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NMpepucnosue

C momenTa ny6aukauuu B 1978 r. kuuru-“SIasix nporpammuposanus Cu”
B MMpe KOMITbIOTEPOB IIPOHM30IILJIa PeBOIONU. Bosbline MautiHel cTany elite
GoJiblile, @ BO3MOXXHOCTH TepcoHaIbHbIX DBM Terneps conocTaBuMbl ¢ BO3-
MOXHOCTSMH OOJIbLIMX MALIHH JeCATHIETHEN AaBHOCTH. SI3bik CH 32 3TO Bpe-
Ms1 TaKXKe U3MEHHJICS], XOTsI ¥ He O4eHb CHJIBHO; UTO Xe KacaeTcs cepsl npH-
Menedus CH, TO OHA JajeKo BBILLIA 32 PAMKH €r0 HaYajbHOTO Ha3HAYEeHHUs
KaK HHCTPYMEHTAJIbHOTO s13bIKa ONepalinoHHO# cucteMsl UNIX.

Poct nonynsipHoctu CH, HaKaNIMBAIOIHECS C TOJAMU H3MEHEHHUS, CO3/1a-
HHe KOMIIMJIATOPOB KOJUIEKTUBaMU Pa3pabOTYNKOB, paHee He PUYACTHBIX
K IIPOEKTUPOBAHHMIO A3bIKA, — BCE ITO MOCIYXKHUIIO CTUMYJIOM K 60Jiee TOYHOMY
Y OTBEYAOLIEMY BPEMEHH OTIpe/IeIEHHIO SI3bIKA [0 CPABHEHMUIO C TIEPBBIM H3/1a-
HueM kHUTH. B 1983 r. AMepiKaHCKU HHCTHTYT HallMOHAJIBHBIX CTAHAAPTOB
(American National Standards Institute — ANSI) yupeaun komurer, nepex
KOTOpPBIM Oblya TIOCTaBJIeHa 1esIb BEIPaboTaTh “OqHO3HAYHOE U MAIIMHHO-
He3aBHCHMOE OTpezesieHHe s13bika CH”, IOJHOCThIO COXPAaHUB IIPU 3TOM €ro
CTUIUCTUKY. PeaynbTaToM paboTsl 9TOro kOMHTETa U sBUIICA cTanaapT ANSI
s13pika Cu.

Cranznapt GopManu3yeT CpeACTBa A3bIKA, KOTOPBIE B IEPBOM W34aHUHU ObLIH
TOJIbKO HaMeYeHbl, HO He ONMCaHbl, TaKHe, HAPUMep, KaK NPUCBaUBaHUE
CTPYKTypaM U nepeurcieHus. OH BBOAUT HOBBIN BUJ ONMKCAHUS QYHKIMH,
[03BOJISIONI}A TIPOBOAUTH NOBCEMECTHYIO IPOBEPKY COTIACOBAHHOCTH BBI30-
BOB QYHKIMH € UX OTpe/eIeHeM; ClielMUIIUPYeT CTaHAaPTHY0 OubiroTe-
Ky C IIMPOKMM HabopoM GYHKUMIA BBOAa-BBIBOAA, YIIPABJIEHUS IaMSIThIO, Ma-
HUIYJISILAH CO CTPOKaMU CUMBOJIOB U APYTUMH QYHKUMAMM; yTOYHSAET CeMaH-
THKY, OBIBIIYIO B IEPBOHAYATILHOM OIIpeeIeHUH HEeSICHOM, U IBHO BbIAEJISIET
TO, YTO OCTAETCSI MAUIMHHO-32aBUCUMBIM.

Bo BTOpOoM uagannu kauru “SI3eik nporpammuposanus Cu” npeacrasieHa
Bepcus Cu, nipuHsTas B KayecTBe ctaHgapTa ANSI. Ml periiy onucars s13bIK
3aHOBO, OTMETHB I1PH 3TOM Te MeCTa, B KOTOPBIX OH IpeTepIies U3MeHeHHsl.
B 60s1bmKHCTBO MaparpadoB 3TO He IIPUBHECIIO CYLIECTBEHHBIX IIEPEMEH, CAMbIE
3aMeTHbIE Pa3/IM4Ks KaCAIOTCsl HOBOM hOPMBI OITCAHUA U OTIpeiesieHNs hyHK-
tun. Clemyer OTMETUTD, YTO COBPEMEHHbIE KOMITHIATODHI YKe 00ecnedrin
MOAEPXKKY 3HAYUTEIbHOM YaCTH CTaHJapTa.
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MbI MOMBITANIMCH COXPAHUTh KPATKOCTDb MepBoro usaanus. Cu — HeGoJIb-
1104 A3bIK, U YTOOBI €ro onucath 60IbLIONH KHUTH He TpebyeTcs. B HoBom u3-
NaHUH YJIy4iIeHo ONKCcaH1e Hauboiee BAXKHBIX CPEICTB, TAKMX KaK yKasare-
JIM, KOTOpPbIe 3aHUMAIOT LIeHTPILHOEe MeCTO B IporpaMMHUpoBaHuu Ha Cu; 10-
paboTaHbl CTapble IPUMEPDI, 2 B HEKOTOPBIE TJ1aBbl 106aBJieHbl HoBble. Tax,
/151 yCUJIEHH sl TPAKTOBKH CJI0KHBIX 0ODbABJIEHUH B KaUeCTBE IIPUMEPOB BKJIIOYE-
HbI IIPOrPaMMBI IIEPEBOZIa 00BSIBJIEHUH B UX CIOBECHbIE ONIMCAHUSA ¥ 06PATHO.
Kak u panblue, Bce puMepbl ObLIM NPOTECTUPOBAHBI IPAMO 110 TEKCTaM, Ha-
TIMCaHHBIM B BOCIIPMHHUMAaeMOi MalluHo# Gopme.

IIpusnoxenne A — 3T0 CIpaBOYHOE PYKOBOACTBO, HO OTHIOAb HE CTAHAAPT.
B HeM MbI ONBITATHCH YJI0XKUTh CAMOE CYI[eCTBeHHOE Ha MHHUMYMe CTpa-
Huil. [1o 3ambIciy 3TO IpUIOXKEHHUE TOKHO JIETKO YUTAThCS TPOrPaMMUCTOM-
T10JIb30BaTeeM; 1J1s Pa3pabOTYMKOB JKe KOMITUJITOPA ONlpeesIeHHEM SI3bIKa
JOJKEH CJIYXXUTh caM CTaHAapT. B nmpunoxenuu B npuBeneHbr BO3BMOXHOCTH
crangapTHO# 6u6aoTekn. OHO TaKXKe NpeACTaBIseT Cob0i CIPaBOYHUK AJ1s
NPUKJIaAHBIX POrPAMMHUCTOB, HO He AJIsi pa3paboTYNKOB KOMIIUJISATOPOB.
Ipunoxenne C coxepRuT KpaTKHi epeyeHb OTINYUI TPeACTaBIeHHOH Bep-
cuu s3pka CH OT ero HavyaabHOM BEPCHH.

B npeancioBuy K 1epBOMY H3IaHHIO Mbl FOBOPHJIM O TOM, 4TO “YeM 6osiblie
paboTaeuib ¢ Cy, TeM OH CTAaHOBUTCS ynoOHee”. DTO BeYaTIEHHE OCTATIOCH
¥ 1I0CJIe ecsATH JieT paboThl ¢ HUM. MBI HaZleeMcs, YTO JaHHAasl KHUTa [IOMOXeT
BaM U3y4uTb CH U yCIIELUTHO ero HCI0Ib30BaTh.

MBI B 601b1I0M AOJITY TIEPEA APY3bSIMH, KOTOPbIE IIOMOTaJIH HaM B BBIILYCKe
Broporo usgauus kHuru. /[xon benrnn, yr I'yun, lyr Makunpo#, [Tutep
Henbcon u Po6 Iaiik caenany 4eTKue 3aMe4aHusl OYTH 110 KaXKA0H CTpaHu-
1le IepBOro BapuaHTa pykonucu. Mul 6;arogapHst Asty Axo, JleHuucy Asutic-
cony, [Ixoro Kemnbenny, I. P. Imauny, Kapen @oprraur, Ameny Cony6y,
Auapio Xviomy, [3itBy Kpucrony, [xony Jlunnepmany, [siiBy Ilpoccepy,
I'uuy Cnaddopay u Kpucy Ban Yuky 3a BHHMaTenbHOe MPOYTEHHE KHUTH.
Mbl mosyunsu nosesusie coseTsl oT busia YesBuka, Mapka KepHurana,
duzpio Kosuura, Pobuna Jleiika, Toma Jlonnona, [xuma Puasa, Knosusa
Tonno u [Mutepa Baiinbeprepa. [leiis [Ipoccep OTBETHII Ha MHOTOYHUCTIEHHBIE
BOIIPOCHI, Kacaromuecs aetanei cranaapta ANSI. MbI iiMpoko Mosib30Banich
tpaHcasaTopoM ¢ Cu++ Beepra Crpaycrpyna Ajsl JIOKaJIbHOH NPOBEPKU Ha-
mux nporpamm, a [leits Kpucron npexocrasun Ham ANSI-Cu-koMnmistop
715 OKOHYATeIbHOM UX IpoBepkH. Puy J[penuiep 04eHb OMOr B Habope KHUTH.

MBI ucKpeHHe 61arogapum BCex.

bpaviaH B. KepHuraH,
AdeHHnc M. Putun



MpenucnoBne K NnepBoMy N3aaHuIo

Cu — 3T0 YHMBEPCAJIBHBIH A3bIK IPOrPAMMUPOBAHHUS C KOMIIAKTHBIM CIO-
co60M 3anK1CcH BHIPAKEHHUIT, COBPEMEHHBIMH MEXaHU3MaMH YIIPABJIEHUS CTPYK-
Typamu JaHHbIX U GoratsiM HabopoM onepaTopos. CH He SIBIAETCS HU S3bI-
KOM “O4eHb BBICOKOTO YPOBHS”, HH “60JIbIIMM” A3bIKOM, HE PAaCCYUTaH OH
¥ Ha KaKyI0-TO KOHKPEeTHY0 0bsiacTh npumeHenus. Oquako 6iarogapst mu-
POKHM BO3MOXHOCTSIM M YHUBEPCATbHOCTH [UISL PEIIEHUs] MHOTHX 3a/ja4 OH
ynobree u 3 beKkTHBHEE, YeM NIPEATIOTIOKUTENLHO H0JIEE MOIIHbIE SI3BIKH.

[lepBonayaibro Cu 6bu1 co3pan JleHHHCOM PHTYM Kak HHCTPYMEHT Ha-
ncanus onepaunonHoit cucreMsl UNIX ansa mamuus PDP-11 1 peanusoBan
B paMKax 3Toii onepairionHoi cucreMsl. U onepannonsas cucreMa, u Cu-koM-
HUJISATOP, U, N0 CYLIeCTBY, BCce NPHKJIagHble nporpaMmsl cucreMbl UNIX
(BKJIIOYas U Te, KOTOPble HUCIOIb30BATTUCH AJISl OATOTOBKH TEKCTa 3TOU KHU-
ru' ) Hancaus! Ha Cu. Dupmennbie CH-KOMIMIISATOPBI CYLIECTBYIOT U Ha He-
CKOJIbKMX MallMHAX APYTHX TUIOB, cpeau kotopbix IBM/370, Honeywell 6000
u Interdata 8/32. Cu He npuBsA3aH K KOHKPETHOH aNnapaType WK CHCTEME,
OIHAKO Ha HeM JIETKO IIKCATh IPOrPaMMBI, KOTOpbIe €3 KaknX-1160 n3MeHe-
HU} IePEeHOCSTCS Ha [PYrHe MallMHbI, I7Ie OCYIeCTBISEeTCs ero NOMAEPKKa.

[lens Hameld KHUIY — NTOMOYb YUTATENIO HAYYHUTHCS IPOrPaMMUPOBATh
Ha Cu. Mi3nanue BKIIOYa€eT BBeeHHe-yeOHHMK, IT03BOJISIIOLMIA HOBIYKAM Ha4aTh
[POrPaMMHPOBATh KaK MOXHO CKOpee, a TaK>Ke IJ1aBbl, IOCBsIleHHbIE OCHOB-
HBIM CBOMCTBaM S13bIKa, M CIPABOYHOE DYKOBOZACTBO. B ee 0CHOBY 110105k eHbI
u3yyeHHe, HaMCaHUe ¥ NPopaboTKa IIPHMEPOB, a He IPOCTOE TIEPEYNCTIEHHE
npasuI. [ToyTn Bce Haly IpUMepbI — 3TO 3aKOHYEHHBIE peabHble IIPOrpaM-
MBI, a He pa3obuieHHbIe hparmMeHThI. Bce oHM ObLIM OTTECTHPOBAHBI HA MALIHU-
He TOYHO B TOM BHIe, Kak npuBoasTcs B kuure. [lomuMo geMoHcTpauuu a¢-
(beKTHBHOIO UCIIOJIb30BaHUS A3BIKA, TaM, e 3TO OBUIO BO3MOXHO, Mbl CTpe-
MHJIMCB IIPOMJIJTIOCTPHPOBATD MOJI€3HblE AJITOPUTMBI M IPUHLUIIBI XOPOLIEro
CTHJISI HANTUCAHUS IIPOrPaMM U UX Pa3yMHOIO IPOeKTUPOBAHMUS.

JTa KHHra He SBJIseTCS BBOAHBIM KypCOM II0 iporpammupoBanuio. Ilpex-
TI0J1araeTcst, YTO YUTATE b 3HAKOM C TAKMMH OCHOBHBIMH NOHATHAMH, KaK “Tie-

” o« » o« » o«

peMeHHas”, “npucBanBanue”, “Luka”, “dyHKiMA". TeM He MeHee 1 HOBUYOK

' VIMCCTCH B BHJLY OPHEHIIA 9TOM KIMIK 112 aUFTMACKOM sisbike. — ITpume. nep.
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CMOYXeET U3YYUTh A3BIK, XOTS 1JIs1 Hero OyeT 0ueHb M0Jie3HbIM ob1menue ¢ 6o-
Jiee 3HAIOIKMMH CIleLIMaINCTaMU.

Hamu onbiT noxasan, 4o Cu — ya06HbI#M, BHIPa3UTENbHBIA U THOKHH A3bIK,
NIPUTOAHBIN AJIs1 IPOrPAMMUPOBAHMS IIMPOKOTO KJ1acca 3a1ay. Ero erko Bbi-
Y4UTBb, 1 4eM GoJbiie paboTaeis ¢ Cu, TeM OH cTaHOBUTCA ynobuee. Mbl Ha-
JieeMcs1, YTO 3Ta KHUTa IIOMOXET BaM XOPOLIO er0 OCBOMTb.

BayMunBas KpUTHKA U MPEAJIOKEHNS MHOTHX PY3eil ¥ KOJUIEr IOMOrajiu
HaM Hanucatb KHUTY. B yacTHoct, Maiik Buankuy, [Ixxum By, Cteio @ena-
maH, [[yr Maxunpoit, Bunn Pym, o6 Posun u Jlappu Pocnep co BHnMannem
TIPOYJIX BCE MHOTOYHCIIEHHbIe BADHAHTHI 3TO KHUTH. Myl B nosry y Asa Axo,
Crusa brepna, Jlana /IBopaka, Yaka Xeitnu, Mapuon Xappuc, Puka Xosra,
Crusa J[xoncoHa, [Ixona Mames, Bo6a Mutua, Pansda Myxw, ITutepa
Henbcona, dnnuota [Muncona, busa [lneiinxepa, [{xeppu Cnusaka, Kena
Tommncona u Iutepa Baitu6eprepa 3a nosie3Hsie COBETDI, IOJYYEHHBIE OT HUX
Ha Pa3JNYHBIX CTAAMIX MOATOTOBKY PYKONHKCH, a Takxe y Maiika Jlecka
1 JI>xo OccaHHBI 32 TOMOIL[b IIPH TOATOTOBKE ee K U3aHUIO.

BpaviaH B. KepHuraH,
dexnnnc M. Putun



BeseneHue

Cu — yHuBepcanbHbI A3bIK IporpaMMupoBanus. OH TecHO CBA3aH ¢ CHC-
temoit UNIX, Tak kak 66111 paspaboTaH B 9T0i cHCTeMe, KOTOpast Kak U 60Jb-
LIMHCTBO NpPOrpamM, paboTaomux B Held, Hanncanbl Ha Cu. OfHAKO A3BIK
He NPUBsI3aH XXeCTKO K KAKOH-TO OZHON ONepallMOHHOMH CHCTEME HIH MalllKHe,
XOoTs1 OH M Ha3BaH “S3bIKOM CHCTEMHOTO NPOrPaMMHUPOBaHUA", TOCKOIbKY
ynoOeH 115 HallMCaHUsl KOMITHJISITOPOB M ONIEPALlHOHHBIX CHCTEM, OKa3ajioCh,
YTO Ha HEM CTOJIb K€ XOPOLIO MKcaTh 6OJIbIINe IPOrPaMMbl APYTOro Tpo-
duns.

Muorue Baxubie unert Cu B3aT1hl 13 s3sika BCPL, aBTopoM xoToporo ss-
nsercs Maprun Puvapzc. Biusiuue BCPL Ha Cu 66110 KOCBEHHBIM — Yepe3
a3bik B, pazpabotannbiit Kenom Tomrconom B 1970 r. 1151 nepBoi cucteMbl
'UNIX, peanusoBanHoit Ha PDP-7.

BCPL u B — “6ectunossie” s3biku. B otimune ot Hux Cu obecneunBaer
pa3Ho0Opa3Ke TUIOB JaHHBIX. Ba30BBIMU THIIAMH SIBJISIOTCS] CAMBOJIBI, @ TaK-
Xe LeJIble U YHCITa ¢ TUTaBarolieil TOYkoi pa3nuyHbIX pasmepoB. Kpome Toro,
HMeeTCs1 BO3MOXHOCTD IT0JIy4aTh LeJIyI0 HepapXHio IIPOM3BOAHBIX TUIIOB JaH-
HBIX U3 yKa3aTeJieil, MaCCUBOB, CTPYKTYP U obbennunenuit. Beipaxxenus dop-
MHUDYIOTCS U3 OIepaTopoB  onepanzios. JIioboe BbIpaXkeHHe, BKIIOYAst IPH-
cBaMBaHHUe ¥ BbI30B QYHKUUH, MOXKET ObITh HHCTPYKILMel. Yka3aTenu obec-
NEeYUBAIOT MalIMHHO-HE3aBUCUMYIO aIPECHYI0 api(PMETHKY.

B Cu uMeroTcsl OCHOBHBIE YIIPaBJISIONI e KOHCTPYKLMH, UCTIOTb3yeMble
B XOPOLIO CTPYKTYPHPOBAHHBIX IPOrPaMMax: COCTaBHast HHCTPYKUus ({...}),
BETBJIEHHE 110 YCJIOBHIO (if-else), BBIOOD OQHO anbTePHATHBBI U3 MHOTHX
(switch), nukJbl c npoBepkoil HaBepxy (while, for) u ¢ npoBepkoit BHU3Y (do),
a TakXe CPeACTBO NpephIBaHus UyKia (break).

B xauecTBe peaysibTaTa GYHKIMH MOTYT BO3BpALIaTh 3HaY€HHsI OA30BBIX
THUIOB, CTPYKTYP, 00bennHeHUH 1 yKka3aTeseil. Jlobas GyHKIHUS [OMyCKaeT
pexypcuBHoe obpauienne k cebe. Kak npaBuiio, JToKajibHble IepeMEHHbIE
byHKUMK — “aBTOMATHYECKHE”, T. €. OHH CO3/IAI0TCS 32aHOBO IIPH KaXXA0M 06-
pamenuu K Heit. Onpenenenns GYHKUMN Heslb3s1 BKJIaAbIBATh APYT B IPYTa,
HO 00bsBJIEHUSI [IEDEMEHHBIX Pa3pEIIAeTCs CTPOUTH B GJI0YHO-CTPYKTYPHOM
manepe. OyHkiuu nporpaMMsl Ha CH MOTYT XPaHHUTbCs B OT/IEJbHBIX HC-
XOIHbIX alax U KOMIIUJIUPOBaThCs He3aBUcUMoO. [lepemMeHHEIe IO OTHO-
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IEHUIO K GYHKIUK MOTYT ObITh BHYTPEHHUMH 1 BHeIIHUMHU. [locnentnue mo-
ryT 6BITH JOCTYITHBIMH B [Pe/ieJIaX O[HOT0 UCXOAHOrO daiiia Uik Bcei mpo-
rPaMMBl.

Ha starne npenpolueccupoBaHus BbIIOJIHSIETCS MAaKPOIIOJACTAHOBKA B TEKCT
[IPOTrPaMMbl, BKJTIOUeHHe JPYTUX HCXOMHbIX HalyIOB U YCIOBHAS KOMITUISALUA.

CH — S3BIK CPaBHUTENIBHO “HU3KOr0 ypoBHs”. OIHAKO 3TO BOBCE HE yMaJIsi-
€T ero JOCTOMHCTB, TPOcTO CH UMEET AEJI0 € TEMH XXe 0OBEKTaMU, 4TO 1 60JIb-
IIHHCTBO KOMIIBIOTEPOB, T. €. C CHMBOJIaMH, YUCIaMH U axpecaM. C HUMH
MO>XHO OIIEPHPOBATh IIPH HOMOLIK aPHU(PMETUIECKUX U JIOTHYECKHX OTIEPALIHH,
BBINOJIHSIEMBIX Pea/IbHBIMU MaIIHHAMH.

B Cu HeT psAMBIX Olepaluii HaJl COCTaBHbIMU 00BEKTaMH, TAKUMH KaK CTPO-
KU CUMBOJIOB, MHOX€eCTBA, CIIMCKH U MacCUBBHL. B HeM HeT onepauuii, KOTopble
6bl MaHUIYJIMPOBAJIM C 1IEJIBIMA MACCUBAMH HJIM CTPOKAaMH CHMBOJIOB, XOTS
CTPYKTYDBI Pa3pelIaeTcst KOMPOBATh LIEJTUKOM KaK erHble 00beKThI. B s3b1-
Ke HeT KaKUX-1100 CPEACTB pacnpeaesieHUs NaMsTH, IOMUMO BO3MOXXHOCTH
ornpeesieH!s] CTaTUYeCKUX TIePEMEeHHBIX M CTEKOBOTO MeXaHH3Ma IIPH Bblje-
JIEHMY MeCTa AJis JIOKaJbHBIX NepeMeHHbIX BHYTpH ¢yHkuuil. Hetr B Hem

“kyun” u “cObopunka mycopa”. Hakouner, B camom Cu HET CpeCTB BBOZA-BbI-
Boza, uactpykuuit READ (uutath) 1 WRITE (nicathb) U kakux-1u60 MeTo-
noB noctyna K daitnam. Bce 3T0 — MexaHM3MBbI BICOKOTO YPOBHS, KOTOPbIE
B Cu 06eCcrednBaroTCsA MCKJIIOYUTENBHO C IOMOLIBIO SIBHO BEI3bIBAEMbIX (DY HK-
uuit. BonbuinHcTBO peanusopanubix Cu-crucTeM copepat B cebe pa3yMHBIN
CTaHAApTHbIA HAOOD 3TUX PYHKUMH.

B npomoikeHue cka3aHHOTO ciexyeT OTMeTUTb, 4To CH mpenocTrasiseT
CpPeZACTBA JIMLIb OCTeA0BaTebHOTO YIIpaBJIeH!s X00M BBIYUCIIEHUH: Mexa-
HU3M BETBJIEHUsI 110 YCJIOBUSAM, LIUKJIbI, COCTaBHble MUHCTPYKIIUH, IOATIPOTPaM-
MBI — U HE COIEPKHUT CPEACTB MYJIbTUIPOrpaMMHPOBaHMS, Napajlle/IbHbIX
IPOLIECCOB, CHHXPOHH3AIMH U OPraHH3allU{ CONPOTPaMM.

OTcyTCTBHE HEKOTODBIX U3 IEPEYHCIIEHHBIX CPEACTB MOXEeT NOKa3aThCs
cepbe3HbIM HEAOCTATKOM (“BBIXOJHT, YTOOBI CPABHUTH BE CTPOKH CHMBOJIOB,
HyXHO obpauatbcest K GyHkuun?”). OfHaKO KOMIIAaKTHOCTb sI3bIKa HMEET pe-
anbHble BhIrofs!. [Tockonbky Cu OTHOCHTENIBHO MaJI, TO M OTTUCAaHHe ero KpaT-
KO, ¥ OBJIaZIETh UM MOXHO 6bI1cTPO. [IPOrpaMMHUCT MOXKET PeaIbHO PaCCYUTHI-
BaTh Ha TO, YTO OH OyAET 3HATh, TOHUMATH ¥ Ha IPAKTHKE PErYJISIPHO MOJIb30-
BaTbCs BCEMH BO3MOXKHOCTSIMH A3bIKA.

B Teuenne MHOTMX JIET e JMHCTBEHHDBIM OnpeesieHneM s3bika Cu 661710 Tep-
Boe u3aHue kuuru “SI3sik nporpammuposanus Cu”. B 1983 r. UncturyTom
aMepHUKaHCKUX HallMOHANbHbIX cTaHAapToB (ANSI) yupexaaeTcst koMUTeT 1151
BBIPAaOOTKM COBPEMEHHOTO MCYEPIIbIBAOIIErO onpeneeHns s3vika Cu. Pe-
3yJbTATOM ero paboTsl aBuics crauaapt st Cu (“ANSI-C”), BhinyieHHsIi
B 1988 r. BoJBIIMHCTBO MOIOXKEHNIT STOrO CTAaHAAPTA yXKe YYTEeHO B COBpe-
MEHHBIX KOMITHJ/ISITOpaX.
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CranzapT 6a3upyeTcst Ha MePBOHAYAILHOM CIIPABOYHOM DYKOBOACTBE.
ITo cpaBHEHMIO € MOCTEIHNM 513bIK H3MEHMJICSI OTHOCHTENbHO Mano. OqHol
3 Lesiei craHaapTa 661710 06ecrednThb, YT00b! B 6OIbUINHCTBE CTyYaes Cylle-
CTBYIOILIVE IPOrPAMM Bl OCTABAIUCh [IPABHJIbHBIMH WJIH BHI3BIBAJIN NIPEAYTIPEX-
Maolike COOOLIEHNS KOMITMIISITOPOB 00 M3MEHEHUH TTOBEAEHHUS.

Jlns 60JIbIINHCTBA IPOrPAMMHUCTOB CaMOe BaKHOE U3MEHEHHe — 3TO HO-
BbIi1 CUHTaKCHC 00bsiBIeHNs 1 onpeneieHns Gpyukuuid. O6bsBienne GyHkK-
L1 MOXeT TellePb BKJIIOYATh ¥ ONMCaHMe ee apTyMeHTOB. B cooTBeTcTBUH
C 3THM H3MeHMJICA U CHHTaKcHuc onpenenenus Gynxuun. JononauresnbHast
1HbOpMaLKs 3HAYUTEIbHO 06JIeryaeT KOMIWIATOPY BBIsIB/IEHHe OLIHOOK, CBsI-
3aHHBIX C HECOIJIACOBAHHOCTBIO aDIYMEHTOB; 110 HallleMy MHEHHIO, 3TO OYeHb
110J1e3HO€E 100aBIEHNE K S3BIKY.

Crenyet Takke OTMETUTD Psiji HeOONBIIMX U3MeHeHHH. B A3bIKke y3akoHe-
HbI IPUCBaUBaHHe CTPYKTYD U NepevHciIeHts], KOTOPbIEe ye HEKOTOpoe Bpe-
M5l HIUPOKO MCHOJIb3YIOTCS. BhlYMCIeHNs ¢ NijaBaollel TOYKOH Teneps 10-
MYCKAIOTCS ¥ C OJMHAPHOH TOYHOCTBIO. Y TOUHEHBI CBOMCTBAa aprdMETHKH,
0cobeHHO /151 6e33HAKOBBIX TUIIOB. Y COBEPIIEHCTBOBaH Mpemnpoueccop. bosb-
LIMHCTBO IPOrPaMMHUCTOB 3TH U3MEHEHUS 3aTPOHYT 04eHb c1abo.

BTopoii 3HayMTENbHBIN BKJIAJ CTaHAAPTA — 3TO ONpeAesneHne 6ubaroTe-
KH, TocTaBisieMoil BMecTe ¢ CH-KOMITIIATOPOM, B KOTOPO#t crienudunupy-
10TCsA GYHKIIMY ZOCTYIIAa K BO3MOXKHOCTSIM OIllePallHOHHOM CHCcTeMbI (HANPH-
Mep uTeHHs-3anucu daiinos), GopMaTHOrO BBOAA-BHIBOJA, JHHAMIYECKOTO
BBIJEJIEHUS TIAMATH, MaHUIYJISIUMH CO CTPOKAMU CUMBOJIOB U T. A. Habop
CTaHIAPTHBIX 3aroJI0BOYHbIX BailyioB obecneunBaeT eqHOOOPa3HBIN HOCTYIL
K 06bsiBIeHUAM DYHKUHUI U TUIIOB AaHHBIX. [apaHTHpYyeTCs, YTO IPOrpam-
Mbl, HCIIOJIB3Y 0L HE 3TY OHUOIMOTEKY P B3aMMOZLEHCTBIH C OTIEPALHOHHOM
cucremoit, 6ynyT paboTaTh TakKe ¥ Ha APYTUX MalIMHaX. BOJIbUIMHCTBO po-
rpaMM, COCTaBAOIUX 66IMOTEKY, CO3aHbI 10 06pa3y U noxo6uUIo “cTaH-
napTHON 6ubnuoTeku BBOAa-BbhiBOAa” cucteMbl UNIX. DTa 6ubnuorexa
OIMCaHa B IEPBOM U3/IaHUH KHUTH U IIUPOKO UCIIOIb3YETCS B APYTUX CHUCTeE-
Max. U 31ech nporpaMMUCThI He 3aMeTST CYLIeCTBEHHBIX Pa3NIUYUiL.

Tak kak TUIIBI JAHHBIX U YIPABJSIOUX CTPYKTYD sA3bika CH IOAEpKHUBa-
I0TCS KOMaHAaMK GOJIBUIMHCTBA CYLIECTBYIOUIMX MalIWH, UCIIOJHUTEIbHASL
cucrema (run-time library), obecneynaroinas He3aBUCHMBIH 3a11yCK U BBITIOJ-
HeHUe porpamM, oueHb Mana. O6paiieHus K 6MOIMOTEYHBIM DyHKIMAM [TH-
HIET CaM MPOrPaMMHCT (HEe KOMIIUJIATOPD), TI0O3TOMY TP JKeJJaHMH UX MOXHO
JIETKO 3aMeHUTb Ha apyrHe. [louTu Bce nporpaMmel, HanucanHbie Ha CH, ectn
OHHM He KacaloTCsl KaKHX-J1O0 CKPHITHIX B ONEPALMIOHHON CHCTEME AeTaleil,
IIePEHOCUMBI Ha IPYTHe MALIHHBL.

Cu COOTBETCTBYET aMapaTHBIM BO3MOXHOCTSIM MHOIMX MalIHH, OAHAKO OH
He TIPUBSI3aH K apXUTEKType KaKoi-TH60 KOHKPETHO# MalnHbl. [1posiBsist
HEKOTOPYIO IUCUUTINHY, MOKHO JIETKO [IMCAaTh lePEHOCUMBbIe TPOrPaMMBbl,



BsepneHuie 15

T. €. IPOrPamMMBbl, KOTOpble 6€3 KAKNX-1160 N3MEHEHHI MOTyT paboTaTh Ha pas-
HBIX MamuHax. CTaHAapT NpesoCcTaBsieT BO3MOKHOCTD JUIS SIBHOIO OIUCA-
HUs IEPEHOCUMOCTH C IOMOII[b0 HahOPa KOHCTAHT, OTPKAIOIIMX XapaKTepuC-
THKW MallIMHBI, HA KOTOPO# Iporpamma Oynet paboTath.

Cu He siBJsIeTCS “CTPOrO TMITM3MPOBAHHBIM” SI3BIKOM, HO B [IPOLIECCE €r0
PasBUTHsI KOHTPOJb 32 TUNamu Obis ycuieH. B nepBoit Bepcun Cu x0Th
He 0106psICs, HO pa3peliancs 6eCKOHTPONbHBIM 0OMEH yKa3aTesei U 1eJIbIX,
YTO BBI3bIBAJIO (OJIbLINE HAPEKAHMUS, HO 3TO YKe JaBHBIM-IaBHO 3alPELIEHO.
CortacHo cTanaapTy Tenepb Tpebyercs iBHOe 06bABIEHHE UITH SIBHOE YKa3a-
HHe 1peo6pa3oBaHus, UTO yKe U PeasIM30BaHO B XOpouinx Komnuisiropax. Ho-
BbI# B 00DbsiBIeHUS HYHKUMI — ellle OAHMH LIar B 3TOM HanpasieHud. Kom-
IUIATOP Terepb NPeayNpPeXAAeT 0 60JbIIei YacTH OLIMOOK B TUIIAX U aBTO-
MaTHY€eCKH He BBINOJIHSAET IPe0Opa3soBaHysl JaHHbIX HECOBMECTUMbIX THIIOB.
Opnako ocHoBHOU bunocodneit Cu ocraeTcs TO, YTO IPOTPAMMHUCTBI CAMU
3HAIOT, YTO JENAIOT; A3BIK JIMLIb TPeOYeET IBHOTO yKa3aH!st 06 HX HAMEPEHHUSX.

Cu, kak 1 J11060# APYToii SI3bIK IPOrPaMMHPOBaHNs, He CBOOO/IEH OT HElO-
CTaTKOB. Y POBEHb CTAPLUIMHCTBA HEKOTOPBIX ONIEPATOPOB HE SABJSIETCS 061ye-
TIIPUHATHIM, HEKOTOPblE CHHTAKCHY€CKHE KOHCTPYKIMU MOLJIH Obl GbITD JIyy-
me. Tem He MeHee, kak oka3anoch, Cu — upe3BbIyaitHo 3¢ bexTUBHbINA U BbI-
Pa3UTeJIbHBIH A3bIK, IPUTOAHBIH JJIs IIMPOKOTO KJlacca 3ajay.

Kuura umeet cnenyrouryio ctpyktypy. [naBa 1 npeacrasnser coboit 0630p
OCHOBHbIX cpeacTB s13bika Cu. Ee HazHavenne — noGyAUTb YUTATENS 110 BO3-
MOXHOCTH OBICTPEE IPUCTYIIUTH K IPOrPaMMUPOBAHHIO, TAK KK MbI yOexae-
HbI, YTO €AWHCTBEHHBIN CII0CO6 U3YYUTD HOBBII A3BIK — 3TO [KMCATh HA HEM
IpOrpaMMbl. ITa YacTh KHUTH MpeAIoJaraeT Hajluyue 3HaHUH 110 OCHOBHBIM
3JleMeHTaM nporpaMmupoBanus. Hukakux nosicHeHMii TOro, 4To Takoe KOM-
IBIOTEP, KOMITHIISILIKS MJIM YTO O3Ha4aeT BbIpakeHue Biaa n = n+1 He naercs.
XO0Ts1 MBI ¥ IIBITATTHCh TaM, IZle 3TO BO3MOXKHO, [I0Ka3aTb I10JI€3HbIe TPUEMBbl
IIPOrPaMMHPOBaHMUs, 3Ta KHUIA He IPH3BaHa ObITh CIPABOYHUKOM HH TI0 pa-
60Te CO CTPYKTYpaMH AaHHbIX, HY 110 aITOPHUTMaM; KOT/Ia OKa3bIBalOCh HEOH-
XOZMMbIM BBIODATh, Ha YTO CAENATb yAapeHHe, MBI IIPEANOYUTAIN CKOHIIEHT-
pHpOBaTh BHUMAaHUe Ha SI3bIKe.

B riaBax 2—6 pasnuuHble CpefCTBa s13bika 06CysxAaI0TCs Gosee MoAPO6HO
1 HECKOJIbKO Bostee (hopMasbHO, 4eM B rJ1aBe 1; Py 3TOM MO-TIPEXXHEMY YIIOP
JeaeTcsl Ha MpUMepBl, SIBJAOIMECs 3aKOHYEHHBIMH IIpOrpaMMaMH, a He
M30JIMPOBaHHBIMU b parMenTamu. [J1aBa 2 3HaKOMUT ¢ 6a30BBIMU THIIAMH
JAHHBIX, C OTIePATOPaMH U BhIpaskeHUsIMHU. B riaBe 3 paccMaTpUBarOTCsI Cpeq-
CTBa yIpaBJIeHUsI I10CJ/IeJ0BaTeIbHOCTBIO BRIYUCIeHUI: i f-else, switch,while,
for uT. A. B rnaBe 4 peub uger o GyHKUMSIX U CTPYKTYpe IPOTPaMMbl (BHeL -
HUX NlepeMEeHHbIX, IPaBHJIaX BUAUMOCTH, JieJIeHUH IPOrPaMMBbl Ha HECKOJIbKO
McxoaHbIX GaiisioB U T. [.), a TakKe 0 npenpoueccope. B rnase 5 o6eysxaa-
I0TCS YKa3aTeJsu U afipecHas apudmeTuka. I'1aBa 6 nocsmeHa cTpyKkTypam
¥ 0ObEINHEHUSIM.
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B rnaBe 7 onucaHa cranaapTHasi Gubnmoreka, obecrnedrnBaomas oOmmi nH-
Tepdeiic ¢ onepallMOHHOM cUcTeMOM. JTa GUGIMOTEKA Y3aKOHEHA B KAUeCTBE
cranmapta ANSI, uHa4e roBopsi, OHa JOJI)XHa ObITh IPEACTaBIEHA HA BCEX Ma-
muHax, rae cymectsyet Cu, 6arogapst 4eMy npOrpaMMbl, HCIOJIb3YIOIIHE
BBOJI-BBIBOJL M IPyTHE BO3MOXKHOCTH OIIEPALIOHHON CHCTEMbI, 6€3 KaKUX-TTH60
HU3MEHEHUH MOXHO NePeHOCHTD C OHOI MalllMHBI Ha JPYTYIO.

I'naBa 8 comepsxut onucanue uatepdeiica Mexay nporpammaMu Ha Cu
U onepaunonHoi cucteMoit UNIX, B yacTHOCTH onycaHue BBOAA-BbIBOJQ,
(aiisioBoil cCTEMBI ¥ pacnipeieleHHs MaMATH. X0TA HeKOTopble napar'pacdsl
3Toii I1aBbl oTpaxawoT cretuduky cucremsl UNIX, nporpaMMucTsl, osib3y-
IOLIIMECs APYTUMY CHCTEMaMH, BCe JKe HalAyT B HUX MHOTO NOJIE3HBIX CBeJle-
HUH, BKJII0Yas ONpeesieHHbI B3I Ha TO, KaK peaiu3yeTcsi OfHa U3 BepCHH
CTaHAApPTHOM OUOINOTEKH, ¥ HEKOTODBIE NPEAJIOKEHUS [0 TIEPEHOCUMOCTH
MIPOrpaMM.

IpunoxeHve A sBgeTCA CIPaBOYHUKOM IO s3bIKy. CTporoe onpenesne-
HUE CUHTAKCHCa U CEMAHTHUKH sA3bIka CH comepXuTCs B 0pULUHATBHOM HOKY-
Mmente crangapra ANSI. TTocnenuuii, ogHako, 60siee BCero MOAXOAUT pa3pa-
6oTunkam KomnuasTopa. Haul cipaBoyHuK onpenensiet s3bik Gosee cxaro,
He npuberas K NeIaHTHYHO IOPHANYECKOMY CTHITIO, KOTOPBIM IOJIb3yeTCs CTaH-
napr. [Ipunoxenyie B — cBozika 1o coaep>xuMoMy CTaHAapTHOH 6ubInoTeKn
Y peHA3HaY€eHa CKopee N0JIb30BaTesIsIM, YeM pean3aTopam. B npuiosxxennn
C npuBOAXTCS KpaTKUi NepevyeHb OTJINYUI OT IepBOi BepcuH sA3blka. B co-
MHUTEJIBHBIX CJIy4asiX, OAHAKO, OKOHYATEJIbHBIM CYAbeH IO SI3bIKY OCTaeTcs
CTaHJAPT ¥ KOMITHAJISITOP, KOTOPBIM BBI II0JIb3Y€TeCh.



Masa 1

O0630p a3bIKa

Haunem c 6s1cTporo o3HakoMenus ¢ s3bikoM Cu. Hama iesis — nokasatb
Ha peaJIbHbIX IPOrPaMMax CylleCTBEeHHBIE 3JIeMEHTHI SI3bIKa, He BAaBasACh
B MeJiKHe neTany, GopMabHble IpaBUiia U UCKIOYeHMs U3 HuX. [loaTomy
MbI HE CTPEMUMCSI K TI0JIHOTE U JaXKe TOYHOCTH (3a00TSACh, OIHAKO, O KOPPEKT-
HocTu prMepoB). Ham 6b1 XoTe10ch Kak MOXHO CKOpEE TIOJIBECTH Bac K MO-
MEHTY, KOT/Ia Bbl CMOXK€ETe NIUCATh 10JIe3Hble TporpaMMbl. YToObI cesaTh 3TO,
MBI JOJKHBI CKOHIIEHTPUPOBATh BHUMaHHe Ha OCHOBAX: IePEMEHHBIX U KOH-
cTaHTax, apudMeTHKe, YIIPaBJIeHHUH TOCTeL0BATENBHOCTHIO BEIYUCIIEHUI,
byHKUUAX ¥ TpOCTeiieM BBo/ie-BbIBOJIE. B HacTosIel I1aBe Mbl yMBIILIEH-
HO He 3aTPariBaeM TeX CPECTB A3bIKA, KOTOPbIE BasKHBI IPY HANMCAaHUH 60J1b-
IIHMX [IPOTPaMM: yKazaTeJiel, CTpyKTyp, 6osbuioit yactu 6oratoro Habopa ore-
PaTOpPOB, HEKOTOPHIX YIIPABJIAIOIUIMX MHCTPYKLKIA ¥ CTaHAapTHOM 6ubnuoTe-
KH. '

Takoit noxxox umeer cBou HegocTaTku. Hanbosee cymecTBeHHbIM U3 HUX
COCTOUT B TOM, YTO OTZEJIbHOE XapaKTepHOe CBOMCTBO SA3BIKA HE ONUCHIBAETCS
IIOJIHOCTBIO B OJ(HOM MECTE, ¥ 0A00Hast TaKOHMYHOCTD NP 00yYEHUH MOXKET
IIPUBECTH K HENPaBHJIBHOMY BOCIPHUATHIO HEKOTOPHIX NOJIOKeHM. B cuny
OrpaHHYeHHOr0 XapaKTepa NoJa4yy MaTepraia B IpHMepax He UCIIOJIb3YeTCs BCA
MOII[b SI3BIKA, ¥ TIOTOMY OHHU He CTOJIb KPaTKH U 3JIeTaHTHbI, KAK MOTJIX ObI ObITD.
MBI NONBITANINCH N0 BO3MOXXHOCTH CMATYUTH 3TH 3 deKThl, HO CYUTaeM He-
06XOIVIMBIM NIPEAYNIPEAUTD O HUX. JIpyroil HEAOCTATOK 3aKJII0YAETCA B TOM, 4TO
B IIOC/Te[yIOHIMX IJIaBaX KaKHe-TO MOMEHTHI HaM IPHIEeTCsS HOBTOPUTh. Mbl Ha-
JeeMcsl, 4TO I10J1b32 OT TIOBTOPEHMIA IPEBBICUT BHI3bIBAEMOE MU Pa3fipaskeHue.

B 111060M ci1y4ae ONBITHBLA TPOrPAMMHUCT ZOJKEH CYMETh SKCTPAIOIUPO-
BaTh MaTepHas AAaHHOW IJIaBbl Ha CBOU NpOrpaMMHUCTCKue Hyxabl. HoBuu-
KaM ke PEKOMEHIyeM JONOJHUTD ee YTeHHe HallcaHueM cOOCTBEHHBIX Ma-
JIeHbKUX n1porpaMm. U Te u Apyrue Haiu 4uTaTENM MOIYT paCCMaTPUBATh 3Ty
[NIaBy KaK “KapKac”, Ha KOTODBIH Jajiee, HAYHUHAs C [J1aBbl 2, OyAyT “HaBewlIn-
BaTbCsl” 3JIEMEHTBHI SI3bIKA.
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1.1. Ha4yHeM, noxanyn

: EnviHeTBeHHBIH CIOCO6 BbIYYMTh HOBBIN S3BIK TIPOrPAMMHUPOBAHUA — 3TO
IIMCaTh Ha HeM nporpammbl. [1pu u3ydennu 06010 A3bIKa NEPBOH, KaK npa-
BWJIO, IPE/IAraioT HaMKUCaTh MPUOIU3UTEHHO CIEAYIONLYIO IPOTPaMMy:

"' Hanewamamb cno6éa 30paBcTByi, MAD

Bot nepBoe npensaTcTBUe, U 9TOObI €r0 MPEOAO0IETh, BB JOJKHBI CyMETb [lie-
TO CO3/1aTh TEKCT IPOrPaMMBI, YCIIELTHO ero CKOMITUJIMPOBATh, 3arPy3UTh, 3a-
IyCTUTb Ha BBINIOJIHEHHE U Pa300OpaThest, Kyaa OyneT OTIpaBJeH pe3yabTaT.
Kak Tos1bK0 Bbl OBJIajieeTe 3THM, BCE OCTATBHOE OKAXKETCsI OTHOCUTEIIBHO TIPO-
CFQ.

Cu-nporpamMma, nevaraiouas “3apascTeyii, MAp”, BBILJISIUT TaK:

" #include <stdio.h>

. -main()

A
printf("3snpaBcTayi, Mup\n");
:zl v}

*" Kak 3anycTUTh 3Ty IPOrpaMMy, 3aBUCHUT OT CHCTEMBI, KOTOPYIO Bbl HCIIOJTb-
ayere. Tak, B onepaunonHoii cucreme UNIX neobxoaumo copMuposath uc-
XOIHYO IporpamMmy B daiiie c UIMeHeM, 3aKaHYMBAIOIIIMMCS CUMBOJIaMH “. ¢”,
HanpuMep B ¢aiise hello.c, KOTOPHIN 3aTeM KOMIIUJIHUPYETCS C MOMOIIBIO
KOMAH/IbI

cc hello.c

Ecu BH Bce caenanu NPaBUJIbHO — He NIPOIYCTHJIN Te-1ub0 3HaKa U He 10-
nyé‘fufm opdorpaduyeckux omubOK, TO KOMIUISLKS NPOMAET “Morda” ¥ Bbl
nofyyure ¢ail, roTOBbIA K UCIOJTHEHHIO U Ha3BaHHBIU a.out. Eciu BeL Te-
nepb 3anycTute 3TOT Gailsl Ha BHIIOJHEHHE KOMaHAOU

wravout
n'po"ri)amma HamneyaTaeT

iy

30paBCTBYA, MWD

B apyrux cucremax npaBuJia 3aIycKka POrpaMMBbI Ha BEITIOJIHEHHE MOTYT OBITh
WHHIMY; YTOOBI Y3HATH O HUX, [IOTOBOPHUTE CO CIELHATUCTAMH.

Teneps NOsICHUM HEKOTOpble MOMEHTHI, KacalolIHecs: CaMoil IPOrpaMMBbl.
Iporpamma Ha Cu, kakux 651 pa3MepOB OHa HU ObLIA, COCTOUT U3 PYHKYUL
U nepemennvix. OYHKUUY CONEPXKAT UHCMPYKYUU, OTTHCHIBAIOLINE BbIYHCIE-
H#A, KOTOPbIe HEOOXOUMO BBIIOJIHUTD, A lePEMEHHbIE XPAHSAT 3HAYEHHs], HC-
nosib3yemble B ripoliecce 3TUX BbryuciaeHnid. OyHkiuu B CH MOX0XKM Ha MOA-
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nporpaMmb! 1 dyHkiuy Qoprpana K Ha npoueaypsl u dyuxuuu [lackans.
IpuBenenHast nporpamMma — 310 GyHKIMsE ¢ uMeHeM main. OGBIYHO BbI BOJIb-
HbI IPUAYMBIBATh JIIOOBIE UMEHA 17151 CBOMX QYHKIMH, HO “main” — ocoboe ums:
Jir06ast IporpaMMa HayMHaeT CBOU BHIYMCIIEHHUS C IEPBOM HHCTPYKIMU b YHK-
MM main.

O6bIYHO Main AJis BHITIOJIHEHHSI CBOEN PabOTHI M0JIb3YeTCs YCAyTaMH ApY-
rux GYHKUME; OOHU U3 HUX NMULIYTCS CaMHM IIPOTPAMMHCTOM, a Apyrue Oe-
PyTCs TOTOBBIMM M3 UMEIOLIMXCS B €r0 pacnopsbkeHn 6ubiauorex. lepsas
CTPOKa TPOrpaMMBL:

#include <stdio.h>

coob1aeT KOMIUISATOPY, YTO OH AOJDKEH BKJIKOYUTh HH(POPMALHMIO O CTaH-
napTHOM 6M6IMOTEKe BBOAA-BHIBOAA. JTa CTPOKA BCTPEYAETCS B HAYaJIe MHO-
rux ucxonHsix ¢aitnos Cu-nporpamm. CtanaapTHas 6ubaMoTeKa onycaHa
B IJIaBe 7 ¥ IpUJIOXKeHUH B.

OavH 13 crnocoboB nepenayr JaHHBIX MEeXAY DYHKUHMSIMHE COCTOUT B TOM,
4T0 OYHKIKS IPH 00palieHnuy K Apyroi GYHKIUK IlepeiaeT e CIIUCOK 3Haye-
HUH, Ha3bIBAEMbIX apP2yMeHmamu. ITOT CIIUCOK OepeTcst B CKOOKHU U oMelia-
eTcs nocsie uMenu Gyskuuu. B HameM npuMepe main onpenesnesa kak GpyHk-
1Msl, KOTOPas He XAET HUKAaKUX apIyMEHTOB, YTO OTMEYEHO MyCThIM CIIUCKOM

OF 1

Mepsas nporpamma Ha Cu Lo

#include <stdio.h> Binouenue ungopmayuu o cmandapm-
Hou bubnuomexe.

main() Onpedenenue Qynxyuu ¢ umernem main,
He NONYUArUeli HUKAKUX apeyMeHmos.

{ Hrnempyxyuu main saxmouaromes 6 gu-
2ypHole CKOOKU. .

printf ("snpasctsyit, mup\n"); Dyuxyus main evigvieaem bubruomeu-

Hy10 ymxyuro printf dns newamu 3adan-

} HOU NOCAE008aMENLbHOCTIU CUMBOLOE;
\N — CuMB01 HOBOU CIPOKL.

WHcTpykuuu GyHKUMHK 3aKmoyaTes B Gurypusle ckobku {}. OyHkuns
main COMEPIKUT TOJIBKO OJHY HHCTPYKIHIO

printf ("3gpaBcTByi, mMup\n");

(DyHKLlI/Iﬂ BBI3bIBAETCA 110 UMEHH, MOCJ€ KOTOPOro, B cxo61<ax, YKa3bIBa€eTCH
CITMCOK apIryMeHTOB. Takum 06pa30M, IpuBeA€eHHas Brillie CTDOKA — 3TO BBI30B
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dyHkumum printf c aprymenTom "3gpasctayi, mup\n". OyHKUUS printf —3T0
6ubaroTeyHas GYHKUMS, KOTOPAs B JaHHOM CJIyYae HaleyaTtaeT I0Cje[0Ba-
TEeJIbHOCTh CUMBOJIOB, 3aKJIIOYEHHYIO B IBOMHbIE KaBbIYKH.

ITocnen0BaTeIbHOCT CHMBOJIOB B IBOMHBIX KaBBIUKAX, TAKAs KaK "3Apas-
CTBY, MUP\Nn", HA3BIBAETCS CMPOKOU CUMBOIO0E, LI CMPOKOBOU KOHCAHMOU.
IToka 4To B KaueCcTBe apryMeHTOB AJs printf U Apyrux pyHkuui Mbl Oyaem
HCII0Ib30BaTh TOJIbKO CTPOKH CHMBOJIOB.

B Cu koMbuHaius \n BHYyTPH CTPOKH CHMBOJIOB 0603HaYaeT CUMBOJI HOBOL
CMpPOKU Y TIPY NleYaTH BbI3bIBaeT IIEPEXOZ K JIEBOMY Kpalo CeAyIOlel CTPOKH.
Ecnu Bbl yaanure \n (CTOUT 03KCIIEPUMEHTHPOBATD ), TO 0OHAPYXXHTE, YTO,
3aKOHYMB N1eYaTh, MalllMHa He MEePeXOAUT Ha HOBYIO CTPOKY. CHMBOJI HOBOM
CTPOKH B TEKCTOBbIH apryMEHT printf cieayeT BKIOYATh SBHBIM 00pa3oM.
Ecnu BbI nonpo6yeTe BBIIOTHUTD, HANPHMED,

printf("3gpaBcTByM, MUp

")

KOMITUJIATOP BbIAACT coobuieHre 006 ommodke.

CHMBOJI HOBOM CTPOKHM HUKOT/Za He BCTaBJIAETCA aBTOMAaTUYECKH, TaK YTO
OJIHY CTPOKY MOXHO HareJaTaTh I10 [IaraM ¢ IOMOIIbIO HECKOJIbKUX oOpaiie-
HMH K printf. Hauy nepByio nporpaMMy MOXHO HalmucaTh ¥ TaK:

#include <stdio.h>

main()

i
printf("3npascTyit, ");
printf("mup");
printf('\n’);

}

B pesynbTaTe ee BoInOIHEHH OyIET HaeYaTaHa Ta )e CTPOKA, YTO ¥ PaHbIIIE.

3ameTuM, 4TO \n 0603HaYAET TOIBKO OfMH cUMBOJL Takue ocobbie kKoMbuU-
Hal[i¥ CUMBOJIOB, HaYMHAIOL[MeCs ¢ 00paTHON HAKJIIOHHOM YepTHI, Kak \n,
Y Ha3bIBaeMbIe 3CKeUn-nocie008amessHOCMAMU, IUPOKO IPUMEHSIOTCS 1151
0603HaYeH¥sI TPYAHO IPEACTaBUMBIX UJIH HEBUAMMBIX CAMBOJIOB. Cpesy rpo-
yux B Cu uMerotcst cumBodtel \t, \b, \", \\, 0603Hayamouie COOTBETCTBEHHO
TabyIA1MI0, BO3BPAT Ha OAMH CUMBOJI Ha3az (“3a60i1” oCIeHEr0 CUMBOJIA),
JIBOMHYIO KaBBIYKY, CaMy HaKJIOHHYIO YepTy. [losHbI# CIMCOK TaKUX CHMBO-
JIOB TIpeACTaBieH B naparpade 2.3.

VupasxcHenue 1.1. BrinosiHuTe nporpamMmy, nevataroniyo “aopascmey, Mup”,
B Bameil cucteMe. [loskcnepuMeHTUpYiiTe, yaAaNsiss HEKOTODble YaCTH IPOTr-
pPaMMBl, ¥ [IOCMOTPHTE, KaKKe Coob1IeHHs 06 OLMOKax BbI IOJTYYHTE.
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Ynpaxxnenne 1.2. BoisaicHuTe, 4To Mpon3oiieT, eciM B CTPOKOBYIO KOHCTAHTY
aprymeHTa printf BcTaBUTb \C, IZie ¢ — CUMBOJI, He BXO/ISIIIUIA B IPeACTaBJIEeH-
HBbI{ BbIIIE CITUCOK.

1.2. NepeMeHHble n apudpmeTrUdeckue BblipaxeHus

IIpuBeneHHast HYMXe IPOrpaMMa BBIMIOJIHSET BbIYUCIEHUS 110 dopMyie
°C = (5/9) (°F - 32) u nevaraet Tabauiy coorBeTcTBUs TeMiepatyp no Da-
penreiity Temneparypam 1o [lenbcuro:

0 =17

20 -6

40 4

60 15

80 26

100 37

120 48

140 60

160 71

180 82

200 93

220 104

240 115

260 126

280 137

300 148
Kax u npeapiayuas, sta mporpaMMa COCTOUT U3 OTIPeAETeHUs] OfHON-eHH-
crBeHHO# GyHKuMU main. OHa aAnuHHee nborpaMMbI, nevartaroniei “3apascTeyn,
MMp”, HO N0 CYTH He ciioxHee. Ha Heil MbI IPOIEMOHCTPUPYEM HECKOJBKO
HOBBIX BO3MOJKHOCTEH, BKJII0Yas KOMMEHTapHil, 00bsIBJIEHNs, IEPEMEHHbIE,
aprdMeTHYeCKIe BRIPAKEHUS, IMKIIbI ¥ HOPMATHBII BBIBOL.

#include <stdio.h>

/* nevaTb Tabnuup TemnepaTyp no ®apeHredTy
n Uenbcuw ana fahr = 0, 20, e 300 =/
main()
{

int fahr, celsius;

int lower, upper, step;

lower = 0; /* HUXHSAS rpaHuua Tabnuus TemnepaTyp */
upper = 300;  /* BepxHas rpaHuua */
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step = 20; /* war =/

fahr = lower;
while (fahr <= upper) {
" celsius = 5 » (fahr-32) / 9;
printf (“%d\t%d\n", fahr, celsius);
fahr = fahr + step;

}
[Be ctpoku:

/* neyaTb Tabnuus TemnepaTyp no dapeHredTy
u Uenbcuo gna fahr = 0, 20, .... 300 »/

SBNISAIOTCS KOMMEHMAapuem, KOTOPbIiA B JaHHOM CJTyYae KPaTKo 0ObsACHSAET, 4TO
JeJTaeT porpamMma. Bee cMMBOJIBI, TOMEIEHHbIE MEXAY /* U */, ITHOPUPYIOT-

C KOMITMJIATOPOM, ¥ 3TUM MOXHO CBOOOJHO T0JIb30BaThCsl, YTOOBI cAeaTh
nporpamMMmy Gosiee oHATHON. KoMMeHTapuil MOXHO pacriosiaraTb B JI0OO0M
MECTE, Tie MOTYT CTOSATb CUMBOJIBI TIpoOesia, Taby ALY UK CUMBOJ HOBOR
CTPOKH.

;.- B Cu mobasi nepeMerHast 10JkHa ObITb 00bsABIEHA paHblile, 4eM OHa Oy e
UCII0/b30BaHa; 0OBIYHO BCe MepeMeHHble 00BSBAAIOTCS B Havae GyHKIMH
IIEPEJ IIEPBOii MCTIOMHAEMOi MHCTPYKLUMER. B 06ss61eHuu ONUCHIBAIOTCS CBOIA-
¢yBa mepeMeHHBIX. OHO COCTOMT U3 Ha3BAHHS TUIA U CIIHUCKA NePeMEeHHbIX,
HAIPUMep:

‘' int fahr, celsius:

int lower, upper, step;

qe

Tun int o3HayaeT, YTO 3HAYEHUS MIEPEUNCIIEHHBIX IEPEMEHHBIX €CTb LEJIBIE,
B OTJIMYME OT HEro THII float ykas3bIBaeT Ha 3HAYEHUS C [LIaBaAOIIEl TOYKOU,
T. €. Ha YHCJ1a, KOTOPbIE MOTYT HMETb APOOHYIO YacTb. JlMana3oHbl 3Ha4eHUH
00OHX THIIOB 3aBHCSAT OT UCII0J1b3y€eMO# MallMHBL.

Yucnatrmna int 6siBatoT kak 16-pa3psanHbie (Jiexat B auanasode ot -32768
10 32767), Tax u 32-pa:spagusie. Yucsa Tuna float 06bIYHO IIPeACTaBIAIOTCS
32-pa3psaHBIMY CJIOBAMU, MMEIOIIMMH TI0 KpaiiHeii Mepe 6 IecATHYHbIX 3HayYa-
wux HUdp (Jexat npubausuTesbHO B quanasone ot107% 1o 10°%),
....JToMuMo int u float B Cu nMeeTcs elle HECKOJIBbKO 6a30BbIX THIIOB IS
JAHHBIX, 3TO:

char — CHMBOJI — eIUHUYHBIN HaliT;
“short — KOPOTKOE LeJIOE;
“"long — IJIMHHOE 11eJ10€;

"Y' double — ¢ nJ1aBaoueil TOYKOH ¢ 1BOiIHOM TOYHOCTHIO.
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Pa3Mmepb! 06bEKTOB YKa3aHHBIX TUIIOB TAKXKe 3aBUCAT OT MalinHbl. M3 6a3o-
BBIX THIIOB MOXKHO CO3/1aBaTh: MACCUBHL, CMPYKMyYPbL U 06be0unenus, yxasa-
menu Ha 06bEKTHI 6a30BBIX THIIOB U (GPYHKLHH, BO3BPAILAIOIIME 3HAYEHUS ITUX
THIIOB B KauecTBe pe3ysibTata. 060 BCeM 3TOM MBI PACCKAXEM TI03Ke.

BoiunciieHus B nporpamMMe npeoOpa3oBaHus TeMIlepaTyp HaYHHAOTCS
C UHCMPYKYUL NPUCBAUBAHUS

lower = 0;
upper = 300;
step = 20;

fahr = lower;

KOTODBIe YCTaHABJIMBAIOT YKa3aHHbIe B HUX llepeMeHHble B HauaIbHble 3Haye-
Hust. JIro6ast HHCTPYKUMSI 3aKaHYMBAETCST TOYKOM C 3aTATOM.

Bce cTpokn TabiMLbl BBIYHCISAIOTCS OLHUM U TEM Xe CIIOCOOOM, T0ITOMY
MBI BOCIIOJIb3YeMCS LIMKJIOM, IIOBTOPSIIOIIMM 3TO BBIYUCJIEHUE [UI KaKAOH
crpoku. Heobxoaumsele neiicTBrs BHINOMHUT UK while:

while (fahr <= upper) {

}

On paboraer cienyoumunm o6pasom. IIposepsiercs ycnosue B ckobkax. Ecin
OHO MICTUHHO (3HayeHHe fahr MeHblile MM PAaBHO 3HAYEHUIO UPPET ), TO BBI-
TIOJIHSIETCSI TeJIO UMKJIA (TPU MHCTPYKLUMH, 3aKII0YeHHbIe B GUTypHBIE CKOG-
KH). 3aTeM OIISTh IPOBEPSETCS YCIOBHE, U €CJIM OHO UCTHHHO, TO TEJIO LUKJIA'
BbINONIHsIeTCs cHOBa. Koraa ycmoBre cTaHOBUTCS JIOXHBIM (fahr MpeBbICHIO
upper), LKMKJ 3aBepPUIAETCS], X BHIYUCIIEHHsT NPOAOJKAIOTCS C MHCTPYKLHH,
caenyonieit 3a UMKIOM. [I0CKOIBKY HUKaKMX WHCTPYKUMI 32 UMKJIOM HET,
nporpaMMa 3aBepuiaeT paboty. A

TesnoM nuxIa while MOXxeT OBITh OZHA MJIM HECKOJIBKO HUHCTPYKUHH, 3at
KJIIOYEHHBIX B urypHsie ckobKH, Kak B IpOrpaMMe npeodpa3oBaHus Teme-
patyp, Wid oOHa-eAMHCTBEHHAS MHCTPYKIUUA Oe3 ckoOOK, KaK B L{1KJIe

while (1 < j)
i=2x1;

U B TOM U B IpyroM ciyyae UHCTPYKLMH, HAXOASIIHECS TIOA ynpaBneHueM
while, MBI 6y11eM 3allMChIBaTh CO CABUIOM, PaBHBIM OZHOH MO3ULIUH Ta6yfm'-
MM, KOTOpasi B IPOrPaMMe YKa3bIBAaeTCs YeThIPbMs NpobenaMu; biaromaps
aTOMy GYAyT SICHO BUAHBI MHCTPYKIMH, PACIIOJIOXKeHHble BHYTpH Lukia. Ot-
CTYIIBI IOYE€PKUBAIOT JIOTHYECKYIO CTPYKTYPY MPorpaMmbl. CH-KOMITHISTOD
He obpalllaeT BHHMaHHUS Ha BHellHee 0(OpMJIeHHE IPOrPaMMbl, HO HaJTUYHe
B HY’KHbIX MECTaX OTCTYTIOB U POGEJIOB CYILIECTBEHHO BJUSAET HA TO, HACKOJIBKO
JIETKO OHa 6y/IeT BOCTIPUHUMAThCS Y€JI0BEKOM NPU TpocMoTpe. UYToOb! JIydie
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6BL12 BUHA JIOTHYECKast CTPYKTYPa BBIPAXKEHHsT, Mbl DEKOMEHAYEM Ha KaXI0i
CTPOKE IHCATh TOJIbKO 110 OAHOI MHCTPYKLMH U € 00EHUX CTOPOH OT OIlepaTo-
poB cTaBuThb npobensl. [looXxeHre CKOOOK He TaK BAXKHO, XOTSI CYLIECTBYIOT
pa3nuyHble TOYKH 3PEHUS Ha 3TOT cyeT. Mbl OCTaHOBHJIMCh Ha OLHOM U3 He-
CKOJIbKMX PaCcIPOCTPaHEHHbIX CTHIIel HX TpUMeHeHus. BeibGepuTe TOT, KOTO-
pHlit 6osTbLIE BCETO BaM HPABHTCS, M CTPOrO MY CIIeayiTe.

Bésbiiias yacTh BRIYKCIIEHNMH BBINOTHSIETCS B Tevte Lukiia. Temreparypa o Da-
peHreiTy nepeBoguTCs B TeMnepartypy no Llesbcuio u npucsanBaercs nepe-
MEHHOH celsius mocpeacTBOM HHCTPYKUUH

celsius = 5 = (fahr-32) / 9;

T[IpuduHa, o KOTOPOI MBI CHaYaJIa YMHOKAEM Ha 5 1 3aTeM IeJTAM Ha 9, a He cpa3y
yMHOXaeM Ha 5/9, cBsizaHa ¢ TeM, 4T0 B CH, Kak M BO MHOTUX JPYTUX S3bIKaX,
JIEJIEHME 11eJIbIX CONIPOBOXKAAETCA 0mbpacvléanuem, T. e. IoTepeit ApoOHO Yac-
. Tak kKak 5 1 9 — uesble, oTOpacbiBaHWe B 5/9 a0 OBl HYJIb, U Ha MeCTe
temnepatyp 1o Llenbcuio Gb11u Obl HaTleyaTaHbl HYJIH.

I1oT npuMep npubaBUJ HaM ellle HEMHOTO 3HaHWM O TOM, Kak paboTaer
dyukuus printf. @yHkiuus printf — ato yHuBepcanbHas Gpyukuus Gopmat-
HOTO BBOJIa-BbIBOZIa, KOTOpas OyaeT noapo6Ho onucana B rase 7. Ee neporit
apryMeHT — CTPOKa CMBOJIOB, B KOTOPOM KaXAbli CUMBOJ % COOTBETCTBYET
OHOMY U3 TIOC/IEAYIOIIMX apTYMEHTOB (BTOPOMY, TPETbEMY, ...), a MH(pOpPMa-
11U, PacioJIoKeHHas 32 CUMBOJIOM %, YKa3bIBaeT Ha BUJI, B KOTOPOM BbIBOHUT-
s KaXk/[plii 13 5THUX aprymMenToB. Hanpumep, %d cienudunupyer Bbinady ap-
TyMEHTa B BU/E IeJIOT0 AECATUIHOTO YMCIIA, ¥ HHCTPYKLUS

printf("%d\t%d\n", fahr, celsius);

reyataer 1esoe fahr, BemoJinset Tabyssauuio (\t) 1 neyaraer ueyoe celsius.

B dyukiun printf kaxaomy crenudukaTopy epBoro apryMeHTa (KOHCT-
PYKLVH, HAYMHAOIIEHCS ¢ %) COOTBETCTBYET BTOPOi1 apryMeHT, TPeTHH apry-
MeHT U T. 4. CrneunduxaTtopsl U COOTBETCTBYIOIINE UM aPTYMEHTHI JOJKHBI
6BITH COrJIACOBAHBI 110 KOJIMYECTBY U TUIIAM: B IPOTHBHOM CJIy4ae HalleyaTaHo
6yeT He TO, YTO HYXKHO.

Kcraty, printf He sBnseTcs yacTbio s3bika Cu, U BooOLIE B A3bIKE HET HU-
KaKUX ClelHaIbHBIX KOHCTPYKIUU, ONpeaeNAoniX BBog-BbiBoa. DyHKINA
printf — uuib rosre3Has GyHKUMSA CTaHAAPTHOM OUOIMOTEKH, KOTOpast 00BIYHO
noctynta ans Cu-nporpamm. [loBenenue yskuuu printf, ogHakxo, oroBope-
HO craugapToM ANSI, u ee cBo¥icTBa JOXKHBI OBITH OAMHAKOBHIMHM BO BCEX
Cu-cucremax, yI0BIETBOPAIOUIMX TPeOOBAHMSIM CTaHIAPTA.

Kenas ckoHUEHTpHPOBATh Balle BHUMaHKe Ha caMoM CH, Mbl He Oy/1eM MHO-
r0 TOBOPUTH O BBOJE-BBIBOJE A0 [JIaBBI 7. B 4acTHOCTH, MBI OTJIOXKHM Pa3ro-
Bop o opmatHOM BBoe. Eciin BaM moTpeGyeTcst BBECTH YMCIIa, COBETYEM IIPO-
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yuTaTh B Naparpade 7.4 To, uTo KacaeTcs GyHKUMH scanf. ITa GYHKUUS OT-
JIMYAeTCsl OT printf JIULIb TeM, 4TO OHA BBOAUT JaHHBIE, @ HE BHIBO/IUT.

CyuiecTByIOT eliie ABe MpobieMbl, CBA3aHHbIE C IPOrpaMMOoii ipeo6pa3oBa-
Hus Temnepatyp. OnHa u3 HUX (60J1ee IPOCTast) COCTOUT B TOM, YTO BLIBOAH-
MBIl pe3yJIbTaT BBIMJISIAUT HECKOJIBKO HEPSILLIMBO, TOCKOJIbKY YHCJIa HE BbI-
POBHEHbI 10 TPABOA TO3UIIUH KOJIOHOK. DTO JIETKO HCIIPABUTh, 100aBUB B KaX-
Iplit U3 cnenrdrkaTopos GopMaTa %d ykasaHHe O LIMPUHE TOJISL; IIPH 3TOM
nporpamMma OyzeT mevatarb YMCJIa, MPHXXAMAst MX K IPABOMY Kpalo yKa3aH-
HBIX noseil. Hanpumep, Mbl MOXeM HanucaTh

printf("%3d %6d\n", fahr, celslus);

4TOObI B KQXK0i CTPOKE MEPBOE YHUCJIO NeYaTaTh B [0JI€ U3 TPEX MO3HIIMIA,
a BTOpOe — U3 lecT. B pesynbrare GyaeT HaneyaTaHo:

0 -17
20 -6
40 4
60 15
80 26

100 37

Bropas, 6osee cepbesnas npobsiemMa CBs3aHa C TEM, YTO MBI [OJIb3YEMCS
LeN0YHuCIeHHOU apudMeTHKOM 1 TOITOMY He COBCEM TOYHO BEIYHCTISIEM TEM-
nepatypsl no mkane Ienscus. Hanpumep, 0 °F Ha camoM aeie (¢ TOYHOCTBIO
1o necsitoir) pasuo -17.8 °C, a e -17. Uto6b!I no1yuuTh G0JIee TOUHBIE 3HAYE-
HUS TEMIIEPATYP, HaM HaJlo I0JIb30BAThCS He 1IeI0YHCIIeHHOH apu(MeTHKOH,
a apr(MeTHKOH ¢ IJIaBaiollell TOYKOU. ITO NOTpebyeT HEKOTOPHIX U3MEHe-
HUH B IpOrpaMmMe.

#include <stdio.h>

/+ nedaTb Tabnuup TemnepaTyp no dapeHreiTy v Uenbcuio ans
fahr = 0, 20, ..., 300; BapuaHT C nnasawwei TOYKON x/
main()
{
float fahr, celsius;
int lower, upper, step;

lower = 0; /* HWXHAS rpaHuua Tabnuupl TeMmnepaTyp */
upper = 300; /* BepxHaAa rpaHuua */
step = 20; /* war =/

fahr = lower;
while (fahr <= upper) {
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celsius = (5.0/9.0) » (fahr-32.0);
printf("%3.0f %6.1f\n", fahr, celsius);
fahr = fahr + step;

}

ITporpamma Mano naMennsack. OHa OTJIMYAETCS OT NPEABIAYIEH TUIIb TEM,
yTO fahr u celsius 0ObsiBIEHbI Kak float, a popMyIia npeobpaszoBaHus HAIU-
caHa B 60J1ee eCTeCTBEHHOM BUJie. B nipeaplaynieM BapuanTe HeJlb3st ObLIO U~
caTb 5/9, TaK KaK LeJIOYHUCIEHHOE eJIeHHe B Pe3yJibTaTe 00pe3aHus 4ajo 6ol
HyJTb. JlecATHYHAS TOYKA B KOHCTAHTe YKa3bIBaeT Ha TO, YTO NOCIEHSAS pac-
CMaTpUBAETCs KaK YMCJIO C IUIaBaouiel TOukoi, u 5.0/9.0, TakuM 06pa3om,
€CTb YacTHOe OT AeJIeHUs! ABYX 3HauYeHHH C IJaBarolileil TOYKOH, KOTOpoe
He npeanosiaraeT 0TopaceBaHus ApobHO# YacTu. B ToM ciyyae, koraa apud-
METHYeCKas ONepanys MMeeT lieJible OllepaH/ibl, OHa BBINOJIHAETCS 110 IIPaBU-
JiaM nesouscienHoit apudmernky. Ecim xxe of1H onepaHz ¢ nIaBamleil To4-
KOM, a APYroii — UeJbld, TO NePell TeM, KaK onepauusi OyaeT BHINONHEHA, T10-
creqHuit 6yzet npeobpa3oBaH B YHCIIO ¢ IUIaBaomed Toukoit. Ecin 6b1 Mbl
Hanucaay fahr-32, To 32 aBTOMaTUYECKH 661710 661 IPE0OPa30BaHO B YUCIIO
¢ Iu1aBaroleil Toukoil. TeM He MeHee ITPH 3aIMCH KOHCTAHT C IIJTaBAOLIeH TOY-
KOQi1 MBI BCET/1a UCIIOJIb3YeM AEeCATHYHYIO TOYKY, IPHYEM JaKe B TeX CIy4asx,
KOTZla KOHCTAHTBI Ha CaMOM JieJle UMeIOT lieJIble 3Ha4eHusl. ITO JeJaeTCs 1Jist
TOr0, YT0ObI 0OPATUTH BHUMaHHE YUTAIOLIETO IPOTrPaMMY Ha X IIPUPOLY.

Bouee noapo6HO npaBuIIa, ONpeAeNsONINe, B KAKUX CIIyYasiX Leble Iepe-
BOJATCS B YHCJIA C IIJTaBaoMIell TOYKOM, pacCMaTpUBaIOTCA B I1aBe 2. A ceifyac
3aMeTHM, YTO IpUCBaMBaHue

fahr = lower;

i

Y NIPOBepKa
while (fahr <= upper)

paboTaioT ecTecTBEHHBIM 06Pa3oM, T. €. IePe/l BBIIIOJHEHHEM OIlePaIMH 3Ha-
yeHHe int npusoauTcs K float.

Crneuncdukauus %3.0f B printf onpenesnser neyats YMcia C MJaBaroLiei
TOYKOH (B IaHHOM CJyyae 4ucJa fahr) B 11oJie LIMPHHOM He BoJiee TpeX Mosu-
uuit 6e3 TeCATHYHON TOYKH U ApobHOI yacTH. Crienudukanus %6. 1f onucs-
BaeT [eyaTh Apyroro yuca (celsius) B roste U3 LIeCTH MO3HLKIT ¢ 0fHO M-
poii mocie gecsaTuyHOU Touku. Haneuatauno Gyzer cienyroliee:

0 -17.8
20 -6.7
f40 4.4
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[IIupuHy 1 TOYHOCTb MOXHO He 3a/1aBaThb: %6 03HAYAET, YTO YUCIO0 OyaeT 3a-
HUMaTb He 6oJiee MeCTH NO3ULUEA; %. 2f — YHUCI0 UMEET ABe LU PHI TIOCE 1e-
CATUYHOU TOYKH, HO IIMPUHA He OTPaHMYeHa; %f MPOCTO yKa3bIBaeT Ha mevyaThb
YMCJIa C NJIaBaolleil TOYKOM.

%d — Ie4yaTb AeCATUYHOIO LEeJIOro.

%6d — IeyaThb AeCATUYHOTO LIEJIOrO B I10JI€ U3 LIECTH noanuuu.

%f — IeyYaThb YUCJIa C IJIaBaOLIEH TOYKOM. o

%6f — TeyaTh YKCJIa C IIJIaBAIOIEN TOYKOM B ITOJIE U3 IIECTH nqanugx}'[.

%. 2f — IIevaTh YHCIIa C IUIaBaoliel TOYKoit ¢ AByMs ndpamu nocsie
JeCITUYHOMN TOUKH. .

%6. 2 — IeyaTh YHCJIA C IUIABAIOIed TOUKOU U IBYMS uuquaMu nogJIe

lIeCﬂTI/I‘{HOPI TOYKH B I10JI€ U3 LIECTH HO3I/IIII/IPI

NI

Kpowme Toro, printf gomyckaer cienyrolue cnequdHKaTOpbL: %0 A1 BoCbMe-
PUYHOTO YHUCJIIa; %X AJIs LeCTHaALATePHYHOr0 YUCIIa; %C IS CHMBOJIA; s zuix
CTPOKH CHMBOJIOB U %% J1JIs1 CaMoro %. s
e
Vupaxuenue 1.3. ¥YcosepiieHCTByiiTe nporpaMmy npeoOpa3oBaHus Temme-
patyp TakuM 06pa3oM, 4yToObI Hax TabULel OHa IeyaTaia 3arooBok. - I
Vuopaxuenue 1.4. Hanmmnre nporpammy, koropas 6yzer neyararb Tabiiidy
cootBercTBUs Temmneparyp no Lenscuio temneparypam no @apenreiity. -

1.3. UHcTpykums for

CyuiecTByeT MHOTO Pa3HbIX CIIOCOOOB [JIS1 HANMCAHKS OHOU U TOM e [Po-
rpaMMbl. Buion3amMeHuM Halry 1porpaMMy npeoOpa3oBaHUs TEMIIEPATYp:

PR
IR

#include <stdio.h>

/* nedaTb Tabnuupl TemnepaTyp no ®apeHredTy u Lenbcuo */

main() AT

{ T
int fahr; ;

for (fahr = 0; fahr <= 300; fahr = fahr + 20) i

printf("%3d %6.1f\n", fahr, (5.0/9.0)«(fahr-32)); i

} A
ITa nporpaMMa revaTtaeT TOT Xe pe3yJjabTaT, HO BHITJIIAUT OHA, HECOMHEH-
HO, I0- ApyroMy. [ 1aBHOE OTJIMYHE 3aKITI0YAETCS B OTCYTCTBUH OOJIbLIMHCTBA
nepemedHbIx. OcTasach TOJMBKO NepeMeHHast fahr, KOTOPYIO MbI OOBSIBHIIHU
kak int. HuXHss M BepxHsIs rpaHULBI M LIAT TPUCYTCTBYIOT B BUE KOHCTaHT
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B MHCTPYKIIMHU for — HOBOM /7151 HAC KOHCTPYKLIVH, a BbIPaXKeHHe, BBIYHCJISIO-
ee TeMnepatypy no Lleabcuio, Tenepb 3aaHO TPETbUM apryMeHTOM byHK-
UM printf, a He B OTAENBHON MHCTPYKUMHU NPUCBaHBaHMUA.

[Tocnennee n3amMeHeHue sIBJISIETCS IPUMEPOM IPUMEHEHHUS 0OWIEro paBU-
J1a: B T0OOM KOHTEKCTE, [Zie BO3MOXKHO HCII0/Ib30BATh 3HAYEHHE [IEPEMEHHOM
KaKOTO-TO THIIa, MOXXHO MCIIOJIb30BaTh OOJIEe CI0XXHOE BHIPAXKEHHE TOTO XKE
tuna. Tak, Ha MecTe TpeTbero apryMenTa GyHKUMHM printf coracHo crenu-
bukaropy %6. 1f 10XHO GBITH 3HAYEHHE C IJIABAIOIIEl TOYKOH, CIIe0BaTENb-
HO, 371eCb MOET ObITb J11060€ BhIPaXXEeHKE ITOrO TUIIA.

Wucrpykuus for onuchiBaeT UHKJI, KOTOPBIN ABJseTCS 06001eHneM LUK-
siawhile. Ecan BB cpaBHUTe €T0 ¢ paHee HallMCAHHBIM while, TO BaM CTaHeT
SICHO, KaK OH paboTaeT. BHyTpH ck06OK MMEIOTCS TP BEIPAKEHHsI, pasaesie-
Mble TOYKOH ¢ 3ansiToil. [lepBoe BbIpaxkeHne — HHUIIHAIM3aLs

fahr = 0

BBINOJIHSIETCS] OAMH Pa3 Nepej TeM, Kak BONTH B LMKJI. BTopoe — npoBepka
YCJIOBHSA NPOROJIKEHUS IIMKJIA

fahr <= 300

Ycnosue BHIYMCASETCS, U €CIM OHO HCTUHHO, BBINOJIHSAETCS TEJIO LHUKJIA
(B HawieM city4ae 3To 0(HO obpameHue K printf). 3aTeM ocynieCTBASETCS IPU-
pallleHue 1I1ara:

fahr = fahr + 20

Y yCJIOBYe BBIYKCIIseTcs] cHOBa. LlukJ1 3akaH4MBaeTCs, KOra ycIoBye CTaHo-
BUTCS NoXHBIM. Kak U B ciydae ¢ while, Teno for-mukia MoXeT COCTOSITD
V13 OIHOW MHCTPYKIIVH WM U3 HECKOJIBKHX, 3aKJIIOYEHHBIX B QUTypHbIE CKOO-
ku. Ha MecTe 3THX Tpex BbIpakeHHH (MHULKMIN3ALHH, YCIOBUS 1 IIpHpallle-
HYA 1ara) MOTYT CTOATb NPOU3BOJIbHbIE BBIPAXKEHHSI.

Bribop mexay while u for onpesensieTcs COOOpakeHUSIMU SICHOCTH [POIrPam-
meL. Lnki for Gosee ynobeH B Tex ciyyasix, KOTAa MHULMANU3AUUS ¥ IPUpa-
LlleHVie 111ara JIOTHYECKH CBSI3aHbl APYT C APYToM o0lieil IepeMeHHOi 1 BbIpa-
KaIOTCS eAMHMYHBIMY MHCTPYKUMSAMH, TOCKOJIbKY Ha3BaHHBIH LIMKJI KOMIIAKT-
Hee I[UKJIa while, a ero ynpasJgioliye YyaCTH COCPEAOTOYEHB! B OJHOM MECTE.

Vnpaxuenne 1.5. VamenuTe nporpaMmy npeobpa3oBaHus TeMIEpaTyp Tax,

4T0OBI OHa MevaTana Tabauiy B 06paTHOM nopsike, T. e. oT 300 10 0.

1.4. UMeHoBaHHbIe KOHCTaHThI

IIpexxne yeM Mbl 3aKOHYMM PACCMOTPEHHE MPOrPaMMEI PeoOpa3oBaHMsI
TEeMIIepaTyp, BBICKaXKeM ellle 04HO coobpaxkerne. OyeHb I17I0X0, KOrAa I ITpa-
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rpaMme paccesiHbl “3arafjouHble yucaa”, Takue kak 300, 20. Tot, kTo 6yner
YMTaTh NPOrPaMMy, He HalileT B HUX M HaMeKa Ha TO, YTO OHH co6oit npen-
craBJsoT. KpoMe Toro, X TpyHO 3aMeHUTb Ha JPYyrie KaKUM-TO CHCTEMATH-
geckuM crioco6oM. OHa U3 BOZMOXXHOCTEH CIPABUTHCS C TAKUMM YHCJIAMU —
IaTb UM OCMBbIcTeHHble UMeHa. CTpoka #define onpexnensieT cumgonvroe ums,
WIN UMEHOBAHHYI0 KOHCMAaHmMy, AN 3alaHHOH CTPOKH CHMBOJIOB:

tdefine ums nodcmaensemoui-mexcm

C 3TOro MOMeHTa IIpH 060M MOABJIEHUH UuMeHu (€CIH TOJIBKO OHO BCTpeya-
€TCsI He B TEKCTe, 3aKJII0YeHHOM B KaBBIYKH, U He ABJIsIeTCS YacThIO OIpesesie-
HHUs APYTOr0 UMEHM) OHO Oy/IeT 3aMeHATHCS Ha COOTBETCTBYIOUIMI MY 700-
cmaensemviii-mexcm. Hma MeeT TOT Xe BUL, YTO U IlepeMeHHast: T0CIef0Ba-
TesbHOCTb OYKB 1 uUdp, HaunHaomasics ¢ 6yksol. [lodcmasnsemvii-mexcm
MOXET 6bITb JIE060M OCIEA0BATENIBHOCTBIO CHMBOJIOB, CPELH KOTOPBIX MOTYT
BCTPEeYaThCs He TOJbKO LUGDEL.

#include <stdio.h> ,

#define LOWER O /* HWxHAR rpaHuua Tabnuupl */
#tidefine UPPER 300 /+ BepxHss rpaHuua */
#define STEP 20 /* pasmep wara */

/* nedaTb Tabnuupl TemnepaTyp no ®apeHreiTy n Uenbcuo +/
main()
{

int fahr;

for (fahr = LOWER: fahr <= UPPER; fahr = fahr + STEP)
printf("%3d %6.1f\n", fahr, (5.0/9.0)(fahr-32));
} .

Benmuunsl LOWER, UPPER 1 STEP — MMeHOBaHHbBlE KOHCTAHTBI, @ HE TIepeMeH-
HblE, IOITOMY JUI HUX HeT 00bsiBieHuid. [1o 06menprHATOMY COrIauIeHnIo
¥IMeHa IMEHOBAHHBIX KOHCTaHT HabMPAIOTCs 3arIaBHBIMU OYKBaMH, YTOOBI OHHU
OTJINYAJIUCh OT OOBIYHBIX IEPEMEHHBIX, HAOMPAeMBIX CTPOYHBIMI. 3aMeTHM,
4TO B KOHIe #define-CTPOKHM TOYKa C 3aMATOH He CTaBUTCS.

1.5. BeBoa-BbiBOA, CUMBOJIOB

Tereps Mbl HaMepeHbI PaCCMOTPETh CeMeHCTBO MPOrPaMM 1o 06paboTke
TeKCTOB. Bbl 06HapyKuTe, YTO MHOTHE CyLIECTBYIOIIHE IPOrPaMMBI ABJIAIOT-
Cs1 IPOCTO paclIMPEHHbIMM BEPCUSIMH 00CYXIaEMBIX 3/1eCb [IPOTOTHIIOB.
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CrannapTHast 6MOGIHOTEKA TONAEP)KUBAET OYEHD TPOCTYIO MOJIE/b BBOJA-
BbIBOZA. TeKCTOBbII BBO/J-BHIBO/, BHE 3aBUCHMOCTH OT TOTO, OTKY/a OH HCXO-
[T WIM KyAa HalpaBJjseTCs], UMeeT 1eJ10 C IOTOKOM CUMBOJIOB. Texcmogouil
nOmMOK — 3TO NMOCJIEA0BATENbHOCTD CHMBOJIOB, pa3bUTast Ha CTPOKH, KaXaas
13 KOTOPBIX COAEPXKUT HYJIb UK 60Jiee CAMBOJIOB U 3aBEPIIAETCs CHAMBOJIOM
HOBOU cTpoky. O6A3aHHOCTD CEAUTD 32 TEM, YTOOBI JTI060M IOTOK BBOAA-BbI-
BOJa OTBEYAJI STOU MOJIENIH, BO3JIOXKeHa Ha HUBIMOTEKY: IPOrPaMMHUCT, MOJIb3Y -
scb 6ubIMOTEKOM, He 0JKeH 3a60TUTBCSA O TOM, B KAKOM BUE CTPOKM NPE-
CTaBJISIOTCS BHE IPOTrPaMMBI.

CrangaprHasg 6ub1oTeKa BKII0YAET HECKOJIbKO GDYHKLMIA JJIS1 YTEHUSA U 3a-
IYCH OfHOTO cuMBoa. [IpocTeiiiye u3 HUX — getchar u putchar. 3a oxHo o6pa-
HIeHye K getchar CYMTBIBAETCS Cle0y0Uuli CUMBO/ 66004 13 TEKCTOBOTO NOTOKA,
1 3TOT CHMBOJI BELIA€TCS B KaUeCTBe Pe3yJbTaTa. Tak, 110cye BhIIOJTHEeHHS

¢ = getchar()

HiepeMeHHast C COAEPIKUT OYepeHOM cCuMBOJI BBozIa. OOBIYHO CMBOJIBI TIOCTY-
TAIOT ¢ KJIaBUaTypsl. Beoa 13 daiinos paccMaTpuBaeTcs B ri1ase 7.
Ob6paiene K putchar IpUBOAXT K II€4aTH OAHOr0 CMMBOJIA. Taxk,

putchar(c)

HareyaTaeT COAEPXXUMOE LIEJI0M epeMeHHON ¢ B BUAe CMMBOJIA (06bIYHO
Ha 3KpaHe). Bb130BbI putchar u printf MOTYT IpOM3BOIBHBIM 0Opa30M Mepe-
MexaTtbcs. Beioz 6yaer popMUpOBaThCS B TOM Xe NOPSAKE, YTO U oOpae-
HUSA K 3TUM GYHKUHUAM.

1.5.1. KonnposaHue ¢aiina

[Ipu Hanuyuu GyHKUMIA getchar ¥ putchar, HuYero 6oJIble He 3Has 0 BBO-
JZie-BbIBOJIE, MOXKHO HANTUCATh YAUBUTEIBHO MHOTO N0JIe3HBIX IporpamM. [1po-
cTefnii IpUMep — 3TO MPOrpaMMa, KOIHMPYIoast [0 OZHOMY CUMBOJIY C BXOJ-
HOTO [IOTOKA B BBIXO/[HOM IOTOK:

umenue CUMBONa

while (cuMB0R He A6AAEMCS NPUSHAKOM KOHYA Patina)
81600 MOILKO UMO NPOUUTNAHHOZO CUMBOLA
umeHue CumMeona

Odopmisis ee B Buze nporpamMmMsl Ha CH, osyyum
"' #include <stdio.h>
/* KONupoBaHue BBOfJA Ha BbiBoA; 1-9 Bepcus */
main()
{
int c;
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= getchar(); :
while (c != EOF) {
putchar(c);
= getchar();

OrnepaTop OTHOLIEHUS | = 03HAYaeT “He paBHO”. R

Kaxcap1it cuMBOJI, BBOZUMBIH C KJIaBUATyPBI UJIH NOSABISIOLIMICS Ha IKpa-
He, KaK 1 1000 APYroii CHMBOJI BHYTPH MallHHbl, KOAUPYETCs KOMOMHaUuei
6utos. Tun char cienManbHO NpesHa3HayeH A1 XpaHEHN sl CAMBOJIBHBIX AaH-
HBIX, OZIHAKO /ISl 3TOTO TaK>Ke TOAUTCS U JI0OO0H 1esblit THI. MBI 110Jb3yeMest
THIIOM int ¥ ieiaeM 3TO IO ozmon BAXKHOI IIPUYMHE, KOTOpasi TpeGyeT pasbsc-
HeHUil.

CymecTByeT npo6sieMa: Kak OTIMYUTb KOHEL BBOJIA OT OObIYHBIX YU TAaEMBIX
naHHbIX. Pelenye 3akoyaercs B ToM, 4Tobbl yHKIMS getchar 110 Hcuepra-
HUH BXOJHOTO II0TOKA BblJaBajla B KauecTBe pe3yJIbTaTa TaKoe 3HaYeHUe, KO-
TOpOE Heb3s1 ObLIO BbI CIYTAaTh HU C OAHUM PeabHBIM EMMBOJIOM. DTO 3HaYe-
Hue ecTb EOF (ab66peBuatypa ot end of file — koneu baiina). Mbl 107KHBI 06DBSI-
BHUTb IIEPEMEHHYIO C TAKOTO THIA, YTOOBI €r0 “XBaTUIIO” 1JIS IPEACTABIEHUS
BCEX BO3MOXHBIX DE3yJIbTATOB, BblaBaeMbix GyHKuell getchar. Ham He oz-
XOIUT THUII char, Tak Kak ¢ ZOJIKHa ObITh ZOCTATOYHO “eMKOi”, 4TOOBL TOMEMO
n060ro 3HaYeHUs TUIA char 6bITh B COCTOSTHUY XpaHuThb U EOF. BoT nouemy
MBI UCIIOJIb3YEM int, a He char.

EOF — 1estast KOHCTaHTa, onpenesieHHas B <stdio.h>. Kakoe 3HaueHue numeer
3Ta KOHCTAHTa — HEBAXHO, JIULIb OB OHO OTJIMYANOCH OT JIOOOTO U3 BO3MOK-
HBIX 3HaYeHH# Tuna char. Mcrnosb3oBaHre MIMEHOBaHHOMN KOHCTAHTHI C YHU-
uMpoBaHHBIM UMEHEM rapaHTHUPYET, YTO PorpaMMa He 6yeT 3aBUCeTh OT
KOHKPETHOTO YMCJIOBOrO 3HaYeHUs, KOTOpoe, BO3MOXHO, B Apyrux Cu-cucre-
Max 6yZeT UHbIM. T

TIporpaMmy KONMMPOBaHUS MOXHO Hamucathb 6oJiee cxarto. B Cn noboe
IpUCBalBaHKe, HapUMep

= getchar()

TPaKTYeTCs KaK BhIpaXKeHHe CO 3HaYeHHeM, DaBHBIM 3HAYEHHMIO JIEBOH 4acTH
THI0CJIe IPUCBaUBaHUs. JTO 3HAYMUT, YTO IIPHUCBAMBAHKE MOXET BCTpeYaThes
BHYTpH 60J1ee CI0XKHOTO BhlpaxkeHus. Ecii npucBanBaHite nepeMeHHoii ¢ pac-
TIOJIOKUTD B TIPOBEPKE YCJIOBUS LIMKJIA while, TO MporpaMmy Konnpoaaﬂm
MOXHO Oy ZeT 3amuCcaTh B CIEAyIOIEeM BUE:

#include <stdio.h>

/* KonuposaHwe BBOAA Ha BHBOA, 2-9 Bepcua */
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main()

{

int c;

while ((c = getchar()) != EOF)
putchar(c);

Huknwhile, mepeckbinas B ¢ oJy4eHHOe OT getchar 3HayeHMe, cpa3y Xe Ipo-
BEpSIET: He SIBJIAETCA JIY OHO “KOHLOM daitna”. Eciii 3To He Tak, BHINOJIHsAETCS
TeJsio MKJIa while v neyaraercsa cuMBoJ. [lo okoHYaHMK BBOJA 3aBepLIaeTCs
pabora uukia while, a TeM caMbIM M main.

B nanHoi BEpcUY BBOJ, “LIEHTPATIN30BaH” — B IPOrPaMMe MMEETCSI TOIbKO
oxHo o6paienyve k getchar. B pesysibTate oHa 6071 KOMIIaKTHA U Jierde BOC-
NpYHUMaeTCA TIPH 4TeHuH. Bam yacTo npuzercs crankusarbes ¢ Takoi dop-
MOH 3aITUCH, T IPHCBalBaHMe JeaeTcsi BMecTe c npoBepkoit. (UpeamepHoe
yBJIEYEHHE €l0, OXHAKO, MOXKET 3alyTaTh IIPOrpaMMy, IO3TOMY MBI IIOCTapa-
eMcA 0JIb30BaThCA YKa3aHHOI HopMoii pa3yMHoO.)

Cxo6xu BHYTPH YCIOBHUS, BOKPYT PHCBalBaHUs, Heobxoxumsl. IIpuopu-
mem | = BhILl€, 4€M TIPUOPHUTET =, U3 YETO CJIEAYET, YTO IPH OTCYTCTBHUH CKOOOK
npoBepka ! = GyZeT BBINOTHATHCA A0 ONepauyy npucBanBanus =. Takum 06-
pa3oM, 3aI¥Ch

¢ = getchar() !'= EOF
5KBUBaJIEHTHA 3aN1CH
¢ = (getchar() !'= EOF)

A 3TO coBCeM He TO, YTO HaM HYXKHO: IePEMEHHOM ¢ OyaeT nprcBanBaThes 0
MM 1 B 3aBECHMOCTH OT TOTO, BCTPETUT WJIM He BCTPETHT getchar npusHak
koH1a daitna. (Bonee noapobHO 06 3TOM CM. B r71aBe 2.)

VnpaxHenue 1.6. YOenurech B ToM, 4TO BhIpaxkeHue getchar() != EOF
noJsiy4aet 3HayeHue 0 uiu 1.

Ynpaxuenue 1.7. Hanuuure nporpamMmy, nedaTaroulyio 3Hayenue EOF.

1.5.2. MoacyeT cumeonos

CJlel[lellIaﬂ nporpaMma 3aHMMaeTCA NMOACYETOM CHMBOJIOB; OHAa MMEET
MHOTO CXOAHBIX 4YePT C nporpaMMoﬁ KOIIKMPDOBaHHA.

#include <stdio.h>

/* NOACYET BBOAMMBIX CMMBONOB, 1-9 Bepcua */
main()
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long nc;
nc = 0;

while (getchar() != EQF)
++nC; ’
printf("%ld\n", nc);
}

WHcTpykuus
++NnC;

TPeACTaBJISET HOBbIH ONIEPATOP ++, KOTOPBIN O3HAYAET YBEAUUUMD HA COUNULY.
BMecTo 3T0ro MoxxHO 6110 OB HANKCATh NC = NC+1, HO ++NC HAMHOTO KOPOYe,
a yacto u a¢p¢pekrusHee. CyiiecTByeT aHATOTHYHBIN ONepaToOp --, O3Hayva-
oI Ymenvuums Ha edunuyy. OTepaTophl ++ U ~- MOTYT ObITh Kak npedukKc-
HbIMHU (++n¢), Tak ¥ tocTukcHbiMU (nc++). Kak OyaeT nokasaHo B r1ase 2, 911
nBe GOPMBbI B BBIPAKEHUAX UMEIOT Pa3Hble 3HAYEHUs, HO U ++NC, U Nc++ 100aBJis-
I0T K NC eAUHMUIY. B 1aHHOM ci1y4ae MbI OCTaHOBHIIUCH Ha TPpeUKCHOM 3anMCH.

ITporpaMma nozacyeTa CMMBOJIOB HaKallJIMBA®T CYMMY B IlepeMeHHOH THIa
1long. esbie Tuna 1ong uMetoT He MeHee 32 6uToB. XOTS Ha HEKOTOPBIX MAILU-
HaxX TUIBI int ¥ long MMEIOT OAMHAKOBBIN pa3Mep, CYyLIeCTBYIOT, OAHAKO, Ma-
IIMHbI, B KOTOPHIX int 3aHMMaeT 16 GUTOB ¢ MAaKCHMAJIBHO BO3MOXKHBIM 3Ha-
gyenueM 32767, a 3To — CpaBHUTEJIbHO MaJleHbKOE YHCJIO, U CYETYHMK THIA int
MoxeT nepenoaHuThest. Cnenudukauns %1d B printf ykasbiBaer, 4TO COOT-
BETCTBYIOIIMI apTYMEHT UMeeT TUI long.

B03MOXHO 0XBaTUTb elle 60IbLUIMI [UaNa30H 3HaYeHHH, eCIIH UCII0JIb30-
BaTh THI double (T. e. float ¢ gBOIHOH ToyHOCTBIO). IIpUMeHHM TakXxe HH-
cTpykuuio for BMecTo while, 4ToObI MPOAEMOHCTPUPOBATD APYTOii criocob
HanucaHHs HHKJIA.

#include <stdio.h>

/* NOACYET BBOAWMbLIX CUMBONOB; 2-9 Bepcusd =/
main()
{

double nc;
for (nc = 0; getchar() != EOF; ++nc)
printf("%.0f\n", nc);

}

B printf cneuuduxarop %f npumensiercs kak s float, Tak U mis double;
cneundukartop %. 0f o3HayaeT neyats 6e3 IeCATUYHON TOUYKHU U APOOHOM yac-
TH (IIOCJIeIHAS B HallleM Cy4ae OTCYTCTBYET).
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Teno ykasanHoro for-LuKIa MycTo, NOCKOJILKY KPOME NPOBEPOK H MpHpPa-
1[eHUH cyeTYHKa Jie/laTb HI4Yero He HyxHo. Ho npasuna rpammatuxu Cu Tpe-
GyroT, uToODI for-LuKII UMeJ Testo. BoinosiHenue atoro TpeboBanus obecreun-
BaeT U30JIMPOBaHHasi TOYKA C 32MATOil, HadbiBaeMasi nycmou uHcmpyxyuen. Msl
MOCTaBUJIM TOYKY C 3aISTOIM Ha OTAENbHOM CTPOKE /17151 GOJIbLIEL HAT/ISIHOCTH.

Hakonell, 3aMeTHM, YTO eC/IM BBO/L HE COAEPKHT HU OMHOTO CUMBOJIA, TO
IIpH IePBOM ke 0OpallleH!H K getchar ycioBue Bwhile uinu for He 6yaeT Bbl-
TMOJIHEHO ¥ TPOTPaMMa BbIAACT HYJIb, YTO M OyET NIPABHJIbHBIM PE3YJIbTaTOM.
Ito BaxkHo. OHO U3 IPHUBJIEKaTeNbHBIX CBOUCTB UKJIOB while ¥ for cocTouT
B TOM, 4TO yCJIOBUE NPOBEPSIETCS /IO TOTO, KAK BBITIOJIHAETCA TeN0 UMK, Ecmu
HUYEro JIeJIaTh He Hajl0, TO HUYETO AeaThCst U He OyZIeT, My CTh Aaske TeJIO LIMKIa
He BBINOJIHUTCS HU pady. [IporpamMma 1oskHa BecTH cebsi KOPPEKTHO U NPH
HYJIEBOM KOJIMYECTBE BBOAUMBIX CUMBO,JIOB. CaMO yCTPOUCTBO LIMKJIOB while
U for faeT JOTMOJIHUTEbHYIO YBEPEHHOCTD B HPaBUJIbHOM NIOBEAEHUH IIPOrpaM-
MBI B CJIyyae FPaHUYHBIX YCIOBUIL.

1.5.3. NoacuyeT cTpok

Crenyiomas nporpaMma noJCyUThHIBaeT CTPOKH. Kak ymoMHHaIOCh BhIIeE,
crangapTHas 6ubaroTexa obecrieynBaeT Takylo MOJEIb BBOAA-BbIBO/A, TIPU
KOTOPO#1 BXOIXHOH TEKCTOBBIM MOTOK COCTOUT U3 NOCJIE0BATENBHOCTH CTPOK,
KaXK1as U3 KOTOPLIX 3aKaHYMBAETCsl CHMBOJIOM HOBO# cTpokH. CiienoBartesib-
HO, TIO/ICYET CTPOK CBOAMTCS K IIOACYETY YHCJIa CHMBOJIOB HOBO CTPOKH.

#include <stdio.h>

/* NOACYET CTPOK BXOAHOro noToka */

main()
{
int ¢, nl;
nl = 0;
while ((c = getchar()) != EOF)
if (¢ == "'\n")

++nl;
printf("%d\n", nl);

} i
Teno unkJa Terneps 06pasyer HHCTPYKUMS if, 1101l KOHTPOJIEM KOTOPOH Ha-
XOOUTCSI yBeJmdeHHe cyeTyrka nl Ha equHuLy. MHCTpyKUMs if npoBepser
yC0BHE B CKOOKAX U, €CJIM OHO UCTHHHO, BbITIOJIHSIET CJIEAYIOIIYIO 32 HUM HH-
CTPYKUMIO (MJIM TPYIIY MHCTPYKIUH, 3aKJII0YEHHYIO B GUTYPHbIE CKOOKH).
M1 OnsTh A€1aeM OTCTYIIbI B TEKCTE [IPOTrPaMMBbl, YUTOObI [I0KA3aTh, YTO Y€M

YIIpaBJisieTCs. '
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J{BoiHOM 3Hak paBeHCTBa B s3bike Cu 0603HauaeT oneparop “paBHO” (OH
aHanornyeH orieparopy = B [lackane u . EQ. B @oprpaHe). Y iBauBaHi1e 3HaKa =
B OMlepaTope IPOBEPKH Ha PABEHCTBO CEIAHO AJIs TOTO, YTOObI OTIUYHTH €r0
OT eAMHUYHOTO =, UCTIob3yeMoro B Cu 1uist 0603HaueHust pucBanBanust. IIpe-
LyTpexraeM: Ha4HHaIoI1e MporpaMMupoBath Ha CH MHOTAA TMIIYT =, a UMe-
10T B BUAYy ==. Kak Mbl yBHAMM B [J1aBe 2, B 3TOM CJIy4ae Pe3yabTaToM Oyaer
0OBIYHO BIIOJIHE OMYCTUMOE 110 HOpMe BbIpaXkeHHe, Ha KOTOPOE KOMITUJISATOP
He BbI1aCT HUKAKHX NIPEAYNPEX AKX cO0beHni’ .

CyMBOJI, 32KJII0YEHHbIH B OAUMHOYHBIE KAaBLIYKH, TIPEACTABISET COOOI 11e-
Jioe 3HayeHHe, paBHOe KOLY 3TOro CHMBoJia (B KOAUPOBKe, IPUHATOM Ha faH-
HOU MalllyHe ). JTO TaK Ha3bIBaeMask cumeonvHas koncmarnma. CylecTByeT i
ApYTOii Criocob /1 HAMMCaHVs MAJIEHbKUX LeibIX 3HadeHuid. Hanpumep, ' A’
€CTb CUMBOJIbHAs KOHCTaHTa; B Habope cumBosos ASCII ee 3Hauenve paBHs-
eTcs 65 — BHyTpeHHeMY TIpeZCTaBJIeH o ciMBosia A. KoHeyHo, ' A' B posii KoH-
CTaHTBI IPEATIOYTUTENbHEE, YeM 65, TOCKOJIbKY CMBICI IIepBOY 3anucu 6oJiee
OYEBHU/IEH, U OHA HE 3aBHCHUT OT KOHKPETHOTO C10c006a KOAMPOBKU CUMBOJIOB.

ICKen-nocef0BaTeNbHOCTY, UCII0Ib3yeMble B CTPOKOBBIX KOHCTaHTaX,
IOIYCKAIOTCS TAKKe M B CHMBOJIbHBIX KOHCTaHTax. Tak, ' \n' obo3HayaeT koz
cHMBOJIa HOBO# cTpoKH, KoTopbiil B ASCII pasen 10. Cienyet o6paTuth 0co-
60e BHIMaHKe Ha TO, YTO ' \n’ 0603HaYaeT OANH CUMBOJ (KOZ KOTOPOTO B BbI-
Pa’keHHHU PacCMaTpPUBAETCs KaK 1IeJIoe 3HaYeHHe ), B TO BpeMs Kak "\n" — cTpo-
KOBasl KOHCTaHTa, B KOTOPO# YUCTO Cly4YaiiHO yka3aH OAMH CHMBOJ. Bosee
1104po6HO pas3are MEXAY CHMBOJIbHBIMHU ¥ CTPOKOBBIMHM KOHCTAHTaMH Pa3-
Oupaercs B ry1aBe 2.

Vupaxuenue 1.8. Hanvmvre nporpammy 151 rocyeTa npobesios, Tabyisumii
WPHOBBIX CTPOK.

Vupaxuenne 1.9. Hanumure nporpaMmy, KOIHUPYIOIYI0 CHMBOJIB BBOJA
B BBIXOHO# ITOTOK M 3aMEHSIOLLYIO CTOSAIIME TIOAPSZ IPOOEJIbl Ha OZIUH IPObet.

Yupaxnenne 1.10. Hanumure nporpamMmy, KONUpYyoOIY0 BBOLHUMBIE
CHMBOJIbI B BBIXOJHOU MOTOK C 3aMeHO# CMBOJIa TabyIsiuuu Ha \t, CHMBOJIa
32604 Ha \b M KaxJ0i 0OpaTHO! HakJIOHHON YepThl Ha \\. DTO caenaer
BUIMMBIMU BCE CUMBOJIbI TaOyIALNH 1 326051

1.5.4. NoncueT cnos

quBepTaﬂ 13 Halei CEPHHU MOJIE3HBIX IIPOTrPAaMM ITOACYUTBIBAET CTPOKH,
CJIOBA U CUMBOJIBL, TPUYEM IT0J CIOBOM 31€Cb UMEETCA B BUAY nmobas CTpOKa

' CoBpPCMCHIIBLIC KOMITHJISITOPDI, KAK 1IPABKJIO, BLILAIOT IIPCAYHPCKACHUE 0 BO3MOXIIOH OlIHG-
ke. — Ilpumeu. peo.
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CHMBOJIOB, He coepxaliasi B cebe 1pobesios, TabyaAMi 1 CHMBOJIOB HOBO

CTPOKH. JTa IporpaMma sBJseTCs YIPOLIEHHOH BepCHeil MPOrpaMMbl we CHCTe-
mbr UNIX.

#include <stdio.h>

#tdefine IN 1 /* BHYTpW cnosa */
#define OUT O /* BHe cnosa */

/* noacyeT CTPOK, CNOB M CWMBONOB */
main()
{

int ¢, nl, nw, nc, state;

state = OUT;
nl =nw=nc =0
while ((c = getchar()) != EOF) {

++nc;
if (c =='n")
++nl;
if (c==""1ic=="\n" 1l c=="\t")
state = OUT;
else if (state == OUT) {
state = IN;
+HNW;
}

}
printf("%d %d %d\n", nl, nw, nc);

}

Kaxnpiii pa3, BcTpeuasi nepBblil CHMBOJI CJI0BA, IPOrpaMMa U3MeHSIET 3Ha-
yeHHe cueTyrKa cyoB Ha 1. [lepemeHHas state dukcupyer Tekyiee cocTos-
HUe — HaX0JMMCsI Mbl BHYTPH HJIM BHe cJloBa. BHauarne el mpucBanBaercs 3Ha-
gerue OUT, 9TO COOTBETCTBYET COCTOSAHHIO “BHe cjioBa”. Mbl npeanoynTaem
110J1b30BaThCSA IMEHOBAaHHBIMU KOHCTaHTaMK IN 1 OUT, a He cOOCTBEHHO 3Ha-
ueHUsAMH 11 0, 4T0OBI ces1aTh porpamMmy 6oJiee OHATHOM. B Takoit ManeHb-
KOI NPOrpaMMe 3TOT PHEM MaJIO YTO JA€T, HO B 6OJIbIION IIporpaMMe YBeJH-
YeHUe ee SICHOCTH OKyIaeT He3HaYUTeJbHbIe JONOJHUTENbHBIE YCHIIHS, HO-
TpaveHHbIE Ha TO, YTOOBI MHUCATh IPOrPAMMY B TAKOM CTHJIE C CAMOTO Hadaa.
Bbl 06HapyXuTe, 9TO HOIBLINE H3MEHEHHUS [OPA3/0 Jlerdye BHOCHTb B Te T1PO-
rPaMMbl, B KOTOPBIX Mar4eckye Yicja BCTPEeYaoTCsl TOJAbKO B BUE UMEHO-
BaHHBIX KOHCTaHT.
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Crpoka
nl =nw=nc=0;

yCTaHaBJIMBaeT BCe TPU IlepeMeHHbIe B HYJb. Takas 3allUCh He sIBJISETCs Ka-
KOM-TO 00601 KOHCTPYKIIHEH 1 JOIYCTHMA IIOTOMY, YTO IPUCBaUBaHHUE ECTh
BBID@KEHHE CO CBOUM COOCTBEHHDIM 3HaYeHUEM, a OTIepalyi IPUCBAUBaHKSA
BBINOJIHAIOTCSI CIIpaBa HaJIeBO. Y Ka3aHHAS CTPOKA 9KBUBAJIEHTHA

nl = (nw = (nc = 0));
Onmneparop : ; o3HayaeT WJIU, Tak 4To cTpoKa
if(C::" ::C::’\n' ::C==.\t,)

YUTAETCs KaK “eC/I ¢ eCTb MPOOE], Ui C eCTb HOBAs CTPOKA, UU C eCTb Taby-
nsauua”. (HanomHuM, 4To BUAMMAas 3CKEHII-TI0CTea0BaTebHOCTb \t 0603Ha-
vaet cuMBoJ Tabysiuun.) CyuiecTByeT Takxe onepaTop &&, o3Havawomui M.
Ero npnopmer BbILIe, YeM NTPUOPHUTET | i. BblpaskeHus1, CBSI3aHHBIE ONepaTo-
pamMH && WJIH | |, BBIYUCJIAIOTCS CJleBa HANpaBo; IPH 3TOM rapaHTHUPYeTCs, 4TO
BBIYMCIIEHUS CPa3y NPEPBYTCs, KaK TOJIbKO OyAeT yCTaHOBJIEHA HCTHHHOCTD
WJIM JIOXKHOCTb yciioBust. Ecaut ¢ ectb ipobet, To gasibliie IpOBEPSITD, SIBJISIETCS
3HayeHHe C CHMBOJIOM HOBOM CTPOKHM WJIH e TabyJisiuuy, He HYXHO. B atom
YaCTHOM CJIyYae JaHHbIH CIIOCOO BBIYMCIIEHHH He CTOJIb BaXKeH, HO OH UMeeT
3HayeHHe B 60JIee CI0XKHBIX CUTYaLlHsIX, KOTOPbIE Mbl BCKODE PACCMOTDPHM.

B npumepe Takke BCTpeyaeTCs CJI0BO €1se, KOTOPOe yKa3blBaeT Ha ajlbTepHa-
THBHBbIE JA€HCTBHS, BBINOJIHsIEMbIe B CIIyyae, KOIa YCIOBHe, YKa3aHHoe B if, He
SIBJISIETCS| UICTUHHBIM. B 06111eM BUzE yCII0BHAS MHCTPYKUMS 3allMChIBAETCS TaK:

if (evipascenue)
UHCTPYKYUS,

else
UHCTPYKYUS,

B koncTpyk1uu 1f-else BbINONHsIETCA OfHA U TOJBKO O HA U3 IBYX UHCTPYK-
unit. Ecin evipasicenue NCTHHHO, TO BBINOIHACTCS UHCMPYKYUS , €CIIU HET,

TO — uncmpyxuus, Kaxnas us sTux AByX uncmpyxyuil npeacTasiser coboi
760 OHY MHCTPYKIHUIO, TMGO HECKOJIBKO, 3aKJII0YEHHBIX B GUTYPHBIE CKOOKH.
B Haireil mporpamMme nocsie else CTOMT MHCTPYKIMS 1f, yrpaBisiolas AByMs
TaKUMU MHCTPYKIHAMH.

Vupaxuenue 1.11. Kak nporectiposats nporpamMmy nogcyera cios? Kakoit
BBO/I BEDOSITHEE BCErO OOHAPYXUT OIIMOKH, €CTH OHU ObLIM TOMYIIEeHbI ?

YnpaxHnenue 1.12. Hanumute nporpaMMy, KoTopasi eyataeT cOAepXHUMoe
CBOETr0 BBOZa, TOMeII[asi 10 OHOMY CJIOBY Ha Kax /O CTPOKe.
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1.6. Maccusbl

A Teneps HaNHM1IEM NIPOrPaMMY, TIOJCUHTHIBAIOIIYIO 110 OTAENbHOCTH KaX-
Ay undpy, CUMBOJIbI-pasaeuTenn (pobesibl, TAOYISIIMH U HOBble-CTPO-
KH) ¥ BCe APYTHe CUMBOJIBI. JTO HECKOJIbKO UCKYCCTBEHHAs TPOrPaMMa, HO
OHa I103BOJIUT HaM B OAHOM IIpUMepe POAEMOHCTPHUPOBATS ellle HECKOJIbKO
Bo3MoOXxHOCTeil s3bika Cu. ViMeeTcst aBeHaaaTh KaTeropyii BBOAUMBIX CHM-
BOJIOB. ¥ 106HO BCe A€CATH CYETINKOB LUHGDD XPAaHUTb B MACCUBE, & HE B BUAE
[ECSTH OTAENbHBIX lepeMeHHbIX. BOT 011 H U3 BApHaHTOB 3TOH POrpaMmbl:

#include <stdio.h>

/* noacyeT uudp, CUMBONOB-pa3aennTeNei u Npovnx CUMBONOB */
main()
{

int ¢, i, nwhite, nother;

int ndigit[10];

nwhite = nother = 0;
for (i =0; i < 10; ++i)
ndigit[il]= O;

while ((c = getchar()) != EOF)
if (¢ >='0" & c <="'9" )
++ndigit{c - '0'];
else if (c==" " 11 ¢c=="\n" i c=="\t")
++nwhite;
else
++nother;

printf(”unpps =");
for (1 = 0; i < 10; ++i)
printf(” %d”, ndigit[i]);
printf(”, cumsonbi-pasgenntenn = %d, npodne = %d\n", nwhite, nother);

}
B pesyJibTaTe BbINOJHEHUA STOM MPOrpaMMBbI Oy/ieT HalleyaTaH Creyomuuii
pesyJibTar:
udps = 930000000 1, cumBons-padpenutenn = 123, npoune = 345
Ob6bsaBaenue

int ndigit[10];
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0b6paBaseT ndigit MaccuBoM 13 10 sHavenuit Thma int. B Cu sanemenTn! Mac-
CUBa BCeT/Ia HyMepYyIOTCs HAYMHas! C HYJIS, TaK YTO 3JIeMEHTaMM 3TOTO MaCCH-
Ba 6yayT ndigit[0],ndigit[1],.., ndigit[9], 4TO y4uThIBaeTCsA B fOr-LUKIaxX
(TIpM MHHULMATM3a1MH U TIe4aTH MacCHBa).

WugekcoM MoxeT 6bITh J060E 11e710€ BhIpaXKeHHe, 06pasyeMoe LEeNbIMU
riepeMeHHbIMU (HalpyMep 1) U LieJIbIMH KOHCTAaHTaMH.

[IprBenenHas nporpaMMa ONMpaeTcs Ha OnpefiesleHHble CBOHCTBA KOAUPOB-
k1 uudp. Hanpumep, nposepka

if (c>='0" & c<="9")
olpeseisieT, IBISIeTCS JIM HaxoAsIlMics B ¢ cuMBoa udpoit. Ecim aTo Tak, To
c-'0

€CTb Y1CI0BOe 3HaYeHHe 1dpbl. Cka3zaHHOE CIIpaBefIMBO TOJBKO B TOM CJIy-
Yae, eCJIM AJ1s1 pAfa 3HaueHu#d '0', ' 1', ..., ' 9’ KaXKAOe cienyoliee 3HaUeHHe Ha 1
6osbure npeasiaymiero. K cyactsio, 3T0 npasuio coboaaercs Bo Bcex Habo-
pax CHMBOJIOB.

Tlo onpenesnenuio, 3HaUEHUS TUIA char SBJASIOTCS NPOCTO MaJIBIMU I{EJIbI-
MH, TaK YTO [lepeMeHHBIe U KOHCTAHTHI THMA char B apudMeTHYeCKUX BbIpa-
KEHUAX WAEHTUYHBI 3HAY€HUAM THIIa int. DTO U eCTECTBEHHO, H YI06HO; Ha-
npuMep, c-' 0’ ecTb UeJI0e BhIpaXkKeHHe C BO3MOXXHBIMU 3HaueHUAMH 0T 0 10 9,
KOTOpble COOTBETCTBYIOT CUMBOJIaM OT '0' g0 '9', XpaHSAIIUMCS B IiepeMeH-
Hoii ¢. TakuM 06pa3oM, 3HaueHHe JAHHOTO BBIPAKEHUS SIBJISAETCSA NPABUIIb-
HBIM UHJIEKCOM JJId MaccuBa ndigit.

Crenyrouinit pparMeHT onpeaesseT, sBAseTcs CUMBOJ ndpoit, CHMBOJIOM-
pasfieIuTesIeM WK Y4eM-HHOY b MHBIM.

if (c>='0" & c <='9")
++ndigit{c - '0"]

else if (c ==" "It ¢ =="\n" 1! ¢c == "\t")
++nwhite;

else
++nother

Konctpyxuus suaa

if (ycnosue,)
UHCMPYKYUS,
else if (ycrosue,)

UHCTPYKYUS,

else
UHCMPYKUUSL,
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4aCTO MPUMEHSIETCS 151 BBIOOP2 O/JHOTO U3 HECKOJILKUX aJIbTEPHATUBHbIX ITy-
Tei, UMEIOIUXCSI B IPOrpaMMe. Y1061 BEIMUC/ISIIOTCS 10 MIOPSIAKY B Hallpas-
JIEHUM CBEPXY BHU3 [0 TeX 110D, T0Ka OJHO M3 HUX He OyeT yA0BJIETBOPEHO;
B 3TOM ciiydyae Oy/€eT BbIIOJIHEHA COOTBETCTBYIONIAS MY UHCTAPYKUUS, U Pa-
60Ta Beeii KOHCTPYKLMH 3aBepinTcs. (J1r06ast U3 uHCmpyKiyuti MOXeT ObITb IpyII-
TIOU UHCTPYKUMIA B GUrypHBIX cKoOKax.) Eciu HU ofHO U3 ycroeuil He yaoB-
JIETBODEHO, BBINOJIHAETCS MOCHEAHSS UHCMPYKYUs, PACTIONOKEHHAS CPa3y
3a else, ecyiu TakoBast UMeeTcs. Ecim xe else U caenyrouieit 3a Hell uncmpyx-
uu HeT (Kak 970 ObLIO B IPOrpaMMe I0ZCYeTa CJIOB), TO HUKAaKHeE JAeUCTBUA
BooO11e He IPOU3BOAATCS. MeXay 1epBbIM if U 3aBepIIAIOIUM €lse MOXKeT
OBITH CKOJIBKO yrOAHO KOMOMHALME BUAR

else if (ycrosue)
UHCPYKUUSL

Korza nx HeCKONbKO, porpaMMy pasyMHO (HOpPMaTHPOBATh TaK, KAK MbI
31ech noka3any. Eciy ske Kaxablid cienyomui if caBUraTh BIPaBo OTHOCH-
TEeJIbHO TpeabIayIero else, TO NP JJIMHHOM KacKajie IIPOBEPOK TEKCT OKa-
XKETCSA CIIMIUIKOM BIM3KO IPUXKATHIM K IPABOMY KPAIO CTPAHHUIIBL.

Wuctpykuns switch, peds 0 KOTOPO#i oiAeT B raBe 3, 0becrnednBaeT Apy-
roi cioco6 u306pakeHrss MHOTOMYTEBOTro BeTBeHus Ha a3bike Cu. O 6oee
HOAXOHT, B YaCTHOCTH, TOTZA, KOTAA YCIOBUEM Hepexo/ia CIy>KUT COBIafIe-
HHe 3HaueHUsI HEKOTOPOT0 BEIPAKEHU S LeJIOYHCIEHHOTO THIIa C OHOM U3 KOH-
CTaHT, BXOASLIMX B 3aaHHbI! Habop. BapuaHT Haleil 1porpaMMbl, peainso-
BaHHOH C IIOMOILBIO switch, npuBoOAUTCS B aparpade 3.4.

¥Ynpaxuenue 1.13. Hanumure nporpamMmy, neyararonyio rucTOrpaMMBI JJTHH
BBOAMMBIX CJIOB. ' HCTOrpaMMy JIErKO PUCOBATh TOPU30HTAIBHBIMH N10JIOCAMH.
PucoBaHue BEPTHKAIBHBIMH 110J10CaMH — GoJ1ee TPYAHAS 3aa4a.

Vnpaxuenne 1.14. Hanuummre nporpaMMy, neyatamoiyio rHCTOIPaMMbl
JaCTOT BCTPEYaeMOCTH BBOJHUMBIX CHMBOJIOB.

1.7.. ®yHKuun

Oyukuuu B Cu UTPaIoOT TY XXe POJib, YTO U MOAIPOrpaMMBbl ¥ GYHKIUK
B MoprpaHe wiu npoueaypsl 1 dynkunu B [Tackane. @yHkuys obecneynsaer
ya06HbI# c110cob OTAENBHO 0POPMUTD HEKOTOPOE BHIYUCIIEHUE U T0JIb30BaTh-
cs1 M Jasiee, He 3a00TACh 0 TOM, Kak OHO peann3oBaHo. [Tocie Toro, kak GyHk-
MY HallMCAHBI, MOXHO 326bITh, KaK OHHU CAENAHBI, [OCTATOYHO 3HATH JIUIIb,
4mo OHU YMEIOT [es1aTh. MeXaHU3M UCnosb30BaHus GyHkLMK B Cu yrobeH,
Jsierok U a¢bdextused. Hepenko ol 6ynete BcTpedaTh KOPOTKUE DYHKIMH, BbI-
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3bIBaeMble JIUIIb eIMHOXIB]; OHYU OhOPMIIEHBI B BUE GYHKLIMH C OMHOM-eIMH-
CTBEHHOM 1IeJIBIO — MOJIYYHUTh H0JIee SICHYIO TPOrpamMMmy.

J10 cHX IOp MBI ITOJIb30BAIMCh TOTOBBIMM (DYHKIHMSIMH BpPOJZEe main, getchar
W putchar, Tenepb HacTasa MOpa HaM CaMHM HaIlMCaTh HECKOJIbKO QYHKIHIA.
B Cu Her onepaTopa Bo3BefieHUs B cTerneHb Bpoze ++ B @oprpane. [ToaTomy
NPOUJLTIOCTPUPYEM MEXaHU3M Onpe/esieHus GYHKUUH Ha TpuMepe GyHKIUH
power (m, n), KOTOpas BO3BOAMT LieJI0e M B LIEJTYIO MOJI0XKHUTENBHYIO CTENEHD N.
Tak, power(2, 5) umeet 3nauenue 32. Ha camom fiesie 171 IPaKTHY€CKOTO IPH-
MeHeHHS 3Ta (GYHKIUA MAJIONPHIO/IHA, TaK KakK ONEpUpPYeT JIUIIb MabIMH
L[eJIBIMU CTeNeHsIMH, OJHAKO OHA BIOJTHE MOXeT IOCTY>KUTh WUTIOCTpaleH.
(B cranaaptHo# 6ubnoTexe ecTb GYHKUMS pow(X, y), BBIYUCASIOMmAs X".)

WTak, Mbl iMeeM GYHKIHMIO POWET U TIABHYIO GYHKIMIO Main, MOJIb3YOILy-
0CA ee YCIyTaMH, TaK YTO BCs MPOrPaMMa BBITJISAUT CIEAYIOIUM 06pa3oM:

#include <stdio.h>
int power(int m, int n);

/* TecT dyHKumn power =/
main()
{
int 1i;
for (1 =0; 1 <10; ++1i)
printf("%d %d %d\n", i, power(2,i), power(-3, i));
return 0O; ’

}

/* BO3BOANT base B n-i cTenewb; n >= 0 =/
int power(int base, int n)
{

int i, p;

p = 1!

for (1 =1; 1 <=n; ++1)
p = p * base;

return p;

}
Onpenenenue n060A GYHKIMN MMEET CIEAYIOLMH BUA:

mun-pesyiwmama uUMA-QyHxuuu (CNUCOK NAPamempos, eCliu OH ecmb)
{

obvasnenus

UHCMPY KUY
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Onpenenetns GYHKUMI MOTYT DACIIOJIAraThCst BJIIOOOM NMOPSAAKE B OLHOM HJIH
B HECKOJIbKUX HCXOIHBIX (hailnax, Ho i06ast GyHKIUMA [OKHA ObITD HETUKOM
pacroJioxeHa B KAKOM-TO OJHOM. EC/IH MCXOIHDII TEKCT IIPOrpaMMbl pacipe-
JleJIeH M0 HECKOJIbKUM (baiinaM, To, 4To6bI ee CKOMITUTMPOBATh U 3arPy3HTh,
BaM MPHUETCS CKa3aTh HECKOJIBLKO HOJIblle, YEM NIPH UCIIOAb30BAHNU OJHOTO
(baiina; HO 3TO yXKe OTHOCHUTCS K OTIEPAllMOHHOI CHCTEME, a He K 3biKy. [loka
MBI IIpe/IoiaraeM, 4To 06e GyHKLMH HAXOAATCS B OQHOM (aiinie, Tak 4To Oy-
JeT JOCTaTOYHO TeX 3HAHWH, KOTOpBIe Bbl yrKe MOJYIHIIH OTHOCHTENBHO 3a-
nmycka nporpamm Ha Cu.
B cnenymouieit ctpoke u3 GyHKUMK main K power 0OPaIAIOTCsT ABAXIBL.

printf("%d %d %d\n", i, power(2,1i), power(-3,1));

[Ipu xaxx0M BbI30Be OYHKIMM power NepefaloTCs ABa apryMEHTa, U KK bl
pa3 rjaBHas NporpaMma main B OTBET IOJYYaeT HeJIoe YHUCI0, KOTOPOe 3aTeM
HPUBOAUTCS K AOJDKHOMY dopMaty U niedaTaeTcsl. BHYTpH BRIpaXeHHUs
power(2, 1) npeacraBiser co0oii 11e10e 3HaYeHre TOYHO TaK ke, KaK 2 WM 1.
(He Bce dyHKUNH B KayecTBe pe3yJibTaTa BbIAIOT lieJible 3HAYEHMS; l‘IOle06HO
06 aToM Oy et cka3aHo B r1aBe 4.)

B nepBoii cTpoke onpeznesieHus power:

int power(int base, int n)

YKa3bIBAIOTCsI THIIBI TapaMeTPOB, UMsl GYHKLMH U TUII pe3yabTaTa. iMeHa na-
PaMeTpPOB JIOKa/IbHbI BHYTPH POWer, 3TO 3HAYUT, YTO OHU CKPBITHI 1151 JIE000#
Apyroit GYHKIUNY, TaK YTO OCTa/IbHBIE TOAIIPOrPaMMBI MOTYT CBOOOHO 1101630~
BaThCs TeMH Xe MMeHaMu A1 cBoux neseit. [locennee yrsepxaenue crpa-
BEAJIMBO TaKXXe [JIA NEPEMEHHBIX 1 M p: 1 B power ¥ 1 B main He UMEIOT MeXAY
co6oit Huyero obuero.

Hanee napamempom Mb1 6y ieM Ha3bIBATh [IEPEMEHHYO U3 CIIMCKa TapaMeT-
POB, 3aKJIFOYEHHOTO B KPYIJIble CKOOKH M 331aHHOrO B onpenesneHu GyHK-
1IH, @ apeyMeHmoM — 3HaYeHHe, UCII0JIb3yeMOe IIpH 06paliteHuH K GyHKUHH.
WHorzma B ToM Xe cMbiciie Mbl Oyaem ynoTpebJsiTh TEPMUHDBL opmanvubil
apaymenm M pakmudeckul apzymenm.

3HayeHwe, BbruHcIIsieMoe (PyHKUHel power, BO3BPAILaeTCsi BMain ¢ MOMOIIBIO
MHCTPYKUMH return. 3a CIOBOM return MOXET CIeA0BaTh JI060€e BhIpaXKEHHE:

return evipadcenue;,

ODyHk1Ms He 00513aTeIbHO BO3BpalllaeT Kakoe-HUOYAb 3HaueHue. VIHCTpyK-
uMs return 6e3 BbIpaXKEHUS TOJBKO TEpeaaeT yIpaBieHre B Ty IPOrPaMMy,
KOTOpasi ee BbI3Basla, He NepeflaBasi € HUKAKOro pe3yJbTUPYIOLIEro 3Haye-
Hus. To ke caMmoe IPOUCXOAUT, ECJIH B MIPOLIECCe BHIYHUCTIEHMI Mbl BBIXOIUM
Ha KoHell GyHKUMH, 0603HAYEHHBIA B TEKCTe TIOCIeHel 3aKpbiBatouel (u-
rypHO# ckoOKoii. Bo3aMoXHa cUTyals, KOr/la Bei3bIBatou[asi GyHKIMsA UTHO-
pUpYeT BO3BpalllaeMbIil el pe3yJIbTar.
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Bbi, BeposiTHO, 06paTHIM BHIMaHUE Ha HHCTPYKLHIO return B KOHIIE main.
[TockonbKy main ecTb (GyHKIMS, KaK 1 J1106ast Apyrasi OHa MOXKET BEPHYTD
pe3yJIbTHPYIOIee 3HAUeHHe TOMY, KTO ee BBI3BaJl, — GDaKTHYECKH B TY CPeLy,
13 KOTOpO# Obina 3amyuiesa nporpaMma. O6bIYHO BO3BPAILIAETCA HyJIEBOE 3Ha-
yeHue, UTO TOBOPUT O HOPMAJIBHOM 3aBepLIeHUH BbiNoJHeHUs. HeHnyseBoe
3HaY€HHE CUTHATU3UPYET 0 HeoObIYHOM WK OlIHOOYHOM 3aBepiueHn. Jlo cux
110p Pafiv POCTOTHI MbI OIyCKaJIK return B main, HO ¢ 3TOro MoMeHTa byeM
3a/laBaTh return KaK HallOMHUHAHHE O TOM, YTO POrPAMMBbI I0JIXKHBI COOOIATD
0 COCTOSIHUH CBOETO 3aBepIIEHs] B ONIEPAIIIOHHYIO CHCTEMY.

O6bsiBrieHrE

int power(int m, int n);

cTosililee HEMOCPEACTBEHHO Tlepes main, coobmaeT, 9To hYHKLUUA power 0XKHU-
JaeT ABYX apTyMeHTOB THma int ¥ Bo3BpamaeT pe3yJbTaT THHA int. ITO
00BsIBNIEHHE, Ha3BIBAEMOE NPOMOMUNOM QyHKYUU, TOTKHO OBITH COTTTACOBAHO
C onpezieieHHeM U BceMH BbI3oBamu power. Eciii onpenenenye QyHKUMH WK
BBI30B HEe COOTBETCTBYET CBOEMY IIPOTOTHUILY, 3TO OIIMOKA.

Vimena napameTtpoB He TpebyioT corsacoBanus. DakTHIeCKH B IPOTOTUIIE
OHH MOTYT GBITh IIPOM3BOJILHBIMU MJIH BOOOIIIE OTCYTCTBOBATb, T. €. IPOTOTHUII
MOXHO Ob110 GBI 3aIMCATh U TAK:

int power(int, int);

OpnHako ya4Ho nogobpaHHble UMeHA NOSICHSIIOT IIPOrpaMMy, U MbI 6y1eM 4acTo
3THM [10J1b30BAThCA.

Wcropuyeckas cripaBka. Camble 6osbiune otinuns ANSI-Cu ot 6ostee pan-
HUX BEPCUH A3bIKA KK Pa3 ¥ 3aKJII0YAIOTCS B c1I0cobax 06bsABIEHNS U OTIpe-
nenenust Gyukuuit. B nepsoit Bepcun Cu dynkuumio power TpeboBasoch 3a-
[aBaTh B CJIEYIOLIEM BHIE:

/* power: B03BoAWT base B n-b cTeneHb;, n >= 0 */
/* - (Bepcus B CTapoM cTune a3bika Cn) =/
power(base, n)

int base, n;

{

return p;

}

3mech MMeHa MapaMeTPOB NepeYrcIeHbl B KPYIJIbIX CKOOKaX, @ UX THIIbI 33/1a-
HbI Nlepe/i NepBoii OTKpbIBaotIelt hUrypHoit ckobkoit. B cityyae oTcyTeTBHA
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yKasaHus O THUIIe TapaMeTpa, CAUTaeTCs, 4To OH nMeetT Tull int. (Teso dyHk-
L[UH He IIpeTepIiesIo U3MeHeHH. )

Onucanue power B Hadasle IPOrpaMMBI COIJIACHO MepBoit Bepcnu CH 10J1K-
HO 6b1710 GBI BBITJIAAETD CIEAYIOIMM 06pa3oMm:

int power();

HeJ1b351 GbLIO 3a1aBaTh CIMCOK TAPAMETPOB, 1 IOITOMY KOMITU/ISITOP HE HMeJl
BO3MOXHOCTH NPOBEPUTH TIPaBUILHOCTb OOpalieHuit k power. Tak Kak 1mpu
OTCYTCTBUM OOBSIBJIEHUS POWEr TIPEATIONIAranock, YTo GYHKIUMS BO3BpAIaeT
3HayYeHHe TUMa int, TO B JaHHOM cJiydae 06b5{BJIEHPIe 1IETMKOM MOXHO ObLII0
OBl OIYCTHTb.

HoBbIil CHHTaKCHC AJIS TIPOTOTHUIOB (BYHKUMI 06seryaeT KOMIUASATOPY
obHapyXeHHe ONIUOOK B KOJMYECTBE apryMEHTOB U UX Tuiax. Crapslii cuH-
TakcKc 00bSIBJIEHU U OlipeaesieH|s] G YHKIINK BCe ellle A0Iy CKAeTCS CTaHAap-
ToM ANSI, o kpaiineit Mepe Ha lepeX0OIHBIN EPHOJ, HO €CJIH Balll KOMITHJIIS-
TOp MOAAEPKUBAET HOBBIM CHHTAKCHUC, Mbl HACTOSATEJIbHO PEKOMEHAYEM
TI0JIb30BATHCSI TOJIHKO UM.

Vnpasxxuenne 1.15. [lepenumure nporpaMmy npeobpa3oBanusi TeMIIEPATYP,
BbIZIE/IMB CaMO TIPe0Opa3oBaHue B OTAEIbHYIO DYHKUMIO.

1.8. AprymeHTbl. BbI30OB N0 3HA4YE€HUIO

Onno cBoiicTBo Gynkuuit B Cy, BeposTHO, OyAeT B HOBUHKY /LIS IPOrPaM-
MUCTOB, KOTOPBIE YK€ M0JIb30BaTHCh APYTUMH A3bIKaMH, B yacTHOCTH Dop-
TpanoM. B Cu Bce aprymMenTs! GyHKUMH MepesaoTcs “No 3HaueHU0”. ITO
c/efyeT MOHUMATh TaK, YTO BHI3bIBAEMOU (DYHKUMH MOCHLIAIOTCS 3HAYEHUS
ee apryMeHTOB BO BPEMEHHDIX MepEMEHHBIX, a He CAaMH apryMeHTbl. Takoi
cnocob rnepesayy apryMeHTOB HECKOJIbKO OTJIMYAETCS OT “BbI30Ba M0 CChL-
ke” B Doprpane u cneundukanuu var npyu napamerpe B [lackaie, koTopble
M03BOJISIOT MOANIPOrPaMMe UMeTb ZOCTYI K CAMHM apryMeHTaM, a He K UX JIo-
KJIbHBIM KOTIHSAM.

['naBHOE OT/IMYME 3aKITI0UAETCS B TOM, 4TO B CH BRI3bIBaeMasi PyHKIMSI He MO-
JKeT HENOCPEACTBEHHO UBMEHUTD IlePeMEeHHYIO BbI3bIBaiolllel hyHKIMH: OHA
MOXET U3MEHHUTD TOJIBKO ee YaCTHYIO, BDEMEHHYIO KOIHIO.

OpnHako BHI30B [0 3Ha4Y€HHMIO CIIeyeT OTHECTH K IOCTOMHCTBAM s13bIKa, a He
K ero HejoctatkaM. byiarogaps 3ToMy CBOWCTBY OObIYHO yAaeTCs HAIKCATh
60Jiee KOMITAKTHYO IIPOTPAMMY, COIEPXKAIIYIO MEHBILIEe YUCIIO IOCTOPOHHHMX
NepeMEeHHBIX, MOCKOJIbKY TTapaMeTPbl MOXHO PaCCMaTpPUBATh KaK JOJKHBIM
06pa3oM MHULHAJIU3UPOBAHHbIE JIOKAbHbIE NTEDEMEHHbIE BbI3BAHHON MOJ-
nporpammsl. B kayecTBe npuMepa NpUBEEM ellle OHY BePCHI0 GYHKLIMH power,
B KOTOPO#1 KaK Pa3 MCIOJIb30BAHO 3TO CBOHCTBO.
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/* power: BO3BOAMT base B n-i cTeneHb: n >= 0; Bepcusa 2 +/
int power(int base, int n)
{

int p;

for (p =1, n>0; --n)
p = p * base;
return p;

[TapaMeTp n BbICTYHaeT 37ieCh B POJIM BPEMEHHOM NepeMeHHOH, B KOTOPOi
IUKJIOM for B yOBIBAIOLIEM NOPSIAKE BEAETCS CYET YMCIIa LIAroB 10 TeX 0P,
TI0Ka ee 3Ha4YeHHe He cTaHeT HysieM. [Ipu 3ToM oTnagaeT Hago6GHOCTD B Z0MIOJ-
HUTEJIbHOW TIepPEMEHHOM 1 AJIs cyeTyrKa uuKaIa. YTo Obl Mbl HH J€JIAJH C N
BHYTDH pOWer, 3TO He OKa)KeT HHKAaKOTO BJIMSHMS Ha CaM apryMeHT, KOMHs
KOTOpOro 6bLia nepeaana GYHKIUM power TIPH ee BhI30BeE.

[Ipu XenaHNK MOXKHO CAENaTh Tak, YTOOb! QYHKIUA CMOLJIa UBMEHUTD Iie-
PEMEHHYIO B BBI3bIBarolell mporpaMMe. [{1s1 aTOro nocieqHsis 4oKHa nepe-
[aThb adpec MoOAJIEXAlIEN U3MEHEHHUIO [IePEMEHHON (yka3amens Ha TepeMeH-
HYI0), 2 B BbI3bIBaeMOii GYHKUMH ClleayeT 00bSIBUTH COOTBETCTBYIONIMI NTapa-
METP KaK yKa3aTeJlb U OPraHH30BaTh Yepe3 HEro KOCBEHHBIN JOCTYII K 3TOM
niepeMeHHOM. Bee, 4To kacaeTcs ykasaTesieil, Mbl pAaCCMOTPHM B IJIaBe 5.

MexaHu3M nepefayd MacCHBa B KayeCTBe apryMeHTa HECKOJIbKO MHOM.
Koraa apryMeHToM siB/IsieTCss MM MaccuBa, TO GYHKIUMH NepefaeTcs 3Have-
HHe, KOTOPOE SIBJISIETCS a[[PECOM Hayajla 3TOr0 MacCHBa; HUKAKHe SJIEMEHTHI
MaccuBa He konupyooTcs. C MOMOIIbI0 HHAEKCHPOBAHUS OTHOCHTEJBHO I10-
JIYYEHHOTO 3HaYeHUS HYHKUHUSA UMEET JOCTYII K JIIOOOMY 3JIEMEHTY MacCHBa.
Pasrosop 06 3ToM MoiizeT B caenyoueM naparpade.

1.9. CuMBONbHble MaCCUBbI

Camplii pacnipocTpaHeHHblit B MaccBa B Cu — MaccB CUMBOJIOB. UT0ObI
MPOUJLIIOCTPHUPOBATh UCIT0JIb30BAaHHE CHMBOJIbHBIX MACCHBOB U paboTaonmnx
¢ HUMM GYHKIMIA, HallWIIeM TIPOrPaMMy, KOTOpasi YuTaeT Habop TEKCTOBBIX
CTPOK M IleyaTaeT caMyIo JIMHHYIO U3 HUX. Ee cxeMa pocraToyHo mpocra:

while (ecmw nu ewe cmpoxa?)
if (Oannas cmpoxa Onunnee camou ONUHHOU U3 NPEOLLOYWUX)
3anomHums ee
3anomMHumb ee Onuny
Hanewamamo Camyio OMUHHYIO CMPOKY
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W13 cxembl BUAHO, YTO MPOrpaMMa eCTeCTBEHHbIM 06pa3oM pacrajaercsi Ha
vacty. OHa U3 HUX MOJTy4aeT HOBYIO CTPOKY, Apyrasi IPOBepSIET ee, TPeTbs
3allOMUHAET, 2 OCTAIbHBIE YIIPABJIAIOT POLIECCOM BBIYHCIEHHI.

[TockobKy TpoLece YeTKO paciiaiaeTcsi Ha 4aCTH, XOpOLIo Obl TaK U Iepe-
BecTH ero Ha Cu. [ToaToMy cHavasia HanuueM OTAeNbHYIO GYHKLHIO getline
IJ1s1 IOJTyYeHHst ouepeHOH CTPOKH. MBI nonbiTaeMcs ceaTh 3Ty QYHKLMIO
TOJIe3HO# U /1A APYTUX puMeHenuit. Kak MUHUMYM getline n0KHa CUTHa-
JIM3MPOBATh O BO3MOXKHOM KoH1e (aiiia, a eme syyure, ecan oHa Gyner Bbia-
BaTh AJIMHY CTPOKH — WJIM HYJIb B cIy4ae ucyepnanus ¢aitna. Hyss rogurcs
JUIS TIPU3HAKA KOHIA (aiia, TOCKOMbKY He GbIBAET CTPOK HYJEBOM NIUHBI,
ZaXe CTPOKA, COAEPKallast TOJIbKO OUH CHMBOJI HOBOH CTPOKH, UMeeT JUIHHY 1.

Korza Mb1 06HapyX 1M CTPOKY BoJIee A/IMHHYIO, YeM camast JUIMHHAs U3 BCEX
TpebIAYIINX, TO HaM Hazo OYAeT I/ie-TO ee 3aIOMHUTb. 34€Ch HANPALIMBAETCS
BTOpask GYHKUHSL, COpy, KOTOPasi yMeeT KOIMPOBATh HOBYIO CTPOKY B HafleX-
HOE MecTo.

Hakoger, HaM HeoOxoa1MMa IJIaBHast IPOrpaMMa, KoTopast 6bl yrpasisiia
byHkuusaMu getline u copy. BoT kak BEIIVIAAUT Hallla IPOrpaMMa B LIEJIOM:

#include <stdio.h>
#tdefine MAXLINE 1000 /» makcuManbHui pa3mMep BBOOUMON CTPOKW */

int getline(char line[], int MAXLINE);
void copy(char to[], char from[]);

/* nedaTb caMoW ANMHHOW CTpokW */

main()
{
int len; /* DNMHA TeKywelh CTPOKM x/
int max; /* DMHAa MaKCUManbHOW M3 NPOCMOTPEHHBIX CTPOK */
char 1ine[MAXLINE]; /* Tekywas cTpoka */
char longest[MAXLINE]; /* caMas [nuHHaa cTpoka */
max = 0;

while ((len = getline(line, MAXLINE)) > 0)
if (len > max) {
max = len;
copy(longest, line);
}
if (max > 0) /* 6bina nu xoTb ofiHa cTpoka? */
printf("%s”, longest);
return 0;
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/+ getline: 4uTaeT CTPOKY B S. BO3BpaWAeT LNUHY */
int getline(char s[], int lim)
{

int ¢, 1;

for (i =0; 1 < lim-1 &&:(c = getchar()) != EOF 8& ¢ !='\n'; ++i)

s[i]l = ¢

if (¢ =='n") {
s[i] = ¢; g
++1:

}

s[i] = "\0";

return i; ‘.

/* copy: konupyeT u3 'from'- B 'to'; to gocTaTouHO 6onbuwoh =/
void copy(char to[], char from[])
{

int 1i;

i=0;
while ((to[i] = from[i]) '="'\0")
++i;

M1 fipeamnosaraem, uto GyHKIEY getline ¥ copy, ONIMCaHHbIE B HAYAJIE IIPO-
TpaMMbl, HaXOAATCSA B TOM xe daiine, 4To 1 main.

@ynxuny main u getline BBaHMOI[ePICTByIOT Mex 1y coboii uepes napy ap-
TYMEHTOB U BO3BpalllaeMoe 3HaueHue. B getline apryMeHTbl ONpeaeNAoTCs
CTPOKOI

int getline(char s[], int lim)

Kak MbI BUAMM, €€ IepBblii apTyMEHT S eCTh MaCCHB, a BTOPOH, 1im, uMeeT T
int. 3amaHue paaMepa MaccuBa B onl"ﬁ’eneneann HMMeeT LEeJIbI0 PE3ePBUPOBA-
HHe naMaTd. B camoii getline 3aaBaTh AJMMHY MacCHBa S HET Heobx0aMMOocC-
TH, TaK KaK ero pasmep ykasaH B main. UTo6bl BepHYTh 3HaUeHHE BBI3bIBAIO-
utedd mporpamme, getline ucnoJsb3dyer return TOYHO TaK ke, Kak 3TO AeJlaeT
dbyHKuMs power. B ipuBeeHHO# CTPOKe Takxke coobiaeTcs, 4To get1ine Bo3-
BpalllaeT 3Ha4€HHe TUIIa int, HO TakK KaK IPU.OTCYTCTBUM YKa3aHMUs O TUIlE
nojpasyMeBaeTcs int, To repej getline cJI0BO int MOXHO OIYCTHTD.

OpaHu GyHKUMY BO3BpAILAIOT pe3yIbTUpYIolilee 3HaueHue, Apyrue (Takue
KaK COpy) HYXHbI TOJIbKO [IJISl TOTO, YTOOBI IPOM3BECTH KAKHE-TO AeHCTBUS,
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He BbIIaBasi HUKAKOro 3HauYeHUst. Ha MecTe Tiina pe3ysibTara B COpy CTOMT void.
ITO SBHOE yKa3aHHe Ha TO, YTO HUKAKOT0 3HaYeHUs AaHHAs (PYHKIIILS HE BO3-
BpalllaeT.

Oyukuus getline B KOHEL CO3JaBAEMOTrO €10 MACCHBA NOMELIAET CUMBOJ
'\0' (null-cumeon, kKomupyeMblii HyIeBbIM OAKTOM ), YTOOBI TIOMETUTD KOHel[
CTPOKH cUMBOJIOB. TO ke coryallieHre OTHOCHTEIbHO OKOHYAHUS HYJIEM CO-
6i1i02€TCS U B CIIy4Yae CTPOKOBOM KOHCTAHTbI BPOJE

"hello\n"

B nannoM ciyvae 111 Hero GOPMHUPYeTCA MaCCHB U3 CHUMBOJIOB 3TOH CTPOKH
¢ '\0’ B KOHIIE.

h e 1 1 o | \n | \O

Crneundukauus %s B popmare printf mpeanosaraer, 4To COOTBETCTBY IO
el apTyMeHT — CTPOKA CMBOJIOB, 0hOpMIIeHHAsI YKa3aHHbBIM Bbllle 06pa3oM.
ODyHKuMA copy B cBOed paboTe TakxKe ONUPAETCs Ha TOT (DAKT, YTO YUTAEMbIH
€10 apTyMeHT 3aKaH4MBaeTcsi CHMBOJIOM ' \0', KOTOPBIi OHa KONUPYET Haps Ly
c octanbHbIMU cuMBOJIaMU. (Bce ckasanHoe npeamnosaraet, 4to ' \0' He BCTpe-
YaeTcsi BHYTPH 0OBIYHOTO TEKCTA.)

[TonyTHO CTOMT 3aMETUTB, YTO NPH PaboTe Jaxe ¢ TAKON MaJeHbKOM Npo-
rPaMMOii MbI CTA/IKUBAEMCsI C HEKOTODBIMH KOHCTPYKTHBHBIMH TPYAHOCTSIMU.
HanpuMep, 4To goskHa AesaTh main, ecIy BCTPETHTCSA CTPOKA, IpeBblLIa-
fourasi fonyctimbli pasmep? Oyukuus getline paboTaer HafexkKHO: CIIM Mac-
CHB TI0JIOH, OHa TIpeKpalaeT IePeCEUIKY, AaXe eCJI CHMBOJIA HOBO CTPOKH
e obHapysxwuia. [lonyyns ot getline ATHHY CTPOKH U YBU/IEB, YTO OHA COBIIA-
naet ¢ MAXLINE, r/iaBHast nporpaMma main MorJia 6bl “OTJI0BUTB” 3TOT 0COObIi
cJy4ail ¥ ClIpaBUTHCA C HUM. B MHTepecax KpaTKOCTH OIMCAHUE ITOTO CIIydast
MBI 3/[ECh OIIyCKaeM.

[lonb3oBatesnn getline He MOTYT 3apaHee y3HATh, CKOJIb JJIMHHBIMH Oy-
IyT BBOAHMBIE CTPOKH, HO3TOMY getline JeslaeT MPOBEPKU Ha HeEPENOIHE-
HHe. A BOT 110J1b30BaTesIsIM (DYHKUHH COpy pasMepPbl KONUPYEMbIX CTPOK H3-
BECTHBI (MM OHH MOTYT HX Y3HaTbh), IOSTOMY JIOTIONHUTENbHBIN KOHTPOJIb
3[1eCh He Hy>XeH.

Vupaxuenue 1.16. [lepenumure main npeapiayieii IporpaMMbl TaK, YTOObI
OHa MOIJIa Tle4aTaTh CaMyio AJIMHHYI CTPOKY 0€3 Kakux-JTu60 orpaHUdeHui
Ha ee pa3mMep.
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Vnpaxsenne 1.17. Hanuunte nporpaMMy neyatu BceX BBOAMMBbIX CTPOK,
conepxauux 6osee 80 CHMBOJIOB.

VupaxHenue 1.18. Hanumure nporpammy, xotopas 6yzer B KaXxaoi
BBOJMMOIi CTPOKE 3aMEHSITh CTOSIIHE TIOAPSIL CAMBOJIBI IIPOGETIOB U Tabyisauuit
Ha OJ¥H NPO6eJ U YAAIATD IyCThie CTPOKH.

Vnpaxuenne 1.19. Hanumure dynkumio reverse(s), pasMeIjaoiyio CUM-
BOJIBI B CTPOKE S B 06paTHOM nopsiake. [I[pUMEHUTE ee IPU HANTMCaHUH TIPO-
rPaMMBI, KOTOpasi KaXAyio BBOAUMYIO CTPOKY pacroJjiaraeT B 06paTHOM Io-
psLIKe.

1.10. BHelWHNe nepeMeHHble
n obnacTb BUAUMOCTU

IlepeMennsbie 1ine, longest 1 IpoyYue MPUHAJIEXAT TONIbKO GYHKIMH main,
WJIH, KaK TOBOPSIT, IOKa/IbHBI B Heil. [I0cKo/IbKy OHM 00bsIBJIEHBI BHYTPH main,
HUKaKHe ApYrve GYHKUNK NPSIMO K HUM obpamatbest He MoryT. To e BepHO
Y IPUMEHUTENIbHO-K IepeMeHHbIM Apyrux ¢yHkuuil. Hanpumep, i B getline
He UMeeT HUKAKOro OTHOIIeH s K 1 B copy. Kaxkaast okanbHasi nepeMeHHas
(bYHKUUY BOBHUKAET TOJIBKO B MOMEHT 0OpalileHus K 3To# GyHKUMH U ncye-
3aeT NocJie BHIXO/a U3 Hee. BOT noyeMy Takye iepeMeHHble, CJIeAY st TEPMUHO-
JIOTWH IPYTHX A3BIKOB, Ha3bIBAIOT asmomamuueckumu. (B rnase 4 obcyxmaet-
cs1 KJ1acc MaMsATHU static, KOTOPBIH NMO3BOJISET IOKAIbHBIM NTEPEMEHHBIM CO-
XPaHSTh CBOM 3HAY€HUS B IPOMEXYTKAX MEXXAY BbI30BaMHU. )

Tak kak aBTOMaTHYeCKHe TIEpeMEHHBIE 00Pa3yIOTCs M MCYE3AI0T OJHOBPE-
MEHHO C BXOZOM B (DYHKLHMIO U BBIXOZOM M3 Hee, OHU He COXPaHSIOT CBOUX
3HaYeHHI OT BhI30Ba K BbI30BY U AOJDKHBI YCTAaHABINBAThCS 3aHOBO NPH KaxX-
10M HOBoM obpamenur k ¢yHkuuu. Ecnu aToro He penats, oHu OyayT co-
Jnepxatb “Mycop”.

B kayecTBe aJbTepHATHUBbl aBTOMATHYECKUM IlepeMeHHbIM MOKHO OIpe-
[ENTh 6HeuHUe TIePEMEHHBIE, K KOTOPBIM Pa3pellaeTcsi 06pamaTsest o ux
MMeHaM U3 To60i GyHKIKHA. (DTOT MEXaHU3M aHaIOTHYeH obOnacTi COMMON
B DopTpane 1 onpeeeHUAM NIepeEMEHHBIX B caMoM BHeuiHeM 611oke B [Tacka-
ne.) Tak kak BHelIHHe epeMeHHble JOCTYIHbBI II0BCEMECTHO, X MOXKHO HC-
TI0JIb30BATh BMECTO apTYMEHTOB /JIS CBA3K MeX1y GYHKIUMIMH 110 JaHHBIM.
Kpome Toro, nockosbky BHelIHYe lepeMeHHble CYLIeCTBYIOT IOCTOSHHO,
a He BO3HUKAIOT U MCYE3AI0T Ha MePHO/ BHINOJHEeHUS (DYHKIUH, CBOU 3Haye-
HUSI OHM COXPAHSIIOT U 1TOCJIe BO3BpaTa U3 QYHKIMH, UX YCTaHOBHUBUIMX.

BHewnss nepeMeHHast 10JKHa OBITh onpedesena, NPYeM TOIbKO OIMH pa3,
BHE TeKcTa JIIo60# hyHKIMH; B 3TOM cily4ae el 6yneT BbiieneHa namMaTs. OHa
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NIOJOKHA ObITH 065461eHa BO BCeX QYHKIMSIX, KOTOPbIE XOTST €10 MOJIb30BaTh-
cst. O6bsABIEHNE CONEPKUT CBEAEHHUS O THIle TlepeMeHHON. OObsABIEHNE MO-
XeT ObITh SIBHBIM, B BUJle HHCTPYKLHUH extern, MJM HESIBHBIM, KOTJa HyXHas
MHGOPMALHSA MOJTydaeTCs U3 KOHTeKCTa. UTOObI KOHKPETU3UPOBATD CKa3aH-
HOe, TlepeNnuuieM IIPOorpaMMy NevaTH caMo JJIMHHOHM CTPOKH C HCIIOJIb30Ba-
HueM line, longest U max B Ka4eCTBe BHELIHUX [lepEMEHHBIX. DTO MOTpebyeT
M3MEHEHH B BHI30BaX, 0ObABIEHUSIX U TEJaX BCeX TpeX GyHKIUH.

#include <stdio.h>
#define MAXLINE 1000 /* MakCUManbHL pasMep BBOAMMOW CTPOKM */

int max; /* [ONMHA MakCUManbHOM M3 NPOCMOTPEHHBIX CTPOK */
char 1line[MAXLINE]; /* Tekyuas ctpoka */
char longest[MAXLINE];, /+ camas anuHHas cTpoka =/

int getline(void);
void copy(void);

/* NeyaTb caMmoil ANMHHOW CTPOKM; Cheuuanu3npoBaHHas Bepcus =/
main()
{

int len;

extern int max;

extern char longest[];

max = 0;
while ((len = getline()) > 0)
if (len > max) {

max = len;
copy();
}
if (max > 0) /* 6bna xota 6b ogHa cTpoka */
printf("%s", longest);
return 0;

/* getline: cneunanuanpoBaHHas Bepcus =/
int getline(void)
{

int c, 1i;

extern char line[];
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for (i = 0; 1 < MAXLINE-1
8& (c=getchar()) != EOF 8& ¢ != '\n’; ++i)

line[i] = c;
if(c == "\n") {
line[i]= c;

++1;
}
line[i] = "\0’;
return 1i;

/* COpy: cneuwannanposaHHas sepcua */
void copy(void)
{

int i;

extern char line[], longest[];

‘1' =0;
while ((longest[i] = line[i]) '= '\0")
++1;

BHewHye nepemMeHHble it main, getline u copy ONpenesisifoTCcs B Havae
Hallero NpUMepa, Iie UM IPUCBAUBAeTCs TUI U BeIessseTcs naMaTeb. Onpezne-
JIEHVS BHELITHUX TIePEMEHHBIX CHHTAaKCHYeCKH HUYeM He OTJIMYAI0TCs OT OIlpe-
ZeJleHUs JIOKJIbHBIX TIePEMEHHBIX, HO NOCKOJIbKY OHM PAacHOJIOXKEHBl BHE
byHKuMI, 5T TIepeMeHHble CYUTAIOTCS BHemHMMU. UT0Ob GyHKUMS MOrIa
T10J1b30BaThCs BHEIIHEH TIePEMEHHOM, e HY)KHO IPEX/IE BCETO COOOIUTD UMS
COOTBETCTBYIONIIEH TIEPEMEHHOM. DTO MOXKHO C/ETIaTh, HAIPUMED, 3a/1aB 00bsIB-
JieHue extern, KOTOPOE MO BUAY OTJIMYAETCsA OT 0ObABIIEHUS BHENIHEH Tepe-
MEHHOH TOJIBKO TeM, YTO OHO HaYMHAEeTCs C KJII0YeBOTO CJI0Ba extern.

B HekoTOpbIX ciyyasix 06bsiBIeHHe extern MOXHO onycTuTb. Eciu onpe-
JieJIeHVie BHEITHE lepeMEHHOM B ICXOAHOM (ailjie pacosiokKeHo Bolie PyHK-
MY, TIe OHA UCIIO/Ib3YETCsA, TO B 0OBSBIEHNN extern HeT HeOOXOAUMOCTH.
Takum o6pa3oM, B main, getline u copy o6bsiBNIeHNs extern n361>noqm>1. O6bry-
HO OIpeJesieHUs] BHEIIHUX NepeMEHHBIX PaclioyiaraioT B Hayasle UCXOAHOTOo
(aiina, v Bce 06bsiBIIEHNs extern AJist HUX OMYCKAIOT

Ecu xe mporpamMma paciioJioxkeHa B HECKOJIbKUX HCXOAHBIX (haiiiax 1 BHe-
HAs1 TIeDeMeHHas onpeiesieHa B (aiine], a HCIIONb3yeTcs B gaiine2 u aiine3,
TO 06bsABIEHUS extern B Qaiine? u ¢aiine3 0bs3aTeNbHbI, MOCKOJIbKY HEOD-
XOIMMO yKa3aTh, 4TO BO Bcex Tpex (aitnax GyHkinu 06pamaoTcs K OZHOM
" T0¥ e BHelHeH nepemenHoit. Ha npakruke o6b14HO yno6HO coOpars Bee
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00bsABJIEHNS] BHEIIHUX MIEPEMEHHBIX U PYHKUHUH B OTAENbHbIN (aiisi, Ha3biBa-
eMblii 3azon060unvim (header-gaiirom), v MoMeNIaTh €ro ¢ MOMOLILIO #include
B Ha4aJlo KaXa0ro ucxoaHoro ¢aitna. B umenax header-daiinos no obuieit
JOTOBOPEHHOCTH Hcnosb3yercs cyddukce . h. B atux daitnax, B wacTHOCTH
B <stdio.h>, onmuchiBaOTCA Takxe GYHKUNM CTaHAApTHOU 6ubnoTexu. Bo-
Jiee oApo6HO 0 3ar0JI0BOYHEIX (hailjlaXx TOBOPUTCS B Fy1aBe 4, a IPUMEHU-
TeJIbHO K CTaHAapTHOU 61bnoTeKe — B r1aBe 7 ¥ IPUJIOKeHUH B.

Tax kak crenanu3rpoBaHHbIE BEPCHU getline M copy He MMEIOT apryMeH-
TOB, Ha TIEPBHII B3JIA/, KAXKETCS, YTO JIOTHYHO UX NPOTOTUIBI 33aTh B BHIE
getline() u copy(). Ho u3 coobpaxeHuii coBMecTUMOCTH co cTapbiMu Cu-11po-
rpaMMaM¥ CTaHZApT PaCCMaTPHBaeT MYCTOH CNHUCOK KaK CUTHAM K TOMY, YTO-
ObI BBIKJIIOYHTD BCE TIPOBEPKU Ha COOTBETCTBHE apryMeHToB. [loaToMy, xorna
HYXHO COXPaHHUTh KOHTPOJIb U SIBHO YKa3aTh OTCYTCTBHE apPTYMEHTOB, CIeAY-
€T 10J1b30BaThCsA CIOBOM void. Mbl BepHeMcs K 3T0it pobieMe B rJ1aBe 4.

3aMeTHM, YTO [10 OTHOLIEHHIO K BHELTHUM IIePeMeHHBIM B 3TOM Naparpade
Mbl OY€Hb aKKypaTHO HCIOJIb3YeM NOHATUS onpedenenue U obvasnenue.
“Omnpenenexne” pacroyiaraeTcs B MecTe, rje iepeMeHHas co3iaeTcs U el oT-
BOJMTCS aMATh; “00bsiB/IeHKE” IOMeIaeTcs TaM, rae GUKCHpyeTcs pupoaa
HepeMeHHOH, HO HUKAKOH NaMsITH IJ15 Hee He OTBOJUTCA.

Crienyer OTMETHTh TEHIEHLHUIO BCE IIepEMEHHbIe elaTh BHEIHUMU. [leno
B TOM, YTO, KaK MOXXET II0Ka3aThCs Ha NepBbIH B3IJIsA/, 3TO NPUBOAHUT K YIIPO-
UIEHHIO CBSI3€il — Be/lb CIIUCKU apIYMEHTOB CTaHOBSITCS KOpOUe, a epeMeH-
HBIE IOCTYTIHBI Be3Jle, [Ie OHU HYXHBbI; OTHAKO OHY OKa3bIBAIOTCS JOCTYIIHbI-
MU U TaM, IZle He HY>KHBI. Tak 4TO Ype3MepHbIH yIIOp Ha BHEIIHHe epeMeH-
Hble YpeBaT GOJIbIIUMHU OTIACHOCTSIMHU — OH IIPUBOJUT K CO3/IaHUIO IPOTPAMM,
B KOTOPBIX CBSI3H II0 JaHHBIM He OYeBU/HbI, TOCKOJIbKY IlepeMeHHbIe MOI'YT
HEOXXUJIaHHBIM U Ja)Xe TAMHCTBEHHBIM criocoboM uaMeHsaThCs. Kpome Toro,
TaKasi IporpaMma C TpyaoM noanaeTcs MoaudukausaM. Bropas Bepcus mnpo-
rpaMMBbl IOKMCKA CaMO#1 ITTMHHOM CTPOKH XY>Ke, 4YeM IepBasi, 0TYACTH IO 3THUM
NPUYHHAM, 2 OTYACTH U3-3a HapyLIEHUs OOIHOCTH JBYX NOJI€3HbIX QYHKIHH,
BBI3BAHHOT'O TEM, YTO B HUX BITMCAHbl MIMeHa KOHKPETHBIX TeDEMEHHBIX, C KO-
TOPBIMY OHHU OTIEPHUPYIOT.

WTak, Mbl pACCMOTPEJIH TO, YTO MOXXHO ObL10 ObI Ha3BaTh sApoM Cu. Onu-
CaHHBIX “KMPIHYMKOB” JOCTATOYHO, YTOOBI CO3aBaTh I10JI€3HBIE IPOTrPAMMBI
3HAYUTEJIbHBIX Pa3MePOB, ¥ ObLIO GBI YyAECHO, eciv Obl Bbl, IPEPBaB YTEHHE,
HOCBSITHJIY 3TOMY KaKoe-TO BpeMsl. B ciienyrolux ynpax HeHUSAX MBI Ipe/Jia-
raeM BaM CO3/aTh HECKOJIBKO O0JIee CII0KHBIE TIPOTPAMMBI, Y4eM PACCMOTPEH-
HbIe BBILIE.

¥Ynpaxknenue 1.20. Hanumnre nporpaMmy detab, 3aMeHSIIOIIYI0 CUMBOJIBI
TabyNALMK BO BBOAUMOM TEKCTE Hy KHBIM YKCJIOM NPO6enos (10 Ceayoiero
“cromna” Tabynsiuun). [fpeanonaraercs, 4to “cTornsl” TabyALUM PACCTaBJIEHbI
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Ha (PMKCHPOBAHHOM pAcCTOSIHUU JPYT OT APYTra, CKaKeM, Yepe3 n TO3UIHI.
Kak nyuuie 3agaBath n — B BH/e 3HaU€HHUs NMepeMEHHON WJIH B BUIE UMe-
HOBAHHOM KOHCTAHTHI?

VnpaxHenne 1.21. Hanumurte nporpaMmy entab, 3aMeHSIOIYIO CTPOKH
13 IpO6EsIOB MHHUMAIbHBIM YMCJIOM Taby 1siiiuii 1 po6esioB TakuM 06pa3om,
4TO6BI BU/ HAlle4aTaHHOTO TEKCTa He U3MeHUIICs. Mconb3yiiTe Te xe “cTorbl”
Ta6y.nﬂuun, yTo U B detab. B ciyuae, korga ans BbIxoAa Ha ouepenHoi “cron”
roAUTCst OAUH 1pobest, 4To Jydiie — npodest uiu Tabysauus?

Vnpaxuenue 1.22. Hanuimure nporpaMMy, re4aTaroly o CHMBOJIbI BXOAHOIO
II0TOKaA TakK, YTOOBI CTPOKM TEKCTA HE BBIXOAMJIM TIpaBee N-il Mo3uiuuu. ITo
3HAYMT, YTO KK/Jas CTPOKA, AJIMHA KOTOPO#1 IPEBBILIAET N, JOIKHA e4aTaThCst
C [IePEHOCOM Ha Cllefyioliive cTpoku. MecTo nepeHoca ciiefiyeT “UcKaTh” mociie
TIOCJIEJHETO CUMBOJIA, OTIMYHOTO OT CUMBOJIA-Pas/ie/IUTeJ1s], PACIIONI0XKEHHOTO
neBee n-i nosuuuu. [103aboTeTeCh 0 TOM, YTOOBI Ballia MporpaMMa BeJia cebst
Pa3yMHO B ciiy4ae O4eHb AJIMHHBIX CTPOK, a TAKXKe KOrja A0 N-i MO3MIHH He
BCTpeYaeTcs HA OQHOTO CHUMBOJIa Ipobesia uin Tabyisiuu.

Vupaxuenue 1.23. Hannmnre nporpammy, youparoniyo Bce KOMMEHTapHH
u3 Jo6oit Cu-nporpammsl. He 3a6yapTe moymxubiM 06pasoM 06paboTath
CTPOKH CHMBOJIOB M CTPOKOBbIe KOHCTaHTbl. KoMMenTapuu B Ci He MOTYT 6bITh
BJIOXX€EHBI IPYT B APYTa.

Vnpaxuenue 1.24. Hanumure nporpamMmy, nposepsioniyio Cu-nporpaMMsi
Ha dJIeMeHTapHble CHHTaKCHYeCKKe OMMUOKH Bpoae HecOalaHCMPOBAaHHOCTH
cko60ok Bcex BuaoB. He 3a0yabTe 0 kaBblukax (OAMHOYHBIX U ABONHBIX),
ackedn-nociaenoBaTeabHOCTAX (\...) ¥ KOMMeHTapusx. (ITO CIOXHas
TIIPOrpaMMa, ecJId IIUCaTh ee 151 06IIero cayyasi.)



naBa 2

Tunbl, onepartopbl’
U BblpaXeHuns

[lepeMeHHbIE U KOHCTAHTbI SABJSAIOTCSA OCHOBHBIMU 0ObEKTaMH TaHHBIX,
C KOTOPbIMH UMEET JIeJI0 TIporpaMMa. [lepeMeHHbIe IepeYUCISIOTCS B 00bSB-
JIEHUSIX, Tl YCTAHABJIMBAIOTCS UX TUIIBI M, BO3MOXHO, HaYaJIbHble 3HAYeHHUs.
Onepauny onpenensoT 4efCTBUS, KOTOPble COBEPIIAIOTCS C STHUMH TepeMeH-
HbIMH. BblpaskeHuss KOMOMHUPYIOT [IEpEMEHHBIE U KOHCTAHThI JIs MOJyde-
HUs HOBBIX 3HayeHui. Tun o6bekTa onpesessieT MHOXECTBO 3HaYEHHA, KOTO-
pble 3TOT 0OBEKT MOXKET IPUHHUMATB, U OIEPALHi, KOTOPbIE HAZl HUMU MOTYT
BBINONHATbCS. HaszpanHble “kupnuyukn” u OyAYT NpeaMeToM 0BCyXaeHns B
3TOMH I1aBe.

CrangaproM ANSI 6bLI0 yTBEPKAEHO 3HAYUTENLHOE YMCIO HEGObIINX
U3MeHeHUH 1 100aBIeHUI K OCHOBHBIM THIIaM U BhipakeHusM. JIro6oii neso-
YHCJIEHHBII TUII TETIEPb MOXeT 6BITH CO 3HaKOM, signed, u 6e3 3HaKa, unsigned.
IpeaycMoTpen cnocob 3anucy 6e33HAKOBBIX KOHCTAHT U IIIeCTHAIaTepHy-
HBIX CHMBOJIBHBIX KOHCTAHT. Ollepaliiy ¢ IIaBaolleil TOYKOH JOMyCKaTCs
Tellepb U ¢ OAUHAPHOM TOYHOCTLIO. BBenen Tum long double, obecneynsaro-
1M TOBBIIEHHYO TOYHOCTh. CTPOKOBBIE KOHCTAHTHl KOHKATEHUDPYIOTCS
(“cknenBaroTcs”) Ternepb BO BpeMsi KOMIWISAIMK. YacTpio si3bIKa CTaIH Iie-
peuncienus (enum), popManu3yoline Uil TUIIA YCTAaHOBKY AMaNa30Ha 3Haye-
Huit. O6bEKTBI IJIA 3alIUThI UX OT KaKUX-THOO U3MEHEHUH pa3pelIeHo nome-
4aTb Kak const. B cBA3M ¢ BBeieHHEM HOBBIX TUIIOB PaclI¥peHsI IIpaBIJIa aBTO-
MaTHYeCKOro NpeoOpa3oBaHmsl U3 OAHOrO apu(METHIECKOrO THIIA B APYTOM.

2.1. UmeHa nepeMeHHbIX

XOTst Mbl HUYETO He FOBOPMJIK 06 3TOM B IJ1aBe 1, HO CylIeCTBYIOT HEKOTO-
pbie OrpaHHYeHN Ha 33/laHKe UMEeH TePEMEHHBIX 1 MMEHOBAHHBIX KOHCTAHT.
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ViMeHa cocTaBasA0TCs U3 GYKB U LIM(P; TEPBLIM CUMBOJIOM JOJIKHA ObITh Oy K-
Ba. CUMBOJI o4epKUBanus “_" cuntaeTcst GyKBOH; ero MHOrAa yA06HO KC-
110J1b30BaTh, YTOOBI YAYYIIMTh BOCIPUSATHE IJIMHHDLIX HMEH MepeMeHHbIX. He
HayMHaNTe MMeHa IEPEMEHHBIX C MOAYEPKUBAHUS, TAK KAK MHOTHE MEPEMEH-
Hble 6UOIMOTEYHBIX TPOrPAMM HAYMHAIOTCS MIMEHHO C 3TOTO 3HakKa. Bosbuive
(niponucHble) U Masible (CTPOYHBIE) OYKBbI Pa3AMYAIOTCS, TAK 9TO X H X — 3TO
nBa pasHbix nMeHH. O6bI9HO B iporpammax Ha Cu MasibiMu 6ykBamu Habupa-
IOT IepEMEHHBIE, a H0JIbIIUMH — UIMEHOBAaHHbIE KOHCTAHTBI.

[l BHYTPEHHUX MMEH 3HAUUMLIMH sIBJISIIOTCA TepBble 31 cumBo. s
uMeH QYHKUHUI 1 BHEIIHUX MTEPEMEHHBIX YMCJI0 3HAYMMBIX CUMBOJIOB MOXKET
6uITh MeHblIe 31, Tak Kak 3TH UMeHa 06pabaTbiBaOTCsT acceMbepamMu U 3a-
IPY3YHKAMH U A3BIKOM HE KOHTPOJUPYIOTCS. Y HUKATbHOCTh BHEUIHHUX UMEH
rapaHTHpyeTcs TOJIBKO B Npefiesiax 6 CHMBOJIOB, HaOpaHHBIX Ge3pa3InyHO B
kakoM peructpe. Kirouessle cnoBa if, else, int, float u T. &. 3apesepsupoBa-
HBI, X X HEJIb35 UCIIOJIb30BaTh B KAY€CTBE MMEH IlepeMeHHbIX. Bee 0HM Habu-
paroTCs Ha HUKHEM perrcTpe (T. e. MaibiMu OYKBaMH ).

Pa3yMHO 1aBaTh IepeMEHHBIM OCMBICIEHHBIE UIMEHA B COOTBETCTBHH C UX
Ha3HaYeHHeM, IPHYEM TaKHe, YTOObI MX OBLIO TPYAHO CIYTATh APYT C APYTOM.
MBI npeAnoYnTaeM KOPOTKHE UMeHa /151 JIOKAIbHBIX IIEPEMEHHBIX, 0COOEHHO
IS CYETYMKOB LUKJIOB, ¥ 60JIee IIMHHBIE [ BHELIHUX NTePEMEHHbIX.

2.2. Tunbl n paamepbl AaHHbIX

B Cu CyIIEeCTBYET BCEro JIMUb HECKOJIBKO 6a30BbIX THIIOB:

char — eIMHHUYHBII 62T, KOTOPBII MOXET coepXaTh OAUH
CHMBOJI M3 I0TLyCTUMOTrO CUMBOJIBHOTO Habopa;

int — 1enoe, 00bIYHO OTOOpaXKAoLIee eCTECTBEHHOE IPEICTaB-
JIEHHe LeJIbIX B MallIUHe;

float  — 4YHMCIIO C IJIABAOLIEH TOYKOI OMMHAPHOU TOYHOCTH;

double  — YHCJIO C IJIaBalollel TOYKO ABOHHON TOYHOCTH.

MMeeTcst TakKe HECKOJIBKO KBATM(UKATOPOB, KOTOPBIE MOXKHO UCII0JIb30-
BaTb BMECTE C yKa3aHHbIMU Ga30BbiMU THNaMu. Hanpumep, kBannbukaTopst
short (kopoTkuil) ¥ long (ATMHHBIN) IPUMEHSIIOTCS K 1[€JIbIM:

short int sh;
long int counter;

B TakHx 06bABNEHMSAX CI0BO int MOXKHO OIYCKaTh, YTO OOBIYHO U J€aeTCA.

Ecu TobKO He BO3HUKAET TPOTUBOPEY Uit CO 3PaBbIM CMBICJIOM, short int
M long int MOJIXHBI OBITH Pa3HO# IIMHBL, a int COOTBETCTBOBATb €CTECTBEH-
HOMY pa3Mepy LieJIbIX Ha IaHHOH MauuHe. Yaiie Bcero s npeicTaBieHus
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11€J10T0, OIIMCAHHOTO C KBATU(PHKATOPOM short, oTBoauTcs 16 6UTOB, ¢ KBanU-
duxatopom long — 32 6uTa, a 3HaYeHUo TUNa int — WM 16, win 32 6ura. Pas-
pabOTYMKU KOMITMJISATOPA BIIPaBe CaMH BbIOMPATh MOAXOAAIIME Pa3Mepbl, CO-
00pasysAch C XapaKTEPUCTUKAMH CBOET0 KOMIIbIOTEPA U COBII0Aas CIEAYIONIHE
OrpaHMYeHHs: 3HaYEHUS TUIOB short M int NpeACTaBASIOTCSA IO KpaitHe it Mepe
16 6uramu; THIIa 10ng — MO KpaitHell Mepe 32 6utamu; pasMep short He 60sble
pasMmepa int, KOTOpBIi1 B CBOIO O4Yepeab He boblie pasmepa long.

Ksaympuxkartops! signed (co 3HakoM) wiau unsigned (6e3 3HaKa) MOXHO
IIPUMEHSATb K TUITY char v JI0OOMY LeJOYHCTIeHHOMY THIly. 3HadeHus unsigned
BCer/a MOJIOXKUTENbHBI UJIM PAaBHBI HYJIIO U IOAYMHSAIOTCS 3aKOHaM apUdMe-
THUKH 110 MO0 2", T 7 — KOJIMYECTBO OUTOB B IPEACTaBJIeHNH TUMa. Tak,
eCJIM 3HaYeHHIO char oTBoAMTCA 8 6UTOB, TO unsigned char UMeeT 3HauyeHHUs
B nuanasone ot 0 1o 255, a signed char — ot -128 o 127 (B MamnHe ¢ ABOUY-
HBIM JOIOJHUTEIBHBIM KOJIOM). SIBJISIOTCS JIM 3HaYEeHUs THIa IPOCTO char
3HAKOBBIMH MY 6e33HAKOBBIMM, 3aBUCHT OT PEATU3ALIUH, HO B JTIOOOM ciiydae
KOJIbl 1€YaTaEMBIX CUMBOJIOB IIOJIOXHTENbHBI.

Tun long double mpexHasHaueH 41 apuMeTUKH C TIaBalolel TOYKOoM
NOBBIIIEHHOM TOYHOCTH. Kak U B ciydae 1esibix, pa3Mepsl 00bEKTOB ¢ I1J1aBa-
Iolted TOYKOM 3aBUCAT OT peayusauuy; float, double 1 long double mMoryr
IIPEACTaBIISATHCS OHIM Pa3MePOM, 2 MOTYT — IBYMsI MJIM TPeMSI Pa3HbIMH pa3-
MepaMHU.

ViMeHOBaHHbIe KOHCTAHTBI 1/ BCEX Pa3MePOB BMeCTe C APYTUMH XapaKTe-
PHUCTHKAaMK MallIUHbI ¥ KOMITMJISITOPA COAEPIKaTCs B CTAaHAAPTHBIX 3aroJI0BOY-
HbIX aiax <limits. h> u <float.h> (cM. Hipusoxenue B).

Vupasknenne 2.1. Hanumurte nporpammy, kotopasi 6yaer BhAaBaTh au-
anasoHbl 3HaYeHUH TUMOB char, short, int u long, onMcaHHBIX Kak signed
M KakK unsigned, C MOMOMIBIO T€YAaTH COOTBETCTBYIOIUX 3HAYEHHUI U3 CTaH-
JAPTHBIX 3ar0JI0BOYHBIX (HailIOB U IyTeM HPSIMOTO BeluKcIenus. Onpenenure
JIAANa30Hbl YKCeJI C IIaBaloIelt TOYKOH PasjIMYHbIX TUIOB. BBIYHCAUTD 3TH
JiMania3oHbl CJIOXKHEE.

2.3. KoHCTaHTbI

Ilenas koHcTaHTa, HanpuMep 1234, uMeeT Tun int. KoxncranTa Tina long
3aBepuiaeTcsi 6ykBoi 1 wiu L, Hanpumep 123456789L; ciuuikoM 60bLIOe 11e-
JI0e, KOTOPOE HEBO3MOXHO MPEACTABUTD KaK int, 6ymeT npeacTaBieHo Kak long.
Be33HakoBble KOHCTAHTHI 3aKaHYNBAIOTCA OYKBOH U 1K U, 2 OKOHYaHMe ul 1K
UL roBOpHUT O TOM, UTO THII KOHCTaHThBI — unsigned long.

KoncranTh! ¢ naBaoneii TOYKOH HMEIOT JeCATHYHYI0 TOUKy (123.4), uiu
3KCNOHEHIUANBHYO YacTh (1e-2), MM XKe u TO 1 Apyroe. Eciiu y Hux HeT okoH-
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YaHHs, CYUTAETCS, YTO OHU NpUHaIexaT k Tully double. Oxoxnvanne f unu F
yKa3blBaeT Ha TUII float,al wiK L — Ha Tan long double.

Llen0e 3HaueHHE TOMUMO AECATUYHOIO MOXKET UMeTb BOCbMEPHYHOE UK
HIeCTHaAlIaTePUYHOe peAcTaBieHue. Ecii KOHCTaHTa HAaUMHAETCs C HYJIS, TO
OHa NpeAcTaBJIeHa B BOCbMEPUYHOM BUJE, ecsiy ¢ Ox iy ¢ 0X, TO — B LIeCTHaA-
uarepuynoM. Hanpumep, necsituuanoe uesnoe 31 MoxHo 3anucath Kak 037 wiu
kak 0X1F. 3anucu BOCbMepUYHOU U MIeCTHAAATEPUYHON KOHCTAHT MOTYT 3a-
BepuiaTbes OykBoW L (1151 yka3anus Ha T 1ong) 1 U (€C/IM HYXKHO IOKa3aTh,
yTO KOHCTaHTa Ge3sHakoBas ). HanpuMep, koncranTa OXFUL nMeer 3HaueHue 15
¥ TUII unsigned long.

CumeonbHasl KOKCMAKWMA eCTb 11€JI0€, 3aIMCAHHOE B BYle CHMBOJIA, 0Opam-
JIEHHOTO OAWHOYHBIMM KaBbIYKaMy, HanipuMep 'x’ . 3HayeHHeM CUMBOJbHON
KOHCTaHTbI ABJIAETCSA YMCIOBOU KOJ CMMBOJIa U3 Habopa CMBOJIOB Ha IaH-
HOU MauryHe. HanpuMep, cumBosbHas koHcranTa '0' B kopuposke ASCII
“MeeT 3HayeHue 48, KOToOpoe HUKAaKOTO OTHOLIEHHU s K YHCTIOBOMY 3HaueHHIo 0
ne umeeT. Koraa mpl nuniem ' 0', a He Kakoe-To 3HaueHue (HanpuMep 48), 3aBu-
caiiee oT crocoba KOAMPOBKH, MBI leJlaeM IPOrPaMMy He3aBHCHMOI OT 4acT-
HOTO 3HAYEHHS KOJa, K TOMY )XKe OHa 1 jierde yutaercs. CUMBOJIbHbIE KOHCTaH-
ThI MOTYT YYaCTBOBaTb B ONlEpaLMIX Ha/l YU CIaMH TOYHO TaK Xe, KaK 1 JTo0bie
IpYrue Lejble, X0TA Yalle OHU UCNOJb3YIOTCS AJ151 CPaBHEHUS C APYTUMU CUM-
BOJIaMMU.

HekoTopbie CMMBOJIbI B CHMBOJIBHBIX 14 CTDOKOBBIX KOHCTAHTaX 3allMChIBa-
IOTCS C TOMOIIbBIO CKEMI-TI0C/IEA0BATENBHOCTE M, HanpuMep \n (CUMBOJI HO-
BOI1 CTPOKH ); TaKKE TIOCJIEN0BATEIbHOCTH H300PAXKAIOTCSI ABYMS CHMBOJIAMH,
HO 0603HayatoT oxuH. KpoMe TOro, Npon3BoIbHbI BOCBMEPHYHbIH KO MOXK-
HO 33/]aThb B BUJE

"\ooo'
IZie 000 — OJ[HA, ABE UJIK TPU BocbMepHuyHble upsl (0. . . 7) niu
"\xhh’

rae hh — onHa, nBe win Gosee wectHaaunatepuyssle uudps (0... 9, a...f,
A...F). TakuM 06pa3oM, Mbl MOTJIH Obl HAIIUCATH

#tdefine VTAB '013' /» septukanbHas Tabynauus 8 ASCII »/
#define BELL '\007' /* 3BoHOK B ASCII x/

WJIM B IIECTHAALaTEPUYHOM BHUE:

tidefine VTAB '\xb' /+ BepTukanoHaa Tabynsuus 8 ASCII +/
#tdefine BELL '\x7' /* 3BoHok B ASCII */

TlonHbii HA6OP SCKEN-NIOCIIEA0BATENBHOCTEN TAKOB:

\a CUTHAJI-3BOHOK \\ obpaTHast HAKJIOHHAs YepTa
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\b BO3BparT-Ha-war (3aboit)  \? 3HaK BoIlpoca

\f 11epeBO-CTPaHULIbI \' OAMHOYHAasA KaBbIyKa

\n HOBas-CTpPOKa \" IBOMHAS KaBbIuKa

\r BO3BpaT-KapeTKH \000  BOCBMEPHYHbBIH KOJ,

\t rOpU3OHTa/IbHAs- \xhh  1IeCTHaALATEPUYHDIA KOI
Tabynsauus

\v BEPTUKATbHASA-Ta0Y AL

CumBoJspHas koHCcTaHTa ' \0' —3TO CUMBOJI C HyJIeBbIM 3HaY€HHEM, TaK Ha-
3bIBaeMblil cMMBOJ null. BMecTo npocTo 0 YacTo UCMOJb3YIOT 3amuch '\0',
4TOOBI I0JYEPKHYTH CHMBOJIbHYIO IPUPOAY BbIPaXXEHUS, XOTsI U B TOM U IpY-
rOM cJlydae 3alich 0003HAYa€eT HY b

Koncmanmmuuoie svipasicerus — 310 BRIpaKeHHU s, ONePUPYIOILKE TOJIbKO C KOH-
craHTaMu. TakHe BhIPAXKEHUS BBIYMCIAIOTCSA BO BpeMs KOMIUJISLUH, a He
BO BpeMS BBITIOJIHEHHUS, U TI09TOMY MX MOXHO ¥ICIIOJIb30BaTh B JII0OOM MecTe,
rae AOMyCTUMBI KOHCTAHTH], Kak, HalIpUMeED, B

#tdefine MAXLINE 1000
char 1ine[MAXLINE+1];

HJIN B

#tdefine LEAP 1 /» in leap years - B BUCOKOCHbE rogp */
int days[31+28+LEAP+31+30+31+30+31+31+30+31+30+31];

CmpoKoeas KoHcmanma, Wi CmpoKoebiil Iumepan, — 310 HyJb uiu 6osee’
CHMBOJIOB, 3aKJTIOYEHHBIX B IBOMHbIE KaBBIYKH, KaK, HAIIPUMep,

“9 cTpokoBas KOHcTaHTa"

HJIn

XY

/+ nycTaa cTpoka */

KaBbIuk¥ He BXOAST B CTPOKY, @ CJIyKaT TOJIbKO ee orpaHn4uTesssMu. Tak xe,
KaK ¥ B CHMBOJIbHblE KOHCTaHTbI, B CTPOKH MOXKHO BKJIIOYATDh 3CKeHI-noce-
J0BaTeNbLHOCTH; \", HaNpUMep, NpeAcTaBJiseT coboit ABOiHY 0 KaBbuky. CTpo-
KOBbIE KOHCTaHThl MOXKHO KOHKATEHUPOBATb (“CKJIeUBaTh”) BO BPeMsI KOMITH-
JIALMH; HATIPUMED, 3aITUCh BYX CTPOK

"3npagcTByit, mup!"”
SKBHUBAJIEHTHA 3aIIMCH OHOM CJIeLyIolleil CTPOKH:
"3npaBcTByi, Mup!”

YkazaHHOE CBOICTBO M03BOJIAET pa30MBATh IJIMHHbIE CTDOKH Ha YaCTH U pac-
[0J1araTh 3TH YaCTH Ha OTAENbHBIX CTPOYKAX.
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DakTHuecKH CTPOKOBast KOHCTAHTA — 3TO MACCHUB CUMBOJIOB. Bo BHyTpen-
HeM ITIpe/ICTaBJIeHNH CTPOKHM B KOHIIE 00s13aTeIbHO MPUCYTCTBYET HyJICBOI
cuMBOJ ' \0', TO3TOMY IaMSITH JJIs CTPOKH TpebyeTcs Ha oquH 6ait Go.ibure,
4yeM YHCJIO CHMBOJIOB, PACNONIOXKEeHHbIX MeX Iy ABOWHBIMH KaBblYKaMil. ITO
O3HaYaeT, YTO Ha JJIMHY 33/JaBaeMO}1 CTDOKH HET OrpaHHYeHHs, HO YTOObI Oripe-
LeNTDb ee ANMHY, TpebyeTcs NpocMOTpeTh Beko cTpoky. DyHkuus strien(s)
BLIYMCIISIET AJIMHY CTPOKY s 6e3 yuera 3aBepuiaoiero ee cuMsoa ' \0' . Huxe
TIPUBOAMTCS Hallla BePCUs 3TOM QyHKIMM:

/* strlen. Bo3BpaWaeT ANMHY CTPOKM S */
int strlen(char s[])
{
int 1;
i=0;
while (s[i] !'= '\0")
++1;

return 1i;

}

Oyukuus strlen 1 HEKOTOPBIE APYTHE, IPUMEHsIEMbIE K CTPOKAM, OTTUCAHbBI
B CTaHIapPTHOM 3aroJIoBOYHOM (aiise <string.h>.

Bynpre BHUMaTeNbHBI U IOMHUTE, YTO CIMBOJIbHAS KOHCTAHTA M CTPOKA,
coaepxalast OIMH CUMBOJI, HE OHO U TO Xe: 'X’ He TO Xe caMoe, uTo "x".
3anuch 'x' 0b03HAYAET 1eJI0€e 3HaYeHHE, paBHOE KOAY OYKBBI X U3 CTaHAAPT-
HOTO CMMBOJIbHOTO Habopa, a 3alKCh "x" — MacCUB CHMBOJIOB, KOTOPbIH CO-
epXUT oguH cuMBoJI (6yksy x) 1 '\0' .

B Cu uMeeTcs elne OHH BUI KOHCTAHTbI — KOHCIManma nepeyucienus . le-
peducieHHe — 3TO CIIMCOK HesbIX KOHCTaHT, Kak, HallpuMep, B

enum boolean { NO, YES };

TlepBoe ums B enun' uMeeT 3HayeHue 0, cienymoiuee — 1, ¥ T. . (€cu 1715t 3Ha-
YeHVH KOHCTaHT He 6110 SABHBIX crenudukauuii). Eciv He Bce 3HaueHus ce-
UuGUIMPOBAHBI, TO OHU MPOJOJIKAIOT IPOrPECCHIO, HAYMHAs OT IIOCJIEAHEro
cnenudHIHPOBAHHOIO 3HAYEHU, KaK B CIeAYIOUIUX IBYX TpUMepax:

enum escapes { BELL = '\a', BACKSPACE = '\b', TAB = '\t’,
NEWLINE = '\n', VTAB = '\v', RETURN = '\r' },

enum months { JAN = 1, FEB, MAR, APR, MAY, JUN,
JUL, AUG,.SEP, OCT, NOV, DEC };
. /+ FEB ecTb 2, MAR ecTb 3 n T1.4. */

' Ot anrsmiickoro ciiosa enumeration — nepeuucienne. — Ipumeu. peo.
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Vimena B pa3/MuHbIX MepPeYHCIEHUAIX AOJMXKHBI OTINYATLCA APYT OT ADyra.
3HaveHUst BHYTPHY OJHOIO NepevyHCIeHUsI MOTyT COBIa/laTh.

CpenctBo enum obecriednBaeT yAOOHBINA CIIOCOO NPUCBOMTh KOHCTAHTAM
HMeHa, IPUYeM B OTJINYHeE OT #define 3HaYeHUS] KOHCTAHT IIPH 3TOM criocobe
MOTYT FeHepHPOBaTbhCA aBTOMATUYeCKU. XOTs pa3peliaeTcsi 00bsIBIATD 1epe-
MeHHbI€e THIIa eNuM, OHAKO KOMITUJISTOD He 00513aH KOHTPOJIMPOBATh, BXOAAT
JIY TIPUCBaMBaeMble 3THM ITepeMEHHBIM 3HaueHHs B Mx TiI. Ho cama Boamox-
HOCTb TAaKOH NMPOBEPKH 4acCTO AeslaeT enum Jyuile, 4eM #define. Kpome Toro,
OTJIaYHK IT0JIy4aeT BO3MOXKHOCTD I1€4aTaTh 3HauYeH!s NepeEMEHHBIX TUIIa enum
B CHMBOJIBHOM BHJE.

2.4. O6bsBneHun

Bce TNEpEMEHHBIE NOJIXKHbI 6BITh 0OBABIIEHDI paHbllE€, YEM 6leyT HCIIOJIb30-
BaTbCsA, IIPHU 3TOM HEKOTOPLIE 06BsABIEHNS MOIyT OBITH TOJIy4Y€eHbl HEABHO —
u3 xoHTekcta. O6baBieHe cneumbnunpye’r THUII U COAEPXHUT CITMCOK U3 01~
HOH WJIH HECKOJbKUX NepeMEHHbIX 3TOr0 THUIIa, KaK, HallpUMED, B

int lower, upper, step;
char ¢, line [1000];

[lepeMeHHBIE MOXKHO PACIPEENATh 10 OObABIEHUSIM IPOM3BOIbHBIM 00pa-
30M, TaK YTO YKa3aHHBbIE BbIIlIE CIIUCKY MOXKHO 3aIIHCATh U B CJIeLYIOLIEM BUE:

int lower;
int upper,
int step;
char C;

char  1ine[1000];

Hocnenuss popma 3anucy 3aHnMaeT Goublile MeCTa, TeM He MeHee OHa JIyy-
111€, IOCKOJIbKY [O3BOJISIET 00ABIISTh K KaXKA0MY OObsIBJIEHHIO KOMMEHTapHI.
Kpowme Toro, ona 6osee ynobHa ay1s1 nociey0mmux MoAuGHKaIHii.

B cBoem 06bsBIEHNY TIEpeMEHHASI MOXKET ObITh MHUIIHATU3MPOBAHA, Kak,
HanpHuMep:

char  esc = "\\';

int i=0;

int limit = MAXLINE+T;
float eps = 1.0e-5;

WHnumnanusanus HeaBTOMaTHYECKON l'[epeMeHHOﬁ OCYIIECTBJISIETCA TOJIb-
KO OMMH pa3 — Iepej TeM, KaK ITporpaMMa HauHeT BBINIOJIHATLCS, [IPH 3TOM
Haya/ibHOE 3HaYeHHe NOJIKHO 6bITh KOHCTAHTHBIM BbIDaXXE€HUEM. ABHO UHU-
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[HaIM3MpyeMasi aBTOMATHYeCKas TepeMeHHas 10Jly4aeT HadalbHOe 3HaYeHne
KasK[blil pa3 1py BXoze B QYHKUHIO WK OJIOK, ee HauyaIbHbIM 3HAY€HUEM MO-
XeT 6bITb J11060€ BbipakeHHe. BHelHMe U cTaTHYeCcKHe TepeMeHHbIe 110 YMOJI-
YAHUIO TIOJIYYAIOT HyJIeBble 3HaYeHMsl. ABTOMaTHYECKHE IIEDEMEHHBIE, IBHBIM
06pa3oM He MHMI[HATU3NPOBAHHbIE, COMEPXKAT HEONpeaeeHHbIe 3HAYeHUs
(“mycop”).

K 0601t nepeMeHHO# B 00bABIEHHH MOXET ObITh IPUMEHEH KBATH(DHUKA-
TOp const I yKa3aHUA TOTO, 4TO ee 3HauYeHHe fanee He GyneT H3MEeHAThCS.

const double e = 2.71828182845905;

const char msg[] = "npepynpexgenue: "; .

IIpumeHHUTENBHO K MacCHBY KBaTH(HKATOP const yKa3bIBaeT Ha TO, YTO HU
OJMIH U3 €r0 3JIEMEHTOB He OYET MeHSThCs. YKa3aHHe const MOXKHO Takxke
IIPUMEHATH K apIYMEHTY-MacCHBY, 4T00ObI COOBLINTD, 4TO GYHKIMSI HE U3Me-
HSET 3TOT MacCUB:

int strlen(const char[] );

Peaxum{ Ha INONBITKY U3BMEHUTH NIEPEMEHHYIO, IOMEUEHHYIO KBaJIPl(])PIKaTO-
pomM con st, 3aBUCHUT OT peann3auy KOMIUJIATOPA.

2.5. ApudpmMeTunyeckue onepartopsbl

BunapHbiMu (T. €. ¢ ABYMs onepaHiaMu) apudMeTHIECKUMH OIlepaTopa-
MU ABJIAIOTCSA +, -, *, /, @ TAKXE ONEPATOP AeJieHus 110 Moaymio %. [lenenne
1eJIBIX COTNPOBOXKAAETCA OTOpachiBaHWEM APOOHOMN YacTH, Kakoil Obl OHa HU
ObLna. Beipaxenue

X %y

JlaeT OCTAaTOK OT AeJIEHUs X Ha Y U, CJIEJOBATENbHO, HYJIb, ECIIM X JEJTUTCS Ha Y
Hateso. Hanpumep, roz siBiisieTcs BUCOKOCHBIM, CJIH OH JEJIUTCS Ha 4, Ho He fe-
surest Ha 100. KpoMe Toro, roz siBisieTcss BACOKOCHBIM, ecJivt oH festuTest Ha400.
CrenoBaTebHO,

if ((year % 4 == 0 && year % 100 != 0 i} year % 400 == 0)
printf("%d BucokocHw rog\n", year);
else

printf("%d nesncokocHbi roa\n”, year);

OnmnepaTop % k onepaniam Tunos float u double He MpuMensiercs. B kakyio
CTOpOHY (B CTOPOHY YBeJMU€eHHsl WIH YMeHbIUeHUs 4ucia) byneT ycedeHa
Apo6Hasi YaCTb MPH BHITIOJHEHUH / M KaKUM OY/IeT 3HaK pe3yJibTaTa ONepaLny
% C OTpHLIATENbHBIMH OIlEpaHIAMH, 3aBUCHT OT MallIMHBI.
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Bunapnsie oneparopbl + M - UMEIOT OMHAKOBBIH IPUOPUTET, KOTOPLI HUXe
IIPUOPHUTETA OIIEPaTOPOB +, / U %, KOTOPBIH B CBOIO OYepeas HIKe IPHOPHUTETA
YHapHBIX ONIePaTOPOB + U —. ApudMeTHYeCcKHe ONlepalii OZHOTO TPUOPUTET-
HOTO YPOBHSI BBITIOJIHSIOTCS CJI€Ba HaIpPaBo.

B kon1e a0 r1asbl (naparpad 2.12) npuBoantes Tabnuua 2.1, B KOTOpOi
IIpeCTaBJIeHBI IPHOPUTETHI BCEX ONIepaTOPOB U OYePEeHOCTH UX BBINOJHEHUS.

2.6. OnepaTopbl OTHOLLIEHUNS
1 noruyeckue oneparopbi

OHCp&TOpaMPI OTHOLUEHHUA ABJIAIOTCA
> >= < <=

Bce oM uMeroT oauHakoBbli npuopuTeT. Cpasy 3a HUMM MIET NPHOPHTET
OIepaToOpOB CpPaBHEHHS Ha PaBEHCTBO:

Onepatopbl OTHOLIEHUS] UMEIOT OoJiee HU3KUI IPHOPUTET, YeM apudMeTH-
Yeckue, I03TOMY BbIpaKeHHe Bpoje 1 < lim-1 6yaeT BBINONHATBCS TaK XKe,
kak 1 < (lim-1), T. e. Kak Mbl ¥ OXKUAAEM.

Bouree nHTEpeCHBI TOTHYECKHE ONlepaTopbl && 1 | 1. BhipaskeHus, MeXay Ko-
TOPBIMU CTOST ONEePaTOpH! && WM | |, BRIYUCAAIOTCA CJleBa Hanpaso. Bel-
YHC/IeHYe NpeKpallaeTcs, KaK TOJbKO CTaHOBUTCSA M3BECTHA UCTUHHOCTD WIH
JIOKHOCTD pe3yibTaTa. MHore CH-porpaMMBbl ONMPAIOTCA Ha 3TO CBOMCTBO,
KaK, HallpuMep, KK U3 QYHKUMHU getline, KOTOPYIO Mbl IPUBOAMIIY B IN1ase 1:

for (i = 0; i < 1lim-1 && (¢ = getchar()) !'= EOF && ¢ != '\n'; ++i)
s[il=¢

Hpexme yeM YHUTaTh 04ePeAHOH CUMBOJI, HY>KHO TPOBEPUTD, ECTD JIU 7151 HETO
MeCTO B MacCHBE S, HHaye TOBODsI, CHayasla Heo6x00umo IPOBEPUTD COOIIOE-
Hyle ycnoBuA 1 < 1im-1. Ecn 310 ycioBYe He BBINOMHAETCS, MBI He JOJKHBI
IPOZOJIXKATh BBIYHCIIEHHE, B YaCTHOCTH YUTaTh CIeAyoImuil cuMBoJl. Tax xe
6b110 OBl HETPaBUJILHBIM CPaBHUBATH ¢ U EOF 110 oOpalienus K getchar; cieno-
BaTeJIbHO, U BbI30OB getchar, U MpUCBaBaHHeE JOJLKHbBI BHINOJHATHCSA Nepes
YKa3aHHOH IPOBEPKOii.

IIpuopurer onepaTopa && Bblllie, 4eM TaKOBOH OIlepaTopa ; |, 0XHAKO UX IIpH-
OPUTETHI HUXe, YeM IPHOPUTET OllepaTOpOB OTHOIIEHHA U paBeHCTBa. M3 cka-
3aHHOTO CJIEAYeT, YTO BhIpakeHH e BUAA

i < 1lim-1 && (c = getchar()) !'= '\n' && ¢ !'= EOF

He HyXJa€TCA B AOTIOJTHHUTE/IbHBIX ckobKax. Ho, Tak kak IIPUOPUTET | = BbILLIE,
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yeM PHOPHUTET NIPUCBaWBaHHUS, B
(c = getchar()) '= "\n'

ck00OKY HeOOXOAUMBI, YTOOBI CHAaYasIa BHITIONHKUTD [TPHUCBAUBAHHUE,  3aTEM CPaB-
HeHHeC '\n’.

[To onpenenenyo YNCTEHHBIM PE3YIbTATOM BbIYHUC/IEHUS BbIPAXKEHHUS OT-
HOIIEHHS WM JIOTHYECKOrO BbIPDA)KEHUS SIBJSIETCS 1, €CJIM OHO UCTHHHO, 1 0,
€CJIU OHO JIOXKHO.

YuapHublit oneparop ! npeobpasyet HeHysneBOil onepana B 0, a HYJb B 1.
O6b14HO OTIepaTop | UCMOB3YIOT B KOHCTPYKLMSAX BUAA

if (!'valid)
YTO 3KBUBaJIEHTHO
if (valid == 0)

TpyznHo cka3ars, kakas u3 ¢opm 3anucu ayuute. Koncrpykuus suga !valid
XOpo1i10 yrTaeTcs (“eCIv He MPaBUJILHO" ), HO B 60JIee CIOKHBIX BbIPAXKEHUAX
MOJKeT OKa3aThCsl, YTO ee He TaK-TO JIETKO MOHSATb.

Ynpaxkuenue 2.2. Hanumiire 1(MKJ1, 5KBUBAJIEHTHLIHA IPUBEIEHHOMY BbILIE
for-uKKIIy, He OJIb3YSACh OllepaTopaMH 8& H 1 :.

2.7. Npeobpa3zoBaHus TUMNOB

Ecnu onepanzpl onepaTopa NpHHAJIEXaT K pa3HbIM THIIaM, TO OHU [IPHUBO-
OSITCS K HEKOTOpoMy o61emy Tuity. IIpiBeneH1e BbITOIHSAETCS B COOTBETCTBHU
¢ He6Oo b IMM YK CIIOM NpaBuJl. O6BIYHO aBTOMATHYECKH IPOU3BOASATCS JIMIIb
Te npeoOpa3oBaHus, KOTOPbie O3 Kakoi-1160 noTepu MHGOPMALMHU IIpeBpa-
L[0T OTIePaH/Ibl C MEHBLIMM /IMANa30HOM 3HaYeHUH B ONEpaH/bI ¢ 601b M
[MANa30HOM, KaK, HallpuMmep, MpeoOpa3oBaHKe LEJOro B YUCIIO C IIaBaroIen
TOYKOH B BHIpaXKeHUH BpoZie f + 1. BolpaskeHus1, He UMeIOIHe CMBICIIA, HAIpH-
Mep YMCJIO ¢ ITaBaollei TOYKO# B pOJI HHIEKCa, He AONTyCKaloTCs. Bripaxe-
HUs, B KOTOPBIX MOIJIa OB TepsATbCs MHPOpMauus (CKaxeM, P IIpUCBaKBa-
HUH IJTMHHBIX LEJIBIX TepeMeHHbIM 60J1ee KOPOTKUX THIIOB HJIU NP IIPUCBAH-
BaHMU 3HaYeHUH C I1JIaBalolleif TOYKOM LeJIbIM IIepeMeHHbBIM ), MOTYT IIOBJIeYb
3a cob0il mpeayNnpexaeHne, HO OHU JOMYCTHMbI.

3HavyeHHs TUIA char — 3TO MPOCTO MaJible leNble, ¥ UX MOXHO CBOGOIHO
UCIOJIb30BaTh B apU(PMETHYECKUX BHIPOKEHUSX, YTO 3HAYHUTEIILHO ObIeryaet
BCEBO3MOJKHbBIE MAaHUITYJISILIMY C CUMBOJIaMH. B kauecTBe npuMepa npuseseM
IIPOCTEHBKYIO Peann3aLuio GyHKIMH atoi, npeobpasyrolieil ocIeq0BaTeb-
HOCTb LD B ee YUCI0BOI 9KBUBAJIEHT.
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/+ atoi: npeobpasosaHue s B uenoe */
int atoi(char s[1])
{
int i, n;
n=0; .
for (i = 0; s[i] >= '0" && s[i] <= '9"; ++i)
n=10n+ (s[i] - '0");
return n;

}
Kaxk MBI y>xe roBopuIH B I1aBe 1, BEIpaxkeHue
s[i] -'0’
[aeT YUCJIOBOE 3HaueHe CUMBOJIA, XpaHsulerocs B s[1], Tak kak 3HaYeHUs
'0',’ 1" unp. 06pasyIOT HENPEPHIBHY 10 BO3PACTAIONIYIO IOCJIEA0BATENbHOCTb.
Jpyroit npuMep npuBefeHus char K int cBs3aH ¢ byHkuueit lower, KoTo-
past oqMHOYHBIA cuMBOJ U3 Habopa ASCII, e/ OH ABJIsieTCA 3ar1aBHOM OYK-

BOM, IpeBpaInaeT B CTpOYHY0. Ecin xke cHMBOJI He ABJIAeTCA 3aT1aBHOM OyK-
BOI1, lower ero He U3MEHSET.

/* lower: npeobpa3oBaHne ¢ B CTPOuYHyl; Tonbko Ans ASCII =/
int lower(int c) '
{
if (¢ >='A" 8& c <= "2")
returnc + 'a’ - 'A’;
else
return ¢;

}

B cnyuae ASCII sta nporpamma 6yzeT paGoTaTh IPaBUIbHO, IOTOMY YTO MEX-
Iy ONHOVMEHHBIMH OYKBaMH BEDPXHETO U HIKHETO PETUCTPOB — OMHAKOBOE
paccrosiHue (ecy X paccMaTpUBaThb KaK YMCIIOBble 3HaueHus ). Kpome Toro,
JIATMHCKUM aaBUT — IJIOTHBIH, T. €. MeXAY OYKBaMM A U Z PacIoJIOKeHbl
Tos1bKO GykBbL. [l Habopa EBCDIC nocnentee ycioBue He BbINOTHAETCS,
¥ TI03TOMY Halla IPOrpamMMa B 9TOM ciyyae OyaeT npeobpa3oBbIBaTh HE TOJb-
KO OYKBBI.

CranaapTHbI 3aroyoBouHbIM Gaitn <ctype.h>, ONMCAHHBINA B MPUIIOXeE-
HuM B, onpezessieT ceMeiicTBo GYHKUH, KOTOPbIE MO3BOJISIIOT IPOBEPSATD
¥ 1pe06pa30BbIBATH CHMBOJIbI HE3ABUCUMO OT CUMBOJIbHOTO Habopa. Hanpu-
Mep, GyHKIHs tolower(c) Bo3BpaliaeT GYKBY C B KOJIE HUYKHETO PETUCTPA, €CIIH
oHa 6bLIa B KOJIe BEDXHETO PETUCTPa, TIO3TOMY tolower — YHUBepCaibHas 3a-
MeHa GYHKUUY lower, PACCMOTPEHHOH Bblllle. AHATIOTHYHO IPOBEPKY

c>='0" & c<="9"
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MOX>XHO 3aMEHHUTb Ha
isdigit(c)

[anee Mbl OyzieM 10J1b30BaThCsA QYHKIUUAMU U3 <ctype. h>.

CyiecTByeT 04Ha TOHKOCTb, Kacaouasics npeobpa3oBaHus CAUMBOJIOB
B lleJIble YHCJIa: SI3bIK He ONpefesiseT, IBAAI0TCA M lepeMeHHble THIIa char
3HAKOBbIMH WM Oe33HakoBbIMU. [1pu nipeobpasoBanuu char B int MoxeT u
KOTZa-HUOY b IIOIYYUThCA OTpULaTeNbHOE Lenoe? Ha MaunHax ¢ pasHoi ap-
XHTeKTYPOH OTBEThl MOTYT OTIHYAThCs. Ha HEKOTOPHIX MAlIMHAX 3HAYEHHE
THIa char ¢ eIMHUYHBIM CTapIIUM OUTOM Oy/IeT NpeBpalieHO B OTPUIATENb-
Hoe 1eJioe (TOCPeACTBOM “pacnpocTpanenus 3Haka”). Ha xpyrux — npeobpa-
30BaHMe char B int ocyuiecTBasercs no06aBieHHeM HYJel CieBa, U, TAKUM
06pa3oM, nosryyaeMoe 3Ha4eHHe BCETAa MOJIOKUTENbHO.

TapaHTHpyeTCs, 4TO J1E060# CUMBOJI U3 CTaHAAPTHOTO HabOpa eYyaTaeMbIX
CHMBOJIOB HUKOI'Ja He Oy eT OTPULATEbHBIM YHCIIOM; IO3TOMY B BbIpaXKeHHU-
AX TaK1e CHMBOJIbI BCET1a ABJISIIOTCS MOJI0XKUTEeNbHBIMH onepanaamu. Ho mpo-
M3BOJIbHBII1 BOCbMHUOUTOBBIN KO/ B IEPEMEHHOMN THMa char Ha OQHUX Malliu-
Hax MOXET ObITh OTPULATEIbHBIM YHCJIOM, a Ha APYTUX — MOJOKUTETbHbIM.
[17151 coBMeCTMOCTH TepeMeHHble THIIA Char, B KOTOPBIX XPaHATCS HECUMBOJIb-
Hble JaHHbIe, CieayeT crennduupoBaTh IBHO Kak signed Min unsigned.

OTHoulleHH BpOZe 1 > j M IOTHYeCKHe BhIP)XEHM s, lepeMexaeMble onepa-
TOpaMHU && U | i, ONIPEeAeNIAI0oT BhIpaXKeHHe-yCa0BHe, KOTOpOe UMeeT 3HayeHue
1, eCJIM OHO UCTUHHO, U 0, ecsiu 10XHO. Tak, IpucBauBaHHe

d=c> "0 & c<="9

yCTaHOBUT d B 3HaUeHwUe 1, ecyu ¢ ecTh uKudpa, ¥ 0 B MpoTHBHOM cirydae. OqHa-
K0 GyHKUMH, Tog06HbIE 15digit, B Ka4eCcTBe HCTHHBI MOTYT BblAaBaTh Jir0b0e
HeHyJieBoe 3HaueHHe. B MecTax nposepok BHYTpH if, while, for u np. “ucru-
Ha" TPOCTO O3HAYaeT “He HyJb .

HesiBHble apudMeTnyeckie MpeoOpasoBaHusl, Kak IPaBHJIO, OCYIIeCTBIIs -
IOTCSA eCTECTBEHHBIM 00pa3oM. B 0b1ieM cirydae, Koraa onepatop BpOAe + UK
« ¢ IByMsl onepanaamu (OMHAPHbIHA ONlepaTOp) UMeeT Pa3HOTUIIHBIE ONlepaH-
b1, IPESKIE YeM OTIepallMsi HAUHET BBINOJHATHCS, “HU3LINE” THII n08bluaemcs
10 “seiciero”. Pe3ysbTat Gynet uMeTh BeICIuME TUIL. B naparpade 6 npuioxe-
Hus A npasusia npeobpasosanusi chopmynuposansl TouHOo. Eciu e B BbIpa-
KEHHH HeT 6e33HaKOBBIX ONEPAaH/I0B, MOXHO YAOBIETBOPUTBCS CIIEAYIOIMM
Hab0poM HehOPMATBHBIX IIPABUL:

¢ Eciu kaxoii- 1160 13 onepaHioB IPUHAIIEXUT TUITy long double, TO U ApY-
roi npuBoAuTCs K long double.

* B npoTUBHOM Cily4ae, eC/IM KaKOi-1160 U3 ONlepaHI0B IIPUHALIEXUT TUITY
double, TO ¥ Apyro# MpUBOAUTCS K double.
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* B npoTuBHOM ciyyae, eciii Kakoii-11u60 U3 ONepaH/0B IPUHAIIERKUT TUITY
float, To 1 Apyroil npuBoauTCA K float.

* B n1poTUBHOM cjyuae onepaHzbl TUIIOB char ¥ short MPHUBOAATCA K int.

* 1 nakoHel, ec1y O4UH U3 OIlepaH/I0B THIIa 1ong, TO U IPYTOH NPUBOJUTCS
K long.

3ameTHMm, 4TO onepaHAbl TUIa float He IPUBOAATCS ABTOMATUYECKH K THILY
double; B3TOM AaHHasl BEPCHS s3blKA OTJIMYAETCS OT TepBOHaYasbHOit. Boob-
1I€ TOBOPS, MaTeMaTHYecK1e byHKINH, aHaJIOTHYHble COOPaHHBIM B 6ub1HO-
Teke <math.h>, 6a3MpyI0TCs HA BLIYUCIEHUSIX C ABOMHOI TOYHOCTBIO. B 0cHOB-
HOM float MCIIOMIb3yeTCs AJ1s1 SKOHOMHUI NaMsATH Ha 6OJIbIIMX MAcCHBaX U He
TaK 4acTo — AJIS YCKOPEHHs cueTa Ha TeX MalllHaXx, rje apudMeTHka c [BOM-
HO TOYHOCTbIO CJIMIIKOM AOPOTa C TOYKU 3PeHH st pacXo/a BpeMEeHH U aMSITH.

TIpaBua npeo6pa3oBaHms YCIOKHAIOTCS C NOSBIEHUEM ONlEPAH/OB THIIA
unsigned. IIpo6ieMa B TOM, YTO CpaBHEHU S 3HAKOBBIX U GE33HAKOBBIX 3HaYe-
HUIi 3aBUCAT OT pa3MepOB 1[eJI0YHCIeHHBIX TUIIOB, KOTOPbIE Ha Pa3HBIX MalIH-
Hax MOryT orauyarbcs. Ilpeanonoxum, yTo 3HaveHHe TUINA int 3aHUMaeT
16 6uTOB, a 3HaYeHue THna 1ong — 32 6ura. Toraa -1L < 1U, mockosbky 1U npu-
HaJUIEXUT TUITY unsigned int u noBblimaeTcs A0 THMa signed long. Ho -1L > 1UL,
Tak Kak - 1L noBellIaeTcs A0 THIA unsigned long ¥ BOCTIPUHUMAETCS KAk 6o1b-
I10€ I0JIOKUTEIbHOE YUCIIO.

[Ipeo6pa3oBaHUs UMEIOT MECTO ¥ IIPU IPHCBOEHUSIX: 3HAYEHUE IIPABOH Ya-
CTH NIPHUCBOEHHUS NPUBOAUTCA K THUILY JIEBOH YacTH, KOTOPBIH U ABJISIETCS TH-
IIOM pe3yJibTaTa.

Tun char mpespaljaercsi Bint nyteM pacnpocTpaHeHHs 3HaKa WM IPYTHUM
ONMCAHHBIM BbILIE CIIOCOHOM.

Tun long int mpeobpasyioTes B short int MM B 3HaueHHS THIIA char TIy-
TeM 0TOpachIBaHUS CTapLInX pa3psizios. Tak, B

int 1,
char c;
1i=c;
c =1,

3HaYeHUe C He U3MEHUTCS. JTO CIpaBeINBO HE3aBUCUMO OT TOTO, PacIpocT-
paHsieTCsl 3HaK NPH NepeBode char B int wiau HeT. OAHAKO, eC/IM U3MEHUTD
0YepeaHOCTb IPHCBAaUBAHMIL, BO3MOXHA OTePst HHDOPMaIVH.

Eciu x npunagnexxur tuny float,ai — tumy int, Tou x = i, M i = X BBI3OBYT
npeobpa3oBaHusl, IpHYeM NepeBof float Bint conpoBoskaaeTcst 0TOpachiBa-
HueM apobHo# yacti. Ecin double nepesoautcs Bo float, To 3HaueHue 1160
OKpyrJsieTcs, 160 06pe3aeTcs; 3TO 3aBUCHT OT PEATH3ALIHH.

Tak kak apryMeHT B BbI30Be (DYHKIMH eCTh BbIDaXKeHHe, TIPH Tlepesiaye ero
(dYHKIMHU TaKXe BO3MOXHO MpeobpasoBanue TUMA. [Ipr OTCYTCTBUH MPOTO-
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Tuna GyHKIWH apIYMeHTHI THIa char M short nepesoasTcs B 1nt, a float —
B double. BoT mouemy Mbl 06DBsBISLIM apIryMEHTBI THIa int wJiu double maxe
TOraa, KOraa B Bbi30Be DYHKIMH MCIOJIb30BAJIM apryMeHThI THIIA char WK
float.

U HakoHel, 11st 1060r0 BoIpaXKeHUs: MOXHO SIBHO (“HacHJILHO") yKa3aTb
npeobpa3oBaHKe ero THUIIA, UCIIOJIb3Y sl YHAPHbIH OIIepaTop, Ha3blBaeMbIU npu-
sedenuem. KoHCTPYKILMS BUIA

(uma-muna) evipaxcerue

TIPUBOMIUT BbIPANCEHUE K YKA3aHHOMY B CKOOKAX THILY I10 IIEPeYrCIIEHHBIM BbILIE
npasuiaM. CMbIC]T ONlepalHi NIPUBEAEHHS MOXXHO TPeACTaBUTH cebe Tak:
évbipascerie Kak Obl IPHCBaMBAETCs HEKOTOPOM NEPEMEHHOM YKA3aHHOTO THIIA,
U 9Ta IlepeMeHHas KCII0JIb3yeTCst BMECTO Beeit KoHCeTpykiuu. Hanpumep, 6u-
6noteunast GyHKUMS sqrt paccYMTaHa Ha apryMeHT THIa double U BbIZaeT
YernyXxy, ec/iv efl MoACYHYTh 4To-HUOY b Apyroe (sqrt omucana B <math.h>).
[TosToMy, ecyiv n UMeeT LeJIOYHCAEHHbIH THI, MBI MOXKEM HalKcaThb

sqrt((double) n)

W 1iepel TeM, KaK 3HaueHue n Gyzet nepenano GyHKUMH, OHO OyneT repeBese-
Ho B double. 3aMeTHM, YTO ONlepalks IPUBEAEHUS BCETO JIMLIL BblpabaThiBaeT
3HaueHue N YKA3aHHOTO THIIA, HO caMy IlepeMeHHYIo n He 3arparusaeT. I[Ipu-
OpHTET OniepaTopa IPUBEEHHUS CTOJIb e BbICOK, KaK U JII0O0r0 YHapHOTO olle-
patopa, 4To 3aMKCHPOBAHO B TabJIM1le, IOMELIEHHOM B KOHIIE 3TOM [JIaBHI.

B ToM ciiyyae, KOTza apryMeHTbI OTIHCaHbI B TPOTOTHITE PYHKLUH, KAaK TOMY
U clieyeT GbITh, IPH Bbi30Be GYHKIMY HYXKHOE Tpe0Opa3oBaHHUe BBIIIOJIHSET-
cs1 aBTOMaTH4ecKH. Tak, Ipy HATMYMK NPOTOTHNA QYHKUMHK sqrt:

double sqrt(double);
nepen oOpalieHHeM K sqrt B IPUCBaMBaHUH
root2 = sqrt(2);

uesoe 2 6yeT nepeBeaeHo B 3Hauenue double 2.0 aBToMaTHuecKH Oe3 SBHOrO
YKa3aHus onepalyy IpUBeIeHNs.
Onepanuio NpyUBeIeHNs PONJITIOCTPHPYeEM Ha NEPEHOCUMOM BEPCHH re-
LAY

HepaTopa ICeBAOCTyYalHbIX YKce U GYHKUUH, MHULHATH3NpYolei “ceMs”.
U renepatop, ¥ GYHKIMA BXOAAT B CTAHAAPTHYIO OUOIMOTEKY.

unsigned long int next = 1;

/+ rand: Bo3spawaeT ncesgocnydaiitoe uenoe 0...32767 =/
int rand(void)
{

next = next » 1103515245 + 12345;
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return (unsigned int)(next/65536) % 32768;

/* srand. ycTaHasnusaeT "cema” ans rand() =/
void srand(unsigned int seed)
{

next = seed;

}

Vnpaxuenue 2.3. Hanumunre dbyuxuuio htol(s), kotopast npeobpasyer
HOCJIENOBATENIbHOCTD IeCTHAAATEPHYHbIX LIUGP, HAYHHAOINYOCS ¢ 0X WU
0X, B cootBercTByoIee Lenoe. lllecTHaanaTepuyHbIMEU U PaMH SBISIOTCS
cumBonnl 0...9, a...f, A...F.

2.8. OnepaTopbl UHKPEMEHTa U AeKpeMeHTa

B Cu ecTb 1Ba HEOOBIYHBIX ONEPATOPA, IPEAHA3HAYECHHBIX [ YBETUYEHUS
U yMeHblIeHUs niepeMeHHbIX. OnepaTop HHKpeMeHTa ++ fobassier 1 k cBoeMy
orepaHy, a OnepaTop AekpeMeHTa -~ BelunTaeT 1. Mbl y>ke HEOAHOKPATHO HC-
[OJIb30BAJIH ++ [JIs1 HADAIIMBAHUS 3HAUEHUS IEDEMEHHBIX, KAK, HAIPHMED, B

if (c =="\n")
+nl,

Heo6bIYHOCTb ONEPATOPOB ++ U ~= B TOM, YTO X MOXKHO HCII0JIb30BaTh
1 Kak npeduxcHbie (OMeIast nepes NepeMEHHOMN: ++n), U KaK MOCT(HUKCHBIE
(TIoMelasi ocIIe epeMEeHHOIA: n++) orepatopsl . B 060ux ciyyasix 3HaYeHHe n
yBeJIM4MBaeTcs Ha 1, Ho BBIpasKeHHe ++n yBEIMYMUBAET N 00 TOTO, KK €ro 3Ha-
yeHue OyneT UCIOIb30BaHO, a N++ — nocie Toro. IIpeAnonoxumM, 4To n co-
IEPKUT 5, TOTHA

X = N+t
YCTaHOBUT X B 3HAYEHHE 5, 2

X = +n;
YCTaHOBMT x B 3HaueHue 6. 1 B ToM 1 apyrom ciiydae n ctaseT paBHbiM 6. Ore-
paTopbl MHKPeMeHTa U JeKpeMeHTa MOXKHO NIPUMEeHATD TOJIbKO K IEPeMeHHBIM.
Bripaxxenus Bpoze (i+])++ HEJOMYCTHUMBI.

Ecnu TpebyeTcst TOMBKO yBETUYNTD WK YMEHBIIUTh 3HaYEHHE [IepEMeH-
HOU (HO He IOJYYUTD ee 3HaueHHe ), KaK HallprMep

if (¢ =="'\n")
nl++;
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TO 6e3pas3IM4HO, KaKOH Oreparop BbIGpaTh — MPepUKCHBIA WM MOCT(UKC-
ublit. Ho cymecTBy10T ciTyanny, korga Tpebyercsi onepatop BIIOJIHe OTpesic-
sierHoro tuna. Hanpumep, paccMotpuM dyHKuHMIO squeeze(s, ¢), KOTopast ya-
JISIET U3 CTPOKH S BCE CHMBOJIBI, COBIAfAoIILeE C C:

/* squeeze: yaanaeTt Bce ¢ U3 s */
void squeeze(char s[], int c)

{
int 1, j;
for (i = j =0; s[i] t= '\0' i++)
if (s[i] !=¢)
s[j++] = s[1i];
s[i] = '\0";

}

Kaxc,amifx pa3, Korzaa BCTpevaeTcsa CUMBOUI, OTJIMYHBIN OT C, OH KOITUpYETCA
B TEKYLIYIO j-10 MO3UIIUIO, U TOJBKO II0CJIE 3TOTO nepeMeHHast j yBeJIN4HUBa-
eTcsi Ha 1, IOATOTaBJAMBasICh TAKUM o6pa30M K IIpUeMYy caeayrouero CHMBOJIa.
ITO B TOYHOCTH COBIIAAAET CO CJACAYIOLINMH JNEeUCTBUSMU:

if (s[i] '=¢) {
s{ji] = s[i];
Jt

}

[ pyroit npuMep — bynkuus getline, kOTopas HaM M3BeCTHa IO riase 1.
IIpuBeneHHy!0 TaM 3anuch

if (¢ =="\n") {
s[i] = c;
++1:

}

MOXHO TlepenucaTh 60jiee KOMIAKTHO:
if (¢ =="'\n")
s[i++] = c;
B kauecTBe TpeThero npuMepa pacCMOTDUM CTaHAAPTHYI QYHKHUIO
strcat(s, t), KOTOpasi CTPOKY t IIOMellaeT B KOHel| CTpOKH s. [Ipeamnosnaraercs, yro
B S IOCTATOYHO MeCTa, YTOOBI Pa3MeCTHUTh TaM CYMMapHYIO CTPOKY. M bl Harvcanu

strcat Tak, 4TO OHa He BO3BpaIae€T HUKAKOro pe3yabTata. Ha camoM nene 6u-
6sMoTeyHas strcat BO3BpalllaeT yKasaTeslb Ha Pe3y/IbTHPYIOILYIO CTPOKY.

/+ strcat: noMewaeT t B KOHEl S; S AOCTATO4HO Bennka */

void strcat (char s[], char t[])
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int 1,j;

i= J = O,
while (s[i] !'= "\0") /* HaxoauWM KOHeu s */
it++;

while ((s[i++] = t[j++]) != '\0’ ‘/* Konupyem t */

IIpu xonupoBaHMH OYePeIHOr0 CUMBOJIA U3 t B S IOCT(HHUKCHBII ONepaTop ++
IIPUMEHSIETCS U K 1, U K j, 4TOObI Ha KQXKAOM ILiare IIMKJIa IepeMeHHbIe 1 U j
[PaBHJIBHO OTCJIEXKHUBAIH IIO3ULMH IIePEMELIaeMOro CUMBOJIA.

Vupaxuenue 2.4. Hanumute Bepcuio dyHkunu squeeze(s1,s2), kotopas
yaanset U3 s1 Bce CHMBOJIbL, BCTPeYaoluecs: B cmpoxe s2.

Vnpaxuenne 2.5. Hanumure dpynxumo any(s1, s2), KOTopas BO3Bpamiaer
160 Ty MO3UUKMIO B $1, Tie CTOUT MEPBbIA CHMBOJI, COBIABIIH C IIOOBIM U3
CHMBOJIOB B 82, 160 -1 (€C/I1 HY O{H CHMBOJI U3 S 1 He COBIIalaeT C CHMBOJIaMU
u3 s2). (CrangaptHas 6ubnnoteynas GyHKUMS strpbrk geJaeT To e caMoe,
HO BBIZIaeT He HOMeP NO3UIHH CUMBOJIA, 8 YKa3aTeslb Ha CUMBOJL.)

2.9. MobutoBble onepatopbl

B Cu uMeloTcs 1mecTb onepaTopoB il MaHUIYJIMPOBaHus ¢ Outamu. Mx
MOXHO NPUMEHATD TOJIBKO K LIEJIOYUCTIEHHBIM OllepaH/iaM, T. €. K OllepaHiaM
TUIOB char, short, int ¥ long, 3HaKOBBIM 1 6E33HAKOBBIM.

& — nobutosoe 1.

' — nobutosoe NJIN.

~ — nobutosoe uckiouaouee MU,
<« — CZIBWT BJIEBO.

>> — CHBWT BIIPaBo.

~ — nobuTOoBOE OTpULAHKE (YHAPHBII).

Oneparop & (noburosoe 1) yacto ucnosnbayercs Ajis 0OHYJIEHUS] HEKOTO-
poii rpynmnsl pa3psinos. Hanpumep

n=n&0177;

O6HyJI$ICT B N BCe pa3psAAbl, KpOME MJIaJIIHUX CEMU.
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Oneparop ! (noburtoBoe MJIN) npuMeHS[OT 1151 yCTAaHOBKY pa3psiioB; Tak,
x = x 1 SET_ON;

yCTaHaBJIMBaeT eIMHULIBI B TEX Pa3psAdax X, KOTOPBHIM COOTBETCTBYIOT €AVHHU-
1l B SET_ON.

Oneparop * (11o6urtoBoe uckodaroiee VJIM) B kaxaoM paspsiie ycraHo-
BUT 1, €CJIM COOTBETCTBYIOIIYE Pa3Psbl OTlepaH0B UMEIOT Pa3JIMYHble 3Haye-
Hus, ¥ 0, KOria OHY COBIIAAAIOT.

[lopa3psiiHble onepaTopsl & U | ceayeT OTJIMYaTh OT JIOTHYECKUX OIlepaTo-
pOB&& U |}, KOTOPbIE NPH BBIYMCJIEHUH CJIEBA HATIPABO JAIOT 3HAaY€HUE UCTHH-
HocTH. Hanmpumep, eciiit x paBHO 1,2 y paBHO 2, TO X & Y AaCT HyJlb, aX && y —
eqUHULLY.

OnepaTopsl << 1 >> CABUTaIOT BJIEBO WM BIIPaBO CBOM JIEBbIH ONepaHA Ha
YHCII0 OUTOBBIX O3, 3a1aBaEMOE IIPABBIM OIIEPAH/IOM, KOTODBIH T0JIKEH
ObITb HEOTPUIIATENbHBIM. Tak, x << 2 CABUraeT 3HAYEHHE X BJIEBO Ha 2 MO3H-
1IMH, 3aTI0JIHASA 0CBOOOXAAIOIHECs OUTBI HYJIAMHU, YTO IKBUBATEHTHO YMHO-
XeHuIo x Ha 4. CBUT BIpaBo Ge33HAKOBOIA BETMYMHBI BCETZa COMPOBOXAAET-
Csl 3anoJIHEHHEM 0CBOOOXAAIOMUXCS pa3psaaoB HyisimMu. CABUT BIIPaBO 3Ha-
KOBOH BeJIMYMHBI HA OJHUX MaLIMHAX IPOMCXOAMT C paclpOCTpaHeHHeM 3Ha-
Ka (“apudMerryeckuit casur’), Ha APYrux — C 3aMOJHEHHEM 0CBOOOXAAK0-
IUXCs Pa3psiI0B HYJIIMH (“7IorM4eckuit cABur”).

YHapHBI# onepaTop ~ NOpaspsAaHO “obpamaer” UeJioe T. e. IpeBpallaeT
KaXKIbli eJMHUYHBIA OUT B Hy 1eBO# U Hao6opot. Hanpumep

X = x & ~077

06HyJIs€eT B X ocsieaHue 6 pa3psinoB. 3aMeTHM, YTO 3a1IKCh X & ~077 He 3aBU-
CHUT OT JJIMHBI CJI0Ba, U, CJIef0BaTeIbHO, OHa Jyylie, yeM x & 0177700, no-
CKOJIbKY MOC/IE[HSAS TIOAPa3yMeBaeT, 4To x 3anumaeT 16 6utos. He 3aBucumast
OT MaIuHbI hopMa 3anucy ~077 He IOTPeOYET AOMOTHUTENbHBIX 3aTPAT [PH
cuete, Tak Kak ~077 — KOHCTAHTHOE BbIPAXXEHHE, KOTOPOE OYAET BBIYHUCIIEHO
BO BpeMs KOMITHJISILIUU.

JI1s WIUTIOCTPALMK HEKOTOPBIX TIOOUTOBBIX OIEPALMil PACCMOTPUM (BYHK-
ummo getbits(x, p, n), KoTopas GopMUpYET 1oJie B n GUTOB, BLIPE3AHHbIX U3 X,
HAYMHAsE C HO3UIHMH p, IPHXKMUMas ero K paBoMy kpaio. [Ipeanonaraercs, 4to
0-# 6UT — KpallHUI TPaBblil OUT, @ N U P — OCMBICJIEHHBIE MIOJIOXHUTEIbHbIE
qncia. Hanpumep, getbits(x, 4, 3) BepHeT B kayecTBe pe3yibraTa 4, 3 u 2-i1
OUTbI 3HAYEHHA X, IPUXKHUMas UX K IpaBOMY Kpato. BoT ata yHkuus:

/* getbits: nony4aeT n OWT, HaumHas C p-1 nosnuun =/
unsigned getbits(unsigned x, int p, int n)
{

return (x > (p+1-n)) & ~(~0 << n);
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Bripakenue x >> (p+1-n) CABUraeT HYKHOe HaM [10JIe K TpaBoMy Kpatw. Kou-
cranTa ~0 COCTOUT M3 OQHUX eAMHMULI, U ee CABUT BJIEBO Ha n 6UT (~0 << n)
HPUBELET K TOMY, YTO IIPaBblif KPail 3TOI KOHCTAHTHI 3alMYT N HYJIEBBIX pa3-
psnoB. Eme oana onepauusi nobuTOBONH HHBEPCHH ~ MO3BOJISAET MOTYYHThH
CTpaBa n equHHL.

Yupaxxnenne 2.6. Hanumure dynkimio setbits(x, p,n, y), BO3Bpamamiyo
3HaYEHHE X, B KOTOPOM N GUTOB, HAYMHASI C P-1 TTO3MLIMH, 3AMEHEHbI Ha N IPaBbIX
paspsaaoB U3 y (OCTabHble GUTHI HE UBMEHSIIOTCS).

VupaxHenue 2.7. Hanumure dpyHkuuio invert(x,p,n), BO3BpaI[aONIYI0
3HAYEHME X C THBEPTUPOBAHHBIMHU N OUTAMH, HAUMHAS C TO3ULHH p (OCTajIbHbIe
OUTHI HE UBMEHSIOTCA ).

Vnpasknenue 2.8. Hannmure dynxiumio rightrot(x, n), KoTopasi {HKIMIECKH
CBUTaeT X BIIPABO Ha n pa3psao0B.

2.10. OnepaTopb! U BbipaXeHUs NpucsanBaHus

BripaxeHue
i=1+2
B KOTOPOM CTOSIIas1 CJIeBa llepeMeHHast IOBTOPSIeTCS U CIIPaBa, MOXKHO HaIlH-
caThb B CXKaTOM BUJE:
1+=2
Onepatop +=, KaK U =, Ha3bIBAETCA 0NEPAMOPOM NPUCEAUEAHUSL.
BosbinHCTBY GMHAPHBIX 0NepaTOPOB (aHATOTHYHBIX + M UIMEIOLUX JIEBBIN

Y IIPaBbIi OTIePaH/Ibl ) COOTBETCTBYIOT ONlepaTophl IPUCBANBaHUs OpP=, TLIE Op —
OJIVH U3 ONEPaTOpPOB

+ - /% <> & N
Ecnu 6oip, 1 661p, — BbIpaXEHHUS, TO

evip, Op= 6vIp,
3KBHBAJIEHTHO

evip, = (8v1p,) op (6bip,)

C TO# UL Pa3HUIIEH, YTO 6bip, BHIYUCIAETCS TOJbKO OUH pa3. ObpaTuTe
BHIMaHHe Ha CKOOKH BOKDYT 8bip,:

X *=y +1
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3KBHUBAJIEHTHO
X=x=*(y+1)
HO He
X=x*y+1

B xauecTBe npuMepa npuBeneM GYHKIMIO bitcount, MOACYHTHIBAIONIYIO
YHCJIO eJMHIYHBIX GHTOB B CBOEM apTyMEHTe LeJI0YHCIEHHOTO THIIA.

/+ bitcount: nogcuyeT eguHuy B X */
int bitcount( unsigned x)

{

int b;
for (b=0; x '=0; x >=1)
if (x & 01)
- b+
return b;

}

HesaBucumo OT MauvHbl, Ha KOTOpOi Gy et paboTaTh 3Ta porpamma, 06bsis-
JieHHe apTYMEHTA X KaK unsigned rapaHTHPYET, YTO IPH [IPABOM CABHIE OCBO-
6oxnarouyecs GUTHI OYAYT 3aMONHSITHCA HYJIAMH, 2 HE 3HAKOBBIM OUTOM.

TToM¥MO KPaTKOCTH OIIEPATOPbI IPUCBAUBaHKs 00JIaAI0T TEM IIPEUMYIIie-
CTBOM, 4TO OHU 60JIee COOTBETCTBYIOT TOMY, KaK YeJI0BEK MBICJIUT. Mbl rOBO-
puM “npubaBuTh 2 K 1” WK “yBeNMYnTh 1 Ha 2”, a He “B34Tb 1, 106aBUTD 2 U
3aTeM BEpHYTb Pe3yJIbTaT B 1”, TaK YTO BhIpaKeHHUe 1 += 2 myyiie, yeM 1 =1 + 2.
KpoMe Toro, B CJIOKHBIX BHIDLKEHUSX BPOJE

yyvallyypv[p3+p4] + yypv[p1+p2]] += 2

6s1aroaapsi onepaTopy NPMCBANBAHMSA += 3aIIUCh CTAHOBUTCSI 60Iee IETKON A5t
TNOHMMAHHSI, TAK KAK YATATEJTIO [IPU TAaKO# 3aIiCH He IOTPeOYeTCs CTapaTesbHO
CpPaBHMBATh [Ba JAJIMHHBIX BbIPR)XEHHs, COBIIANAIOT JI1 OHH, MJIM BBIACHSAT,
n0YeMy OHH He coBrazaioT. CieyeT IMeThb B BUAY U TO, YTO OXOOHBIE OTlepa-
TOpBI IPMCBaUBaHKUsI MOTYT [IOMOYb KOMITUJIATOPY CreHepupoBathb Gostee ad-
(bexTUBHBIH KO

M3l yxe BUIENH, 4TO IIPUCBAHBAaHUE BbIPAbATHIBAET 3HAYEHHE U MOXET
IIPUMEHSATHCS BHYTPH BBIPQXKEHUST; BOT CAaMBblil PaCX0XHUI TpUMep:

while ((c = getchar()) != EOF)

B BRIpakeHUSX BCTPEYalOTCA U APYTHe onepaTophl NPUCBaUBaHUS (+=, -=
U T. 1.), XOTS U pexe.

Tunom u 3HayeHreM M10O0ro BhIpaXkeHUs NPUCBAUBAHUS SBJIAIOTCS THII
Y 3HAYEHMeE ero JIeBOro OlepaH/ia Mocje 3aBeplieHus NpUcBauBaHuUsl.
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Ynpasknenue 2.9. [IpyMeHNTENbHO K UMCIaM, B TIPEACTABJIEHHH KOTOPBIX
UCTIOJIb30BaH JOMOJHUTENbHBIA KO/, BbIpAXKeHHe X &= (x-1) YHMYTOXKAEeT
camyto ripaByio 1 B x. O6bsicHute, nouemy. Mcnoss3yiite 310 Habmoxenue npu
Hanucannu 6oee 6pIcTpOro BapuanTa byHKUMHM bitcount.

2.11. YcnoBHble BbipaxeHus
WHucrpykuun

if (a > b)
z = a,
else
z = b;

TepecHIIAOT B Z Hosiblliee U3 ABYX 3HAYEHHUH a U b. Ycnosnoe svipacenue,
Hal{CaHHOE C HOMOILbIO TEPHAPHOTO (T. €. IMEIOLIero TPH ONlepaH/a) onepa-
Topa “?:”, mpeAcTaBseT coO0M APYroii criocob 3aIucy 3Toi ¥ MOA0OHBIX eit
KOHCTpYKUui. B BrIpaxkeHun

6oip, ? 8bip, : 6bIP,

TIEPBBIM BHIYUCIAETCA BbIpaXeHHUe 6vip . Eciu ero snauenve He Hysb (MCTH-
Ha), TO BBIYMCJIAETCS BHIPAXEHHUE 6biP,, U 3HaYEHHE STOTO BhIPaXKEHHUS CTaHO-
BUTCA 3HaYeHHEM BCEr0 YCJIOBHOTO BhIPKEHUA. B IPOTUBHOM ci1y4ae BbIYHC-
JISETCSl BBIDRKEHHE 6biD;, M €T0 3HAYEHUE CTAHOBUTCA 3HAYEHHEM YCJIOBHOTO
BbIpaxeHus. CliefyeT OTMETUTD, YTO U3 BHIPXKEHUH 6bip, U 61D, BBIYUCISA-
€TCsl TOJIbKO OHO M3 HUX. Takum 06pa3oM, 4ToObl YCTaHOBHUTSD B z GoJibLiee
U3 a ¥ b, MOXKHO HamucaTh

z=(a>b)?a:b; /* z = max(a, b) =/

Cremyer 3aMeTHTb, YTO YCJIOBHOE BbIpaXKeHHE U B CaMOM JieJie SIBJISETCS
BBIPXXEHHEM, U €r0 MOXKHO HCITOJIb30BATh B JIOOOM MeCTe, Te AO0IyCKaeTCs
BeIpaxeHue. Eciv 6bip, M 6bip; IDMHAAIIEXAT PA3HBIM TUIIAM, TO THIL PE3YJIb-
TaTa ONpeJessieTcs IPaBUIaMH IIPeoOpa3oBaHuMs, O KOTOPBIX LLJIa PeYb B 3TOH
rnase paHee. Hanpumep, eciiu f umeer tun float, a n — THm int, TO TUIIOM
BbIpa’KEHU

(n>0)?2f:n

6yznet float BHe 3aBMCMMOCTH OT TOTO, TOJIOKUTENBHO 3HAYEHHE N UJIH HeT.

3akJr09aTh B CKOOKH MIEPBOE BBIPAXKEHUE B YCIOBHOM BblpaXkeHHH He 005~
3aT€JIbHO, TAK KAK MPUOPHUTET ?: 04eHb HU3KUH (6osiee HU3KUH NPUOPUTET
HIMeeT TOJIbKO NPUCBAUBaHKE), OfHAKO Mbl DEKOMEH/IyeM BCEr/a 3TO 1e/1aTh,
IOCKOJIBKY 6J1aroapst 06paMIISIIOIIAM CKOOKAM YCJIOBHE B BBIDAKEHUH JIyY-
111e BOCTIPUHIMAETCI. ’
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¥Yc0BHOE BLIPQXXEHHE YaCcTO T03BOJISIET COKPAaTUTDb IporpamMmy. B kauecTse
npUMepa MpuBeeM LKKJI, 00eCTeunBaOIMH eYaTh n HJIEeMENTOB MacCHBa
110 10 Ha KaXI0# CTPOKE C OHUM MPOOEJIOM MEKIY KOJOHKAMH; KaX/1as1 CTPOKa
UUKJIa, BKJIIOYasi MOCEAHION, 3aKaHYMBAeTCsl CHMBOJIOM HOBO CTPOKH:

for (1 =0; 1 < n; i++)
printf("%6d%c”, a[i], (i%10 == v i==n-1)?2"'n" :"")

CHMBOJI HOBOH CTPOKH MTOCBLIAETCS ITOCTIe KAXKAO0T0 JECSTOrO ¥ HOCJIE N-T0 Jie-
MeHTa. 3a BCEMH APYTMMHU 3JIEMEHTaMHU CliefiyeT npobest. JTa nNporpamMma Bbl-
[JIANT AOBOJIBHO 3aMBICJIOBATO, 3aTO OHa H0Jiee KOMITAKTHA, UeM SKBUBAJIEHT-
Hasi IPOrpaMMa C UCI0JIb30BaHueM 1f-else. Bot eute oaun xopouuii npumep':

printf("Bu umeeTe %d anemeHT%s.\n"”, n, (n%10 ==1 && n%100 !=11) ?

"M ((n%100 < 10 10 n%100 > 20) && n%10 >= 2 && n%10 <= 4) ?
!lail : IIOBH);

Vopaxuenue 2.10. Hannunre yHxumio lower, KOTopas nepeBoauT 6osibuine

GYKBBI B MaJIble, HCIIOJ/Ib3Ysl YCIOBHOE BhIPAKeHHe (@ He KOHCTPYKIMIO 1f-else).

2.12. MpuroputeT U 04epe[HOCTb BbIYNCIIEHUN

B tabauue 2.1 noxasaHbsl IPHOPUTETHI K OYEPEAHOCTD BHIYKMCIEHHI BCeX
OIIepaTOPOB, BKJIIOYAS M Te, KOTODHIE MBI elite He paccMaTpuBaii. OnepaTops!,
niepeyycIeHHble Ha OOHOW CTPOKe, HMEIOT ONMHAKOBBII NIPHOPUTET; CTPOKH
YTIOPSA0YEHbl 110 YObIBAHMIO IPHOPUTETOB; TaK, HApUMep, *, / U % UMEIOT
OIVIHAKOBbIH TPUOPUTET, KOTOPBIi BbILIE, Y4eM NPHUOPUTET OMHAPHBIX + U -.
“Omnepatop” () oTHOCHTCS K BbI30BY yHKImK. OnepaTops! -> U . (Toyka) obec-
IIeYUBAIOT JOCTYII K 3JIEMEHTaM CTPYKTYP; O HUX NOUAET peyb B J1aBe 6, TaM
xe OyneT paccMOTpeH U omnepartop sizeof (pasmep obbekra). Oneparopsl
(xocBeHHOe ObpallleHHe N0 YKasaTeio) U & (1oydeHne anpeca o6nexTa) 06-
cyxnaiotcs B raBe 5. Oneparop “3ansrtas” 6yzeT pacCMOTPEH B 1aBe 3.

Tabnuua 2.1. MpuopuTeTbl N 04EePEfHOCTb BbIYUCIEHUIA onepaTopos

Oneparopsi BoinonHsiotcs
O 0o > . CJIEBA HATIPABO
b~ + - + -« & (mun) sizeof cnpaBa HaJIeBO
« /% CJIeBa HANPaBo

! 3T0T NprUMEp, YYUTBIBAIOUMI PYCCKYIO PaMMaTHKY, OTJIMYACTCS OT aBTOPCKOIO OPUrHNa-
na. — ITpumeu. peo.
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MNpoponxeHue Tabn. 2.1

Onepartopbl BbinonHsaioTca
+ - CJIeBa HallpaBo
K> CcJieBa HAIPABO
< K= > = cjeBa HalpaBo
= I= CJIeBa HATIPABO
& €JIeBa HaIpaBo
A CJieBa HarpaBo
: cJIeBa HalpaBo
&& CJIeBa HampaBo
" cJIeBa HalpaBo
?: clipaBa HaJIeBO
= 4= -= *= [z %= k= M= = &= = CIIpaBa HaJeBO
, cJieBa HalpaBo

IIpumedainc. YHapubic oneparops +, =, * 1 & HMCIOT GOJICC BLICOKHI HPUOPHTCT, YeM
Te e OMHAPHbIC OTIEPaTOPLI.

3aMeTuM, YTO IIPUOPUTETHI TOOUTOBBIX ONIEPATOPOB &, ™ U | HUXKE, 4eM NIPH-
OpUTET == U ! =, U3-32 Yero B NOOUTOBBIX NPOBEPKaX, TAKMX KaK
if ((x & MASK) == 0) ...

YTOOBI OJIyYUTH NPABUIILHBIN PE3YIbTAT, IPUXOAUTCS UCIIONL30BaTh CKOOKH.

Cu 10106HO MHOI'MM SI3bIKaM He (PUKCHPYET 0Y4epenHOCTh BLIYHUC/IEHUS
OIepaHfIoB oreparopa (3a UCKITIoueHneM &, | 1,?: 1, ). Hanpumep, B uHCTpyK1IHMH
BHJa

x = f() +g();

f MOXeT ObITb BBIYMCIIEHA paHblle § WK Haobopot. VI3 aToro ciaexyer, 4To
ecau ofiHa U3 HYHKUMI U3MEHSCT 3HaYeHHe TIePEMEHHOM, OT KOTOPOii 3aBH-
cut apyrasi GyHKUHNS, TO IOMEIaeMblil B X pe3yJIbTaT MOXKET 3aBUCETD OT 0Ye-
penHocTH BbuucaeHUH. UToOb 06ecneynuTh HYXKHYIO TIOCAEN0BATENLHOCTD
BBIYHCJIEHHH, IPOMEXXYTOUHbIE Pe3yIbTaThl MOXKHO 3alIOMHHATL BO BpEMeH-
HBIX IEPEMEHHBIX.

OvyepesiHOCTh BHIYUCIIEHUS] apTYMeHTOB GYHKIMH TaKXKe He Ollpe/ielieHa,
MO3TOMY Ha Pa3HbIX KOMOWISITOPax

printf("%d %d\n", ++n, power(2, n)); /* HEBEPHO =/

MOJXKET [JaBaTh HECOBMAAAIOIINE Pe3ybTaThl. Pe3ynbTaT BbI30Ba (GyHKIUMH
3aBUCHT OT TOTO, KOT/Ia KOMIIUJISITOP CTeHEPUPYET KOMAH/Ibl YBEJTMIEHUs N —
10 WK ocJie obpanteHus K power. Yto6n 06e30macUTh cebst OT BO3MOXKHOTO
110604HOT0 3 heKTa, AOCTATOYHO HAIMCATD
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+n:

)

printf("%d %d\n", n, power(2, n));

OO6paienns K QyHKUMSM, BJIOXKEHHbIE IIPUCBOCHMS], HHKPEMEHTHBIE U Jle-
KPEMEHTHbIE ONePaToOpbl MAKOT “06ouHbIi 3 derT”, IPOABIASIOUMHACS B TOM,
4TO 11IPH BbIYUCJIEHMH BbIPAKEH U 3HAYEHH S HEKOTOPBIX [lEPEMEHHBIX H3Me-
Hs10Tcs. B mobom Bbipaxennu ¢ 1060YHbIM 3D PEKTOM MOXKET OBITh CKpbITa
TPYHUHO UPOCMATPUBACMAA 3ABUCHMOCTDb PE3YJIbTaTa BLIPAXKEHUS OT OUePe/I-
HOCTH U3MEHEHUs 3HaueHNH llepeMeHHbIX, BXOJSIINX B BhIpaxkeHue. B Takoi,
HaIpUMep, THIMYHO HEIPUSTHON CUTYaIMH

afi] = i++

BO3HUKAET BOIIPOC: MACCHB a HHEKCUPYETCSI CTapBIM MM U3MEHEHHLIM 3Ha-
yenneM 1? KoMIIUIISTOPBI MOTYT NO-pa3HOMY FeHePHPOBATh [IPOrPaMMY, YTO
IIPOSIBUTCS B UHTEPIIPeTaLHy JaHHO¥ 3anucy. CTaHAapT CO3HATENbHO YCTPO-
eH TaK, YTO 6OJNBLIMHCTBO NMOAOOHBIX BOIIPOCOB OCTABJIEHO HA YCMOTPEHHE
KOMITUJISITOPOB, TaK KaK JIY4II Wil TOPSIA0K BEIYHMCIEHUH ONpeaesseTcs apXu-
TekTypoit ManinHbl. CTaHAAPTOM TOJILKO FapaHTUPYETCH, YTO Bee N0O0UHbIE
3¢ dexThl IPH BHIYUCIEHUH aPTYMEHTOB NPOSIBITCSA Mepel BXOAOM B (pyHK-
nuto. IIpaBaa, B npumMepe c printf aTo HaM He TOMOXeT.

MopaJib TaKOBa: IHCATh IPOrPAMMbI, 3aBUCSIIHE OT OYePeJHOCTH BBIYMC-
JIEHUH, — TI0Xas IIPAKTHUKA, KaKoii Obl sI3bIK Bbl HM NCI10J1b30BasH. EcTecTBeH-
HO, HaJIO 3HATb, Y€ro cJeAyeT u3berath, HO eCJIM Bbl He 3HaeTe, Kax 00pasyioT-
cs1 nobounsle 3 HexThl Ha PasHbIX MAIIMHAX, TO JIyYIlle U He PACCYUTHIBATD
BBIMTPATh Ha OCOOEHHOCTSIX YaCTHOM pean3aliuu.



MaBa 3

YnpaBneHue

Ilopsinok, B KOTOPOM BBINOJHSIOTCS BHIYKCIIEHUS], ONIpeaesseTcss MHCTPYK-
IMAMHY yIIpaBJieHus. Mbl yxe BCTpeYannch ¢ Hanbosiee pacpocTpaHeHHBIMH
YIIPaBJIAIOIUMH KOHCTPYKLUMSAMH TaKOT0 poJia B IIPeAbIIYLIHX IPUMepaXx; 34ech
MBI 3aBEPLUIMM HX CIHMCOK U 60Jiee TOYHO ONpeEUM PacCMOTPEHHbIE PaHee.

3.1. UHcTpykuun n 6nokn

Bripaxkenue, ckaxxeM x = 0, My i++, unu printf (...), CTAHOBHUTCS UH-
cmpyKyuetl, eCJIU B KOHIIE €T0 OCTaBUTh TOYKY C 3aNsTOMH, HalpUMep:

x = 0;
1t+;

printf(...);

B Cu Touka c 3ansToi ABJIseTCS 3aKII0YAI0UIM CHMBOJIOM HHCTPYKLUH, a He
paszenuTesieM, Kak B s3bike [Tackanb.

QDurypHble ckOOKH { U } KCIIONB3YIOTCA AJ1s 0ObefMHEHNS 0ODBABIEHUH 1
MHCTPYKUMIA B COCMABHYI0 UHCMPYKYU10, UK 610K, YTOODI C TOYKU 3PEHUS CHH-
TaKCHCA 3Ta HOBAsl KOHCTPYKLMS BOCTIPUHUMAJ1aCh Kak ofiHa HHcTpykuust. Ou-
rypHble CKOOKH, 06pamJISIIOLIKe IPYIITY MHCTPYKIMIA, 06pasytommux Teno GyHK-
1AM, — 3TO OAVH NIPUMeD; BTOPOM IPHMeD — 3TO CKOOKH, 00beAUHS IO e HH-
CTPYKLUH, OMeleHHble nocie if, else, while mnu for. (Ilepemennsie MoryT
ObITh 0OBABIIEHB! BHYTPH 1106020 6J10Ka, 06 9TOM pa3roBop IIOUAET B [J1aBe 4.)
[Tocne npaBoii 3akpbiBatolieit GUrypHOi ckoOKH B KOHIIE 6J10Ka TOYKA C 3ans-
TOU He CTaBUTCSI.

3.2. KoHCTpyKumnSs if-else

WHcTpykuus 1f-else UConb3yeTcs 4 NPUHATHS pelieHus. DopMasibHO
€e CHHTAKCHCOM SIBJISIETCSI:
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if (eviparcenue)
UHCTPYKUUS,

else
UHCTPYKUUSL,

HpUYeM else-4acTb MOXeT ¥ OTCYTcTBOBaTh. CHavasla BEIYUCIISETCS 8bipaice-
Hue, U, eCJIK OHO UCTUHHO (T. €. OTJIMYHO OT HYJIS), BBIIIOJHSAETCS UHCMPYK-
uus,. Ecnu svipasicenue 10xHO (T. €. er0 3HaYeHHE DaBHO HYJIO) ¥ CYLIECTBYET
else-4acTb, TO BBITIOIHAETCH UHCPYKUUS,,. .

Tax kak if IpOCTO NpoOBepsieT YMCIOBOE 3HAaUeHMe BRIPDAXEHHs, YCI0BUE
MHOI/Ia MOXKHO 3aIIMCBIBaTh B COKpallleHHOM BHe. Tak, 3anuce

if (evipascenue)
KOpOYe, yem
if (evipasxcenue '= 0)

VHorzna Takue COKpaleH!s eCTECTBEHHDI U ACHBI, B APYTHUX Cy4YasX, Ha060-
pOT, 3aTPYAHSIOT IOHUMaHKe IPOrPaMMBI.

OTtcyTcTBUE €lse-4acTH B OXHOM M3 BJIOXKEHHBIX APYT B Apyra if-koH-
CTPYKIHI MOXET IPUBECTH K HEOJHO3HAYHOMY TOJIKOBAHMIO 3aNIMCH. DTY He-
OIHO3HAYHOCTh Pa3PELIAIOT TEM, YTO €1se CBSI3BIBAIOT ¢ OurvkaduimM if, y Ko-
Toporo HeT cBoero else. Hanpumep, B

if (n > 0)
if (a > b)
z = a;
else
z = b;

else OTHOCUTCS K BHYTPEHHeMY 1f, 4TO MBI M II0KA3aJIH C IIOMOIIO OTCTYIIOB.
Ecnu Ham TpebyeTcs MHAs HHTEPIPETALMsl, HeOOXOANMO OKHBIM 06pa3om
paccTaBuTh GUrypHbIE CKOOKH:

if (n > 0) {
if (a > b)
z = a;
}
else
z = b;

Huxe TNIPUBOAUTCA IPDUMED CUTYaAllMH, KOIla HEOAHO3HAYHOCTDb 0CcobeHHO
OoIacHa:

if (n >= 0)
for (i = 0; 1 < n; i++)
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if (s[i] > 0) {
printf ("...");
return 1i;

else /* HEBEPHO =/
printf("ownbka - oTpuuaTenbHoe n\n");

C moMombio OTCTYIIOB Mbl HEBYCMBICJIEHHO ITOKA3aJIH, YTO HaM HYXHO, Of-

HAaKO KOMIIMJISITOP He BOCIIPUMET 3Ty MHGOPMAIHIO H OTHeCeT e€lse K BHYT-

pennemy 1f. MickaTh Takoro poza omnbku 0coGeHHO TAXKeNO. 31ech yMecTeH

CJIeAYIONIHii COBET: BJIOXeHHBIE i f 0bpamiistiiTe GUTYPHBIMH CKOOKaMH.
Kcraru, obpaTriTe BHUMaHHe Ha TOYKY C 3allSITOM I0C/E Z = a B

if (a > b)
zZ = a;
else
z = b;

3mech oHa 06si3aTesNbHA, TOCKOJIbKY 110 IPaBUJIaM IPAMMATHKY 3a i JOJKHa
CJIe0BaTh UHCTPYKIMS, a BhIpaXKeHUe-HHCTPYKIUS BPOJe Z = a; BCerza 3a-
KaHYMBaeTCA TOYKOM C 3aIsITOM.

3.3. KoHcTpyKkuus else-if

Koncrpyxkunsa

if (evipasicenue)
UHCPYKUUS

else if (evipascenue)
UHCPYKUUA

else if (evipaxcenue)
UHCTPYKUUS

else if (ewvpaxcenue)
UHCTPYKUUS

else
UHCPYKUUS

BCTPEYaeTcs TaK YacTo, YTO O Heil CTOUT oroBopuTh 0co6o. IIpuBenenHast no-
CJIE10BATEIBHOCTb MHCTPYKLMH 1f — caMblil 061K CIOco6 ONHUCAaHUSI MHOTO-
CTYIEeHYaToro NPUHSTHS pellieHus. Boipacenus BEIYUCASIOTCS MO NOPSAKY;
KaK TOJIbKO BCTPEYAETCS 8bipadceHue O 3HaueHHeM “HMCTHHA”, BBIIOJIHAETCA
COOTBETCTBYIOLIAS EMY UHCTIPYKYUSL, Ha 3TOM IIOC/Ie0BATENBHOCTD IPOBEPOK
3aBepliaeTcs. 3MIech MO CIOBOM UHCMPYKYUs UMEETCS B BULY JUO0O oqHA
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HHCTPYKLHs, 1160 IPyMIa MHCTPYKUMH B GUTYPHBIX CKOOKaX.

[Mocnennss else-yacTb cpabaThiBaeT, €CJM He BHITIOJIHSIOTCS BCE IPEbIY-
urve ycosusi. VIHoraa B mocsieiHei 4acT He TpeOyeTcst TPOU3BOAUTD HUKA-
KHX ZeUCTBUH, B 3TOM cityyae (pparMeHT

else
UHCMPYKUUS

MO>HO OIYCTUTb WJIK HCIOJIb30BaTh 1 GHUKCaluK 01MO04HOM (“HEBO3MOX-
HOU") cCUTyalHH.

B kadecTBe WJLTIOCTPALMH TPEXTTYTEBOrO BETBIEHHSI PACCMOTPUM DYHKIIHIO
GUHAPHOTO MOKCKA 3HAYeHUs X B MaccuBe v. [Ipeanionaraercs, 4To 371€eMEHTHI V
yIOpAI0Y€eHb! 10 Bo3pacTanuio. DYHKIUA BbIAAET IONOXKEHHE X B V (YHUCIIO
B ripeaesniax ot 0 0 n-1), ey X TaM BCTpeyaeTcs, ¥ -1, eCJIU ero Her.

TIpu 6MHApPHOM MOUCKE 3HAYEHHE X CHaYasia CPABHMBAETCS C DJIEMEHTOM,
3aHMMAIOLIVM CepeJUHHOE TT0JI0XKeHMe B MaccuBe V. Eciii x MeHbllle, 4eM 3TO
3HaYeHue, TO 06J1aCThIO IOMCKA CTAHOBUTCS “BEPXHAA” OJIOBUHA MACCHBAa V,
B IPOTMBHOM cJiyYae — “HWKHAA". B no6oM ciyyae cieayomui mar — 31o
CpaBHEHHe C CePeIMHHBIM 2JIEMEHTOM 0TOOpaHHOM nosioBuHbL IIpouecc “yro-
JIOBUHMBaHWA” JHanasoHa NPOAOJKAETCS [0 TeX IOp, MoKa Jaubo He byaer
HalileHO 3HaueHue, IMOO He CTaHeT IYCThIM JUaNa30H IoucKa. 3anuieM GyHK-
M0 GMHAPHOTO MOKCKA;

/* binsearch: Haitt x B v[0] <= v[1] <= ... <= v[n-1] »/
int binsearch(int x, int v[], int n)

int low, high, mid;

low = O;
high = n - 1;
while (low <= high) {
mid = (low + high) / 2;
if (x < v[mid])
high = mid - 1;
else if (x > v[mid])
low = mid + 1;
else /* coBnageHue HalaeHo */
return mid;
}

return -1; /* coBnagexus HeT */
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(OcHOBHOe neiCTBHe, BbIMOMIHSIEMOE Ha KaXK/IOM 11are MOUCKa, — CPABHEHHE
3HayeHus x (MeHblie, 60JIblile UK PaBHO) C 3JeMenToM v[mid]; aTo cpaBHe-
HHE eCTECTBEHHO NTOPYYUTb KOHCTPYKLIMH else-if.
L4

Vupaxuenue 3.1. B Haueil nporpaMme 6MHAPHOIO IOMCKA BHYTPU LIMKJa
OCYIIECTBJSIOTCS ABe NPOBEPKH, XOTsA MOrja ObITh TONBKO OxHa (NpH
yBeJIMYEHUH YKCia TIPOBepok BHe uMkia). Hanmuniure nporpammy, npeny-
CMOTpEB B Hell OJHY IIPOBEPKY BHYTPH uKkIa. OlLleHUTe Pa3HUILy BO BpeMeHU
BBITIOJTHEHUS.

3.4. Nepexntoyarennb switch

WHcTpykuus switch ucnosbayercs A BbIGOpa OFHOTO U3 MHOTHX Iy Tel.
OHa npoBepsieT, COBNaJaeT JIM 3HaYyeHHe BRIPAXKEHHUS C OJHUM U3 3HAYeHHUH,
BXOJSIIIUX B HEKOTOPOE MHOXECTBO IeJIbIX KOHCMAHM, ¥ BBIIIOJIHAET COOTBET-
CTBYIOILYIO 3TOMY 3Ha4€HHIO BETBb IIPOIPAMMBI:

switch (evipadsicenue)
case KOHCM-6blp: UHCPYKUUU
case KOHCM-6blp . UHCMPYKUUL
default: uncmpyxuuu

}

Kaxnas BeTBb case noMeyeHa OJHON MJIM HECKOJbKUMH HEJOYHCIeHHBIMU
KOHCTaHTaMH WJIM K€ KOHCTAaHTHBIMHU BBIpa)KeHHUIMH. Brluncienns HaylHa-
I0TCS C TOM BETBH case, B KOTOPOH KOHCTaHTa COBIaJaeT CO 3HaueHHeM BbIpa-
xeHus1. KoHCTaHTHI BceX BeTBel case IOJDKHBI OTJIMYAThCA APYT oT Apyra. Ecin
BBISICHWIOCD, YTO HU OJlHA U3 KOHCTAHT He TIOAXOAUT, TO BHINIOJIHAETCS BETBb,
noMeueHHas cJ0BOM default, ecaM TakoBasi UMeeTCsl, B IPOTMBHOM Cliy4yae
HUYero He aenaeTcs. BeTBu case u default MOXHO pacrosiarathb B J1000M I10-
psnKe.

B riaBe 1 MBI Hanvcaay NPOrpamMMy, HOACYUTHIBAOIIYIO YHCTIO BXOXIE-
HMIA B TEKCT KaXa0# 1udpbl, CUMBOJIOB-pasaeuTesell (11pobenos, Tabys-
[Hii 1 HOBBIX CTPOK) U BCEX OCTAJIBHBIX CHMBOJIOB. B Hell Mbl HCII0O/I30BaIH
nocjieqoBaTebHOCTh if. .. else if... else. Tenepb mprBeneM BapHaHT 3TOM
NporpamMMbl C NepexJIroyaTesieM switch:

#include <stdio.h>

main() /* nopc4eT uudp, CUMBONOB-PA3LAENUTENEN U NPOYMX CUMBONOB */
i

int ¢, i, nwhite, nother, ndigit[10];
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nwhite = nother = 0;
for (i = 0; 1 < 10; i++)
ndigit[i] = 0,
while ((c = getchar()) != EOF) {
switch (c¢) {
case '0': case '1': case '2': case '3': case '4':
case '5': case '6': case '7': case '8': case '9':
ndigit[c - '0' ]J++;
break;
case ' ':
case '\n':
case "\t':
nwhite++;
break;
default:
nother++;
break;

}
printf ("undp =");
for (i= 0; 1 < 10; i++)
printf (" %d", ndigit[i]);
printf(", cumBonos-pasnenutenen = %d, npoumx = %d\n",
nwhite, nother);
return 0;

}

WHcTpykuus break BbI3bIBaeT HeMeJIeHHBIH BBIXOJ U3 NepeKIiodaTens
switch. ITockosbKy BbIGOD BETBM case peannsyercs Kak epexoi Ha METKY, TO
TocJie BbINOJTHEHH T OHOH BETBU Case, eCJIM HUYero He NPeATNIPHHSTD, IPOTrpaM-
Ma nposanumcs 6Hu3 Ha ciieaymouyo Bersb. HCTpykunu break v return — Hau-
GoJiee pacnipocTpaHeHHbIe CPeACTBA BbIXO/a U3 Niepekiodatesis. MHCTpykius
break ucrnosb3yercsa Takxe AJisi IPUHYAUTENBHOIO BIXOAA U3 LIMKJIOB while,
for u do-while (Mbl elie TOTOBOPHM 00 TOM 4yTh MO3XKeE).

“CkB03HOe” BHINIOJIHEHNE BeTBeH case BBI3bIBaeT cMelaHHble 4yBcTBa. C of-
HOM CTOPOHBI, 3TO XOPOLIIO, TOCKOJIbKY TTO3BOJISIET HECKOJIBKO BETBEM case 00be-
JUHHTD B OHY, KaK Mbl M IOCTYIHJIH ¢ IMdpamu B HauieM npumepe. Ho ¢ apy-
TO — 3TO O3HAYaeT, YTO B KOHI[E MOYTH KaXK 0¥ BETBU IIPUAETCS CTaBUTD break,
4T0OBI M30EXKaTh Nepexosa k caenyiouteit. [locenoBaTebHbIA TPOXOJ 110 BET-
BSIM — Bell(b HEHA/IEXXHAsA, 3TO YPEBATO OLIMOKAMH, 0COOEHHO NPH H3MEHEHUH
IpOrpaMMBI. 3a UCKJIIOYEHUEM CIIy4asi ¢ HECKOJIbKMMH MeTKaMH [JIs1 OZHOTO
BBIYUCJIEHHU S, CTapaiiTech IO BO3MOXHOCTHU peXe I10J1b30BaTbCs] CKBO3HBIM
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IIPOXOJIOM, HO €CJIH YK BBl €T0 IIPUMEHSIETE, 06513aTeIbHO KOMMEHTHDYItTe 9TH
ocobble MecTa.

Jlo6pbiii BaM COBET: laXke B KOHIIe Moc/enHeit BeTBu (nocie default B Ha-
LIeM TIpUMepe ) IoMeIAiTe HHCTPYKLMIO break, XOTS ¢ TOYKH 3peHHUs IOTHKH
B Hell HeT HUKaKoi HeoGxoxuMocTH. Ho aTa MasleHbKas IpeaoCTOPOXKHOCTh
criaceT Bac, KOra OQHAX/Ib BaM NnoTpebyercs 100aBUTh B KOHEIl elle OIHY
BETBb Case.

Yuopaxxenne 3.2. Hanumure dyHkunio escape(s, t), KoTopas npu KOmu-
POBaHMHM TEKCTa U3 t B s mpecOpa3yeT TakKve CUMBOJIbI, KaK HOBas CTPOKa
¥ TabyJs1us B “BUAMMBIE TIOCJIN0BaTENbHOCTH cUMBOJIOB” (Bpoze \n u \t).
Ucnonbayitte uucTpykuuio switch. Hanumure dyHkIuo, BHINOTHSIONYIO
o6paTHOe npeobpa3oBaHKe ICKEUI-NOCAEA0BATENBHOCTEN B HACTOSIIKE
CHIMBOJIBL.

3.5. Lluknbi while n for

Mz yxe BcTpeyasuch ¢ uukaamu while u for. B nqukie

while (evipadxcenue)
UHCMPYKUUS

BBIYHUCIISIETCSI 8bipajcerue. ECv ero 3HaueHHe OTJIMYHO OT HYJISI, TO BBIIIOJIHSA-

€TCsl UHCMPYKYUs, Y BEIYUCIIEHNe BRIDAXXEHUS OBTOPsieTCS. DTOT LUK ITPO-

IOJDKAeTCs KO0 TeX 1OP, 0Ka BbIpaXkeHHe He CTaHeT PAaBHBIM HYJIIO, [IOCJIE Yero

BBIYHCJIEHHS TIPOJOJIXKATCS C TOUKH, PACIIOJIOKEHHOM Cpasy 3a uHCmpyKyuei.
Wuctpykuus for

for (evip,; evip,; 6vip,)
UHCTPYKUUS

9KBHBAJIECHTHA KOHCTDYKIUH

éoIp, ;

while (eblpz) {
UHCIMPYKUUS
8o1p;

}

€CJIN He CYMTATh OTJIMYHI B IOBEAEHHH MHCTPYKUMHK continue, pedb 0 KOTO-
poit noiinet B naparpade 3. 7.

C ToukM 3peHUst rPAMMATHKU TPH KOMIIOHEHTbI LIMKJIa for MpeACTaBasioT
co60# TPOM3BOJIbHBIE BhIPAXKEHHUS], HO Yallle 66D, U 6bip, — 3TO NIPHUCBAHBaHUA
JIH BbI30BbI (GYHKILIMH, a 661p, — BRIpaXeHUe OTHOIIeHH. JIroboe U3 sTUX Tpex
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BBIP2KEHHUH MOXKET OTCYTCTBOBATb, HO TOYKY C 3aMATON OMycKaTh Henb3st. I1pu
OTCYTCTBHUH 6bip, UM 6bip; CIUTAETCH, UTO UX [IPOCTO HET B KOHCTPYKLUH LUK~
Jia; TIpM OTCYTCTBHH 6bip, IPETIOIaraeTcs, YTo ero 3HayeHme Kak Obl Beerna
uctunHo. Hampumep,

for (;) {

}

€eCTb “OecKOHEeYHBI” LUKJI, BHIIIOJHEHHE KOTOPOTO, BEPOSTHO, NPEPHIBAETCS
KaKUM-TO APYTMM CII0COOOM, HanpuMep ¢ IIOMOLIBIO MHCTPYKUUH break wiu
return.

- Kakoit uuxi Beibparn: while umu for — 310 aeno Bkyca. Tak, B

while ((c = getchar()) == "' "' 11 ¢ =="\n'" 11 ¢c == "\t')
; /* 000UTW cuMBONbI-pasgenuTenn =/

HeT HY MHUIMATM3AlMH, HU TlepecyeTa napaMeTpa, [osToMy 34ech 6obiie
MOAXOAUT while.

Tam, rze ecTb npocTast MHUUMANH3AUMS U IIOIIAT0BOE YBeJNMYeHNE 3Haye-
HUS HEKOTOPO# IIepeMeHHOM, 60JIblile TOAXOANT UK fOr, TaK KaK B 3TOM LHK-
Jie OpraHU3yIomas ero 4acTh COCpeI0TOYeHa B Hayase 3anucy. Hanpumep, Ha-
YaJio UKKJIa, 00pabaThIBAIONIETO IIEPBbIE N 3JIEMEHTOB MaCCUBa, UMEET CIIEAY-
IOLIMH BUL;

for (i =0; 1 < n; i++)

Ito noxoxe Ha D0-uukisl B Doprpane u for-uukib B [lackane. CxoacTso,
OTHAaKO, He BIIOJIHE TOYHOE, TaK Kak B CH MHIEKC U ero IpefiejIbHOe 3HaYeH e
MOTYT U3MEHATbCS BHYTPY LIMKJA, U 3HaYeHHe MHJEeKCa 1 1ocje BhIXOAA U3
LVKJIa Bcerza onpenesieHo. [IoCKOJIbKY TP KOMIIOHEHTHI LIMKJIa MOTYT OBITh
NIPOM3BOJIbHBIMU BbIpaXXEHHUSIMH, OpraHu3auus for-uKuKJIoB He OrpaHUYUBa-
€TCs TOJIbKO CTyyaeM apudmernyeckoi nporpeccuut. OfHaKo BKJIIOYATH B 3a-
rOJIOBOK IIUKJIa BBIYUCJIEHHS, HE UMEIOIINE OTHOMIEHUST K HHUI[HAIU3aLl1
¥ UTHKPEMEHTHPOBAHMIO, CYUTAETCS NJIOXUM CTHIIEM. 3aroJI0BOK JIy4lie OCTa-
BUTH TOJIbKO JIJI51 OTlePAIUil YIIPABJIEHHS LIMKIOM.

B kayecTse 60J1ee BHYLINTENIbHOTO IPUMEpa IIPUBEAEM APYTYIO BEPCHIO IPO-
rpaMMbI atoi, BEIIOJHs oLl Ipeobpa3oBaHie CTPOKH B e€ YUCIOBON IKBHUBA-
neHT. IT0 6oJee 06Last BEPCHsI 110 CPaBHEHUIO C PACCMOTPEHHOI! B IJ1aBe 2,
B TOM CMBICJIe, YTO OHA UTHOPHPYET JIeBble CHMBOJIbI-Pa3ieIUTeNH! (eCaIH OHU
€CTb) U1 JOJIXKHBIM 06Pa30M pearupyeTr Ha 3Haku + U -, KOTOPbIE MOTYT CTOSITh
nepen uudpamu. (B rnase 4 Gyner paccMOTpeH BapHaHT atof, KOTOPBIH ocy-
wecTBIgeT NoA0OHOe Npeobpa3oBaHye A1 YUCE C M1aBaIOLIE TOYKOM.)
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CTpyKTypa nporpaMMbl OTpakaeT BU/ BBOAUMON HH(MOPMAIIUK:

UZHOPUPOBATID CUMBONbL-PA30ENUMENU, ECIU OHU CTIb
NOAYUUMb 3HAK, ECNU OH eCTb
635Mb Yeayo Uacmy u npeobpazosamo ee

Ha xax oM 11are BbIMOJIHAETCS ONpeie/IeHHasA YacTb pabOThbl ¥ YETKO (DUKCH-
pyeTcs ee pe3yJibTaT, KOTODbIHA 3aTe€M UCIIOJb3yeTCs Ha CJeAyiolleM Iare.
O6paboTka naHHbIX 3aKaHYNBAETCA Ha IEPBOM Xe€ CHMBOJI€, KOTOPhIii He MO-
eT OBITb YaCThIO YHUCJIA.

#include <ctype.h>

/+ atoi: npeobpa3oBaHue s B Lenoe 4ucno; sepcua 2 =/
int atoi(char s[])
{
int i, n, sign;
/+* WCHOPWMPOBATb CUMBOMbI-pA3aenuTent +/
for (i = 0; isspace(s[i]); i++)

1

Slgn = (S[l] == '_') 2 -1: 1'
if (S[l] ="+ ! S[l == ,_,) /* APONYCK 3HaKa */
i+,

for (n = 0; isdigit(s[i]); i++)
n=10+n+ (s[i] - '0");
return sign * n;

}

3aMeTuM, 4TO B cTaHAAPTHOM OubMoTeKe nMeeTcst GoJiee coBeplieHHas GyH-
KIMs peoOpa3oBaHus CTPOKY B UTHHHOE 1estoe (long int) — pyHKuus strtol
(cM. maparpad 5 npwioxenus B).

[IperMy1iecTBa, KOTOpPBIe AaeT IeHTPAIN3al|s YIPaBJIeHUs LUKJIOM, CTa-
HOBATCS enle 60Jiee 0YEBUAHBIMH, KOT1a HECKOJIbKO [IMKJIOB BJIOXEHBI IPYT
B apyra. [IpowsmiocTpupyeM Hx Ha IpUMepe COPTHPOBKH MacCHBa LeJIbIX YH-
cen metonoM Ilesa, npeanoxenssiM um B 1959 r. OcHoBHAas ues 3TOro aro-
pHTMa B TOM, UYTO Ha PaHHHUX CTaAUAX CPaBHUBAIOTCA JajleKO OTCTOSLIME ADYT
OT ApYTa, a He COCEIHUE DIIEMEHTBI, Kak B OOBIYHBIX NIEPECTAHOBOYHBIX COPTH-
POBKax. DTO PUBOAMT K OBICTPOMY YCTPaHEHHIO MACCOBOM HEYTIOPSA0YEHHO-
ctu, 6aronaps yemy Ha GoJiee 103/iHel CTaNHK OCTaeTcsi MeHbiue pabotsl. Vu-
TepBal MEX/Iy CPaBHHBAaEeMbIMH dJIEMEHTaMH IIOCTENIEHHO YMEHbIIAETCS 10 e H-
HUIIBI, ¥ B TOT MOMEHT COPTUPOBKA CBOAUTCSI K OOBIYHBIM [IePECTAHOBKAM CO-
ceqHux anemeHToB. [IporpamMma shellsort UMeeT caeayonMii BUL

/+ shellsort: copTtupywtcs v [0]... v [n-1] B BO3pacTaiowemM nopsake */
void shellsort (int v [], int n)
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int gap, 1, j, temp

for (gap = n/2; gap > 0; gap /= 2)
for (i = gap; i < n; i++)
for (j =1 -gap; j >=08& v[j] > v[j + gap]; j -= gap) {
temp = v[j];
v[(i] = v[j + gapl;
v[j + gap] = temp;

3/1ech UCNIOIB30BaHBI TPH BJIOXKEHHBIX APYT B APYTa LMK, BHemHuUit ynpas-
JIsieT MHTEepBAJIOM gap MeXAY CPaBHUBAaeMBIMH 3JIeMeHTaMHM, COKpallasi ero
IyTeM [eJIeHus ION0JIaM OT n/2 1o Hyisi. CpeaHuit unKi nepebupaet sieMeH-
Thl. BHYTPeHHUI — cpaBHMBAeT KaXAyIO Napy 3JIeMEHTOB, OTCTOSALINX APYT
OT IpyTa Ha PacCTOSTHUH gap, U IIepecTaBJIsieT 31eMeHThI B HeyTIOPsAOYeHHBIX
napax. Tax kak gap 06s13aTe/IbHO CBENETCS K eAMHULIE, BCE 3TIEMEHTHI B KOHEY -
HOM cdeTe 6ynyT ynopsigodensl. O6paTuTe BHMMaHHE Ha TO, YTO YHUBEPCAIb-
HOCTb UMKJIA fOr 103BOJIsIeT cAeIaTh BHEIIHUH UKJ 110 HOpMe MOX0XUM
Ha pyTHe, XOTs OH U He sBJIsieTCsl apUuMeTHYecKoil mporpeccueit.

Tocnennuit onepatop Cu — 3to “,” (3amsTas ), KOTOPYIO dallje BCEro UC-
nosb3yioT B uHCTpyKiMu for. [lapa BrIpaxxeHUit, pa3aieieHHbIX 3aNATOM, BbI-
YHCIISIETCS c/ieBa Hanpaso. THIIOM U 3HaYeHHeM pe3yJibTaTa ABJISIOTCS THIT
¥ 3HaYeHHe PaBOro BhIPAXKEHHS, YTO O3BOJISIET B HHCTPYKUKH fOr B KaXK A0
U3 TPeX KOMIIOHEHT MMeTh 110 HECKOJIBKY BBIDa’KEeHHi1, HallpUMep BeCTH /Ba
HHZekca napajuiensHo. [IponeMoncTpupyeM 310 Ha npuMmepe PYHKIUN
reverse(s), KOTopas “nepeBopauyMBaeT” CTPOKY S, OCTAaBJIAS Pe3yJIbTaT B TOH
e CTPOKe S:

#include <string.h>

/* reverse: nepesopaunBaeT cTpoky s (pesynbTaT B s) */
void reverse(char s[])

{

intc, 1, j;

for (i =0, j = strlen(s)-1; i < j; i++, j—=) {
c =s[il;
s[il =s[jl;
slil=c
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3ansTole, pa3fessouiMe apryMeHThl QYHKILHY, IEpEMEHHbIE B 00bsIBIEHUAX
U TIP. He SIBJISIOTCS OTePAaTOPAaMHU-3aIIIThIMU U He 06€CTIeYMBAIOT BBIYUCIEHUI
CJeBa HaTpaso.

3anAThIMH Kak OnlepaTopaMH cJleIyeT N0JIb30BaThcsl yMepeHHo. Bosee Bcero
OHHU YMECTHBI B KOHCTPYKIHSIX, KOTOPbIE TECHO CBA3AHBI APYT C APYroM (Kax
B for-1HKJIe IPOrPaMMBbl reverse), a TAKXKe B MAKPOCaX, B KOTOPBIX MHOTOCTY-
IeHYaTble BEIYMC/EHUS JOJDKHBI OBITh BBIPaXKEHBI OHUM BbIpOKEHKEM. 3a-
NSTOR-0TIEPATOPOM B IPOrPAaMMe reverse MoXXHO ObLIo 6b1 BOCIIOIb30BaThCs
U 11p OOMeHe CUMBOJIaMH B IIPOBEPAEMbIX T1apax 3JEMEHTOB CTPOKH, MbICIIS
3TOT 0OMeH KaK OZIHY OTAEIBHYIO OllEPALHUIO;

for (i =0, j = strlen(s)-1; i < j; i++, j--)
¢ = s[i], s[i] = s[j], s[i] = ¢;

Vnpaxnenne 3.3. Hanumure pynkuuio expand(s1,s2), 3aMEHAOMYIO
COKpallleHHYIO 3anKch Hanogobye a-z B CTPOKe $1 SKBUBAJIEHTHOM MOJIHOM
3anuceio abe. .. xyz Bs2. B s1xonyckaorcst 6ykBHI (IPOMKCHbBIE M CTPOYHBIE)
u uudpsl. CrenyeT yMeThb CIPaBISATHCA C TAKUMH CITy4YasiMy, Kak a-b-c, a-z0-
-9 1 -a-b. CuurTaiiTe 3HaK - B Hayajle WIM B KOHIE s1 OOBIYHBIM CMMBOJIOM
MMHYC.

3.6. LUukn do-while

Kak mb1 roBopusiu B Iy1aBe 1, B iukiiax while u for mpoBepKa yCJIOBHS OKOH-
YaHWs UUKJIa BRINOJHAeTCA HaBepXy. B Cu uMeeTcs elte oAuH By LHKJIA, do-
while, B KOTOpPOM 3Ta IIpOBEPKa B OTJIMYME OT while u for mesaercd BHU3Y
nocae KaxJI0ro NpoxoXAeHUA Tesla LUKJIA, T. €. IIocje TOro, Kak TeJlO BbI-
MIOJTHUTCSA XOTS OBl OAUH pa3. lluki do-while HMeeT cienyroOUil CHHTaKCHUC:

do
UHCPYKUUS
while (ewvipascenue);

CHauasna BBINOJHAETCS UHCMPYKYUsl, 3aTeM BbIYUCIAETCS sbipaicerue. Ecnu
OHO UCTUHHO, TO UHCMPYKYU BbINIONHsIEeTCS CHOBa U T. . Koraa BrlpakeHue
CTaHOBUTCS JIOXKHBIM, LMK 3aKkaH4nBaeT paboty. [{nkn do-while skBUBaneH-
TeH UMKy repeat-until B Ilackane c Toit b pasHuLeH, 4TO B IIEPBOM CJIy-
Yae YKa3blBaeTCs yCAOBUE NMPOAOJIKEHUA UMKIIa, @ BO BTOPOM — YCJIOBHE €ro
OKOHYaHHUSA.

OnBIT MOKa3bIBAET, YTO LUK/ do-while MCHOJIb3yeTCsi TOPa3fo pexe, YeM
while u for. Tem He MeHee MOTPEeGHOCTD B HEM BPeMs OT BpEMEHH BO3HMKAET,
KaK, HallpuMep, B GyHKIMHU itoa (06paTHOM MO OTHOIIEHHUIO K atoi), npeod-
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pasyiouei YUCiI0 B CTPOKY CMMBOJIOB. BLinmosHNTh Takoe npeo6pa3osanue
0Ka3a/0Ch HECKOJIbKO O0Jiee CI0KHBIM [eJIOM, YeM 0XKHIA10Ch, HOCKOJIbKY
NPOCTbI€e AJITOPUTMBI FeHEPUPYIOT LK PBI B 06paTHOM ropsizke. Mbl ocTaHo-
BUJIMCh Ha BapHaHTe, B KOTOPOM cHavasia GpopMupyeTcst 0OpaTHasi ocJie10Ba-
TeIbHOCTD (P, a 3aTEM OHa peBepCHPYeTCsl.

/+ itoa: npeobpa3oBaHne n B CTPOKY s =/
void itoa(int n, char s[])
{

int i, sign;
if ((sign =n) < 0) /* COXpaHaeM 3Hak =/

n=-n; /* DenaeM N NONOXMUTENbHHM */
i=0;

do { /* reHepupyeM umdps B obpaTHOM nopsake x/
sfi++] =n % 10 + '0"; /» cnegywouas udpa */
} while ((n /= 10) > 0); /* uckno4uTb ee =/
if (sign < 0)
s(i++] = "' -';
s[i] = "\0";

reverse(s);

\

Koncrpykuusa do-while 3xech HeobXoanMMa Wiy 10 KpailHed Mepe yaoOHa,
MOCKOJIbKY B S TOChLIAeTCS XOTS ObI OAMH CUMBOJI, JaXke eCJIX N PAaBHO HYJIIO.
B Tese nKJIa 04HY MHCTPYKIMIO MbI BbLAENAIM GUTYPHBIMU CKOOKaMU (XOTs
OHM U U3OBITOYHBI ), YTOObI HEUCKYIEHHBINA YUTaTeJIb HE TIPUHSAI 110 OKubKe
cJI0BO while 3a Hauano nukia while.

Vupasxkuenue 3.4. I1pu ycnoBuy, 4T0 [UTst IPeACTaBIIeHUA YHCe HCII0Ib3YeTCs
JIOTIOJIHUTENIbHbIH KO/, Haula Bepcus 1toa He CIPaBaACTCA C CaMbIM 6OJ'II>I.HI/IM
110 MOZLYJIO OTPUIATE IbHBIM YHCIIOM, 3Ha4eHHe KOTOPOTO paBHseTcst —(2 )
rae n — pasmep ciaosa. ObbsicHUTE, YeM 3TO Bbi3BaHO. Moxnduuupyiite
nporpaMmy TakuM 06pa3oM, 4ToObI OHa JaBajia NMpaBMJIbHOE 3HaueHHe
yKa3aHHOTO YKCJIa HE3aBUCHMO OT MaLIMHBI, Ha KOTOPOi1 BBIIIOJIHAETCA.

Vupaxuenne 3.5. Hanumure dynkuuio itob(n,s,b), KoTopas nepeBogut
1HeJI0e N B CTPOKY S, IPEACTABISIOMYIO YUCIO 10 OCHOBaHMIO b. B yacTHOCTH,
itob(n,s, 16) nomeniaeT B S TEKCT YMCJa N B LIeCTHaALIaATEDUIHOM BUAE.

Vupaxuenne 3.6. Hanuurure Bepcuio itoa ¢ ZONOJHUTENbHBIM TPETHUM
apryMeHTOM, 3a/[al0l[MM MUHUMAaJIbHY 10 HpUHY nosist. IIpn HeobxoaumocTy
npeo6pa3oBaHHOE YUCJIO JOJIKHO CJIEBA OTIOIHSITHCS TPObeIaMi.
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3.7. UHCTpyKUUN break u continue

Wuorzna 6b1BaeT y106HO BEINTH M3 1{HKJIA He TI0 PE3YJIbTaTy IIPOBEPKH, OCY-
LIIeCTBJISIEMO B Hayasle MM B KOHIIE 1[HKJIa, @ KAKUM-TO JPYTHM CII0COOOM.
Takyro BO3MOXXHOCTb 4151 LUKJIOB for, while u do-while, a Takxe 17151 mepe-
KJII0YaTesns switch mpenocTaBisieT MHCTPYKUHMS break. ITa MHCTPYKLHS Bbl-
3bIBa€T HeMeJIEHHbIH BBIXOJ M3 CaMOro BHYTPEHHEro U3 00BEMIIOUX ee
LMIKJIOB WJIM NepeKJIioyaTesieil.

Cuenyromas dyHkuus, trim, yaaiseT U3 CTPOKHM 3aBepliaioliiie Mpobetsl,
TabyIs1MH, CHMBOJIbBI HOBOM CTPOKH; break HCIOIb3yeTCst B HEH AJIs BBIXOZA
M3 LIHKJIa 110 IePBOMY OOHAPYXXeHHOMY CIIpaBa CUMBOJIY, OTJINYHOMY OT Ha-
3BaHHbIX.

/* trim: ypandeT sasepuwabume npobens, Tabynauuu
 HOBble CTpOKU */ )

int trim(char s[])

{

int n;

for (n = strlen(s)-1; n >=0; n--)
if (s(n]!=" " && s[n] '= "\t' && s[n] != '\n")
break;
s[n+1] = '\0";
return n;

}

C nomourpio GyHKIUH Strlen MOXKHO HOJMYYUTD AuHY cTpokH. Ik for
MPOCMAaTPUBAET €r0 B 0OPaTHOM IOPsIAKe, HAYWHASA C KOHLA, O TeX NOP, M0Ka
He BCTPETUTCS CUMBOJI, OTJIMYHbINA OT pobesa, TabyIAUKMU U HOBOH CTPOKH.
LMK npepbIBaeTCs, KaK TOJbKO TAKOW CUMBOJI OOHAPYXUTCS WJIM N CTaHET
OTpHLATENbHBIM (T. €. BcsL CTPOKa OyeT TpocMoTpeHa). Y benutecs, 4To GyHK-
1M BeZIET ce6s1 IPaBHJIbHO U B CJIy4asix, KOrAa CTPOKA IyCTa UJIM COCTOUT TOJIb-
KO 13 CUMBOJIOB-pa3zieIuTeseH.

WHcTpykuus continue B yeM-To 110X07Ka Ha break, HO IpUMeHAETCA ro-
paszo pexe. OHa BBIHYXaeT Omkaiimnit o6peMiomuii ee uuk (for, while
iy do-while) HayaTh ciepyouuii mar urepaund. s while u do-while ato
0O3HayaeT HEMeJIEHHBIH Ilepexo/ K pOBepKe YCJI0BUs, a 11 for — K npupa-
menuio ara. IHCTpyKIMio continue MOXXHO IIPUMEHSTb TOJIBKO K LIHKJIaM,
HO He K switch. BHyTpu nepexiroyaresns switch, pacnosoXKeHHOrO B LIMKIIe,
OHa BBI30BeET Iepexo/ K cleLyolieil UTepaluy 3TOro LIUKJIA.

Bot dparMenT nnporpammbl, 06pabaThIBAOLINiT TOJIBKO HEOTPHLATEIbHbIE
37eMeHTbl MaccHBa a (OTpHLIaTe IbHbIe TPOIYCKAIOTCS).
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for (1 =0; 1 <n; i++) {
if (a[i] < 0) /* NponycK O0TpUUATENbHbIX 3NEMEHTOB */
continue;
/* 006paboTKa NONOXMTENbHHX INEMEHTOB */

}

K uncrpykunu continue yacto npuberaror Tora, KOraa 0CTaBLIAsICS YaCTh LIUKJ/IA
CJIOXKHA, 2 3aMeHa YCJIOBHSA B HEM Ha IIPOTHBOIIOJIOXKHOE U BBEIEHHUE ell[€ OHO-
IO YPOBHsI IIPUBOZSAT K CJIMIIKOM GOJIBIIOMY YHCITY YPOBHER BJIOKEHHOCTH.

3.8. UHCcTpyKums goto n MeTkn

B Cu nmeroTcs noprijaeMast MHOrMMH HHCTPYKIHMA goto U METKH [UIs Iiepe-
xona Ha HUX. CTPOro roBops, B 3TON MHCTPYKLHMH HET HUKAKOW HE0OX0ANMO-
CTH, ¥ Ha NIPAKTHKE TIOYTH BCerza Jierko 6e3 Hee 060iTHCh. [lo cux mop B Ha-
1ret KHUre Mbl He HCI0JIb30BaNH goto.

OpHaKo CyIIecTBYIOT CJIy4YaH, B KOTOPBIX goto MoxeT npuroautbes. Hau-
Gostee TUIIMYHA CHTYyauusl, KOTa HYXXHO NpepBaTh 00paboTKy B HEKOTOPOM
r1y6OKO BIOXKEHHOM CTPYKTYPE U BBIATH CPa3y U3 ABYX MM 60JIbIIErO YHCTIa
BJIOXKEHHBIX UMKJI0OB. IHCTpYKUMS break 31eCh He IIOMOJKeT, Tak Kak OHa obe-
CIIeYUT BBIXOJ, TOJIKO M3 CaMOro BHYTpPeHHero uukia. B xavecTse npumepa
PacCMOTPHM CIIELYION[YI0 KOHCTPYKIIMIO:

for (...)
for (...) {
if (disaster) /* ecnu beacTsue =/
goto error; /* y#ATW Ha ownbky */
}
error: /* 0bpaboTka ownbku =/

JuKeuduposamy becnopsook

Takas opraHu3auus nporpammbl yaobHa, ecu noanporpaMmma o6paboTku
omubGOYHOM CHTYallMH He TPMBHAJIbHA M OIIMOKA MOXKET BCTPETUTBCS B He-
CKOJIbKMX MECTaX.

MeTka MMeeT BUZ 0ObIYHOTO HUMEHHU TIEPEMEHHOIA, 32 KOTOPBIM CJIEAYET [ABO-
etoune. Ha MeTKy MOXHO repeiTH ¢ HOMOLIbIO goto U3 JII060ro MeCTa TaHHOM
hyHKUMH, T. €. METKA BUANMA Ha IPOTSXKEHHUH BCeil PyHKIHMH.

B kauecTBe ellle OJIHOTO TPUMepa PACCMOTPUM TaKYIO 33/[a4y: ONPeeUTD,
€CTb JIM B MaCCHBax a ¥ b coBnazamoiie sjaeMeHTs. OMH U3 BO3BMOXHbIX Ba-
PHAHTOB ee peau3allii UMeET CIIeAyoUni BUA:
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for (i =0; i <n; i++)
for (3 =0; j<m j++)
if (a[i] == b[j])
goto found;
/* HET OAMHAKOBHX 3NEMEHTOB */
found:
/* 0bHapyxeHo cosnapeHue: afi] == b[j] =/

TIporpaMMy HaXOXAEHHsI COBIAJIAIONIMX SIEMEHTOB MOXKHO Hanucarh 1 6e3
goto, mpaBza, 3aMJIaTHB 32 9TO JOIOJHHUTEIBHBIMU TPOBEPKaMH H elle OJHOM
nepeMeHHOMH:

found = 0;
for (i = 0; 1 < n & !found; i++)
for (j = 0; j < m&& !found; j++)
if (a[i] == b[j])
found = 1;
if (found)
/* obHapyxeHo coBnageHune: af[i-1] == b[j-1] =/

else
/* HET OOMHAKOBHX INEMEHTOB */

3a UCKJII0YEeHHEM PEIKHUX CydaeB, OZOOHBIX TOJbKO YTO IIPUBEAEHHBIM,
porpaMMsl ¢ IpUMeHeHHeM goto, Kak IPaBUJIo, TPYAHee AJIs1 TOHUMaHHUA
¥l CONPOBOXAEHYS, YeM IPOrPAMMBI, PelalonIUe Te xe 3afaun Oe3 goto. XoTs
MBI ¥ He IOTMaTHKH B JaHHOM BOTIPOCe, BCE Xe AYMaeTcs, YTO K goto cieayeT
npuberaTb KpailHe PEAKO, CJIM UCII0Jb30BATh 3TY MHCTPYKLHIO BOOOLIE.



[naBsa 4

dDyHKUNN
N CTPYKTypa nporpamMmsl

Oyuknuu pasbusaroT 60JblINe BRIYUCTUTETbHbIE 331241 Ha GoJiee MeJIKHe
Y I103BOJISTIOT BOCHOJIb30BATLCS TEM, YTO YK€ CAeNaHo APYTUMHU paspaboTuu-
KaMH, a He HaYMHATh CO3/laHKe IIPOrPaMMBbl KaXKablil pa3 “c Hyns”. B BoiGpan-
HBIX JOJDKHBIM 00pa3oM yHKUMSIX “YIpsiTaHbl” HECYLIECTBEHHbIE I ADY-
X YacTel IPOrpaMMBl AeTann uxX GYHKIMOHUPOBAHMS, YTO €JIaeT MPOrpam-
My B 1eJIoM GoJtee sCHOM u 06J1eryaeT BHeCeHHE B Hee U3MeHeHHU.

S13b1K IpoeKTUpOBaCs Tak, YTOOBI PyHKU UK ObLTH 3 HEKTUBHBIMU U TIPO-
CTHIMH B UCTI01b30BaHKUK. O6bIYHO porpamMmbl Ha CH cOCTOAT U3 6ObIIOrO
yyicsia HebobuuX QYHKIMH, a He U3 HeMHOTHX 6osbuiux. [IporpaMmmy MoxkHO
pacroJiarath B OHOM WJIH HECKOJIbKMX UCXOAHBIX daitnax. ITH dhaitisr MOx-
HO KOMITWJINPOBATh OTAENBHO, a 3arpy’KaTh BMECTE, B TOM YKCJIe U C PaHee
OTKOMIIMJIMPOBaHHBIMY 6ubnroTeynbiMu GyHkunamu. [Ipouecc sarpysku
37eCch He PAaCCMaTPUBAETCs, IIOCKOJIbKY OH Pa3/IM4€eH B Pa3HbIX CHCTEMAX.

O6bsBrienue U onpeznenenrie GYHKUNM — 3TO Ta 06IACTD, [e CTaHAAPTOM
ANSI B 13K BHECEHBI CaMble CylLlecTBeHHbIe U3MeHeHUs1. Kak Mbl Buzenn
B rJ1aBe 1, B onucaHuy QYHKU UK TEHEPh Pa3penieHo 331aBaTh TUIIbI apryMeH-
toB. CHHTakcuc onpenenenus GYHKINHA TakXe U3MEHEH, TaK 4TO TEIeph
00baBsIeHUs ¥ onpenesiedusa QYHKIMHA COOTBETCTBYIOT APYT APYTY. DTO 1o-
3BOJISIET KOMIUJISATOPY 0OHApYKUBAaTh HaMHOro 6oJiblie OMIMOOK, YeM paHb-
we. KpoMe Toro, eciv TUIIbI apryMeHTOB COOTBETCTBYIOUIAM 06pa3oM 06DbsaB-
JIEHB], TO He06XOMMbIe PeoOpPa30BaHKs apIYMEHTOB BBITIOJIHSIOTCS aBTOMATH-
YeCKH.

CrangapT BHOCHT SCHOCTD B IIPaBUJIA, OTIpeeisionire 061acTH BULAMOC-
TH MMEH; B YaCTHOCTH, OH TpebyeT, 4TOObI /IS KaXA0ro BHEIIHEr0 00bEeKTa
OBbLIIO TOJIBKO OAHO onpeneenre. B HeM 06061LIeHb! CpeICTBa HHULMATH3A-
LUK TENEePb MOXXHO MHULIHAIU3UPOBATH aBTOMATUYECKUE MACCUBHI U CTPYK-

TYPBL.
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Y nyyuteH Takxe npenpoueccop Cu. OH Brirouaet 6oJiee UPOKUIT HaGop
OMPEKTUB YCIOBHOW KOMITWJISALMH, TIPEIOCTaBIIseT BOSMOXKHOCTD M3 MaKpO-
apTyMEHTOB reHepUpPOBaTh CTPOKH B KaBBIYKAX, a KDOMe TOTO, COAEPXKHUT 6o-
Jiee COBEPLIEHHDII MEXaHU3M YIPaBIeHHs POLIECCOM MaKPOPACUIHPEHHUS.

4.1. OcHoBHble cBefeHUst 0 YHKLUNAX

HauneM c Toro, 4T0 CKOHCTPYHPYEM NIPOrpaMMy, NeYaTaomyo Te CTPOKH
BBOZMMOTO TEKCTA, B KOTOPBIX COAEPKUTCS HEKOTOPBLi “06paselt”, 3aflaHHbIH!
B BU/IE CTPOKH CHMBOJIOB. (DTa NporpaMMa npeacTasisieT cOO0it YaCTHBIM Cy-
yait ynxunu grep cucremsl UNIX.) PaccMoTpuM npumep: B pe3yJibTarte mo-

rcka obpasia “ould” B CTpOKax TEKCTa

Ah Love! could you and I with Fate conspire
To grasp this sorry Scheme of Things entire,
Would not we shatter it to bits -- and then
Re-mould it nearer to the Heart's Desire!

MBI ITIOJYYUM

Ah Love! could you and I with Fate conspire
Would not we shatter it to bits -- and then
Re-mould it nearer to the Heart's Desire!

Pa6ota 1o noucky o6pasia 4€TKO pacnaaeTcs Ha TPH JTarna:

while (cywecmeyem ewe cmpoka)
if (cmpoxa codepacum obpasey,)
Haneuamamb ee

XoTs Bce TPH COCTaBJISIOLIME ITPOL[ECCa TOMCKA MOXKHO TIOMECTHUTD B HYHK-
IL[MIO Main, BCe JXe JIy4llle COXPAaHUTDb NPUBEAEHHYIO CTPYKTYPY U KXAYIO ee
4acTh Pea30BaTh B BUje OTAeNbHON dyHKuuY. Jlerye UMeThb A€o ¢ TpeMs
HeOOJIbIIMMH YaCTSIMU, YEM C OZHOM GOJIBLION, TI0OCKOJIbKY, €CITH HECYLIECTBEH-
Hble 0COOEHHOCTH peau3allii CKPbIThl B QYHKLHUAX, BEPOSITHOCTh UX HEXe-
JIaTeJIbHOrO BO3/eHCTBUS APYT Ha Apyra MuHMManbHa. Kpome Toro, opopm-
JieHHble B BUZie QYHKIMN COOTBETCTBYIOLIME YaCTH MOTYT OKa3aThCs I10JIe3-
HBIMH U B IPYTUX IPOTPaMMaX.

Koncrpyxuus “while (cywecmeyem ewe cmpoka)” peanu3oBana B getline
(cM. rnaBy 1), a dpasy “Haneuamamo ee” MOXKHO 3anucaTh C HOMOLIBIO [OTO-
BO# dyHKuMH printf. Takum 06pasoM, HaM ocTaeTcst mepeBecTy Ha CH TOJb-
KO TO, YTO OTIpENESET, BXOAUT JIM 3aIaHHbIH 06pasel] B CTPOKY.
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YTo6bI PelTh 3TY 3afa4y, Mbl HaMHUIEM (GYHKUUIO strindex(s, t), KOTo-
past yka3bIBaeT MecTo (MH/EKC) B CTPOKE S, Ile HaYMHaeTcst CTPOKa t, miu -1,
ecau s He coepskHT t. Tak kak B Cu Hymepalus 2/IeMEHTOB B MAaCCHBAX Haull-
HAeTCs C HYJIsA, OTPULATE]bHOE YK1CIO0 -1 TOAXOAUT B KaueCcTBe NPU3HaKa He-
yaauHoro noucka. Ecim nanee Ham notpedyercsi 60Jiee CJI0KHOE OTOKAECTB-
JieHue 1o 06pa3iLy, Mbl IPOCTO 3aMeHMM strindex Ha APYTy0 GYHKUHIO, OCTa-
BMB IIPU 9TOM OCTAJIbHYIO YaCThb IIpOrpaMmbi 6e3 usmenenuit. (Bubaunoreunas
¢dbyukuMs strstr ananornysa GyHKUMH strindex ¥ OTIMYaeTCs OT HocaeqHed
TOJIbKO TEM, YTO BO3BpAIl[aeT He MH/EKC, a yKa3aTeJb.)

ITocre Takoro mpoekTHpoOBaHUS IIPOrPaMMBI ee “AeTaTupoBKa” OKa3biBaeT-
cs1 o4eBHAHOM. MBI MMeeM npeacTaBiieHHe O TPOrpaMMe B L[eJIOM U 3HAeM, KaK
B3aMMOZENCTBYIOT ee yacTH. B Haleil nporpamMme oOpasel /15 OKCKa 3a4a-
€TCs CTPOKOU-IUTEPATIOM, YTO CHIKAeT ee YHUBEPCAIBbHOCTD. B ryase 5 Mbl
ellle BepHeMCS K pobieMe MHULMATU3aH CUMBOJIbHBIX MaCCUBOB U MOKa-
XKeM, Kak 00pasell ce/aTh [1apaMeTPOM, YCTaHABJIMBAEMBIM IIPH 3aIlyCKe IIPo-
rpamMmel. 31eCh IPHUBEAEHA HECKOJIbKO M3MEHEHHas Bepcus QYHKUKH getline,
¥ Ob1710 6bI IOYYHUTELHO CPAaBHUTD €€ C BepCHel, paCCMOTPEHHOI B Iiase 1.

#include <stdio.h>
#define MAXLINE 1000 /* MaKcuManbHbli pa3Mep BBOAWMON CTPOKN */

int getline(char line[], int max);
int strindex(char source[], char searchfor[]);

char pattern[] = "ould"; /» obpa3el ans noucka =/
/* HaliTW BCe CTPOKM, coaepxaume obpaseu =/
main()
{
char 1ine[MAXLINE];
int found = 0;

while (getline(line, MAXLINE) > 0)
if (strindex(line, pattern) >= Q) {
printf ("%s”, line);
found++;

}

return found;

/+ getline: uuTaeT CTpoky B S, BO3BpaWaeT AMmHYy */
int getline(char s[], int 1lim)
{

int ¢, 1i;
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i=0;

while (-1im > 0 && (c=getchar()) '= EOF && ¢ != '\n')
s[i++] =

if (¢ == "'\n")
s [1++] =

s[i] = '\0";

return 1i;

/* strindex: Bu4ucnaeT mecTo t B S UAM BbiaaeT -1, ecnn t HeT B S */
int strindex (char s[], char t[1]) °

{
int i, j, k;

for (i = 0; s[i] !'= "\0'; i++) {
for (j =i, k =0; t[k] !'='\0" && s[j] == t[k]; j++, k++)

if (k> 0 && t[k] == "\0")
return 1i;
}
return -1;

}

Onpenenenyie n1060i GYHKIMM UMEET CIEAYIOIWHA BUA:

mun-pesyrvmama uma-pynxyu (06sA61eHUS apeymeHmos)
{
066A6NEHUA U UHCTIPYKUUU

}

OTxenbHbIe YaCTH ONIPeAeIEHHsI MOTYT OTCYTCTBOBATb, Kak, HallpuMep, B OIpe-
AeJieHUH “MUHHMaIbHOM” GyHKINH

dummy() {}

KOTOpasi HUYero He BRIYMCIIAEeT ¥ HUYero He Bo3BpailaeT. Takas Huyero He je-
naronasi GyHKUKs B IpoLiecce Pa3pabOTKH IPOrpaMMEI OBIBaeT 10J1€3Ha B Ka-
gecTBe “XpaHuTens Mecra’. Eciy TR pesysbTaTa ONylieH, TO Mpexiosara-
ercs, 4To GYHKIMS BO3BpalljaeT 3HaYeHHe THIa int.

Jlxobasi mporpamMma — 3T0 POCTO COBOKYITHOCTB ONpeze/ieHuit nepemeﬂﬂmx
U byskuni. CBs3u Mexxay GYHKUHAMU OCYIIECTBIISIOTCSA Yepe3 apryMeHTH,
BO3BpalllaeMble 3Ha4YeHH U BHElIHYe IlepeMeHHble. B ucxonnoM daitne pyHk-
IIMH MOTYT PacroJiaraTbcs B J;F0O0M NOPsiiKe; HCXOAHYIO POrPaMMy MOXHO
pa3buBaTh Ha JM060e Yncio $Haitos, HO Tak, YTOOb! HU OfHA U3 HYHKUUIA
He 0Ka3aJiach Pa3pe3aHHOI.
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WHcTpykuus return peaiu3yeT MeXaHH3M BO3BPaTa Pe3y/ibTaTa OT BLI3bI-
BaeMo (DYHKUMH K BbI3bIBaIOleid. 3a CJIOBOM return MOXeT CJ1eJ0BaTh JIo-
60e BbIpaXKeHHe:

return ewipasxcenue,

Ecnu norpebyercsi, svipascenue 6yneT npuBeseHO K BO3BPAIIAEMOMY THILY
byukuny. Yacro svipaienue 3aKIH0YAIOT B CKOOKH, HO OHU He 0653aTe/IbHBI.

BoissiBaroniast hyHKIMS BIIpaBe IPOUTHOPHPOBATh BO3BPalllaéMOE 3Haye-
uue. Bosee Toro, gvipasicenue B return MoXeT OTCYTCTBOBATH, M TOTA BOOO1IIE
HHKaKOe 3HaueHue He Oy1eT BO3BpallleHO B BhI3bIBAONIYIO GYHKIHIO. Y TIpaB-
JieHVe BO3BPALIAEeTCsl B BBI3BIBAOLIYIO DYHKIUHIO 6€3 Pe3yIbTUDYIOIEro 3Ha-
4eHHS TAKXKE U B TOM CJIyYae, KOr4a BEIYUCIEHHS JOCTUIIN “KoHua” (T. €. 110-
cllenHei 3akpbiBaroleit hurypHoii ckobku Gynkumnn ). He sanpeniesa (Ho qosx-
Ha BBI3bIBATh HACTOPOXKEHHOCTb) CUTYalUs, KOI4a B OQHOI U To# xe byHK-
L(1¥ OZIHHU return UMeioT IIpH cebe BhIPAXKEHHs, a Ipyrie — He UMeloT. Bo Beex
cayyasx, koraa GyHkuus “3abblia” nepesath pe3yabTat B return, oHa 06s3a-
TeJIbHO BBIAACT “Mycop”. '

@DyHKuMA main B MporpamMme MOKUCKa Mo 06paally BO3BpallaeT B KayecTBe
pe3yJIbTaTa KOJMYECTBO HAMAEHHBIX CTPOK. ITO YHUCJIO JOCTYIIHO TOU Cpefe,
13 KOTOPOH JaHHAasi porpamMMa Obliia BbI3BaHa.

MexaHHU3MBI KOMITMJISIUMH U 3arpy3ku CH-IIPOrpaMM, PacIiosioXeHHBIX
B HECKOJIBKHX UCXOMHBIX (bailnax, B pa3HbIX CHUCTEMax MOTYT pasinyaThCs.
B cucreme UNIX, HanpriMep, 3TH pabOTbI BBITIOJIHSET YIIOMSAHYTas B riase 1
koMmanza cc. [Ipeanonoxum, 4To Tpi GYHKUUH HalLlero NOCIeAHEro NpuMepa
PacroJioXeHb! B TpexX pa3ubix daiinax: main.c, getline.c ustrindex.c. Toraa
KOMaH/ia

cc main.c getline.c strindex.c

CKOMIIUJIMPYET YKa3aHHble (aiijibl, TOMECTHB pe3yJIbTaT KOMITHIISLKH B aii-
JIbl 0OBEKTHBIX MoznyJsed main.o, getline.o u strindex.o, ¥ 3aTeM 3arpy3ur
MX B HCTIONHAeMbIH ¢aiin a. out. Eciu obHapyxunacs omnbka, Hanpumep
B (aiise main. c, To ero MOKHO CKOMIIMJIMPOBATh CHOBA U Pe3yJIbTaT 3arpy-
3UTb paHee MOJyYeHHBIMU 0ObeKTHBIMHU (daiilaMu, BBINOJHUB CJAELYIOLYIO
KOMaHJy:

cc main.c getline.o strindex.o
Komanza cc ucnosibayeT cTaHaapTHble pacuipenus $hainos “.¢” u “. 0", uro-

6Bl OTIMYATH UCXOAHBIE (hailsibl OT OO BEKTHBIX.

Ynpaxknenue 4.1. Hanumure dyskuumo strindex(s,t), koTopas BbiaeT
MO3UIIMIO CAM020 NPAO20 BXOXKIEHUA t B S WIH -1, €CJIM BXOXKIEHUS He 00-
HapY>XeHO.
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4.2. dyHKuun, Bo3Bpallatouime
Heuenble 3Ha4YeHusa

B nipeapiayiumx npuMepax GyHKUMK 1160 BOOOLIE He BO3BPALL QI PE3YJIb-
THPYIOIIMX 3Ha4eHUi (void), 1n60 Bo3Bpallany 3HaYeHUs THMa int. A Kak
ObITb, KOTA Pe3yJIbTaT (PYHKUMH IOJKEH UMETb APYyroi Tun? MHorue Bbl-
YucIpTeIbHbIE QYHKINH, KaK, HapUMeD, sqrt, sin ¥ cos, BO3BpalIaoT 3Haye-
HUs Tuna double; Apyrue crennansHble GyHKIMHA MOTYT BbIIaBaTh 3HAYEHUS
elle KaKUX-To THI0B. YTOOBI IPOMILIIOCTPUPOBATH, KAKUM 06pa3oM GYHKIUUS
MOXeT BO3BDATHUTD HelleJioe 3HaueHHe, HanuieM ¢pyHkuuio atof(s), koTopas
HEPEBOIUT CTPOKY S B COOTBETCTBYIOIIEe YHCIIO C MTaBalollell TOYKOH JBOM-
Hoit TounocTu. DyHKuMA atof npezacrasisieT coboit paciperre GyHKIUHA
atoi, iBe BEPCHH KOTOPOii ObLIIM pacCMOTpeHbI B IaBax 2 U 3. OHa uMeeT Je-
JI0 CO 3HAKOM (KOTOPOTO MOXeET U He OBbITh), C ECATUYHOU TOYKOH, a TAKXKe
C uesIoil U ApOOHOM YaCTsIMH, OJHA 13 KOTOPBIX MOXeT oTcyTcTBoBaTh. Hamra
BEPCHS He ABJAETCA BbICOKOKaYeCTBEHHO IPOrPaMMOii 1peoOpa3oBaHust BBO-
IMMBIX YKCEJT; TaKas NMporpamma notpeboBaa 6b1 3aMeTHO GOJIbliIe MAMSATH.
OyHkuus atof BXOAUT B CTaHAAPTHYI0 OMOIMOTEKY IIPOrpaMM; ee OIMCaHKe
COIEPXXUTCS B 3aroI0BOYHOM (aitie <stdlib.h>.

[Ipex e BCEro OTMETHM, YTO OOBSBIATH THII BO3BPAL[AEMOrO 3HAYEHHSI
JOJDKHA caMa atof, Tak Kak 3TOT THII He eCTb int. Yka3aTesp TUIa 3afaeTcs
niepes IMeHeM QYHKIIHH.

#include <ctype.h>

/+ atof: npeobpasosaHne cTpoku s B double =/
double atof (char s[])
{

double val, power;

int 1, sign;

for (i = 0; isspace (s[i]); i++)
: /* WCHOPUPOBAHWE NEBLIX CUMBONOB-pasaennTenen */

sign = (s[i]l=="-")?-1:1;
if (s[i] == '+ 11 s[i] == "-")
i++;
for (val = 0.0; isdigit (s[i]); it++)
val = 10.0 « val + (s[i] - '0"); \
if (s[i] ==".")
i++;

for (power = 1.0; isdigit(s[i]; it++) {
val = 10.0 » val + (s[i] - '0");
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power *= 10.0;
}
return sign = val / power;
}

Kpome Toro, BaxxHo, 4To6bl BbI3bIBaIOI[asd POrpaMMa 3Hasa, 4To atof
BO3BpalllaeT Heuenoe 3HadeHne. OMH U3 cioco60B 06eCIIeYrnTh ITO — ABHO
onucathb atof B BeI3biBalouieii nporpamme. [logobHOE onrcanye JeMOHCTPU-
pYyeTcst H¥>Ke B TPOrpaMMe IIPOCTEHbKOr0 KaJIbKYJIATOPa (I0CTaTOYHOrO AJIs
IIpOBepKH HasaHCca YeKOBOM KHMXXKHU ), KOTOPBII K&KAYIO BBOLUMYIO CTPOKY
BOCHPMHKMMAET KaK YKCJIO, TIPUOABIISET €ro K TEKylLIeil CyMME U leyaTaeT ee
HOBOE 3HaYeHHe.

#include <stdio. h>

#tdefine MAXLINE 100

/* NPUMUTUBHbBIA KanbKynaTop */
main()
{
double sum, atof (char[]);
char 1ine[MAXLINE];
int getline (char line[], int max);

sum = 0;

while (getline(line, MAXLINE) > 0)
printf ("\t%g\n”, sum += atof(line));

return 0;

}

B o6baBrennu
double sum, atof (char[]);

rOBOPHTCS, YTO SUM — NlepeMeHHas Tuina double, a atof — dyHkuMg, koTOpas
NpUHUMaeT OJWH apTyMeHT TuIa char[ ] ¥ Bo3BpaliiaeT pe3yjbTat Tuna double.

O6bsBenve u onpeaesenre GyHKUKMH atof JOIKHBI COOTBETCTBOBATb APYT
npyry. Ecnu B onHoM ucxopHoM daitne cama pyHkuus atof u obpamenue
K Hell B main MMEIOT pa3Hble TUIIBL, TO 3TO HECOOTBETCTBHE Oy eT 3aPUKCUPO-
BaHO KOMITMJIATOPOM Kak ominbka. Ho ecnn dyukuus atof 6blia ckoMmumu-
pOBaHa OTENbHO (4TO HoJiee BEPOATHO), TO HECOOTBETCTBUE THUIOB He OyzeT
0OHapyXeHo, U atof BO3BpaTHUT 3HaYeHHe THIa double, KOTOpoe HyHKIMs main
BOCIIPUMET KaK int, YTO MpUBeAET K 6eCCMBbICTIEHHOMY Pe3YJIbTaTy.

ITo NocjefHee yTBePXAeHHe, BePOSITHO, BbI30BET Y BacC yAUBJIeHUE, I10-
CKOJIbKY paHee FOBOPHJIOCH O HEOOXOIMMOCTH COOTBETCTBUS 0OBsBIEHUIMA
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u onpezaenenuil. I[puunHa HECOOTBETCTBHS, BO3MOXKHO, OYIET CNe/CTBUEM
TOTO, YTO BOOOIIE OTCYTCTBYET ITPOTOTHUI GYHKIHUHU, ¥ GYHKLMUS HEABHO OO bAB-
JIieTcsl IPH [IePBOM CBOEM IOSIBJIEHUU B BBIDAKEHUH, KaK, HallpUMep, B

sum += atof(line)

Ecnu B BblpakeHUM BCTPETUIIOCH UM, HUTAE paHee He 00bsIBIEHHOE, 32 KOTO-
PBIM CJIEAYET OTKPBIBAIOIIAst CKOOKA, TO TAKOE MMs [I0 KOHTEKCTY CYMTAETCs
uMeHeM DYHKUHH, BO3BpalIaoNieil pe3y/IbTaT THIA int; DU 3TOM OTHOCH-
TEJIbHO e€ apTYMEHTOB HUYETO He npeanosaraetcs. Eciu B 00bsBieHnH GyHK-
LIMM apryMEHThI He yKa3aHbl, Kak B

double atof();

TO ¥ B 9TOM CJIy4ae CYNTAETCs, YTO HUYero 06 aprymeHnTax atof He H3BECTHO,
¥ BCe IPOBEPKHU Ha COOTBETCTBHE ee apaMeTpoB OyAyT BeikIoueHbl. [Ipeamo-
JIaraeTcs, YTO TaKas ClielHalbHas HHTePIPETalUs TyCTOTrO CIMCKA T03BOJIUT
HOBBIM KOMIIHJISSTOPaM TpaHCanpoBath crapble Cu-nporpaMMel. Ho B HOBbIX
IpOrpaMMax IoJIb30BaThCs 3TUM — He O4eHb xopoutas uzes. Ecin y dynkiuu
€CTb aPIYMEHTBI, OITHLINTE UX, eCITH UX HeT, HCIOJIb3YiTe CI0BO void.

Pacriosiarasi cCOOTBETCTBYIOIINM 00pa3oM onucaHHOU hyHKUMER atof, Mbl
MO>XeM HanucaTb GYHKUHUIO atoi, IpeoHpasyonyio CTPOKY CUMBOJIOB B LiEJIOE
3HAYEHHE, CIIENYIOLUM 0Opa3oM:

/+ atoi: npeobpasosaHue cTpokn s B int ¢ nomoubio atof +/
int atoi (char s[1])
{

double atof (char s[]);

return (int) atof (s);
}

O6patuTe BHUMaHHe Ha BU 0ObsIBIEHUsS U MHCTPYKUXH return. 3HaueHHe
BBID&)KEHHS B

return evipascenue;

Tnepes TeM, Kak OHO OyJeT BO3BpallleHO B KaYeCTBe Pe3YJIbTaTa, IPUBOAUTCS
k Tunty Gyskuuu. CrenosartebHo, TOCKOAbKY GYHKIHMS atol Bo3BpalllaeT 3Ha-
4yeHue int, pe3ysbTaT BeIYMCIeHHs atof Tuma double B MHCTPYKHMHM return
aBTOMaTHyecku npeobpasyercs B TUII int. [Ipu npeobpasoBaHUH BO3MOXXHA
norepsi UHGOPMaLNH, U HEKOTOPbIE KOMITUJIITOPBI TIPEAYIPEXAAIOT 00 3TOM.
OrnepaTop NpUBeEHUs IBHO YKa3bIBaeT Ha HEOOXOAMMOCTb [TPe0OPa3OBAHU S
THIIA U TI0/IaBJISAET JTI060€ Npeaypexaaliee COOOLUIeHHE.

Vupaxuenne 4.2. [lononnure pyHkunio atof TakuM 06pa3oM, 4ToObI OHA
CIpaBJIsIach C YUCIaMH BHIa
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123.45e-6

B KOTODBIX 110CJIE MAHTHUCCBI MOXKET CTOSITh € (MJIK E) € IIOCTeAYIOUTHM MTOPSIL-
KOM (6BITb MOXET, CO 3HAKOM).

4.3. BHellHne nepemMeHHble

[Iporpamma Ha Cu 0OBIYHO ONIEPUPYET C MHOXKECTBOM BHEIIHUX 0OBEKTOB:

w

nepeMeHHBIX U GyHkuuil. [Tpusnaratenbaoe “BHemuuit” (external) npoTuBo-
MOJIOXKHO NpUJIaraTebHOMY “BHYTPEeHHH”, KOTOpPOe OTHOCUTCS K apTyMeH-
TaM M NepeMeHHBIM, ONpefiesisieMbIM BHYTPH GyHKUKH. BHemHue nepemeH-
Hble ONpeleNsioTcs] BHe GYHKIUN U MOTEHUHANbHO AOCTYIIHBI AJIsI MHOTUX
bynxumit. Camu GyHKUNY Beera sBISIOTCS BHEITHUMHU 0OEKTaMH, IOCKOJTb-
Ky B Cu 3anpeliieHo onpeznensaTh GyHKUUKM BHYTPH ApyruX dyukuwmii. [To ymosn-
YaHUIO OAMHAKOBble BHELIHHE MMEHa, UCIIOJIb3yeMble B Pa3HbIX (dailiax, oT-
HOCSITCSI K OZHOMY U TOMY Xe BHeuiHeMy 06bekTy (byHkuun). (B ctanzapre
3TO Ha3bIBAETCs pedakmuposanuem srewnux céssei (external linkage').) B atom
CMbICJIe BHELIHHE TlepeMeHHble OX0XH Ha obmact COMMON B DopTpane u Ha
nepeMeHHble caMoro BHelHero 6s10ka B ITackane. ITo3xe Mbl mokaxeM, Kak
BHelIHHe HYHKIMH U TepEMEHHBIE CAeTaTh BUAMMBIMU TOJIbKO BHYTPH OLHO-
ro ucxozHoro daitna.

IMockospky BHELIHNE TEpEMEHHBIE JOCTYITHBI BCIOAY, UX MOXHO HCIIOIb30-
BaTbh B KaYeCTBe CBA3YIOIINX AaHHBIX MeXAY GYHKUUAMH KaK aJlbTEPHATUBY
cBsi3eil Yepe3 apryMeHThI M BO3BpalaeMble 3HaueHus. J{yist ro6oit GyHKumMn
BHELIHAS IEPEMEHHAs! JOCTYIHA 10 €€ MMEHH, €CJIH 3TO UM OBLIO JOJIKHBIM
06pa3oM 06bsABIEHO.

Eciu 4Kcio nepeMeHHBIX, COBMECTHO HCIOJIb3yeMBIX QYHKIMSAMM, BEJTH-
KO, CBSI3U MEXAY IT0CJIeAHUMHU Yepe3 BHELTHHeE lepeMeHHbIe MOTYT 0Ka3aThCsl
6ostee ynoOHBIMYU 1 3 HEKTUBHBIMH, YEM JJIMHHbIE CIMCKH apryMeHToB. Ho,
KaK OTMeYasoch B IJ1aBe 1, K 3TOMY 3asiBJEHMIO CJIeLyeT OTHOCUTBCS KPUTH-
9eCcKH, OCKOJIbKY TaKas NPaKTHKa YXYALIaeT CTPYKTYPY NPOrpaMMBl U IIPH-
BOZHT K CJIMIIKOM GOJIbIIOMY YUCITY CBA3EH MEXAY GYHKUUSAMH 110 ZaHHBIM.

Breurnye nepeMeHHbI€ IOJIE3HBI, TAK KaK OHM UMEIOT 60bIIyIo 0671acTh
HOeCTBHsS U BpeMsi )KU3HH. ABTOMaTHYeCKHe epeMeHHble CyLeCTBYIOT TOJIb-
KO BHYTpH (YHKI[MH, OHM BOZHUKAIOT B MOMEHT BX0Za B GYHKLHIO U HCcYe3a-
IOT TIPH BBIXOZle U3 Hee. BHenHue nepeMeHHble, HATIPOTHUB, CYyLIECTBYIOT 110-
CTOSIHHO, TaK 4TO UX 3HAYEHWsI COXPAHSIOTCSA ¥ MEXIY 0OpallleHUsAMH K QyHK-
unsaM. Takum 06pasoM, ecii AByM DyHKIMSM MPUXOAUTCS 0Ib30BATLCS O
HMMMU U TEMH Xe JaHHbIMU M HM OHA U3 HUX He BBI3bIBaeT APYTYIO, TO YacTO

' Ceityac yxe B PYCCKHI A3BIK 1POYHO BOWLIO CIOBO “aunkosanue”. — [Tpumey. peo.
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6b1BaeT yno06H0 0hOPMUTD 3TH 001 M€ JaHHbIE B BU/IE BHEIIHUX lEPEMEHHDIX,
a He nepefaBaTh UX B QYHKUMIO ¥ 0OPATHO Yepe3 apryMeHTDI.

B cBsi3u ¢ npuBeneHHBIMU paccyxaeHusMu pasbepeM npumep. [loctapum
cefe 3a1auy HAMKCATh IPOrPaMMY-KalbKYJISITOP, IOHUMAIOIIYIO ONePaTOPHI
+, -, » i /. Taxoit KanbKyAATOp J1erye Oy AET HAMKMCATH, €CJIM OPUEHTUPOBATHCSA
Ha M0JIbCKY10, a He MHPHUKCHYIO 3anuch Boipaxenuii. (O6paTHas nojibckas
3anyCch NIPUMEHSETCS B HEKOTOPBIX KapMaHHBIX KaJLKYJIATOPaX U B TAKUX
a3bikax, Kak Forth u Postscript.)

B 06paTHO# M10JIbCKO# 3aMMCH KKAbIH ONIEPATOP C/IEAYET 32 CBOUMHU OTle-
paHzamu. Beipakenre B MHOUKCHOI 3aMKICH, CKaXKeM

(1-2) «(4+5)

B IIOJIBCKOI 3aITHCH NIPeCTaBIAETCS KaK
12-45++« '

Cxo0KH He HY>KHBI, HEOAHO3HAYHOCTH B BHIYHUCJIEHUSIX He OBIBAET, IOCKOJIBKY
M3BECTHO, CKOJIBKO ONIEPAH0B TPeOYeTCs Isl KaXA0ro ONepaTopa.

Peanusosath Hamy nporpaMMy BecbMa npocto. Kaxzslit onepany nocsuia-
€TCsl B CTEK; eCJIM BCTPEYaeTcsi ONepaTop, TO U3 cTeka bepeTcsi COOTBETCTBY-
IOLIIee YKCIIO OTePaHIOB (B C1y4ae GHHAPHBIX ONIEPATOPOB /(BA) U BBINOIHSET-
cs1 omepalys, ocJie Yero pe3ysibTaT IOoChlylaeTcs B CTeK. B HaueM npumepe
yucia 1 ¥ 2 mochLIaloTCA B CTEK, 3aTeM 3aMelaloTCs] Ha MX pasHocTsb - 1. [asee
B CTEK IIOCBIJIAIOTCA YUCJIA 4 U 5, KOTOPBIE 3aTeM 3aMeHSIOTCS X cyMMOii (9).
Uncna -1 19 3aMeHAI0TCA B CTeKe UX TpousBegeHueM (T. e. -9). Berperus ciM-
BOJI HOBO#1 CTPOKH, IpOrpaMMa U3BJIeKaeT 3HaueHHe 13 CTeKa U [leqaTaeT ero.

Takum 06pa3oM, porpamMma COCTOUT U3 LIMKJIa, 00pabaThIBAIONIErO Ha KaX-
[OM CBOEM Liare 0YepefHOi BCTpedyaeMblii onepaTop WK ONePaH;

while (credyrouguii snemenm ne Koney-aiina)
if (uucno)
nociamo ezo 8 cmex
else if (onepamop)
63Mb U3 CMeKa Onepandvl
BbINOTHUMb ONEPAYUIO
pe3ynbmam nociams 6 cmex
else if (uoeas-cmpoxa)
83Mb € 6EPULUHL CMEKA YUCTO U HANEYAMATNb
else
owubKa

Onepauuu “nocnath B cTek” U “B3sATh U3 CTEKA” CaMU 110 cebe TPHUBUANIbHBI,
OZHaKO 1O Mepe 406aBlIeHNs] K HUIM MeXaHU3MOB 0OHApY>KeHUs U HeHWTpa-
JIM3aLAY OLIMOOK CTAHOBSITCS JOCTATOYHO JIMHHBIMU. [103TOMY MX Jyduie
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0opMHUTD B Bule OTAENbHBIX GYHKIHHM, Y4eM [TOBTOPATh COOTBETCTBYIOUIHHA
KO 110 Bceit porpamme. M KoHeYHO HEOOXOAMMO UMETh OTHENbLHYIO (PYHK-
MO JJISL MTOJIyY€HMSI OYepeHOTO OTIepaTopa MM ONlePaHaa.

['naBHBIN BOIpPOC, KOTOPHIN MBI elile He paCCMOTPeJIH, — 3TO BOIIPOC O TOM,
rie paclojoXUTh CTEK U KaKUM GYHKIUHUSIM pa3peuiuTh K HeMy HpsAMOMH
noctyn. CTek MOXXHO PacIoNOXHTh B GyHKIMH main 1 NepeaaBaTh CaM CTEK
Y TEKYUIYIO MO3UIHIO B HEM B KayeCTBe apryMeHToB GyHkuusM push (“ro-
cnath B ctek”)  pop (“B3sTh U3 creka”). Ho dbyHkunu main Her nena mo nepe-
MEHHBIX, OTHOCSIIIUXCS K CTEKY, — el HY>KHbI TOJILKO OIlepallvy Mo noMelie-
HUIO YHUCeJT B CTEK U U3BJIEYEHHIO UX OTTyAa. [103TOMY MBI pelnIu cTek 1 CBsi-
32HHYIO ¢ HUM HHGOPMAUUIO XPaHUTh BO BHELIHUX IeDEMEHHBIX, JOCTYITHBIX
a1t GyHKIMIA push 1 pop, HO He ZOCTYIHBIX AJIA main.

Tlepexoz OT 3cKM3a K IPOrpaMMe AOCTaTOYHO Jierok. Ecim Teneps nporpam-
MY NPEACTaBUTh KAaK TEKCT, PACHOJIOXXEHHBIH B OTHOM HCXOAHOM (aiisie, oHa
OyzeT UMeTb CIIeAYIOLINM BUL:

#include /= moryT 6bTb B nwboM KonuyecTee =/
#define /= moryT ObTb B NOOM KonuuecTBe */
obvaenenus Qynkyul Ons main

main() {...}

éHewnue nepemennble O push u pop

void push (double f) {...}
double pop (void) {...}

int getop(char s[]) {...}
noonpozpammol, 6vi3vieaemvie Pynxyuel getop

[To3xe Mbl 06CYAMM, KaK TEKCT STOM MPOrPaMMbl MOXHO Pa3OUTh Ha Ba WK
6osbiiee ynco ¢aitnos.

DyHKUMA Main — 3TO WKKJI, coePXKal1ii GOIbIIOI NepeKoYaTesb switch,
TNiepeaAoNIMil yIIpaBJeHHe Ha TY WJIH HHYIO BETBb B 3aBUCHMOCTH OT THIIA Olle-
paTopa WM onepalza. 34€ech peAcTaBiieH boJiee THIMYHBIN CIy4ail IpUMeHe-
HUS TIepeKsIroYaTesis switch o cpaBHeHHIO C PACCMOTPeHHBIM B naparpade 3.4.

#include <stdio.h>
#include <stdlib.h> /+ ans atof() =/

#define MAXOP 100 /* Makc. pa3Mep onepaHfa uav onepaTopa */
#define NUMBER 'Q'  /+ npuaHak uucna =/
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int getop (char []);
void push (double);
double pop (void);

/* KanbkynaTop ¢ 06paTHOW NONbCKOM 3anuchbi */
main ()

{

int type;
double op2;
char s[MAXOP];

while ((type = getop (s)) != EOF) {
switch (type) {
case NUMBER:
push (atof (s));
break;
case '+':
push (pop() + pop());
break;
case '*':
push (pop () * pop ());
break;
case '-':
op2 = pop ();
push (pop () - 0op2);
break;
case '/':
op2 = pop ();
if (op2 != 0.0)
push (pop () / op2);
else
printf("ounbka: geneHne Ha Hynb\n");
break;
case '\n' :
printf("\t%.8g\n", pop ());
break;
default:

printf(”ownbka: HeuasecTHas onepauus %s\n", s);

break;
}

}
return 0O;
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Tak Kak onepaTophl + ¥ * KOMMYTATHBHbI, IOPALOK, B KOTOPOM ONlepaH/s! He-
PyTCs U3 CTeKa, He BaXKeH, OHaKO B CJIy4Yae ONepaTopoB - U /, JIeBbIU U pa-
Bblit OTlepaH/Ibl JOJIKHBI pa3ivyaThes. Tak, B

push(pop() - pop()); /+ HENPABUNBHO =/

04YepEAHOCTDb o6pa1.ueH1/1a K pop He OoIpenesyieHa. Y0681 rapaiTHpOBaTh IIpa-
BHUJIbHYIO OYEPENHOCTD, HeO6XOIlPIMO NEpBOE 3HAaYEHNE U3 CTE€Ka NNIPUCBOUTH
BPCMEHHOﬁ nepeMeHHoﬁ, KakK 3TO ¥ CAEeJIaHO B main.

#define MAXVAL 100 /* MakcumanbHaa raybuHa cTeka */

int sp = 0; /* cheayouas cBobogHas nosuuusa B cTeke =/
double val[MAXVALT; /* cTeK =/

/* push: nonoxwTb 3HayeHne f B cTek */
void push(double f)
{
if (sp < MAXVAL)
val[sp++] = f;
else
printf( "ownbka: cTek nonoH, %g He nomemaetca\n", f);

/* pop: B3ATb C BEPWWHH CTEKA W BHAATb B KAa4ecTBE peadynbTata */
double pop(void)

{
if (sp > 0)
return val[--spJ;
else {
printf(”ownbka: ctek nyct\n");
return 0.0;

TlepemenHas cunTaeTcst BHEIIHEH, eciv OHa onpenesieHa BHe GyHKuuH. Ta-
KUM 06pa3oM, CTEK U MHAEKC CTEKA, KOTOPbIE JOJIXKHBI OBITh JOCTYIHBI 1 AJIS
push, ¥ Jis1 pop, onpenessioTcs BHe 3TUX GyHkuuil. Ho main ne ncnosnpayer
HU CTEK, HY NIO3ULHIO B CTEKE, U TI09TOMY UX [PEACTaBJIEHHE MOXET ObITb CKPbI-
TO OT main.

3aiiMeMcs peanusanueii getop — GYHKIMY, TOTyYaloLIed CeAYOUHA ome-
paTop uiy onepasz. Ham npeacTouT pelinTh JOBOJIBHO NIPOCTYIO 3afauy. bosee
TOYHO: TpeOyeTCs NPOIYCTHTD NPOOEbl U TabyJIsILINK; €CIIH CIeTyOUIMit CUM-
BOJI — He undpa 1 He AeCATHYHAs TOYKA, TO HY)KHO BBIIATh €ro; B IPOTHBHOM
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cJlyyae HaJ0 HaKOMUTb CTPOKY LMGD C AECATUYHOH TOUKOH, €CJIM OHA €CTh,
Y BbIAaTh yrucso NUMBER B kauecTBe pesyJibTaTa.

#include <ctype.h>

int getch(void);
void ungetch(int);

/* getop. nonyvaeT cneayluwmid onepaTop wau onepaHa */
int getop(char s[])
{

int i, c;
while ((s[0] = ¢ = getch()) == " " i1 ¢c == "\t")
s[1] = '\0";
if ('isdigit(c) & c !="'.")
return c; /* He 4ncno =/
i=0;

if (isdigit(c)) /+ nHakannuBaeM uenyn 4acTb +/
while (isdigit(s[++i] = ¢ = getch()))

if (c==".") /* HakannusaeMm ApobHyl 4acTb */
while (isdigit(s[++il = ¢ = getch()))

s[i] = '\0';

if (c != EQF)
ungetch(c);

return NUMBER;

Kak paboTatot byHskuuu getch u ungetch? Bo MHOTHX ciiyyasix nporpamma
He MOXET “co00pasuTh”, POYJIa JI OHa BCE, YTO TPeOYETCsl, 10Ka HE IPOYTET
JuiHero. Tak, HakOIUIeHHe YKciia IPOU3BOAUTCS 0 TeX MOp, TOKa He BCTpe-
TUTCS CUMBOJI, OT/IMYHBIH OT 1dpsl. Ho 310 03Havaer, uTo nporpamma mnpo-
4J1a Ha OJWH CUMBOJI O0JIbIIIE, YeM HY>KHO, U TIOCTIEAHN CUMBOJI HEJIb351 BKJIIO-
4aTh B YHUCJIO.

A1y npobsieMy MOKHO GbLIO Gbl PELIMTDb IPU HATMYMH OOPaTHON YTEHHIO
OTEepaLKH “NOJI0KUTbh-Ha3a]”, C TOMOUIbIO KOTOPO#M MOXHO 6b110 651 BEPHYTH
HEeHY>XHBIH cMMBOJI. Torga Kaxplit pa3, Korja nporpaMma CuMTaeT Ha OfMH
cuMBOJI 6osiblie, 4eM TpebyeTcs, 3Ta onepauus Bo3Bpamaia Obl ero BBOAY,
Y OCTaJIbHast YaCTh MPOrpaMMbl MOTJIa 661 BecTH ceOsl Tak, 6YATO 3TOT CUMBOJ
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BoBCe U He ynTaics. K cuacTbio, onucaHHbIil MexaHU3M 0OPaTHOM MOCHLIKH
CUMMBOJ1a JIETKO MOJIE/IUDYETCA C MOMOUIBIO MAaphl COTJIaCOBaHHBIX APYT C ApPY-
rom QYHKIM, U3 KOTOPBIX getch nocTaBJsieT ouepeHOM CUMBOJI U3 BBOJA,
a ungetch oTnpasJisieT CUMBOJI Ha3aZi BO BXOJHOH MOTOK, TaK 4TO NPH CJIery-
ro1eM 06paieHnn K getch Mbl BHOBB €r0 IOJIYYHM.

HerpynHo noramatbcst, kak oHu pabotaiot BMecte. DyHkuuns ungetch sarmo-
MMHAET TI0ChLIaeMblii Ha3a/l CAMBOJI B HEKOTOpPoM Oydepe, peacTasisioniem
co60ii MacCHUB CUMBOJIOB, ZOCTYIIHbIH 1715t 00eux 9TuX PyHKUMEH; getch yuTaeT
u3 Oydepa, ecm TaM 4TO-TO eCTb, WK obpaiaercs K getchar, ecau 6ydep
nycroit. Crenyer npeaycMOTPeTh MHAEKC, YKa3bIBAIONIMIA HA TIOJI0XKEHUE Te-
KyIl[ero cuMBoJia B 6ydepe. ‘

Tak kak pyHkuun getch u ungetch COBMECTHO MCHONB3YIOT 6yd)ep ¥ UH-
IeKC, 3HAYeHUS TTOC/IeJHUX JOJDKHBI MEXY BhI30BaMHU coxpaHsaThces. [loaTo-
My Gydep 1 HHIEKC AODKHBI ObITh BHEIMIHUMH 110 OTHOLIEHUIO K 3THUM IIPO-
rpaMMam, ¥ Mbl MOXKeM 3anucaTb getch, ungetch u ob1ue 11 HUX IepeMeH-
Hble B CJIEAYIOLEM BUE:

#tdefine BUFSIZE 100

char buf[BUFSIZE]; /* 6ydep ana ungetch =/
int bufp = 0; /* cnen. ceobofHas nosunuus B Bydepe =/

int getch(void) /* B83aTb (BO3MOXHO BO3BpAlEHHbA) cuUMBON */

{ ‘
return (bufp > 0) ? buf[--bufp] : getchar();

void ungetch(int ¢) /* BepHyTb cuMBON Ha BBOA */
{
if (bufp >= BUFSIZE)
printf("ungetch: cnauwkoM MHOro cumsonos\n");
else
buf[bufp++] = c;

CranaaprtHas 6ubnnoreka BKaoYaeT GYHKUHMIO ungetc, obecrneyrBaouyo
BO3BpAaT OZHOr0 CUMBOJa (CM. I1aBy 7). Mbl ke, 4TOObI IPOUJUIIOCTPUPOBATD
6oJiee OOIIMIA TOAXOA, AT 3ATIOMUHAHUS BO3BPAIIAEMbIX CUMBOJIOB HCHOJIb-
30BaJIM MacCUB.

Yupaxknenne 4.3. Vcxoas u3 npeljio)keHHOH HaMH CXeMBbl, JOMOJHUTE
NPOrpaMMY-KalbKyJIATOP TakuM 06pa3oM, 4TOOHI OHa “NIOHMMANA” OllepaTop
[I0J1y4€eHHs OCTaTKa OT JesieHus (%) ¥ oTpULaTebHbIe YHCIa.
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VupaskHenue 4.4. JIo6aBbTe KOMaH/BI, C TOMOIIbIO KOTOPBIX MOXKHO ObLIO bl
rieyaTaTh BEPXHUIA 2JIEMEHT cTeKa (C COXpaHeHUEM ero B cTeke), LybapoBath
€ro B CTEKe, MEHATh MECTAMHU 1Ba BEDXHUX 2JIEMEHTA CTeKa. BBeauTe komanay
OYHCTKH CTEKA.

Yuopaskuenue 4.5. [IpeycMOTpHUTE BO3MOXHOCTh HCIIOJIb30BAHHUS B NPO-
rpamMMe 6uboTeyHbIX GYHKIMIA sin, exp U pow. CM. 6ubanoTeky <math.h>
B npuyioxxenud B (nmaparpad 4).

Ynpasxuenue 4.6. Beenyute komanasl ass paboTsl ¢ nepeMeHHbIMH (JIETKO
obecneynTh 10 26 MEepEeMEHHBIX, KaXAas U3 KOTOPbIX MMEET MMsl, TIpel-
cTaBJIeHHOe OqHOU OykBoii aTHHCKOrO andasuTa). [l06aBbTe NepeMEHHYIO,
NpefHA3HAYEHHYIO AJIsI XpaHEeHHUs] CaMoro IOCJHeJHEero 13 HaleyaTaHHBIX
3HAYeHUIL.

Ynpasknenue 4.7. Hanumure nporpammy ungets(s), BO3BpaIaroLIyio CTPOKY
$ BO BXOJHOM n0TOK. Jlo/KHa J1i ungets “3HaTh” 4TO-IH60 O TIepeMeHHbIX buf
M bufp, WM eif JOCTATOYHO MOJb30BATHCS TOJIBKO d)yﬂxuneﬁ ungetch?

YupasxrHenue 4.8. I1peanonoxum, 4To YUCI0 CAMBOJIOB, BO3BpalljaeMbIX Ha3a[l,
He npeBbimaer 1. Moauduuupyiite ¢ yuetom atoro bakra byHkumnu getch
u ungetch.

VYnpaxkHenue 4.9. B Hamux ¢yHKIMAX He NpesycMOTPeHa BO3MOXXHOCTb
BoaBpara EOF. [Toaymaiite, 4T0 Hazo cesaTh, 4TO6BI MOXKHO ObLIIO BO3BpAILATDh
EOF, 1 CKOppeKTUpYHTE COOTBETCTBEHHO TPOrpaMMy.

Ynpaxxuenue 4.10. B ocHOBY nporpaMMBbl KaibKyJISITOPa MOXKHO MOJIOXKUTD
nprMenende GyHKIUK getline, KOTOpPast YUTAET LETUKOM CTPOKY; IIPH 3TOM
oTnagaetr HeobxoaMMOCTh B getch u ungetch. Hanuuure nporpammy,
PETH3YIOIYIO ITOT MOAXO/I.

4.4, O6nacTn BUAUMOCTHN

DyHKUMY ¥ BHEUIHHE TlePeMeHHbIe, 13 KOTOPBIX cocToUT CH-TporpamMMa,
KaXKIbli pa3 KOMIIMJIMPOBATh BCE BMECTE HET HUKAaKOH Heobxoxumoctu. Uc-
XOIHBIH TEKCT MOXHO XPaHHTb B HECKOJIbKUX daitnax. Panee ckomnunupo-
BaHHbIe IIPOrPAMMbI MOXKHO 3arpyath u3 6ub1uorex. B cBs3u ¢ 3TUM BO3HU-
KAIOT CJIEIYIOIe BOIPOCHI:

* Kak nucarp 06bsiBiieHuUs, 4TOOB! Ha IPOTSKEHUH KOMITHIISILIUK HCITOJIb3ye-
Mble llepeMeHHble ObLITH T0JIKHBIM 06pa3oM 06bsIBIEHbI?
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* B xakoM nopsiike pacroJarath 06bsBIeH s, 4TOOBI BO BPEMSs 3arpy3KH BCe
YaCcTH HPOrPaMMBI OKa3aJIMCh CBSI3aHbI HY)KHBIM 06pa3om?

* Kak opranusoBats 06bsIBIeHIS, YTOOb! OHY UMEJIH JIUIIb OTHY KOTIHIO?

+ Kax uHHMIMAIM3UPOBATh BHELTHUE TIepeMeHHDbIe?

Haunem c Toro, 4T0 pazobbeM MporpaMmy-KaabKyJIsTOP Ha HECKOIbKO daii-
noB. KoneuHo, 3Ta nporpamMma cIMIIKOM Masia, YToObl ee CTON10 pa3buBaTh
Ha Gailyibl, 0AHAKO pa3bueHue Halled 1pOrPaMMbI TI03BOJIUT IIPOJIEMOHCTPH-
poBaTh NIpo6IeMbl, BO3HUKAOLIHE B 60JIbLIMX IPOrPaMMaX.

O6racmuio 6u0UMOCTU IMEHH CIUTAETCS YaCTh [IPOTrPAMMBI, B KOTOPOH 3TO
MMsI MOXKHO HCITOJIb30BaTb. {715 aBTOMaTH4ECKHX ePeMEHHBIX, 00bsIBJIEHHbIX
B Hauase GYHKUKH, 001aCThI0 BAAUMOCTH sIBJIseTCst GYHKIMs, B KOTOPOU OHU
o6bsaBensl. JIokasbHble epeMeHHble Pa3HbIX GYHKUHI, HMEoLIHe, OAHAKO,
OAVHAKOBbIE MMEHa, HUKAK He CBsi3aHbl APYT ¢ ApyroM. To ke yTBepxeHue
CTpaBe/JIMBO U B OTHOIIEHHH NTapaMeTPoB PYHKIMH, KOTOPble (PaKTHYeCKH
SIBJISTIOTCS JIOKJIbHBIMU IIepEMEHHBIMH.

ObacTb meiicTBHs BHeIWHel epeMeHHOM MM GYHKUHUU IPOCTHPAETCS
OT TOYKH MPOrPaMMBI, Ile OHa 00bsBNIEHa, 10 KOHUa (aiiia, noaexamero
koMmauu. HanpuMep, ecoiu main, sp, val, push ¥ pop onpesesieHsl B OZHOM
(aitye B yka3aHHOM NOPSAKe, T. €.

main() {...}

int sp = 0;
double val[MAXVALIJ;

void push(double f) { ... }

double pop(void) { ... }

TO K MIepEMEHHBIM Sp 1 val MOXHO aipecoBaTbCs 113 push | pop IIPOCTO 110 UX
MMeHaM; HUKaKUX JONOJHHUTEIbHbIX 0ObABIEHUH 1/ ITOrO He TpebyeTcs.
3aMmeTuM, 4TO B Main 3TH HMeHa He BULHUMBI TaK e, KaK M CaMH push U pop.

OpHako, ecJii Ha BHEIIHIOI NePeMEeHHYIO HY)KHO COCJIaThCSA [0 TOTO, KaK
OHa OIpe/ieJieHa, MM €CJIM OHa ONpeZieJieHa B APYroM daiie, To ee 0O bsiBIIe-
HHUE I0JDKHO OBITh TIOMEYEHO CJIOBOM extern.

BaxxHo 0T/IMYaTh 06bA61eH1Ue BHEIIHEN. IEDEMEHHON OT ee onpedeneHus.
O6bsBenre 00BABISAET CBOUCTBA TepeMEHHOI (TIpeX/ie BCEro ee THI), a OTIpe-
JieJIEHHE, KpOME TOTO, IPUBOAUT K BbIJEIEHHUIO 111 Hee MaMATH. Ecin cTpoku

int sp;
double val[MAXVAL]J;

PacIIOJI0XKeHbl BHE BeeX MYHKIMA, TO OHU Onpedensiom BHELIHNE IIepeMEHHbIe
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spuval,T. e. OTBOMAT AJIsl HUX NIAMSITh, M, KDOME TOTO, CJIYKaT OObSIBIEHUAMY
U1 OCT/IbHOM 4aCTH UCXOAHOTO daiina. A BOT CTPOKH

extern int sp;
extern double val[];

o6psensom 1151 ocTaBLieiics yacT aiina, 4To sp — epeMeHHast THIa int, aval —
MaccuB Tuna double (pa3mep KOTOpPOro oNpe/iesieH Iie-TO B IPYTOM MecCTe); IIPH
ITOM HU NepeMeHHast, HA MaCCHB He CO3JAI0TCsl, ¥ TAaMSTh UM HE OTBOLMTCSI.

Ha Bcio coBokyTHOCTH (aiiIoB, U3 KOTOPBIX COCTOMT HCXOHAS IPOTPAMMA, IS
Ka)X0! BHEIIHe NepeMEeHHOM 0DKHO ObITh OHO-EVHCTBEHHOE OnpedeneHue;
apyrue aitsibl, 4TOOBI MOJYYUTb AOCTYI K BHeEIIHEl epeMeHHOM, JOKHBL
uMmeTh B cebe 0Obsinenve extern. (BrpoyeM, oGbsaBIIeHrE extern MOXXHO TIOMeC-
THTb U B (aiis1, B KOTOPOM COIEPXKUTCS onpeesieHye.) B onpeneneHusx MacCHBOB
HEOOXO/MMO YKA3bIBATh UX Pa3Mepbl, YTO B OOBSIBIIEHUSIX extern He 00s13aTeIbHO.

VIHvManu3upoBaTh BHEIIHIOW IIEDEMEHHYI0 MOXKHO TOJIBKO B ONpe/ie/IeHHM.

XoTs BpsA I CTOMT OPraHM30BBIBATh HAIY IPOTPaMMY TakuM 00pa3oM,
HO MbI OIIpeiesIM push 1 pop B 0fHOM ¢ailne, a val 1 sp — B APYroM, Iae ux
¥ uHUNKanu3upyeM. [Ipu 5TOM U1 yCTaHOBIIEHUS CBA3eH OHAK00ATCS Ta-
KHe OnpefesieHus U 00bsBIEHUS:

B ¢aiinet:
extern int sp;
extern double val[];

void push(double f) { ... }
double pop(void) { ... }

B ¢aiine2:
int sp = 0;
double val[MAXVAL];

[TockosnbKy 00bsiBIEHMS extern HaXOAATCA B Havyasle gatina v BHe onpeznene-
Hui pyHKIUH, UX AeficTBHeE pacIpOCTPaHseTcs Ha Bce PYHKUMH, IPHYeM OHO-
ro Habopa 0ObBIIEHUH HOCTaTOYHO AJs Beero gatinai. Ta e opraHusauus
extern-o6bABIeHUH HEOOX0AUMA U B CJTy4ae, KOraa IporpaMMa COCTOUT U3 Of1-
Horo (aiisia, HO OTpeIeeHus Sp U val PACTIOIOXKEHBI MOCJIE UX UCHIOIb30BAHHU.

4.5. 3aronoBoyHble danbl

Tenepsb npeacraBuM cebe, YTO KOMIOHEHTHI IIPOrPaMMBI-KaJIbKyJIATOpA
MMEIOT CYIIECTBEHHO GOJIbIIHE Pa3MepBl, ¥ 3a1aTMMCS BOIIPOCOM, KaK B 3TOM
c/ly4yae paclpefeIuTh UX 10 HeckobkuM aitiam. [Iporpammy main momec-
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TUM B paiis1, KOTOPBIM Mbl HA30BeM main. ¢; push, pop U UX MepeMeHHbIe PACIIOo-
JIOXKHM BO BTOpoM (aiine, stack.c; a getop — B TpeTbeM, getop. c. HakoHer,
getch ¥ ungetch pasMecTuM B ueTBepTOM (aiine getch. c; Mbl OTAETHIHN UX
OT OCTaTbHBIX QYHKIUHI, TOCKOJIbKY B PeabHOM IIporpaMme OHU GyayT MoJty-
YeHbl U3 3apaHee CKOMITMIMPOBaHHOM OUbIHOTEKH

CymecTByer elle 0AMH MOMEHT, O KOTODOM CJlefyeT NpeayNnpeauTb YuTa-
TeJd, — OTpeie/IeHUs ¥ 0ObABIEHHS COBMECTHO UCIIOIb3YIOTCH HECKOJIbKUMU
daiinamu. Mbt 661 X0OTeJH, HACKOJIBKO 3TO BO3MOXHO, UEHTPANIN30BaTh 3TH
06bsABJIEHHS U OTIPEAETIEHHS TaK, YTOOBI A1 HUX CYLIECTBOBAA TOJIBKO OHA
xonus. Toraa nporpaMmy B polecce ee pa3BUTHA OyAeT Jierye U HCIIPaBIATD,
W TIOLIEPXKUBATH B HYXXHOM cocTostHuA. [lJ1st 3TOro 0buryro napopManmio pac-
TI0JIOXKUM B 322010604HOM (paiine calc. h, KOTOpPbIi 6yaeM o Mepe HeobX0aH-
MOCTH BKJII0YaTh B Apyrue ¢aitnel. (CTpoka #include onmuchiBaeTcs B Hapa-
rpacde 4.11.) B pesysbrare nosyyum nporpammy, Baitnosas cTpykTypa KOTO-
po¥ Noka3aHa HIXe:

calc.h:

#tdefine NUMBER '0’
void push(double);
double pop(void);
int getop(char[])
int getch(void);

void ungetch(int);

main.c:

getop.c:

#include <stdio.h>
#include <stdlib.h>
#include "calc.h”
#define MAXOP 100
main() {

#include <stdio.h>
#include <stype.h>
#include "calc.h”
getop (){

}.‘

stack.c:

getch.c:

#include <stdio.h>
#define BUFSIZE 100
char buf[BUFSIZEJ;

int bufp = 0,

int getch(void) {

}
void ungetch(int) {

i..

#include <stdio.h>
#include "calc.h”
#tdefine MAXVAL 100
int sp = 0;

double val[MAXVALJ;
void push(double) {

}
double pop(void) {
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HeusbexeH KOMIPOMHUCC MEX/LY CTPEMJIEHHEM, YTOOLI KaX bl (haiin Bia-
[IeJ1 TOJIbKO TOM MHbOPMalHel, KOTOpasi eMy HeobxoauMa yis paboTsl, 1 Tem,
YTO Ha MPAKTHKE UMETH JeJ10 € GOJIbLINM KOJIMIECTBOM 3ar0JIOBOYHbBIX Baii-
JIOB ZOBOJIbHO TPyAHO. /{11 mporpamMM, He IPeBBILIAIOIINX HEKOTOPOTO CPex-
Hero pasMepa, BEpOSITHO, JIyYllle BCero MMeTb OAUH 3aroJIOBOYHBIN daid,
B KOTOPOM cOGpaHbI BMeCTe Bce 0ObeKThI, KaXKAbLii M3 KOTOPBIX HCII0JIb3YeTCst
B ABYX pa3/JM4YHBIX (aiinax; Tak MBI 31ech U noctynuau. [{ns nporpamm
GosbuIMX pasmMepoB NOTpeGyeTcs: 6oJiee CI0XKHAsE OpraHU3alUs ¢ 60JIbIIUM
9HCJIOM 3ar0JI0BOYHBIX GaiioB.

4.6. Ctatnyeckue nepemMeHHbie

IlepemenHble sp u val B ¢aiise stack. ¢, a Taxxe buf 1 bufp B getch. c Haxo-
OSATCS B IMYHOM 110J1b30BaHUH QyHKUMHN 3THX (HailioB, 1 HET CMBICIIA OTKPbI-
BaTbh K HUM JIOCTYI KOMY-Jubo0 elne. Yka3aHnue static, npuMeHeHHOE K BHEII-
Heii iepeMeHHOM WK PYHKIMY, OrpaHUYKBaeT 061acTb BUIMMOCTH COOTBET-
cTBytomero o6bekTa KoHIUOM ¢aina. ITo crnocob cKphITh UMeHa. Tak,
TniepeMeHHbIe buf ¥ bufp ZOJKHBI OBITh BHELTHUMH, TIOCKOJIBKY MX COBMECTHO
HCIIONMB3YIOT QYHKIMY getch 1 ungetch, HO UX cileayeT ceaTh HEBUAVMBIMHU
s “nosb3oBarteneit” yHkumii getch uungetch.

Crarnueckas namsts crenudHunpyeTcs CIOBOM static, koTopoe noMenia-
ercs nepesi 00bI9HBIM 00BsBIeHeM. Eciin paccmaTpuBaemble HaMu aBe GyH-
KIMH U JIBe IlepEMeHHbIE KOMIIMJIMPYIOTCS B 04HOM daiisre, Kak B I0Ka3aHHOM
HIKe IpUMepe:

static char buf[BUFSIZE]; /+ bydep ans ungetch +/
static int bufp = 0; /* cneq. csobogHas noauuma B buf =/

int getch(void) { ... }

void ungetch(int ¢) { ... }

TO HMKaKas pyras nporpamMMa He 6yaeT uMeTb ZOCTYI HU K buf, HK K bufp,
¥ 3TUMM KIMEHaMK MOXHO CBOOOHO 110JIb30BaThCsA B APYTUX (Baitiax 415 COB-
ceM UHBIX Heneidl. TOYHO Tak Xe, moMelas ykasaHue static nepen o6bsiBie-
HUSMU NIEPEMEHHBIX SP U val, C KOTOPHIMH PabOTAIOT TOJIBKO Push U pop, MbI
MO>XEM CKPBITh UX OT OCTAJIbHBIX QYHKIHH.

Yka3aHnue static yame BCero MCIHOJb3yeTcs AJIA IEPEMEHHBIX, HO C PaB-
HbIM YCIIEXOM €r0 MOXHO MPUMEHSTh 1 K byHKUMsIM. O6bIYHO HMeHa byHK-
1M [106a1bHbl ¥ BUAUMBI U3 M1060r0 MecTa nporpammbl. Eciu sxe dyHkuums
noMeyeHa CJI0BOM static, TO ee UMs CTAaHOBUTCS HEBUAMMBIM BHe (aiina,
B KOTOPOM OHa ONpe/iesIeHa.
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O6bsapnenye static MOXKHO UCTIOIB30BATD U 171 BHYTPEHHUX lIePEMEHHbIX.
Kak 1 aBTOMaTHyeckue epeMeHHble, BHYyTPEHHHE CTATHYECKHE TIepeEMEHHbIe
JIOKQJIbHBI B GYHKIMSAX, HO B OTJIMYME OT aBTOMATHYECKUX OHU HE BOZHUKAIOT
TOJIBKO Ha 1epHOZ paboThl GYHKUHH, a CYL[ECTBYIOT IIOCTOSAHHO. DTO 3HAYMT,
YTO BHYTPEHHHE CTaTHYeCKKe IIepeMeHHbIe 06eCTIeYnBAIOT IOCTOSTHHOE COXPa-
HeHHe JaHHBIX BHYTPU DYHKUNH.

Vupaxuenue 4.11. Moguduuupyiite byHkumo getop Tak, yTobsl ornana
HeobxoaMMocTb B hyHKuMu ungetch. Tloackaska: HCIOIb3yiTe BHYTPEHHIOWN
CTaTUYeCKYIO IIePEMEHHYIO.

4.7. Perncrposble nepemMeHHble

Ob6bsaBieHue register coobIaeT KOMIMISATOPY, YTO AaHHAA NEpEMEHHAS
OyneT HHTEHCHUBHO HMCIOJIb30BaThCs. Vies cOCTOUT B TOM, YTOOBI MepeMeH-
Hble, 00bSIBJIEHHbBIE register, pa3MeCTHTDb Ha PETMCTPaX MalluHbl, 61aroxaps
YyeMy NporpamMma, BO3MOXHO, CTaHeT 6oJiee KOpOTKO# U ObicTpoit. OxHako
KOMITUJIATOP MMEET IIPAaBO IPOMTHOPUPOBATH 3TO YKa3aHHe.

Ob6bsBienue register BHIIAAUT CEAYONIAM 06pa3oM:

register int x;
register char c;

uT. 1. O6bsaBieHne register MOXXeT IPUMEHATBCS TOJBKO K aBTOMATHIECKIM
nepeMeHHBIM U K (popManbHbIM MapamerpaM GyHkuyy. {715 nocie HuxX 310

BBITJIAOUT TaK:
/

f(register unsigned m, register long n)
{

register int i;

}

Ha npakTuke cylecTByioT OrpaHHYeHNS Ha pETUCTPOBbIe IEpeMeHHbIe, 4TO
CBSI3aHO C BO3MOKHOCTSIMM amnmnapaTypsl. PacnionaraTbes B perucTpax MoXxer
JIMII b HeHOJIBIIOE YHUCIIO TIEPEMEHHBIX KA 10 PYHKIIMH, IPHYEM TOIBKO OTIpe-
JenteHHbIX TUNOB. VI36BITOYHEIe 06BsIBICHNS register HM Ha 4TO He BIMSIOT,
TaK KaK MTHOPUPYIOTCS B OTHOLIIEHUH NlepeMEHHbBIX, KOTOPBIM He XBaTHUJIO pe-
CUCTPOB WJIM KOTOPHIE HEJIb3si pa3MeCTUTD Ha peructpe. Kpome Toro, npume-
HUTEJIbHO K PETUCTPOBOI NIEPEMEHHOI HE3aBUCHMO OT TOTO, BhIZEJIEH Ha ca-
MOM JieJie [JIsl Hee PETHCTD UK HET, He OTIPeZiesIeHO NOHATHe afpeca (CM. I1a-
BY 5). KOHKpeTHbIE OrpaHHYeHHS Ha KOJIMYECTBO U THITHI PETUCTPOBBIX Ilepe-
MEHHbIX 3aBHUCST OT MalllMHBI.
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4.8. bno4yHas CTpyKTypa

[Mockonbky dyHk1MK B CH Heslb3st ONpefeATh BHYTPH APYTHX QYHKIUH,
OH He ABJISETCS SI3BIKOM, AOIYCKAIUM OJI0YHYIO CTPYKTYPY IPOTPaMMbI
B TOM CMbICJI€, KaK 3TO fomyckaercst B [Tackase 1 mogoOHBIX eMy SI3BIKaX.
Ho nepementbie BHYTpH QYHKUMI MOXHO ONPEAENATh B 6I0YHO-CTPYKTYp-
Hoit MaHepe. OGbsB/IEHNs TIepEMEHHBIX (BMECTe ¢ MHUIIMANM3alell) pas-
pelIeHO OMeIaTh He TOJIbKO B Hayase GYHKUMH, HO U NOCTIe A1060u JIeBOH
GburypHoii ckoOKH, OTKpbIBAIOLIEH COCTABHYIO MHCTpYKUMIO. [lepemenHas,
ONHCaHHast TAKMM CII0COOO0M, “3aTeHsieT” IlepeMeHHBIE C TEM JXe MIMEHEM, Pac-
TI0JI0K€eHHBIE B 00beMITIOIMX BJI0KaX, U CYIIECTBYET BIJIOTh 10 COOTBETCTBY-
folei npaBoit purypHoit ckobku. Hanpumep, B

if (n > 0) {
int i; /* onucaHue HOBOM nepeMmeHHoW 1 */

for (1 =0; i < n; i++)

}

0671aCTbI0 BUAUMOCTY NIEPEMEHHOM 1 SIBJIAETCA BETBb if, BbINOIHAEMas IPH
n>0; 1 9Ta NepeMeHHass HUKAKOTO OTHOIIEHHS K JIIOOBIM 1, pacrioioKeHHbIM
BHE JaHHOTO 6JI0Ka, HE MMeeT. ABTOMAaTUYECKUE TIepeMeHHble, 00bABIIEHHbIE
Y MHUIMATU3UpyeMble B OJI0Ke, HHUIHAIU3UPYIOTCSA KX /blil pa3 Py BXOZIe
B 610k. TlepemenHble static HHULMANTM3UPYIOTCS TOIBKO OAUH Pa3 IPH Iep-
BOM BXoze B OJIOK.

ABTOMaTHYeCKHe IlepeMeHHble U GOpMasibHble TapaMeTPhl TAKXKe “3aTeHs-
10T” BHEIIHKe NepeMeHHble ¥ GYHKINY ¢ TeMU e uMeHamu. Hanpumep, B

int x;
int vy;

f(double x)

{
double vy;

}

x BHYTpH QyHKUMK T pacCMaTPUBAETCsI KaK apaMeTp THmna double, B TO Bpe-
M3 KaK BHe f 3TO BHEIIHASA IepeMeHHas TUIa int. To ke caMoe MOXHO CKa3aTh
U O IepeMEeHHO .

C TOuKM 3peHUs CTHJISI TPOrPaMMHPOBAHU, JIydllle He N0Jb30BaThCs Of-
HUMU U T€MHU Xe UMEHaMU [JIs Pa3HbIX NTePEMEHHBIX, ITOCKOIbKY CIMIIKOM
BeJIMKa BO3MOKHOCTD [YTaHULIbI U [TOSIBJIEHUS OLIHOOK.
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4.9. N"Hnunannsaums

MBbi yke MHOTO pa3 yIIOMHHAIH 00 MHULHATU3ALI1H, HO BCera JIMIb [0 CJ1y-
4alo, B X0/e 00CyxIeH!s! APYrHX BONPOCOB. B aToM naparpacde Mbl cyMMEpyeM
BCe IPaBWJIa, ONpeaessiolle HHUIHATA3AMIO TTaMSITH Pa3JIMYHBIX KJIaCCOB.

IIpu oTcyTcTBUU ABHON MHUIMAIM3ALMH A1 BHELIHUX ¥ CTAaTHYECKHX ITe-
PEMEHHBIX [apaHTHPYeTCs UX OOHyJIeHHe; aBTOMATHYECKHE U PETUCTPOBbIE
nepeMeHHble HMEIOT Heolpe/JeJieHHble HadalbHble 3HadeHus (“Mycop”).

CxansapHsle nepeMeHHble MOXHO HHHIIMATU3MPOBATh B UX ONpeNeseHU X,
roMelrasi Nocjie MMEHHM 3HaK = U COOTBETCTBYIOILee BhIpaskeHHUe:

int x = 1;
char squote = '\'";
long day = 1000L = 60L = 60L = 24L; /+ peHb B munancekyHpax =/

Jl71st BHELIIHUX Y CTaTUYeCKUX ePeEMEHHbIX MHHUINATU3UPYIOL[He BBIPAKEHUS
JOJIKHBI OBITh KOHCTAHTHBIMH, P 3TOM MHUIHANU3ALUA OCYIECTBISETCS
TOJIbKO OZHMH Pa3 [0 Hayasa BHINOJTHEHHUS TporpaMmbl. MHunnanusaums as-
TOMaTUYECKHUX ¥ PETHMCTPOBHIX NePEMEHHBIX BBIMOJIHAETCS KaXKAbIH pa3 Ipu
BXoJe B QYHKUMIO WK 6710K. JIJig TakyX repeMeHHbIX HHHUIMATU3UDYIOLIee
BbIpaKeHHEe — He 00A3aTeIbHO KOHCTaHTHOE. DTO MOXKeT ObITh JIF060€e BbIpa-
JKeHHe, UCIIOJIb3YIolee PaHee OlpeZie/IeHHble 3HAUYeH U, BKJII0Yas Jaxke U Bbl-
308l QyHKuUi. HanpuMep, B nporpamme 6MHAPHOTO MOKCKA, ONIMCAHHOM
B naparpade 3.3, THIIHATH3AMIO MOXXHO 3aIIUCATh TaK:

int binsearch(int x, int v[], int n)
{

int low = 0;

int high =n -1

int mid;

}
a He TaK:
int low, high, mid;
low = 0;
high = n - 1;

B cyIHOCTH, MHUIIMATM3a11s aBTOMATHY€ECKO [IepeMEHHOI — 3To 6oJ1ee KO-
POTKasi 3aIIMCh HHCTPYKLMU pHcBavBanuA. Kakas 3anuch NpeAnoyTUTE b-
Hee — B 60JIbILO# cTeneny 1e10 BKyca. [{o CHX 0P MBI I0JIb30BATUCH IJTaBHBIM
06pa3oM SBHBIMM NPUCBAMBAHUSMH, TIOCKOJIbKY MHULIHANN3ALHs B 0ODbsBIIe-
HUSIX MeHee 3aMeTHA U JaJibLile OTCTOMT OT MeCTa MCII0J1b30BaHHs IEPEMEHHOIL.
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MaccuB MOXHO MHHUIMAJIU3NPOBATh B €r0 ONpelesieHHH C IIOMOUIbIO 3a-
KJIIOYEHHOTO B (DUTYpHBIE CKOOKM CIMCKA HHULUATU3ATOPOB, Pa3fieeHHbIX
3ansaThiMu. Hanpumep, 4T06b! HHUIMATH3UPOBATh MACCUB days, 9JIEMEHTBI KO-
TOPOTO CYTh KOJIMYECTBA HEHN B KXXIOM Mecs1ile, MOXKHO HallMCaTh:

int days[] = {31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31};

Ecsii pasMep MacciBa He yka3aH, TO UTHHY MaccHBa KOMITHJISITOP BBIYHCIISIET IO
YHCITY 3aJ[aHHBIX HHULIHAIM3aTOPOB; B HallleM cTy4ae X KOJMYecTBO paBHO 12.

Ecnu xonMyecTBO HHUINATN3aTOPOB MEHbIIIE YHCJIA, YKAa3aHHOTO B OIpe-
JleJIeHWH AJIMHBI MaCCHBa, TO AJI BHEIIHUX, CTaTHYeCKUX U aBTOMAaTHYECKUX
IlepeMEHHbIX OCTaBLIMECS dJIEMEHTHI OyayT Hy/leBbIMU. 3aaHHEe CIULIKOM
GOJIBLIOrO YMCITa HHULHANN3AaTOPOB cuuTaeTcs omnbkoil. B s3bike HeT BO3-
MOXXHOCTH HM 331aBaTh IIOBTOPEHUs WHUILMATH3aTOpa, HU MHUIHAIH30BaTh
CpelHHe 3JIeMEHTHI MaccHBa €3 3a1aH¥st BCeX NPeALIeCTBYOLMX 3HaYEHHH.

Muuuuanyu3anus CHMBOJIbHBIX MAaCCHBOB — OCOOBIH CJTy4aii: BMECTO KOHCT-
PYKIMH ¢ GUTYPHBIMU CKOOKaMH M 3aIISTBIMH MOXHO HCIIOJIb30BaTh CTPOKY
cumBosioB. Hanpumep, Bo3Mo>xHa Takas 3amuch:

char pattern[] = "ould";
npeacTasisionast coboil 6osiee KOPOTKUI IKBUBANEHT 3AMUCH
char pattern[] = {'o’, 'u’, '1", 'd", '\0"};

B manHoM ciyyae pasmep MacCHBa paBeH NSATH (4eTbipe 0ObIYHBIX CHMBOJIA
1 3aBepuiaroluil cuMBoJ ' \0').

4.10. Pekypcus

B Cu nonyckaetcs pekypcuBHOe obpaieHue K GyHKUMAM, T. €. GyHKUUA
MOXeT obpamarbcs cama K cebe, IPAMO WM KOCBEHHO. PaccMOTpUM 1eyaThb
4ucJia B BUe CTPoKH cuMBoiioB. Kak Mbl ynomuHaiu pauee, udps renepu-
pyioTcst B 0OpaTHOM NMOPsAAKE — MJajire UHGPbI I0TyYar0TCs paHblile CTap-
KX, 2 Ie4aTaThCsl OHY AOJDKHBI B IPAaBUITbHOM MOC/IeJ0BATeIbHOCTH.

[Ipo6ieMy MOXHO pemnuTb ABYMs criocobamu. IlepBblit — 3arOMHUTD K-
PbI B HEKOTODOM MaCCHBE B TOM IOPsIiKe, KAk OHH I0JTyYasiiCh, a 3aTeM Harle-
YaTaTb MX B 0OPaTHOM NOPSAKE; TaK 3TO U ObLIO cresaHo B GyHKIMH itoa,
paccmoTpeHHo# B maparpade 3.6. Bropoii criocob — Bocrob30BaThCst peKyp-
CHel, IIPH KOTOPOH printd cHavasa BeI3bIBaeT cebst, 4TOObI HameyaTaTh BCe CTap-
e udphl, U 3aTeM NevaTaeT NOCAeAHIO0 Miaayo uudpy. ITa nporpam-
Ma, KaK ¥ NMpeblAyIUi ee BAPUAHT, IPU UCIIOIB30BAHUH CAMOTO GOJIBIIOrO
110 MO/YJIF0 OTPULATEIBHOIO YUCIa PabOTAET HEMPaBUJILHO.
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#include <stdio.h>

/* printd. neyaTaeT n Kkak uUenoe AecATUYHOE uucno */
void printd(int n)
{
if (n < 0) {
putchar('-");
n=-n,
}
if (n / 10)
printd(n / 10);
putchar(n % 10 + '0’ );
}

Korza dbyukuus pekypcrusHo obpaiiaercsi caMma k cebe, Kaxa0e cieaymoniee
ofpalieHne CONPOBOXKAAETCS MOJNYYEHEM €10 HOBOTO MOJHOro Habopa aB-
TOMATHYECKUX [IEPEMEHHBIX, HE3ABUCUMbIX OT Npeblayuux Habopos. Tak,
B obpaitennu printd(123) npu nepBoM BbI30Be apryMeHT n = 123, IpH BTO-
POM — printd nojyyyaeT apryMeHT 12, Ipy TpeTbeM BbI30Be — 3HayeHHe 1. DyHk-
1M printd Ha TpeTbeM ypOBHe BbI30Ba IleyaTaeT 1 M BO3BpalljaeTCsl Ha BTOPO
YPOBEHb, ITOCJIe Yero neyaTaeT LHPY 2 ¥ BO3BPALlaeTCs Ha NePBblil YPOBEHb.
3mech OHa IeyaTaer 3 ¥ 3aKkaHYMBaeT padoTy.

Criepyomuit XOpoIuii pUMep PEKYPCHH — 3TO ObICTPast COPTUPOBKA, TIPe-
noxentas Y. A. P. Xoapom B 1962 r. /17151 3a1aHHOr0 MaccrBa BBIOMpPAeTCst OQUH
BJIEMEHT, KOTOPBIi pa3b1BaeT OCTaIbHBIE JJIEMEHTHI Ha {BA IOAMHOXECTBA —
Te, YTO MEHbLIE, ¥ Te, YTO He MeHbliie Hero. Ta xe npouesypa peKypcUBHO NIPH-
MEeHSIeTCs M K ABYM ITOJIy4eHHbIM TOAMHOXXecTBaM. EcJii B HOAMHOXecTBe Me-
Hee ABYX 3JIEMEHTOB, TO COPTHPOBATh HEYETO, M PeKYPCUs 3aBepLIAETCH.

Hauia Bepcust 6b1CTPO# COPTHPOBKH, pasyMeeTcsl, He camasi ObICTpast cpeau
BCEX BO3MOXHBIX, HO 3aTO OJ[HA M3 CaMBIX IIPOCTHIX. B kayecTse gessiiero
3JIeMEHTa Mbl HCIIOJIb3YeM CepPeLUHHBIH 31eMEeHT.

/+ gsort: coptupyet-v[left]...v[right] no Bo3pacTaHuo */
void gsort(int v[], int left, int right)
{

int i, last;

void swap(int v[], int i, int j);

if (left >= right) /* HW4ero He aenaetca, ecnn  */

return; /* B MacCUBE MEHee ABYX 3NEMEeHTOB */
swap(v, left, (left + right)/2); /+ nenauvit aneMeHT */
last = left; /* nepeHocutca B v[0] */

for(i = left+1; i <= right: i++) /* nenenve Ha uactn */
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if (v[i] < v[1left])
swap(v, ++last, 1i);
swap(v, left, last); /+ nepe3anoMnHaeM QenaumMin anemeHT =/
gsort(v, left, last-1);
gsort(v, last+1, right);
}

B Haureit nporpaMme onepaius epecTaHOBKK 0pOpPMJIEHA B BHIE OTAETbHOM
(byHkuMH (swap), TOCKOJIBKY BCTPeYaeTcs B GSOrt TPHUXKABL.

/* swap: noMeHsaTb mecTamn v[i] u v[j] */
void swap(int v[], int i, int j)

{

int temp;

temp = v[i],
v[i] = v[j];
v[j] = temp;

}

CrangapTtHas 6ubroTeka uMeeT GYHKUHIO qSOrt, IO3BOJIAIONIYIO COPTUPO-
BaTb 00EKTHI JI06OTO THIIA.

PexypcuBHas nporpaMma He 06ecriedMBaeT HA 9KOHOMUY IaMATH, TTOCKOJTb-
Ky TpeGyeTcs rae-To IOUIEPXKUBATh CTEK 3HAYEHHH, oIexaiyx o6paboTke,
HH OBICTPOAEHCTBHSA; HO TI0 CPABHEHHUIO CO CBOUM HEPEKYPCHUBHBIM 3KBHBA-
JIEHTOM OHa YacTO KOPOYe, @ YaCTO HAMHOTO JIerde /iJisl HAMCAHHUs ¥ IOHUMa-
nus. Takoro posa nparpamMmsl 0cO6eHHO Ya06HbI 4151 06pabOTKH PEKyPCUBHO
OnpeaeNsieMbIX CTPYKTYD JaHHBIX BPOJE AEPEBBEB; C XOPOUIMM IIPUMEPOM
Ha 9Ty TeMy Bbl I03HaKOMUTECD B naparpade 6.5.

Yupasknenue 4.12. [TpumenuTe nen, KOTOpbIe Mbl UCHIOJIB30BANH B printd, ais
HaIlMCaHUs PeKyPCUBHOM Bepcnu GyHKIMY 1toa; MHAaYe roBOps, IpeoOpasyiTe
1[eJI0€ YMCJIO B CTPOKY 1P C OMOLIBIO PEKYPCHBHOM IIPOrPaMMBl.

Vupasxknenue 4.13. Hanuvuure pekypcuayio Bepcuio GyHKINH reverse(s),
TIePECTaBIIAIONLYIO 3JIEMEHTBI CTPOKH B TY e CTPOKY B 0OPAaTHOM MOPSIAKe.

4.11. NMpenpoueccop s3bika Cu

HekoTopble Bo3MOXHOCTH sA3biKa CH 06ecrednBaoTCst NPEnpoLeCCOPOM,
KOTOpbIt paboTaeT Ha niepBom Liare Komnuiauud. Hanbonee gacto ucnoss-
3YIOTCsI IBE BO3MOXXHOCTH: #include, BCTaBISOI[As COAEPKIMOE HEKOTOPOTO
(haitna BO BpeMst KOMIIMASILKY, ¥ #define, 3aMeHsIIONIast OTHU TEKCTOBBIE [10-
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CJ/Iel0BaTeIbHOCTH Ha Apyrue. B aToM naparpade o6cysxaaoTest ycaoBHas KOM-
MWISLUA U MaKPOIIOACTaHOBKA C apTyMEHTaMU.

4.11.1. BknioyeHue panna

CpenctBo #include IMO3BOJISET, B YaCTHOCTH, JIETKO MAaHHUITYIMPOBATh Ha-
6opamu #define u 06baBaennit. JIoobas cTpoka BuAa

#include "ums-gaiina”
WIn
#include <ums-gatina>

3aMeHseTCs cofePXUMbIM (aitna c umeHeM umsa-gaiina. Ecnv ums-gaiina 3a-
KJIFOYEHO B ABOIHbIE KaBbIYKH, TO, Kak NPaBHIIO, Baiis HIleTCa cpeay UCXo-
HbIX (ailsIoB IPOrpaMMBI; CIH TaKOBOTO He 0Ka3aoch WK uMs-gaina 3a-
KJIOYEHO B YIJIOBBIE CKOOKHM < U >, TO IIOUCK OCYLIECTBIAETCS 10 OTPeaeseH-
HBIM B pealM3al[iy NpaBuiaM. BxioyaeMbiil ailn caM MOXeT cogepxkaTh
B cebe cTpokH #include.

Yacro ucxoansle daiiyibl HAYMHAIOTCS C HECKOJBKUX CTPOK #include, cchl-
JAIOIUXCS Ha 0011e HHCTPYKUMH #define M 0ObSBIIEHHS extern WK POTO-
THIIBl HY)XHBIX OMOIMOTeYHBIX QYHKUMIA U3 3aroI0BOYHBIX (aityioB Bpoae
<stdio. h>. (CTporo roBopsi, 3Tu BKJIOYEHUs He 003aTebHO ABNA0TCS (ail-
JIaMH; TEXHUYeCKHe TN TOro, KaK OCYLIeCTBIISETCS AOCTYH K 3aroJI0BKaM,
3aBHCSAT OT KOHKPETHOMU peaM3alinu. )

Cpenctso #include — xopomiuii cocob cobpath BMecTe 00BABIEHUS 60Tb-
u1o¥ nporpammbl. OH rapaHTHpYeT, 4TO Bce ucxoxHble dhailisl 6yayT nob3o-
BATbCSl OAHMUMH U TEMH XKe ONpeAe/IEHUAMH U 00bSIBIEHUSIMY [IEPEMEHHBIX,
Graromaps 4eMy IpeAoTBpaliaioTcs 0cobeHHO HenpusATHble omubku. Ecre-
CTBEHHO, IIDH BHECEHHH U3MEHEHHH BO BKJIIOYaeMblil (aiiy Bce 3aBUCHMBbIe
oT Hero GaiIbl ZOJIXKHBI IEPEKOMITUITHPOBATHCS. .

4.11.2. MakponoacraHoBka
Onpeneneﬂue MaKpOIIOACTaHOBKH UMEET BUA!

#define umsa 3amewarowusi-mexcm

MakporocTaHOBKa HCIIOJIb3YeTCsI AJIs HPOCTeiilel 3aMeHBbI: BO BCeX MeCTax,
rZie BCTPEYAETCsl JIEKCEMA UMsl, BMECTO Hee Oy/IeT NOMEIeH 3ameuarusui-
mexcm. VimMeHa B #define 3aaioTcs 110 TeM e IPaBUJIaM, YTO ¥ HMeHa 00bIY-
HbIX [IEPEMEHHBIX. 3aMELIAONINI TEKCT MOXET ObITh TPOU3BOIBHBIM. O6bIY-
HO 3aMell[alolIHii TEKCT 3aBepliaeT CTPOKY, B KOTOPOH pacrojioXeHo CJI0BO
#define, HO B IJIMHHBIX ONpeAENIEHUSIX ero MOXXHO NPOJOJIKUTD Ha CIeny-
IOLIMX CTPOKaX, TOCTaBUB B KOHI(E KAXION IPOI0IKAEMO# CTPOKH 0OPATHYIO
HakJIOHHYI0 4epTy \. O6JacTb BUANMOCTH UMEHH, OTpe/iesieHHoro B #define,
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[POCTHPAETCs OT JAaHHOTO OMIpeeseHUsT 10 KOoHUA daitna. B onpexenenun
MaKpOIIOJICTAHOBKU MOryT GhUrypupoBath 6oJjiee paHHHe #define-onpenee-
Hus. [loacranoBka ocyliecTBiseTCs TONBKO A1 TEX UMeH, KOTOPbIE PAcoJIo-
’KeHBI BHE TEKCTOB, 3aKJIIOYeHHBIX B KaBbIuki. HanpuMep, eciu YES onpeznee-
HO C IOMOIIbIO #define, ToO HUKAKOM NOACTAHOBKM B printf(”YES") mau B YESMAN
BBITIOJIHEHO He Gy IeT.

JI060€ MM MOKHO OTIPEETUTh C IPOM3BOJIbHBIM 3aMENIAOIAM TEKCTOM.
Hanpumep,

#define forever for(;;) /* 6eCKOHEeYHbN unkn */

onpezessieT HOBOe CJI0BO forever iyt 6eCKOHEYHOTO LUKIA.

MaxpornoacTaHoBKY MOXHO ONIPeeINTh C apTyMeHTaM U, BCIECTBHE Yero
3aMemamui TEKCT 6yaeT BapbUPOBATHCA B 3aBUCHMOCTH OT 3alaBaeMBbIX
napamerpoB. Hampumep, onpenennm max ceayommum o6pasoMm:

#define max(A, B) ((A) > (B) ? (A) : (B))

Xots obpaieHus K max BbILJISAAT Kak 0ObI4HbIe oOpaieHns Kk GyHKuMH, OHHU
OyAyT BHI3bIBATH TOJIKO TEKCTOBYIO 3ameHy. Kask bt popMasibHbIit Tapamerp
(B maHHOM ciydae A 11 B) GyzieT 3aMeHATbCS COOTBETCTBYIOIINM eMY apryMeH-
ToMm. Tak, cTpoka

x = max(ptq, r+s);
OyaeT 3aMeHeHa Ha CTPOKY
x = ((ptq) > (r+s) ? (p+q) : (r+s));

TTockobKY apryMeHTHI JOMYCKAIOT 000N BHJ 3aMeHbl, YKa3aHHOE OIpe-
IeJIeHue Max MOAXOAUT JUIS JaHHBIX JIF0OOTO THIIA, TaK YTO He HYXXHO NHUCaTh
pa3sHble Max /ISt JAHHBIX Pa3HBIX TUIIOB, KaK 3TO OBLIO OBI B CIy4ae 3a1aHUS
C IIOMOMIBI0 (PYHKI[UIA.

Eciu BBl BHYIMaTeNIbHO IpOaHaIu3upyere paboTy max, To 0bHapyXuTe He-
KOTOpblEe NOABOAHbIE KaMHH. BbIpaskeH!s BBIYUCSIOTCSA ABAXKIbI, U €CJIH OHU
BbI3BIBAIOT 11060YHBIN 3 deKT (13-32 HHKPEMEHTHBIX onepauit nin GyHk-
IMH BBOJZIa-BbIBOJA), 3TO MOXKET IPUBECTH K HeXKeJlaTeIbHBIM IOCTIeICTBHAM.
Hanpuwmep,

max(i++, j++) /* HEBEPHO =/

BBI30BET yBeINYeHHe i U j aBaxapl. KpoMe Toro, cienyeT 103a60TUTBCS 0 CKOO-
KaX, 4T06ObI 00€CHeYnTh HYXKHBIA NOPANOK BHIYUCIEHUH. 3afyMaiTeCh, 4TO
CJIyYUTCSl, €CIIV IPH OTIpe/ieIeHUH

#define square(x) x*x /* HEBEPHO =/

BbI3BaTb square(z+1 ).
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TeMm He MeHee MaKpOCDeACTBa UMEIOT CBOM AOCTOMHCTBA. IlpakTHueckum
NIpMMEPOM HX HUCIIOJIb30BAaHUA SBJISIETCS YaCTOe IpUMeHeHHe getchar u putchar
M3 <stdio.h>, pea30BaHHbIX C TOMOL{bIO0 MAKPOCOB, YTOOBI U36€KATh PaCcXo-
J0B BPEMEHU OT BbI30Ba QYHKIMM HAa KaXAbli 06pabaTbiBaeMblil CUMBOJL.
OyHukMK B <ctype.h> 0OBIYHO TaKXe PEaTU3yIOTCA C TOMOUIbI0 MAKPOCOB.

HeitcTBre #define MOKHO OTMEHUTD C ITIOMOIIbIO #undef:

#undef getchar
int getchar(void) { ... }

Kak npaBuino, 310 nenaercs, 4To6bl 3aMeHUTh MAaKPOOTIpee/ieH e HaCTOS e
(byHKUHel ¢ TEM XKe UMeHeM.

Nmena popMasibHBIX TapaMeTPOB He 3aMeHSIOTCS, eCITH BCTPeYaloTcs B 3a-
KJIIOYEHHBIX B KaBBIYKHK cTpoKax. OHako, ecJiy B 3aMelIaloleM TeKCTe Nepes
(bopManbHBIM TapaMETPOM CTOMUT 3HAK #, STOT napaMeTp OyAeT 3aMeHeH Ha
apryMeHT, 3aKJII0YeHHBIH B KaBBIYKH. DTO MOXKET COYeTaThCs C KOHKATEeHAI[H-
el (CKJIEMBaHMEM ) CTPOK, HAlIPUMeP, YTOOBI CO3AaTh MAKPOC OTJIal0YHOTO Bbl-
BOJA:

#undef dprint(expr) printf(#expr " = %g\n", expr)
Obpamenue K
dprint(x/y);
pasBepHeTCs B
printf("x/y” " = %g\n", x/y);
a B pe3yJIibTaTe KOHKaTeHaI[UH ABYX COCETHUX CTPOK NOJIYyYUM
printf("x/y = %g\n", x/y);

BHyTpH dakTHYeCKOTO apryMeHTa KaXblil 3HaK " 3aMeHsieTcs Ha \", a Kax-
nas \ Ha \\, Tak YTO pe3yJbTaT NOACTaHOBKY NPUBOAMUT K NPaBUJIbHOU CHUM-
BOJIbHOH KOHCTaHTe.

Orepatop ## 103BOJISET B MAKPOPACIIHPEHNAX KOHKATeHUPOBATh apTyMeH-
Thl. ECJIM B 3aMeliatonieM TeKCTe TapaMeTp COCEICTBYET C ##, TO OH 3aMeHsIeT-
CS1 COOTBETCTBYIOIIMM €My apryMeHTOM, a ONepaTop ## U OKpYXakollye ero
CHMBOJIbI-pa3/ieIuTeNu BbiOpachiBaoTcs. Harnpumep, B MakpoonpeneneHu
paste KOHKaTeHHUPYIOTCS [[Ba apryMeHTa

#define paste(front, back) front ## back

Tak 4To paste(name, 1) creHepupyeT UMsI name 1.
ITpaBuia BIIOXXeHHBIX UCIIOJIb30BaHUIL ONlepaTopa ##f He ONpeeseHbl; Apy-
rue noapoOGHOCTH, OTHOCSILIMECS K ##, MOXXHO HAITH B IIPUJIOKEHHH A.
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YupaxkHenue 4.14. Onpegenure swap(t,x,y) B BUIe MAaKpOcCa, KOTOPbIH
ocyuecTBisieT 0OMeH 3HaYeHUAMH YKa3aHHOTO TUIIA t MEXy apryMeHTaMu
x 1 y. (IIpuMeHuTE 6JIOYHYIO CTPYKTYDY.)

4.11.3. YcnoBHas kKoMmNnunauus

CaM#M X0/I0M IPENPOLIECCUPOBAHUS MOXKHO YIIPABJISITh C TOMOILBIO YCIIOB-
HBIX UHCTPYKUU. OHU NPEACTaBISIOT COO0N CPEACTBO A BbIOOPOYHOrO
BKJIFOYEHMS] TOTO UJIM UHOI'O TEKCTa IIPOrpaMMbl B 3aBUCUMOCTH OT 3Ha4eHUs
YCJIOBHSI, BBIUMCJIIEMOIO BO BPEMS KOMITMJISLIMH.

BeruncisieTcst KOHCTaHTHOE LieJI0e BBIPaXKeHHe, 3aJaHHOe B CTPOKe #1f. 310
BBIPAKEHUE He TOJKHO COLepXKaTh HU OJHOIO OonepaTopa sizeof uinu npuse-
JEeHUs K TUIY U HU OJTHOU enum-KOHCTaHThl. Ecii OHO MMeeT HeHyJIeBOe 3Ha-
YeHue, TO OyAyT BKIIOYEHBI BCE NIOCIEAYIONINAE CTPOKH BILUIOTD 40 #endif, uin
gelif, wmu #else. (MucTpykuus npenpoueccopa #elif moxoxa Ha else if.)
Bripaxenue defined(ums) B #if ecTs 1, ecnu umsa 6bLy10 OTIpeneseHo, u 0
B IIDOTUBHOM CJIyYae.

Hanpumep, 4T06bl 3aCTPax0BaThCsA OT IOBTOPHOTO BKJIIOYEHU S 3aT0JI0BOY-
HOTO (paiina hdr. h, ero MOXXHO 0OPMUTD CIEAYIONIUM 0OPa3OM:

#if !defined(HDR)
#define HDR

/* 3pecb copepxuMoe hdr.h =/

#endif

ITpu nepBoM BrJIr0YeHHH (aiina hdr. h 6yaeT onpezneneHo umst HOR, a npu mo-
CJIEAYIONIMX BKJIIOYEHHUSIX NPENPoLieccop 0OHapysKUT, 4To nMsi HDR yxe orpe-
JleJIEHO, U TIepeCKOYUT cpa3y Ha #endif. DTOT npreM MOXXeT 0Ka3aThCsl IIOJIe3-
HBIM, KOT/Ia HY>KHO U30€XaTh MHOTOKPATHOTO BKJIIOYEHHS OLHOIO U TOTO e
¢aiina. Ecu uM nosnb3oBaThCst CHCTEMaTHYECKH, TO B pe3yJibTaTe KasKAbli
3aroJ10BOYHBIN (baitn 6yaeT caM BKIIFOYATD 3aroJI0BOYHbIE (HaiiIb], OT KOTOPHIX
OH 3aBHCHT, 0CBOOOMB OT 3TOTO 3aHATHSA M10JIb30BATE.

BoT npumep uenoyku npoBepok MMeHH SYSTEM, mo3posisitoueil BLIOpaTh
HY>KHBIH ailyn 7151 BKITIOYeHHS:

#if SYSTEM == SYSV
#tdefine HDR "sysv.h”
#telif SYSTEM == BSD
#define HDR "bsd.h"
#elif SYSTEM == MSDOS
#tdefine HDR "msdos.h”
else
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#define HDR "default.h” .
#endif
#include HDR

UNucrpykunu #ifdef u #ifndef ceunanbHo NpeaHa3sHayeHbl A1 IPOBEPKU
TOr0, OIIPEAEIEHO MK HET 3aflaHHOe B HUX UMA. U cienoBatesnbHO, nepBblit
IIpUMep, IPMBEAEHHbIH BBIILE 151 WIITTIOCTPALUH #1 f, MOXKHO 3anicath U B Ta-
KOM BHJE:

#ifndef HDR
#define HDR

/* 3pecb copepxumoe hdr.h =/

#endif
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Yka3zatenv n maccuBbl

Yxkasaresp — 3TO IepeMeHHas, coaepiKalliast axpec epeMeHHoO. Y Kasare-
JIY LIMPOKO NpUMeHS0TCs B CH — OTYACTH IOTOMY, YTO B HEKOTOPBIX CITyYasix
6e3 HUX IPOCTO He 060MTHCD, 2 OTIACTH IIOTOMY, YTO IIPOrPAMMBbI C HUMH 00bI4-
HO Kopoue 1 3bdexTHBHee. Y Ka3aTeIr X MACCUBBI TECHO CBA3aHbI APYT C APY-
roM; B IAHHOM [JIaBe MBI PACCMOTPHM 3TY 3aBUCHMOCTb M TIOKaXKEM, KaK €0
TI0JIb30BATHC.

Hapsiny c goto yka3aTenu koraa-To 66U11 06bABIIEHBI TyYLHIUM CPEACTBOM
LJ1s1 HAITUCAHWSI MAJIOTIOHATHBIX HpOrpamMM. Tak OHO U eCTb, €CJIM HMHU I10J1b30-
BaTbCst 6e3nyMHoO. Beab 04eHb JIETKO MONYYUTh yKa3aTesb, YKa3bIBAOI[Hii
Ha yTO-HUOYAb COBceM HexenaTenbHoe. [Ipy coboneHnH xKe onpeaeeHHOMI
JVCLMIIIMHEL C TOMOIIBIO YKa3aTesieldl MOXHO JOCTHYb SICHOCTH U IIPOCTOTHI.
MBI nonbiTaemcs yOeauTb Bac B 9TOM.

WaMenenusi, Buecentnle cranaaptoM ANSI, cBsi3aHbl B OCHOBHOM ¢ (op-
MYJINPOBaHHEM TOYHBIX IPaBHJI, Kak paboTaTh ¢ ykasaTeasiMu. CTaHAapT y3a-
KOHHJI HaKOIJIEHHBIi1 IT0JI0KUTEIbHBII ONBIT IPOrPAMMHUCTOB U yAa4HbIe HO-
BOBBeJZieHHs pa3paboTInKOB KOMIUIATOPOB. Kpome TOro, B3aMeH char+ B Ka-
yecTBe TUNa 00001IEHHOTO yKa3aTesis IpejjiaraeTcs TUI void+ (yKasaTesb
Ha void).

5.1. YkazaTtenu un agpeca

HauneM c Toro, 4To paccMOTpPHM YIIPOILEHHYIO CXeMY OpraHMU3ali1 NaMsi-
Ti. I1aMSTh TUIIMYHON MalIMHBI IPEACTABISAET COOOM MacCHB MOCIEA0BATEBHO
IIPOHYMEPOBAHHBIX HJIM [IPOAAPECOBAHHBIX SYEEK, C KOTOPBIMU MOXHO pabo-
TaTh 110 OTAENBHOCTH UK CBA3HBIMU KyCKaMH. [IpUMEHUTENbHO K JI060 Ma-
LLIWHE BEPHBI CIIEAYIOLIME YTBEPKIEHHS: OLMH OAMT MOXKET XPAaHUTb 3HAYEHHE
THUIA char, AByxX6aiTOBbIe TYEHKH MOTYT PACCMATPUBATHCS KaK LeJI0e THIIa
short, a yeTpipex6aiTOBbIE — KaK lieJible TUHA 1ong. YKa3aTesb — 3TO rpynna
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siyeek (Kak IIPaBUJIO, ABE MJIM YeThIPE), B KOTOPBIX MOXET XPAaHUThCS afIpec.
Tak, ecnu ¢ UMeeT THII char, a p — yKa3aTeb Ha C, TO CUTyalusi BHITJISAAUT
CIIeAYIOIUM 06pa3oM:

p. c:

YHapHblil oniepaTop & BblAaeT aapec 00beKTa, TaK YTO HHCTPYKUUS

p = &c;

npUCcBauBaeT lepeMeHHOH p afipec s;YedKH ¢ (TOBOPAT, YTO p YKa3bIBaeT Ha C).
Oneparop & NpUMEHSETCS TOJIbKO K 00bEKTaM, PAaCIOI0KEHHBIM B aMATH:
K IIepEMEHHbBIM U 3JIEMEHTaM MacCUBOB. Ero onepanziom He MOXeT ObITbh HU
BbIpakeHHe, HY KOHCTaHTa, HU PETMCTPOBas epeMeHHast.

YHapHbIi 01IepaTop * ECTh ONEPATOP KOC8eHHO020 docmyna. Il puMeHeHHbII
K YKa3aTeJIio OH BblAaeT 0ObEKT, Ha KOTOPBIi JaHHBIN yKa3aTellb YKa3bIBaeT.
IIpennosnoxum, YTO X My MIMEIOT TUM int, a ip — ykasaTens Ha int. Crenyiomiue
HECKOJIbKO CTPOK NIPUAYMaHBI CIIELMAbHO 1JIS1 TOTO, YTOOBI [I0Ka3aTh, KAKUM
00pa3oM 0O BABIAIOTCA YKa3aTeNH U KaK UCIIOJIb3YIOTCS ONEPATOPBI & U *.

int x =1, y =2, z[10];

int =*ip; /* ip - ykasatenb Ha int */

ip = &x; /* Tenepb 1p yka3biBaeT Ha X */

y = «ip; /+ y Tenepb paseH 1 */

*ip = 0; /+ X Tenepb paseH 0 */

ip = &z[0]; /+ ip Tenepb ykasbiBaeT Ha z[0] */

OG6bsaBnenus x, y 1 z HaM yxe 3HakoMbl. OObsiBIIeHNE YKa3aTes ip

int «ip;
MBI CTPEMUITHCH C/IeIaTh MHEMOHUYHBIM — OHO TJIaCHT: “BblpakeHHe *1p uMe-
et Tin int”. CuHTaKcKc 00bsIBJIEHNS TEPEMEHHOI “IIOACTpanBaeTcs” o CHH-

TaKCHMC BBIPaXKEHHI, B KOTOPBIX 3Ta llepeMeHHAast MOKET BCTPETUThCA. YKa-
3aHHbIN PUHIMIT IPUMEHUM U B 00bsiBaeHusx Gyukuuid. HanpuMep, anuco

double *dp, atof (char x);

O3HayaeT, YTO BhIpakeHus »dp v atof(s) UMeloT TUI double, a apryMeHT PyHK-
uuu atof ecTb ykasaTesb Ha char.

Be1, HaBepHOE, 3aMETHIIH, 4TO YKa3aTeJII0 Pa3pelleH0 yKa3bIBaTh TOJIBKO Ha
061bexTHI onpeneneHHoro tina. (CyiecTByeT OJHO HCKIIOYeHHe: “yKa3aTelb



126 maBa 5. Ykasatenu n maccuBebl

Ha void” MOXeT yKa3biBaTh Ha 0GbEKTHI 0600 THIA, HO K TAKOMY yKa3aTeJlio
HEJIb351 IPUMEHSTD OTIepaTOP KOCBEHHOrO JOCTYNa. Mbl BEDHEMCS K 9TOMY
B maparpacde 5.11.)

Ecnu ip ykasbiBaeT Ha X LeJOYUCIEHHOTO TUIIA, TO *1p MOXXHO MCIIOJIb30-
BaTh B JIIOOOM MECTe, Iie JOIyCTUMO NIPUMEHEHHUE X; HAlIPUMeD,

*ip = ~ip+ 10;

yBeauyuBaeT +ip Ha 10.
YHapHble onepaTophl * U & UMeIOT 60Jiee BEICOKHH PUOPHTET, 4eM apHd-
MeTHYecKHe ONepaTopsl, Tak YTO IpUCBavBaHUe

y:tip+1

GepeT To, Ha YTO YKa3bIBaeT ip, ¥ JobOaBJIsieT K HeMy 1, a pe3yJ/bTaT IPUCBau-
BaeT epeMeHHOH y. AHaJIOTHYHO

*ip += 1
YBEJIMYMBAET Ha e[UHHUILY TO, HA YTO YKa3bIBAET ip; Te XKe eHCTBYS BBIIOHSIOT

++xip

(xip)++

B nocienueit 3anucu ckoOku HE0OXOAMMBI, IOCKOJIbKY €CJIN UX He Oyzner,
YBEJNYUTCS 3HaYEHHe CaMOTO YKa3aTeJisl, a He TO, Ha YTO OH YKa3blBaeT. ITO
06YCIIOBJIEHO TeM, YTO YHAPHbIE ONIEPATOPHI * U ++ MMEIOT OANHAKOBBIH IIPHU-
OpHTET U NIOPSALOK BbIIOJHEHHS — CIIPaBa HAJEBO.

U HakoHel, Tak Kak yKa3aTesJH CaMy SABJSIOTCS NEPEMEHHBIMH, B TEKCTe
OHH MOTYT BCTpeuarhesi ¥ 6e3 onepaTopa KocBeHHOro gocryna. Hanpumep, ecu
iq ecTb Apyro#t ykasarens Ha int, To

iq = ip

KOIIMPYeT COAEepKUMOeE 1p B 1iq, 4TOGBI ip M 1q YKa3bIBAIM Ha OLUH U TOT XKe
00OBEKT.

5.2. Ykasatenu n aprymeHTbl GyHKLNIA

TMockonbky B Cu GyHKIMY B KaYeCTBe CBOMX apIyMEHTOB N0JIy4aioT 3Ha-
YeHVsI 1apAaMETPOB, HET IIPSIMOit BO3MOXHOCTH, HaXO/SICh B BbI3BaHHOU (QYyHK-
1M, U3MEHUTH NePeMEHHYO Bhi3biBatolleil pyHkImK. B nporpamMme copru-
POBKH HaM NOHAK06MIACh GYHKLUA Swap, MEHSIIO1IIas MECTaMH JBa HEYTOps-
JNOYeHHBIX 3eMeHTa. OHAKO HEJOCTATOYHO HAITUCATh

swap(a, b);
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rzie GyHKIUA swap OIpefesieHa CIAeAYOLINM 06pa3oM:

void swap(int x, int y) /+ HEBEPHO =/
{

int temp;

temp = X,

X =Y,

y = temp;
}

IMockosbKy swap TOJIy4YaeT JIMIIb KOnuu NIePeMEeHHBIX a U b, OHa He MOXET
TOBJIMATH Ha IEPEMEHHBIE a U b TO¥ IIPOrpaMMBbl, KOTOpas K Hell 0OpaTuIach.

Y106l OSYYUTD KenaeMblil 3¢ GeKT, BEI3bIBAOLIEH IPOrpaMMe HaJO0 Te-
penaTh yKazamenu Ha Te 3HaYEHVIsI, KOTOPbIE JOKHbBI ObITh M3MEHEHDI:

swap(&a, &b);

Tax kak oneparop & noysyyaer aapec nepeMeHHO, &a eCTb yKa3aTeJb Ha a.
B camoii xe yHKI¥HM swap TapaMeTpbl Z0JDKHBI ObITh 0OBSIBJIEHBI KaK yKasa-
TEJIH, TIPY STOM OCTYII K 3HaYEHUSIM TapaMeTPOB OyieT OCYIeCTBASATHCSA KOC-
BEHHO.

void swap(int *px, int *py) /* nepecTaHoBka *pX U xpy =/

{

int temp;

temp = *px;
*PX = *py;
*py = temp;

}

I'padryecKy 9TO BBIJIAAMT CIEAYIOIMM 00pas3oM:

B BRI3bIBAIONIIEH IPOTPaMMe:

a: [ <
b:D«

B Swap:

px:

i
DV¢|Z(
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ApryMeHTbI-yKa3aTeH MO3BOJSIOT GYHKIHMH OCYIECTBJISITh ZOCTYT K 00b-
eKTaM BbI3BaBIlI€eii ee IPOrpaMMBI U JAI0T BO3MOXXHOCTDL MBMEHUTh 9TH 0ObeK-
Thl. PaccMoTpuM, HanpuMep, dyHk1MIO getint, KOTOpas ocyllecTBAsIET BBOA
B cBOGOAHOM popMaTe OJHOIO LEJIOTrO YHC/IA U €ro NMepeBo/ U3 TEKCTOBOTO
NpeacTaBieHys B 3HaueHHe Tuna int. OyHKuMs getint gokHa Bo3BpalliaTh
3HaYeHHe MOJy4eHHOro YMCJa MM CUTHAJIM3UPOBaTh 3HaueHHeM EOF o koH1e
(aiina, ecyiit BXOAHOU IOTOK MCYepaH. JTH 3HaYeHHs JOJDKHEI BO3BPallaTh-
5 110 pa3HbIM KaHaJlaM, TaK KaK HeJlb3s1 PaCCYUTBhIBaTh Ha TO, YTO NOJTyYEHHOE
B pe3yJbTaTe IepeBOJa YUCJI0 HUKOIAa He coBnageT ¢ EOF.

OHO U3 pelleHui COCTOUT B TOM, 4TOOBI getint BhIaBasa XxapaKTepuc-
THKY cocTOsiHUA Gaiina (Mcyepnan Win He HCYepIaH) B KayecTBe pe3yJIbTaTa,
a 3HayeHMe CaMOTo Y¥CJia OMellajia COTJIACHO YKa3aTeJio, IepeJaHHOMY el
B BH/le apryMenTa. [loxoxas cxema feficTByeT U B mporpaMMe scanf, KOTOpyio
MbI pPaCCMOTPHM B naparpage 7.4.

[TokasaHHBI HIKe [IUKJI 3aNI0JHIEeT HEKOTOPbIN MacCHB LieJIbIMU YHCIa-
MM, NOJIy4EHHBIMHY C [TIOMOIIbIO getint.

int n, array[SIZE], getint (int *);
for (n = 0; n < SIZE && getint (&array[n]) != EOF; n++)

PesynbTaT KakJ0ro oyepeaHoro obpaluieHus k getint mocsliaercs B
array[n], ¥ n yBeJIMUMBaEeTCS Ha eAMHUIYY. 3aMeTHM, U 3TO CYILECTBEHHO, YTO
¢dyukuny getint neperaercs agpec anemenTa array[n]. Eciu atoro He cae-
JaTh, y getint He OyzeT criocoba BEPHYTD B BHI3BIBAIOLLYIO IPOTrPaMMy Nepe-
BeZIEHHOE L[eJI0e YHUCIIO.

B npensiaraemoM HaMu BapuaHTe GyHKIMS getint BosBpauaer EOF o koH-
uy ¢aiina; HyJb, €CU CJeayioLIMe BBOAUMble CUMBOJIBI He NPEeACTaBISAI0T
c06010 YKCIIa; ¥ IOJI0XKUTENIbHOE 3HAYEHHe, €CJIM BBeIeHHbIE CUMBOJIBI IPeX-
CTaBJIAIT c060H YncIO.

#include <ctype. h>

int getch (void);
void ungetch (int);

/+ getint: unTaeT cnenywuee UeNoe U3 BBoAa B *pn */
int getint(int *pn)
{

int ¢, sign;

while (isspace(c = getch()))
; /* MpONycK CUMBONOB-pasnenntenen /
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if (lisdigit(c) && ¢ != EQF 8& ¢ != '+" & c 1= "-") {
ungetch (c); /* He uucno =/
return 0;
}
sign = (c=="'-") ? -1 :1
if (c=="+ i c=="-")
¢ = getch();

for (+pn = 0; isdigit(c); ¢ = getch())
*pn = 10 » »pn + (¢ - '0");

*pn *= sign;

if (¢ !'= EOF)
ungetch(c);

return c;

}

Besne B getint mox *pn mogpasymeBaeTcsi 0OBIYHAS IlepeMeHHas TUIa int.
Oyuxuus ungetch BMecTe ¢ getch (maparpad 4.3) BKiIIoYeHa B IpOrpamMMy, YTo-
661 0OeCIIeYrTh BO3BMOXKHOCTD OTOC/IATh Ha3a/| IMUIHHUMA [IPOYMTAHHBIA CUMBOJL.

Vupaxknenne 5.1. Oynkuusa getint HanmMcaHa Tak, YTO 3HaKM - WIH +, 3a
KOTODPBIMH He clieffyeT i pa, OHa TOHUMAET KaK “TIpaBHJIbHOe” IIPeCTaB/IEHHE
HyJ1s1. CKOppeKTHpYIiTe POrpaMMy TakuM 00pa3oM, YTOObI B OTOOHBIX CIIY-
4asgx OHa BO3BPallala IPOYHTAHHbII 3HAK Ha3a/ BO BBOJ,.

Vupaxuenue 5.2. Hannmure pynxuuro getfloat —ananor getint ans uucen
¢ nnaBaronie#t Toukoi. Kakoit Tun 6yaeT MMeTh pe3ybTUpYIOILee 3HaYEHHE,
BelnaBaeMoe pyHkived getfloat?

5.3. Yka3zaTenu n Mmaccusbi

B Cu cyuiecTByeT cBsI3b MeXAY yKa3aTeJsIMH 1 MacCUBaMH, U CBSI3b 3Ta
HaCTOJIbKO TecHasi, YTO 9TH CpeACTBa Jiy4llle paccMaTpuBaTh BMecTe. JIro6oi
JOCTYII K 3JIEMEHTY MacCHBa, OCYIIIECTBIIsIEMBIH onepalyeil *HAEKCHPOBaHHU,
MO>eT ObITh BHITIOJIHEH C TIOMOIIbIO yKa3aTeJis. BapuanT ¢ ykasatensamu B 06-
ueM ciydae paGotaer GeICTpee, HO Pa300paTbcsA B HEM, OCOOEHHO HENOCBSI-
IEHHOMY, I0BOJIbHO TPY/IHO.

Obbsasinenne

int a[10];

onpezenseT MaccuB a pasMepa 10, T. e. 6510k u3 10 noceqoBaTeIbHBIX 06bEK-
TOB c UMeHaMu a[ 0], a[1],...,a[9].
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af0] a[1] a[9]

3anuch a[ 1] OTCbUIAET HAC K i-MY 3JIeMeHTY MaccuBa. Ecniv pa ecTb ykasaTesnb
Ha int, T. e. 0OODBSIBJIEH KaK

int *pa;
TO B pe3yJbTaTe NpUCBauBaHUA
= &a[0];
pa Oy/ieT yKa3bIBaTh Ha HYJIEBOM 3JIEMEHT a, MHaye roBOps, pa Oyner comep-

KaTb agpec anemenTa a[0].

pa:

"\

af0]

Teneps nprcBanBanme
X = *pa;

6y11e'r KONUPOBaTh coaepxumoe a[0] B x.

Ecnu pa yka3biBaeT Ha HEKOTODBIH 3JIEMEHT MaccHBa, TO pat+l Mo onpexe-
JIEHHIO yKa3bIBaeT Ha CIeyIOIHI 3JIeMeHT, pa+i — Ha 1-11 ajleMeHT noce pa,
apa-i — Ha i-il aseMenT nepex pa. Takum 06pa3oM, ecyii pa yKa3biBaet Ha a[0],
TO

*(pat1)

ecTb copepxxumoe a[ 1], a+i —agpeca[i], a *(pa+i) — conepxumoe a[i].

pa: patl: W pa+’2)

a[0]
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Cuenannble 3aMe4aHusl BEPHbI OE30THOCHTENILHO K TUILy M pasMepy J1e-
MEHTOB MaccuBa a. CMBICJ ¢JI0B “106aBUTD 1 K yKasaTeso”, Kak U CMbICJI JIIO-
60l apudMETHKY C yKa3aTeNssMH, COCTOUT B TOM, 4TOOBI pa+1 yKa3biBas
Ha CJIeAyIoIUi 00beKT, a pa+i — Ha i-il mocse pa.

Mexay MHAeKCHDOBaHHEM U apU(METHKOH C yKa3aTeslsIMU CYIECTBYET
oyeHb TecHasi cBs3b. [1o onpenesnieHNio 3HaYeHNe TEPeMEHHOMH MJTH BbIPAKEHUS
THIIA MAacCUB eCTb aipec HYJIeBOro sneMeHTa Maccuba. [loce npucBanBanus

pa = &a[0];

pa 1 a UMEIOT OJTHO U TO e 3HayeHHe. [lockobky MMs MacCHBa ABJISETCS CH-
HOHMMOM DacCIIOJIOXKeHH I er0 Ha4aIbHOIO 3JIeMeHTa, IpHcBauBaHue pa=&a[ 0]
MO2KHO TaKxXe 3aIlicaTh B CIeAYIOIeM BUe:

pa = a;

Eme 6osiee yanputenbHo (110 KpaiiHei Mepe Ha IIEPBBIi B3IJIsIA) TO, 4To a1]
MOXKHO 3anucaTh Kak *(a+i). Boruucnss a[i], Cu cpa3y npeobpasyer ero
B *(a+l); ykazaHHble ABe GOPMbI 3alIUCH SKBUBaNeHTHBI. M3 aToro crienyer,
4TO ITOJIyYEeHHbIE B pe3yJIbTaTe IPUMeHeHUs oneparopa & 3anucH &afi] u a+i
Takxe OyayT 9KBHBaJIEHTHBIMH, T. €. U B TOM U B IPYTOM CJIy4Yae 3TO aJIpec i-ro
anemenTa nocie a. C 1pyroit CTOPOHBI, CJIM pa — yKa3aTesib, TO €r0 MOXHO
HCII0JIb30BaTh C HHAEKCOM, T. €. 3aNUCh pa[ 1] 3KBUBaJIEHTHA 3anMCH * (pa+i).
Kopoue roBopsi, 371€eMEHT MacCHBa MOXHO M300paXaTh KaK B BUZE yKa3aTeNns
CO CMellleHHEM, TaK 1 B BUZle IMEHH MacCHBa C HHIEKCOM.

Mex 1y IMeHeM MacCUBa U yKa3aTeJleM, BLICTYHAIOI[UM B POJI UMEHH Mac-
CHBa, CyNIeCTBYeT ONHO pa3jinyue. YKa3aTeslb — 3TO MepeMeHHas, 03TOMY
MOXHO HalucaTb pa=a uiu pa++. Ho uMa MaccuBa He siBisieTcsl lepeMeHHOH,
Y 3aIIUCH BPOJIE a=pa UJIH a++ He JLOIYCKAOTCS.

Ecau uMs MaccuBa riepefaercs GYHKIIHH, TO ITOCHEAHS S IOTy4YaeT B Kaue-
CTBE apTyMEeHTa afipec ero HayaibHOro 3JieMeHTa. BHyTpu BhI3bIBaeMoil QyHK-
I[MU 3TOT apTyMEHT SIBJISAeTCs JIOKAJIbHOHN NepeMeHHOH, cogepxaliell aapec.
Mgb1 MoXeM BOCHOJIB30BAaTbCS OTMeYeHHBIM (DaKTOM M HalUcaTb ellle OAHY
Bepcuio GYHKUUH strlen, BBIYUCASIOMEH AJTHHY CTPOKH.

/* strlen: BoaspauaeT ANMHY CTPOKW */
I int strlen(char *s)

{

int n;

for (n =0; *s 1= "\0"; s++)
n++;

return n;
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Tak kak nepeMeHHas s — yKa3aTeJb, K Hell IDHMEHHMa ONePALus ++; S++
He OKa3bIBaeT HUKAKOT0 BJIMSIHUS Ha CTPOKY CUMBOJIOB (OyHKIIMH, KOTOPast 06-
paruiiacs k strlen. [IpocTo yBesmunBaeTcs Ha 1 HeKOTOpasi KOIUS yKasaTeJis,
HaXOAAIASACS B IMYHOM MOJb30BaHUU (PYHKUMH Strlen. ITO 3HAYMUT, 4TO BCE
BBI30BBI, TaKHe KaK:

strlen("3npaBcTBYit, MUp"); /* CTPOKOBaA KOHCTaHTa */
strlen(array); /+ char array[100]; =/
strlen(ptr), /* char #ptr; «/

IPaBOMEDHBI.
DopMasbHbIe TapaMeTPh

char s[1;

char =*s;

B onpezesieHuy QYHKIUK SKBUBAJIEHTHBL. MBI OTaeM IpeAnoYTEHHE TOCTEN-
HeMY BapUaHTY, MOCKOJIbKY OH 0oJiee IBHO COODIIIAET, YTO S €CThb YKa3aTelb.
Ecau dyHkuuu B kauecTBe apryMeHTa IlepeflaeTcsl UMl MaCCHBa, TO OHA MO-
XeT paccMaTpUBaTh €r0 TakK, Kak eil ynobHo — 1160 Kak UMs MaccuBa, 160
KaK yKa3aTeJlb, U HOCTYNaTh C HUM COOTBETCTBEHHO. OHa MOXET JaXke UCIOJIb-
30BaTh 062 BH/a 3aIIUCH, ECIIM ITO OKAXKETCS YMECTHBIM M OHSTHBIM.
(DyYHKIMN MOXHO IepefaTh 4acTh MAaCCHBA, AJIsl 3TOTO apryMeHT AOJIXeH
yKa3bIBaTh Ha Hauaslo noaMaccuBa. Hanpumep, eciiit a — MaccHB, TO B 3aNMCAX

f(&a[2])
150071
f(a+2)

¢dbyHkuuu f nepenaercs azgpec NOAMacCHBa, HAYMHAIOMIETOCS € 37leMeHTa a[ 2].
BuyTpu yHkuuu f onucaHie napaMeTpoOB MOXKET BBITJISAAETh KaK

f(int arr[]) { ... }
15807

f(int =arr) { ... }

CrepoBatenbHO, 415t f TOT hakT, 4TO MapaMeTp yKa3blBaeT Ha YaCTb MacCHBa,
a He Ha BeCb MacCHB, He IMeeT 3HaYeHUA.

Ecnu ecTb yBEPEHHOCTD, YTO 3JIEMEHTHI MAaCCHBA CYLIECTBYIOT, TO BO3MOX-
HO WHIEKCHPOBaHHE U B “O0pPaTHYIO” CTOPOHY 10 OTHOLIEHHIO K HYJIEBOMY
3JIEMEHTY; BbIpaxkeHus p[-1], p[~2] U T. I. HE IPOTHBOPEYAT CHHTAKCHUCY SI3bI-
Ka U 00palIaoTCs K 9JIEMEHTaM, CTOSIUM HellocpeacTBeHHO nepes p[0]. Pa-
3yMeeTCs, HeJb3s1 “BbIXOAMTH” 3a FPAHULIBI MACCHBA 1 TEM CaMbIM 00paIaThCsl
K HECYUIECTBYIOLINM 0OBEKTaM.
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5.4. AapecHasa apudpmeTuka

Ecsu p ecTh yka3aTesib Ha HEKOTOPDII 3JIeMEHT MacCHBa, TO p++ YBEJIU-
YUBAET P TaK, YTOOBI OH YKa3bIBaJI Ha CIEAYIONIMI 9JIEMEHT, 2 p += 1 yBeau-
YUBAET ero, yToObl OH yKa3biBaj HA i-H 3JIEMEHT MOCJE TOrO, Ha KOTOPbIH
yKa3blBaJ paHee. ITH U 10400HbBIE KOHCTPYKLUMH — CaMble IPOCTbIE IPUMe-
Pl apr(pMeTHKH Hall YKa3aTeassMH, Ha3blBaeMoii TakKe apecHoit apudme-
THUKOH.

Cu nocnieoBatenieH U e[UHOOOPA3eH B CBOEM IOAXO/E K aipecHOM apud-
MeTHKe. JTO COeJUHEHHe B ONHOM SI3bIKe YKa3aTeJseld, MaCCBOB U alpecHO
aprudMeTHKH — OJJHA U3 CUJIBHBIX ero CTOPOH. IIpouniiocTpupyem ckasaHHOe
NOCTPOEHUEM IIPOCTOrO paclpelenuTess aMsTH, COCTOSLIEro U3 ABYX Npo-
rpamM. [lepsas, alloc(n), Bo3BpamlaeT ykasaTesab p Ha n MOCJIe40BaTENbHO
PacIlOJIOXEHHBIX sfYeeK THIIa char; IporpaMMoii, obpamaroeics K alloc, 3Ti
SI9EMKU MOTYT OBITh HCIIONIb30BaHbI JJIsl 3alIOMUHAHHSI CUMBOJIOB. Bropas,
afree(p), 0cBO6OXKAAET AMSTH /15, BO3MOXKHO, TOBTOPHOM €€ YTUII3aLMH.
[IpocroTa anropurma 06ycI0BIIEHA IPEATIONOKEHHEM, 4TO OOpaleHus K af ree
LeNaTCsl B 0OPaTHOM MOPSIAKE M0 OTHOIIEHHIO K COOTBETCTBYIOLIMM 00pa-
uteHusIM K alloc. TakuM 06pasoM, aMsiTh, ¢ KOTOPOii paboTaioT alloc nafree,
SBJISIETCS CTEKOM (CITCKOM, B OCHOBE KOTOPOTO JIEXHT IIPUHLUI “IIOCTIeJHIM
Boles, nepBbiM yiuen”). B cranaaptHoit 6ubiroteke uMeOTCs GYHKUUK
malloc u free, KOTOpbIE AEAIOT TO K€ CAMOe, TOJIbKO 6€3 YIOMSIHYTHIX Orpa-
HUYeHuit; B naparpade 8.7 MbI MOKaXxceM, KaK OHU BBITJISIAT.

@yukuuio alloc Jierde BCEro peain3oBaTh, eC/IM YCIOBUThCS, YTO OHa Oy-
IeT BblIaBaTh KYCKU HEKOTOPOTO OOJIBIIOrO MacCHBa THIIA char, KOTOPBIN MBI
Ha30BeM allocbuf. DTOT MacCHB OTAAAMM B JIMYHOE MOJIb30BaHKE QYHKIHSIM
alloc u afree. Tak kak OHM HMEIOT [eJIO C YKa3aTessIMH, a He ¢ HHAEKCaMU
MaccHBa, TO APYTUM IPOrPaMMaM 3HATb ero UMsi He Hy>xHO. KpoMe Toro, ator
MacCHB MOXXHO OIIPEeIUTh B TOM XXe UCXoAHOM daitsre, uro u alloc u afree,
00bsIBUB €ro static, barogapst 4eMy OH CTaHeT HEBUAHUMBIM BHe 3TOro daii-
sa. Ha npakTike Takoit MaccHB MOXeT U BOBCe He UMeTb UMEHH, TIOCKOJIbKY
€ro MOXHO 3aIIPOCHTh C IOMOLIbIO Malloc y orepauroOHHON CHCTEMBI U NOJTY-
YUThjyKa3aTeslb Ha HEKOTOPbIH Oe3bIMAHHbIA 010K TaMSITH.

EcrecTBeHHO, HaM HY>KHO 3HaTh, CKOJIbKO 3JIEMEHTOB MaccHBa allocbuf yxe
3aHsATO. MBI BBEIeM yKa3aTesb allocp, KOTOPBIiA 6yaeT yKa3blBaTh Ha EPBBIi
cBoboxublil anemenT. Ecin 3anpauiBaercst maMsaTh A1 N CHMBOJIOB, TO alloc
BO3BpalllaeT Tekyllee 3HaueHue allocp (T. e. afpec Hayasa cBOGOLHOrO 6J10-
Ka) U 3aTeM yBeJIMYMBAET €0 Ha n, YToObI yKasaTesb allocp yKa3bIBaJ Ha cJie-
AyoIyIo cBOGOAHYI0 061acTh. Eciu xe mpocTpaHcTBa HeT, TO alloc BblAaeT
Hysb. Oyuxuus afree[p] mpocTo ycraHaBaMBaeT allocp B 3HaYEHHUE P, ECTH
OHO He BBIXOJUT 3a npefeibl MaccuBa allocbuf.
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Tlepex BeI30BOM alloc:

allocp:—l

allocbuf:

<+——— 33HATO ——— «——— CB06OAHO ———»

IIocne Be13oBa alloc:

aHOCp:--l

allocbuf:

+——— 3aHATO ——————» «—— CBOOOAHO —»>

#tdefine ALLOCSIZE 10000 /+ paaMep [OCTYNHOrO npocTpaHcTsa */

static char allocbuf[ALLOCSIZE]; /* namaTtb gna alloc */
static char =allocp = allocbuf; /* yKkasaTenb Ha cB06. mecTto */

char +alloc(int n) /+ Bo3BpauaeT ykasaTefb Ha N CMMBONOB */

{
if (allocbuf + ALLOCSIZE - allocp >= n) {

allocp += n; /* NPOCTPaHCTBO €CTb */
return allocp - n; /* ctapoe p =/

} else /* NpoCTpaHcTBa HeT */
return 0;

}
void afree(char =p) /+ ocBoGoXQaeT NaMaTb, Ha KOTOPYW ykasbiBaeT p */
{
if (p >= allocbuf && p < allocbuf + ALLOCSIZE)
allocp = p;
}

B o6uem ciyyae ykasateJib, KaK U JIOOYIO APYTYIO NEPEMEHHYIO, MOXHO
MHHUIHATH3UPOBaTh, HO TOJbKO TAKUMH OCMBICJIEHHBIMU /71 HETO 3HaYeHH -
MM, KaK HYJIb UJIM BbIPAXKEHVE, IIPUBO/AIIEE K a/[PECY paHee ONpeeseHHBIX
HaHHBIX COOTBETCTBYIOmEro Tina. O6bsBieHe

static char =allocp = allocbuf;

onpezesseT allocp Kak yKasaTesb Ha char ¥ HHULUAIU3UDYET €ro afpecoM
MmaccuBa allocbuf, MOCKOJIBKY Mepel HauyaJaoM paboThl [IPOrpaMMbl MAacCHB
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allocbuf myct. YkasaHHOe 0ObsABIEHHE MOTJIO 6b UMETh U TAKOM BUAL:
static char +allocp = &allocbuf[O]_;

MIOCKOJIbKY UMSI MacCHBa U €CTb aJIpec ero HyJIeBOro 3JieMeHTa.
IIpoBepka

if (allocbuf + ALLOCSIZE - allocp >= n) { /* roguTcs =/

KOHTPOJIUPYET, JOCTATOYHO JIU IPOCTPAHCTBA, YTOOBI yIOBIETBOPUTD 3a1IPOC
Ha n CHMBOJIOB. EcJM maMsITH 0CTaTOYHO, TO HOBOE 3HaUeHHe A1 allocp JOK-
HO YKa3bIBaTh He Jajiee 4eM Ha CIIeAYIONYIo IIO3UIHIO 32 IIOCTeAHUM 3J1eMeH-
ToM allocbuf. [Ipu BeinoHeHNH 3TOrO TpebOBaHUst alloc BBIIAET YKa3aTelb
Ha Ha4aJIo BblAeJeHHOro 610ka cMMBOJIOB (oOpaTHTe BHUMaHHe Ha 00bsBIIe-
Hue THIa camoit yukuun). Eciu tpeboBanme He BoinosnusieTcst, pyHkimst alloc
J0JKHA BBIAATH KAKOM-TO CUTHAJ O TOM, YTO NTaMATH He XBaTaeT. CH rapanTu-
PYET, 4TO HyJIb HUKOTZA He OyeT IIpaBHJIbHBIM aiPECOM [JIsl JaHHBIX, I103TO-
My MBI 6y/1eM UCIIOJIb30BATh €T0 B Ka4eCTBe IIPU3HAKA aBaPUIHOTr0 COOBITHS,
B HallleM cJIy4yae HeXBaTKH IaMATH.

YkasaTeJu U LeJible He IBJISIIOTCS B3auMO3aMeHsieMbIMu oObexktamu. Kon-
CTaHTa HyJIb — eJUHCTBEHHOE HCKJII0YeHHe U3 3TOr0 NPaByJia: ee MOXKHO IpHU-
CBOHMTD YKa3aTesio, ¥ yKa3aTesJb MOXHO CPaBHHUTb C HYJEBOH KOHCTAaHTOM.
Yr1o6bI MOKa3aTh, YTO HYJIb — ITO CIELHATbHOE 3HAUeHHe AJIs yKas3aTess,
BMecTo UUODHI HyJib, KaK IPaBUIIO, 3alMChIBAOT NULL — KOHCTaHTY, onpeze-
nenHyo B daiizne <stdio. h>. C 3T0r0 MOMeHTa 1 MBI 6yIeM €I0 10JIb30BaThCS.

ITposepku

if (allocbuf + ALLOCSIZE - allocp >= n) { /+ roautca +/

if (p >= allocbuf && p < allocbuf + ALLOCSIZE)

JNEMOHCTPUPYIOT HECKOIBKO BRXXHBIX CBOUCTB apuMETHKH C yKa3aTesIMH.
Bo-nepsbix, pH co6II0IeHNH HEKOTOPHIX NIPABHJI YKa3aTeIH MOXKHO CDaBHH-
BaTh.

Eca p 1 q yka3bIBatoT Ha 3J1eMEHTBI 0THOTO MacCHBa, TO K HUM MOXHO IIpH-

MEHATD OlIepaTOPbI OTHOLIEHUA ==, I=,{,>=UT. 0. HanpuMep, OTHOILIIEHHE BHa
\

p<q
MCTHMHHO, €CJIY p YKa3biBaeT Ha 6oJiee paHHUI 3JIEMEHT MaccHBa, yeM q. Jlo-
6oit yka3aTe b BCEra MOXXHO CDAaBHUTD Ha PaBEHCTBO M HEPAaBEHCTBO C Hy-
J1eM. A BOT /s yKa3aTeJieil, He yKa3bIBAIOUIMX Ha 3JIeMEeHThI OJHOTO MacCH-
Ba, pe3yJbTaT apu(METHYECKUX ONepaluil WK CPaBHEHUH He ONpefeJieH.
(CyuiecTByeT OIHO UCKIIIOYEeHHe: B apu(dMeTHKe C yKa3aTeJsIMH MOXHO Hc-
T10J1b30BaTh af[peC HECYLIECTBYIOLIETO “CIIeAYOIIEro 3a MaCCBOM” 3J1eMeHTa,
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T. €. ajIpec TOro “sjeMeHTa”, KOTOPBIY CTaHeT NOCJIeJHUM, eCJIH B MAaCCUB 0-
6aBUTH elle OMH DJIEMEHT.)

Bo-BTOpBHIX, KaK BH yKe, HaBepHOe, 3aMETHUJIH, YKa3aTeId U 1ieJIble MOKHO
CKJIafIbIBaTh U BbIYUTATh. KOHCTPYKLIMS

p+n

03HayaeT azipec 06bEKTa, 3aHMMAIOIIErO N-€ MeCTO Toce 06beKTa, Ha KOTO-
Pblii yKasbIBaeT p. DTO CIPaBEAJIMBO OE30THOCHTEIILHO K TUITY 06bEKTa, Ha KO-
TOPBI# YKa3bIBaeT p; N aBTOMaTHYECKH JOMHOXaeTcs Ha K03 QHUIMEHT, CO-
OTBeTCTBYIOMMIT pasmepy obbekTa. iHbopMalus o paamMepe HESBHO IPH-
cyTcTByeT B 00bsBiennu p. Eciu, x npumMepy, int 3annmaer yeTsipe Oaiita,
T0 K03bGUUNEHT yMHOKeHUsI OyAET PaBEH YETHIPEM.

Jlonyckaercs Take BeluuTaHUe ykasaTeseid. Hanpumep, eciiv p 1 q ykassl-
BaIOT Ha 3JIEMEHTHI OJJHOTO MACCHBA U P<Q, TO q-p+1 €CTb YHUCJIO JIEMEHTOB OT P
[0 q BKJIIOYUTENBHO. ITHUM (HaKTOM MOXKHO BOCIIOJIb30BAThCS IIPH HAIMCAHUU
ellle OZHOU Bepcuu strlen:

/* strlen: BO3BpawaeT ANUHY CTPOKU S */
int strlen(char xs)
{

char =p = s;

while (+p !'= "\0")
ptt;

return p - s;

}

B cBoeM 06bABIEHUY P UHUIHANM3UPYETCS 3HAYEHHEM S, T. €. BHaYyase p
yKa3bIBaeT Ha NepBblit cuMBoJl cTpokH. Ha kaxaoM mare nuksia while npose-
psieTcs OYepefHON CUMBOJI; LIMKJI IPOJOJIXKAeTCs A0 TeX Top, IoKa He BCTpe-
tutes ' \0'. Kaxnoe npoaBrxeHue ykasaTess p Ha CEAYOUHMH CUMBOJ BbI-
HOJIHSIETCA MHCTPYKILHEN p++, U Pa3HOCTb P-S aeT YHUCJIO IIPOMIEHHBIX CHM-
BOJIOB, T. €. JIUTMHY CTPOKH. (11C/I0 CAMBOJIOB B CTPOKE MOXET OBITh CJIMILIKOM
60IbIIKM, YTOOBI XPaHUTb ero B lepeMeHHOM Tina int. Tun ptrdiff_t, xocra-
TOYHBIN 119 XpaHEHUs Pa3HOCTH (CO 3HAKOM) IBYX yKa3aTeJeil, onpeneseH
B 3aroJioBoyHOM (aitnie <stddef.h> . OaHaKo, ecivi OBITh 04EHD OCTOPOIKHBI-
MH, HaM CJIeA0Bao Obl JIsi BO3BPAIlaeéMOro peayanaTa WCIOJIb30BaTh THUII
size_t, B 9TOM CJIyyae Hallla IIpOrpaMMa COOTBETCTBOBasa Obl CTaHAAPTHOM
6ubaroTeyHoi Bepcuu. Tun size_t ecTb TUI 6€33HAKOBOTO LIEJIOr0, BO3BPALLa-
€MOro onepaTopoM sizeof.)

ApudmeTHka ¢ yKa3aTesasiMH YIUTHIBAET THIL: €CJTH OHa UMEeT JeJI0 CO 3Ha-
yeausiMu float, 3aHMMaoIUMH 60JIbLIE TAMATH, YeM char, U p — yKasaTeJsb
Ha float, TO p++ IIPOIBUHET p Ha CJleMytoliee 3HaYeHne float. ITO 3HAYUT, YTO
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ApYyryo Bepcuio alloc, KOTopast UMeeT IeJIo C 3JIeMeHTaMu Tuna float, a He
char, MO>XHO TOJIy4UTb IPOCTO 3aMeHoit B alloc 1 afree Bcex char Ha float.
Bce onepaunu ¢ ykazatessiMu 6YAyT aBTOMaTHYECKH OTKOPPEKTUPOBAHBI B CO-
OTBETCTBHH C Pa3MePOM 0OBEKTOB, Ha KOTOPbIE YKA3bIBAIOT YKA3aTeNH.
Mo>XHO TPOU3BOAUTH CJELYIONINE ONEePAlUH C yKa3aTeJIMH: IPUCBanuBa-
HHe 3Ha4YeHUs yKasaTessd APYTOMY YKa3aTeJllo TOrO Xe TUIIa, CI0KEHUE U BbI-
YHUTaHKe YKa3aTeJls U L[eJIOr0, BBIYUTaHMe U CpaBHeHHe ABYX yKa3aTeJei, yka-
3bIBAIOUIMX Ha 3JIEMEHTBI OHOIO U TOrO )K€ MacCHBa, a TaKXKe IPUCBauBaHue
yKa3aTeJlio HyJIs U CpaBHEHUe yKa3aTesis ¢ HyJeM. [[pyrux onepaiuii ¢ ykasa-
TeJISIMHU IIPOU3BOAUTD He fonyckaercsi. Hebast ckylapiBaTh 1Ba yKasaTess, Ie-
PEMHOXaTb UX, JEJIUTh, CABUTaTh, BbIAEJIATDH Pa3PAAbl, yKa3aTe b HeJIb3s1 CKJIa-
[AbIBaTh CO 3HaueHUeM Tulla float uiu double; yka3aTesto OZHOTO TUIIA HEJIb3S
Jlaxke IPUCBOUTD YKa3aTeJIb APYrOro TUIIa, He BBINIOJIHUB IIPeJBapUTEJIbHO OIle-
palyy NpuBeaeHus (HCKIIIOYeHe COCTABIIIOT JIMIIb YKa3aTeu TUIa void « ).

5.5. CumBoOibHbIe YKa3aTenn GyHKuum

Cmpoxoeas koHcmanma, HaluCaHHAS B BULE
"d cTpoka”

€CTb MacCHB CHMBOJIOB. Bo BHyTpeHHeM IpescTaBjieHHH 3TOT MacCHB 3aKaH-
YMBaeTCA HyJIeBBIM cUMBOJIOM '\0', IO KOTOPOMY NPOTrpaMMa MOKeT HalTH
KOHel[ CTPOKH. UHCIIO 3aHATHIX sY€eK NaMATH Ha OAHY OoJiblile, 4eM KoTnye-
CTBO CHIMBOJIOB, TOMEIIEHHBIX MeXIY JBOMHBIMY KaBblYKaMU.

Yaure Bcero CTpPOKOBbIe KOHCTaHTBI HCIOJIb3YIOTCS B KAUECTBE apTYMEHTOB
byHKIyi, kak, HanpuMep, B

printf("3npascTsyit, Mup\n");

Korza Takast cMMBOJIbHAs CTPOKa TQSBJISIETCS B IpOrpaMMe, JOCTYI K Helt
OCYUIECTBIISIETCSI Yepe3 CUMBOJIBHBIN yKa3aTesb; printf nosyyaer ykaszarenb
Ha Hayajio MacCHBa CUMBOJIOB. TouHee, ZOCTYI K CTPOKOBOI KOHCTAHTe OCY-
H[ECTBJISIETCS YEPE3 yKa3aTelb Ha ee NEPBBIH 3IeMeHT.

CTpoKOBbIE KOHCTAHThI HYXHbI HE TOJIbKO B Ka4eCTBe apryMeHTOB QYyHK-
uumit. Eciy, HanpuMep, nepeMeHHyI0 pmessage 00bABUTh KAk

char *pmessage
TO NIpHUCBauBaHye
pmessage = "now is the time";

TIOMECTHT B Hee yKa3aTeJib Ha CAMBOJIbHBIH MacCHB, IPH 3TOM CaMa CTPOKa
He KOTIMpYeTCs, KOTIMPYeTCs JIMIIb yKa3aTeab Ha Hee. Onepauuu A pabo-
THI CO CTPOKOI KaK C eIMHBIM 11eJ1biM B CH He MpefyCMOTPEHH.
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CyutecTByeT BaKHOe pa3indne MeXIy CJedyIOLHMH OIpefeIeHUAMH:

char amessage[] = "now is the time"; /* maccus =/
char *pmessage = "now is the time"; /* ykasaTenb */

amessage — 3TO MAaCCHB, UMEIOIIHIi TAKOH 00beM, YTO B HEM KaK pa3 OMelaeT-
cs yKa3aHHAs MOCJIeA0BaTeIbHOCTb CUMBOJIOB U ' \0'. OTAeNbHblE CUMBOJIBI
BHYTDH MacCHBa MOTYT U3MEHSTbCSI, HO amessage BCeraa yKasblBaeT Ha OHO
M TO )K€ MeCTO aMsITH. B IpOTHBONONIOXXHOCTh EMY pmessage eCTh YKa3aTellb,
MHUIIMATM3UPOBAHHBIN TaK, YTOOBI YKa3bIBaTh Ha CTPOKOBYIO KOHCTAHTY.
A 3HaueHMe yKa3aTess MOXXHO M3MEHHTb, ¥ TOTZIA NIOCeAHUM OyaeT yKa3bl-
BaTh Ha 4TO-1M60 Apyroe. KpoMe Toro, pe3ybTaT GyneT HEONpeaeseH, eciu
BBI [IOTIBITAETECh H3MEHUTD COAEPKUMOE KOHCTAHTBI.

v

pmessage: |

now is the time\0

amessage: now is the time\0

JoTOJIHYTEIbHbIE MOMEHTBI, CBSI3aHHBIE C YKA3aTeISIMU U MACCUBAMH, TIPO-
WJUTIOCTPUPYEM Ha HECKOJIBKO BUAOU3MEHEHHbIX BADUAHTAX JBYX IOJIE3HbIX
IIPOTPaMM, B3AThIX HAMH U3 CTaHAAPTHOM 6ubnuoTexu. [epsas s HuX, yHK-
uus strepy(s, t), KONUPYeET CTPOKY t B CTPOKY S. XOTeN0Ch OBl HAMCATh Mpsi-
MO s=t, HO TaKOU OIepaTop KOMUPYET yKa3aTelb, a He CUMBOJIBL. UTOOBI KO-
IIMPOBATh CUMBOJIBI, HAM HY XHO OPraHM30BaTh UMKIL. [1epBhIit BapHaHT strepy,
C UCTIOJIb30BAHHEM MACCHBa, HMeET CJIeAYOMiT BUL:

/* strcpy: konupyeT t B S; BapuaHT C MHAEKCUPYEMbIM MacCUBOM*/
void strcpy(char *s, char =t)
{

int i;

i=0;
while ((s[i] = t[i]) '= '\0" )
i++;

}
[lnst cpaBHEHHs IPHUBELEM BEPCHIO Strepy € yKa3aTe s IMHU:

/+ strcpy: konupyeT t B s: Bepcua 1 (c ykasaTensmu) =/
void strcpy(char *s, char *t)
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while ((*s = +t) = "\0' ) {
S+t
T+t

}

TlockosbKy NepeaaroTcsl MU KONMK 3HAYEeHUH apryMeHTOB, strcpy Mo-
XeT cBOOOZHO MOJIb30BaThCsI TAPAMETPaMH S U t KaK CBOMMM JIOKaJbHbIMU
nepemeHHBIMH. OHU JOJDKHBIM 06Pa30M WHUIMATM3UPOBAHbI YKa3aTe s -
MU, KOTOpbIe NPOBUTAIOTCS KaXIbIH pa3 Ha CJIEAYIOU[MI CUMBOJI B KaXOM
M3 MacCHBOB JI0 TeX IOp, OKa B KONUPYeMoii cTpoke t He BcTpeTutcs '\0'.

Ha mpakruke strcpy Tak He numyT. ONBITHBIA TPOrPaMMHCT NPEANIOYTET
60J1e€ KOPOTKYIO 3aMIKCh:

/* strcpy: konupyeT t B s; Bepcus 2 (c ykasaTensmu) =/
void strcpy(char *s, char «t)
i

while ((#s++ = «t++) t= "\0'}

}

[IpupameHue s ¥ t 31eCh OCYLIECTBIISIETCS B YIIPABJISIONIeN YaCTH 1IUKJIA.
3HayeHUeM *t++ SBJISETCS CUMBOJI, Ha KOTOPBIH yKa3blBaeT NepeMeHHas t
niepes TeM, KaK ee 3HaueHue OyAeT yBeandeHo; MocTHUKCHBIN OnepaTop ++
He U3MEeHsIeT yKa3aTesb t, I0Ka He OYAET B3SIT CHMBOJI, Ha KOTOPBIH OH yKa3bl-
BaeT. To e B OTHOLIEHMH S: CHaYalla CHMBOJI 3aTIOMHHUTCS B TO3UL[HH, Ha KO-
TODPYIO YKa3blBaeT CTapoe 3HaueHHeE S, M JIUIIb TI0CJie 3TOro 3HayeHue nepe-
MeHHO# s yBennuuTcs. [lepecriiaeMblil CHMBOJI SIBJISIETCS OXHOBPEMEHHO
Y 3HaYeHMeM, KOTopoe cpaBHUBaeTrcs ¢ ' \0'. B uTore konupyoTcs Bce CHMBO-
JIBI, BKJIFOYAs U 3aKJIIOUUTEIbHBIN cuMBOJ '\0'.

3ameTuB, 4To cpaBHeHue ¢ ' \0' 3xech uliHee (Mockosbky B Cul HeHyJsieBoe
3HauYeHHe BHIPA)KEHHUA B YCJIOBUU TPAKTYeTCS M KaK ero HCTHHHOCTb ), MBI MO-
JKeM CIesaTh ellle O[HO U MOCJIefiHee COKpallleHre TeKCTa IPOrpaMMBbl:

/* strcpy: konupyeT t B s; Bepcus 3 (c ykasaTensmu) =/
void strcpy(char *s, char =t)
{

While (ss++ = #t++)

}

XoTs Ha epBblit B3rAA TO, YTO MBI MOJIYYHIIH, BBITJIAIUT 3araJOYHO, BCe
e TaKasi 3allUCb 3HAYUTENbHO yAOOHee, U CeyeT OCBOUTD €€, ITIOCKOJIbKY
B Cu-nporpaMMax Bbl 6yZeTe ¢ Heil 4acTO BCTPEYaThCs.
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Yro kacaeTcst GYHKIHM Strcpy U3 CTAaHAAPTHOH O6UOIMOTEKH <string.h>,
TO OHa BO3BPAIL[AaeT B KAYeCTBe CBOETO pe3yJibTaTa ellle ¥ yKa3aTesb Ha HOBYIO
KOITHIO CTPOKH.

BTopas nporpamma, KOTOpPY10 Mbl 3eCb PaCCMOTPHM, 3TO stremp(s, t). Ona
CpaBHMBaeT CHMBOJIBI CTPOK S U T M BO3BpalllaeT OTPHLIaTesIbHOE, HYJIeBOe UJIH
MIOJIOXKHTEIbHOE 3HaYeHHe, eC/IM CTPOKA S COOTBETCTBEHHO JieKCUKorpaduye-
CKM MeHblIle, DPaBHa UM G0JIblile, YeM CTPOKa t. PeaysibTat nosiydaercs BbI4U-
TaHUEM TEePBbIX HECOBIAJAOIINX CUMBOJIOB U3 S U t.

/* strcemp: BogaeT <O npm s <t, Onpus==1t, >0npn s>t/
int strcmp(char *s, char =t) ‘
{

int 1i;

for (i =0; s[i] == t[i]; i++)
if (s[i] == '\0")
return 0;
return s[i] - t[i];

Ta xe IporpaMma C MCI10JIb30BaHHEM yKaSaTeJIeﬁ BBITJIAOUT TaK!:

/* strcmp: sunaeT < O npu s <t, Onpu s ==t, >0 npn s >t «/
int strcmp(char *s, char =t)
i
for ( ; *s == *t; s++, t++)
if (»s == "\0")
return O;
return *s - »t;

TToCKOIBKY ONEPaTOPBI ++ U ~~ MOTYT ObITh MK IIPeDUKCHBIMH, HIIH NIOCT-
({UKCHBIMH, BCTpeYaroTCs (XOTS M He TaK 4acTo) APyrve X COYeTaHUsI C Ore-
paropoM *. Hanpumep:

*==p
YMEHBIIUT p IIPeX/e, YeM 110 ITOMY yKasaresio OyzeT nosyyeH cumBo. Ha-
IIPUMED, CIIeAYIONINe 1Ba BBIPAXKEHH:

xp++ = val; /» nomecTuTb val B cTek */
val = »=-p; /* B3ATb W3 CTeKa 3Ha4eHWe U NoMecTuTb B val */

SIBJIIIOTCS CTAHIAPTHBIMU [UISI IOCBLUIKH B CTEK U B3STHS U3 CTeKa (CM. Tapa-
rpad 4.3.).
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O6bsiBenns GyHKIMH, yIOMsHYTbIX B 9TOM naparpade, a TakxKe psfa Apy-
TMX CTaHIAPTHBIX GYHKLHK#, pabOTaOUINX CO CTPOKAMH, COAEPXKATCA B 3aro-
JIOBOYUHOM ¢aiine <string. h>.

Vnpaxuenne 5.3. Vicnonbays ykasatenu, Hanumute QYHKUMIO streat,
KOTOpY0 MBI paccMaTpuBay B r1ase 2 (pyHKius strcat(s, t) KOMUpyeT cTpo-
Ky t B KOHel[ CTPOKH S ).

Vupaxuenue 5.4. Hanumnre pyskimio strend(s, t), KoTopas BblAaeT 1, ecu
CTpOKa t pacroJio’KeHa B KOHLE CTPOKH S, M HYJIb B IPOTHUBHOM CJIyyae.

Yupaskuenue 5.5. Hanumure BapuanTbl 6uba10TedHBIX QYHKIME strncpy,
strncat u strncmp, KOTOpble ONEPUPYIOT C MEPBBIMM CUMBOJAMH CBOMX
apryMeHTOB, YMCJIO KOTOPHIX He mpeBblinaer n. Hanpumep, strncpy (t,s,n)
KonupyeT He 6oJiee n cUMBOJIOB t B s. [losiHble onucaHus 9TUX GYHKUUN
coiepxarcs B PUIoXKeHuu B.

Vunpasxcuenne 5.6. Ot6eprTe NOAXOASAIIME IPOrPAMMBI U3 PEABIAYLIUX [J1aB
M yHpaXHEeHUH U NepeNUIIUTe HUX, UCIONb3ys] BMECTO MHAEKCHDOBAaHUS
yxasarenu. [logoinyT, B yacTHOCTH, nporpamMsl getline (rmasbl 1 u 4), atoi,
itoa u ux BapuaHTHl (r1aBsl 2, 3 u 4), reverse (riasa 3), a Takxe strindex
u getop (r1aBa 4).

5.6. Maccusbl ykasarernem, ykasaTenum Ha ykasaTtenu

Kak 1 j1106b1e Apyriie nepeMeHHble, YKa3aTei MOXKHO TPYIIUPOBaTh B Mac-
cuBbl. [IJ1s1 HIUTIOCTPALMK 3TOr0 HalMILIEM NTPOrpaMMy, COPTHPYIONIYIO B -
(daBUTHOM NOPSIKE TEKCTOBbIE CTPOKH; 3TO OY/IET YIPOIIEHHbIN BADHAHT MPO-
rpaMMsl sort cuctembl UNIX.

B riaBe 3 Mul npuBenu pyHkunio copruposku o ey, kotopas yno-
PALOYMBAET MACCUB LEJIbIX, a B IJIaBe 4 YIYYIIUIHU €€, TOBBICHB OBICTPO-
neiictue. Te xe arOPUTMbI UCTIOJIB3YIOTCSA U 3€Ch, OAHAKO Teneph OHHU Oy-
ayT 06pabaThiBaTh TEKCTOBbIE CTPOKH, KOTOPBIE MOTYT UMETb PasHYIO AJIMHY
M CpaBHEHHE WM NepeMelieHHe KOTODBIX HEBO3MOXKHO BBHIIIOJIHUTD 33 OAHY
onepauuio. HaM Heo6x0q1Mo BbIOpaTh HEKOTOPOE MPEACTABJIEHHE JAHHBIX,
KOTOpOE 6bl 1103BOJIHIIO YA06HO 1 3h(DeKTUBHO PabOTATh C TEKCTOBBIMH CTPO-
KaMH [1POU3BOJIbHOM [ITHHBIL.

[ln1s1 aTOrO BOCMO/Ib3yEeMCSl MAaCCUBOM YKa3aTesel Ha Hayana cTpok. [lo-
CKOJIbKY CTPOKH B TTaMSITH PacIioIOXKeHbl BIUIOTHYIO APYT K APYTY, K KaXKAOH
OTZEIBHOM CTPOKE IOCTYII TPOCTO OCYIIECTBIIATh Yepe3 yKa3aTesb Ha ee Tep-
BbId cuMBOJI. CaMU yKasaTeld MOXKHO OPraHM30BaTh B BUe MaccuBa. OnHa
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13 BO3MOXKHOCTeH CDaBHUTD IBE CTPOKH — IlepeJjaTb YKa3aTesd Ha HUX QyHK-
uuu stremp. YTOOBI IOMEHSITH MECTAMH CTPOKH, JOCTATOYHO GyIeT TOMEHSATD
MeCTaMH B MacCHBe UX yKa3aTeJsH (a He CaMyl CTPOKH ).

»| defghi N defghi
- > jklmnopgrst — jklmnopqrst
. | abc — abc

311er CHHUMAIOTCA Cpa3y ABE HpO6JIeMbIZ O/lHa — CBA3aHHas1 CO CJIOXKHOCTBIO
ynpaBJieHHA NTaMATHIO, a BTOpas — C GONbIIMMU HaKJIaJHBbIMH pacXOogaMH IIpH
IepeCTaHOBKaX CaMUX CTPOK.

Hpouecc COPTUPOBKM paclafa€TCs Ha TPH 3Tala:

Umenue 6cex CMpPoK U3 6600a
COPMUPOBKa 86€0eHHbIX CTIPOK
neuamn ux no nopaoxy

Kak 06b14H0, Bbizie M GYHKUHMH, COOTBETCTBYIOIIME €CTECTBEHHOMY J€-
JIEHHUIO 3a/1a4H, U HallMILIeM IVIaBHYIO [IPOTPaMMYy main, ynpaBgiolyo 3STUMH
dyskumaME. OTI0XHUM Ha BpeMs peaU3alLHIo 3Tana COPTHPOBKH U COCPERO-
TOYMMCS Ha CTPYKTYPe JaHHbIX ¥ BBOZE-BBIBOJE.

IIporpaMma BBOJA NOJKHA TPOYUTATD U 3aHOMHHUTbH CUMBOJIBI BCEX CTPOK,
a TakXe MOCTPOUTH MacCHB yKa3aTesiell Ha cTpoky. OHa, KpOMe TOTO, ZOJIXKHA
MOACYUTATD YUCIIO BBEAEHHBIX CTPOK — 3Ta HH(OPMalKUs NOHaL0OUTCs st
COPTHDPOBKH U neyatu. Tak kak QyHKUNA BBOAA MOKET paboTaTh TOJNBKO
C KOHEYHBIM YHCJIOM CTPOK, TO, ECJIM MX BBEIEHO CJUIIKOM MHOTO, OHa OyzeT
BbIZIaBaTh HEKOTOPOE 3HaY€eHNE, KOTOPOe HUKOI/Ia He COBIAJET C KOJIUYeCTBOM
CTPOK, Harnpumep -1.

ITporpamma BeIBOZI2 3aHMMAETCsI TOJIBKO TeM, YTO MeyaTaeT CTPOKH, NpH-
YeM B TOM IIOpsiZiKe, B KOTOPOM PacIo/IOXeHbl YKa3aTe/d Ha HUX B MacCUBe.

#include <stdio.h>
#include <string.h>

#define MAXLINES 5000 /* MakcuManbHoe 4UCNo CTPOK */
char =lineptr[MAXLINES]; /+* ykasaTenu Ha CTPOKM =/

int readlines(char =lineptr[], int nlines);
void writelines(char *lineptr[], int nlines);
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void gsort(char #lineptr[], int left, int right);

/* COpTMpOBKa CTPOK */
main()

{

int nlines; /* KOAMYECTBO MPOYUTAHHBIX CTPOK */

if ((nlines = readlines(lineptr, MAXLINES)) >= 0) {
gsort(lineptr, 0, nlines-1);
writelines(lineptr, nlines);

return 0O;
} else {
printf(”ownbka: cnuukom mMHOro cTpok\n");
return 1;
}
}
#tdefine MAXLEN 1000 /* MakcuManbHasi AnMHa CTPOKK */

int getline(char =, int);
char =alloc(int);

/* readlines: 4TeHwe CTpoK */
int readlines(char *lineptr[], int maxlines)
{

int len, nlines;

char +p, line[MAXLENJ;,

nlines = 0;
while ((len = getline(line, MAXLEN)) > 0)
if (nlines >= maxlines i, (p = alloc(len)) == NULL)
return -1;
else {
line[len-1] = '\0'; /» ybupaem cumson \n =/
strepy(p, line);
lineptr[nlines++] = p;
}
return nlines;

}

/* writelines: neyaTb cTpok */
void writelines(char *lineptr[], int nlines)

{
int 1i;
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for (i = 0; i < nlines; i++)
printf("%s\n", lineptr[i]);
}

Dyukuus getline BasTa U3 naparpacga 1.9.
OCHOBHOE HOBLIECTBO 31€Ch — 0ObsABIEHHE lineptr:

char +lineptr[MAXLINES]

B KOTOPOM coob1iaercs, 4To lineptr ecTb MaccuB U3 MAXLINES 31eMEeHTOB, KaX-
Iblii U3 KOTOPBIX MpeACTaBiasieT coboi ykas3aTenb Ha char. MHaue roBops,
lineptr[i] — yxa3aTesnb Ha cUMBOJ, a *1ineptr[i] — cuMBOJI, Ha KOTOPBIiI OH
yKa3bIBaeT (IIepBBIil CHMBOJI i-#f CTDOKH TeKCTa).

Tax kak lineptr — UM MaccHBa, eTO MOXHO TPAaKTOBaTb KaK yKa3aTeJlb,
T. €. TaK ’Ke, KaK Mbl 3TO ieJIajli B IPeAbIAYIINX IPUMepax, U writelines nepe-
TKCaTh CAEAYOIHUM 06pa3oM:

/* writelines: ne4aTb CcTpok */
void writelines(char =lineptr[], int nlines)
{
while (nlines-- > 0)
printf( "%s\n", *lineptr++);
}

Brauase +1ineptr yka3biBaeT Ha IePBYIO CTPOKY; Kax10e IPpUpaleHHe YKa-
3aTeJis IPUBOAUT K TOMY, YTO *1ineptr yKa3sIBaeT Ha CJeLYIONIYIO CTPOKY,
¥ lefTaeTcs 3TO 0 TeX Top, OKa nlines He CTaHeT HyJeM.

Temnepb, koraa Mbl pa30OpaIKCh C BBOJOM ¥ BRIBOZOM, MOXHO IIPHCTYIIUTh
K COPTHPOBKe. BEICTPYIO COPTHPOBKY, ONMCAHHYIO B IJIaBe 4, HaZl0 HECKOIBKO
MoANGUIMPOBATh: HYKHO U3MEHUTb OOBABIIEHNS, a ONEPALNIO CPABHEHWS
3aMeHUTDb OOpalieHyeM K stremp. AJICOPUTM OCTAJICS TEM XK€, M 3TO AAeT HaM
OIpeesIEHHYIO YBEPEHHOCTh B €r0 NIPaBUJIBHOCTH.

/* qsort: copTupyeT v[left]...v[right] no Bo3pacTanui */
“void gsort(char =v[], int left, int right)
{
int 1, last;
void swap(char =v[], int i, int j);

if (left >= right) /» Hu4ero He genaeTcs, ecnn B maccuee */

return; /* MeHee ABYX 9NEeMEHTOB */
swap(v, left, (left+ right)/2);
last = left;

for (i = left+1; i <= right; i++)
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if (stremp(v[i], v[left]) < 0)
swap(v, +tlast, 1i);
swap(v, left, last);
gsort(v, left, last-1);
gsort(v, last+1, right);
}

Hebobiume nonpasku TpeGyOTCs U B IPOrpaMMe NePECTaHOBKH.

/* swap: nomeHaTb mecTamn v[i] u v[j] »/
void swap(char =v[], int i, int j)

{

char =temp;
temp = v[il];
v[i] = v[i];
v[j] = temp;

} ]

Tak xak Kaxxabpli a71eMeHT MaccuBa v (T. e. lineptr) ABJsAeTCSA yKasaTesneM
Ha CMMBOJI, temp JOJIXKEeH UMETh TOT XK€ THII, YTO M V — TOTHA MOXKHO OyzeT
OCYIIECTBJISTh NIEPECBIIIKK MEXAY temp U 3JIeMEHTaMH V.

Ynpaxkuenue 5.7. Hamnre HoByro Bepcuio readlines, KoTopast 3aniOMHHaIa
OBl CTPOKH B MaCCHBE, OTIPEAENIEHHOM B main, a He 3anpalyBajia MaMATh
nocpencTsoM nporpammsl alloc. Hackosbko GsicTpee aTa porpamma?

5.7. MHOoromepHblie MaccuBbl

B Cu uMeeTcs BO3MOXHOCTD 32/1aBaTh IPAMOYTOJIbHbIE MHOTOMEPHbIE Mac-
CHBBI, IPaB/ia, Ha NPaKTHKeE [0 CPaBHEHMIO C MAaCCHBAaMH yKa3aTesleld OHU HC-
HOJIB3YIOTCS 3HAYUTEBHO pexe. B atoMm naparpacde Mbl IpoaeMOHCTPUpYeEM
HEKOTOPHIE HX CBOWCTBA.

PaccmoTpuM 3a1a4y nepeBoAa AaThl “aeHb—Mecsu” B “eHb roga” 1 06paTHO.
Hanpumep, 1 Mapta — 310 60-i1 JeHb HeBHCOKOCHOTO MK 61- AeHb BUCOKOC-
Horo roaa. OnpeznenumM ABe QYHKIMK AJ1s 9TUX peobpazoBaHuil: GyHKUHUS
day_of_year 6y11eT HpeO6pa.30BbIBaTb Mecs1] ¥ IeHb B JeHb roja, a month_day —
ZleHb roja B Mecsil 1 fiedb. [lockonbky nocnennss GyHKUNS BRIYUCAAET Ba
3HAYEHHs], APTYMEHTBI MeCsIL| U ieHb OyAyT yKasaTensamMu. Tak BbI30B

month_day(1988, 60, &m, &d)

NpUCBanBaeT epeMeHHOM m 3HaueHHe 2, a d — 29 (29 despais).
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Hamum dyHxuusaM HyxkHa OiHa U Ta e HHbOPMAaLHs, a UMEHHO TabJI11a,
cofiepKalasi Yucaa AHei Kaxaoro Mecsiiia. Tax Kak 1t BACOKOCHOTO 1 HEBHU -
COKOCHOTO FOJ0B 3TH Tab 11kl GYAYT Pa3INYaThCsI, IPOLIE UMETH BE OTAENb-
Hbl€ CTPOKH B IBYMEPHOM MaCCHBe, Y4eM BO BPEMsI BHIYHC/IEHHI OTCIEXKUBATD
0cobsIii ciyyaii ¢ pespanem. Maccus U HyHKIUNH, BBIIOJHSAOIME NPeobpaso-
BaHUA, UMEIOT CJIeLYIOUN BUA;

static char daytab[2][13] = {

{0, 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31},
{0, 31, 29, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31}
3 '

/+ day_of_year: onpepensieT geHb roga no Mecauy v gHio */
int day_of_year(int year, int month, int day)
{

int i, leap;

leap = year%4 == 0 && year%100 '= 0 ii year%400 == 0;
for (i = 1; 1 < month; i++)
day += daytab[leap][i];
return day;
}

/* month_day: onpepenseT Mecsau W AeHb No AH0 roga */
void month_day(int year, int yearday, int xpmonth, int pday)
{

int i, leap;

leap = year%4 == 0 && year%100 != 0 |} year%400 == 0;
for (i = 1, yearday > daytab[leap][i]; i++)
yearday -= daytab[leap][i];
xpmonth = 1;
xpday = yearday;
}

Hanomunaem, uto apudMeTryeckoe 3HaYEHNE JIOTMYECKOTO BBIPAKEHUS (Ha-
NpUMep BBIPa’KEHHUs, C TIOMOIIbI0 KOTOPOTO BBIYMCIIAIOCH 1eap) paBHO 160
HyJI10 (JIOXb ), 1160 eauHuIle (MCTHHA), TAK YTO Mbl MOXKEM HCII0JIb30BaTh €T0
KakK UHJEKC B MaccuBe daytab.

Maccus daytab foKeH 6bITb BHELIHUM 110 OTHOLIEHUIO K 00enM HyHKUH-
siM day_of _year umonth_day, Tak KaK OH Hy>eH ¥ Toii u apyroii. Mb! ciesanu
€ro TIa char, YTo6bl IPOXJLTIOCTPUPOBATh 3aKOHHOCTb IIPUMEHEHUS THIIa char
I MaJIBIX LieJIbIX 6e3 3HaKa.
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Maccus daytab — 3T0 nepBblii MAaCCHB U3 YHCJIA ABYMEPHBIX, C KOTOPHIMU
Mbl ewite He umesu gesa. Crporo rosops, B Cu IBYMepHbII MacCHB PacCMaTpH-
BaeTCsl KaKk OAHOMEDHBIH MacCHB, KaXKAbIi 3JIEMEHT KOTOPOro — TaKXKe Mac-
cuB. [103TOMy MHAEKCHPOBaHHE H300PAXAETCS TaK:

daytab[i][j] /+ [cTpoka] [cTonbeu] =/
a He Tak:
daytab[i,j] /+ HEBEPHO =/

OcobenHocTs AByMepHOro MaccuBa B Cu 3akiioyaercs Juiib B GopMme 3anu-
CH, B OCTRJTbHOM €I'0 MOXXHO TPAaKTOBAaTh IIOYTH TaK e, KaK B APYTHX SI3bIKaX.
DJIeMEHTBI 3alIOMUHAIOTCSI CTPOKAMH, CJIE[0BATENBHO, IIPH T1epebope UX B TOM
NOPSAAKE, KAK OHM PACIlOJIOKeHb! B IAMSATH, Yalle OyaeT H3MEHAThCA CaMblid
NIpaBblif MHAEKC.

MaccuB MHUITMATU3UPYeTCs CTUCKOM HavaIbHbIX 3HAaYeHUH, 3aKTI0YeHHBIM
B burypHbIE CKOOKH; KX /Iast CTPOKA ABYMEPHOrO MacCHBa HHUIIMAIM3UPYET-
cs cooTBeTcTBYomuM noxcnuckoM. Hysesoit cronbeu nobasien B Hauano
daytab JivIIb 47151 TOTO, YTOOBI HHAEKCHI, KOTOPHIMU MBI Oy1EM NI0J1b30BAThCH,
COBIIa/IaJIi C CTECTBEHHBIMH HOMepaMH MecsiieB oT 1 10 12. DxoHOMUTSH napy
sUeeK MaMsTH 31eCh HET HUKAKOro CMBICJIA, a IPOrPaMMa, B KOTOPOH yxe
He Haflo KOPPEKTUPOBaTh UHIEKC, BHIIIAAUT G0JIee ACHOM.

Ecnu gByMepHbIit MaccuB niepenaercsi GyHKIUUH B Ka4eCTBE apIyMEHTa, TO
00BsABIEHHE COOTBETCTBYIOIIETO €My NTapPaMeTPa JOJKHO COAEPKATb KOTMYECTBO
CTONIGII0B; KOJIMYECTBO CTPOK B JAHHOM CJIy4ae HECYILECTBEHHO, TOCKOJIbKY, KaK
¥ npex e, pyHkunu 6yaeT nepesaH ykasartesb Ha MACCHB CTPOK, KaxKaast U3 KO-
TOPBIX eCTb MaccHB U3 13 3Havennii THna int. B HaleM yacTHOM ciryyae Mbl UMe-
€M yKasaTeJlb Ha 0OBEKTHI, IBJSTIoNIMecs: MaccuBamu 13 13 3HaueHui THma int.
Takum obpaszom, eci MaccuB daytab nepeaeTcs HeKOTOpoit GyHKIUH T, TO 3TY
GYHKIMIO MOKHO ObLIIO Obl OTIPEAETUTD CIIEAYIOIMM 00Pa3oM:

f(int daytab[2][13]) { ... }

BMecTo 3TOr0 MOXXHO 3anucaTh
f(int daytab[][13]) { ...

MIOCKOJIBKY YHCJIO CTPOK 3/1eCh He UMeeT 3HaYeHH s, HIIH
f(int (+daytab)[13]) { ... }

IMocnendss 3anuch 0ODBIABIISAET, YTO IapaMeTp eCTh yKa3aTeslb Ha MacCUB
u3 13 sHavenuit Tuna int. CkoOKHU 31€Ch HEOOXOAMMBI, TaK KaK KBaJpaTHBIE
ckxob6ku [ ] uMeroT 6071ee BEICOKMH TPUOPHUTET, yeM *. Be3 cko6ok 06bsiBeH e

int +daytab[13]

onpenenser maccub u3 13 ykasaTeneid Ha char. B 6osiee 0611eM ci1ydae TOIbKO
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nepBoe U3MepeHHe (COOTBETCTBYIOLIee IEPBOMY HHIEKCY ) MOXKHO He 3a/1aBaTh,
BCe pyrHe crennduurpoBaTh He06X0AUMO.
B naparpade 5.12 MbI IPOZOJIXKMM PAaCCMOTPEHHUE CII0XKHBIX 0ODbABIEHUN.

VnpaxHenue 5.8. B dyuxuusax day_of_year u month_day HeT HUKaKUX
IIPOBEPOK IPaBH/IBHOCTY BBOAMMBIX JaT. Y CTPaHHUTeE 3TOT HEZOCTATOK.

5.8. MHnunannsauma MaccuBoB yKkasaTeneim

Hanumem ¢yukuunio month_name(n), KOTopast BO3BpalljaeT yKa3aTeslb Ha
CTPOKY CHMBOJIOB, COZIepXall[Hil Ha3BaHHe n-To Mecsia. JTa GYHKUUS Uze-
aJbHa [/ JEMOHCTPAIVY HCII0Ib30BaHUs CTaTHYecKoro Maccusa. Oyukuus
month_name MUMeeT B CBOEM JIMYHOM PaCIOPSIKEHUH MacCUB CTPOK, Ha OJHY
13 KOTODBIX OHa 1 BO3BPaIaeT yka3aTesb. Huxke nokaxeM, kak MHUITHATHA3U-
PYETCsl 3TOT MacCUB UMeH.

CHHTaKCHC 3a/laHNs HaYabHBIX 3HAUYeHW aHATOTMYeH CHHTAKCHUCY TIpe-
ABLAYIHX VHHULIMAJIN3a1 il

/+ month_name: BO3BpawaeT uMa n-ro Mecaua =/
char *month_name(int n)
{
static char *name[] = {
"HeBepHbii Mecay”,
"Ausaps”, "O®espans”, "MapT”, "Anpenb”, “Mai”, "WiHb",
"Wonb", "Asryct”, "CeHTabpb",
"0OkTa6pb", "Hosbpb", "lexkabpb”
b
return (n < 1 11 n > 12) ? name[0] : name[n];

}

O6bsaBIeHrE Name MaCCUBOM yKa3aTeJieid Ha CUMBOJIbI TAKOE XK€, KaK ¥ 00bsiB-
JleHue lineptr B mporpaMMe COPTHPOBKH. MHMIIMANM3aTOPOM CIIYXXKUT CIIH-
COK CTPOK, K210 U3 KOTOPBIX COOTBETCTBYET ONPEAETEHHOE MECTO B MAaCCH-
Be. CMBOJIBI 1-11 CTPOKH I'le-TO pa3MellleHbl, U yKa3aTeslb Ha HUX 3allOMHHa-
ercs B name[1]. Tak kak pasmep MaccuBa name He crieubUIIMPOBAH, KOMIIH-
JIATOP BBIYUCIIUT €T0 110 KOJUYECTBY 33laHHbIX HaYaIbHBIX 3HaYeHHH.

5.9. Ykasatenn npoTMB MHOroMepHbIX MaCCMBOB

Hauunaromue nporpaMmmitpoBaTh Ha Cu MHOT/Ia HE TOHUMAIOT, B Y€M pas-
HHUIA MEXIy ABYMEDHBIM MacCHBOM M MacCHBOM yKa3aTeJsiell BpoJie name
13 NIPUBEEHHOT0 NIpuMepa. [[J1s ABYX CIeAyOLIUX ONpefeIeHH:
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int a[10][207;
int *b[10];

sanmucual3][4]ub[3][4] 6y11y'r CHHTaKCHY€ECKH IIPaBUJIbHBIM o6pameHneM
K HEKOTOPOMY 3HaueHHMo Tuna int. OJHaKo TOJIbKO a IBJSAETCS HCTUHHO ABY-
MEPHBIM MacCHBOM: ISl IBYXCOT 3JIEMEHTOB THIa int GyaeT Bblfe/aeHa Na-
MSTb, 2 BRIYMCIIEHHE CMeIeHus aieMeHTa a[ cmpoka) [cmonbey] oT Hauana
MaccuBa Gyzet BecTUCh 110 bopmyie 20 X cmpoxa + cmoabey, yIuTbIBaoLIeH
€ro NMpsIMOYTOJIbHYIO IpUpoRy. s b xe onpezeneno Tonbko 10 ykaszarenei,
npudeM 6e3 nHUIMANU3aUUK. VHUIHAIH3a1Us JOJIKHA 321aBaThCA IBHO —
60 craTuyecky, 1160 B porpamme. ITpeanonoxnM, 4To Kax Abli 31eMeHT b
yKa3bIBaeT Ha JABaALATUAIEMEHTHbIA MAaCCHB, B PE3YJIbTaTe re-TO OyayT Bbl-
JeJIeHbl TPOCTPAHCTBO, B KOTOpoM pa3MecTsitcs 200 3HaueHu# THIIA int, U elle
10 s1yeex ay1st yxasareseid. BaxxHoe nperMy1iecTBO MacCHBa yKa3aTesieil B TOM,
YTO CTPOKM TaKOTO MacCHBa MOTYT UMETh pa3Hble AMuHbL. Takum obpasom,
KaXKbIi 2JIEMEHT MaccHBa b He 00s13aTe/IbHO yKa3bIBaeT Ha JBaAaTUAIEMEHT-
HBII1 BEKTOD; OIUH MOXKeT yKa3blBaTh Ha [iBa dJIEeMEHTa, JPYrol — Ha NAThe-
CAT, 2 HEKOTOPBIE X BOBCE MOT'YT HU Ha YTO HE YKa3bIBATh.

Haum paccyxaenus 3gech KacaMCh LieJIBIX 3HaYeHHH, OZHAKO Yallle Mac-
CHBBI yKa3aTeJell UCIIOMIb3YIOTCA 11 pabOThI CO CTPOKAMK CHMBOJIOB, Pa3/iv-
YaIOIKUMHUCS 110 AJIHHE, Kak 3T0 66110 B GyHKIMU month_name. CpaBHUTE OMpe-
JleJIeHrie MacCHBa yKa3aTeJsiell U COOTBETCTBYIOIIUH eMy PHCYHOK:

char *name[] = {"HenpasunbHuit mecau”, "fus”, "®esp”, "MapT"};

name:

.——>|7Henpaavmbnuf4 Mecsm\ol

A ——[]
A—[om0.
om0

¢ 0ObABIEHUEM U PUCYHKOM [JIA ABYMEPDHOIr'O MaCCHBa:

char aname[][{15] = {"HenpaB. mecau”, "Aus", "®esp”, "MapT"};

aname:
IHenpaa. mecau\0 fHs\0 ®esp\0 MapT\0 ]
0 15 30 45

Vupaxuenue 5.9. [Tepennmure nporpaMMsl day_of_year u month_day,
HCII0JIb3Ysl BMECTO HHIEKCOB YKa3aTeH.
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5.10. AprymeHTbl KOMaHAOHO CTPOKU

B onepauuoHHoii cpese, obecreunBaroeit noaaepxky Cu, uMmeercs Bo3-
MOXXHOCTb [lepeJjaTh apryMeHTHI HJIM ITapaMeTphl 3allyCKaeMoii porpaMme
C MTOMOILbI0 KOMAHAHOH CTPOKU. B MOMeHT BbI30Ba main mosy4aer nBa apry-
meHTa. B iepBoM, 06b19HO Ha3bIBaEMOM argc (COKpauleHKe OT argument count),
CTOUT KOJIMYECTBO apTyMEHTOB, 33/laBaeMbIX B KOMaHIHOH cTpoke. Bropoii,
argv (0T argument vector), sIBJIsSieTCs yKa3aTeJieM Ha MaCCHB CHMBOJIBHBIX CTPOK,
CoZiepKallluX CaMH apryMeHThl. /{71 paboThI ¢ 3STUMH CTPOKaMH 0OBIYHO HC-
IIOJIb3YIOTCSI YKa3aTeIM HeCKOJIbKUX YDQBHEH.

ITpocreiimit npuMep — nporpamma echo (“3x0”), KOTOpas neyaraer apry-
MEHTBI CBOei1 KOMaHIHOH CTPOKH B OZHOH CTPOYKe, OTAEJSSA UX APYT OT ApyTra
npobenamu. Tak, komaHaa

echo 3apascTsyi, mup!
HareyaTaeT
. 3apaBcTByM, Mup!

ITo cornamenuio argv[0] ecTb UM BRI3BIBA€MOH TPOrPaMMBI, TaK YTO 3Haue-
HMe argc HUKOrZa He ObiBaeT MeHbiie 1. Eciv arge paseH 1, To B KOMaHAHOM
CTPOKe OCJIe IMEHH IIPOrPaMMBI HUKAaKUX apryMeHTOB HeT. B HauieM npume-
pe argc paseH 3, U cooTBeTcTBeHHO argv[0], argv[1] u argv[2] cyTs cTpoku
"echo”, "3npascTeyi,” u "mup! ". TlepBblil HeOOs3aTeLHBI apPTYMEHT — 3TO
argv[1], mocneguuit — argv[argc-1]. Kpome Toro, crangapr Tpe6yeT, 4TOOBI
argv[argc] Bceraa 6bUI IyCTBIM yKa3aTeseM.

argv:

I

]

! echo\0

—»[ 3npascTeyn, \0 ]

AL

!

[lepBas Bepcus nporpaMMsl echo TpaKTyeT argyv Kak MacCUB CUMBOJIbHBIX
yKasaTeJseH.

#include <stdio.h>

/* 3X0 apryMEeHTOB KOMaHAHOW CTPOKW: Bepcus 1 =/
main(int argc, char =argv[])
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int 1;

for (i = 1; i < argc; i++)
printf("%s%s", argv[i], (i < arge-1) 2 " " . "");
printf(”\n");
return 0;
}

Tak kak a rgv — 3TO YKa3aTeJlb Ha MaCCHUB yKaaaTenel}'{, MBI MOXeEM pa60TaTb
C HUM KaK C YKa3aTeJIeM, a HE KaK C UHAEKCUPYEMBIM MAaCCHBOM. Cnenylomaﬂ
IporpaMMa OCHOBaHa Ha IIpUpaIl€eHHH argyv, OH NpHUPaIIUBaAECTCA TaK, YTO €ro
3HaYeHHe B KaXKAbIi OT,lIeJIbeIH MOMEHT yKa3bIBa€T Ha oqepe,zmon yxaaa"renb
Ha char; nepe6op yxaaa're.rlen 3aKaHYHMBAETCA, KOria UCUepIlaH argc.

#include <stdio.h>

/* 9X0 apryMeHTOB KOMaHAHOW CTPOKMW; Bepcus 2 */
main(int argc, char =argv[])
{
while (--argc > 0)
printf("%s%s", =++argv, (argc > 1) 2 " " . ""),
printf("\n");
return O;

}

ApryMeHT argv — yKa3aTeJb Ha Ha4ajio MacCHBa CTPOK apryMmeHToB. Mcnoss-
30BaHHe B ++argv nNpeUKCHOIO ONepaTopa ++ NpUBEAET K TOMY, YTO IEPBbIM
6y11eT HaneyaraH argv[ 1],aHeargv[0]. Kaxxmoe ouepenHoe npupaiienue yka-
3aTeJis AaeT HaM CJIeAYIONHil apryMeHT, Ha KOTOPBIH yKa3bIBaeT *argv. B aTo
e BpeMs 3HaYeHHe argc yMeHblIaeTcs Ha 1, i, Koria OHO CTaHeT HyJieM, Bce
apryMeHTsl OyZyT HaneyaTaHbl.

Wucrpykuyio printf MoxHO 661710 ObI HanMCaTh ¥ TaK:

printf((argc > 1) ? "%s " : "%s", =++argv);

Kak uavm, bopmart B printf Toxe MOXKeT ObITb BhIPaXXEHHEM.

B kauecTBe BTOpOro npuMepa BO3bMeM IIPOrpaMMy NMoUcKa o6pasiua, pac-
cMOTpeHHYI0 B naparpacde 4.1, 1 HeckoJbKO ycoBepleHCTBYeM ee. Eciu BbI
IIOMHUTE, 06pasel AJIs IOMCKA Mbl “BMOHTHPOBAIN” II1y6OKO B IPOrpamMMy,
a3TO0, 04EeBUIHO, He yyliee peutenue. [locTponm Hauly nporpaMmy 1o aHa-
noruu c grep us UNIXa, T. e. Tak, uTo661 06pasel Ajist IOMCKA 32aBJICS TTep-
BBIM aPrYMEHTOM B KOMaH/HOH CTpOKe.
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#include <stdio.h>
#include <string.h>
#tdefine MAXLINE 1000

int getline(char *line, int max);

/* find: neuaTb cTpok ¢ 06pa3uoM, 3a4aHHLM 1-M apryMmeHToM =/
main(int argc, char =argv[])

{
char line [MAXLINE],
int found = 0;
if (argc '= 2)
printf("Ucnonbayiite B find obpaseu\n”);
else
while (getline(line, MAXLINE) > 0)
if (strstr(line, argv[1]) !'= NULL) {
printf ("%s", line);
found++;
}
return found;
)

Crangapruas yHkius strstr(s, t) Bo3Bpaliaer yKa3aTesb Ha [IEPBYIO BCTpe-
THUBUIYIOCA CTPOKY t B cTpoKe s Wiy NULL, ecii TakoBOH B S HE BCTPETHIIOCH.
Dyukiysa 06bABIEHA B 3aro0BoYHOM (daitne <string. h>.

Ty MOzie/Ib MOXKHO Pa3BHBATh 1 JAJIbLIIE, YTOOBI TPOMJLIIOCTPHPOBATD APY-
r¥e KOHCTPYKIMH C yKa3aTessaMU. IIpenrnosioxuyM, 4To Mbl BBOZUM ellle 1Ba
Heobsi3aTesbHbIX apryMeHTa. OZIVH U3 HUX PEANUCHIBAET 1€YaTaTh BCE CTPO-
KU, KpOMe TeX, B KOTOPBIX BCTpedaeTcsi 06pasels; BTOPOR — 1epes KKA0# Bbl-
BOZVMO¥ CTPOKOH ITe4aTaTh ee IOPSAAKOBBIA HOMeP.

ITo o6memy cornamenvio s Cu-nporpamm B cucreMe UNIX 3Hak MUHYC
Tiepe/] apryMEHTOM BBOAUT HeoOA3aTeIbHbIN PU3HAK WK napametp. Tak, eciu
~X CJTY>KHT IPU3HAKOM CJIOBa “KpoMe”, KOTOpOe M3MEHSET 3aJaH e Ha IPOTUBO-
TOJIOXKHOE, 2 -N YKa3bIBaeT Ha NOTPEOHOCTh B HyMEPAaLUK CTPOK, TO KOMaHAa

find -x -n o6pasey,

HaleyaTaeT Bce CTPOKH, B KOTODBIX He HailileH yKa3aHHbIN obpasell, v, KpoMe
TOTO, Nepes KaXkA0# CTPOKOM YKaXeT ee HOMep.

Heobs3aTebHble apryMeHTBI Pa3peliaeTCst PacIiosiaraTh B JII0OOM opsaKe,
TIPY 3TOM JIy4llie, YTOOBI OCTabHAasA YacTh POTPaMMBbl He 3aBHCeJa OT YMCIa
npeacTaBjieHHbIX aprymedToB. Kpome Toro, nosb3oBarestio 66110 661 yIo6HO,
ecny GBI OH MOT KOMOGMHHPOBATH HeoOsA3aTe IbHbIe APTYMEHTBI, HANPHMED TakK:

find -nx obpasey
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A Temnepb 3anuilieM Hally IPOrpaMMy.

#include <stdio.h>
#include <string.h>
#define MAXLINE 1000

int getline(char *line, int max);

/+ find: neyaTb cTpok obpasuamu u3 1-ro aprymeHTa =/
main(int angc, char +argv([])
{

char 1ine[MAXLINE];

long lineno = 0;

int ¢, except = 0, number = 0, found =

while (--argc > 0 && (x++argv)[0] == '-’
while (c = =++argv[0])
switch (c¢) {
case 'x’:
except
break;
case 'n’ :
number
break;
default:
printf( "find: HesepHwit napameTp %c\n", c);
argc = 0;
found = -1;
break;
}
if (argc '= 1)
printf("UcnonbayiTe: find -x -n obpaseu\n");
else .
while (getline(line, MAXLINE) > 0) {
lineno++;
if ((strstr(line, =*argv) != NULL) '= except) {
if (number)
printf("%ld:", lineno);
printf("%s"”, line);
found++;
}
}

return found;

1;

u
—_
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[Tepen nmonyyennem 04epeaHOro aprTyMeHTa argc yMeHbIIaeTCsi Ha 1, a argv
“nepeMeliiaeTcss” Ha cJeqyoluil apryMeHT. [locne 3aBepuieHds UUKJIA TIpU
OTCYTCTBHH OIIMOOK argc COAEPAKUT KOJTMYECTBO elile He 00pabOTaHHbIX apry-
MEHTOB, a argv YKasbsIBaeT Ha [epBbli U3 HUX. TakuM 00pasoM, argc J0JKeH
ObITb paBeH 1, a *argv yKa3slBaTh Ha 0Opa3ell. 3aMETHM, YTO *++argyv ABJISeTCA
yKa3saTeJleM Ha apIyMEHT-CTPOKY, a (*++argv)[0] — ero nepBbIM CUMBOJIOM,
Ha KOTOPbIi MOXKHO COC/IAaThCA U LPYTHUM CIIOCOO0M:

*x++argyv.

[Tockombky onepatop MHAEKCHPOBaHus [ ] uMeeT 60J1ee BbICOKHMH IPUOPUTET,
YeM * U ++, KpyTJible CKOOKH 311ech 00s13aTe bHEL, 6€3 HUX BhIPaXXeHUe TPAKTO-
BaJloch OBl Tak e, Kak *++(argv[0]). ViMeHHo Takoe BBIDa)XE€HHE MBI IIPUMe-
HUM BO BHYTpPEeHHEM LIMKJIe, I/ie TPOCMaTPHBAIOTCS CUMBOJIBI KOHKPETHOTO ap-
rymenTa. Bo BHyTpeHHeM LiMKkJIe BeIpaxKeHue +++argv[ 0] npupammusaeT yka-
3aTenb argv[0].

[ToTpe6HOCTb B 60JI€€E CIIOXKHBIX BHIPAKEHUSX VISl yKa3aTeslel BO3HUKAET
He TaK yX yacto. Ho eciu Takoe ciry4nTcs, TO pa3buBasi 1polece BbIYUCAEHUS
yKa3aTeJis Ha Ba WIK TPH LIara, Bbl 06JIErYUTe BOCIIPHSATHE 3TOTO BHIPKEHUS.

Vnpaxueune 5.10. Hanumure nporpaMmy expr, HHTEPIPETUPYIOUIYIO
06paTHYIO MOJIbCKYIO 3aMIUCh BHIPAXKEHHMSI, 331aBAEMOr0 KOMaHAHOMN CTPOKOH,
B KOTOPOH KaXK/Bbli OIepaTop U ONepaHi NMpeACTaBIeHbl OTAeJbHBIM apry-
MentoM. Hanpumep,

expr 2 3 4 + «

BBIYHCJISIETCS TaK Xe, KaKk BbIpakeHue 2 x (3 + 4).

npakHeHue 5.11. YcoBepuien i rpaMMHI entab u detab (cm.
Ynpax 5.11. YcosepueHcTByiiTe nporpa ntab u detab
ynpaxuenus 1.20 u 1.21) takum 06pa3oM, 4ToGbI Yepe3 apryMeHTbl MOXHO
ObLIO 32/1aBaTh CIUCOK “CTONOB” TabyIALMH.

VupaskHenne 5.12. PaciunpbTe BO3MOXHOCTH entab 1 detab Takum 06pasom,
4T00BI IpH 0OpalleHnH BUAR

entab -m +n

“ctonbl” TabyIAMH HAYMHATUCD C M-U TTIO3ULMH U BBIOJIHAIUCH YEPE3 Kax-
able n mo3uuuit. PaspaboTaiite y1oOHBIN 415 10J1b30BaTeE sl BADMAHT NOBEZIE-
HUS IPOIPaMMBI I10 YMOJT4aHHIO (KOTJa HeT HUKAKHUX apryMeHTOB).

Yupasknenue 5.13. Hannuiure nporpamMMy tail, mevaTaromyro 7 oCaeqHUX
BBeJIeHHBIX cTPOK. [0 yMosyanuio 3HayeHHe 7 paBHO 10, HO NIPH JKeJIAaHUU 7
MO>KHO 3a1aTh ¢ ToMolIbio aprymenTa. OfpaliieHue Bia

tail -n
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neyaraeT 7 MOCAeTHUX cTPOK. [Tporpamma 0/kHa BeCTH ceOsi OCMBICIEHHO
11pu JIF0OBIX BXOAHBIX NaHHBIX U J1I060M 3HaueHuu n. Hanuiuunre nporpammy
TaK, YTO6BI HAWTYYIIMM 06Pa30M HICTI0Ib30BATh [TaMSITh; 3AlIOMUHAHUE CTPOK
OpraHusyiiTe, kak B IporpaMMe COPTHPOBKH, ONMCaHHOM B naparpade 5.6,
a He Ha OCHOBE ABYMEDHOIO MaccHBa ¢ GUKCHPOBAHHBIM Pa3MEPOM CTPOKH.

5.11. Ykazarenu Ha pyHKLUUN

B Cu cama pyHK1MSA He ABJIsIETCs TepeMeHHOH, HO MOXKHO ONPEeREeIUTh YKa-
3atesb Ha pyHKUHMIO ¥ paboTaTh C HUM, KaK ¢ 0ObIYHOI IepEMEHHOM: PHCBa-
UBaTh, pa3MelllaTh B MacCHBe, IlepefiaBaTh B KayecTBe napaMeTpa GYHKIUMH,
BO3BpAILATh KAK Pe3yJbTatr U3 GYHKUMH U T. 4. [[J1s1 WTIocTpauny 3THX BO3-
MOXHOCTEH BOCIIOJIb3yeMCsl TPOrPaMMOK COPTHPOBKH, KOTOpas yxe BCTpe-
YaJsiach B HacTosiulel r1aBe. VI3aMeHHM ee Tak, 4ToObI I 3a5aHKUHU Heobs3a-
TEeJIbHOTO apryMeHTa —N BBOAHMBIE CTPOKH YIIOPSII0YUBATHCH IO UX YHUCIIOBO-
MY 3HAYEHMIO, a He B JIeKCHKOrpadIecKoM MOPsIIKe.

CopTHpOBKa, KaK IPaBHJIO, PaCNaiaeTcst Ha TPH YaCTH: Ha CpaBHEHHe, OIpe-
nensioliee YIOPSAA0YEHHOCTb NMapbl 0OBEKTOB; NEPECTAHOBKY, MEHSIOLIYIO
MeCTaMHU napy 00bEKTOB, U COPTHUPYIOIIMI a/ITOPUTM, KOTOPBIi OCYIIECTBIISA-
eT CpaBHEHMS Y IePECTaHOBKH [0 TEX 110D, II0Ka BCe 06bEKTHI He OyAYyT ynops-
JOYeHBI. AJITOPUTM COPTUPOBKH He 3aBHCUT OT OIlepaliil CpaBHEHUS U 1epe-
CTaHOBKH, TaK 4TO [lepeiaBasi eMy B KauyecTBe napame"rpOB pasnnyHble GYHK-
{111 CPAaBHEHHS U 1ePECTAaHOBKH, er0 MOXXHO HACTPOUTD Ha Da3JIMYHbIe KPUTe-
PHH COPTHPOBKH.

Jlekcukorpaduueckoe cpaBHeHHe ABYX CTPOK BbINOJHAeTCA QyHKIMEH
strcmp (MbI yKe UCIIOJIb30BajIM 3Ty QYHKIHIO B paHee PaCCMOTPEHHOI TIpo-
rpaMMe COPTUPOBKH ); HaM Tak>Xe IOTpeOyeTcs IporpaMma numemp, CpaBHHBa-
I011as [BE CTPOKH KaK YHCJIOBbIE 3HaUYeHHS Y BO3BPALIaolilast pe3yJIbTaT CpaB-
HEHHUs B TOM e BHJIe, B KAKOM ero BblaaeT stremp. ITH GYHKUNHU 0O BSBIIAIOT-
cs nepeq main, a ykasaress Ha OQHY U3 HUX nepeznaercs GyHkuunu gsort. Yro-
6bI COCPENOTOYUTBLCA Ha [JIABHOM, MBI yIIPOCTHIIM cebe 3a1a4y, OTKa3aBIIMCh
OT aHaJIM32a BO3MOXHBIX OLINOOK NPY 33/[aHN¥ apTYMEHTOB.

#include <stdio.h>
#include <string.h>

#define MAXLINES 5000 /* MakcuUManbHOE 4YNUCNO CTPOK */
char *»1ineptr[MAXLINES]; /* ykasaTenu Ha CTPOKM TekcTa */

int readlines(chaf «lineptr[], int nlines);
void writelines(char +lineptr[], int nlines);
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void gsort(void =lineptr[], int left, int right,
int (*comp)(void *, void *));
int numcmp(char =, char «);

/* COPTUpOBKA CTPOK */
main(int argc, char =*argv[])

{
int nlines; /* KONWYECTBO MPOYMTAHHLIX CTPOK */
int numeric = 0; /+« 1, ecnn copT. no 4ucn. 3Hay. */
if (argc > 1 && strcmp(argv[1], "-n") == 0)
numeric = 1;
if ((nlines = readlines(lineptr, MAXLINES)) >= 0) {
gsort((void =+) lineptr, 0, nlines-1,
(int (*)(voidx,void+))(numeric ? numcmp : strcmp))
writelines(lineptr, nlines);
return 0;
} else {
printf("BBeneHo camwkoM MHoro ctpok\n™);
return 1;
}
}

B obpamenusx k GyHKUMsAM gsort, strcmp M numCmp MX MMEHa TPaKTYIOTCS
Kak azipeca 3TUX QYHKLUH, T0OITOMY ONepaTop & nepes HUMHU He HYXeH, Kak
OH He ObLJI HYX€H U epell HMEHEM MacCHBa.

M1 Hanucau qsort Tak, YTo6bl OHa MOTJIa 06pabaThiBaTh JaHHbIE JI0HOro
THII, a HE TOJIBKO CTPOKU CUMBOJIOB. Kak BuziHO 13 ipoToTHma, GyHKUMs qsort
B KayeCTBe CBOMX aprYMEHTOB OXKHAeT MacCHUB yKa3aTeJlel, 1Ba LesIbIX 3Haye-
HUs 1 GYHKIUIO C ABYMsI apI'yMeHTaMH-yKa3aTelsiMU. B kauecTse apryMeH-
TOB-yKa3aTeJiell 3ajlaHbl ykasaTeau 06061eHHoro Trma void *. Jlio6oi ykasa-
TeJIb MOXKHO IIPUBECTH K TUILy void+ 1 06paTHO 6e3 notepu nH$pOpMaLHy, 110-
3TOMY Mbl MOXeM 00OpaTUTbCA K qsort, NpeaBapuUTeNbHO NnpeobpazoBaB
apryMeHThl B Void+. BHyTpH pyHKUMH CpaBHEHUSA €€ apryMeHTHI OyAyT Npu-
BeZleHbI K Hy)KHOMY el Turty. Ha camoM zesie aTH nipeo6pa3oBaHisi HUKaKOro
BJIMSHHUSA Ha TPEACTaBJIEHUs] aDITYMEHTOB He OKa3bIBAIOT, OHH JIIIb obecte-
YHBAIOT COTJIACOBAHHOCTH TUIIOB ISl KOMIIUJISITODA.

/* qsort: coptupyeT v[left]...v[right] no Bo3pacTaHuio */

void gsort(void =v[], int left, int right,
int (xcomp)(void », void *))
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{
int i, last;
void swap(void »v[], int, int);

if (left >= right) /* HW4ero He fgenaetcs, ecnn =/
return; /* B MaccuBe MEHee ABYX 3NeMeHToB */

swap(v, left, (left + right)/2);

last = left;

for (i = left+1;, i <= right; i++)
if ((=comp)(v[i], v[left]) < 0)
swap(v, ++last, i);
swap(v, left, last);
gsort(v, left, last-1, comp);
gsort(v, last+1, right, comp);
}

[ToBHMMAaTebHEN IPUTTIAAMMCS K 00bsiBIeHUsIM. YeTBepThiit HapameTp GyHK-
uH qsort:

int (=comp)(void *, void «)

coobuaer, yTO comp — 3TO yKasaTesnb Ha GYHKIMIO, KOTOpPasi UMeeT ABa apry-
MeHTa-yKa3aTeJsIs X BbIAAeT pe3ysbTar THMa int.
Hcnons3osanne comp B cTpoke

if ((+comp)(v(il, v[left]) < 0)

corJiacyercs ¢ 00bsABIEHHEM “Comp — 3TO yKa3aTesb Ha GYHKUMIO”, U, CIeL0-
BaTeJIBHO, *Comp — 3T0 HYHKIHS, &

(*comp)(v[i], v[left])

— obpaurenue x Heit. CkoOKH 31eCh HYXHbI, YTOOB! 00€CTIEYUTh NPABUIIbHYIO
TPaKTOBKY 00bsiBiIeHNs; 63 HUX 00bsIBIEHHE

int *comp(void =, void =) /* HEBEPHO =/

roBopuJ10 661, YTO comp — 3TO HYHKUMS, BO3BpaNlawL(as yKa3aTesab Ha int,
a 9TO COBCEM He TO, YTO TpebyeTcs. .

Mzer yxe paccMarpuBany GyHKUMIO stremp, CpaBHUBAIOILYIO ABE CTPOKH.
Huxe npuBenena GyHKUMS numcmp, KOTOPasi CpaBHUBAET IBE CTPOKH, paccMaT-
puBas X KaK YMCJIa; TIPeABapUTEIbHO OHY NepeBOAsTCA B YHCJIOBbIe 3Haye-
HUA DyHKUMeH atof.

#include <stdlib.h>

/* numcmp: cpaBHuBaeT s1 W s2 kak uucna =/
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int numcmp(char =s1, char =s2)

{
double v1, v2;

vl = atof(s1);

v2 = atof(s2);

if (v1 < v2)
return -1;

else if (v1 > v2)
return 1;

else
return 0;

DyHKIMA Swap, MEHAIONIas MeCTaMH [[Ba yKa3aTeslsl, HAEHTHYHA TOH, YTO
MBI [IDHBEJIM paHee B 3TOH IJ1aBe 32 UCKJII0YEHHEM TOTO0, YTO 06bABIEeHUA yKa-
3aTejieil 3aMeHeH bl Ha void«.

void swap(void =v[], int i, int j)

{

void =temp;
temp = v[il],
viil = v[jl;
v[j] = temp;

}

IIporpaMMy COPTHPOBKH MOXHO JONIOJTHUTH U MHOXECTBOM JPYTUX BO3MOX-
HOCTei; peaii30BaTh HEKOTOPbIE U3 HUX MIPe/JIaraeTcsi B KaYecTBe YIPOKHEHHU.

Ynpaxuenne 5.14. Mozauduiupyiite nporpaMmy copTUPOBKH, 4T06bI OHa pe-
arvpoBasia Ha [IAPaMETP -, YKa3bIBAIOIMH, YTO 0OBEKTHI HY’KHO COPTHPOBAThH
B 0OpaTHOM MOPS/IKE, T. €. B IopsaKe yObiBanus. ObecnieybTe, 4T0OBI -1 paboTan
Y BMECTE C —N.

Vupasxuenne 5.15. Beenute B nporpaMmmy HeoOsi3aTesbHbII napameTp -f,
3alaH{e KOTOPOTO JieJ1as10 Obl HePa3INYMMbIMU CMBOJIbI HUXKHETO M BEDXHETO
perucTpoB (HalmpuMep, a U A IOJDKHBI OKa3aThCsl IPH CPAaBHEHUH PaBHBIMH ).

Yupaxkuenne 5.16. [IpenycmoTpuTe B porpaMMe Heo6A3aTeTbHBIN TAPAMETD
-d, KOTOPbI# 3aCTABUT IIPOTPAaMMY ITPU CPAaBHEHHUH yYUTHIBATH TOJIBLKO OYKBBI,
undps! u npobesnbl. OpraHu3yiiTe MPOrpaMMy TakMM 06pa3oM, 4ToObI ITOT
napaMeTp Mor paboTaTh BMeCTe ¢ napameTpom —f.
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VupaxkHenne 5.17. Peanu3ayiite B mporpaMMe BO3MOXHOCTb PabOTBI C IIOJISIMMU:
BO3MO’XHOCTb COPTUPOBKH IO NOJSAM BHYTPH CcTpPOK. [lJ1 Kaxmoro moJs
IpeLyCMOTpHUTe CBOU Habop apameTpoB. [1penMeTHbIH yKa3aTenb 3TON KHUTH!'
yIOpsAOYUBAJICSA C MapaMeTpaMu: -df A1 TEDMHUHOB U -n 1Jisi HOMEPOB
CTpaHul.

5.12. CnoXHble o6baBneHusn

Nnoraa Cu pyraior 3a CHHTaKcHC 00bsIBIEHHH, 0COOEHHO TeX, KOTOPbIE CO-
nepxat B cebe ykasatenu Ha GyHKUMH. TaKUM CUHTAKCUC IOJTYYHIICS B pe-
3yJIbTaTe Halleil MOMBITKA CAeJaTh MOXOXKUMHU 00bABIEHNs 0OBEKTOB U UX
HCII0JIb30BaHHUE. B NPOCTHIX CIyyasix 3TOT CHHTAKCHC XOPOLII, OXHAKO B CJIOX-
HBIX CUTYAIMAX OH BBI3BIBAET 3aTPYAHEHHS], TOCKOJIBKY 0O BSIBIIEHUS NIEpeHa-
ChIIEHBI CKOOKAMM 1 X HEBO3MOXHO YMTaTh cJleBa Hanpaso. [Ipobaemy ui-
JIOCTPUPYET pasindue CAeAYIOLHX ABYX 0ObsBIEHNMI:

int *f(); /* £ dyHkuus, Bo3Bpauwawuas yk-nb Ha int =/
int («pf)();. /* pf: yk-nb Ha ¢-umo, Bo3Bpauwawuyo int «/

[IpuopuTeT npeUKCHOTO ONEpaTopa * HUXe, 4eM IPUOPUTET ( ), TOITOMY
BO BTOPOM CJIy4ae CKOOKH HEOOXOUMBI.

XoTs Ha NPaKTHKe M0-HACTOSIIEMY CIOXHbIE OOBABIIEHYIS BCTPEYAIOTCS
PEAKo, BCe e BaXKHO 3HATh, KAK UX TIOHUMATb, @ €CJIU NIOTPebYETCS, ¥ KaK UX
KOHCTPYHMDOBATb.

YkaxeM X0opolnii crnocob: 06bsBIEHNSI MOXXHO CUHTE3UPOBATh, IBUTASCH
HeOOIbIIMMY LIAaraMy ¢ OMOLBIO typedef; 3TOT coco6 paccMOTPEH B Napa-
rpade 6.7. B HacTosiuieM naparpade Ha IpUMepe ABYX POTPAMM, OCYIECTB-
JIAOIKX peobpasoBaHus NpaBUIbHBIX CH-00DABIEHNI B COOTBETCTBYIONINE
MM CJIOBECHbIE OTMCaHKs M 0OPATHO, MBI IEMOHCTPHUPYEM HHOM CII0COO KOHCT-
pyuposanus 06bsBeHuit. CI0BECHOE ONHCaHHe YUTAETCS CIIeBa HAPaBo.

[TepBasi nporpamma, dcl, — 6osee cnoxnast. OHa npeobpasyer Cu-06bsiB-
JIEHWS B CJIOBECHBIE OMYCAHUSA TaK, KaK IOKA3aHO B CIEAYIOLIMX PUMEpax:

char =xargv

argv: yka3s. Ha yka3. Ha char
int (~daytab)[13]

daytab: yka3. Ha Maccus[13] u3 int
int (*daytab)[13]

daytab: Maccws[13] n3 yka3. Ha int
void *comp()

' IMceTest B BH/l OpUIMHa KHUTH Ha aHTJTMIACKOM si3bike. — [Tpumen. nep.
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comp: QyHKU. BO3Bp. yka3. Ha void
void (*comp)()
comp: yka3. Ha QyHku. B03Bp. void
char (»(+x())[1()
X: OYHKU. BO3Bp. yka3. Ha Maccus[] n3 yka3. Ha QyHKU.
B0O3Bp. char
char («(+x[31)())[5]
X: maccuB[3] u3 yka3. Ha ¢yHKU. BO3Bp. YyKa3.
Ha Maccus[5] w3 char

ODyukiusa dcl B cBoeil paboTe UCIONBb3YeT rPaMMATHKY, crennuuupy-
oy 00bABUTENb. JTa TPaAMMaTHKa CTPOTO M3JI0XeHa B maparpade 8.5
NPUJIOXKEHNS A, a B yIPOLIEHHOM BH/E 3aIIUChIBAeTCS TaK:

obvsagumeny: HeoOs3aTeNbHbIE * COGCMEEHHO-06BA6UMENL
co6CmeeHH0-06bA6UMENL:  UMSA
(obvagumeny)

cobcmeenno-obvasumens( )
cobcmeenno-06ss6umens [ HeoOA3aTeNbHbIA pazmep]

T'0BODS IPOCTHIM SI3BIKOM, 00656UMENL €CTH COOCMBEHHO-06B56UMEND, TIEPE] KO-
TOPBIM MOJKET CTOATb * (T. €. OJIHA WJIK HECKOJIKO 3BE31109€K ), TI€ COBCMBEHHO-
06vsa6umentv ecTb ums, UK 06sa6umeny B ckobkax, UK cobcmeenno-06s5-
éumens C OCENYIOMEN apoi CkoOOK, WK cobcmeenno-00ss6umens ¢ Noce-
Ayrollell napoii KBaPaTHEIX CKOOOK, BHYTPH KOTOPBIX MOXKET ObITh TIOMEIIEH
pasmep. )

DTy rpaMMaTHKy MOXHO HCIIOJb30BaTh AJIsl IPaMMaTH4ecKoro pasbopa
00bsiBiIeHH. PacCMOTPUM, HallpyMep, TaKoi 00bSIBUTEb:

(+pfal1)()

Wms pfa 6yaeT knaccuuurpoBaHo Kak UMs U, CJIEA0BATEIBHO, KaK co6Cmeen-
Ho-obvasumens. 3atem pfa[ ] GyaeT paciosHaHo Kak CobcmeeHH0-06ba6umens,
a »pfa[ ] — kak o6va6umens 1, ciegoBateabHo, (*pfal 1) ecTs cobcmeeno-o6ss-
eumenv. [lanee, (*pfal])() ecTb cobecmeenno-obpaeumens v, Takum 06pasom,
o6ss6umeny. ITOT rpaMMaTUIECKHA pa360p MOXKHO IPOUJLIIOCTPUPOBATS Jie-
peBoM pa3bopa, NPUBEAEHHBIM Ha Cieayouleil cTpanuie (e co6cmeenHo-
o6psi6umens 0603HaueH Goiee KOPOTKO, a IMEHHO c06CM8.-06658.).

CepaueBnuHO# nporpaMMbl 00paboTkH 00bBUTENS siBIsieTcs Tapa QyHK-
uuii dcl ¥ dirdcl, OCYIECTBAAMNX rPaMMaTHYECKUI pa3bop o6baBIeH s
coryacHo npuseneHHoOU rpammaruke. [lockosnbky rpamMMarika onpezesneHa
PEKYPCUBHO, 3T GYHKIKK 00palaloTCst APYT K APYTY PEKYPCUBHO, 1O MEPE
pacro3HaBaHUs OTAEJbHBIX YacTell 06bsBIeHNs. MeTOz, IpUMEHEHHBIH B 06-
CY’/1aeMOii porpaMMe JJisi [PAaMMaTHYeCKOro pasbopa, Ha3bIBAETCS PEKYP-
CUBHBIM CITyCKOM.
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( * pfa [] ) @]

Uma

cobcms.-0666.

cobcms.-06v86.

o6vs8.

cobcma.-06ba8.

cobcmes.-06va8.
ob6oas.

/* dcl: pa3bop obbasuTens =/
void dcl(void)
{
int ns;
for (ns = 0; gettoken() == "+'; ) /+ nopcueT 3Be3gouek x/
ns++;
dirdcl();
while (ns-- > 0)
strcat(out, " yka3. Ha");
}
/* dirdcl: pa3bop cobcTseHHo obbsBuTENs */
void dlrdcl(void)

{
int type;
if (tokentype == "(") { /* (dcl ) =/
del();
if (tokentype !'=")")
printf("ownbka: nponyuweHa )\n");
} else if (tokentype == NAME) /* nMa NepeMeHHoi =/
strcpy(name, token);
else

printf(”ownbka: ponxHo BbTb name uan (dcl)\n")
while((type = gettoken()) == PARENS |} type == BRACKETS)
if (type == PARENS)
strcat(out, " ¢yHku. B03Bp.");
“else {
strcat(out,

MaccuB”);
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strcat(out, token);
strcat(out, " u3");

}

IIpuBeneHHbIe TPOrPaMMBI CITY>KaT TOJBKO MJUTIOCTDATUBHBIM LEJIAM U He
BIIOJIHe HaflexxHbl. UTo kacaercst dcl, To ee BO3MOXHOCTH CYII[eCTBEHHO Orpa-
Hnyersl. OHa MOXeT paboTaTh TOJIBKO C IPOCTHIMU TUIIAMH BPOZE char U int
¥ He CIPABJISETCS ¢ THIIAMHU apryMeHTOB B GYHKIMSIX U ¢ KBanUbHKaTOpaM{
Bpoze const. JInmHue npobessi A5t Hee onacHbl. OHa He IPEANIPUHUMAET HU-
KaKMX Mep 110 BBIXOAY U3 OLIMOOYHON CHTYaU¥H, ¥ [I03TOMY HelpaBHIbHble
OINUCaHMs TaKXe el NPOTUBONOKA3aHbl. ¥ CTPaHEHHe 3TUX HEAOCTATKOB MbI
OCTaBJIsieM [UIs yTIPaKHeHHH. '

Huxe npusenens! riobanbHble nepeMeHHbIe U [JIaBHasl IPOrpaMMa main.

#include <stdio.h>
#include <string.h>
#include <ctype.h>

#tdefine MAXTOKEN 100
enum {NAME, PARENS, BRACKETS }

void dcl(void);
void dirdcl(void);

int gettoken(void);

int tokentype; /* TUN nocnegHen nekcembl x/
char token[MAXTOKEN]; /* TEeKCT nocnegHen nexkcemb */
char name[MAXTOKEN], /* nMa «/

char datatype[MAXTOKENT; /* Tvun = char, int u T.a0. */
char out[1000]; /* BbllaBaemblt TekcT */

main() /* npeobpa3oBaHue 0ObABNEHWA B CNOBECHOE OnUcaHue */
{
while (gettoken() != EOF) { /+ 1-9 nekcema B cTpoke =/
strcpy(datatype, token); /* 3TO TUN [aHHbX =/
out[0] = '\0";
dcl(); /* pa3bop ocTanbHOW 4acTW CTPOKK */
if (tokentype != '\n")
printf(”cuHTakcuyeckan owmbka\n");
printf("%s: %s %s\n”, name, out, datatype);
}
return Q;
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Oyukuus gettoken npomyckaer npobesnt U TabyJIsILUK U 3aTeM NOTyYaeT
CJIELYIOLLYIO JIEKCEMY U3 BBOZIA; “JiekceMa’ (token) — 3TO MM, WK TIapa KPyT-
JIBIX CKOOOK, WJIM Mapa KBaAPAaTHBIX CKOOOK (6LITh MOXET, C IOMEIEH HbIM
B HUX YUCJIOM ), UK JIIOOOM APYroi exUHUYHbBIH CUMBOJL.

int gettoken(void) /* Bo3BpawaeT cneaywuyio nexcemy =/
{

int ¢, getch(void);

void ungetch(int);

char *p = token

while ((c = getch()) == "' " i1 ¢ == "\t’)

if (c=="("){
if ((c = geteh()) == ")") {
strepy(token, "()");
return tokentype = PARENS;
} else {
ungetch(c);
return tokentype = '(’;
}
} else if (c == "[") {
for (xp++ = c; (#p++ = getch()) '="'1"; )
«p = "\0'
return tokentype = BRACKETS;
} else if (isalpha(c)) {
for (#p++ = ¢; isalnum(c = getch()); )

*pt+ = C;
P = \0;
ungetch(c);
return tokentype = NAME;
} else
return tokentype = c;

}

Oyukuun getch 1 ungetch OBUIN pacCMOTpPEHHI B I1aBe 4.

Ob6patHoe npeobpa3oBaHyie Pealn3yeTcs Jierde, 0COOEHHO ecy He NpHAa-
BaTbh 3HaYEeHUS TOMY, YTO OyAyT reHeprpoBaThest nuIHue ckobku. [Iporpamma
undcl mpespariaer ¢ppa3y Bpoze “x ecTb (DYHKILHS, BO3BpaILatollas YKa3aTelb
Ha MacCHB yKa3zaTeJleil Ha GYHKIMH, BO3Bpallaoliye char”, KOTOPYO Mbl 6y-
[leM NpeCTaBIATh B BULE

x () » [] = () char
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B 0ObsIBNIEHUE

char («(«x()[DHO

Taxoit coxpallieHHbII BXO[HOM CHHTaKCHC II03B0JIsieT HOBTOPHO I10J1b30BaTh-
cs1 bynxkuueit gettoken. MyHKuMs undcl UCTIOMB3YET Te XKe CaMble BHELIHME
NepeMeHHbIe, YTO U dcl.

/+ undcl: npeoGpa3yeT CNOBECHOE onucaHue B oObaABnEHne */
main()
{

int type;

char temp[MAXTOKEN];

while (gettoken() !'= EOF) {
strcpy(out, token);
while ((type = gettoken()) != '\n")

if (type == PARENS !: type == BRACKETS)
strcat(out, token);

else if (type == '+') {
sprintf(temp, "(+%s)", out);
strcpy(out, temp);

} else if (type == NAME) {
sprintf(temp, "%s %s", token, out);
strcpy(out, temp);

} else
printf( "HesepHuit anemeHT %s B ¢pa3e\n”, token);

printf("%s\n", out);
}
return 0;

}

Ynpaxuenue 5.18. Bunousmenute dcl Takum 06pasoM, 4To6sl OHa 0Opa-
GaTbIBas1a OLIMOKH BO BXOAHOU HHPOPMALIUH.

Vnpasxuenue 5.19. Moguduuupyitre undcl Tak, 4ToOb1 OHa He reHepHUpOBaa
JIMIIHAX CKOOOK.

Vnpascuenne 5.20. Pacuinpbre Bo3aMoxxHOCTH dcl, 4Tobb! dcl ob6pabaTsiBaia
00bABIEHUA C TUIIAMU apPTYMEHTOB GYHKUNH, KBaTHbUKaTOpaMH Bpozie const
UT. I
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CTpyKTYpbI

CTpykTypa — 3TO OZHA MJIH HECKOJIBKO IIePeMEHHbBIX (BO3MOXKHO, Pa3ivy-
HBIX TUIIOB), KOTOPbIE 1151 ya06cTBa pabOTHI ¢ HUMU CTPYNIITMPOBaHBI IO O/~
HUM UMeHeM. (B HexoTOpbIX sA3bIKaX, B yacTHOCTH B [lackase, CTpyKTypbI Ha-
3bIBAOTCA 3aNUCAMU. ) CTPYKTYpBI TIOMOTAI0T B OPraHU3alMK CJIOKHBIX AaH-
HBIX (0cOOEHHO B 6OJIBLIMX IPOrPAMMaXx ), TOCKOJIBKY O3BOJISIOT [PYIIIY CBSI-
3aHHBIX MeX1y COO0M mepeMeHHbIX TPAKTOBaTh HE KaK MHOXECTBO OTAENb-
HbIX 3JIEMEHTOB, 2 KaK €JHHOE 1IeJI0€.

TpaxuuMOHHBII IPUMeEp CTPYKTYPBI — CTPOKA IJIaTeXHOi BegoMocti. OHa
COIEPXUT TaKHe CBeeHUsl O CIY>KallleM, KaK ero MOoJHOe UMs, afpec, HOMep
KapPTOYKH COLMAIbHOTO CTPAXOBaHUs, 3apIjiaTa U T. I. HekoTopsle U3 3THUX
XapaKTEPUCTHK CaMHU MOTYT OBbITb CTPYKTypPaMu: HallPUMEP, TIOJTHOE UMSI CO-
CTOHUT U3 HECKOJIbKUX KOMIIOHEHT ((haMUIMK, UMEHU U OTYECTBA); aHAJIOTHY-
HO aapec, ¥ Aaxe 3apruiata. JIpyroii npumep (6osee Tunuynbiil ans Cu) —
13 obsacTu rpadUKK: TOYKA eCTh [Tapa KOOPAMHAT, IPIMOYTOJIbHUK €CTh llapa
TOYEK U T. /1.

'naBHBIe U3MeHeHUs], BHeceHHbIe cTaHAapToM ANSI B oTHOmEHHH CTPYK-
TYp, — 9TO BBeAeHUe [l HUX onepauuy npucsauBanusi. CTpyKTypbl MOTYT
KONHPOBAThCSI, HA/l HUMU MOTYT BBINOJIHATHCS ONepalliy IPUCBaUBaHUS, UX
MOXHO TepeaBaTh QYHKIUAM B KaueCTBe apryMeHTOB, a GYHKIUK MOTYyT
BO3BpallaTh UX B Ka4eCTBe Pe3yJIbTaTOB. B 60JIbIIMHCTBE KOMITUJIATOPOB YXe
[aBHO peajin30BaHbl 3TH BO3MOXHOCTH, HO TENEPh OHX TOYHO OrOBOPEHbI CTaH-
naptoM. [IJist aBTOMaTHYECKUX CTPYKTYP U MACCHBOB TeNEPh TAKXKe JOIMYCKa-
€TCSl MHULMAIM3aLHs. i

6.1. OCHOBHble CBe,eHUst 0 CTPYKTypax

CKOHCTPYHpPY€eM HECKOJIbKO rpadHuecKx CTPYKTYP. B kauecTBe 0cHOBHO-
ro 06beKTa BBHICTYIIAET TOUKA C KOOPAMHATAMMU X U Y L{€JIOT0 THIIA.
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(0,0)

Yxa3aHHbIe B€ KOMIIOHEHTbI MO)XHO IIOMECTUTb B CTPYKTYPY, 00bSIBIIEHHY IO,
HafpUMep, CJIEAYIOUINM 06pa3om:

struct point {
int x; ‘
int vy,

i

O6BsBieHre CTPYKTYPBI HAYMHAETCS C KJII0OYEBOIO CJI0Ba struct v coaep-
KHUT CIHUCOK 0OBSIBIIEHNU, 3aKTI0YeHHbIH B GUTrypHble CKOOKK. 32 CI0BOM
struct MOXKeT cieoBaTh UM, HazblBaeMoe mezom' cmpyxmypol, (point B Ha-
weM caydae). Ter naeT Ha3BaH¥e CTPYKType AAHHOIO BHMAA ¥ Jajle€ MOXET
CILY>XMTb KPaTKMM 0003HaYeHHEM TO YacTH 0ODbSBIIEHUA, KOTOPaAst 3aKJII0Ye-
Ha B GurypHble CKOOKH. |

[lepeuncieHHble B CTPYKTYPE NepEMEHHbIE HA3BIBAIOTCS ILEMEHMAMU
(members)®. iMeHa 3/1eMEHTOB ¥ Teros 6e3 KaKux-11u60 KOJIU3UH MOTYT CO-
BIIAZIATh C IMEHAMM OOBIYHBIX IIEPEMEHHBIX (T. €. He DJIEMEHTOB), TaK Kak OHU
BCETZla Pa3IMYMMbl 110 KOHTEKCTY. Bosiee TOro, oHY U Te e UMeHa dJIeMeH-
TOB MOTYT BCTPEYaThCA B PA3HbIX CTPYKTYPAX, XOTsI, ECIIU CJI€L0BATh XOPOLIe-
My CTWJIIO POrPaMMKPOBAHU, Jy4llle OAMHAKOBbIE UMEHA AaBaTh TOJBKO
GJIU3KYIM 110 CMBICTTY 0ObeKTaM.

O6bsBreHre CTPYKTYPBI ONPeNEsseT THIL 32 IPaBoi pUrypHou cKoGKoiA,
3aKPBIBAIONIEH CIIMCOK 3JIEMEHTOB, MOTYT CJIEOBATh NIEPEMEHHbIE TOYHO TaK
e, KaK OHH MOTYT OBbITb YKa3aHBI 1I0C/Ie Ha3BaHUA J1I060ro 6a3o0BOro TUa.
Takum 06pa3oM, BbIpaskeHHe

struct { ... } X, vy, z;
C TOYKM 3PEHHs] CUHTAKCHCA aHaJIOTUYHO BbIPAXKEHHUIO
int x, vy, z;

B TOM CMBICJIE, YTO 1 TO ¥ PYTOe OOBSABISET X, Y U Z TePEMEHHBIMY YKA3aHHO-
ro THIIA; U TO U JPYroe NPUBENET K BbIIETEHUIO TAMATH COOTBETCTBYIOLIETO
pa3Mepa.

' OT aHIIMACKOTO CII0BA tag — APABIK, 9THKeTKa. — [Tpumey. nep.
2B HCKOTOPBIX M3AaLHsSIX (B TOM YHCJIC BO 2-M U3J)aliHK 112 PYCCKOM A3bIKE 9TONH KHUIM)
structure members 11CPCBOJIMTCH KaK wiennt cmpykmypor. — [Tpumen. peo.
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O6bsiBeHre CTPYKTYPbI, HE COAEPXalleil CIIUcKa MepeMeHHbIX, He pe-
3ePBUPYET MaMSTH; OHO IIPOCTO ONMUCHIBAeT mabJIoH, Wiu o6pasel CTPyKTy-
pbl. OHAKO ecJIi CTPYKTYDPa UMeeT TeT, TO 3TUM TerOM Jiajiee MOXKHO T10Jb30-
BaTbCsl TIPH ONIpe/ieJIeHNH CTPYKTYPHbIX 06bexToB. Hanpumep, ¢ momomuibio
33JJaHHOTO BBIIIIE OITMCAHUSI CTPYKTYPBI point cTpoka

struct point pt;

olpeziesisieT CTPYKTYPHYIO lepeMeHHY!o pt Thna struct point. CTpykTypHyto
HepeMeHHYIO TIpH ee ONpeJesleHHH MOXHO MHUUHAIU3UPOBaTh, GopMHUpys
CIMCOK MHULMATH3ATOPOB ee 3JIEMEHTOB B BH/Ie KOHCTAHTHBIX BBIDAXKEHHIL:

struct point maxpt = { 320, 200 };

MNuunuuannanupoBaTh aBTOMaTHYeCKHE CTPYKTYPhl MOXHO Tak)ke IPUCBanBa-
HUeM Wik oOpaiieHyieM K GyHKINH, BO3BPaIaollell CTPYKTYPY COOTBETCTBY-
JOIero THIA.

JocTyn Kk 0TaeIbHOMY 37IEMEHTY CTPYKTYPbI OCYLIeCTBIISI€TCS IOCPEACTBOM
KOHCTPYKILMH BUJA: '

UMS-CPYKIMYPbL. SAEMEHM

Orneparop AOCTyIa K 3JIEMEHTY CTPYKTYDPbl . COEAUHSIET UMS CTPYKTYPHI U
uMs anemMenTa. YTOObI HaneyaTaTh, HalpUMep, KOODAMHATBI TOUKH P, FOLHUT-
cs cienymwoniee obpamienye K printf:

printf("%d,%d", pt.x, pt.y);

Jpyroii mpuMep: YTOOBI BHIYUCIUTD PAcCTOsIHUE OT Havasia koopauHat (0,0)
Io pt, MOXKHO HanucaThb

double dist, sqrt(double);
dist = sqrt((double)pt.x = pt.x + (double)pt.y * pt.y);
CTpyKTypbl MOTYT ObITh BJIOXKEHBI APYT B Apyra. OHO 13 BO3MOXXHBIX IIPe-

CTaBJIeHUH NPpAMOYroJIbHHUKA — 3TO I1apa TOYEK Ha yrjax OIHOM 13 ero Juaro-

Hasel:
YA

pt2

pt1

struct rect {
struct point pti;
struct point pt2;
N



168 fnasa 6. CTpykTypbl

CrpykTypa rect COOEpXHUT ABe CTPYKTYPHI point. Eciin Mbl 06bsBUM screen
KaK

struct rect screen;
TO
screen.ptl1.x

obpataeTcst K KOOpAMHATe X TOUKH pt1 U3 screen.

6.2. CprKTypbl n GyHKUUN

EnuHcTBEeHHO BO3MOXHBIE ONePallMy Ha/l CTPYKTYPaMH — 3TO MX KOITHPO-
BaHUe, IPUCBalBaHue, B3sTHe aJpeca C IOMOIIBIO & M OCYLIECTBJICHHE JOCTyTIa
K ee asieMenTaM. KonvpoBanue u npicBarBaHie Takxe BKJIIOYAIOT B cedst ne-
penauy GyHKUMAM apryMEHTOB U BO3BPAT UMH 3HaueHHHH. CTPYKTYDBI HeJIb3s1
cpaBHUBaTh. MIHUIIMANTN3UPOBaTh CTPYKTYPY MOKHO CITMCKOM KOHCTAaHTHBIX
3HaYeHUH ee 3JIEMEHTOB; aBTOMAaTHYECKYI0 CTPYKTYPY TakXe MOKHO HHUIIMA-
JIN3UPOBATh NPUCBaVBaHKEM.

Y008I Syl TO3HAKOMUTBCS CO CTPYKTYPaMH, HaITHILeM HECKOJIBKO BYHK-
LU, MAaHUIYJIMPYIOMMX TOYKAaMH Y IIPSIMOYTOJIbHUKaMU. BosHukaeT Bompoc:
a Kak nepeaaBaTh yHKUMSIM Ha3BaHHble 00bekThl? CyLiecTBYeT 1o KpaiiHeit
Mepe TP MOAX0/a: lepeiaBaTh KOMIIOHEHTHI 110 OTAETbHOCTH, llepeiaBaTh BCIO
CTPYKTYPY LEJIMKOM U IlepefiaBaTh yKa3aTes b Ha CTPYKTypy. Kaxablit noxgxon
rMeeT CBOU ILTIOCHl ¥ MHHYCHI.

IepBas dbyHkuus, makepoint, mosyyaer ABa HeJbIX 3Ha4€HUA 1 BO3BpalLa-
€T CTPYKTYpY point.

/* makepoint: QGOpPMWpPYET TO4YKY MO KOMMOHEHTaM X W y =/
struct point makepoint(int x, int y)
{

struct point temp;

temp.x = x; -

temp.y =vy;
return temp;

}

3aMeTHM: HUKAKOro KOHGIMKTa MeXIy MMeHeM apIyMeHTa U UMeHeM 3JIe-
MEHTa CTPYKTYpPbl He BO3HUKaeT; GoJiee TOro, CXOACTBO NMOAYEPKHUBAET POJ-
cTBO 0603HaYaEMBIX UM OOBEKTOB.

Temneps ¢ mOMOIIBIO Makepoint MOXKHO BBITOJHATH AMHAMHUYECKYIO HHHULH-
a/IM3aLuIo 000 CTPYKTYPBI UK GOPMUPOBATh CTPYKTYPHbIE apIYMEHTBI 15
TO MU MHOH YHKLNU:
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struct rect screen;
struct point middle;
struct point makepoint(int, int);

screen.pt1 = makepoint(0, 0);

screen.pt2 = makepoint(XMAX, YMAX);

middle = makepoint((screen.pt1.x + screen.pt2.x)/2,
(screen.ptl.y + screen.pt2.y)/2);

Crenyounii mar COCTOUT B onpenesneH!d psiga GyHKUMM, peatu3yommux
pasnYHble ONepaliy Hajl TOYKaMi. B kauecTBe IpuMepa pacCMOTPHUM CJIEAy-
ol GyHKIHIO:

/* addpoint: cnoxeHue AByXx TodeK */
struct point addpoint(struct point p1, struct point p2)
{

pl.x += p2.x;

pl.y += p2.y;

return pt;

}

3mech 06a apryMeHTa ¥ BO3BpaniaeMoe 3Ha4eHHe — CTPYKTYPbL. MBI yBeInYH-
BaeM KOMITIOHEHTBI TIPSIMO B p1 U He HCIIOJIb3yeM JJIs1 3TOT0 BPEMEHHOI nepe-
MEHHOM, 4YTOOBI OAYEPKHYTh, YTO CTPYKTYPHbIE IIaPAMETPbI MEPEAAIOTCS
T10 3HAYEHHIO TaK e, KaK U JII00bIE IPyTHE.

B xauecTBe gpyroro npuMepa npuseneM byHkIHO ptinrect, kotopas npo-
BepsieT: HaXOQUTCS JIM TOYKa BHYTPH NPSMOYTOJbHUKA, OTHOCUTENIBHO KOTO-
pOro Mbl IPHHHUMAEM COTJIallIleHNe, YTO B HETO BXOAAT €ro JieBast U HIKHsA
CTOPOHBHI, HO He BXOJAT BEPXHSS U N1PaBasi.

/* ptinrect: Bo3spawaeT 1, ecnrm p 8 r, u 0 B NPOTUBHOM chyqae */
int ptinrect(struct point p, struct rect r)
{
return p.x >= r.pt1.x && p.x < r.pt2.x
&& p.y >= r.ptl.y && p.y < r.pt2.y;
}

3nech npenronaraeTcs, YTo INPSIMOYTOJbHUK NPEACTaBJIeH B CTaHAAPTHOM
BUIIE, T. €. KOOPAUHATHI TOYKU pt1 MEHbLIIE COOTBETCTBYOIYX KOODAMHAT TOY-
ku pt2. Crenyomas GdyHKUUS rapaHTHPYeT NOJyyeHHe NPSIMOYTOTbHHUKA
B KQHOHHYECKOM BH]IE.

#define min(a, b) ((a) < (b) ? (a) : (b))
#define max(a, b) ((a) > (b) ? (a) : (b))
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/* canonrect: KaHOHM3auMA KOOPAWHAT NPAMOYroNbHUKa */
struct rect canonrect(struct rect r)

{

struct rect temp;

temp.pt1.x = min(r.pt1.x, r.pt2.x);
temp.pt1.y = min(r.pt1.y, r.pt2.y);
temp. pt2.x = max(r.pt1.x, r.pt2.x);

temp.pt2.y = max(‘r.pﬂ.y, r.pt2.y);
return temp;

}

Ecnu pysxumu nepenaercst GosbIuasi CTpyKTypa, TO, 4eM KOIIUPOBATh ee Iie-
JkoM, a¢bdeKTHBHee nepefaTh yKasaTeslb Ha Hee. YKa3aTeJd Ha CTPYKTYPbI
HUYEM He OTJIMYAIOTCS OT yKasaTeJsel Ha 0ObIYHble lepeMenHble. OObsaBaeHHE

struct point =pp;

coob11aer, YTo pp — 3TO yKasaTesb Ha CTPYKTYpy Tuna struct point. Eciu pp
YKa3bIBaeT Ha CTPYKTYPY point, TO *pp — 3TO caMa CTPYKTYPa, a (*pp). X
U (+pp).y — ee aneMeHTbL. VIcnonb3ys yKasatesb pp, Mbl MOLJIM Obl HANKCATh

struct point origin, =*pp;

pp = &origin;
printf("origin: (%d,%d)\n", (*pp).x, (*pp).y);
CkobkH B (+pp) . x HEOOXOAYIMBI, TOCKOJIbKY NPUOPHUTET ONEPAaTOpa . BHILIE,
4eM IIPUOPHUTET +. BoipaxkeHue «pp. x OyeT POUHTEPIIPETHPOBAHO KaK *( pp. X),
4TO HEeBEPHO, IIOCKOJIBKY Pp. X He ABJISeTCA yKa3aTesleM.
YkazaTenu Ha CTPYKTYPHI UCHOJIb3YIOTCS BeChMa YacTo, O3TOMY JJ1s1 O~

cTymna K ee 3jeMeHTaM Oblia IpuayMaHa elile ofHa, 6osee KopoTkas Gpopma
3anucu. Eciu p — ykasaresb Ha CTPYKTYpY, TO

p => 3lemenm-cmpyKkmypol

€CTb ee OTAEeNbHBIN 3eMeHT. (OnepaTop ~> COCTOMT U3 3HaKa -, 32 KOTOPHIM
cpasy cienyet 3Hak >.) ITosTomy printf MoXHO nepenucaTs B BUze

printf(”origin: (%d,%d)\n", pp->X, pp->y);

OrnepaTopsl . ¥ -> BBINOJHAIOTCSA CJieBa Hanpaso. TakuM 06pa3oM, IpH Ha-
JINYUU OODbSIBICHUA

struct rect r, *rp = &r;

ClIenyrollue YETbIPE BbIPAXXEHUA 6yl[yT 9KBUBAJICHTHDI:
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r.pt1.x
rp=>pt1.x
(r.pt1).x
(rp->pt1).x

Ornepartopbl ZOCTYIA K 37IeMeHTaM CTPYKTYPHI . U -> BMecCTe C OIlepaTopa-
MH BbI30Ba GYHKUMH () ¥ MHAEKCALIMK MaccuBa [ ] 3aHUMAIOT CaMOe BHICOKOE
TI0JIOKEHHE B HEPAPXUH IPHOPUTETOB U BBITIOJIHSIOTCS PaHblie JIOObIX ApY-
rux oneparopos. Hanpumep, eciiu 3agano o6baBieHne

struct {
int len;
char *str;
}o*ps
TO
++p->len

yBeJIMYUT Ha 1 3HaYeHHe 31leMeHTa CTPYKTYPBI 1en, a He yKa3aTeJib p, HOCKOJIb-
KY B9TOM BbIPaKEHHMH Kak Obl HESIBHO IPHCYTCTBYIOT CKOOKH: ++(p->1en). Uro-
6Bl IBMEHUTD TIOPSAOK BBIIOJHEHHS ONlepallnii, HYKHbI iBHbIe CKOOKH. Tak,
B (++p)->len, npexze 4eM B3ATb 3HaYeHHe len, IporpaMma NPUPACTUT yKa3a-
Tesb p. B (p++)->len ykasaresb p yBeIMYUTCS MOCHE TOTO, KaK OyAeT B3STO
3HayeHwe len (B ocIenHeM ciydae CKOOKH He 00s3aTelbHBbI).

TTo TeM xe nipaBiaM »p->str o603Ha4aeT conepKUMOe 0OBEKTa, Ha KOTOPBIi
yKa3bIBaeT str; xp->str++ NpUPacTUT yKasaTeNb str Moce NolyYyeHus 3Haye-
HYs 00BEKTA, Ha KOTOPbIH OH YKa3bIBaj (KaK U B BBIDAKEHUH *S++); (xp->str)++
YBEJINYUT 3HAYEHHE 0OBEKTA, Ha KOTOPBIH YKa3bIBAET STr; «p++->Str YBEIHYHUT p
TocJjie TOJY4eHHUs TOTo, Ha YTO YKa3bIBaeT str.

6.3. MaccuBbl CTpyKTYp

PaccMoTpuM niporpaMMy, ONpeesIIoNIyIo YHCIO BXOKAEHH M KasKA0TO KT~
yeBoro cyoBa B Tekct Cu-nporpamMmbl. HaM Hy>kHO yMeTb XpaHUTB KJTI04€eBble
CJI0Ba B BH/IE MacCHBa CTPOK U CYETYHKHU KJIOReBBIX CIOB B BUZE MacCHUBa
uesblx. OIMH U3 BO3MOXHBIX BADHAHTOB — 3TO UMETb /[Ba ITapa/lleJIbHbIX Mac-
cuBa:

char ~keyword[NKEYS];
int keycount[NKEYS];

OnHaKo UMEHHO TOT (aKT, YTO OHH NapajiesbHbl, OACKa3bIBaeT HaM JpY-
IyI0 OPraHU3aUMIO XpaHeHust — 4epe3 Maccus CTPYKTyp. Kaxaoe kioueBoe
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CJIOBO MOXHO ONMCATh NapOH XapaKTepHUCTHK

char *word;
int count;

Takue napsl cocTaBasioT MaccuB. O6bsiBIeH e

struct key {
char *word;
int count;

} keytab[NKEYS];

00bsIBIISIET CTPYKTYDY THIIA key U OTpezesisieT MaccuB keytab, Kaxkablil aJe-
MEHT KOTODPOTO SIBJISIETCS CTPYKTYPOI 3TOr0 THIIAa U KOTOPOMY rae-To Oynet
BBIZleJIeHa TaMsTh. JTO Xe MOXKHO 3alIHCaTh U 0-IPYroMy:

struct key {
char *word;
int count;
}
struct key keytab[NKEYS];

Tak kak keytab cogepxur nocrosHabl HabOp MMeEH, €ro Jierde BCero cie-
JIaTh BHEUTHUM MaCCHBOM M MHUIIMANH3MPOBATh OJMH Pa3 B MOMEHT OfIpe/e-
senust. IHUIManu3auus CTPYKTYp aHaIOTMYHA PaHee JeMOHCTPHPOBABILIMM-
sl MIHUIMAU3AIUAM — 32 OTIPe/ieJIeHHEM CIEAYeT CIHUCOK HHUIIHATH3aTOPOB,
3aKJIIOYEHHbIH B GUTypPHBIE CKOOKH:

struct key {
char =word; .
int count;

} keytab[] = {
"auto”, O,
"break”, 0,
"case"”, 0,
"char”, 0,
"const”, O,
"continue”, 0,
"default”, O,

Ay
"unsigned”, 0,
"void”, 0,
"volatile”, 0,
"while”, 0

)i
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VHuuMannsaTopsl 3a210TCs TapaMu, 4TOObI COOTBETCTBOBATH KOH(GUIYpaLMK
cTpykTypsl. CTPOro roBopsi, Napy UHULHAIH3ATOPOB /11 KX AOU OTAETbHON
CTPYKTYPBI CTeA0BaI0 Obl 3aKTI0YHTD B GUIypPHLIE CKOOKH, KaK, HallpUMep, B

{ "auto”, 0 },
{ "break”, 0 },
{ "case"”, 0},

OHAKO KOrZa HHUIMATM3aTOPbl — IIPOCThIe KOHCTAHTHI HJIM CTPOKH CUMBO-
JIOB U BCE OHU MMEIOTCS B HAJIMYUK, BO BHYTPEHHUX CKOOKax HeT HeobXoau-
MocTd. YKCIo 31eMEHTOB MaccuBa keytab OyzeT BHIYHUCIEHO M0 KOJIUYECTBY
MHHIHATU32aTOPOB, TOCKOJIbKY OHU IPeCTaBJIeHbl TOJTHOCTHIO, 3 BHYTPU KBaJl-
paTHbIX ckobok “[ ]” HHYero He 3a1aHO.

TIporpaMma nozcyeTa KIIOYEBHIX CJIOB HAYUHAETCS C ONpenesieHns keytab.
IIporpamma main yuTaer BBOA, MHOrOKpaTHO obpaiasich k GyHKIH getword
¥ IoJIy4ast Ha KaXKIAOM ee BbI30Be oyepenHoe ciaoBo. Kaxxaoe ciioBo umercs
B keytab. [[11s1 3TOro Ucnosb3yeTcs GyHKUMA OMHAPHOTO TOKCKA, KOTOPYIO MbI
Hanucany B riase 3. CIUCOK KJII0YEBBIX CJIOB JOJIXKEH ObITh YIIOPALOYEH B aJl-
($aBHUTHOM NOpAIKE.

#include <stdio.h>
#include <ctype.h>
#include <string.h>

#define MAXWORD 100

int getword(char =, int);
int binsearch(char =, struct key =, int);

/* NOACYET KNKYeBwx cnos Cu =/
main()
{

int n;

char word[MAXWORD];

while(getword(word, MAXWORD) != EOF)
if (isalpha(word[0]))
if ((n = binsearch(word, keytab, NKEYS)) >= 0)
keytab[n].count++;
for (n = 0; n < NKEYS; n++)
if (keytab[n].count > 0)
printf("%4d %s\n", keytab[n].count, keytab[n].word);
return 0;



174 Masa 6. CTpykTypbl

/* binsearch: HaiTu cnoso 8 tab[0]...tab[n - 1] »/
int binsearch(char =word, struct key tab[], int n)
{

int cond;

int low, high, mid;

low = 0;
high =n - 1;
while (low <= high) {
mid = (low + high)/2;
if ((cond = strcmp(word, tab[mid].word)) < 0)
high = mid - 1,
else if (cond > 0)
low = mid + 1;
else
return mid;
}
return -1;

}

YyTs no3sxe Mbl paccMOTpuM GYHKUIHMIO getword, a ceifdac HaM ZOCTATOYHO
3HATh, YTO NP KAX/IOM ee BbI30Be N0JIy4aeTcsl O4epeHOe CJI0BO, KOTOPOE 3a-
IIOMMHAETCS B MacCHBe, 33aIaHHOM NePBBIM apIyMEHTOM.

NKEYS — KOJIMYeCTBO KJIIOYEBBIX CJIOB B keytab. XoTsa Mbl MOIJ14 OB HOACYH-
TaTh YKUCJIO TAKUX CJIOB BPYYHYIO, FOPa3/Io jierde v Ge3omnacHei CAenaTh 31O
C TIOMOMIBIO MAUIUHBI, 0COOEHHO €CITU CIHCOK KIIIOYEBBIX CJIOB MOXET ObITh
r3MeHeH. OZHO U3 BO3MOXHBIX pellleHHi — IOMEeCTUTb B KOHeIl CIHCKa MHHU-
LMaJU3aTOpPOB NMycToM ykas3arenb (NULL) u 3aTem mepebupaTh B LUKJIE dJI€-
MEHTHI keytab, Toka He BCTPETHUTCS KOHIIEBOM 3J1eMeHT.

Ho BoaMoxxHo 1 6ostee npoctoe pereHye. [TockoibKy pa3Mep MaccuBa 1os-
HOCTBIO OTpe/ieJieH BO BpeMsl KOMIIMJISIHUY ¥ paBeH NPOM3BeAEHHIO KOJInye-
CTBa 3JIEMEHTOB MacCHBa Ha pa3Mep ero OTAeIbHOTO 27IeMeHTa, YHCJIO 3JIeMeH-
TOB MacCHBa MOXXHO BBIYHMCJIUTD 110 hopmyie

pa3mep keytab / pasmep struct key

B Cu uMeeTcs yHapHbIiA oniepaTop sizeof, KOTOPbIA pabOTaET BO BPEMS KOM-
nuaAuuy. Ero MOXHO MPUMEHATSD U1 BHIYUC/IEHHMA pa3Mepa J1io6oro o0bek-
Ta. BelpaxeHus

sizeof obvexm

sizeof (umsa muna)

BBIZAIOT LI€JIbl€ 3HAYE€HHWA, paBHBI€ Pa3MEPY YKa3aHHOTO 00bEKTa U1K TUIIA
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B baittax. (CTporo roBopsi, sizeof BbigaeT Ge33HAKOBOE LENOE, Tl KOTOPOTO
size_t onpemeseH B 3aroJioBoYHOM haiine <stddef.h>.) Uto kacaercs o6bek-
Ta, TO 9TO MOXeT ObITh IIEPEMEHHAs, MACCUB WJIM CTPYKTypa. B kauecTBe nume-
HU THIIAa MOXET BBICTYNaTh uMst 6a3oBoro Tima (int, double...) niu uMs po-
M3BOJHOTIO TUIIA, HAIPUMED CTPYKTYPBI MJIM YKa3aTes.

B Hauiem ciyyae, 4T06bI BBIYMCIUTD KOJIUYECTBO KIIOYEBBIX CJIOB, Pa3Mep
MacCHBa HaJIo NOJEeJNUTh Ha Pa3Mep OJHOTO 3J7IeMeHTa. Y Ka3aHHOe BhIYHCIIe-
HUe UCNIOJNb3YyeTCsl B UHCTPYKU MU fidefine A7 ycTaHOBKM 3HaueHU NKEYS:

#define NKEYS (sizeof keytab / sizeof(struct key))

ITOT e pe3yabTaT MOXHO IOJIYYMTh APYTHM CIIOCOOOM — MOAENUTb pasMep
MaccHBa Ha pa3Mep KaKoro-To ero KOHKPETHOTO 3JIeMeHTa:

#tdefine NKEYS (sizeof keytab / sizeof keytab[0])

TIpenMy1ecTBO TaKOrO Poja 3aNUCceH B TOM, YTO UX He Hal0 KOPPEKTHPOBATh
NIpY U3MEHEHUH THIIA.

[TockonbKy npenporeccop He oOpaliaeT BHUMaHNs Ha HMEHA THIIOB, OIle-
parop sizeof Hesb3st mpumeHsTs B #if. Ho B #define BrIpaxkeHue npenpouec-
CODOM He BBIYUCJIAETCS, TaK YTO NPeAJIOKEeHHast HAMU 3allUCh JOIyCTHMA.

Teneps norosopum o pyHkunu getword. Mbl Hanucanu getword B HECKOJIb-
ko Gosiee 06ueM BUzie, YeM TpeOyeTcs A1 Hauledl IPOrPaMMBl, HO OHa OT 9TO-
ro He cTasia 3aMeTHO cioxHee. Dyukiust getword 6epeT U3 BXOAHOTO IOTOKA
caenyomee “cnoBo”. ITox c10BoM noHUMaeTcst 1enoyka 6yks-uudp, HauuHa-
fomasicsi ¢ OYKBbl, MM OTAEJIbHBIA CUMBOJI, OTJIMYHBIHA OT CHMBOJIa-Pa3/ieNi-
Tens. B cyvae xonua daiina pyukuns Bozppaiiaet EOF, B OCTaNbHBIX CTy4a-
SIX ee 3HaYEHUEM SBJISIETCS KO/ IepBOIr'o CUMBOJIa CJIOBA JIM CaM CUMBOJI, €CJIU
3TO He OyKBa.

/+ getword: npuHuMaeT cnejlylomeé CNOBO MAM CWMBON M3 BBoAa */
int getword (char =word, int lim)
{

int ¢, getch(void);

void ungetch(int);

char *w = word;

while (isspace(c = getch()))

if (¢ !'= EOF)
*wtt+ = C;

if (Visalpha(c)) {
W ="\0";
return c;
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for (; --1lim > 0; wt+)
if (!isalnum(*w = getch())) {
ungetch(+w);
break;
}
W=\

return word[0];

}

Oyuknus getword obpamaercst k getch u ungetch, KOTOpble Mbl Hanuca
B rn1aBe 4. [To 3aBepuienuu Habopa 6ykB-1udp OKasbIBaeTcs, 4To getword B3s-
na TMmHA A cuMBoJ1. Obpaienue K ungetch Mo3BoJIAeT BEPHYTh €0 Ha3aj
BO BXOZHOM IIOTOK. B getword HCIONB3YIOTCS TakXKe isspace — U1 HPOIycKa
CHMBOJIOB-pa3fieiuTelelt, isalpha — ais unentidukaunu 6yks 1 isalnum —
17151 pacno3HaBaHus 6ykB-undp. Bce OHM onucaHbl B CTaHAAPTHOM 3ar0JI0B0OY-
HOM (pailsie <ctype. h>.

Vnpaxuenue 6.1. Hama Bepcust getword He obpabarbiBaeT 10/KHBIM 06pa3oM
3HaK MOJYePKUBAHHU, CTDOKOBbIe KOHCTAHTHI, KOMMEHTApHH H yIPaBJIsiolie
crpoku npenpoueccopa. Hanuuire 6osiee coBepiieHHbIi BADMAHT IPOrPaMMBL.

6.4. Ykazarenu Ha CTPYKTYpbl

[ns wimocTpauuy HEKOTOPBIX MOMEHTOB, KacaloIMXCsl ykasaTeseil Ha
CTPYKTYPBI H MAaCCHBOB CTPYKTYD, NlepeNHILeM IIPorpaMMy INoJcyeTa Kiroye-
BBIX CJIOB, TIOJIb3YACH [JIs NIOJIy4YeHHUS 3JIEMEHTOB MaCCHBa BMECTO HH/EKCOB
YyKa3aTeJIsIMU. ,

Buemnee o6baBieHre MaccuBa keytab ocTaercsi 6e3 n3MeHeHUs, a main
1 binsearch Hy>XHO MOIUHUIUPOBATb.

#include <stdio.h>
#include <ctype.h>
#include <string.h>
#tdefine MAXWORD 100

int getword(char «, int);
struct key sbinsearch(char =, struct key *, int);

/* NOACYET Knk4esbiX cnos Cu: Bepcus ¢ ykasatenamn =/
main()
{

char word[MAXWORD];

struct key =p;
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while (getword(word, MAXWORD) != EOF)
if (isalpha(word[0]1))
if ((p = binsearch(word, keytab, NKEYS)) '= NULL)
p->count++;
for (p = keytab; p < keytab + NKEYS; p++)
if (p->count > 0)
printf("%4d %s\n", p->count, p->word);
return 0;

}

/* binsearch: HaiTv cnoso word B tab[0]...tab[n-1] »/
struct key xbinsearch(char *word, struct key stab, int n)
{

int cond;

struct key *low = &tab[0];

struct key *high = &tab[n];

struct key =mid;

while (Tow < high) {
mid = low + (high - low) / 2;
if ((cond = strcmp(word, mid->word)) < 0)
high = mid;
else if (cond > 0)
low = mid + 1;
else
return mid;
}
return NULL;
}

HekoTopsle aeTanu 3TOM NMporpaMMsl TPeOYIOT MosicHeHu. Bo-nepBbix,
onycanue QYHKIMHU binsearch JOKHO OTPaXaTh TOT GaKT, YTO OHA BO3Bpa-
lIaeT yKasaTesib Ha struct key, a He 1eJI0€; 3T0 0OBSBIIEHO KaK B IPOTOTHUIIE
byHkuy, Tak ¥ B GyHkuuu binsearch. Eciu binsearch Haxoaut cjoBo, TO
OHa BblJaeT yKa3aTeJb Ha Hero, B IPOTUBHOM CJIyyae OHa Bo3BpamtaeT NULL.
Bo-BTopbIX, k 271eMeHTaM keytab ZOCTYyN B Halllell IpOrpaMMe OCYLIeCTBIIsIeT-
4 yepe3 yKasaTesu. IT0 N0TpebOBaIo 3HAYUTEIbHBIX MI3BMEHEHHH B binsearch.
WNuununanusaropamu ais low u high Teneps ciyXaT ykasaTeJlH Ha Hayaso
M Ha MeCTO Cpa3y I0CJie KOHIIa MacCHBa. BelunciieH1e OJI0XKeH s CPeHETOo
3JIeMeHTa C IOMOIIbI0 GOPMYJIEL

mid = (low + high) / 2 /* HEBEPHO =/

HE rOIUTCA, IOCKOJIbKY YKa3aTeJIX HEJIb3s1 CKJIaIbIBaTh. OaHaKO K HUIM MOXHO
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NMDUMEHUTH ONEPALMIO BBIYUTAHUA, U TaK KaK high-low ecTb YMCJO 371EMEH-
TOB, IDUCBaHBaHHUE

mid = low + (high-low) / 2

NpeBPaTUT mid B yKa3aTeJb Ha BJIEMEHT, JIeKallMi ocepeaHe Mexay low 1 high.

Camoe BakHOe TIpH TepexoJe Ha HOBBIN BapHaHT IPOrPaMMbl — CAENATh
TaK, YTOOBI HE FEHEPUPOBAIMCH HENIPABUJIbHbIE YKA3aTeN U He ObLIO ONBITOK
o6paTuTbCs 3a npeziesibl MaccuBa. [Ipobiema B ToM, 4To 1 &tab[-1], u &tab[n]
HaxOZATCs BHE TPaHUII MaccuBa. [1epBrlii afipec onpeneneHHO HeBepeH, HeTb3st
TaK)Ke OCYLIeCTBUTDb JOCTYI U o BropoMy afpecy. [lo npaBunaM si3vika, ox-
HAKO, TAPaHTUPYETCS, YTO af[pec AeHKH MaMATH, CIeyIoLelH Cpasy 3a KOH-
oM MaccuBa (T. e. &tab[n]), B apudmeTHKe ¢ yKa3aTeNsIMU BOCIPUHUMAETCSI
IIPaBUJIBHO.

B riiaBHO# nporpaMme main Mbl HalMcaIn

for (p = keytab; p < keytab + NKEYS; p++)

Ecnu p — 3T0 yKa3aTesb Ha CTPYKTYPY, TO NIPH BBINOJHEHHUH ONEPALHii C p
YYHUTBIBAeTCs pasMep CTPYKTypsl. [loaToMy p++ yBeJMYUT p Ha TaKkyIo BeJu-
YHMHY, 4TOOBI BBIATH Ha CJIEAYIOLINIA CTPYKTYPHBLH 3JIEMEHT MacCUBa, a MPo-
BepKa YCI0BUs BOBPEMS OCTAHOBHT LIUKJL.

He crnenyert, onHaxo, nosarats, 4T0o pa3Mep CTpYKTYDbI paBeH CyMMe pa3Me-
POB ee 3J1eMeHTOB. BeilenicTie BbIpaBHUBAHS 00BEKTOB Pa3HOM JUTMHBI B CTPYK-
TYpe MOTYT NOSABJAThCA Oe3bIMsiHHbIe “AbIpbl”. Hanpumep, eciiu nepemeHHas
THIIa char 3aHUMaeT ouH 6aiiT, a int — yeTsbIpe GailTa, TO I CTPYKTYPBI

struct {
char c;
int 1,
I8
MOXeT NoTpeGoBaThes BoceMb 0aiiTos, a He naTb. Onepartop sizeof Bo3Bpa-
112€T NIPaBUJIbHOE 3HAYEHHE.
HaxoHel, HECKOJIBKO CJIOB OTHOCHTENIBHO (hopMmata nporpammsl. Ecim dyHk-
1IMs1 BO3BPALIAaeT 3HaYeHHe CJI0XKHOTO THUIA, KaK, HallpUMep, B HallleM Cllydae
OHa BO3BpaUIAeT yKa3aTeslb Ha CTPYKTYPY:

struct key sbinsearch(char *word, struct key *tab, int n)

TO “BBICMOTDETH” MMsI (DYHKINY OKa3bIBAETCSA COBCEM He IPOCTO. B mogobHeix
CJIy4asix MHOIA MHIIYT TaK:

struct key =
binsearch(char word, struct key =tab, int n)

Kaxkoit bopMe oTaath npeanoyTeHue — meso Bkyca. Beibepute Ty, KoTOpas
60JIb1lIe BCETO BaM HPAaBUTCS, M IPUAEPKUBANTECD €€.
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6.5. CTpyKTYypbl CO CCbiIKaMKN Ha cebs

TIpenmonoxuM, 4TO MBI XOTHM PeltuTh GoJtee 00LIyI0 3a1a4y — HANKMCATD PO~
rpamMMy, IOICYUTHIBAIOILYIO YaCTOTY BCTPEYAEMOCTH 151 1H06bLX CJIOB BXOZAHOTO
notoka. Tak Kak CIIMCOK CJIOB 3apaHee He U3BECTeH, Mbl He MOKEM IPeIBAPUTETb-
HO YTIOPSIZIOYHTb €r0 M IPUMEHUTb GMHAPHBIN ITOKCK. Bbli10 bl HEPa3yMHO 110J1b30-
BAThCS 1 JIMHEHHBIM TIOMCKOM KaXKIOTO I10JTyYEHHOTO CJI0Ba, YTOObI ONPEAENATD,
BCTPEYAsIOCh OHO PaHee WK HeT — B 3TOM CJIy4ae IiporpaMma pabotana Obl coui-
koM MefuteHHo. (Bosiee TouHas oueHKa: BpeMst paboThbl TaKO POrpamMMBI T1PO-
MOPLIMOHAIBHO KBaZipaTy KOJIM4ecTBa c/10B.) Kak MOXHO OpraHn3oBarh aHHbIe,
4T06BI 3 (HEKTHBHO CIPABUTBCS CO CIIMICKOM NIPOU3BOJIbHBIX CJIOB?

OnuH 13 €oco60B — NMOCTOSHHO NMOAAEPXKUBATh YIOPALOYEHHOCTD YXKe
TIOJTy4€HHBIX CJIOB, TOMeNasi KaKI0€e HOBOE CJIOBO B TAKOE MECTO, YTOOBI He Ha-
pylanach MMEOMAACs YOPsAA0YeHHOCTD. J{e1aTh 3T0 epeABIDKKOH CJIOB B JIH-
HENHOM MacCHBe He CJIeyeT, — XOTA Obl IOTOMY, YTO YKa3aHHas NPOLEeAYpa
TOXeE CJIHUIKOM A0Jjrast. BMecTo 3Toro Mbl BOCIOJIb3yeMcst CTPYKTYPO# faH-
HBIX, Ha3bIBaEMOU OUHAPHIM Depesom.

B nepese Ha kas0e OTAeIbHOE CI0BO NIpeaycMOTpeH “y3en”, KOTOpbIH co-
HEPXKHUT:

— yKa3aTesb Ha TEKCT CJIOBa;

— CYUETYMK YHCJIa BCTPEYAEMOCTH;

— yKasaTeJb Ha JIEBBIY CHIHOBHUH y3€J;
— yKasaTeJb Ha [TPaBbIi CLIHOBHUI y3eJ1.

VY kaXa0ro y3ja MOXeT ObITh OIWH VJIM JBA CBIHA, ¥JIM y3eJ BOOOLIE MOXKET
He UMeTh CbIHOBeH.

Va3l B A€peBe PacIosiaraloTCs Tak, YTO 10 OTHOLIEHHIO K JIOOOMY y3iy
JIeBO€ TIOJIEPEBO COIEPIKUT TOJIBKO Te CII0BA, KOTOPbIe JIeKCUKOrpadHuuecKu
MeHblIIIE, YeM CJIOBO JaHHOTO Y3J1a, a IPaBOe — CJI0BA, KOTOPBIE G0JIblIe HETO.
BoT kak BHITJISAUT AepeBO, MOCTPOeHHOe s (ppa3sl “now is the time for
all good men to come to the aid of their party” (“Hacraso BpeMs BceM
J0ODPBIM JIEOASAM TIOMOYb CBOe napTHy” ), 1O 3aBeplIeHNH TPOLecca, B KOTO-
POM /I KaX0r0 HOBOTO CJIOBA B HETO 106aBJIsICS HOBBIH y3er:

/now
is \ the .

for men of time

7N\

all good party their to

aid come
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Y1o6sl ONpeaeuTh, TOMELIEHO JIM YKE B IEPEBO BHOBb IIOCTYMHUBIIIEE CJ0BO,
HAYMHAIOT C KOPHS, CPABHUBAS 3TO CJIOBO CO CIOBOM M3 KOPHEBOTo yaa. Eciu
OHY COBIIAJIM, TO OTBET Ha BOIPOC — NMOJIOXHUTeNbHbIN. EC/IH HOBOE CJTOBO MeHb-
1Ie CJIOBa U3 ePEBa, TO IIOKUCK NPOOIXKAETCS B JIEBOM NOAAEPEBE, U 60JIb-
11e, To — B IpaBoM. Eciiv e B BBIOpaHHOM HalpaBJIeHNH MO/IIepeBa HE OKa3a-
JIOCh, TO 3TOTO CJI0BA B iEpPeBe HET, a IYCTYIoIast TO3ULMsI, FOBOpsimas 00 oT-
CYTCTBHHU IIOJIEPEBA, KAK Pa3 ¥ eCTb TO MECTO, Ky/ia HYXKHO “IIOABECHUTD” y3eJ
C HOBBIM cJ10BOM. OTIMCAHHBII ITPOLIECC 110 CYTH PEKYPCHBEH, TAK KaK MOMCK
B J1060M y3Jie UCIIONb3YeT Pe3yIbTaT MOMCKa B OLHOM M3 CBOMX CBIHOBHUX
yan0B. B cooTBeTcTBUH C 9TUM U151 106aBIEHUS Y3/ia U leYaTH Jepesa 34ech
HanboJiee eCTeCTBEHHO IPUMEHUTD PeKYPCHBHbIE DYHKI[UM.

BepHeMcsl kK onycaHuIo y3ia, KOTOpoe yA00HO NPeACTaBUTb B BUE CTPYK-
TYPHI C Y4eTHIPbMSI KOMIIOHEHTaMU:

struct tnode { /* y3en nepeBa */

char *word; /* yKasaTenb Ha TeKkCT */
-int count; /* 4YUCNO BXOXOEHUA */
struct tnode *left; /* NeBbit CbiH */

struct tnode =right; /+ npasoiit cbiH */

Y

TpuBeneHHOE PEKYPCHBHOE OTIPEiesIEHIE Y3J1a MOXXET [TOKAa3aThCsl PUCKOBAH-
HBIM, HO OHO NpaBUIbHOEe. CTPYKTYpa He MOXKET BKJIIOYaTh camy cebs, HO Bellb

struct tnode *left;

oObasnger left kak yka3saTesb Ha tnode, a He caM tnode.

WHorza BO3HUKaeT NOTPEOHOCTh BO B3aMMOCCBUIAIONIUXCS CTPYKTYpaXx:
[BYX CTPYKTYypax, CChUIAIOIUXCst APYT Ha Apyra. [IpueM, nossossaiomuii crpa-
BUTBCA C 3TOM 3a/1a4ell, AEMOHCTPUPYETCS CIIeAYOMUM HparMeHToM:

struct t { '

struct s *p; /= p yKa3bBaeT Ha S */
}
struct s {

struct t *q; /* q ykasvBaeT Ha t */
b

Bces nporpamma yauBUTENbHO Majla — IPaBJa, OHa UCIOJIb3yeT BCIIOMOra-
TeJIbHBIE IIPOrPaMMBI BpoJe getword, y>xe HanmMcaHHble HaMHU. I'1aBHas npo-
rpamMMa YMTaeT CJI0Ba C NIOMOLIBIO getword M BCTaBJIsIET UX B IEPEBO IOCPEL-
CTBOM addtree.
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#include <stdio.h>
#tinclude <ctype.h>
#include <string.h>

#tdefine MAXWORD 100

struct tnode *addtree(struct tnode », char *);
void treeprint(struct tnode «);

int getword(char », int);

/* NOACYET 4acTOTh BCTPEYAEMOCTH CnoB */
main()
{

struct tnode *root;

char word[MAXWORDT;

root = NULL;
while (getword (word, MAXWORD) '= EOF)
if (1salpha(word[0]))
root = addtree(root, word);
treeprint(root);
return 0;

}

Oyukuus addtree pexkypcusHa. [lepsoe cioBo dyHkuMs main noMelaeT
Ha BepXHMUI1 YypoBeHb JepeBa (kopeHb aepeBa). Kaxjoe BHOBb MOCTYNHB-
IIee CJI0BO CPaBHUBAETCS CO CJIOBOM y3J1a M “IIOTPY’KaeTcst” WU B JIEBOE, WU
B IIpaBOe NOJIEPEBO C TIOMOLIbIO PEKYPCUBHOTO 0bpaienus k addt ree. Yepes
HEKOTOPOe BPeMs 3TO cJI0BO 06513aTeIbHO MO0 COBIAZET C KAKUM-HUOYAb U3
MMEIONIMXCS B iepeBe CJIoB (B 9TOM clydYae K cueT4yuKy Oyzner nobasena 1),
160 TporpaMma BCTPETHUT IYCTYIO MO3HLHIO, YTO TIOCHYXHUT CUTHATIOM IS
CO3JaHKs HOBOTO y3Ja U nobaBienus ero k aepesy. Co3znaHne HOBOTO yana
CONPOBOXJAeTCs TeM, YTO addtree BO3BpaIlaeT Ha HEro ykasaTeJb, KOTOPBIH
BCTaBJISIETCS B Y3€JI POJUTES.

struct tnode *talloc(void):
char *strdup(char «);

/* addtree: pobaBnaeT y3en cO CNOBOM W B P UAW HUXE Hero =/
struct tnode raddtree(struct tnode p, char *w)

{

int cond;

if (p == NULL) ¢ /* CnoBO BCTPe4YaeTcsa snepsbe */
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p = talloc(); /* CO30aeTCca HOBuiA y3en =/
p->word = strdup(w);
p->count = 1,

p->left = p->right = NULL;
} else if ((cond = stremp(w, p->word)) == 0)

p->count++; /* 3TO CNOBO yXe BCTpedanocb =/

else if (cond < 0) /* MeHblle KOpHA NeBoro noagepesa */
p->left = addtree(p->left, w);

else /* Gonblle KOPHA NpaBoro noaaepesa */
p->right = addtree(p->right, w);

return p;

}

TTamMsTh 71 HOBOTO y3Jia 3alpalikBaeTCs C IOMOIIbIO IporpaMMel talloc,
KOTOpas BO3BpallaeT yKa3aTeslb Ha CBOOOZHOE NPOCTPAHCTBO, AOCTATOYHOE
11 XpaHEHUs] OHOTO Y3J1a AepeBa, a KOMUPOBaHKe HOBOIO CJI0BA B OTAEb-
HOE MECTO TIaMSITH OCYIIECTBJISETCS € TOMOIbIo st rdup. (MBI paccMOTpHM 3TH
[POrpaMMBbl YyTh M03Xe.) B TOT (M TONBKO B TOT) MOMEHT, KOT/a K JepeBY
TIO/IBEIMBAETCS HOBBIi y3€eJ1, IPOUCXOANT MHUIMAIM3AI¥s CYeTYMKA U OOHY -
JIeHHe yKasaTeJiell Ha chiHOBedl. MBI onycTiin (4TO HEpa3yMHO) KOHTPOJIb
O1KOOK, KOTOPBIH IOJKEH BBIIOIHSTHCS IIPH MOIyYeHNH 3HAY€HHUH OT Strdup
ntalloc.

@DyHkiMs treeprint HeyataeT epeBo B JIeKCHKOrpabHyecKoM HOPSZKE;
IJIA KKIOTO y3JIa OHA IeYaTaeT ero JieBoe NoAZepeBo (BCe CI0Ba, KOTOPbIE
MeHbLIE CJIOBA JAaHHOTO y3J1a), 3aTeM CaMo CJIOBO U, HAKOHeL, IpaBoe NOALe-
peBo (C10Ba, KOTOpPbIE H0JIbIIE CIOBA AaHHOTO y3J1a).

/* treeprint: ynopspodyeHHas neyaTb fepeBa p */
void treeprint(struct tnode #p).
it
if (p !'= NULL) {
treeprint(p->left);
printf("%4d %s\n”, p->count, p->word);
treeprint(p->right);

}

Ecsu BBl He yBepeHBI, YTO JOCKOHATBHO Pa3oOpanuch B TOM, Kak pabotaer
pekypcus, “npourpaiite” feiicTBus treeprint Ha AepeBe, IPUBEJEHHOM BbILLE.
[IpaxTHYecKoe 3aMedaHue: eCIy JepeBo “HecOasaHCUPOBaHO” (4TO ObIBa-
€T, KOTZia CJI0Ba IOCTYNAIOT He B CIy4ailHOM MODAAKE), TO BpeMs paboThI Ipo-
rpaMMbl MOKET CUJIBHO BO3pacTH. Xy/II Ui BADUAHT, KOTA2 CJIOBA yXe YIopsi-
ZIOYeHbI; B 3TOM CJIy4Yae 3aTPaThl HA BRIYUCIIEHUS] OYAYT TaKMMH XKe, KaK I1pH
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nuHedHOM noucke. CyuwecTBYIOT 06001eH!s1 GUHAPHOTO IepeBa, KOTOpble
He CTPAJIaloT 3TUM HETOCTaTKOM, HO 3/1eCh MBI HX HE OIIMChIBAEM.

[Ipex e yeM 3aBepUINTb 0OCYKAEHHUE ITOTO IIPUMEPA, CIETaeM KPaTKOE OT-
CTyIUIEHHE OT TEMBI U TIOCOBOPHUM O MEXaHU3Me 3anpoca namsaTi. OYeBUIHO,
XOTeJI0Ch 6bI UMETD BCETO JIMLIb OAHY (HYHKUHIO, BBIAETAIOILYIO aMATh, faXe
€CJIM 9Ta [TaMsITh IPeAHA3HAYAeTCsI JUIs1 pa3Horo poaa o6bektos. Ho ecim onna
¥ Ta xe GyHKus obecrneyrBaeT NaMsTh, CKAXXEM, U 111 yKa3aTeJield Ha char,
M AJ1s yKas3aTesel Ha struct tnode, TO BO3HMKAIOT ABa Bonpoca. [lepBrril: kak
CIIPaBUTHCS € TpeOOBaHKHEM GOIBLIMHCTBA MAILMH, B KOTOPBIX 0OBEKTHI Onpe-
LENEHHOTO THIa JAOJDKHBI ObITh BBIPOBHEHBI (HalpuMep, int 4acTo AOJIKHBI
pasMemaThcsl, HaYMHas C YeTHBIX agpecoB)? Y Bropoe: kak 06bsBUTh QyHK-
L[MIO-pacrpeJesTuTeNb aMsATH, KOTOPasi BRIHYK/IeHa B KayecTBe pe3yjbTaTa
BO3BpaLIaTh YKa3aTeJH Pa3HbIX THIOB?

Boob6uie rosopst, TpeboBaHMsl, Kacaromuecs BbIpaBHUBaHH s, MOXXHO JIETKO
BBIIIOJIHUTD 32 C4€T HEKOTOPOTO Nepepacxona naMati. OnHaKo JJ1st 3TOro Bo3-
BpaIllaeMblii YKa3aTeJb N0JDKeH ObITh TAKAM, YTOOBI YA0BJIETBOPSIIUCH JII0ObIE
OrpaHdYeHus, cBI3aHHbIe ¢ BelpaBHuBaHueM. OyHkuus alloc, onvcaHHas
B [JIaBe 5, He FapaHTHUPYET HaM JI000e KOHKPETHOE BhIPABHUBAHHE, IO3TOMY
MblI 6y/1EM T10J1b30BaThCs CTAHAAPTHOM 6ubMoTeYHOU hyHKUMed malloc, KO-
TOpasi 3To fenaeT. B riase 8 Mbl MOKaXkeM OfMH U3 CIIOCOOOB ee Peanu3aluu.

Bonpoc 06 06bsiBeHnn THNA TakKuX GYHKIKH, Kak malloc, sBJIsE€TCSA KaM-
HeM NPEeTKHOBEHU B JII0OOM sA3bIKE C )KECTKOM npoBepkoi Tumos. B Cu Bo-
TIPOC PeIlaeTcs eCTeCTBEHHBIM 00pa3oM: malloc o6baABAseTCS Kak GYHKLYA,
KOTOpast BO3BpalaeT yka3aresb Ha void. [lonyuenHbii ykasaTess 3aTeM SBHO
TIPUBOAMTCA K XKesaeMoMy Tumy'. Onvcanus malloc v CBS3aHHBIX C Helt GyHK-
1M HAXOAATCS B CTaHAAPTHOM 3aroJIOBOYHOM (aitne <stdlib.h>. Takum 06-
paszoM, GyHKIMIO talloc MOXKHO 3aNKCaTh TaK:

#include <stdlib.h>

/* talloc: co3paeT tnode */
struct tnode *talloc(void)

{

return (struct tnode *) malloc(sizeof(struct tnode));

! 3ameuanvie 0 PUBEJIEHHUH THIIA BEJIMYUIIbL, BO3BpalllaeMoii hylKimceii malloc, HyxHO nepe-
niucatb, [IpuMep koppekTen u paboTaer, HO COBET ABJISAETCS CIOPHBIM B KOHTEKCTC CTaHAAPTOB
ANSI/ISO 1988-1989 r. Ha camom acuie 310 11ie 06a3aTesibHO (11pY YCA0BUH YTO HPUBCACHHUC
void+ kK ALMOSTANYTYPE+ BLITOJIISICTCS! aBTOMATHUYECKH) U BO3MOXKHO AQXC 011acHo, ecjim malloc
MAM €€ 3aMCECTUTCIL HE MOXeT ObITh 0ODbsBIIel Kak (dyHKIMS, Bo3Bpawawoas void+. fsnoe
lIpUBE/ICHME THIIA MOXKET CKPBITD CyYaiitylo ouinbKy. B apyrue Bpemena (0 nossiienus craii-
naprta ANSI) 1puBeaeHue cuuTatoch 063aTCAbIIBLIM, YTO TAKXKE ClpaBeUIMBO U Al C++. —
Ipumeu. asm.
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OyHk1HMA strdup NPOCTO KONHPYET CTPOKY, YKa3aHHYIO B apIyMEHTe, B Me-
CTO, HOJIyYeHHOe C IToMolllbio malloc:

char «strdup(char xs) /* penaeT aybnaukaT s */
{

char «p;

p = (char =) malloc(strlen(s)+1); /+ +1 ana '\0' =/
if (p !'= NULL)

strepy(p, s);
return p;

}

Dyukiys malloc Bosspamaet NULL, eciv cBOGOAHOTO MPOCTPaHCTBa HeT; strdup
BO3BpALIAET ITO e 3HaUYEHHE, OCTABJISAS 3a00TY O BbIXOZIE U3 OLIMOOYHOM CH-
Tyalli¥ BbI3bIBAIOIIE TPOrPaMMe.

[TamsTh, HOIYYEHHYIO C TOMOIIBIO Mal10C, MOYKHO OCBOOOAUTD /151 IIOBTOP-
HOTO UCIOJIb30BaHKs, 00paTUBIIKCD K GyHKUNM free (cM. raBbl 7 U 8).

YupaxHenue 6.2. Hanumure nporpaMmy, kotopast yutaeT TekcT Cu-mpo-
rpaMMBI ¥ Te4aTaeT B aJihbaBUTHOM MOPSZIKE BCe IPYIIIbI MMeH TepeMEHHBbIX,
B KOTOPHIX COBIIAZAIOT IepBble 6 CHMBOJIOB, HO NOCJEAYIONHE B YEM-TO
pasnuyaiorcs. He obpabaTbiBaiiTe BHYTPEHHOCTH 3aKaBbIYEHHBIX CTPOK U
koMMeHTapueB. Uucso 6 crenaiiTe napaMmeTpoM, 3a1aBaeMBIM B KOMaHAHOU
CTpOKE.

Vupaxuenue 6.3. Hanuuvte nporpaMmy nedat Tabuibl “nepekpecTHbIX
ccblIOK”, KOTOpast byaeT meyataTb BCe CJIOBA JOKYMEHTA M YKa3blBaTb JJIs
KaXXIOTO M3 HUX HOMepa CTPOK, IZie OHO BcrpeTuiock. [IporpamMma nomxua
HTHODHPOBATh “LIyMOBBIE” CI0Ba, TaKWe Kak “u”, “HWJIN” U 1Ip.

Vupaxuenne 6.4. Hanvure nporpamMmy, koTopasi nedataer Becb Habop
Pa3JIMYHBIX CJIOB, 0OPa3yOMHUX BXOAHOM MOTOK, B MOPAAKE BO3PACTAHUS
4acTOTHI MX BCTpeyaeMocTH. Ilepes KaXAbIM CIOBOM JOJIXHO ObITh YKa3aHO
YUCJIO BXOXKIEHUH.

6.6. MpocmoTtp Tabnuy

B sToM naparpade, 4T06bI IPOUIUIIOCTPUPOBATH HOBbIE aCNIEKTHI IPUMEHE-
HUSA CTPYKTYP, Mbl HAITHILIEM SIIPO IaKETa POrPaMM, OCYLIECTBJIAIOLIMX BCTaB-
Ky 9JIEMEHTOB B TaGJIMLBI U MX TIOMCK BHYTPU Tabyuil. ITOT NAaKeT — TUNNY-
HbIi1 HabODP MPOrpaMM, C IOMOIIbIO KOTOPHIX PabOTAIOT ¢ TabIMLAMU UMEH
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B JI060M MaKpoTpoLeccope Ui KoMIuasTope. PaccMoTpuM, Hanpumep, HH-
cTpykuuio #define. Koraa Bctpeyaercs crpoka Buza

#define IN 1

1M IN M 3aMelatolyii ero TeKCT 1 Z0/DKHBI 3alIOMHHAThCs B Tabuivie. Ecun
3areM UM IN BCTPETUTCH B MHCTPYKLIMH, HAaXIDUMED B

state = IN;

OHO JOJIXHO OBITh 3aMeHeHo Ha 1.

CymecTBYIOT ABe POrpaMMbl, MAaHUIIYJIMPYIOLHE C UMEHaMH{ U 3aMelna-
IOIUMHU UX TekcTaMu. JTo install(s, t), KOTOpas 3alMUCHIBAET UMSI S U 3aMe-
IAONIMH ero TeKCT t B Tabnuiy, raes ut — CTPOKH, U lookup(s), ocymecTss-
follast IOMCK $ B TabJMIle ¥ BO3BPAILAONIas YKa3aTeslb HA MECTO, Te UMS S
6bL10 HalimeHo, uiau NULL, ecitu s B TabHIle He 0Ka3aloch.

AJITOpDHUTM OCHOBAH Ha X3II-TIOMCKe: NOCTyNaloliee UM CBEPTbIBAETCS B
HEOTPHIIATEJIBHOE YHUCIIO (X3UI-KOJ ), KOTOPOE 3aTeM UCIOJIb3yeTCs B KauecTBe
HHJIeKCa B MaccuBe yKasaTeseil. Kax bl 31eMeHT 3TOro MaccuBa ABISETCS
yKasaTeJieM Ha HayaJlo CBSA3aHHOTO CIIMCKa BJIOKOB, OMMCHIBAIOIUX UMEHA
¢ IaHHBIM XauI-KoxoM. Ecii amemeHT MaccuBa paBeH NULL, 3TO 3HaYUT, YTO
MMEH C COOTBETCTBYIOIIHMM X31I-KOJOM HeT.

» 1—[0

o v I BT
0 ——> | —— TEekcT
0
0

I

01 , uma

0 | —+—> TexcT

~

bBiiok B cricke — 3T0 CTPYKTYPa, coAepxKaliasi ykasaTeslM Ha UMs], Ha 3aMe-
LIAMOUIMEA TEKCT U Ha CIIeY oL 610K B criucke; 3Hadenre NULL B yKasareJe
Ha CJIeAy O UH 6710k 0O3HayYaeT KOHell CIIUCKa.

struct nlist { /* anemeHT Tabnuupl */
struct nlist *next; /* ykasaTenb Ha CNeayoumin aneMeHT =/
char *name; /* onpeneneHHoe uMa */
char *defn; /* 3ameuwanunii TekcT */

¥
A BOT KakK 3aIllUCbhIBa€TCA onpeaenenne MacCCHBa yK&SaTeJIeﬁZ

#define HASHSIZE 101
static struct nlist xhashtab[HASHSIZE]; /+ Tabnuua ykasaTenen =/
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CDyHKum X3IIMPOBaHUA, UCMOIb3yeMas B lookup U install, cymMupyer
KO/ZIbI CHMBOJIOB B CTPOKE U B Ka4eCTBe pe3yJibTaTa BblaeT OCTAaTOK OT JeJie-
HUsI IIOJIyYeHHOH CYyMMBI Ha pPa3Mep MaccHBa yKka3aTesed. ITO He caMas JIy4-
mast GYHKUMS X3IHUPOBaHUs, HO ZOCTATOYHO JIAKOHWYHAs U 3 dexTHBHAs.

/* hash: nony4aeT xaw-Kko4 ANS CTPOKu s */
unsigned hash(char *s)
{

unsigned hashval;

,for (hashval = 0; *s !'= '\0'; s++)
hashval = s + 31 * hashval;
return hashval % HASHSIZE;
}

Beasnakobas apugMeTHKa rapaHTHPYET, YTO X3II-KO/ OYAET HEOTPULIATETbHBIM.

X3mupoBaHye NOpoXKIaeT CTapTOBBIN HHAEKC /711 MaccuBa hashtab; ecn
COOTBETCTBYIOLIAs CTPOKA B TabJMIe eCTh, OHA MOXKET ObITh OOHAPYKEHA TOJIb-
KO B CIIMCKe 6JI0KOB, Ha Haya/io KOTOPOTro yKa3bIBaeT 3JIEMEHT MaccuBa hashtab
¢ aTuM uHzAekcoM. [louck ocymectsisiercs ¢ noMourbio 1ookup. Eciu lookup
HaXOJAHUT 3JIEMEHT C 331aHHOH CTPOKOH, TO BO3BpalliaeT yKa3aTeJb Ha Hee, eCJIi
He HaXOAUT, TO Bo3BpamiaeT NULL.

/* lookup: unuet s */
struct nlist =lookup(char *s)

{

struct nlist =*np;

for (np = hashtab[hash(s)]; np != NULL; np = np->next)
if (stremp(s, np->name) == Q)
return np; /* Hawnn */
return NULL; /* He Hawnm */

}

B for-uukite gpynxuny lookup A71st IpOCMOTPa CIIYCKA UCIOJIb3YeTCA CTaHAapT-
Hasl KOHCTPYKIUS

for (ptr = head; ptr != NULL; ptr = ptr->next)

Oynkuus install obpaiuaercs K 1ookup, 4TOOBI OTNPEAESTUTD, UMEETCS JIU
yXe BcTapiisieMoe UMs. Eciii aTo Tak, To crapoe onpezesieHde 6yaeT 3aMeHeHOo
HOBLIM. B mpoTuBHOM cityuae GyneT 06pa3oBaH HOBbII asieMeHT. Eci 3anpoc
aMSITH [ HOBOT'O 3JIEMEHTA He MOXKeT OBITh YIOBJIETBOPEH, GyHKUMs install
BbimaeT NULL.
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struct nlist *lookup(char »);
char =strdup(char =);

/* install: 3saHocuT uma u TekcT (name, defn) B Tabnuuy +/
struct nlist *install(char *name, char +defn)
{

struct nlist np;

unsigned hashval;

if ({(np = lookup(name)) == NULL) { /* He HaiipeH +/
np = (struct nlist =) malloc(sizeof(*np));
if (np == NULL i (np->name = strdup(name)) == NULL)
return NULL;
hashval = hash(name);
np->next = hashtab[hashval];
hashtab[hashval] = np;
} else /* yxe nmeetcsa x/
free((void ) np->defn); /* ocBoboxgaeM npexHuin defn =/
if ((np->defn = strdup(defn)) == NULL)
return NULL;
return np;

}

Vupaxuenue 6.5. Hanumiure Gysxkuuo undef, yaangomyo uMs 1 onpe-
JeNeHre U3 TabuIbl, OPraHU3alMs KOTOPO MOAAEPKUBAETCS (DYHKIMAMM
lookupminstall.

Vnpaxkuenue 6.6. Peanusyiite npoctyio Bepcuio #define-npoueccopa (6e3
apryMeHTOB), KOTOpasi MCII0JIb30BaIa OBl IPOrpaMMbl 3TOTO Maparpada u
roguacs 6b1 futst Cu-niporpamMM. Bam MoryT omous porpamMMs getch 1 ungetch.

6.7. CpencrBo typedef

SAsbik Cu npenocTasisieT cpeacTso, HazbiBaeMoe typedef, koTopoe nosso-
JISIeT AaBaTh THIIaM JaHHBIX HOBble UMeHa. Hanpumep, 06bsiBieHme

typedef int Length;

nenget umsi Length cunonumoM int. C aToro MoMeHTa TUI Length MOXHO nIpH-
MEHATb B 0ObSIBIEHUSX, B OIIEPATOpPE NPUBEAEHUS U T. . TOYHO TaK e, KaK
TUNI int:

Length len, maxlen;
Length *lengths[];
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AHanornuHo o6bsiBIEHNE
typedef char *String;

ZIesaeT String CHHOHHUMOM char «, T. €. yKa3aTeJieM Ha char, ¥ IpaBOMepHBIM
OyzeT, HanpUMep, CIIEAYIOLIee ero UCIOIb30BAHME:

String p, lineptr[MAXLINES], alloc(int);
int strcemp(String, String);
p = (String) malloc(100);

3ameTuM, 9TO 0OBSABIAEMBII B typedef THII CTOMT Ha MeCTe MeHH Iepe-
MeHHOH B 0ObIYHOM 06ObABIEHNH, a He cpa3y 3a c10BoM typedef. C Touk 3pe-
HUS CUHTaKCHUCa CI0BO typedef HAMOMHUHAET Kjlacc MaMsITH — extern, static
U T. . ViMeHa THIOB 3an¥caHbl ¢ 3ar1aBHBIX OYKB AJIS1 TOTO, YTOOBI OHH BbI-
JEJISIHC.

Jlnst neMoHcTpanuu 60Jiee CI0XKHBIX IPUMEPOB IPUMeHeHUs typedef Boc-
HOJIb3YEMCSI 3TUM CPEACTBOM IIPH 33JaHHH Y3JI0B E€PEBbEB, C KOTOPHIMH MBI
yoKe BCTPeYalnch B JaHHO IJIaBe.

typedef struct tnode *Treeptr;

typedef struct tnode { /+ y3en pepeBa: */

char =word; /* ykasaTenb Ha TekcT =/
int count; /* 4MCNO BXOXAEHWA */
Treeptr left; /* NEBHN CHH */
Treeptr right; /* npasbil CbiH */

} Treenode;

B peayibTaTe co3garoTcs ABa HOBBIX Ha3dBaHUs THIOB: Treenode (CTPyKTypa)
u Treeptr (yka3aTesb Ha CTPYKTYpY). Teneps nporpamMMy talloc MOXKHO 3a-
IMCaTh B CJIEAYIONIEM BUAE:

Treeptr talloc(void)
{

return (Treeptr) malloc(sizeof(Treenode));

Crenyer noa4epkHyTbh, 4TO 0GbsABIEHHE typedef He co3aeT 06bABIEHUS
HOBOTO THIIa, OHO JIMIIb COOOIIAET HOBOE UMS YXK€ CYLIECTBYIOLIEMY THILY.
Hukakxoro HOBOro cMbICJia 3TH HOBBIE UMEHA He HECYT, OHU OGBABIIAIOT TIEepe-
MeHHbIe B TOYHOCTH C TEMH JKe CBOMCTBaMH, Kak ec/1i ObI Te 011 00D ABIEHDI
HanpsiMyio 6e3 neperMeHoBanus Tuna. MakTuyecku typedef aHaIOrMYEH
#define ¢ TeM JIMIIb OTJIMYUEM, YTO NIPU UHTEPIPETALUU KOMIIUIATOPOM OH
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MOXET CIIPaBUTBCSI C TAKOM TEKCTOBOM MOICTAHOBKOM, KOTOPasi He MOXeET ObITh
obpaboTana npenpoueccopom. Hanpumep

typedef int (*PFI)(char =, char =);

co3gaet Tun PFI — “yka3aTesib Ha QYHKUMIO (ABYX apIYMEHTOB THIIA char +),
BO3BpAlIAOIIYI0 1nt”, KOTOPHIi, HanpUMep, B IPOrpaMMe COPTUPOBKH, OIH-
CaHHOI1 B [J1aBe 5, MOXHO KCII0JIb30BaTh B TAKOM KOHTEKCTE:

PFI strcmp, numcmp;

[ToMHMMO NPOCTO 3CTETHYECKUX COODPAKEHHH, IS TIPUMeHeHUs typedef
CYMIeCTBYIOT iBe BaKHble NpUYUHEL. [lepBasi — mapaMeTpu3anyis IporpaMMmel,
cBs13aHHas ¢ 1pobsieMoit nepernocumocT. Eciim ¢ nomoursio typedef o6baBUTD
THIIbI JAHHBIX, KOTOPbIE, BO3MOJKHO, SABJISIOTCS MalllMIHHO-3aBUCUMBIMH, TO TIPU
TiepeHoce NPOTrPaMMBI Ha APYTYIO MALIMHY NOTPedyeTcsi BHECTH H3MEHEHUs
TOJIBKO B onpezenenus typedef. OnHa U3 pacnpoCTpaHEeHHBIX CUTyauuii —
HCIoJIb30BaHue typedef-UMeH AJi1 BapbUPOBAaHHUA L[eJBIMU BeJIMYMHAMU.
5 kax 0¥ KOHKPETHOM MallTHBI 3TO IPEATIONaraeT COOTBETCTBYIOMILE YCTa-
HOBKH short, int uiau long, KOTOpLIE AEJIAI0TCA aHAJIOTUYHO YyCTaHOBKaM CTaH-
JapTHBIX TUIIOB, HarpuMep size_t uptrdiff_t.

Bropas npuuuHa, nobyxaaomas K IpuMeHeHuIo typedef,— xKenanue cie-
nath 6oJiee ACHBIM TEKCT nporpamMMbl. Tum, HasBauHbI# Treeptr (OT aHIIMIAC-
KIX CJIOB tree — ZIepeBo U pointer — ykasaTelb), 6oJiee IIOHATEH, YEM TOT XKe
THII, 3alIMCAHHBIN KaK yKa3aTeJib Ha HEKOTOPYIO CJIOXHYIO CTPYKTYDY.

6.8. O6bvenuHeHuUn

Obvedunenue — 3T0 TepeMeHHast, KOTOPas MOXeET CO/epXaTb (B pa3Hble
MOMEHThI BpeMEHH ) 0GBEKTHI Pa3/IMYHbIX TUIIOB U pa3MepoB. Bce TpebGoBanus
OTHOCHUTEJNbHO Pa3MePOB U BhIPABHUBAHUS BBINOJHsIET KOMIUIATOp. O6be-
JAMHEHHA I03BOJISIOT XPaHUTh Pa3HOPOAHbIE JAHHbIE B OAHOM U TOM xe 06a-
CTH NaMATH 6e3 BKJIIOYEHUsI B IPOrPaMMy MallMHHO-3aBUCUMON MH(pOpMa-
UK. ITH CPeACTBa AHAJIOrHYHBI BapHaHTHBIM 3anucsM B [lackarne.

TIpuMepoM KCTI0b30BaHUs 0ObEANHEH NI MOT ObI TOCTY>KUTh CaM KOMIIU-
JIATOP, 3aBey 1IN TabH1Iei CHMBOJIOB, €CJIM IIPEATIOJIOKUTD, YTO KOHCTaH-
Ta MOXeT UMeTh TUII int, float Mau ABJIATbCA yKa3aTesieM Ha CHMBOJ M UMETh
TUI char *. 3HaYeHHe KaXA0H KOHKPETHON KOHCTAHThI ZOJIXKHO XPaHUTHCA
B IIePEMEHHOMN COOTBETCTBYIOLIErO ATOM KOHCTaHTe TUMa. PaboTtaTs ¢ Tabiu-
11e#l CMMBOJIOB BCer/ia yAo0Hee, eCITi 3HaYeHUs 3aHUMAIOT OAMHAKOBYIO 110 06B-
eMy NaMsATh Y 3alIOMUHAIOTCA B OZZHOM U TOM K€ MeCTe He3aBHCHMO OT CBOETO
tuna. Lless BBeieHNA B IpOrpaMMy 06beIUHEHNs] — UMETh IIEPEMEHHYIO, KO-
Topasi 6Gbl Ha 3aKOHHBIX OCHOBAaHMAX XpaHWIa B cebe 3HaYeHHUsI HECKOIBKHX
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tunos. CuHTakcuc 06beJMHEHU I aHANOTHY€eH CUHTAKCUCY CTPYKTYP. [IpuBe-
1ieM IpuMep 0ObeAUHEHHU .

union u_tag {
int ival;
float fval;
char =sval;
}ou;

Tepemennas u 6yner K0CTaTOYHO GOJIBIION, YTOOBI B Hell TIOMECTUIACh
mo6ast nepeMeHHasi U3 yKa3aHHbIX TPEX THIIOB; TOYHbIA ee pa3Mep 3aBHCHT OT
peanu3anuy. 3HaueHHe OHOTO U3 ITUX TPEX TUIOB MOXET OBITh PUCBOEHO
TlepeMEHHOM U U JaJiee UCTI0Ib30BaHO B BHIPAKEHUAX, ECIIM 3TO IPABOMEPHO,
T. €. €CJIM THUII B3ATOTO €10 3HAY€HHSI COBNAZIAeT C THIIOM TIOCJIELHErO IPHCBO-
€HHOro el 3HayeHMs. BoinosiHeHUe 3TOr0 TpebOBaHHMS B KaXAbIA TEKyITHIA
MOMEHT — 1[eJIMKOM Ha COBECTH IIPporpaMMucTa. B ToM ciyyae, ecii Heuto 3a-
TIIOMHEHO KaK 3HAaYeHUe OJIHOTO THIIA, @ M3BJIEKAETCSA KaK 3HAYEHVE JPYTOro
THIIa, Pe3yJIbTaT 3aBUCHUT OT PEAIU3ALMH.

CuHTaKCYC I0CTyIA K 3/1eMeHTaM 00 beANHEHNS CIIELY IO HA:

uMA-066edunenus . anemenm
WIN

yKazamenv-na-obsedunenue —> sneMenm

T. €. B TOYHOCTH TaKOi, Kak B CTPYKTypax. EC/u 115 XxpaHeHU s TUIIa TEKYIIETO
3HaYeHY U MICII0JIb30BaTh, CKaXKeM, IIepeMEHHYIO utype, TO MOXKHO HalucaTh
Tako¥ ¢pparMeHT NPOrpaMMbl:

if (utype == INT)
printf("%d\n", u.ival);
else if (utype == FLOAT)
printf("%f\n", u.fval);
else if (utype == STRING)
printf("%s\n", u.sval);
else
printf ("HesepHbin TN %d B8 utype\n”, utype);

Ob6benvHenns MOTYT BXOAUTh B CTPYKTYDPBI M MacCHBBI, U Ha060poT. 3a-
IIKCh JOCTYIA K 371eMeHTY 00beAMHEHNSA, HAXOAALIETOCS B CTPYKTYpe (KaK 1
CTPYKTYPBbI, HaX0AsAMmEeRCS B 00beAMHEHNHN ), TAKAS XKe, KAK U JJIS1 BIOXKEHHBIX
cTpykrtyp. Hanpumep, B MaccuBe CTpyKTyp

struct {
char *name;
int flags;
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int utype;
union {
int ival;
float fval;
char *sval;
}ou;
} symtab[NSYM];

K ival obpamarnTcs ceay oM 06pasoMm:
symtab[i].u.ival

a K IIepBOMY CHMBOJIY CTPOKH Sval MOKHO 0OpaTUTbCs JII0OBIM U3 CEAyIo-
IUX JBYX CIIOCOOOB:

=symtab[i].u.sval
symtab[i].u.sval[0]

DakTryeckn 06beAMHEHNE — 3TO CTPYKTYPA, BCE IIEMEHTBI KOTOPOU MMe-
0T HYJIEBOE CMellleHre OTHOCUTEJIbHO ee 6a30BOro azipeca U pasmep KOTOPOM
T103BOJISIET [IOMECTUTBCS B HEW caMOMy GOJIBLIOMY €€ 3JIEMEHTY, @ BBIDABHHU-
BaHUe 3TOM CTPYKTYPHI YIOBIETBOPSIET BCeM THNaM 00beanHenus. Onepauny,
IPUMEHHMBIE K CTPYKTYPaM, TOASTCS U 15 00be v HEHH A, T. €. 3aKOHHbI [IPU-
cBauBaHue 0ObeqMHEHNS] U KONMPOBAHHE €r0 KaK eAHHOrO LEJIOro, B3sTHE
azpeca oT 06befIHEHNS ¥ ZOCTYII K OTAENbHBIM €r0 3JIeMEHTaM.

WHuumanu3anposaTs 06beAHHEHE MOXHO TOJIKO 3HaYeHHEM, HMEIOLIUM
THII €r0 IEPBOTO DJIEMEHTA; TAKUM 0OPA30M, YIIOMSHYTYIO BBILIE IEPEMEHHYO
U MOKHO MHUIIMATIM3UPOBATh JIMIIb 3HaYeHHeM THMa int.

B riiaBe 8 (Ha npruMepe porpamMMBl, 3aBeAyIolieil BhAeTeHUEM IaMSITH ) MBI
TIOKXEM, KaK, IPUMeHs s 00befHEHE, MOXKHO JOOUTbCS, YTOOBI pacronoxe-
HU€ NlepeMEHHON OBLIO BHIDOBHEHO 110 COOTBETCTBYIOLIEH IPAaHHILIE B IAMSTH.

6.9. ButoBble nonsa

[Ipu nedunuTe NaMATH MOXKET BO3HUKHYTb HEOOXOAMMOCTD 3aIlaKOBaTh
HECKOJIbKO 0OBEKTOB B OZHO CJI0BO MaiinHbl. OHa U3 0ObIYHBIX CUTYaALHUH,
BCTpeyaionasics B 3ailayax 00paboTKH TabIHL CUMBOJIOB ISl KOMITUJISITO-
pOB, — 3T0 00bearHeHNe TPy 0AHOOUTOBBIX (haxkkoB. DOpMaThl HEKOTO-
PBIX IaHHBIX MOTYT OT Hac BOOOIlle He 3aBUCETh M JUKTOBATHCS, HAIIPHUMEP,
uHTepdeiicaMy ¢ annmapaTypoil BHEIIHUX YCTPONCTB; 3/1eCh TaK)Ke BO3HUKAET
N0TPeOHOCTD aZIPECOBATHCS K YACTSIM CJIOBA.

Boo6pasum cebe pparMeHT KOMIMIATOPA, KOTOPBI 3aBeAyeT Tabnuuei cum-
B0JI0B. KaXkp1il naeHTUhUKATOpP IPOrpaMMbl KMeEET HEKOTODYIO CBSI3aHHYIO
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C HUM UH(OOPMALIMIO: HATIPUMED, HPEACTABIISET JIM OH COHOH KIIFOYEBOE CI0BO
H, €CJIM 9TO NIePeMeHHas], K KaKOMY KJIaCCy IIPHHAUIEXHUT: BHEIIHSA U / WIH CTa-
TH4eckas U T. 1. CaMBIil KOMIIAKTHBIA C110cO6 KOAUPOBaHUS TaKOi MHGpOPMa-
MK — PacIOIOXKUTh ONHOOUTOBBIE (PJIa’KKK B OJHOM CJIOBE THIIA char Wiy int.

OnvH U3 PacIpoCTPaHEHHBIX IIPUEMOB PaboThI ¢ GUTaMK OCHOBaH Ha OTIpe-
aeeHrd Habopa “Macok”, COOTBETCTBYOIIMX MO3UIMAM 3TUX OUTOB, KaK, Ha-
IpUMep, B

#tdefine KEYWORD 01 /* Kni4eBoe cnoso */
#define EXTERNAL 02 /* BHewHuA =/
#define STATIC 04 /* cTaTudeckuin */

HIN B
enum { KEYWORD = 01, EXTERNAL = 02, STATIC = 04 };

Yuca nomkHbl ObITH cTENeHAMH ABoiKY. Toraa 10CTyN K 61TaM CTaHOBUTCS
nesioM “noOUTOBBIX ONlepalyit”, ONMCaHHbBIX B I71aBe 2 (CABUT, MAaCKMPOBaHUE,
B3SITHE HOTIOJHEHUS ).

HexoTopbie BUIbI 3an1¥CH BBIPaXKEHU BCTPEYAIOTCA OBOJIbHO YacTo. Tak,
flags = EXTERNAL | STATIC:
yCTaHaBJIMBAEeT 1 B COOTBETCTBYIOLIMX 6urax nepeMeHHO flags,
flags &= ~(EXTERNAL : STATIC);
o0OHyJIS€ET UX, a
if ((flags & (EXTERNAL i STATIC)) == 0) ...

OlIEHMBAET yCJIOBHE KaK HCTMHHOE, eciu 00a 6uta HyieBble.

XoTs Hay4YUTbCS THCATh TAKOTO POJA BBIPAXKEHHS HE COCTABJAET TPYAR,
BMECTO TIOGUTOBBIX JIOTMYECKUX ONEPALlil MOXHO I10JIb30BaThCs MPeaOCTaB-
nsieMbiM CH APYTMM c1I0COGOM NPAMOTO OTpeAeNieHHst U JOCTYIa K MOJsAM
BHYTDH cJioBa. Bumogoe none (W 1715 KPaTKOCTH NPOCTO 10/€) — 3TO HEKO-
TOPOE MHOX€ECTBO GUTOB, JIeXalUX PSIOM BHYTPH OJHOM, 3aBUCSIIEH OT pe-
aNyM3aliy eVHHUIBI TaMATH, KOTOPYIO MbI OyneM Ha3biBath “ciooM”. CHH-
TaKCHUC ONpeJesieHus MoJIeil ¥ JOCTyNa K HUM Gasupyercs Ha CHMHTaKCHCe
crpykryp. Hanpumep, ctpoxu #define, urypuposasiive Bblilie NPH 3a1aHUH
TabIUIb] CUMBOJIOB, MOXHO 3aMEHUTD Ha OTIpe/ieIeHe TPeX IoJIeit:

struct {
unsigned int is_keyword : 1;
unsigned int is_extern : 1;
unsigned int is_static : 1;
} flags;
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JTa 3anuch onpeenseT nepeMeHHyo flags, KOTOpast COAEPKUT TPU OLHOOU-
TOBBIX N0J1s1. YHcno, cienyonee 3a JBOeTOUMEM, 3a1aeT LIMPUHY Mo, [Tons
00bsBJIEeHbI KaK unsigned int, 4TOOBI OHU BOCIPUHUMAHCH KaK Oe33HAKOBBIE
BEJIMYMHBI.

Ha oTaesnbHble OIS CCBLIAIOTCS TaK Xe, KaK i Ha 3JIEMEHTbI OObIYHBIX CTPYK-
Typ: flags. is_keyword, flags.is_externu T. 1. [Tons “BenyT cebs” kak Masibie
HeJIble U MOTYT Y4acTBOBaTh B aDU(METHIECKHX BEIPAXKEHUSIX TOYHO TaK XKe,
KaK 1 fpyrue nesble. TakuM 06pa3oM, npeablayiie NpUMepbl MOXHO Hallu-
caTb 6oJiee eCTECTBEHHO:

flags.is_extern = flags.is_static = 1;
yCTaHaBIVMBAET 1 B COOTBETCTBYIOLIHE OUTHI;

flags.is_extern = flags.is_static = 0;
ux obHyJIs€eT, a

if (flags.is_extern == 0 && flags.is_static == Q)

HpoBepseT UX.

Tloutn Bce TeEXHHYECKHE NETATH, KAacalOIHeCs MOJel, B YaCTHOCTH, BO3-
MOXXHOCTb TI0JIS IEPEUTH IPaHMIy CJI0BA, 3aBUCAT OT peanu3sauuu. [losns Mo-
TYT He MMEeTb MMEHH; C TIOMOLIbIO He3bIMSIHHOTO MOJIA (334aBaEMOr0 TOJIBKO
JBOETOYMEM Y UIVPHHOM ) OPraHU3yeTCsI NPOIMYCK HY’KHOTO KOJIMYecTBa pa3-
panos. Ocobas mMpUHa, paBHAas HYJIIO, UCIIOJIb3Y€ETCS, KOTAa TpeOyeTCs BbIid-
TH Ha TPaHULY CIeLYIOLIero cJoBa.

Ha ouux MaiirHax noJist pa3MelaioTcs cieBa Halpaso, Ha APYTHX — CIIpaBa
HasieBO. DTO 3HAYMT, YTO IIPU BCel NMOJIE3HOCTH paboThI ¢ HUMH, ecii HopMaT
JlaHHBIX, C KOTOPBIMH Mbl HMEEM [I€JI0, JaH HaM CBBILIE, TO HEOOXOAMMO ca-
MbIM TINATeJbHBIM 00pa30M HCCIIENOBATh MOPSAOK PACIOJIOXEHHS MOJeE;
TPOrPaMMBl, 3aBUCSIIHE OT TAKOTO POAA Beleil, He nepeHocHMBL. 1o Mox-
HO OTIPEeAENATh TOJIBKO C TUIIOM int, a AJ1s TOT0 4TOObI 06eCIeYNTb IIEPEHOCH-
MOCTb, HaJIO IBHO yKa3bIBaTh signed wiu unsigned. OHHU He MOTYT ObITH Mac-
CHBaMH U HE MMEIOT aJ[PECOB, U, CJIeJ0BaTeIbHO, ONIepaTop & kK HUM He IIpHMe-
HUM.
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Bsoa v BbIBOA,

B03MOXHOCTH 17151 BBOJA Y BbIBO/A HE SIBJISIIOTCS YaCThIO caMoro si3bika CH,
M09TOMY MbI TOAPOOHO U He PACCMATPUBAH HX A0 CUX 1Op. Mexay TeM pe-
aJbHbIE TIPOTPaMMBbl B3aUMO/EHCTBYIOT CO CBOMM OKDYXXeHKeM ropaszio 6osee
CJIOHBIM CII0COO0M, 4eM Te, KOTOpbIe ObLIM 3aTPOHYTHI paHee. B aToi riase
MBI OTIKIIEM CTaHAAPTHYI0 OMb1MOTeKY, conepxaniyio Habop GyHkuui, 0bec-
TeYBaoLIMX BBOA-BbIBOJ, pabOTY CO CTPOKaMH, yIipaBJeHHe aMsIThiO, CTaH-
IapTHble MaTeMaTHYecKue GYHKUUK 1 pa3HOro pofia cepBucHble CH-TIporpaM-
mbl. Ho 0coboe BHUMaHHe yeTUM BBOLY-BbIBOAY.

BubnoTeynsie GyHKIMN BBOAA-BBIBOJA TOYHO ONPEENSIOTCS CTaHAAPTOM
ANSI, Tak 4TO OHM COBMECTHMbI Ha JIOOBIX CUCTEMaX, I/e TIOANEPKUBAETCA
Cu. IIporpaMmsl, KOTOpBIE B CBOEM B3aUMOZEHCTBUHU C CHCTEMHBIM OKDYXKe-
HUEM He BHIXOAT 32 PAMKH BO3MOXKHOCTE# CTaHAapTHOM 6HbIHOTeKH, MOX-
Ho 6e3 M3MeHeHH i TepeHOCUTD C OIHOM MalIMHbBI Ha APYTYIO.

CsoiicTBa 6ubaMOTeYHbIX GYHKUMH criequdUIMPOBaHbl B H0Jiee YeM fio-
JKHHE 3aroJIOBOYHbIX (hailyIoB; BaM yKe BCTPEYATHUCh HEKOTOPbIE U3 HUX, B TOM
gucie <stdio.h>, <string.h> u <ctype.h>. MBI He paccMaTpUBaeM 3€eCbh BCIO
6ubnoTeky, Tak Kak Hac 6oJblIe MHTepecyeT HanrucaHne CH-TIPOrpaMM, 4eM
ucrnonb3oBanue 6ubnnoteuynnix pyukuuid. CrangapTHas 6ubiavoreka no-
ApobHO onrcaHa B IPUIOXeH!H B.

7.1. CtaHpapTHbLIA BBOA,-BbIBOA,

Kak y>e roBopuiocs B riiase 1, 6ubinoreunble GyHKLUHH PEATU3YIOT PO-
CTYI0 MOJIEJIb TEKCTOBOTO BBO/JA-BbIBO/IA. T€KCTOBBII TOTOK COCTOUT U3 TTOC-
JIeI0BATENbHOCTH CTPOK; KaXK/as CTPOKA 3aKaHYMBAeTCs CHMBOJIOM HOBOM
crpoku. Eciu cucTeMa B 4eM-TO He CJieflyeT MPUHATOM Moenu, bubanoTexa
cllesIaeT TaK, YTO6bI Ka3auoch, YTO 3Ta MOJIEJb YAOBJIETBOPSIETCS TOJHOCTBIO.
Harnpumep, napa ciMBOJIOB — BO3BpaT-KapeTKH 1 epeBOA-CTPOKH — IIPU BBO-
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e Moria 651 66ITh TPe06pa30BaHa B OMH CHMBOJI HOBO# CTPOKH, a IIPU BbIBO-
Jie BBIMOJIHANOCH Ob1 06paTHOE npeobpa3oBaHue.

ITpocreiininit MexaH13M BBOZIA — 3TO YTE€HHeE OZHOTO CUMBOJIa U3 cmandapm-
1020 6600a (0OBIYHO C KJIaBUATYPbI) GhyHKIMEN getchar:

int getchar(void)

B xauecTBe pe3ysibTaTa KaX0ro CBOEro BbI30Ba (pyHKIMA getchar Bo3Bpama-
eT CIIeNyIoIMH CUMBOJI BBOJA HIIH, CJIM 00HapyxeH koHel| daitna, EOF. Ume-
HOBaHHasi KOHcTaHTa EOF (ab6peBuarypa ot end of file — koneu ¢aiina) onpe-
neseHa B <stdio.h>. O6p14HO 3HaueHue EOF paBHO -1, HO, 4yTOObI HE 3aBUCETD
OT KOHKPETHOTO 3HaYeHMs 3TOM KOHCTAHTHI, 00paIaThes K Hell CexyeT 1o
nMenH (EOF).

Bo MHOTHX cHCTeMax KJIaBUaTYPy MOKHO 3aMeHUTH (aiiyioM, nepeHanpa-
BHB BBOJ C TOMOIL[BIO 3HayKa <. Tax, ecii mporpamMMa prog UCIOJIb3yeT getchar,
TO KOMaH/JHasd CTPOKa

prog < infile

HpeNuLIET IPOrPaMMe prog YUTaTh CUMBOJIBI U3 infile, a He ¢ KJIaBUATYPHI.
[lepexsroueHne BBO/IA ieTaeTCsl TAK, YTO caMa NporpaMMa prog He 3amMeyaet
TIOZIMEHBI; B YaCTHOCTH CTPOKa “<infile” He OyaeT BKJIOYEHA B apryMEHTHI
KOMaHIHOM cTpoku argv. Ilepexiroyenre BBoaa OyneT TakKe HE3aMETHBIM,
€CJIY BBOJ MCXOJUT OT IPYTOi IIPOrpaMMBl U IiepefaeTcsi KOHBeHepHbIM 00pa-
30M. B HEKOTOpPBIX CHCTEMaX KOMaHAHASA CTPOKa

otherprog ' prog

TIpUBEZIET K TOMY, YTO 3aIIyCTUTCS AABE IIPOTPaMMBl, 0therprog v prog, M CTaH-
IapTHBIN BRIXOA otherprog HOCTYIMT Ha CTaHAAPTHBINA BXOZ Prog.
Oyukuus

int putchar(int)

UCITIOJIb3yeTCs AJIst BBIBOA@: putchar(c) OTIpaBIisieT CHMBOJ C B cmaxdapm-
Hblii 661600, 10 KOTOPBIM N0 YMOJIYaHHIO N0ipa3yMeBaeTcs akpaH. OyHkuus
putchar B KayecTBe pe3yJIbTaTa BO3BpalllaeT OCAAHHBIE CUMBOJ WY, B CIIy-
vae omubky, EOF. To ke ¥ B OTHOLIEHWH BbIBOJA: C HOMOLIBIO 3alMCH BHAA
> umMA-¢paiina BEIBOL MOXHO IepeHanpasuTh B ¢aitn. Hanpumep, ecn prog
KCIIOJIb3YeT 1JIs1 BeIBoa GYHKIMIO putchar, TO

prog > outfile

OyaeT HanpaBJIATh CTAHAAPTHBIA BEIBOZ He Ha 9KpaH, a B outfile. A xomaHza-
Hasl CTPOKa

prog i anotherprog
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COEJMHUT CTaHAAPTHbIH BbIBOJ IPOTPAMMBbI Prog CO CTAHAAPTHBIM BBOAOM
IporpamMMmsl anotherprog.

BsiBoz, ocymecTnisieMblit yHkuMei printf, Tak)ke OTIPaBJsAETCs B CTaH-
JNApTHLIHA BHIXOAHOU MOTOK. BbI30BEI putchar U printf MoryT kak yromHo ye-
penoBaThCsl, IPH 3TOM BbIBOZ OyaeT HOPMUPOBATBCS B TOM MOCAEN0BATENLHO-
CTH, B KOTOPO#i IPOMCXOAHJIH BBI3OBbI 3THX DYHKI[HIL.

JIo6oit ucxonublit Cu-¢aii, ucrnonb3yoiui XoTs 661 0xHYy GYHKIKIO O1-
6/MOTEKH BBOAA-BBIBOA, JOJIXKEH COAEPXKATDb B cebe CTPOKY

#include <stdio.h>

NpUYeM OHA A0JIKHA OBITb PACIIOIOXEHA 0 TIEPBOro 0OpallleHUs K BBOLY-Bbl-
Boay. Ecnu umMs 3arosioBounoro aitsia 3ak/ix04eHo B YII0Bble CKOOKH < U >,
3TO 3HAYMT, YTO IIOMCK 3ar0JI0BOYHOrO (aiia BefeTcs B CTAHAAPTHOM MECTE
(uanpumep B cucreMe UNIX aT0 06b19HO aupekTopuit /usr/include).
MHorue nporpaMMsl YUTaOT TOJBKO M3 OAHOI0 BXOAHOTO NMOTOKA M MULLYT
TOJIBKO B OIMH BBIXOAHO NOTOK. /11 OpraHu3aiyiyv BBoJa-BbIBOJa TAKHUM IIPO-
rpaMmaM BriojiHe XBaTUT GYHKUMI getchar, putchar u printf, a iJist Hayanb-
HOro 06y4eHns YK TOYHO JOCTATOYHO O3HAKOMJIEHUS C 3TUMU DYHKIHUAMH.
B yacTHOCTH, epeyrcieHHbIX PYHKIMI OCTATOYHO, KOTAa TpeGyeTCst BHIBOJL
OHOM NMPOTPaMMBI COEAMHUTb C BBOJAOM cienyiomeil. B kauectBe mpuMepa
pPaccMOTPHM IpOrpaMMy lower, IepeBOASILYI0 CBOY BBOJ Ha HUXKHUI PErUCTp:

#include <stdio.h>
#include <ctype.h>

main() /* lower: nepesoanT BBOA HAa HWKHWUA perucTp */

{

int c;

while ((c = getchar()) != EOF)
putchar(tolower(c));
return 0;

}

@Dyuxuus tolower onpezneneHa B <ctype. h>. OHa nepeBoguT OYKBbI BEpX-
HEro perucrpa B OYKBbl HIKHETO PErMCTPa, a OCTAIbHbIE CHMBOJIBI BO3Bpa-
maet Oe3 usmenennit. Kak Mo yxe ynomunanu, “GyHkunuun” Bpoge getchar
U putchar us 6ubmuoTexn <stdio.h> u ¢pyHKuMA tolower U3 6ubIHOTEKH
<ctype.h> 4acTO PeaNn3y0TCA B BUE MAKPOCOB, YTOOBI MCKITIOUUTh HAKIAM-
Hble PacXOibl OT BbI30Ba (QYHKIMH Ha KaX/Iblil OTAeNIbHBIH CUMBOJL. B mapa-
rpacde 8.5 MBI IOKaXeM, Kak 3TO Aesnaercs. He3aBUCHMO OT TOro, kak Ha TOU
WJIM MHOM MalI{HE pealn30BaHbl QyHKUNM 616IMOTeKH <ctype. h>, HCHOIB3Y-
IOLIIME UX [IPOrPAMMbI MOTYT HMYEro He 3HaTh O KOAMPOBKe CIMBOJIOB.
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¥Ynpaxknenue 7.1. Hanuinre nporpaMmy, 0CyIecTBIISIONLY 10 IEPEBOJ BBO/A
C BEPXHErO0 PerMCTPa Ha HYXKHUU MITH C HUXKHETO Ha BEPXHUIT B 3aBUCUMOCTH
OT MIMEHH, 10 KOTOPOMY OHa BBI3BIBAETCS H TEKCT KOTOPOTo HaXoauTcest Barg[0].

7.2. ®opmartHblii BbiBOA, (printf)

OyHKIMS printf nepeBOAUT BHYTPEHHUE 3HAUEHHUS B TEKCT.
int printf(char +format, arg, arg, ... )

. B npensiaymux rimaBax Ml ucnosb3osany printf HedhopmManbHO. 34€Ch MbI
nokaxxeM HanboJiee TUNMYHbBIE CIyYau IPUMEHEHUS 3TOM (YHKIUY; TOJTHOE
ee ONMCaHUe JaHO B IPUJIOKeHHH B.

@yukuus printf npeobpasyet, popMaTUpPYET U NieyaTaeT CBOM apryMeHTbI
B CTaHZAPTHOM BBIBOZIE N0J ynpaBieHueM dopmara. Bozppamaer oHa kosu-
4eCcTBO HalleyaTaHHBIX CHMBOJIOB.

@DopmaTHast CTPOKA COAEPXKUT ABa BUAA 0OBEKTOB: 0OBIYHbIE CUMBOJIBL, KO-
TOpHIE BIPSIMYIO KONUPYIOTCSA B BBIXOAHOM NOTOK, U crieliudrKaIuy npeobpa-
30BaHMs, KaX/Jasi U3 KOTOPHIX BBI3bIBaeT Npeobpa3oBaHue U NeYaTh OYepes-
HOro aprymenTa printf. Jliobas crneuudukauns npeo6pasoBaHus HadyMHa-
eTCs 3HAKOM % M 3aKaHYMBaeTCsl CUMBOJIOM-crieliudukatopoM. Mexay %
M CMBOJIOM-CTIeL(HUKATOPOM MOTYT ObITh PACTIONIOKEHDI (B yKa3aHHOM HIXKe
NOpsIAKe ) CJeAyOIIHe 3JIEMEHTBI:

* 3HaK MUHYC, IPeANUChIBAIOLINI BHIPABHUBATD IPe0OPa30BaHHbIM apryMeHT
T10 JIEBOMY KPAIO MOJIA.

* Yucno, cnenudrunpyonee MUHUMaIbHY0 LIMPUHY 110151 [Ipeobpa3oBan-
HBII apryMeHT Oy/IeT 3aHMMATh T10JI€ [0 KpailHe# Mepe YKa3aHHOU IIHUDPH-
bl [Ipy He06XOAMMOCTH JIMIIHKE TIO3ULKH cJieBa (MM ClipaBa IPH JIEBO-
CTOPOHHEM PacCIIOI0XKeH!H ) OYAYT 3aM0THEHbI IPObeTaMH.

* Touka, OTAENSAOWAs IIMPUHY NIOJIS OT BEIMYMHbI, YCTAHABIMBAIOLIEN TOU-
HOCTb.

* Yuco (TOYHOCTD), crienMpuInpyollee MAaKCMMaIbHOE KOJIMIECTBO Nlevara-
€MBbIX CUMBOJIOB B CTPOKE, HJIM KOJIMYECTBO (P NOCIIE AeCATUYHON TOUKH —
JIJIs YMCEJ C TUIaBAIOLIER 3allATON, I MUHUMaJIbHOE KOJIM4eCcTBO undp —
IJ1S 11€J10T0.

* byksa h, ecu neuaTaemoe 1esioe JOJKHO paccMaTpUBaThCA Kak short,
v 1 (JlathHCcKas 6yksa ell), eciu Lesioe JOKHO paccMaTpUBAThCst Kak 1ong.

CumBonbl-crienndrKaTOpsI Nepedncsiensl B B Tabnuie 7.1. Eciu 3a % He nome-
IIeH CUMBOJI-CIIeM(HUKATOP, ToBefieHue hYHKIMH print f GymeT He onpeaeseHo.

[IupuHy ¥ TOYHOCTH MOXHO CrelrdUIMPOBATH C IOMOILBIO *; 3HaAYEHHE
IUPHUHBI (MM TOYHOCTH) B 3TOM cjiydae GepeTcs U3 cieLyollero apryMeHTa
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Tabnvua 7.

1. OcHoBHble Nnpeobpa3oBaHus printf

Cumson

Tun aprymeHTa;
BUA neyatn

gl G

Y
%

int; necATHUYHOE Lies0e

int; 6e3sHakoBoe BocbMepuyHoe (octal) uenoe (6e3 Hyns ciepa)

unsigned int; 6e33HaKOBOE LIECTHAALATEPHUYHOE 11e10€ (6e3 Ox W
0X cnesa), st 10...15 ucnonsayiores abcdef wmu ABCDEF

int; 6e33HaKOBOE AECSITHYHOE LIEI0e

int; OMHOYHBIN CUMBOJI

char *; meyaTaeT CUMBOJIBI, PacIoJIOXeHHbIe 10 3Haka \0, HJIH
B KOJIUYECTBE, 33JIaHHOM TOYHOCTBIO

double; [~] m.dddddd, rne xonuuectso undp d 3apaercsa TouHO-
CThIO (TI0 YMOJTYAHUIO PaBHO 6)

double; [-] m.dddddde+xx vnw [-] m.ddddddE +xx, rne xonuye-
ctBo uM®p d 331aeTCs TOYHOCTHIO (110 YMOIYaHMIO PaBHO 6)

double; ucnosbayer %e 1 %E, eci NOPAAOK MeHblile, YeM -4, UiIu
6oJIblLIE MY PaBEH TOYHOCTH; B IPOTHBHOM CJIy4ae UCIIOJIb3Y-
eT %f. 3aBepluaionivie Hy/IM U 3aBepIIAONIAs AeCATUYHAS TOY-
Ka He Ne4aTanTCca

void +; yKasaTenp (IpeLCTaBIeHHE 3aBHCHT OT PealM3aLiH)

ApryMeHT He 1peoOpasyeTcs; Ie4aTaeTcst 3HaK %

(xoTopbIi moJKeH ObITh THNA int). Hanpumep, yToOb! HaneyaTaTh He Gosee
max CUMBOJIOB 3 CTPOKH S, TOMUTCS CIEAYIONIAs 3aIKCh:

printf

("%.+s", max, s);

Bosbuiast acts HopmaTHbIX NpeobpazoBaHuii Gblia IpOAEMOHCTPUPOBaHA
B IIpebIAYIIMX [J1aBaX. VckioueHye cocTaBisieT 3a/iaHie TOYHOCTH [UIS CTPOK.
Hanee npusoautcs nepeyeHsb crenndukaiiil ¥ 1oKasbIBAETCS UX BIUSHYE HA
neyarts CTpoku “hello, world”, cocrosiieit us 12 cumBoinos. [lose crennannb-
HO 00paMJIeHO ABOETOYUAMH, YTOOBI ObLIa BUAHA ETO IPOTSXKEHHOCT.

%S :hello, world:
:%10s: :hello, world:
:%. 10s: :hello, wor:
:%-10s: :hello, world:
“%.15s: :hello, world:
:%-15s: :hello, world :
:%15.10s: : hello, wor:
:%-15.10s: :hello, wor
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[Ipenocrepexxenue: pyrkuus printf ucnosb3yer cBOil MEPBbIH apryMeHT,
4TOOBI OTIPEETUTD, CKOJIBKO €lle 0XKNAAETCS APTYMEHTOB H KAKOTO OHU Oy 1yT
TUNa. BBl He MOJIyYHTE NMPABHABLHOIO PE3YJIbTATa, €CJIU apryMeHTOB OymeT
He XBaTaTb WM OHHU OYAYT NPHHAIEKATH HE TOMY THITY. Bbl 10K HBI Takxke
IIOHMMaTb PA3HULY B CIEAYOUIMX ABYX OOpalIeHUsX:

printf(s); /+ HEBEPHO, ecnn B s ecTb %, */
printf("%s"”, s);, /+ BEPHO Bcerpa */

OyHKuMs sprintf BEIIOJIHSAET Te XXe IPeodpPa3oBaHus, 4TO U printf, HO BbI-
BOJI, 3alIOMHHAET B CTPOKE

int sprintf(char string, char *format, arg,, arg,, o)

Ira ynxuus GopmaTupyer arg,, arg,u T. I. B COOTBETCTBUY C UH(OpMaIHeit,
3aJaHHO# apryMeHTOM format, Kak Mbl ONMCHIBAJIM paHee, HO Pe3yJIbTaT 10-
MelllaeT He B CTaHJAPTHBIIA BBIBOJ, a B string. 3aMeTnm, 4To cTpoKa string
IOJDKHA OBITH JOCTATOYHO 6OJIbIIOM, YTOOBI B HEll TOMECTUJICS PE3YIbTaT.

Vupaxkuenne 7.2. Hanuvte nporpammy, kotopasi 6yeT reyataTh pa3yMHbIM
criocobom soboit BBoa. Kak MUHMMYM OHa JOJKHA yMeTb TedaTaTb Herpa-
(uyeckrie CMBOJIBI B BOCBMEPHYHOM HJIM 1LIeCTHA/IIIaTEPUYHOM BUze (B hopMe,
NIPUHSATON Ha Balleil MaliKHe ), 0OPBIBAs A/IMHHBIE TEKCTOBbIE CTPOKH.

7.3. CNUcku aprymeHToB nNepeMeHHON AJInuHbI

ITOT naparpacd CoIep>XUT peannu3aliio MUHUMaibHOM Bepcud printf. [Ipu-
BOIWTCS OHA /IS TOTO, YTOOBI OKA3aTh, KaK Halo MUCaTb GYHKIMH CO CIIHC-
KaM¥ apTYMEHTOB [IePEMEHHOM [JIMHbI, IPUYEM TaKHe, KOTOPbIe ObLIN ObI Te-
penocumsl. [TockosbKy Hac riaBHBIM 06pa3oM HHTepecyeT 06paboTKa apry-
MEeHTOB, QYHKUMIO minprintf HanuIeM TakKUM 06Pa3oM, YTO OHA B OCHOBHOM
Oymer paboTats ¢ 3anaromueit popmat CTPOKOJi ¥ apryMeHTaMH; 4TO Xe Kaca-
ercst popMaTHBIX Npeobpa3oBaHuid, TO OHH OY YT OCYLIECTBAATHCS C TOMOIIBIO
CTaHIapTHOro printf.

O6bsBiedne ctaHAapTHOU QYHKIUH printf BBICIAAUT Tak:

int printf(char »fmt, ...)

MHoroToure B 06bSIBIEHUH O3HAYAET, YTO YUCJIO U TUIIHI APIyMEHTOB MOTYT
U3MEHATbCA. 3HAaK MHOTOTOYHE MOXeT CTOSITb TOJIBKO B KOHIIe CITMCKa apry-
menToB. Hamma dyHkuus minprintf o6bsBAAETCS KAk

void minprintf(char »fmt, ...)

TMMOCKOJIbKY OHa HE 6yaeT BbIZIaBaThb YMCJI0 CUMBOJIOB, KaK 3TO AesaeT printf.



200 asa 7. Beon uBbIBOA,

Bcs c10XHOCTD B TOM, KAKUM 00pa3oM minprintf 6yaeT npoaBUTaThCs BIAOJb
CIMCKA apryMEHTOB, — Belb Y 3TOTO CIHCKa HeT Jake nMeHu. CTaHaapTHbIMA
3aroJI0BOYHBIHN (aitn <stdarg. h> conepxuT Habop MaKpoOONpeaesIeH i, KOTO-
pble yCTaHABJIMBAIOT, KaK IIaraThb M0 CUCKY apryMeHToB. Hanosnenne atoro
3aroJI0BOYHOro aifsia MoXeT U3MEHSThCSI OT MalllMHbI K MalllHe, HO [PeA-
CTaBJIEHHBII UM HHTepdeiic Be3ne OAMHAKOB.

Turn va_list cIyXuT 4J1s1 ONUCaHKs [IEDEMEHHOM, KOTOpas Oy aeT 110 ouepe-
IV yKa3bIBaTh Ha KQXKAbIH U3 apIyMeHTOB; Bminprintf aTa mepemMeHHas HMeeT
ums ap (ot “argument pointer” — yxasaTesb Ha aprymenT). Makpoc va_start
MUHULHATU3UPYET IEPEMEHHYIO ap, YTOOBI OHA yKa3blBaJia Ha IepBblid Geabl-
MsHHBIH aprymeHT. K va_start HyXHO 06paTUTBCS 10 EPBOTO HUCIIOJIB30Ba-
Hus ap. Cpeau apryMeHTOB 0 KpaiiHell Mepe OAWH H0JKeH ObITh MMEHOBaH-
HBIM; OT IIOCJIeJHer0 MMEHOBAHHOTO aprYMeHTa 3TOT MaKpoC “OTTaIKUBaeTCs”
IIpY Ha4abHOM YCTaHOBKE.

Makpoc va_arg Ha Ka>kJOM CBOEM BbI30Be BbIIAET OYEPENHOM apTYMEHT,
a ap mepeJBHUraeT Ha CJeAYIOIIMI; 10 UMEHH THIIA OH ONpezesisieT THI BO3-
BpalllaeMOro 3Ha4eHHUs U pa3Mep 1ara s BBIXOZla Ha CJIeNYIONINIA apIyMEHT.
HakoHel, Makpoc va_end fesiaeT O4UCTKY Bcero, 4To Heobxoaumo. K va_end
ClIefyeT 0OPaTUTHCA TEPEL CaMbIM BbIXOZOM U3 QYHKIUH.

[TepeunciieHHble cpeacTBa 00Pa3yIOT OCHOBY Hallell yIPOIEHHON BEPCHH
printf.

#include <stdarg.h>

/* minprintf: MuHUManbHuid printf ¢ nepeMeHHbM YWcnoM aprymeHT =/
void minprintf(char =fmt, ...)
{
va_list ap; /* ykasnBaeT Ha o4epeaHon Oe3bMAHHLIA aprymeHT »/
char xp, =*sval;
int ival;
double dval;

va_start(ap, fmt); /+ ycTaHaBnuBaeT ap Ha 1-1 6€3bIMAHHLIN apryMeHT */
for (p = fmt; =p; p++) {
if (»p!="%") {
putchar(p);
continue;
}
switch (*++p) {
case 'd’:
ival = va_arg(ap, int);
printf ("%d”, ival);
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break;
case 'f':
dval = va_arg(ap, double);
printf("%f", dval);
break;
case 's':
for (sval = va_arg(ap, char *); *sval; sval++)
putchar(sval);
break;
default:
putchar(+p);
break;

}

va_end(ap); /* ouucTka, korga sce caenaHo =/
¥YnpaxHenue 7.3. [lononxHuTe minprintf zpyruMu Bo3MoXHOCTAMHU printf.

7.4. ®opmarTHbIiii BBOp, (scanf)

@yukuns scanf, obecrieunBaromas BBOJ, ABJSETCS aHATIOrOM printf; oHa
BBITIOJIHSIET MHOTHE U3 YIIOMHUHABLINXCSI IPe0Opa30BaHuil, HO B IPOTHBOIO-
JI0XXHOM HanpasieHnu. Ee 00bsaBienne nMeeT ciefyomuii Bua:

int scanf(char «format, ...)

Oyuxiuus scanf YUTaeT CUMBOJIBI U3 CTAHAAPTHOrO BXOJAHOTO I0TOKA, MHTEP-
HpPETHUPYET UX COTJIAaCHO crietUKaIMsIM CTPOKH format U pacchliaeT pe3yJib-
TaThl B CBOY OCTaJIbHbIE aPTYMEHTbL. APryMeHT-hopMaT MbI OIHLIEM MO3XKE;
NpYyTHe apryMEHTBI, Kax Obili U3 KOmopbix 0onxcen boimb yKasamenem, onpese-
As10T, rae 6yayT 3aNOMHUHATBCS LOKHBIM 00pa3oM npeoOpa3oBaHHble AaH-
uble. Kax u gy printf, B aToM naparpacde naercs cBosika Hanbosee noses-
HbIX, HO OTHIOZb He BCEX BO3MOXKHOCTel HaHHOM GYHKIUUH.

Oyukuus scanf npekpauiaer paboTy, KOra OKa3bIBAETCs, YTO HCYEPIIATICS
(opmaT 1M BBOAMMAs BETMYMHA HE COOTBETCTBYET yIpaBJisiioliel cieundu-
kauuu. B xauecTBe pesysbrarta scanf Bo3BpaljaeT KOJHYECTBO YCIEIIHO BBe-
JEHHBIX 9JIEMEHTOB AaHHBIX. [lo ncuepnanuu daitna oxa Beigaer EOF. Cye-
CTBEHHO TO, YTO 3HaueHHe EOF He paBHO HYJTI0, IOCKOJIBKY HYJIb scanf BbIaeT,
KOrZ[a BBOAMMBIH CHMBOJI HE COOTBETCTBYET NEepBOii crieludrkannu hopmar-
no# crpoku. Kaxxnoe ouepentoe obpauienye k scanf pogoskaeT BBOJ C CHM-
BOJIa, CJIEAYIOLIEr0 CPa3y 3a NOCJHeAHUM 06pabOTaHHbBIM.
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CyuecTByeT Takke hyHKIHA sscanf, KOTOpast YUTaeT U3 CTPOKH (& He U3 CTaH-
JaPTHOIO BBOAA).

int sscanf(char »string, char *format, arg,, arg,, L)

OyHKuMs sscanf IPOCMATPUBAET CTPOKY string corsacHo dhopmary format
¥ pacchlIaeT MoJydYeHHbIe 3HAYeHNus B arg, arg, v T. /. [locnenHue QOIKHBI
ObITh yKa3aTe SIMH. ‘

@Dopmar 06bIYHO COREPKHUT CrleLUDUKALNY, KOTOPbIE UCIIOJIb3YIOTCS AJIs
yIpasieHns npeobpa3oBaHUSIMHU BBOZa. B Hero Moryt BXoauThb caexyroiue
3JIEMEHTbIL:

* TIpo6ebl Uy Taby UMK, KOTOPbIE HTHOPUPYIOTCA.

* O6bI9HBIE CUMBOJIBL (MCKITI0Yast %), KOTOPbIE, KaK 0XXHUAAETCS, COBNALYT
€ 0uepeHBIMU CUMBOJIAMH, OTJIMYHBIMH OT CUMBOJIOB-Pa3fieIuTeNIel BXOA-
HOTO MOTOKA.

* Cneundukaunu npeobpasoBaHusi, Kaxaas U3 KOTOPbIX HAYMHAETCS CO 3Ha-
Ka % U 3aBepiuIaeTcsi CHMBOJIOM-CIIeM(pHUKATOPOM THIIA IIpe0Opa3oBaHusl.
B npoMexyTke MeXay 3TUMH ABYMS CUMBOJIaMH B J11060ii crienndukanuu
MOTYT PacIIOJIaraThCsl, IPHYeM B TOM HOPSAZKE, KAK OHH 3€Ch YKA3aHbL: 3HAK *
(TpH3HaK OfaBIeHUs TPUCBaWBaHU); YHUCIIO, ONpeAesollee IIUPHHY
nosist; 6ykBa h, 1 uuH L, ykasbIBaroLias Ha pa3Mep MoJy4aeMOro 3HaYeHHUS;
¥ CUMBOJI 11peobpa3oBanus (0, d, x).

Cneundukauus npeobpasoBanus ynpas/seT NpeoOpa3oBaHUEM CIELy-
I01[ero BBOAMMOTO 110J1s. OOBIYHO pe3ysibTaT MOMENAETCS B IEPEMEHHYIO,
Ha KOTOPYIO yKa3bIBaeT COOTBETCTBYIOUIMIT aprymeHT. OMHAKO eciH B cIle-
unduKauun n1peobpazoBaHus IPUCYTCTBYET *, TO MOJIE BBOJA IPOIYCKAETCSI
U HUKaKOe ITpUCBalBaHMe He BbINosHseTcs. [lose BBoaa onpenensiercs kak
cTpoka 6e3 CHMBOJIOB-Pa3feuTesNell; OHO IPOCTUPAETCSI 10 CIIEAYIOIIETO CUM-
BOJIa-pa3fieIUTest MJIH XKe OrpaHHYeHO [UPUHOM NoJIs, ecJiv oHa 3aaHa. [lo-
CKOJIBKY CHMBOJI HOBOH CTDOKH OTHOCHTCSI K CHMBOJIaM-Da3ieJIUTeNsIM, TO
scanf npu 4TeHUH OyaeT NepexoauThb C ONHOM CTPOKH Ha apyryio. (CuMBoa-
MU-Da3eNUTeNISIMUA ABJIAIOTCS CHMBOJIBI IIpobesta, TabyJIsiiuu, HOBOI CTPOKH,
BO3BpaTa KapPETKH, BEDTUKAIbHOI TaOy IS1MY U IepeBO/Ia CTPAHHMIIBL. )

CumBon-creundKaTop yKa3bIBaeT, KakiM 00pa3oM CJiefyeT HHTEPIPETH-
poBaTh ouepenHoe 1oJje BBoaa. COOTBETCTBYIOLIMIT apryMeHT H0JKeH ObITh
yKasaTeJjieM, KaK Toro TpeOyeT MeXaHu3M Iepefad apaMeTPOB M0 3HAYEHUIO,
npuHATHIA B Ct. CUMBOJIBI-cieupUKaTOpbI IpUBeeHbl B Tabuie 7.2.

epen cumBonamu-cneundukaropamud, 1, 0, UM X MOXET CTOSTb OyKBa
h, yka3bIBaloll[ast Ha TO, YTO COOTBETCTBYIOIIMI apryMeHT L0JKeH UMeThb THIT
short » (aHe int ), uu 1 (1aTuHCKas ell), ykaspisaromas Ha Tun long +. AHa-
JIOTMYHO, EPel CAMBOJIaMH-CrieLMbHUKaTOpami e, f U g MOXKET CTOSATb OYK-
Ba 1, yKa3bIBaIoOlllasi, 4TO THII apryMeHTa — double = (a He float +).
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Tabnuua 7.2. OcHoBHble Npeobpa3oBaHusa scanf

Cumson BsoauMbie faHHbie;
TN aprymeHTa

d AecITUYHOe Lesoe; int »
i uesnoe; int «. Iesoe MoxeT 6bITh BocbMepu4HbIM (c 0 cieBa)
WU mecTHazuaTepuyHbIM (¢ 0x wu 0X cieBa)
o BOCbMepHUYHOE LeJIoe (C HyJieM ciieBa Wi 6e3 Hero); int *
6e33HaKOBOE JECATUYHOE LeJIoe; unsigned int «
X ecTHaauaTepuyHoe Hesoe (¢ 0x wiu 0X cieBa uau 6e3 HUX);
int «
c cuMBOJIBI; char *. Crepyiomuye cHMBOJIBL BBOZ2 (110 YMOJIYaHHIO

O/IMH) Pa3MelIaloTCsA B yKa3aHHOM Mecte. OOBIYHbII IIPONYCK
CHMBOJIOB-Pa3/ieInTeNeN NOAABsETCs; YTOObl IPOYeCcTb OYe-
peaHo CHMBOJ, OTJIHYHBIA OT CHMBOJIa-pa3ieuTeNs, uc-
noJIb3yHTe %1s

s cTpoka cuMBOJIOB (6e3 06paMIAIONINX KaBBIYEK); char +, yKa3bIBa-
IOIIast HA MACCHB CHMBOJIOB, IOCTaTOYHBIN JIs1 CTPOKH U 3aBep-
urarouiero cumsona ' \0', KoTopsiit 6yner gobasiex

e, f, g YHMCIIO C IUIaBAIOIIEN TOYKOM, BO3BMOXKHO, CO 3HAKOM; 00513aTe/IbHO

NPUCYTCTBHE KOO0 JECATUYHON TOYKH, JTUOO IKCIIOHEHI[HATb-
HOM 4acTH, a BO3MOXHO, ¥ 00enx BMecTe; float

% caM 3HaK %, HUKaKoe [IPUCBauBaHue He BbINOJIHAETCS

Yr06bl OCTPOUTD NIEPBbINA IPUMEP, 00PATUMCS K IPOrPaMMe KaJlbKyJIATO-
pa 3 I1aBHI 4, B KOTOPO#t OpraHu3yeM BBOJ, C HOMOIIbIO GyHKIMHK scanf:

#include <stdio.h>

main() /* nporpamma-KanbkynaTop */

{

double sum, v;

sum = 0;

while (scanf ("%1f”, &v) == 1)
printf("\t%.2f\n", sum += v);

return 0;

}

Hpe,lll'IOJIO)KI/IM, YTO HaM HYXXHO NMPOYUTATh CTPOKH BBOZa, COAEpXKaIIHE
JITaHHbIEC BHU 1A

25 pex 1988
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O6paurenvie K scanf BbITJISAUT CIEAYIOU[AM 06Pa3oM:

int day, vyear; /* DeHb, rop */
char monthname[20]; /* Ha3BaHue Mecaua */

scanf ("%d %s %d”, &day, monthname, &year);

3Hak & mepez monthname He HyXeH, TaK Kak UMl MaCCHBa eCTb yKa3aTeJlb.

B crpoke dbopmaTa MOryT PHUCYTCTBOBATb CHMBOJIBI, HE YYACTBYIOLIME HU
B OZIHOM 13 criequUKaLNii; 3TO 3HAYMT, YTO ITH CUMBOJIBI OJKHDI TIOSBUTh-
cst Ha BBoJe. Tak, Mbl MOIJIM Ob YMTATh AaThl BUAA mn/dd/yy C TOMOIIbIO CJie-
nyrolero obpameHns k scanf:

int day, month, year; /* DeHb, mecau, rog */
scanf("%d/%d/%d", &ay, &month, &year);

B cBoeM opmarte byHkuus scanf urnopupyert npobesns u Tabynauuu. Kpo-
Me TOT0, IIPH ITOKCKe CIeAYIOLIel NOPLHH BBOJA OHa IIPOITYCKAaeT BO BXOJAHOM
IIOTOKE BCE CUMBOJIBI-pasenuTeu (11podenl, Tabyisiliuu, HOBble CTPOKH
uT. 1.). BocnpuHMMaTh BXOAHOM NNOTOK, He UMetoLHii GHUKCHpOoBaHHOTO hop-
Marta, YaCTO OKa3bIBaeTcst yoOHee, eCJIM BBOAUTD BCIO CTPOKY LETUKOM U JJIS
Ka)kKOTO OT/ZIEIbHOTO C1y4asi noabupaTh moaxoAAui BapuanT sscanf. [Ipea-
[OJIOXKHM, HallpHUMep, YTO HaM HYXHO YUTaTh CTPOKH C AaTaMH, 3allUCAH-
HbIMU B J11000i1 U3 IpuBeeHHbIX BbiLie HopM. Torna Mbl Moriu 6bl HanKCaTh:

while (getline(line, sizeof(line)) > 0) {
if (sscanf(line, "%d %s %d", &day, monthname, &year) == 3)
printf(”BepHo: %s\n", line); /* B Buae 25 nek 1988 «/
else if (sscanf(line, "%d/%d/%d", &month, &day, &year) == 3)
printf(”sepHo: %s\n", line); /+ 8 sBuge mm/dd/yy */
else
printf("HeBepro: %s\n", line); /+ HeBepHaa dopMa aaTbl */

}

Obpanienus k scanf MOTYT TlepeEMEXaThbCs C BbI30BAMU APYTUX BYHKIHMH
BBoza. JIrobas GyHKUMs BBOAA, BbI3BaHHAsA 10CIIE Scanf, IPOLOJIKUT YTEHHE
C NIepBOTO €lle HEMPOYMTAHHOTO CUMBOJIA.

B 3aBepiieHue elile pa3 HATOMHUM, YTO apryMeHTbI pyHKUMA scanf U sscanf
OoncHbl OBITH YKA3aTENAMHU.

OgHa U3 caMbIX PaclpOCTPaHEHHbIX OMIMOOK COCTOUT B TOM, YTO BMECTO
TOro, 4TO6BI HanMcaTh

scanf("%d", &n);
MULIYT ,
scanf("%d", n);
Komnunatop o nogobHoi ouinbke HUYETo He CO00IaET.
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Ynpaxsenue 7.4. Hanumure cBolo Bepcuio scanf 1mo aHajoruu ¢ minprintf
U3 Ipezblayero naparpada.

YnpaxkHenue 7.3. Ilepenuimnre 0CHOBaHHYIO Ha MOCTGOUKCHON 3alUCH
IIpOrpamMMy KasbKyJATOPA M3 [J1aBbl 4 TaKUM 00pa3oM, 4ToObI /151 BBOAA U
npeo6pa3oBaHMsI YHCeJI OHA HCIIOIb30Basa scanf u/umu sscanf.

7.5. Doctyn K pannam

Bo Bcex npexblayux nprMepax Mbl HMeJIH A€JI0 CO CTaHAAPTHBIM BBOLOM
U CTaHZAPTHBIM BBIBOJOM, KOTOpbIE JJIs1 IPOrPaMMbl aBTOMaTHYeCKHU Hpes-
ornpeesieHbl ONlepallMOHHOM CHCTEMOI KOHKPETHON MalllHHbI.

Crenyouuii mar — Hay4uThCsl UCATh NIPOrPaMMBbl, KOTOPBIE UMENH Obl
noctyn k Gaiisam, 3apaHee He OACOeAHHEHHBIM K IporpamMam. OHa 13 po-
rpaMM, B KOTOPOi BO3HHMKaeT Takasi HEOOXOAMMOCTb, — ITO NpOrpaMMa cat,
00beAMHAIONIAS HECKOJIBKO HMEHOBaHHBIX (DailJIOB U HAIPaBJIAIONIAA PE3YIb-
TaT B cTaHAapTHbLA BbiBoA. DyHKIMS cat YacTO IPUMEHSETCA A BbIAAYM
(aiinoB Ha 3KpaH, a TAKXe KaK YHUBEPCATbHBIN “KojiekTop” dailoBoi nH-
bopmauru 17151 TEX IPOrPamMM, KOTOPbIE HE UMEIOT BO3MOXKHOCTH 00PaTUThCS
Kk daitny no umenn. Hanpumep, komanna

cat x.c y.c

HaNpaBHUT B CTAaHAAPTHBIH BBIBOA coep>xumoe GHailioB X.c U y.c (M HUYETO
Goree).

BosHukaer BOnpoc: 4To HaZo CAeNaTh, YTOOB HMEHOBaHHbIE (HailIbl MOX-
HO OBLJIO YNTATh; HHAYE FOBOPS, KAK CBS3aTh BHEUIHHE UMeHa, IPUAYMaHHbIE
M0JIb30BaTeIeM, C HHCTPYKUHSMH YTEHUS JaHHBIX ?

Ha sToT cyer umerotcs npoctbie npasiia. [[jist Toro 4To6sl MOXHO ObLIO
yurath U3 daitna win nucars B $aili1, oH J0/KeH OBITH IPEABAPUTETBHO OM-
Kkpvim ¢ nomolbio 6ubanoteyront pyukunu fopen. OyHkuus fopen nosyyaer
BHeIlIHee UMs TUIIA X. C WJIH Y. C, TIOCJIe Yero OCYIIeCTBJIsieT HeKOTOpble Opra-
HHU3alMOHHbIE AEHCTBUS U “IleperoBopel” ¢ OnepallMOHHON cUCTeMOM (TeXHHU-
YyecKHe JAeTall KOTODBIX 3/1eCh He paCCMaTPHBAIOTCS) M BO3BPAIllaeT yKa3a-
TeJIb, CIOJIb3yeMbIii B JaJIbHEHILIEM IS AOCTYNA K daiiy.

ITOT yKa3aTesib, Ha3bIBaEMbLil ykazamelem aiina, CChLIAETCS HA CTPYK-
Typy, coepxainyo uHbopMaiuio o daiine (agpec 6ydepa, nosoxenue Te-
KyIl[ero cuMBoJia B 6ydepe, OTKPBIT (haily Ha YTEHHe MM Ha 3aluCh, ObLIN
1 oMbk npu paboTe ¢ PailsoM M He BCTPETHIICS JIM KOHel (aiina).
[Tonp3oBaTeo He HYXHO 3HATDL TOAPOOHOCTH, TOCKOJIbKY ONpeesIeH s, Io-
Jly4eHHble U3 <stdio.h>, BKJIOYAIOT ONMKUCaHHe TaKOH CTPYKTYPHI, Ha3bIBae-
Moii FILE.
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EnuHcTBeHHOE, 4TO TpeOyeTC s 1151 ONpe/iesieHns yKa3aTtes daitna, — 3To
331aTh ONUCAHMS TAKOTO, HAIPUMeD, BUA:

FILE «fp;
FILE =fopen(char *name, char =mode);

ITo roBopurt, yTO fp ecTh yka3aTesnb Ha FILE, a fopen Bo3BpalaeT ykasaTesb
Ha FILE. 3ameTuM, yTo FILE — 3TO MMs TUIa, HanlofoOue int, a He TET CTPYKTY-
pol. OHoO onpezesieHo ¢ nomourbio typedef. (eTamu Toro, kak MOXXHO peann-
3oBathb fopen B cucteMe UNIX, npusoastcs B naparpade 8.5.)

Obpaienue k fopen B IpOrpaMMe MOXET BhITJIAAETb CJEAYIOIMM 00pa3oMm:

fp = fopen(name, mode);

ITepBbIid apryMeHT — CTPOKa, cofiepkaliiast uMs ¢aiia. Bropoit aprymeHT HeceT
UHGOPMALMIO 0 pexcime. ITO TOXKE CTPOKA: B Hel YKa3bIBAETCSI, KAKUM 06pasoM
0JIb30BaTeNIb HaMepeH NMpUMeHTh Gait. BoaMoxHb! cienyonye pexumbl:
ytenue (read — "r"), 3anuch (write — "w") 1 nobasnenue (append — "a"), T. e.
3anuch HHGOPMaLY B KOHel yKe cyuiectByiomtero daiina. B HekoTopsix cu-
CTeMax pa3JIM4aloTCs TEKCTOBbIE U OUHApHBIE (ailiibl; B CIydyae MOCAETHIX
B CTPOKY pexuMa HeobxoauMo nob6asuth 6ykBy "b" (binary — GuHapHbIil).

Tort dakr, 4To Hekuii haiisi, KOTOPOTo paHblile He ObLIO, OTKPHIBAETCS Ha 3a-
nuch WK 100aBjieHre, 03HAYa€eT, YTO OH co3aaeTcs (ecy Takas Mpoleaypa
¢dbusuyecku Bo3mMoxHa). OTKPbITHE yXe cyuiecTByroniero daiisia Ha 3anuch
IIPUBOMUT K BHIOPACHIBAHUIO €r0 CTAPOTO COAEPKUMOTO, B TO BpeMs KaK IIpH
oTKpbITUH (aita Ha fobaBeHKE ero cTapoe coaepxumoe coxpansercs. Ilo-
IBITKA YUTATh HECYIECTBYIOWMIA (aiin aBasercs omnbkoid. Moryt umersb
MeCTO U Apyrue OmuOKY; HapUMep, OIUOKOM CYMTAETCS MONBITKA YTEHUA
(aiina, KOTOPBIH 10 CTAaTyCy 3anpeleHo YuTaTh. [Ipy HaIMYuK 11060 omub-
ku fopen Bosspamaet NULL. (Boamoxua 6osiee TouHas uaeHTUdUKaLys omub-
KH; eTabHas nHGOpPMaLs [0 STOMY IIOBOAY IIPUBOAMTCS B KOHIIE Taparpa-
¢da 1 npunoxenus B.)

Crenyroniee, 4T0 HaM HEOOXOANMO 3HATDh, — ITO KaK YMTaTh U3 aitna nin
nucath B (aily1, Koib CKOPO OH OTKPHIT. CyHeCTBYET HECKOIBKO CIIOCO60B
CHEeNaTh ITO, U3 KOTOPHIX CAMBI{ IIPOCTOM COCTOUT B TOM, YTOOBI BOCIIONB30-
Batbcsa GyHKuMsAME getc U putc. DyHKuMs getc Bo3BpalaeT CeRYOMN CHM-
BoJI U3 (hailna; eit He06X0AMMO COOOIIKTD YKa3aTeb (aiiia, 4ToObI OHA 3HATA
OTKyZaa 6paTh CUMBOJL.

int getc(FILE =fp)

Oyukuus getc BO3BpalllaeT CJAeAYOUMI CHMBOJI M3 II0TOKA, Ha KOTOPbIi yKa-
3bIBaeT +fp; B ciy4ae ucueprnanus daiina uiu omuOKH oHa Bo3Bpauiaer EOF.
DyHKUuUA putc muLIeT CUMBOJI ¢ B (aitn fp

int putc(int ¢, FILE «fp)
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¥ BO3BpallaeT 3allMCaHHbli CUMBOJI KK EOF B cirydae omn6ku. AHATOTHYHO
getchar u putchar, peasiM3anus getc ¥ putc MOXKeT ObITh BHITIOJNHEHA B BUAE
MaKpoCOB, a He QYyHKIUH.

I[Ipu 3anycke Cu-nporpaMMsl oNepaiioHHasi CHCTEMA BCEria OTKPbIBAET
TpH (aita u obecrnieynBaeT TpH GailIoBble CCHUIKK Ha HUX. ITUMH daitiamu
SIBJISIIOTCA: CTaHAAPTHBIN BBOJ, CTaHAAPTHBIA BBIBOA M CTaHIAPTHBIH (aiin
o1n6OK; COOTBETCTBYIOLME UM YKa3aTe I Ha3blBaOTCA stdin, stdout U stderr;
OHH ONHUCaHHI B <stdio.h>. O6bIYHO stdin COOTHECEH C KJIaBUATYPOH, a stdout
u stderr — ¢ axpanoMm. OnHako stdin u stdout MOXHO cBs3aTh ¢ daitramu
WIH, UCIIOJIb3Ysl KOHBeHepHBII MeXaHH3M, COeJUHUTD HANIPSIMYIO C [PYTHMHU
IpOrpaMMaMH, KaK 3TO ONUCHIBAJIOCD B aparpade 7.1.

C nomotsio getc, pute, stdin u stdout byHKuMH getchar U putchar Ternepb
MOXHO OTIPeAeUTD CEAYIOUMM 06pa3oM:

#define getchar() getc(stdin)
#define putchar(c) putc((c), stdout)

MopmarHblit BBOA-BbIBOJ (aiiIoB MOXHO IIOCTPOUTH HA GYHKIMAX fscanf
u fprintf. Ouu uaenTHuHb scanf M printf ¢ To# UL pa3HULIEH, YTO EPBBIM
HX apTyMEHTOM SBJISIETCS YKa3aTeJlb Ha (aiiy1, 17151 KOTOPOro OCYIEeCTBIISETCS
BBOJ-BBIBOJ, (DOPMAT e yKa3bIBaeTCsl BTOPhIM apryMeHTOM.

int fscanf(FILE «fp, char *format, ...)
int fprintf(FILE «fp, char *format, ...)

Bor Teneps MBI pacriosiaraeM TeMHU CBeJEHUSIMU, KOTOPbIE AOCTATOYHbI JJIs1
HANMCaHWS IPOTPaMMBI cat, NpeJHa3HaYeHHOU A1 KOHKaTeHauuH (1oce-
JOBaTeJIbHOTO coenuHenus ) baitnos. [IpennaraeMas Bepcus byHKIIMH cat, Kak
0Ka3ajioch, yA0oOHa i MHOTHX TporpaMm. Eciiv B KOMaHIHOM CTPOKe NpH-
CYTCTBYIOT apPTYMEHTbI, OHY PacCMaTPHUBAIOTCS KaK MMeHa I10C1e[0BaTEbHO
obpabatbiBaembix (aitnios. Ecin apryMeHTOB HeT, To 06paboTke nogsepraer-
sl CTaHAAPTHBIH BBOA,.

#include <stdio.h>

/* cat: koHkaTeHauws ¢annos, Bepcust 1 */
main(int argc, char =argv[])
{

FILE *fp;

void filecopy(FILE =, FILE «);

if (argc == 1) /+ HeT aprymeHTOB; KONUPYETCH CTaHAAPTHLIA BBOA */
filecopy(stdin, stdout);

else
while (--argc > 0)
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if ((fp = fopen(*++argv, "r”)) == NULL) {
printf(”cat: He Mory oTkpuTb ¢ainn %s\n", xargv);
return 1,

} else {
filecopy(fp, stdout);
fclose(fp);

}

return 0;

}

/+ filecopy: konupyeT ¢ain ifp 8 ¢aitn ofp =/
void filecopy(FILE xifp, FILE ~ofp)
i

int c;

while ((c = getc(ifp)) '= EOF)
putc(c, ofp);
}

Daiinosble ykasatemu stdin u stdout npeacTasisior co6oit 06beKTsl ThMa FILE+.
ITO KOHCTAHTBI, a He NIepeMeHHbIe, CIeA0BATEbHO, M HEJIb3s1 HUYero Npu-
CBayBarTb.

OyHKuuA

int fclose(FILE »fp)

- 06paTHaa 10 OTHOLIEHUIO K fopen; OHa pa3phIBaeT CBSA3b MeXAY QailIoOBbIM
yKa3aTeJleM ¥ BHEUIHUM MMeHeM (KOTOpasi paHblile ObljIa YCTaHOBJIEHA C T10-
MoIbIO fopen), 0cBOOOKAasi TEM CaMbIM TOT YKa3aTeslb A7l APYTUX (Hailios.
Tax kak B GOJIBLIMHCTBE ONEPALMOHHBIX CUCTEM KOJIMYECTBO OJHOBPEMEHHO
OTKPHITBIX OZHOU porpamMMoii aitos orpaHnyeHo, To daiiioBble yKa3aTeny,
ecsii OHH 60JIbLiIe He HYXKHBI, JTy4llie 0CBOOOXK AT, KAk 3TO U eJIaeTCsl B IPO-
rpammMe cat. EcTp eme ogna npuuuna npuMeHuTs fclose x daitny BeiBoaa, —
3TO HeOOXOAUMOCTD “OnOpOXHUTH” 6ydep, B KOTOPOM putc HaKOMMJIA Npea-
Ha3HaYeHHbIE [JI1 BbIBOZA JaHHbIE. [Ipn HOPMaIbHOM 3aBepieHHH PabOThHI
[POrPaMMBI /i1 K&XKI0TO OTKpbITOro (paiina fclose BEI3bIBAETCA aBTOMATH-
yecku. (Bbl MoXeTe 3akphITh stdin u stdout, eciu oHY BaM He HyHbI. Boc-
T10J1b30BaBIINCh OUOIMOTEYHOH byHKIMEH freopen, UX MOXXHO BOCCTAHOBHTb. )

7.6. YnpaBneHue owimbkamu (stderr n exit)

O6paboTky omubOK B cat Hesb3sl IPU3HATH MAeaTbHOM. Bena B TOM, 4TO
ecu daitn no Kakoi-1u60 npuYKnHe HeNOCTyIIeH, COOOIEHHEe 06 ITOM MBI 10~
JLy4HM 110 OKOHYaHHUH KOHKATEHHPYEMOTO BbIBOJA. ITO HAC YCTPOMJIO Obl, €CIIH
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GBI BBIBOZ OTIIPABJISJICS TOJIBKO Ha 9KPaH, a He B (ailJl WK 110 KOHBeepy Apy-
roii nporpamme.

Yr0068I JIy4lIIE COPABUTHCS C 3TOM NPOOIEMOI, TIPOrpaMMe TIOMUMO CTaH-
JapTHOro BbIBOA2 stdout MpHAaeTcs ellie OUH BBIXOAHOH ITOTOK, Ha3bIBaeMbIi
stderr. BoiBoz B stderr oObI4HO OTIIPaBIIAETCS Ha 9KPaH, aXe eCU BbIBOJ
stdout nmepenarnpasJjied B APYroe MecTo.

[epenuuiem cat Tax, 4T06bI cOOOLIEHHSA 06 OUIMOKAX OTIIPABJIAIUCE B stderr.

#include <stdio.h>

/* cat: koHKaTeHauws ¢ainoB, Bepcus 2 */
main(int argc, char =argv[])
{

FILE *fp;

void filecopy(FILE =, FILE «);

char *prog = argv[0]; /* uMma nporpammsl =/

if (argc == 1) /x HET apryMeHToB; KONMPyeTCs CTaHA. BBOA */
filecopy(stdin, stdout);
else
while (--argc > 0)
if ((fp = fopen(*++argv, "r")) == NULL) {
fprintf(stderr, "%s: He Mory oTKpuTb ¢ain %s\n",
prog, *argv);
exit(1);
} else {
filecopy(fp, stdout);
fclose(fp);
}
if (ferror(stdout)) {
fprintf(stderr, "%s: owubka 3anucu 8 stdout\n", prog);
exit(2);
}
exit(0);
}

[porpamMma curnanusupyer o6 omubkax aByms criocobamu. Iepsbiit — co-
obuieHre 06 omwnbKe ¢ TOMOIbI0 fprintf nocsiaeTcs B stderr ¢ TeM, 4ToObI
OHO NOTIA/I0 Ha SKPaH, a He 0Ka3aJ10Ch Ha KOHBe#epe WK B ApyroM Gaiisie Bbl-
Boza. IMs nporpaMmbl, XxpaHsieecs B argv[0], Mbl BKJTIOYHJIM B COOGIIEHHE,
yTO6BI B CIyyasiX, KOIAa JaHHasi porpaMMa paboTaeT COBMECTHO C IPYTHMH,
6BLT sICEH UCTOYHHUK O UOKH.
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Bropoii crioco6 ykasaTs Ha oliuOKy — 06paTHThCs K GubinoTedHoi hyHK-
UMH exit, 3aBepluaiouieil paboTy nporpamMmbl. ApryMeHT GyHKUMH exit 10-
CTyTIEH HEKOTOPOMY NPOLIECCY, BhI3BABLIEMY AaHHbII Npoliecc. A cie0BaTeb-
HO, yCIIEIIHOe WK OIIMO0YHOE 3aBepLIeHHe TPOrPaMMBI MOXHO ITPOKOHTPO-
JIMPOBAaTh C NMOMOIIbIO HeKOeH NMPOrpaMMBbl, KOTOpas paccMaTpUBaeT 3Ty
NporpaMmy B KauecTBe [OTYUHEHHOTO npolecca. [1o obureit 10roBopeHHOCTH
BO3BpaT HyJIsl CUTHAIM3UPYET O TOM, YTO paboTa npouwia HOPMAIbHO, B TO
BpeMs KaK HEHyJIeBble 3HaUeHUsl 0OBIYHO roBOpAT 06 ommbkax. UTobbi ono-
poxHUTb Oydepa, HakonuBIIMe HHOOPMALHKIO [JIs1 BCEX OTKPBITHIX (aiion
BBIBOJ2, pyHKUMA exit BbI3bIBaeT fclose.

WHcTpykuus return ébip rIaBHON MPOrPaMMBI main SKBUBaeHTHa 06pa-
menuo Kk GyHkuun exit(soip). Ilocmennuit BapuanT (¢ moMolIbio exit) uMe-
€T TO IIPEUMYIIECTBO, YTO OH IPUTOAEH AJIS BHIX0OA M M3 APYrUX QYHKIMIA,
1, KPOME TOTO, CJIOBO €Xit JIErko 0OHAPY>KHUTh C IIOMOLIBIO IPOrPaMMBbI KOH-
TEKCTHOTO MOKCKA, TOXOXeH Ha Ty, KOTOPYIO MBI PaCCMaTPHBA/H B rjaBe J.

@Dyukuus ferror BbIIAeT HEHyJIEBOe 3HaYeHHe, ecad B daiine fp 6blaa 06-
Hapy>xeHa ounbxa.

int ferror(FILE »fp)

XOTs Ipy BbIBOAE PEAKO BOZHUKAIOT OUIMOKH, BCE K€ OHU BCTpeyaroTcs (Ha-
IpUMep, OKa3aJICs NePeNoJHEHHBIM IHCK); TO3TOMY B IPOrpaMMax IIHPOKO-
IO NI0JIb30BaHUs OHY AOJKHBI TIIATENBHO KOHTPOJIMPOBATHCS.

Oyukuus feof (FILE ») ananormysa GyHKUMH ferror; OHa BO3BpallaeT He-
HYyJIeBOe 3HaYeHMe, eCIM BCTPETUJICA KOHell YKa3aHHOIO B apryMeHTe ¢aitia.

int feof(FILE «fp)

B Hamux HeGOMBUIMX UIUTIOCTPATUBHBIX IIPOrPAMMax Mbl He 3a00THIIHCD
0 BbIZIaY€ CTaTyca BBIXO/], T. €. Bbl/Iaye HEKOTOPOro YHCJIA, XaPaKTEPHU3YIOILEro
COCTOSIHHE POrPaMMBbl B MOMEHT 3aBePLIEHNS: pabOTa 3aKOHYMIIACh HOPMAJIb-
HO WJIM NIpepBaHa u3-3a omubku? Ecim paboTa npepBana B pe3yJibTate OMn6-
KH, To Kakoii? JIro6as cepbesHas IporpaMma JOJKHA BbIIABATh CTATYC BBIXOZA.

7.7. Beoa-BbIBOA CTPOK
B cranpapTHoil 6ubanoTeke MMeeTCs mporpaMma BBoja fgets, aHanorny-
Hasi mporpaMMme getline, KOTOPOi MBI TOJIb30BANMCH B MPEAbIAYIIMX IT1aBaX.
char +fgets(char *line, int maxline, FILE «fp)

Oyukuus fgets YUTAET CAEAYOLIYI0 CTPOKY BBOJA (BKJIIOYast U CUMBOJ HO-
BO#1 cTpokH) U3 daityna fp B MacCHB CUMBOJIOB 1ine, TpHyeM OHa MOXeT Npo-
yuTaTh He 6oJiee MAXLINE-1 cumBosioB. IlepenncanHasi CTPOKa AOTIOJHSIETCSE
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cumBosioM ' \0'. O6bI4HO fgets BO3Bpallaer line, a no ucyepnanuu Qaiina umm
B cayyae omnbku — NULL. (Hama getline Bo3spamana IJIMHY CTPOKH, KOTO-
PO¥ MbI IOTOM NOJI30BAJIMCh, M HYJIb B CJIy4Yae KOH1la ¢aiina.)

@yukiMa BbIBOAA fputs munIeT cTPOKY (KOTOPasi MOXKET M He 3aKaHYUBaThCs
CHMBOJIOM HOBO# CTPOKH ) B (ailiL.

int fputs(char *line, FILE =fp)

Ira GyHkIUA Bo3Bpalaet EQF, eciii BO3HHKIIA omubka, U HeoTpHLATEJIbHOE
3HaYeHHe B IIPOTUBHOM CJIyYae.

BubnuoTeuynsle beHKuHH gets ¥ puts noxoOHbI dbyskuusaMm fgets u fputs.
OTnuyaoTCs OHY TeM, YTO ONEPUPYIOT TOJIBKO CTAaHAAPTHBIMH (ailiamu stdin
4 stdout, U KpoMe TOro, gets BoibpachiBaeT MOCAeAHUA CUMBOJ ' \n’, a puts
ero n06aBseT.

Y106BI NOKA3aTh, YTO HUYETO OCOOEHHOTO B dbyukuusx spoge fgets u fputs
HET, Mbl IPUBOAUM HX 3[€Ch B TOM BHJi€, B KAKOM OHH CYLIECTBYIOT B CTaHJapT-
HO¥t 6U6IMOTeKe Ha Halllell cucTeMe.

/+ fgets: nony4aer He Bonee n cumBonos M3 iop */
char sfgets(char *s, int n, FILE *iop)
{

register int c;

register char =cs;

cs = s;
while (--n > 0 && (c = getc(iop)) != EOF)
if ((+#cstt =¢) == "\n" )
break;
*cs = '\0';
return (c == EOF && cs == s) ? NULL : s;

./ fputs: nocwbinaeT cTpoky s B ¢aiin iop =/
int fputs(char *s, FILE xiop)
i

int c;

while (c = »s++)

putc(c, iop);

return ferror(iop) ? EOF : 0O;

}

CranzapT onpeaessier, yTo pyHKUMs ferror BoaBpauiaeT B cayyae OUOKN
HeHyJIeBOE 3HauYeHUe; fputs B caydae omnbKy Bo3Bpautaer EOF, B IPOTHBHOM
clly4yae — HeOoTpHIaTe/IbHOE 3HaYEHHE.
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C nomotisio fgets Jerko peanu3oBath Hauly pyHKUMIO getline:

/* getline: unTaeT CTpoky, BO3BpawaeT ee ANUHY */
int getline(char *line, int max)
{
if (fgets(line, max, stdin) == NULL)
return 0;
else
return strlen(line);

}

¥YnpaxHenne 7.6. Hanumure nporpaMMy, cpaBHMBarontyio g8a Gaitia u ne-
YaTAIOILYIO IEPBYIO CTPOKY, B KOTOPOH OHY Pa3IMYaoTCs.

Vuopaxkuenne 7.7. Moauduunpyiite nporpaMmy roucka 1o oopasiy us ria-
BbI 5 TakuM 00pa3oM, 4ToObI OHa Opajia TEKCT U3 MHOXXECTBA HMEHOBAHHBIX
baitnos, a ecain uMeH GaiiyIoB B apryMeHTaX HET, TO U3 CTAHAAPTHOTO BBO/A.
Byzer 11 neyatatbhes Ms baiiia, B KOTOPOM HaiiieHa OAXOASINAs CTPOKA?

Vupaxknenne 7.8. Hanuinre nporpaMMy, eyaTarouiyio HeCKOJIbKO (aitios.
Kaxzapiit aitn nosxeH HayMHATBCA C HOBOM CTPaHMUI[BI, NIPEeABAPATHCS
3aroJI0BKOM M HMeTb CBOIO HyMepalHIo CTPaHUIL

7.8. Opyrue 6ubnnoTteyHbie PyHKUUMN

B crannapTHO# 61OIHOTEKE NIPEACTABIEH LIMPOKUIA CIIEKTP Pas/IMYHBIX GYHK-
uuit. Hacrosmuit naparpad comepxut kpaTkuii 0630p Hanbosiee MoIe3HbIX
u3 HuX. bosiee moapo6HO 311 1 ApYrue)GYHKUMHM OMKCaHbI B IPUIOXKeHHH B.

7.8.1. Onepauumn co cTpokamm

Mpe1 yxe ynomuHanu GyHkumy strlen, strepy, strcat u stremp, oncanue
KOTOPBIX JaHbl B <string.h>. [lasiee, 10 KOHLA MYHKTAa, IPEATIOIaraeTcs, YTo s
U t UMeIoT TUII char +, ¢ U n — TUI int.

strcat(s,t) — IpUNuUchiBaeT t B KOHeL S.
strncat(s,t,n) — NpUIMCBIBAaeT N CUMBOJIOB U3 t B KOHEL S.
stremp(s, t) — BO3BpalllaeT OTPULATEbHOE YUCIIO, HYJIb

WJTH TIOJIOXKUTENbHOE YUCTO AN S < 1,8 ==t
WUJIN S > T COOTBETCTBEHHO.
strncmp(s,t,n) — mgesaeT TO Ke, YTO U strcmp, HO KOJMYECTBO CPaB-
HHBaeMbIX CUMBOJIOB He MOXKeT NpeBBIIATh N.
strepy(s, t) — KOMUpyeT t BS.
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strncpy(s,t,n) — KomupyerT He 60Jie€ N CHMBOJIOB U3 t B S.

strlen(s) — BO3BpallaeT AJIUHY S.

strchr(s,c) — BO3BpalllaeT yKa3aTesb Ha [lepBoe NosiBleHHe
CHMBOJIA C B S WJIH, €CJIY C HeT B S, NULL.

strrchr(s,c) — BO3BpalllaeT yKa3aTeJsb Ha II0CeJHee NOsBJIeHe

CHMBOJIA C B S WJIH, eCJiM ¢ HeT B S, NULL.

7.8.2. AHanna knacca CAMBONOB
1 Npeobpa3zoBaHNe CUMBO/IOB

Heckonbko ¢yHkiuii u3 6u6a1oTeku <ctype.h> BBINOJHAIOT NPOBEPKH
u npeobpasoBaHye cUMBOJIOB. /lajiee, 10 KOHIIA YHKTa, TIEPEMEHHAs C — 3TO
TiepeMeHHasi TUIA 1nt, KOTOpasi MOXeT ObITh IPeACTaBIIeHa 3HAYeHHeM unsigned
char wim EOF. Bee a1 dyHKUMY BO3BpalaOT 3HAYEHHS TUMNA int.

isalpha(c) — He HyJIb, ey ¢ — 6ykBa; 0 B IPOTHBHOM CJIy4ae.
isupper(c) — He HYJIb, eCJIU ¢ — GYKBa BEDXHETO PETHCTPa;
0 B IPOTHBHOM CJIy4ae.
islower(c) — He HyJIb, €CJIH ¢ — OyKBa HUXXHETO PETHCTPa;
0 B MPOTUBHOM CJIyyae.
isdigit(c) — He HyJIb, ec/Y ¢ — UHGPa; 0 B IPOTUBHOM CJIydae.
isalnum(c) — He HyJb, ecny UM isalpha(c), unu isdigit(c)
HUCTUHHBI; 0 B IPOTUBHOM CJIyYae.
isspace(c) — He HyJIb, €CJIM C — CUMBOJI 11pobena, Tabysuny,

HOBOM CTPOKH, BO3BPaTa KapeTKH,

TIePEBO/Ia CTPAHUI[bl, BEDTUKAIBHOMN TabyIALMH.
toupper(c) — BO3BpaUIaeT C, IPUBENEHHYIO K BEDXHEMY PETHUCTY.
tolower(c) — BO3BpauIlaeT ¢, IPUBEAEHHYIO K HHKHEMY PETUCTDY.

7.8.3. ®yHkumna ungetc

B cranaaptHoit 6ubnuoteke cogepxutcs 6osee orpaHUYeHHAs BEPCUS
byHKIMY ungetch 110 cpaBHEHHUIO € TO, KOTOPYIO MbI HanMcasH B riase 4. Ha-
3bIBaeTCs OHa ungetc. Ita GYHKIHS, UMEIOLIast IPOTOTHI

int ungetc(int c, FILE =fp)

OTIpaBJisieT CUMBOJI ¢ Ha3a/ B (hailn fp U BO3BpAILAET C, a B cJ1ydae omnbKn
EOF. [lnst kaxaoro ¢aiina rapaHTMPOBaH BO3BpAT He H0Jjiee OAHOr0 CUMBOJIA.
DyHKIHMIO ungetc MOXKHO UCIIOJIb30BaTh COBMECTHO C JIE060M 13 dyHKIMi BBOAA
Bpoze scanf, getc, getchar U T. I.

7.8.4. LcnonHeHue KOMaHA onepaunoHHON CUCTEMbI

DyHkuMs system(char +S) BbIIOJHAET KOMaHAY CHCTEMbI, COepPXKallyio-
CSl B CTPOKE S, ¥ 3aTEM BO3BPAIIAETCS K BHITIOJHEHUIO TEKYIeHd POrpaMMbl.
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Coznepxumoe s, CTPOro roBOPSI, 3aBUCHT OT KOHKPETHOM OIepalOHHO# CH-
creMbl. PaccmoTpum npocroit npuMep: B cucreMe UNIX uncTpykius

system("date”);

BBI30BET NPOrpaMmy date, KOTOpas HANPABUT ATy ¥ BpeMs B CTaHAAPTHBIN
BbiBoA. (DyHKIIMS BO3BpALIaeT 3aBUCAIUI OT CUCTEMbI CTATYC BBIOJTHEHHOR
komanzsl. B cucreme UNIX Bo3BpaiiiaeMbiii cTaTyc — 3TO 3HaYeHUeE, NlepeaaH-
Hoe QyHKIHel exit.

7.8.5. YnpasneHue namaTbio

Oyukuuu nalloc 1 calloc AUHAMHYECKH 3aPALIUBAIOT 6I0KK CBOOOHOM
namsaty. OyHkuusa malloc

void *malloc(size_t n)

BO3BpallaeT yKasaTeJlb Ha n 62T HeMHUIMAIM3YPOBaHHOM TaMsTH Wu NULL,
€CJIH 3a11pPOC YAO0BJIeTBOpUTH Heb3st. DyHkuus calloc

void *calloc(size_t n, size_t size)

BO3BpaNlaeT yKa3artesib Ha 06J1aCTh, JOCTATOYHYIO /IS XpaHEHUSA MACCHUBA U3 N
00BEKTOB yKa3aHHOTO pa3mepa (size), win NULL, eciiv 3a11poc He yaaeTcst y0B-
JIETBOPUTb. BizieIeHHAs! TaMsITh OOHYISETCS.

YkasareJib, Bo3BpaliaeMblil pyHKUMAMH malloc v calloc, GyaeT BbiaH C y4e-
TOM BbIPaBHMBaHIsl, BHIIOJIHEHHOTO COTJIACHO YKa3aHHOMY TUIy 06bekTa. TeM
He MeHee K HeMY JI0JKHa ObITh IIPUMeHeHa orlepalys PUBEIeHNs K COOTBET-
CTBYIOIEMY THIly', KaK TO CHEJaHO B clieayoumeM (pparMeHTe MpOrpaMMbL:

int *ip;
= (int *) calloc(n, sizeofF(int));

Oynxuus free(p) ocBoboxkraeT 061aCTb TaMATH, Ha KOTOPYIO YKa3bIBa€eT p, —
yKasaTeJib, IEPBOHAYAIbHO [OYYEHHBIN C TOMOIbIO malloc uiu calloc. Hu-
KaKMX OrpaHUYeHUH Ha MOPSZIOK, B KOTOPOM 6yneT 0cBO6OXAATbCA TAMSATD,
HET, HO CYMTAETCS Y)KaCHOU omnbKoit 0cBOOOXKaEHHE TEX 06JIaCTePI KOTOpbIEe
He ObLIIY NMOJTyYeHbI C TOMOIIbIo calloc uau malloc.

Hesnbas Takxe HCMOIb30BaTh Te 06J1aCTH [TaMATH, KOTOPbIE YKe 0CBOOOXK-
nenbl. Cenyomuil npuMep AEMOHCTPUPYET TUIMYHYIO OLIUOKY B LMKIIE,
0cBOO0XKIAIOLIEM 2IEMEHTHI CIIMCKA.

for (p = head; p '= NULL; p = p->next) /* HEBEPHO =/
free(p);

HpaBPlIIbeIM 6y11eT, €CJIM BHI 10 0CB060)K11€HI/15I COXpaHHUTE TO, YTO BaM II0-

' Kak yxe oTmeyanoch (cm. npumcy. Ha c. 183), 3amcyaiive o NPUBCACHHM THIIOB 3HAYEHU,
BO3BpamaemMblix GyHKIMAMHY malloc mam calloc,— nesepHo. — IIpumeu. asm.
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TpeGYyeTCsl, KaK B CJIELYIOLIEM LIUKJIE:

for (p = head; p != NULL; p = q)l{
q = p->next;
free(p);

}

B naparpade 8.7 MbI pacCMOTPHM peaIM3aIMIO IIPOTPAMMBI YIIPABJIEHHU Na-
MSITBIO BpoZe malloc, MO3BOJISAIONIYI0 0CBOOOXKAATh BblAEIEHHbIE OJOKY Ma-
MSITH B J1060i1 [0C/IEN0BATENbHOCTH.

7.8.6. Maremarnyeckue pyHKUUMU

B <math. h> onucano 6osee fBaaLaTh MaTeMaTH4ecKUX GyHKUKA. 31€Ch XKe
npuBeieHbl Hanbosee ynoTpebuTesnbHble. KaXaas U3 HUX UMeeT OfUH WK ABa
apryMeHTa TuIna double ¥ Bo3BpalllaeT pe3yabTaT TakXe TUna double.

sin(x) — CHHYC X, X B paJUaHaXx.

cos(x) — KOCHHYC X, X B paJlUaHax.

atan2(y, x) — apKTaHTeHC y/X, Yy U X B paglaHax.

exp(x) — 3KCIOHeHUHanbHas GyHKUUA e,

log(x) — HaTypasibHbl (110 0OCHOBaHHUIO ¢) jorapudm x (x > 0).
1og10(x) — o6brunbIi (110 ocHOBauuo 10) norapudm x (x > 0).
pow(X,y) — x¥.

sqrt(x) — KOpeHb KBaJipaTHbIN X (x > 0).

fabs(x) — abCoIOTHOE 3HaYeHUe X.

7.8.7. lfeHepaTop cnyvanHbix Yyucen

@yukuus rand() BEIYUCISIET NOCAEA0BATENBHOCTD IICEBAOCTYYAIHBIX 1ie-
JIBIX B JWaNa3oHe OT HYJIs 10 3HaYeHHs, 33/laHHOT0 MMEHOBAHHOM KOHCTaH-
To# RAND_MAX, koTopast onpesesiena B <stdlib. h>. [IpuBectu cyyaiiHble yuc-
Jla K 3HaYEeHHsAM C IUTaBarouieil TOYKoi, GobInM 1 paBHbIM 0 U MeHbLINM 1,
MOXHO 1o hopmyie

#tdefine frand() ((double) rand() / (RAND_MAX+1.0))

(Ecnu B Banieit 6ubnnoTexe yxe ecTb GYHKUUS AJIS IOJNYYEHUS CyYailHBIX
4HCeJT C TTaBaouiel TOUKOM, BIIOJIHE BO3MOXHO, YTO ee CTaTUCTHYECKHE Xa-
PaKTEPUCTHKH JIydllle YKa3aHHOM. )

@yukius srand(unsigned) yctaHaBiuBaet ceMs Ayt rand. Peanusauuu rand
U srand, pejJiaraeMbie CTaHAAPTOM U, CJIe[OBaTeNbHO, IepeHOCHMbIE Ha pa3-
JIMYHblE MALIMHBI, PACCMOTpEHB! B Maparpade 2.7.

VnpaxHenne 7.9. Peanusys GpyHKUHUYM BPOJIE 1Supper, MOKHO 3KOHOMHUTb JTH60
namsThb, 160 BpeMs. Hanuiure 06a BapranTa byHKUHH.
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UHnTepoeirc c cuctemon UNIX

Csou yciyru onepaunonsas cucreMa UNIX npeasaraer B Buae Habopa
CUCEMHBIX 81306808, KOTOPBIE HaKTHYECKH SIBJISIOTCS ee BHYTPEHHUMH QYHK-
HUAMH ¥ K KOTOPBIM MOXHO 0OpamaThCs U3 NporpamMm IoJjib3osatess. B Ha-
cTosilliell ryiaBe onucano, kak B CH-IporpaMMax MOXXHO NIPUMEHATH HEKOTO-
pele Hanbostee BaxxHble BbI30BbL. Eciin Bb1 pabotaere B cucreme UNIX, To aTut
cBe/ieHMs OYAyT BaM M0JI€3HbI HENOCPEACTBEHHO U TIO3BOJIAT NMOBBICUTD 3¢-
GbeKTMBHOCTb PabOThI WK TIOJYYUTh AOCTYII K TEM BO3MOXKHOCTAM, KOTOPBIX
Het B 6ubnmoteke. [laxe ecnu Bbl Mcnosb3yete Cu B APYrOi onepaluoHHON
CHCTeMe, M3y4eHHe PACCMOTPEHHBIX 3/1eCh IPUMEPOB BCE PABHO TPUOIU3UT
Bac K IOHMMaHMIO IIporpaMMuUpoBaHus Ha CH; aHaJIOrMYHble TPOrpaMMBI (OT-
JIMYAIONIMECS JIUIIb JeTaNAMHU) Bbl BCTPETHTE NIPAKTUYECKH B JII0OOM omnepa-
uMoHHOM cucteMe. Tak kak 6ubnoreka Cu-nporpaMm, yTBepkIeHHas B Ka-
yectBe cTaHzapta ANSI, B ocHOBHOM oTpaxkaeT BO3MOXXHOCTU cucTeMbl UNIX,
npejiaraeMble IIPOrPaMMbI IIOMOTYT BaM JIyyliie IIOHATh U 6UOIHOTEKY.

[aBa cOCTOMT M3 TPeX OCHOBHBIX YacTeil, ONMUCHIBAIOIIMX: BBOA-BBIBOJ,
(daitioByI0 CHCTEMY ¥ OPraHHU3aLMIO YIIPaBJIEHUs MaMAThI0. B nepBuix AByX
YacTAX NPEANOoJaraeTcss HEKOTOpoe 3HaKOMCTBO YHTaTeJsi C BHEITHUMHU Xa-
paxrepuctukamu cucteMsr UNIX.

B raBe 7 MBI paccMaTpUBaIK eMHBII 7151 BCEX ONIEPALMOHHBIX CHCTEM HH-
Tepdeiic BBOAa-BbIBOAA. B 1106011 KOHKPETHOM CHCTEME IIPOrPAaMMbI CTaHAAPT-
HOM GUBIHOTEKH MUIIYTCSA C UCIOIb30BaHMEM CPEACTB UMEHHO 3TOM KOH-
KpeTHOU cucTeMsbl. B cirenyromux HeckonbKUX naparpadax Mbl OIMILIEM BbI-
3085l cucteMbl UNIX 1o BBOZY-BEIBOAY U ITOKaXKeM, KaK C UX HOMOLIBIO MOXKHO
pean3oBaTh HEKOTOPbIE Pa3/esibl CTaHAAPTHON 6MOIMOTEK .

8.1. Deckpuntopsl ¢aiinos

B cucreme UNIX sro6bie onepauiyt BBO/Ia-BbIBO/A BEITOIHSIOTCS IIOCDe] -
CTBOM YTEHUS 1 3aNTUCH (ailyIoB, MOCKOJIbKY BCe BHELIHHE YCTPOMCTBA, BKJIIO-
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yas KJIaBUATYPY U 9KPaH, PaCCMaTPUBAIOTCA Kak 00beKThl HailioBoii cucte-
MBbL. DTO 3HAYUT, YTO BCE CBSI3U MEXAY IPOrPaMMOii M BHEIIHIMH yCTPOMCTBa-
MH OCYILIECTBJISIOTCS B PAMKaXx elHHOT0 OJHOPOAHOr0 HHTepdeiica.

B camoM obiiieM ciiyyae, pexie YeM YUTATh UM TIHCATh, Bbl OJKHBI IPO-
uH(pOPMUPOBATh CUCTEMY O JEHCTBHIX, KOTOPHIE Bbl HAMEPEBAETECH BHIIIOJI-
HATh B OTHOIIEHUH (ailsia; 3Ta Npoleaypa Ha3bIBAETCS OmKpbimuem aitna.
Eciu BB cobupaeTecs nucath B Gaits, To, BO3MOXHO, ero NoTpedyercs co3nath
32HOBO MJIM OYHUCTHUTH OT XpaHHUMOIt HHopMaru. CucTeMa NpoBepsieT Ballu
npaBa Ha 9TH AeiicTBus (daily cyuecTByeT? BB HMeeTe K HEMy AOCTYH?)
¥, €CJIM BCE B IOPsI/IKe, BO3BpALIaeT IPOrpaMMe HeOOIbLIOE HEOTPHULATEIbHOE
11eJ10€, Ha3bIBaeMOe Oeckpunmopom ¢aina. Besikuil pas, Koraa ocyuiecTsis-
€eTCcsl BBOA-BBIBOA, UeHTHHKaIMs (aiiya BEINOTHAETCS O ero AeCKPUIITO-
Py, a He o umenHu. ([{eckpunrop daiina aHanoruyen ¢hailIoBOMy yKasaTeJio,
UCII0JIb3YyEMOMY B CTaHAAapTHON 6ubinoTexe, unu xauany (handle) 8 MS-
DOS.) Bes undopmanns 06 otkpoitoM aitie xpanutces u o6pabaTsiBaeTcs
OTEepalMOHHON CHCTEMOIt; IporpaMMa noJib3oBateist obpauaercs k daitny
TOJIBKO Yepe3 ero JeCKPHUITOP.

BBoz ¢ k1aBUaTypHI ¥ BBIBOJ Ha 9KPaH IPUMEHSIOTCS HACTOJIBKO YaCTo, YTO
115 yno6ersa paboThI ¢ HUMH NIPEyCMOTPEHBI ClienHaibHble coratmesus. [lpu
3anycke POrpaMMbl KOMaHAHbI uHTEpnpetatop (shell) oTkpeiBaet Tpu ¢aii-
na ¢ peckpunropami 0, 1 1 2, KOTOpble HA3BIBAIOTCS COOTBETCTBEHHO CTAHAAPT-
HBIM BBOJIOM, CTaHZAPTHBIM BBIBOZIOM M CTaHAAPTHBHIM (aityioM omubok. Eciu
nporpamma yutaeT u3 daiina 0, a nuuter B daitnn 1 1 2 (3zech undpsl — Je-
CKPHITOPbI (hailJIOB), TO OHa MOXET OCYLIECTBJIATb BBOJ M BBIBOZ, He 3a60-
TACH 06 MX OTKPBITHH.

ITonb3oBaTenb IPOrpaMMBbl UMeEET BO3MOXHOCTb [IEpEHANPABUTh BBOJ - BhI-
Boa B daiiy win u3 daiiia c moOMOIbIO 3HaYKOB < U >, KaK, HaIpUMep, B

prog <infile >outfile

B 3TOM ciiyuae KOMaHAHBIA UHTEPIPETATOP 3aMEHHUT CTaHAAPTHbIE YCTAaHOB-
kH aeckpuntopos 0 1 1 Ha uMeHoBaHHbIe baitnbl. O6bIYHO KecKpHITTOD Gail-
na 2 ocTaeTcs MOACOENMHEHHBIM K 9KPaHy, YTOOBI Ha HETo LK COOOIIeH s
06 omubkax. CkazaHHOe BEPHO U 151 BBO/Ia-BBIBOJA, CBSI3aHHOTO B KOHBeHIeD.
Bo Bcex ciyuasx 3ameny ¢aitia ocylecTBisieT KOMaHAHbBI HHTEpPIIpeTaToP,
a He iporpamma. ITporpamma, ecsiut oHa ccbliaetcst Ha ¢aitn 0 (B ciryyae BBo-
na) u daiter 1 1 2 (B ciydae BEIBOAA), He 3HAET, HU OTKYZa IPHUXOJHUT ee BBOJ,
HY KYZia OTIIPaBJISIETCA €e BBIBOL.

8.2. HnxHnit ypoBeHb BBoAa-BbiBOAA (read nwrite)

BBoz-BbIBOI OCHOBaH Ha CUCTEMHBIX BBI30BaX read M write, K KOTOpHIM
Cu-nporpamma obpaiaercs ¢ noMouibio GyHKUHI ¢ UMeHaMU read 1 write.
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Ilis o6enix mepBbIM apryMeHTOM sIBJIsieTcsl AeckpunTop daitna. Bo sTopom ap-
TYMeHTe yKa3blBaeTCs MaCCUB CHMBOJIOB Balllelf TpOrpaMMmsl, Kyza fnocbhljia-
I0TCSL WK OTKyZa 6epyTcst qanHble. TpeTHil apryMeHT — 3TO KOJIMYECTBO I1e-
pechiyiaeMbix 6aiiToB.

int n_read = read(int fd, char *buf, int n);
int n_written = write(int fd, char *buf, int n);

Ob6e GysKuMK BO3BpALIAIOT YKCIIO NepefaHHbIx 6aiiTos. [Ipu utennu kom-
YeCTBO NPOYMTAHHBIX GaTOB MOXET OKa3aThCs MEHbLIE YK CJIa, YKa3aHHOTO
B TpeTbeM apryMmenTe. Hysb o3Havaer xoHeu ¢aiiya, a -1 CHTHaIU3UPYeT
0 kakoii-To ournbke. IIpu 3anucu GyHKUKS BO3BpallaeT KOJMYECTBO 3alUCaH-
HbIX G2iTOB, U €CJIM ITO YHCJIO HE COBITA/IAET C TPEOYEMBIM, CIIEAYET CYUUTATD,
YTO 3aMUCh He POU30LILTIA.

3a OMH BBI30B MOXHO NPOYMTATh WM 3amucaTh Jioboe uncio 6aiTos.
O6bIYHO 3TO YKCJIO PABHO WIIH 1, 4TO O3HAYAET IOCUMBOJIBHYIO lepenayy “6e3
6ydepusaunu”, unm yemy-unbyas spoge 1024 unu 4096, cooTBeTCTBYOIIMX
pasmepy ¢usnyeckoro 6J10ka BHELIHETO YeTPoiicTBa. DddexTrBHEE 0OMEHY-
BaThCsA OOMBUINM YHUCIOM GATOB, TOCKOJIBKY NIPH 9TOM TpebyeTcss MeHblie
CHCTEMHBIX BBI30BOB. Vcnonb3yst nmoyiyueHHble CBeeHUs, Mbl MOXKEM HallH-
caTh POCTYIO NPOrPaMMy, KOIHPYIOLIYIO CBOM BBOJ Ha CBOH BBIBOJ M 9KBHBa-
JIEHTHY!IO IIporpaMMe KONMpoBaHus (aiiia, onrucanHoii B ase 1. C noMolibio
3TOM IIPOrpaMMBbI MOXHO KOITMPOBATh OTKY/Ja YTOAHO M KyJa YTOAHO, TOCKOJIb-
KY BCETZa CYLIECTBYET BO3MOXXHOCTD [IEPEHANPaBUTh BBOA-BbIBOJA Ha JII0O0T
(aitn um ycTpotcTBo.

#include "syscalls.h”

main() /* konupoBaHwWe BBOAA Ha BbBOA */
{

char buf[BUFSIZ];

int n;

while ((n = read(0, buf, BUFSIZ)) > 0)
write(i, buf, n);
return 0;

[TpotoTunsl GpyHKLUMH, 0OecreyrBaOLIME CUCTEMHbIE BbI30BbI, MbI cOOpa-
v B aitsie syscalls. h, 4TO II03BOJIsSIET HaM BKJIIOYATh €ro B IPOrpaMMbI 3TOM
rnaBbl. OHAKO UMs JaHHOTO (aiiya He 3apUKCUPOBAHO CTAaHIAPTOM.

[TapameTp BUFSIZ Takke onpenesieH B <syscalls.h>; B KaXXI0H KOHKPETHOH
cHcTeMe OH UMeeT cBoe 3HaueHue. Eciu pasmep ¢aiina e kpateH BUFSIZ,
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TO KaKasi-TO ollepalus YTeHH BepHeT 3HaueHue MeHbliee, ueM BUFSIZ, a cie-
aymouiee oOpauieHte K read AacT B KAYeCTBE Pe3yJIbTaTa HyJIb.

ITonesHo paccMOTpeTh, Kak MCHOJb3YIOTCS read U write npu HanMcaHUK
nporpamm 6oJiee BBICOKOTO YPOBHS — TAKMX Kak getchar, putchar u T. 1. Bor,
K NIPHMepY, BEPCUS IPOrpaMMbl getchar, KOTopas ocyliecTBseT Hebydepuso-
BaHHbBIH BBOJ, YUTas 110 OMHOMY CUMBOJIY M3 CTAaHZAPTHOIO BXOAHOIO IOTOKA.

#include "syscalls.h”

/* getchar: Hebypepn3oBaHHHA BBOA OAHOrO cuMBOna */
int getchar(void)
{

char c;

return (read(0, &, 1) == 1) ? (unsigned char) ¢ : EOF;
}

[TepemenHast ¢ JoykHa OBITH THIIA char, TOCKOJIBKY read TpeGyeT ykasaTens
Ha char. [IpuBenenue ¢ x unsigned char nepes TeM, Kak BEDHYTb €€ B KauecTBe
pe3yJIbTaTa, UCKIIIOYaeT Kakue-1100 npobeMsl, CBsI3aHHbIE C PACIIPOCTPaHe-
HUEM 3HaKa.

Bropas Bepcus getchar ocyuiecTsisieT BBoJ OOMbUIMME KYCKaMH, HO TIPH
Ka)X[0M 0OpallleH!uH BbIAAET TOJIBKO OAMH CHMBOJL

#include "syscalls.h”

/* getchar: npocTas sepcus ¢ bydpepusauven =/
int getchar(void)
{

static char buf[BUFSIZ];

static char *bufp = buf;

static int n = 0;

if (n==0) { /x bypep nycT */
n = read(0, buf, sizeof buf);
bufp = buf;
}
return (--n >= 0) ? (unsigned char) xbufp++ : EOF;
}

Ecnu npuBeneHHble 31eCh BepcuH QYHKIUH getchar KOMIMIMPYIOTCSA C BKJTIO-
YyeHHEM 3aroJIOBOYHOro ¢ailia <stdio.h> u B 3TOM 3aroJioBoyHoM cdaitne
getchar onpenesneHa Kak MakpocC, TO Hy>KHO 3a7aTh CTPOKY #undef ¢ UMEHEM
getchar.
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8.3. CuctemMHble BbI30BbI open, creat, close, unlinc

B oTsinume OT cTaHAapTHBIX (hailoB BBOAA, BBIBOAA U OMIMOOK, KOTOPbIE
OTKPBITBI 110 YMOJIYaHHIO, OCTa/IbHbIe (paljbl HYXKHO OTKPHIBaTh siBHO. [{ns
STOTrO eCTb ABA CHCTEMHBIX BbI30Ba: open M creat.

DyHKuMs Open MOYTH COBMNanaet ¢ fopen, paceMOTpeHHOH B rase 7. Pa3-
HHUI[a MEXIY HUMH B TOM, 4TO IlepBasi BO3BpauiaeT He (HaiiIoBLIN yKa3aTeb,
a neckpunrop daitna tuna int. [Ipu moboit ounbke open BosBpaiaer - 1.

#include <fcntl.h>

int fd;
int open(char *name, int flags, int perms);

fd = open(name, flags, perms);

Kaxk u B fopen, apryMeHT name — 3TO CTPOKa, cofiepxauias ums daitna. Bropoit
aprymenT, flags, MeeT TUIl int ¥ crieupUUUPYeT, KaKUM 00Pa3oM LOJIKeH
ObITb OTKPHIT (baitn. Ero 0cCHOBHBIMHU 3HAYEHUSIMU SIBJIAIOTCS:

0_RDONLY — OTKPBbITh TOJIbKO Ha YTEHHE;
0_WRONLY — OTKPBITh TOJIBKO Ha 3aIHCh,
0_RDWR — OTKPBITh Y Ha YTeHHe, U Ha 3alHCh.

B System V UNIX 3T xoHCTaHTBI onpezenensl B <fcntl.h>, a B Bepcuax
Berkley (BCD) — B <sys/file.h>.
Yr1o6bl OTKPBITH CYLIECTBY 0L haisl Ha YTeHHe, MOXKHO HalUCaTh

fd = open(name, O_RDONLY, 0);

Ianee Besne, rae Ml osb3yeMcst GyHKLUMeN open, ee apryMeHT perms paBeH
HYJIIO.

[TonbiTKa OTKpPBITH HecylnecTByouii daiin spusercs omnbkoit. Coznanue
HOBOrO (aiisia UIH Mepe3antch CTaporo 00eCeYnBaeTCss CUCTEMHBIM BBI30-
BoM creat. Hanpumep

int creat(char *name, int perms);
fd = creat(name, perms);

ODyukuus creat Bo3BpallaeT eckpunTop daiiia, ecu daits cossas, U -1, ecm
10 KakuM-11u60 nipuyrHaM daiin cosnats He yaanoch. Eciu daiin yxe cyue-
cTBYyeT, creat “obpexer” ero 0 HyJIeBO# JJIMHBI, YTO PaBHOCHJIBHO BBIOpACHI-
BaHHIO NPE/IbIAYLIEr0 COAEP>KMMOr0 JaHHOTO daiina; Co3faHue yKe CylEeCTBY-
touiero ¢aiina He ABJIAETCS OLIMOKOIL.

Ecau crpoutcs neficTBUTEIbHO HOBBIH (aiif, TO creat ero co3gacr C Ipa-
BaMH JOCTyIa, creludUIIMPOBaHHEIMU B apryMenTe perms. B cucteme UNIX
¢ KaX/pM (paiiioM accOLMMPOBaHbl AeBATh OUTOB, coepixaline HHopma-
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1IMIO O TIpaBax M0J1b30BaThCs ITUM (DailIOM /I YTEHHUS, 3aITUCH U UCTIOJIHE-
HUS IMLAM TPeX KaTeropuii: coOCTBEHHUKY (aiia, OnpeaeseHHON UM TpyTiTe
JIVL ¥ BCeM OCTasIbHbIM. Takum 06pa3oM, nipaBa nocTyna yao6Ho crienudunu-
POBaTh C IOMOLIBIO TPeX BochbMepHyuHbIX L p. Hanpumep, 0755 cneunduuu-
pYeT uTeHHe, 3alKCh 1 [IPABO UCIIONHEHN S COOCTBEHHHUKY (aiiia, a TakxkKe yTe-
HHe U [IPaBO UCIIOJHEHUS PYIINE U BCEM OCTATbHBIM.

s unmocTpauy NpUBeeM YIPOIEHHYO BEPCHIO IPOrPaMMBbl Cp CHCTe-
Mbl UNIX, koTopas xonupyet oxuH daitn B Apyroit. B Hame# Bepcuu xonu-
pyeTcs ToJIbKO OfHH (ail, He 03BOJISIETCSI BO BTOPOM apryMeHTe YKa3bBaTh
IVpeKTOpHil (KaTayor), ¥ npaBa AOCTYIA He KOMUPYIOTCS, & 33/1aI0TCsT KOH-
CTaHTOI.

#include <stdio.h>

#include <fcntl.h>

#include "syscalls.h”

#define PERMS 0666 /» RW ans cobCTBEHHWKA, rpynnbl M OCTanbHbX */

void error(char », ...);

/* cp: konupoBaHue f1 8 f2 =/
main(int argc, char =argv[])
{

int f1, 2, n;

char buf[BUFSIZ];

if (argc !'= 3)
error("06paueHve: cp oTkyaa kypa™);
if ((f1 = open(argv[1], O_RDONLY, Q0)) == -1)
error ("cp: He Mory oTkpuTb Qain %s”, argv[1]);
if ((f2 = creat(argv[2], PERMS)) == -1)
error ("cp: He Mory co3paTb ¢ain %s, pexum %030",
argv[2], PERMS);
while ((n = read(f1, buf, BUFSIZ)) > 0)
if (write(f2, buf, n) !'=n)
error ("cp: ownbka npu 3anucu B dann %s”, argv[2]);
return 0O;

}

[laHuasi nporpaMma co3naeT dbaiis BeIBoAa ¢ GUKCHPOBaHHBIMHU NIPaBaMU JO-
CTyma, onpeAensaeMbIMU KOAOM 0666. C noMolibio CHCTEMHOrO BbI30Ba stat,
KOTOpBIX Oy et onvcaH B naparpacde 8.6, Mbl MOXeM ONpPeaeIUTb PEXHM HC-
T0J1b30BaHUS CyLIECTBYIONEro (aiiia 1 331aTh TOT XKe PEXUM /15 KOIIHH.
3ameTuM, 4yTO PYHKUUA error, BeI3bIBaeMasi C pa3JIMYHBIM YHMCJIOM apry-
MEHTOB, BO MHOI'OM IT0X0a Ha printf. Peanusauus error UIIIOCTPUPYET, Kak
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[0JIb30BAThCS JPYTHMH NporpaMMaMu cemeiictBa printf. Bubnuoreunas
dyukuus vprintf anamoruysa printf, ¢ TO# JIMIIb OTOBOPKOH, YTO IIEPEMEH-
Hasl 4acTb CIIMCKa apTYMEHTOB 3aMeHeHa B Hell OJHUM apryMeHTOM, KOTOPBIH
MHUUUAIH3NPYeTcst MakpocoM va_start. Ilono6HbIM xe 06pa3oM COOTHOCAT-
cs dyukuuu viprintf ¢ fprintf uvsprintf csprintf.

#include <stdio.h>
#include <stdarg.h>

/* error: neyataeT coobueHue 06 owubke U ymupaeT =/
void error(char *fmt, ...)

{

va_list args;

va_start(args, fmt);
fprintf(stderr, "oumbka: ");
vfprintf(stderr, fmt, args);
fprintf(stderr, "\n");
va_end(args);
exit(1);

}

Ha xonun4ecTBo 0IHOBpEMEHHO OTKPBITHIX B niporpamme QailyioB uMeercs
orpanmndenye (06b19HO X yrcIo kosnebercs okoso 20). [Toatomy mobast po-
rpaMma, KOTopasi HaMepeBaeTcst paboTaTh ¢ 60IbUINM KOMHYeCTBOM (ailiios,
H0JKHA OBITh TOTOBA IIOBTOPHO UCIIOJIb30BaTh UX AeCKPUNTOPbl. DyHKIUSA
close(int fd) pa3pbiBaeT CBSI3b MEXAY GailJIOBHIM HECKPHIITOPOM 1 OTKDHI-
ThIM (aiiIoM 1 0CBOOOXK/IaeT IECKPUIITOP ISl €T0 IPUMEHeH s ¢ ApyruM bail-
noM. OHa aHanornyHa 6u6aoTeyHON GyHKIMK fclose C TeM JIULIb PasIMYU-
€M, YTO HUKaKO# ouncTku Oydepa He nenaeT. 3aBepleHNe IPOrPAMMBI C 110~
MOIIBI0 eXit WK return B IJIaBHOU IPOrpaMMe 3aKPHIBA€ET BCe OTKPHIThIE (ait-
JIBL. .

Oyuxuus unlink(char *name) ynanser uMms daitna u3 $aitioBoii CHCTEMBL.
OHa cooTBeTCTBYeT HYHKIINY remove CTaHAAPTHON OUGIHOTEKH.

Ynpaxuenne 8.1. Ilepenuuinte nporpaMMy cat M3 Iy1aBbl 7, HCNOJB3YS
¢dyukuuu read, write, open u close. 3aMeHHTe MU COOTBETCTBYIOLIHE DYHK-
MU CTaHAapTHOM 6ubnnoTexku. [loskcnepuMeHTUpYiiTe, YTOOB CPAaBHUTD
OBICTPOEHUCTBHE IBYX BEPCHIA.

8.4. NpousBonbHbI paocTyn (1seek)

BBoa-BbIBO 06BIYHO GBIBAET IOCTENOBATENBHBIM, T. €. KXA2s1 HOBas OIe-
pauus YTeHUsI-3aMCH UMeeT [eJio ¢ no3ulueii daiina, cinemyrolei 3a TOH, 4TO
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6bLTa B Mpedblaylleil onepauuy (4reHus-3anucu). [Ipu sxenaHuu, ogHako,
¢aitn MOXXHO YHTATb MM IPOU3BOAUTD 3aIMCh B HETO B IIPOM3BOJIbHOM I10-
psznke. CHcTeMHBIH BbI30B 1seek IMpeRoCTaBisieT Criocob MepesBUraThest 1o
daiiny, He YuTas U He 3anUCchiBas AaHuble. Tak, GyHKIMA

long 1seek(int fd, long offset, int origin);

B daitne ¢ neckpunropoM fd ycTaHaBIMBaeT TeKYIYIO MO3ULHIO, CMelLIasi ee
Ha BeJIMUUHY of fset OTHOCHTEIBHO MeCTa, 33laBaeMOro 3HaYeHHeM origin. 3Ha-
veHus napameTpa origin 0, 1 uu 2 o3HavaroT, 4TO Ha BetuyuHYy of fset oTcTy-
MAI0T COOTBETCTBEHHO OT Hayasa, OT TeKyllel MO3ULMK UM OT KOHUA daiia.
Hanpumep, eciu Tpebyercs 106aBuTh 4T0-1160 B dait (Korna B KOMaHIHOM
untepnpetatope shell cucremsr UNIX BBOA nepeHanpasiieH onepaTopoM >>
B d)air'l.rl WJIH Korzia B fopen 3aaH apryMeHT "a”), To mpex/e yeM 4yT0-11160 3a-
NKChIBaThb, HE0OXOAMMO HAUTH KOHel (aila ¢ OMONLIbIO BbI30Ba GYHKIMH

1seek(fd, OL, 2);
Yro6sl BepHYThCA Ha3a/l, B Hauato (paiiyia, Hallo BHIOJIHUTD
1seek(fd, OL, 0);

Crenyet obpaTuTh BHUMaHKe Ha apryMeHT OL: BMecTo OL MOXHO 65110 6blI
HanucaTb (1long) 0 Uy, ecau GYHKIUSA 1seek JOMKHBIM 06pa3oM 0ObsiBIIeHa,
npocro 0.

Bnaronaps 1seek c daiinamu MoxHO paboTath Tak, kak 6yATO 3T0 G0sIbLINE
MacCcHBbI, IPaBia, C 3aMeJIeHHbIM focTynioM. Hanpumep, cienyromast GpyHk-
1M yuTaeT moboe Yucio Gaittos U3 oboro Mecra daitna. OHa BosBpaiaer
YHCJIO0 MPOYUTAHHBIX 6AWTOB WK -1 B CiIydae OMKMOKH.

#include "syscalls.h”

/* get: uuTaeT n 6auT M3 noavuuu pos */
int get(int fd, long pos, char *buf, int n)
{
if (1seek(fd, pos, 0) >= 0) /= ycTaHoBKa nosuuun =/
return read(fd, buf, n);
else
return -1;

} ;

Boasspaiaemoe dyHk1Mell 1seek 3HaueHe UMeeT TUII 1ong U ABJIsI€TCS HOBOM
noauurei B daiisie Wiy, B caydae ouinbky, paBHo -1. OyHkius fseek U3 cTan-
napTHOM 6uGMMOTEKH aHATOrHYHA 1seek; OT NoCIeHe OHA OTJIMYAETCS TeM,
4TO B CJIy4ae OLIHOKH BO3BpALIaeT HEKOTOPOE HeHyJleBoe 3HaYeHH e, a ee nep-
BBII1 apryMeHT uMeeT TUN FILEx.



224 Maea 8. UHTepdeiic c cuctemoit UNIX

8.5. Mpumep. Peanusauunsa pyHKunia fopen u getc

Tenepsb Ha npumepe hyHkUuit fopen U getc U3 cTaHAapTHOM 6UbIMOTEKH
MOKa)XeM, KaK OTNMCAHHbIE BBIILE YaCTH COIJIACYIOTCSI APYT C APYTOM.

Hanomuum, yTo aiisibl B cTaHAapTHOM 6UbIMOTEKe ONUCHIBAIOTCA haitno-
BbIMH yKa3aTessMH, a He JleCKPUIITOpaMu. Y KasaTenb daiiyia — 310 ykasartesb
Ha CTPYKTYPY, Coziepxaltyio nHopMauuio o daiire: ykasaTesnb Ha 6ydep, mo-
3BONAIOMAN YMTaTh (Bt 60bLIMMY KYCKAMHU; YUCIIO He3aHATBIX 6aiiToB Oy-
(epa; ykasaresib Ha CJIeAyOLLyIo no3uuuio B 6ybepe; neckpurntop daiina; hiax-
KH, OTMCBIBAIOIIME PEXUM (d4TEHME/3aMNCh), OLINOOYHBIE COCTOSIHUA U T. II.

CrpykTypa [aHHBIX, OnKcbiBatonias daiis, cogepxuTcs B <stdio. h>, koTo-
phlit HEO6X0AMMO BKJII0YATh (¢ TOMONIBIO #include) B moboit ucxoaHbli daii,
€CJIY B TOM OCYIIECTBIISIETCS CTAaHAAPTHBIM BBOJ-BBIBOA. JTOT e 3aroI0BOY-
HbI# daiin BKIIOYEH U B MCXOAHBIE TEKCTHI OMOIMOTEKH BBOJa-BbIBOJA.

B cnexytoniem ¢pparmMenTe, TATMYHOM JUiA (aitna <stdio. h>, UMeHa, KCII0JIb-
3yeMbIE TOJIbKO B 61OIMOTeYHbIX GYHKUNAX, HAYMHAIOTCS C IOAYEPKHBAHHUA.
ITO CHENAHO AJISL TOTO, YTOOBI OHHU CIYYallHO HE COBNAIM C MMeHaMy, ury-
PUPYIOLIAMH B IPOrPaMMe MoJib30BaTess. Takoe coryauienne cobonaercs
BO BCEX NIPOTPaMMax CTaHAapTHO# 6ubmoTexy.

#tdefine NULL 0

#define EOF (-1

#define BUFSIZ 1024

#define OPEN_MAX 20 / max 4ACNO OfHOBPEMEHHO OTKPHTLIX (Gannos */

typedef struct _iobuf {

int cnt; /* KONUYECTBO OCTABWWXCA CUMBONOB */
char *ptr; /* no3uuus cnepyvouero cumsona */
char base; /* agpec Oydepa +/
int flag; /* pexum poctyna =/
int fd; /* peckpuntop daina +/

} FILE;

extern FILE _iob[OPEN_MAX];

#define stdin (&iob[0])
#define stdout (&_iob[1])
#define stderr (&_iob[2])

enum _flags {
_READ = 01, /* dain OTKPHT Ha 4TeHue =/
_WRITE = 02, /* daln oTKPHT Ha 3anucb */
_UNBUF = 04, /* daitn He bydepusyeTca +/
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_EOF
_ERR
N

int _fillbuf(FILE +);
int _flushbuf(int, FILE «);

010, /* B AaHHOM daine BcTpeTunca EOF x/
020 . /* B [faHHOM ¢aine BcTpeTunacb ownbka */

#define feof(p) (((p)->flag & _EOF) '= 0)
#tdefine ferror(p) (((p)->flag & _ERR) != 0)
#define fileno(p) ((p)->fd)

#define getc(p) (——(p)->cnt >= 0\

? (unsigned char) =(p)->ptr++ : _fillbuf(p))
#define putc(x,p) (-=(p)->cnt >= 0\ -

? «(p)->ptr++ = (x) . _flushbuf((x),p))

#define getchar() getc(stdin)
#tdefine putchar(x) putc((x), stdout)

Makpoc getc 06bI9HO yMeHbIITaeT CYETYUK YUCTa CHMBOJIOB, HAXOASITHXCS
B 6ydepe, 1 BO3BpaIIaeT CHMBOJI, IOCJIE YET0 IPUpalMBaeT yKa3aTeb Ha eIU-
uuuy. (HanomHuM, 4T0 AstuHHbIe #define ¢ OMOIbIO 06paTHOM HAKIOHHOM!
4epThl MOXXHO IIPOJOJDKUTH Ha ceayolux cTpokax.) Koraa sHauenue cuer-
4MKa CTAHOBHMTCS OTPHUIIATEIbHBIM, getc BoI3biBaeT _fillbuf, yTo6bl CHOBA 3a-
10HUTH 6ydep, MHUIMATU3UPOBATb COAEPKMMOE CTPYKTYPbI U BbIAATH CUM-
BoJI. THIIBI BO3BpaIlaeMbIX CHMBOJIOB IIPUBOASTCS K Unsigned; 3To rapaHTu-
PYET, 4TO BCe OHH Oy YT MOJOXHUTENbHBIMH.

XO0Ts B [eTassIx BBOJ-BbIBOJ 37€Ch HE pAaCCMaTPHBAETCS, MBI BCE Xe TPUBe-
7M1 TI0JIHOE onpezesieHne putc. Caenano 3To, 4ToObI MOKa3aTh, YTO OHA Aei-
CTBYET BO MHOI'OM TaK e, KaK U getc, BbI3bIBas q)ymcumo _flushbuf, xorga
6ydep nosoH. B TeKCTe UMEIOTCS MAKPOCH], O3BOJISIOIHE OTYYaTh JOCTYII
K daaxkaM onuOKY 1 KOHIa daiiia, a TakKe K ero JECKPUIITOPY.

Tenepb MoxxHO Hanucath pyHkuMIO fopen. Bosbiast yacTh MHCTPYKUUH
fopen OTHOCHUTCS K OTKPBITHIO (aiisa, K COOTBETCTBYIOIEMY €r0 TO3MLHOHH-
POBaHUIO U K yCTaHOBKe (PJIaXXKOBBIX OMTOB, IIpeHA3HAYEHHDIX AJIS HHAMKA-
uuH Tekyuiero cocrosinus. Cama fopen He OTBOAUT MecTa st Oydepa; 31O
nenaer _fillbuf mpu nmepBom yteHuH (aiiia.

#include <fcntl.h>
#include "syscalls.h"
#define PERMS 0666  /+ RW ans cobCTBEHHMKA, rpynnbl u npo4. */

/+ fopen: oTkpuBaeT dann, BO3BpawaeT dainosuii ykasaTeno x/
FILE =fopen(char =name, char *mode)



226 Maga 8. UHTepdeiic c cucrtemoit UNIX

int fd;
FILE fp;

if (*mode != 'r’' && smode '= 'w’ && *mode '= 'a’')
return NULL;
for (fp = _iob; fp < _iob + OPEN_MAX; fp++)
if ((fp->flag & (_READ | _WRITE)) == 0)
break; /* HaiigeHa cBoGogHas noanuusx/
if (fp >= _iob + OPEN_MAX) /+ neT csoboaHol nosuuun =/
return NULL;

if (+mode == 'w')
fd = creat(name, PERMS);
else if (+*mode == 'a') {-

if ((fd = open(name, O_WRONLY, 0)) == -1)
fd = creat(name, PERMS);
lseek(fd, OL, 2);

} else
fd = open(name, O_RDONLY, 0);

if (fd == -1) /* HEBO3MOXEH AOCTYN NO vUMeHn name =/
return NULL;

fp->fd = fd;

fp->cnt = 0;

fp—>base = NULL;
fp->flag = (*mode == 'r') ? _READ : _WRITE;
return fp;

}

IIpuBenennas 3gech Bepcrd fopen peann3yeT He BCe PEXHMBbI JOCTYIIa, OTOBO-
peHHble CTaHAAPTOM; HO, MBI [yMaeM, UX peanu3alus B MOJHOM oObeMe He
HaMHOTO YBEJWYHUT IJIMHY nporpammbl. Haia fopen He pacnosHaet OyKBbI b,
CUTHaIM3UpyHolleit 0 GMHApHOM BBOZE-BbIBOAE (TI0CKOJIbKY B cucteMax UNIX
3TO He MMeeT CMbICJIa), U 3HAKa +, YKa3bIBAIOILIero Ha BO3MOXHOCTb OHOBDe-
MEHHO YUTaTh U NTHCATh.

Jlns moboro (aiiia B MOMEHT EPBOrO OOPALIEH S K HEMY C TOMOIIbIO MAKPO-
BbI30Ba getc cueTunk cnt paBed Hyso. CrienctsueM aToro 6yaer BbizoB _fillbuf.
Ecyu BeisicanTes, uto daiin Ha yTeHHe He OTKPBIT, TO hyHKuus _fillbuf Hemen-
JIEHHO BO3BpaTHT EOF. B MpoTHBHOM cilyyae OHa IIONBITAeTCs 3alIPOCUTh TaMATh
1151 6ydepa (e YTeHHE HOKHO 6bITH ¢ Gydepusaryeit ).

[Tocne nonyyenus obactu namsatu 4 6ydepa _fillbuf obpauraercs
K read, 4TOOHI €ro HAIOJHUTD, YCTAHABIMBAET CYETYHMK U yKa3aTeld U BO3-
BpalllaeT nepsbiil cuMBoa U3 Gydepa. B ciexyromunx obpamenusx _fillbuf
06HapyXHT, 4TO NaMATh 1151 Oydepa yxe BbeIeHA.
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#include "syscalls.h”

/+ _fillbuf: 3anpoc namatu u 3anonHexue Gygpepa */
int _fillbuf(FILE =fp)
{

int bufsize;

if ((fp->flag&(_READ:_EOF:_ERR)) != _READ)
return EOF;
bufsize = (fp->flag & _UNBUF) ? 1 : BUFSIZ,
if (fp->base == NULL) /+ Oydepa eue HeT */
if ((fp->base = (char ») malloc(bufslze)) == NULL)
return EOF;  /» Henb3sa nony4nTb Bydep */
fp->ptr = fp->base;

fp->cnt = read(fp->fd, fp->ptr, bufsize);
if (--fp->cnt < 0) {
if (fp->cnt == -1)
fp->flag = _EOF;
else
fp->flag 1= _ERR;
fp->cnt = 0;
return EOF; '
}
return (unsigned char) *fp->ptr++;

}

EnuHCTBeHHOE, 4TO OCTaIOCh HEBBIACHEHHBIM, — 3TO KAKUM 06pa3oM opra-
HM30BaTh Hayaso cyeTa. MaccuB _iob cezyeT onpeaennTs 1 HHULHATH3UPO-
BaTh TaK, YTOOBI IIepel TEM KaK IporpaMma HauHeT paboTaTh, B HeM yxe Oblna
uHpopmanus o paiyax stdin, stdout ustderr.

FILE _iob[OPEN_MAX] = { /x stdin, stdout, stderr: =/
{ 0, (char =) 0, (char =) 0, _READ, 0 },
{ 0, (char *) 0, (char =) 0, _WRITE. 1}
{ 0, (char =) 0, (char =) 0, _WRITE i _UNNBUF, 2}
b

Mununanuaauud flag kak yacTH CTPYKTYPBI IOKa3bIBaeT, 4TO stdin OTKPHIT
Ha yTeHHe, stdout — Ha 3amuCh, a stderr — Ha 3anuch He3 b6ydepusanuu.

Vupaxunenue 8.2. Tlepenniunte byskunu fopenu _fillbuf, paboras c baax-
KaMH KaK C TI0JISIMH, a He C IOMOIL[bIO SIBHEIX TOOUTOBBIX onepauuit. CpaBHUTE
pasMepbl M CKOPOCTH IBYX BAPHAHTOB ITPOTPaMM.
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Vupaxuenne 8.3. PazpaboTaiite n HanuuTe pyHKuun _flushbuf, Fflush u
fclose.

Vupaxuenne 8.4. OyHKIUs CTAHAAPTHO GMOIHOTEKH
int fseek(FILE «fp, long offset, int origin)

veHTHYHa GYHKLMK 1 seek C TEMH, OHAKO, OTIIMUUSMH, 4TO fp — 9TO hailIoBbIM
yKasaTeJib, a HE IECKDPUIITOP, U BO3BpAIAEeT OHa 3HaYeHHe int, o3Havaroulee
cocTosiHue ¢aiina, a He no3uuMio B Hem. Hanunumure cBoio Bepcuio fseek.
ObecneubTe, yT0OBI paboTa Balei fseek 110 Oydepusaunu Obia corsiacoBana
c 6ydepusauneit, UCNOIB3yeMO APYTUMH PYHKIUAMU OUOIMOTEKH.

8.6. Mpumep. Meyartb KaTanoros

IlIpu pasnoro poaa B3auMoaeACTBUSIX ¢ GaiIoBON cCHCTEMOR MHOTrAA Tpe-
OyeTcst IOyYnTh MOAbK0 UH(pOpMaHio o daiine, a He ero conepxxumoe. Ta-
Kasi TOTpeOHOCTb BO3HUKAET, HATPUMEP, B IPOrPAaMMe NevaTH Katajiora dai-
0B, paboTatomeit aHanornyHo komanze 1s cucremMbl UNIX. OHa nevaraer
uMeHa (HailIoB KaTaiora 1 110 XeJIaHHIO I10J1b30BaTeJIsl APYTYIO JOTOTHUTEb-
Hyto uadopManuio (pasMepsl, paBa A0CTYMA U T. [.). AHAIOTMYHON KOMaH-
noit B MS-DOS asngerca dir.

Tak kak B cucteme UNIX karanor — ato Toxe daiin, byHkiuu 1s, 4T06bI
nobpatbes 4o uMeH GailsioB, HYyXKHO TOJIBKO ero npoynTars. Ho yTo6s! nosty-
YUTh APYTYIO MHGOPMALHIO O (ailsie (HanpuMep Y3HaTb ero pa3Mep), Heo6xo-
JUMO BBINMOJHUTbh CUCTEMHBIN BbI30B. B apyrux cucremax (8 MS-DOS, na-
IIPUMeEP) CUCTEMHBIM BbI30BOM NPUXOAUTCS NMOJIb30BAThCS JaXke AJIs IOIyye-
HHUA ZOCTyNa K uMeHaM daitnos. Haua uesns — obecneyunts goctyn k uagop-
MallKH 110 BO3MOXXHOCTH CUCTEMHO-HE3aBUCHMBIM CIIOCOOOM HECMOTDSI Ha TO,
YTO peanu3alns MOXeT OBITh CYLIECTBEHHO CUCTEMHO-3aBUCHMA.

TponnmocTpupyeM cka3aHHOe HanicaHueM nporpamMmsl fsize. Oyukius
fsize — yacTHbI cTyyail TporpaMMsl 1s; OHa IeyaTaeT pa3Mephl BceX ¢aiios,
TlepeyrcIeHHbIX B KOMaHAHOM cTpoke. Eciu kakoit-nmu6o u3 daitnos cam 18-
JIIETCS KaTaJIOroM, TO, YTOObI OIyYuTh HHbOPMALHIO 0 HeM, fsize obparya-
eTcs caMa K cebe. Ec/ii apryMeHTOB B KOMaH/IHO# CTPOKe HET, To 06pabaTbiBa-
eTcs TeKYI[UH KaTaJlor.

[l Hayana BCIOMHUM CTPYKTYDY daiinoBoii cucremsl B UNIXe. Kamanoz -
aTO daiis, comepKamuil CTUCOK UMeH GaitoB U HEKOTOPYIO HH(MOPMALHIO
0 TOM, Tl OHH PaCIIOJIOKeHBL. “MecTo pacnonioxkeHus” — 3TO HHAEKC, obece-
YMBAKOIIMI JOCTYII B APYTYIO TabIMILy, Ha3bIBAEMYIO “CIIUCKOM y3JI0B inode”.
[ns kaxmoro daiina umeeTcs cBoii inode, rie cobpata Best uHbopmanus o baii-
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Jie, 32 UCKJIIOUeHeM ero uMeHH. KaxIbli aj1leMeHT KaTanora COCTOMT U3 IBYX
yacTeil: U3 umeHu aiina 1 HoMepa y3na inode.

K coxanenuio, popMar 1 TOUHOE COJEPKMMOE KaTasora He OTMHAKOBBI
B Pa3HbIX BepCUsX cucTeMbl. [103TOMy, 4TOOBI IIEPEHOCHMYIO KOMIIOHEHTY OT-
HEeJIUTh OT HEellePeHOCHMOH, pa3obbeM Haury 3azady Ha ABe. BHemHuit ypo-
BEHb ONpe/IeIAeT CTPYKTYPY, Ha3dBaHHYI0 Dirent, M TpH NOATTporpaMMbl opendir,
readdir u closedir; B pe3yjbTare obecrieunBaeTCsl CUCTEMHO-HE3aBUCHUMBII
MOCTYT K IMEHH U HOMepY y3na inode Kaxxoro aneMeHTa katanora. Msi Oy-
IieM THCaTh MporpaMMy fsize, paccuuThIBast Ha Takoil uHTepdeiic, a 3atem
HOKa)XeM, KaK pealn30BaTh YKa3aHHbIe QYHKIMH A1 CUCTEM, UCTIOIb3YIOIMX
TY e CTPYKTYpy KaTasora, 4to 1 Version 7 u System V UNIX. /Ipyrue Bapu-
AHTBI OCTaBUM JJIS YIIPXXHEHHH.

Crpyxrypa Dirent comepxuT HOMep y31a inode 1 Mmsi. MakcuManbHast 1u-
Ha uMeHH Qaiiya paBHa NAME_MAX — 3T0 3HaueHHE CUCTEMHO-3aBUCHUMO. DyHK-
KA opendir Bo3BpallaeT yKa3aTesb Ha CTPYKTYPY, Ha3BaHHy!o DIR (mo aHa-
soru ¢ FILE), koTopas ucnonb3yercs GyHKUUAME readdir u closedir. Jrta
-‘mHbOpManUs cocpefoToYeHa B 3aro10BOYHOM daiine dirent. h.

#tdefine NAME_MAX 14 /* MakcuMmanbHas anvHa uMeHu daina; =/
/* CACTEMHO-3aBuCUMas BenudnHa  */

typedef struct { /* YHMBEPC. CTPYKTYpa 3/eMeHTa KaTanora: =/
long ino; /+ Homep inode */
char name[NAME_MAX+1]; /= uma + 3asepwatboumin '\0' =/

} Dirent;

typedef struct { /* MuHMManbHbii DIR: 6e3 Bydepusaumn n T.4. */
int fd; /* dahnosuil geckpunTop kaTanora x/
Dirent d; /* aneMeHT katanora */

} DIR;

DIR =opendir(char *dirname);
Dirent *readdir(DIR =dfd);
void closedir(DIR «dfd);

CucremHBI# BBI30B stat mosryyaet UM ¢aiina 1 BO3BpallaeT OJHYIO 0 HeM
undopMaluio, coaepxairyiocs B yane inode, uiu -1 B ciayyae omnbku. Tax,

char =name;
struct stat stbuf;
int stat(char =, struct stat »);

stat(name, &stbuf);

3all0JIHAET CTPYKTYypy stbuf uadopmauueit u3 yana inode o daiise c uMeHeM
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name. CTpyKTypa, OmHchIBaloOLIast Bo3BpallaeMoe GbyHKIluell stat 3HaueHHe,
HAXOAMTCS B <sys/stat.h> U BHIMJIAANAT IPUMEPHO TaK:

struct stat { /* vwndopmauma 3 inode, Bo3Bpauaemaa stat =/
{

dev_t st_dev, /* YCTPOUCTBO */

ino_t st_ino; /* Homep inode =/

short st_mode; /* DEXUMHbE OBUTH */

short st_nlink; /+ uucno ceasei ¢ Qainom =/

short st_uid; /* “M@ NOoNb30BaTeNA-cobCTBEHHMKA */

short st_gid; /* vMa rpynny cobCTBEHHWKA */

dev_t st_rdev; /* ONA cneunanbHuiX Gannos =/

off_t st_size; /* pasmep daina B8 cuMmBonax */

time_t st_atime; /x BpeMa noCneaHero MCnonb3osaHus x/
time_t st_mtime; /+ Bpema nocneaHei moaudumkaumu =/
time_t st_ctime; /+ BpeMa nocneaHero uameHeHnsa inode */

¥

BosbIIMHCTBO 3THX 3HaYeHU M 00bACHSAETCSA B KOMMeHTapusX. Tuisl, nogo6-
Hble dev_t M ino_t, onpezenensl B paidie <sys/types. h>, KOTOPBIU TOXE HYX-
HO BKJIIOYMTB ITIOCPEACTBOM #include.

DrnemeHT st_mode copepXuT Habop IIaKKOB, COCTABIISIONINX AOTIOTHUTETBHYIO
unbopmMaluio o aitre. OnpeneseHns $HraKKOB TAKXKe COaepxKaTcs B <sys/stat. h>;
HaM NoTpeGyeTcst TOJbKO Ta ero YacTb, KOTOPask MMEET /eJI0 ¢ TUTIOM Gaiia:

#define S_IFMT 0160000 /* Tin ¢anna =/

#define S_IFDIR 0040000 /* kaTtanor =/

#tdefine S_IFCHR 0020000 /* CUMBONBHO-OPUEHTUPOBAHHDbIA */
#define S_IFBLK 0060000 /* BNOYHO-OPUEHTUPOBAHHDIA */
#define S_IFREG 0100000 /* 006bi4HbIA */

Terneps Mbl TOTOBBI IPUCTYNUTD K HalTMCAHUIO IIporpaMmsl fsize. Eciu pe-
XUMHble OUTHI (st_mode), oJiyYeHHble OT stat, ykasbIBawOT, 4TO aiin He sB-
JIieTCsl KaTajIoroM, TO MOXHO B3sTh ero pa3mep (st_size) u Hanevarats. Of-
HaKo ecyu (ailyl — KaTasior, To Mbl Z0KHBI 06paboTath Bee ero dailisl, Kax-
JBLIA 13 KOTOPBIX B CBOIO 0Yepeb MOXeT ObITh KaTanorom. O6paboTka kaTaso-
ra — Npolecc peKypCHUBHBI.

IIporpaMma main npocMaTpuBaeT napaMeTpbl KOMaHAHON CTPOKH, Nepesa-
Bast KaX/Iblil apryMeHT GyHKUHUH fsize.

#include <stdio.h>

#include <string.h>

#include "syscalls. h"

#include <fcntl.h> /* Gnaxku 4TeHWa u 3anucn =/
#include <sys/types.h> /* onpepeneHus Tunos */
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#include <sys/stat.h> /* CTpyKTypa, BO3Bpawaemaa stat =/
#include "dirent.h"”

void fsize(char »);

/* neyaTaeT pa3Meps ¢annos =/
main(int argc, char =*argv)

{

}

if (argc == 1) /* no yMmonuaHuo GepeTca Tekyumi kaTanor +/

fsize(".");
else
while (--argc > 0)
fsize(x++argv);
return 0;

Oyukuus fsize neyaraer pasmep daitna. Oanako, ecau Paiin — karasor,
OHa CHayasa BbI3bIBaeT dirwalk, 4To6s1 06paboTaTh Bee ero daiibsl. O6patu-
Te BHUMaHHe Ha TO, KaK UCIOIb3Y0TC uMeHa ¢axkos S_IFMT u S_IFDIR
U3 <sys/stat.h> npu nposepke, sBJIsIeTCS K (Pailyn KaTanoroM. 31ech HYXXHBI
CKOOKH, IOCKOJIbKY IPUOPHUTET OIEPaTOpa & HIXKE IPUOPUTETA OllepaTopa ==,

int stat(char =, struct stat x);
void dirwalk(char =, void (=fcn)(char «));

/+ fsize: nevaTaeT pasmep daina "name” */
void fsize(char *name)

{

}

struct stat stbuf;

if (stat(name, &stbuf) == -1) {
fprintf(stderr, "fsize: HeT pocTyna k %s\n", name); )
return;

}

if ((stbuf.st_mode & S:-IFMT) == S_IFDIR)
dirwalk(name, fsize);

printf("%81d %s\n", stbuf.st_size, name);

e -

Dyukuus dirwalk — 3T0 yHHBepcasbHas MporpaMMa, IpUMeHsoLIas He-
KOTOPYIO GYHKIUMIO K Kaxkaomy dailny katasora. OHa OTKpbIBAET KATaJIOT,
C TIOMOIIIBIO IIMKJIA TIepebupaeT coaepaliuecs B HeM hailibl, MPUMEHSS K KaXkK-
JOMY M3 HUX YKa3aHHY0 GYHKLHMIO, 3aTeM 3aKPbIBAa€eT KaTaJIoOr ¥ OCYIIeCTBIIsI-
eT Bo3BpaT. Tak kak fsize BhI3bIBaeT dirwalk Ha KaX[OM KaTaJjiore, B 3THX
IBYX GYHKLUSIX 3aJI0KeHa KOCBEHHAs peKypCHs.
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#define MAX_PATH 1024

/* dirwalk: npumenset fcn ko sceM ¢annam n3 dir =/
void dirwalk(char =dir, void (*fcn)(char *))
{

char name[MAX_PATH];

Dirent *qp;

DIR =dfd;

if ((dfd = opendir(dir)) == NULL) {
fprintf(stderr, "dirwalk: He Mory oTkpbiTb %s\n", dir):
return;
}
while ((dp = readdir(dfd)) '= NULL) {
if (strcmp(dp->name, ".") == 0
i1 stremp(dp->name, "..”) == 0)
continue; /* nponycTutb ceba u poantens =/
if (strlen(dir)+strlen(dp->name)+2 > sizeof(name))
fprintf(stderr, "dirwalk: cnuwkom pnuHHOE uMa %s/%s\n",
dir, dp->name);
else {
sprintf(name, "%s/%s", dir, dp->name);
(«fcn)(name);
}
}
closedir(dfd);
}

Kaxxzp1ii BbI30B readdir Bo3BpalllaeT yka3aTesb Ha HH(POPMAIIHIO O CIIEAYIOEM
daitne unu NULL, ecut Bee daitibl o6paboTtansl. JIroboit katanor Bceraa xpa-
HUT B cebe unpopmaruio o cebe camom B (ailsie o UMeHeM ". " 1 0 CBOEM
ponutesie B daiine nox uMeHeM . . ', MX HY’KHO NPOITYCTUTb, HHAYe IPOrpamMma
sanukautcs. O6paTuTe BHUMaHKE: KO TPOrPaMMbI 3TOTO YPOBHS He 3aBUCUT
OT TOr0, Kak hopMaTrpoBaHbl Kataynori. Crexyoniyi mar — npeacTaBUTh MU-
HHUMaJbHble BepcuH opendir, readdir u closedir a1 HEKOTOPOH KOHKPETHOM
cucTeMBbl. 31ech IpUBeeHb! IPOrpaMMBI 11 cucteM Version 7 1 System V
UNIX. Ouu ucnonbs3yioT nHGOPMALHIO O KaTajJore, XpaHALUIYOCS B 3a-
roJI0BOYHOM (aiise <sys/dir.h>, KOTOPBIl BEIJISIAUT CIEAYIOLIMM 0Opa3oM:

#ifndef DIRSIZ

#tdefine DIRSIZ 14

#endif

struct direct /* 3NeMeHT KaTtanora */
i

ino_t d_ino; /* Homep inode */
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char d_name[DIRSIZ]; /* annHHoe uma He nmeeT '\0' =/
¥

HexkoTopble BepCUH CHCTEMBI JOMYCKAIOT H0Jiee AJMHHBIE UMEHA U UMEIOT 60-
Jiee CJIOXHYIO CTPYKTYDY KaTajora.

Tun ino_t 3amaH ¢ NOMOIIbIO typedef ¥ ONKMCHIBAET UHAEKC CIIUCKA Y3JI0B
inode. B cucreme, KOTOPOIA 10JIb3y€eMCsi Mbl, 3TOT THII €CTb Unsigned short, HO
B APYTUX CHCTEMaX OH MOXET ObITh HHBIM, TO3TOMY €T0 JIy4Ilie ONPeeNsiTh
yepe3 typedef. [TomHbIi HAGOD “CHCTEMHBIX” TUIIOB HAXOMHUTCS B <sys/types. h>.

@yuKuMs opendir OTKPBIBAeT KAaTaor, IPOBEPSET, SIBJASETCS U OH Jeil-
CTBUTEJIHO KaTaoroM (B JaHHOM CJIy4ae 3TO [eJIaeTCsl C TOMOLIBIO CHCTEM-
HOTO BbI30Ba fstat, KOTOpBIN aHaIOrMYeH stat, HO IPUMEHSIETCS K JECKPHII-
Topy (aiina), 3anpammBaeT NPOCTPAHCTBO )1 CTPYKTYPHI KaTJIOra ¥ 3alH-
cbIBaeT UHPOPMAIHIO.

int fstat(int fd, struct stat *);

/+ opendir: OTKpbBaeT kaTanor ans BbH30BoB readdir =/
DIR *opendir(char =dirname)
{

int fd;

struct stat stbuf;

DIR =dp;

if ((fd = open(dirname, O_RDONLY, 0)) == -1
i fstat(fd, &stbuf) == -1
i1 (stbuf.st_mode & S_IFMT) != S_IFDIR
i' (dp = (DIR «) malloc(sizeof(DIR))) == NULL)

return NULL;
dp->fd = fd,
return dp;
}

@Dyukuus closedir 3akpblBaeT KaTaIor # 0CBOOOXAAeT IPOCTPAHCTBO.

/+ closedir: 3akpbiBa€T KaTanor, OTKPbITHA opendir =/
void closedir(DIR =dp)
{
if (dp) {
close(dp->fd);
free(dp);
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Haxkosel, readdir ¢ TOMOLIbIO read YUTAET KaXKAbIH 9J1eMeHT KaTasora. Ecau
HeKHUi1 371eMeHT KaTajlora B TaHHbII MOMEHT He UCI0J1b3yeTCsl (COOTBETCTBY-
rouuii eMy daiin 6611 yaaneH), To HoMep y3Ja inode y Hero paBeH HyJIto, ¥ 1aH-
Hasl MO3ULMS MPOMYyCKaeTcs. B MPOTUBHOM ciyyae HoMmep inode U UMs pas-
MEIIAIOTCS B CTaTHYeCKOH (static) CTpyKType, M yKa3aTeJsb Ha Hee BHIAAETCS
B KauecTBe pe3yabTaTa. [Ipu kaxaoM cienyoneM obpaie i HoBas MHGOpP-
Mal[{sl 3aHHUMaeT MeCTO MpeablAyLIe.

#include <sys/dir.h> /* MECTO PacnoNOXeHWa CTPYKTYpH KaTanora =/

/* readdir: nocnegoBaTeNbHO YMTAET 3NEMEHTH KaTanora =/

Dirent =readdir(DIR =dp)

{
struct direct dirbuf; /+ cTpykTypa kaTanora Ha faHHoW cucteme +/
static Dirent d; /* BO3BpallaeT YHUOUUMPOBAHHYI0 CTPYKTYpY */

while (read(dp->fd, (char ) &dirbuf, sizeof(dirbuf))
== sizeof(dirbuf)) {
if (dirbuf.d_ino == 0) /* nycTo# anemeHT, He ncnonbayeTtca */
continue;
d.ino = dirbuf.d_ino;
strncpy(d.name, dirbuf.d_name, DIRSIZ);
d.name[DIRSIZ] = '\0'; /+ 3asepwanumii cumson '\0' =/
return &d;
}
return NULL;

XoTst mporpamMMa fsize — ZOBOJIBHO CIlELHATU3MPOBaHHAas, OHA WJLTIOC-
TpUpYeT ABa BaxXHbIX (axTa. [IepBbIii: MHOTHE IPOrpaMMBl He SIBJISIOTCS “CH-
CTEMHBIMH”; OHH IIPOCTO HUCTIOJIb3YIOT MHGOPMAIIHIO, KOTOPYIO XPAaHHT Ollepa-
LHOHHAs cucTeMa. [lJIsh TAKMX IPOrpaMM CYILIECTBEHHO TO, YTO IpeJCcTaBie-
H1ie UHGOPMALUK COCPENOTOYeHO HCKIIIOYUTEIBHO B CTAaHAAPTHAIX 3ar0JI0BOY-
HbIX aiinax. [IporpaMMbl BKITI0OYaOT 3TU Gaiiiibl, a He AepKaT 06bIBIEHUS
B cebe. Bropoe HabirofeH e 3aKII049a€TCsl B TOM, YTO IIPH CTAPAHHH CHCTEM-
HO-3aBUCHUMBIM 0OBEKTaM MOXKHO CO3/1aTh HHTePhENRCHI, KOTOpbIE caMu He Oy-
LYT CUCTEMHO-3aBUCHMBIMHU. XODOIIHe TOMY TPUMepbl — (PYHKIIMHU CTaHAAPT-
HOI1 GUOTHOTEKH.

Vupasxkuenue 8.5. Moauduimpyiite fsize Takum 06pazoM, 4T06b MOXKHO ObLIO
11eYaTaTh OCTaJIbHYI0 MHGOPMALHMIO, CoepX)aulyocs B yaie inode.
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8.7. Mpumep. Pacnpepenutens namatu

B rniaBe 5 6b11 ONKCAaH NPOCTON paclpenenuTesb NaMaTH, OCHOBaHHDIH
Ha NPUHIUIE cTeKa. Bepcrs, KOTOpyro Mbl HalMIIeM 3/Iech, He UIMeeT OrPaHu-
YeHUI: BBI30BBI Malloc U free MOTYT BBIIOMHATHCS B JIIOOOM MOPsiAKe; malloc
JleJIaeT 3aI1pocC B ONEPALIMOHHYIO CUCTEMY Ha BblAeJIEHHE TaMATH TOT[a, KOTAa
oHa TpebyeTcs. ITH MPOrpaMMbl HILTIOCTPUPYIOT IIPHUEMBI, IO3BOJISIOLIKE 10~
JIy4aTh MaUIMHHO-3aBUCHUMBIA KOJ CPaBHUTEJbHO MAlIMHHO-HE3aBUCHUMbIM
c1oco6oM, 1, KpOMe TOr0, OHH MOTYT CJIY>KUTb IPUMEPOM IIPUMEHEHH ST TAKHX
CPEICTB A3bIKa, KaK CTPYKTYPHI, 06 bearHenns U typedef.

Huxkakoro panee CKOMIMJIMPOBAaHHOTO MaccHBa GUKCHPOBAHHOTO pas-
Mepa, U3 KOTOPOro BBIAETSIIOTCS KYCcKd naMATH, He 6yaer. Dyukuus malloc
3anpanivBaeT MaMsTh y ONEPallMOHHON CHCTEMBI 110 Mepe HagobHocTH. [To-
CKOJIBKY U JPyTHe AeHCTBHS MPOTPAaMMBI MOTYT BBI3bIBATb 3aIIPOChI MaMSITH,
KOTOpBIE€ YAOBJIETBOPAIOTCSA HE3aBUCUMO OT 3TOTO PaclpeeuTeNs MaMsTH,
MPOCTPAHCTBO, KOTOPHIM 3aBeAyeT malloc, He 06sI3aTeIbHO IPEACTaBISAET CO-
60 cBA3HBIN KycoK naMsATH. [103TOMy cBOGOAHAS TaMATb XPaHUTCS B BHIE
criicka 6s10x0B. Kaxxzplit 6710k conepXuT pasMep, ykasaTeslb Ha CIEAYOUIHI
6J10K ¥ caMO POCTPaHCTBO. BJIOKH B CIUCKe XpaHATCS B OPsAAKE BO3pacTa-
HUS apecoB NaMSTH, IPU 3TOM NocefHui 610K (¢ caMbIM GOJIBLINM afipe-
COM) YKa3bIBaeT Ha NePBbIiL.

CNMCoK
cBOBOAHbIX
6nokoB

v[ ¥ v #Pi—%

"""" 3aH 3aH | 3aH

3aH

cBo6OIHOE IPOCTPAHCTBO, HAXOASIIEECS
B pacnopspbkeHMH ¢yHKImMu malloc

BhIZeIeHHOe GyHKIuel malloc IPOCTPaHCTBO
(3an10)

MIPOCTPAHCTBO, He HaXoAsIeecs
B pacnopsikeHuH GyHKIUHM malloc

IIpu BO3HHKHOBEHHH 3aNpoca Ha NaMsTb IPOCMATPHUBAETCs CIIUCOK CBO-
6omHbIX 6JI0KOB, TOKa HE 0OHAPYXKUTCS AOCTATOYHO 60bLION 60K, Takoi
aJITOPUTM Ha3bIBA€TCS “IIOMCKOM MEpBOTO NMOAXOASIero” B OTIUYHE OT
aJIropuTMa “IOMCKa HauJTyY1Iero NOAXOAsIIero”, KOTOPBIH HilleT HauMeHbUINH
6710K U3 YKC/Ia YA0BAETBOPSAOMKX 3anpocy. Eciu pasmep 6110ka B TOUHOCTH
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COOTBETCTBYET TPeGOBAHHSIM, TO TAKOH OJIOK HCKIIIOYAETCA U3 CIIMCKA H OT/Aa-
erca B nosb3oBanue. Ecnu pasmep 6110ka 6oablile, yeM TpebyeTcs, OT HEro oT-
pe3aeTcs Hy>KHast YaCTb — OHa OTAAETCs 110JIb30BATEJIIO, 2 HEHYKHAs! OCTABJIsA-
eTcs B ciucke cBOOOAHbIX 6,10k0B. Eciiu 6;10ka 10CcTaTOYHOTO pasMepa He OKa-
3aJ10Ch, TO Y OTIEPALIMOHHOMN CUCTEMBI 3aITPAIIHNBAETCS ellle OAUH O0IbIION Ky-
COK NMaMSTH, KOTOPbIii IPHCOEAUHSETCS K CIIUCKY CBOOOAHBIX BI0KOB.

IMpouenypa 0cBOOOXAEHUS COMPSIKEHA C IIPOXOXKIECHUEM 110 CIUCKY CBO-
60aHbIX GJIOKOB, OCKOJIBKY HYXKHO HAUTH MOAXOASIIEE MECTO Jis OCBOHOX-
naemoro 6yoka. Eciu noaexanuii ocBo00Xk1eH!Io 610K NPUMBIKAeT ¢ Ka-
KOH-TO CTOPOHbI K OZAHOMY U3 CBOOOAHBIX BI0KOB, TO OH 0OBEAUHSETCS C HUM
B o1H 610K 60JIbLIETO Pa3Mepa, YTOOBI 110 BOSMOXXHOCTH YMEHbIIUTD Pa3Apo6-
JleHHOCTh ((pparMeHTalMo ) TaMsITH. BrinosHeH e NPOBEPKH, IPUMBIKAIOT JIX
6JI0KM APYT K APYTY, He COCTaBJSIET TPYAA, OCKOJbKY CIHCOK CBOOOMIIBIX
6JI0KOB BCera yIopsa0YeH 0 BO3PACTAHHIO a[PECOB.

CymectByeT npo6sieMa, 0 KOTOPO¥ MBI yKe YIIOMUHAJIX B [J1aBe 5, COCTOSI-
1as B TOM, 4TO [aMsITh, BbiaBaeMasi GyHkuueir malloc, 1o/kHa OBITH COOT-
BETCTBYIOIMM 00pa30M BEIDOBHEHA C y4€TOM 00BEKTOB, KOTOPBIE OYyT B HEH
XpaHUTHCSA. XOTS MAUIMHBI ¥ OTIIMYAIOTCS APYT OT APYTa, HO AJIs KaXJ0U U3
HUX CYLIECTBYET THII, IPEAbABISAIOMHIA camble 60IbIIMEe TPeOOBaHUS Ha BbI-
paBHUBaHUE, U, ECJIH 110 HEKOEMY apecy AOMYyCKaeTcs pa3melieHHe 00beKTa
3TOrO THUIIa, TO N0 HEMY MOXHO Pa3MeCTUTb U 0OBEKTHI BCEX APYTHX THUIIOB.
Ha HekOTOpBIX MallMHAX TAKUM CaMbIM “Tpe00BATEIbHbBIM” TUIIOM SBJISIETCS
double, Ha APYTHX 3TO MOXeET ObITh int MM long.

CBo6oHbIi 610K COEPKUT YKa3aTeb Ha CIEAYIOMUI 6JI0K B CIIUCKe, CBOM
pasmep 1 coGCTBEHHO CBOOOHOE IIPOCTPAHCTBO. Y Ka3aTeslb U pa3Mep NPeaCTaB-
NS0T o0l yIpaBsoyio HHGOPMAIKIO ¥ 00Pa3yIoT Tak Ha3blBaeMbIii “3aro-
70BoK”. YTOOBI YyIIPOCTUTb BHIPABHUBaHHE, BCe OJIOKM CO3MAIOTCS KPAaTHBIMU
pa3Mepy 3aroJioBKa, a 3ar0JIOBOK COOTBETCTBYIOIMM 0OPa30M BEIDABHUBAETCS.
ITOro MOXHO IOCTHYb, CKOHCTPYHPOBaB 00beNHEHHE, KOTOPOe ByaeT co-
JepXaTh COOTBETCTBYIOLLYIO 3ar0JIOBKY CTPYKTYDY U CaMblii TpeboBaTe/IbHbIN
B OTHOIIEHWH BbIPaBHUBAHUS THUIL. J{71s1 KOHKPETHOCTH Mbl BbIOpasK THIT 1ong.

typedef long Align; /* LN BbipAaBHWBAHWA NO rpaHuue long =/
union header { /* 3aronosok 6noka: */
struct ¢
union header =ptr; /+ cnef.6nok B cnucke cBOGOAHBIX */
unsigned size; /* pa3mep aToro Hnoka */
} s
Align x; /* NPUHYOMTEnbHOE BuipaBHWBaHMe bnoka +/

h

typedef union header Header;



8.7. Mpumep. Pacnpepenurtens NamaTn 237

IMone Align HUT/E He MCIIOIb3YETCsl; OHO HEOHXOMMMO TOJIBKO /IS TOTO, YTO-
6bl KaXK b 3ar0JI0BOK OLLT BEIPOBHEH 110 CAaMOMY “XyZAllieMy” BapHaHTy rpa-
HULBI.

3atpe6oBaHHOE YHUCIIO CUMBOJIOB OKPYTJIseTcs B malloc Ko 1iesoro yucia
eIMHUL] TaMSATH Pa3MePOM B 3aroJI0BOK (MMEHHO 3TO YK CJIO U 3aITHCHIBAETCS
B 110J1€ Size (pasMep) B 3aT0JIOBKE); KPOME TOTO, B GJIOK BXO/IUT €lile O/THA e[~
HHLIa TaMSTH — CaM 3aroJIOBOK. Y Ka3artesb, BO3BpallaeMblii (pyHk1#ei malloc,
yKa3blBaeT Ha CBOOOJHOE MPOCTPAHCTBO, a He Ha 3arosioBok. Co cBo6OAHBIM
NPOCTPAHCTBOM I10J1b30BaTE b MOXET JeJIaTh YTO YTOAHO, HO, eCJIK OH OyaeT
TMcath 4T0-1160 32 ero NpeaesamMu, To, BEPOSITHO, CIIUCOK Pa3pyLIUTC.

» yKazatesb Ha cIedylomuii
cBoGoaHbIM 610K

pasmMep

T— 6J10K, BO3BpallaeMblii

dynkumeit malloc

TTockosbKy aMsITh, yiipaBiisieMast GyHKuHed malloc, He 06J1a1aeT CBA3HO-
CTbIO, Pa3Mepbl 6JI0KOB HeJb351 BBIYUCIIUTB I10 YKa3aTeJIsiM, ¥ 1103ToMY Oe3 o,
XpaHsIIEro pa3mep, Ham He 0G0 THCD.

Jlns opranusauuy Havyasia paboThl HCMONB3YeTcs IepeMeHHast base. Eciu
freep ecTb NULL (xak 370 ObIBaeT npu iepBoM obpauieHuu k malloc), cosaaet-
cs “BBIPOXKIEHHBIM” CIMCOK CBOOOAHOTO MPOCTPAHCTBA; OH COAEPKHUT OAUH
6J10K HyJIEBOrO pa3Mepa C ykasareseM Ha camoro cebs. Ilouck cBoboaHOrO
6710Ka NOAXOASALIETO Pa3Mepa HAYMHAETCS ¢ ITOro ykasareJis (freep), T. e. ¢ 11o-
cJieiHero HalieHHOro OJI0Ka; Takast CTpaTeris IOMOraeT NOLEPKUBATD CIIH-
cox onHopoaHbIM. Eciu HaliieHHbII 60K OKaXeTCsl CIAUIIKOM GOJbIIUM,
T10J1b30BaTeN0 OYIET OTAaHA ero XBOCTOBAs YacTh; NPU 3TOM NOTpebyeTcst
TOJIbKO YTOYHUTD €I'0 Pa3Mep B 3aroJI0BKe HailIeHHOro cBOOOAHOTO 610Ka.
B m060M ciryyae Bo3BpalaeMslil [10J1b30BaTeNIO YKa3aTeib ABJISETCS afpe-
COM cBOOOHOTO TPOCTPAHCTBA, Pa3MeNIaoLerocs B 610Ke HENOCPEACTBEHHO
3a 3ar0JIOBKOM.

static Header base; /* NycTOW cCNWCOK ANng Hay. 3anycka =/
static Header *freep = NULL; /* Hadano B cnucke cBob. 6nokoB */
/+ malloc: yHMBEpCanbHLii pacnpeaennTens namatu =/
void =malloc(unsigned nbytes)
{

Header *p, *prevp;

Header *morecore(unsigned);

unsigned nunits;
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nunits = (nbytes + sizeof(Header) - 1) / sizeof(Header) + 1:
if ((prevp = freep) == NULL) { /* cnucka cBob6. namaTu ewe HeT */
base.s.ptr = freep = prevp = &base;
base.s.size = 0;
}
for (p = prevp->s.ptr; ; prevp = p, p = p~>s.ptr) {
if (p->s.size >= nunits) { /* poctaTodHo Bonbuwoi */
if (p->s.size == nunits) /* TOYHO HYXHOro pasMepa */
prevp->s.ptr = p->s.ptr;
else { /* 0Tpe3aeM XBOCTOBYI 4acTb */
p->s.size -= nunits;
p += p->s.size;
p->s.size = nunits;
}
freep = prevp;
return (void )(p+1);
}

if (p == freep) /* NpOWNW NONHHIA UMKN NO CMKUCKY */
if ((p = morecore(nunits)) == NULL)
return NULL; /* bonbuwe namaTn HeT */

}

DyHKIMS morecore MOJTyYaeT NaMsTh OT ONePAllMOHHOI cucTeMBl. JleTanu
TOT0, KaK 3TO AieJlaeTcsl, MOTYT He COBIaJIaTh B Pa3/IMYHBIX cHcTeMax. Tak Kak
3aNpOC NaMATH Y CUCTEMBI — CDaBHUTEJIBHO JOPOTas onepayisi, Mbl Obl He X0-
TENY 715 3TOro Kaxabli pa3 obpamarbcst k malloc. [loaTomy ncrosnbayercs
(byHKUHKS morecore, KOTOpasi 3anpaiuBaeT He MeHee NALLOC efUHUI] TaMATY;
aTOT 60MIBLINIT KYCOK NaMATH OyaeT “Hape3aTbcst” IOTOM 0 Mepe HaToOHOC-
tH. [locsie ycTaHOBKM B IOJIe pa3Mepa COOTBETCTBYIOLIEro 3HayeHust GyHk-
1M MO recore BhI3bIBaeT QYHKIMIO free ¥ TeM CaMbIM BKJTIOYaeT HOJIyYeHHBbIH
KYCOK B CIIUCOK CBOOOIHBIX 00/1aCTel MaMSATH.

#define NALLOC 1024 /* MWHMM. 4MCNO e4MHWL namaTy Ana 3anpoca */

/* morecore: 3anpawvBaeT Y CUCTEMb [ONONHUTENbHYI0 NaMaATb */
static Header » morecore(unsigned nu)
{

char «cp, *sbrk(int);

Header =up;

if (nu < NALLOC)
nu = NALLOC;
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cp = sbrk(nu * sizeof(Header));

if (cp == (char =) -1) /* 60nbwe namaTu HeT */
return NULL;

up = (Header =) cp;

up->s.size = nu;

free((void =)(up+1));

return freep;

}

Cucremusiii Be130B sbrk(n) B UNIXe BoaBpaiiiaer ykasaress Ha n GaiT na-
MSTH WK -1, ec/ii TpeOyeMOoro MpoCTPaHCTBA HE 0Ka3anoch, XOTs Ob110 6bl
Jydine, ecd Obl B oceHeM ciydae oH Boaspaiyan NULL. KoscranTy -1 He-
06XOZAMMO IPUBECTH K THILY char , YTOOBI ee MOXXHO OBLIIO CPaBHUTD C BO3Bpa-
1[aeMbIM 3HayeHHeM. DTO ellle OAHUH PUMep TOT0, KaK Olepalis NpUBeLeH s
THUIA AesaeT GYHKUMIO OTHOCHTEIbHO He3aBUCUMOM OT KOHKPETHOTO Tpej-
CTaBJIeHHs YKa3aTeJsiel Ha pa3jIMyHbIX MalllnHaX. EcTb, ogHako, oaHa “Hekop-
PEKTHOCTB”, COCTOSII[asi B TOM, YTO CPAaBHHUBAIOTCS YKa3aTeIM Ha Pa3IMyHble
6s10kH, BeiiaBaeMble GyHkuned sbrk. Takoe cpaBHeHMe He rapaHTHPOBAHO
CTaHJAPTOM, KOTODBIH NMO3BOJIET CPABHUBATh yKa3aTesd JIMIIb B Ipeaesiax
0HOTO U TOro e MaccuBa. Takum 06pa3om, aTa Bepcusi malloc BepHa TOJBKO
Ha TeX MalllHHaX, B KOTOPBIX J0IYCKAETCsA CPaBHEHHE JIOObIX yKa3aTenei.

B 3akimouenue paccmotpuM ¢yHkuuno free. OHa IPpOCMaTPUBAET CIHCOK
cBOOOZHOM aMSTH, HaYUHAs ¢ freep, YTOOBI TOABICKATD MECTO /ISl BCTABJISI-
emoro 6;10ka. IckoMoe MeCTO MOXeT 0Ka3aThCsl UM MeXAY OJI0KaMH, WiIn
B HayaJle CIIMCKa, WM B ero KoHile. B sito6oM ciyuae, ecn nojyexaruii oc-
B06OXIEHHUIO 610K IPUMBIKAET K cOceqHeMY BI0KY, OH 00beJUHAETCSI C HUM
B onuH 6510k. O YeM ele 0CTanoch N03a6OTUTHCSI, — TAaK ATO O TOM, 4TOObI yKa-
3aTeJsIv YKa3bIBa/IM B HY>KHbIE MeCTa 1 Pa3Mepbl 610K0B ObLIH IPaBUIIbHBIMH.

/+ free: BknwyaeT 6nok B cnucok csobogHoin namatu =/
void free(void +ap)
{

Header *bp, =p;

bp = (Header *)ap -1; /* ykasaTenb Ha 3aronosok fnoka =/
for (p=freep; !(bp > p && bp < p->s.ptr); p = p—>s.ptr)
if (p >= p—>s.ptr && (bp > p ! bp < p->s.ptr))
break; /* ocsoboxgaem 6nok B Hawane unn B KoHue */

if (bp + bp->s.size == p->s.ptr) { /* cMMTb C BEPXHUM */
bp->s.size += p->s.ptr->s.size; /* cocefmom */
bp->s.ptr = p->s.ptr->s.ptr;

} else
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bp->s.ptr = p->s.ptr;
if (p + p->s.size == bp) { /* CAUTb C HWXHWAM cOoceloM */
p->s.size += bp->s.size;
p->s.ptr = bp->s.ptr;
} else
p->s.ptr
freep = p;

bp;

}

XoTs BbIJEIEHHE TIAMSTH 10 CBOEH CYyTH — MAIIMHHO-3aBUCUMast Ipobie-
Ma, C Heil MOXHO CIIPaBUThCS, YTO ¥ MJUIIOCTPUDYET HpUBeIeHHas! TPorpaM-
Ma, B KOTOPO#1 MallIMHHAst 33aBUCUMOCTb YIIPsITaHa B 04eHb MaJIeHbKOIA ee yac-
1. YT0 KacaeTcst 1pobJieMbl BBIPaBHUBAHHSI, TO MbI Pa3PELINJIH €€ C IOMOIIbIO
typedef M union (mpeanosaraercs, 4To sbrk gaeT MOAXOAALINHN B CMBICTIE BBI-
paBHUBaHMA yKa3aTenb). Onepanuy NpuBeAeHs TUIIOB IIO3BOJITIOT HaM Clie-
JIaTh ABHBIMU 1pe0OpPa30BaHyisi THIIOB U Ja)Ke CIIPABUTHCS C IIJI0XO0 CHPOEKTH-
poBaHHBIM uHTepdeiicoM cucteMbl. HecMoTps Ha TO, 4TO HallM paccyXaeHus
KacaJIych pacnpefesIeHHst IaMATH, 9TOT OOLINiA TOAXOA IPUMEHHUM U B APYTHUX
CHTYaIIX.

VupaxHenne 8.6. CrangaprHas ¢ynkuus calloc(n, size) Bo3Bpaljaer
yKa3aTesib Ha N 3JIEMEHTOB NaMATH pa3Mepa Size, 3aIlIOJTHEHHBIX HYJSIMH.
Hanumwute cBoit BapuaHT calloc, moap3yschk GpyHkuueit malloc unu
MOIUPHUIHUPY S TOCTIEHIOO.

Vupaxunenue 8.7. Oyukius malloc nomnyckaer 1060 pa3mep, HUKaK He I1Po-
Bepsis ero Ha NpasAonofo0ue; f ree Pe/NOaraeT, 4To pasMmep 0CBOOOXK2EMOT0
610ka — IpaBUJIbHBINA. Y COBEPIIEHCTBYTE 3TH POTPaMMBbl TaKUM 00pasoM,
4T0OBI OHM G0JIE€E TIATENBHO KOHTPOJIHPOBAIH OLINOKH.

Vupaxuenue 8.8. Hannmure nporpammy bfree(p,n), ocBoboxaarouyio
IPOU3BOJIbHBIN GJIOK P, COCTOSIIIMIA U3 N CHMBOJIOB, IyTEM BKJIIOYEHHS €T0
B CIIUCOK CBOOOZHOM NaMSTH, IOAAEP)XMBaeMbli GyHKUMAMHU malloc u free.
C nomouso bf ree mosb30BaTeNb A0KEH HMETh BO3MOXXHOCTD B JTI000€ BpeMst
n06aBUTh B CIUCOK CBOOOMHOM NaMATH CTaTHYECKHMIA WIIM BHELIHHH MacCHB.



[TpunoxeHne A

CnpaBo4yHOEe pyKOBOACTBO

A 1 BeepneHune

[laHHOEe pyKOBOJCTBO OMMCHIBAET A3bIK NporpaMMupoBanus Cu, onpe-
nesnennbiit 31 oktsa6ps 1989 r. B COOTBETCTBUH C IPOEKTOM, yTBEPKAEHHBIM
B ANSI B kayecTBe AMEPHKAHCKOrO HAIIMOHANBHOIO CTaHAApTa A1t HHGbOP-
MaIMOHHBIX cucTeM: S3bik nporpammupoBanus Cu, X3.159-1989 (“American
National Standard for Information Systems — Programming Language C,
X3.159-1989"). IT0 onmcaHue — JIUIIb OJHH U3 BADHAHTOB NPEAJIaraeMoro
CTaH[apTa, a He caM CTaHAapT, OAHAKO Mbl CIEUHATbHO 3a00THIIUC O TOM,
4TOOBI CEIATh €T0 HAZEXKHBIM PYKOBOACTBOM I10 A3BIKY.

Hacrosimuii J0KyMeHT B OCHOBHOM cJieayeT o001l cxeMe OnMCcaHusl, IPpH-
HATOU B cTangapTe (ny6MKauus KOTOPOro B CBOIO 0YePeib OCHOBHIBAIACH
Ha [IePBOM M3/IaHUY 3TOM KHHTH ), 0JHAKO B OPTaHH3AIlHOHHOM ILJIaHe eCTb Pas-
nnyuus. Eciu He c4uTaTh OTKJIOHEHUH B Ha3BaHUSIX HECKOJIbKUX NMPOLYKTOB
U OTCYTCTBHUSA (HOPMaJIbHBIX ONIpeeJIEHHIT JIEKCEM U TIPETIPoLieccopa, FPaMMa-
THKa A3bIKa 3/[eCh ¥ TPAMMAaTHKA B CTAaHJapTe 9KBUBAJIEHTHBI.

Jlanee npumedaHust (Kak ¥ 3T0) HabUPAIOTCSA C OTCTYIIOM OT JIEBOTO Kpasi CTpa-
HUUBL B OCHOBHOM 3TH NpUMeYaHHs KacaloTCs OTJINYMI CTaHIApTa OT BEpCUM
A3bIKA, ONIMCAHHOH B MEPBOM M3AAHUM 3TOW KHUTH, M OT NOCJIEAYIOMHMX HOBO-
BBEJIEHU} B Pa3/TMYHBIX KOMIIMJISITOPAX.

A 2. CornalleHuns o nekcuke

[IporpaMMa COCTOMT U3 OHOM U HECKOJIBKUX eOUHUY MPAHCASYUY, XPa-
HAUUXCA B Bue paitnos. Kaxnas Takas exMHMIa TPOXOIUT HECKOJIBKO a3
TPaHC/ISILKUY, ONUCAHHBIX B A12. Hauanbuble passl OCYyIIECTBASIOT IEKCHYeC-
Kue npeoOpa3oBaHUs HUXKHErO YPOBHSI, BHIIONHSIOT AUPEKTHBB], 3aJaHHbIe
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B [IPOrpaMMe CTPOKaMHU, HAUMHAIIMMUCS CO 3HaKa #, 00pabaThiBAIOT MAKPO-
onpe/esieHIs v TPOM3BOAAT Makpopaciunpetust. [To 3aaBepuieHnn pabotsi mpe-
npoleccopa (A12) nporpaMma npeacTaBaseTcs B BU/e N0CTe0BaTETbHOCTH
JIEKCeM.

A 2.1. Jlekcembl (tokens)

CyuiecTByIOT 1IECTh KJIACCOB JiekceM (MJIM TOKEHOB): MAEHTU(HKATODSI,
KJIFOYEBbIE CJI0BA, KOHCTAHThI, CTPOKOBbIE JIUTEPAIbl, ONIEPATOPbI U NPOYHE
pasnenutend. [Ipobessl, rOpU30OHTANbHBIE U BePTHKAIbHbIE TabyJIAUNH, HO-
Bble CTPOKH, TI€PEBO/Ibl CTPAHULIBI 1 KOMMeHTapu# (MMerolue obiiee Ha3Ba-
HHe CUMBOJIBI-Pa3ie/INTeNN ) pacCMaTPUBAIOTCsl KOMIIMISTOPOM TOJIBKO KaK
pa3fiesIUTeH JIEKCEM M B OCTaJIbHOM Ha pe3yJsIbTaT TPAHCJSIINH BIUSIHUS
He 0Ka3biBaioT. JI000i U3 CUMBOJIOB-pa3/ieUTeNel TOAUTCS, YTOODI OTAEIUTD
IpyT OT Apyra coceAHHe UAeHTH(HUKATOPD], KJIIOYeBble CJI0BA U KOHCTAHTHL.

Ecau BXOIHOM IOTOK yKe 10 HEKOTOPOTo CUMBOJIa pa3sOUT Ha JIEKCEMBI, TO
caenyonieii ekceMoi 6yaeT camas AJIMHHASL CTPOKa, KOTOPask MOXeT ObITh
JIEKCEMOI.

A 2.2. KommeHTapuh

CHMBOJIBI /+ OTKPBIBAIOT KOMMEHTapHH, a CUMBOJIBI */ 3aKPbIBAIOT €ro.
KoMMeHTapuH HeJb3s1 BKJIAABIBATD APYT B APYTa, UX HeJIb3si TOMelaTb BHYTPb
CTPOK MJIM TEKCTOBBIX JINTEPAJIOB.

A 2.3. UpeHTudukatopsbl

WaeHTudUKaTOp — 9TO NOC/IeA0BaTENbHOCT OYKB 1 udp. [TepBoIM CM-
BOJIOM 10JKHa ObITh OYKBa; 3HaK NOAYEPKUBaHUs _ cuuTaercsa OykBoi. Byk-
BBl HH)KHETO M BEPXHETO PErMCTPOB pasinyatorcs. MxentudukaTopsl MOryT
MMeTb JIF00YI0 IIMHY; AJIsl BEYTPEHHNX HAEHTU(DHUKATOPOB 3HAYMMbIMHU SBJISI-
I0TCs nepBble 31 CUMBOJI; B HEKOTOPBIX PEATH3aLUsIX IPUHSTO HoJIbliIee YUC-
JIO 3HAaYUMBIX CUMBOJIOB. K BHYTpEHHUM HIeHTU(DHUKATOPAM OTHOCSATCS UMe-
Ha MaKpOCOB U BCe Ipyrie UMeHa, He UMelole BHeUTHUX cBs3eil (A11.2).
Ha uaeaTudukaTopsl ¢ BHELIHMMHU CBSI3IMU MOTYT HAaKJIaAbIBaThCs O0IbLINE
OTpaHMYEHUs: MHOr4a BOCIIPUHUMAIOTCS He 6oJiee LeCTH MepBbIX CUMBOJIOB
Y MOTYT He Pa3jinyaThcs OYKBbI BEDXHETO M HYPKHETO PETMCTPOB.

A 2.4. KnioyeBbie cnosa

Cneuyloume H,Z[BHTHCIDPIK&TOPI)I 3ape3epBUPOBAHbI B KaY€CTBE KJIIOUYEBBIX
CJIOB U B IPYTOM CMbICJI€ UCITOJIb30BAaTbCA HE MOTYT:

auto char default else
break const do enum
case continue double extern
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float long sizeof union
for register static unsigned
goto return struct void

if short switch volatile
int signed typedef while

B HEKOTOPBIX pean3alisaX pe3ePBUPYIOTCS TakXe coBa fortran u asm.

KiioueBbie coBa const, signed M volatile BrepBble MOSIBUJINCH B CTaHAapTe
ANSI; enum 1 void ~ HOBBIE IO OTHONIEHHIO K IEPBOMY U3[AHUIO KHUTH, HO yXKe
UCII0JIb30BAJIUCH; paHee 3ape3epBUPOBAHHOE entry HUre He UCI0JIb30BaIOCh
¥ 1I03TOMY 6oJlee He pe3epBUPYETCSI.

A 2.5. KOHCTaHTbI

. CyuiecTByeT HECKOJIbKO BUIOB KOHCTaHT. KaXasi UMeeT CBOM THI NaHHbIX;
6a30Bble THUIIBI pacCMaTpUBAIOTCS B A4.2.
KoHCmanma:
Uenasn-KoHcmarma
CUMBONLHAS-KOHCMAHMA
KOHCManma-c-naasarueii-mouxou
KOHCmanma-nepeyucierue

A 2.5.1. Llenblie KOHCTaHTb!

[lenas koHCTaHTa, COCTOSAIAS U3 NOCAEN0BATENBHOCTH 1P, BOCHPHHU-
MaeTcs KaKk BOCbMEpHYHasl, ecyid OHa HauuHaeTcs ¢ 0 (uugpsl HyJIb), U Kak
JECSITUYHASI B IIPOTUBHOM Clyyae. BocbMepUYHast KOHCTaHTa He COLEPKUT
udp 8 u 9. [ocnenoBarenbHOCTS MDD, TEPER KOTOPOIL cToAT 0% Miu 0X, pac-
CMaTpPHBAeTCs KaK LlieCTHaAUaTepuyHOe 1esioe. B mecTHaanaTepuyHble uud-
pBl BKJIIOUeHb! OYKBBI OT a (11 A) no f (v F) co 3Havenusimu ot 10 xo 15.

Ilenas koHCTaHTa MOXeT ObITh 3anucaHa ¢ 6ykBoi-cydduxcom u (uam U)
AJ1s crieninyKalnK ee KaKk 6e33HaK0BOi KOHCTaHThl. OHa TaK)Ke MOXET ObITh
¢ 6ykBoii-cyddukcom 1 (unu L) nj1st yKasaHus, YTO OHa MUMeeT TUII long.

Tun 1e0i KOHCTaHTBI 3aBUCHT OT ee BH/Q, 3HaueHus 1 cybduxca (o tu-
nax cM. A4). Ecin xoHcTanTa — gecaThyHas U He uMeet cyddukca, To oHa
IIPHHUMAET HEePBbIH 13 CIeLYIONNX THIIOB, KOTOPbIH FOAUTCA AJIs IPEACTaB-
JIeHMd ee 3HadeHus: int, long int, unsigned long int. BocbMepuunas miu nie-
CTHaJaTepUyHas KOHCTaHTa 6e3 cydbdrkca NpUHUMAEeT ePBBIi BO3MOXHbIH
M3 TUIIOB: int, unsigned int, long int, unsigned long int. Eciiu koHcTaHTa MMe-
eT cyddukc u nu U, To OHa TPUHUAMAaeT NepBbIi BO3MOXHbII U3 THUIIOB: unsigned
int, unsigned long int. Ecyiu koHcTanTa uMeeT cyddukc 1 uiau L, To oHa npu-
HUMaeT NepBblit BO3MOXKHBIN M3 TUITOB: 1ong int, unsigned long int. Ecan kon-
cTaHTa uMeeT cyddukc ul uu UL, To OHa MpUHKMAET TUIT unsigned long int.
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Tunel LesbIX KOHCTAHT MOJYYUJIM CyIECTBEHHOE Pa3BUTHE B CDAaBHEHHH C Mep-
BOIi pefiaK1iMel s3bIKa, B KOTOPO# 6osibLINe nesible nMestu pocto i long. Cyd-
¢uxcel U ¥ u BBENEHBI BIIEPBBIE.

A 2.5.2. CMBONbHbLIE KOHCTaHTbI

CHMBOJIbHAS KOHCTAHTa — 3TO NOCTIEA0BATEILHOCTD M3 OHOU MJIH HECKOJb-
KHUX CHMBOJIOB, 3aK/II0YeHHas B OAMHOYHbIE KaBblukK (HanpuMep 'x’ ). Eciu
BHYTPH OZAMHOYHBIX KaBbI4eK PAcIO/I0XKeH OAMH CUMBOJI, 3Ha4eHUeM KOHCTaH-
THI SIBJISIETCS YU CJIOBOE 3HAYEHHE ITOTO CHMBOJIa B KOAHPOBKe, IPUHATOM
Ha ]aHHOH MalyHe. 3HayeHHe KOHCTaHThI C HECKOJIbKMMU CHMBOJIaMH 3aBH-
CHT OT peJI3aLHH. '

CuMBOJIbHAs KOHCTAHTa HE MOXET COAEPXKaThb B cebe OMHOYHYIO KaBbIYKY ’
MJIA CUMBOJI HOBOM CTPOKH; YTOOBI H306Pa3UTb UX U HEKOTOPBIE APYTHE CHM-
BOJIbL, MOTYT OBITh MCIIOJIb30BaHbI ACKEUII-[10CIIEA0BATEBHOCTH:

HoBas cTpoka (newline, linefeed) NL (LF) \n
TOPHM3OHTAIbHAS A0y ISALUS

(horisontal tab) HT \t
BepTHKAIbHas Tabyssuus (vertical tab) VT \v
Bosspar Ha mar (backspace) BS \b
BO3BpAT kapeTku (carriage return) CR \r
nepesoz crpanuus! (formfeed) FF \f
curnan 3sonok (audible alert, bell) BEL \a
obpaTHas HAKJIOHHAs YepTa

(backslash) \ \\
3HaK Bompoca (question mark) ? \?
OIMHOYHas KaBbIyKa (single quote) ’ \'
aBoitHas Kaseiuka (double quote) " \"
BOCbMepHMYHBIH Koz (octal number) 000 \ooo
IIeCTHAAATEePUYHBIN KO

(hex number) hh \xhh

ICKeHn-10CIe10BaTENbHOCTb \000 COCTOUT U3 00PaTHOM HAKJIOHHOM YEPTHI,
32 KOTOpPOH CJIEAYIOT OXHA, ABE WK TP BOCbMepuuHble 1Pl criennduiy-
pyrolIve 3HayeHne XeTaemoro cumBosia. Hanbosee yacTsIM npriMepoM Takoi
KOHCTPYKUHH siByisieTcst \0 (32 KOTOpoil He cienyet undpa); oHa cneuduum-
pyeT NULL-CUMBOJI. DCKEUII-TI0CAeL0BATENBHOCTD \xAh COCTOUT U3 06paTHOI
HAKJIOHHOHN 4epThl ¢ GYKBOMA X, 32 KOTOPBHIMH CJIEAYIOT IIeCTHAAL[ATEPUIHBIE
uudpel, crenudUUMpYOlHe 3HaUYeHHe XeaeMoro cumBosia. Ha konmyecTso
uudp HET OrpaHUYEHH, HO Pe3yIbTaT OyIeT He ONpeaeseH, ecu 3HaYeHne
II0JIy4€HHOTO CHMBOJIA IPEBBICUT 3HaYeHKe caMOoro “60JbLIOro” U3 AOMYCTH-
MbIX CUMBOJIOB. Ecsiit B 1aHHO# peann3aiuu THI char TPAaKTyeTCs . KaK YKCII0
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€O 3HaKOM, TO 3HaYeHHe U B BOCbMEPHYHOI, ¥ B IIeCTHAALAaTepUYHOM ICKeHT-
MOCJIe/I0BATENBHOCTH MOJIYYAETCS C TOMOILBIO “PACTIPOCTPAHEHH s 3HaKa”, Kak
ecJiv1 GBI BLITIOTHAJIACH ONlepaLyis MPUBeAeHNs K THITy char. Ecnu 3a \ He ciieny-
€T HU OIMH U3 AePeyrCIeHHDIX Bblllle CHMBOJIOB, De3yJIbTaT He ONpeaesieH.

B HEKOTOPBIX peanu3alysix UMeeTCsl PACUIMPEHHbIA HabOP CUMBOJIOB, KO-
TOpBLI1 He MOXeT ObIThb 0OXBaveH TunoM char. KoHcranTta a5 Takoro Habopa
nuuietcs ¢ 6ykBoii L Bepeau (HanpuMep L' x' ) U Ha3bIBaeTCS PaclIMPEHHOT
CHMBOJIbHOI KOHCTaHTOH. Takasi KOHCTaHTa UMeeT TUI wchar _t (1ieJi04ucies-
HbI# THII, OTIpe/ieJIeHHBIN B CTAaHAAPTHOM 3aroJIoBoYHOM daiine <stddef.h>).
Kak u B ciryyae 06bIYHBIX CUMBOJIbHBIX KOHCTAHT, 3/1€Ch TaKKe€ BO3MOXHBI
BOCbMepHYHBIe U LIeCTHAALAaTepHYHble 3CKeHI-I0CIeJ0BATENbHOCTH, €CIIU
crneundUIMPOBaHHOE 3HAYEHME TIPEBBICUT THII wchar_t, pe3yJsbTaT OyaeT He
ornpeiesieH.

Hexkoropbie 13 npuBeieHHBIX 3CKeHI-I0cIe0BaTeIbHOCTENH HOBbIe (IIeCTHA-
HaTepuyHbIle B yacTHOCTH). HOBBIM sIBJISI€TCS ¥ pacCIIMPEHHBI TUII 11 CHMBO-
s0B. Habopam cumBoJ10B, 066IYHO HCTIONB3YyeMbIM B AMepuke U 3anagHoit Es-
pOIle, IOAXOAMT THII char, a TUI wchar_t 6b11 106aBJIeH TIaBHBIM 06PasoM IS
a3UATCKUX SI3BIKOB.

A 2.5.3. KoHCTaHTbI C NnaBatoLen To4kon

KoHcranTa ¢ nuaBaouieif TOYKOH COCTOUT U3 LEIOH YacTH, AeCITHUYHOMN
TOYKH, APOGHOH YacTH, € WK E ¥ 11eJ10ro (BO3MOXHO, CO 3HAKOM ), IIPECTaB-
JISTIOLETO TIOPSAAOK, H, BO3MOXHO, cyddukca Tra, 3a1aBaeMoro 04Ho# 13 6yKs:
f,F, 1 unu L. U nenas, u ,Z[pO6Haﬂ 4acCTb IIPEACTaBISAIOT cobotli nocyesoBaTesNb-
HocTh uudp. JInbo uemnas yactpb, 160 ApobHas YacThb (HO HE 00€ BMeCTe) MO-
TYT OTCYTCTBOBATB; TAK>XKe MOI'YT OTCYTCTBOBATh AeCSITHYHAs TOYKa MM E ¢ mmo-
psanxoM (Ho He 0be onHospemenHo). Tun onpeaensercs cyddukcom; F uu f
onpenensioT THI float, L uau 1 — Tun long double; mpy oTcyTcTBUM cyhduk-
ca nogpa3ymMmeBaeTcs TUIl double.

CydduKcs! A KOHCTAHT C I1aBalOLIEH TOYKOI ABJISIOTCS HOBOBBEAECHUEM.

A 2.5.4. KoHCTaHTbI-nepeyncnexus

Wnentuduraropsl, 06bsABIeHHbIE KaK 3JIeMeHTHI nepeuncienns (A8.4),
SIBJIIOTCSI KOHCTAHTaMH TUIIa int.

A 2.6. CTpokoBble nuTepasl

CTpOKOBBI# IMTEpal, KOTOPBIil TaKXKe Ha3bIBAIOT CTPOKOBOH KOHCTAHTOMH, —
3TO I0CJIE0BATENbHOCT CUMBOJIOB, 3aKJIFOYEHHAS B ABOIHbIe KaBbiuku (Ha-
npuMep, "..."). CTpoka UMeeT THII “MacCHB CUMBOJIOB” ¥ TaMATb KJlacca static
(A4), KoTOpasi MHULIMANM3UPYETCs 33IaHHBIMU cMBoJsIaMH. [Ipencrasisior-
Cs1 1M OIMHAKOBbIE CTPOKOBBIE JINTEPAJIbl OJHON KOIMeH NN HECKOIbKHUMH,
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3aBHUCHUT OT peanu3auuu. [loBesenne nporpaMMsl, NbITAOIIENHCS U3MEHUTD
CTPOKOBBII1 JINTEPaJl, He ONPeeseHo.

HanucanHble PSIOM CTPOKOBbIE JINTEPANIBI 00bEAUHSIOTCS (KOHKATEHUDY -
10TCS) B OAHY cTPoky. Ilocie noboit KoHKaTeHaUMU K CTPOKe A0GaBseTcs
NULL-6aitt (\0), 4TO MO3BOJIsIET MPOrpaMMe, IPOCMATPUBAIOLLEN CTPOKY, Hali-
TH ee KoHell. CTPOKOBbIE JIUTEPATIBI HE MOTYT COZEPXKaTh B cebe CUMBOJI HO-
BOM CTPOKH WJIM ABOIMHYIO KaBbIYKY; B HUX HYXXHO HCIIOJIb30BaTh TE K€ 3C-
KeMI-TN0C/Ief0BaTeNbHOCTH, YTO U B CHMBOJIbHBIX KOHCTaHTaX.

Kaxk u B c1yyae ¢ CHMBOJIbHBIMY KOHCTaHTaMHM, CTPOKOBBIH JIMTEPAJ C CUM-
BOJIaMHM U3 PACUIMPEHHOTO Habopa J0JKeH HauyMHAThCs ¢ GykBbI L (Hanpumep
L"..."). CTpoKOBBIi1 IUTEpas U3 PAaCLIUPEHHOr0 HabOpa UMeET TUII “MaccuB
uawchar_t”. KoHKaTeHauus apyr ¢ ApyroM OOBIYHBIX U “DaCIIMPEHHBIX” CTPO-
KOBBIX JIUTEPAJIOB He OIpefesieHa.

To, YTO CTPOKOBbIE JTUTEPATIBI HE 00SI3aTEIBHO NPEACTABJISIIOTCA PA3HBIMU KO-
IIMSIMM, 3aIIPeT Ha MX MOAUGHUKALIKIO, a TAK)Ke KOHKAaTeHaLMsI COCEIHMX CTPOKO-
BBIX JIUTEpasoB — HoBoBBeAeH!sI ANSI-crannapra. “PacimpeHHble” CTPOKOBbIE
JIUTEpAJIbl TAKXKE 0OBSIBIIEHBI BIIEPBHIE.

A 3. HoTtauunsa cuHTakcuca

B HOTauuu cuHTaKCcHCa, HCHIOJIb3YEMOii B 9TOM PYKOBOACTBE, CHHTAKCHYe-
CKHe NIOHATHS HaBUPAIOTCA KyPCUBOM, a CJI0BA U CUMBOJIBI, BOCIPHMHUMAeMble
OyKBaJIbHO, OOBIYHBIM WPUGTOM. AJbTEpHATHBHbBIE KOHCTPYKUMH OOBIYHO
IePEYUCASAIOTCA B CTOJNOMK (KaX1ast abTepPHATHBA HA OTAENbHOM CTPOKE);
B PEAKHX CJIYYasiX JJIMHHBIE CIIMCKY HeDOIBIINX 110 Pa3Mepy albTePHATHB pac-
TI0JIATaloTCs B OMHOM CTPOKE, IOMeYeHHOM c1oBamu “oauH us”. Heobs3atenn-
HOE CJIOBO-TEPMHH WJIH He TEPMUH CHabKaeTcst HHAEeKCOM “neo6.”. Tak, 3anuch

neo. }
0603Ha‘laeT Bblan(eHI/Ie, 3aKJIOYEHHOE B d)uryprIe CKO6KH, KOTOpOE B 06'

II[EM CJTyYae MOXET OTCYTCTBOBaTh. [I0THBII 1epeyeHb CHHTAKCHYECKHX KOH-
cTpykuuit npusesen B A13.

{ evipaxcenue

B oramuue ot TpaMMAaTHKH, JIaHHOH B NEPBOM U3JaHUHN 3TOM KHMTH, TIpUBEACH-
Had 34€Cb rpaMMaTHKa CTaAPIIMHCTBO Y IIOPAAOK BbIIIOJTHEHHA onepauuﬁ B BbI-
PXEHHUAX ONHCBHIBAET SBHO.

A 4. Y10 0603HaualoT naeHTUPUKaTOpLI

VnentudukaTopsl, WK MIMEHA, CCHUTAIOTCS Ha pa3Hble 00bEKTHI (B OPUTHHA-
ne — things. — IIpumeu. ped.). pyHKUMH; TeTH CTPYKTYP, 06beJMHEHHUH U TIepe-
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YKCIIEHUIA; 37IEMEHTBI CTPYKTYp Wiu oObenuHeHuH; typedef-umMena; MeTku
1 06bekThl. O6beKTOM (Ha3bIBaEMbIM MHOT/A [IEDEMEHHOI ) SABIAETCA YacTh Na-
MSITH, MHTEDIIPETALXs KOTOPOM 3aBUCHT OT ABYX [JIaBHbIX XaPAKTEPUCTHK: K1ACCA
namsmu v ee muna. Knacc naMsati coobuiaeT o BpeMeHU K U3HU [TaMsITH, CBA3aH-
HOH C HIEHTUDULMDYEMBIM 0OBEKTOM; THIT OTIPEJEsieT, KAKOTO POJia 3HaYEHUs
HaxozasTcsi B o6bekte. C i0ObIM MIMEHEM aCCOLUUPYIOTCA CBOsi 001aCTh BUAM-
MOCTH (T. €. TOT YYacTOK IIPOTrPaMMBl, [/i€ 3TO MMl U3BECTHO) U aTpUOYT CBS3H,
OnpeaensoIrii, 0603HaYaeT JIM TO MMs B APYToM ¢aiiiie TOT e caMblil 00beKT
wid dyHKumM0. O61acTb BUIUMOCTH U aTpUOYT cBsi3u 06cyxaatotcsa B A1l

A 4.1. Knacc namatu

CyecTBYIOT ABa KJlacca MaMsITH: aBTOMaTHYeCKHil U cTaTuyeckuil. He-
CKOJIbKO KJIIOYEBBIX CJIOB B COBOKYIIHOCTH C KOHTEKCTOM 00bsIBIIEHUH 06beK-
TOB CIEUUPHUUMPYIOT KJIACC TaMSITH AJIS 9TUX 0OBEKTOB.

ABToMaTnyeckue 00beKThI JIOKaIbHbL B 6710ke (A9.3), pH BBIXOAE U3 HETO
onu “ucyesaor”. OObsIBIEHNE, 33JaHHOE BHYTPHU OJIOKA, ECJIH B HEM OTCYT-
crByeT creundrKaurs Kjiacca NaMsATH WK yKa3aH crieundukarop auto, co-
3l1aeT aBTOMaTHYeCKHi 06beKT. OOBEKT, TIOMeYeHHbIN B 00BbABIEHHH CJIOBOM
register, siBasieTCSI aBTOMaTH4eCKHM U pasMelaeTcsi 0 BO3MOXXHOCTH B pe-
TUCTDPE MaIIUHBbI.

Crarnyeckiie 06 beKTBI MOTYT OBITh JIOKAJIbHBIMHU B BJI0KE UJIH PACIOJIaraTh-
cst BHe 6JI0KOB, HO B 000X C/Iy4asiX UX 3HAYEHUsI COXPAHSIOTCS [IOCTIE BBIXOZIa
13 6110Ka (MK QYHKIKK ) 10 IOBTOPHOTO B HEro BXxoja. BuyTpu 6710ka (B TOM
yucie u B 6710ke, 06pasyonieM Teso GyHKINK) CTaTHYeCKUe 0OBEKThI B 00bsIB-
JIeHUSIX TIoMeyatoTcs coBoM static. O6bexTsl, 06bsBIseMble BHE BeeX HI10-
KOB Ha OJTHOM YPOBHe C onpefesneHUAMH GyHKUKH, Bcerna cratuyeckue. C mo-
MOIIbIO KJTI0UEBOTO CJIOBA static HX MOXKHO CAEIATh JIOKAIbHBIMH B IIPeesiax
TPaHCIMPYeMOii eIUHHULBI (B 5TOM CJIy4ae OHH IOJy4aioT aTpUbyT 8Hympen-
Heli C831), 1 OHU CTAHOBSITCS rJI00AIBHBIMH JIS1 BCE# IPOrPaMMBbI, eCJIU OITy-
CTUTh ABHOE yKa3aHHe KJlacca MaMsITH MM UCIIOJIb30BaTh KJIOYEBOE CIOBO
extern (B 9TOM CJIy4ae OHH NOJTYYAIOT aTPUOYT BHewHel C853U).

A 4.2. basoBbie TUNbI

CyectByeT Heckonbko 6a30Bbix TUIOB. CTaHAAPTHBIN 3ar0JI0BOYHBIN
daitn <limits. h>, onucaHHbIH B IpUIOKeHNH B, onpenensieT camoe 6osbioe
Y caMOe MaJloe 3HaY€eHUs AJI KaXX0ro TUIA B JaHHOM KOHKPeTHO! peannsa-
uuu. B npusoxennu B npuBeneHs MUHMMaIbHO BO3MOXKHbIE BEJIMYHHBL.

Pasmep 06beKTOB, 00BABJISIEMBIX KAK CUMBOJIbL, TI03BOJISIET XPAHUTH JIIO-
60i1 cuMBOJ U3 Habopa CHMBOJIOB, IIPUHATOrO B MaiuuHe. Ecin 06bexT Thna
char JeHCTBUTENHO XPaHUT CMMBOJI U3 JaHHOrO Habopa, TO ero 3HayeHHeM
SIBJISIETCS KOJI 3TOTO CHMBOJIA, T. €. HEKOTOPOe HeoTpuuaTesbHoe neoe. Ilepe-
MeHHbI€ TUIa char MOTYT XpPaHUTb U IpYrye 3HaYeH!s!, HO TOI/a IHAfIa30H UX
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3HAYEHMH U 0COOEHHO BOIIPOC O TOM, 3HAKOBbIE 3TH 3HaUE€HUS UK 6e33HaKO0-
Bbl€, 3aBUCHUT OT PeaTH3alI1H.

BeasnakoBble CUMBOJIBI, 0OBABJIEHHBIE C IOMOLIBIO CJIOB unsigned char,
MMEIOT Ty Xe Pa3pAAHOCTb, YTO ¥ OObIYHbIE CHIMBOJIbI, HO NIPEACTABIAIOT He-
oTpulaTe/bHble 3HAYEHUS; C TIOMOIIBIO CJI0B signed char MOXHO SBHO 06b-
SABUTb CAMBOJIBI CO 3HAKOM, KOTOPbIE 3aHUMAIOT CTOJIBKO XK€ MeCTa, Kak U 00bI4-
Hbl€ CHMBOJIBI.

Tun unsigned char He ynoMHHaJICA B NepBOH peflakliM S3bIKa, HO BCEMM HC-
noJsib3oBaincst. Tum signed char — HOBBIH.

IToMuMoO char cpeau LeI0YNUCHEHHBIX TUIIOB MOTYT ObITH 11eJIble TPEX pa3-
MepoB: short int, int 1 long int. O6b1uHble 06BEKTH TUINA 1Nt UMET ecTe-
CTBEHHBIH pa3Mep, IPHHATHINA B apXUTEKType AaHHOI MallWHBI, IPyrie pas-
MepHl NpefHa3HayeHsl I ClleUaJbHBIX HYXA. Bosee nuuHHble Hesble
T10 KpaiiHeil Mepe MOKPHIBAIOT BCe 3HaYeHUsA 00Jiee KOPOTKHUX 1eJIbIX, OHAKO
B HEKOTODBIX pean3alusix OObIYHbIE [[eJIble MOTYT ObITh SKBUBAJIEHTHBI KO-
poTkuM (short) uan aavHHEBEIM (long) uesnsiM. Bee Tumsl int npencraBisior
3Ha4Y€HMs CO 3HAKOM, €CJIY He OTOBOPEHO NPOTUBHOE.

Jlns1 6e33HAKOBBIX LEJBIX B OOBSBICHUSAX UCIIOIB3YETCS KIII0YEBOE CIOBO
unsigned. Takue Lenble TOAYMHAIOTCA apudMeTHKe 10 MoayJIio 2", Tae n —
4uCII0 6UTOB B IPEACTaBJIEHUH YUCIIA, U, CIEN0BATEbHO, B apudMeTHKe ¢ 6e3-
3HAKOBBIMH 1I€JIbIMU HUKOTZIa He ObIBaeT nepenosHeHns. MHOXeCTBO HEOTPH-
aTeIbHBIX 3HAYEHHUH, KOTOPbIE MOTYT XPAHUTBCS B 0OBEKTAX CO 3HAKOM, SIB-
JIfeTCS TOAMHO)KEeCTBOM 3HaYeHHUH, KOTOpble MOTYT XpPaHUThCSI B COOTBETCTBY-
roIux 06bekTax 6e3 3HaKa; 3HaKoBoe U 6e33HaKOBOE IIPEACTABIEHIS KAKIOTO
TaKOTO0 3HaYEeHHUS COBIAAIOT, :

JIro6ble fBa U3 TUIOB C TUIABAIOLIEN TOYKON: C OAMHAPHOM TOYHOCTHIO
(float), ¢ KBOITHOIT TOUHOCTHIO (double) U ¢ MOBBIIEHHOU TOYHOCTBIO (long
double) MOTYT ObITh CHHOHMMaMH, HO KK /blil CJIEAYIOMUI THUII 3TOTO CIIUCKA
JIOJIKEH 10 KpaiiHeit Mepe 06ecnednBaTh TOYHOCTD MPEBIAYIIETO.

long double — HOBBIII TUIL. B mepBoii pegakuuy A3b1Kka CHHOHMMOM IS double
66121 1ong float, Tenepnb MOCHENHMIA UIBAT U3 OOpalIEHHS.

Ilepeuucnenus — eqUHCTBEHHBIE B CBOEM POJie THUIIBI, KOTODBIM JaeTcs MoJj-
HbI1 epeYeHb 3HaYeHHH; C KaXK/IbIM IlepeyrcIIieHreM CBSI3bIBaeTCsl MHOXEeCTBO
UMeHOBaHHbIX KOHCTaHT (A8.4). [lepeuncienus BenyT cebs Hanozobue e-
JIBIX, HO KOMITUJIATOP OOBIYHO BBIZAET MpeAYNpexaaliee cooOeH e, ecm
06beKTy HEKOTOPOTO TIEPEYHUCIUMOrO THIIA IPUCBAUBAETCS HEYTO, OTIIMYHOE
OT €ro KOHCTaHTBI, MJIY BBIPaXKeHIe He 13 3TOr0 NlepeyrcIeHus.

IMockosbKy O6BEKTHI TEpeYrCIEHHI MOXKHO PAcCCMAaTpPUBaTh KaK 4YHCIa,
HepeYrcyieHHe OTHOCAT K apugmemuneckomy Tviry. Tunsl char ¥ int Bcex pas-
MepOB, KaXX/IbIi U3 KOTOPBIX MOKET OBITh CO 3HAKOM WK Ge3 3Haka, a Takxke
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Triepevrc/ieH sl HasbIBAIOT yeaouucnennomu (integral) Tunamu. Tumnsr float,
double u long double Ha3bIBAIOTCS TUIIAMU C N1ABAIOUEUE MOYKOU.

Tun void crenduuMpyeT mycroe MHOXeCTBO 3HaueHHH. OH UCTIOJIb3YeT-
cs Kak “TUN Bo3BpalaeMoro ¢pyHKIMel 3HaYeHns” B TOM cjlydyae, KOra OHa
He TeHepHpyeT HUKAKOro Pe3yIbTUPYIOLIEero 3HauyeHusl.

A 4.3. lpon3soaHbie TUNbI

TToMrMO 6a30BBIX THIIOB CYUIECTBYET NPAKTHYECKH GECKOHEUHBIN Kjacc
HPOU3BOAHBIX THIIOB, KOTOPble GOPMHUPYIOTCS U3 YKe CYHIECTBYIOIHX U OTHU-
CBIBAIOT CJIEAYIONTe KOHCTPYKIIMH:

* maccugbl 00BEKTOB 3alaHHOTO THIIa;

* ynKyuu, BO3BPAIIAONINE 0OBEKTHI 32TaHHOTO THIIA;

* yxasamenu Ha OOBEKTHI 3AJAHHOTO TUIIA;

* cmpyKkmypbt, COAEPXKALIKE IT0CTEN0BATENBHOCTb 0OBEKTOB, BO3MOXHO, pa3-
JINYHBIX 33/JaHHBIX TUIIOB;

* 00be0uHeHUs, KAKL0E U3 KOTOPBIX MOXKET COAEPKATH JIIOOOU 13 HECKOJIbKUX
00bEKTOB Pa3/IMYHbIX 321aHHBIX THIIOB.

B obuieM ciyyae npuBeseHHbIE METOABI KOHCTPYUPOBAaHUS OOBEKTOB MO-
I'yT IPUMEHSTHCS PEKYPCUBHO.

A 4.4, Ksanudunkatopsl TUNOB

Tun o6bexTa MoXeT cHabxaTbcst kBaudykaTopoM. O6baBIeHNE 0O6BEKTA
¢ kBannudUKaTOPOM const yKa3bIBaeT Ha TO, YTO €r0 3HaYEHHe faee He OyneT
U3MEHATHCST; 00BBIIAA 0OBEKT Kak volatile (M3MeHYHMBBIN, HEMOCTOSTHHBIMA
(anzn.)), Mbl yKa3bIBaeM Ha ero 0coOble CBOMCTBA I BbINOJHAEMOM KOMITU-
naTopoM ontuMudauvy. Hu ofus 13 KBannguKaTopoB Ha JUana3oHs! 3Haye-
HuUi 1 apudMeTHYecKHe CBOMCTBA 00beKTOB He BuseT. Kpanndukatops 06-
cyxpaiorcs B A8.2.

A 5. O6bekThl u Lvalues

Ob6vexm — 310 HEKOTOPasi UMeHOBaHHasA 06acTb namaty; lvalue — 3To BHI-
paxxeHue, obosHayaouee 06bexkt. OueBUAHBIM TIpUMepoM lvalue saBisgeTcs
MaeHTUDHUKATOP C COOTBETCTBYIOLMM THIIOM U KJ1accoM namsity. Cymectsy-
10T onepaluy, nopoxaatouive lvalue. Hanpumep, eciu E — BblpaxeHne THIa
yKasaTeJb, To *E ecTb Bhpaxenue 171 lvalue, 0603Hayaro1ero o6bexT, Ha KO-
TOpblii yKasbiBaeT E. Tepmud “lvalue” npousouesn T 3anUCH NPUCBaUBaHUA
E1=E2, B koTOpO# NieBbiit (left — neBblit (anan.), oTciona 6yksa |, value — 3nave-
Hue) onepanz E1 1omken 6bITh BoipaxeHneM lvalue. OnucbiBast Kax/plii one-
paTtop, MbI coobuiaeM, oxxuaaeT Ju oH lvalue B kayecTBe OriepaH/IOB 1 BbIZAET
s lvalue B KauecTBe pesyJibTara.
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A 6. NpeobpasoBaHus

HekoTtopble onepaTopsl B 3aBICUMOCTH OT CBOUX OTIEPAH/I0B MOTYT BbI3bI-
BaTh NMpeo6pa3oBaHie UX 3HAYEHHIA U3 OJHOTO THIIA B ApYTOii. B s3TOM mapa-
rpade 06bACHAETCS, YTO CIIEAYET 0XKUAATH OT TAKMX peoOpasoBanuii. B A6.5
$opMyIMpYIOTCS IIPaBUIIA, IO KOTOPBIM BEIIOIHSOTCS PpeoOpasoBaHus A1
6osbIIMHCTBA OOBIYHBIX O1epaTopoB. [Ipy paccMOTPeHUH KaXKa0TrO OTHEeb-
HOTO OTlepaTopa 3TH NpaBHJia MOTYT YTOUHSTHCS.

A 6.1. LenoyucneHHoe NoBbilLeHne

O61bexT THIa nepeyrcaeHre, CHMBOJI, KOPOTKOE 1eNloe, 1eoe B GUTOBOM
110JIe — BCe OHU CO 3HAKOM MJIM 63 MOTYT HCII0JIb30BaThCs B BbIPAXXEHUH TaM,
rie BO3MOXXHO IpuMeHeHMe Lesoro. Eciiu THI int no3BosisieT “0XBaTUTh” BCe
3HAYEHMS UCXOAHOTO THUIIA OTlepaH/a, TO ONepaH NPUBOAUTCS K int, B Ipo-
TUBHOM CJIy4yae OH IPUBOAMTCS K unsigned int. JTa npoueaypa Ha3blBaeTCsA
UENOUUCTEHHBLM NOBIUEHUEM',

A 6.2. LilenouncneHHole npeobpa3zoBaHus

JIro60€ 1es0e NPMBOAUTCS K HEKOTOPOMY 33JlaHHOMY Oe33HAKOBOMY THILY
IIyTeM II0MCKa KOHTPYSHTHOTO (T. €. UMEIOIIero To Xe ABOMYHOe NpeCTaBIIe-
H1e) HaUMeHbIIIero HEOTPULIATEIbHOTO 3HAUYEHH S U IIOJTyYeHHs OCTaTKa OT fIe-
JIeHUs ero Ha nmax + 1, rae nmax — HauboJIbLIEe YUCIO B 9TOM He33HAKOBOM
tune. /{11 IBOUYHOTO NPeACTaBIeHHs B AOTIONHUTENBHOM KOJIe 3TO O3Ha4aeT
160 BbIOpachIBaHUE JIMUIHUX CTAPIIMX Pa3psioB, eCi Oe33HAKOBBI THII
“yxe” UCXOMHOTrO THITa, IMOO 3aN0IHeHHe HEAOCTAIONINX CTAPUINX Pa3PsA0B
HyJIAMH (715 3HaYeHUs Oe3 3HaKa) WM 3HaYeHWeM 3Haka (4J11 3HaYyeHUs
CO 3HAaKOM ), ec/ii G€33HAKOBbI THUII “IIMPE” UCXOAHOTO.

B pesynbTaTe npuBegeHus J060r0 LIEI0r0 K 3HaKOBOMY THILY ipeobpasye-
Moe 3HayeHHe He MEHSIETCS], eCTIM OHO ITPEACTaBUMO B 3TOM HOBOM THIIE, B IIPO-
THUBHOM CJIy4ae pe3ysbTaT 3aBUCHT OT PeaT3al1H.

A 6.3. Lenble u yucna c nnaeatowieit TO4Komn

[Ipu npeo6pa3oBaHMK U3 THIIA C IUIABAIOLIEH TOYKOM B LEJOYHCIEHHBIN
apobHas yacTh 3HAYEHHS OTOPACHIBAETCSI; €CJIM T0JYYEHHOE IPH ITOM 3HaUe-
HUE HeJIb3s IPEACTABUTD B 33/IaHHOM LI€JIOYHCIIEHHOM THIIE, TO Pe3yJIbTaT He
onpezeneH. B yacTHOCTH, He OnpeziesieH pe3yIbTaT NpeoOpa3oBaHus OTPHLA-
TEJIbHBIX 3HAYeHUH C IUIaBaOLIel TOYKOIi B GE33HAKOBBIE LEJBIE.

Ecnu 3Hauenune npeo6pasyeTcs U3 LeJI0r0 B BEJUYHMHY C [IaBaouleil Tou-
KOI1 ¥ OHa HAaXOAUTCA B AONMYCTUMOM [UalNa3oHe, HO IPeCTaBIIsSIeTCs] B HOBOM

! Integral promotion — 1CHOUUCIICHIIOE HOBLIENUE — MIOMIA TAKKC 1EPCBOJAT KaK “Mil-
Terpasibioce npoasukenue”. — Ipumeu. ped.
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.

THIIE HETOYHO, TO Pe3YJILTATOM GyIeT OMHO U3 IBYX 3HAYEHWH HOBOTO THIIa,
GvoKafMX K MCXOAHOMY. Eciiu pe3yibTaT BHIXOAMT 32 FPaHUIbI [HAlla30Ha
JOMYCTUMBIX 3HaUYeHU, HOBeeHe TPOrPAMMEI He OIPeesIEHO.

A 6.4. Tunbl c NnaBaloLie TOYKOn

[Ipu npeobpasoBaHKy 13 THIIA C IUIaBAOLIEH TOYKOM MEHbIIEH TOYHOCTH
B THII C [UIaBaKOLIEl TOYKOI OOJbIIell TOYHOCTH 3HAYEHHE HE U3MEHseTCs.
Ecin, Haob0opoT, epexox ocymecTBiseTcs OT O0bLIEi TOYHOCTH K MeHblLEe#
Y 3HayeHHE OCTaeTCsl B JOMYCTUMBIX IIpeAesiax HOBOIO THIIA, TO Pe3YIbTaTOM
OyzmeT oqHO U3 ABYX OIMKaNLIMX 3HAYeHHH HOBoro Tuna. Eciu pesynbTaT
BBIXOJMT 3a IPaHHIbl AUANA30HA AOMYCTUMBIX 3Ha4eHUH, TOBeeHH e IIPOrpaM-
MBI He OIIpefiesIeHO.

A 6.5. ApudmeTuyeckme npeobpaszoBaHus

Bo MHOrHX onepaunsx npeo6pazoBaHue TUIIOB ONIEPAHIOB U ONIpe/IesIeHHe
THIIa Pe3yJIbTaTa OCYIECTBJISIOTCS 10 OAHUM U TeM e npasuiaMm. OHM co-
CTOSIT B TOM, YTO OII€PAH/BI IPUBOASATCS K HEKOTOPOMY 0bLIeMy THILY, KOTO-
DBl TAKoKe SIBJISIETCS U THIIOM Pe3yJIbTaTa. JTH NMPaBHJIa Ha3bIBAIOTCS 06biY-
HOLMU ApUpMemuUecKuMU NPeodPa308aHUsIMU.

¢ Ecnu kakoii-nubo 3 onepannos umeet TuI long double, To Apyroi npuso-
auTes K long double.

* B npoTuBHOM ciy4ae, ecu Kakoi-1160 U3 OepaHAOB MMeeT TUIl double,
TO ApYroit MpUBOAMTCS K double.

* B npoTtuBHOM ciiydae, eciv Kakod-1100 U3 ornepaHaoB uMeeT Tul float,

TO Ipyroil npusoauTcs k float.

B npotuBHOM ciiy4ae a1 060UX OTEePaHIOB OCYIECTBISETCS LEN0YHUCTIeH-

HOE NOBBILIEHHUE; 3aTEM, €CJIM OAUH U3 ONlEPaHAOB UMeET TUII unsigned long

int, To ¥ Apyro# npeobpasyercs B unsigned long int.

B npotuBHOM ciryyae, eciv OAMH U3 ONlepaHA0B IPHHAJIEKUT TUILY long int,

a Apyro# — unsigned int, To pe3ysbTaT 3aBUCHUT OT TOTO, MOKPBIBAET JIK long

int Bce 3HayeHud unsigned int, ¥ ecsin 3TO Tak, TO unsigned int npuBOAUTCA

k long int; ecsin HeT, TO 0ba onepaHja npeo6pa3yro*rcx Bunsigned long int.

* B npoTuBHOM cilyyae, eciv OTMH U3 ONlepaH 0B UMeeT TUII long int, To Apy-
roit npuBoOAUTCA K long int.

* B nmpoTBHOM cJ1yyae, eCJIM OJUH U3 ONepaHaoB — unsigned int, To apyro#
NpUBOAUTCS K unsigned int.

* B npoTtusHOM ciyyae 0ba onepaHia UMEIOT TUII int.

3nech ecTh Ba U3MeHeHHUs. Bo-nepBbiX, apudMeTHKa ¢ onepaHiaMy C IJ1aBako-
1€l TOYKOit Tenepb MOXKET IPOU3BOAMTHCS C OMTHAPHON TOYHOCTDIO, @ HE TOJIbKO
C IBOMHOI; B IEPBOM pelaKIIMK sA3bIKa BCS apUMeTHKA C IUIaBalolelf TOYKoH npo-
U3BOMIMJIACh C IBOHOM TOYHOCTBIO. Bo-BTOpBIX, G0sIee KOPOTKUiT 6e33HAKOBBIi
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THI B KOMOHHALMH ¢ 60JIee [T HHBIM 3HAKOBBIM THIIOM He PACTIPOCTPAHSIET CBOU-
cTBO 6€33HaKOBOCTH Ha THII Pe3yJIbTaTa; B IEPBO peflakiiny 6€33HAKOBbIH TUII
Bcerzia JoMuHMpoBast. HoBule mpaBuJia HEMHOTO CJIOXKHEE, HO ZI0 HEKOTOPOii CTe-
NeHW YMEHBIIAIOT BEPOSTHOCTD HOSBICHUSA HEOXKUAAHHBIX 3¢ (DEKTOB B KOMOH-
HAllMAX 3HAKOBBIX U GE33HAKOBBIX BeJIM4YUH. [1pH cpaBHEHUM 6€33HAKOBOTO BbI-
pakeHUs CO 3HAKOBBIM TOTO XK€ pa3Mepa BCe ke MOXKEeT BO3HUKHYTb HEOXHAaH-
HBIi1 pe3yJibTar.

A 6.6. YkazaTtenu u uensbie

K yxasaTeso MoxHO 1pu6aBisiTh (M BbIYUTATh M3 HETO) BhIpaXKEHHUE 11eJI0-
YMCJIEHHOTO THIIa; TOCJIEAHEE B 3TOM C/lyYae MOABepraeTcs npeobpasoBaHumio,
ONUCAaHHOMY B A7.7 IpU pacCMOTPEHUH OIlepaTOpa CJIOXKEHHUS.

K 18yMm yxasatesnisim Ha 06bEKTBl OAHOTO THIIA, IPHUHALJIEXAIIME OXHOMY
MacCHBY, MOXeT IPUMEHATHCS ONepalvs BBIYUTaHUS; pe3yIbTaT IIPUBOLUT-
CS1 K 11eJI0MY TI0CPEACTBOM NPeoOpa3oBaHus, ONMCAHHOTO B A7.7 IPH paccMoT-
pPEeHMH onlepaTopa BEIYUTaHHUS.

Ienounciennoe KOHCTaHTHOE BhIpaXKEHUE CO 3HaUeHHeM ( HJIH OHO XK€,
HO NPUBEAEHHOE K THITY VOid *, MOXeT ObITh IpeoOpPa3oBaHO B yKa3aTellb JI0-
60ro THMa orepaTopaMy IPUBEAEHNS, IPHCBAUBAHUA U CPaBHEHUs. Pe3yiib-
tatoM 6ynet NULL-yka3aTesib, KOTOPBIA paBeH Jirobomy apyromy NULL-yka3a-
TEJIO TOTO XK€ TUIIA, HO He PaBeH HUKaKOMY yKa3aTeJslio Ha peabHblil 06beKT
Wi GyHKUHIO.

Jlns ykasaresedl JOIYCKAKOTCS U APYTHe IPeoOpa3soBaHHsl, HO B CBS3U C HUIMH
BO3HMKaeT NpobjieMa 3aBUCHMOCTH Pe3yJibTaTa OT peald3aluu. ITH 1peob-
Pa3oBaHUA AOJKHbI ObITh CielnbUIMPOBaHbI ABHBIM ONEPaTOPOM 1peobpaso-
BaHMsI TUIA UM olepaTopoM npuBesenus (A7.5 u A8.8).

Yka3saTeslb MOXXHO IPUBECTH K 1€JI0YUCTIEHHOMY THILY, ZOCTATOYHO 60JIb-
LIOMY J/Is1 €T0 XpaHeHust; TpeOyeMblii pa3mep 3aBUCHUT OT peanu3saiun. OyHk-
1uMst Ipe0OPa30BaHM TAKXKE 3aBUCHT OT PEAI3all M.

O6BeKT 1eNOYHCITIEHHOTO THIIa MOXXHO SIBHO NPeobpa3oBaTh B yKa3aTelb.
Ecnu 1esoe nosyyeHo U3 ykasaTessi U UIMeET JOCTATOYHO GOJIbIIO pasMep,
3T0 npeobpa3oBaHye AACT TOT K€ yKa3aTellb; B IPOTHBHOM CIIy4ae Pe3yJbTaT
3aBHMCHUT OT Peau3alHu.

YxasareJb Ha OA¥H THII MOXKHO IpeoOpa3oBaTh B yKasaTeJsb Ha APYTOM THIL
Ecnu ucxonublit ykasatesb ccplnaercs Ha 00BEKT, JOJKHBIM 00pa3oM He Bbl-
POBHEHHBIH 110 rPaHULIaM CJIOB MAMSITH, TO B Pe3yJbTaTe MOXET IIPOU30HTH
ounbka anpecauuu. Eciv TpeGoBaHMs Ha BoIpaBHMBAHHE Y HOBOTO THIIA MEHb-
111e MJIH COBNAJAIOT € TpeOOBaHUSIMH Ha BbIPABHUBAHHE NIEPBOHAYAIBHOTO THIIA,
TO rapaHTHUPYETCs], YTO peobpasoBaHUe yKa3aTess B APYroi THII ¥ 06paTHO
€ro He U3BMEHMUT; IOHATHeE “BbIpaBHUBAHKE” 3aBUCHT OT peaIu3all1, OJHAKO
B J11060#1 peann3aunu 06bEKTH TUIIA char MPeAbsIBISIOT MUHUMAIbHbIE TPe-
6oBanus Ha BbipaBHHBaHHe. Kak onuncano B A6.8, yka3aTenb MOXET TaKxke
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11peo6pa3oBbIBaThCs B Void * U 0OpATHO, 3HAYEHME YKa3aTesst IPU 9TOM He
U3MEHSeTCA.

Ykasatens MoxeT 6bITb Tpeo6pa3oBaH B APYToil yKa3aTeb TOrO XKe THIIa
c mobaBnenreM WiH yaanenueM kBamudukatopos (A4.4, A8.2) Toro Tuma
06beKTa, Ha KOTOPHI 3TOT yKa3aTeJib MOKa3biBaeT. HoBbIN ykasatesb, oJy-
YeHHbI f0oOaBIeHnEM KBUTM(DUKATOPA, HMEET TO JXe 3HaYeHHe, HO C A0MNOJ-
HUTEJbHBIMY OTPaHUYEHHUSIMH, BHECEHHBIMU HOBBIMH KBaJU(pUKaTOPaMH.
Onepauus 10 yaaneHnio KBamudukaTopa y 06beKTa IPUBOIUT K TOMY, YTO
BOCCTaHaBJIMBAETCS JeliCTBHE ero HayaJbHbIX KBaIM(bHUKAaTOPOB, 3a1aHHBIX
B 06BSIBJIEHHH 3TOrO 00bEKTA.

Hakoneu, yka3aresb Ha GYHKLMIO MOXeT ObITh Ipe0Opa30BaH B yKasaTesb
Ha yHKUHIO APYToro TUna. Bbi3oB GyHKUMHM 110 TPe0Opa3oBaHHOMY yKa3aTe-
JIIO 3aBHCHUT OT Peain3alliy; OHAKO, ECJIN YKa3aTeb elile pa3 npeobpa3oBaTh
K €0 UCXOAHOMY THILY, Pe3yJIbTaT Oy €T MAeHTHYEeH BBI30BY I10 [IEPBOHAYIb-
HOMY YKa3aTeJio.

A 6.7. Tun void

3Hauenue (HecyulecTByioniee) 00bEKTa THIA VO1d HUKAK HeJlb3s UCIIOJIb30-
BaTb, €r0 TAKXKE HEJ1b3sl IBHO MJTM HESIBHO IPUBECTH K THILY, OTJIMYHOMY OT VOid.
[TockonbKy BeIpaXkeHue THIa void 0603HaYaeT OTCYTCTBHE 3HAYEHMU S, ET0 MOX-
HO TIIPUMEHSATHb TOJBKO TaM, TZe He Tpebyercs 3Hauyenus. Hanpumep, B Ka-
YecTBe BBIpXEHUA-MHCTPYKUMH (A9.2) M JIEBOTO OlNepaHza y onepaTopa
“3ansrasn” (A7.18).

BoipakeHrie MOXXHO IPUBECTH K TUILY Void onepalyeil npyuBeeHus! THIIA.
Hanpumep, npiMeHUTeIBHO K BEI30BY GYHKIMH, HCIIOJIb3YEMOMY B DOJI BHI-
PaKEeHUS-UHCTPYKUHH, ONlepallisi NPUBENEHHs K Void ssBHBIM 06pa3om nox-
YyepKUBaeT TOT (aKT, 4T pe3ybTaT GYHKIMH OTOpaCHIBaeTCS.

Tun void He HUTypHpPOBas B IEPBOM M3AHNM 3TOM KHUIH, OAHAKO 33 NPOUIE]-
11€e BpeMsi CTaJl 0611eynoTpeOUTENbHBIM.

/

A 6.8. YkasaTenu Ha void

Jli060# yka3aTesnb Ha 0OBEKT MOXKHO IPUBECTH K THILY void + 6e3 moTepu
uHpopmanuu. Eciy pe3ybrar noasepruyTh 06paTHOMY npeobpa3oBaHuIo,
TO MBI TIOJTy9MM NPEXHUH yKasaTenb. B oTinuune oT npeobpasoBanuii ykasa-
TeNlb-B-yKa3aTeNb (pacCMOTPeHHBIX B A6.6), KOTOPbIe TPEOYIOT IBHBIX OIlepa-
TOpOB NPHUBEAEHU K TUILY, B IPUCBAUBAHUSX M CDABHEHHSIX YKa3aTeJb J1000-
ro THIa MOXeT BBICTYIIaTh B I1ape C yKa3aTeJeM THIa void » 6e3 Kakux-1160
NpeaBapUTEbHbIX IPE0OPA30BaHMIl THIIA.

Takas MHTepnpeTalus yKasareseit void » — HOBasi; paHee posib 06061EHHOrO
yKasareJisi OTBOAMJIACh ykasatesto Tuna char =. Cranzapt ANSI oduumansHo
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pa3spelaeT UCIOIb30BAHME YKa3aTeseil void » COBMECTHO C YKa3aTesIMU APYruX
THIOB B IPUCBANBAHUSAX M CPABHEHHUSX; B HHbIX KOMOHHALMAX yKa3aTeJlel CTaH-
IapT TpebyeT sIBHbIX NPeobpasoBaHuil TUnA.

A 7. BolpaxeHus

TIpropHTeTHI ONMICHIBaEMBIX OIIEDPATOPOB HMEIOT TOT JKe MTOPALOK, 4TO U TyHK-
Tl JaHHOTO Naparpacda (oT BeICIIKX K HU3LKMM). Hanpumep, as1st onepatopa +,
onucadHoro B A7.7, TepMUH “ollepaHzbl” 03HA4aeT “BbIPa’keHUs, ONpe/iesieH-
Hble B A7.1-A7.6”. B ka)XI0M yHKTE ONICHIBAIOTCS OIIEPATOPHI, MMEIOIHE OH1-
HaKOBBI IPHOPUTET, H YKa3bIBAETCS HX aCCOLMATUBHOCTS (JIeBast UJIM IIpaBast ).
TIpropuTeETHI ¥ aCCOLMATHBHOCTD BCEX ONEPATOPOB OTPAKEHBI B TPAMMATHKE,
npuBeeHHo# B A13.

[IpuopuTeTH ¥ ACCOIMATUBHOCTD HOJHOCTBIO OTIpe/IeJiEHb], 2 BOT MOPSA0K
BBIYMCJIEHVS BBIPAKEHHS He ONpeiesIeH 32 HEKOTODBIM MCKJIIOUeHHEM JaKe s
NOABBIPAKEHHUH ¢ T0O0YHBIM 3D (PEKTOM. DTO 3HAYUT, YTO €CJIU B OTpeleie-
HHUHU OIIePaTopa MOCIe[0BaTENbHOCTh BBIYHUCIIEHHUS €0 ONEePaH/IOB ClIeUalTb-
HO He OTOBApUBAETCS], TO B PEATN3aLUH MOXHO CBOOOAHO BBIOHPATh 060
TNOPSAAOK BHIYKCIEHH U TaXe Yepe0BaTh IPaBblil U 1eBbiil nopsiaok. OxHaKo
n060ii onepaTop KCIOJIb3yeT 3HAYEHNsI CBOMX OIEPAH/0B B TOYHOM COOTBET-
CTBHH C TPAMMATHY€CKUM Pa3bopoM BbIpaXKeHHsl, B KOTOPOM OH BCTPEYAEeTCS.

ITO NPaBUJIO OTMEHSIET paHee NPeIOCTaBJISIBINYIOCS CBOOOAY B BEIGOpE HOpsiKa
BBILIOJIHEHWS] ONIEPALINiA, KOTOPHIE MATEMATHYECKH KOMMYTATHUBHBI U aCCOLMATUB-
Hbl, HO KOTOpbIE B IIPOLIECCE BHIYMCIEHUI MOTYT TaKOBBIMH He 0Ka3aTbCs. ITO
M3MeHeHMe 3aTPATUBAET TOJIBKO BHIYMCIIEHHA C ILIABAIONIEe TOYKOM, BBIMOJHS-
folMecs “Ha rPaHM TOYHOCTH”, M CHTYallMH, KOrZa BO3MOXHO IeperoHeHHe.

B s3bike He ompe/esieH KOHTPOJIb 3a NEPENONHEHNEM, ieTIEHHEM Ha HyJlb
¥ IPYTMMHU HCKTIOYMTENbHBIMA CUTYALUSAMHU, BOSHUKAOLMMH T1PH BbIYUCIIE-
HUY BbIpakeHUA. B 60JbImMHCTBE cyuiecTByomuX peanusauuii Cu IpH Bbl-
YHUCJIEHUM 3HAKOBBIX 11€JIOYMCTIEHHBIX BBIPAKEHUI U NPUCBAaUBaHUH Tepe-
TOJIHeHHe UTHOPUPYETCS, HO Pe3yIbTaT TAKUX BbIYMCJIEHUH He ONpEesieH.
TpakTOBKH A€JIeHNs Ha HyJIb U BCEX MCKITIOYUTEIbHBIX CUTYaIN, CBA3aHHBIX
C TJIaBamolleil TOYKOi, MOTYT He.COBNAaTh B Pa3HbIX PeaM3alHsX; MHOTAA
A7 06pabOTKH UCKIIOYUTENbHBIX CUTYAlUH IPENOCTABAETCS HECTaHAAPT-
Has 6ubaMoTeyHass PYHKIUSL.

A 7.1. TeHepauus ykasatens

Ecau Tun BhIpakeHHs MM HOABRIPaXXeHUS ecTh “MaccuB U3 T”, roe T —
HEKOTOPbII THII, TO 3HaYEHHUEM 3TOr0 BhIPaXKEHMUSI SIBJISIETCS] yKa3aTeJsb Ha Iep-
BbIi 3JIEMEHT MaCCHBa, U TUI TAKOTO BbIPAXKEHUS 3aMeHsIeTCs Ha TUI “yKa3a-
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Tenp Ha T7. Takas 3ameHa TuIa He 1€J1ACTCS, ECJIN BbIPAXKEHUE SIBJISIETCS OIIC-
PaHAOM YHapHOTO ONeparopa &, WM OllepaH/ oM ONepaluii ++, --, sizeof, uii
JIeBLIM OMeEpaHJOM [IPUCBAaMBaHMA, WM ONEpaHAOM omeparopa . (Touka).
AHanorn4Ho, BbIpaXeHue ThNa “byHkuns, Bo3spamaouas 1", kpome ciy-
4as, KOr/Ia OHO SBJISIETCS OTlepaHIoM 1151 &, IpeoOpasyeTcst B TUI “yKas3aTesb
Ha GYHKIMIO, BO3Bparyamlywo 1.

A 7.2. NepBunyHbIE BbipaXeHusi

[lepBUyHbIE BbIPaXXEHHUsE — 3TO MAEHTH(DNKATOPDI, KOHCTAHTBI, CTPOKH U Bbl-
pakeHust B CKOOKax.

nepeuuHoe-6bIpaXceHUe:
udenmugpuxamop
Koncmanma
cmpoka
(evipasicernue)

WnentudukaTop, ecu oH ObLT JOIXKHBIM 06pa3oM 00bsBiIeH (0 TOM, KaK
3TO JieJ1aeTcsl, pedb MOMAET HIXKe ), — IepBUYHOe BbIpaskeHue. Tun naeHtudu-
KaTopa crnenuduuupyercs B ero 06bsasirennu. Maentudukarop ects lvalue,
ec/n oH 0603HayaeT 06bexT (A5) apudMeTHIecKoro Tuna u60 06bEKT THIIA
“cTpykTypa”, “o0benuHeHne” WK “yKasaTeab”.

KoucraHdra — nepBuyHoe BolpaxkeHue. Ee TUI 3aBHCHUT OT HOpMBI 3aITHCH,
KoTopas ObL1a paccMoTpeHa B A2.5.

CTpOoKOBHI}t IUTEpaT — NepPBUYHOEe BhIpaxkeHHe. V3HauyanbHO ero THI —
“MaccuB u3 char” (“maccuB U3 wchar_t” oj1st CTPOKH CUMBOJIOB PaCUIMPEHHOTO
Habopa), HO B COOTBETCTBUH C IIPaBHJIOM, IPUBEAEHHBIM B A7.1, yKazaHHbIN
TUI 0OBIYHO NIpeBpalllaeTcs B “ykasaTenb Ha char” (“yka3aTenb Hawchar_t”)
C pe3yJIbTHPYIOLIMM 3HaueHHeM “yKasaTeJsb Ha IepBblid cUMBOJ cTpoku”. [l
HEKOTOPBIX MHULHAJIN3aTOPOB TaKkas 3aMeHa THma He genaercs. (Cum. A8.7.)

BoipaskeHue B CkoOKax — epBUYHOE BHIPAXEHUE, THII M 3HaUeHHe KOTOPO-
ro UAEHTUYHBI THITY ¥ 3HAYEHHIO 9TOTO Ke BhipaxkeHus 6e3 ckobok. Hanuuue
WM OTCYTCTBHE CKOOOK He BJIMSAET Ha TO, ABJIAETCA JIM JaHHOE BbIDaKEHUE
lvalue nnu Her.

A 7.3. NocTduKCHbIE BbipaXeHUs
B IIOCTd)I/IKCHbIX BBIPDa)KEHUAX OIIEPATOPDLI BBINOJIHAOTCSA CJIEBA HAIIPABO.

NOCMpUKCHOE-BbIPAKCEHUE:
nepeutHoe-8bipadceHue
nocmguxcroe-evipaxcenue [ evipasicerue ]
nocm@uxcroe- svipaxcerue ( CNUCOK-APeYMeHMOB-6oipaANCEHUN, . )
nocmeuxcroe-svipaxcenue . udenmuguxamop
nocmeuxcroe-goipaxceHue —> udeHmugduxamop
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nocmeuxcrHoe-ebipaxcenue ++
nocmeguxcroe-evipaxcenue --

CNUCOK-APZYMEHTNO8-GOLPANCEHUTL
BbIPANCEHUC-NPUCEAUBAHUE
CNUCOK-APZYMEHMOB-BbIPANCEHULL |, BbIPANCEHUE-NPUCBAUBAHUE

A 7.3.1. ObpalieHne K anemeHTaM Maccusa

IMocTdukcHOe BbIpaskeHHe, 32 KOTOPLIM ClleLyeT BLIpasKeHHe B KBaPAaTHBIX
ck0bKax, ecTb OCTGHKCHOE BhIpaxeHne, 0003Havaroliee 00paleHne K HHAEK-
cupyeMoMy MaccuBy. OHO U3 3THX IBYX BBIPDAKEHUI JO/DKHO IPUHAIEKATD
TUNy “ykasatesb Ha T”, rie T — HEKOTOPHIH THI, @ APYTO€ — LEJOYHCIEHHOMY
THUIY; TUII pe3yJibTaTa HHAEKCUPOBaHus ecThb 1. Beipaxenne E1[E2] o onpe-
JEJIEHUIO HIEHTUYHO BhIpaxkeHuto +( (E1)+(E2)). TlogpobHocTH cM. B A8.6.2.

A 7.3.2. BbizoB ¢dyHKuumM

Br130B b yHKIMH ecTh TOCTHUKCHOE BhIpaskeHe (OHO HA3bIBAETCS MIMEHY-
IOLI¥M BbIpaXeHreM GyHKUMK — function designator), 3a KOTOPBIM CJIEAYIOT
ckoOkH, conepxanire (BO3MOXKHO MYCTOM) CIMCOK Pa3fie/IEHHBIX 3alATbIMU
BbIpaKeHUH-nipucBanBanuil (A7.17), npeacrapisomux cob6oil apryMeHTsl
stoi byskuuu. Eciu nocrdukcHoe Bripaxenue — uaeHTHGUKATOP, He 06bsAB-
JIeHHBI B TeKyLled 001aCT! BUAYIMOCTH, TO CYMTAETCS, YTO ITOT UaeHTUDU-
KaTop Kak Obl HESIBHO ONUCaH 0ObsBIEHHEM

extern int udewmuguxamop ();

TIOMELLIEHHBIM B CAMOM BHYTPEHHEM 6JI0Ke, COlepKaleM BhI30B COOTBETCTBY-
routet pyskuun. IlocrdukcHoe Bripaxkenue (1ocje, BO3MOXHO HESBHOTO,
OIHCaHKS U reHepalu ykasaTes, cM. A7.1) Z0MKHO UMeTh THI “yKa3aTeslb
Ha pyHkuMio, Bo3Bpamaromyo T, rae T — THII BO3BpaIlaeMOT0 3HAYEHMSI.

B niepBo#t Bepcuu SI3bIKa 11 MMEHYIONIETO BHIPAXKEHUsI (DYHKLUMH JOMYCKATICS
TOMBKO TUI “GyHKUMS”, 1 4TOOH! BBI3BATh (DYHKUMIO Yepe3 ykasaress, Tpe6o-
BAJICS sIBHbIIA onepatop ». ANSI-cTaHzapT noouipsieT mpakTHKy HEKOTOPHIX Cy-
HECTBYIOIMX KOMITWISITOPOB, Pa3peIlaiolX UMETh OAMHAKOBBIA CHHTAKCUC U1
obpamieHust TpocTo K GYHKIMK ¥ obpammeHus K GpyHKUMH, crienuUIupoBaH-
HOit yka3atesieM. Bo3MOXHOCTb IPUMEHEHUST CTapOTO CUHTAKCHCA OCTAETCS.

TepMun apeymenm ucnonbayeTcst Aisl BRIPAXKEHHUs, 3371aBaeMOro B BbI30Be
GbYHKUNY; TEDMUH napamemp — AJ1st 0603HaYeHNs NI0JTy4aeMoro e obbekTa
(1M ero uIeHTUGhMKATOPA) B ONpeaeeHH WK 00bsBieHny byHKLuK. Bme-
CTO 3THX NOHATHUI MHOTAA BCTPEYAIOTCS TEPMHUHBI “DaKTHYECKUH apryMeHT
(mapametp)” 1 “GopMabHbIi aprymMeHT (1apaMeTp)”, UMelolLIMe Te Xe CMbIC-
JIOBBIE PA3JIMYH. -
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ITpu BbI30BE PYHKIMHU KasKALIH ee apryMeHT KOITUPYeTCs; epefayda apry-
MEHTOB OCYLIECTBJISIETCS CTPOro Yepes ux 3HaueHust. DyHkunu paspemaercs
U3MEHSTh 3HA4EeHHs CBOMX NTapaMeTPOB, KOTOPbIE SIBJISIIOTCS JIHILb KOMMSAMHU
apryMeHTOB-BbIDXXEHHH, HO 3TH U3MEHEeHUsl He MOTYT IOBJIUATb Ha 3Haue-
HUsI caMUX apryMeHToB. OZHAKO MOXXHO IepefaTb yKasaresb, YTOObI [103BO-
JUTh GYHKUMK U3MEHUTDh 3HayeHue 0ObeKTa, Ha KOTOPbIHA yKashbiBaeT 3TOT
yKasaTellb.

Vmerotcs nBa criocoba 06bsaBieHns GyHkunu. B HoBoM criocobe TUTib na-
PaMETDPOB 3a1aI0TCA ABHO M ABNAIOTCA 9aCThIO THNa QYHKLUHM; TaKoe 06DbsB-
JieHWe Ha3blBaeTcst mpoToTuiioM dyHkuuu. [Ipu crapoM cpiocobe Tumsl na-
paMeTpoB He ykasbiBaioTcst. Criocobbl 06bsaBnens GyHKUMEI 06Cykaal0TCs
B A8.6.3u A10.1.

Ecnu BbI30B HaX0AUTCs B 061aCTH BUAMMOCTH 00BbABJIEHWS, HATMCAHHOTO
[0-CTapOMY, KXKbIH €ro apryMeHT HO/(BepPraeTcs Olepalluy IOBBIIEHNS TUIIA:
LJ151 LeJIOYHCIIeHHBIX aDTYMEHTOB OCYIIeCTBJIAETCA 11eJI0UUCIEHHOE TOBbIILe-
uue (A6.1), a wist aprymenToB Turia float — mpeobpasosanue B double. Eciu
4HCJI0 aPTYMEHTOB He COOTBETCTBYET KOJHYECTBY IIapaMeTpOB B OIpelesie-
HUY QYHKLUMH UK eCIH TUIIBI apTYMEHTOB [10CJIe HOBBIIIEHHUs He COTJIaCyoT-
Csl C THTIAMU COOTBETCTBYIOIIUX T1aPaMeTPOB, Pe3yJIbTaT BHI30Ba He OTperie-
nen. Kputepuit corsiacoBaHHOCTH THIIOB 3aBUCHT OT Criocoba onpeaeeHus
bynkuu (cTaporo umy Hooro). [Ipu crapom criocobe CpaBHUBAKOTCS TIOBHI-
IIEHHBIH THUI apIyMeHTa B BbI30BE U IOBBIIEHHBIH TUII COOTBETCTBYIOLIETO
napaMerpa; Tpyu HOBOM CToco0e MMOBBIEHHBIH THIT apryMeHTa U TUII fapa-
meTpa (6e3 ero noBbILIEHHUs ) JOJKHBI OBITH OAMHAKOBbIMH.

Eciivi BbI30B HaxoauTCA B 06J1aCTH BUOIUMOCTH 00bSIBIEHUS, HATUCAHHOTO
110-HOBOMY, apryMeHTBI MpeoOpasyIoTcs, Kak ecii 6bl OHUM NPUCBAMBAIUChH
repeMeHHbIM, UMEOIIYM THIIB COOTBETCTBYIOLIMX [TapaMeTPOB [IPOTOTHNA.
Yucio apryMeHTOB JOJKHO COBIIAATh C YMCJIOM SIBHO ONHCAHHBIX apaMeT-
POB, €CJIH TOJIBKO CITHCOK TAPaMeTPOB He 3aKaHYMBAETCsI MHOTOTOYHEM (, ... ).
B npoTMBHOM cJly4ae YUCII0 apryMEHTOB IOJKHO ObITh 60JIblIE YKCIA apa-
METPOB UJIM PaBHO eMy; “CKPBIBAIOLMeECS” 10 MHOTOTOYMEM apTYMEHTHI 110/ -
BEPraloTCs ONlepaliH IIOBbILIEHNS THIA (TaK, Kak 3TO ObLIO OIMCAHO B IIpe/bl-
mymeM ab6aaue). Ecin onpenesnenne GpyHKIMA 3aaHO 10-CTAPOMY, TO THIIbI
IlapaMeTpPOB B POTOTHUIIE, KOTOPbIe HEsIBHO PUCYTCTBYIOT B BBI30BE, LOJIXK-
HBI COOTBETCTBOBATb TUTaM NapaMeTPOB B orpese/ieHny QYHKIUH IOCe UX
MOBbILIEHUS.

ATy npaBuja 0COOEHHO YCAOKHUINC H3-3a TOTO, YTO OHU IPU3BaHbI 06CIYXH-
BaTh CMEINAHHbIN crocob (cTaporo ¢ HOBbIM) 3ananust GyHKumiA. ITo BoamMoXx-
HOCTH €ro cjefyer usberats.

OuepenHOCTb BHIYKUC/IEHUST APIYMEHTOB He OIpenesIsieTCs], B Pa3HbIX KOMITH-
JIATOpax OHa pasnuuHa. OHAKO rapaHTUPYETCs, YTO apryMeHThl B UIMeHyIollee
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BbIpaKeHUe (PYHKINU BBIYUCISIIOTCS MOJHOCTBIO (BKJIIOYas U 1060UYHbIe 3¢h-
dexTs) 10 Bxoz1a B Hee. JTio6as GpyHKIMA I0ITyCKAeT PeKypPCUBHOE 0OpalleHYe.

A 7.3.3. ObpalleHue K CTpyKTypam

MocTdukcHoe BhIpaxkeHHe, 32 KOTOPLIM CTOUT TOYKA C IMOCJELYIOUIMM
HIEHTH(PHUKATOPOM, SBIISETCSA NTOCTHUKCHBIM BbIpaskeHHeM. BripaxxeHue riep-
BOTO OTEpaHza I0JIXKHO ObITh CTPYKTYPOH 1K 00beUHEHNEM, & UAEHTUDU-
KaTOp — UMEHEM 3JIeMEHTa CTPYKTYPbl Uiy oObeuHeH sl 3HAYeHHe — UMe-
HOBaHHbI! 3JIEMEHT CTPYKTYPBbI WIN 00beAMHEHNS, 3 TUTI 3HAUEHUs — TUTI DJle-
MeHTa CTPYKTYpbl Wiy 06beinHeHus1. Bripaxenue ssnsiercs lvalue, ecan nep-
Boe BblpaxxeHue — lvalue u eciv TUI BTOPOTO BEIpaXXeHUs — He “MaccuB”.

IMocTdukcHoe BHIpaXkeHNe, 32 KOTOPHIM CTOUT CTPeJIKa (COCTABIEHHAs U3
3HAKOB - U >) C TOCJEeLYIOIHUM HAEHTH(PHUKATOPOM, SABJIETCS NOCTPUKCHBIM
BbIpaXXeHHEM. BbIpaskeHre IEPBOro onepaHa JOJIXKHO OBITh YKa3aTejeM Ha
cTpyKTypy (06benvHeHune), a uIEHTU(DHUKATOP — IMEHEM DJIEMEHTa CTPYKTY-
pbi (06benunenus). Pe3ynsrar — IMEHOBaHHBIN 3JIEMEHT CTPYKTYPHI (06be-
IVHEHHA ), Ha KOTOPYIO YKa3bIBaeT YKa3aTeJb, a TUI 3HaueHUs — THII dJIeMeH-
Ta CTpyKTypsl (0ObenuHenus ); pesynprar — lvalue, ecu Tun He ecTb “Mac-
cuB”.

Takum o6pa3oM, BeipaxeHue E1->M0S 03HaYaeT TO e CaMoe, YTO U BbIpa-
xenue (+E1).M0S. CTpyKTypHl 1 06beinHeHNs paccMaTpuBaoTcs B A8.3.

B nepBoM u3gaHUK KHUTH Yxe ObIJIO MPUBEAEHO NMPABUJIO, IO KOTOPOMY HMs
3JIEMEHTa IOJDKHO MPUHALIEXATh CTPYKTYPE WK OObETNHEHHIO, YITOMSIHYTOMY
B MOCT(UKCHOM BbIpaxkeHUH. TaM, 0fHaKo, OrOBapHBaJIOCh, YTO OHO He SIBJISIET-
cs crporo obssarenbHbiM. [locnenune komnuastopsl 1 ANSI genator ero obs-
3aTesbHbBIM.

A 7.3.4. MocTOUKCHBIE ONepaTopbl UHKPEMEHTa U AeKpeMeHTa

[MocTduKCcHOE BbIpaKeHNUE, 3a KOTOPBIM CJIEAYET ++ WM -=, €CTh IOCTHUK-
CHOe BbIpaXkeHHe, 3HaueHUEM TAKOTO BHIPAXKEHHUS SIBJIETCSA 3HAYEHME ero Ofie-
pasza. [Tocsie Toro kak 3HadeHue OBLIO B3STO, ONIEPAH YBETUYUBAETCS (++)
unu yMenbwaercs (--) Ha 1. Onepana nomket 6uiTh lvalue; nadopmarus 06
OTPaHMYEHUAX, HAKJTAIBIBAEMBIX Ha ONIEPaH/, U IETAJISX OliePallnii CONEPKUTCA
B A7.7, rie o6Ccy X AaI0TCs alIUTUBHbIE oniepaTopsl, ¥ B A7.17, rie paccmatpu-
BaeTcs NpucBanBaHue. Pe3ybTaT HHKPEMEHTHPOBAHUA WM JEKPEMEHTHPO-
BaHusl He ecTb lvalue. N

A 7.4. YHapHble orepaTtopbl
BeipakeHuHs ¢ yHapHBIME OllePaTOpaMy BLITOIHSIOTCS CIpaBa HajeBo.

YHapHOe-BbLIPAINCEHUE:
nocmguxcHoe-8vipaxcerue
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++ yHapHoe-evipaxceHue

-- yHapHoe-evipaxiceHue

YHAPHLUL-0NEPAMOp BbIpANCEHUE-NPUBEOEHHOE-K-TNUNY
sizeof ynaproe-evipaxcerue

sizeof ( wumsa-muna )

YHAPHBLIL-ONEepamop: OLYH U3
& o« + -~ |

A7.4.1. NpeduxcHbie onepaTopsbl UHKPEMEHTa U flekpeMeHTa

YHapHOe BhIpaKeHHe, [iepef KOTOPbIM CTOUT ++ UJIH -, €CTb YHaPHOE Bbi-
paxenue. Onepana yBenuuuBaetcs (++) unu yMenbwaercs (--) Ha 1.

3HayeHVeM BBIDOKEHU ABJISETCA 3HadeHHe ero OnepaH/ia ocje yBeauye-
Hus (yMenbluenus ). Onepas i Bcerza foJokeH Obithb lvalue; nadopmaiius o6 orpa-
HUYEHHUSX Ha OTePaH/ ¥ O AETAJIAX Olepaluu copepxurcs B A7.7, rie obcyx-
MAIOTCS aJIUTHBHbIE onepaTopsl, U B A7.17, rae paccMaTpyBaeTcs IpUCBau-
BaHue. Pe3ynbTaT MHKPEMEHTUPOBAHUA U IEKPEMEHTUPOBaHUs He ecTh lvalue.

A7.4.2. OnepaTop nony4yeHus agpeca

Y HapHblil onepaTop & 0603HaYaeT Onepairio MOMyYeH s a[peca CBOero ore-
panna. Onepasz nokeH OviTh 160 lvalue, He ceputaroumes Hu Ha 6uToBOE
TioJIe, HY Ha 0OBbeKT, 00bsIBJIEHHbIH KaK register, nubo uMers TUn “QyHKIMA".
PesynbTaT — ykasateab Ha 00beKT (Mmu QYHKIMIO), afipecyeMblit aTuM lvalue.
Ecnu Tun onepanzaa ects T, To THUIOM pe3yJibTaTa siBjsieTcs “ykasaresnb Ha T,

A 7.4.3. OnepaTop KOCBEHHOr0 AOCTYyna

YHapHbI#i onepaTop * 0603HaYaeT ONepalrio KOCBEHHOTO A0CTYy A (PacKpbl-
THsL yKa3aTeJis ), BO3BPAIIAIOIIYI0 00beKT (Ui (GYHKLUIO), HA KOTOPBIX yKa-
3biBaeT ee onepauni. Pesynbrar ectb lvalue, eciu onepasn — yxasarenn Ha 06b-
eKT apuMeTHYECKOTo TUTIa WK Ha 0ObEKT THMA “CTPYKTypa”, “obbenuHeHne”
wy “ykasaresp”. Eciiu Tun BolpakeHus — “ykasaresb Ha 17, TO THII pe3yJIbTa-
ta—T.

A 7.4.4. OnepaTtop yHapHsIN naoc

Onepan yHapHOTO + JOJKeH UMeTb apubMeTH4YeCKU THII, DE3YJIbTaT —
3HavyeHue onepanzia. LlenouncienHslii onepan HoaBepraeTcs UeI04UCIeHHO-
My noBbleHHI0. TUIIOM pe3ysibTaTa sIBAeTCS NOBbILIEHHbII TUI OliepaHza.

YHapHbli + 6611 Z06aBJIEH /151 CHMMETPHH C YHADHBIM —.

A 7.4.5. Onepatop yHapHbIi MUHYC

OnepaHi I yHAPHOTO - ZOJIKEH UMeTb apubMeTHYeCKHU THII, pe3yilb-
TaT — 3HayeHue OliepaHa ¢ MPOTHUBONOJIOXKHBIM 3HaKoM. LlenouncienHblit
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omneparz noJBepraeTcs LeJouHcIeHHOMY NoBbleHnIo. OTpuilaTenbHOe 3iaye-
HUe OT 6e33HaKOBOH BETMUMHbI BLIYHCISIETCS BbIYUTAHHEM 13 nmax+1 npu-
BElEHHOTO K TIOBBILIEHHOMY THITY OTIepaH/a, Ile NMax — MaKCHMaJIbHOe YHC-
JIO TIOBLILIEHHOIO THIIA; OHAKO MHHYC HYJIb eCTb HyJIb. [HUIIOM pe3ysbTara
GyneT MOBLIEHHbIH TUI OTlepaHza.

A 7.4.6. OnepaTop no6uToBOro oTpuuaHung

Onepanz oneparopa ~ JOJKeH UMEeTb LeJIOYUCIEeHHDbIH THII, Pe3yJIbTaT —
[OTIOJIHEHME OTlepaH/a 0 e[HHUII [10 BCeM pa3psigaM. BelnosHsercs uenoyuc-
JIEHHOE TIOBBILIIEHHE THITa oniepana. Eciu onepann 6e33HaKOBbIH, TO pe3yJIbTaT
T10JTy42€TCsI BBIYUTAHUEM €r0 3HaYEHUs U3 CAMOT0 OOJIBIIOrO YUCJIa TOBBILIEH-
Horo Tumna. Eciu onepan 3HakOBBIH, TO pe3YJIbTAT BBIMHCISETCS TTOCPEACTBOM
npUBENEHUs “NOBBILIEHHOTO Onepasaa” K 6e33HAKOBOMY THITY, BHITTOJHEHH S
Onepaiyu ~ U 06paTHOro NpUBeNEeHUs ero K 3HakoBoMy Tully. Tun pesyibra-
Ta — MOBBIIEHHHIN THI ONlepaH/a.

A 7.4.7. Onepartop fiornM4eckoro oTpuLaHus

Omepaun oneparopa ! 10JKeH MMeTh aprudMeTHIecKuit THIT Uiv ObITh yKa-
3aresieM. Pesysibrar paBeH 1, eciit cpaBHeHue onepatza ¢ 0 [aeT UCTHHY, U pa-
Bet 0 B ipoTuBHOM ciaydae. Tun pedysbrara — int.

A 7.4.8. Onepatop onpeaeneHusi paamepa sizeof

Oneparop sizeof maer uucno 6aiiTos, Tpebyemoe iis XpaHeHust 06beKTa
TOTO TUIIA, KOTOPHIH UMeeT ero onepani. Onepany — 1160 BoIpaxeHue (KOTO-
poe He BHIYUCISETCs ), TMO0 MMsI TUIIA, 3aMTMCaHHOe B CKoOKax. [IpuMeHeHHbIN
K char oneparop sizeof naer 1. /Ins MaccuBa pe3ysbTat paBHsieTcst 00LIeMy
KOJIM4eCTBY GANTOB B MacCUBe, Il CTPYKTYDBI UIH O0bENVHEHHUs] — YUCITY
6aiiToB B 00bEKTE, BKIIIOYAsk U GANTHI-3aMI0THUTEIH, KOTOpbIE TOHAL0OUIUCH
6bl, eci OBl U3 2JIEMEHTOB COCTABJIAICS MaccuB. Pa3mep MaccuBa U3 n aie-
MEHTOB BCeI/la PaBHAETC N, TOMHOXEHHOMY Ha pa3Mep OTAENbHOTO €ro 3J1e-
MeHTa. J[aHHBIH ONlepaToOp Helb3sl NPUMEHSTD K OllepaH/y Tuna “@yHkuus”,
K He3aBepUIEHHOMY THUITY U K OUTOBOMY noJtio. Peaynprar — 6e33HakoBas Le-
JIOUHC/IEHHAs! KOHCTAHTa; KOHKPETHBIH ee THIT 3aBUCUT OT peanu3aiui. B cran-
JapTHOM 3aroJIoBouHOM (aitne <stddef . h> (cM. ipunoxerue B) ator Tun omnpe-
JesseTcs MoJ uMeHeM size _t.

A7.5. Onepartop npuseneHus Tuna

Nma THUIIA, 3allHCaHHOE Tiepe]] yHapHbIM BbIDAXKEHUEM B c1<o61<ax, BbI3bIBa-
€T [IpMBEeNEHHE 3HAYE€HH 3TOI'0 BbIPAXKEHUA K YKa3aHHOMY TUILY.

BbIPANCEHUC-NPUBEOCHHOE -K-MUNY:
YHAPHOE-BbIPAXdCEHUE
( ums-muna) evipaxcerue-npusedennoe-K-muny
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JlaHHasi KOHCTPYKLMs HasbiBaeTCst npusedenuem. VimeHa Tunos pausl B A8.8.
Pesynbrar npeobpasopannii onvican B A6. BripaxkeHne ¢ mprBeseHreM THIIa
e siBnisiercst lvalue.

A 7.6. MynbTUNAnKaTUBHbBbIE ONepaTopbi
MynbTHIIMKATHBHBIE ONEPaTOpBI *, / U % BBLIIOJIHSIOTCS CJIeBa HAlpaBo.

MYTLMUNTUKAMUBHOE-BbIPANCEHUE!
evIpaNcenue-npusederHoe-K-muny
MYTOMUNIUKAMUBHOE -BbIPANCEHUE * BbIPANCEHUC-NPUBEOEHHOE-K-UNnY
MYLLIMUNTUKAMUGHOE-GbIDANCEHUE | GbIPANCEHUE-NPUBCOEHHOe-K-TNUNY
MYIOMUNIUKAMUBHOE-BbIPAXCEHUE % BbIPANCEHUE-NPUBEOeHHOe-K-MUny

OrnepaH/bl ONEPaTopoB * U / NOJKHBI ObITh apuMETHIECKOTO THIIA, OTie-
paropa % — 11e09MCIeHHOro Thna. Haz onepannaMut oCy1ecTBasoTcst 00bId-
Hble apudMeTHyecKue npeoObpasoBaHus, KOTOPble IPUBOAST UX 3HAYEHUS
K TUIY pe3yJIbTara.

BunapHblii onepatop * 06003HaYaeT yMHOKEHHE.

BuHapHbI1 oniepaTop / HOJy4aeT YacTHOE, a % — OCTATOK OT eJieHHsI [IepBo-
ro oTiepaHa Ha BTOPOH; ecJiv BTOPO# onepanz ecTh 0, TO pe3ysIbTaT He onpese-
JeH. B npoTHBHOM ciyyae Bceraa BbITIONHAETCS COOTHOIIeHHe: (a/b)+b + a%b
paBHsiercs a. Eciv oba onepanza He oTpuLaTesbHble, TO OCTATOK He OTpULa-
TEJIbHBIN 1 MeHbllle IeNIUTeNs; B IPOTUBHOM Cly4yae CTaHAApPT FapaHTHDYeT
TOJILKO OHO: YTO abCOJIOTHOE 3HAYEHNE OCTATKA MEHbIIIe aDCOMIOTHOTO 3Ha-
YeHUs JeJIUTeNs. |

A7.7. ApanTuBHbIE ONEepaTopbl

AnIMTUBHBIE ONEPATOPH! + U - BHINOJHSAIOTCS CeBa Hanpaso. Eciu orme-
PaH/Ibl UMEIOT apU(HMETUYECKUH THUIL, TO OCYLIECTBISIOTCS 0ObIYHbIE aprMe-
TU4eckue TpeobpasoBanus. [[J1s1 KaXKI0ro onepaTopa CyIEeCTBYET elle He-
CKOJIbKO JONOTHUTEJIbHBIX COYETaHHI TUIIOB.

aooumueHoe-8vipaXcenue: |
MYTOMUNTUKAMUBHOE - bIPAKCEHUE
a0oumueHoe-8vIPaNcenUe + MYIbMUNIUKAMUBHOE-BbIDANCEHUE
adoumusHoe-8ulpaxcenue - MyIbMUNIUKAMUCHOE-BbIDANCEHUE

PesysibTaT BHINOJIHEHUS OliEpaTopa + ecTb CYMMa ero OlepaHAoB. YKa3a-
TeJb Ha 0OBEKT B MACCHBE MOYKHO CKJI/IBIBATH C LIEJIOYHUCJIEHHBIM 3HaYEHHEM.
[Ipu aToM nocientee npeodpasyercs B aipeCHOE CMelleHIe TI0CPEICTBOM YM-
HOXEHMs ero Ha pasMep 00BHEKTa, Ha KOTOpPbIH ccbliaeTcst ykasarenb. Cymma
ABJIAETCA yKasaTeseM Ha 00bEKT TOro JKe TUIA; TOJILKO CChLIAeTCs 3TOT YKa3a-
TeJIb Ha IPYroi 06bEKT TOrO e MAaCCUBa, OTCTOSILIHI OT epBOHAYaIbHOTO CO-
OTBETCTBEHHO BbIYMC/IEHHOMY cMelneHuio. Tak, eciu P — ykasatesb Ha 06beKT
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B MaccuBe, TO P+1 — yKasaTeJib Ha CJIELYIOIHH 0GBEKT TOTo e MaccuBa. Ecu
[OJIy4eHHBIH B PE3YJIbTaTe CYMMHPOBAHHS YKa3aTelb YKa3blBAET 33 FPAHUILDI
MacCuBa, TO, KpOMe CJIy4asl, KOTZa OH yKa3blBaeT Ha MeCTO, HaXOslleecs He-
TIOCPEICTBEHHO 32 KOHLIOM MacCHBa, pe3yyibTaT Gy/IeT Heonpeae/eHHbIM.

Bo3MoxHOCTD A5 YKazaTesid yKa3blBaTh Ha 3JIEMEHT, pacnonomeﬂﬂmﬁ cpasy
3a KOHIIOM MacCCHBa, SIBJISIETCSI HOBOMA. TeM caMbiM y3aKOHEHa O6II.[erHHﬂTa$l
TNPaKTHUKa Oprann3allnv HUKINIECKOro nepe6opa 3JIEMEHTOB MaCCHBa.

Pesysnbrar BeINOSHEHU oneparopa - (MHHYC) eCTb Pa3HOCTb OTlePaHIOB.
W3 ykasaTessi MOXKHO BBIYUTATb 3HAUEHUe JI0HO0r0 LeNI0YUCIEHHOTO THUTa
C TeMHM e NpeoOpPa3oBaHUAMH U TIPH TEX e YCIOBUAX, YTO U B CIIOKEHUM.

Ecnn x 1ByM ykasarensm Ha 0OBEKTHI OMHOTO U TOTO JKe TUIA TPUMEHUTD
ONepaTop BBIYUTAHUS, TO B PE3YJIbTaTe NMOJMYYUTCA 1LeJIOYUCIIEHHOe 3HaYeH e
CO 3HaKOM, TIPeCTaBJIsIoNIee COOOU PACCTOSTHUE MEXY 0ObEKTaMH, Ha KOTO-
pble YKa3BIBAIOT 3TH yKa3aTeJIH; yKa3aTelb Ha Cllefyomuil 06bexT Ha 1 60.1b-
lle yKa3aTess Ha peablayuinii o6bexT. TUM pesyibTaTa 3aBUCUT OT peaiusa-
L[1Y; B CTAHJIaPTHOM 3aroJIOBOYHOM (aiie <stddef.h> oH onpenesneH nox ime-
HeM ptrdiff_t. 3HaueHuHe He ONPe/IesIeHO, ECIIN YKA3aTeNH YKa3bIBAIOT Ha 00Db-
€KTbI He OHOTO U TOTO ke MacCHBa; OLHAKO ec/y P yka3blBaeT Ha OCTeIHUN
3JIEeMEeHT MacCHUBa, To P+1-P Meer 3HaYeHUe, paBHoe 1.

A 7.8. Onepartopsbl caBura

OnepaTopsl cABUra << U >> BHINOJHSIIOTCS CleBa Hanpaso. s oboux
0lIepaToOPOB KaXK/Iblii ONlepaH/| JOIKEeH UMETh LIeIOUHCIIEHHBIN THIT, B KKIBIH
13 HUX [IO/[BEPraeTcs 1eJ0YUCIeHHOMY TOBBIILEeHHI0. TUII pe3yJIbTaTa CoBMa-
[IaeT ¢ IOBHILIEHHBIM TUIIOM JIEBOTO OliepaHia. Pe3yspTaT He onpezesieH, ecu
npaBbId OMepaH/] OTPULIATEIEH WK €0 3HadeHue MPeBbIaeT YUCIo OUTOB
B THIIE JIEBOTO BHIPAXKEHUS UJIH DAaBHO eMY.

cOsuzo60e-svipaNcenue:
adoumusHoe-avipaxceniie
c08uzo60e-6vIpaNceHue >> a0OUMUBHOE-BbLPANCEHUE
c0suUz060e-Bbiparcenue << adoumueHoe-evipaXcenue

3unauenue E1<<E2 paBHO 3HayeHHIO E1 (paccMaTpUBaeMOMY Kak Lieroyka 6u-
TOB), CABUHYTOMY BJIEBO Ha E2 GUTOB; IPU OTCYTCTBUU [IEPENOHEHNS TaKas
onepalysi 9KBUBAJIEHTHA YMHOXeHHIO Ha 2. 3Havenue E1>>E2 paBHO 3Haye-
Huto E1, cABUHYTOMY BripaBo Ha E2 Gutosble nosutuu. Eciu E1 — Ge3sHakoBoe
WK MMeeT HeoTpULlaTesIbHOe 3HaueHue, TO [IpaBblil CIBHUT 9KBUBaJIEHTEH Je-
JIEHHIO Ha 2%, B IPOTUBHOM CJIy4ae Pe3yJIbTaT 3aBUCUT OT PeTH3ALUH.

A 7.9. Oneparopbl OTHOLLIEHUSA

OriepaTopbl OTHOLLIEHUS BHIIIOJHSIOTCS CI€BA HAMPABO, OHAKO 9TO CBOM-
CTBO €/IBa JI MOKET OKA3aThCsI OJIE3HBIM; COTJIACHO IPAMMATHKE SI3bIKA Bbl-
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pakxeHue a<b<c TPaKTYETCs TaK Xe, Kak (a<b)<c,a pe3ynbTaT BEIYHCJIEHUS a<b
MOeT 6bITh TobKO 0 miu 1.

BbIPANCEHUC-OMHOUEHUS:
c06uz080€-8bIpaKceHue
BbIPAHCEHUE-OMHOUWEHUS. < COBUL0B0E-BLIPANCEHUE BbIPACEHUE-OMHOWEHUS >
c06U2060€-GbIPAKHCEHUE BLIPAKCEHUC-OMHOUEHUS <= COBUZ0BOE-BLIPANCEHUE
BbIPAINCEHUE-OMHOULEHUA >= COBUZ0BOE-BbIPANCEHUE

Onepatopsl: < (MeHbliIe), > (6oblIe), <= (MEHbIIIE UM PaBHO) U >= (6obIle Win
paBHO) — Bce BolzaioT ), ecnu cienu@HIMpyeMoe OTHOLIEHHE JIOXKHO, U 1, eciut
oHo uctuHHO. Tun pesynbsrara — int. Hax apudMernyeckumu onepasiaMu Bbl-
TIOJIHAIOTCS 00bIYHbIE aprudMeTHIeCKHE TPeodpa3oBaHus. MOXKHO CpaBHUBATh
yKaszaTeJI Ha OObEKThbI OAHOTO M TOrO ke THma (6e3 yyera KBaTu(hUKaTopos);
pe3yJsibTar OyIeT 3aBUCETh OT OTHOCUTENILHOIO PacHooxkeHus B namatu. Jo-
IyCKaeTcs1, OfHAKO, CPaBHEHHe yKa3aTesel Ha pa3Hble YacTH OXHOTO U TOTO Xe
06BEKTA: eC/IU [1BA YKA3aTe/Isl yKa3blBAIOT HA OIMH U TOT e IIPOCTOM 00BEKT, TO
OHH PaBHBbI; €C/IH OHH YKa3bIBAIOT Ha 9/1EMEHThbI OHOM CTPYKTYPBI, TO yKa3aTeJsb
Ha 3/1eMeHT ¢ 60oJiee IO3AHUM OObABJIEHHEM B CTPYKTYPE OOJIbIIIE; €CITH YKa3aTe-
JIM YKa3bIBAIOT Ha 3JIEMEHTBI OAHOIO U TOTO e OObeAUHEHYs], TO OHY DaBHBI;
€CJIM yKa3aTeJy yKasbIBAIOT Ha 3JIEeMEHTb! HEKOTOPOTro MacCcKBa, TO CpaBHEHUeE
3THUX yKasaTejel 3KBUBAJIEHTHO CPaBHEHHIO UX UHAeKkcoB. Ecou P ykassiBaer
Ha MMOCJIe(HUH 3JIEMEHT MaccuBa, To P+1 Gosblite, ueM P, XOTsI P+1 yKa3biBaer 3a
rPaHUIIbI MAaCCHBA. B OCTAIBHEIX CITy4asx pe3y/bTaT CPaBHEHUS He OlpefesieH.

ITH NpaBKJIa HECKOJILKO OCIaONIIN OrpaHHYeHHUs], YCTaHOBJIEHHbIE B IIEPBOIi pe-
Jakuuu g3s1ka. OHU HO3BOJIAIOT CPaBHUBATh YKa3aTesH Ha Pa3/inyHble 3jIeMeH-
THI CTPYKTYPbI ¥ O6beAHEHNS U JIETAIM3YIOT CPaBHEHHE C YKa3aTeJleM Ha Mec-
TO, KOTOPOE PACIIOJIOXKEHO HEMOCPEACTBEHHO 32 KOHIIOM MacCHBa.

A 7.10. Onepatophbl paBeHCTBa

ébipajlcenue-pasencmea.
svipaxcerue-0mHoueHus
BblpadNcenHue-pasencmea == 6blpaxceHue-omHoueHusl
6ébipaxcenue-pasencmesa I= sbipaxceHue-omHoweHus

Onepartopsi == (paBHO) U ! = (He paBHO) aHAJOTHYHBI OllepaTopaM OTHOIle-
HMA C TOH JULIb Pa3HULIEH, 4yTo uMeloT Gosiee HU3Kuil npuopuret. (Takum
o6pasoM, a<b == c<d ecTb 1 TOrZa ¥ TOIBKO TOTAA, KOIAA OTHOLIEHHA a<b 1 c<d
11y 062 HCTUHHBI, WU 062 JIO¥KHBI. )

OrnepaTopbl paBeHCTBA TOAYUHAIOTCA TEM XKe [IPaBHJIaM, YTO U OIlepaTophl
orHomeHusa. Kpome Toro, OHM 1al0T BO3MOKHOCTh CDAaBHUBATh YKa3aTeslb
C EJOYHCIEHHBIM KOHCTAHTHBIM BblpakeHUeM, 3HaueHHe KOTOPOrO paBHO
HYJIIO, ¥ C YKa3aTeseM Ha void (cM. A6.6.).
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A7.11. Oneparop no6utosoro #
H-svipancenue:
8bIPAICEHUE-PABEHCMEA
H-evipaxceriue & svipadcenue-pagencmea

Buinonnsiorca o6biuHbIe apudMeTHYecKiie NpeoOpa3oBaHus; Pe3yJIbTaT —
nobutosoe M onepannos. OnepaTop NPUMEHSETCS TOJIbKO K LIETIOYHUC/IEHHBIM
onepaHziaM.

A 7.12. Oneparop no6urosoro ncknovatowero AJIU

uckmouarowee- UIH-evipancenue:
H-svipancenue
uckmouarouwee-HU/IHU-evipancenue ™ H-svipaxcenue

BrinosHsoTcs obbiyHble aprdMeTHieckre npeobpa3oBaHus; pe3yJIbTaT —
noburosoe uckmodaroiee UM onepannos. Onepatop IpUMeHSETCS TOJILKO
K L[€JIOYUCIIEHHBIM OTIePaH/IaM.

A 7.13. Onepatop nobutosoro UJIN

HJIU-svipadrcenue:
uckmouarowee- UIH-evipaxcenue
HJIH-evipaxcenue | uckmouarowee-UIN-evipaicenue

BrinonnaoTca o0bYHbIE apubMeTHIecKre Mpeobpa3oBaHus; pe3yabTaT —
noburosoe MJIH onepannos. Onepatop IPUMEHSIETCS TOIBKO K LIeJI0YHCIIeH-
HBIM OIlePaH/aM.

A 7.14. Onepatop noruyeckoro ¥

noeuveckoe-H-gvipadrcenue:
HJIH-sviparcenue
nozudeckoe-H-evipancenue && H/IH-evipancenue

OnepaTops! && BHIMOMHSIOTCA cjleBa Hanpaso. Oneparop && BbifaeT 1, ecn
oba onepanaa He paBHbI HYIIO, ¥ ( B IPOTUBHOM ciydae. B oTiimune or &, 8&
rapaHTHpPYeT, YTO BHIYUCIIEHNS OYAYT TPOBOAUTBCS CJieBa HANPABO: BBIYKC-
JIseTCA TIepPBbIH ONepaH co BceMu noboyHbIMY 3 dekTamu; ec/iv oH paseH 0,
TO 3HaYeHue BhpakeHus ecTb 0. B npoTHBHOM ciiy4yae BBIYUC/IAETCA TPAaBBIT
oriepaHz, U, ecy oH pase 0, To 3HaueHHe BrpaskeHus ecTb ), B TPOTHBHOM
ciy4yae OHO paBHO 1.

OmnepaHibl MOTYT IPUHALJIEXATD K PA3HbIM THIIAM, HO [IPU 3TOM KaXAbIH
U3 HUX JOJIKeH UMeTb 1160 apudMeTrdeckuil Tu, Jubo ObITh yKazaTeneM.
Twun pesynbrara — int.
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A7.15. Onepartop noruveckoro UJ1N
noeuneckoe-UJIH-eviparxcenue:
nozuyeckoe-H-evipaxcernue
nozuueckoe-UJIH-evipancenue |\ nozuueckoe-H-evipaxcenue

OrnepaTops! || BBINOJHAIOTCS ceBa Hanpaso. OnepaTop || Beigaer 1, eciu
TI0 KpakiHel Mepe ONMH U3 OlIePaHIOB He paBeH HyJIIO, 1 () B IPOTUBHOM CJIyvae.
B orsinyue oT !, omeparop | rapaHTHPYET, YTO BbIYMCIEHUs OYIyT NPOBO-
IUTBCS CJIEBA HAMTPABO: BLIYUCISAETCS TIEPBbI OepaHl, BKJIOYas Bce noboy-
Hble 3 eKThl; ecsiv OH He paBeH (), TO 3HaYeHMe BhIpaskeHUs ecTb 1. B mpoTus-
HOM CJIydae BBIYHCJIAETCS PaBbli OnepaHi, ¥ eCiu OH He paBeH 0, To 3HaYeHue
BBIPRXKEHH eCTh 1, B TPOTUBHOM cily4yae oHO paBHo 0.

Onepasn/ibl MOTYT IPUHAJIJIEXKATb PA3HBIM THITAaM, HO ONIEPaH/I 10/KEH UMETh
6o apudMeTryeckuit Tvm, 1u60 ObITh yKasateseM. Tumn pesynbraTta — int.

A 7.16. YcnoBHbiA onepaTtop

YCL0BHOE-8bIpaANCEHUE:
nozuueckoe- /I -eviparcenue
noezuneckoe-U/IH-evipaxcerue ? evlpaicenue : YcroBHOe-8bipaXceHue

BRIUMC/IAETCS ePBOE BHIpAXKeHHUe, BKIII0YAs BCe M0BOUHbIE 3DMEKTH; eciu
OHO He paBHO (), TO pe3yJ/IbTaT ecTh 3HaYeHHe BTOPOT0 BHIPAXKEHUs, B IPOTUB-
HOM CJlyyae — 3HaYeHUe TPEThero BhIpaKeHUs. BrI4uCisgeTcs TOJbKO OAUH
U3 JIBYX TOCJIe[HUX ONePaHOB: BTOPOi niu Tpetuil. Ecu BTOpOIt 1 TpeTuit
orepaH/ibl apudMETUYECKHE, TO BBIMOJHAIOTCA 00bIYHbIE aprudMeTHIecKue
npeobpa3oBaHus, IPUBOASILINE K HEKOTOPOMY 00LIEMY THUITY, KOTOPHIi 1 Oy-
net TunoM peadysbrara. Eciu 0b6a onepanna UMeIOT THI VOid, WM ABJISIOTCS
CTPYKTYDPaMH WK 00be I HEHUAMY OJHOTO ¥ TOTO K€ THIIA, UK TIPECTaBIs-
10T cO60H yKa3aTeny Ha 06bEKTHI OHOTO ¥ TOIO XKe THIIA, TO Pe3yIbTaT GyieT
HMMeTb TOT K€ THII, YTO U orepanibl. Ec/iv oquH 13 OnepaH/0B UMeeT THII “yKa-
3atesib”, a ApYyroi sAsinsgercs koucranTod 0, To 0 npuBoAUTCA K TUMY “yKasa-
Tesb”, 9TOT e THI Oyner umerb u peaynbrar. Eciu oun onepany sBiseTcs
yKasareJieM Ha v0id, a BTOpo#i — ykasaresieM Ipyroro THIa, TO HOCAeaHUH npe-
obpasyeTcs B yKa3aTeJIb Ha void, KOTODBIH U Oy €T TUIIOM Pe3Y/IbTaTa.

[Ipu cpaBHEHNH THIIOB yKa3aTesel kBaauukarops! Tunos (A8.2) o6bek-
TOB, Ha KOTOPbI€ YKa3aTeJy CChIJIAIOTCS, BO BHUMaHKE He IPUHUMAIOTCA, HO
THI pe3yJibTaTa HacJleayeT KBaI(UKaTopbl 06erx BeTBel YCI0BHOIO BbIpa-
JKEHUSI.

A 7.17. BoipaxeHusi npucBanBaHus

CymeCTByeT HECKOJIbKO OIIepaToOpOB MPUCBAUBAHUA; OHH BBIIIOJHAIOTCA
ClipaBa HaJIEBO.



266 MpunoxeHue A. CnpaBo4HOEe PyKOBOACTBO

GblpaxiceHue-npuceausanua:
YCnosHoe-solpaxcerue
YHapHOoe-8blpax)cenue onepamop-npuceausarius sovlpadxcerue-npuceausanus

onepamop-npuceausarus. OMH U3
= *= /= %= += -= KL= >o= &= A= '=

OriepaTopbl IpYCBaUBaHuUs B KaUeCTBe JIEBOTO onepanza Tpebyior lvalue, npu-
YeM MOIH(HULMPYEMOT0; 3TO 3HAYMUT, YTO OHO He MOXKET ObITH MaCCHBOM, K
MIMETb He3aBepLIEHHBIH TII, WK ObITb GyHKuHei. Tun seBoro onepatza, Kpo-
Me TOT0, He MOXKET UMeThb KBaIH(UKaTopa const; U, eCJIM OH SIBISETCS CTPYK-
TYpo# nin o0beHEHEM, B HUX He JOJKHO ObITb 9JIEMEHTOB WJIH NOAJIe-
MEHTOB (/151 BIOKEHHBIX CTPYKTYP WK 00beIrHeHn# ) ¢ KBamubuKaTopamu
const.

Tun BbIpaXKeHHs IPUCBaNBaHKUS COOTBETCTBYET THUILY €TI0 JIEBOI'O OlepaH-
12, a 3HaueHr e PaBHO 3HaYeHHIO ero JIEBOTO OllepaH/ia NocJie 3aBeplleHus Npy-
CBaUBAHUA.

B npocroM nprcBanBaHuu ¢ oniepaTopoM = 3HaueHHe BbIPaXKeHU 3aMella-
eT 06beKT, K KoTopoMy obpamwaercs lvalue. IIpy aToM 10KHO BBIOIHATHCA
OI[HO U3 CNELYIOUHUX YCIOBHiA: 00a onepaHia UMEIT apudMETHIECKUH TUI
(ecnivi TUIIBI OIIEPaHIOB Pa3Hble, [IPABbIi ONepaH TPUBOAUTCS K THILY JIEBOTO
onepanza); 00a orepaHia ecTb CTPYKTYDbI UK 00beJUHEH s OHOTO U TOTO
’Ke TUIa; OZUH OllePaH[ eCThb YKa3aTeJlb, a APYToi — ykasareJib Ha void; Bl
OllepaH/l — yKa3aTeJb, a IpaBbli — KOHCTAHTHOE BhIPaXKeHUe cO 3HaueHueM 0;
oba onepaHaa — yKazaTeJu Ha QYHKIMHN UK 0GBEKTHI, IMEIOLIHe OAUHAKOBBIH
THN (32 UCKIIOYeHeM BO3MOXKHOIO OTCYTCTBHS const miu volatile y mpa-
BOTO OIIEPAH/A).

Bripaskenue E1 op = E2 axBHBaseHTHO BoIpaxkeHu:o £1 = E1 op (E2) connum
HCKJIF0oYeHHeM: E1 BHIYHCIISETCS TONIBKO OAUH pas.

A 7.18. Onepatop 3ansTas

sbipaxceHue:
BbIPANCEHUC-NPUCBAUBAHUS
8bIpANCEHUE , BLIPANCEHUE-NPUCBAUBAHUSL

J1Ba BbIpakeHUs], pa3zieIeHHbIe 3aMATOMH, BBIYUCISIOTCS CJIeBa HallpaBo, U 3Ha-
UeHUeE JIEBOTrO BblpaxeH¥si orbpachiBaercs. Tun U 3HaueHHe pe3ysbTaTa co-
BIIQJIAIOT C TUIIOM ¥ 3Ha4eHHeM MPaBoro onepasaa. Boraucnenue Bcex noboy-
HBIX 3(b(DeKTOB J1EBOr0 ONepaHa 3aBepllaeTcs epes HadyajloM BhIYUCTEHUS
1IpaBoTO oIlepaH/a. B koHTeKcTe, B KOTOPOM 3amATast UMeeT ClieliHalIbHOe 3Ha-
yeHue, HanpuMep B CriMcKax apryMedToB dyHkiuit (A7.3.2) unu B cnuckax
uHULUan3aTopoB (A8.7) (31ech B KauecTBe CUHTAKCHYECKUX eNMHUIT PUry-
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PHUDYIOT BbIpa’keHHs NMPUCBAUBAHUA), ONEPATOP 3aNATask MOXKET MOSIBUTHCA
TOJIbKO B IpyNIHpylolux ckobkax. Hanpumep, B

f(a, (t=3, t+2), c)

TDHU apryMeHTa, U3 KOTODBIX BTOPOH MMeeT 3HaueHue J.

A 7.19. KoHCTaHTHble BbipaXeHus

CI/IHTaKCI/I‘{eCKI/I, KOHCTaHTHOE BbIDAa’KEHHE — 3TO BbIpaAXKEHUE C OrPaHUYEH-
HBIM [TOAMHOKECTBOM OIIepaTOPOB.

KOHCManmHoe-eoblpaxcerue:
YCnosHoe-8oIpaKcenue

IIpu yxa3aHuu case-MeTOK B [lepeKJIOYaTesIe, 3alaHUK [PAHUI] MACCHBOB
U IUTUH 110J1edl 6UTOB, Ha MeCTe 3HaYeHU M epednCIMMbIX KOHCTAHT U HHULIU-
QJIMI3aTOPOB, a TAKKe B HEKOTOPHIX BbIPaXXEHUSIX [JIs NIpernpolieccopa Tpedy-
IOTCS BBIPDOKEHH 1, BBIYUCIEHUE KOTOPbIX IPUBOJUT K KOHCTAHTE.

KoncTaHTHbIE BEIpaXKeHUs HE MOTYT COEPXKATh IPUCBAUBAHUH, ONIEPATO-
POB MHKPEMEHTHPOBAHUS U IeKPEMEHTHUPOBAHUS, BbI30BOB (QYHKIUH U Omle-
paToOpOB-3aMAThIX; MepeYyrcIeHHble OrPAaHUYEHHs He PAcIpOCTPAHAIOTCS Ha
onepauz orneparopa sizeof. Eciiu TpeGyeTcst noy4uTh 1eI049nCIeHHOe KOH-
CTaHTHOE BbIPaXXeHHE, TO ero OlepaH/b! JOJIKHBI COCTOSTh U3 LiesIbIX, Tiepe-
YUCTUMBIX (€num), CHMBOJIBHBIX KOHCTAHT Y KOHCTAHT C IJIaBaollel TOUYKOH;
onepalyy NTPUBENEHUS JOJKHBI ClIeUUIIUPOBATD LeJOYCAeHHBIN THII,
a 1106as1 KOHCTaHTa C JIaBaoLlel TOYKON — MPUBOAUTHCA K LeJioMy. 13 aToro
CJIEMLYET, YTO B KOHCTAHTHOM BBIPQKEHHH HE MOXET ObITh MacCHBOB, Oliepa-
UM KOCBEHHOTO oOpanieHust (PaCKPHITUS yKa3aTess ), OJy4eHus afpeca
U Joctymna K noyusaM cTpykrypsl. (OnHako s sizeof BO3MOXKHBI OIepaHibl
n1060r0 BUZA. )

JI/Isl KOHCTAHTHBIX BbIPXXEHWH B MHUIMATHU3ATOPAX AOMYCKAETCs 6OJIb-
1asi cBo60/1a; ONepaHaaMu MOTYT OBITh KOHCTAHTBI JIOOOTO THIIA, a K BHELI-
HUM HJIY CTaTUYECKUM OOBEKTAM U BHELIHYMM M CTATUYECKUM MAcCHBaM, UH-
JeKCHUPyeMbIM KOHCTAaHTHBIMU BbIPRXKEHUIMH, BO3MOXXHO IPUMEHSTh YHap-
HbIA oneparop & YHapHBIN onepaTop & MOXKET TaK)Ke HeSIBHO IPUCYTCTBO-
BaTh [IPU MCIIOIb30BAHUN MaccHBa 0e3 MHAeKca uin GyHKuny 6e3 crucka
apryMeHTOB. BrlunciieHle HHHIMATU3AaTOPa OJIKHO JaBaTh KOHCTAHTY WK
anpec paHee 0ObABIEHHOT0 BHEIIHETO UM CTATHYECKOro 00beKTa ITI0C-MHU-
HYC KOHCTaHTA.

Menbias cBoboa [OMYCKAETCS 1J151 LLeNOYMCIEHHBIX KOHCTAHTHBIX BBIPa-
XEHUH, UCTIONb3yeMBbIX ITOCTIe #1f: He pa3peliarTcs sizeof-BbIpaXkeHMsl, KOH-
CTaHTBHI THIIA €num U oliepauu npusenenns tuna. (Cm. A12.5.)
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A 8. O6baBneHud

To, kakuM 06pa3oM UHTEPIPETUPYETCS KAKIABIA UIEHTH(DIKATOP, ClIELH-
¢bunupyercst 0ObsIBIEHNSIMU; OHU He BCErJa Pe3epBUPYIOT NaMSTD [JIs OTH-
CbIBaEMbIX UMM HAeHTH(UKATOPOB. OOBSABIEHNS, DE3ePBUPYIOLIKE AMSATD,
Ha3bIBAIOTCS ONpedeNeHUAMU 1 UMEIOT CJeNy IO BUL;

obovaanenue:

cneyuduxamopyl-066a61eHUA CNUCOK-UHUUUANU3AMOP06-0bbsi6umeneil,, .

O6bABUTENH B CIIMCKE-MHUIHATU3aTOPOB-00bsIBUTENEH COAEpKaT 00 bSBIsE-
Mble UaeHTUUKATOPDI; Cen(UKATOPbI-00bABIEHUs IPEACTABIAIOT COOOH
[OCJIE10BATENbHOCTH, COCTOSLIKE U3 Clielln(DUKATOPOB THIIA U KJ1acca TaMsTH.

cneyuguxamopuvi-00ss61eHUSL:
CneyupuKamop-KNacca-namami cneyudpukamopsi-o6saenenus, , .
cneyuguxamop-muna cneyuguxamopol-obosenenus, , .
K6anupuKamop-muna cneyuuxamopol-o6esenenis.

Heod.

CNUCOK-UHUYUANU3AMOPOB-06BA8UMENey:
unuyuanusamop-obeseumeny
CNUCOK-UHULUANU3AMOPOB-00Bs6UMeNell , UHULUATUIAMOD-00b6UMeNnd

UHUKUATU3aMOP-06BA6UMENb:
obvagumens
06pA6UMENd = UHUKUAAUIAMOD

O6bsiBUTENM COpEpKAT MOIEXKalIYe 0OBsIBIEHNIO HMeHa. Mbl paccMOTpuM
ux noaxe, B A8.5. O6baBIeHHe JOJKHO MO0 UMETH IO KpaliHed Mepe ofvH
00'bSIBUTEB, TUOO ero CrielnUKaTOP THIIA JOJIXKEH ONPeNesTh Ter CTPYKTY-
pBl WK oObenuHeHns, MO0 — 331aBaTh DJIEMEHTHI [EPEYUCTIeHUs]; MyCToe
00bsIBJIEHKE HEIOITY CTHMO.

A 8.1. Cneuudukatopbl Knacca namaTm
Knacc namsaTu ciennduiypyercs cieayounmm o0pa3om:

cneyuuxamop-Kiacca-namsmu:
auto
register
static
extern
typedef

CMBICJI KJIACCOB aMSTH 06CY)aaCs B A4.
CreuncdukaTopsl auto U register 1aoT 06bsBIIsIEMbIM OObEKTAM KJ1acC aB-
TOMATHYEeCKON MaMsTH, U 3TH CHellnHUKaTOPhl MOKHO NPUMEHATb TOJIbKO
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BHyTpU pyHKuH. O6bIBIEHUS C aut0 U register 0HOBPEMEHHO ABASIOTCS
onpelleNIeHUsIMU 1 pe3epBUPYIOT NaMATh. Crenndukatop register skBuBa-
JIeHTeH auto, HO COAEPKUT NOLCKA3KY, COOBIALOINYIO, 4TO B IporpaMMe 00 B-
JieHHbIe UM 00GBEKTHI UCTIONb3YIOTCsI MHTeHCUBHO. Ha perucrpax Moxer 6GbITh
pa3sMelleHO JIUIIb HeOOJIbIIOE YUCTIO OOBEKTOB, IPHUYEM ONPeNe/IeHHOTO TUIIA;
yKa3aHHbIe OTPaHUYEHUsI 3aBUCST OT peaiusaiuu. B mobom ciyyae k register-
06bEKTY Heb3s TPHMEHATD (IBHO HJIM HesIBHO) YHAPHBIH oneparop &.

HoBbIM s1BNIsI€TCS TPABUJIO, COTJIACHO KOTOPOMY BBLIYKCJIATD aipec 06beKTa Kjiac-
caregister HeJyb3d, a Kjacca auto MOXHO.

Creundukarop static gaet 00bABIsIeMBIM 00bEKTaM KJIACC CTaATUYECKON
IaMSATH, OH MOXKET HCII0Ib30BaThCS K BHYTPH, U BHE PyHKIMHA. BHyTpU QyHK-
LMY 3TOT criel{prKaTOp BHI3bIBAET Bbl/le/IeHHE IAMSTH U CJIYXKUT OTpe/ese-
HUEM; ero poJib BHe QyHKIuH Oyaer obbsacHena s Al11.2.

O6bsiBreHMe CO CieLudUKATOPOM extern, UCIOJIb3yeMoe BHYTPU Dy HKIIHHY,
06DBABIAET, UTO 1 06DbABIAEMOro 00bEKTa I/Ie-TO BBIAETEHA NIAMSTD; O e
pouiu BHe GyHKuMi 6yner ckasano B Al11.2.

Crienndukarop typedef He pe3epBHpYeT HHKAKOH NaMsTH U Ha3BaH Clie-
UG UKATOPOM KJIaCCa NaMsITH 13 COOOPaKeHUH CTAHAAPTHOCTU CUHTaKCHUCA;
peus 06 aToM crienndukarope noizer B A8.9.

O6baBeH1Ee MOXET ConepX aTh He 6oJiee 0HOTO crielldHUKaTOpa KIacca
namsTH. Eciiv OH B 06bsIBJIEHHY OTCYTCTBYET, TO IEHCTBYIOT CIEAYIOIIHE MTPa-
BUJIA: CYMTAETCS], YTO OOBEKTHL, 00bsIBIIsIEMble BHYTPU (DyHKLMH, UMEIOT KJIacc
auto; pyHKuMY, 0ODbsBIsIEMble BHYTPU QYHKUMH, — KiIacc extern; 06beKTbl
U byHKunY, 00bsBIIsIEMble BHE (DYHKIUIA, — CTATHYECKUE ¥ UMEIOT BHEUIHNE
cea3u (cMm. A10, A11).

A 8.2. Cneuudukaropsbl Tuna
CrenuduKaTophl THIIA ONIPENENAIOTCS CIEAYIOIUM 06pa3oM:

cneyuguxamop-muna:

void

char

short

int

long

float

double

signed

unsigned
cmpykmypoL-uni-06vedunenus -cneyugpurxamop
cneyuguxamop-nepequcienus
typedef-ums
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Bmecre c int nonyckaeTca UCrob30BaHUE ellie KaKoro-To OHOTO CJIoBa — 1ong
Uy short; IpudeM codeTanue long int MMeEET TOT e CMBICJ, YTO ¥ MPOCTO
long; aHAJIOTUYHO short int — To e camoe, 4yTo u short. CioBo long MoXeT
yrnorpebnstbes BMecte ¢ double. C int u apyruMu ero Moaubukanusamu (short,
long unu char) pa3peliaeTcs yIoTpeOiaTh OfHO U3 CJIOB signed My unsigned.
Jlio6oe 13 MoCIeIHUX MOXKET HUCIIOJIb30BATHCS CAMOCTOSATENLHO, B 3TOM CJIy-
Yae roipasyMeBaeTcs int.

Creuudukarop signed GbIBaeT Nose3eH, KOrna Tpedyercst 06eCcneduTh, 4To-
Obl 06BEKTHI THIIA Char UMeJIH 3HAK; €10 MOXKHO IPUMEHSITh U K IPYTHUM 1[EJI0-
YUC/IEHHBIM THIIAM, HO B 9THX CJIy4asix OH U30BbITOYEH.

3a CKIIIOYeHHEM ONTHUCAHHbIX Bblllle C1yYaeB 00bsBJIEHHE He MOXKET COEp-
*xatb bosiee oxHOro cienudukaropa runa. Eciu B 06bsaBIeHAY HET HU OHOTO
crieunduxaropa TUIA, TO UMeeTCA B BULY THUII int.

Jluist ykazaHust 0coObIX CBOMUCTB 00bsIBIIsIEMBIX 00BEKTOB IPEIHA3HAYAIOT-
cs1 KBaTM(UKATOPHL:

keanuguxamop-muna:
const
volatile

KsanudukaTopsl T2 MOTYT YHOTPeOAATCA € JIFOOBIM crieuduKaTopoM
Tuma. Paspelnaercs MHULHATU3UPOBATD CONSt-06bEKT, OAHAKO IPUCBAUBATH
eMy 4T0-u60 B IanbHelleM 3anpeaercsi. CMbict kBatudurikaTopavolatile
3aBHCHT OT PeanH3alyy.

Cpenctsa const u volatile (u3MeHuMBSIIT) BBefieHbI cTanAapToM ANSI. Kpanu-
(ukaTop const IpUMeHSIETCsT, YTOOH! Pa3MECTUTb OOBEKTHI B AMATH, OTKPBITOM
TonbKO Ha yreHue (I13Y), uam 4To6b! COCOGCTBOBATH BO3MOXHOM ONTHMH3a-
uun. Haznayenne kBanudukaropa volatile — mogaBUTh ONTHMU3AIMIO, KOTO-
past 6e3 3TOrO YKa3aHust Moryia 6vl 6bITh IpoBefieHa. Hanpumep, B MalinHax, rae
azpeca PerucTpoB BBOZA-BbIBOAA OTOOPaXKeHbI Ha aipecHOe MPOCTPAHCTBO Ma-
MSTH, YKa3aTeslb Ha PETHCTP HEKOTOPOTO YCTPOMCTBa Mor OBl ObITh 0GbSIBIEH
KaK volatile, 4TOGBI 3aMIPETUT KOMIMIISITOPY 3KOHOMUTb O4EBHIHO U3OBITOY-
HYIO CCHIJIKY Yepe3 yKa3aresb. KOMIUIATOp MOXeT UTHOPUPOBAaTh YKa3aHHbIE
KBa/M(UKATOPH, OAHAKO 06sI3aH CUTHAJIM3NPOBATH O ABHBIX ITONbITKAX U3Me-
HUTDb 3Ha4eHHe const-o6bEKTOB.

A 8.3. O6bsiBNneHus CTpYKTYp 1 06beanHeHUNn

CTpyKTypa — 3T0 00BEKT, COCTOAIIMH 13 [10CJIEA0BATENbHOCTH IMEHOBAH-
HBIX 5JIEMEHTOB pa3/IMYHbIX TUIIOB. OGbenrHEHNE — 0OBEKT, KOTOPBIN B KaX-
IbI MOMEHT BpeMEHH COLEPKUT OJJH U3 HECKOJIbKHX 3JIEMEHTOB DA3IHYHBIX
TunoB. O6bsABIEHNS CTPYKTYD U 0ObeINHEHNI UIMEIOT OKH U TOT JKe BUL.

cneyugurxamop cmpyxmypol-unu-06sedunenus:
cmpyxkmypbi-unu-obsedunenus udenmuguxamop,, . { cnucox-obovsenenui-
cmpyxmypol}



A 8. O6bsaBneHus 271

cmpyKkmypvL-unu-o6sedunenus udenmugpuxamop
cmpyxmypa-unu-o06sedunenue:
struct
union

Crinucok-06bABIEHUMA-CTPYKTYPBI SIBJSAETCSA T10CIEN0BATENbHOCTbIO 00 bABNE-
HUH 3JIEMEHTOB CTPYKTYPHI HIH 06be IHHEeHUS:

CNUCOK-00BAGNEHUTI-CIPYKMYPbL:
obssienenue-cmpyxmypol
CNuCOK 0088 1eHUTL-CMpYKmypol 0bsA6NeHUe-CIMPY KMy pbL

obvsieneHue-CMpyKmypo:
CTIUCOK -CEeUUPUKAMOPOB-KBATUPUKAMOPOB CNUCOK-CIPYKMYPbL-006518UMeNei;

CNUCOK-CneyupuKamopos-xkeanupuramopos:
cneyupuxamop-muna cnucox-cneyupuxamopos-xearuuramopos

neod.
Keanuguxamop-muna cnucox-cneyupuxamopos-xkeangpuxamopos,, .

CucoK-cmpykmypol-obeseumenei:
cmpyxmypoL-06ss6ument
cnucok-cmpyxmypui-obvagumenei , cmpykmypbi-06va6umens

O6bIYHO 0OBAB/IEHHE-CTPYKTYPBI SIBJISIETCS IPOCTO 0ObsIBIIEHHEM [1JIsI DJIEMEH-
TOB CTPYKTYPbl WM 00beqMHEHNs. DJIEMEHTbl CTPYKTYPBI, B CBOIO OYEPEb,
MOTYT COCTOSITh M3 33laHHOTO YKcia pa3psinos (buros). Takoit anemeHT Ha-
3BIBAETCS GUMOEbIM NOJeM WK TIPOCTO nosieM. Ero pasmep otaensiercs oT uMe-
HU HOJIS1 ABOETOYUEM:

cmpykmypoL-06es6Umens:
obvasument
obbsgumens,, . : KOHCIMAHIMHOE-BbIPAKNCEHUE

el

CrerncdukaTop TUIA, UIMEIOMUHA BUL

cmpymnypot-mu-o&eauuema udenmucpuxamop { crnucok-obvseneHut-
cmpyxmypot }

06bsIBIsET UIEHTUDHUKATOD Mezom CTPYKTYDBI UK 00befHeH s, crieudu-
uuposanHbix cnuckoM. Ilocnenyouee o6bsiBieHre B TON ke WK BHYTPEH-
Heii 06/1acTH BUIUMOCTH MOXeET 00pAIaThCsl K TOMY e THILY, HCII0JIb3Ys B Clie-
uudukartope rer 6e3 cnucka:

cmpyxmypoi-unu-06sedunenus udenmuguxamop

Ecnu criendukarop ¢ TeroM, Ho 6e3 CIHCKa NOSIBJSIETCS TaM, TZe TeT He
06bsBIIEH, CieUpUIUpYeTCa Hesagepuennvi mun. O6beKTh ¢ He3aBepIUeH-
HBIM THIIOM CTPYKTYDBI UK O6bENUHEHUS MOTYT YIIOMUHATbCS B KOHTEKCTE,
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rzie He TpebyeTcs 3HaTh X pa3Mep — Hanpumep B 0ObABIEHHUAX (HO He onpe-
JeeHUsIX ) U1l OTIMCAHUs yKasaTessl WK CO3NaHus typedef, HO He B UHBIX
cny4astx. Tvin cTaHOBUTCS 3aBepILCHHBIM [P TOSIBJIEHU M TOCIEAYIOLIETO CTIe-
undUKaTOPa C ITUM TEIOM, COAEPIKALIETO CIIUCOK 0ObsBIeH Ui, [laxe B crie-
1udUKaTOPax CO CIUCKOM OODBABIISIEMbIH THII CTPYKTYPbI WX OObeIMHEHUS
SIBJISIETCS HE3aBEPIIEHHBIM BHYTDH CIIMCKA U CTAHOBUTCS 3aBEPUIEHHBIM TOJIb-
KO TI0CJ1€ TIOSIBJIEHHSI CUMBOJIA }, 3aKaHYHBAIOL[Ero clieltnduKaTop.
CrpyxTypa He MOXeT CORePXKaTh 3JIeMEHTOB He3aBepuieHHoro tumna. Crie-
JOBATEJILHO, HEBO3MOXKHO 00BSBUTb CTPYKTYPY MK 00beluHEHHE, KOTOPbIE
cozepar camu cebst. OHaKO, KpOMe NPHUAAHUS UIMEHHU TUITY CTPYKTYPbl UIIH
o0beqvHeH s, TeT T03BOJISIET ONPENeJISITh CTPYKTYPBI, 00pallaioI1ecs CaMu
K cefe; CTPyKTypa uin o0beuHeHe MOTYT COAePKaTh YKa3aTeM Ha CAMHUX
cebs1, TIOCKOJIbKY YKa3aTesld Ha He3aBepLIeHHbIE TUIIbI 0ObSBJISTH MOXKHO.
Ocoboe npaBUIIO IPUMEHSETCS K 00bsIBJIEHUSM BULA

cmpyxmypoi-unu-obsedunenus udenmugpuxamop ;

KOTOpHIE 0OBSBISIOT CTPYKTYpPY WIN 0ObeIUHEHNE, HO He UMEIOT CIIUCKa
00bsiBIeHUs U 0ObsiBUTENA. [laxe eciv UAEHTUDUKATOP UMEET TeT CTPYKTY-
pBl WK 06benvHEeHHs BO BHelHel obnactu sunumoctu (A11.1), a3to 06bas-
JieHue [ielaeT UIEeHTU(UKATOP TErOM HOBOM CTPYKTYPbI WIN 00beJMHEHUs
HEe3aBepPIIEHHOTO TUIA BO BHYTpeHHeH 00/1acTH BUIUMOCTH.

310 HeBpa3yMuTesbHOe MpaBuio — HOBoe B ANSI. OHO mpenHasHayeHO AJA
B32aMMHO PEKYPCUBHBIX CTPYKTYD, 0ObsIBJIEHHBIX BO BHYTPeHHEN 06J1aCcTH BU-
IOUMOCTH, HO TETH KOTOPBIX MOTYT OBITH yXe 06bsIBJIEHBI BO BHEIIHEH 06J1acTH
BUIMMOCTH.

Crienndukarop CTpyKTYpbl MK 00beAUHEHNUS CO CIIUCKOM, HO O€3 Tera co3-
IaeT YHUKAJIBHBIHA THII, K KOTOPOMY MOXKHO 0OpaIaTbCcsi HENOCPEACTBEHHO
TOJILKO B O0BSIBJIEHUH, 4ACTHIO KOTOPOTO OH SIBJISIETCSL.

VMeHa 3/1eMEHTOB ¥ TEroB He KOHMJIMKTYIOT APYT C APYTOM MK 00bIY-
HBIMU NiepeMeHHbIMU. VIMs 31eMeHTa He MOXKeT DOSBIISITHCSA ABAXK bl B OHON
¥ TO# e CTPYKTYpPe UIu 00be[MHEHNH, HO TOT JKe JJIEMEHT MOXKHO HUCIIOJIb-
30BaThb B Pa3HBIX CTPYKTYPaX WX 0ObeAHHEHHSX.

B nepBoit pegakuuu 3Toit KHUTKM MMEHa 3JIEMEHTOB CTPYKTYPbI U 00beIMHEHUS
He CBA3BIBAJIMCH CO CBOUMHU poxuTensiMi. OXHAKO B KOMITMJISTOPAX 3Ta CBSA3b
cTaJa OOBIYHO# 3a10/1T0 10 NosiBNeHUs cTaHaapTa ANSI.

DJIEMEHT CTPYKTYPHI WK 0ObeJUHEHUs, He ABJSAIONIUMCA M10JIEM, MOKET
uMeTb T060# Tun o6bexTa. Ilosie (KOTOpOe He UMeeT 00BbABUTENSA H, CI€N0BA-
TeJIbHO, MOXeT ObITh Oe3bIMAHHBIM ) UMEET THII int, unsigned int muau signed
int ¥ MHTEPIIPETUDPYETCA KaK OOBEKT 1e0YHMCIIEHHOTO TUTIA YKA3aHHOM B 6u-
Tax aauHbl. CYUTaeTcs M noJie int 3HaKOBHIM UK 6e33HaKOBbIM, 3aBUCUT
ot peanunsauuu. CocelHU BIeMeHT-0JIe YIIAKOBbIBAETCS B TYEHKHU TaMATH
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B 3aBUCHMMOCTH OT PeaJIM3alliy B 3aBUCSILEM OT pealH3alliy HallpaBJIeHUH.
Koraa cienyroliee 3a noseM Apyroe rnoJe He Ble3aeT B YaCTHYHO 3al0JHEH-
HYIO s9eHKY TaMsITH, OHO MOXEeT 0Ka3aThCs Pas3fie/IEeHHbIM MKy IBYMS si4ei-
KaMM, WK si9eiika MoxxeT ObITh 3a6uTa 6annactom. Be3siMsaHHOe Mose Hy Te-
BOIl IIMPUHBI 00A3aTeNbHO TIPUBOAUT K TaKO# 3a0MBKe, TaK YTO CIeLyoulee
ToJie HAYHETCS € Kpast CIeAyloueit syeiKu aMsITH.

Craugaprt ANSI nesaer nons eute 6os1ee 3aBHCHMBIMH OT PeajiU3aluy, 4YeM
B nepBoii pegakuny kHuru. YTobs! XpaHuTh GUTOBBIE MTOJS B “3aBUCSIIEM
ot peasiuzanuu” Buze 6e3 kpanubHKalUK, XeJlaTeIbHO IPOYUTATh IPABHUIIA A3bI-
Ka. CTPyKTYypbl ¢ GUTOBLIMH MOJISMU MOTYT CYXXHUTh IIEPEHOCUMBIM CIIOCOO0M
IUIS TIOMBITKY YMEHBUIUTb Pa3MEPHI MaMATH MOA CTPYKTYpPY (BepOATHO, 1eHOM
yBeJIMYeH!st KOJia NporpaMMbl M BpeMeHH Ha JOCTYM K MOJISIM) HJIH HellepeHo-
CHMBIM CIIOCOGOM ISl OMMCAHMS PaclpelieJIeHUs] IaMsTH Ha OHTOBOM YDOBHe.
Bo BTOpOM Ciiy4ae HEOOXOIUMO TOHUMATD [IPaBHJIa MECTHOM peau3anuu.

DJIeMEHTHI CTPYKTYPHI MMEIOT BO3PACTAOLIKE 110 Mepe OOBSABIEHUS dJIe-
MEHTOB ajipeca. JJIEMEHTbI CTPYKTYPbI, HE SBJISIOLIHECs NOJSIMM, BRIDABHU-
BAKOTCsl 10 [PaHULIaM aIPECOB B 3aBUCUMOCTH OT CBOET'0 THIIA; TAKUM 00pasoM,
B CTPYKType MOTYT ObITb Oe3bIMsiHHbIE nbIpbl. Ec/lu ykasaTesnp Ha CTPYyKTYpy
IPUBOAMTCA K THITY YKa3aTeJssl Ha ee NIePBblii 3JIEMEHT, Pe3yJIbTaT yKa3bIBaeT
Ha MepBBIH 3JIeMeHT.

O6benvHe e MOXKHO [PENCTABUTH CeHe KaK CTPYKTYPY, BCE BJIEMEHTHI KO-
TOpOYU HAYMHAIOTCA co cMelieHHeM O ¥ pa3Mepbl KOTOPOH OCTaTOYHBI JUIS Xpa-
HeHUs II0O0To U3 3/1eMeHTOB. B /06011 MOMEHT BpeMeH! B 06 beIMHEHIH XPa-
HUTCA He Goble ogHOTO deMeHTa. Eciiu ykasatens Ha 06beivHeH1e IPUBO-
IOUTCS K TUITY YKa3aTeJis Ha OUH U3 3JIEMEHTOB, De3yJIbTaT YKa3bIBaeT Ha 3TOT
3JIEMEHT.

Bort npocroii npuMep 00bsIBIEHUS CTPYKTYPHI:

struct tnode {-
char tword[207,
int count;
struct tnode +left;
struct tnode *right;
I
ITa CTPYyKTYpa COAEePXKUT Maccus U3 20 cCIMBOJIOB, YHUCJIO THIA int U ABa yKa-
3aTens Ha nofnobHyIo cTpykTypy. Etnu gaHo Takoe o6bsiBieHye, TO

struct tnode s, +sp;

00OBABUT S KaK CTPYKTYDY 3alaHHOTO BH/JA, a Sp — KaK yKa3aTesb Ha TaKylo
cTpykTypy. CorjlacHO npuBeeHHbIM OlpeesIeHHIM BhIpaXKeHue

sp—>count

obpaIaercs K 3JIeMeHTY count B CTPYKTYDe, Ha KOTOPYIO yKa3blBaeT sp;
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s.left
— yKasaTeJib Ha JIeBOe MIOAIePeBO B CTPYKTYpe S; a
s. right->tword[0]

— 3TO MepBblil CUMBOJI U3 tword — 3JleMeHTa [IPaBOro NOANEpeBa S.

Boob1iie roBopsi, HEBO3MOXHO IPOKOHTPOJUPOBATD, TOT JIM UCTIOIb3YETCS
3JIEMEHT 00be IMHEHUS, KOTOPOMY ITOC/IEAHHI Pa3 NPUCBauBalIOCh 3HAYEHHUE.
OnHako rapaHTUDYETCS BHIMOJIHEH e PAaBUIIa, 06J1eryaiolero paboTy ¢ aje-
MeHTaMH 06beINHEHHUT: eC/TH 0ObeIUHEeHYE COIEPKUT HECKOTbKO CTPYKTYP,
HaYMHAOIUXCA ¢ 001el 111 HUX OCJIe0BATeNbHOCTH JAHHBIX, ¥ eI 06be-
IOWHEHUE B TEKYLIUA MOMEHT COAEPXKUT OLHY U3 3TUX CTPYKTYD, TO K oOuIei
YaCTH JAHHBIX Pa3pellaeTcsi 0OpalaTbest Yepes JI00YI0 U3 YKa3aHHBIX CTPYK-
Typ. Tak, npaBoMepeH caenyomuil GparMeHT DPOrpaMMBIL:

union {
struct {
int type;
P

struct {
int type;
int intnode;
}oni;
struct {
int type;
float floatnode;
} nf,
}ous

u.nf.type = FLOAT;
u.nf.floatnode = 3. 14;

if (u.n.type == FLOAT)
. sin(u.nf.floatnode) ...

A 8.4. lNepeuncneHusn

Hepeqncnem/m — 3TO yHI/IKaJIbelﬁ THII, 3HAYE€HUA KOTOPOI'O NOKPBIBAIOTCSA
MHOXX€eCTBOM UMEHOBAHHBIX KOHCTAHT, Ha3blBAEMBbIX MTE€PEUHUCITUTEIAMU. BPIJI
cnenudHUKaTOpa NepeducieHrs 3aMMCTBOBaH y CTPYKTYP ¥ OObeAnHEHN.

cneyuguxamop-nepeducieHus:
enum udenmuguxamop . { CNucox-nepeuucrumeneii }
enum udenmuguxamop

neof.
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CRUCOK-nepeyuciumeneu:

nepeuuciumens

CNUCOK-nepequcnumenetl , NEPEUUCIUmMeENnb
nepeuuciumens:

udenmuguxamop

udenmugpuxamop = KoHCMaHmMHoe-6bIPaANCEHUE

UnentudukaTopsl, BXOASIIME B CIIUCOK TIEPEYNCTUTENEH, 00BABIAIOTCA KOH-
CTaHTaMM TUMNa int ¥ MOTyT ynoTpebJIsThCs Be3le, rie TpebyeTcss KOHCTaHTa.
Ecnyt B3TOM criMcKe HET HE OJHOTO NTEPEYHCIUTEI S CO 3HAKOM =, TO 3HAYEHUS
KOHCTAHT Ha4MHAIOTCA ¢ 0 ¥ YBEMYMBAIOTCA Ha 1 110 Mepe YTeHust 00bsiBIIe-
HUS cieBa Hanpaso. IlepeurciuTesb O 3HAKOM = [1aeT COOTBETCTBYIOLIEMY
uneHTUGhUKATOPY 3HAYEHNE; TOCIeyolHe UAEHTH(HHUKATOPI HPOLOJKAIOT
IPOTPECCHUIO OT 33TAHHOTIO 3HAUYEHHSI.

Vmena nepeuncinTesiei, UCOb3yeMble B OMHON 06J1aCTH BULUMOCTH, I0JI-
KHbBI OTJINYATHCS APYT OT APYTa ¥ OT UMEH OOBIYHBIX [IEPEMEHHBIX, OIHAKO UX
3HAaYeHUs MOTYT U COBIAAATh.

Ponp unenTudukaropa B neped-cnendduKaTope aHaJOTHYHA POJIH Tera
CTPYKTYPBHI B CTPYKT-crieiudbHuKaTOpe: OH ABJIAETCA HMEHEM HEKOTOPOI0 KOH-
KpeTHoro nepeyucieHys. IIpasuna ais cruckoB u nepey-crnenndrKaTopoB
(c Teramu u 6e3) Te Xe, 4TO U 1151 cneumbmcampos CTPYKTYP WK 0ObeviHe-
HU, C TOM JIMIIL OTOBOPKOH, YTO 3/IEMEHTHI TIePeYHCIeHyil He OBIBAIOT He3a-
BEPLIEHHOrO THUMA; TET Tepey-crennuduraTopa 6e3 CIuCKa epeyucanTenei
NOJIKEH UMET B lIpefiesiaX 061acTi BUIUMOCTH CHeLU(PUKATOD CO CTIUCKOM.

B nepBoit Bepcun s3bika nepevncieHnii He 65110, HO OHHU yXe HECKOJBKO JIET
NPUMEHSIOTCA.

A 8.5. O6baBuTenun
OO6bsaBUTEN UMEIOT CIIEAYIOIHI CHHTAKCHC:

obvssumens:

yxasamenv, , . cobcmeenno-06vaguUMmens
cobcmeenno-06ps6umens:

udenmugpuxamop

(obvsisument)

cobcmeenno-obvasumens [ Koncmanmmoe-goipaxcenue, . 1

cobcmeero-06ss6umens ( CNUCOK-MUnNos-napamempos )

cobcmeenno-oboasumens ( cnucok-udenmugukamopos, ;)
yxasameno:

* CNUCOK-K8ANUpUKAmOpos-muna, , .

* CNUCOK-K6ANUpUKAMOpos-muna,, . ykaameno
CNUCOK-KBANUPUKAMOPOE-MUNA:
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Keanugpuxamop-muna
CNUCOK-Keanuguxamopos-muna xearugpuxkamop-muna

Y cTpyKTYpbl 06BSBUTEISI MHOTO CXOXHBIX YEPT CO CTPYKTYDO# NOABbIpaKe-
HUH, TOCKOJIbKY B 0OBsABUTEIE, KAK U B TOABbIPAKEHUH, JOMYCKAIOTCSI ONiepa-
1K KOCBEHHOT0 0Opalenus, obpateHust K QYHKIMY U HONyYeHUs DIEMEHTa
MaccuBa (C TeM XKe IOPAIKOM NPUMeHeHH).

A 8.6. Y10 03HavaloT 06bABUTENMN

Criicok oObsiBUTeIeH pacrionaraercs cpasy nocJe crelidUKaToOpoB THUMA
U yKasaTesia Kjacca naMsaTh. [aBHBIHM a1eMeHT J11060ro 00bABUTES — 3TO
00ObAB/IAEMBIN UM UIEHTU(PUKATOD; B IPOCTENLIEM CITyYae OObABUTENb U3 HETO
OIIHOTO U COCTOMUT, YTO OTPAXKEHO B NEPBOY CTPOKE NPOAYKLUY IPAMMaTUKH
c UMeHeM cobcmeenno-obeseumens. CrieudUKaTOpPHI KJIacca NaMATH OTHO-
CSITCSI HETIOCPEACTBEHHO K MIEHTHU(UKATOPY, 8 IO TUI 3aBUCHUT OT BUAA 00b-
asutenst. OGbABUTEND CleAyeT BOCIPUHUMATD KaK YTBEPXKAEHHUE: eCIIU B BbI-
PakeHMU UIEHTH(PUKATOD MOSBIISETCS B TOM XK€ KOHTEKCTE, YTO U B 00bsIBU-
TeJle, TO OH 0603HaYaeT 0OBEKT CIeNUpHULUPYEMOro THIIA.

Ecnu coequnuTs crieniudukatopsi 00baBIeHNs, OTHOCAIMeCs K TUMy (A8.2),
Y HEKOTOPBIA KOHKPETHBIH 06bsIBUTEb, TO 00bsIBIEHNE TpuMeT BUA “T D”, rie
T - tum, a D — 06bsABUTEND. ITA 3AMUCH UHAYKTUBHO NPUAAET THI UIeHTHDU-
KaTopy JI060ro 0ObABUTENIS.

B o6wsBnenun T D, rie D — npocTo UAEHTUUKATOP, THI HaeHTHdUKATOpA
ecTh 1.

B o6baBnenun T D, rae D uMeeT BUL

(D1)

Tun uaenTUudukaropa B D1 ToT ke, 4T0 U B D. CKOOKM He U3MEHSHOT THII, HO MO-
TYT NOBJIUATH HA Pe3yJIbTaTHl ero “NpUBsI3KU” K HAeHTU(HUKATOpaM B CIOXK-
HBIX OOBABUTENISX. .

A 8.6.1. O6baBuTENM ykasatenen
B o6bsaBnenus T D, rre D uMmeeT BULI

* CNUCOK-Keanugukamopos-muna_ D1

‘HeoS.

a Tun uneHtudukaropa obbsaserns T D1 ectb “Modugpuxamop-muna T, Tl
uneHtruKaropa D ectsb “Moduguxamop-muna cnucok-kearuguxamopos-muna
ykasaresb Ha T”. KBandbuKaTopbl, CIenyiolye 3a «, OTHOCATCA K CAMOMY yKa-
3aTeJiio, a He K 00beKTy, Ha KOTOPBIN OH yka3biBaeT. PaccMoTpuM, HaripuMep,
obbsBeHNE

int «ap[];
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3meco ap[ ] urpaer ponsb D1; ob6basaenue int ap[] cieayer pacurndposarh
(cM. HMXKe) KaK “MacCHB U3 int”; CHCOK KBaIN(UKATOPOB TUIIA 30€Ch IYCT,
a MoauUKaTop THNA eCTb “MaccuB u3”. CiienoBaTesIbHO, Ha CaMOM JieJie 00bB-
JIeHVe ap [JIACHT: “MacCHB U3 yKa3ateneil Ha int”. Bot ente npuiMepbi 06bsiBe-
HuU:

int i, *pi, =*const cpi = &i;
const int ¢i = 3, =*pci;

B Hux 06bsBIAIOTCA Les0€e 1 ¥ yKa3aTelIb Ha Liesioe pi. 3HaYeHue yKasareJis cpi
HEU3MeHHO; Cpi Bcerna OyeT yKasblBaTh B OIHO M TO JKe MECTO, IaXKe eCJIU 3Ha-
JyeHHe, Ha KOTOPOe OH YKa3bIBaeT, CTaHeT MHBIM. Lles1oe ci ecTh KOHCTaHTa, OHO
H3MEHUTBCS He MOXKeT (XOTsI MOXXeT MHULHATH3HPOBATHCS], KaK B JAHHOM CJIy-
yae). Tun ykasaresst pci npou3HOCUTCA Kak “yka3aresb Ha const int”; cam yka-
3aTeJIb MOXKHO U3MEHUTD; IPY 3TOM OH OyIET yKa3bIBaTh Ha JPYroe MecTo, HO
3HaYeHMeE, Ha KOTOPOE OH OY/IeT YKa3bIBaTh, C [IOMOILBIO PC1 U3BMEHHTD HENb3S.

A 8.6.2. O6baAsUTENM MaccueoB
B o6basnenus TD, rae D uMeeT BUL

D1 [ xoncmanmmoe-oipaycerue, , . 1
Heoon.

u e TN uaeHTudukaropa oobsasnenus T D1 ects “Modugpuxamop-muna 17,
TUN UaeHTUUKaTopa D ecTb “‘Moduguxamop-muna maccus u3 T”. Ecnu koH-
CTaHTHOE BbIPaXXeHUE TPUCYTCTBYET, TO OHO HOKHO OBITh LEJ0YHCIEHHBIM
n 6oabiue 0. Ecnu koHCcTaHTHOE BRIpaXeHHe, cietuuuupyolee KOJIU4eCcTBO
3JIEMEHTOB B MaccHBe, OTCYTCTBYET, TO MacCHB HMeeT He3aBepLIEHHBIH THII.

MaccuB MOXHO KOHCTPYHPOBATh M3 0OBEKTOB apU(PMETHYECKOTO THIA,
yKasaTesel, CTPyKTyp U oObefiHEHUH, a TaK)Ke APYTUX MAacCHBOB (TeHepHU-
Py [IpH 3TOM MHOrOMepHBble MaccuBbl). JIl06oi T, U3 KOTOPOro KOHCTPYH-
PyeTcs MacCHB, I0/KeH ObITh 3aBePLIEHHbIM, OH He MOKET ObITb, HapHUMeD,
CTPYKTYPO# HIIH MAaCCUBOM He3aBepPLUIEHHOTO THIIA. DTO 3HAYUT, YTO A1 MHO-
rOMepHOTO MacCUBa IyCTOM MOXKET ObITb TOJILKO NepBasi paaMepHocTb. Hesa-
BeplUeHHbIH THIT MACCHBA NOJIy4aeT CBoe 3aBeplieHue TU60 B 1pyrom o6bAB-
nernn storo Maccusa (A10.2), 1ubo nipu ero unnumanusauuu (A8.7). Hanpu-
Mep, 3aIUCh

float fa[17], =afp[17];

00DbABIIAET MACCUB U3 YMcesl Tuna float ¥ MaccuB M3 yKasaTesnell Ha yuciaa
tuna float. AHaIOrMYHO

static int x3d[3]1[51[7];

06bIBIAET CTATUYECKHH TPEXMEPHBIM MacCUB Lesbix pasMepa 3x5x7. Ha ca-
MOM JIeJI€, €CJIU ObITh TOUHBIMY, X3d SIBJISIETCA MACCUBOM U3 TPEX 3/IEMEHTOB,
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Ka’KZbli 13 KOTOPbIX ECTh MACCUB U3 [ISITH 9JIEMEHTOB, COAEPIKAILUX 10 7 3Ha-
yeHui THna int.

Ornepauus uHAeKcupoBaHus E1[E2] onpezneneHa Tak, 4TO OHA UAEHTHYHA
onepaiuy *(E1+E2). CrexoBaTenbHO, HECMOTPS HA aCUMMETPUYHOCTD 3alu-
CH, UHJIEKCHPOBaHUe — KOMMYTaTUBHAsA OMNepalys. Y YUThIBas IpaBUJa npe-
o0pasoBaHuist, TpUMeHsIeMBbIe s ofiepaTopa + U MaccuBoB (A6.6, A7.1, A7.7),
MO>KHO CKa3aTb, 4To ecJiv E1 — Maccus, a E2 — 1iesioe, To E1[ E2] obo3HavaeT E2-11
3JeMeHT MaccuBa E1.

Taxk, x3d[1][j][k] o3Hayaer To xe camoe, uTo U *(x3d[i][j]+k). IlepBoe
noasbpaxeHue, x3d[1][j], cornmacHo A7.1, mpuBOAUTCS K TUIY “yKasaTelb
Ha MacCuB LesbiX”; 10 A7.7 ciokeHre BKII0YaeT yMHOXEHHE Ha Pa3Mep 00bek-
Ta TUNa int. VI3 aTUX Xe npaBui caenyer, YTO MaCCUBHI 3aTOMHHAIOTCS “No-
CTPOYHO” (IoCeHVIe HHAEKCH MEHSIOTCS Yallle) ¥ UTO TePBast pa3MePHOCTh
B 00bAB/IEHUH IOMOTAET ONPEAEIUThH KOTUYECTBO IaMATH, 3aHUMaeMOU Mac-
CUBOM, OTHAKO B BIYMCJIEHUH ajIpeca 3J1eMeHTa MacCHUBa YYacTHs He IPUHU-
Maer.

A 8.6.3. O6bsiButenu GyHKumin
B HOBOM criocobe 06bsiB/IeHUE ynkuuu T D, rae D uMeeT BUR

D1(cnucok-munog-napamempos )

U TN ueHT(UKaTopa obbaBnenus T D1 ects “Modugpurxamop-muna T, Tvn
uzpeHTukaTopa B D ecTb “‘Moduguxamop-muna GyHKUUSA C aPryMEHTaMU
CNUCOK-MUnos-napamempos, Bo3ppauaiomas T”. [TapamMeTpsl UMeIOT cilenyro-
KN CUHTAKCHUC!

CNUCOK-MUNO8-Napamempos:
CNUCOK-Napamempos
cnucok-napamempos
CNUCOK-Napamempos:
obbagreHUe-napamempa
Cnucok-napamempos , 06sselenUe-napamempa
obvagienue-napamempa:
cheyuguxamopui-obasienenus 06ss6umens
cneyuguxamopoi-obeasrenus abcmpaxmuoii-o6a6uments

neob.

ITpu HOBOM criocobe 06bsIBIIEHNS PYHKLMI CIIHCOK TAPaMETPOB CTIELUpHLM-
PYeT UX THUIIBL, a ecTd GYHKUKA BOOOLIe He IMeeT TapaMeTPOB, Ha MECTe CIIKC-
Ka THIIOB YKa3bIBaeTcsl OMHO cJ10BO — void. Eciu cnycok TUIOB apameTpoB
3aKaHYMBAETCSA MHOTOTOYHEM “, . ..”", TO QYHKUUS MOXKET UMeTb OOJIbIile ap-
TYMEHTOB, YeM YHCJIO0 ABHO OMUCAHHBIX napaMerpos. (CM. A7.3.2.)

Tunbl napaMeTpoB, IBISOIUXCSA MacCUBaMH U GYHKIUAMHU, 3aMeHII0TCS
Ha YKasaTeJu B COOTBETCTBHMY C IPAaBUIaMU MpeoOpa3oBaHUsl MapaMeTpoB
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(A10.1). EnuncrBenHbI# cienndukaTop K1acca maMsiTH, KOTOPbIH paspelua-
€TCsA MCIIOJIb30BaTh B 0OBbABIECHUN TIapaMeTpa, — 3TO register, ofHAKO OH
UTHOPUPYETCS, eciv 06bsBUTEb GYHKLHHN He SBJISETCS 3aT0JIOBKOM ee Ofipe-
nenenvisi. AHaJIOTMYHO, eciir 00bsIBUTENH B 00bSIBJIEHUAX [TapAMETPOB COZEP-
AT UIEHTU(DUKATOPLI, & 06bABUTENb QYHKLMU He IBJISETCSA 3ar0JI0BKOM OIpe-
IesleHus1 QYHKLUUH, TO 3TH HISHTHU(DHUKATOPB! TOTUAC JKe BHIBOASITCA U3 TEKY-
et 06J1aCTH BUAVMOCTH.
[Ipu crapoM criocobe o6bsaBneHre pyukuwu T D, rae D uMeeT Bug

)

U THI uaeHTUdUKaTopa obbaBaeHus T D1 ects “‘Modugpuxamop-muna 1", Tun
unentudukaropa B D ectb “Modugpuxamop-muna PyHKUMA OT HeCTieLHPUIM-
POBaHHBIX apIyMEHTOB, Bo3Bpauatomas 1”. [lapamerpsy, ecnu oHu ecTb, UMe-
IOT CIeAYIOIUH BUL:

D1(cnucox-udenmugpuxamopos

11€06.

CNUCOK-udenmugpuxamopos:
udenmugpuxamop
Cnucox-udenmuguxamopos , udenmuguxamop

IIpu crapom criocobe, eciii 06bsIBUTENb DYHKINH HE UCTIOIb3YETCs B Kaye-
ctBe 3aroyioBka onpenenenns bynkiuu (A10.1), cnucok ugenTuduxKaTopos
IoJoKeH otcyTcTBOBaTh. Hukakoi mHGopMaruy o THIax napamMeTpos B 06bsiB-
JIEHUSIX He COEPKUTCS.

Hanpumep, 06bsBI€HHE

int £(), «fpi(), (+pfi)();

00bsABIsgeT PyHKUMIO T, BO3BPAIIAOILYIO YHUCJIO TUNA int, QyHKUUIO fpi, BO3-

BpaIlaIoIyIo yKa3aTelb Ha YKUCJIO TUNA int, ¥ ykasaTesns pfi Ha dyHKLHIO,

BO3BpallaoIyio yucio tTuna int. Hu ms onsolt GpyHkuuu B 06baBIeHUN

He yKa3aHbl TUIIBL IAPaMeTPOB; Bce (PyHKUUK ONUCAHBI CTAPBIM CIIOCOOOM.
BOT Kak BBIIJIAAUT 00bsIBJIEHHE B HOBOM 3alUCH:

int strcpy(char =dest, const char *source), rand(void);

3nech strepy — QYHKIMS ¢ AByMsl apTyMeHTaMH, BO3Bpallaolas 3HayeHe
THMa int; NepBBIY aPTYMEHT — yKa3aTesIb Ha 3HaueHUe TUIMa char, a BTOpoi —
yKasaTeJlb Ha HeU3MeHsIollleecs 3HaueHue Thla char. ViIMena mapaMeTpoB urpa-
IOT POJIb XOPOILIMX KOMMeHTapueB. Bropas ¢yHkuus, rand, apryMeHToB He HMe-
€T ¥ BO3Bpalaer int.

O6bsaputenu GYHKIUIA C TPOTOTUIAMK TapaMeTPOB — Hanbosiee BaXKHOE HOBO-
sBegenue ANSI-cTangapra. B cpaBHEHHH CO CTapbIM CIOCOOOM, TPHHSATHIM
B II€PBOM peIaKIUH S3bIKa, OHU TO3BOJISIOT TPOBEPATL ¥ MPUBOAUTD K HYXHO-
MY THITY apryMeHTbI BO BCeX BbI30Bax. CieflyeT ONHaKO OTMETHTD, 4TO UX BBEME-
HUeE IPUBHECIO B A3bIK HEKOTOPYIO CYMSITHILY M HEOOXOAMMOCTD COIJIACOBAHMsl
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obeux popM. YToObr 06€CTIEYUTh COBMECTUMOCTD, TOTPEGOBAIMCH HEKOTOPbIE
“CHHTaKCHYeCcKHe YPOACTBa”, a UMEHHO v0id, I SBHOTO YKa3aHHs Ha OTCYT-
CTBHE TapaMeTPOB.

Muorortoune “, . ..” IPUMEHHUTEJLHO K GYHKIMAM C BapbHPYEMbIM YHCIIOM
apTyMEeHTOB — TaK)e HOBUHKA, KOTOpasi BMECTE CO CTaHAaPTHbIM 3ar00BOYHLIM
daitnoM MakpocoB <stdarg.h> popmanusyer HeopHUIIMANLHO UCIIOAbIYEMBIH,
HO O HUIIMaTbHO 3allpellleHHbIH B IepBOif pefaKIIUK MEXaHHU3M.

YkazaHHbIe CIOCOOBI 3aHCH 3aUMCTBOBaHb! U3 si3bika Cut+,

A 8.7. Unuunannsauyus

C nOMOIIBIO UHAL-00BSIBUTE/ISI MOKHO YKa3aTh HAYaIbHOE 3HaYeHUe OObSB-
JsieMoro obbekTa. VIHMLManu3aTopy, NpeacTaBisiomeMy coO0i BbIpakeHre
WK CIIUCOK WHUIHAIU32TOPOB, 3aKJII0YEeHHbIN B QUrypHble CKOOKH, Ipel-
IIECTBYET 3HAK =. ITOT CITUCOK MOKET 3aBEPIIATHCS 3aILATOM; ee Ha3HauYeHUE —
cnenatb popMaTUpOBaHUe HoJIee YETKUM.

UHUUUATUIAMOD:

BbIPaNCEHUL-NPUCEAUBAHUS

{ cnucox-unuyuarusamopos }

{ cnucox-unuyuaruzamopos , }
CNUCOK-UHUUUAUIATNOPOS:

UHUUUAUIAMOD

CNUCOK-UHUUUATUIAMOPOS , UHUUUATIUIAMOD

B uHMIManu3aTope CTaTuyeckoro 06beKTa UM MacCUBA BCE BbIPAXXEHHs
NOJIKHB OBITH KOHCTaHTHBEIME (A7.19). Ecin nauimanusarop auto- u regis-
ter-obbeKkTa MIM MacCUBa HaXOAUTCS B CIIMCKe, 3aKTIOYEHHOM B (UrypHbIe
CKOOKH, TO BXOZISALLIKE B HETO BHIPAXKEHHSI TAKIKe JOJKHBI OBITh KOHCTAHTHBIMU.
OnHako B cy4ae aBTOMaTUYECKOT0 0ObEKTA C OHUM BHPAXKEHEM HHULIA-
JIU3aTOP He 00sI3aH OBITh KOHCTAHTHBIM BBIPAKEHUEM, OH NPOCTO AOJIKEH
MIMETb COOTBETCTBYOLIUI 0OBEKTY THIL.

B nepBoii pegakuuy He paspeliayiach HHUIMAIM3ALKSA aBTOMAaTHYECKHX
CTPYKTYD, q61>e1mHeHm31 ¥ MaccuBoB. ANSI-cranznapT no3BossieT 310; OfHa-
KO, €C/IM NUHULMATU3ATOD He MOXeT GBITh [Pe/ICTaBJIeH OAHIM IPOCTHIM Bbl-
paXkeHUeM, UHULUATU3ALMS MOXKET GBITh BBIIIOJIHEHA TOTBKO C [IOMOLIBIO KOH-
CTAHTHBIX KOHCTPYKIH.

Crarunyeckuii 00beKT, HHULMATU3ALHsI KOTOPOTO IBHO He YKa3aHa, MHULIH-
IM3UPYETCs TaK, Kak ety Obl emy (1K ero 371eMeHTaM ) IPHCBauBaIach KOH-
cranta 0. HayanpHoe 3HaueHye aBTOMAaTH4eCKOro 0ObEKTa, SBHBIM 06pa3om
He HHUIMAJIM3UPOBAHHOTO, He OlIpeZiesIeHO.

WHuunanusatop ykasarens Uin 06bexTa apupMeTHYeCKOro THIA — 3TO
OZ(HO BhIpaXkeHue (BO3MOXKHO, 3aK/II04eHHOe B purypHbie CKOOKH), KOTOpOe
TIPHCBAMBAETCs OOBEKTY.
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VHuumanusarop CTpyKTypsl — 3TO 1M60 BbIPaXKEHHE TOTO XK€ CTPYKTYPHO-
ro Tumna, J1u60 3aKIYeHHble B GUTYPHblE CKOOKY UHULIHAIU3ATOPHI €€ dJie-
MEHTOB, 3aJaHHBble 110 NOpsiAKY. Be3bIMsAHHbIE GUTOBBIE 11011 UTHOPUPYIOTCS
Y He MHUIMATU3UPYIOTcs. Ecii MHAIHANU3aTOPOB B CIIMCKE MEHbIIE, YeM
3JIEMEHTOB, TO OCTaBIIKeCs 9JIeMEHTbl MHUIHANTU3UDPYIOTCS HyleM. MHunma-
JIN3ATOPOB He JOJIXKHO GBITh GOJIbIIIE YKCIIA DIIEMEHTOB.

WHuunanusarop MaccuBa — 3TO CIUCOK MHUIIMAIU3ATOPOB €r0 37IEMEHTOB,
3aKJII0YeHHbIH B GurypHble ckoOku. Eciiu pasmMep MaccrBa He U3BECTEH, TO OH
CYUTAETCS PaBHBIM YHMCJIy UHHUHAINU3AaTOPOB, IIPU 3TOM TUIl €0 CTAaHOBUTCSA
3aBeplIeHHbIM. Ec/iu pa3amep MaccuBa U3BECTEH, TO YHCJI0 HHULUATN3aTOPOB
He [IOJDKHO NPeBBILIATh YUCJIa ero 3JIEMEHTOB; eC/Id MHUIMAIN3aTOPOB MEHb-
1€, OCTABLIKECS 3JIEMEHTBI OOHYJISAIOTCS.

Kak oco6biii BeIZENEH CTy4aii MHULMAIM3alMi MacCuBa cCiMBOJI0B. [ocnern-
HUI MOKHO MHULIMATU3UPOBATD C TOMOIIBIO CTPOKOBOT'O JIMTEPAia; CUMBOJIBL
MHUIUIN3UPYIOT dJIEMEHTHI MacCHBa B TOM MOPSIZIKE, KAK OHU 33/IaHbl B CTPO-
KOBOM JiTepasie. TOYHO TaK e, C TOMOILBIO JIUTEpaa U3 PaCIIUPEHHOTO Ha-
60pa cuMB0JIOB (A2.6), MOXKHO HHULIMATM3UPOBATh MacCyB Tunawchar_t. Eciu
pa3Mep MaccHBa He U3BECTEH, TO OH ONPeeIseTCs YUCI0M CUMBOJIOB B CTPO-
Ke, BKJIIOYas U 3aBepluaroniuil NULL-CUMBOJI; eC/li pasMep MacCHBa U3BECTEH,
TO YMUCJIO CUMBOJIOB B CTPOKE, He cyuTas 3asepuiawoliero NULL-cuMBoJIa, He
JOJI)KHO NPEBBIIATD €0 pa3Mepa.

W ununanu3aTopoM o6beaHEHUS MOXKET OBITh MO0 BBIPAXKEHHWE TOTO XKe
THIA, IMO0 3aKIIIOYEHHEI B GUrypHblE CKOOKN MHULMATU3ATOP €ro NEePBOro
3JIEMEHTAa.

B mepBoii BepCHHU s3bIKa He NMO3BOJIAJIOCh MHULIMAIU3UPOBATh OObEAMHEHHS.
ITpaBuo “nepBoro aneMeHTa” He OTINYAETCS USILECTBOM, OHAKO He TpebyeT
Hosoro cuHTakcuca. Crangapt ANSI nposicHsieT elle ¥ CEMaHTHKY He HHULUA-
JIU3UPYEMBIX SIBHO OObEANHEHHIA.

BaeneM U151 CTPYKTYPbI U MaccuBa 060611eHHOe UMst: azpezam. Ecnu arpe-
FaT COIEP>KUT JIeMEeHTHI arperaTHOro TUIA, TO TPaByia HHUIMATU3ALUH [TPU-
MEHSAIOTCA pexypanH‘o. DurypHbie CKOOKH B HEKOTOPBIX CJIydYasiX HHUUHA-
JIN3aL[MN MOKHO OIyCKaTb. Ec/ii MHUIMAIN3aTOp 3JIEMCHTA arperara, KoTo-
Pblii caM ABJISIETCS arPETaTOM, HAYUHAETCA € JIeBOM DUIyPHOU CKOOKH, TO 3TOT
rojarperat MHUIMAIU3UPYETCS MOCeAYOIUM CIIUCKOM Pa3/ie/IeHHbIX 3arisi-
THIMU HHULMATU3aTOPOB; CYMTAETCSI OLIUOKOM, €CIIH KOMUYECTBO HMHUL[HATH-
3aTOPOB MOJArperaTa NPeBbIIIaeT YHUCII0 ero aJeMeHToB. Ecnu, ogHako, MHuU-
[MaIM3aTOp [Oarperara He HAYMHAETCA C JIeBOM GUrypHOIT CKOOKH, TO 4TO-
6Bl ero MHUIMAIU3UPOBATh, HY)KHO OTCYUTATh COOTBETCTBYIOIEEe YHCJIO
BJIEMEHTOB M3 CIUCKA; IIPH 9TOM OCTAJIbHbIE 3IEMEHThl MHULUATU3UDYIOTCS
CJIEAYIOIMMI HHUIMATIU3aTOPAM K arperaTa, /11 KOTOPOTro JaHHbIN NoJdarpe-
raT ABJISETCS YaCThIO.
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Hanprumep
int x[]J={(1, 3, 5},

00BSABIIET U MHULIMATU3HAPYET X KAaK OTHOMEDHbII MACCHB C TPEMSI 3/IEMEHTaMHU,
IOCKOJIbKY PasMep He GbUI yKa3aH, a CIIHCOK COCTOUT U3 TPeX HHUIINATU3ATOPOB.

float y[4][3] = {
{1, 3, 5},

{2 4,6},
{3 7}

IR

TnpeacTaBsieT COO0N MHMLUATU3ALHUIO C TIOJHHIM Hab0pOM (UTYPHBIX CKO-
60K: 1, 3 ¥ 5 MHUIMAIN3UPYIOT IEPBYIO CTPOKY B Maccuse y[0], T. e. y[0][0],
y[01[1] uy[0][2]. AHaNOTMYHO UHULIKATIN3UPYIOTCA ClIeLyIOLINe IBE CTPO-
ku: y[ 1] u y[2]. UHMnuanusaTopoB He XBaTUJIO HA BECh MAaCCUB, [IO3TOMY dJle-
MEHTBI CTPOKH Y[ 3] 6yayT HysIeBbIMU. B TOYHOCTH TOT e pe3yIbTaT ObL 651
MOCTUTHYT C TIOMONIBIO CJIEAYIOIIETr0 OObSIBIEHUS:

float y[4][3] = {
1, 3, 5, 2, 4,6, 3, 5 7
}

VHuuManu3aTop Ajs Y HaYUHAETCS C JIEBOM GUrypHO# ckoOku, Ho 1 y[0]
CKOOKY HET, MO3TOMY U3 CHMCKA OYAyT B3STH TPU 3jI€MEHTA. AHATOIMYHO
110 TPH 3JIeMeHTa 6y/1y1: B3sTH 1151 Y[ 1], a 3arem u 1151 y[2]. B

float y[4][3] = {
{1y {2}, {3} {4}
}

VHULMATU3UPYETCS IEPBBIMA CTONOEL MaTPHLIbI Y, BCE JKe APYTHe 3JIEMEHTHI
OCTalTCA HyneBblMI/l.
Hakonel,

/

char msg[] = "CuHTakcuuyeckan owvbka B cTpoke %s\n";

npejcTasJisieT cobod MpUMep MacCHBa CUMBOJIOB, 3JIEMEHTHI KOTOPOTO MHHU-
LHATA3UPYIOTCS C IOMOIILIO CTPOKY; B IO Pa3Mepe YYUTHIBAETCs U 3aBepllia-
o ui NULL-cuMBOJI.

A 8.8. UmeHa TUNOB

B psije cny4aeB BO3HUKaET NOTPEGHOCTD B TPUMEHEHUN UMEHHM THIIA JaH-
HbIX (HalipyMep NpY SBHOM NPUBENEHHUH K TUITY, B YKa3aHNY TUIIOB [IapaMeT-
POB BHYTpH 00bsABIeHUH (YHKIKH, B apryMeHTe ofiepaTopa sizeof). dra no-
TpeOHOCTD Peau3yeTcs ¢ IOMOLIbIO UMeHI MuUNd, OTiPeeIeHHe KOTOPOTo CHH-
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TAKCHUYECKH [TOYTHU COBIIAAET C 06bsBIEHHEM 0OBEKTA TOTO K€ THIIA. OHo or-
JIn4aeTcs oT 0ObSABJIEHUS UL b TeM, YTO HE COAEPXKUT NUMEHU obbexTa.

ums-muna:

CNUCOK-CNeyuduKamopos-keanupuramopos abcmpaxmmviii-o6ss6umens
abempaxmmbiti-06sa6umens:

ykasamenv

yxasamenv, , . cobcmeenno-abcmpakmubiii-o6vagumens
cobcmeenno-abcmpaxmmblii-06sa6umens:

( abcmpaxmuviti-obsseumen )

cobemeenno-abempaxmuvli-oboagumens,, . [ Koncmanmmoe-evipasienue, , ]

cobcmeeriHo-abempaxmuoiii-o6es6umens,,, ; (Cucoxk-munos-napamempos,, )

Heols.

Mo3HO yKa3aTb OAHO-eIUHCTBEHHOE MECTO B abCTPAKTHOM 0ObsABUTENE, T/e
Mor OBl OKa3aThCsl MAEHTUDUKATOP, €K Obl TaHHAA KOHCTPYKIKSA ObLIa [0J-
HOLIEHHBIM 00bsiBUTeIeM. VIMeHOBaHHBIN THII COBIAZAET C TUIIOM 3TOrO “He-
BunuMoro uneHrudukaropa’. Hanpumep

int

int «

int #[3]

int ()[]

int +()

int (+[])(void)

» o«

COOTBETCTBEHHO 0003HAYAIOT TUIIBI int, “yKasaTe/b Ha int”, “MaccuB U3 Tpex

yKasaTeJiell Ha int”, “yka3aTesb Ha MacCCHUB U3 HEM3BECTHOIO KOJIMYecTBa int”,

“yHKLHS HEU3BECTHOTO KOJIMYECTBA TapaMeTPOB, BO3Bpallaiolas ykasaTellb
” o«

Ha int”, “MaccHB HEM3BECTHOTO KOJIMYECTBA yKa3aTe/el Ha GyHKuuHU Oe3 ma-
PaMeTpOB, KaX/Iast U3 KOTOPHIX Bo3Bpallaer int”.

A 8.9. O6baBneHune typedef

O6baBaeHNs, B KOTOPBIX cliel[udUKaToOp Kjlacca aMsTH ectb typedef, He
0OBABAIOT OOBEKTOB — OHH ONPEAETIAIOT MAEHTH(DHUKATOPHL, PECTaBISIOLITe
coboit UMeHa TUIOB. DTU UIeHTU(UKATOPHI HasbiBaoTCs typedef-uMenamu.

typedef-ums:
ulenmuguxamop

O6bsaBrnenue typedef IPUNKCHIBAET T KX IOMY UMEHU CBOETO O0bSIBUTES
o6brynbM ciocoboM (cM. A8.6.). C aToro MmoMenTa typedef-ums cunTakcuye-
CKHU 5KBUBAJIEHTHO KJIIOYEBOMY CJIOBY clienuduKaTopa Tuma, 0603Hadamoue-
MY CBsi3aHHbIH ¢ HUM Tl HanpuMep, nocie

typedef long Blockno, *Blockptr;
typedef struct { double r, theta; } Complex;
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HOONIYCTHUMBI CcJienyoniyue 0OBABIEHUS:

Blockno b;
extern Blockptr bp;
Complex z, =*zp;

b puHaIexuT TUNy long, bp — THNY “yKasaTesb Ha long”, z — 3TO CTPYKTypa
3aJaHHOTO BHIa, a Zp — IPUHAJIEXXUT TUITY “yKasaTeJlb Ha TAKYI0 CTPYKTYpY .

O6bsBieHue typedef He BBOAUT HOBBIX TUIIOB, OHO TOJIBKO Ia€T UMEHa TH-
TaM, KoTopble MOrJIH Obl OBITH crielnHLPOBaHbl ¥ ApyruM crnocobom. Ha-
npuMep, b UIMeeT TOT 5Ke THII, 4TO U JTI000H APYroit obbekT Tuma long.

typedef-rMeHa MOryT ObITb TEPEKPBITHI APYTHMH ONIPEZiENEHUSIMY BO BHYT-
peHHel 06J1acTi BUAMMOCTH, HO IIPY YCJIOBHH, YTO B HUX NPUCYTCTBYET yKa-
3aHue Tuna. Hanprumep

extern Blockno;
He nepeoésaBmeT Blockno, a BOT
extern int Blockno;

nepeoObsBIISIET.

A 8.10. SkBMBaNEHTHOCTb TUNOB

JlBa cricka crelu(puKaTopoB TUTA SKBUBAJEHTHBI, €CJIU OHU COMEPXKAT
OIMHAKOBbIM HabOp creuudUKATOPOB TUIIA C YYETOM CHHOHUMHUYHOCTH Ha-
3BaHui (Hanpumep, long 1 int long CYUTAIOTCS OXMHAKOBBHIMHU TUNIAMH ). CTPyK-
Typhl, 00bEIUHEHNUS ¥ [IEPEYUCIIEHNS C Pa3HBIMU TEraMU CYUTAIOTCS Pa3HbI-
MH, a KaXk o€ 6e3TeroBoe 00belMHEHNE, CTPYKTYPa WIH TlepedUCIeHne npei-
cTaBJisieT OO0 YHUKATbHBIA THII.

JIBa THIA CYUTAIOTCS COBIALAIOLIMMH, €C/T nX abCTpaKTHb1e 00bsiBuTeN (A8.8)
nocsie 3aMeHsl Beex typedef-MeH ux THnamu v BbIGPachIBaHUs UIMEH l1apaMeT-
POB QYHKIH# COCTaBAT 9KBUBAJIEHTHBIE CIIUCKH ClelndrKaTopos TUos. [1pu
CPaBHEHUH YYUTHIBAIOTCS Pa3Mepbl MACCHBOB U THITbl TAPaMETPOB (PYHKLHIL.

A 9. UHCcTpyKUMK

3a KCKIII0OYeHIEM OTOBOPEHHBIX CIy4aeB MHCTPYKLIUH BBITIOTHSAIOTCS B TOM
HopsaKe, Kak OHY HanucaHbl. IHCTPYKUUK He HMEIOT 3HaueHUH U BBINOJIH -
I0TCs1, YTOOBI TPOU3BECTH ONpelesieHHble nedcTBrs. Bee BUABI HHCTPYKIIUT
MO>KHO Pa3bUTh Ha HECKOJILKO TPYIIIL:

UHCTPYKUUSA:
NOMEUEHHAS - UHCTPYKUYUSL
UHCMPYKUUA-BbIPANCEHUE
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COCMABILASL-UHCIPYKYUS
uHcmpyKyus -evibopa
UUKNUUECKAR-UHCTIPYKUUS
UHCTIPYKUUA-NEPex00a

A 9.1. NMomeyeHHbie UHCTPYKLUN
I/IHCTp}’KLII/II/I MOXET NpeallleCTBOBaTh METKa.

NOMEUEHHAA-UHCPYKUUA.:
‘udenmugpuxamop : uncmpyxuus
Case KOHCMAHMHOE-6bipaNceHue . UHCMPYKUUS
default @ uncmpyxuyus

Mertka, cocrosiias u3 uaeHTUUKATOPa, OMHOBPEMEHHO CIIYKUT U 00bsABIIE-
HUeM 3TOro ueHTHdMKaropa. ExnHCTBeHHOE Ha3HaYeHHe UAEeHTH(HUKATODA-
METKH — YKa3aTh MEeCTO nepexona st goto. O61acTbio BUAUMOCTH UIAEHTH-
(uxaTopa-MeTKH ABJsseTCS Tekyllas PyHKUKs. Tak Kak METKH UMEIOT CBOe
CoBCTBEHHOE TIPOCTPAHCTBO UMEH, OHU He “KOH(IUKTYIOT” C IPYTUMH HiIeH-
THU(UKATOPAMH 1 He MOTYT ObITh MepekpuIThl (cM. A11.1.).

case-meTkH ¥ default-MeTKH HCIIONBb3YIOTCA B HHCTPYKIUH switch (A9.4).
KoncranTHOe BBIpaXXeHMe B case JOKHO ObITh LeJ0YHCIEHHbIM.

Camu 1o cebe MeTKU He U3MEHSIOT NOPSAKA BHIYUCTEHUH.

A 9.2. UHCTpYKUMA-BbipaXeHue
Haubosee ynorpeburenbHbIi BUL HHCTPYKLMH — 3TO MHCTPYKUMA-BBIPAXKEHHE.

UHCTPYKUUSA-BblpadceHUe:
svpaxcenue, , .

Yaine Bcero MHCTPYKUMA-BbIpaXKeHHe — 3T0 IPUCBAaHBAHKe U/ BBI30B QYyHK-
uun. Bee neiicTus, peausytomue no60uHbIi 3pdeKT BbIpaxeHus, 3apeplia-
IOTCS, Npex/e YeM HauMHaeT BBITOJIHATBCS CJefyolas HHCTPyKLUus. Ecin
BBIpaXeHHe B HHCTPYKIIMU ONYLIEHO, TO OHA Ha3blBaeTCs MyCTOM; IyCcTasi HH-
CTPYKLHSI 4ACTO MCHIOMb3YeTcs JUIs 0003HAUEH s yCTOrO TeNa IUKINYECKOM
HUHCTPYKIMY WX B KA4eCTBE MeCTa IJISi METKH.

A 9.3. CocTaBHast MHCTPYKLUMS .

Tax xak B MecTax, [/ie 10 CHHTAKCHUCY NOJIaraeTcst OXHA UHCTPYKIHS, HHOT-
lla BO3HMKaeT HeOOXOAUMOCTD BBINOJIHUTH HECKOJIBKO, TPELyCMaTPHBAETCS
BO3MOKHOCTD 3aJaHUS COCTABHOM MHCTPYKLHUH (KOTOPYIO TaKKe Ha3blBaIOT
6s0x0m). Teno onpenesieHust GyHKIHE €CTh COCTaBHAST HHCTPYKLMA:

COCMABHAA-UHCTPYKUUSL
{ cnucok-06va61eHUl CNUCOK-UHCMPYKUUIL,, ; }
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cnucok-06vAReHUIL:
obvaenenue
cnucok-obvaenenuti obvsenenue
CNUCOK-UHCTPYKUUU:
UHCTPYKYUS
CUCOK-UHCTPYKYUT UHCTIPYKYUS

Ecnu vpentudukarop us cnucka o6bsABIeHNH HAXOMUIICS B 06J1aCTH BULUMO-
ctu obbemitontero 6J10ka, To AeHCTBUE BHELIHEro 0ObsABIEHUS [IPU BXOMIE
BHYTPb JaHHoro 6J10Ka nnproctanasauBaercs (A11.1), a nocse Bbixona us Hero
B0O300HOB/IsAETCS. BHYTpH 6710Ka MIEHTU(DUKATOD MOKET ObITh OOBABIEH TOJb-
KO oftvH pas. J[J1st KaX10ro OTAEeIHHOTO TPOCTPAHCTBA IMEH 3TH IPaBuUJIa el -
crByOT He3aBUCHMO (A11); ugeHTHDUKATOPHI U3 Pa3HBIX TPOCTPAHCTB UMEH
BCEr/a Pa3JINyHbL.

VIHuLManu3anys aBTOMaTHIECKUX OOBEKTOB OCYIECTBIISAETCS P KaXKI0M
BXO/1€ B 6JI0K ¥ IIPOAOJIKAETCS [0 Mepe TPOABIXKeHUs 110 00bsiBuTessM. [Ipu
Tniepenaye ynpaBjieHUs BHYTPb 6JI0Ka HUKAK/e HHALMATM3all UK He BBIMIOJIHA -
10TCst. VIHMUMaM3aLyy CTaTHIeCKUX 0O BEKTOB OCYLIECTBIAIOTCS TOJBKO OUH
Pa3 nepex 3ayCKOM TIPOTPaMMBL. ’

A 9.4. UncTpykuumn BeiGopa

NucTpykiumu BbI60pa 0CYIECTBISIOT OTOOP OIHOM 13 HECKOJIBKUX aJIbTeP-
HATHUB, ONPEIENSIOIUX OPSJOK BINOTHEHUS] HHCTPYKLIUI.

UHCTPYKYUA -6blb0opa.
if ( evipascenue ) uncmpyxyus
if ( svipascenue ) uncmpyxyus else uHcmpyxyus
switch ( ewipasxcenue ) uncmpyxuus

O6a Buza i f-MHCTPYKIHI COmepKaT BhIpakeHUe, KOTOPOe H0IKHO UMeThb
apudmeruyeckuil TUN WK THN yka3darens. CHayassa BbIYMC/AETCS BhIpa-
JeHHe CO BCeMHU ero obouHbMHU 3¢ b eKTaMu, pe3yibTaT cpaBHIUBaeTcs ¢ 0.
B cnyyae necoBnazenus c 0 BoIMONHAETCS NepBast NOAUHCTPYKLHUA. B cyyae
coBnanenus ¢ 0 711 BTOPOro Tuna if BbINOIHsETCS BTOPast HOXUHCTPYKLIUS.
CBssi3aHHAs CO CJIOBOM else HEOIHO3HAYHOCTb Pa3pellaercsi TeM, YTO CJIOBO
else COOTHOCAT ¢ NoceHe ellle He MeroLuel else 1f-HHCTPYKIMeH, pacio-
JIOKEHHOM B OHOM € 3TUM else 6J10Ke ¥ Ha OHOM yPOBHE BIIOXKEHHOCTH 6J10-
KOB.

UHcTpykuus switch BhI3bIBaeT liepeaady ynpasJieHus Ha OHY U3 HECKOJIb-
KHMX MHCTPYKLUI B 3aBUCHMOCTH OT 3HAYEeHHS BbIPAKEHHUS, KOTOPOE LOJIKHO
UMETD [eJOYUCIEHHBIH THIL.

YupasisieMasi ¢ MOMOIIBIO Switch MOAMHCTPYKUMA OOBIYHO COCTABHAS.
Jlro6as MHCTPYKLUMSL BHYTPU STOH MOAMHCTPYKLUHY MOXeT ObITh IOMedeHa
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O/THOH HJIH HECKOJIbKUMHU case-MeTKaMu (A9.1). Ynpasisioniee BbIpakeHne
HoxBepraercs LeJo4rCcIeHHOMY IoBblieHHI0 (A6.1), a case-KOHCTAHTBI IpH-
BOJATCA K MOBbILIEHHOMY THNY. [Tocse Takoro npeo6pasoBaHisi HAKAKUE 1B
CaSe-KOHCTAHTH! B ONHOM MHCTPYKLMH SWitch He JOJKHBI UMEeTh OZMHAKOBBIX
sHayennit. Co switch-MHCTpYKUMEHR MOXeT ObITh CBsI3aHO He Gosee onHOM
default-merku. KoHcTpykiuu switch nonyckaercs BKJIanbsIBaTh APYT B ADY-
ra; case 1 default-MeTKH OTHOCATCS K CaMOil BHyTpeHHeH switch-HHCTPyK-
LMY U3 TeX, KOTOPble UX COlepkKaT.

VIHCTpyKUHMS switch BBIMOJHAETCS clefyomuM obpa3oM. Beiuncasercs
BHIpaXKEeHUE CO BCeMHU 1000YHBIMU 3 heKTaMH, U Pe3yJIbTaT CpaBHUBAETCA
C KaX/JI0U case-koHcTaHTOH. Eciin ogHa U3 case-KOHCTaHT paBHa 3HAYEHUIO
BBIPQXKEHUS, YIIPaBlIeHNe [1epeXofUT Ha MHCTPYKLMIO C COOTBETCTBYIONIEH
case-meTkoit. Eciy HU ¢ ogHOM 13 case-KOHCTaHT HeT COBNafeHus, ypas-
JieHUe TepenaeTcsl Ha MHCTPYKUUIO ¢ default-MeTKOH, eciu Takasi UMeeTcs,
B TPOTUBHOM CJiy4Yae HY OJHa U3 TIOAUHCTPYKIMH switch He BBIONHAETCS.

B nepBoii Bepcun sA3b1Ka TPe6OBAIOCH, YTOOBI BLIpaX eHUE U CaSe-KOHCTaHThI
B switch 6buIn THMa int.

A 9.5. Uuknnyeckune NHCTpyKUMU
[Tuknyeckye UHCTPYKUUH CIIETU(DUITUDPYIOT IUKJIBL.

UUKAUMECKAA-UHCTIPYKUUA:
while ( ewipaxcenue ) uncmpyxuus
do uncmpyxyuswhile ( evipadxcenue )

for ( evipaxcenue,, . . 6vipaxcenue,,

5 . Bvipadcenue, . ) UHCPYKYUs

B uHCTpykuMsx while ¥ do BHINOJIHEHUE NOAUHCTPYKUMI ITOBTOPSETCA
0 TEX MO, I0Ka 3HaYeHHe BbIpAXKeHusI He CTaHeT HysieM. BeipaxkeHue nomx-
HO UMeTh apu(MeTHYECKHH TUIT WK Tyl yKasaTtess. B while BblYUCIeHUe Bbl-
pakeHus co BCeMH TOG0UHBIMY 3 deKTaMu ¥ IIPOBEPKA OCYIIECTBIISIOTCS Tie-
PE KQK/IBIM BBITIOJHEHNEM HHCTPYKLKY, a B do — HOCJIe.

B unctpykuuu for nepsoe BeIpaxkeHue BBIYUCIAETCS OXHH Pa3, TeM CaMbIM
OCylIeCTBIseTCA MHULKanU3anus nukia. Ha Tvn sToro BeIpaxkeHHs HUKaKHe
OrpaHUYeHHUA He HaKJIaJbIBAlOTCs. BTopoe BrlpaxkeHHe 1OJKHO HMETb apHd-
MeTHYeCKUH T UK TUII yKa3aTeJs; OHO BHIYMCIISIETCS Tiepel KaKI0H uTe-
pauueit. Kak TosbpKO ero sHayeHue cTaHOBUTCA paBHbIM 0, for mpekpalaer
cBoto paboty. Tperbe BbIpaxxeHHe BBIYMCISETCS OCTe KK I0H UTepalluy H,
CJIeJOBAaTENIbHO, BHINOJHIET NOBTOPHYIO HHHLMANM3aLuio Hukiaa. Hukakux
orpaHu4eHul Ha ero Tu HeT. [To6ouHble apdeKTh! Bcex Tpex BbIpaKeHUH 3a-
KaHYMBAIOTCA 10 3aBeplIeHUH UX BelurcaeHuil. Ecin noguHCTpyK1UKs He co-
NepxuT B cebe continue, To

for ( evipaxcenuel ; svipaixcenue? ; evipaxcenue3 ) uUHCMPYKUuUs
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9KBUBAJIEHTHO KOHCTPYKLHUH

svipascenue ;
while ( evipaxcenue ) {
UHCTPYKUUS
svipaxcenue3

13

Jlio60e U3 Tpex BbIpaskeHnH LnKIa MOXKeT ObITh onyuieHo. CynTaercs, 4To

OTCYTCTBUE BTOPOIO BbIPa)KEH!S PABHOCHUJIbHO CPABHEHHUIO C HYJIEM HeHyJIe-
BOM KOHCTaHTHI.

A 9.6. UHCTpYKUMM Nnepexoaa
WHCTpYyKLMY TePexo/ia OCYLIECTBISIIOT OE3y CIOBHYIO liepeiady YIPaBIeHHU.

UHCMPYKUUS-nepexooa:
goto udenmugpuxamop ;
continue ;
break ;
return evipascernue

neof. '

B goto-unCcTpyKUMHU UAeHTUDHKATOD A0KeH ObITh MeTKO#H (A9.1), pacrio-
JIOXEHHOI B TeKyLIei hyHKIUH. Y IpaB/ieHye nepefaercs Ha TOMe4eHHY0 HH-
CTPYKLHIO.

MucTpykiuio continue MOXHO pacnosarath TOJbKO BHyTpY Lukiaa. OHa
BBI3bIBaET [lePeXo/l K CllefyIollell UTepallui CaMoro BHYTPEHHETo colepsKa-
wtero ee uukia. [oBops GoJiee TOYHO, A KAXKION M3 KOHCTPYKIMI

while (...) { do { for (0..) {
contin: ; contin: ; con't.i.n: ;
) } while (...); }

UHCTPYKLMs continue, eC/iv OHA He TIOMelLeHa B ellle 0oJiee BHYTPEHHUH LKL,
JIeJIaeT TO JKe caMoe, 4To U goto contin.

WHcTpykius break BcTpeyaeTcs B IUKJINYECKOHN HIIH B switch-MHCTpYKIUY,
M TOJIbKO B HUX. OHa 3aBeplIaeT paboTy caMoil BHYTPeHHeH LIUKJIMIeCcKO 1T
switch-MHCTPYKILHH, cofepxallell JaHHYI0O HHCTPYKIIMIO break, noce yero
yIpaBJieHHe [1ePeXOJUT K Clleyoleil HHCTDYKLUH.

C nomoutsro return GpyHKIUMA BO3BpalLlaeT yIpap/ieHUe B IPOrpaMMy, OT-
Kyza 6buta BhI3BaHa. Ecau 3a return cienyer BbIpaeHME, TO €ro 3HAYeHHe
BO3BpallaeTcs BbI3Baslileil 3Ty GyHKIHIO NpOrpaMMe. 3HaueHUe BblPaXKEHH s
IIPUBOAXTCS K TUIY TaK, KaK ecJii Obl OHO IPHUCBANBATOCh TepEMEHHOH, HMe-
IoIleH TOT Ke THI, 4YTO U GYHKIUA.
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Curyauus, Korza “nyTb” BbIMHC/AEHHI MPUBOAUT B KOHel GyHKIUK (T. €.
Ha [MOC/IEHIOI0 3aKPHIBAIOLLYIO GUTYPHYIO CKOOKY), PABHOCUIIbHA BbIMOJIHE-
HUIO return-uHCTPYKUUHK 6e3 BbipakeHust. [1pu aToM, a Takxke B Cilydae SBHO-
ro 3azanus return Ge3 BHIPAKEHHs BO3BpALIaeMOe 3Ha4€HNE He OTPeIesIeHO.

A 10. BHewHUe 0b6bsaBNEeHNA

To, uTo moarorosseHo B kadecTBe BBOAA 1151 CH-KOMIIUIISITOPa, HA3bIBAET-
cs1 equHuLed TpaHcaauun. OHa COCTOUT U3 I10CJIe10BATENIbHOCTH BHEIIHUX
00O'BSIBIIEHHH, KAXKJ0€ U3 KOTOPBIX NIPEACTaBIsieT co60i b0 06bsiBIeHNE, TG0
onpezneneHye QyHKIUH.

COUHUUA - MPAHCTAUUY:
snewnee-obvs6neHUe
e0uUHUUa-MPaHCIAUUY BHewHee-00bs6NeHUe
sHewnee-obvA6IEHUE:
onpedenenue-Qynxuuu
obvssnenue

Ob6sacTb BUZMMOCTH BHEUIHUX 0ObsBJIEHUI TPOCTUPAETCS 10 KOHLA €U~
HUIIbl TPAHCJSILUY, B KOTOPOU OHU OODBsIBJIEHBI, TOYHO TaK e, KaK 06J1acTh
BUAUMOCTH 00BbsIBIEHHH B OJI0KE PACHPOCTPAHAETCS O KOHIA 9TOro 6JI0Ka.
CHHTaKCHC BHEUIHEr0 OODbsBIEHUS He OTJIMYAeTCs OT CHHTAKcHca J060oro
Ipyroro oObsIBJIEHUs 32 OMHUM UCKJIIOYeHHEM: KO GYHKLUM MOXHO Onpe/e-
JISITh TOJIBKO C IOMOILBIO BHELIHETO OObsABIECHHUS.

A 10.1. OnpeneneHve PyHKUUN
Onpenenenyue GyHKINYA UMeeT cieyIOLINI BUA:

onpedenenue-pynKuuu:
cneyuguxamopui-o6osenenus, , , 06sa8umens cnucox-oboasnenul,
COCMABHAA-UNCTPYKUUSL

00.

U3 cnienpukaTopos Kaacca MaMATH B CrielinUKaTopax-o0bsBIeHUsIX BO3-
MOXHBI TOJIBKO extern u static; pasnuuus Mex Iy NOCAeIHUMH pacCMaTpu-
Barorcs B A11.2.

TunoM BosspalaemMoro GyHkiuel 3HaYeHUs MOXeT ObITb apubMeTH-
YeCKUi T, CTPYKTYpa, 0ObeuHeH e, YKa3aTesb U void, Ho He “GyHKIus” U
He “MaccuB”. Ob6bsiBuTeNb B 00BIBIEHNH (DYHKIMH HO/DKEH ABHO YKa3blBaTh
Ha TO, YTO OIHMCHIBAEMBIN UM HIEHTU(HHUKATOP UMeeT THI “PyHKUUA”, T. €. OH
IOJI’KEH UMETb OJHY U3 CeAyoIuX 1B8yx GopM (A8.6.3):

cobcmeeno-o06ps6umens ( CRULCOK-MUNOB-NAPAMEMPOS )
cobcmesenno-obvasumens ( cnucok-udenmuguxamopos,, . )
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rzie COBCTBEHHO-0OBSIBUTEND €CTh HAEHTUGHUKATOP MU HAEHTH(DUKATOD, 3a-
KJIIOUEHHbIHM B CKOOKH. 3aMeTHM, 4TO THI “GYHKINA" TOCPEACTBOM typedef
HOJIyYUTh HeJIb3s.

ITepBast popMa COOTBETCTBYET ONpeeIeHHIO (DYHKIMY HOBBIM CIIOCOOOM, ISt
KOTOPOTO XapaKTEPHO 0ODbSIBJIEHHE [1aPAMETPOB B CIIMCKE-TUIIOB-NTAPaMeTPOB
BMECTE C X TUNaMH; 32 00bsIBUTEIIEM He JOJKHO ObITh CMUCKA-00bABIEHHUH.
Ecnut ciucok-THoB-TIapaMeTpoB He COCTOUT U3 OZHOI0-e IMHCTBEHHOTO CJI0BA
v01d, TOKa3bIBAOIIETO, YTO TapaMeTPOB Y (PYHKLIUY HET, TO B KAKAOM 0ODbABU-
Tesie B CHHUCKe-THIOB-MIaPaMeTPOB 00s13aH MPHUCYTCTBOBATb UAEHTUPUKATOP.
Ecnu cnincok-THnoB-napamMeTpoB 3aKaHYHUBAETCS 3HAKaMU “, ... ”, TO BHI30B
(bYHKINY MOXET UMETb apryMeHTOB HoJIblile, YeM [IAPAMETPOB; B TAKOM CJIy-
4ae, 4ToObI 0OPAILATHCA K TOMOJHUTENbHBIM apTyYMEHTaM, CIEAYeT MOb30-
BaTbCsA MEeXaHU3MOM MaKpoca va_arg U3 3aroJoBOYHOIO (baf/'ma <stdarg.h>,
onucaHHoro B npuoxennn B. OyHk1MY ¢ nepeMeHHBIM YHCIOM apryMeHTOB
IOJKHBI IMeTb 110 KpaliHel Mepe OMH UMEHOBaHHBIH TapaMeTp.

Bropas dbopMa — onpenenenyie GyHKIMH CTapbiM ciocoboM. CIIHCOK-naeH-
TU(hHUKATOPOB CONEPKUT UMEHA [TAPAMETPOB, a CIIUCOK-00bsBIEHUA NPUTIH-
CbIBaeT UM THIIbI. B criucke-o0bsiBiieHUH paspelieHo 06bsIBIISTD TOJIbKO UMe-
HOBaHHbIE TAPAaMETPbl, HHUITHATU3aL15] 3alipeliaeTcs, ¥ U3 CreluduKaTopos
KJIacca aMsATH BO3MOXeH TOJbKO register.

W 8 TOM 1 gpyrom criocobe onpesneneHus GYHKINN MBICIUTCS, YTO BCE Na-
paMeTpsl Kak 6b1 00bsIBJIEHbBI B CAMOM HayaJle COCTABHOM MHCTPYKLMH, 06pa-
3yioleit Teso GYHKIMY, U COBIAJAOLIME C HUMU UMEHA 311eCh 00bSIBIISTHCS
He JIOJDKHBI (XOTS, KaK U JI06ble IeHTU(HUKATOPDI, KX MOKHO 1epeoObsIBUTD
B Gostee BHyTpeHHUX 6O0kax). O6bsiBreHre napaMerpa “Maccus u3 muna”
MOYHO TPAKTOBATb KaK “yKasaTesb Ha mun”; aHAJIOTMYHO 00bSIBJIEHHUIO [1Apa-
MeTpa 06bsABIeHHE “DYHKINA, BO3BpALIAoNIas mun” MOKHO TPAKTOBATh KaK
“ykasaresib Ha PyHKIMIO, Bo3Bpaliallyo mun”’. B MoMeHT Bbi30Ba QyHKIUH
€€ apryMeHTBI COOTBETCTBYIOIIMM 00pPa3oM NpeoOpasyroTcst ¥ IPHCBAUBAIOT-
csi napamerpam (cMm. A7.3.2).

Hosriit ciocob onpenenenns dpyukumii BBegen ANSI-crangaprom. EcTb Tak-
e HeboIbIIe 3MEHEHHUs B Ollepalluyl NOBLIILIEHHUS TUIa; B TepBOH Bepcuu
sI3bIKa MapaMeTpsl THNa float ciegoBano yurarh kak double. Pasnuyue mMexay
float M double CTaHOBMJIOCH 3aMETHBIM, JIMIIb KOTAA BHYTPU (PyHKIIMYU reHepu-
poBaJICs yKa3areJsb Ha lapaMeTp.

Huske npusezieH npuMep onpeaeieHus GyHKIUNA HOBBIM CTIOCOOOM:

int max(int a, int b, int c¢)
{

int m;

m=(a>b)?a:b;
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return (m>c¢c) ? m: c;

}

3mech int — cnenudukaTopbi-o6bABNAeHUA; max(int a, int b, int ¢) — 06Db-
sBuTesIb GYHKUMK, a { ... } — 610K, 3aarouuii ee kon. OnpenesieHne CTapbiM
criocoboM Toi ke PYHKUUY BBITTSAIUT CIENYIOUIM 06pa3oM:

int max(a, b, ¢)
int a, b, c;
{
Jx ... %/
}
raemax(a, b, ¢) —oObsaBUTEND, 210t a, b, ¢ — CHUCOK-00DBABIAEHUH 1715 rnapa-
METPOB.

A 10.2. BHewHune 06baBnieHns
BHelnue 00 bsiBIeHUS CrielUULHMPYIOT XapPaKTEPUCTUKK 0OBEKTOB, PyHK-

LU U ApYrux uieHTUUKaTopoB. TepMuH “BHemHUIN” 31eCh HCHOIb3yeTCs,
4TOOBI IOAYEPKHYTh TOT AKT, YTO 0OBSIBJIEHNS PACIIOIOKEHDI BHE PYHKUMIL;
BIIPSIMYIO C KJIIOUEBBIM CJIOBOM extern (“BHelIHuil”) oH He cBsi3aH. Knacc na-
MSITH 17151 06bEKTa ¢ BHEUIHMM 00bsiBJIeHUEM OO BOOOIIE HE YKa3bIBAETCS,
60 crienudUIMpyeTCsa Kak extern wiu static.

B onHo# equnuIle TPAHCHALMY LIS OXHOTO UIEHTH(MUKATOPA MOXKET CO-
IepXKaThCsl HECKOJIBKO BHELIHUX OODbSIBJIEHUIM, ECTA OHU COTIACYIOTCS APYT
C IPYTOM IO THITY ¥ CIIOCODY CBA3H ¥ eCIH /151 3TOT0 HAEHTU(UKATOPA CyLIe-
CTBYeT He 6oJiee OZHOTO ONpe/ie/IeHUs.

J1Ba 00bsiBIeHUst 06beKTa WK QYHKUUK CYUTAIOTCSA COTJIACOBAHHBIMU
10 THITY B COOTBETCTBHH C ITpaBUIaMy, paccMoTpeHHbIMU B A8.10. Kpome Toro,
ecyi 00bsIB/IEHNA OTINYAIOTCS JIMLIb TEM, YTO B O(HOM U3 HUX THI CTPYKTY-
pBl, 00beIMHEHNS UK NlepeyrcieHus HedaBeplueH (A8.3), a B apyrom coor-
BETCTBYIOIIMI eMy THII C TEM K€ TErOM 3aBEPIUEH, TO TAKHME THITbI CYUTAIOTCS
cornacoBaHubIMU. Eciu nBa Tuna maccusa (8.6.2) oTIHYAIOTCS JIMIUD TeM,
4TO OAVH 3aBepIIEHHBIH, a NPYroil He3aBeplUeHHbIH, TO TaKHe THIIBI TAKXKe
cydTaTCs cornacoBaHHeIMU. HakoHel, ecin oguH Tun cnenuduuupyet
(bYHKLUIO CTapbIM CIIOCOO0M, @ APYro — TY ke QYHKIUIO HOBBIM CIIOCOO0M
(c 06bABNEHUAMY IAPAMETPOE ), TO TAKUE THITbI TAKIKE CYUTAIOTCS COIJIACO-
BaHHBIMH.

Ecnu nepsoe BHelHee 00bsABneHNe GYHKLMN UK 06BEKTA TOMEYEHO Clie-
urdukaTopoM static, To 06bABIEHHBIH UIEHTH(DUKATOD UMEET BHYMPEHHIOH
€630 ; B TIPOTUBHOM CJIy4ae — 6HewH010 ¢8:3b. CriocoOsl cBsa3eit 06Cy K IaI0T-
caiBAl11.2.

Breuinee 06bsiBrieHre 06bEKTa CYUTAETCS ONpeeieHHeM, eClid OHO UMeeT
MHUIMaTM3aTop. BHelHee 06bsBIeH e, B KOTOPOM HET MHULIMA/IM3aTOPA U HET
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crieundKaTopa extern, CUNTAeTCs npobubii onpederenuem. Ecniu B equHmie
TPAHCJIALMH MOSBHTCA ONpPeneeine 00beKTa, TO RCe ero PoOHLIC ONpeieieHus
[POCTO CTaHyT U3OBLITOUHBIMH OObABIEHHUAMIL [ECIH HUKAKOTO OTIpeaeneHHs
[J1 3TOro 00bEKTa B AMHUIIE TPAHCIAIMN He 0OHaPYKHTCA, TO BCE €ro pob-
Hble onpefieneHus OYIyT TPAKTOBATLCS KaK OO ONpenelieHre ¢ HHUIKA-
suzaropoM ().

Kax b1t 06beKT A0KEH UMCTh POBHO OfHO onpeaenenuc. [{as o6bexTa
C BHyTpeHHell CBA3bI0 3TO [IPaBUJIO OTHOCUTCA K KaXXI0U OTAeIbHOH e/JUHuULe
TPaHCJIAIUH, TOCKOJIBKY OOBEKTBI C BHYTPEHHUMH CBA3SIMH B KX IOH eIUHU-
1le yHHUKaIbHBL. B ciiyyae 06beKTOB ¢ BHEIIHUMY CBA3SMHU YKa3aHHOE TIPaBU-
JIO IeACTBYET B OTHOLIEHUH BCeX IPOrPaMMBI B 1IeJIOM.

XoTs NpaBHJIO OXHOTO onpenenedns GOPMYTHPYeTCs HECKOILKO HHAYE, HEM
B MepBOii BEPCHH SI3bIKA, 10 CYIIECTBY OHO COBMazAaeT ¢ npexxHuM. Hekotopnie
peanusanuu ero ocaabnsoT, 6oJee LIMPOKO TPAKTYs IOHATHE MPOOHOTO Onpe-
nmenexus. B Apyrom BapuaHTe yKa3aHHOTO IIPaBUJjla, KOTOPbIH pacIpoCTpaHeH
B cucreMax UNIX u npusHan kak oO1ienpruHITOE pacliipeHre CTaHapTa, BCe
npobHble onpeneseHust 0ObEKTOB C BHENMHIMHU CBA3SIMM U3 BCEX TPaHCIUPY-
€MBbIX eIMHUII IPOrPAMMBbI PACCMATPHBAIOTCS BMECTE, 2 He OTAEeNBHO B KaX 01
enunune. Ecau rae-to B nporpaMMe 06Hapy XUBAeTCs OnpeneseHue, To npob-
HbI€ ONPEeNIEHUS CTAHOBATCSA TPOCTO O6BABIEHHUSIMHU, HO, €CJTH HUKaKOTO OMpe-
neJleHUst He BCTPETHIIOCH, TO BCe NPODOHbIE ONpe/esieHUs CTAHOBSITCS OLHUM-
€IMHCTBEHHBIM ONpeeeHUeM C HHUIMANU3aTopoM 0.

A 11. O6nacTb BUAUMOCTU U CBA3UN

Kaskapiii pa3 KOMIMIMPOBATH BCIO IPOrPaMMY LIEJIMKOM HET HeoOX0auMO-
cti. VicXonHbId TEKCT MOKHO XPAaHUTb B HECKOJIBKUX (haiiiax, mpeacTaBIs-
10IKX cOO0H eMMHUIBI TPaHCASA Y. PaHee CKOMIIMINPOBaHHBIE TPOrPAMMbI
MOTYT 3arpyarbcsi U3 6ubarorek. Casidn Mexny GyHKUHAMY HPOrPamMMbl
MOTYT OCYIIECTBJISTHCS Yepe3 BbI30BbI ¥ BHEIIHNE IAHHBIE.

CrenoBatenbHO, CyLIECTBYIOT ABa BUa 001aCTel BULMMOCTH: 1epBasi — 3TO
nexcuueckas obracmo uaeHTUGUKATOPA: T. €. 0OMACTh B TEKCTE IPOrPaMMB,
IZle UMEIOT CMBICJI BCE €r0 XapaKTePUCTUKY; BTOpast 061acTh — 3T0 0071aCTh,
accouuupyemas ¢ 06beKTaMy ¥ (DyHKLUUSIMH, UMEIOLIUMU BHELIHHE CBSI3H,
yCTaHaBIMBaeMble MEXAY UAEHTU(DUKATOPAMU U3 Pa3/eNbHO KOMIIINpYe-
MBIX eIMHUL] TPAHCIIALHH.

A 11.1. Jlekcuyeckaa obnactb BUAUNMOCTU

Kasxaprit naeHTUPUKATOP MONAAAET B OAHO U3 HECKOJIBKHX IIPOCTPAHCTB
¥MeH. JTH IPOCTPAHCTBA HUKAK HE CBA3aHbl APYT ¢ ApyroM. OAMH U TOT Xe
UneHTU(UKATOP MOXKET UCTIOIb30BATHCA B PA3HBIX CMBICJIAX IAXKC B OHOM 00-
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JIACTH BUAMMOCTH, €CJIH OH TPHHAUIEKIIT PA3HbIM IpocTpaticTBaM mmernl. Hike
yepes TOYKY € 3aTOH TepedncIeHbl KJIacChl 00HCKTOB, IMCHA KOTODPBIX P -
CTaBISIOT COOOMH OTAENbHbIE HE3ABUCHMDIE TPOCTPAHCTBA: OOBEKTDI, PYIIKIIHMH,
typedef-umena 1 enum-KONCTaHTDBI; METKH HHCTPYKIMIA; TETU CTPYKTYP, 00b-
e[MHEeHWH U MepevrcIeHHH; 31eMeHThbl KaXA0H OTAeNbHON CTPYKTYpPbl WK
obbenuHeHHS.

CcpopMynHpOBaHHbIC IPABIIA HECKO/IBKO OTIHMAITCA OT PCXKHILX, ONIICAHHBIX
B [IEPBOM M3JaHUH. METKH HHCTPYKITHI He HMCJTH paHblile COBCTBCHIOro mpo-
CTPAHCTBA; TeTH CTPYKTYp ¥ Ter o6beiuHeniii (a B HEKOTOPBIX PeanH3alusix
¥ Teru mepeuucleHuit) HMeNH OTAeNbHbie TPoCTpalcTBa. PasMelenne Teros
CTPYKTYD, O6beIiHeH i1 1 TIepedrCIe Uil B OXHOM 06lIeM MPOCTPaHCTBE — ITO
JOMOHUTE/ILHOE OTpaHIYeHHe, KOTOPOro paHbiie He 6b110. Hanbonee cyme-
CTBEHHOE OTKJIOHEHHE OT ePBOii peAAKLMH B TOM, UTO KaXIAS OTAeNbHAA CTPYK-
Typa (unu o6bemHHeHIe) CO3aeT CBOe COOCTBEHIOE TPOCTPAHCTBO UMEH ISt
cBOHX 37eMeHTOB. TakuM 06pa3oM, OHO ¥ TO Xe UMst MOXeT HCIIOIb30BaThCS
B HECKOJIbKHX Pa3/TMYHBIX CTPYKTYpax. ITO PaBHIIO IIUPOKO IPUMEHSETCS YKe
HECKOJIBKO JI€T. ’

Jlekcuueckast 061acTh BUAMMOCTH HIeHTHHKaTOpa o6bekTa (uiu QyHK-
1un), 06bABIEHHOTO BO BHEIHEM 00bABIEHUH, HAUMHAETCS C MECTa, [IIe 3a-
KaH4YMBAETCs ero 0ODbsBUTEND, U [IPOCTUPAETCS IO KOHIA eANHUI[BI TPAHCIIA-
LMY, B KOTOPOii OH 00bsiBjieH. O61acTh BUAMMOCTHU l1apaMeTpa B OlpezeJie-
HUY QYHKUMH HAYMHAETCs ¢ Hayata O10Ka, peACTaBsAomero coboi Teno
(byHKUUM, ¥ PACIPOCTPAHAETCS Ha BCIO (DYHKIIMIO; 06J1aCTh BUAMMOCTH Mapa-
MeTpa B ONucaHuu GyHKUNK 3aKaHYUBAETCS B KOHILE 3TOro onucanus. O6-
JIaCTh BUAMMOCTH HAEHTH(HUKATOPA, 00BSIBJIEHHOTO B Havasle 0J10Ka, HAYUHA-
eTCs1 OT MECTa, I/le 3aKaHYUBAETCSI ero 00bsIBUTEb, ¥ TTPOOJIKAETCS O KOHLA
aToro 6yoka. O6acThi0 BULMMOCTH METKHU SBJISETCA BCA QYHKLMSA, TIe 3Ta
MmeTKa BcTpeyaercst. O6J1acTh BUAMMOCTH Tera CTPYKTYPbl, 00beIUHEHUS WK
riepeqrcieHHs HAUMHAETCsI OT €0 NMOsIBJIEHHS B cliellnHKaTOPe THIIA ¥ TTPO-
JOJIKAETCS 0 KOHLIA eI MHULIBI TPAHCIISIUH 1151 00bsIBJIEHNS BHELIHETO YPOB-
Hsl ¥ 110 KOHIA 6510Ka 17151 00bsIBJIEHUS BHYTPU (DYHKIIMH.

Ecnu uneHtudukarop aBHO 06bsABJIEH B Hadasle 6J0Ka (B TOM YucJie Tea
byHKUMH), TO JH060e 00BSIBIEHNE TOTO Xe HAeHTUDHUKATOPA, HAXoAsLIeecs
CHapyH 3TOro 0JI0Ka, BpPEMEHHO TepecTaeT AeiCTBOBATh BILUIOTh 10 KOHIIA
6i10Ka.

A 11.2. Ceasu

Ecnu BcTpevaercs HECKONBKO 06bsIBIEHHH, HMEIOUIMX OAMHAKOBBIH HAEH-
TU(UKATOP ¥ ONUCHIBAOMIUX 00BEKT (WK PYHKUHIO), TO BCE 3TH 0ObsBIIE-
HHS B ClIyyae BHEIIHEH CBS3H OTHOCSATCS K O/MHOMY 00bekTy (PyHKUMH) —
YHUKaJIbHOMY [1J151 BCEl POrpaMMbl; CJIH e CBsA3b BHYTPEHH:A, TO CBOMCTBO
YHUKJIbHOCTH PacIPOCTPAHAETCS TOIbKO Ha eITHULY TPAHCISIUH.
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Kak rosopusioch B A10.2, ecnu nepBoe BHelHee 00bsIBIEHIE MEET Clie-
uudukarTop static, To OHO ONUCLIBae€T UAEHTUPHUKATOP C BHYTPEHHEH CBs-
3bI0, €CJIM TAKOT'O crietudUKaTOpa HeT, TO — € BHellHel cBa3bi0. Ecn 06bsiB-
JIeHHe HaXOAWUTCs BHYTPH OJ0Ka 1 He COLEPKUT extern, TO COOTBETCTBYIO-
Uit uaeHTUGhUKATOP HE C YeM He CBSA3aH U YHUKAIEH 114 TaHHOU QyHKIUH.
Ec/u o6bsiB/IeHrE COAEPKHT extern 1 60K HaXOAUTCS B 0OIACTH BUAUMOC-
TY BHELIHEro 00bsIBJIEHUs] 9TOT0 HAEHTH(HHUKATODA, TO OCTeHUI HMeeT Ty
e CBSA3b ¥ OTHOCUTCS K TOMy e 00bexTy (pynkunn). OnHako eciu HU OX-
HOTO BHELIHEro 00bsBJIEHNs JUIs 3TOT0 HAEHTH(UKATOPA HET, TO OH UMeeT
BHEIIHIOIO CBA3b. -

A 12. NpenpoueccuposaHue

[Ipenpolieccop BbIMOIHsIET MAKPOIOACTAHOBKY, YCIOBHYIO KOMITUIALMIO,
BKJIFOYEHHe UMeHOBaHHBIX (paitnioB. CTpokH, HauMHaOLIKeCs Co 3Haka # (Tie-
pel KOTOPbIM BO3MOKHbI CUMBOJIbI-Pa3/eJIUTeNH ), YCTAHABINUBAIOT CBS3b
c npernpolieccopoM. VX cHHTaKcHC He 3aBUCHT OT OCTaIbHOM YaCTH SI3bIKA; OHU
MOTYT OABJISITBCS [l€ YTOIHO ¥ OKa3bIBaTh BIUsIHUeE (HE3aBUCHMO OT 0bJ1ac-
TH BUZUMOCTH ) BILJIOTH 0 KOHI[A TPAHCAUPyeMOH enrHULbL. [panuus crpok
IPUHUMAIOTCS BO BHUMaHMe; KaX/iasd CTPOKa aHAJIU3UPYeTCs OTAENbHO (01~
HAKO eCTb BO3MOYKHOCTb “CKJIenBaTh’ cTpOKH, cM. A12.2). Jlexcemamu miisa
[IPENpOolleccopa SABJISIOTCS BCe JIEKCEMBI A3bIKa U N0C/IeJ0BAaTeIbHOCTH CHM-
BOJIOB, 3ajaiouiue uMeHa aiinos, Kak, HanpuMep, B AUpPeKTUBe #include
(A12.4). Kpome Toro, 11060ii CUMBOJI, He OTIpeieIeHHbI KaKUM-JT00 APYTUM
crioco6oM, BOCTIPUHUMAETCS KaK JiekceMa. BIusiHie CUMBOJIOB-pasesuTered,
OTJIMYAIOIIMXCS OT NPOGEJIOB U FTOPU3OHTAIBHBIX Taby IS, BHYTPU CTPOK
IpernpoLeccopa He onpezeseHo.

CaMo npenpoliecCUpoBaHue MPOUCTEKAET B HECKOIBKUX JIOTUYECKH Tocie-
noBaTebHbIX (hasax. B oTHenbHBIX peanu3anusx HekoTopble ¢asbl 00benu-
HEeHBbI.

1. TpexaHakoBbIe OCTIE[OBATENLHOCTH, onricaHHble B A12.1, 3aMeHsIOTCA HX
SKBHUBAJIEHTaMU. M ey CTPOKaMH BCTABJISIOTCS CHMBOJIBI HOBOH CTPOKH,
ecu Toro TpebyeT onepalMoHHas CUCTEMA.

2. BribpachiBatoTCsA Napbl CAMBOJIOB, COCTOSILIME U3 0OPAaTHON HAKJIOHHOH yep-
TbI C [TOCJIEAYFOIIMM CMBOJIOM HOBOH CTPOKH; TEM CaMbIM OCYLIECTBJIAETCS
“ckyenBanue” cTpok (A12.2).

3. IIporpaMma pasbuBaeTCs Ha JIEKCEMBI, pa3/ieJIeHHble CHMBOJIAMH-Da3ieH-
tenamu. KoMMeHTapuy 3aMeHSI0TCA eUHIYHBIMY TpoOesIaMu. 3aTeM Bbl-

MOJIHAIOTCS AUPEKTUBDI MpernpoLeccopa u MakponoacraHoBku (A12.3-
A12.10).
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4. DcKeln-Nnocnef0BaTeTbHOCTH B CHMBOJIBHBIX KOHCTAHTaX U CTPOKOBbIX JIH-
tepanax (A2.5.2, A2.6) 3aMeHSIIOTCA HA CUMBOJIbI, KOTOPblE OHU 0603Haya-
10T. CocelH1E CTPOKOBbIE JIUTEPAJIbl KOHKATEHUPYIOTCS.

5. Peaysibrar TpaHcaupyeTcst. 3aTeM yCTaHABIMBAIOTCS CBA3H C APYTUMM MTPO-
rpaMMamu 1 6uGInoTeKaMu ocpeacTBoM c60pa HEOOXOMUMBIX TPOrpaMM
¥ [IaHHBIX U COEIUHEHUS CCHLIOK Ha BHeUIHUE GYHKUUHU B OOBEKTHI C UX
OTpese/IeHUAMH.

A 12.1. TpexsHakoBble NocnenoBaTebHOCTU

MHOecTBO CHMBOJIOB, U3 KOTOPbIX Habupaiotcs ucxonHbie Cu-nporpam-
Mbl, 0OcHOBaHO Ha cemubuToBoM ASCII-koze. OnHaKO OH IIKpPe, YeM UHBAPH-
aHTHBI Koz cuMBoJIoB ISO 646—1983 (ISO 646-1983 Invariant Code Set).
YT0068! 1aTh BOBMOKHOCTb [I0JIb30BATHCSI COKPAIIEHHBIM HAGOPOM CHMBOJIOB,
BCE YKa3aHHble HUXE TPEX3HAKOBblE OC/IELOBATEIbHOCTY 3aMEHAIOTCS Ha
COOTBETCTBYIOLIME UM eUHUYHEE CUMBOJIbl. 3aMeHA OCYLIECTBISETCS [0
060 HHOM 06paboTKH.

7= ¢ 72( [ 72¢
22/ \ 7y [ 7>}
2720 A 21 ! 27-  ~

Hukaxkue Apyrue 3aMeHbl, KpOMe YKa3aHHbIX, HE 1eJIal0TCA.

Tpex3HnakoBble nocnefoBaTesbHOCTH BBefieHbl ANSI-cTranzaprom.

A 12.2. CkneunBaHue CTpokK
Crpoka, 3aKkaHYMBAIOLIAsICSA 06PATHOM HAKJIOHHOM YEPTOH, COEMUHSETCS CO

clleyIollel, TOCKOJIbKY CUMBOJI \ U CIeAYIOLMH 32 HUM CIMBOJI HOBOH CTPO-
K¥ BbIOpachIBaloTCs. IO fenaercs nepen “pasbreHneM” TEKCTa Ha JIEKCEMBI.

A 12.3. MakpoonpegaeneHue n makpopaclumpeHue
Yrnpasisonas cTpoka BUA2

# define udenmuguxamop nocredosamensrocmo-iexcem

3aCTaBJIsIeT IPENpOLECCOP 3aMEHATh HIEHTH(UKATOP Ha TOCJIeA0BATENBHOCTD
JIEKCEM; CIMBOJIbI-Pa3/ie/InTe N B Hadasle ¥ B KOHIIE 10C/Ie0BAaTEIbHOCTH JIeK-
cem BriOpaceiBatotcs. [loBropHas cTpoka #define ¢ TeM ke uuenTudukaro-
POM CUMTAETCsl OMOKOM, eCIU MOCIEN0BATENBHOCTH JIEKCEM HEUAEHTUYHBI
(HecoBNaLeHYs B CUMBOJIaX-pase/IUTeNsX IPY CPaBHEHUH BO BHUMaHue He TIpH-
Humarorcs ). Crpoka Buaa

#t define udenmugpuxamop( cnucok-udenmuguxamopos )
nocedosamensHoCMb-eKcem

rae Mexnay IepBbiM nﬂeﬂmcbnxa'ropom U 3HAKOM ( He OJKHO ObITh HU OOHOTO
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CUMBOJIa-pa3feuTesid, NpeaCTaB/IgeT coboi MakpooImnpezneneHye c napaMeTpa-
MH, 3aJlaBa€MbIMH CITICKOM I/IﬂeHTI/IC])I/IKaTOpOB. Kakus TNEPBOM BapHaHTE, CUM-
BOJIbI-PA3AEJINTENN B Ha4YaJle ¥ B KOHIIE [T0CJI€40BaTE€/IbHOCTH JIEKCEM Bbl6pa'
CbIBAIOTCA, U MAKPOC MOXET OBITH TIOBTOPHO OIipelieJieH TOJbKO C TEM e CITUC-
KOM [1apaMeTpoB U C TOH ke MOCJIeA0BATENbHOCTBIO JIEKCEM. anaanmoma.ﬂ
CTpOKa B1Ja

# undef udenmugpuxamop

NpeAnuChIBaeT Npenpoleccopy “3abbiTh” onpejeneHue, JaHHOE UAEHTHDU-
katopy. [IpuMeHeHue #undef K HEM3BECTHOMY UIEHTU(DHUKATOPY OUIMOKON
He CYUTaeTCs.

Ecnu makpoonpenesienue 6b110 331aHO BTOPHIM CLIOCOOOM, TO TEKCTOBAs
TNI0CJIe[0BATEILHOCTD, COCTOSIIAS U3 ero HIeHTH(HHKATOPa, BO3SMOXKHO, CO CJle-
AYIOIUMY 32 HUM CUMBOJIAaMU-Da3fie/IUTesIMY, 3Haka (, CIIUCKa JIeKCeM, Pa3-
JIIeJIEHHBIX 3alATHIMY, U 3HaKa ), IPEACTaBJIseT COO0M BbI30B Makpoca. Apry-
MEHTaM# BBI30Ba MAaKpOCa SIBJISIOTCS JIEKCEMBI, Pa3/ie/ieHHble 3alAThIMHU (3a-
NATHIE, “3aKPbITHE” KaBbIYKaMU UM BJIOXKEHHBIMU CKOOKaMH, B pa3/ieIeHIN
apryMeHTOB He YYacTBYIOT). ApryMeHTHI [TPH UX BBIIEJIEeHUU MaKpopacIiupe-
HUSAM He NoaBepraioTcs. KosnyecTBo apryMeHTOB B BEI30Be MaKpoca JOKHO
COOTBETCTBOBATD KOJIMYECTBY apaMeTpoB Makpoornpenenenus. [locie Bbize-
JIeHWs apTyMEHTOB OKpPY XKalol[ie UX CUMBOJIbI-Pa3aeInTeNn BblOpachiBa-
10TCs. 3aTeM B 3aMellaiollel] 1OCIef0BaTeIbHOCTH JIEKCeM MaKpOCca UeH-
TU(DUKATOPHI-NTapaMeTPHl (eCIM OHU He 3aKaBBIYEHbB!) 3aMEHSAIOTCA Ha COOT-
BETCTByIOLIMe UM apryMeHThl. Eciiu B 3aMelarolieii nocjaef0BaTelbHOCTH
nepeli TapaMeTPOM He CTOUT 3HaK # U HU liePeJl HUM, HH T10CJIe HEro HeT 3HaKa
##, TO JleKCeMBI apryMeHTa IIPOBEPSIOTCS: He COAEPIKAT JIY OHH B cebe MaKpo-
BbI30Ba, U €CJIU COMIEPKAT, TO IPEXK/ie YeM apryMEHT OyZeT OACTaBJIeH, TIPO-
H3BOJMTCS COOTBETCTBYIOIIEE eEMY MaKpOPacUIMpeHHe.

Ha npouecc noacTaHOBKY BIUSIOT /iBa ClielianbHbIX oneparopa. [lepserii —
3TO omeparop #, KOTopel cTaBuTCA Tepen napamerpoM. OH Tpebyert, 4To6b!
TOJICTaBIsAEMbIA BMECTO TlapaMeTpa 1 3HaKa # (Iiepell HUM ) TEKCT ObLI 3aKJII0-
4eH B IBOMHbIe KaBBIYKH. [Ipy 3TOM B CTPOKOBBIX JTUTEPAIaX ¥ CUMBOJIbHBIX
KOHCTaHTaX apryMeHTa Nepe/ KakIou ABOMHOM KaBbIYKoH " (BKJIOYad 1 06-
paMJIAIOLIKE CTPOKH ), a TAK)Ke Tepej] KX A0H 00paTHOM HaKIOHHOM YepToH \
BCTaBseTCs \.

Bropoii onepatop 3anucsiBaercs Kak ##. Ecau nociexosaTenbHOCTD JieK-
ceM B J11000T0 BU/Ia MAaKpOOTIPeNeIeHHH COLEPIKUT OTIepaTop ##, To cpasy moc-
Jie TIOACTaHOBKY [IapaMeTPOB OH BMeCTe C OKPY’KaIOLIMMHU €r0 CUMBOJIAMU-
paszenuTensaMu BoiOpackiBaeTcs, 6arofaps 4eMy “CKJIeMBaIOTCA” COCeLHHE
JieKceMbl, 00pasysi TeM CaMbIM HOBYIO JieKceMy. Pe3yJibTaT He onpeziesieH pu
MOJTyYeHUH HENPABHUIIbHBIX JIEKCEM UJIN KOl TeHePUPYEMbIH TEKCT 3aBUCUT
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OT Nopsifika IpUMeHeH!s onepaTopos ##. KpoMe Toro, ## He MOXXET CTOSTb HU
B Hauyasle, HU B KOHIIe 3aMellaloLieli T0CTIeL0BaTENbHOCTH JIEKCEM.

B mMakpocax 0601x BUIOB 3aMeLIAI0Iast OCIEN0BATEIbHOCTD JIEKCEM T10-
BTODHO [IPOCMATPUBAETCs HA IpeAMeT 0OHApYKeHUs TaM HOBbIX define-UMeH.
OnHako, eciu HeKOTOPbIH UaeHTHUKATOD yKe ObLI 3aMeHeH B IaHHOM pac-
IIMPEHNH, TIOBTOPHOE TNOSIB/IEHNE TAKOTO MAEHTU(DUKATOPA HE BBI30BET €r0
3aMeHbl.

Ecnu nosy4eHHOe paciuvpesrie HAUNHAETCS CO 3HAKA #, OHO He OyeT BOC-
TIPUHSTO KaK JUPEKTHBA MPENPOLeccopa.

B ANSI-cranzapre nporiecc MakpopacuIHpeHus omucaH 6oJiee TOYHO, YeM B mep-
BOM M3gaHuu KHUrK. Hanbosee BaxkHble U3MEHEHUS KACAlOTCsl BBEJEHUS Olle-
PaTopOB # U #if, KOTOPbIE MPENOCTABISAIOT BO3MOXHOCTb OCYIECTBAThH PaCIly-
peHUsl BHYTPH CTPOK U KOHKaTeHalHMIo jiekceM. HekoTopble U3 HOBBIX MpaBHI,
0COBGEHHO KacaIOIHeCs: KOHKATEHALMH, MOTYT TOKA3aThCsl HECKOIBKO CTPAHHbI-
mu. (CM. npuBelieHHble HIKe IPUMEPBI.)

OnucanHble BO3MOXHOCTH MOYKHO HCTIOJIb30BATh Ui I0KAa3a CMBICTIOBOMN
CYIIHOCTH KOHCTAHT, KaK, HallpuMep, B

#tdefine TABSIZE 100
int table[TABSIZE];

Onpenenenue
#define ABSDIFF(a, b) ((a)>(b) ? (a)-(b) : (b)-(a))

3afiaeT MaKpOC, BO3BPALIAIOLIMH abCOMOTHOE 3HAaYeHHe Pa3HOCTH €ro apry-
MeHTOB. B oriinune ot QyHKIMY, nenaronieit To Xe caMoe, apryMeHTbI U BO3-
BpalllaeMoe 3HaY€eHHe 3/IeCb MOTYT UMETb JII000M apu(pMeTHYECKHI THII U IaXe
ObITh yKasaTeldsiMu. KpoMe Toro, apryMeHThbl, KaXKIblil 13 KOTOPbIX MOXeT
UMeTh NOOOYHBIH 3P dEKT, BHIUMCIAIOTCA ABaXKIbl: ONMH Pa3 — NP IPOBEPKE,
[PYroii pa3 — IPY BHIYUCIEHUY Pe3yJIbTaTa.

Ecnu umeercs onpenenenve

#define tempfile(dir) #dir " /%s”

TO MaKpoBbI30B tempfile(/usr/tmp) Aact B pe3yabTaTe
" Jusr/tmp” " /%s”

[laiee 3T IBE CTPOKH MIPEeBpaTATCA B ONHY cTpoky. [1o Makpocy
#define cat(x,y) x #tty

BbI3OB cat(var, 123) creHepupyert var123. Ongnako cat (cat (1,2),3) He nact
’KeJIaeMOr0, TaK KakK OIieparop ## BOCIPENATCTBYET OJy4eHUIO NPaBUIbHBIX
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apryMeHTOB JIJIs1 BHEIIHEro Bbi3oBa cat. B pesysbrare OyaeT BblgaHa ciemy-
101151 1{EN0YKA JIEKCEM:

cat (1, 2)3

rae )3 (pe3ynbTar “cKJIeHBaHUs” NOCIeHel IeKCeMbl TEPBOTO apryMeHTa
C IepBOH JIeKCeMOH BTOPOTrO apryMeHTa) He sIBJIIeTCS TPaBUIbHOH JIeKCeMO}.
Ecnu BTOpO# ypoBeHb MakpoompeiesieHys 3a1aH B BUIe

#tdefine xcat(x,y) cat(x,y)

TO HUKaKHUX KOJUIM3UH 3[1eCh He BO3HHUKAET, xcat(xcat(1, 2), 3)Bwurore gact
123, TOCKOJIbKY CaM xcat He UCIOJIb3YeT onepaTopa #it.

AnanoruuHo cpabotaet u ABSDIFF(ABSDIFF(a,b),c), ¥ Mbl MIOJLyYUM TIpa-
BUJIbHBIH pe3yJibTar.

A 12.4. BxnoyeHue daina
Ynpasinsiouas cTpoka
# include <ums-gaina>

3aMeHseTcs Ha cofiepkuMoe daiina ¢ iMeHeM ums-gaiina. Cpenyt CHMBOJIOB,

COCTaBJIAIOLIUX UMs-(hatina, He NONKHO ObITh 3HaKa > U CHMBOJIa HOBOM CTPO-

K. Pe3ysibTar He onpeesieH, ecnu ums-gatiia CONepKUT JI0O0N U3 CUMBO-

JoB ", ', \ v apy cuMBoJIoB / +. [lopsnok norcka ykasansoro ¢aiina 3aBu-

CHT OT PeasIn3allH. '
[Tono6HbIM ke 06pa3oM BHIMIOIHSETCS YIIPaBAAIOLIast CTPOKaA

# include "ums-gaiina”

CHayasa HOUCK OCYIECTBIISIETCSI IO TEM K€ IPABUJIaM, [0 KAKUM KOMITHJIS -

TOp HILET TIePBOHAYIbHBIN UCXOHDIH (haiin (MeXaHU3M 3TOrO IIOKCKA 3aBU-

CHUT OT peain3allii), a B CIy4ae HeyZlaud OCYLIEeCTBIIsIeTC MeTOLOM MOUCKa,

NPUHATHIM B #include nepBoro tumna. Pe3ysbTar ocTaeTcs HeonpeneaeHHbIM,

ecsiy M3 datia cooep KUt ", \ HiIH /+; UCTIOJIb30BaHKe 3HaKa > pa3pellaeTcs.
Haxownew, nupexrusa

# include nocredosamenvrocmy-nexcem

He COBNAJAIOLIast HU C OQHOM U3 Mpeablayliux hbopM, pacCMaTpPUBAeT NocJe-
JOBaTeJIbHOCTD JIEKCeM KaK TeKCT, KOTOPbIH B pe3yJibTaTe BCeX MaKpONOJACTa-
HOBOK JOJDKeH gaThb #include <...> wiu #include "...". CreHepupoBaHHas
TakuM 06pa3oM AUPEKTIBA Jajiee Gy IeT MHTePIPETHPOBATHCS B COOTBETCTBUN
¢ noJyyeHHoH hopMoii.

@aiibl, BCTaBIsieMble C IOMOLLBIO #1nclude, caMu MOTYT COlepKath B cebe
IUPEKTUBHI #iinclude.
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A 12.5. YcnoBHasa koMmnunauus

YacTu nporpaMMbl MOTYT KOMITMITHPOBATLCS YCIIOBHO, ECITH OHU OhopMIte-
Hbl B COOTBETCTBHH CO CIELYIOUUM CXEMATUYHO U306paKeHHBIM CHHTAKCH-
coM:

YCII0BHASL-KOHCTPYKUUA -PENPOUECCOPA:
if-cmpoxamexcm elif-uacmu else-uacmo,, ,
if-cmpoxa: :
#if xoncmawmmoe-evipacerue
#ifdef udenmuguxamop
#1ifndef udenmugpuxamop
elif-uacmu:
elif-cmpoxa mexcm
elif-uacmu
elif-cmpoxa:
# elif xoncmanmmnoe-evipaxcerue
else-uacmo:
else-cmpoxa mexcm
else-cmpoxa:
#else

ttendif

neof.

Kaxnas us nupexrtus (if-crpoka, elif-ctpoka, else-crpoka u #endif) sanucei-
BaeTcs Ha oTAenbHOU cTpoke. KoHcTaHTHble BoIpaskeHus B #if u mocieny-
IOLIUX CTPOKAX #elif BBHIYHCIISIOTCS MO HOPAAKY, TOKA He 0OHAPYKUTCS BbI-
paskeHUe ¢ HeHyJIeBBIM (MCTHUHHBIM ) 3HaYeHUEM; TEKCT, CIeAyIOLInii 32 CTPO-
KO C HyJIeBbIM 3Ha4YeHueM, BoibpacbiBaeTcs. TeKCT, pacronoxeHHbId 32 1u-
PEKTUBOM C HEHyJIEBbIM 3Ha4YeHeM, obpabatbiBaeTcst 0Ob19HBIM 06pasoM. [lon
CJIOBOM “TEKCT” 3/1eCb UMEETCS B BULY JI00asi MOCIe10BaTENbHOCTh CTPOK,
BKJIIOYAsl CTPOKH MPENpoLeccopa, KOTOPble He SBJSIOTCSA YacTbio YCIOBHOM
CTPYKTYPBI; TEKCT MOXeT ObITh 1 ycThiM. Eciint cTpoka #if nnu #elif ¢ Heny-
JIeBBIM 3HaYeHNEeM BbIPa)KeHHUs HallleHa U ee TEKCT 06paboTaH, To HoCIenyo-
11Me CTPOKH #elif u fel se BMecTe Co CBOMMU TeKCTaMu BoibpacsiBatoTcst. Ecim
BCe BBIPa)KEHUs MMEIOT HYyJieBble 3HAYeHHUs U TIPUCYTCTBYET CTPOKa #else, TO
CJIeMyIOIMH 3a Hel TeKCT obpabaThiBaeTcst 06bIYHbIM 0Opa3oM. TekcThl “He-
AKTUBHBIX” BeTBEl YCIOBHBIX KOHCTPYKIIM, 32 UCKIIIOYEHHEM TeX, KOTOpble
3aBELYIOT BJIOXKEHHOCTHIO YCJIOBHBIX KOHCTPYKIIMI, HTHOPUPYIOTCA.

KoncrantHbie BoipaskeHus B #1f u #elif aBastoTcs oGbexTaMu 1isi 0ObIY-
HOU MaKponoacTaHOBKU. Bosee Toro, npex e ueM NpoCMaTpPUBATh BbIpaXe-
HUS BUJA

defined udewmugpuxamop
U
defined ( udenmugpuxamop )
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Ha IIpeMET HaJIHYKsl B HIX MAaKPOBBI30Ba, OHU 3aMeHsioTcs Ha 1L uym OL B 3a-
BUCHMOCTH OT TOTO, ObLJ1 WK He ObLI OlIPee/IeH [Pl POLeCCOPOM yKa3aHHbIH
B HUX naeHTHHKaTOp. Bee unenTHdHKATOPBI, OCTABILMeECS 110C/Ie MAKPOPac-
mupenus, 3amenaorcs Ha OL. Hakoneu, npearnonaraercs, 4ro aobast uenas
KOHCTaHTa Beerna uMeeT cybdukc L, T. e. BCsI apu¢MeTHKA UMEET JIeJIO C Ofie-
paHIaMH TOJILKO TUMa long Wiau unsigned long.

KoncranrHoe Boipaskenue (A7.19) 31ech 1CI10/ib3yeTesi C OrpatnyeHUusIMHI:
OHO JI0JIXHO OBITH LEJIOYHCIIEHHBIM, 1e MOXKET COEPKATDL B cebe repednciu-
MBIX KOHCTAHT, peoOpa3oBaHuii TUIIA U ONIepaTopoB sizeof.

Yupasisioiye CTpOKY

#ifdef udewmugpuxamop
#ifndef udenmugpuxamop

3KBUBAJIEHTHBI COOTBETCTBEHHO CTPOKaM

#1if defined udemmugpuxamop
#if | defined udenmuguxamop

Crpoxku #elif He 6b110 B 1€pBOit BEpCHU SI3BIKA, XOTSI OHa U MCIIOJIb30BAJIACh B He-
KoTOpBIX npenpoueccopax. Onepartop npenpoueccopa defined — Takxe HOBBIH.

A 12.6. Hymepauus cTpok

st ynoGeTBa paGoThI ¢ APYTUMH HIPENPOLIECCOPaMH, reHepupyioiimu Cu-
POrPaMMbl, MOKHO HCIIOJIb30BATh O/IHY U3 CJEAYIOUIHUX AUPEKTHB!

t line xoncmanma "ums gaiina”
# line xoncmanma

ITH IMPEKTHBBI IPEIINCHIBAIOT KOMIIUJISTOPY CYUTATh, YTO YKa3aHHbIE Je-
CSATUYHOE LleJIoe ¥ MIEHTU(PHUKATOD ABJISIOTCS HOMEPOM ClleLyIoel CTPOKU
Y MMeHeM TeKyllero ¢aitia coorsercreHHo. Eciu uMa daitna orcyrcrsyer,
TO paHee 3allOMHEeHHOe UMs1 He H3MeHseTcs. PaclinpeHys MaKpOBBI30BOB B JIH-
peKTHBe #1ine BBHIMOIHAIOTCA A0 HHTEPIIPETALUY TOCIeAHeH.

A 12.7. TeHepauus coobuieHuns 06 owmnbke
Crpoxa npemnpolieccopa B2

# error nocre0oeamenbHOCMb-1eKceM

neof.

[IPHUKa3bIBA€T €EMY BbIAATb AHAarHOCTHYECKOE COU6U.I€HHC, BKJIIOYamollee 3ajaH-
HY10 I10CJIEA0BATE/NIbIIOCTD JIEKCEM.

A 12.8. Nparma
lepaBJImoma}l CTPOKa BH/(a

# pragma nocaedo8amenbHOCb ~AeKceM

neoli
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IIPU3BIBAET IIPENPOLIECCOP BLITOTHHTD 3aBUCSILIHE OT peaiM3aluu AeHCTBIA.
Heono3nannas nparMa HrHOpUPYeTCs.

A 12.9. Nycrasa gupekTuea
Crpoka upenpoueccopa BHIA
#

He BbI3bIBaeT HHKAKHX JeHCTBUH.

A 12.10. 3apaHee onpeheneuuble nMeHa

ITpenpoueccop “noHnMaeT” HECKONBKO 3apaHee ONpefeIeHHbIX HIeHTHDU-
KaTOPOB; UX OH 3aMeHs1eT clieliualbHON HH(pOpMaLVel. ITH HUAeHTUDUKATO-
pbl (1 onepatop npenpoleccopa defined B TOM 4HcJle) Heslb3si HOBTOPHO Iie-
peonpenensThb, K HUM HeJib3sl TAK)Ke TPUMEHSITh AUPeKTUBY #undef. ITo cie-
Ayolre naeHTH(QUKATOPHI:

__LINE__ Homep Teky1ueii cTPOKH HCXOXHOI'O TEKCTA, AeCIATHYHAS
KOHCTaHTA.

__FILE__ WM komnunupyeMoro aiina, cTpoka.

__DATE__ Jata xoMnwIALKy B Buae "MMM 44 TTrr”, CTPOKa.

__TIME__ Bpems xoMnumisiiuy B BiE "4y MM CC”, CTPOKA.

__STDC__ Koncranra 1. Ilpenronaraercs, 4To aToT vaeHTHPHKA-

TOD ONpefiesIeH Kak 1 TOJIbKO B TEX pealn3alusix, KOTo-
pble CIeLyIOT CTaHIAPTY.

Crpoku #error u #pragma Bnepsble BsefieHbl ANSI-cTangaproM. 3apaHee onpe-
ZieJIeHHble MAaKPOCHI IIPEenpolieccopa TakXe 0 CUX IOp He OMUCLIBATUCH, XOTS
M HCIIOJIb30BAJIMCh B HEKOTOPBIX peai3allusiX.

A 13.pammaruka

Huxe npuBeneHs! rpaMMaTHyYeCcKUe IPABUJIA, KOTOPbIE Mbl YK€ pacCMaTpH-
BaJIU B JaHHOM NIpHJIOKeHHH. OHY MMEIOT TO XKe COAEPKaHHe, HO 1aHbl B HHOM
ITOpSIZIKeE.

3mech He TIPUBOAATCA ONpeNeNeHUs CIeIYIOUIX CHMBOIOB-TEPMHUHOB: Ue-
A -KOHCINAHMA, CUMBOLbHASL-KOHCMAHMA, KOHCTMAHMA-C-NAA8aloweli -mouKol,
udenmucpuxamop, cmpoka vi koncmanma-nepeuucaerue. CrioBa, HabpaHHble 0ObIY-
HbIM JIATUHCKUM LIPHQTOM (He KYPCHBOM ), ¥ 3HAKH PAaCCMATPHUBAIOTCSI KAK CUM-
BOJIBI-TEPMHHDI U HCTIO/Ib3YIOTCS TOYHO B TOM BHUJIE, Kak 3aNTMcaHbl. JlaHHY10 rpam-
MaTHKY MOXHO MEXaHHYeCKH TpaHC(hOPMUPOBATh B TEKCT, IIOHATHbII cucteMe
ABTOMATHYECKOHN reHepaliy rpaMMaTHYeCKOro pacrnosHasarens. [{ns atoro
NOMMMO 106aBJIeHYsI HEKOTOPBIX CHHTAKCHYECKHUX IOMETOK, TPeAHA3HAYEH-
HBIX /71 yKa3aHUs aJIbTEPHATUBHBIX NPOLYKLKH, noTpedyercst paciindpoBka
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KOHCTPYKUHH CO CJIOBaMH “OIMH u3” U AyOIMpOBaHHe KAXIOH MPOLYKLUH,
UCIIONBb3YIOLIEeN CUMBOJI C HHAEKCOM Heob., PMYeM OVH BapHAHT NPOAYKIIUAH
JOJKEH OBITh HATIMCAH C STUM CUMBOJIOM, a IpYroi — 6e3 Hero. C oqHUM H3MeHe-
HHEM, 2 MMEHHO — YIaJleHUeM NPOAYKUUH typedef-ums: udenmugpuxamop 1 o6b-
sBJIEHUEM typedef-umenu CHMBOJIOM-TEPMUHOM, JaHHAsI TPaMMaTHKa 6y 1eT 1o-
HSITHA reHepaTopy rpaMMariyeckoro pacrnoaHasaressi YACC. Eit npucyine iviis
O/IHO IPOTHBOpPEYYE, BBI3bIBAEMOE HEONHO3HAYHOCThIO KOHCTPYKIMH 1f-else,

COUHUUA-MPAHCTAUUU:
sHewHee-06vAeNeHUe
eOUHUUA-MPaHCLAUUU BHewnee-0bbAsNeNUe

sHelunee-06bA6NeHUE:
onpedenenue-pynxuuu
obvsenenue

onpedenetue Qynxyuu: \
cneyuuxamopoi-oboaenenus, , , 0bosaeumens
cnucox-o6oaenenuil,  , COCMAasHAs-UHCTPYKUUS
1eol.

obvasnenue:

cneuu¢uxamopvt-o6bﬂeﬂeuuﬂ CNUCOK-UHUUUAIU3Iamopos -obvseumenetl
Heob,

cnucox-o0sa8neHui:
obvaenenue
cnucox-obvaenenuii obvaererue

cneyuguxamopoL-06ssieneHus:
cneyugpuxamop-Kkiacca-namamu cneyuduxamopol-06os6nenus,
cneyuuxamop-muna cneyugpuxamopui-obvaenenus, , ;

Kéanupuxamop-muna cneyugukamopbl-o6saeneHus, ,

cneyugpuxamop-xKracca-namamu; ONVH U3
auto  register  static extern  typedef

cneyuuxamop-muna: OfiH U3
void char short int 1long float double signed unsigned
cneyuguxamop-cmpyxkmypoL-unu-o6sedunenus.  cneyuguxamop-nepe-
uyucnenus  typedef-ums

Keanuguramop-muna: OfVH U3
const volatile

cneyuguKramop-cmpyxkmypul-uni-06se0uneHus.:
cmpyxmypbi-unu-o6sedunenus udenmugpuxamop,, , { cnucox-oboaenenui-
cmpyxmypol}
cmpyxmypoL-unu-06sedunenus udenmugpuxamop
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cmpy;cmypa-u.fzu-o6beauueuue: OIHO 13
struct union

CNUCOK-06636NeHU -CIMPYKMYPb:

00pbs61eHUe-CIMPYKMYPbL
cnucok-o0bbsenenuti-cmpykmypol 0bss6eHUe-CIMpyKmypol

CNUCOK-06BA6UMENEU-URUKUANUSAMOPOE:
06636UMENL-UHUUUATUIATOP _
CNUCOK-06B8UMENCU-UNUUUATUIAMOPOE , 00BAGUMEN,-URUUUATUIATNOD

06b36UMEND-UNUKUATIUIATOD:
obvasumens
06B56UMEND = UHUKUATU3AMOD

06psienenue-CmpyKmypoL:
CIUCOK-CNeyUpUKAMOPOs-KeanUpUKamopos Cnucox-obsa8umenei-

cmpyKmypol

cnucok-cneyuduramopos-xeanuguxamopos:
CneyuguKamop-muna cnucox -CneyuPuKamopos-xeam@uxamopos, , .

K8aMUpUKAmOp -muna Cnucox-CneyupuKamopos-x6anuguxkamopos, . .

0.

CNuUCcoK-cmpykmypoi-06sseumeneii:
cmpyxmypoi-0bsseumens
cnucok-cmpykmypoi-obsseumenei , cmpyxmypoL-06ss6umens

cmpykmypoi-06eaeumens:
obvasumens
obbasumens,, . : KOHCMAHMHOE-BbIPANCEHUE

cneyupuxamop-nepeuucieHus.
enum udenmuguxamop,, . { cnucox-nepeuucnumeneii }
enum udenmuguxamop

cnucox-nepeuuwzumejzeﬁ:
nepeuuciumend
cnucox-nepeuumumejzeﬁ nepevuciumenv

nepevuciumens:
udenmuguxamop
yxasamenv,, . cobcmeenno-o6pasument

cobcmeento-obpsasumens:
udenmuguxamop
( obvseument )



304 MNpunoxeHune A. CnpaBo4HOe PyKOBOACTBO

cobcmeenno-obvagument [ Koncmanmmoe-evipaxcenue,,
cobcmeenno-06es6ument ( CHUCOK-MUNOG-NAPAMEMPOS )
cobcmeeno-o6sseument ( Cnucox-udenmuguxamopos

]

neob. )

yKazamenv:
" cnucox-xeafzud)uxamopoe-munamﬁ

* CNUCOK-K6anugpuxamopos-muna,, . ykasamens

€1

CNUCOK-K8ANUPUKAmMOpos-muna:
keanuguxamop-muna
CNUCOK-KBANUPUKAMOPO8-MmUna kearugukamop-muna

CNUCOK-MUNO8-NAPAMEMPOB:
CNUCOK-NApPAMempos
CNUCOK-napamempos

CNUCOK-Napamempos:
obvsasnenue-napamempa
cnucox-napamempos , obvAsnenue-napamempa

obsaenenue-napamempa:
cneyupuxamopvi-06ss6neHus obsaeumens

cneyuuxamopol-obosenenus abcmpaxmuvii-oboasumens,, .

CIUCOK-UdeHmupuxamopos:
udenmugpuxamop
cnucok-udenmuguxamopos , udenmuguxamop

UHUUUGNU3AMOD:
8bIPAKCEHUE-NPUCBAUBAHUS
{ cnucox-unuyuarusamopos }
{ cnucox-unuyuanuzamopos , }

CNUCOK-UHUUUATUIATIOPOB:
UHUYUARU3AMOD
CNUCOK-UHULUATUIAMOPO8 |, UHULUATUIATIOD

ums-muna:
CNuCcoK-cneyudurxamopos-keanugduxamopos abcmpaxmmoii-obeseumens

Heol.

abcmpaxmmbiii-06eseumens:
yKkasamenv
yxasamen, , . cobcmeenno-abempaxmmbiii-o6sagumens

cobcmeerno-abempakmmubiii-06ss6umens:
( a6cmparcmubn?-o6bﬂeumejzb )
cobcmeenno-abcmpaxmmbiii-obsaeumens

[Korcmanmmoe-evipancenue, , ;|
cobcmeenno-abcmpaxmubii-06ss6umeny

(cnucox-munos-napamempos, , )

neof.

1e0l.
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typedef-ums:
udenmugpuxamop

UHCTPYKUYUA:
NOMEUEHHAA-UHCTIPYKYUSL
UHCTIPYKUUSL-BbIpaNceHUe
COCMABHAA-UHCTIPYKUUSL
UHCMPYKYUSL-8b160pa
UUKNUUECKASL-UHCTPYKYUA
uHCMpYKYUA-nepexooa

NOMEUEHHAA-UHCTPYKUUSL:
udenmuguxamop : uHcmpyKyus
case KOHCMAHMHOe-8bipaxcenue . UHCPYKUUs
default : uncmpyxuyus

UHCTPYKYUA-BbIPAICEHUE.

GbIPGJICeHuCW o6, X

COCMABHAS-UNCTPYKUUSL
( cnucox-obvaenenuil,, , CHUCOK-uncmpykuui, , . )

CNUCOK-UHCTIPYKUYUU:
UHCTPYKUUS
CNUCOK -UHCTPYKUUU UHCTIPYKUUSL

UHCMPYKUUA-6b100pa:
if ( evipasxcenue ) uncmpyxuus
if ( svipascenue ) uncmpyxuua else uHcCmpyKuus
"switch ( ebipasicenue ) unCmpyKuus

UUKIUYECKAR-UHCTNDYKUUSL:
while ( evipasicenue ) uncmpyxuus
do uncmpyxuyuswhile ( goipadxcenue )
return evipasxcenue,, . ;

svipaxcenue:
BbIPANCEHUE-NPUCBAUBAHUSL
BbIPAYCEHUE |, BbIPANCEHUE-NPUCBAUBAHUS

BbIPAKMCEHUE-NPUCBAUBAHU!
YCROBHOE-BbIPAICEHUE
YHAPHOE-BbIPAKCEHUE ONEPATOP-NPUCBAUBAHUSL BbIPAKCEHUE-NPUCEAUBAHUS

onepamop-npuceausanus: OLVH U3

= *= /: %= += -= <<= >o= &= A= 1=
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YCIL0BHOE-BbIpANCEHUE:
nozuueckoe-HJTH-evipascerue
noeuueckoe-HJ/IH-soipaxcenue ? 6vipasicenue : ycio8Hoe-euiparceHue

KOHCManmmuoe-svlpaxcenue:
YCIoB8HOE-8blpaNcerue

nozuyeckoe-UIH-sviparcenue:
nozueckoe-H-evipancernue
nozunecxoe-HJIH-evipancenue |\ noeuueckoe-H-goipaxcerue

noeuueckoe-H-evipacenue:
HJIU-evipancenue
nozueckoe- H-eviparcenue 8& HJIU-evipancenue

HJIU-evipaxcenue:
ucxnrouarowee-U/IH-esvipascenue
HIN-evipascenue | uckmouarowee-U/IH-evipascenue

ucknouarowee- H/IH-evipascenue:
H-evipancenue
ucknouarouwee-UIH-evipancenue "~ H-sviparxcerue

H-svipaxcenue:
8bIPAKCEHUE-PABEHCMBA
H-sviparcenue & svipaxcenue-pagerncmsa

sblpaxceHue-pasencmea.
8blpaA}HCeHUE-OMHOWEHUS
8blpANCEHUE-PABEHCINBA == BbLPANCEHUEC-OMHOWEHUS
sblpajrcerue-pasencmsa I= BbIPANHCEHUE-OMHOWEHUSA

8bIPAKNCENUC-OMHOWEHUSL:
c06uz060e-8bIPadCeHUe
8vIpaKHCceHUe-OMHOWEHUS < CO8UZ0BOE-BbIPANCEHUE
8bIPAINCEHUC-OMHOULEHUS. > TOBUL080E-BbLPANCEHUE
8bIPAINCEHUE-OMHOULEHUS <= CO8UZ0B0E-6bIPANCEHUE
6bIpaKNceHIe-OMHOUEHUS >= COBUZ080e-6bIPaNCEHIE

c08u2z080e-svIpaNCEHUE:
addumusHoe-eoipaxcerue
c06U2080€-8bIpaKcente >> A00UMUBHOE-BIPaANCEHUE
c08u2080e-8bipacenue << addumuenoe-evipaxcenue

addumuenoe-evipancenue:
MYTIOMUNAUKATMUEHOE - 8bIPANCEHUE
adoumuenoe-evipaxcenue + MyLoMUnIUKamueHoOe-6olpaXcenle
adoumueHoe-gvIpaNceHue -~ MyLbMUNIUKAMUEHOE-6bIDANCERIE
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MYRoMUNIUKAMUBHOE -8bIPANCEHUE:
sbIpaRcerue-npusedenHoe-K-muny
MYJLLIMUNIUKAMUBHOE-8bIPAKNCEHUE * BbIPANCEHUE- NPUBCOEHHOC-K-UNY
MYJIOMUNLUKAMUBHOE-8bIPANCEHUE | BbIPANCEHUE-NPUBEOEHHOe-K-MUNY
MYJIBMUNLUKAMUGHOC-6bIPAXCEHIE % BbIPAKCEHUEC-NPUBEOeHHOe-K-TUNY

8bIPAdNCeHUe-NPUBEOEHHOE-K-MUNY:
yHapHoe-evipaxcerue _
( ums-muna ) svipaxcenue-npusedenHoe-K-muny

YHApHOe-BbIpaYceHue:
nocmeuxcHoe-8bipaxcerue
++ yHapHoe-8bipacene
-- yHapHoe-8bIpadcenue
YHAPHBLIL-0Nepamop evipaxcerue-npueedentoe-K-muny
sizeof ynapnoe-evipadrcerue
sizeof( uma-muna )

YHAPHDBIU-0NEePamop: ONVH U3
L

nocmeurcHoe-ebipaNcerue:
nepeuuHoe-gbipaxcerue
nocmeuxcroe-evipaxcenue [ svipaxcerue ]
nocmeuxcroe-evipacenue ( CNUCOK-aPeYyMENMOB-EblpaNCEHUT, , . )
nocmeukcHoe-gvipaxcerue . udenmuguxamop
nocmeukcHoe-evipaxcerue ~> udenmuguxamop
nocmeguxcHoe-goipaxcenue ++
nocmeuxcroe-8vipaxcenue —-

nepeutHoe-6bipaxceHue:
udenmugpuxamop
KoHCmanma
cmpoxa
( svipaxcenue )

CNUCOK-ApPeyMEHMOB-BbIPANCEHUL:
BbIpaNCEHUE-NPUCBAUBAHUSL
CNUCOK-aP2ZYMEHMOB-6bIPANCEHUT] , BbIPANCEHUE-NPUCCAUBAHUS

KoHcmanma:
Uenas-KoHCmanma
CUMBOTLHAS-KOHCMAaHMA
KOHCMAaHMa-Cc-NAasaoueli-mouxou
KOHCMaHmMa-nepeducienue
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Huxe npuBoAuTCS rpaMMaTiKa A3blKa Mpenpoleccopa B BUJe NMepedHs
CTPYKTYD YIIPABJIAIOIKX CTPOK. [IJ1s1 MeXaHHUYEeCKOro NojyyeHust IporpaMMbl
rpaMMaThdeckoro pasbopa oHa He rogurcs. ['paMMaTika BKJIIOYaeT CUMBOJ
mexcm, KOTOPBIY 03Ha4A€ET TEKCT OOBIYHOM IPOrpaMMbl, 6e3yCIOBHBIE YTIPaB-
JIAIOLME CTPOKU MIPENpoLieccopa U ero 3aKOHYEeHHble YCIOBHbIE KOHCTPYKIIUH.

YNPABAAIOUW,ANn-CIPOKA:
# define udenmuguxamop nocnedosamensrocmy-neKcem
# define udenmugpuxamop ( udenmugpuxamop , ..., udenmuguxa-
mop ) Nocre008amenbHOCIb-eKCeM
# undef udenmugpurxamop
# include <umsa-aina>
# include "umsa-gaina”
# include nocredosamenvrocmy-nexcem
# line xoncmanma "udenmugpuxamop”
# line xoncmanma
# error nocnedosamenyHoOCMb-1eKceM, , o
# pragma nocie0o6amenbHOCMb -1eKCeM, ,
#
YCROBHASA-KOHCPYKUUS-NPENPOUECccopa

YCOBHASL-KOHCIPYKUUA-NPENPOYUECCOPa:
if-cmpoxa mexcm elif-uacmu else-uacmy, ; # endif

if-cmpoxa:
# 1f xoncmanmmnoe-evipaicenue
# ifdef udenmugpuxamop
# ifndef udenmuguxamop

elif-uacmu:
elif-cmpoxa mexcm
elif-wacmu,, ,

elif-cmpoxa:
# elif xoncmanmmnoe-svipaxcenue

else-uacmy:
else-cmpoxa mexcm

else-cmpoxa:
#else
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CraHpaptHaga 6ubnmnorteka

Hacrosiuee npuoxeHue npencrasiser cofod KpaTkoe U3JI0xeHue Gub-
JINOTEKH, yTBepskIeHHoM B kayecTBe ANSI-crannapra. Cama o cebe 6ubimo-
TeKa He BJIAETCS YaCThIO S3bIKa, OHAKO 3I0XEHHbIN B Hell Habop GyHKUMH,
a TakxXe onpe/ieJIeHN# TUIIOB U MAKPOCOB COCTABJISIET CUCTEMHYIO CPeLy, O~
nepxuBaouyo ctaigapt Cu. Mbl He NPUBOAYM 3/1eCh HECKOJIBKO (PYHKIIMIA
C OrpaHUYeHHOM 001aCThIO TPUMEHEHHUS — T€, KOTOPHIE JIErKO CUHTE3UPYIOT-
cst M3 ApyruX GYHKIMH, a TAKXKE OILyCKaeM BCe TO, YTO KAcaeTcsi MHOrobaiTo-
BBIX CUMBOJIOB U CIIEU(UKH, 00YCIOBIEHHOH SI3bIKOM, HALIMOHATBbHBIMU 0CO-
GEHHOCTSAMMU U KYJIbTYPOH.

DyHKUNY, TUIIBL ¥ MAKPOCHI OOBSBIISAIOTCS B CIENYOIUX CTAHAAPTHBIX
3a2071080uHbLX atinax:

<assert.h> <float.h> <math.h> <stdarg.h> <stdlib.h>
<ctype.h> <limits.h> <setjmp.h> <stddef.h> <string.h>
<errno.h> <locale.h> <signal.h> <stdio.h> <time.h>

JlocTyn K 3aroloBoYHOMY ailily oCyLIeCTBIAETCS C IIOMOLIBIO CTPOKH TIpe-
rnpoleccopa

#include <3azonosounsti gpaiin>

3aroJioBoYHble (HailIbl MOKHO BKJIIOYATD B JIFOOOM MOPSAKE ¥ CKOJIBKO Yrojl-
Ho pa3. Ctpoka #include He 1oJKHa 6bITH BHYTPY BHELIHEr0 0ObsBIEHUS WA
OTpefieJIeHHs ¥ JOJKHA BCTPETUTHCS PaHbIle, YeM YTO-HUOYb U3 BKIII0Yae-
MOTO 3aroJioBoyHOro (haiina 6ymer BoctpeboBaHo. B KOHKpeTHO# peanu3ai iy
3ar0JIOBOYHBIH (hailsl MOXKET U He ObITb UCXOAHBIM (haiyIoM.

BHewHne uaeHTUGUKATOPH!, HAYHHAOLIMECS CO 3HAKA T1OJYePKUBaHUS,
a TaKKe BCe ApYyrue UAeHTU(DUKATOPH], HaYMHAIIKNECS C JBYX 3HAKOB MOJ-
4epKUBaHHUA WK C IOAYEPKUBAHUSA U 3aI71aBHOM OYKBbI, 3ape3epBUPOBAHBI JIJIsT
UCTIONb30BaHUs B GubroTeKe.
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B 1. BBoa-BbiBOA,: <stdio.h>

OnpenesnenHsle B <stdio. h> hyHKIMM BBOJA-BHIBOAA, 2 TAKIKE TUIILI ¥ MAK-
POCBI COCTABIIAIOT TPUGIU3UTELHO ONHY TPETh OuboTeKu.

Ilomox — 3T0 UCTOYHUK MM NIOJTyYaTelb JAHHBIX; €70 MOXHO CBSI3aTh C IUC-
KOM WJIM C KaKUM-TO JPYTUM BHEUIHUM ycTpoiictBoM. Bubnuoreka non-
[ep>KUBa€eT ABa BH/A IOTOKOB: TEKCTOBBIN 1 OGHHADHbIM, XOTs HAa HEKOTOPbIX
cucreMax, B yactHocTu B UNIXe, onu He pasnuyarorcs. TeKCcToBbIM MOTOK —
BTO MOCJIE0BATEIBHOCTD CTPOK; KaXk1ask CTPOKA UMeeT HyJlb Uiy boJlee CUM-
BOJIOB 1 3aKaHYMBaeTCcs CUMBOJIOM ' \n' . OTepalilioHHas cpefia MOXKeT 11oTpebo-
BaTb KOPPEKIL[HH TEKCTOBOI'O NOTOKa (HanpuMep repeBofa '\n' B CHMBOJIbI
BO3BPAT-KapeTKY U NIepeBO/-CTPOKH ).

BuHapHbIi MOTOK — 3TO NMOCIEN0BATENLHOCTb HENPeoOPa3oBaHHbIX GaHTOB,
TIPeCTaB/IAIMINX COOOM HEKOTOPbIE IPOMEXYTOYHbIE TaHHbIE, KOTOpbIE 0ba-
JAIOT TeM CBOHCTBOM, YTO €CJIM UX 3alHCaTh, a 3aTeM [TPOYECTb TOH XKe CHUCTe-
MO BBOJ]a-BbIBOJI, TO MBI ITOJTyYUM HHGOPMAIIMIO, COBIAJAIONIYIO C UCXOMHOH.

IMorok coequusiercs ¢ aitnoM Hiu yCTPOHCTBOM NOCPENCTBOM €TI0 0MKpbL-
mus, yKa3aHHas CBs3b Pa3pbIBAeTCs IyTeM 3axpbimus noToka. OTKpbiTHE
(aiisia Bo3Bpalaer ykaszaresab Ha 00beKT TuMna FILE, KOTOpbIi COAEPKUT BCIO
uHGbOpMaUKIo, HeOOXOIUMYIO ISl yrpaBjieHus 3TUM notokoM. Eciu He Bos-
HMKAET JBYCMBICJIEHHOCTH, MBI Oy/1eM [0JIb30BATLCSI TEPMUHAMU “(DaitToBbIN
yKasaTens” ¥ “IOTOK” KaK paBHO3HAYHBIMH.

Korna nporpamma HaunHaeT paboTy, yke OTKPHITH TPH IOTOKA: Stdin, stdout
ustderr.

B 1.1. Onepauuun Hap paiinamu

Huxe nepeyncieds! ¢pyHKINY, onepyupyouue ¢ ¢aiinamu. Tum size_t —
6e33HAaKOBbIH L1eJIOYUCIEHHBIH THIT, HCIIOJIb3YeMBIH 115 ONMCAHMsI pe3yJIbTa-
Ta olneparopa sizeof.

FILE *fopen(const char =filename, const char xmode)
fopen oTkpriBaet daiis ¢ 3agaHHBIM UMeHeM 1 Bo3Bpallaet notox uin NULL, ecin
IOMBITKA OTKPHITUSI OKa3alach HeyaadHoi. PexuM mode gomyckaer cuenyomue
3HaueHHs:

r — TeKCTOBbIi (paity oTKpbIBaeTCs AN uTeHus (0T read (aHIJL) — YUTATB);
"W - TeKcTOBbI (ailn co3gaeTcst AN 3alUCH; CTapoe COAePKHMoe
(ecau oHO 6bLI0) BhIGpackiBaeTcst (OT write (aHIJL) — MUCATh);

“a"  — TeKCTOBBIH (ailn OTKPBIBAETCS WJIM CO3JAETCS [JIS 3allUCH B KOHeIl
daitna (ot append (aurn.) — no06aBATh);

"r+" — TeKCTOBLIM Gails OTKpHIBaeTCs AJS UCMpaBJieHUs (T.e. AJsl yTe-
HUS U [IJ151 3AITUCH);

“wt"  — TEeKCTOBBIi ¢ailyl co3gaeTcs AJid UCIpaBIeHUs; CTapoe COIEepXHU-

Moe (eciit OHO 6bLI0) BHIOPACHIBAETCS;
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“at+" — TeKkCTOBbIH (bails OTKPBIBAETCSA WM CO3MAETCS AJS MCIPaBIEHUS
yxe cyumecTBytouieit vHbopManuu n JoOaBIEHHS HOBOI B KOHEN

(aiina.

PexxuM “ncrpaBsieHus” MO3BOJIAET YUTATh U MHCATh B OAUH U TOT Xe daiin; npu
nepexo/iaX OT ONepaiuil YTeHUs K ONepalusaM 3aicH ¥ 06paTHO TO/DKHBI OCyIIe-
cTBAATbCs obpaleHus K fflush way K GyHKuuy no3unuonuposans daiina. Ecau
yKa3zareJsb PeXUMa JOMOJHUTH OYKBO# b (Hanpumep "rb" uau "w+b"), T0 3T0 GymeT
03HayaTb, 4To (aitn 6uHapubiil. OrpannyeHue Ha JIMHY MMeHH (aiisia 3a1aHO KOH-
cTaHTO FILENAME_MAX. KoncTanTta FOPEN_MAX OrpaHMYMBaeT YUCJIO OZHOBPEMEHHO
OTKPHITHIX (ailyoB.

FILE *freopen(const char *filename, const char smode, FILE xstream)
freopen OTKpbIBaeT Gaiis ¢ yKa3aHHBIM PEXHUMOM U CBSI3BIBAET €T0 C TOTOKOM Stream.
OHa Bo3BpallaeT st ream iy, B ciryyae o6k, NULL. O6b14HO freopen HCIIOIb3YeET-
cs1 1151 3aMeHbl GaitioBs, CBI3aHHbIX ¢ stdin, stdout mmu stderr, xpyrumu daitnamu.

int fflush(FILE »stream)
IlpuMensemas k NOTOKy BbIBOAa GYHKIHUA fflush TPOM3BOAUT AO3AMUCh BCEX OC-
TaBmuxcs B 6ycepe (ellle He 3aMMCaHHBIX) AAHHBIX; /IS TOTOKa BBOZAA 3Ta (hyHK-
uus He onpegesneHa. Bosspaimaer EOF B ciiyyae BO3HMKIIEH NPy 3anucy ommrOKH
WJIM HyJb B IPOTUBHOM cnydae. O6pautenne suaa fflush(NULL) BHIMONHSAET yKa-
33aHHBIE ONepalliy [ BceX MOTOKOB BEIBOAA.

int fclose(FILE *stream)
fclose MPOU3BOMMUT HO3AMKCH ellle He 3anUCaHHBIX Oyhepr30BaHHbIX JaHHBIX, COpa-
ChIBaeT HecYuTaHHBIA Oyhepu3oBaHHBIN BBOK, OCBOGOXAAET BCE ABTOMATHYECKH
3anpoieHHble Oydepa, mocse yero 3akpriBaeT MOTOK. BosBpauiaer EOF B ciyyae
omUOKH K HyJIb B TPOTUBHOM CJIyYae.

int remove(const char *filename)
remove yaaset Gaii ¢ yka3saHHbIM MMeHeM; OC/IeAyIolas TOMbITKA OTKPHITH hailn
C 3TUM UMeHeM BbI30BeT OINOKyY. Bo3Bpallaer HeHyieBoe 3HaYeHKeE B CIyyae He-
YOQYHOM MOMBITKH.

int rename(const char *oldname, const char =newname)
rename 3aMeHSIET UMA (1)3]?’1]13; BO3BpallaeT HEeHYyJieBOe 3HaueHUe B ClIy4dae, €CJIH Mo-
MBITKa U3MEHUTDb UM OKasasach HeynayHoi. [lepBuiii mapaMeTp 3afaeT cTapoe UM,
BTOpPO#1 — HOBOE.

FILE ~tmpfile(void)
tmpfile co3naeT BpeMeHHbIH aiis ¢ pe>xuMOM JocTyna “wb+", KOTOPBIi aBTOMaTH-
YeCKH YAAJISETCA IIPU €0 3aKPHITHH MM 0ObIYHOM 3aBepILIeHHH IPOrpaMMOoii CBO-
eit paboTbl. IT1a GYHKIMSA BO3BPaLIaeT MOTOK HUJIH, €CJIN He CMOTJIa CO3/aTh daitr,
NULL.

char =tmpnam(char s{L_tmpnam])
tmpnam(NULL) co3gaeT CTPOKY, He COBNAZaloLly10 HU C OAHUM U3 UMEH CYIUECTBY-
tomux (aiisos, ¥ Bo3BpalllaeT yKa3aTejb Ha BHYTPEHHHH CTaTHYECKUH MACCHB.
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tmpnam(s) 3aTOMMHAET CTPOKY B S M BO3BpAlllaeT ee B KauecTBe 3HaYeHUs PyHK-
LMY; IJIMHA S HOJKHA ObITh He MeHee L_tmpnam. [1py KaX oM BbI30BE tmpnam reHe-
PUPYETCS HOBOE UMSL; TPH HTOM FapaHTUpyeTcst He 6oJiee TMP_MAX pas/IMyHbIX HMeH
3a OftuH ceaHc paboTbl MporpaMMbl. 3aMeTHM, YTO tmpnam co3aaeT UMs, a He Gbaii.

int setvbuf(FILE *stream, char *buf, int mode, size_t size)

setvbuf ynpasnser 6ydepusanueil moToka; K Hell cexyer 06pamaThes Npexe,
yeM OyZeT BBIONHATHCS YTEHHE, 3AIUCh MM Kakasi-nubo Apyras onepanus. mode
co 3HayeHHeM _I0FBF BbI3bIBaeT oJHylo 6ydepusanuio, ¢ _I0LBF — “nocrpounyio”
6ydepusanuio TekcroBoro daiina, a mode co 3HaueHneM _IONBF OTMeHSIET BCAKYIO
6ydepuzanuio. Ecnu napamerp buf He ectb NULL, To ero 3HayeHue — yKa3aresb Ha by-
dep, B npoTuBHOM cnyyae nox 6ydep 6yaeT 3ampamuBaThcs NaMsATh. [lapamerp
size samaer pasmep 6ydepa. Oyukuus setvbuf B cyuae omubOKH BoIAET HEHYe-
BO€ 3HaYeHue.

void setbuf(FILE *stream, char *buf)
Ecnu buf ects NULL, TO A1t IOTOKA Stream 6ydepnsanns BpikiI0YaeTcs. B npoTus-
HOM CJlyyae BbI30B setbuf MPUBEAET K TeM Xe NeHCTBUAM, YTO M BBI3OB (void)
setvbuf (stream, buf, _IOFBF, BUFSIZ).

B 1.2. ®opmaTHbiii BbIBOA,
@yukiuy printf ocylecTBasoT BEIBOA HH(pOpMaLKu o popmarty.

int fprintf(FILE *stream, const char =format, ...)
fprintf mpeoGpasyer u MHUILET BHIBOJA B MOTOK Stream IOA YrpaBJjieHHeM format.
BosBspaliiaeMoe 3HaueHHe — YHCJIO 3aMUCAHHBIX CUMBOJIOB HJIH, B CJlydyae OIINOKH,
OTpULIATebHOE 3HaYEHHE.

@DopmMaTHas CTPOKA COAEPKUT ABa BUA OOBEKTOB: 0OBIYHEIE CUMBOJIBL, KO-
nupyeMbie B BBIBOAHOM MOTOK, M CrielubuKaL1H Tpeobpa3oBaHMs, KOTOPbIe
BBI3HIBAIOT MPe06pa3oBaHMe U [ie4aTh OCTAIBHBIX APTYMEHTOB B TOM MOPSI-
Ke, KaKk OHM nepevncyaensl. Kaxnas cnenudukanys npeobpasoBanus Hadu-
HAEeTCsA C % U 3aKaHYUBAETCS CUMBOJIOM-CIIeLIU(PUKATOPOM IpeoOpa3oBaHusl.
Mexnay % ¥ CHMBOJIOM-CIIeLI(HKATOPOM B NOPSIZIKE, B KOTOPOM OHH 3/I€CD Ie-
PEYMCIIEHB], MOTYT OBITH PACIIOIOKEHH CIEAYIONIKE JIEMEHTH HH(OPMALIUH:

» Onarn (8 1060M nopsake), MoxuduLupyouie crenubnKanmio:

- — YKa3bIBaeT Ha TO, YTO MPe0OPa3OBaHHbBIN apryMeHT AOJKeH OBITh
MPHKAT K JIEBOMY Kpalo 11071,

+ — MpeIMUChIBAeT TeYaTaTh YHUCIIO BCETa CO 3HAKOM;

npoben — eciM MEPBBIA CHMBOJI — He 3HAK, TO YMCJIY JOJDKEH MPEeAIIeCTBOBATh
npober;

0 — yKasbIBaeT, YTO YHCJIA JODKHBI IOMOMHATLCA CJIeBa HYJISMHU 10 BCeit
MIMPUHBI MTOJIS;

# — YKa3sbIBaeT Ha OIHY U3 cleqyomux opM BbIBOZA: IS O epBOit Liud-

poil moyxeH ObITh 0; A/ X WIN X HEHYJIEBOMY DE3YJIbTATy HOJIXK-
Hbl NpeaecTBoBaTh 0x uau 0X; oy e, E, f, g 4 G BbIBOA JOJIXEH
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00513aTeNBHO COMEPXKATh AECATHYHYIO TOYKY; Al g M G 3aBepiua-
IollMe HYJIN He OTOPaCHIBAIOTCA.

* Yucno, cnenuduumpyioliee MUHUMaJIbHYIO IHPHHY Mot [IpeobpasoBaHHbIii
‘aprymeHT 6yZieT HareyaTaH B [10J1e, Pa3Mep KOTOPOro He MeHbllle YKa3aHHOM WH-
PHHBI, a eciit oTpeGyeTcs, B noJe Gombinero pasmepa. Eciii 4ncio ciMBoOIOB
npeobpa3oBaHHOr0 apryMeHTa MeHbIIE IMUPHHEI OIS, TO ToJie 6YAET AOMOJIHe-
HO cs1eBa (MJTH CIIPaBa, €CJIN YKCJIO NPHXXUMAETCS K 1eBOMY Kpalo). OGbIYHO rmosie
nonossiercst mpobenamu (UK HYJISIMH, €CJH IPUCYTCTBYET q)JIar AOTOJTHEHUS
HyJIAMHU).

M TO'-IKa, oTAeNAIad yKa3aTeab ITUPUHEI TOJIA OT yKa3aTeJsd TOYHOCTH.

* Yucno, 3amaoliiee TOYHOCTD, KOTOPOe crielubuImpyeT MaKCUMAaIbHOE KOJHYe-
CTBO CMBOJIOB, IeYaTaeMblX M3 CTPOKH, HJIM KOJIMYeCTBO 1idp nocie gecsatuy-
HOM TOYKH B TpeoOpasoBaHusIX e, E UiIN f, WM KOJINYeCTBO 3HAYamuX uudp ans
g unu G-npeo6pa3’oBaHus, NIM MUHUMAJIbHOE KOJNYecTBO 1ndp npu neyatu
1esoro (A0 HeoOXOAUMOlA MPHHBI TOJIST YUCJIO HOTIOIHAETCS CJIEBa HYNAMHM).

* Monudukarops h, 1 (6yksa ell) unu L. “h” yka3siBaeT Ha TO, YTO COOTBETCTBY-
IOIMHA apryMeHT JOJIXKEH meyaraTbcs Kak short mau unsigned short; “1” co-
o01IaeT, YTO apryMeHT UMeeT THIT long uiK unsigned long; “L” uHGOPMHUpYET,
YTO apryMeHT NIpHHAIJIEXUT TUIly long double.

[IupyHa, UK TOYHOCTD, U1K 00€ 3T XapaKTEPUCTUKU MOTYT ObITh crienudu-
LIMPOBAHBI C [IOMOILBIO *; B 3TOM CJIy4ae HeobX0oAnMOe YUCIIO “u3BieKaercs”
U3 CJIeRYIOlero apryMeHTa, KOTOpHIH 0JKeH UMeThb THM int (B ciiyyae AByX
3Be3/I0YEK HCIOIB3YIOTCS [BA apTYMEHTa).

CuMBOJIBI-CrielUGbUKATOPb! U Pa3bsiCHEHNE UX CMBIC/IA IPUBE/IEHE! B Tab-
suue B-1. Ecnu 3a % HeT npaBu/IbHOTO CUMBOJIA-CIIELIU(HKATOPA, pe3yJIbTaT
He oIpefiesieH.

int printf(const char =format, ...)
printf(...) MOMHOCTbLIO 3KBUBAMeHTHA fprintf(stdout, ...).

int sprintf(char *s, const char =format, ...)
sprintf z[eﬁC'rBye'r TakK Xe, KaK U printf, TOJIbKO BBIBOJ OCYILECTBJISAET B CTPOKY S,
3aBepias ee cuMBoJioM ' \0'. CTpoka s JOKHa OBITh JOCTaTOYHO 60716110, YTOOBI
BMelllaThb Pe3yJbTaT BbIBOAA. Bo3BpallaeT kOM4eCTBO 3aMHCaHHBIX CHMBOJIOB,
B YHMCJIO KOTOPBIX CUMBOJ '\0' He BXOIHT.

int vprintf (const char *format, va_list arg)

int vfprintf (FILE sstream, const char *format, va_list arg)

int vsprintf (char s, const char *format, va_list arg)
Dyuxnuu vprintf, viprintf mvsprint f 5KBUBaJIEHTHBI COOTBETCTBYIOIIUM printf-
yHKIMSIM C TOM NI pasHULEH, YTO NepeMEeHHbIH CITMCOK apIyMEHTOB IIpeJCTaB-
JieH 1mapaMeTpoM arg, HHUIMAJIM3UPOBAaHHLIM MaKpOCOM va_start W, BO3MOXHO,
BbI30BaMU va_arg (cM. B B7 onmcanue <stdarg.h>).
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Tabnuua B-1. Mpeo6pa3oBaHus printf

Cumson

Tun aprymeHTa;
BUA nevyartn

g, G

int; 3HaKoBas JecATUYHAs 3alUCh
int; Ge33HakoBas BocbMepuyHas 3anuch (6es 0 cieBa)

unsigned int; Ge33HaKoBas lIeCTHaAATepHYHAs 3anuCh (6€3 0x
wiu 0X ciesa), B kKavectBe udp ot 10 no 15 ucnonbayores
abcdef pia x u ABCDEF ma X

int; 6e33HaKOBOE JeCATUYHOE IiesIoe
int; exMHUYHBIN CUMBOJI [10CJIE npeo6pa30BaHn5[ Bunsigned char.

char *; CUMBOJIBI CTPOKM NeYaTaloTCs, [10Ka He BcTpeTuTtes ' \0'
WJIY He McuepraeTcs KOJAN4ecTBO CHMBOJIOB, YKa3aHHOE TO4-
HOCTBIO

double; mecsaTHYHas 3anuch Buaa [—|mmm.ddd, rae konudectso
d cnieunduumpyercst To4HOCTHIO. [l0 YMOTIaHUIO TOYHOCTD
paBHa 6; HyJIeBasi TOYHOCTb MOJIABJIAET [1€YaTh AECATUIHOMN
TOYKH

double; pecsitiuHas 3anuck Buaa [—|m.dddddde +xx nnv 3anuco
Buna [—|m.dddddde+xx, rne xonuuectso d cnenuduuupyer-
Csl TOYHOCTBIO. I]0 yMoTyaHUIO TOYHOCTD paBHa 6; HyJeBas
TOYHOCTD [TOIABJISIET TeYaTh AeCATHYHON TOUKU

double; ucrnionbayercs %e U %E, eciu MOPAAOK MeHblle -4 Unn
0oJIblIIE UM PaBeH TOYHOCTH; B IPOTUBHOM CJIydae UCIIOJIb-
3yercs %f. 3aBepuIaolye HYIU ¥ TOYKA B KOHIIE He evyara-
I0TCSt

void »; medaTaeT B BHAe yka3aTess (IpelcTaBjeHUe 3aBHCHT
OT peaTu3allun )

int *; YyuCI0 CHMBOJIOB, HaTNleYaTaHHBIX K JAHHOMY MOMEHTY [aH-
HBIM BBI30BOM printf, sanucvieaemcst ¢ apryment. Hukaxue
Apyrrie apryMeHTHI He T1peoOpasyoTcst

HUKaKHe apryMeHTHI He 1peoOpasyioTcst; neyataercs %

B 1.3. ®opmartHbiii BBOL,
Oyukuu scanf UMEIOT 4eJ10 ¢ PopMaTHLIM PeoOpa3oBaHUEM IIPH BBOJE.

int fscanf(FILE »stream, const char *format, ...)
fscanf yntaer ganHbIe U3 OTOKa st ream noa yupasieHuem format u npeobpasoBau-
HbI€ BEJIMYMHDI IPUCBANBAET TI0 MOPSAAKY aPTyMEHTaM, KaxCovill U3 KOmopulx don-
seH 6uimyv yxasamenem. 3aBepiuaet paboty, ecnu ucuepnacs ¢popmar. Boigaer EOF
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o ucuepraHuu daitsia uin nepes Jo6uIM IpeodpasoBaHHeM, ECIM BO3HUKJIA OG-
Ka; B OCTaJbHBIX CIyyasx QYHKLHs BO3BpallaeT KOJHYECTBO MPeoOpa3OBaHHLIX
1 BBEJCHHDIX 3JIEMEHTOB.

(DopmaTHas CTPOKa OOBIYHO COAEPKHUT crielnpUKaLUU Npeodpa3oBaHus,
KOTOpbIe HCIIOJIb3YIOTCA IS yIpaBieHUsi BBOAOM. B dopMaTHyio cTpoky Mo-
T'YT BXOAUTD!

* npobensl U TabyIsUMH, KOTOPble HTHOPUPYIOTCS;

* 00ObIYHbIE CHMBOJIE (KpOMeE %), KOTOpble OKUAAIOTCS B MOTOKE BBOJA CPENM CUM-
BOJIOB, OTJIMYHBIX OT CHMBOJIOB-pa3ieuTeel;

* cneunduKanul npeobpa3oBaHus, COCTOSMINE U3 %; HEODA3ATENHHOTO 3HAKa *,
MOJABJISIONIETO NPHCBaUBaHHe; HeoOA3aTeNLHOTO YHCa, cnenuduuupyomero
MaKCHMaJIbHYIO IMPHHY 107151, HeoOs3aTebHbIX h, 1 MtK L, yKasblBaomKX pas-
Mep NTPHCBaKBaeMOro 3HaUYEHNs1, U CUMBOJIa-crieliudrKaTopa npeodpa3oBaHus.

Crenudukauus npeobpa3oBaHus OlipelensieT IpeoOpa3oBaHue Cenyole-
ro niosist BBozia. OBBIYHO Pe3yJibTaT Pa3MellaeTCs B IEPEMEHHON, Ha KOTOPYIO
YKa3bIBaeT COOTBETCTBYIOLI I aprymMeHT. OHaKo ec/iv IpHUCBaUBaHue IOaB-
JISIeTCsI C TOMOIIBIO 3HAKA *, KaK, HalpUMeD, B %+S, TO [0Jie BBOZA IIPOCTO Po-
MyCKaeTcs, 1 HUKAKOro NpUCBauBaHUs He npoucxoaur. [lose BBoga onpene-
JisleTcsl KaK CTPOKa CHMBOJIOB, OTJIMYHBIX OT CHMBOJIOB-pa3jeIuTeNnel; npu
3TOM BBOJ] CTPOKHM MPEKPALIaeTCsi IPU BHIOJHEHUH JIFOO0T0 U3 IBYX YCJIO-
BUU: eCJIM BCTPETUJICS CUMBOJI-Pa3NenTeNb UIN ecld INHPHHA 1o (B C1y-
yae, KOrJa OHa ykasaHa) ucyepnana. M3 atoro cienyer, 4To npH nepexoje
K cJleqyIoleMy oo scanf MoxeT “ieperiaruBarh”’ yepe3 IpaHULbI CTPOK, 110-
CKOJIbKY CIMBOJI HOBOY CTPOKH SIBJIsIeTCsl cCUMBoJIoM-pasnenureneM. ([lox cum-
BOJIaMU-Pa3IeNUTeAMU TIOHUMAIOTCS CAMBOJIBI 1po6esia, Taby IsILnH, HOBO#
CTPOKH, BO3BpaTa KapeTKH, BEPTUKAIbHON TaOy IsILMK ¥ CMEHbI CTPAHUIIBL. )

CuMBoJI-CrieLU(PUKATOP YKa3bIBAET HA CIIOCOO UHTEPIpETALMH 1107151 BBO-
na. CoOTBETCTBYIOLIHMIA apryMeHT 0JIXKeH ObITh yka3aTesneM. CIIMCOK J0Mmyc-
THMBIX CUMBOJIOB-CIIeLI()UKATOPOB TPUBOAUTCS B Tabauie B-2.

CumsonaM-crienrdukaropam d, i, n, 0, U ¥ X MOKET IPEAIIECTBOBATS h, eCIU
apryMeHT ecTb yKa3aresb Ha short (a He int) uzu 1 (6yxsa ell), ecu apry-
MEHT eCcTb yKasaTesb Ha long. CuMBosaM-crenudukaropam e, f 1 g Moxer
TpeAlIecTBOBATD 1, ECJIM apIYMEHT — YKa3aTesb Ha double (aHefloat), mnulL,
ecJii apryMeHT — YkasaTesb Ha long double.

int scanf (const char *format, ...)
scanf(...) gesaeT TO Xe, yTo U fscanf (stdin, ...).

int sscanf (const char s, const char sformat, ...)
sscanf(s, ...) AeJaeT TO Xe, YTo U scanf(...), TOJILKO BBOJ CHUMBOJIOB OCYLIECTBJISAET
U3 CTPOKH S.
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Tabnuuya B-2. MpeobpasoBaHus scanf

Cumson

AaHHble Ha BBOAE;
TUN aprymMeHTa

e, f,g

[.]

~.]

IEeCATUYHOE 1ieJioe; int *

uenoe; int . Ilenoe MoxkeT GbITh BOCbMEPUYHBIM (C HyJIEM CJle-
Ba) WM IecTHaxaTepuyHbIM (c 0x niu 0X coreBa)

BOCbMEPUYHOE Liesoe (C HyJIeM CieBa K 6e3 Hero); int »
6e33HaKOBOE JECATUYHOE 1[EJIOE; unsigned int

lIeCTHaALaTepUYHOe uesoe (c Ox mu 0X cneBa unu Ge3 HUX);
int »

cuMBOJIBL; char . CUMBOJIBI BBOJI2 Pa3MeLIalOTCS B YKa3aHHOM
MaccuBe B KOJTMYeCTBe, 3aJaHHOM IIHPUHOH NOJIs; TI0 yMOJI-
YaHUIO 3T0 KosindecTBO paBHO 1. CumBo ' \0' He nobasiseT-
cs1. CUMBOJIBI-pa3/ieTUTeNU 3eCh PAaCCMATPHUBAIOTCS KaK
OOBIYHBIE CUMBOJIBI ¥ IOCTYMHAIOT B apryMeHt. UTo6s! npo-
4eCThb CIeLYIOUIUHA CUMBOJI-Pa3esuTesIb, UCIONb3YiTe %1S

CTPOKa CUMBOJIOB, OTJIMYHBIX OT CUMBOJIOB-pa3/enuTeeil (3a-
nuckIBaeTCcs Oe3 KaBbIYeK); char *, yKa3blBaOIMH Ha MACCUB
pasMepa I0CTaTOYHOr 0, YTOOB BMECTUTD CTPOKY U 106aBis-
eMBI{ K Hell cumBoJ ' \0'

YHCJIO C IJIaBakoLIel Toukoi; float . Mopmar BBo#a i float
COCTOUT U3 HeOOS3aTEIBHOrO 3HaKa, CTPOKHU LUdP, BO3MOX-
HO C JeCATUYHON TOYKOM, U He0BA3aTeIbHOTO MOPSAKA, CO-
CTOSIILer0 U3 E MY e U 11eJI0T0, BO3MOXHO CO 3HAKOM

3HaYeHUe yKa3aTeJss B BIJe, B KOTOpoM printf ("%p”) ero Ha-
reyaTaeT; void «

3aMHUCHIBAET B aPIyMEHT YHCJIO CUMBOJIOB, IPOYUTAHHBIX K 3TO-
MY MOMEHTY B 3TOM BbI30Be; int *. Hukaxoro yreHus BBona
He npoucxonuT. CYeTYUK YUCIA BBEJEHHBIX 3JIEMEHTOB
He yBeJIMYNBaeTcs

BBIOMpAET U3 BBOJA CaMy0 IVIMHHYIO HEMYCTYIO CTPOKY, COCTOSI-
1IyI0 U3 CHMBOJIOB, 3aIaHHBIX B KBa[PaTHBIX CKOOKax; char +.
B konen crpoku pobasnsiercs '\0'. Crnenudukatop Buaa
[]...]BKkiao4yaer ] B 3alaBaeMOe MHOKECTBO CUMBOJIOB

BHIOGUpAET U3 BBOJIA CaMyI0 JUTMHHYIO HENYCTYIO CTPOKY, COCTO-
SILIYIO U3 CHMBOJIOB, He 6X00514uX B 3a]IaHHOE B CKOOKax MHO-
*ecTBo. B xonen gobasaserca '\0’. Cneunduxarop suga
[~]...]BKaIOYaeT ] B 3aJjaBaeMOe MHOKECTBO CHMBOJIOB

OOBIYHBIN CUMBOJI %; MPHUCBAWBaHKE HE [EIAeTCSA
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B 1.4. ®dyHKuuun BBOAa-BbIBOAA CUMBOJIOB

int fgetc(FILE sstream)
fgetc Bo3BpaliaeT caeayOLIii CUMBOJ M3 ITOTOKA St ream B BUAe unsigned char (me-
peBelieHHy0 B int) uin EOF, ecn ucyepnaH daitn uinn obHapyskeHa omubKa.

char =fgets(char s, int n, FILE xstream)
fgets yuTaer He Hosiee n-1 CHMBOJIOB B MaCCHB S, IIpeKpallast YTEHHE, eCJIM BCTpe-
THJICS CUMBOJI HOBOH CTPOKH, KOTOPBIi BK/IOYAETCS B MACCUB; KPOME TOTO, 3alli-
criBaeT B MaccuB '\0'. OyHKuua fgets BO3BpAILa€eT S WM, CIU Mcyepna daiin
nu oGHapy>xeHa omu6ka, NULL.

int fputc(int ¢, FILE xstream)
fputc numeT cuMBOJ ¢ (epeBeeHHBIN B unsigned char) B st ream. Bo3spaiuaer 3a-
MUCaHHBIA CUMBOJ MK EOF B c1yyae omubKu.

int fputs(const char s, FILE stream)
fputs mumer cTPoky s (KOTOpas MOXeT He MMeTh ' \n') B Stream; BO3BpalllaeT HEO-
TpHLaTe IbHOE LesIoe Ml EOF B ci1yyae OmHUOKH.

int getc(FILE +stream)
getc mesaer TO Xe, YTO U fgetc, HO B OTJIMYHE OT nocne/:u-leﬁ, €CJIM OHa — MaKpoc,
stream MoxeT GpaTbCst 6oJiee OXHOTO pasa.

int getchar(void)
getchar() mesaer TO e, 4TO getc(stdin).

char =gets(char =s)
gets YMTaeT CJIeAYIOLIYIO CTPOKY BBO/Ia B MAaCCHB S, 3aMeHsis CHMBOJI HOBO# CTPOKH
Ha '\0'. Bosppaluaer s uin, eciu ucyepnan daiin nin obHapyxeHa ommbka, NULL.

int putc(int c, FILE xstream)
putc AesaeT TO Xe, 4YTO U fputc, HO B OTJIMUME OT IOCJAEaHEH, eClIU putc — MaKpoc,
3HayeHHe stream MOXeT 6paTbcs 6o1ee OAHOro pa3a.

int putchar(int c)
putchar(c) menaeT TO Xe, 4yTo putc(c, stdout).

int puts(const char xs)
puts MUIIET CTPOKY S M CUMBOJI HOBOI CTPOKH B stdout. Bo3spamaer EOF B ciyyae
OI.IJM6KH, HJIM HeOTpHULaTeJIbHOE 3HaYEHHE, €CITH 3alKMChb MMpolia HOpMaJbHO.

int ungetc(int ¢, FILE *stream)
ungetc OTHpaBJisieT CUMBOJ ¢ (IepeBeJeHHbIN B unsigned char) o6paTHO B stream;
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IpH clenyoleM YTeHNH U3 Stream oH OyeT mosy4eH cHoBa. [J1st KakIOTo NoToKa
BEPHYTb MOXHO He GoJjiee ogHoro cuMBosa. Henb3st Bo3ppamats EOF. B kauectse
pe3yJibTarta ungetc BblIaeT OTMPABJIEHHDbIA Ha3ak CMBOJ WIH, B Clyyae OLINOKH,
EOF.

B 1.5. ®yHkuumn npsimoro BBoga-BbiBoAa

size_t fread(void *ptr, size_t size, size_t nobj, FILE *strem)
fread ynTaer U3 MOTOKA Stream B MaccuB ptr He 6osiee nobj 06bEKTOB pa3Mepa size.
OHa BO3BpalIA€T KOJHYECTBO TPOYUTAHHBIX OOBEKTOB, KOTOPOE MOXET ObITh MEHDb-
Ile 3a51BJIeHHOTO. [111 MHAMKAIMHY COCTOSIHUSA TIOCTIe YTEHHS CllelyeT UCHOIb30BaTh
feof u ferror.

size_t fwrite(const void *ptr, size_t size, size_t nobj, FILE xstream)
fwrite nuier U3 MaccuBa ptr B stream nobj o6bEKTOB pa3mepa size; BO3BpalllaeT
YHCJIO 3alTUCaHHBIX 0GBEKTOB, KOTOPOE B CJIydyae OMOKH MeHbIIE Nobj.

B 1.6. ®yHKuMN noavumoHnpoBaHus paina

int fseek(FILE sstream, long offset, int origin)
fseek yCcTaHABJIMBAET MO3UIIMIO IS Stream; MOCIENYIOLIee YTeHIe WIIN 3aTUCh Oy-
IEeT IPOM3BORUTHCS C 3TOH mo3unuu. B cnyvae 6unapHoro ¢aiina no3uuus ycra-
HaBJIMBaeTCA CO cMelneHueM of fset — OTHOCHTENIBHO Hayasa, eCjIM origin paBeH
SEEK_SET; OTHOCHTENIbHO TEKYIIel NO3UIUH, ecJii origin paBeH SEEK_CUR; 1 oTHO-
CUTeIbHO KOHIA (hailnia, ecnn origin pasen SEEK_END. [1yist TekcToBOrO dhaiina of fset

JOJDKEH OBITh HYJIEM UJIH 3HAYEHHEM, OJIYYEHHBIM C IOMOLIBIO BbI30Ba (GYHKITHH
ftell. [Ipu pabote ¢ TekcToBHIM (aitioM origin Bcerxa AOJXeH GBITH paBeH
SEEK_SET.

long ftell(FILE «stream)
ftell BO3BpallaeT TEKYIYIO TO3MIMIO IIOTOKA Stream Wi —1L, B cydae omubKH.

void rewind(FILE +stream)
rewind (fp) menaer To e, uTo M fseek(fp, OL, SEEK_SET);clearerr(fp).

int fgetpos(FILE sstream, fpos_t *ptr)
fgetpos 3anMCcHIBAET TEKYIYIO NO3UIMIO IIOTOKA Stream B »ptr AJA MOCJIEAYIOIIErO
' MCHOJIb30BaHUA ee B fsetpos. Tum fpos_t mo3BosAeT XpaHUTh TAaKOTO POAa 3Haye-
Hus. B ciyyae omubku fgetpos Bo3BpallaeT HeHyJIeBOe 3HAUEHHE.

int fsetpos(FILE *stream, const fpos_t «ptr)
fset pos yCTaHaBJIP[BaéT MO3ULHMIO B Stream, yuTas ee U3 =ptr, Kyna oHa 6]:1)]8 3alu-
caHa paHee C MOMOIIbIO fgetpos. B ciyyae omnbky fsetpos BO3BpallaeT HEHYJIEBOE
3HaueHHe.
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B 1.7. ®yHkummn 06paboTky ownbok

MHorue ¢yHkipn 6UGIMOTEKH B CiTy4yae OMKMOKY MK KoHLa daiina ycTa-
HaBJIMBAIOT UHAMKATODBI COCTOSHUS. ITH UHANKATOPbI MOXHO NIPOBEPSATH U
uaMeHATb. KpoMe Toro, 1ies1oe BbipakeHe errno (0GbsBIEHHOE B <€rrno. h>)
MOXET COepKaTh HOMeP OIMOKH, KOTOPBIH JAeT AOIOJIHUTEIbHY0 HHBOD-
Mal[HIo 0 IOCIe(HeN U3 0OHaPyKeHHbIX OLIMOOK.

void clearerr(FILE »stream)
clearerr oYMIaeT MHAMKATOPBI KOHIA Gailna un oluOKH MOoTOKa Stream.

int feof(FILE xstream)
feof BO3BpalllaeT HEHyJIeBOe 3HaYeHMe, eCIi A1 MOTOKA stream yCTaHOBJIEH UH-
JMUKaTOp KoHLa (aiina.

int ferror(FILE *stream)
ferror BO3BpallaeT HeHyJIeBOe 3HaYeHHe, eCIM AJiS MOTOKA Stream yCTaHOBJIEH
HHAUKATOD OUIUOKH.

void perror(const char =s)
perror(s) meyaTaet S M 3aBUCHMOE OT peajn3aluu coobuenue o6 omubke, co-
OTBETCTBYIOLIEE LEJIOMY 3HAYEHHUIO B 11N, T. €. AEJIAET TO Xe, YTO U obpalieHue
Kk pyukuuu fprintf Buga

fprintf(stderr, "%s: %s\n”, s, "coobuenue o6 owubke")

Cw. strerror B maparpacde B3.

B 2. NMpoBepku knacca cumBona: <ctype. h>

3aronoBouHblit aitn <ctype.h> o6bsiBrseT GYHKINY, IPeIHA3HAYEHHbIE
17151 IPOBEPOK CUMBOJIOB. APIYMEHT KaX O U3 HUX MeeT THUH int ¥ JOJIKeH
smbo npenctaBnaTb coboit EOF, 6o ObITh 3HaYeHHEM unsigned char, mpuBe-
LEeHHbIM K 1nt; Bo3Bpauiaemoe 3HaueHue Toxe umeer Tul int. OyHkIMK BO3-
BpalaoT HeHyJieBoe 3HaueHHe (“UCTHHA”), KOIa apTYMEHT C YZAOBJIETBOPSIET
ONHCAHHOMY YCJIOBHIO MM NPHHANIEKUT YKA3aHHOMY KJIACCy CHMBOJIOB,
Y HyJIb B IPOTUBHOM CJIy4ae.

isalnum(c) — 1isalpha(c) mwauisdiglt(c) ecTb UCTHHA
isalpha(c) — isupper(c) wnuislower(c) ecTb UCTUHA
isentrl(c) — YHOpaBJIAIOUIMHA CUMBOJI

isdigit(c) — necsitrdHas uudpa

isgraph(c) — TeyaTtaeMbli CHMBOJI KpoMe ipobena
islower(c) - 6yKBa HIKHETO PErucTpa

isprint(c) — MeyaraeMblii CUMBOJI, BKJIIOYast Iipobesn

ispunct(c) — meyaTaeMblii CUMBOJI KpoMe pobesia, GYKBbI i L pbI
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isspace(c) — npobeJ1, CMeHa CTPaHUILIbl, HOBask CTPOKA, BO3BPAT
KapeTKHy, TabyJIsIus, BEPTUKaIbHAsA TaOyIA11s

isupper(c) — OGyKBa BEPXHEro PerucTpa

isxdigit(c) — lecTHaAuaTepuyHas Ludpa

B HaGope cemnburoBhix ASCII-cMMBOIOB eyaTaeMble CUMBOJTB HAXOAATCS
B quanasone ot 0x20 (' ') mo Ox7E ('~'); ympaBisiolye CUMBOJB — OT 0
(NUL) no 0x1F (US) u 0x7F (DEL).

TToMMMO MepeYrCIEHHbIX CTh ABE QYHKLMH, IPUBOAALIKE OyKBbI K OHO-
MY U3 DETHUCTPOB:

int tolower(int c) — NEPeBOAMUT C Ha HUXKHUII perucTp;
int toupper(int c) — IEePEBOAUT C Ha BEPXHUI perucTp.

Ecnu ¢ — GykBa Ha BEpXHEM PETHUCTPE, TO tolower(c) BhAACT 3Ty OyKBY Ha HYX-
HEM PEerucTpe; B IPOTUBHOM cIyyae oHa BepHer c. Eciu ¢ — 6ykBa Ha HUXKHEM
perucTpe, To toupper(c) BBIAACT 3Ty OYKBY Ha BEDXHEM PETHCTDE; B IPOTUB-
HOM CJIy4ae OHa BEPHET C.

B 3. ®yHKuMN, onepupyloume co cTpokamu: <string.h>

Wmerotcs nBe rpynnsl QyHKUNH, ONepUpPYOMUX O cTpokamMu. OHU ornipe-
JleIeHbl B 3ar0JI0BOYHOM daiine <string. h>. IMeHa dyHkuuit nepBoii rpymrisi
HaYMHAIOTCA ¢ OYKB str, BTopoi — ¢ mem. Ecii konupoBaHue uMeer 1ejo
¢ 00bEKTaMH, IEPEKPBIBAOIIUMUCS [10 [IAMSITH, TO, 32 UCKJIIOYEHHEM mEMMove,
noseseHue GyHKuui He onpenesieHo. OyHKUKHM cpDaBHEHNS PAaCCMATPUBAIOT
apryMEeHTHI KaK MacCHUBBI 3JIEMEHTOB THUIa unsigned char.

B tabsuue Ha c. 321 nepemMeHHble S ¥ t IPUHAAJIEXKAT TUIY char , CS U Ct —
TUmy const char =, n — Tuny size_t,ac — 3HaYeHHe THUNa int, npuBeneHHoOe
K THIy char.

[TocnenoBate ibHbIE BHI30BBI St rtok pa3OuBarOT CTPOKY s Ha JiekceMbl. Orpa-
HUYUTENIEM JIEKCEMBI CIIYKHUT JIF0O0M CUMBOJI U3 CTPOKH ct. B nepBoM BbI30Be
ykasaresib s He paBed NULL. (DyHKLKSA HAXOQUT B CTPOKE S IEPBYIO JIEKCEMY,
COCTOALLYIO 3 CUMBOJIOB, He BXOISIIUX B Ct; ee paboTa 3aKaHYMBAETCS TEM,
4TO [IOBEPX CJleLyollero cuMBosia numercs '\0' ¥ Bo3BpalllaeTcs yKa3aTeb
Ha sexcemy. Kaxaplil nocienyoumuil BEI30B, B KOTOPOM yKa3aTesb S paBeH
NULL, Bo3BpallaeTr yka3aTesb Ha CJIELYIOLIYIO JeKCeMY, KOTOPYIO QYHKIUA
6y neT UckaTh cpasy 3a KOHLOM npensiayinei. DyHKIUs strtok Bo3palgaer
NULL, eciu asiee HMKaKoi iekceMbl He 0OHapysxeHo. [Tapamerp ct oT BbI30Ba
K BbI30BY MOXKET BapbUPOBATbCA.

DyHKIMH Men... TPeIHA3HAYEHbI UL MAHUTTYTUPOBAHIS C OOBEKTaMU KaK C Mac-
CHBAMH CHMBOJIOB; X HasHayeHHe — MONy4YuTb uHTepdelichl K 3 peKTUBHBIM
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char =strcpy(s, ct) KONUPYeT CTPOKY Ct B CTPOKY S, BKJoyas ' \0'; Bo3-
Bpallaer S

char *strncpy(s,ct,n)  Komupyer He 6oJjiee N CAMBOJIOB CTPOKH ct B S; BO3-
Bpaiaer s. /[onoJIHsIeT pe3yJIbTaT CUMBOJIaMU
'\0', ec;11 CUMBOJIOB B Ct MeHblIIEe N

char strcat(s,ct) NPUNHUCHIBAET Ct K S; BO3BpaIlaeT s

char sstrncat(s,ct, n) mnpunucrBaer He 60J1ee n CUMBOJIOB Ct K S, 3aBep-
mas s cumBojioM '\0'; Bo3Bpalaer s

char strcmp(cs, st) cpaBHUMBaeT ¢s U ct; Bo3Bpamaet <0, ecau cs<ct,
0, ecsu cs==ct, u >0, ecut cs>ct’

char strncmp(cs, ct) CpaBHHUBAET HE 6oJsiee n CUMBOJIOB CS U Ct; BO3Bpa-
maert <0, ecnm cs<ct, 0, ecnu cs==ct, u >0, eciu
cs>ct

char *strchr(cs,c) BO3Bpallla€T yKa3aTe/lb Ha TepBOe BXOXKAEHHE C B CS

WJIH, eCJIM TAKOBOTO He 0OKa3asoch, NULL

char =strrchr(cs,c) BO3Bpalla€T yKa3aTe/lb Ha II0C/IeAHEE BXOXKAECHUE C
B CS WIH, €CJIY TaKOBOT'O He 0Ka3asoch, NULL

size_t strspn(cs,ct) BO3BpaIl[aeT ITUHY HayaIbHOTO CETMEHTA CS, COCTOS-
LIEro U3 CUMBOJIOB, BXOASIIUX B CTPOKY Ct

size_t strcspn(cs,ct)  Bo3sBpallaer ATMHY HAYaJIbBHOTO CETMEHTA CS, COCTOA-
LIEr0 U3 CUMBOJIOB, HE BXOJSIIIUX B CTPOKY Ct
char strpbrk(cs,ct) BO3BpalllaeT yKa3aTeJIb/B CS Ha [IEPBBI CMBOJI, KO-

TOPBIN COBITAJ C OAHUM U3 CUMBOJIOB, BXOSIIIUX
B ct, WIH, €CJIM TAKOBOTO He 0Ka3a1oCh, NULL

char strstr(cs, ct) BO3BpalllaeT yKa3aTeJsb Ha [lepBOe BXOXKIeHMe Ct B CS
WUJIH, €CJIM TAKOBOTO HE OKa3asiock, NULL

size_t strlen(cs) BO3BpalllaeT JJIUHY CS

char + strerror(n) BO3BpalllaeT YKa3aTesb Ha 3aBUCAIIYIO OT peanu3a-
LUK CTPOKY, COOTBETCTBYIOIIYIO HOMEPY OlIn6-
KH N

char * strtok(s,ct) strtok uiler B s 1eKceMy, OTpaHUYEHHYIO CUMBOJIa-

Mu 13 ct; 6oJiee OAPOGHOE ONUCaHHE 3TON HYHK-
LIUH CM. HIXKe

! 3xech M HKKeE NOA TAKMMM BBIPKEHUSAMM KaK CS<Ct HE CJICLYCT NoluMaTh apudMeTHyec-
Koe cpaBtichuc ykasaresieil. [loapasyMeBacTcs nexcHKorpadMueckoe cpaBHEHME, T. €. CS MClHb-
e (60ablc) Ct, €M NEPBLII HECOBNABUIMH 2JIEMENT B CS apuMeTHuecku Metiblie (Gosibiie)
COOTBETCTBYIOLICFO dJieMeliTa u3 ct. — IIpumeu. peo.
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nporpamMMam. B npuBeneHHoI Hrxe Tabanue s 1 t IPUHANIEXAT THITY void »;
cs M ct — Tumy const void *; n — TUIYy size_t; a ¢ UMeeT 3HaYeHUeE TUMA int,
NpUBeJeHHOe K THILY char. :

void =memcpy(s,ct,n) KOTIHPYET N CUMBOJIOB U3 Ct B S ¥ BO3BpAalllaeT S
void *memmove(s,ct,n) HenaeT TO XXe CaMoe, YTO U memcpy, HO pabora-
€T U B CJIy4ae “IepeKkphiBAoIUXCS” 0ObEKTOB.
int memcmp(cs,ct,n) CpaBHUBaeT MepBble N CUMBOJIOB CS 1 Ct; BHIAA-
€T TOT Xe peaynb;ra’r, 4T0 U GYyHKIMS stromp
void xmemchr(cs,c,n) BO3BpalllaeT yKa3aresjb Ha I1epBOe BXOXIeHHe

CHMBOJIa C B CS WIH, €CJIU CPeJiy [IEPBBIX N CUM-
BOJIOB C He BCTpeTu0ch, NULL

void «memset(s,c,n) pasMelaeT CUMBOJI C B NEPBHIX N MO3ULUAX
CTPOKH S U BO3BpALIaeT S

B 4. MaTtematnyeckune pyHKUUKN: <math.h>

B 3arosioBouHoM daiine <math. h> onucrBaoTCS MaTeMaTHuecKue hyHKIUN
Y ONIPEMEJIAIOTCS MAKPOCHI.

Makpocst EDOM 1 ERANGE (Haxopsiuecs B <errno.h>) 3afaioT OTJIHYHbIE
OT HyJISl LeJIOYMCIEHHbIE KOHCTAHTHL, UCNIOJIb3yeMble U151 (PUKCALMY OLINOKH
obsacty ¥ omubky auanasoHa; HUGE_VAL ompeesieHa Kak TOJOXUTEIbHOE
3HayeHue Tuna double. Quubka 06racmu BOSHUKAET, eCJIA aPTYMEHT BEIXOUT
3a 06J1aCTh 3HAYEHUH, 711 KOTOPOit onpenesneHa byHkuus. Ouxcauus omud-
K1 06J1aCTH OCYLIeCTB/ISIETCS IPUCBOEHIEM errno 3HaueHus EDOM; Bo3Bparia-
eMoe 3HavyeHVe 3aBUCHUT OT peanusauuu. OQuubka duana3ona BO3HUKAET
TOTZa, KOr/1a pe3y IbTaT QYHKLNY He MOXKeT ObITb NIPeCTaBJIeH B BUue double.
B ciyyae nepenonnenus ¢pyHkiys so3spatiaer HUGE_VAL ¢ npaBUIBHBIM 3Ha-
KOM M B €rrno ycTaHaBJIMBaeTcs 3HayeHne ERANGE. Eciiu pesysipraT okasbiBa-
€TCsl MeHbllle, Y4eM BO3MOKHO PeCTaBUTD JaHHbIM THIIOM, (G YHKIIUS BO3Bpa-
LlaeT HyJb, a yCTaHaBJIHWBAETCA JIU B 3TOM ciiydae B errno ERANGE, 3aBucur
ot peaniuzauuu. [lanee x u y UMetoT TN double, n = THd int, ¥ Bce GYHKIiMM
BO3BPALIAIOT 3HAYeHUs THMNA double. Yriibl B TPUTOHOMETPUYECKUX QYHKIHU-
AX 33[AI0TCA B pafliaHax. ‘ '

sin(x) CHHYC X

cos(x) KOCHHYC X

tan(x) TaHIeHC X

asin(x) apKCUHYycC X B fuanasone [-n/2, n/2}, x € [-1, 1]

acos(x) apKKOCHHYC x B nuanasone [0, i), x € [-1, 1]
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atan(x) apKTaHTeHC X B iuanasoHe [~1/2, 1/2]

atan2(y, x) apKTaHTeHC y/x B IuanasoHe [, |

sinh(x) runepboIuYecKuii CUHyC X

cosh(x) mnepéonnqecxnﬁ KOCHHYC X

tanh(x) runepbONNYECK il TAHTEHC X

exp(x) 3KCHOHEHIHaIbHAsA PyHKLUA €

log(x) HaTypaibHBIit Torapudm In(x), x>0

10g10(x) RecsTHYHbIN Torapudm log, (x), x>0

pow(X,Y) 2. Omubka obnactu, ecmux=0uy < 0
uiu x < 0 u y — He uesoe

‘sqrt(x) vx, x>0

ceil(x) HauMeHblIee 11e10e B BuJie double, KOTOpoe He MeHb-
me x

floor(x) HauboJblIee 11e10e B BUjie double, KoTopoe He 60J1b-
nIe x

fabs(x) abcomoTHoe 3HaveHue | x |

1dexp(x,n) x-2"

frexp(x, int =exp) pasbuBaeT x Ha ABa COMHOXWTEJA, NIePBHIH U3

KOTOPHIX — HOPMAJIN30BaHHas [poOb B UHTEPBaJIE
[1/2, 1), xoTopas BO3Bpamaercs, a BTOPO# —
CTeleHb JBOMKH, 3Ta CTENEHb 3aNOMHUHAETCS
B *exp. Eciu x — HyJb, To 06e yacTu pe3ysbrara
PaBHBI HYJTIO

modf(x, double *ip) pa3buBaeTcs Ha LeNy0 U ApobHYI0 Yactd, obe
HMEIOT TOT Xe 3Hak, 4to U x. [lesast yactsp 3armno-
MMHaeTCs B *1p, ApoOHas 4acTh BHIAAETCA Kak
pe3yJbTat

fmod(x,y) OCTaTOK OT JeJIEHUA X Ha y B BUJe YUCJIA C IJIaBa-
Iollelf TOYKOH. 3HaK pe3y./IbTaTa COBIIA/IAeT CO 3Ha-
koM x. Ecnu y paBeH Hysio, pe3y/ibTar 3aBUCHT
OT peau3aluu

B 5. ®yHkuum obuiero HasHavyeHus: <stdlib.h>

3aronoBouHbii (aity <stdlib. h> 06bsiBAsAET HYHKINH, IpeNHA3HAYEHHbIE
IJ1s1 Ipeo6pa3oBaHus YHCe], 3a1poca aMsITH U IPYTUX 3a1ad.

double atof(const char =s)
atof mepeBoauT s B double; aKBUBaJeHTHa strtod(s, (char=) NULL).

int atoi(const char =s)
nepeBOAUT S B int; aKBHUBaJieHTHa (int)strtol(s, (chars+)NULL, 10).
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int atol(const char =s)
MepeBOAUT S B long; s3KBHBaJIeHTHa strtol(s, (charss) NULL, 10).

double strtod(const char s, char =+endp)
strtod mpeo6pasyeT nepBble CUMBOJILI CTPOKH S B double, HUrHOPUPYS Ha4asbHble
CHMBOJIBI-Pa3/eJIUTeNH; 3AIOMHHAET yKa3aTesb Ha HenpeoOpa3oBaHHbI KOHeI]
B *endp (ecsn endp He NULL). mpu mepenosHeHNH OHa BbigaeT HUGE_VAL ¢ COOTBET-
CTBYIOIIMM 3HAKOM, B CJIy4ae, eCJIM pe3yJIbTaT OKa3bIBA€TCSI MEHbIIIE, YEM BO3MOX-
HO MPeJICTAaBUTh JAHHBIM THIOM, Bo3BpaitaeTcs 0; B 060Mx cayuasx B errno ycTa-
HaBauBaeTcsa ERANGE.

long strtol(const char *s, char *+xendp, int base)

strtol npeobpa3yer nepsrle CHMBOJBI CTPOKH S B 10ng, HTHOPUPYSl HayajbHble
CHMBOJIbI-Pa3fie/IUTENH; 3alIOMHUHAET YKa3aTelb Ha HEMPeoOPa30BaHHbINH KOHEl
B +endp (ecsim endp He NULL). Ecsii base HaxoauTcs B anasoHe ot 2 1o 36, To npe-
o6pa3zoBaHue Je1aeTCs B IPE/TOI0XKEHHH, YTO HA BXOJE — 3aMTUCh YHCJIA O OCHOBA-
HUI0 base. Eciu base paBHO HYJIIO, TO OCHOBaHHMeM YHcJia cuutaerca 8, 10 mn 16;
YKCNo, HaunHaweecs ¢ 1P 0, cYNTaeTCss BOCBMEPHYHBIM, a ¢ Ox Miu 0X — wmre-
crHanuatepuyHbIM. Lidpni ot 10 1o base-1 3anKchIBAIOTCS HaYaIbHBIMU OyKBa-
MU naTHHCKOro andasuTa B m060M peructpe. I[Ipu ocHoBaHuH, paBHOM 16, B Hava-
Jle yKcia paspeniaetcs noMematsb Ox uau 0X. B ciayuae nepenosnnenus dyHkuus
Bo3BpamiaeT LONG_MAX uyi LONG_MIN (B 3aBHCHMOCTH OT 3HaKa), a B €r o yCTaHaB-
nnBaeTrcs ERANGE.

unsigned long strtoul(const char *s, char =xendp, int base)
strtoul pa60'rae'r TakK ke, KaK ¥ strtol, ¢ TOH JMIb pasHHULEH, YTO BO3BpallaeT
pesyJbTaT TUMa unsigned long, a B cyyae nepenoaHeHns — ULONG_MAX.

int rand(void)
rand BBIZAeT MCEBAOCTyYaiHOe YHUCIO B ANana3oHe oT O o RAND_MAX; RAND_MAX
He Medbe 32767.

void srand(unsigned int seed)
srand HCMOJIB3YeT seed B KAYeCTBe CeMeHH LIS HOBO# OCIEI0BATEIbHOCTH NICEBI0-
cay4aitHsix ynces. U3HayanbHO mapaMeTp seed paBeH 1.

void +calloc(size_t nobj, size_t size)
calloc BO3BpalllaeT yKa3aTeJlb Ha MECTO B NIAMSTH, OTBeicHHOe AJI MaccuBa nobj
00bEKTOB, KaX bl U3 KOTOPBIX pasMepa Size, Ui, eCJIM MaMsATH 3alpallHBaeMoro
obbeMa HeT, NULL. BeiiesienHast 0671acTh HaMATH OOHYJISIETCSL.

void *malloc(size_t size)
malloc BO3BpallaeT yka3aTeslb HA MECTO B TAMATH JUIst 0OBEKTA pa3mepa size Wiy,
€CN¥ MaMATH 3anpalnsaemMoro o6bema Het, NULL. Boizesiennas 061acTb naMsiTu
HEe HHUIHAIU3UPYETCH.
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void =realloc(void *p, size_t size)
realloc 3aMeHsieT Ha Size pa3Mep 0OBbeKTa, HA KOTOPBIA yKa3biBaeT p. [lag uacty,
pa3mep KOTODOJ paBeH HaMMeHbLIEMY H3 CTapOro H HOBOTO pa3MepOB, COAEPKH-
Moe He uaMensietcsi. Eciin HOBbII pa3mep 6osibliie CTapoOro, JOMOJNHUTENBHOE TPO-
CTPaHCTBO He MHUIMATIU3UPYeTCH, realloc Bo3BpalllaeT yKa3aTeslb Ha HOBOE MeCTO
MaMSITH WJIH, eCi TPeOOBaHUS He MOTYT ObITh YA0BJAETBOPEHBI, NULL (*p mpH 3TOM
He U3MEHSIeTCS).

void free(void =*p)
free ocBOGOXAAET 06ACTh MAMATH, HA KOTOPYIO YKa3bIBaeT p; 3Ta GYHKIHUA HHe-
TO He JeN1aeT, ecyiut p paBHO NULL. B p noymxeH cTosTh ykasaresp Ha 0671aCTb IaMATH,
paHee BblZIeJIEHHY10 OfHO# U3 ¢pyHKuuit: calloc, malloc miu realloc.

void abort(void *p)
abort BbI3bIBaeT aBapUitHOe 3aBeplileHHe IPOrpaMMBl, ee AeHCTBUS 3KBHUBAJIEHTHBI
BbI30BY raise(SIGABRT).

void exit(int status)

exit BBI3BIBAET HOPMaJIbHOE 3aBeplieHre nporpaMMbl. DYHKINH, 33aPErUCTPHPO-
BaHHbIE C TOMOILBIO atexit, BHIMOJHAIOTCSA B OPAAKE, OOPaTHOM UX PErMCTPALIMA.
TIpousBoanTCS OMOPOKHEHHE 6YPEPOB OTKPHITHIX (ANOB, OTKPBITBIE MOTOKHM 3aK-
PBIBAIOTCH, M YTIPABJIEHNE BO3BPALIAETCS B CPEAY, U3 KOTOPO# GBI IPOM3BENEH 3a-
IyCK IporpaMmbl. 3HaueHue status, mepeaBaeMoe B CPeRy, 3aBUCHT OT peaynsa-
LMY, OMHAKO [TPH YCIIEIIHOM 3aBepIIeHUH MPOrPaMMBbl IPUHATO NepeAaBaTh HYJIb.
MOXHO Takxe UCIONb30BaTh 3HaYeHUs EXIT_SUCCESS (B ciyyae ycmemHoro 3a-
BepiieHus) u EXIT_FAILURE (B ciyyae omuOKn).

int atexit(void (=fcn)(void))
atexit perucrpupyer fcn B KauecTBe GYHKINH, KOTOpast GyAeT BbI3bIBATHCS NPH
HOpMaJIbHOM 3aBepllleHMH NMpOorpaMMbl; BO3BpalllaeT HEHYJieBoe 3HaYeHHe, eCliu
PETHCTpALUS HEe MOXET OBITh BBIMOJIHEHA.

int system(const char xs)
system mepeZiaeT CTPOKY s ollepallHOHHOI cpefie 11 BhinoHeHHA. Ecu s ecth NULL
M CyLIeCTBYeT KOMaHIHBIH Mpo1eccop, TO system BO3BpallaeT HeHyJeBoe 3Haye-
Hue. Ecin s He NULL, To Bo3BpamiaeMoe 3HaueHHe 3aBUCUT OT peaslu3alluu.

char =getenv(const char +name)
getenv BO3BpallaeT CTPOKY Cpellbl, CBA3aHHYIO C name, MM, eCJI HUKAKOi CTPOKK
He cyuiecTByeT, NULL. JleTann 3aBUCAT OT peanu3aluH.

void *bsearch(const void xkey, const void xbase,
size_t n, size_t size,
int (=cmp)(const void rkeyval, const void sdatum))
bsearch uier cpeau base [0)..base[n-1] ajeMeHT ¢ NOAXOAAIINM KJIOYOM xkey,
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DyHKuMs cmp JOKHA CPABHUBATL IEPBBIil apryMeHT (KJII0Y MOHCKA) CO CBOHM
BTOPBIM apryYMeHTOM (3HaueHHeM KJII0Ya B TaOJUIE) ¥ B 3aBUCHMOCTH OT PE3YJlb-
TaTa CpaBHEeHHs! BbIAABATh OTPHLATENLHOE YHCIIO, HYJIb HIIH [OJIOKHTEJIbHOE 3Ha-
yeHHe. DIeMEHTBl MacCHBa base JOJKHBI ObITh YIOPSIOYEHDBI B BO3pACTAIOLIEM
NOpsiIAAKe, bsearch BO3BpAILAeT yKa3aTe b Ha 3JIEMEHT C IIOAXOAAIMM KII0YOM HJIH,
€CJIM TaKOTOo He 0Ka3aoch, NULL.

void gsort(void +base, size_t n, size_t size,
int (*cmp)(const void =, const void *))
gsort coprupyer MaccuB base[0]...base[n-1] 06BEKTOB pa3Mepa size B BO3pacTalo-
mem nopsizike. DYHKIHNs CpaBHEHHS CMp — TaKast XKe, Kak U B bsearch.

int abs(int n)

abs BO3BpaILaeT abCOTIOTHOE 3HaYeHNe apryMeHTa THMa int.

long labs(long n)
1abs Bo3BpallaeT abCOMOTHOE 3HAYeHKe apryMeHTa THIa long.

div_t div(int num, int denom)
div BHIYMCIISIET YACTHOE M OCTATOK OT JeJIeHHs1 num Ha denom. Pe3ysbTaThl THNA int
3aIIOMHMHAIOTCA B 3/1eMEHTax quot ¥ rem CTPYKTYphI div_t.

ldiv_t ldiv(long num, long denom)
ldiv BBLIYMCIISIET YaCTHOE M OCTaTOK OT €JeHHs num Ha denom. PesynbTaThl TUMA
long 3amOMKMHAIOTCS B 3/IEMEHTAX qUOt M rem CTPYKTYphl 1div_t.

B 6. AnarHocTtuka: <assert. h>

Makpoc assert ucrnonb3yercs A1 BKIIOYEHUSA B IPOTPaMMY JAHUATHOCTH-
YECKUX COOOLIEHHUH.
void assert (int ewpascenue)
Ecnu evipascenue nMeet 3nadeHue Hy b, TO
assert (svipascenue)
HareyaTaet B stderr coobuieHye CIeayoLero BUa:
Assertion failed: ewipaxcenue, file ums-¢paiina, line nnn

niocie yero 6yzer Bei3aBaHa hyHKIMA abort, KOTOpast 3aBEPIIUT BHIYMCIIEHHUS.
Wms ucxonHoro ¢aifia 1 HOMEp CTPOKM OYAyT B3ATH U3 MaKpocos __FILE__
u __LINE__. )

Ecnu B MoMeHT BruTIoueHHA daiina <assert. h> 6b110 onpeenieHo umst NDEBUG,
TO MaKpOC assert UTrHOpUpyeTcs.



B 8. [lanbHne nepexopl: <setjmp.h> 327

B 7. Cnuckun aprymMeHToB
nepemMeHHon AnuHbI: <stdarg.h>

3aro/10BouHBIN (aiin <stdarg.h> npexocTaBiseT CpeacTBa A nepebopa
apryMeHToB (GbYHKIIMH, KOJTHYECTBO U THUIIBI KOTODBIX 3apaHee He U3RECTHHDI.

TycTs nocrape — nocnenuut MIMeHOBaHHEIH napaMeTp GYHKIHUH T ¢ iepe-
MEHHBIM YHCJIOM apryMeHToB. BHYTpH f 06DbsBISETCS epeMeHHast ap TUMa
va_list, npexHasHauYeHHas IJId XpaHEHHS YKa3aTessl Ha OYepeHON apryMeHT:

va_list ap;

Tpexme yeM GyIeT BO3MOXeH HOCTYM K Oe3bIMHHBIM apryMeHTaM, Heo6Xo-
IMMO OVH Pa3 UHULUAIU3UPOBATD ap, 06PATUBIIKUCE K MAKPOCY va_start:

va_start(va_list ap, nocrape);
C aToro MOMeHTa Kask/[0e obpauieHre K MaKpocy:;
mun va_arg(va_list ap, mun);

Oyner naBaTh 3HaYeHHE OYEPENHOr0 GE3BIMSIHHOIO apryMeHTa YKa3aHHOro
THIA, ¥ KaXA0€e Takoe obpaieHue GyaeT BbI3bIBATh aBTOMATUYECKOE [IPUpa-
LIeHYe yKa3aTeJIs ap, YToObI OC/Ie[HUI yKa3biBaJl HA CIEAYIOIHI apIyMEHT.
OnuH pa3s nocsie nepebopa apryMeHTOB, HO 10 BHIX0/1a U3 T Heo6Xoxumo o6pa-
THUTBCS K MAKPOCY

void va_end(va_list ap);

B 8. NlanbHue nepexoapl: <setjmp.h>

O6bsBeHus B <setjmp.h> NPEAOCTABJISIOT CII0CO6 OTKJIOHUTHCS OT 00bIY-
HOM [10C/IEA0BATEIBHOCTH “BHI30B — BO3BPAT”; TITMYHASA CUTYalUs — He0OX0-
AVMOCTH BEDHYTHCS 13 “IIy6OKO BIOKEHHOr0” BBI30Ba GYHKUUY Ha BEPXHUH
yPOBEeHb, MUHYS IPOMEKYTOYHbIE BO3BPATHI.

int setjmp(jmp_buf env)
Makpoc setjmp coxpansieT Tekyu1yio HH(GOPMaLKIO O BbI30BAX B env 11 MOCTIERyY-
IOLIEro ee UCMOJIb30BaHuA B longjmp. Bo3Bpaiaer Hy b, el BO3BpaT OCYIIECTB-
JISIeTCS HEMOCPEACTBEHHO U3 Setjmp, M He HYJIb, eCIU — OT MOCJeYIOIIEro Bbi30Ba
longjmp. O6pamel-me K setjmp BO3MOXHO TOJIbKO B ONpPeEIEHHBIX KOHTEKCTaX;
B OCHOBHOM 3TO MPOBEPKM B if, switch M MKIaX, MpUYEM TOJIBKO B IPOCTHIX BbIpa-
XEHUSIX OTHOLIEHUA.

if (setjmp() == 0)

/* nocne npsMoro Bo3BpaTa */
else

/* nocne Bo3spaTa u3 longjmp */
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void longjmp(jmp_buf env, int val)

longjmp BOCCTaHaBJIMBAET HHCbOpMa].IHIO, COXPaHEHHY0 B CAMOM MOCJIEAHEM BbI30-
Be set jmp, 1o MHGOPMaLKUHK U3 env; BHINOTHEHHE MPOrPaMMBbl BO30OHOBJISIETCS, KaK
ecy 661 GYHKIMA Setimp TONBKO YTO OTpabOTaNa U BepHYJIa HEHYIeBOe 3HaueHue
val. Pesynbrar 6yner HenpenckasyeMEIM, eCIM B MOMeHT obpammenus K longjmp
dyHkuus, conepKanias BbI30B set jmp, yxKe “oTpaboTana” u ocyllecTBUIa BO3BPAT.
ﬂOCTyngle el 06'beKTbI HMEIOT T€ 3HaY€HHs1, KOTOPpble OHU UMEJI B MOMEHT o6pa-
IeHUs K longjmp; setjmp He cOXpaHseT 3HaYeHU .

B 9. CurHansi: <signal.h>

3aros10BoYHBI (aii <signal.h> NpemoCTaBIseT CPeACTBA A1 00paboTKU
HCKJIIOYUTEIHHBIX CUTYAI[UH, BOSHUKAIOUIUX BO BPEMsI BEITIOJIHEHHS IPOTPaM-
MBI, TAaKUX KaK NpephIBaHye, BEI3BAaHHOE BHEIIHUM HCTOYHHUKOM WM OMIU6-
KO B BHIYMCIEHUSAX.

void (*signal(int sig,void (~handler)(int)))(int)
signal ycTaHaBIMBaeT, Kak 6yayT o6pabaThiBaThCs OCIEAyonMe CUrHasl. Eciu
napaMeTp handler umeer 3HaueHHe SIG_DFL, TO HCNONIb3YyeTCsl 3aBUCUMAast OT pea-
JIA3alHUH “o6pa60'n<a IO YMOJIYaHHUIO”; ecK 3HaueHue handler paBHo SIG_IGN, TO
CHTHAJl ITHOPUPYETCSI; B OCTAJIHBIX CIy4Yasix GyzieT BHIMOIHEHO o6pameH e K QyH-
KLMH, Ha KOTOPYIO yKasbiBaeT handler ¢ THIIOM CHUTHaJla B KaueCTBe apryMeHTa.
B 4ncno 1omycTUMbIX BUAOB CUTHAJIOB BXOJSAT:

SIGABRT — aBapMitHOe 3aBepllieHye, HanpuMep oT abort;

SIGFPE — apudmernyeckas omubKa: nesieHre Ha 0 WK T1EPEno-
HEeHHUe;

SIGILL — HeBepHbIi ko GyHKIUY (HeZOyCTUMast KOMaH/a);

SIGINT — 3anpoc Ha B3aUMO/IeiCTBYe, HallpUMep ITpepHIBaHue;

SIGSEGV — HeBepHBIU IOCTYI K [IaMSITH, HAaIIPHMeD BBIXOJ 3a PaHULIbL

SIGTERM - TpeboBaHuUe 3aBepILUEHHs], TOCJIAHHOE B [IPOrPaMMYy.

signal Bo3BpalllaeT npeabiayllee 3HaYeHUe handler B c1ydae crelugUuIpo-
BaHHOTO CUTHaJIA, Win SIGERR B c/Tyyae BOBHUKHOBEHUS OIIUOKH.

Korna B naybHeiieM NosABIseTCs CUTHAJ S1g, CHayala BOCCTAHABJIMBAETCS
FOTOBHOCTD MOBENEHUS “TI0 YMOT4aHUIO”, TOCJIE YErO BHI3BIBAETCS (DYHKUNA,
3a/1aHHas B mapaMeTpe handler, T. €. Kak GbI BHINOTHsAETCS BBI30B (*handler)(sig).
Ecnu pyHkuus handler BepHeT ynpas/ieHue Ha3ajl, TO BBIYUCIEHUSA BO30OHO-
BSITCSI C TOTO MECTa, I/le 3aCTaJl IPOrpaMMy NPULIEIINH CUTHAT.

HauanpHoe cOCTOsSIHME CUTHAIOB 3aBUCUT OT PeaIn3alUH.

int raise(int sig)
raise MOCBLJIaeT B IPOrpaMMy CHTHAJ sig. B ciiyuae Heynauu Bo3Bpauaer HeHyie-
BO€ 3HAYeHHe.
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B 10. ®dyHkuum paTtbl U BpeMeHu: <time.h>

3aromoBoyHbli (aiin <time.h> 06BABISET TUNH U QYHKIWMH, CBA3aHHDIE
¢ natoii u BpeMeHeM. HekoToprie QyHKLIUU UMEIOT JIEJI0 C MECTHbIM 8peMe-
HeM, KOTOPO€ MOXKET OTJIMYaThCsl OT KaJIEHAapPHOTo, HallpuMep B CBsI3U C 30-
HUpoBaHHeM BpeMeHU. Tumnbl clock_t ¥ time_t — apudMeTHyecKue TUIIBI A5
TIPe/ICTaB/IeHUsI BDEMEHH, a struct tm coXep>KUT KOMITOHEHTHI KaJIEeHAApPHOTO
BPEMEHU:

int tm_sec; — cekyHupl oT Hayaa MUHYTH (0, 61);
int tm_min; — MwuHyTHI OT Hadasa daca (0, 59);

int tm_hour; — gacwi ot mosynou (0, 23);

int tm_mday; - uwmcmomecsina (1,31);

int tm_mon; — Mecsusl ¢ sHBaps (0, 11);

int tm_year; - roasl c 1900;

int tm_wday; — mnu cBockpecetbs (0, 6);

int tm_yday;, — mmwu c 1susaps (0, 365);
int tm_isdst; — NpH3HAK JIETHETO BDEMEHMU.

3Hauenue tm_isdst — MoI0KUTENbHOE, €CITH BPeMs IPUXOUTCS Ha Ce30H, KOraa
BpeMsi CYTOK CABMHYTO Ha 1 yac Brepesi, Hy b B IPOTUBHOM CJIy4Yae M OTPHIIa-
TeJIbHOE, €C/T MHGOPMaLUs He [OCTYITHA.

clock_t clock(void)
clock Bo3BpailaeT BpeMs, GMKCHPYeMOe IPOLECCOPOM OT HayaJla BHITIOTTHEHHA ITPO-
IPaMMBl, U -1, eCJIU OHO He U3BECTHO. []711 BEIpQXKEHHS 3TOr0 BpEMEHU B CEKYH-
nax npumeHsiercs dopmyna clock()/CLOCKS_PER_SEC.

time_t time(time_t =tp)
time BO3BpaMIaeT TeKyuiee KaleHAapHoe BpeMs (T. €. BpeMs, poLIeAllee IOCJIe OIl-
penesieHHO# naTsl, — 06b1yHO nocie 0 4 00 mun 00 ¢ GMT 1-ro siuBaps 1970 . —
npumeu. ped.) unu -1, ecu BpeMs He usectHo. Eciu tp He paBHo NULL, TO Bo3Bpa-
11aeMoe 3HaueHHUe 3aMUChIBAETCS U B +1p.

double difftime(time_t time2, time_t timel)
difftime BO3BpalllaeT pa3HOCTb time2-time1, BbIpaXXeHHYIO B CEKyHAAX.

time_t mktime(struct tm «tp)
mktime mpeoGpasyeT MeCTHOe BpeMsl, 3alaHHOe CTPYKTYPOIil +tp, B KaJeHAapHOE,
BbIJIaBast eT0 B TOM Xe€ BUJE, YTO ¥ QYHKIMs time. KoMnoHeHTb GYAYT UMETD 3Ha-
YeHMs B yKa3aHHbIX Auana3oHax. MyHKuus mktime BO3BpaIIAeT KaJleHIapHOe Bpe-
Ms WU -1, eCJIH OHO He MIpeacTaBuMoO.

Crenymoupe yeTsipe GYHKIIMK BO3BpAIAIOT YKa3aTeslu Ha CTaTHYeCKHe
06BEKTBI, KAK/ABIA 13 KOTOPHIX MOXKET ObITh U3MeHEH APYTUMHU BBI30BaMH.
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char +asctime(const struct tm *tp)
asctime nepeBOAMUT BPEMSA B CTPYKTYpe *tp B CTPOKY BHAA
) Sun Jan 3 15:14:13 1988\n\0

char sctime(const time_t «tp)
ctime NepeBOAUT KJIEHAAPHOE BpEM: B MECTHOE, YTO 3KBUBAJIEHTHO BBIITOJIHEHHIO
asctime(localtime(tp))

struct tm =gmtime(const time_t *tp)
gmtime mepeBOAMT KaJeHAApHOe BpeMst BO BceMupHOe KOOPAMHHPOBAHHOE BpPEMSI
(Coordinated Universal Time — UTC). Boinaer NULL, ecin UTC ue ussectHo. Ums
aToi byuxuuu, gntime, npoucxoaut ot Greenwich Mean Time (cpeaHee Bpems
no ['pyuHBHYCKOMY MepHAMaHY).

struct tm =localtime(const time_t *tp)
localtime mepeBOAMT KaJeHAapHOE BPEMA *tp B MECTHOE.

size_t strftime(char *s, size_t smax, const char =fmt,
const struct tm =tp)

strftime ¢popmarupyer nHdopmanuio o Jate ¥ BpeMeHH U3 tp B CTPOKY S corJiac-
HO bopMaty fmt, KOTOpBI HMeeT MHOTO, OOIIKX YepT ¢ HOpPMATOM, 331aBaeMbIM
B pyHKuMM printf. O6bIYHBIE CUMBOJIBI (BKJIOYAd U 3aBepIIaoInuii cumBoi '\0')
konupyltotcs B s. Kaxkaas mapa, cocrosiutas us % 1 6YKBBI, 3aMEHsETCS, KK 10Ka3a-
HO HHXe€, C UCMIOJIb30BaHUEM 3HAUYeHHH 10 HOPMe, COOTBETCTBYIOIIEN MECTHBIM
TpaguuusaM. B s paamelnaercs He 60see smax CUMBOJIOB, strftime Bo3BpaliaeT 4uc-
JI0 cMMBOJIOB 6e3 yyeta '\0' MM HyJIb, €CJIH YHUCIIO CTEHEPHPOBAHHBIX CUMBOJIOB
6oJ1blne smax.

%a COKpanleHHOe Ha3BaHUe IHS HeleH

%A TIOJIHOE Ha3BaHMe [HS HeZle/n

%b COKpallleHHOE Ha3BaHHe MecsiLia

%B TOJIHOE Ha3BaHUE MECALA.

% MECTHOE Tpe/ICTaBJIeHHe JaThl U BpeMEHH!
%d neHb Mecsiua (01-31)

%H yac (24-yacoBoe Bpemsi ) (00-23)
%I yac (12-yacosoe Bpems) (01-12)
%] neHb oT Hayasia roza (001-366)
%m Mecsu (01-12)

%M MuHyTa (00-59)

%p MECTHOE TIpe/ICTaBJIeHye AM wi PM (o win nocJie NOMyAHs )

%S cexkyHza (00-61) ‘

%U Hejlessl OT Havyasia rozia (C4MTast, 4To BockpeceHbe — 1-i1 JeHb
Hemesnu) (00-53)

%w nenb Henenu (0-6, HoMep BockpeceHbs — 0)

%W HeZeJIs OT Hayasla rofia (CYMTAs, 4TO TIOHEAeIbHUK —

1-it nenp Hepenn) (00-53)
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%x
%X
Y
%Y
%Z
%%

MECTHOE NIPENCTaBJIEHHUE NaThl

MECTHOE NIPEACTaBJIEeHNE BPEMEHH

rox 6e3 ykasauus sexa (00-99)

TOI C yKa3aHUEM BeKa

Ha3BaHHE BpeMeHHOﬁ 30HbI, €CJIK OHa ECTb
%

B 11. 3aBucsume ot peannsaunu rnpegenbi:
<limits.h> n <float.h>

3arosoBouHbl# aits <limits.h> onpezesnsieT KOHCTaHTH 151 PasMepoOB
LIeJIOYUCIeHHBIX TUIOB. Hibke nepeyuciieHbl MUHUMaJIbHbIE IPHEMJIEMbIE Be-
JIMYMHBL, HO B KOHKPETHBIX Peayli3allusiX MOTYT UCII0Ib30BaThCs ¥ Ootblivie

3HAYEHMUA.

CHAR_BIT 8 OUTOB B 3HAYEHMHU char
SCHAR_MAX UCHAR_MAX wau '

SCHAR_MAX MaKCHMaJIbHOE 3HaYeHue char
CHAR_MIN O wnu SCHAR_MIN MUHUMaJIbHOE 3Ha4€eHue char
INT_MAX  +32767 MaKCHUMaJIbHO€E 3HaYeHue int
INT_MIN -32767 MUHUMaJIbHOE 3HaueHue int
LONG_MAX  +2147463647 MaKCHMaJbHOE 3HaYeHe 1ong
LONG_MIN -2147483647 MHHMMaJIbHOE 3HaueHue 1ong
SCHAR_MAX +127 MaKcUMaJIbHOe 3HayeHue signed char
SCHAR_MIN -127 MHHHMMaJIbHOe 3HaYeHue signed char
SHRT_MAX  +32767 MaKCHUMaJIbHOe 3HayeHue short
SHRT_MIN  -32767 MUHUMaJIbHOE 3HaueHnue short
UCHAR_MAX 255 MaKCUMaJIbHOe 3HaYeHue unsigned char
UINT_MAX 65535 MaKCUMaJIbHOE 3HaYeHue unsigned int
ULONG_MAX 4294967295 MaKCUMaJibHOe 3HaueHue unsigned long
USHRT_MAX 65535 MaKCHMaJIbHOE 3HaYeHue unsigned short

Vimena, npuBeneHHble B clenyoueii Tabule, B3sTh U3 <float.h> U sBJs-
JOTCS KOHCTAHTaMH, UMEIOIMMH OTHOLIEHVE K apudMeTUKe C IIaBaoulei
TOYKOH. 3HaueHus (EC/IM OHHU €CTb ) TPEICTABJIAIOT COGOH MUHUMALHbLE 3Ha-
YeHHs JJIs1 COOTBETCTBYIONIUX BEJIMYMH. B KXo peanusaliuyl yCTaHABIH-
BalOTCSl CBOM 3HAYEHUS.

FLT_RADIX 2 OCHOBaHUeE JJIs1 TIPEACTaBJEHUs MOPSAIKA,

Hanpumep: 2, 16

FLT_ROUNDS C1oco6 OXPYIJIEHUsI IPH CJI0KEHNUHU YHCel

C nJaBaollei TouKoi



332

Mpunoxenue B. CtaHpapTHas bubnnoreka

FLT_DIG
FLT_EPSILON
FLT_MANT_DIG

FLT_MAX
FLT_MAX_EXP

FLT_MIN

FLT_MIN_EXP

DBL_DIG

DBL_EPSILON

DBL_MANT_DIG

DBL_MAX

DBL_MAX_EXP

DBL_MIN

DBL_MIN_EXP

1E-5

1E+37

1E-37

10

1E-9

1E+37

1E-37

KOJINYEeCTBO BEPHBIX JECSTUYHBIX LUDP

MHHUMAaJILHOE X, Takoe, yto 1.0 + x # 1.0

KOJIMYECTBO UMD 10 OCHOBaHUIO
FLT_RADIX B MaHTHCCE

MaKCHMaJIbHOE YFHCJIO C IJIaBaioueil TOYKOH

MaKCHMaJIbHOe 71, Takoe, uto FLT_RADIX” - 1
HPEACTAaBUMO

MUHUMaJIbHO€ HOPMaJU30BaHHOE YHCJIO
C IJIaBaone TOYKon

MHHHUMAaJIbHOE 7, Takoe, yto 10" npexcra-
BUMO B BH/le¢ HODMaJIM30BaHHOIO YHCJIa

KOJIN4eCTBO BEPHBIX AECATUYHBIX LUDp
[ TUma double

MMHHMaJbHOE X, Takoe, uto 1.0 +x # 1.0,
IZle X IPUHAIJIEKUT TUIY double

KOJIN4eCTBO 1{1p 10 OCHOBAHUIO
FLT_RADIX B MaHTHCCe AJIS YHCe
THna double

MaKCHMaJIbHOE YMCJIO C IIJIaBalOIIeH TOY-
Ko¥ Tumna double

MaKCHMAJIbHOE 77, TaKoe, 4To FLT_RADIX" -1
[IPeACTaBAMO B BUJZIE€ YUcJIa TUNa double

MUHHMaJIbHOE HOPMAIN30BaHHOE YUCJIO
C nJ1aBalollei TOYKOH TuMa double

MHHHUMaJbHOE 7, Takoe, 4To 10" npencTa-
BHMO B BH/Ie HOPMAJIM30BAHHOTO YHCJIA
Tumna double
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NepeyeHb U3aMeHeHnM

C MoMeHTa Iy6IMKaL¥K IePBOrO U3JAaHUS 3TOU KHUTH OMpefesICHHUE A3bl-
ka Cu npetepriesio uaMeHeHus1. [1ouTy Bce HOBOBBeZeHUS — 3TO PacLIUPEHUs
HCXOQHO# BEPCHY SI3bIKa, BbIIIOJHEHHBIE TaK, YTOOB! COXPAHUJIACh COBMECTH-
MOCTb C CYyUIECTBYIOLIMMU IIPOrPaMMaMU; HEKOTOPEIE U3MEHEHHUS KaCaloTCs
yCTpaHeHUs! IBYCMBICJIEHHOCTEH [epBOHAYAIBHOTO ONMCAHUs, 2 HEKOTOPHIE
NPEACTaBISIOT c060# MoaubUKaLVH, TPUBHECEHHBIE CYLIECTBYIOLIEH NPaK-
THUKOH. MHOTHe 13 HOBBIX BO3MOXHOCTEH, BIOC/IeICTBIY IPUHSTHIE APYTUMHU
paspaboryrkamy CH-KOMITIISTOPOB, OBLIN [IEPBOHAYATLHO 0ObSIBIEHBI B 10-
KyYMeHTax, pilaraeMbix k komnuisitopaM. Komuter ANSI, noarorasiusas
CTaHAAPT 131K, BKJIIOYMI OOJIBUIMHCTBO 9THX U3MEHEHHIA, 2 TAKXKE BBEJ Ipy-
rye 3HaunTeabHble Mopudukannyu. HekoTopeie KoMMep4YecKue KOMITWISITO-
Pbl peaIn30BaJIH X ellle 10 BbImycka opuuuanbHoro Cu-cranmapra.

B aTOM npuiIOXKeHNM CBeZleHbl BOEIHUHO PA3INiUs MEXAY A3bIKOM, OTIpele-
JIeHHBIM B II€PBOi1 €T0 pefaKkIu, ¥ TOM ero BepCHH, KOTOpasi IPUHATA B Kade-
CTBe CTaHAApTa. 34eCh PaCCMaTPUBAETCA TOJIBKO CaM sI3BIK; BOIIPOCHL, OTHOCS-
LIMECS K €70 OKPYXKEHHUIO 1 GubI1oTeKe, He 3aTparuBaroTcs. XOoTs Noc/aenHue
U SIBJISIIOTCSI BaXKHOM YaCTbIO CTaHAApTa, HO, IIOCKOJIbKY B EPBOM H3JaHUU
He IeJIaJIOCh MOMBITKY OMUCATh CPeNy ¥ OUOIHOTEKY, C COOTBETCTBYIOIUMHU
CTaHIapPTHHIMU 3JIeMEHTaMU CPaBHUBATh IPAKTUYECKU Hevero.

* B cranmapre 6osiee TaTeIbHO, IO CPABHEHHIO C [IEPBHIM U3IaHUEM, OTIpE-
ZeJIeHO ¥ PaCIIPeHO NPenpoLecCpPOBaHHe: B eT0 OCHOBY SBHO I10JI0)KeHbI
JIEKCEMbI; BBEIEHbI HOBbIE ONEPAaTOPHI 1A “CKJIeMBaHM” 1eKceM (##) U cO3maHus
CHMBOJIbHBIX CTPOK (#), 2 TaK)Xe HOBble YIIPABJAIOUIME CTPOKH, TaKHe Kak #elif
U #pragma; paspeuieHO IIOBTOPHOE Ollpe/ie/ieHre MaKpoca ¢ TOM e 1oCJIeNo-
BaTeJIbHOCTBIO JIEKCEM; OTMEHEHA IT0ACTaHOBKA NIapaMeTPOB BHYTPH CTPOK.
PaspeieHo “cxienBanie” CTPOK C IOMOIIbIO 3HaKa \ B JII000M MecTe, He TOJIb-
KO B CTPOKax ¥ MakpoornpeseaeHusax (cM. A12).
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* MUHHMAaIbHOE YHCJIO 3HAYUMBIX CHMBOJIOB BCEX BHYTPEHHMX HAEHTUDU-
KaTOpOB HOBefeHO R0 31; 11 MaeHTHPUKATOPOB C BHENIHEH CBS3bI0 OHO
ocTaercst paBHbIM 6; 6YKBbI HIXKHETO U BEDXHETO PETUCTPOB He Pa3/IndaioT-
cst. (MHorme peanusanuy JONycKaoT 60JIbIlee YUCI0 3HAYUMMBIX CHMBOJIOB.)

o lns 3nakoB #, \, X, [, 1, {, }, |, D, KOTOpPBIX MOXeET He OHITH B HEKOTOPBIX
Habopax CUMBOJIOB, BBE/IEHbI TPEX3HAKOBbIE NOC/IEN0BATENIbHOCTH, HAYUHA-
fomuecs ¢ ?? (cM. A12.1). Cnenyer 3aMeTHTD, YTO BBeZIEHUE TPEX3HAKOBHIX
HOCJIe[JOBATENbHOCTE MOXKET TOBPEIUTDh 3HAYEHUS CTPOK, B KOTOPHIX CO-
nepxarcs ?7?.

BBenenrt HoBBIE KiIOYeBHE coBa (void, const, volatile, signed, enum),
a MEPTBOPOXKIEHHOE CJIOBO entry u3 o6pauieHus U3bsTo. ,
* Jls1 CUIMBOJIBHBIX KOHCTAHT Y CTPOKOBBIX JINTEPAJIOB OIpe/esieHbl HOBbIE
acKeHn-nocaesoBaTeabHOCTH. OObABIIEHO, 4TO MOSABJIEHHE 32 \ CHMBOJIOB
He U3 IPUHSATHIX 3CKeUN-N0C/IeIOBATEIbHOCTE IPUBOAUT K HelpecKasye-
MoMy pe3yasTaTy (cMm. A2.5.2.).

Y3akoHeHO mosobuBILeecs: BCeM TPUBUAIbHOE U3MeHeHue: 8 u 9 He sBJs-
I0TCsI BOCBMEPUYHBIMY LI PaMu.

Bsemen pacurupenssiii Habop cyPpHUKCOB 1A IBHOTO YKA3aHMsI TUIIOB KOH-
ctaHT: Uu L — 171 1esrsix U F U L — [Jis TUIOB € NIaBaloliell TOYkoH. Y TouHe-
HbI TAKyKe NPaBHJIa OTIpe/ieJIEHUs TUIIA 11JIsi KOHCTaHT 6e3 cyddukcos (A2.5).

O6BsiBIIEHO, YTO COCEHIIE CTPOKY KOHKATEHUPYIOTCA.

[IpenocraBieHs CpencTBa, MO3BOJIAONIME 3aIUCHBATH CTPOKOBEIE IUTEPa-
JIbl ¥ CUMBOJIbHBIE KOHCTaHTBbI M3 PaCUIMPEHHOTo Habopa cuMBoIioB (A2.6).

O6bexTsl THNA char (KaK U 06BEKTHI APYTOTo THIIA) MOXHO CHIEHU(pUIIIPO-
BaTb SIBHO CO 3HaKOM MJIH Oe3 3Haka. VIckiiouaeTcs ucnob3oBaHue CJI0BO-
couetraHus long float B cMbIciie double, HO BBOOUTCA TUM 1long double mis
YHCeJI C MJIaBaoued TOYKOM MOBBIIIEHHOM TOYHOCTH.

C HeKOTOPBIX TOP AOCTYIEH THI unsigned char. CTaHZapT BBOAUT KJIOYe-
BOE CJIOBO Signed AUisi IBHOTO YKa3aHMsl, 4TO OOBEKT THIIA Char UK APYroro
LIeJIOYHCIIEHHOTO THIIa HMeeT 3HaK.

* ¥Y:ke HECKOJIbKO JIeT B G0JIbUIMHCTBE peann3aliuii foctyned tun void. Ctan-
AapT BBOAMUT VOid * B Ka4eCTBe THIA 060OILIEHHOTO YKa3aTeJist; paHblie 415
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3TOH LieJI¥ UCTIOIb30BaIY char. . OJHOBpEeMEeHHO BCTYMAIOT B CHIIY TIPaBHU-
Jia, 110 KOTOPBIM 3arpelaercs 6e3 npeo6pasoBaHus TUIIA “CMEINBATh” yKa-
3areny U LieJible WK yKa3aTeld PasHbIX THIIOB.

CraHgapr ycTaHaBJIMBaeT MUHUMAabHbIE Npelesbl IHana3oHoB apudme-
TUYECKUX TUIOB, HPelyCMaTPHUBaeT 3aroyioBoYHble aiiinbl <limits.h>
u <float.h>, BKOTOPBIX IOMEIIAIOTCS 3TH XaPaKTePHUCTUKH JIJIsI KaXKI0H KOH-
KpeTHO! pean3alliy.

[lepeynciieHre — HOBBIM THII, KOTOPOTO He ObLIO B IEPBOM PeaKIMH.

Cranzgapr 3aumcTByet u3 Cu++ crocob 3anucu kBamuduKaTopa TUIa, B 4a-
CTHOCTH KBasudukaropa const (A8.2).

'Boaurcs 3anpeT Ha MOAMHUKALEMIO CTPOK; 3TO 3HAUYUT, YTO UX pa3pellaeT-

Cs1 pa3Mellarh B TaMATH, AOCTYNHOH ToJIbKO Ha uTenue (I13Y).

VismeHeHs! “06bI4HbBIE apU(MeTHYECKUE TTpeobpa3oBaHus”; MO CYLIECTBY,
BHITIOJIHEH [TePeXOJl OT IPUHIINIA “/171s1 LieJIbIX BCeT/la IpeBaIpyeT unsigned;
AJIA TLIaBAOIEN TOYKH BCETr/Ia UCTI0/b3yercst double” K MPUHIUMITY “TIOBBI-
IeHe 1O MUHUMAJIBHOTO JOCTAaTOYHO BMeCTUTeNbHOrO THna” (cM. A6.5).

OTMeHeHH cTaphie ONlepaTophl MPUCBauBaHus Bpoze =+. Kaxxapiit oneparop

'IpUCBaMBaHUA TeNEPb IPENCTABIIAETCS ONHOM OTAeNbHOM IekceMoi. B nep-

BOM H3/IaHNM OME€PaTOp NPHCBAUBAHUs MOT U300paXkaTbCsi Napod CUMBO-
JIOB, BO3MO’KHO, Pa3/1€JIEHHbIX CUMBOJIaMHU-PDa3eIUTEIIMHU.

KOMHI/IJU{TOPaM 6osiee He pa3pemiaeTca TPAaKTOBAaTh MaTeMaTH4YeCKYIO aCcCO-
IIMaTUBHOCTDb OII€PATOPOB KaK BbIYUCIUTEIbHYIO aCCOLIUaTUBHOCTD.

BBeneH yHapHbI# onepaTop + 1 CHMMETPHHM C YHAPHBIM .

PaspemieHo UCronb30BaTh yKasaTesab Ha GYHKLHIO B KayeCcTBe ee MMeHY-
IOIIEro BEIpakeHus 6e3 ABHOTO oneparopa * (cM. A7.3.2).

CTpykTypaMu paspellIeHo OTleprpoBaTh IPYU NPHCBAHBAHUAX, MOXKHO Ilepe-
IaBaTb CTPYKTYPbI B Ka4eCTBe apryMeHTOB QYHKLHUAM H IT0JTy4aTh UX B Ka-
4eCcTBe Pe3yJIbTaTa OT PyHKUUH.

PaspeieHo npuMeHsITh OlepaTop NONyYeHus afpeca & K MaCCHUBY; pe3yJib-
TaTOM SABJISETCS YKa3aTeslb Ha MacCHB.
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B nepBoii pepakuuy pesyJIbTaT oliepauu sizeof uMes TUIM int; BO MHOTHX
peayn3alysax OH 3aMeHeH Ha unsigned. Ctannapt opuiManbHO 06bABIAET
€ro 3aBUCHMbIM OT Peain3alyy, Ho TpebyeT, 4TOOk OH GBI ONpeeseH
B 3aroJIOBOYHOM caitsie <stddef.h> nox uMeHeM size_t. AHAJIOTUYHOE M3-
MeHeHHe ObLIO CZIeTaHO B OTHOLIEHHH THIA PA3HOCTH yKa3aTeJlel, KOTOPbIi
Tenepb BBICTYINaeT oA UMeHeM ptrdiff_t (cM. A7.4.8 u A7.7).

3anpeueHo NPUMEHATb ONEPATOP MOJy4YeHHs aapeca & Kk 06beKTy Tuna
register majxe TOTZa, KOT/Ia JaHHBIH KOMITWISITOP He PACIIOJIAraeT ero Ha pe-
TUCTPE.

Tumnom pesyJbTara onepanuy CABUTa SBJISETCS THII ee JIEBOTO ONIEPAH/IA; THUII

IIpaBOro OII€paH/a Ha MOBLINIEHUE TUIIA PE3YJIbTATa BJIMAHWUS HE OKA3bIBAET
(cm. A7.8).

CraHgapT pa3pellaeT aipecoBaThCs C IIOMOLIBIO YKa3aTeJseil Ha MecTo, Jie-
Jallee cpa3y 3a IOC/I€IHUM 3JIEMEHTOM MacCUBa, U II03BOJIAET OIIEpHUPOBATh
C TAKUMH YKa3aTeJIsIMH, KaK C 0OBIYHBIMY, cM. A7.7.

Cranzmapr BBoauT (3aMMCTBOBaHHbIH 13 Cu++) criocob 3amucu poToTuna
(byHKUNY ¢ BKIIIOYEHNEM B HETO THITOB [TaPaMeTPOB U SIBHOTO YKa3aHUs 0 BO3-
MOXKHOCTH MX U3MeHeHUA U (HopManu3yeT METOX PaboOThl C EPEMEHHEIM
crickoM apryMeHToB. (Cm. A7.3.2, A8.6.3, B7.) C HekoTOpBIMHU OrpaHHYe-
HUAMH AOCTYIIEH U CTaphIi C1I0Cco6 3arucy.

CraHaapToM 3anpeleHsbl MycToie OObABIEHNS, T. €. TAKKE, B KOTOPBIX HET
00bsiBUTENIEH M HE OOBABIAETCS HU OQHOM CTPYKTYPHI, OObeAMHEHUS WIH
nepequcaerust. OqHako oGbABIEHNE C OAHUM TETOM CTPYKTYPbI (WK 00be-
IUHEHUs) IepeobOBABUT ee JaXke B TOM Clydae, eCliv OHa Oblia 06bsaBIeHa
BO BHellHe# 06/1acTH ZefCTBHS.

3anpeiueHs! 06bABIEHNUs] BHELIHUX JAAHHBIX, He UMelOLIYe clenupuKaTo-
POB ¥ KBaIM(HUKATOPOB (T. €. 06bABIEHHSI C OXHUM “TOJHIM” OOBSABUTETEM ).

B HeKOTOpBIX peanu3auusax, Koria extern-o6bsaBIeHNe PACIOI0KEHO
BO BHyTpeHHeM 0JI0Ke, ero 06J1acTh BUZUMOCTH PACIIPOCTPAHSIETCS Ha OC-
TaJIbHYI0 4acTh daiina. CTanAapT BHOCUT SICHOCTD B 3TY CUTYALMIO M 00bsiB-
JISIET, YTO 06JIACTh BUIMMOCTH TAKOTO 0ObsABIEH)S OTPAaHIY€Ha BIOKOM.

O61acTb BULUMOCTH [TaPaMETPOB “BCTABNAETCS” B COCTABHYIO HHCTPYKIIHIO,
NPEACTABIAIOUY IO COG0M TeI0 GYHKINH, TaK 4TO 0ObABJIEHNS Ha BEDXHEM
ypoBHe QyHKUKK He MOTYT UX “3aTEHUTD”.
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Heckos1bK0 U3MeHeHB! UIMeHHbIE IPOCTPAHCTBa HAeHTHUKATOPOB. Beem Te-
ram CTPYKTYD, 00 beAUHEHNH 1 IePeYHCIIEHAM CTAHAAPT BbIZIE/IAET OHO UMEH-
HOe NPOCTPAHCTBO; AJIS1 METOK MHCTPYKIMI BBOAUTCA OTAEIbHOE HMEHHOE
npocrpaHcTso (cM. A11.1). KpoMe Toro, MMeHa 3/1eMEHTOB CBsI3aHbI CO CTPYK-
TYpOU WK 06beTHEHHEM, YaCTHI0 KOTOPOTo OHU ABAOTCH. (C HEKOTOPBIX
10D 5T0 OOIENPUHATAs IPAKTUKA.)

Jlomyckaercss MHULMaIM3aUs 00beqMHEHUS; MHULMATU3aTOP OTHOCUTCA
K IIEPBOMY 3JIEMEHTY 00 beAUHEHNS.

Paspeluaercss NHULHAIM3aUUA aBTOMATUYECKUX CTPYKTYD, 0ObeANHEHHMI
¥l MACCHBOB, XOTS ¥ C HEKOTOPHIMHU OTPaHUYEHUSIMH.

Paspeuraercs MHAIUATN3a1MS MACCHBa CHMBOJIOB € TIOMOIIBIO CTPOKOBOTO
JIATEpAJIa 110 TOYHOMY KOJIMYECTBY YKa3aHHBIX CUMBOJIOB (6e3 '\0’).

YnpasJsioliee BHpPaXXKeHUEe ¥ case-METKH B Switch MOTyT uMeTs 060 esio-

YHCJIEHHbIH THIL ,
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& omepatop nosnyyenus agpeca 125, 259

# omepaTop npenporieccopa 121, 296

## omepartop mpenponeccopa 121,
296-298

= omeparop npucsanBanus 31-32, 63,
265-266

+= OMepaTop NPUCBaUBaHUS 72

== onepartop paseHcTBa 34-35, 62, 263

<< omepatop caBura Bnepo 70, 262

>> oneparop caBura Bripaso 70, 262

+ onepaTop cnoxeHus 61, 261

» omepaTop yMHOXeHUs 61-62, 261

- omepaTop yHapHbli MuHyc 259

+ OmepaTop YHapHblii mmoc 259

" cCMMBOJ iBOHas KaBbluka 20, 35, 58,
244,245

' cMMBOJI KaBbiuka 35,57-58, 244

\0 cumBo HyNeBOii 48, 58, 244

\\ CHMBOJI O6paTHAsl HAKIOHHAS YepTa
20,57

_ CHMBOJ IoRYepKuBanus 55, 242, 309

?: ycnoBHOe BoipaxkeHue 74, 265

A

apryMeHTbl KOMaHIHOMU CTPOKH
150-155

b

6eckoneuHblit Uk for(; ;) 84, 120
6ubnuoreynas pynkuus 20, 96, 108,
309
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abort 325

abs 326

acos 322
asctime 330
asin 322

atan, atan2 215, 323
atof 323

atoi 323

atol 324
bsearch 325
calloc 214,324
ceil 323
clearerr 319
clock 329

cos 215,322
cosh 323

ctime 330
difftime 329
div 326

exit 208, 325
exp 215,323
fabs 215, 323
fclose 208, 311
feof 210, 319
ferror 319
fflush 311
fgetc 317
fgetpos 318
fgets 210, 317
filecopy 209
floor 323

fmod 323

fopen 206, 310
fprintf 207,312
fputc 317
fputs 211, 317
fread 318

free 325
freopen 311
frexp 323
fscanf 207, 314
fseek 318
fsetpos 318
ftell 318
fwrite 318
getc 206, 317

getchar 30, 195, 207, 317
getenv 325

gets 317

gmtime 330
isalnum 213, 319
isalpha 213,319
iscntrl 319
isdigit 213,319
isgraph 319
islower 213,319
isprint 319
ispunct 319
isspace 213, 320
isupper 213, 320
isxdigit 320

labs 326

ldexp 323

1div 326
localtime 330
log, 10g10 215, 323
longjmp 328
malloc 183,214,324
memchr 322

memcmp 322

memcpy 322
memmove 322
memset 322

mktime 329

modf 323

perror 319

pow 215,323
printf 313

putc 206-207, 317
putchar 30, 195, 317
puts 211, 317
gsort 326

raise 328

rand 324

realloc 325
remove 311

rename 311

rewind 318

scanf 201, 315
setbuf 312

setjmp 327
setvbuf 312
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signal 328

sin 215,322

sinh 323

sprintf 199, 313

sqrt 215, 323

srand 324

sscanf 315

strcat 212,321

strchr 213, 321

stremp 212, 321

strepy 212, 321

strcspn 321

strerror 321

strftime 330

strlen 213,321

strncat 212, 321

strncmp 212, 321

strncpy 213, 321

strpbrk 321

strrchr 213, 321

strspn 321

strstr 321

strtod 324

strtok 321

strtol 324

strtoul 324

system 325

tan 322

tanh 323

time 329

tmpfile 311

tmpnam 311

tolower 213, 320

toupper 213, 320

ungetc 213, 317

vfprintf 222, 313

vprintf 222,313

vsprintf 222, 313
6unapuoe nepeso 197
6uHapHbIii moTok 205, 310
6uTOBOE HIONE

BHIpaBHUBaHue 192,273

obbaBnenne 192, 273
6UThI, 06pa3LIbl MAHUITYTHPO-

BaHua 70-72, 192
610K CM. maxyce COCTaBHAST HHCTPYKLUS
cTpyKkTypa 78, 114, 285-286
vHuNMam3anus B 115, 285
6ydepusanus cu. setbuf, setvbuf
6ydepusosanHbiii getchar 219
6eicTpas coptpoBka 117, 144

B
BBOJ,
6e3 6ydepusanun 218
BO3BpaT cuMBosa Ha 107
c 6ydepusauneii 218
¢ knasuatyps 20, 195, 217
dopmaTHbIit cM. scanf
BBOJ-BbIBOJ
cuMBoJioB 29, 194
omubxn 208-209, 319
nepeHanpasienue 195, 206, 217
c TepmMuHaia 30
BMCOKOCHBII roj1, Bbiuncyienue 61, 146
BBIBOJ Ha 3kpaH 30, 195, 208, 217
nepeHanpasyieHne 195
topmaTHbIii cu. printf
BEI3OB
o 3HaveHuIo 44, 127, 257
O yKasaTesno 45
BbIpaBHMBaHHNe 6UTOBOTO moJist 132
¢ nomomibio union 236
orpanuyenus no 178, 183, 189, 214,
236,252
Bbipaxenue 254-267
B ckobKax 255
KOHCTaHTHOe 58, 82, 122, 267
JIOTHYECKOe, YHCIIEHHOE 3Have-
Hue 65
OYepEeRHOCTDb BBIYUCIEHHS 75, 254
nepBUYHOe 255
- mpucBauBanua 31, 37,72, 266
BbIp)XeHHe- HHCTpyKuus 78, 79, 285
BBIYKC/IeHHe, mopsaaok 37,71, 75-77,
88-89, 105, 120, 126, 254
BbIYMTaHUe U3 yKa3sarens 136, 177-178,
252




MpepMeTHbIN ykasaTtenb

341

r

rpaMMaTHyecKuii pazbop METOIOM
pexypcuBHoro ciycka 160161
rpannuHsie ycaoBus 34, 90

a

neseHne uenbx 24, 61
ZepeBo
6unapuoe 179
pasbopa 161
neckpunrop daiina 216
AJIMHA
HMMeHH 55, 242
niepeMeHHOH 242
CTPOKH 59

E

eIMHHULA TpaHcasiuuK 241, 266, 270

obbeauuenus 281
NepeMEHHBIX
aBToMaTuyeckux 49,61,116, 280
BHemuux 61, 109, 116, 280
cratuyeckux 61,116, 280
no ymonyauuo 115, 280
CTPOKOBO#1 KoHcTaHTOH 116, 282
.cTpyKTYyphl 167,281
ykasartens 134
nHCTpyKuMu 284-289
Bbibopa 286
nepexona 288
nIpUcBauBaHus BloxeHHble 31, 37, 74
[I0CJIeI0BAaTeIbHOCTD BBIIIOJIHE-,
Hus 285-286
HHCTPYKIHSI
oxoHuanue 23,78
noMeyeHHas 285
nycras 33-34,285
VCKJIIOYMTE IbHbIE cUTYau 255, 328

K

3

3aBepiieHue nporpaMmai 209-210
3arafio4Hble yucaa 29
3HaK, pa3MHOXeHHe 66, 244

n

naeatugukarop 242
nmenu 3ateHenue 114
HMeEH NPOCTPaHCTBO 292
HMeHYolIee BblpaxkeHHe yHKkuun 256
ums 242
MHJEKC OTpUNaTesbHbIH 132
UHAeKcupoBaHue MaccuBa 39, 130,
256,277-278
u ykasatenn 130-132, 278
uHMIManuzarop 115, 280-282
uHuumanusanus 60-61, 115, 280-282
B 6noke 115, 286
JBYyMepHbIX MaccuBOB 146, 282
MaccuBa 116, 148, 281-282
MaccuBoOB cTpyKTyp 172-173

xBasngukarTop THna 266, 270
KJIloueBbie Ci0Ba 242—-243
KOMaHZHas cTpoKa apryMeHToB 150155
KoMMeHTapuil 22,242, 294
KOMITHIALMSA
Heckonbkux daiinos 97
pasnesnbHas 93,109,292
Cu-nporpamm 18, 42
KoHel dafina cu. EOF
KOHKaTeHalus
nexcem 121,296
ctpok 58,121,246
KOHcTaHTa 56, 243
BocbMepuuHas 0... 57,243
U3 pacluMpeHHOro Habopa 245
nepeunciaenus 59,245,274,
cuMBoJIbHaA 35, 57, 244-245
¢ naaBamwoel Toukoi 26, 56—-57, 245
crpokosas 20, 35, 48, 58, 132, 137,
245-246
cydpodpuxc 56,243
THn 56, 243
mecTHaguaTepuytas 0x. .. 57,243
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KOHCTaHTHOe BhipaxkeHue 58, 82, 122,
267

n

nekcema 242,295
KoHKaTeHanus 121, 296
NoACTaHOBKa 295
JIEKCHKa, coryamenns 241-242
nekcukorpaduyeckas COpPTHPOBKa
155, 156
Jekcuyeckast 0671acTb BUAMMOCTH
292-293
JIUTEpas CTPOKOBBIH

CM. KOHCTAHTA CTPOKOBast

M

Makpo-npoueccop 118,294-301
CM. maxdce Npenpoueccop
MaKpoc
pacmupenne 296
c aprymenrtamu 120
feof 225
ferror 225 -
getc 225
putc 225
MaccuB
a He yxasatenp 129-132, 138, 147
asymepHblil 145-148, 282
MM B poJiu aprymenTa 45, 131, 147
uHaekcuposaune B 38, 129, 256
MHOrOMepHbIt 145-148,277
obbsBuTENH 277
obbsasnenue 38, 146—147, 277
HOPSAOK 3JIEMEHTOB B MamaTH 147,
277-278
npeobpasoBaiue uMeHn 131,
254-255
pa3Mep o ymonyanuio 116, 148,173
cuMBOs0B 45, 138
CCBUIKM Ha 3JIEMEHTH 256
cTpykryp 171
nHunuanusamus 171-173
ykasareneit 141

MaciutabrupoBaHie Uesblx B apudme-
THKe ¢ ykasarensamu 136, 177, 262
meTka 91-92,285
obmacts BuguMoctu 91, 285, 293
case 82, 285
default 82, 285
MHoronyTesoe BeTBieHue 39, 80
MHoroTtoume ... 199,257
MHOXECTBEHHOe npucBauBanue 37
MonynbHocTh 40, 46,52,93,101-102,
142

H

HebydepuszoBanHbit getchar 219

He3aBeplIeHHbIH THI 272

HEeOXHO3HAYHOCTH if-else 79, 286,
301-302

HeNpaBuibHAsl apu(MeTHKA C yKa3a-
tenamu 136-137, 177,262

HECOOTBETCTBHE TUIOB 0ObsABIEHUH
99-100

HOTalUs CHHTaKcHca 246

HYJIb, ONyIIleHHask TpOBepKa Ha
vy 79,139

o)

obnacTb BuAMMOCTH 246, 292
aBTOMaTHYeCKHX nepeMeHHbIX 109,
293
BHemHux o6bextos 109, 293
JieKcnyeckas 292
MeTok 91, 285, 293
npasuia onpeaenenus 109, 292
06001EeHHBII YKa3aTelb CM. void
yKasareJb
obpaTHas nosibckast 3anuch 102
obbemunenue, Ter 271-272
06bexT 247,249
obbsaBuTEND 275-279
abcTpakTHBIi 283
MaccuBa 277
byuxmun 278
ob6bssnenue 22, 60, 268-284
a He onpegenenue 52, 109-110, 269
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6utosoro noss 192,271
BHellHee 289, 291
BHelIHel nepeMeHHOi1 49, 289
KJ1acca namsitu 268
MaccuBa 38, 146147, 277
cTpykTyphl 167, 270
tuna 276
ykasatens 125, 132,276
dynkmun 278
HesiBHoe 43,100,256
HOBBIM criocobom 257
crapbiM criocoboM 44, 52, 100, 257
typedef 187, 268, 283
union 189, 270

onepatop

6onpme > 62,263
6osb1re UM paBHO >= 62, 263
BbIuuTaHUsA - 61, 261-262
nexpemenra —— 33, 68, 140, 258, 259
nenennsi / 24,61-62, 261
JesieHus mo Moayio % 61,261
JOCTYINA K 3JIEMEHTY CTPYKTYPbI
Touka. 167, 255, 258
yepe3 ykasaresb -> 170,255
3anfAras , 87,266
HHKpeMeHTa ++ 33, 68, 139, 140,
258,259
KOCBEHHOro gocryna * 125, 259
Jiormdeckuii orpunanus ! 63, 259, 260
snornyeckoro M && 37,62,71, 264
noruueckoro HJIH 1) 37,62,71,
265
Menble < 62,263
MeHblile UK PaBHO <= 62, 263
HepaseHcTBa != 31, 62,263
nobuToBOro OTpULAHKA ~ 71,280
nonyyexus agpeca & 125,259
npuBeeHns kK Tumy 64-65, 67, 183,
252,260-261, 283
npucBanBanus = 31-32, 63, 265-266
MPUCBAUBaHUA += 72
paBeHcTBa == 34-35, 62, 263
caBura BaeBo << 70, 262
caBura Bpaso >> 70, 262
caoxenus + 61, 261
yMHOXeHHs « 61-62, 261

YHapHOTro MUHyca - 259
YHapHOro Iioca + 259
sizeof 122,136, 174, 259, 260
orepaTopsl
anauTuBHble 261
apudMetnyeckne 61
acCOUMAaTUBHOCTb 75-76, 254
MYJNbTUIUINKATHBHbBE 261
otHomeHus 31,62, 64-65,269
nobutosbie 70, 264
npuopurer 32,75, 126, 170-171, 254
npucBanBanus 62-63,72, 266
paBeHcTBa 62, 263
orepauny Hax
obvenunenusmu 190
ykasatesnsamu 136
omnpeziesieHe
aprymenta 42, 256
BHelIHell nepeMeHHo# 51, 291
Makpoca 295
namsATu 268
napamerpa 42, 256
npo6Hoe 191-192
yAazneHnue cu. tundef
dyuxunu 41-42, 96, 289
onyueHHbI cnenudukaTop
KJacca namatu 269
tHna 270
orbpacsiBaHKe
3HayeHHUs C NJIaBawoleii Toykoi 66,
250
IIpH feeHuH 24, 61, 261
OTpHILaTeIbHble HHAEKCH 132
OTCTYIbI B TEKCTe IporpaMmsi 23, 34,
40, 80

n

HaMATh
aBTOMaTHueckas 49, 247
Kjacc 247
o6bsiBneHMe Kiacca 269
onpenenenne 269
pacnpenenurens 182, 235-240
pe3epBupoBaHue 269
cnenudukaTop Kiaacca 268
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omymeHHbI 269
cratnyeckas 49-51,112-113, 247
napamerp 113,132,256
onpezneneHue 42,256
NEepBHYHOE BhIpaXeHHe 255
nepeMeHHas1 246
aBToMaTHyeckas 49, 101, 247
azgpec 45,124,259
BHemHAs 49,101,247
CHHTaKCHC UMeHH 54-55, 242
nepenocumocts 14-15, 57, 64, 189,
194, 234
nepenosHenne 250-253,322, 328
NiepeYncaeHne
KoHCTaHTa 59, 245,274,275
Ter 274-275
THI 248
nepeyncauTens 245,275
no6ouHsi adpdexr 75-76, 121, 254, 257
MOBbIILIEHHE
THOa aprymeHTa 65-66,257
pesnoyucaeHsoe 66,250
noaMaccuB-apryMenT 132
nose cm. 6UTOBOE TOJNE
noJbckas 3anuch 102
TOPSNOK
"B 3amucy uucaa 56, 245
BBINIOJIHEHHS] MHCTPYKLMA 284
pbiyucaennii 37,71, 75-76, 87, 105,
120, 126, 254
TpaHcasiunu 294-295
TIOTOK
6unapubii 205,310
texctoBblit 30, 194, 310
110 YMOTYaHHUIO
HHMLManu3anns 115, 280
pa3mep MaccuBa 116, 148,173
tun dyuxuun 47,256
npeobpazopanue 250-254
nathl 145
uMeHnu maccuba 131, 254-255
uHCTpyKuueit return 100, 288-289
o6b1uHOe apubmeTUdeckoe 63,251
ornepaTtopom npuBeeHus 65,
252-253,260-261
npucBanBanueM 66, 266

cuMBoOJ — nenoe 38—-39, 64, 250

C IJ1aBarolleil TOUKoii — nesoe 66, 251
yKasaTeJb — nesoe 252-253
ykasatess 183,252

bynkuun 254

nesnoe — CUMBOJI 66

1eJioe — ¢ naBsaronieil Toukoit 26, 251
Iesoe — ykasaTtenb 252

double — float 66-67, 251

float — double 66—67, 251

" IPENpoLeccop

3apaHee onpefesieHHble HMeHa 301
__FILE__ 301, 326
__LINE__ 301, 326
Mmakpoc 118,294-301
olepaTop npernpoieccopa
# 121,296
#t 121,296
defined 122,299-300
npuBefenne kK tuny 64-65, 252,
260-261 .
MPHOPHTETHI ONepaTopoB 32, 75-76,
126,170-171,254
NPHCBaMBaHUe
Boipaxenne 31-32,37,72,265-266-
HHCTPYKIHMA BloXeHHast 32, 37, :
72-73
MHOXecTBeHHOe 37
nogasnenHoe scanf 204, 314-315
npobHoe onpenenenue 291
nporpamMma
apryMeHTbI CM. apTYMEHTHI
KOMaHIHOH CTPOKU
Kasbkynsitop 99, 102-105,203
KoHkareHanuu daitno 206—208
KornupoBanus daiinos 30-32, 218,
221
nepesoja B HIKHuUI peructp 196
neyaTH
KaTtasora 228
caMoiil INIMHHO# cTpoKU 45, 50
nojcyeTa
KJIIOYeBBIX cioB 173
CUMBOJIOB 32
CHUMBOJIOB-pa3zenuteneii 38,82
ciaoB 35,179
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cTpok 34
MouCKa
B Tabune 184
o obpasuy 94-96, 153
npeobpa3oBaHus Temmeparyp 21-22,
25-26
copruposku 142, 155
dopmar 24, 34, 40, 60, 178, 241
yuraemocts 23,73, 89, 115, 189
npou3BOAHbIe THIB 12, 23, 249
MPOCTPAHCTBO MMeH 292
npototun dyukuun 44, 47, 67,99,

157,257

P

PacKpbITHE YKa3aTeNls CH. ONepaTop
KOCBEHHOTO OGpaleHus

pacronoxenue GUrypHsIx ckobok 23

pacnpenenntens namsatin 182, 235-240

peructp, agpec 269

pe3epBHpoBaHye namMaTu 268

PeKyPCHUBHBIi CITyCK B TPaMMaTH-
yecKoM pasbope 160

pexypcus 116, 180-181, 231, 257

Purun /1. M. 10

Puvapnc M. 12

Cc

cBa3b 247,292-294
pHemHsAda 101, 242, 247, 269, 294
BHYTpeHHsIs 247, 294

CHUMBOJ
6e33HaKOBbIi1 65, 248
BBOZ-BBIBOA 29
BepTUKaIbHAsA Tabynsuus \v 58,

244

BO3BPAT Kaperku \r 58, 244

BOMHad KaBbluka " 20, 35, 58, 244,
245

3HAKOBHIi1 65, 248

KaBbluKa ' 35,57-58, 244

HoBas cTpannna \f 58, 244
HoBas cTpoka \n 20, 29, 36, 57, 58
242,244, 295,310

obpaTHas HaKJIOHHas YepTa \\
20,57
noxyepKuBaHus _ 55, 242, 309
CUrHaJI-3BOHOK \a 57, 244
CHMBOJIbI
Habop 294
ASCII 35,57, 64,295,320
EBCDIC 64
ISO 295
pasaenutenu 202,213,242, 315, 320
CTPOKa CM. KOHCTAHTa CTPOKOBast
CHUMBOJIBI-pasfenutenn 202,213,
242, 315,320
CHHTAKCHC MMeH NepeMeHHbIX 54—55,
242
CHCTEMHBIH BhI30B 216
close 222
creat 220
fstat 233
1seek 222
open 220
read 217
sbrk 239
stat 230
unlink 222
write 217
CKJIeHBaHKe CTPOK 295
cokpbiTie nudopMauun 94, 103, 105
COPTHPOBKa
nexcukorpaduyeckas 155-156
TEKCTOBBIX CTPOK 142, 156
yupciaeHHasa 155
cocTaBHas MHCTpYKuus 79, 114, 285,
288
cnenudukarop
KJiacca maMaAtu 268
omyIieHHbIH 269
THHa 269
auto 268
enum 59, 274
extern 49-51, 110, 268
register 113, 268
static 112,268
struct 270-271
union 270-271
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CITUCOK
apryMeHTOB IEPEMEHHOMN AJTMHbI
199, 222, 257, 279, 290, 327
KJIIOYEBBIX CIOB 242-243
cpaBHeHue yka3ateneii 135, 177-178,
239,263
CTaHJApTHBIN
Beox 195,207,217
BruiBoa 148,157,165
CTpOKa
JUIMHa 58-59
KoHKaTeHanusa 58,121, 246
nycras 58
THn 255
CTpPyKTYypa
BJIOXXKeHHas 167
UM asieMenTta 166,272
HHUOHanu3anus 167, 280-281
obbasnenne 166,270
OMepaTop AOCTYNA K ee IJeMEHTY
.(Touka) 167,258
yepes ykazatenb -> 170, 258
pasmep 178,260
CEMAHTHKa CChIJIKH Ha Hee 258
CHHTAKCHC CChIIKM Ha Hee 258
cchUiaommasica Ha ceba 179, 181, 271
Ter 166,270-272
yka3aresib Ha Hee 176
CTPYKTYPbI B3aUMHO PEKYPCHBHBIE
181,272
cybduke B KoHCTaHTe 243

T

Tabnuna
onepaTopoB 75-76
npeoGpasoBannii B printf 198, 314
npeobpazoBaHuii B scanf 203, 316
CTaHZapPTHBIX 3aTOJIOBOYHBIX (aiioB
309
3CKelN-Nnocef0BaTeNbHOCTEN
57-58, 244
Ter
obbvenunenus 271-272
nepeuucnenus 274-275
cTpykTypsl 166,270-272

TekcToBblil motok 30, 194, 310
THIN
ums 282
kBanuduxarop 266,270
KOHCTaHThI 57, 243
He3aBepllieHHbIH 271
HECOBMECTHMOCTD B 00bsBJIE-
Husix 99-100
obbsiBnenune 276
onyueHHbIH cneuudukarop 269
npasuIa npeobpasosanus 63-67,
251
npeobpasoBanue B return 100,
288-289
cnenucdukarop 269
CTPOKH 255
3KBHBaJIeHTHOCTh 283
THIIBI
apudmernyeckue 133-137
6asoBule 22,55, 247
npousBoHble 12,22, 249 N
¢ niaBaomen Toukoi 249
HeyoyncaeHHble 248
Tommcon K. JI. 12
TOYKa c 3anaToii ; 23,29, 33,78, 80
TpPaHCJHMpYyeMas efUHHLIA
(enuHMNA TpaHCAsUUK) 241,
289, 292
TPaHCJALHS
nopsinok 294-295
dasbr 241,294-295
TPEX3HAKOBas MOCJIEAOBATENBHOCTD 295

y

yAaJeHHOe olpefiesneHue cu. ftundef
yKasaTeJu
apudmetukac 125-126, 130-131,
133-137, 154, 177-178,261-262
Boiuutanue 136, 178, 252
u uHAexkcuposanue 130, 132, 277
K03 OUIHEHT TOMHOXEHHUS LEJbIX
B apudmetuke ¢ 136, 177, 261
MaccuB U3 141
HenpaBWJIbHast apuMeTHKa C
135-136, 177,262
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omepanuy Hax 136

cpabuenue 135,177-178, 239, 263
yKaszareJsb

a He MaccuB 129-132, 137-138, 147

aprymeHdT 126,132

reHepanus 254-255

uHunuanuzanms 134-135

Ha cTpyKTypy 176

Ha bynkuumio 155, 189, 256

obbaBnenue 125,132,276

npeobpasosanue 183,253

nycroit 135,252

daitna 205,224, 310

void + 124,137, 156-158, 253
ynpasasiomas ctpoka 118-119,

295-300 '

ynpasasomui cumpon 319
ycnoBHas komnunsuus 122, 299
yCJIOBHOE BhipakeHue 74, 265

()

dasb1 TpaHcasuMn 294-295
daitn
BKJIIOYaeMblii
dir.h 232
fentl.h 221
stat.h 230-231
syscalls.h 219
types.h 230,233
BKioyenue 118-119
. meckpunrop 216-217
nobasnenue Kk 205,223,310
noctyn k 205,217, 227,310
3arosioBoyHbI 51-52,110-112
<assert.h> 326
<ctype.h> 64-65,319
<errno.h> 319
. <float.h> 56,331
<limits.h> 331
<locale.h> 309
<math.h> 66, 322
<setjmp.h> 327
<signal.h> 328
<stdarg.h> 200, 222, 327
<stddef.h> 136, 172, 309

<stdio.h> 18-19,30, 119, 121,
135, 194, 195, 309
<stdlib.h> 98, 183, 309, 323
<string.h> 59, 141,320
<time.h> 329
otkpoitue 205,217,220
npasa goctyna 220
pexum pocryma 205,227,310-311
cosnanune 206,217
cybduxc umenu .h 52
ykasarens 205, 224, 310
¢durypusie ckobxn 20,23, 78,113
pacrnonoxenue 23
¢opmanbHbIi MapaMeTp
CM. IapaMeTp
dopmaTHsIit
BBOZA CcM. scanf
BBIBOA CM. printf
¢yHKUMHN poBepKH CUMBONOB 213,
319-320
ynkuus
aprymeHT 42,256
aprymeHTa npeobpazoBaHue M.
NOBHILIEHKE THMA apTyMEeHTa
B HOBOM cTHJIe 257
B crapoM crine 43-44, 52, 100, 257
BbHI30B
cemMaHTHKa 256
CHHTaKcHC 256
IJIMHA UMeHHn 55, 242
UMeHYyolIlee BoIpaxeHue 256
HesiBHOe o6bsiBienue 43, 100, 256
obbsBneHue 278
onpenenenne 41-42,96, 289
npeobpa3oBaHne HMEHH 255
nporotun 43, 47,67,100, 157, 257
nycras 96
THM 10 yMonyauuio 47,256
ykasarenb Ha 155, 189, 256
addpoint 169
addtree 181
afree 134
alloc 134
atof 98
atoi 63-64, 86, 100
binsearch 173-174,177
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bitcount 73 reverse 87
canonrect 170 shellsort 86-87
cat 205-208 squeeze 69
closedir 233 srand 68
copy 46,51 strcat 69-70
day_of_year 146 strcmp 140
del 161 strcpy 138-139
dirdcl 161 strdup 184
dirwalk 231-232 strindex 95-96
echo 150 strlen 59,132,136
error 221 swap 118,127, 144-145,158
fgets 210 talloc 183, 188
_fillbuf 226 treeprint 182
fopen 225 trim 90
fputs 211 undcl 164
free 239 ungetch 106
fsize 231 writelines 143-144
getbits 71
getch 106
getint 128 X
getline 47,50-51,95
getop 105 Xoap 4. A.P. 117

gettoken 163
getword 175-176
hash 186
install 186-187
itoa 89

lookup 186
lower 64

main 18
makepoint 168
malloc 237
month_day 145
month_name 148
morecore 238
numcmp 158
opendir 233

pop 105

power 41,43-45
printd 117
ptinrect 169
push 105

gsort 117,144-145, 256-257
rand 67

readdir 234
readlines 143

1}

1eas KOHCTaHTa 56, 243
LeJIOUHC/IeHHOe NoBbIeHne 63, 250
LeJI0YHNCIeHHbIe TUIIBE 248

LMK cM. while, for, do

UHKJINYecKre HHCTPYKuuu 287

Yy

4pcia
pasmep 22, 33,55-56,331-332
copTHpoBKa 155

YHCIEHHOE 3HauYeHNe
BbIp@XeHHUs OTHOmEHUs 63, 65
JIOTHYeCKOTO BhIpaXeHHs 65

w

IMenn A.J1. 86
mecTHaALaTepuyHas KOHCTaHTa 0x. . .
57,243
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3KBHUBAJIEHTHOCTb TUMOB 284
3KCroHeHUHaNbHas GyHkuua 41,323
3JIEMEHT CTPYKTYpbl, uMa 106, 272
3cKein-nocaenopatenbHocts 20, 35,
57,244
wecTHaguatepuyHas \x 57, 244

a¢dexrusHocTs 73,113, 118, 182,238

A

\a 57,244

American National Standards
Institute (ANSI) 8, 241

a.out 18,97

argc 150

argv 150-155

ASCII 35,57, 64,295,320

asm 243

auto 268

\b (3aboit) 20, 58, 244
break 84,90, 288
BUFSIZ 312

C

case-MeTKa 82, 285

cc 18,97

char 22,55, 56, 247248, 269
CLOCKS_PER_SEC 329

clock_t 329

const 61,270

continue 90-91, 288

D

default 82,287

#define 29, 119, 295
BMecTo enum 60, 162
B HecKoJibKo cTpok 119

c apryMeHTamu 120
defined 118,299-300
DIR-cTpykTypa 229
Dirent-cTpykTypa 229
div_t 326
do-uctpykuus 88, 287
double

KOHCTaHTa 57, 245

in 22,33, 55, 56, 248, 269

E

E (cieunduxatop nopsaka) 56, 245
EBCDIC 64
EDOM 322
gelif 122
else cm. if-else-MHCTPYKLIHUS
#else 122
else-if 40, 80
#endif 122
enum
aHe #define 60, 192
crrenudmkarop 59-60, 274
EOF 31,195,311
ERANGE 322
errno 319,322
gerror 300
EXIT_FAILURE, EXIT_SUCCESS 325
extern 49-52, 109, 268

F

\f CHMBOJI HOBOIi CTpaHuLbl 58, 244
__FILE__ (umsa ans npenpotec-
copa) 326

FILE 206
FILENAME_MAX 311
float

KOHCTaHTa 57, 245

tun 33,55, 56, 248, 269
FOPEN_MAX 311
for(;;) 6eckoHeuyHsIit uuka 85, 120
for BMecTo while 28, 85
for-uHcTpykuus 28, 34, 84, 287
fortran 243
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fpos_t 318

G

getchar
6e3 6ydepusanun 219
¢ 6ydepuzarueit 219
goto-uHCTpyKImsa 91, 288

H

.h (cypdukc nmenu daitna) 52
hash-tabnuua 186
HUGE_VAL 322

lvalue 249

M

main, BO3Bpar u3 4?, 210

N

\n cumBox HOBas crpoka 20, 30, 35, 57,
58,244,310

NULL 135

null-cumBoi, \O 48, 58, 244

null-yxasatennp 135,252

0

#if 122,175,299-300

#ifdef 123,299-300

if-else
uHcTpyKuus 34, 37,78-79, 286
HEOAHO3HayHOCTh 79, 286, 302

#ifndef 123,299-300

tinclude 52, 119, 196,298

inode 229

int, THI 22,55, 56, 269

_IOFBF, _IOLBF, _IONBF 312

150 295

L

%1d mpeobpasosanue 33
1div_t 326
#line 300
__LINE__ (ums mns npenpouec-
copa) 326
long
KOHCTaHTa 56, 243
tun 22, 33, 56, 248, 269
long double
KOHCTaHTa 57,245
THI 56, 248
LONG_MAX, LONG_MIN 324
1s 228

O_RDONLY, O_RDWR, O_WRONLY 220

P

#pragma 300-301
ptrdiff_t 136, 189

R

\r CMMBOJ BO3BpaT KapeTkH 58, 244
RAND_MAX 324
register 113, 268
return

u3main 43,210

npeobpasosanne tTuna B 100, 288
return-uHcTpykuus 42, 47,96-97, 100,

288

S

scanf, nonaBeHe IPHCBAKBAHUS B
204,315

SEEK_CUR, SEEK_END, SEEK_SET 318
short 22,56, 248, 269

SIG_DFL, SIG_ERR, SIG_IGN 328
signed 56, 269

size_t 136,175, 189, 260, 312
static
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obbsaBeHne pyHkunn 112
cnenudukaTop Kiacca naMaTH
112-113, 268
CTaTHYeCcKUe epeMeHHbIe
BHemHue 112
BHyTpeHHue 112
stderr 207,209,310
stdin 207,310
$stdio.h> 224-225
stdout 207,310
struct, cmennduxarop 271
switch-uHcTpyKIMs 82, 103, 286

T

\t cumBon Tabynsuua 58, 244
time_t 329

TMP_MAX 312

t\{pedef-o61>aBneHne 187, 268, 283

¢

ul

ULDNG_MAX 234
_#undef 121, 219, 296
ungion

| BBIpaBHHBaHUE ¢ NoMolbio 236
‘baBieHne 189,270-271
cnenudukarop 271
UNIX, daitnosas cucrema 216-217,
T228
uni'signed
"KOHCTaHTa 56, 243
‘run 56,73, 248, 269
ungigned char (tum) 56,219
unsigned long (koHcTaHTa) 56, 243

v

\V CHMBOJ BepTHKaibHas Tabyns-
s 58, 244
va_list, va_start, va_arg, va_end
200,222,313,327
void
CIUCOK aprymeHToB 52, 100, 278,
289-290

tun 48, 249, 253, 269
ykasarenb 124,137, 156,253
volatile 249, 270

w

wchar_t 245

while
uHcTpyKIus 23, 84, 287
npotus for 28, 84

X

\x IecTHaALATePHYHas ICKeHTI-
nocJie0BaTeIbHOCTh 57, 58, 244
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