Cu Takoil BApraHT He ITPOXOJIUT,
IIOCKOJIbKY BJIOYKEHHBbIE KOMMEHTAPUN KOMIIHUJISITOPOM HE IIOJ[JIEP2KUBAIOT-
cst; 9ToT PaKT yKe yrnoMuHascs Ha cTp. 16. BMecTo 3HAKOB KOMMEHTApUS
B Cu 111 BpeMEeHHOTrO MUCKJIIOUeHus (pparMenTa KoJa HUCIOJIb3YI0OT MAaKpPO-
qupekTuBbl #if O u #endif, KOTOpPHIE, KAK U JIFOObIE IPYrue MaKpPOIUPEK-
THUBBI, JTOJI2KHBI 6bITb 3alliCaHbl Ha OTAEJbHBIX CTPOKaX:

#if 0 /* this implementation was too slow */
void sort(int *a, int n)

{

/*x .. */
}
#endif

Bcé, uro nanucano mexk 1y crpokamu #if O u #endif, KOMIUJISATOP IPOCTO
IPOUTHOPUPYET; TaM JaKe€ MOXKHO OCTaBJIATb CUHTAKCUICCKU HEIIOJIHBbIC
KOHCTPYKINH, TAKNe KaK HellapHble CKOOKM B BBIPAXKEHUSIX U OIIEPATOPAX,
OTCYTCTBYIOIIIE€ YCJIOBHUA W T.II., HeJIb3sl TOJBKO JIOIIyCKATh JIEKCHYECKUe
ONMUOKHU BPOJie HE3AKPBITHIX KOMMEHTAPHUEB UM HE3aBEPIIEHHBIX CTPOKO-
BBIX KOHCTAHT. Ecu moTpebyeTcst CHOBa BKJIIOYUTH TAKOi (pparMeHT B KOM-
MITATIAIO, YOUpaTh aupeKTuBbl #if u #endif He 00si3aTEIBLHO, JOCTATOYHO
3aMeHuTh #if O Ha #if 1.
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JloGaByienre MaKpOJAUPEKTUBBI #else 1M03BOJIAeT (OUSATHL-TAKU B I[IPO-
crefileM cirydae) OPraHu30BaTh BHIOOD MEXKy PA3HBIMU BAPDHAHTAMHU KO-
na. IlycTs, HapuMep, Mbl HUKAK He MOXKeM J1J1s1 ce0sl OIIPeJIe/INTh, KAKO! U3
JBYX BapuanToB pyHKIuM string_copy, paccMoTpeHHbIX B §4.3.18, syurie
HCIIOJIB30BaTh; IPUMEHEHNE YCJIOBHOM KOMIIMJIAIINN ITO3BOJIUT HAM UMETh B
KOJle 00e peasin3alliy, OIIEPATHBHO IIePEKTI0YATHCSI MEKJy HUMU U CDABHHU-
BaTh, C KAKOW U3 HUX IIPOIPaAMMa, [OJLlydaeTcs Jydine (Hapumep, ObicTpee
paboTaer):

#if 1
void string_copy(char *dest, const char *src)
{
int i;
for(i = 0; srcl[il; i++)
dest[i] = src[il;

dest[i] = 0;
}
#else
void string_copy(char *dest, const char #*src)
{

for(; *src; dest++, src++)

*dest = *src;

*dest = 0;
}
#endif

3aMeHsist B MaKpOJUpEKTHBe #if eIUMHUIy HA HOJb U OOPATHO, MBI TE€M
CaMbIM IIPUKAXKEM KOMIUISTOPY 00padaThIBATh MEPBYIO MO0 BTOPYIO BEP-
cuto (DYHKIMY, HAIPUMEDP, B 3aBUCHMOCTU OT HAIIEr0 HACTPOEHUSI CEero-
JHSATTHAM yTpoM. MoKHO TOCTynuTh 1 xurpee. B nupexktuse #if na camom
JIeJie MOYKHO yKa3aTh JII000€ MEJIOYNCIEHHOe KOHCTAHTHOE BhIPAXKEeHUe, KO-
TOPO€ KOMIIIJIATOP CMOXKET BBIUHUCJINATHL Ha dTalle MaKpPOIPOIeCCUPOBAHNUSI,
TO €CTh JI0 Havdaja COOCTBEHHO KOMITUJISIMN; 9TO O3HAYAET, YTO HU K IIepe-
MEHHBIM, HU K (DYHKIUAM, HU J1aKe K KOHCTAHTAM, BBEJIEHHBIM C ITOMOIIHIO
enum, Mbl B TAKUX BBIPA’KEHHUAX OOPATUTHCS HE CMOXKEM (BCErO TOrO Io-
npocry ewé Hem, Korja paboraer MaKpoOIPOIECCop), HO Belb CyIECTBYIOT
eIé 1 KOHCTAHTBI, BBOJIUMbIE TUPEKTUBOI #define, TO eCTh OOBIKHOBEHHBIE
Makpocel. Utak, /18 Hauaa npuaymMmaeM cebe nMsl MaKpPOCHMBOJIA JJIst BbI-
6opa MeXKIy PeaJnm3aIusaMi; KaK HECJOXKHO 3aMEeTUTh, [T€PBast OTIMIAETCS
OT BTOPOI UCIIOJIb30BaHNEM UHIEKCUPOBAHNS, COOTBETCTBEHHO HAIIl CUMBOJI
MBI Tak ¥ Ha30oBéM: USE_INDEX_IN_STRING_COPY. CTpodUKy C JAUPEKTUBOMN
#if 3aMeHMM Ha BOT TaKylo:

#if USE_INDEX_IN_STRING_COPY

Ecsiz coorBeTcTBYIOMMIT MAKPOCHMMBOJI B HAIIIEH MPOrpaMMe He OMPEIesICH,
TO B AupekTuse #if npenpomeccop 3amenut ero Ha 0 (Tounee, Ha OL, HO 9TO
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B JIAHHOM CJIydae HEeBaXKHO), U KOMIIMJIMPOBATHCs OYJIET, COOTBETCTBEHHO,
BTOpas Bepcus (DYHKINH, TO €CTh Ta, KOTOpPAas HE HCIOJb3YET WHJIEKCHI.
V3MeHHUTH 9TO MOXKHO, BCTABUB B IIpOrpamMmy (HalpuMep, Kyla-HUOYIb B
caMoe HAJaJI0) COOTBETCTBYIOINLYIO JupeKTuBy #define, Haupumep,

#define USE_INDEX_IN_STRING_COPY 1

MoxkHo JeiicTBOBaTH emnté maTepecuee. Mol Bumenu, aro u Free Pascal, u
NASM 1o3BOJISIIOT 0npedeasmsp MAKPOCUMBOALL NPAMO 8 KOMAHIHOT CMpo-
Ke KOMNUAAMOPA, He MPOo2ad UcToodnsvie mexkcmot. FKcTrecTBeHHO, TaKkas BO3-
MOYKHOCTB TIPEJIyCMOTPEHa U B JII000M KoMnuasaTope Cu; B YACTHOCTH, gCC
JIIsT 9TOTO MCIOJIb3yeT K09 -D, Hampumep:

gcc -Wall -g -D USE_INDEX_IN_STRING_COPY=1 prog.c -o prog

DTO MO3BOJISIET BEIOMPATDH, KAKOW BApUAHT IIPOrPaMMBI MBI XOTHUM COOpaTh,
6e3 GHECEHUA UBMEHEHUT 6 UCTOOHBIE MEKCMbL NPO2PAMMbL, TO €CTh 0e3
PEIaKTUPOBAHUS €€ MCXOHBIX (PAMJIOB. DTOT MOMEHT YacTO HEJIOOIEHUBa-
eTCsl HAUMHAIONINMI, HO ONBITHBIE IPOTPAMMUCTBI 3HAIOT, HACKOJIHBKO BarK-
HO 0DOXOIUThCH 0e3 «BPEMEHHBIX» WM3MEHEHW B (ailjax, COCTABJISIIONUIX
nporpaMmy. B cepbE3HBIX MpoeKTax JIFOble U3MEHEHUsI, BHECEHHBIE B UC-
XOJTHBbIE TEKCTBI, AaBTOMATUIECKHN (DUKCUPYIOTCS CUCTEMAMU KOHTPOJIS Bep-
CHif, KOTOPbIE TTO3BOJISIIOT BOCCTAHOBUTD JTIOOYIO BEPCHUIO MCXOTHOTO TEKCTA,
CyIIECTBOBABIIYIO B JIFOOO MOMEHT BPEMEHU HA MPOTSIKEHUH pa3padoOTKu
nmporpaMMbl. B psijie ciydaeB KypHaJbl U3MeHeHU# HailjioB MPUXOIUTCS
aHAJIM3UPOBATDH JIIO/SIM, BpeMsl KOTOPBIX OYeHb JIOPOT'O CTOUT; HABOIHIATH
HWCTOPHUIO M3MEHEHN OeCKOHETHBIMU TPAaBKAMHU B CTHJIE <«TYIa-OOpaTHO»
3HAYUT OTHAMATh BPEMsI Y CBOUX KOJIJIET, & YaCTO U Y CAMOTO CeDsl.
Bepuémcs k mareit ycjaoBHOM KoMmmuasaiuu. Mbl MoXKeM He TI0J1araTh-
Ccd Ha TO, YTO KOMIIWJIATOD 3aMEHUT HEOIPeeSIEHHBII MAKpPOCUMBOJI HYy-
JIEM; MOYKHO IIPOBEPUTDH, OMPEEJEH JIM yKe ITOT CUMBOJ, M €CJIM HET, TO
OIIPeJIeJINTH €r0 B TEKCTE IIPOrpaMMbl. JIjIst 3TOro MOXKHO BOCIOJIB30BATHCS
mqupektuBamu #ifdef u #ifndef, mocieqHssa B JAHHOM ciydae yaoOHee:

#ifndef USE_INDEX_IN_STRING_COPY
#define USE_INDEX_IN_STRING_COPY 1
#endif

Tenepb ecyi cuMBOJI OBLIT ONMPEEEH B KOMAHJIHON CTPOKE KOMITHISATOPA
WJIM, HAIPUMED, B KAKOM-HHOY/Ib U3 IIOJIKJIIOYEHHBIX 3ar0JIOBOYHBIX (aii-
JIOB, TO OH COXPAHHUT CBOE 3HAYEHUE, €CJIM 2KE €ro eIeé HUKTO He OIpe-
eI, TO OH OyJeT OmpelesiéH W CTaHeT PaBHbIM efamHuUIEe. K momorn
#ifdef u #ifndef uwacro npuberaror st 0pOPMIIEHUS OTJIAJTOIHON I1e-
garn (cMm.T.18§2.13.3, §3.5.4; coorsercrByiomme Koncrpykiuu B Cu 6yayT
BBITVISIIETh COBEPIIEHHO AHAJOTWYHO, 9TO M MOHATHO, Beab B Cu BCE 3TO
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MOSIBUJIOCH U3Ha4a/bHO, a Free Pascal 1 NASM saumcmeosganu ycioBHYO
koMo u3 Cu).

OcranoBuMcst IOIpOOHEe HA BBIPAYKEHUSX, JOIMYCTUMBIX JIJIsT JTUPEKTH-
BBI #if. DTu BhIpaXKeHUsI, KaK yKe ObLIO CKA3aHO, TOJI?KHBI OBITH EJI0UNC-
JIEHHBIMY ¥ BBIYUCIMMBIME BO BPeMsi pabOThI TIPEIPOIIECCOPA, TO €CTh €JT1H-
CTBEHHBII BUJT HICHTU(DUKATOPOB, KOTOPBIH B HUX JIOIYCKAETCS — 9TO MaK-
poumena. [ToquépruBaeTcst SBHBIM 06PA30M, YTO TUIT GUCEJT, UCTIOTH3YEMBIX
B INPEKTUBAX YCJIOBHOM KoM — long. CIIEKTpP UCIOIb3yEeMBIX Ole-
panuii orpaHUYEeH, XOTsI U JIOBOJIBHO IIMPOK: PA3peInaeTcsl UCIOJIb30BaTh
BCe UATDH JeficTBuii apudMeTHky (BKJIOYas B3dTHE OCTATKa OT JeJIeHUsl),
OTIEpAIINU CPABHEHUs, JIOTHYECKUE CBIA3KU ¥ TMOOUTOBBIE OMEPAIUH, JOITY-
CTUMa TaKKe YCJIOBHas omneparys «7:». C JIpyroil cTOpOHBI, 3alpereHbl
BCE OIlepaly, NMEIOIINE WU TIOTEHIUATBHO CIIOCODHBIE UMETh MOOOYHBIIT
sddekT (HpucBanBanus, WHKPEMEHT/JIEKPEMEHT, BbI30B (DYHKIMH), OIe-
panuu ¢ aapecamu (B3dTHE aJpeca, Pa3bIMEHOBAHUE M MHICKCUPOBAHUE),
oliepalnsi IPUBEJICHNUST TUIIA, ONepaIs «3amdras»> U sizeof.

Haxkomerr, B 9TuX BbIpayKeHUsIX JOITyCTHMA, OJIHA OIIEPAIUs, CIIEIHMDUI-
Hasl JIJI TPENpOIeccopa — 3TO OIepaIiysl IPOBEPKH OMPEICTEHHOCTH MaK-
pocumBosia. OHa 3aMMCBIBAETCS € TTOMOINBIO cjioBa defined, mpuaém 0ObIY-
HO €€ HUCTIOJIB3YIOT KaK 601308 Nce8IoPyHKUUY ¢ KPYTIIBIMA CKOOKAMMU, XOTsI
9TO U He 06s3aTesIbHO (TO ecTh CKOOKM MOXKHO U He nmcarh). Hampumep:

#if defined (DEBUG_PRINT) && DEBUG_PRINT > 7

YuomsinyTeie Boie #ifdef u #ifndef npeacTaBiasroT CODOI COKPAEHHY IO
3aruch g #if defined m #if !defined.

Hapsny c¢ #if, #else u #endif mpeaycMOTpeHa Tak:Ke JIMPEKTUBA
#elif, o3Haualommas else if 1 npeanOIaraas yCJIOBHOE BhIPasKeHNe, aHa-
JIOTUYHOE TeM, KOTOphIe mpeanosaraiorcs g #if. [Ipn ngyvuennn makpo-
mporieccopa accemOsiepa NASM MBI paccMaTpuBaJii IpUMep, KOTJa Y HaC
€CTh JIBa «OCODEHHBIX» 3aka3zdnKa l[leTpoB u CHIOPOB, /st KOTOPBIX HY K-
HO BKJIIOYATH B IPOrpamMMy crenududecKne Bepcun Kakoro-To koja. Jlomy-
CTHM, JJI BCEX OCTAJIBHBIX 3aKa3UNKOB HY?KHO KOMIIMJINPOBATh HEKUI Tpe-
TUil BApUAHT; TOTJIA MBI MOV OBbI MPEIyCMOTPEeTh cuMBOJbI FOR_PETROV
u FOR_SIDOROV, ompenessgeMble B KOMAH/IHOW CTPOKE KOMIIMIATOpPa, & B
caMO# IIporpaMMe HaIlCaTh YTO-TO BPOJE CJEIYIOIIero:

#if defined (FOR_PETROV)
/* xoxm mna lleTpoBa */
#elif defined (FOR_SIDOROV)
/* xoxm mms CumopoBa */
#else
/* Koz IS BCEX OCTAIBHEX */
#endif
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st #elif B coderanunm c¢ defined(), Kak um Jyis #if, npeaycMmorpe-
HBI COKPAIIEHHBbIE HA3BAHUSA MAKpOAUpPEKTuB: BMecTo #elif defined(X)
u #elif !defined(X) moxkuo ucnonb3oBarh #elifdef X u #elifndef X

OrmeTnM, 9TO ONPENESNTh CHMBOJI MOYXKHO, HE 33J/1aBas €My HUKAKO-
ro 3HadeHusi (octaBuB ero 3HaveHue mycTbiM). C IOMOIIBIO JMPEKTHUBBI
#define 3T0O IeaeTcd IPOCTO:

#define MYSYMBOL

B koMaHIHOM CTPOKE KOMITHIATOPA 3TO TOXKE MOXKHO CJIEJIATH C TIOMOIIBIO
BCé TOro ke (yara -D:

gcc -Wall -g -D MYSYMBOL prog.c -o prog

OOBIYHO TaKMe MAKPOCHUMBOJIBI, HE MMEOINe 3HAYEHU, TPeTHA3HAYAIOT-
cd g yOpaBJeHUd AUPEKTHBAMU YCJIOBHOM KOMIWJIAIWU, TO €CThb JJI
HUCIOJIb30BaHUsA BO BCEeBO3MOXKHLIX #if defined, #ifndef u npouux au-
PEKTHUBAX, 3aBUCAIINX HE OT 3HAYEHHUS CHMBOJIA, & TOJIBKO OT (DaKTa ero
OIIPEIESIEHHOCTH UJIN HEOIIPEIeTIEHHOCTH.

4.6.7. Enié HeCKOJbKO I10JI€3HBIX JTUPEKTUB

C momoInpio MakpoaupeKTuBbl #undef MOXKHO 3aCTaBUTBh IIPEIPOIEC-
COp «3a0BITh» MAKPOCHMBOJI: TIOCJIE TOTO, KaK IPEIpoIeccop obpadoraer
CTPOKY

#undef MYMACRO

cuMBOJI MYMACRO CTaHOBHUTCSI HEOIIPEIETIEHHBIM.
JupekTuBa #error mo3BOJIseT MPEPBATH KOMIUJISINIO U BbIIATh CO00-
menne 06 ommbKe, HAPUMED:

#if !defined (FOR_PETROV) && !defined(FOR_SIDOROV)
#error Please define either FOR_PETROV or FOR_SIDOROV
#endif

#ifndef BUFFER_SIZE
#error Please specify the buffer size
#endif

s ciydaen, korja TekeT Ha Cu mpejictaBiisieT coboit pe3yabTaT KOMITH-
JIAIAA IPOI'PAMMBI C KAKOI'0-TO JIPYIOro fA3blKa, IIPeJyCMOTPeHa JUPEeKTH-
Ba #line, MO3BOJIAIONIAS 3aCTABATH KOMIIMJIATOD BBIIABATDL JIIOOYIO Iua-
THOCTHUKY, KaK ecjid Obl OH 00pabaThIBAJI CTPOKY C 3aJIaHHBIM HOMEDPOM U3
daiiia ¢ 3aJaHHLIM UMEHEM; B OOBIYHDLIX IIPOrpaMMaXx, N3HAYAJILHO HAIM-
canubix Ha Cu, 9Ta JUPEKTUBA HUKOLJIA HE UCHOJIb3YeTCs.
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Hakowner, cTouT ynoMsaHyTh HECKOJIBKO MAKPOCUMBOJIOB, KOTOPBIE OIIPe-
JIEJIEHbl M3HAYAJIBHO (KOMIMJIATOPOM) W He MOTYT OBITh HH II€PEOIpe-
JleJIEHBI, HA OTMeHEeHbI. DTo cuMBoJbl __LINE__, __FILE__, __DATE__ u
__TIME__, 3HadyeHud KOTOPBLIX COOTBETCTBYIOT HOMEDPY TEKyIIel CTPOKH,
WMeHHU TeKyIero (aiiia, TeKyImeii jare U TeKYIeMy BpEMEH!; HOMep CTPO-
KM IIPEJCTABJIACTCA KaK IIeJ0YNCICHHAasA KOHCTAaHTA, OCTAJIbHbIC BEJINYU-
HBl — KaK CTPOKOBBIE JIUTEPAJIBI. KIé oInH mperonpenes€HHbIII MaKpPO-
cumBoJi, __STDC__, paBen eaunune (4KOObI 3TO MO3BOJISIET IIPOBEPUTD, CO-
OTBETCTBYET JIM KOMITHJISITOP CTAHIAPTY ).

4.6.8. /lupexkTuBa #include

o cux mop MbI CTAJKUBAJIUCH TOJBKO C OJJTHUM BapPUAHTOM JTUPEKTHUBLI
#include, B KOTOpO#l mMs BKJIIOYaeMoro daitjaa o0pam/Isioch yIIOBBIMU
CKOOKaMU, HAIIPUMED:

#include <stdio.h>

[Ipemnporieccop mpemycmarpuBaer emeé oaHy (OpMy 3TOH IUPEKTUBBI, C
JTBOWHBIME KABBIYKAMHU BMECTO yTJIOBBIX CKOOOK:

#include "mymodule.h"

C srumu AByMsi BADHAHTAMU B HAIlle BpeMsl CBsSI3aHa U3Ps/IHAsI [y TAHUIA,
IpudIéM OSJIBITYIO YaCTh ITON MyTAHUIIBI, KAK BOJUTCS, BHECU BCE TE XKe
0c0ob0 OmacHble MEXKIyHAPOJIHbIE TEPPOPUCTUYECKUE OPraHU3aIud, HA3bI-
BaeMble 10 HeJIOPA3yMEHUIO «CTaH/IapTU3AIIMOHHBIMI KOMUTETAMUY.
WsHavabHO BApUaHT C KaBbIYKAMU ObLI IPEIHA3HAYEH JJIsi «CBOUX»
3aroJIOBOYHBIX (DAMJIOB, TO €CTh TaKUX, KOTOPbIe HAIMCAHBI JIJIS TON Ke
IPOrpaMMbl, 9TO U Bailil, 13 KOTOPOIrO MPOUCXOIUT BKJIIOYEHNE, TOTIA KAK
BApUAHT C YIVIOBBIMUA CKOOKAMU — JIJIsI 3aTOJIOBOYHBIX (DailjioB, OMCHIBAIO-
X BO3MOXKHOCTHU BHEITHUX OMOJINOTEK. DTO IIPOCTOE U MOHSTHOE ITPABUJIIO
[I0YEMY-TO HE JIaBaJjIO IOKOsI YjeHaM KOMHUTETOB 110 pa3paboTKe CTaHIap-
TOB, KOTOpbIE C YIOPCTBOM, JIOCTOMHBIM JIYUIIIer'o IIPUMEHEHUd, Ha IIPO-
TSKEHUU BTOPOI'O JIECATKA JIET HBITAIOTCS yOEIUTh MyOJIMKY, 9TO TaK Ha-
3bIBaeMasl «CTaHJapTHas OUOIMOTEKAY, BOIPEKU 3IPABOMY CMBICIY U TEX-
HIYECKUM DeasInsiM, sBJIdeTcs 4acTbio asbika Cu3S. OmumM us mpossire-
HUIT 9TOrO cTaja (DUKCAIus HA YPOBHE CTAHIAPTA COBEPIIEHHO 0OEe3yMHBIX

36Eciu Bac yske ycrenn B 9ToM y6euTh, TOMPOGyHTEe OTBETHTH HA, OJUH MPOCTOH BO-
npoc: ecau GpyHKIud printf asiasercsa wacmoto aAsvika Cu, TO HA KAKOM sI3bIKE HAIMCAHA
cama dyukmus printf? Ecau npusnars, 9To ona Hanucana uMeHHO Ha CH, TO BXOOUTE B
HEro COCTABHO YacThIO OHA HUKAK HE MOXeT. BoJsiee TOro, siipa ONEparioHHbIX CHCTEM
nuuryTcst 6e3 UCIOJIL30BAHUS CTAHIAPTHON OUOIMOTEKN; HAXOAATCS JIIOAU, YTBEPXK A0~
Iyie Ha 9TOM OCHOBAHUH, YUTO sIpa, CTAJIO ObITh, HamucaHbl e Ha Cu. Ecin yuects, uro
n3HadaabHo Cu ObLI IPpeHA3HAYEH NMEHHO It HAllUCaHus siipa Unix, MOXKHO OTBETUTDH
9THM MpakobecaM, ITO YK sSApa-TO TOYHO Hammcaubl Ha CH, a BOT TO, 9TO BBI, I'OCIO-
na, mogpasymenaere 1nog «a3blkoM Cu» — 310 He Cu, a HEeKHil 110/ BAIIEro Ipe3MEPHO
BOCITAJIMBIIIETOCS BOOOPaYKEHUSI.
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HOPMATHUBOB, COIJIACHO KOTOPBIM BapuaHT #include ¢ yrjioBbIME CKODKa-
MU IIpeJIHA3HAYEH MU «yKa3aHus HaOOPOB BO3MOXKHOCTEH U3 CTaHIapTHON
6ubIMOTEKN», TPUIEM CO3IATENN KOMIIMIATOPOB UMEIOT IIPABO PEATNIOBbI-
BATh ITOT BapuaHT 0e30 BCsaKuxX (DailjioB, T.e., HAIIPUMED, 3ar0JIOBOYHBIHN
daiisn stdio.h B COOTBETCTBUU C TUMU HOBBIMU BESTHUSIMU UMEET IIPABO
BOODIIIe HE CYIIEeCTBOBATH; KOMIIMJISATOP, TOCTPOEHHBII COIVIacHO 9TOil uiee,
Opu BHUJIE XOPOIIO 3HAKOMOW HaM CcTpoku #include <stdio.h> BMmecTO
MMONCKA W BKJIIOYEHUs 3ar0JIOBOYHOIO (ailjia JI0/KEeH KAKUM-TO 00pa3oM
«BKJIIOUUTb» BCTPOEHHOE B Hero 3HaHme 00 oObekrax ((ByHKIHUsIX, THUIAX
U 17106aJIbHBIX [IEPEMEHHBIX ), KOTOPbIE CTaHIAPT [0JIAracT ONUCAHHBIMU B
pamMkax stdio.h.

K cuacTbio, HU OJIMH KOMIWJISATOP HE UCIIOJb3YyeT TAKON MOJXOJ K pe-
aJIU3AIH, TTOCKOJIBKY 9TO CIEIaa0 Obl €ro MOJHOCTHIO HEIPUTOIHBIM JIJTs
cepbé3Hoit paboTel. Tem He Menee, onrpesieIeHHbIE HETaATUBHBIE TIOCIIEICTBUS
OT HEYEMHOI TBOPYECKON AKTUBHOCTHU CTAHIAPTU3ATOPOB BCE 2Ke HADJIIOIa-
IOTCsl; TaK, B Pe3yJIbTaTe BCeX 3TUX HOBOBBEJIEHNH B BO3/yXe IIOBUC BOIIPOC
0 TOM, KaKHM 2Ke 00pa30M CJle/lyeT IIOJIKJIIOYaTh 3ar0JIOBOYHBbIE (ailiipl
om cmopornux bubasuomex. B camom mesme, mjst «cBomx» ailtoB ocra-
€TCsl HeCOMHEHHBIM HCIIOJIb30oBaHUe #include "...", HJd «CHCTEMHBIX»
3ar0JIOBOYHHMKOB (TO €CTh OTHOCSIIMXCS K CTaHJAPTHOH OGubianoreke) —
#include <...>, HO KaK OBITH C TPETBUM BAPHAHTOM, C 3arOJIOBOTHBIMU
daitiamu, KOTOpble He SBJSIIOTCS HA YaCTbIO HAIIErO MPOEKTa, HU IIPHU-
HaJIJIEXKHOCTBIO CTaHIapTHOI 6ubamorekn? Emé coBceMm HeTaBHO OTBET HA
3TOT BONPOC OBLI OYEBUJIEH: CJIEYET HMCIOJH30BATh BAPUAHT C YIJIOBBIMU
CKODKaMM; Ccefiac 3TOT OTBET MPUXOINTCSA CHADXKATH OTOBOPKOIi, 9TO pabo-
TOCIIOCOOHOCTH TAKOTO PEITeHUs 00EeCIeINBACTCH NCKIIOUNTEIHHO 3 PABBIM
CMBICJIOM Pa3pPabOTINKOB KOMIIUJISTOPOB, KOTOPHIM XBaTaeT yMa WUTHOPHU-
poBaTrh HaMbOJEE OTUO3HBIE KOMUTETCKIAE PEKOMEHIAIIIH.

Ecsu paccMoTpers Bompoc ¢ cyrybo TeXHUYECKUX MO3UIINAN, MOXKHO 3a-
METHUTH, YTO KOMIMJIATOP gCC U MHOTHE JIPYTUe KOMIMJIATOPHI TPUMEHAIOT
OJIVIH U TOT K€ TIOXO0/ K 00paboTKe JBYX BADUAHTOB JUPEKTHUBLI #include.
Bo Bpems cO0pKn caMOro KOMIIJISTOPA B HETO 3alllMBAETCs HEKHUl (PUKCHU-
POBaHHBIN CIHUCOK «CUCTEMHBIX» JUPEKTOPHil; KpOMe TOr0, JOIIOJHUTEIb-
HBIE JUPEKTOPUH JIJTsI TIONCKA 3ar0JIOBOYHBIX (DAlIOB MOXKHO YKa3aTh U€pe3
rmapaMerpbl KOMaH/IHON CTPOKH, OOBIYHO C IMOMOIIbI0 Kioua -1. Jlas au-
pekTuBhI #include <...> KOMIUJIATOP BBIOJTHSIET IMOUCK 33 JaHHOTO (haii-
Jla cHaYaJsla B JUPEKTOPUAX, YKa3aHHBIX Yepe3 KOMaH/IHYIO CTPOKY, & 3a-
TeM B CHCTEMHBIX JUPEKTOPUSX; JJId TUPEKTUBLI #include "..." cHauaja
MIPOBEPSIETCsT HAJINYINE yKa3aHHOTO (hailjia B OQHOU AupekTopuu ¢ ¢aii-
JIOM, U3 KOTOPOI'O OH BKJIIOYAETCs (& He B TEKyINeil TUPeKTOPUH, u3
KOTOPOIi 3aIlyCTUIM KOMIIMIATOD, KAK 9TO 9aCTO HEBEPHO IOJIATAIOT), UM,
TOYHEE, HAJIM9he BKJIIOYaeMoro daiijia ¢ 3aJaHHbIM IIyTEM OTHOCUTEIHLHO
JIUPEKTOPUM, B KOTOPOM HAXOJUTCA BKJIOYatomuit daitsr. Eciu ke Takoro
daiina Her, TO Jlajiee KOMIUJIATOD JeJIaeT TO K€ caMoe, YTO U JJIs Bapu-
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aHTa C YIJIOBBIMU CKOOKAMU — IIPOBEPSIET CHAYAJIA JUPEKTOPUN, 3aIaHHbIe
B KOMAaHJHOU CTPOKe, a 3aTeM CUCTEMHbIE JUPEKTOPUN.

OueBUIHO, YTO 3ar0JIOBOYHBIN (bailyl, IpuHa IeXKaIuil CTOpoHHElH 6ub-
JINOTEKE, UCKATh B OJHON JUPEKTOPUM C HAIUMU UCXOJHUKAMHI OECCMBIC-
JIEHHO; 0OJIbIIle TOro, ecjin OMOJIMOTEKA yCTAHOBJIEHA B CHCTEME, TO, KaK
IPaBUJIO, €€ 3ar0JIOBOYHUKY JIOCTYITHBI B T€X JUPEKTOPUSTX, KOTOPhIE KOM-
OUJISATOP CUNTAET «CUCTEMHBIMU»; B TaCTHOCTH. MPAKTUIECKU BCETAA s
6ubIMOTEK, TOCTYIHBIX B BHJIE AKETOB B AuCTpuOyTmBax Linux, 3aroJo-
BouHbIe (pail/Ibl YCTAaHABIUBAIOTCS B JUpeKTOpHUio /usr/include, TO ecThb
Ty 7Ke, T/ie HaxoauTcs stdio.h u mpotune daiiibl, HEXKHO JIOOMMbIE CTAH-
TapTU3aTOPaAMU.

Urak, HecMOTpsl Ha BCE MOTYTH CTAHJIAPTU3ATOPOB UCIIOPTUTH OKPY-
Karomuit Mup, pabodee permeHne OCTaETCs MPEKHUM: A BKJIIOYEHUSI
CBOUX COOCTBEHHBIX 3aroJIOBOYHBIX (haMJIOB cJjielyeT HCHOJIb30-
BaThb BapuaHT #include ¢ ABOWHBIMM KaBBIYKaMM, a MJIs BKJIIO-
YeHUd JIOObIX 3aroJIOBOYHUKOB, HE SIBJISIOIINXCH YaCThIO HAIIIEro
MIpPOEeKTa — BApUAHT C YTIJIOBBIMHU CKOOKaMu, NPUYEM BHE BCAKOM
3aBUCHUMOCTH OT «CHUCTEMHOCTH» BKJIIOYAaEMOTO 3aroJIOBOYHUKA.

4.6.9. OcobenHoctu odpopMJIeHNS MAKPOJIUPEKTUB

C MakpOIMPEKTUBAMH CBSI3aH JIOCTATOYHO BaXKHBI MOMEHT, KACAIo-
muiics odopmitenusi Tekcra. Jlesio B ToM, 9TO MAaKpOAMPEKTUBLI, BOOOIIE
TOBOPS, HATOOAMCA 8HE CMPYKMYPd, Mmekcma npozpammos.. Bo Bpems pa-
6OTHI MAKPOIIPOIIECCOPA TEKCT €IMIé He J10 KOHIAa ¢(hOPMUPOBaH, JaKe cama
CTPYKTypa TEKCTa MPOrpaMMbl, MOTIEPKUBAEMast CTPYKTYPHBIMH OTCTY-
maMu, MOXKeT eIé M3MEHUThCs. VcxXoms u3 9Toro, MpUXOIUTCs MPU3HATD
HEKOPPEKTHBIM PACCMOTPEHNE MaKPOJIUPEKTUB HAPABHE C OCTAJIbHBIM TEK-
crom. Hampumep, dpparMeHT, MOMOOHBINA CJIEAYIOMIEMY, MOXKHO BCTPETHUTH
pa3Be UTO B IPOrpaMMaX HOBHYKOB:

void £( /* ... */ )
{
/x .. %/
if (key_already_known) {
#ifdef DEBUG_PRINT
fprintf (stderr, "DEBUG: figuring out the key\n");
#endif
find_the_key();
}
/x .. %/
}

XO0Ts KOMIMJISATOP HO3BOJISIET B CTPOKAX MaKPOIUPEKTUB IIOMEIIATH JI000€e
KOJIMIECTBO MTPOOEJIOB TIePE] CHMBOJIOM «PEIIETKI», TaK ODBITHO HE JeJIa-
OT U NHUINIYT MAaKPOJUPEKTHBBLI B KpaiiHeil JieBoil mosuiuu, He obpailmast

2
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BHUMAHWS HA OKPYKAMOIIUNA TEKCT IPOrPAMMBI — BeJlb BO BpeMsi PabOThI
MaKPOIIPOIIECCOPA STOT TEKCT eIlé He IIPOAHAJIN3UPOBAH U HA MaKPOIIOJ-
CTAHOBKHU HOBJIUSTH HE MOXKET:

void £( /* ... %/ )
{
VAR ¥
if ('key_already_known) {
#ifdef DEBUG_PRINT
fprintf(stderr, "DEBUG: figuring out the key\n");

#endif
find_the_key();
}
VA T V4
}

IToka MaKpOAMPEKTUBBI COXPAHSIOT MPOCTYIO CTPYKTYPY, WX BOOOIINE He
CHADKAIOT OTCTYIIAMY HU B KAKOM BHUJI€, HO OBIBAIOT U TAKUE CUTYAIUH, KO-
rJla MAKPOJIUPEKTUBBI BO N30€KAHUE Iy TAHUIILI MOTYT OTPebOBaThH C8OUX
c06CMBEHHBIT CTPYKTYPHBIX OTCTYIIOB. B TaKUX C/Iydasix MOKHO BOCIIOJIb-
30BaTbCA TE€M, YTO MEXKJIY CHUMBOJIOM <PEIIETKH» M CAMON MAaKpOIUPEK-
TUBOM TOXKe JOITyCKArOTCs pobesibl. «Pemérkay cTaBUTCs MO-TIPEXKHEMY B
KpaiiHell JieBOI IO3UIUY, HO MaKPOJAUPEKTUBDI, GA0MCEHHbE B KOHCTPYK-
NWI0 U3 JAPYTUX MaKPOJWMPEKTHUB, CABUTAIOTCA BIPaBO. Pasmep OTCTYIIOB
IIJId MAKPOJAUPEKTUB MOXKET OTJINYAThCA OT OCHOBHOI'O pa3Mepa OTCTYIIOB
B mporpamme. Hampumep, BO3MOYKHA, TaKas CUTYaIlns:

#define MAX_ARRAY_FOR_BUBBLE 30
#ifdef FIXED_ARRAY_SIZE
int array[ARRAY_SIZE];
#else
int *array = malloc(sizeof (*array) * arrsize);
#endif
VA N V4
#ifdef FIXED_ARRAY_SIZE
# if ARRAY_SIZE > MAX_ARRAY_FOR_BUBBLE
quick_sort_int (array, ARRAY_SIZE);

# else

bubble_sort_int(array, ARRAY_SIZE);
# endif
#else

if (arrsize > MAX_ARRAY_FOR_BUBBLE)
quick_sort_int (array, ARRAY_SIZE);
else
bubble_sort_int (array, ARRAY_SIZE);
#endif
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31ech MAKPOAUPEKTUBbI YCIOBHONU KOMITHJISTIAN, COCTAB/ISIFOIINE BHY TPEH-
Huit #if, cABUHYTHI HA JIBa MPOOETa OTHOCUTEIHHO OODBEMJIIONINX MAaKPO-
mupekTuB. BoobIte roBopst, oI00HbIE CUTYaIln BOSHAKAIOT PEIKO, K TOMY
2K€ UX CTOUT IT0 BO3MOXKHOCTHU U30€erarh, HO €CJIM 9TO-TO IMOJ0OHOE BCE-TAKM
BO3HUKJIO B Ballleil IporpaMMe, *KeJIaTeJIbHO 3HATh, YTO JIeJ1aTh.

4.7. PazgeabHas TpaHCJIAIUS

4.7.1. Obimas cxema pa3saesbHoil TpaHcagaiuu B Cu

MBI y2Ke 3HAKOMBI € TIOCTPOEHHEM IIPOrPaAMM M3 OTIAEIbHBIX MOJLYJIE Ha
npumepe [Tackass n s3bika accembirepa. CpejcrBa pa3bueHust Ha MOJLYJIN,
npucytcrByforue B Cu, CyImecTBEHHO O/IMKe K TOH pasdeavholi mpaHcas-
YU, KOTOPYIO MbI MCIIOJIb30BAJIN IIPU PAbOTe Ha A3bIKe accemMbiiepa, HexKe-
JIM K HACTOSIIIEH MOJYALHOCTAU, TTPEMEPOM KOTOPOH MOYKHO CIUTATH BEPCUH
[Tackasst, mommepkuBarone co3ganne unit’os. B cymmocT, moaaepkku
momyneit B8 Cu Her BoOOIIE; BCE, ITO €CTh — ITO CPEACTBA, MO3BOJISIIOININE
JIeJIATh T€ WU UHbIE cuMB0Av, ((DYHKIMA U 1i06asbHble TIePEMEHHbBIE) BH-
JUMBIMU WJIM HEBUJIMMBIMU JIJIsI PEJIAKTOpA CBsA3eil, & TaKKe CChLIATHCS
Ha CHMBOJIbI, OTCYTCTBYIONINE B TEKYINEH €IUHUIE TPAHCISINN, KOTOPbIE
PEIAKTOP CBsI3€i JIOJIPKEH IMMOTOM OTKYIA-TO J00OBITh. Beé ocranpHoe 1ocTu-
raeTcsi UCIOJIb30BaAHUEM IIPEIIPOIECCOPa U IEJION CUCTEMBI TaK06, IPUIEM
MHOTHE TTPOrPAMMUCTHI, rurnyiiue Ha Cu, yXUTPSIOTCA B YIIOP HE BUJETD,
9TO UMEIOT JI€JI0 UMEHHO C XaKaMM, & HE C I€M-TO WHBIM.

O6mas unes pasaenbHoit TpaHcasiun B Cu TakoBa: MBI MOXKEM pa3-
OpocaTh Halm (YHKIUUA U TJI0OAJIbHBIE IIEPEMEHHbIE 110 Pa3HBIM HCXOJI-
HBIM daiiiaM, KazKIblii 13 KOTOPBIX IMPEJICTABIIAET COOOM TEKCT Ha SI3BIKE
Cu u 0b6prano umeer coorBercrByommii cydpduxe («.c») B umenu. OyHk-
[ysl C AMEHEM Mmain JIOJKHA IIPU 9TOM IIPUCYTCTBOBATH TOJBKO B OHOM
3 QaitaoB, U 3TOT (pailyi OOBITHO HA3BIBAIOT «IVIABHBIM». Jlajiee KaskIblit
u3 GHalyioB KOMIMINPYETCS OT/IEIBHBIM 3aIIyCKOM KOMIIAJISITOPA, IIPH STOM
KOMITUJISITOPY COODIIAETCS, 9TO B JAHHOM CJIy9Iae OT HErO TPeOyeTCs TOJBKO
CreHepupoBaTh OOBbEKTHBIN (haill, a MONBITOK COOPKHU (DUHAJIBLHOI ITPOrpaM-
MBI MBI OT HEI'O He KJIEM; HAIIPUMED, KOMIIIJISITOP ECC JJIs TOro LOJJIepP-
KHUBaeT (pJiar KOMAHIHON CTPOKU «-C». Pe3yabraToM Takoi KOMITHJISIIIAR
CTAHOBUTCsT OObEKTHBIN MOJTYJIb, TPUIEM UMSI J[JIsi HETO KOMITHJIATOD OOBIY-
HO BBIOMpaeT cam, 3aMeHsisi cyddukc «.c» Ha cyddurc «.o». Hampumep,
ecyiM OJMH U3 HAIUX MOJyJeil Ha3bIiBaeTcd mod.C, TO OTKOMIIMJINPOBATH
€ro MbI MOYXKEM KOMAH IO

gcc -Wall -g -c mod.c

— B pe3yJIbTaTe 4ero, ecju He MPOU30HAET OIMMubOK, B TEKYIIEH TUPEKTOPII
nosiBuTcA daiin mod.o. asee y Hac ecTh /1Ba BapuaHTa, KaK IIOCTYIUTDH C
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«DJIABHBIM» MCXOIHBIM (DAMJIOM: MBI MOYXKEM COBMECTUTH €0 KOMITUJISIITUIO C
BBI30BOM PEJIAKTOPA CBA3€l s COOPKH UCIOTHIEeMOTro (haiiia, 1ubo MoxK-
HO OTKOMIIMJINPOBATH €r0 TOYHO TAK K€, KaK BCE OCTAJIbHBIE MOJYJIN, &
JIIsl BBI30BA PEJIAKTOPA CBs3eil 3aIlyCTUTDh KOMIIMJISITOP gCC JINIMHUI pas.
B oboux cirydasix B KOMaHIHON CTPOKE KOMITUJISITOPa HEOOXOAMMO YKA3aTh
BCe OOBEKTHBIE MOJYJIN, KOTOPBIE CJIe/IyeT UCIOJb30BATh JJIsI IIOCTPOEHUS
WCIIOTHSAEMO mporpaMMbl. K mpuMmepy, eciu Hallra mporpaMMa COCTOUT
73 I[VIABHOI'O MOJLYJIsI Prog.c M JBYX JIONOJHHUTEJIHHBIX MOJyJeil modl.c
1 mod2.c, MbI MO2KeM cOOpaTh €€ Tak:

gcc -Wall -g -c modl.c
gcc -Wall -g -c mod2.c
gcc -Wall -g prog.c modl.o mod2.0 -o prog

NJIN TaK:

gcc -Wall -g -c modl.c
gcc -Wall -g -c mod2.c
gcc -Wall -g -c prog.c
gcc prog.o modl.o mod2.0 -o prog

Teopernaecku 6e3 TIOC/IEHETO 3AITYCKa KOMITHIATOPA MOXKHO OOONTHCH, 3a-
[yCTHB CpPa3y PEeJAKTOp CBA3el (HAIIOMHHMM, OH Has3biBaeTcs 1d), HO JJid
9TOr0 HaM HaJO 3HATh, IJle HAXOMUTCS bailyi, colepKaluii CTaHIapTHYIO
oubsmorexky Cu. KoMmuisaTop 9TuM 3HAHUEM y2Ke 00J1a1aeT, TaK 4TO IIPOIIE
MMOPYYHTD 3AIIyCK PEJAKTOPA CBA3EH eMy, a He JIeJIATh 9TO CAMUM.

4.7.2. BugumocTh 00bEKTOB U3 JIPYTUX MOIYJIei

Hamomawmm, 910 pu TOCTPOEHNT pa3Ae/IbHO TPAHCIUPYEMON ITPOrpaM-
MBI Ha si3biKe accembiaepa NASM MbI ucnosib3oBan JUpeKTUBBl global u
extern; nepsas JieJIaeT METKY U3 TEKYIIEro MOyl BUIUMOI JIJIs PETaKTO-
pa cBa3eii (1, KAk CJIeACTBUE, JJIs APYTUX MOJYJIEil), a Bropas 00bsBJIsIeT
METKY, KOTOPOil B TEKYIIEM MOJyJI€ HET, HO HAJWINe KOTOPOIl Ipemoia-
raercs B KaKOM-TO JIPYI'OM MOJIyJjle TOW »Ke IporpaMMmbl. Bee ocrajbHbIE
METKH, He IOIABIINE IO JeWCTBHe HU OJHON m3 3tux jaupekTuB, NASM
CYNTAJI JIOKAJBHBIMU JIJIsI TEKYIIEH eIUHUIBI TPAHCIAINNA U OCTABIISA UX
HEBUIMMBIMU JIJIT PEJAKTOPA CBs3€i.

IMomxo, npunsiThiii B CH, IPSIMO IIPOTUBOIIOIOMXKEH: TI0 YMOJTIAHIIO KOM-
[IJIATOP JeJIaeT Bce «Iy100asibHble 00BEKThI» (TO eCTh (DYHKIUHU, & TaK¥Ke
r106aJIbHbIE TIEPEMEHHbBIE) BUIUMbBIMU JIJIs PEJIAKTOPA CBsi3€il; aHaJora /Iu-
pekTuBbl global B Cu, COOTBETCTBEHHO, HET, HO 3aTO €CTh IIPOTUBOIIOJIOK-
HO€ II0 CMBICJIy KJIIOUEBOE CJIOBO static: riiobaJibHble OOBEKTHI, IIOMEYEH-
HBIE 9TUM CJIOBOM, JIJIs PEIAKTOPA CBA3€Hl OCTAHYTCA HEBUIUMBI, TAK YTO
100paThCs 10 HUX U3 JPYTUX €IMHII TPAHCISIIINT HeBO3MOXKHO. Hampumep,
€CJIN MBI YBEPEHBI, 9TO KaKasi-TO (PYHKIIUsI 13 HAIMMCAHHBIX HAMK HACTOJIBKO
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cueruduyIHa, 9TO €€ BhI30B U3 JIPYIUX MOIYJIEHl HUKOTIa He IOHAJ00UTCS,
MbI MOKEM CJIeJIaTh €€ MOJHOCTHIO HEBUIUMOI M3BHE HAIIETO MOJLYJIs:

static int very_local_subroutine(int x, const char *n)
{

VA v
}

Touno Tak 2Ke MBI MOXKEM IIOCTYIUTH U C IVIODAJIBHOI [T€pEMEHHOI; KOHEeY-
HO, JIydIlle BOOOINE UX He MCIOJIb30BATh, HO €CJIA BCE 2K€ IPUIILIOCH, CTOUT
MOJIyMaTh HA T€MY OMPAHWYEHUsl JIOCTyIa K Heil: TyiobaJibHas IlepeMeHHast,
BUUMasi TOJILKO B OJIHOM MOJIyJIe, BCE Ke JIydIle, YeM riobajbHas Iie-
peMenHast, K KOTOPOil MOI'yT 0OpaIiarhbcs (PyHKIUU U3 APYTUX MOIYJIeil.
HocTruraercst 3TO ¢ MOMOIIBIO TOTO Ke CJIOBa static:

int very_bad_global_var; /* BULHO OTOBCKZLY, OYEHBb IIIOXO */
static int a_bit_better_var; /* TOmBKO K3 TEKyWLeEro MOLyIs */

s mocryna K DYHKIUSM U TEPEMEHHBIM, KOTOPbIE OIHUCAHBI B JPYTHUX
MOJIYJISIX, B TEKYIEM MOJYyJe IOMEMAIT X 003A84eHUsA; 00bIBICHNE,
KaK MbI IIOMHHUM, COODIIAET KOMIUJSITOPY, YTO COOTBETCTBYIOMUN 00BEKT
2de-mo cywecmeyem M MOXKHO He IYTaThCsl €r0 OTCYTCTBHs, OCTABUB pe-
menue mpobJieMbl peJiakTopy ces3eil. OO baBienneM jiist (DYyHKIINN, KAK MbI
y2Ke 3HaeM, CJIy?KUT €€ 3ar0JIOBOK; TaK, €CJIU B OJTHOM M3 NCXOIHBIX (hailjioB
onucana GyHKIH

int cube(int x)
{
return x * X * X;

}

— TO B JIIOOOM JIPYTOM U3 HAIIMX UCXOJIHBIX (PAfiIOB MBI MOXKEM ITOMECTUTD
€€ 3aroJI0BOK:

int cube(int x);

U KCIIOJIB30BATh €6 OOBIYHBIM 00pa30M, He oIacasich omubok. Kommouistop,
0bpabaThiBast BI30B TaKO# (DYHKIINM, TPOBEPUT COOTBETCTBUE THUIOB (haK-
THYECKUX [IaPAMETPOB 3asABJICHHBIM B 3ar0OJIOBKE, & TaKyKe COOTBETCTBUE
THUIA BO3BPAIAEMOT0 3HAYEHUsI KOHTEKCTY BBI30BAa, IOCJE Y€ro, €Cjid BCE
XOPOIIIO, CIOKOWHO OTKOMITMJIIPYET TaKOH BBI30B, OCTABUB B OOBEKTHOM
KoJie TpeboBaHue K pPeIaKTOpPy CBA3€H JOOBITH Iie-HUOYAb DYHKIIUIO C Ta-
KUM MMEHEM U IIOJICTABUATH €€ aJpec B MHCTPYKIMIO BbI30Ba. Buiers Tesio
GYHKIIMM KOMIUIATOPY JJIsi 9TOTO HE HYXKHO; COOCTBEHHO T'OBOPSi, B 3TOM
U COCTOUT IPEUMYIIECTBO Pa3IeJIbHON TPAHC/IAINN: IpU 06pabOTKe OIHOIO
ncxonHoro daitsia KOMIUISTOP HE TPATUT BPEMsi Ha aHAJHN3 KO/, COIEp-
xKamerocs B Apyrux daitiax. Koneano, ocrambabie Gailabl ToKe TPUIET-
Csl OTKOMITUJIMPOBATH, HO €CJIU KOMITHJISIIIUsT yKe ITPOXOJINJIa U Y BacC eCTh
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00bekTHBIE (DANIbI ISt BCEX BAIIUX MOJYJIEH, TO DU BHECEHUH U3MEHEHU
TOJIbKO B OJIMH WJIM J[Ba U3 HUX BaM He IPUIETCS KOMIMJINPOBATH UX BCE:
JOCTATOYHO OYyJIeT MEPEKOMIININPOBATH T€ MOJLYJIH, KOTOPbIE M3MEHIJINCh,
a 3aTeM BBINOJHUTH (PUHAJIBHYO COOPKY, KOTOPasi IPOUCXOIUT JTOCTATOTHO
OBICTPO Jake JJIsi OY€Hb OOJIBIIUX IIPOIPAMM.

Heckoubko citozkuee o6cTogaT nesia ¢ obbsaBieHreM (B OTJIMYHE OT OIIK-
caHus) rI06AJLHBIX [IePeMEHHbIX. Eciu B dpy2om Mojyiie ecThb r106aIbHast
repeMeHHasi, K KOTOPOil BbI XOTUTE IOJIYIUTDH JIOCTYI U3 TEKYIEro MCXOJ-
HOro (haiisa, Hy?KHO B 3TOM (dailjie IOBTOPUTH OITUCAHKE TOH MTEPEMEHHOMH,
106aBUB K HEMY KJIIOYEBOE CJIOBO extern:

extern int very_bad_global_variable;

[Tocsie aToro eé MOxKHO OyJieT MCIIOJIB30BATh, KAK €Cju Obl OHa ObLIA OIu-
caHa B TeKymieM moiyie. CoGCTBEHHO TOBOPS, 9TO U €CTh 008AGACHUE.
[Tonb3ysice cirydaem, HAIIOMHHM, YTO TJIOOAJIbHBIE IIE€PEMEHHBIE €CThb
YaCTHBIN CJIy4aii aDCOJIIOTHOIO BCEJIEHCKOTO 3J1a, & CIENJIEHHOCTh MOJLyJei
I10 I‘.HO6aJH>HbIM IIepeMeHHbIM — 39TO CaMBbIii XyﬂI_HI/IIU/I BapuaHT B3aHMOﬂefI—
CTBUA ME2KIY MOAYJIAMU. STO, BIIpOYEM, HE OTHOCHUTCA K KOHCTaHTaM, TO
€CTb TaKHUM II€EpEMEHHBbIM, 3HAQYECHHNE KOTOPBIX HUKOTJa HE MEHACTCH. Ha—
IIpUMeEp, €CJIU B OJJHOM MO/IyJIE€ €CTh TJIOOAIbHBIN KOHCTAHTHBIA MACCUB

const int prime_numbers[] = { 2, 3, 5, 7, 11, 13, 17 /* ... */
— TO B JIIOOOM JPYTOM MO/IyJI€ MOYKHO HAIMCATD
extern const int prime_numbers[];

U CIIOKOIHO HCIIOJIB30BATh YK€ TOTOBYIO TAOJIHILY IIPOCTHIX YUCEN U3 JPYTO-
0 MO/TyJIsi, BMECTO TOT'O YTOOBI JI€JIATh CBOIO. TaKOe MCIIOIb30BAHIE HIIEM
He T1JI0XO0, BeIb IepeMeHHasI, KOTOpas He MEHAETCs, He MOXKET HaKanAusams
cocmosrue 1 OKa3bIBaTh HEOUEBHIHOE BJIMsHUE HA pabOTy QyHKIMIT — Kak
pa3 BCé TO, U3-3a Yero rjiodasibHbIE IIePEMEHHbIE HEXKEeJIATEIbHBI.

4.7.3. 3arosioBouHnbie (hailyibl K MOILYJIAM

HormycTuM, y HaC €CTh MO/LYJIb M1 . €, B KOTOPOM OIUCAH JECATOK-IAPYroi
dbyHKIML; STUMEI DYHKIUSAMEA AKTUBHO HOJIb3YIOTCS €€ IATh-IIIECTh MOJTy-
Jsieit. Eciin OyKBaJIbHO Cjle0BaTh WHCTPYKIIUSIM, [IPEJJIOKEHHBIM B IIPEIbI-
ayieM naparpade, To B KazKJI0M U3 9THX ISTH-IIECTH MO/l HaM Ipu-
JETCS TIOMECTUTH 3ar0JI0BKN Beex (hyHKIWH m3 ml.c, KOTOpble B HUX HC-
noe3ytorces. [lo Mepe yBesmyenust mpoekTa OyaeT pactu u obIee KoJmde-
CTBO TAKMX 3ar0JIOBKOB, U PACTH OHO OYIET HeAUHETHO; B KAKON-TO MOMEHT
MBI MOKeM OOHAPYYKUTh, YTO TAKHE 3ar0JIOBKH COCTABJISIIOT y2Ke IIPOLIEHTOB
JBaJIATh Beero obbéma koma. CamMo 1Mo cebe 3To ermé He 0UeHb CTPAIITHO,
HO BeJb (PYHKIIUU WHOTJA MEHSIIOTCs, IPUIEM MOXKET M3MEHUTHCS B TOM
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quciie U nHOPMAIWsi, IPEICTABIEHHAs] B 3aI0JIOBKE: Mbl MOXKEM IIPUHSITH
pelierne 106aBUTh Uian yopaTh mapaMerp, H3MEHUTh THI IapaMeTpa HJIH
JTake THUI BO3BpAIaeMoro 3uadenns. Kaxkaplii pa3, KOrja Mbl BHOCHM IIO-
I0OHOEe M3MEHeHNe, HaM MPUAETCS HailTh Bce (aiiabl HaINeil TporpaMMsI,
B KOTOPBIX UMEETCsI KOIUsI M3MEHUBINErOCsl 3ar0jI0BKa, M COOTBETCTBYIO-
M 00Pa30M WX OTPETaKTUPOBATDH. EC/in 3a0bITh 3TO C/Ie/1aTh, NPO2PAMMG
04G20N0NYUHO OMKOMNUNUPYEMCA U COOEPEMCA, HO PADOTATD, PA3yMeeTcs,
OyJIeT HEIIPABUJIBLHO; B TAKUX CJIYYIasX BOZHUKAIOT HACTOJIHLKO (heepuIecKue
CUTYaIlUd, YTO HEOIBbITHBIE IIPOI'PAMMUCTHI, OTOPBABIIKCH OT SKPaHa, C OT-
JIAJYUKOM, HeJIOyMEHHO BOCK/MIaT: «Ho Beab Takoro He MOKeT ObITBH!».

B camowm neste, myctb y Hac Oblta dyskiug int func(int x, int y);,
¥ UMEHHO TAKOi1 3ar0JI0BOK (DUT'YPHUPOBAJ B HECKOJBKIX MOy IsiX. MbI Ipu-
HSIJIA pellieHne J00aBUTh B 3Ty (DYHKIMIO TPETUil IapaMeTp, int z, u oTpe-
JAKTUPOBAJIH BCE STU MOJIYJIN, YTO CAMO II0 cebe HETPUBHAJIBHO — IIPO CY-
[IECTBOBAHNE HEKOTOPBIX U3 HUX MBI MOXKEM JIa2Ke He JIOTaIbIBATHCS, BE/Ib
HaJ| CEPbE3HBIMU [IPOTPAMMAaMU OOBIYHO pabOTAeT HECKOJIBKO YeJIOBEK, U
KTO-TO BIIOJIHE MOT' BOCIIOJIb30BaThCs Hallleil pyHKIell, He cOODIUB HaM
00 3TOM, & eCcJIM U COODIINI, MBI 00 TOM, CKOpee BCEro, TyT Ke 3a0bLIMN.
Ho, Tak nim unage, fjis moncka MojIyJieil, UCIOIb3YIONMX (PYHKIIAIO, €CTh
MHOT'O JIOBOJIbHO IPOCTBIX WHCTPYMEHTOB, HAUWHAs C IIPOrPAMMBI grep,
KOTOPAs IMO3BOJISIET IIPOU3BECTH IIPOCTOH TEKCTYAJbHBIN MONCK II0 BCEMY
HarreMmy HabOPY HCXOMHHUKOB. VTak, MbI OTpeqakTHPOBAIN BCE MOIYIH —
KpOME OJ[HOTO, IPO KOTOPbI ciydaitHo 3abbuin. Bo Bcex MOmysisx, Kpo-
Me 3TOr0 OJ[HOI'O, KOMIIMJIATOP TOYHO 3HAaeT, 4To (pyHKIUs func JOJIKHA
BBI3BIBATLCS OT TPEX IApPaMETPOB, TAK UTO, IIOKA MbI HE HCIPABUM BCE €€
BBI30OBBI, JTOOABUB TPETUIl apamMeTp, KOMIMIATOD OyIeT BbIIABATDH OIIHNO-
KYy; HO BOT IPU KOMIWJISIUKA TOCJEIHETO OCTABIIErOCS MOJLYJIS KOMITHJIsI-
TOP IO-IIPEXKHEMY YBEPEH, U4TO [IapaMeTpPOB TaM BCErO J(Ba, U MMEHHO TakK
B aToM MojyJie ¢yaknust func n BebBaerca. Cama QyHKIUsI, TOHITHOE
JIeJI0, OXKHIaeT HAJMYNe B CTeKe TPEX IapaMeTpoB, a He AByX. Lperuit
mapaMerp OHa W3 CTeKa B JIFOOOM CJlydae M3BJIEUET, HO BPsiJl JIK KTO BO3b-
METCs IIPEeJICKA3aTh, YTO TaM OKaXKeTcs, Kora (OYHKIUIO BBI3OBYT C JBYMsI
mapaMeTpamMu BMECTO TPEX.

Eié nunrepecnee Oyner kKapTuHa, €CJIM MBI PEIITUM U3MEHUTDb THUII OTHOTO
U3 IIapaMeTpoB ¢ int Ha double u IIpU TOM Iie-TO 3a0y/IeM MOAPEIAKTU-
POBaTh 3aroJIOBOK; HY a IIPH CMEHe THUIIA 6036Pal4aeM020 3HaUeHUs (OIIATh
JKe, ecyid 3a0bITh I[/Ie-TO 9TO UCIPABUTH) MOXKHO OXKUJATH HOJHOIO Xao-
ca. Bupouewm, cremenp moOTHOTHI Xa0ca — BOIPOC (pUIIOCOMCKUIL; JT000i 13
[IePEYNC/IEHHBIX BAPUAHTOB ONIUOKKM MOXKET CTOUTH BaM HECKOJIBKUX ITOTe-
PAHHBIX JTHE.

Bo usbexxkanmne Takux ommbOOK IPOrpaMMUCTBI OOBITHO He THUIIYT B (haii-
JlaX MOJyJIeil 3arojloBKu (DYHKIWIT U3 APYrux Moiyseil. Bmecro aToro orm
[IPUMEHSIOT 3a20406804Hble Patinb; B OOJBITNHCTBE CJIYIAEB OTIE/IbHBIM
3aroJI0BOYHBIM (HallyloM CHAOXKAIOT KaXKIbII MOJYJIb, KPOME IJIABHOI'O, TO
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ecTh Ha Kaxkplil daiti ¢ cyddurcom .c 3a uckiaodenunem daiiia, coaep-
2Karero pyHKIUO main, 3aBoaaAT Qaili ¢ TaKUM Ke MMeHeM, HO C cyd-
dburcom .h (Hanpumep, g MOy ml.C CO3JAIOT 3ar0JOBOYHBIN baiia
ml.h). B 3arosioBounslii ¢aiisn BeIHOCAT 00bsIBI€HUSI BCEX 00bEK-
TOB, OIMCAHHBIX B MOJYJIe, K KOTOPBIM IIPEAMOJIAraroTcs obparre-
HUA U3 APYTUX MOZAYJIEH; MHadYe TOBODs, €CJIU B BallleM MOJyJie MMe-
ercst byHKINA func U BBl IPEIIOJATraeTe, 9TO B JAPYIUX MOIYJISIX K ITOH
dyuKMY OyayT OOpaIeHusi, TO €€ 3aroJI0BOK HY?KHO BBIHECTH B 3ar0JI0BOY-
HBII (paiiyl Bammero Moiysis. AHAJOrMYHO, eC/id B BallleM MOJLyJIe OIUCAHA
riobasibHas MepeMeHHasi U BbI IPeJIIoJiaraere e€ M0CTYIHOCTb U3 JIPYTUX
MozLyJIeit (BbI XOPOIIO HOAyMaJu?), TO B 3aroJOBOYHOM (aiijie cieryer 1o-
MECTUTH €€ 006A6ACHUEC CO CIOBOM extern (B OTJMYHE OT ONUCAHUsA 6e3
cJIoBa extern, KOTOPOE OCTAETCS B CAMOM MOJIYJIE).

Teneps HOCTATOYHO BKJIIOYUTH ITOT 3ar0JIOBOYHBLIN (Dailyi C IMOMOIIBIO
nupekTuBbl #include (¢ KaBbIYKAME) B KaXKJbIA U3 MOJLYJIEil, UCIOIb3YIO-
IUX BO3MOXKHOCTHU BAIIIErO MOJLYJIsl, U JIEJI0, KAK TOBOPUTCS, B IILISIIIE: TP
TPAHCJIAIUIN BCEX ITUX MOMYJell KOMIMJIATOP OyZeT BUAETH Ballu OObsB-
JIEHUsI, HO CAMU 3T OObsIBJIEHNS HE «PA3MHOXKAIOTCS», KAK OIMUCHIBAJIOCH B
HadgaJje maparpada, a CymecTBYIOT B OJHOM IK3EMILIIPE — B BallleM 3aro-
JIOBOUHOM (paiijie. Ecim Teneps BaM Npuiér B roJiOBYy IOMEHSITh ITapaMeT-
PBI KaKoi-TO U3 Bamux (PYHKINN, BAM He NPUJIETCH UCKATH €€ 3ar0JI0BKH
110 BCEM MOJIYJIIM HIPOTPAMMBI, IOCTATOYHO Oy/IeT OTPEeIaKTHPOBATL BAaIll
COBCTBEHHBIH 3ar0JI0BOYHUK — TO eCTh 0duh dailn (KoHedHOo, He caurTast
caMoro Ballero Mojyssi). Bce ciyuan HECOOTBETCTBHsI IAPAMETPOB BbI30-
BOB IIapaMeTpaM HOBOI'O 3aroJIOBKa BaM YKAXKET KOMIIUJISATOD B IIPOIECCEe
epecOOPKH TPOrPAMMBIL.

OrmernM emé J1Ba OYE€Hb Ba)KHBIX MOMEHTa. BO-TIepBBIX, B MO/IYJIb
06si3aTeIbHO HY>KHO BKJIIOYATh (C momolnpio #include) ceoti cob-
cMBeeHHBIU 3aroJoBOYHBIN daiisi. B sToM ciydae KOMOUIATOD TIpH
00paboTKe BaIllero MOMAYJsS CHAYAJIA YBUIUT OObsiBiIeHUsT (DYHKIUN 1 Ire-
PEMEHHBIX, COIEPKAIUECS B 3ar0JIOBOYTHHKE, & IIOTOM HX YK€ ONUCIHUA,
HaXO[dHIuecss B TEeKCTe CaMOI'0 MOAYJIfA; 9TO IIO3BOJIUT KOMIIMJIATOPY IIPO-
BEPUTDH UX COOTBETCTBUE U BBIJIATH OIIMOKY, HAIIPUMED, €CJIU BbI H3MEHIII
npoduiib KaKOH-HUOYIb PYHKIINN B MOJLYJI€, HO OTPA3UTh U3MEHEHUS B 3a-
POJIOBOYHOM (paiiie 3a0bLIH.

Bo-BrophIX, Bce dyHKIUU U ryiodasIbHBIE IIepEMEHHBIE, KOTOPBIE
Bbl PEHINJIA He BBIHOCUTH B 3arOJIOBOYHUK, HY>KHO O0S3aTEJIbHO
nomeruTh MoaudukaTropoM static (cm.crp. 184), Tem cambiM cienan
WX HEBUIUMBIMU JIJIsI PeIaKTopa CBsi3eil. 17106aIpHOe MpOCTPaHCTBO MMEH
y BaC OJHO Ha BCIO IPOrPAMMYy, IPU 3TOM IPOrPAMMUCTHI, KaK IIPABUJIO,
00paIaT BHIMAHUE TOJBKO Ha COIEPKUMOE 3ar0JIOBOTHUKOB, HE BHUKAS
B TO, YTO HAIMCAHO B MOJLYJISIX, OCOOEHHO €CJIM ITH MO/LYJIA HAIIUCAHBI JIPY-
IUMH yYaCTHUKAMU PabOTHI; UMsl, KOTOPOE BbI HE BBIHEC/IU B 3ar0JIOBOYHHUK,
HO OCTABWJIM BHUJIMMBIM, MOXKET CTATh IPUINHON HEOXKHUIAHHOTO KOHMIINK-
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Ta, UMEH, BeJIb KTO-TO M3 BalllUX KOJIJIEr BIIOJHE MOXKET 3aJeiiCTBOBATDL Ta-
KO€ K€ UMs B OJHOM U3 CBOHX MojyJeit. Boobie roBopsi, Bce riobaIbHbIe
MMeHa, OIUCAHHBLIE B BallleM MOJYyJe, JIeJIaTCd Ha JIBe KaTerOpHUM: Te, KO-
TOPBIE BB SKCIIOPTUPYETE, U T€, KOTOPhIE BbI OIMUCAJIN JJI UCIOJIb30BAHUS
B CAMOM MOJLyJie; IIePBble BBIHOCATCS B 3arOJIOBOYHUK (ji1s byHKImi —
[IPOTOTHIIBL, JJIs IIEPEMEHHBIX — OIIMCAHUS CO CJIOBOM extern), BTOpble Ho-
MeJaroTcsa cJIoBOM static. Ecam He cmemars HEM TOTO, HU APYTroOro, MOXKHO
OyJeT MpeJoIOKUTh, 9TO Bbl CAMU HE 3HAeTe, JJis 9ero BBeJM TO WJIN
WHOE WM.

EjuHCTBEHHBIM KCKJIIOUEHUEM M3 3TOrO IIPABUJIA sIBJIAETCS (DYHKIIHS
main: B 3aroJIOBOYHUK €€, KaK MPABUJIO, He BBIHOCIT, HO PEIaKTOp CBI3ei
JOJIZKEH €€ BUJIETh, MHAYE OH HE CMOXKET cOOpaTh UCIOJIHSIEMBbIH daiir.

4.7.4. 3aimuTa OT IIOBTOPHOT'O BKJTIOYEHUS

IToka Bammm MOy SKCIIOPTUPYIOT TOJABKO (PYHKIUU U TJI0OATIbLHBIE TIe-
pPEMEHHBbIE, BCE CPABHUTEIBHO IIPOCTO; K COXKAJICHUIO, B PEAHBHON YKU3HU
Tak He ObiBaeT. CKOpee BCero, yke Ha PaHHUX CTaJUSAX PabOTHI BaM IIO-
TpedyeTcst BBECTH KaKOW-HUOY/Ib N0AB306aMEALCKUT Mun, OYIb TO CTPYK-
Typa, 00beInHEeHNE UIN TePedrCIenne, ¢ KOTOPhIM OyayT paboTarTh Barrn
dyukuuyu u/miu KoTopsii GyJeT UCHOIb30BAH IPU ONUCAHUU IJI00AIbHBIX
rnepeMeHHbIX. Takoil Tun morpebyercsi ¢iesiaTh JOCTYIIHBIM 0oJiee YeM B
OJIHOM MOJIyJIe; KaK CJIEJICTBUE, €r0 OIUCAHNE IIPUAETCH BHIHECTH B 3ar0JI0-
BOuHBIH (baitn. Bosbire Toro, eciin B dpyzom MOyIIe TOSABATCH SKCIIOPTUDY-
eMble (DYHKIH, pabOTAOIIIe ¢ BAIAM THIIOM, BAM MOXKET IMOTPEOOBATHCS
BKJIIOYUTD 00uH 3a204060%Hbill hatin u3 0py2020: B TOM 3arOJIOBOYHUKE, TJI€
00bsABIIEHBI (DYHKIINY, UCIOJIB3YIONINE BAIl TUI, IPUAETCHA IPELYCMOTPETD
IAPEKTUBY #include, BKJIIOYAIOMIYIO 3arOJOBOYHUK, COACPXKAIUNA OIHCA-
HUE 9TOr0 THIIA.

Kpome nosp30BaTeIbCKUX THIIOB, CYIIECTBYIOT €I€ MaKpPOChI; UX TOXKe
MPUXOJUTCS C IEJIBI0 IKCIOPTA BBHIHOCATH B 3ar0JIOBOYHBIE (DANIIbI, U OHI
TOXKE (XOTsl U CYIIECTBEHHO PeKe) MOI'YT OKA3aThCsl IPUUUHON JIJIs BKJIIO-
YeHHsI OJHOIO 3ar0JIOBOYHUKA U3 JIPYTOro.

MozKHO BBLIETUTH 00Iee IPABUIIO JIJIsi BBIHOCA Te€X MJIA UHBIX CYIIHO-
cTeil B 3aroJIOBOYHbBIE (DalIbL:

e BCE, UTO 3aHHMAET MaMsTh B KAKOU-I1n00 u3 cekIiuii Oy ayiei
VICIIOJIHSIEMO# IPOrpaMMbl, ONHChIBaeTcs B (aiine peanmsa-
nuu Moayns (daitn ¢ cydpdukcom .c) u mubo obbsBIIsIETCS
B 3aroJIoBOYHOM paiisie (ecsim 3KCIopTupyercsi), aubo mome-
4qaercsi cJI0BOM static (eciim 06bEKT IIpeHA3HAYEH TOJBKO
JJIsi BHYTPEHHErO NCIOJIb30BAHUSA B MOJYJIE);

e BCE, 4YTO He 3aHHMAaeT MaMsTH, UJIN, UHAYUe IoBOpsdA, BCE, 4TO
HICIIOJIb3YyEeTCsI TOJIbKO BO BpeMsi KOMIIWJISIUUA U 3aTeM Oec-
CJIEZIHO MICYE3a€eT, OIMHCHIBAETCS B 3aroJiIoBOYHOM aiise (u-
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00, ecu MpesHA3HAYEHO TOJBKO [Jisi BHYTPEHHErO HCMOJIb-
30BaHUs B MOJYyJle, onucbIBaercs B daiiie peanusanumn).
K mepBoit kaTeropuu CymHocTelt OTHOCATCS (DYHKIMH U TJIO0ATBHBIE TIepe-
MEHHBIE, KO BTOPOil — TUIBI 1 MaKpPOChl. OyHKINN OODbABIISIOTCS CBOUME
3aroJIOBKaMU-TIPOTOTHUIIAME, MEPEMEHHBIC OObSIBJIAIOTCS C TMOMOIIBIO CJIO-
Ba extern, YTO JIO OIUCAHUI TUIIOB U MaKpPOCOB, TO OHU B 3aI0JIOBOYHOM
daiisie BBIMISIAT TOYHO TaK Ke, KAK U BE3JIe.

Teneps mpejicTaBbTe, 9TO BaM MOTPEOOBAIACH KAKAS-TO (DYHKIIUsI, HA-
[MUCaHHAs BAIIUM KOJIJIETO B JIDYIOM MOJLyJie. 3arjisiHyB B JOKYMEHTAIMIO
WIA [IPOCTO 33J[aB BOIIPOC KOJLIEre, BbI Y3HAJM, 9TO 3Ta (PYHKIUS HAXO-
murca B Momyse ddd. c, KOTOpbIll CHAOXKEH 3aro/oBodHbIM daitiiom ddd.h.
Bam joruynbIit ciemyronuit mar — BCTABUTh B CBOM MOJYJb JIMPEKTU-
By #include "ddd.h" u, BOCIO/IE30BABIINCH HYKHOU (DYHKITHEH, TTPOIOJI-
KUTh pabory. Ilpu 3TOM Bpsa i BbI CTaHETE MOAPOOHO UIYUIATH aiti
ddd.h, a B HEéM, BIIOJIHE BO3MOXKHO, TOXKE COJIEPKUTCA JUPeKTuBa #include,
BKJIIOYAOIIAS eI€ KaKON-HUOY/ b 3ar0JIOBOYHUK, HAIpUMep, bbb.h, a Bam
emmé MecsIl Ha3a 1 MoTPedboBaINCh Kakne-To MYHKIINA U3 MOy bbb, Tak
9TO B BaIlleM COOCTBEHHOM TEKCTe TOXKe ecTh #include "bbb.h". B pe-
3yJIbTaTe KOMIWUIATOD B IpoIecce 0OpabOTKU BAaIllero MOJYJIsi «yBUJINATS
bbb . h j1BaxK/Ibl; 3TO Ha3bIBACTCA NMOBTMOPHBIM 6KANUYEHUEM 3aIr0JI0BOY-
Horo daitia.

Ecsn 661 bbb.h comepkas TOIBKO O0bABICHHUS MEPEMEHHBIX U (DYHK-
Wi, HA K 9eMy CTPAIITHOMY TaKOe IOBTOPHOE BKJIIOUEHNE He IPUBEJIO ObI,
TOJILKO IyTh-4yTh 3aMeJJINI0 Obl KoMmusduio. Ho 3To Bps L jin HAIIT CITy-
9qail: 3aroJIOBOYHUKY, B KOTOPBIX COJEPXKATCA TOJBKO (DyHKIUU U IT€pEMEH-
HBIE, HET HUKAKOI'O CMBICIA BKJIIOYATH U3 JIPYTUX 3arOJJOBOYHUKOB. 1aK
YTO €CJIM MOBTOPHOE BKJIIOYEHHE IIPOU30IIIO0 — BUJIUMO, B IOBTOPHO BKJIIO-
YEHHOM 3aroJIOBOYHOM haiiie ONMCAHBI MOJIb30BATENBCKIE THIBI U (1K)
MakKpochl. B ciydae ¢ THIIOM KOMIIMIATOP IIOIPOCTY BBIIACT OIMIUOKY, BEIb
OH YBH/IEJ BTOPOE ONUCAHUE TOTO K€ CAMOT'0 MMEHH, & OIHCHIBATH OJIHO U
TO K€ MMsl JIBAXKIbI HEJIb3sl (B OTJIMYUE OT OODbABJICHUN; OOLIABIATL OIHO
U TO K€ MMsI MOYKHO CKOJIBKO YT'OJIHO Pa3, TVIaBHOEe, YTOOBI 3TH 00bsIBIIE-
HUs APYT APYry HE IPOTUBOPeYMIIn). B ciydyae ¢ MAKPOCOM KOMIIUJIATOD
BBIJACT IIPEAYIPEXKIECHUE, & He OIMUOKY, HO 9TO TOXKE HE CJUIIKOM XOPO-
110; B GOJIBITUHCTBE IIPOEKTOB JefiCTByeT TpebOBaHME IIOJTHOTO OTCYTCTBUSI
HIpeJyNpeK/IeHUi IPU KOMIIUJIAINAHN.

IlepBoe, 9TO MPUXOAUT B TOJIOBY — pa3o0bpaThbcs, Kakoil m3 ¢aiiios
BKJIIOYEH IIOBTOPHO (3TO CIEJIATH JOBOJBHO HPOCTO: KOMIIMJIATOD IIPU BbI-
Jade OIMMOKY WJIM TIPEJIyTIPEXKIeHNs] CaM CKaXkKeT, B KaKOM paiijie u Kakoil
CTPOKe BO3HHKJIA 1pobsieMa) U y6parh U3 CBOEr0 MOJLYJIsl COOTBETCTBYIO-
IIyI0 JUPEeKTUBY #include, B JAHHOM Cilydae Ty, KOTOpad BKJ/IO4aeT bbb . h;
B CAMOM JIeJIe, KOJIb CKOPO 3TOT (hailyl Bcé paBHO BKJOUaeTcs depe3 ddd.h,
TO TOrO HAM YK€ JIOCTATOYHO U HeT IIOBOJja BKJOUYATh ero camuM. OHa-
KO U TYT peaJIbHOCTBh OKa3bIBaeTCs HECKOJIBKO CJIOXKHee, HexKeJI Ha IIePBBIit
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B3IJISII: IIPeJCTaBbTe cebe CUTYAIMIO, KOTJa Bbl BKJIOYUIN B CBON MOILY/Ib
daiiiel bbb.h u ddd . h 1 HUKAKOrO TOBTOPHOI'O BKJIIOYEHHUS HE TPOU3OIILIO,
a yzKe MO32Ke, BO3MOXKHO, 4Yepe3 IOJIr0Aa WA I'oJ, KTO-TO PEIInJI yCOoBep-
meHcTBOBaTh (aita ddd.h u B mporecce COBEPIIEHCTBOBAHNS JO0ABIIT TaM
BKJIFOUEHHE bbb.h, B pe3y/jbTaTe 4ero Balll HA B Y€M He TIOBUHHBINA MOJLYJIb,
KOTOPBIA BBI yzKe IIOJINOJIa KaK He TPOraJid, BAPYT IepecTasl KOMIUINPO-
BaThCA. BO3MOXKHBI 1 60Jiee 3aKOBBIPUCTHIE CUTYAIINN; IPUILYMATDh UX MBI
IPEeAJIOKUM YUTATENII0 B KaueCTBe I'OJIOBOJIOMKH.

Kak moka3bIiBaeT mpakTHKa, OOPOTHCI BPYUHYIO C KAXKJBIM CJIydIaeM
IIOBTOPHOTI'O BKJIIOYEHUS — HJesl COBEPIIEHHO HepabOTOCIIOCOOHAS, TAK ITO
MIPOrPAMMHUCTAM TIPUIILIOCH H300PECTH HEKYIO TEXHUKY, ABTOMATHIECKN HE
THO3BOJIAIONIYIO 3ar0JIOBOYHUKAM BKJIIOYATHCS B OJHY U Ty K€ €JIUHUILY
TPAHCIAIUN OOJIBITIE OJTHOTO pasa. JlJist 3TOro ucmob3yeTcst IPEerpoIeccop,
a TOYHEe — €0 BO3MOXKHOCTHU YCA0BHOU KOMNUAAUUU, onucaHHbe B §4.6.6.
1t KaKI0T0 3aroJIOBOYHOrO (haiiyia BEIOMPAETCS HEKOE YHUKAJIBHOE MMsi
MaKpPOCHMBOJI&, OOBITHO BKJIIOUAOIIee B cebs camMo uMst (ailia, TpuBeIeH-
HOEe K BEPXHEMY PErUCTDY; TaK, aBTOD ITUX CTPOK OOBIYHO HCIOJIB3YET
cybdurc «_SENTRY», Tak 4To mjis 3arojoBodnuka mymodule.h mosyda-
ercd 9T0o-TO Bpone MYMODULE_H_SENTRY, HO BO3MOXKHBI U IPYTHUE IOIAXO/IBI.
[naBHOE — 1103a00TUTHCST O TOM, YTOOBI BEPOSITHOCTH ITOSIBJIEHHS TJE-TO
CUMBOJIa C TAKUM K€ MMeHeM Obla J0CTaTOYHO Osim3Ka K Hyso. Jlagee B
HadJaJe 3aroJioBoUHOro daiiia (To ecTbh NPAMO IEPBBIME JBYMs €I0 CTPO-
KaM#; BO3MOXKHO, II0CJIe KOMMEHTapHus, B KOTOPOM OIIMCBIBAETCH, YTO ITO
3a aiia u I 9ero OH Hy»KeH) HUIIYTCS JIMPEKTHBbI

#ifndef MYMODULE_H_SENTRY
#define MYMODULE_H_SENTRY

a IMOCJIeIHEl CTPOKOI TOTO 2Ke 3aroJIOBOYHOrO (baitia craBuTCst
#endif

Tem cambiM BCE «3Hauaree» (TO €CTh KAK-TO BIIMSIONIEE HA KOMIIUJISI-
[[MI0) COJIEPKUMOE HAIIero 3aroJOBOYHHUKA OKA3bIBAETCsI OOPAMJICHO JIU-
PEKTHUBOI yCa0BHON KoMmmtanuu. [Ipu oO6paboTke nepeozo cirydas BKJIIIO-
9eHUsl JAHHOTO paiijia B OTIEIBHO B3STOW €IUHUIE TPAHCIISIIAU CHMBOJI
MYMODULE_H_SENTRY eI He OnpesesiéH, TaK 49TO COJAEPKUMOE 3ar0JI0BOY-
HUKa KOMITHJISITOPOM 00PabaThIBAETCsI, IPUIEM, B TUCTIE TIPOUEr0, CpadaThI-
BaeT 1 nupekTuBa #define, KoTopas ompeesnser cuMBoJI. Ecim 6 mod owce
edunuue mpancasyuy daiin mymodule.h BK/IOUaeTcs BTOpoil pas (a pas-
HO U TPETHH, U YeTBEPTHI, U MOCIEIYIONNe) — K 3TOMY BPEMEHU CHMBOJI
MYMODULE_H_SENTRY yke ompejiesieH, Tak 4To jqupekTuBa #ifndef mnckio-
qaeT comepKuMoe (daiiyia n3 KOMIMIAINNA, ¥ KOMIIAJISITOP €ro MOBTOPHO He
yeuauT. Have roBOpsi, IOBTOPHOE BKItOYeHNE ((DU3NIECKH) TPOUCKOINT,
HO HUKaK He BJISET Ha XOJ[ KOMIMJIAINN.
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MHTepeCHO, HTO 3Ta TEXHUKA 3alLNTbl OT NOBTOPHOIO BK/IIOHEHNA, N3BECTHAA NOA4
Ha3BaHMEM «3alUNUTHbIE MaKPOCkl» (sentry macros), MHOrMMUN NPOrpaMMUCTamMi Ha
Cun BOCMPUHUMAETCS KaK AOJKHOE, TO €CTb JII0AN HE BUAST MOAJIMHHON CYLLHOCTU
3TOI TEXHUKU; MEXAY TEM 3TO He bosiee YeM O4epenHOoil xak, NCMoJSIb30BaHME MOA-
BEPHYBLUErocs Nnoa pykKy MHCTPYMEHTA COBEPLUEHHO HE NO €ro NpPpAMOMY Ha3Ha4Y€HUIO,
HO npuBosiLLee Npu 3TOM K HYXXHOMY pe3ynbTaTy.

Kaxk mMor 3amMeTuTh MTaTE/h, UCIOJH30BAHUE 3AIUTHI OT MTOBTOPHOTO
BKJIIOYEHHST HE BCETJIa OKA3bIBAETCs 00s3aTEeIbHBIM; €CJIM OYePEeIHO 3aro-
JIOBOUHBIH (Dallyl COMEPAKUT TOIHKO 00bABICHUS (DYHKIMIA U T€PEMEHHBIX,
TO ero MOBTOPHOE BKJIIOYEHWE HM K ONIMOKaM, HU JayKe K IIPeIyIpexK/ie-
HusiM He npuBenér. OmHaKo ncxoaHble (pailibl HAIllel IIPOrpaMMbl, B TOM
Yycjie 3ar0JI0BOYHBIE — 3TO OTHIOAb HE MpPaMOpPHble CKPHUKaJId, OHU JIO-
CTATOYHO YACTO M AKTUBHO MEHSIIOTCS; €CJIN MbI Oy/ieM CHAOXKATH 3aIUTON
OT IIOBTOPHOT'O BKJIIOYEHHS TOJBKO TaKue 3ar0JIOBOYHUKH, B KOTOPBIX IIPH-
CYTCTBYIOT THIBI WX MAKPOCHI, TO KaXKIbIfl pa3, BCTABJIAA B KAKOH-HUOYTH
3aroJI0BOYHBIN (ailsl OIICaHNe 09ePETHOTO HOBOTO TUIA HJIH MaKPOCa, MBI
OyZ1eM BBIHY 2K ICHBI IIPOBEPSTH, €CTh JIU Y2KE€ B 9TOM 3ar0JIOBOYHUKE 3AIUTA
OT TOBTOPHOIO BK/oUeHud. IIpome (1 gemessie mo Tpygo3arparam) cHab-
KATh Kao+cObll 3aroJIOBOYHbIN (Dailyl 3aIIUTON OT IIOBTOPHOI'O BKJIIOUYEHUSI
cpa3y, KaK TOJbKO 3TOT daiin co3man. Hammcarh Tpu KOPOTKHE CTPOKH
TeKCTa B IMycTOM daiijie — BOIPOC HECKOJIbKUX CEKYHII, IIPU ITOM KadiC-
das POBEpPKa HAJIMUUs ITUX CTPOUEK B baiijie Gojiee-MeHee OCMBICJIEHHOTO
pa3Mepa MOXKeT 3aHSATh CTOJIBKO Ke U J1ayKe OOJIbIIIe.

Nrak, Ka>kaplit 3arojIoBOYHBIN (paiiya ciaeayer cHabG>kKaTh JUPEK-
TUBaMM 3alIUThl OT IIOBTOPHOI'O BKJIIOUEHUS cpa3y 2Ke IIOCJIe ero
CO3JIaHWH; 3TO OJUH U3 TEX PEJKUX CJIYyJaeB, KOrja JAyMaTh BpeaHo. Emé
OJIHO JIefiCTBUE, BBIIOJIHAEMOE BCErIa Cpa3y IocJje co3janus daiiaa Moy-
Jisi — 9TO mobaBjieHre AUPeKTHBbI #include, BKIIIOYAIOIIE B MOIYJIb €ro
cODCTBEHHBII 3aroI0BOYHBIN daiia. Boobie, mporeaypy cosmaHus B mpo-
rpamMMe HOBOTO MOJyJisi (Ha30BEM ero newmod) MOYKHO OIHCATH TaK:

e cozmaiiTe mycThie ¢aiiibl newmod. c u newmod. h;

e BCcTaBbTE B (aila newmod.C AUPEKTUBY
#include "newmod.h"

e BCcTaBbTe B (haiiin newmod.h AUPEKTUBLI
#ifndef NEWMOD_H_SENTRY
#define NEWMOD_H_SENTRY

#endif
— OCTaBUB M€Ky HUMU IIyCTOE IIPOCTPAHCTBO JIJIsi COJIEPXKIMOr0 3a-
TOJIOBOTHOTO (haitia;
e 3aperucrpupyiite co3manabe (ailjibl B CHCTEeMe KOHTPOJIS BepCUil u
cucreme cOOPKH;
® OTDPa3uTe IOSBJIEHNE HOBOTO MOJIYJIS B JIOKYMEHTAIUN.
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4.7.5. O0bsIBJIEHUS TUIOB; HEIIOJIHbIE TUIbI

Jo cux nop Mbl CTafnkuBanuchk C 06bABAEHUSIMY NEPEMEHHBIX U DYHKLMIA; Ans
NOJIb30BATE/IbCKUX TUMOB, BKIIOYAsi CTPYKTYPbl, OBbeANHEHUSI 1 NEPEYMCIIEHNS, Mbl
MNCMONb30BaJIN TOJILKO OMMCAHUS, TO €CTb KOHCTPYKLMW, 3aatoline ncHeprbiBato-
wyto nndopmauuto o Tune. Kak Hu cTpatHo, cTpykTypbl B Cu Tak>ke MOXKHO 06bsiB-
JISITb, TO €CTb COOBLATL KOMMUAATOPY O CYLLECTBOBAaHUN TUMA C 3a4aHHBIM NMEHEM,
He nokasbiBasi cobcTBeHHo cam Tun. Hanpumep, MoxHO HanucaTb:

struct item;

C 3Toro MomeHTa kKoMnuAsTOp ByfeT 3HaTb, Y4TO CI0OBOCOYETaHNE Struct item obo-
3HaYaeT HEKUVi CTPYKTYPHbIA TuM, HO BOMbLUE HMYEro NPO 3TOT TUN 3HaTb He ByaeT;
Takoi Tun HasbiBaeTcss HenosHbiM (aHrn. incomplete type). ToHHO Tak >ke MOXHO
onmcaTb HEMONHbIN TUN-0bbefMHEHME, HO 3TO OBLIYHO HE MCMOMb3YeTCs.

KoHeuHo, onucaTbh NepemMeHHYI0 HEMOAHOMO TUNA KOMMUASTOP He NO3BOUT, Beab
OH [aXKe HE 3HAET, CKOJIbKO NaMATU MNOA TaKy NEPEMEHHYIO HEOBXOANMO BbIAEANTD;
OAHaKoO HEMNOJIHbI TUM MOXXHO BMOJIHE YCNEeWHO NCnosb30BaTb AN ONUCAHNA yKa3a-
Tes1eli: B CaMOM fiefie, pa3Mep yKasaTens obblYHO He 3aBUCUT OT TOrO, Ha NepeMeH-
HYIO KaKOro TUNa OH yKa3bIBaeT.

OcHOBHOe Ha3HauyeHMe Takux OBBSABAEHMIA COCTOUT B TOM, 4TODbI MO3BOAUTD,
Hanpumep, ABYM CTPYKTypaM WMETb B KayeCTBe NOJei ykasaTenw Apyr Ha apyra.
Bonee Toro, Mbl y>ke NCNoAL30BaNN HENOHBIE TUMbI, KOFAA A5 paboTbl CO cnMckamm
N [epeBbsAMU ONUCHIBANN CTPYKTYPbl C NOASIMU-YKA3aTeNAMU Ha CTPYKTYpYy TOro xe
ThnNa; HanpuMmep, B 3HAKOMOM HaM OonucaHunmn

struct item {
int data;
struct item *next;

};

Ha TOT MOMEHT, KOrga KOMMNUANATOP BUAWUT oOnucaHme nons next, cam TuUN
struct item eweé He onucaH, Beflb €ro ONMCaHUE elg He 3aKOHYWSIOCh; C APYroii
CTOPOHbI, MOCKOJIbKY C/IOBOCOYEeTaHue struct item kKomnunsTop y>ke BuAaesn, 3TOT
TUN CHNTAETCS 0OBSABAEHHBIM (XOTS N HEMONHBIM), N KOMMWUASATOP MOJAraeT, 4To 4Jis
OMMCaHNsA yKasaTeNst 3TOro AoCTaToOYHO.

Boobuye roeopsi, nucaTb obbsiBNeHNE CTPYKTYPbl OTAENLHOR KOHCTPYKLMER 0co-
60F0 CMbICJ1a HET, MNOCKOJIbKY NCMNOJIb30BaTb TaKOW HEMOJIHbIV TN MOXXHO NnLb YKa-
3aB €ro NoJIHOE UMsI, BKJtOYatoLee coBo struct (B AaHHOM ciyyae struct item),
a 3TO y)xe caMo o cebe NocNyXMT ANns komnuasitopa obbasnednem Tuna. Kak cnea-
cTBMe, TUN struct item* MOXXHO MCMOJIL30BaTb, JaXke €C/ 4O Ceil Mopbl KOMMU-
NIATOP BOODLLE HNYEro HE CAbIWa O cloBe item.

Kpome o4eBnAHOro nprMeHeHUst ANt CO30aHUSI CTPYKTYP CO CCbliKaMu Ha cebsi
WA APYT HA ApYra, HEMOJIHbIE TUMbI JAOT eLLE OAHY Ba>kKHYIO BOSMOXXHOCTb: HE MOKa-
3bIBaTb KOMMUATOPY OMUCaHne Turna, €C/i HyXeH TOJIbKO yKa3aTe/lb Ha Takow Tum.
DTo 4acTo NO3BONISIET HanucaTb ObbsiBNEHNE CTPYKTYpbl (HEMOMHON), BMECTO TOro
4TObbI BKIIOYaTL € nomowbio #include ToT dhaiin, rae HaxoaUTCsA €€ NoaHOe onu-
caHue. Tak MOXXHO [OCTUYb U3PALHOV SKOHOMUUN BPEMEHU KOMMUASILUU, BbIKUHYB



194 TIporpammMuposanue na sizbike Cu

JINLHWE BKIOYEHUSI, B OCODEHHOCTU €Ciy peyb UAET O BKJOYEHWU OAHOrO 3aro-
noBoYHOro haiina M3 Apyroro; KPOMe TOro, HUKaKMe ABa 3arofioBoYHbIX haiina no
MOHSITHBIM NPUYNHAM HE MOTYT B3aMMHO BKJIOHATb APYr ApYra, Tak 4To obbssneHus
TUNOB OKA3bIBAIOTCS NPOCTO HE3aMEHUMDbI.

NHorpa onucaHue cTpykTypbl BOOOLIE HE BbIHOCAT B 3arosioBOYHbIA  dhaiin,
HECMOTPs Ha TO, 4TO B HEM CofepXaTcs NpoToTunbl hyHKUM, paboTatowme ¢ ykasa-
TEeNAMUN Ha 3Ty CTPYKTYpPY. TaKoil BapuaHT NPUMEHSIETCS, €CIM aBTOP MOAYAS npea-
NlaraeT MoJib30BATE/I0 XPaHUTb YKa3aTenn Ha KaKylo-TO ero CTPyKTypy, Hanpumep,
ANs ueneid naeHTudnMKaumm, HO NpM 3TOM MPEANoYMTaeT, YTobbI NONb30BaTENb HE
obpaluancs K nossiM 3TO CTPYKTYpbl Hanpsimyto. KctaTu, npumepom Takoii cuTya-
LN ABNAETCA XOPOLIO 3HAKOMbI/i Ham Tun FILE*.

OTmeTuM, 4TO BONBLLUMHCTBO KOMMUSITOPOB MO3BOJSIIOT Takxe OObsSBUTL TUn
enum, HO 3TO B SIBHOM BUAE 3anpeLleHo cneundrKkaLmsiMy n K TOMY XK€ COBEPLUEHHO
6eccMbICNEHHO: MpoLLe TOrga UCnoab30BaTh OBLIKHOBEHHbIV int.

4.8. d3pik Cu u cTnjiab KoJa

Bo BcéMm npemrrecTByIomeM TeKCTe, HAUUHAS C MIEPBOTO TOMA, MbI yIe-
JISLTA TIpaBuiaM obOPMIIEHNST TEKCTA ITPOrPAMMBI CAMOE ITPUCTAILHOE BHU-
MaHHe, HO TeM He MeHee HaM II0-IIPEXKHEMY eCTh 4TO OOCY/IUTh B 9TOit 0bJ1a-
ctu. MBI HazeeMcst, 9TO K HACTOSIIEMY BPEMEHH YUTATE b YKe ITPUOOPEIT
JIOCTATOYHBII ONBIT B HAIIMCAHUM IIPOrPaMM M JIy4Ile IIOJTOTOBJIEH K BOC-
MIPUSTUIO HEKOTOPBHIX TOHKOCTETA.

4.8.1. Bciomunaem obimye NpPUHIIUIIBI

[Tepeunciium  OCHOBOMOIATAIONINE [TPABUJIA, KOTOPbIE HAM W3BECTHDI
(B OCHOBHOM eIl¢ u3 nepBoro Toma). IIpex e BCero HallOMHUM, 9TO TEKCT
mporpaMMbl IMMpEeJHA3HAYEH B IMEPBYIO O4Yepeb /Jisd MPOUTEHUS
4eJI0BEKOM, W JIAIIb BO BTOPYIO — /jiss OOpaGOTKM KOMMbIOTE-
poM. ObecrieueHne XOpoIeld INTAeMOCTH TEKCTa — 3aJ1ada MepBOOYepe-
Hasl; IPOTrpaMMa, B TEKCTe KOTOPOl HAPYIIEeHbI TPABUIa O(POPMIICHUS, BO-
0011 HE MOXKET PACCMATPUBATHCS B KAYECTBE TIPABUILHON WU HEITPABUIIb-
HOI1, paboTaromeil nin HepaboTaroIell, moae3noit win oecrosesuoit. /o Tex
op, MOKa HapyUIeHusl B 0OpOPMJIEHUHT He OyJIyT YCTPAHEHDI, OHU TIPEJICTAB-
JISIIOT co00it eduncmeentoe CBORCTBO TPOIPaAMMBbI, KOTOPOE MOXKHO 00CY K-
JlaTh, a WX YCTpPaHEHWe — 3TO eJUHCTBEHHOE, YTO C TAKOH MPOrpaMMoii
JIOILYCTUMO JIeJIATD.

K tekcTy nmporpaMMbl Ha JIOO0OM SI3BIKE IIPOTPAMMUPOBAHUS ITPEIbSIB-
JISIeTCsT HECKOJIBKO YHUBEPCAJIBHBIX TpeboBanmii. TeKCT JIO2KEH CoepKaTh
ToBKO cuMBOJIBI U3 Habopa ASCII; KomMmMeHTapUM, €CIM OHU €CTh, JOJIK-
HbI OBITH HAIIMCAHBI II0-AHMIMACKY (HE IIO-HEMENKH, He MO-(DPAHIY3CKH U
TeM 6oJiee He MO-PYCCKU TPAHCIUTOM, 8 MMEHHO T10-aHTJIMHACKH ); TP BBIOO-
pe UMEH JIsi UJIeHTUMUKATOPOB TaKKe JIOJIZKHBI UCIOIH30BATHCS UMEHHO
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while(p)
{

while(p)

while(p) { {

s += p->data;

+= p-> ;
s p->data; p = p->next;

P = p->next;

s += p->data;
P = p->next;

Puc. 4.3. Tpu cTuiist pacrtoiozKeHusI OIePaTOPHBIX CKOOOK

AHIVINICKUE CJI0BA, aJeKBATHO OTParKaloIue MpeIHa3HATYEeHNEe UIeHTHMOU-
karopa. Koporkue umMeHa MOXKHO (M Hy KHO) HCIIOJB30BATH TOJBKO s
JIOKAJIbHBIX HUJIEHTHUMUKATOPOB B CJIydasx, €CJIM UX IIPe/IHa3HAYeHUe Odve-
BHUHO M3 KOHTEKCTa. KOMMEHTApUsIMU JIydIlle He 3JI0YIOTPEDIATE; BMECTO
9TOrO CJIEJyeT IHUCATH TEKCT CaMOil IPOrpaMMbl (B YaCTHOCTHU, BLIOUPATH
ueHTUDUKATOPDI) TaK, 9TOObI OH MOACHsT caM cebga. Buibopy upentudu-
KaToOpoB ObLI mocBsimén §2.12.10.

[Ipu mammcammu mporpaMMbl Ha A3bIKE, UMEIOIEM CTPYKTYDPHBIA CHH-
TAKCUC, TO €CTh IOAPA3yMEBAIOIIEM BJIOKEHHBIE KOHCTPYKIUK (& MMEHHO
takoBbl U [lackajb, u Cu, u GOJIBIIMHCTBO JIPYIUX SI3BIKOB IIPOIPAMMUPO-
BaHMs) HEOOXOAMMO BHU3YAJIbHO BBIAEJSTH BJIOXKEHHbIE (hparmeH-
ThI, UCIIOJIb3ysl IIPODEJIbHbIE CUMBOJIBI B HaUaJie KaXK/I0il CTPOKH.
BJ10YKeHHBIIT TEKCT JIOJI2KEH CIABUTATHCS BIPABO OTHOCUTEIBHO TEKCTa, B
KOTOPBII OH BJIOXKEH, Ha (PUKCUPOBAHHBIN pa3Mep OTCTyIla — JIBa, TPH, Ye-
TBIpe TpodesIa WIn OAWH CUMBOJ Tadyaruu. Pa3Mep oTcTya BHIOMpAETCS
OIMH pa3 M COXPAHSAETCS OIMHAKOBBIM BO Bceil mporpamme. CTpOKHU, KO-
TOpbIE HAYMHAIOT U 3aKAHYUBAIOT IEJbHYI0 KOHCTPYKIIUIO, JOJI2KHBI OBITH
CJBUHYTBHI OJIMHAKOBO, TO €CTh UX IEPBbIe HEIPOOEIbHbBIE CHMBOJIBI 00sI3a-
HBl HaXOJUTHCA TOYHO APYr HaZ ApyroMm. Msyuas Ilackanb, Mbl Havam
obcy)aarh oTcTynbl B §2.1, 3aTeM 110 Mepe BBEIEHHS HOBBIX OIEPATOPOB
MMOKA3BIBAJINA, KaK UX CJiejlyeT opOpMJIsiTh. B 9acTHOCTH, BBe/s COCTaBHOM
oneparop B §2.2.8, MBI Cpa3y »Ke IPOJEMOHCTPUPOBAJIN TPU BO3MOZKHBIX
cTmits 0POPMIIEHUsT OIEPATOPOB, B KOTOPBIX B POJIA TEJIA BBICTYIIAET CO-
CTABHOU ONEpaTop; K 9TOMY BOIIPOCY MBI €IIé pa3 BepHyJIuch B §2.12.2.
HamomuauM, 94T0 OTKPBIBAIOILYI0 CKOOKY MOYXKHO CHOCHUTH HA CJIEIYOILYIO
CTPOKY IIOCJIe 3ar0JIOBKA OIlepaTopa, pacrojaras U €€, U 3aKPbIBAIOIILYIO
CKODKY B TOIl 7K€ TOPU30HTAJBHON HMO3UINN, B KOTOPOI PACIIOJIOKEH 3aro-
JIOBOK OTIEpaTOpa — TaK MBI ITOCTYyIIaau B TporpamMax Ha [Tackaire. Moxkno
OCTaBJIATH OTKPBIBAIONIYIO CKOOKY Ha OJHOI CTPOKE C 3aroJIOBKOM OIlepa-
TOpa, a 3aKPBIBAIOIILYIO PACIIOJIAraTh IIOJ HAYAJOM 3arojIOBKa — HMEHHO
Tak MBI jeiicTBoBasin B nporpamMvax Ha Cu. CyimecTByer TpeTuit CTHIIb,
KOTODBIIf MBI HE PEKOMEHJIyeM, HO MMEEM B BUJy €ro JOILyCTUMOCTb: OIe-
paTopHble CKOOKU B 9TOM CTHUJIE€ CHAOXKAIOTCS JOTIOJTHUTETHHBIM OTCTYIIOM

(cm. puc. 4.3).
Emgé onma BakHast moapoOHOCTL: OIIEPATOPHYIO CKOOKY, 0603Ha4Ya-
IOIYI0 HA4YaJIo TeJia mojmnporpammsbl (B tepmuHax Cu — yHK-

[MN), BCEria CHOCAT HA OTAEJILHYIO CTPOKY, JayKe eCJIU [PU HAIICA-
HUM CJIOXKHBIX OlEPATOPOB (BETBJIEHUIl M IUKJIOB) CKOOKY PEIIeHO OCTaB-
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JISITh HA OJHOU CTPOKE C 3ar0JIOBKOM; D0Jjiee TOro, ornmepaTopHbIe CKOOKM,
obpamiigiomyue TeJjio (PyHKIINY, HUKOTJA He CABUTAIOT — OHU BCETJA
NUNIYTCA B KpailHell JIeBOIl KOJIOHKE TEKCTa BHE BCAKON 3aBHCHMOCTH OT
n3bpanuoro cruist. s [lackans 310 TpeboBanre 0YEBUIHO, HOCTATOYHO
BCIIOMHUTB O CEKIUSIX JIOKAJIBHBIX onucanuii; 1yisi Cu, BOSMOXKHO, 3TO Tpe-
OoBaHUE ITOKAYKeTCs He CTOJIb OYEBUIHBIM, HO OHO M 3JIECh OYEHb IIPOCTO
obbsicasiercs. Jleo B TOM, 4TO, B OTJIMYME OT 3aroJIOBKa CJIOZKHOTO OITe-
paTopa, 3arojioBOK (OYHKIIMN HMEET CAMOCTOSITEJIbHOE 3HAYEeHUe,
TO €CTh YaCTO BCTPEYAETCHA OTJEJBHO OT Teja (DYHKIUH — IIPU ITOM OH
CIIYKUT 005A6A€HUEM COOTBETCTBYIOIIEH (DYHKINY, B IPOTHUBOIIOJI0KHOCTD
onucanulo, B KOTOPOM TIPUCYTCTBYET TeJIo. Pa3HeceHne 3arojiOBKa U TeJia
Ha pa3Hble CTPOKU MO3BOJISIET MOIIEPKHYTH (DAKT CAMOCTOSTETLHOCTH 3a-
roJioBKa. UTO KacaeTcs JONOJHUTEIBHOIO OTCTYIIA JJIsi BCETO Tesa, TO OH
OBLT OBI TOIPOCTY MIJIAMITHUAM: TEJIO0 (DYHKITIMH MOXKET IIPUIAraThCd K €€ 3a-
TOJIOBKY, HO OHO HE BJIO2KEHO B 3arojioBOK. CO CJIO2KHBIME OIEPATOPAME
CHTyallusl WHas, TaM UMeeT MeCTO KaK pa3 BJIO)KEeHHe OJIHOTO OlepaTopa B
Jpyroi, I09TOMYy, HECMOTPsI Ha TO, YTO Mbl TAKON CTUJ/Ib HE PEKOMEHJIyeM, B
MIOJIB3Y JIONOJIHUTEIHbHOT'O C/IBUTA COCTABHOI'O OllepaTopa B COCTaBe JPYyroro
orepaTopa MOXKHO HaTH OIpeJe/IeHHbIe apI'yMeHTHI.
Wrak, ciemyromiue BapuaHThl 0pOPMJIEHUST OYIyT HEPaBUJIbHBIMU:

float cube(float a)

%
s {
return a * a * a;
}
S float cube(float a) {
<>Q<> return a * a * a;
}

float cube(float a)

(>Z<) { return a * a * a; }

[IpaBuibHO OyI€T HANUCATD TAK:

float cube(float a)
{

return a *x a * a;

}

4.8.2. @upmennbie ocodbennoctu Cu

Hauném c coryarmennii 06 nMmenax uiaeHTHGUKATOPOB. B orimame ot
[Tackagsi, si3bik Cu 9yBCTBUTEJIEH K PErUCTPY OYKB, TaK UTO HUKAKOI CBO-
60/IbI B HAIIMCAHUN KJIIOYEBBIX CJIOB 3/1€Ch HeT; HaupuMmep, if — 310 Ha3Ba-
HEe oreparopa, Toraa Kak If, iF u IF — 970 OOBIKHOBEHHbBIE HACHTH(DUKA-
TOPBI, IPUTOM pa3JIUYHBIE.
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W3 §4.6.3 MbI 3HaeM, uTO B iporpamMax Ha Cu mMeHa MaKpOCOB OOBIU-
HO HAOUPAIOTCS TEJUKOM 3arJIaBHBIME OYKBAMHU, UTOOBI UX OBLIO JIydIe
BHUHO, & HY2KHO 3TO II0 IPUIHHE OMACHOCTH MAaKPOCOB, 00YCJIOBIEHHON UX
HEIIOTYMHEHNEM ODIIUM IIpaBUIaM BUIUMOCTH. KaK MOXKHO JIOTaIaThCsl 110
MIPUBOIUBIIAMCSI IIPUMEPAM, BCE OCTaJIbHBIE UIEHTH(MUKATOPHI B si3bike Cu
OOBITHO HAOMPAIOT MEJTUKOM B HUYKHEM PETHCTPE, T. €. MAJIEHbKUMU OyKBa-
MU, & OTEJIbHBbIE CJIOBA B COCTABE HICHTU(PUKATOPOB OTMEJSIIOT JIPYT OT
Jpyra cuMBOJIOM ToguépkuBanus. VI ieHTuduKaToOphl, COUYETAIOIINE B
cebe OyKkBbI 00OMX PErucTpoB, npu pabore Ha si3bike Cu 0GBIYHO
He ucnoJib3yiorcs. Eciu Bol yBuiesnn nporpammy Ha Cu, B KOTOPOit mMe-
TOTCA UACHTH(PUKATOPHI «CMEITAHHOTO PEerucTpay, Takme Kak MixedCase,
isItGood, CamelIsAnAnimal, exGF u mpodee B TaKOM JlyXe — CKOpee BCe-
ro, aBTOp mporpaMmbl pegko mumier Ha Cu. [loguepkHéM, 9TO CKazaHHOE
BepHO Juib Jist yuctoro Cu; Tpajuiun si3bika Cu-+-+ COBEPINIEHHO WHBIE,
HO O HUX IIOK& PEeYu He UJIET.

VIHorp,a MO>XHO BCTPETUTb, B TOM HNCNE B CUCTEMHbIX bubanoTekax n 3arofoBOY-
HbIX halinax, NpUMeEHEHNE K CMELLAHHOIO PErNCTPa® A5 UMEHOBAHUS CTPYKTYPHbIX
TUMOB, @ B HEKOTOPbIX CAyYasx — W Ans apyrux ueneii. Bouio 6bl HenpaBunbHO
YTBEPX[ATb, YTO 3TO HEZOMYCTHMO, KOJIb CKOPO SICHOCTU MPOrpaMM TaKol CTWJIb He
BpeaunT. Tem He mMeHee Mbl He PEKOMEHAYEM WNCNOJIb30BAaTb TaKNE€ OTCTYNJEHNA OT
TPaANUNOHHOIO MMEHOBaAHNA.

HeckosibKO 0COOHSIKOM CTOSIT UAEHTU(MDUKATOPHI, IMEHA KOTOPHIX HATM-
HAIOTCS C MOAYEPKUBAHUA. [Pa/INIINOHHO CYUTAETCS, YTO STU UMEHA 3ape-
3epeUpPo6ard, 3a cucmemoli NpozpamMupo6arus, TO eCTb, HallpuMep, pas-
pabOTINKN CHUCTEMHBIX 3arOJIOBOYHBIX (DAMIOB MOT'YT UCIIO/IH30BATH TAKUE
MMEHA JIJIs CBOUX BHYTPEHHUX HY2K/JI, HE BHOCA UX B JIOKyMeHTaIuio. B cBs-
31 C 3TUM HE CJIeyeT MOJIb30BaTbCA MMeHaMU, HAYMHAIONMIUMUCHA C IIOJI-
4EpKUBaHUs, B CBOMX I[POrpaMMax: Takue uMeHa (HaupuMmep, _counter,
_error_code, __LINES_NUM u T.1.) MOTYyT BCTyIUTb B KOH(JIUKT ¢ 3aro-
JIOBOUHBIME (paiijiaMu, IOCTaBIsseMbIMEI BMecTe ¢ KomnuiasTopoM. Cremyer
YUIUTBIBATH, 9TO, JIA2K€e €CJIN OJHO KOHKPETHOE UMs HU K KAKUM KOH(IIMK-
TaM He IIPUBEJIO, 3TO HEe ABJIAETCA OCHOBaHWEM I JaJIbHEHIIero ero mc-
[I0JIB30BAHNUS: OHO M3 OCHOBHBIX JOCTOMHCTB si3bIKa CH — nepenocumocms
npo2pamm, & UCIIOIb30BAHNE TOTEHITNAIBHO «KOH(MINKTHBIX> UMEH 3Ty IIe-
PEeHOCUMOCTD, €CTECTBEHHO, CHIXKAET, BE/Ib €CJIM B Ballleil Bepcuu OubJino-
TEYHBIX 3aIr0JIOBOYHIKOB COOTBETCTBYIOMIEIO UMEHN HET, TO 3TO He 3HAYUT,
9TO TAKOe K€ UMsl He TOSBUTCS TpU paboTe ¢ APYyTUM KOMIUJISITOPOM, Ha
JIpyToii IraTdopMe, Ja U TPOCTO B OJHOM 13 OY/IyIIuX BepCUii Bareit cucre-
MBI IIporpammupoBanus. tak, He HaUMHAalTe UMeHa BalINX UJEHTU-
dukaTopoB ¢ cuMMBOJIa MOAUYEPKUBAHUS, OCTABHTE TAKOE NUMEHOBAHUE
CHUCTEMHBIM 3ar0JIOBOYHBIM (haiijiam.

Odopmitenne cI0KHBIX 00bsIBJIEHUIT, ONUCAHUIN U HHUIIHAJIA3ATOPOB TO-
JKe mMeeT cBoM ocobeHHOCTH. B s3pike Cu 9acTO BCTPEYAIOTCS ONMUCAHUS,
UMeEIOIIe CJIO’KHBIM CHHTAKCHUC: 9TO ONIMCAHUS CTPYKTYPHBIX U II€PEIUCIN-

R
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MBIX TUIIOB, & TaKKe CHaOKEHHbIE HHUIIUAJIM3aTOPAMHU OIMCAHUSI MACCHBOB
U [IEPEMEHHBIX-CTPYKTYDP.

C omumcannem THIIA, MPEJIOIATAIONIAM UCIIOIH30BaHNEe (DUTYPHBIX CKO-
60k (struct, union, enum) BCE JOBOJBHO MPOCTO: €AMHCTBEHHAs] CTEIEHD
CBOGOJIBI — IOJIOXKEHHE OTKPBIBaoNIeil buryproit ckobku (e€, Kak BOJAUTCH,
MOKHO OCTABUTH Ha OJTHON CTPOKE C UMEHEM CTPYKTYDBI, & MOYKHO CHECTH
HA CJIEJLYIONLYIO CTPOKY). ero ToYHO He CJelyer JeJaTbh — 9TO CABUIATh
durypHble CKOOKH OTHOCHTEILHO HAYAJIa OIMUCAHUS TUIA, TO €CTh BOT TaK
[MHUCATh MOXKHO:

X struct item
struct item { p

const char *str;

K const char *str;
item *next;

item *next;
};
};

a BOT TaK YK€ He CTOUT:

struct item

{
const char *str;
item *next;

};

Curyalust 371eCh 110JI00HA CUTYAIlMM C HAYaJOM M KOHIIOM Tejia (PYHKIUN:
BCE TeJIO IEJUKOM He CJBUTAIOT JIaXKe IPU UCIIOJIB30BAHUHN CTUJIS, TIPEJIIIO-
JIATAQIOIIEro CABUT COCTABHOTO OIIEPATOpa OTHOCUTEHLHO 3ar0JIOBKA CJIOXK-
Horo oreparopa. OTMETHM, YTO HE CTOUT TAKyK€ U BLITATHBATL OIMCAHNE

CTPYKTYPHBI B OJHY CTPOKY:
struct item { const char *str; item *next; };

A BoT onmcanue TepeInCJINMMOro Tulla BbITAHYTbh MOXKHO, I CMOTPETHCA 3TO
6y,aeT BIIOJIHE JIOTUYHO, HO TOJIBKO B CJ/lIy4dae, €CJIM1 OHO yMellaeTCd B OJHY
CTPOKY U HE€ COACPKHUT ABHO 3aJaHHBIX 3Ha4YeHUll KOHCTAHT:

enum state { home, whitespace, stringconst, ident, end };

Eciiz B oy cTpOKy onmucanue He TIOMECTUIOCh WA €CJIM UMEETCs TOTPed-
HOCTBb B sIBHOM 3aJI[aHUH [1€JIOUYKMCJIEHHBIX 3HAYEHUN, TO JIydIle OyaeT KaxK-
JIyI0 KOHCTAHTY OIHUCHIBATH Ha OTJEJbHON cTpoke. O6parurte BHUMAHUE,
910 JJ1s yA0OCTBA UTEHUs 3HAKUA PABEHCTBA PEKOMEHIYEeTCs PACIIOIOXKUTD
B OJIHY KOJIOHKY (HCIIOJIL3YIiTe IIPOGEIIbI, €C/IU HOJIb3yeTeCh UMY JJIsk CTPYK-
TYPHBIX OTCTYIIOB; €CJIN B KAYECTBE OTCTYIIA Y Bac TaOYJIAINS, HCIIOJIB3YiTe
€€ Ke Jyisl BBIDABHUBAHUSI 3HAKOB PABEHCTBA):
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enum state { enum state {
st_home, st_home =0,
st_whitespace, st_whitespace = 32,
st_stringconst, st_stringconst = 12,
st_ident, st_ident =77,
st_end st_end = -1
}; };

Kak 00bI4HO, 110JI02KEHIe OTKPbIBaIoIIeil (PUrypHOIl CKOOKHU OIpeesisieTcst
n30paHHBIM cTUIeM. Ecu BbI cHOcUTE €€ B ONMCAHUAX CTPYKTYD, caenaiite
TO K€ CAMO€ W MPHU ONMMCAHUN enum’oB:

enum state enum state

{ {

st_home, st_home =0,

AHajIOrmYHO 06CTOAT Aena ¢ JJIMHHBIMUI HHHuHaﬂH3aT0paMﬂi(HaHpHMep,
IIpA OIIMCAHUU WUHUINAJIN3UPOBAHHBIX MBCCHBOB) Ecan ununmanusatop
IIOJTHOCTBHIO YMEIIAETCs B OJHY CTPOKY, JIYUIIlEe €r0 TaK U 3alllCaTh:

const int some_primes[] = { 11, 17, 37, 67, 131, 257 };

Ecan NHUIAAJIN3aTOP B OAHY CTPOKY HE ITOMECTHUJICA, UJIN €CJIN K 3HaYCHU-
AM Tpe6yIOTCH KOMMEHTapu, MO2KHO 3aIliCaTh Ka)K,IU:IfI QJIEMEHT NMHUIIA-
JIn3aTOpa Ha OTﬂeJILHOfI CTPOKe:

const unsigned long hash_sizes[] = {

11, /* > 8 %/
17, /% > 16 */
37, /* > 32 x/
67, /* > 64 x/
131, /* > 128 */
257, /* > 256 */
521, /* > 512 */
1031, /% > 1024 */
2053 /* > 2048 */

};

Her muvero crpamsoro m B pa30oNEHUN WHUIMAJIU3ATOPA HA HECKOJBKO
CTPOK U3 COOOpaKeHUil paBHOMEPHOCTH:

const unsigned long hash_sizes[] = {

11, 17, 37, 67, 131, 257,
521, 1031, 2053, 4099, 8209, 16411,
32771, 65537, 131101, 262147, 524309, 1048583,

2097169, 4194319, 8388617, 16777259, 33554467
};

[Tosroxkenne oTKpbIBatoei (UTyPHOM CKOOKH B 9THX CJIyUasx TaKKe 3aBU-
cuT OT N30PAHHOTO CTHUJISA, IPUIEM, KAK HU CTPAHHO, YaCTO €€ CABUTAIOT, TO
€CTh CJIEIYIONUIl BADUAHT HE TOJIBKO JOIYCTUM, HO U JIOBOJILHO IOIYJISIPEH:
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const unsigned long hash_sizes[] =

{
11, /* > 8 %/
17, /* > 16 x/
37, /*x > 32 x/
67, /*x > 64 x/
131, /* > 128 */
257, /* > 256 */
521 /* > 512 x/
1031, /x> 1024 */
2053 /% > 2048 x/

};

3aberast BIepé s, OTMETHM, YTO [IPU WHUIUATUIAIIE JIBYMEPHOTO MaCcCUBa
OOBIYHO KaXKJIBIil 3JIeMEHT (TO €CTh OJHOMEDHBIN MACCHUB) CTAPAIOTCS 3aIld-
caTh B OJHY CTPOKY, HallpUMep:

const int change_level_table[5][5] = {

{4, 4, 2,1, 1%,
{3, 4, 3,1, 11},
{1, 3, 4, 3, 1%,
{1, 1, 3, 4, 31,
{1, 1, 2, 4, 4%

};

Eciiz ke B oiHy CTPOKY KOZa KaXK7asi CTPOKa BAIlleil MaTPUIILI HE ITOMe-
nraercs (ciaydail cam 1o cebe JOBOJIBHO PEJIKUiL), IPUAETCI UX PABHOMEPHO
pa30buTh Ha HECKOJIBKO CTPOK.

Odopmitenue oneparopa mocryciosust B Cu TOXKe nMeeT CBOU OCODEH-
noctu. KirodeBoe ¢ioBo while B 9TOM sI3bIKE MCIOJIB3YETCS B JIBYX POJIAX:
B 3aroJIOBKe NUKJIa C IPELyCJIOBHEM H B 3MWJIOre IUKJA C IIOCTYCJIOBHEM
(do-while). Cpasy nocie cioBa while B 06€MX CUTYAIUSX CJEYET YCIOB-
HOe BbIpaskeHne B KPYIJIbIX CKOOKax; B KOHCTpyKimn do-while cjesom 3a
9TUM BBIpaKe€HHEM HJET TOYKA C 3aISATOI, HO TakKasd Ke TOYKA C 3allsd-
TOW MOXKET ODHApYKUTbCS W IIOCJIE€ 3arojIOBKa OOBIYHOTO while — Tam
oHa Oy/eT m300pazkaTh IyCTOe TeJIO IuKJa. VTak, Tysiasa Ha KOHEI, IHK-
Jga do-while, MOXKHO (U OYEHDb JIEIKO) II€PEIyTaTh e€ro ¢ IUKJIOM while,
UMEIOIUM IIyCTOE TeJIO.

Pemrenne 31oit 1pobJieMbl JJOBOJIBHO OMEBU/IHO JIJIS CTHJISA PACCTAHOBKHI
duUrypHbsIX CKOOOK, IIpM KOTOPOM OTKPBIBAIOIAs CKOOKAa He CHOCHUTCS Ha
CTIeYIONyI0 CTPOKY. IIpexkie Bcero orMeTnM, 4YTO UCHOJb30BaHue u-
T'YPHBIX CKOOOK B IIUKJIE do-while cTporo o6si3aTejibHO BHE BCIKOM
3aBUCUMOCTHU OT KOJIMYECTBA ONEepaTopoB B 3ToM TeJjie. Hekoropbre
IIPOrPAMMUCTBHI JIa2Ke IIPEObIBAIOT B YBEPEHHOCTHU, YTO 3TO TPeOOBaHUE A3bI-
ka Cu; Ha caMoM fiejie 9TO He Tak, TesioM do-while MoxKeT ObITH JIO0OI
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omepaTop, He TOJIBKO COCTABHOMN; HO 3Ta BO3MOXKHOCTH CH HUKOTJA HE UC-
nosb3yercs. [Ipobirema co cmbicsiom while Terephb penraeTcst TeM, 9TO CJI0-
BO while TIOIIPOCTY OCTAETCS HA TOHM »Ke CTPOKE, YTO W IIPEIIECTBYIONIAST
eMy 3aKpbIBalOIasi CKOOKa, MPUMEPHO TaK, KAK MbI TIOCTYIAJNA CO CJOBOM
else:

do {

get_event (&event) ;

res = handle_event (&event) ;
} while (res !'= EV_QUIT_NOW);

Takoe ke pereHue MbI MOYXKEM IIPUMEHHUTb U JJIsl CTWJIsA, IPU KOTOPOM
OTKpBIBalOIas GpurypHas cCKOOKa CHOCUTC HA CJIEYIOIIYIO CTPOKY, HO He
CJIBUTa€TCS:

do
{

get_event (&event) ;

res = handle_event (&event);
} while (res '= EV_QUIT_NOW);

DTO HE CJIUNIKOM H3SIIHO, TOCKOJIbKY BBIHYKJAET HAC BBOJUTH UCKJIIOUE-
HUEe U3 OOINero NmpaBmjia, OJHAKO TAaK BCE Ke JIydIle, YeM IyTaTh KOHEI
NUKJIa ¢ HAYAJIOM HOBOTO IHKJa. Ho BOT 4TO JeaTh MPHU UCIIOJIb30BAHUN
CTWJIs, TJle CKOOKH He TOJIbKO CHOCSTCSI, HO U CIBHUIAIOTCS, OKa3bIBAETCH
umerousaTHo. Puyapn Cronnman B GNU Coding Style Guide mpesiaraer
odopmisaTh do-while Tax:
do
{
get_event (&event) ;
res = handle_event (&event) ;

}
while (res != EV_QUIT_NOW);
[Ipu Bcém yBarkenuu Kk CrosuiMany, 5Ta ujes KpaiiHe HeyadHa. Ecim nuki
3aHUMAEeT XOTSA OBl JECATOK CTPOK, MPHU BIIJISAE Ha CI0BO while MBI CO-
BEPITIEHHO OJIHO3HAYHO HE 3aMeTUM COOTBeTcTBYyIomee eMy do. IIukimer c
IPelyCJIOBUEM BCTPEYalOTCd T'OPa3J0 4allle IUKJIOB C MOCTYCJIOBHEM, TaK
9TO IIPU YTEHUU IIPOrPAMMBI MBI IT0/ICO3HATEIHHO 02KH/IAEeM UMEHHO OOBbIU-
woiit while. ITocse sToro Mpr mpumem while 3a 3aroJIOBOK IUKJIA, JAJIBIIE,
BO3MOKHO, HE 3aMETHM TOYKY C 3aIlIATOil, a BO3MOXKHO, HA0OODPOT, 3aMe-
TUM, PEIINM, UTO ITO OMIUOKA, «CIIOTKHEMCs», TIOCJIE Yero, MPOCMATPUBAS
dparmeHT yxke 0OoJjiee BHUMATEJHHBIM B3IVISJIOM, HAMIEM, HAKOHEI[, Ipe-
cJI0ByTOE do, IIPW 3TOM IIOTPATUB HE MEHBIE CEKYHJIbl Ha Pa3MBIIIJICHAS
B HENPaBUJILHOM HAIIPABJIEHUN U €IIE CEeKYHIY-IAPYIyI Ha TO, YTOOBI BEp-
HYTBCSI K T€M MBICJISIM, U3 KOTOPBIX HAC BBIOMT MPOKIATHIN while. MoxkHo

2
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OIIPEZIEJIEHHO CKa3aTh, YTO TaKue While bl 0OXOISATCS YUTATEIO IPOrPaM-
MBI CJIMIIKOM J1oporo. IlosToMy, cKo/ib ObI MIPOTUBHO CHE HU BBITJISAJIEIO,
MBI BO3bMEM Ha ce0sT CMEJIOCTh PEKOMEHIOBATH ITO-TO BPOJIE CJIEIYIOIIEro:

do
{
get_event (&event) ;
res = handle_event (&event) ;
} while (res !'= EV_QUIT_NOW);

OHOI 3TO CJTOKHOCTH MOXKET OBITH BIIOJIHE JIOCTATOYHO, YTOOBI OTKA3AThH-
Cs1 OT TAKOI'O CTHJISI PACCTAHOBKH OIIEPATOPHBIX CKOOOK, IO KpaiiHeil Mepe,
st si3bika, Cu (muist [Tackasist 9T0T apryMeHT He JeficTByer, TaM Takoil npo-
6JieMbI Her).

Paccmorpum temeps xapaxmepuvie dasa Cu owubku 6 opopmaenun
¢yrxyuu. JJocTaTrouHO YaCTO MOYXKHO BHJIETH IPOI'PAMMBI, B KOTOPBIX OITU-
CaHUs JIOKAJIBHBIX [EPEMEHHBIX B (PYHKIIUSIX, 8 TaKyKe 3aKJIF0YUTEIbHBIN
OlepaTop return MOYEeMy-TO HE CJIBHHYTHI Ha pa3Mep OTCTYIIa, a HaIca-
HBI ¢ KpaliHell JIeBOY NO3UINN dKpaHa, IPUMEPHO TaK:

int main()
{
int i;
const char *hello = "Hello";
const char *goodbye = "Good Bye";
for (i = 0; i < 10; i++) {
printf ("%s\n", hello);
}
for (i = 0; i < 10; i++) {
printf ("%s\n", goodbye);
}
return O;

}

Takoit cTunb, padymeercs, HemomycTuM. IIpexkae Bcero, oreparop
return — 3TO OOBIYHBII OIEPATOD, BCTPEYATHCA OH MOXKET HE TOJIBKO B
caMoM KOHIIe (DYHKITNH, HO U B €€ cepeinHe, Oy/Iy I IPU STOM BJIO?KEHHBIM
B IIUKJIbl U BETBJIEHUSI; HET HUKAKUX OCHOBAHMII CYUTATh, YTO CJIydail BO3-
BpaTa 3HAYEHUS B IOCJEIHEH cTpodKe (DYHKIIUU UEeM-TO NPUHITUITAAILHO
oTJIMYaeTcd OT JPYTUX CUTyalluii, KoIrjja return BcTpedaercs B KOJie.

Yro kacaercsi mepeMeHHbIX, TO, KOHEYHO, X OIMCAHUS ONEepamopaMYu
He SIBJISIIOTCS, HO IPHU TaKOM cruje (opMaTHpoBaHUs (BUIYPHAS CKOO-
Ka, OTKPBIBAIONAs (DYHKIINIO, HAYMHAET CJIMBATHCS C OKPYKAIOIIIM KOJIOM;
COBEPIIEHHO HESCHO, KAKOTO IIPEUMYIIECTBA XOTAT JOOUTHCS CTOPOHHUKA
TaKOr0 CTPAHHOIO (hOPMATHPOBAHUS.

37Peup maér o uncrom Cu; B Cu++ ommcanie MEPEMEHHON SBJISETCS OHEPATOPOM.
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4.8.3. I1obounbie 3pdeKTHI

WNsyuas Ilackayib, MBI Bcerja siBHBIM 0O0OPa30M OTMeYasd KaXKJIbli
U3 PEJIKUX CJIyYaeB BO3HUKHOBEHUsI 10b6ouwno20 aPderma. Hamomuum,
970 0 MOOOYHBIX 3PDEKTaX TOBOPAT, KOTIA NPU BUHUCAEHUU BBIPAIHCE-
HUA TPOU3OILIO UTO-TO €IIE, KPOMe COOCTBEHHO CO3/AaHus DPe3yJIbTara;
9TO MOXKET ObITh M3MEHEeHHe 3HAYEHUN KaKUX-TO IEePEeMEHHbBIX, OIEePAIH
BBOJIA-BBIBO/IA, BOOOIIE JIIOO0E N3MEHEHHNE, KOTOPOe MOYKET ObITDH M032Ke 00-
napyzxeno (cm. . 1,82.3.6).

Xotenoch ObI Ha BCAKHUIL CIydail emé pa3 IpeIoCTepedb UUTATENd OT
BeCbMa PACIPOCTPAHEHHOI B HAIIIE BPEMsI OITHMOKHU, CBSI3AHHOM C 3TUM IIOHSI-
THEM: MHOTHE TPOIPAMMUCTBI CBSAITO YBEPEHBI, UTO «IIODOTHBIM 3D DEKTOM»
cJIeyeT Ha3bIBaTh BOODIIE JTI000€e IeHCTBIE, M3MEHSIIOIIEe XOTh YTO-HUOY I
B CpeJle BBINOJIHEHUsI IIPOrPaMMbl — B YaCTHOCTH, JIF0O0OE IpUCBanuBaHIUe,
BBO/JI, WJIX BBIBOJI MHGOpPMAINK U T. 1. MBI yKe oT™Medasn 3T0, ndy4as [lac-
KaJlb, & paHee YIOMUHAJN B IIPEJIUCIOBHUAX, HO BCE YKe MIOBTOPHUM eIlé pas:
HET, €CJIU W3MEHEHUE MPOU30III0 He B XOJ€E BBIUUCIECHUS BBIPAYKEHUS, TO
060IHBIM 3(PDEKTOM TaKOe M3MEHEHUEe CUMTATh HeJIb3s; B YaCTHOCTH, B
nporpaMMax Ha ToM ke [lackaje mogydInTh TOOOYHBIN 3(DHEKT MONKHO
TOJIBKO OJHMM CIIOCOGOM — HamucaTh @ynkuyuto (He npouemypy!), KOTo-
past Oy/1eT 4T0-TO U3MEHSTD 3a IIPeJeaMU CBOUX JIOKAJIBHBIX [IEPEMEHHBIX.
Hexkotopsblie dyHKIMH, BcTpoeHHbIE B [1acKkaJib miim BXOJIsIye B ero 6ubJimo-
TeKy, caMu 110 cebe 06J1aaroT 1060uHbIMEU b derTamu (IpUMepbl TOro —
dyukIms random, BOZBPAIIAONIAS TICEBIOCTYYAHOE YUCJIO, HO TPH ITOM
M3MEHSIIOIAst TI00aJIbHYIO ITlepeMeHHY 0 randseed, 4TOOBI CJIEYIOIIee TUC-
J10, BbIJIaHHOE (DYHKITHE, ObLIO yIKe JIPYTHM, & TakKe (DyHKIns readkey u3
MOY/IsT Crt, MOOOUHBIN 3PPEKT KOTOPOH COCTOUT B M3bATUU OUECPETHOTO
KOJa 13 Bxosmero 6ydepa), Ho B resoM nobounsie abdexrst B [Tackane —
sIBJIEHUE JIOBOJILHO DPEJIKOE.

Coscem apyroe gesno — s3uik Cu. Majio Toro, 9to mporeyp TYT Her,
€CTh TOJBKO (DYHKIIMU — TaK €IME, B JIOBEPIIEHNEe, BCe CIIOCOObI M3MEHUTD
3HAYEHME TIePEMEHHO ciesiann apudMerndecKkuMmu onepanusyu. [Ipucsan-
BaHUE CTAJIO OIlepalleil — U Terepb TO, PAJIM 9ero Mbl er0 OOBITHO JIEJIAeM,
TO eCTh COOCTBEHHO 3aHECEHWEe HOBOTO 3HAYEHUs B IIEPEMEHHYIO, OKa3bIBa-
ercss nobounvim appexmom. Her mpouenyp — u noboursivu 3¢ pekTamu
OKa3bIBAETCsI BOODIE BCE, 9TO JejaeTcs BHYTpU moimporpamm. Mbr yxke
ybemiinch Ha COOCTBEHHOM OIIBITE, UTO CAMBIl IIOIYJISIPHBINA OlIepaTop B
Cu — 3T0 ollepaTop BBIUNC/IEHUSI BbIpaXKeHUsI paju 110609HOro 3¢ dpekra.
Jla 910 TaMm omepaTop, Bellb BBIMIOJIHEHUE MPOrPAMMbI, HATIMCAHHON’
Ha Cu, cocrout n3 mobo4YHbIX IPGPEKTOB — HE «JIOILYCKAELT MOOOTHBIE
3bdEKThI», HE «UCIOJb3YeT MOO0UHbIE IPMDEKTHI», & cOCMOUM U3 HUX, TO
€CTh MPOrpaMMa, MOMPOCTY TOBOPs, HE JieJlaeT BOODIIE HUIEro, KPOMe I0-
GOIHBIX 9PPEKTOB.

2
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Tenepp MOXKHO JIETKO JIOrajlaThCsl, OTKyJa Oepércs 2Keae300eTOHHAas
YBEPEHHOCTH, C KaKOI OOJIBIIMHCTBO IIPOIPAMMUCTOB HENPABUALHO TPAK-
TYIOT TTOOOYHBIHN 3P PEKT KaK BOOOIIE JTI000e N3MEHEHNE, KAaKOe MOXKET IIPO-
W3BECTH TPOrPaMMa: JIeJI0 B TOM, 4TO 6 A3wke Cu amo max u ecmv, Ipu
9TOM €eCJid B3sTb caM si3blIKk CHM M MHOXKECTBO €ro KOHIENTYaJbHBIX I10-
TOMKOB, HaunHast ¢ Cu++4, TO OKaXKeTcst, IYTO Ha TUX SI3bIKAX HAIMUCAHO
poIeHTOB 3TaK 99, ecim He GosbINE, BCcex mporpamm B mupe. Hemympe-
HO, 9TO JIFO/IM TIOMPOCTY 3a0BIBAIOT MCXO/HBIA CMBICJI CJIOBA «IIODOYHBINY> B
CJIOBOCOYETAHUU «IIODOIHBIH 3pdeKkT» — U, HAJO CKa3aTh, HAIIPACHO 3a0bI-
BAIOT, ITOCKOJIbKY MTOOOUHBIE 3D (PEKTHI TPEACTABIAIOT CO00# 3D DEKTUBHDIH
WHCTPYMEHT Il IPEBPAIEHUsT TEKCTA IIPOrPAMMBI B 3AIIy TAHHBIN pedyC.

[Tapouky mpuMepoB 3TaKUX PeOYCOB MbI YK€ IMPUBOIMINA. «XPECTOMA-
TUIHOE» KOIUPOBAHUE CTPOKU C TPeMsl MOOOYHBIM 3P PeKTaMu B 3aroJioB-
ke while npwu mycroMm Tesie mukia (cM. crp. 96) paboraer npaBuiabHO (HpU
YCJIOBHH, ITO UCXOIHAS CTPOKA KOPPEKTHA, 8 B MACCUBE, Kya €€ KOIUPYIOT,
JIOCTATOYHO MECTa), HO €CJIM HE 3HATDH ITOT IIPUMED 3apaHee, TO pazobpaTh-
cs1, KaK 3Ta ITyKa paboTaeT U MOHATh, KOPPEKTHO OHA HAIIMCAHA WJIM HET,
JIOBOJIBHO HENMPOCTO. A BOT IpUMeEp Ha Ty Ke TeMy, KOTOPBI MbI ITpUBe-
JIN 9yTh paHbIle — Ha CTP. 94, — HAIPOTUB, COIAEPXKUT OIIUOKY, U €CJIU He
3HATH, UTO OHA TAM €CTb, 3AMETUTH €6 BOOOIIE HEBO3ZMOXKHO Y.

ITobounbie 3dEKTH B YCIOBHBIX BBIPAXKEHUSX, UCIOJIb3YEeMbIX B 3a-
TOJIOBKAX IWKJIOB W BETBJIEHUI — ITO HE €JUHCTBEHHBIN CIIOCOD 3aIlyTaThb
nporpammy. IlycTb, K IpuMepy, y HAC €CTh MAaCCUB M K HEMY IIPUJIATAETCS
[epeMeHHas, XPaHsIIas KOJUIECTBO IJIEMEHTOB, 3all0JIHEHHBIX I0JIE3HO
nHdoOpMaIneit:

double array[ARRAY_SIZE];
int array_filled = 0;

Ecyin Teneps Tpebyercs 3anecTu 3Havdenue (CKayKeM, U3 IIEPEMEHHON X) B
ouepednotli S3JIeMEHT MACCUBA, OOJIBIIMHCTBO IPOIPAMMUCTOB, HHUIILYIIAX HA
Cu, MOCTYyIHUT MPUMEPHO TaK:

array[array_filled++] = x;

YT00bI MOHSTH, TPABUILHO ITOT OIEPaTop OyaeT paboTaTh WM HET, IIPHU-
JETCS BCIIOMHUTH PA3HUILy MEXKJy i++ M ++i, IPUKUHYTH, YTO IIPU HyMe-
pamum 3JIEMEHTOB C HYJId UX MeKYULLe KOAUYECTNE0 PABHO HOMEPY NEPE020
€60600H020, TAK 9TO, IO-BUINMOMY, KaK pa3 3Hadenne array_filled, nmpej-
IIEeCTBYIONIEE BBIIIOJIHCHUIO HAIIEr'0 OIIePaToOpPa, COACPXKUT HYZKHBIA HOMEp,
a IIOCKOJIbKY ITOCT(UKCHasA (opMa €ro u BO3BPAIIAET, TO, HABEPHOE, TYT
BCcé mpasuibHO. [Ipu aTom dparment

38 ABTOp 6e3 MaJIeHIIero CMyIIEHIs] U JaXKe C ONPEIeIEHHBIM YIOBOIBCTBIEM T'OTOB
IPU3HATHCS, YTO B II€PBOM HU3J@HUM KHUTHU STOT NPUMep OBbLI NIPUBEIEH KaK SKOOBI
IPaBUJIBHBIN, a OIMMUOKY B HEM HAIIIM YATATENH, IPUIEM HE CPasy.
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array[array_filled] = x;
array_filled++;

JesiaeT abCOJIIOTHO TO K€ caMoe, U Jayke TPeOyeT IIPUMEPHO TeX K€ pac-
CYKJIeHU# — TOJBKO 6€3 CY/IOPOKHOTO (U JIAIOIIEro JIUIIHIOKD BO3MOXK-
HOCTb OIIUOUTHCSI) IPUIIOMUHAHKS, YTG TaM BO3BPAINAET OIePallysi MHKDEe-
MEHTa B TOW u Jpyroit eé ¢opme. 3amuch 3TOr0 B OJHY CTPOKY, & HE B
JIBEe, KOIJIa~-TO JABHO ObLIa OCMBICJIEHHON U3 coobpazkeHuit 3¢ hekTuBHO-
CTU — HO, BO-TIEPBBIX, TOJIBKO Ha MAIlIMHE C COOTBETCTBYIOIIEN CHCTEMON
koman) (mamomauM, PDP-11 npu ucronb3oBaHuM KOCBEHHOMN ajipecanuu
[Ipe/lyCMAaTPUBAJIA TPENHKPEMEHT, IPEJEKPEMEHT, IIOCTUHKPEMEHT UJIU 10~
CTJEKPEMEHT ajipeca) U BJI0OABOK NPU MCHOJIb30BAHUM KOMIIMISTODA, He
OCHAIEHHOI'O TOJCUCTEMON ONTUMU3AIINAL.

31ech HAIIpAIUBaeTCsl BBIBOJ, ITO MTOGOUHBIE 3(DMEKTHI — 3JI0 U UCIOJIb-
30BaTh UX HEJIb3sl, HO OH OKA3bIBAETCS CJIUIIKOM IIOCHENTHbIM. Bo-TIepBhIX,
na Cu Bo0bII1E, POPMAJIBHO NOBOPsI, HEBO3MOXKHO HAIIKCATH IIPOrpaMmy 06e3
MOOOYHBIX 3PPEKTOB, TAK UTO 3AIMPETUTH UX BCE — BCE PABHO UTO 3aIIpe-
TUTH caM #3bIK C1; KaK MUHAMYM HY?KHBI KAKHe-TO KPUTEPUH, 9TOOBI OT-
JINYaTh JOIIYCTUMBIE TOOOYHBIE 3(PMEKTHI OT HEIOIMYCTUMBIX. BO-BTOPBIX,
BOODIIE-TO JTazKe Takas pedycooracHasl MITyKa, Kak MOOOUHBIH 3 deKT B
YCJIOBHOM BBIPDaKEHHUH B 3ar0JIOBKE IIMKJIA, B HEKOTOPBIX CIydasX OKa3bl-
BaeTCs MPUEMOM BIIOJIHE OIPABIAHHBIM, U MBI ITOT IPUEM HEOTHOKDPATHO
npuMensii, HaunHas ¢ §4.4.1, rie, pacckazas o GyHKIun getchar (), Mbr
IIPUBEJIN IPOCTEHIINI IPpUMeED IIPOrPpaMMbl, YUTAIONIE! TEKCT II0OCUMBOJILHO
0 HACTYIUIEHUS KOHIa (daira. BcnoManM Hamm /1Ba BapraHTa peIIeHus:

¢ = getchar();

while(c != EOF) { while((c = getchar()) !'= EOF) {
if(c == "\n’) if(c == ’\n”)
printf ("0K\n") ; printf ("0K\n") ;
c = getchar(); }
}

MozkHO JIM 37eCh C YBEPEHHOCTHIO 3asBUTH, YTO IEPBOE PEIICHHE JIydIle
Broporo? Bpose 6b1 Bo BTOpoM mmeeTcss MOOOUYHBIN 3¢ dpekT B 3arosios-
ke while, m 3TO, IpU3HAEMCH YECTHO, HECKOJBKO 3aTPYJIHAET BOCIIPUA-
THEe MPOTrPaMMBbI; HO 3aTO B IEPBOM BapuaHTe dybaupyemcsa kod. 3mech
9TO BCETO JIUIIb BBI30B getchar, B APYIUX CIydasx MOYKeT HOTPebOBATHCs
YTO-HUOY/Ib IIOCJIOXKHEE.

Cama sTa cuTyarys B IPOrPAMMHUPOBAHUU JIOBOJILHO THIMYHA; OYCHD
9acTO B CAMBIX PA3HBIX 33/1a9aX TPeOyeTcs MUKIMIECKA ITO-TO OTKYIA-TO
HU3BJIEKATDb, TPOBEPSTH, YCIEITHO JIM IIPOIILIO U3BJIC€UYECHNE U HE KOHUYUJIUCH
JI1 Te 00BEKTHI, KOTOPbIE MBI U3BJIEKAEM, U €CJIU OY€PETHON OOBEKT yCIIel-
HO JOOBIT, TO 0OpadaTHIBATHL €0 U IIPOIOIKATL PAbOTy, a €CJIM OHU KOH-
9IJINCHh — 3aBEPINATh UK. BaXXHO TyT TO, 9TO KayKIas UTEPAIUS ITHKJIA
COCTOUT U3 JIBYX CTaJUil — 6ui60pKu 1 06pabomxku, a MpOBEPKa IO CMBICITY
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BbIOOpKA
no

obpaboTka

o

Puc. 4.4. Biok-cxema nmukJja ¢ mob0IHbIM 3PHEKTOM B YCIOBUN

JIOJKHA AeaThest meorcdy aumu (em. puc. 4.4). Ho s3piku nporpaMMuposa-
HUsI HAM TAKOT'O OIepaTopa IUKJIA He IIPEJIOCTABJISIOT, BOT M IPUXOIUTCS
9TO-TO U300pPeTaTh, KAK TOBOPUTCH, U3 IOJAPYIHBIX MATEPUATIOB.

OHO3HAYHO CKAa3aTh, YTO JIydIlne — ayOaupoBanmre KOJAa WIn TOOOTHBII
3P dEKT B 3aroI0BKe MUK — HEBO3MOXKHO, 008, pelleHns: 00J1a1ai0T OIpe-
JeJIEHHOH Kpususnol. PakT TOT, YTO 3/1eCh HAJIMYHIO 1T0O0YHOIO 3 dexTa
B 3ar0JIOBKE MMEETCH BHATHOE OIIPaBIaHue: 0€3 HEro MOy anuTCs eIle XyKe,
HY WJIH, BO BCSIKOM CJIYYA€, HEGO3MONCHO YEEPEHHO 3AABUMDL, 4mo 6ydem
AYHULE.

BaxxHo noHMMAaTh, YTO CKa3aHHOE KACAeTCH TOJIBKO IMKJIOB, M TOJBKO
TAKMX, KOTOPbIE HY?KHO (B CHILy 0COOEHHOCTEN perraeMoil 3a/1auu) BEICTPO-
WUTh TI0 CXeMe C BBIOOPKOil u 06paboTkoil. B wacrHOCTH, 1TO60OYHBIN 3d-
dekT B 3arojioBke oneparopa if onpasmaHunii He UMeeT — HUKOT/Ia
n HUKakwnx. To ke camoe MOKHO CKa3aTh IIPO BCEBO3MOXKHbBIE KOHCTPYK-
MW, UCIIOJIB3YIONINE 3HAYEHUE OMIEPAIINIT MHKPEMEHTA U JIEKPEMEHTa, BPOJIe
«al[i++]=b» — KOrma-TO JaBHO MX MOYKHO OBLLIO ONPaBIATDL MOBLIIICHUEM
OBICTPOJIEIICTBHS, HO CO BPEMEHU ITIOSIBJIEHUS OITUMU3UPYONUX KOMIIUJIsI-
TOPOB HOJOOHBIH KO IIEPEIIET B Pa3Psi/l HEYMECTHBIX TPIOKOB.

Ob6parTuM BHIMAHUE YUTATEJIS 1€ Ha OJIUMH IIPUEM, KOTOPBIi B IIPOrPaM-
Max #Ha CH UCIOJIB3YeTCsI CTOJIb 9aCTO, 9TO BOCIIPUHUMAETCS KaK HEeJITO Ca-
MO c0b0il pazyMeroIeecst; BO BCAKOM CJIy4ae, aBTOPY KHHUIM CTOUJIO OIpe-
JIEeJIEHHOTO TPY/Jia [EePecTarTh Tak JejaTh B mporpammax na llackase, rime
9Ta TEXHWKA OTKPOBEHHO UyXKepoiHa. Pedb mAET 0 DYHKIUAX, KOTOPBIE
10 CMBICJIY JOJIZKHBI ObLIN ObI OBITH ITPOIEYPAMU, €CJIi Obl IPOIELYPHI B
Cu B0O0bOI1IE OBLIM — TO €CTh O TAKUX (DYHKIUSIX, 0CHO8HOU 3aJadeil KOTO-
pPBIX ABIsieTCsT uX mobouHbI addext. HacTo Takne GyHKIUH 0O BIBIAIOT
CO CJI0BOM void B KaYecTBe BO3BPAINAEMOrO 3HAUEHMs (MEeXKIy IPOYUM, B
opuruHaJbHOM si3bike Cu He ObLIO ¢JI0Ba void, a (DYHKIMY IO YMOJTIAHUIO
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BO3BpAIla/IM int — HO 9TO Tak, K ¢I0By). Ho cpeau Beex Takux byHKIM
BBIJIEJISAIOTCS T€, paboTa KOTOPBIX MOYKET HPONTH YCIIEINIHO WJIM HEYCIIelll-
HO — 1 BOT uX B CH OOBITHO JIE/TaI0T BO3BPAIIAIONIMMY HEKOE 3HAYEHNUE, U3
KOTOPOT'O MOXKHO 3aKJIIOUNTh, HACKOJIBKO YCITIEITHO BCE MPOILIO. XPECTOMa-
TUAHBIM IPUMEPOM TAKO# (PYyHKIUU MOXKHO CYUTATh scanf; HO BOOOIIEe-TO,
KaK MOXKHO JIErKO yOeIUThCs, B cTaHAapTHON 6ubanoreke Cu MMEHHO Tak
IIOCTPOEHBI 6ce (byHKINHN, paboTalolue ¢ BBOIOM-BBIBOJIOM. B ciremyomux
qacTAX KHUTM MbI yOEIMMCs, 9TO IPAKTUIEeCKH BCE CUCTEMHBIE BBI30BBI
OC Unix — tounee, ux 06éprku B Buje pynkimii 1jist Cu — Toxke yKIabl-
BaIOTCs B Ty K€ CXEMY: OHH UTO-TO JIEJAIOT, IPUIEM IaCTO 9TO-TO TOBOJIb-
HO CJIOXKHOE, a BO3BpamnaioT (mouru Bee!) HeKoe 1esioe 4ucio, npudém -1
03HAYAET, 9TO MPOU30ILIa OmubKa. JIOBOJIBHO MHOIO CHCTEMHBIX BBI30BOB
KPOMe 3TOH «OINOOYHOM> MUHYC-6IMHUAIBI YMEIOT BO3BPAIATH JIUIIb OIHO
YUCII0 — HOJIb, KOTOPBIH 03HAYAET, ITO BHI30B OTPAOOTAJI YCIIEITHO.

Eciu a1y cxeMy momgBeprayTh BIyMUYNBOMY aHAJNA3Y, MOXKHO 3aMETUTh,
9TO CHe eCThb OYepE/IHOI XaK, BeJ[b BO3BpallaeMoe 3HadeHrne (pyHKINU U3Ha~
YaJIbHO MTPUJLYMAHO He JJIst 3T0r0. Ho 3TOT XaK CTOJIb IPUBBIYEH U HACTOJIb-
KO 9aCTO MPUMEHSIETCsI, ITO JayKe IPOCTO 3aCTABUTE CeOsl MOHATH, YTO ITO
XaK, & He «TaK U JOJIKHO OBITb», MOYKET OKA3aTbCsl HECKOJIHKO 3aTPYIHU-
TesibHO. Tax miin mHadye, 6OPOThCsI C ITUM HECCMBICIIEHHO, HE TIePeNuChIBATh
2Ke pajii 3TOTO BCIO CTAHJIAPTHYIO OMOIMOTEKY M BCe OOEPTKU CHCTEMHBIX
BBI30BOB.

C y4éroM BCero CKa3aHHOIO MOXKHO TOIBITATHCS CHOPMYIUPOBATH
HEKYIO MHCTPYKIWIO, OTIEJISIFONLYO JOIYCTUMbIe cirydan (M Crocobbl mpu-
MeHeHus1) H060UHbIX 3¢ derToB or Hemonycrumbix. [loayunrcs npumepHo
TaK:

e OIlepanuy IPUCBAMBAHUS, BKJIIOYAs OMEPAINN BHJA +=, <<= U T.IL., a
TaKKe OlE€PAINY MHKPEMEHTA U JEeKPEMEHTA JTOJI?KHBI BCET 1A, BBIMOJI-
HSAThCA Pau T060IHOrO0 3 deKTa, TO eCThb OBITH OlepaIueil BEPXHEro
YPOBHSI B OIIEPATOPE BBIUKCJIEHUsI BBIPAYKEHUS PaJIU IOOOIHOrO -
dekTa; UCIOIB30BATh 3HAYEHUE ITUX OIIEPAINI HE CJIEIYeT;

e (byHKINH, 110 CMBICIy KOTOPBIX UX IMOOOYHBIH 3(hdEKT mpeicTaBiser
c000ii TO, pajiu Yero Takasi (PYHKIMS HAIIMCAHA, JOJ?KHbBI BbI3bIBATH-
Csl U3 OIEPATOPA BLIYUCJICHUS BBIPAYKEHUST PaIn TMOOOIHOrO 3 dek-
Ta, TPUIEM BBI30B (DYHKITMH JOJIKEH OBITH JIMOO omeparueil Bepx-
HEro yPOBHSI B 3TOM BBIPAXKEHWH, JIHOO Oleparueii BEPXHEIO YPOB-
HS B NPaBOH YACTH NPOCMO20 NPUCBAUBAHUS (HOJ HPOCTHIM TIPH-
CBaMBAHUEM HOHUMAETCS OIEpAIlisl = M TOJILKO OHA); WHAYe TOBODS,
OTIEPATOP, COMEPKAITUIN BBI30B TAKON (DYHKIMU, JOJKEH UMETh BUJL
«f (<napamempnt) ;» unn «res = f(<napamempot) ;» — U HIKAKO

JIpyTOH;

® U3 [IBYX MPEALLIYIINX MPaBUJ MWMEETCd POBHO OJHO WCKJIIOUEHUE:
[PHU MOCTPOEHUM IHMKJA IO CXEMe <«BBIOOPKA-IIPOBEPKa-00paboTKa»



208 IIporpammuposanue Ha sa3bike Cu

B YCJIOBHOE BBIDasKeHHE MOYKeT OBbITh BKJIIOUYEH MOOOYHBIN 3¢ ekt
(kax mpaBuIIo, BBI30B (DYHKIMH, B TOM YHCJIE B COUETAHWUHU C IPHUCBA-
UBAHUEM ), ec 3TOT 1000uHbIH 3ddekT npeacrabiser coboii ram
BBIOODK.

Tak, cOrIacHO 9TON MHCTPYKIMH CJIETYIONNE ONEPATOPHI JOIMYCTHMBI, Ka-
KOBa Obl HU ObLIa hyHKINS f:

x = 17; f(x); f((x+5)*(2-2));
i+t t = £(x); t = £(100-x);

JlommycTnMO Tak»Ke U CJIeJIyIoIee:

while((c = getchar()) != EOF) {
VA v
}

— u BooOIIEe J00Oble 110004YHBIE 3(DQEKThI B YCJOBHOM BBIDAXKEHUU B
3ar0JIOBKE IIMKJA, €CJIH pPedb HUAET O IIOCTPOEHHU IHKJA [0 CXeMe
«BBIOOPKA-TTPOBEPKA-00paboTKay. B TO Ke BpeMs CIeAyIONne OnepaTophl
3AIPEIEHbI:

a=b=c; v[i++] = t; t = a>b ? (a=b) : (b=a);

if ((f = fopen(fname, "r"))) { if((c = getchar()) != EOF) {
VAT v VAT v

} }

Cremytorue omepaTopbl [IOIMYCTUMBI JIUIIb B ciiyvae, ecan GyHKnusa £ He
nMeeT MOOOYHBIX IPPEKTOB:

t = £(x) + 1; m[f(x)] += 7;
t = g(f(x)); g(£(x)); g(f(x) + 1);

4.8.4. Bo3Bpariaemble 3Ha4YE€HUsI U1 BBIXO/THBIE
napamMeTrpbl

HamomuuMm, 9T0 8b1L00HBLMYU HA3BIBAIOT TAKHE MAPAMETDPHI IIONPO-
IpaMM, KOTODBIE IIPeJIHAZHAYEHBI He JUIsl HOJIyYeHUs! TOPOrpaMMoii HH-
dbopmanum, a, HapPoOTUB, JUIst Iepeadn MHMOOPMAIIUK BbI3bIBaOIEMY. Fc-
JIM Balla NOAIPOrPAMMA JIO/KHA BEPHYTH OOJIBIIE OJHOIO 3HAYMEHUS, TO
MHOT'O BBIXOJIa, KPOME HCIIOJIb30BAHUS BBIXOJHBIX IAPAMETPOB, COOCTBEHHO
roBopsi, HeT; B s13blke CH BBIXOJIHBIE IAPAMETPHI OPraHU3yIOTCs Iy TEM IIepe-
JIady B LIOJIIPOrPAMMYy aJpeca IEePEMEHHOl, B KOTOPYIO CJIEIYeT 3allicarb
BbIUHCIeHHOe 3Hadenue (cM. §4.3.12).

Cpei BBIXOIHBIX TTAPAMETPOB MOXKHO BBIJCINTH BAaXKHBIH YACTHBIH
caydaii — napamerpsl, paboramomuye «B 0be CTOPOHBI» — W Ha BXOJ, U
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Ha BbIXOJ. Ilo-aHrymiicku Takuwe mapamMeTpbl 0OO3HAYAIOTCS JIAKOHMIHBIM
CJIOBOM in0ut, HO YCTOSIBIIIETOCSI PYCCKOTO ITEPEBOA HET, CJIOBOMOPMBI BPO-
Jie 8L00H06bIL00H0T BCEPbE3 BOCIPUHIMATH HEBO3MOXKHO. CyTh TapaMeTpa
9TOTO BHUJIA B TOM, 9TO HeKasl TEPEMEHHAs JIO BbI30BA (DYHKIUH COIEPIKUT
3HAYEHNEe, KOTOPBIM (DYHKIMS JIOJI?KHA BOCIIOJIB30BATHCS, M3MEHUTD €r0 U
OT/IATh BBI3BIBAIONIEMY HOBOe 3HadeHHe. OYeBUIHBIM PEIleHneM TYT OyJeT
MPOCTO OTIAATH (DYHKIMHM CaMy 3Ty MEPEMEHHYIO, ¢ TeM YTOObI (DYHKITHS
[I0JIB30BAJIACH €10, KaK XOTeJa, a Iepe/] BO3BPATOM yIPaBJIEHHUS OCTABUIIA
B IIEPEMEHHON TO caMOe HOBOe 3HadeHMe; TEXHUIECKH TAKOM mapaMerp Hu-
9eM OT OOBIYHOT'O BBIXOJIHOTO HE OTJIMYAETCsi, Mbl TOYHO TaK Ke Mepe1aéM
B (DYHKIIIO &JIpeC MepPeMeHHOM.

WurepecHo, 9To eciim Takoil mapamerp y (QYHKIUU TPEIIOJIaraeTcs
00UH, TIPOIPAMMUCTHI YACTO IIPEJIIOYUTAIOT BOOOIIE HE IPUMEHSITh BBIXO/I-
HOI1 IapaMeTp; BMECTO 9TOr0 MCXOIHOE 3HaUYeHre ([IePeMEHHOM) epeaaéres
B DYHKIHIO 00b14HbM TTAPAMETPOM, 8 UTOrOBOE 3HaYEHUE (DYHKIS 6036Da-
waem (Kak CBOE OOBIYHOE BO3BPAIAEMOE 3HAYEHUE), U BBIZBIBAIOIIUIL €ro
6JIaroNOJIyIHO TPUCBANBAET TOU 2Ke IepeMeHHON. MbI y2Ke ynoMuHaJu Ta-
KO Toaxo; B §4.5.2 MBI pacCMaTPUBAJIN B KAIECTBE OJIHOTO U3 IIPUMEPOB
yIaJeHne U3 CIIACKA MEJIbIX IUCEJI BCEX 3BEHBEB, COAEPIKAIINX OTPHUIATE b
Hble gncsia (eM. cTp. 148). YKazaresb Ha HEePBbIil 9JIEMEHT CIIICKA IIPH 9TOM
MOYKET U3MEHWUTBHCsI (XOTSI MOYKET M HE M3MEHHTBCsI), TAK UTO OYEBHUIHOE
pellieHne COCTOUT B TOM, 9TOOBI B (DYHKITUIO TEPEJATH 4JIPEC 9TOTO yKa3a-
TeJsis, T.e. IapaMeTp TUIa YKa3aTesb Ha yKa3aTesb. 3arojOBOK (DYHKITIN
[IOJTY 9aJICST TAKKM:

void delete_negatives_from_int_list(struct item **pfirst)

{

[TepemaBarsh Takoit GyHKINN HYXKHO adpec yKa3aTeJsi HA TIEPBBI 3JIEMEHT
CIIUCKA, TaK YTO, €CJIN yKa3aTe b Ha3biBaeTcs first, BbI30B pyHKIMHU Oyer
BBITVISJIETh TaK:

delete_negatives_from_int_list(&first);

Tam ke MBI MpUBEN W APYrOe peIeHne, IPU KOTOPOM HCXOIHBIN yKa-
3aTejIb HA MEPBBIN 9JIeMEeHT IepenaéTcss (PYHKIUU 0 3HAYEHUIO, TO €CTh
OHa He 3HaeT, 2de B MAMSITH HAXOJUTCS CaM 9TOT yKa3aTeslb; HOBOE 3HAe-
HUeE JIJIsi HErO OHA BO3BPAIIAET OOBIYHBIM CIIOCOOOM, TAK 9TO IIPUCBANBAHUE
BOBJIATAETCsT HA BBI3BIBAIOIIETO. 3ar0JIOBOK (DYHKITUH ITPU STOM CTAHOBUTCS
TaKUM:

struct item *delete_negatives_from_int_list(struct item *first)

{

— a e€ BBI30B TaKIM:
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first = delete_negatives_from_int_list(first);

VYV dyukimu MoryT ObITh Apyrue 6rodhvie (OObIYHBIE) HAPAMETPBI, TO €CTh
TaKkue, KOTOPbIe OHA UCIOJIB3YET TOJIBKO JIJIsI ITOJIyYeHusT MH(POPMAIINN; UX
HaJu4are, COOCTBEHHO TOBOpPsI, HUUEro He MeHseT. Tak, GyHKIno 100aBse-
HUS 9JIEMEHTa B TOT 2K€ CIIMCOK IIEJIBIX YHMCESI MBI MOXKeM O(DOPMHUTDH KaK C
BBIXOIHBIM IAPAMETPOM:

void add_to_int_list(struct item *xpfirst, int val)

{ VAR Y

— Tak u 0e3 TaKOBOI'O, BO3BpAIlasi HOBOE 3HAYEHUE aJ[Peca IIePBOrO 3Jie-
MEeHTa!

struct item *add_to_int_list(struct item *first, int val)

{ VAR ¥
B mepBoMm ciytuae BbI30B Oy/ieT TaKuM:
add_to_int_list(&first, 27);
Bo BTOpoMm ciywae — Takmm:
first = add_to_int_list(first, 27);

MozKHO BCTPETHUTDH YTBEPXKIEHIE, YTO BTOPOU IOAX0T bosee 2ubok; HA Ole-
PAIUsSX CO CIICKAMU 3TO MOYKET He OBbITh CTOJIb 3AMETHBIM, HO BEJ[b OBIBAIOT
u apyrue 3agadu. [lycrs, K mpumepy, BaM B KaKO#-TO MOMEHT OTpeboBa~
JIOCH B3SITh OT 3HAYMEHHs HEKOTOPOIl IIepeMeHHOH JiorapudM 110 3aJaHHOMY
OCHOBaHUIO, & PE3YJIbTAT IIOMECTUTH B TY Ke caMyIo repeMennylo. [Ipumom-
HUB, 4TO log, b = % 7 9TO B CTAHJAPTHYIO OUOJIMOTEKY BXOTUT PYHKITAS
log, BBIUUCIIAIONIAS HATYPAIbHBIH jorapudm, ¢ caMoil 3ajadeil BLIYHCIIe-

HUuA JIOI‘apI/I(bMa 110 ITPOU3BOJIBHOMY OCHOBAaHUWIO MBI CIIDaABUMCsI MI'THOBEHHO!

double logbase(double arg, double base)
{

return log(arg) / log(base);
}

OdopMuTs pelieHre Kak-TO HHAYE HaM, CKOpee BCEero, U B TOJIOBY HE IIPH-
JET; MeXKJly TeM, COIVIACHO HCXOJHOMY YCJIOBHIO TPeOyeTCs Pe3ysIbTaT 3a-
HECTH B Ty K€ IEPEMEHHYIO, TJle 10 TOT0 HAXOAWJICS apryMmeHT. Pazyme-
€TCd, HUKTO HE MeIlaeT CejaTh TakK: a = logbase(a, bs); HO eciim MBI
[PUIIOMHUM TO, C Yero HaYMHAJIU, MOXKHO 3aMETUTh BO3MOYKHOCTH JIPYIOro
pelleHns — BBI3BIBATH (DYHKIMIO KAK-TO Tak: logbase(&a, bs), s gero
caMmy (QyHKIHIO TIePEIeSIaTh CASAYIOMUM 00pa3oM:
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void logbase(double *arg, double base)

{
*xarg = log(*arg) / log(base);
}

JlocTaToYHO OYEBUIHO, UTO JeJIaTh TaK HE HAJO: BIIOJIHE BO3MOXKHO, UTO
HaM IMOTPEOYETCS BBIYUCIUTH JIOTAPU(MM IO ITPOU3BOIHLHOMY OCHOBAHUIO
rIe-HUOYb eIé, U TaM HAM He TOJBKO He OyJIeT Hy»KHO 3aHOCUTH PE3YJIbTAT
B Ty 2Ke [TePEMEHHY0, TJie ObLI MCXOIHBIM apryMeHT, HO ¥ CaMoii 3TOi repe-
MEHHO MOKeT He OBITh — CKaXKeM, €CJIi apI'yMeHTOM Jorapudma JT0KHO
CJIy?KUTb HEKOTOPOE BBIPAXKEHUE, & PE3YJIbTAT BBIUMCJICHUsT HY2KEH B Kate-
CTBe apryMeHTa JJisi KAKOU-TO emné (pyHKINU UK IPOCTON OTlepaIiuu Bpojie
cioxkernsi. OUeBUIHO, YTO MOAIIPOrpaMMa, opopMJieHHAs (HPaKTUIECKU B
BHJIe TIPOIELYyPHl U TPeOyIolast /it CBOeil pabOThl 3aBECTH IIEPEMEHHYIO,
OKasKeTCsl B TAKOW CHUTyaIlMu IpocTo HeymobHa. Kcraru, Takoe HeymoOCTBO
MOXKHO OBIJIO TIPEBUIETH, TIOCKOJIBKY 3/€Ch Mbl HAPYIIUJINA CTAPbIl U OUEHb
Ba)KHBIIl apXUTEKTYPHBIN NPUHIUIT: MOIIPOrPpaMMa OJI2KHA [JeJaTh
9YTO-TO OmHO. Ecu MBI muteM GyHKITNIO, BEIYUCISIONIYIO JIOTapudM, TO
OHA JTOJIKHA OTBEYATDH 32 BBIYUCJIEHUE JIOTAPUMOMa U TOJIBKO 38 HEro; 3aHO-
CUTH YTO-TO B KAKYIO-TO ITIEPEMEHHYIO — 9TO yKe He €€ JIeJio.

Ho kak Tak mosiydaercsi, 9TO 00HO U MO dice Peulenue HAC SIBHO He
yCTpPamWBaeT, KOIria pedb uaer 00 apudmeTnke, HO IOYEMY-TO IPUXOIUT B
TOJIOBY IIEPBBIM M KaXKETCsl MIPABUJIBHBIM, KOTJA MbI MMEEM JIeJIO CO CITUC-
kamu? OTBeT Ha 3TOT BOIIPOC TPeOyeT JIOBOJIBHO HETPUBUAJIBLHOTO PACCY K-
nenus. /leso B TOM, YTO Chucok KaK CYUHOCMb He UCHEPNHLBAEMCA 3HA-
yenuem adpeca e20 Nepeo2o INEMEHMG, T. €., TTOMPOCTY TOBOPsI, TOT yKa3a-
Teqb £irst, ¢ KOTOPBIM MBI paboTaeM — 3TO He CaM CIHCOK, 9TO TOJBKO
Hekasl nH(pOPMAIMs JJIsl JOCTyIa K HeMmy. lIpu npucBanBaHuU 3HAYEHUSI
Tumna double, a paBHO W NPH IEpeJade ero Mo 3HAYEHUIO B (PYHKIUIO U
[Ipu BO3BpaTe n3 PYHKIUH MbI OJIYIAEM [TOJHOIEHHYIO KOITUIO UCXOIHOTO
3HAYEHUsI, C KOTOPOI MOXKHO JI€JIATh 9TO YIOJIHO, HE OTJIsIIbIBASICh HA (DaKT
CYIIIECTBOBAHUSI UCXOJIHON IMEPEMEHHOM (MJIM OTKYJIa TaM B3slJIOCh 9TO 3Ha-
4YeHue); JejaTh BCE TO JKe CaMoe ¢ yKa3aTeJleM Ha [EePBbIi 9JIeMEHT CIUCKA,
KOHEYHO, MOYKHO, HO KONUU CNUCKG TIPU ITOM HUKAKOHN He MOABUTCS U BOOO-
1Ie Hy?KHO XOPOIIIO TIOHUMATh, YTO KOHKPETHO MbI JeJIaeM — Y2K BO BCIKOM
ciaydae paboraTh ¢ Komumeit first Tak ke, KaK C OPUTUHAJIOM, HE OTJISAIbI-
Basib HA CYIIECTBOBAHUE OPUI'MHAJIA, TOYHO HE ITOJIYIUTCH, BEJb CIUCOK-TO
OCTa€TCd OJUH.

IIporoBopuB BCE 5TO, MBI, MOXHO HAJEAThCS, IOI00PAJIUCH K Cy-
TH IPUHIUIAAJIBHON DPA3HUIBI MEXKJIY PACCMOTPEHHBIMU TOJBKO YTO
add_to_int_list u logbase. B cmiy ocobennocreil pemaemoit 3a1adn
logbase npejcTaBisieT coboil hyHKUUIO HE TOJIBKO B «IIPOIDAMMHUCTCKOMS,
HO U B MAMEMAMUYECKOM CMBICJIE: OHa OEpET HeKne 3HAYECHUS U U3 HUX
[IOJIy9aeT Pe3yJIbTaT; 3aMeTHM, €€ IepBasi PeATUIAIUT HE UMEAd NOOOYHHIT
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afhpermos, ITO JUITHUI pa3 MOATBEPXKIAET €€ «(PYHKIUOHAIBHYO» CYIIl-
HocTh. Muoe mesio add_to_int_list. OHa BHOCHT B CIIMCOK HOBBII 3JIe-
MEHT, HO OHA TIPH ITOM HE CO30aEM HUKAKO20 HOB020 CNUCKG — BMECTO
TOrO OHA MOIUMPUIUPYET CIIUCOK CYIIECTBYIONIUI, TAK ITO PACCMATPUBATD
eé KaK (PYHKIUIO B MATEMATUIECKOM CMBICJIE He MTOJIYyIUTCS; 9TODBI TaKOoe
paccMoTpenue OBLI0 KOPPEKTHO, MPHUIIIOCH ObI MPU KaxKI0M JT00aBIEHUN
JIEMEHTA CTPOUTDH OYK6a.AbHO HOBBIM CIHCOK — KOIWIO IIPEIBIIAYINEro, HO
C OJIHMM HOBBIM 3jieMeHTOM. 1o cyTu 310 BoOOIIE He DYyHKIHS, ITO CKOpee
npornenypa, u Ha Ilackajie Ham Obl U B T'OJIOBY HE IIPHUIILJIO ONKCHIBATH €€
kak dyskuio, #Ho Cu HAM HUKAKOI JIPYToif BOBMOXKHOCTH He j1aéT. Tak min
uHade, BTOpoil BapuaHT add_to_int_list — TOT, KOTOpPBI 6036pausaem
HOBOE 3HAYEHUE aJIPeca MEPBOTO JIEMEHTA CIUCKA — IIPU BHUMATEIHHOM
PacCMOTPEHNN OKA3bIBAETCsI HE TOJIBKO HUYEM He JIyUIle IIEPBOTO, HO JazKe
OIIYTHMO XY2K€: MaJjiOo TOTO, UTO OH <«IIPUTBOPsETCS (PYHKIME», XOTs 110
CYyTH €I0 He sIBJISeTCsl, TAK €r0 PeAJM3alus €I W IMOCTPOEHA UCTO0A U3
NPEONONOIHCEHUS O MOM, MO GHIZBIBAIOWUT COEAAEm NPUCBAUBAHUE MOT
olce nepemenHoti; MeXKJly TeM, 9eM MeHbIlle (DYyHKITUU J1eJIal0T IIPEIII0JI0-
JKeHnit 06 yCTpoicTBe APYT APyra, TEM JIydIIe.

OTmeTum, 3aberasi Bnepén, 4To nHTepdeic dpyHkuun realloc U3 craHgapTHo
bnbnnorekn CI/I NOCTPOEH MMEHHO TaK, KaK Mbl TOJIbKO HYTO PEKOMEHOOBANN HE Ae-
natb. Bnpoyem, cTpaHHo bbino 661 oxxugats, 4To cosgatenu Cu n ero 6bubnnotekn
CaMn Kak-TO |/|36e)KaJ'II/I CUNLWHOCTWN roaNoBHOrO Mo3ra.

Curyanust pe3Ko yCIOXKHAETCsI, ecu noauporpamma (B repmunax Cu —
«(yHKIUA», XOT 9TO y2Ke TOUHO HUKaKasd He (DYHKIUs) JI0JKHA BEPHYThH
boavue 00noz20 3navenus. 1lpu 3TOM, pasymeercsi, BOSHUKAET cODJIA3H 3a-
JIeiiCTBOBATh BO3BpalllaeMoe 3HaYeHne pyHKIUU — XOTs Obl jlayke U3 co0b-
paxenunii 3PEKTUBHOCTH, BE/Ib BO3BPAIIAEMOE 3HAYEHUE MEPETAETCS e~
pe3 PerucTp, TOrja KakK BBIXOIHON IapaMeTp — 9TO BCerJa 0DJIACTh ImaMsi-
TH, Jga emgé eé ajapec, KO BCEMY, caM IO cebe JOJKEH OBITh KaK-TO Iepe-
JaH B GpyHKIMO. BOT TOJBKO 37eCh BO3HUKAET O/HA ITpobJeMa, Ha KOTO-
PYIO «UCTHHHbBIE CAIITHUKN» [IPUBBIKJIA HE 0OPAIIATh BHUMAHUS: G KOMOPOe
W3 HECKOJbKIX 3HAYEHUI BEPHYTh Kak pe3yibrar ¢yukiun! Kak ero Bbl-
6paTh — OJIHO M3 HECKOJIbKUX?

Yo K, 3/1€CH MBI PUCKHEM JIATh OIPEIEIEHHYI0 PEKOMEHIAINIO, C KO-
TOPO#i, ONATHL-TAKH, HE BCE COIVIACHBI. EC/IM OMHO M3 3HadYeHnil, KOTOPbIE
Balla HOANPOrpaMMa JIOJIZKHA BEPHYTb, MOXKHO (II0 CMBICJY) PAcCMaTpu-
BaTh KaK NPU3HAK YCNEeWHOCMY BBIIOJHEHUS HOAIPOrpaMMbl (HAIIPUMED,
OJIHO U3 €ro 3HAYEHuil, JIMOO KAKOe-TO IIOJIMHOXKECTBO BO3MOXKHBIX 3HAE-
HUll CBHIETEbCTBYET O BO3HMKINEH omubke) — TO u3 (DYHKIMH B Kade-
CTBe €€ «OCHOBHOI'O» PE3yJIbTaTa CJIe/yeT BEPHYTh UMEHHO 9TO 3HAYECHUE,
a BCe OCTaJIbHBIE BEPHYTH YEPE3 BBIXOJHBIE IMapaMeTpPhl; €CJIU YKe HU OJl-
HO M3 BO3BPAIAEMbIX 3HAYEHUN HE UTPAeT POJIU UHIUKATOPA YCIIEINTHOCTH
(mampumep, eciau GyHKIMs BCETia 3aBEPIIAETCS YCIIEIHO) — HAILIIOWTEe Ha
3¢ deKTUBHOCTD U ciesaiite GyHKINIO void’0Boii, BEPHYB BCE, 9TO HYKHO,
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yepes napamMerpbl. VcKyccTBeHHOE IIpeBpallieHne Iporeayp B (pyHKIUU He
7100aBJISI€T SICHOCTH.

YuTtatenb serko Haiigé€T B cTaHgapTHoi bubnnoteke Cu npumMepsbl, NpoTUBOpeE-
Yalwme u 3TOW peKOMeHAaLMn Toxe — Hanpumep, dyHkuun strtol, strtoll u
strtof. Baw nokopHblii cnyra npekpacHo 3HaeT 0b 3Tux yHKUUAX 1 CaM UX 4acTo
NCNoNnb3yeT, HO UX I/IHTepd)eﬁC HaxXoAuT CNPOEKTUPOBAHHBIM OTBPATUTENbLHO.

OrmernM emmgé ouH KpaiiHe BaxKHbI MoMeHT. Ecjim mapamerp umeer
aZpecHBIN TUII, HO He SABJSAETCHA BbIXOJHBIM, 00sI3aTEJIHHO MTOCTABb-
Te MmoaudukaTop const. Hammame const mokarkeT 4IuTaTesio MpOrpaM-
MBI, 9TO Yepe3 ITOT MapaMerp Bbl HE COOMPAJINCh HUKAKOU WMHMOpMAIAN
OTJaBaThb HapPyXKy, U TeM CaMbIM HU3PAJIHO O6J'[6F‘{I/IT IIOHUMaHHE Balllero
TekcTa. HampoTus, ecm Heknit mapaMerp pyHKIIUN, UMEIONTN aIpeCHbIH
Tun (ykazaresb) Hanucad 6e3 const, GOJIBIIMHCTBO MPOrPAMMECTOB HOIIbI-
TaeTCs BBISICHUTH, 9TG U 3a4eM Ballla (DYHKIHS 3aIlUChIBAET B 9Ty 00JIaCTh
maMsTH; YOeIUBIIUCH, 9TO OHA TYy/a B JEHCTBUTEILHOCTH HUYIETO HE IH-
IIIeT, YUTATEH BaIlleil TporpaMMbl, CKOpee BCETo, TIOMSAHET BAaC CA060M, U
IOOPBIM 3TO CJIOBO HE OyIIeT.

4.8.5. (*) IIporpaMmmbl, TOBOpSIIIyie MO-PYyCCKU

Konb ckopo B TekcTe MporpaMmbl Hesb3si ynoTpebisiTb A3blKM, OT/IMYHbIE OT
aHrINACKOro, BO3HNKAET PE30HHbIV BOMPOC, Kak OblTb, €CiM NporpaMMa B COOTBET-
CTBUW C NOCTABNEHHON 3ajaqeil Ao KHa obLWaTLCsA € nosb3oBaTesneM no-pyccku (uam
No-HEMELKM, UM NO-KUTAACKN — 3TO He BaXKHO).

N30on51unoHn3mM B NporpaMMumpoBaHni, K CHacTbHO, YLWEN B AANEKOe MPOLLUIOE, U
B HallW AHW Hag OAHOW MPOrpaMmoii MoryT paboTaTb MPOrpaMMUCTbl U3 HECKOJIb-
KUX OEeCATKOB Pa3HbIX CTPaH, a NOJIb30BAaTbCA OAHOW W TOW >Ke NMpOorpamMmoi MoryT
NoJIb30BaTE/NIN BCErO Mypa — BO BCSKOM CJIyHae, BCEX HacTell Mupa, rae eCTb KOM-
nbtoTepbl. B Takoli obcTaHOBKE NOCTOSAHHO BO3HUMKAET CMTyauusi, KOrga nporpaMmmy
HeobX0oAMMO «Hay4nTb» 0BLATLCA C KOHEYHbIM MOJIb30BaTENEM HA sA3blKe, KOTOPOro
He 3HAeT HMKTO U3 eé aBTOPOB, NPUYEM 3Ta CUTyauUsi B HalLE BPEMSI NPeacTaBasieT
coboii ckopee MpPaBWIO, HEXENM WCKtOHeHUe. AfanTauusi NporpaMMbl K UCMOJb-
30BaHNIO APYroro si3bika OKa3blBAETCs1 AOCTAaTOYHO MPOCTON, ecnn eé aBTop Clefo-
BaJl ONpeAeNnéHHbIM COralLEHNsIM; ODLLasi naes TyT TakoBa, HTO UCXOLHbIE CTPOKM,
KOTOpble AOJKEH YBUAETb (MM BBECTU) MONbL30BaTENb, MNPSIMO BO Bpemsi paboTsi
NporpaMMbl 3aMEHSIIOTCS CTPOKaMM, HAMMUCaHHLIMU Ha APYroM si3blKE, KOTOpble 3a-
rpy><atoTcsi M3 BHelwHero haiina (To ecTb He SB/SIOTCS HacTbio MPOrpamMmei).

O6bI4HO gnsi 3TON LN NCNONbL3YIOTCA FOTOBbIE BUBANOTEKM, CneunansHO npea-
Ha3HaYeHHble ANs K MHTepHaunoHanmsauum» coobwennii B nporpammax. B OC Unix
Hanbonee nonynsipHa bubnuoteka gettext. Mpu pabote Ha s3bike Cu, 4TObLI Cae-
NaTb BO3MOXHOW 3arpysky CTPOK BO BPEMSI WCMOJIHEHUSI, BCE CTPOKM B MpOrpam-
Me TPaAnLMOHHO OBpaMISItOTCS 3HAKOM MOAYEPKMBAHUSI N CKODKaMu — Hanpumep,
BMECTO

printf("Hello, world\n");

nuwyT
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printf (_("Hello, world\n"));

Makpoc ¢ umeHem «_» pa3Bopa4qnBaeTcsi B BbI30B byHKLMU gettext, KoTOpasi nbl-
TaeTcst HaliTk haiin ¢ nepeBofoM coobLueHnli Ha UCNOAb3yeMblii A3bIK MHTEpdeiica,
a B HEM, B CBOIO o4epeab — nepeBog Aast cTpokn "Hello, world\n", npuyém ca-
Ma 3Ta CTPOKa MCMOJb3YeTCs Kak KoY Ansi noucka. Ecnum He yganock Halitn Takoii
nepesog, (nnu cam cpalin ¢ nepesogamu), B Ka4eCTBe pesynbTaTa BO3BPALLAETCS ap-
rYMeHT, TO eCTb eC/n gettext He 3HaeT, kak nepesecTn cTpoky "Hello, world\n"
Ha HY>XHbI 513blK, OHa OCTaBUT 3Ty CTPOKY HETPOHYTOIA.

Ecnn Bbl No KakUM-TO NpUYMHAM He XOTUTE UCMOJIb30BaTh gettext, JOCTATOYHO
nepeonpeAeniTs Makpoc _, 4Tobbl OH BCerga BO3BpPaLLas CBOW apryMeHT; nepege-
NbIBaTb NPOrpaMMy Npu 3TOM He NPUAETCS.

Bonblue Toro, ecnu gaxe Bbl He COYMN HY>XXHbIM MOATOTOBUTH CBOKO NPOrpamMmy K
MCMob30BaHMIO C bubnnoTekoii gettext, 3TO MOXET chenaTb APYroi NporpaMMucT,
NPOCTO 3aK/IOYNB BCE CTPOKOBbIE KOHCTaHTbI B MaKpoBbi30B _(), YTO JOCTAaTOYHO
NPOCTO — NpW W3BECTHOW JIOBKOCTM 3TO MOXHO CAeflaTb OAHON KOMaHAOlW B Tek-
cToBoM pefaktope. EcTb, ogHako, ogHO KpaiiHe Ba)kHOe yC/OBUE, BbIMOJHEHNE KO-
TOPOro HEOBXOAMMO AJisi MPEBPALLEHNS MOHOS3bIYHON NMPOrpaMMbl B « MEXAYHaPOZ-
HYIO»: BCE COODLLEHUSI B €€ TEKCTE AOSKHbI ObITh aHrauiickumu. [BoiiHoii nepesog,
CNCTEMAaMU VHTEPHALMOHANN3ALMN He NPefyCMOTPEH, HY a NEPEBOAYUKOB C PYCCKO-
ro Ha gpyrue s3biku, byab TO KUTANCKMIA UM HEMELKWI, HAlTU ropasfo CIOXHee,
4YeM MepeBOAYNKOB C aHIIMICKOro — 0COBEHHO ecnu y4ecTb, 4TO pedb UAET He O
npocheccnoHanbHbIX NEPeBOAYMKAx, a, KakK NpaBuilo, O MPOrpaMMuUCTax, KOTOPbIM
MPULLIO B roJIOBY MNEPEBECTU COOBLIEHNS OYepesHO NporpamMmmbl Ha CBOU POAHOIA
A3bIK; aHMNACKNY 3HAOT NPOrpaMMUCTbl BO BCEM MUPE, HO BOT HAWTU HEpPYCCKOro
NpPOrpaMMuCTa, NP1 3TOM 3HAIOLLEro PycCKUii — MPAKTUYHECKU HepeasibHo.

WTak, nporpamma, farke He aAanTUpoOBaHHas MCXOAHO MOA HY>KAbl MHOFOSA3bIY-
HOCTW, BMOJIHE MMEET LUAHChI CTaTb KOrAa-HMbyb « MEXAYHAPOAHOW» — HO TOJIbKO
€C/In UCXO4HO BCe coobuieHns B eé TekcTe aHrnuiickue. M3 storo oyeBugHbiM 06-
pasoMm cnegyet chOpMyNMPOBAHHOE Bbille YTBEPXKAEHME: Balla NPOrpaMMa LOJIKHA
6bITb MO « MeXAYHapOAHOI», NMbO aHrnos3bI4HOW. Ecnn Bbl He YyBCTBYETE Cebsi
B CUIAX WM HE UMEETE XKENaHUs YHUTbIBaTb BO3SMOXKHbII NepeBog uHTepdelica npo-
rpamMMbl Ha Apyrue s3blku, NO KpaiiHeli mepe He nuwaliTe gpyrux nNporpaMMucTos
BO3MOXXHOCTN cAenaTh 3TO 3a Bac. Ecin »ke pycckos3bIHHOCTb BXOAUT B MOCTaHOB-
Ky 3afayun, He NoJeHNTeCb CAeNnaTb BCE MPaBu/IbHO — TO €CTb B COOTBETCTBUMU C
TpeboBaHNSAMU « MEXAYHAPOAHOCTIN .

Ha cnyyaii, ecnu Bam notpebyeTcsi CpOHHO CAENaTb PYCCKOrOBOPSILLYIO MPOrpam-
My, Mbl NpuBeaém npocToli npumep paboTsbl ¢ gettext B Hagexzae, 4TO Bbl He CTa-
HETe pagu CUIOMUHYTHON NOTPebHOCTU HapywaThb yHAaMeHTaNbHble TpeboBaHus K
ohOpMIIEHUNIO NCXOAHBIX TEKCTOB (a HanM4mne pycckux ByKB B TEKCTE Mporpammbl —
3TO UMEHHO (PyHAAMEHTAILHOE HapyLUeHue).

HauHém c mpocToro TekcTa mporpammel, nedaTatowieil fBa coobuieHus:

#include <stdio.h>

int main()

{
printf ("Hello, world!\n");
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printf ("Good bye, world!\n");
return O;

}

DTa nporpamma, MOHSITHOE AeNi0, HUKOWM ODpa30M HEe MOXET CHUTATbCS UHTEpPHa-
LMOHAN3NPOBAHHOM, HO Y HEE eCTb BCE LUAHCbI TaKoW CTaTb, MOCKOJIbKY BbIMOJHEHO
rNaBHOE YCNOBUME: BCE COODLUEHNS B MPOrpaMme HanmumcaHbl no-aHranicku. [epsbiii
Wwar B HanpaB/IEHNN WHTEPHALWOHANM3aUUnM COCTOUT B obpamneHun Bcex coobuue-
HUii BbI3OBOM Makpoca _(); caM MaKpoC Mbl BBeAEM B Hayasie NporpaMmbl CaMbiM
MPOCTbIM 13 BO3MOXHbIX CNOCODOB:

#include <stdio.h>
#define _(STR) (STR)

int main()

{
printf (_("Hello, world!\n"));
printf (_("Good bye, world!\n"));
return O;

}

Kak MOXHO goragaTtbcsi, 3Ta nporpamMMa fenaeT TO XXe CaMOe, YTO U npeablayLuas,
TO €CTb MO CyTU MPOrpaMmMa He U3MEeHWNACh; NPOCTO OHa CTana «4yTb bonee nogro-
TOBJIEHHOW » K MPEBPALLEHUNIO B « MEXAYHAPOAHYIO». 34eCh eCTb elé OAUH MOMEHT:
MHOrZa B NPOrpaMmax BCTPEYatoTCs CTPOKU, KOTOpble b0 BoobLe HE HY>KHO nepe-
BOAMUTL, NMbO OHM ByayT NepeBoANTLCA HE B TOM MecCTe, rge BcTpedersl. Hanpumep,
€C/IN CTPOKA PacCnojioKeHa B MHMLMANM3aTope Kakoro-Hmbyab maccuea CTPOK, Bbl-
3bIBaTb (PYHKUUIO gettext N3 TaKOro MHULMAAN3ATOPA, MOXKaJYiA, BCE XKe HE CTOUT;
BO3MOXHbI U Apyrue cutyaummn. CTpokun, He nofnexalyne nepesody, MOXXHO NpocTo
OCTaBUTb KaK €CTb, HO Y YNTATENS MPOrpPaMMbl 3TO MOXET BbI3BaTb MOJO3PEHUE, YTO
NPO JaHHYKO KOHKPETHYIO CTPOKY MpocTo 3abbiin. [MoaTomy pekomeHayeTcs BBeCTU
eLé ofnH Makpoc:

#define N_(STR) (STR)

1 B Nporpamme BCe CTPOKM OPOPMUTL C BbISOBOM OAHOMO M3 MaKpOCOB: T€, CTPOKM,
4YTO AOJ/KHbI ByayT NepeBogMTbCs, 3aK/IOHMTL B MakpoBbi3oB _(), a Te, 4To nepe-
BOAMUTH HE HY>XHO — B MakpoBbi30B N_ (). DTO MOXHO cAenaTb Cpasy e, faxe eciu
Bbl NOKa He cobupaeTech npespawaTh Baly nporpamMmy B MexayHapoaHyto. Korga
[eno AoiAET A0 HEMOCPeCTBEHHOIO 3aeliCTBOBaHUS gettext, Bbl COKOHOMUTE Bpe-
Msi, MOCKOJIbKY BCE CTPOKOBbIE JIUTEPabl B Nporpamme yxe byayT nofroTossieHbl K
nepesogy.

Korga Bam noTpebyeTcs npeBpaTuTb NporpamMmmy B MEXAYHapPOAHYIO, NMpUAETCs
chenaTb HECKOJIbKO Moaudukaunii eé ncxogHoro tekcra. Bo-nepsbix, HyxxHo BygeT
n0baBNTL BKItOYEHME 3arosioBoYHbIX (haiinos locale.h pagn dyHkuun setlocale
(k coxaneHuto, bubnuoteka gettext HamepTBO 3aBsi3aHa Ha UCMOJIb30BaHNE MeXa-
HM3Ma TaK Ha3bIBaeMbIX CUCTEMHbIX JI0KaJiel 1 6e3 HacTpoliku slokanm paboTaTb He
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bynet) v 1ibintl.h, B koTOpom 0bbsiBNeHb! (byHKLMS gettext u BCnoMoraTesbHble
bindtextdomain u textdomain, KoTOpble HaM ToXe NOTpebytoTCs.

BubnuoTeka gettext TpebyeT nepBMYHONA HACTPOUKU, BCS LENb KOTOPOii, cob-
CTBEHHO rOBOPsi, B TOM, 4TObbI CoobLUTL, 13 Kakoro chalina bpaTb nepesoabl CTPOK.
Kak 370, Kk coxaneHuto, 4acto sogutcs B npoektax rpynnsl GNU, ga n Boobuwe Bo
MHOIMX COBPEMEHHbIX NPOEKTax, NPOCTO yKa3aTb uMsi haiina bubnmoreka He No3Bo-
nsiet. Bmecto atoro Tpebyertcs 3agaTh Hekyto 6330Byt0 AUPEKTOPUIO, TAE XPAHATCA
AaHHbIE, NMELWNE OTHOLWIEHNE K NOKaJisAM, N COBCEM HEMOHSATHBLIA TEKCTOBbLIN A0-
MeH, KOTOPbI Npu BAnKalilueM pacCMOTPEHUN OKa3biBAe€TCs NPOCTO MMEHEM HaLLEei
nporpammsl (MM NakeTa NPorpaMm, K KOTOPOMY OHa OTHOCWTCS — HO 3TO He Halu
cny4ai).

B kauecTBe umeHu nporpamMmbl (TOro camMoro «TEKCTOBOrO JOMEHa» ) Mbl BOC-
nonb3yemcsi cioBoM «hellobye», NOCKOJIbKY MMEHHO TaK Ha3blBAa&TCs Halla Mpo-
rpamma. C 6a30Boii gupekTopmeli BCE HECKONBKO cnoxHee. Ecan 6bl mbl cobupa-
JINCb WHCTaJINPOBAaTb Hally MPOrpaMMmy B CUCTEMHblE AVPEKTOPWMW, B 3TOW posn
BbicTynana bbl gupektopusi /usr/share/locale unu /usr/local/share/locale
(B 3aBMCMMOCTM OT TOro, KakuMm CnocoboM MPOU3BOANTCS yCTaHoBKa). MMockosbky
MHCTaNISAUUS MPOrpaMMbl B CUCTEMHbIE AVPEKTOPUN BPSA /I BXOAWUT B HALIM na-
Hbl, Mbl MOCTYMUM MPOLLE: YKAXKEM B KadeCTBe «Da30BON» TeEKYyLLyIO AVPEKTOPUID
(nonpocty cTpoky "."). DTO NO3BOANT 3aNyCTUTh HALL NPOCTEHLKUIA NPUMEP, HO ANist
6osiee CNOXKHBIX 3afla4 MOXET OKa3aTbCsl HEMPUTOAHO, MOCKOJIbKY NMPOrpamMmebl Halle
BCEro 3anyckaloTcsi HE U3 TOW LUPEKTOPUM, B KOTOPOI HaxXOAsATCs MpuHaafiexalime
um dpaiinbl; B HacTosIWEn «bOeBoii» nporpamMme, BO3MOXKHO, UMsi 6a30BOIi ANPEKTO-
pyn NOKaNN3aUNOHHbLIX AAHHBIX NPUAETCA MOJYHUTb Yepes napaMeTpbl KOMaHAHOIA
CTPOKM, MpoHMTaTh M3 KOH(UrypaunoHHoro daiina nam Kakum-to obpasom crHTe-
3NPOBAaTb N3 UMEHN p,OMaIJJHe|7| ANPEKTOPUN NONBb30OBATENA. TaK NI NHa4ve, Ham ans
LeMOHCTpaumn paboTbl gettext BrosHe NOJONAET TeKyLlasl AUPEKTOPUS.

Nmsi 6a30BOll AUPEKTOPUN 1 TEKCTOBOIO AOMEHA BbIHECEM B MaKPOKOHCTaHThbI B
Havase nporpammei:

#define LOCALEBASEDIR "."
#define TEXTDOMAIN "hellobye"

Typa xe gobasum Hoeble onpegenequs ans makpocos _() n N_() (B Hawem npume-
pe BTOpOI1 N3 HUX He ByneT 3afelicTBOBaH, HO Jiyylle cpasy fobasnsiTe oba, 4TobbI,
KOrfja Ham BCTPETMTCA CTPOKA, He MoaJsieXkallasi NepeBoAy, Y HaC He BO3HMKAsO CO-
6na3Ha OCTaBUTb €€ Kak ecTb):

#define _(STR) gettext(STR)
#define N_(STR) (STR)

B Havano dyHKuMM main BCTaBUM HaCTPOViKY SIOKaAU 1 camoii brnbnnorekn gettext:

setlocale(LC_CTYPE, "");

setlocale (LC_MESSAGES, "");

bindtextdomain (TEXTDOMAIN, LOCALEBASEDIR);
textdomain (TEXTDOMAIN) ;

OkoH4YaTeNbHbIT TEKCT NpPOrpamMMbl NPUMET Cheayownii BUA:
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#include <stdio.h> /* gettext/hellobye.c */
#include <locale.h>
#include <1libintl.h>

#define LOCALEBASEDIR "."
#define TEXTDOMAIN "hellobye"

#define _(STR) gettext(STR)
#define N_(STR) (STR)

int main()

{
setlocale(LC_CTYPE, "");
setlocale(LC_MESSAGES, "");
bindtextdomain (TEXTDOMAIN, LOCALEBASEDIR);
textdomain (TEXTDOMAIN) ;
printf (_("Hello, world!\n"));
printf (_("Good bye, world!'\n"));
return 0;

}

MoAroTOBME UCXOLHUK, MPUCTYNUM K CO3aHUIO €0 «NEPEBOSOB», TO ecTb dalinos,
3a4a0LLNX AN AaHFNUACKMX coobLieHnli ux nepesoasl Ha Apyrue asbikn. [na Havana
HaM noTpebyeTcst 3anycTTL Nporpammy xgettext, KoTopasi aBTOMaTUHECKN N3BE-
YET 13 HALLEro TEKCTa MPOrpaMMbl BCE CTPOKU, 3aK/tOHEHHbIE B MaKpoBbi3oB _(), u
Ha MX OCHOBE CO3AaCT LWabnoHHbINA chalin, KoTopbIli MOXHO DygeT oTpeaakTUpPoBaTh,
co3gas paiin nepeBoga. 3anyckaem KOMaHAy:

xgettext --keyword="_" hellobye.c -o hellobye.pot

3peck napametp --keyword 3aAaéT mMmsi TOro Bbi3oBa (B HaleMm ciyvyae — Mak-
POBbI30OBa), KOTOPbIM NMOMEeYeHbl B TEKCTE MPOrpaMMbl CTPOKM A5 NepeBosa, Ko
-0 yKa3blBaeT ums paiina ans 3anucu pesynbrata. [porpamma xgettext cospact
B paboueli gnpektopun aiin ¢ umeHem hellobye.pot (cydpbuke .pot osHauvaer
portable object template, To ecTb «wWwabaoH NepeHOCUMOro obbLEKTa» ) NPUMEPHO C
TaKUM COAEPXKUMbIM:

# SOME DESCRIPTIVE TITLE.

# Copyright (C) YEAR THE PACKAGE’S COPYRIGHT HOLDER
# This file is distributed under the same license as the PACKAGE package.
# FIRST AUTHOR <EMAIL@ADDRESS>, YEAR.

#

#, fuzzy

msgid ""

msgstr ""

"Project-Id-Version: PACKAGE VERSION\n"
"Report-Msgid-Bugs-To: \n"

"POT-Creation-Date: 2016-03-21 14:19+0300\n"
"PO-Revision-Date: YEAR-MO-DA HO:MI+ZONE\n"
"Last-Translator: FULL NAME <EMAIL@ADDRESS>\n"
"Language-Team: LANGUAGE <LL@li.org>\n"
"MIME-Version: 1.0\n"

"Content-Type: text/plain; charset=CHARSET\n"
"Content-Transfer-Encoding: 8bit\n"
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#: hellobye.c:17

#, c-format

msgid "Hello, world!\n"
msgstr ""

#: hellobye.c:18

#, c-format

msgid "Good bye, world!\n"
msgstr ""

OT0T WabnoH oTpaxkaeT To, Kak, no ybexaeHusiMm aBTopoB gettext, AO/KEH BbIrsi-
netb daiin nepesoga. Ckonupyem 3ToT haiin nog nMeHem ru.po (ru 3aech o3Havaer
pycckuii si3bik, po — portable object) n otpepaktupyem. Mpexae Bcero moandpuLm-
pyem KoOMMeHTapuii B Hadane daiina, ykasas, 4TS 3To 3a haiisl U Kakme Ha Hero Ha-
KNaAbIBAIOTCS JILEH3NOHHbIE OrpaHnyeHns (B HALIEM NpUMEpPe TaKnx HET, YTO Mbl
1 Hanuwem). 3aTem B cTpoke Project-Id-Version ykaxxeM UMsi 1 BEPCUIO HaLueld
nporpammsl. B cTpoke Report-Msgid-Bugs-To cnefyeT ykasaTb, K KOMy obpaliaTb-
s, ecnin obHapy>xeHa owmnbka B opurnHanbHbix cooblenusx (He B nepesoge). CTpoky
PO-Revision-Date cnesyeT ocTaBUTb Kak €CTb, C Hell NOTOM pa3bepércs nporpam-
Ma, CO3JaloWasi Ha OCHOBE Hawero chaiina nepeBoja WHAEKCMPOBaHHbIV alin, B
KOTOPOM MOUCK coobLueHunii npoucxoanT boicTpee. B cTpoke Last-Translator Ha-
[0 yKa3aTb CBOE MMSA WIN NCEBAOHUM, @ BOT afpec 3NeKTPOHHOU MOYTbI Jy4ylle He
yKasbiBaTb, CKOMb Obl Mbl HU yBaxanu MHenue rpynnel GNU Ha 3Ty Temy: Bpsig
nn Bbl BygeTe pagbl yBeMHEHUIO KOMYecTBa nocTynatowero Bam cnama. CTpoky
Language-Team Mbl MPOCTO BbIKMHEM, NOCKObKY HE BXOAUM HU B KaKyld KOMaHOy
no nepesody; B cTpoke Content-Type 3ameHum cnoso CHARSET Ha ncnonbsyemyto
KOAMPOBKY (B Hawem npumepe 310 bygeT KOI8-R, HO B Baweli cucteme, Ckopee BCe-
ro, ucnonssyercsi UTF-8). Ctpokn MIME-Version u Content-Transfer-Encoding
OCTaBUM KakK eCTb.

HakoHew, cienaem camoe rnaBHoe: BCTaBUM PycCKuii nepesog ansi obenx umeto-
LLMXCS TEKCTOBBIX CTPOK. Pe3ynbrat OygeT BbIFASiAeTH NPUMEPHO TakK:

# gettext/ru.po

# Russian translation for the HelloBye program
# No copyright is claimed!

# Andrey V. Stolyarov, 2016.

#

#, fuzzy

msgid nn

msgstr ""

"Project-Id-Version: HelloBye 1.0\n"
"POT-Creation-Date: 2016-03-21 14:19+0300\n"
"PO-Revision-Date: YEAR-MO-DA HO:MI+ZONE\n"
"Last-Translator: Andrey V. Stolyarov\n"
"MIME-Version: 1.0\n"

"Content-Type: text/plain; charset=KOI8-R\n"
"Content-Transfer-Encoding: 8bit\n"

#: hellobye.c:17
#, c-format
msgid "Hello, world!\n"
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msgstr "3gpaBcTByit, Mup!\n"

#: hellobye.c:18

#, c-format

msgid "Good bye, world!\n"
msgstr "Jlo cBupaHbs, Mup!\n"

Tenepb 3T0T dhaiin cnesyeT OTKOMAUANPOBATL, NONY4MB COBCTBEHHO TOT (BrHAPHBLIA)
caiin, koTopblii gettext bynet ucnonbsosatb B pabote. OT cBoero ucxogHuka pe-
3yNbTaT TakKol KOMMUIALUN OTINHAETCS BO3MOXXHOCTBIO BLICTPOro Noncka Hy>XHOMo
coobuieHns. Komnunsuunio nponssenét nporpamMmma msgfmt:

msgfmt ru.po -o ru.mo

PesynbtaTom cTaHeT dhaiin ru.mo (cydpduke 3geck osHavaer machine object). Ons
HarNsGHOCTM CHabaUM Haly NporpaMMy NEPEBOAOM ELLE 1 HA HEMEUKWN, Ans Yero
CO34a4MM KOMUIO TU.po Nog uMeHeM de.po U OTPEAAKTUPYEM, 3aMEHUB KOLMUPOBKY
Ha ASCII, a pycckue ppasbl — Ha COOTBETCTBYIOLLME HEMELKIE:

# German translation for the HelloBye program
# No copyright is claimed!

# Andrey V. Stolyarov, 2016.

#

#, fuzzy

msgid nn

msgstr ""

"Project-Id-Version: HelloBye 1.0\n"
"POT-Creation-Date: 2016-03-21 14:19+0300\n"
"PO-Revision-Date: YEAR-MO-DA HO:MI+ZONE\n"
"Last-Translator: Andrey V. Solyarov\n"
"MIME-Version: 1.0\n"

"Content-Type: text/plain; charset=ASCII\n"
"Content-Transfer-Encoding: 8bit\n"

#: hellobye.c:17

#, c-format

msgid "Hello, world!\n"
msgstr "Hallo Welt!\n"

#: hellobye.c:18

#, c-format

msgid "Good bye, world!\n"
msgstr "Auf Wiedersehen Welt!\n"

3anyctue msgfmt, nony4um daiin de.mo. Tenepb 3Tu fBa cpaiina ¢ cyddukcom
.10 HYXKHO PasMeCTUTb Tak, 4Tobbl npuBepefnBas gettext ux Hawsa BO BpeMms
paboTbl Hallell nporpammsi:

mkdir -p ru/LC_MESSAGES
cp ru.mo ru/LC_MESSAGES/hellobye.mo
mkdir -p de/LC_MESSAGES
cp de.mo de/LC_MESSAGES/hellobye.mo
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MosicHum, 4TO MonHoe uMs paiina CKIafbIBaeTCs U3 HETbIPEX KOMMOHeHTOB. [lep-
Bblli — 0bCyAaBlasics Bblle 6a30Basi AUPEKTOPUsI, HO B STOI POSM Mbl 3aha-
NN TEKYLUYIO ANPEKTOPUIO, YTO HECKOJIbKO obiieryaeT geso. Bropoli komnoHeHT —
NAEHTUUKATOP A3bIKA, B HALLEM CAy4ae ru AJjist pycckoro u de ANs HEMELKOrO.
TpeTnii KOMNOHEHT 3aAaET MOACUCTEMY JIOKa/IM, B HalleM ciiydae 3To LC_MESSAGES;
nocnefHnii — 3To cobcTBeHHO MMs paiiia, Ha3BaHWE KOTOPOro AOJIXKHO COBMafjaThb
C TekcToBbIM ZomeHom (Mbl ncnosnbsosanu hellobye), cHabxEHHbIM Cydpdmkcom
.mo, oTpaxatowmm copmaT aiina. Cyas no scemy, Mbl rotoebl. Komnunupyem
nporpaMmy kak obbi4HO (B cucTemax, oTnudHbIX oT Linux, moxeT noTpebosaTtbcst
SABHOE NOAKAtoYeHne bubnnotekn intl, To ecTb dnaxkok -lintl, Ho B Linux 3To He
HY>XHO):

gcc -Wall -g hellobye.c -o hellobye

N npobyem zanyctuts. Ecnin B nepemeHHbIX OKpy>KeHUsi 3aaHa pycckast IoKanm3a-
uMsi, MporpaMMa BbIJacT HaM COOBLLEHNS, 3aaHHble PYCCKUM NEPEBOSOM:

avst@host:~/gettext$ ./hellobye
3mpaBCTBYy#, Mup!

o cBupmanps, mup!
avst@host:~/gettext$

S13bIK, Ha KOTOPOM NpOrpamMma pasroBapUBAET, MOXHO OMEPATUBHO MEHsITb, 3a4aBast
COOTBETCTBYIOLLME 3HA4YeHNSI ANA NepeMeHHON okpyxeHunst LANGUAGE:

avst@host:~/gettext$ LANGUAGE=en ./hellobye
Hello, world!

Good bye, world!

avst@host:~/gettext$ LANGUAGE=de ./hellobye
Hallo Welt

Auf Wiedersehen Welt!

avst@host:~/gettext$ LANGUAGE=ru ./hellobye
3mpaBCTBYy#, Mup!

o cBupmanbs, mMup!

avst@host:~/gettext$

Ecnn cooTeTcTBYtOWNIE A3bIK He HAlAEH MK JIOKAIb HACTPOEHA HEMPABUJILHO, CKO-
pee BCero, NporpaMMa BblAACT aHMINACKNE COObLLeHNS.

Bckope y Bac HaBepHsika BO3HWKHET BOMPOC, YTO AeNaTh, €CAM B NporpaMmme
NOSIBUJINCb HOBble COODLLEHNSI — He NMepeBoauTb e BCE C Hynsi. [lns Takux cnyda-
eB co3paTenn gettext npefycMoOTpenn nporpamMmy msgmerge, KOTOpasi NO3BOJSET
NOCTPOUTL HOBbINA .po-haiin no umerowemycs (ycrapeswemy) .po-cpaiiny u obHos-
nénHomy .pot-cpaiiny. MNMonpobyem ans nprmepa BCTaBUTb B Hally NMporpammy eué
OAMH BbI30B printf mMexay ABYMS y>Ke NMeOLWUMUNCS:

printf(_("We are speaking\n"));

Tenepb noctponm obHOBNEHHLIN haiin hellobye.pot ¢ nomowbio xgettext To4HO
TaK e, KakK Mbl fenanu 3TO B NPOLWbI pas, nocne 4ero oOHOBUM VMMEIOLLMECS Y
Hac dpaiiiibl nepeBofa C MOMOLLbIO msgmerge. JTY NPOrpaMMy MOXHO 3anyckaTb B
pa3HbIX pexxnumax; ogunuH n3 yp,oGHblx BapWaHTOB BbIMNAANT TakK:
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msgmerge -U --backup=numbered ru.po hellobye.pot
msgmerge -U --backup=numbered de.po hellobye.pot

Mpn Taknx napameTpax msgmerge 3anuLIeT Pe3ynbTaTbl CpPasy B (paiifibl ru.po un
de.po, a cTapble BepCMM Ha BCSKUIA Cy4ail COXpaHUT Moj MMeHamu ru.po.” 17 un
de.po.~1". Hosble Bepcumn BynyT OTANHATLCS OT CTapbIxX AaToOl/BpeMEHEM B CTPOKe
POT-Creation-Date, HOMepaMu CTPOK B KOMMEHTApPUSIX K paHee nepeBefeHHbIM CO-
obLeHnsiM (camu nepeBofbl HUKYAA HE BEHYTCA) U Hanu4uem Hoebix (Moka ewé He
nepeseaéHHbIX) coobueHnii. OcTaéTcst BnucaTb TyAa NepeBodbl HOBbIX CTPOK (B Ha-
weM npumepe — CTpokn "We are speaking"), 3anycTuTb 415 KOXKAOro u3 gaiinos
nporpammy msgfmt n CKONMMpPOBaTb MOsy4eHHble halinbl ¢ CydpukcoM .mo Kyga
cnenyetT — TOYHO TaK >Ke, KaK Mbl AeNnann 3TO paHbLue.

Kak 0bbl4HO B Takmx ciny4vasix, NpuxoguTcs MpU3HaTb, YTO Mbl PacCMOTPENn
TOJIbKO CaMbleé TpWBUAsibHble BO3MOXHOCTW bnbnnotekn gettext; 3a Oonee no-
ApobHoli nHopmaumeii cnegyeT obpaTWTbCs K JOKYMeHTauuu, pasMeluéHHOl Ha
web-cTpaHuue http://www.gnu.org/software/gettext/ — oduymansHoii cTpa-
Huue npoekTa gettext. Cpasy >ke xoTenocb Obl NpefocTepeyb YNTATENs OT OAHON
ownbku. B VHTepHeTe MOXHO HaiiTm AOCTaTOYHO MHOFO TEKCTOB, B KOTOPbIX pac-
CKa3blBaeTCsl, Kak paboTaTk C gettext yepes nakeTbl autoconf /autotools, npuyém
B HEKOTOPbIX C/lyHasix aBTOPbl TaKMX TEKCTOB be3anesnnsiuvoHHO YTBEPXKAAIOT, 4TO
nocnegHne ans pabotbl ¢ gettext Heobxogumbl. K cyacTblo, 37O He Tak; B npuee-
OEHHbIX Bbille MPUMepax Mbl HUKaK He 3ajeiicTBoBanu autotools, He TpebyeT ux
3a4eiiCTBOBaHNSA 1 TeKCT ouumanbHoli fokymeHTauuu. YTo Kacaetcss camux aTmx
NaKETOB, TO OHUN OTHOCATCA K HNCNY TaKNX NHCTPYMEHTOB, KOTOpPbIE HE CaeayeT npu-
MEHATb HN AN 4ero, HMUKorga M HWU 3a 4TO — Hy pa3Be 4HTO 3a O4Y4€Hb 6OJ'IbL|J|/|e
nenbrn. Hukaknx npobnem oHu B AeliCTBATENLHOCTM He pelatoT, 4To bbl Bam ob
3TOM HU rOBOPWJIM, 3aTO CO3AAIOT NpobsieMbl HA POBHOM MECTE, YTO Ha3blBAETC,
naykamu.

OTMeTUM ofuH [OBONBLHO BaXKHbI nAeliHbIi MOMeHT. Bubnnorteka gettext —
3TO AaNieKo He eAUHCTBEHHOEe CPeACTBO CO3AaHUA KMEeXAYHapOAHbIX» NpPOorpamMm.
HeT Hnyero nioxoro faxe B TOM, 4TODbI CAeNaTh NPOrpaMmMy MHOMOSI3bIYHON < BPYY-
Hylo», BoObLe 6e3 ucnonb3oBaHusi rotoebix bnbnnotek. CepbésHoe orpaHuyeHne
TOJIbKO OfHO: BCE COODLLEHNSI Ha SA3blKaX, OTJINYHbIX OT AHMACKOrO, JOJIKHbI Ha-
XOANTLCS BHE UCXOLHbIX TEKCTOB Balleli NporpaMmebl. Yallle Bcero ux pasmeLyator B
oTAenbHbIX haiinax, KOTopble HMTAKOTCS YXKe BO BpeMsi paboTbl MporpaMmbl; eCTb 1
[pyroii BapmaHT — C MOMOLLbIO KaKOro-Hubyab NpOCTEHBKOro CKpunTa npeBpaTuTb
halinbl CO CTPOKaMU Ha HEAHTNUNCKUX si3blkax B (CreHepnpoBaHHbiIii) daiin Ha si3bike
Cu, copepxalyunii onncaHnsi KOHCTaHTHbIX MAaCCMBOB C VHULMANN3ATOPAMU, NPUYEM
B 3TUX WHULMANN3ATOPaAX NCMNOJb30BaThb, ECTECTBEHHO, HE CaMi CUMBOJIbI, U3 KOTO-
pbIX COCTOSIT CTPOKM, @ UX YNCJIOBbIE KOAbI. TaKne creHeprnpoBaHHble (haiisibl, XOTb U
copepxat cpparmeHT nporpammbl Ha Cu, He SIBASIOTCS, CTPOroO roBOpsi, MCXOL4HLIMU
TeKCTaMy, Beflb X HE MUCaN NPOrpaMMUCT; BNPOYEM, N HEAHFINIACKUX CTPOK Takune
daiinbl He cogepxaT. [anbHeiilee CTaHOBUTCS AEIOM TEXHUKMN.



222 TIporpammMuposanue na sizbike Cu

4.9. «3aKOBBIPDUCTBIE» TUITHI yKa3aTeJiei

B s10it riiaBe Mbl BBEJEM TaKue THIBI yKasaTesei, «Gaaronapsa» KOTO-
PBIM OOBIKHOBEHHBIN 3ar0JI0BOK (DYHKIIMH HJIM OIIFCAHUE [EPEMEHHON MO-
JKET IPEBPATUTHCS B HEJIENOe W COBEPIIEHHO HEYMTAeMOe HAIDOMOXKIEHUE
ckobOUeK u 3BE37104eK. IIpexk e ueM 9To ByIeT CIeJaHo, OTMETUM, UTO JIU-
pekTuBa typedef (cm.§4.5.6) Bcerma mo3BosisteT 060ATHCH 6€3 TAKUX KOIII-
MapHBIX KOHCTPYKIMIL, TaK 9TO €€ MCIOJb30BaHIe HACTOATEIHFHO DEKOMEH-
JIyeTcsi BO BCEX CJIYYasiX, KOIJIa ONUCAHNE KAYKETCs BAM CJIOXKHBIM.

4.9.1. MHoromepHble MacCUBBI U yKa3aTeJId Ha
MAaCCUBBI

C MHOTOMEpPHBIMU MAaCCHBAME MBI JI0 CHUX IIOp HE CTaJIKUBAJIUACH, HO B
Cu OHE TOJIEPKUBAIOTCS — BO BCSIKOM CJIydae, B TOM Ke CMBICTe, B Ka-
KOM IIO/IJIEPYKUBAIOTCS MAaCCUBBI OJlHOMepHbIe. Hanmpumep, MaTpuity mesbrx
qucesi U3 TPEX CTPOK IO YEThIPE CTOJIONA B KaXKIOH MOYXKHO BBECTHU TaK:

int m[3][4];

DT0 OINKCAHKE MOYXKHO IIPOYUTATE CJIELYIOIIIM 00Pa30M: M eCmb MACCUS U3
MPET MACCUBOS U3 UeMBPET 2AEMEHMOE muna int. B maMsTu Maccus pac-
[0JIATAeTCsT MOCTPOYHO; B JAHHOM CJIyYae CHAYAJIa UIAYT YEThIPE IJIEMEHTA
nepsoii crpokn (¢ m[0] [0] to m[0] [3]), 3arem 4eThipe asieMeHTa BTOPOI
crpoku (m[1]1[0]...m[1][3]), mociepaummu — deThbIpe 3jIeMeHTa TpeThbeit
cTpoku (cM. puc. 4.5).

1Ty rror T Ty T T T T T T T
m[0] [0] m(0] [1] m(0][2] m[0] [3] m(1][0] m[1][1] Ce m[2] [3]

Puc. 4.5. Pacnosoxenue B namaru maccusa int m[3] [4]

Obparrenne K 3jieMeHTaM MHOTOMEPHOI'O MACCUBa ITPOU3BOIUTCS depe3
HECKOJIbKO (110 KOJINUECTBY M3MepeHUi, B JAHHOM CJIydae JiBa) IIPUMeHe-
Hui omnepanuu nHaeKcupoBanus, nanpumep m[2] [1]. Kaxkaprit nHaekc
3alMChIBAETCS B OTEJbHBIX KBaJIPaTHBIX CKobOKax. IlepeuncisTn
WUHJIEKCHI Yepe3 3aldTyio, Kak B [lackase, Hesb3s; OHO M HOHSTHO, BEJb
KBa/IpaTHBIE CKOOKY IIPEJICTABIISIOT CODOM, KAK MBI BUJIETH, OOBIKHOBECHHY O
apudMeTHIeCKYIO OIEPAIHIO OT JIBYX apI'yMEHTOB, OJIHUM U3 KOTOPBIX J10JI-
KeH ObITh azpec. Hampumep, ciaemyromuit bparMeHT 3aIllOJHAT HAIL Mac-
CHB 3HAYEHUSIMU, [I0JTY YeHHBIMY KAK [IPOU3BEICHIE UHIEKCOB (B 4aCTHOCTH,
m[0] [2] mosyunT 3Hauenune 0, m[2] [3] — 3HAueHue 6):

for(i = 0; i < 3; i++)
for(j = 0; j < 4; j++)
nll ] = 1 % 3
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Onucanre MHOIOMEDHOIO MACCHBAa MOXKHO CHAOJNTH HHUIUAJIA3ATOPOM,
HallpuMep:

int m[3]1[4] = {{0, 0, 0, 0}, {0, 1, 2, 3}, {0, 2, 4, 6}};

Kak odopmiisaTs nHUNMAIN3ATOPHI TOJI0OHOTO POA, MBI y2Ke PacCKa3blBa-
s (em. erp. 200).

Tenepsb MBI IUIABHO HOJAOUPAEMCST K CAMOMY MHTEPECHOMY aCIEKTy MHO-
FOMEPHBIX MacCCHBOB. ECJIM Bamyu MO3IH KATErOPUYIECKH OTKAXKYTCHA BOC-
MPUHATH OCTATOK Haparpada, He MaHUKYHTe: BCEro STOTO MOPOil He 3HAIOT
HEKOTOpPBIE ITPOMECCHOHAJIBHBIE TPOrPAMMHUCTHI, ruinyInue Ha Cu 3a 1eHb-
ru. Bropodewm, jmake eciii ¢ XOJy BbI HMYETro He MOiiMETe, mocTapaiTech
B OyZayIieM BepHYTHCS K 9TOMY maparpady U BCE-TAKH ITOCTUYL BCIO 3TY
MEXaHUKY, KOTOPYIO MOXKHO CUUTATH OJIHAM U3 CAMBIX JIIOOOIBITHBIX U300~
pereHuii B 00JIaCTH CEMAHTUKU S3BIKOB ITPOIPAMMUPOBAHMUSI.

Wraxk, Bepuémcs Kk Haremy maccuBy int m[3] [4] u 3amamum cebe Hesa-
TeHIMBBIA, Ha IIePBBIA B3IV, BOIIPOC: & 4TO CODOM IpencTaBisgeT uMs m?

Hamowmamm, aro o npaBusiam s3eika Cu BO BeeX CIIydasix, KpOMe IIpH-
MeHeHUsI sizeof U emé JBYX K30TUYECKUX CUTYAIUH, IPO KOTOPBIE MbI
Jayke He CTaJIi TOBOPUTH, UMs MaCCUBa eCTh aJipec ero Hadasa. Kpome To-
ro, 3aMeTHM, 9TO Bbipakenne m[1] 10/KHO OBITH TAKOBO, 9TOOBI K HEMY
MOXXKHO OBLIO IIPUMEHSITh BTOPYIO OMEPAINI0 WHIEKCUPOBAHUSI, PE3yJibTa-
TOM KOTOPOI CTAHOBUJINCH ObI 9JIEMEHTHI BTOPOil cTpoku MaTpuilsl. Cremno-
BaTeJIbHO, Bbiparkenne m[1] J0/2KHO yIOBIETBOPSATD JABYM CBOMCTBAM: 3TO,
BO-TIEPBBIX, JOJKEH OBITH a/IpeCc Hadajga BTOPOW CTPOKH, W, BO-BTODBIX,
[IpUMEHEHVEe WHIEKCUPOBAHUS K 3TOMY BBIPDAXKEHUIO JIOJI?KHO J1aBaTh, COO-
CTBEHHO TOBOpsI, CaMU 3JIEMEHTHI BTOpOii cTpoku. MHadue rosopst, m[1]
JIOJIZKHO TIPEJICTABJSITEL COOOI ajpec ThUMa int*, yKa3bIBAIOMWi Ha Hada-
JIO BTOPOIl CTPOKU MATPHIIHI.

BcmomuauM Teneps, uro m[1] ecTh He UTO MHOE, KAK COKPAIIEHHAS 3a-
nuch Bbipaxkenus * (m+1). Ilosywaercs, uro:

® UMs M IIPEICTAaBJIAET CODON a/Ipec HAYAIA MATPUIID;

e puOABJIEHUE €IUHUILI K M O3HATAET YUCAECHHOE YBEAUUEHUE YKA3G-

MeAs HA PA3MEP CMPOKYU MAMPUUDL;

® pDa3bIMEHOBAHME BbIpaXKeHUi m, m+1, m+2 j1aéT 3HAYeHne TUIla intx*.
Hu omun m3 panee pacCMOTPEHHBIX HAMHU THUIOB He 00JIAA€T BCEMU ITHU-
MU CBOHCTBaMHU OJTHOBpeMeHHO. B caMoM jiesie, e IMHCTBEHHBI U3BECTHBII
HAM THUII, TAKOW, 9TO JIJIsI EPEMEHHON p TAKOI'O THUIIA BbIpayKeHHE *p Oy-
JeT UMETh THI int* — 9TO, KaK HECJIO0XKHO JOraIaThbCs, TUIl int**, HO OH
HaM 371€Chb sIBHO HE TOJXOJWT: IPUOABJICHNE K HEMY €IUHUIbI CIBUHET HAC
10 &JPECHOMY MPOCTPAHCTBY Ha pa3Mep ykasareisa (4 wiu 8 Gaiit), a e
Ha pasMep CTPOKM MaTpulbl (B HameM mpuMepe 16 6aliT, HO MOXKeT GBITH
CKOJIBKO YTOJIHO).

Coznarenu sizbika Cu peIuIm 3TOT BOIPOC, BB OCOOEHHBIN BUI TU-
0B — YKA3AMEND HA MACCUE (UJIH, CTPOrO I'OBOPSL, adPeC MACCUBH, BEIH
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yKazaTejb — 3TO IIePeMEeHHAas, XPaHsIasa ajpec, & He CaM aJIpec), IPUIEM
9TO COBEPIIEHHO HE TO YKe CaMOe, ITO XOPOIIO 3HAKOMBIM HAM YKa3aMeab
Ha nepevill anemenm maccusa. OCODEHHYIO MUKAHTHOCTH 3TOMY MPUJIAET
TO 0OCTOSATETHLCTBO, 9TO THUIA «MaccuB» B si3bike Cu HET, BO BCAKOM
cJIydae, MOJTHOIEHHOTO — a BOT yKa3aTeJd Ha Hero, Kak BUJUM, eCTb. Jljist
Harero nmpumepa — mMaccuBa int m[3] [4] — HyKHBIM TUIIOM OyJIET «aJIpec
MAaCCHBA U3 YETHIPEX JIEMEHTOB THUIIA int» B COOTBETCTBUU C IAPAMETPAME
cTpoku maccuBa. [lepeMeHHast 9TOro THUIA ONMMCHIBAETCS TAK:

int (*p) [4];

(unTaeTcs KaK «p eCTh yKa3aTesb HA MACCHUB U3 UETHIPEX JIEMEHTOB THIA
int»). Tenepb MOXKHO, HaIpUMEp, CJeJaTh [PUCBAMBaHUE p = m U pabo-
TaTh C 9TUM P TOYHO TAK K€, KaK Mbl pabOTaJIU € M, B TOM YUCJIE TTPUMEHSISI
JIBOMHOE MHJEKCHPOBaHME. TaKoe ONMCAHWE HU B KOEM CjIydae He ClIe/lyeT
IIyTaTh C IIOXOXKUM Ha HETO

int *q[4];

31ech q — 9TO OOBIKHOBEHHBII MaCCUB M3 YETHIPEX yKasareseil Ha int, To
€CTh MaCCHUB U3 YETHIPEX JIEMEHTOB THUIIA int*; ¢ yKa3aTeJsIMU HA MACCUBBI
3TO HE MMeeT HUYero oOIIero.

AnaylornaapiM 06pa30M JITsT TPEXMEPHOTO MacCUBa

int z[10][15][20];
HaM MOTPEOOBAJICA OBl YKaA3aMeAd Ha 08YMePHbIT MACCUB:
int (*zptr) [15][20];

[IpubaBieHne eqwHUIBI K apecy TAKOTO THUIIA TEPEMEIaeT HAC B aJpec-
HOM TIPOCTPaHCTBe cpaldy Ha 15 X 20 X 4 = 1200 g1eek — POBHO Ha pa3Mep
«Cpe3ay MaCCUBa, IPEJICTABJIAIONIET0 coboit Mmarpuily 15x20 371eMeHTOB TH-
na int.

4.9.2. Ykazarenu Ha QYHKIUA

OTKOMIIUIMPOBAHHBIE TTOANPOIPAMMBI, B TOM YHC/€ (DYHKIUU sI3bIKA
Cu — 3T10, B CynHOCTH, PparMeHThl MAITMHHOIO KOJa; SICHO, 9TO 3TOT KOJI
XPaAHUTCS TJe-TO B ONMEPATUBHON MAMSITH, TO €CTh 3aGHUMAEM 00AGCMD NG~
MAMU 7, KaK CJIEICTBAE, MOXKHO TOBOPUTDH 00 adpece pyHKUUU, KOTOPBII
PaBeH aJIpecy MepBOil U3 TUeeK, 3aHIThIX ITUM KOJOM. AJIpec, MOHATHOE JIe-
JIO, MOYKHO I'JIe-TO XPaHUTb; TaK IOSIBJISIETCS YKA3aMenb Ha GYHKUUIO.
Aspik Cu 1103BOJIIET BBI3LIBATH (PYHKIINIO, UCIOJIb3Ys €€ alpec.

g mpumMepa paccMOTPUM HECKOJBKO (DYHKIINM, TPUHUMAIOMIX Ha
BXO/] MaCCUB 3JIeMEeHTOB Tuna double (B BHUJIE aJIpeca IIepBOr'0 JIEMEHTA
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U LIEJIOT0 YUCJIa, 0DO3HAYAIONIEr0 JJIMHY MACCUBA) U BO3BPAIIAIOIIUX IHC-
Jio tuna double. Camast ipocTast U3 HUX Oy/IeT HAXOAUTH CyMMY 3JIEMEHTOB
MaccHuBa:

double dbl_sum(const double *a, int size)
{

return size > 0 ? *a + dbl_sum(a+l, size-1) : 0;
¥

Bropas dyuknusa 6ymer OTbICKUBATD MUHUMAJILHOE UHUCJIO B MAaCCUBE:

double dbl_min(const double *a, int size)

{
double d;
if(size == 1)
return *a;
d = dbl_min(a+1, size-1);
return *a < d 7 *a : d;
}

TpeTbIO MbI 3aCTaBUM ITIOCHUTATDh CpeJHee apI/I(bI\leTI/I‘{GCKOQI

double dbl_average(const double *a, int size)

{

return dbl_sum(a, size) / (double) size;

}

MOo>KHO TIPUIyMATh U €IIIé MOJ00HBIX (DYHKITHIT; 3aMEeTHM, 9TO UX 3ar0JI0B-
KI Oy/IyT pa3indaThCcs TOJHKO MMEHEM, TOT/Ia KaK KOJUIEeCTBO U TUIIBI Ta-
paMeTpOB, a TaK»Ke TUIl BO3BPAIIAEMOro 3HAYEHUS y HAX OIMHAKOBBINA. [ 0-
BOPST, IYTO 3T PYHKIUU UMEOM 00uhakosuil npoduas. s namero pac-
CY2KJIEHHs 9TO BarXKHO, IIOCKOJIbKY yKasareau Ha QyHKiyun B Cu siBJIAIOTCS
TUIU3UPOBAHHBIMU B TOM CMBICJIE, YTO IIPU UX OIHCAHUH TpebyeTcs yKa-
3bIBATH THIIBI IAPAMETPOB (DYHKIMKA U THUII €€ BO3BPAIIAEMOr0 3HAYECHUS,
TO €CTh BCIO MH(MOPMAITUIO, BXOJSIIYIO B YIIOMSHYThII npoguas. B gacTaO-
CTH, yKa3aTe b, CIIOCOOHBIN XPAHUTD aJIpec JIF0OOH U3 TPEX IMePeUnCIeHHBIX
byHKINIA, ONUCHIBAETCS TAK:

double (*fptr) (const double *, int);

Kak u B ciydae ¢ ykazaTessMu Ha MACCUBBI, 3/1eCh OUeHDb BayKHBI KPYTJIbIe
CKOOKH BOKPYT *fptr; eciu ObI uX He OBLIO0, MBI OBI TIOJIYYMJIN ITO-TO BPOJIE

double *fn(const double *, int);
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~— HO BeJIb 9TO BOBCE He OIUCAHUE IIEPEMEHHOIT; 3T0 00646A€HUE (30204060K)
PdyHryuY, TPUHIMAOIIEN Ha BXOJ, JiBa [IapaMeTpa U BO3BpaIlaiolleil ajipec
Tuna doublex.

Beprémcst k ykazareso fptr. EMy MOXKHO IPHUCBOUTD ajpec 000 n3
Hamux pyaknmit. Caesarh 9T0 MOXKHO KaK C YKA3aHUEM OIEPAIMH B3sITHST
ajpeca, Tak u 6e3; 00a CAeIYIONINX TPUCBANBAHUS TTPABOMEPHDI:

fptr &dbl_min;
fptr = dbl_min;

BozoB dynkinun uepes ykazareib (Wiad JIpyroe ajpecHoe BbIPAsKEHUE)
MOYKHO, OISIThb-TaKH, IPOU3BECTH HEIIOCPEICTBEHHO JINOO IOCJIe IIpUMEHe-
HUs OIlepalluy pa3biMeHOBaHM:A. K IpuMepy, ecim y Hac €CTh MAacCHB U
1epeMeHHasd:

double arr[100];
double res;

— 10 00a CJIeAYIOMNX BbI30Ba, KOMIUJISTOP COYTET MPABUIHLHBIMU:

res
res

(xfptr) (arr, sizeof (arr)/sizeof (*arr));
fptr(arr, sizeof (arr)/sizeof (*arr));

Bosble Toro, ecnn £ — uMsi hyHKUNM AU BbIpaXKeHNe TUna «aapec dyHKUUN», To
KOMNUAATOP NpuMeT 1 **f, n *xxx*x*k*xf, n &f, n & & & &f — npasga, TyT BCE xe
noTpedytoTcst npobenbl, 4TobbI amnepcaHabl He KCANBANNCLY» B CUMBOJ JIOMUYECKO-
ro «u» (&&). Hukakoil pasHuLbl MeXay NepeHnciIeHHbIMN BbIPAXKEHNSAMU KOMMUIIs-
TOp He yCMaTpuBaer.

[naps Ha 3Tu nNpumepbl, MOXHO 3akto4nTb, 4To co3gatenn Cu Tak U He pe-
wnnn, CylwecTByeT 1M B CEMAHTUKE 3TOrNo A3blKa d)yHKL{I/Iﬂ KaK TakoBasi, NHa4e ro-
BOpPSl, NPeACcTaBAsieT n uMsi byHKUUM Cpa3y eé afpec Win e UMs NpeacTasnsier
camy pyHKUMIO, a €€ afpeC MOXXHO NOJy4nTb COOTBETCTBYIOLWEl onepauueii. Ha ca-
MOM fesie B opuruHanbHoM s3bike Cu, npefnoxeHHOM ero co3gaTensamu, yHKUns
paccMaTpuBanach Kak CaMOCTOSITE/IbHAsi CYLLHOCTb, a BbI30B (DYHKLMN Hepes ykasa-
Tenb (MM 4pyroe afpecHoe BbIPaXKeHne) BCErfa AeNasncs C NPUMEHEHNEM OnepaLum
pasbimeHoBaHust («*»). Mpu 3Tom, npaega, B3sTue agpeca dyHkunu (Hanpumep,
A5 IPUCBANBAHMS YKa3aTesl0) MOXHO Bbino caenath 6e3s onepaunu «&» — no aHa-
JIOrUM C NMEHAMU MaCCUBOB.

Mpy BHUMATENIBHOM PAaCCMOTPEHUNM OKa3asioCh, HTO Had «PyHKUMEN Kak camo-
CTOSITENILHOM CYLLHOCTBIO» HET HUKaKUX APYrux onepauumii, Kpome eé€ Bbi3oBa, 060-
3Ha4aeMoro KpyribiMu ckobkamm, u B3ATUS agpeca, a C agpecoMm byHKLMMN HEb3s
caenatb HAYHEro, KPoOMe €ro pasbiIMEHOBaHUA C nocneayrownm npuMeHeHnemM onepa-
LUnn Bbi30Ba beHKU'VIVI (Hy a 4To eLLLe MOXXHO CAEeNaTb C Pe3ySIbTAaTOM Pa3blIMEHOBAHUA
agpeca dyHKUMMN, TO eCTb C camoill pyHKumeli? B3ATUe aapeca 34eCb CMbICIA yXKe
HE MMEET, Mbl Beflb C afpeca Hadvanm). ABTOPbI HEKOTOPbLIX KOMMWISITOPOB PeLLu-
NN, 4TO onepauusi pasbiMEHOBaHUS AJsi aapecoB byHKLMA n3bbiTouHa, U caenanv
eé 1cnonb3oBaHMe Heobsi3aTeNbHbIM, Kak U MCMOJIb30BaHWE Ornepauuu B3saTUS af-
peca; Takas NpakTuka bblia OKOHYaTeNbHO nernTumMusnposaHa B ctaHgapte ANSI,
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KOTOprI}ll, CyAsa No BeCbMa CAEPXKAHHbIM, HO OT 3TOro Aaxke 6onee KpacCHOpe4nBbIM
KOMMEHTApnNsAM B KHUTe KepHVlraHa n PVIT‘-|VI, CO3[aTeENAM A3blKa HE NOHPaABUACA.

OcTaétcs ecTecTBeHHbIVi BONPOC: Tak Kak e ciegyeT nucatb?! OgHo3Ha4YHOrO
OTBETA HET, MO>XXHO HaWTn AOCTAaTOYHO MHOrO NpPOorpaMMnMCTOB, AeSaloWNX N Tak, N
34akK. npOrpaMMVICTbI <<CTapOﬁ 3aKBaCKu», nuwyuine Ha 4YnCTtom CVI, 4acCTo npeano-
HYNTAKOT NpPUN Bbli30OBE beHKU'I/II/I Hepe3 yKasaTeslb UCNOJIb30BaTb Onepauunto pasbiMe-
HOBAHNA 3TOrO yKasaTensd, l-lTO6I>I BbI30B Y€pe3 yKa3aTe/lb 3pUTENIbHO OT/INHANCA OT
BbI30Ba pyHKuuUn no nmerun. B mupe Cn++ oT 370l Tpagmumm faBHO y)KEe HUHETO He
OCTanocCh, Beflb TaM CNeLnanbHO CAENAaHO BCE BO3MOXKHOE, YTODbI BBEAEHHbIN NOJb-
30BaTenemMm O6'beKT MO>XHO 6b|f|0 NCMNONIb30BaTb «KaK MaCCUB», <«KakK d)yHKLl,I/IIO»
nT A4

Yro6b!I MOHATDH, 3a4€eM MOI'YT IIOTpebOBaTLC yKazaTean Ha (yHKINH,
BEPHEMCsI K [IPUMEpPY, KOTOPBIN MbI IIPUBEJIU Ha CTP. 148: TaM MBI paccMaT-
puBau (GYHKIHMIO, KOTOPast YIAJIAET 13 38 JaHHOTO CITMCKA, MEJIBIX THUCe]T BCE
3JIEMEHTBI, XPaHSIIue OTPUIATeIbHoe Inc0. OYHKIMS MOMyINIach, KaKk
MOXKHO 3aMETHUTh, HeTPUBHUAJIbHASI, XOTS U HE OYeHb CJIOXKHas. IIpencraBnb-
Te cebe Terepb, YTO BaM MMOTpeboBajach MYHKIINS, YIAJIAOMAT U3 TAKOTO
JKe CIMCKa He OTPHUIATeNbHbIE YNCTa, a, CKayXKeM, YETHBIC, WM JIesIsII-
ecsg 6e3 ocTaTka Ha CeMb, WM eIé KaKue-HUOYIb; 9TO ¥Ke, CKOIMMPOBATDH
GYHKIMIO O[T APYTUM UMEHEM ¥, U3MEHUB B HEIl BCEro OIHO YCJIOBHE, TaK
U OCTABHUTb 3Ty KOIIMIO CYIIECTBOBaThH! A IOTOM, BO3MOXKHO, €I OJHY, U
emg, u emé? Ho MBI y2Ke 3HaeM, 94T0O KOIMpoBaHue pparMeHToOB KOJa — 9TO
KpaifHe TOpOvYHAs MPAKTUKA, BO MHOTUX CJIyYasX JAXKe 3GNPew,éHHas.

Anpeca OYHKIWIT TIO3BOJISIIOT HAM BBIUTH U3 IOJIOXKEHUSI, IIEpPeiaB OJl-
HUM W3 I[IapaMeTpoB kpumeputl ydasenus u3 cnucka. Takoil Kpurepwuii
odopmisieTcst B Bue PpYyHKITUN, TPUHUMAIONIEH Ha BXO IUCJIO, XPAHSIIee-
csl B cimcke (B JAHHOM CJIydae 9TO int) U BO3BPALIAIONIEH «MCTUHY», €CJIU
YUCJIO CTIEYeT YAAJIUTh, U «JIOXKb», €CJIN €r0 CJIeJlyeT ocTaBuTh. Hampumep,
MOKHO B KadecTBe KPUTEPUEB HAIMCATH CJAeAyIomue (pyHKITIT:

int is_negative(int x) { return x < 0; }
int is_even(int x) { return x % 2 == 0; }
int is_div7(int x) { return x % 7 == 0; }

Teneps MbI MO2KeM TepernucaTh pyHKIMIO delete_negatives_from_list,
TEKCT KOTOPOil ObLII IpUBEIEH HA CTP. 148, IPUCIIOCOOUB €€ /I yIaeHust
JIEMEHTOB, OTBEYAIONIUX NPOU3EOALHOMY KPUTEPUIO; [JIsi ITOr0 J00aBUM
B €€ 3aroJIOBOK BTODOIl IapaMeTp — yKa3aresb Ha (DYHKIUIO, 3a/aI0ILyI0
KPUTEPUI, TO €CTb, TOMPOCTY, Ha (DYHKIMIO, KOTOpasl MPUHUMAET HHCJIO
Tuna int Ha BXOJ M BO3BPAIIAET JIOIMYECKOe 3HAaYeHHe (TO eCTh TOXKe int);
BMECTO CpPaBHEHMs C HyJIEM B omeparope if momcraBuM BBI30OB 3TOi (DyHK-
U OT YHCJIA U3 TEKYIIEro 3JIEMEHTA CIIICKA:

void delete_from_int_list(struct item **pcur, int (*crit) (int))
{
while (*pcur) {
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if ((xcrit) ((*pcur)->data)) {
struct item *tmp = *pcur;
*pcur = (*pcur)->next;
free(tmp);

} else {
pcur = &(*pcur)->next;

}

}

Ecin it paboThl €O CHMCKOM HUCIOJIBb3yeTCs, KAK U PAaHbIIe, YKA3aTeIb C
umeneMm first, To Temepb yJIaJUTH U3 ITOTO CIUCKA BCE OTPUIATEJIHHBIE
9HCJIa MOXKHO TaK:

delete_from_int_list(&first, &is_negative);
a yIaJIuTh BCE 9HCa, Jeadarnmecs 0e3 ocTaTKa Ha CeMb — BOT TaK:
delete_from_int_list(&first, &is_div7);

Emgé ognomy BaykHOMY IIpUMepy IPUMEHEHUsT yKa3aTesei Ha (pyHKIun Mbl
MOCBATUM cJleayronuii maparpad.

4.9.3. ®yukuuu obparnoro Bbi3oBa (callback)

[TostBIeHne B HAIlEM WHCTPYMEHTApPHH yKas3aTesged Ha (DyHKIUH JaéT
HAM BO3MOXKHOCTD IIPUMEHUTH KJIACCHUYECKUI MOJAXO0J] K B3AUMOJICHCTBHIO
TIOJICUCTEM B IIporpamMme, HasbiBaeMmblii callback function®®. Tlomxon cocro-
UT B TOM, 9TO OJUH MOAYJb (IIOJIb30BATENb) IIOPYYaeT APYTOMY MOJLYIIIO
(cepBepy) orbicKaTh (HafiTW B IAMITH, 3arPY3UTh 110 CETHU, IPOYUTATH U3
daiina, noayunTh u3 6a3bl JAHHBIX U T.II.) HEKHUE JAHHBIE; [I0 Mepe TOro,
KaK IOJXOJAINIE JAHHBIE OYIyT MOSIBJISITHCS, CEPBEP JIOJKEH BbI3BIBATH
Hexylo GyHKIMIO mosib3osarensil, mepenasas sToit GYHKINM B KadecTse
napamerpa HaiiJIeHHbIE JaHHbIE.

IMockobKy cepBep, Kak IPABUJIO, XOUETCs CJEIATh M0 BO3MOXKHOCTH
YHHMBEPCAJBbHBIM, 06 yCTPONCTBE IOJIB30BATENBCKOTO MOJYJIS OH JIOJIZKEH

3HATL KaK MOYKHO MEHDIIE; IIO9TOMY CepBep, eCTeCTBEHHO, He 3uaer?!, Ka-

39Ha, pycckuii S3bIK 9TO GYKBAIBHO IIEPEBOIUTCS KAK PYHKUUA 0Af 06pammozo evi-
3064, HO MPOIPAMMUCTBI HE HUCIOJb3YIOT HH 3TOT, HU KaKOW-IubO APYroil mepesoj, a
NPUMEHSIIOT aHIVINICKOe cJI0BO callback, KOTOpOe YUTAETCSI IPUMEPHO KaK K0A0IK. DTO,
KOHEYHO, »KaprOHM3M, HO, KaKOil 6bl I1epeBOJ BbI HU IBITAJIICH UCIOJIH30BaTh, BBl PUC-
KYE€T€ OCTATHCS HEITOHATHIMU.

40TTomuepknéM emé pas, UTo MOJ NOAL306AMENEM B JAHHOM CTydae MOHHUMAETCS He
4eJIOBEK, CHISAIMN 332 KOMIBIOTEPOM, & TOT MOJYAb HAUWET NPoepamMbvl, KOTOPBIH HC-
MOJIb3yeT YCIYTH, IPEJOCTABIEHHBIE MOIYJIEM-CEPBEPOM.

41 B03MOKHO, IIPOrPaMMUCT, IUITY LA MOZYJIb, IIPEKPACHO 3HAET, KAK YCTPOCHLI BCE
MOZYJIH, KOTOpbIE OyayT HCIOJIB30BATH €r0 MOACHCTEMY, HO JarKe B 9TOM CJIydae OH He
JIOJIZKEH CBOUM 3HAHHUEM II0JIb30BATbCS — CJIEAYET UCXOAUTH U3 IPEIIOJIOXKEHUs], YTO
KTO-HUOYIb KOIa-HUOYAb MOIHIINET APYTUE MOLYJIN.
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KYIO UMEHHO (DYHKIIHIO II0JIb30BATEIS HAJO BBI3BIBATE; EMY IT€PEJAI0T yKa-
3aTesIb Ha HYKHYIO (DYHKIINIO.

Eié omua neTpuBHAIbHBI MOMEHT COCTOUT B TOM, UTO JIJIsI IIOJIb30BATE-
JIs 06paboTKa HAMIEHHBIX 0ObEKTOB JAHHBIX MOMXKET ObITh €IMHBIM IIPOIEC-
COM, TO €CTh Ha 00PabOTKY IMOC/IEAYIONNX O0bEKTOB BJIUSIOT PE3YJIbTaThI
00pabOTK! MPEABIAYIINX; JJIsI XPAHEHUS STUX PE3YJIbTATOB I0JIH30BATEb
BBIHY2K/ICH 3aBECTU HEKYIO IaMsTh ([IEPEMEHHYI0, MACCUB U T. II. ), IPUIEM K
9TOi mamMsTu HeobxoamMo obecrednTs jgocryn s callback-dyrkiun; Teo-
PeTHYEeCKH 3TO MOXKHO CJIeJIaTh 4Yepe3 IVI0DajIbHYIO IIePEeMEeHHYIO, HO IJIO-
baJibHbIE TIEPEMEHHbBIE, BO-IIEPBBIX, 3710 caMu 110 cebe, a BO-BTOPBIX, TAKAM
00pa3oM MbI JUMUIN Obl cebs BO3MOXKHOCTH 3AIyCTUTH JIBa U OOJee mpo-
mecca 06pabOTKU OJTHOBPEMEHHO — HAIlpUMep, 00paliasch K HUM IO Ove-
peau. Ho eciim He ucioJib30BaTh IJI0OAIbHBIE ITEPEMEHHBIE, TO OCTAETCS
TOJTBKO OJINH CITOcob mepemadn nHdopMmarmn B callback-pyukimio — gepes
eé mapaMeTp; P 3TOM JjIst PA3HBIX IOJb30BATEIEH MOXKET TOTPEOOBATHCS
[pUMEHEHVEe COBEPIIIEHHO PA3HBbIX JAHHBIX, U CEPBEP HUUIEro 06 3TOM 3HATH
HE JIOJIYKEH.

Bce mpobsembl ogHHM MAXOM CHHMAIOTCS IIyTE€M IE€PEadn B
callback-pyHKITHMIO HETUIU3UPOBAHHOTO YKAa3aTesisl, TO €CTh aJpeca TUIa
void*. CooTBercTBYIONHi TapaMeTp OOBIYHO HAa3BIBAETCS NOAbL30EAMEND-
cxumu dannvimu (aHTI. user data). SaBensa y cebs HyXKHYHO CTPYKTYDPY
JAHHBIX, TIOJIb30BATEb IIepeTaéT cepBepy aapec callback-dynknnn n nern-
MU3UPOBAHHBIN aJIPEC CO3MAHHBIX JAHHBIX; 10 Mepe HAXOXKJIEHUS NCKOMBIX
00beKTOB cepBep Bbi3biBaeT callback-dbyHKIMIO, HUCIOIB3Ysl TepeTaHHbIi
aJpec; B KayecTBe IIaPDAMETPOB CEpPBep IE€PEJAET €if, BO-IIEPBBIX, OUepe-
HOH HaWIEHHBINI 0O0BEKT, U, BO-BTOPHIX, HETUINM3NPOBAHHBIN YKA3ATEIb HA
[IOJIb30BATE/ILCKUE JTAHHBIE.

3a 0CHOBY HAIIIEro IIpUMepa Mbl BO3BMEM 06X0J1 JIBONYHOIO JIEPEBA IIOKC-
Ka, peaju3aliusi KOTOPOro npusejieHa Ha crp. 154. HamomuuMm, aTo Mbl pac-
CMATPUBAJN JEPEBO, B KOTOPOM XPAaHSITCS Iejble ducia. OyHKIms, KOTo-
PYIO MBI HAIIUCAJIH, YMeEEeT, 00X0IsI IEPEBO, JIEJIATH TOJBKO OHY OIEPAIIHIO:
revaTaTh YUC/Ia, XPAHANIecs B y3/1ax JepeBa. Mbl m3MeHnM e€ Tak, ITOObI
OHA 0As Kaotcd020 HalideHH020 6 depese “HUCAL BbL3bIEAAN HEKYH «NOAB3O0-
8aMEAbCKYI0» PYHKUU0, TTepeTiaBasi eif, BO-IEPBBIX, HAIEHHOe YUCIIO0, U,
BO-BTOPBIX, HETUIIM3UPOBAHHBIN aj[pec MOJIb30BATE/IbCKUX JAHHBIX, KOTO-
pbIii OHA caMa IOJIy4Yusia B Ka4ecTBe IIapaMeTpa.

Hamra callback-dymkims momkHa, caemoBaTe/ bHO, MOJyIaTh IBa ITa-
pamerpa (int um void*), a BO3BpalaTh HUYEro He JOJKHA. Fé mpoduin
OyJeT IPUMEPHO TAKKM:

void callback_function(int num, void *userdata);
Cama dyukmmst 06x0/ia JepeBa CTaHeT IIPU 3TOM TAKOM:

void int_bin_tree_traverse(struct node *r,



230 IIporpammuposanue Ha sa3bike Cu

void (*callback) (int, voidx*),
void *userdata)

{

if(!r)
return;

int_bin_tree_traverse(r->left, callback, userdata);
(*callback) (r->val, userdata);
int_bin_tree_traverse(r->right, callback, userdata);

}

YTo06bI peIuTh C MOMOIILIO 3TOH (DYHKIIUN IMPEKHIOD 3a/ady — Hale-

9aTATh BCE JJIEMEHTHI Je€peBa — HaM NPUAETCS BBECTH JOMOTHUTEIHHYIO
dyukmuo B kadectBe callback’a:

void int_callback_print(int data, void *userdata)

{
printf("%d ", data);
}

O6paruTe BHUMaHMe, YTO NapaMerp userdata 371eCh He HUCIIOJIb3YeTCs; B
caMOM Jejie, TeYaTh OYUEePEIHOrO FIEMEHTa HUKAK He 3aBUCUT OT «Pe3yiIb-
TATOBY TE€YaTU MPEIBIAYIINX JEMEHTOB, TaK UTO IepeJaBaTh B KadeCTBe
MOJI30BATEIbCKIX JTAHHBIX 3/IeCh Hevuero. Kem ajjpec KOpHEBOTO JIEMEHTa
JiepeBa HaXO/IUTCS B IIEPEMEHHOM root, TO HAIEYATATh COJIEPIKIMOE JiepeBa
MBI Teepb CMOXKEM, HAIPUMep, TaK:

int_bin_tree_traverse(root, int_callback_print, NULL);

B xadectBe ajipeca mob30BaTE/ILCKUX JTAHHBIX MBI Tepeaan NULL; MOXKHO
OBbLTIO, B TPUHITAIE, MTEPeIaTh YTO YIOJHO, BCE PABHO 3TO 3HAYEHHUE WUTHO-
pupyercs namum callback’om, HO HamucaTh B MOMOOHOM CUTyalMM UMEHHO
NULL — 3HAYUAT OOJIETIUTH MOTEHIIMAJILHOMY YUTATEIO TOHUMAHUE HAIIICH
OpOrpaMMBbl.

Iloka HazHayeHME <«IIOJIb30BATE/ILCKUX HIAHHBIX» OCTAJOCH HEIIOHSIT-
HBIM, HO 3TO JIWIIb IIOTOMY, YTO MbI PACCMOTPEJIN TAKOH «OCOOEHHBIN ITpH-
Mep. Bcé craneT sicHO, ecoim MBI MTOIIPOOYEM UTO-TO CJIEIATh HE C KAXKIbIM
3JIEMEHTOM JIepeBa B OTJIEILHOCTH, & CO BCEM JepeBoM TieaukoM. s Ha-
qaJjia MompobyeM TPOCYMMUPOBAThH JIEMEHTBI JE€PEBa; JIst 3TOTO HAM IT0-
TpebyeTrcs IepeMeHHasl TUIa int, B KOTOPOil OyIeT HAKAIINBATHCS CyMMA;
UMEHHO €€ aJIpec Mbl U IEePEI UM B Ka4eCTBE T0JIb30BATEBCKUX JTAHHBIX
B callback-dyukImio, KoTopas /st 9TOH 3a1a9U TPUMET CJIEIYIOMINI BU/I:

void int_callback_sum(int data, void *userdata)
{

int *sum = userdata;

*sum += data;
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3uasi, 9TO Uepe3 napaMmerp userdata HaM [€peIasy aJapec IeJ0INCTEHHON
IIepEMEHHO, MbI IPUBOAUM 3TOT aJpeC K TUILY int* U, UCIOJIb3y4 eTo, IPU-
6aBJisieM K TEKYIEeMY 3HAYEHHIO CyMMATOPa 3HAYEHNe JHC/Ia U3 TEKYIIEero
3JIEMEHTA JIePeBa. DTO MOXKHO 3aIUCaTh U KOpo4e, 6€3 UCIIOIH30BAHUS JIO-
KaJIbHOH IIepeMEeHHOI:

void int_callback_sum(int data, void *userdata)

{
*(int*)userdata += data;

}
st mozfcaéra CyMMBI MBI TEIEPh MOYXKEM CHEJIATh CJIELyIOIIee:

int sum;
sum = 0;
int_bin_tree_traverse(root, int_callback_sum, &sum);

[Tocse BbIOTHEHNST 3TOTO DpPArMEHTa B IIEPEMEHHON Sum OKAXKeTCs CyMMa
BCEX JJICMCHTOB JIepeBa.

Paccmorpum 6ostee ciioKHYyIO 3a/1a4dy: IIyCTh HAM 33 OJIMH IIPOXOJT Jepe-
Ba Tpebyercss HANTH MUHUMAJIHLHOE YHUCJIO, MAKCHMAJIbHOE JHCJIO U 0DIee
KoJImaecTBO uucesi. [lop30BaTe/ibCKe JaHHBIE IPU STOM OYIYT IIPEICTAB-
JIITH OO0 cmpykmypy U3 TPEX moJeit:

struct minmaxcount {
int count, min, max;

};
Hamumewm cnenyroryro callback-dynkimio:

void int_callback_minmaxcount(int data, void *userdata)

{

struct minmaxcount *mmc = userdata;

if (mmc->count == 0) {
mmc->min = mmc->max = data;
} else {

if (mmc->min > data)
mmc->min = data;
if (mmc->max < data)
mmc->max = data;
}
mmc->count++;

}
BruizoB Temepnb OyjieT BBITISIETH TaK:

struct minmaxcount mmc;
mmc.count = 0;
int_bin_tree_traverse(root, int_callback_minmaxcount, &mmc);
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[Tocte BBITTOIHEHUST 9TOTO (DPArMEeHTa CTPYKTYPa OKAYKeTCsI 3aIll0JIHEHA 3HA-
YEeHUAMU, XOTA I10JIA min 1 max ImoJiydaT 3Ha4YeHud TOJIBKO B CJIy4dae, €CJIn
XOTsI OBI OJUH JIEMEHT B JIEpPEBE MPUCYTCTBOBAJ; 3TO ITPOBEPSIETCS 0 3Ha~
YEHUIO II0JIid count: ecju OH OTJIMYEH OT HYyJIsA, UMEET CMbBICJI pacCMaTpu-
BaTb MUHUMYM U MaKCUMYM, B IIDOTUBHOM CJiyd9a€ HUX CJIEJyeT UTHOPUPO-
BaTh, OCMBICJIEHHON WHMOPMAIINKY OHU HE COJIepKaT. B caMoM Jere, KakKoB
HAMOOJILINII WJIM HAMMEHBINUH 3JIeMEHT IycToro Muoxkecta? O4UeBHIIHO,
OTBET HE OIIPEJIEJIEH.

4.9.4. Cio>kHble ONUCAHUS W OOIIMe IMpaBUJia UX
OpPOYTEHUS

Vkazarejm Ha MACCUBBI U (DYHKIIUU PE3KO YCJIOKHAIOT ODIIYIO CTPYK-
Typy OObsiBJIeHUI U onmcanuii pyHKIUN U mepeMeHHbIX. [I[porcxomuT 310
U3-3a HAJIUYUS B OIUCAHUSX NPEePUKCHOIT U CYPPHUKCHDIT CUMBOJIOB; K IIPe-
(PUKCHBIM OTHOCSITCST UMEHA TUIIOB, CUMBOJIBI «*» U MOJIM(DUKATOPBI, BKJTIO-
qast const, a K Cy(OPUKCHBIM — KBaJIpaTHBIE CKOOKU ¢ 0003HAYEHUEM Pa3-
MEPHOCTH MaccuBa (Mim Ge3 Heé, ecyi OHa MOXKeT OBITh BOCCTAHOBJIEHA 11O
CTPYKTYyDP€e MHUIUAIA3ATOPA WK BOOOIIE He BAyKHA B JIAHHOM KOHTEKCTE) 1
KPYIJIble CKOOKH CO CIUCKAMU IIaPAMETPOB Il BBI3OBOB (DYHKIHiT. Xaoca
JI00aBJISIET EIME U TO, YTO KPYTJIble CKOOKM, TOMUMO 0003HaYeHUsT (DYHKITHA,
HCITOJIB3YIOTCS TaKXKe JIJIsl M3MEHEHUs IOPsiJIKa [IPUMEHEHUs] CUMBOJIOB B
omnmcarese, KaK MbI 9TO BUJEJN JJIs yKa3aTeseil Ha MacCUBBI U (DyHKIUN.

st co3manus oOIero BredaTiieHns: 0 Macimradax KaracTpodbl IpuBe-
JEM HECKOJIbKO npuMepoB. IlycTs umeercss dyHKIMs

int f(int x, int y) { return x + y; }

¥ MBI PEIIMIM HAIUCATh TAaKyI (DYyHKIUIO, KOTOpasi TPUHUMAET Ha BXOJ
1eJI0€e Y1CJIO U BO3BpalllaeT ajpec 3Toi f (I/IJ‘II/I JpyToit MGYHKINKA C TAKUM
’Ke IpoduiieM) B KadecTBe CBoero 3HadeHus. Hazosém a1y dyHKIuio, Ha-
npumep, funret. Beirsaers 9To Oymer Tak:

int (*funret(int x)) (int, int)
{

/* .. %/
}

IIycts Temepnb y Hac ecTh jecaTok pyHKiuit ¢ mpoduieMm kKak y £ 1 MbI pe-
UM IOMECTUTD YKA3aTean Ha 3TH (DYHKINN B MACCHB C IMEHEM, CKarXKeM,
funvec. [lomprTaBuincy onmcaTh TAKOM MACCUB, MBI ITOJIYIAM CJIEYIOIIEE:

int (*funvec[10]) (int, int);

HorycTuM Terneph, 9TO y HAC €CTh ABYMEPHBIN MaccuB duces Tuma double,
HaIIpuMep, TaKOu:
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double matrix[100] [10];

— IpUYEM MBI B PA3HBIX CIYyYasX HUCIOIb3yeM W3 HEro TPYIIBI M0 JECATD
WYX [OJIPsij] CTPOK, 9T00BI cpopmupoBarsh marpuiry 10x10. st aToro
HaM MOXKET MOTPebOBAThCH (DYHKIHS, BO3BPAIIAONIAs 3HAUEHNE BbIpaXKe-
HUS BAIa matrix+n, rae n — HEKOTOPOE TeJI0e IICII0, O3HATAIONIEe CTPOKY,
HaYUHAs ¢ KOTOPOil MBI XOTUM BBIJICJIUTH OYEPETHYIO T'PYHITy CTPOK. MpbI
IIOMHUM, YTO BBIPaKeHHE TAaKOI'O BHJA, KaK M caMa aJIpecHasl KOHCTAHTAa
matrix, umeer Tun double (*t)[10] (ykasareib HA MAaCCUB U3 JIECITH
as1emenToB Tuia double). OyHKIMs, KOTOPas BO3BPAIIAET TAKOE BbIPAZKE-
Hue, Oy/IeT BBINJISJIETb BOT TaK:

double (*select_segment(int a, int b)) [10]
{

VA B V4
}

A remephb mpejcraBbTE, YTO BaM 3aYEM-TO MOTPEOOBAJICS YKA3AMEAL HA
Takyto (PYHKIWIO. BITIsiieTh 3T0T MOHCTpP OyJIeT TakK:

double (*(*selptr)(int, int)) [10];

Eciin xTo-HUOYIH CKaXKET BaM, 9TO «3TO BCE HA CAMOM Jejie COBCEM IIPO-
CTO», HE BEpbTE: JlaXKe caMble OIBITHBIE mporpaMMmuctsl Ha Cu mpu Buze
TaKuX MOCTPOEHUIT BBIHYKJIEHBI OCTAHOBUTBHCSI XOTsI OBl Ha, CEKYHJLY, ITOOBI
MOHATDb, YTO 2Ke 3/1eCh HAIIMCAHO.

Bcé cramoBuTcs emé xyrke, ecu ykKasaTean Ha (PYHKIUA U MACCHBBI
MIPUXOJUTCS IIEPEJIABATEH B (PYHKIIUIO Yepes3 apaMeTp, & Ha caMy 3Ty (pyHK-
LU0 JIeJIaTh yKasaresb. BepuéMmcsa Kk ¢yHknmm int f(int a, int b), c
KOTOPOM MbI Hadau 3TOT maparpad. Ilycts mam morpeboBasiach (pyHK-
ust, KOTOPYIO MBI Ha30BEM replace_f m KoTOpas HOJIydaeT B KadecTBe
mapamMerpa ajpec GYHKIUA ¢ mpoduieM, Kak y f, U aJpec TaKoro ke
Tumna Bo3ppamaeT. Hanpumep, Takas QyHKIMS MOXKET HaM MOTpebOBaTH-
Csl, €CaU KaKOH-HUOYJb MOMIYJIb HUCIIOJb3yeT BHYTpU cebs yKa3aTeab Ha
dyuKIMO, M0100HYI0 £, U 3HAYEHNE STOTO YKA3ATE S MEHSAETCS Yepe3 Bbl-
30B replace_f, npu 3TOM, yCTAaHOBUB HOBOE 3HadeHHE TAKOI'0 yKa3aTeJis,
replace_f BO3Bpamaer ero crapoe 3HAYEeHHE, HAIIPUMED, YTOObI BBI3bI-
BAIOIIUIl MOI' €r0 COXPAaHHUTb, & B OyIylneM BepHyTh Ha MecTo. DyHKIHS
replace_f cama 1o cebe OyJIeT BBITJISIETh HE OYEHb CTPAIITHO, 10 KpailHei
Mepe, II0CjIe BCeTrO, YTO MBI y2Ke BHUJIeJIN:

int (xreplace_f (int (*func) (int, int)))(int, int)
{

/x .. %/
}
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— HO BOT OIIMCaHWe yKa3aTejs Ha He€ CIoCOOHO BOIHATH B CTYIIOP KOI'O
yroguo. Bropoit niaenTuduKaTOp B OMHCAHUNA 00HOU TEPEMEHHON BBITJISI-
J1eJ1 OBl HECKOJIBKO CTPAHHO, TIO3TOMY HapaMeTp (byHKIUH, KOTOPBI B OIH-
caHnM caMoil (YHKINKA WMeeT mMs func, B OIUCAHUU yKa3aTejsi HA ITY
GYHKIINIO KeJIaTeIbHO OCTaBUTH Oe3bIMSHHBIM. IIpm 3TOM THI mapamer-
pa int (*func) (int, int) Bcé-Taku Kak-TO HYKHO yKa3aTb, U Pe3yabTa-
TOM CTAHOBUTCSI COBEPIIEHHO HEYJI000BAPUMAs TIOCJIEI0BATETLHOCTD CHM-
BOJIOB « (*)», O3HAYAIONMASA <«37€Ch MOI' OBl OBITH MICHTUPUKATOP, HO €ro
TYT HeT, TaK 4TO HAYMHaiTe orcromay. Tuil mapaMerpa B UTOre BBITJISIIAT
Tak: int (*) (int, int), a MOJIHOCTHIO ONMMCAHNE yKa3aTes s Ha (PYHKITUIO
replace_f (wam Apyryio ¢ TeM 2Ke npodusieM) OKaXKeTCs TaKUM:

int (*(*replace_f_ptr) (int (%) (int, int))) (int, int);

TeopeTuyeckn nMsi mapameTpa MOXHO bb11o Bbl 1 He onyckaTb, 4TO cnacsio bbl Hac
OT 3B&3[04KMN B CKODKax, HO sicHOCTM Bbl y>x To4HO He gobasuno. CmoTpuTe camu:

int (*(*mptr) (int (*func) (int, int))) (int, int);

Bbl cmoxeTe 6e3 pasgymuii ckas3aTb, KOTOPbIA U3 ABYX MAEHTUUKATOPOB — mptr
unn func — 3pecb onucbisaetca? lNoka naeHTudbmkaTop 6bIA OANH, Mbl XOTA Obl
TOYHO 3HaNN, OTKyAa Ha4YMHATb pacnyTbiBaTb 3TO 6e306p33|/|e.

IlonsaTHO, YTO M 9TO HE TPEJIEJ, HO MBI 37IeCh BCE YK€ OCTAHOBUMCSI — C
MIPOUCXOJANINM IIOpa 9TO-TO JeJ1aTh. BCIIOI\/IHI/IB O CynieCTBOBaHUUN JIUPEK-
TuBBl typedef, BBeIEM Jjis Hadasa WMs JJjIs TOTO THIIA, KOTODBIM y HacC
OKa3aJICsd HA BXOJIE M BBIXOJE n3 (pyHKIUN:

typedef int (*fptr) (int, int);

Teneps onucanve ykasaresns replace_f_ptr MOXKHO OyIZeT HAIUCATH TO-
pazo Ipoie:

fptr (xreplace_f_ptr) (fptr);

fcHo, 9TO UMEHHO TaK € CaMOT0 HAYAJIA U CJIEOBAJIO JIEHCTBOBATE; K COXKa-
JIEHUIO, HECMOTPST HU Ha UTO, 9M0 04€6UIHO JaNEK0 He CeM, TIOITOMY IIPU
YTEHUU IbUX-HUOY/b TPOrPAMM BbI MOXKETE B JIFOOON MOMEHT HAPBATHCS HA
HATPOMOXKJIEHHE CKODOYEK W 3BE30YEK, MOJA0OHOE UEeMy-TO U3 MPUBEIEH-
HOrO BbImIe. 1loaTOMYy KeaTebHO yMETh OJI00HBIE BEIU YUTaTh, CKOJIb
OBl HeJlelbIM HU BBIIJISJIEIO0 MaHUAKAJbHOE HEYKeJIaHUe OTJIEeJIbHBIX IIPO-
rpaMMucToB npuMeHaTh typedef. Tem Gosiee YTO TpaBmIa TAKOTO YTEHUS
JOBOJIBHO TIPOCTHI, HY?KHO TOJIBKO HE 3aIlyTAThCA B CKODOUIKAX.

Yr00bI TPOYUTATE CJIOXKHOE OIUCAHUE WU OObSIBIEHUE, HY?KHO CHAYA-
Jla, HAfiTh ONMCHIBAEMBIN HIEHTU(MUKATOD; BCE HAYNHAETCSI UMEHHO C HEro.
3areM MbI JBUIAE€MCsS OT HErO «HAPYXKy» — BIPABO K KOHILY OIUCAHUS U
BJeBO K ero Hadary. CydduKCHbIe CHMBOJIBI, CTOAIINE CIIPaBa OT HAC, 000-
3HaJaoNMe (PYHKIMH U MaCCUBbI, UMEIOT IIPUOPUTET HaJI ITPeOUKCHBIMH,
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CTOSIIUMHU OT HAC cjieBa. Kcm BOKPYT HAC OKa3aJach Mmapa KPYTJIBIX CKO-
0OK, HY»KHO HCUYEpIIaTh CUMBOJIBI BHYTPU ITUX CKODOK, U TOJIBKO IOTOM
BBIXOJUTH 3a WX Opeaesbl. [Ipm 3ToM HaunHaeM MbI 9T€HHE C TOTO, UTO
MIPOU3HOCUM OIHICHIBAEMOE UMSI-UICHTAPUKATOP U JOOABIISEM COIO3 «ITO»
JIBUTASICh «HAPYKY», MBI, YBUJIEB KBaJIPATHBIE CKOOKH, IIPOU3HOCUM «MAC-
CUB U3 CTOJIbKUX-TO 3JIEMEHTOB THUIIA...»; YBUIEB KPYIJIble CKOOKHU CIIPaBa
OT Hac, TPOU3HOCUM «(PYHKIUI-I0, KOTOpas MOJYIaeT Ha BXOMI...», UNTa-
€M OITMCAHUsI TUIIOB ITapaMeTPOB, 3aTeM ITPOJIOJIKAEM CJIOBAMH «U BO3Bpa-
IAET...»; BUIA 3BE30UKY, IPOUIHOCHM <«yKa3aTesb Ha...»*2; BHIA CJIOBO
const, MPOU3HOCUM CJIOBO «KOHCTAHTHBI-as»; HAKOHEIl, JOOPABIIUCDH 10
CTOSIIIETO B CaMOM HadaJle UMEHH THUIIa, 3aBEePIaeM UTEeHHE TOJIXO/IAIIeh
KOHIIOBKOI BPOJIE «II€pEMEHHAs-YI0 THUIa inty», «3HadYeHne TUIa inty, «00-
JIACTh TIAMSATH TUNA int» (HMOCIIEHEee MPUXOJUTCS IPUMEHSTh, €CJIHN ¥ HAC
BBIPUCOBBIBAETCsI KOHCTAHTHBIN yKa3aTeJb HA HaYaslo Maccusa). Konedno,
He ciieayeT 3a0bIBATh MPO COTJIACOBAHME IMAEKell W MPOUIyI0 KOCMETUKY,
TTO3BOJISIIONILYIO OCTAThCS B PAMKaX MPABUJI PYCCKOTO S3bIKA.
Hampumep, yke 3HakoMoe HAM

int (x(*replace_f_ptr) (int (%) (int, int)))(int, int);

MOXKHO [POYMTATEH CJIeytomuM obpasom: replace_f_ptr — amo (cupasa
MBI YIIEPJINCh B 3aKPBIBAIONLYIO KPYIVIYIO CKOOKY, TaK 4TO CHa4aJa HAJO
[IOCMOTPETh, YTO y HAC CJeBa) ykazameavb Ha (CONEepKUMOe CKODOK KOH-
YUJIOCH, BBIXOAUM HAPYIKYy, CIIpaBa YTO-TO €CThb, IIO3TOMY HauMHAEM OTTY-
J1a) PYHKUUI0, KOTNOPas nosyuaem na 6xod (dUTaeM THUIl apamMeTpa, JIJis
Yero HaXOJIUM <«HCIIOJHSIOIIYIO0 00I3aHHOCTH HIAEHTU(PUKATOPA» KOHCTPYK-
o «(*)») yKkasameav na GYHKUUIO, NPUHUMAGIOWYI0 Ha 6T00 064 UEAIT
WUCAG U B036PAWAIOWYI0 3HA%erue muna tnt (cnucok GOpPMAaJbHBIX Ha-
pPaMeTpPOB 3aKOHYMJICS, 3aBepiiaeM ¢pasy 1po (QYHKIHIO) U 6036DaUAETN
(cpaBa OMATH 3aKpBIBAIOIIAS KPYTJas CKOOKa, IPUXOIUTCS MOCMOTDETh
HAJIEBO) YKasamendv Ha (OIATh KOHYMIIOCH COIEDPKUMOE KPYIJIBIX CKOOOK,
BBIXOJIUM HAPYXKY) PYHKUUIO, NPUHUMAIOWYIO KA 6T00 06 UEABIT YUCAL U
6036PAULATOWYI0 YUCAO Muna tnt.
AmnaslornaapiM 06pa30M OIMCAHTE

int (*funvec[10]) (int, int);

quTaercs Tak: funvec — 9mo maccus u3d decamu ykazamenel wa Gymr-
YU, NPUHUMAIOWUE HG 8T00 068G UEABLT YUCAA U 6036DAUWAIOULUE SHAUEHUE
muna tnt.

42910 He Beeryia MPABUIILHO, MOCKOJIBKY 3TO HE BCETyla MMEHHO yKa3aTellb, a MOYKET
OBITH IIPOCTO AJPEC; MMO-AHIVIMACKNA MOXKHO OBLIO ObI IPOM3HECTH ITO-TO Bpoje address
of..., HO B DYCCKOM $#I3bIKE HET COOTBETCTBYIOIIErO IIPEJIOra, BMECTO 9TOIO CJIELYIONLY IO
CYIIHOCTh HYXKHO IIOCTaBUTHb B DOJIUTEJIBHBIN IajerK, HO TO yrKe CJIO’KHee OIHCATH; B
JI060M citydae GOJIBIIMHCTBO IIPOIPAMMUCTOB HE JEJIAET Pa3/Indus MEXK/Y HOHATHIMEI
«aJpec» U «yKasarTesby, a 3psi.
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J1obonbITHO, 4TO ecnu cny4valiHo 3abbiTh 3BE3[04KY 1 CKODKU, MOXHO NpnAaaTh
ONMUCaHNIO TaKoW CMbICA, ByATO Mbl MMEeM B BUAY He yKa3aTenb Ha (DyHKUUIO uan
Maccue, a «cam no cebe» Maccus nnam «camy no cebe» dyHkumio. Jlerko MoXxHO
ybeanTbes, 4To 6ANTENbHBLIN KOMMUASATOP HE NO3BOAMT HaM NOAOBHbLIX BONLHOCTEI:
byHKuUsi «cama no cebe» B Cn BbiBaeT TOALKO €CAM 3TO AeliCTBUTENLHO NPOTOTMN
unu onucanue pyHkUMM (a He Kakoi-1mbo nepemeHHoO, Tuna u ToMy nogobHoro), n
TOYHO TakK Xe MacCUB «CaMm no cebe» bbiBaeT TONLKO NPU ONUCAHNN UK OB BABAEHUN
MaccuBa, Hy 1 ewé npu npumeHeHnmn sizeof. PyHkumo «camy no cebe» HeNb3si HU
noJly4aTb Kak MapaMeTp, HM BO3BpalLaTh Kak 3Ha4YeHMe; MaccuB «caM no cebey, Kak
HW CTPaHHO, MOXXHO MepeAaBaTh Kak napamertp (Mo npashe roBopsi, 3TO COBEPLUEHHO
TO K& CaMoe, KaK U NepeAaBaTb yka3aTesib), HO BOT BO3BpallaTb MacCUB «CaM Mo
cebe» Henb3s.

Hanpuwmep, cneaytowme onucanusi owunboUHbl 1 KOMNUAsTOp Ux obpabaTtbiBaTh
OTKaXKETCA:

void (*f15)(int) (int); /* ONMBKA! */
/* ykRasaTens Ha QyHKIWD, BO3BpalARMyD QYHKIUD */

void *m[5] (int); /* OIABKA! */
/* MaccuB QyHRUuW, a He ykasaTenell Ha HuUX */

int (*£100) O [15]; /* OUMBKA! */
/* yrasaTens Ha QyHKIWD, BO3BpAllARLyo MacCHB */

4.10. Emé o Bo3MOXKHOCTIX CTaHAAPTHOI
oubmoreKkn

CranpaprHas 6ubmoreka Cu COIEPKUT JTOCTATOYHO OOJIBIIOE KOJIMYe-
CTBO Pa3HO0OpPa3HBIX MHCTPYMEHTOB it pabOThl; KOHEYHO, PAacCMOTPETH
WX BCe MBI HE CMOXKEM, JIa 9TO W He Hy»KHO. Marepuasa 9TOil I1aBbl BaMm
XBATHUT, YTOOLI COCTABUTHL ODINEE IMPEICTABJICHHE O BO3MOXKHOCTSIX CTAH-
JapTHOI OMOJIMOTEKH; JajbHeillee — JIeJI0 CaMOCTOSITEILHOIO M3y YEHUs.
Yuarure, 9T0 GOJIBIIMHCTBO BO3MOXKHOCTEN, KOTOpbIe pacCMaTpuBa-
IOTCSI B 9TOI IJIaBe, JiydYllle He MCII0JIb30BaTh, IIOKA Bbl HE HAYy4M-
Tech YBEPEHHO mporpamMmMmupoBaTrh Ha Cu.

4.10.1. HomosiHuTesibHbIE PYHKINN PAabOTHI C Ky4eil

Panee mbr paccmorpesin Bcero nse byHKIuU i pabOTHI € JUHAME-
JecKoil maMsAThbio — malloc st BuLAesaeHus U free it 0CBOOOXKICHUSI.
C 0ocBOOOXKIEHNEM BCE JIOBOJIBHO IIPOCTO, HUYEro Kpome free Jyisi 9TOro
He TpebyeTcs, a BOT JI/IsT BBIIEJEHHUS TMAMSTH €CTh €IIé OaHa (PYHKIUSI —
calloc:

void *calloc(int nmemb, int size);
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Dra QyHKIMS IpeHa3HAYEHA I BbIIEEHNS [IaMsITH 0] MaCCHUB, COIEP-
JKalnuil nmemb 3/1€MEHTOB, KaKJbIil U3 KOTOPLIX MMeeT pa3Mmep size, HO
3TO C TAKUM XK€ yCIIEXOM MOXKHO IIPOJIesIaTh, IIEPEMHOXKHUB 9TU JBa IUCJIQ
u BbI3BaB malloc; dbyHmamMeHTaIbHOE oTiimane calloc or malloc cocrout
B TOM, YTO OHA 3aOWBAET BBIJEISIEMYIO TaMsATh HyasMu. HekoTopbie mpo-
I'PaMMUCTBI OTJIAIOT eif NpeJoYTeHrue NMEHHO 110 9TOH IIpuydunHe.

Henp3st me ymomsayTh Takxke QyHKIUIO realloc, KOTOpas HCXOIHO
[peIHA3HAYEHa, JIJIsl U3MEHEHUsT Pa3Mepa, yKe BbIIEJIEHHON 00/1acT maMsi-
. [Ipoduis e€ Takos:

void *realloc(void *ptr, int size);

[Tapamerp ptr yka3biBaeT Ha UMEIOILYIOCS OOJIACTD MAMSITH, JIJIsi KOTOPO
HY?KHO TIOMEHsITh Pa3Mep, a size 3aJaéT 9TOT HOBBIN pa3mep. B 6osbmmH-
cTBe cIydaeB (DyHKIUs BBIHYKJIEHA CO3/IaBATh HOBYIO 00JIACTh JIMHAMUYE-
CKOIl IIaMsTH, KOLUPOBATh TyJa BCE COLEPIKUMOEe CTapoil obsacTu (KOTo-
DPYIO BbI 33J1aéTe aIpecoM ptr), caMy 3Ty CTapyio 00JacTh OCBOGOKIATD,
a Bo3BpamaTh ajpec HoBoi. Ilocse 3Toro ajpec, nmepeganHbil yepe3 ptr,
CTAHOBUTCS HEBAJIMJIHBIM, 1 BMECTO HEr0 HYKHO HCIIOJIb30BaTh aJpec, KO-
TOPBI# BepHya realloc, MOITOMY dUallle BCEro pe3yabTar realloc’a mpu-
CBaWBAIOT TOH K€ MEPEMEHHOU, 3HaUYeHNEe KOTOPOIl mepefaloT ero MepBbIM
rmapaMerpoM, IpuMepHo Tak: p = realloc(p, sz);. Hecomuennoe mocro-
MHCTBO realloc COCTOUT B TOM, YTO MHOIJIA, KOIJIa Cpa3y IIOCJIE JaHHON
00JIaCTH TAMSATHA JOCTATOYHOE KOJMYECTBO IIaMsATH CBOOOJIHO, OHA MOXKET
COYKOHOMMWTB IIPOIIECCOPHOE BPEMsi, He KOMUPYs MHMOPMAIIUIO — TO €CTh Pe-
aJIbHO YBEJIMYUB pa3Mep UMeroIeiicss obiactu nmamstu. Ecrs y realloc u
HEJIOCTATOK: He 3HAs, KaK B BBI3BIBAIONIEN IPOrpaMMe HCIIOIb3yeTcs 00-
JIACTb TAMSATH, €CJIH BCE 2K€ MMPUXOIUTCS KOUPOBATD, (DYHKITNS BBIHY K€~
Ha KOIIMPOBATH BCE COIEPKUMOE 00JIACTH ITAMSITH, ITO B AEHICTBUTEILHOCTH
TpedyeTcst JAJIEKO He BCer/ia.

JloBOJIBHO MHTEPECHBI JBa CIEIMAJbHBIX CJIydas BbI30Ba realloc: ec-
JIM TIEPBBIM IIAPAMETPOM II€PeJaH HyJIeBO aapec, TO hyHKIUs PaboTaeT B
TOYHOCTHU KakK malloc, eciu 2Ke B KadyeCcTBE BTOPOI'O IlapamMeTrpa IliepejiaH
HOJIb, OHa, paboTaeT B TOUYHOCTH Kak free. MHorma mormamarorcst mporpam-
MblI, Harcanubie Ha CH, B KOTOPBIX JIJIst pAOOTHI € JMHAMIIECKON MaMATHIO
HUCHOJIb3YyeTCs OJIMH TOJbKO realloc; moxkaJyit, Tak JIydlle BCE Ke He Jie-
JIaTh, SICHOCTH 9TO He TPUOABUT.

4.10.2. PyHKIUU 00pPabOTKM CTPOK

Bcee dyukmmm, nmepedunciennbie B 9ToM naparpade, MOKHO OYeHb JIer-
KO HalucaTb caMOMy. BobITyer MueHue, 4To 6ubimoTednble (OYHKIUU pa-
boraloT ObICTpee 3a CYET TOro, UTO B HUX PEANU3AIUH HCIOJb3YIOTCS
APXUTEKTYPHO-3aBUCUMBIE acCceMOJIEPHBIE BCTABKN; HO HA CAMOM JeJIe€ 9TO
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HE Tak, IIPY COBPEMEHHOM COCTOSIHUU OITUMHU3ATOPOB HCIIOJb30BAHUE AC-
ceMOJIEPHBIX BCTABOK HUKAKOI'O BBIMIPLIIIA He 1aéT. Euncreennslii (Ho, 3a-
METUM, BIIOJIHE JIOCTATOYHBII) CMBICJI IPUMEHEHUsT 9TUX (DYHKIMIA — B TOM,
9TO0BI 064€24UMDb CMOPOHHUM A00AM YMeHUe Sawel npozpammo. B ca-
MOM JieJIe, OIIepalliH, peaju3yeMble STHMHY (DYHKIUAME, GBIBAIOT HyK-
HBI OYE€Hb YaCTO; €CJIM MCIOJIb30BATh CBOIO PEAM3AIINI0 TAKUX OIIEPAIIHii,
qUTATEsb Balllell TPOrPAMMBI OYIEeT BBIHY2K/I€H IIOTPATATH BPEMSsI, IIyCTh 1
HeOOJIbIIoE, HA TO, YTOOBI OHSITh, O YEM UJAET PeUb, TOT/IA KAK IIPU UCIIOJIb-
30BaHUM CTAHJIAPTHBIX (byHKIWHi Jit00oi, KTo 3HaeT Cu, cpa3y moiMéT, 94To
3/1€CH J€IAETCS.

Kak ciencreue, B cepbé€3Hoil pa3spaboTKe CJIELyeT MOTb30BATHCHA JIJIsd
omneparuit HaJi CTPOKaAMU UMEHHO THMH (DYHKIUSIMHU; HO ITO HE 3HAUUT,
YTO UMM CJIEJIYET MOJIb30BATHCS C CAMOI'0 Havaja 00yJeHUsl IPOrPaMMUPO-
BaHUIO. ABTOp KHWI'M MHOTO Pa3 BUJEJ CTYIEHTOB, MPEKPACHO 00paIaro-
IUXCS CO BCAKUMU Strlen, strcmp, Strcpy U IPOYUMHE, DA STOM HE ITOHU-
MafOIKX, KAK YCTPOEHa CTPOKA W He CIIOCOOHBIX, KAK CJIEJICTBHUE, CIEJIATh
CO CTPOKOI HUYIEro CKoJIbKO-HUOynbh HecTtanmgapTHoro. Iloka Barmreit oc-
HOBHOI1 II€JIbIO SIBJISETCsI OOyYeHUe U II0Ka BbI HE MOYYyBCTBOBAJIN
MOJIHOUW YBEPEHHOCTU B OOPAIllEHUN CO CTPOKaAMU, JIy4Ille BOOOIIe
He MPUKACATHCHA K CTAHJAPTHBIM CTPOKOBBIM (DYHKITUSIM.

OrmernM, YTO TPOTOTHUIIHI BCeX (DYHKIUI U3 3TOro maparpada Haxo-
IsaTcd B 3arojoBouHoM (daiiie string.h. [logkiouaitre ero TosbKo Torma,
KOTJIa y2Ke JIOCTUT'HETe YPOBHS CBOOOIHOIO M YBEPEHHOI'O BJIAJIEHUsI ITPE00-
pa3oBanusiMu cTpok Ha Cu, u He paHbIIe; J0 TOI [OPhl peaJn3yiiTe BCe ITH
OIepaIuu caMu, KaK 9TO JIeJIAJIOCh B IIPUMepax B Hallell KHkke. s ca-
MOIIPOBEPKH 00:A3aTEIbHO HAIUIINTE CBOM COOCTBEHHBIE PEAJIM3AIIH BCEX
MepevInCIeHHbIX (DYHKIMIA, U TOJBKO KO/ BCE IMOJIYyUUTCs, MOXKETE Iepe-
XOJUTH K UCIOJIb30BAHUIO UX OUOJIMOTEYHBIX BEPCHIl.

Hawuném ¢ dyukiun strlen, onpeaensioniei JINHY CTPOKH:

int strlen(const char *str);

31ech Bpsiy i TpebyeTcss MHOI'O IOSICHEHUIT; paHee B IIPUMEPAX MBI UC-
IIOJIb30BAJIA CBOIO COOCTBEHHYIO (DYHKIHMIO string_length, KoTopas mena-
Jia abCOJTFOTHO TO K€ CaMOe.

QOyHKIUA strcpy npefHa3HAYEHA JJI KOIMPOBAHUSA CTPOKH B 3apaHee
IIO)IFOTOBJIQHHI)IIZ MaCCUB:

char *strcpy(char *destination, const char *source);

AJOK apryMeHTOB TYT TaKO# Ke, KaK B IIPUCBaWBaHUU: CHAYAJIa <KY-
[opsimok a €HTO aKO e, Ka CcBamuBa cHavaJa

Jas, TOTOM <«OTKyZJas. Hatde roopst, mapamerp destination 3amaér aj-
pec HavaJja MacCuBa, 8 Komopuili IPOU3BOIUTCS KOIIUPOBaHNE, a ITapaMeTp

43Bo BcsIKOM Citydae, Temu, KOTOPbHIE GyIyT PAacCMOTDEHBI; GHGIHOTEKa COMEPIKHT
MHOTr'O JApyrux yHKIHI, B TOM YHCJIE U JJisi pabOThl CO CTPOKAMH, KOTOPbIE IIPUMEHSI-
IOTCSl TOPA3/I0 PeXKe U IOJIb3a KOTOPBIX COMHHUTEJIbHA.
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source yKa3bIBaeT Ha HAYAJIO CMPOKU, KOMOPAA 0AAHCHA 6VIMD CKOMUPO-
sana. B MaccuBe mOJI)KHO OBITh JOCTATOYHO MecTa, U 3abora 00
3TOM JIEXKUT Ha MoJb3oBaree! Y Bac JO/KHBI ObITh BECKHE OCHOBAHIA
CUNTATH, 9TO BBl BBIAEIMIN JOCTATOTHO MECTA MJIM OMMCAINA MACCUB JTOCTA-
TOYHOTO pa3Mepa; eCJid IPUCYTCTBYET XOTs ObI MaJIeilasi HEyBEPEHHOCTb,
HY?KHO CHaJaJjia U3MEPUTD JJINHY KOnupyeMoili crpoku. O BO3MOKHBIX I10-
CJIJICTBUSX II€PEIOJIHEHUS MaccuBa Mbl nucaiu B §4.4.4 (cum. crp. 128); na-
IIOMHUM, 9TO 3a TaKWe BEIU YBOJbHSIOT C PAOOTHI U TPABUILHO JIEJIAIOT.
Kora ¢ aiuHOl CTPOKKM MOTYT, KAK T'OBOPUTCsI, «OBITH BAPUAHTHI», Cy-
IIIECTBEHHO [IPABUJIbHEE HCIIOJIB30BATH APYIYIO (DYyHKINIO, Strncpy:

char *strncpy(char *destination, const char *source, int size);

IIepBble j1Ba aprymMenTa UCHOJIB3YIOTCH TOYHO TaK Ke, KaK s strcpy, a
TpeTtuil 3a,1aéT pa3mMep MaccuBa destination; ecou 3a/1aTh €ro MPABUILHO,
byHKIINA He JOIMYCTUT HEPEIOJHEHNs, XOT IIPH ITOM MOXKET OBITH CKOIIU-
pOBaHa He BCs CTPOKA. Y 3TOi (DyHKINU eCTh APYTOil KpaiitHe HEPUATHBIHI
HEJIOCTATOK: €CJIM He XBAaTUJIO MECTa JJIs KOIMPOBAHUs, TO HYJIEBOH OaiT
OHa B KOHEIl MaCCHUBa He 3allUChIBAET, TAK YTO B BAIllEM MACCHBE OKAYKETCSI
HEYTO, He SIBJISIONIEECst KOPPEKTHON CTPOKOit ¢ Toukn 3perus Cu. Bripouewm,
9TO JIETKO 00OHTH, 3amcaB TaKoil OaiiT IPUHYINTEIHHO; O0JIee TOTO, €CJIN B
MaCCHBE OCTAJIOCh CBODOIHOE MECTO, StrNCpy 3alOJIHAET €ro HYJISMHU, TaK
9TO II0 COLEP2KUMOMY ITIOCJIEITHETO 6&171Ta MaCCuBa MOXKHO IIOHATBH, XBaTUJIO
MeCTa WJIM HET: €CJIA TaM HOJIb — 3HAYUT, KON CTPOKU IOJHOCTHIO yMe-
CTIWJIACh B OTBEIEHHOM IIPOCTPAHCTBE, & €CJU HE HOJb — TO CTPOKA ObLIa
obpe3aHa; ecjiu Bac 3TO He OECIIOKOUT, OCTaETCsl 3aHECTU B MIOCJIEIHUI OalT
HOJIb ¥ IIPOJIOJI2KUTH paboTy.

OyHKIMH Strcpy W Strncpy B KadecTBEe CBOErO 3HAYEHUS 3a9€M-TO
BO3BpaImaioT napaMmerp destination, mpuuém Bcerma. Kak cirencrsue, nx
OOBIYHO BBI3BIBAIOT PaJIM MODOYHOrO 3(pdeKTa, UTHOPUPYST BO3BPAIIAEMOe
3HAYEHUE.

Ecim Bam He X0UeTcsi BO3UTHCH C CAMOCTOATEIHHBIM BbLIJIEJICHIEM I1a-
MSTH 0 KOIMIO CTPOKH, MOYKHO BOCIIOJIL30BaThC (byHKImeit strdup??:

char *strdup(const char *s);

Dta OYHKIHUS caMa U3MEpPUT JJIMHY BAIlleil CTPOKH, CO3JACT C IOMOIIBHIO
malloc 00JACTH AUHAMHYECKON MAMSATH HYKHON JIMHDBI, CKOIUPYET Ty-
Ja 3aJaHHYI0O CTPOKY U BEpDHET aJpec Hadajla co3gaHHOH kommu. He 3a-
OyJIbTe TOJBLKO IIOTOM OCBOOOJUTDL IMaMATh ¢ IoMoIbio free. Muorue mpo-
rPaMMUCTHI He JIIOOAT 3Ty DYHKITHIO, IOCKOJIBKY OHA 3aTPY/IHAET IPOBEPKY
IPaBIWJIBHOCTU IIPOrPAMMBI, BeIb BBIJICJICHIE aMATH IIPOUCXONUT HE TaM,

44OrmerrM, uTO 9TA PYHKIWMS OTCYTCTBYeT B cTanmapre CH, HO IPHCYTCTBYET B CTAH-
JapTax, UMeomuX oTHoureHne K Unix; B cucreme, orimaHoit or Unix, Takoil dyHKIHH
MOXKeT He HaUTHUCH.
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rie eé 0CBOOOXKIeHUE: TaMsITh BBIJIEJISIETCS TJIe-TO B HeJIpaxX Oub/IMOTevHO
dyHKINA, & 0CBOO0KIATH BbI €€ BBIHY2KJIEHBI B CBOEll IIpOrpaMMe.
Jls1st cpaBHEHUsI CTPOK TPUMEHSIOTCH (DYHKIMKM sStrcmp U strncmp:

int strcmp(const char *sl1, const char *s2);
int strncmp(const char *sl, const char *s2, int n);

O6e pyHKIUHU TOCKMBOJIBHO CPABHUBAIOT CTPOKU, HAYMHASI C apPecoB s1 u
$2; paboTa 3aKaHIUBAECTCSI, €CJIU CTPOKHU PASTHIAIOTCS CAMBOJIOM B OU€PE/I-
HOH MO3UIUY, €CJIM OJHA U3 CTPOK KOHYMWJIACh, & strncmp JONOJHUTEIBHO
3aKaHIMBAET PabOTy, ecjii IMPOCMOTPEHO y:ke n mnozuruit. Kcam ouepen-
HOHM CHMBOJI B CTPOKaX pa3jIndaeTcs, Ta CTPOKa, B KOTOPOH B OUYepeHOMI
TO3UINN OKA3aJICSI CUMBOJI C MEHBIITNM KOJOM, CINTAETCsI «MEHBINE», “IeM
Jpyrasi. Eciim oiHa n3 CTPOK KOHYHUJIACH, 8 BTOPAas €II€ HET, KOHYUBIIAsICS
CUUTAETCS «MEHbIe» BTOPOi. OyHKIIMU BO3BPAIIAIOT OTPUIIATETLHOE THC-
J10, ecyii s1 okazaJsiach «MeHbIIey, YeM S2, OJIOKUTEJIbHOE — eCJIN S2 OKa-
3a7aCh «MEHBINEe», IeM S1, U HOJIb, €CJTM PA3JINInil 0OHAPYKEHO He OBLIO.
[IpaBuio yropsitounBanmst CTPOK MOYKHO BBIPA3UTh OHON (ppazoii: cTpokn
CPABHUBAIOTCS 8 AEKCUKO2PAPUIECKOM (CA08APHOM) NopAJKe.
NHorpa B nporpammax MOXHO BCTPETUTb KOHCTPYKLUIO BpoAe

if (!stremp(strl, str2)) {
VA B V)
}

Kak MOXHO porafaTbCsi, UMEeTCsl B BUAY YCJ/IOBUE «EC/N CTPOKW PaBHbl», Befb B
3TOM c/lyyae strcmp Bo3BpallaeT Hoab. Ho Tak nucate He Hapo. [NopcosHaTensHo
onepauus OTPULAHNS B YCJOBUN BOCMPUHMMAETCA KaK «YTO-TO HE MOJYHUIOCHY,
a B JaHHOM ciiydae BCE, HaobopoT, 3amevaTeNbHO MOJyYMIOCh: CTPOKM OKasasnchb
paBHbl. Jlyywe HanncaTb Tak:

if (0 == strcmp(stril, str2)) {
/* .. %/
}

— I'IpVI‘-IéM HOJIb OCTaBUTb CNEBa OT ONepaunn CpaBHEHNA: TaK Bbl VI36aBJ1$|eTe Hn-
TaTens oT HEOBXOAMMOCTM UCKaTb r1a3aMu NPaBbllii KPail YCAOBHOMO BblPaXkeHUs.

C moMomIpo CIeAymuX (DYyHKIUA MOXHO HAWTH B 3aJ[@HHON CTPOKE
3aJaHHBIN CUMBOJI:

char *strchr(const char *s, int c);
char *strrchr(const char *s, int c);

O6e (hyHKIIUN OTHICKUBAIOT CUMBOJI C KOJOM C B CTPOKE, HAUMHAIOIIEHCsT
¢ ajgpeca s. Paznmmame MeXay HUMU IPOSBJISIETCS TOJBKO B CJIydae, €CJid
TaKUX CUMBOJIOB OOJIBIIIE OIHOTO: (DYHKIMS Strchr HAXOIUT Nepeuill TaAKOM
cumBoOal, a strrchr — nocaednud (r orT cioBa right, TO €CTh «IPABBIN» ).
Obe GyHKIMEI BO3BPAIIAIOT 4JIPEC TOIO MECTa, TJIe B CTPOKE PACIIOIaraeTcs



§4.10. Emé o BO3MOKHOCTSX CTAHIAPTHONW 6UOJIMOTEKN 241

HUCKOMBII CHUMBOJI; €CJIM CUMBOJIa € 33JaHHBIM KOJOM B CTPOKE HE HalllJIOCh,
BozBpamtaercsa NULL.
OyHKIWSA Strstr H03BOJSeT HANTH BXOXK/IEHUE IIOJACTPOKA B CTPOKY:

char xstrstr(const char *haystack, const char *needle);

DTOT 3aroJIOBOK 3aMMCTBOBAH 13 OMUIMAIBLHON Man-CTPAHUIBI 110 ITOM
dyukInm; haystack Mo-aHTIANCKHA «CTOT CeHay, needle — nronka. Kak Moxk-
HO JIOT&JIaThCsl, MIEPBBIA TapaMeTp 3a1aéT CTPOKY, IJe Hy?KHO MCKATb, BTO-
POl — MOJICTPOKY, KOTOPYIO HY?KHO MCKaTh. Bo3Bpalaercs ajpec Toro Me-
CTa B CTPOKe, TJ/ie HaigeHa MCKOMAas MOJACTPOKa, oo NULL, ecau HUYIETO
He Hanutoch. Hampumep,

char ak[] = "abrakadabra";
/x .. %/
p = strstr(ak, "kada");

3aHeCET B p ajpec ak+4.

Crenyromnue Tpu (DYHKIMH HE UMEIOT IIPSIMOTO OTHOIIEHUSI K CTPOKAM
B TOM CMBICJIE, YTO OHU HE PACCMATPHUBAIOT HYJIEBOIl 6aiiT B KavuecTBe IIpU-
3HAKa KOHIA [TOJIe3HOH wHMOpMAINN; UX 00BEKTOM PAOOTHI ABJISIOTCS IIPO-
n3BOJIbHBIE OOjiacTu naMaTn. QyHKIMS memset MO3BOJISIET 3AIIOJHUTH 00-
JIACTh HAMSATH 33J[aHHOIO pa3Mepa, HauuHasl C 3aJaHHOI'O ajpeca, 3aJiaH-
HBIM 3HaYeHHeM Oaiita:

void *memset(void *memory, int value, int size);

Ilepsorit mapamerp 331aT ajpec Hadasa, BTOPOH — 3HAUEHNE, KOTOPBHIM
cJIeJIyeT 3allOJIHATHL sYeKU MaMsTH, U TPETUH — CKOJIbKO sS4YeeK HaJI0
zanoanTh. OT 3HaYeHUsS value HCIOJIB3YIOTCH TOJIHKO MJIAJIIINE BOCEMb
out, octasibuble OTOpachiBaroTcsd. OYHKITNS BO3BPAIIAET CBOM MEPBBIH ma-
pameTp; 3a4eM OHa ITO JIeJAeT — HEU3BECTHO.

Crenyromue aBe PYyHKIUMA JEIAI0T IPAKTUIECKH OIHO U TO XK€ — KO-
MUPYIOT COJEPYKUMOE 3aJIAHHOTO pa3Mepa U3 OIHOU O00JIaCTH MMaMsTH B

APYryIo:

void *memcpy(void *dest, const void *src, int size);
void *memmove(void *dest, const void *src, int size);

Jlist 0benx (pyHKIMI MEPBBINA apaMerp 3aJaéT, Ky/a IPOU3BOIUTCS KO-
MPOBAHMe, BTOPOIl — OTKY/A, & TPEeTUil — pa3Mep KOmupyeMoil ob/acTu.
Pazmmane mex iy GyHKIUAME B TOM, YTO MEMCPY PEIHAZHATEHA JIJIsT KO-
NUPOBaHUs WHPOPMAIUNA MEXK LY 00/IaCTIMU, KOTOPBIE HE MOT'YT HAKJIAIbI-
BaTbCA JPYT Ha JApyra; memmove B 9TOM IJIaHE XUTpee, OHA JIe1aeT COOTBEeT-
CTBYIOIIIE IIPOBEPKU U ecJyii 00s1acTh nmaMsaTu dest U Src mepekphIBAIOTCH,
IPOU3BOJAUT KOIIMPOBAHUE OT HavdaJjla K KOHILY, KOrja dest HaXOIUTCA JIeBee
SrCc, U OT KOHIIA K HaJaJIy, KOrJia mpasee. Pe3ybraT KONMMpPOBaHMsI, TAKIM
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00pa30oM, Bcerjia OCTaéTcsi KOPPEKTHBIM. DTy (DYHKIUIO MOXKHO HCIIOJIB30-
BaTh, HAIIpUMep, KOT/Ja B UMEIONLYIOCS CTPOKY HY?KHO BCTaBUTH HECKOJIb-
KO CHMBOJIOB (B cepejiuHy) ujid, HaoGOPOT, U3bATh U3 CTPOKH HECKOJIBKO
CUMBOJIOB; B 06OI/IX CIIydadx OCTATOK CTPOKU NPUXOJUTCA CABUTATH — CO-
OTBETCTBEHHO BIIPpAaBO U BJIEBO. ECJII/I IO CMBICJTYy IITPDOUCXOIAIIETO O6JIaCTI/I
[AMSTH [IePEeKPhIBATHCS He MOryT (Hampumep, dest yKasplBaeT Ha TOJIBKO
YTO BBIACJICHHYIO IIaMATh, HJIX OHN OTHOCATCA K 3aB€JIOMO Pa3HbIM O6’b€K—
TaM, U T. JI.), JIy4llle UCIOJIb30BaTh Memcpy: OHa paboTaer ObicTpee 3a CUET
OTCYTCTBUSI JIUNITHAX IIPOBEPOK (KTO JIeBee, KTO IpaBee).

4.10.3. I'eneparus 1ceBIOCIyYaliHBIX YHCEJT

MpbI y2Ke 0OCyXKIANN CaydaifHble W TICeBIOCTYYaiHble UNC/Ia IpU U3y-
gennu Ilackans (cm.t. 1, §2.8.5). IloTpebHOCTL BHECTH B BBLIIOJHEHUE
IPOrpaMMbl KaKOe-TO Pa3Hoo0pasme dallle BCero BO3HUKAET IMPU CO37a-
HUHM KOMITBIOTEPHBIX WIP, XOTsI, KOHEYHO, HE TOJBKO; CAyJIafHbIE THCIa
UCHOJIB3YIOTCA U B MATEMaTHYECKUX pacdérax (HeGe3bI3BECTHBIN «MeTO.
Monre-Kapiio» ), u B o6;1actu obecrieuenns 6€300acHOCTH (HAITPUMED, MOK-
HO Y3HATH, YTO MBI UMEEM JIeJI0 C T€M, 33 KOT'O OH ce0s BBIJIAET, €CJTU OH CMO-
2KeT TOINNCATH CBOEIT 3JIEKTPOHHON MOANNCHIO TMPE/IJIOKEHHOE HAMI TUCJIO,
HO JIJIS 9TOrO HY2KHO, YTOOBI 3apaHee 9TOro Yuc/ia HUKTO He 3HaJ). Ilosy-
qeHue JetcmeumenvbHo CAYYAUHbLL IUCEs, TAKUX, KOTOPBIE HEBO3MOXKHO
peIyragaTh cO CKOJIb ObI TO HU OBLIO MTPUEMJIEMOl BEPOITHOCTHIO, TIPeI-
cTaBjsgeT coDOM CEPhE3HYIO TEXHUIECKYIO ITPODJIEMY.

CoBpeMeHHble ONepaLoHHbIe CUCTEMbI CMOCOBHbI FeHEepMPOBaTh CAyHaliHble Huc-
N1a Ha OCHOBE CJyYaiiHbiX CODLITUMIA, TaKMX KaK BPEMEHHEIE MPOMEXYTKN MeXAay npu-
XOo4AWNMN NO CETU NAKETAMUN UIN HaAXXATUAMU KNABULWI Ha KJaBUaType, AJNTENb-
HOCTb AMCKOBbIX OBMeHOB (TOYHee, He BCS AINTENBHOCTb, KOTOPasi JOBOJIbHO XOPO-
IO NPeACcKa3biBAeTCsl, a €€ OTKIOHEHUS OT NPOrHO3NPYEMbIX BEANYUH) 1 T. 1. Takoii
cny4aiinoii nHdopMaLnmn. Ha3bIBaEMOA B NPUNOXKEHUAX CAOBOM «3HTPOMUSA», B CU-
CTeMy NOCTynaeT CPaBHWUTEAbHO HEMHOFO, MO3TOMY HACTOALYMX CAyHaliHbIX 4mcen
MOXXHO CreHepupoBaThb JOBOJILHO OFPaHUYEHHOE KONMYECTEO.

MonyunTb «HacTosiwmey cnyyaiinbie Yncna B OC Linux MOXHO, OTKpbIB Ha HTe-
Hue chaiin ncesgoycTpolicTea /dev/random; 3TO MOXHO CAeNaTh 0bbIYHON hyHKLMET
fopen, a caMo 4TeHue BbINOJHMTL C nomowbto fread, siMbo Bocnonb30BaTLCSA Ha-
NPAMYIO CUCTEMHBIMI BbI30BaMi open 1 read, KOTOpbIE Mbl NOAPOBHO PaccMOTpUM
nosxe. JTUM METOAOM CTOUT MOJIb30BaTbCA TOILKO B C/Iy4asix, KOrAa BaM AelicTBu-
TEIbHO HY>KHbl XOPOLIO pacrnpefenéHHble 1 HenpeAcKasyemble Yncna — Hanpumep,
Npy reHepauuy BCEBO3MOXHbIX MAPONEl U KPUNTOrpahuyecknx Kitodei.

Bo mmormx ciydasx, Kak TpaBUJIO, HE CBA3AHHBIX ¢ 0E30MMACHOCTBIO —
HAIIpUMED, B TE€X K€ KOMITBIOTEPHBIX UTPAX — HEMPEICKA3YeMOCTh CIyIaii-
HBIX YHCeJ He CJIUIKOM BaKHa, ITIOCKOJbKY HUKTO, CKOPEe BCEero, He CTAHET
MBITATHCS WX MIPEJICKA3BIBATL. B TaKOi CUTyAINHN CJTyJIaiiHble NC/1a OOBITHO
3aMEHSI0T 1Ce800CAYUATIHBLMU, TTOJIYIUTh KOTOPbIEe HAMHOIO IIPOIIIE.
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CranmapTHas 6ubsmoreka s3bika CH perycMaTpuBaeT JJjisi TeHepaIun
[ICEBIOCITY YAl HBIX YHCEeN JiBe (DYHKIINU, MPOTOTHIIBI KOTOPBIX OIMCAHBI B
3aroJioBOYHOM daitite stdlib.h:

int rand(void);
void srand(unsigned int seed);

Oyuknus rand, He TPUHUMAIONIAS TAPAMETPOB, BO3BPAIIAET CJIyYaitHOe
(Tounee, nceBzpociaydaiitnoe) yuciao or 0 jo 3Hadenus RAND_MAX BKJIIOYH-
TEJIbHO. DTO 3HAYECHNE B PA3HBIX PEATU3ANNAX OMOJIMOTEKH MOYKET OTJIH-
YaThCd; HAIIPUMED, Ha MAaIllMHE aBTOPa KHUTH OHO PABHO MAaKCHUMAJbHO
BO3MOXKHOMY 3HAYEHUIO JJIsI 32-OMTHOTO 3HAKOBOTO T1es10T0. Ecan rand uc-
[IOJIb30BATH OJHY, 0e3 srand, TO IMOJIyYAIOIIAsCs HOCIE0BATEHHOCTD BbI-
JaBaeMbIX YUCes OYIeT O/HA U Ta Ke IPHU KaXKJIOM 3aILyCKe ITPOrPAMMBI —
a MMEHHO, TaKasl Ke, KaK ec/id Obl Mbl B Hadaje IIPOrPaMMbl HAIUCAJIN
srand(1).

Yro0BI 110C/IEI0BATEIBHOCTD YUCEN MTOJIyYaIach KaXKIbIil pa3 apyras,
HYKHO 00UM pPa3 6 Hauane npozpamms, BRI3BATh QYHKINO srand, aB eil B
KaJyecTBe IapaMeTpa KaKoe-TO YUCJI0, KOTOpoe OyieT KayK bl pa3 HOBBIM.
Ota QYHKIUS UHUMMATIU3UPYET JATINK IICEBJOCTYIANHBIX 9UCes, 3aJ1aB
HAYAJILHOE YUCJIO [OCJIEI0BATEIHLHOCTU (CAaMO 9TO YUCJIO B HOCJIEI0BATE b
HOCTH [CEBIOC/IYYaiiHbIX YUCeJ, KOHEIHO, HE BOHIET).

EcrecTBeHHBIM 00pa3oM BO3HUKAET BOIIPOC, OTKY/A B3ATb HUHCJIO JIJIs
srand. Iloxkasyit, caMmbIii MPOCTOIf BApUAHT — 3TO <«CKOPMHUTH» (DYyHK-
nuu Tekyinee BpeMsi. Hampumep, ecm MOIKJIIOYATEH 3aroJIOBOYHBIN (haiin
time.h, BaM cTaHeT JOCTYIHA (DYHKIMs time, BBIIAIOMIAS MEKYWEE SPEMSA,
Kak wucao cexynd, npowedwee ¢ 1 ansaps 1970 200a. PyHKIUs IPUHUMA-
eT HeKuil mapameTrp, B KadecTBe KOTOPOI'0 IIPAKTUYECKU BcerJa IiepegaioT
NULL. C y4u€ToM 3TOro BbI MOXKETe WHUINAJIU3UPOBATH T€HEPATOD CJIydaii-
HBIX YHUCeJI IPUMEPHO TaK:

srand (time (NULL));

Hamomumm, 910 5TO0 HAMO C/leaTh 00ut pa3 B HaYaJe BBIIIOJHEHUs MIPO-
rpammbl! Haunnaromue unorga gesnator omubKy, Bbi3biBas srand (Hampu-
Mep, Tak, KaK [OKa3aHO BBIIE) Mepef, KaXKIbIM oOparnenueM K rand; B
Takoil curyanuu rand, HampuMmep, OyjeT BO3BPAIATh OJMHAKOBBIE YUCJIA,
ecian K Hell 00PATUThCH HECKOJHKO pa3 Ha MPOTSKEHUH OJIHOIM CEKYHJIBI;
9TO HABEPHsIKA HE TO, Yer0 BbI XOTHTE.

B GosbIHCTBE CIy4YaeB HYy»KHO HE IPOCTO CJIyUaiiHOE YHCJIO, & YUCTIO0
U3 3aJ[aHHOrO Juara3oHa. lIpore Bcero 3Toro J0OUTHCH € IIOMOIIBIO B3s-
THS OCTATKa OT JIeJIEHUs]; HAITPUMED, caydaiinoe 9ucso r oT 1 g0 12 MoxKHO
MOJIy9InTh, BbhraucnB Beipakerune rand()%12+1. Ho Tak mesath He peko-
MEH/TyeTCs, IIOCKOJIBKY pacCIIpe/ieJIeHne MIIAIINX Pa3PsI0B IICEBIOCTydaii-
HBIX YUCEJI MOXKET ObITh HEPABHOMEDPHBIM, & UMEHHO MJIAJINNE OUTHI IIPH
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TaKOM IpuMeHeHnr rand OKa3bIBaIOT BJIMsIHUAE Ha, MoJydaemble yncia. O-
HA 73 BEPCHUIl CTPAHUIBI CIPAaBOYHMKA man 1o (yHKIun rand, CChLIIAICH
HA KHUT'Y [2], peKOMeH 1yeT IPUMEHSTH B OJ00HBIX CUTYALUAX CJIe/LyIOIee
BBIpaKeHHeE:!

1 + (int) (12.0*rand()/(RAND_MAX+1.0))

DTO MO3BOJISIET UCIOJIB30BATH B PABHOU CTEIIEHU BCE COCTABJISIIOIINE TICEB-
JOCIy4YalfHOro 4uciia, a B IeJIOM IICeBJOoCIydaiiHble Yynucjia UMeIoT pacipe-
JeJIeHne, JOCTATOYHO OJIM3KOEe K PABHOMEDHOMY.

4.10.4. (*) CpeacrBa co3anus BapuagndecKux
dbyukImii

ITox sapuaduueckumu GyrruusMmu TOHIMAIOTCH PYHKIUU, CIIOCO0-
Hble [IPUHUMATH IIEPEMEHHOEe YUCJIO apryMeHTOB. MBI y2Ke BCTPEYaJInCh C
HUMUJ: IMEHHO TaKOBbI printf, scanf u BCce UX «POJACTBEHHUKN», U BCE OHU
camu Hamucaubl Ha Cu. JIT0OONIBITHO OTMETHTH, 9TO CPEICTBA CO3TAHUS
Bapua deckux (DYHKIWI, KAK U MHOTOE JPYroe, BHITECHEHBI U3 si3bIKA, B
6ubsmorexy. UToObI UX 3a/1eICTBOBATD, HYKHO ITOJIKJIFOYUTD 3aI0JIOBOYHBII
daiin stdarg.h, B koropoMm onucan tui va_list (HAC He JIOJIZKHO BOJIHO-
BaTh, YTG OH CODOI TPECTABJISAET; B PA3HBIX CUCTEMAaX PEAIM3AIUU ITOTO
TUIA MOI'YT OBITH COBEPIICHHO Pa3/MYHbl) U TPU MaKpoca — va_start,
va_end u va_arg.

Cama Bapuajmaeckas (DYHKIUs JTOJKHA MUMETh XOTs Obl OIMH Hapa-
MeTp, CHaOXKEHHBII IMEHEeM; UM TTOCJIETHETO 3 MMEHOBAHHBIX ITAPAMETPOB
HCITOJIB3YeTCsl MAKPOCOM va_start Jjis WHUIUAIN3aIuU [IepeMeHHON Tu-
ma va_list. Ilociemayromue napaMeTpbl U3BJIEKAIOTCA U3 CTEKA MaKPOCOM
va_arg, KOTOPOMY HY2KHO YKa3aTb, TapaMeTp KaKOro Tuia Tpedyercs u3-
BJIeUb; B KOHIIE paboThl (06g3aTe/IbHO B TOM 2Ke caMoil hyHKiuu!) MbI 102K~
HBI IIOMECTUTh MAaKPOBBI30B va_end, KOTOPBIA IIPUBEJET JeJia B MOPSJIOK.

[IpunomuuB cBon 3uaHus apxutekTypsbl 1386 n kouseniuu CDECL, Mot
MOZKEM IIPAKUHYTH, 9YTO IPOCTEHIIad peaan3anud BCei 3TOM MeXaHUKU CO-
CTOUT BO B3SITUH aJIpeCa MMEHOBAHHOT'O ITapPaMeTPa, 9TO MO3BOJIUT C TIOMO-
b0 apuMETUKY yKa3aTe eil JBUraThCs BJIOJIb CTEKOBOTO (bpeiima, n3BJie-
Kasl MOCJIeIYIONINe IapaMeTPhl; OJIHAKO He BO BCEX CIIYYAdAX ITO JeIaeTCs
WMEHHO TaK, HA HEKOTODPBIX apXUTEKTyPax W IMPHU HUCIOJb30BAHUN HEKO-
TOPBIX KOMITUJISITOPOB IAPAMETPhI TOJHOCTHIO WJIM YaCTUYHO IIePEeIat0TCsI
yepes PErucTphl, Ja U IPU UCIIOJIb30BAHUN CTEKA CYIIECTBYIOT JIPyrue BO3-
MOXKHBIE PEIeHUs] — HAIPUMED, CO3/IaTh «MAaCCHUB U3 OJIHOTO JIEMEHTAY U
0o0paImaTbCst K 9JIEMEHTAM 9TOI0 MACCHBA, U TOMY IIOJ00HOE.

HNmeromuecss cpe/icTBa He MO3BOJIAIOT IOHSITh, CKOJIBKO Mapa-
MeTpPOB ObLIO baKTUUYECKU NepegaHo B (DYHKIIHIO; 9TO IPEJIMET CO-
TJIANTEHUS MEXK/Ty BBI3BIBAIONINM U BbI3bIBaeMbiM. Hampumep, B dyHKIIIO
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printf J0JIKHO OBITH, TOMUMO (DOPMATHOI CTPOKH, ITEPEJAHO POBHO CTOJIb-
KO IIapaMeTPOB, CKOJIbKO (DOPMATHBIX JIUPEKTHB HMeeTcs B (POpPMaTHON
CTPOKe.

ITpuseném npocroit mpumep. Ciremyromniasi GYyHKIMS TPUHAMAET ITPOU3-
BOJIbHOE (HO He MeHee OJIHOIO) KOJIMYECTBO [IapaMeTpPOB TUIA int, He paB-
HBIX HYJIIO, ¥ BO3BpAIaeT UX CYMMY; IIOCJeJHUNA mapaMeTp B CIHUCKE I1apa-
METPOB JIOJI?KE€H OBITh, HAIIPOTUB, PABEH HYJII0 — 9TO IO3BOJIAET (DYHKITII
HOHATDH, YTO CIIMCOK I1apaMEeTPOB KOHYMUJICH:

int sum(int c, ...)
{

va_list vl;

int s = ¢, k;

va_start(vl, c);

while((k = va_arg(vl, int)) != 0)
s += k;

va_end(vl);

return s;

}

Kak Bugnm, Bce Tpu Makpoca B KA4eCTBE IIEPBOrO apaMeTpPa MPUHUMAIOT
[IepeMeHHYI0 THIIa va_list, IpudéM, MOCKOJIbKY 3TO MAKPOChI, HET HEOOXO-
JUMOCTH C 3TO IIEPEMEHHO e/1aTh YTO-TO JIOIOJHUATEIbHOE, OpaTh €€ a/I-
pec u T. 1. [Iy1s Makpoca va_arg BTOPBIM TapaMETPOM BBICTYIIAET THII Oe-
PeIHOro GE3BIMSIHHOTO TTapaMeTpa Harreil MYHKIUH, 1 9TOT MaKpPOC Pa3Bo-
paduBaercs B BbIpaykeHne, NMeIOIee NMEeHHO TaKoii Tuil. Y Makpoca va_end
BCET'0 OJIMH ITapaMeTp — BCE Ta Ke IepeMeHHas THuma va_list.

[Tpuseném 6ostee cioxubrit mpumep. Cremyomas GyHKIUs TPUHAMAET
Ha BXO/I IIOIIEPEMEHHO YKA3aTeJb Ha CTPOKY M IEJI0€ YUCJIO, U TaK CKOJIBKO
YIOJIHO pa3, MOKa OYepeTHON yKa3aTesb He OKAXKeTCsl HYJIEBBIM; KaXKJast
CTPOKa II€e9aTaeTCs CTOJIBKO Pa3, CKOJIHKO YKA3aHO B CJIELYIONIEM 3a Heil
napamerpe (ducie):

void print_times(const char *str, ...) /* variadic.c */
{

va_list vl;

const char *p;

va_start(vl, str);
for(p = str; p; p = va_arg(vl, const char *)) {
int n, i;
n = va_arg(vl, int);
for(i = 0; i < n; i++)
printf("%s ", p);
printf("\n");
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}

va_end(vl);

}
[Tpumep BBI30Ba 5TOi (DYHKIMK IPUBEIEM TAKOIL:
print_times("once", 1, "twice", 2, "seven times", 7, NULL);

B zakmrouenne pacckaza 0 BapUaIUIECKUX (PYHKIUIX 0OpPATUM BHUMAHNE
quraTesisi Ha QyHKIUN

int vprintf(const char *fmt, va_list ap);

int vfprintf(FILE *stream, const char *fmt, va_list ap);

int vsprintf(char *str, const char *fmt, va_list ap);

int vsnprintf(char *str, int size, const char *fmt, va_list ap);
int vscanf(const char *fmt, va_list ap);

int vsscanf(const char *str, const char *fmt, va_list ap);

int vfscanf (FILE *stream, const char *fmt, va_list ap);

Bce atu dynkiun paboTaroT TOYHO Tak Ke, KAK U UX aHAJIOIH 6e3 OYKBBI v
B uMmenu (1o ectb printf, fprintf u . 1.), 32 UCKIIIOYEHUEM TOI'O, YTO BME-
CTO CHUCKA apTyMEHTOB IIEPEMEHHO JIUHBI BCe 3T (DYHKIUU TPUHAMAIOT
napamMerp Tuna va_list; 9To 03BOJISIET CO3/aBaTh (QYyHKIMNA, aHAJIOTUU-
Hble (DYHKIMAM ceMelicTs printf/scanf, To ecTh IpUHUMAOIIHME Ha BXOJ
dopMaTHYIO CTPOKY U ITapaMeTPbl, HO IPU ITOM IIPOU3BOAAIINE KAKAE-TO
JIOIIOJTHUTEIbHBIE JEHCTBHSA, 8 3aTeM BBI3BIBAIOIINE COOTBETCTBYOIIME Onb-
JimoTevnble (DYHKIINN U3 TPUBEJIGHHOTO CIIUCKA JJIsT BBITOJTHEHUSI OCHOBHOM
paboTHI.

4.11. (*) Iosmmoskpanubie nmporpamMmsbl Ha Cu

IIpu usyuennn si3bika [lackaab Mbl paccMaTpuBain OUOINOTEIHBIN MO-
Iy7ab Crt, MO3BOJIAIOMNAN CO3/1aBaTh IIOJHOIKPAHHbIE TEPMUHAIbHBIE IPO-
rPaMMBbI, TO €CTh TAKHE IIPOrPAMMBI, KOTOPbIE PA0OTAIOT B OKHE TEPMUIHAJIA,
HCITOJIB3Ysl BCE €r0 BO3MOXKHOCTU — BBIBOJISI TEKCT B IIPOU3BOJILHBIE MECTA,
u3MeHss 1BeT GoHa U OyKB, 3aCTaBjIsist OYKBBI MUTATh, PEArUpPysl HA Ha-
JKaTUs KJIABUII, He JOXKUAACH, [TOKa [T0JIb30BaTe/ b HaXxkMET Enter, u T. 1.
(em. 1. 1, 71. 2.8). EcrecTBeHHO, aHAJOIUYIHbIE IPOrPAMMBI MOXKHO IIUCATH U
uwa Cu; GoJibIlle TOTO, HAIM BO3MOYKHOCTH IIPU ITOM HE OrPaHUYUBAIOTCS
nurepdeiicoMm, co3manubiM Bo BpeMmena MS-DOS jjist paboThl B TEKCTOBOM
peKrMe IePCOHAIBHBIX KOMITBIOTEPOB TOU STIOXMU.

Iloxkauryit, camMbIil IPOCTON M B TO K€ BpeMs HAJIEXKHBIN MTOAXOM K CO-
3JIAHUIO ITOJITHOOKPAHHBIX I[IPOTPpaMM JIjIs T€PMUHAJA 3aKJII0YaeTCs B HUC-
TOJTH30BAaHNY OUOJIMOTEKN ncurses, KOTopas 0epeT Ha cebs 3a00Ty 06 0co-
OEHHOCTSIX HU3KOYPOBHEBOI <«KYXHH», CBA3AHHON C MHOrooOpasmeM Tep-
MUHAJIOB U UX MYJATOPOB. IIporpamMma, HammcaHHAs C MCIIOJIb30BAHUEM
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ncurses, Oy/1eT KOPPEKTHO paboTaTh IPAKTHIECKH Ha JTI0OOM TEPMUHAJIE —
KaK B OKHe Ballero xterm'a, tak u, Haipumep, Ha tepmunajse DEC VT52
1974 roma mpon3BOJICTBA, €CJIN BBl TAKOH, KOHEYHO, HAUJIETEe — HECMOTPS
Ha TO, 9TO Jiuisi V'T'52 TpebyroTcsi COBEPIIEHHO MHBIE yIPABJISIONIAE TOC/IE-
JI0BaTEIbHOCTUA. B COBpEMEHHBIX YCJIOBHUSX, KOrJa aJipaBUTHO-IU(pPOBHIE
TEPMHUHAJIBI OOJIbIIIE HE BBIITYCKAIOTCS, MOYKET CJIOKUTHCA OOMaHINBOE BIIE-
JaTJIeHHe, 4TO M0J00HAs YHUBEPCAJIBbHOCTh (OCHOBAHHAS HA CIEIUAIHHON
6aze JAHHBIX, ONUCHIBAIONIEH OCOOEHHOCTH PA3HBIX TEPMUHAJIOB) GoJiee He
aKTyaJjibHa, HO 9TO He TaK. KpoMe BUPTYaJIbHOIO TEPMUHAJIA, IMYJIUPYEMO-
ro B OKOINKe xterm’a, Balra IPOrpaMMa MOXKET CTOJIKHYTBCHA C TEKCTOBOIA
KOHCOJIBIO Linux, ¢ Toif ke TekcToBOI KOHCOIbI0 it FreeBSD, ¢ 3amymen-
upiM Ha Windows kjmeHTOM yjaséHHOro mocryna (Hampumep, putty), ¢
SMYJIATOPOM TEPMUHAJIA JJIsl TIOCTIE0BATEIBHOTO TIOPTa (CaMBbIil TOMyJIsIp-
Hblil u3 Hux — Minicom, HO ecTb U Jpyrue), ¢ Pa3iIunIHbLIMUA [IPOrPAMMAMU
u3 Menee nonysapHbix Bepeuii Unix (takux kak AIX wimm Solaris). Bee atu
SMYJIATOPBI TEPMUHAJIOB XOTsl U TIOXOXKH JIPYT HA JIpyTa, HO BCE-TaKU pa3-
JIMYAI0TCS.

4.11.1. IIpocToit mpumep

Mpl HAYHEM C TOrO K€ MPUMEPa, C KOTOPOro HAYaJId IPU U3yIEeHUH
MMaCKaJIEBCKOTO MOJIyJis crt — BhiBeJieM dpa3y «Hello, world!s B IeHTpP
IyCTOrO TEPMUHAJIBHOIO OKHA, [TOJIOXKIEM IISITh CeKYH/I 1 3aBepiiuMcs. [Ipu
9TOM MBI Cpa3y »Ke 3aMeTHM, YTO Hallll BO3MOYKHOCTHU OKAa3aJIUCh IIIHpE,
YeM IIPU HCIOJb30BAaHUU Ccrt: mporpamMma IOCJe 3aBepIIeHHUs ITOJHOCTBHIO
BOCCTAHOBUT COCTOsIHVE TEPMUHAJA, BEDHYB HA MECTO BeCh TEKCT, KOTOPHIH
TaM OBLT TIepes e€ 3aIyCKOM.

Hano CKa3aTb, 4YTO TaKO€ BOCCTAHOBJNIEHNE BO3MO>XXHO HE Ha nrobom TEPMU-
Hane. TaK, €CQn Mbl 3aCTaBMM Halwy nporpaMmy noBepuTb, Y4TO OHa pa60TaeT
Ha knaccmdeckom DEC vt100, TekCT Ha 3KpaHe OHa y>Xe He BOCCTaHOBUT; YTODbI
NpoBEpUTbL 3TO, AOCTAaTOYHO Nepes, 3aMyCKOM Hallel nporpaMmbl JaTb KOMaHAy
«export TERM=vt100»; pasnuyus B NOBefeHMM Nporpammbl ByayT BUAHBI HEBO-
OpY>EHHbIM rnasoM. [nsi nporpaMm, MCNOJb3YHOLMUX YNpaBieHNE LBETOM TeKCTa,
pasHuua byget ewé 3amerree: vtl00 Obi1 4€pHo-OenbiM, Tak 4YTO packpawnBaThb
TEKCT ncurses TOXE OTKAXETCA. I'Ipvn 3TOM BC€ BO3MOXHOCTWU, KOTOPbIE TEPMUNHaN
vt100 nogaepxmnsan, pabotaloT u B xterm'e, NO3TOMY MPOrpaMmbl B LENOM Npo-
LOJKAKOT KOPPEKTHO (PYHKLNOHNPOBaTb, HECMOTPSI Ha TO, YTO TUM TEPMUHANA UM
COOBLLEH 3aBEAOMO HEMpaBuIibHbIl.

s mammeit mpocTeiiteit TporpaMMBbl TOTPeOyeTCsI, BO-TIEPBBIX, YMEHNE
UHUYUAAUSUPOBAMb ODUOINOTEKY ncurses, TO eCTh COO0IAaTh e, ITo mopa
[PUHSATH Ha cebsl yIIpaBjieHre TEPMUHAJIOM. DTO JIeJIaeTCs BBI30BOM (DyHK-
nuu initscr 6e3 mapamerpos. Jlasbiie HaM TOTPeOyeTCsT Y3HATD, CKOJIBKO
CTPOK MMeeT Hallle OKHO TepMHUHAaJIa U CKOJILKO 3HAaKOMECT COJEPKUTCA B
KaxJ0#1 cTpoke. [[J1s1 9TOro MbI ONUIIEM JIBE TEJIOYUCIEHHBIE TIepEMEHHbBIE
row U col M HaIMIIeM TaKyI0 CTPOKY:
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getmaxyx (stdscr, row, col);

[Mosicaum, uro cyioBo stdscr (standard screen) o3HaYaeT 0kHO HA BECH TEP-
MUHAJI; JIeJI0O B TOM, YTO OMOJIMOTEKA ncurses IO03BOJISET OO0BSBISTH OT-
JIeJIbHBbIE «OKHAa» B PA3HBIX MeCTaX TEPMUHAJIA U BBIBOJ, B KaXKI0€ TAKOEe OK-
HO BBINOJIHATH HE3ABUCUMO OT JAPYTHUX OKOH, OYHINATHL OKHO, IPOU3BOIUTD
B HEM CKPOJLJIMHD TEKCTa; 9TO ObIBAET y/IOOHO MPU IOCTPOEHWM CJIOYKHBIX
[0JIb30BATE/IbCKUX HTEPdeiicoB. B Haleil mpocroii nporpamme padbora ¢
OKHAMH He HyXKHAa, TaK YTO Mbl OrPDAHHYNMCHA OKHOM stdscr. Emgé oxna
0CODEHHOCTDH NCurses COCTOUT B TOM, UTO IIpU PabOTe C IKPAHHBIMU II0O-
3UNUAMHA CHAYAJA BCErJIa YKA3bIBAETC KOOPJIMHATA 110 BepTUKAIU (HOMED
CTPOKHM), & KOODJIMHATA [0 TOPU30HTAIM (HOMEp CTOJIONA) UJIET BTOPOIi;
OYKBBI yX B Ha3BAHUAX MAKPOCOB U (DYHKIIHI IOMOTYT 00 9TOM He 3a0bITh.

Buumare pHBIN YuTATE P MOXKET YAWBUTLCS, TMOYEMY IE€Pe] MMEeHAMN
[I€PEMEHHBIX MBI HE ITOCTABUJIM OIEPAIUIO B3ATHS aJIpeca, BeJb getmaxyx,
OYEBH/IHO, JIOJDKHA 3GNUCAMb 3HAYEHHUs] B 9TU mepeMeHHble. Jleso B ToM,
9T0 getmaxyx — 9TO HA CaMOM Jejie He (PYHKIN, a MaKpoc, KOTOPBIA pa3-
BOpadnBaeTCsd BO (PArMEHT TEKCTA, COJEPKAIINIT OOBIYHBIE TIPUCBANBAHUS .
Bosmoxkno, cozgarenn ncurses (TodHee, cO37aTe U €6 IPEIIIeCTBEHHULIIBL
curses, ¢ KOTOPOii MOJJIEPIKUBAETCS COBMECTUMOCTD) U30pasn 3/1ech Ja-
JIEKO He JIydIllee PeIlleHne: CTPOKA JIEHCTBUTEIBHO BBIVISIUT CTPAHHO
TpebyeT TpOCTPAHHOTO TOsSCHeHWsl. BrpodeM, y Takoro pemreHusi e€CTb U
HECOMHEHHO€E JIOCTOMHCTBO: IIepEMEHHbIE YOW M COl MOIYT UMEeTh ITPOU3-
BOJIBHBIN 11€JI0YMCJIEHHBIN TUII, JIAIIb Obl €ro Pa3psHOCTU XBATUJIO JIJIS
XPAHEHUsI COOTBETCTBYIOMIIX IUCE.

Jlist mepeMertieHnsi Kypcopa B HYKHYIO HO3UIIAI0 MbI BOCIIOJIb3YEMCS
dyHKIIMEH move, KOTOPas MOJIyYaeT JIBa llapaMerpa: HOMep CTPOKU U HO-
Mep crosibra. B omimdme oT macKaJieBCKOrO gotoxy, 3/1eCh, KaK U BE3JIe
B ncurses, IepBOil YKA3bIBAETCS KOODIUHATA 10 BEPTHUKAJM; KPOME TOTO,
CTOUT 3aIIOMHUTB, YTO KOOPJIUHATHI OTCIYNTHIBAIOTCS C HYJIsS, & He C eJUHU-
I[bI, TO €CTh KOOPJIMHATHI BEPXHETO JIEBOTO YIJIa SKPaHa 3aJaI0TCA apoit
(0,0). KoopauHaatrsl Jyisi BbIIAYHA COOOIIEHNUsT Mbl BBIYUCIUM TOYHO TaK XKe,
KaK KOIJIA-TO JeJaJd 9TO JJIs AHAJOTUIHON MACKAJEBCKONW ITPOIDAMMEBI:
BEPTUKAJIbHBINA pa3Mep 3KpaHa IPOCTO IMOJEJIMM IIOIOJIAM, & U3 FOPU30H-
TAJILHOT'O BBIYTEM JIJIMHY HAIIErO COOOINEHUs U IIOIOJIAM IIOJIEJIUM y2Ke TO,
9TO OCTAHETCH.

B orimmane or [Tackans, mist BBIBOIA HA 9KPAH B TMOJHOIKPAHHBIX MIPO-
rpamMMax MpUJIETCsT BOCIOJIB30BAThCsI CIEIUAJIBHO [TPEIHA3HAYEHHBIME JIJIsT
3TOr0 PYHKIUIMHU, TPETOCTABICHHBIMYI ONOINOTEKOM ncurses; CTaH apT-
ubele dyHKIun Bpoze printf miam putchar 3mecs ne momoiayt. Kpowme Toro,
BBIBOJI HA SKPAH B IIpOrpaMMaX Ha OCHOBE NCUrSeS MMeeT OJHY OCODEeH-
HOCTb, KOTOpasl MOHAYAJY KayKeTCs CTPaHHOU M HEYJOOHOU, HO K KOTOPOii
MO2KHO JIOBOJIbHO OBICTPO IPUBBIKHYTH: OII€PAIIMH BbIBOJA HE OKa3bI-
BAlOT HUKAKOTO BJIMSIHUS HA pPeajIbHOE COJIep>KMMOEe SKpaHa g0
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TeX Mmop, MOKa MbI He IMoTpedyeM IPUBECTU YKPAH B aKTyaJIbHOE
COCTOsIHHE.

IIpocreiimas dyHKIMs, KOTOPasi TPOCTO BBIBOJUT HA IKPAH 33JAHHYIO
CTPOKY B TeKylledl NO3UIUU Kypcopa, Ha3blBaeTcd addstr u npuHmMmaer
OJIVH IMTapaMeTp — COOCTBEHHO BBIBOJIUMYIO CTPOKY; 3Ty (DYHKIIUIO MBI U
ncnosb3yeM. OTMeTHM, 9TO aHAJOTUYHAsT QPYHKIWs JJIsT BBIBOIA OJHOTO
cuMBOJIa HasbiBaeTcs addch, u €€ MbI TOXKe OyZIeM HCIO0JIB30BATh B HOCIIE-
Jytormux npumepax. 1Ipomenas omepanuio BBIBOJIA, MBI CIIPSYEM KypCOD,
9TOOBI OH HE OTBJIEKAJ BHUMAHUE OT BBIJIAHHOTO COODINEHUS; B IpOrpaMMe
na ITackasie Mbl J1e1a0111 9T0, IIEpeMelnast Kypcop B BEPXHMUIL JIEBBIH yTroJl, HO
ncurses MO3BOJISET CIEJIATh IpaBUIbHEE: BbI3BaB curs_set (0), Mbl BOOO-
e yoepém Kypcop ¢ 9KpaHa. To KacaeTcs IIPUBEJIEHNUST 9KPAHA B COOTBET-
CTBUE C HAIIMM BBIBOJIOM, TO 9TO JIEJIAETCS C TTOMOIIBI0 PpyHKINN refresh,
KOTOpasl BBI3BIBAETCs 0e3 IapaMeTpOB.

3aKOHYUB C BBIBOJIOM, MBI IIOJIOXKIEM IIsiTh ceKyHI. Hamo ckasarb, 9To
byHKIMSI, MO3BOJISIONIAS CIEJIATh TAKYIO ISTUCEKYHIHYIO 3aJep:KKy, He
uMeeT HUKAKOTO OTHOIIEeHNUsI K ncurses (B ormame ot [lackais, re mpore-
nypa delay IpesocTaBIseTCss MOLYJIeM Crt); Mbl BOCIIOJIb3YEeMCsl CTaAHIAPT-
HOI byHKIMeElt sleep, onrcaHHON B 3arosioBoYHOM (daitie unistd.h. [Tocae
9TOT0 OCTAHETCs TOJBKO 3aBEPIINTH PabOTy € ncurses, BbI3BAB (DYHKIINIO
endwin (Toxke 6Ge3 mapaMeTpoB) W HA ITOM 3aKOHUATH HAIILY IIPOTPAMMY.
[TosTHOCTHIO TEKCT MPOrPAMMBI ITOJIYIaeTCA TAKOM:

/* curses_hello.c */
#include <curses.h>
#include <unistd.h>

const char message[] = "Hello, world!";
enum { delay_duration = 5 };

int main()

{
int row, col;
initscr();
getmaxyx (stdscr, row, col);
move (row/2, (col-(sizeof(message)-1))/2);
addstr (message) ;
curs_set(0);
refresh();
sleep(delay_duration) ;
endwin() ;
return O;

}

YV 3T0#t mporpaMMBbl €CTh OJIHO BayKHOE OTJINYME OT €€ MACKAJIEBCKO mpe-
MIECTBEHHUIIBL: €CJIU MBI HEe XOTHUM KJIaTh AT CEKYHJ, Mbl MOXKEM BBIIOJI-
HEHUeE 3TOH IIPOrPaMMbl IPEKPATUTH TaK »Ke, KaK IIPEKPAIaJ/Ii BbIIIOJTHEHIE
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apyrux mnporpamm — HaxkarueM Ctrl-C. B npunnume ncurses ymeer jeii-
CTBOBATH TAaK K€, KAK MOJYJb Crt — IepernporpaMMUpOBATh TEPMUHAI,
9T00bI OH 0OpabATHIBA BCEBO3MOKHBIE KOMOWHAITMHN KJIABUIIT KAaK OOBIY-
HBIE€ CHUMBOJIBI, HO 00 9TOM MBI JOJIZKHBI OUOJIMOTEKY MOMPOCUTH camu. Kak
9TO JIEJAETCs, MBI PACCKAXKEM B CJIe/IyIoIeM maparpade.

4.11.2. O6paboTKa KJaBUATYPHBIX U JAPYTUX COOBITUIA

B 06branbBIX yCmoBusSX TepMUHAI PAOOTAET B TAK HA3BIBAEMOM KAHOHU-
YeCcKoM pedHcume 8800a, IpU KOTOPOM aKTUBHAS IIPOrPAMMa MOIydaeT
BBEJIEHHBIE I0JIb30BATEIEM CUMBOJIBI TOJBKO Tocie HaxkaTust Enter (cpasy
BCIO CTPOKY); HEKOTODbIe COOBITUSI, OCTYHAIONME OT KJIABUATYDBI, Jpaii-
Bep TepMuHajIa 0bpabaTbiBaeT caMm — Hamnpumep, Haxkarue Backspace mpu-
BOJAUT K YIAJIEHUIO IIOCJIEIHENO0 BBEIEHHOTO CHUMBOJIA, TO €CTh AKTUBHASI
[IporpaMMa B UTOT'€ He IIOJIy4aeT HHU 3TOT YJAJEHHBII CUMBOJI, HUA CIEIl-
CHMBOJI, CreHEepUPOBAaHHBIN KiaBuiieir Backspace; xomowmamum Ctrl-C,
Ctrl-D, Ctrl-Z m HEKOTOpBIE JAPyTrue UMEIOT CHEeIUAJIbHBIN CMBICA. BBO-
JIIMbIe CUMBOJIBI JIpaiiBep TepMUHAJIA OTOOparKaeT Ha SKPaHE.

Kak mpaBuiio, B ITOJTHOSKPAHHBIX WHTEPAKTUBHBIX IPOrPAMMAaX TaKON
pexxuM BBOA Heyo0eH. Mbl Buiesn, 910 macKajaeBCKUil MOMLYJIb Crt mepe-
HaCTpamBaeT JpaiiBep TePMUHAJA: AKTUBHAs IPOrpaMMa HAYMHAET IIOJTY-
4aTh UH(MOPMAIMIO 0 HAXKATHIX KJABHUIIAX CPA3y IIOCJIe UX HaXKaTUsl U MO-
2KeT 0OpabaThiBaTh HE TOJBKO aihaBUTHO-IIN(POBLIE KIABUIIHN, HO U BCE-
BO3MOXKHBIE CTPEJIOYKHU, (DYHKIIMOHAJIbHbIE KJIABUIIN U T. ., KOMOUHAIIII
KJIABUII PA30M YTPAYUBAIOT OCOOBIN CMBIC (TaK 9TO MBI HE MOXKEM IIPe-
pPBaTh 3AIUKJIUBIILYIOCS IPOTPAMMY € IMOMOIIBI0 Ctrl-C), BBOIMMBIE CHM-
BOJIBI Ha dKpaHe He 0TOOParKaloTCs, eCIM TOJIBKO IPOrpaMMa caMa HX He
BBIBEJIET.

Bubyimoreka ncurses TOXKe IPeIOCTABJISIET AHAJOTMYHBIE BO3MOXKHO-
CTHU, HO IIOCKOJIbKY, B OTJINYME OT MOJLYJIS Cr't, OHA M3HAYAJIBHO ObLIa OPUEH-
TupoBana Ha yupasienue repmuaagamMu B OC Unix, €€ moJxol K yCTaHOB-
K€ PeXMMa TEpMUHAJIA CYIIEeCTBEHHO D0jiee THOOK: OT/IE/IbHbIE 0COOEHHOCTH
pexkumMa paboThl TEPMUHAJIA MOTYT BKJIFOUATHCS U BBIKJIIOUATHCS HE3aBUCH-
MO JIPYT OT APYTa, TAK YTO MBI MOXKEM, HAIIPUMED, BBIK/IIOYUTH «KAHOHUIE-
CKHUil» PEXKUM U HAYATH 00pabATHIBATH HAYKATHSA Ha KJIABUIINNA HEME/JIEHHO,
HE JIOYKUJIAsiCh KOHIIA CTPOKU, HO IIPH 9TOM COXPAHWUTH B JEHCTBUM KOMOU-
naruu Ctrl-C, Ctrl-D u npoume (XOTs IPU XKEJAHUH MOYKEM BBIKJIOUUTH
W UX; TOrjia, Hanpumep, Haxkatne Ctrl-C mpuBeJET K IOJYYEeHUIO Hallleid
[IPOrpaMMoOii 1ceBAOCUMBOIA ¢ KOIOM 3). OTIeJIbHO MbI MOXKEM YKa3aTh,
HY?KHO JII 0TOOpaXKaTh HA SKPAHE BBOJMMbBIE CUMBOJIBI; OOBITHO, BIIPOYEM,
HAM 9TO He HY»KHO — BECb BBIBOJI JIyUIIIE IPOU3BOINTE CAMUM.

s nagana caeayeT pernThb, XOTUM JIT MbI, 9TOOBI KOMOWMHAINH KJIa-
But Bpojie Ctrl-C u Ctrl-D npomoskaiau paboraTh Kak oobrano. Ecin 1a,
TO CJIeJyeT BbI3BaTh (DYHKIMIO cbreak, B IPOTUBHOM CJiydae — (DYHKIUIO
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raw; o0e BBI3BIBAIOTCs 0e3 mapamerpos. [Ipu xKejlaHny MbI MOXKEM BEPHYTH
TEPMUHAJ B UCXOIHBIH («KAHOHWYIECKUiT» ) PEsKIM, BHI3BAB COOTBETCTBEHHO
dyukmuo nocbreak wmiam noraw. /lajee ciemyer BBIKIIOYUTH ABTOMATHU-
9ecKoe OTOOparkeHrne BBOJIUMBIX CHMBOJIOB HA 9KPaHe, BbI3BAB (DYHKIMIO
noecho (ormeHuTh €€ 3bdekT MOKHO ¢ noMorb GyHKIMU echo). Ha-
KOHeIl, B OOJILIMMHCTBE CJIYIa€B CJeayeT MOPYIUTh OUOJIMOTEKe ncurses
00paboTKy escape-1mocye0BaTeIbHOCTEN, TeHEPUPYEMbBIX «CIeIn(pUIecKn-
MP» KJIABUIIIAMH BPOJI€ CTPEJIOK; ITO JiejiaeTcs: Tak: keypad(stdscr, 1)
(ecsm ykazaTh 0 BMecTO 1, pexkum 06paboTKHU 110CsIe10BaTeIbHOCTEH By neT
BBIKJIIOYEH).

ITocne Takoii HACTPOMKYM TepMUHAJA MBI MOYXKEM Y3HABATH O HAYKATH-
sIX KJIABWIN Ha KJABUATYPE, & TAKXKE O HEKOTOPBIX JAPYTHUX TPOUCXOMATIIIX
cOOBITHSIX, BBI3bIBas (DYHKIWMIO getch, KoTOpas, He IPUHUMAs ApPAMET-
poB, Bo3Bpamaer 3uadenne tuna int. [Ipu maxkatum HA OOBIYHBIE «CHM-
BOJIbHBIE» KJIABUIIH getch Bo3BpaImaeT Ko BBEIEHHOTO cuMBosIa. Ecim ke
[I0JIb30BaTE/Ib HAXKUMACT «CIHelUa/bHbIe» KJaBuliu, getch (mpu yeaosuu,
9YTO Mbl He 3a0bLIN BKIIIOYUTH PeXKUM keypad, CM. BBIIIIE) BO3BPAIAeT 3HA-
qeHUsl, HAXO/ISAIINECS 33 [PeleJIaMy IUANAa30Ha KOJOB CHMBOJIOB; OnbJImo-
TeKa Nncurses IPeJOCTABJISET TPOrPAMMUCTY CAMBOJIMYECKUE WMEHA IIJIst
9TUX 3HadeHUil, Takne Kak KEY_UP, KEY_DOWN, KEY_LEFT u KEY_RIGHT jja
«cTpemodeky, KEY_F(1), KEY_F(2), KEY_F(10) u T. 1. 119 PYHKITHOHAb-
HBIX KJIABUII. B 1eficTBUTEILHOCTH BCE ITH NMEHA 0003HATAIOT IIeJIbIE TUC-
sta, Hanpumep, KEY_RIGHT B Bepcuu OMOJIMOTEKM, MMEBIIENCs y aBTOpA,
COOTBETCTBYET Ync/ly 261, HO Jpyrue BepCUr MOT'YT IPEyCMATPUBATE JIJIsT
9TUX IeJIell JIPyIrue 4YHUCJIeHHbIE 3HAYEHHSI, TAK UTO B IIPOIDAMMe CJIE/Iy-
eT, KOHEYHO K€, WMCIIOJIb30BATh WMEHA, B TOM YHCJIE U U3 COODDaKEeHMi
HATJISITHOCTH.

IIpu maxkatun na Enter u Backspace — kjraBuim, TpaJuiinoHHO T'eHe-
pUpYIOIIUe YIPABJIAIONINAE [ICEBIOCUMBOIBI — (MYHKIUA getch MOXKeT 1mo-
BecTHu cels MO-pa3HOMYy B 3aBHCHUMOCTH OT peajm3aruun: st Enter moxer
ObITh BO3BpAIEHO Kak 3Hadenue 10 (0HO ke ’\n’, TO €CcThb KOJ CHMBO-
Jla TIepeBojia TPOKM), Tak u 3Hadenne KEY_ENTER (B Bepcum, mMmeromieiicst
y aBropa, TuM uMmeHeM oboznadeHo uucio 343); nia Backspace — 3uaue-
Hue 8 (*\b?) nin KEY_BACKSPACE. Iose3Ho 3HaTh, 9TO0 KJasuma Insert 060-
3nadaerca KEY_IC, kmasumu PgUp n PgDn — coorercTrBernno KEY_PPAGE
u KEY_NPAGE.

Brormre mpr ymomunanm, 9to GyHKIHS getch MoXKeT cOOOIUTh HAM He
TOJIBKO O HAXKATHUAX HA KJIABUINU, HO U O JAPYTUX COOBITUSX; K TAKUM CO-
OBITUSIM OTHOCSITCS JIEHCTBUST C MBIIIBIO (€6 IepeMereHns, HaYKaThsl U OT-
[IyCKaHHs KHOIIOK), & TaKkKe usmererue pasmepa sxpana. O6paboTKy Mbl-
1M MbI PACCMATPUBATH He OyJieM (3aMHTEPECOBAHHBIE YUTATEH MOIYT ITO
caenarh camu, B VlHTEpHETE MHOTO XOPOIIUX TEKCTOB Ha 3TY TEMY), a BOT
00pabaThiBATh M3MEHEHUs] pa3Mepa dKpaHa OKa3bIBAETCs, C OJHOI CTOPO-
HBI, OY€Hb MPOCTO, & C JPYroifi — BechMa moJe3HO. KaxKaplii pas, Korma
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[10JIb30BATEJIb MEHSIET pa3Mep OKHA TepMuHaJa, GyHKIus getch B aKTHUB-
HOI TTporpaMMe BO3BpalaeT cuernuajabuoe 3Hadenne KEY_RESIZE. [Tosryaus
9TO 3HAUEHUe, CJIeTyeT BOCHOJIb30BATHCA yKe 3HAKOMBIM HaM MaKpPOCOM
getmaxyx, 4TOObI y3HATH HOBblEe MAKCUMAJIHHO JIOIYCTHMbIE 3HAYUEHUS JIJIs1
KOOP/IMHAT 110 BEPTHUKAJIM U TOPU3OHTAJIH, IIOCJIe Yero Ipu HeOOXOAUMOCTH
«IIEPEPUCOBATH» M300parKeHNe.
st mpuMepa pacCMOTPUM HPOrPAMMY, OYEHb IIOXOXKYIO Ha Ty, YTO
MbI [UCAJU B AHAJOTUYHON curyanuu Ha [lackaie (cm.t.1,8§2.8.3, npu-
Mep movehello .pas): IIporpaMMa, BBIBEJIET B CE€peJInHe SKPaHa COODIINEeHIe
«Hello, World!s, KoTOpOe 3aTeM MOXKHO Oy/IeT MepeMeniaTh M0 dKPaHy
«CTPEJIOYHBIMU» KJIABUIIIAMA. BBITH M3 mporpaMMbl MOYKHO OyJIET, HAYKAB
Escape 60 «y6us» €€ ¢ nomompio Ctrl-C (Mbl BOCIOIB3YEMCs PEKIMOM
TEPMUHAJIA, TIPA KOTOPOM CIIEIHAIbHbIE KOMOMHAIINA KJIABUII PAGOTAOT).
st Hadasa MbI HAITUIIIEM HECKOJIBKO BCIOMOTATeIbHBIX (hyHKnit. Ca-
MO coobIrenne Oy/1eT BBIHECEHO B KOHCTAHTY B HadaJje IMPOrpaMMbl; (DyHK-
nus show_message OyzieT BblJIaBaTh COODINEHNE B yKA3aHHOM MECTe dKpa-
Ha (mOJIyduasi KOODJWHATHI 4uepe3 mapamerpsbl); dyHKius hide_message
OyZeT mevaTarh B YKA3aHHOM MECTe€ COOTBETCTBYIOIIEE KOJIMIECTBO IIPO-
6es10B, 9TOOBI YOpaTh paHee BbIJAHHOE COOOIIEHUE ¢ IKPaHa (JJis BHIBO-
JIa OTJEJILHOIO IIpofesia Mbl BOCIOJb3yeMcs dyukimeii addch). Oyuknus
move_message OyIeT IepeMeIaTh COODINeHNe B HOBYIO ITO3UIIMIO SKPAaHA,
OTHOBPEMEHHO M3MeHs sl TeEPEMEHHbBIE, B KOTOPBIX XPaHATCS TEKYIIHIe KOOP-
JUHATHL; JJIsl 9TOTO eif OyIyT mepelaBaThCs aJIpeca ITUX JIBYX IePEMEHHBIX,
a TaKKe MaKCUMAaJILHO JIOIYCTUMbIE 3HAYEHUS KOOPJIUHAT U TO, Ha CKOALKO
[MO3UIHH CJle/lyeT CABUHYTH COODIEHUE I10 TOPU3OHTAJM U 10 BEPTUKAJIH.
O6paboTKy COOBITHS, CBA3BAHHOIO C M3MEHEHHEM pa3Mepa TepMUHAJIA,
MbI BbIHeCeM B (yHKINIO handle_resize, KOTOpasi, y3HAB C IMIOMOIIBIO
getmaxyx HOBBI pa3Mep, BBIYUCJIAT HOBbIE MAKCUMAJIBHO JIOIYCTAMbBIE 3HA-
YeHUsT KOOPIUHAT COODITEHUsT W MPU HEOOXOANMOCTH TEPEMECTHT COOOIIe-
HIEe TaK, ITOObI OHO IMO-IIPEYKHEMY HAXOMWJIOCHh B IIPEe/IaX SKPaHa.
ITporpamma 1eIMKOM OyJIIET BBITVISIETH TaK:

#include <ncurses.h> /* movehello.c */

static const char message[] = "Hello, world!";
enum { key_escape = 27 };

static void show_message(int x, int y)

{
move(y, x);
addstr (message) ;
refresh();

}

static void hide_message(int x, int y)
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{

int i;
move(y, x);
for(i = 0; i < sizeof (message)-1; i++)

addch(® ?);
refresh();
}
static void check(int *coord, int max)
{
if (xcoord < 0)
*coord = 0;
else
if (*coord > max)
*coord = max;
}

static void
move_message(int *x, int *y, int mx, int my, int dx, int dy)
{

hide_message (*x, *y);

*x += dx;
check(x, mx);
*y += dy;

check(y, my);
show_message (*x, *y);

}

static void handle_resize(int *x, int *y, int *mx, int *my)
{

int row, col;

getmaxyx (stdscr, row, col);

*mx = col - sizeof (message) + 1;

*my = row - 1;

hide_message (*x, *y);

check(x, *mx);

check(y, *my);

show_message (¥x, *y);

}
int main()
{
int row, col, x, y, max_x, max_y, key;
initscr();
cbreak();
keypad(stdscr, 1);
noecho () ;

curs_set(0);
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getmaxyx (stdscr, row, col);
x = (col-(sizeof (message)-1))/2;
y = row/2;
max_x = col - sizeof (message) + 1;
max_y = row - 1;
show_message(x, y);
while((key = getch()) != key_escape) {
switch(key) {
case KEY_UP:
move_message (&x, &y, max_x, max_y, O, -1);
break;
case KEY_DOWN:
move_message (&x, &y, max_x, max_y, 0, 1);
break;
case KEY_LEFT:
move_message (&x, &y, max_x, max_y, -1, 0);
break;
case KEY_RIGHT:
move_message (&x, &y, max_x, max_y, 1, 0);
break;
case KEY_RESIZE:
handle_resize(&x, &y, &max_x, &max_y);
break;
}
}
endwin() ;
return O;

}

CymectBytoT u gpyrue yjaobHble byHKIMU st BbiBoga. OJiHa U3 HUX Ha-
3bIBAETCS printw; OHa IMPUHUMAET TaKHe YKe apryMeHTBI, KAK IMPUBBITHAS
HaM printf, u ucnosb3yercs Iy gopmamuposarrozo eveoda. Hampumep,
€CJIM B BBINIENPUBEIEHHON 1porpamme B GYHKIHMIO show_message mepe/|
BBI30BOM refresh 100aBUTH ClIe/IYIONIUE JIBE CTPOKU:

move (0, 0);
printw("(%d,%d) ", x, ¥);

— TO B JIEBOM BE€DPXHEM YIUIy KPaHa IIpOrpaMMa OyJeT nedaraTh TeKyIue
KOOpAuHATH coobiienusi. ObparuTe BHUMaHue Ha JeThipe Ipobesia B KOHIE
Harre#t opMaTHO CTPOKN — OHU JODABJIEHDI, ITOOBI C TapaHTUEH 3aTEPETH
BCE, UTO OCTAJIOCH OT IPEBIAYIIUX KoOpAuHaT (HAIpUMEp, Ha CIIydaii, eciu
KOOPJMHATHI TOJBKO UTO BHIPAYKAJINACH TPEX3HAUYHBIMU UUCIAME, & TEIePb
cranu ojHO3HAUHBbIMK). Takoro ke sddexTa MOXKHO JOCTHYb U B OJHY
CTPOKY C TIOMOIIBIO (DYHKIUU mWprintw:

mvprintw(0, 0, "(%d,%d) ", X, ¥);



§4.11. (*) Iosmoskpanubie nporpamMmMbl Ha Cu 255

(HY?KHO TOJIBKO He 3a0bIBATh, UTO KOODAMHATHI JIUIS BBIBOJA YKA3BIBAKOT-
Csl B IIOCJIEJOBATEJILHOCTH <Y, X», TO €CTh CHAYAJIA BEPTUKAJILHAA, IOTOM
POPHU30HTAJIBHAS).

4.11.3. YupasBJjieHue IIBETOM U aTpuOyTaMu CUMBOJIOB

N3yuas [Tackasb, MbI y3HAJM, ITO IPU BBIBOJIE TEKCTA HA SKPAH MOXKHO
C Ka2KJIbIM CHMBOJIOM CB$I3aTh T€ WJIA UHBIE aMpPubdymot, BIALAIONINE HA €r0
BHeIIHU BuJ. Bubamoreka ncurses TO3BOJISET YIPABIATH aTPUOyTAMEI
BBIBOJIUMBIX CHUMBOJIOB, B TOM YHCJIE I[BETOM CaMOT'O CUMBOJIa U €ro (bOoHA,
€cJII TOJILKO TEPMHHAJI, C KOTOPHIM MbI paboraem, nserHo#*®. Hexoropsie
aTpuOyThI HE 3aBUCSIT OT «I[BETHOCTU» TEPMUHAJIA: CAMBOJI MOYKHO CJIE/IATH
JKUPHBIM, HHBEPCHBIM (KOra 1BeTa (hOHA U CUMBOJIA MEHAIOTCS POJIAMHE),
MMOYEPKHYTHIM, MUTAIONUM ¥ T. 1. KaXplii Takoii arpudbyT obo3HaYaeT-
cs1 cBouM ujieHTuduKaTopoM: HampuMep, A_BLINK o3HAYMAET «MUTAIOIIHIT»,
A_UNDERLINE — «HOM49€pKHYTHI», A_BOLD — <«KupHbliis, A_DIM — «TycK-
Jablii», A_REVERSE — «MHBEpPCHBIl» U T. 1., TOJHBINA CIIMCOK MOXKHO IIOCMOT-
PeTh, HAIIpUMEP, B TEKCTE CTPAHUIIbI CUCTEMHOI'O CIIPABOYHHUKA, KOTOPAs
HasbIBaeTcs attr (s 9Toro Jaiite komamay man attr). Kaxkmeiii takoit
aTpubyT — ITO OTIEJbHBINA OUT, TAK ITO UX MOYKHO COYETATH, MCIIOIb3YH
OIIEPAITAIO TTOOUTOBOIO «HJIM».

Iloxkastyit, Tpoiiie BCEro yHpaB/IsTh TAKUMU aTPUOyTaMU C ITOMOIIBIO
dbyuKImit attron n attroff; obe MPUHUMAIOT 1O OJHOMY ITAPAMETPY, ITep-
Basi 6KA10%AEM yKA3aHHBIE ATPUOYTHI, BTOpas X, HA0DOPOT, 8uKA0UGEM.
Hampuwmep, dparment

attron(A_BOLD) ;
addstr("Hello, ");
attron(A_UNDERLINE) ;

addstr ("wonderful") ;

attroff (A_BOLD|A_UNDERLINE) ;
addstr(" world!");

nanevdataer ¢pazy «Hello, wonderful world!s, mpuduém IepBble JIBa
cjoBa Oy/IyT HalledaTaHbl KUPHBIMU, BTOPOE K TOMY XK€ MOTIEPKHYTO, a
TpeThe OyIeT HAIeYaTaHO OOBIYHBIM — HU YKUPHOCTU, HU MOTIEPKUBAHMUS.
Ectb u gapyrue crocobbl paboThl ¢ arpubyramu TekcTa; (YHKIUN, Mpe-
HA3HAYEHHBIX JIJI 9TOT0, NCUrses IIPeJIoCTaBjisieT OOoJIbIlle JBYX JIECATKOB,
HO PacCMaTPUBATDL UX MBI JJIs 9KOHOMUE MecTa He Oyiaem. OTMeTuM TOJIb-
KO, 9TO TIPU BBIBOJE IO OJJHOMY CHUMBOJIy € HOMOIMIb0 addchar aTpubyTh

45I{OHB‘{HO, BC€ SMYJIATOPBI TE€PMUHAJIOB IBETHBIC, HO II0JIb30BaTe€/Ib IIO KaKUM-TO
IIpUYrHaM MOXKET 3aXOTeTh, ‘{TOGBI 3allyCKaeMbIe IIporpaMMbl HE€ HCIIOJIB30OBaJIA IIBET;
JJIA 3TOr0 AOCTATOYHO YCTaHOBUTDH COOTBeTCTByIOLU\I/Iﬁ THUII T€epMUHaJIa, CM.3aMe4dYaHnue
Ha cTp.247. KpoMme TOro, B 9aCTHBIX KOJIIEKIUAX IMOMAJAIOTCA paboTaionme (M garxe
HCIIOJIb3yeMble) HACTOsIINE TepMUHAJIBI, BbiyineHHble 3040 ser Ha3axa. VHTepecs! Bia-
A€JIbIIEB TAKUX TE€PMUHAJIOB MOXKHO, KOHEYIHO, IIPOUTHOPUPOBATH, HO HY>KHO J'II/I?
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Tabmmna 4.3. Obo3nayenns 1BETOB B OUOJIMOTEKE ncurses

COLOR_BLACK qépublii || COLOR_BLUE CUHU
COLOR_RED kpacubiii || COLOR_MAGENTA | dwuosieToBbIit
COLOR_GREEN 3esiénpnii || COLOR_CYAN roJry6oit
COLOR_YELLOW | 2xkéaTwlit || COLOR_WHITE OestbIit

MOXKHO <«IIPHUCOEIWHUTH» K KOJIy CHMBOJIA C TIOMOIIBIO BCE TOU 2Ke olepa-
nuu oOUTOBOTO «wjwy. Harpumep, 9ToObl BBIIATH MUTAOILYIO YKUPHYIO
3BE3JI0YUKY, MO2KHO CJIEJIaTh TaK:

addch(’*> | A_BOLD | A_BLINK);

PaccymoTpum Temeph BO3MOXKHOCTH IO YIIPABJIEHHUIO IIBETOM. lIpexkie uem
MBITATHCST C HUM paboTaTh, CJIeIyeT MPOBEPUTH, BO3MOXKHO JIX 3TO HA UMe-
IOIIEMCST TEPMUHAJIE. DTO JIEJaeTCsi BbI30BOM (yHKIMKM has_colors; eciiu
OHA BEpHYJIA «JIOXKb» (TO ecTb 0), TO IBeTa HAM HEJIOCTYIIHBI; Y4TO JeJIaTh
B 9TOM CJIy9ae — 3aBUCUT OT perraeMoil 3a1a<u, HO JIydIle BCEro HAINCATD
porpaMMy Tak, 4TOObI Ha YEPHO-OE/IOM TepMHHAJEe OHa COXpaHsja pa-
60TOCIIOCOOHOCTD, He Jiejiasi TMOMBITOK 3a/eiicTBOBATH 1BeT. Hampumep, Mbr
MOXKEM 3aBECTH II€PEMEHHYI0 Work_bw (bw — 9T0 0OBIYHOE COKpPAIIEHUE JJIst
cioB black&white, obo3navatonux 4épuo-6esoe, Oyab To hoTo, m306pazKke-
HUE WA PEXXUM PabOThl) M BO BCeX HAINX (DYHKIHUAX, OCYIIECTBISIONIX
BBIBOJI, MPUOEraTh K YIPABJICHUIO IIBETOM JIUIIbL B TOM CJIydae, €CJIU ITa
TepeMeHHast XPAHUT 3HAUYCHHUE <«JIOXKb», B MPOTHUBHOM CJIydae OOXOIUTHCS
aTpubyTaMu CHMBOJIOB, HE 3aBUCSIIMMHU OT IIBETHOCTH. B Hadaje Harmei
IJIABHOM (DYHKIIUHU CJIe/lyeT IIPEyCMOTPETh IIPUMEPHO TaKO# (bparMeHT:

initscr();

work_bw = 'has_colors();

if ('work_bw)
start_color();

3amMeTrM, MbI MOXKEM IIPU HEOOXOIUMOCTHU 3aHECTU B IIEPEMEHHYI0 Work_bw
3HAYEHNE «UCTUHBIY, JIa’Ke eCJIM TEPMUHAJ Yy HAC IIBETHO, HO MOJIb30BATEb
KaKUM-TO 06pa3oM (HalpuMmep, depe3 HapaMeTpbl KOMAHJHOM CTPOKYU UJIU
KakK-TO em@g) norpeboBaj oT HAC PaboTaTh B YEPHO-GEJIOM DPEXKHUME; ITO
BIIOJIHE OOBIYHASI CUTYaIsl, BEJb [IPUA 9TOM I'Opa3/10 MEHbIIIE YCTAIOT IJIa3a.

B pmambHeiimux npuMmepax Mbl JJIS KPATKOCTH IPEJIIOJIAraeM, 9To
has_colors BepHyJa «HCTHHY» W pabOTATh B YEPHO-OEJIOM pPEKUME HAC
HUKTO He 3acTaBjiser. Hama 1espb ceffdac — mokasaTb, Kak pabomambv C
[BETOM, & HE KaK 00xodumbcs 06e3 Hero.

Bubnmoreka ncurses moiepKUBaeT BOCEMb OCHOBHBIX IIBETOB, I€pe-
qucyieHHbIX B Tabur. 4.3. Crnenudukarus waTepdeiica 6ubInoTeKn mnpey-
CMaTPUBAET CPeCTBa JJjIsl CO3IaHUs IPYTHUX [[BETOB, HO B PEAJILHON KU3HU
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9TU CPEJCTBA HUKOIIA He PabOTAIOT — COOTBETCTBYIOIINE BO3MOXKHOCTU HE
II0/I/IEP?KUBAIOTCS HI TEPMUHAJIAMU, HUA UX SMYJIATOPAMIE, a OHOINOTEIHbIE
dyHKIMYM, npesHaZHAYEHHBIE JJIs STOrO, IPOCTO HE peajiu30BaHbl (BCeria
BO3BPAINAIOT OMIAOKY ).

IIBeTa cHIMBOJIOB B ncurses BCErJla YCTAHABIMBAIOTCA TaK Ha3bIBAEMbI-
MU U48emo6bMU NAPaMU; Tapa COCTOUT U3 IBETa CUMBOJIA U IiBeTa (DOHA.
C 1BETOBBIMH TIAPAMU CBS3aHO JOBOJBLHO MHOTO myTaHWIbl. Camu mapsl
pa3ImYaoTCs M0 HOMepaM, IPHYEM Iapa HoMep 0 COOTBETCTBYET ITBETAM
«II0 YMOJIYAHUIO» U HE JOJKHA U3MEHATHCs. ITOOBI BBIBECTH HA IKPAH
[BETHYIO HAJINCh, HY?KHO BBIOPATh HOMED I[BETOBOIl IApbBI, C ITOMOIIHIO
dyHKIMT init_pair HA3HAYUTDH ITOI mMape IBET TEKCTa U IBeT (hOHA, MO-
CJIe Y€ero UCIOJIb30BaTh B KAYeCTBE aTPHOYTa BHIBOJUMOIO TEKCTa BhIpazKe-
Hue COLOR_PAIR(n), rie n — HOMep 1iBeTOBOI maphl. PyHKIMA init_pair
MIPUHUMAET TPU IIapaMeTpa: HOMEeD Iapbl, HOMEp IIBETa I TEKCTA U HOMED
uBeta s doua. Hampuwmep,

init_pair(1, COLOR_WHITE, COLOR_BLUE);
attrset (COLOR_PAIR(1) | A_UNDERLINE);
addstr("White on blue");

refresh();

BBIBeZIeT HAAnuCh «White on blues GesbiMu OyKBamu 1o cuHemy (hOHY, UC-
MOJIB3Ys JJIsi 3TOro 1BeToByo mapy Nel, npuaém Haammch OyJIeT MOIIEPK-
HyTa. Eciu BBl Oy/ieTe MPUMEHSATh HECKOJIHKO PA3HBIX COUETAHUN IIBETOB
JUIst cuMBoJIa U ero ¢dhoHa (a Tak, cKopee Bcero, u 6yzer), To it KaxKI0ro
CcOYeTaHUs HYKHO OYJET MCIOJb30BATh CBON COOCTBEHHBII HOMED I[BETO-
BOIT mapbl. Vcrnoib30BaTh OJIMH M TOT K€ HOMEpP IS PA3HBIX COYETAHUN
He TOJIyINTCs: €CJIM U3MEHUTH I[BETA JIJIsI CyIIEeCTBYIOIIE IIBETOBOI
napbl, TO HA SKpPaHe COOTBETCTBYIOMINM 00pa30M M3MEHSITCS I[BETA
BCEX CUMBOJIOB, BBIJAHHBIX C UCIOJIb30BAaHUEM 3TOrO HOMEpA IiBe-
ToBoi mapsbl. KcraTu, 910 ¢BOHCTBO caMo 1Mo cebe MOXKHO HCIIOJIb30BaTh
JJIsT CO3/IAHUSI NHTEPECHBIX BU3YAJBLHBIX 3(heEKTOB.

BaciryKuBaeT BHUMAHUS BOIPOC, KAKUE TUCIA MOYKHO HCIIOJIB30BAThH B
KadecTBe HOMEPOB MBETOBBIX MMap. Kak HU cTpaHHO, 3Ty TeMy JOKYMEHTa-
[UsT ¥ BCEBO3MOXKHbBIE PYKOBOJICTBA, TIIATEILHO 00XOIAT CTOPOHOI. MoxkHO
OIIPEJIEJIEHHO CKa3aTh, YTO 3HAUEHUs HOMEPOB I[BETOBBIX I1ap, IIPEBBIIIAIO-
mue 255, co3maayT npobiieMbl, 00yCIOBIEHHBIE PACIPEIEICHIEM OTIE/Ib-
HBIX Pa3psioB B arpubyTe cuMBoJjia. [IpobjeMbl MOTYyT BO3HUKHYTH WU C
MEHBITUMHI HOMEPAMH, IIPUYEM BOIIPOC O MAKCUMAJIBHO JIOIYCTUMOM HOMeE-
pe I[BETOBOI HAapbI, CyIs [0 BCEMY, 3aBUCUT OT DPEAJUIAINN OMOIUOTEKH.
B HekoTopbIx onucanuax yroMmunaercs Koucranra COLOR_PAIRS (xors 1pu
9TOM HE TOBOPUTCsI, YeMY OHa JOJKHA ObITh PaBHA), HO B HauboJjee MOILy-
JIIPHOM peain3aIiii NCurses 3TOT WIACHTUMUKATOP MPEJCTABIAET CODOI
He KOHCTAHTY, a IIePEeMEeHHYIO.
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Boobr1ie-10 sicHO, 9TO NpHM HAJMYUKA BCETO BOCBMU Pa3/IUYIHBIX I[BETOB
MOXKHO 060iiTHChH He 6osiee ueMm 64 nBeToBbiMU mapamu. Konedno, ecan Ob1
CHUHTE3 JOTOJTHUTEIBHBIX IIBETOB PAOOTAJI, 9TO COOOparKeHne HuIeM Obl T10-
MOYb HE MOIJIO — HO OH He PaboTaer, TaK 4TO KAKUM-TO eIIE IBeTaM I10-
MIPOCTY HEOTKY/1a B3ATbCsI. I[0CKOJIBKY Mmapy ¢ HyJEBBIM HOMEPOM TPOIaTh
HeJIb3s, HaM MOTYT IOTPeOOBATHCS JIJIdd IIPEJICTABIEHUS BCEX BO3MOYKHBIX
IIBETOBBIX KOMOMHAIMT HOMepa OT 1 10 64; KaK MOKA3bIBAET MPAKTHUKA, B
CYIIECTBYIOIINX PeaU3alisiX NCUrses HUCIO/Ih30BAHIE BCEX ITUX HOMEDPOB
pobJieM He CO3/IAET.

MoxHo cebe npeacTaBuTb NPOrpamMmy, B KOTOPOI HEKOTOPbIE LBETOBbIE Mapbl
NOBTOPAKOTCA, €CJ/IN OHN UCXOAHO COOTBETCTBYHOT HE LBETOBbIM COYE€TAHUAM, a, Ha-
npuMep, 3JIEMeHTaM BU3yasibHOro nHTepdeica, 4YTobbl MOXHO BbINO CUHXPOHHO «ne-
PEKPACUTL>» 3N1EMEHTbI O4HOro TUNa; BNpo4YeM, Aa>Ke B 3TOM Cly4dae TpyaHO cebe
npeacTaenTb bonblie 64 LBETOBLIX Nap B OAHONR Nporpamme.

Ormernm emé onmu moment. Jlobasinenne arpubyra A_BOLD daxTude-
CKHU M3MEHsEeT I[BET CUMBOJIA; 9TO KaK Pa3 Ta IPUINHA, 10 KOTOPOH mackKa-
JIEBCKHIT MOJTYJIb Crt BBOJIUT BOCEMb IIBETOB [jisi (DOHA W IEJIbIX IIeCTHA~
JIAaTh — JJIsl CAMHUX CUMBOJIOB.

s 1eMOHCTpanuyu BO3MOXKHOCTEN yIIPABJIEHHUS I[BETOM MbI HAIHUIIIEM
IpOrpaMMy, HOIOOHYIO TO#, YTO mucaum Jjs TOH ke menau na llackame
(em.1.1,82.8.4): ona Toxke OyeT BBIBOJUTH Ha IKPAH 3BE3I0UKU BCEMU
BO3MOXKHBIMU I[BeTaMu. HoMepa HCIIOJIb3yeMbIX I[BETOBBIX IIAP MbI JKECT-
KO IPUBSZKEM K COCTABJISIONIMM UX mBeTaM 1o (opmyse 8 - b+ f + 1, rae
b — momep 1Bera 1y1a doua, f — s cumBosia. Eauauity Mbl npubasiisieM,
9TOOBI HE UCIOJIB30BATh «3alPENEHHYIO» 1BeTOBYIO mapy NeO.

KoncranTsr COLOR_BLACK, COLOR_RED u T. 1. paBHBbI yucjam oT O g0 7
BKJIIOYUTEIBHO, HO [TIOCKOJIBKY 9TOT MOMEHT HUTJE B JOKYMEHTAIUU HE 3a-
duKcHpoBaH, MbI He OYIEM 9TO UCIIOIH30BATH; BMECTO STOIO OIMHUIIEM MAac-
CHUB U3 BOCBMU 3JIEMEHTOB U 3aHECEM B €I'0 3JIEMEHThI 3HAYEHUsI JJIs PA3HBIX
[[BETOB; UJIEHTU(MUIMPOBATH I[BETa Oy/IeM HHIEKCAMH TOT0 MaCCHUBa, 9TO
rapaHTApyeT HAM HCIOJIb30BaHUE NMEHHO HOMepOB OoT 0 110 7, JaKe ecu B
KaKOM-HUOYIb pean3aruy OubJIMOTEKN IIBETOBBIE KOHCTAHTHI OY/IyT PABHBI
KaKUM-HUOY/Ib JPYTUM YHCJIAM.

[IpuBa3Ky HOMEPOB I[BETOBBIX I1ap K HOMEpPAM CAMUX I[BETOB Oy ieT obec-
mevnBaTh QYHKIMA setpair, KOTOpasd, MOJIyIuB HOMEPA I[BETOB JIJIsi CHM-
BoJia u (PoHA, OYJET BBIYUC/ISITH 110 BBIMIEIPUBEIEHHON (DOPMYJIe HYKHBIH
HOMED I[BETOBOIl Iaphl, yCTAHABJIMBATE JJIsl 9TOM Hapbl COOTBETCTBYIOIIIE
I[BeTa, a caM HOMED IIapbl BO3BPAIATH B Ka4eCTBE 3HAUEHUS.

3a BBIBOJT O/IHO#T CTPOKH Oyrer orBedaTh (dhyHKIMs make_line; CHMBOJIBI
B KaXK/JIO CTPOKe OyyT MeYaTaTbCs OJHUM U TEM Ke IBETOM (CaMOro CuM-
BOJIa) MOBEPX DA3JIMYHBIX IBETOB (DOHA, IPUUEM KaXKIBIil BTOPOIl CHMBOJ
MOJIYYIUT JOTOJHUTEIHHO arpudyT A_BOLD, a Kaxkjasl BTOpas Iapa CHUM-
BOJIOB OyZeT clesiaHa emé u Muramolneil. Bcio KapTuuky Ha dKpaHe Oymer
dopMUpOBATEH U3 OTAETBHBIX CTPOK (DyHKIWS make_screen.
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Korna kaprunka 6ymer chopmMupoBaHa, B IIaBHOU (DYHKIIMU IIPOTPaM-
MBI MBI 3aIlyCTUM IIMKJI YT€HHUs C KJIABHATYPbI, KOTOPBIH Oymer mpekpa-
aThCs [IPH [IOJIyYeHn: cuMBosia Escape (ko 27), a Ipu HAXKATHU JIIOObIX
IPYTUX KJIABUII U3 TeJIa MUKJIa OyIeT BhI3bIBaThCs yHKIMs shift_pairs,
KOTOpas JJIs BCeX 3a/eficTBOBaHHBIX 64 ITBETOBBIX Iap Oy/eT M3MEHATH
3HAYEHUs I[BETOB, YTO IIO3BOJIUT HAOJIONATH HHTEPECHBIH BU3YAJILHBIHI

3 PexT.

ITosmHOCTBHIO TEKCT IIporpaMMBbI TIOJIy9Ia€TCA TaAKUM:

#include <stdio.h> /* curses_col.c */
#include <curses.h>

enum { key_escape = 27 };

enum { color_count = 8 };

static const int all_colors[color_count] = {
COLOR_BLACK, COLOR_RED, COLOR_GREEN, COLOR_YELLOW,
COLOR_BLUE, COLOR_MAGENTA, COLOR_CYAN, COLOR_WHITE

};
static int setpair(int fg, int bg)
{
int n = bg*8 + fg + 1;
init_pair(n, fg, bg);
return n;
}
static void make_line(int line, int width, int fgcolor)
{
int i, j, w, pn, att;
w = width / color_count;
for(i = 0; i < color_count; i++) {
move(line, i*w);
pn = setpair(fgcolor, all_colors[il);
for(j = 0; j < w; j++) {
att = COLOR_PAIR(pn);
if(j % 2 ==0)
att |= A_BOLD;
if((j /7 2) h2==1)
att |= A_BLINK;
attrset(att);
addch(?*?);
refresh();
}
}
}
static void make_screen(int h, int w)
{
int i;
clear();
for(i = 0; i < h; i++)
make_line(i, w, all_colors[i % color_count]);
}
static void shift_pairs(int shift)
{

int i;
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for(i = 1; i <= color_count * color_count; i++) {
int fg = (i + shift) % color_count;
int bg = ((i + shift) / color_count) % color_count;
init_pair(i, fg, bg);

}

int main()

int row, col, ch, shift;

initscr();

if (thas_colors()) {
endwin() ;
fprintf(stderr, "I can’t show colors on a BW screen\n");
return 1;

}

cbreak() ;

keypad(stdscr, 1);

noecho();

curs_set(0);

start_color();

getmaxyx(stdscr, row, col);

make_screen(row, col);

shift = 2;

while((ch = getch()) != key_escape) {
shift_pairs(shift);
shift++;
refresh();

}

endwin();

return 0;

4.11.4. KsinaBuaTypHbIii BBOJI C TaliM-ayTaMu

o cux mop B HammX mpuMepax QyHKIHsS getch Kiaja, MoKa IMOJIb-
30BaTe/b HE HAXKMET KaKyIO-HUOY/b KJIABHUIILY, TO €CTh B OXKUIAHUU OUe-
PETHOTO COOBITUST TTPOTPAMMa HUYEro He Jiejiajia; HO KaK OBbITb, €CJIM MbI
XOTUM BCE BPeMs BBIIIOJHATH KaKHe-TO JIeUCTBUS, TIO3BOJIAS OJIH30BATEIO
BMEIIaThCA B IIPOUCXOJIAINNEEe IIyTEM HarKaTHUs KJIABUI, HO HE TpaTsd Bpe-
Msi Ha oxkuganune? B mporpammax Ha Ilackase Mbl pemrajm 3Ty mpobsemy
¢ noMmoIpio GyHKIMN keypressed, BbI3bIBas €€ BpeMs OT BPEMEHH U BbI-
IIOJIHAA YTEHUe CHMBOJIa C KJIaBUATYPbl JIANIL ecin keypressed BepHysa
«ucTuHy». B ncurses amajora jgyis keypressed HeT, 3aTO €CTh BO3MOXK-
HOCTH TMOKO# HACTpOWKM pe:kuma BBoja. 11o ymomdanmio, Kak MbI BHUJE-
au, GyHKnusa getch KAET HACTYILIEHUS] OYEPETHOTO COOBITHSA, €CJIU OHO
ermé He TPOU30ILIO HA MOMEHT €€ BhI30Ba; HO PEKUM PabOTHI MOXKHO U3Me-
HUTH TaK, 9TOObI getch Bceryia HeMe/[JIeHHO BO3BPAIAJIa yIIPaBIeHHe, IPH-
4€M eCJIM HUKAKUX COOBITHIT HE IIPON30IIIIO, BO3BPpAIllaeMoe 3HaUeHue Oy/1eT
paBuo kouctante ERR. Bosiee Toro, moxkuO 3amath 171 getch maidm-aym
(B MIJLICEKYH/IAX); B 9TOM Ciaydae (DyHKIUs OyIeT OKUIATh HACTY ILICHUS
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coOBITHUSI, HO He DOJIee YeM B TeUeHHe 3aJaHHOIO TaiiM-ayToM BpPEeMeHHOrO
[IEPUO/IA, IIOCJIE YEero, eCJIU HUKAKOe COOBITUE TaK U He IPOU30HIET, biaro-
moJry9Ho BepHET ERR.

VupaBisaTh pe:KuMOM TaflM-ayTa MOYXKHO C TOMOIIBIO (DYHKITNH, KOTO-
past TaKk ¥ Ha3bIBaeTCs timeout; PYHKIMS MPUHUMAET OUH IEJI0UNCIEH-
HBI ITapaMeTp, O3HAYAIONUIl BeJUYNHY TaliM-ayTa B MUJIMCEKYHIaX, TO
eCTh, HAIIPUMED, 3HadeHne napamerpa 100 mpeanuceiBaeT QyHKIMN getch
2KJIaTh HACTYIJIeHUsT COObITUs He Oojiee ueMm B Tedenne 0,1 ceKyHIbI, U ec-
JII HUYEro 3a 3TO BpeMs He Mpou3oiiféT, BepHyTh 3Hadenue ERR. Hosb B
KaueCcTBe apryMeHTa [id timeout oO3HA4YaeT, 4TO XKIATb He CJeayeT BO-
BCe: ec/i K MOMEHTY BbI30Ba getch HMKAKWX COOBITHIl HE MPOU3O0IILIO, OHA
npu 3roM Bepuér ERR HememjieHHO (Takoil peKuM Ha3bIBAETCH HEOJIOKU-
pytommm). JIro6oe orpuiiaTenbHOE 3HAUEHNE apryMeHTa timeout (Hampwu-
Mep, -1) ycTaHOBUT OOBIYHBIH GIIOKUDYIONINI PesKUM, [IPH KOTOPOM getch
KJIET HACTYIJIEHUS COOBITHS 6e3 OrpAHMYEHUs IO BPEMEHH.

CosmecTHy1o pabory dyHKIui timeout u getch MbI IPOIEMOHCTPUDY-
€M Ha IIpuMepe IporpaMMbl, KOTOpas II0X0XKa Ha IporpaMMmy MovingStar,
Hanucannyio samu Ha [lackase (cm. . 1, §2.8.3): Ha 9KpaH BBIBOIUTCS HELO-
JBUKHAs 3BE3JI09Ka, KOTOPYI0 MOXKHO 3aCTaBUTBH JIBUTATHCS IO IKPaHY,
Ha)KaB OJIHY U3 «CTPEJIOYHBIX» KJIABUII. 3BE3J0UYKA IIPHU TOM HAYHET IIe-
peMeIaThbesl, He JOXKU1asiCh HaXKaTUH Ha JAPYTHe KJIABUIIA, HO €€ MOXKHO
Oyzer B I000#1 MOMEHT 3aIlyCTUTb B JAPYTOM HAIPABJICHUH, HAXKAB COOT-
BETCTBYIOILYIO «CTPEJIKY», WA OCTAHOBUTH, HAXKAB IIPOOET.

st ynoGeTBa BCro MHMOPMAIMIO O TEKYIIEM COCTOSTHUY 3BE3/I09KH (Te-
KyIIue KOOPIUHATHI U BEKTODP CKOPOCTHU) MbI COGEPEM B OJIHY CTPYKTYPHYIO
MepEeMEHHYI0, I PA0OTHl ¢ HEil HAIUIIEM HECKOJIBKO BCIIOMOTATEIbHBIX
dyuknumit. B xome mHMNMamu3anuu Mbl BBI30BEM timeout ¢ KOHCTAHTOIA,
nmeroneil suadenue 100, B KadecTBe apryMeHTa, TaK 4TO getch, MCIOJIb-
3yeMasi HAMH B IVIABHOM IIHKJIE IIPOTPAMMBI, OYIEeT BO3BPAIIATH OOBIYHBIE
KOJTbI KJIABUIM MPU WX HAXKATHU, a [MPUA OTCYTCTBUHU COOBITUI — 3HAUECHUE
ERR, KOTOpOe MOXKHO pacCcMaTpUBaTh KaK MIPU3HAK TOT'O, YTO IPOILIN OUe-
penable 100 MIJLIHCEKYHJ, U 3BE3JI0UKY IIOPa IlepeMellaTh B CJIeyIONLyIO
ro3utuio. [1osIHOCThIO TEKCT TPOrpaMMBbl BBITVISIIAT TAK:

#include <ncurses.h> /* movingstar.c */

enum { delay_duration = 100 };
enum { key_escape = 27 };
struct star {

int cur_x, cur_y, dx, dy;

};
static void show_star(const struct star *s)
{

move(s->cur_y, s->cur_x);

addch(’*?);

refresh();
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static void hide_star(const struct star *s)

{
move(s->cur_y, s->cur_x);
addch(’ ?);
refresh();
}
static void check(int *coord, int max)
{
if (*coord < 0)
*coord += max;
else
if (*coord > max)
*coord -= max;
}

static void move_star(struct star *s, int max_x, int max_y)
{

hide_star(s);

s->cur_x += s->dx;

check (&s->cur_x, max_x);

s->cur_y += s->dy;

check(&s—>cur_y, max_y);

show_star(s);
}
static void set_direction(struct star *s, int dx, int dy)
{

s->dx = dx;

s->dy = dy;

}
static void handle_resize(struct star *s, int *col, int *row)
{
getmaxyx(stdscr, *row, *col);
if (s->cur_x > *col)
s->cur_x = *col;
if (s->cur_y > *row)
S->Cur_y = *row;

int main()

int row, col, key;
struct star s;
initscr();
cbreak() ;
timeout (delay_duration);
keypad(stdscr, 1);
noecho();
curs_set(0);
getmaxyx(stdscr, row, col);
s.cur_x = col/2;
s.cur_y = row/2;
set_direction(&s, 0, 0);
while((key = getch()) != key_escape) {
switch(key) {
case > 7:
set_direction(&s, 0, 0);
break;
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case KEY_UP:
set_direction(&s, 0, -1);
break;
case KEY_DOWN:
set_direction(&s, 0, 1);
break;
case KEY_LEFT:
set_direction(&s, -1, 0);
break;
case KEY_RIGHT:
set_direction(&s, 1, 0);
break;
case ERR:
move_star(&s, col-1, row-1);
break;
case KEY_RESIZE:
handle_resize(&s, &col, &row);
}
}
endwin();
return 0;

4.11.5. O630p oCTaAJIBHBIX BO3MOXHOCTEM ncurses

Kak 06b19H0 B TaKUX CIydasix, Mbl HE PACCMOTPEJIN U JIECATON JI0JIA BO3-
MOXKHOCTE! OMbJIMOTEKN nCurses; ux MOJTHOE U3y YeHre MoTPeboBAJIO ObI OT-
JesibHOM KHUru. Halna 1e/ib cocTosijia B TOM, 9TOOBI IIPOJIEMOHCTPUPOBATH
OCHOBHbBIE BO3MOYKHOCTH 1 H0Jiee-MeHee 0CO3HATH KOHIIEIIIUIO B TIEJIOM. Tak,
MBI PACCMOTPEJIN TOJIHKO HECKOJIHKO (DYHKITUI U3 IBYX JECSITKOB, IIPEIHA~
3HAYEHHBIX JIJIsl YIIPABJIE€HUs aTPpUOyTaMy BBIBOJMMOIO TEKCTA; MbI HE CTa-
JIN PacCMATPHUBATH BO3MOXKHOCTHU I10 CO3/JAHUIO TAaK HA3BIBAEMBIX OKOH —
MIPSMOYTOJIBHBIX 00JIACTel Ha SKPaHe, MO3BOJISIONIUX BBIBOJAUTH TEKCT C UC-
MTOJTb30BAHUEM CBOMX KOODJIMHAT B KAXKJIOM OKHE; MbI OCTABILIN 38 PAMKAMUI
HAIIIero TeKCTa OGJIbIIYI0 9acThb (DYHKIMI HHATIAAIN3AIUN 1 HACTPOUKH pe-
JKMMa TEePMUHAJIA, COBCEM He YIOMSIHYJIN BO3MOXKHOCTH CKPOJUIMHTa (Kak
BCEro 9KPaHa, TaK U OTIEJbHBIX €ro Jacreii).

Kpowme mpodero, Bmecte ¢ 6uOIHOTEKOI ncurses pacipOCTPAHAIOTCS
JIOTIOJTHUTE/IbHBbIe 6ubsmmoTekn: menu, panel u cdk. [lepsas n3 Hux, menu,
[M03BOJISIET COCTABJISATH U BBIIABATH HA IKPAH TEKCTOBBIE MEHIO, B KOTO-
PBIX B 3aBUCHMOCTH OT HACTPOEK II0JIb30BATEIb MOXKET BBIOPATH OJIUH TN
HECKOJIbKO ITyHKTOB. bubsinoreka panel ripeiHa3HaveHa, [Jisi PAOOTHI C Mpsi-
MOYTOJIbHBIMUA OKHAMU, KOTOPbIE MOI'YT YACTHYIHO IEPEKPBIBATHCS, HAKJIA-
JIBIBATHCS OJTHO HA JPYroe, OKHA MOYKHO IIEPEMEIATh 110 9KpaHy, youpaThb
U CHOBa IIOKa3bIBaTh U T. 1. Hakonen, cdk (curses development kit) npeno-
CTaBJISIET TEJIBIN Psili 6U0HCEMO8 — TOTOBBIX JIEMEHTOB JJIsl IIOCTPOEHMUST
JIMAJIOTOBBIX OKOH: II0JIS BBOJIA TEKCTa, KHOIKH, HEPEKI0YATEIM U TOMY
1o00HOoeE.
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4.12. (*) IIporpamma na Cu 6e3 craHgapTHOM
OubmoTeKn

B mporecce m3ydenust si3bika Cu MBI HEOIHOKDPATHO MOBTOPSLIN, KAK
MaHTpy, dpady «Cu Mbl J06uM He 3a 3T0». Temeph, KOrja TpPaKTHIECKH
BCE BO3MOXKHOCTU ITOT'O si3bIKa, HAM H3BECTHBI, HACTAJIA II0pa IOHSTb, 3¢
WMo 2iC€ MBI €r0 BCE-TAKHU JIIOOUM. DTy HEOOJBIIYIO IVIABY MBI MOCBITAM
9KCIIEPUMEHTY, KOTODPBII HAIVISIHO MPOJEMOHCTPUPYET OIHO yHUKAJIbHOE
cBoiicTBO sizbika Cu, Jles1aomiee ero B0 MHOIUX CIydasix HE3aMEeHNMbIM.

Hauném ¢ Toro, 4ro HammilneM I[POCTEHBKYIO IPOrPpaMMYy, KOTOPas
IIPUHUMAET POBHO OJWH HAapaMeTp KOMAH/IHON CTPOKH, PacCMaTPUBAET
€ro KakK WMs W 370POBAETCs C UEJIOBEKOM, Ub€ MMs YKa3aHO, (hpaszoit
Hello, dear NNN! (I/IMH O/ICTaBJIAETCA BMECTO NNN). st Havasa morpo-
6yeM HallucCcaThb 3Ty HIporpaMMy CaMbIM OY€BUJIHBIM CIIOCO6OI\IZ

#include <stdio.h> /* no_libc/greet.c */

int main(int argc, char **argv)

{
if(arge < 2) {
printf ("I don’t know how to greet you\n");
return 1;
}
printf("Hello, dear %s\n", argv[1l);
return O;
}

OTKOMIIMJINPOBAB 3Ty IPOTPAMMY, MbI [IOJIy MM CDABHUTEIHHO HEOOJIBITION
WCTIOJTHAEMBIH (hailsr; B cCcTeMe, MMEBIIEHCS B PACIOPSKEHNN aBTOPA ITUX
CTPOK, TIOJIYI€HHBI «OnHApHUK» 3anuMas okosio 8,5 KB npu BkirouénHoi
oTIaI09HON nHpOpMaIu 1 MeHbie cemu KB — npu eé orkiouenuu, To
ecThb Tpu KoMmwisiinn 6e3 dutara -g. OJHAKO TYyT MMeET MECTO HEKOTO-
poe KYJbHUIECTBO: B TOT UCIHOJHIEMBIN (Dailsl He BKIIOUEH KO DYHKITII
printf u Bcero, 4TO HYXKHO JIJId €€ HMCIIOJb30BaHus (OHa CAMa BbI3LIBAET
MHOIO JPYIuX GHOJMOTEYHBIX (DYHKIWMIL); BMECTO STONO0 KOMIIMJISITOD IO~
CTPOMJI HAM TaK HA3BIBAEMBIH JUHAMUYECKU 3G2DYHCAEMBLT UCTLONHAEMBLT
atin, ITO O3HAYAET, YTO B IIPOIECCE BBLIMOJHEHUsI B ITAMATb CHadYaJIa Oy-
JIeT 3arpy2KeH caM 3TOT (ailjl, MOTOM KOJI, IOMEIIEHHbBIH B HErO, ToTpedyeT
3arpy3Kd B IAMATh JJMHAMUYECKHU 3arPyKaeMoil BEPCUU CTAHIapTHOI 61b-
Jmoreku st3bika, Cu (ecsm mHTEpEcHO, 910 00bIYHO (dailn /1ib/libc.so. X,
rige X — nomep Bepcuu 6ubsmorekn). HemocTaTrok Takoro mouxoia Jerko
OOHAPYXKUTH, €CJIA 3AIlyCTUTH HAILY ITPOrPAMMY O]l YIIPABJIEHUEM YTUJIU-
ThI strace, IIO3BOJIAIONIEN YBUIETH CIMCOK BCEX BBIIOJHEHHBIX IIPOrDaM-
MOl CUCMEMHBLT 6bl30808; HAC, BIPOYEM, OyIeT WHTEPECOBATH TOJIb-
KO MX KOJIMYECTBO — YTOOBI y3HATH €r0, JOCTATOYHO MOCUYUTATH CTPOKU B
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IIOJIYIE€HHOM (bafme: KOJIM49eCTBO CHUCTEMHBLIX BBLISOBOB 6y,ueT Ha €INHUILY
MeEHBbIIIe.

avst@host:~$ strace -o LOG ./greet Andrey
Hello, dear Andrey

avst@host:”$ wc -1 LOG

29 LOG

avst@host:~$

Wrak, Hama nporpaMma c/iesana 28 CUCTEMHBIX BHI30BOB, IPUYEM IT0JIE3HBI
W3 HUX TOJIBKO JIBa IOCJETHUX — Write, KOTODBIM HamedaTasa CTPOUKY, U
exit_group, UCIOIb3YeMblli COBPEMEHHBIMI BEPCUIMHU CTaHIAPTHOH Onb-
JIMOTEKU BMECTO TPAIUIMOHHOIO _exXit Jijist 3aBepIlienHus mporpaMmmbl. Bee
ocTaJibuble 26 BBI30BOB — IIOJIOTOBUATENbHAA paboTa, KOTOpas B OCHOBHOM
COCTOUT KaK Pa3 B 3arpy3Ke JIUHAMUYIECKON OMOIHOTEKN.

[TorrpobyeM 3ampeTuTh KOMIMJISITOPY KYJbHMYATH — HOTPedyeM OT
HEr0 CO3/IaTh CTATUYIECKN COOPAHHBIN WCIOHAEMbBIH daiia, He 3aBUCH-
Ui HA OT KAKWUX JMHAMHYECKUX OUOJIMOTEK. DTO JIOCTUTAeTCS KJIIOYOM
-static:

gcc -Wall -g -static greet.c -o greet

[TocmoTpeB Ha pa3zMep HOJTYyUIEHHOTO UCIOJIHAeMOro daiiia, Mbl cpa3y, Kak
TOBOPUTCH, NOYYSCMEYEM PA3HUYY: PA3Mep «OMHAPHUKA» Y HAC BBIPOC pa3
9TaK B CEMBJIECSAT; y aBTOPa HA €ro CHCTEeMe MOJIydusaoch okojao 565 KB
[py BKJIFOYEHHON OTiaqounoil wadopmaruu u okosio 510 KB mpu BeikIO-
gernoit. C 1pyroil CTOPOHBI, CHOBA COCYUTAB CUCTEMHBIE BBI3OBBI, MbI 00-
HApYyKAM, UTO BMeCTO 28 mX cTayio Bcero 10 — dUTO, BIpOUeM, TOXKe He
TaK MaJio.

[TockoJIbKY B HAIIH IIJIAHBI HE BXOJUT peaju3ariust QyHKImn printf, mo-
mpobyeM 0bo#iTrch 6e3 Heé, obpaIasIch HAPSIMYIO K OIePaIlMOHHON crucTe-
Me, JIJTsl 9er0 HaM MOTpebyeTcs CUCTeMHBIH BbI30B write. C 9TUM BBIZ0BOM
MbI YK€ 3HAKOMBI 10 IIPOrpaMMaM Ha g3bike accembiepa (cu. T. 1,8§3.6.5);
B mporpammax Ha s3blke CH MOYKHO BOCIIOJIB30BATHCS «OOEPTKOI» 3TO-
o BBI30Ba, KOTOPAasl BBINVIAIUT KakK OOblyHas pyukuusa. Hamomumm, yto
BBI30B IIPUHUMAET TPU [ApaMeTpa, KOTOPbIE MbI JJisd OOPAIEHUs] K sapy
Linux packJjabIiBajm o peructpam, a Jjs oopamienus K sapy FreeBSD —
[IOMEIIAIN B CTEK; 9TU HapaMeTPbl — HOMED JECKPHUIITOPA IIOTOKA, aJpec
00JIaCTH TaMATH, IJie HAXO/ATCS JAHHbIE JJIsI 3AIIMCH, U KOJIMIECTBO JIaH-
HBIX B Oafitax. OOEpPTKA BBI30BA Write BIIOJIHE €CTECTBEHHO OKA3BIBAETCS
uMeroIIeit cyreryronuii 1poduib:

int write(int fd, const void *data, int len);

QyuKIUs 00bsABICHA B 3aroJIOBOYHOM daiiie unistd.h.
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Cpagy ke OTMETHM, 9TO, OTKA3aBIINCh OT printf B I0/Ib3y BHI30BA
write, Ha GOJBIIMHCTBE CUCTEM (XOTsI M HE HA BCEX) MbI HE JOCTUTHEM CO-
BEPIIEHHO HUKAKOI SKOHOMMM B pasMepe HUCIIOJIHsIeMOoro gaiiia, a cucTeM-
HBIX BBI30BOB MOXKEM COKOHOMHTDL <IIEJIBIX» NBa (OIATH Ke, PE3YJIbTaThl
Ha Balllefl cucTeMe MOI'YT OTJIMYATHC ), U TO IPHU YCIOBUH, €CIH YIOKUMCST
B OJMH BBI30B Write; HO JJisT 9TOTO MOHAJ00UIOCH ObI MHUCATh (PYHKITUIO
KOHKATEHAIINN CTPOK U MHOXKECTBO BCAYECKUX IIPOBEPOK Ha IEPEIOIHEHNE
Oydepa, 9TO CyIIECTBEHHO 3arpoMo3auio Obl Hamn mpuMep. 1loaromy mbr
[IOCTYIIMM IIPOIIE: BBIBOJIUTH HAIIUCH Oy/IeM B TPU NpUEMa, TO €CTh B TPH
obpallleHust K sJIPY; BCIO SKOHOMEIO 9TO, yBbI, CBEIET Ha HET. BBINIsIeTh
mporpaMma OyJeT Tax:

#include <unistd.h> /* no_libc/greet2.c */
static const char dunno[] = "I don’t know how to greet you\n";
static const char hello[] = "Hello, dear ";

static int string_length(const char *s)

{
int i = 0;
while(s[i])
it++;

return i;

}

int main(int argc, char *xargv)
{
if(arge < 2) {
write(l, dunno, sizeof (dunno)-1);
return 1;
}
write(1l, hello, sizeof(hello)-1);
write(l, argv[1], string_length(argv([1]));
write(1, "\n", 1);
return O;

}

[TonpoGoBaB OTKOMIIMJIMPOBATH 3Ty MPOTPAMMY U C PA30YapOBAHUEM yOe-
JIUBINUCH, 9TO Mbl HUYETO TOJKOM HE JOOUJIUCH, IIPUCTYIIUM COOCTBEHHO K
TOMY, P&JIN 9€ro BCE 3aTesIN — HOMBITAEMCs N30ABUTHCST OT UCHIOTB30BAHIS
craugapraoit 6ubmoreku Cu. st aToro HaMm Jijist Hadasta motTpebyercs 3a-
MEHUTH Ty €€ 9aCTh, B KOTOPOI peajn30BaHa HeDe3bI3BeCTHAS «HEBUINMas
dbyuxus» (a TouHee, mommporpaMma B acceMOIEPHOM CMBbICJE) _start,
XOPOITIO 3HAKOMAasi HaM CO BPEMEH U3ydeHUs s3bIka accembiepa. VMeHHO
9Ta MOJIPOrpaMMa CIIYKUT HACMOoAWeT TOYKON BXOJa B IPOrpaMMy, TO
€CTb OIIEPAIIMOHHAS CUCTEMA MG CAMOM Jefe BbI3BIBAET €€, a BOBCE He main;



§4.12. (*) IIporpamma na Cu 6e3 cTangapTHONH OGUGIMOTEKN 267

KaK MOXKHO JIEIKO JIOTaIaThCsl, (DYHKIMIO Main BBI3LIBAET KAK Pa3 MOJIPO-
rpaMma _start, IMEHHO Ha Heé BO3JIaraloTcs OOS3aHHOCTH IIO IIOJITOTOBKE
apryMeHTOB main, a paBHO M BbI30B _exit (WM 9TO TaM HUCIOJIb3YeTCst
BMECTO HEr0) II0C/Ie TOr0, KaK main 3aBepiiuT CBOIO paboTy.

[IpunoMHMB, 9TO W KaK PACIIOJIOXKEHO B CTE€Ke Ha MOMEHT BBI30Ba
_start, Mbl JIETKO yOemuMcsi, 9TO Jyisd (DYHKIMH main apryMeHTHI IIpH-
IETCs TOTOBUTDH, TAK KAK TO, 9YTO B CTEKE yIXKE €CTh, XOTS U IIPECTABIISIET
cob0#t UMeHHO Ty NHAPOPMAIHIO, KOTOPasi HaM Hy?KHa, HO He COBCEM 6 oM
gude; HAIIOMHUM, 49TO 110 ajpecy [ESP] Jie:KUT KOJIMYECTBO IIapaMeTpPOB
KOMAaH/HOW CTPOKH, TO €CTh IPAMO-TAKM 3HAUEHHE argc, HO BOT JAJIbIIE
JIe’KAT yKA3aTe/n HA CAMU IMapaMeTPhI, TO €CTh (PaKTUIECKHU IIPSIMO B CTe-
Ke JIEKUT MacCUB argv, HO HaM BeJib HY?KHO, 9TOOBI B CTEKE JIEXKAJI aJ[pec
3TOrO MaccuBa (napamerp argv). I109ToOMy MBI TOCTYIINM HPOIIE: 3aTrPy3UM
u3 creka B peructp ECX 3nadenue argc, nmorom B perucrpe EAX chopmupy-
eM 3HadeHne argv, 3aTeM, He TPOrasi UMEIOIIYIOCsad B CTeKe MH(POPMAIINIO,
3aHECEM TyJa B COOTBETCTBUY C KOHBEHINE! BHI30BOB CHAYAJIa argv, IOTOM
argc u, HaKOHeIl, Bbr3oBeM dyHKImio main. Ilocse e€ 3aBepmenus — eciu,
KOHEYHO, JI0 9TOrO JIeJIO JOUIET, BeIb KTO-TO BIIOJIHE MOT BBI3BATH _exit
6e3 HaIllero yJacTus — HaM OCTAHETCs U3BJIEYb €€ BO3BPAIaeMOe 3HAUCHUE
u3 peructpa EAX u BbI3BaTh _exit.

ITosrocThIO haiin, comepzxkariuii moaporpaMMmy _start, ¢ y96ToM KOH-
Berruu Bbi30BOB OC Linux Oymer BBINISIETh Tak:

global _start ; no_libc/start.asm
extern main
section .text
_start: mov ecx, [esp] ; argc in ecx
mov eax, esp
add eax, 4 ; argv in eax
push eax
push ecx
call main
add esp, 8 ; clean the stack
mov ebx, eax ; now call _exit
mov eax, 1
int 80h

st OC FreeBSD npujiércst 3aMeHUTH [IOCJIeJHIE TPU CTPOYKHU HA CJIEJLy-
IOIIHue:

push eax ; now call _exit
push eax

mov eax, 1

int 80h

ClieLyIommmM 9TaroM HAIero SKCIIePUMEHTa CTAHET HAIMCAHWE CBOeH pe-
aIM3aIu «00EPTOK» [JIsi CUCTEMHBIX BBI30BOB. Ilo Oosbiomy cuéry, HAM
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JIOCTATOYHO OJIHOTO JIUIIIh BBI30BA Write, HO, YTOOBI IOKA3aTh, KAK BCE BbI-
TJI71e10 OBl 1151 OoJiee cepbE3HOI TPOTrPaMMBbI, MbI HAITAIIIEM OOEPTKU JIJTs
JIByX BbI30BOB: write u read (ero npoduiib BBINIAIUT TaK ¥Ke, KAK U [IPO-
dus write, ToJIBKO 6€3 CI0Ba const, BeJb B 9Ty 00JIACTH MAMSTH JTaAHHBIE
3aNUCHIBAIOMCA); BO N30€KAHNE JIUIITHEH [Ty TAHUIILI HA30BEM HAIIM BEPCUN
00€pTOK sys_write n sys_read. Kak u fj1s1 «HaCTOSAINX» 0OEPTOK CHCTEM-
HBIX BBI30BOB, MBI [IPEyCMOTPUM TJIOOAIHHYIO IEPEMEHHYIO JJIs XPAHEHUS
KOJIa OIMUOKW, KOTOPYIO, ONSTH-TAKU BO N30€KAHWE ITyTAHWUIIBI, HA30BEM
Sys_errno.

OrmMerum cpazy ke, YTO PEATU3AIIH ITUX JIBYX BBI30BOB, KAK M BOOOIIE
BCEX CHUCTEMHBIX BBI30BOB, UMEIOIUX TPU IIapaMeTpa, Pa3psIHOCTb KOTO-
PBIX He TpeBbImaeT 32 6uT, TPEOYIOT COBEPIIEHHO OIUHAKOBO IOCJIEI0-
BaTE€JIbHOCTU KOMAaH/[l ! OTJINYAIOTCS TOJHKO HOMEPOM CHCTEMHOI'O BBI30BA.
ITosTomy MBI cO3manM ODOIIYIO JIJIsT BCEX <«TPEXMECTHBIX» BLI30BOB Dea-
JIM3AIINIO, & CAMHU OOEPTKU CUCTEMHBIX BBI30BOB OY/IyT IIPECTABISATH COOOi
JIUIITH TOYKK BXO/a (& He [EJIbIe MOAIIPOrPAMMEI ), KOTOPBIE OY/LyT IOMENATh
HY?KHBI{I HOMED CHCTEMHOTO BbI30Ba B peructp EAX u nenath npoctoii (6es-
YCJIOBHBII) Hepexol Ha OOLIYI0 peajid3aluio TPEXMECTHOrO BbI30Ba. UTo
KacaeTcs 9TOU peasin3allid, TO OHA OyIeT JeHCTBOBATH B COOTBETCTBUU C
kouBennueit CDECL: coxpansTh crapoe 3uadenume EBP, cosmaBaTb Kijac-
CUYIeCKU CTEKOBBIH (peiiM, y:Ke B HEM COXpaHATH cTapoe 3HadeHne EBX
(corsacuo npasmiam CDECL, Bbi3BanHast moziporpaMmMa IMeeT IPaBo M-
moptuth EAX, ECX u EDX, a nHarra peaju3aiiusi 0OEPTOK BBIHYKJIEHA, TAK¥Ke
ucnob308aTh EBP 1 EBX, 1103TOMY 3TH [Ba PErUCTPa OHA COXPAHACT B CTe-
K€ ¥ [OTOM BOCCTAHABJIUBAET), 3aT€M, OOPATHBIINCH K COOTBETCTBYIOIIMM
MO3UIUAM CTeKa, U3BJIeYb OTTYAa IIapaMeTpPhl CUCTEMHOI'O BBI30Ba, Pa3JIo-
KUTH X B coorBercTBUN ¢ KouBeHueit OC Linux mo perucrpam EBX, ECX u
EDX, 3aTeM, HAKOHEIl, OT/IaTh YIIPaBJIEHUE $I/IPY OIE€PAIIMOHHOIT CUCTEMBI; 110
BO3BPAIIEHUN BBISICHUTDH (OISTH YK€, B COOTBETCTBUM ¢ KOHBeHIell Linux),
He HaXOJUTCS JIN BO3BPAIIEHHOE 3Hadenne B auana3zone oT Oxffff£000 mo
Oxffffffff, ecoim na — 3amectu ero B sys_errno, a B EAX ocTaBuUTb 3Ha4e-
HHe -1, ecsii »Ke HET, TO IIPOCTO BEPHYTH yIIpaBJeHHUe BbI3BaBIIEeMY, IIPe-
BAPUTEJIHHO BOCCTAHOBUB COCTOSIHUE PErHCTPOB U cTeka. llosmocThio mar
MOJY/Ib Oy/IeT BBITJISIETD TaK:

global sys_read ; no_libc/calls.asm
global sys_write

global sys_errno

section .text

generic_syscall_3:
push ebp
mov ebp, esp
push ebx



§4.12. (*) IIporpamma na Cu 6e3 cTangapTHONH OGUGIMOTEKN 269

mov ebx, [ebp+8]
mov ecx, [ebp+12]
mov edx, [ebp+16]
int 80h
mov edx, eax
and edx, Offfff000h
cmp edx, Offfff000h
jnz .okay
mov [sys_errno], eax
mov eax, -1
.okay: pop ebx
mov esp, ebp
pop ebp
ret
sys_read: mov eax, 3
jmp generic_syscall_3
sys_write: mov eax, 4
jmp generic_syscall_3
section .bss
sys_errno resd 1

Hns FreeBSD nognporpamma generic_syscall_3 Oyuer BBIIVISJIETH Ha-
MHOT'O TIPOIEe, BeIb MMapaMeTpbl CUCTEMHOT'O BBI30BA IEPEIAIOTCS Uepe3
CTeK, a B CTeKEe OHM y HAC YK€ JeXKaT, MPUTOM B HYKHOM IIOPSIIKE.
31ech MBI CMOXKeM cebe MO3BOJIMTh He O(MOPMJIATH ITOJTHOIEHHBIN CTEKO-
BBIHT (bpeiiM, TOCKOIbKY HUKAKAX JIOKAJbHBIX MEPEMEHHBIX MCIIOb30BATH
He Oy/eM, COXpaHITh U BOCCTAHABINBATH PETUCTPHI HAM TOXKE HE HYKHO.
Breirisimers 3T0 Oyzer Tak:

generic_syscall_3:

int 80h
jnc .okay
mov [sys_errno], eax
mov eax, -1
.okay: ret

Bouibire pazmuanit mex 1y Linux u FreeBSD y Hac He npenBuguTcst, TO eCTh
BECh OCTABIIUICS TEKCT HAIIEro IPUMepPa IOJOUIET /i 00eUX CHCTEM.

Bepmuémcst k Harmeit ritaBHO# TporpaMMe 1 MEPEnIeM eé ¢ pacIéToM Ha
HCITO/Tb30BAHUE TOJIBKO YTO HAIMCAHHBIX OOEPTOK BMECTO (DYHKINK Write
u3 craHgapTHON 6ubsmoreku. st 3T0or0 HaM npUAETCst yOpaTh TUPEKTHU-
By #include, m06aBUTh HPOTOTHUI (QPYHKIUU SYyS_write M 3aMEeHHUTH BCe
BBI30BbI write BbzoBamu sys_write. [losyunrcs ciemyroree:

/* no_libc/greet3.c */
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int sys_write(int fd, const void *buf, int size);

static const char dunno[] = "I don’t know how to greet you\n";
static const char hello[] = "Hello, dear ";

static int string_length(const char *s)
{
int i = 0;
while(s[i])
it++;

return i;

}

int main(int argc, char **argv)
{
if(arge < 2) {
sys_write(l, dunno, sizeof(dunno)-1);
return 1;

}

sys_write(1l, hello, sizeof(hello)-1);
sys_write(1l, argv[1], string length(argv[1]));
sys_write(1, "\n", 1);

return O;

}

ObparuTe BHUMaHUe, 9TO 3/1€Ch HET HU OJHON JUpPEeKTHBBLI #include, 4TO
BBITVISIIUT HECKOJIBKO HEIPUBBIYHO /1t TeKcTa Ha CH; HO BKIIIOYEHHS 3ar0-
JIOBOYHUKOB TYT JICICTBUTEJLHO He HY>KHBI, BeJlb €JUHCTBEHHAsl BHEITHSIS
dyHKIINA, KOTOPYIO MBI UCIIOJIB3YEM — 3TO Sys_write, e€ IPOTOTUI MBI Ha-
MUCANA TIPSAMO B TeKcTe. MbI, BIIpOIeM, MOTJIH Obl CHAOIUTH HAIT MOIYJIb
calls.asm 3aroJJOBOYHBIM (ailjioM, HA3BaB €ro, K npumepy, calls.h:

#ifndef CALLS_H_SENTRY
#define CALLS_H_SENTRY

int sys_read(int fd, void *buf, int size);
int sys_write(int fd, const void *buf, int size);
extern int sys_errno;

#endif

Eciin Tak chenarp, TO B TEKCTe CaMOMl IIPOrPAMMBI CTOUT, IIO-BHIMMOMY,
yOpaTh MPOTOTHUI SYyS_Write M MOAKJIIOYATDH 3ar0JIOBOYHUK JINPEKTUBOM

#include "calls.h"

COopKy mporpaMmbl IIPOU3BEIEM TaK:
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nasm -f elf start.asm
nasm -f elf calls.asm
gcc -Wall -c greet3.c
1d start.o calls.o greet3.o -o greet3

Eciin Bl paboraere B 64-OuTHOI cucTeme, mOTpeOyeTCsl sIBHBIM 0Opa30M
COODIUTH KOMITMJISITOPY gCC M PEJIAKTOPY CBsI3€i, UTO IEJBIO SIBJISIETCS
apxXuTeKkTypa 32-OuTHas:

gcc -m32 -Wall -c greet3.c
1d -m elf_i386 start.o calls.o greet3.o -o greet3

Ob6parum BHUMaHUE, ITO JJisi (DUHAJIBHON COOPKU MBI BBI3BAJIU PEIAKTOD
CBsI3ell BpYUHYIO, HE UCIIOJIB3Ys BO3MOYKHOCTU ECC; B CAMOM JIeJie, BEJIb MbI
OTKa3aJlCh OT WCIOJIb30BaHus Oubanorekn Cu, Tak 9TO 3HAHWUS KOMIIH-
JIATOPa OTHOCUTEIHHO TOTO, Tae OpaTh 3Ty OmOIMOTEKy, HaMm Oojblie He
HYKHBI.

Yb6enuBnIuch, YTo nMporpamMma greet3 paboTaeT B COOTBETCTBHUH C I10-
CTaBJIEHHON 3ajia4eil, Mbl MOKEM IIOCMOTPETh, HAKOHEII, Ha Pa3Mep HCIIOJ-
HeeMoro daiiia, u yBUIETHb, 9TO OH 3aHUMAET MeHbUe 00H020 KuA00a -
ma; Ha MallliHe aBTOpa ITUX CTPOK pasmep daiia coctaBuna 816 Oaiir,
UTO 6 CEMbCOM € AUWHUM DA3 MENDUWE, €M Pa3Mep CTATUIECKOrO WC-
nosiasieMoro (paitna, mosydasmmiica g0 toro. Ho memo jmaxke He B 3TOM
9KOHOMUU — B KOHIIE KOHIIOB, €CJIU CPABHUBATH PE3Y/IHTAT HE C PA3MEPOM
CTATUYIECKOTO «OMHAPHUKaA», & C pa3MepoM HCIOJHAeMoro daifira, momy-
YaeMOI'o HITaTHBbIM CIIOCO6OM C HCIIOJIb30BaHUEM BO3MOXKHOCTEMN JAMHaMU-
9eCKOH TOATrpy3KHM OMOIMOTEK, pas3HuIla OyaeT MEHbLINEe YeM B JeCATh pas;
TOXKe, KOHEYHO, MHOT'0, HO HEe HACTOJIbKO. HaMHOro BakHee cam IIPUHITHUI:
36Kk CU HO3BOJISET IMOJIHOCTBIO OTKA3aTbCA OT BO3MOXKHOCTEM
craHgapTHOM 6ubaumoreku. Kpove Cu, Takxum CBORCTBOM — abCOJIFOTHOM
HE3ABUCHMOCTBIO OT OHOJMOTEIHOrO KOJIA, TAKYKE MHOT/A HA3BIBAEMBIM ZE€T0
runtime% — o6y1a1AI0T HA CErOMHSIIHMI eHb TOIBKO S3BIKU ACCeMOIICPOB;
HU OJIUH sI3bIK BBICOKOI'O YPOBHsI HE IIPEIOCTABJISET TAKO BO3MOYKHOCTH.
B uacraocTH, cynepnomnyspubiii 136K Cu-+ yTpaTni He3aBUCUMOCTH OT
6ubImoTEK BpEeMEHU WCIOJHEHus emé B cepeamue 1980-x romoB, Korjga B
HEro OBLT BCTPOEH MEXaHU3M 00paboTKy uckiodeHuit. YTodbbl objiagaTh
CBOMCTBOM zero runtime, si3bIK He JIOJI>KE€H BKJIIOYATh HUKAKUX
CPE/ICTB, peaju3anys KOTOPhIX HA YPOBHE MAIIMHHOIO KOJa CTOJIb
CJIOXKHA, YTOOBI MMEJIO CMBICJI BBIHOCUTH €€ B MO/IIPOTPAMMY; NHA~
9e rOBOpsi, CBOICTBO zero runtime gocTuraercst 61arofiapst omcymcmeuio B
sI3bIKE OIPEIEIEHHBIX BO3MOXKHOCTEl, a He OJ1aroiapsi uX HaJIUYUIO.

Nmenno sto csoiictBo — zero runtime — genaer Cu €IMHCTBEHHBIM KU
6e3aIbTePHATUBHBIM KAHIMIATOM HA POJIb SI3bIKA JJI PeaIM3aIluu siiep

46 TakM 06pa3oM MOTIEPKIBAETCS HYJIEBOH pasMep OHOIMOTEKN BPEMEHH HCIOJIHE-
HHS, TO €CTb TOW YacTu OGUOIMOTEKH, KOTOPasi 00A3aTe/IbHO IPUCYTCTBYET BO BCEX HC-
MOJIHSIEMBIX (baityiax, cO3/1aBaeMbIX KOHKPETHBIM KOMIIUJISITOPOM.
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OIEPAITMOHHBIX CUCTEM U IPOIIUBOK JIJIsi MUKPOKOHTPOJLIEPOB. TeM yauBu-
TeJIbHee, HACKOJILKO MaJIo JIIoJeit B MUPe 3TOT MOMEHT OCO3HAIOT; U CTOKPAT
yAUBUTEIbHEE TO, YTO JIIOJEHl, MOHUMAIONINX ITO, CyJs 10 BCEMY, BOOOIIE
HET CPeJU YWIEHOB KOMUATETOB II0 CTaHJAPTU3aluN, KOTOPbIE B T€UYECHUE I10-
CJIEHUX JBYX JIECSITKOB JIET YIIOPHO IBITAIOTCs «CpacTuTh» Cu ¢ ero crau-
JTapTHON OMOJIMOTEKOI, & caM SI3BIK YTSKEJISIIOT BOSMOXKHOCTSIMU, KOTOPbIE
B HEKOTOPBIX KOMIIMJIATOPAX YK€ PEeaJIM3YIOTCHd IMOANIPOrpaMMaMU; WHaJe
roBOPs, TOT HacTapi, KOTOPBIN BBIIIEJ U3-110/] IIepa CTAaH apPTU3ATOPOB, 60-
Jiee He 00J1a/Ia€T TVIABHBIM, JIa U €/1Ba JIM HE €JIMHCTBEHHBIM JOCTOMHCTBOM
s3pika Cu, 3aT0 00J1/1aeT P 9TOM BCEMH €r0 HeJOCTATKAMU B BHJIE aHTH-
JIOTMIHON CEMAHTUKH, BBICOKOI TPYIOEMKOCTH PADOTHI, OMACHOCTEH Hero-
CPEJICTBEHHOM pabOThI ¢ yKa3aTeJsIMU U TOMY HOJ00HOrO.

K coxaneHunto, faxke ¢ MMEIOWUMUCS Ha CErofHsILLHMIA aeHb peanusauusmu Cu
ecTb onpeaenértble npobnembl. Hanpumep, npn ncnonb3oBaHnm gec Halwa nporpam-
Ma Morna bbl He NpoiiTn drHaNbHYO COOPKY, MPYU STOM KOMMOHOBLLMK NOXKaI0BaCs
Obl Ha OTCYTCTBUNE KAKUX-TO HEBEOAOMDbIX d)yHKLI,I/IVI, YbW MUMEHA HAYUHAKOTCA C ABYX
I'IO,D,LIépKI/IBaHI/IVI. 3TO O3Ha4ano 6b|, 4TO B Hallen nporpamMmMme Mbl NCNosib30Baan
HEKYIO BO3MOXXHOCTb, KOTOPYHO KOMMNUNATOP peasindyeT 4Hepe3 Bbi3OB «CBOEelA C06—
cTBeHHOW» yHKuMN. [TprMeEpoM Takoll BO3MOXXHOCTU CAY>XXWUT YMHOXEHWNE HUCEN
Tuna long long Ha 32-6uTHoii cucteme. K cuacTblo, B Takoii cutyaumm TpebyeTcs
NOAKJIOYaTb He OBbIYHYIO «CTaHAapTHY 6ubnnoTeky», a cpaBHUTENbHO Hebonb-
wyto GrubnmoTeky, copepxalLyro Kak pas Takue BOT «xuTpble» dyHkunn. [dns gee
3Ta bubnuoTeka HasbiBaeTca libgcc n nopktouvaetcs gobasneHmem cnara -lgec
npu BbI3OBE JINHKEPA:

1d start.o calls.o greet3.o -lgcc -o greet3

Tak unn nHade, s3bik Cy JomnyckaeT CBOWCTBO zero runtime, HO He BCe ero peanu-
3auun 3TUM CBOCTBOM 0BNafaloT: Kak BUAMM, CC B HEKOTOPbLIX Cyvasix TpebyeT
BnbnnoTeyHbIX OyHKLMIA A5 peann3auny BO3MOXKHOCTEN, BCTPOEHHbIX B si3bIK. Ham
OCTaéTCsl yTewaTbCs TEM, YTO 3TO CBOWCTBO KOHKPETHOIO KOMMUASATOPA, a He si3blka
B LESIOM.
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OOBbEeKThI U yCIIYyTHI
OlepaIMOHHON CUCTEMBI

5.1. OmeparnmoHHasi CUCTEMA: YTO 3TO U 3aYEM

5.1.1. Posap 1 MecTo onepanuoHHON CUCTEMBI

Omnepanuonnas CHCTEeMa HEOIHOKPATHO YIIOMUHAJIACH B IMPEIbIAYIIAX
JacTdax Halneil KHurd. Mbl yke 3HAaeM, UTO OII€PAIMOHHASI CUCTEMA —
3TO MPOrpaMMa, KOTOpasi 3arpy’KaeTcsi Ha KOMIIbIOTepe MepBoii (Ha ca-
MOM JieJie He COBCeM IIepBOIi, HO OT TeX, KTO 3arpyzKaeTcd paHbllle, K MO-
MEHTy Hadaja OObIYHONW paboThl HE OCTAETCS HUKAKUX CJIEJIOB) U 9TO BCE
oCTaJIbHbIE IIPOrPAMMbI 3aIIyCKAIOTCA U paboTaloT nod ynpasieHuem Ole-
parmonHoii cucrembl. CaM 110 cebe TEPMUH «OIEPAIMOHHAS CHCTEMA» YIIO-
TpeOISIETCS B IUTEPATYPE U JIEKCHKOHE CITEIINAINCTOB B JIBYX CYIIECTBEHHO
Pa3JIMYHBIX 3HAUEHUAX; paHee B TEKCTe Halllell KHUT'Y II0JI «OIlepaIliOHHOMN
CHUCTEMOI» BCerja IIOHUMAaJIacCh UMEHHO Ta NPO2pamma, KOTOpas 3arpyKa-
eTCs TIEPBOI U YIIPABJSET almapaTypoil, o0pabaTbiBaeT IPEePHIBAHNS U 00-
CITy>KUBAET CUCTEMHBIE BBI30OBBI. DTy IPOTrpaMMy TaKrKe HA3BbIBAIOT A0POM
ONEPAUUOHHOU cUuCMeMbl.

B mekoTOpBIX ClTyvdasx MOJ CJIOBOCOYMETAHNEM «OIEPAITMOHHAS CUCTEMAY
TMIOHUMAIOT OOJIBITON HAOOP TPOTPaMM, BKJIIOYAIOIIHI, KPOME si/ipa, Pa3Ho-
0Opa3HbIe CUCTEMHBIE YTUIUTHI, TTPOTPAMMBI I YIIPABJICHUS M HACTPONK,
MHOIJIa JarkKe KOMIIMJISITOPBI U MHTePIPETaTOPHl S3bIKOB IIPOrPaMMUPOBa-
uus. Kak BUIUM, TEDMUH «OIMEPAITMOHHAS CHCTEMAa» MOYKET HCIOJIb30BATh-
Cd B PA3HBIX 3HAUYCHUAX, TOrJIa KAK MCIOJIb30BAHUE TEPMUHA <SP0 Olepa-
ITUOHHON CUCTEMBbl» HUKAKON HEOIPeIeJIEHHOCTH He OCTaBJisgeT. B maJibHei-
meM MbI OyJIeM HCIIOJIb30BaTh 008 TEPMHUHA, CIUTAasi UX CHHOHUMAMU; JIJIsT
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0603HaUeHnsT «OOJIBINION0 HAOOpa MPOrpaMM» MbI Oy/ieM IPUMEHSITH JIPY-
r'e TEPMUHBI, TAKHE KaK «JIUCTPUOYTHUB», «OKPYKEHUEe» W T.II., Haubosee
MTOJIXOJTSTINE TI0 KOHTEKCTY.

IIporpaMMupys Ha s3BIKe acceMbiepa, MbI BLIACHIIH', UTO HAIMCAH-
HBle HAMH [TPOTPAMMBI CAMOCTOSITEJIbHO MOTYT TOJIBKO NMpeoOpa3soBLIBATH
nHGOPMAIIIO B OTBEJIEHHONW UM MAMSATH, JII0O0E B3AUMOJICHCTBHE C BHEII-
HUM MHUPOM BO3MOXKHO HCKJIIOYUTEIBHO Y€PEe3 OIEPAIMOHHYIO CHCTEMY, a
obpallieHne MoJb30BaTEILCKOM 3a/a4l K OIEPAIMOHHON cucTeMe 3a yCiIy-
raMiy Ha3bIBAETCI CUCTMEMHBIM BBL30BOM.

Ham Tak»ke M3BECTHO, YTO KOMAHJIbI, KOTOPHIE YMEET BBIIOJIHSTE I[EH-
TPAJILHBIN [IPOIECCOD, JEJISITC HA NPUBUAC2UPOSAHHBIE U HENPUBUAE2UDPO-
8GHHDLE, & CAM IIPOIECCOP MOXKET PADOTATH B NPUSUAECZUPOBGHHOM PENHCUME
WIH B 02PAHUMEHHOM PEICUME; B TIEPBOM IIPOIECCOP TOTOB BBITOIHSTH JIIO-
Oble KOMAaHIbI, BO BTOPOM — TOJIBKO HeIpuUBHIerupoBanubie. Oneparmon-
Hasl CHCTE€Ma CTapTyeT B IMPUBUJIEIMPOBAHHOM DEXKUME, a KOIJa eil IPUXO0-
JIUTCS OTIATH yIIPaBJIEHNE MOJIb30BATE/ILCKON 3a/lade, OHa MEHSIET PEeXKIM
[IPOIECCOpa HA ONPAHUIEHHBIH.

[Iporeccop MoxkeT mepeiiT 0OOpPATHO B IPUBHJIEIHPOBAHHBIA DPEKUM
TOJIBKO TIPU YCJIOBUU OHOBPEMEHHON Mepeiadn yIIPaBJIeHUsT HA TaK HA3bI-
BaeMble 00pabomyuky — GpparMeHThl IPOrPAMMHOI0 KOJa, aJIpeca KOTOPBIX
3aJIaHBI 3apaHee, BO BpeMsl pabOTHI B IIPUBUJIETHPOBAHHOM DEXKHUME, U ITH
aJpeca HeJIb3s M3MEHUTH, HAXO/SICh B PEXKUME OI'DAHUIEHHOM; €CTECTBEH-
HO, OIIEPAIMOHHASI CUCTEMa HACTPAMBAET IIPOIECCOD TaK, 9TOOLI B POJin 00-
PabOTINKOB UCIIOIB30BAJINCH €€ cobcTBeHHbIe (pparmenTnl. Kak ciiesicreue,
OJIHOBPEMEHHO € TIEPEKJIOYEHNEM PEeXKUMa IIPOIECCOpPa Ha MPUBUIETHPO-
BAHHBII yIIPABJIEHUE BCErIa BO3BPAIAETCS OIIEPAIMOHHON CHCTEME, TAK ITO
TOJIBKO €€ KOJ[ MOYKET BBINOJIHSITh [IPUBUAJIEIHPOBAHHBIE KOMAHIBI, OOJIbIIE
HU Y KOI'O TaKOil BOBMOXKHOCTHU HeT. BO3BpaT yIpaB/ieHUs CUCTEME [IPOUCXO0-
JIAT B TPEX OCHOBHBIX CJIydasX: KOTJIa BHUMAHUE OIEPAIMOHHON CHCTEMbI
Tpebyercs BHEIIHEMY yCTPOHCTBY (annapammbie/eHewHue Npepuea-
HUS WA TPOCTO MPEPBHIBAHUA); KOTJIA IPOIECCOD HE MOXKET MCIIOJHUTD
OYEPEHYI0 KOMAH/y U3-32 €€ HEKOPPEKTHOCTH — HECYIIECTBYIONIEro KOfa
oTlepaIuu, JejieHus Ha HOJIb, OOpalleHus 3a IMpeJIesIbl OTBEJIEHHON 3aa19e
HAMATU U T. 1. (8HYMPEHHUE NPEPLIBAHUSL UL UCKAIOYEHUS); U IPU
CHCTEMHOM BbI30B€ (MHOTIA TOBOPAT, YTO CUCTEMHDIE BLI3OBbI PEAJIU3YIOTCS
C TIOMOIIBIO NPOZPAMMHBIT PEPBLEAHUTL).

[MomuepkHEM, 9TO ¢ MOMEHTA 3arpy3KH SIIPO SIBJISIETCS] €IUHCTBEH-
HOII mporpaMmoii, Ko/ KOTOPOii BBITIOJIHSIETCS B IIPUBUJIETUPOBAH-
HOM pe2KHMe I[IEHTPAJILHOIO IIpolieccopa. Bce ocrajbHbBIE IIPOrPaMMBbI,

LCoorsercrByonuit MaTepuaa B IIEpBOM ToMe pacronaraercs B §3.1.2 u riase §3.6
(883.6.1-3.6.4). Ecam npu gyrenun storo naparpada Bbl IOUyBCTByeTe cebsi HEyBEpeH-
HO — IONBITAMTECH IEPEIUTATH YKA3AHHBIN MaTepruaJl, BO3MOXKHO, 9TO PEIIUT IPOGIeMy.
Ecnu mer — HaiiguTe KOro-HubyAb, KTO CMOXKET BaM IIOMOYb. V3y4yaTh onepalnuoHHbIE
CHCTEMBI KaK IIPEIMET, He IIOHUMas OCHOB X (DYHKIIHOHHPOBAHUS, HEBO3MOXKHO.
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OrpaHHYEHHbIH
PeKHM

‘ 3anaun ‘

ﬂ )1 P O TIPHBHJIETHPOBAHHBIH

PEKHM

Puc. 5.1. dnpo n 3amaam

BHE 3aBUCHMOCTH OT YPOBHSI UX IOJTHOMOYHIA, BBIIOJIHSIIOTCS B OrPAHUYIEH-
HOM peKMMe B BHJIe NOJIb30BATEIbCKUX 3ajad (puc. 5.1). BoiHyxneHHas
00XOJIUTHCST TOJBKO HENPUBUJIEIMPOBAHHBIMI KOMAHIAMHE, MTOJIb30BATE b
cKas 33/1a49a caMa 1o cebe He MOKET CIeJIaTh HHIEro TAaKOTO, 9TO TOBJIUIIIO
6Bl HA BCIO BEIYUC/AUTEILHYIO CHCTEMY? B IIEJIOM, XOTs OHA MOYKET IIOIPO-
CHUTDb O TAKHUX JEWCTBUAX OMEPAIIMOHHYIO CUCTEMY.

Mpbr TakKe ycrmead oOCYIUThH, 9TG HA CAMOM JieJie CKPBIBAETCS 10T
TEPMUHOM <«OJHOBDEMEHHOE BBITIOJHEHUE 33J1a9»; MBI YK€ 3HAeM, 4TO
MYABLMU3AIAYHOCTML ObIBaeT nakemmol, Tie 3ajada IIepecTaéT BbI-
MTOJTHSITHCSL JINIIH JIOWIsT JI0 KOHIA, JIMOO KOTya eil TpeDdyeTcs JIOXKIAThCs
KaKOrO-HUOYIb COOBITHS, YAIle BCEro — OKOHYAHUsI ONIEPAIii BBOJIA; KPOME
TOI'O, CYIIECTBYET PEHCUM PA3OEAEHUA 8PEMEHY, IPU KOTOPOM 3aJa-
YU JIOMOJIHUTEIBHO MOT'YT CMEHSITh JPYT JpyTla, eCJId OJHA W3 HUX YCIEeJIa
oTpaboTATh OMpPEEeTEHHOe KOJMIEeCTBO BPEMEHHU, & B CHCTEME €CThb JIpy-
rue 3a/a9d, TOTOBbIE K BBIMOJHEHUIO. [[aKeTHBIA PeXKUM IPUMEHSIETCS Ha
BCEBO3MOXKHBIX CYIIEPKOMITBIOTEPAX, IJle KOHKPETHAsI TOC/Ie10BaTe/IbHOCTD
00paboTKU 3aJ1a7 HE CTOJh BayKHa, BayKHEe UX 00Iee KOJIMIEeCTBO, KOTO-
poe cucreMa ycreerT 06paboTaTh 3a €IUHUILY BPEMEHU, U HET CMBICIA Te-
PSTH JIPArOIEHHOE MPOTIECCOPHOE BPEMST HA JINITHUE TEPEKJTIOYEHUST MEXK Ty
sajadamu. Jljis ManmH, BeyImux HeIOCPeICTBEHHBIN JUAJIOT C MOJIb30Ba-
TeJISIMH, & TaKKe JJIs CEPBEPHBIX MAINUH, 00CJIyKHBAOIIMX MHOYKECTBO
KJINEHTOB OJIHOBPEMEHHO, MAKETHBIH PEXKUM He TOIXOJUT U MPUXOIUTCS
MPUMEHATH PEYKUM Pa3jIe/IeHusl BpDeMEHH, 0DECIeInBaIONil KasK oM 3a/1a-
9e, KOTOpasl TOTOBA K BBIIIOJHEHUIO, OIPEJEJIEHHYIO JIOJIO IIPOIECCOPHOTO
Bpemenu. [Ipu aToMm co3maéres BredaTienne, ITo Kaxaas 3ajada paboraeT
Ha CBOeil CODCTBEHHON MAITiHe, BO3MOXKHO, OoJtee Me teHHoi. Kpome aTux
IBYX PEXKWMOB, BBIJEJISIOT TAKXKe ITPOMEXKYTOUHBIN He8bmecHA0uUll
pedcuM MYAvbmMu3adaHoOCMU, Ceiuac BBIIIEINNI U3 yHIOTPEOJCHMsI,
U pescum PeanvbHo20 8PemMeHu, TJe 3a/a9a [JIAHUPOBIIUKA HE B TOM,
9TO0BI JJATH BCEM MOPAbOTATH XOTh CKOJIBKO-HUOYIb, & B TOM, YTOOBI 0bec-
[EYUTH TIPEJICKA3YEMOCTh «I'PSI3HOIO» BPEMEHU BBIMIOJIHEHUs 3aJa4u, T. €.
BO3MOKHOCTH 3apaHee IOHATH, YCIIeeT JIU Ta WJIA UHAs [IPOrpaMMa 3aBep-
MIUTHCS K 33]AHHOMY MOMEHTY BPEMEHH.

2Tlox ebLruuCAUMENLHOT CUCTEMOT TOHIMAETCs, IPY6O FOBOPS, KOMIBIOTED CO
BCEMU IIPOrpaMMaMH, KOTOPbIe Ha HEM HUCHOJIb3YIOTCS.
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Hakonerr, HaM U3BECTHO, YTO JJIsl [TOJTHOIIEHHOI'O 00EeCIledeHUsT MyJIbTH-
3aJI]A9HOTO PEXKMMAa alnaparypa KOMIbIOTEpa JMOJIKHA IMOMIePXKUBATH 10
MEHBITIEl Mepe JeThIpe BO3MOXKHOCTHU: allllapaT MpepbIBAHU, 3aIUTy Ia-
MSITH, Pa3ie/IeHre MAIIMHHBIX KOMAHI Ha OOBITHBIE U TPUBUJIETIPOBAHHbBIE
(¢ o IEPIKKOI COOTBETCTBYOIINX PEXKUMOB [IPOIIECCOPa) U TafiMep — mpo-
cTeiflliee yCTPONCTBO, TeHEPUPYIOIEe 3aMPOChl TPEPHIBAHNS Ue€pe3 paBHbIE
MMPOMEXKYTKN BPEMEHM.

Bce st cBesieHust 06 OmEpAIMOHHBIX CHCTEMAaX MBI OBbLIM BBIHY K IEHBI
[IPUBOJIUTH B IIPEJBLIYIINX YACTSAX HAaIlleill KHUTHU, IIOCKOJbKY 6e3 HUX He
MOIJIN JIBUTATHC JAJBINE; HO 33/a4N, CTOSBINNE TEpesl HAMU paHee, Obl-
JIM JOCTATOYHO CJIOKHBI caMM IO cebe, TaK UTO ONMEPAITHOHHBIE CHCTEMBI
MPUIILIOCH 00CYKIATH JOBOJBHO MOBEPXHOCTHO.

[ToxpobHOE paccMOTpeHre OIEPAIMOHHBIX CHCTEM JIOTUYHO pa3leliser-
csI Ha JIBA ACIEKTa: KaK BBITVISIIAT YCIYTH, KOTOPhIE OMEPAITHOHHAST CUCTE-
Ma IIPeIOCTaBIISET IPOrPpaMMaM, BBITTOJTHSIIONINMCS O €€ YIIpaBICHUEM, 1
KaKOBO yCTPOMCTBO caMoii cucreMbl. B 9T0i ¥ IByX HOCIEAYIOMNX YACTIX
Halefi KHUTU MBI ITOCTApaeMCs OCBETUTDL IEPBBIM ACIIEKT, TO €CTh IOKa-
3aTh, KaK BBITVISIUT OMEPAIMOHHAS CHCTEMa C TOYKU 3PEHUSA ITPOrPaAMMU-
CTa, HEIIOCPEICTBEHHO UCIIOIB3YIOMIEr0 CUCTEMHBIE BEI30BBI. SAaKIIOUNTE b=
Hasl 9aCTh 9TOI'0 TOMa, BOCbMasl B 0DOIIell HyMepaluu, IOCBsIIEeHa TOMY, KaK
OIepaImoHHasl CUCTeMa yCTPOeHa U KaKUM 00pa3oM OHa (PYHKITHOHUPYET.

Ecmu 3amaTbes BommpocoMm, 3adeM Hy»KHa OMIEPAIMOHHAS CUCTEMa, M 9ITO
[IOJIE3HOT'O OHA, JIEJIAeT, TO OTBET MOYKHO CBECTH BCETrO K JBYM ITYHKTAM.
Bo-11epBbIX, OlepaInoHHAsI CUCTEMA, YNPABAAEN, NOAL3OEGMENDCKUMYU 30~
dauamu, TO eCTb yMeeT 3allyCKaTb HporpaMMbl (IPUYEM Tak, ITOOBbI He
[OTEPATH IPU ITOM KOHTPOJIS 32 MAIIUHON B II€JI0M ), PACIPEIEIIAET MEK-
JIy HUMU IIPOIIECCOPHOE BPEMsi U OIIEPATUBHYIO MaMsITh, JAET BO3MOXKHOCTh
3allyIEHHBIM [IPOrPAMMaM B3aHMOJIECTBOBATDh MEXK LY CODO IIPU BO3SHUK-
HOBEHHUHU TaKOi morpebHOCTH. BO-BTOPBHIX, OHA TOJHOCTHIO OEPET Ha ceds
yIIpaBjeHne almapaTHOl YacThbio KoMmmbioTepa. PakTudeckn omeparnoH-
Hasl CHCTeMa — 9TO CBOeoOpa3Hasl IIPOCJIOKa MEXKIy TPUKJIAIHBIMA IIPO-
rpaMMaMU U <«2KeJIe30M», KOOPIMHUPYIOAs UX B3auMoieiicTre. Kax ibrit
W3 9TUX ACIIEKTOB 3aC/IyKUBAET OTAEILHOTO OOCYKICHUS, 9eM MBI ceiitac
U 3aiMEMCS.

5.1.2. YnopasJieHHue I10JIb30BaTeJIbCKIMH 3ala9aMu

K ynpasienuio 1osib30BaTesIbCKIME 33/1a9aMU OTHOCUTCS IIPEXK € BCETO
3anyck 3a1a9 U UX 0cmarnos. B camom mese, cam HaKT MOSBICHUS 38240 B
CHCTEMe O3HAYAET, ITO €€ KTO-TO 3aIlyCTHJI; KaK OBbLIO 3aMEUEHO BBIIIE, OIle-
pallioHHas CUCTEMA, CTAPTOBAB HA KOMITBIOTEPE, TIOJTHOCTHIO «3aXBATHIBAET
BJIACTB», TAK YTO 3AIlyCTUTH 33J1a9y MOXKET TOJBKO oHa. C JIpyroii cTopo-
HBI, 331491 UMEIOT CBOWCTBO 3aBEPIATHCH, U JeiicTBIE, 0OPATHOE 3AILYCKY,
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TO €CTh OCTAHOB 33Jla4l — TOXKe, €CTECTBEHHO, BBIIIOJIHSIEeT UMEHHO Ollepa-
[IMOHHAsI CUCTEeMAa: C KayKJION 3ajiadeil y He€ CBA3AHBI JIOCTATOYHO CJIOKHbBIE
CTPYKTYPBI JIAaHHBIX, U TOJBbKO OHa 3HAeT, KaK UX HYKHO IIPaBUJILHO MO-
IUDUIIPOBATH, YTOOBI MCKJIIOUYUTDH 3aBEPIIEHHYIO 3a7ady W3 OYepelu Ha
BBITIOJTHEHNE, BBICBODOIUTD 3aHSITYIO €10 MaMsTh U T. II.

Kpome Toro, K yrnpaBiieHHIO 3a/adaMi CJIeIyeT OTHECTH NAGHUPOBAHUE
8pemerU UeHmpasbHo20 NPOUECCOPa; KOJIb CKOPO y HAC B CUCTEME MOXKeT OJI-
HOBPEMEHHO CYIIeCTBOBATH OOJIBIE OJHOM 3a/a9u, Hy2KHO KaK-TO PaCIpe-
JIeJISITh MeKJLy HUMH BPEeMsl IIEHTPAJIBHOIO IIPOIECccopa (MiIl IEeHTPATBHBIX
IIPOIIECCOPOB, €CJIU UX OOJIBbINE OIHOIO, a B HAIE BPEMS 9TO OOBIYHO TaK U
€CTb), BPEMEHHO IPUOCTAHABJIUBATE OJHU 33/[a4U U CTABUTH HA UCIIOJHEHIE
Jpyrue. B 3aBUCHUMOCTH OT MCIOJIB3YEMOTr0 TUIA MYJIbTU3IATHOCTH 3312~
Y€ MOXKeT OBITh IPEIOCTABIEHA BO3MOXKHOCTh PabOTATh, MTOKA eff eCThb UTo
nesarh (IakeTHas MYJIbTU33JIaTHOCTD), MO0 33/1a9aM MOLYT BbIJEJISITh-
e K8AHMbL 8pemeHu’, TI0 NCTedeHn KOTOPLIX ITAHHPOBIINK CHEMAET
TEKYIILYIO 33Ja9y C BBIIOJHEHUS U JaéT nopaboTarh APyruM 3a1adaM (Ko-
HEYHO, eCJIM B CUCTEME eCTh JPYIHe 3aJa4i, TOTOBbIE K BBINOJHEHNIO).

VipasiieHus II0Jb30BATEIbCKAMA 33/Ia9aMi  TaKXKe I0/IPa3yMeBaeT
ynpasaerue onepamueHoti namamsvlo B IIUPOKOM CMBICJIEe, BKJIIOYAIOIIEM,
HaIIpUMep, paclipejieleHne NMeIoleiicsd NaMATh MeXKIy 3a/ladaMiu, yIIpaB-
JIEHHE HACTPOMKAMHU BUPTYAJIbHONU ITaMATH, 3AIMUTON HNaMATA U IPOYUMU
BO3MOXKHOCTSIMH AIAPATyPhI, CBI3aHHBIMU C OIIEPATUBHON MaMsAThIO. Bpe-
MeHHAs omKawKa® TAHHBIX U3 ONEPATHBHOIN IAMITH HA JUCK C IEJIbIO €8
BBICBOOOXKJICHUST TOXKE OTHOCHUTCS K YIIPABJICHUIO MAMSITHIO.

OT/IesbHBIM 3aIyTEHHBIM B CHCTEME MPOrpaMMaM (TaK Ha3bIBAEMBIM
npoueccam) HyKHO JaTh BOZMOXKHOCTH IIPH HEOOXOIMMOCTH B3aUMOJIEH-
CTBOBaTh MKy cODOIT; HO TIOCKOJIbKY ITOBJIUSITh APYT HA APYTra HAIPSIMYIO
OHHM He MOI'YT, CpeJCTBa JJIsI TAKOI'O B3aUMOJEUCTBUS JIOIKHA IIPEIOCTaB-
JIATH UM OIlepalliOHHAs CHUCTeMa; MHade I'oBOps, K YIPaBJICHUIO IOJIb30-
BaTEJIbCKIMH 33J]a9aMi OTHOCUTCA TaKKe 0pP2aHU3AUUA MEHCTPOUECCHO20
630UMOJeticmeus.

Haxkomnern, Kk ymnpaB/IeHHIO MOJb30BATEILCKUME 33/ IadaMU MBI OTHECEM
pasepanuvenue nosnomoyutd. Cpady orMerwM, 9TO pedb OOBIYHO HJAET O
MIOJTHOMOYHUSX 104b306aMeAell, HO PEATBHO NOAHOMOYUAMYU B CHCTEME 00-
JIaJTaeT He YeJIOBEK, a 3allyllleHHasl [IPOIpaMMa — BCE TOT 2Ke npouecc, KOTo-
PBIii MOXKeT IPEJICTABIATH CODOI TI0JIb30BATEIBCKYIO 33129y WM €€ YacCTh.

B cucreme, Kk KOTOpOiT MMEET OCTYI MHOTO IOJIB30BATENEN — HAIIPH-
Mep, €CJII ITO CEPBEPHBIN KOMIBIOTED, OOC/IYZKUBAONIUN TPYIITy JIIOAei
W 1eJI0e TPEINPUATHE — HEeOOXOJNMOCTh PErJIaMEHTUPOBAHUS JOCTYIIa
[10JIb30BaTe el K UMEIOIIUMCS pecypcaM O4YeBH/IHA: JlarKe eCJIM UCKJIIOYUTD

30TMeTHM, YTO MCXOMHBIA AHIIOS3BIYHBINA TepMuUH — time slice; clIoBO quantum B
3TOM KOHTEKCTE HCIOJIb3YeTCsl Pexke — OOBIYHO B CJlydasiX, KOTJ[a KBAHT BPEMEHU UMeeT
HEPEMEHHYIO JIJINHY U PEYb UAET O BBIYNUCIECHUHU ITOM JJINHBL.

4 AHPIIMICKII TEPMUH — Swapping; JaHHBIE, OMKGYAHHbLE WG OUCK, TO-aHTIHACKA
Ha3BIBAIOTCS swapped out.
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3JI0HAMEPEHHbBIE JeiicTBrs (UTO, BOOOIIE TOBOPS, y2Ke caMo 10 cebe JTaJIeKo
He BCerjia BO3MOXKHO), IIPOCTble (HE 3JI0HAMEDPEHHBIE) OMIMOKHU II0JIh30Ba-
TeJielt B TaKO# CHUCTeMe MOTYT IPUBOJUTH K CJIUIIKOM CEPHbE3HBIM IOCTIE]-
CTBUSIM, €CJIM Y KAXKJI0T0 OYIeT BO3MOXKHOCTD CIe/IaTh B CUCTEME UTO YOI
Ho. Ho MHOTOM10/1b30BaTEIbCKIE KOMITBIOTEPHI BCTPEYAIOTCST CPABHUTETHHO
PeIIKO, TaK YTO TAKON Ciiydaii, Ha nepsuil 632440, MOXKHO ObLIO ObI CYH-
TaTh UCKJIIOYEHUEM U3 TIPABUJL, & JJIs MAIINH, HE TPEII0IAraIONIX PaOOThHI
6OJIBIIIOTO YUCJIA PA3HBIX JIFOJEH — HAIPUMED, s JOMAIITHAX KOMIIbIOTE-
POB, HOYTOYKOB, OPUCHBIX PAbOYMX MECT — IIOJIB30BATEIO0 KOMIIBIOTEPA
MOYKHO IIPE€JOCTaBUTh HEOI'DAHIMUIEHHBbIE IIOJJTHOMOYNS B CUCTEME, Bellb OH B
CUCTeME OJTUH.

VMmenno Tak penmiv NOCTYIUTh B TIOCJIETHEH YeTBEPTH MPOIIIOTO BeKa
CIIETINAJINCTEI OJHOM M3BECTHOW KOMIIAHUU, BBIMYCKAIOMIEH KOMMEPTIECKOe
MIPOrpaMMHOe ODecIievdeHne, B TOM YUCJIE OllePAIMOHHbIe cucTeMbl. [lociesn-
CTBUS 9TOH OMUOKM He 3acTaBmiid ceOs JOJro KIaTh. Kak MbI yKe OT-
MeYaJId, PEAJIbHO JIOCTYI K PecypcaM M BO3MOXKHOCTSIM KOMITBIOTEPA, OCY-
IIIECTBJIIET HE NOAL308GMEND, & 3AIlyCKAEMble UM NPo2pamMbl; parTute-
CKHU IIPU 3aIyCcKe JII000# IPOrpaMMbl MOJIb30BATENb HEPEIaéT yIPABICHHE
CBOMM KOMIBIOTEPOM aBTOPY ITON mporpaMmbl. Mexxmy TeMm, JajIeKO He
BCSIKOU HporpaMmMe MOXKHO HOJIHOCThIO J0BepsiTh. OTcyTcrBre pas-
TpaHUYEHHs] ITOJTHOMOYHII B HEKOTOPBIX IIONYJISPHBIX OIEPAIMOHHBIX CH-
CTeMaXxX CTaJo MPUINHON SMUJIEMUII BUPYCOB W MaCCOBOTO PACIPOCTPAHE-
HUSI BCEBO3MOYKHBIX «TPOSHCKUX» ITPOTPAMM, JEJIAIONIX HA KOMIBIOTEpE
YTO-TO TAKOE, UYTO HAIPSIMYIO ITPOTUBOPEUUT UHTEPECAM €0 BJIAJIEbIIA, HO
IIPU 9TOM OTBEYAET UHTEPECAM «XO3SMHA» TAaKOi mporpamMmMmbl. Kpome Toro,
IIPU OTCYTCTBUU PA3TPAHUYEHUS MOJHOMOYHI 3a9aCTYIO OIMMOKA B OIHOM
W3 [IpOTrpaMM, IYCTh W He 3JIOHAMEDEHHAasl, CIIOCOOHA IIPUBECTU K YHUUTO-
2KEHUIO BCEH CHCTEMBI BMECTE C BaXKHBIMH IT0JIb30BATETbCKUMU JTAHHBIMU.

B cuctemax cemeiictea Unix BOT yxxe 6e3 Masoro TpuauaTe JAeT HUKTO HE Buaen
XKUBbLIX N PE€asibHO PAa3MHOXAKOLWNXCA BUPYCHbIX APOrpaMMm; TOMY €CTb HECKOJIbKO
NPUYH.

BO-I'IepBbIX, B Mupe Unix HUKTO He paGOTaeT B CUCTeMe C MOJIHOMOYUAMN CU-
ctemHoro agmunucTpatopa. Camu agMuHucTpaTopbl 3aBogsT cebe y4éTHble 3anu-
cu obbIYHbIX MoNb30BaTeNel U paboTatoT NOA HUMM, NOKa He noTpebyeTcs caenatb
HYTO-TO TAKOE, Ha 4TO Y O6bl‘-|HOrO nonb30oBaTens HeT nosiHomo4nii. B Takmx cnydasax
AOMUHNCTPATOPbI 3aNyCKatOT Ce€aHC pa6OTb| C HEOrpaHW4Y€HHbIMN MOJIHOMOYUAMU,
BbINOJIHAKOT HY>XHbl€ AeﬁCTBMﬂ, nocne 4ero HEMeONEHHO BbIXOOAT N3 CUCTEMbI. ﬂpo-
rpamMmMmbl, 3anyCkaemMsble B Xoae noscep,HeBHoﬁ p36OTbI, MOJIHOMOY A AAMNHNCTPATO-
Pa HE NONYyHakoT, BO3SMOXXHOCTUN e, NpeaocTaBaseMble cucrtemoii APOCTOMY NOJNb30-
BaTeNHO, HACTOJIbKO OrpaHN4Ye€Hbl, HTO AENAOT PA3MHOXEHNE BNPYCOB MPAKTUHECKU
HEOCYLLECTBUMbIM.

Bo-BTOpbIX, Ha npoekTnpoBaHue cuctem cemeiictea Unix B bonblunHCTBE Ciyyaes
NO4YTN HE BANAKOT MAPKETUHIOBbIE c006pa>KeH|/|9|; noO3TOMY, Hanpumep, B NOJNb30Ba-
Tenbckux uHtepdeiicax B cpege Unix HeT noHATUS «OTKPbITh haiin NPon3BOSILHOMO
ThNa», 4TO B HEKOTOPbIX ClyHasdaX OKa3asloCb 6b| CBA3aHO C 3aMyCKOM cbaﬁna KakK
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nporpamMmsbl. [oBopsi 0606LWEHHO, B UNiX-CMCTEMAxX OT MOJIb30BaTeNst HE CTapaloTCcs
13 MapKETUHIOBbIX COODPaXKeHUi CKPbITh TEXHUYECKNE A€Tann, B OCODEHHOCTN Ta-
Kie, OT He3HaHUSi KOTOPbIX MOXET MocTpajaTh besonacHocTb. B wactHocTu, ecnn
MO 3NEKTPOHHON NOYTE OTMNPABUTL MPUJIOXKEHHbIV NCNONHSIEMbIN paiis, TO B KJANEHT-
cKux nporpammax, paboTatowmx B cuctemax cemeiictea Unix, He HallAETCs HUKaKMX
MYHKTOB MEHIO, KHOMOK 1 T. M., 4TODbI €ro 3anycTuThb; B APYrux CUCTEMAX KJINEHTCKME
NpoOrpaMmMbl TaKyrO BO3SMOXXHOCTb NPEAOCTABAAIOT, XOTA U BblAAKOT NpeaynpexaeHue,
a elwd HeCKONIbKO NIET Ha3agj «CyqaliHo» (Mo HE3HAHMIO) 3anyCTUTb MPUEXaBLUYHO
He MoiMMN OTKYAa W HEMOHSTHO YTO AENAOLLYIO MPOrpaMMy Mosb30BaTeb MOT, He
BCTPETVB HU Manelhinx npensiTCTBUNA.

Kpome TOro, n camo TexHmyeckoe ycTpoiicTBo cuctem cemeiictea Unix onpe-
[EensieTcsl B NepBylo o4epefb COODPaKEHUSIMN NHXKEHEPHOrO, a HE MapKETMHIOBOMO
XapakTepa, Tak 4To BbI6Op Mexzay 6e30nacHOCTbIO N HEBEAOMbIM «yfoDOCTBOM Ansi
Nosb30BaTENS1», KaK NPaBuio, AENaeTcs B NoJfib3y 6e30nacHOCTW; K COXaNEHUIO, B
NoC/IeAHNE FOAbl BO3HUK LeNblli psif NCKAOYeHUi 13 3Toro npasuna. [ogyepkHém,
4YTO B AEWCTBUTENIbHOCTU HUKTO TOJIKOM HE 3HaeT, 4Td Ha camom fgese 6biio Obl
YAODHO Mosib30BaTesNO; TO, YTO NPOMaraHAa KpYnHbIX KOMMEPHYECKMX KOMMaHWii Ha-
3bIBaeT «yA0DCTBOM MosIb30BaTeNs1», HAa CAMOM [Jefe npefcTaBasieT coboit ynobcTeo
4717 MPOAAaBLA MO BNapMBaHUIO COOTBETCTBYIOLLUX «MPOAYKTOBY» nokynatento. Kpa-
CUBbI€ KaPTUHKW, KOTOPbI€ MOryT NOHPAaBUTbLCA HeVICKyLIJéHHOMy noNb30BaTENO Npu
NPOCMOTPE PEKNIAMHOIo 6yKneTa, Ha BbICTaBKE WIWN Ha BUTPUHE MarasnmHa, COBEpP-
LWEHHO He 0b6sA3aHbl BbITh CKONBKO-HUBYAL YAOBHBIMK B NOBCEAHEBHON paboTe.

5.1.3. YnopasJjieHrue BHEHITHUMHU YCTPOCTBAMU

VipasijieHre BHEITHUMHU YCTPOUCTBAME CKJIAJIBIBAETCS U3 JIBYX OCHOB-
HBIX COCTABJIAIONINX: abcTparnpoBaHus u KoopauHanuu. Koopaunanus
JOCTyIA K yCTPOHCTBAM HYKHA B MYJIbTH3aJAYHBIX CHCTEMAaX, ITOOBI W3-
6exkaTh KOHGMIMKTOB MEXK/Iy Pa3HbIMU 33/1a9aMU, KOTOPBIM ITOHAT00UIOCH
OJIHO W TO XK€ YCTpoiicTBO. Ecjn 3TOT MOMEHT BBI3BIBAET COMHEHWSI, JIO-
CTATOYHO IIPEJCTABUTH cebe CUTYAIHIO, KOTIa OJIHOM 3ajatdue IOHa 00MI0Ch
BBIIIOJIHUTH OIMEPAIIAI0 UTEHUs C JIMCKA, NPUIEM HYXKHBbIE €l JaHHble Ha-
XOISTCS B €ro Hadaje, a JIPyroi 3ajade TpeOyeTcsl omeparus 3alucu, 1
HY2KHO€e €l MecTO PacIoJIoXKeHO B KoHIle jucka. [lepBas 3asa1ua nmoTpedy-
eT OT KOHTPOJLIEPA IIEPEMECTUTH PAbOUYIO IOJIOBKY JIMCKA B €r0 HAYAJIO;
IIOCKOJIBKY 9TO TpeOyeT BPEMEHH, 3aJ[a4ua IIOCJIe ITOrO JIOJIKHA «3aCHYTb»
(3a6J10KMPOBATHCH) B OKUJAHUN OKOHYAHUS 3AIPOLIEHHOTO JeficTust. 11o-
Ka IIepBast 33/1a1a CIIUT, BTOpasl 3a/1axa 00paTUTCS K TOMY K€ KOHTPOJLIIEPY
7 TOTpedyeT mepeMecTuTh pabotIyIo TOJIOBKY B KoHell. /IBe 3amadn emié nMe-
0T KAKHUEe-TO TMIAHCHI MEXKTYy COO0I «TOTOBOPUTHCS», HO €CJIM TAKUX 33724 C
JIECSITOK,, 3aHIMATHCS OHU OY/IyT B OCHOBHOM <II€PETSITHBAHIEM KOHTPOJLIE-
pa», a He TOJIe3HOI paboToil, 1 B 0000 HEYAATHBIX CJIydasiX MOI'YT BOOOIIE
HUCIIOPTUTH JAPYT APYTY PE3YAbTATHI. dTOOBI TAKOIO HE IIPOMCXOIMJIO, BCIO
paboTy ¢ BHEITHUME yCTPONCTBAME OIEPAIIIOHHAS CHCTEMa OepET Ha ceds.
3ajiaun 00paInaroTcs K Hell Yepe3 CHCTeMHbIE BBI3OBBI C IIPOCHKOAMU O BbI-
IIOJIHEHUU TeX WJIA UHBIX JEHCTBUH C yCcTpoicTBaMu, a CUCTEMa pellaerT, B
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KaKOIl 110CJIe/I0BATEILHOCTU 3TU IIPOCHOBI UCIIOJIHATE; 9TO Mbl U HA3BIBAEM
KOOpAuHAIei.

C abcrparupoBaHueM Jiejia 00CTOSAT IyTh WHAYE, 3/I€Ch OMPEIEISIONIM
SIBJISETCsI HE TO, 9TO B CHCTEME MHOTO 33J1ad, & TO, 9YTO B MUPE MHOI'O Pa3-
HOOOPAa3HBIX BHEITHUX YCTPOCTB. PaboTa ¢ pasHbIMU yCTPORCTBAME IaCTO
BEJIETCS 110 COBEPINIEHHO PA3INIHBIM IPUHITUIAM, UX KOHTPOJLIEPHI TOJIED-
JKUBAIOT pa3Hble KOMAHbI 1 pa3uble popMaTsl naHubix. Eciim 661 mporpam-
MECTaM, CO3JAIONUM [TPUKJIAIHBIE TPOrPAMMbBI, TPUXOIAMIOCH B KaXKJI0#
Takoil IIporpaMmMe y4YUTHIBATH OCODEHHOCTH BCEX YCTPONCTB, ¢ KOTOPBIMU
UX IIPOrpPaMMaM, BO3MOXKHO, IPUIETCS PA0OTATh, TO HA TAKYIO IIOMIEPIKKY
yXonuiao Obl ropa3no O0JIbIle BpEMEHHU, €M COOCTBEHHO HA PEATA3AIIIO
MIPUKJIATHON JIOTMKM, U BCE PABHO IIPU YCTAHOBKE OYEPEHON ITPOrPAMMBI
Ha CJIy9aiiHO BBIOPAHHBIN KOMIIBIOTED OCTaBAJIACH ObI BHICOKOI BEPOSITHOCTH
TOrO, YTO T4 MPOrPaMMa OKAaXKETCs HECOBMECTHMA C AIlllapaTypoil, ycra-
HOBJIEHHOI B 9TOM KOMIIBIOTEPE, IIPOCTO MOTOMY YTO ABTOPBI ITPOrPAMMBI
HE Y9I CYIIEeCTBOBaHUsI KAKONO-TO W3 YCTPOICTB, WU JayKe, BO3MOXKHO,
YCTPOMCTBO €IIé He CYIIECTBOBAJIO B IIPUPOJIE, KOIJIa IPOrPAMMUCTHI IIHCa-
JIA 9Ty IPOrPAMMY.

OmneparmonHast cucreMa m30aBjsieT IPOrPAMMUCTOB OT HEOOXOIUMOCTH
BCE BpeMsl JymMaThb O MHOIOOOpa3HWM CYIIECTBYIOIIUX YCTPOMCTB, a I0Jib-
30BaTeIeil — OT OIAaCeHU#l 3a COBMECTHMOCTBH IIPOrpaMM C allllapaTypoil
WX KOMIIBIOTEPOB. JacTHbIE OCOOEHHOCTH KAaXKJIOI'O yCTPONCTBA OIepaIu-
OHHAsl CUCTEMA YUUTHIBAET CaMa, a C TOYKU 3PEHUs] IPOTPAMM, BBIIOJIHSI-
IOIUXCA 110J] €€ yIpaBJIeHuEM (TO €CTh Ha yPOBHE CHCTEMHBIX BBI3OBOB),
GOJILIIMHCTBO YCTPOMCTB BBIIVIANAT 3HAYUTEIbHO IIPOINE, YeM Ha CaMOM
JeJie, TpUIEM MHOTHE COBEPIIIEHHO PA3JIMIHbIE YCTPONCTBA BBITVIAIAT TaK,
KakK ecyi Obl OHU 110 CBOEH KOHCTPYKIINU OBbLIN OJUHAKOBLI. VIHade roBopsi,
3a/1a9M BMECTO PEAJIbHBIX (PU3MIECKUX YCTPOUCTB CO BCEMH MX OCODEHHO-
CTSIMU BUJIAT HEKUE YNPOULEHHbIE GOCMPAKUUL; TIOSTOMY MBI BEJIEM PEYb
00 abcmpazuposarut KaK 0 PYHKIIUN OMEPAIIMOHHON CUCTEMBI 13 00JIaCTH
yIpaBJIEHUs] BHEITHUMH yCTPORCTBAMH.

Iloxkastyit, camoit HarSIAHON WJLTIOCTpaleil Ha 3Ty TeMy OyiaeTr ab-
CTpPaKTHOE MoHATHE ducka. duraresnn 3Tol KHUTH, BO3MOYKHO, BUJIEIH TIsi-
TUIIONMOBBIE JIUCKETHI M, CKOPEe BCETrO, BCTPEUYAINCH C JUCKETAMU TPEX-
JTFOIMOBBIMU; JIFOOUTEJI CAMOCTOSITE/IbHON COOPKM KOMITBIOTEPOB HaBEp-
HsKAa 3HAIOT, KAK BBIIVISIUT BCTPOEHHBIH B KOMIIBIOTED YKECTKHl JHCK, a
HEKOTOPBIE, BO3MOXKHO, U3 JIIOOOIBITCTBA Pa30UpaIi HEUCIPABHBIE KECT-
KHe AUCKH® W 3HAIOT, UTO HAXONAIIAACS BHYTPU <«HAUHHKA» BBITJISAIUT CO-
BCEM He TI0XOXKell Ha JUCKeThbI, HECMOTPsI Ha, TO, YTO IPUHITUI PADOTHI y HIX
O/IMHAKOBBII — XPaHUTHh MHMOPMAIUIO B BUJE HAMATHUYIEHHBIX YIaCTKOB

5Eciu Bac 3amaTepecoBaso, 4Té B IPOIECCe TaKOH pa3sBOPKH MOXKHO yBHAETb, HH B
KOeM CiIydae He pasbupaire pabounil >KECTKUN NHUCK: IIOCJIe HAPYIIEHHS T€PMETHIHOCTH
KOpIlyca OH, KaK IIPaBUJIO, IIPUXOJUT B HEIOJHOCTH, a MHAOPMAIUsS Ha HEM TePseTCs.
Haiigure qj1s1 9KCIEPHMEHTOB HCIOPYUEHHOE YCTPOMCTBO, 6s1aro 9TO He TaK yK TPYAHO.
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IMOBEPXHOCTH, PACIIOJIOYKEHHBIX KOHIIEHTPUIECKUMHU JIOPOYKKAMI Ha, Bpallia-
fomemes uckoobpasaom Hocurese. Onruveckue gucku (CD u DVD) un-
TaTelb HABEPHSAKA HE TOJBKO BUJIE, HO W AKTUBHO HUCIIOJIH30BAJ; MPUH-
U XpaHeHWs WHAMOPMAIMU HA HUX WHOM, 3/1€Ch IO BO3JEiCTBHEM Jia-
3€PHOIO JIyYa MEHSIOTCS OMMUYEeCKUe CBOWCTBA MMOBEPXHOCTH JUCKA, a 3a-
TeM JPYToil Jla3ep, UCIOJIb3Ysl ITH CBONCTBA, BOCCTAHABIUBACT UCXOTHYIO
nadopmarmio. opokka IPUCYTCTBYET W 37eCh, HO MPEIACTABIAET cODOit
HE CEeMENCTBO KOHIEHTPUYECKUX OKPYKHOCTell, KaK HA MAUHUTHBIX JUC-
KaX, a OJIHy HeIPEePbIBHYIO CIINPaJib, PACKPYYUBAIOILYIOCS U3 IIEHTPa JUC-
Ka K Kparfo. /Ig MOJIHOTBI KapTHHBI TPUOABUM CIOJA €Ié (Jen-opesKn,
«KapTOUKH TaMATH»%, HCIOIb3yeMble B HOPTATHBHEIX YCTPOHCTBAX BPO-
Je boToanmmapaToB U CMapT(OHOB, I CPABHUTEIBHO HEJABHO [TOsIBUBIITHECS
«TBepIOTeNbHBIe HakonuTenn» (aHri. solid-state drive, SSD), mocTpoeHHbIE
Ha ocHOBe Bcé Toil ke flash-namsru. o cBoeMy usuyeckoMy ycTpoiicTBy
OHM BOOOINE HE MOXOXKU HA JIUCKU, B HUX HET HUYEro KPYIJIOr0 W HUYEro
BPAIAOIIEroCs.

Ha nepBblit B31IIs1/] BCe epedncIeHHble HOCUTE N NHPOPMAIIH HE HMe-
0T MeXKIy coboit Hmuero obmrero. Tem mHe MenHee, BCE 9TO MHOrooOpas3me
YCTPOMCTB OIEPAIMOHHAS CHUCTEMA IIPEJICTABJISET JJIsl IMOJb30BATEIHCKUX
3aJa4 B BUJE OJHOM W TOIl Ke abCTpakinuu — Jucka, TO €eCTh HEKOTOPOro
00beKTa, PO KOTOPBI M3BECTHO, UTO OH COCTOUT M3 ITPOHYMEDPOBAHHBIX
CeKmopos OIMHAKOBOrO pa3mepa (06braHO 512 GafiT KayKplii), XpaHAIIUX
HeKy1o nHdopMaIuio. JIucku OTImIaoTCs APYT OT APYyTa, BO-IIEPBBIX, KOJIU-
YeCTBOM TAKUX CEKTOPOB; BO-BTOPBIX, TEM, BOSMOXKHO JIM B HUX 3aIlUCHIBATH
JIAHHBIE WA TOJIBKO YUTATDH; U, B-TPETHUX, MOYKHO JII OXKUJIATH BHE3AITHO-
'O TOSIBJIEHUSI WJTM UCUYE3HOBEHUS TAKOTO JIUCKA BO BpeMsi paboThl, TO €CTh,
rpy60 roBopsi, MOXKET JIU [0JIb30BaTe b ((PU3NIECKN) HEOKUIAHHO BBIIED-
HYTb HOCHUTE/Ib M3 KOMIIbIOTEPA. BOJIBIIUHCTBO MOJIb30BATEILCKUX 3314,
BIPOYEM, Ha 3TOT YPOBEHDb HE CIIyCKAeTCsl, a paboraer ¢ abcrpakuueil gpati-
A08, Y KOTOPBIX €CTh UMeHA U KOTOPbIe MOXKHO, UCIIO/Ib3Ys UX UMEHA, 0M-
KPuleamy JIJisi YTeHUs] WU 3alUCh WHMOPMAIUU, TPOU3BOJUTh UTEHHUE U
3aImnch, a OTOM 3axpwuieams. 1lpu pabore ¢ daiiamu 3aja1a MOXKET HU-
KaK HE YYUTBIBATDH (U, KaK [PABUJIO, HE YUUTHIBAET) HUKAKIE OCOOEHHOCTU
JIMCKOB, Ha KOTOPBIX 3TU (hailjibl PACIIOJIOXKEHBI, OCOOEHHO €CJIU TOBOPUTH
0 (OU3UYECKOI KOHCTPYKIMK BHENTHUX 3aIOMUHAIONINX YCTPOUCTB: YTEHUE
daiiia ¢ ONITUIECKOrO JIUCKA U ¢ (DJIel-OpesiKa ¢ TOUKHU 3PEHHsI MOJIH30Ba-
TeJIbCKOI 3aJ1a91 BBITJISIAUT abCOTIOTHO OJMHAKOBO.

6CnoBo «mamsTE> 3/1eCh BHOCHUT HU3PAJHYIO IIyTAHUILY; IIOMHHTE, ITO (POPMAIILHO
IaMdATBIO CjIelyeT Ha3bIBaTh TOJIBKO OII€PATUBHYIO U IIOCTOAHHYIO IIaMATh KOMIIBIOTEPA,
C KOTOPO#l MPOIECCOP MOXKET paboTaThb UYepe3 IHHY 0e3 IPUMEHEHHsSI KOHTPOJIJIEPOB,
a Bce flash-nakonurenu npencTaBasAOT COOON HE HAMATH, & BHEIIHHE 3AIIOMUHAIOIINE
YCTPOHCTBA.
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5.1.4. I'panunsl 3061 oTBeTcTBeHHOCTU OC
I/ITaK7 3aJla4u, peliaeMbIe OIIEPpAllMOHHBIMU CHUCTEMaMU, ITOKPBLIBAIOTCHA
CJTETYTOTIIAM CITHCKOM:

o yIIpaBJ/IeHUE I10JIb30BAaTEJIbCKMMU 3aJlavdaMMU:

— 3allyCK U OCTaHOB IIPOLIECCOB;
— IUIAHUPOBaHUE BPEMEHU IIEHTPAJIBLHOI'O IIPOIECCopa;
— pacupejiejieHAe OIlepaTUBHOI ITaMATH;

— OpraHm3aIsl B3aNMOJIENCTBUS MEXKIY IIPOIECCaAMU;

pasrpaHuyenue II0JIHOMOYNIL;
e yIIpaBJIEHHE BHEITHUMHU YCTPOiicTBaMMm:

— abcTparupoBaHue OT 0COOEHHOCTEH yCTPOMCTB Pa3HBIX MOJIEJIEN;

— KOOpAWHAITUA JTIOCTYIIa HECKOJIBKUX 3a/1a9 K OTHOMY yCTpOfICTBy.

Sodpo onepauuorHoli cucmemsbl 3aHUMAET 0COD0OE IIOJIOKEHHE CPEeIu
JPYTUX MporpaMM. B 9acTHOCTH, MaMsiTh, 3aHATAs sIIPOM, KaK IIPABUIIO,
HE MOXKEeT OBITh OTKa4YaHa Ha JIMCK, TaK 9TO YeM 0OoJibllle OyIeT 3aHUMAaTh
MAMATH SIJPO, TEM MEHbINe Gu3uueckotl TaMsITH OCTAHETCS TOJIb30BATE b
CKUM 33J[a9aM; C CAMUMU TI0JIb30BATEIbCKAMIA 33/Ia9aMU TaKOH IPOOJIEMBbI
HE BO3HUKAET, IOCKOJIbKY MX MOXKHO B JIFOOOI MOMEHT KaK II0 YaCTsM, TaK
U IEJIMKOM OTKadaTh, OCBOOOJUB IMaMsITh JJjIsl JIpyrux 3aja4d. Kpome Toro,
KOJI si/TPa BBIMIOJIHSAETCS B IPUBUJIETHPOBAHHOM DEKHME, 9TO HAKJIA/IHIBAET
BECbMa CypPOBBIE JIOTIOJIHUTEbHBIE TPEOOBAHNS HA €r0 KAYECTBO: OIMNOKA B
KOJI€ sIJTpa MOYKET CJIMIIIKOM JOPOTr'O CTOUTD, & OOHAPYXKUTH U UCIIPABUTH €€
ropasJio CJIOyKHee, 4eM OIMUOKY B OOBIYHOM II0JIb30BATEIbCKON IIPOrpaMMe.

Bcé sTo BeséT HAC K [IOBOIBHO ITPOCTOMY HPHUHITUIY: S/IPO OIEPAITNOH-
HOM CHCTEMBI He JIOJI?KHO 3aHUMATHCsT HIYeM TaKUM, YeM MOYXKeT 0e3 cepbés-
HBIX IIOTEPh 3aHUMATHCsI IIPOIPAMMA, 3aILyIIeHHAsT KAK OObIYHAsI [I0JIb30Ba~
TebcKasd 3a/1a9a. B HEKOTOPBIX OIEPAIMOHHBIX CHCTEMAX sSJIPO CTapaioT-
Cs MUHIMU3UPOBATH JAXKe IEHON [TOTEPH ITPOU3BOIUTEILHOCTH; HAIIPUMED,
dpatieepvt” GUBMICCKUX yCTPOHCTB MOIYT GBITH IHEPEMEINEHbl U3 SApa B
OOBIYHBIE TTPOIPAMMBI, HO 3TO MPUBEIET K IOSBJIEHUIO aKTHBHOTO OOMe-
Ha mHOpMAIel MeXK/Iy TaKUM JIPABEPOM U SIPOM, STOT OOMEH MOHIAET
qepe3 CHUCTEMHBIE BBI30BBI, TAK UTO OIIYTHMOE KOJMIECTBO BpPeMeHH Oy-
JIeT MOTEPSIHO M3-38, YAaCTOr0 IEPEKJIFOUEeHNs KOHTEKCTOB MEXKy siIPOM U

7 [IpaiiBep — 5TO HAGOP MOIIPOrPAMM, OTBEYAMOIIHUX 33 PABGOTY C KOHKPETHBIM hH-
3UYECKUM YCTPOMCTBOM; KaK IIpaBHJIO, JApaliBep AelCTByeT KaK 4YacThb f/pa oOllepally-
ouHoit cucreMsl. [logpobHoe obGCyzKaeHMe ApaiiBEPOB HaM IIPEICTOUT IO3/IHEE; €CJIH BbI
He YBEPEHbI B CBOEM ITOHUMAHHUU STOrO TEPMHUHA — HHUYErO CTPAIIHOIO, 3/eCh IIyOOKOe
IOHUMAaHUE TIOKa He TPeDyeTcs.
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porpaMMoii, peajmsytorneii apaiisep. Ho eciin BeiTecHeHME U3 sipa jpaii-
BEPOB COMHUTEJILHO B CHITYy UX «CHCTEMHOI» CYITHOCTH, TO BCE, ITO CBA3aHO
C NPUKAGOHBMU 33TAIAMHI, TO €CTh C HEIOCPEICTBEHHBIM O0C/IY ) KUBAHUEM
WHTEPECOB KOHETHOTO MTOJI30BATE/IsI, TIOMIPOCTY He UMEEM NPaEa HAXOINTh-
cs B sijIpe.

B wacTHOCTH, MOXKHO COBEPIIIEHHO ONPENEIEHHO CKa3aTh, UTO OIIe-
paloHHAasi CHCTeMa He JOJI>KHA COAep2KAaThb HUKAKUX CPEACTB,
HAIPaBJIEHHbIX HA OPraHU3AlUI0 ODIeHUus C moJjb3oBareaemM. Hu
OKOHHBIX, HU KaKUX-JIN0O JPYIUX I0Jb30BATEIbCKUX MHTEPdECoB omepa-
[IMOHHAST CUCTEMA, HOJJIEPKUBATH He JIOJZKHA, ITO IPEPOTraTHBa MPUKJIAI-
HBIX TPOrPAMM; UMEHHO MPUKJIAIHBIE MPOIPAMMBI JIOJIKHBI «Pa3roBapu-
BaTby C IOJIH30BaTEIEM U OOPAIATHCA K OLEPAIMOHHON CHCTEMe 38 yCJIy-
raMu, KOTOpble HY?KHBI, 9YTOOBbI MCIIOJTHUTD KeJIaHUs I10JIb30BaTeJIsl; UHA~
9e TOBOPSI, BCE, ITO HEIIOCPEICTBEHHO BUJUT MOJIH30BATEIb, JTOJKHO OBIThH
pe3ysIbTaToM pabOTHI IMPHUKJIAIHBIX IIPOIPAMM, a8 HE CHCTEMBI. B mieayb-
HOI CUTYAIUU KOHEUHBLT NOAB30BAMEND 8000Ue JONNHCEH UMEMD B03MONHC-
HOCMb He eudemd eé, TPUMEPHO TaK Ke, KaK IIacCaXkKup aBTodyca, cKkopee
BCEr0, JIOTAIBIBAETCS O CYIIECTBOBAHUHU JIBUTATEJIs, HO MOYKET COBEPIIEHHO
HE TPEJCTABJIATh, KAK ITOT JBUTATEIb YCTPOCH U JaKe KAK OH BBITJISIIIUT.

Kora peub uiT 0 TaKUX «OIEPAIMOHHBIX CUCTeMaxy, Kak Android mim
Mac OS X8, B mepBOM HPHOIMKEHUH KAKeTCsI, 9TO KaK Pa3 HOCTPOSHUEM
OKOHHOTO mHTepdeiica 9TH CUCTEMBI U 3aHATHI, HO 9TO HE COBCEM TOYHO.
'paduyeckne HaICTPONKN B 00EUX ITUX CUCTEMAX HE SBJISIOTCS YACTHIO
sijipa, TO ecTb, (opmasibHO roBopsi, Hu Android, xu Mac OS X Hesnb3s
BOODIIE HA3BIBATH OIEPAIIMOHHBIMU CUCTEMAMU; B POJIM OMEPAIUMOHHON CH-
CTEeMBI B IIEPBOM cCJiydae BbicTymaer Linux, Bo Bropom — Darwin, sapo u3
cemericrBa BSD. IIporpamvuposanue «mox Android» mmm «mox Mac OS»
03HAYaeT B OCHOBHOM WKCIIOJIb30BAHUE BBICOKOYPOBHEBBIX OMOJIMOTEK JIJIst
TMOCTpoeHnsT Tpapuaeckoro mHTepdeiica B COOTBETCTBUU C TPEOOBAHUSIMU
BBICOKOYPOBHEBBIX HAJCTPOEK, HO ITO MPOUCXOIUT B IMOJb30BATETHCKUX 3a-
Jadax, a He B siIpe.

5.1.5. Unix: cemeiicTBO cucTeM U 00Opa3 MBIIILJIEHUS

PacckaszpiBast ucropuro OC Unix (cm. . 1,§1.2.2), Mbl ormerniau, 910
ceffIac ITUM CJIOBOM 0DO3HATAETCST HEe OJIHA KOHKPETHAST OTIEPAITHOHHAST CH-
creMa, a I1eJI0e CeMEeHCTBO CUCTeM, O0beIMHEHHBIX OOIUMU IIPUHITATIAMEI
nocrpoenust. 3a gecarmierus: ucropun OC Unix BOKpyr Heé BbIpocsa Iie-
stast puaocodust; OMHO U3 HAWIYUIIINX U HANOOJIee ITOTHBIX N3JI0KEHUIT 9TOH

8O¢>Hunanbﬂoe MapKeTUHIOBOE Ha3BaHWE 3TOM cucteMmbl, HadnHas ¢ 2016 roma —
«macOS»; HeKOTOpOoe BpeMsl JI0 9TOro OHa Ha3biBajach pocto «OS X». [Tox HazBanuem
«Mac OS X» ona 6bL1a IpPEACTABICHA U3HAYAILHO, NIPUIEM OyKBa X COOTBETCTBOBAJIA
qucy decAmb B PUMCKON 3aIIMCH, a BCE HA3BAHUE O3HAYAJIO «JECATasl BEPCHSI OIepaIi-
OHHOIi CHCTEMBI JIsi KoMnbioTepoB MakunTom». VIMeHHO Tak MbI 1 6y/1eM €€ Ha3bIBaTh,
He obpallasi BHUMAHUS Ha I[JISCKH MAapPKETOUOB.
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dutocodun MOKHO HaiiTu B KHUTe Dpuka Peiimona «VckycerBo mporpam-
MupoBaHus i Unix» [6]. Mer 31ech oTMeTuM TOJBKO Haubosiee BazKHbIE
MOMEHTDI, CBS3aHHBIE C OTBETOM Ha BOIIPOC, UTO 2Ke Takoe Unix.

[Toxkamyit, rIaBHBIM TPUHIUI MOCTPOeHUs orepanuonuoit cpeaslt OC
Unix cocTouT B TOM, 9TO KaxK/1as IporpaMMa J0JI?KHa pellnaTh POBHO
OZIHY 33Jad4y, U JIeJIaTh 9TO XOPOMIO. DTOT IMPUHIHII B TaKoi dhopmy-
Juuposke npunucbiBaior Jdyry Makuiporo (Doug Mcllroy) Bmecre ¢ nByms
JPYTUMHE T€3UCaMU: MPOrPaMMbl JOJIXKHBI pabdoTaTh COBMECTHO APYT
C ApPYroM; IIPOrpaMMBbI JIOJI2KHBI UCIIOJIb30BATh TEKCTOBLIE TOTOKU
KaK yHUBEPCAJIbHOE IIpEeACTaBJIeHNe NHAOOPMAIIUN.

B kavecTBe NNNKCTPAUnNN 3TUX NPUHUNNOB B p,el?’ICTBVIM ABTOpP 3TUX CTPOK 0bbIy-
HO NPVBOAMT CBOVUM CTyAeHTaM creaytowuii npumep. B ogHom n3 3apybexHbix du-
nnanos MI'Y npnuxoannocCb BECTU 3aHATUA NO NPOrpaMMMpPOBaAHNIO B KOMMNbHOTEP-
HOM Knacce, npeaHasHa4e€HHOM A CTYAEHTOB HECKOJIbKUX Pa3HbIX CbaKy)'IbTeTOB,
TakK 4TO Ha BCEX MaluuMHax bbina ycrtaHoeneHa kakas-to u3 sepcuii Windows; gns
obecneyeHunst 3aHATUI NO NPOrPAaMMUPOBAHINIO TaM Xe Bbli yCTaHOBMIEH CepBeEp NOf,
ynpasnerHnem OC Linux, Ha KOTOpbIfl CTYAEHTbI 3aX04U/IN B PEXUME YAATEHHOIO LO-
CTyna. B kakoii-To mMomeHT I'IOTpe6OBaJ'IOCb Y3HaTb, CKOJIbKO U3 NMPUCYTCTBYHOLWNX
CTYAEHTOB yCNneLwHO BOWIN B CUCTEMY.

3a ocHosy bbina B3sTa nporpamma w (0T cnoea who), Bbigatowasi CNmMcok oT-
KPbITbIX B CUCTEME CEAHCOB pa6OTbI C YKa3aHNEM, KaKOMY NONb30BaTENO NpuHagne-
XKUT KaxKkablii n3 ceaHcoB. [MopgBeprHyB €€ Bblfady HECKONBKUM MOC/AeAOBaTENbHbLIM
npeobpa3oBaHNsiM, yAasock B UTOre MOJIYYUTb UCKOMOE YMC/IO; KaXKAoe U3 npeob-
pa30BaHWNii BbIMNOHSIOCH OTAENBHONM NporpaMmoii-punstpom?, npuuém Bech Habop
3TUX NporpamMM 3anyckascsa Ha OAHOBPEMEHHOE MCNONHEeHNe KOHBeﬁepOM: AaHHbIE,
BbIBEAEHHbIE nepBoﬁ nporpaMMOM, NOoCTynanan Ha BBOA BTOpOIZ, BblAa4da BTOpOI7I oT-
[aBaflacb Ha BXOA TpeTbel u T. 4.

MepBbie ABe CTPOKM B Bblade KOMaHAbl w — ciyxebHble (cBoero poga 3aro-
JIOBOK), OHM B JasibHeMLUEM aHaNN3e He HY>KHbI, MO3TOMY UX C/efyeT MponyCTUTh;
3TO 6bINO cAenaHo C NMOMOLWbIO NporpaMmbl tail ¢ napameTpamu -n +3, KoTopasi
NPUHUMQAET Ha BXOL4 (‘-II/ITaeT N3 NOTOKA CTaHAAPTHOro BBOp,a) I'IpOI/ISBOJ'IbeIﬁ TEKCT,
nepBbl€ HECKONIbKO CTPOK OT6paCbIBaeT, a OCTaJibHblE NeYaTaeT (B AaHHOM cny4ae —
HavuHas ¢ TpeTbell no c4éry). M3 nonyyeHHoli nHopmayum cnefosano BelgennTb
BXOAHbIE MMEHA, MOCKOJIbKY BCE OCTanbHOe (aApec, C KOTOPOro BbIMOJHEH 3aXO4 B
cucTemy, Bpemsi paboTbl, TeKyLLasi 3aMyLLeHHasi MPOrpamMMa 1 NpoHee) HacC B aHHOM
C/ly4a€ He NHTEepeCyeT. BXOAHOG nMmsa B Ka)Kp,Oﬁ CTPOKe Bblga4n w CTOUT B Ha4ane,
OT OCTasbHOl CTPOKWN OHO OTAENEHO I'lpO6eJ'IOM; 4TObBLI OCTaBUTL B Ka)K,lJ,OI7I CTpOKe
OflHO TOJIbKO BXOAHOE UMS, MOXXHO BOCMOJIb30BaTbCA KOMaHAonh cut -d’ ’ -f 1
(napameTp -d 3apaéT cMBON-pa3genuTenb, napameTp -f — HOMEpP HyXXHOrO nosst).
OcTaétcs KOMIOHKA U3 BXOLAHbIX NMEH.

Camoro cebsi, ecTeCTBEHHO, NMPUCYTCTBYIOLWIErO B CUCTEME, aBTOP YYUTLIBATb
He cobupancs;; Ass 3TOro MpPULWJIOCL C MOMOLLBIO MPOrpaMmMbl grep ybpaTb u3
BblAa4nN CTPOKW, COOTBETCTBYHOLLWNE €ro CO6CTBeHHOMy BXOOHOMY WMEHWN (avst):
grep -v “avst$. [Mocne atoro B O6pa6aTbIBaeMOM TEKCTE OCTaJZINCb TONbKO BXOA-
Hbl€ NMeHa CTYAEHTOB, MOCKOJIbKY 6OJ'IbLIJe B CUCTEME HUKTO Ha TOT MOMEHT He p360—

9H&I‘IOMHI/II\{, qTo dﬁunbmp — 9TO TakKad IIporpamMmMa, KOTOpad YUTaeT HEKHE JaHHbIe
U3 IIOTOKa CTaHAapPTHOI'O BBOJAA U BBIBOJUT PE3yJ/IbTaThbl B IIOTOK CTAHIAPTHOT'O BBIBOJA.
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Tan. OfHaKo HEKOTOpbIE CTYAEHTbI Y>KE YCNenmn co34aTb HECKOIbKO CeaHCOB paboTbl
OAHOBPEMEHHO; 3TO CAefaTb OYEHb MPOCTO, AOCTATOYHO 3aMyCTUTb HECKOJIbKO K-
3eMMAAPOB NPOrpaMmbl putty uam, ecnm MCnonb3yeTcs AOCTyn no X-npoToKoy,
NPOCTO OTKPbITb HECKOJbKO 3MYNSTOPOB TepMuHana. [ns ncknoyeHnss noBTOpoB
NnosyYeHHble CTPOKU NMPULLIOCE OTCOPTUPOBATbL 1 OCTAaBUTb TOJIbKO YHUKAJIbHbIE; 3TO
6b1n0 caenaHo KomaHpaoi sort -u. [ns nonyyenns cduHanbHOro pesynsraTa ocTa-
JIOCh UL NOCHNTATb OCTABLUMECS CTPOKYM C nomoubto we -1. [MonHocTbio komaHaa
BbIFISiAENa TakK:

w | tail -n +3 | cut -d’> > -f 1 | grep -v ~avst$ | sort -u | wc -1

OTOT cBOEODpa3HbIii pekops — LUECTb NPOrpamMm B OQHOM KOHBEEpE, peLlaoLem
p€anibHO BCTaBLUYIO 3a4a4y — BalleMy NOKOPHOMY CJlyre noka nobuTb He yAanoch.

TekcroBoe npejicrasienue ganabix (M. T. 1, §1.4.6) B HEKOTOPBIX CJIyda-
ax TpebyeT 6GJIBIIEro pacxo/ia MaMATH U JJUCKOBOTO TPOCTPAHCTBA, HEXKEJIH
KOMITAKTHOE JIBOMYHOE, U 3aCTABJISET IPOrPAMMBI IIPOBOJIUTH AHAJN3 TEK-
cTa, KOTOPBIA caM 1o cebe MOXKET OKA3aThCH OTHOCHTEIHHO TPYIOEMKUM
JIeJIOM, HO MPU 9TOM KCIIOJIb30BAHUE TEKCTOBBIX JAHHBIX B KAUECTBE YHU-
BEPCAJILHOTO TIPEJICTABICHUST HH(MOPMAIIUY UMEET COBEPIITEHHO OYEeBU/IHBIE
IpenMyIecTBa. Ue/loBeKy He TPeOYIOTCs HUKAKHUE CIIEINAJIbHBIE TPOrpaM-
MbI, YTOOBI MPOYUTATH W MOHATH TAKOE IIPEJICTABJIEHUE, 9TOOBI M3MEHUTD
€ro, a Ipu HeOOXOJAMMOCTH — U CO3JaTh JAHHBIE B TAKOM IIPEJICTABJICHUIH.
[Ipu HAIMYNY HECKOJBKHUX JIECATKOB PAa3HOOODPA3HBIX IIPOIPAMM, TEM WJIN
WHBIM CII0COOOM ITPeo0pa3yIouxX TEKCT, TAKNX Kak tail, cut, grep, sort u
WC, 3aJIefiICTBOBAHHBIX B BBIMIEIIPUBEIEHHOM ITpUMEpE, PAbOTa C TEKCTOBBI-
MU JJAHHBIMU CTAHOBUTCSI HA MOPSJIKK Jierde ([0 TPYJ03aTpaTaM ), HeXKesIu
C JIIOOBIMU JIPYTHUMH.

B mupe Unix TeKCTOBBIM [TaHHBIM OTHAETCS SIBHOE MPEIIIOYTEHHE; HC-
KJIFOUEHUsT COCTABJISIOT Pa3Be UTO WCIOJHsieMble (bailjibl, OCHOBaHHBIE Ha
MAIITUHHOM KOJIe, a TaKxKe IMudpoBas WHMOPMAIIN, MOJyICHHAS U3Mepe-
HHEM HCXOJIHO aHAJOTOBBIX SBJIEHUI — (oTorpadudecKkue m300pakeHns,
BHUEO- U 3BYKOBYIO NH(MOPMAIIIIO TEOPETUIECKHN TOXKE MOYKHO IIEPEBECTH B
TEKCT, HO Y€JIOBEK C TUM HEIIOCPEICTBEHHO PabOTATh BCE PABHO HE CMOXKET,
a MecTa UTOrOBBIH (bailn 3aiiMéT B HECKOJIbKO pa3 OoJibire. Crieayer moi-
9epPKHYTh, 9YTO CKA3aHHOE HE PACIIPOCTPAHSETCS HA MCKYCCTBEHHO CO3/IaH-
Hble M300pazKkeHus (PUCYHKHU, JAUAIDAMMBI U T.II.), HA MY3bIKY, CHHTE3U-
POBaHHYIO B BUJIE€ IIPOIPAMMBI JjIsi BUPTYAJbHOIO MY3bIKAJBHOI'O UHCTPY-
MeHTa (B MPOTHUBOIOJIOKHOCTD 3alUCAHHON IIyTéM OnudPOBKY CUIHAJIA C
MHUKPO(MOHOB), & TaKyKe Ha KOMIILIOTEPHYIO aHUMAIMIO — B 9TUX CJIYdasx
TEKCTOBOE IPEJCTABJIEHNE OCTAETCS ONPABIAHHBIM U IIPEIMTOITUTEHHBIM.
Kpome onudpoBanHoit aHaI0roBO MHAOPMAIMN U MAIIIMHHOIO KOJA MOXK-
HO Ha3BaTh €€ /IBa CJIy4asl NCIOJb30BAHIS HETEKCTOBBIX JAHHBIX: IAHHBIE,
3aIaKOBaHHbIE APXUBATOPAMU JJIsI YMEHbIIEHUsT XPAHUMOTO 00bEMA, U TaH-
HBIE, 3aI(POBAHHBIE PA3HOOOPA3HBIMI KPUNTOIPAMDUIECKUME CPEICTBA~
MU; HO Ha 9ToM BeE. Ecimm obpabareiBaemasi mH(MOpMaIUs He MO aeT HU
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B OJ[HY W3 YeTBhIPEX IIEPEUYNCJIEHHBIX Kareropuii, B Mupe Unix oHa, CKOpee
BCEro, OyJIeT IpeJICTaBIeHa B BUJE TEKCTA.

OrMeruM, 9TO MHOTHE TIPOTOKOJIBI, WCIIOJIb3yeMble B cetu VHTepHer,
TaK»Ke OCHOBAHBI HA TEKCTOBBIX MOTOKAX — MMEHHO TaK PabDOTAIOT, B 9acT-
HOCTH, 3JIEKTPOHHas mo4dTa u Web; clipaBejiInBOCTH paJjii HAJIO CKa3aTh,
9T0 OMHApPHBIE MPOTOKOJIBI B VIHTEpHETE TOXKE YacTO BCTPEIAIOTCsI, CAMBIIA
oMy IsIpHBI ipuMep — cucrema DNS.

Emé ogua npunnun, koropomy ciemyer 6oabmmmHCTBO mporpamMm B OC
Unix, BeipazkeH ¢ppazoit «<MoJ9IaHne — 30JI0TO». B ciaydae, eciu paborta
[IPOXOJIAT YCIIENTHO, MPOTPAMMBI BBIJIAIOT JIUIIH Ty WH(MOPMAIIIO, KOTOPast
oT HuX TpedyeTcs, 1 HUKOUM 00pa3oM He boJibie. uraresab MOT y2Ke 3aMe-
TUTH, 4TO accembaep NASM 1 KoMnuisaTop gee B ciIydae ycrexa 3aBepliia-
IOTCsI MOJTYa, HE BBIJIaBasl Ha TEPMUHAJ HU €JMHON OYKBBI; K COXKAJIEHUIO,
3TOrO HeNMb3s cKazaTh o0 Free Pascal, cozmaTenn KoToporo, mo-BHINMOMY,
He pazuensior duirocodpuro Unix.

Toopsi 06 ocobennoctsix obmenuss OC Unix ¢ mojb3oBaTeieM, MOXKHO
BBIJICJINTH €IE J[Ba KJIFOYEBBIX MOMEHTA. BO-IIePBBIX, MOJIB30BATEbCKUI
naTepdEic 0OBIYHO CTPOUTCS B MPEIIIOJIOKEHUN, UTO MOJIb30BATEIb 3HA~
er, arto sesaer. BombmuacTBo nporpamMM B OC Unix He mbiTaeTcs jesiaTh
BHJI, YTO OHU yYMHEe IIOJIb30BaTe/sd WU JIydllle 3HAIT, KaK Hajgo pabo-
TaTh; JIO00N OTJAHHBIN MOJB30BATEIEM MIPUKA3 MPOCTO MOJIIA BBIIOJIHSI-
ercsi. Bo-BTOpBIX, K JII000MY (QYHKIIMOHATY, HIMEIOIIEMYCS B CUCTEME, BO3-
MOXKEH JIOCTYII 9e€pe3 KOMAaHJbl KOMaHJHOW CTPOKHW; aJIbTePHATUBHbIE WH-
Tepdeiicel, Takue Kak rpaduueckre 060JI09KN WU TIOJHOIKPAHHbBIE TEPMU-
HAJIbHBIE [IPOIPAMMBI, MOT'YT CYIIECTBOBATH, HO OHU HE 3aMEHSIOT KOMaH/I-
HYIO CTPOKY ¥ HE BBITECHSIIOT €€, OHU JIUIID [TPEJIOCTABIISIIOT TOJIH30BATEIIO
aJIbTepHATUBY. BO MHOIUX C/IydasiX aJibTepHATHBHbIE MHTEPGENHCH peasn-
30BaHBI Yepe3 oOpalleHe K yTUIUTAM KOMaHJHOW CTPOKH.

CpegcrBa rpaduteckoro mosb3oBaTebckoro uarepdeiica B OC Unix
MPOEKTUPYIOTCS TI0 TPUHITAIY «METOMd, a He IOJUTUKA». JTO O3HAYa-
€T, UTO CpeCTBa paboThl ¢ rpadUKON AT MPUIOXKEHUSIM BO3MOXKHOCTD
co3fanus rpaduteckux naTepdeiicoB 6e3 yTouHeHusI, KaK KOHKPETHO Ta-
Kue uaTepdeiichl JTOKHDBI BRINIAAETh U (DYHKIIMOHUPOBATL. B pesyibrare
[OJI30BATEJb MOYKET, HAITPUMED, BBIOPATH JIIO00H U3 HECKOJIBKUX JECSITKOB
CYIIECTBYOIINX OKOHHBIX MEHE/IZKEPOB, OTBEYAIOIINX 38 0(POPMJIEHUE OKO-
mek (paMOK, 3aroJIOBKOB U IIPOYETO), TIOJHOCTHIO M3MEHWB BHEIIHUH BUJL
CBOEro pabovero 3KpaHa; aBTOPBI ITUX OKOHHBIX MEHEPKEPOB He OTPAHU-
9eHbI B TIOCTPOEHUY BHEITHErO BUJIa HUKAKWMU IIPABIIAMU, HABA3AHHBIMUI
CO CTOPOHBI.

Emé omunr npuamun OC Unix MOXKHO BbIpasuTh (pas3oil «BCE ecThb
daiisny; nmena daitios B ailyioBoil cucreMe — ITO CaMBIH MOILYISAPHBINA
criocob UMEHOBAHUS HE TOJIBKO (ailjioB KaK TAKOBBIX, HO U IepudePUitHbIX
YCTPOHCTB (a PABHO M TaK HA3BIBAEMBIX BUPMYAALHBIT Ycmpolicms,
KOTOPBIE BBITVISJISIT C TOYKHA 3PEHUsT MOJB30BATENs KAK YCTPOHCTBA, HO
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dusnYeckn He CYMIECTBYIOT, X PabOTy 3MYJIUPYET SIAPO OIEPAIMOHHON
CHCTEMBI), KAHAJOB CBS3U LIPOrpaMM JpYyr ¢ ApyroM. Bosee Toro, depes
MIPUBBIYHBIA (DaitIoBLIil nHTEPp@ENC B COBPEMEHHBIX CUCTEMAX MOXKHO «II0-
O6paThCst» JI0 HACTPONKHU PEKUMOB PAOOTHI MHOTUX MOJICUCTEM SIJIpa, Y3HATh
00 UMEIONUXCS B CUCTEME TIPOIECCax U T. . (ITO MO3BOJIAIOT JIEJIATh TAK Ha-
3bIBAEMbIE UCKYCCMEenHvle (halTOBbIe CHCTEMBI; K HUIM MbI BEDHEMCSI B 3a-
KJIIOYUTENbHOM YacTu Toma). K cokasleHuIo, u3 9T0ro NpUHIUIIA TOXKE eCTh
WCKJIIOYEHUsI: HAapuMep, (GailjloBoMy MPUHINITY UMEHOBAHUsI OOBEKTOB HE
COOTBETCTBYIOT OO'bEKTHI, OTHOCSIIIIECS K TaK HasbiBaeMomy System V IPC;
B OC Linux orcyTcTBYIOT (hailyibl yeTPOcTB, 0TOGpAKAIOIIIE CETEBbIE KAp-
TBI, U TaK JaJjee; HO Pa3HOOOpA3HbIe JIEBUAIINH, JTaKe MHOIOYUC/IEHHbIE, HE
OTMEHSIIOT OOITEro MPUHIINIIA.

QPuniocodust Unix, ecTeCTBEHHO, PACIIPOCTPAHIETCS HE TOJHKO HA MPO-
IPaMMBbI, BBITTOJTHSIEMBIE TIO]T, yIIPABJICHIEM ONEPAIIMOHHON CUCTEMBI, HO U HA
HeE caMy, TO eCTh Ha /PO ¥ B OCODEHHOCTH Ha HADOP €ro CUCTEMHBIX BBI30-
BOB. Kak MBI yBUIMM 11032K€, GOJIBITUHCTBO CUCTEMHBIX BBI30BOB OOXOIUTCSI
04YeHb HEOOJIBINNM KOJTHMIECTBOM IaPAMETPOB: MHOTHE CHCTEMHBIE BBI30BbBI
BOOOIIIE HE IPUHUMAIOT napaMerpos (getpid, fork u npodue), 4acToO BCTPE-
YAIOTC CUCTEMHbIE BBI30BbI ¢ ofauM (chdir, alarm, wait, close), aByms
(signal, kill, getcwd, dup2) wim Tpems (read, write, open, execve) ma-
pamerpamu. Pexxe BcTpedyaroTcst BBI30OBBI C YeTHIPbMs lIapaMeTpaMu (recv,
send, wait4) u ngarpio (select, recvfrom, sendto), OueHb PeIKO — C Iile-
cTbio (mmap, pselect); CUCTEMHBIX BBI30BOB € GOJIBIIUM YHUCJIOM IIAPAMET-
poB B OC Unix #er. CjioKHBIe JIeiiCTBUsI OOBIYHO BBITOJIHSFOTCS IIOCJIE0-
BaTEeILHBIM 00PAIEHNEM K HECKOJBKIM PA3HBIM CUCTEMHBIM BBI30BAM.

Takzke cjieyeT OTMETUTDH IMUPOKOE UCIOIL30BaHNE B WHTEpdeiice cu-
cremubIx Bbr30BoB OC Unix yHHUBepCaJIbHON MApaIurMbl «BCE €CTh HOTOK
6aliTOB»: NUMEHHO B BUJIE TAKUX IIOTOKOB IIPEJICTaBJIEHbI BBOJ HHMOPMAIIUN
u3 daitsia u BeIBOA, nHGOPMAITIA B (Dailjl, IYTeHrne C KJIaBUATYPHI U BbIada
Ha TePMUHAJI, Tepejada JaHHBIX JIPYTOMY TPOIECCy depe3 KaHaJjl, BO MHO-
UX CJIydasix — OOMeH JAaHHBIME IO KOMIIBIOTEPHOI ceTu. Kak Mbl yBuanM
[I037Ke, BCE TaK HA3bIBAEMbIE NOMOKU 86800a-68b1800a JIEJISITCA HA NO3U-
yuonupyemoie (06braHbIe (Dailyibl, B KOTOPLIX TeKyllas pabodas IIO3UIUs
MOXKeT ObITb B JIIOOOI MOMEHT U3MEHEHA) U HEeNO3UUUOHUPYEMbLe — BCE
ocTaJibHbIE, TJie OAfThI IepeIalTCs OIUH 33 JIPYIUM U Ha IOC/Ie0BATE b
HOCTD UX IIepeJIavdi WU IPUEMa HUKAK HEJIb3sI IIOBJIUITh. B 3Ty HECTIOKHY IO
MOJIEJTH YKJIAIBIBAIOTCS IOYTH BCE CJIydIad MPUEMA U Mepeiadn JTaHHbIX, 38
HEMHOTOYNCICHHBIMU UCKTIOYCHUSIMHI, KOTOPbIE 00YCIOB/IEHBI TEXHUIECKU-
MU IIPUYMHAMHA (HAIIpUMED, OOMeH JiefTarpaMMaMiy 10 KOMIIBIOTEPHOI ceTr
HE TPEJICTABJISIETCS B BUJE [TOTOKA, IOTOMY YTO MMEET COBEPIIEHHO HHYIO
pHEposy).

OO61muit MoAX0M, K CO3JAHUIO ITPOrPAMMHOIO 00ECITeUeHNsI, TPUHITRIA B
OC Unix, MOKHO BBIPa3UTh OIHUM JIO3YHI'OM, KOTOPBIil, KAK CUATAETCH,
M3HAYAJBLHO MOSIBUJICS HA aMEPHUKAHCKOM BOEHHO-MOpCKOM diiore: « Keep
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it simple, Stupid!», cokpamgénno KISS; pycCKOsSI3bIYHBIE TPOTPAMMUCTBI
YaCTO HA3BIBAIOT ITOT JIO3YHI' «IIPUHITATIOM IOIEYsT», OyKBAJILHO IT€PEBO/IsT
CJTOBO «kiss» Ha PYCCKMUIL.

Hakomer, 8 OC Unix nmerorcst orpe/ie/i€HHbIE TPAIUINT, CBI3aHHBIE C
pa3paboTKoil m pacupocTpaHeHueM MmporpaMmM. Kak mpaBuio, MporpaMMbI
CO3/IAIOTCS NEPEHOCUMBLMU; ITO O3HATAET, ITO MMPOTrPAMMA, HATTUCAHHA
o oy Unix-cucTeMy Ha OIHON amnmapaTHON apXUTEKType, MOXKET OBIThH
(BO BCAKOM cilydae, ec/id OHA HAIMCAHA IPAMOTHO) 0€3 U3MEHEHUs UCXO/I-
HBIX TEKCTOB OTKOMITUJINPOBaHa Ha Jitoboit apyroit Unix-cucreme u apyroit
armmapartHoii mwiardopme. [Ipu 3ToM KOHBEHIINE CUCTEMHBIX BBI30BOB M3Me-
HAIOTCS OT CUCTEMBI K CHCTeMe, & MAIUHHBIA KO/, €CTECTBEHHO, TIPUBI3aH
K KOHKDPETHOH amnmapaTHON rmraTdopMe, TaK 9TO JBOUYHBIE UCIIOJIHIEMbIE
aiisel cBoitcTBOM TIepeHOCHMMOCTH He 00sa7aoT (1 He MOTYT UM 00Ja-
narb). Kak cieicrBue, OCHOBHBIM CIIOCOGOM PaCIPOCTPAHEHMs IPOrPAMM
B OC Unix sgBisteTcs mepeiatia X MCXOIHBIX TEKCTOB. BOJIBITUHCTBO mpo-
rpamMM, BKJIFOYAsi U siJIpa CAMUX CHUCTEM, PaCIPOCTPAHSIIOTCS C80000HO, TO
€CThb YCJIOBUSI JINTIEH3NH TAKUX ITPOTrPaAMM Pa3peniaioT BCEM KeTAIONTNM KO-
MIPOBATDH TU IIPOTPAMMBI, IT€PEIABAThH UX JAPYTHUM JINIAM, U3y IaTh, MOIHA-
PUIMpOBaTH U PACIPOCTPAHATH MOINMDUIIMPOBAHHLIE BEPCUM, TP 3TOM He
TpedyeTcst KOMY-JIH00 33 3TO ILUIATUTh. BOJBITMHCTBO JUCTPUOYTHBOB TOT'O
ke Linux n3navaabHO COIEPKUT THICAYIN TOIE3HBIX MTPOTPAMM, C TIOMOIIHIO
KOTOPBIX MOYKHO PEIIaTh MPaKTHICCKH JI0ObIe TIOBCETHEBHBIC 33/ 1AM, U BCE
9TO MOYXKeT OBbITH COBEPIIEHHO CBOOOMHO cKavdaHo u3 VHTepHeTa.

CeobogHoe pacnpocTpaHeHue NporpamMMm MrpaeT 4pe3BblHaliHO BaXKHYHO posib B
kynbType Unix, npu 3TOM HenCKyLEHHbIE JIIOAN HAacTO MyTatoT noHATUs «becnnaT-
Has Nporpamma, «MporpaMma C OTKPbITbIM WUCXOAHbIM KoAoM» (open source) u
«cBobogHas nporpamMmma». Mexay Tem 3TO COBepLIEHHO pa3Hble NoHATus. B mupe
Windows BcTpedatoTcst nporpaMmbl, KOTOpbIE MOXHO Ha3BaTb BecnnaTHbiMu (npu-
4€M 3a4acTyio C BONBLION HATSXKKON), HO HMKAK HENb3s CYMTaTb HU OTKPLITHIMU,
HU Tem Bonee ceoboaHbiMu. Hanbonee pacnpoctpaHénHoe onpeaeneHne csobogHo-
ro nporpammtoro obecneyenns (free software) npepnoxerno Puuappom Cronnma-
HoMm 1 PoHaoM cBOBOAHOrO MPOrpamMMHOro obecnedeHnsi; COrNacHo 3ToMy onpege-
neHnto, NtoboMy NOb30BaTENO NPOrpaMMbl MPUHAANEXAT YeTbipe PyHAAMEHTAb-
Hble cBObOAbI:

0. ceobopa 3anyckaTb NnporpaMMmy Kak byaeT yrogHo nonb3osaTento, Ans ntobbix
uenei;

1. cBoboga msy4atb, kKak NporpamMmma paboTaeT, n U3MeHsITb eé coobpasHo co CBo-
nmMun rIOTpe6HOCTﬂMVI; Aansa 3Toro HeO6XO,E|,VIMa AOCTyI’IHOCTb NCXOOHbIX TEKCTOB,

2. cBoboga pacnpoCTpaHsTb KOMUK, 4TODbI MOXKHO BbIIO NOMOYL CBOEMY COCefy;

3. cBobopa pacnpocTpaHaTb (MepefaBaTh APYrUM JIOASM) MOAUGULMPOBaHHbIE
BEpPCUM NPOrpaMMbl, JaBasi TEM CaMblM BO3MOXHOCTb BCEMY COOBLUECTBY U3-
BA€KaTb NOMb3Yy U3 3TUX MOANDUK