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IIpeaucioBue

C momeHTa nybauKaumm B 1978 r. KHMrM "f3blK nporpammupoBaHus Cu" B mMuMpe KOMMbOTEPOB Mpom3oLLna
pesontouma. bonbwne malwmHbl cTanun ewe 6onblie, a BOSMOXKHOCTU NepcoHanbHbix IBM Tenepb conoctaBumbl €
BO3MOHOCTAMM BONbLUMX MALIWMH AeCATUNETHEN AABHOCTU. A3blK CM 33 3TO BPEMA TAKXKe U3IMEHMUACA, XOTA U He
OYeHb CU/IBHO; YTO Ke KacaeTcA cdepbl npumeHeHUA Cu, TO OHa AaneKko BbilWJa 338 PaMKM €ro HayalbHOro
Ha3Ha4YeHMA KaK MHCTPYMEHTAIbHOrO A3blKa onepaumoHHoM cnuctembl UNIX.

Poct nonynsapHoctM Cu, HaKanAMBawLWMecA C rogamum WU3MEHEHMA, CO3LaHME KOMMWUAATOPOB KO/IEKTMBAMMU
pa3paboTUMKOB, paHee He MPUYACTHbIX K MPOEKTUPOBAHUIO A3blKA, — BCE 3TO MOCAYXKWMAO CTUMY/JOM K bonee
TOYHOMY M OTBEYAIOLEMY BPEeMEHW OMpeaeneHnto A3blKa MO CPaBHEHWUIO C MepBbiM M3gaHuem KHuru. B 1983 r.
AMEPUKAHCKMI MHCTUTYT HaUMOHaNbHbIX cTaHAapToB (American National Standards Institute — ANSI) yupeaun
KOMWUTET, nepes, KoTopbiMm Oblna nocTaBfeHa UuUenb BblpaboTaTb "0OAHO3Ha4YHOE WM MALMHHO-HE3aBUCUMMOE
onpeaeneHue asbika Cn", NONHOCTbIO COXPAHUB NPU STOM €ro CTUAUCTUKY. Pe3ynbTatom paboTbl 3TOr0 KOMUTETA U
asuaca ctaHgapTt ANSI asbika Cu.

CraHgapTt dopmanmnsyer cpeacTBa A3blKa, KOTOPble B MepBOM M34aHWUM BbliM TONBKO HaMeuyeHbl, HO He OnucaHbl,
Takue, Hanpumep, Kak NpuMcBauBaHWe CTPYKTypam U nepeumncieHus. OH BBOAUT HOBbLIA BUA OonucaHMA GYHKUWNA,
MO3BO/AIOWMIA MPOBOAUTL MOBCEMECTHYIO MPOBEPKY COrNacoBaHHOCTU BbISOBOB QYHKUMIA C UX onpedeneHunem;
cneunduumMpyeTt cTaHaapTHYO 6MBANOTEKY C LUMPOKMM Habopom ¢yHKLMIA BBOAA-BbIBOAA, YNPaBAEHMUA NaMATbIO,
MaHUNYAALUMIA CO CTPOKaMMU CUMBO/IOB U APYrMMU GYHKLMAMM; YTOUHAET CEMaHTUKY, BbiBLUYIO B NepBOHa4YaibHOM
onpeaeneHnn HeaCcHoOM, U ABHO BblaeNAeT TO, YTO OCTAaeTCA MalUUHHO-3aBUCUMbIM.

Bo BTOpOomM wu3gaHuu KHuUrn "A3biK nporpammumpoBaHua Cu" npeactasneHa Bepcua Cu, NMPUHATaAA B KadecTse
ctaHgapta ANSI. Mbl pewmnan onmcatb A3blK 3aHOBO, OTMETMB MPM 3TOM Te€ MecCcTa, B KOTOPbIX OH npeTtepnen
nameHeHun. B 60/1blIMHCTBO NaparpadoB 3TO He MPUBHEC/IO CYLLECTBEHHbIX NEPEMEH, CamMble 3aMeTHbIe pPa3nyma
KacatoTca HoBOM GopMbl onmncaHma n onpegeneHna GyHKUMn. Cnegyetr oTMETUTb, YTO COBPEMEHHbIE KOMMUAATOPDI
y}Ke obecneunnn noaaepKy 3HaUMTeNbHOM YacTu CTaHaapTa.

Mbl NONbITaNNCb COXPAaHWUTL KPATKOCTb MepBOro nsaaHua. Cu — HebonblION A3bIK, U 4TObbI ero onucaTb 60bLIOW
KHUMM He TpebyeTca. B HOBOM M34aHMKM yayylIEHO OnucaHue Haumbonee BaKHbIX CPEACTB, TaKMX KaK yKasaTenu,
KOTOpble 3aHWMaIOT LEeHTpasibHOE MEeCTO B MporpammupoBaHuMn Ha Cu; gopaboTaHbl CTapble MpuMepbl, a B
HeKkoTopble raBbl A06aBneHbl HoBble. TaK, ANA YCUAEHUA TPAKTOBKM C/OXKHbIX 06bABNEHMI B KayecTBe NPYMepPOB
BKJ/ItOYEHbI MPOrpaMmbl NepeBoaa 06BbABNEHUIN B UX CIOBECHbIE ONMUCaHUA 1 06paTHO. Kak 1 paHbLue, Bce NpUMepbl
6b121M NPOTECTMPOBAHbI NPAMO MO TEKCTAaM, HAaMUCaHHbIM B BOCNPUHUMAEMOW MalLMHOM dopme.

MpunoxeHne A — 3TO CNPaBOYHOE PYKOBOACTBO, HO OTHIOAb HE CTaHAAPT. B HEM Mbl NOMbITANUCL YNOXKUTL Camoe
CYLLECTBEHHOE Ha MMHMMYME CTPaHuWL,. MO 3aMbICNy 3TO MPUIONKEHUE AOJIKHO JIETKO YMTATbCA MPOTrPAaMMUCTOM-
nosib3oBaTesieM; 414 pPa3spaboTUMKOB Ke KOMMUAATOPa onpeaeseHNeM A3blka A0MKEH CAYKUTb CamM CTaHAapT. B
NPUAOXKeHUN B nprBeaeHbl BOSMOXKHOCTM CTaHAAPTHOW B1MbanoTekn. OHO TaKKe NpeacTaBaseT coboi cnpaBoYHUK
AN1A NPUKNASHbIX NPOrPaMMUCTOB, HO He A/1A Pa3paboTuMKOB KOMMUAATOPOB. MpunoxkeHne C cOAepKUT KPaTKUit
nepeyeHb OT/IMYMIA NpeacTaBAeHHON Bepcum A3bika Cv OT ero HayaibHOM BEPCUMN.

B npeaucnosmun K nepsomy U3LaHUIO Mbl TOBOPU/IN O TOM, YTO "yem 6onbLIE pa60Taeu.|b ¢ Cn, Tem OH CTaHOBMUTCA
yp,oGHee“. 3TO BneyaT/iieHWe OCTasiocb M Mocne AecATU neT pa6OTbI C HMUM. Mbl HageemcA, YTO AaHHAA KHUra
NOMOXET BaM U3YYUTb Cumn yCnewHo ero ncnosib3oBaThb.

Mbl B 60/1bLLIOM A0ATY Nepes APY3bAMM, KOTOPblE MOMOrasn Ham B BbiMyCKe BTOPOro U3AaHUA KHUMK. [KOH beHTAn,
AOyr Tynn, Oyr Makunpon, NMutep HenbcoH n Pob Maik caenany 4yeTkMe 3amevyaHusi NoYTM NO KaXKAOoW CTpaHuLe
nepBoro BapuaHTta pykonucu. Mol 6narogapHbl Any Axo, eHHucy Annunccony, Oxoto Kemnbenny, . P. dmauHy,
KapeH ®optraHr, AnneHy Fonyby, Hapto Xbtomy, Oaney Kpuctony, [oHy JiInHaepmaHny, Oansy Mpoccepy, MMHY
Cnaddopay n Kpucy BaH YUKy 33 BHUMATENbHOE MPOYTEHME KHUIMU. Mbl NOAY4YUAN NonesHble coBeTbl OT bunna
YesBuka, MapKa KepHuraHa, 3Hapto KosHura, PobuHa fleiika, Toma JloHaoHa, Oxuma Puasa, Knosusa ToHZo m



Mutepa BanHbeprepa. [eiis Mpoccep OTBETUA HA MHOFOYMCAEHHble BOMPOCHI, Kacalowmecs geTanein cTaHaapTa
ANSI. Mbl WMPOKO M0/b30BaANUCh TpaHCAATOpom ¢ Cu++ BbepHa CTpaycTpyna AnA /IOKa/fbHOW MPOBEPKM HaluMX
nporpamm, a Heie Kpucton npegoctaBun Ham ANSI-CU-KOMNUNATOP AO1A OKOHYaTe/IbHOW MX MNpoBepKu. Puy

[Apelwwnep oueHb NOMOT B Habope KHUTU.

Mbl UCKpeHHe 61arogapym BCex.

bpatiaH B. KepHuzaH,

HeHHuc M. Pumyu



HpeAI/ICI[OBI/Ie K II€pBOMY U3JdHHUIO

Cn — 3TO YHMBEPCaA/bHbIN A3bIK NPOrPaMMUPOBAHNA C KOMMAKTHbIM CNOCOBOM 3aMMCK BbipaXKeHU, COBPEeMEHHbIMU
MeXaHM3MaMK yrnpaBaeHUs CTPYKTYpammu AaHHbIX U 6oraTbim Habopom onepatopoB. Cu He ABAAETCA HU A3bIKOM
"OueHb BbICOKOro ypoBHSA", HM "GonbWKMM" 53bIKOM, HE PaACcCYUTAH OH M HA KaKyl-TO KOHKPEeTHyl obnactb
npumeHeHusa. OgHako bnarogaps WMPOKMM BO3MOMKHOCTAM WM YHUBEPCAZIbHOCTM AN PelleHMs MHOMMX 3aJay OH
yaobHee 1 apdpeKTMBHEE, YEM NPELANON0KUTENBHO BONIEee MOLLHbIE A3bIKK.

MNepBoHayanbHO Cu 6bin co3gaH JeHHMCOM PUTYM KaK MHCTPYMEHT HanucaHua onepaunoHHoi cuctembl UNIX ans
MawunHbl PDP-11 u peannsoBaH B pamMKax 3TOW OMepaunmoHHoOM cuctembl. M onepaumoHHas cuctema, n Cu-
KOMMNWAATOP, W, MO CYLLeCTBy, BCe MpuKAagHble nporpammbl cuctembl UNIX (BKAo4as w Te, KoTopble
MCMONb30BANNCh A1 NMOATOTOBKM TEKCTa STOM KHUMM') HanucaHbl Ha Cu. PupMeHHble CU-KOMMUAATOPbI CYLLECTBYIOT
M Ha HECKONbKUX MallMHax ApYyrMx TMnos, cpean Kotopblix IBM/370, Honeywell 6000 un Interdata 8/32. Cu He
NpMBA3aH K KOHKPETHOWM annapaTtype Wau cucteme, O4HaAKO Ha HEM NIErKO NMUCaTb NPOrpamMmbl, KOTOpble 6e3 KaKux-
B0 U3MEHEHMI NEPEHOCATCA HA APYrMe MallMHbI, T4e OCYLLECTBAAETCA ero NoaAep KKa.

Llenb Hawen KHMMM — MOMOYb YMTaTeNtO HayuUTbCA NPOrpammupoBaTb Ha Cu. M3gdaHue BKAOYaeT BBedeHMe-
y4ebHMK, NO3BONAIOWMIA HOBMUYKAM HayaTb MPOrpammMmMpPoBaTh Kak MOXHO CKopee, a TaK¥Ke rnasbl, NOCBALLEHHble
OCHOBHbIM CBOMCTBam A3blKka, M CNpaBOYHOE PYKOBOACTBO. B ee OCHOBY MO/IOMEHbl M3y4YeHWe, HanucaHue u
npopaboTKka NpUMepoB, a He NPoOCToe nepeyncieHne npasua. MoyTu BCce HaWM NPUMEPbl — 3TO 3aKOHYEHHble
peanbHble NPorpamMmmbl, a He pasobueHHble dpparmeHTbl. Bce oHU 6blIM OTTECTUPOBAHbI Ha MallMHE TOYHO B TOM
BMAE, KaK NpMBOAATCA B KHUre. NloMMMo AemoHcTpaumm 3pdeKTMBHOro MCno/ib30BaHUA A3blKa, Tam, rae 3To 6bi10o
BO3MOXHO, Mbl CTPEMUAUCD NPOUIIOCTPMPOBATL NOJIE3HbIE aATOPUTMbl U MPUHLMMbI XOPOLLEro CTUAA HanucaHua
NpPOrpamm u UX pasyMHOro NPOEKTUPOBaHMA.

3Ta KHUra He ABNAETCA BBOAHbIM KYPCOM MO NPOrpammupoBaHuto. Mpegnonaraercs, 4To YuTaTelb 3HAKOM C TaKUMM
OCHOBHbIMM MOHATUAMM, KAk "nepemeHHas", "npucsameanue", "umkn", "oyHKuma". Tem He mMeHee U HOBMYOK
CMOMKET U3YUYNUTb A3bIK, XOTA ANA HEro byaeT o4eHb Nose3HbIM 0bweHMe ¢ 6osiee 3HAOLWUMM CreLManncTamm.

Haw onbIT nokasan, 4to Cu — yao06HbINA, BbIPa3UTENbHbIA U TMOKUIA A3bIK, NPUrOAHbIA ANA NPOrPaMMMPOBAHMUA
LUIMPOKOro Knacca 3agady. Ero nerko Bblyuntb, 1 yem Bonblue paboTaewb ¢ Cu, TEM OH CTaHOBUTCA yaobHee. Mbl
HaZileeMcs, YTO 3Ta KHUra MOMOMKET BaM XOPOLLO €ro OCBOUTb.

BaymumBas KpUTUKA U NPeaioxKeHMa MHOMUX Apy3en U Kosier MoOMOraam Ham HanmcaTb KHUry. B yactHocTn, Malik
Buanku, Akmum Bny, Ctbto Pengman, Ayr Makunpon, bunn Pym, 6506 Po3nH n Jlappu Pocnep co BHUMaHUEM NPOYIU
BCE MHOMOYUCAEHHbIE BapWaHTbl 3TOM KHUIK. Mol B gonry y Ana Axo, CTuea bbepHa, JaHa [Bopaka, Yaka Xennu,
MapuoH Xappuc, Puka Xonta, Ctuea [KoHcoHa, JxoHa Mawes, boba Mutua, Panbda Myxu, Mutepa HenbcoHa,
3nnuota MNuHcoHa, Bunna Mnengxepa, Oxkeppn Cnmeaka, KeHa TomncoHa v MNuTtepa BaliH6eprepa 3a nonesHble
COBEeTbI, NOJIY4YEHHbIE OT HUX Ha PA3/IMYHbIX CTAaAMAX NOATOTOBKM PYKONKUCHK, a Takke y Mawka Jlecka n ko OccaHHbI
32 MOMOLLLb NPU NOATOTOBKE ee K U3aHUI0.

bpaliaH B. KepHuaaH,

HeHHuc M. Pumyu

1 “ v
MmeeTca B BUAY OPUTMHAN 3TOW KHUIM HA aHTIMMCKOM A3bike. — lpumeu. nep.



BBeaeHue

Cn — yHuMBepcanbHbIi A3bIK NporpammmnpoBaHma. OH TecHo cBfizaH ¢ cuctemont UNIX, Tak Kak 6bin pa3paboTtaH B
3TON cucTeme, KOTOPasa Kak M BONbLIMHCTBO Mporpamm, paboTatowmx B Hel, HanucaHbl Ha Cu. O4HaKO A3bIK He
NPMBA3AH KECTKO K KaKOM-TO O4HOM ONepaLMoOHHON cucTeme UM MalMHe. XOTA OH U Ha3BaH "A3bIKOM CUCTEMHOTO
NPOrpaMmmMpoBaHnA", MOCKONbKY YA00EeH ANA HANMCAHMUA KOMMUAATOPOB U ONEepPaLMOHHbIX CUCTEM, OKA3anochb, YTo
Ha HEM CTOJIb XKe XOpoLo nucaTb bonblumMe nporpammel Apyroro npoduas.

MHorne BaXkHble ngeun Cun B3Aatbl U3 A3bika BCPL, aBTopom KoToporo asnsetca MaptuH Pnyapae. Bananune BCPL Ha
Cu 6bln0 KOCBEHHbIM — Yepes A3blK B, paspaboTaHHbIi KeHom TomncoHom B 1970 r. gnsa nepsoit cuctembl UNIX,
peannsoBaHHoOM Ha PDP-7.

BCPL n B — "bectunosble" A3blkM. B oTanume ot HUX Cu obecneymBaeT pasHoobpasne TMNOB AaHHbIX. bazoBbiMuK
TMNAMKU ABASAIOTCA CMMBOJIbI, @ TaKXe Lesble M YMCAa C NaBalowei TOYKON pasnuyHbIX pasmepoB. Kpome Toro,
MMEeTCH BO3MOMKHOCTb MOAy4YaTb LEeNYI0 MEepapxuio MPOM3BOAHbLIX TUMOB AaHHbIX W3 yKasaTe/eil, MacCUBOB,
CTRPYKTYp U 06beguHeHU. BbiparkeHna GopmupyoTca M3 onepaTopos 1 onepaHaos. Jlloboe BbipaXkeHUe, BKAOYaSA
npucBaMBaHue U BbI30B QYHKLMUN, MOXKET ObiTb MHCTPYKUMEN. YKasaTenn obecneunsaoT MaMHHO-HE3aBUCUMYHO
afpecHYo apnuPpMeTHKy.

B Cv MMeIoTCA OCHOBHbIE YNpPaBAstolLMe KOHCTPYKLMM, NCNO/b3YEMblE B XOPOLLIO CTPYKTYPUPOBAHHbIX MPOrpammax:
cocTaBHaA MHCTPyKuma ({...}), seTBneHve no ycnosuio (if-else), BbIGOP OAHON anbTEPHaATUBbI U3 MHOIMX
(switch), umknbl c npoBepKoi HaBepxy (while, for) U c NnpoBepKoi BHM3Y (do), a TaKXKe cpeACcTBO NpepbiBaHNS
uuKkna (break).

B KauecTBe pesynbTaTa ¢GyHKUMM MOTYT BO3BpalaTb 3HayeHuWs 6as30BbiX TUMOB, CTPYKTYP, O6beauMHEeHUl wu
yKasaTtenen. Jliobas GyHKUMA AOMNYyCKaeT peKypcuBHoe obpalleHune K cebe. Kak npaBu/io, N0KasibHble NEepeMeHHble
byHKuMM — "aBTomaTuyeckue", T. e. OHM CO3[al0TCA 3aHOBO NPU KaxKaom obpalleHun K Hel. OnpegenenHus
GYHKUMA Henb3A BKAagblBaTb APYr B Apyra, HO OOBABNEHUA MepemeHHbIX paspellaeTcs CTPouTb B 6J104HO-
CTPYKTYpPHON MaHepe. ®yHKUMM nporpammbl Ha CUM MOTYT XPaHWUTbCA B OTAE/IbHbIX WCXOAHbIX dalinax u
KOMMNWUIMPOBATbCA HEe3aBMUCUMO. [lepeMeHHble MO OTHOLWEHUIO K GYHKUUKU MOTYT BbiTb BHYTPEHHUMMU U BHELIHUMM.
MocneaHue moryT 6bITb AOCTYMHbIMUK B Npefenax 0AHOro UCXoAHOro daiina aun Bcel Nporpammei.

Ha stane npenpoueccnpoBaHMA BbINOJIHAETCA MaAKPOMNOACTAHOBKA B TEKCT MpPOrpamMmmbl, BK/KOYEHUE AOPYIUX
NCXOAHbIX d)aﬁnos MYy CnoBHaA KOoMnmnauua.

Cu — A3bIK CpaBHUTENbHO "HM3KOro ypoBHSA". O4HAKO 3TO BOBCE HE yMaNsAeT ero 4OCTOMHCTB, NpocTo Cu umeeT Aeno
C TeEMW e 06beKTamM, YTo M GONbLIMHCTBO KOMMbIOTEPOB, T. €. C CUMBOJIAMK, YnCaaMK U agpecamn. C HUMM,
MOXHO OnepupoBaTb MPU MNOMOLWM APUPMETUUECKMX M JIOTUYECKMX OMepaunii, BbIMOAHAEMbIX PeasbHbIMU
MallnHaMMU.

B Cu HeT npAMbIX onepaumii Hag COCTaBHbIMM OOBEKTAaMM, TAaKMMM KaK CTPOKM CMMBOJIOB, MHOMECTBA, CMUCKU U
maccuBbl. B Hem HeT onepauuii, KoTopble 6bl MaHUMNYAMPOBAAM C LLEAbIMU MAaCCMBAMM UM CTPOKaMM CMMBOJIOB,
XOTA CTPYKTYpPbl paspellaeTcis KOMMPOBaTb LLE/IMKOM KaK efuHble 06beKTbl. B A3blke HeT Kakmx-nnbo cpencts
pacnpegeneHua NamaTi, NOMMMO BO3MOXKHOCTM onpeaesieHMsa CTaTUYEeCKMX NepeMeHHbIX U CTEKOBOrO MexaHM3ma
npu BblAeNIeHUM MecTa ANA IOKa/bHbIX NepeMeHHbIX BHYTPpU GyHKumi. HeT B Hem "Kyun" u "cbopluimka mycopa".
HakoHeu, B camom Cu HeT cpeAacTB BBOAA-BbIBOAA, UHCTPYKLUMI READ (4ntaTtb) n WRITE (NMcaTb) M KAaKMX-1MBO
MeToaoB AocTyna K ¢annam. Bce 3To — mexaHM3Mbl BbICOKOTrO YPOBHA, KoTopble B Cu obecneumBatoTca
WCKOYUTENIbHO C NMOMOLLBIO ABHO Bbi3blBaeMbIX GYHKLMIA. BONbLIMHCTBO peann3oBaHHbIX CU-cUCTeM comepikaT B
cebe pasyMHbI CTaHAAPTHbIN Habop 3TUX GYHKLMUN.

B npoaon)KeHune CKasaHHOro cnegyer oTmeTutb, YyTo CUM nNpenocTaBnAaeT CpeacTBa /AMLb MOCAe[0BaTesIbHOro
ynpassieHna Xoaom BbIYMC/IEHUIA: MEeXaHU3M BETBNEHUA Mo ycnosuam, UUKANbl, COCTaBHble WHCTPYKLUUN,



noanporpaMmmbl — W He COAEPXMMUT CPeaCcTB  MyNbTUMNPOrPamMMUPOBAHMA, NapafiefibHblX NPOLLECCOoB,
CUHXPOHU3ALMN U OPraHU3aLMM CONPOrPamm.

OTCyTCTBME HEKOTOPbLIX U3 NEPEYNCTIEHHbIX CPEACTB MOKET NOKA3aTbCA CEPbE3HbIM HeAOCTaTKOM ("'BbIXOAMUT, YTObbI
CPaBHUTb [BE CTPOKU CUMBOJIOB, HY}KHO 06paLaTbca K GyHKUMM?"). OgHAKO KOMMNAKTHOCTb A3blka MMEeeT peasibHble
Bbiroabl. MockonbKy CM OTHOCUTENIbHO Man, TO W OMUCaHWEe €ero KpaTKo, M OBNafZeTb MM MOMKHO ObICTPO.
MpOorpaMmMmUCT MOXKET PeasibHO PacCYMTbIBAaTb Ha TO, YTO OH ByZeT 3HaTb, NMOHMMATb M Ha NPAKTUKE pPeryaspHo
Mo/1b30BaTbCA BCEMW BO3MOXKHOCTAMM A3bIKa.

B TeuyeHMe MHOrMX neT eauHCTBEHHbIM onpegeneHnem sn3blka Cu 6bI1O0 nNepBoe U3gaHue KHurnm "AsbIk
nporpammupoBaHmna Cun". B 1983 r. MHCTUTYTOM amepMKaHCKMX HauMOHasbHbIX cTaHaapToB (ANSI) yuperkgaetca
KOMUTET ONsi BblpabOTKM COBPEMEHHOrO McYepnbiBaloWEero onpeaeneHusa Asbika Cu. PesynbTatom ero pabothbl
asuaca ctaHaapT gnsa Cu ("ANSI-C"), BbinywweHHbIn B 1988 r. 6O/bLWMHCTBO NONOXKEHWUIM 3TOrO CTaHAAPTa YKe yYTeHo
B COBPEMEHHbIX KOMMUAATOPAX.

CraHgapt 6asvpyetcd Ha MepBOHaA4YaNbHOM CMpPaBoOYHOM pyKoBoAcTBe. [10 CpaBHEHWUIO C MNOCAeAHMM A3bIK
M3MEHNNCA OTHOCUTENbHO Masio. OgHol u3 uenelt ctaHgapta 6bino obecneuntb, YTobbl B 60MbLWIMHCTBE C/lyYaes
CyLlecTByOWME MPOrPaMmMbl OCTaBa/UCb MPaBWIbHLIMM WMAM  Bbi3blBaNM Mpeaynpexkaalowme coobuieHus
KOMMUAATOPOB 06 N3MEHEeHNU NoBeaeHNA.

Ona 60nblIMHCTBA MPOrPamMMMCTOB CaMO€ BaXHOE M3MEHEHWE — 3TO HOBbIM CUHTAKCUC OODBABAEHUA U
onpeaeneHna oGyHKUMn. O6bABNAEHME GYHKUMM MOXET Ternepb BKAOYATb W ONWCaHWME ee aprymeHTos. B
COOTBETCTBMM C STUM U3MEHWUICA U CUHTAKCKC onpeaeneHuns GyHKuMK. JlonoaHuTenoHas MHGoOpMaLLMA 3HAYNTENBHO
obneryaet KOMNUAATOPY BbiIBNEHME OWNOOK, CBA3AHHbIX C HECOT/TACOBAHHOCTbLIO apryMeHTOB; MO HallemMy MHEHMUIO,
3TO O4YeHb nosesHoe AobaBNEHME K A3bIKY.

CnepyeT TaKXe OTMeTUTb pAgd HeboNbMX M3MeHeHM. B A3blke Yy3aKoHeHbl MpUCBaMBaHWE CTPYKTYp U
NnepeyYncaeHmns, KoTopble yXKe HEKOTOPOEe BPEMSA LUMPOKO UCMOb3YHOTCA. BbluMCNAEHMA C NiaBaloweid TOYKOM Tenepb
[O0NYCKaoTCA U C OAMHAPHOW TOYHOCTbIO. YTOYHEHbI CBOMCTBA apudmeTMKKU, ocobeHHO ana 6e33HaKOBbIX TWUMOB.
YcoBepLUeHCTBOBaH npenpoueccop. boNbWNMHCTBO NPOrpaMMmUCTOB 3T M3MEHEHMA 3aTPOHYT O4eHb clabo.

BTopoit 3HauMTenbHbI BKNaf CTaHgapTa — 3TO onpeaeneHve 6ubAMOTEKW, nocTasnaemoit Bmecte ¢ Cu-
KOMMNWUAATOPOM, B KOTOpOW cneunduumpytotca GyHKUMKM O0CTyNa K BO3MOMHOCTAM OMNEepaunoHHON CUCTEMBI
(Hanpumep uTeHus-3anucu  ¢ainos), ¢GopmMaTHOTO BBOAA-BbIBOAA, AWUHAMMYECKOTO BbIAENEHUS MaMATH,
MaHUNYyNAUMIA CO CTPOKaMW CMMBONOB U T. A. Habop cTaHAapTHbIX 3aro/ioBoYHbIX ¢alinos obecnedymsaeT
e4MHOO06pa3HbIi  AOCTYN K 06bABAEHMAM QYHKUMIA W TUNOB AaHHbIX. [apaHTUpyeTca, 4YTo NpPOrpamMmbl,
ncnonbayowme 3ty 6ubaANOTEKY NpM B3aMMOLENCTBMM C ONEpaLMOHHON cuctemoin, ByayT paboTaTb Takke M Ha
APYrMX MalnHax. BoMbLIMHCTBO nNporpamm, cocTasaslowmx 6ubanoTeky, cosgaHbl no obpasy M noaobuio
"cTaHgapTHOM 6ubanoTekn BBoaa-BbiBoaa" cuctembl UNIX. 3Ta 6MbnMoTEKa onmMcaHa B NePBOM M34aHUM KHUTU U
LUMPOKO UCMONb3YeTCA B APYIUX cUCTEMaX. U 34eCb NPOrpamMMUCTbl He 3aMEeTAT CYLLLECTBEHHbIX Pa3IUUnii.

Tak Kak TUMNbl OaHHbIX W YNPaBAAIOWMX CTPYKTYpP A3blka CWM noagepruBaloTcd KomaHgamu 60/blUMHCTBA
CYLLECTBYIOWMX MALIMH, UCMOAHUTENbHAA cucTema (run-time library), obecneumBatowas He3aBUCUMbIA 3anyck u
BbIMOJIHEHWE MpPOrpaMm, oyeHb mMana. ObpaweHna K 6MBAMOTEUYHBIM QYHKLMAM MUILET Cam NPOrpammucTt (He
KOMMUAATOP), NO3TOMY MPK XKeNaHUU MX MOXKHO IerKo 3aMeHUTb Ha Apyrue. MoyTi Bce NpPorpammbl, HanMcaHHble
Ha CU, eC/IM OHM He KacaloTca KaKMX-MBO CKPbITbIX B ONepauMOHHON cucTeme AeTasei, NepeHoCMMbl Ha apyrue
MaLUMHBI.

CM COOTBETCTBYET annapaTHbIM BO3MOMKHOCTAM MHOTMX MALUMH, OAHAKO OH He NPUBA3aH K apXMTEKTYpe Kakoi-nmbo
KOHKPETHOM MalnHbl. MPOoABAAA HEKOTOPYIO AUCLUMMNAMHY, MOXHO Jerko nucaTb nepeHoCMmble Mporpammel, T. €.
nporpammbl, KoTopble 6e3 Kaknx-1Mbo nameHeHU moryT paboTaTb Ha pasHbIX MawuHax. CTaHAapT npeaocTasaseT



BO3MOMHOCTb 4/18 ABHOTO ONUCAHMA NEPEeHOCUMMOCTU C MOMOLLbIO Habopa KOHCTAHT, OTPaXKaoLWMX XapaKTEPUCTUKM
MaLLMHbI, Ha KOTOPOWM Nporpamma byaet paboTtaTb.

Cu He ABnseTca "CcTPOro TMNM3NMpPoOBaHHbLIM" A3bIKOM, HO B MPOLLECCE ero Pa3BUTUA KOHTPO/b 33 TUMAMKM Bbl yCUAEH.
B nepBon Bepcum Cu XOTb He 0A06psAncsA, HO paspewanca GECKOHTPONbHbLIA 0OMeH yKasaTeneh W Lenbix, 4to
BbI3blBaN0 6O/IblUME HAapeKaHMA, HO 3TO YXKe AaBHbIM-ZABHO 3anpeleHo. CornacHo cTaHaapTy Tenepb Tpebyetca
ABHOE 06DbABNEHME WAM ABHOE YKaszaHMe npeobpasoBaHuA, YTO YXKe M peasi30BaHO B XOPOLIMX KOMNUAATOPAX.
HoBblIli BUA 006bsABNEHUA GYHKLMIA — elle OAMH LAl B 3TOM HanpaBieHUU. Komnuaatop Tenepb npeaynpexaaeTt o
60nbLwen YacTn oWMBOK B TMNAX M AaBTOMATUYECKU HE BbINOAHAET Npeobpa3oBaHns AaHHbIX HECOBMECTUMbIX TUMOB.
OpHaKo ocHoBHOM ¢unocodpmeit Cu ocTaeTca To, YTO NPOrPaMMUCTbl CAMM 3HAIOT, UTO AENatoT; A3blK AUWb TpebyeT
ABHOTrO YKa3aHMA 06 UX HaMepeHMUsX.

Cu, Kak u noboit Apyron A3blIK MPOrpaMMMpPOBaHWA, He cBOb6OAEH OT HeAoCTAaTKOB. YPOoBEHb CTApLUMHCTBA
HEKOTOpPbIX ONEpPaTopoB He ABAAETCA OBLLENPUHATLIM, HEKOTOPbIE CUMHTAKCUMYECKME KOHCTPYKUMM MOrAKn Bbl BbiTh
nyywe. Tem He MeHee, KaK 0Kasanocb, CM — ypesBbluaiiHO 3PEKTUBHBIN U BbIPa3MTebHbIN A3bIK, NPUrOAHbLIN ANA
LUMPOKOro Knacca 3agad.

KHura umeet cnegytoulyto cTpyktypy. Mnasa 1 npeacrasnser coboit 0630p OCHOBHbIX cpeacts A3blka Cu. Ee
HasHayeHMe — nobyauTb uYMTaTenss MO BO3MOXHOCTM ObicTpee MPUCTYNUTb K NMPOrpPamMmMMPOBaHMIO, Tak Kak Mbl
yberKaeHbl, YTO eAMHCTBEHHbIN CNOoCcob M3Yy4nUTb HOBLIN A3bIK — 3TO NMMCATb Ha HEM MPOrPamMmbl. ITa YacCTb KHUTU
npeanosaraer Hajanyme 3HaHWIM MO OCHOBHbLIM 3/IEMEHTAM MPOrPamMmMMpPoBaHMA. HUKaKMX MOSACHEHWI TOro, 4To
TaKoe KomMmnbloTep, KoMmnnaauma Uam 4to O3Ha4aeT BblpaXKeHune Bnda n = n+1l He AaeTcA. XoTa Mbl U NbITaANCL Tam,
rae 3To BO3MOXKHO, NOKasaTb Noe3Hble NpUeMbl NPOrpaMMmMPOBaAHUSA, 3Ta KHMUIMA He NpU3BaHa HbiTb CNPaBOYHUKOM
HM Mo paboTe CO CTPYKTypamM AaHHbIX, HA MO anropuTMam; KOr4a OKasblBasoCb HEOOXOAMMbIM BblOpPaTb, Ha YTO
cAenaTb yaAapeHue, Mbl NpeanoyYnTanm CKOHLEHTPMPOBATb BHUMAHME Ha A3blKe.

B rnaBax 2-6 pas/iMyHble cpencTBa A3blka 0bcyKaatoTca 6onee NoapobHO M HecKonbKo 6osee GopmanbHO, YeM B
rnaese 1; Npy 3ToM NO-NpPeXHeMy yrnop AeNaeTca Ha NPUMMEpbl, ABAAIOLLMECA 3aKOHYEHHbIMM NPOrpamMmmamu, a He
M301MpPOBaHHbIMKU PpparmeHTamu. Fnasa 2 3HAKOMMUT ¢ 6A30BbIMU TUNAMM AAHHbIX, C ONEpPaToOPaMM 1 BblPaXKeHUSMMU.
B rnaBe 3 paccmaTpuBaloTCA CPeACTBa YNpaB/JeHUA NOCNeA0BaTe/IbHOCTbIO BblUMCAeHUI: 1f-else, switch,
while, for n 1. 4. B rnase 4 peyb MAeT 0 GYHKUMAX U CTPYKTYpe NPOrpammsbl (BHEWHUX NepeMeHHbIX, NpaBuaax
BUMAMMOCTHU, AENEHUMU MPOTPAMMBbl Ha HECKO/IbKO UCXOAHbIX GalisioB U T. 4.), a TaKKe o npenpoueccope. B rnase 5
obcyrKaaloTcA yKasaTenm 1 agpecHas apudmeTnka. Fnasa 6 NocBAwEeHa CTPYKTYpam U 06beguHEHUAM.

B rnase 7 onuncaHa ctaHAapTHaa bubamoTeka, obecneumsatowasn obwmii MHTepdeinc ¢ onepaLMoHHOM cucTteMoi. ITa
6MbaMOTEeKa y3aKoHeHa B KauyecTBe cTaHgapta ANSI, MHaye roBopsa, oHa Ao/KHA 6bITb NpeacTaBAeHa Ha Bcex
MallunHax, rae cywecTtsyeT Cu, 6narogaps Yemy nporpammbl, MCNOb3YyOWME BBOA-BbIBOA, U APYIME BO3MOMKHOCTU
onepaLyMoHHOM CUCTEMbI, 683 KaKUX-TMB0 N3MEHEHUIA MOXKHO NEPEHOCUTL C OAHOMN MALLMHbI Ha APYryto.

lnaBa 8 copepkuT onucaHue uHTepdelica mexay nporpammamum Ha Cu M onepaumoHHon cuctemon UNIX, B
YaCTHOCTM OMMCaHMe BBOAA-BblBOAA, GANIOBOM CUCTEMBI U pacnpeneneHma namatn. XoTa HeKoTopble naparpadobl
3TOW rnaBbl oTpaxatoT cneumdury cuctembl UNIX, nporpamMmucTbl, NOMb3YIOWMECA APYTUMU CUCTEMAMMU, BCE Ke
HaMAYT B HUX MHOTO NONE3HbIX CBEAEHMWI, BKOYAA OnpeaeneHHblli B3rNaA4 Ha TO, KaK peann3yeTca ogHa U3 Bepcui
CTaHAAPTHOW 6MBANOTEKM, U HEKOTOPbLIE NPES/IOKEHUA MO NEPEHOCUMOCTM NPOrPaMM.

MpunoxeHne A aBAAeTCcA CNpaBoOYHMKOM MO A3blKy. CTporoe onpeaeneHne CMHTaKCMca M CeMaHTUKM A3bika Cu
cogeputca B odPuUManbHOM AOKymeHTe cTaHgapta ANSI. lNocnegHuii, ogHako, 6onee Bcero noaxogut
pa3paboTunmkam KomnunaTopa. Haw cnpaBo4YHUK onpegenseT s3blk 6bonee cxaTto, He npuberas K neAaHTUYHO
HOPUAMYECKOMY CTU/IIO, KOTOPbIM MOAb3yeTca cTaHaapT. MpunoxeHne B — cBoAKa MO COAEPXMMOMY CTaHAAPTHOM
61MbNMOTEKM M NpeAHa3HaYeHa cKopee NoAb3oBaTeNsAM, YemM peanunsaTopam. B npunoxkeHnn C npusoamTca KpaTKuUit
nepeyeHb OTANYMIA OT Nepaol Bepcum A3blka. B COMHUTENbHbIX CAyYanx, 0AHAKO, OKOHYATE/IbHbIM CyAbei MO A3bIKY
oCTaeTcA CTaHAaPT M KOMMUAATOP, KOTOPbIM Bbl NO/b3yeTeCh.



1. 0630p A3bIKa

HauyHem c 6bicTporo o3HakomneHusA ¢ A3bIkom Cu. Hawa uenb — nokasaTb Ha PeasibHbIX NPOrpaMmax CyLLecTBEHHbIe
3/1IeMeHTbI A3blKa, He BAABasACb B MenKue AeTanu, popmanbHble NpaBuaa U UCKAOYEHUA U3 HUX. [03TOMY Mbl He
CTPEMMMCA K MOJHOTE U AaxKe TOYHOCTM (3ab0TACb, OAHAKO, O KOPPEKTHOCTU npumepos). Ham 6bl XxoTenocb Kak
MOXHO CKOopee NoABEeCTM BaCc K MOMEHTY, KOT4a Bbl CMOXKETe NcaTb NosesHble Nporpammbl. YTobbl caenaTb 310, Mbl
OOJ/IKHbl CKOHLEHTPUPOBATb BHMMaHME HA OCHOBaX: MEPEeMEHHbIX W KOHCTaHTax, apudmeTuKe, ynpaBaeHUn
NocAef0BaTeNbHOCTbIO BbIYMCAEHWNI, QYHKLMAX M NpocTelluem BBOAE-BbiBOAE. B HacToALWEel rnaBe Mbl YMbILWNEHHO
He 3aTparMBaem Tex CPeACTB A3blKa, KOTOPble BaXKHbl NPY HanUcaHUM 6OAbLWIMX NPOrPamMm: yKasaTesnen, CTPYKTYp,
60nbLoM YacTu 6oratoro Habopa onepaTopoB, HEKOTOPbIX YNPABAAOWMX MHCTPYKLUMIA U CTaHAAPTHOM 6MBMoTeKMN.

Takoli noaxoa MmeeT CBOWM HedocTaTKU. Hambonee cCyleCTBEHHbIM M3 HUX COCTOMT B TOM, YTO OTAe/NbHOe
XapaKTepHoe CBOWMCTBO A3blKa He OMWCbIBAeTCA MOJIHOCTbIO B OAHOM MecTe, U noAobHas NaKOHUYHOCTb Mpu
0byYyeHUM MOXKEeT MPUBECTU K HenpaBUAbHOMY BOCMPUATUIO HEKOTOPbIX MNONOMEeHWH. B cuny orpaHuyeHHoro
XapaKTepa nofayu maTepuana B NpMmMepax He UCMONb3yeTca BCA MOLLb fA3blKa, U NMOTOMY OHWM He CTONb KPaTKu U
3NeraHTHbl, Kak Moram 6bl 6biTb. Mbl MOMNbITAAUCL MO BO3MOMXHOCTM CMArYUTb 3TM 3ddeKTbl, HO cYUTaem
HeobxoaAMMbIM NpeaynpeanTb 0 HUX. [pyroi HeoCTaToOK 3aK/10YaeTCa B TOM, YTO B NOCAeAYIOLWMX FNaBax Kakue-To
MOMEHTbl HaM MpPUAETCA NOBTOPUTb. Mbl Hageemcs, YTO MOo/sb3a OT MOBTOPEHWUI MPEBLICUT BbI3biIBaEMOE UMMU
pasaparkeHue.

B ntobom cnydae OMbITHLIM NPOrPaMMUCT AO/KEH CYMeTb 3KCTPanoAnMpoBaTb MaTepuan AaHHOW rnaBbl Ha CBOM
NPOrpaMMUCTCKME Hy»KAbl. HOBMYKaM 3Ke peKkomeHayem [JOMOJHUTb ee YTeHMe HanucaHuem CcobCTBEHHbIX
MaJIEHbKMX Nporpamm. U Te U gpyrme Hawun YuTaTenn MOFyT paccmaTpuBaTb 3Ty rNaBy Kak "KapKac", Ha KOTopbii
fAanee, HauyMHasn ¢ rasbl 2, 6yayT "HaBelwnBaTbCA" 3N1eMEHTbI A3blKa.

1.1. HayHeM, noxKaayu
EAMHCTBEHHbIVI cnocob Bbly4UTb HOBbIN A3bIK nporpamMmmmnpoBaHnNA — 3TO NMUCATb HAa HEM MPOrpamMmmbil. an N3y4yeHnun
N060ro A3blka NepBo, Kak NpaBuIo, NpeanaratloT HanncaTb NPUBAN3IUTENLHO CAeAYIOLLYIO NPOrpammy:

Haneyamame cn08a 34paBcTBYi, MUpP

BoT nepBoe npenatcTeune, 1 YTo6bl €ro NPeos0NeTh, Bbl JOMXKHbI CYMETb r4e-TO CO34aTb TEKCT MPOrpaMmsl, YCNewHo
€ro CKOMMUAMPOBaTb, 3arpy3nTb, 3aNyCTUTb Ha BbINOJAHEHWE U pa3obpaTbca, Kyaa byaeT oTnpasieH pesyabTaT. Kak
TO/IbKO Bbl OB/IaieeTe 3TUM, BCE OCTa/IbHOE OKAXKeTCA OTHOCUTENbHO NPOCTO.

Cu-nporpamma, neyatatow,an "3apaBcTByn, MUp", BbIrNSANT TaK:

#include <stdio.h>
main ()

{

printf ("smpascTByi, mup\n");

Kak 3anycTuTb 3Ty Nporpammy, 3aBUCUT OT CUCTEMBI, KOTOPYHO Bbl UCNONb3yeTe. TaK, B onepaunoHHoi cucteme UNIX

HeobxoAMMo CHOPMMPOBATL UCXOAHYIO NPOrpammy B daliie ¢ MMeHeM, 3aKaHuMBaloWMmca cumsonamm ".c",

Hanpumep, B ¢aitne hello. c, KOTOPbIM 3aTEM KOMNUAMPYETCA C NOMOLLbIO KOMaHAbl
CC hello.c

Ecnu Bbl BCe caenanm npaBuibHO — He NPONyCcTUAN rae-nMbo 3Haka u He Z4onyctuam opdorpaduyecknx ownbok, To
KOMNuAAumMa npoinaet "monya" u Bbl nonyumTe dain, roToBbIN K UCMOAHEHUIO U Ha3BaHHbIN a . out. Ecav Bbl Tenepb
3anycTute aToT daiin Ha BbINOAHEHME KOMaHAOoM

a.out



nporpamma Hane4aTaer
3OpPaBCTBYM, MUP

B ApyrMx cuctemax npaBuia 3anycka NporpamMmbl Ha BbINOAHEHME MOTYT 6biTb WHbIMU; YTOBbl y3HATb O HUX,
NMoroBopuTe Co cneumnaancTamm.

Tenepb NOACHMM HEKOTOPblE MOMEHTbI, Kacalolmeca camon nporpammbl. Mporpamma Ha Cu, Kakux 6bl pasmepos
OHa HU bblna, COCTOUT U3 PyHKUUL W nepemeHHbIX. DYHKUMN copepKaT UHCMPYKYUU, ONUCbIBAOWME BbIMUCIEHWA,
KOTOpble HE0H6XOANMMO BbINOAHWUTD, @ MePEMEHHbIE XPAHAT 3HAYEHUA, UCNO/Ib3yeMbIe B MPOLECCE STUX BbIMUCAEHUIA.
®dyHKuMM B CM MOXOXM Ha nognporpammbl M ¢yHKumm PopTpaHa uan Ha npouedypbl U GyHKUMM [Mackans.
MpuBeaeHHan nporpamma — 310 GyHKLMA C UMeHem main. O6bIYHO Bbl BOJIbHbI MPUAYMbIBATL /t0bOble MMeHa Ans
cBomx OYHKUMI, HO "main" — ocoboe ums: ntobas nporpamma HauyMHaeT CBOU BbIYMCAEHUS C NEPBOIM UHCTPYKLUK
bYHKUMM main.

O6bly4HO main ANa BbINOSHEHUA CBOEN PaboTbl NMOAb3yeTcA yCayramu Apyrux GYHKLUMIA; OOHW U3 HUX MULLYTCA
CaMUM NPOrPaMMMUCTOM, a gpyrue 6epyTcs roToBbIMM U3 MMEIOWMXCA B €ro pacnopsxeHun bubnuotek. Mepsan
CTPOKa Nporpammbl:

#include <stdio.h>

COoObLWAeT KOMNUAATOPY, YTO OH AOJIXKEH BKIOUUTb MHPOPMALMIO O CTaHAapTHOW Bbubnnoteke BBoAa-BbiBOAA. ITa
CTPOKa BCTPEYAETCS B Hayasie MHOMMX UCXoAHbIX darnos Cu-nporpamm. CtaHgapTHaa 6ubanoTeka onvcaHa B rniaBse
7 v npunoxeHun B.

OavH 13 cnocoboB nepegaun AaHHbIX MeXAY GYHKUMAMM COCTOUT B TOM, YTO OYHKLMA Npu 0bpalleHun K apyrou
OYHKUMKM nepenaeT el CMMCOK 3HauyeHWl, HasblBaeMmblX apeymMeHmamu. ITOT CNUCOK bepeTca B CKOBKM w
nomeuiaeTca nocae MmeHu QGyHKUMW. B Hawem npumepe main onpegeneHa Kak OyHKUMA, KOTOpas He KaeT
HUKAKMX apryMeHTOB, YTO OTMEUYEHO MYCTbIM CIMCKOM () .

MNepBasa nporpamma Ha Cu.

#include <stdio.h> BKntoveHue UHopmayuu o cmaHdapmHoli
bubnuomexe.
main () OnpedeneHue hyHKYUU ¢ uMmeHeM main, He noay4yaroujeli
HUKGKUX apaymMeHmos.
{ MHcmpyKyuu main 3akao4aromcs 8 gpuzypHeie CKOBKU.
printf ("smpaescTBy¥, Mmp\n"); ®yHKYuA main ebi3bisaem 6ubnuomeyHyro GyHKUUIO
} printf 0sa neyamu 3adaHHOU nocsnedosamesnibHOCMU

cumeos108; \n — CUMBO0s1 HOBOU CMPOKU.

NHCTPYKLUMU OYHKLMM 3aKN04atoTCS B PUIYPHbIE CKOOKM { }. PYHKUMA ma in COAEPKUT TONbKO OAHY MHCTPYKLMIO
printf ("smpascTByi, Mup\n");

®yHKLUMA BbI3bIBAETCA MO MMEHM, NOCAE KOTOPOro, B CKOOKax, yKa3blBAETCA CNUCOK apryMeHTOB. Takum obpasom,
npuBeAeHHasA Bblle CTPOKAa — 3TO BbI30B QYHKUMM printf ¢ aprymeHTom "3smpaBcTByt, wMyp\n'. OYHKUMA
printf — 310 6MBAMOTEYHAA YHKUMA, KOTOpPasA B AaHHOM Cayvyae Hane4yaTaeT Nocaef0BaTeIbHOCTb CMMBOJIOB,
3aK/IIOYEHHYIO B A BOMHbIE KAaBbIYKM.



MocnenoBaTeNbHOCTb CUMBOJIOB B ABOMHbIX KaBblyKax, TakaA KaKk "snpaecTByli, Myp\n'", Ha3blBaeTcA CTPOKOWM
CUMB07108, UNN cMpPOoKosoli KoHcmaHmoli. NoKa YTo B KayecTBe apryMeHToB Ans printf u Apyrux GyHKUMIA Mbl
6yAem MCno/ib30BaTh TONbKO CTPOKU CUMBOJIOB.

B Cn KombWHaumsa \n BHYTPU CTPOKM CMMBOJIOB 06O3HaA4YaeT CMMBOS HOBOM CTPOKM W MPW MevyaTu Bbi3biBaeT
nepexog, K N1eBOMy Kpato cieaytoLein cTpoku. Ecnm Bbl yaanute \n (CTOUT NO3KCNEPUMEHTUPOBATL), TO OBHAPYKUTE,
4YTO, 3aKOHYMB MeYaTb, MALIMHA He NEPEXOAUT Ha HOBYH CTPOKY. CMMBOA HOBOW CTPOKM B TEKCTOBbIA aprymeHT
printf cnepyeT BKAOYATb ABHbIM 06pa3om. Ecim Bbl nonpobyeTte BbINOAHUTb, HAaNpumep,

printf ("3mpaBCTBYM, MUP
")

KOMMNUAATOP BblgacT coobuieHne ob owmnbke.

CMMBO HOBOW CTPOKM HUKOrAa He BCTaBAAETCA aBTOMaTUYECKM, Tak YTO OAHY CTPOKY MOXHO HanevaTaTb Mo waram
C NOMOLLLbIO HECKO/IbKMX 0BpalleHnii K printf. Halwy nepsyto nporpammy MOXKHO HanmcaTtb U Tak:

#include <stdio.h>

main ()

{
printf ("3mparcTBy®, ")
printf ("mmp");
printf ("\n");

B pe3synbTaTe ee BbINO/HEHUA ByAeT HaneyaTaHa Ta e CTPOKa, YTo U paHbLue.

3ameTum, 4to \n 0603HAYaeT TONbKO OAWMH CUMBOA. Takne ocobble KOMOMHALMKM CMMBOJIOB, HaYMHAOWMeECA C
0bpaTHOM HaKNOHHOM YepTbl, KaK \n, N Ha3blBAaeMble 3CKeNN-Noc/ien0BaTeIbHOCTAMU, LWMPOKO NPUMEHAIDTCA As
0603HaYeHNA TPYAHO NPEeACTaBUMbIX UM HEBUAMMBIX CMMBOIOB. Cpeam npoumx B Cu mmetotca cumBonbl \t, \Db,
\", \\, obo3HayawlMe COOTBETCTBEHHO Tabynauuio, BO3BpaT Ha oAWH cMMBOA Hasag ("3abol" nocnegHero
CMMBONA), ABOWHYIO KaBbl4Ky, CAMy HaKJOHHYIO YyepTy. MOoAHbIA CNMCOK TaKMX CUMBOJIOB NpeacTaB/eH B naparpade
2.3.

YnpaxHeHne 1.1. BoinonHuTe nporpammy, nedatatowyto  "3gpascTByi, Mup", B Baleh cucTeme.
Mo3KCNePUMEHTUPYIATE, YAANAA HEKOTOPbIE YacTU MPOrpammbl, MU NOCMOTPUTE, Kakne cooblieHna o6 owmnbKax Bbl
nosy4uTe.

YnpaxHeHue 1.2. BbiacHWTE, YTO NPOU3OMAET, ECIN B CTPOKOBYH KOHCTAHTY apryMeHTa printf BCTaBuTb \c, rae c
— CMMBO/JI, HE BXOAALLMIA B MPEACTaBAEHHbIN BbILE CMIUCOK.

1.2. [lepemeHHBble M apuPMeTHUUYECKHUE BbIPAKEHUA
MpuBeaeHHaAa HUMKe MNpPorpamma BbIMNOJHAET BblYMCAEHMA Mo popmyne

o

C = (5/9) (T-32) u nevataeTt Tabauuy
cooTBeTCcTBUA TemnepaTtyp no PapeHreiTy Temnepatypam no Lienbcutio:

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

Kak 1 npegblaywian, sTa nporpamma coctouT U3 onpeaenieHns ogHoON-eAUHCTBEHHOM yHKLMM main. OHa AN MHHee
nNporpammbl, neyaTatoLei "34paBcTeyn, MMp", HO NO CYTU He CNOXKHee. Ha Hell Mbl NPOAEMOHCTPUPYEM HECKOIbKO
HOBbIX BO3MOXHOCTEM, BK/OYAA KOMMEHTapUi, 06BbABNEHUA, NEPEMEHHbIE, apUPMeETUUECKME BbIPAXKEHUA, LIUKAbI U
dopMmaTHbIl BbIBOA,

#include <stdio.h>

/* meuarb TabaMUE TeMIepaTyp 00 dapeHTenTy
n Uenbcuo mna fahr = 0, 20, ..., 300 */

main ()

{
int fahr, celsius;
int lower, upper, step;

lower = 0; /* HWXHAS TpaHula Tadbiuls TeMmIeparyp */

upper = 300; /* BepxHAag TpaHuLa */
step = 20; /* mar */

fahr = lower;

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

[Be cTpoku:

/* meuarb TabaMUE TeMIepaTyp 00 PapeHTenTy
u lenscuo mna fahr = 0, 20, ..., 300 */

ABNAIOTCA KOMMEHMAapueM, KOTOPbI B AaHHOM C/lydae KpaTKO 06bACHAET, YTO AenaeT nporpamma. Bce cumsonsl,
NOMELLEHHbIE MeXAY /* U */, UTHOPUPYIOTCA KOMMUAATOPOM, U 3TUM MOXHO CBOOOZHO MO/b30BaTbCA, YTOObI
caenatb nporpammy 6onee MOHATHOM. KOMMeHTapuii MOXHO pacnonaratb B /l060OM MecTe, rae MOryT CToATb
CMMBOAbI Npobena, TabyaaunmM AN CUMBO HOBOI CTPOKM.

B Cu nwobas nepemeHHas [OMKHaA ObiTb 06bABAEHA paHblie, YeM OHa OyAeT MCno/sb3oBaHa; OObIYHO Bce
nepemeHHble 06BABNAIOTCA B Hayane ¢yHKUMM nepes MNepBON WCMOAHAEMOW MHCTPYKUMen. B obvasaeHuu
OMUCbIBAOTCA CBOMCTBA NepemeHHbIX. OHO COCTOMT M3 Ha3BaHMA TUMA U CMIMCKA NEPEMEHHbIX, Hanpumep:

int fahr, celsius;
int lower, upper, step;

Tun int oO3Ha4yaeT, YTO 3HayeHuA nepevymncsieHHbIX MepemeHHbIX ecTb uesible, B OT/n4ne oT Hero tun float
YKa3blBaeT Ha 3Ha4eHuA C I'IﬂaBaIOIJJ,eﬁ TOHKOVI, T. €. Ha YUCNa, KOTOPble MOTYyT UMeTb p,po6Hyro YyacTb. JnmanasoHbl
3HaYeHU 060oMX TUMOB 3aBUCAT OT MCI'IOJ'Ib3yeMOl7I MaLlnHbI.



Yucna Tvna int 6bIBatOT Kak 16-paspagHblie (nexaT B AnanasoHe ot -32768 o 32767), Tak n 32-paspagHble. Ynucna
TMna float 06bIMHO NpeacTaBaAtoTCcA 32-paspsgHbIMKM CIOBAMU, UMEIOWMMM MO KpailHel mepe 6 AecaTUYHbIX

3Havawmx umdp (nexart npnbAnsnTensHO B AnanasoHe oT 1038 4o 1038).

Mommmo int u float B CM MmeeTca ele HECKOIbKO 6a30BbIX TUNOB ANs AaHHbIX, 3TO:

char — CUMBON — eAUHWYHbIN BaliT;

short — KOpOTKOe Lenoe;

long — ONMHHOeE Lenoe;

double — C N/1aBatoLLLEM TOUYKOM C ABOMHOMN TOYHOCTbIO.

Pasmepbl 06bEKTOB YKa3aHHbIX TUMNOB TaK¥Ke 3aBUCAT OT MalluHbl. M3 63a30BbIX TMMOB MOXHO CO34aBaTb: MACCUBHI,
CMpyKmMypol U 06be0UHEeHUA, yKazamesu Ha 06beKTbl 6a30BbIX TMNOB M GYHKLMM, BO3BPALLAIOLLIME 3HAUYEHUA ITUX
TUNOB B KayecTBe pe3yabTata. 060 BCeEM 3TOM Mbl PacCKarKem MosKe.

BbluMcieHnn B nporpamme npeobpasoBaHna TeMmnepaTtyp HauMHAKTCA C UHCMPYKYUL NpuceausaHus:

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

KOTOPbIE YCTaHAB/MBAIOT YKa3aHHbIe B HUX NEPEMEHHbIe B Haua/ibHble 3HayeHusA. JTlobaa MHCTPYKUUA 3aKaHYMBAETCS
TOYKOW C 3anATON.

Bce CTpoOKM Tabauubl BbLIMMCAAIOTCA OAHUM M TEM e cnocobom, NO3TOMY Mbl BOCMOAb3YEMCA LIMKIOM,
NOBTOPAIOLLMM 3TO BblUMCAEHME AN1A KaXA0N CTPOKN. Heobxoanmble AeNCTBMA BbINOAHUT UMKA while:

while (fahr <= upper) {

OH paborTaet cnegytowmm obpasom. MpoBepaeTca ycnosue B CKobKax. ECIM OHO UCTMHHO (3HayeHMe fahr mMeHblue
WM PaBHO 3HAYEHWIO upper), TO BbIMNOJHAETCA TENAO LMKAA (TPU MHCTPYKLMK, 3aKN0YEHHbIE B GpUrypHble CKOBKM).
3aTem onATb NPOBEPAETCA YCNOBME, M €CAN OHO MCTUHHO, TO TeNO LUMKAA BbINOAHAETCA cHoBa. Koraa ycnosue
CTAHOBMTCA NIOXKHbIM (fahr npeBbiCMAO upper), UMK 3aBEPLIAETCA, U BbIYMCAEHNA NPOAOKAIOTCA C MHCTPYKUMN,
cneaytolien 3a UMKAOM. MOCKOAbKY HUKAKUX MHCTPYKLMI 33 LMKAOM HET, Nporpamma 3asepLiaet pabory.

Tenom umkna while mMOMXKeT 6bITb OAHA UAN HECKONbKO WMHCTPYKLMI, 3aKNOYEHHbIX B QUIypHble CKOBKM, KaK B
nporpamme npeobpasoBaHUA TeMNepaTyp, Win ogHa-egUHCTBEHHAA MHCTPYKLUMUA 6e3 CKOBOK, KaK B LuKIe

while (i < 3 )
i =2 * 1i;

N B TOM U B OPYrOM CAyvyae WMHCTPYKLMM, Haxodsawmecs nog ynpasneHnem while, mbl Byaem 3anucbiBaTb CO
COBWUIOM, PaBHbIM OAHOW NO3MUMM TabynsuMM, KOTOpas B MPOrpaMme YKasblBaeTca uYeTbipbMA npobenamu;
6narogapa atomy 6yayT ACHO BWAHbLI WMHCTPYKLMM, PaACMoiOXKEHHble BHYTPU UMKAa. OTCTynbl NoavYepKuBatoT
JIOTUYECKYIO CTPYKTYpy nporpammbl. CU-KOMNuAATop He o6pawaeT BHWMAHMA Ha BHewHee oQpopmeHue
NpPOrpaMmmbl, HO Ha/IMuyMe B HYXKHbIX MeCTax OTCTYMOB W NPOo6enoB CYLWEeCTBEHHO BAUAET Ha TO, HACKO/IbKO /Ierko OHa
6yAeT BOCMPUHMMATBLCA YeN0OBEKOM NPU NPoCcMoTpe. HUTobb! Aydwe 6blia BUAHA NOrMYEcKan CTPYKTypa BblparkeHus,
Mbl PEKOMEHAYEM Ha KarK4OlM CTPOKe MUCaTb TOJIbKO MO OAHON WMHCTPYKUMM M C 0Benx CTOPOH OT OnepaTopos
CTaBuUTb Npobenbl. MonoxKeHMe CKOBOK He TaK BaXKHO, XOTA CYLLECTBYIOT Pas/iMyHble TOYKM 3PEeHNA Ha 3TOT cyeT. Mbl
OCTAaHOBM/AINCb Ha OAHOM M3 HECKO/bKMX PachpoCTPaHeHHbIX CTUAeN UX npumeHeHua. BbibepuTe TOT, KOTOpbIi

60/1blUe BCero Bam HpaBUTCA, U CTPOro emy caeayiTe.



BoAnblan YacTb BbIYMCAEHWNIA BbIMOJIHAETCA B Tene UuKaa. Temnepatypa no ®apeHreiiTy nepesogmutca B TemnepaTtypy

no Llenbcuio 1 npuceanBaeTca nepeMeHHon celsius NocpeacTBOM MHCTPYKLUUM
celsius = 5 * (fahr-32) / 9;

MpUyKnHa, MO KOTOPOM Mbl CHa4Yana yMHOMaem Ha 5 1 3aTtem aenum Ha 9, a He cpasy YMHOMaem Ha 5/9, ceAsaHa ¢
Tem, 4To B CU, KaK M BO MHOTMX APYIMX A3bIKaX, AeNeHUe LeNblX CONPOBOXAAETCA ombpacsisaHuem’, T. e. NnoTepe
ApobHon vactn. Tak Kak 5 1 9 — uenble, otbpacbiBaHue B 5/9 gano 6bl HyAb, M Ha mecTe TemnepaTyp no Lienbcuio
6b1211 6bl HaneyaTaHbl HYN.

3TOT NpMmep NpmnbaBU Ham eLle HEMHOIo 3HaHUM O TOM, Kak paboTtaeT ¢yHKUMA print f. PyHKums printf —
3TO YHUBepcasbHan GyHKUMA GopmaTHOro BBOAA-BbIBOAA, KOTopan byaeT noapobHo onuncaHa B rnase 7. Ee nepsbiii
ApPrymeHT — CTPOKa CMMBOJIOB, B KOTOPOM KaxKAbli CUMBO/1 % COOTBETCTBYET OAHOMY U3 NOC/eAyoWMX apryMeHTOB
(BTOpOMY, TPETBEMY,...), @ UHDOPMALMSA, PACMONOKEHHAA 32 CUMBOJIOM %, YKa3blBaeT Ha BM/, B KOTOPOM BbIBOAMTCA
Kakabl M3 3TUX aprymeHToB. Hanpumep, $d cneumduumpyeTt Bblgadyy aprymeHTa B BUAE LLEIOr0 AECATUYHOrO
YMCNA, N UHCTPYKLUSA

printf ("%d\t%d\n", fahr, celsius);
nevataet uenoe fahr , BbINOAHAET Tabynaumio (\ t) M neyataer uenoe celsius.

B ¢yHKUMM printf Kaxgomy cneumdukaTopy nNepBOro aprymeHta (KOHCTPYKLMM, HauMHaloWencs ¢ %)
COOTBETCTBYET BTOPOM apryMeHT, TPEeTUM aprymeHT u T. 4. CneundukaTopbl U COOTBETCTBYIOWME UM aprymeHThbl
J0J/IKHbI BbITb COrIacoBaHbl NO KOIMYECTBY M TUNAM: B MPOTUBHOM C/lydae HanevyaTaHo 6yAeT He TO, YTO HYKHO.

Kctatn, printf He ABnseTcA 4yacTbto A3blka Cu, U BOOOLLE B A3bIKE HET HUKAKMUX CMeLManbHbIX KOHCTPYKUWIA,
onpegensiowmx BBoA-BblBoA. PyHKUMA printf — AMWb nonesHana GyHKUMA CTaHOAPTHOM BMbanoTeKM, KoTopas
0bbluHO goctynHa ana Cu-nporpamm. MosegeHne yHKUMKM printf, ogHAKo, oroBopeHo ctaHZapTom ANSI, u ee
CBOWCTBA A0/KHbI ObITb 04MHAKOBbIMM BO BCeX CU-CUCTEMAX, YA0BAETBOPAIOWMX TPpeOOBAaHMAM CTaHAAPTA.

*enan CKOHUEHTPMPOoBaTb Balle BHUMAHME Ha camom Cu, mMbl He Byaem MHOTo roBOpuTb O BBOLE-BbIBOAE L0 MNaBbl
7. B 4acTHOCTM, Mbl OT/IOXKMM pa3roBop o ¢opmaTHOM BBoge. Ecam Bam noTpebyeTca BBECTU UMCNa, COBETYEM
npouynTaTtb B Nnaparpade 7.4 7o, 4TO KacaeTca PpyHKUMM scantf. ITa PyHKUMA OTAMYAETCa OoT printf AMlWb TeM, YT
OHa BBOAMT AaHHbIE, @ He BbIBOAUT.

CyliecTByioT ewe Ase npobnembl, CBA3aHHbIE C NPOrpaMmmoit npeobpasoBaHua TemnepaTyp. OgHa mM3 HUx (bonee
npocTan) COCTOUT B TOM, YTO BbIBOAMMbIA PE3yNbTaT BbIFNAAUT HECKOJbKO HEepAl/MBO, MOCKOAbKY Yucia He
BbIPOBHEHbI MO NPaBOM NO3MLMU KONIOHOK. ITO /IerKO UCNPaBuTb, 06aBKB B Kaxabli U3 cneundukaTopos popmara
$d yKasaHue O LWMpUHEe MOoAsA; MpUM 3TOM MNporpamma byaeT neyataTb YMCAA, MPUKMMAA UX K MPaBoOMy Kpato
YKa3aHHbIX nosiei. Hanpumep, Mmbl MOXKeM Hanucatb

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

yTobbI B Ka)K,D,OVI CTPOKe nepBoe 4YMC/0 neyataTtb B NnoJsie U3 Tpex FIO3MLI,ME;1, a BTOpOE — W3 WecCTu. B pe3ynbTaTte
6yp,eT HaneyaTaHo:

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

100 37

2 v .
Mo-aHrAnicku — truncation (yceyeHue). — lpumey. Kopp.



BTopasn, 6onee cepbesHaa npobsema cBA3aHa C TEM, YTO Mbl NMNOJIb3yeMCs LeN0YNCAEHHON apUPMETUKOMN U NOITOMY
He COBCEM TOYHO BblYUCAAEM TeMNepaTypbl Mo WKane Uenbcua. Hanpumep, 0°F Ha camom gene (c TOYHOCTbIO A0
pecaTton) paBHo -17.8 °C, a He -17. YT06bl NoNyunTb 60/1€€ TOUYHbIE 3HAaUYEHMA TemnepaTyp, HamM HaZo NoJ/b30BaTbCA
He LLe/IoMMC/IEHHOM apudMeTMKOM, a apndMeTMKOM C NnasBatoLert ToYKon. 3To noTpebyeT HEKOTOPbIX U3MEHEHWI B
nporpamme.

#include <stdio.h>

/* meuaTb TabiauUE TeMmepaTyp o0 dapeHTenTy u Leslbcuio Ijis
fahr = 0, 20 ... 300; BapuaHT C IJjaBawmel Toukon */

main ()

{
float fahr, celsius;
int lower, upper; step;

lower = 0; /* HWXHAS TpaHula TabJuls TeMmIeparyp */
upper 300; /* BepxHas rpauuua */
step = 20; /* mar */

fahr = lower;
while (fahr <= upper) {
celsius = (5.0/9.0) * (fahr-32.0);

printf ("%3.0f %6.1f\n", fahr, celsius);
fahr = fahr + step;

Mporpamma Mano usmeHunacb. OHa OT/IMYAETCA OT NpeablayLeit AUWb Tem, YTo fahr n celsius 06bABAEHbI KaK
float, a ¢opmyna npeobpasoBaHua HanucaHa B Hosiee ecTeCTBEHHOM BuAe. B npeabiayliem BapuaHTe Hesb3s
6b1710 NncaTb 5/ 9, TaK KaK LLeIoYNCIEHHOE AeneHne B pesy/ibTaTe 0TOpacbiBaHUA APOOHOM YacTn [ano bbl HyAb.
[ecaTnyHan ToUYKa B KOHCTAHTE YKa3blBAET Ha TO, YTO NOC/EeAHAN PAacCMaTPMBAETCA KaK YMC/IO C NNaBaloLWel TOUKOM,
M 5.0/9.0, Takmum obpa3om, ecTb YaCTHOe OT AeNeHMs ABYX 3HAaYeHWN C NnaBalowei TOYKOW, KOTopoe He
npegnonaraer otbpacbiBaHMA ApPO6HOWM 4YacTM. B Tom ciyyae, Korda apudmeTuyeckana onepauus UmeeT Lesble
onepaHAabl, OHa BbIMNONHAETCA NO NPaBW/IaM LEeNoUYnCNeHHON apudmeTnkn. Ecnm ke oguH onepaHg, ¢ naasatouei
TOYKOM, a Apyroi — Lenblil, To Nepes Tem, Kak onepauma 6yaeT BbiNosHeHa, nocnegHuii byaet npeobpasoBaH B
4YMCo € NaBatoLlen Toukon. Ecnm 6bl Mmbl Hanucanm fahr—-32, To 32 aBToMaTU4ecKmM Hbl10 6bl NpeobpasoBaHo B
YMCAO C NaaBaloLLeit TOYKOM. Tem He MeHee MPY 3anuCU KOHCTAHT C N/aBalolLeit TOYKOM Mbl BCErga MCMosibyem
OECATUYHYIO TOYKY, NPUYEM AaXKe B TeX CAy4anx, KOrga KOHCTaHTbl Ha CaMoOM Aefie MMEIOT Lenble 3HaYeHus. ITo
[AenaeTca ANA Toro, YTobbl 06pPaTUTh BHUMAHME YMTAIOLLErO NPOrPamMmMy Ha UX MPUpoay.

bonee I'IO,EI,pOGHO npasuaa, onpegendaowme, B Kaknx cnyyaax uenbie nepesogAartca B 4NCia C nnasarom,eﬁ T0'~IKOI7I,
paccMmaTpunBaroTCA B rnase 2. A celtvac 3aMETUM, 4TO NpuceanBaHme

fahr = lower;

M npoBepkKa

while (fahr <= upper)

paboTatloT ecTecTBeHHbIM 06pasom, T. €. Nepes BbINOJIHEHNEM ONepaL MM 3HavyeHne int npusogutca K float.

Cneundurauma $3.0f B printf onpeaenseT neyaTb YMC/a C NNaBatloLLEl TOYKON (B AaHHOM caydae ymcna fahr)
B Nnone WUpMHON He bonee Tpex No3vMuUMit 6e3 AecATUYHOM TOYKM U ApobHoM yactu. CneumduKkauma $6.1f



OnuCbIBaET neyaTb gpyroro yncna (celsius) B NoJie U3 WeCTU No3nUMiA € ogHOM LMdpPO nocse gecaTUYHOM TOUYKN.
HaneuaTaHo byaeT cneaytouiee:

0 -17.8
20 -6.7
40 4.4

LnpUHY M TOYHOCTb MOXKHO He 334aBaTb: $6f 03HayaeT, YTo umcno byaeTt 3aHMMaTb He Bosee WeCTU NO3ULMIA;
% .2f — uncno nmeet gge UNdpbl NOCAe JECATUYHOM TOYKM, HO LWUMPUHA He OrpaHMYeHa; $f NPoCTo yKasblBaeT Ha
nevyaTb YMCNA C NI1ABAIOLLEN TOUKOM.

zd — neyvyaTb AeCATUYHOrOo Lenoro.
$6d — neyvaTtb AECATUYHOrO LLE/IOro B NoJie M3 WeCTN No3nLmiA.
st — MeyvyaTb YMCNa C M1aBatoLLLEN TOYKON.

s6f — neyaTb YMCAA C NNABAIOLLEN TOYKOW B MONE U3 WECTU MO3ULNNA.
5.2f% — neyaTtb YMCAa C NNABAIOLLEN TOYKOW C ABYMA LMdpamm nocne AecATUHHOW TOYKMK.
560.21 — MeyaTb YMCAa C NAABAOWEN TOYKOM M ABYMA LMPpammM nocne AecATUMHOM TOYKU B NOJEe M3 LWeCTU

No3NLMN.

Kpome Toro, printf pgonyckaetr cnegywowme crneumduKkatTopbl: %o ANA BOCbMEPUYHOrO 4YMCNa; $x  ANA
WecTHagUaTepUYHoOro YMcna; sc 4na CMMBONA; % s OJ1A CTPOKM CMMBOIOB U 55 AJ1A CaMOro 5.

YnpaxkHeHue 1.3. YcoBeplueHCTBYMTe nporpammy npeobpasoBaHMa Temnepatyp TakMm obpas3om, 4TobObl Hag,
Tabnumuei oHa neyaTtana 3aro/ioBOK.

YnpaxHeHue 1.4. Hanvwute nporpammy, Kotopaa byaeT neyatatb Tabaumuy cooTBeTcTBUA Temnepatyp no Llenbcuio
TemnepaTtypam no ®apeHrenty.

1.3. UHCcTpyKuua for
CyuiecTByeT MHOIO pasHbiX cnocoboB AN HanMcaHMA OAHOM U TOM e Nporpammbl. BuaonsmeHmm Halwy nporpammy
npeobpasoBaHMA TemnepaTyp:

#include <stdio.h>
/* meuarhs TabiaMuUbE TemnepaTyp no dapenrenrty m lenbcuio */

main ()
{
int fahr;
for (fahr = 0; fahr <= 300; fahr = fahr + 20)
printf ("%3d %6.1f\n", fahr, (5.0/9.0)* (fahr-32));

3Ta nporpamma nedyaTaeT TOT Ke pe3ynbTaT, HO BbIFAAWUT OHA, HECOMHEHHO, Mo-Apyromy. [naBHOE OTAnYMne
3aKK04aeTcA B OTCYTCTBMM BO/bLIMHCTBA MepemMeHHbix. OcTanacb TO/IbKO MepemMeHHas fahr , KOTOpYyl Mbl
06bABMAN KaK 1int. HUKHAA M BepXHAA rpaHMLbl U WAl NPUCYTCTBYIOT B BUAE KOHCTAHT B MHCTPYKUMK for — HOBOW
ONA HAC KOHCTPYKUWMW, a BblpakeHWe, BbluMcaAlowee Temnepatypy no Lenbcuio, Tenepb 3a4aHO TPeETbUM
aprymeHTomM GpyHKUMM printf, a He B OTAENbHOW MHCTPYKLMM NPUCBaUBaHKA.



MNocnenHee M3MeHeHWe ABAAETCA NPUMEPOM NpUMeHeHUs obuiero npasuna: B N06OM KOHTEKCTE, FAe BO3MOXKHO
MCMNO/Ib30BaTb 3HA4YEHME NePEMEHHOM KAKOro-TO TUMa, MOXKHO MCMO/b30BaTbh 60ee CNOXKHOE BblPaXKeHUE TOrO e
TMna. Tak, Ha mecTe TpeTbero aprymeHta ¢yHKUMM printf cornacHo cneumduKkatopy %6.1f AOMKHO ObiTb
3HaYyeHWe C NnaBatloLer TOYKON, cieA0BaTe/IbHO, 34eCb MOXKET ObITb JIl0O60e BblpaXKeHue 3Toro T1na.

NHCcTpyKuMa for onucbiBaeT LMK, KOTOPbIA ABaseTcs ob6obueHmem umkna while. Ecam Bbl cpaBHUTE €ro C paHee
HanucaHHbIM while, TO Bam CTaHET SICHO, Kak OH paboTaeT. BHyTpM CKOOOK MMETCA TPU BblparKeHus,
pasaensemble TOUKOM C 3ansaToi. MepBoe BbiparkeHne — MHULUMANM3AUMSA

fahr = 0
BbIMOMIHAETCA OAMH pa3 nepes Tem, Kak BOMTU B UMKA. BTopoe — npoBepKa yca0BUA NPOAO/IKEHNS LMKNA
fahr <= 300

YcnoBuMe BbIUUCAAETCA, U €CIM OHO UCTUHHO, BbIMOJIHAETCA TEeNo UMKNa (B HAwem cayyae 3To 04HO obpalieHue K
printf). 3aTem ocyuiecTBaseTcA NpupaleHme wara:

fahr = fahr + 20

M ycnoBsue BblHNUCNAETCA CHOBaA. LMKn 3aKaH4mMBaeTcA, Korga ycnosue CTaHOBUTCA NOXKHbIM. Kakn B cnydae cwhile,
Teno for-uymkna MoXKeT CoCToATb U3 OAHOVI UHCTPYKUUU NN N3 HECKOJIbKUX, 3aK/TIOYEHHDbIX B (I)MprHbIe CKObKU. Ha
mMmecTe 3TUX Tpex Bblpa)KEHMﬁ (MHMLI,ManMBaLI,VIVI, ycnosma vm npupaweHua Luara) MOTyT CTOATb NPOWU3BOJIbHbIE
BblpaxKeHuA.

Bbibop mexay while n for onpeaensertca coobparkeHUAMM ACHOCTU nporpammsl. Llnkn for 6onee yaobeH B Tex
CNyYanx, Korga WMHULMAAM3aumMa M npupalLeHue Lara JorMYyeckn cBA3aHbl Apyr ¢ Apyrom obuieit nepemeHHon 1
BbIParKalOTCA €AMHUYHLIMM UHCTPYKUMAMM, MOCKOAbKY Ha3BaHHbIA UMKA KOMMNaKTHee uukna while, a ero
yNpaBAAtoLLME YaCcTN COCPEAOTOUYEHbI B OAHOM MECTe.

YnpaxHeHune 1.5. VMameHuTe nporpammy npeobpasoBaHuWs TemnepaTyp Tak, 4YTobbl oHa nedyaTana Tabauuy B
obpaTtHoMm nopsake, T. e. ot 300 ao O.

1.4. AIMeHOBaHHBbIE€ KOHCTAHThI

Mpexae 4em Mbl 3aKOHUYMM pPacCMOTPEHME Nporpammbl NpeobpasoBaHMA TemnepaTyp, BbICKaXKeM elle OAHO
coobpaxkeHune. OueHb NJIOXO, KOrda No nporpamMme paccesHbl "3aragouHble yncna", Takne Kak 300, 20. ToT, KTo
6yaeT unTaTb Nporpammy, He HanaeT B HUX U HaMeKa Ha To, YTO OHW cobol nNpeacTasastoT. Kpome Toro, nx TpygHoO
3aMEHUTb Ha ApYyrMe KakUM-TO cucTemaTMyeckmm cnocobom. OgHa M3 BO3MOMKHOCTEM CMpPaBUTbCA C TaKUMMMU
YMCNAMU — AaTb MM OCMbIC/IEHHbIE MMeHa. CTpoKa #define onpeaenaer cumeosnbHoe UMA, UIN UMEHOBAHHYH
KOHCMaHmy, AnA 3agaHHON CTPOKM CUMBOJIOB:

#define mMmg momcTaBIIAEMEI-TEKCT

C 3TOoro MomeHTa npu Nt06OM NOSABNEHUU UMeHU (€CNM TONIbKO OHO BCTPEYAETCA He B TEeKCTe, 3aK/0YEeHHOM B
KaBbIYKMK, U He ABIAETCA YacTblo ONpesenieHns ApYroro MMeHM) oHO ByfeT 3amMeHATLCA Ha COOTBETCTBYHOLLUIA emy
nodcmasnaemolli-mekcm. VIMA MMeeT TOT e BWA, YTO W NepemeHHas: NocnefoBaTeNbHOCTb BYyKB U Uudp,
HauyMHalowanca ¢ byksbl. lloocmasagemoili-mekcm MoKeT bbiTb Nt060N NoCNef0BaTeIbHOCTbIO CUMBOJIOB, CPEeAM
KOTOPbIX MOFYT BCTPEUATLCA HE TO/IbKO LUndpbI.

#include <stdio.h>

#define LOWER 0 /* HuxHag Tpauuua Tadamusl */
#define UPPER 300 /* BepxHadg TpaHuia */
#define STEP 20 /* pasmep mara */



/* meuaThb TabaMULE TeMmnepaTyp no d®apenrenty u lenbcuio */
main ()

{

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

BennumHbl LOWER, UPPER M STEP — WMEHOBAHHbIE KOHCTAHTbl, @ HE MepeMeHHble, NO3TOMY AJA HUX HeT
06baBneHui. Mo 0buwenpuHATOMY COrlalleHNI0 MMEHa MMEHOBaHHbIX KOHCTaHT HabupatoTca 3arnaBHbIMK ByKBaMu,
4YTObbl OHW OTAMYANUCL OT OBbIYHbLIX NMepeMeHHbIX, HabMpaemblx CTPOYHbIMKU. 3aMeTUM, YTO B KOHue #define-

CTPOKW TOYKa C 3anATOM He CTaBUTCA.

1.5. BBoA-BbIBO/I CHMBOJIOB
Tenepb Mbl HaMepeHbl PAaCcCMOTPETb CEMENCTBO MporpamMmm no o6paboTke TeKCTOB. Bbl 06HaApy:KWUTE, YTO MHOrMe
CYLLECTBYIOLIME NMPOrPaMMbl ABAAKOTCA MPOCTO PACLUMPEHHbIMU BEPCUAMM 0BCYKAAaEMbIX 34eCb NPOTOTUMOB.

CraHpapTHas 6ubanoTeKka noadepXUBaeT o4YeHb MPOCTY0 MpAenb BBOAa-BblBoAa. TEKCTOBbIM BBOA-BbIBOA, BHE
3aBMCMMOCTM OT TOTO, OTKyZa OH UCXOAMT UAWN Kyaa HanpaBaseTca, MMeeT A0 C NOTOKOM CMMBOIOB. TEKCTOBbIN
NOTOK — 3TO MoCNeAoBaTe/IbHOCTb CUMBOJIOB, Pa3buTan Ha CTPOKMU, Kaxkdan U3 KOTOPbIX COAEPKUT HyAb Unu bonee
CUMBO/IOB U 3aBepLUaeTcs CMMBOJIOM HOBOWN CTPOKWU. OBA3aHHOCTb CAeanTb 3a Tem, 4YTobbl Ntoboli NOTOK BBOAa-
BbIBOAA OTBEYaN 3TOM MOAENWN, BO3J/IOXKEHA HAa BUBAMOTEKY: MPOrPamMMMUCT, MOJIb3yACb OBUBANOTEKON, HE AOJIKEH
3a60TUTbLCA O TOM, B KAKOM BUAE CTPOKM NPEACTaBAAOTCA BHE NPOrpammbl.

CtaHaapTHaA 6MBMOTEKA BKIKOYAET HECKOIbKO GYHKUMI ANA YTEHMA U 3annucu ogHoro cumBeona. Mpoctenwme us
HUX — getchar m putchar. 3a ogHO obpalieHne K getchar cyMTbiBaeTcA cleaylowmii CMMBOA BBOZa M3
TEKCTOBOrO NOTOKA, Y 3TOT CMMBOJ BblJAETCA B KayecTBe pe3y/bTaTa. Tak, nocsie BbINOJIHEHMUA

c = getchar ()

nepemMeHHas C COLEPKUT ovyepeaHon cumBon BBoga. OBbIYHO CMMBOJIBI NOCTYNAIOT C KAaBuaTypbl. Beog u3 daitnos
paccmaTpusaeTca B rnase 7.

ObpaleHune K putchar NPUBOAMUT K NeYaTM O4HOro cMMBOa. Tak,
putchar (c)

HamneyaTaeT COAEPXMMOE Lo nepemeHHol C B Buge cumBona (0BblYHO Ha 3KpaHe). Bbi3oBbl putchar u
printf moryT npousBo/ibHbIM 06pa3om nepemexkatbcs. BoiBog byaeT ¢opmMMpPOBaTLCS B TOM Ke MOPALKE, YTO U
ob6palleHna K 3TUM GYHKLMAM.

1.5.1. KonupoBaHnue ¢gaiia

Mpu Hanuumm GYHKUMIN getchar M putchar, HMYero Gosblle He 3HaA O BBOAE-BbIBOAE, MOXHO Hanucatb
YAMBUTE/NIbHO MHOFO MOJE3HbIX Nporpamm. MpocTeinii Nnpumep — 3TO NPOrPamMma, KOMupyoLwasa no ofHoOMy
CMMBOJIY C BXOAHOIO NOTOKA B BbIXOAHOM NOTOK:

yTeHMe CHUMBOJIA
while (cmMBOJI HE SBISETCS NPM3HAKOM KOHIIA (aria)
BEIBOJZ] TOJIBKO 4YTO IIPOYMTAHHOI'O CHMBOJIA

UTeHIrne CHMBOJIA
Odopmnss ee B BUAE Nporpammbl Ha Cu, Noayymm

#include <stdio.h>



/* KONMypoOBaHME BBOIA Ha BHBOI; 1l-9 Bepcua */

main ()

{
int c;
c = getchar();
while (c != EOF) {

putchar (c);
c = getchar();

OnepaTtop oTHOWeHUA | = 03Ha4vaeT "He paBHO".

Kaxkabii cMmMBOA, BBOAUMBIN C KaBMaTypbl UAM NOABAAIOWMNCA HA 3KPAHe, Kak M Ntobon Apyroi CMMBOA BHYTPM
MaLUWHbI, KoampyeTca KombuHaumei 6utoB. Tun char cneumanbHO npegHasHayeH A1A XPAaHEHWs CUMMBOJIbHbIX
OaHHbIX, OQHAKO A1 3TOr0 TaKXKe roauTca M Ntoboi uenbid Tun. Mbl Nonb3yemcs TMAIOM int U genaem 3To no
OZHOM BaXKHOM NpUYMHE, KOTopan TPebyeT pasbACHEHUN.

CywecTsyeT npobaema: Kak OTIMYUTb KOHEL, BBOAA OT OObIYHbIX YNTAaEMbIX AAHHbIX. PelueHne 3akito4aeTcs B ToMm,

yTobbl QYHKUMA getchar Mo UCYEpPNaHUM BXOLHOrO MOTOKA BblAaBana B KayecTBe pesysbTaTa TaKoe 3HauyeHue,

KOTOpPOE HeNb3A 6bIN0 6bl CNyTaTb HX C OAHMM peasibHbIM CMMBOIOM. 3TO 3Ha4YeHUe ecTb EOF (abbpeBumaTypa oT end

of file — koHeu d¢aiina). Mbl O0MKHbI 0O6BABUTL NEPEMEHHYID C TaKoro Tuna, 4tobbl ero "xBaTwnio" gns

NpeacTaBieHNA BCEX BO3MOMHbIX Pe3y/nbTaToB, BblgaBaembix GyHKUMel getchar. Ham He noaxoauT Tmn char,
-

TaK KaK C Jo/XKHa 6biTb AoCTaTO4HO "eMKon", 4Tobbl NMOMUMO Nt06Oro 3HayeHuA TMna char 6biTb B COCTOAHUM
XpaHutb n EOF. BoT noyemy mbl ncnonbzyem int, a He char.

EOF — uenas KOHCTaHTa, onpeaeneHHas B <stdio.h>. Kakoe 3HaYeHWe MMeET 3Ta KOHCTAHTa — HEBAXKHO, INLIb
6bl OHO OT/IMYANOCh OT /I06Oro U3 BO3MOXKHBIX 3HaYeHWi TMNa char. Mcnonb3oBaHWe UMEHOBAHHOW KOHCTAHTbI C
YHUOULMPOBAHHBIM MMEHEeM TFapaHTUPYyeT, YTO nporpamMmma He 6yaeT 3aBuUCETb OT KOHKPETHOTO YMC/I0BOrO
3Ha4YeHUs, KOTOPOE, BO3MOKHO, B Apyrnx Cu-cuctemax byaeT UHbIM.

Mporpammy KONMpoBaHMA MOXKHO HanucaTb 6onee cxKaTo. B Cu ntoboe npucsamBaHme, Hanpumep
c = getchar ()

TPaKTYeTCcA KaK BbiparKeHWe CO 3HaYeHMEeM, PaBHbIM 3HAYEHUIO IEBOM YacTM NOC/Ae NPUCBAMBAHMA. ITO 3HAYUT, YTO
npucBaMBaHMe MOMET BCTpeYaTbCA BHYTPM 6onee CAOMKHOro BblpaykeHWa. Ecan npucBamBaHMe NepemMeHHOW c
PacrnosioXKMTb B MPOBEPKE YCA0BUA UMKAA while, TO Nporpammy KOMMPOBAHWA MOMKHO OyaeT 3anucatb B
cnepylolem Buge:

#include <stdio.h>

/* KONMMpOBaHMe BBOIA Ha BHIBOI; 2-4 Bepcua */
main ()

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

Uukn while, nepecbinas B € NOAy4YeHHOE OT getchar 3HaYyeHWe, cpasy e MNPOBEPAET: He SABAAETCS /I OHO
"KoHuOoM daina". Ecim 3To He TaK, BbINOAHAETCA TeNo uMkna while n neyataetca cumson. Mo OKOHYaHUM BBOAA
3aBepuaeTca paboTta umkna while, a Tem camMbiM M main.



B maHHOM Bepcuu BBOA "UEHTpann3oBaH' — B MporpamMmme MMeeTcA TOJIbKO oAHO obpalleHune K getchar. B
pesynbTaTe oHa 60/1ee KOMNAaKTHa U sierdye BOCNPUHMMAETCA NPU YTEHMU. Bam 4acTo NpMAETCA CTaNIKMBATLCA C TaKOM
dopmolit 3anucK, rae NpucBaMBaHne AeNaeTca BMeCTe C NpoBepKoi. (YpesmepHoe yBnedyeHue e, 04HAKO, MOXKeT
3anyTaTb NporpaMmmy, MOSTOMY Mbl MOCTapPaeMCs NOJ1b30BaTbCA YKa3aHHON GOPMOM pPasymHo.)

CKOBKM BHYTPU YC/NOBUSA, BOKPYr NpuUcBanBaHuA, Heobxoaumel. llpuopumem | = Bbllle, YeM NPUOPUTET =, U3 Yero
cnenyet, YTo NPU OTCYTCTBUM CKOBOK npoBepKa !|= 6yaeT BbINOAHATLCA A0 onepauuyM NpucBaMBaHUA =. Takum
obpasom, 3anumcb

c = getchar () != EOF
S5KBMBaJIeHTHa 3anucu
c = (getchar() != EOF)

A 3TO COBCEM He TO, YTO Ham HYXHO: nepemeHHol ¢ byaeT npucsameatbea O an 1 B 3aBUCMMOCTM OT TOTO, BCTPETUT
WK He BCTPETUT getchar npu3HaKk KoHua daina. (bonee nogpobHo 06 3Tom cm. B rnase 2.)

YnpaxHeHue 1.6. YoeauTecb B TOM, UTO BblpaxKeHne getchar () != EOF nony4yaet 3HayeHne Oumnm 1.
YnpaxHeHue 1.7. Hannwute nporpammy, nevyataroLyto 3HavyeHme EOF.

1.5.2. [loacyeT CHMMBOJIOB
Cnepyolwana nporpamma 3aHMMAETCA MOACYETOM CMMBOJIOB; OHAa MMEET MHOFO CXOAHbIX YepT C Nporpammoi
KONWPOBaHWMA.

#include <stdio.h>

/* momcueT BBOIMMEIX CUMMBOJIOB; 1l-9 Bepcuda */
main ()
{

long nc;

nc = 0;

while (getchar () != EOF)

++nc;
printf ("%$1d\n", nc);

NHcTpyKumA
++nc;

npeAcTaBAseT HOBbI onepaTop ++, KOTOPbIA O3HAYaeT yseau4yums Ha eOuHuyy. BMecTo 3Toro mMoXHo 6b1i1o 6bl
HanucaTb nc = nc+1, HO ++NnCc HAaMHOIO Kopoue, a YacTo n adpdekTuBHee. CyLLEeCTBYeT aHaNOrMMYHbIM onepaTop -
—, O3HayYaloLWMn ymMeHbWUumMb Ha eduHuuy. OnepaTopbl ++ M —— MOTYT BbITb Kak npeduKcHbIMK (++nc), Tak u
NocTOUKCHbIMK (nc++). Kak byaeT nokasaHo B rnase 2, 3Tu Ase GopMbl B BbIPAXKEHUAX UMEIOT PasHble 3HaYeHUs, HO
M ++nc, n nc++ Ao6aBAAIOT K nC eguMHULY. B AaHHOM cydae Mbl OCTAHOBUAWUCH Ha NpedUKCHOM 3anucu.

Mporpamma noacyeta CMMBOJIOB HaKan/MBaeT CymMy B nepemeHHon TMna long. Llenble TMna 1ong mMmeoT He
meHee 32 6MTOB. XOTA Ha HEKOTOPbIX MAalWHAX TUMbl int M 1ong MMEKT OAMHAKOBbLIN pPasmep, CyL,ecTBYHOT,
O/ZIHaKO, MallMHbI, B KOTOPbIX int 3aHMMaeT 16 BUTOB C MaKCMMaNbHO BO3MOMHbIM 3HaYeHnem 32767, a aTo —
CpPaBHUTE/IbHO MaNeHbKoe YMUCAO, U CYETYMK TUNA 1int MoxeT nepenosHuTbeA. Cneumdpukauma $1d B printf

YKa3blBaeT, YTO COOTBETCTBYIOLWMNIA apryMeHT MmeeT Tun 1ong.



Bo3MOXKHO 0XBaTUTL elle 6oNblNI AMana3oH 3HaYeHU, ecin Ucnosb3oBaTb TMN double (1. e. float ¢ ABOMHOM
TOYHOCTbIO). MPUMEHMM TaK¥Ke MHCTPYKUMIO for BmecTo while, 4yTobbl NPOAEMOHCTPUPOBATL APYroi cnocob
HanucaHuA UMKna.

#include <stdio.h>

/* nomcueT BBOIMMEIX CHMMBOJIOB; 2-4 Bepcusa */
main ()

{
double nc;
for (nc = 0; getchar() != EOF; ++nc)

printf ("%.0f\n", nc);

B printf cneundukatop % npumeHsaeTca Kak ana float, Tak u gna double; cneumduratop $.0f o3HayaeT
neyatb 6€3 AecATUYHOM TOUYKM U APOBHOM YacTh (MOCNeAHAA B HAlLEM C/lyYae OTCYyTCTBYET).

Teno yKasaHHoro for-uMKna Mycto, NOCKONbKY KPOME MPOBEPOK M MPUpaLLeHMI CYETYMKa AeNaTb HUYEro He
HYy)KHO. Ho npasuna rpammatnkn Cu TpebyloT, 4yTobbl for-uUMKN umen Teno. BbinonHeHue 3aToro TpeboBaHMsA
obecneymBaeT M30/MPOBAHHAA TOYKA C 3aNATOM, Ha3blBaemas MyCcTon MHCTPYKLMeX. Mbl NOCTaBUAM TOUKY C 3anNATOM
Ha OTAENbHOW CTPOKe ANA 6oblieit HarNAAHOCTH.

HaKoHeL, 3aMeTuUM, YTO ecn BBOJ, HE COAEPKUT HU OAHOr0 CMMBOAA, TO NPU NEPBOM e 0bpalleHnn K getchar
ycnoBue B while wmamM for He 6yAeT BbINOAHEHO W Mporpamma BblAACT HyAb, YTO W 6yaeT NpPaBWUAbHbIM
pe3ynbTaToM. ITO BaxHO. OAHO M3 NPUB/EKATe IbHbIX CBOMCTB UMKAOB while n for COCTOUT B TOM, YTO yC/l0BME
npoBepaeTca A0 TOro, Kak BbIMOAHAETCA TeNo uMKna. Ecam HMYero aenatb He Hafdo, TO HUYEro AenaTtbea U He Byaer,
MycTb AaKe TeNo UMKAa He BbIMOJHUTCA HU pasy. lporpamma Ao/XKHa BecTn ceba KOPPEKTHO M Npu Hy/eBOM
KO/MMYecTBe BBOAMMbIX CMMBO/10B. Camo YCTPOMCTBO UMKAOB while U for gaeT AONONHUTENbHYIO YBEPEHHOCTb B
NpPaBUAbHOM NOBEAEHMM NPOrPaMMbl B C/Ty4ae rpaHUYHbIX YCI0BUA.

1.5.3.IloacueT cTpPOK

Cnegylowan nporpamma NoAcHUTbIBAET CTPOKKU. Kak ymomMuHanoch Bbllle, cTaHoapTHaa bubnunorteka obecneumsaeT
TaKylo Mogenb BBOZA-BbIBOAA, MPU KOTOPOI BXOAHOMN TEKCTOBbIA MOTOK COCTOWUT M3 MOC/eA0BaTE/IbHOCTU CTPOK,
KaXkOaA M3 KOTOPbIX 3aKaHYMBAETCA CUMBOJIOM HOBOM CTPOKU. CnefoBaTeNbHO, MOACHET CTPOK CBOAMUTCA K NoAcYeTy
Yyncaa CMMBOJIOB HOBOW CTPOKM.

#include <stdio.h>

/* MomcueT CTPOK BXOIHOTO IOTOKa */
main ()
{

int ¢, nl;

nl = 0;

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

if (¢ == '"\n'")
++nl;
printf ("%d\n", nl);

Teno uukna Tenepb 06pasyeT MHCTPYKUMA 1if, Nog KOHTPO/EM KOTOPOM HaxoOmuTCA yBe/udeHMe cyeTymKka nl Ha
eanHunuy. MHCTpyKumMAa 1f npoBepseT ycnoBMe B CKOBKax M, €CAN OHO MCTUHHO, BbIMOAHAET CAeAyIOWYy0 32 HUM



WHCTPYKUMIO (MAW Fpynny MHCTPYKUMI, 3aKA0YEHHYIO B duUrypHble CKOBKM). Mbl onATb AefiaeM OTCTYMbl B TEKCTe
Nporpammbl, YTo6bI MOKa3aTb, YTO YEM YNPABAAETCA.

[BOWNHOI 3HaK paBeHcTBa B A3blke CM 0603HavaeT onepaTop "paBHO" (OH aHanorMyeH onepaTtopy = B MNackane u .
EQ. B ®opTpaHe). YaBanBaHWe 3HaKa = B onepaTope NPOBEPKU Ha PaBEHCTBO CAeNaHo ANA TOro, YTobbl OTAUYUTL
ero oT eAMHWYHOro =, ucnosabsyemoro B Cu Ana ob603HayeHUs npucBamBaHuA. MNpeaynpexaaem: HauMHawolme
nporpammmpoBatb Ha Cu MHOr4a NUWYT =, a UMeT B Buay ==. Kak mbl yBuaum B rnase 2, B 3TOM Cay4yae
pesynbTatom 6yaer ob6blYHO BMOAHE AONyCcTUMOe Mo ¢opmMe BbiparkeHWe, Ha KOTOpOe KOMMWUAATOP He BblaacT
HUKaKUX MPeAyNpexAatoLLmX COOBLLeHNIT’.

CrMMmBO/, 3aKNHOYEHHDBIN B OAMHOYHbIE KaBbluKKM, NpeacTaBaseT coboi uenoe 3HayeHUe, paBHOe Koay 3TOro CMMBOA
(B KOOMpPOBKeE, NPUHATOM HA AAHHOKN MaLWMHe). ITO TaK Ha3blBaeMasa CUMBO/IbHAA KOHCMAaHma. CyuiecTByeT U Apyroi
Cnocob AnA HanuMCaHWA MaNeHbKUX LEeNbiXx 3HavyeHui. Hanpumep, 'A' ecTb CMMBOJIbHAA KOHCTAHTA; B Habope
cmmBonoB ASCIl ee 3HayeHuMe paBHAeTCA 65 — BHYTpeHHeMy nNpeacTaBaeHuto cumBona A. KoHeyHo, 'A' B poau
KOHCTaHTbI NpeAnoyTuTenbHee, YeM 65, NOCKObKY CMbIC/ NepBon 3anucu 6onee o4yeBUAEH, U OHA He 3aBUCUT OT
KOHKpeTHOoro cnocoba KoanMpPOBKM CUMBOJIOB.

JdcKenn-nocneoBaTeIbHOCTU, MUCNONAb3yeMble B CTPOKOBbIX KOHCTAHTaX, AOMYCKAlOTCA TaKXe WU B CMMBOJIbHbIX
KOHCTaHTax. Tak, '\n' ob03HayaeT KoL CMMBOJIa HOBOW CTPOKM, KoTopblid B ASCIl paseH 10. Cnepyet obpatuTb
ocoboe BHMMaHMe Ha To, 4To '\n' obo3HayaeT oAuH CMMBOA (KOZ KOTOPOroO B BblpaxKEHWWM PacCMaTpMBaeTCa Kak
Lesoe 3HayeHue), B TO BpemMa Kak "\n'" — CTPOKOBas KOHCTaHTa, B KOTOPOM YMCTO C/IyYalMHO YKasaH OANH CUMBOS.
Bosiee nogpobHO pasnmumne mexay CMMBOAbHbIMU U CTPOKOBbIMUM KOHCTaHTaMu pa3bupaeTca B rnase 2.

YnpaxHeHue 1.8. Hanuwute nporpammy a1 nogcyera npobenos, Tabynaunii U HOBbIX CTPOK.

YnpaxHeHune 1.9. Hanuwute nporpammy, KOMMPYIOLLYHO CMMBOJIbI BBOAA B BbIXOAHOM MOTOK M 3aMEHSIOLLYHO
cToAlmMe noapas npobenbl Ha 0AnH npoben.

YnpaxHeHnue 1.10. Hanuwwute nporpammy, KOMMPYIOLLYIO BBOAMMbIE CMMBO/bI B BbIXOAHOW MOTOK C 3aMeHOM
cumBoOna Tabynsaumm Ha \t, cumBona 3abos Ha \b U Kaxpon obpaTHOM HaKAOHHOW 4YepTbl Ha \\. 3TO caenaert
BUAMMbIMW BCE CUMBOIbI TabynaLMM 1 3a601.

1.5.4. Iloacuer cJ10B

YeTBepTan M3 Hawel cepum NOAE3HbIX MPOrpamMmm MOACYMTbIBAET CTPOKM, CIOBA M CMMBO/bI, MPMYEM NOA, CI0OBOM
34ecb umeeTca B BMAY Ntobas CTPOKa CMMBOJIOB, He cogepKalan B cebe npobenos, Tabynaumin 1 CMMBOJIOB HOBOIA
CTPOKW. ITa Nporpamma ABAAETCA YNPOLLEHHOWN Bepcren nporpammbl we cuctembl UNIX.

#include <stdio.h>

#define IN 1 /* BuyTpu ciyjoBa */
#define OUT 0 /* BHe cjoBa */

/* nomcyueT CTPOK, CJIOB M CUMBOJIOB */
main ()
{

int ¢, nl, nw, nc, state;

state = 0OUT;

nl = nw = nc = 0y
while ((c = getchar()) != EOF) {
++nc;
if (¢ == '"\n' )
++nl;

3 v
CoBpemeHHble KOMMUAATOPbI, KaK NPaBMO, BblAAOT NpeaynpeXKaeHne 0 BO3MOXKHOM owmnbKe. — Mpumey. peo.



if (c=="" || c=="\n"[] c=="\t")
state = OUT;

else 1if (state == OUT) {
state = IN;
++nw;

}

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

Kaxabl pas, BCTpeyasa nepsblii CUMBOJ C/I0Ba, NPOrPaMmMa U3MEHAET 3HaUYeHWe cYeTYMKa cnos Ha 1. MNepemeHHas
state ¢QMKcUpyeT TeKyllee COCTOAHME — HaxOAMMCA Mbl BHYTPU WM BHe cioBa. BHauyane el npuceamBaetcA
3HayeHne OUT, 4TO COOTBETCTBYET COCTOAHWUIO "BHe cnosa". Mbl npegnoyntaem Mnonb30BaTbC MMEHOBaHHbIMMU
KOHCTaHTamu IN 1 OUT, a He cobcTBEHHO 3HaveHUaMM 1 1 0, 4yTobbl caenaTtb nporpammy 6osee NOHATHOM. B Takoi
MaJIeHbKOM Nporpamme 3TOT NPUMEM Mano YTO AaeT, HO B 6ONbLION Nporpamme yBeNMYeHUe ee ACHOCTU OKynaet
He3HauYuTe/IbHble AONONHUTENbHbBIE YCUIUA, NOTPAYEHHbIE HA TO, YTOObI MMCATb NPOrPaMmy B TaKOM CTWUJIE C CAMOTO
Hayana. Bbl 06HapyxuTe, 4tTo BONbLIME N3MEHEHMA FOPA3L0 Slerye BHOCUTb B T€ MPOrpamMmbl, B KOTOPbIX Marnyeckune
4Yncna BCTPEYAIOTCS TONIbKO B BUAE MMEHOBAHHbIX KOHCTAHT.

Ctpoka
nl = nw = nnic = 0;

yCTaHaBAMBaeT BCe TPW NepemeHHble B HyAb. Takas 3anucb He ABNAETCA KaKoM-TO 0CoBOoi KOHCTpyKumen wu
AOMyCcTMMa MOTOMY, 4YTO MPUCBaMBaHME €eCTb Bblpa)KEHME CO CBOMM COBCTBEHHbIM 3HAyeHWem, a onepauuu
npuceanMBaHMsA BbINOMHAIOTCA CNpaBa HaneBo. YKasaHHaA CTPOKa 3KBUBAIEHTHA

nl = (nw = (nc = 0));
Onepatop | | o3HavaeT UJIN, TaK 4TO CTPOKA
if (c== """ |] ¢ == "\n" || ¢c == "\t")

yuTaeTcs Kak "ecnm c ecTb Npoben, uau ¢ ecTb HOBas CTPOKA, UAU C ecTb Tabynsauma". (HanomHum, yto BUAMMasA
acKenn-nocnenoBaTeNbHOCTb \t 0603HaYaeT cMmBOA Tabynauuun.) CyLecTByeT TaKKe OMnepaTop & &, O3HaYatowmi
WN. Ero npuvopuTeT Bbllle, Yem MPUOPUTET | |. BbipaxkeHMUs, CBA3aHHble onepaTopamMu && WUAW | |, BblYMCAAKOTCA
CNieBa HanpaBo; MpPM 3TOM FapPaHTUPYETCA, YTO BbIUMC/IEHWUA Cpasy NPepBYyTCs, KaK TO/AbKO OyaeT yCcTaHOBEHA
WCTUHHOCTb WU NI0XKHOCTb ycnoBuA. Ecam ¢ ectb npoben, To Aanblue NPoBepATb, ABAAETCA 3HaYeHME C CUMBOJIOM
HOBOW CTPOKM WU 3Ke TabynAaunn, He HY3KHO. B 3TOM YacTHOM ciiyyae AaHHbIM cnocob BbIMMCNEHUI HE CTOJIb BAaXKeH,
HO OH MMeeT 3HayeHue B 6osiee CNOXKHbIX CUTYyaLMAX, KOTOPbIE Mbl BCKOPE PAaCCMOTPUM.

B npumepe TaKk)Ke BCTpeyaeTcA C/1I0BO €1 se, KOTOpOoe YKa3blBaeT Ha a/ibTepPHATUBHbIe AGVICTBMH, BbIMNO/IHAEMbIE B
CNlyyae, Korga ycaoBue, yKasaHHoe B 1f, He ABAAETCA MUCTUHHbIM. B O6UJ,€M Bnage ycnoBHaa WHCTPYKUUA
3aMUCbIBAETCA TaK:

if (BrpaxeHme)
MHCTPOYKIIMS,
else

MHCTPYKIIMS,

B KOHCTpYyKUMKM 1f-e1se BbINONHAETCA O4HA W TONbKO OZHA M3 ABYX MHCTPYKUMIA. ECin 8bipayceHue UCTUHHO, TO
BbIMNOIHAETCA UHCMPYKUUSA;, €CNU HET, TO UHCMPYKUUSA,. Kaxpaa us aTux ABYX MHCTPYKLMI NpeacTaBaseT coboit
Mb0 OAHY MHCTPYKLMIO, IMBO HECKOJIbKO, 3aK/toYeHHbIX B GUTypHble CKOHKKU. B Hawel nporpamme nocne else
CTOUT UHCTPYKLMA 1 T, ynpaBastowwasn 4BYMSA TAKUMUN MHCTPYKLUUAMM.



YnpaxHeHnune 1.11. Kak npoTtectupoBaTb nporpammy nogcyeta cnos? Kakoil BBOZ, BeposiTHee BCEro OBHAPYKMUT
OLUNBKMU, €C/IU OHU BbINN A0NYLLEHbI?

YnpaxkHeHune 1.12. Hanuwwute nporpammy, KoTopas nevaTtaeT COAepPrKMMOe CBOEro BBOAA, MOMELLAsA Mo O4HOMY
CNOBY Ha KaK40W CTPOKe.

1.6. MaccuBbI

A TeENEPb Hanuwem nporpammy, noAcHmUTbiBalOWYO MO OTAENBbHOCTU KaxXAytro u,Md)py, CMMBO/Ibl-pa3gennTenn
(npobenbl, TabynauMm n HoBble-CTPOKK) U BCe ApYyrMe CUMBOJIbI. ITO HECKOJIbKO UCKYCCTBEHHAsA MPOrpamma, HO OHa
Nno3BO/IUT Ham B OAHOM nNpumepe npoaeMOHCTPUpOoBaTb €ele HECKOJ/IbKO BO3MOXHOCTeN fA3blka Cun. UmeeTtca
ABeHaguaTb KaTeropuit BBOAMMbIX CUMBOJIOB. Y40OHO BCe AeCATb CYETYMKOB LMPP XpaHUTb B MaccuBe, a He B BUAeE
AeCATU OTAE/IbHbIX NepeMEHHDbIX. Bot O4NH U3 BapUNaHTOB 3TOM nporpammsol:

#include <stdio.h>

/* momcueT uMdp, CUMBOJIOB—-pPa3OEJIUTEJIEN M MIPOUMX CHMMBOJIOB */
main ()
{

int ¢, i, nwhite, nother;

int ndigit[10];

nwhite = nother = 0;

for (1 = 0; 1 < 10; ++1)

ndigit[i]= 0;

while ((c = getchar()) != EOF)
if (¢ >= '0" && c <= '9'" )
++ndigit[c - '0" ];
else 1if (¢ == " " || ¢ == '"\n' || c == "\t")
++nwhite;
else
++nother;
printf ("umbpwe =") ;

for (i=0; 1 < 10; ++1)
printf (" %d", ndigit[i]);
printf (", cuMmBoOJBI-paszmenurenu = %$d, npoume = %d\n", nwhite, nother);

B pesynbTaTe BbINO/HEHWUA 3TOM Nporpammbl OyaeT HanevaTaH cieayowunin pesyabTart:

ubper = 9 3 0 0 0 0 0 O 0 1 , cumMmBOJBEI-pazmenurenu = 123, npoume = 345
Ob6basneHne

int ndigit[10];

o0bbasnAeTr ndigit maccmsom 13 10 3HaYeHUM TMNa int. B Cn anemMeHTbl MaccuBa BCeraa HymepyrtoTca HavMHas ¢
HYNS, TaK YTO 3/IEMEHTaMM 3Toro maccmea byayt ndigit [0], ndigit[1],.., ndigit [9], 4TO yuuTbiBaETCA B
for-ymknax (Npy MHUUMANU3aLMM U NeYaT MaccuBa).

NHaeKkcom moxkeT bbiTb toboe Lenoe BbipaxkeHne, obpasyemoe LesbiMu nepeMeHHbIMU (Hanpumep, 1) 1 Lenbimu
KOHCTaHTaMu.

MpuBeaeHHas Nporpamma onmnpaeTcs Ha onpeesieHHble CBOMCTBa KOAMPOBKM undp. Hanpumep, nposepka

if (¢ >= '0" && c <= '9' ) ...



onpegenaeT, ABAAETCA TN HaXO,D,ﬂU.LMﬁCﬂ B C CMmBON LI,Md)pOlZ. Ecam aTo TakK, To
c - 'Q"

€cTb Yncnosoe 3HayeHue umdpbl. CKazaHHOE CNpaBenIMBO TONILKO B TOM C/ly4ae, eciv Ana psaga 3HadeHun '0'
"17,...," 9" Kaxkgoe cneaytollee 3HaYeHMe Ha 1 6osblue npeabiaywero. K cyactblo, 3TO Npasuao cobatogaeTcs BO
BCex Habopax CUMBO/IOB.

MNo onpepeneHunto, 3HaYeHMA TUNA char ABAAIOTCA NPOCTO ManbiMU LesbIMKU, TaK YTO NepemeHHble U KOHCTaHTbI
T™MNA char B apuPMETUUECKMX BbIPAKEHUAX UAEHTUYHbI 3HAYEHMAM TMNA int. 3TO U eCcTecTBeHHO, U yA06HO;
Hanpumep, ¢ - 'O' ecTb ULenoe BblpaxKeHue C BO3MOXHbIMU 3HaveHuaMmM oT O A0 9, KOTOpble COOTBETCTBYIOT
cumBonam oT '0' pgo '9', xpaHAwMMcA B nepemeHHOW c. TakMm o6pasom, 3HaYeHWe [AHHOIO BblPAXKEHUSA
ABNAETCA NPABUNbHbIM MHAEKCOM ANA maccmBa ndigit.

Cneaylowmii pparmeHT onpegenset, ABAAETCA CUMBOJ UMPPOM, CUMBOIOM-PasAeanTeNeM NN YEM-HUOBY b MHBIM.

if (¢ >= '0" && c <= '9")
++ndigitfc - '0'];

else 1f (¢ ==" " || ¢ == "\n'" || e == "\t")
++nwhite;

else
++nother;

KoHCTpyKuMA BUAA

if (ycimoBme;)
MHCTPYKIIMS;
else if (ycrmoBuey)
VMHCTPYKLM,
else

MHCTPYKIIMA,

4yacTo NpPUMEHSETCA ANA Bblbopa OAHOrO M3 HECKOJIbKMX aNbTepPHATUBHBIX MyTE, MMEIOLWMXCA B Mporpamme.
Ycn08uUs BbIMMCNAIOTCA NO MOPAAKY B HaMNpaBJeHUMM CBEpXy BHM3 A0 Tex Nop, NOKa OAHO M3 HUX He byaet
YAOB/IETBOPEHO; B 3TOM C/ydyae 6yAeT BbINOAHEHA COOTBETCTBYIOWANA eMy UHCMPYKUUSA, 1 paboTa Bcei KOHCTPYKLUK
3aBepwuTca. (/llobaa U3 UHCMpyKyuli MOXKeT BbITb rPYNMNoi UHCTPYKUMIM B GpUrypHbIX CKOBKax.) Ecam HU oagHO 13
YCNOBUWIA HE yA0BNETBOPEHO, BbINOJHAETCA NOCNEAHASR UHCMPYKYUS, PacrnofioxKeHHas cpasy 3a el se, ec/iv TakoBas
nmeeTcs. Ecam e else u cnepyoweit 3a Hel MHCTPYKUMKM HeT (Kak 3To 6bla1o B Nporpamme nogcyeTa cnos), To
HWKaKue AeincTema Booblue He npousBogAaTca. Mexay nepsbiM if M 3aBepllaloWMM else MOXKET bbiTb CKONbKO
yrogHo KombuHauuii Buga

else 1f (ycmoBue)

VMHCTPYKIIMA

Korga Mx HeckonbKo, nporpammy pasymHoO ¢opmaTMpoBaTh TaK, Kak Mbl 34ecb MNoKasanu. Ecnu ke Kaxabin
cneayowmii if casurate BNpaBo OTHOCUTE/IbHO Mpeablayliero else, To NPU AJIMHHOM KacKafe MpoBepoOK TEeKCT
OKa)KeTcs CAULWKOM B6M3KO NPUNKATbIM K MPaBoOMY Kpato CTPaHMLLbI.

MHCTpyKuMAa switch, peuyb O KoTopoW noigetr B rnase 3, obecneumBaeT Apyro cnocob w3obparkeHus
MHOronyTeBoro BeTBAeHMA Ha A3blke Cu. OH 6osiee NOAXOAMT, B YaCTHOCTM, TOrAa, Korga yc/ioBvMem nepexoaa
CNYKUT COBMageHMe 3HAYEHUA HEKOTOPOTO BbIPaXKeHWA LLeJIOYMCAEHHOTO TUMA C OAHOM M3 KOHCTAHT, BXOAALWMX B
3aJaHHbI Habop. BapMaHT Hawel Nporpammbl, pPeasrM3oBaHHOM C MOMOLWb0 switch, npuBoguTca B naparpade
3.4.



YnpaxkHeHue 1.13. Hanuwute nporpammy, neyataroLyo rmctorpammbl AMH BBOAUMBIX CNOB. TMCTOrpammy nerko
pUCOBaTb FOPM30HTA/IbHBIMKU NOJI0CaMU. PrUcoBaHMe BEPTUKANbHbIMM Nosiocamu — 6onee TpyaHan 3aga4va.

YnpaxHenune 1.14. Hanuwwute nporpammy, nedyaTalowWylo TMCTOrPaMMbl YacTOT BCTPEYAEMOCTM BBOAMMBIX
CMMBOOB.

1.7. DyHKIUH

®dyHKuMM B CM UrpatoT Ty }Ke PoJib, YTO U nognporpammbl U GyHKUMKM B PopTpaHe nam npoueaypbl U GyHKUMN B
Mackane. PyHKuMA obecneumBaeT yaobHbIM cnocob oTaenbHO 0POPMUTL HEKOTOPOE BbIYUC/IEHME U MOJb30BATbCA
UM ganee, He 3ab60TACb O TOM, KaK OHO peasnn3oBaHo. lMocne Toro, Kak GYHKLMN HAaNMCaHbl, MOXKHO 3a6bITb, KaK OHU
CAenaHbl, 4OCTAaTOYHO 3HATb UL, YTO OHU YMetOT AenaTb. MexaHU3M ncnosb3oBaHna ¢yHKummM B Cn yaobeH, nerok
n adpdeKtTMBeH. Hepeako Bbl bygeTe BCTpedyaTb KOPOTKME OYHKUMM, Bbi3blBaeMble JUWb €AUHOXNAbl;, OHMU
odopmneHbl B BUuAe GyHKLMN C 0OAHON-eANHCTBEHHOM LeNblo — NOAYYUTb Bosiee ACHYI0 nporpammy.

[o cMx nop Mbl NONIb30BaNNCh FOTOBbIMKU GYHKUMAMKM Bpode main, getchar n putchar, Tenepb HacTana nopa
HaM CaMMM HanMcaTb HECKONbKO ¢yHKUM. B Cn HeT onepaTopa BO3BeAeHUA B CTeneHb Bpoae ** B dopTpaHe.
MosaToMy NPOUANIOCTPUPYEM MeXaHM3M onpeaeneHva GyHKUMKM Ha npumepe GYHKUMKM power (m, n), KOTopas
BO3BOAMUT LieIoe m B LLe/IYI0 MOJIOXKUTENbHYIO CcTeneHb n. Tak, power (2, 5) MmeeT 3HayeHue 32. Ha camom gene
ONA NPaKTUYECKOro MNpUMeHeHMa 3Ta OYHKUMA MANoNPUrogHa, TaK KaK onepupyeT AuUlb ManbiMU  LEebIMU
CTEeMNeHAMM, OLHAKO OHA BMOJIHE MOXKET MOCAYXKUTb WAMOCTpauuen. (B ctaHaapTHoi 6ubanoTteke ectb GpyHKUMSA
pow (x, y),Bbluncasaowas x'.)

MNTak, mbl nmeem O YHKUMIO power W [NaBHY GYHKUMIO main, NOMb3YIOWYIOCA ee ycayramu, Tak 4To BcA
nporpamma BbIrAAAMT cneayowmm obpasom:

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

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

/* BO3BOOUT base B n-i crenedn; n >= 0 */
int power (int base, int n)
{

int i, p;

P =1

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

p = p * base;
return p;

OnpeaneneHne Nob0oIM GYHKUUM UMEET cneayowmii BUA.:

TUI-PE3YJIETaTa MUMSI—-QYHKIMM (CHMCOK HapaMeTpoB, €CJM OH €CThb)
{
OOBABIIEHMUS

MHCTPYKIIM



OnpeaeneHns GyHKUMA MOTYT pacnonarateca B 1t06om nopaake B O4HOM UM B HECKO/IbKMX UCXOAHbIX dalinax, Ho
nobas GyHKUMA [OMKHA ObITb LLE/IMKOM PacrnofioXKeHa B KaKOM-TO ogHOM. Ecan MCXopHbI TeKCT mporpammbl
pacnpefeneH no HecKosbkUM ¢ainam, To, 4Tobbl ee CKOMMMAMPOBATb M 3arpysuTb, BamM MNpUAETCA CKasaTb
HECKoJ1IbKo 6onblUe, YeM Npu UCNOob30BaHUM 0AHOrO dalina; HO 3TO Y»Ke OTHOCUTCA K ONepaLMoOHHOM cUucTeme, a He
K A3bIKYy. [MOKa Mbl Npegnonaraem, 4to obe GyHKUMM HaxomdATCs B OAHOM ¢dainne, Tak YTO ByAeT JOCTAaTOYHO Tex
3HAHWI, KOTOPbIE Bbl Y*KE MNOAYYNAN OTHOCUTENBHO 3aMycKa Nporpamm Ha Cu.

B cnepytouLeit cTpoke us PpyHKUMU main K power obpallatoTca ABaXKabl.
printf ("$d %d %d\n", 1, power(2,1i), power (-3,1));

Mpun Kaxkaom Bbi3oBe GYHKLUUM power nepenaloTca [iBa apryMeHTa, W KaKAblid pa3 rnaBHas nporpamma main B
OTBET MOoJIy4YaeT Lesoe YMCN0, KOTopoe 3aTeM NPUBOANTCA K A0/IKHOMY GOpmMaTy M nevataeTcs. BHyTpuM BbipaXkeHUn
power (2,1) npepactaBnseT coboi Lenoe 3HayeHWe TOYHO TaK e, Kak 2 uan i. (He Bce dyHKUMM B KayecTse
pes3ynbTaTa BblAAloT Lie/ible 3HaYyeHuA; NnoapobHo 06 aTom byaeT ckasaHo B rnase 4.)

B nepBo# cTpoKe onpeaeneHua power:
int power (int base, int n)

YKa3bIBaloTCA TUMbl NAapameTpoB, UMA GYHKUMM M TUN pe3ynbTata. MMeHa napamMeTpoB /IoKajbHbl BHYTPU power,
3TO 3HAYMT, YTO OHW CKPbITbI ANA Nto6oi Apyron GYHKUMK, Tak YTO OCTasibHble NoANPOrpaMmbl MOryT cBo60aHO
NnoNb30BaTbCA TEMU Ke MMEHaMW ONA cBoux ueneit. locnegHee yTBep)KAEHME CMNPaBeA/IMBO TaKke A/
NnepemeHHbIX i M p: i Bpower U 1 Bmain He UMET mexay cobolt Huyero obLuero.

Janee napamempom mbl byiem Ha3blBaTb MEPEMEHHYIO U3 CMIUCKA MAapaMEeTPOB, 3aK/IIOYEHHOTO B KPYT/ible CKOOKM U
3aJaHHOro B onpeaeneHun GyHKLMMK, a apeyMeHmoM — 3HauyeHue, UCMo/ib3yeMoe Npu obpaleHnn K GyHKUUMN.
NHoraa B TOM e CMblC/ie Mbl Byaem ynotTpebnate TEPMUHbBI hopmanbHbeIl apaymeHm v ghakmuyeckuli apaymeHm.

3Ha4yeHue, BbluMCAAEMOE d)ymu,meﬁ power, BO3BpallaeTcAa B main ¢ NOMOLLbIO UHCTPYKLUMM return. 3a cnosom return
MOXeT CnegoBaTb noboe Bblpa*XeHue:

return BEPaXeHME;

dPyHKUMA He obA3aTesIbHO BO3BPALLAET Kakoe-HMOyaAb 3HauyeHue. MHCTpyKumAa return 6e3 BblpaxKeHUA TONbKO
nepegaer ynpas/ieHue B Ty Mporpammy, KOTOpas ee BbI3Baja, He MepenaBas el HUKAKOro pesy/bTUpPYHOLLEro
3HayeHMA. To e camoe NPOUCXOAMT, eCAN B MPOLLECCe BbIMUCAEHMIA Mbl BbIXOAMM Ha KOHeL, OYyHKUMW,
0603HaYeHHbIV B TEKCTEe NocneaHel 3aKkpbliBatowen GUrypHol ckobkoi. BoamorkHa cuTyaLmsa, KOraa Bbi3blBatoLLas
dYHKUMA UTHOPUPYET BO3BPALLAEMbIN el pe3ynbTar.

Bbl, BEPOATHO, 06PaTUAN BHUMAHME HA MHCTPYKUMIO return B KOHUEe main. MoCKobKY main ecTb GpYHKUMA, KaK U1
ntobas Apyras, OHa MOXKET BEPHYTb pe3y/ibTUpytolee 3HaYeHMe TOMY, KTO ee Bbi3Bas, — GAKTUYECKU B Ty cpeay, U3
KoTopoW 6blna 3anyweHa nporpamma. O6bIMHO BO3BPALLAETCA HY/NE€BOE 3HaYeHue, YTO FOBOPUT O HOPMasbHOM
3aBepLlIeHUN BbINOAHEHMA. HeHyneBoe 3HaYeHne CUrHanM3npyeT 0 HeOBbIYHOM MK OWMBOYHOM 3aBeplueHun. o
CUX MOp paau MPOCTOTbl Mbl ONyCKaAW return B main, HO C 3TOr0O MOMeHTa byaem 3afdaBaTb return Kak
HanomMMHaHMe O TOM, YTO NPOrpPamMbl AO/KHbI COOBWATb O COCTOAHMM CBOEro 3aBepLIeHUA B OMepaumoHHYLO
cuctemy.

Ob6basneHune
int power (int m, int n);

CToslLEee HeMnocpeacTBEHHO Nepes main, coobwaeT, YTo QYHKLMA poOwer OXKMAAeT ABYX apryMeHToB TUMa int u
BO3BpalllaeT pe3ynbTaT TMnNa int. JTo o06bABAEHME, Ha3blBaemoe [PoMomurnom GyHKUUU, AOMKHO 6bIiTb



COrnacoBaHoO C onpefeneHMemM U Bcemu Bbi3oBamu power. Ecanm onpegeneHve ¢yHKUMM MAN BbI3OB He
COOTBETCTBYET CBOEMY NPOTOTUMY, 3TO OLLMBKA.

MmeHa napameTpoB He TpebyloT cornacoBaHms. PakTUYECKM B MPOTOTUMNE OHM MOTYT 6biTb MPOU3BO/IbHBIMU UK
BOOOLLE OTCYTCTBOBATb, T.€. MPOTOTUN MOXKHO Obl10 Obl 3anMcaTh U Tak:

int power (int, int);
O,CI,HaKO y4a4HO FIO,CI,O6paHHbIe MMEHA NOACHAKOT Nporpammy, 1 Mol 6y,£I,EM 4acCTO 3TUM NOJIb30BaATbCA.

Uctopuueckana cnpaBKa. Camble 6onbluime otanumna ANSI-Cu oT 6bonee paHHUX BEPCUIA A3bIKA KaK pas U 3aKato4atoTca
B cnocobax obbaBneHua n onpegeneHns GyHKUMn. B nepeoit Bepcuun Cn dyHKUMIO power TpeboBasock 3a4aBaTh B
cnepywowem suae:

/* power: BO3BOIMT base B n-io cTerneHn; n >= 0 */
/* (Bepcusa B cTapoMm cTuje g3bika Cu) */

power (base, n)

int base, n;

(

int 1, p;

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

34ecb MMeHa MapameTpoB MepeyuncsieHbl B KPYrbiX CKOBKax, a Mx TuUMbl 3afaHbl nepes NepBoli OTKpbIBaloLen
¢durypHoli ckobkoi. B cayyae OTCYTCTBUA yKa3aHUs O TUMe MapameTpa, CYUTAeTCs, YTo OH MmeeT Tvn int. (Teno
bYHKLUMKM He npeTepnesio USMEHEeHWN.)

OnucaHne power B Havyane NPOrpammbl COrnacHo nepsol Bepcum CU AOMKHO 6bi10 6bl BbIFNAAETL CEAYIOLMM
obpasom:

int power () ;

Henb3a 6bln0 3agaBaTb CMNUCOK MapameTpoB, M MNO3TOMY KOMMOWAATOP HE WMMEeN BO3MOMKHOCTM MPOBEpPUTb
NpPaBUAbHOCTb 0bpalleHnit K power. Tak Kak Npu OTCYTCTBUM 06BbABAEHUA power Npeanonaranocb, YTo GyHKUMA
BO3BpalLL@eT 3HaYeHne TMna int, To B 4aHHOM c/y4Yae 06bABNEHME LLeIMKOM MOXKHO 6b110 6bl ONYCTUTb.

HoBbI CMHTaKcMC A1A NPOTOTUNOB OYHKLMI obneryaer KoMnuaatopy ob6Hapy)KeHMe oWWBOK B KoaMyecTse
aprymeHToB M WX Tunax. CTapbli CUMHTAKCUC O6bBABNEHMA W onpeaeneHuss QyHKUMM BCe elle AOoMnycKaeTcs
ctaHgapTom ANSI, no KpaiiHelt mepe, Ha NepexofHbli Nepuos, HO ec/iv Ball KOMNUAATOP MOALEP!KMBAET HOBbIV
CUHTAKCUC, Mbl HACTOATE/IbHO PEKOMEHAYEeM NOJIb30BATLCA TO/ILKO UM.

YnpaxHeHnue 1.15. MNepennwunTte nporpammy npeobpasoBaHMsA TemnepaTyp, BblAeanB camo npeobpasoBaHue B
OTAENbHY0 GYHKUMIO.

1.8. AprymeHThI. BHI30B 110 3HAaYEHU IO

OpgHo cBoicTBo ¢yHKUMIA B CU, BEpOATHO, OyAeT B HOBMHKY AN MPOrpammMUCTOB, KOTOPbIE YXKe MNO0/b30Ba/MCh
OPYrMMK si3blkamu, B YacTHoct dopTpaHom. B Cu Bce aprymeHTbl ¢yHKUMM nepegatoTca "no 3HayveHuw". 3To
cneayetr NOHMMATLb TakK, 4TO BbI3blBaeMom d)YHKLI,VIVI NnocCblNaloTCA 3HA4YeHMA ee apPrymeHToB BO BpPEMEHHDbIX
nepemMeHHbIX, a HE CaMWM apryMeHTbl. Takon cnocob nepegadyn aprymeHToB HECKOJIbKO OT/IMYAETCA OT "BbI30Ba Mo



ccbike" B dopTpaHe M cneunouKkaumm var npy napamerpe B lMackase, KOTopble NO3BOAAIOT NOANPOrpaMme UMeETb
AOCTYN K CAMMM apryMeHTam, a He K UX JIOKa/IbHbIM KONUAM.

[naBHOe OTAMYMe 3aK/todaeTca B ToM, YTO B CU Bbi3biBaemasa ¢GyHKLMA He MOXKET HernocpeacTBEHHO WU3MEHUTb
NepemMeHHYHo Bbi3biBaloLWen GYHKLMM: OHA MOXKET USMEHUTb TO/IbKO €€ YaCTHYH0, BPEMEHHYIO KOMUIo.

OAHaKo BbI30B MO 3HAYEHUIO CneayeT OTHECTU K JOCTOMHCTBAM fA3blKa, a He K ero HegocTtaTkam. bnarogaps atomy
CBOICTBY OBbIYHO yAaeTca HanucaTb 6o/iee KOMNAKTHYIO MPOrpammy, CoAep Kallyto MeHbllee YNCNO NMOCTOPOHHUX
NepemMeHHbIX, MOCKO/IbKY MapamMeTpbl MOXHO paccMaTpuBaTb KaK AO/IKHbIM 00pa3somM MHULMAAN3UMPOBAHHbIE
JNIOKa/IbHble NepeMeHHble BbI3BAaHHOM noanporpammel. B KauecTse npumepa npusesem ele ofHy Bepcuto GyHKLMM
power, B KOTOPOM KaK pa3 UCMo/1b30BaHO 3TO CBOMCTBO.

/* power: BO3BOIMT base B n-i crenesHs: n >= 0; Bepcus 2 */
int power (int base, int n)
{

int p;

for (p = 1; n > 0; --n)

P = p * base;

return p;

MapameTp n BbICTYNAET 34€Cb B PONN BPEMEHHOW NepemMeHHOM, B KOTOPOl UMKAoM for B ybbiBalowem nopsake
BEAETCA CYET YMCNa WWaroB A0 Tex Mop, Noka ee 3HayeHWe He CTaHeT Hysnem. Mpu 3TOM oTnagaeT HaZobHOCTb B
OOMONHUTENBHON NEepeMeHHOM 1 ANA CYeTYMKa UMKAa. YTo 6bl Mbl HM AeNanun ¢ n BHYTPU power, 3TO HE OKaKeT
HWKAKOro BAUAHMA Ha CaM apryMeHT, KOnNus KoToporo 6bina nepegaHa GyHKLMM power Npu ee Bbi30OBE.

MpW KenaHUM MOXKHO cAenaTb Tak, YTobbl GYHKLMA CMOr/1a U3MEHUTb NepemMeHHYI0 B Bbi3blBaloLLEN Mporpamme.
Ona 3Toro nocnegHAa [OO/KHA nNepefdaTb adpec NOANEesKalleil WM3MEHEeHUIo fnepeMeHHoln (ykaszamesnb Ha
NepemMeHHylo), a B BbI3blBaeMOM QYHKUMM crenyeT 0OBABWUTL COOTBETCTBYIOWMI MapameTp KaK yKasaTeslb U
OpPraHn30BaTb Yepe3 HEro KOCBEHHbIN AOCTYN K 3TON nepeMeHHON. Bce, 4To KacaeTcA yKkasaTtesiei, Mbl pacCMOTPUM B
rnase 5.

MexaHn3M nepesayn MacCcuBa B KaYecTBe aprymeHTa HECKO/IbKO MHOW. Koraa aprymeHTOM SiIBASIETCA UMA MACCUBa,
TO QYHKLMM NepenaeTca 3HaYeHne, KOTopoe ABAAETCA a4PecoM Hayana 3TOro MacCcMBa; HUKAKMe 31eMeHTbl MaccuBa
He KonupytoTcAa. C NOMOLLbIO MHAEKCUMPOBAHMA OTHOCMTENbHO MOJIYYEHHOTO 3HAYeHUs GYHKLMA MMeeT AOCTyn K
nobomy anemeHTy maccuBa. Pasrosop 06 aTom noiaeT B ciegytowem naparpade.

1.9. CMMBOJIbHBIE MaCCHUBbI

Cambil paCHDOCTpaHEHHbIﬁ B4, MacCCumBa B Cu — maccus cMmBONOB. YTObbI NPOUNNKOCTPUPOBATb NCNOJ/Ib30BaHNE
CUMMBOJIbHbIX MaAaCCUBOB U pa60Ta+0u.|,v1x C HUMHU d)yHKLI,Mﬁ, Hanuwem nporpammy, KOTopaa YUTaeT Ha6op TEKCTOBbIX
CTPOK U nNeYaTaeT CamMmyto A/IMHHYIO U3 HUX. Ee cxema AOCTAaTOYHO NpocCTa:

while (ecTs Jm eme cTpoka?)
if (maHHass cTpoka IOJIMHHEES CaMOM IJIMHHOM M3 MPEeIOBIYIX)
BaIlIOMHUTE €€
BalOMHUTE €€ IJIMHY

HaneyararTe CaMyn IOJIMHHYKO CTPOKY

N3 cxembl BUAHO, YTO nporpamma ecteCtBeHHbIM 06pa30M pacnagaeTcA Ha 4acTtw. OaHa 13 Hux nony4yaeT HOBYHO
CTPORY, Apyraa npoBepAeT ee, TPETbA 3aNOMUNHAET, a OCTa/IbHblE YNPAaBAAOT Npoueccom BbIUMCNEHWNA.

MOCKO/MbKY MPOLECC YeTKO PacnagaeTcA Ha 4YacTu, xopowo 6bl Tak M nepesectM ero Ha Cu. MoaTomy cHavana
Hanuwem oTaenbHyto OYyHKUMIO getline ANA NoAyvyeHUa odepedHOM CTPOKWM. Mbl nombiTaemca cAaenatb 3Ty
bYHKLMIO NONE3HOW U ANA APYTUX NPUMeHeHUI. Kak MUHMMYM get 1ine fo/KHa CUTHAIM3NPOBaTb O BO3MOXKHOM



KOHUe ¢alina, a elle Nydylle, ecim oHa ByaeT BblgasaTb ANUHY CTPOKM — WAM Hy/Ab B Caydae vcyepnaHua danna.
Hynb roantca ans npyMsHaka KoHua ¢ainna, NoCcKobKy He BbiBaeT CTPOK HY/IEBOM AJ/IMHbI; AaXKe CTPOKa, cogeprKallan
TO/IbKO OANH CUMBO HOBOM CTPOKM, MMeeT ANnHY 1.

Korga mbl 06Hapy»Xnau cTpoKy 6onee AANHHYIO, YeM caman AMHHAA U3 BCexX NpeablayLinx, To Ham Hago byaeT roe-
TO ee 3anoMHMTb. 3A4ecb Hanpalumsaetca BTopasa GYHKUMA, COpy, KOTOpas ymeeT KOMMpoBaTb HOBYIO CTPOKY B

HageXXHoe MecCTO.

HakoHel, Ham Heobxoauma rnaBHaA Nporpamma, Kotopas 6bl ynpasaana ¢yHKuMAMKM getline n copy. BoT Kak

BbIrNAAUT Halla Nporpamma B UEesIOM:

#include <stdio.h>
#define MAXLINE 1000 /* MakCuUMaJILHBEI pPas3Mep BBOIMMOM CTPOKM */

int getline(char linef], int MAXLINE) ;
void copy(char to[], char fromf]);

/* neuvarb camoM OJIMHHOM CTPOKM */

main ()

{
int len; /* namHa TekylmelM CTPOKU */
int max; /* OjiyHa MaKCHMMaJIbHOM M3 IPOCMOTPEHHHX CTPOK */
char 1line[MAXLINE]; /* mexkymad cTpoka */

char longest [MAXLINE]; /* camad OJauHHas cTpoka */
max = 0;
while ((len = getline(line, MAXLINE)) > 0)

if (len > max) {

max = len;
copy (longest, line);
}
if (max > 0) /* Owula JM XOTb OIHa CTpoka? */
printf ("%$s", longest);
return 0;

/* getline: umMTaeT CTPOKYy B S, BO3BpamaeT JMHY */
int getline(char s[], int lim)

{

int ¢, 1i;

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

if (¢ == "'n'; {
s[i] = c;
++1;

}

s[i] = "\0";

return 1i;

/* copy: xonmpyerT mu3 'from' B 'to'; to mocTaTouHOo OOJBIION */
void copy(char to[], char from[])

{

int 1;



i=0;
while ((to[i1i] = from[i]) !'= '"\0O")
++1;

Mbl npegnonaraem, 4to PyHKUMM getline M copy, ONMCAHHble B Hayane NPOrpaMmbl, HAXOOATCA B TOM e

daine, ytonmain.

PyHKUMM main n getline B3aMMOAENCTBYIOT MeXAay CoOboi Yepes napy apryMeHTOB 1 BO3BPALLAEMOE 3HaYeHMe.
B getline aprymeHTbl ONpeaensatoTca CTPOKOM

int getline(char s[], int lim)

Kak mbl BUAUM, ee nepsbli apryMeHT s ecTb MaccuBe, a BTOpoi, 1im, umeeT Tun int. 3agaHue pasmepa maccuBa B
onpefeneHUM MMeeT Le/blo pe3epBMpoBaHMe MamaTU. B camoit getline 3agaBaTb A/IMHY MaccuMBa S HeT
HEeobX0AMMOCTUN, TaK Kak ero pasmep yKasaH B main. YTobbl BepHyTb 3HauyeHWe Bbi3blBAlOWEN MPOrpamme,
getline ucnonb3dyeT return TOYHO TaK }Ke, KaK 3To genaeT ¢yHKUMA power. B npuBegeHHON CTpOKe Takke
coobuaerca, 4To getIine BO3BpAWAET 3HayYeHWe TMNA int, HO TAaK KaK NpW OTCYTCTBMM YKasaHMA O Tune
nogpasymeBaeTca int, To nepeg getline cnoBo int MOXHO ONYCTUTb.

OaHu GYHKUMKM BO3BPALLAIOT Pe3yNbTUpYloLee 3HaUYeHNe, Apyrve (Takme Kak copy) HYXHbl TONIbKO ANS TOro, YTo6bl
NPOW3BECTU KaKne-To AeNCTBUA, He BblLaBas HMKAKOro 3HaYeHus. Ha mecTe TMna pesynbTaTa B Copy CTOMT void.
370 ABHOE YKa3aHWe Ha TO, YTO HMKAKOro 3HaYeHUA AaHHaA GYHKUMUA He BO3BpPaLLaeT.

dPyHKuMA getline B KOHel, CO34aBaeMOro e maccua nomewaer cumson '\O' (null-cumeos, Koanpyemblii
Hy/N1eBbIM 6aliTOM), UTOObI MOMETUTL KOHEL, CTPOKMU CUMBOJIOB. TO e corfalleHne OTHOCUTEIbHO OKOHYaHMA Hylem
cobntopaerca 1 B clydyae CTPOKOBOM KOHCTAHTbI BpoAe

"hello\n"
B agaHHOM cny4yae ana Hero popmMmnpyeTcs MacCuMB U3 CUMBOJIOB 3TOM CTpPoKkM € '\ 0 ' B KOHLE.

h e [ I o} \n \0

Cneundurauma $s B popmate printf npegnonaraer, YTO COOTBETCTBYIOWMIA e apryMeHT — CTPOKa CMMBOJIOB,
odOpMNEHHAn yKasaHHbIM Bbiwe obpasom. PyHKUMs copy B cBoel paboTe TakKe onmMpaeTcAa Ha TOT aKT, yTo
YMTaeMblii €l0 aprymeHT 3akaHumBaeTcA cumsosom '\O', KOTOpPbIA OHa KonupyeT HapAdy C OCTa/ibHbIMK
cumBonamu. (Bce ckasaHHoe npegnonaraet, yto '\ 0' He BCTpeyaeTca BHYTPU OBbIYHOrO TEKCTa.)

MonyTHO CTOWT 3aMeTUTb, YTO Npu paboTe AaxKe C TaKON MaNeHbKOW NPOrpammMolt Mbl CTa/IKMBAaEMCA C HEKOTOPbIMM
KOHCTPYKTUBHbIMWU TPYAHOCTAMWU. Hanpumep, 4To AO/KHA AenaTb main, ecnm BCTPETUTCA CTPOKA, NMpeBblwaroLuas
AONYyCTUMBbIN pasmep? PyHKUuMA getline paboTaeT HaAeKHO: eCIM MacCuB MOJIOH, OHa NPEeKpaLLaeT NepecbKy,
OaKe ecnn CUMBO/MA HOBOW CTPOKM He oBHapy:kuna. MNoayuyms oT getline AAMHY CTPOKM M YBUAEB, YTO OHa
coBnagaet ¢ MAXL INE, rnaBHaa nporpamma main morna 6bl "oTanoBUTL" 3TOT 0COBbLIN CayYait M CNPaBUTBLCS C HUM.
B MHTepecax KpaTKOCTM OMMCaHME 3TOrO C/Iy4an Mbl 34eCb OMYCKaeM.

Monb3oBaTenn getline He MOTYT 3apaHee y3HaTb, CKOJIb AJIMHHBIMM ByAyT BBOAMMbIE CTPOKK, NO3TOMY getline
AenaeT NPoBepKM Ha nepenosiHeHue. A BOT Nosib3oBaTenam QyHKLMU copy pasmepbl KOMMPYEMbIX CTPOK U3BECTHb!
(MK OHKM MOTYT MX Y3HATb), MO3TOMY AOMNOAHUTE/NbHbIN KOHTPO/Ib 34ECh HE HYKEH.

YnpaxHeHue 1.16. Mepenuwmnte main npegblayLliein Nporpammbl TaK, YToObl OHa MOr/1a NeyYaTaTb Camyto AJIMHHYIO
CTPOKy 6e3 Kakux-1Mbo orpaHMYEHNN Ha ee pasmep.



YnpaxHeHue 1.17. Hanvwunte nporpammy neyatu BCeX BBOAMMbIX CTPOK, coaeprKalmx 6onee 80 cMmBO/IOB.

YnpaxHeHue 1.18. Hanuwute nporpammy, Kotopas byaeTt B Kaxgolh BBOAUMON CTPOKe 3aMeHATb CTOALLME NOAPAL,
CMMBOJIbI NpobenoB 1 Tabynaumii Ha oanH Npoben 1 yaanATb NYCcTble CTPOKMU.

YnpaxHeHue 1.19. Hannwute PyHKUMIO reverse (s), pasMeLlaloLLyto CUMBO/IbI B CTPOKE s B 06paTHOM nopAgKe.
MprmeHUTe ee NPU HaNMCaHUW NPOrPaMMbI, KOTOPAA KaXKAYt0 BBOAMMYHO CTPOKY pacnonaraeT B 06paTHOM nopsaake.

1.10. BHelIHUe NepeMeHHbIe U 00J1aCTh BUAMMOCTHU

MNepemeHHble 1ine, longest M Npoyne NpuHagnexaT To/bKo GYHKLMU main, UK, Kak FOBOPSAT, IOKaNbHbI B HEN.
MOCKONbKY OHU 06BABAEHbI BHYTPU main, HUKaKue gpyrve GyHKUMM NPAMO K HUM obpalwatbca He moryT. To ke
BEPHO U MPUMEHUTENBHO K MepeMeHHbIM Apyrux ¢yHKUMn. Hanpumep, i B getline He MMeeT HUKaKoro
OTHOLWEHMA K 1 B copy. Kaxpan nokanbHaa nepemeHHan GyHKUMM BO3HUKAET TONIbKO B MOMEHT 06paLLeHNs K 3ToM
d)yHKLI,VIVI M ncyesaeT nocne BbiXxoga 13 Hee. Bort noyemy Takme nepemeHHble, cneaya TepMnNnHONIoOrMnM Apyrux A3biKoBs,
Ha3blBaloT aBTOMaTUyeckumn. (B rnase 4 obcy)Kpaaerca Kaacc namATM static, KOTOPbIA MNO3BOMAET /IOKA/bHbIM
NnepeMeHHbIM COXPaHATb CBOM 3HAYEHMA B MPOMEXKYTKAX MeK Iy Bbi30BaMMu.)

TaK KaK aBTOMaTUYeCKME NepeMeHHble 06pasyoTca U McuesaloT 04HOBPEMEHHO C BXOA0M B GYHKLMIO U BbIXOAOM U3
Hee, OHM He COXPAHAIOT CBOMX 3HAYEHMIH OT BbI30OBA K BbI3OBY M AOJIXKHbI YCTAHABIMBATLCA 3aHOBO NPW KaXAom
HOBOM 0b6palleHumn K dyHKumnK. Ecnm aToro He genatb, OHM ByayT coaepkatb "mycop".

B KauecTBe a/fbTepHaTMBbI aBTOMATUYECKUM NepemMeHHbIM MOXXHO ONpeaennTb BHELHUE NepemMeHHble, K KOTOPbIM
pa3speluaeTcs 06pallaThca NoO UX MMeHam U3 ntbon GyHKUMK. (OTOT mexaHM3M aHanornyeH obnactm COMMON B
dopTpaHe 1 onpeaeneHnaM nepemeHHbIXx B camom BHellHemM 6/10Ke B MNackane.) Tak Kak BHellHMe nepemMeHHble
[OCTYNHbI MOBCEMECTHO, UX MOXHO MCNO/b30BaTb BMECTO apryMeHTOB ANA CBA3U MeXAay GYHKUMAMM NO AaHHbIM.
Kpome TOro, NocKo/ibKy BHELHWE NepemMeHHble CyLLeCcTBYIOT NOCTOAHHO, a He BO3HMKAIOT M MCYE3aloT Ha nepuog,
BbINOJIHEHUA d)yHKLI'MVI, CBOU 3Ha4Ye€HMA OHU COXPaHAIOT 1 NOoCne BO3BpaTa U3 d)yHKLI,VIl‘/JI, MX yCTaHOBUBLUUX.

BHelWHAs nepemeHHasn 40MKHa OblTb onpedeseHd, NPUYEM TOIbKO OAMH pas, BHE TeKCTa Ntobol GyHKLMMU; B 3TOM
cnyyvae et byaeT BblgeneHa namatb. OHa AonXKHa OblTb 06bsAsseHa BO Bcex (YHKUMAX, KOTOpble XOTAT €eto
nonb3oBaTbcA. O6bABAEHME COAEPHKMUT CBEAEHUA O TUNe nepemeHHon. O6bABAEHME MOXKET ObiTb ABHbIM, B BUAE
WMHCTPYKLUMN extern, WAM HEeABHbIM, KOrga Hy)XHad WHPopMauma NoJy4yaeTca W3  KOHTeKcTa. YTobbl
KOHKPETM3MPOBaATb CKa3aHHOe, Nepenuwiem Nporpammy neyaTm camom AJMHHOM CTPOKMU C MCMONAb30BaHMEM 1ine,
longest M max B KAYecTBe BHELWHMX NepemMeHHbIX. ITO NoTpebyeT M3MEHEHWUN B BbI30BAX, 0OBABIEHMAX U Tenax
BCcex Tpex GYHKUUNA.

#include <stdio.h>
#define MAXLINE 1000 /* MakCuUMaJIbHEI pPasMep BBOOMMONM CTPOKuM */

int max; /* OamMHa MaAaKCUMAJIbHOM U3 MNPOCMOTPEHHBIX CTPOK */
char line[MAXLINE]; /* mexkymad cTpoka */
char longest[MAXLINE]; /* camMas IOjauMHHas CcTpoka */

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

/* meuarb CaMOM IOJMHHOM CTPOKM; Cleluaju3uMpoBaHHaa Bepcusa */
main ()
{

int len;

extern int max;

extern char longest][];



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

}
if (max > 0) /* Geurla xoTa OB OIHA CTpOkKa */
printf ("%$s", longest);

return 0;

/* getline: cneumanusmpoBaHHas Bepcus */
int getline (void)
{

int ¢, 1i;

extern char linel];

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

if(c == "\n') {
line[i]= c;
++1;

}

line[i] = '\O0';

return i;

/* copy: chneumanmsmMpoBaHHas Bepcusa */
void copy (void)
{

int 1i;

extern char line[], longest|[];

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

BHelWwHWe nepemeHHble Ans main, getline M copy ONPeAensaloTcs B Hayaje Halwero npumepa, rge Um
npucBamMBaeTcA TUN M BblaensetcA namaTtb. OnpefeneHus BHEWHWX NepPemMeHHbIX CUHTAKCMYECKM HUYemM He
OT/IMYAIOTCA OT ONpPeAeNeHUA /IOKaNbHbIX MepPeMeHHbIX, HO MOCKO/IbKY OHW PacronoMKeHbl BHE ¢YHKUWMA, 3TU
nepemeHHble CYUTAIOTCA BHEWHUMMU. YToBbl YHKLUMA MOrna nosib30BaTbCA BHELHEW MepemMeHHOM, el HYKHO
npexae BCcero coobLmnTb MMA COOTBETCTBYHOLLEN NepeMeHHOW. ITO MOXKHO caenaTb, Hanpumep, 3a4as o6bABeHNe
extern, KOTOpoe No BUAY OTAMYAETCA OT 06bABAEHMUA BHELIHEN NepeMeHHOM TOAbKO TeM, YTO OHO HauyMHaeTca C

K/IF04eBOro cnoBa extern.

B HeKoTOpbIX CAy4asx 06baABAEeHME extern MOMHO OnycTuTb. ECAM onpegeneHne BHeWHeW nepemMmeHHoOW B
NUCXOOAHOM alifie pacrnonoXKeHo Bbiwe ¢GYHKUMKU, TAe OHa WCNosb3yeTcd, TO B 0ObABAEHMM extern HeT
HeobxoammocTn. TakMm obpasom, B main, getline M copy ob6bsABAEHMA extern M3ObITOYHbl. OO6bIMHO
onpeaeneHns BHELWHMX NepemMeHHbIX PacronaraloT B Hayane ncxogHoro ¢aina, U Bce obbABneHNa extern ans
HWX OMYCKaloT.



Ecnn e nporpamma pacnosioxkeHa B HECKOIbKMX UCXOAHbIX daiinax U BHELHAA NepeMeHHan onpeaeneHa B galine
1, a ncnonb3yetca B ¢aline 2 n ¢paline 3, T0 06vABNEHUA extern B ¢alsne 2 n ¢aline 3 06A3aTeNbHbI, MOCKOABKY
HeobxoaAMMO yKasaTb, YTO BO Bcex Tpex dpannax GyHKUMM 0bpallatoTca K OAHOM U TOM XKe BHellHel nepemeHHon. Ha
NpakTMKe 06bl4HO YAOO6HO cobpaTb BCe OOBABNEHMA BHELIHUX NEPeMEeHHbIX U PYHKUMA B OTAENbHbIA daiin,
HasblBaeMbll 3020710804HbIM (header-¢halinom), U nomewatb ero ¢ nomouwbio f#include B Hayano Kaxaoro
ncxogHoro daina. B umeHax header-daiinos no obuwen 4orosopeHHOCTN ncnonbsyetcs cydoduke . h. B aTnx daitnax,
B YacTHOCTM B <stdio.h>, onuCbIBAlOTCA TaKyKe ¢YyHKUMWM CTaHOapTHOM 6ubnmotekn. bonee nogpobHo o
3aronoBoYHbIX ¢ainax roBoputcs B rase 4, a NPUMEHUTENIbHO K CTaHAapTHOW 6ubanoTeke — B raBe 7 U

npunoxkeHum B.

TaK Kak cneumnanmsmMpoBaHHble BEPCUM getline U copy HE UMEIDT apryMeHTOB, Ha MEPBbIM B3rAAL KaXKeTca, YTo
NIOTMYHO MX NPOTOTMNbI 3a4aTb B BUAE getline () M copy (). Ho M3 coobparkeHMih COBMECTUMOCTMN CO CTapbIMU
Cu-nporpammamm CTaHAAPT PAacCMATPMBAET MNYCTOM CMMCOK KaK CUTHAA K TOMY, YTODbl BbIKAKOYUTb BCE NMPOBEPKU HA
COOTBETCTBME apryMeHTOB. [103TOMY, KOrAa HYyXHO COXPaHWTb KOHTPO/b U ABHO YyKa3aTb OTCYTCTBME apryMeHTOB,
cnefyeT Nonb30BaTbcA CNOBOM vO1d. Mbl BepHEMCSA K 3TON Npobaeme B rnase 4.

3amMeTUM, YTO NO OTHOLWIEHWMIO K BHELWHMM MepPeMeHHbIM B 3TOM Naparpade Mbl OYeHb aKKypaTHO MCMO/b3yem
noHATUA onpedeneHue n obvAsneHue. "OnpeaeneHune” pacnosiaraertca B mecTe, rae NepemeHHas co3gaerca U ei
OTBOANUTCA NamATb; "obbsaBaeHMe" nomelLaeTcs Tam, rae GUKCUpPYETCAa NpMpPoaa NepemMeHHON, HO HUKAKOM NamATK
OJ1A Hee He OTBOAUTCA.

CnepyeT OTMETUTL TEHAEHUMIO BCE MEPEMEHHbIe Ae/aTb BHEWHUMM. [leso B TOM, YTO, KaK MOXKET MOKa3aTbCA Ha
nepsbli B3rAA4, 3TO NPUBOAWUT K YMNPOLEHWUIO CBA3EM — BeAb CMAUCKM apryMeHTOB CTAHOBATCA KOpoye, a
nepemeHHble JOCTYMHbl BE34e, IAE OHU HYXKHbI; O4HAKO OHWM OKAa3bIBAOTCA AOCTYMHbIMM U TaM, T4e He Hy»KHbl. Tak
YTO Ype3MepPHbIM YNop Ha BHELWHWE NepemeHHble YpeBaT HOAbWMMKW ONACHOCTAMM — OH MPUBOAMT K CO343aHMUIO
Nporpamm, B KOTOPbIX CBA3M MO AAHHbIM HE O4YeBMAHbI, MOCKOAbKY NEPeMeHHble MOTFYT HEOXUAAHHbIM U [axKe
TAUHCTBEHHbIM CNOCOBOM M3MeHATbCA. Kpome Toro, Takaa nporpamma c Tpyaom noanaerca moauduKkaumam.
BTopas Bepcusa nporpammbl MOMCKA CaMOM AJIMHHOM CTPOKM Xy¥Ke, YemM nepsBas, OT4acTM Mo 3TUM NpUYMHaM, a
OTYaCTM M3-33 HapyweHuAa OOLWHOCTU ABYX MOJE3HbIX QYHKLMNA, BbI3BAHHOMO TEM, YTO B HMX BMMCaHbl MMEHA
KOHKPETHbIX NePEMEHHbIX, C KOTOPbIMWU OHU OMEPUPYIOT.

NTaK, Mbl paccMOTpPenu To, YTO MOXKHO 6bls10 6bl Ha3BaTb AgPOM Cu. ONMCaHHbIX "KMPNUYMKOB" AOCTATOYHO, YTOObI
C034aBaTb NOJEe3Hble NPOrpamMmbl 3HAYMTE/bHbIX Pa3MepoB, U BblIo Bbl YyaecHO, ecnu 6bl Bbl, NpepBaB YTEHUE,
NoCBATMUIM 3TOMY KaKoe-TO Bpems. B cneaylolmx ynpaxKHeHUsAX Mbl nNpeasaraem Bam co34aTb HECKO/IbKO 6onee
CNOXKHblE NPOrPamMmMbl, YEM PACCMOTPEHHbIE BblILLE.

YnpaxHeHue 1.20. Hanvwwute nporpammy detab, 3ameHsaAoLy0 cMMBO/IbI TaByNALMKM BO BBOAUMOM TEKCTE HYMKHbIM
yncnom npobenos (oo cneayrouero "crona" Tabynsumm). Npeanonaraetcs, yto "cTonbl" TabynaUUK paccTaB/ieHbl Ha
GUKCMPOBAHHOM PACCTOAHUM APYr OT ApYra, CKaxem, Yyepes n nosmumin. Kak nydiie 3agasatb N — B BUAE 3HaYEHUA
nepemeHHoM Unun B BUAE MMEHOBAHHOM KOHCTaHTbI?

YnpaxHenune 1.21. Hanuvwute nporpammy entab, 3ameHsIOWY0 CTPOKM U3 NpobenoB MUHUMANbHLIM YUC/IOM
Tabynaumin n npobenos TakMm obpasom, UTobbl BUA, HameyaTaHHOrO TeKCTa He U3MeHWcA. Mcnonb3yinte Te e
"ctonbl" Tabynaummn, yto 1 B detab. B cayyae, Korga ans Bbixoga Ha oyepenHoit "cton" roguTtca oguH npoben, yto
Nydwe — npoben unm Tabynaums?

YnpaxkHeHue 1.22. HanuwunTe nporpammy, nevaTatoLLyto CMMBO/Ibl BXOLHOIO MOTOKA TaK, YTOObl CTPOKM TEKCTa He
BbIXOAWN MpaBee N-i NO3ULMKU. ITO 3HAUUT, YTO KarKaas CTPOKA, A/IMHA KOTOPOI NpeBbIWAeT N, A0/1XKHA NeYaTaTbes
C MepeHoCcoM Ha cneaytolume cTpoku. Mecto nepeHoca cnegyeT "1ckaTb" nocne nocaesHero CMMBOAA, OTIMYHOTO OT
CUMBOA-PasaenunTens, PacnoNoXeHHOro fesee n-i nosnunn. NosaboTbTecb 0 ToM, YTOObI Balla Nporpamma Bena
cebna pasyMHO B C/lydae oYeHb OJ/IMHHbIX CTPOK, a TaKKe Korga 40 N-M No3nuMKM He BCTPEYaeTcs HU 04HOro CMMBOAA
npobena nnu Tabynaunu.



YnpaxHeHue 1.23. Hanvwute nporpammy, ybupatowyto Bce KOMMeHTapun 13 ntoboi Cu-nporpammel. He 3abyabTe

AOMKHBIM 06pasom 06paboTaTb CTPOKM CMMBOJIOB M CTPOKOBblE KOHCTaHTbl. KommeHTapuu B Cu He MoOryT 6biTb
BJIOXKEHbI APYr B Apyra.

YnpaxkHeHue 1.24. Hanuwwnte nporpammy, nposepatowyo CU-Nnporpammbl Ha 31eMeHTapHble CUMHTAKCUYecKue
OWNBKM Bpoae HecbanaHCMPOBAHHOCTU CKOBOK Bcex BMAOB. He 3abyapTe O KaBbluKax (OAMHOUYHbIX U ABOMHbIX),

acKein-nocneposatenbHocTax (\ .. .) U KOMMeHTapuax. (3To CNoXHaA Nporpamma, ecam nucatb ee AnsA obliero
cnyyas.)



2. Tunbl, onepaTopsl M BeIpaKeHUs

MepemeHHble U KOHCTaHTbl ABAAIOTCA OCHOBHbIMWM OOBEKTaMWM AAaHHbIX, C KOTOPbIMM MMEET Aes0 Mporpamma.
MepemeHHble NepeuyncnsatoTca B 06bABAEHUSAX, I4e YCTaHABAMBAOTCA MX TUMbl U, BO3MOKHO, HayaibHble 3HAYEeHus.
Onepaumn onpesenatoT AeNCcTBUA, KOTOPble COBEPLUAIOTCA C 3TUMM MepemMeHHbIMWU. BbiparkeHua KOMOWHUPYIOT
nepemMeHHble U KOHCTAHTbl A1A NOJYYEeHUs HOBbIX 3HayYeHui, Tun ob6bekTa onpeaensier MHOXKECTBO 3HAYEHUM,
KOTOpble 3TOT O6BEKT MOXKET MPUHMMATb, U OMnepauui, KoTopble HaZ HUMW MOTYT BbINOAHATHCA. HasBaHHble
"Knupnuunkun" n byayT npeametom obcyKaeHUA B 3TOM rnase.

CtraHgaptom ANSI 6bin0 yTBEPXKAEHO 3HAYUTENbHOE YUC/IO HEBONbLINX M3MEHEHUN U 006aBNEHUIA K OCHOBHbIM
TMNaM U Bbipa)keHuaAM. JTloboi uenouYncneHHolh TMN Tenepb MOXeT ObiTb CO 3HaKom, signed, n 6e3 3HaKa,
unsigned. MpeaycmoTpeH cnocob 3anmcy 6e33HaKOBbIX KOHCTAHT M WeCTHAALATEPUYHBIX CUMBO/IbHbBIX KOHCTAHT.
Onepaumn ¢ nnaBatoLLet TOYKON AOMNYCKAOTCA TeMepb U C OA4MHAPHOM TOYHOCTbO. BBeaeH Tun long double,
obecneunBatolMii NOBbILEHHYO TOYHOCTb. CTPOKOBblE KOHCTaHTbl KOHKaTeHupytoTca ("ckneusatotca") Tenepb BO
BpemMsa KOMNUAALMK. YacTbio A3blKa CTanau nepeuncienuns (enum), dopmanunsyowme s TMna yCTaHOBKY AManasoHa
3HauyeHuit. OB6BEKTbI ANA 3aWNUTbl UX OT KAaKUX-TMBO M3MEHEHWI paspelleHo nomedaTb Kak const. B cBa3su ¢
BBEAEHMEM HOBbIX TUMOB PAcCLUIMpPEHbl NPABMAA aBTOMATMYECKOro npeobpasoBaHMA M3 O4HOMO apudpmeTUYecKoro
TMMa B APYron.

2.1. UMmeHa nepeMeHHBbIX
XoTA Mbl HUYEro He roeopunnau 06 3Tom B rnase 1, HO CyuwLeCTByHOT HEKOTOpPbIE OrpaHNYEHNA Ha 3a4aHUNE UMEH
nepemeHHbIX 1 UMEeHOBAHHbIX KOHCTAHT. MmeHa cocTtaBnsawoTca m3 6yKB n LI,Md)p; nepsbim CMMBOJIOM AOO0/1KHA 6bITb

bykBa. CMMBOJI NoAYEepPKUBaAHUSA cumtaetca OyKBOW; ero MHoraa yaobHO MCno/ib30BaTb, YTOObI YAy4YlIUTb

mn
BOCMPUATME AJIMHHbIX UMEH NepeMeHHbIX. He HaunHaWTe MMeHa nepemeHHbIX C NoAYEPKMBAHUA, TaK KaK MHOrve
nepemeHHble 6MBAMOTEUYHBbIX MPOrpamMmM HaUYMHAKOTCA MMEHHO C 3TOro 3HaKa. bonbwwue (MponucHbie) U manble
(cTpouHble) ByKBbI Pa3NMyYalOTCA, Tak YTO X U X — 3TO ABa pasHbiX UMeHU. OBbIYHO B Nporpammax Ha Cu MasbiMu

6ykBamu HabupatoT nepemeHHble, a 60bLINMU — MMEHOBAHHbIE KOHCTAHTbI.

[INA BHYTPEHHWUX UMEH 3HAUMMbIMK ABAAIOTCA nepsble 31 cumson”. [1A UMeH GYHKLMIA U BHELWHWUX NepeMeHHbIX
YMCNO 3HAYMMBbIX CMMBOJIOB MOMKET ObiTb MeHblue 31, Tak Kak 3TM MmeHa obpabaTtbiBatoTca accembnepamun u
3arpy3ymMKamm U A3bIKOM HE KOHTPOIMPYHOTCA. YHUKANbHOCTb BHELWHUX MMEH rapaHTUMPYeTCs TOMbKO B npesenax 6
CMMBO/JIOB, HabpaHHbIX Ge3pas3nnyHO B Kakom peructpe. Knwouesble cnosa if, else, int, float m T. A.
3apes3epBMPOBaHbl, U UX HENb3A MCMOAb30BATb B KAYECTBE MMEH MepeMeHHbIX. Bce OHM HabupatloTca Ha HUMKHEM
perucTpe (T. e. manbimm bykBamu).

PasymHO pgaBaTb nepemeHHbIM OCMbICNEHHbIE MMEHA B COOTBETCTBMM C UX Ha3HaYeHnem, npuyem Takue, yTobbI UX
6b110 TPYyA4HO CnyTaTb APyr C pyrom. Mbl npegnovynTaem KOpPoTKME MMEHA ONA NNOKa/IbHbIX NEPEMEHHDbIX, 0C06€eHHOo
AanAa cCHETYNKOB UNKNOB, U bonee ANNHHbIE ANA BHEWHUNX NEPEMEHHDbIX.

2.2. Tunsl 1 pa3Mepsl JAHHbIX
B Cwu cyulecTByeT BCEro mb HECKOJ/IbKO 6a30BbIX TUMOB:

char — eAMHUYHbIA 6alT, KOTOPbIA MOMET coAepKaTb OAMH CMMBOSI M3 AO0MNYCTMUMOTO CUMBOJ/IBHOIO
Habopa;

int — uenoe, 06bIYHO OTObpaXKaloLEee ecTeCTBEHHOE NPEeACTaBAEHME Lie/bIX B MaLLUHE;

float — YMCNI0 C NN1ABAOLLEN TOYKOM O4MHAPHOM TOYHOCTH;

double — YMCNI0 C NN1ABAOLLEN TOYKOM ABONHOM TOYHOCTM.

4
370, KaK U Apyrve orpaHMYeHnn Ha ANNHY UMEH, ABNSETCA MUHUMAIbHBbIMK TpeboBaHMAMM CTaHAapPTa. KOMNMAATOpPbl MOryT
noanepKnBaTb U UMeHa bosbluelt AnnHbl. — lMpumey. Kopp.



MmeeTcA TaKKe HEeCKOJIbKOo KBa}'IVId)VIKaTOpOB, KOTOpbleé MOXXHO MUCNOJ1b30BaTb BMeCTe C YKa3aHHbIMU 6a30BbIMM

TMnamu. Hanpumep, KBanndumkatopbl short (KOPOTKUIM) U 1ong (AAUHHBIN) NPUMEHSIOTCA K LeNbIM:

short int sh;
long int counter;

B Taknx 06bsIBNEHMAX CIOBO 1Nt MOMXKHO OonycKaTb, 4YTO 06bIYHO U Aenaetca.

Ecnun TONbKO He BO3HUKAET NPOTUBOPEUNI CO 34paBbiM CMbICIOM, short int u long int AOMKHbLI 6bITb Pa3HOW
OMHbI, @ int COOTBETCTBOBATb €CTECTBEHHOMY pasmMepy UefblX Ha AaHHOM malwuHe. Yawe Bcero ans
npeacTaBieHus Lesioro, ONMcaHHoro ¢ KBaandukaTtopom short, otBogutca 16 6uTos, ¢ KBanndpukatopom long —
32 6uTa, a 3HaYeHUw TMNa int — wuam 16, nam 32 6uta. PaspaboTumkn KOMNUAATOpa BrpaBe camu BblbUpaTb
noaxoasiwmne pasmepbl, coobpasyscb € XapaKTEPUCTMKAMM CBOEro KOomMbioTepa M cobnwgas cneayroume
OrpaHUYeHuA: 3HaYeHus TMNoB short M int NpeacTaBAsAlOTCA NO KpalHen mepe 16 6Gutamu; TMNa long — no
KpaliHen mepe 32 butamu; pasmep short He Gonblwe pasmepa int, KOTOPbIA B CBOKHO o4vyepedpb He bonblie
pa3mepa long.

KBannoukaTtopbl signed (co 3Hakom) unm unsigned (6e€3 3HaAKa) MOXKHO NPUMEHATb K TUMNY char u Abomy
Le/IoYncNeHHOMY TUMy. 3HadyeHusa unsigned BCerda NoJIoXKUTEbHbl UM PaBHbl HY/O U NOAYMHAIOTCA 3aKOHAM
apudmeTMkn no moaynto 2", rae n — KOAMYecTBo 6MTOB B MpeAcTaBfeHuMM Tuna. Tak, ecau 3HayYeHuto char
otBoANTCA 8 BKUTOB, TO Unsigned char MmeeTt 3HayeHMA B gnanasoHe ot 0 o 255, a signed char — o7 -128
00 127 (B MalLMHe C ABOMYHbBIM AOMNOAHUTENbHBIM KOAOM). ABAAIOTCA /M 3HAUYEHMUA TMNa NPOCTo char 3HAKOBbIMM
nnn 6e33HaKOBbIMW, 3aBUCUT OT Peannsaumn, Ho B Ntl06oOM ciyyae Koabl neyaTaeMbiX CUMBO/IOB MOOKUTENbHbI.

Tun long double npeaHasHayeH ANA apMOMETMKM C NNaBaloLWel TOUYKOM NOBbILEHHOM TOYHOCTU. KaK 1 B ciydyae
uesblx, pasmepbl 06BEKTOB C MaBaloWen TOYKOW 3aBUCAT OT peanusauuun; float, double n long double
MOTYT NPeACTaBAATLCA OAHUM Pa3MepPOM, 3 MOTYT ABYMA WU TPEMA PasHbIMU pasmepamu.

MmeHOBaHHble KOHCTaHTbl A/1A BCEX Pa3mMepoB BMECTe C APYrMMM XapaKTepUCTUKaMM MalUWHbl MU KOMNUAATopa
COep¥KaTca B CTaHAAPTHbIX 3aroIOBOYHbIX painax <limits.h>un <float.h> (cm. npunoxkeHue B).

YnpaxHeHue 2.1. Hanvwute nporpammy, KoTopaa 6yaeT BblgaBaTb AMana3oHbl 3HaYeHU TMnosB char, short,
int WM long, ONMCaHHbIX Kak signed M Kak unsigned, ¢ NOMOLWbIO NeYaT COOTBETCTBYIOLWMX 3HAYEHUN W3
CTaHAAPTHbIX 3aroN0BOYHbIX GaliIoB U NyTeM NPAMOro BbluMcaeHUAa. OnpeaenvTte AManasoHbl YMCen C NaasatoLen
TOYKOIM Pas3INYHbIX TUMOB. BbIYNCANTDL 3TV ANANA30HbI C/I0XKHEE.

2.3. KOoHCTAaHTBI

Llenas KoHcTaHTa, Hanpumep 1234, umeet Tmn int. KoHcTaHTa TMNA 1ong 3aBepluaeTcs 6ykBol 1 nam L, Hanpumep
123456789L; caMwKkom 6onbluoe Lenoe, KOTOPOe HEBO3MOXKHO NPeACTaBUThL Kak int, byaeT npeacTtaBneHo Kak
long. be3s3HaKoBble KOHCTAHTbI 3aKaHUYMBAOTCA BYKBOM U MM U, @ OKOHYaHWe ul nam UL roBopuT O TOM, YTO TvN

KOHCTaHTbl unsigned long.

KOHCTaHTbI C NNaBatoWen TOUKOM UMEIOT AEeCATUYHYIO TOUKY (123 . 4), MAK 3KCMOHEHUMAbHYIO YacTb (1e-2), uan
*Ke U To n gpyroe. Ecan y HUX HET OKOHYAHUA, CYUTALTCA, YTO OHU NpUHaAANEXaT K Tuny double. OKoHYaHune £ unu
F'ykasbiBaeT Hatmn float,a l mam L — HaTmn long double.

Llenoe 3HayeHMe NMOMMMO AECATUYHOIO MOMKET MMETb BOCbMEPUYHOE WM LLeCcTHaguaTepuyHoe npeacTaBieHue.
ECiM KOHCTaHTa HauMHaeTca C HyAs, TO OHA MpeAcTaB/eHa B BOCbMEPUYHOM BUAe, ecim ¢ Ox uam ¢ 0X, To — B
wecTHaguatTepmyHom. Hanpumep, pecatnuyHoe uenoe 31 MOMKHO 3anucaTb Kak 037 wmam Kak OX1F. 3anucu
BOCbMEPUYHOM M LeCcTHaAUaTepPUUYHON KOHCTAHT MOryT 3aBepluaTbca BykBol L (40 yKasaHuAa Ha Tun long) u U
(ecnn Hy»KHO noKasaTb, YTO KOHCTaHTa 6e33HakoBas). Hanpumep, KoHcTaHTa OXFUL MMeeT 3HadyeHne 15 u tin

unsigned long.



CumB0a1bHASA KOHCMAHMA €ecTb LieNoe, 3anMcaHHoe B BUAE CMMBOJIA, 0OPaMNEHHOr0 OAMHOYHLIMU KaBblYKaMMU,
Hanpumep 'x'. 3Ha4YeHMEM CMMBOJIbHOM KOHCTaHTbl ABAAETCA YMCNOBOM KOg CMMBONA M3 Habopa CMMBO/IOB Ha
OaHHOM mawwuHe. Hanpumep, cMmBOsbHAA KoHcTaHTa '0O' B KogupoBke ASCIl umeeT 3HayeHune 48, KoTopoe
HMKAKOro OTHOLWEHMA K 4nucnoBomy 3HadeHuto O He mmeet. Korga mbl nmwem '0' , @ He Kakoe-TO 3HayeHue
(Hanpumep, 48), 3aBucALLee OT cnocoba KOAMPOBKMU, Mbl AeNaem NPOrpammy HE3aBUCMMOM OT YaCTHOrO 3HAYeHUA
KO4a, K TOMY e OHa W nerye ymtaetcA. CMMBOJIbHbIE KOHCTaHTbl MOTYT y4aCTBOBATb B OMepaLuax Hag YyMcnamu
TOYHO TaK e, Kak 1 ftobble gpyrme Lesble, XOTA Yalle OHU MCNOb3YIOTCA A1A CPAaBHEHMA C APYTMMU CUMBOaMMU.

HekoTopble CUMBO/JIbI B CMMBOJIbHBIX W CTPOKOBbIX KOHCTaHTaxX 3anucbiBalOTCA C MOMOLLbIO  3CKenn-
nocnenoBatesibHOCTEN, Hanpumep \n (CMMBON HOBOM CTPOKM); TakMe nocnenoBaTesibHOCTM M306parkatoTca AByms
CMMBOJ1IAaMM, HO 0603HaYatoT 0ANH. Kpome Toro, Npomn3Bo/ibHbI BOCbMEPUYHbBIV KOZ MOXHO 3a4aTb B BUAE

"\Nooo'
rae ooo — ogHa, ABe Unn Tpu BocbMmepuyHblie undpsl (0...7) nam
'"\xhh'

rae hh — opHa, aBe unu 6onee wecTHaguaTepudHble umdpsl (0...9, a..f, A..F). Takum obpasom, mbl morin 6Gbl
HanucaTb

#define VTAB '\013' /* BeprukasbHaa Tabynaumsa B ASCII */
#define BELL '\007' /* 3BoHOK B ASCII */

nnun B WecCctHaguatepnyHoOmM smae:

#define VTAB '\xb' /* BeprumkanbHas Tabysnsumsa B ASCII */
#define BELL '\x7' /* 3BoHOK B ASCII */

MonHbIN Habop ackenn-nocnenoBaTebHOCTEN TaKOB:

\a CUrHaN-3BOHOK AR\ obpaTHan HaKIOHHaA YepTa

\b BO3BpaT-Ha-war (3aboi) \7? 3HaK Bonpoca

\f nepeBoA-CTPaHULLbl \’ OAMHOYHAA KaBbluKa

\n HOBanA-CTPOKa \” [\BOMHasA KaBblyKa

\r BO3BpaT-KapeTKu \ooo BOCbMEPUYHbIN KOZ,

\t ropusoHTanbHaA-TabynALmMA \xhh LWeCTHaAUATEPUYHbIN KOz,

\v BEPTUKaNbHaA-Tabynaumsa

CumBoONbHaA KoHcTaHTa '\ 0' — 3TO CMMBO/ C Hy/JIEBbIM 3HAY€HWEM, TaK Ha3blBaeMblii cumBon null. Bmecto

npocto 0 yacTto ucnonbsytoT 3anuch '\ 0 ', 4Tobbl NOAYEPKHYTb CUMBOJIbHYIO NMPUPOAY BbIPAXKEHWUSA, XOTA U B TOM U
APYrom ciyyae 3anmMcb 0603HauYaeT Hyb.

KoHcmaHmHble ebipaxeHuUA — 3TO BblpaXKeHWA, onepupylowmne TONbKO C KOHCTaHTamMW. TaKue BblparkeHuA
BbIHNCNIAKOTCA BO BpeEMA KOMNMUNALKUNU, @ HE BO BpPpeMA BbINMOJIHEHUA, N NO3TOMY UX MOXHO MCNO/1Ib30BaTb B nobom
mMecTe, rae AonyCTUMbl KOHCTAHTbI, KakK, Hanpumep, B

#define MAXLINE 1000
char line[MAXLINE+1];

nnn B



#define LEAP 1 /* in leap years - B BUCOKOCHEIE TOIB */
int days[31+28+LEAP+31+30+31+30+31+31+30+31+30+31];

CmpoKosas KOHCMaHmMa, UAn CMpPoKoebill Aumepas, — 3TO HYAb UAK 6osiee CUMBO/IOB, 3aK/1OYEHHbIX B ABOMHbIE
KaBbl4YKU, KaK, Hanpumep,

"A crpokomasa kKoHcTaHTa"

nnn

mn

/* nycraa cTpoka */

KaBbl4KM He BXOZAT B CTPOKY, @ C/YXKAT TO/IbKO €€ OrpaHuYmMTeNnaMmn. TaK »Ke, KaK U B CUMBOJIbHble KOHCTaHTbI, B
CTPOKM MOMKHO BKAOYATb 3CKeWN-nocnenoBaTenbHocTh; \ ", Hanpumep, npeactaBnfeT coboi ABOMHYIO KaBblYKY.
CTpOKOBbIE KOHCTaHTbl MOYHO KOHKaTeHMPOBATb (''cKNemBaTtb") BO BpemMs KOMMUAALUKM; Hanpumep, 3anucb AgyX
CTPOK

\AJ

"SnopaBcTBYM, " mup "

9KBMBAJIEHTHA 3aNMCU OAHOW Cneaytowen CTPOKM:
"3opaecTBYM, MMpP!"

YKa3aHHOe CBOMCTBO MO3BOJAET pa36MBaTb ANMMHHbIE CTPOKM Ha 4aCTU U pacnosiaratb 3T 4aCTU Ha OTAE/IbHbIX
CTPOYKax.

PaKTUYECKN CTPOKOBAA KOHCTAHTa — 3TO MacCMB CMMBOJIOB. Bo BHyTpeHHem npeacTaBieHUM CTPOKM B KOHLE
0653aTeNIbHO NPUCYTCTBYET HyNeBoM cumBoa '\ 0 ', NO3TOMY NamATU A1A CTPOKMU TpebyeTca Ha oaAnH H6aliT Bonblue,
YeM YMCI0 CMMBOJIOB, PACMOIOKEHHbBIX MeXAY ABOWHBIMW KaBblYKaMu. ITO O3HAYaeT, YTo Ha AJIMHY 3aJaBaeMoi
CTPOKM HET OrpaHuMyeHusa, HO 4TOOblI onpeaenuTb ee ANMHY, TpPebyeTca NPOCMOTPEeTb BCH CTPOKY. PyHKuwmA
strlen (s) BblMUCASAET AJMHY CTPOKM s 6e3 yyeTa 3aBepluatowero ee cumeona '\ 0'. HuKe npuBoamTCca Hawa
BepcuaA 3Toin GyHKUUK:

/* strlen: BoO3BpallaeT IOJMHY CTPOKU S */
int strlen(char s[])

{

int 1i;

i=0;

while (s[i] != "\0")
++1;

return 1i;

®PyHKUMA strlen U HEKOTOpble Apyrne, NPUMEHAEMble K CTPOKaM, ONMCaHbl B CTaHAAPTHOM 3aro/loBoYHOM daine
<string.h>.

ByabTe BHMMATENbHbI U NOMHUTE, YTO CUMBOJ/IbHAA KOHCTaHTA U CTPOKA, coAeprKallan OAMH CUMBOA, HE OOHO U TO
e: 'x' He TO Ke camoe, 4To "x". 3anucb 'x' ob60O3HaYaeT uUenoe 3HayeHue, paBHOe Koay OyKBbl X W3
CTaHAAPTHOrO CMMBOJ/IBHOTO Habopa, a 3anucb "x" - MacCMB CUMBOJIOB, KOTOPbIM COAEPHKUT OAUH CUMBON (BYKBY X)
n'\0".

B Cn vmeeTca ewe oAuH BUA, KOHCTaHTbl — KOHCMAHMa nepe4vyucrsieHuA. I'IepeqvlcneHme — 3TO CMUCOK Uuenbix
KOHCTaHT, KaK, Hanpumep, B

enum boolean { NO, YES };



MepBoe MMA B enum’ UMeeT 3HaueHue 0, creayouee — 1, U T. 4. (€CAM ANA 3HAUEHUIT KOHCTAHT He BbI0 ABHbIX
cneunduraumin). Ecam He Bce 3HayYeHUA cneunduUMpPOBaHbl, TO OHWU MPOAOC/MKAIOT MPOrpeccuto, HavyuMHas oT
nocnegHero cneuMdULMPOBAHHOIO 3HAYEHMA, KaK B CAeyoLWmX ABYX Npumepax:

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 ecTts 2, MAR ecTb 3 mu T.m. */

NUmeHa B Pa3NYHbIX NnepevyncneHnax Ao/1IXKHblI OTIMYATLCA APYr OT Apyra. 3Ha4yeHuA BHYTPWU OOHOIo nepe4vyuncneHuma
MOTYT CcOBMNaaaTb.

CpeactBo enum obecneynBaeT yaobOHbIM cnocob NPUCBOUTL KOHCTaHTAM MMEHa, NpuYem B oT/inume oT #define
3HaYeHMA KOHCTaHT Mpu 3TOm crnocobe MOryT reHepmpoBaTbCA aBTOMaTUYECKU. XOTA paspellaetca o6bABNATb
nepemeHHble TMNa enum, OAHAaKO KOMMNUAATOP He 0683aH KOHTPOAMPOBATb, BXOAAT AN NpUCBaMBaemble 3TUM
nepemeHHbIM 3HayeHuMA B MX TUN. HO cama BO3MOMKHOCTb TaKOi MPOBEPKM 4acTo AenaeT enum aydlle, Yem
#define. Kpome TOro, otnaguymMk nosyyaeT BO3MOMKHOCTb MeyaTaTb 3HAYeHUs MNEepPeMeHHbIX TuMma enum B
CUMBO/IbHOM BUAE.

2.4. 00'bABJIEHUA

Bce nepemeHHble A0J/1XKHbI 6bITb 06bABNEHDI paHbLle, 4em 6yp,yT MCcnonb3oBaTbCA, NMpPpU 3TOM HEKOTOpPbIE
obbasneHuA mMoryT bbITb noay4yeHbl HEABHO — U3 KOHTEKCTA. O6bAasneHune CI'IELI,MCI)MLI,MpYET T™™MN U COAEPKUT CNUCOK
n3 O,CI,HOI\;I NN HECKOJIbKUX NEepPEMEHHDbIX 3TOro Tuna, Kak, Hanpmnmep, B8

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

MepemeHHble MOXHO pacnpenensiTe No 06bABNEHUAM MPOU3BOJbHLIM 06Pa30M, TaK UTO YKasaHHbIE Bbille CMMUCKM
MOXHO 3anuncatb 1 B CleAyoLWEemM BUAE:

int lower;

int upper;

int step;

char c;

char 1ine[10007;

MocneaHsaa popma 3anmcu 3aHMMaeT 6oblle MecTa, TeM He MeHee, OHa ayylle, MOCKONbKY N0o3BonseT 406aBnaThb K
KaXKaomy 06bABNEHNIO KOMMeHTapuii. Kpome Toro, oHa 6onee yaobHa ans nocneayrolmx MoaneuKkaLmi.

B cBoem 06bABAEHUU nepemeHHaAa MOXeT 6bITb MHNLUMNANN3MPOBAHA, KaK, Hanpumep:

char esc = "\\';

int 1 = 0;

int limit = MAXLINE+1;
float eps = 1.0e-5;

NHUUManM3auma HeaBTOMATUYECKOW NepeMeHHOM OCYLLLECTBAAETCA TO/IbKO OAMH pa3 — nepes Tem, Kak nporpamma
HaYHeT BbINOJHATLCA, MPM 3TOM HaAYyasbHOE 3HAa4YeHWe [O/MKHO ObiTb KOHCTAaHTHbIM BblparkeHnem. fABHO
WHULMANM3MPYEeMasa aBTOMATMUYECKasa MNepemMeHHas MosyvyaeT HavasbHOe 3HAYeHWe KaxKabli pa3 npu Bxoae B
OYHKUMIO MM ONI0K, ee HayvalbHbIM 3HAYeHMEeM MOXKeT ObiTb /loboe BblparkeHWe. BHewHWe M cTaTudeckue
nepemMeHHble MO YMOMAHUIO MOJYYalOT Hy/leBble 3HaYeHMA. ABTOMATUYECKME NepeMeHHble, IBHbIM 0bpasom He
WHULMANMU3MPOBAHHbIE, COAEepPKaT HeonpeaeneHHble 3HaveHus ("mycop").

5 o .
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K ntoboit nepemeHHOlM B 06BbABNEHMM MOMKET ObiTb MPUMEHEH KBaAUPUKATOp const AaA yKasaHUsA TOro, 4yto ee
3HauyeHue Janee He ByaeT U3MeHATLCA.

const double e = 2.71828182845905;
const char msg[] = "npenynpexneHHue:

",
’

MNPUMEHUTENBHO K MaccuMBy KBanndMKaTop const yKasbiBaeT Ha TO, YTO HW OAMH M3 €ro 3/IEMEHTOB He byaer
MEeHATbCA. YKasaHue const MOMKHO TaKXKe MPUMEHATb K apryMeHTy-maccuBy, 4Tobbl coobWmMTb, YTO GYHKUMA He
M3MEHAET 3TOT MacCuB:

int strlen(const char[] );

Peakuua Ha MOMbITKY M3MEHUTb NEPEMEHHYI0, MOMEYEHHYO KBaMUKATOPOM const, 3aBUCUT OT peanusauuu
KOMNUAATOPA.

2.5. ApudpmMeTHryecKue onepaTopbl

BuHapHbIMM (T. €. Cc ABYMA onepaHaamm) apudmMmeTUYecKMmmM onepaTopamn ABAAIOTCA +, —, *, /, a TaKXKe onepaTop
AeneHua no moaynio . [leneHne Uenbix CONPoBOXKAaeTca oTbpacbiBaHMEM APOOHOM YacTu, Kakon Bbl OHa HU Obina.
BbiparkeHne faeT OCTaToK OT AENEHMA X Ha v U, CNef0BaTe/bHO, HY/b, €C/IU X AE/IMTCA Ha v Haueno. Hanpumep, rog,
ABNIAETCA BUCOKOCHbIM, €CM OH Aenntca Ha 4, Ho He geautca Ha 100. Kpome Toro, rog ABNAETCA BUCOKOCHbIM, eCnu
OH penuntca Ha 400. ChepoBaTtenbHO,

if ((year $ 4 == 0 && year % 100 != 0) || year % 400 == 0)
printf ("$d BucokocHew Tom\n", year);

else
printf ("%d HeBmMcokocHBM TOom\n'", year);

Onepatop % K onepaHgam TmMnos float M double He NpUMeHAETCA. B KaKyto CTOPOHY (B CTOPOHY yYBEAUYEHUA UAU
yMeHbLUeHUA Yncna) bygeT yceueHa gpobHas yacTb NPM BbIMOJHEHWUM / U KakKMM ByAeT 3HaK pesyabTaTa onepauun

$ € OTpULLATENbHBIMU ONEePaHAaMM, 3aBUCUT OT MaLLMHbI.

BuHapHble onepaTopbl + U — MMEIOT OAMHAKOBbIN MPUOPUTET, KOTOPbLIA HUXKE NpUOpUTETa onepaTopoB *, / U %,
KOTOPbI B CBOIO OYepeab HUXKE MPUOPUTETA YHAPHbIX ONepaTopoB + M —. ApudmeTuyeckme onepaumy ogHOro
NPUOPUTETHOrO YPOBHA BbINOJIHAIOTCA C/1eBa HaNPago.

B KoHue 37Ol rnaebl (naparpad 2.12) npusogutca Tabauua 2.1, B KOTOPOW NpeACTaB/eHbl MPUOPUTETHI BCEX
onepaTopoB 1 04epPeaHOCTb UX BbINOJHEHMS.

2.6. OnepaTopbl OTHOLLIEHUS U JIOTUYECKHE ONlepaTopbl
OnepaTopaN\M OTHOLWLEHNA ABNAKOTCA

> >= < <=

Bce oHU umetoT O,D,MHaKOBbIVI NPUOpPUTET. Cpa3y 3a HUMU NAET NPUOPUTET ONEPATOPOB CPaBHEHUA HA PABEHCTBO!

OnepaTopbl OTHOLWEHUA UMetoT 6osiee HU3KUIA NPUOPUTET, YemM apudMeTUYECKNE, MOITOMY BbiparkeHue Bpoge i <
1im—1 6yAeT BbINOMHATLCA TaK e, KaK 1 < (1im—1), T. €. KaK Mbl U OXXNaaem.

bonee MHTepecHbl nornyeckue onepatopbl && U | | . BolpaxeHna, mexay KOTopbIMKU CTOAT onepaTopbl && Uan | |,
BbIYMCNAIOTCA CNeBa HanpaBo. BbluncneHue npekpalaerca, KakK TONbKO CTaHOBUTCA W3BECTHA WUCTUHHOCTb WU
JNIOXKHOCTb pe3ynbTaTa. MHorne Cu-nporpammbl ONUPAOTCA Ha 3TO CBOWMCTBO, KaK, Hampumep, LMKA U3 GyHKUUK
getline, KOTOPYO Mbl NpuBoanau B rnase 1:



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

Mpexae Yem YnTaTb oYepeaHo CUMBOJ, HYXKHO NMPOBEPUTL, eCTb N A/ HEr0 MecTO B MAcCuMBe S, MHaYe roBops,
CHavana HeobxoaMmo nposepuTb cobatogeHne ycnoema i < 1im-1. ECan 3TO ycnoBMe He BbIMOHAETCA, Mbl He
OOJ/IKHbI NPOAO/IKATL BblYMCIEHME, B YACTHOCTM YMTaTb CAeaylowmii cMmBoA. TaK ke 6bino 6bl HenpaBU/IbHLIM
CpaBHUBaATb ¢ U EOF Ao obpalleHunna K getchar; cnenoBaTenbHo, U BbI30B getchar, U NpUCcBanBaHUe A0MKHbI
BbIMO/IHATLCA Nepes, yKasaHHOW NpoBepKOW.

MpuoputeT onepatopa && Bblle, YeM TaKOBOW onepatopa | |, O4HAKO MX NMPUOPUTETbI HUMXKE, Yem MNpPUOopPUTET
onepaTopoB OTHOLLIEHWNA U PaBEHCTBA. M3 CKa3aHHOro ciedyeT, YTo BblpaXKeHue B1Maa

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

He Hy»XAaeTcA B AOMNO/IHUTENbHbIX CKOOKax. Ho, TaKk Kak NpuopuTeT | = Bbllle, YEM NPUOPUTET NPUCBAUBAHMUS, B
(c = getchar()) ! = "\n'

CKOBKU HeEOBX0AMMbI, YTOObI CHa4asa BbIMOJIHUTL NPUCBaMBaHWUE, a 3aTeM CpaBHeHne Cc '\n ' .

Mo onpegeneHnto YMCNEHHbIM Pe3yabTaTOM BblMMCNEHMA BblIPaXKEHUA OTHOLWIEHUA WM JIOTUYECKOTO BblpaXKeHUA
anaetca 1, ecnam oHO UCTUHHO, 1 0, eCan OHO NIOXKHO.

YHapHbIli onepatop ! npeobpasyeT HeHyneBol onepaHa B 0, a Hyab B 1. O6blYHO onepaTop ! MCNOAb3YOT B
KOHCTPYKLMAX BUAA

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

TpyaoHo cKasaTb, Kakaa M3 ¢opm 3anucu aydiwe. KoHcTpyKuma Buaa !valid xopowo uutaetca ("ecnm He
NpaBuabHO"), HO B 60/1ee COXKHBIX BbIPAKEHNAX MOXKET OKa3aTbCA, YTO €€ He TaK-TO NErko MoHATb.

YnpaxkHeHue 2.2. Hanuwute UMKA, 3KBMBANEHTHbIA NpUBEAEHHOMY Bbille for-UMKAY, HE NOAb3YSACb ONepaTopamm
s&n||.

2.7.Ipeo6Gpa3oBaHus TUIIOB

Ecan onepaHAabl onepatopa NpuUHaanexXat K pa3HbiIM TUNam, TO OHW NPUBOAATCA K HEKOTOPOMY o6u.|,emy T™ny.
anBeAeHMe BbINO/IHAETCA B COOTBETCTBUU C HEBO/bLLIMM YNC/IOM npasun. O6bI4HO aBTOMATUYECKMU npon3soaATCA
nwb Te npeobpa3oBaHuA, KoTopble 6e3 Kakoh-nmbo notepu MHPopmaumm npesBpaLLaroT onepaHabl C MEeHbLIUM
Anana3oHoOM 3HaAYeHU B onepaHabl C 60nbWNM Anana3oHOM, KakK, Hanpumep, npeo6pa3OBaHme Luenoro B8 Ynmcno c
rmaBarou.l,eﬁ TOYKOM B Bblpa*XeHunun Bpoae f+i. Bblpa)'KEHVIFl, HE nmeruwime CmbiCna, Hanpumep 4ncsao C rmasarom,eﬁ
TOYKOW B PO/ UHAEKCA, HEe AO0MNYCKaloTCA. BbiparkeHUs, B KOTOPbIX Morsia bbl TepaTbca MHPOpMaLMa (CKaxkem, Npu
npuceBanMBaHnn AOJIMHHBLIX UENbIX MNMepemMeHHbIM 6onee KOPOTKMUX TUMNOB WA Npun npucBanMBaHUun 3HaYeHu ¢
naaBatloLlei TOYKON LesibiIM NnepeMeHHbIM), MOTyT NoBaeYb 3a coboli NnpeaynpexxaeHue, Ho OHM A0MYCTUMBI.

3HayeHus TMNa char — 3TO MPOCTO Mainble Lenble, U UX MOXKHO CBOBOAHO MCMOAb30BaTb B apudMETUUYECKMNX
BbIPaXKEHUAX, YTO 3HAUMTENbHO ObJieryaeT BCEBO3MOMKHbIE MAHMNYAALUUM C CMMBONAMMU. B KauecTBe npumepa
npuBesem NPOCTEHbKYIO peannsaumio pyHKUMM atoi, npeobpasytowen nocienoBaTesIbHOCTb LUdP B €e YMC/I0BOM
3KBMBA/IEHT.

/* atoil: mpeobpaszoBaHue s B lejioe */
int atoi(char s[])



int i, n;

n = 0;

for (i = 0; s[i] >= '0'" && s[i] <= '9'; ++1i)
n=10 *n 4+ (s[1] - '0");

return n;

Kak mbl y>ke roBopuan B rnase 1, BbipaxeHue

[AeT 4YMCNIoBOE 3HAYeHMEe CUMMBOAA, XPaHAWerocd B s[i], TakK Kak 3HayeHua '0' , '"1' u np. obpasyioT
HernpepbIBHYIO BO3PacCTaloLLyo NOC/e40BaTe/IbHOCTb.

Apyroit npumep npuBeaeHMsa char K int cBA3aH ¢ PyHKUMEN lower, KOTopas OAMHOYHbIA CMMBOA M3 Habopa
ASCIl, ecnu oH aBnseTcA 3arnaBHOW OYKBOM, NpeBpaLLaeT B CTPOUYHYO. ECAM e CMMBOA He ABASETCA 3ariaBHOWM

6yKBOIN, 1 ower ero He U3IMeHsAeT.

/* lower: mpeoBpas30BaHMe C B CTPOUHYK; TOJIbLKO mid ASCII */
int lower (int c¢)

{
if (c >= 'A' && c <= 'Z' )
return ¢ + 'a' - 'A';
else
return c;

B cnyyae ASCIl ata nporpamma byaeT paboTaTb NPaBUIbHO, MOTOMY YTO MEXKAY OAHOMMEHHbIMU BYKBaMKN BEPXHETO
M HUXKHEro PerncTpoB — OAMHAKOBOE PacCTOAHME (eC/iM MX PacCMaTpMBaTb KaK UMCNOBble 3HaveHus). Kpome Toro,
NaTUHCKUI andaBUT — MNAOTHBIN, T. €. MeXay 6ykBamu A 1 Z pacnonoxeHbl ToNbKo byksbl. [Ana Habopa EBCDIC
nocnegHee yc/sioBMe He BbIMOJIHAETCA, U MNOSTOMY Halla nporpamma B 3TOm ciydae byaeT npeobpasoBbiBaTb He
TONIbKO BYKBbI.

CTaHZapTHbIN 3aroNoBoYHbIM $aiin <ctype.h>, onncaHHbIN B NpUNOXKeEHUN B, onpeaensetr ceMencTso GyHKLNM,
KOTOpble NO3BONAKOT NPOBEPATb M NPeobpa3oBbiBaTb CUMBOJIbI HE3aBUCMMO OT CMMBOJIbHOTO Habopa. Hanpumep,
byHKumMA tolower (c) BO3BpaLaeT BYKBY C B KOAE HUXKHEFO PerncTpa, eciv oHa bblna B Kofe BEPXHEro perucrpa,
noatoMmy tolower — yHUBepcaabHasa 3aMeHa GyHKUMKU 1ower, paCCMOTPEHHOM Bbile. AHA/IOrMYHO NPOBEPKY

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

MOXHO 3aMEHUTb Ha

isdigit (c)

Jdanee mbl bygem nonb3oBaTbcs GYyHKUMAMMU U3 <ctype.h>,

CyliecTByeT ogHa TOHKOCTb, Kacalow,ascs npeobpas3oBaHMA CMMBOJIOB B LE/ble YUCNA: A3bIK He onpeaensert,
ABNSAOTCA 1N NEPEMEHHbIe TUMa char 3HAKOBbIMKW UM 6e33HaKoBbIMU. Mpu NpeobpasoBaHMM char B int moxeT
NN Korga-Hubyab MonyumTbCs OTpuuaTesnbHoe uenoe? Ha MalwmHax € pasHOM apXUTEKTYpPOM OTBETbl MOFYT
OT/IMYaTbCA. Ha HEKOTOpbIX MaluMHAX 3HaYeHWe TMNa char ¢ eAUMHUYHbIM CcTapwum Butom ByaeT npeBpalleHo B
oTpuuaTenbHoe uenoe (nocpeactBom "pacnpocTpaHeHus 3Haka"). Ha pgpyrux npeobpasoBaHve char B int
ocyliecTsaseTcs gobasneHmem Hyel cnesa, U, TaKUm 0H6pa3om, Noyyaemoe 3Ha4YeHue Bcerga nosioXKUTebHO.



lapaHTUpyeTca, 4To Nt06OM CMMBON M3 CTaHAAPTHOro Habopa neyaTtaemMblX CUMMBOJIOB HUKOrga He 6yaer
OTPULLATENIbHBIM  YMC/IOM, MO3TOMY B BbIPaXKEHMAX TaKMe CUMBOJIbI BCerga ABAAKTCA MNOJOXKUTENbHBIMU
onepaHagamu. Henpownsso/ibHbI BOCbMUOUTOBBIN KOZ B NEPeMEHHOM TUMNA char Ha OAHUX MAaLLUMHaX MOXKET 6bITb
OTPULATENBHBIM YMCIOM, @ HA APYrUX — MONOKMUTENbHbIM. [11A COBMECTMMOCTM MEpeMeHHble Tuna char, B

KOTOPbIX XPAHATCA HECMMBOJIbHbIE A@HHble, cieayeT cneumdnumnpoBaTb ABHO KaK signed uan unsigned.

OTHoweHMnA Bpoae i > 7 W NOTUYECKUE BbIPAXKEHUA, Nepemeraemble onepatopamm && u | |, onpeaenatot
Bblpa*KeHune-ycnoBume, KOTopoe MMeeT 3HayeHue 1, ecnm OHO UCTUHHO, 1 0, ecan NoXHO. Tak, NpucBanBaHme

d=c¢c > '0'" && c <= '9!

yCTaHOBMUT d B 3Ha4YeHMe 1, ecam c ectb unopa, u 0 B NpoTMBHOM cnyyae. OgHako GyHKUMKM, noaobHble isdigit, B
KayecTBe MCTUHbI MOTYT BblAaBaTb Nt060e HeHyeBoe 3HavyeHMe. B mectax nposepok BHyTpu if, while, for u np.
"nctnHa" npocto o3Havaet "He Hynb".

HesBHble apudmeTnyeckme npeobpasoBaHMa, Kak NpaBUIO, OCYLLECTBAAIOTCA ecTecTBeHHbIM ob6pasom. B obuwem
CNyyae, Korga onepaTop Bpoge + WAM * C ABYMA onepaHZamu (bMHapHbIA onepaTop) MMeeT pPasHOTUMHblE
onepaHAbl, Npexae 4Yem onepauus HayHeT BbINOAHATLCA, "HU3WMKA" TMN noBbiwaetca A0 "Bbicwero". Pesynbrart
byaeT nmeTb BbiCWINKM TUN. B naparpade 6 npunoxeHua A npasunia npeobpasosaHunsa chopmyiMpoBaHbl To4HO. Ecam
’Ke B BblpaXKeHUN HeT 6e33HaKOBbIX ONEepPaHAOB, MOXHO YAOB/NETBOPUTLCA CeaylowmumMm Habopom HepopmaabHbIX
npaswu:

e Ec/iM KakoW-nnMbo U3 onepaHaoB MpuUHaanexut tuny long double, To U Apyron npuBoamutca K long
double.

e B npotuBHOM cnyyae, eciuM Kakoh-nmbo w3 onepaHAoB MNpuUHAgAeXuT Tuny double, To U gpyroi
npmeoamTca K double.

e B npoTMBHOM cnyyae, ecin Kakoli-nmbo M3 onepaHAoB NpUMHAAAEXUT TNy £loat, To u Apyroi npusoamTca
K float.

e B npotnBHOM cnyyae onepaHabl TMNOB char n short npnBogAaATcA K int.

e [ HakoHeL, ecAn 0AMH U3 onepaHaoB TMNa 1long, TO U ApYyroi NpuBoAMTCA K 1ong.

3ameTnm, YTo onepaHAabl TMna £ loat He NPUBOAATCA aBTOMATMUYECKU K TUNY double; B 3TOM gaHHasA BepCus A3blKa
OT/MYaeTcA OT MepBOHaYyaNbHOM. Boobuwie roBopsa, matemaTvyeckue O YHKLMM, aHaNOrM4YHble COBPaHHbIM B
6nbanoTeke <math.h>, 6a3MpyloTCA Ha BbIYUCAEHUAX C ABOMHOM TOYHOCTbIO. B ocHOBHOM float mcnonb3syetca
O1A 3KOHOMWUWM MamATM Ha 6OAbLUMX MacCMBax M He TaK 4acTo — AJ/1A YCKOPEHWA cyeTa Ha Tex MalluHax, rae
apuMdMeTHKa C ABOMHOM TOYHOCTbIO C/IMLLKOM A0POra C TOYKM 3peHMA PAacXoaa BPeMeHN U NamaTy.

MpaBuna npeobpasoBaHMA YCAOKHAOTCA C MOSABJEHMEM oOMepaHAoB TMNa unsigned. Mpobnaema B TOM, YTO
CpaBHEHMUA 3HAKOBbIX M 6E33HAKOBbIX 3HAYEHWUI 3aBUCAT OT Pa3MepPOB LLe/IOYMCAEHHDbIX TUMOB, KOTOPblE Ha Pa3HbIX
MalUMHaxX MOryT oTAnYaTbeA. MpeanonoKmMm, YTo 3HaYeHMe TuNa int 3aHMMaeT 16 61ToB, a 3HaYeHMe TMNa long —
32 6uta. Torga -1L < 1U, nockonbKy 1U NpuMHagnexuT Tuny unsigned int v noBbiWwaeTca A0 TMnNa signed
long. Ho -1L > 1UL, TaK Kak —1L nosbllWwaeTca A0 TMNa unsigned long M BOCNPUMHUMAETCA KaK bosblioe
NONOXUTENbHOE YUCNO.

I'Ipeo6paaoBava MMEIKT MeCTO U NPU NPUCBOEHUNAX: 3HaAYeHUeE npaBoﬁ 4aCTU NPUCBOEHUNA NpPUBOAUTCA K TUNY
NleBOM YacTy, KOTOprVI N ABNAETCA TUNOM PE3yNbTaTa.

Tun char npespawaeTca B int NyTem pacnpocTpaHeHua 3HaKa Uau APYrMM OMMCaHHbIM Bbille cnoco6om.

Tun long int npeobpasytoTca B short int WAKM B 3HayeHUA TMNa char nyTem oTbpacbiBaHMA CTapLUMX
paspagos. Tak, B

int 1i;



3HAa4YeHMEe C He U3MEHUTCA. ITO CnpaBeaIMBO HE3AaBUCMMO OT TOrO, PACNpPOCTPaHAETCA 3HaK Npu nepesoge char B
int naun HeT. OgHaKo, eCNM U3MEHUTb OYEPELHOCTb MPUCBANBAHMIA, BO3MOXHA NOTepsa MHPOpMaLLUN.

Echm x npuHagnexut tTuny float,a i — TMny int, Tom x = i, 1 = x BbI3OBYT NPeobpa3oBaHUsA, NpUYEM
nepesog float B int conpoBoxaaeTtcs otopacbiBaHMeM ApobHon yactu. Ecan double nepesogutca Bo float,
TO 3HayeHue nMbo oKpyraseTca, AMb6o obpesaeTca; 3TO 3aBUCUT OT peanunsaumun.

Tak Kak aprymeHT B Bbi30Be OQYHKUMW eCTb Bblpa)KeHue, Npu nepegayde ero QPyHKUMM TaKkKe BO3MOXKHO
npeobpasoBaHue TMna. Mpu oTcyTCTBMM NPOTOTUNA QYHKLMM apryMeHTbl TMMNa char M short nepeBogaTca B int,
a float — B double. BoT noyemy mbl 06bABAAAN apryMeHTbl TUNA int nan double Aaxe Toraa, Korga B Bbl3oBe
GYHKLMM MCNONb30BaIM apryMeHTbl Tuna char uamn float.

N HakoHel, Ana Noboro BblparkeHMA MOXKHO ABHO ("HacunbHO") yKasaTb npeobpasoBaHWe ero Tumna, UCMoJb3yA
YHapHbI onepaTtop, Ha3biBaemMbl npusedeHuem. KOHCTpyKuma Buaa

(MMI—-THIIA) BEREIPAXEHUE

NPUBOAUT BbIPAXEHUE K YKa3saHHOMY B CKOOKAax TWMy MO Mepeyuc/eHHbIM Bbilwe npaBuaam. CmbICa onepauuu
NPUBEAEHNA MOXHO NpeacTaBuTb cebe TaK: ebipaxceHue Kak Obl NpUCBAMBAETCA HEKOTOPON MNepemeHHOM
YKa3aHHOro Tuna, 1 3Ta nepemeHHas UCMNo/b3yeTca BMECTO BCEM KOHCTPYKUMWU. Hanpumep, 6ubnanoteuHas GpyHKUMA
sgrt paccymTaHa Ha aprymeHT TmMna double M BbIAAET Yenyxy, ecaun el NoACYHYTb YTo-HMbyab apyroe (sgrt
onucaHa B <math.h>). lloaTomMy, ecin n UMeeT LLe/IOYUCAEHHbIN TUM, Mbl MOYXEM HanucaTtb

sgrt ( (double) n)

M nepes Tem, KaK 3HayeHuwe n byaer nepesaHo ¢dyHKUMM, oHO bypet nepeseseHo B double. 3ameTum, yto
onepauusa NpUBEAEHUA BCEro NUWb BblpabaTbiBaeT 3HaYeHMEe N YKa3aHHOro TMMa, HO camy NEpPeMEeHHY0 n He
3aTparmBaet. MpuopuTeT onepatopa MPUBELEHMSA CTOJIb e BbICOK, Kak W 060ro yHapHoro onepaTopa, 4To
3aduKcMpoBaHo B TabauLe, NOMELLEHHOW B KOHLE 3TOM rnaBbl.

B Tom cnydyae, Korga apryMmeHTbl onncaHbl B MPOTOTMNE GYHKUMU, KaK TOMY U cneayeT 6biTb, NP Bbi3oBe QYHKLMU
HY}KHOE NpeobpasoBaHme BbINOJHAETCA aBTOMaTUYECKM. TaK, MPM HaMuMM NPOTOTUNA QYHKUMKN Sqrt:

double sqgrt (double);
nepen obpalleHnem K sgrt B NpUcBanBaHMm
root2 = sqgrt(2);

uenoe 2 6Oyper nepeBeAeHO B 3HayeHne double 2.0 aBTOMaTUYecKM 6e3 SABHOrMo YyKasaHMA onepauuu
npuseseHua.

Onepaunto NpuBeAeHUs NPOWUINIOCTPUPYEM HA NEpPeHOCMMOM Bepcuu reHepatopa MNCeBAOC/AYYaMHbIX Yucen u
bYHKLMK, MHUUManm3mpytowei "cems". N reHepatop, 1 GyHKLMA BXOAAT B CTAHAAPTHYO 6MbanoTeky.

unsigned long int next = 1;

/* rand: Bo3BpalmaeT Mncepmociyuanhnoe uejioe 0...32767 */
int rand(void)

{
next = next * 1103515245 + 12345;



return (unsigned int) (next/65536) % 32768;

/* srand: ycraHaBamBaeT "cema" mia rand () */
void srand(unsigned int seed)

{

next = seed;

YnpaxkHeHue  2.3. Hannwute  dyHKLMIO htol (s), KoTopas npeobpasyer  nocnenoBaTeNlbHOCTb
WwecTHaguaTepuyHblx Uudp, HaumHatouwyrca ¢ 0x nam 0X, B cooTBeTcTBylowee uUenoe. LUecTHaguaTepuyHbImm
umdpamu asaatotca cumeonsbl 0...9, a...f, A...F.

2.8. OnepaTopsl MHKpPEMEHTa U JleKpeMeHTa

B Cu ectb ABa HeOobbIYHbIX onepartopa, NnpeaHa3Ha4YeHHbIX ANA yBenn4eHA U YMeEHbLIEHNA NepeMEHHDbIX. OnepaTop
WHKpeMeHTa ++ aobasnseTt 1 K ceoeMy onepaHAy, a onepaTop AeKpemeHTa —— BblunTaeT 1. Mbl yKe HeoAHOKPATHO
MCNO/Ib30BanU ++ ANA HapawmBaHNA 3HAYEHUA NEPEMEHHDbIX, KaK, Hanpumep, B

if (¢ == '"\n'")
++nl;
Heobbl4HOCTb OMepaTopoB ++ M —— B TOM, YTO UX MOXKHO MCMO/Mb30BaTb U KaK npeduKcHble (nomellan nepep

nepemeHHoln: ++n), M Kak NoctduKcHble (Nomewasa nocne nepemMeHHoW: n++) onepatopbl. B oboux cnyyasx
3HaYeHWe n yBenMYMBaeTcA Ha 1, HO BblparkeHWe ++n yBe/AMYMBaeT n [0 TOro, Kak ero 3HadyeHue 6yaet
MCNO/b30BaAHO, @ n++ — nocne Toro. MNpeanoaoKnum, YTo n COAEPHXKUT 5, Toraa

X = n++;
YCTaHOBUT x B 3HayeHMe 5, a
X = ++n;

YCTAHOBUT x B 3Ha4YeHuWe 6. I B TOM M ApYyrom ciaydae n CTaHeT paBHbIM 6. OnepaTopbl MHKPEMEHTa M AeKpemeHTa
MOXHO NPUMEHATb TO/IbKO K NepeMeHHbIM. BbipaxkeHus Bpoge (i+7) ++ HegonyCcTMmbl.

Ecnn TpebyeTcAa TONbKO YBEAMUYUTb WAM YMEHbLINTb 3HAYEHWE NepeMeHHON (HO He MOAY4YMTb ee 3HauYeHue), Kak

Hanpumep
if (¢ == '\n'")
nl++;

To 6e3pasnnyHO, Kakon onepaTop BbibpaTb — NPedPUKCHbIN Man NOCTOUKCHBbIN. HO cyliecTByOT cuTyaLmu, Koraa
TpebyeTcA onepaTtop BNoJIHe onpegeneHHoro Tuna. Hanpumep, paccMoTpum QyHKLMIO squeeze (s, C), KOTOpas
yAanaeT U3 CTPOKU s BCe CMMBO/Ibl, COBNagatoLLme C C:

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

{

int i, 3;

for (1 = 3 = 0; s[i] !'= '"\0'; i++)
if (s[i] != <)
s[J++] = s[i];



KaxAabli1 pas, Korga BCTpeYaeTcs CUMBOJI, OTIMYHBIN OT C, OH KOMMUPYeTCA B TEKYLLYIO J-t0 MO3ULMIO, U TONbKO nocne
3TOro NepemMeHHas j yBennunsBaeTca Ha 1, NoAroTaBAMBaACb TaKMM 06pa3om K Npuemy cneaytollero CMMBona. 3To B
TOYHOCTM COBMaAaeT Co CAeAYIOLLNMM AEUCTBUAMMU:

{

C
= s[i];

Apyroit npumep — PpyHKUMA get 1 ine, KOTopas Ham M3BecTHa no rnase 1. MpuBeLeHHyo Tam 3anucb

if (¢ == '"\n' ) {
s[i] = c;
++1;

MOXHO nepenncaTtb 6on1ee KOMNAKTHO:

if (¢ == '"\n' )
s[i++] = c;

B KauecTBe TpeTbero NpMmMepa PacCMOTPUM CTaHAAPTHYIO PYHKUMIO strcat (s, t), KoTopas CTPOKY t nomellaert
B KOHeL, CTPOKK s. lpeanonaraercs, YTo B s AOCTAaTOMHO MeCTa, YTobbl PasMecTUTb Tam CYMMapPHYIO CTPOKY. Mol
HanucaauM strcat TaK, YTO OHa He BO3BPaLLAET HMKAKOro pesyabrata. Ha camom gene 6ubnnoTeyHas strcat
BO3BPALLLAET yKa3aTe /b Ha Pe3y/IbTUPYIOLLYIO CTPOKY.

/* strcat: nomMemaeT t B KOHel] S; S INOCTATOYHO BeJuka */
void strcat (char s[], char t[])

{

int i, J;

i =49 =0;
while (s[i1] != '\0') /* mHaxomuMm koOHel s */
i++;
while ((s[i++] = t[Jj++]) != "\0') /* konupyem t */

’

Mpn KONMPOBAHUM OYEPESHOrO0 CUMBOJIA U3 £ B S NOCTOUKCHbIA onepaTop ++ NPUMeEHAEeTCa U K i, M K J, 4Tobbl Ha
KaX[O0M Luare LMKNa nepemeHHble 1 1 § NpaBuabHO OTCAEXMBaAAN NO3ULMKN NepemeLaemoro CMMBoa.

YnpaxHeHue 2.4. Hanunwute Bepcuio OYHKUMM squeeze (s, s2), KOTopaa ygandetr u3s sl BCe CMMBObI,
BCTpeyatoLmeca B CTPOKe s2.

YnpaxkHeHue 2.5. Hanuwmnte dyHKuMo any (s1, s2), KOTopaa BO3Bpalwaer AMbo Ty NO3ULMIO B s1, rae CTouT
nepsbli CUMBOJI, COBMaBLLUMIA C MIOBbIM U3 CUMBOIOB B S2, M60 -1 (ecAn HM oAMH CMMBOA U3 S1 He coBnagaeT
cumBonamu u3 s2). (CtaHaaptHas 6ubanotedHas dyHKUMA strpbrk genaeT To Xe camoe, HO BblAaeT He HoMep
no3nLMN CUMBO/A, a YKa3aTe/lb Ha CUMBO.)

2.9. [lo6uTOBBIE ONEPATOPHI
B Cu wnmeroTcA wectb onepatopos 414 MaHUNyamMpoBaHuAa C 6butamn. UX MOXKHO NMPUMEHATb TOJIbKO K
LeNoYnUCNneHHbIM onepaHgam, T. €. K onepaHgam Tunos char, short, intnu lOl’lg, 3HaKOBbIM 1 6E33HAaKOBbIM.

& — nobutosoe WU.



— nobutosoe U/IN.

— nobutoBoe uckatovatolee UN.

<< — CABWTI BNEBO.

>> — CABWT BMpaso.

~ — nobuTtoBoe oTpuuaHMe (YHapHbIn).

OnepaTtop & (nobutoBoe M) yacto ncnonbayertcs ana o6HyNEHUA HEKOTOPOW rpynnbl pa3paaos. Hanpumep
n=mné& 0177;

0bHyNAET B N BCE pa3pAabl, KpOMe MAa4LLNX CEMU.

OnepaTtop | (nobutoBoe U/1N) npumeHsIOT AN YCTaHOBKU pPa3psaaoBs; TaK,

x = x | SET ON;

yCTaHaB/VBaET eAUHNLIbI B TEX Pa3pAAax x, KOTOPbIM COOTBETCTBYIOT eAnHuMLbl B SET ON.

Onepatop * (nobuTtoBoe uckalovatollee UIN) B Kaxkaom paspsge YCTaHOBUT 1, eCin COOTBETCTBYIOLLME pa3pAaabl
onepaHA0B MMEIOT PasnyHble 3HaYeHus, u 0, Korga OHM COBMNaaatoT.

Mopa3spaaHble onepaTopbl & U | cieayeT OTIMYaTh OT JIOFMYECKUX ONepaTopPoB && U | |, KOTOPbIE MPU BbIYUCAEHMM
C/leBa HanpaBo AaloT 3HaYeHMe UCTUHHOCTU. Hanpumep, ecin x paBHO 1,3 v paBHO 2, TO X & v AACT HY/b, @ X &&
v eauHuuy.

OnepaTtopbl << U >> cABUIFalOT BJIEBO MM BNPABO CBOM JIEBbIA onepaHA Ha YMCI0 BUTOBbIX NO3ULMIA, 3a4aBaemoe
npasbIM ONEPaHAOM, KOTOPbIM AOMKEH ObITb HEOTPULATENbHBIM. Tak, x << 2 CABWraeT 3Ha4yeHWe x BJIEBO Ha 2
nosuumMn, 3anosHas ocsoborkaarowmecs OUTbl HYJAAMW, YTO SKBMBANEHTHO YMHOXKEHMUIO x Ha 4. CaBur Bnpaso
6€e33HaKOBON BE/IMUMHbI BCErAa COMPOBOMAAETCA 3aMOJIHEHMEM OCBODOMKAAIOWMXCA PaspsafoB Hyasmu. Casur
BMNPaBO 3HAKOBOW BEJ/IMYMHbI HA OOHUX MALUMHAX NPOUCXOOMUT C PaACMpPOCTpPaHeHMeMm 3HaKa ("apudmeTmueckuii
caBur'), Ha gpPyrmx — c 3aNoJIHEHMEM 0CBOBOXKAAOWMXCA pa3pagoB Hyaamu (" nornyeckuii casur').

YHapHbIli onepatop ~ nopa3pagHo "obpawaeT" uenoe T. e. NpeBpaLLaeT KaxKAabli eAWHUYHbIA BUT B HyneBOWn U
HaobopoT. Hanpumep

X =x & ~077

obHyNAeT B x nocneaHue 6 paspAnoB. 3aMeTMM, YTo 3anucb x & ~077 He 3aBUCUT OT AJIMHbI C/OBa, W,
cnepoBatesibHO, OHa Aydwe, yem x & 0177700, NOCKONbKY NocaegHAA nogpasymeBaeT, YTO x 3aHMmaeT 16
6uToB. He 3aBucMMan oT malwmHbl dopma 3anmcu ~077 He NnoTpebyeT [ONONHUTENbHbIX 3aTPaT NPU cyeTe, TaK Kak
~077 — KOHCTaHTHOE Bbipa*KeHWNe, KOTOPOE ByAET BbIMMCAEHO BO BPEMA KOMMUAALMU.

Ana MANoCTpauMn HEeKoTOpbIX NOBUTOBLIX OMepaunii paccmoTpum ¢yHKUMO getbits (x, p, n), KoTopas
dopmupyeT none B n 6UTOB, BbIPE3aHHbIX M3 X, HAYMHAs C MO3ULMM D, NPUKMMaAs ero K MpaBoOMy Kpato.
Mpegnonaraetca, 4to 0-M 6BUT — KpalHMI NpaBbii 6GUT, @a N U P — OCMbICNIEHHbIE MNOIOXKUTENbHbIE YMCAA.
Hanpumep, getbits (x, 4, 3) BepHeT B KayecTBe pesynbtaTta 4, 3 u 2-i 6MTbl 3HAYEHUA X, MPUKUMAA UX K
npaBomy Kpato. BoT ata dpyHKUMA:

/* getbits: monyuaeT n OUT, HauMHag C pP-¥ OO3ULMK */
unsigned getbits (unsigned x, int p, int n)
{

return (x >> (pt+l-n)) & ~(~0 << n);



BblpaxeHue x >> (p+1-n) cABMraeT Hy)KHOe Ham noJsie K npaBomy Kpato. KoHcTaHTa ~0 COCTOUT M3 OAHMX
eAMHWL, U ee CABWT BNEBO Ha n BUT (~0 << n)npuBeaeT K TOMY, YTO NPaBblii Kpait 3TOWM KOHCTAHTbl 3aMyT n
Hy/NeBbIX pa3paaos. Ele ogHa onepaums NnobUTOBOM MHBEPCUM ~ NO3BOASET NONYYNUTbL CNPaABA N eANHULL

YnpaxHeHue 2.6. Hanvwute ¢yHKUMIO setbits (x, p, n, V), BO3BPALLALOWYO 3HAYEHNE X, B KOTOPOM n
6MTOB, HAYMHasA C P-1 NO3MULUNKM, 3aMEHEHbI Ha N NMPaBbIX Pa3psA0B U3 v (0CTanbHble BUTbI HE U3MEHAIOTCA).

YnpaxHeHue 2.7. Hanuwwute ¢yHKUMIO invert (x, p, n), BO3BPALLAIOLLYIO 3HAYEHME X C MHBEPTUPOBAHHbBIMM
n 6MTaMn, HauMHasA C NO3NLUKN P (OCTaNbHbIE BUTLI HE N3MEHAIOTCSA).

YnpaxHeHue 2.8. Hanuvwute ¢yHKUMO rightrot (x, n), KOTOpas UMKAMYECKM CABWMMAeT x BMPaBO Ha n
paspagos.

2.10. OnepaTopsl 4 BbIpaXKeHHUA NpUCBaBaHUA
BbipaxkeHue

i =1+ 2

B KOTOPOM CTOALLLAA C/IeBA NepeMeHHan NoBTOPAETCA M CrpaBa, MOXKHO HanucaTb B CKaTOM BUAE:
i +=2

OnepaTop +=, KaK U =, Ha3blBaETCA 0r1epamMopPoOM rMPUC8AUBAHUS.

BonblWwMHCTBY 6MHAPHbIX OMNepaTopoB (aHANOMMUHbLIX + U MMEIOLMX NIEBbIA W NpPaBblii onepaHabl) COOTBETCTBYOT
onepaTopbl NPUCBaNBaHUA op=, F4e op — OAMH U3 ONepaTopoB

n * / S << >> & " |
Ecau ebip; v 8bIp, — BblpaXKeHus, TO

BEID; OP= BEIP,

3KBMBANIEHTHO

BEP; = (BEP;) Op (BEP))

C TOM INLWb Pa3HULEN, YTO 8bIP; BbIMMCAAETCA TONbKO 04MH pa3. ObpaTute BHUMAHUE Ha CKOOKM BOKPYT 8bIp;:

9KBUBANIEHTHO

X =x * (y + 1)

B kauectse npumepa npueeagem d)YHKLI,VII-O bitcount, noacyMTbiBaOWYO 4YMCN0 €OUNHUYHDbIX 61TOB B CBOEM
aprymeHTe Ues04nMcneHHoro tmna.

/* bitcount: nomcueT emuHMI, B X */
int bitcount (unsigned x)

{
int b;



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

He3aBMCMMO OT MalUMHbI, Ha KOTOpOW byaeT paboTaTb 3Ta Nporpamma, obbaBAEeHME apryMeHTa x Kak unsigned
rapaHTMpyeT, YTo NPY NPABOM cABure ocBoboXKAatoWMeca bUTbl ByayT 3aN0NHATLCA HYNAMM, @ HE 3HAKOBbIM BUTOM.

MoMMMO KpPaTKOCTU onepaTopbl NpUCBaMBaHWA 06/7134at0T TEM MPEMMYLLECTBOM, YTO OHU 60Jsiee COOTBETCTBYIOT
TOMY, Kak YyenoBek MbIcauT. Mbl roBopum "npmnbaButb 2 K i"' nam "yBenmuutsb i Ha 2", a He "B3ATb i, 406aBUTb 2 U
3aTeM BepHyTb pe3y/sibTaT B i, Tak YTO BblpakeHne 1 += 2 aAydwe, yem i = i + 2. Kpome TOro, B C/IOXKHbIX
BblpaXKeHMAX Bpoae

yyval [yypv [p3+p4d] + yypv[pl+p2]] += 2

6narofapa onepatopy NpuceamMBaHMA += 3anMcb CTaHOBUTCA Bosiee Nerkoi AnA NOHUMaHUA, Tak Kak YuTaTento npu
TakoW 3anucu He notpebyeTcA cTapaTenbHO CPaBHMBATb ABa AJIMHHbLIX BblPaXeHWUA, COBMAAAlOT M OHWU, UAU
BbIAICHATb, MOYEMy OHU He coBnagatoT. CiegyeT UMeTb B BUAY U TO, YTO NoaobHble onepaTopbl NPUCBaUBaHUSA MOTYT
NOMOYb KOMMNUAATOPY CreHepupoBaTb bonee aPpPeKTUBHbIN Koa,.

Mbl yXe BUAENW, YTO NpUCBaMBaHME BblpabaTbiBaeT 3HAYEHME UM MOXKET NMPUMEHATLCA BHYTPU BblPayKeHWUn; BOT
CaMbIi PacxoXKuii npumep:

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

B BblpaykeHWAX BCTPEYAIOTCA U APYrve onepaTopbl NPUCBanBaHuA (+=, —= U T.4.), XOTA U pexKe.

Tunom m 3HaYeHnem nboro Bblpa*XeHnAa npuceanBaHUA ABNAKOTCA TUN U 3HAYEHUE €ro NeBOro onepaHaa nocne
3aBepuweHnAa npnuceanBaHuUA.

YnpaxHeHue 2.9. MPUMEHUTENbHO K 4YMCNam, B NPEACTaBAEHUM KOTOPbIX MCMONb30BaH AOMNOIHUTENbHbIN Ko,
BblparKeHue x &= (x—1) YHMYTOXKAeT camyto npasyto 1 B x. O6bAcCHMTE, Nnoyemy. Mcnonb3yiTe 3To HabaloaeHne
npu HanMcaHum 6onee GbICTPOro BapmMaHTa GyHKUMKM bitcount.

2.11. Yci10BHbIE BBIpaXKeHUS

UHCTpYyKumMmn
if (a b)
z = a;
else
z = b;

nepecbiNaoT B z 6osibluee U3 ABYX 3HAYEHUI a U b. YC/I0BHOE BbIPaykeHWe, HanMCaHHOe C NMOMOLLbIO TEPHAPHOTO
(T.e. “metoLLero TpKu onepaHaa) onepartopa ? :, NpeacTaBnseT coboit Apyroi cnocob 3anucu 3To U NoACBHbIX et
KOHCTPYKLMI. B BbiparkeHUn

BEID; ? BEIP, : BEIPj3

nepsBbIM BbIYNCNAETCA BblpaXkeHue 8bip;. ECnn ero 3HavyeHme He Hyb (VICTVIHa), TO BbIYNCNAETCA Bblpa*XeHne 8bip, U
3Ha4YeHune 3TOro BbipaxKeHnAa CTaHOBUTCA 3HaAYeEHMEmM BCero YCN0BHOIO Bblipa*XeHUA. B NPOTUBHOM CAay4dae
BbIYMCAAETCA BbIPaXKeHMe 8bipz U ero 3Ha4YeHMe CTaHOBUTCA 3HaYeHNEeM YCA0BHOTO BblpaxeHua. Cneagyetr oTMETUTD,
4YTO U3 Bblpa)KEHVIﬁ 8blpP,; N 8blP3 BbIYNUCNAETCA TO/IbKO O4HO U3 HUX. Takum o6pa30M, yTOObI YCTaHOBUTb B Z 6onblee
M3 a U b, MOXHO HanucaTb



z = (a>Db) 2 a: b; /* z = max(a, b) */

Cnepyet 3aMeTUTb, YTO YCNOBHOE BbIpaXKeHne U B CaMOM Aefie ABNAETCA BblparkKeHUem, N ero MOXKHO UCNO0/1b30BaTb
B t06oM MmecTe, rae AonycKaeTcs BbiparkeHue. Ecam ebip, 1 8bip; NPUHAANEKAT Pa3HbIM TMMNAM, TO TUN pe3y/bTaTa
onpeaensierca npasuaammn npeobpasoBaHUsA, O KOTOPbIX LW/Ia pedb B 3TOW rnaBe paHee. Hanpumep, ecnn £ nmeet
Tmn float,an — ™MN int, TO TUNOM BblpaXXeHuA

(n >0) 2 £ :n
byaeT f1loat BHe 3aBUCMMOCTU OT TOFO, MONIOXKUTENIbHO 3HAYEHUE N U/IN HET.

3aKnto4yaTb B CKOBKU NepBoe BbipaykeHue B YC/IOBHOM BbIpayKeHMM He 06A3aTenibHO, TaK Kak MpUOpPUTET 2 : O4YeHb
HU3KKUIN (boslee HU3KUI NPUOPUTET MMEET TO/IbKO NPUCBaMBaHMe), 04HaKo Mbl pEKOMeHAyemM Bceraa 37O Aenatb,
MOCKOJIbKY 6naroaaps ob6pamnaoLMm cKobKam ycioBUE B BbiPaxKeHWUM aydllie BOCMPUHUMAETCA.

YcnoBHOe BbIparKeHWe 4YacTo MNO3BO/MISET COKPaTUTb Nporpammy. B KayecTBe npumepa nNpuBEAEeM LMKA,
obecneunBatowmii NeyaTb n 31eMeHTOB Maccusa No 10 Ha KaxK4oM CTPOKe ¢ 0gHUM Npobesom mexKay KONOHKamu;
Kak4asa CTPOKa LMK, BKIOYAA NOC/IEAHI0, 3aKaHYMBAETCA CUMBOJIOM HOBOM CTPOKM:

for (1 = 0; 1 < n; 1i++)
printf ("$6d%c", al[i], (i%10 == 9 || 1 == n-1) 2 'n' : ' ');

CMMBOANI HOBOM CTPOKWM MOCLINAETCA NOCAE KaKAOoro AEecATOro WM Mnoc/ie n-ro 3fnemeHTa. 3a BCemu Apyrumu
afneMeHTamu cneayet npoben. ITa Nporpamma BbIrAAUT AOBOJIbHO 3aMbIC/I0BATO, 3aTO OHa H60/1lee KOMMNAKTHa, YeM
SKBWBaJIEHTHaA MPOrpPamMmma C UCMO/Ib30BaHWeM i f-e1se. BOT ele oAnH XopoLwnit npumep®:

printf ("Ber umeere $d smemenT$s.\n", n, (n%l0==1 && n%100 ! = 11) °?
"o ((n%100 < 10 || n%100 > 20) && n%10 >= 2 && n%l0 <= 4) ?
"a" "OB");

YnpaxHeHune 2.10. Hanuwwute oyHKUMiO lower, KoTopas nepeBoauT 6onblumve 6yKBbl B Masble, UCMNO/b3ysA
YCNOBHOE BbiparkeHWe (a He KOHCTpyKuuio i f-else).

2.12. [IpuopUTeT U 0YepeJHOCTb BbIYMC/ICHUN

B Tabsmue 2.1 NoKasaHbl NPUOPUTETLI U OYEPEAHOCTb BbIYMCNEHWUI BCEX OMEPATOPOB, BKAKOYAA U Te, KOTOPbIE Mbl
ewe He paccmaTtpusann. OnepaTtopbl, NePeYncieHHble Ha O4HOMN CTPOKE, MMEIT OANHAKOBbIA NPUOPUTET; CTPOKU
ynopagoyeHbl No ybblBaHUIO NPUOPUTETOB; TaK, Hanpumep, *, / U $ UMEKT OAMHAKOBbIN NPUOPUTET, KOTOPbI
BbIlLE, YeM NPUOPUTET BUHAPHBIX + 1 —. "Onepatop” () OTHOCKTCA K Bbi30BY PpyHKLMKU. OnepaTtopbl —> U . (TOYKa)
obecneymBaloT 4OCTYN K 3/1eMEHTaM CTPYKTYP; O HUX NOWAET peyb B rnase 6, Tam ke byaeT pacCMOTPEH U onepaTop
sizeof (pasmep obbekTa). OnepaTtopsbl * (KocBeHHOE obpallieHne No yKasaTeno) u & (nosyyeHune agpeca o6beKTa)
obcyKaatotca B rnaBe 5. Onepatop "3ansTtaa" 6yaeT paccmoTpeH B rnase 3.

Onepartopsl BbinonHAwoTCA

() [] -> . cneBa Hanpaso
! ~ ++ - + - * & (Tm) sizeof cnpasa Haneso
* / % c/ieBa Hanpaso
+ - c/ieBa HanpaBso
<< >> CneBa Hanpaso

6 o
3TOT NpUMep, YYUTbIBAIOLLMIA PYCCKYIO FPAMMATUKY, OT/IMYAETCA OT aBTOPCKOro opurnHana. — lpumey. peo.



< <= > >= cnesa Hanpaso
== I= c/ieBa HanpaBso
& c/ieBa Hanpaso

cnesa Hanpaso
| c/nieBa Hanpaso
&& c/ieBa Hanpaso

[ c/nieBa Hanpaso

2 CnpaBa HaneBso
_ - = *— /= o= g= A= = <<= >>= cnpaea Haneso
’ C/ieBa Hanpaso

MpumeyvaHue. YHapHble onepaTopbl +, —, * U & MMelOT 60osee BbICOKUIA MPUOPUTET, Yem Te Ke BUHapHble
onepaTopbl.

3ameTum, 4YTo NpUopMUTETbl NOBUTOBLIX ONEPaTopPoB &, ™ M | HWUXKe, Yem MpuopuTeT == U |=, U3-3a Yero B
no6bMTOBbIX NPOBEPKAX, TAKMX KaK

if ((x & MASK) == 0)
4TO6bI NONYYNTL NPABUABHBIN pe3ynbTaT, NPUXOAUTCA UCNO/Ib30BATb CKOOKM.

Cu nofobHO MHOMMM A3blKaM He GUKCUPYET O4ePEeLHOCTb BbIMMCIEHUA ONEPAHAOB ONEpPaTopa (3a UCKIOYEHUEM &
& ||, ?2:wn,). Hanpumep, B UHCTPYKUUM BUAA

x = f£() + g();

f MOXeT 6bITb BblYMCNEHA PaHblle g WAM HAobopOoT. M3 3TOro cnemyet, uyTo eciv ofAHA U3 GYHKLMI M3meHseT
3HaYeHWe nepemeHHOM, OT KOTOPOI 3aBUCKT Apyras GyHKUMA, TO MOMELLAeMblii B X Pe3ybTaT MOXKET 3aBUCETb OT
oYepeaHOCTU BblYUCAEHUIN. YTOBbI 06ecneuynTb HYXKHYI MOC/AeA0BaTeNbHOCTb BbIYUCAEHMUI, MPOMENKYTOUYHbIE
pe3ynbTaTbl MOXKHO 3aNOMWHATL BO BPEMEHHbIX NEePeMeHHbIX.

OuepenHOCTb BbIMMCNEHUS apPryMeHTOB PYHKLMKN TaKKe He onpeaeneHa, NOSTOMY Ha PasHbIX KOMNUAATOPAX
printf ("%d %d\n", ++n, power (2, n)); /* HEBEPHO */

MOXeT [aBaTb HecoBMajatolwme pesysnbTaTbl. Pe3ynbTaT Bbi3oBa (YHKUMM 3aBUCUT OT TOrO, KOr4a KOMMNUAATOP
CreHepupyeT KOMaHAbl yBe/MYeHUss n — [0 WAM nocne obpaweHua K power. YTobbl obesonacutb ceba oT
BO3MOXKHOro No604YHOro apdeKTa, 4OCTaTOYHO HanncaTb

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

ObpaleHns K GYHKUMAM, BAOXKEHHbIE NPUCBOEHNA, UHKPEMEHTHbIE U AEKPEMEHTHbIE onepaTopbl A4atoT "NoboyHbIii
addeKkT", npoABnAOWMINCA B TOM, YTO MNPWU BbIMUCAEHMM BbIPAXKEHUA 3HAYEHUA HEKOTOPbIX NepemeHHbIX
nsmeHsAoTcA. B ntobom BbipaxkeHUM € Nob6oYHbIM 3PHEKTOM MOKeT BbiTb CKpbITa TPYAHO NPOCMATPMBaEMas
3aBMCMMOCTb pe3y/abTaTa BblpaXKeHMA OT 04YepegHOCTU W3MEHEHMS 3HaAYeHWn NepemMeHHbIX, BXOAAWMX B
BblpakeHue. B TaKkoi, Hanpumep, TUNMUYHO HEMPUATHOM CUTYaLUK

ali] = i++;



BO3HMKAET BOMPOC: MACCMB a MHAEKCUPYETCA CTapbiM WUAM U3MEHEHHbIM 3HavyeHnem i? Komnuaatopbl moryT no-
pasHOMY reHepuMpoBaTb MPOrpammy, YTO MPOABUTCA B MHTepnpeTauuu AaHHoli 3anucu. CTaHAapT CO3HATeNbHO
YCTPOEH TaK, YTO H6OMbLIMHCTBO NOA06HbBIX BOMPOCOB OCTaB/AIEHO Ha YCMOTPEHME KOMMUAATOPOB, TaK KaK Ay4llnit
NopAAOK BbIYUCAEHUI ONPEeAEenseTcs aAPXMTEKTYPON MawwuHbl. CTaHAAPTOM TO/MbKO rapaHTUpYyeTcsa, 4YTO Bce
noboyHblie 3pPeKTbl NPU BbIYUCAEHUN APTYMEHTOB NPOABATCA nepes BXxogom B ¢yHKumio. MMpaBaa, B npumepe ¢
printf 5T0 Ham He NoOMOXeT.

Mopasb TaKoBa: NMcaTb MPOrpammbl, 3aBUCALLME OT OYepPeAHOCTM BbIMUCAEHMIA, — NN0XaA NPAKTUKA, KaKoW 6bl A3bIK
Bbl HM MCMONb30BanN. ECTeCcTBEHHO, HafOo 3HaTb, Yero cieayet nsberatb, HO €C/iM Bbl He 3HaeTe, Kak obpasyloTca
noboyHble 3dpdeKTbl Ha PasHbIX MallMHaX, TO Jydlle M He PaccYMTbiBaTb BbIMIPaATb Ha OCOBEHHOCTAX YacTHOW
peanunsaumu.



3. Yupasienue

nOpﬂAOK, B KOTOPOM BbINOJIHAKTCA BbIYUCNEHUA, OnpenenaeTca MHCTPYKUMAMU ynpaBieHUA. Mbl yXe BCTpeYvaincCb
C Hambonee pPacCNPOCTPAHEHHbIMU YNPABAAOWMMN KOHCTPYKUMAMM TaKoro poAa B npeablaylmnx npumepax;
34eCbMbl 3aBePLUNM UX CMTUCOK U 60nee TOYHO onpegennm pacCMOTPEHHbIE paHee.

3.1. UHCTPYKLIMHU U OJIOKHU
BolpaxkeHue, ckaxkem x = 0, uam i++, mamprintf (..) , CTAHOBUTCA UHCMPYKyuedl, eCAn B KOHLE ero NnocTaBuTb
TOYKY C 3anATOM, Hanpumep:

x = 0;
i++;
printf (..);

B Cv TouKa c 3anATol sBnsercs 3aKn4Yalowmm CMMBOZTIOM UHCTPYKUUN, @ HE pa3aesinTesiem, Kak B A3blKe Mackanb.

durypHble ckobKM { 1 } ncnonbsyroTca ana ob6beanHEeHU 06bABNAEHUA U UHCTPYKLUA B COCTAaBHYIO MHCTPYKLMIO,
nnnm 610K, YTOBbl C TOYKM 3PEHUA CMHTAKCMCA 3TA HOBAA KOHCTPYKUMA BOCMPUHUMANACH KaK OAHA MHCTPYKLMUA.
®durypHbie ckobku, obpamasioLme rpynny MHCTPYKUMIA, 0bpasyowmx Teno ¢pyHKLUKM, — 3TO OAUH NPUMEpP; BTOPOW
npumep — 3TO CKODOKM, 0bObeguHAIOLWME MHCTPYKUUKW, MNOMelleHHble nocne if, else, while wam for.
(MepemeHHble MoryT 6bITb 06bABAEHbI BHYTPU 1106020 610Ka, 06 3TOM pasroBop nonAaeT B rnase 4.) Mocne npasoit
3aKpbiBatoLLLen pUrypHoit cKobkM B KoHLE 6/10Ka TOYKa C 3anATOMN He CTaBUTCS.

3.2. Koncrpykuus if-else
UHCcTpyKuma i f-else ncnonbsyerca ana npuHATUA peweHna. PopmanbHO ee CUMHTAKCUCOM ABNAETCA:

if (Brpaxenmue)
MHCTPYKIIMS;
else

MHCTPYKIIMS,

npuyem else-4acTb MOMET M OTCYTCTBOBaTb. CHayana BbIUUCAAETCA BbIPaXKEHME, M, €CAN OHO WUCTUHHO (T. e.
OT/IMYHO OT HYANSA), BbINONHAETCA UHCMPYKUuAl. ECAM BbipaXKeHMe NOXHO (T. €. ero 3HayeHue PaBHO Hy/0) U
cywecTtsyeT else-4acTb, TO BbINOJHAETCA UHCMPYKUYUAZ.

Tak kak if npocTo npoBepAeT 4YUC/AIOBOE 3HAyYeHMe BbIPAXKEHWUA, YCNOBME WHOI4A MOMKHO 3anucbiBaTb B
COKpaleHHoMm Buae. Tak, 3anucb

if (Brpaxenwue)
Kopoue, yem
if (Brpaxenme ! = 0)

MHoroa TaKMe COKpalleHWUA eCcTeCTBEHHbl W ACHbI, B APYrMx Ccaydasx, HaobopoT, 3aTpyaHAOT MNOHMMaHWe
nporpammebil.

OTcyTcTBME else-4acTu B OAHOM M3 BJNIOMKEHHbIX APYyr B Apyra 1 f-KOHCTPYKLMIA MOMKET nNpuBECTM K
HEeOZ4HO3HaYHOMY TOJIKOBAHMUIO 3aMnCK. ITY HEOAHO3HAYHOCTb PA3PELLIAOT TeM, YTO e 1 se CBA3bIBAOT ¢ HMKaNWnm
if, y KOToporo HeT cBoero el se. Hanpumep, B

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

else

z = b;



else OTHOCUTCA K BHyTpeHHeMy 1if, YyTO Mbl M TMOKasaauM C NOMOLLbO OTCTynoB. Eciv Ham TpebyeTcs MHas
WHTepnpeTauns, HeobxoaMMOo AO0NKHbIM 06PAa30M PacCTaBUTb GUTYPHbIE CKOBKM:

if (n > 0) {

if (a > b)
z = aj;
}
else
z = b;

Hue npuBoANUTCA NPUMEP CUTYaALMK, KOTAa HEOAHO3HAYHOCTb 0COBEHHO OnacHa:

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

printf (" . . . ") ;
return i;

}
else /* HEBEPHO */
printf ("ommbka - oTpuuarTejsbHoe n\n");

C NomoLLbl0 OTCTYNOB Mbl HEABYCMbICIEHHO MOKa3as/u, YTO HAaM HYXHO, O4HAKO KOMMUAATOP He BOCMPUMET 3Ty
nHdOpPMaLMIo U OTHeCeT el se K BHyTpeHHemy i f. MicKaTb TaKoro poAa owmnbKu ocobeHHO TAKeno. 3a4ecb ymecTeH
CneayloLmii COBET: BNOXKEHHble 1 f obpamnaiiTe GUrypHbIMU CKOBKamu.

KctaTtn, obpaTnte BHUMAHME Ha TOUYKY C 3anATOM Noc/ie z = a B

3pecb OHa o06sa3aTesibHa, NOCKO/IbKY MO MNpaBuWaam rpaMMaTWMKM 33 1f [O/MXKHA CNejoBaTb WMHCTPYKUMSA, a
BbIPaXKEeHWe-MHCTPYKLUMA BpOAe z = a; BCerga 3akaHuMBaAeTCA TOYKOW C 3ansAToM.

3.3. Konctpykuus else-if
KoHcTpyKumA

if (BrpaxeHme)
MHCTPRYKIIMS
else 1f (Brpaxenmue)
MHCTPYKLMS
else if (BrpaxeHme)
MHCTPRYKIIMS
else if (BrpaxeHme)
MHCTPYKLMS
else

MHCTPYKIIMA

BCTPEYAETCA TaK YacTo, YTO O Hel CTOMT NOroBopUTbL 0c060. MprBeaeHHas NoCNeA0BaTeNIbHOCTb UHCTPYKLMI 1 f —
camblit 06wWmMii cnocob onMcaHMA MHOTOCTYMEHYATOro NPUHATUA PeLleHna. BblpaxeHus BbIYMCNAOTCA MO NOPAAKY;
KaK TO/IbKO BCTPEYAETCA 8bipaXeHue CO 3HaYeHnem "MCTUHA", BbINOJIHAETCA COOTBETCTBYIOLLANA eMY UHCMPYKYUS; Ha
3TOM MOC/NeA0BaTe/IbHOCTb NMPOBEPOK 3aBepluaeTca. 34ecb NoJ C/I0BOM UHCMPYKUUA nmeetca B Bugy nmbo ogHa
WMHCTPYKLMA, 1MB0 rpynna MHCTPYKLUMIN B PUTYPHBbIX CKOOKaX.



MocnepHAaa else-yacTb cpabaTbiBaeT, eCAn He BbINOJIHAIOTCA BCe MNpeablaywue ycnosusa. MHorga B nocnegHen
YyacTu He TpebyeTca NPOU3BOANTL HUKAKUX AEeNCTBUMN, B 3TOM Caydyae dpparmeHT

else
MHCTPYKIIMA

MOXHO OMNYCTUTb WM UCNOIb30BaTb A8 GUKCaLMM OMBOYHOM ("HEBO3MOXKHON") cUTyauuu.

B KauyecTBe WANIOCTPALMM TPEXNYTEBOro BETB/NIEHUA PacCMOTPUM QYHKLUIO BMHAPHOTO MOMCKa 3HaYyeHUs x B
maccuse v. MNpeanonaraertcs, YTO 3NEMEHTbI v YNopsaA0UeHbl No BO3pacTaHuto. YHKLMA BblAAET NONOMKEHNE X B V
(uncno B npegenax ot 0 Ao n-1), ecam x Tam BcTpedaeTca, U -1, ecau ero Her.

Mpn 6MHAapPHOM NOUCKE 3HAYEHNE X CHayana CPaBHMBAETCA C 3/1IEMEHTOM, 3aHUMAOLUM CEPEANHHOE MO/IOMKEHME B
maccuse v. Ecam x meHblue, Yem 3TO 3HaYeHue, To 061acTbio NOMCKA CTaHOBUTCA "BepXxHAA" NONIOBMHA Maccmea v, B
NPOTUBHOM c/iydae — "HWKHAA". B n1t0bom cnyyae crefyolWmin Wwar — 3TO CpaBHEHME C cepeauHHbIM 3/1EMEHTOM
oTobpaHHOM nonosuHsbI. Mpouecc "ynonoBuHMBAHUA" AManasoHa NPOAOJIKAETCA A0 Tex rnop, noka anbo He byaer
HaMaeHo 3HayeHue, INBO He CTaHeT MYCTbIM AMana3oH Noucka. 3anuwem dyHKUmMo 6MHapHOro Noucka:

/* binsearch: HaT x B v[0] <= v[1l] <= .. <= v[n-1] */
int binsearch(int x, int vI[], int n)
{

int low, high, mid;

low = 0;
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 /* coBnameHue HanmeHo */
return mid;

}

return -1; /* coenameHusda HeT */

OcHOBHOE AeicTBUE, BbINOJHAEMOE HA KaKAOM Luare noucka, — CpaBHEHWEe 3HauyeHusa x (MeHblle, bosblie uau
paBHO) C 31eMeHTOM v [mid]; 3TO CpaBHEHME eCcTeCTBEHHO NOPYyYUTb KOHCTPYKUMU else-if.,

YnpaxHeHue 3.1. B Haweli nporpamme BMHAPHOTO MOWCKA BHYTPU LIMKNA OCYLLECTBAAKOTCA [BE MPOBEPKMU, XOTA
mMorna 6bITb TO/IbKO 04Ha (MPU yBEAUYEHUM YMCNA NPOBEPOK BHE LMKAA). HanuwwuTte nporpammy, npeaycmMmoTpes B
Hel 04HY NPOBEPKY BHYTPY UMKAA. OLeHUTE pa3HULY BO BPEMEHW BbIMOJIHEHUS.

3.4. [lepexmoyaTenn switch

MHCTpyKLMA switch ncnonbsyertcs Ana Bbibopa o4HOro U3 mHorux nyteir. OHa NpoBepsAeT, COBNAaAaEeT M 3HaYeHue
BblpaXXeHna C OoAHMM U3 3HaHEHMﬁ, BXo4AWMNX B HEKOTOPOE MHOXECTBO UENbIX KOHCTAHT, W BbINOJHAET
COOTBETCTBYHOLLYH 3TOMY 3Ha4Y€HUIO BETBb NPOrpammbl:

switch (Brpaxenme) {
case KOHCT-BHP: MHCTPYKLMHA
case KOHCT-BHP: MHCTPYKLMA
default: wmHCTPYKILMM

}



Karkaas BeTBb case NomeyeHa OAHON UM HECKONIbKUMU LLESIOYUCEHHBIMU KOHCTaHTaMM UM e KOHCTaHTHbIMMU
Bblpa*KeHUAMU. BbluMCNEHMA HAUMHAKOTCA C TOM BETBM case, B KOTOPOM KOHCTaHTa COBMagaeT CoO 3HauyeHUEM
BblpaxeHua. KoHCTaHTbl Bcex BeTBeM case A0MXHblI OTANYaThCs APYr OT Apyra. Ecam BbIACHUAOCL, YTO HXM OoAHA U3
KOHCTAHT He noAaxXoAuT, TO BbINOJHAETCA BeTBb, NomeyvyeHHaa cnosom default, ecanm TakoBaA umeeTcA, B
NPOTUBHOM C/ly4ae HMYero He genaetca. Beteu case n default MoXKHO pacrnonaraTb B 1t060M nopagkKe.

B rnaBe 1 mbl Hanucanu nporpammy, NOACUYUTHIBAIOLLYIO UYMC/IO BXOXKAEHWUIM B TEKCT KarKaon umdpbl, CUMBOIOB-
pasgenutenein (npobenos, TabynaumMin U HOBbIX CTPOK) M BCEX OCTaNbHbIX CUMBOMOB. B Heit mMbl MCNonb30oBaNu
nocneposatenbHocTb if..else 1if..else. Tenepb npuMBesemM BapMaHT 3TOM MPOrpaMmbl C NepekatoyaTenem

switch:

#include <stdio.h>

main () /* nomcuer nubp, CUMBOJIOB-Pa3IeNMTEJIEM M MPOUMX CHMBOJIOB */

{

int ¢, i1, nwhite, nother, ndigit[10];

nwhite = nother = 0;
for (i = 0; 1 < 10; 1i++)
ndigit[i] = 0;
while ((c = getcharO) !'= EOF) {
switch (c) {
case '0O': case '"l': 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 ("umdp =");
for (i= 0; i < 10; 1i++)
printf (" %d", ndigit[i]);
printf (", cuMmBoOJOB-pasmeymuresieln = %d, npoumx = %d\n", nwhite, nother);
return 0;

MHCTpyKUuMA break BbI3blBaeT HEMEAJIEHHbIN BbIX0A, U3 nepekntoyaTens switch. NocKkonbKy BbI6Op BETBU case
peannsyetca Kak nepexon Ha MeTKy, TO Moc/je BbIMNOJIHEHMA OAHOW BETBM case, eCI HUYEro He NpeanpuHATb,
nporpamma npoBaAUTCA BHU3 Ha cheaylollyd BeTBb. WMHCTpPyKuMn break wn return — Haubonee
pacnpocTpaHeHHble cpeacTBa Bbixoda W3 nepekatodatena. UHCTpyKuua break uMcnonb3yeTca Takke AaA
NPUHYAUTENBHOTO BbIXoAa M3 UMKNoB while, for n do-while (Mbl ewe NOroBopumM 06 3TOM YyTh NO3XKe).

"CkBO3HOE" BbINONHEHME BETBEN Case BbI3blBAET CMeLaHHble 4yBcTBa. C 04HOM CTOPOHbI, 3TO XOPOLLO, MOCKOJIbKY
No3Bo/IAET HECKONIbKO BETBEW case 06beANHUTb B OAHY, KaK Mbl M MOCTYNUAKU C umbpamm B Hawem npumepe. Ho ¢
OPYron 3TO 03HaAYaeT, YTO B KOHLE MOYTU KaXKAOW BETBM MPUAETCA CTaBUTb break, UTobbl M3bexaTb nepexosa K
cneaytowei. MNocneaoBaTtenbHbIM NPOXOA NO BETBAM — Bellb HEHaZeXHas, 3TO YpeBaTo olWMbKaMn, 0cobeHHO npu



M3MEHEHUWN NPOrpammbl. 3a UCKIOYEHNEM C/YyYan C HECKO/bKMMU METKaMM AN OAHOro BblYMCAEHUSA, CTapanTech
MO BO3MOMKHOCTU peXKe MNO0/b30BaTbCA CKBO3HbIM MPOXOLOM, HO €C/IM YK Bbl €ro npumMeHseTe, 06s3aTesibHO
KOMMEHTUpPYITE 3T 0cobble mMecTa.

[o6pbili Bam COBET: AaKe B KOHUe nocnegHen BeTsu (nocsie default B Hawem npMmepe) NnomelLanTe MHCTPYKLMIO
break, XoTA C TOYKM 3PEHUSA JIOTUKM B HEM HET HMKAKOM HeobxoammocTn. Ho aTa maneHbKaa npeaoCTOPOMKHOCTb
CnaceT Bac, Korga oAHaxabl Bam notpebyetca ,06aBUTL B KOHEL, eLle O4HY BETBb case.

YnpaxHeHue 3.2. Hannwute PyHKUMIO escape (s, L), KOTOpasa Npu KONMPOBAHUM TEKCTA U3 t B s npeobpasyeT
TaKue CMMBO/IbI, Kak HOBas CTPOKa M Tabynsauma B "BuaMmble nocieaoBaTesnibHOCTM cMmBosios" (Bpoge \n un \t).
Ncnonb3yite WMHCTPYKUMO switch. HanuwuTte ¢yHKUMIO, BbINOAHSAOWYO obpaTHoe npeobpasoBaHMe 3CKenn-
nocnenoBaTesIbHOCTEN B HACTOALWME CUMBObI.

3.5. llukasl while u for
Mbl y}Ke BCcTpeyanuch ¢ umknamm while n for. B unmkne

while (BrpaxeHMre)
MHCTPYKIMS

BblUMCNAETCA BblpaxceHue. ECAn ero 3HadyeHWe OTAUYHO OT HYAA, TO BbINONHAETCA UHCMPYKUUA, U BblYUCNEHUNE
8bIPAXEHUA NOBTOPAETCA. ITOT LMK NPOAOKAETCA A0 TEX MNOP, MOKA BblpaXKEHME He CTaHET PaBHbIM HY/I0, nocne
Yero BbIMMCNEHMA NPOAO/KATCA C TOUKWN, PACMOONKEHHOMN Cpasy 3a uHcmpyKkuued.

UHCcTpyKuma for

for (BrIP;; BEP,; BEIP3)

MHCTPYKIIVA
3KBUBANNIEHTHA KOHCTPYKUNNA

BEID; ;
while (Brp,) {
MHCTPYKLIMUS

BEID3;

€C/IN He CYMTaTb OT/IMYMIA B NOBEAEHMMN MHCTPYKLUMM continue, peyb 0 KOTOpoW noiaet B naparpade 3. 7.

C TOYKM 3peHMs rPamMMaTUKM TPU KOMMNOHEHTbI UMKAa for npeactaBnstoT cO6ON MPOM3BOJIbHbIE BbIPasKeHWUs, HO
yalle 8blp; U 8biP; — 3TO NPUCBANBAHUA UK BbI30BbI GYHKLMIA, a 8bip, — BbiparkeHWe OTHoweHUsA. Jltoboe 13 3TUxX
TPeX BbIPA*KEHWUI MOMKET OTCYTCTBOBATb, HO TOYKY C 3anATOW OMycKaTb Henb3s. Mpu OTCYTCTBMM 8bip; WU 8bIp3
CYMTAETCA, YTO UX MPOCTO HET B KOHCTPYKLMU UMKAQ; NMPU OTCYTCTBUWN 8bIp, NPEANONAraeTcs, YTo ero saHayeHme Kak
6bl BCerga UcTMHHo. Hanpumep,

for (;;) |

~n

€CTb "6eCKOHeYHbII" LMK/, BbINOJHEHWE KOTOPOrO, BEPOATHO, MPEPbLIBAETCA KaKMM-TO APYTMM CNOcobom, Hanpumep
C MOMOLLbIO MHCTPYKUUIN break nam return.

Kakoi unkn Bbibpatb: while unm for — 3710 Aeno BKyca. Tak, B

while ((c = getchar()) == " " || ¢ == "\n' || c == "\t")
; /* 00OUMTUM CUMBOJIBI-pas3gejauTenan */



HET HN MHNUMANN3aL NN, HU NepecyeTa NnapameTpa, N03ToOmMy 34eCb 6onble noaxogut while.

Tam, rge ecTb NpocCTas MHMUMANAM3aLMA UM MOLWAroBoe yBe/fMdyeHMe 3HayeHUs HEeKOTOpOol nepemeHHOM, bonblue
noaxoAuT UMKA for, Tak Kak B 3TOM LMK/e OpraHU3yioLLLas ero 4acTb cocpeaoToYyeHa B Hayane 3anucu. Hanpumep,
Hayaso UmMKaa, 0bpabaTbiBaloLLEro Nepsble N 3/1eMEeHTOB MacCMBa, UMeeT CeayIoWmnii BUA,:

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

OTO NoxoXe Ha DO-UMKAbI B dJopraHe n for-umknol B Mackane. CxoacTBO, O4HAKO, HE BNOJIHE TOYHOE, TaK Kak B Cun
MHAOEKC U ero npegenbHoe 3Ha4YeHne MOTyT U3MEHATbCA BHYTPU UWKAQ, U 3HaYeHne MHAeKca 1 nocse Bbixoda U3
LUMKAa BCerga onpeaeneHo. |_|OCKOI'Ibe TP KOMMNOHEHTbI UWKNa MOTYyT 6bITb NMPON3BOJ/IbHbIMU BblIPaXKXEHUAMMU,
opraHusayma for-unKI0B He OrpaHNYMBaAETCA TONIbKO C/yYaem apmd)mequeCKoﬁ nporpeccuun. OAHako BKAOYaThL B
3aroz1I0BOK UuKnNa BblYUCNEeHUA, HE Mmelowne oTHoWweHMA K MHUUKMANU3aUNN U UHKPeEMEHTUPOBAHUIO, CHUTAETCA
NNOXUM CTUNEM. 3aronoBOK ydlle oCTtaBUTb TOJIbKO ONA onepau,mﬁ ynpaBaeHnAa UNKI0M.

B KauyecTBe 60see BHYLWIMTENbLHOrO MNpuMmepa npuBedem APYryl0 BeEpPCUIo MNporpamMmbl atoi, BbINOAHANOLLEN
npeobpasoBaHUEe CTPOKN B €e YNCI0BOM 3KBUBAJIEHT. ITO H6osiee 06LLaA BEPCUS MO CPAaBHEHMUIO C PaCCMOTPEHHON B
rnase 2, B TOM CMbIC/le, YTO OHa UrHOPUPYET NIeBble CUMBOAbI-Pa3aennTenn (ecnm oHn ectb) U AOMKHbIM 06pa3om
pearMpyeT Ha 3HaKM + U —, KOTOpble MOTyT CTOATb neped undpamu. (B rnase 4 6yaer paccmoTpeH BapuaHT atof,
KOTOPbIV ocyllecTBAAeT NnoaobHoe npeobpasoBaHue A/1a YMCeN C N1aBakoLLeit TOYKON.)

CTpyKTypa nporpammbl OTpaxKaeT Bug BBOAMMOM MHPOPMaLMK:

UTHOPUPOBATE CHMBOJIBI-PAaBISJINTEIIM, €CJIM OHU €CTh
HOJIYYMTE SBHaK, €CJIM OH €CTh

B34TE IEeJIyl 4YacTbk M NpeobpasoBaTk ee

Ha Kaxaom ware BbINOAHAETCA onpejesieHHasa YacTb paGOTbI N 4YeTKo d)MKCMpyeTCFI €e pe3ynbTar, KOTOprﬁ 3aTem
MCNo/Nb3yeTCA Ha chegyrouem uiare. O6pa60T|<a AdHHbIX 3aKaHYMBAETCA Ha NepBOM e CUMMBOJIE, KOTOprﬁ He
MOXKET BbITb YaCcTbto YMCAa.

#include <ctype.h>

/* atol: mpeobpaszoBaHMe S B LieJiOe UMCJIO; Bepcusa 2 */
int atoi (char s[])

{

int 1, n, sign;

/* UTHOPUPOBATH CHMMBOJB-paszneauresamu */

for (1 = 0; isspace(s[i]); i++)

sign = (s[i] == '=-") 2?2 -1: 1;

if (s[i] == "+' || s[i] == '-') /* nponyck 3Haka */
i++;

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

return sign * n;

3ameTum, YTO B CTaHAapTHOM 6ubanoTeke mMmeetca 6onee coseplieHHaa GyHKUMA NpeobpasoBaHMA CTPOKU B
ANVHHoe uenoe (long int) — ¢dyHKUmMA strtol (cm. naparpad 5 npunorkeHus B).



MpenmyllecTsa, KOTOpble AaeT LeHTpaM3aumsa ynpasaeHna UMKAOM, CTaHOBATCA elle 6osee o4eBUAHbIMKU, KOraa
HECKO/IbKO LMKAO0B BJIOXEHbI Apyr B gpyra. Mponantoctpupyem nx Ha npumepe COPTUPOBKM MACCUBA LebIX Yyncen
metogom Wenna, npegnoxkeHHbim um B 1959 r. OCHOBHAA naea 3TOro aaroputma B TOM, YTO Ha PaHHUX CTaguAx
CpaBHUBAIOTCA AaseKo OTCToAlMe APYr OT Apyra, a He coceAHMe 3/IeMeHTbl, Kak B ODblY4HbIX NEepPecTaHOBOYHbIX
COPTUPOBKaXxX. ITO NPUBOAUT K BbICTPOMY YCTPAHEHWUIO MAcCOBOM HeynopaaoyYeHHOCTM, bharogapa yemy Ha 6onee
nosgHein craguu ocCTaeTcs MeHblue paboTbl. WHTepBan Mexay CpaBHMBAEMbIMU 3/EMEHTaMWU MOCTENEHHO
YMEHbLUAeTca A0 eAVMHWULUbI, U B 3TOT MOMEHT COPTUPOBKA CBOAUTCA K OObIYHbIM MepecTaHOBKamM COCEeAHMUX
anemeHTOB. lMporpamma shellsort nmeet cneayowmn Bua;

/* shellsort: coprupyiorca v[0] ... v[n-1] B BO3pacTawieMm nopsanke */
void shellsort (int v[], int n)
{
int gap, i, J, temp;
for (gap = n/2; gap > 0; gap /= 2)
for (i = gap; 1 < n; 1i++)
for (J =1 - gap; J >= 0 && vI[]] > v[] + gapl; J -= gap) {
temp = vI[j];
viJ] v[J] + gapl;
v[] + gap] = temp;

34ecb MCNOMb30BaHbl TPU B/IOXKEHHbIX APYr B Apyra LMKNa. BHeWHW ynpaBnseT MHTEPBANOM gap Mexay
CPpaBHMBAEMbIMM 3/IeMEHTaMM, COKPaLLasa ero NyTem AeseHus nonoaam ot n/2 go Hyns. CpegHUn LMKN nepebupaet
3/1eMeHTbI. BHYTPEHHUIA — CpaBHUBAET KaxKAylo Napy 3/1€MeHTOB, OTCTOALLMX APYr OT APYyra Ha PaccToAHUU gap, U
nepecTas/ifeT 3/1eMeHTbl B HeynopaAoYeHHbIX napax. Tak Kak gap 06s3aTe/ibHO CBeAeTCA K eANHULLE, BCE 1IEMEHTbI
B KOHEYHOM cyeTe 6yayT ynopsagodeHsl. O6paTuTe BHUMAHME Ha TO, YTO YHUBEPCANbHOCTb UMKNA for nos3sonser
COeNaTh BHELHUI LKA No Gopme NOXOXKUM Ha ApYyrue, XOTa OH U He ABAAETCA apuPMeTUUECKOM Nporpeccmen.

MocnepgHuit onepatop Cu — 310 "," (3anATan), KOTOPYlO Yalie BCEro WMCMNOAb3YIOT B MHCTPYyKuuM for. MMapa
BbIPaXKeHWIA, pasaeneHHbIX 3anNATON, BbIYUCAAETCA C1eBa Hanpaso. TUNOM M 3HaYeHWeM pe3ynbTaTa ABASIOTCA TUM U
3HayeHWe MPaBOro BbIPaXKEHMA, YTO MO3BOAAET B MHCTPYKUMM fOr B KarKAoh M3 Tpex KOMMOHEHT MMETb Mo
HECKONbKY BbIPaXKeHWI, Hanpumep BecTU ABa MHAEKca napannesnbHo. [poAeMOHCTpUpyeM 3TO Ha npumepe

OYHKUMK reverse (s), KoTopas "'nepeBopaymBaeT” CTPOKY S, OCTABAASA pe3y/ibTaT B TOM Ke CTPOKE S:

#include <string.h>

/* reverse: MNnepeBOopauMBaeT CTPOKY S (pesyjbTaT B S) */
vold reverse (char s[])

{

int ¢, 1, J;

for (i = 0, 7 = strlen(s)-1; i < j; i++, 3--) {
c = s[il;
s[i] = s[31;
s[j] = c;

3anarole, pasgenaouime aprymeHTbl q)yHKLI,MVI, nepemeHHble B 06bABNEHUAX U np. He ABAAKOTCA onepatopamu-
3anATbIMW N He 0becneymnBatoT BbIYUCIEHU CneBa Hanpaseo.

3anAaTbiMM  Kak onepatopamu cnegyet NoaAb30BaTbCA ymepeHHO. bosnee BCero OHM YMECTHbl B KOHCTPYKUMAX,

KOTOpblE TECHO CBA3aHbI APYr C APYrom (Kak B for-UmKae NporpaMmmbl reverse), a TakKe B MaKpocax, B KOTOPbIX



MHOrOCTyMNeH4YaTble BblMMCAEHUA [AO0MXKHbI 6biTb Bbipa)KeHbl OAHMM BblpakeHMem. 3anaToil-onepaTtopom B
nporpamMmme reverse MOXHO 6bl10 6bl BOCMOAb30BaTbCA M NpU 0BMeHe CMMBO/MaMM B MPoOBEepAeMbIX Napax
3/1IEMEHTOB CTPOKM, MbIC/A 3TOT OBMEH KaK OAHY OTAE/IbHYIO Onepaumto:

i = J = strlen(s)-1; < J; i++, J--)

( 0, i
c = sl[i], s[i] = s[jl, sl[j] = c;

YnpaxkHeHue 3.3. Hanvwute PyHKUMIO expand (s1, s2), 3aMEHAIOWYIO COKPALLEHHYIO 3anucb Hanoaobwe a-z B
CTpOKe s 1 3KBMBAJIEHTHOM NONHOM 3anucblo abc. . . xyz B s2. B s1 gonyckatotcsa 6yKBbl (MPOMUCHbIE U CTPOYHbIE) U
umdpbl. Cneayer ymeTb CNPaBAATbLCA C TAKUMU C/lydasimun, KaK a-b-c, a-z0-9 u -a-b. CumTaitTe 3HaK - B Ha4Yane uan B
KOHLE s1 06bl4HbIM CUMBONOM MUHYC.

3.6. lluxkia do-while

Kak mbl roBopuan B rnase 1, B unKNax while n for nposBepKa yCA0BMA OKOHYAHMA UMK BbINONHAETCA HaBepxy. B
Cu nmeeTca ewwe ogMH BuA LMKANA, do-while, B KOTOPOM 3Ta NPOBEPKA B OTAMYME OT while n for genaerca BHU3Y
Nnoc/se KaxkAoro npoxoXKAeHus Tena UMKANa, T. e. Noc/ie TOro, Kak Teso BbINOAHUTCA XOTA 6bl oauMH pas. LUukn do-
while nmeeTt cneaytoLmin CUHTAKCHUC:

do
MHCTPYKLMS

while (Brpaxenme) ;

CHauyana BLINOAHAETCA UHCMPYKUUA, 3aTeM BblYUCAAETCA ebipaxceHue. EcnM OHO WCTUHHO, TO UHCMPYKYUA
BbIMO/IHAETCA CHOBa U T. 4. Koraa ebipaxceHue CTaHOBMTCA JIOMHbIM, LIMKA 3aKaHumBaeT paboty. LUukn do-while
3KBMBA/IEHTEH LUMKAY repeat-until B Mackane ¢ TOM AMLIb PasHULIEN, YTO B MEPBOM C/lydae yKa3blBaeTCs yc/ioBue
NPOAO/IKEHUA LIMKNA, @ BO BTOPOM — YC/I0BUE €0 OKOHYaHUSA.

OnbIT NoKasbiBaeT, YTO UMKA do-while Mcnonb3lyeTca ropasgo pexe, yem while m for . Tem He MeHee,
noTpebHOCTb B HEM BpeMA OT BPEMEHU BO3HMKAET, KaK, Hanpumep, B PyHKUMN itoa (06paTHOM NO OTHOLWEHUIO K
atoi), npeobpasylollet YNCNO B CTPOKY CMMBOOB. BbIMONHUTL Takoe npeobpasoBaHME OKa3anoCb HECKO/bKO
bonee CNOXHbLIM OEN0M, YeM OXWAANOCb, MOCKOJIbKY MNPOCTble a/frOPUTMbl FeHepupyloT uudpbl B obpaTHOM
nopsgke. Mbl 0OCTaHOBUANCL Ha BapuaHTe, B KOTOPOM CHavana popmupyeTtcs obpaTHaa nociefoBaTebHOCTb Unop,
a 3aTeM OHa peBepcupyeTca.

/* itoa: mpeoBpasoBaHMe N B CTPOKY s */
void itoa (int n, char s[])
{
int 1, sign;
if ((sign = n) < 0) /* coxpaHsgem 3HaK */
n = -n; /* mejaeM n IMOJIOKUTEJIbHEIM */
i=0;
do { /* renepupyeMm Lubpel B OBpaTHOM MIOpAIKe */
s[i++] = n % 10 + '0'; /* cnenywomasa uubdpa */
} while ((n /= 10) > 0); /* HUCKIOUUTL ece */
if (sign < 0)
s[i++] = '-';
s[i] = "\0";
reverse (s) ;

KoHcTpyKumsa do-while 3gecb HeobxogMma UM No KpaliHeh mepe yAo6Ha, NOCKO/IbKY B S NOCbLIAETCs XoTA 6bl
OAMH CMMBOJI, [a)Ke eC/IM N PaBHO Hy/0. B Tene UMKAA O4HY MHCTPYKUMIO Mbl BbiAEANAN GUTYPHBIMU CKOBKamu



(XOTH OHU U M36bITO‘-IHbI), yTOObI HEMCKYLUGHHbIVI YUTaTe/Ib HE NMPUHAN NO owmnbKe cnoBo while 3a Hayano UnKna
while.

YnpaxHeHue 3.4. Mpu yci0BUM, YTO AN NPeACTaBAEHUSA YUCEN UCNONb3YETCA AOMNONHUTENbHbIV KO, Hala Bepcus
itoa He cnpaBnfeTca ¢ caMbiM 6ONbLIMM N0 MO/Y/0 OTPULLATE/IbHBLIM YMCIOM, 3HaYeHMe KOToporo pasHaeTtcs -(2™
Y), rae n — pasmep cnosa. O6BLACHUTE, YeM 3TO BbI3BaHO. MoaMbULMPYIiTEe MPOrpamMmy TaKMM 06pa3oM, YTOBbl OHa
[AaBana npaBu/bHOE 3HAYeHMe YKa3aHHOIo YMC/Ia HE3aBMCMMO OT MaLLMHbI, HA KOTOPOI BbIMOJIHAETCS.

YnpaxkHeHue 3.5. Hanuwute ¢yHKumMo itob (n, s, b), KOTOpas nepeBoAMT LENoe n B CTPOKYy S,
NPeAcCTaBAAOWY YMCA0 N0 OCHOBaHUIO b. B yactHoctn, itob (n, s, 16) NomewaeTr B S TEKCT YMcaa n B
LwecTHaguaTepuyHom smae.

YnpaxkHeHue 3.6. Hanuwmnte Bepcuio itoa ¢ AONOAHUTENbHbIM TPETbUM apryMeHTOM, 3343I0WUM MUHUMAbHYO
WnpuHy nona. Mpun HeobxoanMmocTM NpeobpasoBaHHOE YMCNO AONKHO C/IEBa AOMNONHATLCA Npobenamu.

3.7. UacTpyKuuu break u continue

MHorpa 6biBaeT yao6HO BbIATU M3 LMKAQ He MO pe3y/ibTaTy NPOBEPKU, OCYLLECTBASEMON B Hayasie UaM B KOHUE
LUMKAQ, @ KaKUM-TO ApyrMum cnocobom. Takyro BO3MOMKHOCTb gNs UMKNoB for, while n do-while, a Takke gnaa
nepekaodatena switch npeaoctaBnasaeT UHCTPYKUMA break. ITa MHCTPYKLUMA Bbi3biBAET HEMEA/IEHHbIN BbIXoA, U3
CaMOro BHYTPEHHEro 13 06beMIoWNX ee LMKI0B UK NepPeKoYaTene.

Cneayowan ¢yHKUMA, trim, yaanseT u3 CTPOKM 3aBepluatome npobenbl, Tabynsaumm, CUMBObI HOBOW CTPOKM;
break Mcnonb3yeTca B Hel ANa BbIXo4a M3 LMKAA NO NepBomMy o6Hapy»KeHHOMY CnpaBa CUMBOJY, OTAUYHOMY OT
Ha3BaHHbIX.

/* trim: ymajgeT 3aBepmamme npodejikl, TadyJidlUur M HOBHE CTPOKMK */
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+l] = '"\0';

return n;

C nomouwbto GYHKUMM strlen MOXNKHO MOAYYUTb ANMHY CTPOKM. LMkn for npocmaTpuBaeT ero B obpaTHOM
nopaaKe, HauMHaA C KOHLA, A0 TeX MOp, NMOKa He BCTPETUTCA CMMBOJ, OT/IMYHBIN OT nNpobena, Tabynaunm n HOBOW
CTPOKM. LIMKN NpepbiBaeTcs, Kak TOIbKO TaKOWM CMMBOI OBHaPYKUTCA UAM N CTAaHET OTPULLATENbHbIM (T. €. BCA CTPOKa
byaeT npocmoTpeHa). YoeauTecn, YTo GyHKLMA BeAET cebs NPaBUIbHO U B C/IyYasX, KOrAa CTPoKa MycTa UM COCTOUT
TO/IbKO M3 CUMBOJIOB-pa3aenutenei.

MHCTpyKLUMA continue B YeM-TO NOXOXa Ha break, HO NpUMeHAeTcA ropasao perke. OHa BbIHYKAAET 6AMKaALWNIA
obbemnowmin ee umkn (for, while unm do-while) HayaTb cneayowmin war ntepaumn. Ans while n do-while
3TO O3HA4YaeT Hemen/IeHHbIN nepexos K MpoBepKe ycnoBuA, a gna for — K npupaweHuto wara. MHCTpyKumio
continue MOXHO MNPUMEHATb TOMbKO K UMKAAM, HO He K switch. BHyTpu nepekntoyatena switch,
pPacnosioXKeHHOTO B LMKE, OHa BbISOBET NEPEXO, K CAeAyoLen nTepannmn 3Toro LuKna.

BoT ¢parmeHT nporpammbl, 06pabaTbiBalOWMiA TONILKO HEOTPULATE/IbHbIE 3/IeMEHTbl MaccMBa a (oTpuuaTesbHble
nponyckawTca).

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

if (al[i] < 0) /* mpomnyck OTpHULIATEJILHEX D2JIEMEHTOB */



continue;

/* obpaboTka MOJIOKUTEJILHEIX 3JIEMEHTOB */

K MHCTPYKUMK continue 4acto an6era}0T TOraa, Korga oCrtaswadacA 4acCtb UMKAA CNOXHA, @ 3aMeHa yCN0BUA B
HEM Ha NpPOTUBOMOJIOXKHOE U BBeAEeHME eulle OAHOro ypoBHA NpPUBOAAT K C/IULLKOM 60ﬂbLLIOMy qyucny ypOBHEﬁ
B/1IOKEHHOCTU.

3.8. UHCcTpYKIMA goto U MEeTKU

B Cu MmetoTca nopuuaemas MHOTMMM MHCTPYKLMA goto U METKM Ana nepexona Ha Hux. CTporo rosops, B 3TOM
WMHCTPYKLMWN HET HUKAKON HeobXoAMMOCTM, M HA MPaKTUKe NOYTM Bceraa ferko 6e3 Hee obonTtnch. Jo cux nop B
Halel KHUre Mbl He MCMOAb30BaM goto.

OAHaKo CYWEeCTBYIOT ClyYau, B KOTOPbIX goto MOMET npuroautbca. Hambonee TMNMYHA CUTyaUMA, KOTAA HYXKHO
npepsaTb 06paboTKy B HEKOTOPOW rNyHOKO BNOXEHHOW CTPYKTYpPe M BbINTU cpasy M3 ABYX WKW 6o/blUero 4mcna
B/IOMKEHHbIX LMKMA0B. MHCTPYKUMA break 34eCb HE NOMOXKET, TaK Kak OHa obecneunT BbiXO4 TO/IbKO M3 Camoro
BHYTPEHHEro UMKAa. B KauecTse npMmepa paccCMOTPMM CEeAYIOLLYO KOHCTPYKLMIO:

for (..)
for (..) {

if (disaster) /* ecnm OGencreue */
goto error; /* yurTu Ha oumbky */

error: /* obpaborka ommbru */
JIMKBUONUPOBATE OECIOPANOK

TaKaa opraHusauma nporpammsl yaobHa, eciv nognporpamma o6paboTKmM OWMBOUYHOM CUTYaUMnN He TpUBMAIbHA U
OWNBKa MOXKET BCTPETUTLCA B HECKOJ/IbKMX MECTaXx.

MeTKa umeeT BUA, 06bIYHOTO MMEHU NEPEMEHHON, 338 KOTOPbIM cneayeT ABoeToure. Ha MeTKy MOXKHO NepenTu ¢
NoMoLblo goto U3 N06Oro Mecta AaHHOW GYHKUMM, T. €. METKA BUAMMA Ha NPOTAXKEHUN BCeW GYHKLUN.

B KauecTBe eLle 04HOTO NPUMEpPa PacCMOTPUM TaKyto 3a4a4y: ONpeaennTb, ecTb M B MaccBax a M b coBnagatowme
anemeHTbl. O4MH 13 BO3MOKHbIX BAPMAHTOB €€ peannsaumm UMeeT cneayowmnn BUa;:

for (1 =0 ; 1 < n; i++)
for (J = 0; jJ < m; J++)
if (ali] == b[J])

goto found;

/* HeT OIOMHAKOBBIX SJIEMEHTOB */
found:

/* oBHapyxeHO coBmnameHme: al[i] == b[j] */

I'Iporpammy HaXxoxXgeHnAa coBnagarowmx 31eMEHTOB MOXKHO Hanncatb U 6es goto, npaBga, 3anjatMB 3a 3TO
AONONHUTENNIbHBIMU NPOBEPKaMU U eLle OLI,HOﬁ I'IEpEMeHHOVIZ

found = 0;
for (1 = 0; 1 < n && !found; i++)
for (j = 0; 7 < m && !found; j++)
it (ali] == b[J])



found = 1;
if (found)
/* obHapyxeHO coBnamenme: al[i-1] == b[j-1] */

else

/* HeT OOMHAKOBEIX SJIEMeHTOB */

3a UCK/IlOYEHMEM PeaKUX Cay4vyaes, NOAOOHbIX TONbKO YTO NPUBEAEHHbIM, MPOTrPaMMbl C MPUMEHEHMEM goto, KaK
npaBwIo, TPyAHEe A1A NMOHUMAHUA M COMPOBOXKAEHMA, YEM NPOrPaMmMbl, peLuatolme Te Xe 3agaum 6e3 goto. XoTa
Mbl U HEe AOrMaTUKM B AaHHOM BOMPOCE, BCE }Ke AyMaeTcs, YTo K goto cneayeT npuberatb KpaliHe peako, ecniu
MCNONb30BaTb 3TY MHCTPYKLMIO BOOOLLE.



4. PyHKIMH U CTPYKTYypa NIPOrpaMMsbl

®PyHKUMM pa3buBatoT 6o0/blUME BbIYMCAUTENBHDBIE 33434M Ha 6oslee MenKne 1 NO3BOAKOT BOCNO/1b30BATbCA TEM, YTO
Y}Ke caenaHo Apyrumu paspaboTtunkamu, a He HauMHaTb CO3AaHMe NPOrpamMmmbl Kaxkaplit pas "¢ HynAa". B BbIGpaHHbIX
OOKHbIM  06pasom  QyHKLMAX "ynpATaHbl' HeCylWecTBEHHble AAA APYrUX YacTeld Nporpammbl AEeTann WX
bYHKLMOHNPOBAHUA, YTO AeNlaeT Nporpammy B Lesom bosee AcHoM u obaeryaet BHECEHUE B HEE N3MEHEHUA.

A3bIK NpoeKkTUpoBancA TaK, 4Tobbl GYHKUMM Obln 3PPEKTUBHBIMM M MNPOCTbIMU B MCNOAb30BaHUWU. OB6bIYHO
nporpammbl Ha Cu cOCTOAT M3 BONbLIOIO YMCNa HebonbWKUX PYHKUMIN, @ He M3 HeMHOrMX 6onbwmx. Mporpammy
MOXHO Pacnonaratb B O4HOM UAN HECKONbKUX UCXOAHBIX dalinax. ITn ¢paiiibl MOXKHO KOMNWUAMPOBATb OTAENbHO, a
3arpy»aTb BMecTe, B TOM YMCAE U C paHEe OTKOMMNWUAUPOBAHHbIMU BMBANOTEYHBbIMU dYHKUMAMK. [poLecc 3arpysku
3[,eCb HEe PacCMaTPMBAETCS, MOCKOIbKY OH Pa3/IMYeH B PasHbIX CUCTEMAX.

O6basneHne u onpegeneHne ¢yHKUMM — 310 Ta obnactb, rae craHaaptom ANSI B A3bIK BHECEHbl Camble
CyLLEeCTBEHHble M3MeHeHMA. Kak mbl BUAenn B rnase 1, B onucaHnn GyHKLMU Tenepb paspelleHo 3a4aBaTb TUMbI
aprymeHToB. CMHTaKcuc onpegeneHma GpyHKUUU TaKKe M3MEHEH, TaK YTo Tenepb 06bABAEHUA U onpeaeneHus
bYHKLMIA COOTBETCTBYIOT APYr APYry. ITO NO3BOAAET KOMNUAATOPY OOHapy*KMBaTb HaMHOro 6osblie owmnbok, Yem
paHblie. Kpome TOro, eciM TuMbl apryMmeHTOB COOTBETCTBYIOWMM 06pasom 06baABAEHbl, TO HeobxoanMmble
npeobpasoBaHMA apryMeHTOB BbIMOJIHAKTCA aBTOMaTUYECKMU.

CTaHAapT BHOCUT ACHOCTb B Mpasua, onpegenstolime 061actm BUAMMOCTA UMEH; B YAaCTHOCTU, OH TpebyeT, 4TobbI
ON5 KaXKaoro BHelwHero o6bekTa 66110 TONbKO O4HO onpeaeneHne. B Hem 0606LweHbl cpeacTBa MHULMANAU3ALLUN:
Tenepb MOXHO MHULMAAN3NPOBATb aBTOMATUYECKUE MACCUBbI U CTPYKTYPbI.

YnydweH Takke npenpoueccop Cu. OH BKAoyaeT bonee WKMPOKUIA Habop AMPEKTUMB YCNOBHOW KOMMUAALMMK,
NpeaoCTaBAsET BO3MOXHOCTb U3 MaKpOapryMeHTOB reHepuMpoBaTb CTPOKW B KaBblYKaX, a KPOME TOro, COAEPMUT
60/1ee coBepLUEHHbI MEXaHW3M YNpPaBAEHUA NPOLECCOM MaKpopacwmpeHuns.

4.1. OcHOBHbIE CBeieHUs 0 QYHKIMAX

HauHem ¢ TOoro, YTo CKOHCTPYMPYEM MPOrpammy, NeYaTaloLLyHo Te CTPOKU BBOAUMOTO TEKCTA, B KOTOPbIX COAEPKUTCA
HeKoTopbIl "obpasel”, 3a4aHHbIN B BUAE CTPOKM CUMBOIOB. (3Ta Nnporpamma npeacTtaBasaeT coboit YacTHbIN cay4yait
dyHKUMK grep cuctembl UNIX.) PaccmoTpum npumep: B pesynbTaTe nomncka obpasua "ould" B cTpokax TeKkcTa

Ah Love! could you and | 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!
Mbl MOJIy4UM
Ah Love! could you and | with Fate conspire
Would not we shatter it to bits — and then
Re-mould it nearer to the Heart's Desire!
PaboTa no novcky obpasua YeTKo pacnafaeTca Ha Tpy sTana:

while (cymecTByeT eme CcTpoka)
if (crpoka comepxuT obpaszerl)
HAanevaraTre ee



XoTA BCe TpU COCTaBAAOLWME NPOLECCa NMOUCKA MOXHO MOMECTUTb B QYHKLMIO main, BCE Ke /ydlle COXPaHUTb
npueBeaeHHYI0 CTPYKTYPY M KaXAylo ee 4acTb peann3oBaTth B BUAE OTAENbHOW GyHKUMK. Slerye umeTb Aeno ¢ Tpemsa
HebONbWNMM YacTAMKM, Yem C OAHOW 6ONbLION, MOCKOJIbKY, €CiN HecyllecTBeHHble 0CObeHHOCTU peanmnsauuun
CKpbITbl B QYHKLMAX, BEPOATHOCTb UX HeXKenaTeNbHOro BO3AEWCTBMA APYr Ha Apyra MUHMManbHa. Kpome ToOro,
odopmeHHble B BUAE GYHKLMIA COOTBETCTBYHOLLME YAaCTM MOTYT OKa3aTbCA NOME3HbIMKU U B APYrMX Nporpammax.

KoHcTpykuma "while (cymecTByerT eme cTpoka)" peannsoBaHa B getline (cm. rnasy 1), a ¢pasy
"Haneyamame ee" MOXHO 3anMCaTb C NOMOLLbIO FOTOBOM GYHKUMM printf. Takum obpasom, Ham ocCTaeTcs

nepesectu Ha Cv TONbKO TO, YTO OnpeaenaeT, BXOAUT N1 3aJaHHbI o6pasel, B CTPOKY.

Y106bl pelimnTb 3Ty 3agady, Mbl Hanuwem ¢pyHKUMo strindex (s, t), KOTopaA yKasblBaeT MecTo (MHAEeKc) B
CTPOKe s, rAe HaYMHAEeTCA CTPOKa t, nan -1, ecan s He cogepKuT t. TaK Kak B CM HymepaLma 31eMeHTOB B MaccMBax
HaAYMHAETCA C HyAA, OTpULUaTeNIbHOE YMCI0 -1 NoAXOANUT B KaYecTBe NPU3HAKa Hey4auYyHoro noucka. Ecam ganee Ham
noTtpebyeTca 6osiee CNOXKHOE OTOXKAECTBAEHME MO 06pasLy, Mbl MPOCTO 3aMeHUM strindex Ha Apyryto yHKUMIO,
OCTaBMB MPU 3TOM OCTa/IbHYIO YacTb Nporpammbl 6e3 nameHeHui. (BubanoTeyHaa GyHKUMA strstr aHaNOrMYHa
OYHKUMK strindex U oTAMYaeTcsa OT NOCAeAHEN TONbKO TEM, YTO BO3BPALLAET He MHAEKC, a yKasaTeb.)

Mocne TaKOro MNPOEKTUPOBAHUA Mporpammbl ee "AeTanMposKa" OKasbiBaeTca o4veBuaHOW. Mbl  MMeem
npeacTas/ieHe 0 MPorpaMme B LIEJIOM M 3HaeM, KaK B3aMMOAENCTBYIOT ee YacTu. B Hawel nporpamme obpasel, Ans
MOWCKa 3a4aeTCA CTPOKOM-IMTEPAsIOM, UTO CHUNKAET ee YHUBEPCaIbHOCTb. B riase 5 mbl ele BepHemcs K npobaeme
WMHULMAAN3ALMN CUMBO/IbHBIX MAcCMBOB M MOKaXKeM, Kak obpasel, caenaTtb napameTpoMm, yCTaHaB/MBaeMbIM Mpu
3amycke nporpammbl. 34ecb NpUBeAEHa HECKO/IbKO M3MeHeHHas Bepcus OyHKuMM getline, M 6bi10 6bl
MoOY4YNTENbHO CPABHUTbL €€ C BEPCUEl, pacCMOTPEHHOM B rnase 1.

#include <stdio.h>
#define MAXLINE 1000 /* mMakCuUMaJILHEIM pasMep BBOOMMOM CTPOKM */

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

char pattern[] "ould"; /* obpasen miaa nomcka */
/* HaMTK BCe CTPOKM, colepxaumme obpaszel */
main ()
{
char line[MAXLINE];
int found = 0;
while (getlinedine, MAXLINE) > 0)
if (strindex(line, pattern) >= 0) {
printf ("%$s", line);
found++;
}

return found;

/* getline: umMTaeT CTPOKY B S, BO3BpallaeT IJIMHY */
int getline(char s[], int 1lim)
{

int ¢, 1i;

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

if (¢ == '"\n'")



s[i++] = c;
s[i] = '\0';
return i;

/* strindex: BHUMCISET MEeCTO t B S WMIM BeHOaeT -1, ecau t HeT B s */
int strindex (char s[], char t[])

{

int 1, J, k;

for (1 = 0; s[i] != "\0'; i++) {
for (j =i, k = 0; t[k] != "\0' && s[j] == tl[k]l; j++, k++)
if (k > 0 && t[k] == "\0")

return 1i;

}

return -1;

OnpeaeneHue noboi GYHKLUN UMEET Caeayowmii Bua,:

TUI-PEe’YyJIbTaTa MMSI—QYyHKIMM (OOBSBICHMUS ApPI'yMEHTOR)

{

OOBSABJIEHMSA M MHC TPYKILIMI

OTaenbHble YacTu onpeaeneHus MoryT OTCYTCTBOBaTb, KaK, Hanpumep, B onpeaeneHum "MnHMmanbHon" dyHKuMm
dummy () {}

KOTOpas HWYEro He BbIYMCAAET M HMYEro He BO3BpalLaeT. Takasa HMYero He Aenawowas OyHKUMA B npouecce
pa3paboTKK nporpammbl ObliBaeT nosie3Ha B KayecTBe "XxpaHuTens mecta'. Ecnav Tvn pesynbTata ONyLLeH, TO
npeanosaraercs, YTo GyHKUMA BO3BPALLAET 3HaYeHWe TUMa int.

JNltobaa nporpamma — 3TO NPOCTO COBOKYMHOCTb ONpeaeneHnit nepemMeHHbIX U GyHKUnUn. CBA3K mexay GYyHKLMAMM
OCYLLECTBNAIOTCA 4Yepe3 aprymeHTbl, BO3Bpallaemble 3HAYEHWA U BHELWHWe nepemeHHble. B ucxogHom daine
bYHKUMM MOryT pacnonaraTbca B t06OM MOpAAKE; UCXOAHYIO NMporpaMmmy MOXKHO pa3busaTb Ha Atoboe umncno
$ainoB., HO Tak, YTOBbI HX 0AHA M3 PYHKLMI HE OKa3anacb pa3pesaHHoMN.

MHCTpYKuMA return peanusyeT mexaHM3M BO3BpaTa pesy/bTaTa OT Bbi3biBaemMol ¢pyHKUMM K Bbi3biBatowei. 3a
CNIOBOM return MoXKeT cef0BaTh N1060e BbipaxKeHMe:

return BEpaxeHMe;

Ecnhn noTpebyetcs, BbipaxkeHue byaeT npuBeaeHO K BO3BpallaeMomy TUny GyHKUMKU. HacTo BbipaxKeHWe 3aK/ovatoT
B CKODOKMU, HO OHU He 06A3aTesbHbl.

BbisbiBatowasn $yHKLMS BNpaBe NMpPOMrHOPMPOBaTL BO3BpPalLlaeMoe 3HayeHue. bonee Toro, BbiparkeHWe B return
MOMET OTCYTCTBOBATb, M TOrga BoOOLEe HMKAKoe 3HayeHWe He OyaeT BO3BPALLEHO B BbI3blBaOLWYO (YHKUMIO.
YnpasneHne BO3BPALLAETCA B Bbi3blBAlOLWYO OYHKUMIO 6€3 pe3ynbTUPYIOWEro 3HaYeHMsa TaKKe U B TOM C/ydae,
Koraa BbluMcaeHusa gocturam "KoHua" (T. e. nocneaHen 3akpbiBatowen GpurypHoi ckobkm epyHkumm). He 3anpeleHa
(HO AONKHA BbI3bIBAaTb HACTOPOXKEHHOCTb) CUTYALLMSA, KOTAa B O4HOM U TOM e GYHKUMU O4HM return MMEoT npu
cebe Bbipa)keHua, a gpyrme — He umetoT. Bo Bcex cayyanx, Korga ¢yHKumsa "3abbina" nepepatb pesynbtaTt B
return, oHa 06s3aTenbHO BblgacT "mycop".



®yHKUMA main B Nporpamme MoOMCKa No obpasuy BO3BpalLaeT B KayecTBe pesysibTaTa KOJIMYECTBO HalAeHHbIX
CTPOK. ITO YNCNO LOCTYMNHO TOM cpese, U3 KOTOPOM AaHHaA nporpamma 6bina Bbi3BaHa.

MexaHU3Mbl KOMAUAAUMMK U 3arpy3kM CU-NpOrpamMm, PacnofioXKEHHbIX B HECKOIbKMX UCXOAHbIX dainax, B pasHbIX
CMCTEMAX MOFYT pasamyatbca. B cucteme UNIX, Hanpumep, 3TM paboTbl BbINOAHAET yNOMAHYTaA B rnaBe 1 KomaHaa
cc. Mpegnonoxum, 4to TpU OGYHKLMWM Halero nociaegHero npumepa PacnonoXKeHbl B Tpex pasHbix ¢alinax:
main.c,getline.cun strindex.c. Torga KomaHaa

cc main.c getline.c strindex.c

CKOMMNWAMPYET YKasaHHble ¢ainibl, NOMECTUB pe3ynbTaT KOMNUAAUMK B daiibl 06BEKTHbIX Mogyneh main.o,
getline.o un strindex.o, U 3aTeM 3arpysuT Ux B UcnonHaemoit dan a.out. Ecnm obHapyKmMnacb owmnbKa,
Hanpumep, B paiiae main.c, TO ero MOXHO CKOMMUAMPOBATb CHOBA M Pe3y/bTaT 3arpy3nTb PaHee Moay4YeHHbIMU
06beKTHbIMU daitnamm, BbINOJHUB CAEAYIOLLYIO KOMaHAY:

cc main.c getline.o strindex.o

KomaHaa cc vcnosb3yeT CTaHAapTHble pacwupeHua ¢ainos ".c" n".o", ytobbl oTAMYATL UCXoAHble daiinbl oT

06BEKTHBIX.

YnpaxHeHue 4.1. Hannwute ¢pyHKUMto strindex (s, t), KOTOpasA BblAAET NO3ULMIO CAMOTO NPABOro BXOXKAEHUA
t B s MK -1, ecnm BxoxaeHMA He 06HapyKeHo.

4.2. DyHKUMM, BO3Bpallawliye Hele/ible 3HaYeHUA

B npeaplaywmx npumepax OyHKUMM Anbo BoobWE He BO3BPALLA/IM PeE3yNbTUPYIOWMX 3HAYeHul (void), ambo
BO3BPALLA/IM 3HAYeHUs TMna int. A Kak 6biTb, KOorga pesynbtaT QYHKUMW AOKEH MMETb Apyroi tun? MHorue
BblUMCAUTENbHbIE QYHKLMK, KaK, Hanpumep, sqrt, sin WU cos, BO3BpaALLAOT 3HadYeHua Tuna double; gpyrue
cneumanbHble GYHKUMM MOTYT BblAaBaTb 3HAYEHMA elle KaKMX-TO TUMnoB. YToObl NPOMANIOCTPUPOBATb, KAKUM
06pa3om ¢yHKLMA MOXKET BO3BPaTUTb Helesoe 3HayeHue, Hanuwem o¢yHKuMio atof (s), KOTopasa nepeBoguT
CTPOKY S B COOTBETCTBYHOLLEE YMC/IO C MJIaBAOLLENA TOYKOWN ABOMHOM TOYHOCTU. PYHKLMA atof npeactasaset coboi
pacwmpeHne GyHKUMKM atoil, ABE BEPCUM KOTOPOM Dbl PacCMOTpPEHbI B rnaBax 2 1 3. OHa MMeeT Ae/i0 CO 3HAaKOM
(KOTOPOro MOKeT 1 He bbITb), C AeCATUYHON TOYKOM, a TaKXKe C Lesiol U APOoBHOM YacTaAMU, 04HA U3 KOTOPbIX MOXKeT
OTCYTCTBOBATb. Halwa Bepcua He ABMAETCA BbICOKOKAYECTBEHHOM MPOrpammon npeobpasoBaHWA BBOAUMbBIX YMCEN;
TaKas nporpamma notpebosana 6bl 3ameTHO Bonblwe NamaTu. OYHKUMA atof BXOAUT B CTaHAAPTHYIO 6MbAMOTERY
nporpamm; ee onucaHMe COAEPKMUTCA B 3aroloBoYHOM daiine <stdlib.h>.

Mpexae Bcero oTMeTum, 4To 06BbABAATL TUN BO3BpallaeMoro 3Ha4yeHua A0XKHa cama atof, TaK Kak 3TOT TUN He
ecTb int. YKasatenb TMna 3ajaetca nepes MMeHem d)yHKLI,MM.

#include <ctype.h>

/* atof: mpeobpasoBaHmue cTpoku s B double */
double atof (char s[])
{
double val, power;
int 1, sign;
for (i = 0; isspace (s[i]); 1i++)
; /* WMIHOPUPOBAaHME JIEBHIX CHMMBOJIOB-pas3mesuTresiert */
sign = (s[i] == "'-") ? -1 : 1;
if (s[i] == "+' []| s[i] == '=-")
i++;
for (val = 0.0; disdigit (s[i]),; i++)
val = 10.0 * val + (s[i] - '0");



if (s[i] =='.")
i++;

for (power = 1.0; isdigit(s[i]); 1it++) |
val = 10.0 * val + (s[i] - '0");
power *= 10.0;

}

return sign * val / power;

Kpome Toro, Ba)KHO, 4TO6bI Bbi3blBaloLAA Nporpamma 3Hana, Yto atof Bo3BpalwaeT Heuenoe 3HayeHne. OguH n3
cnocobos obecneuntb 3T0O — ABHO onucatb atof B Bbi3biBaloWwen nporpamme. [ogobHoe onucaHue
AEMOHCTPUPYETCA HUMXKE B NPOorpaMmme NPOCTEHbKOIO KasbKyaATopa (40CTaTOYHOro AN NPoBepKM BanaHca YeKoBOM
KHUXKM), KOTOPbIM Kaskaylo BBOAMMYIO CTPOKY BOCMPUHMMAET KaK 4Mcao, NpubasnseT ero K TeKylelh cymme u
reyaTaeT ee HOBOE 3HaYyeHue.

#include <stdio.h>
#define MAXLINE 100

/* OPUMUTUBHEIM KaJIbKyJIaToOp */
main ()
{
double sum, atof (char(]):
char line [MAXLINE];
int getline (char line[], int max);

sum = 0;
while (getline(line, MAXLINE) > 0)

printf ("\t%g\n", sum += atof(line));
return 0;

B obbABNeHUN
double sum, atof (char[]):

roBOPUTCA, YTO SUM — NepemeHHasa TMna double, a atof — QyHKLMA, KOTOpaA NPUHMMAET OAMH AaPryMeHT TMna
char[] v Bo3BpaLwaeT pe3ynbTar TMNa double.

Ob6bsaBneHue v onpegenenHve GyHKLUMU atof AOMKHBI COOTBETCTBOBATL APYr Apyry. ECiv B ogHOM McxoaHom daline
cama oOyHKuma atof M obpauweHne K Helt B main MMET pasHble TWMbl, TO 3TO HecooTBeTcTBue 6yaer
3aUKCMPOBAHO KOMMUAATOPOM KakK owmnbKa. Ho ecnun pyHKuMA atof 6blia CKOMNUAMPOBaHa OTAeNbHO (UTo bonee
BEPOSATHO), TO HECOOTBETCTBUE TUMOB He byaeT 0bHapyKeHo, M atof BO3BPATUT 3HaYeHWe Tnna double, KOTOpoe
bYHKUMA ma in BOCNPUMET Kak int, YTo npuBeaeT K 6eccMbICIEHHOMY pe3y/ibTaTy.

370 nocnegHee yTBEpPXOEHNE, BEPOATHO, BbLI3OBET Y BaC yaumBaeHUE, MNOCKOJ/IbKY paHee TroBopuaoCb O
HEO6XOAVIMOCTVI COOTBETCTBUSA 0OBABNEHUIA U OI'IpEAEﬂEHMﬁ. MpuynHa HecooTBeTCTBMA, BO3MOXKHO, 6yp,eT
cneancTteuem Toro, 4To BOO6LLI,e OTCYTCTBYET NMPOTOTUN (bYHKLI,VIM, n d)yHKLI,MH HeABHO obbaABAseTCA npu Nepsom CBoem
noABNEHUN B BblpaXXeHWU, KakK, Hanpmnmep, B

sum += atof (line)

Ecnun B BblparkeHNM BCTPETUNOCH MMA, HUTAE paHee He O6'bF|BﬂeHHOe, 3a KOTOpPbIM cneayeT OTKpPbiBatoLWanA CKO6Ka,
TO TaKOE€ MMA MO KOHTEKCTY CYUTAETCA MMEHEM CI)YHKLI,I/IM, BO3Bp3LLI,8POIJ.I,€ﬁ pe3ynbTat TMNa int; npu 3TOM



OTHOCUTENbHO ee apryMeHTOB HMYero He npegnosaraetca. Ecam B 06bABAeHNU QYHKUMM apryMeHTbl He YKasaHbl,
KaK B

double atof () ;

TO W B 3TOM C/yYae CYMUTAETCA, YTO HMYero o6 aprymeHTax atof He U3BECTHO, U BCE MPOBEPKM Ha COOTBETCTBME ee
napameTpoB 6yayT BbiKAloYeHbl. [lpeanonaraerca, 4YTO TaKasA CneumasbHas WMHTepnpeTauus MycToro Crucka
NO3BOJIUT HOBbIM KOMMNUAATOPAM TpaHCAMPOBaTb cTapblie Cu-nporpammbl. Ho B HOBbIX Mporpammax noJsib30BaTbCs
3TUM — He o4YeHb xopoullas naes. Ecnm y GyHKUMM ecTb aprymeHTbl, ONULLUTE UX, €C/IU UX HET, UCNONb3YIATE CNOBO

void.

Pacnonaraa cOOTBETCTBYIOWMM 06pasom onucaHHOM ¢yHKUMen atof, mbl MOKem HanucaTb ¢yHKUMO atoi,
npeobpasytoLLyo CTPOKY CMMBOJIOB B LiE/I0€ 3HaYeHue, cneayowmm obpasom:

/* atoil: mnpeobpaszoBaHMe CTPOKM S B int ¢ momomeio atof */
int atoi (char s[])

{
double atof (char s[]):;
return (int) atof (s);

O6paTnTe BHUMaAHWE Ha BUA 0OBABNEHMA N UHCTPYKUMM return. 3HaYeHMe BbipaXKeHun B
return BERIPaXeHUE;

nepes Tem, Kak OHO 6yAeT BO3BpalLEeHO B KayecTBe pesy/bTaTa, NPUBOAMUTCA K TUNY OyHKUuMKU. CnepoBaTenbHo,
NOCKO/bKY QYHKUMA atol BO3BPALLAET 3HAYEeHWe int, pesynbTaT BbluUCAEHUA atof TMna double B MHCTPYKUUU
return asToMatMyecku npeobpasyerca B TMn int. Mpu npeobpa3oBaHUM BO3MOMKHA notepa MHGOPMaLUU, U
HEKOTOpble KOMNUAATOPbI NpeaynpexkaatoT 06 aTom. OnepaTop NpMBEAEHMA ABHO YKasblBaeT Ha HEOBX0AMMOCTb
npeobpasoBaHMA TMNA M NOAABAAET Ntoboe Npeaynpexaatowee coobuieHue.

YnpaxHeHue 4.2. [lononHute GyHKUMIO atof Takum 06pa3om, 4Tobbl OHa CNpPaBAAAach C YMCIammn BUAA

123.456e-6

B KOTOPbIX NOC/Ae MaHTUCCbl MOXKET CTOATb e (Mau E) ¢ nocnegyowmm nopaakom (6biTb MOMKET, CO 3HAKOM).

4.3. BHelIHU e epeMeHHbIe

Mporpamma Ha Cu 06bIMHO oOMepupyeT C MHOMECTBOM BHEWHUX OBLEKTOB: NEpPemMeHHbIX W  (GYHKUMNA.
MpwunaratenbHoe "BHewHMIA" (external) NpoTMBONONOXKHO NpuUAarateNbHOMY "BHYTPEHHMIH", KOTOpPOoe OTHOCUTCA K
aprymeHTam W MepemMeHHbIM, onpeaensiembiM BHYTPU OGYHKUMIA. BHewHWe nepemeHHble OnpeaenalTca BHe
OYHKUMI M nOTeHUManbHO AOCTYMHblI ANA MHOMMX QYHKUMA. Camu GYHKUMM BCeraa ABAAIOTCA BHEWHWMMMU
obbeKTaMuM, MOCKOJIbKY B Cu 3anpelleHo onpeaensTb OYHKUMKM BHYTPU Apyrux OyHKUMA. o ymonyaHuio
OAMHAKOBble BHELIHWE WMMEHa, UCMOoNb3yeMble B pasHbiX daiinax, OTHOCATCA K OOAHOMY M TOMY Ke BHeLlHemy
06BeKTy (PyHKUMK). (B cTaHgapTe TO HasblBaeTca pedakmuposaHuem sHewHux cesseli (external linkage’).) B sTom
CMbICNE BHELWHME MepPemMeHHble NOXOXKW Ha obnactu COMMON B ¢opTpaHe M Ha NepemMeHHble Camoro BHELUHEro
610Ka B Mackane. Mo3xKe Mbl MOKaXKEM, KaK BHeLWHUe GYHKLMM U NepeMeHHble CAeNlaTb BUAUMbBIMU TOJIbKO BHYTPU
04HOro ncxogHoro gamnna.

MOCKOMbKY BHEWHWE MepeMeHHble AOCTYMHbl BCOAY, MX MOMHO MCMO/b30BaTb B KAauyecTBe CBA3YIOWMX AaHHbIX
mMexay OYHKUMAMM KaK anbTepHaTUBY CBA3EN Yyepes aprymeHTbl M BO3Bpaliaemble 3HadeHus. [na nobon GyHKumMm
BHELWHAA NepeMeHHan A0CTYNHa Mo ee UMEHW, eCan 3TO UMA Bbl10 A0NKHBIM 06pa3om 06bABAEHO.

7 v v
Celtyac ye 1 B PyCCKMM A3bIK NPOYHO BOLLIO C/OBO "NMHKOBaHMe". — [Ipumedy. peo.



EcAM uncno nepemeHHbIX, COBMECTHO MCMOAb3yeMbiX (GYHKUMAMMU, BEMKO, CBA3N MEXKAy MociegHUMM 4yepes
BHELWHWE NepeMeHHble MOTYT OKasaTbcsi 6osee yaobHbIMU U 3QDEKTUBHBIMM, YEM AJIMHHbIE CMTUCKM aprymMeHTOB.
Ho, Kak oTmeyasnocb B rnaBe 1, K 3TOMy 3asiBIEHUIO CleAyeT OTHOCUMTbCA KPUTUYECKM, MOCKO/IbKY TaKas NpaKTMKa
YXYZALAET CTPYKTYPY NPOrpaMmmbl U NPUBOSMT K CIULIKOM BONbLIOMY YMCNY CBA3EN MeXKAY GYHKLUMAMM N0 AaHHbIM.

BHewHMe nepemeHHble MNOoJie3Hbl, TaK KaK OHM umeloT 6onblwyo 06nacTb AEUCTBUA UM BPEMA  KU3HU.
ABTOMATUYECKME NEPEMEHHbIE CYLLECTBYIOT TO/IbKO BHYTPU QYHKLMKN, OHN BO3HMKAIOT B MOMEHT BX04a B GYHKLMIO U
MCYe3atoT MpU BbIXOAE U3 Hee. BHelwHMe nepemeHHble, HanpoTMB, CYLLECTBYIOT MOCTOSHHO, TaK YTO MX 3HaYyeHus
COXpPaHAITCA M Mexay obpauweHuaMn K ¢yHKuMam. Takum obpasom, ecim aBym GYHKUMAM NpUXoamTca
Nonb30BaTbCs OAHUMM U TEMU e AaHHbIMW U HM OAHA U3 HUX HEe BbI3blBAaeT APYrylo, TO YacTto ObiBaeT yaobHo
odopmuUTb 3TN 06LWMEe AaHHbIE B BUAE BHELWHUX NEPEeMEHHbIX, a He nepeaaBaTb UX B GpYHKUUIO M 0OpaTHO yepes
aApPryMeHTbl.

B cBA3M C npuBeAeHHbIMM paccyKaeHuamm pasbepem npumep. MoctaBum cebe 3agayy HanucaTb Nporpammy-
Ka/ZIbKyATOP, MOHMMAIOLLYO onepatopbl +, —, * W /. TakOW KaNbKynatop nerye OyaeT HanucaTb, e€Ccau
OPUEHTMPOBATLCA Ha MOJIbCKYHO, @ HE MHOUKCHYIO 3aMKCb BbipaxkeHUi. (ObpaTHas NonbCKas 3anmcb NPUMEHAETCS B
HEKOTOPbIX KAPMaHHbIX KaJIbKyJIATOpaXx U B TaKMX A3blKaX, Kak Forth n Postscript.)

B obpaTHOlM NO/MbCKOM 3amMmMcK KaxKablii onepatop ciaeayeT 3a CBOMMM onepaHgamu. BbipakeHue B MHOUKCHOM
3aMnmncKn, CKaxkem

(L - 2) * (4 + 5)
B MOJIbCKOW 3aNMCcK NPeacTaBAsaeTca Kak
1 2 -4 5 + *

CKOBKM He HyKHbl, HEOAHO3HAYHOCTM B BbIYMC/IEHMAX He O6bIiBaeT, MOCKO/bKY WM3BECTHO, CKOJIbKO ONepaHaoB
TpebyeTcA ANA KaxK4oro onepartopa.

Peann3oBaTtb Hally nporpammy Becbma NPocCTo. Kaxkablii onepaHA NOCbINAETCA B CTEK; eC/IM BCTPeYaeTca onepartop,
TO M3 CTeKa BepeTca COOTBETCTBYHOLLEE YMC/IO ONEepaHAoB (B caydae GBMHAPHbLIX ONEepaTopoB ABa) U BbINOJHAETCA
onepauua, Nocae Yero pesysbTaT NOCblNAeTCA B CTeK. B Hawem npumepe umcna 1 n 2 nocblnatoTca B CTEK, 3aTEM
3aMeLLaloTca Ha UX pasHocCTb -1. [lanee B CTEK NOCbiNaoTCcA Yncia 4 u 5, KOTopble 3aTeM 3aMEHAIOTCA UX cymmoin (9).
Yucna -1 1 9 3ameHAloTcA B CTeKe UX npousBegeHuem (T. e. -9). BcTpeTnB cMMBOMI HOBOWM CTPOKM, Mporpamma
W3BJIEKaeT 3Ha4YeHMe 13 CTeKa 1 nevartaer ero.

Takum 06pasom, nporpamma COCTOMT M3 UMKNa, 06pabaTbiBaloOWEro Ha Ka)KAOM CBOEM luare ouyepegHoWn
BCTPEYaEeMbIit onepaTop Wau onepaHa;

while (cuoengyrommii sjeMeHT He KoHeIl[—daria)
if (umciro)
IIoCcJIdTsr €e1'0 B CTeK
else if (omepaTop)
B3B4AdTE M3 CTEKAa OH@péZHﬂBI
BEBEIITIOJIHMTE OII€parlirmo
pesysipTarT rocjiarTe B CTEK
else if (HOBas-cTpoKa)
B34AdTE C BepIUMHBI CTeKrKa 4YMCJIO M HAlIneuaTaThb
else
ommbxra

Onepauun "nocnatb B cTek" n "B3aTb U3 cTeka" camn no cebe TpUBMAAbHbLI, OAHAKO NO Mepe A0baBAEeHMA K HUM
MEXaHM3MOB OOHAPYXeHUA U HenTpanmsaumm oWwMBOK CTaHOBATCA AOCTATOYHO OAMHHbIMKW. [To3TOMY MX Aydle



opopmuUTb B BUAE OTAENbHbIX QYHKLMIN, Y4eM NOBTOPATb COOTBETCTBYIOWMIA KOA MO BCel nporpamme. M KOHeYHO
HEOobX0AMMO MMETb OTAENbHYIO GYHKLMIO ANs NOJyYeHMA o4YepeaHOro onepaTopa uau onepaHaa.

FNaBHbIM BOMPOC, KOTOPbIM Mbl €lWe He PacCMOTPesn, — 3TO BOMPOC O TOM, F4e PacnofioKUTb CTEK U KAKMM
bYHKUMAM paspellmTb K Hemy npsamoit 4ocTtyn. CTEK MOYKHO pacrnonoXnTb B GYHKUUKM main U nepenaBaTb cam CTeK
M TEKYLLYHO MO3ULMIO B HEM B KayecTBe apryMeHToB ¢yHKUMAM push ("nocnate B ctek") u pop ("B3aTb U3 cTeka").
Ho ¢yHKUMKM main HeT gena A0 NepeMeHHbIX, OTHOCALWMXCA K CTEKY, — €l HY»KHbl TOJIbKO ONepaLmm no NomeLLeH1Io
yncen B CTEK U M3BNIEYEHUIO UX OTTYAaA. MO3TOMY Mbl PELNIM CTEK U CBA3AHHYIO C HUM MHOOPMALMIO XPaHWUTbL BO
BHELWHWX NepeMeHHbIX, AOCTYNHbIX Ana GYHKUMI push M pop, HO He AOCTYMNHbIX A8 main.

Mepexod OT 3CKM3a K Mporpamme [A0CTaTOYHO nerok. Eciv Tenepb nporpammy nNpeactaBUTb KaK TeKCT,
PacnofioXeHHbI B 04HOM UCXOAHOM daiine, oHa 6yaeT MmeTb cieaytowmii BuA;:

#include /* mMoryT OBTHL B JIOOOM KOJIMUecTBe */
#fdefine /* MoryT OHITHL B JIOOOM KOJIMUUECTBEe */

OOBABIJICHMS QYHKIIMIM IJIsI Mmain
main () {...}
BHEIIHME I[IepPEMEeHHEEe IJisS push m pop

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

int getop(char s[] ) {...}

moarnporpaMMel, BEI3EBAEMBIE QYHKIIMEM getop
Mo3:Ke Mmbl 06CyAMM, KaK TEKCT 3TOM NPOrpammbl MOXKHO Pa3buTb Ha ABa MK 6onbluee Yncno ¢palinos.

®YHKUMA main — 3TO UMKA, cogeprKalumii 6onbluoi nepekatoyaTenb switch, nepeaatrowmii ynpasneHue Ha Ty uau
WHYIO BETBb B 3aBMCMMOCTM OT TMMa onepatopa WAM onepaHAa. 34ecb npeacrtasneH 6onee TUMMYHLINA Caydyal
NpUMeHeHMA NepekaoyaTens switch no cpaBHEHUIO C pacCMOTPEHHbIM B naparpade 3.4.

#include <stdio.h>
#include <stdlib.h> /* mng atof () */

fdefine MAXOP 100 /* mMakc. pasMep ornepaHIa wujiu omneparopa */
#define NUMBER 'Q' /* npushHak umcia */

int getop (char []);
void push (double);
double pop (void);

/* KaJlbKyJIATOP C OBpaTHOM I[OJIbCKOM 3ammchbio */

main ()

{
int type;
double op2;
char s[MAXOP]
while ((type

~e

getop (s)) != EOF) {
switch (type) {
case NUMBER:



push (atof (s)):;
break;
case '+':
push (pop() + pop());
break;
case '*':
push (pop() * pop());
break;
case '-':
opz = pop();
push (pop() - op2);
break;
case '/
op2 = pop();
if (op2 '= 0.0)
push (pop() / op2);
else
printf ("ommbka: mejyieHMe Ha HYJIbL\I") ;
break;
case '\n'
printf ("\t%.8g\n", pop()):

break;

default:
printf ("ommbka: Hem3BecTHasd ornepauud %$s\n", s);
break;

}

return 0;

}

TaK KaK onepaTtopbl + M * KOMMYTaTMBHbI, NOPAAOK, B KOTOPOM onepaHabl bepyTca M3 cTeKa, He BarKeH, 04HAKO B
C/Nly4Yae onepaTopoB — U /, NeBbliA U NPaBblil oNepaHabl 40MKHbI pa3inMyaTtbea. Tak, B

push (pop () - pop()); /* HEIPABMIIEHO */

o4yepeHOCTb 06palleHna K pop He onpegeneHa. Ytobbl rapaHTMPOBaTh NPaBU/IbHYIO OYepedHOCTb, Heobxoanmo
nepBoe 3HaYeHne U3 CTeKa NPUCBOUTbL BPEMEHHOM NepeMeHHOM, KaKk 3TO U CAeNaHo B main.

#define MAXVAL 100 /* mMakcuManbHad IJiybrHa cTeka */

int sp = 0; /* cinemywomasa cBoBOomHas [O3MUMS B cTeke */
double val[ MAXVAL ]; /* crex */

/* push: nomnoxuts 3HaueHme f B crer */
void push (double f)
{
if (sp < MAXVAL)
val[spt+t] = £;
else

printf ( "ommbka: cTek noJjioH, %g He nomemaerca\a", f);

/* pop: B3AThL C BEPUMHH CTEKa ¥ BHIATL B KauecTBe pesyiabTara */
double pop (void)



if (sp > 0)

return val[--sp];
else {
printf ( "ommbka: crexk mycT\n");

return 0.0;

MNepemeHHan cyMTaeTcs BHELLHeM, eciiM OHa onpegeneHa BHe GYHKUMU. Takmm obpasom, CTEK U UMHAEKC CTEKa,
KOTOpble A0/MKHbI ObITb JOCTYMNHbI U Ana push, U gAa pop, onpepenatTca BHe 3TUX ¢yHKuMiA. Ho main He
MCMOJIb3yeT HW CTEK, HM NO3MLMIO B CTEKE, U MO3TOMY UX NPeacTaB/ieHNEe MOXKET ObITb CKPbITO OT main.

3alimemca peanunsaumen getop — GYHKUMK, NOAyYaloOWeN cnenyowmii onepaTtop MamM onepaHg. Ham npeacrout
peLlwunTb AOBOIbHO NPOCTYIO 3ada4y. bonee TouyHo: TpebyeTca NponycTuTb Npobesnbl U Tabynaunmn; ecnmn cneayrowmii
CMMBO/1 — He undpa 1M He AecATUYHAA TOYKA, TO HY)KHO BblAaTb €ro; B MPOTUBHOM C/ly4ae HaZ0 HAKOMUTb CTPOKY
uMdp C AECATUYHOM TOYKOM, €C/IN OHA ecTb, U BblaaTb YMcio NUMBER B KayecTBe pesyJ/ibTaTa.

#include <ctype.h>

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

/* getop: mosydyaeT cJenyolMi OolepaTop WM onepaHm */
int getop(char s[])
{

int i, c;

while ((s[0] = ¢ = getch()) == " "' || ¢ == "\t' )
s[1l] = "\0';
if (!isdigit(c) && c !'= '.")

return c; /* He uuciyo */

i = 0;

if (isdigit(c)) /* HakammMBaeMm IleJiyld YacTb */
while (isdigit(s[++i] = c = getch{()))

if (¢ == '.'") /* HakamauBaeM IOPOOHYK uYacTb */
while (isdigit(s[++i] = c = getch{()))

s[i] = "\0"';

if (c != EOF)

ungetch (c) ;
return NUMBER;

Kak pabotatoT ¢yHKUMM getch n ungetch? Bo MHOIMX cayyasax nporpaMma He MoKeT "coobpasunTb”, npoyna au
OHa Bce, YTO TpebyeTcA, NOKa He MPOYTET AULWHero. TaK, HaKonJeHne Yncna NpousBoOAMTCA A0 Tex Mop, NoKa He
BCTPETUTCA CUMBOJI, OT/IMYHBIN OT LMpbl. HO 3TO 03HAYaeT, YTo Nporpamma npoysa Ha oAMH CMMBOA bosblle, Yem
HY}KHO, M NOCAeAHNIN CUMBOA He/b3A BKAOYATb B YMC/O.

3Ty Nnpobaemy MOXKHO 6b1710 6bl peLwmnTb NPU HaANYMKM 0BpPaTHOM YTEHMIO onepaLmm "NoON0KUTb-Ha3a4'", C MOMOLLbIO
KOTOPOW MOXKHO 6b1710 6bl BEPHYTb HEHYKHbI CMMBOA. TOr4a KaKAblii pas, Koraa nporpamma cymMTaeT Ha OAMH
cumBon bonblie, Yem TpebyeTcs, 3Ta onepaumsa Bo3BpaLwana 6ol ero BBOAY, M OCTasibHasA YacTb MPOrpPamMmbl MOra



6bl BecTM ceba Tak, 6YATO 3TOT CMMBOJ BOBCE M He YMTancA. K cuacTbio, ONMCaHHbI MexaHM3M 06paTHOM NOCbIIKK
CMMBONA NIETKO MOZENNPYETCA C MOMOLLbIO Mapbl COMMACOBaHHbLIX APYr ¢ Apyrom ¢yHKUMIA, M3 KoTopbix getch
nocTaBndeT oyepeaHoi CMMBOA U3 BBOAA, @ ungetch OoTNpaBAseT CUMBOA Ha3ad BO BXOAHOM NOTOK, TaK YTO Mpu

cneaytolem obpalleHnn K get ch mMbl BHOBb €ro Noy4mm.

HeTpyaHo aoragatbea, Kak oHM paboTatoT BmecTe. PyHKUMS ungetch 3anOMWHAET NocblaemMbli Ha3ag CMMBOA B
HekoTopom bydepe, npeactasastowem cobon MaccMe CUMMBONOB, AOCTYNHbIN gna 0benx aTnx PpyHKUMN; getch
yntaet u3 Oydepa, ecam Tam 4YTO-TO ecTb, MAM obpawaetca K getchar, ecanm bydep nycrton. Cnepyet
npeaycMoTPeTb MHAEKC, YKa3blBalOLWMI HA MOJIOKEHNE TEKYLLEro cMmBona B bydepe.

Tak Kak PyHKUMKM getch M ungetch cOBMECTHO MCnonb3yloT bydep U MHAEKC, 3HAYEHUA NOCAEAHUX LONMKHbI
MeXAy Bbl30BaMWM COXpPaHATbCA. [Moatomy bydep M MHAEKC AOMKHblI OblTb BHELWHUMMW MO OTHOLUEHUIO K 3TUM
nporpammam, 1 Mbl MOXeM 3anncaTb getch, ungetch 1 oblwme AnA HUX NepemMeHHble B Cheaytowem snae:

#define BUFSIZE 100

char buf [BUFSIZE]; /* Oybep mig ungetch */
int bufp = 0; /* crnen, ceobomHasa nos3uuua B Oybepe */

int getch(void) /* B39Tb (BO3MOXHO BO3BPAIIEHHBIM) CHMMBOJ */

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

void ungetch (int c) /* BepHYyTb CUMBOJI Ha BBOI */
{
if (bufp >= BUFSIZE)
printf ("ungetch: commkoM MHOTO CcuMBOJOB\N") ;
else
buf [bufp++] = c;

CraHpapTHasa bubavoTeKa BKAOYaeT GpyHKUMIO ungetc, obecneymBaloLLyto BO3BPAT 0O4HOI0 cMmBOAa (cm. rnasy 7).
Mbl 3Ke, uTObbl MpouAnlCTpUpoBaTb 6osiee 0bWMii Noaxod, ANA 3aNOMWHAHWA BO3BPALLAEMbIX CMMBOJIOB
MCNO/b30Ba M MacCUB.

YnpaxHeHue 4.3. Micxoaa us npeanoKeHHOM HaMu CXemMbl, AOMNOJHUTE NPOrpammMy-KanbKyaaTop Takum obpasom,
yTobbl OHa "MOHMManNa" onepaTtop NoAy4YeHUA ocTaTKa OT AeneHus (%) u oTpuuatenbHble Yyncna.

YnpaxHeHue 4.4. [lo6aBbTe KOMaHAbl, C MOMOLLbI KOTOPbIX MOXHO 6b1710 Bbl NeYyaTaTb BEPXHUI 31EeMEHT cTeKa (c
COXpaHeHWeM ero B CTeKe), Ay6/aMpoBaTb €ro B CTEKe, MEHATb MeCTaMM [Ba BEPXHWUX 3/1EMEHTA CTeKa. Beeaute
KOMaHZY OYMCTKM CTeKa.

YnpaxHeHue 4.5. MpeaycMmoTpuTe BO3MOXKHOCTb MCMNO/Ib30BaHMA B Nporpamme 6ubanoteuHbix yHKUMI sin, exp
n pow. CMm. bubnnoteky <math .h> B npunoxeHun B (naparpad 4).

YnpaxkHeHue 4.6. BeegmTe KomaHabl Ans paboTbl C NnepeMeHHbIMU (erko obecneduntb A0 26 NepemMeHHbIX, Kaxaasa
M3 KOTOPbIX MMeeT WMA, NpeacTaBfieHHoe OAHOW OyKBOW naTUHcKoro andasuTa). [obaBbTe nepemeHHyo,
npeaHasHauYeHHyYH 418 XpaHeHMA CaMoro noc/ieaHero M3 HaneyataHHbIX 3Ha4YeHUN.,

YnpaxHeHue 4.7. Hanuwwute nporpammy ungets (S), BO3BPaLLAOLWYO CTPOKY S BO BXOAHOM NOTOK. [lofKHa n
ungets "3Hatb" 4TO-MBO O MepemeHHbIXx buf M bufp, AN el AOCTAaTOYHO MO/b30BATbCA TOMbKO GYHKUMEN

ungetch?



YnpaxkHeHue 4.8. [peanosoXum, 4YTo YMC/I0 CMMBOJIOB, BO3BPaLLaeMblx Ha3asd, He npesbiwaeT 1. Moanduumpyinte
C yyeTom 3Toro ¢akta GyHKUMM getch n ungetch.

YnpaxHeHue 4.9. B Hawwux PyHKUMAX He NpeaycMoTpeHa BO3MOMKHOCTb Bo3BpaTa EOF. lMoaymaliTe, YTo Hazo
caenathb, YTo6bl MOXHO 6bI/10 BO3BPaLLaTh EOF, U CKOPPEKTUPYNTE COOTBETCTBEHHO NPOrpammy.

YnpaxkHeHue 4.10. B ocHOBY MpoOrpammbl KasbKy/lATOPa MOMKHO MONOXWUTb NpUMeHeHue ¢GyHKUMKM getline,
KOTOpaa 4uTaeT LEeJMKOM CTPOKY; NpW 3TOM OTnagaeT Heobxoammoctb B getch M ungetch. Hanuwute
nporpammy, peanmnsytoLLyto 3TOT NOAXOA.

4.4. 06/1aCTU BUANUMOCTH

PYHKLUMM U BHELIHWE NEPEMEHHbIE, U3 KOTOPbIX COCTOMT CU-MpOrpamma, Kaxapld pas KOMNUMANMPOBATL BCE BMeCTe
HEeT HMKaKoM HeobxoanumocTu. McxoaHbI TEKCT MOMKHO XPaHUTb B HECKObKMX daliiiax. PaHee CKOMMNUAMPOBAHHbIE
NPOrpammbl MOXHO 3arpy»aTtb U3 BUb6ANOTEK. B CBA3M C 3TMM BO3HMKAIOT C/ieaytoLlwmMe BONPOCh!:

L] KakK nucatb O6'bﬂB}'I€HVIH, yTobbl Ha NPOTAXKEHUN KOMMUNALNN UCNOJIb3yeMble nepemeHHble 6blnun AO0/TKHbIM
obpa3om 0b6bsiBNEHDLI?

e B Kakom nopsgKke pacnosaraTb 06bABAEHUA, YTOObI BO BpeMA 3arpy3km BCe YacTW MPOrpaMMbl OKa3aimcb
CBA3aHbl HYXXHbIM 06pasom?

e Kak opraHu3oBaTb 06bsBAEHUA, YTOObI OHWU UMENN NLLB OAHY KOMNuUio?

o Kak MHULMANN3NMpPOBaTb BHELLIHME NepeMEHHbIe?

HauHeMm c Toro, 4to pasobbem NpPorpammy-KasbKynsaTop Ha HECKOJIbKO ¢alinos. KoHeYHo, 3Ta nporpamma C/AMLLKOM
mana, 4tobbl ee cTomno pasbuBatb Ha ¢aiabl, OAHAKO pas3bueHWe Haweld npPorpammbl MO3BOJIUT
NpPOAEMOHCTPUPOBATb NPobeMbI, BO3HUKaIOLWME B HONbLIMX NPOrpammax.

Obnacmbio 8UOUMOCMU VMEHU CYMTAETCA 4acTb MPOrpammbl, B KOTOPOW 3TO MUMS MOXKHO WMCNonb3oBaTb. [ns
aBTOMATUYECKUX MepPEMEHHbIX, 0ObABMEHHbIX B Hayane ¢yHKUUKM, 0O6NacTblo BUOMMOCTU aBaseTcs yHKLMA, B
KOTOPOIN OHM 06DBABNEHDLI. JIOKanbHble NepeMeHHble PasHbIX GYHKLUN, MMetoWwmMe, 04HAKO, O4MHAKOBbIE UMEHa,
HMKaK He CBA3aHbl APYr ¢ Apyrom. To Ke yTBEpXAEeHME CnpaBea/MBO U B OTHOLWIEHMU NApPamMeTpoB GyHKUUM,
KOTOPble PaKTUUYECKN ABNAIOTCA NOKa/IbHbIMW MEePeMEHHbIMM.

O6nacTb AENCTBUA BHELUHEN NepemMeHHOM UaM GyHKUUM NPOCTMPAETCA OT TOYKM NPOrpammbl, rae oHa ob6bABAEH],
00 KoHua daiina, noanexallero kKomnuaaumu. Hanpumep, ecav main, sp, val, push U pop onpeaeneHbl B 04HOM
¢daline B ykazaHHOM MOpsAKe, T. €.

main () {..}

int sp = 0;
double wval[MAXVAL];

void push (double f) {..}

double pop (void) {..}

TO K nepemeHHbIM sp WM val MOXHO ajpecoBaTbCA M3 push M pop NPOCTO MO UX WMMEHaM; HUKaKuX
OOMNOIHUTENbHBIX 06bABNEHUIA A1 3TOrO He TpebyeTca. 3aMeTUM, YTO B ma in 3TM MMEHA He BUOMMbI TaK ¥Ke, KaK U
cammn push n pop.

OAHaKo, ecnn Ha BHELHIOW nepemeHHyr HYXHO COoCnatbCA A0 TOro, KakK OHa onpegeneHa, UianM ecin OHa

onpezeneHa B gpyrom danne, To ee 06bABAEHNE AOMKHO ObITb NOMEYEHO CNOBOM extern.



Ba)KHO oT/iMuaTb o0bbABAeHUEe BHeLHel nepeMeHHOW OT ee onpedeneHus. Ob6bsaBneHWe 06BLABNAET CBOWMCTBA
nepemMeHHoOI (Npexae BCEro ee TMn), a onpeaeneHne, KPOMe Toro, MPUBOAMT K BblAENEeHUIO ANA Hee namaTu. Ecam
CTPOKM

int sp;
double wval[MAXVAL];

pacnonoxeHbl BHe Bcex GYHKUMNA, TO OHU onpedesistom BHELWIHUE NepemMeHHble sp U val, T. e. oTBOAAT AN HUX
NamsaTb, U, KPOME TOrO, CY*KaT 06BABNEHUAMM ANA OCTa/IbHOM YacTn ncxogHoro daiina. A BOT CTPOKM

extern int sp;
extern double wvall[];

06bABNAIOT ANA OCTaBleNcA YacTu daina, YTo sp — MepemMeHHas TMna int, a val — maccu TMnNa double
(pasmep KoTOpoOro onpeaesieH rae-To B APYrom Mecrte); Npu 3TOM HU MepemMeHHas, HM MacCMB He CO34atoTcs, M

namaATb UM He OTBOAUTCA.

Ha BCIO COBOKYNHOCTb ¢alinoB, U3 KOTOPbIX COCTOUT UCXOAHaA NPOrpamma, ANA KaXKAOW BHELWHel nepemeHHon
OOMKHO BbITb OAHO-eAUHCTBEHHOE onpeaeneHune; apyrue dbainnbl, YTobbl NOAYUNTL AOCTYN K BHELWIHEN NepemMmeHHoNn,
OOMKHbI UMeTb B cebe obbaBneHne extern. (Bnpoyem, ob6baABneHNe extern MOMHO MOMECTUTb M B ¢alin, B
KOTOPOM COZEPKUTCA onpeaeneHune.) B onpeaeneHMsax MaccMBoB HeobBXOAMMO YyKasbiBaTb MX pPa3mepsbl, YTO B
0b6bABNEHUAX extern He 0653aTeNbHO.

MHUUMENM3NPOBATb BHELLHIOK NMepPeMEHHYI0 MOYKHO TO/IbKO B OMnpeaefieHnN.

XoTs BpAL, M CTOUT OPraHU30BbIBaTb HaLly NpPorpamMmmy Takum ob6pasom, HO Mbl onpegeanm push u pop B 0gHOM
daine, a val n sp — B 4PYrom, T4e UX U UHUMLManmsmpyem. MNpu aTom gns yCTaHOBAEHUS CBA3EN NMOHAZ06AaTCA
Takue onpeaeneHus u oobABNEHNSA:

B ¢paline 1:

extern int sp;

]

extern double wval

[1;
void push (double f ) {..}
{..}

double pop (void)
B ¢paline 2:

int sp = 0;
double wval [MAXVAL];

MockonbKy 0b6bABNEHUA extern HaxoaaTcA B Hayane ¢palinal v BHe onpeaeneHuin GyHKUMI, KX pencreue
pacnpocTpaHAeTca Ha Bce QYHKLMK, Npuyem ofaHoro Habopa ob6bABAEHUN AOCTaTOYHO Aas Bcero ¢galinal. Ta xe
opraHusauma extern-obbABAeHU HeobxoaMMa M B C/yyae, Korga nporpamma COCTOMT M3 ogHoro ¢aina, Ho
onpeaeneHnsa sp u val pacnosoxeHbl Nocae UX UCMOb30BaHMA.

4.5. 3arosioBo4yHblie ¢panibl

Tenepb npeactasum cebe, 4TO KOMMNOHEHTbI MPOrPaMMbI-KaZIbKyNATOPaA UMEIOT CyLLECTBEHHO 6o/bluMe pasmepbl, U
3aZa4MMCA BOMPOCOM, KaK B 3TOM C/ly4ae pacnpesenmntb UX No HECKONbKUM dalinam. Mporpammy main nomecTMm B
¢daiin, KoTopbli Mbl HazoBemM main. c; push, pop 1 X NnepemeHHble PacnofoKum Bo BTopom ¢aine, stack.c; a
getop — B TpeTbem, getop.c. HakoHel, getch n ungetch pasmectum B YeTBepTom daitne getch.c; mbl
OTOENUAN UX OT OCTa/sibHbIX (QYHKLMA, MOCKO/AbKY B pPeasibHOW Mporpamme OHM OyayT nosydyeHbl U3 3apaHee
CKOMMNUAMPOBAHHOM BUBIMOTEKN.



CyliecTByeT ele OAMH MOMEHT, O KOTOPOM creayeT npeaynpeauTtb umtatens, — onpegeneHua U obbaBaeHUs
COBMECTHO MCMONb3YHOTCA HECKONbKUMU dainnamn. Mbl Bbl XOTeIN, HACKOIbKO 3TO BO3MOXKHO, LLeHTPasIn3oBaTb 3TU
06bABNEHMA N ONpeaeneHna Tak, YTobbl A1A HUX CyLLecTBOBaa TO/IbKO OA4HA KonuA. Toraa nporpammy B npolecce
ee pasBuTUA ByaeT fierye U UCNPaBAATb, U NOAAEPKMBATE B HYXKHOM COCTOAHMWU. [ns aToro obuwyto nHdopmaumto
pPacnosioXKMm B 3arofioBo4HOM ¢aine calc.h, KOoTopblil byaem no mepe HeOHXOAMMOCTU BKAKOYATb B Apyrue
¢dannbl. (CTpoka #include onucbiBaeTca B naparpade 4.11.) B pesynbtate noaydum nporpammy, ¢dannosas
CTPYKTYpa KOTOPOM MNOKa3zaHa HUXKeE:

calc.h:

#define NUMBER '0Q'
void push (double) ;
double pop (void) ;
int getop(charl[]);
int getch (void);

void ungetch (int) ;

main.c:

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

getop.c:

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

}

stack.c:

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

double wval [MAXVAL];
void push (double) {

}

double pop (void) {
}

getch.c:

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



int bufp = 0;
int getch(void) {

}
void ungetch (int) {

HensberkeH KomnpomMmmncc MexKay cTpemaeHnem, 4tobbl Kaxabiit Gaiin Bnagen ToabKo Tol MHbopmaumnen, Kotopas
emy Heobxoamma ana paboTbl, U TeM, YTO Ha NPAKTUKE UMETb Ae0 ¢ 60bLIMM KOIMYECTBOM 3aro/10BOYHbIX $pannoB
[0BOMbHO TpyaHO. [na nporpamm, He NpeBbllUatoLMX HEKOTOPOro CpedHero pasmepa, BEPOATHO, /lyylle BCEro
MMETb OAMH 3aro/fIoBOYHbIN dai, B KOTOPOM CobpaHbl BMecTe BCe 0OBEKTbI, KarKabl U3 KOTOPbIX UCNONb3YyeTca B
ABYX Pas3/iMyHbIX ¢ainax; Tak Mbl 34ecb U noctynuan. [ns nporpamm 60/sblIMX pasmepoB noTpebyetca 6onee
CNOXKHasA opraHnsauma ¢ 60/1bLWMM YNCAOM 3aro/I0OBOYHbIX Gpanios.

4.6. CraTHyecKue nepeMeHHbIe

MepemeHHble sp n val B panne stack.c, a Takke buf n bufp B getch.c HaxoaATcA B IMMHOM MO/Ib30BAHUM
bYHKUMIA 3TUX PaliNioB, U HET CMbIC/Ia OTKPbIBATb K HUM AOCTyNn KOMy-Anbo elle. YKasaHue static, npuMeHeHHoe
K BHELIHEeN nepemeHHo’ uam GpyHKUMK, orpaHnymsaeT 061acTb BUAMMOCTM COOTBETCTBYIOLLEIO OOBEKTA KOHLLOM
daina. 3To cnocob ckpbltb UMeHa. Tak, nepemeHHble buf W bufp [ONXKHbI OblTb BHELWHMMM, MOCKONBKY WX
COBMECTHO MCMNONb3YIT GYHKUMK getch U ungetch, HO UX cneayeT caenatb HEBUAMMBIMKM AnA "nonb3osBatenen”
dYHKUMIM getch n ungetch.

Cratmyeckaa namaATtb cneunpuumMpyetca CI0BOM static, KoTopoe nomewaerca neped obbluHbIM 06bABAEHNEM.
Ecnn paccmaTtpuBaemble Hamu Age OYHKUMM WM [ABe MepemeHHble KOMMWAMPYHTCA B oAHOM daitie, Kak B
MoKasaHHOM HUXe Npumepe:

static char buf[BUFSIZE]; /* Oybep miug ungetch */

static int bufp = 0; /* cmnen, cBobomHas mnosuumsa B buf */
int getch(void) { ... }
void ungetch (int c) { ... }

TO HWMKaKasA Apyraa nporpamma He 6yaeT MMeTb JOCTyN HU K buf, HU K bufp, U 3STUMU UMEHaMK MOXKHO cBOOOAHO
nonb3oBaTbcA B Apyrux dainax AnAa coBcem MHbIX Leneil. TOUHO TaK Ke, MOMeLllan yKasaHue static nepes
06DBABNEHUAMM NEepeMEHHbIX SpP M val, ¢ KOTOpbIMM PaboTaloT TObKO push U POP, Mbl MOXEM CKPbITb UX OT
OCTaNIbHbIX QYHKLNNA.

YKasaHue static yawe BCero Ucnosib3yerca ANs NepemeHHbIX, HO C PaBHbIM YCMEXOM ero MOXHO MPUMEHATb U K
OyHKUMAM. OBbIYHO MMeHa QYHKUMI rnobanbHbl M BUAUMMBI M3 Nt0bOro mecta nporpammbl. Ecam ke ¢yHKums
nomeyeHa cCNoBom static, TO ee UMs CTAaHOBUTCA HEBUAMMbIM BHe daitia, B KOTOPOM OHa onpeaeseHa.

O6bsBNeHNe static MOXKHO UCMO/Ib30BaTb U ONA BHYTPEHHUX NepeMeHHbIX. Kak 1 aBTomaTnyeckmue nepemeHHsble,
BHYTPEHHWE CTaTUYECKUNE NEePEMEHHbDbIE I0OKA/IbHbI B d)YHKLI,MFlX, HO B OT/I4NE OT aBTOMAaTUYECKUX OHN HE BO3HUKAKOT
TOJIbKO Ha nepuona pa6OTbI d)YHKLI,MI/I, d CywecTtByrOT NOCTOAHHO. OTO 3HAuuT, 4TO BHYTPEHHWNE CTaTU4eCKue
nepemeHHble obecneymBatoT NOCTOsHHOE COXpaHeHue AaHHbIX BHYTPU d)yHKLI,VIVI.

YnpaxHeHue 4.11. Moaguduumpyinte pyHKUMIO getop TaK, 4yTobbl oTnasa HeobxoaMmocTb B yHKUMKM ungetch.
MoAcKasKa: UCMO/b3yNTe BHYTPEHHIOK CTaTUYECKYIO NePEMEHHY!HO.

4.7. PeructposBbie nepeMeHHbIe
O6bsaBneHne register C006LLI,aET KOMMUAATOPY, YTO AaHHAA NepemeHHanA 6y,u,eT WHTEHCUBHO MCNOJZ1Ib30BATbCA.
Npesa coctouT B TOM, 4TODObl NepemeHHble, 0bbABNEHHble register, pPasMecTUTb Ha PErucTpax MalluHbl,



6narogapa Yemy nporpamma, BO3MOXKHO, CTaHeT 60see KOPOTKOM U BbicTpoi. OAHAKO KOMMUAATOP MMeeT npaBso
NPOMUrHOPMPOBATL 3TO YKa3aHue.

ObbsaBneHne register BbIMAAUT CieylOWMM 06pasom:

register int x;
register char c;

M T. . ObbaABNeHME register MOXKeT NPUMEHATHCA TOIbKO K aBTOMATUYECKMM NepemeHHbIM U K GopmasibHbIM
napameTpam GyHKUMK. [na nocnegHUX 3TO BbIFIAANT TaK:

f( register unsigned m, register long n)

{

register int i;

Ha npaKTuKe CyLWWecTBYIOT OrpaHNYEHMs Ha PErMCcTPOBbIE NEPEeMEHHbIE, YTO CBA3aHO C BO3MOXHOCTAMM annapaTtypbl.
Pacnonaratbcs B perucrpax MoOXKeT Aullb HeboNbloe YUCNO MepPeMEeHHbIX Kakaon OYHKUMM, NpuYem TOJbKO
onpeaeneHHbIX TUNOB. M36bIToYHble 06bABNEHUA register HM Ha 4YTO He BAMAIOT, TaK Kak WrHOpUpYoTcA B
OTHOLWIEHMM NEePEeMEHHbIX, KOTOPbIM He XBaTWUAO PErucTPOB MU KOTOpPble HeNb3li pa3sMecTUTb Ha peructpe. Kpome
TOro, MPUMEHUTENIbHO K PErMcTpoBOM NepeMeHHON He3aBUCMMO OT TOTO, BblAeNEH Ha cCaMoMm Aene AN Hee Perncrp
WU HET, He onpedeneHo noHATMe aapeca (Cm. rnasy 5). KOHKpeTHble OrpaHWYeHMss Ha KOAMYECTBO M TWMbl
PermcTpoBbIX NepemMeHHbIX 3aBUCAT OT MaLLUHbI.

4.8. By1I0YHaA CTPYKTypa

MockonbKy GYHKUMM B CU Henb3a onpenensaTb BHYTPU ApYrux GYHKUMN, OH He ABAAETCA A3bIKOM, AOMYCKaloWmm
6/104HYI0 CTPYKTYPY MPOrpamMmbl B TOM CMbIC/e, Kak 3TO gonyckaetca B Mackane v nodobHbIx emy A3bikax. Ho
nepemeHHble BHYTPU OYHKLMIA MOXKHO onpeaensate B 6/104YHO-CTPYKTYPHOU MaHepe. O6bABNEHWMA MepeMeHHbIX
(BmecTe ¢ uHWMUManM3aumen) paspelleHO NOMelwaTb He TONbKO B Hayane ¢yHKUMM, HO U nocne sawboli nesow
burypHoit ckobku, OTKPbIBAOLLEN COCTAaBHYHO MHCTPYKLMIO. [lepemeHHasn, onMcaHHasa Takmm cnocobom, "3ateHsaeT"
nepemMeHHble C TeM e WMEHEM, PacnoJioKeHHble B obbemnowmx 610Kax, W cywecTtsyeT BMIOTb A0
COOTBETCTBYIOLWEN NpaBon GUrypHoit ckobku. Hanpumep, 8

if (n > 0) {
int i; /* omnmcaHue HOBOM MEepeMeHHOn 1 */
for (1 = 0; 1 < n; 1++)

obnactbto BUOANMOCTH nepemeHHoﬁ i ABnAeTcA BeTBb if, BbINOAHAEMaAn npy n>0; U 3Ta NepemMeHHasa HUKaAKoro
OTHOLWEHMA K ntobbim i, Pacnoa0XeHHbIM BHE [OaHHOIo 6J'IOKa, He umeeT. ABTOMaTU4veckue nepemeHHble,
06bABNEHHbIE U MHUNUMann3npyemblie B 6}'IOKe, UHUNLUNANTN3NPYIOTCA Ka)K,El,blﬁ pa3 npun Bxoae B 6.10K. MNepemeHHble
static MHNUNANTN3SNPYHOTCA TO/IbKO O4AMH pPa3 npu nepsom Bxoe B 6.10K.

ABTOMaTUYECKME NepemeHHble U GOPMabHbie NapaMeTpbl TakkKe "3aTeHAT" BHELHWe nepeMeHHble U GYHKUUK C
TEMMU e umeHamu. Hanpumep, B

int x;
int y;

f (double x)

{
double vy;



X BHYTPU ¢YHKUMM f paccmMaTpuBaeTca Kak napameTp Tuna double, B TO BPeMs Kak BHe f 3TO BHELHSASA
nepemeHHas TMNa int. To e caMoe MOKHO CKas3aTb M O MEPEMEHHON .

C TO4YKM 3peHnA CTuna nporpamMmmmpoBaHnA, nydlle He MoJ1b30BaTbCA OAHUMU U TEMU KEe MMEHaAMUN ONA PaA3HbIX
nepemeHHbIX, MOCKOJ/IbKY CZIMLLKOM Be/IMKa BO3MOXKHOCTb NyTaHULbl U NOABNEHUNA owunbok.

4.9. UHMnaau3anusa

Mbi yXXeé MHOro pa3s ynomumHaau 06 MHUNnUMann3saummn, HO BCcerga siMb No cayyvatko, B xoae O6CV)KAEHM$1 Aapyrnx
BOMPOCOB. B aTom naparpade mbl cymmnpyem Bce npasuaa, onpeaenstolime MHULUNAAN3aUNIO NaMATU PasINYHbIX
K/1aCCoB.

Mpy OTCYTCTBUM ABHOM MHMUMANM3ALUMKN ONA BHELIHMX U CTaTUYECKUX MepemeHHbIX rapaHTupyeTca ux obHyneHue;
aBTOMaTUYeCKMe W PEerucTpoBble MNepemMeHHble MMelT HeonpeaeneHHble HavafbHble 3HadveHusa ("mycop").
CKanapHble nepemeHHble MOXHO MHUMLMaNM3MPOBaTb B UX onpeaeneHusaX, MOMeLLas Mnocie MMEHU 3HaK = U
COOTBETCTBYIOLLEE BblpaXKeHue:

int x = 1;
char squote = "\'';
long day = 1000L * 60L * 60L * 24L; /* meHb B MWJIJIMCEKYyHIax */

[NA BHEWHMUX N CTaTUYECKMX MEePEMEHHbIX MHULMAANZUPYIOLLME BblPaKeHUA A0KHbI 6biTb KOHCTAHTHbIMM, MPU
3TOM MHMLMANM3aLMA OCYLLECTBAAETCA TO/NbKO OAMH Pa3 A0 Ha4yana BbIMOJHEHUA nporpammbl. MHUUmManmnsaumsa
aBTOMATUYECKMX U PErnCTPOBbIX NMEPEMEHHbIX BbIMONHAETCA KaXKAblii pas npu Bxoge B GyHKUMIO uau 60K, s
TaKMX NEePEMEHHbIX UHULMANN3MPYIOLLEE BbipaXkeHMe — He 06A3aTefIbHO KOHCTAaHTHOe. 3TO MOMKeT bbiTb Ntoboe
BbIpaKeHue, UCNoNb3yloLlee paHee onpeaeneHHble 3HaYeHMs, BKAOYan 4axke M Bbi30Bbl GyHKUMA. Hanpumep, B
nporpamme 6BUHAPHOro NoMcka, onncaHHoM B naparpade 3.3, MHUUMANN3ALMIO MOXKHO 3anncaTh Tak:

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

{

int low = 0;
int high = n - 1;
int mid;

d He TaK:

int low, high, mid;

low = 0O;
high = n - 1;

B CywHOCTH, WHUUMann3ayunA aBTOMaTUYECKOM nepemeHHon — 370 bGonee KOPOTKaA 3annCb WUHCTPYKLUUN
npuceamsBaHuA. Kakaa 3anucb npegnovytutenbHee — B 60nbLUION cTeneHn Aeno BKyca. [1o cux nop mbl N0/1Ib30BaNCh
rNaBHbIM o6pa30N\ ABHbIMW NMpPUCBanBaHNAMU, NOCKOJIbKY UHULMANIN3AUUNA B 06bABNEHMAX MeHee 3aMeTHa WU
Aanblle OTCTOUT OT MeCTa UCNOJ1Ib30BaHUA I'Iep(EMEHHOﬁ.

Maccue MOXKHO MHNUMaNN3NpoBaTb B €ro onpegeneHnm ¢ noMmolwbro 3aK/1lO4EHHOTO B d)MI'yprIe CKODOKM cnuncKa
MHNUMNANN3ATOPOB, pPa3desieHHbIX 3anATbiIMU. Hanpmmep, yTOObI MHULUMANN3NPOBaTb MaccuB days, 3/1eMeHTbl
KOTOPOTo CyTb KOJIUYECTBA ,D,Heﬁ B KaXXgom mecAaue, MOXHO HanncaTtb:

int daysl] = {31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31};



Echn pasmep mMmaccMBa He YKasaH, TO AJIMHY MaccMBa KOMMWUAATOP BbIMMCAAET NO  YMUCAY 3a4aHHbIX
UWHNUNANN3aTOPOB,; B Halwlem cayyae Ux Koam4yectso paBHO 12.

Ecnun KonmyecTso MHULMANN3aTOPOB MEHbLUE YNCAa, YKa3aHHOTo B onpeaeneHnn aamHbl MaccuBa, TO A5 BHELWHUX,
CTaTUYECKMX W aBTOMATMUYECKUX MNEPEMEHHbIX OCTaBLWIMECA 3neMeHTbl 6yayT HyneBbiMU. 3afaHue C/AULLKOM
60/bLIOro YMcAa MHULMANN3ATOPOB CYMTAETCA OLWMOKON. B A3blke HET BO3MOXHOCTM HM 3a4aBaTb MNOBTOPEHMA
MHULMANM3aToPa, HU MHULMANIN30BaTb CpeaHMNe 3/IeMeHTbl MaccuBa 6e3 3aaHna BCex NpeaLllecTBYOWNX 3HAYEHUNA.

MHUUManmM3auma CMMBONbHBLIX MacCMBOB — 0CcobbIi cnyqaﬁ: BMECTO KOHCTPYKUUK C (bMI'yprIMVI CKOBKamu u
3aMATbIMW MOXHO MCNO/Ib30BaTb CTPOKY CMMBONOB. Hanpumep, BO3MOXHA TaKasA 3anucb:

char pattern[] = "ould";

npeacrasantowasn coboit 6onee KOPOTKUIA SIKBUBAIEHT 3aNUCK

char pattern[] = {'o', 'u', '1', 'd', '"\0'};

B AaHHOM cny4yae pa3mep maccuBa paBeH NATU (Y4eTbipe 06blYHbIX CUMBOA U 3aBepluakoLmnii cumeon '\ 0 ').

4.10. Pexkypcus

B Cun gonycKaeTca pekypcrMBHOe obpalleHme K GyHKUMAM, T.e. PYHKLMA MOXKeT 0bpaLLaTbca cama K cebe, npamo uam
KOCBEHHO. PaccMoTpmm nevaTb YMCAa B BUAE CTPOKM CMMBOIOB. Kak Mbl ynoMunHanu paHee, Lmdpbl reHeEPUPYIOTCS B
obpaTHOM nopagKke — mnagwue uMdpbl NOAYYAIOTCA PaHbLUe CTAPLUMX, @ NeYyaTaTbCAd OHU LO/KHbI B NPaBUIbHOM
nocnenoBaTe/IbHOCTH.

Mpobaemy MOXKHO pelmnTb ABYMSA cnocobamu. Mepsbiit — 3aNOMHUTL UMdPbI B HEKOTOPOM MAcCUBE B TOM NOpPAAKe,
KaK OHM MOJIy4asIMCb, a 3aTeM Hamne4yaTtaTb MX B 0H6paTHOM NOpAAKe; TaK 3TO U 6bl1o caenaHo B GyHKUMM itoa,
paccmoTpeHHow B naparpade 3.6. BTopoit cnoco6 — BOCMNO/Ab30BaTbCA PEKYPCUEN, NPM KOTOpoi printd cHayana
Bbi3blBaeT cebna, 4Tobbl HameyaTaTb Bce CTapwue uMdpbl, U 3aTem neyaTaeT NocAegH MAagwyo undpy. 3Ta
Nporpamma, Kak v npegplaylmii ee BapnaHT, Npu UCNoIb30BaHMM Camoro 60/1bLWOro N0 Moayto oTpMLaTeNbHOTO
yncna paboTaeT HeNpPaBUJIbHO.

#include <stdio.h>

/* printd: meuvaraeT n Kak LeJjioe OeCATUYHOE UMCIJIO */
void printd(int n)
{
if (n < 0) {
putchar('-");
n = -n;
}
if (n / 10)
printd(n / 10);
putchar(n % 10 + '0"'");

Korga ¢yHKUMA pekypcMBHO obpalwiaetcs cama K cebe, Kaxaoe cnegytowee obpalieHWe conpoBoxaaeTcs
nosly4eHMeM el HOBOro NOJIHOFO Habopa aBTOMATUYECKMX NEPEMEHHbIX, HE3aBUCUMbIX OT Npeaplaywmx Habopos.
Tak, B obpaweHnn printd (123) npu nepBom Bbi3oBe aprymeHT n = 123,npuM BToOpom — printd nonyyaer
aprymeHT 12, npu TpeTbem Bbi3oBe — 3HayeHue 1. PyHKUMA printd Ha TpeTbem ypoBHe Bbi30Ba MedvaTtaeT 1 un
BO3BpPALLAETCA Ha BTOPOWN YPOBEHb, NOC/E Yero nevataeT umopy 2 1 Bo3BpalLaeTcA HA NepBblil YPOBEHb. 34eChb OHa
neyaTtaeT 3 n 3aKaH4YmMBaeT pabory.



Cnepytowmin XopoLwnii npumep pPekypcmMm — 3T1o bbiCTpan COPTMPOBKa, NpeanoxeHHas Y. A. P. Xoapom B 1962 r. AnAa
3a/1aHHOTO MaccKBa BbIBMPAETCA OAUH 31EMEHT, KOTOPbIlA pa3buBaeT oCTasibHble 3N1EMEHTbI Ha ABa NOAMHOXECTBA
— Te, YTO MeHbLUe, U Te, YTO He MeHbLUe Hero. Ta e npoueaypa PeKypcMBHO NPUMEHARTCA U K ABYM NONYYEHHbIM
NoAMHOXecTBamM. Ecan B NnoAMHOXKeCTBe MeHee ABYX 3/1eMeHTOB, TO COPTUPOBATb HEYEro, U PeKypcus 3aBepLuaeTca.

Hawa Bepcua 6bICTPO COPTUPOBKM, pasymeeTcs, He camasn BbiCTpas cpeay BCeX BO3MOMKHbIX, HO 3aTO OAHa U3
caMblIX NPOCTbIX. B KauecTse AeNAWero snNemeHTa Mbl UCNOJb3yem cepeuHHbIN 3N1eMeHT.

/* gsort: coprtupyetr v[left]...v[right] no BozpacTaHwuio */
void gsort(int v[], int left, int right)
{
int i, last;
void swap (int v[], int i, int 7J);
if (left >= right) /* Huuero He meyaeTcs, eciu */
return; /* B MaccuBe MeHee IOBYX DJIEMEHTOB */
swap (v, left, (left + right)/2); /* mengaumii sjgemeHT */
last = left; /* nepenocurcsa B v[0] */
for(i = left+l; i <= right; 1i++) /* nemenme Ha uvactu */
if (v[i] < v[left])
swap (v, ++last, 1i);
swap (v, left, last); /* mepes3amnoMuMHaeMm Iejdamuil 2JeMeHT */
gsort (v, left, last-1);
gsort (v, last+l, right);

B Hawel nporpamme onepauus nepectaHoBKM Oodopm/eHa B BMAE OTAENbHON OYHKUMKM (swap), MOCKOAbKY
BCTpeYaeTca B gsort TpUMKabl.

/* swap: moMeHATb, MecTamu v[i] m v[]j] */
void swap (int v[], int i, int 7j)
{

int temp;

temp = v[i];
vii] = vI[3];
v[ij] = temp;

CraHaapTHas 6ubnnoTteka MmeeT QYHKLMIO gSOrt, NO3BONAIOLLYIO COPTMPOBATb 06bEKTLI NH06Oro TUNa.

PekypcuBHan nporpamma He o6ecneynBaeT HM SKOHOMMM NaMATU, NOCKONbKY TpebyeTca rae-To noaaepXmneaTh CTek
3HaueHWi, nogiexalmx ob6paboTke, HM ObICTPOAENCTBUA; HO MO CPABHEHUIO CO CBOMM HEPEKYPCUBHbLIM
9KBMBAJIEHTOM OHA YaCTO KOPOYe, @ YacTO HAMHOTO Jierye A/1A HanncaHua U NoHMMaHuA. Takoro poga nporpammbl
0cobeHHO ya06HbI A41A 06paboTKM PEKYPCUBHO onpedensiemblX CTPYKTYp AaHHbIX BPOAe AEPeBbes; C XOPOLMM
NPMMEPOM Ha 3Ty TeMy Bbl MO3HAaKOMMUTECH B Naparpade 6.5.

YnpaxHeHue 4.12. [pymeHunTe naeu, KoTopblie Mbl UCNOIb30BaNN B printd, ANAHaNMCaHMA PEKYPCUMBHOMN BepCUM
bYHKUMKM 1t oa; MHaye roBops, NpeobpasyiTe Lenoe YNCA0 B CTPOKY LUdP C MOMOLLBIO PEKYPCUBHOW NPOrpaMmmel.

YnpaxHeHue 4.13. HanuwunTte pekypcuBHyto Bepcuto GyHKUMN reverse (S), NepecTaBAAIoLLYO 3/1eMEHTbl CTPOKM
B TY XKe CTPOKY B 06paTHOM nopaAgke.

4.11. Ilpenporeccop A3bika Cu
HEKOTOpre BO3MOKHOCTU fA3blka CM obecneuyumsatoTca npenpoueccopom, KOTOprﬁ pa60TaeT Ha nepBom LWware
Komnunsauun. Haumbonee 4acto MCNONb3YHOTCA ABE BO3MOXHOCTM: #include, BcTaBnAwWan coaeprKumoe



HeKkoToporo ¢aiia Bo Bpema KoMnuaaumm, U #define, 3aMeHAIOWAnN OOHN TEKCTOBblE NMOC/ef0BaTe/IbHOCTM Ha
Apyrve. B atom naparpade o6cyKAatoTca yCN0BHAA KOMMUAAUMA U MaKPOMOACTaHOBKA C apryMeHTamu.

4.11.1. BkiiroyeHue ¢aitia
Cpeacteo #include No3BOASAET, B YaCTHOCTU, JIETKO MaHUNyAMpPoBaTh Habopamn #define u obbaBaeHUN. Jlioban
CTPOKa BMAa

#include "mmsa-gariza"
nn
#include <mmsa-pariia>

3aMeHsieTca coaepXRumbim daiina ¢ umeHem umsa-galina. Ecnn ums-galing 3aKkNoMeHo B ABOMHbIE KaBblYKU, TO, KaK
npaBuno, ¢ann UWeEeTca cpeam UCXoAHblx $alnoB NpPoOrpaMmbl; €c/iM TaKoBOrO He OKasanocb uan ums-galina
3aK/II0YEHO B YrN0Bble CKOBKM < M >, TO MOUCK OCYLLECTBAAETCA MO ONpeaefieHHbIM B peannsaumn npasBunam.
Bkitoyaemblt paia cam MOKET codeprKaTb B cebe cTpoku #include.

Yacto ucxoaHble dakinbl HauMHAKOTCA C HECKOJIbKMX CTPOK #include, ccblNalOWMXCa Ha Ob6LME WHCTPYKUUM
#define n obbaABNEHUA extern WUAM NPOTOTUMbI HYXKHbIX BUBNMOTEUYHBIX PYHKUMIMN U3 3aronoBOYHbIX $alinos
Bpode <stdio.h>. (CTporo roBops, 3TM BKAOYEHUA He 0b6A3aTenbHO ABAAOTCA palinamu; TexHUYeckue AeTanu
TOTO, KaK OCYLLLeCTB/AETCA AOCTYN K 3aro/IoBKam, 3aBUCAT OT KOHKPETHOM peanunsaumu.)

CpeactBo #include — xopoLmin cnocob cobpatb BMmecTe 06baBAeHUA 6oblioi nporpammbl. OH rapaHTUPYET, YTO
BCE MUCXOAHble dalinbl byayT Nonb3oBaTbCA OAHUMU U TEMU XKe onpeneneHnAMU U 0O6bABNEHUSMU NEPEMEHHbIX,
6narogapa yemy npeaoTBPaLLAOTCA OCOBEHHO HENPUATHbIE OWWOKNU. ECTECTBEHHO, NPU BHECEHUN U3MEHEHWUIN BO
BKOYaembli ¢paiin Bce 3aBMCMMbIe OT Hero ¢aisibl 40KHbI MEPEKOMMNNANPOBATLCA.

4.11.2. MakponoaCcTaHOBKa
OnpepeneHne MakponoACcTaHOBKM UMeeT BUA;

#define wmMsa saMemaIMMii-TEKCT

MaKponoACTaHOBKA MCNONb3yeTcAa AAA NpoCTeilleit 3aMeHbl: BO BCEX MECTax, 4e BCTPeYaeTca Nekcema ums,
BMecTo Hee byaeT nomelleH 3amewarowuli-mekcm. UmeHa B #define 3a4atoTca No TeM Ke MpaBuaam, YTo M
MMeHa O06bIYHbIX NEPEMEHHbIX. 3aMeLLaloWMn TEKCT MOXKET 6biTb NPOM3BOAbHBIM. OBbIYHO 3ameLLaAloWMn TEKCT
3aBeplUaeT CTPOKY, B KOTOPOW pacnosiokeHo cioBo #define, HO B A/NMHHBIX OMPEAESIEHUAX €r0 MOMHO
NPOAO/IKUTL HA CNeayloWwmMX CTPOKaxX, NMOCTaBMB B KOHLE KaKAOW NPOAO/KAEMOM CTPOKM O6paTHYIO HAKAOHHYIO
yepty \. Obnactb BUAMMOCTM MMEHU, onpeseneHHoro B #define, NPOCTUpPAeTca OT AAHHOMO onpefeneHus Ao
KOHUa ¢alina. B onpegeneHMm mMakponoACTaHOBKM MOryT ¢purypupoBaTb 6onee paHHue #define-onpegenexHus.
MoAcTaHOBKA OCYLLECTBAAETCA TO/MbKO ANA TeX WMMEH, KOTOpble Pacno/ioXKeHbl BHE TEKCTOB, 3aKNHOYEHHbIX B
KaBbluKM. Hanpumep, ecam YES onpegeneHo ¢ nomolbto f#define, TO HMKAKOM MOACTAHOBKM B printf
("YES") uau B YESMAN BbINOJHEHO He byaer.

JNioboe nma MOXKHO onpeaenTb C MPOU3BOIbHbLIM 3aMeLLaloLLMM TeKCTOM. Hanpumep,
#define forever for(;;) /* OECKOHEUHEM LMK */
onpeaensieT HoBoe cNoBo forever gna 6EeCKOHEYHOro LMKAa.

MaKponoACTaHOBKY MOXKHO ONpegenuTb C aprymeHTamu, BC/eACTBME Yero 3amMelLalowmin TekcT byaper
BapbMpPOBaTbHCA B 3aBMCMMOCTM OT 3a[aBaemMblx NapameTpoB. Hanpumep, onpeaenmm max cneayowmm obpasom:

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



XoTs obpaleHna K max BbIFNAAAT KaK 0bblyHble 06palLeHnn K GyHKLMM, OHM ByayT Bbi3biBaTb TO/IbKO TEKCTOBYHO
3ameHy. Kaxagbiit dopmanbHbii napametp (B AaHHOM cayyae A U B) 6yaeT 3aMeHATbCA COOTBETCTBYHOLWMM emy
aprymeHToMm. TaK, CTpOKa

X = max (ptqg, r+s);
b6yaeT 3aMmeHeHa Ha CTPOKY
x = ((p+tqg) > (r+s) ? (pt+tqg) : (r+s));

MOCKO/MbKY apryMeHTbl AOMycKaloT A06oi BUA, 3aMeHbl, YKasaHHOe onpegefieHne max MOAXOAUT ANA AaHHbIX
No60oro TMNa, Tak YTO He HYXKHO NUCaTb pasHble max ANA AaHHbIX Pa3HbIX TUMNOB, KaK 3TO 6b110 Bbl B CyyYae 3a4aHus
C MOMOLLbIO GYHKLMNA.

Ecnn Bbl BHUMaATENIbHO NpoaHanusupyete paboTty max, TO 0BOHapyKUTe HEKOTOPble NOABOAHbIE KAMHU. BbipaxeHus
BbIYMCNAOTCA ABA*KAbl, U €CIN OHU BbI3bIBAOT MOBOYHbIN IPPEKT (M3-32 MHKPEMEHTHbIX onepaunii namn GyHKUMUiA
BBO/A-BbIBOAA), 3TO MOXKET NPUBECTU K HEXKENaTeNbHbIM nocaeacTeuam. Hanpumep,

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

BbI3OBET yBe/MYeHMe i M j aBarKabl. Kpome TOro, cnegyer no3aboTutbcAa 0 cKobKax, 4Tobbl o6ecneunTb HYKHbIN
NopAAOK BblYUCNEHUI. 3a4YMANTECH, YTO CAYYUTCA, ECAN NPU ONpPeseNeHUm

#define square(x) x*x /* HEBEPHO */
BbI3BaTb square (z+1).

Tem He MeHee, MaKpPOCPeLCTBa MMEIOT CBOW AOCTOMHCTBA. [PaKTUYECKMM NMPUMEPOM UX UCMOJIb30BAHMUA ABAAETCA
yactoe npumeHeHue getchar u putchar u3 <stdio.h>, peasnM30BaHHbIX C MOMOLLbID MAKpPOCOB, YTOObI
n3bexxaTb pacxog0B BpeMEHM OT Bbi30Ba GYHKLMM Ha Kaxablii 0bpabaTbiBaemblit cumBos. PyHKUMKM B <ctype.h>
06bIYHO TaK¥Ke PeanmnsyoTcsa C MOMOLLbIO MAaKpPOCOB.

Jencreune #define MOXHO OTMEHUTb C NOMOLWbIO #undef:

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

Kak npaBuno, aTo genaetca, YTobbl 3aMeHUTb MaKpoonpeaesieHMe HacToAle GyHKUMEN C TEM Ke MMEHeEM.

UmeHa d)OpMa!'IbeIX NapaMeTpoB HE 3aMEHAIOTCA, €C/IN BCTPEYAKOTCA B 3aK/IKOYEHHbIX B KaBbl4KKU CTPOKax. OaHako,
€C/11n B 3amellaolem TeKCTe nepen d)OpMal'IbelM napamMmeTpom CTOUT 3HaK #, aTOT napameTp 6y,a,eT 3aMeHEeH Ha
APTryMeHT, 3aK/II0YEHHbIM B KaBbl4KM. ITO MOXKET covyeTaTbCs C KOHKaTEHaLLMEVI (CKﬂEVIBaHVIeM) CTPOK, Hanpumep,
YyTObbI CO034aTb MaKpOC OT/1a404YHOro BbiBOAa:

#define dprint (expr) printf (#expr " = %g\n", expr)
ObpaleHue K

dprint (x/vy) ;

pa3BepHeTCA B

printf ("x/y" " = %g\n", x/y);

a B pe3y/ibTaTe KOHKaTeHaLUMn AByX COCEAHUX CTPOK NOJyYNM

printf ("x/y = %g\n", x/vy);



BHYTpM ¢aKTMUEeCKOro aprymeHTa KaxAbli 3HAaK " 3ameHsaeTcs Ha \", a Kaxgas \ Ha \\, TaK 4To pesynbTar
NOACTaHOBKM NPUBOAMT K NPaBUIbHOW CUMBOJIbHOW KOHCTaHTE.

Onepatop ## MNO3BOMAET B MaKpOPACLWMPEHUAX KOHKATEHMPOBATb aprymeHTbl. ECaM B 3amellatollem TeKcTe
napameTp COCeACTBYET C # #, TO OH 3aMEHAETCA COOTBETCTBYHOLMM MY aPryMEHTOM, 3 OrnepaTop ## M OKpyKawowme
ero CMMBOAbI-pasgennTenn BblbpacbiBatoTca. Hanpumep, B MakpoonpegeneHun paste KOHKATEHMPYLOTCA ABa
aprymeHTa

#define paste(front, back) front ## back
Takyto paste (name, 1) creHepupyeT uma namel.

MpaBuaa BAOMKEHHbIX UCMONbL30BaHMI onepaTopa 4 He onpeAeneHbl; ApyrMe NoApPobHOCTM, oTHocAWwMeca K f #,
MOXHO HaWTW B NPUNOKEHUM A,

YnpaxHeHue 4.14. Onpegenute swap (t, x, V) B BMAE MaKPOCa, KOTOPbIN OCYWECTBAAET 06MEH 3HaYEeHUAMM
YKa3aHHOIo TUNa t mexay aprymeHtamu x u y. (MpumeHnTe 6104HYI0 CTPYKTYPY.)

4.11.3. Yc10BHAsI KOMIUJISALUA

CaMmnm X040M NPEnpoLECCUMPOBAHNA MOXKHO YNPaBAATb C NMOMOLLbIO YC/IOBHbIX MHCTPYKUMN. OHM npeacTaBnatoT
coboli cpeacTtso A1A BbIOOPOYHOIro BKAOYEHUSA TOFO MAM MHOIO TEKCTA NPOrpammbl B 3aBMCMMOCTM OT 3HaYeHWUA
YCNOBMA, BbIYUCASEMOrO BO BPEMA KOMMUAALUN.

BbluncnaeTca KOHCTaHTHOE Liesoe BblparkeHue, 3a4aHHOe B CTPOKe #1 £. 9TO BbipaxKeHne He JAO0/MKHO CoAepKaTb HU
OAHOro onepaTtopa sizeof WAK NPUBEAEHUA K TUMY U HU OAHON enum-KOHCTAHTbl. ECNM OHO MMeeT HeHysneBoe
3HauyeHWe, To OyayT BKAOYEHbI BCE Mnocaedylowme CTPOKU BNAoTb A0 #endif, mam #elif, uam felse.
(MHCcTPYKUMA npenpoueccopa #elif noxoxa Ha else 1f.)BblpaxkeHune defined (rva) B #1if ecTb 1, ecnm uma
6b110 onpeseneHo, n 0 B NPOTUBHOM C/iyyae.

Hanpumep, 4uTobbl 3acTpaxoBaTbhCA OT NOBTOPHOIO BKAOYEHUA 3ar0N10BOYHOro ¢aiina hdr . h, ero MoXKHO 0popmMUTb
cnepyowmm obpasom:

#1f !defined (HDR)
#define HDR

/* Bmechb comepxmmoe hdr.h */

#endif

Mpy nepBom BKAOYeHMM ¢alina hdr.h 6ymer onpeseneHo mmsa HDR, a MpU NOCAEAYIOWMX BKAOYEHUAX
npenpoueccop 06HapYKUT, YTO UMA HDR y»Ke onpeseseHo, U NepeckoumnT cpasy Ha ffendif. ITOT Nnpuem MOXKeT
OKa3aTbCA MOME3HbIM, KOrAa HY»KHO M36eXKaTb MHOTrOKPaTHOTO BK/IOYEHMS OAHOTO WM Toro e daina. Ecam um
No/1b30BaTbCA CUCTEMATUYECKM, TO B pe3y/ibTaTe KarKAblii 3aroloBoYHbIA ¢ain ByaeT cam BKAOYATb 3aro/0BOYHbIE
dalinbl, OT KOTOPbIX OH 3aBUCKT, 0CBOBOANB OT 3TOrO 3aHATUA NOJb30BaTENSA.

BoT npumep LenoYkM NPoBEPOK MMeHn SYSTEM, No3BoAAOLWElN BbIBpaTh HYXKHbI Gaitn ana BKAOYEHUA:

#if SYSTEM == SYSV
#define HDR "sysv.h"
#elif SYSTEM == BSD
#define HDR "bsd.h"
#elif SYSTEM == MSDOS
#define HDR "msdos.h"
#else



#define HDR "default.h"
#endif
#include HDR

MHcTpyKumMn #1ifdef M #ifndef chneunanbHO npefHasHayeHbl ANA NPOBEPKU TOro, ONPEAENeHO WAW HeT
334aHHOEe B HUX MMA. U cnepoBaTesibHO, NePBbIA NpUMeEpP, NPUBEAEHHDLIV Bbile A8 UAAOCTPAUMK #1f, MOXKHO
3anucaTb M B TaKOM BUAE:

#ifndef HDR
#define HDR

/* Bmechk comepxmmoe hdr.h */

#endif



5. Yka3aTe/sim U1 MaccCuBbI

YKasaTtenb — 310 nepemeHHan, cogepxKaulada agpec nepemeHHoﬁ. YKasatenu LLNPOKO NPUMEHAIOTCA B Cun — oTtyactu
NoTOMY, YTO B HEKOTOPbIX C/ly4anx 6e3 HUX NPOCTO He 06OMUTUCL, @ OTYACTU NOTOMY, YTO NPOrPamMMbl C HUMKU 0BbIYHO
Kopoue un addeKTuBHee. YKasaTeIM U MacCUBbl TECHO CBSi3aHbl APYr C APYromM; B AaHHOW rNaBe Mbl PaCCMOTPUM 3Ty
3aBUCUMOCTb U NMOKa*Xem, KaK eto No/1b30BaTbCA.

Hapsgy ¢ goto ykasaTenu Korga-to 6biiv 06bsABAEHbl JyYlMM CPeaCcTBOM A/ HAMMCaHMA MAaJIONMOHATHBIX
nporpamm. Tak OHO W €cTb, €CNM MMW MONb30BaTbCA 6e3aymMHO. Beab OyeHb NIErKO MOYYMTb YKasaTtesb,
YKa3blBaloLUINIA Ha 4TO-HMBYAb coBCceM HexKenatenbHoe. Mpu cobnoaeHUM Ke onpeaeneHHOW AUCUUNANHBI C
NOMOLLLbIO YKa3aTenen MOXKHO AOCTUYb SCHOCTU M NPOCTOTbl. Mbl nonbiTaemcs ybeanTb Bac B 3TOM.

MN3meHeHMA, BHeceHHble cTaHZapTom ANSI, cBA3aHbl B OCHOBHOM C GOPMY/IMPOBAHMEM TOYHbIX MPABWA, Kak
paboTaTb ¢ yKazatenamu. CTaHAApT Y3aKOHWA HAKOMJIEHHbIA NOOMKUTENbHBIN OMbIT NPOrPAMMUCTOB U yAauHble
HOBOBBeAEHMA Pa3paboTUMKOB KOMNUAATOpPOB. Kpome Toro, B3ameH char * B KayectBe Tuna o6obeHHOro
yKasartens npegnaraertca tun void * (ykasatenb Ha void).

5.1. Yka3aTeau u agpeca

HayHem c TOro, 4Yto PacCcCMOTPMM YMPOLLEHHYIO CXeMy OpraHusauum namatu. MamsaTb TUNUYHOW MaLUUHbI
npeacrasaseT coboli maccMB nocnenoBaTesibHO MPOHYMEPOBAaHHbIX MM MPOAAPECOBAHHbIX AYEEK, C KOTOPbIMU
MOXHO paboTaTb N0 OTAENbHOCTM UAWN CBA3HbIMU KyCKamu. MpumeHNTeNbHO K Nt060N MallMHe BEPHbI caeayoLmne
YTBEPXKAEHUA: OANH BANT MOXKET XPaHUTb 3HaYeHue Tuna char, 4Byx6aliToBble AYENKM MOTYT PAaCCMATPMBATLCA Kak
uenoe TMNa short, a yeTbipexbalToBble — Kak Leble Tuna long. YKasaTenb — 3T0 rpynna fyeek (Kak npaBuo,
OBEe WK YeTbipe), B KOTOPbIX MOMET XPaHUTbCA agpec. TaK, eciM ¢ MmeeT Tun char, a p — yKasaTesb Ha c, TO
CUTyaums BbIFNAANUT Cieayowmm obpasom:

-~ -
.
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YHapHbI onepaTop & BblAaeT agpec 06BbEKTA, TaK UTO MHCTPYKLUMA
p = &c;

npucBanBaeT NePemMeHHON p agpec AYerku ¢ (FOBOPAT, YTO p yKasbiBaeT Ha c). OnepaTop & NPUMEHAETCA TONbKO K
06beKTaM, PacnoIOKEHHbIM B MaMATU: K NepeMeHHbIM U 3n1emeHTaM MaccuBOB. Ero onepaHaom He MOXKeT 6biTb HU
Bblpa*KeHME, HU KOHCTAHTa, HX PErMcTpoBasn NepemeHHas.

YHapHbIA onepaTop * ecTb onepatop KocgeHHo20 docmynd. NPUMEHEHHBIN K YKa3aTento, OH BblAaeT 06beKT, Ha
KOTOPbIN AaHHbIA yKasaTenb yKasbiBaeT. MpeanonoxKMm, YTo x M y MMelT TMN int, a ip — yKasaTesb Ha int.
CneaylolimMe HECKObKO CTPOK NpuAyMaHbl CneumanbHO 1A TOro, YTobbl MOKasaTb, KakMM 06pa3om 0b6bABAAKOTCA
YKas3aTenun 1 Kak UCMOo/Ib3YHOTCA ONepaTopbl & U *.

int x =1, y =2, z[10];

int *ip; /* ip - ykaszaTesnb Ha int */
ip = &x; /* Tenepb 1ip ykaspeaerT Ha X */
y = *ip; /* y Tmenepn paeed 1 */

*ip =0; /* x Temnepb pasen 0 */
ip = &z[0]; /* ip Tenepr ykasz3weaeT Ha z[0] */

06bABNEHNA X, V U Z HaM yKe 3HaKoMbl. ObbABNeHMe yKasaTens 1ip

int *ip;



Mbl CTPEMUANCD CAENATb MHEMOHMYHBIM — OHO r1acuT: "BblpaxeHune * ip umeet TMn int". CUHTAKCUC 06bABNEHUSA
nepemeHHon "noacTtpamBaeTca’ Mo CMHTAKCUC BbIPA*KeHWI, B KOTOPbIX 3Ta NepemMeHHas MOXKeT BCTPeTUTbCA.
YKa3saHHbIN NPUHLMM NPUMEHUM U B 06bABAEHMAX GYHKLUMIA. Hanpumep, 3anuch

double *dp, atof (char *);

03HA4aeT, YTo BblpaxeHunsa *dp u atof (s) umerT TMN double, a aprymeHT PyHKUMM atof ecTb yKasaTeNb Ha

char.

Bbl, HaBepHOe, 3aMeTU/IN, UYTO YKasaTeNlo paspelleHO YKasblBaTb TONbKO HAa OOBEKTbI OMNpeaesieHHOro Tuna.
(CywectByeT o4HO MUcKAtoYeHMe: "yKasaTenb Ha void" mMOXeT yKasbiBaTb Ha 06beKTbl Nt0boro TMna, Ho K Takomy
YKas3aTento Heb3s NPUMEHATL 0NepaTop KOCBEHHOro AocTyna. Mbl BepHeMcs K aToMy B naparpade 5. 11.)

Echn ip yKasbiBaeT Ha x LENOYMCIEHHOro TUMNa, TO *ip MOMHO MCMNO/Ib30BaTb B Nt06OM MecTe, rge AOMyCTUMO
npMMeHeHune x; Hanpumep,

*ip = *ip+ 10;
yBenunumsaet *ip Ha 10.

YHapHble onepaTtopbl * U & MMeloT 6oaee BbICOKMI NPUOPUTET, YemM apUPMeTMYecKMe onepaTopbl, Tak 4TO
npucBanBaHue

y = *ip + 1

6epeT To, Ha YTO yKasbiBaeT 1p, n fobasnAeT K Hemy 1, a pe3ynbTaT NpuUcBanBaeT NepeMeHHON . AHaNIOTUYHO
*ip += 1

yBeMUYnBaeT Ha eANHULY TO, Ha YTO YKa3biBaeT 1p; Te e AeNCTBUA BbINONHAIOT

++*ip

7

(*ip) ++

B nocneaHeit 3anmcn ckobkmM HeobXoaMMbI, MOCKO/IbKY €C/iM UX He ByaeT, yBeNMuMTCA 3HaYeHNe CaMoro yKasaTens,
a He TO, Ha YTO OH yKasblBaeT. ITO 0BYCAOBNEHO TEM, YTO yHapHble onepaTopbl * U ++ WMET OAMHAKOBbIV
NPUOPUTET M NOPALOK BbINOJHEHNA — CNpaBa HaNeBo.

M HaKoHel, TaK KaK yKa3saTe/aM caMu ABAAIOTCA NepemeHHbIMM, B TEKCTE OHW MOTyT BCTpedyaTbca M 6e3 onepartopa
KOCBEHHOrO focTyna. Hanpumep, eciv g ecTb APYyroi yKasaTtesb Ha int, To

ig = ip
KOMMPYET coaeprKMmoe ip B 1, YTobbl 1p U 1 YKa3bliBa/IM HA OAMH U TOT e OOBEKT.

5.2. Yka3aTeyau 1 apryMeHTbl QyHKIUH

Mockonbky B CuM YHKUMM B KayecTBe CBOMX aAPryMEHTOB MO/y4YalOT 3HAYeHWsAs MapameTpoB, HeT MpPsSMON
BO3MOXHOCTWU, HaxoAACb B BbI3BaHHOW GYHKLUMU, U3MEHUTb NepeMeHHyI0 Bbi3biBatowen GpyHKunn. B nporpamme
COPTUPOBKN Ham I'IOHa,CI,O6MﬂaCb dJYHKLI,MFI swap, MeHAWaA MmeCTamMn ABa HEYNOPAAOYEHHbIX 3/1eMeHTa. OAHaKO
HeAOoCTaTO4YHO HanncaTb

swap (a, Db);

roe pyHKUMA swap onpegeneHa cneayowmm obpasom:



void swap (int x, int y) /* HEBEPHO */
{

int temp;
temp = x;

X = y;
y = temp;

MoCKONbKY Swap NOAy4YaeT NMLb KOMUU NEPEMEHHbIX a U b, OHa He MOXKeT NOBAMATb HA NEpPeMeHHble a U b Toi

nporpammbl, KOTopas K Helt obpaTuiacs.

YT106bI NONYYMTL Kenaemblit 3GDEKT, Bbi3bIBAIOLLEN NPOrpamMmmMe Hago nepeaaTb yKasaTe M Ha Te 3HaYeHUs, KOTopble
[OO/IXKHbI BbITb U3MEHEHDI:

swap (&a, &b);

TaK KaK onepaTop & NoAy4YaeT agpec NnepeMeHHOM, &a ecTb yKasaTeNb Ha a. B camoli e GpyHKUMM swap napameTpsbl
AO/MKHbI BbITb 06bABMEHbI KaK yKasaTenu, npu 3TOM AOCTYN K 3HayeHMsM napameTpoB 6yaeT OoCywecTBAATbLCA
KOCBEHHO.

void swap (int *px, int *py) /* mepecraHoBKa *pPx M *py */
{

int temp;

temp = *px;

*PX = *PYi

*py = temp;

lpadmryeckn aTo BbIrNAANUT CAeaytolmMm obpasom:

B Bbl3bIBal0U.I,EI7I nporpamme:

=

|4

AprymeHTbI-yKa3aTesin NO3BONAIOT d)yHKLI,MM OCywlecTBnATb AOCTyn K obbeKTam Bbi3BaBLIEN ee nporpammbl U OakoT
BO3MOXHOCTb U3MEHUTb 3TN 0O6BEKTLI. PaCCMOTpI/IM, Hanpumep, d)YHKLI,MIO getint, KOTOpaA ocywecTBnAaeT BBO4 B
CBOﬁO,CI,HOM d)opmaTe OAHOIro uenoro 4Ymncna n ero nepesos M3 TeKCTOBOro npeacraBieHnAa B 3Ha4eHUe tmna int.
CDyHKLI,MFl getint AOANXKHA BO3BpalLaTb 3HAYEHWE MOAYHYEHHOrO YMCNa UAWM CUTHAAM3UPOBATb 3HavYeHMem EOF o
KOHUE ¢a17u1a, ecnin BXO,EI,HOVI NOTOK McyepnaH. 9TV 3HaYeHUA AO0NXKHbI BO3BpaLWaTbCA MO Pa3HbIM KaHa/1laM, TaK KaK
HeNb3A paccuyuTbIBaTb Ha TO, YTO NOSYYEHHOe B pe3ynbTaTe NepeBosa YMCI0 HUKOoraa He coBnaget c EOF.

OAHO M3 pelleHnit CoCToMT B TOM, 4TOBbl getint BblAaBana XapakTepPUCTUKY cocTosHMA daina (McuepnaH UK He
ncyepnaH) B KayecTse pesy/nbTaTa, @ 3HaYeHMe CaMoro YMc/ia NoOMeLlana CornacHo yKkasaTtento, nepegaHHoOMy el B

BMAe aprymeHTa. [oxoxKan cxema AeNCTBYET U B Nporpamme scant, KOTOPY Mbl pacCMOTPMM B naparpade 7.4.

MoKasaHHbIM HUXKe UMKAN 3anoNHAET HEKOTOPbIVI MacCuB LesibiIMU YNCAaMU, NOJIyYeHHbIMKU C NOMOLLbIO getint.



int n, array[SIZE], getint (int *);
for (n = 0; n < SIZE && getint (&array[n]) != EOF; n++)

’

Pe3ynbTaT KaxKgoro oyepeaHoro obpaleHusa K get int nocbinaetca B array [n], U n yBeANYMBAETCA HA eauHULY.
3ameTuMm, M 3TO CYLLEeCTBEHHO, YTO PYHKUMM getint nepepaeTcAa agpec anemeHTa array[n] . Ecam atoro He
caenatb, y getint He byaeT cnocoba BepHYTb B BbI3bIBAIOLLLYHO NPOrpamMmmy nepeBeAeHHOe Lesoe Y1Cno.

B npeanaraemom Hamu BapmaHTe PyHKUMA getint Bo3BpawaeT EOF No KoHUy ¢alina; Hynb, ecan cneayoume
BBOAUMbIE CMMBO/bI He NPeAcTaBAAloT cobol UMCNa; U MNOMOXKUTENbHOE 3HaYeHWe, ecau BBeAeHHble CUMMBObI
npeacTaBaAlT coboit umcno.

#include <ctype.h>
int getch (void);

void ungetch (int);
/* getint: umTaeT cienmywlee Liejioe M3 BBoma B *pn */
int getint (int *pn)
{
int ¢, sign;
while (isspace(c = getch()))
; /* Opomnyck CUMBOJIOB—pasmenmurTesenn */
if (!isdigit(c) && c != EOF && c ! = "+' && c != '=" ) |
ungetch (c); /* He umcigo */
return 0;
}
sign = (c = = - y 2 -1 : 1;
if (¢ == "+'" || ¢c == "'-")
c = getch();
for (*pn = 0; isdigit(c); c = getch())

*pn = 10 * *pn + (c - '0" ) ;
*pn *= sign;
if (¢ != EOF)

ungetch (c) ;
return c;

Besge B getint nmoa *pn nogpasymeBaeTcA 06blYHAA nepemeHHas TMna int. OyHKUMA ungetch BmecTe ¢
getch (naparpad 4.3) BKAlOYeHa B nporpammy, 4Ytobbl obecneyunTb BO3MOMKHOCTb OTOCAATb Has3ad AULWHUNA
NPOYUTAHHBIN CUMBOA.

YnpaxHeHue 5.1. PyHKUMA getint HanMcaHa TaK, YTO 3HAKM — MM +, 33 KOTOPbIMM He cneayeT umdpa, oHa
NOHMMAET Kak "npaBwuibHoe" npeactaBneHne HynAa. CKOppeKTUpyihTe nporpammy Takum obpasom, 4Tobbl B
noAobHbIX CNyyanx oHa BO3Bpallasa NPOUYUTAHHbIM 3HAK Ha3ad BO BBOA,

YnpaxkHeHue 5.2. Hanuwute ¢yHKuMo get float — aHanor getint gna ymcen c naasatolen Toukon. Kakoi tmn
byneT UMeTb pe3ynbTUpyloLLee 3HaYeHMeE, BblAaBaemoe ¢yHKumMen getfloat?

5.3. Yka3zaTe/si1 1 MaCCHUBBI

B Cu CyLeCTBYET CBA3b MeXAy YKa3aTelaAMnNn U macCnBamMmu, N CBA3b 3Ta HACTOJ/IbKO Te€CHAaA, YTO 3TN CpeAacTBa Nyylle
paccmaTpuBaTb BmecTe. JIlobol AOCTYN K 3/1eMEeHTY MacCMBa, OCYLLECTB/AAEMbI onepaumein UHAEKCMPOBaHMUS,
MOXeT 6bITb BbIMNOJIHEH C NOMOLUbBbIO YKa3saTtena. BapmaHT C yKasatenamum B O6LIJ,EM C/aly4dae pa60TaeT 6bICTpee, HO
paao6paTbc;i B HEM, ocobeHHo HenoceAWweHHOMY, 4O0BOJIbHO TPy4HO.



ObbaBneHue
int a[l10];

onpegenser maccue a pasmepa 10, T. e. 610K M3 10 nocnegoBaTesibHbIX 06BEKTOB ¢ MMeHamn a [0], a[l],...,
al9].

o: [] | |

al0] a[1] a9

3anucb a [1] OTcbiNaeT Hac K 1-My 31eMeHTy MaccmBa. Ecim pa ecTb ykasatenb Ha int, T. e. 06bABNEH KaK
int *pa;

TO B pe3y/ibTaTe NpUcBanBaHUA

pa = &al[0];

pa byaeT yka3blBaTb Ha HY/IEBOW 3/IeMEHT a, MHaye rosops, pa byaeTt cogepkaTb agpec anemeHta a [0].

pa

Tenepb npucBansaHue

b6yaeT KonuposaTb cogepkmumoe a [0] B x.

Ecnn pa ykasbiBaeT Ha HEKOTOPbIA 31eMeHT MaccmBa, TO pa+l Mo onpeAeneHuo yKa3blBaeT Ha C/AeayroLLmnii
3N1IeMEHT, pa+1i — Ha 1-W 3/IeMeHT nocse pa, a pa—1 — Ha 1-i anemMeHT nepeg pa. Takum obpasom, ecnm pa
yKasbiBaeTHa a[0], To

* (patl)

ecTb cogepumoe a[1],a+i-agpeca[i],a* (pa+i) — comepumoe a [1i].

pa;  patli- [ra+?:-.l

™ | /

. [T T T T
al0]

CpenaHHble 3amedaHnn BepHbl 6€30THOCMTEIbHO K TUMY U pasMepy 31eMeHTOB MaccuBa a. Cmbica cnos "aobasuts 1
K yKasaTen", Kak M cmbicn 060 apudMeTUMKM C yKasaTenamu, COCTOMT B TOM, 4YTobBbl pa+l yKasbiBan Ha

cnepytowmii 06bekT, a pa+1l — Ha 1-inocae pa.

Nlexkay MHAEeKCMpOBaHWEM M apUOMETMKOM C yKasaTenamu CyllecTByeT OYeHb TecHaa cBasb. [1o onpegeneHuto
3HaueHWe nepemMeHHOM WM BbIPAXKEHUA TWMA MacCMB €CTb aApec Hy/leBOro 3J/leMeHTa Mmaccua. [locne
npucBanBaHun

pa = &af[0];
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ARRAYS AND POINTERS

Между индексированием и арифметикой с указателями существует очень тесная связь. По определению значение переменной или выражения типа массив есть адрес нулевого элемента массива. После присваивания 
ра = &а[0]; 


ra n a MMerwT O4HO N TO e 3HayeHue. nOCKOIIbe nMMAa MacCuBa ABNAETCA CMHOHMMOM pPacrnosioxKeHunAa ero
HaYyaNbHOrO 3/1eMeHTa, NpucBanBaHmne pa==:&a [ 0] MOXHO TaK»Ke 3anucaTtb B caeayowem Bnae:

pa = a;

Ewe 6onee yamsuTenbHo (Mo KpaiHeit mepe Ha MmepBbliA B3rNA4) TO, YTO a[i] MOXHO 3anucaTb Kak * (a+i).
Boluncnaa a[i], Cu cpasy npeobpasyeT ero B * (a+1); yKa3aHHble ABe POPMbl 3aNMCK 3KBMBANEHTHbI. M3 3TOro
cnefyeT, 4To MNoOJiyYyeHHble B pe3ynbTaTe MPUMMEHEHMA onepaTopa & 3anucK &al[i] W a+i Takwke 6yayrt
3KBWBAJIEHTHbIMM, T. €. U B TOM U B AiPYrOoMm c/lyyae 370 agpec 1-ro anemeHTa nocne a. C 4pyroi CTOpoHbl, eciv pa —
yKasaTe b, TO ero MOXHO MCMONb30BaTb C MHAEKCOM, T. €. 3aNnUCb pa [ 1] 3KBMBaNEHTHa 3anucn * (pa+i) . Kopove
roBOPSA, 3/1IEMEHT MacCcMBa MOXKHO M306paxKaTb Kak B BUAE YKa3aTeNsn Co CMellleHMem, Tak U B BUAEe MMeHN mMaccuBa
C UHOEKCOM.

MeKay MMeHeM maccvMBa M yKasaTenem, BbICTYnalowum B POAM MMEHW MacCMBa, CYLLECTBYET OAHO pas/nyue.
YKasaTenb — 3TO MepemeHHas, NO3TOMY MOXHO HamucaTb pa=a WM pa++. Ho MmA maccusa He sBAAeTcs
nepemMeHHoMI, 1 3aNUcK Bpoae a=pa UAK a++ He AoMnycKatoTcA.

Ecam uma maccusa nepepaetca ¢yHKUMM, TO NOC/AeAHAA NOJy4YaeT B KayecTBe aprymeHTa agpec ero Ha4ya/ibHoro
3/iemMmeHTa. BHyTpK BbI3biBaeMon GYHKLMKN STOT apryMeHT ABASETCA JIOKA/JIbHOW NMepeMeHHOM, coaepKalleit aapec.

Mbl MOXemM BOCNO/b30BaTbCA OTMEYEeHHbIM d)aKTOM M Hanucatb eue oaHYy Bepcuto d)yHKLI,MM strlen,
Bblqﬂﬂimou.l,em ANNHY ) m

/* strlen: BoO3BpamaeT IJMHY CTPOKu */

int strlen(char *s)
{
int n;
for (n = 0; *s != '"\0' ; s++)
n++;

return n;

TaK KaKk nepemeHHaa s — yKasaTe/lb, K Hell NPUMeHMMa onepauma ++; S++ He OKa3blBaeT HUKAKOro BAMAHMSA Ha
CTPOKY CMMBOJIOB GYHKLMKM, KoTopasa obpatunacb K strlen. MpocTto yBeanumsBaetca Ha 1 HekoTopasa Konusa
YKasaTens, HaxoAAWanca B IMYHOM MOb30BaHUN QYHKUMKM St rlen. ITO 3HAUUT, YTO BCE BbI30BbI, TAKME KakK:

strlen("3gpascTByii, Mup"); /* CcTpokoBas KOHCTaHTa */
strlen(array); /* char array[100]; */
strlen (ptr); /* char *ptr; */

npaBoMepHbI.
dopmanbHble napameTpbl

char s|[]1;

char *s;

B onpegeneHnun d)YHKLI,I/IVI 9KBMBANEHTHbl. Mbl oTAaem npegnoyvyteHune nociegHemy BapuaHTy, MOCKOJIbKY OH 6onee
ABHO COO6LLI,aET, 4YTO S eCTb yKasaTenb. Ecam d)yHKLI,MM B KayecCTBe aprymeHTa nepegaertca MmAa MacCmBa, TO OHa
MOXeT pacCMaTpuBaTb ero TakK, Kak e yp,o6Ho — ﬂM60, KakK MMA MacCCuBa, nmbo Kak YKa3aTte/sib, 1 NoCTynaTb C HUM
COOTBETCTBEHHO. OHa MOXKET AarKe UCMNO0/1b30BaTb oba BUAa 3aNnCKH, eC/I 3TO NOKaXKeTCA YMECTHbIM U MOHATHbIM.



ARRAYS AND POINTERS

ра и а имеют одно и то же значение. Поскольку имя массива является синонимом расположения его начального элемента, присваивание ра=&а[0] можно также записать в следующем виде: 
pa = a; 
Еще более удивительно (по крайней мере на первый взгляд) то, что а[i] можно записать как *(а+i). Вычисляя а[i], Си сразу преобразует его в *(a+i); указанные две формы записи эквивалентны. Из этого следует, что полученные в результате применения оператора & записи &а[i] и a+i также будут эквивалентными, т. е. и в том и в другом случае это адрес 1-го элемента после а. С другой стороны, если ра — указатель, то его можно использовать с индексом, т. е. запись pa[i] эквивалентна записи *(pa+i). Короче говоря, элемент массива можно изображать как в виде указателя со смещением, так и в виде имени массива с индексом. 
Между именем массива и указателем, выступающим в роли имени массива, существует одно различие. Указатель — это переменная, поэтому можно написать ра=а или ра++. Но имя массива не является переменной, и записи вроде а=ра или а++ не допускаются. 
Если имя массива передается функции, то последняя получает в качестве аргумента адрес его начального элемента. Внутри вызываемой функции этот аргумент является локальной переменной, содержащей адрес.
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q)yHKLI,VIVI MOXHO nepeaatb 4aCTb MaCCUBa, AN1A 3TOrN0O aprymeHT AOJ/1XKeH YKa3blBaTb Ha Ha4asl0 noamaccumBa.

Hanpumep, ecnn a — maccus, To B 3anmcax
f(sal2])

1z

f(a+2)

dyHKUuMM £ nepepaerca agpec NoamMaccMBa, HauYMHAKOLWErocA C anemeHTa a[2]. BHyTpu ¢dyHKUMKM £ onucaHue
napameTpoB MOXKET BbIrNALETb KaK

f(int arr[]) {..}
nnm
f(int *arr) {..}

CnepoBatenbHo, ana £ ToT d)aKT, YTO NapaMeTp YKa3sbliBa€T Ha 4YaCTb mMmacCmBa, a HE Ha BeCb MacCCuB, HE UMeeT
3Ha4yeHuA.

Ecin ectb yBEpPEHHOCTb, YTO 3/IEMEHTbl MacCCMBa CYLLECTBYIOT, TO BO3MOXHO MHAEKCMpoBaHWEe U B "obpaTHyto"
CTOPOHY MO OTHOLUEHUIO K HY/IEBOMY 3/1EMEHTY; BblpaXeHua p[-1], p[—2] U T. 4. HE NMPOTUBOPEYAT CUHTAKCUCY
A3blKa 1 0bpallLatoTca K anemeHTam, CTOALWMM HenocpeacTBeHHo neped p [0]. PasymeeTcs, Henb3A "BbIxoauTh" 3a
rPaHMLbl MaccMBa U TeM CambiM 06paLLLaTbCA K HECYLLECTBYIOWMM 06BbEKTaM.

5.4. AapecHasa apudpmeTHKa

Ecnm p ecTb yKasaTeNb Ha HEKOTOPbIM 3/1eMeHT MaccuBa, TO p++ yBeNMYMBAET p TaK, YTobBbl OH YKasblBan Ha
cnepyowmii snemeHT, a p += 1 yBe/MYMBAET ero, YTobbl OH yKa3blBaa Ha 1-1 3NeMeHT Nocae Toro, Ha KOTopbIi
yKasblBan paHee. 3T U NoJo0OHbIE KOHCTPYKLMM — camMble MPOCTble Npumepbl apudMETUKM Hag, yKasaTenamu,
Ha3blBAEMOW TaKKe agpecHOM apuPMeTUKOIA.

Cu nocnenoBateneH U eAMHOO6paseH B CBOEM NOAXOAE K aPecHOM apudmeTnke. ITo coefMHEHME B OAHOM A3bIKE
YKasaTtenen, MacCMBOB M apecHON apudMeTUKM — OfHA U3 CUIbHBIX €ro CTOPOH. MNpounloCcTpupyem cKasaHHoe
NoCTpoOeHMeM TMPOCTOro pacrnpegenuTens MamaTM, COCToslLero u3 Asyx nporpamm. MNepsasa, alloc (n),
BO3BpaLLAET yKasaTe/lb P HAa n NOC/NEA0BaTE/IbHO PACMO/IOKEHHbIX AYEEK TUMNa char; NporpaMmmoi, obpaliaroLencs
K alloc, 3TM AYelKM MOryT 6biTb MCNONbL30BaHbI A9 3aNOMUHAHMUA CUMBOOB. BTopan, afree (p), ocBoboxKaaeT
NamaATb 4711, BO3MOXHO, MOBTOPHOM ee yTuausauuu. Mpoctota anroputma obycnossieHa NpesnnosioKeHnem, YTo
obpaleHusa K afree genatoTca B 06paTHOM NOpPALKE NO OTHOLIEHMIO K COOTBETCTBYIOLWMM 0bpalLeHnam K alloc.
Takum 0bpa3om, NnamaATb, C KOTopoi paboTtatoT alloc M afree, ABAAETCA CTEKOM (CMMCKOM, B OCHOBE KOTOPOrO
NIEXUT NPUHUMN "nociesHNUM BoLllen, nepsbim ywen"). B ctaHaapTHoM 6ubanoteke nmeroTca GyHKUMM malloc U
free, KOTOpble AENAIOT TO e Camoe, TOIbKO 6e3 YyNOMAHYTbIX OrpaHuMYeHuid; B naparpade 8.7 mbl NMOKaXKeMm, Kak
OHMW BbITNAAAT.

CDYHKLI,I/HO alloc nerdye Bcero peasin3oBaTb, €C/IN YCAOBUTbCA, YTO OHa 6y,£l,€T Bbl4aBaTb KYCKM HEKOTOPOro
60/1bLIOro MaccMBa TMNa char, KOTOprﬁ Mbl HazoBeM allocbuf. 3TOT maccus OTAAAUM B IMYHOE MONb30BAHME
(byHKLI,MﬂM alloc n afree. Tak KaK OHN UMEIOT AeNo C yKasaTenAmMu, a He C MHAEKCaMM MaccuBa, TO APYrum
nporpammam 3HaTb €ro MMA HE HYXKHO. KpOMe TOro, 3TOT MAaCCMB MOXHO onpeaennTb B TOM e NCXO04HOM d)aﬁne,

v

yto U alloc n afree, 06bABMB ero static, 6narogaps yemy oH CT

€HW, MOCKONbKY €ro MOKHO 3anpocuTb ¢ NnoMmouplo malloc y

onepaLyMoHHOM CUCTEMbI U MONYUYUTb YKa3aTelb Ha HEKOTOPbIN 6e3bIMAHHbIN 610K NamATH.

R—————
ECTeCTBEHHO, HaM HYXHO 3HaATb, CKOJIbKO 3/1eMEHTOB MaCCUBa allocbuf y>e 3aHATO. Mbl BBeAeM YyKa3aTe/ib

allocp, KoTopbli byaeT yKasbiBaTb Ha NepBblid CBOGOAHLIVM 3nemeHT. Eciv 3anpawuvBaeTcds namaTb Ans n
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поскольку его можно запросить с помощью malloc у операционной системы и получить указатель на некоторый безымянный блок памяти. 
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CUMBO/I0B, TO a2l 1loC BO3BpaLLAET TeKylee 3HayeHne allocp (T. e. agpec Havana ceoboaHoro 610Ka) M 3atem
yBENMUMBAET ero Ha n, 4Tobbl yKasaTenb allocp yKasbiBaA Ha ciegytowyi ceobogHyo obnactb. Ecam ke
NpPOCTpPaHCTBaA HeT, To alloc BblgaeT Hynb. PyHKUMA afree [p] NPOCTO ycTaHaBauBaeT allocp B 3HaYeHUe D,
€C/1I1 OHO He BbIXOAMUT 3a npeaenbl maccmea a1l locbuf.

MNepepq BbizoBoM alloc:

allocp _l
= I | 1
al lacouf | [ | |
| S | - —= i
-— IAHATO - cEOBOAHD ——
Mocne BbI3oBa alloc:
allocp l
allosouf: [ | | |
| — i < a - | S -
-— FAHATO -+ 4+—aofoaHo —e

#fdefine ALLOCSIZE 10000 /* pasmep HOOCTYNHOTO MNPOCTpaHcTBa */

static char allocbuf[ALLOCSIZE]; /* namsars njsa alloc */
static char *allocp = allocbuf; /* ykasarejyb Ha cBOO. MecTo */

char *alloc(int n) /* BO3BpamaeT ykasaTejib Ha II CUMBOJIOB */
{
if (allocbuf + ALLOCSIZE - allocp >= n) {
allocp += n; /* OpoCTpPaHCTBO ecThb */
return allocp - n; /* crapoe p */
} else /* mpocTpaHcTBa HeT */
return 0;

void afree(char *p) /* ocBoBoxmaeT MmaMaTb, Ha KOTOPYWD yKaswBaeT p */

{
if (p >= allocbuf && p < allocbuf + ALLOCSIZE)

allocp = p;

B 06LIJ,EM C/lydae yKa3saTesib, Kak " ﬂl-06YI-O APYryto nepemeHHyr, MOXHO UHUUMNAAN3NpoBaTb, HO TOJIbKO TaKMMU
OCMDBICNIEHHBIMU ONA HErTr0 3HAYEHUAMMU, KaK HY/Ib UK BblpaxXeHne, npuBogdallee K agpecy paHee onpeaeneHHbIX
AaHHbIX COOTBETCTBYHOLWLEro TUNA. O6bsaBneHune

static char *allocp = allocbuf;

onpepensaet allocp KaK yKasaTenb Ha char n MHUUMANU3MPYET ero agpecom maccmea allocbuf, NOCKONAbKY
nepeg, Hayanom paboTbl Nporpammbl maccus allocbuf nycr. YKkaszaHHoe o6baABAeHWE MO0 O6bl MMETb M TaKOM
BUA:

static char *allocp = &allocbuf[0];
NOCKO/IbKY MMSi MacCcMBa M eCTb aApPecC ero Hy1eBoro 3/1eMeHTa.

Mposepka



if (allocbuf + ALLOCSIZE - allocp >= n) { /* romurca */

KOHTPO/ZIMPYET, AOCTAaTOMHO /1M MPOCTPAHCTBA, YTOOblI YAOBAETBOPUTL 3anNpoC Ha n cumBOAOB. Ecam namatm
OO0CTaTOYHO, TO HOBOE 3HayeHue Ana allocp AOMKHO YKa3biBaTb He Aanee Yyem Ha cneaylouyto Mo3uuuio 3a
nocneaHum ssnemeHtom allocbuf. Mpu BbiNONHEHMM 3Toro TpeboBaHMA alloc BblAaeT yKasaTeslb Ha Hayano
BblaeneHHoro 6710Kka cumBosioB (06paTUTe BHUMaHME Ha 06bsABAEHUEe TUNa camol ¢yHKuuK). Ecnmn TpebosaHune He
BbINOAHAETCA, PyHKUMA alloc AO0MKHA BblAaTb KAaKOW-TO CMrHan O TOM, YTO NamsATU He xBaTtaeT. Cu rapaHTupyer,
YTO HY/b HUKOrAa He byaeT NpaBU/IbHbIM aAPECcOM ANA AaHHbIX, NO3TOMY Mbl ByAeM MCMO/1b30BaTb €r0 B Ka4yecTBe
NPWU3HaKa aBapUMHOro cobbITus, B HALLEM C/lydae HEXBATKM NaMATHU.

YKasatenu u uenble He ABAAIOTCA B3aMMO3ameHAeMbIMU 06beKTaMU. KOHCTaHTa HYyb — eAUHCTBEHHOE UCK/IoYeHne
M3 3TOrO MNpaBwu/ia: e MOXKHO NMPUCBOUTL YKa3aTesto, U yKasaTe/lb MOXHO CPaBHWUTb C HYNEBOW KOHCTaHTON. YTo6bI
MOKa3aTb, YTO Hy/b — 3TO CMeuManbHoe 3HaYeHWe 419 YKasaTens, BMecTo Undpbl Hylb, Kak NPaBuIo, 3anucbiBaioT
NULL — KOHCTaHTy, onpegeneHHyto B daine <stdio.h>. C3TOro MOMeHTa U Mbl Byaem eto No/Ib30BaTHCA.

MpoBepkun

if (allocbuf + ALLOCSIZE - allocp >= n) { /* romurca */

if (p >= allocbuf && p < allocbuf + ALLOCSIZE)

AEMOHCTPUPYIOT HECKOJZIbKO BaXHbIX CBOMCTB apVI(I)METVIKVI C YyKasatenamu. Bo-nepsbix, nNpwu CO6I'IPOLI,€HMM
HEKOTOPbIX NpaBui yKa3aTte/In MOXXHO CPpaBHMUBATL.

Ecan p n g yKasbiBaloT HA 9N1€MEHTbI O4HOIM0 MacCMBa, TO K HUM MOXHO NPUMEHATb ONepaTopbl OTHOWEHUA ==, | =,
<, >= WU T. 4. Hanpumep, oTHOLEHNE BNAA

p < g

WCTUHHO, eCN D yKa3blBaeT Ha 6osiee paHHWUI 3/1eEMEHT MaccuBa, Yem d. JTtobol yKasaTeib BCEraa MOXKHO CPaBHUTb
Ha PaBEHCTBO M HEPABEHCTBO C Hy/lem. A BOT A/1A yKa3aTesel, He YKasblBalOWMX HA 3/1€MEHTbl OAHOr0 MaccuBa,
pesynbTaT apupmeTUUYecKMx onepaumi WAM cpaBHeHUt He onpegeneH. (CyliectByeT OAHO WCK/AIOYEHME: B
apudmeTUKe C yKasaTeNAMM MOMKHO MCMNONAb30BaTb afpec HecylecTBylouwero "cnegylowero 3a maccmsom"
3/1eMeHTa, T. €. agpec Toro "afnemeHTa", KOTOpPbIN CTaHET NOCNeAHUM, eC/IM B MaccuB A06aBUTh eLLLe OANH SN1EMEHT.)

ﬂ

Bo-BTOpbIX, KaK Bbl yXKe, HaBepHOe, 3aMeTU/IN, YKa3aTeIn 1 Liesible MOXKHO CKNaablBaTb M BblYUTaTb. KOHCTPYKLUMA
p + n

O3HayaeT agpec 0b6beKTa, 3aHMMAIOLLErO N-e MecTo noc/ie 06beKTa, Ha KOTOpPbIM YKasbiBaeT p. ITO crpaBes/vBo
6€30THOCUTENBLHO K TUMY 0ObEKTa, HAa KOTOPbIM YKa3biBAeT p; N aBTOMATMYECKM AOMHOMKAETCA Ha Ko3ddULUMEHT,
COOTBETCTBYIOWMI pasmepy obbekTa. MHbopmauma o pasmepe HeABHO MpuUcyTcTByeT B ob6bABaeHMM p. Ecam, K

|_"Pvmepy, int 3aHMmaeT YeTbipe 6aiiTa, TO KO3POULMEHT YMHOKEHMA BYAET PaBEH YETbIPEM.

JonycKkaeTca TakKe BbluMTaHMe yKasaTesieil. Hanpumep, eciM p U g yKasbiBalOT Ha 3/1EMEHTbl O4HOTO MaccuBa M
p<d, TO g-p+1 €CcTb YMUC/O 3NEMEHTOB OT P A0 J BKAHOUYMTENbHO. ITUM (aKTOM MOMKHO BOCMOJIb30BaTbCA NP
HanucaHuu elle oAHOM Bepcun strlen:

/* strlen: BoO3BpamaeT IJMHY CTPOKM S */
int strlen(char *s)
{

char *p = s;

while (*p != '"\0' )
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Во-вторых, как вы уже, наверное, заметили, указатели и целые можно складывать и вычитать. Конструкция 
р + n 
означает адрес объекта, занимающего n-е место после объекта, на который указывает р. Это справедливо безотносительно к типу объекта, на который указывает р; n автоматически домножается на коэффициент, соответствующий размеру объекта. Информация о размере неявно присутствует в объявлении р. Если, к примеру, int занимает четыре байта, то коэффициент умножения будет равен четырем. 
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pt+t;

return p - Sy

B cBOeM 06BABNEHUM D MHULMANUIUPYETCA 3HAYEHWNEM S, T. €. BHAYasle D YKa3blBaeT Ha NepBblit CUMBOA CTPOKK. Ha
KaXXAoM Wware unkna while nposepaeTca oyepesHOM CUMBOJ; LMKA NPOAOIKAETCA A0 TEX NOP, MOKA He BCTPETUTCA
"\ 0'. Kaxkpoe npoasuxeHue yKkasaTensa p Ha cieayrowmii CMMBOJ BbINOAHAETCA MHCTPYKUMEN D++, U PA3HOCTb -
S [aeT YMCNO MPOMAEHHbIX CUMBOMOB, T. €. AJMHY CTPOKU. (YMCNO CMMBOSIOB B CTPOKE MOXKET ObiTb C/AMLIKOM
60nblWwMM, 4TOBbI XPaHWUTL ero B NepemeHHon Tuna int. Tun ptrdiff t, AOCTATOYHBLIA ANA XpaHEHWUA Pa3sHOCTU
(co 3Hakom) AByx yKasaTenen, onpeneneH B 3arofoBoyHom o¢aine <stddef.h>. OgHako, ecan BbiTb OYEHb
OCTOPOXHbIMM, Ham €/efoBano bbl AaA BO3BPaALLAaeMOro pesysbTaTta MCMO/b30BaTb TN Size €, B 3TOM Cayvae
Halla nporpamMma cooTBeTcTBOBasa bbl CTaHAApTHOM B61MbanoTeyHo Bepeun. Tun size t ecTb TMN 6€33HAKOBOrO

LLe10r0, BO3BPALLAEMOTO OMNePATQRAM S s

ApudmeTrKa ¢ yKasaTensimum y4nTbiBaeT TUM: eCAM OHA MMEeeT 4eNo Co 3HayeHnamn £loat, 3aHMmaowmmm 6onblue
namaATn, Yyem char, U p — yKasatenb Ha float, TO p++ NPoABMHET P Ha caepgylouwee 3HadyeHne float. 370

3HAYMT, YTO ApYryto Bepcuio alloc, KoTopasa MMeET 4eNo C aneMeHTamun Tuna £loat, a He char, MOXHO NOAYYUTb

NpocToi 3ameHol B alloc M afree Bcex char Ha float. Bce onepaunun c ykasatenammu byayt aBToMaTUYECKU

OTKOPPEKTUPOBAHbI B COOTBETCTBUN C PASMEPOM O6'beKTOB, Ha KOTOpble YKa3bIBalOT YKa3aT

MOKHO NpPOM3BOAUTL CeayHOLN

LN YRa3aTenamu: MpucBamBaHME 3HAYEeHMA yKasatena apyromy

YKa3aTesito TOro e Tuna, CnoXXeHne U BblYnTaHUe yKasatenda u uenoro, BblinMTaHnMe U CpaBHeEHUE ABYX yKasaTeneﬁ,

YKa3bIBalOLWMX Ha 3/1eMeHTbl OAHOIO M TOFO K& MacCUBa, a TaK¥Ke MpucBaMBaHME yKasaTenlo HyNs U cpaBHeHue
yKasatens c Hynem. [pyrMx onepaumii C yKasaTensmu npou3BoamuTb He AonyckaeTcs. Henb3sa cknagbiBaTb ABa
yKasaTtens, nepemMHoXaTb UX, AeIUTb, CABUraTb, BblAENATb Pa3pAdbl; YKasaTeNb Hesb3A CKAaAblBaTb CO 3HAYEHUEM

Tmna float uam double; ykasatento O4HOIO TMUMNA Hesib3A AaXKe NMPUCBOUTL YKa3aTe b APYroro Turna, He BbiNOJIHUB
npeaBapuTe/IbHO OMNepaLyn NPpUBeAEHUSA (MCKAOYEHNE COCTABAAIOT NLWb YKasaTenn Tmna void*).

5.5. CuMBoOJIbHbIE YKa3aTeJau QyHKIUU
CTpOKOBaﬂ KOHCTaHTa, HannCaHHaA B Bh4e

"g crpoka

€CTb MaccMB CMMBOI0B. Bo BHyTpeHHeM NpeacTaBNeHUM STOT MacCUB 3aKaHUMBAETCs HyieBbiMm cumeosiom '\ 0 ', no
KOTOPOMY MPOrpamma MOXKET HaTh KOHeL, CTPOKW. YNCOo 3aHATLIX AYeeK NamAaTh Ha oaHy 60o/iblue, Yem KOIMYECTBO
CMMBO/10B, NOMELLEHHbIX MEXAY ABONHbIMWN KaBbluKamMu.

Yawe Bcero CTPOKOBbIE KOHCTAHTbI MCMO/Ib3YIOTCA B KQUeCcTBe apryMeHTOB GYyHKLMIA, KaK, Hanpumep, B
printf ("smpascTByM, Mup\n");

Korga TakaA CMMBOJIbHAA CTPOKa MNOABMAETCA B Mporpamme, OCTyn K Hel ocyuwecrtBsnAaeTca yepes CMMBOJIbHbIM
yKasatenb; printf noayyaeT ykasaTenb Ha Hayaso MaccuMBa CMMBONOB. TOYHee, JOCTYN K CTpOKOBOﬁ KOHCTaHTe
OCyLWecTBNAETCA Yepe3 yKa3aTe/b Ha ee I'IepBbIl‘;1 9/1IEMEHT.

CTpOKOBbIE KOHCTAHTbl HYXHbl He TOJIbKO B KayecTBe aprymeHTOB OyHKUMK. Ecau, Hanpumep, nepemeHHyto
pmessage 06bABUTb KaK

char *pmessage
TO NpUcBanBaHue

pmessage = "now is the time";
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Арифметика с указателями учитывает тип: если она имеет дело со значениями float, занимающими больше памяти, чем char, и р — указатель на float, то р++ продвинет р на следующее значение float. Это значит, что другую версию alloc, которая имеет дело с элементами типа float, а не char, можно получить простой заменой в alloc и afree всех char на float. Все операции с указателями будут автоматически откорректированы в соответствии с размером объектов, на которые указывают указатели. 
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Можно производить следующие операции с указателями: присваивание значения указателя другому указателю того же типа, сложение и вычитание указателя и целого, вычитание и сравнение двух указателей, указывающих на элементы одного и того же массива, а также присваивание указателю нуля и сравнение указателя с нулем. Других операций с указателями производить не допускается. Нельзя складывать два указателя, перемножать их, делить, сдвигать, выделять разряды; указатель нельзя складывать со значением типа float или double; указателю одного типа нельзя даже присвоить указатель другого типа, не выполнив предварительно операции приведения (исключение составляют лишь указатели типа void*). 


NMOMECTMT B Hee yKasaTe/lb Ha CMMBOJIbHbIM MaccuB, NPU 3TOM Cama CTPOKA He KOMUPYeTCA, KoMMpyeTca AWllb
yKasaTtenb Ha Hee. Onepauun ans paboTbl CO CTPOKOM KakK C eanHbIM Lenbim B CU He NpeayCMOTPEHbI.

CyLiecTByeT BaXKHOE pasnmumne mexay cieayowmmm onpeaeneHnsamm:

char amessage[] = "now is the time"; /* maccuB */
char *pmessage = "now is the time"; /* ykazaresb */
amessage — 3TO MacCMB, MWMEOLWMI TaKon o06bem, 4YTO B HEM KaK pa3 MoMeLLaeTcs YKasaHHaA

nocnenoBaTeibHOCTb cMBoIoB U '\ 0 '. OTAEeNbHbIE CUMBOJIbI BHYTPU MaccMBa MOTYT U3MEHATHCA, HO amessage
BCErAa yKasblBaeT Ha OAHO W TO e MeCTo NamaATU. B NpOTMBOMNONOMKHOCTb eMy pmessage eCTb yKasaTenb,
WMHULMANU3MPOBaHHbIN TaK, YTObbI YKa3blBaTb Ha CTPOKOBYIO KOHCTAHTY. A 3HaUeHMe yKasaTensa MOXKHO U3MEHUTb, U
Torga nocnegHuin byaert ykasbiBaTb Ha uto-Ambo apyroe. Kpome Toro, pesynbrat byaer HeonpeaeneH, ecan Bbl
MonbITaeTeECh U3MEHUTb COAEPIKMMOE KOHCTaHTbI.

— | S
pmessage: | e ]I ~| now 15 the time\0

| i el sl

_ — P —
amessage: | now 15 the time\0 |

[JononHUTENbHbIE MOMEHTbI, CBA3aHHbIE C YKasaTeNAMM M MacCMBaMW, MNPOMAIIOCTPUPYEM Ha HECKOJIbKO
BMAOM3MEHEHHbIX BapWaHTax ABYX MONE3HbIX MPOrPamMm, B3ATbIX HAMWU U3 CTaHAAPTHON 6MbAMOTeKU. MNepBas K3
HUX, PYHKUMA strcpy (s, ©T), KONUMPYET CTPOKY T B CTPOKYy s. XoTenocb b6bl HanucaTb NPAMO s=t, HO TaKoW
onepaTop KOMWPYeT yKasaTeNb, a He CUMBOJbl. YTOBbI KOMMPOBaTb CMMBO/IbI, HAM HY)KHO OPraHM30BaTb LMK
MepBblii BApMaHT strcpy, C MCNOAb30BaHMEM MAaCCMBa, UMEET CeayoWwmnini BUA,:

/* strcpy: kommpyeT L B S; BapMaHT C MHOEKCUPYEMBIM MaCCUBOMX/
void strcpy(char *s, char *t)

{
int 1i;
i =0;
while ((s[i1] = t[i]) != "\0' )
i++;

[na cpaBHeHMA NpMBeAEM BEPCUIO STt rcpy € YKasaTensamu:

/* strcpy: kommpyeT t B s: Bepcua 1 (c ykaszsarenaumu) */
void strcpy(char *s, char *t)

{
while ((*s = *t) != '"\0' ) {
s++;
t++;

MocKoNbKY NepenaloTcs J/IMWb KOMWW  3HAYeHWUW aprymeHToB, sStrcpy MOMKeT CBOOOAHO MO/Ib30BaThCA
napameTpamm s WM t KaK CBOMMW NOKaJbHbIMW NepemeHHbiMU. OHU JO/KHbIM 0BPasoM WHUUMANAM3MPOBAHbI
YKasaTensimu, KoTopble NPOABUratoTCA KarKAbli pa3 Ha cneaylowmnin CUMBOA B KaXKAOM M3 MacCMBOB A0 Tex nop,
NMOKa B KOMMPYeMolii CTpoKe t He BcTpetutca '\0 .

Ha npaKkTuke strcpy Tak He nuwyT. ONbITHbIM NPOrpaMmmUCT NpeanoyTeT 601ee KOPOTKYIO 3aMmCh:

/* strcpy: kommpyeT t B s; Bepcusa 2 (c ykaszsarejgaumm) */



void strcpy(char *s, char *t)

{
while ((*s++ = *t++) != "\0")
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MpupalieHne s U t 34ecb OCYLWECTBAAETCA B YNPABAAIOLWEN YacTU LUMKAA. 3HaYeHMemM *t++ ABAAETCA CMMBOJ, Ha
KOTOPbIN yKa3biBaeT NepeMeHHas t nepes Tem, Kak ee 3HaueHue byaeT yBennyeHo; NocTPUKCHbIM onepaTop ++ He
M3MeHAET yKasaTesb t, NoKa He ByaeT B3AT CMMBOJI, Ha KOTOPbIN OH yKasbiBaeT. TO e B OTHOWEHMM S: CHayana
CMMBOAN 3aNOMHMUTCA B MO3WLMM, Ha KOTOPYIO YKasblBaeT CTapoe 3HauyeHuWe S, M Wb MOCAe 3TOro 3HayeHue
nepemeHHon s yseanumutca. [lepecbliaemblit CMMBON ABAAETCA OAHOBPEMEHHO M 3HayYeHMeMm, KOTopoe
cpaBHuBaetca ¢ '\ 0 ' . B UTore KONMpYOTCA BCE CUMBO/IbI, BK/IKOYAA U 3aKAOUUTENbHbIV cumBoa '\ O ',

3ameTuB, YTO cpaBHeHue ¢ '\0' 3gecb nuwHee (NOCKONbKY B CM HeHysneBOoe 3HauYeHWe BblpaxkeHWs B YCN0BUMU
TPAKTYETCA U KaK ero UCTUHHOCTb), Mbl MOYKEM CAENaTb eLLe OAHO U NOCNeAHEE COKPALLEHWE TEKCTA NPOrPaMMbI:

/* strcpy: kommpyeT t B s; Bepcug 3 (c ykazsarejgaumu) */
void strcpy(char *s, char *t)

{
while (*s++ = *t++)

4

XOTA Ha NepBbIit B3rNA4 TO, UTO Mbl MOMYYMAM, BbIFAAUT 3araflodHO, BCE Xe Takaa 3anucb 3HauuTenbHo yaobHee, u
cneflyeT 0CBOUTb ee, MOCKO/IbKY B CH-NMporpammax Bbl ByieTe ¢ Hell 4acTo BCTpevaThes.

YT10 KacaeTca PyHKUMKM st rcpy U3 CTaHAAPTHON BMbAMoTeKn <string.h>, TO OHa BO3BpalL,aeT B Ka4ecTBe CBOEro
pe3y/ibTaTa eLle U yKasaTesib Ha HOBYHO KOMUIO CTPOKM.

BTopas nporpamma, KOTOPYH Mbl 34€Cb PAaCCMOTPUM, 3TO strcmp (s, t). OHa CpaBHMBAET CUMBOJIbI CTPOK S U T
M BO3BpalLaeT OTPMLUATENbHOE, HYy/JeBOEe WM MNOMOKUTENbHOE 3HayeHue, eCcAM CTPOKa S COOTBETCTBEHHO
NeKcukorpadMyeckm meHblle, paBHa MAM 6osblue, Yem CTPOKa t. Pe3ynbTaT Mmoaydyaetca BblUMTAaHWMEM MEpBbIX
HecoBMNagaloLMX CUMBOIOB U3 S U t.

/* strcmp: BomaeT < 0 npu s < t, 0 npm s == t, > 0 npu s > t */
int strcmp (char *s, char *t)
{

int 1i;

for (i = 0; s[i] == t[i]; i++)

if (s[1] == "\0")
return 0;
return s[i] - t[i];

Ta xe nporpamma C NCnosib30BaHNEM YKa3aTEI'IEI7I BbIrNMAAUT TaK:

/* strcmp: BomaeT < 0 nmpu s < t, 0 npm s == t, > 0 nmpu s > t */
int strcmp (char *s, char *t)
{
for ( ; *s == *t; s++, t++)
if (*s == '"\o'")
return 0;
return *s - *t;



MocKonbKy onepaTopbl ++ U —— MOTYT 6bITb UM NPePUKCHBIMKU, UAN NOCTPUKCHBIMK, BCTPEYAROTCA (XOTA M He TaK
4acTo) Apyrue ux coyeTaHus ¢ onepatopom *. Hanpumep:

*=-p
YMEHbLIUT p NpeXKae, YeM Mo 3TOMY yKasaTento byaeT noayyeH cumeoa. Hanpumep, cneayrolimne ABa BblpayKeHUA:

*p++ = val; /* nomecTuTs val B cTek */

val = *--p; /* B34Tb M3 CTeKa 3HAUEHMWEe U [OMeCcTuTb B val */
ABNAOTCA CTAHAAPTHBIMW AN1A NOCLINKM B CTEK M B3ATUA U3 cTeKa (cm. naparpad 4.3.).

O6baBneHna GyHKLUIM, YNOMAHYTLIX B 9TOM naparpade, a TakKe paga Apyrux CTaHAAPTHbIX PYHKUMNA, paboTatowmx
CO CTPOKaMM, COLEPHKATCA B 3ar0/I0BOYHOM daine <string.h>.

YnpaxHeHue 5.3. Mcnonb3ys ykasatenu, HanuwuTe QyHKUMIO strcat, KOTOpYlo Mbl paccmaTpuBanu B rnase 2
(byHKUMA strcat (s, t) KONMPYeT CTPOKY t B KOHEL, CTPOKM s).

YnpaxkHeHue 5.4. Hannwute dyHKumio strend (s, t), KOTopas BblgaeT 1, ecnm cTpoKa t pacrnosioxeHa B KoHuUe
CTPOKM S, U HYb B NPOTUBHOM CAy4yae.

YnpaxHeHune 5.5. Hanuwunte BapuaHTbl 6MBAMOTEYHbIX QYHKUMIA strncpy, strncat M strncmp, KOTOpble
OnepupytoT ¢ NepBbIMM CUMBOJIAMM CBOMX apPryMEHTOB, YMC/I0 KOTOPbIX He npesbllwaeT n. Hanpumep, strncpy
(t, s, n) KonupyeT He 6osiee n cMMBO/OB t B S. MNO/IHbIE ONUCAHUA 3TUX QYHKUMI COAEPHKATCA B MPUIONKEHUM
B.

YnpaxHeHue 5.6. OTbepute noaxogawime NporpaMmmbl M3 NPeaplayWmx F1aB U yNpaKHEHUN U Nepenunte ux,
MCMNOJsIb3yA BMECTO MHAEKCMPOBAHMA yKasaTenu. MogohayTt, B YacTHOCTH, nporpammbl getline (rnasbl 1 u 4),
atoi, itoa uux BapmaHTsl (rnasbl 2,3 M 4), reverse (rnaea 3), a Takke strindex u getop (rnaea4).

5.6. MaccuBBI YKa3aTeJ/ieH, yKa3aTe/Id HAa YKa3aTe/Iu

Kak 1 ntobble apyrMe nepemeHHble, yKasaTeanm MOXKHO rpynnupoBaTtb B MaccmBbl. [ MAMOCTPALMM 3TOTO HanMwem
nporpammy, COPTUPYIOLWY B andaBUTHOM MOpPAAKE TEKCTOBble CTPOKW; 3TO OyAeT YNpOLLEeHHbIW BapuaHT
nporpammbl sort cucrtembl UNIX.

B rnase 3 mbl npuBenn GyHKUMIO COPTUPOBKM no LUenny, KoTopasa ynopaaovyMBaeT MaccuB LenbiX, a B rnase 4
yAy4WKAKN ee, NoBbICMB BbicTpogelicTeue. Te e anropuTMbl MCNOL3YIOTCA M 34eCb, O4HAKO Tenepb OHM ByayT
06pabaTbiBaTb TEKCTOBbIE CTPOKW, KOTOPbIE MOMYT UMETb PasHYIO AJIMHY U CPaBHEHUE WM NepeMeLLeHNe KOTOPbIX
HEBO3MOXHO BbIMOAHWUTL 33 OAHY onepauuto. Ham Heob6xoamMmo BbibGpaTb HEKOTOpOe MpeacTaBAEHME AAHHbIX,
KoTopoe 6bl N0380AUA0 YA06HO N 3dPEKTUBHO paboTaTb C TEKCTOBLIMMW CTPOKAMM NPOU3BO/bHOM A/INHBI.

[na 3TOro BOCMO/Ib3yeMCA MacCMBOM YyKasaTe/lel Ha Hayana CTPOK. MOCKONbKY CTPOKM B MAaMATU PaCMO/ONKEeHbI
BNJIOTHYIO APYT K APYTY, K KaXKA0W OTAE/IbHOW CTPOKe AO0CTYN NPOCTO OCYLLECTBAAThL Yepes yKasaTeb Ha ee NnepBsblii
cumBon. CaMmu yKasaTeiM MOXKHO OpraHn3oBaTh B BMAe maccuBa. OgHa M3 BO3MOXKHOCTEN CPaBHUTL ABE CTPOKM —
nepeaaTtb yKasaTean Ha HUX QYHKUMM strcmp. YTobbl NOMEHATb MECTamMMu CTPOKW, AOCTaTOYHO ByaeT NomeHATb
MeCTaMu B MaccuBe UX yYKasaTean (a He caMu CTPOKM).

| -—I— — defghi | ;- '»l\ ,—-[__d_ﬂfgﬂ

. Y =
—= jklmnopgrst == ,---{ jkimnopgrst

-

] ]

34ecb CHMMAtOTCA Cpasy Aase I'Ip06ﬂeMbII OAHa — CBA3aHHaA CO CNOXHOCTbK ynpaBaeHUA NMamMATbiO, @ BTOpPaA - C

60/1bLLIMMM HaKN1agHbIMU pacXxodamu Npu nepectaHoBKaX CaMnX CTPOK.



Mpouecc COpTUPOBKM pacnagaeTca Ha Tpu 3Tana:

YTeHrne BCeX CTPOK MmM3 BBOZA
COpPTHMPOBKA BBE€IJEHHEBEIX CTPOK
rneyaTp MX IO IIOPAIKY

Kak 06bl4HO, BblgenMm ¢GYHKUMKM, COOTBETCTBYIOLLME ECTECTBEHHOMY JAENEHWI0 3a4ayu, M Hanuwem [NaBHYIo
nporpaMmmy main, ynpasasiowyto 3TMMKU OyHKUMAMKU. OTNOXKMM Ha BPeEMA peasnsaumio 3Tana COPTUPOBKKU U
COCPEeAOTOYMMCA HA CTPYKTYPE AaHHbIX U BBOLE-BbIBOAE.

Mporpamma BBOAA A0/IXKHA MPOYMTATb U 3aNMOMHUTb CUMBOJIbl BCEX CTPOK, @ TaK¥Ke MOCTPOUTb MAcCMB yKasaTenel Ha
cTpoKku. OHa, Kpome TOro, AO0/IKHA NOACUYMTaTb YMCAO BBEAEHHbIX CTPOK — 3Ta MHbOpMauMa noHaaobutca ans
COPTMPOBKM M MedyaTu. Tak Kak PpYHKUMA BBOAA MOXKET, paboTaTb TONbKO C KOHEUYHbIM YUCAOM CTPOK, TO, €Cin UX
BBEAEHO C/MILKOM MHOro, OHa OyaeT BblgaBaTb HEKOTOPOe 3Ha4YeHMe, KOTOpPOe HUKOraa He CcoBmnager c
KOJIMYECTBOM CTPOK, Hanpumep -1.

NMporpamma BblBOAA 3aHUMAETCA TO/IbKO TeM, 4YTO MeyaTaeT CTPOKU, nNpuyem B TOM MoOpALKe, B KOTOPOM
PaCnoN0XeHbl YKa3aTe/In Ha HUX B MaCCUBe.

#include <stdio.h>
#include <string. h>

#define MAXLINES 5000 /* mMakCuUMaJIbHOE UMCJIO CTPOK */
char *lineptr[MAXLINES]; /* ykas3aTeju Ha CTPOKU */

int readlines(char *lineptr([], int nlines);
void wntelines (char *lineptr[], int nlines);
void gsort (char *lineptr[], int left, int right);

/* COpTMpPOBKa CTPOK */
main ()
{
int nlines; /* KOJIMUECTBO MNPOUMTAHHEIX CTPOK */
if ((nlines = readlinesdineptr, MAXLINES)) >= 0) {
gsort (lineptr, 0, nlines-1);
writelines (lineptr, nlines);
return 0;
} else {
printf ("ommOKa: CAMIWIKOM MHOTO CTpok\n");
return 1;

#define MAXLEN 1000 /* maxcuMmajbHas IOJMHA CTPOKU */

int getline(char *, int);
char *alloc (int);

/* readlines: uTeHMe CTPOK */
int readlines(char *lineptr[], int maxlines)
{

int len, nlines;

char *p, line[MAXLEN];



nlines = 0;
while ((len = getline(line, MAXLEN)) > 0)

if (nlines >= maxlines I ! (p = alloc(len)) == NULL)
return -1;

else {
line[len-1] = '"\0'; /* yOupaem cumMBOJ \n */

strcpy (p, line);
lineptr[nlines++] = p;
}

return nlines;

/* writelines: mneuaTb CcTpok */
void writelines (char *lineptr[], int nlines)

{
int 1i;
for (i = 0; 1 < nlines; i++)
printf ("%$s\n", lineptr[i]);

®PyHKUMA get1ine B3ATa M3 naparpada 1.9.
OCHOBHOE HOBLLECTBO 34eCb — 06bABNAEHNE 1 ineptr:
char *lineptr [MAXLINES]

B KOTOpoMm coobuiaeTca, 4To 1ineptr ecTb MaccuB u3 MAXLINES 31€MeHTOB, KaXablli U3 KOTOPbIX NpeacTaBaseT
coboli ykasaTtenb Ha char. MHadve rosopA, 1 ineptr [i] — yKasaTesb Ha CMMBOA, @ *1ineptr[i] — CMMBOA, HA
KOTOPbIA OH YKa3biBaeT (NepBblii CUMBOA 1-i CTPOKM TEKCTA).

Tak Kak lineptr — MMA MmaccmBa, ero MOXKHO TPAKTOBaTb KaK yKasaTesib, T. €. TaK e, KaK Mbl 3TO Aenanun B
npeabloywunx npumepax, M writelines nepenucaTb cieayowmm o6pasom:

/* writelines: meuaTb CTpok */
void writelines (char *lineptr[], int nlines)

{
while (nlines-- > 0)
printf ( "$s\n", *lineptr++);

BHayane *lineptr yKasblBaeT Ha NepBYIO CTPOKY; KarKaoe MpuUpalleHWe yKasaTena npuBOAWUT K TOMY, UTO
* ] ineptr yKasbiBaeT Ha CAeAyIOLLYIO CTPOKY, M AeflaeTcs 3TO A0 TexX Nop, Noka nlines He CTaHeT Hyem.

Tenepb, KOrga mbl pasobpannck C BBOAOM W BbIBOAOM, MOXKHO MPUCTYMUTb K COPTUPOBKE. BbICTPYIO COPTUPOBKY,
OMNUCaHHYIO B rnase 4, HaAo0 HECKO/IbKO MOAMDUUMPOBATb: HYKHO U3MEHWUTb 0OBABAEHMSA, a ONEePaLUIo CPaBHEHMSA
3aMeHUTb 0bpalleHnem K strcmp. AATOPUTM OCTa/ICA TEM e, U 3TO AAET HaM onpeaeneHHyo YBEePeHHOCTb B ero
NpPaBUAbHOCTMY.

/* gsort: coptupyer v[left]...v[right] mo Bo3pacTanun */
void gsort (char *v[], int left, int right)
{

int i, last;

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

if (left >= right) /* HuMuero He [OejlaeTcd, e€CJaX B MaccuBe */
return; /* MeHee IOBYX BJIEMEHTOB */



swap (v, left, (left+ right)/2);

last = left;

for (i = left+l; i <= right; i++)
if (strcmp(vI[i], v[left]) < 0)

swap (v, ++last, 1i);

swap (v, left, last);

gsort (v, left, last-1);

gsort (v, last+l, right);

Heb6osbwure NonpasKu TPebYOTCA M B TPOrpaMme NepecTaHOBKM.

/* swap: nomMeHaTb MecTamy v[i] m v[]j] */
void swap (char *v[], int i, int 7J)
{

char *temp;

temp = v[i];
v[i] = vI[J];
v[ij] = temp;

TaK Kak Ka)-Kﬂ,bIVI 91EMEHT MacCCuBa v (T. e. lineptr) ABNAETCA YKa3aTenem Ha CUMBOJ, temp A0NXKEH UMETb TOT XKe
T™N, YTO U Vv — TOoraa MOXHO 6yp,eT OCYLLLeCTBNATb Nepecbl/IKU mexxay temp U anemeHTamu v.

Ynpa)kHeHue 5.7. Hanuwwute HoByHO Bepcuio readlines, KoTopas 3anomuHasa bObl CTPOKM B Maccuse,
onpeaeneHHoM B main, a He 3anpawuBana NamaATb NOCPeACTBOM nporpammbl alloc. Hackonbko bbicTpee 3Ta
nporpamma?

5.7. MHOroMepHble MaCCHBbI

B Cn mnmeeTcA BO3MOXKHOCTb 3a4aBaTb nPAMOYroJibHble MHOIFomepHble MacCcCuUBbl, MpaBaa, Ha MPakKTUKe no
CpaBHeEHUIO C MacCnBamu YKa3aTEI1€V1 OHMW MCNONbL3YITCA 3HAYUTEeNbHO pexe. B stom naparpad)e Mbl
NpPoAEMOHCTPUPYEM HEKOTOPbIE UX CBOMCTBA.

PaccmoTpum 3agaady nepesogda Aathl "aeHb-mecay" B "AeHb roga” n obpatHo. Hanpumep, 1 mapta — 310 60-1 AeHb
HEBUCOKOCHOIo uan 61-i aeHb BUCOKOCHOTO roga. Onpeaenum gse GpyHKUMU O1a 3TUX nNpeobpasoBaHuii: GyHKUmA
day of year 6yaer npeobpa3oBbiBaTb MecAl M AeHb B AeHb roga, amonth day — AeHb roga B Mecau, 1 AeHb.
MocKobKy nocneaHA GYHKUUA BbIMMCAAET ABa 3HAUYEHUA, apryMeHTbl mecal, U AeHb 6yayT yKasatenamu. Tak Bbi30B

month day( 1988, 60, &m, &d)
npuceavBaeT nepemeHHon m 3HadyeHue 2, a d — 29 (29 dpespans).

Hawum QyHKLUMAM HyXKHa oAHa M Ta Xe MHbOopMauusa, a MMeHHO Tabauua, coaep’kaliana Yncna AHel Kaxaoro
mecaua. Tak KaK 418 BUCOKOCHOMO M HEBMCOKOCHOrO rofios 3Tu Tabauubl 6yayT pasnuyatbca, npolle MMeTb ase
OTAeNbHblE CTPOKU B IBYMEPHOM MacCMBe, YEM BO BPEMA BbIUMCAEHUI OTCAEXKMUBaTb 0CObbIN cayyait ¢ pespanem.
Maccus 1 GpyHKLMM, BbINOAHAKOWME Npeobpa3oBaHusa, UMEIOT Caeayiowmin BUA,:

static char daytab[2][13] = {
{0, 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31},
{o, 31, 29, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31}
b

/* day of year: onpegnesideT IOeHbL I'Ofa 10 MECALY U IOHIO */
int day of year(int year, int month, int day)



int 1, leap;
leap = year%4 == 0 && years100 != 0 1 I year%400 == 0;
for (i = 1; 1 < month; i++)
day += daytab[leap][i];
return day;

/* month day: omnpermesnsgeT mecdl ¥ IeHb O OHO Toda */
void month day(int year, int yearday, int *pmonth, 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];
*pmonth = 1i;

*pday = yearday;

HanomuHaem, 4TOo apuUPMETUMYECKOe 3HAYEHWE JIOTMYECKOrO BblPayKeHWa (Hanpumep, BbIpaXKeHMs, C NMOMOLLbLO
KOTOPOro BbluMCAANOCL leap) paBHO AMbBo Hynwo (noXb), nMbo eamHUUE (MCTUHA), TaK 4YTO Mbl MOMKEM
MCNOJ1Ib30BaTb ero Kak MHAekKc B maccmee daytab.

Maccus daytab aonkeH 6biTb BHELWHUM NO OTHOLWEHUIO K 06enm dyHKkumam day of  year mmonth day, Tak
KaK OH HYXeH W ToW u apyroi. Mol caenanun ero Tmna char, 4tobbl MPOMANIOCTPUPOBATL 3aKOHHOCTb NPUMEHEHMA
TMNa char gns manblx Lenblx 6e3 3Haka.

Maccme daytab — 3To NepBblit MacCMB M3 YnCaa ABYMEPHbIX, C KOTOPbIMK Mbl eLe He umenun gena. CTporo rosops,
8 Cv ABYMEPHbI MacCMB PacCMaTPMBAETCA KaK OAHOMEPHbI MACCUB, KasKAbli 3/1eMEHT KOTOPOro — TaK»Ke MaccuB.
Mo3ToMy MHAEKCMpPOBaHMe M306parkaeTca Tak:

daytab[i] [J] /* [cTpokal] [cTomben] */
a He Tak:
daytab([i,j] /* HEBEPHO */

OcobeHHOCTb ABYMEPHOro MaccvBa B Cy 3aKtodaeTca b B GopMe 3anucK, B OCTasIbHOM €ro MOXKHO TPAKTOBaTb
MOYTU TaK Ke, KaK B APYrMx A3blKax. dNemMeHTbl 3aNOMUHAIOTCA CTPOKaMM, CieoBaTeibHO, Npu nepebope Ux B TOM
NnopsAAKe, Kak OHU PAcnoJIoKeHbl B MaMATH, Yalle byaeT U3MEHATLCA CamMblii NPaBbli MHAEKC.

Maccms MHUUMANU3UPYETCA CMIUCKOM HayanbHbIX 3HAYeHWI, 3aKNOYEHHbIM B d)VIprHbIe CKO6KM; KaXgaA CTPOKa
ABYMEPHOIro maccmBa NHUUMNANN3NPYETCA COOTBETCTBYHOWMM NOACMNCKOM. Hyl'IEBOﬁ CTOﬂﬁeLl, I,El,OﬁaBﬂeH B Ha4yano
daytab avwb gna Toro, yTOObI MHOEKCbI, KOTOPbIMU Mbl 6y,a,eM nonb3oBaTbCA, CcoBnagasin C eCteCtBEHHbIMU
HOMEpamun mecaues OT 1 po 12. SKoHOMUTL napy A4eek namAatTn 3aecCb HET HUKAKOro CmbiCna, a nporpamma, B
KOTOpOﬁ Y€ HE HaA40 KOPPEKTUpoBaTb MHAEKC, BbIrAAUT 6onee AACHOWN.

Echn gsymepHbIt MaccvB nepegaetcs GYHKUMW B KayYecTBe aprymeHTa, TO 0ObABAEHWE COOTBETCTBYHOLLENO emy
napameTpa [OJ/IKHO COAEpKaTb KO/IMYECTBO CTONOLOB; KOMMYECTBO CTPOK B AAHHOM C/lydae HeCyLLeCTBEHHO,
NMOCKOJIbKY, KaK M npexae, PyHKUMM ByaeT nepesaH yKasaTe/lb Ha MAacCUB CTPOK, KarKAasa M3 KOTOPbIX eCTb Maccus
13 13 3HayeHU TMNa int, B Hawem YacTHOM ciydyae Mbl UMeEEM YKasaTeslb Ha 00beKTbI, ABAAIOWMECA MaCcCUBAMM
n3 13 3HayeHuh TMna int. Takmm obpasom, ecanm maccuB daytab nepepaetca HeKoTopoW GyHKumm £, To 3Ty
GYHKLMIO MOXKHO 6b1/10 6b1 ONpeaenuTb cneayolmMm obpasom:



f(int daytab[2][13]) {..}

BmecTo 3TOro moXHo 3anucarb

f(int daytab[][13]) {..}

MOCKO/IbKY YMC/0 CTPOK 34€eCb HE UMEET 3HaYeHUA, K
f(int (*daytab) [13]) {..}

MocnepHsA 3anmcb 06bABASAET, YUTO NapaMeTp ecTb yKasaTeslb Ha maccuB M3 13 3HayeHuit TMna int. CKobKM 34echb
HeobXxoAMMbl, TaK KaK KBaZpaTHble CKOBKM [ ] nmetoT 6os1ee BbICOKMI NpUopUTET, Yem *. Be3 ckoboK obbsasneHne

int *daytab[13]

onpegenset maccve M3 13 ykasaTene Ha char. B 6onee oblem caydae TOMbKO MNepBOe M3MepeHue
(cooTBeTCTBYIOLLEE NEPBOMY MHAEKCY) MOXKHO He 3a4aBaTb, BCe Apyrve cneunmduumposatb HEOBXoAUMO.

B naparpade 5.12 mbl NPOAO/I}KUM PACCMOTPEHMUE C/IOXKHbIX 0O BABIEHWA.

Ynpaxienue 5.8. B dpyHKumax day of year m month day HET HMKaKMX NPOBEPOK MPABMILHOCTU BBOAMMbIX
0aT. YCTpaHUTe 3TOT HeJOCTaTOK.

5.8. UHMMa/IM3auMAaA MaCCUBOB yKa3aTeJieu

Hannwem ¢yHKuuo month name (n), KOTOopasA BO3BpallaeT yKasaTe/lb Ha CTPOKY CMMBOJIOB, coaepKawmm
HasBaHMe n-ro mecaua. 3Ta PyHKUMA uMAeaNbHa ONA OEMOHCTPAUMM MCNO/b30BAHUA CTAaTUYECKOrOo MaccuBa.
®yHKuMA month name MMeeT B CBOEM JIMMHOM PaCMOPAMEHWUM MACCUB CTPOK, Ha OAHY M3 KOTOPbIX OHa M
BO3BpaLLAeT yKa3aTenb. HuxKe noKaxKem, Kak MHULUMANAN3UPYETCA STOT MACCUB UMEH.

CuHTaKCUC 3a4aHMA HavalbHbIX 3HaYeHWUI aHaNornMYeH CUMHTAKCUCy npeablayumnx MHMLI,M3!'IM3E]LI,MI7I:

/* month name: BO3BpamaeTr uMsa nN-ro MmMecsua */

char *month name (int n)

{

static char *name[] = {

"HerepHet Mecsdu",
"Aupapp", "derpans", "Mapt",
"Anpenp", "Mawn", "VioHB",
"Voons", "ABryct", "Cenrabpsn'",
"OxTabpr", "Hoabpwr", "Iexabpb"

return (a < 1 || n > 12) ? name[0] : name[n];

ObbsABNEeHNE name MacCMBOM YyKasaTesiel Ha CMMBOJIbI TaKoe Ke, Kak U 0bbsBneHWe lineptr B nporpamme
COPTUPOBKN. MHULMANM3ATOPOM CAYMKUT CMIUCOK CTPOK, KaXK4OM M3 KOTOPbIX COOTBETCTBYET ONpeaeeHHOe MeCTO B
maccme. CUMBO/IbI - CTPOKM rAe-TO pasMelLeHbl, U yKasaTe/lb Ha HUX 3anommuHaeTca B name [ 1 ]. Tak Kak pasmep
MaccvBa name He cneunduLMpoBaH, KOMNWUAATOP BbIYUCUT €70 MO KOJIMYECTBY 334aHHbIX HaYa IbHbIX 3HAYEHWU.

5.9. Yka3aTe/s¥ IpOTUB MHOTOMEPHbIX MACCUBOB
HaunHalowme nporpammmnposaTb Ha CM MHOrAa HE MOHMMAIOT, B YeM pasHULIA MEXAy ABYMEPHbIM MacCMBOM W
MacCMBOM yKasaTejel Bpode name U3 NnpMBeAeHHOro npumepa. 4aa AByx cieayowmnx onpegeneHui:

int a[l10][20];
int *b[10];



3anucn a (3] [4] M b[3][4] 6yayT CUHTAaKCMYECKU MpPaBU/IbHbIM 0OpalleHMeM K HEKOTOPOMY 3HayeHUo Tuna
int. O4HAKO TONbKO a fABASETCA UCTMHHO ABYMEPHbIM MaCCMBOM: A1A ABYXCOT 3/1eMEHTOB Tuna int 6yaer
BblAeNeHa NamATb, a BblYMC/IEHME CMELWEeHUA 3nemeHTa a[cTpokal [cTosiber;] oT Havana maccmBa byaet
BecTucb nNo ¢opmyne 20 x cTporka + cTos6Er], YYUTbIBAIOWEN ero NPsAMOYronbHyto npupoay. s b ke
onpegeneHo Tonbko 10 yKasatenen, npuyem 6e3 MHUUMaAM3aUnK. MHUUManM3auma AONXKHA 33aBaTbCA ABHO —
nnbo ctatnyecku, nmbo B nporpamme. MNpeanonoxKmm, YTo KaxKablh 31eMeHT b YKasbiBaeT Ha ABaALATUIIEMEHTHbIN
MaccuB, B pesysbTaTe rae-to dyayT BblaeneHbl NPOCTPaAHCTBO, B KOTOpom pasmecTtatcs 200 3HaYeHM TMna int, u
ewe 10 Aayeek AnA ykasatesnen. BarkHoe NMpeMmyLLEeCTBO MacCMBa yKasaTesnel B TOM, YTO CTPOKM TaKOro maccuea
MOTYyT MMETb pasHble A/IMHbl. TakMm 06pasom, KaxKabl 3n1eMeHT mMaccumBa b He 06A3aTeNbHO yKasblBaeT Ha
ABafLUaTUIIEMEHTHbIA BEKTOP; OAMH MOXKET yKa3biBaTb Ha ABa 3N1eMeHTa, APYroi — Ha NATbAECAT, @ HEKOTOpbIE U
BOBCE MOTYT HM Ha YTO He YKa3blBaThb.

Hawn paccyxaeHns 34ecb Kaca/uCb LE/blX 3HAYEHW, OAHAKO Yalle MacCMBbl yKasaTenei MCnonb3yTca Ans
paboTbl CO CTPOKaMM CUMBO/IOB, PasNNYAIOLMMUCA NO AJIMHE, KaK 3TO 6bi10 B GpyHKUMM month name. CpaBHUTE
onpeaesieHne MaccuBa yKasaTesiei M COOTBETCTBYHOLWMIA €My PUCYHOK:

char *name[] = {"HenpaBunbHem mecaun", "Aus", "derp", "Mapt"};
namne:
I — = HENPDABWMALHWEA MEC '--'_.-.',,'
[ MBecmi i |
. > A0 |
N o Beap’ ) |

C 06bABNEHNEM U PUCYHKOM ANnA ABYMEPHOIro Mmaccmea:

char aname[] [15] = {"HempasB. mecau", "Aur", "derp", "Mapt"};
21 me
Henpas, meceih0 HAue0 --Ile:;-["-_l'] MapT\0
i 15 30 45

YnpaxHeHnune 5.9. [lepenuuwunte nporpammbl day of year M month day, WCNONb3ys BMECTO WHAEKCOB
yKasartenu.

5.10. AprymMeHTbI KOMAaHAHOU CTPOKU

B OﬂepaLl,I/IOHHOﬁ cpeae, O6€Cﬂe‘-IVIBaIOI.I.I,eﬁ noaaepxKy Cn, nmeeTtcA BO3MOXKHOCTb nepegatb aprymeHTbl Uau
napameTpbl SaﬂyCKaEMOVI nporpamme C nNOMOLbHO KOMaHAHOVI CTPOKMU. B MOMeHT BbI30Ba main nony4yaeTt ABa
aprymeHTta. B nepBom, 06blMHO Ha3biBaeMOM argc (COKpalleHue OT argument count), CTOUT KOAMYECTBO
apryMeHTOB, 33/aBaeMbIX B KOMaHAHOW cTpoke. BTopoi, argv (oT argument vector), aBnAeTca yKasaTesiem Ha
MacCCnB CMMBOJIbHbIX CTPOK, coaepXalmx Camm aprymeHTbl. AOna pa6OTbI C 3TUMN CTPOKaMm 06bI4HO MCNob3yHOTCA
yKasaTe/In HECKOJIbKMX YPOBHEMN.

MpocTeliwnii Nnpumep — nporpamma echo ("axo"), KoTopas nedyataeT aprymeHTbl CBOEW KOMaHOHOMN CTPOKK B
OAHOW CTPOUKe, OTAENAA UX APYT OT Apyra npobenamu. Tak, KomaHAa

echo 3BnpascTryM, Mup!
HaneyaTaeT

BnopaBcTBYM, MUP!



Mo cornaweHuto argv[0] ecTb MMA BbI3bIBAEMOIN NPOrPaMmbl, TaK YTO 3HAYEHWE a rAe HUKorga He ObiBaeT
meHbwe 1. Ecnm argc paBeH 1, To B KOMAHAHOM CTPOKe Moc/ie UMEHM NPOrpPaMmbl HUKAKMX aprymeHToB HeT. B
Hawem npumepe argc paseH 3, n cooTBeTrcTBeHHO argv [0], argv[1l] wn argv[2] cyTb CcTpokn "echo”,
"SapascTeyit, " 1 "Mup ! . MNepBblit He0bA3aTENbHbIN aprymMmeHT — 3T0 argv [ 1], nocnegHuin — argv [argc-
1]. Kpome Toro, cTaHgapT TpebyeT, 4tobbl argv [argc] Bcerga 6bl1 NyCcTbIM yKasaTenem.

argv:

| F——F—+ - = gho\(

ot 3ppasctayi, \0

S ——TTTr
I - —_— J

MepBas BepcuA NporpaMmmbl € cho TPAKTYeT argv Kak MacCMB CUMBOJIbHbIX YKa3aTenew.

#include <stdio.h>

/* 5X0 apr'yMeHTOB KOMAaHIHOMW CTPOKM: Bepcua 1 */
main (int argc, char *argv([])

{

int 1i;
for (i = 1; 1 < argc; i++)
printf ("$s%s", argv[i], (i < argc-1) 2 " " : "");

printf ("\n");
return O;

Tak Kak argv — 3TO yKa3aTe/lb Ha MacCUB yKasaTesiei, Mbl MOXem paboTaTb C HUM KaK C yKasaTenem, a He Kak C
WMHAEKCMpyembim maccuBom. Cegytolas NporpaMmma OCHoBaHa Ha NpUpaLeHnn argv, OH NpupaLlmnBaeTca TaK, YTo
€ro 3HayeHue B KaXKAbl OTAENbHbIA MOMEHT YKa3blBAaeT Ha oyepeaHol yKasaTenb Ha char; nepebop ykasatenei
3aKaH4YMBaeTCA, Koraa ucdepnaH argc.

#include <stdio.h>

/* X0 apryMEeHTOB KOMAHIOHOM CTPOKM; Bepcusa 2 */
main (int argc, char *argv([])
{

while (--argc > 0)

printf ("%$s%s", *++argv[i], (i < argc-1) 2 ™ " : "");
printf ("\n");

return 0;

AprymeHT argv — YyKasaTe/lb Ha Haya/sio MaccuMBa CTPOK aprymeHToB. Mcnosb3oBaHue B ++argv NpepuKCHOro
onepaTtopa ++ NpuBeAET K TOMY, YTO NepBbiM ByaeT HaneyaTaH argv (1], a He argv [0]. Kaxaoe oyepeaHoe
npupaLLeHMe yKasaTensa A4aeT Ham CAeAyroLni apryMeHT, Ha KOTOPbIN yKasbiBaeT *argv. B 370 e Bpema 3HavyeHue
argc ymeHbluaeTcs Ha 1, u, Koraa oHO CTaHeT Hy/ieMm, BCe aprymeHTbl 6yayT HanevaTaHbl.

MHCTpyKuMIo print £ MOXHO 6b110 6bl HanMUcaTb M Tak:

mo

printf ((argc > 1) 2?2 "%s " : "&s", *++argv);

Kak Bugum, popmat B print £ ToKe MOXKET ObiTb BblparKeHNeM.



B KauyecTBe BTOPOro MpuMmepa BO3bMEM MpPOrpamMmMy MOMCKa ob6pasua, paccMOTpPeHHyto B naparpade 4.1, u
HECKOJIbKO ycoBeplleHcTByem ee. Ecnv Bbl momHuMTe, obpasey, Ana noucka Mol "BMOHTMpoBanu" rnyboko B
nporpammy, a 3To, O4eBMAHO, He Nydllee peweHue. [TocTporm Hawy nporpammy no aHanorum ¢ grep n3s UNIXa, T1.
e. TaK, 4Tobbl 06paseL, 41A NOUCKA 3a4aBasCA NEPBbIM APTYMEHTOM B KOMaHAHOM CTPOKe.

#include <stdio.h>
#include <string.h>

#define MAXLINE 1000
int getline(char *1line, int max);

/* find: meuaTs cTpok C oOpas3loM, BalaHHBEM 1-M apTyMeHTOM */
main (int argc, char *argvl[])
{

char line[MAXLINE];

int found = 0;

if (argc !'= 2)
printf ("McononssytiTe B find obpaszeu\n") ;
else
while (getline(line, MAXLINE) > 0)
if (strstr(line, argv[1l]) !'= NULL) {
printf ("%s", line);
found++;

}

return found;

CraHfapTHas ¢yHKUMA strstr (s, t€) BO3BpaLLAET yKasaTesb HAa NEPBYIO BCTPETUBLLYIOCA CTPOKY t B CTPOKe s
unm NULL, ec/iv TaKOBOM B S He BCTPeTUNoch. PyHKUMA 06bABAEHA B 3aroIoBOYHOM danie <string.h>.

3Ty MoZenb MOXKHO PasBMBaTb W Adasnblie, YTOBbl NPOUAMIOCTPUPOBATL APYrMe KOHCTPYKLUMU C YKasaTenamwu.
MpeanonoKmum, 4To Mbl BBOAMM eLle ABa HeobA3aTenbHbIX aprymeHTa. OAMH M3 HUX NPeAnUCbiBaeT nedyaTaTb BCE
CTPOKM, Kpome Tex, B KOTOPbIX BCTpeyaeTcA obpasel,; BTOPOM — nepes, Kaxk4ol BbIBOAMMON CTPOKOW neyataTb ee
NopAAKOBbIM HOMEp.

Mo obwemy cornaweHunto pgas Cu-nporpamm B cucteme UNIX 3HAK MWUHYC nepes, aprymeHTOmM BBOAUT
HeobA3aTeNbHbIA NPU3HAK MAKM nNapameTp. TaK, ecan —x CAYXKUT NPU3HAKOM cnoBa "Kpome", KOTopoe uameHseT
3aZlaHWe Ha NPOTMBOMO/IOXKHOE, @ —n YKa3blBaET Ha NOTPEOHOCTb B HYMepaLMu CTPOK, TO KOMaHAa

find -x -n obpazerr

Hane4dyaTtaeT BCE CTPOKU, B KOTOPbIX HE Haﬁ,ﬂ,eH YKa3aHHblﬁ o6pa3eu, 1, Kpome T0ro, nepen Ka)K,EI,Ol‘;I CTpOKOl‘;I YKaxeT
ee Homep.

HeobasaTenbHble aprymeHTbl paspellaeTcs pacnonaratb B A06om nopagke, Npu 3TOM Aydlue, 4Tobbl OCTasbHan
YyacTb NPOrpammbl He 3aBucena OT YMcia NPeAcTaBAeHHbIX aprymeHToB. Kpome Toro, nonb3osatento 6biio 6bl
yA06Ho, ecaun 6bl OH MOr KOMBUHMPOBATL HeobA3aTeNbHbIE aPryMEHTbI, HaNpPUMep, Tak:

find -nx obpaserl
A Tenepb 3anuwem Haly Nnporpammy.

#include <stdio.h>
#include <string.h>



#define MAXLINE 1000

int getline(char *line, int max);

/* find: meuvaTs cTpok obpas3uamMu m3 1-To aprymeHTa */

main (int angc, char *argv([])

{

Mepes NonyyeHMEM O4YepPesHOro aprymeHTa argc ymeHbwaeTcs Ha 1, a argv "nepemeluaercs” Ha crenyroLmin
aprymeHT. Mocne 3aBepLIeHUs LMKAA NPU OTCYTCTBUM OWMBOK argc COLEPHKUT KOIMYECTBO elle He 06paboTaHHbIX
apryMeHTOB, @ argv YKasblBaeT Ha MepBbli M3 HWX. Takmm obpasom, argc Ao/kKeH 6biTb paBeH 1, a *argv
YKasblBaTb Ha 06pasel,. 3amMeTnm, YTo *++argv ABNAETCA yKasaTesleM Ha apryMeHT-CTpoKy, a (*++argv) [0] —

char line[MAXLINE];
long lineno = 0;
int ¢, except = 0, number = 0, found = 0;

while (—argc > 0 && (*++argv) [0] == '-")
while (c = *++argv[0])
switch (c¢) {

case 'x':
except = 1;
break;
case 'n'
number = 1;
break;
default:
printf( "find: HeBepHbM HapameTp $c\mo",
argc = 0;
found = -1;
break;
}
if (argc !'= 1)
printf ("Mcnombsyire: find -x -n obpaszseu\n");
else
while (getline(line, MAXLINE) > 0) {
lineno++;
if ((strstr(line, *argv) != NULL) != except)

if (number)

printf ("%$1d:", lineno);
printf ("%$s", line);
found++;

}

return found;

€ro nepsbiMm CMMBOJIOM, Ha KOTOprVI MOXHO COCNnaTbCA U APYTUM cnocobom:

**++argv

MocKonbKy onepaTop MHAEKCMPOBaHUA [ ] MmeeT 6onee BbICOKUI MPUOPUTET, YEM * U ++, Kpyr/ible CKOBKK 34echb
06s3aTeNbHbl, 6€3 HMX BbipaXKeHMe TPAKTOBANOCh Bbl TaK e, Kak *++ (argv [0] ). UMeHHO Takoe BbipaxkeHue Mbl

c);

{



NPUMEHMM BO BHYTPEHHEM LMK/e, rAe NPOCMaTPMBAaOTCA CUMBO/IbI KOHKPETHOrO aprymeHTa. Bo BHyTpeHHeM LuKne

BblparkeHne *++argv [0] npupawmeaeT ykasatenb argv [0].

MoTpebHOCTb B 60Jiee CNOXKHbIX BblparKeHUAX A/1A YKa3aTenelt BO3HMKAEeT He TaK YK Yacto. Ho ecin Takoe cayuumtcs,
TO pa3bumBan NPOLLECC BbIMMCNEHUA YKa3aTeNa Ha ABa UK TpU LWara, Bbl 061erymte BOCNpUATUE STOFO BbipaykeHus.

YnpaxHeHue 5.10. Hanuwunte nporpammy expr, UHTEPNPETUPYIOLLYI0 0B6paTHYHO MObCKYIO 3aMMCb BblparKeHus,
33[2BaeMoOro KOMaHAHOM CTPOKOM, B KOTOPOWM Kaxablh onepaTop M onepaHa npeactaBfieHbl OTAebHbIM
aprymeHTom. Hanpumep,

expr 2 3 4 + *
BbIMMCIAETCA TaK ¥Ke, KaK BbipaykeHue 2 x (3 + 4).

YnpaxHeHue 5.11. YcosepuieHcTByTe nporpammbl entab u detab (cm. ynpaxHeHus 1.20 n 1.21) Takum
0bpa3om, 4Tobbl Yepes apryMeHTbl MOXKHO Obis10 3a4aBaTb CNUCOK "'cTtonoB" Tabynauumu.

YnpaxHeHue 5.12. PacwmpbTe BO3MOXKHOCTM entab n detab Takum obpasom, 4tobbl Npm obpalLeHmm Buga
entab -m +n

"cTonbl" TabynALUMKM HAYMHANUCH C M- NO3ULUKU U BbINMOJHANMUCD Yepes Kaxkable n No3uumin. PaspaboTalite ya06HbIM
A/1A N0/Ib30BaTeNA BapuaHT NoBeAEHMNA NPOrPamMmbl MO YMONYAHUIO (KOraa HET HUKAKUX apryMeHToB).

YnpaxHeHue 5.13. Hanvwwute nporpammy tail, neyaTatowyt n NocnefHuX BBEAEHHbIX CTPOK. Mo ymonuyaHuio
3HauyeHue n paBHo 10, HO NPW KeNaHMM N MOXKHO 334aTb C NOMOLLbIO aprymeHTa. ObpalieHune Buaa

tail -n

neyaTaeT n NOCNeAHUX CTPOK. Mporpamma [oKHa BECTU ceba OCMbICIEHHO NPW NI0ObIX BXOAHbIX AaHHbIX U tl060M
3Ha4yeHMM n. Hanuwute nporpammy Tak, 4Tobbl HanaydwnMm o06pa3om MCNONb30BaTb NaMATb; 3aNOMUHAHMUE CTPOK
OpraHusyiiTe, Kak B Nporpamme COPTUPOBKM, ONMcaHHOW B naparpade 5.6, a He Ha ocHoBe ABYMEPHOro maccmBa C
GUKCMPOBaAHHBIM Pa3mMepoM CTPOKM.

5.11. Yka3aTe/iu Ha QYHKIIMHU

B Cu cama PpyHKUMA He ABAAETCA NepeMeHHOM, HO MOMKHO OnpeaennTb yYKasaTeab Ha GYyHKUMIO U paboTaTb C HUM,
KaK ¢ 0b6bl4HOW NMepemMeHHON: NpMcBaMBaTb, Pa3meLLaTb B MacCcMBe, NepenaBaTb B KayecTBe MapameTpa GyHKuuu,
BO3BpALLATb KaK pe3ynbTaT u3 GyHKLUMMU U T.4. JAa ANKCTPaLMmM 3TUX BO3MOXKHOCTEN BOCNO/b3yemMca NporpaMmon
COPTUPOBKM, KOTOPAA YrKe BCTPEYaacb B HAaCTOALLEN rnase. M3meHMm ee Tak, YTobbl NpuY 3a4aHUKN HeobA3aTeIbHOrO
aprymeHTa —n BBOAMMbIE CTPOKM YNOPAA0YMBAAUCE MO WX YMC/OBOMY 3HAYEHWMIO, @ He B JIeKCUKorpaduyeckom
nopsake.

CopTupOoBKa, KaK MpaBwW/O, pacnafaeTca Ha TPW YacTU: HA CpaBHEHWe, onpegensiowee ynopago4YeHHOCTb Napbl
06BbEKTOB; NEPECTAaHOBKY, MEHSAIOLLYIO MECTammu napy 06bEKTOB, U COPTUPYIOLWMIA aTOPUTM, KOTOPBIN OCyLLecTBAAET
CpaBHEHMA M MepecTaHOBKM A0 Tex Mop, MoKa Bce 06beKTbl He ByayT ynopagoyeHbl. ANFOPUTM COPTUPOBKU He
3aBMCUT OT OMNepaLmii CpaBHEHUA M NepPecTaHOBKM, TaK YTO NepenaBas eMy B KayecTBe MapaMeTPoB Pas/InyHble
bYHKLUMKM CpaBHEHMA U NMepecTaHOBKM, €r0 MOXKHO HACTPOUTL Ha Pas3/INYHbIE KPUTEPUM COPTUPOBKM.

JNlekcnKorpadumueckoe cpaBHEHME [BYX CTPOK BbIMOAHAETCA QYHKUMEN strcmp(mbl y»Ke MCMoAb30Banu 3Ty
GYHKUMIO B paHee PacCMOTPEHHOW MNporpamMmme COPTMPOBKM); HamM TaKKe noTpebyeTca nporpamma numcmp,
CPaBHUBAIOLWAN B CTPOKM KaK YMCNOBble 3HAYeHMs W BO3BpaALLaloWas pesy/bTaT CPaBHEHUA B TOM Ke BUAe, B
KakoM ero BblgaeT strcmp. 3TN GyHKUMM 06BABAAIOTCA Meped main, a yKasaTenb Ha OAHY M3 HMX NepeaaeTcs
bYHKUMKM gsort. YTobbl coCcpesoTounMTbCA Ha FAaBHOM, Mbl ynpocTuan cebe 3agadvy, OTKasaBWWCb OT aHanM3a
BO3MOHbIX OLUIMBOK NpY 3a4aHNUN apryMeHTOB.



#include <stdio. h>
#include <string. h>

#define MAXLINES 5000 /* MakCcuUMajlbHOE UMCJIO CTPOK */
char *lineptr[MAXLINES]; /* ykasaTejs Ha CTPOKM TekcTa */

int readlines(char *lineptr[], int nlines);

void writelines (char *lineptr[], int nlines);

void gsort (void *lineptr[], int left, int right,
int (*comp) (void *, wvoid *));

int numcmp (char *, char *);

/* CcopTMpPOBKAa CTPOK */
main (int argc, char *argvl[])
{

int nlines; /* KOJIMUECTBO MNPOUMTAHHEIX CTPOK */

int numeric = 0; /* 1, ecnu copT, O UMCJ. 3Hau. */
if (argc > 1 && strcmp(argv[1l], "-n") == 0)
numeric = 1;

if ((nlines = readlinesdineptr, MAXLINES)) >= 0) {
gsort ((void **) lineptr, 0, nlines-1,
(int (*) (void*, wvoid*)) (numeric ? numcmp : strcmp));
writelines (lineptr, nlines);
return 0;
} else {
printf ("BBemeHO CJAMIIKOM MHOTO CTPOK\I");
return 1;

B obpaieHunax K pyHKUMAM gsort, strecmp M numcmp MX MMeHa TPAKTYIOTCA Kak agpeca aTuX GpyHKLMIA, No3ToMy
onepaTop & Nepes HUMU He HYXKEH, KaK OH He Bbla HYXKeH U Nepes, UMeHemM Macc1Ba.

Mbl Hanucanu gsort Tak, YTobbl OHa morna obpabatbiBaTb AaHHbIE NO6Oro TMNA, a He TO/IbKO CTPOKM CMMBOJIOB.
Kak BMAHO M3 NpOTOTMNA, GYHKUMA gSOrt B KAa4ecTBe CBOMX apryMeEHTOB OXMAAET MacCUB YKasaTenew, ABa Leblx
3HaYeHMA U GYHKUMIO C ABYMS apryMeHTaMu-yKasaTenaMu. B KauecTBe aprymeHTOB-yKasaTenein 3ajaHbl yKasatenm
0606leHHOro TMna void*. JlloboW YyKasaTeNb MOXHO NpuBecTM K Tuny void* u obpaTHo 6e3 noTtepu
MHbOPMaUMKM, NOITOMY Mbl MOXKEM 0BpaTUTbCA K gsort, npeaBapuTenbHo npeobpasoBaB aprymeHTbl B void*,
BHYTPM OYHKLUMU CpPaBHEHMA ee aprymeHTbl 6yayT npuBedeHbl K HyXHOMy el Tuny. Ha camom gene 3tu
npeobpasoBaHUA HUKAKOTO BAUSHUA Ha NPEACTAaB/EHWA apryMeHTOB He OKasblBaloT, OHM AuWb obecneynsatoT
COr/1IaCOBAHHOCTb TUMOB A1 KOMMNUAATOPA.

/* gsort: coptupyer v[left]...v[ right] mo Bo3pacTanuino */
void gsort(void *v[], int left, int right,
int (*comp) (void *, wvoid *))

int i, last;
void swap (void *v[], int, int);

if (left >= right) /* Huuero He mesyaeTcs, eciu */
return; /* B MacCuUBe MeHee IBYyX BJIEMEHTOB */
swap (v, left, (left + right )/2);



last = left;
for (i = left+l; i <= right; i++)
if ((*comp) (v[i], v[left]) < 0)
swap (v, ++last, 1i);
swap (v, left, last);
gsort (v, left, last-1, comp);
gsort (v, last+l, right, comp):;

MNoBHUMaTeNbHEN NPUrNAANMCA K 06bABAEHMAM. YeTBepTbI NapameTp QYHKUMN gsort:
int (*comp) (void *, wvoid *)

COOGLLI,BET, YTO COmp — 3TO YKa3aTesib Ha CI)YHKLI,MI-O, KOTOpaA MMEET ABa aprymeHTa-ykKa3aTtesia U BblAadeT pe3ynbTaT

TMna int.

Ncnonb3oBaHMe comp B CTPOKe

if ((*comp) (v[i], v[left]) < 0)

cornacyetca ¢ obbABneHMEM "comp — 3TO yKasaTesb Ha GyHKUMIO", U, cnefoBaTeNibHO, * comp — 3TO GYHKUMSA, a
(*comp) (v[i], v[left])

— obpalieHne K Hel. CKOBKM 34€eChb HYMKHbI, YTOObl 06ecneuynTb NPaBUIbHYIO TPAKTOBKY 06bsaBAeHUA; 6e3 HuX
obbABNeHME

int *comp (void *, wvoid *) /* HEBEPHO */'
roBopmao bbl, YTo comp — 370 GYHKLMA, BO3BPALLAIOLLAA YKa3aTeslb Ha 1nt, a 3TO COBCEM He To, YTo TpebyeTcA.

Mbl yxKe paccmaTpuBann GYHKUMIO strcmp, CPAaBHMBAKOLWYO ABe CTPOKM. Huxke npuseseHa dyHKUMA numcmp,
KOTOpan CpaBHMBAET fABE CTPOKW, PAacCMATPMBAA WMX KaK YMCNa; NpeaBapuUTebHO OHM MepeBOAATCA B YMC/IOBbIE
3HayeHus GyHKumMen atof .

#include <stdlib.h>

/* numcmp: cpaBHuBaeT sl u s2 kak uuciga */
int numcmp (char *sl, char *s2)
{
double v1, v2;
vl = atof(sl);
v2 = atof (s2);
1f (vl < v2)
return -1;
else 1if (vl > v2)
return 1;
else
return 0;

CDYHKLI,VIH swap, MeHAKWaa meCtamn ABa yKasartenda, MaeHTu4yHa TOVI, YTO Mbl NPUBEIN paHee B 3TOW rnase 3a
UCKNKOYEHNEM TOrO, 4YTO obbaBneHuA yKasaTeneﬁ 3aMeHeHbl Ha void*.

void swap (void *v[], int i, int 7J)

{



void *temp;

temp = v[i];
v[i] = vI[J];
v[ij] = temp;

Mporpammy COpTUPOBKU MOXKHO AOMONHUTb U MHOMKECTBOM APYrMX BO3MOXKHOCTEN; peann3oBaTb HEKOTOPbIE N3 HUX
npeasiaraeTca B KayecTse YrnparKHeHW.

YnpaxHeHune 5.14. Moguduumpynte nporpammy COPTUPOBKM, 4YTOObI OHA pearnpoBana Ha napameTp -,
YKa3blBalOLWNMN, YTO O06BEKTbI HYXKHO COPTUPOBATL B 06paTHOM NopaaKke, T. €. B nopsaake ybbiBaHua. ObecneybTe,
4yT0bbl — T paboTan M BMecTe ¢ —n.

YnpaxHeHue 5.15. BBegute B nporpammy HeobssaTesNbHbl NapameTp —f, 3agaHuMe KOTOporo Aenano 6Obl
HEepasIMYNMbIMKU CUMBOJIbI HUMKHETO U BEPXHEro PEerucTpoB (Hanpumep, a U A JO/IKHbI OKa3aTbCA MPU CPaBHEHUK
paBHbIMM).

YnpaxkHeHue 5.16. MNpegycmoTpute B nporpamme HeobasaTenbHbIM napameTp —d, KOTOPbIN 3aCTaBUT NPOrpammy
Npu CPaBHEHUM YUUTbIBATb TOJIbKO OYKBbI, LM pbl U Npobesnbl. OpraHM3yiTe Nporpammy Takum o6pasom, YTobbl 3TOT
napameTp mor paboTtaTtb BMecTe ¢ napameTpom —f.

YnpaxkHeHue 5.17. PeanusyitTe B nporpamme BO3MOXKHOCTb PaboTbl C NOIAMU: BOSMOXKHOCTb COPTUPOBKM MO MNOSIM
BHYTPY CTPOK. /1A KaXKAOro nosia npesycmoTpuTe cBoi Habop napameTpos. MpeameTHbIN yKasaTenb 3Toi KHurm®
ynopsaoumBanca ¢ napameTpamu: —df ana TEPMUHOB U —1n A1 HOMEPOB CTPaHMULL.

5.12. Cs103kHBbIE 00'bSABJIEHUS

NHoraa Cu pyratoT 3a CMHTAKCUC 0ObABNEHWUI, 0COBEHHO Tex, KoTopble coaeprKaT B cebe yKasaTenn Ha GyHKuuMU.
TaKMM CMHTaKCUC MOAYYMACA B pesy/bTaTe Halel MNOMbITKM cAenaTb NOXOXMMMU 06bABAEHUSA OOBEKTOB U MX
MCNO/Ib30BaHMEe. B npocTbiX C/Ayyasx 3TOT CMHTAKCMC XOPOLW, OAHAKO B C/OXHbIX CUTyaUUAX OH Bbi3biBaeT
3aTPygHEHUA, MOCKO/bKY OObBABMEHUA MNepeHacbiWweHbl CKOBKaMM M UX HEBO3MOMKHO YMTaTb C/ieBa Harnpaso.
Mpobnemy MNNOCTPUPYET pasnnyme CaeayroLmnx ABYX 06bABNEHWUA:

int *f£(); /* f: dyHkuUMA, BoO3Bpamamnmasd yK-Jjb Ha int */
int (*pf) (); /* pf: yx-mp Ha d-umo, BO3Bpamalmyio int */

MproputeT npedUKCHOro onepatopa * HUXKe, Yem NPUOPUTET (), MO3ITOMY BO BTOPOM C/ydae CKOBKM HeobxoanMmbl.

XoTa Ha NPaKTUKe No-HacToAwemMy CNOXHble 0bbaBneHuA BCTpeYalTCA penKo, BCe e Ba*XHO 3HATb, KaK WUX
NOHMMATb, a eCnin FIOTpe6YETCF|, N KaK X KOHCTPYMUpPOBaTh.

YKaxkeM Xopowuii cnocob: o6bABNEHUA MOXKHO CUHTE3MPOBaTb, ABUrascb HeBONbWMMMK LWaramu C MOMOLLLHO
typedef; atoT cnocob paccmoTpeH B naparpade 6.7. B HacToswem naparpade Ha npumepe ABYX MPOrpamm,
OCYLLECTBAAOLWMX NpeobpasoBaHna NpaBuibHbiXx CU-06bABAEHWIA B COOTBETCTBYIOLME MM CAOBECHbIE ONUCAHUA U
06paTHO, Mbl I@MOHCTPUPYEM MHOM CNOCO6 KOHCTPYMPOBaHUA 06bsABAeHMA. CNOBECHOE OMMCaHUE YMTAEeTCA CleBa
Hanpaso.

Mepeaa nporpamma, dcl, — 6onee cnoxkHaAa. OHa npeobpasyer CU-06bABNEHMA B C/IOBECHbIE ONUCAHUA TaK, Kak
NOKa3aHo B cAeayowWwmnx NpMmepax:

char **argv
argv: ykKas, Ha ykas, Ha char
int (*daytab) [13]
daytab: ykaszs, Ha maccuB[1l3] m3 int
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int *(daytab) [13]

daytab: maccuB[13] m3 ykas, Ha int
void *comp ()

comp: dyHKI. BO3BpP. ykas, Ha void
void (*comp) ()

comp: ykas, Ha oyHKII. BO3Bp. void

char (*(*x())[]) (O
X: OyHKL. BO3BpP. yKas, Ha MaccuB|[] M3 ykKas, Ha OQyHKI. BO3Bp. char
char (*(*x[3]1) ()) [5]

x: Maccue[3] u3 ykas, Ha OQYyHKI. BO3Bp. ykKas. Ha Maccue|[5] m3 char

dyHKuMA dcl B cBoel paboTe MCMOb3YEeT rpaMMaTHKY, cneunduumnpytowyo obbaABMTeNb. ITa rpaMmMmaTUKa CTPOro
n3n10KeHa B naparpade 8.5 npunoxkeHusa A, a B ynpoLeHHOM BUAE 3anncbiBaeTca Tak:

OOBABUTEIE : Heobg3aTeJibHBEle * COOCTBEHHO-OOBSIBUTEIIE
CO6CTBEHHO-OOBSABUTEIIE : UM
( obpsaBuTEsIB )
cobCcTBEHHO-OOBABUTENIE ()
CcoOBCTBEHHO-OOBABUTEJIE [HeoOd3aTeJIbHEM pasMep ]

FoBOpPSA NPOCTbIM A3BIKOM, 06bABUMEL €CTb COb6CMBeHHO-06bABUMEb, NMEPE, KOTOPbIM MOXKET CTOATb * (T. e. oaHa
WIN HECKO/IbKO 3BE3/,04eK), rae cobcmeeHHO-06basUMeEsb eCTb UMSA, NN 06bsBUMesb B CKOBKax, Unn cobcmeeHHo-
06vABUMesb C Nocneaytowelt napoi ckobok, nan cobcmeeHHo-06bA8UMeE b C NOCAEAYIOLLEN NAPOA KBaAPATHbIX
CKOBOK, BHYTPU KOTOPbIX MOXKET BbITb MOMELLEH pasmep.

3Ty rpamMmaTMKy MOXHO MCMOAb30BaTb ANA rpammatuyeckoro pasbopa obbAsieHWn. PaccmoTtpum, Hanpumep,
TakoW 06bABUTENb:

(*pfall]) ()

Nma pfa byaer KnaccMdmuUMpoBaHO KAk UMA W, CNefoBaTeNbHO, Kak cobcmeeHHo-obbvAasumens. 3atem pfal]
b6yaeT pacnosHaHO Kak cobcmeeHHo-06bA8UMenb, a *pfa[] — Kak obvasumens W, cneposatenbHo, (*pfal])
ectb cobcmeeHHo-obvAagumens. [Lanee, (*pfal]) () ecTb cobcmeeHHO-06bABUMEAL W, TakMm o06pasom,
06bABMTENb. ITOT rPAaMMATUYECKMA Pa3bop MOXKHO MPOUIIIOCTPUPOBATL AepeBOM pa3bopa, nNpuBedeHHbIM Ha
cneaytowen ctpaHuue (rae cobcmeeHHo-06va8UMenb 0603HaUYeH 6osiee KOPOTKO, @ UMEHHO cobcma.-06bs8.).

CepaueBuHoOM nporpammbl 06paboTkn 0b6bABUTENA siBAsSETCA napa PyHKumin dcl u dirdcl, ocywecTBAAIOLMX
rpammaTuyeckmin pasbop obbsaBAEHMA COrNAcHO NpUBELEHHOW rpammaTuke. MNMoCKONbKY rpammaTiKa onpegeseHa
PEKYPCMBHO, 3TN OYHKUMKM 0BpallatoTca Apyr K ApYry PEKYPCUBHO, MO Mepe pacrno3HaBaHWA OTAE/bHbIX YacTei
obbsABNeHMA. MeToa, NPUMEHEHHbIM B 0bCyXKaaemoin nporpamme Ans rpammatmyeckoro pasbopa, HasbiBaeTcs
PeKypPCUBHbLIM CMYCKOM.
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/* dcl: paszbop obbaBuTena */
void dcl (void)
{

int ns;

for (ns = 0; gettoken() == '*'; ) /* nomcuer 3Be3mouexk */
ns++;

dirdcl();

while (ns-- > 0)
strcat (out,

\AJ

ykas. Ha");

/* dirdcl: pasbop coBcTBeHHO 0OBIABUTENS */
void dlrdcl (void)
{

int type;
if (tokentype == '(') { /* (dcl ) */
del();
if (tokentype != ")")
printf ( "ommbka: nponymeHa )\n");
} else if (tokentype == NAME) /* umMa nepeMeHHOM */

strcpy (name, token);
else
printf ("ommbka: moJpxkHO OBITH name wmiu (dcl)\n");
while ((type = gettoken()) == PARENS || type == BRACKETS)
if (type == PARENS)
strcat (out, " odbyHku. BO3BP.");
else {

\AJ

strcat (out, MaccuB") ;

strcat (out, token);

"

strcat (out, nu3");

MpueeaeHHbIe NPOrpammbl CAYKaT TOJIbKO UANOCTPATUBHbBIM LLeSIAM U He BNOJIHe HaZeXHbl. YTo KacaeTcAa dc 1, 1o

€€ BO3MOKHOCTM CYLLEeCTBEHHO OrpaHunyeHbl. OHa MOXKeT paboTaTb TOIbKO C MPOCTbLIMM TUNAMM Bpoge char M int

W He CNpaBAAeTCA C TUNaMM apryMeHToB B QYHKLUMAX U C KBasndUKaTopamm Bpoge const. JinwHue npobenbl ans
Hee onacHbl. OHa He NpeaNPUHUMAET HUKAKUX Mep MO BbIXOAY U3 OWMOOYHOM CUTYaLMK, U NO3ITOMY HEMPaBU/IbHbIE

OMMCaHUA TaKKe el NPOTUBOMNOKA3aHbl. yCTpaHEHMe 3TUX HEAOCTATKOB Mbl OCTaB/s1AemM ONA ynpa)+<HeHm7|.
Huxke npueeaeHbl rnobanbHble nepemeHHble U TNaBHaA nporpamma main.

finclude <stdio.h>
#include <string.h>
#include <ctype.h>

#define MAXTOKEN 100
enum {NAME, PARENS, BRACKETS };
void dcl (void) ;

void dirdcl (void);
int gettoken (void) ;



int tokentype; /* Tun nocremHem JekceMmel */

char token[MAXTOKEN]; /* TexcT mOOCJenHel JIeKCeMH */
char name [MAXTOKEN]; /* mma */

char datatype[MAXTOKEN]; /* Tun = char, int mw T7.;m. */
char out[1000]; /* BeIDaBaeMell TexkcT */

main () /* npeobpaszoBaHue OOBABIIEHMS B CJIOBECHOE oOmnucaHue */
{
while (gettoken () i= EOF) { /* 1-a jekcemMa B CTpoke */
strcpy (datatype, token); /* 3To Tun maHHBIX */
out[0] = '"\O';
dcl(); /* paszbop OCTaJIbHOM YaCTV CTPOKM
if (tokentype != '\n' )
printf ( "cuHTakcuueckas ommbral\n" ) ;

printf ("%s; %s %s\n", name, out, datatype);

}

return O;

}

®yHKUMA gettoken nponyckaeT npobenbl M Tabynauum M 3aTem NOJyyaeT CAeAyloLyl0 NIeKCEMY M3 BBOAQ;
"nekcema" (token) — 3TO MMSA, MAM Napa KPYrabix CKOBOK, WAM Mnapa KBagpaTHbIX CKOBOK (BbiTb MOXKET, C
NMOMELLEHHbIM B HAX YUCIOM), UK Nt06OI APYron egUHUYHBIN CUMBO.

int gettoken (void) /* Bo3BpamaeT clemyolyln Jekcemy */
{

int ¢, getch(void);

void ungetch (int) ;

char *p = token;
while ((c¢c = getchQ) == " " ! | ¢c == "\ t ')
if (c == "(") {

if ((c = getch()) == ")") |

strcpy (token, "()");
return tokentype = PARENS;

} else {
ungetch (c) ;
return tokentype = '(';
}
} else if (c == "[") {
for (*p++ = c; (*p++ = getch()) != '"1"; )
*p = "\0' ;

return tokentype = BRACKETS;
} else if (isalpha(c)) {
for (*p++ = c; isalnum(c = getch()); )
*p++ = C;
*p = "\0';
ungetch (c) ;

return tokentype = NAME;
} else
return tokentype = c;



®yHKUMKM getch n ungetch 66N PacCMOTPEHDI B rnaBe 4.

ObpaTHoe npeobpa3oBaHWe peanusyeTca nerde, ocobeHHO ecnn He npuAaasBaTb 3HayeHua TOoMmy, 4YTo 6yayT
reHepupoBaThCA NULLIHME CKOBKM. Mporpamma undcl npespawaeT ¢pasy Bpoae "x ecTb PyHKLUMA, BO3BpaLLatoLLan
yKasaTe/ib Ha MaccuB yKasaTesiel Ha GyHKLUK, BO3BpaLLatowme char", KoTopyto Mbl byaem npeactasiaTb B BUAE

x () * [1 * () char
B 06bABNAEHUE
char (*(*x())I[]) ()

TaKol COKpalLeHHbI BXOAHOW CMHTAKCUC MO3BOIAET MOBTOPHO MO/b30BaTbCA PyHKUMEN gettoken. PyHKUmA

undcl UCNONb3YeT Te XKe CaMble BHELLHMe nepemeHHble, YTo n dcl.

/* undcl : npeoBpaszyeT CJIOBECHOEe OoNMcaHve B oObaBjieHue */
main ()

{
int type;
char temp[MAXTOKEN] ;

while (gettoken () != EOF) {
strcpy (out, token);
while ((type = gettoken()) != '\n'")
if (type == PARENS || type == BRACKETS)
strcat (qut, token);
else if (type == "*') {

sprintf (temp, " (*%s)", out);

strcpy (out, temp);
} else if (type == NAM

sprintf (temp, "%s

{

E)
%$s", token, out);

strcpy (out, temp);
} else
printf ("HeBepHHM syemMeHT $s B Gpasze\n", token);
printf ("%$s\n", out);

}

return 0;

YnpaxHeHue 5.18. BuagomsmenHute dcl Takmm obpasom, utobbl OHa obpabaTbiBana OWMOKM BO BXOAHOM

nHpopmaumun.
YnpaxHeHue 5.19. Moanduunpyite undcl TaK, 4Tobbl OHA He reHepMpoBana JIMLWHUX CKOOOK.

YnpaxHeHue 5.20. PaclunmpbTe BO3MOXKHOCTM dcl, yTobbl dcl obpabaTtbiBana 06bABAEHMS C TUMNAMMU AaPTyMEHTOB

byHKUMK, KBanMdMKaTopamm Bpode const U T.0.



6. CTpyKTYypHbI
CTpyKTypa — 3TO 0AHA UM HECKO/IbKO NepemeHHbIX (BO3MOXKHO, pa3/IMYyHbIX TUMOB), KOTOpble Aas yaobcTBa paboTsbl
C HUMMU CTPYNNUPOBaHbI Nod 0AHUM UMeHeM. (B HEKOTOpbIX A3blKax, B YacTHOCTU B Mackane, CTPYKTYpPbl Ha3biBaOTCA
3anuncamn.) CTpyKTypbl MOMOTatoT B OPraHU3aLLmMm CI0XKHbIX AaHHbIX (0CO6EHHO B 60/1bIMX NPOrpammax), MOCKO/bKY
NO3BONIAKOT rpynny CBA3aHHbIX MexXay coboi nepemMeHHbIX TPaKTOBATb HE KaK MHOXXeCTBO OTAE/IbHbIX 3/1IEMEHTOB, a
KaK eaunHoe uenoe.

TpaAnUMOHHBIV NPUMep CTPYKTYPbl — CTPOKA NaaTexXHoM BeAoMOoCTU. OHa COA4EPKUT TaKMe CBEAEHMA O C/YXKALLEM,
KaK ero nosiHoe MMsa, apec, HOMep KapTOYKM COLMANbHOIO CTPaxoBaHWA, 3apnnaTta M T. 4. HekoTopbie M3 3TUX
XapaKTEPUCTUK CaMM MOTYT BbITb CTPYKTypamMu: Hanpumep, MOJNHOE MMSA COCTOMT M3 HECKONbKUX KOMMOHEHT
(dammnmm, uMmeHuM 1 0TYECTBA); aHANOIMYHO aZpec, U Aaxke 3apnaarta. [pyroi npumep (bonee TMNMYHbIN ans Cu) —
13 061acTu rpadmKK: TOUKa ecTb Napa KOOPAMHAT, MPAMOYTrO/IbHUK eCTb Napa TOYEK U T. 4.

[NaBHble U3MEHEeHUA, BHeCeHHble cTaHgapTom ANSI B OTHOLWEHMU CTPYKTYp, — 3TO BBeAeHWe A/1A HUX onepauuu
npuceamsaHua. CTPYKTYpbl MOTYT KOMMPOBATbCA, Hag, HMMW MOFYT BbIMNOAHATLCA OMNepauumn NPuUcBamMBaHUA, UX
MOXHO nepeaasatb GYHKUMAM B KaYecTBe apryMeHToB, a GpyHKLMM MOTyT BO3BPALLATh UX B KaYecTBe pesynbTaTtos. B
60NbLIMHCTBE KOMMUAATOPOB Y)Ke [aBHO peasin3oBaHbl 3TU BO3MOMKHOCTU, HO Tenepb OHW TOYHO OroBOPEHbI
cTaHgapTom. [1na aBTOMATUUYECKUX CTPYKTYP M MacCUMBOB Tenepb TaKXkKe A0NyCKaeTca UHULMaAM3aums.

6.1. OcHOBHbIE CBeJeHHUd 0 CTPYKTypax
CKOHCTpyMpyem HeCKO/IbKO rpaduyecknx CTPyKTyp. B KauyectBe OCHOBHOro o06beKkTa BbICTyNaeT TOYKA C
KOOpAUHATaMMN X Ny LLenoro thna.

Bk
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YKa3saHHble ABe KOMMOHEHTbI MOXHO MOMECTUTb B CTPYKTYPY, O6bABAEHHYIO, HAaNnpMMep, caeayowmm obpasom:

struct point {
int x;
int y;

0b6bABNEHMNE CTPYKTYPbl HAUMHAETCA C KNHOYEBOTO C0BA Struct U COAEPKUT CNNUCOK 06bABAEHUI, 3aKNHOUEHHbIN B
dUrypHble CKOBKM. 3a CI0BOM St ruct MOXET CNefoBaTb UMSA, Ha3biBAEMOE me2om’ cmpyKmypbl, (point B Hawem
cnyyae). Ter AaeT HasBaHWE CTPYKTYpe AAHHOMo BUAA U AANEe MOMKET CAYKUTb KPpaTKUM 0603HaYeHMeM TOW YacTu
06bABAEHMSA, KOTOPAA 3aKNtoYeHa B GUTYpPHbIE CKOBKM.

nepeL-IVICJ'IEHHbIe B CTPYKTYypE nepemeHHble Ha3biBatlOTCA 3s1emeHmamu (members)m. NmeHa anemeHTOB U Teroe bes
KaKMX-1MBO KONAN3NIA MOTyYyT coBnagatb C UMEHaMU 06bIYHbIX nepemeHHbIX (T. €. He QﬂeMeHTOB), TaK KaK OHM BCeraa
pPasinuMMbl MO KOHTEKCTY. bonee Toro, ogHU 1 Te Xe MMeHa 31eMeHTOB MOryT BCTPeYaTbCA B PasHbIX CTPYKTypaXx,
X0TA, eCan cnegoBaTtb Xxopowemy CTUIKD NporpammumnpoBaHna, nydwle ogunHakoBble MMEHa OaBaTb TOJ/IbKO 6AU3KUM
no CMmbiChy obbeKkTam.

9 o
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YneHol cmpykmypsi. — [pumey. peo.



O6DbaABNEHNE CTPYKTYPbI onpeaenseT TUN. 3a nNpaBoit GpUrypHoM CKOOKOM, 3aKpbIBAOLLEN CIMCOK 31€MEHTOB, MOTYT
CnefoBaTb MepemMeHHble TOYHO TaK Ke, KaK OHM MOryT OblTb yKasaHbl Mocie Ha3BaHMA ntoboro 6asosoro Tvna.
Takum 06pas3om, BblparkeHue

struct {..} x, vy, zZ;
C TOYKU 3peHMA CUHTAKCMCA aHAIOMMYHO BbIPaXKeHUo
int x, v, z;

B TOM CMbIC/IE, YTO U TO U Apyroe obbABAAET X, V¥ U 7z NEPEMEHHbIMW YKa3aHHOIo TUMNa; U TO U ApYyroe NpuBeaeT K
BblAE/IEHUIO MAaMATM COOTBETCTBYIOLLENO pa3mepa.

ObbsABNEHNE CTPYKTYPbI, HE COoAepiKalleil CrUcKa NepemeHHbIX, He pe3epBUpPYeT NamaATM; OHO MPOCTO OMMUCLIBAET
wabnoH, nam obpasew, cTpyKTypbl. OAHAKO eCcAn CTPYKTYpa MMEEeT Ter, TO 3TUM TeroM Aafiee MOXKHO NoJb30BaThCA
npv onpeaeneHnUn CTPYKTYPHbIX 06beKToB. Hampumep, ¢ NOMOLLbIO 334aHHOrO Bbille OMMCAHUA CTPYKTYpbl point
CTpOKa

struct point pt;

onpeaenseT CTPYKTYPHYIO MepemeHHyo pt TMna struct point. CTPYKTYPHYIO NepemMeHHyl npu ee
onpeaeneHnn MOXKHO MHULMAAN3NPOBATb, GOPMUPYA CIMCOK MHULMANN3ATOPOB €€ 3/1eMEHTOB B BUAE KOHCTAHTHbIX
BblpaXKeHUN:

struct point maxpt = { 320, 200 };

MHULMANM3MpoBaTb aBTOMATMYECKME CTPYKTYPbl MOMKHO TaK¥Ke MNpucBauMBaHMEM WauM obpalieHMeM K GyHKLUK,
BO3BpPALLAIOLLEN CTPYKTYPY COOTBETCTBYIOLLEIO TUMA.

JocTyn K oTAeNbHOMY 3/1eMEHTY CTPYKTYPbI OCYLLECTBAAETCA NOCPeACTBOM KOHCTPYKLMM BUAA:
MMA—-CTPYKTYPE .. 9JIEMEHT

OnepaTtop A0CTyNa K 3/1eMEHTY CTPYKTYpbI . (TOYKa) coeanHAET MMA CTPYKTYPbI U MMA 31emeHTa. YTobbl HaneyaTaTb,
Hanpumep, KOopAMHaTbl TOYKU P, roamTca cneaytollee obpalleHne K printf:

printf ("%d, %d", pt.x, pt.y):;
Opyroi npumep: 4Tobbl BbIMUCAUTL PAacCTOAHME OT Hadvana koopauHart (0,0) Ao pt, MOXKHO HanucaTb

double dist, sqgrt(double);
dist = sqgrt((double)pt.x * pt.x + (double)pt.y * pt.vy);

CTPYKTYpbl MOTYT 6bITb BAIOXKEHbI Apyr B Apyra. OAHO M3 BO3MOXKHbIX NPeACTaBAeHUN NPAMOYroabHUKA — 3TO napa
TOYEK Ha yrnax o4HOM U3 ero AvMaroHaneu:

struct rect {
struct point ptl;
struct point pt2;



CTpYKTypa rect coaepKuT Age CTPYKTypbl point. ECAnM mbl 06BABUM screen Kak
struct rect screen;

TO

screen.ptl.x

obpalLaeTca K KoopanHaTte x TOYKU ptl U3 screen.

6.2. CTpyKTyphbl U QYHKIUU
E,CI,MHCTBEHHO BO3MOXHblE onepaunn Haa CTPYKTypamhn — 3TO UX KONnpoBaHuUe, npmucBanBaHue, B3ATUE aapecCa C
NOMOLbIO & M OCywecTB/eHNe AOCTyNna K ee 3/1eMEeHTaM. KOI'IVIpOBaHVIe 1 npucBanmBaHme TaKxKe BK/IHOYAOT B cebA
nepefady GyHKUMAM apryMeHTOB M BO3BPaAT MMM 3HauYeHWUn. CTPYKTypbl HENb3A CpaBHMBaTb. MHULMann3nMposaTb
CTPYKTYPY MOXHO CMUCKOM KOHCTAHTHbIX 3HauYeHun ee 3/1eMEeHTOB; aBTOMATUYECKYIO CTPYKTYpYy TaKXe MOXHO
MHULMANM3NPOBaTb NPUCBANBAHUEM.

YT106bl Nydlle MO3HAKOMUTbLCA CO CTPYKTYPaMM, Hanulem HEeCKONbKO GYHKUMK, MaHUMYAMPYIOWMUX TOYKaMU U
NPAMOYrolibHMKamu. Bo3HMKaeT BOMPOC: a Kak nepefasBaTb GYHKUMAM Ha3BaHHble 06bekTbl? CylecTsyer no
KpaliHell mepe TpM noaxoda: nepenasaTb KOMMOHEHTbl NO OTAE/bHOCTM, NepeaaBaTh BCIO CTPYKTYPY LESIMKOM M
nepeaasaTh YKasaTenb Ha CTPYKTYpY. KaxKablii noaxoa MMeeT CBOW NChl U MUHYCbI.

MepBan dyHKUMA, makepoint, NoAyYaeT 4BA LE/bIX 3HAUYEHMS U BO3BPALLLAET CTPYKTYpY point.

/* makepoint: dbopMuMpyeT TOUKY 10 KOMIIOHEHTamM X u y */
struct point makepoint (int x, int vy)
{

struct point temp;

temp.x = X;

temp.y = y;

return temp;

3aMeTM: HUMKAKOro KOHGAUKTa Mexay MMeHeM aprymeHTa U MMeHem 3/7eMeHTa CTPYKTYpbl He BO3HUKaeT; bonee
TOro, CX0ACTBO NOAYEPKMUBAET POACTBO 0603HAYaEMbIX MM 06 BHEKTOB.

Tenepb ¢ nomolubo makepoint MOMHO BbINOAHATL AMHAMWMYECKYHO MHULMANM3AUMIO N0OOW CTPYKTYpbl MK
bopMMnpoBaTb CTPYKTYPHbIE apryMeHTbl A4/1A TOW AN MHOW GYHKLUK:

struct rect screen;
struct point middle;
struct point makepoint (int, int);

screen.ptl = makepoint (0, 0);

screen.pt2 = makepoint (XMAX, YMAX) ;

middle = makepoint ((screen.ptl.x + screen. pt2.x)/2,
(screen.ptl.y + screen.pt2.vy)/2);

Cneaylowmii Wwar coctouT B onpegeneHum paga QyHKLMI, peanvsylowmx pasindyHblie onepauuu Hag Toukamu. B
KayecTse NpuMmepa PacCMOTPUM CAeayoLWyo GYHKUMIO:

/* addpoint: crjoxeHMe IOBYxX TOouek */
struct point addpoint (struct point pl, struct point p2)

{
pl.x += p2.x;



pl.y += p2.y;
return pl;

3aecb 06a aprymeHTa v BO3BpalLaeMoe 3HayeHue — CTPYKTYpbl. Mbl yBEAMUMBAEM KOMMNOHEHTbI NMPAMO B Pl U He
NCMO/Ib3yEM 415 3TOr0 BPEMEHHOW NepemeHHOM, YTobbl NoAYEPKHYTb, YTO CTPYKTYPHbIE NapameTpbl NepeaatoTcs no
3HAYEHMIO TaK ¥Ke, KaK 1 Nitobble apyrue.

B KauecTBe Apyroro npumepa npueegem QyHKUMIO ptinrect, KOTOpas NPOBEPAET: HAXOAMUTCA /I TOUKA BHYTPU
NPAMOYrO/IbHUKA, OTHOCUTE/IbHO KOTOPOro Mbl MPUHMMAEM COT/aleHUe, YTO B HEro BXOAAT €ro /ieBas M HUMKHASA
CTOPOHbI, HO HE BXOAAT BEPXHAA U NpaBas.

/* ptinrect: BozBpamaer 1, ecaum p B ', u 0 B IPOTMBHOM cCJjyudae */
int ptinrect (struct point p, struct rect r)

{
return p.x >= r.ptl.x && p.x < r.pt2.x
&& p.y >= r.ptl.y && p.y < r.pt2.y;

34ecb nNpeanosiaraeTcs, YTo MPSAMOYFOAbHUK MNPeACcTaBAeH B CTaHAAPTHOM BMAE, T. €. KOOPAMHATbl TOYKM ptl
MEHbLLE COOTBETCTBYIOLLMX KOOPAMHAT TOYKM pt 2. Cregyrowan GyHKUMA rapaHTUPYET NOyYeHne NPAMOYro/ibHMKa
B KAHOHWYECKOM BUAE.

#fdefine min(a, b) ((a)
#fdefine max(a, b) ((a)

/* canonrect: KaAaHOHMS3AaLMA KOOPIMHAT NPAMOYTOJIbHMKA */
struct rect canonrect (struct rect r)

{

struct rect temp;

temp.ptl.x = min(r.ptl.x, r.pt2.x);
temp.ptl.y = min(r.ptl.y, r.pt2.vy);
temp.pt2.x = max(r.ptl.x, r.pt2.x);
temp.pt2.y = max(r.ptl.y, r.pt2.vy);

return temp;

Ecan ¢yHKUMKM nepepaetca 6onblias CTPYKTypa, TO, YemM KOMNUpPOBaTb ee LUennkoMm, 3ddekTMBHee nepenaTb
yKasaTenb Ha Hee. YKasaTe/M Ha CTPYKTYPbl HMYEM He OT/IMYaloTCA OT yKasaTesel Ha obblyHble nepemeHHble.
ObbasneHue

struct point *pp;

coobLaeT, YTO PP — 3TO YKasaTeslb Ha CTPYKTYpY TMNa struct point. ECAM pp yKasbiBaeT Ha CTPYKTypy point,
TO *pp — 3TO cama CTPYKTYpa, a (*pp) . X U (*pp) .y — ee anemeHTbl. icnonb3ys yKasatenb pp, Mbl MOTAN Obl
HanucaTtb

struct point origin, *pp;
pp = &origin;
printf ("origin: (%d,%d)\n", (*pp).x, (*pp).Vy):

CKOBKM B (*pp) .x HeobxoAmmbl, MOCKONbKY MPUOPUTET Oonepatopa . Bbille, Yem NPUOPMUTET *. BblpaxeHue
*pp . x By4eT NPOUHTEPNPETUPOBAHO KaK * (pp . X), YTO HEBEPHO, MOCKObKY PP . X HE ABNAETCA yKasaTeNeM.



YKasaTenu Ha CTPYKTYpbl MCNOAb3YIOTCA BECbMa 4acTo, MO3TOMY A/1A AO0CTYNa K ee 31eMeHTam bblna npuaymaHa euie
oAHa, 6onee KopoTKkaa popma 3anmcu. Ecam p — yKkasaTenib Ha CTPYKTYpY, TO

P —> BJEeMeHT-CTPYKTYPE

€CTb ee OTAeNbHbIN 3nemeHT. (OnepaTtop —> COCTOMT U3 3HAKa —, 3a KOTOPbIM Cpa3y cinedyeT 3HaK >.) Moatomy
printf MOXHO nepenucaTb B BUAE

printf ("origin: (%d,%d)\n", pp->x, pPpP->V);
OI'IEpaTOpr . N —> BbINONHAKOTCA C/NEBA HaMpaso. Taknm 06pa30M, npu Haan4ymum obbaBNeHuA
struct rect r, *rp = &r;

cnefytollme YeTbipe BblparxkeHua ByayT SKBUBANEHTHbI:

r.ptl.x
rp->ptl.x
(r.ptl) .x
(rp->ptl) .x

Onepatopbl AOCTYNa K 3/IeMeHTaM CTPYKTYpPbl . M —> BMECTE C OnepaTopamu Bbi3oBa QYHKLUMM () WU MHAEKcALUU
mMaccvBa [] 3aHMMAlOT CaMOe BbICOKOE MOJIOKEHWE B MEPApPXMWU MPUOPUTETOB U BbIMNOAHAIOTCA pPaHblie /o6bIX
Apyrvx onepatopos. Hanpumep, ecnu 3agaHo obbaBneHUe

struct {
int len;
char *str;
}o*ps

TO
++p->1len

YyBEANUYUT Ha 1 3HaAYeHMe 3N1eMeHTa CTPYKTYpbl len, a He yKasaTe/lb p, MOCKOJIbKY B 3TOM BbIPa)KeHUW Kak Obl
HEABHO MPUCYTCTBYIOT CKOBKU: ++ (p—>1en). YTOObl U3MEHUTb NOPALOK BbINOJHEHMA OMNEPaLU, HYKHbI SBHbIE
CKOBKM. Tak, B (++p) —>1en, npexae Yem B3sTb 3HaYeHMe len, Nporpamma NpUpacTuT ykasatenb p. B (p++) -
>len yKasaTenb p YBE/NMUYMTCA NOCAe TOro, Kak byaeT B3ATO 3HayeHWe len (B nocnesHem Clyyae CKOBKM He
obAsaTenbHblI).

Mo Tem Xe npaBunam *p->str obo3HaYaeT CoAepKMMoe 0b6beKTa, Ha KOTOpbIM yKasbiBaeT str; *p->str++
NPUPAcTUT yKasaTesb str Mnocie NoJiyyeHns 3HavyeHus O06beKTa, Ha KOTOPbIM OH YKasbiBan (Kak W B BbIpaXKeHUU
*s++); (*p->str) ++ yBeANUUT 3HaYeHMe 06bEeKTA, Ha KOTOPbIW YKasblBaeT str; *p++->str yBeNMYMT p nocse
No/ly4YeHnaA TOro, Ha YTO YKasblBaeT str.

6.3. MaccuBHBI CTPYKTYP

PaCCMOTpMM nporpammy, onpegenarouyro 4mcno BXO)K,EI,EHMVI KaX4o0ro Ka4eBoro c€n1oBa B TEKCT CM-I'IpOI'paMMbI.
Ham HYXXHO YMETb XPaHUTb K/IKOYEBbLIE C/10Ba B BUOE MACCMBA CTPOK U CHETYUKM KNKOYEBLIX C/10B B BNOE MaCCUBa
Lenbix. O,EI,VIH M3 BO3MOXHbIX BAPUAHTOB — 3TO MMETb ABa Napasne/ibHbIX MaCCuBa:

char *keyword|[NKEYS];
int keycount [NKEYS];

OAHaKo MMEHHO TOT GaKT, UTO OHM MapaniesbHbl, NOACKA3bIBAET HAaM APYryl0 OpraHM3auMio XpaHeHus — Jyepes
MacCuUB CTPYKTYp. Kaxaoe KaouyeBoe C/I0BO MOXKHO ONMCaTb Napon XapakTepucTmk



char *word;
int count;

Takue napbl COCTAaB/IAKOT MaCCUB. O6bsaBneHune

struct key {
char *word;
int count;

} keytab[NKEYS];

06bABAAET CTPYKTYPY TUMA key M onpeaenser MaccuB keytab, Kaxabld 31eMeHT KOTOPOro ABAAETCA CTPYKTYpOW
3TOr0 TMNAa U KOTOPOMY rAe-To ByaeT BblAeneHa NaMATb. ITO Ke MOXHO 3anMcaTh U No-Apyromy:

struct key {
char *word;
int count;
}i
struct key keytab[NKEYS];

Tak Kak keytab cOAEpPXWUT MOCTOAHHbIM Habop MMeH, ero Jferde BCEro cAenaTb BHEWHWM MacCMBOM M
WHULMANMU3MPOBaTb OAMH pPa3 B MOMEHT onpeaeneHus. WHUUMANU3auMa CTPYKTYP aHalorMyHa paHee
[EMOHCTPUPOBABLLMMCA UHULMANM3AUNAM — 33 onpeaeneHMemM cneayeT CUCOK MHULMaAN3aTOPOB, 3aKNH0UYEHHbI

B UrypHble CKOBKM:

struct key {
char *word;
int count;

} keytab[] = {
"auto", O,
"break", 0,
"case", O,
"char", 0O,
"const", O,
"continue", O,
"default", O,
"unsigned", 0,
"void", O,
"volatile"™, O,
"while", O

MHWumanmsaTopbl 3agatoTcA napamu, yYTobbl COOTBETCTBOBATb KOHQMIrypauuu CTpyKTypbl. CTporo rosops, napy
WHULMANN3ATOPOB AJ/1A KaXKAOW OTAE/NbHOM CTPYKTYpbl CNefoBano Obl 3akAlUUTL B QUIypHble CKODOKM, Kak,
Hanpumep, B

{ "auto", 0 1},
{ "break", 0 },
{ "case", 0 },

OpaHako Korga MHULUMANN3ATOPbl — MNPOCTbleé KOHCTAHTbl U1 CTPOKKU CMMBOJIOB U BCE€ OHU MMEKTCA B Ha/IM4YUN, BO
BHYTPEHHUX CKOBKax HeT HeO6XOAMMOCTVI. Yucno anemeHTOB Maccuea keytab 6y,a,eT BbIMUCNEHO MO KO/NIMYeCTBY

MHNUNANN3aTOPOB, MOCKOJIbKY OHU npeacrtas/ieHbl NMOJIHOCTbHO, @ BHYTPU KBAaAPATHbIX CKOBOK" [ ]" HMuero He

3afaHo.



Mporpamma noAcyeTa K/AKOYEBbIX C/IOB HauMHaeTca C onpegeneHus keytab. lMporpamma main 4YMTaeT BBOA,
MHOTOKpaTHO obpallasnch K PyHKUMKM getword M Nonydas Ha KarkaoM ee Bbi3oBe ouepeaHoe cnoBo. Kaxaoe cnoBo
nwetcs B keytab. [na aToro ncnosnbsyetca pyHKUMA BMHAPHOrO NOUCKa, KOTOPYH Mbl Hanucanau B rnase 3. CnMcok
K/II0YEBbIX C/IOB A0/IXKEH ObITb ynopaao4yeH B andaBUTHOM MOPAAKE.

#include <stdio.h>
#include <ctype.h>
#include <string.h>

#define MAXWORD 100

int getword(char *, int);
int binsearch(char *, struct key *, int);

/* momcueT KJIYEeBEIX CJIoB 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;

/* binsearch: HamTm cioeo B tab[0] ... tab[n - T] */
int binsearch(char *word, struct key tabl[], 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;

}

YyTb Mo33Ke Mbl paccMoTpum OyHKUMIO getword, a ceiiyac Ham A0CTaTOYHO 3HAaTb, YTO MPU KaXKAOM ee Bbl3oBe
no/ly4yaeTcs oyepeaHoe C0BO, KOTOPOE 3aNOMUHAETCA B MacCUBe, 3a4aHHOM MEePBbIM apryMeHTOM.



NKEYS — KOAM4YeCcTBO KJIHOYeBbIX C/IoB B keytab. XoTs Mbl moraiu 6bl noAacYnUTaTb YNCNO TAKUX CNOB BPYYHYHO,
ropasgo nerye m 6esonacHel caenatb 3TO C NOMOLWbIO MallUHbI, 0COOEHHO eCc/IN CMUCOK K/KYEBbIX C/IOB MOMKET
6bITb U3MEHEH. OAHO 13 BO3MOXHbIX peLLIeHVIﬁ — NOMeCTUTb B KOHel, CMNUCKa MHNLIMAIN3aTOpPOB I'IyCTOl‘;I YKa3saTte/sb

(NULL) v 3aTem nepebupathb B LMKAE 3/1eMeHTbl keytab, NOKa He BCTPETUTCA KOHL,EBOW 3/1EMEHT.

Ho BO3MOXHO ¥ 6osiee npoctoe pelueHne. MMOCKONAbKY pasmMep MaccMBa MOJHOCTbIO OnpeaeneH BO Bpems
KOMMUAALUN U paBeH NPOM3BEAEHMIO KOIMYECTBa 3/1eMEHTOB MaccuBa Ha pasMmep ero oTAe/IbHOro 31eMeHTa, YMC/Io
3/1IEMEHTOB MaCcCMBa MOMKHO BbIUUCIUTbL MO Gpopmysie

pasmep keytab / pasmep struct key

B Cv umeeTcs yHapHbIlM onepatop sizeof , KOTopbll paboTaeT BoO BpeMsa KOMNUAALMUK. Ero MOXKHO NpuUmMeHaTb ann
BblYMCNEHMSA pa3mepa Ntoboro o6beKTa. BbiparkeHus

sizeof ob6rexT
7

sizeof (mmMmsa-THIA)

BbIAIOT Lie/Ible 3HAYeHUs, paBHble pa3Mepy yKasaHHOro obbekta uau Tuna B 6ainTax. (CTporo rosops, sizeof
BblJaeT 6e33HaKkoBOe Lefoe, TUN KOTOPOro size t onpegeneH B 3arofoBo4HOM Qaiine <stddef.h>.) Yto
KacaeTcA 0b6beKTa, TO 3TO MOXeT ObiTb NepemMeHHas, MacCMB WAW CTPYKTypa. B KayecTBe MMeEHM Tuna MOXKeT
BbiCTynaTb Mmsa 6asoBoro tMna (int, double...) WA MMA NPOM3BOAHOIO TWMA, HaNPUMeEP CTPYKTYPbl WK
yKasaTens.

B Hawem cnyyae, 4Tobbl BbIMUCAUTL KOAMYECTBO K/HOYEBBIX C/IOB, Pa3Mep MacCuBa Hago NOAENUTb Ha pasmep
OAHOro 3/neMeHTa. YKa3aHHOEe BbIYUCNEHWE WCMOMb3YeTCA B MHCTPYKUMM fdefine ANa yCTaHOBKM 3HAYeHMs
NKEYS:

#define NKEYS (sizeof keytab / sizeof (struct key))

JTOT Xe pPe3ynbTaT MOXHO NOAYYUTb OPYyrMm cnocobom — noaennTb pasamep MacCMBa Ha pasmMep KaKoro-to ero
KOHKPETHOIO 3/1eMeHTa:

#define NKEYS (sizeof keytab / sizeof keytab[0])
MpenmyLLecTso Takoro poa 3anmcen B TOM, YTO MX HE HaA0 KOPPEKTMPOBATb NPU U3SMEHEHUWN TUNa.

MocKonbKy Npenpoueccop He obpallaeT BHUMAHMA HAa MMEHA TUMNOB, onepaTop sizeof Henb3A NPUMEHATb B #1f.
Ho B #de fine BblpaxeHWe NPenpoLEeccopoM He BbIMMCNAETCA, TaK YTO NPea/IoKeHHaA HaMM 3anncb A4oNyCcTUMma.

Tenepb noroBopuMm 0 OYyHKUMM getword. Mbl Hanucann getword B HeCcKonbKo 6onee obuiem Buae, 4yem
TpebyeTca ANA HalWel Nporpammbl, HO OHa OT 3TOrO He CTaja 3amMeTHO cnokHee. DYyHKUMA getword 6epeT u3
BXOAHOro NOTOKa cneaytouwee "cioeo". Moa c10BOM NOHUMAETCA LLenoyka byks-Lmdp, HauMHatowancs ¢ 6yKBbl, UK
OTAENbHbIN CUMBOA, OTAINYHBIA OT CMMBO/a-pasaenutens. B cayvae KoHua daina dyHKuma sosspawaetr EOF, B
OCTa/ibHbIX CyYanx ee 3Ha4YeHUeM ABAETCA KO/ NepBoro CMMBO/Ia C/10Ba UM Cam CUMBO, €C/IN 3TO He ByKBa.

/* getword: mpwHMMaeT clenynillee CJOBO MM CUMBOJ M3 BBOIa */
int getword (char *word, int 1im)
{

int ¢, getch(void);

void ungetch (int) ;

char *w = word;

while (isspace(c = getch()))
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if (c != EOF)

*wtt+ = c;
if (!isalpha(c)) {
*w o= '\0"';

return c;

}

for (; --1lim > 0; w++)
if (!isalnum(*w = getch())) {
ungetch (*w) ;
break;
}
*w o= "\0"';

return word[0];

PyHKuMA getword obpalwaeTtcs K getch n ungetch, KoTopble Mbl Hanncanu B rnase 4. Mo 3aBepweHMnN Habopa
b6yKB-LMdp OKasbIBaeTcA, YTO getword B3ana AMWHUN cumBon. ObpalweHne K ungetch No3BoAAeT BEPHYTb ero
Ha3ag BO BXOAHOM NOTOK. B getword ncnonb3yoTca Takke 1isspace — Ana Nponycka CMMBOI0B-pa3aenmTesnen,
isalpha — ana maeHtudumkaumm 6ykB M isalnum — ANnA pacnosHaBaHuA 6yks-umodp. Bce oHM onucaHbl B
CTaHAAPTHOM 3aro/IoBOYHOM daline <ctype.h>.

YnpaxHeHue 6.1. Hawa Bepcua getword He obpabaTbiBaeT A40KHbIM 06pa3oM 3HAK NOAYEPKUBAHUSA, CTPOKOBbIE
KOHCTaHTbl, KOMMEHTApMM W yNpaBAsAlOWME CTPOKM npenpoueccopa. Hanuwwute 6onee coBeplUEHHbIN BapuaHT
nporpammebi.

6.4. YKa3aTe/i1 Ha CTPYKTYpbI

Ons  nMAniCcTpaumMmM HEeKOTOPbIX MOMEHTOB, KacCaloWMXCA YKasaTesel Ha CTPYKTypbl M MacCMBOB CTPYKTYP,
nepenuwem nporpaMmmy noacyeta KAk4eBbliX CN0B, MONb3yACb ANA MNONAYyYEHUA 3I3/1EMEHTOB MaCCUBa BMeCTO
WHAOEKCOB YKa3aTenamMum.

BHelwHee o06bABNeHME MaccuBa keytab ocTaeTcs 6e3 M3MeHeHMA, a main WM binsearch HYXHO
moamduumpoBaTb.

#include <stdio.h>
#include <ctype.h>
#include <string.h>

#define MAXWORD 100

int getword(char *, int);
struct key *binsearch(char *, struct key *, int);

/* nomcueT KJOUEBHX CJIOB CUM: Bepcusa C yKasaTeasaMmu */
main ()
{

char word [MAXWORD];

struct key *p;

while (getword(word, MAXWORD) != EOF)
if (isalpha (word[0]))
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: "HamTtu ciaoeo word B tab[0]...tab[n-1] */
struct key *binsearch(char *word, struct key *tab, int n)

{
int cond;
struct key *low = &tab[0];
struct key *high = &tab[n];
struct key *mid;

while (low < 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;

HekoTopble geTann 3Toil nporpammbl TPebyroT nosscHeHU. Bo-nepsbix, onncaHne ¢yHKUMKM binsearch AOAXKHO
OTparkaTb TOT (aKT, YTO OHA BO3BPALLLAET YKa3aTeNb Ha struct key, a He Lenoe; 3To 06bABNEHO Kak B NpoTOTUNE
byHKUMK, Tak U B dyHKUMKM binsearch. Ecam binsearch HaxoauT CNoBO, TO OHA BblAAET yKasaTesb Ha Hero, B
NPOTMBHOM cnydae oHa Bo3spawaetr NULL. Bo-BTopbix, K anemeHTam keytab pocTyn B Hawel nporpamme
OCYLLEeCTBAAETCA Yepe3 yKasaTenn. ITo NoTpeboBaso  3HAUYUTENbHbIX M3MEHEeHW B binsearch.
NHuunanmsatopamm gna 1ow n high Tenepb CAyXKaT yKa3aTe/IM Ha HAYano M Ha MeCTO Cpasy Nocae KOHLLA MmaccuBa.
BbluMcneHNe NONOKEHUA CPEeAHErO 3/1EMEHTA C MOMOLLbIO GOPMY bl

mid = (low + high) / 2 /* HEBEPHO */

He roauTcA, NOCKO/IbKY YKa3aTenu Henb3A CKAagbiBatb. OAHAKO K HAM MOXKHO NPMMEHUTb Onepaumio BblYMTAHUA, U
Tak Kak high—1ow eCTb YAC/I0 3/1IeMeHTOB, NpMCcBanBaHmne

mid = low + (high-low) / 2
npeBpaTUT mid B yKa3aTe/b HA 3/IEMEHT, IeXaLLUM nocepeanHe mexay Low n high.

Camoe BaxHOe NpW Mepexoae Ha HOBbIM BapuaHT NPoOrpammbl — cAenaTb TaK, 4yTobbl He reHepuMpoBaaMUChb
HenpaBWAbHble yKa3aTenn U He 6bIN0 NONbITOK 06paTUTLCA 3a Npeaesnbl maccuea. MNpobnema B Tom, YTo U &tab [ -
1], n &tab[n] HaxogaTca BHe rpaHUL, maccvBa. [lepBbl aapec onpefesieHHO HEeBEepeH, Heslb3fA TaKkKe
OCYLWWeCTBUTb AOCTYN M MO BTOpPOMYy agpecy. o npaBunam A3blka, OAHAKO, rapaHTUPYETCA, YTO adpec AYenKu
NnamaATH, creaytollein cpasy 3a KOHLOM maccuBa (T. e. &tab[n]), B apudmeTrKe C yKasaTensamm BOCNIPUHUMAETCA
NpPaBuIbHO.

B rnaBHoM nporpamme main Mbl HanMcanm

for (p = keytab; p < keytab + NKEYS; p++)



Ecnv p — 3T0 yKasaTeslb Ha CTPYKTYPY, TO NPW BbINONHEHMM ONepaunii C p YYUTLIBAETCA pasmep CTPYKTYpbl. MosTomy
p++ YBEMYUT P Ha TAKYIO BEJIMUMHY, YTOObI BbITU Ha CleayroWwmii CTPYKTYPHbIM 31eMeHT MaccuBa, a NpoBepKa
YC/10BUA BOBPEMA OCTAHOBUT LK.

He cnepyeT, oaHako, monaraTtb, YTO pasmep CTPYKTYpbl PaBeH CyMMme pasMepoB ee 31emeHToB. Bcneacrtsue
BblpaBHMBAHNA OOBEKTOB PA3HON AJIMHbI B CTPYKTYPe MOTYT NoaBaATbcA 6e3biMAHHble "aApipbl”. Hanpumep, ecaun
nepemeHHas TMna char 3aHMMaeT oamH 6aiT, a int — JeTbipe H6anTa, TO ANA CTPYKTYPbI

struct {
char c;

int 1i;

MOXeT ﬂOTpe6OBaTbCﬂ BOCEMb 6aﬁTOB, a He NATb. OnepaTop sizeof Bo3BpalaeT NpaBuU/bHOE 3HAYeHMe.

HaKoHeL, HecKonbKo CNoB OTHOCUTENbHO dopmaTta nporpammbl. Eciv GyHKUMA BO3BpaLLAeT 3HaUYEHWE CI0XKHOro
TUNa, KaK, HanNpMMep, B HalLleMm C/ly4ae OHa BO3BPALLAET YKasaTe b Ha CTPYKTYpY:

struct key *binsearch (char *word, struct key *tab, int n)
TO "BbICMOTPETL" MMA GYHKLMM OKa3bIBAETCA COBCEM HE NPOCTO. B NoA06HbIX CAyYanx MHOT4A NULLYT Tak:

struct key *
binsearch (char *word, struct key *tab, int n)

Kakoit ¢opme oTaaTb npeanouyteHne — Aeno BKyca. BbibepuTe Ty, KoTopaa 6onblue BCEro Bam HPABWUTCA, U
npuaepKMBanTecsb ee.

6.5. CTPYKTypBHI CO CCBIJIKAMHU Ha Ce64

MpeanonoXnum, 4YTo Mbl XOTUM peLunTb 6onee ob6LLYI0 33434y — HanucaTb NPOrpamMmmMy, NOACHMTLIBAOLLYO YacTOTy
BCTpe4YaeMoCThn AanAa n0bbix cnos BXOAHOro NOTOKA. Tak KaK CNUCOK CnoB 3apaHee He MU3BeCTeH, Mbl HEe MOXXem
npegBapuTenbHO ynopAaao4YnTtb €ro U nNpUMeEHUTb 6VIHaprIVI nouck. bbino 6ol HEepPa3yMHO MNOo/1b30BaTbCA WU
JIMHENHBIM MOUCKOM KaxXaoro nony4yeHHoOro cnosa, 4TOObI onpeaenAatb, BCTPeY4anoCb OHO paHee UM HET — B 3TOM
cny4yae nporpamma pabotana 6bl cAUWKOM MeaneHHo. (Bosiee TouHaA oueHKa: Bpema paboTbl TaKoM MporpaMmbl
NPONoOpLMOHaNbHO KBagpaTy KOMMYECcTBa C/10B.) Kak MOXHO OpraHn3oBaTb AaHHble, YTO6bl 3PpPEKTUBHO CNpaBUTLCA
CO CMMUCKOM NPOUn3BOJIbHbIX cnos?

OavH u3 cnocoboB — MOCTOSHHO MOAAEPHKMBATL YNOPAAOUYEHHOCTb YXKE MOJYYEHHbIX C/10B, NMOMEeLAs KaxKaoe
HOBOE C/I0BO B TaKOe MecTo, YTobbl He HapyLlanacb MMEIOLLAACA YNOPAAOYEHHOCTb. [enaTth 3TO nepeaBuKKOMN Cnos
B /IMHEMHOM MaccuBe He cieayeT, — XOoTa 6bl NOTOMY, YTO YKasaHHaA Npoueaypa ToXKe CAUWKOM Aonras. Bmecro
3TOrO Mbl BOCNO/Ib3yeMCA CTPYKTYPOI AaHHbIX, Ha3blBaeMOI BUHAPHbIM Oepesom.

B AepeBe Ha Kaxgoe oTaenbHoe CN0BO NpeaycMoTpeH "y3en", KoTopbiid COAEPKUT:

® yKasaTe/lb Ha TEKCT C/10Ba;
®  CYETUYMK YMCna BCTPEYaeMOoCTH;

® yKasaTe/ib Ha NEBbIN CbIHOBHUI y3e;
® yKasaTe/ib Ha NPaBblii CbIHOBHWUI y3en.

Y Kaxaoro yssia moxeTt 6bITb OAWH UK ABa CbiHA, NN y3en BOO6LLI,e MOXET HEe MMETb CbIHOBEN.

Y3nbl B AepeBe pacnonaratoTcAa Tak, YTO MO OTHOLEHWUIO K Atobomy y31y sieBoe NOAAEPEBO COAEPNKUT TOJIbKO Te
CN10BA, KOTOPble NEKCUKOrpadUUECcKn MeHblUe, YeM CNIOBO AaHHOTO Y313, a NpaBoe — C/I0Ba, KoTopble H6o/blue Hero.
BOT KaK BbIrnaauT Aepeso, noctpoeHHoe ansa ¢pasbl "now is the time for all good men to come to the aid of their



party" ("HacTano spemsa Bcem A06pbIim N0AAM MOMOYb CBOEW NapTumn'"), No 3aBepLlleHUN NpoLecca, B KOTOPOM AN
Ka*K4oro HOBOTO C/10BA B HEro f06aBAACA HOBbIN y3en:

YT106bI ONpesennTb, NOMELLEHO NN Y}Ke B AepeBo BHOBb MOCTYNMBLUEE CA0BO, Ha4YMHAKOT C KOPHA, CPaBHMBAA 3TO
CNI0BO CO C/IOBOM M3 KOPHEBOTO Y3na. Ecam oHM coBnanu, To OTBET Ha BOMPOC — MONOMKUTENbHbIN. ECn HOBOe cnoBo
MeHbLle CN0Ba U3 AepeBa, TO NOMCK NPOAOKAETCA B IEBOM NoaJepese, ecan 6onbliue, To — B npaBom. Ecam xe B
BbibBpaHHOM HanpaBieHUU noaJepesa He OKas3afioCb, TO 3TOrO CNOBa B JepeBe HeT, a MNycTylollas nosuums,
rosopsiias o6 oTcyTCTBMM NoadepeBa, Kak pas U eCTb TO MECTO, KyAa HY»KHO "noaBecuTb" y3en ¢ HOBbIM C/IOBOM.
OnucaHHbIM NpoLecc Mo CyTU PEKYPCUBEH, TaK Kak NMOWUCK B I0BOM y3/1e UCNoNb3yeT pesy/ibTaT NoUCKa B O4HOM U3
CBOMX CbIHOBHMX Yy3/10B. B cooTBeTCTBMM C 3TMM ana AobaBneHua ysna M neyatM Aepesa 34ecb Haubonee
€CTeCTBEHHO NPUMEHUTb PeKypCcUBHbIe GYHKLUK.

BepHemca K onncaHuio y3na, Kotopoe yﬂ,O6HO npeacTtaBuTb B BUAE CTPYKTYPbI C HETbIPbMA KOMMNOHEHTAMMUA:

struct tnode { /* ys3en mepera */
char *word; /* ykasaTejsb Ha TekcT */
int count; /* umMCIO BXOXIOeHUM */
struct tnode *left; /* mneBwli CHH */
struct tnode *right; /* npaBwi celH */

MprBeaeHHOE PEKYPCUBHOE ONpeaesieHne y3a MOXKET NOKa3aTbCA PUCKOBAHHbLIM, HO OHO NpaBuabHoe. CTpyKTypa
He MOXKEeT BKo4aTb camy cebs, HO Beab

struct tnode *left;
obbaBnAeT left Kak ykasatesnb Ha tnode, a He cam tnode.

MHoraa BO3HMKAeT NOTPebHOCTb BO B3aMMOCCHINAOLLMXCA CTPYKTypax: ABYX CTPYKTYpaX, CCbINAOLLMXCA APYr Ha
Apyra. Mprem, No3BONAOWMIA CNPaBUTLCA C 3TON 3a4a4en, 4EMOHCTPUPYETCA Caeayowmm pparmeHTOM:

struct t {

struct s *p; /* p ykaswBaeT Ha S */
bi

struct s {

struct t *qgq; /* q yxaswBaeT Ha t */

Bca nporpamma yauMsuTenbHO mMana — npasAa, OHa MCNONb3yeT BCMOMOraTenbHble Nporpammbl Bpoae getword,
y)e HanucaHHble Hamu. [haBHasA nporpamma 4yuMTaeT c/10Ba € NOMoLWpb getword W BCTaBAAeET UX B AEpPeBO
nocpeactsom addtree.

#include <stdio.h>
#include <ctype. h>
#include <string.h>



#define MAXWORD 100

struct tnode *addtree(struct tnode *, char *);
void treeprint (struct tnode *);
int getword(char *, int);

/* MomcueT yacTOTHl BCTPEUYaeMOCTM CJIOB */
main ()
{

struct tnode *root;

char word[MAXWORD] ;

root = NULL;
while (getword (word, MAXWORD) != EOF)
if (lsalpha (word[0]))
root = addtree(root, word);
treeprint (root) ;
return 0;

dPyHKuMA addtree pekypcuBHa. MepBoe cNoBo GYHKUMA main NomellaeT Ha BEPXHUI ypoBeHb AepeBa (KopeHb
nepeBsa). Kaxaoe BHOBb NOCTynuBLIee C/I0BO CPaBHMBAETCA CO C/IOBOM y3/1a M "morpyxaerca" wau B nesoe, Uan B
npaBoe NoAAepeBo C MOMOLLbIO PeKypcuBHOro obpalleHus K addtree. Yepes HeKoTopoe Bpemsa 3TO CAOBO
obAsaTenbHO NMBO coBMaAET C KaKMM-HUBYAb M3 MMEIOLLUXCA B AepeBe CNOoB (B 3TOM C/yyae K cyeTyuky byaet
pobasneHa 1), ninbo nporpamma BCTPETUT MYCTYIO NO3ULUIO, YTO MOCAYKUT CUTHANOM 418 CO34aHMA HOBOTO y31a U
nobasneHus ero K gepesy. Co3gaHMe HOBOMO y3/la COMPOBOXAAETCA TeM, YTo addtree BO3BpallaeT Ha Hero
YKa3aTe b, KOTOPbI BCTAaBAAETCA B y3€/ pOAUTENS.

struct tnode *talloc (void);
char *strdup(char *);

/* addtree: mobaBjgeT y3eJI CO CJIOBOM W B P WM HMWXe Hero */
struct tnode *addtree(struct tnode *p, char *w)
{
int cond;
if (p == NULL) { /* cjioBO BCTpeuaeTCs BIepBbe */
p = talloc(); /* cosmaeTcda HOBHM y3en */
p->word = strdup(w) ;
p->count = 1;
p->left = p->right = NULL;
} else if ((cond = strcmp(w, p->word)) == 0)
p->count++; /* 5TO CJOBO yXe BCTpeuajiochb */
else if (cond < 0) /* MeHbIle KOPHS JIEBOTO MMoamepena */
p->left = addtree(p->left, w);
else /* BoJblle KOPHA MNPaBoTO nommepersa */
p->right = addtree(p->right, w);
return p;

MamATb ANA HOBOro y3/1a 3anpalnBaeTcA C MOMOLbIO Nporpammbl talloc, KOTOpana BO3BpalLaeT yKasaTe/b Ha
cBOH6OAHOE MPOCTPAHCTBO, AOCTAaTOYHOE AO/1A XPaHEHUs OAHOro y3/ja AepeBa, a KOMWpPOBaHWE HOBOrO C/I0Ba B
oTAeNIbHOe MEeCTO NaMATU OCYLLECTBAAETCA C NOMOLLbto strdup. (Mbl pacCMOTPMM 3TU NPOrpPammbl YyTb No3xe.) B



TOT (M TO/IbKO B TOT) MOMEHT, KOr4a K AepeBy NoABELINBAETCA HOBbIN y3e, MPONCXOAUT UHULMANN3ALMA CYETYMKE U
obHyneHVe yKasatenel Ha cblHOBeM. Mbl onycTUAM (4TO HEpPasyMHO) KOHTPOAb OWWMOOK, KOTOPbIM AO0/KeH
BbINOJIHATLCA NPU NOAYYEHUN 3HAYEeHUM oT strdup n talloc.

dYHKUMA treeprint neyaTaeT AepPeBO B JIeKCUKOrpadMueckom, NMOopAaLKe; AN KaXAoro ysna OHa neyaTaeT ero
nesoe noadepeso (Bce cNoBa, KOTOPble MeHblle C/0Ba AaHHOrO y3na), 3aTem Camo C/I0BO W, HAaKOHel, npasoe
noanaepeso (cnoBa, KOTopble 6oblie C/0Ba AaHHOIOo y3Na).

/* treeprint: ymopsamodueHHas rnedaTh nepeBa p */
void treeprint (struct tnode *p)
{
if (p != NULL) {
treeprint (p->left);
printf ("$4d %$s\n", p->count, p->word);
treeprint (p->right) ;

Ecan Bbl He yBepeHbl, YTO AOCKOHANbHO Pa3obpanncb B TOM, Kak paboTaeT pekypcua, "npourpaite” aencteus
treeprint Ha gepese, NpuBeAEHHOM Bbllle.

MpaKTMyeckoe 3amevaHue: ecau gepeBo "HecbanaHcuMpoBaHo" (u4To 6biBaeT, Koraa c/ioBa MNOCTYNalT He B
CAy4aliHOM nopsaaKe), To Bpems paboTbl NPOrPaMMbl MOMKET CUIbHO BO3PACTU. XYALWUWIA BapuUaHT, KOraa C10Ba yiKe
YyNnopsAAo0YeHbl; B 3TOM C/ly4ae 3aTpaTbl Ha BbIMUCIEHUS ByAyT TaKMMU Ke, KaK Npu JIMHEMHOM noucke. CyllecTBytoT
06061LeHNs BUHAPHOIO AepeBa, KOTopble He CTPaAatoT STUM He0CTaTKOM, HO 31eCb Mbl UX HE OMUCbIBaEM.

Mpeae yem 3aBeplnNTb OBCYKAEHME 3TOro MPUMepa, CAeNaeM KpaTKoe OTCTyM/ieHMe OT TeMbl U NOroBopum O
MexaHu3me 3anpoca namaTtv. OuyeBMAHO, XOTeN0oCb Bbl MMETb BCEro NWb OAHY GYHKLMIO, BbIAENAIOLLYI0 NAaMATb,
[axe ecnau 3Ta namaTb npeaHasHayaercs A/1a pasHoro poga ob6bekToB. Ho ecan odHa M Ta e yHKUMA
obecneumBaeT NamMATb, CKAXKeM, U 1A yKasaTenelh Ha char, U Ans yKkasatenei Ha struct node, TO BO3HUKAIOT
ABa Bonpoca. MepBblii: Kak cnpaBuTbeaA ¢ TpeboBaHMeM 60bWMHCTBA MaLUMH, B KOTOPbIX 06bEKTbI ONpeAeseHHOro
TMNa A0/KHbI BbITb BbIPOBHEHbI (Hanmpumep, int 4acTo AOMHbI pasMellaTbCA, HauMHasA C YeTHbIX aapecos)? U
BTOpPOE: KaK 06bABUTb QYHKUMIO-pacnpesenvTesib NamaTh, KOTOpas BbIHY}KAEHA B KauecTBe pesy/ibTaTa BO3BpaLLaTh
yKasaTenu pasHbIX TUNos?

Boobue rosopsa, TpeboBaHWA, KacaloWMecs BbIPAaBHWBAHWA, MOMHO JIETKO BbINO/MHUTL 33 CYET HEKOTOPOro
nepepacxoga namati. O4HaKo A1A 3TOro BO3BPALLAEMbI YKa3aTeNb JO/IKEH ObiTb TaKMM, YTOObI YA0BNETBOPAIMCH
nobble orpaHNYeHUs, cBA3aHHbIe C BbipaBHMBaHWEM. PyHKLUMA alloc, onucaHHasA B FnaBe 5, He rapaHTUPYeT Ham
Ntoboe KOHKpPEeTHOoe BbipaBHMBaHME, MO3TOMY Mbl Bygem Nonb30BaTbCs CTAHAAPTHOM OMBAMOTEYHOM QyHKUMen
malloc, KoTopas 3To AenaeT. B rnaBe 8 Mbl MOKaXKeM O4MH U3 cNOCObOB ee peannsauuu.

Bonpoc 06 ob6baBneHUN TMMNA TakuX GYHKUMIA, Kak malloc, ABNAETCA KaMHEM NMPETKHOBEHMA B JitOOOM fA3blKe C
YKECTKON NpoBepKoi TMNoB. B Cn Bonpoc pellaeTca ectecTBeHHbIM o6pasom: malloc 06bABAAETCA KaK PYHKLMA,
KOTOpas BO3BpallaeT yKasaTe/b Ha void. MofyyeHHbIN yKasaTenb 3aTeM ABHO MPUBOAUTCA K enaemomy tuny .
OnucaHma malloc U CBA3AHHbIX C HEN GYHKLMI HAaxoAATCA B CTaHOAAPTHOM 3arosioBo4HOM ¢airne <stdlib.h>.
Takum 06pasom, pyHKLMIO talloc MOXKHO 3anmcaThb Tak:

! 3ameuaHue o npueeneHNUM TUMa BENMUYUHDI, BO3BpaLLaeMon dyHKumen malloc, HY»KHO nepenucaTtb. [Npumep KOPPEKTEH U
paboTaeTt, HO COBET ABNAETCA CNOPHbIM B KOHTeKcTe ctaHaaptos ANSI/ISO 1988-1989 r. Ha camom gene 3To He o6A3aTenbHO
(npu ycnosum, uto npusegeHme void* K ALMOSTANYTYPE* BbINOAHAETCA aBTOMAaTUYECKM) N BO3MOXKHO [lake onacHo, ecium
malloc Man ee 3aMecTUTeNlb He MOXKeT ObiTb 06bsBNAEH Kak (yHKUMA, BO3Bpalalowan void*. ABHoe npuBedeHMe Tuna
MOMKET CKPbITb CNy4yaliHyto owmnbKy. B apyrue spemeHa (oo noasneHus ctaHaapTta ANSI) npuseaeHue cuntanocb ob6s3atesibHbIM,
YTO TaKKe cnpaseanmeo u ana C++. — [lpumey. asm.



#include <stdlib.h>

/* talloc: cospmaeT tnode */
struct tnode *talloc (void)

{

return (struct tnode *) malloc(sizeof (struct tnode));

®yHKUMA strdup NPOCTO KONUPYET CTPOKY, YKa3aHHYIO B aprymeHTe, B MecTo, NnoJlyyeHHoe ¢ noMollbio malloc:

char *strdup(char *s) /* memaer nybGnukaT s */

{

char *p;
p = (char *) malloc(strlen(s)+1); /* +1 mma '"\0' */
if (p != NULL)

strcpy (p, s)7
return p;

®yHKuma malloc so3spawaeTt NULL, ecam cBO604HOro NPOCTPAHCTBA HET; strdup BO3BPALLAET 3TO Xe 3HaYeHue,
ocTasnas 3a60Ty O BbIXoAe U3 OLWNBOYHON CUTYaL MK Bbi3biBatoLLEN Nporpamme.

MamsaATb, NOMYYEHHYIO C NOMOLWbIo malloc, MOXHO 0cBO6OAMTL AN NOBTOPHOrO MCMNO/b30BaHMA, 06PATUBLLUCH K
bYHKUMK free (cm. rnaBbl 7 1 8).

YnpaxHeHue 6.2. Hanuwute nporpammy, KOTopas YMTaeT TekcT CU-nporpaMmsl M neyaTaeT B a1ihpaBUTHOM NOpPALKE
BCE Tpynnbl MMeEH NepemMeHHbIX, B KOTOPbIX COBMAJAAlOT MepsBble 6 CMMBOJIOB, HO MOC/AeAyloWMe B YeM-TO
pasnuyatotca. He obpabaTtbiBailTe BHYTPEHHOCTM 3aKaBbIYEHHbIX CTPOK M KOMMeHTapueB. Yucno 6 caenante
napamMeTpom, 331aBaeMbIM B KOMaHAHOW CTPOKe.

YnpaxHeHue 6.3. Hanuwute nporpammy nedyatv Tabauubl "nepekpecTHbiX cCbiNOK", KoTopasa byaeT neyataTb Bce
CNI0BA AOKYMEHTa M YKa3blBaTb ANA Ka)KAOrO M3 HUX HOMepa CTPOK, F4e OHO BCTpeTunochb. Mporpamma Ao/KHa

WUrHOpMpOBaTh "WymoBble" cnoBa, TakMe Kak "u", "unun" u np.

YnpaxHeHue 6.4. Hanuwute nporpammy, KoTopasa neyataeT BeCb HAbOP Pas/IMYHbIX C/I0B, 06PA3YIOLWNX BXOLHOM
MOTOK, B MOPsAAKEe BO3PACTAaHMA YACTOTbl MX BCTpeYaeMocTU. MNepes KaxkabiM C/I0BOM A0MKHO ObITb YKAa3aHO YMC/IO
BXOXKAEHUM.

6.6. [IpocMoTp TaG/IML,

B stom naparpade, 4Tobbl NPOUANIOCTPUPOBATL HOBbIE AaCNeKTbl MPUMEHEHMUSA CTPYKTYP, Mbl Hanuwiem 8400 nakeTta
nporpamm, ocyuwecTtBnAaroWmnX BCTaBKYy 3/1IEMEHTOB B Ta6J'IVILI,bI M NX NOUCK BHYTPU Ta6l'IMLI,. 3TOT NaKeT — TUMWUYHbIN
Habop nporpamm, C MNOMOLLbIO KOTOpbIX paboTaldT ¢ Tabanuamm MMeH B OH6OM  MaKpOMNpPoLEccope Uau
KomnunaTope. PaccmoTpum, Hanpumep, MHCTpYKumto #def ine. Koraa BCcTpevaeTcs CTpoKa BMAA

#define IN 1

mmMAa IN M 3ameLlarowmMii ero TeKCT 1 A0/KHbl 3anomMuHaTbca B Tabauue. Ecam 3atem mma IN BCTpeTuTcA B
WHCTPYKLMMU, HAanpumep B

state = IN;
OHO JI0N1XKHO 6bITb 3aMeHeHo Ha 1.

CywecTBylOT ABe NPOrpamMmmbl, MaHUNYAUPYIOWME C UMEHAMWN N 3aMeLLAWMMKM UX TeKCcTamu. 1o install (s,
t), KoTopaa 3anucbiBaeT MMA S M 3amellalolWnii ero TekcT t B Tabauuy, rage s U t - cTpoku, U lookup (s),



ocyuwecrtsaiAoWwan NOUCK s B T361'IVILI,E M BO3BpaLlalolWaA yka3atesb Ha MecCTo, rae nma s 6b110 Hal‘/‘I,CI,EHO, mnn NULL,
ecamsB Ta6J'IVILI,e He OKa3a/10Cb.

ANrOPUTM OCHOBaH Ha X3LW-MOMCKe: MOCTYNalollee MMA CBEPTbIBAeTCA B HeoTpuuaTenbHoe umucno (Xaw-kop),
KOTOpOEe 3aTemM MCMO/Ab3yeTCA B KadyecTBe MHAEKCa B MacCcuMBe yKasaTesnel. Kawaplii 3/1eMeHT 3Toro maccuea
ABNAETCA YKa3aTe/Nem Ha Hayaso CBA3aHHOro crnvcka 6/10KOB, OMMCHIBAIOWMX MMEHa C AaHHbIM X3W-Kogom. Ecam
3/1eMEHT MaccuBa paseH NULL, 3TO 3HaUYMUT, YTO UMEH C COOTBETCTBYHOLLMM X3LU-KOAOM HET.
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BNOK B CMMCKe — 3TO CTPYKTYpPa, COAEPIKALLAA YKa3aTeAn Ha MMA, Ha 3aMeLLaloLLMil TEKCT M Ha cieaytowmii 610K B
CNWcKe; 3HayeHne NULL B yKasaTesie Ha caeaytolwmii 610K 03HaYaeT KoHel, CNMucKa.

struct nlist { /* »saemMeHT Tabauusl */
struct nlist *next; /* ykasaTesb Ha CJISOYOUMNA BJIEMEeHT */
char *name; /* omnpemesienHoe wumsa */
char *defn; /* samMewmawnummii TekcT */

A BOT KaK 3anucbiBaeTca onpeaeneHne maccmBea yKa3aTene171:

#define HASHSIZE 101
static struct nlist *hashtab[HASHSIZE]; /* Tabmauua ykasarejen */

®YHKUMA X3WMPOBaAHUA, UCNoAb3yemas B Lookup M install, CyMMUPYET KOAbl CUMBOJIOB B CTPOKE U B KayecTse
pe3ynbTaTa BblAAEeT OCTAaTOK OT Ae/NeHUA NONYYEHHOW CYMMbI Ha pasmep MaccMBa yKasaTenei. ITo He camas Nyyluas
bYHKLMA X3WMPOBAHMSA, HO AOCTAaTOYHO NAaKOHNYHAA U 3DDEKTUBHAS.

/* hash: nosyyaer xsw-kKOI IJIS CTPOKM S */
unsigned hash (char *s)

{

unsigned hashval;

for (hashval = 0; *s != "\0'; s++)
hashval = *s + 31 * hashval;
return hashval $ HASHSIZE;

be33HakoBas apudpmeTnKa rapaHTUPYET, UTO X3LWW-Koa 6yAeT HEOTPMLATE IbHbIM.

X3lWKnpoBaHMe NOPOXKAaeT CTapTOBbIM MHAEKC ANA maccuBa hashtab; ecan cooTBeTcTBYHOLLAA CTPOKa B Tabauue
€CTb, OHa MOMKeT ObITb OOHapyrKeHa TO/IbKO B CMKMCKe 6I0KOB, HA HAYanO KOTOPOro YKa3blBaeT 3/IeMEHT MacCMBa
hashtab ¢ aTum uHgekcom. MouncK ocywecTsaaeTca ¢ nomowpo lookup. Ecam 1ookup HaxoguT aNemMeHT C
3a4aHHOW CTPOKOI, TO BO3BPALLAET yKa3aTe/lb Ha Hee, eC/IM He HaxoauT, To Bo3BpawaeT NULL.

/* lookup: umeT s */
struct nlist *lookup (char *s)

{

struct nlist *np;



for (np = hashtablhash(s)]; np != NULL; np = np->next)
if (strcmp (s, np->name) == 0)
return np; /* Hammu */
return NULL; /* He Hawm */

B for-uukne pyHKUMM 1ookup ANA NPOCMOTPa CNMUCKA UCNONAb3YeTCA CTaHAAPTHaA KOHCTPYKUUA
for (ptr = head; ptr != NULL; ptr = ptr->next)

®yHKUMA install obpawaerca K Lookup, 4Tobbl ONpeaennTb, UMEeTCA NN y}Ke BCTaBasemoe UMA. Ecam aTo Tak,
TO cTapoe onpegeneHue byaeT 3aMmeHeHO HOBbIM. B nmpoTuBHOM cnydae 6yaer obpa3oBaH HOBbIA 3nemeHT. Ecan
3anpoc NamsaTh 1 HOBOTO 3/1IEMEHTA HE MOKET BbITb ya0BNeTBOpeH, pyHKUMA install BbigaeT NULL.

struct nlist *lookup (char *);
char *strdup(char *);

/* install: saHocuT mMa M TekcT (name, defn) B Tabmauuy */
struct nlist *install (char *name, char *defn)
{

struct nlist *np;

unsigned hashval;

if ((np = lookup (name)) == NULL) { /* He HaumeH */

np = (struct nlist *) malloc (sizeof (*np)):;

if (np == NULL || (np->name = strdup (name)) == NULL)

return NULL;

hashval = hash (name) ;

np->next = hashtab[hashval];

hashtab[hashval] = np;
} else /* yxe umeeTcsa */

free((void *) np->defn); /* ocBoboxmaeMm mnpexumuin defn */
if ((np->defn = strdup(defn)) == NULL)

return NULL;
return np;

YnpaxHeHue 6.5. Hanuwwute ¢yHKUMIO undef, yaansaowyo UMa U onpepeneHne mM3 Tabauubl, opraHusauums
KOTopol nogaepxueaerca yHKUMAMKN 1ookup n install.

YnpaxkHeHue 6.6. Peannsyiite npocTyto Bepcuto #define-npoueccopa (6€3 aprymeHToB), KOTOpPas MCNOAb30BaAa
6bl Nporpammbl 3Toro naparpada v rogmnacb 6bl Ana Cu-nporpamm. Bam moryT nomouyb nporpammsl getch u
ungetch.

6.7. CpeactBo typedef
A3bik Cn npeaocrtasaAeTr Ccpeacrso, Ha3blBaemoe typedef, KOTOpOe NnOo3BOIAET AdaBaTb TUMAM AaHHbIX HOBblE
umeHa. Hanpumep, ob6bsasneHume

typedef int Length;

nenaetr uma Length CMHOHUMOM int. C aTOro momeHTa TUN Length MOXHO NpUMeHATb B O6'bFIBI'IEHMFIX, B

onepartope npuseaeHnA U T. 4. TOYHO TaK Xe, Kak TMn int:

Length len, maxlen;
Length *lengths|[];



AHanornyHo obbvABNEHUE
typedef char *String;

fenaet String CMHOHMMOM char™*, T. e. yKasaTesiem Ha char, U NpaBoMepHbIM ByaeT, Hanpumep, cneaytoulee
€ro ucno/sib3oBaHue:

String p, lineptr[MAXLINES], alloc (int);
int strcmp(String, String);
p = (String) malloc(100);

3ameTum, Yto 06bABNSEMBbIA B typedef TUM CTOMT Ha MecTe MMEHU NepeMeEHHON B 06bIYHOM 06bABNEHUU, A He
cpasy 3a cnoBoM typedef. C TOUKM 3peHUn CUHTaKcUca coBo typedef HANOMMHAET KNacc NamatTn — extern,
static uT. 4. UmeHa TMNOB 3anMncaHbl C 3arnaBHbIX BYKB A4/18 TOro, YTOObl OHM BbIAENANNCD.

Ona pemoHcTpauum 6osiee CNOXKHBIX NPUMEPOB MPUMeHeHUsa typedef BOCMOAb3YEeMCA 3TUM CPeACcTBOM Mpu
3a4aHWM Y3/10B AEPEBLEB, C KOTOPLIMU Mbl Y}KE BCTPEYAIUCh B AaHHOM rnaBe.

typedef struct tnode *Treeptr;

typedef struct tnode { /* y3en mepema: */
char *word; /* ykasaTejsb Ha TekcT */
int count; /* uUumMCIIO BXOXIOeHUM */
Treeptr left; /* mneBwit ChiH */
Treeptr right; /* npaBweii CeH */

} Treenode;

B pesynbTaTe coO34alOTCA ABa HOBbIX Ha3BaHWA TMNOB: Treenode (CTPyKTypa) M Treeptr (ykasatenb Ha
CTPYKTYpY). Tenepb nporpammy talloc MOXKHO 3anucaTb B cneaylolem BUAE:

Treeptr talloc(void)
{

return (Treeptr) malloc (sizeof (Treenode));

CnepyeT noAyYepKHyTb, YTo 0bbABNAeHMe typedef He co3gaeT 0bbABAEHMA HOBOrO TWMA, OHO /Wb coobuiaeT
HOBOE MMSA YXKe CyLLecTByowemy Tuny. HMKAKoro HOBOro CMbICNA 3TM HOBble UMEHa He HecyT, OHU 06bABAAIOT
nepemMeHHble B TOYHOCTM C TEMM e CBOMCTBAMM, KaK ecim 6bl Te 6bliM 0ObsBAeHbl Hanpsmyo 6es
nepeMmeHoBaHua Tuna. ®daktmyeckm typedef aHanormyeH #define ¢ Tem AMWb OTAUMYMEM, 4YTO TMpwU
WMHTEepNpeTauum KOMMNUASTOPOM OH MOXKET CNPaBUTLCA C TAKOW TEKCTOBOM NMOACTAHOBKOM, KOTOPAn HEe MOXET ObITb
obpaboTaHa npenpoueccopom. Hanpumep

typedef int (*PFI) (char *, char *);

co3sgaet TMn PFI — "yKasaTenb Ha ¢yHKUMIO (ABYX apryMeHToB TMna char *), Bo3Bpallatowyto int", KoTopbli,
Hanpumep, B Nporpamme COPTUPOBKM, OMMCAHHOW B r1aBe 5, MOXKHO UCMO/1b30BaTh B TAKOM KOHTEKCTE:

PFI strcmp, numcmp;

MoMMMO MNPOCTO 3CTETUYECKUX COODpaXKeHWH, ANA NpumeHeHuna typedef CylLecTBYIOT ABE Ba*KHble NMPUYMHbI.
MepBas — napameTpusaumsa NpPorpammsl, CBA3aHHas ¢ Npobaemoi nepeHocMmocTu. Ecnm ¢ nomouwpto typedef
06DBABUTL TUNbI AAHHbIX, KOTOPbIE, BO3MOMKHO, ABAAIOTCA MALUMHHO-3aBUCUMbIMUK, TO NPU NepeHoce NPorpaMmmbl Ha
OPYryto MalnHy noTpebyeTcs BHECTU M3MEHEHUA TOIbKO B onpegenenuns typedef. OaHa U3 pacnpocTpaHeHHbIX
CUMTyauMin —umcnonb3oBaHne typedef-MMeH oA BapbUPOBaHMA LENbIMU BEAUYMHAMM. [NA KaK[0N KOHKPETHOM
MaLKWHbI 3TO NpeanosaraeT COOTBETCTBYIOWME YCTaHOBKM short, int nam long, KOTOpble AenatoTcA aHaNO0rMYHO
YCTaHOBKaM CTaHAAPTHbIX TUMOB, Hanpumep size tuptrdiff t.



BTopas npuunHa, Nnobyxaarowasn K npumeHeHnto typedef, — KenaHue caenatb 6osee ACHbIM TEKCT NPOorpaMmbl.
Tun, HasBaHHbIA Treeptr (OT aHIIMNCKUX CNOB tree — AepeBo U pointer — yKkasaTenb), bosee NOHATEH, Yem TOT
e TUN, 3aNnCaHHbIN KaK yKa3aTe b Ha HEKOTOPYHO CNOMKHYIO CTPYKTYPY.

6.8. 00 beAMHEHUA

ObveduHeHuUe — 310 nepemeHHasa, KoTopaAa MOXET coaepHKaTb (B Pa3Hbleé MOMEHTbI BpeMEHM) 06BbEKTDI Pa3/TINYHbIX
TUNOB U pPa3mepos. Bce Tpe6OBaHVIFI OTHOCUTE/IbHO pPa3mepoB WU BblpaBHMBaAHNA BbINONIHAET KOMMNUAATOP.
O6'be,£l,VIHEHMFI NO3BOJIAKOT XPAaHUTb Pa3HOPOAHbIE AaHHbIE B O,D,Hoﬁ M TOM e obnactm namatn 6e3 BKAOYEHUA B
nNpPorpammy MallMHHO-3aBUCMMOM MHGOPMaUUK. TN CpeaCcTBA aHANOTMYHbI BAPMAHTHbLIM 3anucam B lMNackane.

anMepOM MCNo/1b30BaHNA O6'be,£l,VIHeHMﬁ Mor 6bl NOCNYXKNTb CaM KOMNUANATOP, 3aBe,u,yrou.|,M171 Ta6nmu,ei/'1 CMMBOJ10B,
ecnv NpeanosIoXNTb, YTO KOHCTAHTa MOXeT umeTb TN int, float nam ABNATLCA yKasaTesiemM Ha CUMBO U UMETb
T™MN char *. 3HayeHue Ka)Kﬂ,Ol\;I KOHerTHOﬁ KOHCTaHTbl AONXKHO XPaHUTbCA B nepemeHHoﬁ COOTBETCTBYHOLWLETO
3TOM KOHCTaHTe Tuna. PaboTathb Ta6ﬂVILI,eﬁ CMMBO10B BCerga y,u,o6Hee, €C/I1 3Ha4YeHNA 3aHMMAKT OANHAKOBYIO MO
06beMy NamMATb U 3aNOMMHAIOTCA B OAHOM U TOM e MecTe He3aBMCMMO OT cBoero Tuna. LUenb BBeaeHuna B
nporpammy O6'be£I,MHeHVIFI — UMETb NepemeHHYyr, KoTopan 6bl HAa 3aKOHHbIX OCHOBaHMUSAX XpaHWna B cebe 3HayeHuA

HECKO/IbKNX TUMNoB. CUHTAKCMC 06 beAMHEHWNI aHANOTUYEH CUHTAKCUCY CTPYKTYp. MpuBegem npumep obbeanHeHus.

union u tag {
int ival;
float fval;
char *sval;
}ous

NepemeHHaa u 6y,£],ET AO0CTAaTO4YHO 60/1bLUOﬁ, yTobbl B HElM nomecTuiach Ntobas nepemeHHaa U3 yKa3saHHbIX TpeX
TUMNOB; TOYHbIN ee pa3mep 3aBUCUT OT peansaumn. 3Ha4yeHMe ogHOro U3 aTuX TPEX TUNOB MOXET 6bITb npucBoeHO
nepemeHHon M n aanee UCNoJsib30BaHO B Bblpa*XeHUAX, eCaIn 3TO NPaBOMEPHO, T. €. eCan TUN B3ATONo ero 3Ha4YeHuA
coBnagaeT ¢ TMNoOm nocnegHero NpnUCcBOEHHOIoO el 3HayeHuA. BbinosHeHMe 3Toro TpE6OBaHMﬂ B I-(a)K[l,bIVI TEKYLU,Mﬁ
MOMEHT — LLe/IMKOM Ha COBECTU Nporpammucta. B Tom csiydae, ecim HeYTO 3aNOMHEHO KaK 3HayeHue 04HOro Tuna,
a N3BJ1IEKAETCA KaK 3Ha4YeHne Apyroro tTmna, pe3ysibtat 3aBUCUT OT peain3alnin.

CUHTaKCKUC A0CTyNa K 31eMeHTam 0b6begMHEHUA cneayoLmii:
UMSI—00BEegMHEHUS . DJIEMEHT

nnun
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T. €. B TOYHOCTU TaKOM, KaK B CTPYKTypax. EcAn ans XxpaHeHUs TMNa TeKyLLero 3Ha4YeHUs M UCMOb30BaTb, CKaXKeM,
nepemeHHyto utype, TO MOXHO HanucaTb Takoi GpparmMeHT NporpaMmmbi:

if (utype == INT)
printf ("%d\n", u.ival);
else 1if (utype == FLOAT)
printf ("$f\n", u.fval);
else 1if (utype == STRING)
printf ("%s\n", u.sval);
else
printf ("HeBepuwet Tun %d B utype\n", utype);

ObbeanHeHUA MOTYT BXOAUTb B CTPYKTYPbl M MaccuBbl, U Hao60pOT. 3anucb AOCTYNa K 3/1eMeHTy 06beanHeHus,
HaXo4ALEerocs B CTPYKType (Kak M CTPYKTYpbl, HAaXo4ALWENCcA B 06begMHEHMM), TaKas Ke, KaK U AR BIOMKEHHbIX
CTPYKTYp. Hanpumep, B maccuBe CTPYKTYp



struct {
char *name;
int flags;
int utype;
union {
int ival;
float fval;
char *sval;
}ous
} symtab [NSYM];

K ival obpalaroTca cnegyowmm obpasom:
symtab[i].u.ival
a K NepBOMY CMMBOJTY CTPOKM Sval MOXKHO 06paTUTbCA 1I0O6bIM U3 C/ieayoWmxX ABYX CNOCOO0B:

*symtab[i].u.sval
symtab[i].u.sval[0]

daKkTUyeckn obbeguHeHne — 3TO CTPYKTYPa, BCE 3/1eMEHTbI KOTOPOI MMEIOT Hy/1IeBOE CMELLEHME OTHOCMTE/IbHO ee
6a30BoOro agpeca M pasmep KOTOPOK MO3BOMIAET MOMECTUTbCA B Held camomy 60/blIOMYy ee 31eMeHTy, a
BblpaBHMBAHME 3TOMN CTPYKTYPbI YA0BAETBOPAET BCeM TUMam obbeauHeHna. Onepaunm, MPUMMEHNMbIE K CTPYKTYPaMm,
rogatca u ana obbeAuHEHU, T. €. 3aKOHHbI MPMUCBanBaHne 06begMHEHNA U KONUMPOBaHME ero Kak eaMHOoro Lesoro,
B3ATME agpeca OT 06begMHEHMA U AOCTYN K OTAE/IbHbIM €ro 3/1eMeHTam.

MHVILI,VIaJ'IVI3VIpOBaTb O6beAMHEHMe MOXHO TOJIbKO 3Ha4YeHuem, MMeWMM TUN €ro nNepBoro 3/1eMeHTa; TaKUM
O6p330M, YNOMAHYTYIO Bbllle NepemMeHHY0 U MOXHO MHULMAAN3UPOBATb INLWb 3HaYeHnem TMna int.

B rnaBe 8 (Ha npumepe nNporpammbl, 3aBeAylOWElN BblAENEHMEM MNAMATM) Mbl MOKAXKEM, KaK, MNpUMeHnan
obbeanHEHNE, MOMKHO A06UTbCA, YTOBbl pPacnofioXKeHUe nepemeHHOM 6bl10 BbIPOBHEHO MO COOTBETCTBYHOLLEW
rpaHuLLEe B NamATK.

6.9. buToBblie noJiAa

Mpu Jeduumte NamaATM MOMKET BO3HUKHYTb HEOOXOAMMOCTb 3anakoBaTb HECKO/IbKO OOBEKTOB B OOHO C/IOBO
MawuHbl. OpHa M3 06blYHbIX CUTyauuMi, BcTpevyalolwascas B 3agadvax o6paboTku Tabauy cumBosoB ANA
KOMMNUAATOPOB, — 3TO 0bbeaMHEHUE rpynn oAHO6UTOBbLIX dnaxKKoB. PopmMaTbl HEKOTOPbIX AaHHbIX MOFYT OT Hac
B0OObLLEe He 3aBMCETb U AUKTOBATbCA, HanNpuUmep, MHTepdelricamm C annapaTypoil BHELIHUX YCTPOMCTB; 34eChb TaKkKe
BO3HMKAET NOTPebHOCTb a4 pecoBaTheA K YacTAM C/10Ba.

Boobpasum cebe dparmeHT KOMNUAATOPa, KOTOPbIN 3aBeayeT Tabauvuen cumsosioB. Kaxablit naeHTMdUKaTOp
NpPorpammbl UMeeT HEKOTOPYIO CBA3AHHYIO C HUM MHbOPMaUMIO: HanpuMmep, NPeacTaBAaeT in OH coboi Knouesoe
C/I0BO W, €CAM 3TO NEepemeHHasn, K KakoMy Kjaaccy NPUHAANEeXWUT: BHEWHAA W/uan ctatndeckas v T. 4. Camblid
KOMMNaKTHbIA cnocob KoaMpoBaHWUA Takol MHMOPMAaLUMM — pacnosioKUTb 0AHOBUTOBbIE GNaXKKM B OAHOM CAOBe
TMna char namn int.

OguH U3 pacnpocTpaHeHHbIx npuvemoB paboTbl ¢ 6GUTamMm OCHOBaH Ha onpeaeneHnMM Habopa "macok",
COOTBETCTBYIOLLMX NO3ULUAM ITUX BUTOB, KaK, Hanpumep, B

#define KEYWORD 01 /* kJjmoueBoe CJIOBO */
#define EXTERNAL 02 /* BHemHWUr */
#define STATIC 04 /* craTmueckut */

nnn B



enum { KEYWORD = 01, EXTERNAL = 02, STATIC = 04 };

Yucna Jo/mKHbl 6bITb cTeneHAMM ABOMKW. Toraa gocTyn K 6uTam CTaHOBUTCS Aenom "nobuTtoBbix onepauumii”,
OMMUCaHHbIX B rnase 2 (CABUr, MackKMpoBaHuWe, B3ATUE AOMNONHEHUA).

HeKoTopble BUAbI 3aNUCK BblpaxKEHWUI BCTPEYALOTCA AOBOJIbHO YacTo. Tak,
flags |= EXTERNAL | STATIC;

ycTaHaB/AMBaeT 1 B COOTBETCTBYOWMX bUTax nepemeHHol flags,

flags &= ~ (EXTERNAL | STATIC);

0bHynsAeT ux, a

if ((flags & (EXTERNAL | STATIC)) ==0) ...
OLEHMBAET YC/I0BME KaK UCTUHHOE, ecnun 0ba 6uTa HyneBble.

XOTA HayyuTbCA NMUCaTb TaKOrO POAa BblPaXKEHWA He COCTaBAAET Tpyaa, BMECTO NobUTOBbIX IOTMYECKUX onepaLuii
MOKHO MO/1b30BaTbCA NpeaocTaBaseMbiM Cu gpyrum cnocobom nNpsamoro onpeneneHus u goctyna K nosisam BHyTpU
cnosa. bumosoe nose (MAN ANA KPaTKOCTU MPOCTO MNoJie) — 3TO HEKOTOPOe MHOMECTBO BUTOB, NeXKallux pAaoM
BHYTPW OZHOM, 3aBMCALLEN OT peanmnsaunm eanHuLbl NaMsaTU, KOTOPYO Mbl byaem HasbiBaTb "cnoBom". CUHTaKCUC
onpeaeneHna none U goctyna K HMM 6asmMpyeTcs Ha CUHTAKcMce CTPYKTyp. Hanpumep, cTpokm #define,
¢burypmpoBsasLumMe Bbille NPU 3a4aHNK TabAnLbl CUMBOJIOB, MOYKHO 3aMEHUTb Ha onpeaeneHne Tpex none:

struct {
unsigned int is keyword : 1;
unsigned int is extern : 1;
unsigned int is static : 1;
} flags;

JTa 3anucb onpeaenser nepemeHHyo £1lags, KOTopas COAEPXUT TPM 0AHOBUTOBLIX Noas. Yucno, creayrolee 3a
ABOETOUMEM, 334a€eT WUMPKUHY nonsa. Mons obbaABAeHbl Kak unsigned 1int, YTo6bl OHWM BOCMPUHUMANUCH KaK
6€e33HaKOBble BENUYMNHBI.

Ha oTaenbHble MonA ccbinaloTcA TakK e, Kak M Ha 3neMeHTbl 0bbluHbIX CTPYKTyp: flags.is keyword,
flags.is extern u 1.4. Nona "Beayt ceba" Kak manble Lenble U MOrYyT y4acTBOBaTb B apuUdPmMeTUYEeCKMX
BbIPa*KEHUAX TOUYHO TaK }Ke, Kak 1 gpyrue uenble. Takum obpasom, npegplayLine npumepbl MOXKHO Hanucatb 6osee
€CTeCTBEHHO:

flags.is extern = flags.is static = 1;
ycTaHaB/iMBaeT 1 B COOTBETCTBYOLME BUTDI;

flags.is extern = flags.is static = 0;

nx obHynseT, a

if (flags.is extern == 0 && flags.is static == 0)
npoBepaeT ux.

Moyt Bce TeXHMYECKWe AeTasM, Kacatowmeca Mnosei, B YacTHOCTM, BOSMOXKHOCTb MOASA MepenTu rpaHuLy C/IoBa,
3aBUCAT OT peanusaumu. [ona mMoryT He UMeTb UMEHM; C MOMOLLbIO 6e3bIMAHHOrO MonA (3a4aBaemMoro TOJIbKO
OBOETOUMEM M LUMPUHOI) OPraHM3yeTca NPOMYCK HYXKHOro Koamndectsa paspagaos. Ocobas WMpKUHA, paBHan HyIo,
MCMonb3yeTcs, Koraa TpebyeTca BbIMTM Ha rpaHULYy CAeayloLero cioBa.



Ha oAHMX MalnHax Nona pasmelLatoTca CeBa HanpaBo, Ha APYrMX — CNpaBa HaseBo. OTO 3HAYWT, YTO NpWU BCeM
nosesHoCcTU paboTbl C HUMM, eciv GOPMAT AAHHBIX, C KOTOPbIMU Mbl UMEEM Ae/10, AaH HaMm CBbille, TO Heobxogumo
CaMbIM TLLATENbHLIM 06Pa3oM McCegoBaTb NOPAAOK PACMOONKEHUA MOJE; NPOrpaMmbl, 3aBUCALLME OT TaKoro
poJa Beliei, He nepeHocuMmbl. Mons MOXKHO onpegensaTb TO/NbKO C TMMIOM int, a Ana Toro 4tobbl obecneunTb
NepeHoOCMMOCTb, Haflo AIBHO YKasbiBaTb signed uam unsigned. OHM He MoryT BbiTb MaccMBamu U He MMELOT
afpecos, 1, cnegoBaTesibHO, ONEpPaTop & K HUM He NPUMEHUM.



7. BBOoA ¥ BBIBOJ,

BO3MOHOCTM 417 BBOZA W BbiBOAA He ABAAIOTCA YacTblo Camoro fAsblika Cu, nMosTomy Mmbl NoapobHo M He
paccmaTpuBanM mMx A0 cux nop. Mexay Tem peasibHble NPOrpammbl B3aUMOAEMNCTBYIOT CO CBOMM OKPYKeHUEeM
ropaszo 6osnee cnoxHbiM crnocobom, yem Te, KoTopble 6bliM 3aTPOHYTbl paHee. B 3Tol rnaBe Mbl onuem
CTaHZAPTHYIO 6MBMOTERY, copeprKallytlo Habop GyHKLMI, obecneynBalowmx BBOA-BbIBOA, PaboTy cO CTpOKamu,
ynpas/ieHMe NamsaTblo, CTaHZapTHble mMmaTemaTMyeckme OYHKUMM M pa3HOro pogda cepBucHble Cu-nporpammbl. Ho
ocoboe BHMMaHMe yaenMm BBOAY-BbIBOAY.

BubnmoTteyHble GyHKUMM BBOAA-BbIBOAA TOYHO onpeaensawrTca cTaHgaptom ANSI, Tak YTO OHM COBMECTMMbI Ha
NobbIX cucTemax, rae nopaeprusaerca Cu. porpammbl, KoTopble B CBOEM B3aMMOAENCTBMM C CUCTEMHbIM
OKPYKEHMEM He BbIXOAAT 3@ PAMKM BO3MOMKHOCTEN CTaHAAPTHOM BMBANOTEKU, MOXKHO 63 M3MEHEHUI NePeHOCUTb
C O4HOM MaLMHbI Ha APYryHO.

CoiicTBa 6MBAMOTEYUHBIX GYHKUMA cneunduumpoBaHbl B 6osiee yem AIOXKMHE 3aro/loBoYHbIX GailioB; Bam yKe
BCTPEYaANMUCb HEKOTOPbIE U3 HUX, B TOM Yncne <stdio.h>, <string.h> un <ctype.h>. Mbl He paccmaTpusaem
3gecb BClO 6MBAMOTEKYy, TaK KaK Hac 6osible WHTepecyeT HanucaHue CuU-Nporpamm, Yem MCMonb3oBaHUe
6ubnnoTteuHbix pyHKUMK. CTaHaapTHan 6BubanoTeka nogpobHO onucaHa B NPUIOKeHUN B.

7.1. CraHAQPTHBIA BBO/J-BbIBOJ,

Kak y»ke roBopusoch B rnase 1, 6ubanoTteyHble GyHKUMN peasin3yroT NPOCTYI0 MOAENb TEKCTOBOIO BBOAA-BbIBOAA.
TeKCTOBbIM MOTOK COCTOMT U3 MOC/NEA0BATENbHOCTM CTPOK; KaX4an CTPOKa 3aKaHYMBAETCA CUMBOJIOM HOBOM CTPOKM.
Ecam cnctema B 4em-ToO He cnepnyet I'IpMHﬂTOﬁ moaenu, 6mnbnmnoTeKa caenaet Tak, yTObbI Ka3a/10Cb, 4YTO 3Ta MOoJe/lb
YA0BNETBOPAETCA MOMHOCTbIO. Hanpumep, nmapa CMMBOIOB — BO3BPaT-KapeTKM WM NepeBoA-CTPOKM — Mpu BBOAE
morna 6bl 6bITb npe06pa303aHa B OANUH CUMBON HOBOM CTPOKK, a Npu BbiBOAE BbINO/IHANOCHL bbl 06paTHoe
npeobpasoBaHue.

MpocTeliwmnii MexaHn3m BBOAA — 3TO YTEHME OLHOro CMMBOJIA U3 CMAHOAPMHO20 88004 (0BbIYHO C KNAaBMATYPbI)
dyHKumen getchar:

int getchar (void)

B KauecTBe pesy/ibTaTa KaXKAOro CBOEro BbizoBa ¢yHKLMA getchar Bo3BpalLaeT Cneayrolmii CUMBO BBOAA MM,
ecnv obHapy»KeH KoHel, daina, EOF. MmeHoBaHHas KOHcTaHTa EOF (abbpesunatypa ot end of file — koHel, daitna)
onpegeneHa B <stdio.h>. ObblMHO 3HayeHMe EOF paBHO -1, HO, YTOObl HEe 3aBMCETb OT KOHKPETHOrO 3HAYeHUs
3TOM KOHCTaHTbl, 06palLaTbCca K Hell cnegyeTt no umenun (EOF).

Bo MHOMMxX cucTemax KnaBmMaTypy MOXKHO 3aMeHWTb $aliiom, NnepeHanpaBuB BBOZ C MOMOLLbIO 3HauKa <. TaK, ecnu
nporpamma prog nucnosb3yet getchar, To KOMaHAHasA CTPOKa

prog < infile

npeanuweT NpPorpamMmme prog YnTaTb CMMBOAbLI M3 infile, a He ¢ KNaBuaTypbl. MepekaoyeHne BBOLA AeaeTcs
TaK, 4TO cama Nporpamma pProg He 3amMedyaeT NoAMEHbI; B YaCTHOCTM CTpoka "<infile" He 6yaeT BKAOYEHA B
aprymeHTbl KOMaHAHOM CTPOKM argv. MNepekntoyeHne BBoga OyaeT TaK:Ke He3aMeTHbIM, eciv BBOZ MCXOAMUT OT
ApYroi nporpammsl U NepesaeTcs KoHBelepHbIM 06pa3som. B HEKOTOPbLIX CUCTEMAX KOMAHZHasA CTPOKa

otherprog | prog

npuBeaeT K TOMY, YTO 3anyCcTUTCA ABe Nporpammbl, otherprog u prog, n cTaHAapPTHbIN BbIBOA, Otherprog NOCTynuT
Ha CTaHAapPTHbIN BBOA P OJ.

dyHKUuA

int putchar (int)



ncnosb3yetca ANA BblBoAa: putchar (c) OTNpaBAseT CMMBOA C B cmaHAapmHell 861800, NOJA KOTOPbIM MO
YMONYaHMIO noapasymeBaeTca sKpaH. PyHKumMA putchar B KayecTBe pe3ynbTaTa BO3BPALLAET MNOCAAHHbIA CUMBOA
WK, B clydae ownbku, EOF. To e M B OTHOLIEHWUW BbIBOAA: C MOMOLLBIO 3aNUCK BUAA > UMA-aling BbIBOL, MOMXKHO
nepeHanpasuTb B dain. Hanpumep, ecnm prog Ucnonb3yeT And Bbisoga GyHKUMIO putchar, TO

prog > outfile

b6yneT HanpaBAATb CTAaHAAPTHbIN BbIBOA, HE Ha 3KpaH, a B outfile. A KomaHaHas cTpoka

prog | anotherprog

COEAMHUT CTaHAAPTHbIW BbIBOA NPOrPaMMbl ProOg €O CTaHAAPTHbIM BBOAOM NpOrpammsl anotherprog.

BbiBoA, ocywectBasemMblt GyHKUMEN printf, Takke OTNpaBAAeTcA B CTaHAAPTHbLIA BbIXOAHOW MOTOK. Bbi30Bbl
putchar M printf MOryT Kak YyrogHo 4epefoBaTbCA, MpM 3TOM BbiBOg, OyaeT ¢dopmumpoBaTbcA B TOM
nocnef0BaTe/IbHOCTU, B KOTOPOI NPOUCXOANAN BbI30BbI 3TUX GYHKLMNA.

Nobol ucxoaHbii Cu-daiin, mcnonbsyrowmii xotTa 6bl 0AHY ¢YHKUMIO BUBAMOTEKM BBOAA-BbIBOAA, AO/MKEH
cofepxKaTb B cebe CTpoKy

#include <stdio.h>

npuyem oHa A0/KHa BbITb pacnonoXeHa A0 nepsoro obpalleHna K BBOAy-BbiBoAy. ECM MMA 3aronoBoYHoro daina
3aKJ/IIOYEHO B YI/I0Bble CKOBKM < U >, 3TO 3HAYMT, YTO NOMUCK 3aro/IOBOYHOro ¢aiina BeAeTcs B CTaHAAPTHOM MecTe
(Hanpumep, B cucteme UNIX 3To 06bI4HO AupeKTopuin /usr/include).

MHorve nporpammsl YUTAKOT TONIBKO M3 OL4HOIO BXOLHOrO MOTOKA WM MULIYT TO/IbKO B OAMH BbIXOAHOM MOTOK. [nA
opraHM3aummn BBOAA-BbIBOAA TAaKUM NPOrpamMmam BrosiHe XBAaTUT PyHKUMIM getchar, putchar nprintf, a ana
HaYyasIbHOrOo OBYYEeHUA YK TOYHO AOCTATOYHO O3HAKOMJIEHMA C STUMM PYHKUMAMMU. B YyacTHOCTM, nepeuymncaeHHbIX
bYHKUMI focTaToOvHO, Koraa TpebyeTca BbIBOA, OAHOW MporpaMmbl COeAMHUTL C BBOAOM cieaytouleit. B kavectse
npumepa pacCMOTPUM Nporpammy lower, nepeBoAALLYIO CBOM BBOA HA HUXHUIM perncrp:

«include <stdio.h>
«include <ctype.h>

main () /* lower: mnepeBOIMT BBOJI Ha HWXHUI perucrp */

{

int c;

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

return O;

®yHKuMA tolower onpegeneHa B <ctype.h>. OHa nepeBoauT OYKBbl BEPXHEro pPerucTpa B OYKBbl HUXKHEro
peructpa, a OCTajlbHble CMMBO/bI BO3BpallaeT 6e3 mMameHeHM. Kak mbl yxe ynomuHanu, "dyHkumun" Bpoae
getchar u putchar u3 6uMbamMoTekn <stdio.h> n PyHKUMA tolower U3 BUbAMOTEKM <ctype.h> 4yacTo
peanunsyoTca B BUAE MAKPOCOB, YTOObI MCKAOYMTb HaKNadHble Pacxodbl OT Bbi30Ba GYHKLUMUM Ha KaxKabli1 OTAENbHbIN
cumBon. B naparpade 8.5 mbl Mokaxem, Kak 3To genaercs. HesaBUCMMO OT TOro, Kak Ha TOM MAW MHOW MaluuHe
peannsoBaHbl QYHKLUMM 6UBAMOTEKM <ctype.h>, UCNONb3yIWMEe MX NPOrpaMmmbl MOTYT HUYEro He 3HaTb O
KOAMPOBKE CUMBO/IOB.



YnpaxkHeHue 7.1. Hanuwunte nporpammy, OCyLLECTBAAOLLYIO NepeBo BBOAA C BEPXHErO PErncTpa Ha HUXKHUIN UK C
HUMKHEro Ha BEPXHWIM B 3aBUCMMOCTU OT MMEHMW, MO KOTOPOMY OHa BbI3bIBAETCA W TEKCT KOTOPOro HaxoamuTca B
argv([0].

7.2. ®opmaTHbIH BBIBOJ, (printf)
OyHKUMA print f nepeBogUT BHYTPEHHME 3HAYEHMA B TEKCT.

int printf (char *format, argr arg2, ...)

B npeablayLwmx rnasax Mbl UCNOJIb30Baan printf Hecbopmaano. 34ecb Mbl MOKaXem Hanbonee TUNUYHbIE Cnydaun
npumeHeHunAa aTOM d)yHKLI,VIM,' NONHOE ee OoNnncCaHne AaHO B NPUNOKEHUN B.

®yHKUMA printf npeobpasyer, dopmaTMpyeT M neyaTaeT CBOM aprymeHTbl B CTaHAAPTHOM BbIBOAE MOA
ynpasneHuem ¢popmarta. Bo3spallaeT OHa KOIMYECTBO HaneyaTaHHbIX CUMBOJIOB.

dopmaTHan CTPOKa COAEPKMUT ABa BUAA 06BEKTOB: 06bIYHbIE CUMBO/IbI, KOTOPbIE BNPAMYIO KOMMPYHOTCA B BbIXOLHOW
MOTOK, U cneumdbmrKaumm npeobpasoBaHnA, Kaxaan M3 KOTOPbIX Bbi3biBaeT npeobpa3oBaHMe U neyaTb o4epenHoro
aprymeHTta printf. Jllobas cneundukauma npeobpasoBaHMA HaUMHAETCA 3HAKOM > U 3aKaHYMBAETCA CMMBOJIOM-
cneundurkaTopom. Mexay % M CMMBONIOM-CNELMPUKATOPOM MOFyT ObiTb PACNONOMKEHbl (B YKa3aHHOM HUXKe
nopsaaKe) cneayowme 31emeHTbl:

e 3HaK MUHYC, NpeanucbIBatoLWMiA BbipaBHMBATL NPe0bpa3oBaHHbIM apryMeHT No JIEBOMY Kpato Nnons.

e Yucno, cneumndpuumpylollee MUHUMANbHYIO WNPUHY nons. Mpeobpa3oBaHHbIA apryMmeHT OydeT 3aHMmaTb
none no KpanHen mepe ykasaHHOM WKPUHbIL. NpM HEOBXOAMMOCTU INLLHME NO3ULMK CeBa (Mnn cnpasa npu
NIeBOCTOPOHHEM pacnoioxKeHun) byayT 3anosiHeHbl npobenamu.

e TouKa, oTAeNAoWan WNMPKUHY NoNs OT BE/IMUYNHbI, YCTaHABAMBAIOLWEN TOYHOCTD.

e Yycno (ToyHoOCTb), cneumduumpylollee MakCMMaibHOE KOMIMYECTBO NeYyaTaeMblX CUMBOJIOB B CTPOKE, WU
KO/IMYEeCTBO UMbp nocne AecATUYHOW TOYKM ANA 4YuCcen C NnaBatoler 3anaTol, UAKM MUHUMaNbHoe
KoJsiyecTBo umdp 44 wenoro.

e bByKBa h, ecam neyataemoe Lie0e AOIKHO paccmaTpumBaTbCa Kak short, uan 1 (natmHckas bykea ell), ecam
Lesioe A0JIKHO paccmMaTpMBaTbCs Kak 1ong.

CumBonbl-cneundmKaTopsl nepeuncieHsl B Tabaumue 7.1. Ecam 3a S He NoMelLLLeH CMMBOA-CNeLMduKaTop, noBeaeHme
OYyHKUMKM print f ByaeT He onpeaeneHo.

LMPHHY M TOUHOCTb MOXKHO creumMdULMpPOoBaTb C MOMOLLBI0 *; 3HAYEeHWe WUPUHBI (MAM TOYHOCTU) B 3TOM C/ydyae
bepeTca U3 cneayloLWEro aprymeHTa (KOTopblid fokeH BbiTb TMNa int). Hanpumep, 4tobbl HaneuyaTtaTb He bonee
max CUMBOJIOB U3 CTPOKU S, TOAMUTCA CAeAytoLLan 3anuch:

\AJ

printf ("%$.*s", max, s);

Bosbwana Yyactb dopmaTHbIX NpeobpasoBaHMii Bblna NPOLAEMOHCTPUMPOBaHA B Mpeaplaywmx rnasax. MckaoyeHue
COCTaB/IAET 3aaH1e TOYHOCTU ANA CTPOK. [lanee NpuBoOANTCA NepedeHb cneundukaumii U NoKasbiBaeTCA UX BAUAHNE
Ha neyvaTb cTpoku "hello, world", coctosauwel ns 12 cumsonos. MNone cneunanbHO 06pamieHo ABOETOUUAMM, UTOObI
6bl1a BUAHA ero NPOTAMXEHHOCTb.

1%s: thello, world:
:%10s: thello, world:
:%.10s: :hello, wor:

:%-10s: thello, world:
:%.15s: thello, world:
:%-15s: thello, world

:%15.10s: : hello, wor:



:%-15.10s: thello, wor

Tabaunuya 7.1. OcHoBHble NpeobpasoBaHuna print f

Cumson Tun aprymeHTa; BUA neyatu

d, i int; AecaTU4YHoe uenoe

o int; 6e33HakoBoe BocbmepuyHoe (octal) uenoe (6e3 Hyns cnesa)

%X, X unsigned int; 6e33HakoBOe WecTHaauaTepuyHoe uenoe (6e3 Ox uam 0X cnesa), ana 10...15

ncnosnb3sytotca abedef nan ABCDEF

u int;6e33HaKkoBOe AecATUYHOE Lesloe

c int; OAMHOYHbIA CUMBOAN

S char *; nevyataeT CMMBOAbI, PaCMOJIOXKEHHble A0 3Haka \0, WIU B KOJIMYECTBe, 3aJaHHOM
TOYHOCTbIO

hil double; [-] m.dddddd, rae Konndectso umdp d 3a4aeTca TOUHOCTbIO (N0 YMOIYaHUIO PaBHO 6)

e, E double; [-] m.dddddde+xx nau [-] m.ddddddE+xx, rae Konnuectso umMdp d 3agaeTca TOYHOCTbIO

(no ymonuaHuto pasHo 6)

g, G double; ucnonbsyetr e uanm SE, eciiv NOpAaAoK MeHblle, Yyem -4, uam 6onblie AN paBeH
TOYHOCTW; B MPOTMBHOM C/ayvae ucnoab3yeTr 3f. 3aBepwarolme HyAM W 3aBepluaowas
AecATUYHaA TOYKa He neYyaTtaloTca

P void *;yKasaTenb (NpeacTaBieHUe 3aBUCUT OT peanmsaumnm)

% AprymeHT He npeobpasyeTca; neyataerca 3HaK %

Mpenoctepexenune: dyHKUMA printf Mcnonb3yeT cBOW NepBblli apryMeHT, 4Tobbl ONpenenunTb, CKOMbKO eLle
O’KMOAETCA apryMeHTOB M KaKoro oHu byayT Tuna. Bbl He nosyunte NpaBWUbHOIO pe3ynbTaTa, ec/ii aprymMeHTOoB
b6yaeT He xBaTaTb UKW OHKU ByAYyT NPUHAgNEKaTb He TOMY TUMY. Bbl AOMKHbI TaKKe NOHUMATb Pa3HULLY B CleayoLmx
AByx obpalLeHusx:

printf(s); /* HEBEPHO, ecium B s ecTb %, */
printf ("%$s"™, s); /* BEPHO Bcerma */

PyHKUMA sprint £ BbINOAHAET Te e npeobpasoBaHma, YTO M print f, HO BbIBOA 3aNOMMHAET B CTPOKE
int sprintf (char *string, char *format, argl, arg2, ...)

31a dyHKumMA dopmaTtupyer argl, arg2 vi T.4. B COOTBETCTBUM C MHPOPMaLUMeEN, 3a4aHHOM aprymeHTom format, Kak
Mbl OMUCbIBANIM paHee, HO pe3ynbTaT NOMELLAeT He B CTaHAAPTHbIN BbIBOA, @ B string. 3ameTMm, YTO CTPOKa
string AonXHa bbiTb A4OCTaTOYHO 601bLIONM, YTOBbI B HEW MOMECTU/CA Pe3y/bTaT.

YnpaxHeHue 7.2. Hanuwwute nporpammy, KoTtopas OyaeT neyataTb pasymHbim crnocobom ntoboit Beoa. Kak
MWHUMYM OHA AOJIKHA YMETb neyaTtaTb Herpaduyeckme CMMBOJIbl B BOCbMEPUYHOM W/IM LIECTHAAUATEPUYHOM BMAE
(8 popme, NpuHATOM Ha Ballel MmallMHe), 06pbiBas A/IMHHbIE TEKCTOBbIE CTPOKW.



7.3. CIMCKM apryMeHTOB [lepeMeHHOH AJIUHbI

3ToT naparpad COAEPKUT pPeannsaumio MMHMMaANbHOW Bepcuu printf. MpuBOAMTCA OHa ANA TOro, 4To6bLI
MoKasaTb, KaK Hago nucatb GYHKLUMM CO CMUCKAaMM apryMeHTOB NepemMeHHOol ANUHbI, NpuYemM Takue, KoTopble 6biin
6bl NepeHocKMmbl. MNOCKOABKY Hac rnaBHbIM 06pasom MHTepecyeT 06paboTka aprymMmeHToB, GyHKUMIO minprintf
Hanuwem Takum ob6pasom, 4To OHa B OCHOBHOM byzeT paboTaTb ¢ 3agatowennt GopmaT CTPOKON U apryMeHTamm; YTo
Ke KacaeTca dopmaTHbIX NpeobpazoBaHMin, TO OHM ByAyT OCYLLECTBAATLCA C MOMOLLBIO CTaHAApTHOro printf.

O6bsBneHne CTaHA4aPTHOM GYHKLUMU print £ BbIFAAUT TaK:
int printf (char *fmt, ...)

MHoroToune B 06bABNEHUN O3HAYAET, YTO YNCAO U TUMbl APTYMEHTOB MOTYT U3MEHATLCA. 3HAK MHOTOTOUYME MOKET
CTOATb TO/IbKO B KOHLE CMUCKa aprymeHToB. Hawa ¢pyHKumAa minprint f o6baBaseTca Kak

void minprintf (char *fmt, ...)
MOCKOJIbKY OHa He 6yp,eT BblAaBaTb YNC/1O CMMBOJI0OB, KaK 3TO Aenaert printf.

BcA CNOXKHOCTL B TOM, KakMm obpasom minprintf 6yaeT npoaBuratbca BAONb CNKMCKA apryMeHToB, — Bedb Yy
3TOr0 CMMCKa HeT Ja)Ke WmeHW. CTaHOAPTHbIA 3aroNoBOYHbIM  ¢alin <stdarg.h> cogepXut Habop
MaKpoonpeaeseHnin, KOTopble YCTaHaBAMBAlOT, KaK LlaraTb MO CMWCKY aprymeHToB. HanosHeHwe 3Toro
3aro/IoBOYHOrO ¢aiiia MOMKET M3MEHATbLCA OT MallMHbl K MaluMHe, HO MPeACTaBfieHHbI MM uHTepdelic Besge
O/AMHaKOB.

Tun va list CAYXWT ANA ONUCaHUA NepeMeHHOM, KoTopasa OyaeT no ouyepeau yKasbiBaTb Ha KaxAabld U3
aprymeHToB; B minprintf 3Ta nepemeHHasa umeeT uma ap (ot "argument pointer" — ykasaTenb Ha aprymMeHT).
Makpoc va start MHMUMaNU3MpyeT NnepeMeHHyto ap, 4Tobbl OHa yKa3biBana Ha Nepsblit 6€3bIMAHHbIV apryMeHT.
K va start HyxHO 06paTuTbcA A0 NEpBOro MCcnonb3osaHuA ap. Cpeau aprymeHTOB MO KpailHei mepe oAWH
[ONMKEH OblTb MMEHOBaHHbIM; OT MOCAEAHEro WMEHOBAHHOIO aprymeHTa 3TOT MaKpoc "oTTanKkusaeTca" npwu
HavyaNbHOM YCTaHOBKE.

MaKpoc va arg Ha KaxJoM CBOEM Bbl30Be BblAaeT oYepeHO aprymeHT, a ap nepeaBuraeT Ha caefyoLmii; no
MMEHM TMNa OH onpeaenseT TMN BO3BPALLAEMOro 3HaYeHMA M pasmep Liara 4aa BbIX04a Ha Cleayiolmii aprymeHT.
HakoHel, makpoc va end AenaeT O4UCTKY BCero, 4To Heobxoanmo. K va end cnegyeT obpaTuTbca nepes, cambim
BbIXO40M U3 GYHKLUMN.

MepeyncneHHble cpeacTBa 06pasytoT OCHOBY Hallel YNpoLWeHHOW Bepcun print £,

#include <stdarg.h>

/* minprintf: MmHMMaNbHEN printf C NEepeMeHHBM YMCJIOM apryMeHT */
void minprintf (char *fmt, ...)
{
va list ap; /* ykasmBaeT Ha OYepPenHON Oe3EMAHHBI apITyMeHT */
char *p, *sval;
int ival;
double dval;

va start(ap, fmt); /* ycranaBiuBaeT ap Ha 1-1 OEe3EIMAHHELY apryMeHT */
for (p = fmt; *p; p++) |
if (*p = '3") {
putchar (*p) ;
continue;



switch (*++4p) {

case 'd':
ival = va arg(ap, int);
printf ("%d", ival);
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); /* oumcTka, KorOa BCe cIejlaHo */

YnpaxHeHue 7.3. JononHnte minprintf gpyrummn BoamoxKHocTAMM print f.

7.4. dopmaTHbIii BBOJ, (scanf)
®PyHKuMA scanf, obecneymBalowas BBOA, ABAAETCA aHanorom printf; OHa BbINOJHAET MHOrMe w3
YNOMUHaBLUNXCA I'IpEO6pa3OBaHMl71, HO B NPOTMBOMOJIOXKHOM HanpaB/1eHUMN. Ee obbaBneHne umeet cnep,yrou.l,mﬁ BUA:

int scanf (char *format, ...)

OyHKUMA scanf uumTaeT CMMBOJIbBI U3  CTAHAAPTHONO BXOAHOrO TMOTOKA, WHTEpPNpPeTMpyeT WX COrAacHo
cneunduKaLmam CTPoKM format M paccbliaeT pesynbTaTbl B CBOM OCTa/ibHble apryMeHTbl. AprymeHT-GopmaTt mbl
onuwem Mo3Ke; Apyrne aprymMeHTbl, Kaxobll Uz Komopsix 0onxeH bbimb yKazamesnem, onpenensawoT, rae oyayt
3aMOMMHATLCA LO/MKHbIM 06pasom npeobpasoBaHHble AaHHble. Kak U gna printf, B aTom naparpade paetcs
CBOAKA Hanbosiee NonesHbIX, HO OTHIOAb He BAEX BO3MOXKHOCTEN AaHHOM QYHKLMM.

dPyHKuMA scanf npekpauwaet paboTy, Koraa OKasblBaeTcA, YTO UcHepnanca popmaTt MAM BBOAUMAA BeanYMHAE He
COOTBETCTBYET ynpasaswowein cneundmkaumm. B KayecTse pesynbTaTa scanf BO3BpaLLaeT KOJAMYECTBO YCMelHOo
BBE/IEHHbIX 3/1IEMEHTOB AaHHbIX. [10 ncuepnaHmm ¢aiina oHa BblaaeT EOF. CywecTBeHHO TO, YTO 3HadYeHne EOF He
pPaBHO HY/O, NOCKOJ/IbKY HY/b scanf BblaaeT, Koraa BBOAUMbIA CUMBON HE COOTBETCTBYET NepBol cneuuduKkaumnm
dopmaTHOI CTpoKK. Karkaoe ouepeaHoe obpalleHune K scanf NnpogosskaeT BBOA C CUMBOJIA, CAeAyioLLero cpasy 3a
nocneaHuUm ob6paboTaHHbIM.

CyuiecTByeT Tak»Ke GyHKUMA sscanf, KoTopas UNTaeT U3 CTPOKK (a He U3 CTaHaapTHOro BBOAA).
int sscanf (char *string, char *format, argl, arg2, ...)

dyHKUMA sscanf npocmaTpuBaeT CTPOKY string cornacHo dopmaty format M paccbliaeT NOyYeHHble
3HauyeHuA B argl, arg2 u T. a. NocnegHune A0NXKHbI BbITb YKa3aTeNaMu.

dopmaT 06bIYHO COAEPKUT crieunduKaummn, KOTopble UCMOb3YIOTCA A4NA yNpaBaeHns npeobpasoBaHMamMM BBoZa. B
HEero MoryT BXOAMUTb C/ieaytolme 31eMeHTbl:

e [lpo6enbl UAK TabynauMU, KOTOPbIE UTHOPUPYIOTCA.



o OO6blYHble CMMBOAbI (MCKAOYAA %), KOTOpble, KaK OXWOAeTcs, COBMNaAyT C o4vyepeaHbiMW CMMBONAMM,
OT/IMYHBIMW OT CUMBOJIOB-pPa3aenunTesneli BXO4HOro NoToka.

¢ CneundurKaummn npeobpasoBaHMA, Kaxaan M3 KOTOPbIX HAYMHAETCA CO 3HAKA % M 3aBepLIaeTcA CMMBOJIOM-
cneundmkatopom Tuna npeobpasoBaHMA. B npomekyTke mexay 3TMMKM ABYMS CMMBOAAMU B ntobok
cneumduKaLmMmM MOryT PacrnonaratbCsa, NPMYEM B TOM NOPAAKE, KaK OHM 34€eCb YKasaHbl: 3HaK * (Npu3HaK
nogaBfeHUA NPUCBaUBAHUA); YMCNO, onpeaensaowee WUPKUHY nona; 6ykea h, 1 Man I, yKasbiBatowan Ha
pa3mep NoJiy4aemoro 3HayeHus; U CMMBOJ NpeobpasosaHua (o, d, x).

Cneundurauma npeobpasoBaHuUA ynpasaseT npeobpasoBaHNeEM caeaytowero BBoANUMOro nons. O6biYHO pesyabrat
nomeLllaeTca B NepemeHHYIo, Ha KOTOPYIO YKa3biBaeT COOTBETCTBYIOWMI aprymeHT. OgHako ecaun B cneumdurKaumm
npeobpasoBaHUA NPUCYTCTBYET *, TO MoAe BBOAA NMPOMNYCKAaeTCA U HMKAKoe npucBavBaHUe He BbiNonHaeTca. Mone
BBOAA ONpeAenseTcs Kak CTpoKa 6e3 CMMBOJIOB-pasfenutesneil; oHO MNPOCTUPaeTcA A0 cieadylollero cUMmBO/a-
pasgennuTens Wiau e orpaHnYeHo WNPKUHOKM NoA, ecin oHa 3agaHa. MocKoIbKy CMMBOJT HOBOW CTPOKM OTHOCUTCA K
CUMBOMIAM-Pa3aeNnTeNam, To scanf npu yTeHuM byaeT nepexoamuTb C OAHOW CTPOKM Ha gpyryto. (Cumsonamm-
pasgenuTensmum SBASIOTCA CMMBOAbLI npobena, Tabynauuu, HOBOM CTPOKW, BO3BpPaTa KapPeTKW, BepTUKaJIbHOM
Tabynaumm 1 nepesoaa CTpaHULbI.)

CumBon-cneumdurKaTop YyKasbiBaeT, KakMm o6pasom cneayeT WMHTEPNPETMPOBaTb OvyepedHoe Moje BBOAA.
CoOTBETCTBYIOWMI apPryMeEHT A0/KeH BbiTb yKasaTenem, Kak Toro TpebyeT mexaHM3m nepegayv napamerpos Mo
3HaYeHWIo, NPUHATBIN B C1. CMBOAbI-CNeundrKaTopbl NpuBeaeHbl B Tabanue 7.2.

Mepes cumBonamu-cneundukaTopamm d, 1, o, U M x MONKET CTOATb 6yKBa h, yKasbiBalOWasa Ha TO, 4TO
COOTBETCTBYIOWMIA aprymMeHT A0/BKEH UMETb TUN short * (a He int *), uam 1 (natuHckas ell), ykasbiBarowana Ha
™nN long *. AHanorMyHo, nepen cMMmBonamu-cneundukaTopamm e, £ U g MOXKeT cToATb ByKBa 1, yKasbiBatowWwas,
yTo TUN aprymeHTa — double * (aHe float *).

Tabnunuya 7.2. OcHoBHble npeobpasoBaHus scanf

Cumson BBoaMMble AaHHbIE; TUN apryMeHTa

ol OEeCcATUYHOe uenoe; int *

i uenoe; int *. Llenoe mosket 6biTb BOCbMepUMYHbI (€ O cnesa) am WwecTHagauaTepmnyHbim (¢ 0x uam
OX cnesa)

o BOCbMEpPUYHOE Uenoe (C Hynem cneea unm 6es Hero); int *

u 6e33HaKoBoe AecATMYHOe Lenoe; unsigned int *

X WwecTHaauaTepuyHoe uenoe (c Ox unu OX cnesa unu 6e3 HUx); int *

c cumBoAbl; char *. Cneagylouwme cUMBOAbI BBoAa (N0 yMOMYaHUIO OAMH) pa3mellaloTca B

YKa3aHHOM MecCTe. Ob6bIYHbIN nponyck CMMBOHOB-pa3,D,eﬂMTe}1€ﬁ noAaBNAETCA, yTObbI npo4yecTb

ouyepeaHON CUMBO, OT/INYHBINA OT CUMBONA-Pa3AeUTeNs, UCNONb3YITe 31 s

S CTPOKa cMMBO/IOB (6e3 obpamnsAoLWmMX KaBblueK); char *, yKa3biBalolas Ha MacCMB CUMBO/IOB,
[0CTaTOYHbINM ANA CTPOKK M 3aBepluatowiero cumeosa '\ 0 ', KoTopsblli byaeTt obasneH

e f,g 4ynucno c I'IﬂaBaIOLI.I,eﬁ TOYKOMN, BO3MOKHO, CO 3HAKOM; obAsaTenbHO npucyTcTene nmbo I,CI,GCFlTI/ﬂ-IHOl\;I

TOYKW, NNBO IKCNOHEHLMANBbHOM YacTK, @ BOSMOXHO, U 06eunx Bmecte; float *

5 CaM 3HaK %, HUKaKoe NnpucBanBaHMe He BbINOJIHACTCA




YT106bl MOCTPOUTL NEPBLIN NpUmep, 06paTUMCA K NpPorpamme KafbKynaTopa M3 rnasbl 4, B KOTOPOMN opraHusyem
BBOJ, C NOMOLLbIO PpYyHKUMM scant:

#include <stdio.h>

main () /* nporpaMMa-xKaJbKyJIaTop */

{

double sum, v;

sum = 0;

while (scanf ("$1f", &v) == 1)
printf ("\t%.2f\n", sum += v);

return 0;

MpeAnonoKnm, YTO HaM HYXKHO MPOYMTaTb CTPOKM BBOAA, COAEPIKALLME AaHHblE BUAA
25 mex 1988
ObpaleHne K scanft BbIFAAUT cnegytowmm obpasom:

int day, year; /* menn, Tom */
char monthname[20]; /* HasBaHue Mecsaua */

[
scanf ("%d %s %d", &day, monthname, &year);
3HaK & nepeg monthname He HyXKeH, TaK Kak MMA MAacCMBa eCTb yYKasaTenb.

B cTpoke dopmaTta mMOryT NpUCYTCTBOBATb CUMBO/IbI, HE YYACTBYIOLLME HU B OAHOMN U3 cneundUKaLnii; 3TO 3HAUUT,
YTO 3TV CMMBO/bI OO/IXHbI MOABUTLCA Ha BBOAE. Tak, Mbl MOrM 6bl uMTaTb AaTtbl BMAa mm/dd/yy c nomouipto
cnepytowero obpaleHuns K scanft:

int day, month, year; /* meun, mecdi, rom */
scanf ("%$d/%d/%d", &day, &month, &year);

B cBoem dopmate ¢yHKumMA scanf urHopupyeT npobenbl u Tabynauuun. Kpome Toro, npu noucke cnepytowei
nopuMu BBOAA OHa MNPOMyCKaeT BO BXOAHOM MNOTOKE BCE CUMBO/bI-pasgenutenn (npobenbl, Tabynaunn, HoBble
CTPOKM U T. A.). BoCnpuHMMaTb BXOAHOW MOTOK, HE MMeEWMn GUKCUPOBAHHOTO GopmaTa, YacTo OKasblBaeTcA
yaobHee, eciv BBOAWUTL BCIO CTPOKY LLE/IMKOM U A5 KaXK40r0 OTAE/IbHOro C/ly4as nogbupatb NOAXOAAWMI BapUaHT
sscanf. MNpeanonoKMm, Hanpumep, YTO Ham HYXKHO YMTaTb CTPOKM C AaTaMu, 3anucaHHbIMWM B 060N U3
npuBeaeHHbIX Bbile popm. Torga mbl Moram 6bl HanNucaTh:

while (getline(line, sizeof (line)) > 0) {
if (sscanf(line, "%d %$s %d", &day, monthname, &year) == 3)

printf ("Bepuo: %s\n", line); /* B Bume 25 mex 1988 */
else if (sscanf(line, "%d/%d/%d", &month, &day, &year) == 3)
printf ("Bepno: %s\n", line); /* B Bume mm/dd/yy */
else
printf ("HeBepHo: %s\n", line); /* HeBepHada dbopma maTeH */

ObpauweHns K scanf MOryT Mepeme}KaTbCs C Bbi30BaMM Apyrux ¢yHKUMA BBoga. Jliobasa ¢yHKUMSA BBOAQ,
BbI3BaHHasA nocsie scant, NPOSOIKUT YTEHME C MEPBOIO eLle HEMPOYUTAHHOTO CUMBONA.

B 3aBeplueHMe elle pas HaNOMHWUM, YTO apryMeHTbl pyHKUMIA scanf u sscanf AOMKHbI ObITb yKasaTenamu.

OAaHa u3 camolx PacnpoCTpaHEeHHbIX OLMBOK COCTOMUT B TOM, YTO BMECTO TOTO, yTO6bI HAaNUcaTbL



scanf ("%d", &n);

nuuwyT

scanf ("%d", n);

KomnunsaTtop o nogobHon ownbKe H1UYero He coobLuaer.

YnpaxHeHue 7.4. HanuwuTe cBoto Bepcuto scanft no aHanormm c minprintf ns npegblgywero naparpada.

YnpaxHeHue 7.5. [Mepenunwmnte oCHOBaHHY Ha NOCTPUKCHOM 3aNMUCK NPOrPaMMy KanbKyaaTopa M3 rnasbl 4 TakKUM
ob6pasom, uTobbl 417 BBOAA M Npeobpa3oBaHNA YMcen oHa ucnosb3osana scanf u/mam sscant.

7.5. Joctyn K ¢painyiam
Bo Bcex npeablaywmx npumepax Mmbl UMeNM Aeno co CTaHAapTHbIM BBOAOM M CTaHAAPTHbIM BbIBOAOM, KOTOpble A
Nporpammbl aBTOMaTUYECKM Npeaonpeae/ieHbl onepaLMoHHOM CUCTEMOM KOHKPETHOM MaLUMHbI.

CnepyolWmMii War — HAy4UTbCA NUCaTb MPOrpammbl, KoTopble Mmenu 6bl JocTyn K dalinam, 3apaHee He
noacoeamMHeHHbIM K nporpammam. OaHa M3 Mporpamm, B KOTOPOM BO3HWMKAET Takaa HeobxoaMmMOCTb, — 3TO
nporpamma cat, ob6begMHAWAnA HECKONbKO MMEHOBAHHbIX GaitioB M HaNpaBAAlOLWAs Pe3ynbTaT B CTAaHAAPTHbIN
BbIBOA. PYHKLMA cat YacTo NpumeHsaeTca A1A BblAaum $alioB HA 3KPaAH, @ TaKkKe KaK YHUBepCanbHbIn "Konnektop"
dainnoBon MHPOpPMaLUN ONA Tex NPOrpamMmm, KOTOpble HE MMEIOT BO3MOMXKHOCTM 06paTuTbCA K daiay no MMeHMW.
Hanpumep, KomaHaa

cat x.c y.c
HaNpaBWUT B CTaHAAPTHbIN BbIBOZ coAepKMMoe $alinoB x.c U y . c (M HU4ero bonee).

Bo3HMKaeT BONPOC: YTO HAaZoO cAenatb, YToObl MMeHOBaHHble ¢aliibl MOXKHO OblJI0 YNTaTb; MHA4Ye FOBOPS, Kak
CBA3aTb BHELLHWE MMeHa, NPUAYMaHHbIe NOb30BaTeNEM, C UHCTPYKLUMAMU YTEHNA AAHHbIX?

Ha 3ToT cueT nmeroTca npocTtble npasuna. [Ana Toro 4tobbl MOXKHO 6bl710 YMTaTh U3 daina uamn nucato B ¢ain, oH
[OMKEH 6bITb NPeaBapuUTENbHO OMKPbLIM € NOMOLLBIO BubanoTeyHon dyHKLUMKM fopen. PyHKUMA fopen nonyyaet
BHEWIHEe WMMSA TUMA xX.C WM y.C, NMOCNE YEero OCYLEeCTB/ASEeT HEKOTOpble OpraHWM3auMOHHble AeNCTBUA U
"neperoBopbl” C ONEpauMoHHON CUCTEMON (TEXHMYECKME [AeTanuM KOTOpbIX 34eCb He paccMaTpuBaloTca) U
BO3BPALLAET YKa3aTe b, UCMO/Ib3yeMbIN B fafbHENLWEM A4 AOCTyna K dainy.

ITOT yKasaTesb, Ha3blBaeMblil yKkazamesnem ¢alina, ccblnaeTca Ha CTPYKTYPY, COAEepHKalLyto MHPopmaumio o daine
(appec bydepa, nonoskeHue TeKyLWEro cMMBo/1a B bydepe, OTKPbIT Gpalin Ha YTEHUE UK Ha 3aNnCb, BbIIM 1N OLUMBKM
npu pabote ¢ Gpaitiom n He BCTpeTuacA n KoHew, daina). Monb3oBaTesto He HYXKHO 3HaTb NOAPOBHOCTU, MOCKONbKY
onpeaeneHunsn, NoayvyeHHole n3 <stdio.h>, BKNOYAOT ONMCAaHUE TAaKOM CTPYKTYypPbl, Ha3blBaeMol FILE.

EavHcTBEHHOE, UTO TpebyeTca Ans onpeaeneHus yKasatena ¢daiina, — 3T0 3a4aTb ONWCaAHWA TaKoro, Hanpumep,
BMAA:

FILE *fp;
FILE *fopen (char *name, char *mode);

3TO rosBopuT, YTO £ ecTb yKasaTenb Ha FILE, a fopen Bo3BpallaeT ykasatenb Ha FILE. 3ameTum, yto FILE —
3TO MMSA TUMa, Hanogobue int, a He Ter cTpyKTypbl. OHO onpegeneHo ¢ nomouwpto typedef. (JeTann Toro, Kak
MOKHO peannsoBaTb fopen B cucteme UNIX, npusoaatca B naparpade 8.5.)

ObpalleHune K fopen B NporpaMme MOXKET BbIrALETh CAeayoWmMm obpasom:

fp = fopen(name, mode) ;



MepBbI apryMeHT — CTPOKa, coaeprKalian uma daina. Bropoit aprymeHT HeceT MHOOPMaLUIO O pexcume. ITO TOXKe
CTPOKA: B Hel yKa3blBaeTcs, Kakum obpa3om Mnosib3oBaTesNlb HaMmepeH NPUMeHATb ¢aiin. Bo3MoXKHbI cneaytouime
pexKumbl: yteHue (read — "r'"), 3anucb (write — "w'") n gobasneHue (append — "a"), T. e. 3aNnUCb UHGOPMaLUU B
KOHeL, y¥Ke cywecTtytouero ¢anna. B HEKOTOPbIX CUCTEMAX PA3/IMYAIOTCA TEKCTOBbIE U BUHapHble daibl; B cayyae
NocaeaHUX B CTPOKY pexnuma Heobxoammo gobasutb 6yKBy "b" (binary — GUHapHbIA).

ToT daKT, UTo HEKMI dalin, KOTOPOro paHblue He 6bl0, OTKPLIBAETCA Ha 3anNuCb MAK fo06aBaeHME, O3HAYAET, YTO OH
co3paetca (ecan Takas npoueaypa ¢U3MYECKM BO3MOXKHA). OTKpbITME yKe cywecTsytowero ¢amna Ha 3anucb
npMBOAMUT K BblbpacbiBaHUIO €ro CTaporo COAEPKMMOTo, B TO BPEMA KaK MPuU OTKPbITUK daina Ha AobasseHne ero
CTapoe cofepxumoe coxpaHsetca. MNMonbiTKa unTaTb HecywecTsyowmin dann asnaetca owwnbrkon. MoryT umeTb
MEeCTO U Apyrue oWwnbKM; Hanpumep, OWNOKON cYMTaeTCcA NOMbITKa YTeHUA daiiia, KOTOPbIA NO CTaTycy 3anpeLLeHo
yuntatb. Mpn Hanuumm nwboit owmnbkm fopen Bosspawaetr NULL. (BosmorkHa 6onee TouyHasa wnaeHTUdUKauuma
OWMOKM; AeTanbHaa MHGOPMaUMA No STOMY NOBOAY NPMUBOAMTCA B KOHLE naparpada 1 npunoxxeHus B.)

Cnepytoulee, YTo HaM HeobXoAMMO 3HaTb, — 3TO KaK 4ynTaTb U3 dalina nam nucatb B ¢ai, Kosib CKOPO OH OTKPbIT.
CyuiecTByeT HECKOJ/IbKO CnocoboB caenaTb 3TO, M3 KOTOPbIX CaMbll MPOCTOM COCTOMT B TOM, YTOObl BOCMO/1b30BaATbLCA
bYHKRUMAMKN getc n putc. PyHKUMA getc BO3BpALAET caeayowmin cumeon M3 ¢aina; et HeobxoanMMo coobLWNTb
yKasaTtenb ¢aina, ytobbl OHa 3HaNa, OTKyAa 6paTb CUMBOJI.

int getc(FILE *fp)

®yHKUMA getc BO3BPALLAET CEAYIOWMI CUMBO M3 NMOTOKA, HA KOTOPbIMA YKasbiBaeT * fp; B C/yy4ae vcyepnaHus
¢daina nnm owmnbkun oHa Bo3BpaLLaeT EOF.

OyHKUMA putc nuwert cumBon ¢ B pann fp
int putc(int ¢, FILE *fp)

W BO3BpaLLAEeT 3anNuCaHHbIN CMMBOA MAKM EOF B cnydae owubKU. AHanormyHo getchar M putchar, peanusauma
getc nputc MoXeT 6bITb BbINOIHEHA B BUAE MAKPOCOB, @ He QYHKLMIA.

Mpw 3anycke Cn-nporpammbl ONepaLMoHHan CMCTEMA BCerga OTKpbIBaeT Tpu dana n obecneumsaeTt Tpu dainnosble
CCbIJIKM Ha HUX. ITUMK PalilaMn ABAAIOTCA: CTaHAAPTHbLIN BBOA, CTAHAAPTHbIN BbIBOA U CTAHAAPTHbIN dainn oWnboK;
COOTBETCTBYIOLIME UM YKa3aTenmn HasblBatoTcs stdin, stdout M stderr; oHM onucaHbl B <stdio.h>. O6bl4HO
stdin COOTHeCeH C KnaBMaTypol, a stdout U stderr — ¢ aKpaHoM. OgHaKo stdin M stdout MOMKHO CBA3aTb
¢ daltnamm MU, NCNONb3yA KOHBEMEPHbIM MeXaHM3M, COeAMHUTb HanpPAMyl C APYrMMW NPOrpaMmmamu, Kak 3To
onucbiBanock B naparpade 7.1.

C nomouwpto getc, putc, stdin uM stdout ¢yHKUMM getchar M putchar Tenepb MOXKHO ONpenennTb
cnegyowmm obpasom:

#define getchar () getc(stdin)
fdefine putchar (c) putc((c), stdout)

dPopmaTHbIN BBOA-BbIBOA, $GalIOB MOXKHO NMOCTPOUTb HA PyHKUMAX Fscanf n fprintf. OHU NAEHTUYHBbI scanf K
printf ¢ TOM AUWDb pasHULEN, YTO MEPBbIM WX APFrYMEHTOM ABAAETCA YyKasaTenb Ha ¢aln, AnA KOToporo
OCYLLECTBNIAETCA BBOA-BbIBOA, GOPMAT »Ke YKA3bIBAaETCA BTOPbIM ApPryMEHTOM.

int fscanf (FILE *fp, char *format, ...)
int fprintf (FILE *fp, char *format, ...)

BoT Tenepb Mbl pacrnosiaraem TeMU CBeAeHUAMM, KOTOpble AO0CTaTOYHbl AJ18 HanucaHuMa nporpammbl cat,
npefHasHavyeHHOM ANA KOHKaTeHauuu (nocnegosBaTtebHOro coeanHeHun) dannos. Mpegnaraemas sepcusa GyHKUUK
cat, KaKk OKasanocb, yaobHa Ans mMHOrux nporpamm. Ecam B KomaHAHONM CTPOKe NPUCYTCTBYIOT aprymMeHTbl, OHU



paccmaTpuBaloTCA Kak MMeHa nocieaoBaTenbHo obpabatbiBaemblx daiinos. Ecam aprymeHToB HeT, To obpaboTke
noAgepraerca CTaHAAPTHbIN BBOA,

#include <stdio.h>

/* cat: xoHkaTeHauusa bdannor, Bepcua 1 */
main (int argc, char *argv[])
{

FILE *fp;

void filecopy (FILE *, FILE *);

if (argc == 1) /* HeT apryMeHTOB; KONMPYeTCs CTaHOapTHEM BBOI */
filecopy(stdin, stdout);

else
while (--argc > 0)

if ((fp = fopen (*++argv, "r")) == NULL

{
printf ("cat: He MOTY OTKpPHITH Oaii %$s\n", *argv);

%

return 1;

} else {
filecopy (fp, stdout);
fclose (fp) s

}

return 0;

/* filecopy: xomnupyetr odann ifp B damn ofp */
void filecopy (FILE *ifp, FILE *ofp)
{

int c;

while ((c = getc(ifp)) != EOF)
putc(c, ofp);

dannosble yKasatennm stdin m stdout npeacTaBaatoT coboit ob6beKTbl TMNA FILE*. 3TO KOHCTaHTbl, @ He
nepemeHHble, Cieg0BaTeIbHO, UM HEeb3A HUYEero NpMcBamBarh.

dyHKuMA
int fclose (FILE *fp)

— obpaTHasA No OTHOWEHMUIO K Topen; OHa pa3pbIBaeT CBA3b Mexay GanfoBbIM yKasaTeNem U BHEWHUM MMEHEM
(KoTopas paHblie bblia ycTaHOB/EHa C NOMOLLbIO fopen), 0cBOOOXKAAA TEM CaMbiM 3TOT yKasaTenb A8 APYrvX
¢darinos. Tak Kak B 60NbLUMHCTBE OMNEPALMOHHBIX CUCTEM KOJIMYECTBO OAHOBPEMEHHO OTKPbITbIX OAHOM NMPOrpamMmon
dalinoB orpaHnyeHo, To ¢alinoBble yKasaTenn, eciv OHM 6o/blue He HyXKHbl, Aydwe ocBob0XKAaTb, KaK 3T0 U
Aenaetca B nporpamme cat. ECTb ele ogHa npuyvHa npumeHnTs fclose K ¢aliny BbIBOAA, 3TO HEOOXOAMMOCTb
"onopoxKHUTL" Bydep, B KOTOpOM putc HaKonwuaa npegHasHayeHHble A/1A BblBOAA AaHHble. [pyM HopmasibHOM
3aBepleHnun paboTbl NPOrpammbl 4SS KaxKAOro OTKPbITOro daina fclose BbI3bIBAETCS aBTOMATUYECKU. (Bbl
MOXeTe 3aKpbiTb stdin M stdout, ecnM OHM Bam He Hy)KHbl. Bocnonb3oeaswucb 6ubanoTeyHolnt dyHKLMen

freopen, UX MOXHO BOCCTaHOBUTb.)



7.6. YupassieHue omiM6KaMHu (stderr u exit)

O6paboTKy oWMBOK B cat Henb3s NpU3HaTb MAaeanbHoW. Bega B Tom, 4To ecnn damn Mo KakoM-1Mbo npuumHe
HefocTyneH, coobuweHne 06 3TOM Mbl NONYYMM MO OKOHYAHMM KOHKAaTEHMPYEMOro BbiBOAA. ITO Hac ycTpouno 6bl,
ecnu bbl BbIBOA, OTNPABAANCA TONLKO Ha 3KPaH, a He B Gpai M No KoHBerepy Apyron nporpamme.

YT06bI NyyLLE CNPaBUTLCA C 3TON Npobaemol, NporpamMmme NOMMMO CTaHAAPTHOrO BbiBOAa stdout npuaaercs ewe
OAMH BbIXOOHOW NOTOK, HasbiBaeMblit stderr. BbiBog B stderr 06bIYHO OTMPABAAETCA Ha 3KpaH, Aaxe ecnu
BblBOA stdout nepeHanpasieH B Apyroe mecTo.

Mepenuwem cat TaK, 4Tobbl coobLLeHMA 06 OWNBKaxX OTNPaBAAANCL B stderr.

#include <stdio.h>

/* cat: xoHkaTeHauusa Odaisnos, Bepcua 2 */
main (int argc, char *argvl[])
{

FILE *fp;

void filecopy (FILE *, FILE *);

char *prog = argv[0]; /* uma nporpammel */
if (argc ==1) /* HeT apryMEHTOB; KONMPYeTCa CTaHI. BBOI */
filecopy(stdin, stdout);
else
while (--argc > 0)
if ((fp = fopen (*++argv, "r")) == NULL) {
fprintf (stderr, "%s: He MOTy OTKpPHTHL OGanna %s\n",
prog, *argv);
exit (t);
} else {
filecopy (fp, stdout);
fclose (fp) ;
}
if (ferror (stdout)) {

fprintf (stderr, "%$s: ommbka =zanmucu B stdout\n", prog);

exit (2);
}
exit (0) ;
}
Mporpamma curHanusmpyetr ob owmbrax asyma cnocobamu. MNepBbiit — coobuieHne 06 owMBKe C NOMOLLbIO

fprintf nocbinaetca B stderr ¢ Tem, YyTobbl OHO MONAN0 Ha 3KPaH, a He OKa3asoCb Ha KOHBeMepe UAKU B APYrom
daline BbiBoga. Mma nporpammbl, xpaHsaweeca B argv [ 0], mMbl BKAIOYMAM B cO0DBLLEHME, YTOBbI B CyYasx, Koraa
JaHHas nporpamma paboTaeT COBMECTHO C APYTMMMU, BblNl ACEH UCTOYHUK OLIMBKM.

Bropon cnocob yKasaTb Ha owubKy — 06patuTbca K BubanoteyHon ¢yHKUMM exit, 3aBeplualolen paboty
nporpammbl. AprymeHT ¢yHKUMM exit [A0CTyneH HeKOTOpOMy MpOoLEecCy, Bbl3BaBWeMY AaHHbIM npouecc. A
CNepoBaTesIbHO, YCMewHoe MAn ownboyHoe 3aBeplUeHMe MPOorpaMmmbl MOMKHO MPOKOHTPO/IMPOBATL C MOMOLLbIO
HEKoel MporpamMmbl, KOTOpas paccmaTpuBaeT 3Ty MPOrpaMmmy B KayecTBe noguvMHeHHoro npouecca. Mo obuiei
[OroBOPEHHOCTM BO3BPAT HYAA CUTHANU3MPYET O TOM, 4To paboTa NpoLuaa HOPManbHO, B TO BPEMA KaK HEHYNeBble
3HaYeHuss 0bblyHO roBopaT 06 owwnbkax. YTobbl ONOPOKHUTL bOydepa, HakonueliMe UMHOPMAUMIO ANA BCeEX
OTKPbITbIX paitnoB BbiBOAA, PYHKUMA ex it Bbi3biBaeT fclose.



MHCTpYKUMA return Bep FNaBHOWM NPOrpammbl main 3KBUBANEHTHA 0bpaleHuio K OYyHKUMU exit (BEp).
MocnegHuit BapuaHT (C NOMOLLbIO ex1it) MMeeT TO NMPEUMYLLECTBO, YTO OH MPUrOAEH ANA BbIXOAa U U3 APYrvX
bYHKLMI, 1, KpOMe TOro, C0BO ex 1t Nerko 06HapYKMUTb C MOMOLLBIO MPOrPaMMbl KOHTEKCTHOFO NOMCKa, NOXOKeW

Ha Ty, KOTOPYIO Mbl paccmaTpuBanu B rnase 5.
PyHKUMA ferror BblAAET HEHyNEBOE 3HAYeHMe, ecn B paiine fp 6blaa obHapyKeHa owmnbKa.
int ferror (FILE *fp)

XoTs npv BblBOAE PeAKO BO3HMKAIOT OWMOKM, BCE e OHM BCTPedyaloTcA (Hanmpumep, OKasanca nepenonHeHHbIM
AMCK); NO3TOMY B NPOrpammax LUIMPOKOTO M0/1b30BaHNA OHU A0/XKHbI TLWATE/IbHO KOHTPOIMPOBATLCA.

®PyHKumMA feof (FILE *) aHanormyHa ¢yHKuMmM ferror; oHa BO3BpALLAET HEHY/IEBOE 3HAYEHWNE, EC/IU BCTPETUACS
KOHeL, yKa3aHHOro B aprymeHTe ¢daiina.

int feof (FILE *fp)

B Halwmnx HeBONbLUINX WANOCTPATMBHbIX NPOrpammax mbl He 3a6OTU/AMUCL O Bblgaye CTaTyca BbIxoAa, T. €. Bblaade
HEKOTOPOro 4YMCAa, XapaKTepPM3yHoLLEro COCTOAHME Mporpammbl B MOMEHT 3aBeplueHua: paboTa 3aKoH4Maachb
HOPManbHO WAW MpepBaHa M3-3a ownbKKM? Ecan paboTa npepBaHa B pesynbTaTe owWbKW, TO Kakoil? Jliobas
cepbesHas Nporpamma A0JXKHa BblAaBaTb CTATYC BbIXOAa.

7.7. BBOA-BBIBOJ, CTPOK
B cTaHgapTHOM 6MbBAMOTEKE MMEeTCA NporpaMmma BBoda fget s, aHanorMyHaa nporpamme getline, KOTOPOU Mbl
NO/Ib30BANMCL B NpeablayLnX rnaBax.

char *fgets(char *line, int maxline, FILE *fp)

®yHKUMA fgets uuTaeT cnelytollylo CTPOKY BBOAA (BK/OYAs M CMMBOA HOBOW CTPOKM) M3 daina fp B maccus
CMMBONIOB line, MpuyemM OHa MOXKeT npouuTatb He 6Bonee MAXILINE-1 cumBonoB. lepenvcaHHas CTPOKa
pononHsaeTcAa cumsoaom '\ 0 '. ObblvHO fget s Bo3BpawaeT 1ine, a No ucyepnaHum danna nam B cnyvae ownbKu
— NULL. (Hawa getline Bo3Bpalana AjMHY CTPOKMK, KOTOPOW Mbl MOTOM MO/Ib30BAINCL, U HYJIb B C/ly4ae KOHUA
daina.)

dyHKUMA BbIBOAA fput s NULWET CTPOKY (KOTOPas MOMKET U He 3aKaHYMBaTbCA CMMBOJIOM HOBOW CTPOKU) B dain.
int fputs(char *line, FILE *fp)
3Ta dyHKUMA Bo3BpaLwaeT EOF, ecan BO3HMKA OWKBKa, N HeoTpULaTeIbHOe 3HaYeHMe B MPOTUBHOM Cy4ae.

BubnmoteyHole ¢yHKUMM gets M puts nogobHbl PyHKumam fgets m fputs. OTAMYAOTCA OHU TeM, 4TO
OonepupytoT TONbKO CTaHZAPTHbIMKU dainamm stdin u stdout, n Kpome Toro, gets BblbpacbiBaeT nocaeaHuin
cumBon '\n',aputs ero nobasnser.

YT106bl MOKA3aTh, YTO HMYEro ocobeHHOro B PyHKUMAX Bpode fgets u fputs HeT, Mbl NPUBOSUM UX 34ECb B TOM
BMZE, B KAKOM OHW CYLLECTBYIOT B CTAaHAAPTHOM 6MBIMOTEKE Ha Haleln cucteme.

/* fgets: monyuaeT He 0OoJjiee N CUMBOJIOB M3 iop */
char *fgets(char *s, int n, FILE *iop)
{

register int c;

register char *cs;

cs = S;
while (--n > 0 && (c = getc(iop)) != EOF)



if ((*cs++ = ¢c) == '"\n' )

break;
*cs = '"\0' ;
return (¢ == EOF && cs == g) ? NULL : s;

/* fputs: mocwulaeT CTPOKY s B odaina iop */
int fputs(char *s, FILE *iop)
{

int c;

while (c = *s++)
putc(c, iop);
return ferror(iop) ? EOF : O;

CtaHaapT onpeaenseT, YTo PyHKUMA ferror BO3BPALLAET B C/ly4ae OWMOKN HEHyeBoe 3HaYeHue; fputs B Caydae
OLWMOKM Bo3BpaLLaeT EOF, B NPOTUBHOM C/ly4ae — HeoTpULATelbHOE 3HAYEHME.

C nomolbto fget s nerko peannsoBaTb Hawy GyHKLUMIO getline:

/* getline: umMTaeT CTPOKY, BO3BpamaeT ee mMIMHY */
int getline(char *1line, int max)
{
if (fgets(line, max, stdin) == NULL)
return 0;
else
return strlen(line);

YnpaxHeHue 7.6. Hanuwunte nporpammy, CpaBHMBAIOLLYIO ABa ¢dalina M nedyaTalolyto NepsByto CTPOKY, B KOTOPOW
OHW pasnunyatoTca.

YnpaxHeHue 7.7. Mognduumnpyiite nporpammy noucka no obpasuy 13 rnasbl 5 Takum obpasom, utobbl oHa Bpana
TEKCT U3 MHOMeCTBa MMeHOBaHHbIX $ainos, a ecam umeH ¢annoB B aprymeHTax HeT, TO U3 CTaHZAPTHOro BBOAA.
ByaeT v neyatatbcsa MM danna, B KOTOPOM HaMLEeHa NOAXOAALLAA CTPOKA?

YnpaxHeHue 7.8. HanuwuTte nporpammy, nevyaTalowyto HECKONbKO ¢aiinoB. KaxKablii ¢aiin gonxKeH HauyMHaTbCA C
HOBOW CTPaHWULbI, NPeABapPATLCA 3aro/IOBKOM U MUMETb CBOK HYMEPaLMIO CTPAHUL,

7.8. ipyrue 66/ 1M0TeYHble QYHKI MU
B ctaHaapTHOM BUBAMOTEKE NPencTaB/ieH WNPOKUN CNEKTP PasnyHbIX GyHKUMIA. HacToawmii naparpad cogeput
KpaTKuit 0630p Hanbonee NonesHbIX U3 HUX. bonee nogpobHO 3TN M ApyrMe GYHKLMN ONUCaHbI B NPUAOXKEHUN B.

7.8.1. Onepanuu co CTpOKaMu
Mbl ye ynoMuHanu pyHKumMmn strlen, strcpy, strcat n strcmp, oONMcCaHUe KOTOpbIX AaHbl B <string.h>.
Janee, 00 KOHUA NYHKTa, NpeAnofiaraeTca, Yto s U £t MMmerT TMN char *,cuMn — Tun int.

strcat (s, t) — NpUNUCbIBAET t B KOHeL, s.
strncat (s, t, n) — NPUNMCbIBaeT N CUMBOJIOB M3 t B KOHeL, s.
strcmp (s, t) — BO3BpALLAET OTPULLATENbHOE YMCAIO, HY/Ib AW NONOKUTENBHOE YNC0 AnA s < t, s

== LUK S > T COOTBETCTBEHHO.



strncmp (s, t, n) — [AeNnaeT TO Xe, YTo U strcmp, HO KOJIMYECTBO CPaBHMBAEMbIX CUMBOJIOB HE MOXKET

npesbiwaTtb n.

strcpy (s, t) — KonupyeT t B s.

strncpy (s, t, n) — KonupyeT He 6onee n CMMBOJIOB U3 € B s.

strlen(s) — BO3BPaLLAET AJ/IUHY S.

strchr (s, c¢) — BO3BpalllaeT yKas3aTe/ib Ha NepBoe NoAB/IeHNEe CUMBOJIA C B S WU, €C/IN C HET B S,
NULL.

strrchr (s, c) — BO3BpaLLAEeT YKa3aTe/lb Ha NnocaegHee NoAsieHne CMMBONA C B S WK, €CAN C HET B
s, NULL.

7.8.2. AHa/1M3 KJ1acca CUMBOJIOB U Mpeo6pa30oBaHUe CUMBOJIOB

Heckonbko pyHKLMIA M3 BUBAMOTERM <ctype .h> BbINOAHAIOT NPOBEPKM U NpeobpasoBaHMe cMmBoIOB. [anee, o
KOHLA MYHKTA, NepemMeHHaa Cc — 3TO mepemeHHasa Tuna int, KoTopas MoXeT OblTb NpeacTaBAeHa 3HAYeHUem
unsigned char uam EOF. Bce 3TU pyHKLMM BO3BPALLAIOT 3HAYEHMA TMMNA 1nt.

isalpha (c) — He Hy/b, ecnn ¢ — Bykea; 0 B NPOTUBHOM C/lyyae.

isupper (c) — He Hy/b, ecnn ¢ — ByKBa BepxHero pernctpa; 0 B NPOTUBHOM C/yyae.

islower (c) — He Hy/b, ecn ¢ — ByKBa HUXKHero pernctpa; 0 B NpOTMBHOM Cayyae.

isdigit (c) — He Hy/b, ecan ¢ — undpa; 0 B NPOTUBHOM C/yyae.

isalnum(c) — He HyNb, ecv uAn isalpha (c), unn isdigit (c) MCTUHHDBI; 0 B NPOTUBHOM Cyvae.
isspace (c) — He Hy/ib, ecim ¢ — cumBon npobena, Tabynaumm, HOBOW CTPOKWM, BO3BpaTa KapeTkw,

nepeBoAa CTPaHULbI, BEPTUKANbHOM Tabynauuu.
toupper (c) — BO3BpALLAET C, NPUBEAEHHYIO K BEPXHEMY PErucTpy.
tolower (c) — BO3BPALLAET C, NPUBEAEHHYIO K HUXKHEMY perucrpy.
7.8.3. dDyHknua ungetc

B cTaHgapTHOM 6ubnnoTeke coaep:kutca 6onee orpaHuyeHHan Bepcua GyHKUMM ungetch no cpaBHEHWUIO C TOW,
KOTOPYO Mbl Hanucanu B rnase 4. HasbiBaeTca oHa ungetc. 3Ta GyHKUMA, UMeloLWwasa NPoToTUnN

int ungetc(int ¢, FILE *fp)

OTNpaBAseT CMMBOA C Hasag B dann fp v Bo3BpawaeT ¢, a B caydae ownbku EOF. Ona Kaxgoro danna
rapaHTMpoBaH BO3BPaT He bosiee 04HOro CMMBOJIA. PYHKUMIO ungetc MOMKHO UCNONb30BaTb COBMECTHO C /10601 13
dyHKUMI BBOAa Bpode scanf, getc, getchar nt. a.

7.8.4. Ucno/iHEHM e KOMaHJ, ONlePallMOHHOM CHUCTEMbI

®PyHKuMA system (char *s) BbINOJAHAET KOMaHAY CUCTEMbI, COAEPKALLYIOCA B CTPOKE S, U 3aTem BO3BpaLLaeTca
K BbINOJIHEHMIO TeKylen nporpammol. CoaepXMMoe s, CTPOro roBopsA, 3aBMUCUT OT KOHKPETHOM OnepauMOHHOM
cucTembl. PaccmoTtpum npoctoii npumep: B cucteme UNIX MHCTpyKuus

system ("date") ;



BbI30BET Nporpammy date, KOTOpas HanpaBuT faTy W Bpems B CTaHAAPTHbIM BbiBoA. PyHKUMA BO3BpalLaeT
3aBUCALLMIA OT CUCTEMbI CTaTyC BbINOAHEHHON KOomaHAabl. B cucteme UNIX Bo3BpallaemMblit CTaTyc — 3TO 3HadyeHue,
nepeaaHHoe dyHKUMen exit.

7.8.5. YnpaBJjieHUue NaMAThIO
®PyHKuMM malloc u calloc AMHAMUYECKM 3anpallmBatoT 610kM cBoboaHON NamaTu. PyHKumMA malloc

void *malloc(size t n)

BO3BpPALLAET yKasaTeb Ha n 6alNT HEMHUUMANN3INPOBAHHOM NamMATU Man NULL, eCaun 3anpoc y40BNETBOPUTb HE/b3A.
dyHKuMAa calloc

void *calloc(size t n, size t size)

BO3BpalLLaeT yKasaTesb Ha 06/1acTb, AOCTATOUYHYIO ANA XPaHEHMSA MaccvMBa M3 n 06BHEKTOB YKa3aHHOro pasmepa
(size), nan NULL, ecav 3anpoc He yAaeTca yA0BNeTBOPUTb. BblaeneHHaa namaTb o6HynaeTcA.

YKasatenb, Bo3Bpawaembii ¢yHKUMAMM malloc M calloc, O6yaeT BblgaH C YY4ETOM BbipaBHUBaAHWUS,
BbINOJ/IHEHHOrO COrNAacHO yKasaHHOMY TUNY obbeKTa. Tem He MeHee, K HemMy [10/1XHa 6biTb NPUMeHeHa onepauma
NPUBEAEHMA K COOTBETCTBYIOLLEMY TUMY', KaK 3TO CAENAHO B CAeAYIOLLEM parmeHTe NPOrpamMmmbi:

int *ip;
ip = (int *) calloc(n, sizeofF (int));
dyHKuMAa free (p) ocBoboxaaeT 06nacTb NamMATM, Ha KOTOPYH YKasbiBaeT p, — YyKasaTesb, NepBOHayanbHO

NoJIiy4eHHbI ¢ nomouwbio malloc manm calloc. HMKaKMX OrpaHMYeHUin Ha MOpsiAoK, B KOTOpom 6Oyaer
0cB060XKAATbCA NAaMATb, HET, HO CYMTAETCA YXKACHOW OWKNOKOWM ocBoboXKAeHUe Tex obnactei, KOTopble He 6bliun
nosiyyeHbl c nomoubto callocunmmal loc.

Henb3s Takxe ucnonb3oBaTb Te o061acTM NamATHM, KoTopble Y:Ke 0cBoboxaeHbl. Cnefylowmin  npumep
[EMOHCTPUPYET TUMUYHYIO OLUIMBKY B LIMK/IE, OCBOOOKAAIOLLEM 31IEMEHTbI CMIUCKA.

for (p = head; p != NULL; p = p->next) /* HEBEPHO */
free(p);

MpaBuabHbIM BYAET, eCin Bbl 4,0 0CBOBOXKAEHUA COXPAHMTE TO, YTO BamM NOTPEBYeTCA, KaK B CIeAYIOLLEM LMKAE:

for (p = head; p !'= NULL; p = qg) {
g = p->next;
free(p);

B naparpade 8.7 mbl pacCMOTPMM Peann3aumio NporpaMmmbl ynpasieHna NamaTtblo Bpode malloc, NO3BONAIOLLYIO
ocBo60xKAaTh BblaeneHHble 610KM NamATK B Nt1060I NocneA0BaTeNbHOCTH.

7.8.6. MatemaTtnyeckue QyHKIUU

B <math.h> onucaHo 6onee pBaAuaTM MmaTeMaTuueckux O yHKUMIA. 3pecb e npuBeAeHbl Haubonee
ynotpebuTenbHble. Kaxaaa U3 HUX MMeeT OAMH UK ABa aprymeHTa Tuna double u BO3BpalLaeT pe3ynbTaT TaKKe
TMna double.

sin(x) — CMHYC X, X B paguaHax.

12 v
Kak y»e oTmeyvanocb, 3aMmedaHue o npmBeaeHNn TUMOB 3HAYEeHUI, Bo3BpaLaembIx pyHKUMaAMM malloc unam calloc,—
HeBepHO. — [llpumey. aem.



cos (x) — KOCMHYC X, X B pagmnaHax.

atan2 (y, Xx) — apKTaHreHc y/x, v U x B paanaHax.

exp (x) — 3KCMoHeHUManbHan QyHKLMA e”,

log (%) — HaTypasbHbIi (Mo ocHoBaHMIO e) norapmuom x (x>0).
1logl0 (x) — 06bI4HbIN (N0 ocHoBaHuio 10) norapmédm x (x > 0).
pow (x, V) — xY.

sqrt (x) — KOpeHb KBaapaTHbIi x (x > 0).

fabs (x) — abcontoTHoe 3HaYeHue x.

7.8.7.T'eHepaTop cjay4YaillHbIX YUCeJ

®yHKuMA rand () BbluMCAAET NOCNEA0BaTENbHOCTb MCEBAOC/NYYAMHbIX Lie/ibiX B AMaNa3oHe OT HyAA A0 3HaYeHwus,
33JlaHHOr0 MMEHOBAHHOM KOHCTaHTOM RAND MAX, KoTOpaa onpegesneHa B <stdlib.h>. Mpusectn cnyyainHole
4MCAa K 3HAYEHMAM C NNaBaloLLen TOUKOM, 60bWMM MK paBHbIM 0 U MeHbLWKMM 1, MOXKHO No popmyne

#define frand() ((double) rand() / (RAND MAX+1.0))

(Echun B Bawelt BUBAMOTEKE yiKe eCcTb PYHKUUA AN NONYYEHUS CAYYarHbIX YMCEeN C NaaBalolei TOYKOW, BMoJIHE
BO3MOXHO, UTO ee CTaTUCTUYECKME XapaKTePUCTUKM Nydlle yKa3aHHON.)

OyHKUMA srand (unsigned) ycTaHasauMBaeT cema ana rand. Peanmsaumm rand v srand, npegnaraemoie
CTaH4APTOM W, ClefoBaTe/IbHO, MePeHOCUMBbIE Ha PAa3/IMYHbIe MalLMHbI, PACCMOTPEHbI B Naparpade 2.7.

YnpaxHeHue 7.9. Peannsya GyHKUUKN BpoLe 1supper, MOXHO 3KOHOMUTbL IMB0 namaATb, b0 Bpema. Hanuwwure
06a BapuaHTa GyHKUMM.



8. UnTepdeiic c cucremonn UNIX

Csown ycnyrmn onepaumoHHasa cuctema UNIX npeanaraeT B Buae Habopa CUCTEMHbIX BbI30BOB, KOTOpble GaKTUYECKH
ABNAIOTCA €e BHYTPEHHUMU QPYHKUMAMM M K KOTOPbIM MOMKHO 0b6palateCA M3 nporpamm nonb3osaTend. B
HaCTOALLEN r1aBe ONMUCAHO, Kak B CU-MporpamMmmax MOXHO NPUMEHATb HEKOTOpble Haubonee BaxHble BbI30Bbl. Ecan
Bbl pabotaete B cucteme UNIX, To 3Tn cBeseHma byayT Bam Nose3Hbl HENOCPEACTBEHHO M MO3BOJIAT MOBbICUTH
3pPeKTUBHOCTb PaboTbl UAM MOAYYUTb AOCTYN K TEM BO3MOMKHOCTAM, KOTOPbIX HET B bBubanoTeke. [axke ecau Bbl
ucnonb3yete Cu B APYro ONepaLMOHHON cUCTEME, U3yYeHMEe PACCMOTPEHHbIX 34eCb MPUMEPOB BCE PABHO
npubAN3UT BaC K MOHMMAHUIO NPOrPamMMMpoBaHuA Ha CM; aHaNOrMYHble Nporpammbl (OTAMYAOWMECA AULb
[eTanaMun) Bbl BCTPETUTE NpPaKTUYECKM B N0OOIM onepauMoHHON cucteme. TaK Kak 6ubnanoteka Cu-nporpamm,
YTBEPXKAEHHAA B KavectBe cTaHAapta ANSI, B OCHOBHOM OTparkaeT BO3MOXKHOCTU cuctembl UNIX, npegnaraemole
NPOrpammbl NOMOTYT BaM NIydLLe NOHATb U 6MBAMOTEKY.

[NaBa COCTOMT M3 TPEX OCHOBHbIX YacTel, OMNMCbIBAIOWMX: BBOA-BbiBOA, $alNoBYHOD CUCTEMY M OpraHM3aLMio
ynpasaeHnAa namaTbio. B nepsBbix ABYX 4acTAX npegnosiaraetcA HEeKOoTopoe 3HAKOMCTBO 4MTaTesiA C BHELWHUMMU
XapaKktepuctnkamum cnctembl UNIX.

B rnaBe 7 mMbl paccMaTpuBaau eAuHblA ANA BCEX OMeEpauMOHHbIX cucTem WHTepdelic BBoAa-BbiBoga. B noboit
KOHKPETHOM cucTeme Nporpammbl CTaHAAPTHOM OMBAMOTEKM MULIYTCA C UCMO/Ib3OBAHMEM CPenCcTB MMEHHO 3TOM
KOHKPETHOM cucTeMbl. B cneayroumx HeCKoNbKUX naparpadax mbl onuwiem Bbi3oBbl cuctembl UNIX no BBoay-BbiBOAY
M MOKAXKeM, KaK C MX MOMOLLLbIO MOXKHO Peanin30oBaTb HEKOTOPbIE pa3aesibl CTaHAAPTHOM 6MbanoTeku.

8.1. leckpunTopsl paijioB

B cucteme UNIX ntobble onepaumn BBOAa-BbiBOAA BbINOMHAOTCA NOCPEACTBOM YTEHMA U 3anmcu $aiiNoB, NOCKOJIbKY
BCE BHELLUHWEe YCTPOWMCTBA, BK/IIOYAA KNaBMATYPy U 3KPaH, PacCMaTpMBAlOTCA KaK 06beKkTbl $aliioBoi cucTeMbl. ITO
3HAYWUT, YTO BCE CBA3U MeKAy MNPOrpamMMor U BHELWHWMM YCTPOMUCTBAMW OCYLLECTBAAIOTCA B pamKax enuHoro
oAHopogHoro nHTepdelica.

B camom obLem cnyyae, npexae Yem YntaTb MAWM NUCaTb, Bbl AOKHbI MPOMHPOPMMUPOBATL CUCTEMY O AENCTBUSAX,
KOTOpble Bbl HamepeBaeTecb BbIMOJIHATL B OTHOLWeEHMW dalina; 3Ta npoueaypa HasblBaeTcs omkpsimuem danna.
Ecnu Bbl cobupaeTecb nucatb B $ain, To, BO3MOXKHO, ero noTpebyeTca co34aTb 3aHOBO MM OYUCTUTb OT XPAHUMOW
nHpopmaumn. CucTema NpoBepPAET BalM NpaBa Ha 3TK AeincTeua (dbaiin cylecTByeT? Bbl UMEETE K HEMY A0CTYN?) U,
€Cc/i1 Bce B MopsAKe, BO3BpaLWAeT nporpamme Hebo/blloe HeoTpULATENbHOE Lesioe, Ha3biBaeMoe GecKpurnmopom
¢halina. Bcakmii pas, Korga ocyLecTBASETCA BBOA-BbIBOA, MAEHTUDMKALMA daiina BbINOAHAETCA NO ero AeCKpUnTopy,
a He no umeHu. (Jeckpuntop daiina aHanornyeH ¢aliaoBOMY YyKasaTento, WMCNOb3yeMOMYy B CTaHAAPTHOW
6ubnunoteke, unun xaHgny (handle) 8 MSDOS.) Bca nHdopmauma o6 oTkpbitom daiine xpaHuTca n obpabatbiBaercs
onepaLmMoHHOI CUCTEMOM; Nporpamma nosib3oBatens obpauaeTca K Gpainy ToNbKO Yepes ero A4ecKpunTop.

BBOZ C KnaBMaTypbl M BbIBOA Ha 3KPaH MPUMEHAIOTCA HACTO/IbKO 4acTo, YTO AnA yaobcrBa paboTbl € HUMMK
npeaycMoTpeHbl CcheuuanbHble cornaweHua. Mpu 3anycke nporpammbl KOMaHAHbIA WHTepnpeTaTop (shell)
OTKpbIBaeT Tpu daitna ¢ geckpuntopamum 0, 1 1 2, KOTOpble Ha3blBAOTCA COOTBETCTBEHHO CTAaHAAPTHLIM BBOAOM,
CTaHAapPTHbLIM BbIBOAOM M CTaHAAPTHbIM dalinom owmnbok. Ecam nporpamma umTaet u3 daitna 0, a nuwer B dainbl 1
n 2 (3pgecb umdpbl — geckpuntopbl $alinos), TO OHAa MOXKET OCYLLEeCTBAATb BBOA M BbiBOA, He 3aboTacb 06 mx
OTKPbITUW.

MNonb3oBaTtensb nporpammbl MMeeT BO3MOXKHOCTb nNepeHanpaBuTb BBOA-BbIBOA B d)aﬁn nin ms3 d)al‘;lﬂa C NOMOLbHO
3HA4YKoB < U >, KaK, Hanpumep, B

prog <infile >outfile

B sTOM ciydae KOMaHAHbIA MHTEPNPETATOP 3aMEHUT CTaHAAPTHbIE YCTAHOBKKU AecKpmunTopoB 0 1 1 Ha MUMeHOBaAHHble
daiinbl. ObbIYHO AeckpunTop danna 2 ocTaeTca NoACOeAMHEHHbIM K 3KpaHy, YTobbl Ha Hero wan coobuweHns ob
owmnbKax. CkasaHHOe BEepHO M ANA BBOL3-BblBOAA, CBA3AHHOrO B KOHBeWep. Bo Bcex caydasax 3ameHy o¢aiina



OCYLLLECTBAAGT KOMaHAHbIN MHTEpMpeTaTop, a He nporpamma. Mporpamma, ecim oHa ccblnaetca Ha dain 0 (B cayuae
B8B80Aa) M dpainbl 1 1 2 (B caydae BbIBOAA), HE 3HAET, HX OTKYAa NPUXOAUT ee BBOA, HU KyAa OTNpPaB/AEeTCA ee BbIBOA.

8.2. Hm>xkHu# ypoBeHb BBOAa-BbiBOAa (read u write)

BBoA-BbIBOA, OCHOBAH Ha CUCTEMHDbIX Bbl30Bax read M write, K KoTopbim CH-nporpamma obpallaerca ¢ NOMOLLbLO
bYHKUMIA ¢ meHamn read M write. Ona obenx nepBbiM apryMeHTOM ABAAeTcA Aeckpuntop ¢dainna. Bo BTopom
aprymeHTe yKasblBaeTCA MacCMB CMMBOJIOB Ballel MPOrpamMmbl, Kyaa MocblaaloTca Uan oTkyaa bepyTtca AaHHble.
TpeTuii aprymeHT — 3TO KOJIMYECTBO Nepecbliaembix 6anToB.

int n read = read(int fd, char *buf, int n);
int n written = write(int fd, char *buf, int n);

Ob6e ¢yHKUMM BO3BPALLAIOT YMCAO MepedaHHbix HaiToB. MNpU UTEHUU KOMYECTBO NPOYMTaAHHbIX HalTOB MOKeT
OKa3aTbCA MeHbLUEe YMCNA, YKA3aHHOTO B TpeTbem aprymeHTe. Hynb o3HavaeT KoHeu, paina, a -1 curHanmsmpyert o
KaKoM-To owmnbke. Mpu 3anucn ¢yHKUMA BO3BPALLAET KONMYECTBO 3aMMCaHHbIX 6alToB, M €CAM 3TO YUCAO He
coBnagaert c Tpebyembim, cnesyeT CUMTaThb, YTO 3aMNUChb He Npom3oLna.

3a oAWH BbI3OB MOXHO MPOYUTaTb MM 3anucaTb Atoboe uncno 6antoB. OBbLIMHO 3TO YMCAO paBHO MaM 1, yTo
O3HayaeT MNOCMMBOJIbHYIO nepegadyy "6e3 6ydpepusauymn”, wam yemy-umbyab Bpoge 1024 wan 4096,
COOTBETCTBYIOLWNX pasmepy ¢pusmyeckoro 6/10Ka BHELWHero ycrponcrtsa. dpdekTnBHee obmeHMBaTbCA 60/bLIMM
yncaom 6anToB, NOCKO/IbKY MPU 3TOM TpebyeTcAa MeHbLUEe CUCTEMHbIX BbI30BOB. MIcNo/ib3ys NosyYyeHHble cBeAeHus,
Mbl MOXEM HanucaTb NPOCTYI0 NPOrpammy, KONMMPYIOLLYIO CBOW BBOA, HA CBOW BbIBOA, M SKBUBAJIEHTHYIO Mporpamme
KonupoBaHus ¢daina, onmcaHHol B rnase 1 . C NOMOLLbIO 3TOM NPOrpammbl MOXKHO KOMMPOBATb OTKYAA YrO4HO U
Kyda YrogHo, NMOCKONbKY BCerga CyL,ecTByeT BO3MOXHOCTb MepeHanpaBuTb BBOA-BbiBOA Ha Ntoboi dann uau
YCTPOWCTBO.

#include "syscalls.h"

main () /* konmpoBaHMe BBOIA Ha BHBOI */
{
char buf [BUFSIZ];
int n;
while ((n = read (0, but, BUFSIZ)) > 0)
write (i, but, n);
return 0;

Mpototnnbl GyHKUMIA, obecrneymnBatoLLMe CUCTEMHbIE BbI30Bbl, Mbl cobpanu B daiiie syscalls.h, yto no3BoaseT
HaM BK/I0YaTb €ro B MPOrpammbl 3Tol rnasbl. OgHaKo MMA AaHHoro daiina He 3adUKCMPOBAHO CTAaHAAPTOM.

MapameTp BUFSIZ Takxe onpegeneH B <syscalls.h>; B Ka[oW KOHKPETHOW cuUCTeMe OH MMmeeT cBoe
3HaueHue. Ecnun pasmep daiina He KpateH BUFSIZ, TO Kakana-To onepaumsa YTEHUA BepHET 3HaYeHne MeHblee, Yyem
BUFSIZ, a cneaytouwee obpalleHne K read AacT B Ka4ecTse pesynbTaTta Hy/b.

MonesHo paccmMoTpeTb, Kak UCNoAb3yloTea read M write Npu HanucaHuy nporpamm 6onee BbICOKOTO YPOBHA —
TaKMX Kak getchar, putchar u 1.4. BOT, K Nnpumepy, Bepcua nporpammbl getchar, KOTOpas OCYWECTBASET
Hebydepr3oBaHHbI BBOA, YATasA MO OAHOMY CUMBOJY U3 CTaHAAPTHOIO BXOAHOO MOTOKa.

finclude "syscalls.h"

/* getchar: HebOydepm30BaHHEI BBOI ONHOI'O CuMBOJIA */
int getchar (void)
{

char c¢;



return (read(0, &c, 1) == 1) ? (unsigned char) c : EOF;

MepemeHHas c JO/MKHA bObITb TMMA char, MOCKOMbKY read TpebyeT ykasaTens Ha char. MpuBegeHue c K
unsigned char nepes Tem, Kak BEpHYTb e€e B KayecTBe pe3y/bTaTa, MCK/oYaeT Kakue-nnmbo npobnembl,
CBAA3aHHble C pacnpocTpaHeHNemM 3Haka.

BTropas Bepcus getchar ocywecTBaseT BBog OOAbLWIMMM KyCKAaMW, HO NMpPU KaxKAOM 0OpaLLeHUM BblAAET TONbKO
OAVH CUMBOJ.

#include "syscalls.h"

/* getchar: mnpocrasa Bepcua c OBybepmsaumen */
int getchar (void)
{

static char buf[BUFSIZ];

static char *bufp = buf;

static int n = 0;
if (n == 0) { /* ©ydep nycr '*/
n = read (0, buf, sizeof buf);

bufp = buf;
}

return (--n >= 0) ? (unsigned char) *bufp++ : EOF;

Echn npuBeaeHHble 3gech BepcuM OYHKUMM getchar KOMMOWAMPYIOTCA C BK/AKOYEHWEM 3aronoBOYHOro ¢anna
<stdio.h> un B 3TOM 3aro/ioBo4YHOM ¢aine getchar onpeaeneHa Kak Makpoc, TO HYXHO 334aTb CTPOKY #undef

Cc umeHem getchar.

8.3. CucremHbIe BbI30BHI Open, creat, close, unlink
B oTanume oT cTaHZ4apTHbIX PpaiiioB BBOAA, BbIBOAA M OLUIMBOK, KOTOPbIE OTKPbLITbI NO YMOYAHUIO, OCTa/IbHble danbl
HY}KHO OTKPbIBaTb ABHO. [1/1A 3TOro ecTb [1Ba CUCTEMHbIX Bbl30Ba: open M creat.

®PyHKUMA open NOYTU coBnagaeT ¢ fopen, pacCMOTPEHHOM B rnase 7. PasHuua mexay HUMKU B TOM, 4YTO nepsas
BO3BpaLLaeT He paliNoBbIl yKasaTenb, a geckpuntop ¢anna tuna int. Mpu noboi owmnbKe open Bo3BpawaeT -1.

#include <fcntl.h>

int fd;

int open(char *name, int flags, int perms);
fd = open (name, flags, perms);

Kak n B fopen, apryMeHT name — 3TO CTPOKA, CoAeprKaLlan nms daina. Bropoit aprymeHT, f1ags, umeer Tun int
1 cneumduumpyeT, Kakum o6pasom AoKeH BbITb OTKPLIT $alin. EFro 0CHOBHbIMM 3HAaYEHUAMMU ABAAIOTCA:

O_RDONLY — OTKPbITb TO/IbKO Ha YTEHME;
O_WRONLY — OTKPbITb TO/IbKO Ha 3anuchb;
O_RDWR — OTKPbITb M Ha YTEHWE, U Ha 3aNuCb.

B System V UNIX 3T KOHCTaHTbI onpegeneHbl B <fcntl.h>, a B Bepcusx Berkeley (BSD) — B <sys/file.h>.
YT106bl OTKPLITb CYLLECTBYIOWMIA daia Ha YTEHME, MOXKHO HanucaTb

fd = open(name, O RDONLY, O0);



[Janee Besae, rae mbl Nonb3yemcs GyHKLMEN open, ee apryMeHT perms PaBeH HyH0.

MonbITKa OTKPbITb HecywecTByWMn dann asnseTca owmnbkon. CosgaHne HoBoro ¢aina uam nepesanucb CTaporo
obecneymBaeTcs CUCTEMHbIM BbI30BOM creat. Hanpumep

int creat (char *name, int perms);
fd = creat (name, perms);

PyHKUMA creat Bo3BpalLaeT geckpunTtop ¢aiina, ecam ¢aiin cospan, n -1, ecam No KakMm-AnMbo npuumHam ¢aiin
co3gaTtb He yaanocb. Ecnm daiin yxe cywecTtsyer, creat "obpexeTr" ero Ao HyneBOW AJIMHbI, YTO PAaBHOCU/IbHO
BblOpACbIBaHUIO NPEAbIAYLLEFO COAEPKUMOro AaHHOro dainna; cosgaHue yxe cylectsyrowero gaina He aBnseTca
OLWMOBKOMN.

Ecnun cTpouTca AencTBUTENbHO HOBLIN dalif, To creat ero co3gacTt ¢ NpaBamMu 4oCTyna, cneunuduumMpoBaHHbIMA B
aprymeHTe perms. B cucteme UNIX ¢ Kaxkgpim dalinom accoummpoBaHbl AeBATb 6UTOB, coaeprKawme nHpopmaumto
0 NpaBax NoNb30BaTbCA 3TUM alnoM ANA YTEHUSA, 3aNUCU U UCMOJIHEHMA NMLLAM TPEeX KaTeropuin: cO6CTBEHHUKY
daiina, onpegeneHHOM MM Tpynne /WL, M BCeM OcCTajsbHbiM. TakMm o6pasom, npaBa goctyna yaobHo
cneundmuMpoBaTb C MOMOLLbIO TPEX BOCbMEpPUYHbIX Undp. Hanpumep, 0755 cneumduumpyeT yteHue, 3anucb m
NpaBo UCMNOJ/IHEHMA COOCTBEHHMKY daiina, a TaKKe YTEHUE M NPABO UCMOJIHEHWUA TPYMMNE U BCEM OCTaJIbHbIM.

Ons mnnoctpaumm npuBegem ynpoLeHHY Bepcuto nporpammbl cp cuctembl UNIX, KoTopas KonmpyeT oguH ¢ain B
Apyroii. B Hawelt BepcMm Konupyetca TONIbKO OAWH ¢dais, He NO3BOAAETCS BO BTOPOM apryMeHTe YKasblBaTb
AMpeKTopuii (KaTanor), n NnpaBa AOCTyNa He KOMUPYIOTCA, a 33,4at0TCA KOHCTaHTOA.

#include <stdio.h>
#include <fcntl.h>
#include "syscalls.h"

#define PERMS 0666 /* RW mjig COOCTBEHHMKA, I'PYIINE M OCTAJIbHBEIX */
void error (char *, ...);

/* cp: konupomaHme fl B f2 */
main (int argc, char *argv([])
{

int f1, f2, n;

char buf [BUFSIZ];

if (argc != 3)
error ("ObBpaleHre: Ccp OTKyza kyna");
if ((f1 = open(argv[l], 0 RDONLY, 0)) == -1)
error ("cp: He MOTY OTKPHTH Ganna $s", argv([1l]);
if ((f2 = creat(argv([2], PERMS)) == -1)
error ("cp: He MOTy cozzaTh Gann $s, pexum 030",
argv[2], PERMS);
while ((n = read(fl, buf, BUFSIZ)) > 0)
if (write(f2, buf, n) != n)
error ("cp: ommbka OpM 3anmucu B dama %s", argvi[2]);

=

return 0;

[JaHHas nporpamma co3gaet ¢aiin BbiBoga ¢ GUKCUMPOBAHHbIMK MPaBaMuM AOCTyNa, onpeaensieMbiMn Kogom 066 6.
C noMoLLbl0 CUCTEMHOTO BbI30Ba stat, KoTopblit bygeT onuncaH B naparpade 8.6, Mbl MOXKEM ONpeae/UTb PEXUM
MCMO/b30BaHMA cyllecTaytowero Gaina 1 3a4aTb TOT Ke PEXUM A7 KONUMN.



3ameTum, 4To GYHKUMA error, Bbl3biIBaeMasA C Pa3/IMYHbIM YNCIOM apryMeHTOB, BO MHOFOM MOXOXa Ha printf.
Peanunsauma error WANKOCTPUPYET, KaK NOb30BATbCA APYrMMU Mporpammamm cemeictsa printf. bubnmoreunHan
byHKumMa vprintf aHanormyHa printf, ¢ TOW NMWb OroBOPKON, YTO MepemeHHad 4YacTb CMWMCKA aprymeHTOB
3aMeHeHa B Hell OAHMM apryMeHTOM, KOTOPbIN MHULMANN3NPYETCA Makpocom va start. [logobHbim e obpasom
cooTHocAaTcA PyHKUmMn viprintf c fprintf mvsprintf csprintf.

#include <stdio.h>
#include <stdarg.h>

/* error: meuaTaeT coobumeHre o060 oumbkKe U yMupaeT */
void error (char *fmt, ...)
{

va list args;

va start (args, fmt);

fprintf (stderr, "ommbka: ");

vfprintf (stderr, fmt, args);

fprintf (stderr, "\n");

va end(args) ;

exit(1l);

Ha KonunuyectBo 0AHOBPEMEHHO OTKPbITbIX B nporpamme ¢annos mMmeetcs orpaHuMyeHne (06blMHO KX 4MCAO
Konebnetca okono 20). MoaTomy ntobaa nporpamma, Kotopaa HamepesaeTca paboTtaTb ¢ 6O/bLLIMM KOANYECTBOM
dainos, AonxkHa 6bITb rOTOBa NOBTOPHO MCNONb30BaTh UX AecKpunTopbl. PyHKUMA close (int £d) paspbiBaer
cBA3b Mexay $GainnoBbiM AeCKPUNTOPOM U OTKPbITbIM haitiom 1 0cBOBOMKAAET AECKPUNTOP ANA ero NPUMEHEHUSA C
apyrum dainom. OHa aHanormyHa 6ubamnoTedHon GyHKUMKM fclose ¢ TeM nLib Pa3inuMem, YTO HUKAKOM OUYUCTKN
bydepa He aenaeT. 3aBeplueHne Nporpammbl C MOMOLLBIO ex1t UAM return B raBHOM Nporpamme 3aKpbiBaeT BCe
OTKpPbITble $panbl.

®PyHKuMA unlink (char *name) ypanaer uma dainna m3 daitnosoit cuctembl. OHa cooTBeTCcTBYET QYHKUUK

remove CTaHAapTHON 6ubnnoTeku.

YnpaxkHeHue 8.1. MNepenuwnte nporpammy cat m3 raasbl 7, ucnonb3ya ¢yHKUMM read, write, open n close.
3aMeHuTe MMM COOTBETCTBYIOWME PYHKLMU CTaHAAPTHON 6MBAMOTERN. MMO3KCNEepPUMEHTUPYITE, YTODbl CPaBHUTb
bbICcTpoAeicTBUE ABYX BEPCUNA.

8.4. IllpousBosbHbIN gocTyn (Iseek)

BBoa-BbIBOA 0ObIMHO OblBaeT MocnefoBaTeNbHbIM, T. €. Kax4aa HoBaA onepauma YTeHWA-3anucu MmeeT Aeno C
nosunuuen daina, cneayollel 3a Toi, YTo 6bina B NpeablayLiel onepaumm (YTeHns-3anmcu). Mpu }KenaHnun, ogHaKo,
bain MOXKHO 4YMTaTb WM MPOM3BOAMTL 3aNWCb B HEro B NMPOW3BOJbHOM nopagKe. CUCTEMHbIN BbI30B 1lseek
npeaocTaBaseT cnocob nepeAsBuraTbca No ¢anny, He YNTaa U He 3aNUCbiBasA AaHHble. TaK, PyHKLMA

long lseek(int fd, long offset, int origin);

B8 danne c geckpmntopom fd ycTaHaBAMBAET TEKYLLYIO NO3MLMIO, CMELLAA ee Ha BenYmHy of fset oTHoCUTENbHO
MecCTa, 3a4aBaemMoro 3HayeHmem origin. 3HayeHnA napameTpa origin 0, 1 namM 2 03Ha4aloT, YTO HaA BEAUYUHY
offset OTCTynatoT COOTBETCTBEHHO OT Hayasa, OT TEKylen Nos3uuuu mam oT KoHua daina. Hanpumep, ecnu
TpebyeTca pobasutb uTO-MM6O B dalin (Koroa B KOMaHAHOM WHTepnpetatope shell cuctembl UNIX BBOA
nepeHanpas/ieH onepaTtopom >> B dailn uam Korga B fopen 3afaH aprymeHT "a'), To npexae yem yto-nmbo
3anucbiBaTb, HEOBXOAMMO HalTW KoHel, ¢paiina c MOMOLLbIO Bbi30Ba GYHKLUK

lseek (fd, 0L, 2);



YT106bI BEPHYTLCA Ha3ag, B Ha4yano ¢aina, Hago BbINONHUTD
lseek (fd, 0L, 0);

CnegyeT 06patMTb BHMMaHMe Ha aprymeHT OL: Bmecto O, MOXHO 6bl10 6bl HanucaTb (long) 0 wam, ecau
byHKUMA 1seek fomKHbIM 0bpasom obbsaBneHa, npocTo O.

Bnarogapsa 1seek ¢ ¢pannamm MmoxHO paboTaTb Tak, Kak byato 3To bosblunme maccusbl, NPaBaa, C 3amMmeasIEHHbIM
poctynom. Hanpumep, cneaytowan pyHKLMA yuTaeT toboe uncno 6alitos U3 noboro mecta ¢aiina. OHa Bo3BpallaeT
4YMCNO NPOYUTAHHbBIX 6aTOB MK -1 B C/ly4ae OWKNBKM.

#include "syscalls.h"

/* get: umraeT n GaUT M3 NO3ULUM PO3 */
int get(int fd, long pos, char *buf, int n)
{
if (lseek(fd, pos, 0) >= 0) /* ycraHoBka nosmuumm */
return read(fd, buf, n);
else
return -1;

BosBpalwaemoe dyHKLMEN 1 seek 3HaYeHME MMeeT TN 1ong U ABNAETCA HOBOM no3uunen B danne nam, B cnydae
OWNOKM, paBHO -1. PyHKumMa fseek M3 cTaHZApTHOW 6MBAMOTEKM aHanorMyHa lseek; OT nocnegHein OHa
OT/IMYAETCA TEM, YTO B C/ly4ae OWMOKM BO3BpPALLAET HEKOTOPOE HEHY/IEBOE 3HAaYEHUeE, a ee NepBbll apryMeHT umeet
™R EFILE*.

8.5. [Ipumep. Peanusanusa ¢pyHkuuiu fopen u getc
Tenepb Ha npumepe PpyHKUMN fopen N getc U3 cTaHAAPTHOM BUBANOTEKM NOKaXKeM, Kak ONUCaHHbIE Bbille YacTu
cornacyTcs Apyr ¢ A4pyrom.

HanomHum, yto dainnbl B CTaHZapTHOM BUbAnOTEKE ONUCbIBalOTCA GaliIoBbIMM YKA3aTeaMM, @ HE AECKPUNTOPaMU.
YKaszatenb ¢daiina — 3TO yKasaTeNb Ha CTPYKTypy, cogepiKallyio MHbopmauuto o daiine: ykasatenb Ha byodep,
NO3BOAIOWMIA YMTATb Al BONbLUMMM KYCKAMM; YUCNO He3aHATbIX OaiToB Oydepa; yKkasaTenb Ha CaeayroLLyto
nosuuunio B bydepe; aeckpuntop daina; GaarkKu, onNuUcbiBatoLLMe PeXnm (4TeHne/3anunck), olIMBOUYHbIE COCTOAHKA
UT. A

CTpyKTypa AaHHbIX, onucbiBalowana ¢ana, coaepxmtca B <stdio.h>, KoTopbli HeobxogumMo BKAOYaTb (C
nomolbto #include) B N0b6OK UcxoaHbIn daitn, ecnm B TOM OCYLLECTBAAETCA CTaHAAPTHbIN BBOA-BbIBOA,. ITOT Ke
3aro/IoBOYHbIM dana BKAKOYEH U B UCXOAHbIE TEKCTbI 6MBANOTEKM BBOAA-BbIBOAA.

B cneaytowem ¢parmeHTe, TMUNUYHOM Ans ¢aiina <stdio.h>, UMeHa, UCNOoNb3yeMble TONbKO B BUBAMOTEUHbIX
bYHKUMAX, HAYMHAKOTCA C NOAYEPKMBAHUA. ITO cAeNaHo A/1a Toro, YTobbl OHU CAy4allHO He COBManu C UMeHamMu,
burypumpyowmmm B nporpamme nosib3osatens. Takoe cornalieHne cobnogaercs Bo BCex NporpaMmmax CTaHAapTHOM
61bnnoTeku.

fdefine NULL O

#define EOF (-1)

#define BUFSIZ 1024

#define OPEN MAX 20 /* max 4MCJIO OOHOBPEMEHHO OTKPEITEIX (aiyoB */

typedef struct iobuf {
int cnt; /* KOJIMUECTBO OCTABWMXCS CUMBOJIOB */
char *ptr; /* nosuiusa cjaemywomero CuMBoja */



char *base; /* ampec 6ybepa */
int flag; /* pexuMm mocTyna */
int fd; /* meckpunrTop odainma */
} FILE;
extern FILE 1ob[OPEN MAX];

#define stdin (&iob[0])
#define stdout (& iob[1])
#define stderr (& iob[2])

enum flags {
_READ =01, /* ®ay OTKpPEIT Ha 4YTeHMe */
_WRITE = 02, /* daiiym OTKPHT Ha 3ammchk */
_UNBUF = 04, /* dann He Oydepusyerca */
_EOF = 010, /* B npanHOM Oailine BCcTpeTmycsa EOF */
_ERR = 020 /* B pmaHHOM OQalyle BCTpeTuach ommbka */

b

int fillbuf (FILE *);
int flushbuf (int, FILE *);

#define feof (p) (((p)->flag & EOF) != 0)
#define ferror(p) (((p)->flag & ERR) != 0)
#define fileno(p) ((p)->fd)
fdefine getc(p) (--(p)->cnt >= 0 \

? (unsigned char) *(p)->ptr++ : fillbuf(p))
#define putc(x.p) (--(p)->cnt >= 0 \

? *(p)->ptr++ = (x) : _flushbuf ((x),p))

fdefine getchar () getc(stdin)
#define putchar (x) putc((x), stdout)

MaKpoc getc 06blYHO YMEHbLIAET CYETYMK YMCAa CUMBO/IOB, Haxoasawmxca B bydepe, n BO3BpaALLAET CUMBOJ,
nocsie Yero npupawmBaeT ykasaTesb Ha eguHuuy. (HanomHum, 4To AnuHHbIEe #define ¢ Nomolbio 0bpaTHOM
HaKNOHHOM 4YepTbl MOMHO MNPOAO/KUTL HA CAeaylowmx CTPoKax.) Korga 3HauyeHue cyeTynka CTaHOBUTCA
oTpuuaTenbHbiM, getc Bbi3biBaeT fillbuf, 4Tobbl CHOBA 3anN0NHUTL Bydep, MHULMANU3UPOBATL COAEPKMMOE
CTPYKTYpbl M BblAaTb CMMBOJI. TWMbl BO3BPALLAEMbIX CUMBOJIOB MPUBOAATCA K unsigned; 3TO rapaHTUPYET, 4To BCe
OHU ByAyT NONOXKUTENbHBIMMU.

XoTs B AeTansax BBOA-BbIBOA 34,ECb HE PACCMaTPUBAETCS, Mbl BCE Ke NPUBE/IM NONHOEe onpeaeneHune putc. CaenaHo
3T0, 4TO6bI MOKa3aTb, YTO OHA JAENCTBYeT BO MHOTOM TaK e, Kak U getc, Bbi3biBaa dyHKumio flushbuf, koraa
b6ydep NosoH. B TEKCTE MMEIOTCA MAKPOChI, NMO3BOAAIOWME MOAYYaTb AOCTYN K GaarKKam OWMOKM M KoHua daiina, a
TaKXke K ero 4eckpunropy.

Tenepb MOXHO HanucaTb GyHKUMIO fopen. bonbluasa Y4acTb MHCTPYKUMI fopen OTHOCUTCA K OTKPbITUIO danna, K
COOTBETCTBYHOLLEMY EFO MO3ULMOHUPOBAHUIO U K YCTaHOBKe (1a’KKoBbIX BUTOB, NpeAgHa3HAaYeHHbIX AN UHAMKALMK
Tekyuwiero coctoaHuna. Cama fopen He oTBOAMUT mecTa ana bydepa; ato genaetr fillbuf npu nepsom YTeHUM
danna.

#include <fcntl.h>
finclude "syscalls.h"

#define PERMS 0666 /* RW nna coOCTBEeHHMKA, I'PYIIE M OpPOY. */



/* fopen: oTkpuBaeT baisi, Bo3BpamaeT GaMIOBEM ykKaszarTesb */
FILE *fopen (char *name, char *mode)

{

int fd;

FILE *fp;

if (*mode != 'r' && *mode !'= 'w' && *mode != 'a')
return NULL;

for (fp = 1ob; fp < 1iob + OPEN MAX; fp++)
if ((fp->flag & ( READ | WRITE)) == 0)

break; /* HanmexHa cepobomHad NO3ULMAY/
if (fp >= iob + OPEN MAX) /* HeT cpBoOOmHOM mnoszmuum */
return NULL;

if (*mode == 'w' )
fd = creat (name, PERMS) ;
else 1if (*mode == 'a' ) {

if ((fd = open(name, O WRONLY, 0)) == -1)

(
fd = creat (name, PERMS) ;
lseek (fd, 0L, 2);
} else
fd = open(name, O RDONLY, O0);
if (fd == -1) /* HeBO3MOXeH INOCTYIl I[I0 MMEeHM name */

return NULL;
fp->fd = fd;
fp->cnt = 0;
fp->base = NULL;
fp->flag = (*mode == 'r' ) ? READ : WRITE;
return fp;

MpuBeaeHHan 34ecb Bepcusas fopen peannsyeT He BCE PEXUMbl AOCTyMna, OrOBOPEHHble CTaHAAPTOM; HO, Mbl
AYMaeM, Ux peannsauma B NoJHOM 06beme HEHaMHOTO YBEAUUYUT AANHY Nporpammbl. Hawa fopen He pacnosHaet
6yKBbl b, CUrHaNM3UpyloLWei o BHapHOM BBOAE-BbiBOAE (MOCKOMbKY B cucTemax UNIX aTo He umeeT cmbicna), u
3HaKa +, YKa3blBaloOLEro Ha BO3MOMKHOCTb OAHOBPEMEHHO YNTaTb M NUCaTb.

Ona noboro dainna B MOMEHT NepBoro obpaLleHma K HeMy C NOMOLLbIO MaKpoBbI30Ba getc CcYeTYMK cnt paseH
Hynto. Cneactenem atoro byaet Bbizos  £il1lbuf. ECAM BbIACHATCA, YTO daiin Ha YTeHMe He OTKPLIT, TO PpyHKLMA
~ fillbuf HemeaneHHo BO3BPaTMT EOF. B MPOTMBHOM Cayyae OHa NOMbITaeTcA 3anpocuTb NamATb Ana bydepa
(ecnu uteHne ooMKHo 6bITb € Bydepusaumei).

Mocne nonyveHna obnactm namatn ana bydpepa fillbuf obpawaerca K read, 4Tobbl e€ro HanoONHUTD,
YCTaHaBAMBAET CYETUYMK M YyKasaTean M BO3BPaLLAET MepBbli cMmBon M3 bydepa. B cnegyrowmx obpalieHUax
~ fillbuf obHapyuT, 4To NamaTb Ana bydepa yxe BblgeneHa.

finclude "syscalls.h"

/* fillbuf: sanpoc naMaTy u 3anojHeHue Oydepa */
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) /* 6ybepa eme HeT */
if ((fp->base = (char *) malloc(bufsize)) == NULL)
return EOF; /* Hejnb3g nojyuurb Oybep */
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 |= ERR;

fp->cnt = 0;
return EOF;

}

return (unsigned char) *fp->ptr++;

EAVMHCTBEHHOE, YTO OCTaNOCh HEBbIACHEHHbIM, — 3TO KakMm obpasom opraHM3oBaTb Hayano cyeta. Maccms iob
cnefyeT onpeaenntb M MHULMANM3MPOBATb Tak, YTObbI NMepes TemM KaK nporpamma HayHeT paboTaTb, B HEM YKe
bbina nHpopmaums o pamnax stdin, stdout u stderr.

FILE iob[OPEN MAX] = { /* stdin, stdout, stderr: */
{ 0, (char *) 0, (char *) 0, READ, O },
{ 0, (char *) 0, (char *) 0, WRITE, 1 },
{ 0, (char *) 0, (char *) 0, WRITE | UNNBUF, 2 }

MHunumanmsauma £1lag Kak 4acTu CTPYKTYpPbl MOKa3bIBaeT, YTO stdin OTKPLIT Ha YTeHUe, stdout — Ha 3anuce, a
stderr — Ha 3anuck 6e3 bydepusauum.

YnpaxHeHune 8.2. Mepenuwute ¢yHkummn fopen n  fillbuf, pabotaa ¢ ¢nakkamnm Kak C Nonamu, a He C
NOMOLLBIO ABHbIX NO6UTOBLIX onepaunii. CpaBHUTE pasmepbl U CKOPOCTU [BYX BAPUAHTOB NPOrpamm.

YnpaxHeHue 8.3. Paspaboraitte n Hannwute dyHkumn flushbuf, fflushu fclose.
YnpaxHeHune 8.4. DyHKUMA CTaHAapPTHON BUbANOTEKM
int fseek (FILE *fp, long offset, int origin)

NMAEHTUYHA QYHKUMKM 1seek ¢ TeMU, O4HAKO, OTANUYMAMMU, YTO fp — 3TO PaiNoBbIN yKas3aTeb, a He AEeCKPUNTOP, U
BO3BpalL@aeT OHa 3HaYeHMe int, o3Havatlowee cocTosHMe daina, a He No3UUMI0 B HEeM. Hanuwute cBOO Bepcuio
fseek. ObecneybTe, 4TObObI paboTa Bawel fseek no Oydpepmsaumm Oblna cornacoBaHa c bGydepusaumen,
Ncnonbyemon gpyrumm GyHKUMAMM 6MBnoTERMN.

8.6. [Ipumep. [leyaTs KaTa/IOrOB

Mpwn pasHoro poaa B3aMmoAeNcTBMAX C GpaliIoBoO cUCTeMOMN MHOraa TpebyeTca NoAy4ynTb TONbKO MHPOPMALMIO O
daiine, a He ero cogepkumoe. Takaa NOoTPebHOCTb BO3HMKAET, HAaNpMMep, B MpOorpamme nevatu KaTtasnora ¢annos,
paboTatoweit aHanorMyHo KomaHge 1s cuctembl UNIX. OHa nevataeT mmeHa ¢alinoB KaTasora M Mo KeaHWuio
no/sib30BaTeNa APYryto AOMNOJHUTENbHYIO MHPOPMaLMIo (pa3smepsl, Npasa 4oCTyna U T. 4.). AHaJorMYHON KOMaHAowM
B8 MS-DOS asnsaetca dir.

Tak Kak B cucteme UNIX KaTanor — 370 ToXKe dain, pyHKUMKN 1 s, 4TOoObl A06paThCS A0 MMeH GanoB, HYXKHO TONbKO
ero npo4mTaTtb. Ho 4TO6bI NOAYUNTL ApPYryo MHPopMaLmMio o daline (Hanpumep y3HaTb ero pasmep), Heobxoanmo
BbINOJIHATL CUCTEMHBINA BbI30oB. B apyrnx cuctemax (8 MS-DOS, Hanpumep) CUCTEMHbLIM BbI3OBOM MPUXOANTCA
No/ab30BaTbCA AaXKe ANA NONYyYeHUA [OCTyna K uMeHam ¢annos. Hawa uenb — obecneunTb A0CTYN K MHGOPMaLuUm



No BO3MOMHOCTU CUCTEMHO-HE3aBUCUMbIM CNOCOHOM HEeCMOTpPA Ha TO, YTO pean3auma MOoXKeT 6bITb cyuiecTtBeHHO

CNCTEMHO-3aBUCUMa.

MponnntocTpupyem ckazaHHOe HanucaHuem nporpammbl £size. PyHKUMA £size — YacCTHbIM cyYai NnporpaMmmbl
1s; OHa nevaTtaeT pasmepsbl Bcex Galinos, NepeuyncaeHHbIX B KOMaHAHON cTpoke. Ecan Kakon-nmbo us ¢annos cam
ABNAETCA KaTaslorom, To, YTobbl NoAyYnTb MHGOPMaAUMIo 0 Hem, fsize obpawaerca cama K cebe. Ecin aprymeHToB
B KOMaHAHOW CTPOKe HET, To 06pabaTbiBaeTCca TEKYLLNI KaTanor.

Ons Hayana BcnomMHUM CTpYKTypy dannosoit cuctemsl B UNIXe. Kamanoe — 3To daiin, cogepKalimnii CNMcoK MMeH
$annoB M HeKoTOopyld MHPOPMaLMIO O TOM, T4Ee OHW PACMONOXKEHbl. "MecTo pacnonoxeHua" — 3To WHAEKC,
obecneuunBatowmii goctyn B Apyryto Tabauuy, HasbiBaemyto "crmnckom ysnos inode". Ona Kaxgoro ¢daina nmeercs
cBon inode, roe cobpaHa BcA MHPopmauma o daise, 33 UCKAIOYEHUEM €ro MMeHU. KaxKablil anemeHT KaTanora
COCTOMT U3 ABYX YacTen: 3 umeHun daina n Homepa ysna inode.

K coxaneHuto, dopmaT M TOYHOE COAEPKMMOE KaTanora He OAMHAKOBbl B Pa3HbIX BEPCUAX cucTembl. [osTomy,
4YTOObl MEPEHOCMMYIO KOMMOHEHTY OTAEAUTb OT HEernepeHOCMMOM, pa3obbem Hawy 3agadvy Ha ABe. BHewHui
YpOBeHb onpegenaeT CTPYKTYpY, Ha3BaHHyo Dirent, n Tpu nognporpammbl opendir, readdir n closedir; B
pesynbTaTe obecrneymBaeTcs CUCTEMHO-HE3aBUCUMMBbINA AOCTYN K UMEHU M HOMepPY y31a inode KarKAoro ssiemeHTa
Katanora. Mbl byaem nucatb nporpammy fsize, paccuuTbiBas Ha TAKOW MHTepdenc, a 3aTeM MOKaXKeM, Kak
peann3oBaTb yKasaHHble GYHKUMM AN1A CUCTEM, UCMONb3YIOLWNX Ty e CTPYKTYpY KaTanora, 4to u Version 7 1 System
V UNIX. Jpyrve BapnaHTbl OCTaBUM ANA YNPArKHEHWUA.

CtpyKkTypa Dirent coaeput Homep y3na inode n nma. MakcumanbHasa giMHa menn daina pasHa NAME MAX —
3TO 3HaYeHWe CUCTEMHO-3aBUCUMO. PYHKUMA opendir BO3BpaLLAET yKasaTe/lb HAa CTPYKTYPY, HasBaHHyto DIR (no
aHanormm ¢ FILE), KoTopas ucnosbsyetcs GyHKUmMAMK readdir u closedir. 3Ta MHPopmauma cocpeaoToyeHa B
3aro/ioBoYyHom panne dirent. h.

#define NAME MAX 14 /* MakcuMalsibHad IJIMHa MMeHu oannaa; */

/* cuCcTeMHO-3aBMCMUMad BeJauMumHa */

typedef struct { /* yHuBepc. CTpyKTypa 3JIeMeHTa karajiora: */
long ino; /* nomep inode */
char name[NAME _MAX+1]; /* uma + sabepuwatoumiz '\0' */

} Dirent;

typedef struct { /* MuHuManbHeii DIR: 6e3 Oydepmsaumm M T.nO. */
int fd; /* GanioBLIM IEeCKPUIITOP KaTajora */
Dirent d; /* sjemeHT Karamora */

} DIR;

DIR *opendir (char *dirname) ;
Dirent *readdir (DIR *dfd);
void closedir (DIR *dfd);

CucTeMHbIN BbI30B stat nosyyaet uma ¢aiina 1 Bo3spallaeT NosHY 0 HeM UHPOPMALINIO, COAEPKALLYIOCA B y3/1e
inode, unu -1 B ciyyae owmnbKku. Tak,

char *name;

struct stat stbuf;

int stat (char *, struct stat *);
stat (name, &stbuf);



3aMoJIHAET CTPYKTYpYy stbuf uHPopmaumel U3 ysna inode o daine ¢ umeHem name. CTPyKTypa, ONMCbIBaloWas
BO3BpalLaeMoe QyHKUMEN stat 3HaYeHMe, HaxoanuTca B <sys/stat . h> u BbIrAAUT NPUMEPHO TaK:

struct stat { /* mudopmaums m3 inode, BO3Bpamaemasa stat */
dev_t st dev; /* ycrpoiictBOo */

ino t st ino; /* HomMep inode */

short st mode; /* pexumMHble OMTE */

short st nlink; /* umcryo ceaszen c dannom */

short st uid; /* mma nomp30BaTensa-cobcTBeHHUKA */

short st gid; /* mMmsa rpynnel coOcTBeHHMKa */

dev_t st rdev; /* nna cneumanbHex Odaiimos */

off t st size; /* pasmep odaita B cuMmBOoyax */

time t st atime; /* BpeMmsa mocyegHETO MCIIOJNb30BaHUA */
time t st mtime; /* Bpems mnocnenHeyn Moambmkxaumm */
time t st ctime; /* Bpemsa mocremHero m3MeHeHMs inode */

b

BONbWMHCTBO 3TUX 3HayYeHMI obbACHAGTCA B KOMMeHTapuax. Tunbl, NnogobHble dev t u ino t, onpeageneHsl B
danne <sys/types.h>, KOTOPbI TOXe HYXXHO BKAKOUYNTb NOCPeACcTBOM #include.

dnemeHT st mode copepuT Habop GNaXKKOB, COCTABAAKWMX AOMNONHUTENbHYIO WHbOpMaumio o daine.
OnpeaeneHna GNaKKOB TaKXkKe cofeprKaTtcs B <sys/stat.h>; Ham noTpebyeTcs TONbKO Ta €ro 4acTb, KoTopas
nmeet geno ¢ Tunom ¢panna:

#define S IFMT 0160000 /* Tun daina */

#define S IFDIR 0040000 /* xarasor */

#define S IFCHR 0020000 /* CMMBOJIBHO-OPMEHTUPOBAHHEI */
#define S IFBLK 0060000 /* 6GJOYHO-OPMEHTUPOBAHHEI */
#define S IFREG 0100000 /* oObruHBDL */

Tenepb Mbl FOTOBbI MPUCTYNUTL K HanuUcaHUio nporpammbl £size. ECn pexmmHble 6uThbl (st mode), nonyyeHHble
OT stat, yKasbIBaloT, YTO paiin He ABNAETCA KaTaNorom, TO MOXHO B3ATb ero pasmep (st size) u HaneyaTaThb.
OpHako ecnm ¢ann — KaTanor, To Mbl AO/IKHbI 06paboTaTb Bce ero ¢aibl, KaXkabl U3 KOTOPbIX B CBOKO oYepeapb
MOXeT 6bITb KaTanorom. O6paboTKa KaTanora — NPOLLECC PEKYPCUBHBIN.

Mporpamma main NpocmaTpMBaeT NapameTpbl KOMaHAHOM CTPOKM, NepeaaBan KaxKablil aprymMeHT GyHKUummM fsize,

#include <stdio.h>

#include <string.h>

finclude "syscalls.h"

#include <fcntl.h> /* Giaxky UTeHMS M 3anmucu */

#include <sys/types.h> /* omnpemejyieHuMa TUNOB */

finclude <sys/stat.h> /* crpykTypa, BO3Bpamaemas stat */
finclude "dirent.h"

void fsize (char *);

/* neuvaraeT pasMepr banior */
main (int argc, char **argv)
{
if (argc == 1) /* mo ymojuaHuw OepeTcsa TeKymui kKaTajor */
fsize(".");
else
while (--argc > 0)



fsize (*++argv);
return O;

dyHKuMA fsize neyataeT pasmep danna. OgHaKko, ecnm datn — KaTanor, oHa cHayana Bbi3biBaeT dirwalk, YTobbl
obpaboTtaTb Bce ero dainbl. ObpaTuTe BHMUMaHME Ha TO, KaK UCNO/b3yoTCA MMeHa dnaxkoB S TFMT u S IFDIR
n3 <sys/stat.h> npu nposepKe, aBasaetca An ¢ann Katanorom. 34ecb HY*KHbl CKOBKWM, NOCKONbKY MpuopuTeT
ornepaTopa & HUXe npuopuTeTa onepaTopa ==.

int stat (char *, struct stat *);

void dirwalk (char *, wvoid (*fcn) (char *));

/* fsize: neuaTaer pasmep oarna "name" */
void fsize (char *name)

{
struct stat stbuf;
if (stat (name, Sstbuf) == -1) {
fprintf (stderr, "fsize: HeT mocTymna k %s\n", name);
return;

}

if ((stbuf.stjnode & S IFMT) == S IFDIR)
dirwalk (name, fsize);

printf ("%81d %$s\n", stbuf.st size, name);

®yHKUMA dirwalk — 3TO yHMBEpPCasbHanA NpPorpamma, NMPMMEHSIOLLAN HEKOTOPYIO GYHKUMIO K Kaxaomy dainy
KaTanora. OHa OTKpbIBAaeT KaTajor, C MOMOLLbIO LMKAa nepebupaeT cogeprKalimeca B HeM ¢alinbl, NPUMEHAR K
KaXKAOMY M3 HMX yKasaHHyl0 OYHKLMIO, 3aTem 3aKpblBaeT KaTa/or M OCYWECTBAAET BO3BpaT. Tak Kak fsize
BbI3blBaeT dirwalk Ha KaXKAOM KaTanore, B 3TUX ABYX GYHKUMAX 3a/10'KeHa KOCBEHHAA PEKypCHS.

#define MAX PATH 1024

/* dirwalk: npmmMmensger fcn ko BceMm obarinam msz dir */
void dirwalk (char *dir, void (*fcn) (char *))
{

char name [MAX PATH];

Dirent *dp;

DIR *dfd;
if ((dfd = opendir(dir)) == NULL) {
fprintf (stderr, "dirwalk: He mMOTy OTKpHTH %$s\n", dir);
return;
}
while ((dp = readdir(dfd)) !'= NULL) {
if (strcmp (dp->name, ".") == 0
| | strcmp (dp->name, "..") == 0)

continue; /* mnponycturs ceba u pomuresns */
if (strlen(dir)+strlen (dp->name)+2 > sizeof (name))
fprintf (stderr, "dirwalk: cammkoM OJaMHHOE uMa %$s/%$s\n",
dir, dp->name);
else {
sprintf (name, "%s/%s", dir, dp->name);
(*fcn) (name) ;



}
closedir (dfd) ;

Kaxabln BbI30B readdir Bo3BpallaeT yKkasaTeNb Ha MHbopmMaumio o cneaytolwem daitne mam NULL, ecnm Bce
daiinbl obpaboTaHbl. JIloboi KaTanor Bceraa XxpaHuT B cebe nHpopmauuto o cebe camom B paine nog umeHem " ." u

0 CBoem poautene B danne nog umeHem ". ."; UX HY)KHO MPOMNYCTUTb, MHAYe Nporpamma 3aumkantca. Obpatute
BHMMaHMeE: Kog, NPOrpaMmMbl 3TOr0 YPOBHA HE 3aBMCUT OT TOTrO, Kak GopmaTMpoBaHbl KaTanorn. Cneayrowmin war —
npeacTaBuTb MUHMMabHble Bepcun opendir, readdir n closedir AaA HEKOTOPON KOHKPETHOMN CUCTEMBI.
3pecb npuBeaeHbl nporpammbl ana cuctem Version 7 n System V UNIX. OHM ncnonb3ytoT MHGOPMaLMIO O KaTanore,

XPaHALLYOCA B 3arosioBoYHOM ¢daine <sys/dir.h>, KOTOPbI BbIFAAUT Chegyowmm obpasom:

#ifndef DIRSIZ

#define DIRSIZ 14

#endif

struct direct /* smemeHT Karajora */

{
ino t d ino; /* HoMep inode */
char d name[DIRSIZ]; /* nmmHHOe mMMs He mMeetT '\0' */

b
HekoTopble Bepcn cucTeMbl AOMYCKAtOT bonee gNMHHbIE UMEHA U UMEIOT Boee CNOXKHYIO CTPYKTYPY KaTasora.

Tun ino t 3apaH ¢ nomouwpbio typedef M onucbiBaeT MHAEKC cnucKa y3nos inode. B cucteme, KoTopoit
Nonb3yemca Mbl, 3TOT TUN ecTb unsigned short, HO B APYIMX CUCTEMAX OH MOXKET OblTb MHbIM, MO3TOMY €ro

Nyywe onpenenatb yepes t ypede f. MonHbIM Habop "cnucTeMHbIX" TMNOB HaxoauTcA B <sys/types.h>.

®yHKUMA opendir OTKPbIBaeT KaTajor, NPOBepsAeT, ABAAETCA N OH AeNCTBUTE/IbHO KaTasiorom (B AaHHOM cydae
3TO [AenaetcA C MOMOLLbID CUCTEMHOrO BbI30Ba fstat, KOTOpbI aHanorMyeH stat, HO NpPUMMEHsAeTca K
AecKkpunTopy ¢aitna), 3anpallinMBaeT NPOCTPAHCTBO A1 CTPYKTYPbl KaTanora 1 3anMcbiBaeT MHGopmaLMIo.

int fstat (int fd, struct stat *);

/* opendir: OTKpHBAeT KaTaJIOT IJId BH3OBOB readdir */
DIR *opendir (char *dirname)

{

int fd;
struct stat stbuf;
DIR *dp;
if ((fd = open(dirname, 0 RDONLY, 0)) == -1
| | fstat(fd, Sstbuf) == -1
|| (stbuf.stjnode & S IFMT) != S IFDIR
|| (dp = (DIR *) malloc(sizeof (DIR))) == NULL)

return NULL;
dp->fd = fd;
return dp;

®yHKUMA closedir 3aKpblBaeT KaTanor M 0cBo60XKAaeT NPOCTPAHCTBO.

/* closedir: sakpelBaeT KaTajyioT, OTKPHTHI opendir */
void closedir (DIR *dp)

{



if (dp) |
close (dp->fd) ;
free (dp);

HakoHeu, readdir c nomolbio read YMTaEeT Kaxdpblih SN1eMeHT KaTanora. ECu HeKUM anemMeHT KaTanora B AaHHbIi
MOMEHT He UCNoNb3yeTca (COOTBETCTBYOWMN emy alin bbin yaaneH), To HoMmep y3na inode y HEro paseH Hyno, U
JaHHaA no3Muma nponyckaeTca. B npoTMBHOM cyyae HOmep inode M MMA pasMelLLatoTca B CTaTUYecKol (static)
CTPYKTYpE, W yKasaTeNb Ha Hee BblAAETCA B KayecTBe pesynbTata. [pu Kaxgom cneayowem obpalieHuMM HoBas
nHopMaLumMa 3aHMMaeT MecTo npeablayLlei

#include <sys/dir.h> /* MecTo pacrnojyioXeHVS CTPYKTYpH KaTajgora */

/* readdir: nocyemoBaTesIbHO UMTAET 3JIEMEHTH KaTajsora */

Dirent *readdir (DIR *dp)

{
struct direct dirbuf; /* crpykTypa KaTajora Ha IaHHOM cucreme */
static Dirent d; /* Bo3BpamaeT yHUOULUMPOBAHHYI CTPYKTYPY */

while (read(dp->fd, (char *) &dirbuf, sizeof (dirbuf ))
== gsizeof (dirbuf)) {
if (dirbuf.d ino == 0) /* mycToM 3JIeMeHT, He MCIOJIb3yeTcs */
continue;
d.ino = dirbuf.d ino;
strncpy (d.name, dirbuf.d name, DIRSIZ);
d.name[DIRSIZ] = '\0'; /* zaBepmanommit cmuMmBoj '\0' */
return &d;

}
return NULL;

XoTa nporpamma fsize — [AOBOJILHO CMEUMaNM3MPOBaHHasA, OHa WAMIOCTPUPYET ABa BaxHbIX ¢akTta. lNepBbli:
MHOTME NPOrpammbl He ABAAKOTCA "CUMCTEMHbLIMM"; OHM MPOCTO WCMOJb3YIOT MHPOPMALMIO, KOTOPYH XpPaHUT
onepauyMoHHas cuctema. [N TakMx NPOrpamm CyLLECTBEHHO TO, YTO NpeacTaBieHne MHGoOpMaLUmn cocpesoToueHo
WUCK/IIOYNTENbHO B CTAHOAPTHbIX 3aro/foBOYHbIX ¢ainax. Mporpammbl BKAOYalOT 3TM daiinbl, a He AepKar
06baBAeHMA B cebe. Bropoe HabnloaeHWe 3aKN04aeTCa B TOM, YTO MPU CTapaHUU CUCTEMHO-3aBUCMMbIM 06beKTaM
MOHO €034aTb WMHTepdelcbl, KoTopble camu He 6yayT CUCTEMHO-3aBUCMMbIMU. XOpoliMe TOMy MpUMepbl —
bYHKUMU CTaHaapTHON BUBNANOTEKN.

YnpaxHeHune 8.5. Mogudunumpyiite fsize Takum 06pa3om, 4TOBbl MOMKHO 6bl1I0 NeyaTaTb OCTa/ibHYHO
NMHOpMaLMIO, coaepKallytoca B y3e inode.

8.7. lIpumep. Pacnpeaeuresib naMATH

B rnase 5 6bin onucaH NpocTon pacnpenenntenb NamsaTi, OCHOBAHHbIA Ha NpUHLMNE CTeKa. Bepcua, KoTopyto mbl
Hanuwem 34ecCb, HE nmeeTt OI'pGHW-IGHMVII BbI30Bbl malloc n free MOTYT BbINOJTIHATLCA B nobom nopAaake,;
malloc Agenaet 3anpoc B ONepauUMOHHYKD CUCTEeMy Ha BblaeneHue namATU Torga, Korga oHa Tpe6yeTcn. on
nporpammbl UATKOCTPUPYIOT NPpUeMbIl, NO3BONTAKOLLME MOJTyHaTb MaLLUMHHO-3aBMCUMbIN KOoZ4 CPpaBHUTENIbHO MallNHHO-
He3aBNCUMbIM CI'IOC060M, N, Kpome TOro, OHM MOTYT CAYXUTb NPUMEPOM NMPUMEHEHUA TAKUX CPEACTB A3blKa, KaK
CTPYKTYpbI, 06begmHeHna n typedef.

HuKaKoro paHee CKOMNUAMPOBAHHOIO MaccMBa GUKCUMPOBAHHOMO Pa3mepa, U3 KOTOPOro BblAENATCA KYCKM NaMATH,
He byaeT. DyHKuMA malloc 3anpalwnBaeT NamaTb Y ONepauMoHHON cucTeMbl MO mepe HaZobHocTU. MOCKONbKY U



Apyrue AencTBuA NPorpammbl MOTYT Bbi3blBaTb 3aMpocbkl NamATH, KOTOPble YA0BNETBOPAIOTCA HE3aBUCMMO OT 3TOrO
pacnpeaenuTens nNamaTy, NPOCTPaAHCTBO, KOTOpbiM 3aBeAyeT malloc, He ob6a3aTenbHO npeacTaBnseT coboi
CBA3HbIN KYCOK nmamatu. Moatomy cBoboaHaa nNamaTb XPaHMTCA B BUAE CrvcKa 610KoB. Kaaplih 60K coaepXuTt
pa3mep, yKasaTeNb Ha cneaylowmii 610K U caMo NPOCTPAHCTBO. BAOKK B CNUCKe XPaHATCA B NOpAAKe BO3pacTaHUA
afpecoB NamsaT, NP 3TOM nocnegHui 610K (c cambiMm BONbLINMM afpPecoM) YKasbiBaeT Ha NepPBbIN.
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prigeacnoe gynkumci malloc npocrpasicTro
{ BTN

NPOCTRAHCTEG, HE HANGIANICECH
B pacnopaseHmn vk malloc

Mpy BO3HMKHOBEHUM 3anMpoca Ha NamATb MPOCMaTPUBAETCA CMMCOK CBOBOAHbLIX 6/0KOB, NOKa He OBHapyXUTCA
[0CTaToYHO 6onbwoi 6710K. TakoM anropuTm HasbiBaeTca '"MOMCKOM nepBoro noaxogsauwero" B oTavyve oT
anroputma "nomcka Hamaydwero NoAxoAALlero”, KOTOpbIM ULLET HauMeHblKA 60K U3 Yncna yA0BAETBOPAIOLLMUX
3anpocy. Ecan pasmep 610Ka B TOYHOCTM COOTBETCTBYET TpeboBaHWAM, TO TaKo BNOK MUCKAOYaeTcA U3 CnucKa U
oTaaeTtca B nosb3oBaHue. Ecnm pasmep 61oKa 6osblie, Yem TpebyeTcs, OT HEero OTPe3aeTcs HyXKHasA YacTb — OHa
OTAAeTCA MONb30BaTeNO, a HEeHyXHaA OCTaBAAeTCA B CNUCKe cBoboAHbIx 6/10KoB. Ecnn 6/10Ka A0CTaTOYHOroO
pa3mepa He OKa3a/ocCb, TO Y ONepaLMoHHON cUCTEMbI 3anpallmBaeTca elle oAuH 60NbLIOK KYCOK NaMATH, KOTOPbIA
npucoeamMHAETCA K CMUCKY cBOB6OAHbIX 6/10KOB.

Mpoueaypa ocBOBOXKAEHUA COMPAXKEHA C NPOXOXAEHMEM MO CNUCKY CBOBOAHbLIX B/I0KOB, MOCKO/IbKY HYHO HalTK
noaxoasuiee mecTo Ans ocBoboxkaaemoro 6/10Ka. Ecan noanerkawmnini ocBobokaeHUIo 610K NPUMbIKAET C KaKON-To
CTOPOHbI K 0gHOMY M3 cBO6OAHbIX 610KOB, TO OH 06begUHAETCA C HUM B 0AMH 610K 6osbliero pasmepa, 4Tobbl no
BO3MOMHOCTM YMEHbLUUTb pa3apobieHHOCTb (pparmeHTaumio) namatn. BbiNonHEHME MPOBEPKM, MPUMbIKAIOT /v
6710KM Apyr K Apyry, He COCTaBAseT TpyAa, MOCKONbKY CMMCOK cBOBOAHbIX 6/0KOB BCeraa ynopagoyeH no
BO3PaCTaHWUIO a4PecoB.

CywecTyeT npobnema, 0 KOTOPOM Mbl YXKe YNOMWHAAM B rnaBe 5, COCTOAWAA B TOM, YTO NamATb, BblaaBaemas
dyHKUMen malloc, AOMKHA BbiTb COOTBETCTBYHOLMM 06pa3oM BbIPOBHEHA C yY4eTOM OOBEKTOB, KOTOpble ByayT B
Hel XpaHWUTbCA. XOTA MalUMHbl W OTAMYAOTCA APYyr OT Apyra, HO AN KaXK4oW M3 HUX CyliecTByeT Tum,
npeabsaBAAOWMIA camble bosnbline TpeboBaHWA Ha BbipaBHMBAHWE, W, €CAN MO HEKoemy afpecy AOoMnycKaeTcs
pasmelleHme 06beKTa 3TOro TUMA, TO MO HEMY MOXKHO PasMecTUTb M 0BBEKTbI BCEX APYTMX TMMOB. Ha HEKOTOpbIX
MallMHaX TakKMM cambim "TpeboBaTenbHbIM" TMNOM ABAAeTca double, Ha APYrMX 3TO MOKeT bbiTb int uamM long.

CB060AHbIN BNOK COAEPKMT YKasaTenb Ha cneaylowmii 610K B CNUCKe, CBOM pasmep M cobctBeHHO cBoboaHoe
NPOCTPaHCTBO. YKasaTe/b W pasmep MpeacTaBasaloT coboi ynpasaswowylo uHbopmaumioo n obpasyloT Tak
HasblBaeMbll "3aronoBoK". YTobbl yNpoCcTUTb BbipaBHMBaHWE, BCce BJ0KN CO34at0TCA KPAaTHbIMM pa3smepy 3aro/1oBKa,
a 3aro/I0BOK COOTBETCTBYOLWMM 06pa3omM BbipaBHMBAETCA. ITOFO MOXKHO A0CTUYb, CKOHCTPYMPOBaB obbeguHeHue,
KoTopoe b6yaeT coAep)kaTb COOTBETCTBYIOLLYHO 3aro/OBKY CTPYKTYPY M camblit TpeboBaTeNbHbIi B OTHOLIEHUM
BblpaBHWBAHMA TUN. [ KOHKPETHOCTM Mbl BbiIGpanu Tun 1ong.

typedef long Align; /* mjda BHPaBHMBAHMSA IO T'paHuile long */
union header { /* BarosoBok 6Bjoka: */
struct {
union header *ptr; /* cnern. OJOK B CIMCKE CBOOONHEIX */



unsigned size; /* pasmep zTOrO OJIOKa */
}oss
Align x; /* NpuHyOUTEeJIbHOE BEpPaBHMBaHue Ojioka */
bi

typedef union header Header;

Mone A11ign HUrAe He NUCNoJb3yeTcs; OHO HEOHXOAMMO TONLKO A/ TOT0, YTOObI KaXK bl 3aro/I0BOK 6blN BbIPOBHEH
no camomy "xyawemy" BapuaHTy rpaHuLbl.

3aTpeboBaHHOE YMCI0 CUMBONOB OKPYrAseTca B malloc A0 Lenoro Yyncna eamHuL, Namati pasmMepom B 3arosIoBokK
(MMeHHO 3TO UMCcNo U 3anucbiBaeTcA B NoJsie size (pasmep) B 3aro/foBKe); Kpome Toro, B 610K BXOAUT elle oAHa
eANHMLA NamATM — CaM 3aro/IoBoK. YKasaTtesib, BO3Bpallaemblit ¢yHKUMen malloc, yKasbiBaeT Ha cBobogHoe
NPOCTPaHCTBO, a He Ha 3aronoBok. Co cBoH6OAHbIM NPOCTPAHCTBOM NOMb30BaTeNb MOMKET AeNaTb YTO YrogHo, Ho,
€C/IM OH ByaeT NucaTb YTO-NMBO 3a ero npeaenamu, To, BEPOATHO, CMMUCOK Pa3pyLUNTCS.
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MocKonbKy NamsATb, ynpasasemana ¢yHKumMel malloc, He obnagaeT CBA3HOCTbIO, pa3mepbl O/I0OKOB Hesb3s
BbIYMCIUTb MO YKa3aTesnam, U No3Tomy 6e3 nons, XpaHsLLero pasmep, Ham He 060MTUCH.

[na opraHusaumm Havana paboTbl Ucnosib3yeTca nepemeHHan base. Ecim freep ectb NULL (Kak 370 ObiBaeT npwu
nepsom obpalleHmn K malloc), co3gaeTtcs "BbIpOXAEHHbIA" CNUCOK CBOOOAHOrO MPOCTPAHCTBA, OH COAEPMKUT
oAnH 610K Hy/NeBOro pasmepa C yKasaTesiem Ha camoro cebs. Mouck ceobogHoro 610Ka nogxoaallero pasmepa
HauMHAeTCA C 3TOro yKasatensa (freep), T. e. ¢ MociaefHero HaWAeHHoro 6/10Ka; Takas cTpaTerns nomoraer
NoAAEepKMBATb CNNCOK O4HOPOAHbIM. ECnM HalgeHHbIN 610K OKaXKeTcs CAUWKOM 6onblMM, NoNb3oBaTento byaeT
OTZaHa ero XBOCTOBAaA 4acTb; MpPU 3TOM MOTPebyeTca TO/bKO YTOYHUTb €ro pasmep B 3aro/loBKe HalAEHHOro
csobogHoro 6s10Ka. B ntobom cnyvyae BO3BpalLaeMblii MO/Ib30BATENO YyKasaTesb ABAAETCA afpecom cBob6oAHOro
NPOCTPaHCTBa, pasmeLiatoleroca B 6J10Kke HeNoCcpPeACTBEHHO 3a 3ar0/I0BKOM.

static Header base; /* mnycTol CHMCOK IJid Had. 3amnycka */
static Header *freep = NULL; /* Hauajyo B crnmucke cBo®. OJIOKOB */

/* malloc: yHMBEpPCAJILHHI pPaclHpenesuTesib naMaTu */
void *malloc (unsigned nbytes)
{

Header *p, *prevp;

Header *morecore (unsigned) ;

unsigned nunits;

nunits = (nbytes + sizeof (Header) - 1) / sizeof (Header) + 1;
if ((prevp = freep) == NULL) { /* cnmcka cBoO. maMaTu eme 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) { /* mocrarouHo OoJsbmoin */
if (p->s.size == nunits) /* TOUHO HYXHOTO pasmepa */
prevp->s.ptr = p->s.ptr;
else { /* oTpes3saeM XBOCTOBYI 4YacTb */



p->s.size —-= nunits;
p += p->s.size;
p->s.size = nunits;

}
freep = prevp;
return (void *) (p+1);
}
if (p == freep) /* OpouuiM MNOJIHBIA LMKJI IO CIUCKY */
if ((p = morecore (nunits)) == NULL)

return NULL; /* ©oJabume naMatmu HeT */

®YHKUMA morecore MOAy4YaeT NamATb OT OMNEepauMOHHOM cucTembl. [leTann Toro, Kak 3TO AeflaeTcsi, MOTyT He
COBMaAaTb B Pas/IMYHbIX cMcTeMax. TaK Kak 3anpoc NamsaTh y CUCTEMbl — CPaBHUTE/IbHO A0pOoran ornepauus, Mbl bbl
He XOTeNu ANS 3TOTo KaxkAbli pa3 obpawaTbca K malloc. MNoatomy mcnonb3yeTca ¢yHKUMA morecore, KoTopas
3anpalwmnBaeT He meHee NALLOC eAUHUL, NaMATK; 3TOT BONbLINIA KYCOK NamaTu byaeT "HapesaTtbca" notom no mepe
HagobHocTW. Mocne yCcTaHOBKM B MoJie pasmepa COOTBETCTBYIOLWErO 3HAYEHMs (PYHKUMA morecore Bbi3biBaeT
dYHKUMIO free M Tem cambiM BKIKOYAET NOJYYEHHbIN KYCOK B CMMCOK CBOOOAHbIX 0bnacTel namaTu.

fdefine NALLOC 1024 /* MMHMM. UMCJIO €IOVHMI NaMATV JIid 3amnpoca */

/* morecore: 3anpamlmMBaeT Yy CUCTEMBl NOMNOJIHUTEJIbHYID IaMaTb */
static Header * morecore( unsigned nu)
{

char *cp, *sbrk(int);

Header *up;

if (nu < NALLOC)
nu = NALLOC;

cp = sbrk(nu * sizeof (Header));

if (cp == (char *) -1) /* Oojybme namaTy HeT */
return NULL;

up = (Header *) cp;

up->s.size = nu;

free ((void *) (up+1));
return freep;

CuctemHblt BbI3oB sbrk (n) B UNIXe Bo3BpaliaeT ykasatesb Ha n 6anT namstm uam -1, ecnm Tpebyemoro
NPOCTPaAHCTBA He 0KA3a/10Cb, XOTA 6blNo Hbl Nyylle, ecin bbl B nocneaHem ciyyae oH Bo3Bpawan NULL. KoHcTaHTy -
1 Heo6X0AMMO NPUBECTU K TUMY char *, YToObl ee MOXKHO Bbl1I0 CPAaBHUTbL C BO3BPALLAEMbIM 3HAYeHMEM. ITO elle
OZMH NPUMeEp TOTO, KaK onepaLma NnpMBeaeHUA TUNa aAenaet GyHKLMIO OTHOCUTEIbHO HE3aBUCMMOW OT KOHKPETHOrO
npeAcTaB/ieHUs yKasaTesiell Ha pas/indHbIX MalmHax. EcTb, 04HaKo, ogHa "HEKOPPEKTHOCTL", COCTOALLAs B TOM, YTO
CPaBHMBAOTCA YyKasaTenu Ha pasanyHole 6710KM, BblaaBaemble o¢yHKUMeln sbrk. Takoe cpaBHeHME He
rapaHTUMPOBAHO CTaHAAPTOM, KOTOpPbIA MO3BONAET CPaBHMBATb YKalaTeaun Nuvlb B Npeaenax O4HOrO U TOro e
maccmBa. Takum ob6pa3om, 3Ta Bepcua malloc BepHa TONbKO Ha TeX MalUMHAX, B KOTOPbIX AOMYCKAETCA CpaBHEHME
NtobbIX yKasaTene.

B 3aKntoueHne paccMoTpum ¢yHKUmMio free. OHa NpocmaTpMBAET CMMCOK CBOBOAHOM NamaTH, HauuHas ¢ freep,
yTO6bI NOABICKATL MECTO A/1A BCTaBAsseMoro 6710Ka. ICKomoe MecTo MOMKET 0Kas3aTbCA UAM mexay 6/10Kamu, an B
Hayane CNWcKa, MAN B ero KoHue. B nobom cayyae, ecnv noanerkawmin ocBoboXKAeHWo 670K NpPUMbIKaeT K



cocegHemy 610Ky, OH 06beamHAETCA C HAM B oanH 610K. O Yem elle OCTanocb No3aboTUTbCA, — TaK 3TO O TOM,
YTO6bI YKa3aTeNMn YKasblBaAMN B Hy}KHble MeCTa U pa3mepbl 6J10KOB 6blaN NPaBUAbHBIMM.

/* free: BxJiOUaeT OJOK B CIMCOK CBOOOIHOM mnaMaTtm */
void free(void *ap)
{

Header *bp, *p;

bp = (Header *)ap -1; /* ykasaTesb Ha 3aToJIOBOK Ojioka */
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; /* ocBoBoxmaem GJIOK B Hauajle UM B KOHIE */
if (bp + bp->s.size == p->s.ptr) { /* ciaurb C BepxHUM */

bp->s.size += p->s.ptr->s.size; /* cocemom */
bp->s.ptr = p->s.ptr->s.ptr;

} else
bp->s.ptr = p->s.ptr;

if (p + p->s.size == bp) { /* CAUTb C HMXHMM cocermoMm */
p->s.size += bp->s.size;
p->s.ptr = bp->s.ptr;

} else
p—->s.ptr = bp;

freep e’

XoTa BblAeneHue namATh No CBOEeW CyTM — MalMHHO-3aBUCMMasn npobaema, ¢ Hell MOMKHO CMPaBUTLCA, YTO U
WANIOCTPUPYET NpUBEAEHHasA MPOrpamMma, B KOTOPOM MalMHHAA 3aBUCMMOCTb ynpsATaHa B OYeHb MasieHbKON ee
yacTu. Yto KacaeTcsa npobnembl BblpaBHWBaHWA, TO Mbl paspewuan ee ¢ nomouwbio typedef M union
(npegnonaraetca, uto sbrk AaeT NOAXOAALLMI B CMbIC/IE BblpaBHWBaHWA yKa3aTeb). Onepauumn npuseseHUs TUNOB
NO3BOMIAIOT HaM cAefaTb ABHbIMW MPeobpasoBaHUA TUMOB WU Aaxe CMPaBUTbCA C MJIOXO CNPOEKTUPOBAHHbLIM
nHTepdecom cuctembl. HECMOTPA Ha TO, YTO HALUKM PACCYKAEHUA Kacaancb pacnpeneneHua Namati, 3TOT o6Lmii
noaxo NPMMEHUM U B APYTUX CUTYaLMUAX.

YnpaxHeHue 8.6. CtaHaapTHaa ¢yHKumAa calloc (n, size) BO3BpalWAeT yKasaTe/b Ha N 3/1€eMEHTOB NamATH
pasmepa size, 3aM0NHEHHbIX HynAMW. HanuwuTte cBOW BapuaHT calloc, nonb3yacb GyHKUmen malloc mau
MmoanbuLMpyA NOCAeAHIOL.

YnpaxkHeHue 8.7. OyHkuma malloc gonyckaeT ntoboli pasmep, HUKAK He NpoBepAs ero Ha npasgonogobue; free
npeanonaraeT, 4To pa3smep ocBoboxaaemoro 6/10Kka — NpaBU/bHbIA. YCOBEPLLIEHCTBYWTE 3T MPOrpammbl TaKUm
obpasom, 4tobbl OHM Bonee TWaTeNbHO KOHTPOMPOBANN OLLNOKN.

YnpaxHeHue 8.8. Hanuwwute nporpammy bfree (p, n), 0cBOHOKAAOLLYIO MPOU3BO/bHBIN 610K P, COCTOAWMMN K3
n CUMBOJIOB, MyTEM BKJ/IIOYEHUA €ro B CMUCOK CBOBOAHOM NamATH, NoaaepRnBaembli yHKuuaMM malloc un free.
C nomouwlplo bfree nonb3osaTesnb A0NKEH MMETb BO3MOXKHOCTb B Atoboe Bpemsa A06aBUTb B CMMCOK CBO6OAHOWM
NamMATU CTaTUYECKMI AN BHELLIHNIA MacCuB.



A. CnmpaBo4YHOE pyKOBO/JCTBO

A 1. BBegeHue

JaHHOe pyKOBOACTBO OMMCLIBAET A3bIK NporpammupoBaHma Cu, onpeaeneHHbin 31 oktabpsa 1989 r. B COOTBETCTBMM
C NpoeKkToM, yTBepKaeHHbIM B ANSI B KauecTBe AMEPUKAHCKOro HaLMOHaAbHOIO CTaHAapTa A8 MHPOPMALMOHHbIX
cuctem: AsbIK nporpammupoBaHmna Cu, X3.159-1989 ("American National Standard for Information Systems —
Programming Language C, X3.159-1989"). 3To onucaHve — Nulb OAWNH M3 BapMaHTOB NpeasiaraeéMoro CTaH4apTa, a
He caM CTaHAapT, OAHAKO Mbl CneumanbHO 3abOTUAUCL O TOM, YTOObI CAENaTb ero HaZAeXHbIM PYKOBOACTBOM MO
A3bIKY.

HacTosawmit JOKYMEHT B OCHOBHOM C/ieZyeT obLLel cxeme OnucaHus, NPUHATOM B cTaHaapTe (ny6MKauusa KoToporo
B CBOI OYyepenb OCHOBbIBA/JIACb HAa NEPBOM WM34aHMM STOW KHUIM), OAHAKO B OPraHM3aUMOHHOM MaaHe ecTb
pa3nnuma. Ecnnm He cumTaTb OTKNOHEHWM B Ha3BaHMAX HECKO/IbKMX MPOAYKTOB M OTCYTCTBUA POPMANbHbIX
onpeaeneHnin Nekcem 1 NPeNPoLEeCcopa, FPamMmMaTmKa A3blKa 34eCb M rPaMMaTHKa B CTaHAAPTE SKBUBANEHTHbI.

[anee npuvmeyaHuna (Kak M 3T0) HabupaloTcA C OTCTYNMOM OT /IEBOrO Kpas CTpaHuubl. B OCHOBHOM 3Tu
NpUMeYaHnA KacaroTCa OTIUUYMNIA CTaHAapTa OT BEPCUMM A3blKa, ONUCAHHOW B MEPBOM U3A4aHUU 3TON KHUMU, U
OT NnocneayoLnX HOBOBBEAEHUI B Pa3/INYHbIX KOMNUAATOPAX.

A 2. Cors1alieHUA 0 JIeKCHUKe

Mporpamma cOCTOUT U3 OAHOM MM HECKONbKUX eOUHUY MPAHCAaYUU, XpaHawmxcsa B Buge dannos. Kaxkgas Takas
eaMHNLA NPOXOAUT HECKOMbKO $a3 TpaHCAALMK, ONMUCaHHbIX B A12. HayanbHble dasbl OCyLLEeCTBAAIOT NeKCUYECKME
npeobpa3oBaHMA HUMKHErO YPOBHSA, BbINOMHAOT AMPEKTUBLI, 3aaHHble B NpOorpamme CTPOKamMM, HauyMHaoLWMMKCS
CO 3HaKa {#, obpabaTbiBalOT MaKpOOMpeaeseHna M NPoU3BOAAT MaKpopaclwupeHusa. Mo 3aBeplweHun paboTsbl
npenpoueccopa (A12) nporpamma npeacTaBAfAeTca B BUAe NOCNeA0BaTe/IbHOCTU IEKCEM.

A 2.1. J/lekcemsl (tokens)

CyLLecTBYIOT LIECTb KAaccoB NeKcem (MM TOKEHOB): MAEHTUPUKATOPbI, KAloYeBble C/10Ba, KOHCTaHTbI, CTPOKOBbIE
NiUTepanbl, onepaTtopbl U Npoune pasgenutenu. MNpobenbl, ropnsoHTaNbHbIE U BEPTUKabHble Tabynaunmn, HoBble
CTPOKM, nNepeBoAbl CTPaHMUbI W KOMMeHTapum (Mmerowme obliee HasBaHWE CUMBOJbI-pas3genuTenm)
pPaccMaTpuUBalOTCA KOMMMAATOPOM TO/IbKO KaK pasfdenutenn JeKCem U B OCTa/ibHOM Ha pesy/bTaT TpaHCAauuMu
B/IMAHMA He OKasbiBatoT. J/Itobolt U3 CMMBO/IOB-pasgenntenen roantcsa, 4tobbl OTAENUTL APYr OT Apyra coceaHue
NMAEeHTUOUKATOPbI, KNOUEBble C/I0Ba U KOHCTaHTbI.

Ecnn BXOAHOM MOTOK y¥Ke 40 HEKOTOPOro CMMBOJIA pasbuT Ha NeKcembl, TO Caeaylowen nekcemon byaet camas
[OJ/IMHHAsA CTPOKa, KOTOPas MOMKET BbITb IEKCEMON.

A 2.2. KomMmeHTapum
CumBObI /* OTKPbIBAIOT KOMMEHTAPUI, @ CUMBOJIbI * / 3aKpbIBAOT ero. KommeHTapun Henb3a BKAaAbIBaTb APYr B
Apyra, X Henb3A NoMeLLaTb BHYTPb CTPOK WU/N TEKCTOBbLIX NNTEPAJIOB.

A 2.3. UaeHTUPUKATOPBI

NpeHTndukatop — 3TO nocnenoBaTenbHOCTb OykB M uudp. lNepBbiM CMMBOMIOM AO0/MKHA ObiTb OyKBa; 3HaK
noAYepKMBaHMA  cuMTaeTcA 6YKBON. ByKBbI HUXHEro 1 BEPXHEro perncTpos pasnunyatotca. UaeHTudukaTopbl moryt
UMeTb NobyIo ANNHY; ANA BHYTPEHHUX MAEHTUPUKATOPOB 3HAUYMMBbIMUK ABAAIOTCA Nepsble 31 CMMBOJ; B HEKOTOPbIX
peanusaumax NPUHATO BonbLIee YMUCAO 3HAYMMbIX CMMBOOB. K BHYTPEHHUM MAEeHTUdMKATOPaM OTHOCATCA MMeHa
MaKpOCOB 1 BCe ApYrMe MMeHa, He nmetoLLme BHewHux ceasel (Al11.2). Ha naeHTuduKaTopbl ¢ BHEWHUMU CBA3AMM
MOFYT HaKfaAapiBaTbcA HoNblIME OrpaHUYeHUA: MHOTrAa BOCMpPUHMMAOTCA He Bonee LWecTM NepBbliX CUMBOJIOB U
MOFYT He pa3nnyaTtbca ByKBbI BEPXHEro U HUMKHEro PerncTpos.



A 2.4. Ki1o4yeBble CJI0Ba
Cnepytowme naeHTUPMKATOPbl 3ape3epBUPOBaHbI B KaYeCTBe K/IHOYEBbLIX C/I0B U B APYFrOM CMbIC/IE UCMO/1Ib30BaTbCA

He MOoryT:

auto double int struct
break else long switch
case enum register typedef
char extern return union
const float short unsigned
continue for signed void
default goto sizeof volatile
do if static while

B HEKOTOpPbIX peannsaumax pesepBUpPyIOTCA TakkKe cloBa fortran u asm.

Kntoyesble cnoBa const, signed n volatile snepsble noaBuancb B ctaHgapte ANSI; enum n void —
HOBble MO OTHOLUEHMIO K MNEPBOMY M34AHMIO KHUMMU, HO YXKE UCNO/Ib30BaNIMCh; paHee 3ape3epBMPOBaHHOE
entry HUT4Ee He UCMO/Ib30BaIOCh M NO3TOMY Bonee He pesepBupyeTca.

A 2.5. KOHCTaHTBI
CyuiecTByeT HECKO/IbKO BMAOB KOHCTaHT. Kaxkaan nmeet cBOM TUN AaHHbIX; 6a30Bble TUMbl paccmaTpuBatoTcs B A4.2.

KOHCTAHTA :
ejgasg—-KaHCTaHTa
CHMBOJIEHASI~KOHCTAHTA
KOHCTAHTA—C—IIJIaBanle—TOUKOM

KOHCTAaHTa-rnepedrcjieHne

A 2.5.1. Ilenble KOHCMAHMbI

Llenas KOHCTaHTa, COCTOAWAs M3 NOCAenoBaTes/IbHOCTU LMdp, BOCNPUHUMAETCS KAaK BOCbMEPMYHAA, €C/M OHa
HaumHaetca ¢ O (UMdpbl HYAb), U KaK AecATMYHAsA B NPOTMBHOM Caydae. BocbmepuyHas KOHCTaHTa He COAEepPKUT
umdp 8 wu 9. MNocnepoBatenbHoCTb UMPp, nepesd, Kotopon ctoAT Ox uaMm 0X, paccmaTpuMBaeTCA Kak
WecTHaauaTepuyHoe Lenoe. B wecTHaguatepuyHble LMdpbl BKAtOYeHbl ByKBbl OT a (Mam A) go £ (wam F) co
3HavyeHmamum ot 10 go 15.

Llenana KoHcTaHTa MOXeT 6bITb 3anuncaHa ¢ byksoi-cyddukcom u (nam U) gna cneumdunKkaumm ee Kak 6e33HakoBoOM
KOHCTaHTbl. OHa TaKXe MOXeT bbITb ¢ bykBol-cypPukcom 1 (Mam 1) AnA ykasaHus, 4To OHa MmeeT Tmn long.

Tun Lenol KOHCTaHTbl 3aBUCUT OT ee BMAA, 3HaueHus u cydoduKca (o Tunax cm. Ad). ECm KOHCTaHTa — AEeCATUYHAA U
He umeeT cypPuKca, TO OHa NPUHMMAET MEPBbLIA U3 CNEeAYIOWMX TUNOB, KOTOPbIN roAnTCA ANA NpeacTaBieHusa ee
3HayeHus: int, long int, unsigned long int. BocbMepuyHaa Mau WeCTHaguaTepuyHana KOHCTaHTa 6e3
cydduKca NpMHUMaET nNepBblit BO3SMOMHbIM M3 TUMNoB: int, unsigned int, long int, unsigned long
int. Ecnm KoHCTaHTa umeeT cydduKec u uam U, TO OHa NPUHMMAET NePBblii BOSMOXHbIMA M3 TMNOB: unsigned int,
unsigned long int. EcAn KOHCTaHTa mmeeT cyddMKe 1 mMam 1,TO OHA NPUHUMAET NEPBbIN BO3MOMKHbLIA U3
TMnoB: long int, unsigned long int. Ecan KoHcTaHTa nmeeT cydpduKe ul mam UL, TO OHA NPUHMMAET TUN

unsigned long int.

TUNbl UEANbIX KOHCTAHT MOMYYMAN CYLLECTBEHHOE pPa3BUTME B CPaBHEHWW C MepBOM penakumel s3biKa, B
KoTopoii 6onblime Lenbie umenn npocto tun 1ong. Cyddukcl U 1 1 BBEAEHbI BNepBble.



A 2.5.2. CuMmB0./1bHbIE KOHCMAHMbI

CMMBO/NIbHAA KOHCTaHTa — 3TO MNOC/Ae0BaTeNbHOCTb M3 OAHOM WMAM HECKONbKUX CUMMBOOB, 3aK/JlOYeHHas B
OAMHOYHbIE KaBblyKM (Hanpumep 'x'). ECAn BHYTPU OOMHOYHbBIX KaBblYEK PACMO/IOKEH OAUH CUMBOJ, 3HAYEHUEM
KOHCTaHTbl AAIBNSIETCA YMC/N0BOE 3HAYeHWE 3TOr0 CMMBOJIA B KOAMPOBKE, MPUHATON Ha AaHHOM MallMHe. 3HauyeHue
KOHCTaHTbl C HECKOJZIbKUMW CMMBOJ1aMU 3aBUCUT OT peannsaunu.

CMBO/IbHAs KOHCTAHTA He MOXET CoAep)KaTb B cebe OAMHOYHYIO KaBbluKy ' WAM CMMBOJI HOBOM CTPOKM; YTOObI
M306pasnTb UX U HEKOTOpPbIE APYrne CMMBOJbI, MOTYT BbITb UCNO/Ib30BaHbI 3CKEMN-NOCAEA0BaTE/IbHOCTH:

HoBan cTpoka (newline, linefeed) NL (LF) \n
ropusoHTanbHas Tabynauma (horisontal tab) HT \t
BepTUKaNbHana Tabynaumsa (vertical tab) VT \v
BO3BpaT Ha war (backspace) BS \b
BO3BpaT KapeTku (carriage return) CR \r
nepesog cTpanuubl (formfeed) FF \f
curHan 3soHok (audible alert, bell) BEL \a
obpaTHas HaknoHHan YepTa (backslash) \ A\
3HakK Bonpoca (question mark) ? \?
OAMHOYHasA KaBblyKa (single quote) \'
[ABOWMHanA KaBblyKa (double quote) \"
BOCbMepPUYHbIN Kog, (octal number) 000 \ooo
LwecTHaauaTepmyHbIn Kog (hex number) hh \xhh

cKen-nocnefoBaTeIbHOCTb \ 00O COCTOUT M3 06PATHOM HAKAOHHOW YepTbl, 33 KOTOPOWN CNeaytoT O4Ha, ABE UK
TPW BOCbMEpPUYHbIE UUdPbI, cneunouumupyowmne 3HaYeHMe Kelaemoro cumeosa. Hanbonee yactbim npumepom
TakoW KoHCcTpykumm asnsetca \ 0 (3a KoTopol He cneayeT uuopa); oHa cneunduumpyet NULL-CMMBOJ. DCKeWn-
nocnenoBateNbHOCTb \xhh COCTOUT M3 OOpPaTHOM HaKNOHHOW 4YepTbl € OYKBOM x, 3@ KOTOPbIMWU CAeaytoT
WwecTHaauaTepmyHble uMdpbl, cneumduumpyowime 3HaAYEHUE Kelaemoro cumeosia. Ha Konmyectso umébp Het
OrPaHWYEHMUI, HO pe3ynbTaT byadeT He onpeaesneH, ecan 3HayeHue MOYYEeHHOro CMMBOAA NPEBbLICUT 3HaYeHue
camoro "60sblWoro" u3 AoNycTUMbIX CMMBOJIOB. ECnn B faHHONM peanus3aumu TN char TPaKTyeTcs Kak YMCIo Co
3HaKOM, TO 3HayeHWe U B BOCbMEPWYHOW, M B LIECTHAALATEPUYHOM 3CKeNn-nocnefoBaTeNbHOCTU MOAYyYaeTca C
NomoLLblo "pacnpocTpaHeHus 3HaKa", Kak ecan Bbl BbINOIHANACL Onepaumsa npueBeseHus K Tuny char. Eciv 3a \ He
cnepyeT HU OAMH U3 NepeyYnceHHbIX Bbille CUMBOJIOB, Pe3y/ibTaT He onpeaeneH.

B HEKOTOpPbIX peannsaumax MMeeTca pacliMpeHHbIi Habop CMMBOJIOB, KOTOPbLIA He MOMEeT 6biTb OXBayeH TUNOM
char. KoHcTaHTa ans Takoro Habopa nuwetca ¢ 6yksoi L Bnepean (Hanpumep, L' x ') M Ha3blBaeTCA paclIMPEHHOM
CUMBONbHOW KOHCTaHTOW. TaKaA KOHCTaHTa umeeT Tun wchar t (UeNoYUCNeHHbI Tun, onpeAeneHHbin B
CTaHZAPTHOM 3arosioBoYyHoM daine <stddef .h>). Kak U B cnyyae 06bIUHbIX CUMBOJIbHBIX KOHCTAHT, 34€Cb TaKkKe
BO3MOXHbl BOCbMEpPMYHble U LeCcTHaAuaTePUUHble 3CKeln-nocnenoBaTeNibHOCTM; ecan cneunduumpoBaHHoe
3HayeHue npesbICUT TUN wchar t, pe3ynbTaT byaeT He onpeaeneH.

HeKkoTopble M3 NpuBEAEHHbIX 3CKeNNn-nocnefoBaTe/IbHOCTEN HOBble (LWecTHaguaTepuyHble B YacTHOCTM).
HoBbIM ABNAETCA M PacCLUMPEHHbIA TMN AnA cMMBOAOB. Habopam cMmBO/OB, OBbIMHO MCMO/Mb3yeMbiM B



Amepuke 1 3anagHov EBpone, noaxoaut Tvn char, a un wchar t 6bin fobasneH rnasHbiM 0bpasom ana
a3MaTCKUX A3bIKOB.

A 2.5.3. Koncmanmul ¢ naasarouweti moykoil

KoHcTaHTa ¢ nnasawoLwein TOYKOM COCTOUT U3 LEeNOM YacTu, AEeCATUYHOM TOYKM, APOOHOM YacTn, € uan E 1 uenoro
(BO3MOKHO, CO 3HAKOM), NpeAcTaBAAOWEro NOpPAA0K, U, BO3MOXHO, cydduKca Tnna, 3a4aBaemoro ogHolM ns 6yks:
f, F, 1 uaun L. N uenan, n apobHas YyacTb NpeacTaBAAOT coboi nocneaosaTenbHocTb Umdp. JInbo wenasa yactb, Ambo
ApobHasa 4YacTb (HO He obe BMecCTe) MOTyT OTCYTCTBOBATb; TAKMKe MOTYT OTCYTCTBOBATb AECATUYHAA TOYKA MU E C
nopsakom (Ho He obe ogHoBpemeHHO). Tun onpeaenaetca cypdukcom; F nam £ onpegenatotr un £loat, L mam 1
— Tun long double; npu oTcyTcTBUM cydPUKca nogpasymeBaeTca Tmn double.

CydPuKcbl ANA KOHCTAHT C NN1aBatOLLEN TOYKOM ABAAIOTCA HOBOBBEAEHMEM.

A 2.5.4. KoHcmaHmuI-nepevucaeHus
NpeHTMdMKaTOpbl, 06bABNEHHbIE KaK 3/1eMeHTbl NepeuncieHns (A8.4), ABNAOTCA KOHCTaHTaMM TUMa int.

A 2.6. CTpoKOBBbIe JIUTEepaJIbl

CTPOKOBbIV nTepan, KOTOPbIN TaKXe Ha3blBatOT CTPOKOBOM KOHCTaHTOM, — 3TO MOC/eA0BaTe/IbHOCTb CMMBOJIOB,
3aK/Il0YEeHHas B ABOWHbIE KaBblYyKK (Hanpumep, " . . ."). CTpoka nmeeT TMnN "maccMB cMMBONOB" M NamATb Kaacca
static (A4), KoTopaa MHULMANU3UPYETCA 3a4aHHbIMM CMMBOIaMK. MNpeacTaBAAOTCA N OAMHAKOBbIE CTPOKOBbIE
NUTepanbl OQHON KOMWEW WMAM HECKONIbKMMMW, 33aBUCUT OT peanusauuu. NosegeHwWe Nporpammbl, MbiTatowencs
WU3MEHWUTb CTPOKOBbII INTEPAS, HE onpeaeneHo.

HanucaHHble pAgOM CTPOKOBble NuUTepasnbl 06beauHATCA (KOHKaTeHUpYloTCa) B oAHy CTpoKy. Mocne nwoboi
KOHKaTeHalUun K cTpoKe aobasnsetca NULL-6aut (\0), uTo no3sonser nporpamme, NpPoCMaTpUBaIOLLENA CTPOKY,
HalTn ee KoHel,. CTPOKOBbIE INTEPA/IbI HE MOTYT COAEpPKaTb B cebe CMMBO1 HOBOM CTPOKU UM ABOMHYIO KaBblYKy; B
HUX HY}KHO MCMO/b30BaTb Te e 3CKeMN-noc/sefoBaTeIbHOCTU, YTO U B CUMBOJIbHbBIX KOHCTaHTaXx.

Kak 1 B clyyae ¢ CMMBO/IbHbIMM KOHCTaHTamMM, CTPOKOBBIM iMTepan C CUMBO1IaMM M3 pacluMpeHHOro Habopa A0NKeH
HauuHaTbcA ¢ 6yKBbl L (Hanpumep L" . . . "). CTPOKOBbIN InUTepan U3 pacluMpeHHoro Habopa nmeet Tmn "maccue U3
wchar t". KoHKaTeHauua Apyr ¢ Apyrom obbiuHbIX U "paclumpeHHbIX” CTPOKOBbIX IMTEPANIOB He onpeaeneHa.

To, 4YTO CTPOKOBble J/iMTepasbl He 00A3aTeNbHO MNPeACTAaBAATCA Pa3HbIMM KOMWAMM, 3amnpeT Ha MX
MoandUKaUMIO, a TaKKe KOHKaTeHaumMa coceHNX CTPOKOBbIX IMTepanos — HoBoBBeaeHUA ANSI-cTaHaapTa.
"PaclwimpeHHble" cTpoKoBble INTEPAbI TaKKe 06bABNEHDbI BNEpPBbIE.

A 3. HoTranuga cMHTaKcuca

B HOTaLMM CMHTAKcUca, UCMOb3YEMOM B 3TOM PYKOBOACTBE, CMHTAKCMUYECKMe MOHATUA HabupaloTca KypcuMBOM, a
CNI0Ba W CUMBOJIbI, BOCMPUHUMAeEMble OyKBa/ibHO, 0BbIYHbIM WPUGTOM. ANbTepHATUBHbIE KOHCTPYKLMU OBbIYHO
nepeuyncnatoTca B CTONBMK (Karkaaa anbTepHaTMBaA Ha OTAENbHOW CTPOKE); B PEeAKMX CAydasX AJIMHHbIE CMUCKK
HeboNbWMX NO pasmepy asbTEepHATMB pacnoaaratoTca B OLHON CTPOKe, NOMeYeHHoM cnoBamu "oguH us".
HeobssatenbHoe CNOBO-TEPMUH UAU HE TEPMUH CHabrKaeTcsa MHaeKcom "Heob.". Tak, 3anucb

{ BrEpPaxeHMELo0s }

0603HaYaeT BbiparkeHWe, 3aKaoHeHHoe B ¢uUrypHble CKOBKKM, KOoTopoe B 0bLem Caydae MOXKET OTCYTCTBOBATb.
MoNHbIV NepeyeHb CUHTAKCUYECKMX KOHCTPYKLMIA NpuBeaeH B Al3.

B otanume ot rPamMmmaTuKu, ILI,Z:IHHOI‘;i B nepsom usgaHuum 3TOM KHUTK, npueeaeHHaAa 34eCb rpaMmaTuKa
CTapWKMHCTBO U NOPAAOK BbINO/IHEHUNA onepau,mi/’l B BblpaXXeHNAX ONnUcCbiBaeT ABHO.



A 4.4Y10 0603Ha4YaAOT UAEHTUPUKATOPHI

NAEHTUOMKATOPbI, UM MUMEHA, CCbINAlOTCA Ha pasHble O6beKTb™: OYHKUMM; Tern CTPYKTYp, O6beauHEHMI M
nepeyYncneHnin; sNemeHTbl CTPYKTYp WAM obbeaumHeHun; typedef-umeHa; MeTKM UM 06beKTbl. Ob6bekTOM
(HasbiBaembIM MHOT4a NEpPeMeHHOM) ABAAETCA YacTb NAMATU, UHTEePrNpeTaumsa KOTOPOK 3aBUCUT OT ABYX NaBHbIX
XapPaKTEPUCTUK: Kaacca namamu v ee muna. Knacc namaTn coobllaeT 0 BPEMEHMU KM3HM NAMATU, CBA3AHHOMN C
NAEHTUOULMPYEMBIM OOBEKTOM; TUN ONpPELEeNseT, KAKoro poga 3HaYeHUa HaxoaaTcA B obbekTe. C tobbiM MMeHem
accounmnpytotca ceoa 061acTb BUAMMOCTM (T. €. TOT y4acTOK NPOrpammebl, rae 3To MMA U3BECTHO) M aTpPUBYT cBA3M,
onpeaenaowmin, 0603Ha4YaeT M 3TO UMA B ApYrom daiiie TOT Ke Camblil 06BEKT UK PyHKLMI0. O61acTb BUANMOCTHU
M aTpmnbyT cBA3K obcyxaatotca B All.

A 4.1. Knacc naMaTu
CywecTBytloT ABa Kjacca NamsaATU: aBTOMATUYECKUA M CTaTUYECKMN. HeCKONbKO K/oYeBbIX C/I0B B COBOKYMHOCTU C
KOHTEKCTOM 06bsiBNEHNN 06BEKTOB CneuudUUMPYOT KNacc NaMaTh 418 3TUX 06beKTOB.

ABTOMaTUYECKME 06BEKTbI IOKaNbHbI B 6/10Ke (A9.3), npu BbIXxoAe U3 Hero oHKM "ucyesatot". O6bABNEHUE, 3a4aHHOE
BHYTpU 6/10Ka, eciv B HEM OTCYTCTBYET cneumduKauma Knacca namaT UKW yKasaH cneumdukaTop auto, cosgaer
aBTOMaTUYECKUIA 06beKT. OBbEKT, NOMeUYeHHbI B 06BbABAEHUM CNOBOM register, ABNAETCA aBTOMATUYECKUM U
pa3mMelLLaeTca Mo BO3MOXHOCTU B PerucTpe MmalluHbl.

Cratnyeckme obbeKTbl MOTyT BbITb IOKabHbIMK B B/10Ke MM pacnosiaratbCa BHe 610KOB, HO B 060MX C/yyasx UX
3HaYeHMA COXpaHAITCA Nocse Bbixoaa U3 610Ka (M GyHKUUKM) 40 NOBTOPHOrO B HEro Bxoaa. BHyTpu 610Ka (B Tom
uncne u B bnoke, obpasyollem Teno QYHKUMM) cTaTUdeckne ob6beKTbl B 06bABMEHMAX MOMEYaloTCA CA0BOM
static. O6beKTbl, 0b6bABAAeMble BHe Bcex 6/0KOB Ha OAHOM YPOBHe C onpeaeneHuamm ¢GyHKUMIA, Bceraa
ctatuyeckune. C NOMOLLbIO KOYEBOro €10Ba static X MOXHO caenatb N0KaAbHbIMK B Npeaenax TpaHcaMpyemoi
eAMHMLbl (B 3TOM C/ay4ae OHW MOAYYaloT aTpUBYT BHymMpeHHel C8A3U), U OHN CTAHOBATCA rNobanbHbIMM ANA BCel
nporpammbl, €Can ONyCTUTb ABHOE YKa3aHMe Knacca NamMaTy UM UCNOo/b30BaThb KAOUYEBOe CNOBO extern (B 3TOM
C/ly4ae OHW NONYYaloT aTPUBYT 8HewHeli cesa3u).

A 4.2. ba3oBsie TUIIbI

CywectByeT HecKo/ibko 6a30Bbix TMNOB. CTaHOAPTHbIN 3arosoBOYHbIM daiin <limits.h>, ONUCAHHbIA B
npunoxeHun B, onpeaenset camoe 60abLIOE M CAMOE Masioe 3HAYEHUA A1A KaXKAoro Tmna B SaHHOW KOHKPETHOM
peannsayunn. B NPUNOHKEHUN B npuneeaeHbl MMHMMaA/IbHO BO3MOXHble BE/IMYNHDI.

Pasmep O6'bel-(TOB, 06bABNAEMbIX KaK CMMBOJIbl, MO3BONAET XPaHWUTb noboit cumeon u3 Ha6opa CMMBOJI0B,
NPUHATOrO B MalwuHe. Ecam 0b6BbEKT TMNa char ﬂ,eﬁCTBMTeI'IbHO XPaHUT CMMBONT U3 AaHHOTO Ha6opa, TO ero
3HaYeHMeM ABNAETCA KO, 3TOro CUMBOA, T. €. HEKOTOPOE HeoTpuuaTenbHoe uenoe. [lepemeHHble TMNA char MmoryT
XPaHUTb N Apyrune 3Ha4yeHunA, HO Torga AManasoH UX 3Ha4YeHul n ocobeHHo BOMPOC O TOM, 3HaKOBbl€ 3TN 3HAYEHUA
nnun 6e33HaKOBbIe, 3aBUCUT OT peasin3auunmn.

be33HaKoBble CMMBOJbI, 0bbAB/IEHHbIE C nOMoLLblo €/I0B unsigned char, MMET Ty e paspAagHOCTb, YTO U
0bblYHbIE CMmMBOJIbl, HO NPeAacCTaBAAT HEOTPUUATE/IbHbIE 3HAYEHUA; C NOMOLLbIO C/10B signed char MOXHO
ABHO 06BABUTL CUMBO/IbI CO 3HAKOM, KOTOpPbI€ 3aHNMAIOT CTO/IbKO Ke MeCTa, Kak U 0bblYHbIE CMMBOIbI.

Tun unsigned char He ynomMuHancsa B NepBOl pefakuum A3bika, HO BCEMW UCMONb30BaaCA. Tun signed

char — HOBbIN.

Momumo char cpeam LenoYnCNeHHbIX TUMOB MOryT BbiTb Lenble Tpex pasmepos: short int, int u long int.
ObblyHble 06bEKTbI TUMA 1Nt UMEHT ecTecTBEHHbIV pasmep, NMPUHATbIN B apXUTEKTYpe AAaHHOM MalIMHbI, Apyrue
pasmepbl NpeAHasHayeHbl ANA crleumanbHblX Hy:K4. bonee AAMHHbIE Lenble MO KpaliHel mepe MOKPbIBAlOT BCe
3HaYeHnA 6osiee KOPOTKUX LLe/blX, OAHAKO B HEKOTOPbIX peanusaumsax obbluHble Lesble MOryT 6biTb 3KBUBANEHTHbI

BB opuruHane — things. — lpumedy. peo.



KOPOTKUM (short) mam anamHHbiM (1ong) uensim. Bce Tvnbl int NpeAcTaBAAIOT 3HAaYEHUA CO 3HAKOM, eCn He
OroBOPEHO NPOTUBHOE.

Ona 6e33HaKoBbIX uenbix B 0bbaABNEHUAX MUCNOoJIb3yeTcA KAyeBoe CN0BO unsigned. Takue uenble NOAYNHAKOTCA
apVI(I)METVIKE no moaynto 2n, rge n — 4ducno 6uTOB B npeacrasneHnn 4ymcna, U, chegoBaTtesibHoO, B apMd)METMKe C
6e33HaKoBbIMU uenbimm HMUKorga He 6biBaeT nepenonHeHna. MHOXeCTBO HeoTpuLaTebHbIX 3H3‘-I€HVIVI, KOTOpble
MOTYT XPaHUTbCA B obbeKTax co 3HaKOM, ABAETCA NMOAMHOXECTBOM 3HaHEHMl>'1, KOTOpbleé MOTYT XPaHUTbCA B
COOTBETCTBYHOLWWMNX obbeKTax 6e3 3HaKa, 3HaKoOBOE U 6e33HaKoBoe npeacrtaBneHnA KaxXagoro TaKoro 3Ha4vyeHuA
coBnagatot.

Jlobble ABa M3 TUMNOB C N/1aBatOLLEN TOYKOM: C OAMHAPHOM TOYHOCTLIO (f1loat), ¢ ABOMHOM TOYHOCTbIO (double) u ¢
NOBbILWEHHOW TOYHOCTbIO (long double) MoryT BbiTb CUHOHMMaMM, HO KaxKAablii cneaytowmii TMN 3TOro CrMCKa
[OOJIKEH Mo KpalHein mepe obecrneynsaTb TOYHOCTb NPeablayLLEero.

long double — HOBbIV TUMN. B nepBoi pefakumm A3blka CUHOHMMOM gns double 6bln1 long float,
Tenepb NOCNeAHUN U3BAT U3 06paLLEeHMSs.

MepeyucneHuUs — eOQVNHCTBEHHbIE B CBOEM POAE TWMbl, KOTOPbIM AAETCA MO/HbIA NepeyYeHb 3HAYEHWUI; C KarKabim
nepeyncieHmem CBA3bIBAETCA MHOMKECTBO MMEHOBaHHbIX KOHCTAHT (A8.4). MNepeuncneHna seayT cebs Hanogobue
uenbix, HO KomnunaTop O06bIMHO BblgaeT npeaynpesxkaatowee coobuieHne, ecin 06bEeKTy HeKoToporo
nepeyncammoro Tuna nNPUCBaMBAETCA HEYTO, OT/IMYHOE OT €ero KOHCTaHTbl, MAW BblpaKeHWe He M3 3Toro
nepeyncieHms.

MoCKoMbKY OOBEKTbl MEPeYMCIeEHUMIA  MOMKHO  paccMaTpuBaTb KaK  uucna, MepeyncneHne OTHOCAT K
apugpmemuyeckomy TMny. Tunbl char M int Bcex pasmepos, KarKAabli U3 KOTOPbIX MOXKET OblTb CO 3HAKOM UK He3
3HAKa, a TaKXe MNepeyncsieHMa HasblBaloT yesno4ucaeHHoiMmu (integral) Tunamu. Tunbl float, double n long
double Ha3bIBaOTCA TUNAMMU C rsaasarowel moykod.

Tun void cneumMduumpyeT nyctoe MHOMKECTBO 3HayeHui. OH UCNonb3yeTcsa Kak "Tun Bo3Bpalwaemoro ¢yHKumewn
3HauyeHuA" B TOM C/lyyae, KOr4a OHa He reHepupyeT HUKAKOro Pes3ybTUPYIOWEro 3HaYeHUA.

A 4.3. IIpou3BoaHbIE THUIIbI
MommMmo 6a30Bbix TUMOB CyLeCTBYeT MPaKTUYEeCKM OecKOHeuHbI Knacc MNPOM3BOAHbIX TWMNOB, KOTOpble
bopmUpYIOTCA U3 yXKe CYLLLECTBYIOLLMX W ONWUCbIBAIOT Caeaytowmne KOHCTPYKLMK:

® pMaccusbl 06beKTOB 3a4aHHOIo T1na;

° d)yHKL{UU, BO3Bpallaoume 06BbEKTDI 3a4aHHOro T1una;

® YKaszamesu Ha 06BbEKTbI 3a4aHHOIo T1na;

® CMpyKmypsl, cogepxawmne nocnenoBatesibHOCTb O6'beKTOB, BO3MOXHO, Pa3/INYHbIX 3a4aHHbIX TUMNOB;

° 06'beaUHE’HLIﬂ, KaXXgoe Wn3 KOTOPbIX MOXEeT CoAdepXKaTb NoboN U3 HECKONbKUX O06BLEKTOB Pa3/INYHbIX
3a4aHHbIX TUNOB.

B 06uiem cayyae npuBeaeHHble METOAbl KOHCTPYMPOBAHMA 06 bEKTOB MOTYT MPUMEHATLCA PEKYPCUBHO.

A 4.4. KBaniupukaTopbl TUIIOB

Tun 06beKTa MOXKET CHabXKaTbca KBanndmkaTopom. O6bsABAeHME 06beKTa € KBAIMPUKATOPOM const yKasblBaeT Ha
TO, YTO €ro 3HaYeHue ganee He ByAeT U3MEHATLCS; 06bABAAA 06BEKT Kak volatile (M3MEHYMBbLIN, HEMNOCTOAHHbIN
(aHen.)), mbl yKasbiBaem Ha ero ocobble CBOMCTBA A/1A BbIMNOJHAEMOW KOMMUAATOPOM ONTUMM3aLMKU. HU oauH 13
KBa/IMOMKATOPOB Ha AManasoHbl 3HAaYEeHUN U apudmeTUYecKne CBOMCTBA 0OBLEKTOB He BauAeT. KBanudukatopbl
obcyxpaatotca B A8.2.



A 5. 06bexThI 1 Lvalues

Obvekm — 3TO HeKoTopaa MMeHoBaHHasa obnactb namaATtu; Ivalue — 3To BblpaykeHWe, obo3Hayalolee O6BLEKT.
OueBngHbiMm npumepom lvalue sBnsetcA MAEHTUOMKATOP C COOTBETCTBYHOLLIMM TUIAOM M KNACCOM NaMATU.
CywecTBytoT onepauum, nopoxgatowme lvalue. Hanpumep, ecam E — BblpakeHWe TUNa yKasaTesib, TO *E ecTb
BbipaxeHue ansa lvalue, obo3Havatowero o6bEKT, Ha KOTOPbIN YKa3sbiBaeT E. TepmuH "lvalue" npounsowen ot 3anucu
npuceameaHusa E1 = E2, B KoTopoit nesbit (left — neBbliii (aHrn.), oTcloga 6ykea |, value — 3HayeHue) onepaHg E1
[0J1KeH bbITb BbipaxeHuem lvalue. OnucbiBan Kaxkaplil onepaTtop, Mbl coobliaem, oxKuaaet m oH lvalue B Kayectse
onepaHaoB 1 BblaaeT n lvalue B KayecTBe pesynbTaTa.

A 6. IIpeo6pa3oBaHus

HekoTopble onepatopbl B 3aBUCMMOCTU OT CBOMX OMEPAHAOB MOTYT BbI3blBaTb NpeobpasoBaHMe UX 3HAYEHUN U3
oAHoOro Tvna B Apyron. B aTom naparpade obbacHAETCA, YTO caeAyeT oXKuaaTb OT TaKMx npeobpasoBaHuin. B A6.5
dopMynmpyroTca NpaBuaa, No KOTOPbIM BbINOHAOTCA Npeobpa3oBaHua ana 60ablIMHCTBA 0ObIYHbIX ONEepPaTopoB..
Mpwn paccCMOTPEHUM KaXKA0ro OTAE/NbHOIO ONepaTopa 3T1 NPaBmIa MOTYT YTOYHATLCA.

A 6.1. llestounc/IeHHOE NOBBILLIEHUE

O6beKT TMNa NepeyncieHme, CMMBOJ, KOPOTKOE Lies1oe, Lefioe B BUTOBOM Mojie — BCE OHWM CO 3HAKOM uaun 6e3 moryT
MCNO/Ib30BaTbCA B BbIPAXKEHMM TaMm, A€ BO3MOXHO nNpumeHeHue uenoro. Ecam tmn int nossonset "oxsatuth" Bce
3HaYeHUA MCXOAHOro TWMNa onepaHAa, TO OnepaHi MPUMBOAMUTCA K int, B MPOTMBHOM C/lyyae OH MPUBOAMUTCA K
unsigned int. 3Ta NpoLeaypa Ha3bIBAETCA LENOYUCAEHHBIM NOBbIEHWEM™ .

A 6.2. lle1o4yuc/ieHHbIE MPe06pa30BaHUS

Noboe uenoe NpMBOAMTCA K HEKOTOPOMY 3aAaHHOMY 6e33HaKoBOMY TUMY MyTEM MOMCKA KOHTpysHTHoro (T. e.
MMELOLLLETO TO e ABOMYHOE NpeacTaBieHMe) HAMMEHbLIEro HEOTPULATEIbHOTO 3HAYEHUA U NOJIlYYEHMA OCTaTKa OT
aeneHvsa ero Ha nmax + 1, rae nmax — Haubosblee YMCIO B 3TOM 6e33HakoBOM Tune. [ns ABOUYHOMO
npeacTaBieHns B LOMNOJHUTE/IbHOM KOZe 3TO O03HayaeT nbo BbibpacbiBaHWE JIULWIHUX CTapLIMX Pa3pagoB, ec/u
6e33HaKoBbI TUN "yKe" MCcxoAHOro TMna, AMBO 3amnosIHEHWE HeAOoCTAlWMX CTapliMX pPaspsaaoB Hynsmu (ans
3HauyeHus 6e3 3HaKa) UM 3HaYeHMeM 3HaKa (4Ns 3HaYeHUs Co 3HaKOM), ecnm 6e33HaKoBbIn TUN "wnpe" ncxogHoro.

B pesynbTaTe npuBegeHMs N06Oro LEAoro K 3HaKoBOMY TUMy npeobpasyemoe 3HaYeHUe He MEHAETCA, eCNn OHO
NpeAcTaBUMO B STOM HOBOM TUME, B MPOTUBHOM C/lydae pe3yabTaT 3aBUCUT OT peanmsaumn.

A 6.3. llesible ¥ YK CJIA C IVIABaIOI e TOYKOM

Mpwn npeobpasoBaHMM M3 TMNA C N1ABAOLLEN TOYKOM B LLE/IOYUC/IEHHbIMA APOOHAA YacTb 3HaYeHUs oTbpacbiBaeTcs;
€C/NN NOJIyYeHHOEe NPWU 3TOM 3HayeHWe Henb3sA NPeacTaBuMTb B 334aHHOM LENOYUCAEHHOM TUME, TO pesynbTaT He
onpeaeneH. B yacTHocTH, He onpeaeneH pesynbTaT Npeobpa3oBaHUA OTPULATE/NbHbLIX 3HAYEHW C NaaBaloLein
TOYKOW B 6e33HaKoBbIE Leble.

Ecan 3HauveHwue npeo6paayeTCH M3 Uenoro B BEJIMYNHY C nnaBarou.l,eﬁ TOYKON M OHa Haxogutca B A0ONYyCTUMOM
Anana3oHe, HO npeacrtaBaAeTcA B HOBOM TUNE HETOYHO, TO pe3y/sibTaToOM 6y,a,eT OAHO U3 ABYX 3HaYeHU HOBOTO
TMNa, 6AMKANILIMX K ucxogHomy. Ecnm pesynbTaT BbIXOAUT 3@ rpaHuubl AyanasoHa AO0NYCTUMbIX 3HaAYeHU,
noeegeHmne nporpaMmmsbl He onpeaeneHo.

A 6.4. Tunbl ¢ IVIaBawIel TOYKOM

Mpn npeobpa3oBaHMM M3 TMMNA C NAABAOLLEM TOYKOM MEHbLUE TOYHOCTM B TUM C NJIABAKOLWEN TOYKOW 6osbluein
TOYHOCTM 3HaYyeHne He uameHsAeTcs. Ecam, HaobopOoT, Nepexos OCyLLEeCTBASETCA OT 60/blueli TOYHOCTU K MeHbLUEN U
3HayeHWe ocCTaeTca B AONYCTUMbIX Mpedenax HOBOro Tuna, TO pesyabTaTom 6yAeT o4HO M3 ABYX 6aMKanwmx
3HayeHWi HoBOro Tuna. Ecan pesynbTaT BbIXOAUT 33 TPaHWUUBI AMana3oHa AOMNYCTUMbIX 3HAYEHWK, noseneHue
nporpammbl He onpeaeneHo.

14 .
Integral promotion — ueno4YncneHHoe NoBbllWEHNE — MHOTAA TaKXKe NepeBoaAT KaK "MHTerpasbHoe npoasuxKeHue". —
Mpumeu. peod.



A 6.5. ApudmMeTHnyeckue npeo6pasoBaHUA

Bo mHorux onepauusax npeobpasosaHve TUNOB OMEPaHAOB M onNpeaeneHne TUNa pesynbTaTa OCYLLEeCTBAAIOTCA Mo
OAHUM U TeM e npasunam. OHU COCTOAT B TOM, YTO ONepaHabl NPUBOAATCA K HEKOTOpPOMYy 06LLemy TUMy, KOTOPbIN
TaKKe ABNAETCA W TUMOM pesyabTata. ISTW  MpaBWNa  HasblBAlOTCA  OObIYHLIMU  apupmemuyecKumu
npeobpa3o8aHuUAMU.

o Ecnu Kakoi-nnbo ns onepaHpos umeet Tun 1ong double, To gpyron npusoantca K long double.

e B npoTMBHOM c/iyyae, ecim Kakoh-nmbo m3 onepaHaoB mmeeT TMn double, To APYron NpuBOAUTCA K
double.

e B npoTuBHOM cnyyae, ecin Kakon-nmbo ns onepaHaos umeet Tun £loat, To Apyron npueoamtca K £loat.

e B npoTMBHOM ciyyae anAa obomx onepaHAOB OCYLLECTBAAETCA LENOYUCAEHHOE MOBbILWEHME; 3aTEM, €C/U
OAMH M3 onepaHaoB MmeeT TMN unsigned long int, ToW gpyron npeobpasyerca B unsigned long
int.

e B NpoTMBHOM C/y4Yae, eCiM O4MH U3 ONepaHAoB NPUHAANEXUT TUNY 1long 1int, a gpyrom — unsigned
int, TO pe3yabTaT 3aBMCUT OT TOrO, MOKPbIBAaeT M 1ong 1int Bce 3HaYeHMA unsigned int, U ecam aTo
Tak, To0 unsigned 1int npmBoauTCca K long 1int; ecanm Het, To oba onepaHpa npeobpasytoTca B
unsigned long int.

e B npoTMBHOM c/y4yae, €CAn OAMH M3 ONepaHaoB MMeeT TMN long 1int, TO Apyron npmBoguTcsa K long
int.

e B npoTMBHOM C/ly4Yae, ecn 04MH U3 onepaHaoB — unsigned int, To gpyron npuBoaMTCA K unsigned
int.

e B npoTMBHOM c/iyyae oba onepaHaa UMetoT TMN int.

3pecb ecTb ABa M3MeHeHus. Bo-nepBbix, apudmeTMKa c onepaHgaMu C NAaBaloOWElN TOYKOM Ternepb MOMKET
npou13BOAMTLCA C OAMHAPHOM TOYHOCTbIO, @ HE TO/IbKO C AIBOMHOW; B NEPBOM peaakuum A3blKa BCS apudMeTuKa ¢
naaBatoLein TOYKOM NPon3BoANNAacb C ABOMHOM TOYHOCTbIO. Bo-BTOPbIX, 60Nee KOPOTKUIN 6e33HAKOoBbIN TUM B
KOMbMHauMM c 6onee ANMHHBIM 3HAKOBbIM TUMOM He PacnpoCTpaHsAeT CBOWCTBO 6e33HAKOBOCTM Ha T
pes3ynbTaTa; B NepBOi peaakuuu 6e33HaKoBbIM TN BCceraa Ao0MMHUPOBan. HoBblie NpaBuaa HEMHOTO C/IOXKHee,
HO 40 HEKOTOPOW CTEMNeHU YMEHbLUAIT BEPOATHOCTb MOAB/EHMA HEOXXMAAHHbIX 3PPEeKToB B KOMOMHAUMAX
3HAKOBbIX M 6e33HaKOBbIX Be/IMYMH. MpU cpaBHEHUN BE33HAKOBOro BblpaXKEHUA CO 3HAKOBbIM TOrO *Ke pasmepa
BCE XK€ MOMKET BO3HUKHYTb HEOXKWNAAHHbIN pe3yibTarT.

A 6.6. YKa3aTe M U LieJible
K yKasaTenio mMoxKHO npubaBaatb (M BblMMTaTb U3 HEro) BbipaKeHWe LeNIOYMCAEHHOrO TMNa; nocieiHee B 3TOM
Cny4yae noApepraetca NnpeobpasoBaHuio, onnucaHHoOMy B A7.7 Npu pacCMOTPEHUU OMNepaTopa C/OXKEHUS.

K 4BYM yKasatensam Ha 06beKTbl OLHOIO TMNA, NPUHAS/AEKaLLME OGHOMY MACCUMBY, MOXKET MPUMEHATLCSA onepaums
BbIYMTAHUSA; pPe3yabTaT MPUBOAMTCA K LEAOoMy TMoCpeacTBOM NpeobpasoBaHus, onuvcaHHoro B A7.7 npu
pPaccMOTPEHUMN ONepaTopa BblYUTAHUS.

LlenoyncneHHoe KOHCTAaHTHOE BbipaykeHue co 3HayeHnem O UM OHO Ke, HO NMPUBEAEHHOE K TUNYy void *, moxeT
6bITb Npeobpa3oBaHO B yKasaTenb A06Oro TMNa onepaTopamn NPUBEAEHWUA, NPUCBaMBaHMA W CPaBHEHWA.
Pesynbtatom 6yget NULI-yKasaTenb, KOTOpbIM paBeH Atobomy apyromy NULI-yKasaTeslo TOrO Ke TUMna, HO He
paBeH HUKAKOMY YKa3aTe/lto Ha peasibHblii 06beKT namn GpyHKLMIO.

[na ykasatenein gonyckaroTca U Apyrve npeobpa3oBaHus, HO B CBA3W C HUMW BO3HMKaeT npobsema 3aBUCMMOCTH
pe3ynbTaTa OT peanusaumu. ITM npeobpasoBaHMA [0MKHbI OblTb cneumduUMpoBaHbl ABHbIM OMNEPATOPOM
npeobpasoBaHMA TUNA UAM onepaTopomM npueeaeHus (A7.5 n A8.8).

YKaszaTenb MOXKHO npueectn K uUenodYncieHHomy tuny, OoCTaToO4vyHO 60ﬂbLLIOMy AnAa ero XpaHeHuA; TpeGYEMbe/‘I
pa3mep 3aBUCUT OT peainsalmnmn. q)YHKLI,WiI I'Ip606pa3OBaHMFI TaK»Xe 3aBUCUT OT peanmnsauyunu.



O6bekT Lueno4YncneHHoro Tmna MOXHO ABHO npeo6pa303aTb B yKasaTesnb. Ecnn uwenoe nonyvyeHo m3 ykasatena um
nmmeet JoCTaToO4yHO 6onbLIOM pa3mep, 31O npeo6paaosaHme AacCT TOT XKe yKa3aTesib, B MPOTUBHOM C/ly4ae pe3ysibTaT
3aBUCUT OT peann3auunun.

YKasaTenb Ha OAUH TN MOXKHO Npeobpa3oBaTb B yKasaTeslb Ha ApYyro Tun. Ecan ncxogHbI yKasaTesb CCbINAeTcs Ha
06beKT, JONKHbIM 0O6pa3oM He BbIPOBHEHHLIM MO FpaHMLLAM C/A0B NAMATU, TO B pe3yabTaTe MOMXKET MPOM30MTU
owmnbKa agpecaumn. Ecnm TpeboBaHMA Ha BbipaBHMBAHME Y HOBOTO TMNA MEHbLUE UAM COBMAAAtOT ¢ TpeboBaHMAMM
Ha BblpaBHMBAHWE MEPBOHAYA/ILHOIO TMNA, TO rapaHTUPYyeTcA, YTo npeobpasoBaHMe yKasaTens B APYyroi Tvn wu
0bpaTHO ero He W3MEHUT, NoHATUe "BblpaBHWBaHME" 3aBUCUT OT peanus3auum, OAHAKO B /0OOM peanvsaumn
06beKTbl TMNa char NpeabABAAIT MUHMMAJbHbIE TPeOOBaHMA Ha BbipaBHMBAHMe. Kak onncaHo B A6.8, yKasaTenb
MOKET TaK»Ke Npeobpa3oBbiBaTbCA B void * M 06paTHO, 3HAaUYEHME YKa3aTens Npu 3STOM He U3MEHAETCA.

YKaszaTenb MoXeT 6biTb nNpeobpas3oBaH B APYroi yKasaTeNb TOro e Tuna ¢ AobaBneHnem uau yaaneHuem
KBanudukatopos (A4.4, A8.2) Toro TMna obbeKTa, Ha KOTOPbLIA 3TOT yKasaTe/b MOKasbiBaeT. HoBbIit yKasaTens,
nosyyeHHbI AobasneHMem KBanubuKaTopa, MMeeT TO e 3HayeHue, HO C AOMOAHUTENbHbIMU OrpaHUYEHUAMM,
BHECEHHbIMU HOBbIMW KBanndukaTtopamu. Onepauma no yaaneHno Keaandpukatopa y ob6beKkTa NpuBoguT K TOMY,
YTO BOCCTaHaB/NMBAEGTCA AENCTBME ero HavaibHbIX KBaANPUKATOPOB, 3aA4aHHbIX B 06bABNEHUN 3TOrO 06beKTa.

HakoHel, ykasaTenb Ha QPyHKUMIO MOXKET ObiTb nNpeobpa3oBaH B ykasaTesib Ha GYHKUUIO Apyroro Tvuna. Bbizos
byHKUMM no npeobpa3oBaHHOMY YyKasaTeNlo 3aBUCUT OT peanusauMu; OAHAKO, eciM YyKasaTenb elle pas
npeobpasoBaTtb K €ro UCXOAHOMY TUNY, pe3y/bTaT byaeT MAeHTUYEH BbI3OBY MO NepBOHaYa/IbHOMY yKasaTento.

A 6.7. Tun void

3HaueHue (HecywecTBylowee) 06beKTa TMMNa void HUKAK Heb3a UCMO/Ib30BaTb, €ro TaKXKe Heslb3A ABHO UM HEeABHO
NPUBECTU K TUMY, OT/INYHOMY OT void. [MOCKOMbKY BbipaxeHue Tuna void obo3HavyaeT OTCyTCTBME 3HAYEHUA, ero
MOKHO NMPUMEHATb TOJIbKO TaM, rae He TpebyeTcsa 3HaYeHuA. Hanpumep, B KaUeCcTBe BblpaxKEHUA-UHCTPYKUUK (A9.2)
WKW NeBOoro onepaHaa y onepaTopa "3anatan" (A7.18).

BbipaskeHne MOXKHO MPUBECTM K TUMNY void onepauuel npueegeHusa Tuna. Hanpumep, NPMMEHUTENbHO K BbI3OBY
bYHKUMK, MCNONb3yeMOMY B POJIN BbIPaXKEHUA-UHCTPYKLMM, onepauma npueefeHua K void ABHbIM obpasom
noa4vepKknBaeT TOT GaKT, YTO pe3ynbTaT PyHKLUMM OTOpacbIBaeTCA.

Tun void He ¢urypupoBan B MNepBOM U3LaHWWM 3TOM KHWUMM, OAHAKO 3a npouwejwee Bpema CTan
obLweynoTpebuTebHbIM.

A 6.8. Yka3aTesiu Ha void

Jioboit yKaszaTenb Ha OBBEKT MOMKHO MpUBECTM K Tuny void * 6e3 notepu uHdpopmaumu. Ecnm pesynbtaT
noaBeprHyTb obpaTHOMY Npeobpa3oBaHMIO, TO Mbl NMOAYYMM MPEXKHUIA YKasaTenb. B oTanumMe oT npeobpasoBaHuit
yKasaTenb-B-yKa3zaTe/b (pacCMOTPeHHbIX B A6.6), KoTopble TPebyloT ABHbIX OMepaTopoB NpuBeAeHUA K Tuny, B
NpUCcBaMBaHMUAX U CPaBHEHUAX yKa3aTenb N060ro TMna MOKeT BbiCTynaTb B Mape C yKasaTtenem Tmna void * 6es
Kaknx-nnmbo npensapuTeNibHbIX NpeobpasoBaHuii TUNa.

Takas uHTepnpeTauma ykasaTene void * — HOBaA; paHee poab 0606LLEHHOrO yKasaTens OTBOAMAACH
yKasatento tMna char *. CraHgapt ANSI oduumanbHO paspellaeT MCMNO/b30BaHWE yKasaTtenei void *
COBMECTHO C YKa3aTensimmu opyrux TMNOB B NPUCBAMBAHMAX U CPABHEHUSAX; B MHbIX KOMOWHaLMAX yKa3aTenein
CTaHZapT TpebyeT ABHbIX NpeobpasoBaHUi TMNa.

A 7. BelpaxxeHus

MpuopuTETLI ONUCLIBAEMbIX OMEPATOPOB MMEIOT TOT }Ke MOoPAA0K, YTO M MYHKTbl AaHHOro naparpada (oT BbICWIMX K
HM3WKUM). Hanpumep, Ana onepatopa +, onucaHHoro B A7.7, TepMuH "onepaHAabl" O3HauyaeT '"BblparkeHus,
onpegeneHHble B A7.1 — A7.6". B KaxKAoOM NyHKTE ONUCbIBAOTCA ONepaTopbl, UMetoLWmMe 04MHAKOBbIN NPUOPUTET, U



YKa3blBaeTCA WX accoumaTMBHOCTb (neBas wau npasas). lNpuopuTeTbl M acCOLMATUBHOCTb BCEX OMNepaTopoB
OTpaKeHbl B rpammaTtmKke, npuseaeHHom B Al3.

MpuopuTETbI N aCCOLMATUBHOCTb MOMHOCTLIO ONpeAenieHbl, a BOT NOPAAOK BblYUCAEHMA BbipaXKeHUs He onpeaeneH
33 HEKOTOPbIM MCKAIOYEHWEM Aaxe A4 MOABbIparKeHUi ¢ nobouHbiM 3ddeKToM. ITO 3HAYUT, YTO ecan B
onpeaeneHnn onepaTtopa nociefoBaTe/IbHOCTb BbIYMCIEHMA €ro onepaHaoB CreunasbHO He OroBapuBaeTcs, TO B
peanus3aunm MOXKHO cBOBOAHO BblbMpaTb /060N MOPALOK BbIYMC/IEHMI W Aaxe yepenoBaTb NPaBbid U NeBbli
nopagok. OaHako noboit onepaTop WMCNOAb3yeT 3HayeHWA CBOWUX OMNepaHAoB B TOYHOM COOTBETCTBUM C
rpaMmaTiyeckum pasbopom BbipakeHUs, B KOTOPOM OH BCTpeYaeTcs.

3T0 NpaBMAO OTMEHAET paHee npeaocTasABLIyiocA cBoboay B Bbibope nopaaKa BbiNOJHEHUA onepaumi,
KOTOpble MaTeMaTU4YeCKM KOMMYTaTUBHblI M acCoLMaTMBHbI, HO KOTOpble B NpoLEecce BbIYUCAEHUI MOryT
TAKOBbIMM He O0Kas3aTbCA. JTO M3MeHEeHWe 3aTparmBaeT TOJ/IbKO BbIYUCAEHWA C NAaBalolleli TOYKOW,
BbINO/IHAOWMECA "Ha rPaHN TOYHOCTU", U CUTyaLMU, KOr4a BO3MOXKHO NepenosiHeHue.

B A3blke He onpegesieH KOHTPO/Ab 3a NepernosiHeHUMeM, AeNleHMEeM Ha Hy/lb WU APYTUMWU  UCKIOUYUTENIbHBIMK
CUTYaLMAMM, BOZHUKAIOLLMMM MPU BbIYUCAEHUUN BbiparkeHMA. B 6ONbLIMHCTBE CyLLecTBylOWMX peannsaumii Cu npu
BbIYMC/IEHMM 3HAKOBbBIX L,/IOYNCNEHHbIX BbIPaXKeHUI U NPUCBaMBaAHUU NepenoHEHUE UTHOPUPYETCA, HO pe3y/bTaT
TaKWUX BbIYUC/IEHUI He onpeaenieH. TPaKTOBKU AEeNEeHUN HA HY/b U BCEX UCKAOUYMTENbHBIX CUTYyaLMiA, CBA3AHHbIX C
naaBalolein TOYKOM, MOryT He COBMagaTb B PasHblX pPeanusauusax; MHoraa Ans obpaboTKM WCKAKUMTENbHBIX
CUTyauMii NpeaocTaBaseTca HecTaHAapTHan 6ubanoteyHan QyHKLMA.

A 7.1.TeHepanusa yKa3aTeJjis

Ecnun TMR BbipaXKeHMa UM NogaBblparkeHma ecTb "maccus m3 T", rae T — HEKOTOPbIMA TUM, TO 3HAYEHUEM 3TOrO
BblpaXeHUA ABAAETCA YKasaTe/lb Ha MepBbli 3N1EMEHT MAcCMBa, M TUM TAaKOro BbIPAXKEHWS 3aMEHSAETCS Ha TUn
"yvkazaresns wHa T". Takad 3ameHa TMNa He AeNaeTcs, eC/IM BblpakeHue SBAAETCA OonepaHAOM YHApPHOro
onepatopa &, WAM OnepaHAOM onepauui ++, —--, sizeof, WA NeBbiIM ONEpPaH4OM MNPUCBAUBAHUA, WM
onepaHgom onepaTopa . (Touyka). AHanOrMYHO, BbipaxeHwe Tuna "dyHkUMA, BO3Bpamaomad T", Kpome
CNy4asn, Korpa OHO ABAAETCA onepaHAOM Anaa &, npeobpasyerca B TMn "ykaszaress Ha OGOyHKLIUO,

BO3Bpamaomymn T".

A 7.2. llepBUYHBI€e BhIpaXKeHUA
MepBHYHbIE BbIPaXKEHNA — 3TO UAEHTUGUKATOPDI, KOHCTAHTbI, CTPOKM 1 BbIPaXKeHUA B CKODKaXx.

[IEPBUYHOE ~BEIPAXCHIE :
UOEHTUPUKATOP
KOHCTAaHTa
CTpOKa
(BEIpaXxeHme)

NoeHTdMKaTop, ecnm oH Bbin AOMKHbIM 06pa3om 0b6bABAEH (O TOM, KaK 3TO AenaeTca, pedb NONAEeT HUKe), —
nepsMyHoe BbiparkeHue. Tun ngeHtnduKatopa cneumduumpyercs B ero obvasneHmun. MaeHtuoukatop ectb lvalue,
ecnM oH obosHauyaeT 0bbekT (A5) apudmeTmyeckoro TMna AMb6o o06bEKT TMNa "cTpyKTypa", "obbeanHeHue" nam
"yKasatenn".

KoHcTaHTa — nepBuYHOe BbiparkeHue. Ee Tun 3aBmcuT oT popmbl 3anmcK, KoTopas bbina paccmoTpeHa B A2.5.

CTpoKOBbIV nMTepan — MNepBUYHOE BblparkeHue. M3HavyanbHO ero TMn — "maccws wm3 char" ("mMaccus wus
wchar t" Ana CTPOKM CMMBO/IOB pacliMpeHHOro Habopa), HO B COOTBETCTBMM C NPaBWAOM, NpuBeAeHHbIM B A7.1,
yKasaHHbIn TMN 06blMHO npeBpawaeTtcAa B "yxazaresns Ha char" ("yxaszsarens wna wchar t") c
pPe3yNbTUPYIOWMM 3HauYeHneM "yKasaTenb Ha NepBbli CMMBOJI CTPOKK". [ HEKOTOPbIX MHWULMAMIM3ATOPOB TaKas
3ameHa Tuna He aenaetcsa. (Cm. A8.7.)



BbipaxkeHue B cKobKax — nepBnyHoOeE Bblpa*XeHune, TN U 3Ha4yeHne KOToporo NAeHTUYHbI TUNY U 3HAYEHUIO 3TOIO XKe
BblpaxXeHunA 6e3 ckoboK. Hanuune nam OoTCcyTCTBME CKODOOK He B/MAET Ha TO, ABNAETCA NN OaHHOE Bblpa*KeHne Ivalue
UNn Het.

A 7.3. [locTpUKCHBbIE BBIPAKEHUA
B nocTdUMKCHbIX BblpaxKeHUAX onepaTopbl BbINMOJHAKOTCA C1IeBa HAaMpaso.

NOCTQUKCHOE—BEIPAXEHME :
[IEePBUYHOE ~BEIPAXEHUE
HOCTQMKCHOE-BEIPAXEHME [ BRpPAaXeHue |
NOCTQMKCHOE-BRPaAXeHne ( CHOMCOK—-apI'yMEHTOB-BBPAXEHUMyeos. )
MNOCTQUMKCHOE-BRIPAXEHMUE . HUIECHTHUPUKATOP
HNOCTQUKCHOE-BEIPAXEHNE —> HIOSHTUPUKATOP
NOCTQUKCHOE-BRIPAXEHME ++
NOCTQUMKCHOE-BRIPAXEHUE ——

CIIMCOK—-apIyMEHTOB —BEDAXEHMI
BRIpAXEHME ~[IPMCBaUBAaHME

CIIMCOK—apIr'yMeHTOB —Bblpa}KeHMTZf y BBEIPAXEHMEe—IIpVMCBAMBAHME

A 7.3.1. O6paweHue K 3s1emMeHmam maccusa

MocTdMKCHOE BbIpaXKeHWe, 3a KOTOPbIM CnedyeT BblparkeHWe B KBaApaTHbIX CKOBOKax, ecTb NoCTOUKCHoe
BblparkeHne, obo3Hauvatowee obpalleHne K MHAEKCMpyemomy maccusy. OAHO M3 3TUX ABYX BbIParKEHUN L0/IKHO
npuHagnexatb TMny "yxasaresns Ha T", rge T — HEKOTOpPbIA TUM, @ APYroe — LEe/SIOYUC/IEHHOMY TUMY; TUM
pesynbrata WHAEKCUPOBAHWA ecTb T. BblparkeHue EI1[E2] N0 ONPeAENeHUI0 WAEHTUYHO BblPaXKeHUIo
*((E1)+(E2)).MNogpobHocT cm. B A8.6.2.

A 7.3.2. Bvi308 (hyHKYyuu

Bbi30B GYyHKLMM eCcTb NOCTOUKCHOE BblparKeHWe (OHO Ha3bIBAETCA MMEHYHIOLLMM BblparkeHnem GyHKLMM — function
designator), 3a KOTOpPbIM CleaytoT CKOOKM, coaepKalime (BO3MOXKHO MYCTOM) CNUCOK pasfefieHHbIX 3anaTbiMu
BblpaxeHu-npuceamsanmii (A7.17), npeacrasaswowmx coboli aprymeHTbl 3Toi ¢yHKuuKM. Ecnm nocTdpukcHoe
BblpaXeHne — WAeHTUOMKATOP, He OODBABMEHHbLIM B TeKywel ob6sacTM BUOAMMOCTM, TO CUYMTAETCs, 4TO 3ITOT
naeHTMdUKaTOp KaK 6bl HEABHO OnMcaH 06bABAEHNEM

extern int mmenTHdmuraTop () ;

NOMeLLEeHHbIM B CaMOM BHyTpeHHeM 6/i0Ke, cogep:Kal,em Bbi30B COOTBeTCTBYHOLWEN OyHKUMU. [MocTduKcHoe
BblparkeHue (nocsie, BO3MOXKHO HEABHOro, ONWCaHWMA W reHepauuu yKasatens, cm. A7.1) QoMKHO MMeTb Tvn

"vkazaTenr Ha OYyHKUMO, BO3Bpamanmyo T", rae T — TMn BO3BPaLLAaeMoro sHayeHus.

B nepBoii BepcuM A3blKa A9 UMEHYIOLLEro BbipaxeHusa GyHKUMKU gonycKanca Toabko Tnn "dyHKuma", u
yTobbl BbI3BaTb QYHKUMIO Yepes yKasaTenb, TPeboBanca sABHbIM onepatop *. ANSI-cTaHZapT noouwpseTt
NPaKTUKY HEKOTOPbIX CYLLECTBYIOLMX KOMMUAATOPOB, Pa3spellalowmx MMeTb OAMHAKOBbIA CUHTAKCUC ANA
obpalleHMA NPOCTO K GYHKUMKN M 06paLleHnsa K GyHKUMK, cneuuduumpoBaHHoi ykasaTenem. Bo3mosKHOCTb
NPMMEHEHMA CTapOro CUHTaKCMCa OCTaeTCA.

TepMUH apaymeHm WCMONb3YeTCa AN BblPayKeHWs, 3a4aBaeMoro B Bbi3oBe QYHKLMMW; TEPMUH napamemp — ANS
0603HaYeHNn Nosyyaemoro e obbekTa (MAn ero naeHTMdUKaTopa) B onpeaeneHUn Uam obbABAEHUN GYHKUNN.
BMecTo 3TUX MOHATUI MHOrga BCTpedyalTcA TepmMuHbl "daKTuueckuit aprymeHT (napametp)” u "dopmanbHbin
aprymeHT (napameTp)", MMetoLime Te e CMbIC/IOBbIE Pa3NnMuus.

Mpu Bbi3oBe QYHKLMU Kaxkablii ee apryMeHT KonupyeTcs; nepesaya apryMeHTOB OCYLLECTBASETCA CTPOro Yyepes Mx
3HaueHuA. OYHKUMM paspellaeTcd U3MEHATb 3HAYeHWA CBOMX MapamMeTpoB, KOTOpble ABAAIOTCA Wb KOMUAMM
apryMeHTOB-BbIpaXeHMUI, HO 3TN U3MEHEHUA He MOFYT NOBAWATL Ha 3HAYEHUA cCaMUX aprymeHToB. O4HAaKO MOXKHO



nepeaaTtb yKasaTtesb, 4yTO0bObl NO3BOAUTL d)yHKLI,VIVI U3MEHUTb 3HayeHwue O6'b€'KTa, Ha KOTOprVI YKa3blBaeT 3TOT

YKa3saTenb.

MmetoTca aBa cnocoba obbaBneHUs ¢yHKUMU. B HOBOM cnocobe Tunbl MapaMeTpoB 334at0TCA ABHO WU ABAAOTCA
YyacTtbto TMNA ¢yHKUMKM; Takoe o6bABNEHWE HasblBaeTcA NpoToTMnom ¢yHKumW. Mpu ctapom crnocobe Tunbl
napameTpoB He yKa3biBatoTcA. Cnocobbl 06bsaBAeHNA PyHKUnM obcykaatotcsa B A8.6.3 1 A10.1.

Ecnn BbI30B Haxoautca B 06/1aCcT BUAMMOCTM OODBABJIEHUA, HAMMCAHHOTO MO-CTAapPOMY, KarKAblil ero aprymeHT
noasepraertca onepaumu MOBbIWEHUA TUNA: ONA LEeNOYUCNAEHHbIX apryMeHTOB OCYLLEeCTBAAETCA LenoymcaeHHoe
nosbilieHne (A6.1), a gns aprymeHTos Tuna float — npeobpasosaHne B double. ECAN YNCNO aprymeHTOB He
COOTBETCTBYET KONMYECTBY NAapaMeTPOB B onpeaeneHnn GyHKLUN UAKM €CAU TUMbl apryMeHTOB Nocae NoBbIWeHUA He
corfacylotcad € TMNAaMM  COOTBETCTBYIOLMX MApPamMeTpoB, pe3y/bTaT Bbi3oBa He onpeaeneH. Kputepuii
COrnacoBaHHOCTU TUMOB 3aBUCUT OT cnocoba onpeaeneHus GyHKUUKU (cTaporo nam Hosoro). Mpu ctapom crnocobe
CPaBHMBAIOTCSA NOBbIWEHHbIA TUM aprymeHTa B Bbl30BE W MOBbILWEHHbIM TUM COOTBETCTBYIOLLErO NapameTpa; npu
HOBOM cnocobe NoBbIWEHHbIMA TUMN apryMeHTa U TUN napameTpa (6e3 ero nosbilWEeHMA) A0NKHbI 6bITb OAMHAKOBbIMMU.

Ecnn BbI30B HaxoauTcA B 061aCTM BUAMMOCTU OOBABEHUA, HAaNUCaHHOIO MO-HOBOMY, apryMeHTbl npeobpasyloTcs,
KaK ecnm 6bl OHU NPUCBAMBAINCL NEPEMEHHBIM, UMEIOLLMM TUMbl COOTBETCTBYIOLWMX NapameTpoB NpoToTMna. Yucno
aprymeHTOB AOJ/IKHO COBMNajaTbh C YMCAOM ABHO OMMCaHHbIX MapaMeTPOB, eCAN TONbKO CMUCOK NapameTpoB He
3aKaHuYMBaeTca MHorotodmem (, ...). B NpoTMBHOM cay4ae 4yMCNO aprymeHTOB AOMXHO BbiTb 6onblie ymucna
napameTpoB MAM paBHO eMmy; "cKpblBalowmeca" nod MHOroToMMEM aprymeHTbl NoABepraloTca onepauuu
noBbilleHMA TUNa (TaK, KaK 3To 6blI0 onncaHo B Npeabiayliem absaue). Ecnam onpeseneHne GyHKUMKM 3a4aHO MO-
CTapomy, TO TUMNbl NapaMeTPOB B MPOTOTUMNE, KOTOPble HEABHO MPUCYTCTBYIOT B BbI30BE, A0XHbI COOTBETCTBOBATH
TMMNaM NapamMeTPOoB B onpegeneHnn GyHKLUKN NOCNe NX NOBbIWEHUS.

3TV npasBuaa 0COBEHHO YCAOKHUAWUCL M3-3a TOFO, YTO OHWM NPWU3BaHblI OBCAYKMBATb CMELIAHHbIN cnocob
(cTaporo c HoBbIM) 3aaaHunA GyHKLMIA. [0 BO3MOXKHOCTU ero cneayet usberatb.

OuepeaHOCTb BbIYMCNEHMA aPryMEHTOB He OMNpeaensdeTca, B PasHbiX KOMMMAATOpPax OHa pasnudyHa. OgHako
rapaHTMpyeTca, YTO apryMeHTbl U WMMEHyloLLee BblpaXkeHue QYHKUUWM BbIYMCAAIOTCA MOAHOCTbIO (BKAOYaA W
nobouHble 3¢pdeKTbl) 40 BXOAa B Hee. JIloban GpyHKLMA AONYCKAET peKypcuBHoe obpalieHue.

A 7.3.3. O6pawjeHue kK cmpykmypam

MocTdUKCHOEe BbiparKeHUe, 33 KOTOPbIM CTOUT TOYKA C NOCNEAYIOWUM UAEHTUPUKATOPOM, ABASETCA NMOCTOUKCHBIM
BblpaxeHneM. BbiparkeHne nepBoro onepaHaa A0/IKHO ObITb CTPYKTYPOW UK obbeanHeHem, a naeHTuduKaTop —
UMEHEM 3/IeMeHTa CTPYKTYpbl WAM 06beauHeHUs. 3HauyeHUEe — WMEHOBAHHbIA 31EMEHT CTPYKTYpbl WM
06beanHeHWs, @ TUMN 3HAYEHUA — TWUN 3/1eMeHTa CTPYKTYpbl UAn obbeanHeHus. BoipaxkeHue asnsetca Ivalue, ecam
nepsoe BbipaxkeHne — lvalue 1 ecnun TMN BTOPOro BblpaskeHUs — He "maccus".

MocTdUKCHOe BbipaXKeHWe, 3a KOTOPbIM CTOMT CTpesika (cocTaBneHHas M3 3HAKoB — M >) C nocineayowmm
NaeHTUGUKATOPOM, ABAAETCA MOCTOUKCHbIM BbipaxkeHMem. BblpalkeHMe nepBOro onepaHaa AOMXKHO 6biTh
YKasaTenem Ha CTPYKTypy (obbeauHeHWe), a UAEHTUUKATOP — WMMEHEM 3N1EeMEHTA CTPYKTYypbl (06beauHeHwus).
Pe3ynbTaT — MMEHOBAHHbI 3/1EMEHT CTPYKTYpbl (06beANHEHUSA), Ha KOTOPYIO YKa3blBaeT yKa3aTe b, a TUN 3HaYeHun
— TWUN 3/1IeMeHTa CTPYKTYpbl (06beanHeHus); pesynbtaT — lvalue, ecam Tvn He ecTb "maccus".

Takum 06pasom, BbiparkeHne E1->MOS O3Ha4yaeT TO e CamMoe, YTO W BbipaxeHune (*E1) .MOS. CTPYKTypbl u
obbeaAnHeHUs paccmaTtpuBatoTca B A8.3.

B nepBoM M34aHUW KHUMM yKe 6bl10 NpuBeAeHO NpPaBuio, MO KOTOPOMY WMA 31eMeHTa AO0/IKHO
NPpUHaANeKaTb CTPYKType MAM 06beAUHEHUD, YNOMAHYTOMY B MOCTOMKCHOM BbiparkeHuU. Tam, ogHaKo,
OroBapmBanoCh, YTO OHO He ABAAETCA CTPOro obasatenvHbIM. MocneaHne Komnunatopbl u ANSI aenatoT ero
obA3aTeNbHbIM.



A 7.3.4. locmgbukcHble onepamopsl UHKpeMeHma u dekpemeHma

MocTPUKCHOE BbIpaKeHMe, 3a KOTOPbIM cneayeT ++ MAM ——, ecTb NOCTPUKCHOE BbiparkeHMe. 3HauYeHnem TaKoro
BblpaKeHWA ABNSETCA 3HaYeHue ero onepaHga. MNocse Toro Kak 3HaveHue 66110 B3ATO, onepaHA yBeanymsaetca (++)
uUnAn ymenbluaetca (--) Ha 1. OnepaHa fonxkeH 6biTb Ivalue; HGopmauusa 06 orpaHUYeHMsaX, HaKkNaablBaeMblX Ha
onepaHa, W aeTanax onepaumni cogepxutca B A7.7, rae obcyxaatoTca agauMTUBHble onepaTtopbl, U B A7.17, rae
paccmaTpuBaeTca NpucBamMBaHMe. Pe3ynbTaT MHKPEMEHTMPOBAHMA UAN AEKPEMEHTUPOBAHMA He ecTb Ivalue.

A 7.4. YHapHbIe oniepaTopsbl
BblpaxeHna ¢ yHapHbIMKW OMepaTopamMm BbIMOHAKOTCA CApPaBa Haneso.

YHApPHOE —BEIPAXEHNE :
NOCTQUKCHOE ~BEIPAXEHME
++ yHapHOE-BEpaxeHMUe
-— YHapHOE-BEPAaXEHNE
YVHaPHEM—-OIIepaTop BEPAXEHMUE-IIPUBEIEHHOE ~K—THUITY
sizeof yrHapHOe-BEpaxeHME
sizeof ( mmMag-THIa )
YHapPHE—OOepaTop: OOVH U3
& * + ~ !

A 7.4.1. I[IpegpukcHble onepamopsvl UHKpeMeHmMa u dekpemeHma
YHapHoe BblpaxeHue, nepes KOTOPbIM CTOUT ++ UAKM ——, eCTb YHapHOe BblpaxeHne. OnepaHy ysennumsaetca (++)
WM yMeHbluaeTcs (-—) Ha 1.

3HayeHneMm BblpaXKeHWUa ABAAETCA 3HAYEHWe ero onepaHAa nocne ysenndeHua (ymeHbleHun). OnepaHa Bcerga
JosKeH bbiTb Ivalue; Hbopmauua 06 orpaHMYeHMAX Ha OnNepaHa U O AeTanAx onepauuun copepxutca B A7.7, rae
obcyxKpatotTca  aaguTuBHble onepatopbl, M B A7.17, rae paccmatpuBaeTcA  npucBavMBaHue. Pesynabtat
WHKPEMEHTUPOBAHUA U AEeKPEMEHTUPOBaHUA He ecTb lvalue.

A 7.4.2. Onepamop nosy4yeHus adpeca

YHapHbIit onepaTop & o603HayaeT onepaLmio NoAyYeHUs agpeca cBoero onepaHaa. OnepaHa AO/XKeH 6biTb Mbo
Ivalue, He ccblnaloWMMCA HM Ha BUTOBOE MoJe, HNU Ha OOBEKT, 06bABNEHHbIN Kak register, MMb6o MmeTb TUN
"dyHKUMA". PesynbTaT — yKasaTesb Ha 06beKT (MAKn dyHKUuMI), agpecyemblit aTum lvalue. Ecam TMn onepaHaa ecTb
T, TO TUNOM pe3ynbTaTa aBaeTca "ykasatenb Ha T".

A 7.4.3. Onepamop KoceeHH020 docmyna
YHapHbIl onepaTop * 0603HAaYaeT onepaL Mo KOCBEHHOTO AOCTyNa (PacKpbITUA yKasaTesisa), BO3BPALLAIOLLYIO OOBEKT
(nnn PyHKUMIO), Ha KOTOPbLIN yKa3biBaeT ee onepaHa. Pesynbtat ecTb lvalue, eciv onepaHa — yKasaTeslb Ha 06beKT
apndmMeTUYECKOro TMNa Uan Ha ob6bekT Tnna "cTpykTypa”, "obbeanHeHne" mnu "ykasatens'". ECAM TN BbipaxKeHUs
— "ykasartenb Ha T", To TMN pe3ynbTata — T.

A 7.4.4. Onepamop yHapHblIil NI0C

OnepaHA yHapHOro + A0/XKEH UMeTb apuPMETUYECKUI TUM, pPe3ynbTaT — 3HavyeHue onepaHaa. LlenouncneHHbln
onepaHA, NoABepraeTca LLe/I04MCIEHHOMY NOBbIWEHWO. TUNOM pe3yabTaTa ABAAETCA NOBbIWEHHbIM TUN onepaHaa.
YHapHbIl + 6bln fo6aBAEH 419 CUMMETPUN C YHAPHbBIM —.

A 7.4.5. Onepamop yHapHbIll MUHYC

OnepaHa ONA yHapHOroO - [JO/KEH UMeTb apudmeTUyecKuidi Tun, pe3ynbTaT — 3HayeHue onepaHaa c
NPOTUBOMO/IOKHbIM ~ 3HAKOM. LlenouncneHHbIi  onepaHf  noaBepraeTcAd  LE/I0MUCAEHHOMY  MOBbILIEHMIO.
OTpuuatenbHoe 3HayeHuMe OT He33HaKOBOW Be/IMUMHBI BbIYMCAAETCA BblMUTaHMEM M3 nmax+l npuseseHHOro K
NoBbILEHHOMY TUMY OnepaHAa, rAe NMax — MaKCMMabHOEe YMCO MOBbILWEHHOrO TUMA; O4HAKO MUHYC HY/b eCTb
HyNb. TUNnom pesynbTata 6yaeT NOBbILWEHHbIN TUN onepaHaa.



A 7.4.6. Onepamop no6umoeoz2o ompuyaHusi

OnepaHa onepatopa ~ AO/KEH UMETb LEeNOYUCNEHHDbIA TUM, pe3ynbTaT — AOMNOJIHEHWE onepaHaa A0 eAuHUL, Mo
BCceM paspafam. BbinosnHseTca uenouncneHHoe nosbiweHWe Tuna onepaHga. Ecan onepaHp 6e33HakoBbIA, TO
pe3ynbTaT Nnoay4yaeTca BblHUTaHNEM ero 3Ha4yeHMA U3 Camoro 601blWOro YmMcna nosbileHHoro Tmna. Ecam onepaHa
3HaKOBbIW, TO Pe3ynbTaT BbIYMCAAETCA NOCPEACTBOM NpMBeAeHUA "NosbieHHOro onepaHaa” K 6e33HakoBomy TUny,
BblMOJZIHEHMA onepauun ~ n O6paTHOFO npueeaeHMA ero K 3HakoBomy Tuny. Tun pe3ynbrtata — NOBbIWEHHbIA TUN
onepaHja.

A 7.4.7. Onepamop s102u4ecKk020 ompuyaHus
OnepaHa onepatopa ! AoMKeH MMeTb apudMeTMHecKuit TN MAKn 6biTb yKasaTenem. Pe3synbtaT paseH 1, ecawu
cpaBHeHue onepaHAaa ¢ 0 gaet UCTUHY, 1 paseH O B NPOTMBHOM cay4dae. Tun pesyabtata — int.

A 7.4.8. Onepamop onpedesieHus1 pasmepa sizeof

Onepatop sizeof gaetuncno 6antos, Tpebyemoe Ans XxpaHeHMa 06BbEKTA TOro TUNa, KOTOPbLIN UMEET ero onepaHa,.
OnepaHa — n1bo BbipaxkeHue (KOTOpOe He BblYUCAAETCA), IMBO UMA TMNA, 3aNUMcaHHOe B CKOBKax. MpUMeHeHHbIN K
char onepatop sizeof paet 1. Ana maccuBa pe3ynbTaT paBHAETCA oblemy Koandectsy 6aliToB B maccuBe, Ans
CTPYKTYPbI UM 06beAUHEHUS — YnUCy DANTOB B 0OBbEKTE, BKAOYAA M BalTbI-3aMoO/IHUTENIN, KOTOPbIE NOHAA06UIMCh
6bl, ecnM 6bl M3 3/1EMEHTOB COCTaBASAACA MaccuB. Pasmep maccMBa M3 n 3/1€MEHTOB BCerga pPaBHAETCA n,
NOMHOXXEHHOMY Ha pa3Mep OTAEe/IbHOro ero asemeHTa. [JaHHbIA onepaTop HeNb3A NPUMEHATb K onepaHay Tvna
"dyHKUMA", K He3aBepLIEHHOMY TUNY M K BuToBOMY Nonto. Pe3ynbTaT — 6e33HakoBan LEenoYMCcNeHHan KOHCTaHTa;
KOHKPETHbIN ee TWUM 3aBUCUMT OT peanusaumun. B craHgapTHOM 3aronoBoyHom odaine <stddef.h> (cm.
npunoxkeHue B) aToT TMN onpegensetca Nnog UMeHem size t.

A 7.5. OnepaTop npuBeAeHUsA TUIA
Mma Tuna, 3anucaHHoe mnepes, YHAapHbIM BblpaXKeHMEeM B CKOBKaX, Bbi3blBaeT NpuBefeHMEe 3HaYeHus 3TOoro
BbIPaXEHMA K YKa3aHHOMY TUMy.

BEIPpAXEHME ~[IPUBEIEHHOE ~K—TUIIY :
YHapHOE —BEPaXeHUE

(MMs—-THIIE) BREPaXeHME-NPUBENEHHOE~K—TUILY

JaHHaA KOHCTPYKLMA HasbiBaeTca npuseseHnem. MmeHa TMnos gaHol B A8.8. Pe3yabTaT npeobpa3oBaHUii ONMcaH B
Ab6. BbipaxkeHue c npuBeaeHeM Tuna He asnsetca lvalue.

A 7.6. MyJIbTUIVINKATUBHbIE ONlePaTOPLI
MyAnbTUNAMKATUBHbIE ONEepaTopbl *, / U $ BbINOAHAOTCA C/1IeBa Hanpaso.

MYJIBTUUIIJTIMKATMBHOE ~BEIDAXEHME
BEIPAXEeHME ~IIPMBEIIEHHOE ~K—THUITY
MYJIBTUITJTIMKATMBHOE ~BEIPDAXEHME * BEIPAXEHME ~I[IPUBEEHHOE —~K—TUILY
MYJIBTUITJTIMKATMBHOE ~BEIPDAXEHME / BEIPAXEHME ~IIPUBEOEHHOE —~K—TUILY

o)

MYJIBTUIITIMKAQTMBHOE ~BEIPAXEHNME © BEIPAXEHUNE-IIPUMBEIEHHOE~K—TUILY

OnepaHapbl onepaTopoB * U /A0MKHbI BbITb apudMeTMYecKoro TMna, onepatopa $ — LENoYMCAIeHHoro Tuna. Hag
ornepaHZamun OCyLLECcTBAAIOTCA ObblYHble apudmeTnyeckne nNpeobpas3oBaHMsA, KOTOpble MPUBOLAT UX 3HAYEHUA K
TMNy pesyabTaTa.

BuHapHbIN onepaTop * 0603HAYaeT YMHOMKEHHME.

BuvHapHbIM onepaTop / NONYYaeT YacTHOe, @ $ — OCTATOK OT Ae/IeHNA NepBoro ornepaHaa Ha BTOPOM; ecan BTOPOM
onepaHA ectb 0, To pe3yabTaT He onpeaenieH. B NpoTUBHOM C/lyyae BCeraa BbINOHAETCA COOTHoWeHMe: (a/b) *b
+ a%b pasHaeTca a. Ecamn 06a onepaHaa He oTpuUaTeNbHble, TO OCTAaTOK He OTPULATENbHbIM U MeHble AeANTeNs; B



NPOTUBHOM CNly4ae CTaHAapPT rapaHTUpPyeT TOJZIbKO O4HO: 4YTO abcontoTHOE 3HaYeHMe ocTaTka MeHblle abCcoNtoTHOro
3Ha4yeHunA aennTtena.

A 7.7. A AUTUBHBIE ONlePATOPhI

ApouTuBHbIE onepaTopbl + M — BbINOMHAKTCA c/ieBa HanpaBo. Ecnn onepaHabl UMeloT apudmeTUUecKuii Tmn, To
OCyWecTBAAOTCA OOblYHble apudmeTumyeckme npeobpasoBaHMAa. [a Kagoro onepaTtopa CyllecTsyeT ele
HECKOJIbKO LONO/IHUTE/IbHbIX COMETaHWUI TUMOB.

aAoImMTHMBHOE ~BEIPAXEHNE !
MYJIBTUITJTIMKATHUBHOE ~BEIPAXEHNE
aaImnTHMBHOE —BEIPAXEHNE + MYJIBETUIIIIMKATUBHOE —BEIDAXeHMe

aIMTHMBHOE —BEIPAXEHNEe — MYJIBTUIIJIMKATHMBHOE ~BEIPAXEHNIE

Pe3synbTaT BbINONHEHMs onepaTopa + eCTb CyMMa ero onepaHAoB. YKa3aTesnb Ha O6bEKT B MaccuBe MOXKHO
CKNaAbiBaTb C LENOYMCNAEHHbIM 3HayeHuem. [pu 3Tom nocnegHee npeobpasyeTcA B adpecHoe cmelleHue
MocpeacTBOM YMHOMEHUA ero Ha pasmep ob6beKkTa, Ha KOTOPbIN CcbiaeTcs yKasatenb. Cymma ABAAETCA yKasaTenem
Ha OBBLEKT TOro e TUMa; TONbKO CCbINAeTCA 3TOT yKasaTeNb Ha APYron ob6beKT TOro e maccuBa, OTCTOALMIA OT
nepBOHaYaNbHOrO COOTBETCTBEHHO BbIYMCAEHHOMY CMellleHnto. TaK, ecnm P — yKasaTeslb Ha 06beKkT B MaccuBe, TO
P+1 — yKasaTenb Ha CAeaylolmit 06beKT TOro e maccvsa. ECAM nosiyyeHHblt B pesyibTaTe CyMMMPOBaHUA
yKasaTenb yKa3bliBaeT 3a rpaHulbl MaccuMBa, TO, KPOMe C/yyas, KOrga OH YKasblBaeT Ha MecCTo, Haxoaslieecs
HenocpeAcTBEHHO 33 KOHLIOM MaccuBa, pesyabTaT byaeT HeonpeaeeHHbIM.

BO3MOXHOCTb ANA YKa3aTeNa yKasblBaTb Ha 3/1€MEHT, Pacrno/IoXeHHbI cpa3y 3a KOHLOM MaccuBa, ABnAeTcs
HOBOW. Tem cambIM y3aKoHeHa 0bLenpUHATaA NpakTUKa opraHM3aLmMmn LMKANYecKoro nepebopa snemeHToB
mMmaccuBa.

Pe3ynbTaT BbINOAHEHUA onepaTopa — (MMHVC) €CTb Pa3HOCTb onepaHAoB. M3 yKasaTtena MOXHO Bbl4MTATb 3HAYEeHue
noboro LeNoYNCNeHHOro Tmna C TeMu e I'IpeO6pa3OBaHMF|MM N NpU TEX XKe YCN0BUAX, YTO U B CZIOKEHUMN.

Ecnm K gBym yKasatenam Ha 06BbEeKTbl O4HOIO U TOTFO *Ke TUMa NPUMEHUTb ONepaTop BblYUTAHWUSA, TO B pesysbTaTte
NoONYYUTCS LEeNoYMUCNEHHOE 3HAYeHME CO 3HaAKOM, MpeacTaBastowee cobol paccTosHMe MeXay OObeKTamu, Ha
KOTOpble YKa3blBalOT 3TU YKasaTesIn; yKasaTe/b Ha cneayiolwmii ob6bekT Ha 1 bonblie yKasaTena Ha npeablaywmi
06beKT. TN pe3ynbTaTa 3aBUMCUT OT peanm3auuu; B CTaHZAPTHOM 3aronoBoyHom o¢ainne <stddef.h> oH
onpegeneH nog umeHem ptrdiff t. 3HauyeHMe He onpegeneHo, ecAu yKasaTeNn YKasblBalOT Ha O6beKTbl He
OZLHOTO W TOTO e Macc1Ba; 0OAHAKO ecnun P yKasbiBaeT Ha NOCNeAHUIA SNeMEHT MacCuBa, TO P+1—P nmeeT 3Ha4yeHue,
pasHoe 1.

A 7.8. OnepaTopsl caBUra

OnepaTopbl caBura << u >> BbINOJIHAIOTCA CAeBa HanpaBo. [1nAa oboux onepaTopoB KaXKAblA onepaHA, A0/KeH
UMETb LeNOYNCAEHHbIA TUM, U KaXabli U3 HUX NOABEPraeTca LEeNOYMC/eHHOMY MOBbIWeHWo. Tun pesysbTaTa
COBMajaeT € NOBbILWEHHbIM TUMOM JIEBOrO OnepaHaa. PesynbTaT He onpeaeneH, ecan Npasblil onepaHA, oTpuuaTeneH
W/ ero 3HavyeHue npesblllaeT YMcNo BUTOB B TUME IEBOTO BbIPaXKeHWA UM PABHO emy.

CIOBUI'OBOE—BEIPAXEHME :
anOuMTHUBHOE —BEIPAXECHUE
COBHUI'OBOE—BEREIPAXEHME >> aIJUTHUMBHOE—BRIPAXEHIE

COBHUI'OBOE—BEREPAXEeHMEe << aIIUTMBHOE-—BEIPAXECHIE

3HauyeHne E1<<E2 paBHO 3HayeHuto E1 (paccmaTpuBaeMoMy KaK LienoYvka 6UTOB), CABMHYTOMY BAEBO Ha E2 6MTOB;
NPV OTCYTCTBUM NEpPenosHeHMA Takas onepauma SKBMBANEHTHa YMHOXEHMIO Ha 2. 3HaueHne E1>>E2 paBHO
3HayeHWMlo EI1, cABMHYTOMY BnpaBo Ha E2 6uTtoBble nosvumn. Ecam E1  — 6e33HakoBoe WAM MMeeT
HeoTpULaTeIbHOe 3HaYeHMe, TO MPaBblii CABUM 3KBUBANEHTEH AeNEeHUI0 Ha 27, B NPOTMBHOM CAnyyae pesynbTar
3aBWCUT OT peanmsaLuiu.



A 7.9. OnepaTtopsbl OTHOLIEHUA

OnepaTtopbl OTHOLLEHMA BbINONHAKTCA C/IEBa HANPaBO, OAHAKO 3TO CBOMCTBO €4Ba /1M MOXKET 0Ka3aTbCA NONE3HbIM;
COr/TaCHO rPamMmaTmKe A3blKa BblpaxkeHne a<b<c TPAKTYeTCA TaK Xe, KaK (a<b) <c, a pe3ynbTaT BbluMCAeHUA a<b
MOXKeT bbITb ToNbKO 0 nan 1.

BEIPAXEHNME ~OTHOIICHMA 2
CIBMI'OBOE —BEIPAXEHME
BEIPAQXEHMEe ~OTHOIIEeHMA < CIBMI'OBOE —BEIPAXEHME
BEIPAXEHME ~OTHOIICHMA > COBMI'OBOE—BEIPAXeHNEe
BEIPAXEHME~OTHOIICHMA <= CIOBMI'OBOE—BEIPAXEHNE
BEIPAXEHMEe ~OTHOIIEeHMA >= COBMI'OBOE—BEIDAXeHMEe

OnepaTtopsbl: < (MeHbLwe), > (6onblie), <= (MeHblle Uan paBHo) U >= (bonble UaM paBHO) — Bce BblgatoT 0, ecnm
cneundmumpyemoe OTHOLIEHME NOXHO, U 1, ecnnM OHO UCTUHHO. Tun pesynbTaTta — int. Hag apuometuyecknmm
onepaHAamM BbINOJIHAIOTCA 06blYHble apudmeTnyeckue npeobpasoBaHMA. MOXKHO CpaBHMBaTb YKasaTeNun Ha
06bEeKTbl 0AHOrO M TOro Ke Tuna (6e3 yyeta KBaAMPMKaATOPOB); pesynbTaT byaeT 3aBUCETb OT OTHOCUTENbHOrO
pacrnonoxeHus B namAtu. [onyckaeTtcs, O4HaKO, CPaBHEHMEe yKasaTenei Ha pasHble YacTM OZHOro U TOro e
0bbeKTa: ecnv ABa yKasaTena yKasbiBaloT Ha OAMH U TOT Ke NPOCTOM 06BEKT, TO OHM PaBHbl; €CIM OHM YKa3bIBalOT Ha
3/IEMEHTbI OZHOM CTPYKTYpPbI, TO YKa3aTe b Ha 3/1eMeHT ¢ bosiee No3gHNM 06bABAEHUEM B CTPYKType bosblue; ecan
yKa3aTesIn yKasblBatOT HA 3/IEMEHTbI O4HOIO U TOTO *Ke 06beAMHEHNA, TO OHW PaBHbI; €C/IN YKa3aTe M YKa3blBatoT Ha
3N1eMeHTbl HEKOTOPOrO MAacCMBa, TO CPAaBHEHME 3TUX YKasaTesiell 3KBMBANIEHTHO CPABHEHWUIO UX MHAEKcoB. Ecnn P
YKa3blBaeT Ha NOC/AeAHUN 3N1eMeHT MmaccmBa, To P+1 6osblie, 4em P, XoTA P+1 yKa3blBaeT 3a rpaHuLbl maccmea. B
OCTaNbHbIX C/ly4aax pe3ynbTaT CpaBHEHMA He onpeaeneH.

3TM npaBuna HECKONbKO 0Cabuan orpaHuuyeHus, YCTaHOB/IEHHble B MNepBOW pefakuMu asbika. OHM
NO3BONAIOT CPaBHMBATb YKa3aTe/NM Ha pPas/iMyHble 31eMeHTbl CTPYKTYpbl U 06beguHEeHUs W NeranunsyioT
CpaBHeHMe C YKasaTenem Ha MecTo, KOTOPOE PAacro/ioKeHO HEMOCPeACTBEHHO 33 KOHL,OM MaccuBa.

A 7.10. OnepaTopbl paBeHCTBaA
BEIPAXEHME - PaBEHCTBA :
BEIPAXEeHMEe ~OTHOIIEeHMA
BEIPAXECHME~PAaBEHCTBA == BBIPAXCHNEe - OTHOIIEeHMA

BEIpaXeHMEe-paBeHCTBa != BEpaxeHMue—OTHONEHMUS

Onepatopbl == (paBHO) U ! = (He paBHO) aHaNOrMYHbI ONepaTopam OTHOLIEHUA C TOW UL Pa3HULEN, YTO MMEIOT
6onee HM3KUI npuopuTeT. (Takum 06pasom, a<b == c<d ecTb 1 TOrga 1 TONbKO TOrAa, KOrAa OTHOWeEHUA a<b u
c<d nunm 06a UCTUHHbI, UM 063 NOXKHbI.)

OnepaTtopbl pPaBeHCTBA MOAYMHAOTCA TEM Ke MpaBuiam, YTO M onepaTopbl OTHoweHus. Kpome Toro, oHW AatoT
BO3MOXHOCTb CPaBHMBATb YKas3aTe/b C LEeN0YUCAEHHbIM KOHCTaHTHbIM BblpaKeHMEM, 3HaYeHMe KOTOPOro paBHO
HYJ/II0, U C YKa3aTesiem Ha void (cm. A6.6.).

A 7.11. OnepaTtop no6utoBoro U
M-BEIpa)XEHME :
BEIPAXEHME —pPaBE€HCTBAa
V-BrlpaxeHue & BEPAaXEHUe—-pPaBEHCTBA

BbinosiHAOTCA 06blYHbIE apudMeTMyeckne npeobpasoBaHua; pesynbTaT — nobutoBoe U onepaHgos. Onepatop
NPUMEHAETCA TO/IbKO K LLe/IOYMCIEHHbIM OnepaHaam.

A 7.12. OnepaTop no6MTOBOroO MCKIK4awinero Ui
UCKJoyamee — I/ -BEPaxXxeH1e :

V-BrIipaxeHme

ncknyanmee -/ -BepaxeHmue ~ V—-BEpPAaxeHue



BbinonHAOTCA 06bluHble apudmeTMyeckne npeobpasoBaHuA; pesynbTaT — NOBUTOBOE MCKAoYatowee WJIN
onepaHaos. OnepaTop NPUMEHAETCA TONbKO K LLeN0YMCAEHHbIM OnepaHaam.

A 7.13. OnepaTtop no6utoBoro UJIHN
MIIM-BEIpaxXeHme :
UCKJIoyanimee -V -BEpaxeHue
WI-BeIpaxeHme | wmckjoyawmee -1/ -BEpaxeHne

BbinonHAoTca 06bl4HbIE apudmeTHMyeckme npeobpasoBaHua; pesynbtat — nobutosoe U/IMN onepaHaos. Onepartop
NPUMeHAeTCA TOJIbKO K UeNo4YnNCieHHbIM onepaHaam.

A 7.14. Onepatop sioruyeckoro U
JIOI'MYyeCcKoe—J/—BEIpaXeHue :

MM -BEIpAXEHME

Jormyeckoe-J-BrpaxeHmue && M/I-BEpPaXeHMUE

Onepatopsbl && BbINOAHAIOTCA ceBa Hanpaeo. OnepaTop && BblgaeT 1, ecan oba onepaHaa He paBHbl Hyo, 1 0 B
MNPOTUBHOM caydae. B oTamume oOT &, && rapaHTUPYeT, YTO BbluMCieHWa ByayT NpPoOBOAMTLCA CleBa Hanpaso:
BbIYMCNAETCA NEPBbIA onepaH co Bcemmn noboyHbIMU sdpdeKTamm; ecnmn oH paseH 0, TO 3HaYEHME BbIPaXKEHMUA €CTb
0. B npoTMBHOM CcnydYae BblUUCAAETCA MPaBblid onepaHa, M, ecan oH paseH 0, TO 3HadeHue BbipaxkeHua ectb 0, B
NPOTUBHOM C/ly4ae OHO paBHO 1.

OnepaHabl MOTryT nNpWHagne)kaTb K pPasHbIM TUMaM, HO MNpPU 3TOM KaXKAbll U3 HUX [LOKEH UMETb nbo

apudmeTnyeckuii Tun, AMbo bbITb yKasatenem. Tun pesynabrata — int.

A 7.15. OnepaTtop sorudeckoro UJIHU
Jiormyeckoe—JJI/-BrIpaxeHue :

JIoI'MYeCcKoe —J-BEIpaxeHue

Jormyeckoe-Mi-BrlpaxeHne || JormyeckKoe—-V—-BEpaxeHMe
OnepaTtopsbl | | BbINOAHAIOTCA cneBa Hanpaso. OnepaTop | | BblgaeT 1, ecan no KpaHen mepe OAMH M3 onepaHaoB
He paBeH Hynto, U 0 B NPOTUBHOM Cny4vae. B oTinume oT |, onepatop | | rapaHTUpPYeT, YTO BblYMCAEHUs ByayT

NPOBOAUTLCA CNEBa HANPaBO: BbIYMCIAETCA NEePBbIM OnepaHAa, BKAOYasa Bce NO60YHble 3PPeKTbl; eCi OH He paBeH
0, To 3Ha4yeHMe BbipaxeHus ecTb 1. B NpoTMBHOM C/lyyae BbIUMCAAETCA NPaBblii onepaHa, U ecin OH He paseH 0, To
3HayeHWe BblpaXKeHUs ecTb 1, B NPOTUBHOM Cay4Yae oHo pasHo O.

OnepaHabl MOFYT NpUHaA/ieXaTb PasHbIM TUMNam, HO onepaHA AO/IKEH MMeTb Mbo apudmeTnyeckmii Tmn, Anbo
6bITb yKazaTenem. Tun pesynbrata — int.

A 7.16. Yc10BHBIN OniepaTop
YCJIOBHOE ~BEIPAXEHUE ¢
JIoruyeckKkoe — IV -BEPaxeHue
JoruyeckKkoe—JMJ/IV[-BEIpaXeHmue ? BEPAXEHME : YCJIOBHOE-BEIPAXCHUE

Bbluncnserca nepBoe BblpaxkeHWe, BKAOYaA Bce NobouHble 3pdeKTbl; ecnim oHo He paBHO 0, TO pesyabTaT ecTb
3Ha4YeHue BTOPOro BbiPaxKeHUs, B MPOTUBHOM C/lydae — 3HaUYeHUe TPETbEro BbiparKeHuA. BbluMcnseTca ToNbKO OAUH
M3 OBYX MOC/negHUX OMepaHaoB: BTOPOW WMAM TpeTuit. Ecnm BTOpOi U TpeTun onepaHabl apudmeTUyeckue, To
BbINONHAOTCA 0ObIYHbIE apudMmeTUYecKkne npeobpasoBaHns, NPUBOLALLME K HEKOTOPOMY OBLLLEMY TUMY, KOTOPbIN U
b6yaeTt TMNom pesynbTaTta. Ecnm ob6a onepaHga umetoT TMN void, UAK ABAAIOTCA CTPYKTYpamMn Uan obbeanHeHNAMU
OZIHOrO M TOrO e TuMna, AN NpeacTaBAAT coboi yKasaTenn Ha 06beKTbl OHOrO U TOrO Ke TUNa, TO pesynbraTt
6yaeT UMeTb TOT e TUMN, YTo U onepaHabl. Ecan oanH u3 onepaHaoB umeeT Tmn "ykasatens", a Apyron asaaeTcs
KoHcTaHTOM 0, To 0 npuBOAMTCA K TUNY "yKasaTenb', 3TOT e TMn byaeT umeTb U pesynbtaT. Ecan oamH onepaHa,
ABNAETCA yKasaTenem Ha void, a BTOPOM — yKasaTenem Apyroro Tvna, To nocieaHui npeobpasyerca B yKasaTesb
Ha vo1id, KoTopblin n ByaeT TMNOM pe3ynbTaTa.



Mpu cpaBHEeHUU TUMOB yKasaTenen KeanmuduKkatopbl TMNOB (A8.2) 06HEKTOB, Ha KOTOPbIE YKa3aTean CCblakoTca, BO
BHMMaHWe He NPUHNUMAIOTCA, HO TMN pe3yabTaTta HacneayeT KBanudukaTopbl o6enx BeTBei YC/I0BHOIO BblpaXKeHUs.

A 7.17. BolpaxxeHusi NpUCBauBaHUS
CyliecTByeT HeCKOJIbKO 0NepaTopoB NPUCBANBAHMWA; OHWN BbINOJHAIOTCA CNpaBa Ha/leBo.

BEIPAXEHME ~IIPVMCBAVMBAHMIA

YCIJIOBHOE ~BEIPAXEeHNE

YHAQPHOE—BEPAXEeHNEe OlIepadTOop—IIPpMCBaAmMBAHNMA BEPAXECHNEe - IIPMCBAMBAHNIA
oriepaTop-IripyuCBamMBaHmMA: OIOVH V3

/= %= += -= <K= >>= &= N= | =

OnepaTtopbl NPUCBanBaHMA B KayecTBe NIEBOro onepaHaa TpebytoT Ivalue, npuyem mogmouUuMpyemoro; sTo 3HauuT,
YTO OHO HEe MOKEeT BbITb MacCMBOM, UM MMETb He3aBepLUEHHbIN TWUM, UK BbITb yHKUME. Tun NeBoro onepaHaa,
KPOME TOro, HEe MOKEeT MMeTb KBasiMdUKaTopa const; U, eCIM OH ABAAETCA CTPYKTYPOW UAM 06beanHEHNEM, B HUX
He [AO0/XHO OblTb 3/1€MEHTOB WAW MOA3NEMEHTOB (4NA BAOXEHHbIX CTPYKTYP WAM obbeanHeHuin) c
KBasMduKaTopamm const.

Tun BbIpaXkeHMA NpUcBanMBaHUA COOTBETCTBYET TUMY ero 1eBoro onepaHaa, a 3HayeHne paBHO 3HAaYeHUto ero N1eBoro
onepaHaa nocne 3aseplieHnAa npucesanBaHUA.

B npoctom npucBavMBaHWM C OMNepaToOpoOM = 3HAYeHUEe BbIParKeHUA 3amellaeT 06BEKT, K KoTopomy obpauiaerca
Ivalue. Mpu 3TOM A01KHO BbINOJIHATLCA OAHO M3 C/IeAyHOWMX YCI0BUIA: 06a onepaHaa UMEOT apudMeTUYECcKUin Tun
(ecnn Tunbl onepaHAOB pasHble, MPaBblii onepaHg, NPMBOAMTCA K TUMY /NIeBOro onepaHaa); oba onepaHza ecTb
CTPYKTYpbI MM 06beguMHEHMA OQHOMO W TOTO *Ke TUMNa; OAWH onepaHA, ecTb yKasaTeslb, a APYyroli — yKasaTesb Ha
void; neBblt onepaHa, — yKasaTe/b, a NPaBblii — KOHCTAHTHOE BbipaXeHue co 3HayeHnem 0; oba onepaHaa —
yKasatenn Ha ¢GyHKUMM UM o06beKTbl, MMelolmne OAMHAKOBbIA TUMN (33 MCKAKOYEHMEM BO3MOMKHOIO OTCYTCTBMA
const unn volatile y npaBoro onepaHaa).

BbipaxkeHne E1 op = E2 3KBMBAJNIEHTHO BblpakeHuMto E1 = E1 op(E2) € ogHUM UCKAYeHuem: E1
BblYMCNAETCA TO/IbKO OAUH pa3.

A 7.18. OnepaTop 3anarTas
BREIPpAXEHME :
BEIPAXEeHMEe —IIPpVCBAMBaAHMA

BEIPAXEeHMEe , BEPAXEHMEe—IIPMCBAMBaAHMA

[lBa BbIpaXeHWsa, pasgesneHHble 3anATol, BbIYUCAAKOTCA C/AeBa HaNpPaBo, W 3HAYeHWMEe /NeBOr0 BbIpPaXKeHWsA
oTbpacbiBaeTcA. TUN M 3HauYeHWe pesynbTaTa COBMALAOT C TUMOM M 3HAYEHMEM MPaBOro onepaHaa. BolumcneHue
BCEX NOBOYHbIX 3GPEKTOB NeBOro onepaHAa 3aBepllaeTca nepes, HayanoM BblMMCAEHMA NpaBoro onepaHaa. B
KOHTEKCTE, B KOTOPOM 3ansATas MMeeT CrneLuanbHoe 3HaYeHWe, Hanpumep B CNMCKax aprymeHToB ¢yHKuui (A7.3.2)
WU B CMUCKax MHMLManu3atopoB (A8.7) (34ecb B KAyecTBe CMHTAKCUMYECKUX eAuHUL, GUTYPUPYIOT BbiparkeHus
NpuCcBanBaHUsA), ONepaTop 3anaTas MOXKET NOABUTLCA TOJIbKO B rpynnNupyowmx ckobkax. Hanpumep, B

f(a, (t=3, t+2), c)
TPW apryMeHTa, U3 KOTOPbIX BTOPON MMEET 3Ha4eHue 5.

A 7.19. KoHCTaHTHBIE BbhIpaXkeHUs
CMHTaKCMYECKM, KOHCTAHTHOE BblpaXeHne — 3TO BbipaXKeHMe C OrpaHUYeHHbIM NOAMHOXKECTBOM ONepaTopos:

KOHCTAQHTHOE~BEIpAXeHMe :

YCIJIOBHOE ~BEIPAXeHNE



an YKa3aHUN Ccase-MeTOK B neperknyarene, 3agaHnm rpaHnl, maccmeos U OJ1MH nonem 6MTOB, Ha MecTe 3HaYeHu
nepevyncammbiX KOHCTAaHT U MUHULUNA/IN3ATOPOB, a TakKXKe B HEKOTOPbIX Bblpa*XeHUAX ANA npenpoueccopa Tpe6yr0Tc;1
BblpaxXeHuA, BblHNUCNEHNE KOTOPbLIX NPUBOANT K KOHCTAHTE.

KOHCTaHTHble BbIpPa)XeHUs He MOryT COoAepXaTb MPUCBaMBaHMUIA, OMNEPaTOpPoOB MWHKPEMEHTUPOBAHUA U
OEKPEeMEHTUPOBAHNA, BbI30BOB  OYHKUMM M OMNEpaTopoB-3aMNATbiX; MNEPEYUCTIEHHbIE  OrPaHUYEHUs  He
PacnpoCTPaHAIOTCA Ha onepaHa onepaTtopa sizeof. Ecan TpebyeTca MNOAYYMTb LLEIOYMCTIEHHOE KOHCTaHTHOe
BblpaeHWe, TO ero onepaHAbl AOJIXHbl COCTOATb U3 LE/bIX, NepedynucanmblX (enum), CUMBOJIbHbIX KOHCTAHT U
KOHCTaHT C N/1aBatoLLeil TOYKOIN; onepauun NpmuBeaeHNs AOMKHbI CneuMenuumpoBaTh LLeI0YUCAEHHbIM TUM, a Ntobas
KOHCTaHTa C MN/aBatowen TOYKON — NPUBOAUTLCA K Lenomy. M3 aToro cneayeT, YTO B KOHCTAHTHOM BbIpa*KEHUUN He
MOKEeT bbITb MAacCMBOB, onepaLMii KOCBEHHOIo obpalleHMs (PacKpbITUS yKasaTens), NosyYyeHns agpeca n goctyna K
nonam cTpykTypbl. (O4HaKo ana sizeof BO3MOMXKHbI onepaHabl toboro Buaa.)

[NA KOHCTaHTHbIX BbIPa)KEeHWUA B MHMUMANM3aTopax Aonyckaerca 6osbwaa csoboda; onepaHAamm MoryT 6biTb
KOHCTaHTbl /11060r0 TMNAa, @ K BHELWHUM WAM CTaTUYECKMM OObeKTaM M BHELHWM M CTaTUYECKMM MaccuBam,
NHOEKCMPYEMbBIM KOHCTaHTHbIMM BblpPaXXEHMAMM, BO3SMOMKHO NPUMEHATb YHAPHbIA onepaTtop &. YHapHbI onepaTtop
& MOMET TaKe HeABHO NPUCYTCTBOBATb NMPW MCMOJ/b30BaHMM MaccuBa 6e3 MHAeKca uam GyHKuMM 6e3 cnucka
aprymeHToB. BbluMcneHrne MHMLMANN3aTOPa A0/IKHO AaBaTb KOHCTAHTY UM afpec paHee 06bABNEHHOro BHELWHEro
WJIN CTaTUYECKOTO 06BbEKTa NIKC-MUHYC KOHCTaHTa.

MeHbLan ceoboga AonyckaeTca s LLeNOYUC/IEHHbIX KOHCTaHTHbIX BblipaXKeHUN, MCNob3yemblx nocae #1if: He
paspeLatoTcs sizeof-BblpaXKeHMs, KOHCTaHTbl TUMA enum U onepauumn npmuseaeHusa Tuna. (Cm. A12.5.)

A 8. 06 bsAB/IEHUS

To, KaKMM 06pa30OM MHTEPNPETUPYETCA KaXKabIA MaeHTMdUKATOP, cneumduumpyeTca 06vABNEHUAMM; OHUN He BCeraa
pesepBUPYOT NamsATb ANA OMUCbIBaeMblX UMK uMaeHTMdMKaTopoB. OObBABAEHWUA, pesepBUpylOMEe MNaMATb,
Ha3blBalOTCA orpedesneHUsMU U UMEIT Caeayowmnii Bua;

OOBABIIEHME :

crenmMpmuKaTOPE~00BABICHUS CHUCOK—MHULIMATIN3aTOPOB—00BABUTEIIC 000

ObbABUTENM B CMMUCKE-UHULMANM3ATOPOB-06bABMUTENEN  cogepKaT  obbaBnsemble  UAEHTUOUKATOPDI;
cneundmKaTopbl-06BABNEHUA NPEeACTaBAAT coboi NnocneaoBaTeNbHOCTHN, COCTOALWME U3 CreunduKaTopos TMna U
Knacca namsaTu.

cnenmupmuKa TOPEI—O00BSIBIEHMUS :
crnenupmuKaTop—KJIacca—MNaMITH CHELNMUPUKATOPE~00BIBIIEHN D 005
CHenmupmuKaTOP—THUIa CHEeLMUPUKATOPEI~00BSIBICHU 1005

KBaJIMQUKATOP—THUIIA CHELUPUKATOPE~OOBABICHN T 1006

CHMCOK—UHUIIMATINBATOPOB—0OBIBUTETIEN :
MHUITAATIN3A TOP~00BIBUTEIE
CHMCOK—MHUIIMATIN3ATOPOB—00BIBUTENIEN , WHUIIMATIN3aTOP—00bIBUTEIE

MHMAIMAJINBATOP~0OBSIBUTEIE &
OOBABUTEIIE

OOBSABUTEIIE = VMHMLINAJIN3aTOop

0bbABUTENU coaepkaT noanexawme obbABAEHUIO MMeHa. Mbl paccMoTpumM KX nosxe, B A8.5. Ob6bAsneHue
AO/IKHO B0 MMeTb NO KpaliHel mepe oauH 06bABUTENb, MO0 ero cneundrKaTop TMNa AOMKEH OnpesenaTb Ter
CTPYKTYpbl Uan 06beguHeHus, MMbo 3a4aBaTb 3/1€MEHTbI NepeYncaieHuns; Nyctoe 06baABAeHEe HeA0NYCTUMO.



A 8.1. Cnenu¢pukaTopsbl KJ1acca naMaTH
Knacc namsaTtu cneumduumpyetca cnegyowmm obpasom:

crenmMmuraTop—KJIacca-—IrnaMsITH:
auto
register
static
extern

typedef
Cmblicn Knaccos namaTm obeykaancs 8 A4.

Cneumdukatopbl auto M register paoT obbaBasemMbiM 0O6bEKTAaM KAAacC aBTOMATMYECKOM MaMATU, U 3TU
cneundmKaTopbl MOXKHO NPUMEHATbL TONbKO BHYTPU GYHKUMK. O6bABAEHMA ¢ auto U register O4HOBPEMEHHO
ABNAIOTCA ONpPeaeNeHUAMN U pe3epBUpPYIOT NamATb. CneundurkaTop register aKBUBANEHTEH auto, HO COAEPKUT
NoACKasKy, coobLiatoLLyto, 4To B nporpamme o06baABAeHHbleE UM 06BEKTbI MCNONBL3YIOTCA MHTEHCMBHO. Ha perncrpax
MOXKeT ObiTb pasmelleHo AulWb Hebonbloe YKUC/Io OOBEKTOB, MNPUYEM OMPEAENeHHOro TUMa; YKasaHHble
OrpaHUYeHMA 3aBUCAT OT peanusaumn. B nobom cnyyae K register-obbeKkTy Henb3Aa MPUMEHSATb (ABHO MM
HEeAIBHO) YHapHbIN onepaTop &.

HoBbim ABnsetca npaBunao0, COrNnacHO KOTOPOMY BbIYMUCNATbL agpec 0b6beKTa Knacca register Henbssa, a
K/1lacca aut o MOXHO.

Cneumduratop static gaet ob6bABAAEMbIM 0OBEKTAM KNACC CTaTUYECKOM MaMATU, OH MOMKET MCMOJ/1b30BaTbCA U
BHYTPU, M BHe OYHKUMIA. BHyTpM YHKUMM 3TOT crneunduKaTop BbI3bIBAET BblAENEHME NAMATU U CAYKUT
onpeneneHnem; ero posb BHe GyHKUNI bygeT obbsicHeHa B A11.2.

O6bsaBneHne co cneumdPuKaATopom extern, UCNOb3yemoe BHYTPU PYHKUUKM, 06BABAAET, YTO a5 06bsaBAseMOoro
06beKTa rae-To BblaesieHa NamaTb; 0 ee ponun BHe GyHKUMIA byaeT ckasaHo B A11.2.

Cneunduratop typedef He pesepBUPYET HUKAKOM NaMATM M Ha3BaH crneuudMKaTopom Knacca NamsaTv U3
coobparkeHul CTaHAAPTHOCTU CUHTAKCKUCa; pedb 06 3Tom cneumdpurkaTope nonaet B A8.9.

Ob6bsaBneHne MOXKeT copep)kaTb He 6onee ogHoro cneumduratTopa Knacca namatu. Ecam oH B 0b6baBneHuu
OTCYTCTBYET, TO AENCTBYIOT C/ieAytolme NpaBmaa: CYUTAETCA, YTO 06bEKTbI, 06bABASEMbIE BHYTPU GYHKLMNI, UMetOT
Knacc auto; pyHKumm, obbasnaemble BHyTpU GYHKUMIA, — Knacc extern; 06beKTbl U GyHKUUN, 06 bABAAEMDbIE BHE
bYHKUMIA, — cTaTUYECKME N UMEIOT BHewHMe cBasm (cm. A10, Al1).

A 8.2. Cnenu¢pukaTopsbl TUNIA
CneundurKaTopbl TMNA ONpeAenatoTca cieayowmm obpasom:

cCnenmumuKaTop —THUIIA :
void
char
short
int
long
float
double
signed
unsigned
CTPYKTYPEI-UIIN-O0BEeINHEHU A~ CIIeUPUKATOP
crneumnduKaToOp-repeunciieHnsa

typedef-nmvsa



BmecTte ¢ int AONycKaeTca MCNOJIb30BaHME elle KAaKoro-To 04HOro ¢/ioBa — 1ong uan short; npuyem coyetaHue
long 1int umeeT TOT }Ke CMbICA, YTO U NPOCTO 1ong; aHaNoOrM4yHo short int — TO Ke camoe, YTo U short.
CnoBo 1ong moxeT ynotpebnarbcs Bmecte ¢ double. C int n gpyrumum ero moamdukaumamm (short, long nam
char) paspelwaertcs ynoTpebnsaTb ogHO M3 cnoB signed wuam unsigned. flloboe M3 nocnemHUX MOXKeT
MCMNONb30BaTbCA CAMOCTOATE/ILHO, B 3TOM C/ly4ae nogpasymesaerca int.

Cneumnduratop signed bbiBaeT noneseH, Koraa Tpebyerca obecneynTb, 4TOObl 06BEKTLI TUMA char UMENN 3Hak;
€ro MOXXHO NMPUMEHATb U K APYrMM LeNoYUCNEHHbIM TUMAaM, HO B 3TUX C/y4aAaXx OH M36bITOYEH.

3a UCKAoYeHMeM OMUCAHHBLIX Bblle cny4dyaes 0bbABNEHME HE MOMXKET coaepxaTtb bonee oaHoro CI'IeLI,Md)MKaTOpa
TMna. Ecnn B 06bsABAEHUN HET HU oAaHOoro CFIELI,M(I)VIKaTOpa TUNa, To UMeeTcA B BUAY TN int.

[nAa yKkasaHna ocobbix CBOMCTB 06bABAAEMbIX OOBEKTOB NpeAHa3Ha4YaloTCca KBaiMpuKaTopbl:

KBaJIMQUKATOP—THUIIA :
const
volatile

KBannduKkaTopbl TMNa moryt ynotpebasaTtbca ¢ aobbim cneymdpuKkaTtopom Tuna. Paspelaetcs MHULMANAN3MPOBATL
const-obbeKT, OAHAKO MNpucBaMBaTb emy 4To-IMb6O B AanbHelwem 3anpeuwaetca. Cmbica KBasivduKaTopa
volatile 3aBUCUT OT peanmsaumu.

CpeactBa const M volatile (M3meHuMBbIN) BBedeHbl cTaHaapTom ANSI. Keanudukatop const
NpUMeHseTcsa, YTobbl PasmMecTUTb OBBEKTbI B NaMATU, OTKPbITOM TO/MbKO Ha uTeHue (M3Y), uaun ytobbl
cnocobcTBOBaTb BO3MOXHOM ONTMMM3auuMK. HasHayeHue kBanudukatopa volatile — noaaBuTb
onTUMM3aLMI0, KoTopas 6e3 3Toro ykaszaHua morna bbl 6biTb NpoBeaeHa. Hanpumep, B MallnHax, rae agpeca
perucTpos BBOAA-BbIBOAA OTOOparKeHbl Ha aApecHoe MNPOCTPAHCTBO MaMATW, yKasaTeslb Ha PEerucTp
HEKOTOPOro YCTPOICTBa Mor Bbl BbITb 06bABAEH KaK volatile, YyTobbl 3aNpPeTUTb KOMNUAATOPY SKOHOMUTb
OYEBUAHO WM3ObLITOYHYIO CCbIIKY 4Yepes3 YyKasaTenb. KOMMUAATOP MOMET WIrHOPUMPOBaTb YKasaHHble
KBa/IMOUKATOPbI, OAHAKO 00M3aH CUrHAaAM3MPOBATb O ABHbIX MOMbBITKAX M3MEHWTb 3HaYeHue const-
0OBEKTOB.

A 8.3. 06 bsAB/IeHUA CTPYKTYP U 06 beAUHEHU I

CTpyKkTypa — 3TO OODBEKT, COCTOAWMIA U3 NOCNef0BaTe/IbHOCTU MMEHOBAHHBIX 3/1€MEHTOB Pas3/INyHbIX TUMOB.
Ob6beanHeHMe — OOBEKT, KOTOPbIA B KaxAbli MOMEHT BPEMEHU COLEPMKUT OAMH U3 HECKOJIbKMX 3/1€MEHTOB
Pa3IMYHbIX TUNOB. O6BABNEHUA CTPYKTYP M 06BEANHEHNN MMEIOT OAMNH U TOT e BUA,

CTPYKTYPBI—UIN—00bEeNMHEHUSI —CIEILMPUKATOP :
CTPYKTYPRE~UIU—0OBENUHEHUS UIECHTUPUKATOPveos | CIMCOK—0OOBABICHUN-CTPYKTYPE }
CTPYKTYPE~MIN—-O00ObEeOMHEHNA WUOCHTUPUKATOP

CTPYKTYPa—nIn—005EeIMHEHNE
struct
union

Crnucok-06vAsneHUl-cmpykmypbl  ABAAETCA MNOCAEA0BaTENbHOCTbIO O6bBbABAEHUIA 3NEMEHTOB CTPYKTYPbl MU
obbeagnHeHus:

CHMCOK—0OBABIIEHU—CTOYKTYPHL:
06BsIBJIEHME ~CTPYKTY OB
CIMCOK—OOBSABIICHU~CTPYKTYPE OOBSIBIECHUE —CTPYKTYPE

OOBSABJIEHME —~CTPYKTYPDH:
CIIMCOK—CHELMUPUKATOPOB~KBAJIUPUKATOPOB CHUCOK-CTPYKTYPE-O0OBABUTETIEN ;



CHMCOK‘CH@HM@MK’(EZ TOPOB —KBaﬂMd)MKa TOPOB:
CH@HM@MK’& Top—THIIa CHMCOK"CHGL[M@MK& TOPOB —K'BaﬂI/I@I/IKa TOPOByeos

KBAJIMQUKATOP—THUIIA CHIMCOK—CHELUPUKATOPOB—KBAJIMPUKATOPOBe06

CIIMCOK—CTPYKTYPDE— OBOBLSABUTETICN
CTPYKTYDE— OOBABUTEIIE

CIIMCOK—-CTPYKTYPE-O0OBIBUTENIEY , CTPYKTYPE—O0OBSIBUTEIE

O6blYHO 06BABAEHUE-CMPYKMYPLI ABNSETCA NPOCTO 06bABAEHMEM AR 3NEMEHTOB CTPYKTYPbl UM 0O6beaMHEHWS.
dnemMeHTbl CTPYKTYypbl, B CBOIO o4yepeab, MOTYT COCTOATb M3 334aHHOM0 Yncna paspssos (6utos). Takolh anemeHT
Ha3bIBaeTCsA 6UMOBLIM M10AeM UAN NPOCTO nonem. Ero pasmep oTaenseTca oT UMeHM NoAs ABOETOUYMEM:

CTPYKTYPE~OOBABUTEIIE :
ObBSIBUTETIL

OOBSABUTEIbyeos : KOHCTAHTHOE—BRPAXEHMUE
Cneumndunkatop TMNa, MMeoLWN BUA,
CTPYKTYPE~UIN—00BEeNMHEHUST MIOCHTUPHMKATOP {CHMCOK—00BSIBIEHUN~CTPYKTYPPBl }

06bABNAET NAeHTUGUKATOP Mea2om CTPYKTYPbl UM 0bbeguHeHus, cneunduumpoBaHHbIX cnuckom. MNocneaytouwee
06bABAEHME B TOWN K€ UM BHYTPEHHel 061acTu BUAMMOCTM MOMKET 06pallaTbCa K TOMY Ke TUMY, UCNob3ysa B
cneundukaTope Ter 6e3 cnucka:

CTPYKTYPE~MIN—O0OBEeOUMHEHUA UOCHTUPUKATOP

Ecan cneunduratop ¢ Terom, Ho 6e3 cnucka nosaBnseTca Tam, rae Ter He o6baBneH, cneumduumpyetca
He3asepwieHHbIld murn. O6beKTbl C He3aBepLEHHbIM TUMOM CTPYKTYPbl UM 0ObeAUHEHUA MOTYT YNOMWHATBLCA B
KOHTEKCTe, rae He TpebyeTca 3HaTb UX pasMep — Hanpumep B 06bABAEHUAX (HO He onpeneneHusx) gns onuMcaHusa
yKasatena uam cosgaHua typedef, HO He B WMHbIX CAy4Y4asax. TUM CTAaHOBUTCA 3aBepLleHHbIM MNpPU NOABAEHUU
nocneaytowero cneumdmkatopa ¢ 3TUM TErOM, COAEPNKaLLEro CNMCOK obbseaeHun. [axke B cneundurKaTopax co
CMUCKOM 0OBABASEMbBIN TUN CTPYKTYPbI AN 06BbegMHEHUS ABNAETCA He3aBEPLUEHHbIM BHYTPM CMUCKA U CTAHOBUTCA
3aBepLUIEHHbIM TOIbKO MOC/E NOABAEHUA CUMBONA }, 3aKaHUYMBaOLWLEro cneundukaTop.

CTpyKTypa He MOMKET COAep:KaTb 3/IeMeHTOB HesaBepluleHHOro Tuna. CrepoBaTeslbHO, HEBO3MOMKHO 06BABUTHL
CTPYKTYpPY UAK 06beaANHEHNE, KOTOPbIE coaeprKaT camu cebs. OgHaKo, KpoMe NPUAAHUA UMEHW TUMNY CTPYKTYPbI AU
0bbeAnHEHUs, Ter NO3BONAET ONpeaenaTb CTPYKTYypbl, obpalLatowmeca camm K cebe; cTpyKTypa uam obbeanHeHue
MOTYT COAEPKaTb YKa3aTe M Ha caMmx cebs, MOCKO/IbKY yKa3aTe/IM Ha He3aBepLUeHHbIe TUTbl 06BbABAATE MOMKHO.

Ocoboe npaBua0 NPUMEHAETCA K 06bsABNEHUAM BnAaa
CTPYKTYPBI~UIU—00BENUMHEHUST UOEHTUPUKATOD ;

KOTOpble 06BABAAIOT CTPYKTYPY MAN 06beguHeEHUE, HO HE UMEIOT CNUcKa o6bABNeHUA M 0bbaBuTena. [axe ecau
naeHTUGUKaATOP MMEET Ter CTPYKTYPbl UAN 06beAUHEHUA BO BHeLLHel o6i1acTy BuamMmocTm (Al1.1), ato obbsABneHue
AenaeTt naeHTMOMKaTop Terom HOBOWM CTPYKTYPbl MAM 06beguMHEHMA He3aBepLUEHHOro TMNa BO BHyTpeHHen obnactu
BMAMMOCTM.

3T0 HeBpasymuTenbHoe npasuio — HoBoe B ANSI. OHO npeaHasHayeHO AN B3aUMHO PEKYPCUBHbIX
CTPYKTYP, 06BbABNEHHbIX BO BHYTPEHHE 061acTU BUAUMOCTU, HO TErM KOTOPbIX MOTYT BbITb Y¥Ke 06bsABAEHbI
BO BHellHen 061acTy BUANMMOCTU.

CneumdunKaTop CTPYKTYpbl MAM 0B6beaMHEHUA CO CMMCKOM, HO 6e3 Tera CO34aeT YHUKaAbHbIA TUM, K KOTOpomy
MOXXHO 06paLLaTbCA HEMNOCPEACTBEHHO TO/IbKO B 06BbABMEHUN, YACTbIO KOTOPOTO OH ABAAETCH.



MmeHa 31eMeHTOB M TeroB He KOHQAMKTYIOT APYr C APYrOM MAM OBbIYHBIMM MEepeMeHHbIMU. MUMA anemeHTa He
MOMET MOABNATLCA ABaKAbl B OLHOM M TOW Ke CTPYKTYpe MU 0ObegUHEHUU, HO TOT Ke 3NEeMEHT MONKHO
MCMO/b30BaTb B Pa3HbIX CTPYKTYpax Uau obbeguHeHuUsX.

B nepBoit pegakummn 3TOM KHUTU MMEHa 31eMEHTOB CTPYKTYPbl U 06beaMHEHNs He CBA3bIBaJINCb CO CBOMMM
poautenamn. OgHaKo B KOMMNUAATOPAX 3Ta CBA3b CTana 06bIYHOM 33401r0 A0 NosasAeHus ctaHaapTa ANSI.

DNeMEHT CTPYKTYPbl UM 06beANHEHUS, He ABAAIOLWMIACA NONEM, MOMKET UMeTb Ntoboit TN obbekTa. Mone (KoTopoe
He umeeT 0b6BABUTENA U, CNefoBaTe/IbHO, MOXeT ObiTb 6e3bIMAHHbIM) MMeeT TMN int, unsigned int WM
signed int W MHTEPNPETUPYETCA KaK OOBEKT LEe/IOYMCIEHHOrO TMMa YKasaHHOW B 6utax gnvHbl. CuntaeTtcs au
none int 3HAKOBbIM MAM H6E33HAKOBbIM, 3aBUCUT OT peanmsaumun. CoceaHUn 3nemMeHT-nonae ynaKoBblBaeTca B
AYEKN NaMATU B 3aBUCMMOCTU OT peanusaluun B 3aBUCALLEM OT peanusaumu HanpasneHun. Korga cneayiollee 3a
nonem Apyroe nose He B/ie3aeT B YaCTUYHO 3aMOJIHEHHYIO SYENKY NMamMATW, OHO MOXET OKas3aTbCA pasAefieHHbIM
MeXay ABYyMS AYerKaMW, UAWU adelika MOoXKeT ObiTb 3abuta H6annactom. bBesbiMAHHOE MNosie Hy/NEBOWN LWMPUHBLI
o0bA3aTeNnbHO NPUBOAUT K TaKOW 3abMBKe, TaK YTO c/edylolee nosae Ha4yHeTCA C Kpas c/iedylolen AYenKn NamaTu.

CraHgapT ANSI genaet nons ewe 6onee 3aBUCMMbIMKU OT pPeann3aunmn, Yem B NepPBOM pelaKkLMn KHUTK.
YTobbl XpaHUTb BGUTOBbIE NOAA B "3aBUCALLEM OT peanusaummn’ Buae 6e3 KBainpUKaLUUKM, XKesaTesibHO
npo4YnTaTb NpaBuna Asbika. CTPYKTYpPbl C BUTOBLIMKU MOAAMU MOTYT C/YKUTb NEPEeHOCUMbIM crnocobom ans
MONbITKM YMEHbLUUTb Pa3mepbl NaMaTU MO CTPYKTYPY (BEPOATHO, LeHOW yBeMYeHUA Koga NporpaMmmbl U
BPEMEHU Ha AOCTyN K NoAsAM) UAN HeNnepeHoCUMbIM CNocobom Ans onucaHusa pacnpeneneHns namsaTn Ha
6uTOoBOM ypOBHE. Bo BTOpOMm cnyyae HE0ObX04MMO MOHUMATbL NPaBUIa MECTHOM peasinsaunu.

dNeMeHTbl CTPYKTYPbl MMEIOT BO3pacTatowme No mepe obbABNEHUA 3N1EMEHTOB agpeca. INeMEHTbl CTPYKTYpPbI, He
ABAAIOWMECS NMOSAMM, BbIPAaBHMBAKOTCA MO rPaHULAM afpecoB B 3aBUCMMOCTU OT CBOErO TWUMA; TakumM 0bpasom, B
CTPYKTYpeE MOryT 6biTb 6e3biMAHHbIE Ablpbl. ECIM yKa3aTenb Ha CTPYKTypy NPUBOAMTCA K TUMY yKasaTens Ha ee
nepBblii 3/1eMeHT, pe3y/IbTaT YKa3biBaeT HA NepPBbIi 31IeMeHT.

ObbeanHeHMe MOXKHO NpeacTaBuTb cebe KaK CTPYKTYpY, BCE 31E€MEHTbl KOTOPOM HauMHaloTca co cmelleHnem 0 u
pa3mepbl KOTOPOK [0CTAaTOUHbI AN1A XpaHeHUsA ntoboro 13 sfnemeHToB. B 11060 MOMEHT BpeMeHM B 06beanHEHNN
XPaHUTCA He H6osblie 04HOro 31eMeHTa. Eciv yKasaTtenb Ha 06beanHEeHWE NPUBOAUTCA K TUMY YKa3aTeNsd Ha OAMH 13
3/1IEMEHTOB, PE3Y/1bTaT YKa3bIBAET HA 3TOT 3/IEMEHT.

BoT npocToi npumep 06bABAEHUA CTPYKTYPbI:

struct tnode {
char tword[20];
int count;
struct tnode *left;
struct tnode *right;
bi

3Ta CTPYKTYypa COAEpPKUT maccms u3 20 CMMBOJIOB, YMC/IO TUNA int W ABa yKasaTens Ha NogobHyto cTpyKTypy. Ecam
[aHo TaKkoe 0bbsAB/eHNE, TO

struct tnode s, *sp;

06BABUT S KaK CTPYKTYPY 3afaHHOTO BUAA, @ Sp — KaK yKasaTeslb Ha TaKylo CTPYKTypy. CornacHo npuseseHHbIM
onpeaeneHnam BbipaxkeHue

sSp—->count
obpallaeTca K aiemeHTy count B CTPYKTYpPE, Ha KOTOPYIO YKa3blBaeT sp;

s.left



— YKasaTe/b Ha sieBOe NoAAEePeBO B CTPYKTYpe s; a
s.right->tword[0]
— 3TO NepBbIt CUMBOAN U3 tword — 31eMeHTa NPaBoro Nnoaaepesa s.

Booblie rosops, HEBO3MOMKHO NPOKOHTPOAMPOBATb, TOT /M UCMONbL3YETCA 3/1eMeHT 06beAMHEeHWs, KOTOpomy
nocnefHuii pas NpucBanBanocb 3HaveHre. OQHAKO rapaHTUPYeTCa BbiNOAHEHME Npasuaa, obneryatowero paboTy ¢
3/1eMeHTammn 06beaMHEeHNA: ecan 06beaMHEHNE COAEPKUT HECKONbKO CTPYKTYP, HauMHAIOWMXCA C obliein ans Hux
NnocnefoBaTe/lbHOCTU AAHHbIX, U ecin 06beAMHEHWE B TEKYLWMA MOMEHT COAEPKUT OAHY M3 3TUX CTPYKTYP, TO K
obuwei YacTu JaHHbIX paspelwaercs obpaliatbca yepes /OOy M3 yKasaHHbIX CTPYKTYp. Tak, npaBomepeH
cnepyowmii dparmeHT NporpaMmmoi:

union {
struct {
int type;
} on;
struct {
int type;
int intnode;
} ni;
struct {
int type;
float floatnode;
} nf;
}ou;
u.nf.type = FLOAT;
u.nf.floatnode = 3.14;
if (u.n.type == FLOAT)
... sin(u.nf.floatnode) ...

A 8.4.Ilepeyuciienus
MepeuncneHma — 3TO YHUKANbHbIM TUM, 3HAYEHUA KOTOPOro MOKPbIBAOTCA MHOXECTBOM MMEHOBAHHbIX KOHCTAHT,
Ha3blBaeMbIx nepeuncantTenamu. Bua cneundmkatopa nepeymcneHma 3aMMCcTBOBaH y CTPYKTYP M 06beaNHEHW.

CHEeLMPUKATOP~IePEeUNCIICHNI :
enum MOEHTUGUKATOPyeos, { CHOUCOK-NEPEUUCIIMTETIEN }

enum MIeHTUPUKATOP

COMCOK-IIEPEYUYNCITINTEIIEN
[IepeyrCaInTeIb

CIIMCOK-IIEPEUNUCTIUTEIIEN , NEePEeUYMUCIIUTEIE

IEepPEeUrCaINTENE
UIOEHTUPUKATOP

M,HeHTM@MKa TOP = KOHCTAQHTHOE-BEPAXeHMne

M,El,eHTVId)VIKaTOpr, pxogAawme B CMUCOK nepeqmchTeneVl, 06bABNAIOTCA KOHCTAHTAaMM TWNa int u MOryT
ynOTpe6J'I‘r'ITbCﬂ Besae, rae Tp66VETCﬂ KOHCTaHTa. Ecan B 3TOM CUCKe HeT HM O4HOro nepedyncnntTena Co 3Hakom =,
TO 3HAYEHWUA KOHCTAHT HauymHaroTcAa ¢ 0 um YBEANYNBAIOTCA Ha 1 No mepe yTeHumA ob6bsBNEHMA cneBa Hanpaso.
I'IepeqvlchTenb CO 3HaKom = [JaéTt COOTBETCTBYHOLLEMY VI,CI,eHTMd)MKaTOpy 3Ha4yeHune; nocneaywouime
MAEHTMd)MKaTOpr NPOoAO/TKAKT NPOrpeccuto OT 3a4aHHOIo 3Ha4YeHUA.



MmeHa nepeuncantenei, Mcnoib3yemblie B 0A4HON 061acTy BUAMMOCTM, AOMMKHbI OT/AIMYaTLCA APYr OT Apyra U oT
MMeH 0BbIYHbIX NePeMeEHHbIX, 04HAKO MX 3Ha4YeHNA MOTyT U coBMaaaTh.

Ponb naeHtudumKkaTopa B nepey-crneyudukamope aHaAorM4yHa posum Tera CTPYKTYPbl B CMpyKm-cneyugukamope: oH
ABNAETCA MMEHEM HEKOTOPOro KOHKpEeTHOro nepeuncrieHus. MpaBuna ana cnvckoB U nepey-crneyugpukamopos (c
Teramum u 6e3) Te e, YTo M AnA cneunudUKaTopoB CTPYKTYP UAN 0BbeAUHEHUI, C TO NWllb OrOBOPKOM, YTO
3N1eMEeHTbl NepeyncrieHnin He 6blBalOT He3aBepLWEeHHOro Tuna; Ter nepey-crieyugukamopa 6e3 cnucka
nepevyncanTenein AomKeH MMeTb B npegenax 06,1actn BUAMMOCTM cneumdpuKkaTop co CIUCKOM.

B nepBoit Bepcun A3biKa NepedYncaeHnin He H6bl10, HO OHU y¥Ke HECKONbKO NeT NPUMEHALOTCA.

A 8.5. 06baBuUTEIN
O6bABMTENN UMEIOT CAEAYIOLLNI CUHTAKCUC:

O0O6BABUTEIIE &

VKABaTENbyeos COOCTBEHHO-OOBABUTEIIE

CO6CTBEHHO-OOBSABUTEIIE :
UOEHTUPUKATOP
( obpsaBuTEsIB )
CcO6CTBEHHO-OOBSABUTEINE [ KOHCTAHTHOE-BEPAXEHMUE eos |
cobCcTBeHHO-O0OBABUTENIb ( CHMCOK—THUIOB—-IapaMeTPOB )

CcoO6CTBEHHO-OOBSIBUTENE ( CHMCOK-MOEHTUPUKATOPOBeos )

yKazaTeshb:
* CHMCOK—KBAJUQPUKATOPOB—THUIIA e05
*  CHMCOK-KBAJIUPUKATOPOB—TUIAe0s YKA3aTEJE

CIIMCOK—KBaJIMPUKATOPOB—THUIIA :
KBaJIMQUKATOP —THUIIA

CIIMCOK—KBaJIUPUKATOPOB—THUIIA KBAJIMPUKATOP—THUIIA

Y CTPYKTYpbl 06BABUTENSA MHOFO CXOAHbIX YEPT CO CTPYKTYPOW MOABbIPAXKEHUMN, NOCKONbKY B 06bABUTENE, KaK U B
NoABbIPaXKEHMM, AONYCKAOTCA OMNepaLMM KOCBEHHOro obpalleHnsa, obpaleHns K GyHKUMKN M NOAYYEHUS dNemMeHTa
MaccuBa (C Tem e NopAAKOM MPUMEHEHUS).

A 8.6. UYTo 03Ha4YalOT 00 bABUTE/IN

Cnucok obbsBUTENEN pacnonaraeTca cpasy nocse cneunduKaTopoB TUMA U yKasaTena Knacca namaTtu. [nasHbIN
3aNeMeHT toboro o6bABUTENA — 3TO 06BABASEMbBIN UM MAEHTUOUKATOP; B NPOCTEMLLIEM C/ly4ae 06BbABUTESNb U3 HETO
OZIHOIO M COCTOMUT, YTO OTPA’KEHO B MEPBOM CTPOKe NPOAYKLUMU rPamMMaTUKU C UMeHeM cOBCTBEHHO-06BbABUTEND.
CneumduKaTopbl Kiacca NamsaATU OTHOCATCA HENOCPeACTBEHHO K MAEHTMOUMKATOpy, a ero Tumn 3aBMCUMT OT BMAA
0bbasuTena. O6bABUTENb C/ieAyeT BOCMPUHUMATb KaK YTBEP)KAEHWE: €C/iM B BblParkeHun wuaeHTuduKaTop
NosBSAETCA B TOM e KOHTEKCTe, YTO M B 06bABMTEE, TO OH 0603HaYaeT 06beKT cneunduLmMpyemoro Tuna.

Ecnn coeamHuTb cneymndmrKaTopbl 06bABAEHMA, OTHOCALLMECA K TUNY (A8.2), U HEKOTOPbIN KOHKPETHbIA 06bABUTEb,
To obbasneHue npumet Bua "T D", rae T — Tvn, a D — 06bABUTENb. ITa 3aNUCb MHAYKTUBHO NpuAaeT Tun
naeHtTnduKkaTopy ntoboro obbaBUTENs.

B 06baABneHMn T D, rae D — NpocTo naeHTMduKaTop, TMn ngeHtndurKkatopa ecto T.

B 06bABneHun T D, rae D UMeeT BuA,

( D1 )



™N naeHTMouKaTopa B D1 TOT Ke, YTo U B D. CKOBKM HEe U3MEHAIOT TUM, HO MOTYT MOB/MATL Ha Pe3y/ibTaTbl ero
"nNpmBA3KKN" K naeHTUdMKATOPaMm B C/IOKHbIX 0ObABUTENSAX.

A 8.6.1. O6ss18umenu ykazame.eu
B 06baBneHna T D, rae D UMeeT BUA,

*  CHMCOK—-KBAaJIUPUKATOPOB—THUIAe0s D1

a TMn ungeHTndukatopa obvasneHma T D1 ectb "mommpmrxaTop-Tmma T", TMN uaeHTUdMKaTopa D ecTb
"MomnupurxaTop-THa — COUMCOK-KBaAJIUQUKATOPOB-THIA ykKazarenab Ha T". KeanndukaTopsl,
cnepyowme 3a *, OTHOCATCA K CaMOMY YKasaTesilo, a He K 0ObeKTy, Ha KOTOpblA OH YyKasblBaeT. PaccmoTpum,
Hanpumep, obbsABNEHNE

int *apl];

3pecb ap[] wurpaet ponb D1; obbaABneHne int ap[] cnegyeT pacwmnopoBaTb (CM. HUXKe) Kak "maccus u3
int"; cnUcoKk KBannduUKaTopoB TUNa 34ecb Nyct, a moaudurkatop TmMna ectb "mMaccue u3". CnegoBaTenbHO, Ha

camom gene obbABNEHUE ap racuT: "Maccue mu3 ykaszaTesenn Ha int". BoT ewe npumepbl 06bABAEHUN:

int 1, *pi, *const cpi = &i;
const int ci = 3, *pci;

B HMx 06bABAAIOTCA LeNnoe 1 M yKasaTesb Ha uenoe pi. 3HayeHue yKasaTens cpi HeM3MeHHo; cpi Bcerga byaet
YKa3blBaTb B O4HO WM TO }Ke MECTO, [aXKe ec/in 3Ha4YeHMe, Ha KOTOpoe OH YKasblBaeT, CTaHeT MHbIM. Llenoe ci ectb
KOHCTaHTa, OHO U3MEHUTLCA HE MOXKET (XOTS MOXKET MHULMANU3UPOBATLCA, Kak B flaHHOM cay4yae). Tun ykasartens
pci npousHocuTCA Kak "yxkazaTess Ha const int"; cam yKkasaTesib MOXHO M3MEHUTb; NpW 3TOM OH byaet
YKa3blBaTb Ha ApYyroe MecTo, HO 3Ha4YeHMe, Ha KOTOPOe OH OyAeT YKa3biBaTb, C MOMOLLbIO PC1 U3MEHUTb HE/b3A.

A 8.6.2. 06s518ume1u Maccueos
B 06baABneHnax T D, rae D UMeeT BUA,

D1 [ KOHCTAHTHOE-BEPAXEHME eos |

u rae tMn uaeHtudukatopa obwvasneHma T D1 ecTb "mommpurarop-Tuna T", TMN naeHTudukatopa D ecTb
"Momnupurxarop-runa maccus us3 T". EC/IM KOHCTAHTHOE BblpPa*KeHWe MPUCYTCTBYET, TO OHO AO/IKHO ObiTh
uenouncieHHbim 1M bonbwe 0. EcM KOHCTAaHTHOE BbiparkeHue, crneunduumpylollee KOAMYeCTBO 3/IEMEHTOB B
MaccuBe, OTCYTCTBYET, TO MAaCCUB MMEET He3aBepPLUEHHbIN TU.

MaccB MOMKHO KOHCTPYMPOBATb M3 OOBLEKTOB apMpMETMYECcKOoro TMna, yKasaTtenen, CTPYKTyp U obbeauHeHui, a
TaKXe ApyrMx MaccvMBoB (reHepupya Npu 3TOM MHOFOMepHble maccuBbl). JTlo6oM TUM, U3 KOTOPOro KOHCTPYMpYyeTCA
MaccuB, LO/KeH ObITb 3aBepLIEHHbIM, OH HE MOKET bbiTb, HaNnpUMep, CTPYKTYPOI UM MacCMBOM He3aBepLUEHHOro
TMNa. JTO 3HAYMT, 4YTO A/ MHOTOMEPHOTO MACCMBaA MYyCTOM MOXKET ObiTb TO/MIbKO MepBas pPasMepHOCTb.
HesaBepleHHbIM TUM MaccuBa Noay4YaeT cBoe 3aBepleHue AMbo B Apyrom obbsaBAeHWM 3Toro maccuea (A10.2),
nmbo npu ero nHuumanusaumm (A8.7). Hanpumep, 3anmcb

float fal[l7], *afpll7];
0bbABNAET MaccuB U3 Yncen TMna £loat M maccus U3 yKasaTesel Ha yncna Tuna £ 1oat. AHanorMyHo
static int x3d[3]1[5]11[7]1;

06bABNAET CTAaTUYECKUIA TPEXMEPHBIM MaccuB Lenbix pasmepa 3x5x7. Ha camom gene, ecim 6biTb TOYHbIMM, X3d
ABNAETCA MAaCCMBOM M3 TPEX 3/IEMEHTOB, KaXAbl U3 KOTOPbIX €CTb MAacCUB M3 NATU 3/IEMEHTOB, coaepKawux no 7

3HayeHu TMNa int.



Onepauua nHaexkcupoBanua E1 [E2 ] onpeaeneHa TaK, YTO OHa UAeHTU4YHa onepaumun * (E1+E2) . CnegoBaTenbHoO,
HEeCMoTpPsA Ha aCMMMETPUYHOCTb 3amnncu, MHAEKCMPOBAHWE — KOMMYTATUBHAA onepauna. YuuTbiBas npasuna
npeobpasoBaHMA, NpUMeEHseMble A1a onepaTtopa + U maccmBoB (A6.6, A7.1, A7.7), MOXKHO cKasaTb, YTo ecim E1 —
maccus, a E2 — uenoe, 7o E1 [E2 ] obo3HavaeT E2-1 aiemeHT maccua E1.

Tak, x3d[1] [7] [k] o3Ha4yaeT TO Xe camoe, yTo U * (x3d[1i] [J]+k). NepBoe noasbliparkeHne, x3d[1i] [7],
cornacHo A7.1, npuBoamutca K TMny "yKasatenb Ha maccuB uesnbix"; no A7.7 C/NOXKEeHWe BK/OYAeT YMHOXEHMe Ha
pasmep obbeKkTa TMMa int. M3 3TUX Ke NpaBuA caeayeT, YTO MacCMBbl 3aMoMMHaloTcAa "NocTpouHo" (nocneaHue
WMHAEKCbI MEHAIOTCA Yallle) M YTO NepBas Pa3mMepHOCTb B 0OBABNEHUM NOMOraeT OnpeaennTb KONMYECTBO NaMATH,
3aHMMaeMoOM MAaCcCMBOM, OZHAKO B BblHMCAEHUN afpeca SNeMEHTa MacCMBa Y4aCTUA HE NPUHUMAET.

A 8.6.3. O6s58umenu hyHkyuii
B HoBom crnocobe obbsaBneHne ¢pyHKUMM T D, rae D umeeT BUA,

D1 (cnomcoK—-THMIOB-HIapaMeTpOB)

M ™MN naeHTuduratTopa obvasneHna T D1 ecTb "mommpmrarop—-Tmurna T, TMN naeHTMPUKATOpa B D ecTb
"MOﬂI/I@MKaTOp—TI/IHa (by'HKLI,MH C apryMeHTaMWM CIIMCOK—-THUIIOB-IIapadMeTpoB, BO3BpallamiaAd

T". MapameTpbl UMEIOT CNeAYIOLWNIA CUHTAKCUC:

CIIMCOK—THUIOB-IIapaMeTPOB :
CHOMCOK-IapaMeTPOB
CIIMCOK—IIapPaMeTPOB , ...

CIMCOK—IIapaMeTPOB
OOBABJICHME —[IapaMeTpa

CHMCOK-IIapaMeTpoOB , OOBSIBIIEHME-[IapaMeTpPa

OOBSABJIICHME—[IaPaMETPA :
crnenmupmKaTopel—0O0BSIBIECHUSI OOBABUTEIE

CnenMPMUKATOPEI-~0OBSIBIIEHMS abCTPAKTHEN~O00BABUTEID ;006

Mpwn HoBom cnocobe 0b6baABAeHMA YHKLUMIA CIMCOK NapameTpoB cneunduumnpyeTt nx Tunbl, a ecan GyHKUmMA Boobue
He MMeeT NapamMeTpoB, Ha MecTe CNUCKa TUNOB YKa3bIBAaeTCA 0A4HO CNoBO — void. ECAM CNUCOK TMNOB NapameTpoB
n n

3aKaHuMBaeTcA MHoroTouvem ", . ..", TO QYHKUMA MOXKET MMeTb 60/blie apryMmeHTOB, YEeM 4YUCAO HABHO
OnucaHHbIX napameTpos. (Cm. A7.3.2.)

Tunbl NApPameTPOB, ABAAIOLMXCA MACCUBAMM U GYHKLMUAMM, 3aMEHAIOTCA HA YKa3aTe M B COOTBETCTBMM C MPaBMIamMm
npeobpasoBaHua napameTpoB (A10.1). EAMHCTBEHHbIN cneuuouKaTop Kjaacca NamaATM, KOTOPbIM paspeluaeTcs
MCMo/Ib30BaTb B 06bABNEHMM NapamMeTpa, — 3T0 register, 0AHAKO OH UTHOPUPYETCA, ec/iM 06bABUTENb QYHKLMM
He ABNAETCA 3aro/IOBKOM ee onpeaenieHns. AHaNoTMYHO, ecin 06bABUTENIM B 0OBABNEHMAX NMAPAMETPOB COAepKaT
naeHTMUKaTopbl, a 06bABUTENb OGYHKUMM He ABAAETCA 3aro/IoBKOM onpeaeneHna  GyHKUMKW, TO  3TU
naeHTMGUKaTOPbI TOTHAC e BbIBOAATCA U3 TEKyLLEe 061acTy BUANMOCTH.

Mpu ctapom cnocobe ob6bABNeHUE GyHKUMKU T D, rae D UMeeT Bug,
D1 ( cHMCOK-MIEHTUPUKATOPOBeos )

M TMN uaeHtTudukaTopa obbsaBneHna T D1 ecTb "mommpmurarop-rmmna T", TMN naeHTMduKatopa B D ecTb
"MommprrarTop-rTuna GyHKUMS OT HecneuudbrIMpOBaHHBIX apryMEHTOB, Bo3Bpamawomas T"

I'Iapalv\eprl, €CJ/I1 OHWN €CTb, UMET Cﬂe,D,YI-OLLI,Mﬁ Bna:

CIIUCOK—UOEHTUPUKATOPOB :
UOEHTUPUKATOP



CHOUCOK—UIOEHTUPUKATOPOB , MIEHTUYUKATOPD

Mpu ctapom crnocobe, ecnn ob6bABUTENb GYHKUMWM HE MUCMOJIb3yeTCcA B KayecTBe 3aro/ioBKa onpegeneHus GyHKLuum
(A10.1), cnMcoK MAEeHTUPUKATOPOB AOMKEH OTCYTCTBOBaTb. HMKakoW MHPoOpMauuum O TuMnax napameTpoB B
06bABNEHMAX HE COAEPHKUTCA.

Hanpumep, o6baBneHue
int £(), *fpi(), (*pfi) ();

obbasnAeT PpyHKUMIO f, BO3BpaLLAOWYO YnCAo TUNa int, dyHKuMo fpi, BO3BpALLAOWLYIO YKA3aTeslb Ha YMCNO
TMNa int, M yKasaTtenb pfi Ha pyHKUMIO, BO3BPALLAIOLLYO YNCNO TUNA int. HWM ana ogHol GyHKLMK B 06bsABAEHUN
He YKa3aHbl TUMbl NapaMeTpoB; Bce GpYHKLMN OnncaHbl CTapbiM cnocobom.

BoT Kak BbIrnAAMT 06bABNEHME B HOBOW 3anucu:
int strcpy(char *dest, const char *source), rand(void);

3pecb strcpy — OYHKUMA C ABYMA apryMeHTamMu, BO3BPalLaloWas 3HadeHue Tuna int; nepsbld aprymeHT —
YKasaTeNb Ha 3HaYeHMe TMna char, a BTOPOM — yKasaTeNb Ha HeM3MeHAloweeca 3HayeHne Tuna char. MmeHa
napamMeTpoB MrpatoT Poab XOPOLWMX KOMMeHTapueB. Bropas ¢yHKLMA, rand, apryMeHTOB He MMeeT W BO3BpalLaeT

int.

O6basuUTeNn GYHKUMIA C NPOTOTUNAMKM NapaMeTpoB — Haubosiee BaxkHoe HoBoBBeAeHWe ANSI-cTaHgapTa. B
CPaBHEHMM CO CTapbiM CNOCO6OM, MPUHATLIM B NEPBOM pPeAaKkUMKM A3blKa, OHW MO3BOJIAIOT NPOBEPATb U
NMPMBOAUTDL K HYKHOMY TWUMY aprymeHTbl BO BCeX BbizoBax. CieayeT OAHaKo OTMETMTb, YTO UX BBedeHue
NPUBHEC/IO B A3bIK HEKOTOPYHO CYMATULY M HEOBXOAMMOCTb CornacoBaHmna obenx popm. YTobbl obecneynTsb
COBMECTMMOCTb, NoTpeboBannCb HeKoTopble '"CMHTAKCcMYeckne ypoacTea', a MMeHHo void, ans ABHOro
yKa3aHuA Ha OTCyTCTBME NapamMeTpos.

MHorotoune ", ..." NPUMEHUTENbHO K QYHKUMAM C BapbMpPyeMbIM YMCIOM apPryMeHTOB — TaKKe
HOBWHKa, KOTOpas BMecTe CO CTaHAAPTHbIM 3aro/IoBOYHbIM $aliiom MakpocoB <stdarg.h> popmanusyer
HeodULMaNbHO UCNONb3YEeMbIN, HO OULIMANBHO 3aNpPELLEHHbI B NePBOM pefaKkLMn MEeXaHN3M.

YKasaHHble cnocobbl 3anNMcK 3aMMCTBOBaHbI U3 A3blKa Cu++.

A 8.7. UHunua/in3anus

C nomoLLbio UHUL-06BABUTENA MOXHO YKasaTb Haya/bHOE 3HauyeHWe obbaBnAemoro obbekTa. MHuumManusatopy,
npeacTaBasiolWlemMy coboit BblparKeHMe WAM CNUCOK MHULMANM3ATOPOB, 3aK/OUEeHHbIA B ¢GUIypHble CKOBKM,
npeALwecTByeT 3HaK =. 3TOT CMMCOK MOXKET 3aBepLlaTbCA 3anATON; ee HasHayeHWe — caenaTb GopmaTUpoBaHUeE
6onee YeTKMM.

MHMUIIMAITINBATOP :
BRIPAXEHMUE ~TIPUCBAMBAHUSI
{ chnmcox-mHMIIMaIM3aTOPOB }
{ cnmcox-mMHMIIMAIM3aTOPOB , |}

CIIMCOK~—MHNIINMAJIN3AaTOPOB
VMHMLIINAJIM3aTop

CIIMCOK—MHNLIMAJIN3AaTOPOB, WMHMLINAJIN3AaTOop

B MHMUMann3aTope CTaTMYecKoro 06beKkTa UM MaccMBa BCE BbipPaXKeHUA A0MKHbI BbITb KOHCTaHTHbIMM (A7.19). Ecan
WMHULMANM3aTOp auto- U register-o6beKkTa MAM MacCcMBa HAXOAUTCA B CMMCKE, 3aKAOYEHHOM B GUrypHble
CKOBKM, TO BXOAALLME B HEMO BbIPAXKEHUA TaKKe A0/XHbI BblTb KOHCTaHTHbIMU. O4HAKO B Cy4ae aBTOMaTUYECKOro



06BbEKTa C OAHUM BbIpaXKEHUEM MHULMANN3ATOP He 0653aH BbITb KOHCTAHTHbIM BblPaXKeHMEeM, OH MPOCTO AOJ/IKEH
MMETb COOTBETCTBYHOLWMIA 06BEKTY TH.

B nepBo pegaKkumMm He paspeLlanacb MHULMANN3ALMA aBTOMATUYECKUX CTPYKTYP, 06beamHeHuli u maccuBoB. ANSI-
CTaHZAPT NO3BOMAET 3TO; OAHAKO, €C/NM MHUUMANAM3aTOp He MOXKeT ObiTb NpeacTaBfieH OAHWM MNPOCTbiM
BblparKEHUEM, MHULMAIM3AUMA MOXKET BbITb BbINOJIHEHA TO/IbKO C NMOMOLLbI KOHCTAHTHBIX KOHCTPYKLMA.

CTaTMyecKuii 06BbEKT, MHULMANN3ALMA KOTOPOrO ABHO He yKasaHa, MHULMANU3NPYETCa TaK, Kak ecan bbl emy (Mam
€ro afleMeHTam) npMcBamBanacb KoHctaHTa 0. HavanbHOe 3HauyeHWe aBTOMATUYECKOrO 06BbEKTA, ABHbIM 06pa3om He
WHULNANNU3NPOBAHHOTO, HE ONpeaeneHo.

MHWumManmsaTop yKasaTena WAM o6bekTa apupmeTMyeckoro Tuna — 3TO OAHO BbiparKeHue (BO3MOXKHO,
3aKno4YeHHoe B pUrypHble CKOBKK), KOTOpOoe NpuUcBanBaeTCcA 0ObEKTY.

MHMUManm3aTop CTPYKTypbl — 3TO MO0 BbipayKeHWe TOro e CTPYKTYPHOTo TMNa, IMbO0 3aKoYeHHble B GUTYPHbIE
CKOOKM MHULMANMN3ATOPbI €€ 3/1EMEHTOB, 3afaHHble Mo NopaaKy. besbiMAHHbIE BUTOBbIE NOMA UTHOPUPYIOTCA U He
WMHULManM3npytoTca. EcnM MHMUMANM3aToOpoB B CMWCKE MeHblUe, YeM 31eMEHTOB, TO OCTaBLUMECA 3S/NEMEHTbI
MHULMANU3MPYIOTCA Hynem. MHUUMANM3aToOpOB He A0/KHO ObiTb 60/1blUe YNCNA 91EMEHTOB.

MHMUMaNM3aTop MaccneBa — 3TO CMMCOK MHULMANN3ATOPOB Ero 3/1eMEHTOB, 3aK/II0YEHHbIN B GUrYpHble CKOBKKU. Ecan
pa3mep MaccMBa He M3BECTEH, TO OH CYMTAETCA PaBHbIM YUCAY MHWULIMANM3ATOPOB, NPU 3TOM TUM €ro CTaHOBUTCA
3aBeplueHHbIM. EciM pasmep maccuMsa M3BECTEH, TO YMCA0 MHULMANN3ATOPOB HE AOXHO MPeBblWwaTb YnCAa ero
3/1IEMEHTOB; €C/IN UHNLIMAIN3ATOPOB MEHbLLE, OCTaBLUMECA 31€MEHTbI 0BHYNAIOTCA.

Kak ocobbln BblaeneH cay4an MHUUMANM3aLMM MaccuBa CUMMBOJIOB. [ocnefHUIA MOMKHO WMHWLMANAN3NMPOBATb C
NMOMOLLbIO CTPOKOBOTO IMTEPANA; CUMBOJIbI UHULMANMIUPYIOT 31IEMEHTbI MAacCUMBA B TOM NOPAAKE, KaK OHWU 334aHbl B
CTPOKOBOM niuTepasne. TOYHO TaK Ke, C NOMOLLbIO IMTEpPasa U3 pacluMpeHHoro Habopa cumBonoB (A2.6), MOKHO
MHUUMaNU3MpoBaTb Maccus Tuna wchar t. Ecan pasmep maccmBa He M3BecCTeH, TO OH OMpeaenaeTca YMCIOM
CMMBOJIOB B CTPOKE, BK/AtOYasA M 3aBepllaowmii NULL-CMMBOA; eCAX pasMep MacCcMBa U3BECTEH, TO YMC/I0 CUMBOJIOB
B CTPOKE, He cYMTan 3aBeplatouiero NULL-CMMBO/IA, He A0J/IKHO NPeBbIWaTh ero pasmepa.

NHuumnanmsatopom obbeamHEHNA MOXKET ObiTb MO0 BblparkeHME TOro e TMNa, MO0 3aKAOUYEHHbIN B GUTypHbIe
CKOBKM MHULUMANN3ATOP ero NepBoro 3iemMeHTa.

B nepBoW BepcuM A3blKa HE NO3BOMANIOCh MHULMANN3UPOBATb 06beanHeHuA. MNpasuno "nepsoro anemeHTa"
He OT/IMYaeTcA U3ALWECTBOM, OAHAKO He TpebyeT HOBOro cuHTakcmuca. CtaHaapT ANSI nposcHsaeT ewe U
CEMAHTUKY HE MHULMANNZNPYEMBIX ABHO 06beANHEHMNIA.

Beegem gna CTPyKTypbl U maccmsa 0606U.l,eHHoe uma: aepe2aam. Ecnn arperat cofepXuT anemMeHTbl arperatHoro
TWUNa, TO nNpaBuaa WHUUMANU3AUUN NMPUMEHAKOTCA pPEKYPCUBHO. mMprHHe CKOBKM B HEKOTOPbIX Cay4vaax
UHUUMNann3aumm MOXKHO ONyCKaTb. Ecaun MHUNUMANN3ATOP 321IEMEHTA arperara, KOTOprf/‘I Cam ABNAETCA arperatom,
HaYyMHaeTca C /feBok d)MprHOI‘;I CKO6KVI, TO 3TOT noaarperat WMHUUMann3snpyetca nocnegyrowimm CnmMcKom
pa3aeneHHbIX 3anATbiMN MHUUWNANN3ATOPOB,; CHUTAETCA OLUM6KOVI, €C/In KONn4yecTeso MHNLUMNANN3aTOPOB nNoaarperarta
npesbIilWaeT YNCNO €ro 3/1EMEHTOB. Ecan, ogHako, MHNUMNANnN3aTop nodarperata He Ha4ynHaeTcAa C nesow d)MrypH0|7|
CKO6KVI, TO YTObbI €ero UHNUNANN3nNpoBaTb, HYXXHO OTCYHUTATb COOTBETCTBYHOLLEE YNC/I0O 3I1EMEHTOB U3 CNNCKa; Npu
3TOM OCTa/ibHbl€ 3/1IEMEHTbI MHULIMANTNU3UPYIOTCA cneayrowummmn NHUUNAAN3aTopamu arperata, aa1a Kotoporo I,L'l,aHHbIl\;I
nogarperaTt ABNAETCA YacCTblo.

Hanpumep
int x[] = {1, 3, 5 };

06bABAAET M UHNLMANUBUPYET X KaK OAHOMEPHbII MACCUB C TPEMA 31€MEHTAMM, MOCKONbKY pa3mep He Bbia yKasaH,
a CMMCOK COCTOMUT U3 TPexX UHULMAIN3ATOPOB.



float y[4

]
1, 3, 51,
{2, 4, 61},
{ 3,5 71,

npeactasafaetT coboin MHULMANM3ALUIO C NMOJHbIM Habopom PUTypPHbIX CKOBOK: 1, 3 U 5 MHUUMANM3UPYIOT NepBYIo
ctpoky B macemse v [0],T.e. v[0] [0], v[O] [1] my[O] [2]. AHaNOrMYHO MHNLMNANU3NPYIOTCA Ceayowme ase
CTpoku: v [1] n yv[2]. UHMLMaNn3aToOpoB He XBATMAO Ha BECb MACCUB, MO3TOMY 3/IEMEHTbI CTPOKKN v [3] byayT
HyN1eBbIMWU. B TOUHOCTM TOT e pe3ynbTaT Obla1 6bl JOCTUTHYT C NOMOLLBLO ciegytolero obbaAsneHUA:

float y[4][3] = {
1, 3, 5, 2, 4, 6, 3, 5, 7

NHUUManm3aTop 10 Yy HAaUMHAETCA ¢ 1eBOM GUIypHOM CKOBKM, HO ana v [ 0] CKOOKM HeT, N03TOMY U3 ClMCKa byayT
B3ATbl TPU 3/1eMeHTa. AHA/IOFMYHO MO TPWU dnemeHTa byayT B3aTbl gna v [1],a3aTemmn gna vy [2]. B

float y[4][3] = {
{113y, 23, {31}, {41}

UHUUMNaNn3npyeTcaA I'IepBbIﬁ CTOI'I6ELI, MaTpuLbl y, BCE XXe gpyrmne anemeHTbl OCTaloTCA HyN1EBbIMU.

HakoHreu,
char msg[] = "CumHTakcuueckaa ommbka B CcTpoke %$s\n";

npeacrasaset coboi Npumep mMaccMBa CMMBOJIOB, 31€MEHTbI KOTOPOTO MHULMAAN3UPYIOTCA C MOMOLLbIO CTPOKU; B
€ro pasmepe y4mnTbiBaeTcA 1 3aBepLuatoLmin NULL-CUMBOJ.

A 8.8. UmMmeHa TUIIOB

B pAge cnydaeB BO3HMKAET NOTPEBHOCTb B MPUMEHEHUN MMEHW TUMNa AaHHbIX (Hanpumep, Npyu ABHOM NPUBEAEHUN K
TUNY, B YKa3aHMM TUMOB MapameTpoB BHYTPM 06bABNEHMI (YHKUMI, B aprymeHTe onepaTtopa sizeof). JTa
noTpebHOCTb peannsyeTca C NOMOLLbIO UMEeHU murnd, onpeaeneHne KOTOPOro CUHTAaKTUYECKM MOYTU COBMagaeT C
obbaBneHMem o6beKTa TOro Xe Tmna. OHo oTAnYaeTca OT 06bABAEHMA UL TEM, YTO HE COAEPHKMUT MMEHM 0OBEKTA.

MM —THUIIA :
CIIMCOK—CHEIMPUKATOPOB~KBAJIUPUKATOPOB abCTPAaKTHEM~00BABUTEID o0

abCcTpakKTHEN—~O0OBSIBUTETE
yKazaTesb
YKAaBaTEeJb o5 COOCTBEHHO-AOCTPAKTHEIM~0OBABUTEIE

cobCcTBEHHO-AbCTPaKTHEM~O0OBSIBUTEIE
( abcrpakTHE—OOBIBUTEE )
CcOB6CTBEHHO-aBCTPAKTHEN ~OOBSIBUTENbyeos | KOHCTAHTHOE —BEPAXEHUC 105 |

Ccob6CTBEHHO-ABCTPaKTHEIM~OOBSIBUTEN b eos ( CIMCOK—THUIIOB-IIAPAMETPOByecos )

MOHO yKa3aTb OAHO-eAMHCTBEHHOE MecTO B abCcTpaKTHOM 06bABUTeNe, rae mor Hbl OKasaTbcA UAeHTUOUKATOP,
ecnn 6bl AaHHAA KOHCTPYKUMA 6blia NOMHOLEHHbIM 0bbABUTENEM. MMEHOBaHHbIA TUM COBMAZaeT C TUMOM 3TOro
"HeBuanmoro naeHtuodukaTopa". Hanpumep

int

int *



int *[
int (*
int *(
int (*[]) (void)

COOTBETCTBEHHO 0603HayaloT TMNbl int, "yxaszaTens w©Ha int", "mMaccue u3 Tpex ykaszaTejyel Ha
int", "ykazsaTesnbr Ha MAaCCUB U3 HEM3BECTHOIO KoJmndecTBa 1int", "OyHKLUMA HeM3BEeCTHOTO
KOoJIMUeCcTBa [apaMeTpoB, BO3Bpallapmas ykKasaTesdb Ha int", "MaccuB HEM3BECTHOTO
KOJIMUeCTBa yKasaTejiell Ha OyHKUMM 0e3 IapaMeTpoB, Kaxiasd M3 KOTOPHX BO3BpalaceT

int".

A 8.9. O6bsaBaeHue typedef

O6baABNEHNA, B KOTOPbIX crneunduKaTop Knacca NamATM ecTb typedef, He 00bBABAAIOT OOBEKTOB — OHU
onpeaensalT UaeHTUOMKaTopbl, npeactaBaaowme coboli MmeHa TUMNOB. ITU UAEHTUOMKATOPbl Ha3bIBAKOTCA
typedef-mumeHamu.

typedef-mums:
UOEeHTUPUKATOP

ObbasneHne typedef NpUNUCLIBAET TUM KaXKAOMY MMEHWU CBOEro ob6baBuTens obblyHbIM cnocobom (cm. A8.6.). C
3TOr0 MOMeHTa typedef-UMA CUHTAKCMYECKM SKBMBAJIEHTHO KJ/IIOYEBOMY C/ioBY crneuudukaTopa Tuna,
0603HayvaoLWemMy CBA3aHHbIM C HUM TUN. Hanpumep, nocne

typedef long Blockno, *Blockptr;
typedef struct { double r, theta; } Complex;

Aonyctumsbl cheagyrouime obbaABNEHMUA:

Blockno b;
extern Blockptr bp;
Complex z, *zp;

b npuHagnexut Tuny long, bp — Tmny "ykasaTens Ha long", z — 3TO CTPYKTypa 3aAaHHOro BUAA, a zp —

NPUHAANEXUT TUNY "yKasaTess Ha Takyln CTPYKTYPY'.

ObbsABneHne typedef He BBOAWUT HOBbIX TUMOB, OHO TO/ILKO A3eT MMEHA TWUMam, KoTopble mMorauM 6bl BbiTb
cneunduumMpoBaHbl U gpyrum cnocobom. Hanpumep, b MeeT TOT e TUM, YTo M Ntoboi Apyroi o6beKT TMNa 1ong.

typedef-MmeHa MOryT 6bITb NEPEKPBITHI APYTUMU ONPEAEEHUAMMN BO BHYTPEHHEN 061acTu BUAUMOCTU, HO MpU
YC/I0BUM, YTO B HUX NPUCYTCTBYET yKasaHue Tuna. Hanpumep

extern Blockno;

He nepeobbsaBnseTr Blockno, a BOT
extern int Blockno;
nepeobbsaBaneT.

A 8.10. IXBMBaJIECGHTHOCTh TUIIOB

[Ba cnucka cneundrKaTopoB TUMa SKBUBANEHTHbI, €C/IN OHWU COAEP*KaT OAMHAKOBbIN Habop cneuMduUKaTopos TMNa C
YY4E€TOM CUMHOHMMMYHOCTM Has3BaHMK (Hanpumep, long M long 1int CYUTAOTCA OLMHAKOBBLIMM TUNAMM).
CTpyKTypbl, 06beANHEHUA U MepedyMcieHus C pasHbIMU Teramu CYMUTAlOTCA pPasHbIMKU, a KaxKaoe b6esterosoe
obbeAnHEHNE, CTPYKTYPA UK NepedncieHne npeactaBnset coboi yHMKanbHbIM TUM.



[Ba TMNa cuMTaloTCcA COBMaAaloWMMK, ecan Ux abeTpakTHble obbasuTenn (A8.8) nocne 3ameHbl Bcex typedef-
UMEH UX TUNamMM U BblBpacbiBaHUA MMEH NapameTpoB GyHKLMIA COCTaBAT SKBUBAIEHTHbIE CMIUCKM cneunduKaTopos
TMNoB. Mpn cpaBHEHUM YUUTbIBAIOTCA PpasMmepbl MacCUBOB U TUMbI MapaMeTpoB GYHKLNIA.

A 9. UHCcTpYKIIUH

3a UCKOYEHMEM OFOBOPEHHbIX CTY4aeB MHCTPYKLUM BbINOAHAIOTCA B TOM NOPAAKE, Kak OHW HanucaHbl. MHCTpyKumK
HE MMEIT 3HAYEHUN n BbIMOJIHAKOTCA, YTOObI npoun3BeCTn onpegeneHHble AeﬁCTBMﬂ. Bce Buapl VIHCprKLI,VIVI MOXHO
pa3buTb Ha HECKO/bKO Fpynn:

MHCTPYKIINMA:
IIOMEeYEeHHAA~VMHCTPYKILMA
VMHCTPYKIMA—-BBEIPAXEHME
COCTaBHAA—MHCTPYKIIMA
MHCprKT_[MH—BBIijpa
LIUKIIMYECKAA—MHCTPYKIIMA
MHCTPYKIMA—IIepexona

A 9.1.IloMmeyeHHbIe UHCTPYKL U
MHCTPYKLMM MOXKeT NpeALlecTBoBaTb MeTKa.

TOMEeUYEHHASI~MHCTPYKIIMS
UOEHTUPUKATOP : MHCTPYKLMUI
case KOHCTAaHTHOE-BRPAXEHMUE : MHCTPYKIIMSI
default : mHCTPYKLMA

MeTKa, cocToAwaa W3 uAeHTUOUKATOpa, OAHOBPEMEHHO CAYXUT M obbABAEHMEM 3TOro uAeHTUdUKaTopa.
EAMHCTBEHHOE Ha3HaveHWe MaeHTUPMKaTOpa METKM — yKasaTb MecTo nepexoda Ana goto. ObnacTbio BUAUMOCTH
naeHTMdUKaTOpa-MeTKN ABNAETCA TeKyLaa GyHKUMA. Tak Kak METKM MMetoT cBoe coBCTBEHHOE NPOCTPAHCTBO MMEH,
OHW He "KOHOAMKTYIOT" € ApYrMMU NAEHTUOUKATOPAMM U HE MOTYT BbiTb NepekpbITbl (cm. A11.1.).

case-MeTkM n default-MeTKM MCNONb3YIOTCA B MHCTPYKUMU switch (A9.4). KOHCTaHTHOe BbipaXkeHue B case
OO/IKHO ObITb LLe/IOYUCTEHHbBIM.

Camu no cebe MeTKM He U3MEHSAIOT nopAaakKa BbIYNCNEHUNA.

A 9.2. UHCTpYKIMA-BbIpaXKeHue
Hanbonee ynotpebutenbHbI BUA MHCTPYKLMU — 3TO MHCTPYKLMA-BbIPaXKeHMe.

MHCTPYKIIMA-BEPAXEHNME :

BBEIPAXEHUEC o057

Yalle BCEro MHCTPYKUMA-BbIPAXKEHWE — 3TO MPUCBAMBAHWE UAWN Bbi3OB QYHKUMWU. Bce aeicTeus, peanusyowme
no6ouHbIi 3G EKT BbipaKeHNA, 3aBEPLUAIOTCA, NPEXKAe YeM HauMHAET BbINOMHATLCA Cedytowan NHCTpyKumA. Ecau
BblparKeHWe B WMHCTPYKLMM OMyLLEHO, TO OHAa Ha3blBAaeTCA NyCTOW; MycTad MHCTPYKUMA 4acTO MCMOAb3yeTcs ANSA
0603HaYeHNA NyCTOro Tea LMKANYECKON MHCTPYKLUMKN MK B KaYecTBe MecTa A1 METKU.

A 9.3. CocTaBHasi MHCTPYKLUS

TaK Kak B mecTax, rae Nno CMHTaKCMCy NofaraeTca ogHa UHCTPYKLUMA, MHOTAA BO3HUKAET HeO6X0ANMMOCTb BbINOIHWUTL
HEeCKONbKO, MpefyCMaTpUBAETCA BO3MOMHOCTb 33JaHUA COCTAaBHOW WHCTPYKUMM (KOTOPYHO TaKMKe HasbiBakoT
610K0M). Teno onpegenerHns GyHKUMM eCTb COCTaBHAA MHCTPYKLMA:

COCTaBHASA~MHCTPYKIT:
{ comcox-o06BABIEHUY CHOUCOK-UMHCTPYKLIUMyeos }

CIUCOK—OOBABIJICHUIIT:



OOBABIIEHUE
CIIMCOK—OOBABIICHMY OOBABIICHUE

CIIMCOK—MHCTPY KL
MHCTPYKIIMS
CIIMCOK—MHCTPYKIIMN MHCTPYKLIMS

Ecnn naeHtndumKkatop U3 cnncka ob6baBaeHMN Haxoamacsa B 061acTu BUAMMOCTU obbematolLero 6,10Kka, To AencTeme
BHeELWHero obbsaBAeHMA NpU BXode BHYTPb AaHHOro 610Ka npuoctaHasameaetca (All.1), a nocne BbIxoAa M3 Hero
Bo306OHOBAsETCA. BHyTpu 6n10Ka uAeHTUPUKATOP MOXKET ObliTb 00BbABNEH TONbKO OAMH pas. [na Kaxporo
OTAENbHOr0 MNPOCTPAHCTBA MMEH 3TWU npaBuna AeucTBYOT HesaBucumo (All); naeHTUPUKaTOpbl M3 pPasHbIX
NPOCTPAHCTB MMEH BCeraa pas/inyHbl.

MHMUManM3auma aBTOMaTMYECKMX OOBEKTOB OCYLLLECTBAAETCA MPU KaXKAOM BXo4e B 60K M NPoAo/KaeTca no mepe
NPoABUMKEeHUA no obbasuTenam. [pu nepedadve ynpaBAeHWUA BHYTPb 6/710Ka HWKaKME WHULMANM3AUMKM He
BbINOMHAIOTCA. MHUUMANM3ALMM CTATUUECKMX OOBEKTOB OCYLLECTBAAIOTCA TONbKO OAMH pa3 nepes 3amnyckom
nporpammbi.

A 9.4. UHCcTpYyKIUU BBIGOPA
MHcTpyKuMm BbibOpa OCyLecTBAAIOT OTOOP OAHON W3 HECKOJIbKMX anbTepHaTMB, OMNpeAenAlowmx nopagok
BbINONHEHUA MHCTPYKLUNA.

MHCTPYKIMSI—BEOOPA :

if ( BrpaxeHMe ) MHCTPYKLMS
if ( BrpaxeHme ) MHCTPYKLMS €lse MHCTPYKLMS
switch ( BrpaxeHMe ) MHCTPYKIIMUSA

Oba BMAa 1f-MHCTPYKUMIA copeprKaT BblpaXKeHMe, KOTOpOoe [AO/MKHO MMETb apuPpMEeTHHecKMit TMn Uan Tun
yKasatens. CHayana BblYMUCAAETCA BbipaXKeEHME CO BCeMM ero nobouyHbiMu addekTamu, pesynbtaT cpaBHMBaeTcs ¢ 0.
B cnyyae HecoBnageHua ¢ O BbINONHAETCA NepBas NOAUHCTPYKUMA. B cnyyae coBnageHua ¢ O gna BToporo Tmna it
BbINOJIHAETCA BTOPan NoAMHCTPYKLMA. CBA3aHHAA CO C/I0BOM €1 se HeoA4HO3HAYHOCTb Pa3peLLaeTcs TeM, YTO C/I0BO
el se COOTHOCAT C NocnegHen ewe He nmerowen else i F-UHCTPYKLUMEN, PacnosloKeHHON B O4HOM C 3TUM else
6/10Ke U Ha 04HOM YPOBHE BJIOXKEHHOCTU 6/10KOB.

MHCTpyKuMA switch Bbi3blBaeT nepeaadvy ynpaBieHUA Ha OAHY U3 HECKO/bKUX WHCTPYKLMIA B 3aBUCMMOCTU OT
3Ha4YeHMUA BblpaXKeHWA, KOTOPOE AO0KHO UMETb LLeSIOYNCEHHbIN TUM.

Ynpasnsemasa ¢ nomowplo switch NOAMHCTPYKUMA 06bIMHO cocTaBHadA. Jliobaa WHCTPYKUMA BHYTPU 3TOMU
NOAMHCTPYKLMU MOXKeT ObiTb MNOMeuvyeHa OAHOM WAM HEeCKoNbKMMKM case-meTkamu (A9.1). VYnpasnstowee
Bblpa*KeHWe NnoAgepraeTca LenoumcieHHomy nosbiweHuto (A6.1), a case-KOHCTaHTbl NPUBOAATCA K NOBbILIEHHOMY
Tuny. Mocne Takoro nNpeobpa3oBaHUA HUKAKWE [BE Case-KOHCTaHTbl B OAHOM MHCTPYKUMM switch He AOMXKHbI
MMeTb OMHAKOBbIX 3HavyeHui. Co switch-uHCTPyKLMe moxeT BbiTb cBA3aHO He 6onee ogHon defaul t-meTKu.
KoHcTpyKummn switch ponyckaetca BK/AadpiBaTb Apyr B Apyra; case M default-meTKM OTHOCATCA K CamoM
BHYTPEHHEeN switch-MHCTPYKUMM U3 TeX, KOTOPbIE UX COAEPKaT.

MHCTpYKuMA switch BbINOMHAETCA creaylowym obpasom. BblumcnseTtca BbipaxkeHuMe co BceMu NOBOYHbIMM
apPeKkTaMM, U pesynbTaT CPaBHMBAETCA C KaXKOOW Case-KOHCTaHToM. EciM opgHa M3 case-KOHCTaHT paBHa
3HAYEHMIO BbIPAXKEHUSA, YNpaBAeHME MepexoamuT Ha MHCTPYKLMIO C COOTBETCTBYIOWEN case-MeTKoW. Ecan Hu ¢
OAHOWN M3 Case-KOHCTAaHT HeT COBMafdeHus, ynpasaeHue nepeaaeTca Ha MHCTpyKuuMio ¢ default-meTKon, ecau

TaKaAa MmeeTcCA, B NPOTUBHOM C/1y4ae HU O4Ha U3 I'IO,CI,MHCTPYKLI,VM switch He BbINOAHAETCA.

B nepBoit BepcuK A3biKa TPeboBanoCh, YTOObI BblpaXKeHNe N case-KOHCTaHTbl B switch 6blan TMRa int.



A 9.5. lluk1nyecKue HHCTPYKLUHU
Linknnyeckne MHCTPYKLMK cneumduLmpyroT LUKAbI.

IUKJINYECKAI~MHCTPY KL :
while ( BrlpaxeHmMe ) HMHCTPYKIIMS
do wmHCTpyKLMS while ( BrpaxeHme )

for ( BRPaAXEHME,e05 ; BBPAXEHUE,o05 ; BEPAXECHUEC 005 ) MHCTPYKIIMSI

B MHCTpyKLMAX while n do BbINOJHEHUE NOAMHCTPYKLUMIA NOBTOPAETCA 40 TeX Nop, MOKa 3HAaYEHUE BbIpaXKEHUS He
CTaHeT Hynem. Bblpa)keHWe [O0/KHO MMeTb apudMETUUYECKMI TUM UAW TUN yKasaTenda. B while BbluMcneHue
BbIPaXeHUA €O BCeMM MOBOYHbIMM 3IPPEeKTamn WM NpoBepKa OCYLLECTBAAIOTCA Mnepes, KaXAblM BbIMNOJHEHUEM
WHCTPYKUMK, a B do — noche.

B MHCTPYKUuMM for nepBoe BblParkeHWE BbIMMCAAETCA OAMH pas, TEM CaMbIM OCYLLECTBAAETCA MHULMANU3aLUUNSA
UMKAa. Ha TMn 3Toro BblpaXKeHWs HUKAKMEe OrpaHnYeHua He HaknadblBatoTca. BTopoe BblparkeHue AOJIKHO MMETb
apudMeTUYECKUIA TUM UM TUN YKa3aTeNs; OHO BbIYUCASETCA nepes Kaxaon utepaumeit. Kak ToNbKo ero 3HayeHue
CTaHOBUTCA paBHbiM 0, for NpeKpallaeT cBoto paboTy. TpeTbe BbiparkeHUe BbIYMCAAETCA NOCAE KaxKAolh utepauunu
W, CNeAoBaTe/ibHO, BbIMOJIHAET MOBTOPHYH MHULMAAU3AUMIO UMKAA. HUMKAKMX OrpaHUYeHWit Ha ero TUM HeT.
MobouHble 3pPeKTbl BCEX TPEX BbipaXKeHUI 3aKaHYMBAIOTCA MO 3aBEPLIEHUM UX BblYMCAEHWUI. ECAM NOANHCTPYKLUMSA
He coaepuT B cebe continue, TO

for ( BrepaxeHmel ; BEpPaxeHmeZ ; BEpPaxeHmne3 ) MHCTPYKLMSI
9KBMBANIEHTHO KOHCTPYKLUMN

BEIpaxeHmel;
while ( Brpaxenme? ) |
MHCTPYKLMS

BREIpaXeHme3;

Noboe wu3 Tpex Bblpa)KEHMﬁ UUKNa MOXKET 6bITb onyuweHo. CuunTtaeTtca, uto OTCYTCTBME BTOPOro BblpaxKeHnA
PaBHOCU/IbHO CPaBHEHUIO C HYyN1EM HEHyneBOVI KOHCTaHTbI.

A 9.6. UHCcTpYyKUuu nepexosa
MHCTpYKUMM Nepexopa ocyLwecTsAAoT 6e3yc/1oBHYI0 nepeaayy ynpasaeHua.

UHCTPYKLMUSI-IEPEXONA :
goto mmeHTHQUKATOP ;
continue ;
break ;
return BEPAXEHMUEC,co5 7

B goto-uHCTpyKuMmM uaeHtTuduKaTop AomKeH 6biTb meTKoir (A9.1), pacnonosKeHHOW B Tekywen GyHKUUU.
YnpasneHve nepeaaeTcs Ha NOMEYEHHYIO MHCTPYKLMIO.

MHCTpYKUMIO continue MOMHO pacrnonaraTb TO/IbKO BHYTPM uUMKAa. OHa Bbi3blBaeT Nepexos K cneaylouien
UTEpaLLMM CaMoro BHYTPEHHEro CoAepKaLlLero ee LuKAa. foBopsa bosee TOYHO, AR KaXKA0W U3 KOHCTPYKLMIA

while ( ... ) { do { for ( ... ) {
contin: ; contin: ; contin: ;
} while ( ... ) ; }



MHCTPYKUMA continue, eciM OHa He NoMmeLLeHa B ele bonee BHyTpeHHMf/‘I UMKA, AenaeT To Xe camoe, YTo U goto

contin.

MHCTpyKUMA break BCTpeYaeTcs B UMKAMYECKOW MAM B switch-MHCTPYKUMU, U TONbKO B HMX. OHa 3aBepliaeT
paboTy camoi BHYTPEHHEN LMKAMYECKOM UAM switch-UHCTPYKUMM, cogepikalien AaHHYI MHCTPYKUuMio break,
noc/e Yero ynpasfeHue NepexoauT K cneayowei MHCTPYKL MK,

C nomouwbto return ¢yHKUMA BO3BpALLAET ynNpaBJaeHMe B Nporpammy, oTKyaa 6bina BbisBaHa. Ecam 3a return
cnepyeT BbiparkeHue, TO ero 3HaYeHne BO3BPaALLAETCA BbI3BABLUEN 3Ty QYHKLMIO Nporpamme. 3HaueHue BbipaxKeHus
NPUBOANTCA K TUMY TaK, KaK eciv 6bl OHO NPUCBAMBANOCh NEPEMEHHON, MMEIOLLEN TOT e TUM, YTO U GYHKLMS.

CuTyaums, Korga "nytb" BbIMUCNEHUI NMPUBOOUT B KOHel, GyHKUMM (T. €. Ha NOC/IefHIO 3aKPbIBAOWYO GUIYPHYIO
CKOOKY), paBHOCU/IbHA BbIMONHEHUIO return-UHCTPYKUMKU 6e3 BbipaxkeHusa. MNpu 3TOM, a TaKKe B C/lyyae ABHOrO
3aflaHunA return 6e3 BblparkeHUsA BO3BPALLAEMOE 3HAYEHNE He onpesesneHo.

A 10. BHemtHM e 00bAAB/IEHU S

To, 4TO NOAroTOB/IEHO B KayecTee BBoAa AN1A CU-KOMNUAATOPA, Ha3blBaeTcA eauMHuULEN TpaHcaaummn. OHa COCTOUT 13
NnocneAoBaTe/IbHOCTU BHELUHUX OOBABNAEHUN, KaxKAoe U3 KOTOpbIX npeacTtasaser cobon nmbo obbssneHue, nnbo
onpeaeneHune GyHKLMU.

eIMHUIIA —TPaHCJIILMNI .
BHEIIHEE—0OBABIIEHUE
enuHUIIa—TPAaHCJALMM BHEIHee—-00BbIBJIIEHUE

BHeNIHEE —O0OBSIBJIEHME ©
onpernesieHue —QyHKLMUI
OOBABIIEHUE

06nacTb BMAMMOCTM BHELWHMX OGDBABAEHWA MPOCTMPAETCA A0 KOHUA E€AWHWULbI TPaHCAALMMK, B KOTOPOW OHWU
06bABAEHbI, TOYHO TaK ¥Ke, Kak 06/1acTb BUANMOCTN 06bABNEHMI B 6/10Ke pacnpoCcTpaHAeTca 40 KoHLa 3Toro 6.10Ka.
CMHTaKCMC BHeWHero o6bABNAEHMA He OTAMYAeTCA OT CMHTaKcuca fboro apyroro 06bABAEHMA 33 OOHUM
WCKIIOYEHNEM: KOZ, GYHKLMM MOKHO ONpeaenaTb TO/bKO C MOMOLLbIO BHELWHErO 06bABAEHMA.

A 10.1. Onpegenenue yHKIUUA
OnpepeneHune GyHKLUUM UMeET Ceaytowmii BUa;

onpenesyieHMe —QyHKIIMI:
CIENMPUKATOPEI~OOBSIBIIEHUS 1005 OOBABUTEIIE CIIMCOK—00BABICHU M 1e05

COCTaBHAA—MHCTPYKILIMA

M3 cneumdmKaTopoB Kaacca NamsaTu B crnelmdurKaTopax-o6baBAEHNAX BO3MOXKHbI TONIbKO extern u static; pasnnuumsa
mexKay nocneaHMMKM paccmaTtpusatoTca B A11.2.

Tunom BO3BpallaeMoro ¢yHKUMel 3HayeHua MOoXKeT ObiTb apudMEeTUYECKUIA TUM, CTPYKTypa, obbeguHeHue,
yKasaTtesnb M void, Ho He "yHKuMA" n He "maccmB". O6bABUTENb B 00BABAEHUM PYHKUUMN LO/IKEH ABHO YKa3blBaTb
Ha TO, YTO OMUCbIBAEMbIN UM MAEHTUdUKATOP nmeeT TUN "dyHKUMA", T. €. OH JONKEH MMETb OAHY U3 CeayoLnX
aByx popm (A8.6.3):

cobCcTBEHHO-OOBABUTENE ( CHMCOK—-THUIOB-IapaMeTpPOB )

COBCTBEHHO-OOBABUTENE ( CHUCOK-MUOEHTUPUKATOPOBeos )

roe cobcmeeHHO-06bABUMENL €CTb UOEHMUPUKamMop NN udeHmuguKamop, 3aKNOYEHHbIN B CKOBKU. 3ameTum,
yTo TMN "PyHKUMA" nocpeactBom t ypede f NOAYYNTb HENb3A.



MepBana ¢opma cCOOTBETCTBYET onpeaeeHnio GyHKLUUN HOBbIM CNOCOBOM, AN KOTOPOro XapaKTepHOo ob6bABNEHUe
napamMeTpoB B CMIUCKe-mMuros-napamempos BMecTe C MX TUMamu; 3a obvbasumesnem He [ONKHO ObiTb CrucKa-
obvseneHuli. Ecnn  criucok-munos-napamempo8 He COCTOUT W3  OAHOro-eAMHCTBEHHOro c/oBa void,
NOKa3bIBalOLWEro, YTo NapamMeTpoB Y GYHKLMM HET, TO B KaxKAoM 06baeumere B CriucKe-murnos-napamempos obasaH
npUCyTCTBOBaTb UdeHmMugukamop. Ecnn cnucok-munos-napamempos 3akaHuMBaeTca 3Hakamun', .. .", TO BbI30B
OYHKLMM  MOXKET MMEeTb aprymeHToB 60/blle, 4Yem MapameTpoB; B TaKOM c/ydae, 4Tobbl ob6pawartbca K
[AOMNONHUTENIbHBIM apryMeHTam, ciefyeT NoNb30BaTbCA MEXaHM3MOM MaKpoca va arg M3 3aros0BOYHOro daiina
<stdarg.h>, ONMCAHHOIoO B MPUIOXKEHMU B. OYHKLMN C NepeMeHHbIM YNCIOM apryMEHTOB A0/MKHblI UMETb MO
KpaliHen mepe OANH MMEHOBAHHbIM napameTp.

Btopaa ¢dopma — onpegeneHve ¢GyHKUMM cTapbiM cnocobom. Criucok-udeHmupuUKamopos COAEPXUT UMeHa
napameTpoB, a CrUCOK-06bABAeHUlU NPUNUCbIBAET UM TUNbI. B cnucke-ob6vasaeHuli paspelleHo 06bABAATL TONIbKO
MMeHOBaHHbIE MapamMeTpbl, UHUUWNaNN3aumnAa 3anpellaeTtca, 1 n3 CI'IeLI,VId)VIKaTOpOB K/1aCCa NaMATU BO3MOXEH TOJ1IbKO

register.

N B Tom 1 gpyrom cnocobe onpegeneHns GYHKUUN MbICIUTCA, YTO BCE MapamMeTpbl Kak 6bl 06bABAEHbI B CAMOM
Hayafie COCTAaBHOM MHCTPYKUMK, 06pasytoweli Teno GpyHKLMM, U COBNAAAIOLMNE C HUMU MMEHA 34eCb 06bABAATLCA He
OOMKHbI (XOTA, Kak u nobble MAEHTUPUKATOPBI, MX MOXKHO MepeobbsBUTb B 6Honee BHYTPEHHUX 6/10Kax).
O6bsBNeHWEe NapameTpa "MaccubB u3 Tura' MOMHO TPAKTOBaTb KaK "ykasarTesib Ha Twurl'; aHaJlorMyHo
06bABNEHMIO NapamMeTpa 06bABNeHMe "OyHKLIMA, BO3Bpallalollas THII" MOXHO TPAaKToBaTb Kak "ykaszsarTesb
Ha OGyHKLMIO, BO3Bpamammyio Turl'. B MOMEHT Bbi3oBa QYHKLMM ee apryMeHTbl COOTBETCTBYOLWMM 0H6pasom
npeobpasyloTca U NpucBamBaloTcA napameTpam (cm. A7.3.2).

HoBbilt cnocob onpegeneHna ¢yHKkumnit BBegeH ANSI-ctaHgapTom. EcTb TakKe HebosbluMe U3MEHEHWA B
onepauun NOBbILWEHWA TUMA; B NMEpPBOM BepcuMM A3blka napametpbl TMna float cnepgoBano uuTatb Kak
double. Pasnnumne mexay float m double CTAaHOBW/IOCH 3aMeTHbIM, JUWb KOraa BHYTPU GyHKUMK
reHepunpoBasicaA yKasaTte/ib Ha napameTp.

Huke npuseaeH npumep onpegeneHuns GyHKUUM HOBbIM cnocobom:

int max(int a, int b, int c¢)

{

int m;
m= (a >Db) ? a : b;
return (m > ¢c) ? m : cC;

3pecbk int — cneyugukamopsi-obvasneHuUa; max (int a, int b, int c) — obvssumens GyHKUMK, a {...}
— 610K, 3apatolmnii ee kog, OnpeaeneHme cTapbiM cnocobom To e GYHKUUN BbIFAAAUT Caeayoumm obpasom:

int max(a, b, <)
int a, b, c;
{

/* oo */

rgemax (a, b, c) —obvasumens,aint a, b, c — cnUcok-obvasaeHuli ANA NapamMeTpoB.

A 10.2. BHemiHUE 06 bAB/IEHUS

BHewHMe obbABNeHMA cneundULMpPYIOT XapaKTePUCTUKM 06EKTOB, PYHKUMA U APYTUX MAEHTUPUKATOPOB. TepMuH
"BHewWwHMN" 34eck UCNosb3yeTcsi, YTOObl NMOAYEPKHYTb TOT PaKT, YTo 06BABAEHMA PACNONONKEHbI BHE YHKLMUN;
BMPAMYIO C K/JOYEBbIM cnoBom extern ("BHewHMN") oH He cBsizaH. Knacc namatM ana obbekTa € BHEWHMM
obbsABneHMemM b0 BoobLLe He yKasbiBaeTcs, Mbo cneunduumpyeTca Kak extern uam static.



B ogHOW eauMHMUE TpaHCAAUMM ANA OAHOMO0 MAEHTUGMKATOPA MOMKET COAEPXHATbCA HECKO/IbKO BHELIHMX
06bABNAEHMI, €C/IM OHW COrNACYHOTCA APYr C APYFOM NO TUMY M cnocoby CBA3WU M ecaun anasa 3Toro naeHTMouKaTopa
cyuiecTByeT He 60n1ee 04HOTO onpeaeneHus.

[OBa 06bABneHUs ob6bekTa MM GYHKUMUM CYMTAKOTCA COrNacOBaHHbIMM MO TUMY B COOTBETCTBMM C MpaBuIaMU,
paccmoTpeHHbiMn B A8.10. Kpome TOro, ecin ob6bABAEHUA OTIMYAKOTCA NIUWb TeM, YTO B OAHOM M3 HUX TUMN
CTPYKTYpbI, 06 beANHEHUS UK NepedncieHns HesaseplueH (A8.3), a B 4pyrom COOTBETCTBYIOLLMIA EMY TUM C TEM Ke
TErom 3aBepLleH, TO Takue TUMbl CYMTALOTCA cornacoBaHHbIMU. Ecan aBa Tvna maccuea (8.6.2) oTanMyaloTCa AUWb
Tem, YTO OAMH 3aBepLUEHHbIA, a APYron He3aBepLUEHHbIN, TO TaKMe TUMbl TaKXKEe CYMTAIOTCA COr1acoOBaHHbIMM.
HakoHeu, ecnn oguH TvMn cneunduumpyeT GyHKUMIO cTapbiMm cnocobom, a gpyrolh — Ty Ke GYHKUMIO HOBbIM
cnocobom (c 06bABNAEHUAMM MNAPaMETPOB), TO TaKUE TUMbI TAKMKE CYMUTAOTCA COMrMacoBaHHbIMU.

Ecnn nepBoe BHellHee o6bABieHMEe PYHKUMN UaM 06beKTa noMmedeHo crneundumkatopom static, To 06bABAEHHbIN
MAEHTUOMKATOP WMEET BHYMPEHHIOK CBM3b; B MNPOTMBHOM C/lydae — BHewHow cefa3b. Cnocobbl cBssei
obcyKaatotcs B A11.2.

BHellHee 06baBNeHME 06bEKTA CUMTAETCA ONpeaeneHMem, ecii OHO UMEET MHMLMANN3aTop. BHewHee o6bsABAeHNE,
B KOTOPOM HeT MHUUManmusaTopa U HeT cneumdukaTopa extern, cyMtaetca NpobHbIM onpeaeneHnem. Ecam B
eAMHULE TpaHCAAUMM MOABUTCA onpeaesneHne obbeKkTa, TO BCe ero MnpobHble onpeaeseHns MpPoOCTO CTaHyT
N36bITOYHBbIMU 06BABAEHUAMU. ECAIM HMKAKOro onpefaeneHua AOnA 3TOro obbekTa B eAuHMUe TPaHCAAUUKM He
06HapyKuTCA, To BCe ero npobHble onpeaeneHma byayT TPaKTOBaTbCA Kak 04HO onpeaeneHue ¢ MHULMAAM3aTOPOM
0.

Kaskablh 0OBbEKT [A0/KEeH MMETb POBHO OAHO onpedeneHue. [na ob6beKTa C BHYTPEHHEWN CBA3bIO 3TO MPaBU/IO
OTHOCUTCA K KaK4OW OTAeNbHON eauHULLE TPAHCAALMM, MOCKOAbKY OBbEKTbl C BHYTPEHHUMWU CBA3AMMU B KaXKaoM
eAMHM1LE YHUKabHbI. B cnyyae 06beKTOB C BHELHUMM CBA3AMW yKa3aHHOe NpaBuIo AeNCTBYeT B OTHOLIEHMM BCel
Nporpammsbl B LLEEIOM.

XoTA npaBuno ogHoro onpegeneHna GopmMynmMpyeTca HECKOIbKO MHaye, YemM B MepBOM BEPCUMUM A3bIKA, NO
CYLLECTBY OHO COBMAAAET C NPeXHUM. HekoTopble peanunsaummn ero ocnabnsaioT, bonee WMPOKO TPaKTyA
noHATMEe NpobHOro onpegeneHva. B aApyrom BapuaHTe yKa3aHHOro MpaBuaa, KOTOPbIA pacnpocTpaHeH B
cuctemax UNIX M npusHaH Kak obLenpuHATOe paclunmpeHne cTaHgapTa, Bce NpobHble onpegeneHus
OODBEKTOB C BHELUHUMM CBA3AMM M3 BCEX TPAHCAUPYEMBIX €4MHWUL, MPOrpPamMMbl PAacCMaTPMUBAOTCA BMECTE, a
He OTAEeNbHO B Kaxaon eamHuue. Ecam rae-1o B nporpamme obHapyunBaeTca onpeaeneHune, To npobHble
onpeaeneHna CTaHOBATCA NPOCTO 0OBABAEHUAMM, HO, €C/IN HUKAKOTO onpeaeneHns He BCTPETMUNOCh, TO BCe
npobHble onpeaeneHna CTaHOBATCA OAHUMENHCTBEHHbIM OonpeaesieHUeM C MHMLMann3atopom 0.

A 11. O6/1acTh BUAMMOCTH U CBSI3H

Ka)KLI,bIVI Pa3 KOMNUANPOBATb BCHO NMPOrpaMmmy LLeJIMKOM HET HGO6XO,CI,VIMOCTVI. MCXO,EI,HbIVI TEKCT MOXHO XPaHUTb B
HEeCKO/IbKUX d)aﬁnax, npeacraBnAarowmnx coboli eOUHULbI TPaHCAALNN, PaHee CKOMNMUANPOBAHHbIE NPOrpammbl MOTYT
3arpy»kaTbcs n3 6ubamnotek. CBAM mexagy OYHKUMAMM NPOrpammbl MOTYT OCYLLECTBAATLCA Yepe3 BbI30Bbl U
BHELWHWNEe JaHHblE.

CnepoBaTenbHo, cyulecTBytoT ABa BUAA obnacreit BUOAMMOCTHN: nNnepBaA — 3TO JsIEKCUYeCKaA obnacme
VI,EI,EHTI/Id)MKaTOpal T. €. 061aCTb B TEKCTE nporpammsl, rae MMerT CMbIC/1 BCE €ro XapaKTePUCTUKK, BTOPAA obnactb —
3TO 06I'IaCTb, accoummpyeman C obbeKTamm u (I)YHKLI,WFIN\M, nmernuwmmmm BHeWHNME CBA3U, YCTAHAB/IMBAEMbIE MeEXAOY
VI,EI,EHTI/Id)MKaTOpaMVI 13 pasaesibHO KOMNuanpyembix eguHuUL, TpaHChAUUN.

A 11.1. JlekcuuyecKasi 06/1aCTb BUAMMOCTH

Ka)-l-(,El,bIVI MAeHTVId)VIKaTOp nonagaeT B 04HO U3 HECKOJIbKMX MPOCTPAHCTB MMEH. 3TN NPOCTPaHCTBA HNUKAK He CBA3aHbl
Apyr ¢ Apyrom. O,CI,I/IH n TOT XKe VI,CI,eHTVId)VIKaTOp MOXET UCNOJ1Ib30BaTbCA B Pa3HbIX CMbIC/1aX OaXKe B OAHOI\;I obnactn
BUAMUMOCTU, €CI OH NpPUHaONEeXUT pPa3HbIM NPOCTPaAaHCTBaAM MMEH. Huxe yepes3 TOYKYy C 3anarTom nepe4vyncneHsbl



KNnaccbl OOBbEKTOB, MMEHA KOTOPbIX MNpeacTaBAAaloT COOON OTAeNbHble He3aBUCMMblE MPOCTPAHCTBA: OOBEKTHI,
bYHKUMK, typede f-umeHa N enum-KOHCTAHTbl; METKU MHCTPYKUMIA; TEMU CTPYKTYP, 06BbeAMHEHNA N NEPEUYNCNEHN;
3N1EeMEHTbI KaXKA0W OTAENbHOM CTPYKTYPbI UAN 06beANHEHUA.

ChopmynmpoBaHHble NpaBu/ia HECKO/IbKO OT/INYAKOTCA OT MPEMKHUX, ONUCAHHbIX B NePBOM M3AaHMKU. MeTKu
WHCTPYKLUMIA HEe MMenu paHblue cOBCTBEHHOro MPOCTPAHCTBA; Tern CTPYKTYp U Tern obbeanHeHuit (a B
HEKOTOpPbIX peanus3aumsax U Tern nepevyncieHuin) UMenn oTaenbHble NpocTpaHcTBa. PasmelleHne Teros
CTPYKTYp, OObeAMHEHUI M nepevyncieHuit B oAHOM ObOLLEM MNPOCTPAHCTBE — 3TO AOMNOJHUTENbHOE
OrpaHUYeHuMe, KOTOporo paHblle He 6bino. Hanbonee cywectBeHHOE OTKAOHEHMEe OT NepBol peaakunun B
TOM, UTO KaK[as oTAeNbHas CTPYKTypa (Mamn obbeamHeHne) co3gaeT ceBoe cob6CTBEHHOE MPOCTPAHCTBO MMEH
ANs CBOUX 3n1eMeHTOoB. TakMm 06pa3om, 04HO U TO Ke MMA MOKET UCNONb30BaTbCA B HECKO/IbKUX Pa3INYHbIX
CTPYKTYpax. ITO NPaBUIO LUIMPOKO NPUMEHSETCA YXKe HECKObKO NeT.

JNlekcnyeckas o6nacTb BUAMMOCTM MAeHTUOMKaTOpa obbektTa (ManM yHKUMKM), 0OBABNEHHOTO BO BHELIHEM
00bABNEHMU, HAUMHAETCA C MECTa, F4e 3aKaHuMBaeTcs ero obbABUTENb, U MPOCTUPAETCA A0 KOHUA efuHUUbI
TPaHCAALMM, B KOTOPOI OH 0b6baABaeH. O6/i1acTb BUAMMOCTM NapameTpa B onpeseneHnn GyHKUMKU HauMHaeTcs C
Hauyana 6/10Ka, NpeacTasastoLLero coboi Teno GpyHKUMM, U PacNpPOCTPaHAETCA Ha BCO QYHKLMIO; 061aCTb BUAMMOCTH
napameTtpa B onucaHun GpyHKUMM 3aKaHUMBAETCA B KOHLEe 3Toro onucaHusa. Obnactb BUAMMOCTU UaeHTUdUKaATOpa,
06bABAEHHOIO B Hayase 6/10Ka, HAYMHAETCA OT MEeCTa, FAe 3aKaHYMBaeTCA ero obbABUTENb, U MPOLOJINKAETCA A0
KOHUa 3Toro 610Ka. O6nacTblo BUAMMOCTM METKM ABAAETCA BcA PyHKUMA, rae 3Ta meTKa BcTpedaeTca. Obnactb
BUAMMOCTM Tera CTPYKTYpbl, 06beaMHEeHUs UAN NepedunciieHns HauymHaeTca OT ero nosiBaeHus B cneundukaTope
TMNa M NPOAO/IKAETCA A0 KOHLUA eAuHULbI TPAHCAAUMM A1A 06bABNEHNA BHELHEro YPoBHA M A0 KoHUa 6/10Ka gna
06bABNEHMA BHYTPU QYHKLMN.

Ecnv naeHTMdPMKaTOp ABHO 06BbABAEH B Havane 610Ka (B TOM uncne Tena oyHKUmMK), To Ntoboe o6bABAEHME TOTO Ke
naeHTndUKaTopa, HaxogALLeecs CHapyXu aToro 610Ka, BpeMeHHO nepecTaeT AeMCTBOBaTb BMNIOTb A0 KOHLA 6/10Ka.

A 11.2. CBs3u

Ecnm BcTpeyaeTca HECKONbKO 06bABAEHUA, UMEIOLWNX OANHAKOBbIN MAEHTUDUKATOP M ONUCLIBAIOWMX 06BEKT (Maun
bYHKUMIO), TO BCE 3TM OODBABNEHUSA B C/ly4ae BHELHEW CBA3N OTHOCATCA K oAHOMY 06beKkTy (byHKumm) —
YHUKaNbHOMY A1 BCEM MPOrpammbl; €C/N e CBA3b BHYTPEHHAS, TO CBOMCTBO YHWKA/IbHOCTU pPacnpocTpaHsaeTcs
TO/IbKO Ha eAMHULY TPAHCAALNN.

Kak rosopunocb B A10.2, ecin nepBoe BHellHee obbABAEHME MMeeT cneundukaTop static, To OHO onucbiBaeT
naeHTMOMKATOP C BHYTPEHHEN CBA3bI, eciM TaKoro cneumdukaTopa HeT, TO — C BHellHeh cBA3blo. Ecau
06bABNAEHME HAX0AMUTCA BHYTPU B10Ka U He COAEPXUT extern, TO COOTBETCTBYIOLWMNN AEHTUDUKATOP HU C YeM He
CBA3aH U YHUKaneH Ans gaHHoh ¢yHKumn. Ecnv obbsaBNeHUe cofepuT extern M 610K HaxoguTcs B 061acTy
BUAMMOCTM BHELLHEro 06bABAEHUA 3TOr0 UAEHTUGUKATOPa, TO NOCAEAHNIN UMEET Ty e CBA3b U OTHOCKMTCA K TOMY
e 06beKkTy (byHKuMM). OAHAKO ecin HU OAHOro BHEWHero obbABAEHUA ANA 3TOro MAeHTUdMKaATOpa HeT, TO OH
MMeeT BHELLHIOW CBA3b.

A 12. IIpenponeccupoBaHue

Mpenpoueccop BbINOAHAET MAKPOMNOACTAHOBKY, YCAOBHYIO KOMMWAALMIO, BKAOYEHWE WMMEHOBaHHbIX ¢Gainios.
CTPOKM, HAuMHaloWMeCs Co 3HaKa # (nepes KOTOPbIM BO3MOMHbI CUMBOJIbI-PAa3Le/IMTeNn), YCTaHaBAMBAIOT CBA3b C
npenpoueccopom. MX CUHTAKCMC He 3aBUCUT OT OCTAJIbHOWM YacTW A3blKa; OHWM MOTYT NOSBAATLCA A€ YrogHO M
OKa3blBaTb BAWUAHWE (HE3ABMCMMO OT 06/1aCTU BMAMMOCTM) BMNIOTb A0 KOHL@ TPAHCAUMPYEMOM eauHuLbl. FpaHuubl
CTPOKMPUHMMAIOTCA BO BHUMAHME; Kaxgada CTPOKA aHaAM3MpyeTcA oTAenbHO (04HAKO €eCTb BO3MOXHOCTb
"cknemBatb" CTPOKM, cm. Al12.2). Jlekcemamu ANA nNpenpoLeccopa SABAAIOTCA BCE JIeKCeMbl fA3blka U
nocnenoBaTeIbHOCTM CMMBOJIOB, 3agatowme MmeHa ¢annos, Kak, Hanpumep, B auvpektnse #include (Al2.4).
Kpome Toro, ntoboit cumBon, He onpeaenieHHbIn Kakum-nnbo apyrum cnocobom, BOCNPUHUMAETCS KaK JieKcema.



BavAHME CMMBONOB-pasgenvTeneii, OTAMYaloWMXca OT Npob6esioB M ropM30OHTasbHbLIX TabynauuiA, BHYTPU CTPOK
npenpoueccopa He onpeaeneHo.

Camo npenpoueccMpoBaHMe NPOUCTEKAET B HECKOJIbKMX JIOTMYecKM nocnegosaTefibHbiX ¢asax. B oTaenbHbIX
peanunsaumnax HekoTopble $pasbl 06beANHEHDI.

1. Tpex3HakoBble MNOCNEAO0BATE/NIbHOCTU, ONMCaHHble B Al2.1, 3ameHAOTCA WX 3KBMBANEHTamu. Mexay
CTPOKaMM BCTaBAAKOTCA CUMBOJIbl HOBOW CTPOKM, EC/IM TOFO TpebyeT onepaunmoHHan cuctema.

2. BbibpacbiBatoTca napbl CUMBOJIOB, COCTOALLME M3 0OPATHOM HAKNOHHOM YepTbl C NOCAEAYOWMM CUMBOIOM
HOBOW CTPOKM; TEM CaMbIM OCYLLECTBAAETCS ""cknemBaHmne" cTpok (A12.2).

3. Mporpamma pasbuBaeTcas Ha JIEKCEMbI, pasgeneHHble CMMBOMAaMU-pasgenuTenamm. KommeHTapum
3aMEeHATCA  eAWHMYHbIMM - npobenamn. 3aTtem  BbIMOJIHAKOTCA  AMPEKTUBbI  Mpenpoueccopa W
MaKkponoacTaHoBkM (A12.3-A12.10).

4. 3cKeiln-nocnenoBaTebHOCTN B CUMBOJIbHbIX KOHCTaHTax M CTPOKOBbIX AnTepanax (A2.5.2, A2.6) 3ameHatoTcA
Ha CMMBOJIbI, KOTOpble OHM 0603HaualT. CocegHMe CTPOKOBbIE INTEPaAsIbl KOHKATEHUPYIOTCA.

5. PesynbTaT TpaHcaupyeTcA. 3aTem YCTaHaBAMBAOTCA CBA3M C APYrMMM Nporpammamm u bubanotekamm
nocpencTsom cbopa HeoBXO4MMbIX NPOrPAMM M AAHHbLIX U COEAMHEHMA CCbIJIOK Ha BHeWHMe GYHKLUN U
06bEKTbI € X onpeseneHUaMu.

A 12.1. Tpex3HaKoOBbIe IOC/I€A0BaTEJIbHOCTH

MHOeCTBO CMMBOOB, U3 KOTOPbIX HabKpatoTca ncxogHble CU-NPOrpammbl, OCHOBaHO Ha cemmnbutosom ASCII-koze.
OA4HaKo OH LWKpe, YEM MHBAPUAHTHbIN Kog, cumBosioB I1SO 646-1983 (ISO 646-1983 Invariant Code Set). Ytobbl gathb
BO3MOHOCTb MONb30BaTbCA COKpaLleHHbIM Habopom CMMBOJIOB, BCE YKasaHHble HUXe Tpex3HaKoBble
nocnefo0BaTe/IbHOCTU 3aMEHAIOTCA Ha COOTBETCTBYHOWME UM eAMHUYHbIE CMMBOJbI. 3aMeHa OCyLecTBAAeTca A0
ntob60oit nHo 06paboTKu.

?2=  # 272 ( [ 272< |
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HuKkakue gpyrne 3ameHbl, KPOME YKa3aHHbIX, He Ae/1atoTCA.
Tpex3HaKoBble nocnegosaTenbHOCTM BBeaeHbl ANSI-cTaHgapToMm.

A 12.2. CkieMBaHHe CTPOK

CTpoKa, 3aKaHuMBatOWAAcA 0bpaTHON HaKNOHHOW YepTOW, COEAMHAETCS CO CAeayloLlei, NOCKONbKY CMMBOA \ U
cnepyowmii 3a HUM CMMBONI HOBOM CTPOKWM BblbpacbiBatoTcs. ITO genaetca nepen "pasbueHmem" TeKkcTa Ha
NIeKCeMbl.

A 12.3. MakpoonpeaejeHye U MaKpopacluiupeHue
YnpasnaioLwan cTpoKka B1Maa

# define mmenTHpmraTOp MNOCAEIOBATEJIEHOCTE—-JIEKCEM

3aCTaB/AET NpenpoLeccop 3aMeHATb UGEHmLI(fJUKCImOp Ha nocsedosamesibHOCMb-1EKCEM; CMMBO/Ibl-pasgenntenn
B Hayane M B KOHLUe rnocnedo8amesibHOCMu-aeKcem Bbl6paCbIBaPOTCFI. lMoBTOpHaA cTpoKa #define c Tem e
M,CI,EHTMd)MKaTOpOM CYUNTaeTCcA OLLIM6KO[;1, eCc/iM nocneanoBaTtesibHOCTU N1eKCemM HeENAEHTUYHDbI (HECOBI'IaLI,EHMﬂ B
CMMBON1ax-pasgennTenax npn cpaBHeHM BO BHUMMaHUE He I'IpMHMMaPOTCFI). CTpOKa BUAa

# define wmmenTHupmuraTop ( CHUMCOK-UICHTUPUKATOPOB ) [NOCJIEIOBATEIEHOCTE-JIEKCEM

roe mexay nepsbiMm UOEHmUdJUKGmOpOM M 3HaKOM ( He J[A0NXHOo 6bITb HU O4HOro cMmsoOa-pasgennTtensa,
npeacraBnAaeTt coboli MaKpoonpeaeneHne C napamMeTpamu, 3agaBaemMbiMn CrNMMCKOM M,CI,EHTVId)MKaTOPOB. Kak u B
nepBom BapunaHTe, CUMBO/bl-Pa3gennTtenn B Hadyaze U B KOHLUe nocnenoBarte/ibHOCTU /ieKcem Bbl6paCbIBa|'0TCF|, n



MaKpOC MOXKeT 6bITb NOBTOPHO onpeaeneH TOJbKO C Tem XKe CNUCKOM MNapameTpoB U C TOW e
nocnenoBaTeNbHOCTbIO IeKCEM. YNpaBAAKOLLan CTPOKa BUAA

# undef mmeHTHM@MKATOD

npeanncbiBaeT npenpoueccopy '"3abbiTh" onpeaeneHue, gaHHoe udeHmuguxkamopy. MNpumeHeHue #Hundef K
HEN3BECTHOMY MAEHTUDMKATOPY OLLIMOKOM He cumTaeTcs.

Ecamn makpoonpeaeneHue 66110 3a4aH0O BTOPbIM Crocobom, TO TEKCTOBaA Noc/ie0BaTeIbHOCTb, COCTOALANA U3 ero
naeHTMdUKaTOpa, BOSMOXKHO, CO CAeAYIOWMMU 338 HUM CMMBONAMU-PA3OENUTENAMMN, 3HAKa (, CMUCKA NeKcem,
pasaeneHHbIX 3anATbIMW, U 3HaKa ), NpeAcTaBafeT coboi BbI30B MaKpoca. AprymeHTaMu Bbi30Ba MaKpoca ABAAIOTCA
NleKcembl, pasgeneHHble 3anaTbiMK (3anaTble, "3aKpbiTbie" KaBbluKaMn U BNOXKEHHbIMKU CKOBKaMu, B pasgeneHum
apryMeHTOB He y4yacTByiOT). AprymeHTbl NpPU MUX BblAENEHUM MaKpOpacClUMPEHUAM He noasepratorca. Koandyecrso
apryMeHTOB B BbI30BE€ MaKpoCa [AO/KHO COOTBETCTBOBATb KO/IMYECTBY MapameTpoB MakpoonpeaeneHus. lNocne
BblAENIeHUA apryMeHTOB OKpyXKalolinme WX CUMBOAbI-pasaennutenn BblbpacbiBaloTcA. 3aTem B 3amellatoLleit
nocaeA0BaTeNbHOCTU IeKCEM MaKpoca MaeHTUdUKaTopbl-napameTpbl (€CAM OHM He 3aKaBblYeHbl) 3aMEHAIOTCA Ha
COOTBETCTBYHOLLME UM apryMmeHTbl. ECNM B 3amelliatoLLeit NocienoBaTelbHOCTU Nepes napaMeTpoM He CTOUT 3HaK #
W HU nepeg, HAM, HU NOCAe Hero HeT 3Haka ##, To fIeKcembl aprymeHTa NPoBEpPAIOTCA: He codeprKaT M OHU B cebe
MaKpOBbI30Ba, U €CAN CoAep KaT, TO Mpexae Yem aprymeHT 6yaeT noActas/ieH, NPOU3BOAMTCA COOTBETCTBYHOLLEE
eMy MaKpopaclumMpeHue.

Ha npouecc noacTaHOBKM BAMAIOT ABa CNeumnasnbHbIX onepatopa. MepBbii — 3TO onepaTop #, KOTOPbIA CTaBUTCA
nepen napametpom. OH TpebyeT, YTOObl NOACTABASEMbIA BMECTO NapaMeTpa W 3HaKa # (nepen, HUM) TeKcT 6bin
3aK/II0YEH B ABOVHbIE KaBblukU. [pn 3TOM B CTPOKOBbIX INTEpanax U CMMBOJIbHbIX KOHCTAHTax aprymeHTa nepej,
KaXkgoM [ABOMHOWM KaBblyKoM " (BK/AKOYasA M obpamasiolmMe CTPOKKM), a TaKKe nepes, Kaxkaon obpaTHOM HaKAOHHOM
YyepToi \ BcTaBasaeTca \.

BTopoli onepaTtop 3anucbiBaeTca Kak ##. EcinM nocnefoBatenbHOCTb JIeKCEM B l0OOro BUAA MaKpoomnpeseeHum
COAEPHUT onepaTop ##, TO cpasy nocsne NOACTaHOBKM MApPaMeTPOB OH BMECTE C OKPY)KaloWMMM ero CMMBO1IaMMU-
pasaenutenamu BoibpacbiBaetca, 6narogapa yemy "cknemsatotca" cocegHue neKkcembl, 06pasya Tem cambiM HOBYHO
nekcemy. Pe3ynbTaT He onpesesieH Npu NosyvyeHUM HENPaBUbHbIX IEKCEM WU KOTAA FeHEePUPYEMbIIA TEKCT 3aBUCUT
OT NopAZKa NpUMeHeHMA onepaTopos 1 #. Kpome Toro, ## He MOXKeT CTOATb HU B Hayasle, HM B KOHLLE 3amellatoLLei
Nnocaef0BaTe/IbHOCTU JIEKCEM.

B makpocax oboux BMAOB 3amMelLalollas Moc/ief0BaTe/IbHOCTb IeKCEM MOBTOPHO MPOCMATPUMBAETCA Ha npegmeT
obHapyKeHUsa Tam HoBbIX def ine-umeH. OgHAKO, eC/IM HEKOTOPbIN NAEHTUPUKATOP yiKe Bbla 3aMeHeH B AaHHOM
paclmMpeHnn, NOBTOPHOE NOABEHME TaKOrO NAEHTUPUKATOPA He BbI3OBET €ro 3aMeHbI.

Ecan nonyyeHHoe pacwnmpeHmne Ha4ynmHaeTCA Co 3HakKa i, OHO He 6y,CI,ET BOCNPUHATO KaK ANPEKTUBA npenpoueccopa.

B ANSI-cTaHZapTe Npouecc MaKpopacwupeHus onucaH 6osiee TOYHO, Yem B MEPBOM W3LAHUM KHUTW.
Hanbonee Ba)KHble M3MEHEHMUs KacaloTcA BBeAEHMS OMepatopoB # W #, KoTopble NpesoCcTaBAAloT
BO3MOKHOCTb OCYLLECTB/IATb PACLUIMPEHUA BHYTPU CTPOK U KOHKATeHaLuto nekcem. HekoTopble M3 HOBbIX
npaBui, OCOBEHHO Kacalowmeca KOHKaTeHaUMW, MOTyT MOKa3aTbCA HECKO/IbKO CTpaHHbiMK. (Cm.
npuBeAeHHbIe HUKE NPUMepbI.)

OnuncaHHble BO3MOXKHOCTM MOXXHO MCNO/Ib30BaTh A4/1A NOKa3a CMbIC/I0BOM CYWHOCTU KOHCTAHT, KaK, Hanpumep, B

#define TABSIZE 100
int table[TABSIZE];

OnpepeneHune

#define ABSDIFF (a, b) ((a)>(b) 2 (a)-(b) : (b)-(a))



334aeT MaKpoc, BO3BpallalolWMii abCcoNOTHOE 3HayeHWe PasHOCTM ero aprymeHToB. B oTanume oT GyHKUMMK,
AeNnatoLLei TO e camoe, aprymeHTbl M BO3BPaLLaeMoe 3HauYeHue 34eCcb MOryT MMeTb 1060l apudpmeTUYecknin Tun u
[arke ObITb yKasatensmu. Kpome TOro, aprymeHTbl, KasKAblil M3 KOTOPbIX MOXKET MMeTb NO6OoYHbIN 3ddeKT,
BbIYNCNAIOTCA ABAXKAbI: OAMH Pa3 — NpuY NPOBEPKe, APYroi pas — npwu BbIMUCAEHUM pPe3ybTaTa.

Ecnv nmeetcs onpeaeneHune

#define tempfile(dir) #dir "/%s"

TO MaKpoBbI3oB tempfile (/usr/tmp) AacT B pe3yabrate
"/usr/tmp" "/%s"

[anee 3Tn aBe CTPOKM NPeEBPATATCS B OAHY CTPOKY. Mo makpocy
fdefine cat(x, y) x ## vy

BbI30B cat (var, 123) creHepupyeT varl23.0gHako cat (cat (1, 2), 3) He AacT }enaemoro, Tak Kak
onepaTop ## BOCNPENATCTBYET MOJIYYEHUIO NMPABWU/bHbLIX AapryMEHTOB A/1A BHELWIHEro Bbi3oBa cat. B pesynbrate
byaeT BblgaHa cneayroLlan LLenoyka neKkcem:

cat (1, 2 )3

roe ) 3 (pesynbrat "cknemBaHuA" nocneaHen NeKcemMbl NePBOro apryMeHTa ¢ NepBoii IeKCeEMOW BTOPOro aprymeHTa)
He ABASIeTCA NPABUJIbHOM JIEKCEMOMW.

Ecnu BTOpOIt ypoBEeHb MakpoonpeaeneHunsa 3ajaH B Buae
#define xcat(x.y) cat(x.y)

TO HUKAKMX KONNM3WUIA 34€eCb He BO3HMKaeT, xcat (xcat (1, 2), 3) BblAacT 123, NOCKOAbKY caM xcat He
ncnonb3yet onepaTtopa #.

AHanormnyHo cpabotaet U ABSDIFF (ABSDIFF (a, b), c¢), Y Mbl NOAYYNM NPaBUNbHbIN pe3ynbTar.

A 12.4. BkiouyeHue paiiia
YnpasnawoLwan cTpoka

# include <wmmg-daria>

3aMeHseTcA Ha cogepskmmoe daina ¢ umeHem umsa-galina. Cpegn CUMBOJIOB, COCTABAAOWMX UMSA-¢aling, He
OONIXKHO BbITb 3HaKa > M CMMBOJIa HOBOW CTPOKW. Pe3ynbTaT He onpeaeneH, ecnn umsa-galina coaepxut noboi ns
cumBonoB ", ', \ Man napy cumBeosioB / *. MopagoK NOMCKa YKasaHHOro ¢alina 3aBUCKT OT peannsaumm.

Moao6HbIM e 06pa3om BbINOAHAETCA YNPaBAAOLLAA CTPOKA
# include "mma-gariza"

CHayana NOMCK OCYLLECTBAAETCA MO TEM e NPaBuMaam, No KaKUM KOMMUAATOP MLLET NepBOHaYaabHbIA UCXOAHbIN
¢dalin (MexaHM3m 3TOro MOMCKA 3aBUCUT OT peann3alumu), a B C/lyyae HeyAauu OCYLLEeCTBASETCA METOAO0M MOWCKa,
NPUHATBIM B # include nepBoro TMna. PesynbTaT oCcTaeTca HeonpeaeneHHbIM, ecm nmsa dpaiina cogepRut ", \ uam
/*; UICNONb30BaHMeE 3HaKa > pa3peLlaeTca.

HakoHeu,aMpeKTMBa

# include nmocsemnoBaTe/IEHOCTE-JIEKCEM



He COBMaZalolWas HU C OAHON M3 Npeaplaywmnx Gopm, PaccMaTpMBaeT MOCNeAO0BATE/NIbHOCTb JIEKCEM KaK TEKCT,
KOTOPbIA B pe3ynbTaTe BCEX MAKPOMOACTAHOBOK Ao/mKeH AaTb #include <...> uam #include "...".
CreHepMpoBaHHasA TakMM 0b6pasomM AMPEKTUBA fasiee OyaeT UHTepPNpPeTUpPOBaTbCA B COOTBETCTBUM C NOJYYEHHOM
dopmoli.

daiinbl, BCcTaBasemble ¢ nomoulbio #include, camm MOTyT coAeprKaTb B cebe gupekTuBbl #include.

A 12.5. Yc10BHAsA KOMIWISIIUA
YacTM nporpaMmbl MOTyT KOMMWINPOBATbLCA YC/I0BHO, €C/IM OHUM OdOpMEeHbl B COOTBETCTBUMM CO CAeAyoWMm
CXEMATUYHO N306parKeHHbIM CUHTAKCUCOM:

YCIIOBHASI—KOHCTPYKIMSI—IIPENPOIIeCCopa:
if-cTpoka TexcT elif-yacTmu €lse-YacCThb,..s #tendif

if-crpoka:
# 1if KoOHCTaHTHOE-BEpPaXeHMEe
# ifdef mmenTmpmrxarop
# ifndef mmenrTmpmrarTop

elif-yacrm:
elif-cTpoka TeKCT
elif-yacTW,cos

elif-cTpoka:
# elif KoHCTaHTHOE-BEpPAaXEHME

else-yacrThb:

else-cTpoka TEKCT

else-cTpoKa:
# else

Kaxkpan us aupektus (if-cmpoka, elif-cmpoka, else-cmpoka v #endif) 3anucbiBaeTcs Ha OTAENbHOW CTPOKe.
KoHcTaHTHble BbiparkeHna B #1 £ 1 nocneayowmx cTpokax #el i f BbIMMCAAOTCA NO NOPALKY, MOKa He 06HAPYKUTCA
BblpaXeHWe C HeHyneBbIM (MCTUHHbIM) 3HAYEeHWEM; TEKCT, CAeAYIOWMN 3@ CTPOKOM C HY/NEeBbIM 3HAYEeHUEM,
BblbpacbiBaeTcA. TEKCT, PACMOJIOXKEHHbIN 33 AMPEKTUBOM C HEHyNeBbIM 3HayYeHWem, obpabaTtbiBaeTca OObIYHbLIM
obpasom. MNop cnosom "tekct" 3mecb MmeeTcs B BuAy 1t06asa NocCnefoBaTeNIbHOCTb CTPOK, BK/OYAA CTPOKM
npenpoueccopa, KOTOpble He ABAAIOTCA YaCTbiO YCIOBHOM CTPYKTYPbI; TEKCT MOXKET 6bITb M NycTbiM. Ecnm cTpoka #1 £
unn #elif c HeHyneBbIM 3HAYEHMEM BbIpPaXKEHWNA HallAeHa U ee TeKcT 06paboTaH, To NocneayoLme CTPOKK #elif
M #else BMeCTe CO CBOMMM TEKCTaMM BblbpacbiBaloTca. ECM BCe BbIPaXKeHUS MMEIOT Hy/eBble 3HAYEHUA U
NPUCYTCTBYET CTPOKa f#else, TO cneaylowmii 3a Hel TeKcT obpabaTbiBaeTcA 0Obl4HbIM 00pa3om. TeKCTbl
"HeaKTUBHbIX" BETBEN YC/IOBHbIX KOHCTPYKLUMI, 33 UCKIOYEHUEM TEX, KOTOPbIE 3aBEAYIOT BNOKEHHOCTbIO YC/IOBHbIX
KOHCTPYKLMIA, UITHOPUPYIOTCA.

KoHCTaHTHble BblpaxeHua B #1if u #elif aBnaoTca o6bekTamu Ans 06bIYHOM MaKpPOMoACTaHOBKW. bonee Toro,
npexae Yem NPoCMaTpPUBaTb BblpaykeHUs B1Aa

defined mmeHTHOMKATOP
"

defined ( mmeHTHOUKATOP)



Ha NpeAMEeT HaZInyma B HUX MAKPOBbI3OBa, OHU 3aMeHstoTcs Ha 1L uan 0L B 3aBUCMMOCTU OT TOro, 6bIn MU He Bbin
onpeaeneH nNpenpoLeccopoM YKasaHHbIi B HUX MAeHTUOMKaTop. Bce umaeHTMdMKaATOpbl, OcTaBliMecs nocne
MaKpopaclmpeHus, 3ameHaoTca Ha OL. HaKoHeu, npeanonaraetca, yTo nobas Lenaa KOHCTaHTa Bcerga umeer
cydduKc L, T. e. BCA apudMeTMKa MMeeT 4EeNo C onepaHAamm ToNbKO TMNA 1ong uam unsigned long.

KoHcTaHTHOe BbipaxeHune (A7.19) 3aecb MCNONb3YETCA C OFPaHUUYEHUAMU: OHO AOJIKHO BbITb LEeN0OUYUCAEHHbIM, He
MOXKET coepKaTtb B cebe nepevyncinmbIX KOHCTaHT, Npeobpa3oBaHM TMNa U onepaTopos sizeof.

Ynpasnawowme CTpOKMn

#ifdef mmenTMdmuraTop
#ifndef mmemrmpmrarTop

3KBUBA/N1IEHTHbI COOTBETCTBEHHO CTPOKam

# if defined wmmenTmdpmrxarop
# 1if ! defined mmenTHpmraTop

CTpokn #elif He 6bl10 B NepBO BepcuMM A3blKa, XOTA OHA M MCMNONAb30BafaCb B HEKOTOPbIX
npenpoueccopax. Onepatop npenpoueccopa defined — TaKKe HOBbIM.

A 12.6. Hymepanus cTpok
[Ona ypobcrea paboTbl € A4pyrMmu NpenpoLLeccopamu, reHepupytowmumm Cu-nporpammel, MOXKHO UCNOAb30BaTb OAHY
N3 cneayrowmnx AUNPEeKTUB:

# line koHcTaHTa "mMsa-gariza"
# line koHCTaHTAa

3K ONPEKTUBbI NpeaAnUCbIBalOT KOMMUMATOPY CYUTATb, YTO YKa3aHHble AeCATUYHOE Lenoe u VI,EI,EHTVIdJVIKBTOp
ABNAOTCA HOMEPOM C/leAytoLLEN CTPOKN U UMEHEM TeKyLLero daiina cooTBeTCTBEHHO. Ecnun nma daiina otcyTcTayerT,
TO paHee 3aNOMHEHHOE MMA He U3MeHAeTCA. PacluMpeHns MaKpOBbI3OBOB B AMpPEKTMBE # 11ine BbINOJHATCA 40
WHTepnpeTauumn nocneaHen.

A 12.7.TeHepanus cooG1UIeHUs 06 OIINOKEe
CTpoKa npenpotieccopa snga

# error HoCJIemOBaATEIEHOCTE—JIEKCEM;eos
NpPWKasblBaeT eMy BblAaTb AMArHOCTUYECKOE COOBLLEHNE, BKIOYAOLLLEE 3a4aHHYIO NOCNeA0BaTe/IbHOCTb JIEKCEM.

A 12.8. [Iparma
YnpasnatoLan cCTpoka B1Aa

# pragma nocjgemoBaTeJI'BHOCTBH—JIEKCEMHEOO
npu3biBaeT NPENPOLLEeCcCOp BbIMOJHUTL 3aBUCALLME OT peannsaumm aenctema. HeonosHaHHaA nparma UrHopupyeTcs.

A 12.9. Ilyctasa gupeKTuBa
CTpoka npenpoueccopa Buaa

#

He BbI3blBae€T HUKAKMX AeACTBUN.



A 12.10. 3apaHee onpejejieHHbIEe UMEeHa

Mpenpoueccop "noHMMaeT" HECKO/IbKO 3apaHee onpeaeneHHbIX MAEHTUDMKATOPOB; UX OH 3aMeHAEeT cneumanbHOM
UHbopMaumen. ITM naeHTUdUKaTopbl (M onepaTop npenpoueccopa defined B TOM YUCAE) HENb3A MOBTOPHO
nepeonpegensto, K HUM HeNb3A TaKKe NPUMeEHATb ANpeKTMBY #unde f. 310 cnegyowme naeHTMGUKaTopbI:

LINE Homep TeKyLen CTPOKN NCXOAHOrO TEKCTa, AeCATMYHAA KOHCTaHTa.

FILE Umsa komnunmpyemoro ¢aiina, CTpoka.

DATE Hata komnuaaumm B Buae "Mmm ag rrrr', CTPoKa.

TIME Bpema komnuaaumm B Buae "yy: mm: ee", CTpokKa.

STDC KoHcTaHTa 1. MNpegnonaraertcs, 4To 3TOT naeHTUbMKaTop onpeaeneH Kak 1 ToNbKO B TeX peannsaumax,

KoTopble CieaytoT CTaHAapTy.

Ctpokn #error u #pragma Bnepsble BeeAeHbl ANSI-cTaHaapTom. 3apaHee onpefenieHHble MaKpochl
npenpoLeccopa TakKe 40 CUX MOP HE OMUCbIBAZINCL, XOTA U MCNO/Ib30BAZIMCb B HEKOTOPbIX peanm3aunsx.

A 13. I'pamMmaTuKa
Huxe npueeaeHbl rpammaTnyecKkme npaBuia, KOTOpble Mbl yXKe pacCMaTpuBaM B AaHHOM MNPUIOXKEHUN. OHu
MMELIOT TO Ke coaep*KaHue, HO AaHbl B UHOM NMopAaKe.

3p0ecb He nNpuMBOAATCA OMNpefeneHua CAeaylolmnx CUMBONOB-TEPMUHOB: Uesnaa-KOHCMAHma, CUMB0/bHAA-
KOHCMaHmMa, KOHcmaHma-c-naasarouweli-moykoli, UdeHMuUguUKamop, CMpPoKa N KOHcMmaHma-nepeyucaeHue. Cnosa,
HabpaHHble O0ObIYHBIM NATUHCKUM WPUGTOM (HE KYPCMBOM), M 3HAKM PAcCCMATPUBAOTCA KaK CMMBO/bI-TEPMUHbBI U
MCNONb3YIOTCA TOYHO B TOM BUAE, KaK 3anmcaHbl. JaHHYIO rpaMMaTUKy MOMXKHO MeXaHUYecKn TpaHchOpMMpPOBaTb B
TEKCT, NMOHATHbIA CUCTEME AaBTOMATMYECKOM reHepauMu rpaMmaTUYecKoro pacnosHasaTtensa. [ns 3Toro nomumo
[00aB/IEHNA HEKOTOPbIX CUHTAaKCMYECKMX MOMETOK, NpeAHasHauYeHHbIX A5 YKa3aHWUA anbTePHATUBHbIX NPOAYKLUWNA,
notpebyeTca paclwmdppoBKa KOHCTPYKUMM co cnoBamu "oguH u3" u  aybavpoBaHWe KaxKaoW MNpoayKuuu,
MCMNOJIb3YIOLWEN CUMBON C MHAEKCOM Heob., NpuYem OAMH BApPMAHT NPOAYKUMW AO0/MKEH OblTb HanucaH € 3TUM
CUMBO/IOM, a gpyroi - 6e3 Hero. C OAHMM M3MEHEHMEM, @ MUMEHHO — yJaNeHuem npouyKkuuun typedef-ums:
udeHmugukamop n obbsasneHnem typedef-umeHu CUMBONOM-TEPMUHOM, AaHHAA rpammaTtuKa OyaeT MNOHATHA
reHepaTopy rpammaTmyeckoro pacnosHasatena YACC. Eii npucylle Auwb OAHO NPOTMBOPEYME, BbI3biBAEMOE
HEeOAHO3HAaYHOCTbIO KOHCTPYKUMK 1 f-else.

enVHWIIa ~TPaHCJIILMN :
BHEIIHEE—0OBABIIEHUE

EAMHNIIa—TPaHCJIALIMM BHEIIHEE -0OBsIBIIEHUE

BHeENIHEE —0OBSIBJIEHME ©
onpenesieHue —QyHKILIMUA

OOBABIIEHMUE

onpeneyieHne-—QyHKIUM :
CHenmupmKaTOPel—00BSIBIEHUS ;o0 OOBABUTEIH

CIIMCOK—0OBSABIICHUM 1005 COCTABHAS~MHC TRV

OOBSABJIEHME :

CrnenmMpmUKa TOPEI—~0OBSIBIIEHMS CIUCOK—MHUIIMATIU3ATOPOB—00BABUTETIC 005

CHMCOK—OOBSIBIICHMI:
OOBABIIEHMUE
CIMCOK—OOBABIICHMY OOBABIICHMUE



cnenmupmMKa TOPEI—OOBIBIICHNUT
cnenupmrKaTop—KJIacca—naMaTH CHELMUPUKATOPE~00BIABIECHU D 005
cCneuupuKaTOpP—THIIa CHELUPHUKATOPE~0OBSIBIEHU 1006

KBaJIUQUKATOP—THUIIA CHELHUPUKATOPE~O0O0BABIICHU T 006

crnenmMduraTOp-KIACCA~-NaMsITH: OOUH U3
auto register static extern typedef

cnenu@muKaToOp—THUIa: OIVH U3
void char short int long float double signed unsigned
CHeumupmuKaTOP—CTPYKTYPE~UIIN-00beAMHEHUS
crnenupmuKa TOp—MIepeurCIeHUS
typedef -umsg

KBaJIMQUKATOP—THIIa: OIVH U3
const volatile

CHeUPUKATOP~CTPYKTYPE~UIN—00BENMHEHNT :

CTPYKTYPA—MUIN-00BENMHEHNE HUIEHTUPUKATOPyeos | CIMCOK—0OBABIICHMM~
CTPYKTYPE }

CTPYKTYPAa-—UIn—-00beOMHEHNE UICHTUPUKATOP

CTPYKTypa-uin—-o6bseJMHEHME : OOHO U3
struct union

COMCOK—OOBABIIEHU—CTPYKTYPHL:
OOBSABJIEHME ~CTPYKTY B
CHMCOK—OOBABIIEHUN~CTPYKTYPE OOBSIBIIEHNE —CTPYKTY PR

CIMCOK—0OBSIBUTEIIC ~MHNUIIAATIMBATOPOB ¢
OOBABUTEIIb ~MHUIIMATINB3A TOP

CHI/[COK—OﬁﬁﬂBMTeﬂeﬁ—MHMHMaﬂMBaTOpOB ’ O@’BHBMT@JIB‘MHVU.IVI&JYMB&TOP

OOBABUTEIIE ~MHUIIMATINBA TOP :
OOBABUTEIIE

OOBSABUTEJIE = MHUIIMAJIN3A TOop

OOBABJIEHUE —~CTPYKTYPEL:
CHMCOK—CHEeLMPUKATOPOB~KBAJINUPUKATOPOB CIUCOK—00BIBUTEIICN—CTPYKTYPb

CIIMCOK—-CHENUPUKATOPOB—KBAJIUPUKATOPOB :
crnenupmrKaTop—THuIa CHUCOK—CIENUPUKATOPOB—KBAJIUPUKATOPOB 106
KBaJIUQUKATOP—THUIIA CHMUCOK—CHELUPUKATOPOB—KBAJIUPUKATOPOBe06

COUCOK—CTPYKTYPE~O0OBABUTEIIEN
CTPYKTYPBI-OOBABUTEIIE
CHMUCOK—CTPYKTYPE~OOBIBUTEIEN , CTPYKTYPE—-OO0BIBUTED

CTPYKTYPE—OOBABUTEIIE &
OOBABUTEIIE
OOBABUTEIbyeos : KOHCTAHTHOE—BEPAXEHMUE



CHeL[Md)MK‘a TOp—IIepedrCIJIeHMA

enum MIEeHTUPUKATOPyeos { CHUCOK-MIEPEUUCIIMTETIEN }

enub MIEeHTUYUKATOD

CHOMCOK—IIEPEYUYUCTINTETIEN
IepeyuncanTens

CHMCOK—NIEPEUUCTIUTEIIEN MEPEUNCITINTEH

IepeyuncCanTeNn
UOEHTUPUKATOP

VKas3aTelbyeos COOBCTBEHHO-OOBABUTEIE

CcobCTBEHHO-OOBSABUTETE :
MOEHTUPUKATOP

( )

cobCTBEHHO-OOBSIBUTETIE

OOBSABUTEIIE
[
(
(

CcobCTBEHHO-OOBSABUTETIE
COBCTBEHHO-OOBSIBUTEIIL

yKazaTeb:
*  COMCOK-KBAJIMPUKATOPOB—

*  COMCOK-KBAJIMPUKATOPOB—

CHMCOK"K'B&JTM@MK‘& TOPOB—THUIIA

KBaJIMQUKATOP —THUIIA

KOHCTAHTHOE~BEPAXEHNC 105 |

)

CIMCOK~UOEHTUPUKATOPOByeos )

CIIMCOK—THUIIOB—IIdpaMeTpOB

THUIIAye06

TUMNAue0s YKABATEIEb

CHI/[COK—KBaJIVI(Z)MKa TOPOB—THIIA KBaﬂM@MKa TOop—THIia

CHMCOK—THUIIOB—I1aPAMETPOB :

CHOMCOK-IapaMeTPOB

CIMCOK-IapaMeTpoOB ,

CIIMCOK—-IIapaMeTPOB:
OOBABIJICHME —IapaMeTpa
COMCOK-IIapaMeTpoOB ,

OOBABJIEHME —[IapPaMeTPa :
crneqmupmuKa TOPE—0OBSIBIICHUS
crnenmupmkaTOPe—00BIBICHUS

CIIMCOK—MIOEHTUPUKATOPOB:
UOEHTUQUKATOP
CIMCOK-MOEHTUPUKATOPOB ,

UHULMAJINBaTOoP
BRIPAXEHME ~TIPUCBAUBAaHUSI
{ chomcox-MHMIMAIN3aTOPOB

{ chomcox-mMHMIMAIN3aTOPOB

CHMCOK—MUHUIIMATIN3ATOPOB :
MHUIIMAITINBA TOP
CHMUCOK—MUHUIIMATIN3ATOPOB ,

MMA—THNUIIA @

OOBABIICHME —[IapaMeTpa

OOBABUTETIE

abCcTpaKTHEI—0O0BAIBUTEIE o0

UOEHTUPUKATOP

VMHUIINAJIN3AaTOop



CIIMCOK—CHEIUPUKATOPOB~KBAIUPUKATOPOB abCTPaKTHEIM~00BABUTEID 005

abCcTpaKTHEIM~0OBABUTEE :
yKasarejb

VKaBaTeJbyeos COBCTBEHHO-AOCTPAKTHBIM~O00BIBUTEIE

coBCTBEHHO-AOCTPAKTHEIM~00OBIBUTEIE -
( abcTpakTHEZI-OOBSIBUTETE )
CcOBCTBEHHO-aBCTPAKTHEN ~OOBSIBUTENbyers | KOHCTAHTHOE-BEPAXEHUC 105 |
COBCTBEHHO-AOCTPAKTHEIM~OOBSIBUTEN b yeos ( CIMCOK—THUIOB-IIAPAMETPOByecos )

typedef-mms:
UOEHTUPUKATOP

MHCTPYKIMAS:
IOMeYeHHa I~ UHCTPYKIMUI
MHCTPYKLMSA—BBEPaXECHNE
COCTaBHaSA~MHCTPYKLMI
MHCTPYKLMUSI—BEIOODA
IMKJINYECKASI~MHCTPYKLIMA
UHCTPYKLMI-IIepexona

TOMeUYEHHAaS~MHCTPYKIIMS
UIEHTUPUKATOP : MHCTPYKIIMS
case KOHCTAHTHOE-BEPAXEHME : MHCTPYKIMUSI
default : mHCTPYKIIMS

MHCTPYKIMSI~BEPAXEHNAE

BEIPAXEHUE yoos

COCTABHAA—MHCTPYKIINA

{ cnmMcox-0OBABICHU 1005 CHUCOK—MHCTPYKLIU M o055 |
CIIMCOK—MHCTPYKLIMI:
MHCTPYKLIMS

CHMCOK—-MHCTPYKLMM MHCTPYKLMSI

UMHCTPYKLMA-BBEOOPA :

if ( BrpaxeHwe ) MHCTPYKLIMS
if ( BrlpaxeHme ) MHCTPYKLMSI e€lse MHCTPYKLMS
switch ( BrlpaxeHme ) HMHCTPYKLMSI

LOUKJIINYEeCKAA~—MHCTPYKLIMA

while ( BrpaxeHme ) MHCTPYKIMUSI
do wmHCTPYyKIMS while ( BrpaxeHme )
for ( BRpaxXeHME,ecos5 ; BBPAXEHMUE eos ; BBPAXEHUE 005 ) MHCTPYKLIMS

UHCTPYKLUA-IIEepexona:
goto mmeHTHdMKaATOpD ;
continue ;
break ;
return BBEPAXEHME eos 1



BEIPAXEHHIE !
BEIPpAXEHMUE ~[IPMCBANBAHUI
BEIpAXEHMUE , BHEPAXEHMUE-TIPUCBANBAHNUS

BEIPAXEHUE ~TIPUCBAMBAHMUS
Y CJIOBHOE —BEIPAXEHUE
YHapPHOE —BEIPAXEHNE ONEPaTOP—IIPUCBAMBAHNMS BEPAXEHNE ~[TPUCBAUBAHUI

ornepaTop-rIpuCBaMBAHMS: OIVH U3
= /= &= += -= <<= >>= &= n= =

YCJIOBHOE ~BEIPAXEHUE &
Jiormyeckoe—-MJIV-BrpaxeHme
Jormyeckoe-JMJ/-BEpaxeHue 7 BEPaXeHue : YyCJIOBHOE - BEIPaXCHUE

KOHCTA@HTHOE ~BEIPAXEHME
YCIJIOBHOE —BEIPAXeHMEe

Jiormyeckoe -V -BepaxeHue :
JIOTMYeCKOe—J/—BEpPaxeHme
Jormyeckoe-Mi-BrlpaxeHne || Jormyeckoe—V—BEpaxeHMe

JIOI'MYeCKOe ~J—BEPAXECHNE
MV -BEIPAXEHME
JIoTrMyeCcKoe—J-BEpaxeHme && MWV -BepaxeHue

M -BEIpaxeHMe :
HCKJoyanmee — I/ -BEPaxXeHUe
Wi-BrlpaxeHme | wmckjndanee -V -BrpaxeHue

UckJoyanimee — I/ -BEpaxeHUE
V-BEIDAXEHME
uckmoyannmee —JJI-BelpaxeHue " J-BBEPaXeHME

V-BEIDAXECHME :
BEIPAXEHNE-—PaBeHCTBA
V-BrlpaxeHmne & BEPAXEHME-PABEHCTBA

BEIPAXEHUE—PABEHCTBA :
BEIpAXEHME ~OTHOUIEHMU ST
BEIPQXEHNE~PABEHCTBA == BBPAXEHME—OTHOIEHMSI
BEIpAXEHUE—PABEHCTBA !|= BRPaXEHMEe—OTHOIEHNS

BEIPAXEHNMEe ~OTHOIICHVA ©
COBMI'OBOE —BEIPAXEHNE

A

BEIPAXEHME ~OTHOIICHMA COBMI'OBOE —BEIPAXEHNE

\4

BEIPAXEHMEe —OTHOIICHMA CIOBMI'OBOE —BEIPAaXeH1e
BEREIPAXEHMEe—OTHOIEeHa <= CIBUI'OBOE—BRPAXECHUE

BERIPAXEHNE—OTHOUIEHMA >= CIOBUI'OBOE—BEREIPAXCHUE

CIOBMI'OBOE—BEIPAXEHNME :
agorTVMBHOE —~BEIPAXEHME
COBUI'OBOE—BEREIPAXEHME >> aIJUTMBHOE—BRIPAXCHIE



COBUI'OBOE—BEpaxeHmue << aIIuUTVUBHOE—BEPAXEHIE

aAqonTVIBHOE —~BEIPAXEHME ©
MYJIBETUIIJIMKATVMBHOE ~BEIPAXeHNEe
aIIUTUBHOE —~BRIPAXEHNE + MYJIbTUIIJIMKATHUBHOE ~BEPAXEHME
agonTVBHOE —~BEIPAXEHMEe — MYJIBTUIIJIMKATMBHOE ~BEIPAXEHNIE

MYJIBETUITJTIMKATMBHOE ~BBEIPAXEHNE ©
BEIPAXEHME ~I[IPMBEIJEHHOE ~K—TUILY
MYJIBETUIIJIMKA TMBHOE ~BEIPAXEHIE * BEIPAXEHME ~I[IPUBEIEHHOE —~K—TUILY
MYJIBETUIIJIMKATHMBHOE ~BEIPAXeHNEe / BEIPAXEHME ~I[IPUBEIEHHOE ~K—TUILY

o)

MYJIBETUIIJIMKATVMBHOE ~BEIPAXEHMEe G BBREPAXEHNEe ~[IPUMBEOEeHHOS ~K—THUIIY

BEIPAXEHNMEe ~IIPUBEEHHOE ~K—THUILY ©
VYHAPHOE ~BEIPAXEHNIE
( mMmsT—-THIIE ) BEIPAXEHNE "IIPMBEIICHHOE —K—THUIIY

YHAPHOE —BEIDAXEHUE :
NOCTQUKCHOE —BREIPAXEHME
++ yHapHOEe-BEpaxeHue
-— YHaPHOE-BRPAXEHME
VHAPHEI—OIIEPaTOP BEPAXEHUE ~IPUBEIEHHOE ~K—TUITY
sizeof yHapHOe-BRpPaxeHMUE
sizeof ( mmsg-THIE )

YHapHE-OepaTop: ONUH U3
& * + - ~ !

NOCTYMKCHOE—BEIPAXEHME :
IepBUYHOE ~BEIPaXEHME

NOCTQMKCHOE-BEIPAXEHME [ BRPaXeHMue |
IOCTOMKCHOE-BRIPAXEHME ( CIMCOK—-apIyMEHTOB—BEPAXECHU eos )
HOCTQUKCHOE-BEIPAXEHUE . MUOCHTUPUKATOP

INOCTQUKCHOE —BREIPAXEHUE —> MUIOEHTUPUKATOD
IOCTYQUKCHOE—BERIPaXeHue ++
IOCTQUKCHOE —~BEIPAXEHNE ——

[IEPBUYHOE —BEPAXEHME :
UOEHTUPUKATOP
KOHCTaHTa
CTPOKAa
( BrlpaxeHnme )

CHMCOK—apPyMeHTOB—BHanGHMﬁZ
BEIPAQXEHME ~IIPMCBAMBAHNIA
CHMCOK—aprMeHTOB—BHanGHMﬁ y BEIPAXeHMEe-IIPMCBAMBAHMA

KOHCTAHTA :
I1eJ1ass—-KOHCTAHTAa
CHUMBOJIBHAS~KOHCTAHTA
KOHCTAHTA—C—IIJIaBanle—TOUKOM
KOHCTAHTAa-IIepPEeUYMCIEHUE



Huxe npuBoAMUTCA rpaMMmaTMKa fA3blka Mpenpoueccopa B BMAE MeEpeyYHA CTPYKTYp YNpaBAAsOWMX CTPOK. A
MeXaHMYEeCKOro Nosly4yeHuns NporpaMmmbl rpammaTyeckoro pasbopa oHa He roguTcs. FpammaTrKa BKAKOYAET CUMBOJI

TEKCT, KOTOPbIM 03HAYaeT TeKCT 06bIYHOW Nporpammbl, 6e3yc/oBHbIE yNpaBaalowme CTPOKU NPEnpoLeccopa 1 ero

3aKOHY€E€HHbIe YC/NN0BHbIE KOHCTPYKUUN.

yIipaBjidmad—CTPOKA :

#
#

H= e S S S S S S e

define mMmeHTHMOMKATOP NOCJIEIOBATEJIBEHOCTE-JIEKCEM

define wmmeHTHUKATOP ( MOEHTUQUKATOL ... MIECHTUQUKATOPD )
10CJIeNOBaTEJIEHOCTE ~JIEKCEM

undef mpgeHTHYUKATOP

include <wmmsg-gariza>

include "mmsg-gariza"

include nmocsemoBaTesIBEHOCTE —JIEKCEM

line koHcTaHTa "mMueHTHOHKaATOP"

line koHCTaHTAa

error MnocJaenoOBaTEeNIBEHOCTE~JIEKCEMyaos

pragma I[IOCJEenOBAaTEJIEHOCTE ~JIEKCEMyeaos

YCJIOBHASI~KOHCTPYKIMSI—~IPENPOIIEeCCOoPa

YCIIOBHAA—-KOHCTPYKLMA—IIPEIIpOoIIeccopa.:

if-crpoka Texcr elif-yacTtm €lSe-YacCThb.eos # endif

if-cTpoka:

#

if KOHCTA@HTHOE ~BEIPAXEeHMEe

# ifdef mmenTmpmrxarop

# ifndef mmenrTmpmrarTop

elif-yvacrTiu:

elif-cTpoka TexKcCT

elif-yacTU,cos

elif-crpoka:

# elif xoHCTaAHTHOE-BHpPaXeHME

else-yacThb:

else-CcTpoKa TEKCT

else-cTpoKa:
# else



B. CrangapTHas 6M6/IMOTEKa

HacToswee npunoxkeHne npencrasaseT coboi KpaTkoe M3noxeHne bubanoTeku, yTBepaeHHoM B Kayectse ANSI-
cTaHgapTa. Cama no cebe 6UBNMOTEKA HE ABAAEGTCA YaCTblO A3blKa, OAHAKO 3a/10XKEHHbIN B Hell Habop GyHKUMi, a
TaKXKe onpeaeneHnn TUNOB M MaKPOCOB COCTaB/AET CUCTEMHYIO cpeay, NogdepuBatowyo ctaHgapt Cn. Mol He
NPUBOAMM 34€Cb HECKO/NIbKO (YHKUMN C OrpaHMYeHHOM o06nacTblo MNPUMEHEHMA — Te, KOTOpble Jerko
CUHTE3MpYlTCA M3 Apyrux GYHKUMIKA, a TakXe OMnyCKaem BCe TO, YTO KacaeTcs MHOrobamtoBbiX CMMBOJ/IOB M
cneundmrkmn, obycsoBNEHHON A3bIKOM, HALMOHA/IbHbIMWU OCOBEHHOCTAMM U KY/IbTYPO.

PYHKUMU, TUMbI M MAKPOCbl 06BABNAIOTCA B CNEAYOWMX CTAHAAPTHbIX 3aro/10BOYHbIX danaax:

<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>

LocTyn K 3aronoBo4HOMY $alily OCYLLECTBAAETCA C NOMOLLbIO CTPOKM NpenpoLeccopa
#include <3z3arosoBOYHEII—(QarT>

3arosioBoyHble $alisibl MOXKHO BKAOYATb B 1H06OM NMOpAZKe U CKObKO yrogHo pas. CTpoka #include He AonXKHa
ObITb BHYTPM BHELLIHEro O6bABNEHUA WAW onpeaeneHus U O0/KHA BCTPETUTbCA paHblue, YemM 4YTo-HMbyab u3
BK/1lOYAEMOro 3aros1oBoYHoro ¢anna byaet BoctpeboBaHO. B KOHKpETHOM peannsaummn 3aro/IoBoYHbIN ¢palin moxKeT
M He BbITb UCXOAHbIM daom.

BHewHMe naeHTMdPUKATOPbI, HAYMHAOLWMECH CO 3HAKa NOAYEPKMBAHMA, a TaKKe BCe Apyrne naeHTuduUKaTopsbl,
HauMHaloLWMeCs C ABYX 3HAKOB NOAYEPKMBAHMA UAKU C NoAYEePKUBAHUA U 3arnaBHOM ByKBbl, 3ape3epBnpoBaHbl AN
MCNOAb30BaHUA B bubanoTekKe.

B 1. BBoa-BbIBOA: <stdio.h>
OnpegeneHHble B <stdio.h> dyHKUMM BBOAA-BbIBOAA, @ TAKKE TUMbl M MAKPOCbl COCTaBAAOT NPMBAU3UTENbHO
OAHY TpeTb 6ubanoTeku.

[MomoK — 3TO UCTOYHMK MM NOAyYHaTeNb AAHHbIX; €r0 MOXHO CBA3aTb C AUCKOM MAWN C KAKUM-TO APYITMM BHELUHUM
ycTpoiictBom. Bubamnoteka nopaeprkmMBaeT fBa BWAA MNOTOKOB: TEKCTOBbIM M OGWHAPHDLIA, XOTA HA HEKOTOPbIX
cmcTemax, B YactHoctv B UNIXe, oHM He pasnunyatotca. TEKCTOBbIM NOTOK — 3TO NOC/AeL0BATENIbHOCTb CTPOK; Kaxaan
CTPOKA MMeeT Hynb MnuM b6onee CMMBOIOB M 3aKaHuYMBaeTcAs cumBosiom '\n' . OnepauMoHHaa cpega MOXKeT
notpeboBaTb KOPPEKLUMM TEKCTOBOIO NOTOKA (Hanpumep nepesoda '\n' B CMMBO/Ibl BO3BPAaT-KapeTKM U NepeBos-
CTPOKM).

EMHaprlﬁ NOTOK — 3TO NOC/1e40BaTe/IbHOCTb HerlpeO6pa3OBaHHbIX 6aﬁTOB, npeacraBnAarowmx cobol HEeKOoTopble
NPpoMeXyTOo4Hble AaHHble, KOTOpble o6nap,ar0T TeM CBOMCTBOM, YTO €C/IM MX 3anucaTb, a 3aTem npo4ecTb TOM Xe
cMcTemon BBOAaA-BbliBOAA, TO Mbl MOJTYy4YUM Mchopmau,mo, coBnagatouyto C VICXO,CI,HOVI.

MoToK coeanHseTca ¢ GakNOM MAM YCTPOWCTBOM MOCPEACTBOM E€r0 OMKPbIMUs, YKa3aHHan CBS3b Pa3pbiBAETCs
nyTem 3akpbimus notoka. OTKpbITMe dalina Bo3BpaLLAeT yKasaTenb Ha 06beKT TMNa FILE, KOTOPbIN COAEPHKUT BCIO
MHPOpMaLmio, HeOBXOAMMYIO ANS yNpaBJAeHUs 3TUM MOTOKOM. Ec/iv He BO3HMKAeT ABYCMbIC/IEHHOCTH, Mbl byaem
Nonb30BaTbCs TepMUHAMM "PalinoBblit ykasaTenb" M "NOTOK" Kak paBHO3HAYHbIMM.

Korza nporpamma HaumMHaeT paboTy, y:Ke OTKPbITbl TPM NOTOKa: stdin, stdout u stderr.

B 1.1. Onepauuu Haa ¢painjiaMu
Huke nepeuncnenbl dyHKUMM, onepupyloume ¢ parnnamu. Tun size t — 6e33HAKOBbIN LENOYUCNEHHDbIA TR,
MCMO/Ib3YEMbIN ANS ONMUCAHWUA pe3y/ibTaTa onepatopa sizeof.

FILE *fopen (const char *filename, const char *mode)



fopen OTKpblBaeT d)aﬁn C 334aHHbIM MMeHeM W BO3BpaLLAEeT NoTok uam NULL, ecnam nonbiTKka OTKPbITMA
OKa3aniaCb Hey,a,aquVl. Pexmm mode AONyCKaeT cneayrouime 3Ha4eHUA:

"r" — TEeKCTOBbIV $ai/l OTKpbIBAETCA ANs UTeHus (oT read (aHrn.) — ynTaThb);

"w" — TEKCTOoBbIN daitn co3pgaeTca ANA 3anucK; ctapoe coaepxumoe (ecnm oHo bbino) BbibpacbiBaeTtca (OT
write (aHrn.) — nucatb);

"a" — TeKCToBbI ¢alin OTKPbIBAETCA MAM CO343ETCA A/a 3anucu B KoHel, ¢aina (ot append (aHrn.) —
no6aBnATL);

"r+'" — TEeKCTOBbIM dalin OTKPLIBAETCA A1A UCMPABAEHUA (T. €. AN YTEHUA U A4N1A 3aM1cK);

"w+" — TEeKCToBblM ¢ann co3gaetcs ANA  MCNpaBAeHUs; CTapoe coaepXumoe (ecnm oHO 6bi1o)

BblbpacbiBaeTcs;

"a+" — TeKCTOBbIN $ana OTKPbIBAETCA UM CO34AETCA A1A UCNPABIEHUA YKe CyLLeCcTBYOWeNn nHGopmauum
n pobaBneHUa HOBOM B KoHe, paiina.

Pexxum "mcnpasneHuns" nosBosAeT YMTATb M MMUCATb B OAMH W TOT Ke dain; Npu nepexonax oT onepauumi
YTEeHMA K onepauMam 3anmnucu n obpaTHO AO0/IKHbI OCYLLEeCTBAATbCA obpaweHma K £f1ush uam K GyHKLMM
Nno3nuMoHNpPoBaHUA daiina. Ecnm ykasatenb pexxmma AononHUTb 6ykeBon b (Hanpumep, "rb" uam "w+b"),
To 3TO0 ByaeT o3HauyaTb, YTo daiin GUHapHbIA. OrpaHUMYEHNE Ha ANMHY MMeHU dalina 3a4aHO KOHCTAHTOM
FILENAME MAX.KoHcTaHTa FOPEN MAX OrpaHM4MBaeT YMCA0 OAHOBPEMEHHO OTKPbITbIX $aitnos.

FILE *freopen(const char *filename, const char *mode, FILE *stream)

freopen OTKpbIBAET ¢alia C yKasaHHbIM PEXMMOM U CBA3bIBAET €ro C NOTOKOM st ream. OHa BO3BpaLLaeT
stream Wan, B cnyyae ownbKkn, NULL. O6bl4HO freopen Ucnonb3yetcsa A1a 3aMeHbl $aiiios, CBA3AHHbIX C
stdin, stdout nam stderr, agpyrmmn pannamm.

int fflush(FILE *stream)

MpumeHseMas K NOTOKY BblBoAa GyHKUMs ££1ush NponsBoguT A03aNnNCb BCEX OCTaBLUMXCS B Bydepe (ewe
He 3anucaHHbIX) OaHHbIX; O] MOTOKa BBOAA 3Ta GyHKUMA He onpedeneHa. Bosepauwaetr EOF B cayyae
BO3HMKLLEN NpM 3anMcyu OWWBKU MAW HyAb B MPOTUBHOM cny4yae. ObpaweHue Bupga fflush (NULL)
BbINOJIHAET YKa3aHHble onepauun oA BCeX NOTOKOB BbIBOAA.

int fclose (FILE *stream)

fclose NPou3BOAWT [,03aMNMCh eLle He 3anuCcaHHbIX bydpepn3oBaHHbIX AaHHbIX, COPacbIBAET HECUMTAHHbIV
6ydepmn3oBaHHbIN BBOA, 0CBOOOXKAAET BCe aBTOMATMUYECKM 3anpolleHHble bydepa, nocae yero 3akpbiBaeT
NoToK. Bo3BpawaeT EOF B c/y4ae OWKNBKN U HYNb B MPOTUBHOM Cay4ae.

int remove (const char *filename)

remove yaander d>a17|n C YKa3aHHbIM MMEHEM, nocnenyrowan nonbiTKka OTKPbITb d>a|7|n C 3TUM MMEHEM
BbI3OBET 0LIJI/I6Ky. BO3Bp3LIJ,3€T HEHyNeBOE 3Ha4YeHMe B Cy4ae HEYAaHHOVI NONbITKWN.

int rename (const char *oldname, const char *newname)

rename 3ameHAaeT UMA d)aﬁna; BO3BpallaeT HeHyneBoe 3Ha4YeHne B Cnydae, eC/i NonbiTKa NU3MEHUTb UMA

OKasanacb Heyaa4yHoi. NepBblit NapameTp 3a4aeT cTapoe UMsA, BTOPO — HOBOE.

FILE *tmpfile(void)



tmpfile co3maeT BpeMEHHbI dain c pexxumom JocTyna "wb+", KOTOpbI aBTOMATUYECKWN YAANAETCA NpuU
€ro 3aKpbITUM UAM 0bbIMHOM 3aBepLIEHUM MPOrpammon csoelt paboTbl. ITa GyHKUUS BO3BPALLAET MOTOK
WK, ecAn He cMmorna cosaaTb ¢paiin, NULL.

char *tmpnam(char s[L tmpnam])

tmpnam (NULL) co34aeT CTPOKY, He COBMaZatowyl HU C OAHMM M3 MMEH CylecTBylowmux ¢ainos, u
BO3BpaLLAEeT yKa3aTe /b Ha BHYTPEHHWUI CTaTUYECKMIA MacCHB.

tmpnam (s) 3aNoMMWHaET CTPOKY B S WM BO3BPALLAET ee B KaYecTBe 3HAYEHUs QYHKUMK; AJIMHA S A0JKHA
6biTb He MeHee L tmpnam. MpyM Kaxaom Bbi3oBe tmpnam reHepupyeTca HOBOE MMA; MpU 3TOM
rapaHTupyetca He 6onee TMP MAX pa3sNIMYHbIX MMEH 33 OAMH ceaHc paboTbl Nporpammsbl. 3ameTUMm, YTO
tmpnam co3gaeT ums, a He dalin.

int setvbuf (FILE «stream, char *buf, int mode, size t size)

setvbuf ynpasnser bydepusaumeint NOTOKa; K HE cneayeT obpallaTbCa NpexKae, Yem byaeT BbINOAHATLCA
yTeHue, 3aMnUCb MAM Kakaa-nmbo apyraa onepauma. mode co 3HadyeHnem IOEFBE Bbi3blBaeT MOJHYIO
bybepusaumio, ¢ TOLBF — "nocTpouHyw" 6ydepusaumio Tekctosoro ¢aina, a mode €O 3HayeHMEM
_ IONBE oTmeHseT Bcakylo bybepusaumio. Ecam napametp buf He ectb NULL, TO ero 3HayeHue —
yKasatenb Ha 6ydep, B NpoTMBHOM cnydae nog b6ydep byaeT 3anpawmBatbca NamsaTb. [MapameTp size
3agaeT pasmep bydepa. PyHKUMs setvbuf B c/iyyae oWMOKKN BblAAET HEHY/IEBOE 3HAYEHUE.

void setbuf (FILE *stream, char *buf)

Ecnm buf ectb NULL, To An1s NoToKa stream bydepusauma BbikAoYaeTcs. B npoTMBHOM ciyyae Bbi30B
setbuf npuBeaeT K Tem e AeNCTBUAM, 4TO U BbI3OB (void) setvbuf (stream, buf, IOFBF,
BUFSIZ).

B 1.2. ®opmaTHBIi1 BBIBO/,
PyHKUMM print £ ocylecTBAAIOT BbIBOA MHPOPMaLMK o dopmarTy.

int fprintf (FILE *stream, const char *format, ...)

fprintf npeobpasyeT v NULIET BbIBOA B MOTOK stream nog ynpasneHvem format. Bosspalwaemoe
3Ha4YeHMe — YWC/IO 3aMUCaHHbIX CUMBOJIOB W/, B C/Ty4ae OLIMBKM, OTpMLATENIbHOE 3HAUYeHWe.

dopmaTHas CTPOKa COAEP!KMT ABa BMAA OOBLEKTOB: 06blYHbIE CMMBOJIbI, KOMMPyemble B BbIBOAHOM MNOTOK, U
cneundunkaumm npeobpasoBaHMsA, KOTOpble Bbi3blBalOT NpeobpasoBaHMe M NeyaTb OCTasibHbIX apryMeHTOB B TOM
nopsagdke, Kak oHW nepeuncneHbl. Kaxaasa cneumdukauma npeobpasoBaHMA HauYMHAETCA C S M 3aKaHuMBaeTcs
cMMBOAOM-cneumdurKaTopom npeobpasosaHua. Mexay $ U CMMBOAOM-CNeuMdUKaTOPOM B MOpAAKe, B KOTOPOM
OHW 34,eCb NepPeYnc/IeHbl, MOTYT BbITb PACNOIOXKEHbI Cleaytowue 31emMeHTbl MHGOPMALLUK:

e dnaru (B ntobom nopaake), Mmoanduumpyolme cneunuduKkaumio:

- — YKa3blBaeT Ha To, YTO NpPeobpa3soBaHHbIN apryMeHT A0/KeH BbiTb NPUXKAT K I€BOMY Kpato

nons;
+ — npeAnucbiBaeT nevyataTbh YNC/IO BCErAa CO 3HAKOM;
npobesn — eC/I1 NepBbI CUMBO/ - He 3HaK, TO YMCNY AONXKEH NpeawecTBoBaTth Nnpoben;

0 — YKa3blBa€T, YTO YMC/a AO0NKHbI 4ONONHATLCA CNeBa HYNAMU A0 Bcel LUNPUHbI NONA,;



# — YKa3blBaeT Ha O4HY u3 cneayowmx ¢opm BbiBoAA: AN O NepBoi UUMpon AonkKeH ObiTb
0; oA X UAn X HeHyIeBOMY pe3y/ibTaTy A0/IXKHbI npeawecTtsoBatb Ox uam 0X; anda e, E, £, g
1 G BbIBOA, A0/IXKEH 0053aTeNbHO coAepKaTb AeCATUYHYIO TOUKY; 414 g U G 3aBeplialowme
HY/1M He OoTOpacbIBaKOTCA.

Yncno, cneymdpuumpytoLLee MMHUMANbHYIO WMPUHY nons. Mpeobpa3oBaHHbIA apryMeHT byaeTt HanevaTaH B
nosae, pasamep KOTOPOro He MeHbLUEe YKa3aHHOM WKWpPKHbI, @ ecan notpebyeTcs, B none 6onbluero pasmepa.
Ecan yncno cumBonoB npeobpa3oBaHHOro aprymeHTa MeHblle LWWMPUHbI NoJA, TO nose byaeT AONOSHEHO
cnesa (MM cnpaga, ecn YUCNO NPUNKMMAETCA K IeBOMY Kpato). O6blYHO nosie AonoaHAeTca npobenamm
(nnn Hynamun, ecnmn npucyTcTeyeT dpaar AONONHEHUS HYNAMU).

TouYKa, OTAENAIOLLAA YKa3aTeNb LWMPUHbI NOAA OT YKa3aTens TOYHOCTMH.

Yucno, 3agatolLee TOYHOCTb, KOTOpPOE cneumduumMpyeT MakCMMabHOE KOAMYECTBO CMMBOJIOB, NEYATAEMbIX
W3 CTPOKMU, UM KOIMYECTBO UMdp nocne AecATUYHOM TOUYKU B NpeobpasoBaHuax e, E uan £, nam KonnmyecTso
3Havawmx umdp ana g nnm G-npeobpasoBaHmA, WU MUHUMANbHOE KOAMYECTBO UUbp Npu neyatn Luenoro
(80 HEOBXOAMMOW WMPKMHBI NOAA YNCNO AOMNONHAETCA CAeBa HYNAMN).

MoaudukaTtopbl h, 1 (byksa ell) uam L. "h" ykasbiBaeT Ha TO, YTO COOTBETCTBYIOLMIA aPryMeHT A0/IKEH
neyatatbCa Kak short wmam unsigned short; "1" coobwaeT, 4To aprymeHT MMmeeT TMN long wuau

unsigned long;"L" MHGOPMUpPYET, UTO aprymeHT NpuUHagNexkut tuny long double.

LUVIpVIHa, WU TOYHOCTb, NN o0be atn XapaKTePUCTUKN MOTYT 6bITb CI'IELI,VI(I)VILI,MpOBaHbI C nomolulbto *,‘ B 3TOM Cny4dae

Heobxoamnmoe uncio "nssnekaerca" M3 CAeAyiOLLEro aprymeHTa, KOTOpbIA A0NXEH MMeTb TUN int (B ciydae AByx

3Be3404€eK NCNob3yroTCA ABa aprymeHTa).

CvmBoObI-CcNeLndUKaTopbl U PasbACHEHUE UX CMbICia NpuBeaeHbl B Tabauue B-1. Ecnm 33 % HeT npaBuibHOro

cMmBONa-cneumduKaTopa, pesyibTaTt He onpeaesneH.

int printf (const char *format, ...)

int

int
int
int

printf (...) NOAHOCTbIO 9KBMBANeHTHa fprintf (stdout, ...).

sprintf (char *s, const char *format, ...)

sprintf AelcTBYeT Tak Xe, Kak U printf, TONbKO BbIBOA OCYLLECTBASAET B CTPOKY S, 3aBepluas ee
cumBosiom '\O'. CTpoKa S [0/KHaA ObiTb AOCTAaTOYHO 60/blION, YTOObI BMelaTb pes3y/bTaT BblBOAA.
Bo3BpallaeT KoMYECTBO 3anMCcaHHbIX CUMBOJIOB, B YAC/I0 KOTOPbIX cumBoA '\ O ' He BXOAMT.

vprintf (const char *format, va list arg)
viprintf (FILE *stream, const char *format, va list arg)
vsprintf (char *s, const char *format, va list arg)

PyHKUMKM vprintf, viprintf n vsprintf sKBMBANEHTHbI COOTBETCTBYOWMM print f-dyHKUMAM C TOM
NVWb  pasHuUEN, YTO MepemeHHblid  CMUMCOK  apryMeHTOB NpeAcTaB/leH NapameTpom  arg,
MHULMANU3MPOBAHHbIM MaKpPOCOM va start Ku, BO3MOXHO, Bbi3oBamu va arg (cm. B B7 onucaHue
<stdarg. h>).

Tabnunua B-1. MpeobpasoBaHus print

Cumson Tun aprymeHTa; B4 neyatm

d, 1

int; 3HaKoBaA AeCcATMYHAA 3anucb

int; 6e33HaKoBasA BoCcbMmepuyHas 3anucb (6e3 0 cnesa)



Xy

€

gy

o

unsigned 1int; 6e33HakoBas leCTHaALaTepMyHaa 3anucb (6e3 Ox muam O0X cnesa), B
Kauectse umdp ot 10 ao 15 ncnonbsyrotca abedef gnsa x n ABCDEF gns X

int; 6e33HaKkoBoe AecaTUYHOe Lenoe
int; eANHUYHbIA CMMBOA Nocne npeobpasoBaHma B unsigned char

char *; CMMBOJIbI CTPOKM MevatatoTca, noka He sBcrpetutca ' \0' mam He mucuyepnaetca
KO/IMYECTBO CMMBO/I0B, YKa3aHHOE TOYHOCTbIO

double; pecAatTMyHasa 3anucb Buaa [-Jmmm.ddd, rge kKonudectso d cneumdbuumpyetca
TOYHOCTbO. O YMONYaHWMIO TOYHOCTb pPaBHa 6; Hy/ieBas TOYHOCTb MOAABAAET NeyaTb
AECATUYHOM TOYKM

double; pecatnyHaa 3anucb Buaa [-Jm.ddddddetxx nam 3anmch Buaa [-]m.ddddddE+xx,
roe Konmdectso d cneumbuumpyeTcs TOYHOCTbIO. O YMONYaHMIO TOYHOCTb paBHa b6;
Hy/NeBas TOYHOCTb NoAAaBAAET NeYaTb AECATUYHOM TOYKU

double; ucnonb3yeTca %e M $E, ecan NOPAAOK MeHble -4 uau 6onblie UAM paBeH
TOYHOCTW; B MPOTMBHOM C/ly4ae UCMo/b3yeTca % f. 3aBepLiatolme HyIM 1 TOUYKa B KOHLE He
neyaratorca

void *; neyartaeT B BUAe yKa3aTens (NpeacraBneHune 3aBucuT oT peannsaumnm)

int *; YUCNO CMMBOAOB, Hane4YyaTaHHbIX K 4aHHOMY MOMEHTY [laHHbIM BbI30BOM printf,
3anucsieaemcs B aprymeHT. HuKakue gpyrve aprymeHTbl He npeobpasytorca

HUKaKMe aprymeHTbl He npeobpasyloTca; nevaTaeTca %

B 1.3. dopmaTHBIii BBOJ,

®yHKuMK scanf umetoT aeno ¢ bopmaTtHbiM NpeobpasoBaHMeM NpU BBOAE.

int fscanf (FILE *stream, const char *format, ...)

fscanf uMTaeT gaHHbIe M3 NOTOKAa stream Nog ynpasieHnem format u npeobpasoBaHHbIe BENYMHDI
npuceavMBaeT MO MNOPAAKY aprymeHTam, KaxObil U3 Komopbix 0osnxeH bbimb yKazamesem. 3aBepluaeT
paboty, ecam wucyepnanca d¢opmart. Bbigaer EOF no ucyepnaHuu daiina uam nepen  Aoboim
npeobpa3oBaHMEM, €CNM BO3HMKAA OWMUBKA; B OCTaNbHbIX CAy4Yasx OYHKLUMSA BO3BPALLAET KOJMYECTBO
npeobpasoBaHHbIX U BBEAEHHbIX 3/1IEMEHTOB.

dopmaTHaa CTpoKa 06bIYHO coaepXUT cneundrKaumm NpeobpasoBaHnA, KOTOPbIE UCMO/b3YIOTCA A4 ynpaBaeHUA

BBOAOM. B GOpMaTHYO CTPOKY MOFYT BXOOMTb:

npob6enbl U Tabynaunm, KOTopble UTHOPUPYIOTCH;

06bluyHble CMMBOJIbI (KpOMe %), KOTOpble OXKMAAITCA B MOTOKE BBOZA CPeAM CMMBOJIOB, OT/IMYHbLIX OT
CMMBONOB-pa3genuTenel;

cneundmnKkaumMm npeobpasoBaHMa, cocTosAWwMe M3 %; HeobsA3aTeNbHOrO 3HaKa *, NOAABAAIOLLErO
npucBamBaHue; HeobsA3aTeNbHOrO 4YWUcna, CNeuMOUUMPYIOWEro  MaKCMMaAbHYlO  WWPUHY  MNOAS;
Heobs3aTeNbHbIX h, 1 MAM 1, YyKasblBalOWMX pasmMep MPMCBAMBAEMOro 3HayeHusa, WM CUMBONA-

cneundmrkatopa NnpeobpasoBaHmA.

Cneumoukaumsa npeobpasoBaHusa onpegenseT npeobpasosBaHue creaylowero nonsa Beoga. Ob6bIYHO pesyabTaT

pa3melaeTca B ﬂepeMEHHOI\/‘L Ha KOTOPYK YKa3biBaeT COOTBGTCTByPOLLI,VIVI APryMeHT. OpaHako ecamn npuceaneaHune



NnoaBAseTcA C NMOMOLLbIO 3HaKa *, Kak, Hanpumep, B $*s, TO MoJje BBOAA MPOCTO NPOMYCKAeTCA, M HUKAKOro
npucBamMBaHUA He npoucxoauT. [one BBOAA OMNpeAenseTcA Kak CTPOKa CMMBOJ/IOB, OT/AMYHbLIX OT CMMBOJIOB-
pasgenuteneit; Npu sTom BBOA CTPOKM NPeKpaLLaeTca npu BbiNoJHEHUM NH06Oro U3 ABYX YCAOBUIA: eCU BCTPETUICA
CMMBON-PA3AeNnTeNb UK eCW WMPUHA NoAsA (B Caydyae, KOrga OHa yKasaHa) ucyepnaHa. M3 atoro cnegyet, 4To npu
nepexoge K cnegywouwemy nonto scant MoxeT "nepeluarMBatb” yepes rpaHUUbl CTPOK, MOCKO/bKY CUMBOJT HOBOW
CTPOKKU ABASETCA CUMBOSIOM-pasgenutenem. (Mog CMMBONAMM-PA3LENUTENAMMN NMOHMMAKOTCA CMMBOAbLI Npobena,
Tabynaumn, HOBOW CTPOKM, BO3BPATA KapeTku, BepTUKaIbHOW TabynsLMm U CMeHbl CTPaHULbI.)

CumBon-cneumdurKaTop yKasbiBaeT Ha cnocob mMHTepnpeTaunm nonsa Beoaa. COOTBETCTBYIOWMIA apryMeHT AOJIKeH
6bITb YKazaTtenem. CNnMcoK A0NYCTUMbIX CUMBO0B-CNeLMPUKaToOpoB NpnUBoAUTCA B Tabaunue B-2.

CumBonam-cneundukatTopam d, i, n, o, U U x MOXKET NpeaLecTBoBaTb h, €C/IM aprymMmeHT ecTb YKasaTeslb Ha short
(a He int) nam 1 (6ykea ell), ecnmn aprymeHT ecTb ykasatenb Ha 1ong. CumBonam-cneunduKkaTopam e, £ U g MoxKet
npeaLwecTsoBaTb 1, €C/M apryMeHT — yKasaTtesb Ha double (a He float), uam L, ecam apryMmeHT — yKasaTesb Ha
long double.

int scanf (const char *format, . . . )
scanf (...) AenaerTtoxe,4ytomn fscanf (stdin, ...).
int sscanf (const char *s, const char *format, ...)

sscanf (s, ...) 4enaet TO Xe, yto U scanf (...), TONbKO BBO4 CMMBOJIOB OCYLLECTB/AET U3
CTPOKM s.

Tabnunua B-2. MNpeobpasosaHunsa scant

Cumson [aHHble Ha BBOAE; TUN aprymeHTa
d JecAaTuuHoe uenoe; int *
i uenoe; int *. Llenoe moxeT 6biTb BOCbMEPUUYHBIM (C HY/NIeM cneBa) uau wecTHaauaTepuyHbiMm (¢ 0x

nmnu 0X cnesa)

o BOCbMepUYHOe Lenoe (c Hynem cnesa unu 6es Hero); int *

u 6e33HaKoBoe AecATMYHOE Lenoe; unsigned int *

x WwecTHaauatepumuHoe uenoe (c O0x uam 0X cnesa uam 6es Hux); int *

C cumBoAbl; char *. CMMBO/IbI BBOAA PAa3MELLAloTCA B YKa3aHHOM MAaccuBe B KOJIMYECTBE, 3a4aHHOM

WWPUHOW MOAA; NO YMOMYaHMIO 3TO Koaudectso pasHo 1. Cumson '\ 0' He gobasnsaerca. CUMBOAbI-
pasaenutenn 34ecb PaccMaTpMBAlOTCA KaK OObIYHblE CMMBOJIbI M MOCTYNatOT B aprymeHT. YTobbl
NpoYecTb CeAyoLWMIA CUMBOI-Pa3aennTeNb, UCNONb3yiTe 1 s

S CTPOKa CMMBOJIOB, OT/IMYHBIX OT CMMBOJIOB-pasaenvTenein (3anucoiBaetca 6e3 KaBblueKk); char *,
YKa3bIBalOWMIA Ha MaccMB pasmepa AO0CTaTOYHOro, YTobbl BMECTUTb CTPOKY M AobasBnsembiid K Hei
cumson '\ 0"

e, £, g uucno c nnasatowein Toukon; float *. dopmar BBOAA ANA float COCTOMT U3 HeobsA3aTe/IbHOro
3HaKa, CTPOKU LmMbp, BO3MOXKHO C AECATUYHOW TOUYKOM, M HeobA3aTeIbHOro NopsaAKa, cocToAalero u3 E
WA € N Lenoro, BOSMOXHO CO 3HaKOM

P 3Ha4yeHue yKasatena B BuAe, B Kotopom printf ("S$p") ero HanevaTaeTt; void *



3anucbiBaeT B aprymeHT YMCI0 CMMBOJIOB, NPOYUTAHHbIX K 3TOMY MOMEHTY B 3TOM Bbi30oBe; int *.
HuKaKoro YteHnA BBOAA He npoucxoaur. CyeTumK Yncna BBeL,eHHbIX 3/IEeMEHTOB He yBe€/IN4YNBaETCA

BblOMpaeT M3 BBOAA CaMylo AJIMHHYIO HEMyCTyio CTPOKY, COCTOALWLYIO M3 CMMBOJIOB, 3aJaHHbIX B
KBaZpaTHbIX CKOBKax; char *. B KoHel, cTpoku gobasnsetrca '\0'. CneundukaTtop Buga [] ... ]
BKJ/IIOYaeT | B 3ajaBaeMOe MHOXKeCTBO CMMBOJIOB

BbIbMpaeT U3 BBOAA CaMyIO [AJIMHHYIO HENycTylo CTPOKY, COCTOALLYI M3 CMMBOJIOB, HEe BXOAALWMX B
3agaHHoe B CKObKax MHoxecTBo. B KoHeu, gobasnserca '\0'. Cneumdukatop Buga ["]...]
BK/ItOYaeT | B 3a4,3aBaeMO€e MHOYKeCTBO CUMBOJIOB

06bIYHbI CUMBON %; NpUcBanBaHWe He aenaeTca

B 1.4. DyHKI MM BBOJa-BbIBOAa CUMBOJIOB
int fgetc (FILE *stream)

fgetc Bo3BpalLaeT cieayoWwmnin CUMBOA U3 NOTOKA stream B BUAe unsigned char (nepeBeaeHHyo B
int) wam EOF, ecnmn ncyepnaH ¢aiin nnm obHapyKeHa owmbKa.

char *fgets(char *s, int n, FILE *stream)

int

int

int

int

fgets uutaet He 60see n—-1 CMMBO/IOB B MAacCcMB s, MPeKpallan YTeHne, eciv BCTPETUACA CUMBOJI HOBOM
CTPOKM, KOTOPbIA BK/OYAETCA B MacCMB; Kpome TOro, 3anucbiBaeT B maccus '\0'. ®yHKkuma fgets
BO3BpALLLAeT S WK, eCNKn ncHepnaH dpain namn obHapyskeHa owmnbKka, NULL.

fputc(int ¢, FILE *stream)

fputc nuwer cumBon c (NepesedeHHbIt B unsigned char) B stream. Bo3BpalwaeT 3anuMcaHHbIN
CMMBOA MK EOF B Cyyae OLWMBKM.

fputs (const char *s, FILE *stream)

fputs NUWeT CTPOoKY s (KoTopas MOKeT He UMeTb ' \n') B stream; BO3BpaLlaeT HeoTpuLaTeIbHOE Lenoe
nnn EOF B ciyyae owmnbKu.

getc (FILE *stream)

getc Aenaet To Xe, 4To U fgetc, HO B OTAMYME OT MOCAeAHEeNn, eciM OHa — MaKpoC, stream MOXeT
6paTtbca 6onee ogHoOro pasa.

getchar (void)

getchar () AenaetTo e, YTo getc (stdin).

char *gets(char *s)

gets YMTaeT ciedytoLLyto CTPOKY BBOAA B MACCUB S, 3aMEHAA CUMBOJ1 HOBOM CTPOKM Ha '\ 0 '. Bo3BpawaeT
S WK, ecnm ncuepnax ¢ain uam obHapyKeHa owmnbka, NULL.

int putc(int ¢, FILE *stream)

putc AenaeT To e, YTo U fputc, HO B OTIMYME OT NOCAeAHEN, eCIM putc — MaKpPoC, 3HaYeHue stream
MoKeT bpaTbcs bonee ogHOro pasa.

int putchar (int c)



putchar (c) genaet 10 Xe, yTo putc (c, stdout).
int puts(const char *s)

puts NUWET CTPOKY S M CMMBON HOBOW CTPOKM B stdout. BosspauwaeT EOF B c/iyyae OwubKM, uau
HeoTpuLAaTeIbHOE 3HAYEHWE, eC/IM 3aNncb NPOLIA HOPMAbHO.

int ungetc(int c, FILE *stream)

ungetc oTnpaBaseTr cMmBoA C (nepeBedeHHbIn B unsigned char) obpaTHO B stream; npu
clegytolem YTeHUN U3 stream oH ByZeT nosyyeH cHoBa. 1A KaXKA0ro NoToKa BEPHYTb MOXKHO He 6osee
onHoro cumsosia. Henb3s Bo3Bpalwate EOF. B KayecTBe pesynbTata ungetc BblAaeT OTNPABAEHHbIW Ha3ag,
CUMBOJ UK, B C/ly4ae ownbku, EOF.

B 1.5. dyHKIUHK NPSAMOro BBOJa-BbIBOAA
size t fread(void *ptr, size t size, size t nobj, FILE *strem)

fread yuTaeT M3 MNOTOKa stream B MaccMB ptr He 6onee nobj 06beKTOB pasmepa size. OHa
BO3BPALLAET KOJIMYECTBO MPOUYMTAHHbIX OOBEKTOB, KOTOpPOE MOMKeT ObiTb MeHblue 3asBfeHHoro. s
WMHAMKALMN COCTOAHMUA NOCNE YTEHUA CAeayeT UCNnob3oBaTh feof U ferror.

size t fwrite(const void *ptr, size t size, size t nobj, FILE «stream)

fwrite nuMweT M3 MaccmBa ptr B stream nobj 0O6bLEKTOB pasmepa sSize; BO3BpALAET YMCIO
3anucaHHbIX 06 LEKTOB, KOTOPOE B C/ly4Yae OWNBKM MeHblle nob .

B 1.6. ®yHKIUY NO3MLUOHUPOBaHUA Qaiilia
int fseek(FILE *stream, long offset, int origin)

fseek ycTaHaBnAMBaeT No3uuUMO ANA stream; Nnocneaylollee YtTeHne nam 3anuce byaet Npons3BoAUTLCA C
3Toh nosuumu. B cnyyae 6uHapHoro ¢aina nosvuma ycTaHaBAMBaeTCA CO cMmeweHnem offset —
OTHOCUTENbHO Havana, ecin origin paseH SEEK SET; OTHOCUTE/IbHO TeKylen no3numun, ecam origin
paseH SEEK CUR; M OTHOCMTENbHO KOHUa daiina, ecam origin paseH SEEK END. [1na TeKcToBoro daina
of fset pomKeH GbITb HyNEM UAN 3HAYEHWEM, MOJIYYEHHBLIM C NMOMOLLbIO Bbi3oBa PyHKUMKU ftell. Mpu
paborte ¢ TekcToBbIM daitnom origin Bceraa AOKeH bbITb paBeH SEEK SET.

long ftell (FILE *stream)

ftell BO3BPALLAET TEKYLLYHO MO3ULMIO NOTOKA stream uam —11, B cy4vae OLWNOKMN.
volid rewind (FILE *stream)

rewind (fp) AenaetrTo e, uytomn fseek (fp, 0L, SEEK SET); clearerr(fp).
int fgetpos (FILE *stream, fpos t *ptr)

fgetpos 3anMCbIBaeT TEKYLLYIO NO3ULMIO NOTOKA stream B *ptr 414 NOCAeAYHOWEro UCNONb30BaHUA ee
B fsetpos. Tun fpos t no3BonAeT XpaHWTb TaKOro posda 3HaveHua. B cnyyae owmnbkn fgetpos
BO3BpaLLAeT HeHy/ieBOE 3HaYeHue.

int fsetpos (FILE *stream, const fpos t *ptr)

fsetpos ycTaHaBAMBaAEeT MO3MUMIO B stream, YMTana ee U3 *ptr, Kyaa oHa Oblna 3anucaHa paHee c
nomolbio fgetpos. B cnyyae ownbKM £setpos BO3BPaLLAET HEHYNEBOe 3HaYeHue.



B 1.7. ®dyHKIUM 06pPaGOTKH OLIUOGOK

MHorve ¢yHKUMKM BUBAMOTEKN B Caydae OWMOKU MM KOoHUA daiina ycTaHaBAMBAOT UHAMKATOPbI COCTOAHMUA. ITU
WHAMKaATOPbl MOXKHO NPOBEPATb U N3MEHATb. KpomMe Toro, Liesoe BblpaXkeHne errno (06bsABAeHHoe B <errno.h>)
MOXKET cogepKaTb HOMepP OWMBKKN, KOTOPbIM AaeT AONOAHUTENbHYIO MHGOPMALMIO O NocaeAHEN U3 OOHAPYKEHHbIX
OLWMOOK.

void clearerr (FILE *stream)

clearerr oyMwaeT UHAUKATOPbI KOHUA daina 1 owmnbKM NOToKa stream.
int feof (FILE *stream)

feof BO3BpalLaeT HEHY/IEBOE 3HAYEHUNE, €CN ANA NOTOKA St ream YCTAaHOBAEH MHAMKATOP KOHUA daina.
int ferror (FILE *stream)

ferror Bo3BpalaeT HEHY/IEBOE 3HAYEHUE, EC/IM AN1A NOTOKA St ream YCTaHOBAEH MHAMKATOP OLWNOKMN.
void perror (const char *s)

perror (s) neyataeT s U 3aBUCMMOE OT peanu3aumm cooblieHme 06 OWNOKe, COOTBETCTBYIOLLEE LLeoMY
3HaYeHWto B errno, T. €. AeNaeT TO e, YTo U obpalleHme K pyHKummM fprintf Buaa

fprintf (stderr, "%s: %s\n", s, " coobmenue oboummbkre")

Cm. strerror B naparpade B3.

B 2. IIpoBepKH KJ1acca cuMmBoJia: <ctype.h>

3aronoBoYHbIN Pann <ctype.h> 0b6bABNAET PYHKUMWU, NpeAHa3HAYEHHble A/1A NMPOBEPOK CMMBOJIOB. AprymeHT
KaXOoM M3 HUX MMeeT TN int M AonxeH nAMbo npeactasnAatb cobo EOF, nnbo 6biTb 3HaveHMem unsigned
char, NnpMBeAeHHbIM K int; BO3BpallaeMoe 3HaYeHUe ToXKe MmeeT TMn int. PyHKUMKM BO3BPALLAIOT HEHy/eBoe
3HaueHue ("McTMHA"), Korga aprymeHT C yA0B/JETBOPSAET ONUCAHHOMY YCIOBUIO WU MPUHALNENKMUT YKAa3aHHOMY
K/1laccy CMMBOJIOB, U HYJ/Ib B MPOTUBHOM C/yyae.

isalnum(c) — isalpha(c) nnm isdigit (c) ecTb uctnHa

isalpha(c) — isupper(c) nnm islower(c) ectb ucTuHa

iscntrl (c) — YNpaBAAIOLWMIA CUMBON

isdigit (c) — pecAtTudHasa umdpa

isgraph (c) — neyaTaemblii CMUMBOJ1 Kpome npobena

islower (c) — ByKBa HMXKHero perucrpa

isprint (c) — nevyaTaembli CUMBOJI, BK/toYan npoben

ispunct (c) — rnevyaTaemblii CMMBOA Kpome npobena, 6ykBbl nan Lmudpsbl

isspace (c) — npoben, cmeHa CTpaHuMLbl, HOBasa CTPOKa, BO3BpaT KapeTku, Tabynauma, BepTUKaibHas
Tabynaumn

isupper (c) — ByKBa BepxHero perucrpa

isxdigilit(c) — wecTHaguatepuyHas undpa



B Habope cemnbutosbix ASCll-cMMBONIOB NeyaTaemble CUMBObI HaxoaaTcA B guManasoHe ot 0x20 (' ') mo OX7E ('—
'); ynpasastowme cumaonbl — oT 0 (NUL) go Ox1F (US) n Ox7F (DEL).

MoMnMo nepeymncneHHblx ectb Ase GYHKLUMMU, NnpuBogAaLme ByKBbl K O4HOMY M3 PEFUCTPOB:
int tolower (int c) — NepeBOAMT C Ha HUMKHUI perncTp;
int toupper (int c) — NepeBOAMT C Ha BEPXHUI perncrp.

Echn ¢ — ByKBa Ha BepxHem perucrtpe, To tolower (c) BblJACT 3Ty BYKBY Ha HUMKHEM PErUCTPE; B NPOTUBHOM
Cny4ae oHa BepHeT c. Ecam ¢ — ByKBa Ha HWMKHEM peructpe, To toupper (c) BblAacT 3Ty BYKBY Ha BepxHem
peruncrpe; B NpPOTUBHOM C/ly4ae OHa BEPHET C.

B 3. ®yHKIIMH, onepUpyOLIMe CO CTPOKaMU: <string. h>

MmetoTca gBe rpynnbl GYHKUMA, Onepupylowmx co cTpokamu. OHM onpeaeneHbl B 3arosoBoyHom daline
<string.h>. UMmeHa PyHKUNIN nepBOM rpynnbl HauMHatoTcAa ¢ BykB str, BTopon — c mem. Ecnn KonuposaHue
MMeEEeT AeJI0 C 0ObeKTaMM, NEPEKPLIBAKOLWMMMUCA MO NaMATU, TO, 38 UCKAKOYEHUEM memmove, noBeaeHne GyHKuuin
He onpegeneHo. PYHKUUM CPAaBHEHWUA PACCMATPUBAIOT APryMeHTbl KaK MacCMBbl 3JIEMEHTOB TMMNa unsigned

char.

B Tabnnue B 3 nepemeHHble s U t NpuHagnexart TmMny char *, cs m ct — TMny const char *, n — Tuny

size t,ac — 3HayeHue TMNa int, npuBeAeHHOe K TUNy char.

B 3. ®dyHKUMM, onepupyloLLmMe CO CTpoKamu: <string. h>

char *strcpy(s, ct) KOMMPYET CTPOKY Ct B CTPOKY s, BKAtoYas '\ 0 '; BO3BpaLLAET s

char *strncpy(s, ct, n) KonupyeT He 6osiee n CMMBOJIOB CTPOKM Cct B s; BO3BpawaeT s. JlononHsaer
pesynbTaT cumBonamm '\ 0 ', eCNn CMMBOJ/IOB B Ct MeHblLLE N

char *strcat(s, ct) NPUNUCbIBAET ct K S; BO3BPALWLAET S

char *strncat(s, ct, n) npunucbiBaeT He 6osee n CMMBO/IOB Ct K s, 3aBepluana s cumeonom '\0';

BO3BpallaeT s

char strcmp(cs, st) CpaBHMBAET cs U ct; Bo3BpawaeT <0, ecnm cs<ct, 0, ecnn cs==ct, n >0,
ecam cs>ctt®

char strncmp (cs, ct) cpaBHMBaeT He 6onee n cMMBONOB Cs M ct; Bo3BpawaeT <0, ecan cs<ct, 0,

ecam cs==ct,n>0,ecnn cs>ct

char *strchr(cs, c) BO3BpallaeT yKa3aTe/ib Ha NnepBoe BXoXAeHNe C B Cs UK, eCNn TaKOBOIo He

OKasanocb, NULL

char *strrchr(cs, c) BO3BpALLLAeT YyKasaTenb Ha MNOCNeAHEe BXOXAEHWEe C B CS WAM, ecau

TAaKOBOro He okasanocb, NULL

size t strspn(cs, ct) BO3BpalWlaeT AAMHY Haya/IbHOrO CermeHTa cs, COCTOALWEero U3 CUMMBOJIOB,
BXO4ALWMX B CTPOKY Cct

size_t strcspn(cs, ct) BO3BpALLAEeT A/MHY HaYa/IbHOrO CErMeHTa CS, COCTOALLErO U3 CUMBOJIOB, He

15 o

34ecb M HUXKE NoA, TaKMMU BbIpaXKeHUAMM Kak cs<ct He cneayeT NoHMMaTb apudMeTMYecKoe CpaBHEHWE yKasaTenem.
MoapasymeBaeTcsa NeKCUKorpapuyeckoe cpaBHeEHME, T. C. CS MeHblue (bonblie) ct, ecam nepsblii HECOBNABLUMIM 3/1@MEHT B CS
apudmeTnyYeckn meHblue (6onblle) COOTBETCTBYIOLLENO 3/1eMeHTa U3 ct. — llpumey. ped.



BXOAALLNX B CTPOKY CtT

char *strpbrk(cs, ct) BO3BpalL@eT yKasaTeNb B CS Ha MepBblii CUMBOJI, KOTOPbIN COBMAn C OAHUM

U3 CMMBOJIOB, BXOAALWMNX B Ct, NN, €CZIN TAKOBOIo He okasanocb, NULL

char *strstr(cs, ct) BO3BpallaeT yKasaTe/lb Ha NepBoe BXOXAeHMe ct B ¢S WAW, eCiv TaKoBOro
He oKasasnocb, NULT

size t strlen(cs) BO3BpaLLaeT A/IMHY CS

char * strerror (n) BO3BpallaeT VyKasaTelb Ha 3aBMCALWLYHO OT peanu3aumm  CTPOKY,
COOTBETCTBYHOLLYIO HOMEpPY OLNBKM n

char * strtok(s, ct) UWET B S NEeKcemy, OrpaHUYeHHylo cMMBOMamMuK U3 ct; bonee noapobHoe
onumcaHue 3TON GYHKLMM CM. HUXKE

MocneposaTtenbHble Bbl30Bbl Strtok pa3buBaloT CTPOKY S Ha Nekcembl. OrpaHUYUTENEM NeKCeMbl CAYXUT Ntoboii
CUMBO/ U3 CTPOKM ct. B nepBom Bbi3oBe yKaszaTenb s He paBeH NULL. ®OYHKUMA HAaxo4WUT B CTPOKe s Mepsylo
JIeKcemy, COCTOALLYI0 U3 CMMBOJIOB, HEe BXOAAWMX B ct; ee paboTa 3aKaHYMBAETCA TEM, YTO NOBEPX C/eAyHLLEero
cumBona nuwetca '\0' u BO3BpallaeTca ykasatenb Ha Jsiekcemy. Kaxkgbiii nocsieayiowmini Bbi30B, B KOTOPOM
yKasaTenb s paBeH NULL, BO3BpalllaeT yKasaTe/b Ha C/ledyloLLyto 1eKcemMy, KoTopyto GpyHKUmMS ByaeT nckatb cpasy
3a KoHUOM npeabiaywen. PyHKuma strtok sosspawaet NULL, ecivu Aanee HUKAKOW fieKcembl He 0BHapyXeHo.
MapameTp ct OT BbI30Ba K BbI30BY MOKET BapbUpOBaThbCA.

PyHKUMM mem. .. npeAHasHayYeHbl A4 MaHWUNYAMPOBaAHMA C OOBEKTaMM KaK C MaccCMBaMW CUMMBOJIOB; WX
Ha3HaYeHMe — noAyYUTb UHTepdelcbl K 3PdeKTUBHbIM Nporpammam. B npuBeseHHON HuKe Tabavue s m t
npuHagnexkat tuny void *; cs m ct — mmny const void *; n — TMAy size t; a C MMeeT 3HayeHne Tuna

int, npuBeaeHHoe K Tuny char.
void *memcpy (s, ct, n) KonupyeT 11 CUMBOJ10B U3 CT B s U BO3BpaLLaeT s

void *memmove (s, ct, n) [enaeT TO Ke camoe, 4YT0 M memcpy, HO paboTaeT M B c/ayyae
"nepeKkpbiBatoLLmxca” 06BEKTOB.

int memcmp (cs, ct, n) CPaBHMBAET NepBble N CUMBOJIOB CS U Ct; BblAAET TOT e pe3y/bTaT, YTo U

byHKUMA strcemp

void *memchr (cs, ¢, n) BO3BpALLLAeT yKasaTeslb HAa MepBOE BXOXAEHWE CMMBOMA C B CS WK, ecnu

cpeaun nepsblX 1 CMMBOJIOB C He BCTpeTuaocb, NULL

void *memset (s, c, n) pasMeLLaeT CMMBOJ C B NEPBbLIX N NO3ULMUAX CTPOKU S U BO3BPALLAET S

B 4. MatemaTnyeckue pyHKuu: <math. h>
B 3aronoBoyYHOM d)al‘/’me <math.h> onucelBaloTcaA maTemaTnyecKkue dDYHKLJ,MM nonpeaenarnTca MakKpochbl.

Makpocbl EDOM 1 ERANGE (Haxogsawmeca B <errno .h>) 3a4al0T OT/IMYHbIE OT HYNA LLeN0YUCAEHHbIE KOHCTaHThI,
ucnonbsyemble ana  dukcauum owmnbkn obnacth m owmnbkm AmanasoHa; HUGE VAL onpejeneHa Kak
nosoXKuTenbHoe 3HadeHWe Tmna double. OwMbKa 061acTM BO3HMKAET, €C/INM aprymeHT BbIXOAWUT 3a obsacTb
3HAYeHWU, ANA KoTopoi onpeaeneHa GyHKUmMA. Pukcaumnsa owmnbkn obnactn ocyLwecTBAAETCA NPUCBOEHUEM €T N0
3HayeHMAa EDOM; BO3BpalLaemMoe 3HayeHue 3aBUCUT OT peanmsaumu. OWKnbKa AnanasoHa BO3HWMKAET Toraa, Korga
pe3ynbTaT PyHKUMM He MOXKeT BbiTb NpeacTaBneH B Buae double. B cnyyae nepenonHeHna GyHKUMA Bo3BpalLaeT



HUGE VAL c NnpaBUIbHbIM 3HAaKOM M B € N0 YCTaHaBAWBAETCA 3HayeHMe ERANGE. Ecnm pe3ynbTaT okasbiBaeTca
MeHblle, YemM BO3MOMKHO MPeACTaBUTb AaHHbIM TUNOM, QYHKLMA BO3BPALLAET HY/b, @ YCTaHABAMBAETCA /I B 3TOM
cnyyae B errno ERANGE, 3aBUCUT OT peanusaumu. Janee x u y umetoT Tun double, n — TMN int, 1 Bce GyHKUUU
BO3BPALLAOT 3HaYeHuA TMNa double. Yrabl B TPUFOHOMETPUYECKMX QYHKLMAX 334at0TCA B PagMaHax.

sin (x) CUHYC X

cos (x) KOCUHYC X

tan (x) TaHreHC x

asin(x) apKcuHyC x B ananasoHe [-1t/2, n/2], x€[-1, 1]

acos (x) apKKOCUHYC x ananasoHe [0, ], x€[-1, 1]

atan (x) apKTaHreHc x B AnanasoHe [-1t/2, n/2]

atan2 (y, x) apKTaHreHc y/x B gnanasoHe [-7, ]

sinh (x) rmnepbonNYecKknin CUHYC X

cosh (x) rMnepboaNYEeCcKniA KOCUHYC X

tanh (x) rmnepboanNYecKknii TaHTFeHE x

exp (x) 3KCMOHeHUMaNbHasa GpyHKUmAa e*

log (%) HaTypanbHbI norapuom In(x), x >0

1logl0 (x) AECATUYHBIN norapudm logyo(x), x >0

pow (x, V) x”. OwnbKa obnactm, ecnm x =0un y <0 umnm x <0 n y — He uenoe

sqgrt (x) KOpeHb KBaZpaTHbINA U3 x, x >0

ceil (x) HaumeHbLLee Uenoe B Buae double, KOTOPOE He MeHbLIEe X

floor (x) HanbonbLliee Lenoe B Buae double, KOTopoe He Bonblue x

fabs (x) abconoTHOe 3HaueHne | x|

ldexp (x, n) x * 2"

frexp(x, int *exp) pa3buBaeT x Ha [ABa COMHOXMWTENA, MepBbli U3 KOTOPbIX — HOPManM3oBaHHas
Apobb B uMHTepBane [1/2, 1), KoTopas BO3BpaLLaeTca, a BTOPOM — cTeneHb
[IBOVKM, 3Ta CTeneHb 3arnoMuHaeTcs B *exp. Ecam x — Hynb, To obe vactu

pesynbTaTa paBHbl HY/O

modf (x, double *ip) pasbuBaeTca Ha uenyto 1 ApobHylo YacTn, obe MMEeIoT TOT Xe 3HaK, YTo M x. Llenas
YacTb 3aNOMMUHAETCA B * 1p, APOHHAn YacTb BbIAAETCA KaK pe3ynbTart

fmod (%, V) OCTaTOK OT Ae/IeHUA X Ha v B BMAE YMCNa C NaBaloLein TOYKON. 3HaK pe3yabTaTa
COBMaAaeT co 3HaKoM x. Ecam v paBeH HyAto, pe3yabTaT 3aBUCUT OT peanmsauum



B 5. ®yHk1uu o6uiero HazHayeHus: <stdlib. h>
3aronoBoyYHbIN dann <stdlib.h> obbaBaAeT GyHKUMM, NpeaHa3HaYeHHble gns npeobpasoBaHuUs ymcen, 3anpoca
NamaATU U ApYyrvx 3agad.

double atof (const char *s)

atof nepesoaut s B double; aKBMBaneHTHa strtod (s, (char**) NULL).
int atoi(const char *s)

nepesBoamuT s B int; akBMBaNeHTHa (int) strtol (s, (char**)NULL, 10).
int atol (const char *s)

nepesoguT s B long; akBMBaneHTHa strtol(s, (char**) NULL, 10).
double strtod(const char *s, char **endp)

strtod npeobpasyeTr nepBble CUMBOJIbI CTPOKM s B double, WUrHOPUPYA HayvasibHble CUMBOJIbI-
pasfenuTenn; 3anoMUHAET yKasaTelb Ha HenpeobpasoBaHHbIM KoHel, B *endp (ecam endp He NULL), npu
nepenosHeHMn oHa BblgaeT HUGE VAL € COOTBETCTBYIOLMM 3HaKOM, B CAay4ae, ecau pesyabrtaTt
OKa3blBaeTcA MeHbLUE, YeM BO3MOXKHO NpeacTaBUTb AaHHbIM TMNOM, Bo3Bpallaetcs 0; B 06oux ciyyasnx B
errno ycTaHaBamMBaeTca ERANGE.

long strtol (const char *s, char **endp, int base)

strtol npeobpasyeT nepBble CUMBOJIbI CTPOKM S B 1 0Ng, UITHOPUPYA HayaNbHble CUMBO/bI-Pa3aennuTenu;
3aMoOMWHaeT yKasaTeNb Ha Henpeobpas3oBaHHbIM KoHel B *endp (ecam endp He NULL). Ecam base
HaxoAuTca B AmManasoHe oT 2 Ao 36, To NpeobpasoBaHue AenaeTca B NPeanosioKeHUU, YTo Ha BXoge —
3anucb Yncna No OCHOBaHMIO base. Ecan base paBHO HyAO, TO OCHOBaHWEM YMcia cumTaeTcs 8, 10 uaum 16;
yncno, HaumHatouweeca ¢ umdpbl 0, cumTaeTca BOCbMEPUYHbIM, a € OXx uam 0X — wWwecTHaaLaTePUYHbIM.
Undpbl oT 10 go base-1 3anucbiBaloTcA HavyaabHbIMM ByKBamMKM NaTUHCKOTO andaBuTa B Nt06OM perucrpe.
Mpu ocHoBaHMM, paBHOM 16, B Ha4yane uncna paspewaerca nomewatb 0x uam 0X. B ciryyae nepenonHeHus
dyHKUMA Bo3BpalaeT LONG MAX uam LONG MIN (B 3aBUCMMOCTM OT 3HaKa), @ B errno ycTaHaBAUBaeTCA
ERANGE.

unsigned long strtoul (const char *s, char **endp, int base)

strtoul paboTaeT Tak e, KaK M strtol, ¢ TON AUWb PasHULEN, YTO BO3BpALLAET pes3y/bTaT TMMa
unsigned long, a B cay4ae nepenonHedma — ULONG MAX,

int rand(void)
rand BblJaeT NceBAoCAyYaliHOe Yncno B AnanasoHe ot 0 4o RAND MAX; RAND MAX He meHblue 32767.
void srand(unsigned int seed)

srand UCNonb3yeT seed B KayecTBe CEMEHU A1 HOBOM MOCAEeA0BATENbHOCTU MCEBAOCAYYAMHbIX YnCen.
M3HavanbHO napameTp seed paseH 1.

void *calloc(size t nobj, size t size)

calloc BO3BpaLlaeT yKasaTte b Ha MecTo B MamMATU, OTBEAEHHOE A/18 MacCcMBa nobj 06bEKTOB, KaXabli 13
KOTOpPbIX pa3smepa size, UK, ecan NamaTu 3anpalmsaemoro obbema HetT, NULL. BbigeneHHana obnactb
namaTu obHynsetca.



void

void

void

void

void

*malloc (size t size)

malloc BO3BpallaeT yKasaTe/lb Ha MeCTo B MamATU Ana ob6bekTa pasmepa size WAM, ecnu NamaTu
3anpalwmnBaemoro obbema HeT, NULL. BblaeneHHas 061acTb NaMATU He MHULMANU3MPYETCS.

*realloc (void *p, size t size)

realloc 3aMeHsieT Ha size pasmep 06bEKTa, Ha KOTOPbIM yKasbiBaeT p. AAA yYacTu, pasmep KOTOPOW
paBeH HaMMeHbLUEMY M3 CTApOro U HOBOIO Pa3sMepoB, COAEPXKMMOE He nameHseTca. Ecam HoBbil pasmep
60/1ble CTaporo, ZOMNONHUTE/IbHOE NPOCTPAHCTBO HEe MHULMANM3UPYETCA, realloc BO3BpaLLaeT yKasaTenb
Ha HOBOE MECTO NaMATU WM, ecan TpeboBaHMA He MOTYT bbiTb yaoBaeTBopeHbl, NULL (*p npu aTom He
N3mMeHseTcs).

free (void *p)

free ocBoboxgaeT 06n1acTb NAMATU, HAa KOTOPYIO YKasbIiBaeT p; 3Ta PYHKUMA HUYEro He AenaeT, ecim p
paBHO NULL. B p AonKeH CTOATb yKasaTeNb Ha 061acTb NaMATU, paHee BblAeNEHHY0 0AHOM M3 bYHKUMIA:
calloc,mallocunmmrealloc.

abort (void *p)

abort BbI3blBaeT aBapuUMHOE 3aBepLIEHME TMpPOorpammbl, €e [AEeNCTBUA IKBUBAJIEHTHbI  BbI3OBY
raise (SIGABRT).

exit (int status)

exit BbI3blBaeT HOpMasbHOE 3aBeplleHWe nporpammbl. PyHKUMKM, 3apPerncTpMpoBaHHbIE C MOMOLLbIO
atexit, BbINOAHAOTCA B nopagKke, obpaTHOM WX perucTpaumu. MNpoussoanTca onopokHeHue bBydepos
OTKpPbITbIX PaiIOB, OTKPbLITbIE NOTOKM 3aKPbIBAOTCA, U yNpaB/ieHWe BO3BPALLAETCS B Cpeay, U3 KOTOpo 6bin
npousBeAeH 3anyck nporpammbl. 3HayeHMe status, nepefaBaemMoe B cpedy, 3aBUCUT OT peanmsauuu,
OLHAKO MpU YCMeLWHOM 3aBepLUEHUM NPOrPaMmbl MPUHATO NepeaasaTb Hy/lb. MOXHO TaKXKe UCNOo/b30BaTb
3HaveHna EXIT SUCCESS (B cnyvae ycnewHoro 3asepwenna) n EXIT FATILURE (B cnydae ownbkm).

int atexit (void (*fcn) (void))

atexit peructpupyeT fcn B KayectBe O¢YHKUMW, KoTopaa 6yAeT BbI3biBaTbCA NPW  HOPMasbHOM
3aBEpLIEHMM NPOrPamMMbl; BO3BPALLAET HEHY/JeBOEe 3HayeHue, eCNN perucTpaums He MOXKeT 6biTb
BbINO/IHEHa.

int system(const char *s)

char

void

system nepefaeT CTPOKY S OMepauMOHHON cpeae Ana BbinosHeHuA. Ecam s ectb NULL M cylectsyeT
KOMaHZHbIN npoLeccop, To system BO3BPaLLAET HEHyeBOe 3HayeHne. Ecnu s He NULL, To BO3Bpallaemoe
3HauYeHue 3aBUCUT OT peannsaumu.

*getenv (const char *name)

getenv BO3BpallaeT CTPOKY cpeabl, CBA3aHHYIO C name, Unun, ecnm HWUKaKOM CTPOKM He cyuwiectByeT, NULL.
Jetanu 3asucar ot peannsauumn.

*bsearch (const void *key, const void *base, size t n, size t size, int

(*cmp) (const void *keyval, const void *datum))

bsearch uwet cpean base[0]...base[n-1] aneMeHT C NOAXOAAWMM KAOYOM *key. DYHKUMA cmp
[OMNKHA CPaBHMBATb NePBbIA apryMeHT (KoY MoMCcKa) CO CBOMM BTOPbIM apryMeHTOM (3HayeHMeM Ktoua B
Tabnnue) U B 3aBUCMMOCTM OT pe3y/nbTaTa CpPaBHEHUA BblAaBaTb OTPULATENIbHOE YUYMCNO, HYAb WAK



NOJIOXMUTE/IbHOE 3HayeHue. DNeMeHTbl MaccuBa base [0KHbI 6bITb ynopAaao4YeHbl B BO3pactarowiem
nopagke, bsearch BO3BpawaeT ykasaTe/ib Ha 3/1eMeHT C NOAXOAAWMM KAOYOM WU, eCln TaKoro He
OKasanocb, NULL.

void gsort (void *base, size t n, size t size, int (*cmp) (const void *, const
void *))

gsort copTupyeT maccuB base [0]..base[n-1] o6bEKTOB pasmepa size B BO3pacTaloWwem nopaake.
PyHKUMA CpaBHEHUA cmp — TaKad Xe, Kak u B bsearch.

int abs(int n)

abs Bo3BpaLLaeT abcotOTHOE 3HaYeHWe apryMeHTa TMna int.
long labs (long n)

labs Bo3BpaluaeT abcontoTHOE 3HaYeHWe aprymeHTa TMna 1ong.
div_t div(int num, int denom)

div BbIMUCAAET YAaCTHOE M OCTATOK OT AeneHua num Ha denom. Pe3ynbTatbl TMNA int 3anOMMHAOTCA B

anemeHTax quot u rem CTpyKTypbl div t.
ldiv_t 1ldiv(long num, long denom)

1div BblMMCNAET YacTHOE M OCTATOK OT AeneHnA num Ha denom. Pe3ynbTaTbl TMNA 1 0ng 3aNOMUHAKOTCA B

aNemeHTax quot U rem CTPyKTypbl 1div €.

B 6. ilnuarnocrtuka: <assert. h>
MakKpoc assert ucnoabyetcsa 4714 BKAOYEHUA B NPOrpammy ANArHOCTUYECKUX COOBLLEHNI.

void assert (int BrpaxeHme)

Ecnu BbiparkeHne MMeeT 3Ha4YeHuMe Hyb, TO

assert (BrlpaxeHue)

HaneyaTaeT B stderr coobweHne cnegytowero suaa:

Assertion failed: Brpaxenme, file mma-garna, line nnn

nocne 4ero 6yaer Bbi3BaHa QyHKUMA abort, KOTopaa 3aBepluT BbluMcieHUa. Mma ncxogHoro daina u Homep
CTPOKM byayT B3ATbI U3 MakpocoB  FILE u  LINE .

Ecniv B MOMEHT BKAtoueHus daina <assert.h> 6bin0 onpegeneHo mma NDEBUG, TO MaKpoc assert
UrHopupyeTcs.

B 7. CnUCKHM apryMeHTOB llepeMeHHO! AJIuHbI: <stdarg.h>
3aronoBoYHbIN Pann <stdarg.h> npenocTaBaaeT cpeacTsa AnA nepebopa aprymeHToB GyHKLUKU, KONMYECTBO U
TUNbl KOTOPbIX 3apaHee He N3BECTHbI.

MycTb nocaape — nocnefHUin UMEHOBaHHbIN NapameTp GYHKUMK £ ¢ nepemeHHbIM YNCIOM apryMeHTOB. BHyTpu £
obbABnAeTcA nepemMeHHas ap Tuna va list, npeAgHasHauyeHHas [ANA XpaHEHWA YyKasaTeNa Ha ovepenHON
apryMeHT:

va list ap;



Mpexae yem ByLeT BO3MOMXKEH A0CTYN K 6e3bIMAHHBIM apryMmeHTam, HeobXoAMMO OAMH Pas MHULMANNM3NPOBATb ap,
06paTMBLINCL K MaKpocy va start:

va_ start(va list ap, nocisapr);
C aTOro momeHTa Kaxoe obpalleHne K Makpocy:
Tun va_arg(va list ap, Twmn);

byaeT AaBaTb 3HaYeHUe o4yepeaHOro be3bIMAHHOIO aprymeHTa yKasaHHOro TMNa, U Kaxaoe Takoe obpalleHne byaet
BbI3blBaTb aBTOMaTMYECKOe MpupalLeHne yKasaTens ap, YTobbl NOC/AeAHMIA YKasbiBas Ha CAeAyloLMA apryMeHT.
OauH pas nocne nepebopa aprymeHTOB, HO A0 BbIXxoAa U3 £ HeobXxoAnMMO 06paTUTLCA K MaKpocy

void va end(va list ap);

B 8. JlanbHue nepexoabl: <setjmp. h>

O6baABneHNa B <setjmp.h> NpeaocTaBaAOT cNOCO6 OTKAOHUTLCA OT 06bIYHOM MoCAeAoBaTeNbHOCTM "BbI30B —
BO3BpaT"; TUMWYHAA CUTyauMa — HeobXOAUMOCTb BepHYyTbCcA U3 "rNyboKo BOXKEHHOro" Bbi30Ba ¢GYHKUMKM Ha
BEPXHWUI YPOBEHb, MUHYA MPOMEXKYTOUHbIE BO3BPaThI.

int setjmp (jmp buf env)

MaKpoc setjmp COXpaHAeT TeKylylo MWHPOPMaLMIO O BbI30BaXx B env A/A Moc/iedyloulero ee
MCnonb30BaHWA B longjmp . BosBpallaer Hynb, €CAM BO3BPaT OCYLIECTBAAETCA HEMNOCPEeACTBEHHO W3
setjmp, U He HyNb, €CIM — OT noc/ieaylollero Bbi3oBa longjmp. Ob6palleHne K setjmp BO3MOMHO
TO/IbKO B OMNpeAeneHHbIX KOHTEKCTax; B OCHOBHOM 3TO MPOBEPKM B i f, switch U uMKnax, npuyem To/bKo B
MPOCTbIX BblPaXKeHUAX OTHOLLEHUSA.

if (setjmp () == 0)
/* mocJsie mpaMoro Bo3BpaTa */
else
/* mnocyie BO3BpaTa m3 longjmp */
void longjmp (jmp buf env, int val)

longjmp BOCCTaHAaBAMBAET MHGOPMALMIO, COXPAHEHHYD B CamMOM NocC/ieAHEM Bbi3oBe setjmp, nNo
MHbOPMaLUKN U3 env; BbINOJHEHWE NPOrPaMmbl BO30OHOBAAETCA, KaK ecnun 6bl GyHKUMA setjmp TONbKO
yTo oTpaboTana u BepHyna HeHyeBoe 3HayeHne val. PesynbtaT OyaeT HenpeacKkasyembiM, eCM B MOMEHT
obpaweHma K longjmp OYHKLMA, codeprkalias BbI30OB setjmp, yxe "oTpaboTtana" u ocywecrTeuna
Bo3BpaT. [ocTynHble el 06BbEeKTbl MMEeKT Te 3HaYeHMA, KOTopble OHWM MMeNN B MOMEHT obpalleHusa K
longjmp; setjmp He COXPaHAET 3HAYEHU.

B 9. CurHasbl: <signal. h>

3aronoBouHbIn daiin <signal.h> npepocTaBnseT cpeactsa ANA 06pabOTKM UCKAOUMTENbHbIX CUTyaLU,
BO3HMKaOWKMX BO BpeEMA BbINOJIHEHUA NPOrpamMmbl, TaKUX KaK NnNpepbiBaHne, BbiIaBaHHOE BHEWHUM UCTOYHUKOM UIN
OWKNBKOI B BbIMUC/IEHUSAX.

void (*signal (int sig, void (*handler) (int))) (int)

signal ycTaHaBnAMBaeT, Kak byayT obpabaTbiBaTbcA nocnegyloume curHanbl. Ecnm napametp handler
MMmeeT 3HaveHne SIG DF'L, TO UCNO/b3yeTcA 3aBUCMMan OT peanunsaumun "obpaboTtka no ymonyaHuio"; ecnn
3HavyeHne handler paBHO SIG IGN, TO CUTHAaA UrHOPUPYETCA; B OCTa/bHbIX CAy4asx byaeT BbINONHEHO
obpalleHre K GpyHKLMK, HAa KOTOPYIO YKasbiBaeT handler ¢ TMNOM CUTHa/ia B KayecTBe aprymeHTa. B uncno
A0NYCTUMbIX BUAOB CUTHAN0B BXOAAT:



SIGABRT — aBapuitHoe 3aBepLueHWe, Hanpumep oT abort;

SIGFPE — apudmeTnyeckan owmnbka: geneHue Ha 0 Uan nepenosHeHue;
SIGILL — HeBepHbIN Kog dyHKUUM (HegonycTumasn KomaHaa);

SIGINT — 3anpoc Ha B3auMoaencTene, Hanpumep npepbiBaHKE;
SIGSEGV — HEBEPHbIN AOCTYN K NaMATK, Hanpumep BbIX0Z, 3a rpaHuLLbl;
SIGTERM — TpeboBaHWe 3aBepLUEHMA, NOCAaHHOE B NPorpammy.

signal Bo3BpalWaeT npegblayuiee 3HavyeHne handler B cayyae cneuymPpuUMPOBAHHOTO CUrHanNa, UAU
SIGERR B c/ly4ae BO3HUKHOBEHMA OLINOKN.

Korga B panbHelwem MOSBAAETCA CUIHAA sSig, CHayana BOCCTaHaB/MBAeTCA [OTOBHOCTb MoBeAeHua "no
yMo/si4aHuIo", nocne yero Bbi3biBaeTcs GYHKLUMA, 3a4aHHan B NapameTpe handler, T.e. Kak Obl BbINO/IHAETCA BbI30OB
(*handler) (sig).Ecam ¢yHKuma handler BepHET ynpasaeHWe Ha3ag, TO BblYMCAEHMUA BO3OOHOBATCA C TOrO
MecCTa, rae 3acTa/l Nporpammy npuwealmnin CUrHa.

HavyanbHOe cocToAHME CUTHA/I0B 3aBUCUT OT peannsauunun.
int raise(int sig)

raise nocblNaeT B Nporpammy CMrHan sig. B cayyae Heyaaum BO3BPALLAET HEHYNEBOE 3HAYEHMUeE.

B 10. dyHKuMHU AaThl 1 BpeMeHU: <time.h>

3aronoBoYHbIN pann <time.h> obbaBaaeT TMNbl U GYHKLMU, CBA3AHHbIE C AaTOM M BpemeHem. HeKoTopble
bYHKLMN MMEIOT Ae/10 C MECTHBIM BPEMEHEM, KOTOPOE MOMKET OT/IMYATLCA OT KaJleHAAPHOro, Hanpumep, B CBA3W C
30HMpOBaHMeM BpemeHn. Tunbl clock t n time t — apudmeTnyeckne TUMbl ANA NpeaCcTaBNeHUA BPEMEHMU, a
struct tmcoaepXUT KOMMNOHEHTbI KaJIeHAAPHOrO BPEMEHM:

int tm sec; — CeKyHZbl OT Hayana MuHyTbI (0,61);
int tm min; — MMHYTbI OT Hayana Yaca (0,59);
int tm hour; — yacbl oT nonyHouw (0,23);

int tmjnday; — ymncno mecaua (1,31);

int tmijnon; — mecaubl ¢ avBapsa (0,11);

int tm year; — rogbl ¢ 1900;

int tm wday; —AHu ¢ BocKpeceHbs (0,6);

int tm yday; — AHu ¢ 1 anBapsa (0,365);

int tm isdst; — NPU3HaK NeTHEro BpemeHMu.

3Ha4yeHue tmfisdst — NOIOXKUTENbHOE, eC/IN BPEMA NPUXOAMUTCA HA Ce30H, KOraa Bpemsa CyTOK CABUHYTO Ha 1 vac
Bnepen, Hy/ib B NPOTUBHOM C/iy4ae U OTpuuaTeibHOE, eC/in MHd)OpMaLI,MFI HEe O0CTYyMNHa.

clock t clock(void)



clock Bo3BpallaeT Bpems, GUKCMpyeMoe NPoLeccopom OT Hayana BbIMONHEHUA Nporpammbl, Uam -1, ecnu
OHO He U13BecTHO. [NAa BbIpaXeHWA 3TOr0 BpPemMeHM B CeKyHAaax npumeHaetca dopmyna
clock () /CLOCKS PER_SEC.

time t time(time t *tp)

time BO3BpallLaeT TeKylwee KajeHfapHoe BpEMﬂ16 wnm -1, ecnm BpemMmAa He U3BECTHO. Ecan £ He paBHO
NULL, To BO3Bpallaemoe 3Ha4YeHune 3anmcbiBaeTca U B *tp.

double difftime(time t time2, time t timel)
difftime Bo3BpawWaeT pa3HOCTb time2—-timel, BbIparKeHHY0 B CEKyHAaAX.
time t mktime (struct tm «tp)

mktime npeobpasyer mecTHoe Bpems, 3a4aHHOE CTPYKTYPOM *tp, B KafieHAapHOe, BblAaBas ero B TOM Xe
BMAE, YTO U OYHKUMA time. KOMMNOHEeHTbl 6yayT MMeTb 3HAYeHMsA B yKasaHHbIX AvanasoHax. OyHKums
mktime BO3BpalLaeT KaseHOapHoe BPeEMA UK -1, ec/iv OHO He NpeacTaBUMO.

Cne,u,yrou.l,me YyeTblpe (I)YHKLI,VIM BO3BpPAaLLAOT YKa3aTe/In Ha CTaTU4YECKnNe O6'beKTbI, Ka)l-(ﬂ,blﬁ N3 KOTOPbIX MOXET 6bITb
U3MEHEH APYIrMMU BbI3OBaMMU.

char *asctime (const struct ts *tp)
asctime nepeBoguT BpeMsA B CTPYKTYpe *tp B CTPOKY BMAA

Sun Jan 3 15:14:13 1988\n\0
char *ctime (const time t *tp)

ctime nepeBOAUT  KajlieHOApHOe BpemMA B MECTHOE, 4YTO  3KBMBANEHTHO  BbIMOJIHEHUIO
asctime (localtime (tp)).

struct tm *gmtime (const time t *tp)

gmtime nepeBoAMT KaneH4apHoe Bpems Bo BcemupHoe KoopamHupoBaHHoe Bpemsa (Coordinated Universal
Time — UTC). Bbigaer NULL, ecnm UTC He u3BecTHo. Mms 3tolt dyHKUMM, gmtime, npoucxogauT oT
Greenwich Mean Time (cpegHee Bpems no FPMHBUYCKOMY MepUAMAHY).

struct tm *localtime (const time t *tp)
localtime nepeBoguT KaneHgapHoe Bpema * tp B MeCTHoe.
size t strftime(char *s, size t smax, const char *fmt, const struct tm *tp)

strftime dopmatupyeT nHdopmaumio 0 AaTe U BPeMeHW U3 *tp B CTPOKY s cornacHo dopmaty fmt,
KOTOPbIN MMeeT MHOro obumx YyepT ¢ GopmMatom, 3a4aBaembiM B GyHKUMKM print . OBbl4HbIE CUMBO/bI
(Bkntouan u 3aBepwatowmin cumeon '\ 0 ') KonupytoTca B s. Kaxaasa napa, coctoawas u3 % M ByKsbl,
3aMeHSEeTCA, KaK MOKa3aHO HWMKe, C MCNO/b30BaHMEM 3HaYeHMI No Gopme, COOTBETCTBYIOWLENA MECTHbIM
Tpaguumam. B s pasmeutaetca He 6onee smax CMMBOMOB, strftime BO3BpaLLAET YMCAO cMMmBOOB 6e3
yyeTa '\ 0 ' MW Hy/b, ECIN YNCNIO CreHEPUPOBAHHbIX CUMBOJI0OB H0/blle smax.
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16 Bpems, npolealee nocse onpeaeseHHon gatbl, — 06biMHO nocne 04 00 muH 00 ¢ GMT 1-ro aHBapa 1970 r. — lMpumey. peo.
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COKpalleHHOoe Ha3BaHMe mecAua

NoNHOoe Ha3BaHWe mecAua.

MeCTHOe npeacTaBaeHne AaTbl U BpEMEHU

AeHb mecsaua (01-31)

yac (24-yacoBoe Bpems) (00-23)

yac (12-yacoBoe Bpems) (01-12)

JeHb oT Havyana roga (001-366)

mecsy, (01-12)

MUHyTa (00-59)

MecTHoe npeacTasneHne AM nau PM (£o nam nocne nonyaHaA)

cekyHaa (00-61)

Hegena oT Hayana roga (cymTan, UTo BOCKpeceHbe - 1-1 aeHb Heaenu) (00-53)
AeHb Hegenn (0-6, Homep BoCKpeceHbs - 0)

Hegena oT Hayana roga (cyMTan, YTo NoHeAeNbHUK - 1 - aeHb Hegenu) (00-53)
MeCTHOe NnpefacTasieHne aaTbl

MeCTHOe NpeACcTaB/eHne BpeEMEHU

rog 6e3 ykasaHus seka (00-99)

rof C ykasaHvem Beka

Ha3BaHMe BPEMEHHOM 30HbI, €C/IW OHA ecTb

%

B 11. 3aBucsauiue ot peanusanuu npegessbl: <limits.h> u <float.h>
3aronoBoYHbIM dann <limits.h> onpegenseT KOHCTaHTbl A1 Pa3sMepoB LUENOYMCNEHHbIX TunoB. Huke

nepevyncneHbl MMHMMaNbHblE NpUuemaemble BeIMYNUHbI, HO B KOHKPETHbIX pean3daumax MOoryt Ucnosib3oBatbCA U

60/blUMeE 3HaYEeHUA.

CHAR BIT

SCHAR_MAX

CHAR MIN

8 61TOB B 3Ha4YeHUU char
UCHAR_MAX MaKCMMaibHOe 3HayeHue char
nnu SCHAR_MAX

0 MWHUMabHOEe 3HavyeHwue char
nnm SCHAR_MIN

+32767 MaKcuMManbHoe 3Ha4yeHue int



INT MIN
LONG_MAX
LONG_ MIN
SCHAR MAX
SCHAR MIN
SHRT MAX
SHRT MIN
UCHAR MAX
UINT MAX
ULONG MAX

USHRT MAX

-32767

+2147463647

-2147483647

+127

-127

+32767

-32767

255

65535

4294967295

65535

MWHMMa/IbHOE 3HaYyeHue int
MaKCMMmanbHoe 3HayeHue long
MWHMMaNbHOE 3Ha4yeHue long
MaKcMmanbHoe 3HayeHwue signed char
MWHMUMabHOe 3HayeHue signed char
MaKCMManbHoe 3HayeHue short
MWHMUMaNbHOE 3HaYeHue short
MaKcMmanbHoe 3HayYeHue unsigned char
MaKCMManbHoe 3Ha4yeHue unsigned int
MaKCMMmanbHoe 3HayeHue unsigned long

MaKCMMa/JsibHOEe 3Ha4YeHne unsigned short

UmeHa, npueeaeHHbIE B C!'IGLI,erLLI,EVI Ta6nmu,e, B3ATbl U3 <float.h> u ABNAKOTCA KOHCTaHTaM¥, MMeELWUMU

OTHOLLEHME K apudMeTUKe C naaBalolleit TOYKon. 3HayeHMs (ecnn oHM ecTb) NPeAcTaBAAloT cobo MUHMMA/IbHbIE

3HAYeHMA 0N1A COOTBETCTBYIOLWLUX BENNYUNH. B KaH(,D,OVI peannsaulmmn yCtaHaB/1MBakOTCA CBOU 3HAYEHUA.

FLT RADIX

FLT ROUNDS

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

2

1E-5

1E+37

1E-37

10

1E-9

1E+37

OCHOBaHWe A/1A NpeAcTaBieHna nopagKa, Hanpumep: 2, 16

cnocob OKpyrneHmna npun choxXeHnn ymncen c nnaBarouJ,eﬁ TOYKOM

MMHMMaNbHOE X, Takoe, 4to 1.0 + x = 1.0

Konnyectso undp no ocHosaHuio FLT RADIX B MaHTUCCE
MaKCMMa/IbHOE YMCAO C NJ1aBaloLLLEN TOYKOM

MaKCUMasbHOe N, Takoe, 4To FLT RADIX"-1 npefcTaBUMO
MWHMMaNbHOE HOPMa/IM30BaHHOE YNC/O C N/1aBaloLLEN TOUKOMN

MWUHUMAJIbHOE n, TaKoe, 4yTO 10" npeacrasBumo B Buae
HOPMa/M30BaHHOIoO 4Yncna

KO/IMYECTBO BEPHbIX AECATUYHbIX Undp ana Tmna double

MMWHMMaNbHOE X, TaKoe, 4YTo 1.0 + x # 1.0, rae X NpMHAANEKUT TMNY
double

KOAn4ecTso uMdp no ocHosBaHuio FLT RADIX B MaHTMCCE AN1A Yncen
Tuna double

MaKCMMaibHOE YMCNO C NaBatoLLen ToYkol Tnuna double

MaKCMManbHOE N, TaKoe, 4YTO FLT_RADIX” -1 npeacrtasumo B BuAae
ynucna tmna double



DBL MIN 1E-37 MMWHUMAIbHOE HOPMa/IM30BAHHOE YMUC/O C MaBaloOWENn TOYKOW TuNa
double

DBL MIN EXP MUHMMaNbHOe n, Takoe, uyto 10" npeactaBumo B BUAE
HOPMa/IN30BaHHOrO YMucna Tmna double



C. llepeyeHb U3MEHEHU

C momeHTa I'IYG.HMKaLI,VIM nepBoro n3gaHuAa 3TOW KHUTU onpegeneHne A3blka Cu npetepnesio UsMmeHeHuA. MNouTtn BCE
HOoBOBBeAEeHMA — 3TO pPacllMpeHun VICXO,EI,HOI‘;I BepCnnN A3blKa, BbINOJ/IHEHHbIE TakK, yTOObI COXpaHnnNacb
COBMeCTUMOCTb C cywecrtsyrowimmm nporpammamu; HEKOTOpble N3MeHeHUA KacaloTcAa YCTPaHEHUNA
AByCMbICﬂEHHOCTeﬁ nepBoHa4Ya/lbHOro  onucaHumA, a HEKOTOopble npeacTasaAaloT cobomn MOAMd)MKaLI,MM,
NPUBHECEHHbIE CYLLECTBYIOLLEN NPAKTUKOW. MHOrMe U3 HOBbIX BO3MOXHOCTENM, BNOCAEACTBUN MPUHATLIE APYTUMMU
pa3pa60T‘-IMI-(aMVI CVI-KOMI'IMIIﬂTOpOB, 6blnn nepBoHa4YasibHO 0bbsABNEHbl B AOKYMEHTAxX, npwunaraembix K
KOMMUAATOPAM. Komurer ANS|, noaroTas/iMBan CTaHOAPT A3blKa, BKAKOYUN 6O0/IbLLUMHCTBO 3TUX M3MEHeHMVI, a TaKXe
BBeNn Apyrue 3HayvyuTesibHble MOAVId)VIKaLI,VIVI. HeKOTOpre KOMMepYyeCkmne KoMnmnatopbl peaansosazain mUxX eue Ao
BblNycKa opuumanbHoro Cu-ctaHgapTa.

B 3TOM NpUIOKEHMM CBEAEHbI BOEAMHO PA3INUMA MeXKAY A3bIKOM, onpege/ieHHbIM B NepBOi ero peaakumun, 1 Toi
ero BepcuK, KoTopas MpMHATA B KayecTBe CTaHAapTa. 34eCb PacCMaTpPMBAETCA TONbKO Cam A3blK; BOMPOCHI,
OTHOCALLMECA K €0 OKPYXEHUIO U BUBAMOTEKE, He 3aTparnealoTca. XoTa NnocaeaHue U ABAAIOTCA Ba)KHOM 4YacTbio
CTaHZapTa, HO, MOCKOAbKY B MNEPBOM W34aHWM He AeNanocb MOoMbITKM onucatb cpegy M 6ubanoTeky, c
COOTBETCTBYIOLWMMU CTAaHAAPTHLIMM 31€MEHTaMM CPaBHMUBATb NMPaKTUYECKM Heyero.

e B cTaHgapte 6onee TWaATeNbHO, MO CPaBHEHWUIO C MNEPBbIM M3AAHMEM, ONPEAENIEHO W pacWMpeHo
npenpoLueccupoBaHne: B e€ro OCHOBY ABHO MONOMEHbl JIeKCembl; BBEAEHbl HOBble OnepaTtopbl AnA
"cknemBaHua" nekcem (##) 1 cozaaHMa CMMBO/IbHBIX CTPOK (), a TaK}Ke HOBble YNPaBAAIOLLIME CTPOKK, Takue
Kak #elif mn #pragma; pa3peweHo NOBTOPHOE onpeaeseHne MaKpoca C TOM e NocnefoBaTe/IbHOCTbIO
leKceM; OTMEeHeHa NoACTaHOBKA MapameTpoB BHYTPU CTPOK. PaspelueHo "ckiemBaHMe" CTPOK € NOMOLLbIO
3HaKa \ B IlO6OM MecTe, He TO/IbKO B CTPOKax U MaKpoonpeaeneHusx (cm. Al2).

o  MWHMMANbHOE YMUCAO 3HAYMMBbIX CMMBOJIOB BCEX BHYTPEHHUX WAEHTUPUKATOPOB AoBeneHo no 31; gns
MAEHTUDUKATOPOB C BHELLHEeN CBA3bK OHO OCTAETCA PaBHbIM 6; BYKBbI HUMKHErO U BEPXHEro PErucTpoB He
pasnuyatorca. (MHorve peannsaumm AonNycKatoT 6oblIee YUCAO0 3HAYUMbIX CUMBO/IOB.)

e [NnasHakoB #, \, X, [, 1, {,}, !, 0, KOTOpbIX MOXKET He BbITb B HEKOTOPbIX HAbopax CMMBO/IOB, BBEAEHDI
Tpex3HaKoBble NMOC/NeA0BaTe/IbHOCTU, HaunHatowmecs ¢ 22 (cm. Al12.1). CneayeT 3ameTuTb, YTO BBeAEeHUE
TPex3HaKoBbIX NOCNeA0BATENbHOCTEN MOKET NOBPEANTb 3HAYEHMA CTPOK, B KOTOPbIX cogeprKatca 2 2.

e BBegeHbl HOBble KalueBble cnoBa (void, const, volatile, signed, enum), a MepTBOPOXKAEHHOE
CNoBO entry M3 0bpalleHNs U3bATO.

e [1nA CMMBO/NbHbIX KOHCTAHT M CTPOKOBbIX /IMTEPasoB onpefenieHbl HOBble 3CKENN-NnocieaoBaTe/IbHOCTH.
O6bsABNEHO, YTO NOsIBJIEHME 33 \ CMMBOJIOB HE W3 MPUHATbIX 3CKEMN-nocaenoBaTeNbHOCTEN NPUBOAUT K
HenpeacKasyemomy pesynbtaty (cm. A2.5.2.)

e Y3aKkoHeHo nontobuslieecs BceM TPUBMANbHOE M3MeHeHMe: 8 1 9 He ABNAIOTCA BOCbMEPUYHbIMU Lnudpamu.

e BBeAeH pacluMpeHHbIi Habop cyddUKCOB AN1A ABHOMO YKa3aHWA TUMNOB KOHCTaHT: UM L — Ana uenbix u £ u L
— OA8 TUMNOB C NAAaBatoWel TOYKOM. YTOYHEHbl TaKKe NpasBuia onpeaeneHus Tuna A1 KOHCTaHT 6es
cybodukcos (A2.5).

e (O6bsABNEHO, YTO COCeAHME CTPOKN KOHKATEHUPYIOTCS.

o [lpepocTtaBaeHbl cpeacTBa, NO3BOMAIOLWME 3aNUCLIBAaTL CTPOKOBbIE ANTEpPasbl U CUMBOJIbHbIE KOHCTAHTbI U3
paclumpeHHoro Habopa cumsosios (A2.6).

e (QO6bekTbl TMNA char (Kak U 06bEeKTbl APYroro TMna) MOXKHO cneunduuMpoBaTb ABHO CO 3HAKOM W bes
3HaKa. NcknroyaeTtca ncnonb3osBaHme cnosocodetaHna long float B cmeicne double, HO BBOAUTCA TUN
long double gns yncen c nnaBatoLWein TOYKON NOBbILEHHOM TOYHOCTH.

e (C HeKOTOpbIX Mop AocTyneH TMn unsigned char. CTaHA4apT BBOAWUT KAlO4eBOe C/NOBO signed gnA
ABHOIO YKa3aHusA, 4To 06beKT TMna char uam Apyroro LesoYmcieHHOro Tuna MMeeT 3Hak.

e VYKe HeCKO/bKO JieT B 60NbLUMHCTBE peannsaumii goctyneH Tun void. CTaHgapTt BBoguT void * B KayecTse
TMna 0606LWeHHOro ykasaTena; paHblle A8 3TOM LUenm ucnosb3osanu char *. O4HOBPEMEHHO BCTyNawT B



CMAy NpaBuaa, No KOTOPbIM 3anpeliaeTtca 6e3 npeobpasoBaHMa TMNA "cMeLlMBaTh" yKasaTenn u uenble unu
yKasaTenu pasHbiX TUMOB.

CTaHpapT yCTaHaB/AMBAET MUHUMAa/IbHbIE Npeae bl AMana3soHoB apUPMeTUYECKMX TUMNOB, NpeaycMaTpuBaeT
3aronoBoYHble ¢anabl <limits.h> n <float.h>, B KOTOPbIX MOMELLAIOTCA 3TU XapaKTEPUCTUKM ANA
KaXKOoM KOHKPETHOM peanusaunu.

MepeuncneHne — HOBbIM TUM, KOTOPOTO He BblI0 B NEPBON pefaKLmu.

CTaHpapT 3aumcTeyeT M3 Cu++ cnocob 3anmcn KBanndukaTopa TMNA, B YaCTHOCTM KBaiMdUKaTopa const
(A8.2).

BeoauTcAa 3anpeT Ha MoAMOUKALMIO CTPOK; 3TO 3HAYWUT, YTO MX paspellaeTca pasmewaTb B MNamATH,
OOCTYMHOM TONbKO Ha yTeHue (MN3Y).

N3meHeHbl "0bbluHble apudmeTmnyeckme NnpeobpaszoBaHUa"; No cywecTsy, BbINOJHEH Nepexos OT NpMHUMMA
"ons uenbix BCeraa npesanupyet unsigned; A8 NAaBaloWelr TOYKM Bceraa ucnonbdyerca double" K
NPUHLMNY "NoBbILEHME 40 MUHUMA/IbHOIO AOCTaTOYHO BMECTUTENIbHOro TMna" (cm. A6.5).

OTMeHeHbl CTapble onepaTopbl MpuUcBamBaHWA Bpode =+. Karkablii onepatop npucBavBaHMA Tenepb
NpeAcTaB/iAeTCca O[HOM OTAe/NbHOM fneKkcemol. B nepBom uM3gaHuUM onepatop MpPUCBaMBaHMA MOT
n306pakaTbCA NAPOM CUMBOJIOB, BO3MOXHO, Pa3fe/leHHbIX CUMBONAMU-PA3LENUTENSIMMU.

Komnunatopam 6onee He paspelsaeTca TPAKTOBATb MaTeMATUYECKYID acCOLMATMBHOCTb OMEpPATopoB Kak
BbIYMCANTENbHYIO aCCOLMATUBHOCTb.

BBegeH yHapHbIii onepaTop + AN8 CUMMETPUUN C YHAPHbIM —.

Pa3speleHo MCNonb30BaTh yKasaTeslb Ha QYHKLUMIO B KayecTBe ee WMMEHYIOLLEro BbipaxeHusa 6e3 ABHOro
onepartopa * (cm. A7.3.2).

CTPYKTYpamu paspeLleHo onepupoBaTb, NPU NPUCBAMBAHMAX, MOXKHO MNepeaasaTb CTPYKTYPbl B KayecTse
apPrymeHTOB QYHKLMAM W NONYYATb UX B KAYeCcTBe pesynbTaTa OT GYHKLUUNA.

Pa3spelleHO NpUMeEHATb onepaTop MOJyYeHUs agpeca & K MacCUBY; Pe3y/NbTaTOM ABASIETCA YKasaTesb Ha
MaccuB.

B nepBoii pegakuumn pesynbTat onepauun sizeof MMen TMN int; BO MHOMMX peannsaumsax OH 3aMeHeH Ha
unsigned. CTaHaapT oduLManbHO 0OBABAAET €ro 3aBUCMMbIM OT peannsaumn, Ho TpebyeT, YTobbl OH Obl
onpejesneH B 3aroI0BOYHOM daiine <stddef.h> nog nmeHem size t. AHanormyHoe nsmeHeHue 6b110
CAeNaHo B OTHOLIEHMM TUNa Pa3HOCTM yKa3aTenel, KOTOPbIA Tenepb BbiCTyNaeT nof nmeHem ptrdiff ¢
(cm. A7.4.8 u A7.7).

3anpeLLeHo NPUMeHsTb onepaTop NOAyYeHUa agpeca & K 0ObeKTy TMNA register garke Torga, Koraa
AaHHbIA KOMNUAATOP He pacnoJiaraeT ero Ha perncrpe.

Tunom pesynbTata onepauuu caBura fBAAETCA TUM ee NeBOro onepaHaa; TMN MpPaBoro onepaHaa Ha
NoBblIlLIEHME TUMA pe3y/ibTaTa BIMAHMA He OKasbiBaeT (cm. A7.8).

CTaHpapT paspellaeT agpecoBaTbCA C MOMOLLbIO yKasaTeslel Ha MecTo, Jiexallee cpasy 3a NocaeaHum
3N1eMEHTOM MaccMBa, U NO3BONAET ONEPUPOBATL C TAKMMM YKa3zaTeNAMM, KaK € 0BbluHbIMM, cm. A7.7.
CTaHAapT BBOAMWT (3aMMCTBOBaHHbIM M3 Cu++) cnocob 3anucy npotoTuna GyHKUUKM C BKAOYEHMEM B HEFO
TMNOB MapaMeTPOB M ABHOMO YKa3aHWA O BO3MOXHOCTM UX U3MeHeHMA U PopmanulyeT meTos paboTbl C
nepemeHHbIM cnMckom aprymeHTtos. (Cm. A7.3.2, A8.6.3, B7.) C HEKOTOPbIMWN OrpaHUYEHUAMMU AOCTYMEH U
CTapblit cnocob 3anucu.

CTaHpapToMm 3anpeLleHbl NycTble 06bABAEHUSA, T. €. TaKUE, B KOTOPbIX HET 0ObABUTENEN M He 0ObsABAAETCA
HW OAHOW CTPYKTypbl, 06begMHeHUAa nan nepeumcnedma. OgHako 06bABAEHME C OAHUM TEFOM CTPYKTYpbI
(nnn 0bbeamMHeHMA) NepeobbABUT ee AarKe B TOM C/lydae, eCci oHa 6blna 06bABNEHa BO BHellHel obiactu
nencrems.

3anpelieHbl 06bABMEHUA BHELWHUX AAHHbIX, HE MMelowue crneunduKaTopoB M KeanudpuKkatopos (T. e.
06baABNEHMA c 0aAHUM "TosIbIM" 06BbABUTENEM).



B HeKoTopbIX peannsauusx, Korga extern-ob6baBNeHNE PACNONOKEHO BO BHYTpeHHeM 6/10Ke, ero o6i1actb
BMAMMOCTM PACNPOCTPAHAETCA HA OCTaJibHYylO YacTb ¢alina. CTaHZ4apPT BHOCUT ACHOCTb B 3Ty CUTyaLMIO U
06DBABAAET, YTO 061aCTb BUANMMOCTM TAaKOTO 06BABAEHUA OrpaHMYeHa 610KoM.

O6nacTb BUAMMOCTM NapameTpoB "BCTaBAAeTCA" B COCTAaBHYIO MHCTPYKLUMIO, NpeacTaBasaiowyo coboi teno
bYHKLMU, TaK YTO 06bABMEHMA Ha BEPXHEM YPOBHE GYHKLMM HEe MOTYT UX "3aTeHnTb".

HecKkonbKo M3MeHEeHbl UMeHHble MPOCTPAHCTBA MAEHTUOUKATOPOB. Bcem Teram CTpyKTyp, 06beauHEHUI U
nepeyvyncieHvii CTaHgApPT BblAensieT O4HO MMEHHOe MPOCTPAHCTBO; A1 METOK MHCTPYKUMA BBOAUTCA
oTAeNbHOE MMEeHHOoe NPOoCTpPaHcTBo (cm. AUJT). Kpome TOro, MMeHa 3/1eMEHTOB CBA3aHbl CO CTPYKTYPOU Uan
06BbegMHEHNEM, YaCTbO KOTOPOTO OHU ABAAIOTCA. (C HEKOTOPbIX NOP 3TO O6LLENPUHATAA NPAKTMKA.)
Jonyckaetca uHUUManM3auma ob6beAMHEHUA; MHULMAAU3ATOP OTHOCUTCA K MEepPBOMY  3/1EeMEHTY
obbeanHeHus.

PaspeluaeTca MHUUMANM3ALMA aBTOMATUYECKMX CTPYKTYP, 06 beaMHEHUI U MAaCCUBOB, XOTA U C HEKOTOPbIMMU
OrpaHUYEHUAMM.

PaspelwaeTca WMHULMAAM3AUMA MACCMBA CMMBOJIOB C MOMOLLBIO CTPOKOBOrO /AMTEpPana Mo TOYHOMY
KOMYeCTBY YKa3aHHbIX cumBonoB (6e3 '\0').

YnpasnsatoLLee BblpaXKeHNE U case-MeTKMU B switch MOryT UMeTb 110601 LLeIOYNCTEHHbIN TUH.
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