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AHHOTAIIMA

A3k C (mpousHocutes "cu'") - 3T0 yHUBEpPCAIbHbBIN S3bIK IPOIPaMMUPOBAHUS, IS
KOTOPOTO XapaKTePHbl SKOHOMUYHOCTD BBIPAXKEHUS, COBPEMEHHBIN TTOTOK YIPABICHHUS
U CTPYKTYpPHBI JaHHBIX, OoraThlii HAOOp onepatopoB. S3bik C He ABISETCS HU A3BIKOM
"04eHb BHICOKOTO YPOBHS", HA "OOJBITUM" SI36IKOM, M HE TIPETHA3HAYACTCS JIJIS
HEKOTOPOM CHeNHanbHOM 00JaCTH MPUMEHEHHUS. HO OTCYTCTBHE OTPaHUYEHUH U
OOIIIHOCTH SI3BIKA JIETAI0T ero 0osiee YA0OHBIM U 3 (HEKTUBHBIM JJII MHOTHX 3a/a4, YeM
A3BIKH, TIPEIITOJIOKUTEIBHO 00JIEe MOIIHBIE.

A3k C, nepBoOHaYaNbHO NPEAHA3HAYABLINIICS 1711 HAIIMCAHUS ONIEPALlMOHHON CHCTEMBI
UNIX na 9BM DEC PDP-11, 6511 pazpaboTan 1 peain30BaH Ha 3TOW CUCTEME
Hennucom Pruuu. OnepanionHasi cuctemMa, KOMIOWISITop ¢ si3bika C ¥ MO CyIIECTBY BCE
npukiIagabie mporpammbl cucteMbl UNIX (BKiTIOUast Bce mporpaMMHOE oOecTieueHue,
MCII0JIb30BAHHOE TIPH MOATrOTOBKE 3TOM KHUrM) Hanucanbl Ha C. KomMepueckue
KOMIWJIATOPHI € si3bika C CyHIECTBYIOT TaK)K€ HA HEKOTOPBIX Apyrux OBM, Bkitouas
IBM SYSTEM/370, HONEYWELL 6000, intERDATA 8/32. SI3eik C, onHako, He
CBS3aH C KAKUMH-JTMOO0 ONpeieIeHHBIMU allapaTHBIMKU CPEICTBAMHU WJIM CUCTEMaMHU, U
Ha HEM JIETKO MUCaTh MPOTPaMMbI, KOTOPBIE MOXKHO MPOITyCKaTh 0€3 H3MEHEHH Ha
060t OBM, nmetomeit C-KOMIUIATOP.

Ota KHHTa MpeIHa3HavYeHa sl TOTO, YTOOBI TOMOYb YHTATEII0 HAYYUTHCS
nporpaMMupoBaTh Ha si3bike C. OHa coiepKuT yueOHOe BBE/IEHUE, 1IEJIb KOTOPOTO -
MO3BOJIUTH HOBBIM IOJIb30BATENSIM HayaTh IPOrpaMMHPOBATh KaKk MOKHO ObICTpee,
OTJIeJIbHBIE TJIaBbI 10 BCEM OCHOBHBIM OCOOEHHOCTSIM S3bIKa M CIIPABOYHOE
pykoBozacTBO. OOydeHHE IOCTPOESHO B OCHOBHOM Ha YTE€HUH, HAIICAHUU U pa3dope
IPUMEPOB, a He rojoi popMyaupoBke mpaBui. [IpuMepsl, IPUBOJUMBIE B KHUTE, IO
0oJbILIEH YacTH SABISIOTCSA 3aKOHYEHHBIMU peajbHBIMU IPOrpaMMaMHu, a He
OTJeNbHBIMU (parMeHTamMu. Bee npumeps! ObUIH POBEPEHBI HETTOCPEACTBEHHO C
TEKCTa KHUTH, IJIe OHU HalleyaTaHbl B BUJE, IPUTOJHOM JJIs BBOJa B MamnHy. Kpome
yKa3aHUH 0 TOM, KaK C/ieJaTh UCIOIb30BaHUE sI3bIKa Oosee A3 PEeKTUBHBIM, MBI TAKXe
IBITAJIUCh, I7I€ TO BO3MOXKHO, IPOWITFOCTPUPOBATH MOJIE3HBIE AITOPUTMBI U
NPUHIHUITBEI XOPOILIETO CTHIISL M pa3yMHOM pa3paboTKu.

Hacrosimas kHUra He sIBJIsI€TCS BBOJAHBIM KYpCOM B IPOrPAMMHUPOBAHUE; OHA
IpEIoJIaracT ONpeeIEHHOE 3HAKOMCTBO C OCHOBHBIMU MOHSTHSIMU
IIPOrpaMMUPOBaHUS TAKMMH KaK IIEPEMEHHBIE, OTIEPAaTOPbl TPUCBAUBAHMS, LINKJIBL,
¢bysakun. TeM He MEHee U HOBUUYOK B IIPOTPAMMHUPOBAHUY JIOJDKEH OKa3aThCs B
COCTOSTHUM YUTaTh MOAPAT U OCBOUTHCS C A3BIKOM, XOTSI IIPU 3TOM ObLIa OBl OJIE3HOM
HOMOIIIb 00JI€€ ONBITHOI'O KOJJIETH.

ITo Hamemy ombity, C noka3zan cedst IpUATHBIM, BBIPA3UTEIbHBIM U PA3HOCTOPOHHUM
A3BIKOM Ha IIMPOKOM MHOKECTBE Pa3HOOOpa3HbIX MporpaMM. Ero jierko BeIy4nTh, U OH
HE TEPSET CBOMX Ka4eCTB C POCTOM OIIbITA IIpOrpaMMucTa. MBI Hafeemcs, 4To 3Ta
KHHI'a IIOMOKET BaM XOPOILIO €0 UCIOJIb30BaTh.



BaymuunBast KpuTHKa U IPEAIOKEHUS MHOTHX HAIIMX APY3€H M KOJUIEr OYEHb MHOTO
n00aBUJIM KaK JJIsI CAaMOM KHHTH, TaK | JUIsl HAIIETO YJOBOJIBCTBHS MPHU €€ HAMMCAHUH.
B vactHoctu, Maiik buancu, J[>xum biito, Cteio ®@enpaman, Jloyr Mak-Unpoit, busn
Pym, bo6 Po3un u Jlappu Pocnep TiarensHO MpoYnTaId MHOKECTBO BapUAHTOB. MBI
Takke o0s3anbl Do Axo, CtuBy bopry, /9By JIBopaky, Uaky Xaneto, Jle60u Xaneid,
Mapuony Xappucy, Puky Xonty, CtuBy xoHcony, [xony Mamero, body Mutiy,
Pansdy Mreroa, [Tutepy Henbcony, Dmmoty [Tuncony, bumny [Tnarepy, lxeppu
Cnusaky, Keny Tomncony u [lutepy BeitnOeprepy 3a monesHble 3aMedaHus Ha
pasnuuHbIX Tanax u Maiiky Jlocky u JI>xo OcanHa 3a HEOIEHUMYIO TIOMOIIb TPH
neyaTaHUU KHUTH.

bpaiien B. Kepnuraun
Hennvc M. Puun
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BBeaenmue.

S3pik C sBAsIETCA YHUBEPCAIBHBIM SI3BIKOM TTporpammupoBadusi. OH TECHO CBsI3aH ¢
onepaunoHHoi cuctemoit UNIX, Tak kak ObUT pa3BUT Ha 3ToH cucteMe U Tak kak UNIX
U ec nmporpamMMmHoe obecrniedenre Hanrcano Ha C. CaM sI3bIK, OJJHAKO, HE CBSI3aH C
KaKoW-1100 OAHOMN OMepaIliOHHON CUCTEMOU UM MAIIMHOM; U XOTS €r0 Ha3bIBAIOT
SI3BIKOM CUCTEMHOTO IIPOrPAMMHUPOBAHMS, TAK KaK OH yJA00€H ISl HAITMCAHUS
ONEPALMOHHBIX CUCTEM, OH C PABHBIM YCIIEXOM MCIOJb30BAJICS MPU HAITMCAHUU
OOJIBIIMX BBIYUCIATEIBHBIX MPOTPAMM, ITPOTPAMM IS 00paObOTKH TEKCTOB H 0a3
JaHHBIX.

S3bIk C - 3TO A3BIK OTHOCUTEIBHO "HU3KOTO YpOBH". B Takol XapaKTepUCTUKE HET
HUYETO OCKOPOUTEIILHOTO; 3TO MPOCTO 03Ha4aeT, uTo C UMeeT Jelio ¢ 00beKTaMU TOTO
K€ BUJIA, YTO ¥ OOJIBIIMHCTBO DBM, a UMEHHO, C CHMBOJIaMH, YUCIIAMU U aJIpecamHu.
OHM MOTYT O0BETUHATHCS U TIEPECHUIATHCS MOCPEACTBOM OOBIYHBIX apH(PMETHIECKUX U
JIOTUYECKHX ONEPALMii, OCYIIECTBISIEMBIX peaibHbIMU DBM.

B s3pike C OTCYTCTBYIOT OIEpaliy, UMEIOIIHE €0 HEMOCPEACTBEHHO C COCTaBHBIMH
00BEKTaMH, TAKUMHU KaK CTPOKH CHMBOJIOB, MHOXECTBA, CIIUCKU WIIM C MACCHBAMH,
paccMaTpuBaeMbIMH Kak I[eJI0€. 3/1eCh, HATPUMEP, HET HUKAKOTO aHAJIOTa OTepaIusIM
PL/1, onepupyromum ¢ 1eIbIMA MacCUBaMH U CTPOKaMH. SI3bIK HE MPEIOCTaBIISICT
HHUKAKHX JPYTUX BO3MOXKHOCTEH pacrpeesieHUs ITaMSITH, KPOME CTaTHYECKOTO
OTIPENICIICHUS] 1 MEXaHNU3Ma CTEKOB, 00€CIIEYNBAEMOT0 JIOKATbHBIMH MIEPEMEHHBIMH
¢ynkuunii; 31ech Het HU "Ky4"(heap), Hu "cOopKku Mycopa', KaK 3TO
npexycmarpuBaetcs B AJII'OJIE-68. Hakoner, cam o cebe C He oOecrieunBaet
HUKaKUX BO3MOYKHOCTEH BBOAA-BBIBOJIA: 3/IECh HET ONEpaTopoB read wiu write u
HHKAaKHX BCTPOCHHBIX METOJIOB JOCTYTA K (aiiiiam. Bece 3TH MeXxaHM3MBI BBICOKOTO
YPOBHSI IOJDKHBI 00€CTICUNBATHCS SIBHO BBI3BIBACMBIMH (DY HKITHSIMH.

AHaznoruuHo, s3Ik C mpeuiaraeT TOJIbKO MPOCThIE, OCIEA0BATENbHBIE KOHCTPYKIIUU
IIOTOKOB YIIPABIICHUs: IPOBEPKHU, LUKIIbI, TPYNIIMPOBAHUE U MTOAIPOrPAMMBI, HO HE
MYJIbTUIIPOIPaMMHUPOBAHKE, NTapaJUICIbHbIE ONEpallii, CAHXPOHU3ALUIO WU
COIPOrPaMMBL.

XOTS OTCYTCTBHE HEKOTOPBIX M3 3THX CPEJCTB MOXKET BBITJISICTh KaK YApydaromast
HETIOJIHOIIEHHOCTH (""BBIXOJUT, UTO 5 JOJDKEH 00pamaThest K (pyHKIUH, YTOOBI CPABHUTH
JIBE CTPOKHU CUMBOJIOB?!"), HO yepKaHUe s3bIKa B CKPOMHBIX pa3Mepax J1aeT peaibHbIC
npeumyniectBa. Tak kak C OTHOCHTEIBHO MaJl, OH HE TpeOyeT MHOI'O MecTa JJIsi CBOETO
OITMCAHUS U MOXKET OBITH OBICTPO BhIydeH. Komnmisitop ¢ C MOXKeT OBITh IPOCTHIM U
KOMITaKTHBIM. KpoMe Toro, KOMIUISTOPHI JIETKO MUILYTCS; PU UCTIOJIb30BaHUH
COBPEMEHHOM TEXHOJIOTUH MOKHO OKUJATh HAMMCAHUS KOMITHIISITOpa JiJ1si HOBoi DBM
3a mapy MeCSIEB U IIPU ITOM OKaxeTcsi, uTo 80 MpOLeHTOB MPOTrpaMMbl HOBOTO
KOMITIIIATOpA OyeT o0IIelt ¢ mporpaMMoil ISl yKe CyIIECTBYIOIINX KOMIMISTOPOB.
Ot0 00ecrieynBaeT BHICOKYIO CTEIICHb MOOMIIBHOCTH si3bIKa. [10CKONBKY THITBI JaHHBIX
¥ CTPYKTYPHI yTIpaBieHus, umeronirecs: B C, HEOCPEICTBEHHO MOIICPKUBAIOTCS
OOJBIIMHCTBOM cylecTBytoumx OBM, 6ubnanoreka, HeoOXoauMasi BO BpeMst ITPOroHa
M30JIMPOBAHHBIX MPOrpamMM, OKa3bIBaeTCsl OueHb MajieHbkoi. Ha PDP -11, nanpumep,
OHa COJIEPKUT TOJIBKO MPOTrpaMMbl i 32-0UTOBOTO YMHOXKEHUS U ICIICHUS U JJIs
BBITIOJTHEHHSI IPOTPaMM BBOJIa M BBIBOJIA TTocieioBaTeibHOCTe. KoHeuHo, kaxas
peanu3zaiys 06ecreunBaeT UCYEPIBIBAIOIIYI0, COBMECTUMYIO OMOIHOTEKY (DyHKITHIA
TS BBITIOJTHEHHMS OTIepaliiii BBOA-BBIBOIA, 00PaOOTKH CTPOK U pacTpeesICHUs



maMsATH, HO TaK KakK O6paHICHI/IC K HUM OCYHIGCTBJ'IHGTCH TOJIBKO SIBHO, MOXXHO, €CJIN
HE00X0MMO, U30€XKaTh UX BHI30BA; 3TH (PYHKIIMH MOTYT ObITh KOMIIAKTHO HAIHCAHbI
Ha camoM C.

OnATh ke u3-3a Toro, yTo si3bIk C 0TpakaeT BO3MOXKHOCTH COBPEMEHHBIX
KOMIIBIOTEPOB, porpaMMbl Ha C 0Ka3bIBaIOTCS JOCTaTOYHO 3D (PEKTUBHBIMU, TaK UTO
HE BO3HUKAET MOOYKACHHS MUCATh BMECTO ATOTO MPOTrPAMMEBI Ha SI3BIKE acceMouiepa.
Haubonee yoenuTenbHBIM IPUMEPOM ITOTO SIBJISIETCS caMa OIepalliOHHAs CUCTEMA
UNIX, xoropas nouru noaHocteto Hanucana Ha C. Y3 13000 cTtpok mporpaMMsbl
CHUCTEMBI TOJBLKO 0K0JI0 800 CTpOK caMOro HM3KOT0 YPOBHS HAaIMCaHbI Ha accemobepe.
Kpowme Toro, mo cyiecTBy Bce MPHUKIAIHOE MPOTPAMMHOE 00ECTICUeHUE CHCTEMBI
UNIX nammcano Ha C; mojasiisttoniee OOJBIIMHCTBO oak30Bateneii cucteMbl UNIX
(BKJTIOUAs OHOTO M3 aBTOPOB ATOM KHUTH) AK€ HE 3HACT si3bIka accemOiepa PDP-11.

Xots C cOOTBETCTBYET BO3MOXKHOCTSIM MHOTMX DBM, OH HE 3aBUCHUT OT KaKOH-TH00
KOHKPETHON apXUTEKTYpbl MALIMHBI U B CUITy 3TOT0 0€3 0COOBIX YCUIIHM 1103BOJISIET
nucath "MepeHoCUMBIe" IPOrpaMMBbl, T.€. IPOrpaMMbl, KOTOPbIE MOXHO MPOITYCKaTh
0e3 M3MEeHEeHMl Ha pa3IMYHBIX allapaTHBIX CpeAcTBaX. B HamMX Kpyrax cra yxe
TpaguLMel IepeHoc NporpaMMHOro odecnedeHus, pazpadboranHoro Ha cucteme UNIX,
Ha cucteMbl DOBM: HONEYWELL, IBM u INTERDATA. ®akTinuecku KOMIUISATOPBI
¢ C 1 mporpaMMHOe obecrieueHre BO BpeMsl IPOrOHa MPOrpaMM Ha ITHX YETBIPEX
CUCTEMaXx, O-BUIUMOMY, ropa3sio 00jiee COBMECTUMBI, YEM CTaHJAPTHBIE BEPCUU
dopTpaHa aMepUKaHCKOTO HAIlMOHAJILHOIO HHCTUTYTa cTanAapToB (ANSI). Cama
onepannonHas cucrema UNIX teneps pabortaer kak Ha PDP-11, Tak u Ha
INTERDATA 8/32. 3a uckiroueHreM nporpamMmm, KOTopble HEM30€KHO OKa3bIBAIOTCS B
HEKOTOPOW CTENEHH MalIMHHO-3aBUCUMbBIMH, TAKUX KaK KOMIIWISATOP, acceMOuiep u
oriaxuuk. HanncanHoe Ha sa3bike C nporpaMMHoe o0ecrieyeHne UAEHTHYHO Ha 00enx
MamuHax. BHyTpu camoit onepanionHoi cuctemsl 7000 cTpOK MporpaMMsbl, HCKITIOYast
MaTeMaTHueckoe obecrieueHue s3bika accemonepa OBM u ynpaBieHus onepanusimu
BBO/Ia-BbIBOJIA, COBIAAIOT HA 95 MPOLIEHTOB.

IIporpammucTam, 3HAKOMBIM C IPYTUMU SA3BIKAMH, JIJIsl CDABHEHUS U
IPOTUBOIIOCTABIICHUS] MOXKET OKA3aThCs MOJIE3HBIM YIOMUHAHUE HECKOIBKUX
UCTOPUYECKHX, TEXHUYECKUX U Ppuiocodckux acnekron C.

MHuorue u3 Hanbonee BaXHBIX uael C MpoucXoIsaT OT ropasio 6osee cTaporo, HO BCe
erie BIoJIHe )Ku3HeHHoro si3b1ka BCPL, pazpaborannoro Maptunom Puuapacom.
Kocsenno s13p1k BCPL okazan Biusiaue Ha C yepes A3blk B, HanucanHblii KeHom
Tomnconom B 1970 rony nnst nepsoit onepanuonHoi cucremsl UNIX nHa 9BM PDP-7.

Xots 361k C umeeT Heckobko 00mux ¢ BCPL xapakTepHbIX ocoOeHHOCTEH, OH
HUKOUM 00pa3oM He siBisieTcs quanektoM nocneanero. U BCPL u B - "6e3rumnubie”
SI3BIKU; €IUHCTBEHHBIM BUJIOM JAHHBIX JJISI HUX SIBJISIOTCS MAIIMHHOE CJIOBO, & TIOCTYTI
K IPYTUM 00BEKTaM peanu3yeTcs crelnrualbHbIMU OTepaTopaMu Ui 00paleHueM K
¢byukumsiM. B s3p1ke C 00beKTaMU OCHOBHBIX THIIOB JIAHHBIX SIBJISIIOTCS CUMBOJIHI,
IeJIbIE YKCIIa HECKOJIBKUX pa3MepoB U YHCIIa ¢ TaBaromeit Toukoil. Kpome toro,
MMeEEeTCs UepapXusi MPOU3BOIHBIX TUIIOB JAHHBIX, CO3J]aBAEMbIX YKa3aTeIsIMU,
MacCUBaMHU, CTPYKTypamMu, 00beTUHCHUSIMHU U (DYHKIIUSIMHU.

S13pIk C BKITIOYAET OCHOBHBIC KOHCTPYKIIMHU ITOTOKA YIPABICHU, TPEOYyeMBbIe JUIst
XOPOLLO CTPYKTYPUPOBAHHBIX IIPOrpaMM: I'PYIIIMPOBAHUE OIIEPATOPOB, IPUHATHE
pemenuii (1 £), MUKIIBI ¢ TPOBEPKOH 3aBepiieHus B Havane (while, for) mim B



KkoHIIe (dO) ¥ BEIOOp OJTHOTO M3 MHOXKECTBA BO3MOKHBIX BapHaHTOB (switch). (Bce
3T BO3MOXHOCTH obecnieunBanuck 1 B BCPL, XOTs ¥ ipy HECKOJIBKO OTIMYHOM
CHUHTAKCHUCE; 3TOT A3BIK NPEAYyBCTBOBAJI HACTYNHBIIYI0 Y€PE3 HECKOJIBKO JIET MOy Ha
CTPYKTYypHOE MPOTrpaMMHUPOBAHUE).

B s3pike C nMeroTcst ykazaTenu U BO3MOXKHOCTh afpecHOM apupMETHKU. APTYMEHTHI
nepeaaTcs GyHKIUIM TOCPEICTBOM KOMPOBAHUS 3HAYCHHUS apTyMEHTa, U BhI3BaHHAS
GYHKIUS HE MOXKET U3MEHUTh (DaKTUUECKUN apTyMEHT B BBI3BIBAIOIICH MpOrpaMme.
Ecin xenatenbHO TOOUTHCS "BBI30BA IO CCHUIKE", MOKHO HESIBHO TIEPEIaTh YKa3aTelb,
U QYHKIUS CMOXKET U3MEHHUTh 00BEKT, Ha KOTOPBIN 3TOT yKa3aTenb yKka3biBaeT. FiMeHa
MacCHBOB MEpEAA0TCs YKa3aHHEM Hayajla MaCCUBOB, TaK YTO apryMEHTHI TUIIA
MaccUBOB 3(PPEKTUBHO BBHI3BIBAIOTCS MO CCHUIKE.

K o060t ¢hyHKIIMHM MOXHO 00pammaThbcsi peKypCHUBHO, U €€ JIOKAJIbHBIE TIEPEMEHHBIC
00b1yHO "aBTOMaTHueckue", T.e. Co3/1al0TCs 3aHOBO MPH KAXKI0M OOpaIleHUH.
Ornucanne ogHOW PYHKITMK HE MOXKET COAEP)KAThCS BHYTPU JPYTOM, HO IEPEMEHHBIC
MOTYT ONMHUCHIBATHCS B COOTBETCTBUU C OOBIYHON OJIOUHOM cTpyKTypoii. dyHkimu B C-
IporpaMMe MOTYT TPaHCIUPOBATHCS OTJIEIBHO. IIEPEMEHHBIE M0 OTHOLIECHUIO K
(GYHKIIUN MOTYT OBITh BHYTPEHHHMH, BHEIITHIMH, HO U3BECTHBIMHU TOJIBKO B Mpeeiax
OJIHOTO MCXOJIHOTO (haiisia, MM MOJHOCTHIO I100aNbHBIMU. BHyTpeHHNE IepeMeHHbIe
MOTYT OBITh aBTOMAaTHYECKUMHU WJIH CTATHYECKUMH. ABTOMATHUECKHUE TTEPEMEHHBIC TS
Oosbiieit 3¢(HEKTUBHOCTH MOXKHO TTOMEIIATh B PETUCTPBI, HO OOBSBICHUE PETHCTPA
SIBJISIETCSL TOJILKO YKa3aHUEM JIJIsl KOMITHIIATOPA U HUKAK HE CBS3aHO C KOHKPETHBIMU
MaIIMHHBIMHU PErHCTPaMHu.

SA3bix C He sABsIeTCs A3bIKOM CO CTPOTMMH TUIIaMU B cMmblcie [lackans nian Anromna-68.
OH cpaBHUTENBHO CHUCXOJUTEINIEH K MPeoOpa30BaHMIO JJaHHBIX, XOTs U HE OyAeT
aBTOMATUYECKU IPE0OPa30BbIBATh TUIIbI IJAHHBIX C OyIHON HEMPUHYKIEHHOCTBIO
s3bika PL/1. CymiecTByronue KOMIWIATOPBI He MpelyCMaTpUBAIOT HUKAKOW POBEPKU
BO BpEMsl BBIIIOJIHEHUS IIPOTrPAMMBI HHAEKCOB MACCUBOB, TUIIOB apIYMEHTOB U T.J.

B Tex CUTyalluAaX, KOraa XejaTejbHa CTporad IpoOBEPKa THUIIOB, UCIIOJIb3YCTCA
crenuaibHas BepcHsi KOMIUIATOpa. DTa MporpaMMma Ha3bIBaeTcsl 1 int 04eBUIHO
IIOTOMY, OHa BBIOMpPAET KyCOUKH ITyXa U3 Bailei mporpammsl. [Iporpamma 1int He
reHEepHUPYET MAIIMHHOTO KO/a, a JIeaeT 0YEHb CTPOTYIO IIPOBEPKY BCEX TEX CTOPOH
IPOrpaMMbl, KOTOPhIE MOXKHO TIPOKOHTPOJIMPOBATH BO BPEMsI KOMITUJISILIUH U 3arpy3KH.
Ona OMnpeacCIsICT HCCOOTBCTCTBHUEC TUIIOB, HCCOBMCCTUMOCTL apryMCHTOB,
HEHUCTOJIb30BaHHbIE WJIM OYEBHUIHBIM 00pa30M HEMHHUIIMATU3UPOBAHHbIE IEpEMEHHbBIE,
MOTCHIUAJIBHBIC TPYAHOCTU IICPECHOCUMOCTU U T.I. I[JISI nporpamMmm, KOTOpPLIC
0JIaromoTy4HO MPOXOAST uepe3 1int, rapaHTUPYETCsl OTCYTCTBUE OIIMOOK THUITA
IIPUMEPHO € TOM K€ MOJHOTOM, KaK M JUIs IPOrpaMM, HAMCAHHBIX, HAIIPUMED, Ha
AJIT'OJIE-68. [Ipyrue BO3MOXHOCTH MPOrpaMMbl 11int OyIyT OTMEUYEHBI, KOTa
MPEJICTABUTCS] COOTBETCTBYIOIINI CITydaid.

Hakownen, s13p1x C, mogo0HO 11000My Ipyromy SI3bIKy, UMEET CBOM HEJJOCTATKU.
Hexotopsle onepanyy UMEIOT HEYJauHOE CTapIIMHCTBO; HEKOTOPBIE Pa3/ieibl
CHUHTaKCHCa MOIJIN Obl OBITH JIyUlll€; CYLIECTBYET HECKOJIBKO BEPCUM S3bIKA,
OTJIMYAIOIIKXCS HeOONbIIMMHU AeTansiMu. TeM He MeHee s3bIKk C 3apekoMeH10Ball ceOs
KaK UCKITFOUUTENEHO A(PPEKTHUBHBIN U BEIPA3UTEIBHBIN S3BIK IS ITUPOKOTO
pa3HooOpa3us IPUMEHEHHUH TPOrpaMMHUPOBAHUSI.



ConeprxaHye KHATH OPTaHW30BaHO clieAyrommmM oOpa3om. ['naBa 1 sBisiercst yueOHBIM
BBE/ICHHEM B LIEHTPAJIbHYIO 4acTh sA3bIka C. L{enb - M03BOJIIUTH YUTATENIO CTAPTOBATH
TaK OBICTPO, KaK TOJIBKO BO3MOXHO, TaK KaK MBI TBEPJIO yOEKIEHBI, UTO €AMHCTBEHHBIN
Croco0 U3YYUTh HOBBIH A3BIK - MUCATh Ha HEM Iporpammsl. [Ipu sToM, oHaKO,
npeanoaraercsa padodee BjaaJeHUEe OCHOBHBIMU 3JIEMEHTAMU TPOIPaMMUPOBAHNS;
371eCh HE 00BsICHSIETCA, YTO Takoe DBM il KOMOWIATOP, HE MOSCHSAETCS CMBICT
BBIpOKEHHUM TUMa n=n+1. XOTS MBI U MBITATUCH, [JI€ ITO BO3MOXKHO,
IIPOJAEMOHCTPUPOBATH MOJIE3HYIO TEXHUKY IIPOrPaMMHUPOBaHMsI. DTa KHUTra HE
npenHa3HavyaeTcs ObITh CIIPABOYHBIM PYKOBOACTBOM IO CTPYKTYpaM JaHHBIX U
QITOPUTMaM; TaM, TJie Mbl BBIHYKJICHBI ObLTH CIIEJIaTh BBIOODP, Mbl KOHIIEHTPUPOBAINCH
Ha sI3bIKE.

B rnaBax co 2-ii mo 6-1o0 pasnuunble acniekTsl C n3naratotcs 0osiee AETaabHO U
HECKOJIbKO OoJiee popMalIbHO, YeM B TJaBe 1, XOTS yAapeHue Mo-IPEeKHEMY JeNacTCs
Ha pa300pe MpUMEPOB 3aKOHUYEHHBIX, TIOJIE3HBIX POTPaMM, a HE Ha OT/IEIbHBIX
¢dparmeHTax.

B riage 2 O6CY)KI[aIOTC$I OCHOBHBIC THUIIbI JaHHBIX, OIICPATOPHLI U BBIPAKCHUA.

B rnase 3 paccmaTpuBaroTcs ynpasismoomue onepatopsl: if-else, while, forwu
T.J.

I'maBa 4 oxBartbIBaeT (yHKIMU U CTPYKTYPY IIPOTPaMMBbI - BHEIITHUE ITEPEMEHHBIE,
IpaBuiIa ONpPEIETCHHBIX 001acTel AeUCTBUS ONMCAHUS U T.JI.

B rnaBe 5 o0cyxmaroTcs ykazatenu u aapecHas apudmeTrka.
I'maBa 6 cogep>XxuT moapoOHOE ONMCAaHHUE CTPYKTYP U OOBETUHEHUH.

B rnaBe 7 onuckiBaeTcs cranaapTHas OuOIMOTEKa BBOAA-BbIBO/AA sA3bIka C, KOTOpas
obecrieunBaeT CTaHAAPTHBIA HHTEp(dEIC ¢ OMmeparmOHHON CUCTEMOM. JTa OHOIHOoTEKA
BBOJIa-BbIBO/IA MOJICP>KUBACTCS HA BCEX MAIIMHAX, Ha KOTOPBIX peanu3oBad C, Tak 4yTo
IPOTPaMMBI, UCTIONB3YIOIIHE €€ ISl BBOJA, BBIBOJA U IPYTHX CHCTEMHBIX (DYHKITHIA,
MOTYT MEPEHOCUTHCS C OJJTHOW CUCTEMBI Ha IPYTYIO 1O CYIIECTBY 0€3 M3MEHEHUH.

B rnase 8 onuceiBaercs unrepdeiic mexay C - mporpaMmMamMu U OTIEPAIIOHHOMN
cucremoii UNIX. Ymop nenaercst Ha BBOA-BBIBOJ, CUCTEMY (aiiJIOB U IEPEHOCUMOCTb.
XO0Tsl HEKOTOPbIE YAaCTH 3TOM I1aBbl CHEU(PUIHBI A7 oneparroHHoi cuctembl UNIX,
MpOrpaMMuUCThl, He ucnoaep3yromue UNIX, Bce ke T0KHBI HAUTH 3€Ch MOJIE3HbIN
MaTrepual, B TOM YUCJI€ HEKOTOPOE MPEACTaBICHUE O TOM, KaK peaJu30BaHa OJHa
BEpCHs CTAaHIAPTHOU OMOIMOTEKH U MPEIOKEHUS ISl JOCTUKEHUS TIEPEHOCUMOCTH
MIPOTPAMMBI.

[Ipunoxkenue A COIEPKUT CIPABOYHOE PYKOBOACTBO MO s13bIKy C. OHO sIBIIsSIETCS
"opUIATEHEIM" U3TI0KEHUEM CHHTaKcHca U ceMaHTHKH C ¥ (MCKITtouasi 4ei-moo
COOCTBEHHBIN KOMITWIISITOP) OKOHYATEIBHBIM apOUTPOM JIJIsl BCEX JIBYCMBICIIEHHOCTEH U
YIYIIEHUH B MPEIBIIYIINX I1aBaX.

Taxk xak C siBisieTcs pa3BUBAIOIIKUMCS S3bIKOM, PEATM30BAaHHBIM HAa MHOXKECTBE CHCTEM,
4acTh MaTe€pUJia HACTOSALIEH KHUTHY MOKET HE COOTBETCTBOBAThH TEKYILIEMY COCTOSIHUIO
pa3paboTKU HAa KaKOH-TO KOHKPETHOM cucteme. Mbl cTapaiuch n30eraTb Takux
npo0JieM U IpeocTeperaTh O BO3MOXKHBIX TPYJHOCTSAX. B COMHUTENBHBIX CilyyasX,
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OJTHAKO, MBI OOBIYHO TPEATIOYNTAIIN OMUCHIBAThH cuTyaruio s cuctembl UNIX PDP-
11, Tak KaKk OHa ABJISIETCS Cpefoi I OOIBIIMHCTBA IPOrpaMMUPYIOIUX Ha si3bike C.
B npunoxxenuu a Takxke onucaHbl pPacXoKICHUS B peanu3anusix s3bika C Ha OCHOBHBIX
CUCTEMAX.

1. YueOHOe BBe1eHUE.

JaBaiiTe HauHeM ¢ OpicTporo BBeneHus B s3bIk C. Hamna nens - mpoeMoHCTpUpOBaTh
CYILIECTBEHHBIE MJIEMEHTHI A3bIKA HA PEATBHBIX IIPOrpaMMax, HE yBs3as IIpU 3TOM B
neTaisix, opMaIbHBIX MIPABUJIAX M UCKIIOUYEHUSX. B 3T0il ri1aBe Mbl HE MBITaeMCsI
U3JI0KUTh SI3bIK ITOJIHOCTBIO WIIN XOTsI OBl CTPOTO (pazyMeercsi, IPUBOAUMBIE TPUMEPbI
OyayT KOPPEeKTHBIMH). MBI XOTUM KaK MOKHO CKOpEe TOBECTH Bac 710 TAKOT'O YPOBHH,
Ha KOTOPOM BbI ObUIH ObI B COCTOSTHMM ITUCATh MOJIE3HBIE IPOTPAMMBI, U YTOObI
JNOOHUTHCS ATOTO, MBI COCPEIOTAYMBAEMCSI HA OCHOBHOM: IIEPEMEHHBIX M KOHCTAHTaX,
apu(MeTHKe, oreparopax nepegadn yrnpasiaeHHs, GYHKIUAX U DJIEMEHTapPHbIX
CBEJICHUAX O BBOJE U BBIBOJIEC. MBI COBEPIIICHHO HAMEPEHHO OCTABIISIEM 32 MIPEACIIaAMU
9TOM IJIaBBI MHOTHE 2JIEMEHTHI si3bIKa C, KOTOPBIE UMEIOT NIEPBOCTEINICHHOE 3HAYECHUE
[pY HaNMKMCaHUM OOJIBIIUX MPOTPaMM, B TOM YHUCIIE YKA3aTEeIH, CTPYKTYPbI, OOJIBIIYIO
yacTk U3 6oratoro Habopa onepaTopos si3bika C, HECKOJIBKO ONEPaTOPOB Nepeaaun
YIIPaBJICHUSA U HECMETHOE KOJIMYECTBO JACTAJICH.

Takoil moaxon nMeeT, KOHEYHO, CBOM He0CTaTKU. CaMbIM CYIIECTBEHHBIM SIBJISETCS
TO, YTO ITOJIHOE ONUCAHME JTF000Tr0 KOHKPETHOT'O JIEMEHTA S3bIKa HE U3Jaraercs B
OJIHOM MECTE, a IIOSICHEHUS, B CUITYy KPAaTKOCTH, MOT'YT IIPUBECTU K HEIIPABUIBHOMY
UCTOJKOBaHUIO. KpoMe TOro, n3-3a HEBO3MOKHOCTH HCIIOJIB30BATH BCIO MOLIb SI3bIKa,
IPUMEPBI OKA3bIBAIOTCA HE CTOJIb KPATKUMU M 3JIETAHTHBIMU, KaK OHU MOTJIH OBl OBITb.
M X0Ts MBI CTapaJINCh CBECTU 3TH HEJOCTATKUA K MUHUMYMY, BCE K€ UMEUTE UX B BULY.

Jlpyroii HETOCTaTOK COCTOUT B TOM, YTO MOCJIEIYIOIINE TIIaBbI Oy IyT HEM30EKHO
MOBTOPSTH HEKOTOPBIE YACTH 3TOM I1aBbl. MBI HajieeMcs, 4YTO TaKoe MOBTOPEHHE Oy IeT
CKOpee MOMOraTh, YeM pa3apakaTh.

Bo BcsikoM citydae, OnbITHBIE IPOTPaMMHUCTHI TOJKHBI 0KA3aThCsl B COCTOSIHUN
9KCTPAIOINPOBATH MAaTEpPHal JAaHHOU TJIaBbl HA CBOM COOCTBEHHBIE IIPOTPAMMHUCTCKHE
HY>1bl. HaunHatomue ske JOJDKHBI B IOTIOJIHEHUE MTUCATh aHAJIOTUYHbBIE MAJICHbKUE
CaMOCTOATENbHBIE TPOTpaMMBl. 1 Te, U ApyTrue MOTyT UCTIONB30BaTh ITY IJIaBYy KaK
KapKac, Ha KOTOpBIH OyayT HaBeIIMUBAThHCs 0oJiee MoAPOOHbIE ONMCAHUS,
HAYMHAIOIINECS C TJIaBbI 2.

1.1. Haunnaem.

EnnHCTBEHHBIN c11OCOO OCBOUTH HOBBIH SI3bIK IPOTPaMMHUPOBAHUS - MMCATh HA HEM
nporpammsl. [lepBast nporpamma, KoTopasi 10JKHa ObITh HAaIlMCaHa, - OJJHA IS BCEX
SI3BIKOB: HarevaTath cioBa: hello, world.

3TO - caMBblIii CyIIeCTBEHHBIN Oapbep; 4TOOBI IPEOIONETh €0, BB IOJKHBI CYMETh
3aBECTU I'Ie-TO TEKCT IIPOrPAMMBI, YCIIEIIHO €r0 CKOMIIMJIMPOBATh, 3aIrPy3UTh,
IIPOTHATh M HAWTH, TJI€ OKa3aJlach Ballla Bblgada. Eciay BBl HAYYMIIUCH CIPABIISITHCS C

9TUMHU TCXHUYCCKUMU ACTAIAMU, BCC OCTAJIbHOC CPABHUTCIILHO IIPOCTO.

ITporpamma neuatu "hello, world" Ha si3p1ke C nMeeT BUI:
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main ()

printf ("hello, world\n");

Kak npomycTuts 3Ty nporpamMmy - 3aBUCUT OT MCIIOJIb3yEMOM BaMU CUCTEMBI. B
YaCTHOCTH, Ha onepaliuoHHOU cucreMe UNIX BbI JOJIKHBI 3aBECTU UCXOIHYIO
nporpaMmmy B Qailsie, uMsi KoToporo okaHuupaercs Ha ".C", Hanpumep, hello.c, u
3aTeM CKOMIIWJIAPOBATH €€ 110 KOMaHJE

cc hello.c

Ecnu BBl HEe JOMyCTHIIN KaKOH-1100 HEOPEKHOCTH, TAKOH KaK MPOITyCK CUMBOJIA HITH
HEeIMpaBUJIbHOE HAMCaHUE, KOMIWJIAIMUS TTpoitieT 0e3 cooOiieHnit u Oy1eT co3aan
UCTIONIHsAEMBIH (ailn c uMeHeM a . out. [Iporon ero mo komanje

a.out
HpI/IBeI[eT K BI)IBOI[y

hello, world

Ha npyrux cucremax 3Ty npaBuiia OyayT UHBIMU; IPOKOHCYJIBTUPYHTECh C MECTHBIM
ABTOPUTETOM.

Ynpasicnenue 1-1.

[Tponyctute 3Ty mporpammy Ha Baiieit cucteme. [lonpoOyiiTe He BKIIOYATh pa3inyHbIe
YaCTH MPOTPAMMBI U IOCMOTPUTE KaKue cOOOIIeHNs 00 OITMOKAX BbI PU STOM
MOJTyYHTE.

Teneps HEKOTOpBIE MOSICHEHUS K caMoi iporpamme. JIro6ast C-nmporpamma, KakoB Obl
HU OBLI ee pa3Mep, COCTOUT U3 OJHOM wiu Oonee "QyHKIMI", yKa3bIBAIOIINX
dakTHyecKue onepanuu KOMIbIOTEPa, KOTOPbIE JOJIKHBI ObITh BBINOIHEHbI. DYyHKIIUU B
s3pike C moo6Hb! pyHKuusaM u noanporpammaM FORTRAN u nponenypam PL/1,
PASCAL u 1.1. B Hamem npumepe takoit GpyHKIpen seisiercs main. OOBMHO BBI
MOXeTe AaBaTh (YHKIMSAM JII0ObIe UMEHA 0 BallleMy YCMOTPEHHIO, HO main - 3To
0co00e uMs; BBIMOJIHEHHE Ballleil mporpaMMbl HAUWHAETCS CHavaia ¢ GyHKIUU main.
OTO0 03HAYaeT, YTO KaxKAasi MporpaMma JoJKHa B KAKOM-TO MECTE COJIepKaTh (yHKIUIO
¢ UMeHeM ma in. [[s BIOIHEHUS ONpeAeNIEeHHBIX NeHCTBUN QYHKIUS main 0ObBIYHO
oOparaercs K ApyruM QyHKIUSAM, YaCTh U3 KOTOPBIX HAXOAUTCS B TOU ke caMoi
mporpamme, a 4acThb - B OMOJIMOTEKAX, COIepKAIINX paHee HaTMCaHHbIe (PYHKITUH.

OnHuM crioco6oM oOMeHa JaHHBIMU MEXAY (QYHKIUAMU SIBIISETCS Ieperada
IIOCPEICTBOM apryMeHToB. Kpyribie ckoOkH, ciaeayromue 3a uMeHeM (pyHKIuy,
3aKJII0YAIOT B ce0€e CIMCOK apryMEHTOB; 3€Ch Main - QyHKIMs 6e3 apryMeHTOB, YTO
yka3biBaetcs Kak (). Oneparopsl, cocTaBsonMe QyHKIHIO, 3aKIII0Ya0TCs B (PUTYpHBIE
ckoOku { u }, KoTopble ananoruyabl do—end B PL/1 wnu BEGIN-END B Aunrore,
[Mackane u 1.4. O6patenue Kk QyHKIMHA OCYIIECTBIISCTCS YKa3aHUEM €€ UIMEHH, 3a
KOTOPBIM CJIeyeT 3aKJII0UEHHBIH B KPyTJIble CKOOKHM CITMCOK apryMEHTOB. 3/1€Ch HET
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HUKaKuXx oneparopoB CALL, kak B @optpane nim PL/1. Kpyribie ckoOKu 10JIKHBI
IPUCYTCTBOBATH U B TOM CJIy4ae, Korjaa (QyHKLUs HE UMEET apryMEHTOB.

Crpoxa

printf ("hello, world\n");
ABIISIETCS oOpalleHueM K QyHKIIUU, KOTOPOE BbI3bIBaET QYHKIUIO C IMEHeM printf u
aprymenToMm "hello, world\n". ®yukumst printf asusercs OuGauoTeuHON QyHKIMEH,
KOTOpasi BbIJIA€T BHIXOJIHBIE JaHHBIC HA TEPMUHAI (€CIIH TOJIBKO HE YKa3aHO KaKoe-TO
JIpyroe MeCTO Ha3HadyeHus ). B JaHHOM citydae mevaraercsi CTpOKa CUMBOJIOB,
SBJISAIOLIASICS APTYMEHTOM (DYHKITHH.

[TocnenoBarenbHOCTD U3 J1I00OT0 KOJIMYECTBA CUMBOJIOB, 3aKJIIOUCHHBIX B Y/IBOCHHBIE
KaBbIUKH "...", HAa3bIBAETCS 'CUMBOJIBHOW CTPOKOM' MK 'cTpouHOM KOHCTaHTOM'. [loka
MBI OyJ1€EM UCHOJIb30BaTh CUMBOJIBHBIE CTPOKU TOJIBKO B KAUECTBE ApIyMEHTOB IS
printf u aApyrux ¢yHKUUHA.

[locnenoBarenpHOCTh \ N B IPUBEACHHOMN CTPOKE SIBJISIETCS 0003HaYeHUEM Ha sA3bIke C
JUIsl 'CHMBOJIa HOBOM CTPOKH', KOTOPBIN CIIYKUT YKa3aHUEM JUIs lepexoja Ha
TEpMHUHAJIE K JICBOMY Kparo cienytomieid cTpoku. Eciu Bbl He BKItounTe \ n (MOJIE3HBII
9KCIIEPUMEHT), TO OOHAPYKHUTE, YTO Ballla Bblaya HE 3aKOHUUTCS IEPEX0I0M
TEpPMHHAJIA Ha HOBYIO CTPOKY. Vcronb30BaHre MOCIeA0BaTENbHOCTH \ 1 -
€MHCTBEHHBII c11oco0 BBEIEHUSI CUMBOJIa HOBOM CTPOKH B apryMEHT (QyHKIIUU
printf; ecnu BbI HOnMpodyeTe YTO-HUOY b BpOJIe

printf ("hello, world

")
TO C—KOMHI/IJ’IHTOp 6y,[[eT neyararsb 3JI0paaAHbIC JUATHOCTUYCCKHUC COO6H.I€HI/I$I [0)
HCOOCTAIINX KaBbIYKax.

Oynkuus printf He o0ecrieynBaeT aBTOMAaTHUECKOTO MEPeXo/ia Ha HOBYIO CTPOKY,
TaK 4TO MHOTOKpaTHOE OOpalleHue K Hell MOXKHO HCII0JIb30BaTh Ul MO3TAHON cOOpKU
BBIXOJIHOM cTpokH. Hamma nepsast mporpamma, neqararoniasi HACHTUYHYIO BbIIady, €
TOYHO TaKUM K€ YCIIEXOM MOoTJIa Obl OBITh HaNKMCaHa B BUIE

main ()

{
printf ("hello, ");
printf ("world") ;
printf ("\n");

[ToguepkHeMm, 4TO \n MPEACTABISET TOJIBKO OJWH CUMBOJI. Y CIIOBHBIE
'MOCIIeI0BATENBHOCTH, TOAO0OHBIE \ N, IAIOT OOIIMI U JOMYCKAIOIIUI paciiupeHue
MEXAHU3M U1 IPEACTABICHUS TPYAHBIX Ul I1€YaTH WU HEBUIUMBIX CUMBOJIOB.
Cpenu npounx cUMBOJIOB B s13bIke C NpeayCcMOTpEHBI cleaytomue: \ t - ans
Talyysamnuu, \b - 71 BO3BpaTa Ha OJHY MO3UIIHIO, \ " - IJIs1 TBOMHOM KaBBIYKU U \ \
JUTSL cCaMO#l 00paTHOM KOCOi YepThI.

Ynpasxcnenue 1-2.
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[IpoBenuTe 3KCHIEPUMEHTHI I TOTO, YTOOBI y3HATh UTO MPOU30UIET, ECIIU B CTPOKE,
ABJISIIOIIENCS apryMeHToM pyHKmK printf Oyner cogepxarbes \x, M€ X -
HEKOTOPBIN CUMBOJI, HE BXOASAIIUI B BBIILEIPUBEICHHBINA CITUCOK.

1.2. Ilepemennbie U apudpMeTHKA.

Crnenyroiast mporpamma rneyaTaeT NpUBEACHHYIO HUKE TaOJIMIly TeMIIepaTyp 1o
dapeHreiTy 1 X SKBUBAJICHTOB 110 CTOTpaycHOM mmikane Llenbcus, ucnonb3ys s

nepeBoaa GopMyIy

c = (5/9)*(£-32).
0 -17.8
20 -6.7
40 4.4
60 15.6
260 126.7
280 137.8
300 140.9

Teneppb cama nmporpamma:

/* print Fahrenheit-celsius table for f = 0, 20, ..., 300 */
main ()

{

int lower, upper, step;

float fahr, celsius;

lower = 0; /* lower limit of temperature table */
upper =300; /* upper limit */

step = 20; /* step size */

fahr = lower;

while (fahr <= upper) {
celsius = (5.0/9.0) * (fahr -32.0);
printf ("%$4.0f %6.1f\n", fahr, celsius);
fahr = fahr + step;

IIepBbIe nBE CTPOKH

/* print fahrenheit-celsius table
for £ =0, 20, ..., 300 */
SIBIISIIOTCSI KOMMEHTapHeM, KOTOPBIN B IAaHHOM CJTydae KPaTKO MOSICHAET, 4TO JeJIacT
nporpamma. JIxoOble CHMBOJIBI MEXY /* U */ UTHOPUPYIOTCS KOMITMIISTOPOM; MOYXKHO
CBOOOJTHO TIOJI30BATHCSI KOMMEHTAPHUSMH JUTsl 00JIETYCHUSI TOHUMAHHUS TIPOTPaMMBI.
KommeHTapun MOTYT NOSIBIATHCS B JIFOOOM MECTe, TJIe BOZMOKEH MPOoOeIT MK Iepexo.t
Ha HOBYIO CTPOKY.

B s3pike C Bce nmepeMeHHbIe JOKHBI OBITh ONTUCAHBI 10 UX UCIIOJIb30BAHUS, OOBIYHO
3TO JieslaeTcs B Havaje QyHKIMU JI0 IEPBOTO BBIMIOIHAEMOro oneparopa. Eciu Bel
3a0yieTe BCTaBUTh OMKCAHUE, TO TIOJIYYUTE TUATHOCTHYECKOE COOOIIEHUE OT
KoMnuwisTopa. OnucaHue COCTOUT U3 TUMA U CIIUCKA EPEMEHHBIX, UMEIOIINX ATOT THII,
KaK B
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int lower, upper, step;
float fahr, celsius;

Tun int o3Havaer, 4TO BCE MEpEMEHHBIE CIIUCKA 1ieble; TUI £1oat npenHa3HaueH
JUISL YUCEIT C TUTIABAIOIIeH TOUKOH, T.€. U YHCEN, KOTOPbIe MOTYT UMETh JPOOHYIO
yacTb. TouHOCTB Kak int, Tak ¥ £1loat 3aBUCUT OT KOHKPETHON MaIIMHbI, HA KOTOPOU
Bbl pabotaete. Ha PDP-11, nanmpumep, THn int cooTBeTcTBYeT 16-6UTOBOMY YHCITY CO
3HaKOM, T.€. YUCIY, JIeKaleMy Mexay -32768 u +32767. Yucno tuna £1oat - 3Tto 32-
OUTOBOE YUCIIO0, UMEIOIIIEE OKOJIO CEMHU 3HAYaIMX LHUQP U JIeXkallee B JUarna3oHe oT
10e-38 o 10e+38. B rnase 2 npuBOIUTCS CIMCOK Pa3MEPOB Ui JPYTUX MalllKH.

B s3p1ke C npenycMOTPEHO HECKOJIBKO JPYTUX OCHOBHBIX THUIIOB JIaHHBIX, KpOME int u
float:

char CUMBOII - OAUH OaNT;

short KopoTkoe 1esoe;

long aqnmuHHOE 1ETIOE;

double muaBaromee ¢ JBOMHOM TOYHOCTHIO

PaSMepI)I 9THX 0OBEKTOB TOXKE MAallMHHO-HE3aBUCHUMBI;, ACTAJIN IPUBCACHLI B I'JIaBC 2.
HNMmeroTcs Takoke MaCCHBbI, CTPYKTYPBI U O6T>€,HI/IHCHI/I$I 9THX OCHOBHBIX THIIOB,
YKa3aTejin Ha HUX U (bYHKIII/II/I, KOTOPBIC UX BO3BpaAIIar0T, CO BCCMU HUMHU MbI
BCTPCTHUMCA B CBOC BPCMI.

@DaKTUYECKH BBIYMCIEHUS B IpOrpaMMe NIepeBoia TEMIIEpAaTyp HAYMHAIOTCS C
OTIEPAaTOPOB MPUCBANBAHUS

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

fahr =lower;
KOTOpbIE IPUAAIOT IEPEMEHHBIM X HaYaJIbHbIE 3HAUCHUSI. KAXKIbIH OT/I€TbHBII
omnepaTop 3aKaHYMBAETCS TOUKOM C 3amsTOM.

Kaxnas crpoka Tabauibl BBIYUCIISIETCS OJUHAKOBBIM 00pa3oM, TaK YTO Mbl HCIIOJIb3YyEM
LIUKJI, TOBTOPSIOIIMIACS OJJMH pa3 Ha CTPOKY. B 3ToM HazHaueHue onepaTtopa while:

while (fahr <= upper) {

}
IPOBEPSIETCS YCIIOBHUE B KPYTIIBIX CKOOKax. Ecii oHO cTuHHO (fahr MeHbIIe wim
paBHO upper), TO BHIIOIHICTCS TENO HUKIA (BCe ONepaTophl, 3aK/IIOYCHHBIC B
¢urypHsie ckoOku { u } ). 3aTeM BHOBb IIPOBEPSAETCS 3TO yCIOBHE U, €CIIA OHO
WCTHHHO, OIISTH BBITIOJHSIETCS TeNo UKiIa. Eciu xe ycioBue He BeinonHsercs (fahr
IPEBOCXOJUT UPPEr), HUKI 3aKaHYUBACTCS ¥ IPOUCXOAUT MEPEX0]T K BHITOTHEHHIO
orepaTopa, CIeAyIOIIEro 3a OoepaTopoM HuKiIa. Tak Kak B HACTOSIIECH porpaMMe HeT
HUKaKUX MOCIIEIYIOIUX OTEPaToOpOB, TO BHITIOJHEHUE ITPOTPAaMMBI 3aBEPIIACTCSI.

Teno oneparopa while MOXKET COCTOSTH U3 OJHOTO WIH OOJIee OIepaTopos.,

3aKIIFOYCHHBIX B UTYpHBIE CKOOKH, KaK B IPOrpaMMe MePEeBOIa TEMIIEPATyp, WU U3
OJIHOTO omepaTopa 0e3 CKOOOK, Kak, HalpumMep, B
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while (i < )

(
i=2 % i;

B 060oux crmyuasx oneparopsl, yrpaBlisieMble oneparopoM while, CIBUHYTHI HA OJHY
TaOYJSIUI0, YTOOBI BBl MOTJIH C TIEPBOTO B3I BUICTh, KAKHE OTIEPATOPHI HAXOSATCS
BHYTpPH IUKJA. Takoil CIBUT MOAUYEPKUBAET JIOTHUECKYIO CTPYKTYPY MPOTpaMMbl. XOTsI
B sA3bIke C JOMYCKAaeTCsl COBEPILIEHHO MTPOU3BOJIBHOE PACIIOJIOKEHUE ONEPATOPOB B
CTPOKE, MOIXOSAINN CABUT U UCTIOIB30BAHKE MPOOEIIOB 3HAUUTEILHO 00JIETYatoT
YTeHHE MporpaMM. Mbl peKOMEHIyeM MUCaTh TOJIBKO OJMH OMEPaTop HA CTPOKE U
(00BIYHO) OCTaBIATH MPOOEITBI BOKPYT onepaTopoB. PacmonoskeHne GUrypHbIx CKOOOK
MEHEE CYIIECTBEHHO; Mbl BEIOpAIM OJMH U3 HECKOJIBKUX MOMYJISPHBIX CTUIICH.
Br16epuTe moaxoasuuii 11 BaC CTHIIb U 3aTEM HCTIOJB3YUTE €To MOCIeA0BaTENbHO.

OcHoBHas yacTh pabOTHI BRIMOJIHSAETCA B Tene 1ukia. Temneparypa no Lenscuro
BBIYHCIISIETCS M IPUCBAMBAETCS IEPEMEHHOM celsius oneparopom

celsius = (5.0/9.0) * (fahr-32.0);
NPUYHMHA UCTIONIb30BaHMs BIpaxeHus 5.0/9.0 BMecTo BhITIIsIIETO poiie 5/9
3aKJIF0YAETCs B TOM, 4TO B si3bIKe C, KaK U BO MHOTMX JPYTHUX SI3bIKaX, IPH JEICHUU
IEJIBIX MIPOUCXOANT YCEUECHHUE, COCTOSIEE B OTOpachIBAHUN APOOHON YacTH
pesyabsrata. Takum 00pa3om, pe3ybTaT onepaiuu 5/9 paBeH HyJII0, U, KOHEYHO, B 3 TOM
cllydae BCe TeMIIepaTypbl OKa3aauch Obl paBHBIMU HYIIO. JlecaTH4Has TOUKA B
KOHCTaHTE yKa3bIBA€T, YTO OHA UMEET TUII C TUIABAIOLIEH TOUYKOM, TaK UYTO, KAaK MbI U
xorend, 5.0/9.0 paBro 0.5555... .

Me1 Taxoke nucanu 32.0 BMecTo 32, HeCMOTps Ha TO, UTO TaK Kak nepeMeHHas fahr
umeeT tum £1loat, nemoe 32 aBToMaTHIeCKH ObI TPeo0pa3oBasioch K Tuiry float (B
32.0) nepen BeiunTanueM. C TOUKU 3peHUs CTHIIS pa3yMHO IHUCATh IIaBaroIIye
KOHCTAHTBI C SIBHOM JECITUYHOMN TOUKOH Jlake TOI/1a, KOT/1a OHU UMEIOT IieJible
3HAUEHUS; ITO NOJUEPKUBAET UX IJIABAIOLIYIO MPUPOY JUIsl IPOCMATPHUBAIOIIETO
nporpaMMmy 1 00ecrieyurBaeT TO, YTO KOMIMIISATOP OyJ1e CMOTPETh Ha BEILU TaK XKe, KaKk
u Bel.

[Tompo6Hble mpaBuia 0 TOM, B KAKOM cilydae Leble MpeoOpa3yroTcst K THITY C
IUTIaBarolIe TOUKOM, MpuBeAeHkl B riase 2. Ceifuac ke 0OTMETUM, YTO IpUCBaUBaHKE

fahr = lower;
IIpOBEpKaA

while (fahr <= upper)
paboTaroT, KaK O’KUIAeTCs, - Iepe BHITOTHEHUEM OTepallnii 1eNble Mpeodpa3yoTcs B
raBaroIyio Gopmy.

DTOT ke mpuMep cooOIIaeT 4yTh OOJBIIE O TOM, Kak paboTaetr print f. dyHKIus
printf dakTuuecku sABISETCS yHUBEpPCATbHOU PyHKIMEH (hOopMaTHBIX
npeoOpa3oBaHmii, KOTOpas OyJeT MOJHOCTHIO onucaHa B 1iiaBe 7. Ee mepBbiM
apryMEHTOM SIBJISIETCS CTPOKA CUMBOJIOB, KOTOpasi IOJDKHA OBITH HAalleyaTaHa, mpruieM
KaXKIbIH 3HaK % yKa3bIBaeT, Ky/1a JOJKEH MOJICTaBIISTHCS KaXKIbIi U3 OCTAIbHBIX
apryMeHTOB (BTOpOii, TpeTHii, ...) ¥ B Kakoii popme OH AOJDKeH nevyaraThest. Hanpuwmep,
B olepaTope
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printf ("$4.0f %$6.1f\n", fahr, celsius);
crenndukanys npeodbpazoBanus %4 . 0 £ TOBOPHUT, YTO YKCIIO C TIABAIOIICH TOYKOM
JIOJIKHO OBITh HareyaTaHo B [0JI€ IUPUHOMN MO KpaliHel Mepe B YEThIpe CUMBOJIA O€3
udp moce IeCATUIHON TOUKHU. crienudukaius $6 . 1 £ omuchIBaeT Apyroe 4ucio,
KOTOpOE JOJKHO 3aHUMATh T10 KpaifHeH Mepe IIeCTh MO3HINKN ¢ OHOW U( PO moce
JECATUYHOM TOUKH, aHaJOTHYHO crienudukausm F6 .1 B @optpane wu F (6, 1) B
PL/1. Paznuunbie yacTu crenu@uKauay MOTYT OBITh ONYIIIEHBI: crienudukaus %6 £
TOBOPUT, YTO YUCJIO OYJIET IIMPUHOMN IO KpaifHEeH Mepe B IIECTh CUMBOJIOB;
cnenuduKanus $ . 2 TpedyeT ABYX MO3UIUN MOCTe AeCATUYHON TOYKU, HO IIMPUHA TPU
ATOM HE OTpaHMYMBACTCS; crenudukanus $ £ roBOPUT TOJIHKO O TOM, UTO HY>KHO
HareyaTaTh 4MCIIO C IuIaBaroled Toukod. @ynkuusa print £ Takike pacrosHaer
cnenyromue cnenupukanuu: $d - s AeCATUIHOTO LENI0ro, $0 - ISl BOCbMEPUYHOTO
4yucaa, $X - 1 MEeCTHAAIATUPUYHOTO, $C - I CUMBOJIA, $S - 11 CHMBOJILHON

o)

CTPOKHU U $% - sl caMOro cuMBoJia %o.

Kaxxgast koHCTpyKIIHs ¢ CMMBOJIOM % B IIepBOM aprymente (yHKuuu printf coueraercs
C COOTBCTCTBYIOIIIUM BTOPBIM, TPECTHbHUM, U T.[. ApFYMeHTaMI/I; OHHU OOJIKHBI
COTJIACOBBIBAThCS O YHCIY U TUITY; B IPOTHBHOMCITYYae BbI IMOTyUUTE
0OeCCMBICIIEHHBIE PE3YJIbTAThI.

Mexnay npounm, GyHkIus print £ He sBisieTcs YacThio s3bpika C; B caMoM si3bike C He
orpeziesieHbl OTepalliy BBOAa-BbIBO1a. HeT HU4Yero TaMHCTBEHHOTO U B (PYHKIIMU
printf;aTo - mpocTo mone3Has GyHKIHS, SBISIONMIASACS YaCThIO CTAHIAPTHOM
OMOIMOTEKH MTOAIPOrpaMM, KoTopasi 00br94HO mocTymmHa C-iporpamMmmam. UToObt
COCPEIOTOUYUTHCS HAa CAMOM S3bIKE, MBI HE OyieM OpOOHO OCTaHABINBATHCS HA
Onepanmsx BBOJA-BbIBOJA J0 IVIaBbl 7. B 4aCTHOCTH, MBI 10 TEX MOP OTIOKUM
¢dopmartHeliiBBOA. Ecniu BaM Hai0 BBECTH YMCIIA - IPOYUTANTE OMMCAaHUE (DYyHKITUH
scanf B rnase 7, pazaen 7.4. @ynkuus scanf BoO MHOTOM cXo/iHa ¢ printf, HO OHa
CUUTBIBAET BXOJHBIEC TaHHBIE, 4 HE I1€4aTAET BHIXOHBIE.

Ynpasicnenue 1-3.

[IpeoOpazyiite mporpamMmy mepeBoia TeMIepaTyp TaKuM 00pa3oM, YTOOBI OHA TiedarTaia
3aroJI0BOK K Ta0JuIe.

Ynpasxcnenue 1-4.

Hanumure nmporpamMmbl me4aTy COOTBETCTBYIONIECH TaOMUIIBI IIEpexo/ia OT IPaLycoB
Ienbcus k rpagycam dapeHrenra.

1.3. Oneparop for.

Kak 1 MOXHO OBLTO 0)KHUIAaTh, IMEETCSI MHOKECTBO PA3JIMYHBIX CIIOCOOOB HAITMCAHUS
KaXx10i mporpammsl. /laBaiiTe paccMOTpUM Takoi BapuaHT MIPOrpaMMBbl IepeBojia
TeMIeparTyp:

main() /* fahrenheit-celsius table */

{

int fahr;
for (fahr = 0; fahr <= 300; fahr = fahr + 20)
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printf ("%4d %$6.1f\n", fahr, (5.0/9.0)* (fahr-32.0));
}

Ota mporpaMma BbIJIa€T T€ KE CaAMbIE Pe3yJbTaThl, HO BRIMISIUT 0€3YCIOBHO MO-
npyromy. ['naBHOe U3MEHEHHE - UCKIIOUEHHE OOJIBIIMHCTBA IEPEMEHHBIX; 0CTAIach
TOJILKO NepeMeHHast fahr, npudyeM THna int (3TO clienaHo i TOro, 4ToObI
MIPOJIEMOHCTPHUPOBATH MpeodpazoBanue $d B pyHkmu print £). HwkHsAS u BepxHss
IPaHHULBl ¥ pa3Mep LIara MOSIBIISIFOTCS TOJIBKO KaK KOHCTAHTHI B oneparope for,
KOTOPBIH CaM SIBJII€TCS HOBOM KOHCTPYKLHUEH, a BEIPAKEHUE, BBIYUCIIIOLICE
Temneparypy no Llenbcuio, BXOAUT Tenephb B BUJE TPETHETO apryMeHTa GyHKIIUN
printf, a He B BUJE OTAEIBHOIO ONIEPATOPA IPUCBAUBAHUSL.

[Mocnennee u3MeHeHUe ABISETCS IPUMEPOM BIOJIHE 00IIero npasuia sizbika C - B
J1r000M KOHTEKCTE, B KOTOPOM JIOITyCKA€eTCs MCII0JIb30BaHUE 3HAYEHUS IEPEMEHHOM
HEKOTOPOI'0 TUIIA, BBl MOKETE UCIIOIb30BATh BBIPAXKEHUE TOrO TUIA. Tak Kak TPEeTUI
apryMeHT QyHKImH printf J0KeH MMETh 3HaUCHHE C TUIABAIOIICH TOYKOU, YTOOBI
COOTBETCTBOBATH CieUU(UKAIUHN $6 . 1 £, TO B 3TOM MECTE€ MOXKET BCTPETUTHCA JTI000€
BBIpQKEHHUE IIIABAIOIIETO THUIIA.

Cawm omnepatop for - 3To onepatop Iukia, odoomaromwmii onepatop while. Ero
(GYHKIIMOHUPOBAHUE JOJHKHO CTAaTh SCHBIM, €CJIH Bbl CPABHUTE €0 C paHEe OMMCAaHHBIM
oneparopoM while. Onepatop for COAEPKUT TPU YACTHU, PA3AEISIEMbIE TOUKOM C
3ansToil. [lepBas yactb

fahr = 0
BBIIIOJIHAETCS OJIUH pa3 Iepes BXOAOM B caM LUKJI. BTropas 4acTs - npoBepka, Uin
YCJIOBUE, KOTOPOE YIPABISET LIUKIOM:

fahr <= 300
3TO YCJIOBHE MPOBEPSAETCS U, €CITH OHO UCTUHHO, TO BBIMOJIHSAETCS TEJIO0 UK (B
JAHHOM CJTy4ae ToJbKO (PyHKIMsS print £). 3aTeM BBINOIHSACTCS 1Iar
peUHUIIMAIN3 Al

fahr =fahr + 20
U YCJIOBHE ITPOBEPSETCS] CHOBA. IIUKJI 3aBEPILIAETCS, KOTJa 3TO YCIOBUE CTAHOBUTCS
70HBIM. Tak ke, Kak U B cilydae onepatopa while, TeJl0 IIUKIA MOXKET COCTOSTh U3
OJIHOTO OIepaTopa WK U3 IPYIIIbl ONEPATOPOB, 3AKIIOYCHHBIX B (PUTYpHBIE CKOOKH.
Nuuntmanu3upyromias ¥ peMHAIHATU3NPYIOIAs YaCTH MOTYT OBITh JTFOOBIMU
OTZIE€JIbHBIMU BBIPAKECHUSIMHU.

Br16op mexay oneparopamu while u for npou3BOJIEH U OCHOBBI Ba€TCS HA TOM, UTO
BBIMJIATUT sicHee. OnepaTop for 00BIYHO YI00€H AJIs IIUKIJIOB, B KOTOPBIX
MHHULIHAAIH3A0U 1 PEUHULIHAIN3AN JIOTHYECKH CBSA3aHbl U Ka)Kaast 3a0a€TCsl OOHUM
OIIEpaTOpOM, TaK KaK B 3TOM CIIydae 3aluch 0ojiee KOMIIaKTHA, YeM IpU
HCIIOJIb30BaHMM oreparopa while, a OrepaTopsl yIpaBiIeHUs [IUKIOM
COCpENOTaYUBAIOTCSI BMECTE B OTHOM MECTE.

Ynpasicnenue 1-5.

Momuduuupyiite nporpaMmmy nepeBojia TeMIepaTyp TakuM 00pazoM, YTOObI OHa
neyaTana Tabsuuiy B oopatHoM nopsiake, T.e. Ot 300 rpaaycos 10 0.
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1.4. CumBoJIMYeCKHE KOHCTAHTHI.

[Tocnennee 3ameuanue, npex/ie YeM Mbl HaBCETJa OCTaBUM IpOrpamMMy NepeBoja
temnepatyp. [Ipsrate "marnueckue uncna", Takue kak 300 u 20, BHyTpb IpOrpamMMBI -
9TO HEyJlayHasl MPAKTUKa; OHU JAIOT Majo HHPOpPMAIUU TEM, KTO, BO3MOXHO, JOKEH
Oyzaet pa30upaThCs B 3TON IMporpaMMe o3 Hee, U UX TPYJHO U3MEHSTh
cucremarmueckuM obpa3om. K cuacteio B s3b1ke C IperyCMOTPEH CIIOCO0,
MO3BOJIIOIINHN M30eXaTh TakuX "Maruueckux yucen". Mcnomab3yst KOHCTPYKIHIO
#define, BBl MOXeTE B HaYaJIe MPOTrPAMMBI OTIPEIETUTH CUMBOIMYECKOE UMSI UITH
CHUMBOJIMYECKYIO KOHCTAHTY, KOTOpasi Oy1eT KOHKPETHOH CTPOKOI CHMBOJIOB.
BriocnencTBur KOMOWIATOP 3aMEHUT BCE HE 3aKIFOUEHHBIE B KaBBIYKH MTOSIBICHUS
3TOTO MMEHHU Ha COOTBETCTBYIOILIYIO CTPOKY. DaKTHUECKH 3TO UM MOXKET OBbITH
3aMEHEHO a0COJIIOTHO MPOU3BOJIBHBIM TEKCTOM, HE 0053aTeNbHO LuppaMu

#define lower 0 /* lower limit OF table */
#define wupper 300 /* upper limit */
#define step 20 /* step size */

main () /* fahrenheit-celsius table */

{

int fahr;

for (fahr =lower; fahr <= upper; fahr =fahr + step)
printf ("%$4d %$6.1f\n", fahr, (5.0/9.0)* (fahr-32));

}

Benuuunel lower, upper U step SBISIOTCS KOHCTAHTaMU M IOATOMY OHU He
YKa3bIBAIOTCA B OIMMCAHUAX. CHUMBOJIMUECKHE UMEHA O6I>I‘-IHO MUIIYT OPpONIHCHBIMUA
OykBamH, YTOOBI UX OBLIO JIETKO OTJIIMYUTh OT HAMMMCAHHBIX CTPOYHBIMHU OyKBaMU UMEH
NEPECMCHHBIX. OTMGTI/IM, YTO B KOHIEC OMPCACIICHUA HC CTAaBUTCA TOYKA C 3anaTon. Tak
KaK MOJCTAaBIISIETCS BCS CTPOKA, CIEAYIONIas 3a OMpeAeIEHHBIM UMEHEM, TO 3TO
MPUBEJIO OBl K CIIMIIKOM OOJIBIIIOMY YHCITy TOUYEK C 3arsTou B onepaTope for.

1.5. HaOop nmoJie3HbIX NporpamMm.

Tenepb Mbl coOUpaeMcsi pacCMOTPETh CEMEUCTBO POACTBEHHBIX ITPOTPAMM,
IIpEIHAa3HAYCHHBIX JUIS BBIIIOJIHEHUS IPOCTBIX ONEpalMid HaJl CHMBOJIbHBIMU JAHHBIMHU.
B nanpHeiimem Bbl 0OHAPYKHUTE, YTO MHOTHE MTPOTPAMMBI SIBIISTFOTCS TIPOCTO
paciIupeHHBIMU BEPCUSIMH TEX MPOTOTHIIOB, KOTOPBIE MBI 371€Ch O0CYXK/IaeM.

1.5.1. BBoa v BBIBOJI CHMBOJIOB.

CrannmaptHas 6MOJIMOTeKa BKIIOYAST (DYHKIMH JIJIs1 YTCHHS U 3aIMCH 110 OJTHOMY
CUMBOITY 32 OJUH pa3. GyHKIuUsA getchar () U3BIEKAET CIEAYIONIUI BBOAUMBII
CUMBOJI KXKIBIN pa3, Kak K Hell 00palaroTcs, ¥ BO3BpAIaeT 3TOT CHMBOJI B KAUeCTBE
CBOET0 3HAYEHHUS. DTO 3HAYUT, YTO IIOCTIE

c = getchar ()
nepeMeHHaﬁ C COI[Gp)KI/IT CJIGIIyIOIJ_II/Iﬁ CUMBOJI U3 BXOJAHBIX JAaHHBIX. CI/IMBOJIBI OGBI‘IHO
MMOCTYNnaroT ¢ TCpMUHAJIA, HO 3TO HC JOJIP)KHO HAC KAaCAaTbCA OO I'JIaBbl 7.

OyHkiusa putchar (c) sBasgeTcs NONOJHEHUEM K getchar: B pe3yJibTaTe
oOpareHus
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putchar (c)
COJIEPKUMOE TIEPEMEHHOM C BBIAACTCS HA HEKOTOPBIN BBIXOAHOW HOCUTENH, OOBIYHO
orsiTh Ha TepMuHai. OOpamenue Kk GyHKIMAM putchar u printf Moryr
MEPEMEKATHCS; BbIIada Oy 1T MOSBISATHCS B TOM MOPSIKE, B KOTOPOM MIPOUCXOJISAT
oOpareHusl.

Kak n pyskums print £, pyHkumm getchar u putchar He coaep)kaT HIYETOo
AKcTpaopanHapHoro. OHM He BXOJAT B cOcTaB si3blka C, HO K HUM BCETJa MOXKHO
0o0paTuThCA.

1.5.2. Konuposanue ¢aiiaa.

Hmes B cBOEM pacniopshKeHUH TOIbKO QYHKIIMU getchar u putchar Bl MOXeTe, HE
3Has HU4Yero Oosee 06 ormepanusx BBOJa-BbIBOJIA, HAIIMCATh YUBUTEIHHOE KOJIHMYECTBO
NOJIE3HBIX ITporpaMM. IIpocTermmm npuMepoM MOKET CIIyKHUTh IIporpaMmma

OCUMBOJILHOTO KOTIMPOBAHUS BBOJHOTO (aiiyia B BeIBOgHOW. OO0IIast cxeMa HMeeT BH/I:

BBECTM CHUMBOJI

while (cuMBOJI He sgBJISIeTCs NPMBHAKOM KOHIA oGamna) {
BEIBECTM TOJIBKO UTO MNPOUMTAHHLEI CHUMBOJI
BBECTM HOBHIM CUMBOJI

[Tporpamma, HanrcanHas Ha si3bike C, BBIMJISIAUT CIEIYIOMIMM 00pazoM:

main() /* copy input to output; 1l-st version */
{

int c;

c = getchar();

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

}
OTIepaTop OTHOIICHUS != 03HayaeT "He paBHO'.

OcHoBHast mpo0JIeMa 3aKIF09aeTCs B TOM, YTOOBI 3apUKCHpOBaTH KOHEI (Daiiya BBOA.
OO6bI4yHO, KOorjga QyHKIMS getchar HaTaJKUBaeTcs Ha KOHEIl (aiiia BBoAa, OHa
BO3BpAIIACT 3HAUCHHUE, HE SIBIISIONIEECS ACHCTBUTEILHBIM CHMBOJIOM; TaKUM 00pazoMm,
porpaMMa MOXeT yCTaHOBUTb, YTO (ailn BBosa ucuepnad. EnuHcTBeHHOE
OCJIOHEHUE, SBIISIONIEECS 3HAUUTEIILHBIM HEYZJ00CTBOM, 3aKIIFOYAETCS B
CYILIIECTBOBaHMHU JABYX 0OLIEYNOTPEOUTENbHBIX COTJIALIEHUH O TOM, KaKOe 3HaUeHUe
(aKTHUECKH SBJISCTCS MPU3HAKOM KOHIIA (haitia. Mbl OTCPOUYNM pelIeHHE STOTO
BOIIPOCA, UCIIOJIB30BAB CUMBOJINYECKOE UMs EOF Ui 3TOr0 3Hau€HHsI, KAKUM ObI OHO
HU ObU10. Ha mpaktuke EOF Oyner nubo -1, 6o 0, Tak 4To 1715 MPaBHIILHON pabOTHI
nepe1 MporpaMMon JOKHO CTOSITh COOCTBEHHO JTNOO

#define EOF -1
oo

#define EOF 0
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Hcnonb30BaB CHMBOIMYECKYIO KOHCTaHTY EOF 71 IPECTaBIICHUS 3HAUCHMS,
BO3BpalaeMoro GpyHkuue getchar npu BeIX0oje Ha KOHEI! (aiiia, Mbl o0ecreuny,

YTO TOJIBKO OJIHA BCJIMYHHA B IPOTrpaMME 3aBUCUT OT KOHKPETHOI'O YHUCIICHHOT'O
3HA4YCHH.

MBI TaKxke onucaly NepeMeHHyIo0 C Kak int, a He char, ¢ TeM 4To0bl OHa MorJia
XpaHUTh 3HAYCHME, BO3BpallaeMoe getchar. Kak Mbl YBUJIUM B TJIaBE 2, 3Ta BEJINYHHA
JeMCTBUTENBHO 1nt, TaK KaKk OHA J0JDKHA OBITh B COCTOSIHMU B JIONIOJHEHUE KO BCEM
BO3MOXKHBIM CUMBOJIaM IIPEACTaBIATh 1 EOF'.

[IporpammucToM, UMEIOLUM ONBIT paboThl Ha C, mMporpaMMa KoupoBaHus Obl1a Obl
HanucaHa Oosee cxarto. B s3pike C mo0oe npucBanBaHue, TAKOe Kak

c = getchar ()
MOYET OBITh MCIIOJIB30BaHO B BBIPAKEHUHU; €r0 3HAUCHHE - POCTO 3HAUYEHUE,
IIPUCBAaNBAaeMoOe JIEBOM YacTy. Eciau npucBanBaHue CUMBOJIA IEPEMEHHOM C TIOMECTUTh
BHYTpPb IIPOBEPOYHOI yacTu omneparopa while, To mporpamma KonupoBaHus (aiina
3aIUIIETCS B BULE!

main() /* copy input to output; 2-nd version */
{

int c;

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

putchar (c) ;
}

[Iporpamma u3BIIeKaeT CUMBOJI, IPUCBAUBAET €0 IEPEMEHHON C U 3aTEM IPOBEPSIET,
HE SIBJISIETCS JIM 3TOT CUMBOJI MMPU3HAKOM KOHIIa (paitna. Eciu HeT - BBIMONHACTCS TN
oneparopa while, BIBOJSIIEE ITOT CUMBOJ. 3aTeM HUKI while MmoBTOpsieTCs. KOTa,
HaKOHell, OyJIeT TOCTUTHYT KoHell ¢aiina BBoJa, oneparop while 3aBepliaercs, a
BMECTE C HUM 3aKaHYMBAETCs BHIMIOJHEHHE U (DYHKIIUU main.

B 37001 Bepcun nieHTpanusyeTcs BBOA - B IPOrpaMMe TOJIBKO OJHO OOpallieHue K
¢yHKIMU getchar - U y)KuMaeTcs nporpaMMa. Biokenue npucBanBanus B
IIPOBEPSIEMOE YCIIOBUE - 3TO OJTHO U3 T€X MeECT sA3blka C, KOTOpOE MPUBOAUT K
3HAYUTEIBHOMY COKpPAIEHUIO porpamMM. OHAaKO, Ha 3TOM ITyTH MOXHO yBJICYbCS U
HAyaTh MUCATh HEAOCTYIHBIE JIUIsl IOHUMAaHUS MPOTPaMMbl. DTy TEHICHIUIO MbI OyaeM
IBITATHCS CAECPKUBATD.

Ba)xHO TIOHSATH, YTO KPYTIIbIe CKOOKH BOKPYT NPUCBANBAHUS B YCJIOBHOM BBIPAKCHUHT
JeMcTBUTENEHO He00X0AuMbl. CTapIIMHCTBO ONepanuu = BhIIIE, YeM ONeparuu
IpHUCBaMBaHMS =, @ TO O3HAYAET, UTO B OTCYTCTBUE KPYIJIbIX CKOOOK MpOBEpKa
ycnoBus |= Oy/IeT BHIIIOJIHEHA /10 MpUCBauBaHus =. TakuM 00pazom, oreparop

c = getchar () = EOF

SKBUBAJICHTEH ONEPaTOPy

c = (getchar () != EOF)
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3T0, BOIIPCKH HALICMY KCIIAHUTIO, IPUBCICT K TOMY, UTO C 6YI[6T IIPpUHHUMATh 3HAYCHUC
0 mwu 1 B 3aBUCHMOCTH OT TOTO, HATOJIKHETCS WM HET getchar Ha MpU3HaK KOHIIA
daiina. (ITogpoduee 06 3TOM OyHeT cka3aHO B ri1ase 2).

1.5.3. lloncyeT CHMBOJIOB.

Crnenyrolast mporpaMma MoJCUUTHIBAET YUCIIO CUMBOJIOB; OHA IPEACTaBIISIET OO0
HEeOOJIBIIIOE pa3BUTHE MTPOrPaMMbI KOTTUPOBAHHUS.

main() /* count characters in input */
{
long nc;
nc = 0;
while (getchar () != EOF )
++nc;

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

Omneparop

++nc;
JIEMOHCTPHUPYET HOBYIO OIEpalnio, ++, KOTOpas 03Ha4YaeT yBEINUYCHUE HAa €IUHUILY. BbI
MOTJIM OBI HarmUCaTh NC = nc + 1, HO ++nc 0oyiee KPaTKo  3a4acTyro Ooee
a¢dextuBHO. IMeeTcst cooTBETCTBYIOMIAs ONEpanys -- yMEHbIICHUE HA €IUHUILY.
Onepauuu ++ U -- MOTYT OBITh TUOO TpePUKCHBIMU (++nC), THOO0 MOCTPUKCHBIMU
(nc++); ot 1Be hOpMBI, Kak OyIEeT MOKa3aHO B riaBe 2, UMEIOT B BEIPAKECHHSIX
pa3IUYHbIE 3HAYCHUS, HO KaK ++nc, Tak ¥ nc++ yBennyuBaioT nc. [loka Mel Oyaem
MPUIEPKUBATHCS TPEPUKCHBIX OTEPAIIHIA.

[Iporpamma nojcuera CUMBOJIOB HAKAIIUBAET UX KOJIUYECTBO B IEPEMEHHON THUIIA
long, aue int. Ha PDP-11 makcumanbHoe 3HaueHue paBHo 32767, u eciivd onucaTh
CUETUYHK KaK int, To OH OyAeT MepenoNHAThCS JaKe MPHU CPaBHUTEILHO MalioM (aiine
BBOoJa; Ha s3bike C mrst HONEYWELL u IBM tunsl 1ong u int aBasroTcs
CUHOHMMAaMH U UMCIOT 3HAYUTEIIHHO OoMbImid pazmep. Crenudurarius
npeoOpa3zoBanus % 1d yka3piBaeT printf, 9To COOTBETCTBYIOIIMI apTyMEHT SIBISETCS
[EJIBIM THIA 1ong.

Yr1oOBl CLIpaBUTHCS € €111e OOJIBIIMMHU YUCIAMHU, Bbl MOXKETE HCII0JIb30BaTh TUII
double (float nBOIHON IMHBEI). MBI TakXke UCHOIb3YEM orneparop for BMECTO
while ¢ Tem, 4TOObI MPOMILTIOCTPUPOBATH JPYTOi CrIoco0 3amucH LUKIIa.

main() /* count characters in input */

{

double nc;

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

Oyuknus print £ ucnonsdyer cnenudukanuio $ £ kak 11 float, Tak u s
double; cnemudukanus % . 0 f mogaBseT meyaTh HECYIMIECTBYIONICH TPOOHON YacTH.
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Terno oneparopa nukia for 37ech MyCcTo, TaK Kak Best paboTa BBIMIOJIHACTCS B
MIPOBEPOYHON U PEMHULIMATIU3AIMOHHOM YacTsaX. Ho rpamMmMaruueckue npasuiia s3bika C
TpeOyIOT, uT0OBI onieparop for umen teno. M3omupoBaHHas ToUKa C 3arsTOMH,
COOTBETCTBYIOIIIAs ITyCTOMY OIIEPaTOPY, MOSIBISETCS 3/1€Ch, YTOOBI YIOBIETBOPUTH
3TOMY TpeboBaHMIO. MBI BBIACIWIIN €€ Ha OTAENIbHYIO CTPOKY, YTOOBI c/ienaTh ee Ooee
3aMETHOM.

IIpexzae ueM MbI pacIpOCTUMCS € IPOrpaMMOM MOJICYETA CUMBOJIOB, OTMETUM, YTO
ecy (haiin BBOJIA HE COJCPKUT HUKAKUX CHMBOJIOB, TO YCJIOBUE B while wim for He
BBITIOJIHUTCS [IPU CaMOM TIepBOM oOpalieHnH K getchar, U, cle10BaTeIbHO,
IIPOrpaMMa BbIACT HyJb, T.€. IPABUJIbHBINA OTBET. JTO BaKHOE 3amedanue. OMHUM U3
IIPUATHBIX CBOMCTB onepaTopoB while u for ABIsfeTCA TO, YTO OHU IIPOBEPSIOT
YCJIOBHE B Hayajle LIUKJIA, T.€. 10 BBIOJIHEHUs Tena. Ecinu aenats Hu4ero He HaJo0, TO
HHUYEro He OyJeT CAeIaHo, Jake €CIIM 3TO O3HAYAET, YTO TEJIO LIMKIIAa HUKOT1a He OyAeT
BBITIOJIHATHCS. IPOTPaMMBbI JIOJDKHBI ISHCTBOBATh pa3yMHO, KOTJja OHH 00palaroTcs ¢
¢ainamu Tuna "Hukakux cumMBoiioB". Oneparopsl while u for nomorator
o0ecnevynTh MpaBUIIbHOE MOBEJCHUE MPOTrpaMM MPU TPAaHUYHBIX 3HAYEHMSIX
IIPOBEPSEMBIX YCIIOBUN.

1.5.4. Iloacuer cTpOK.
Crenyromast mporpaMma ImoICYMTHIBAECT KOJIMIECTBO CTPOK B (aiiie BBOJA.

[Ipenmnonaraercs, 4To CTPOKHU BBOJIA 3aKaHYMBAKOTCS CUMBOJIOM HOBOW CTPOKH \n,
CKPYIIyJIe3HO JOOABICHHBIM K Ka)KIOW BBIMHCAHHOMN CTPOKE.

main() /* count lines in input */
{
int c¢,nl;
nl = 0;
while ((c = getchar()) != EOF)
if (¢ =='\n")
++nl;

printf ("$d\n", nl);

Teno while tenepb coaepxHuT oneparop i f, KOTOpbIN B CBOIO OYepe/ib YIPaBISIET
oreparopoM ysenudeHus ++nl. Onepatop if npoBepsieT 3aKIUYEHHOE B KPyIJIble
CKOOKH yCJIOBHE H, €CIIM OHO UCTHHHO, BHITIOJIHAET CIETYIOIINI 32 HUM orepaTop (Wim
IpyMIly ONepaTopoOB, 3aKIIOUEHHBIX B (PUTYpHBIE CKOOKH). MBI ONATH MCITIOJIb30BAIN
C/IBUT BIIPaBO, YTOOBI ITOKA3aTh, YTO YEM yIPABIISIET.

Y IBOCHHBII 3HAK paBeHCTBA == SABJsIETCS 0003HaueHNeM B si3bike C st "paBHO"
(ananmoruvHo .EQ. B @opTpane). DTOT CUMBOII BBEJICH JIJISl TOTO, YTOOBI OTINYATH
MPOBEPKY HA PABEHCTBO OT OJJMHOYHOTO =, UCIIOJIB3YEMOT0 MIPU MPUCBAUBAHUU.
[Tockonbky B TunMyHBIX C - MporpamMmax 3HaK NpUCBaBaHUs BCTPEUYAETCS TP MEPHO
B JIBa pa3a yaile, YeM IpoBepKa Ha paBEHCTBO, TO ECTECTBEHHO, YTOOBI 3HAK Omeparopa
OBLJT BIIOJIOBHHY KOpOYE.

JIt060# OTNIeNbHBIN CUMBOJ MOKET OBbITh 3alMCaH BHYTPHU OJIMHOYHBIX KaBbIYEK, U MPU

3TOM eMy COOTBCTCTByeT 3HAa4YCHUC, paBHOG ‘-II/ICHCHHOMy 3HAYCHUIO 3TOI'0 CUMBOJIA B
MalImHHOM Ha0Ope CUMBOJIOB; 3TO HA3BIBAETCSI CHMBOJIBHOW KOHCTaHTOM. Tak,
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Harpumep, 'a' - CHMBOJIbHAs KOHCTAaHTa; ee 3HaueHue B Habope cumBoioB ASCII
(aMepUKaHCKUI CTaHAAPTHBIN KO U1t oOMeHa nuHpopMalyeid) paBHO 65, BHyTpEHHEMY
Ipe/ICTaBICHUIO CUMBOJa a. KoHeuHo, 'a ' mpennodruTensbHee, 4eM 65: ero CMBbICI
OUYEBUJIEH M OH HE 3aBUCUT OT KOHKPETHOI'O MAallIMHHOI'O HA0opa CUMBOJIOB.

VY coBHBIE OCIEI0BATENBHOCTH, UCIIOIb3YEMBIE B CUMBOJIBHBIX CTPOKAX, TAKIKE
3aHMMAIOT 3aKOHHOE MECTO CPEIM CUMBOJIBHBIX KOHCTAHT. Tak B IpOBepKax U
apuMeTHYECKUX BBIpAXKEHUAX ' \n' MpecTaBiseT 3HaU€HHE CUMBOJIa HOBOH CTPOKH.
BbI 107KHBI TBEPAO YSICHUTD, YTO ' \Nn' - OTACIBbHBIN CUMBOJI, KOTOPBIN B BBIPAKEHUSIX
HKBUBAJIEHTEH OJMHOYHOMY LIEJIOMY; C IPYTroi cTOpoHBI " \n'" - 3TO CUMBOJIbHAS
CTpOKa, KOTOpasi COAEPKUT TOJILKO OJMH CUMBOJI. Bonpoc o conocTtaBieHny CTpoK u
CHUMBOJIOB 00CY’KJaeTcs B I1aBe 2.

Ynpasicnenue 1-6.
Hanummre nporpamMMy [uis mojicuera npo0esioB, TaOyIaLui U HOBBIX CTPOK.
Ynpasicnenue 1-7.

Hanwumure nmporpammy, KOTopasi KOMMUPYET BBOJ Ha BBIBOJI, 3aMCHSISI ITPH ATOM KaXKIYIO
MOCJIEIOBATEILHOCTh M3 OJTHOTO WJTK OoJiee TPOOEIOB Ha OMH TPOOET.

1.5.5. Iloacuer cJoB.

UerBepTast mporpaMma U3 Halllel CepUU MOJIE3HBIX MPOrPaMM MOICYUTHIBAET
KOJIMYECTBO CTPOK, CJIOB U CUMBOJIOB, MCIIOJIb3YSI IPH 3TOM BEChbMa IIUPOKOE
OTIpeieJIeHUE, YTO CIIOBOM SIBJISETCS JII00ast MOCIe10BaTeIbHOCTh CHMBOJIOB, HE
cojiep xaras mpo0esoB, Ta0yJISIMI WIIK HOBBIX CTPOK. (DTO - yIpoIIeHHAs BEPCUs
yTriuThl we cucteMsl UNIX)

#define YES 1
#define NO 0
main() /* count lines, words, chars in input */

{

int ¢, nl, nw, inword;

inword = NO;

nl = nw = nc = 0;
while((c = getchar()) != EOF) {
++nc;
if (¢ == '\n'")
++nl;
if (c==' "' || c=="\n' || c=="\t")
inword = NO;
else 1f (inword == NO) {
inword = YES;
++nw;

}

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

Kaxnplii pa3, koraa nporpamMma BCTpedaeT IEPBbI CUMBOJI CJIOBA, OHA YBEJIUYHUBACT
CYETYMK YMCJIa CJI0B Ha enuHULy. [lepemenHas inword cienuT 3a TeM, HAXOAUTCS JIN

24



IIporpamMma B HaCTOSIIIMM MOMEHT BHYTPH CJI0Ba WJIH HET; CHadaja 3TOM NEPEMEHHON
npucBauBaeTcs "' HE B CJI0BE', 4eMy COOTBETCTBYET 3HaueHHe NO. MBI IpenoynuTaeM
CUMBOJINYECKUE KOHCTaHThl YES 1 NO nutepHbIM 3HaueHUsM 1 u 0, moToMy 4TO OHU
JienaroT mporpammy Oosee yaoOHo# s uteHus. KoneuHo, B Takoi KpOIEeYHOM
nporpaMmMme, Kak 3Ta, 3T0 He IPUBOJUT K 3aMETHON pa3HUIIE, HO B OOJIBIINX
nporpammax yBCJIIMUCHUC ACHOCTHU BIIOJIHC CTOUT TCX CKPOMHBIX NJOTIOJHUTCIBHBIX
YCWIINN, KOTOPBIX TPeOyeT clieJ0BaHNE ATOMY NPUHIIUITY C CaMOro Havaja. Bel Takxke
O6Hapy)KI/IT€, 4TO CYHICCTBCHHBIC U3MCHCHUA Iropa3ao JICTYC BHOCHUTL B TC IPOI'paMMEI,
rae yncna GUrypupyroT TOJIbKO B KaUeCTBE CUMBOJIBHBIX KOHCTaHT. CTpoka

nl = nw = nc = 0;
noJjlaraeT Bce TpU NMEPEMEHHbIE PaBHBIMH HYJII0. DTO HE OCOOBIi ciyyail, a cliecTBUe
TOTO 0OCTOSTEBCTBA, YTO OIEPATOPY MPUCBAMBAHKS COOTBETCTBYET HEKOTOPOE
3HaUEHUE U MPUCBAUBAHUS MPOBOAATCS MOCIEAOBATEIHHO CIIPaBa HajIeBo. Takum
00pa3oM, J1e10 00CTOUT TakK, KaK €CJIM Obl Mbl HAIMCAIIN

nc = (nl = (nw = 0));
orepauus || o3Hayaet OR, Tak YTO CTPOKA

if(c==" ' || c=="\n' || c=="\t")
TOBOPHT "eCIliu C - IPOOeI, WK C - CAMBOJ HOBOW CTPOKH, HIIU C - TaOyJISIHS
...".(YcroBHas mOCIeI0BaTENbHOCTD \ t SBISETCS U300paKEHUEM CHMBOJIA
TaOYJISIUN).

Nmeetcs cooTBeTcTBYI0MAs oneparusi && s AND. BeipaxkeHus1, CBsi3aHHbIE
oneparusamu && win ||, PaccmaTtpuBaroTes cieBa HammpaBo, U IIPH 3TOM FapaHTHPYETC,
YTO OLICHUBAHUE BBIpAKEHUI OyaeT MpeKpalieHo, Kak TOJIBKO CTaHET SCHO, SIBISETCS
JIM BCE BBIPKEHUE UCTHHHBIM WU JIOXKHBIM. Tak, eci ¢ oKa3bIBaeTcs MpoOeioM, TO
HET HUKaKOW HeOOXOIMMOCTH MPOBEPSATH, SIBISIETCS JTU C CUMBOJIOM HOBOM CTPOKH HIIN
Ta0yJISAIWY, U TaKKE TIPOBEPKH IEHCTBUTEIIBHO HE AeNIaloTcs. B 1aHHOM citydae 310 He
UMEeT MPUHIIUIHAILHOTO 3HAYCHHS, HO, KaK MBI CKOPO YBHIIUM, B 00JIee CIIOKHBIX
CUTYaIUAX 3Ta 0COOCHHOCTB SI3bIKa BEChMa CYIIECTBEHHA. DTOT MPHUMEP TAKKE
JEMOHCTpHpYET orepatop €l se a3pika C, KOTOPbIN YKa3bIBAET TO ACHCTBUE, KOTOPOE
JTIOJDKHO BBITIONHATHCS, €CITH YCIIOBUE, COoIepKaIieecs B oneparope i f, okaxercs
n0xHbIM. O01mas popma Takoa:

if (BupaxeHue)
onepatop-1
else oneparop-2

BBITTONHAETCS OIMH U TOJIBKO OJIMH U3 JIBYX OIEPATOPOB, CBA3AHHBIX C KOHCTPYKIUEH
if-else. Ecnu Belpa)keHHE UCTUHHO, BBINIOJIHAETCS OIIepaTop—1; €ClIM HET -
BBINOJHSETCS orepaTop—2. GakTHuecku KaXKIablii orepaTop MOXKET ObITh JJOBOJIBHO
CJIOHBIM. B mporpamme nojicuera cioB ornepaTop, ClIeAyIoluii 3a el se, aBiseTcs
orepaTopoM i f, KOTOPBI yIpaBIseT AByMs OTlepaTopaMu B PUTYPHBIX CKOOKaX.

Ynpasicnenue 1-9.

Kak ObI BBI cTanmu npoBepsTh Mporpammy nozcueta cinoB? Kakue numerorcs
orpaHu4eHus ?
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Ynpasicnenue 1-10.

Hanwumure nporpammy, Kotopasi OyIeT neyaraTh cjoBa u3 ¢aiina BBoJa, IPUUYEM I10
OJHOMY Ha CTPOKY.

Ynpasxcnenue 1-11.
[Tepenenaiite mporpaMmMy mojicueTa CJIOB, UCTIONB3Ys JTyUlliee onpeesneHue "ciosa',;
CUMTalTe, HAPUMED CIOBOM MOCIEI0BATEIBHOCT OYKB, UG U anocTpodoB,

HAYMHAIOIILYIOCS ¢ OyKBBHI.

1.6. MaccuBbl.

JlaBaiiTe HamuIIEM IPOTrpaMMy IOJICUETA YUCIIA TTOSABICHUN KaXXI0U IU(PHI, CAMBOJIOB

MyCTBIX TPOMEKYTKOB (TIpo0est, TaOyJISIIK, HOBasi CTPOKA) U BCEX OCTAIBHBIX
cuMBOJIOB. KoHEUHO, Takas 3a Jaua HECKOJIBKO UCKYCCTBEHHA, HO OHA TIO3BOJUT HaM
MPOMJUTIOCTPUPOBATH B OJJHOM MPOrpaMMe Cpa3y HECKOJIBKO acleKToB si3bika C.

Mps1 pa3ouiii BBOJIMMBIE CUMBOJIBI HAa IBEHA/IIIATh KATETOPH, U HaM y00Hee
MCIIONIb30BaTh MAaCCHB JIJIsl XpaHEHHsI YUCIIA MOSIBICHUN KaKI0U UG pPHI, a He JeCsTh
OTJIETIbHBIX IEPEMEHHBIX. BOT 071MH 13 BapuaHTOB MPOTrpaMMBI:

main() /* count digits, whtie space, others */ {
int ¢, i, nwhtie, nother;
int ndigit[10];

nwhtie = nother = 0;

for (i = 0; i < 10; ++1)
ndigit[i] = 0;

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

if (¢ >= '0' && c <= '9")
++ndigit[c-"'0"];
else if(c== " " || c== '"\n' || c== "\t")
++nwhtie;
else
++nother;
printf ("digits =");
for (i = 0; i < 10; ++1)
printf (" %d", ndigit([i]);
printf ("\nwhtie space = %d, other = %d\n",
nwhtie, nother);

Onucanue

int ndigit[107];
00BsBIISICT, YTO Ndigit ABISETCS MACCUBOM U3 JIECATH LEIBIX. BsA3bIKe C HHICKCHI
MaccHuBa BCETJla HaunHAIOTCs ¢ HyJs (a He ¢ 1, kak B @opTpane wnu PL/1), Tak uro

3JIEMEHTAMH MacCUBa SABSIIOTCSI ndigit [0], ndigit[1l], ..., ndigit[9].

DTa 0COOEHHOCTD OTpa’)X€Ha B LIUKJIAX for, KOTOPbIC HHULIUAJIM3UPYIOT U IICHATAOT
MaCCHUB.
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I/IH,Z[CI(C MOJKET OBITE JTFOOBIM LECJIBIM BBIPAXKCHHUEM, KOTOPOC, KOHCYHO, MOXET
BKJIFOYATb LEJIbIC ICPECMCHHBIC, TAKUC KaK i, U O CJIbIC KOHCTAHTHI.

DTa KOHKpETHAas MPOrpaMMa CHIIHLHO OMHUPAETCsI Ha CBOMCTBA CUMBOJIBHOTO
npencrasienus uudp. Tak, Hanpumep, B mporpamme npoBepKa

if(c > '0"'" && c <= '9")...
OTIPEICIISCT, SIBJISICTCS JIM CUMBOJ B C TTUGPOM, M €CITH 3TO TaK, TO YUCIICHHOE 3HAUYCHUE
3TO# nudpsl onpenensercs no Gopmyne (¢ - '0'). Takoi cnocod paboTaeT TOIBKO
B TOM CJIy4ae, €Clid 3Ha4€HUsI CUMBOJIBHBIX KOHCTAHT '0', '1' ¥ T.11. OJIOKUTENbHbBIE U
PacIoJIOKEHBI B MOPAIKE BO3PACTAHUS U HET HUUYETo, KpoMe Iudp, Mexay
koHcTanTamu '0' 1 '9'. K cuacThlo, 3TO BEpHO 7Sl BCEX OOMIENPUHATHIX HAOOPOB
CHUMBOJIOB.

[To onpenenenuto nepes npoBeieHUEeM apu(PMETHUESCKUX OTepaIiuii, BOBICKAIOIINX
nepeMeHHbIe Thna char u int, Bce OHM MPeoOpaszyroTcs K TUIY int, Tak 4To B
apuMeTUYECKNX BBIPAKCHHIX MIEPEMEHHBIE TUTIA Chat MO CYHIECTBY MICHTHUYHbI
MEPEeMEHHBIM TUIA 1nt. ITO BIOJIHE ECTECTBEHHO U Y00HO; Harpumep, ¢ —'0"' - 3T0
LI€JI0€ BhIpaXKeHUE CO 3HaUeHHeM Mexay 0 1 9 B COOTBETCTBUU C TEM, KAKOW CUMBOJ OT
'0' 10 '9' xpaHUTCS B C, U, CIEAOBATEIILHO, OHO SIBJISIETCS MOJIXOIAIIUM UHIECKCOM JIJIs
MaccuBa ndigit.

BrrsicHenue Borpoca, SIBIseTCs JIM JAHHBIA CUMBOJ LU PO, CHMBOJIOM ITyCTOTO
POMEXKYTKA WIIM 4YEM-JINOO ellle, OCYIIECTBISIETCS TOCJIE0BAaTEIbHOCTBIO ONIEPaTOPOB

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

else if(c == " " || ¢ == "\n' || ¢ == "\t")
++nwhtie;
else
++nother;
Koncrpyknus
if (ycrnoBue)
ornepaTop
else 1if (ycrooBue)
onepaTop
else
onepaTop

4acTO BCTPEUAIOTCS B IPOrpaMMax KakK CpEJCTBO BBIPAKEHUS CUTyalUi, B KOTOPBIX
OCYILECTBIIAETCS BBIOOP OJTHOTO U3 HECKOJIBKMX BO3MOXHBIX PELICHUH.

[TporpamMma npocTo ABMKETCSA CBEPXY BHU3 J0 TEX MOP, MOKA HE YIOBIETBOPUTCA
KaKoe-HUOYb YCIOBHE; TOTA BBITIOIHSAETCS COOTBETCTBYIOLIUI OIepaTop, U BCs
KOHCTpYKIIUs 3aBepiaercs. (Koneuno, ormepaTop MOXKET COCTOSITh U3 HECKOJIBKHIX
OTIEPATOPOB, 3aKIIOUYCHHBIX B QUTYpHBIE CKOOKH). Eciiu HU 0JTHO U3 yCIIOBUIA HE
YIOBJIETBOPSIETCS, TO BBIMOJIHAETCS ONEePaTOoP, CTOALIUHN MOCIE 3aKII0UUTEIHHOTO
else, eciu OHO NpUcyTcTBYeT. ECcu nocnennee else U COOTBETCTBYIOIUMN
ornepaTop OMyIIeHHI (KaK B MpOTrpaMMe MOJICUeTa CJIOB), TO HUKAaKUX JIEHCTBUI HE
npou3BOaUTCS. Mexny HauanbHbIM 1 f U KOHEUHBIM €1 se MOKeT MOMeNaThCs
MPOU3BOJIHHOE KOJIMYECTBO Py
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else 1f (ycrnosue)
ornepaTop

C ToukM 3peHus CTHJIA 11e1eco00pa3Ho 3aHUChIBaTh 3Ty KOHCTPYKIUIO TaK, KaK MBI
MOKAa3aJi, C TeM YTOObI JUIMHHBIC BBIPAKEHHSI HE 3aJI€3aJIH 3a MPaBbIil Kpail CTpaHHUIIBL.

Omneparop switch (nmepexiatodarens), KOTOPbIM paccMaTpuBaeTcs B IJ1aBe 3,
MpEaACTaBIACT APYTYIO BO3BMOKHOCTD IJIA 3alIMCH Pa3BCTBJICHUA Ha HCCKOJIBKO
BapUAHTOB. 3TOT ONEPaToOp OCOOCHHO y00€H, KOTJa IPOBEPsieMOE BEIPaKCHNE
SIBJISIETCS JINOO IMPOCTO HEKOTOPBIM LICJIBIM, JINOO CUMBOIBHBIM BBIPAKCHUCM,
COBIAIAIOIIUM C OJHOM U3 HEKOTOPOro Habopa KOHCTAaHT. Bepcus 3Tol mporpamMMel,
UCTIONB3YIONIas onepaTop switch, OyaeT i cpaBHEHUs IIPUBEACHA B TJ1aBe 3.

Ynpascnenue 1-12.

Hanummre nporpammy, rnevararomiyio THCTOrpaMMYy JJTMH ¢JI0B U3 ¢aiina BBoga. Camoe
JIETKOE - HAYePTUTh TUCTOTPAaMMy T'OPH30HTAIBHO; BEPTUKAIbHAS OPHEHTALUS TpeOyeT
OOJBIINX YCUIHH.

1.7. ®ynkuumn.

B s3pike C QyHKIMM SKBUBAJICHTHBI MOATIPOrpaMMamM Ui GyHkiusm B Goprpane umu
nporeaypam B PL/1, mackaie u 1.1, @yHKIHUM JAFOT YAOOHBINA CIIOCOO 3aKITIOYCHHUS
HEKOTOPOM YaCTH BBIYUCICHUHN B YEPHBIN ALIMK, KOTOPBIA B JAIBHEHIIEM MOKHO
WCII0JIb30BaTh, HE MHTEPECYSICh €T0 BHYTPEHHUM COJiep:kaHneM. Vcnonp3oBaHme
byHKIMi sBseTcsa GaKTUUECKU eAMHCTBEHHBIM CIIOCOOOM CIIPAaBUTHCS C
MOTECHIUATBHON CIIOKHOCTBIO OOJBIIHMX TporpamMM. Eciu pyHKIMHM opraHu30BaHbI
JOJKHBIM 00pa3oM, TO MOKHO UTHOPUPOBATH TO, KaK JieNaeTcst paboTa; JOCTaTOYHO
3HaHUE TOro, uTo nenaetcs. A3k C pazpaboTaH TakuM 00pa3oM, YTOOBI clieIaTh
UCTIONB30BaHue (PYHKIINI TErKuM, YA0OHBIM U 3P peKTUBHBIM. Bam OynyT yacto
BCTpEUYaThCsl QYHKITUH JTTMHON BCETO B HECKOJIBKO CTPOYCK, BHI3BIBAEMBIC TOJIHKO OJIUH
pa3, ¥ OHU HCTIONB3YIOTCS TOJIBKO MOTOMY, YTO 3TO MPOSCHSAET HEKOTOPYIO YacTh
POrPaMMBI.

J1o cHuX TOp MBI UCTIOIB30BAJIH TOJBKO MPEIOCTABICHHBIC HAM (DYHKIIUH THUTIA
printf, getchar mputchar; reneps nopa HanucaTh HECKOJIBKO HAIIMX
COOCTBEHHBIX. TaK kKak B C HET orepanuy BO3BEICHUS B CTENICHb, TIOAO0HOM oneparim
** g doptpane wnu PL/1, naBaiiTe MpoMUTIOCTPUPYEM MEXaHUKY OIpEICTICHUS
¢yHKIMN Ha puMepe QYHKIMU power (m, n), BO3BOIAIICH IIeJI0€ M B LEIYI0
HOJIOKUTEIbHYIO CTENeHb n. Tak 3HaueHue power (2, 5) paBHo 32. KoneuHo, 3Ta
(YHKIMS HE BHIMOTHSET BCel pabOTHI onepanun **, MoCKOJIbKY OHA JIEHCTBYET TOJIBKO
C TIOJIOKUTEIIbHBIMU CTETIEHSIMH HEOOIBIINX YHCEll, HO JIy4Ille He CO3/1aBaTh
JIOTIOJTHUTENBHBIX 3aTPYAHEHHUH, CMEIINBasi HECKOJIBKO Pa3IMUHBIX BOIIPOCOB.

Huxe npuBoautcs GyHKIUS power U UCHOJIB3YIOIIasl € OCHOBHAsI IPOrpaMma, Tak 4To
BBl MOJKETE BUJIETh LIEJTUKOM BCIO CTPYKTYPY.

main() /* test power function */

{

int i;
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for(i = 0; i < 10; ++1)
printf ("$d %d %d\n",1i,power (2,1),power (-3,1));

power (x,n) /* raise x n-th power; n > 0 */
int x,n;
{

int i, p;

p = 1;

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

p=p*x;

return (p);

Bce ¢yHKk1MM UMEIOT OIMHAKOBBINA BU:

“Msa (COMCOK apr'yMeHTOB, €CJIM OHM MUMEKTCSH)
ONMCaHUE apI'yMEHTOB, €CJIM OHU MMeTCH

{
OMMCaHUsa
oIepaTopPk

OTH QYHKIIUU MOTYT OBITh 3aMTUCaHbI B JTIOOOM MOPSAKE M HAXOIUTHCS B OJTHOM WU
JIBYX HCXOIHBIX (haitax. KoHeuHO, eci nCXoaHas MporpaMMa pa3MeIiaeTcs B IByX
daitnax, Bam NMpUAETCs JaTh OOJbIIE YKA3aHUHA MPU KOMITHIISIIUU U 3aTpy3Ke, 9YeM eCIIH
OBl OHA HaXOAMJIACh B OJTHOM, HO 3TO JIEJIO ONEPAI[HIOHHON CHCTEMBI, a HE aTpHOYT
si3pIKa. B TaHHBIN MOMEHT, JJI1 TOTO YTOOBI BCE MOJIyYECHHBIE CBEIEHUs O porone C-
porpaMM, He M3MEHIIIUCH B AJIbHEHIIIEM, MBI OyIeM IpenosaraTh, YTo 00e (QyHKIHA
HAXOJIATCS B OJTHOM M TOM ke daiie.

CDyHKI_II/IH power BbI3bIBACTCA ABAXK/IBI B CTPOKE

printf ("%d %d %d\n",i,power (2,1),power (-3,1));
pH KaKa0M obparieHnu GyHKIUs power, TIOJYYUB JABa apryMEHTa, BO3BPAIIAeT
1eJI0e 3HAYCHHEe, KOTOPOe TievaTaeTcs B 3aJaHHOM (opMate. B BrIpaxkeHHIX
power (2, 1) SBISETCS TOYHO TAaKUM XKe IeNbiM, Kak 2 U 1. (He Bce pyHKIIMU BRITAIOT
LI€JI0€ 3HAYEHUE; MBI 3aiIMEMCSI 3TUM BOIIPOCOM B I'JIaBe 4).

ApryMeHThl GYHKIIMH POWET JOJKHBI ObITh ONMCAHBI COOTBETCTBYIOIIUM 00pa3oM, Tak
KaK MX THUIIbl U3BECTHBL. JTO CIIEJIaHO B CTPOKE

int x,n;
KOTOpast CIIeAyeT 3a UMEHEM (DYHKITHH.

Onucanust apryMeHTOB IIOMEIIAIOTCS MEXKIY CIIUCKOM apryMEHTOB M OTKPBIBAIOLIEHCS
JeBOM (UrypHOU CKOOKOI; KaXK0e ONMUCaHNe 3aKaHYMBACTCS TOUKOM € 3amsITOH.
Nmena, ncronb30BaHHbIE 7151 apTyMEHTOB (DYHKIIMH powe ¥, SBIISIOTCS YUCTO
JIOKQJIbHBIMH U HEJOCTYIHBI HUKAKUM JPYTUM (DYHKIHAM: IpYTHe MPOLESYpPbl MOTYT
UCIIOJIb30BaTh T€ )K€ caMble UMeHa 0€3 BO3HUKHOBEHUS KOH(IMKTA. DTO BEPHO U AJIS
NEePEeMEHHBIX 1 U p; 1 B QyHKIMHM power HUKAK HE CBSI3aHO C 1 B QyHKUMHU main.
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3HaveHue, BBIYUCICHHOE (QYHKIMEH power, IepealoTcs B main ¢ MOMOIIBIO
oreparopa return, TOYHO TaKoro xe, kak B PL/1. BHyTpu Kpyribix ckoOOK MOXKHO
HanucaTh Jiro0oe BeipakeHre. OyHKIMs He 00s13aHa BO3BpaIllaTh KaKoe-I100 3HAaYEHUE;
omeparop return, He COAEPKAIIMM HUKAKOTO BBIPAKEHUS, IIPUBOJUT K TAKOH JKe
nepeaaye ynpaBieHus, Kak "cBalMBaHuE Ha KOHeN" (QyHKIUH MPH JOCTHKEHUH
KOHEYHOU MpaBoil (PUTYPHOU CKOOKH, HO TIPY 3TOM B BBI3BIBAIONIYIO (DYHKIHIO HE
BO3BPAILAETCS HUKAKOIO ITOJIE3HOIO 3HAYCHHUS.

Ynpasicnenue 1-13.

Harnumute nmporpammy npeodpa3oBaHus TPOMUCHBIX OYKB U3 (haiijia BBOJA B
CTPOYHBIE, HCTIONIB3YS MPH 3TOM (PYHKIHIO ower (C), KOTOpas BO3BpalllaeT 3HAaUeHHE
C, ecnu c- He OyKBa, ¥ 3HAU€HHE COOTBETCTBYIOIIEH CTPOUYHOI OYKBBI, €clu C - OyKBa.

1.8. ApryMeHTHI - BBI30B 110 3HAYEHHIO.

OpuH acniekt B C MOKET 0Ka3aThCsl HEMPUBBIYHBIM I IPOIrPaMMUCTOB, KOTOPBIE
UCTIONIB30BAJIH JPYyTHE SI3bIKK, B yacTHOCTH, DopTtpan u PL/1. B si3pike C Bce
apryMeHTbhI (PYHKLUH epenatoTcs "o 3Ha4eHUI0". 3TO 03HAYAET, YTO BbI3BaHHAs
(GYHKIMS TOTy4YaeT 3HAUE€HUsI CBOMX apTyMEHTOB C IIOMOILbIO BPEMEHHBIX IEPEMEHHBIX
(axTHyecku yepes CTEK), a He UX ajipeca. ITO MPUBOIUT K HEKOTOPBIM OCOOCHHOCTSM,
OTJIMYHBIM OT T€X, C KOTOPBIMH MBI CTAJIKUBAIHCH B si3bIkax THra ®oprpana u PL/1,
UCTIOJIb3YIOUIMX "BBI30B IO CCBIIKE ", Iie BbI3BAHHAS MpOoLelypa paboTaeT ¢ agpecom
apryMeHTa, a He C €r0 3HaYCHHEM.

I'maBHOE OTIIMUHME COCTOUT B TOM, 4YTO B C BbI3BaHHAs Q)YHKLII/IH HE MOXCT UBMCHUTDH
HepEeMEHHYIO U3 BBI3BIBAIONICH (DYHKINHM; OHa MOXKET MEHSTH TOJIBKO CBOIO
COOCTBEHHYIO BPEMEHHYIO KOIIHIO.

Bb130B 110 3HaU€HMIO, OJITHAKO, HE TTIOMEXA, a BeChMa LIeHHOE KauecTBO. OHO 0OBIYHO
IPUBOJUT K 00JIee KOMITAKTHBIM MPOTPaMMaM, COJIEPKAIIUM MEHBIIE HE OTHOCSIIUXCS
K JIeJly IepEMEHHBIX, [IOTOMY YTO C apryMEHTaMH MOKHO 00paliaThes Kak ¢ yA00HO
VMHUIMAIN3UPOBAaHHBIMU JIOKAJIbHBIMU NIEPEMEHHBIMH BBI3BaHHOMU Ipoueaypsl. Bor,
Harpumep, BapuaHT QYHKIUU POWer UCHOJb3YIOLIEH 3TO 00CTOATENBCTBO

power (x,n) /* raise x n-th power; n > 0; version 2 */
int x,n;
{
int p;
for (p = 1; n > 0; --n)
p=p*x;

return (p);

}

ApPryMeHT n UCHOJb3YETCS KaK BpEMEHHAsI IEPEMEHHAsSI; U3 HETO BBIYMTAETCS €AMHULIA
710 TeX MO, IOKa OH He cTaHeT HyJeM. [lepemenHas i 31eck Oosblie He HykHa. UTo OBl
HU MPOMCXOUJIO C N BHYTPU POWE T 3TO HUKAK HE BIIMSAET Ha ApIYMEHT, C KOTOPBIM
NEePBOHAYAILHO 00PaTUIIMCh K PYHKIIMU POWET.

[Tpu HEOOXOUMOCTH BCE K€ MOYKHO JOOUTHCS, 4TOOBI (DYHKIIHMS N3MECHHIIA
MEPEMEHHYIO U3 BBI3BIBAIONICH MPOrpaMMBI. DTa MPorpaMMa JOKHA 00eCTIeYUTh
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YCTaHOBJICHHE aJipeca IEPEMEHHOM (TeXHUYECKH, Yepe3 yKa3aTellb Ha IEPEMEHHYI0), a
B BBI3bIBAEMOH (P)YHKLIHMHU HAJ0 ONMUCATh COOTBETCTBYIOIIMN apIyMEHT KaK yKazaTellb U
CChIIAThCS K (aKTUUECKON MEPEMEHHON KOCBEHHO Yepe3 Hero. Mbl pacCMOTPUM 3TO
nopoOHO B rase 5.

Korza B kauecTBe apryMeHTa BBICTYIIAET UMSI MACCHBA, TO (DAKTHYECKUM 3HAUCHHEM,
nepeaaBaeMbIM (DYHKIMH, SIBJISETCS aJpec Hayaia MaccuBa. (3/1eCh HET HUKAKOTo
KOTIMPOBAHUS 3JIEMEHTOB MaccuBa). C MOMOIIBIO HHICKCAINH U afjpeca Hadaa
(GYHKLHS MOXET HATH U U3MEHUTH JII000H 3JIEMEHT MacCuBa. JTO - TeMa CIEAYIOLIET0
pasnena.

1.9. MaccuBBI CHMBOJIOB.

[To-BumMoMy caMbIM 00IIUM THIIOM MaccuBa B C SBJISIETCSI MACCUB CUMBOJIOB. UTOOBI
IPOMJUTIOCTPUPOBATH MCIIOJIb30BAaHHE MACCHBOB CUMBOJIOB M 00pabaThIBAIOLINX MX
byHKIMi, 1aBaiiTe HAMUILIEM IPOrpamMMy, KOTopasi YuTaeT Habop CTPOK U IedaraeT
caMylo JUIMHHYO U3 HUX. OCHOBHAs CXe€Ma IIPOrpaMMbl JOCTaTOYHO MPOCTa:

while (mMMeeTcsa eme cTpoka)
if (»Ta cTpoka IJIMHHEE CaMO¥ IJIMHHOM M3 NPEIBOYIMX )
3alOMHUTL 3Ty CTPOKY M €e IOJMHY
HaneyvaTaTh CaMyld IOJIMHHYKD CTPOKY

[To 3T0i1 cxeme SICHO, UTO MporpamMma eCTeCTBEHHBIM 00pa3oM pacnajaercs Ha
HECKOJIbKO yacTel. OlHa 4yacTh YUTAET HOBYIO CTPOKY, JApyTas MMPOBEPSET €€, TPEThA
3allOMUHAET, @ OCTaJIbHBIEC YACTH IPOrPaMMBbI YIPABISAIOT TUM IPOLIECCOM.

[TockonbKy BCE Tak MPEKPacHO JEIUTCS, ObUIO OBl XOPOIIO U HATKCATh IPOTPAMMY
COOTBETCTBYIOIIUM 00pa3oMm. J[aBaliTe cHavaja HaUIIEM OTACIbHYIO (PYHKIUIO
getline, koTopas OyaeT U3BIEKaTh CICAYIONIYIO CTPOKY U3 (aiiia BBOJA; TO -
00o0menne Gpynkun getchar. Mbl momeITaeMcst clienath 3Ty (pyHKIUIO 110
BO3MOXHOCTH 0oJiee THOKOM, 4TOObI OHa OBbLIa MOJIE3HON M B PYTUX cUTyarusx. Kak
MHHUMYM, getline moinkHA mepesaBaTh CUTHAI O BO3MOXKHOM TOSIBICHHH KOHIA
daiina; 6omee oOUTUH TOJIE3HBIM BapUAaHT MOT ObI TIEpe1aBaTh AJIUHY CTPOKU WU HYJIb,
€CJIM BCTPETUTCS KOHEI (aiiia. HyJIb He MOXKET OBITh JUTMHOW CTPOKH, TaK KaK Kaxaas
CTPOKa COZICPIKHT IO KpaifHell Mepe OJJH CHMBOJI; 1aKe CTPOKA, COJeprKaIasi TOJIBKO
CHMBOJI HOBOW CTPOKH, IMEET JJTHHY 1.

Korzaa Mbl Haxo0IUM CTPOKY, KOTOpasi JJIMHHEE CaMOM JUIMHHOW U3 MPEbIIYyIINX, TO €€
HAJI0 TJIe-TO 3alIOMHHUTh. DTO HABOJUT HA MBICIIb O IPYyroi QyHKIUH, COPY, KOTOpas
OyZleT KOIUPOBATh HOBYIO CTPOKY B MECTO XPaHEHHSI.

Haxkonerl, HaM Hy’>kHa OCHOBHAas Iiporpamma Jijisl yrpasieHus QyHKuusaMu getline u
copy. Bot pe3ynbrar:

#define MAXLINE 1000 /* maximum input line size */
main() /* find longest line */

{

int len; /* current line length */

int max; /* maximum length seen so far */

char 1line[MAXLINE]; /* current input line */

char save[MAXLINE]; /* longest line, saved */
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(len = getline(line, MAXLINE)) > 0)
(len > max) {

max = len;
copy (line, save);

}

if (max > 0) /* there was a line */
printf ("%s", save);

}

getline(s,lim) /* get line into s, return length */
char s[];

int lim;

{

int ¢, 1i;

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

s[i] = "\0';
return (i) ;

copy (sl, s2) /* copy sl to s2; assume s2 big enough */
char s1[], s2[];
{
int i;
i=0;
while ((s2[i] = s1[i] != '"\0")
++1i;

OyHkuusa main v getline o0mAOTCS Kak yepe3 napy apryMeHTOB, TaK U 4yepes
BO3BpalllaeMoe 3HaueHHe. ApryMeHThl getline onucaHsl B CTPOKax

char s[];
int lim;
KOTOPBIE YKa3bIBAKOT, YTO NEPBBIA apPIyMEHT SBJISIETCSI MACCUBOM, a BTOPOH - LIEJIBIM.

JlinHa MaccuBa s He yKa3aHa, Tak Kak OHa onpezeiieHa B main. @yHkuus getline
UCIIOJIB3YET ONeparop return i Nepeladu 3Ha4€HUs Ha3a/] B BBI3BIBAIOILY IO
IporpaMMy TOYHO TakK ke, Kak 3To Jenana GyHkus power. Oqau GyHKINH
BO3BPALIAIOT HEKOTOPOE HY>KHOE 3HaUCHUE; IpyTrHe, NOJ00HO COpY, UCHOIb3YIOTCS
U3-32 UX JIEHCTBUS U HE BO3BpALIAlOT HUKAKOTO 3HAUECHHUS.

YToOBI MOMETHUTH KOHEII CTPOKH CUMBOJIOB, GyHKIIUA getline momeniaeT B KOHEI]
co3maBaeMoro ei maccuBa cuMBOJI \O (HyJI€BOM CHMBOJI, 3HAYEHHE KOTOPOTO PaBHO
HYJII0). DTO COTJIAIIIEHUE UCTIOJIB3YETCs TaKKe KOMIUIATOpoM ¢ si3bika C: korga B C -
nmporpamMme BCTPEHYACTCA CTpOUYHAd KOHCTAHTa TUIIa

"hello\n"
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TO KOMIHJISITOP CO3AaeT MacCUB CUMBOJIOB, COEPKAIIMI CUMBOJIBI TOH CTPOKH, H
3aKaH4YMUBAET ero cUMBOJIOM \0, ¢ TeM 4TOOBI (PYyHKIUH, TOA0OHBIE printf, MormIn
3a(hMKCHPOBATh KOHEIl MACCHBA:

e o n o)

Crneuundukanus popmara $s yka3blBaeT, UTo printf 0KHUIaET CTPOKY,
IpeCTaBICHHYIO B Takoi (popme. [IpoananmsnpoBaB GyHKINIO COPY, BBI
0oOHapy»XUTe, YTO U OHA ONMUPAETCS HAa TOT (DAKT, YTO €€ BXOJAHON apryMEHT
OKaH4YMBaeTcss CUMBOJIOM \0, ¥ KOIUPYET 3TOT CUMBOJI B BBIXOJHOM apryMmeHT s2. (Bce
3TO MOAPa3yMEBAET, YTO CUMBOI \0 HE ABIISETCS YaCThIO HOPMAJTBLHOTO TEKCTA.)

Mexny npo4uM, CTOUT OTMETUTD, YTO JaXE B TAKOM MAJICHbKOM MPOTrpaMme, Kak 3Ta,
BO3HUKAET HECKOJILKO HEMPUATHBIX OpraHU3aI[MOHHBIX TpobieM. Hanpumep, uto
JIOJKHA JIeNIaTh main, eciiu OHa BCTPETUT CTPOKY, MPEBBIIIAIONIYI0 €€ MAaKCUMAaJIbHO
BO3MOXHBII pazmep? OyHkius getline NocTynaeT pa3yMHO: TP 3alI0JTHEHUHN
MacCHBa OHA MIPEKpallaeT JajJbHENIIee U3BJICUEHNE CHMBOJIOB, 1aK€ €CIIU HE
BCTpEYacT CUMBOJIA HOBOM CTPOKU. [IpoBEpUB MOTYyYEHHYIO JUIMHY U IIOCIIEHUN
CHUMBOJI, (YHKITIMS Main MOKET yCTaHOBUTH, HE ObLIa JIX 3Ta CTPOKA CIUIITKOM
JUTMHHOM, U MOCTYNHTH 3aTE€M, KaK OHA COUTET HY>KHbIM. Pajiil KpaTKOCTH MBI OITy CTHIIN
3Ty MpoodseMy.

[Monmp3oBarens GpyHKIMN getline HUKaK HE MOXKET 3apaHee y3HaTh, HACKOJIBKO
JUTMHHOM OKa)keTcsl BBoAMMAs cTpoka. [loaromy B get1line BKIIOYEH KOHTPOIb
MEepenoNHeHus. B To e BpeMs Mmoyib30BaTesb GYHKIMH COPY YXKE 3HACT (MM MOXKET
y3HaTh), KAKOB pa3Mep CTPOK, TAK YTO MBI IPEIIOWIN HE BKIIOYATh B 3Ty (DYHKITHIO
JIOTIOJTHUTEIBHBIN KOHTPOJIb.

Ynpasxcnenue 1-14.

[lepenenaiite BEAyIIyIO 4YacTh MPOTPAMMBI TOMCKA CaMOM JUIMHHOM CTPOKU TaKUM
00pa3oM, yTOOBI OHA MPaBUIIBHO T€YaTaia JIUHBI CKOJIb YTOJHO JUIMHHBIX BBOAMMBIX
CTPOK ¥ BO3MOKHO OOJIBIIIUI TEKCT.

Ynpasicnenue 1-15.

Hanummure nporpaMMy neyaTtu BcexX CTpOK JuinHHEE 80 CUMBOJIOB.

Ynpasicnenue 1-16.

Hanwumure nmporpammy, Kotopasi OyIeT yAasITh U3 KaXI0i CTPOKHU CTOSIIUE B KOHIIE
poOesbl U Ta0YJIAINH, a TAK)KE CTPOKH, IIEITMKOM COCTOSIITUE U3 TPOOETIOB.

Ynpasicnenue 1-17.
Hanummre ¢yHKImio reverse(s), KOTopas pacnojaracT CMiMBOJIBHYIO CTPOKY S B
oOparHOM nopsizike. C ee MOMOIIBIO HAIIMIIUTE IPOrpaMMy, KOTOpast 00paTUT KaXKIyto

CTpOKy u3 ¢aiiia BBOJA.

1.10. O0JacTh neiicTBUA: BHENIHNE ePpeMEHHbIE.
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[lepemennble Bmain (line, save U T.A.) SBISIOTCS BHYTPEHHUMHU WIH
JIOKaJIbHBIMH 110 OTHOIIEHUIO K (YHKLUHU ma in, MOTOMY 4TO OHM ONMUCAHbl BHYTPH
main u HUKaKas apyras QYHKIHS HE HMEET K HUM MPSIMOTo J0CTyIa. JTO ke BEPHO U
OTHOCHUTEJILHO MIEPEMEHHBIX B APYTUX (QYHKIUAX; HAIPUMED, IepeMeHHasl 1 B QyHKIIUU
getline HUKak He cBsA3aHa ¢ 1 B copy. Kaxnas gokanpHas nepeMeHHas CyIEeCTBYET
TOJILKO TOT/a, KOTJa MPOU30IILI0 0OpallieH!e K COOTBETCTBYIOIIEN (GYHKINH, U
MCUE3aeT, KaK TOJILKO 3aKOHYHUTCS BHIOIIHEHHE 3TON QyHKIuu. [1o 3TOM mpuunne
TaKue IepeMeHHbIE, CIIeys] TEPMUHOJIOTUH JPYTUX SA3bIKOB, OOBIYHO HA3bIBAIOT
aBTOMAaTUYECKUMU. MBI BIIpeib OyJIEM HCIIOIb30BaTh TEPMUH aBTOMaTHUECKHUE MTPU
CCBUIKE Ha 3TU IMHAMHUYECKHUE JIOKaJIbHbIE TepeMeHHble. (B riase 4 o0cyxmaeTcs Kiacce
CTaTUYECKOM NIaMATH, KOI/1A JIOKAJIbHbIE [IEPEMEHHBIC BCE K€ OKa3bIBAKOTCS B
COCTOSIHUM COXPAHHUTh CBOU 3HAUEHUS MEXIY OOpaIleHus MU K (PyHKIUSIM. )

[TockonpKy aBTOMAaTHYECKUE TIEPEMEHHBIE MOSIBIISIFOTCS. U HCYE3AI0T BMECTE C
oOparmieHrneM K GyHKIUHU, OHH HE COXPAHAIOT CBOMX 3HAUCHHI B IPOMEKYTKE OT
OJIHOTO BBI30BA JIO APYrOro, B CHIIy Y€ro UM IpHU KaXXJA0M BXOJ€E HYKHO SBHO
npucBauBaTh 3HaueHus. Eciu 3TOro He caenarb, ToO OHU OYIyT COEpKaTh MycCOp.

B xayecTBe anbTEepHATUBBI K ABTOMATUYECKUM IIEPEMEHHBIM MOKHO OIPEIEIUTh
NIepEeMEHHBIE, KOTOpbIe Oy IyT BHEITHUMH IS BceX (DYHKIHH, T.€. TII00aTbHBIMH
HEPEMEHHBIMH, K KOTOPbIM MOKET 00paTUTHLCS 0 UMEHU JIt00ast PyHKIUs, KOTopast
IIOKEJAET ITO CAENATh. (3TOT MEXaHU3M BechbMa cxoJieH ¢ COMMON B @opTpaHe u
EXTERNAL B PL/1). Tak kak BHeUTHUE IEPEMEHHBIE JOCTYIHBI BCIOAY, UX MOXKHO
UCIIOJIb30BaTh BMECTO CIIUCKA apTyMEHTOB JUIs NIepejauu JaHHBIX MEXTY QYyHKIMSIMU.
Kpome Toro, nockoyIbKy BHEIIHKME IEPEMEHHBIE CYIIECTBYIOT IIOCTOSIHHO, 4 HE
HOSBIISIIOTCS] U MCUE3aI0T BMECTE C BBI3bIBAEMBIMU (DYHKIMSAMHU, OHU COXPAHSIOT CBOU
3HAYECHHUS U MOCIIE TOTO, KaK (PyHKIIUH, TPUCBOMBILINE UM TH 3HAYCHUS, 3aBEpIIIaT
CBOIO paboTy.

Bremnsist nepemMeHHast Jo/KHa OBITH ompe/ieiieHa BHE BeeX (YHKIIHMM; TP STOM i
BBIJIENIACTCS (PAKTUYECKOE MECTO B MaMATH. Takast mepeMeHHast JOJDKHA ObITh TaKKe
oIMcaHa B KAKIOW (QyHKIUHU, KOTOpas coOUpaeTcs ee UCIOIb30BaTh; 3TO MOKHO
cAenaTh MO0 SBHBIM OMKCAHUEM extern, TM00 HESIBHBIM MO KOHTEKCTY. UTOOBI
caenaTth 00CyKIeHHe 0ojiee KOHKPETHBIM, JaBalTe MepenuileM MporpaMMy Moucka
caMoOM JUIMHHOM CTPOKH, caesaB 1ine, save M max BHEIIHUMH NEPEMEHHBIMU. JTO
notpedyeT U3MEHEHUS OMTUCAHUHN M TeJ BCeX TpeX (PyHKIMi, a Takke oOpalieHui k
HUM.

#define MAXLINE 1000 /* max. input line size*/

char line [MAXLINE]; /* input line */
char save [MAXLINE];/* longest line saved here */
int max;/*length of longest line seen so far */

main() /*find longest line; specialized version */
{

int len;

extern int max;

extern char savel[];

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

if ( len > max ) {

max = len;
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copy () 7
}

if (max > 0 ) /* there was a line */
printf ( "%$s", save );

}

getline () /* specialized version */

{
int <, 1i;
extern char linel[];

for (i = 0; i < MAXLINE-1

&& (c=getchar()) !=EOF && c!='\n'; ++I)
line[I] = c;
++1i;
}
line[i] = '"\0';

return (i) ;

}

copy() /* specialized version */
{ int 1i;
extern char line[], savel];
i=0;
while ((save[i] = line[i]) !'="'\0")
++1;

Bremrnue nepemennsbie i GyHKIMNA main, getline W copy ONMpeleneHbl B
MEPBBIX CTPOUKAX MPUBEIECHHOTO BHIIIE MPUMEPA, KOTOPBIMHU YKa3bIBAETCS UX TUIT U
BBI3BIBACTCS OTBEJICHUE JUTSI HUX MaMSITH. CHHTAKCUYECKU BHEIIHUE OMMCAHUS TOYHO
TaKHe K€, KaK OMMCaHUs, KOTOPbIE Mbl UCIIOJIb30BAIIM PAHEE, HO TaK KaK OHU
PacToJIoKeHbI BHE (DYHKIIUN, COOTBETCTBYIOIIUE TICPEMEHHBIC SBIISIOTCS BHEITHIUMH.
YtoOb! GyHKIMS MOTJIa UCIIOIB30BATh BHEIIHIOK NIEPEMEHYI0, €1 HaJ0 COOOIIUTh ee
uMs. OuH croco0 CAenaTh 3TO - BKIOYUTH B (DYHKIIMIO OMTHUCAaHUE eXtern; 3To
OTMCAaHUE OTINYAETCS OT MPEIbIIYIINUX TOIbKO T00aBIEHUEM KITFOUEBOTO CIOBA
extern.

B onpeneneHHbIX CUTYalUsX OMMCAHUE eXtern MOXKET ObITh OMYIICHO: €CJIM BHEITHEE
ompezieNieHue TIepEMEHHOM HaXOUTCS B TOM )K€ UCXOTHOM (haiisie, paHbIie ee
UCTIOJTb30BaHUs B HEKOTOPOU KOHKPETHON (DYHKITUH, TO HE 00S3aTEIIbHO BKITIOYATH
omHcaHue extern I ATOU MepeMeHHOo# B camy GyHKIH0. Onrcanus extern B
byHkMsIX main, getline u copy ABISIOTCS, TAKUM 00pa3oM, U3ITUITHUMHU.
dakTUueCcKH, OObIYHAS MPAKTHKA 3aKITI0YACTCS B IOMEIICHUH ONPECICHUIN BCeX
BHEIIHUX NIEPEMEHHBIX B Ha4aJie HCXOIHOTO (aiifia U MociaeayIoneM OMyCKaHHH BCeX
ONMCAaHUMN extern.

Ecnu nporpaMma HaxOAWTCSl B HECKOJIBKUX HCXOJHBIX (hailiax, 1 HEKOTopast
nepeMeHHas olpeJieNieHa, ckaxkeM B (aitie 1, a ucronb3yercs B Qaiine 2, To 4TOObI
CBS3aTh 3TH JIBA BXOKJIEHUS IIEPEMEHHOI, He00X0uMO B (paiine 2 UCIoIb30BaTh
omucaHue extern. TOT BOMPOC MOAPOOHO 00CYkaaeTcs B TlaBe 4.

BbI 10/15KHO OBITH 3aMETUIIN, YTO MBI B 3TOM pa3Jiesie P CChUIKE Ha BHEUTHHE
MEepEMEHHbIE OYEHb AKKYPAaTHO UCIOJIb3YyEM CJIOBA OITUCAHUE U ONpE/ICIICHUE.
"OnpeneneHue" OTHOCUTCS K TOMY MECTY, TJie iepeMeHHast (DaKTUIECKU 3aBOIUTCS U
el BbIeNIAeTC s MaMsTh; ""onmrcaHue" OTHOCUTCS K TEM MECTaM, T'/ie yKa3bIBaeTCs
MpUpOJIa IEPEMEHHOM, HO HUKAKOW MaMsATH HE OTBOJUTCS.

35



Mexny npo4uM, CyIECTBYET TEHACHLUS O0BABIATH BCE, YTO HU MOMAJETCS,
BHEUTHMMM [IEPEMEHHBIMU, IIOCKOJIBKY Ka)KETCS, YTO 3TO YIPOIIAET CBA3M, - CIIMCKU
apryMEHTOB CTaHOBSATCS KOPOYE U NIEPEMEHHbIE BCET1a IPUCYTCTBYIOT, KOT1a Obl BamM
OHHU HM NTOHa00MIMCh. Ho BHEIIHNE epeMeHHbIe IPUCYTCTBYIOT U TOT1a, KOI A BBl B
HUX HE HyKIaeTech. Takoi CTWIb IPOrpaMMHUPOBAHUS YPEBAT OMMACHOCTHIO, TAK KaK OH
IIPUBOJUT K IpOrpamMmam, CBSI3U JaHHBIX BHYTPU KOTOPBIX HE BIIOJIHE OUYEBH/IHBI.
[IepeMeHHBIE TPU 3TOM MOTYT U3MEHATHCS HEOKUIAHHBIM U JJa)K€ HEYMBIIUICHHBIM
0o0pa3oM, a mporpaMMbl CTAHOBUTCS TPYJHO MOAM(DULIMPOBATH, KOTJJa BOSHUKAET TaKas
HeoOxoaumMocTh. Bropas Bepcus mporpamMmbl oMcKa CaMOM IJTMHHON CTPOKU yCTyHaeT
NIEPBOM OTYACTH I10 3TUM IIPUUYMHAM, a OTYACTH MIOTOMY, YTO OHa JINIIUIIA
YHUBEPCAJIBHOCTH JBE BEChbMa MOJIe3HbIEe (PYHKIIMU, BBES B HUX UMEHA IEPEMEHHBIX, C
KOTOPBIMH OHU OYAyT MaHUITYJIHPOBATH.

Ynpasxcnenue 1-18.

[IpoBepka B oneparope for ¢pyHkMM getline noBoIBHO HEyKIIOXKA. [lepenummre
IporpaMMy TakuM 00pa3oM, YTOOBI ClIeNaTh 3Ty MPOBEPKY OoJiee ICHOM, HO COXPAHUTE
IIPH TOM TO K€ caMOe TTOBEJICHUE B KOHIIE (Daiiyia 1 pu nepenoaHeHuu oydepa.
SIBisieTCst T 5TO MOBEJICHUE CAMBIM pa3yMHBIM?

1.11. Pe3rome

Ha nanHOM 3Tamne Mbl 06Cy AWM TO, YTO MOKHO OBl Ha3BaTh TPATUIIMOHHBIM SIPOM
s3bika C. VIMes 3Ty ropcTh CTPOUTENBHBIX OJI0KOB, MOKHO MUCAThH MOJIE3HbIE
MpOrpaMMbl BECbMa 3HAUUTEIBHOTO pa3Mepa, U ObLII0 Obl BEPOSITHO HETIIOXO0 HieeH,
ecyiy OBl BbI 33/1€PKAITUCH 3/IECh HA KAKOE-TO BPEMs U IOCTYIHIIN TAKUM 00pa3oM:
CIIEIyIOIINE HUXKE YIPAKHEHUS MpeIaraloT BaM psJl IPOrpaMM HECKOJBKO OObIlen
CJIO)HOCTH, YeM Te€, KOTOpbIe ObLIIU MPUBEICHBI B ATOM TJIaBe.

[Tocne Toro kak Bel OBiajeeTe 3Toi yacTeio C, mpUCTynaiTe K YTEHUIO CIIEAYIOINUX
HECKOJIBKMX TJIaB. Y CWJINS, KOTOPBIE BbI IIPH 3TOM 3aTPATUTE, IIOJIHOCTBIO OKYTIATCS,
IMOTOMY 4YTO B O3THUX IJIaBax 06Cy>KI[aIOTC$I HMCHHO TC CTOPOHBI C, rac MOoIlb U
BBIPA3UTCIIBHOCTD A3bIKa HAYMHACT CTAHOBUTLCSH O‘ICBHI[HOP'I.

Ynpasxcnenue 1-19.

Hanumure nporpammy detab, KoTopast 3aMmeHsieT TaOyJISIUN BO BBOJE HAa HYKHOE
YHCII0 TPOOETIOB TaK, YTOOBI MPOMEXKYTOK JOCTUTAN CIEAYyONIeH TaOyIsIHOHHOM
octa”oBKU. [Ipeanonoxure GpukcupoBaHHBIN HAOOP TaOYIISAIIMOHHBIX YCTAHOBOK,
HarpuMep, yepe3 KaxIble N MO3ULIHIA.

Ynpasicnenue 1-20.

Hanummre nporpaMmMy entalb, KoTopas 3aMeHsS€eT CTPOKH IPOOEI0B MUHUMAJIbHBIM
YHCIIOM TaOyJISAIUi 1 IPOOEIIOB, TOCTUTAsI IPU 3TOM TEX KE CAMBIX POMEKYTKOB.
Hcnonb3yiiTe Te sxe TaOyIAMOHHbIE OCTAHOBKH, KaK U B detab.

Ynpasicnenue 1-21.

Hanumnre nporpammy Ijig "crubanus” JJIMHHBIX BBOJAUMBIX CTPOK ITOCJIC ITOCIICAHETO
OTJIMYHOI'O OT Hp06ena CHMBOJIa, CTOAIICTO JO CTO.H6L[8. n BBOJA4, rAC n - nmapameTp.
VGGI[I/ITCCB, 4TO Ballla nmporpamMmma ACJIaCT 4YTO-TO pa3yMHOC C OUYCHb JJIMHHBIMU
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CTPOKaMH U B CiIyuae, KOT/ia repejl yKazaHHbIM CTOJIOIOM HET HU TaOyJISIHM, HA
npo0eoB.

Ynpasxcnenue 1-22.

Hanummure nporpammy ynanenust u3 C-mporpaMmbl Bcex KoMMeHTapueB. He
3a0bIBaliTe aKKypaTHO 00pamaThes ¢ "3aKaBbIYCHHBIMU" CTPOKAMHU U CUMBOJIBHBIMH
KOHCTAHTaMHU.

Ynpasicnenue 1-23.

Hanumure nporpammy nposepku C-iporpamMmsbl Ha 3JIEMEHTAapHbIE CUHTAKCUYECKUE
OLIMOKH, TaKHe KaK HECOOTBETCTBHE KPYTJIbIX, KBaJPAaTHBIX U GUTYPHBIX CKOOOK. He
3a0y/IbTe O KaBBIYKAX, KaK OJIMHOYHBIX, TAK M TBOMHBIX, U 0 KOMMEHTapusx. (OT1a

mporpaMMa BechbMa CJI0KHA, €CJIH BbI OyieTe mucaTh €€ Ui CaMOro O0IIero ciayyasi).

2. Tunbl, onepanumn M BbIPAKEeHU.

[TepemeHHBIE 1 KOHCTAHTBI SBISIOTCS OCHOBHBIMH OOBEKTaMH, C KOTOPBIMU OTIEPUPYET
nporpamma. OnucaHus MePeIUCISIIOT IEPEMEHHBIEC, KOTOPBIE Oy IyT UCIIOJIb30BAThCS,
YKa3bIBAIOT UX THI U, BO MOKHO, UX HadalibHbIE 3HaueHus1. Onepanuu onpeaensior,
YTO C HUMH OyJET ClIeJaHO. BRIpAXXEHUST OOBEUHSIOT IIEPEMEHHBIC U KOHCTAHTHI JIJIS
MOJTYYEHHS] HOBBIX 3HaU€HUI. BCe 3TO - TEMBbI HACTOSILIEH TJIaBbl.

2.1. AmMeHa nepeMeHHBIX.

XOTs1 MBI 3TOTO Cpa3y MPsIMO HE CKa3ajH, CyIIECTBYIOT HEKOTOPBIE OTPAHUYCHUS HA
MMEHa MepEMEHHBIX U CUMBOJIMUYECKUX KOHCTAHT. MiIMeHa cocTaBnstoTcst u3 OykB U
Qp; NepBblii CUMBOJ 10JKEH ObITh OykBo#. [ToguepkuBanue " " Toxxe cunTaercs
OYKBOIf; 3TO MMOJIE3HO AJIs y1000UMTaEMOCTH JUIMHHBIX UMEH NepeMeHHbIX. [IponucHbie
U CTpOYHbIe OYKBBI Pa3IMUaAIOTCs; TPaJAUIIMOHHAas MpakTUKa B C - HCIOIB30BATh
CTpOYHbIE OYKBBI JI1 UMEH NEPEMEHHBIX, & IPOIMUCHBIE - JIJISI CHUMBOJIMYECKHUX
KOHCTAHT.

HrparoT posb TOJBKO NEpPBbIE BOCEMb CHMBOJIOB BHYTPEHHETO UMEHH, XOTSI
UCIIOJIb30BaTh MOXKHO U Oosbiie. 11 BHEITHMX UMEH, TAKMX KaK UMEHa (YHKLIUH U
BHEIIIHUX MEPEMEHHBIX, 3TO YUCIO MOKET 0Ka3aThCsl MEHBIIIE BOCBMH, TaK KaK
BHEIIIHUE UMEHA UCTIONB3YIOTCS PA3IYHBIMU acceMOepaMHu U 3arpy3uukamiu. Jleranu
npuBOAATCS B npuioxeHuu A. Kpome Toro, Takue KitoueBble ciaoBa Kak 1 f, else,
int, float u T.1., 3ape3epBUPOBAHBI: BBl HE MOYKETE UCIIOIb30BATh UX B KAUECTBE
UMeH nepeMeHHbIX. (OHU MUITYTCSl CTPOYHBIMH OYKBaMH).

KoneuHo, pa3yMHO BbIOMpaTh HMEHA IEPEMEHHBIX TAKUM 00pa3oM, YTOObI OHU
O3HaYaJIM HEYTO, OTHOCSIIEECS K HA3HAYCHHIO NTEPEMEHHBIX, U YTOOBI OBLTO MEHee
BEPOSTHO CIyTaTh UX MPU HANMCAHUU.

2.2. Tunbl 1 pa3mepsl JaHHBbIX.

B s3p1xe C nMeeTcs TOIBKO HECKOIBKO OCHOBHEIX THITOB JaHHBIX !
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o char OUH 6aﬁT, B KOTOpOM MOXET HAXOAUTHCA OANH CUMBOJI U3 BHyTpCHHeI‘O
Habopa CMBOJIOB.

e int menoe, OOBIYHO COOTBETCTBYIOIICE ECTECTBEHHOMY pa3Mepy LEJbIX B
WCITIOJIB3yEMOU MAllIMHE.

e float c miaBarmiel TOYKOH OAMHAPHON TOYHOCTH.

e double ¢ nnaBarwIIcii TOUKOM TBOMHOM TOYHOCTH.

KpOMe TOI'0 UMECTCA pAL KBaJ'II/I(l)I/IKaTOPOB, KOTOPBIC MOKHO UCIIOJB30BATh C TUIIOM
int: short (kopotkoe), long (mmuHHOE) M unsigned (6e3 3HaKa).
Kaymdukatopsl short u 1ong yka3pBaloT Ha pa3IMIHBIC pa3Mephl mebix. Yncna
0e3 3HaKa MOIUUHSAIOTCS 3aKOHaM apU(PMETHKH 110 MOYIIO 2", TJIe N - YUCIIO OUTOB B
int; yucna 6e3 3HAKOB BCer/ia MoJMoKUTeNbHBI. Onucanus ¢ KBamupuKaTopaMu UMEIOT
BUJI:

short int x;
long int y;
unsigned int z;

CnoBo int B TaKMX CUTYyaITUsAX MOXKET OBITh OMYIIEHO, YTO OOBIYHO U JIETACTCs.

KonnyecTBo OMTOB, OTBOJUMBIX IO 3TH 00BEKTHI 3aBUCUT OT MMEIOIIEHCS MallluHEL;, B
Ta0IHIIe HIDKE MPUBEICHBI HEKOTOPHIE XapaKTePHbIC 3HAYCHUS.

Tab6muma 1

- IDEC PDP-11 HONEYWELL 6000 IBM 370  |INTERDATA 8/32
char  |ASCII 8-bit |ASCII 9-bit [EBCDIC 8-bit | ASCII 8-bit

int |16 36 32 32

short |16 36 16 16

long 32 36 32 32

float (32 36 32 32

double |64 72 64 64

Lenb cocTouT B TOM, 94T00BI short U 1ong JaBajid BO3SMOXHOCTh B 3aBUCUMOCTH OT
IIPAKTUYECKUX HYKJ MCIIOJIB30BATh Pa3IMUHbIEC JUIMHBI LIEIBIX; TUI int oTpaxaer
Haubosee "ecTeCTBeHHBIN" pa3Mep KOHKPETHON MamuHbI. Kak BbI BUIUTE, KaXK bl
KOMITUJISITOP CBOOOIHO MHTEPHPETHPYeT short u 1ong B COOTBETCTBHU CO CBOMMU
anmnapaTHbIMM cpeicTBaMU. Bee, Ha yTO BBl MOXETE TBEPAO MOJIAraThes, 3TO TO, UTO
short He muHHEE, YeM 1ong.

2.3. KoHncTaHThI.

Koncrantsl THna int u £1loat Mbl yxke paccmoTpenu. OTMETUM €lIlI€ TOJBKO, YTO Kak
0OBIYHASA

123.456e-7,
TaK 1 "Hay4Has" 3aIUCh
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0.12e3
g £loat sSBisieTcs 3aKOHHOM.

Kaxngas koHCTaHTa C IUIaBAIOIICH TOYKOM CUMTACTCS NMeromel Tull double, Tak 9To
ob6o3HaueHne E cyxut Kak 1 £loat, Tak u st double.

JITuHHBIE KOHCTAHTHI 3alIMCHIBAIOTCS B BuAe 12 3L. OObIuHAs 1ej1as KOHCTAHTa,
KOTOpas CIMILIKOM JUIMHHA Ul TUIIA 1nt, paccMaTpuBaeTcs Kak long.

CymecTtByeT cuctemMa 0003HauEHHH 111 BOCBMEPUYHBIX U IIECTHAIATEPUIHBIX
KOHCTaHT: Iuaupyromuid O(Hysib) B KOHCTaHTE TUNA int yKa3blBaeT HA BOCBMEPUUHYIO
KOHCTaHTYy, a CTosLMe Briepeau 0x COOTBETCTBYIOT LIECTHAALIATEPUYHON KOHCTAHTE.
Hanpumep, necstuunoe uncio 31 MoxxHO 3anucaTh kak 037 B BocbMepu4HOM hopme u
kak 0x1F B mecrHanuatepuynoit. [llecTHanuaTepuyHbie 1 BOCbMEPUYHBIE KOHCTAHTBI
MOTYT TaK)K€ 3aKaHUYMBAThCs OYKBOW L, UTO JiesIaeT UX OTHOCSIIMMHUCS K TUIY long.

2.3.1. CuMBOJILHASI KOHCTAHTA.

CuMBOJIbHAsI KOHCTAHTA - 3TO OJIMH CUMBOJI, 3aKJIFOUEHHBIN B OJJMHAPHBIEC KABBIUKH,
KaK, Harpumep, 'x'. 3HayeHHEM CUMBOJIbHON KOHCTAHTBHI SIBJISIETCS YMCIIEHHOE 3HAUYE€HUE
3TOr0 CHMBOJIA BO BHYTPEHHEM MaIllMHHOM Habope cuMBojoB. Hampumep, B Habope
cuMBoJi0B ASCII cumBonbHBIN HyJb, WK '0', umeeT 3HaueHue 48, a B koge EBCDIC -
240, u 00a 3TH 3HaYEHUS COBEPIICHHO OTIANYHBI OT uncia 0. Hanucanue '0' BMecTo
YUCJICHHOTO 3HAYEHUsI, TAKOTo Kak 48 unu 240, nemaet mporpaMmy He 3aBUCAIIEH OT
KOHKPETHOT'O YHCJIEHHOTO MPEICTaBICHHS 3TOr0 CUMBOJIA B IaHHOM MallluHE.
CHUMBOJIbHBIE KOHCTAHTBHI TOYHO TaK )K€ y4aCTBYIOT B UHCJICHHBIX ONIEpaLUsiX, KaK U
Jt00ble ApYyTHE YKCcia, XOTS HanboJjiee 4acTO OHH HUCIOJIb3YIOTCSA B CPABHEHHH C
npyrumu cuMBosiamu. [TpaBuiia npeodpazoBanus OyyT U3JI0KEHBI TO3HEE.

HekoTopsie Herpaduueckne CUMBOIIBI MOTYT OBITh MPEACTABICHBI KAK CUMBOJILHBIC
KOHCTAHTHI C IIOMOIIBIO YCIIOBHBIX TIOCJICIOBATEIILHOCTEH, KaK, HaIIpuMep, \n (HoBas
cTpoka), \ t (tabymsus), \ O (HyneBoit cumBon), \ \ (oOpaTtHas kocas yepta), \ '
(omMHaApHAs KaBbIYKA) U T.J. XOTS OHH BBIMJISIAT KakK JIBa CAMBOJIA, HA CAMOM JIeTie
SBIISTIOTCS OTHUM. KpoMe Toro, MO>KHO CTeHEPHPOBATH MPOU3BOJIEHYIO
MOCIIE0BATEIHHOCT JBOUYHBIX 3HAKOB pa3MepoM B OAT, €Clii HAKCaTh

'\DDD'

rae DDD - OT OJHOH 10 TPEX BOCBMEPHUYHBIX un(bp, KaKk B

#define FORMFEED '\014' /* form feed */
CumBosibHas koHCTaHTa '\ 0 ', H300pakaromas CUMBOJI co 3HadeHueM (), yacTo
3aMUCHIBACTCSI BMECTO 11€10M KOHCTAHTHI ) , YTOOBI MOYEPKHYTH CUMBOJIBHYIO
MPUPOY HEKOTOPOTO BBIPAKEHUS.

2.3.2. KoHCTaHTHOe BbIpasKeHue

KoHcTaHTHOE BBIpa)KEHHE - 3TO BBIPAKEHUE, COCTOSIEE U3 OJHUX KOHCTAHT. Takue
BBIpa)KEHUsS 00pabaThIBAIOTCS BO BpeMsI KOMIMIISALUH, & HE IPU POTOHE MIPOTPaMMBbI, U
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COOTBETCTBEHHO MOTYT OBITH MCIIOJIb30BaHbI B JIIOOOM MECTE, TJIe MO’KHO HCIIOIH30BATh
KOHCTaHTY, KaK, HalpuMep B

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

NI

seconds = 60 * 60 * hours;
2.3.3. CTpouyHasi KOHCTaHTA

CTpO'—IHaSI KOHCTAHTa - 3TO MOCJICA0BATCIIbHOCTD, COCTOAIIAsA U3 HYJIA WA Ooiee
CHMBOJIOB, 3aK/JIFOYCHHBIX B JIBOMHBIC KaBbIYKH, KaK, HAIIPUMCD,

"i am a string"
NIIn

" /* NULL string */

KaBpIuky HE SBIISIOTCS YaCThIO CTPOKH, a CIIYy?KaT TOJBbKO I €€ OrpaHUYCHUS. TC KC
CaMBbIC YCIIOBHBIC ITOCJICAOBATCIIBHOCTU, KOTOPBIC UCITIOJIb30BAJIMCh B CUMBOJIBHBIX
KOHCTaHTaXx, IPUMCHAIOTCA U B CTPOKaX; CUMBOIJI I[BOfIHOfI KaBbIYKH H306pa>1<aeTc;1 Kak

\u.

C TeXHMYECKOI TOUKH 3pEHUSI CTPOKA MPEACTaBISET COOON MAaCCUB, STIEMEHTAMHU
KOTOPOTO SIBIISIFOTCS OT/ACIBHBIE CUMBOJIBL. YTOOBI MporpaMmMam ObLIO y100HO
ONPEAENATh KOHEL CTPOKH, KOMIIUJIATOP aBTOMATUYECKH MIOMENIAET B KOHEL KaXK 10U
cTpokH HyJb-cuMBOJ '\ 0 '. Takoe npeacTaBieHne 03HAYAET, UTO HE HAKJIAAbIBACTCS
KOHKPETHOT'O OTPaHUYEHUS Ha TO, KaKyI0 JUIMHY MOKET UMETh CTPOKA, U YTOObI
ONPENEIUTH ATy JUIMHY, IPOrpaMMBbI IOJIKHBI IPOCMATPUBATH CTPOKY NOJHOCTHIO. [Ipn
9TOM JUIsl (PU3UUECKOTO XpaHEHUS! CTPOKHU TpeOyeTcsl Ha OJHY S4YEKy maMaTu OoJblie,
YeM YHMCIIO 3aKIIFOUEHHBIX B KaBBIUKH CUMBOJIOB. Crienytomias GyHKIusS strlen (s)
BBIUNCIISIET JUIMHY CUMBOJIBHOM CTPOKM S HE CUMTast KOHEYHbIN cuMBOJ '\ 0 '.

strlen(s) /* return length of s */
char s[];
{
int i;
i =0;
while (s[i] !'= '\0")
++1;

return (i) ;

ByzabTe BHUMATENbHBI U HE ITyTalfTe CUMBOJIbHYIO KOHCTAHTY CO CTPOKOH, cojieprkarien
OJIMH CUMBOJI: 'x' - 3TO HE TO e caMoe, uTo "x". [IepBoe - 3TO OTAEIBHBII CUMBOII,
UCIIOJIb30BaHHBIHN C LIENIbIO MOTYyUEHHs YUCICHHOTO 3HAUEHHsI, COOTBETCTBYIOILETO
OyKBe X B MallIMHHOM Ha0Ope CUMBOJIOB. BTOpoe - cUMBOJIbHAs CTPOKA, COCTOSIIAS U3
onHoro cuMBoia (OykBa x) u "\0'.

2.4. Onucanusa
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Bce MNEPCMCHHBIC JOJI’KHBI OBITH OIMCAHBI A0 UX UCIIOJb30BAHUA, XOTS HCKOTOPLIC
OIMUCAHUS OCIAKOTCA HESABHO, II0 KOHTCKCTY. Omnncanue COCTOUT U3 CHeI_II/I(l)I/IKaTOpa
TUIIA U CJICAYIOHIETO 3a HUM CIIMCKA IEPEMEHHBIX, MMCIOIIUX 3TOT TUII, KaK, HAIIPHUMCEDP:

int lower, upper, step;
char ¢, 1ine[1000];

[lepemeHHbBIE MOYKHO pacHpeesaTh 0 ONUCAHUSIM JIIOOBIM 00pa3oM; IPUBEICHHBIE
BBIILIE CIIMCKUA MOXHO C TEM XK€ YCIIEXOM 3alliCcaTh B BUIC

int lower;

int upper;

int step;

char c;

char 1ine[1000];

Taxast popma 3aHmMaeT OoJble MECTa, HO OHA YA00HA I 100aBICHU KOMMEHTapHUs
K KQKJIOMY OITUCAHUIO U ISl OCIEAYIOMNX MO (DUKAIIHIA.

[lepemeHHBIM MOTYT OBITH IPUCBOEHBI HAYAJIbHBIE 3HAUEHUS BHYTPU UX OIUCAHMUSI,
XOTS 31€Ch UMEIOTCSl HEKOTOphle orpaHudeHus. Ecin 3a IMeHeM nepeMeHHON CIIeAyIoT
3HAK paBEHCTBA U KOHCTAHTA, TO 3Ta KOHCTaHTAa CIY>KUT B KAUECTBE MHUIIMAIN3ATOPA,
Kak, HarpuMep, B

char backslash = '"\\';
int 1 = 0;
float eps = 1.0E-5;

Ecnu paccMarpuBaemas iepeMeHHas ABISECTCA BHEILHEW WM CTATUYECKOH, TO
WHULHAAJIN3AIMS IPOBOJUTCS TOJIBKO OJUH Pa3, COMIACHO KOHLIETIIMH 10 Ha4yaJla
BBIIIOJIHEHU IIPOrpaMMbl. THUIIMATU3UPYEMBIM SIBHO aBTOMAaTHYECKUM IIEPEMEHHBIM
HayaJlbHbIC 3HAYCHUS IPUCBAUBAIOTCS MIPU KaXIOM 0OpaleH!H K (PyHKIMH, B KOTOPOM
OHHM ONMCAaHbl. ABTOMaTH4YECKHUE NIEPEMEHHBIE, HE HHULUAIU3UPYEMBIE IBHO, HIMEIOT
Heompe/esIeHHbIe 3HaueHus, (T.e. Mycop). BHelHie 1 cTaTuueckre epeMeHHbIE 10
YMOJTYaHUIO MHULUAIU3UPYIOTCS HYJIEM, HO, TEM HE MEHEE, UX ABHAS MHULMAIU3aLUs
ABJISIETCS] IPU3HAKOM XOPOILIETO CTHIIA.

MBI IpOIOIKUM 00CYKACHHE BOIPOCOB MHULIMATH3AINH, KOT/1a Oy/IeM OIMUCHIBATH
HOBBIE TUIIBI JAHHBIX.

2.5. ApudpmeTrndeckue onepannu.

buHapHBIMU apu(METHUECKUMHE OTIEPAIHSMU SBISIFOTCA +, -, *, / M onepanus AeJIeHUs
1o Moay:ito %. Mimeercs yHapHas onepanus -, HO HE CYILLECTBYET YHApHOU omnepanuu +.

[Tpu nenenun nensix IpoOHas 4acTh OTOpackiBaeTcs. BeipakeHue

Q

X %y
JAa€T OCTATOK OT ACJICHUA X HA Y U, CJICA0BATCIIbHO, paBHO HYJIIO, KOr/Ja X JCJIUTCA HA Yy
TOYHO. HaanMep, o1 ABJIACTCS BUCOKOCHBIM, €CJIM OH ACJINTCS Ha 4, HO HE ACIIUTCA
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Ha 100, uckirouast To, uro Aeiusgimecs Ha 400 roapl Toxe SIBISIIOTCS BUCOKOCHBIMH.
IToatomy

if(year $ 4 == 0 && year $ 100 != 0 || year % 400 == 0)
IO BUCOKOCHHM

else
TOI HEBUCOKOCHEIM

Onepanuio % Heab3s UCMOIB30BaTh ¢ TUNamMu float win double.

Onepanuu + 1 - UMEIOT OJJMHAKOBOE CTAPUIMHCTBO, KOTOPOE MJIAJIIIE OJUHAKOBOTO
YPOBHS CTapIIMHCTBA onepanuii *, / u %, KOTOpbIE B CBOIO OYepeIb MII/IIE YHAPHOTO
MUHYyca. AprupMeTHIECKUE ONEepaIii TPYIIUPYIOTCs ciieBa HamnpaBo. (CBeneHus o
CTapIIMHCTBE U aCCOIMATUBHOCTH BCEX OIEpaIfii cOOpaHbl B TAONIHUIIE B KOHIIE ITOM
rnaBsl). [Topsimok BRIMTOTHEHUST aCCOIIMATUBHBIX U KOMMYTATUBHBIX OTEpallUid THTIA + U
- He (PUKCHPYyETCs; KOMITUISATOP MOXET MEePErpyNIUPOBBIBATE JaKe 3aKIIFOUCHHBIC B
KpYTJIbIE CKOOKH BBIPAKECHHUSI, CBI3aHHBIC TAKMMH OTIEPAIIASIMH. TAKUM 00pa3oM,

a+ (b+c) MoxkeT ObITh BRIYUCICHO KaK (a+b) +c. DTo peKko NPUBOAUT K KAKOMY-
100 pacX0okKACHUIO, HO €CITU HEOOXOAMMO 00ECIIEYUTh CTPOTO ONpeAeTICHHBIN
MOPSAZIOK, TO HY>KHO UCIIOJIb30BATh SIBHBIE IPOMEKYTOUYHBIE IEPEMEHHBIE.

JleiicTBusl, IpeAnpuHUMAaEMble TIPU NEPETIOIHEHNHN U aHTUIIepenoiaHeHuH (T.€. [Tpu
HOJYYEHUH CIUIIKOM MaJICHBKOIO 10 a0COIIOTHON BEJIMYMHE YHCIIA), 3aBUCAT OT
WCIIOJIb3YEMOM MaIllHBI.

2.6. Onepanuu OTHOLIEHUS U JIOTHYECKHE ONepalluu

OHCpaHI/ISIMI/I OTHOIICHUSA ABJISIOTCS

=> > =< <
BCC OHU MMCIOT OJMHAKOBOC CTApIINHCTBO. HCHOCpeILCTBeHHO 34 HUMHU 110 YPOBHIO
CTApIIHNHCTBA CJICAYIOT OIICpallu PAaBCHCTBA U HCPABCHCTBA:

== | =
KOTOPBIE TOKE UMEIOT OAMHAKOBOE CTAPIIMHCTBO. ONEPAIINN OTHOIICHUS MIIaIIe
apuMeTHYECKUX OTNEepalnuii, TAK YTO BBIpAXKEHUS TUNA 1<1im-1 MOHUMAIOTCS KaK
i< (lim-1), KaK ¥ OpeamnoaaraeTcs.

Jlornueckue cBs3ku && U || 6osiee nHTEpecHBI. BripaskeHHs, CBA3aHHBIC ONEPALTUSIMH
&& W ||, BEIYUCIISIFOTCS ClIeBa HAIPABO, IPUYEM HX PACCMOTPEHUE TIPEKPAIIACTCs Cpa3y
e KaK TOJIbKO CTAaHOBUTCS SICHO, OYJIET JIM pe3ysIbTaT UCTUHON WIIU JIOKBIO. YUET 3THX
CBOWCTB OYEHb CYIIIECTBEHEH TSI HANTMCAHUS MPABIIIHO PaOOTAIONINX MPOTPAMM.
PaccmoTpuM, Hanpumep, orepaTop UKIJIA B CYUTHIBAIOIICH CTPOKY (DYHKIIHH
getline, KOTOPYIO MBI HAaITUCAIH B TIaBe |.

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

HCHO, 4To nepea CYNTBIBAHUEM HOBOI'O CUMBOJIA H€06X0)II/IMO IMPOBECPHUTH, UMCCTCA JIN
€lIe MECTO B MAaCCUBE S, TaK YTO YCJIOBHE 1<1im—-1 JOJKHO MPOBEPSATHCS NEepBbIM. 1
€CJIM 3TO YCIIOBUE HE BBINIOJIHAETCS, Mbl HE JOJKHBI CYUTHIBATH CIIEAYIOIIUNA CUMBOJI.
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Tax ke Hey1auyHbIM ObLIO OBl cpaBHEeHME 'C' ¢ EOF 0 oOparieHus K QyHKIHH
getchar: mpexae ueM IpoBepsITh CHMBOJ, €0 HY>KHO CUUTATh.

CrapmuHCTBO onepaliy && BBILIE, 4eM Y ||, 1 00€ OHM MIIAJIIIEe ONePaIiii OTHOIIECHUS
U paBeHCTBa. [I03TOMy Takue BBIpayKeHHUS, KaK

i<lim-1 && (c = getchar()) != '\n' && c != EOF
HC HYKIAAIOTCA B JOIMOJIHUTCIIBHBIX KPYTJIBIX ckoOkax. Ho tak xak ornepanud 1= cTapme
orncpanuru nmpucBanBaHus, TO JJIA JOCTHKCHUS IPABUIJIBHOT'O PE3yJIbTaTa B BBIPAXKCHUUN

(c = getchar()) != "\n'
CKOOKH HEOOXOIUMEI.

VYuapnas onepanust otpunianus ! [IpeoOpasyer HeHy1eBO# WM UCTHHHBIN onepany B 0,
a HYJIEBOW WJIU JIOXKHBIN onepan B 1.

OOBIYHOE UCTIOJIB30BAHUE OTIepaliy | 3aKITI0YACTCS B 3aIHCH

if( ! inword )
Bwmecto
if( inword == 0 )

TpynHo ckazats, kakas Gpopma sryumnie. Konctpykuuu tumna ! inword 4uTarTcs
J0BOJIbHO y100HO ("ecnu He B cioBe"). Ho B Oosiee CIOXKHBIX CITydasix OHH MOTYT
OKa3aThCsl TPYXHBIMH ISl IOHUMAHUSI.

Ynpasxcnenue 2-1.

Hanummre oneparop nukia, 3KBUBAJICHTHBIN IIPUBEICHHOMY BBILIE onepaTtopy for, He
UCIIOJIB3YS onepannu &&.

2.7. IlpeoOpa3zoBaHue TUIIOB

Ecnu B BbIpaXeHUSIX BCTPEUAIOTCS OMEPaHIbl PA3IMYHBIX TUIIOB, TO OHU
peoOpasyroTces K 00IeMy THITY B COOTBETCTBHHU ¢ HEOOIBITUM HabopoM mpaBui. B
o011emM, aBTOMaTHYECKH MPOU3BOISATCS TOJIBKO MpeoOpa3oBaHusl, UMEIOIUE CMBICI,
Takue Kak, HalpuMmep, peodpa3oBaHUE MEJIOT0 B IJIABAIONICE B BRIPAKCHUSIX THITA
f+1i. BelpaxeHus ke, JIMIICHHbIE CMbICIIA, TAKWE KaK UCIIOJIb30BAHNE NIEPEMEHHOI
Tuna £loat B KauecTBe MHIEKCA, 3AIIPEIICHBI.

Bo-niepBrIX, THIBI char B int MOTYT CBOOOJIHO CMEIIMBATHCS B apU(PMETHICCKUX
BBIPOKEHUSX: KaX/1asi IepeMEeHHasi THIa char aBTOMaTHUYeCcKH rpeodpa3yercs B int.
OT0 00ecrieynBaeT 3HAUUTENbHYI0 THOKOCTh NPH ITPOBEACHNUH OIPEeICHHbBIX
npeoOpa3oBanuii ciMBOJIOB. [IpMepoM MOXKET CITyKUTh PyHKIHUS atoi, KoTopas
CTaBUT B COOTBETCTBHUE CTPOKE LU(DP €€ YUCIECHHBIN SKBUBAJICHT.

atoi (s) /* convert s to integer */
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i = 0; s[1]>='0" && s[i]<="'9"'; ++1)
n=10 *n + s[i] - '0';
)

Kak ye o0cyxaaocs B 1y1aBe 1, BEIpaKCHHE

s[i] - '0"
HUMECT YHUCIICHHOC 3HAYCHUEC HAXOJJAICTIOCA B S [l] CHUMBOJIa, TIOTOMY 4YTO 3HAYCHUC
cuMBoJioB '0', '1' 1 T.71. 00pa3yI0T BO3pACTAOIIYIO MOCIEA0BATEIBHOCTh
PACIIOIOKEHHBIX OIS IEIIBIX MOJOKUTECITBHBIX YHCEI.

Hpyroit npumep npeoOpa3zoBanus char B int gaetr pyHKIus lower,
npeodpasyrolas JaHHYI0 IPONUCHYI0 OyKBY B CTpouHyto. Eciu BeicTynaromuii B
Ka4yecTBE apryMeHTa CUMBOJI HE SBJIETCS IPOMUCHON OYKBOM, TO 1 ower BO3BpallaeT
ero Heu3MeHHbIM. [IpuBoIUMAas HIKE TporpaMMa CIpaBeIuBa TOJNBKO JIsl Habopa
cumBosioB ASCII.

lower (c) /* convert c to lower case; ASCII only */
int c;
{
if (¢ >= 'a' §& c <= 'z' )
return( ¢ + '@' - 'a');
else /* @ BanmcaHo BMecTO 'a'
return(c) ;

CTpPOUHOTO*/

Ora ¢yHKIMs npaBuiIbHO padoTaet pu koxe ASCII, moToMy 9TO YHUCIICHHBIC
3HA4YEHUs1, COOTBETCTBYIOIINE B 3TOM KOJZI€ IPOIMCHBIM U CTPOYHBIM OyKBaMm,
OTJIMYAIOTCS HA TIOCTOSHHYIO BEJTMYUHY, a KaX/Iblii aln(aBUT SBJISIETCS CIIOUIHBIM -
MEXJy a U z HET HU4Yero, KpoMe OykB. DTO NOcIeAHEE 3aMeuaHue 17 Habopa
cumBosi0B EBCDIC cucrem IBM 360/370 oka3biBaeTcsi HECIIPABEUIUBBIM, B CHITY YETO
3Ta MporpamMma Ha TaKUX CUCTeMax paboTaeT HeNpaBHIBHO - OHA ITpeodpa3yeT He
TOJIBKO OYKBBI.

[Tpu npeoOpa3oBaHUU CUMBOJIBHBIX MIEPEMEHHBIX B LIEJIbIe BOZHUKACT OJUH TOHKUH
MOMEHT. J[eJ10 B TOM, YTO caM SI3bIK HE YKa3bIBAET, JOJDKHBI JIU IIEPEMEHHBIM TUIIA
char COOTBETCTBOBATH YMCIIEHHBIE 3HAUYEHUS CO 3HAKOM WM 0e3 3Haka. MoseT u
npu rpeodpa3oBaHuu char B int momydutbes oTpunatenbHoe 1enoe? K coxanenuto,
OTBET Ha 3TOT BOIPOC MEHSAETCS OT MAIIMHbBI K MAIIMHE, OTPakask pACX0XKJIEHUS B UX
apxurtektype. Ha nekoropsix mammuax (PDP-11, manpumep) nepemenHnas tuna char,
KpalHUI JIEBBIN OMT KOTOPOU COAEPKUT 1, mpeoOpasyeTcsi B OTPUIIATEIBHOE IIEJI0e
("3nakoBoe pacmupenue"). Ha apyrux mammHax Takoe npeoopazoBaHHe
COTPOBOXKAaeTcs J0OaBICHUEM HYJIEH C JIEBOTO Kpasi, B pe3ysbTaTe 4ero Bceraa
MOJTy4aeTCsl MOJIOKUTEIIBHOE YUCIIO.

Onpenenenue s3pika C rapaHTHPYET, YTO J1000M CUMBOJ U3 CTaHIAPTHOrO Habopa
CHUMBOJIOB MaIlIMHbI HUKOT/Ia HE JacT OTPULATENILHOTO YHCa, TAaK YTO ATH CUMBOJIbI
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MOXHO CBO6OI[HO HCII0JIB30BAaTh B BBIPAKCHUAX KaAK ITOJOKUTCIBbHBIC BEJIMYNHBI. Ho
ITPOU3BOJIbBHBIC KOM6I/IHaHI/II/I ABOWYHBIX 3HAKOB, XpaHANIUCCA KaK CHUMBOJIBHBIC
NEPEMCHHBIC HAa HCKOTOPBIX MallIMHAX, MOT'YT JaTh OTPUIATCIbHBIC 3HAYCHUS, a HA
APYTUX MOJIOKHUTCIIBHBIC.

HanOonee THIUYHBIM IPUMEPOM BO3SHUKHOBEHMS TAKOW CUTYalMH SIBJISETCA Cydaid,
KOrJa 3HadeHue | ucnonb3yercs B kauecTBe EOF. PaccMoTpuM nporpammy

char c;
c = getchar();
if ( ¢ == EOF )

Ha mammnze, koTOpast He OCYIIECTBIISIET 3HAKOBOI'O PAaCLIMPEHHUs], IEPEMEHHAsI C BCETa
MOJIOKUTENbHA, IOCKOJIbKY OHA OMKCaHa Kak char, a Tak Kak EOF OTpHUIaTeNbHO, TO
yCIIOBHE HUKOTJa HE BBIOMHsETCs. UTOOBI N30€KaTh TaKOM CUTYyaIllH, MbI BCETAa
IPEeayCMOTPUTENIBHO UCIIONB30BaM 1nt BMecTo char Juist 000 nepeMeHHOH,
[OJIy4arouie 3HaueHue oT getchar.

OcHoBHasl ke IpUYUHA UCIIONB30BaHMsI 1nt BMECTO char He CBsi3aHa ¢ KAaKUM-JTHO0
BOITPOCOM O BO3MO>KHOM 3HAKOBOM pacimpeHud. [Ipocto hyHknms getchar gomxHa
nepeaaBaTh BCE BO3MOYKHBIE CUMBOJIBI (UTOOBI €€ MOXKHO OBLIO MCIIOJIB30BATh JJIS
MPOU3BOJIBLHOTO BBOJA) U, KPOME TOTO, OTIINYaromieecs 3HaueHue EOF. CrneqoBareabHO
3HaueHHe EOF HEe MOXKET OBITh MPEACTaBICHO Kak char, a JOHKHO XPAaHUTHCS KaK
int.

Jpyroii mone3Hoi GpopmMoii aBTOMAaTHYECKOTO MPeoOpa30BaHUs THITOB SBISETCS TO, UYTO
BBIPKEHHSI OTHOIICHUS, TIOIOOHBIC 1>, U JJOTHYECKHUE BHIPAKECHUS, CBSI3aHHBIC
onepanusiMu && U ||, 1o ompeaeneHro UMEIOT 3HadeHue 1, eciu OHM UCTUHHEL, | 0,
€CJIM OHHU JIO’KHBI. TakuM 00pa3om, MpucBauBaHUE

isdigit = ¢ >= '0' && c <= '9"';
nojaraeT isdigit paBueM 1, ecnu ¢ - nugpa, 1 paBasiM 0 B mpoTuBHOM citydae. (B
IIPOBEPOYHON yacTh onepatopoB 1 £, while, for uT.h. "UCTHHHO" MPOCTO
O3HayvaeT "He HyINb").

HesBuble apudmMerndeckue npeodpa3zoBaHus padOTalOT B OCHOBHOM, KaK U 0XKUIAaeTCs.
B 00mux ueprax, ecnu onepanus TUIa + WK *, KOTopasi CBS3bIBACT JIBa ONEpaH/a
(bunapHas omeparius), IMEET OlepaH bl Pa3HBIX TUIIOB, TO TMIEPE]T BHITTOJIHCHHEM
ornepauuy "HU3MMKA" TUI Ipeodpasyercs K "BhICIIEMY'" U OTyYaeTcsl pe3ysIbTaT
"BeIciiero” Tumna. boyee TOUHO, K KaK10i apru(PMETHIECKOMN OTepaliuy MPUMEHSETCS
CJIETyIOIIasl TOCJIEJ0BATEIBbHOCTD MIPaBUII IPEOOpa30OBaHuUs.

e Tunel char u short npeobpasytorcsa B int,a float B double.

e 3atem, ecau OAUH U3 ONEPaH0B UMeeT THI double, To Apyroi mpeodpazyeTcs
B double, u pe3ynbpTar UMeeT TUIl double.

e B nportuBHOM citydae, eciy OAHMH U3 ONIEPAaHIOB UMEET TUIl 1ong, TO APYrou
npeoOpasyercs B Long, U pe3yabTaT UMeeT TUIl 1ong.

e B mpotuBHOM cilydae, €Ciii OJMH U3 ONEpaH0B UMEET TUIl unsigned, TO
JpyTroii mpeobpasyercs B unsigned u pe3yabTaT UMEET TUIl unsigned.
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e B npotuBHOM citydae onepaH/bl JOHKHEI OBITh THIIA 1Nnt, H pe3yJIbTaT UMEET
TUI 1nt.

[ToguepkHeM, 4To Bce nepeMeHHble Tuna £1oat B BRIpaKEHHUIX NpeoOpa3yroTcs B
double; B C Bed mu1aBarolast apu(pMeTuka BITOIHAETCS € IBOMHON TOUHOCTBIO.

[IpeoOpa3oBaHysi BOHUKAIOT U IIPU NMPUCBANBAHUSIX; 3HAUCHNE TTPABOI YaCTH
npeoOpas3yeTcst K TUITY JIEBOM, KOTOPBIN U SBISETCS THUIIOM pe3ysibTata. CHMBOJIBHBIE
niepeMeHHbIe TPe0OPa3yIOTCs B LENbIE JINOO CO 3HAKOBBIM pacHIMpeHueM, 1o 6e3
HEro, Kak omnucaHo Beime. O0paTHoe nmpeodpazoBaHue int B char BeaeT ceds XOpoIIo
- TUIIHUE OUTHI BBICOKOTO MOPSIKa IPocTo oTOpackiBatoTcs. Takum oOpa3om

int i;

char c;

i = c;

c = 1i;
3HAQUCHUC C HC UBMCHACTCA. 9TO BCPHO HEC3aBUCHUMO OT TOI'O, BOBJICKACTCA JIX 3HAKOBOC
paclupeHue Uim Her.

Ecmu x Tuma £loat, a i tuma int, To Kak

X = 1i;
TaK U
i = x;

MPUBOIAT K TpeoOpa3zoBaHusM; ipu 3ToM £ 1oat nmpeobpasyercs B int
oTtOpackiBaHueM apoOHOi yactu. Tun double npeobpasyercs Bo float
OKpyTieHueM. [JInHHBIE 1eJble Peo0pasyIoTes B 001ee KOPOTKHE LENbIe U B
NepEMEHHBIC TUTIA Char MOCPEICTBOM OTOPACHIBAHUS JIMITHUX OUTOB BBICOKOTO
TOPSITKA.

Tak Kak apryMeHT (yHKIIMHU SBISIETCS] BBIPAKEHHEM, TO TIPH 1epenade QyHKIHIM
apryMEHTOB TaKKe IPOUCXOJUT IPpeoOpa3oBaHue TUIIOB: B YACTHOCTH, char u short
cTaHOBATCA int, a float craHoBuTca double. IMEHHO MO3TOMY MBI OIIUCBHIBAIN
apryMeHThl QyHKLIUH Kak int u double naxe Toraa, Koraa oOpamaiuch K HUM C
HepeMEeHHBIMY THIIA char u float.

Haxkoser, B 1:000M BbIpaK€HHH MOKET OBITh OCYIIECTBICHO ("IPUHYX)AEHO") IBHOE
npeoOpa3oBaHUe TUIA C TOMOIIBIO KOHCTPYKIIMH, HAa3bIBaeMoii epeBoa (cast). B
ATON KOHCTPYKUMHU, UMEIOLEH BUL

(MM Tma) BHpPAaXeHUE

BripaxkeHue npeoOpasyeTcs K yka3aHHOMY THITY 110 TIpaBUJIaM IpeoOpa3oBaHuUs,
HU3J10KCHHBIM BBIIIEe. MakTHYECKH TOYHBIA CMBIC]I Orcpanuru rnepeBoaa MOXHO OIMUCATh
cieayonmM 00pa3oM: BeIpaKEHHE KaK Obl IPUCBAUBACTCSI HEKOTOPOW TIEPEMEHHOM
YKa3aHHOTO THITa, KOTOpasi 3aTEM HCIOIb3yeTCs BMECTO BCeil KOHCTpyKimu. Hampumep,
OoubMoTeyHas mpoleaypa sqrt 0XKumaeT apryMenTta tuna double U BbIIACT
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OeCCMBICIIEHHBIN OTBET, €CIU K HEM 110 HEOPEKHOCTH 00paTATCS C YeM-HUOYAb UHBIM.
Taxkum 0Opa3oM, eciii n - LEeJI0€, TO BEIpaKeHUE

sgrt ( (double) n)
JI0 TIepeiadn apryMeHTa QyHKIun sqrt mpeodpasyet n k tuny double. (OTMeTum,
YTO OTepaIys nepeBo npeodpa3yeT 3HaYCHUE N B HAAJIEKAUI THIT; (PaKTHUECKOoe
CoJIepKaHre TIEPEMEHHOM N TIPU 3TOM He u3MeHsieTcs ). Onepanus mepeBoia MMpanus
NepeBojia UMEET TOT e YPOBEHb CTapIIUHCTBA, YTO U APYTHE YHAPHBIE OMEpaIiu, KaK
YKa3bIBAeTCs B TAOJIHIIC B KOHIIE ATOU TJIABHI.

Ynpasicnenue 2-2.

CocraBbTe nporpammy g GyHKIMK htoi (s), KOTopas mpeodpazyeT CTpOKy
HIECTHAIIIATEPUYHBIX (P B SKBUBAJICHTHOE €ii 1esoe 3HaueHue. [Ipu atom
JOTTY CTUMBIMU TIU(Ppamu siBisitoTCs udpsl ot 1 10 9 u OykBel OT A 110 F.

2.8. Onepanun yBeJiM4eHUsI U YMEHbIIEHUSA

B s3p1ke C mpeaycMOTpeHb! ABE HEOOBIYHbBIE ONepaIiK Il YBETHUCHHS U
YMEHBIIIEHUS 3HAYCHUH epeMeHHbIX. Onepanus yBeandeHus ++ nodasiset 1 k
CBOCMY OIICpaHAy, a onicpalurs YMCHBIICHUS -- BBIYUTACT 1. MBI 4acTO UCIOIL30BAIN
oTiepaIuio ++ JUisl yBEIHUEHUS TIEPEMEHHBIX, KaK, HalpUMep, B

if(c == '\n'")
++1;

HeoOBIYHBI aclIeKT 3aKJII0YaeTCs B TOM, UYTO ++ U -- MOKHO HCITOJTb30BaTh JTHOO KaK
npeduKcHbIe onepanuu (1epea MepeMeHHoH, Kak B ++n), 1100 Kak MOCTPUKCHBIE
(moce mepeMeHHOM: n++). DPPeKT B 000X Ciydasx COCTOWT B yBemueHUH n. Ho
BBIPAXKCHUC ++n YBCIIMIUBACT NICPCMCHHYIO N 10 UCTIOJIB30BaHUA €€ 3HAYCHH, B TO
BpeMs KaK n++ yBEIHMYUBACT NEPEMEHHYIO N TIOCJIE TOTO, KaK €€ 3HaYCHHEe ObLIO
UCIIOJIB30BaHO. JTO 03HAYAET, YTO B KOHTEKCTE, TJIC NCTIOIb3YeTCs 3HAUCHHE
NIEPEMEHHOM, a HE TOJIBKO APPEKT YBEITHMUCHHS, UCIIOJIb30BAHUE ++1N U N++ MPUBOIHUT
K pa3HbIM pe3ynbrataMm. Ecimun = 5, 1o

x = n++;
YCTaHaBJIMBACT X paBHbIM 5 ,a

X = ++n;
1oJjiaraeT x paBHbIM 6. B 000uX citydasix n cTaHOBUTCS paBHBIM 6. Onepanuu
YBEJIMUYEHUS U YMEHBIIEHNUS MOKHO IIPUMEHSATh TOJIBKO K IIEPEMEHHBIM; BBIPAKEHUS
THNA X= (1+7) ++ SABIAIOTCSI HE3AKOHHBIMU.

B ciyudasx, rae HyxeH ToabKo 3G (GeKT yBeIMUSHHs, a caMO 3HaYeHHEe He UCTIO0Ib3YeTCs,
KaK, HalIpuMep, B

if (¢ == "\n' )
nl++;
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BBIOOP MPEPUKCHON HITH TOCTPHUKCHOI Onepaliu SBISETCS AEJIOM BKyca. HO
BCTPEYAIOTCS CUTYAallUH, II€ HY>KHO UCIIOJIb30BaTh UMEHHO TY WIH JAPYTYIO ONEpaLHIO.
PaccmotpumM, Hanpumep, GyHKIMIO squeeze (s, ), KOTopas yAalisieT CHMBOJ C U3
CTPOKH S, K&KIbIH pa3, KaKk OH BCTPEYAETCSI.

squeeze (s, C) /* delete all ¢ from s */
char s|[];
int c;
{

int 1, 3

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

if ( s[i] !'= c )
s[j++] = sl[i];
s[j] = '"\0';

Kaxnpiil pa3, kak BCT€4aeTCs CUMBOJI, OTJIIMYHBIA OT C, OH KOUPYETCS B TEKYLLYIO
MO3UIHIO J, U TOJBKO MOCJE STOT0 j yBeIWYUBaeTcs Ha 1, YTOOBI OBITH TOTOBBIM IS
MOCTYIUICHUS CIAEAYIOIIETO CUMBOJIA. DTO B TOYHOCTH SKBUBAJICHTHO 3aMIUCU

Jpyroii npuMep no1o0HON KOHCTPYKLUH JaeT QyHKIHsI getline, KOTOPYIO MBI
3arporpaMMHpOBAJIH B I1aBe 1, T1e MOXKHO 3aMEHUTD

s[i] = c¢;
++1i;
}
0o0Jiee KOMIIAKTHOM 3alMCHIO

if (¢ == '\n' )
i

B kauecTBe TpeTbero nmpuMepa paccMoTpuM (pyHKIMIO strcat (s, t), KoTopas
IPUIIUCBIBAET CTPOKY t B KOHEI| CTPOKHU S, 00pa3yst KOHKaTEHAIMIO CTPOK s U t. Ilpu
3TOM MPEIIIONIATraeTCs, YTO B S JOCTATOYHO MECTA JUIsl XPAHEHUs ITOJTyYEHHON
KOMOWHAIINH.

strcat (s, t) /* concatenate t to end of s */
char s[], tll; /* s must be big enough */
{
int i, j;
i=3=0;
while (s[i] !'= '\0') / *find end of s */
i++;
while ((s[i++] = t[j++]) != '"\0') /*copy t*/

’
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Tak kak u3 t B S KOMUPYETCS KAKIBIA CUMBOJI, TO JUISl TIOATOTOBKH K CJIEAYIOLIEMY
MIPOXOXKJACHUIO [UKIIA TOCT(HUKCHAS oniepanus ++ MPUMEHSIETCSI K 00EUM MepeMeHHBIM
iumij.

Ynpasxcnenue 2-3.

Hanwumure apyroii Bapuant QyHKIUN squeeze (s, s2), KOTOPBIN yaluseT u3
CTPOKH S1 Ka)X/Iblii CHMBOJI, COBIAJAIOIINN C KAKUM-THOO CHMBOJIOM CTPOKH S 2.

Ynpasicnenue 2-4.

Harnumute nmporpammy st GyHKIu# any (s1, s2), KOTOpas HAaXOIUT MECTO IEPBOTO
MOSIBJICHUS B CTPOKE S 1 KAKOTro-TM00 CHMBOJIA U3 CTPOKHU S2 U, €CJIHM CTpOKa s1 He
COJIEP’)KUT CUMBOJIOB CTPOKH S 2, BO3BpAILlaeT 3HaueHHUe -1.

2.9. IToOuTOBBIE JIOTHUYECKHUE ONlePALMHA

B si3bIKe TIpeyCMOTpEH psifl oniepariyii A1t padoThl ¢ OUTaMMU; ATH OTIEPALIUN HEIIb3s5
HNPHUMEHATH K TepeMeHHbIM THIa float wim double.

& noduroroe AND

nobuToBoe BKJOUakmee OR
noburoBoe uckJpdamnimee OR

<< COBUI BJIEBO

>> CIOBUI BIIPAaABO

~ IOOIIOJIHEHME (yHapHasa olnepauus)

[TobutoBas omeparys AND 4acTO UCTIOIB3YETCS I MACKHPOBAaHUSI HEKOTOPOTO
MHO>KECTBa OMTOB; HAIIPUMED, OIIEPATOP

c =n & 0177
nepeaaeT B ¢ CeMb MJIAAIIMX OUTOB N, MoJiarasi OCTabHBIE paBHBIMU HYJI0. Onieparus |
noOUTOBOTO OR UCTONB3YEeTCs I BKIIOYECHUSI OUTOB:

c = x | mask
yCTaHABJIMBACT HA €AUHUILY T€ OUTHI B X , KOTOPbIE paBHBI €IMHHIIE B mask.

Crnenyet ObITh BHUMATEIbHBIM U OTINYATh TOOUTOBBIE ONEpai & U | OT JIOTUYECKUX
CBS30K && U ||, KOTOpBIE MOAPA3yMEBAIOT BBIUMCICHUE 3HAUCHUSI ICTUHHOCTH CIIEBa
Hanpaso. Hanpumep, ecnu x=1, a y=2, TO 3HaUE€HUE X &Y PABHO HYJIIO, B TO BPEMs Kak
3HAUEHUE X & &y PABHO E€AMHHUIIE.

Onepanuu casura << u >> OCYUIECTBISIOT COOTBETCTBEHHO CABUT BJIEBO U BIIPABO
CBOETO JIEBOT'O OIEepaH/ia Ha YMCIO0 OMTOBBIX MO3UIIMI, 3a/1aBaeMbIX MTPABbIM
onepanaoM. Takum 00pa3oM, x<<2 CABUTAET X BIEBO HA JIBE TIO3UIINH, 3aTTOTHSISI
0CBOOOKIAIOIIHMECS OUTHI HYJISIMU, YTO SKBUBAJICHTHO YMHOKEHHUIO Ha 4. CIBUT BIPaBO
BEJIMYMHBI 0€3 3HAKa 3aIOTHICT OCBOOOK/TAIOMINECs] OUTHI HA HEKOTOPBIX MAIlMHAX,
takux kak PDP-11, 3anonusotces coaepxanreM 3HakoBoro 6uta ("apudmerndyeckuit
casur'"), a Ha APYyTHX - HyJeM ("'moruueckuit capur").
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VYHapHast onepanus ~ 1aeT AOMOJHEHUE K I[EJIOMY; 3TO 03HAYaeT , UTO KaXKJIblii OUT co
3HaueHueM | momydaet 3HaueHne 0 u Ha000poT. DTa omnepalus 0OBIYHO OKA3bIBACTCS
M0JIE3HOM B BRIPAXKECHUAX THIA

x & ~077
/I TTOCIICTHHE MECTh OUTOB X MAaCKUPYIOTCs HysieM. [loaepkaeM, 9TO BBIpaKCHHE
x&~077 HE 3aBUCHT OT JUIMHEI CJIOBA U II03TOMY IPEANIOYTUTENBHEE, YEM, HAIIPUMED,
x&0177700, rae mpearnonaraeTcs, 4To x 3aHuMaeT 16 outos. Takasi mepeHocuMast
dbopma He TpeOdyeT HUKAKHUX JOTOTHUTENBHBIX 3aTPaT, MOCKOJIbKY ~077 sBisieTcs
KOHCTAHTHBIM BBIPQ)KCHHUEM U, CIIEOBATEIbHO, 00padaThIBACTCS BO BPEMSI
KOMITUJISIITHH.

YToObI NPOMILTIOCTPUPOBATH UCIIOJIB30BAHUE HEKOTOPBIX OIEpaluii ¢ OuTamu,
paccMoTpuM GyHKIHIO getbits (x, p, n), KOTopas BO3BpamaeT (CABUHYTHIMU K
paBOMY Kpar0) HAUMHAIOIIUECS C TIO3HIINU D TOJIe IEPEMEHHON X JITMHON N OUTOB.
MBI IPEIoaraeM , YTo KpaiHuii npassiit OuT numeeT Homep 0, 1 9TO N U P - pa3yMHO
3aJlaHHbIE MTOJI0KUTENbHBIE uncna. Hampumep, getbits (x, 4, 3) BO3Bpamaer
C/IBUHYTHIMH K IIPaBOMY Kparo OUTHI, 3aHUMAIOIIME no3uuuu 4,3 u 2.

getbits(x,p,n) /* get n bits from position p */
unsigned x, p, n;

{
return((x >> (ptl-n)) & [~ (~0 << n));

Onepanust x >> (p+1-n) CIBHUraer )eaaeMoe MoJje B IPaBblii KOHEI] CJIOBA.
Onucanue apryMeHTa x Kak unsigned rapaHTUPYET, UTO IIPU CABUIE BIIPABO
0CBOOOXIAIONTHECST OUTHI Oy My T 3aMOTHATHCS HYJISIMH, @ HE COACPKUMBIM 3HAKOBOTO
OuTa, HE3aBUCHUMO OT TOTO, Ha KaKOM MaIllMHE MPOITyCKaeTcs mporpaMmma. Bee OUTh
KOHCTAHTHOTO BbIpakeHHs ~(0 paBHBI |; CIBUT €ro Ha n MO3UIIUN BJIEBO C TTOMOIIBIO
omeparuu ~0<<n co3/1aeT MacKy ¢ HyJISIMU B n KpalHUX MPaBbIX OMTaX U €IUHUIIAMH B
OCTaJIbHBIX; JIOMOJIHEHUE ~ CO3/]aeT MAaCKy C €IMHUIIAMU B N KpAaHUX MPaBBIX OUTaX.

Ynpascnenue 2-5.

[Tepenenaiite getbits TakuM 00pa3oM, YTOOBI OUTHI OTCUNTHIBAIKMCH CJIEBA HAIIPABO.
Ynpasxcnenue 2-6.

Hanummre nporpamMmy nist dyHKuu wordlength (), BEIUKACISIONICH JUTMHY CIIOBA
UCIIONIB3YEMO MalINHbI, T.€. YUCTI0 OUTOB B epeMeHHOM Tuna int. OyHKIUA JOKHA
OBITH IEpeHOCHMOH, T.e. O/IHA U Ta K€ UCXO/AHAs MPOrpaMMa JOHKHA MPABUIBHO
paboTtath Ha I000H MaIIMHE.

Ynpasicnenue 2-7.

Harnumure nporpammy st dyaknun rightrot (n, b), caABUrarmei IUKIMIECKH
11J10€ N BIPABO Ha 1 OUTOBBIX MO3UIIHA.

Ynpasxcnenue 2-8.
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Hanumure nporpammy a1t pyHKIuu invert (x, p, n), KOTopas HHBEpTHPYET (T.€.
3amensieT 1 Ha 0 u Ha000pOT) N OUTOB X, HAUMHAIOLIMXCS C MO3ULUU P, OCTaBIIASA
npyrue OuThl HEU3MEHEHHBIMHU.

2.10. Onepanum U BoIpaKeHHs MPUCBANBAHUS.

Takue BBIPDAXKCHUSA, KaK

i=1+2
B KOTOPBIX JIeBast YaCTh MOBTOPSETCS B IPABOM 4aCTHU MOTYT OBITh 3alUCaHBI B CKATOU
dbopme

i+= 2
UCIIOJIb3Ysl OIIEPALMIO IPUCBAUBAHU BUAA +=.

BonpmmHcTBY OMHApHBIX onepanuii (oneparuii moo0HbIX +, KOTOpbIE UMEIOT JIEBBINA U
IpaBbIi ONEepaH/1) COOTBETCTBYET ONepalisl IPUCBauBaHUs BUJA OII=, [JI€ OIl - OJJHA U3
onepauuin

Ecnu el u e2 - BeIpaxkeHusi, TO

el omn= e2
OKBUBAJICHTHO

el = (el) on (e2)
3a UCKIIFOUCHUCM TOI'O, YTO BBIPAKCHUC el BBIUUCIIETCS TOJIBKO OIIUH pas. O6paTI/ITC
BHHMaHHE Ha KPYTJIble CKOOKH BOKPYT €2:

x *=y + 1
TO

x =x * (y + 1)
HC

x=x*y+1

B kauectBe npumepa npuBeaeM QyHKIMIO bitcount, KOTOpas MOJCUYUTHIBAET YUCIIO
paBHBIX | OMTOB y 1IEJIOT0 apryMeEHTA.

bitcount (n) /* count 1 bits in n */
unsigned n;
(
int b;
for (b = 0; n !'= 0; n >>= 1)

if (n & 01)

b++;

return (b) ;

)
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He roBops yxe 0 KpaTKOCTH, TaKHe OIepaTopbl IPUBAUBAHUSI UMEIOT TO
IPEUMYLIECTBO, YTO OHU JIy4Ille COOTBETCTBYIOT 00pa3y 4eI0BEYECKOI0 MBIIIJICHHUS.
Mpi roBopuM: "nipubaButh 2 K 1" i "yBenuuuth 1 Ha 2", HO He "B3ATh 1, IPHOABUTH
2 ¥ IOMECTUTH pe3yibTaT ondth B 1". Utak, i += 2. Kpome Toro, B rpoMO3JIKHX
BBIPA)KEHUSX, TTOAOOHBIX

yyvallyypv([p3+p4] + yypv[pl+p2]] += 2
TaKasi Oreparysi MprucBanBaHus o0eryaeT MOHMMaHHEe POrPaMMBI, TaK KaK YATATENb
HE JIOJDKEH CKPYIYJIE3HO TPOBEPSITH, SBISIOTCS JIH B JUTHHHBIX BBIPAKCHHS
JCWCTBUTEIIFHO OJJMHAKOBBIMHU, HJIH 33yMBIBAThCS, TOYEMY OHM HE COBMANAloT. Takas
oTepanys NPUCBAaUBAHHUS MOKET JJaKe TIOMOYb KOMITWIIATOPY MOJyYUTh OoJiee
3¢ (HeKTHUBHYIO TPOTrpaMMmy.

M1 YKC UCIIOJIB30BAJIM TOT q)aKT, 4To onepanus NpucBanBaHUuA UMCCT HCKOTOPOC
SHAYCHUC U MOKET BXOJUTH B BBIPAXKCHUSA, CaMBI{ TUITHYHBIN IIpuMcEp

while ((c = getchar()) != EOF)
MPUCBAaWBaHMS, UCTIONB3YIOIIHNE IPYTHe ONIEpAIK MPUCBANBaHUsA (+=, -= | T.J.) TaKXe
MOFYT BXOIUTH B BI:Ipa)KeHI/I}I, XOTA 3TO cnyqaeTc;I peme.

TurnoM BeIpa)KeHUS MPUCBAUBAHUS SBIISETCS THIT €T0 JICBOTO ONIEPAH/IA.
Ynpasxcnenue 2-9.

B nBonuHO# crcteMe curceHus onepanus X & (x—1) OoOHYJsSeT caMblil paBbIit
paBHBIN | OuT mepemeHHOM x (moueMy?)/ Mcnonb3yiiTe 3TO 3aMe4aHue ISl HallMCaHUs
6oee ObIcTpOit Bepcun PpyHKIMM bitcount.

2.11. YciioBHBIE BbIPpasKeHHUS.

Omneparopsl

if (a > b)
z = ay
else
z = b;
KOHEYHO BBIUUCIIIOT B Z MAKCUMYM M3 a U b. YCII0BHOE BBIPAKEHUE, 3aIIMCAHHOE C
NIOMOUIbIO TEPHAPHOM onepanuu "?:", mpe1oCcTaBIseT APYTyI0 BO3MOKHOCTb [Tl
3alMCH ATOM Y aHAJIOTUYHBIX KOHCTPYKIIMi. B BhIpakeHnn

el ? e2 : e3
CHayaja BeIYUCIIAETCs BbIpaxkeHue e 1. Eciau oHO OTIMYHO OT HyJid (MICTHHHO), TO
BBIUUCIISCTCS BbIPAKCHUC e2, KOTOPOC U CTAHOBUTCA 3HAUYCHUCM YCIIOBHOT'O
BBIPpAXKCHUA. B IMPOTHBHOM CJIy4a€ BBIYUCIISACTCA 63, 1 OHO CTAHOBUTCA 3HAYCHHEM
YCJIIOBHOT'O BBIPAKCHUS. Ka)KI[I)Iﬁ Ppa3 BBIYUCIIACTCA TOJIBKO OAHO M3 BhIPAKCHUA e2n
e 3. Takum 06pa3oM, 4TOOBI MOJIOKUTH Z PAaBHBIM MaKCUMyMY U3 a U b, MOXHO
HarucaTtb

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

CrnenyeT mog4epKHyTh, YTO YCIOBHOE BBIPAKEHUE ACHUCTBUTEIHHO SBIISICTCS
BBIPAXXEHHEM U MOXKET UCIOJIB30BaTHCS TOYHO TaK ke, Kak JIto0oe Ipyroe BbIpaKeHHeE.
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Ecnu e2 u €3 UMErOT pa3Hble TUIIBL, TO TUI PE3YJIbTATA ONPEAEISAETCS N0 MpaBUIaM
npeoOpa3oBaHus, PACCMOTPEHHBIM paHee B 3TOM I1aBe. HApUMep, ecliu £ UMeeT THI
float,an-Ttun int, TO BEIpaXKEeHUE

(n >0) 2 £ :n
uMeetT Tl double He3aBUCHUMO OT TOIr'0, INOJTOXHUTCIBHO JIM N MJIX HCT.

Tak Kak ypoBEeHb CTapLIMHCTBA ONEPALNHU 7: OUE€Hb HU30K, IPSMO HAJl IPUCBAUBAHUEM,
TO IEPBOE BBIPAXKEHUE B YCIIOBHOM BBIPAKEHUH MOXKHO HE 3aKJIIOYATh B KPYIJIbIE
ckoOku. O1HaKO, MBI BCE JK€ PEKOMEH/YEM 3TO JIeNIaTh, TaK KaK CKOOKU JeTaroT
YCIIOBHYIO YacTh BbIpaXXeHHUs O0siee 3aMETHO.

Hcnonp30BaHNe yCIOBHBIX BBIPAXEHUI YacTO IPUBOANUT K KOPOTKHM IPOTpaMMaM.
Hanpumep, cnenyronuii HIKe orepaTop LUK Ie4aTaeT n AIEMEHTOB MaccHBa, 1o 10
B CTPOKE, Pa3JIelsisl KaKAbIH CTOIOC] OHUM MPOOEIOM 1 3aKaHIMBas KaXKIYI0 CTPOKY
(BKJIFOYAsI TOCJIETHIOK) OJTHUM CUMBOJIOM II€PEBOJIA CTPOKHU.

for (1 = 0; i < n; 1i++)
printf ("$6d%c",ali], (1%$10== || i==n-1) ? '\n' : " ")

CumMBon nepeBoJia CTPOKHU 3allUCBIBACTCA MOCJIC KAXKA0I'0 ACCATOTO 3JICMCHTA U IMOCJIC
n-To 3JIEMEHTA. 3a BCEMH OCTaJIbHBIMHU JIECMEHTaMHU CJICOAYCT OAUH Hpo6en. XOTSI,
BO3MOJXHO, 3TO BBIITIAAUT MYJAPCHBIM, OBLIO0 OBI NOYYHUTCIIbHBIM IIOIMBITATHCA 3alIUCATh
9TO, HC UCIIO0JIb3YA YCIIOBHOI'O BbIPAXKCHU.

Ynpasicnenue 2-10.

[epenumuTe nporpammy st GyHKIUU 1ower, KOTOpas IepeBOIUT MIPOMUCHbIE
OyKBBI B CTPOYHBIE, UCIIOJIb3YSl BMECTO KOHCTPYKIMH 1 f-else yclIoBHOE BhIpaKEHHE.

2.12. CTapuuiMHCTBO U NOPSIAOK BHIYUCIEHHS.

B npuBoauMoit Hibke TabIuUIe CBEICHBI MPaBUIIA CTAPIIUHCTBA M ACCOIIMATUBHOCTH
BCEX OTEpaIlii, BKJIIOYas U T€, KOTOPBIE MBI eIle He 00cyxaanu. Onepamnum,
pAacmoJIOKEHHBIE B OJTHOM CTPOKE, UMEIOT OJIMH U TOT K€ YPOBEHb CTAPIINHCTBA;
CTPOKH PACIIOIOKEHBI B TIOPSIKE YObIBAHUS CTAPIIMHCTBA. Tak, HampuMep, oneparuu
* /1 % UMEI0T OIMHAKOBEIN YPOBEHb CTAPIIMHCTBA, KOTOPHIH BBIIIE, YEM YPOBCHb
onepauui + u -.

OPERATOR 'ASSOCIATIVITY
0n->. left to right
! ~++ - - (TYPE) * & sizeof right to left
*/ % lleft to right
’+ - |left to right
‘<< >> |left to right
‘< <=>>= |left to right
‘== I= |left to right
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& left to right
| left to rig
’A |left to right
left to right
[ lefi o rig
‘&& |left to right
left to right
I left to rig
2: right to left
‘: += = etc. |right to left
, |left to right

Omnepanyu -> 1 . MIcrons3yIoTcst Ui AOCTyIA K 3JIEMEHTaM CTPYKTYp; OHH OyIyT
OTIMCaHBI B IJ1aBe 6 BMecTe ¢ sizeof (pasmep o0bekTa). B rmaBe 5 o0cyxmaroTcst
ornepauuu * (kocBeHHas afpecanus) U & (aapec). OTMETHM, YTO YPOBEHb CTAPIIMHCTBA
MOOUTOBBIX JIOTHUECKUX omneparuil &, 1 | HIKe ypoBHsI orepanuii == u !=. 910
NPUBOJUT K TOMY, YTO OCYIIECTBIIAIOLINE MTOOUTOBYIO MPOBEPKY BHIPAKEHUS,
[MIOAOOHEBIE

if ((x & mask) == 0)
AJI TIOJTYYCHHS ITPAaBUJIbHBIX PE3YJIbTAaTOB AOJIXKHEI 3aKIIFOYaThCA B KPYTJIbIC CKO6KI/I.

Kak y’xe oTMeuanocs paHee, BBIpaK€HHsI, B KOTOPbIE BXOJUT OJIHA U3 aCCOLMATUBHBIX U
KOMMYTATHUBHBIX oniepanuii (¥, +, &, *, |), MOTyT neperpyniupoBbIBaTECS, JaKe €CITU
OHH 3aKJIFOYEHBI B KPYIJIble CKOOKH. B O0JIbIIMHCTBE CilyyaeB 3TO HE MPUBOJUT K
KakUM ObI TO HU OBUIO PAaCXOXKACHUSAM; B CUTYallUsX, TJIe TAKUE PACXOXKJICHHS BCE JKE
BO3MOXHBI, JUIsl 00€CIIeUeHHsI Hy>KHOTO MOpPsiAKA BBIYUCIEHUI MOKHO MCIIOIB30BaTh
SBHbBIE IPOMEKYTOUHBIE IEPEMEHHBIE.

B si3bike C, Kak ¥ B OOJBITUHCTBE SI3bIKOB, HE (PUKCUPYETCSI MOPSAIOK BEIUMCICHUS
oTiepaHIoB B oreparope. Hampumep B omneparope Buaa

x =10 +g90;
CHayajia MOXeT ObITh BEIYUCICHO f, a MOTOM g, U HA000POT; MO3TOMY, eciu oo f,
1100 g U3MEHSIOT BHEIIHIOIO NIEPEMEHHYI0, OT KOTOPOH 3aBUCHUT APYTOil ONepaH, TO
3HAYCHHUE X MOXKET 3aBUCETh OT MOPsIKa BeIUKCICHUH. J11 oOecrieueHus HyKHOM
MOCIIEA0BATEIHHOCTH MPOMEKYTOUHBIE PE3YJIBTATHl MOKHO OISTH 3alIOMHHATH BO
BPCMCHHBLIX ICPCMCHHBIX.

[TooOHBIM ke 00pa3oM He (PUKCUpPYETCs MOPSA0K BEIYUCICHHS apTyMEHTOB (DyHKIIHH,
TaK 4TO OIepaTop

printf ("%d %d\n",++n,power (2,n)) ;
MOJKET JaBaTh (M ACHCTBUTEIILHO Ja€T) Ha Pa3HBIX MAIllMHAX Pa3HbIE PE3YJIbTAaThI B
3aBUCUMOCTHU OT TOI'0, YBEJIMYHUBACTCS JIM N 4O WA IIOCJIC O6paH_[eHI/I$I K (I)YHKHI/IH
power. HpaBI/IJ'II)HBIM PEIICHUEM, KOHCYHO, ABJISICTCA 3alINCh

++n;
printf ("$d %d\n",n,power (2,n));
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OOpartuenust K pyHKIUAM, BIOXKEHHbIE ONEpalliy IPUCBAUBAHNUS, ONIEPALIIH
YBEJIMYEHUS U YMEHBLICHUS IPUBOJAT K TaK Ha3bIBa€MbIM "TIOOOYHBIM 3¢ dexram" -
HEKOTOPbIE IEPEMEHHBIE U3MEHSIOTCS KaK MOOOYHBIN pe3yIbTaT BHIUUCICHUS
BbIpa)keHU. B 11000M BbIpaXkeHNH, B KOTOPOM BO3HHMKAIOT OOOYHBIE 3(PPEKTHI, MOTYT
CYILIECTBOBAaTh OYEHb TOHKHE 3aBUCUMOCTH OT MOPSIJIKA, B KOTOPOM OIPEIEISIFOTCS
BXOJSIIIUE B HETO MIepEeMEHHbIE. IPUMEPOM TUIMMYHON HEYAaYHON CUTYalLUH SIBIISETCS
oreparop

alil = i++;

Bo3zHukaeT Bonpoc, cTapoe Wi HOBOE 3HAYCHHUE 1 CITY)KHUT B KQUeCTBE MHIICKCA.
KoMmumsiTop MOKET IMoCcTynaTh pa3HbIMH ClIOCO0AMH U B 3aBUCIMOCTH OT CBOCH
MHTEPIPETALMH BbIIaBATh pa3sHbIe pe3yabTaThl. TOT Cilydaii, KOrjga IpOUCXOIsT
no6ouHbIe ) PeKTh (MprucBanBaHne (HaKTUICCKUM MTEPEMEHHBIM), - OCTABJISIETCS Ha
YCMOTPCHUEC KOMITUJIATOPA, TaK KaK HaI/IJ'Iy‘-IH_II/Iﬁ OopAI0K CUJIBHO 3aBUCUT OT
APXUTEKTYPbl MAIIUHBI.

N3 3Tux paccyxaeHui BbITEKAET Takas MOpajlb: HATMCAHUE MPOTrPaMM, 3aBUCSIIIUX OT
MOPsKA BEIUMCICHUIM, SIBISETCS MIOXUM METOJIOM MPOTPAMMUPOBAHHUSI HA JTF0O0OM
a3bike. KoHeuHo, He00X01MMO 3HATh, YEro ClIeyeT u30erarb, HO €CJIM Bbl HE B Kypce,
KaK HEKOTOPbIE BELIU PEATM30BaHbl HA Pa3HbIX MAIIUHAX, 3TO HEBEIEHUE MOXKET
MPEIOXPAHHUTh Bac OT HENMpHUATHOCTEH. (OTiiamounas mporpamMma 1int ykaxer
OOJIBIITUHCTBO MECT, 3aBUCSIINX OT MOPSIKA BHIYUCICHHIA. )

3. IloTok ynpasJ/ieHUus

VYpasinsmomuye onepaTopsl A3bIKa ONPEEIIAIOT MOPSI0K BEIUMCICHUN. B mpuBe1eHHbIX
paHee puMepax Mbl YK€ BCTPEUalInCh C Haubosee ynoTpeOuTeIbHbIMU
YIOPaBISIOIUMU KOHCTPYKIUAMU si3bIKa "C"; 311eCh Mbl ONMILIEM OCTaJIbHBIE OTIEPATOPHI
yIpaBJICHUS U YTOUHUM JICHCTBHS OTIEPaTOPOB, 00CYKIABIINXCS PaHEe.

3.1. Oneparopsl 1 0,10KH

Takue BeipaxkeHus1, kak x=0, wiu i++, uau printf(...), CTaHOBSTCS omepaTopamu, €l 3a
HUMM CJIEAYET TOUYKA C 3aISITOM, KaK, HalpuMep,

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

B s3p1ke "C" TouKa € 3amsATOM SABISETCS MPU3HAKOM KOHIIA OTIepaTopa, a He
pas3enuTeneM OnepaTopoB, KaK B sSI3bIKAaX THUIA AJroa.

@urypHble CKOOKHU { U } UCHOJB3YIOTCA 1)1 00BEAMHEHNS OIIMCAHUN U OTIEpaTOPOB B
COCTaBHOM oIepaTop Ui OJIOK, TaK YTO OHU OKa3bIBAIOTCS CHHTAKCUYECKH
SKBUBAJICHTHBI OJJTHOMY orieparopy. OIHH SBHBIA IPUMEP TAKOTO THIA AAIOT (PUTYPHBIE
CKOOKH, B KOTOpBIE 3aKJIHOYAIOTCS ONEPATOPhl, COCTABIAIONINE (DYHKIHIO, APYTOH -
¢GurypHbie CKOOKH BOKpPYT TPYIIITHI OTIEPaTOPOB B KOHCTPYKIMsX if, else, while u for.(Ha
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CaMoM JieJie IEpEMEHHBIE MOTYT OBITh ONMCAHBI BHYTPH JIFOO0TO 0JI0Ka; MBI IOTOBOPUM
00 3ToMm B riaBe 4). Touka ¢ 3arsaToil HUKOT/Ia HE CTaBUTCS MTOCIIE MEPBON (UTypHOM
CKOOKH, KOTOpast 3aBepIacT OJIOK.

3.2.if - else

Omneparop if - else ucmonb3yercs mpu HEOOXOUMOCTH caeNaTh BIOOp. DopmansHO
CHUHTaKCHUC UMEET BH]I

if (BRIPAXEHUE)
onepatop-1
else
omnepaTop-2,

['e vacTs else sBisieTcst HeoOs3aTenpbHOM. CHavaa BRIYUCISICTCS] BRIPKEHUE; €CITH
OHO "MCTUHHO" (T.€. 3HAYEHHE BBIPAKEHUS OTIIMYHO OT HYJIs), TO BBIIIOJIHAETCS
oneparop-1. Eciau oHO J105kHO (3Hau€HHE BBIPAXKEHUS PaBHO HYJIO), U €CIIU €CTh YacTb
c else, To BMecTO onepaTopa-1 BbINOIHIETCS onepaTop-2.

Tax kak if mpocTO MPOBEPSET YUCICHHOE 3HAUCHUE BBIPAXKEHHSI, TO BO3MOMXKHO
HEKOTOpOE COKpalleHue 3anucu. CaMoi 04eBUIHONM BO3MOMXHOCTBIO SIBJISIETCS 3aITUCh

if (BRIPAXEHUE)
BMECTO
if (BrIpaxenue !=0)

Huoraa takas 3anuch SIBISETCS ICHOW U €CTECTBEHHOM, HO BPEMEHAMHM OHA CTAHOBHUTCS
3araJloOyYHoM.

To, uTo yacTh else B KOHCTpYyKIuH if - else sBisieTcss HeoOsI3aTeNbHOM, MPUBOIUT K
JIBYCMBICJICHHOCTH B ClTy4ae, Korja else omyckaercs BO BIOKEHHOM
H0CJIEI0BATEIBHOCTH 0nepaTopoB if. DTa HEOJHO3HAYHOCTD Pa3peIIaeTcsi OObIYHBIM
00pa3oM - else cBs3BIBAaETCS ¢ OMMKAUITUM TpeApl Iy UM if, He comeprkarmmm else.
Hamnpuwmep, B

= ay

z = b;
KOHCTPYKIUS else OTHOCUTCS K BHYTpeHHeMY if, kKak MbI U TIOKa3aiu, CABUHYB else moa
COOTBeTCTByIOHII/Iﬁ if. Ecam 3To HE TO, YTO BBl XOTHUTE, TO IS MOJIY4YCHHUS HY>KHOT'O
COOTBCTCTBUA HeO6XO,Z[I/IMO HCITIOJIb30BATH (1)I/Il"ypHBIe CKO6KI/IZ

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

Taxast TByCMBICIICHHOCTh OCOOCHHO MaryoHa B CUTyalUsAX TUIA
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if (n > 0)
for (i = 0; 1 < n; 1i++)
if (s[i1i] > 0) {
printf("...");
return (i) ;

}
else /* wrong */
printf ("ERROR - n is zero\n");

3amnucs else mox if sICHO MOKa3bIBaET, YETO BbI XOTUTE, HO KOMIMIISATOP HE MOIY4UT
COOTBETCTBYIOILIETO yKa3aHUA U CBSKET else ¢ BHyTpeHHuM if. Ommbku Takoro poja
OYECHb TPYIAHO OOHAPYKHUBAIOTCA.

Mexay npoduM, oOpaTuTe BHUMaHUE, YTO B

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

MocJie Z=a CTOUT TOYKa C 3amsToi. J[e10 B TOM, 4TO COIIaCHO rpaMMaTUYECKUM
npaBuiiaM 3a if ToJDKeH cliejoBaTh OMepaTop, a BRIPAKEHUE THIIA Z=a, SBIISIOIICeCs
ONepaToOpoOM, BCET/ia 3aKaHYMBAETCS TOYKOMU C 3aIATOM.

3.3. else - if

Konctpykuus

if (BHpPaxeHue)
onepaTop
else if (BHIPaxeHUe)
ornepaTop
else if (BHpPaxeHUe)
onepaTop
else
ornepaTop

BCTPEYAETCS] HACTOJBKO YacTO, YTO 3aCIY>KUBAET OTJCIIHOTO KPaTKOr0 paCCMOTPEHUSI.
Takast mocaea0BaTeIbHOCTh ONIEpaTopoB if ABsIeTCs HanboJee PacIpOCTPAHECHHBIM
Croco0OM MPOTrpaMMUPOBAHUS BEIOOPA U3 HECKOJIBKUX BO3MOXKHBIX BAPHAHTOB.
BBIPQ)KEHUS IIPOCMATPUBAIOTCS MTOCIIETOBATEIBHO; €CITH KAaKOE-TO BhIPAKECHHUE
OKAa3bIBACTCS] UICTUHHBIM, TO BBIMOJIHACTCS OTHOCSILUICS K HEMY OIepaTop, U 3THM BCs
eToYKa 3aKkaHuuBaeTcs. Kaxapiid oreparop MOXeT ObITh THOO OTIEITBHBIM
OTIepaToOPOM, JINOO TPYIIION ONEepPaToOpoB B (PUTYPHBIX CKOOKAX.

[ocnenusist yacTh ¢ else UMeeT /1e10 Co cilyyaeM, KOrJa Hi OJJHO U3 IPOBEPSEMBIX
YCJIOBHMM HE BBINNOIHAETCSA. MIHOT1a ITPU 3TOM HE HAJ0 NPEAIPUHUMATh HUKAKUX SIBHBIX
JICHCTBUI; B 3TOM CJIy4ae XBOCT

else
ornepaTop

MOJKET OBbITh OITYIIIEH, WJIK €r0 MOKHO HUCII0JIb30BATh JUIsl KOHTPOJIs, YTOOBI 3aceub
"HEBO3MOXKHOE" yCIIOBUE.

Jlnis wintrocTpanuy BeIOOpa U3 TpeX BOZMOXKHBIX BAPUAHTOB MPUBEAEM IPOTrpaMMy
(GyHKIMHU, KOTOpast METOIOM MOJIOBUHHOTO JAEJICHUS ONPENeNsIeT, HAXOAUTCS JIU TaHHOE
3HA4YEHUE X B OTCOPTUPOBAHHOM MacCUBE V. DJIIEMEHTHI MACCUBA V JI0JIKHBI ObITh
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pacIioIOKEHbI B OpsiaAKe Bo3pacTanus. DyHKIHS BO3BpaIlaeT HOMED MO3HUINH (YHCIIO
Mexay 0 u n-1), B KOTOpOii 3HAaUEHHE X HAXOJIUTCA B V, U -1, €CJIM X HE COJIEPKUTCS B V.

binary(x, v, n) /* find x in v[0]...v[n-1] */
int x, vI[], 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 1f (x > v[mid])
low = mid + 1;
else /* found match */
return (mid) ;

}

return(-1);

OCHOBHOM 4aCThIO KQ)KJIOTO I1ara ajJropuTMa siBJsieTCsl IpoBepKa, OyIeT U X MEHBIIE,
OOJIBIIIEe WM PaBEH CPeAHEMY dIEMEHTY v[mid]; HCIoJIb30BaHUe KOHCTPYKIUH else - if
3/1€Ch BIIOJIHE €CTECTBEHHO.

3.4. [lepekJrouaresib

Omnepatop switch maert crenuaabHbIN CIOCO0 BHIOOpA OJTHOTO U3 MHOTHX BApUAHTOB,
KOTOPBIH 3aKIIF0YACTCS B IIPOBEPKE COBIAACHUS 3HAUCHUS JAHHOTO BBIPAKCHHS C
OJTHOY M3 33/IaHHBIX KOHCTAHT M COOTBETCTBYIOIIEM BeTBICHUH. B riaBe 1 Mbl mpuBenu
IporpaMMy IOJICYeTa YUCIIa BXOKICHUH KaXK10i 1udpbl, CHMBOJIOB ITyCThIX
POMEKYTKOB M BCEX OCTAJIBHBIX CHMBOJIOB, UCIIOJIB3YIONIYIO TIOCIIEIOBATEIIBHOCTD
if...else if...else. BoT Ta ke camasi mporpamMma ¢ mepeKIF0ouaTeIeM.

main() /* count digits,white space, others */
{

int ¢, i, nwhite, nother, ndigit[10];

nwhite = nother = 0;
for (i = 0; 1 < 10; i++)
ndigit[i] = O;
while ((c = getchar()) != EOF)
switch(c) {
case '0':
case '1l':
case '2':
case '3':
case '4':
case '5H':
case '6':
case '7':
case '8':
case '9':
ndigit[c-"0"]++;
break;
case ' ':

58



case '\n':

case '\t':
nwhite++;
break;

default
nother++;
break;

}

printf ("digits =");

for (i = 0; 1 < 10; 1i++)
printf (" %d", ndigit[il]);

printf ("\nwhite space = %d, other = %d\n",
nwhite, nother);

[lepexnrouarensb BRIYUCISET LEI0€ BBIPAXKEHNUE B KPYTJIbIX CKOOKAX (B 1aHHOM
IporpaMMe - 3Ha4yeHHe CUMBOJIA C) U CPAaBHUBAET €ro 3HaU€HHE CO BCEMU CIydasiMU
(case). Kaxpapiii cimyyaid oMKeH OBITh TIOMEYEH JIMOO 1M, JIMOO CUMBOJILHOM
KOHCTaHTOM, TM00 KOHCTaHTHBIM BbIpaskeHHeM. Eciy 3HaueHne KOHCTaHTHOTO
BBIPA)KEHUS, CTOSIIETO MOCIIE BAPHAHTHOTO Mpe(rKca case, COBIMAgaeT CO 3HAYCHUEM
LIEJIOTO BBIPAXKEHUS, TO BBIIIOJIHEHUE HAYMHACTCS ¢ ATOTo ciaydvas. Ecnu Hu ouH 13
CJydaeB He MOJXOANT, TO BBITIOJHIETCS onepaTtop rnocie npedukca default. [Tpeduke
default siBisieTcss HeOOsI3aTENBHBIM ,ECIIH €T0 HET, U HU OJIMH U3 CIy4yaeB He MOAXO0IuT,
TO BOOOIIIE HUKAKKE JEHCTBUS HE BBIMONHAIOTCS. Cilydan ¥ BEIOOP TI0 YMOITYaHUIO
MOTYT pacnoJjaraTbcs B 1000M nopsiake. Bee ciryuan TOMKHBI OBITh pa3IMYHBIMU.

Omneparop break mpuBOAUT K HEMEJICHHOMY BBIXOY U3 IiepekitouaTelis. [Tockombky
CIIy4ad CIy>aT TOJIBKO B KQ4eCTBE METOK, TO €CITH BBl HE MPEANPUMHUTE SIBHBIX
JCHCTBHI ITOCIIE BBITIOJTHEHHS ONIEPATOPOB, COOTBETCTBYIOIINX OJHOMY CIydalO, BbI
MPOBAJIMTECh Ha CIEAYIOMUi cirydait. Oneparopsl break u return siBISIOTCS CaMbIM
OOBIYHBIM CITOCOOOM BBIX0J1a U3 Mepekitovaresisa. Kak Mbl 00Cy MM Mo3ke B 3TOH
riaBe, ornepaTtop break MOKHO MCTIONB30BaTh U JIsI HEMEUICHHOTO BBIX0J1a U3
onepaTtopos nukia while, for u do.

[IpoBanuBaHue CKBO3b CIIy4ad UMEET KaK CBOU JTOCTOMHCTBA, TaK U HemocTaTku. K
HOJIOKUTETIBHBIM Ka4eCTBaM MOXKHO OTHECTH TO, YTO OHO MO3BOJISIET CBA3AThH
HECKOJIBKO CIIy4aeB C OAHUM JEHCTBUEM, KaK ObLIO ¢ MpoOeaoM, Tadysiue 1 HOBOM
CTPOKO#i B HanieM npumepe. Ho B To jke BpeMsi OHO 0OBIYHO PUBOAUT K
HEOOXOIMMOCTH 3aKaHUYMBATh KKABIN ciydail oneparopom break, 4To0bI n30exaTh
niepexo/ia K ClIeAyromeMy ciaydaro. [I[poBanuBanue ¢ 0JHOTO ciIydasi Ha IPYroil OOBIYHO
OBIBaCT HEYCTOWYHMBBIM, TaK KaK OHO CKIIOHHO K PaCIIEIUICHUIO IPH MOAU(DUKAITUT
IporpaMMsbl. 3a HCKITIOUEHUEM, KOTJja OTHOMY BBIYMCIICHHUIO COOTBETCTBYIOT HECKOJIBKO
METOK, IPOBAJIMBAHUE CIIEAYET MCIIOIb30BAaTh YMEPEHHO.

3aBequTe NPUBBIUKY CTaBUTH oniepaTop break mocie nocneaHero ciyyas (B JaHHOM
npumepe nocie default), maxke eciaum 3T0 He ABIAETCS JTOTUYECKA HEOOXOUMBIM. B
OJIUH MPEKPACHBIN JIeHb, KOT/Ia BB JOOABUTE B KOHEI] €IIe OJMH CITy4yal, 3Ta MaJeHbKas
Mepa MPe0CTOPOKHOCTH M30aBUT BaC OT HEMPHATHOCTEH.

Ynpasxcnenue 3-1.
Hammummre nporpamMmy st pyHKIu# expand(s, t), KOTopas KOMUPYET CTPOKY S B t,

3aMEeHsIsl IPU 3TOM CHMBOJIBI TAOYJISIIIMK U HOBOM CTPOKU HA BUAMMBIE YCIOBHbBIE
MOCIIE0BATENBHOCTH, KakK \n U \t, UCTIOJB3YHTE MEePEKII0YATENb.
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3.5. Hukasl - while u for

MBI yKe CTanKUBaIIMCh ¢ onieparopamu Iukia while u for. B koHcTpykiun

while (Brpaxenue)
onepaTop

BBIUUCJIACTCA BbIPAKCHUC. Ecau ero 3maueHue OTIUYHO OT HYJI, TO BBIIIOJIHACTCA
OrepaTop U BBIPAKCHUC BbIYUCIIACTCA CHOBA. OTo0T IMUKJI IMTPOAOJIKACTCA 0 TEX I10P,
IMOKa 3HAUCHHUEC BBIPAKCHUA HC CTAHCT HYJIEM, ITOCJIC UCT'0 BBIIIOJIHCHUC ITPOTrPpaMMbI
MpOoaO0JIKACTCA ¢ MECTaA IOCJIC Oorcparopa.

Omnepatop

for (BrlpaxeHme 1; BHpPaxeHue 2; BrpaxeHue 3)
onepaTop

OKBHUBAJICHTCH ITOCJICI0OBATCIBHOCTHU

BEIpaxeHue 1;

while (Bmpaxenue 2) {
onepaTop
BEIpaxeHue 3;

I'pammMaTuyecku Bce TpU KOMIIOHEHTa B for SBIISIOTCS BBIpaXXEHUAMU. Hanbosee
pacpoCTpaHEHHBIM SBJISIETCS CIIydaid, KOTJa BbIpakeHHe | U BbIpaykeHue 3 ABISAIOTCS
NPUCBAaUBaHUSMHU WIN OOpAIIEHUSAMH K (DYHKIUSAM, @ BBIpaKE€HHE 2 - YCIOBHBIM
BeIpaskeHueM. JIo0ast U3 Tpex JacTeil MOKeT OBbITh OMYIIEHa, XOTS TOYKH C 3arsiTou
IIPM 9TOM JOJDKHBI OCTaBaThes. Ecim OTCYyTCTBYeT BeIpakeHHE | Wiu BeIpakeHHe 3, TO
OHO IIPOCTO BbIMAJAET U3 paclIMpeHus. Eciu ke 0TCyTCTBYET IIPOBEPKA, BBIPAXKEHUE 2,
TO CUMTAETCA, KaKk OyJTO OHO BCerjja UCTUHHO, TaK 4TO

for (;;) {

}
SABIISICTCS OECKOHEYHBIM LIUKIIOM, O KOTOPOM IPEIoiIaraeTcs, YTo OH OyeT npepBaH
JIPYTUMU CpecTBaMu (TakuMHu Kak break mmm return). Mconbs3oBats nu while wnm for -
9TO, B OCHOBHOM JIeJI0 BKyca. Hampumep B

while ((c = getchar())== " "
[l ¢ == "\n' || c=="\t");
/* skip white space characters */
HECT HU MHUIHUAJIN3allu, HU PCUHUIUAJIN3allu, TaK YTO LUKJI Whlle BBITJIAAUT CaMbIM

CCTCCTBCHHBIM.

[{ukn for, oueBHIHO, IPEANIOYTUTENBHEE TaM, TJIe UMEETCS MIPOCTask HHUIIMATH3AUs U
PEVHHULIMATIN3AIIHS, TTOCKOJIBKY MPHU ATOM YIIPABJISIONINE IUKIIOM OTIEPaTOPhI
HaTJSAHBIM 00pa30M OKa3bIBalOTCA BMECTE B Havale IUKIA. DTO HauOoee OYEBUIHO B
KOHCTPYKLHHU

for (1 = 0; 1 < n; i++4)
KOTOpast sIBJsETCS uanoMoi si3eika "C" 11 00pabOTKHU NEPBBIX N 3JIEMEHTOB MaCCHBa,
aHaJoruuHoM oneparopy uukia do B @oprpane u PL/1. Ananorus, oaHako, He MMOJIHA,
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TaK KaK I'paHHUIbI HUKJIA MOTYT OBITH N3MEHEHBI BHYTPH LIUKJI4, a YIIpaBJIAIOIIad
NIEpEMEHHAsI COXPaHSIET CBOC 3HAYCHHUE TIOCIIC BBIXO0/a M3 IIMKJIA, KaKoBa Obl HU ObLIa
IMpUYIKWHA 3TOT'O BbIXOJA. HOCKOJ’IBKy KOMIIOHeHTaMu for MOTYT OBITH IIPONU3BOJILHBIC
BBIPKEHUS, OHM HE OPAaHHUYUBAIOTCS TOJBKO apU(PMETHICCKHMU TIporpeccusiMu. Tem
HE MEHee ABJISIETC INIOXUM CTHIIEM BKJIIOYATH B for BBIYUCIICHUSA, KOTOPBIC HE
OTHOCSTCS K YIPABJICHHUIO IIUKJIOM, JIy4IlIe TIOMECTHTh UX B YIIPABISEMbIC [IUKIOM
OIIePaTOPBI.

B kauectBe O0bIIeTO 10 pazmMepy MpuMepa MPUBEIEM IPYToil BApHaHT GyHKIHH atoi,
npeoOpa3yromiel CTPOKY B €€ YNCICHHBIN SKBUBAJICHT. DTOT BapUaHT SABJSETCS OoJiee
O6H_[I/IM; OH OO0IIYCKACT MPUCYTCTBUC B HAYAJIC CUMBOJIOB ITYCTBIX IMTPOMCIKYTKOB U 3HAKa
+ wiu -. (B rnaBe 4 npuBeneHa GyHkus atof, KoTopast BEITIOJIHSET TO K€ camoe
npeoOpa3oBaHue AJis YUCEN C IJIABAIOLIEH TOUKOM).

OO1m1ast cxema mporpaMMbl OTpakaeT GOpMy MOCTYNAIOIMIUX JaHHBIX:

e TPOIYCTUTH IMyCTOU MPOMEKYTOK, €CIIU OH UMEETCS
e  U3BJICYb 3HAK, €CIIM OH UMEETCS
e W3BJICYB IENYIO YaCTh U peodpa3oBaTh e

Ka>1<zu>1171 miar BBIITOJIHACT CBOKO HaCTh pa6OTBI 1 OCTaBJISICT BCE B ITOAIOTOBJIICHHOM
COCTOSAHHH IJIA cne;[onmeﬁ yactu. Bechb MponecC 3aKaHIYMBACTCA HAa IICPBOM CUMBOIJIC,
KOTOpHﬁ HE MOKET OBITh YaCTBIO YHCIIA.

atoi(s) /* convert s to integer */
char s[];

{

int i, n, sign;

for (i=0; sl[il==" "' ||

s[il=="\n" || s[i]=="\t';i++)
; /* skip white space */
sign = 1;
if(s[i] == "+' || s[i] == '-"') /* sign */
sign = (s[i++]=="+') 2 1 - 1;
for( n = 0; s[i] >= '0' && s[i] <= '9'; i++)
n=10 *n+ s[i] - '0"';

return (sign * n);

}

[TpeumyriecTBa IEHTpaTU3allMK YIIPABICHUS LIMKIIOM CTaHOBSTCS ellle boree
OUYEBHUHBIMH, KOT]Ia UMECTCS HECKOJIBKO BIIOKCHHBIX ITUKIIOB. Crieayromast GyHKIUs
COpPTUPYET MaccUB LiebIX uncen 1o meroay llenna. OcHOBHas uzest COPTUPOBKU 11O
[Heny 3akat04aeTcs B TOM, YTO CHavajla CPaBHUBAIOTCS yAAJICHHBIE DJIEMEHTHI, a HE
CMEXHBIE, KaK B 00BIYHOM METOJE COPTUPOBKHU. DTO MPUBOIUT K OBICTPOMY
YCTPaHEHUIO OOJIBIION YaCTH HEYTTOPSA0OYCHHOCTH M COKPAIIAET MOCIEAYIOUIYIO
paboty. MHTEepBan Mexay sJeMeHTaMU MOCTEIIEHHO COKPAIlaeTCs A0 €AUHULIBI, KOT/1a
COpPTUPOBKA (PAKTHUUECKH MPEBPALIACTCS] B METO/ IEPECTAHOBKH COCETHUX JIEMEHTOB.

shell (v, n) /* sort v[0]...v[n-1]
into increasing order */
int v[], n;
{
int gap, i, j, temp;
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for (gap = n/2; gap > 0; gap /= 2)

for (i = gap; i < n; i++)
for (j=i-gap; j>=0 && vI[jl>v[j+gapl; j-=gap) {
temp = v[j];
v[jl = vIlj+tgapl;
v[jt+gap] = temp;

}

31mech UMEIOTCS TPY BIOKEHHBIX UK. CaMblil BHEITHUH UK YIIPABIISET
WHTEPBAJIOM MEXAY CPaBHHUBACMBIMU 3JIEMEHTAMH, YMEHbBIIIas €ro OT n/2 BIBOE MpHU
K2)KJI0OM MIPOXOJIe, IOKA OH HE CTAHET PaBHBIM HYIt0. CpeHHI UK CPaBHUBACT
KaXXAYI0 Mapy AJIEMEHTOB, Pa3/eICHHbIX HA BEIMYMHY WHTEPBAJa; CaMblii BHyTPEHHUN
ITUKJI TIEPECTABIISICT JTFO0YI0 HEYNOPSA0UCHHYO TTapy. Tak Kak HHTEPBaJl B KOHIIE
KOHIIOB CBOJUTCS K €IMHUIIE, BCE SJIEMEHTHI B Pe3yJIbTaTe YIOPSI0YUBAOTCS
paBwiIbHO. OTMETUM, YTO B CHITY OOITHOCTH KOHCTPYKITUU fOr BHEITHUH UK
YKJIaIbIBAETCS B Ty K€ caMyto (opMy, YTO U OCTaIbHbIE, XOTS OH U HE SIBISETCS
apuMETUIECKON TTPOTrPeCcCUeii.

[Tocnenneit onepanueit si3pika "C" aBisiercs 3andaras ",", KoTopas 4aiie BCero
UCHoJb3yeTcs B oneparope for. J[Ba BbIpaykeHUs, pa3/ielIeHHbIE 3aISTON, BEIYUCIISIIOTCS
CJIeBa HAIIPaBO, IPUYEM THIIOM U 3HAYCHHUEM PEe3yJIbTaTa SIBISIOTCS TUI U 3HAUCHHE
mpaBoro onepanaa. TakuM o0pa3oMm, B pa3iIlyuHble YacTH oneparopa for MoKHO
BKIIFOUUTH HECKOJILKO BBIPAKCHHIA, HATIPUMED, [T MTAPAILICITBHOTO U3MEHEHUS ABYX
WHJIEKCOB. DTO WLTIOCTpHUPYETCs (GYHKIHEH reverse(s), KOTopasi pacroyiaraet CTPOKY S
B 00paTHOM TIOPSIIIKE Ha TOM K€ MECTE.

reverse (s) /* reverse string s in place */
char s|[];

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

3aH${TLIe, KOTOPBIC pa3ACIIAOT apr'yMCHTBL (I)YHKI_II/II\/’I, NEPEMCHHBIC B OIIMCAHUAX U T.I.,
HC UMCIOT OTHOIICHHA K OIICPALIUU 3alATasd U HC o0ecreunBalOT BLIUUCIICHUH CIEBa
HallpaBo.

Ynpascnenue 3-2.

CocraBbTe nporpammy i Gyaknnu expand(s1,s2), koTopas paciupsieT COKpalleHHbIC
0003HaYeHHS BHJIA a-Z U3 CTPOKH S| B SKBUBAJICHTHBIN MOJHBIN CITUCOK aBC...XYZ B S2.
JlommyckaroTcs COKpAIEHUs JIJIsl CTPOYHBIX U TPOTMCHBIX OYKB U U(p. ByabTe TOTOBBI
UMETH JIeJIO CO CIy4asiMu THMa a-b-c, a-z0-9 u -a-z. ([Tone3Hoe cornamieHre COCTOUT B
TOM, YTO CUMBOII -, CTOSIIIIUN B Ha4aJie WM KOHIIE, BOCIPUHUMAETCS OYKBAJIbHO).

3.6. Huk do - while

Kak y»xe ormeuanocs B riase 1, mukibet while u for o6magaor Tem npusTHIM
CBOMCTBOM, YTO B HHX IPOBEPKA OKOHYAHHS OCYIISCTBIISICTCS B HavYaJle, a He B KOHIIE
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mukta. Tpernit oneparop mukia si3eika "C", do-while, mpoBepsieT yciioBiue OKOHYaHUS B
KOHIIE, ITOCJIe KaXKIO0ro MPOX0/1a Yepe3 TeNlo UKIIA; TeIO UK BCera BITOIHACTCS
10 KpaitHel Mepe oAauH pa3. CHHTAKCUC 3TOTO ONepaTopa UMEET BU/I:

do
OoIepaTop
while (BHIpPaxeHue)

CHauajia BBIIIOJHACTCS Oreparop, 3aTCM BBIYUCIISACTCS BbIPAKCHUC. Ecnu ono HUCTHUHHO,
TO OIICpPAaTOP BBITIOJHACTCA CHOBA U T.A. Ecan BBIPAKCHUC CTAHOBUTCS JIOKHBIM, ITUKII
3aKaH4YHBaCTCs.

Kak 1 MoxHO 66110 03kuAaTh, MK do-while ncnosbp3yercst 3HaUUTENBHO PeXke, YeM
while u for, cocTaBsist mpUMEPHO TATH MPOIICHTOB OT BCEX ITUKIIOB. Tem He MeHee,
MHOT'JIa OH OKa3bIBAEeTCA MOJIE3HBIM, KaK, HallpUMep, B clieaylomel GyHKuuu itoa,
KOTOpasi MpeoOpa3yeT Yncio B CHMBOJIBHYIO CTPOKY (oOpaTHas ¢pyHKIuH atoi). Ita
3aJa4a OKa3bIBAETCS HECKOJIBKO 0oJiee CI0KHOIM, YeM MOXKET MOKa3aThCs CHavaa.
Jlero B TOM, 94TO IPOCTHIE METOIbI BBICICHHS NP TEHEPUPYIOT UX B HEMPABUIEHOM
nopsiike. Mbl IpeANOwIH MOIYyYUTh CTPOKY B 00paTHOM MOPS/IKE, a 3aTeM 00paTUThH ee.

itoa (n, s) /*convert n to characters in s */
char s|[];

int n;

{

int i, sign;

if ((sign = n) < 0) /* record sign */
n = -n; /* make n positive */

i=0;

do { /* generate digits in reverse order */
s[i++] = n % 10 + '0';/* get next digit */

} while ((n /=10) > 0); /* delete it */
if (sign < 0)
s[i++] = "-"
s[i] = "\0';
reverse(s);

}

Hukn do-while 3necs HeoOxoauUM, UITH IO KpaiiHel Mepe y100eH, TOCKOJIbKY, KAKOBO
ObI HA OBUTO 3HAYEHHE N, MACCUB S JOJDKEH COIEPKaTh XOTS ObI OJIMH CHMBOJI. MBI
3aKJTIOYUIIN B GUTYPHBIE CKOOKH OJHMH OTepaTop, cocTanistomuii Teno do-while, xors
3TO M HE 00s13aTEIBHO, ISl TOTO, YTOOBI TOPOIUIMBHIN YUTATENb HE IPUHSUT 9acTh While
3a Hayvajo orneparopa nukia while.

Ynpasxcnenue 3-3.

[Ipu npeacTaBiICHUH YKCE B IBOMYHOM JOMOJHUTEIHFHOM KOJIE HAIll BAPHAHT itoa He
CIPABIISIETCS C HAMOOJBITNUM OTPHIIATEIHHBIM YHCIIOM, T.€. CO 3HaYEHHEM N PaBHBIM -2
B CTEIIEHH M-1, r/ie m - pa3Mep ciioBa. 00BsICHUTE TIoYeMy. Vi3MeHuTe mporpamMmy Tak,

YTOOBI OHA MMPABUJIBHO TI€YaTaia 3TO 3HaUYE€HUE Ha 000N MallIuHE.

Ynpasicnenue 3-4.
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Hamummre ananornunyro GyHKIuo itob(n,s), koTopas mpeoOpa3yer 1enoe 6e3 3Haka n
B €r0 JIBOUYHOE CUMBOJILHOE MPEACTABICHUE B S. 3anporpaMMupyite GyHKIHIO itoh,
KOTOpast mpeoOpa3yeT 1ejoe B MECTHAAIATEPUIHOE TTPEICTABICHHUE.

Ynpasicnenue 3-5.

Hanwumuire BapuaHT itoa, KOTOPBIN UMEET TPH, a HE JiBa apryMeHTa. TpeTuil apryMeHT -
MHUHMMaJbHas MIMPHHA TOJIs; TPE0Opa30BaHHOE YHMCIIO JOJKHO, €CIIU 3TO HE00X0AUMO,
JIOTIOJIHATHCS cieBa NpoOesaMu, Tak YTOObI OHO UMENO AOCTATOYHYIO IIUPUHY .

3.7. Onepatop break

WHorna ObiBaeT y100HBIM UMETh BO3MOXHOCTD YIIPABJISTh BHIXOJIOM U3 IIMKJIa UHAYE,
YeM MPOBEPKOU yCIIOBUS B Hadase Wi B KoHie. Oneparop break mo3BossieT BEIATH U3
onepaTtopos for, while u do 70 oKOHUaHUS IIUKJIA TOYHO TaK K€, KaK U U3
nepekirodatesst. Omneparop break mpuBOANT K HEMEAJIEHHOMY BBIXOJy U3 CaMOTO
BHYTPEHHETO OXBATBIBAIOIIETO €0 IUKJIA (MU MEePEKITI0YaTes).

Crenyromas mporpaMma yaaiasieT XBOCTOBBIE TPOOEIIbl U TAOYJIISAIMK U3 KOHIIA KaXI0H
cTpoku (¢aiina BBoga. OHa UCTONB3yeT oneparop break ass BIxoaa U3 1UKIa, KOTAa
HaliJIeH KpallHuil MpaBblil OTIIMYHBINA OT Mpolena U TabyIsIIMU CUMBOJL.

#define MAXLINE 1000
main () /* remove trailing blanks and tabs */

{
int n;
char line[MAXLINE];

while ((n = getline(line,MAXLINE)) > 0) {

while (--n >= 0)
if (line[n] != ' ' && line[n] != '"\t'
&& line[n] != '\n'")
break;
line[n+1] = "\0';

printf ("$s\n",line);
}
}

Oynkuus getline Bo3BpamaeT AMUHY CTPOKH. BHYTpeHHUH UK HAYMHAETCS C
MOCIEAHETO CUMBOJIA line (HalOMHHUM, YTO --N YMEHBIIAET N 10 UCIOIb30BaHUS €T0
3HAUEHUS) M IBUKETCSI B 0OpaTHOM HAIIPABJIICHUU B TIOMCKE MIEPBOTO CHMBOJIA, KOTOPHIi
OTJIMYEH OT Mpobena, TadyJIAIUNA Ui HOBOU cTpoku. [{uki mpeprpiBaeTcs, koraa Jnbdo
HalIeH TaKOi CHMBOJI, THOO N CTAHOBUTCS OTPULIATENBHBIM (T.€., KOT/Ia TPOCMOTpPEHa
Bcs cTpoka). CoBeTyeM BaM yOeAUTHCS, YTO TAKOE MMOBEACHHUE MPABHIIBHO U B TOM
ciIydae, KOrjia CTpOKa COCTOUT TOJIBKO U3 CHMBOJIOB ITyCTHIX MTPOMEKYTKOB.

B kauectBe anbrepHaTHBHI K break MOXHO BBECTH IPOBEPKY B CaM ITUKIL:

while ((n = getline(line,MAXLINE)) > 0) {

while (--n >= 0
&& (line[n] == "' "' || line[n] == '\t'

|| line[n] == '\n"))

Iz
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OT0 ycTymaeT NpeablIylieMy BapuaHTy, TaK KaK IPOBEpPKa CTAHOBUTCS TPyIHEE IS
nonnmanus. [IpoBepok, KoTopsie TpeOyroT neperiereHus &&, ||, | Y kpyrisix ckoOoK,
110 BO3MOXHOCTH CJIEIyeT U30erars.

3.8. Oneparop continue

OmnepaTop continue poJCTBEHEH onepaTtopy break, HO UCTIONB3yeTCs pexke; OH
NPUBOJIUT K Hayally cieayloleil nrepaun oxsareiBatoniero nuukia (for, while, do ). B
nukiax while m do 3To 03HauaeT HEMOCPEICTBEHHBIN MTEPEXO0]] K BBHITTOJTHCHHIO
MPOBEPOYHOI YacTH; B UKIIE for yrpaBieHrne nepeaaeTcs Ha mar peHHUIIAATN3aIUH.
(Omeparop continue mpUMEHSIETCS TOIBKO B IIUKIJIAX, HO HE B MEPEKIIIOYATEIISX.
Omneparop continue BHyTpU NMEPEKITIOYATENS] BHYTPH LIUKIIA BBI3BIBACT BHITIOTHEHHE
CJICAYIOUICH UTepAIMH ITUKIIA).

B xauectBe nmpumepa npuBeneM (pparMeHT, KOTOPhI 00padaThiBaeT TOJIBKO
IMMOJIOKUTCJIBHBIC 3JICMCHTBI MACCHBA a; OTPULATCIIBHBIC 3HAUYCHUS IIPOITYCKAarOTCA.

for (i = 0; 1 < n; i++) {
if (al[i]l < 0) /* skip negative elements */
continue;
/* do positive elements */

Omneparop continue 4acTo UCHOJIb3YETCs, KOT/Ia MOCAeAyIOasi YacTh [IUKJIa
OKa3bIBAETCSI CIUIIKOM CJIOXKHOM, TaK YTO paCCMOTPEHUE YCIOBHS, 00PaTHOTO
MIPOBEPSAEMOMY, MPUBOAMT K CIHUILKOM ITyOOKOMY YPOBHIO BJIOKEHHOCTH MPOrPAMMBI.

Ynpasicnenue 3-6.

Hanumure nmporpamMmmy KONUpOBaHKs BBOZA HA BBIBOJ, C TEM UCKIIIOUEHUEM, YTO U3
KaXJ10¥ rpyMIIbl TOCIEI0BATEIbHBIX OJIMHAKOBBIX CTPOK BBIBOAUTCS TOJIBKO OfHA. (DTO
NPOCTOH BapHaHT yTHIUTHI uniq cuctem UNIX).

3.9. Oneparop goto U MeTKH

B s3p1ke "C" npenycMOTpeH U onepatop goto, KOTOphIM OECKOHEUHO 3J10yHOTPeOIIAIOT,
U MeTKH 171 BeTBieHus. C popmanbHOM TOUKM 3peHuUs onepaTop goto HUKOI/1a He
SBIISIETCS HEOOXOIMMBIM, M Ha MPAKTHKE ITOYTH BCET1a MOKHO OOOUTHUCH Oe3 Hero. Mbl
HE UCIOJIb30BAIU ZOt0 B 3TOW KHUTE.

TeM He MeHee, Mbl YKa)KeM HECKOJIBKO CUTYaLlUi, IIe OIepaTop goto MOKET HalTH
cBoe Mecto. Hanbosee XxapakTepHbIM SIBIISIETCS €r0 MCIOJIb30BaHUE TOT/1A, KOTAa
HY>KHO IIpepBaTh BBIOJIHEHHE B HEKOTOPO TTyOOKO BIOKEHHOU CTPYKTYpE,
HaIpUMeEp, BBIMTH Cpa3y U3 ABYX LIMKJIOB. 3[1€Ch HEIJIB3s1 HEIIOCPEACTBEHHO
UCIIONIb30BaTh onepaTop break, Tak Kak OH MPEPHIBAET TOJBKO CaMblii BHYTPEHHUI
uuki. [Toaromy:

for ( ... )
for ( ... ) {
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if (disaster)
goto ERROR;
}

ERROR:
clean up the mess

Ecnu nmporpamMma 06paboTku omrb0OK HETPUBHAJIbHA U OIIMOKU MOTYT BO3HUKATh B
HECKOJIbKMX MEeCTax, TO TaKkas OpraHu3alus oka3plBaeTcs ya00HOH. MeTka umeer
TaKyIOI e GopMy, UYTO U UMl IIEPEMEHHOM, U 32 HEW BCET/Ia CIEeIyeT TBOCTOYHE.
MeTka MOXeT OBITh TIPUITHUCAHA K JTI0O0OMY OIepaTopy Tou ke (GyHKIIUH, B KOTOPOU
HaXOJIHUTCA oIepaTop goto.

B kauecTBe Apyroro npuMepa pacCMOTPUM 337a4dy HaXOKIEHUS IEPBOTO
OTPULIATENILHOTO 3JIEMEHTA B IByMEpPHOM MaccuBe. (MHOroMepHble MacCUBBI
paccmaTpuBaroTcs B I1aBe 5). BoT o/jHa U3 BO3MOKHOCTEN:

for (i = 0; 1 < n; i++)
for (73 = 0; jJ < m; Jj++)
if (v[i][3j] < 0)
goto found;
/* didn't find */

found:
/* found one at positoin i, J */

[Iporpamma, ucnonb3ylolias oneparop goto, BCerja MOKeT ObITh HamucaHa 0e3 Hero,
XOTs1, BO3MOKHO, 3a CUET IOBTOPEHUSI HEKOTOPBIX POBEPOK U BBEACHUS
JIOTIOJIHUTENBHBIX TepeMeHHbIX. Hanpumep, nporpaMmma novcka B MacCUBE IPUMET
BUJ:

found = 0;
for (i = 0; 1 < n && !'found; i++)
for (3 = 0; j < m && !found; J++)
found = v[i][j] < 0;
if (found)

/* it was at i-1, -1 */

else
/* not found */

XOTs MBI HE ABIIIEMCS B 3TOM BOIIPOCC NOIrMATHKAaMH, HaAM BCC KC KaXXCTCA, YTO CCJIN U
HY’KHO MCIIOJIb30BaTh OTIepaTop goto, TO BeChMa YMEPEHHO.

4. DyHKIUN U CTPYKTYpPa NpPorpaMmm.

OyHKIMH pa30MBaIOT O0JIbIIKE BEIUNCIUTEIbHBIC 3314 Ha MAJICHbKHE MOA3aAauu U
MO3BOJISIOT UCIIOJIB30BaTh B pabOTe TO, YTO YK€ CACNaHO IPYTUMHU, a HE HAYNHATH
KaXIblH pa3 ¢ mycToro Mecta. CooTBeTCTBYIONIME (QYHKIIUH YaCTO MOTYT CKPbIBAaTh B
cebe neTay MPOBOJAUMBIX B Pa3HBIX YaCTSAX MPOTPaMMBbI OTIepaIlii, 3HaTh KOTOPHIC HET
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HEOOXOIMMOCTH, MTPOSICHSISI TEM CaMbIM BCIO IIPOTpaMMy, Kak 1ejioe, u odierdas
MYYE€HUS IPY BHECEHUU U3MEHEHUM.

S3p1k C pazpabarbiBajcs co CTpeMIeHueM caenaTh GyHKIUHA 3QPEeKTUBHBIMEA U
yIOOHBIMHU JJIS1 KCTIONB30BaHU; C-IIpOrpaMMbl OOBIYHO COCTOST U3 OOJIBIIOTO YHCIa
MaJIeHbKHX (DYHKIHUI, a He U3 HECKOIBKHUX Ooipmmx. [Iporpamma MoxeT pazmemarscst
B OJTHOM HJIM HECKOJIbKMX MCXOJHBIX (haiinax JoObIM yA0OHBIM 00pa3oM; UCXOIHBIE
(aiiapl MOTYT KOMIMIIMPOBATHCSA OTACIBHO U 3arpy’KaThCs BMECTE HApSIy CO
CKOMITMJIMPOBAHHBIMU paHee QpyHKIMsIMH n3 6ubnuotek. Mbl 31ech He Oynem
BIAaBaThCA B IETAIIHM ATOTO MIPOIIECCa, TOCKOIBKY OHH 3aBUCST OT HCIIOIb3YEeMOMH
CHCTEMBI.

BoNbIIMHCTBO MPOrpaMMHCTOB XOPOIIO 3HAKOMBI ¢ "OUOIMOTEUHBIMU" (DYHKITUSMHE JJTs1
BBOJIa M BBIBOJIA (getchar, putchar) u muist yrcneHHBIX pacdeToB (sin, cos, sqrt). B aToi
TJIaBE€ MBI COOOIINM OOJIbIIE O HATMCAHUU HOBBIX (DYHKITHIA.

4.1. OcHOBHBIE CBeJICHUA.

Jlns Havana fpaBaiite pa3paboTaeM M COCTaBUM MPOrpaMMy MeuaTH KaKA0H CTpOKU
BBOJIa, KOTOpasi COJIEPKUT OTNPEAETICHHYI0 KOMOMHAIMIO CUMBOJIOB. (DTO -
crienuanbHbIi cydail yrunthl grep cucteMsl "UNIX"). Hanmpumep, npu noucke
koMOuHanuu "the" B Habope cTpok

now is the time

for all good

men to come to the aid
of their party

B KaUCCTBC BbIXOJa MOJJYyUYUM

now is the time
men to come to the aid
of their party

OCHOBHAas CXE€Ma BBITIOJHCHUS 3aJlaHUs YETKO pa3aciIsiICTCs Ha TPpU YaCTH:

while (mmMeeTcs eme cTpoka)
if (cTpoka COHOEPXUT HYXHYH KOMOMHALMIO)
BEIBOII 3TOM CTPOKM

KoneuHo, BO3MOKHO 3alIpOrpaMMHUPOBATH BCE AEUCTBUSA B BUJIE OAHOW OCHOBHOM
MPOLIETyPbl, HO JIyYIlle UCIIOJIb30BAaTh ECTECTBEHHYIO CTPYKTYPY 33J1a4d U MPEJICTABUTh
KaXIyI0 4acTh B BUE OTAeNbHON (HyHKIMU. C TpeMsi MaJIeHbKHMHU KyCKaMH JIeTde
UMETH JIeJI0, YeM C OJTHUM OOJIBIINM, IIOTOMY YTO OTAENIbHbIE He OTHOCSIIHECS K
CYIIECTBY JIeJIa AETAINA MOXHO BKJIFOUYUTh B (PYHKIIUN U YMEHBIIATH BO3MOKHOCTb
HEKeJaTeJIbHBIX B3auMOIecTBU. Kpome TOro, 3TH KyCKH MOTYT OKa3aThCst
MOJIE3HBIMU CaMH IO ceOe.

"TToka umeercs eme crpoka’ - 31o getline, GyHKINS, KOTOPYIO MBI 3alIPOrPaMMHUPOBAIIU
B IU1aBe 1, a "BBIBOJI ATOM CTPOKHU" - 3TO PyHKIIUA printf, KOTOPYIO y»kKe KTO-TO
NOJTOTOBMII JJIsl HAaC. DTO 3HAYMT, YTO HAM OCTAJIOCh TOJIBKO HAMUCATh MPOLEypy IS
OTIpEeJIeTICHNUS, COJICPIKUT JIM CTPOKA JAHHYIO0 KOMOMHAIIMIO CHMBOJIOB MII HET. MBI
MOYKEM PEIIUTh 3Ty MpodiaeMy, Mo3auMcTBOBaB pazpabotky u3 PL/1: pyHkuums
index(s,t) Bo3BpamaeT mo3uinio, Wi UHAEKC, CTPOKH S, TJIe HAYMHAETCS CTpoKa t, 1 -1,
€cllu s He coliepkHuT t . B kauecTBe HavanbHOI MO3UIMK MBI Uctionb3yeM 0, a He 1,
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MOTOMY 4TO B si3bIke C MacCHBBI HAUMHAIOTCS C MO3UITMHU HyJIb. Korma Ham B
JaNbHEUIIIeM TOHAA00UTCSI IPOBEPATH HA COBMaJicHNE 00Jiee CI0KHbIE KOHCTPYKITUH,
HaM TPUICTCS 3aMEHHUTH TOJIKO (DYHKIHIO indeX; ocTanbHAs YacTh MPOTPAMMBI
OCTaHETCS TOM Ke caMOid.

[Tocne Toro, Kak Mbl IOTPATHIIM CTOJIBKO YCHIINIT HA pa3paboTKy, HaITMCaHHE
IIPOrpaMMBbI B IETAIISAX HE MPEICTABIIACT 3aTPyAHEHUN. HUXKE IIPUBOJUTCS LIETTMKOM BCS
IporpaMma, Tak 4TO BBl MOXKETE BHJIETh, KaK COCIMHSIOTCSI BMECTE OTACIbHBIC YaCTH.
KomOuHnanust ciMBOJIOB, IO KOTOPOI MPOU3BOAMTCS TIOMCK, BHICTYIIAET MTOKA B
KauecTBE CUMBOJIBHOW CTPOKH B apryMeHTe (GYHKIMH index, 4To He SIBISIETCS CaMBbIM
00IIMM MeXaHU3MOM. MBI CKOpO BepHEMCS K 00CYKICHUIO BOTIpoca 00
VHUIMATU3aIUA CHMBOJIBHBIX MaCCHBOB U B IJIaBE 5 MOKaXEM, KaK C/IeNaTh
KOMOWHAIIMIO CUMBOJIOB [TApaMETPOM, KOTOPOMY IPHUCBAUBAETCS 3HAUEHHUE B XOJI€
BBITIOJIHEHUSI IporpaMMbl. [IporpamMma Taxke COAEPIKHUT HOBBIM BAPHAHT (QYHKIIUH
getline; BaM MOXKET OKa3aThCs MOJIE3HBIM CPABHUTH €T0 C BAPHAHTOM U3 TJIABHI 1.

#define MAXLINE 1000
main() /* find all lines matching a pattern */
{

char line[MAXLINE];

while (getline(line, MAXLINE) > 0)
if (index(line, "the") >= 0)
printf ("%$s", line);

getline(s, lim) /* get line into s, return length */
char s|[];

int lim;

{

int ¢, 1i;

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

return (i) ;

}

index (s, t) /* return index of t in s,-1 if NonE */
char s[], tll;

{
int i, 3, k;

for (i = 0; s[i] !'= "\0'; i++) {
for (j=i, k=0; tl[k] !='\0' && s[j] == [kl; J++; k++)
if (t[k] = '\NO")

return (i) ;
}

return(-1);

Kaxxnas ¢pyHkims umeer BuJ UMsl (CIIMCOK apryMEHTOB, €CJIM OHU MMEIOTCS) OITUCAHMSI
apryMEHTOB, €CJIM OHU UMEIOTCS
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OIIMCaHMA M OIlepaTOpPEl , €CJIM OHM MMEKTCHA

Kak u yka3biBaeTcsi, HEKOTOpbIE YaCTH MOTYT OTCYTCTBOBATh; MUHUMAIbHON (yHKIIMEH
SBJISICTCSI

dummy () { }
KOTOpasi HE COBEPIIAET HUKAKUX JIEUCTBUM.

(Takast Huuero He nenaromas (GyHKIMS HHOTIA OKa3bIBACTCS yIOOHOM ISl COXpaHEHUs
MecTa JUTsl TalibHEUIIEero pa3BUTHs mporpamMmsl). Eciim yHKIMs Bo3BpaiaeT 4To-1uo0o
OTIIUYHOE OT IIEJIOTO 3HAYCHHUSI, TO MEePe/i €€ UMEHEM MOXKET CTOSITh yKa3aTelb THIIA;
3TOT BOIIPOC 0OCYKIACTCS B CIICAYIOIIEM pa3Jiere.

[Iporpammoii siBiIsieTCS MPOCTO HAOOP OMpeAeTICHUN OTACIbHBIX PYHKIUNA. CBA3b
MeXIy (GYHKIMSIMH OCYIIECTBISIETCS Yepe3 apryMEHThI U BO3BpalllaeMble (PYHKIHSIMH
3HauYeHUs (B 3TOM CIIy4yae); €€ MOXKHO TaK)KE OCYLIECTBIIATh YEPE3 BHEILIHUE
nepeMeHHble. OYHKIIMN MOTYT pacroyiaraTbesi B UICXOIHOM (aiinie B 1r000M MOpsike, a
cama MCXOJIHas TIPorpaMMa MOKET pa3MeIaThesl Ha HECKONMbKUX (haiimax, HO Tak,
YTOOBI HU OJ{HA (DYHKIMS HE pacIIeIUIsIach.

Omneparop return CIyXUT MEXaHU3MOM JUTS BO3BPAILCHHS 3HAUYCHUS U3 BHI3BAHHON
¢yHKIMU B QyHKIUIO, KOTOpas K Hel oOpaTuiack. 3a return MOXeT CJIeJJ0BaTh JIto0oe
BBIPAYKCHUE!

return (BHpaxeHUe)

Br3piBaromas pyHKIUS MOKET UTHOPUPOBATH BO3BpAaIlaeMOe 3HAUYCHHE, €CITH OHA
sToro noxkenaet. bosee Toro, nmocnie return MoXxeT He OBbITH BOOOIIIE HUKAKOTO
BBIPQ)KEHUS; B 9TOM CJIydae B BHI3BIBAIOILYIO POTPaMMy HE MepeacTcs HUKAKOro
3Ha4YeHUs. YTIpaBJICeHHUE TaKXKe BO3BPAILETCS B BHI3BIBAIOILYIO IporpamMmy 0e3 nepegadu
KaKoro-11u00 3HaYeHHs U B TOM CiIydae, KOTJa IPpU BEIIOJIHEHUH MBI "TipoBarBaeMcs"”
Ha KOHeIll (QYHKIINH, TOCTUTAasl 3aKphIBaroleiics npaBon purypHoi ckooku. ECin
(GyHKLMS BO3BpAIIaeT 3HaU€HUE U3 OJTHOTO MECTA M HE BO3BPAIAeT HUKAKOTO 3HAYCHHUS
U3 JPYroro MecTa, 3TO He SBJISETCS] HE3aKOHHBIM, HO MOKET ObITh MPU3HAKOM KaKHX-TO
HenpusATHOCTEH. B moboM cirydae "3HaueHneM" QyHKIMU, KOTOpask HE BO3BpALaeT
3HAYCHUsI, HECOMHEHHO OyieT mycop. OTiamounas nmporpamma lint mposepsieT Takue
OIIMOKHU.

MexaHnka KOMIUISAIUY U 3arpy3ku C-nporpamm, pacroloK€HHBIX B HECKOJIBKMX
HCXOJIHBIX (paitiax, MeHseTCs OT CUCTeMBI K cucteme. B cucreme "UNIX", Hanmpumep,
3Ty paboTy BBINIOJIHAET KOMaHa 'cc', ynmoMsiHyTas B riase 1. [Ipennonoxum, 4to Tpu
(GYHKINN HAXOIATCS B TPEX pa3uyHbIX (ailiax ¢ IMeHaMu main.c, getline.c u index.c .
Torma komaHga

cc main.c getline.c index.c
KOMITUJIMPYET 3TU TPH (aiiia, moMemaeT NoTydeHHbI HacTpauBaeMblii OOBEKTHBIN KOJ
B (paitsiel main.o, getline.o u index.o u 3arpy’kaet UX BCeX B BHIMOJTHACMBIHN (haiil,
Ha3bIBa€Mblii a.out .
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Ecnu nmeeTcs kakas-To ommoKa, CKaxeM B main.c, TO 3TOT (ailsl MOKHO
NEPEKOMITUIIMPOBATH OTACIBHO U 3arPY3UTh BMECTE C MPEIbIIYITUMH O0BEKTHBIMH
daiimamMu o KOMaHe

cc main.c getlin.o index.o

Komanpa 'cc' ucnone3yer cornamieHue o HanMeHoBanuu ¢ ".c" u ".0" s Toro, 4To0bI
OTJIMYUTH UCXOJIHBIE (paiiiIbl OT OOBEKTHBIX.

Ynpascnenue 4-1.

CocraBbTe mporpammy it GyHKIuU rindex(s,t), KOTopast BO3BpaIlaeT Mo3UIHI0
CaMoro MPaBOTO BXOXJICHUS T B S U -1, €CIIH S HE COJIEPIKHUT t.

4.2. ®DyHKUMH, BO3BPALLAIOLIHE HeLe/ble 3HAYCHUS.

Jo cux mop HU OJHA M3 HAIIMX NMPOTPAMM HE COJIeprKaia KaKo- TO-JI1M00 OMUCaHUs TUIIA
¢bynkun. [leno B ToM, 4TO MO YMOTYaHUIO (YHKIUS HESIBHO OMHUCHIBAETCSI CBOMM
MOSIBJICHHEM B BbIpaXEHUH UJIU OIlEepaTope, Kak, Halpumep, B

while (getline(line, MAXLINE) > 0)

Ecnu HekoTopoe uMsi, KOTopoe He ObLTO OMMCAaHO paHee, MOSBISETCS B BRIPAXKCHUHU U 3a
HUM CIIEJIy€ET JIeBasi Kpyriasi CKOOKa, TO OHO 110 KOHTEKCTY CUUTAETCS] UMEHEM
HekoTopoil pyHkmu. Kpome Toro, no ymonyaHuio mpeanosiaraetces, 4ro 3Ta QyHKIus
BO3BpalIaeT 3HaueHue tuna int. Tak kak B BEIpakeHUsX char mpeoOpasyercs B int, TO
HEeT He00XOAMMOCTH ONUCHIBATh (PYHKIIMH, BO3Bpalatoimuye char. 3tu npeanonoxeHus
HOKPBIBAIOT OOJBIIMHCTBO CIy4aeB, BKIOYas BCE MPUBEIECHHBIE 10 CUX MTOP MPUMEPBHI.

Ho uto npoucxoaut, ecinu pyHKIHS T0HKHA BO3BPATUTH 3HAYCHHUE KAKOTO-TO JPYTOTO
tuna ? MHorue yrncineHHble (yHKIMHU, TaKhe Kak sqrt, sin U cos Bo3BpamiaoT double;
JpyTHe crieuaibHble (YHKIINU BO3BPAIIAIOT 3HAYCHUS IPYTHX THITOB. YTOOBI
[I0Ka3aTh, KaK MOCTYIATh B 3TOM Cllyyae, JaBaiiTe HalUIIEeM U UCIOIb3yeM (DyHKIIHIO
atof(s), koTopas mpeoOpa3yeT CTPOKY S B SKBUBAJICHTHOE € IJIaBAIOIIEE YHUCIIO
nBoiHOM TouHOCTU. DyHKIUA atof sABiseTcs pacuupeHrueM aTol, BapuaHThl KOTOPO
MBI HaIMCAJIHX B TJaBax 2 U 3; oHa 00pabaTeIBaeT HEOOA3ATENBHO 3HAK U JCCATUUHYIO
TOUKY, a TAKXKE LIETYI0 U IPOOHYIO 4aCTh, KayKAasl U3 KOTOPBIX MOXKET KaK
IPUCYTCTBOBATH, TAK U OTCYTCTBOBATh.(DTa Mpoleaypa npeodpa3zoBaHus BBOIA HE
OUYCHb BBICOKOT'O KauecTBa; HHa4e OHA Obl 3aHsAJa OOJbIlIE MECTA, YEM HAM XOTEIOCh
Obl).

Bo-niepBrix, cama atof H0KHA OMKMCHIBATH THIT BO3BPAIIAEMOrO €10 3HAYCHMS,
MMOCKOJIPKY OH OTJIMYEH OT int. Tak kak B BeIpaxxeHusx Tun float mpeodpasyercs B
double, To HET HMKAKOTO CMBICIA B TOM, 4TOOBI atof Bo3Bparana float; Mbl MOxkeM ¢
PaBHBIM YCIIEXOM BOCIIOJIB30BAThCS JIOTIOTHUTEILHOM TOYHOCTBIO, TAK YTO MBI
noJjiaraem, 4to Bo3BpaiaeMoe 3HaueHue Tuma double. IMs Tuma m1omKHO CTOSITH Mepes
UMeHEM (YHKIIUH, KaK MTOKa3bIBACTCS HIDKE!

double atof(s) /* convert string s to double */
char s|[];
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double val, power;
int i, sign;

for (i=0; s[i]l==" "' || s[i]=="\n"' || s[i]=="\t'; i++)
; /* skip white space */
sign = 1;
if (s[i] == "+' || s[i] == "'-") /* sign */
sign = (s[i++] == '"+') 2 1 : -1;
for (val = 0; s[i] >= '0' && s[i] <= '9'; 1i++)
val = 10 * val + s[i] - '0';
if (s[i] = "'.")
i4++;
for (power = 1; s[i] >= '0' && s[i] <= '9'; i++) {
val = 10 * val + s[i] - '0';

power *= 10;
}

return (sign * val / power);

BTOpbIM, HO CTOJIB e BaXKHBIM, SIBIISIETCS TO, UTO BBI3BIBArONIas (QyHKIUS TOJDKHA
0OBSIBUTH O TOM, 4TO atof Bo3BpalaeT 3HaueHue, OTIAMYHOE OT int Tuna. Takoe
00BSBICHUE JEMOHCTPUPYETCS HA IIPHMEPE CIIeTYIONIET0 IPUMUTHBHOTO HACTOIHHOTO
KaJIbKYJIATOpa (e1Ba MPUTOIHOTO Ul MOJBEACHNUS OataHca B YeKOBON KHUXKKE),
KOTOPBI CYUTHIBAET TI0 OJJHOMY YHCIY Ha CTPOKY, IPHYEM 3TO YHCIO MOXKET UMETh
3HAaK, ¥ CKJIQJIbIBACT BCE UMCIIA, TeYaTas CyMMY IOCIIe KaKI0ro BBOJIA.

#define MAXLINE 100
main() /* rudimentary desk calkulator */
{

double sum, atof();

char line[MAXLINE];

sum = 0;
while (getline(line, MAXLINE) > 0)
printf ("\t%.2f\n", sum+=atof (line)) ;
Onucanue

double sum, atof();
TOBOPUT, YTO SUm sIBJsieTCs epeMenHoi tuna double , u uyto atof siBisieTcst hyHKIHEH,
BO3Bparamieil 3Hadenne tumna double. 3Ta MHEMOHMKA 03HAYAET, YTO 3HAUCHUSIMU
KaK sum, Tak ¥ atof(...) SIBIAIOTCS TUTaBAIONINE YUCIIA IBOWHON TOUHOCTH.

Ecnu ¢ynkius atof He OyzeT onucana sBHO B 000uXx MecTax, To B C mpesmoaraercs,
YTO OHA BO3BpAILAET LIeJI0€ 3HAUCHHE, U BBI MOIy4YnuTe OeCCMBICIIEHHBIH O0TBeT. Ecnu
cama atof m oOpaieHrne K Hell B main UMEIOT HECOBMECTHUMBIC THUITHl U HAXOJISATCS B
OJTHOM U TOM e (paiise, To 3T0o OyneT obHapyxkeHo komnuisitopoM. Ho ecnu atof 6bu1a
CKOMITHJTUPOBaHA OTJIEIBHO (4TO 00JIEe BEPOSTHO), TO 3TO HECOOTBETCTBUE HE OyIET
3aukcupoBaHo, Tak yTo atof OyneTr Bo3BpamaTh 3HaueHus Tuna double, ¢ KOTOpHIM
main OyaeT oOpamarscs, Kak ¢ int , 9T0 TPUBEIAET K OECCMBICIICHHBIM Pe3yIbTaTaM.
(ITporpamma lint BBITaBIUBAET Ty OLIHOKY).

Nmes atof, Mbl, B mpHUHIIKIIE, MOTJIA OBI C €€ MOMOIIBI0 HAITUCaTh atol (mpeoOpa3zoBaHue
CTPOKH B int):

atoi (s) /* convert string s to integer */
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char s|[];

{
double atof ();

return (atof (s));

OO6paruTe BHIMaHUE Ha CTPYKTYpPY ONMUCAHUI U OomepaTop return. 3HaueHue
BBIPAKECHUS B

return (BeEpaxeHUe)
Bcer/ia mpeodpasyercs K THUIY (yHKIUU Mepe] BBITOJIHEHUEM CaMOro BO3BpAICHHUS.
[TosToMy mpu mosiBIIeHUH B oreparope return 3HaueHue GpyHkuu atoF, umeromnee Tun
double, aBToMaTHUecku ipeoOpa3yeTcs B int, MOCKOJbKY (PyHKITHS atoi BO3BpaiaeT int.
(Kax o6cysxnanocs B riase 2, mpeodpa3oBaHUe 3HAYECHUS C IJIaBAIOMIEH TOUKOH K THUITY
int OCYIIECTBISETCS MTOCPEICTBOM OTOPACHIBAHMSI TPOOHON YacTH).

Ynpasxcnenue 4-2.

Pacmupste atof Takum oOpa3zoMm, 4TOOBI OHA MOTJIa paboTaTh C YUCIaMU BHJIA

123.45e-6
TJIe 3a YHCIIOM C IJIaBaroIer TOYKOM MOXKET ciaeoBaTh 'E' 1 moka3aTenb SKCIIOHEHTHI,
BO3MOYKHO CO 3HAKOM.

4.3. Emte 00 aprymenTax pyHkumii.

B rnaBe 1 mMbl yxke o6cyxanu TOT GakT , 4To apryMeHThl PyHKLIUH epeJatoTcs 1o
3HAYCHHUIO, T.€. BBI3BAHHAS (DYHKIIMS TOTYYaeT CBOIO BPEMEHHYIO KOMTHIO KaXKI0T0
apryMeHTa, a He ero aJpec. 3TO 03HAYAET, YTO BbI3BaHHAs (DYHKIUS HE MOXKET
BO3/ICIICTBOBATh HA UCXOAHBIN apryMeHT B BbI3bIBatollel GyHKIMU. BHYTpU QyHKIIMM
Ka)KIbIH apIyMEHT 110 CYILECTBY SIBIISIETCA JIOKAJIBHOM NEPEMEHHOM, KOTOPast
MHULAAIU3UPYETCS] TEM 3HAYEHUEM, C KOTOPBIM K 3TOH (PyHKIIMHN 0OpaTUIIKCh.

Ecnu B kauecTBe apryMeHTa (DyHKIIMH BBICTYTIae€T UMsI MACCHBA, TO TIEpEIaeTCs aapec
Hayajia 3TOro MaccuBa; CaMH 3JIEMEHTHI He KOMUPYoTcsa. OYHKIMS MOXKET U3MEHSTh
DJIEMEHTHI MAaCCUBa, UCTIONB3Ys HHIEKCAIIMIO U aapec Hadana. Takum oO6pa3om, MaccuB
nepeaaeTcs mo cchbuike. B ritaBe 5 Mbl 00Cy MM, KaK UCTIOIb30BaHHUE yKa3aTenei
IIO3BOJIAACT (bYHKLII/IHM BO3I[CfICTBOBaTB Ha OTJIMYHBIC OT MACCHUBOB IICPCMCHHLIC B
BBI3BIBAIOIINX (QYHKIUAX.

Mesxay mpo4nM, HECYIIECTBYET MOJHOCTBIO YIOBIETBOPUTEIBHOTO CIIOCO0a
HAIKUCAHUS IEPSHOCUMON (DYHKIMH C TIEPEMEHHBIM YHCIIOM apryMEHTOB. [Iero B ToM,
YTO HET MEPEHOCUMOTO CTI0c00a, C TIOMOIIBI0 KOTOPOTO BhI3BaHHAS (D)YHKITHS MOTJIA OBl
OTIPEICIIUTh, CKOJIBKO apryMEHTOB ObLTO (DaKTUYECKH MEPEaHo el B JaHHOM
oOpamenuu. Takum 00pa3oM, BbI, HAIIPUMEP, HE MOXKETE HAIMKUCATh ACHCTBUTEIHHO
NEPEHOCUMYI0 (DYHKIIHIO, KOTOPast OyJeT BEIYUCIISATH MAKCUMYM OT MTPOU3BOJILHOTO
Yyucia apryMEeHTOB, Kak JienatoT BecrpoeHHbe pyHkimu MAX B hopTtpane u PL/1.

OOBIYHO €O CiTy4aeM IepEMEHHOT0 YHciia apryMEHTOB 0€3011acHO UMETH JIeII0, €CITU
BbI3BaHHAs (DYHKIMS HE MCIIOJIb3YET apryMEHTOB, KOTOPbIE €I Ha caMOM Jiesie He ObUIH
nepeaHbl, U €CIH TUIBI cornacyiorcs. Camast pactpocTpaHeHHas B si3bike C QyHKIMA ©
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nepeMEHHbBIM YHuCIoM - printf . OHa moyyaeT u3 nmepBoro apryMeHnTa nHpopmariuto,
MO3BOJIAIOIIYIO OTPEACTUTh KOIMYECTBO OCTATbHBIX ApTYMEHTOB M UX THUIBI. DyHKIIUS
printf paboTaeT COBEpIIICHHO HEMPABUILHO, €CJIH BBI3bIBAIOIIAS (PYHKIIHS ITepeIaeT eit
HEJOCTAaTOYHOE KOJIMYECTBO apTyMEHTOB, WIIHM €CJIM UX THUIIBI HE COTTIACYIOTCS C
TUTIAMH, YKa3aHHBIMH B TIEPBOM apryMeHTe. ITa QyHKIMS HE SBISIETCS IEPCHOCUMON U
JOJKHA MOAU(DHUIIMPOBATHCS PU UCTIOIH30BAHUH B PA3ITUYHBIX YCIOBHUSX.

Ecnu ke tumsl ApPTryMCHTOB M3BCCTHBI, TO KOHEI] CITUCKA apIr'yMCHTOB MOXHO OTMCTHTD,
HCIIOJIBb3YA KaKOC-TO COTJIAICHUC, HAIIPUMCEP, CUUTAA, YTO HCKOTOPOC CIICHHUAJIBLHOC
3HAYCHHUC apTyMCHTA (‘laCTO Hy.]'IL) SABJIACTCA IPU3HAKOM KOHIIA apT'yYMCHTOB.

4.4. Bueminue nepeMeHHbIE.

[Tporpamma Ha s13bike C COCTOUT U3 HaOOpa BHEIIHUX OOBEKTOB, KOTOPHIE ABIISIOTCA
1100 nepeMeHHbIMH, 100 QyHKIHsIMUA. TepMuH "BHEITHUNA" HCTIONB3YeTCs TTIaBHBIM
00pa3oM B MPOTUBOIIOCTABJICHUE TEPMUHY "BHYTPEHHHI'"', KOTOPBIM OIHCHIBAIOTCS
apryMEHTHI M aBTOMaTHYECKHE NIEPEMEHHBIE, ONPEICIICHHbIC BHYPTH (DYHKIIUH.
Buemnane nepeMeHHbIe ONpeieTICHBI BHE KAKOW-THO0 (DYHKIIMH U, TAKUM 00pa3oM,
MOTEHUIUATBHO AOCTYMHBI 17151 MHOTHX (GyHKUIMN. CaMu GYHKIIMH BCETAa SIBISIOTCS
BHEITHUMH, TIOTOMY 4TO IpaBuiia si3blka C He pa3pelaroT ONpeaAesaTh OJHU (PYHKIUH
BHYTpH Apyrux. [lo yMonmuaHuio BHEIIHNE IEPEMEHHBIE SBISIOTCS TaKXKe U
"rnobanbHBIMH", TAK YTO BCE CCHUIKU HA TAKyI0 MEPEMEHHYIO, HCTIOIB3YIOIINE OTHO U
TO XK€ UM (Jaxe U3 PYHKIHA, CKOMIMIMPOBAHHBIX HE3aBUCUMO), OyIyT CCHUIKAMH Ha
OJIHO U TO €. B 3TOM cMbIciie BHEIIHUE IEpEMEHHBIE aHAJIOTUYHBI IEPEMEHHBIM
COMMON B ®optpane u EXTERNAL B PL/1. [To3anee Mbl mokaxeM, Kak
OTIPENIeNIUTh BHEITHHUE MTepeMEHHbIE M (YHKIIMH TaKUM 00pa3oM, 4ToObI OHH OBLTH
JOCTYIIHBI HE II100aIbHO, a TOJIBKO B Ipeesax 0JHOr0 UCXOTHOTO (aiina.

B cuny cBoeii rio6anbHO# TOCTYITHOCTH BHEUTHHE TEPEMEHHbBIE PEOCTABISIOT
JIPYTYI0, OTIIUYHYIO OT apTyMEHTOB U BO3BpAIllaeMbIX 3HAYCHHH, BOSMOKHOCTD JIJIS
oOMeHa JaHHBIMHU MeXIy QyHKUMsMU. Ecnu uMms BHeIIHEeH epeMeHHON KaKuM-JI100
00pa3oM onucaHo, TO Jiro0ast GyHKIMS UMEET TOCTYT K 3TOU MEPEMEHHOM, CChIIAsCh K
HEW 10 3TOMY HUMEHH.

B ciyuasx, korna cBsizb MexXAy GyHKIUSMU OCYIIECTBISETCS C MOMOIIBIO0 OOJIBIIOrO
YHClia IEPEMEHHBIX, BHEIIHUE TIEPEMEHHBIE OKa3bIBAIOTCS 0OJiee YIOOHBIMU U

3¢ (heKTUBHBIMU, YEM HCIOJIBb30BAaHUE ATMHHBIX CIIUCKOB apryMeHToB. Kak, ogHako,
OTMEUAJIOCh B TaBe 1, 3T0 cOOOpakeHHe CIeIyeT UCIIOIb30BaTh C ONPEAeICHHON
OCTOPOKHOCTBIO, TAK KaK OHO MOKET IIOXO OTPA3UTHCS Ha CTPYKTYpE MpOrpamMmm U
MPUBOJANTH K TIPOrpaMMaM ¢ OOJIBIITNM YHCIIOM CBS3EH MO TAHHBIM MEXAY (DYHKIUSIMHU.

Bropas npuunHa ncnoab30BaHKs BHEIIHUX [IEPEMEHHBIX CBS3aHA C UHULIUAJIU3ALUEH.
B vactHOCTH, BHEIITHHE MACCUBBI MOTYT OBITh MHULIUATU3UPOBAHBI @ aBTOMAaTHUYECKUE
HEeT. MBI pacCMOTPHUM BOIIPOC 00 WHUITMAIU3AINH B KOHIIE 3TOH IJ1aBBlI.

TpeTbs mpruMHA UCTIOIB30BAHUS BHEIIHUX MIEPEMEHHBIX 00YyCIOBIIEHA NX 00JaCThIO
JEUCTBUS U BPEMEHEM CYILIECTBOBAHMS. ABTOMAaTHYECKUE NTEPEMEHHBIE SIBISIOTCS
BHYTPEHHUMHU 110 OTHOIICHUIO K (PYHKIIMSIM; OHU BO3HUKAIOT IIPU BX0Ji€ B QYHKLHUIO U
MCYE3al0T PU BBIXOJI€ U3 Hee. BHelHne nepeMeHHble, HallpOTUB, CYLIECTBYIOT
nocTosiHHO. OHU HE MOSBJISAIOTSA U HE UCYE3al0T, TAK YTO MOTYT COXPAHSATh CBOU
3HAa4YeHHUs B TIEPUO]] OT OJAHOTO oOpaieHus K pyHKIuu 10 Apyroro. B cumy storo, eciu
nBe GYHKIIUHM MCTIONB3YIOT HEKOTOPhIe 001Me JaHHbIe, TPUYEM HU OJJHA U3 HUX HE
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oOparmaercst K Apyroi, To 4acTo Haubosee yA00OHBIM OKa3bIBACTCS XPAHUTD ITH 00IIHE
JTAHHBIC B BUJIC BHEIIHUX MTEPEMEHHBIX, a HE TIepe/IaBaTh UX B (YHKIIUIO U 0OpaTHO C
MIOMOIIBIO APTYMEHTOB.

JlaBaiiTe mpo0IHKUM 00CYKIEHUE 3TOr0 BOIpoca Ha 00JbIIoM puMepe. 3agaya OyneT
COCTOSTH B HAIMCAHHUU APYTOU MPOTPAMMBI TS KaIbKYJISATOPA, JIyUdIIeH,9eM
npebIIyInas. 31ech AOMyCKAIOTCs onepamun +,-,*,/ 1 3HaK = (IJ11 BbIIaYu
OTBETA).BMECTO HH(PUKCHOTO MPECTABICHUS KAIBKYJISATOP OYJIET UCTIOJIb30BaTh
00paTHYIO MOJBCKYIO HOTALIMIO,IIOCKOJIBKY €€ HECKOJIBKO JIeT4e peain3oBaTh. B
00paTHOW MOJIBCKON HOTAIIMU 3HAK CIICAYET 3a OTepaHIaMi; HHOUKCHOE BhIPAKECHHUE
TUTIA

(1-2) * (4+45) =
3aIlIUChIBACTCS B BUJC

12-45+*=
KpYyTJble CKOOKHU IPH 3TOM HE HYKHBI.

Peanuzanus okaspIiBaeTcs BeCbMa MPOCTOM. KK ONEPaH/]] IOMEIIAETCS B CTEK;
KOT/Ia MOCTYMaeT 3HaK OlepaIui,Hy>KHOE YUCIIO OTIEPaH/I0B (ABa I OMHAPHBIX
onepalnii) BBIHUMAETCS,K HUM MIPUMEHSETCS ONepalus U pe3yJibTaT HalpaBiseTcs
00paTHO B CTEK.TaK B MPUBEJICHHOM BBIIIE IpuMepe | U 2 TOMENIAIOTCs B CTEK U 3aTeM
3aMEHSIOTCS] X PA3HOCTHIO, -1.1mocie 3Toro 4 u 5 BBOASTCS B CTEK U 3aT€M 3aMEHSIOTCS
cBoe cymmoit, 9. [lanee uncna -1 1 9 3aMeHSI0TCS B CTEKE HA X MPOU3BEICHHUE,PABHOE
-9.oneparus = neyaTaeT BEPXHUM PJIEMEHT CTEKa, HE yAalisid ero (Tak uTo
MIPOMEKYTOUHBIE BBIYUCIECHUSI MOTYT OBITH IPOBEPEHBHI).

Camu onepanuy MOMEIICHNS YUCEIT B CTEK U UX U3BJICYEHUS OUEHb MIPOCTHLHO, B CBSI3U
C BKJIFOUEHHEM B HACTOSIIYIO IPOrpaMMy OOHapy>KEeHHsI OIINOOK U
BOCCTAHOBJICHMSI,0HU OKa3bIBAOTCS IOCTATOYHO AIMHHBIMU. [ToaTomy myuine
0(OpPMHUTH UX B BUJIE OTAEIbHBIX (DYHKIIMNA,4€M OBTOPSATH COOTBETCTBYIOIINNA TEKCT
NOBCIOY B iporpamme. Kpome Toro, Hy»Ha OTaenbHas QYHKIUS 17151 BRIOOPKH U3
BBOJIa CJIEAYIOIIEH onepaluy UK onepania. Takum o6pazom, CTPyKTypa MporpaMmbl
UMeeT BUJ:

while ( mocTynaeT omnepaumus MM OINEePaHI, a He KOHel]
if ( umcio )
IIOMeECTUTEL €TI'0 B CTEK
else if ( omepauwma )
BHIHYTb OII€PaHIEl U3 CTeKa
BHIIIOJIHMTH OIlepaluio
IIOMECTUTEL Pe3yJbTaT B CTEK
else
oumbKa

OCHOBHOH BOIIPOC, KOTOPBIH €I1ie He ObUT 00CYK/IEH, 3aKJIF0YaeTCs] B TOM,TIE
NIOMECTHTBH CTeK, T. E. Kakue nporeaypbl cMoryT o0pamarbest K Hemy
HernocpeacTBeHHO. OTHA U3 TaKUX BO3MOXKHOCTEH COCTOUT B MOMEIIEHUH CT€Ka B main
U TIepeJladyy CaMoro CTeKa U TeKyIel MO3UINH B cTeke (PyHKIUAM, pabOTAIOIINUM CO
crekoM. Ho ¢pyHKIIMM main HET HEOOXOIUMOCTH UMETH JIEJIO C IEPEMEHHBIMH,
YIIPABIISAIOMUMHU CTEKOM; € €CTECTBEHHO PacCy’K1aTh B TEPMUHAX IIOMEILECHUS YHUCEI B
CTEK U M3BJICUEHUS UX OTTyJa. B cuily 3TOro Mbl pemmiu cieiaaTh CTeK U CBA3aHHYIO C
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HUM UH(POPMAIUIO BHEIITHUMH [TEPEMEHHBIMU , TOCTYITHBIMU (DYHKITUSAM push
(TToMerieHre B CTEK) U pop (M3BJICUEHUE U3 CTEKa), HO HE main.

IlepeBoa 3TOM cXeMbI B MporpaMMy JOCTATOYHO MPOCT. Beayiias mporpaMmma siBiseTcs
0 CYIIIECTBY OOJIBIINM MEPEKITI0UaTeNIeM 110 TUITY OTepaluy WK ONEpaHay; 3TO, MO-
BUIMMOMY, OoJiee XapaKTepHOe pUMEHEene epeKiioyaTelis, Y4eM T0, KOTOpoe ObLIOo
IPOJEMOHCTPUPOBAHO B IIaBe 3.

#define MAXOP 20 /* max size of operand, operator */
#define NUMBER '0O' /* signal that number found */
#define TOOBIG '9' /* signal that string is too big */
main() /* reverse polish desk calculator */

{

int tupe;

char s[MAXOP];

double op2,atof(),pop(),push();
while ((tupe=getop (s,MAXOP)) !=EOF);
switch (tupe) {
case NUMBER:
push (atof (s));
break;
case '+':
push (pop () +pop () ) ;
break;
case '"*':
push (pop () *pop () ) ;
break;
case '-':
op2=pop () ;
push (pop () —op2) ;
break;
case '/':
op2=pop () ;
if (op2 != 0.0)
push (pop () /op2) ;
else
printf ("zero divisor popped\n");
break;
case '=':
printf ("\t%f\n", push (pop()));
break;
case 'c':
clear();
break;
case TOOBIG:
printf ("%$.20s ... is too long\n",s)
break;
}
}
#define MAXVAL 100 /* maximum depth of wval stack */
int sp = 0; /* stack pointer */
double val[MAXVAL]; /*value stack */
double push (f) /* push f onto value stack */
double f;

{

if (sp < MAXVAL)

else

return(val[spt+t] =f);
{
printf ("ERROR: stack full\n");
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clear();
return(0) ;

double pop () /* pop TOP value from stack */
{
if (sp > 0)
return(val[--sp]);
else {

printf ("ERROR: stack empty\n");
clear();
return (0) ;

clear () /* clear stack */

sp=0;

Komanpa ¢ ouninaer crek ¢ momoIbio GyHKIMM clear, KOTopasi TaKkKe UCIOJIb3yeTcs B
cirydae ommOku GyHKuusMu push u pop. K pyHKImm getop Mer 0ueHb CKOPO BEpHEMCH.

Kak y>xe roBopmiioch B rnaBe 1, mepeMeHHast siBIIsieTCs BHEIIHEH, €CIIM OHa OTIpeiesieHa
BHE TeJia Kakoil Okl TO HU ObLT0 GyHKIMHU. [T03TOMY CTEK M yKa3aTelb cTeKa, KOTOPhIC
JIOJKHBI MCTIONB30BaThCs PyHKUMAME push, pop u clear, onpeneneHsl BHE 3THX TpexX
dbynkumii. Ho cama ¢yHKIMs main He CChIIa€TCSA HU K CTEKY, HA K YKa3aTeslo CTeKa -
UX y4yacTHe TIIATEeIbHO 3aMacKHUpPOBaHO. B cuity 3TOro 4acte mporpaMmel,
COOTBETCTBYIOIIAS OMEPAIUH = , HCIIOJIB3YEeT KOHCTPYKIIUIO

push (pop () ) ;
JUIS1 TOTO, YTOOBI IPOAHATTU3UPOBATH BEPXHUH JJIEMEHT CTEKa, HE H3MEHSS €T0.

OTMeTHM Takke, 4TO TaK Kak ornepanuu + 1 * KoMMyTaTUBHBI, TOPSAJOK, B KOTOPOM
00BETUHSIOTCS N3BJICUEHHBIE ONIEPaHIbl, HECYIIIECTBEHEH, HO B CIIydae oneparuil - u /
HEOOXOMMO pa3INyaTh JIEBBIN U MPaBbIi ONEPaHIbI.

Ynpasxcnenue 4-3.

[IpuBeneHHas OCHOBHAs CXeMa JIOIYCKAeT HEMOCPEACTBEHHOE PaCIIMPEHUE
BO3MOXKHOCTEH KallbKyJsiTopa. Britounte onepanuto aenenus no Mmoaysito (%) u
yHapHbIM MUHYyC. Brirounte komanay "crepers', KOTOpast yAauseT BEpPXHUIN 3JIEMEHT
cTeka. Beequre koMaHb! 17151 pabOTHI C TEpEMEHHBIMU. (DTO IPOCTO, €CIIM UMEHA
NEPEMEHHBIX OYAyT COCTOSTh U3 OJTHOW OYKBBI M3 UMEIOMIMXCS TBALIATH IECTH OYKB).

4.5. IlpaBuaa, onpenessonue 00J1acThb AedCTBUS.

@OyHKUIMYU U BHEIIHUE TTIEPEMEHHbBIE, BXOs1IHe B cocTaB C-porpaMmbl, He 0053aHbI
KOMIIWJINPOBATHCS OAHOBPEMEHHO; IPOIPaMMa Ha MCXOIHOM SI3BIKE MOXKET
pacrmosaratbcsi B HECKOJIBKHX (haifiiax, ¥ paHee CKOMITMJIMPOBAHHBIE MPOLIEAYPHI MOTYT
3arpy>katbcs U3 6ubaroTek. /IBa Bompoca mpeacTaBisioT HHTEPEC:

Kak crnenyer coctaBisiTh onucaHusi, 4ToObl IEpEMEHHbIE IPABUIBHO BOCIIPUHUMAIIUCH
BO BpeMs KOMITWISILUY ?
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Kak cnenyer coctaBnsTh onucanusi, 4ToObl 00€CTIEYUTh NMPABUIBHYIO CBSI3b YacTel
IIPOrpaMMBI IIpH 3arpys3ke ?

4.5.1. O0aacTh gelicTBUA.

O06nacThio ACHUCTBUS UMEHH SIBJISIETCS TA YaCTh MPOTPAMMBI, B KOTOPOI 3TO UMS
orpeneneHo. s aBToMaTudeckoi MepeMeHHOM, ONMCaHHOM B Havase (pyHKIUH,
00J1aCThIO IEUCTBUS SABIISCTCA Ta (DYHKIIUS, B KOTOPOH OMKMCAHO UMsI 3TOH TIEPEMEHHOM,
a IepeMeHHbIE U3 Pa3HbIX (PYHKIUH, UMEIOIINE OJUHAKOBOE UMSI, CYUTAIOTCS HE
OTHOCSIIIUMHUCS IPYT K IPYTY. DTO K€ CIPaBEUIMBO U AJIsi apTyMEHTOB (QyHKITUH.

O6nacTp AelcTBYS BHELIHEHN IEpeMEHHON IPOCTUPAETCS OT TOUKH, B KOTOPOH OHa
o0BsiBIIEHa B UcX0HOM (paiine, 10 koHla »Toro (aiina. Hampumep, ecnu val, sp, push,
pop u clear onpeneneHsl B 01HOM (ailsie B opsAIKe, yKa3aHHOM BBIIIE, & HMEHHO:

int sp = 0;

double wval[MAXVAL];

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

clear () {...}

TO TIEpEMEHHBIE val 1 Sp MO>KHO HCIIOJIB30BaTh B push, pop u clear mpsimo o uMeHu;
HUKaKUE JIOTIOJIHUTEIbHBIC ONTUCAHUS HE HYKHBI.

C ﬂperﬁ CTOPOHBI, €CJIN HY?KHO COCJIATHCA Ha BHCIIHIOKO IICPEMCHHYIO 110 €€
OMpCACIICHUS, NI CCJIN TaKasad NMEPCMCHHAA OIMMPCACIICHA B (I)aﬁne, OTJIMYHOM OT TOIo, B
KOTOPOM OHa HCIIOJIB3YCTCA, TO HGO6XO,Z[I/IMO OIIMCaHUE extern.

BaxxHo paznuyaTh OnMcaHue BHEIIHEN IEPEMEHHON U €€ ONPEICTICHUE. ONTUCAHNE
yKa3bIBaeT CBOMCTBA MEPEMEHHOH (€€ THII, pa3Mep U T.[.); ONPE/IeICHUE K€ BbI3bIBACT
elle ¥ oTBeleHNe mamMsaTH. Eciii BHe Kakoii ObI TO HU OBIIIO (DYHKIIMU TIOSIBIISIFOTCS
CTPOYKH

int sp;

double wval[MAXVAL];
TO OHHM OIPCACIAIOT BHCIIHUC IICPEMCHHEBIC Sp U Val, BBI3BIBAKOT OTBCACHUC ITaMATH IJISA
HUX U CIIYKAT B KaUCCTBC OIMMCAHUS JI OCTaJILHOHM YacCTH dTOTO HCXOIHOTO (I)aﬁna. B
TO K€ BpEMsA CTPOUKHU

extern int sp;
extern double wvalll;

OTIMCBIBAIOT B OCTAJIBHOM YaCTH 3TOT0 HCXOAHOTO (haiiia MepeMeHHYIO Sp Kak int, a val
Kak MaccuB Tuna double (pa3Mep KOTOPOro yKa3zaH B APYrOM MecTe), HO He CO3Jal0T
NIEPEMEHHBIX ¥ HE OTBO- JSIT UM MECTa B MAMSITH.

Bo Bcex (aiinax, COCTaBIAIOMMX UCXOJHYIO IPOrPAMMY, JOJKHO COJAEPKATHCS TOIBKO
OJTHO OTIpeJieIeHNe BHELIHEH IEpEeMEHHOM; Ipyrue ¢aiiibl MOryT cOAep)KaTh OMUCAHUS
extern 7151 mocTyna K Hell. (Onucanue extern MO>KeT UMETHCS U B TOM (ailiie, rae
HaxoauTcs onpeaeneHue). JIirodas nHULIMANM3aLUs BHEIIHEH IepeMeHHOM POBOAUTCS
TOJIBKO B OIlpeziesieHuu. B omnpeneneHnn JOMKHBI YKa3bIBaThCsl pa3Mephbl MACCUBOB, a B
ONMCAaHUU eXtern 3TOro MOXHO HE JIeaTh.
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XoTs mogo0Hast OpraHu3anus MPUBEACHHON BBIIIE MPOrPaMMBbl M MAJIOBEPOSITHA, HO val
U Sp MOTJIH ObI OBITH ONIPECIICHBI U MHUIMATU3UPOBAHbI B OJHOM (aiise, a hyHKITHsI
push, pop u clear onpenesneHsl B Apyrom. B aTom cirydae st CBA3H ObLTH OB
HEOOXOIUMBI CIICAYIOINE OTPEICICHUS 1 OTIMCAHUS:

int sp = 0; /* stack pointer */
double wval[MAXVAL]; /* value stack */

extern int sp;

extern double vall];
double push (f) {...}
double pop () {...}
clear () {...}

TaK Kak onucaHus extern 'B ¢aise 1' HaxoaaTcs BhIIIe U BHE TPEX YKa3aHHBIX
(GYHKIUI, OHM OTHOCATCS KO BCEM HHUM; OJJHOTO HAOOpa OMUCAHHUM TOCTATOYHO IS
Bcero 'daiina 2.

st mporpaMm O0IBIIOTO pa3Mepa o0cyKaaemast 03)Ke B ATOU I1aBe BOZMOXKXHOCTh
BKJIIOUEHUS (aiinos, #include, mo3Bossier UMETh BO Bcel MPOrpaMMe TOJIBKO OJTHY
KOIIHIO ONMCAHMUK extern M BCTaBJIATh €€ B KaXK/bIM UCXOIHBINA (pailyr BO BpeMs ero
KOMITHUISIIHM,

OO6patumcs Tenepsb K GyHKIMM getop, BeIOUparomiel u3 ¢aiia BBoJa clae1y oIy
ornepanuio win onepana. OcHOBHas 3a7a4a IpOCTa: MPOIYCTUTh MPOOEIbl, 3HAKU
TaOyJIALUU U HOBBIE CTPOKU. Eciu crnemyronuii cCMMBOII OTJIMYEH OT LU(PBI U
JECSITUYHOM TOYKH, TO BO3BPATUTH €r0. B mpoTHBHOM citydae coOpaTh CTpOKy Ludp
(oHa MO’KET BKJIIOUYATh JECITUYHYIO TOUKY) 1 Bo3BpaTuTh NUMBER kak curnan o Tom,
YTO BBIOPAHO YHUCIIO.

[Iponenypa CyIiecTBEHHO YCIOXKHSAETCS, €CJIM CTPEMHUTHCS TIPAaBUIIBLHO 00pabaThIBaTh
CHUTYaIMIO, KOTJJa BBOJMMOE YUCIIO OKA3bIBAETCS CIUIIKOM JUIMHHBIM. DyHKIMS getop
CUMTHIBAaET HUQPHI TOAPSAT (BO3ZMOXKHO C IECATUYHON TOUKON) U 3aIIOMUHAET UX, TIOKa
NI0CJIEI0BATENBHOCTD HE NpephiBaeTcs. Eciin npu 3TOM He POUCXOAUT MEPENOTHEHUS,
to (pynkuus BozBpamaer NUMBER u ctpoky tudp. Ecian xe uncino oka3piBaeTcs
CJIMIIKOM JJIMHHBIM, TO getop 0TOpachIBaeT OCTAIBHYIO YaCTh CTPOKHU U3 (ailyia BBOJA,
TaK 4TO IOJIb30BATEIh MOXKET MPOCTO MEpereyaraTh 3Ty CTPOKY C MECTa OIIMOKY;
¢yukuus Bo3spamiaer TOOBIG kak curxai o nepenojHeHu .

getop (s, 1lim) /* get next operator or operand */
char s|[];

int lim;

{

int i, c;

while ((c=getch())==" "|| c=='\t' || c=='\n")
if (¢ !'= '"." && (¢ < '0" || ¢ > '"9"))
return (c) ;
s[0] = c;
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for (i=1; (c=getchar()) >='0' && c <= '9'; i++)
if (1 < lim)

s[i] = c;
if (¢ == '.") { /* collect fraction */
if (1 < lim)
s[i] = c;
for (i++; (c=getchar()) >='0"'" && c<="'9';i++)
if (i < lim)
s[i] =c;
}
if (1 < lim) { /* number is OK */
ungetch (c) ;
s[i] = "\0';
return (NUMBER) ;
} else { /* it's too big; skip rest of line */
while (c != '\n' && c != EOF)
c = getchar();
s[lim-1] = "\0"';

return (TOOBIG) ;
}

Uro ke npencTaBisioT U3 ceds ¢pynkuuu 'getch' u 'ungetch'? Yacro tak ObIBaeT, 4To
IporpaMma, CYMTHIBAIOIIAsl BXOIHBIC JAHHBIE, HE MOKET ONPEAEIUTh, YTO OHA MTPOUIa
YK€ JIOCTaTOYHO, TIOKa OHA HE MPOYTET CIUIITKOM MHOTO. OTHUM H3 IPUMEPOB
SIBJISIETCSI BEIOOP CHUMBOJIOB, COCTABIISIOIINX YMCIIO: TIOKA HE TIOSIBUTCSL CHMBOJI,
OTJIMYHBIN OT U(PHI, YUCIIO HE 3aKOHYEHO. Ho mpu 3TOM nporpamMMa CUnTHIBaeT OJWH
JMIITHUHA CUMBOJI, CHMBOJI, JUII KOTOPOTO OHA €lle He MOATOTOBJICHA.

Dta npobseMa Obl1a OBI perieHa, eciii Obl ObUTO OB BOZMOXHO "TpodecTh 00paTHO"
HEeXeNaTelIbHbIN CUMBOJI. Toraa kaxabli pa3, IpOYUTaB JIUIIHUM CUMBOJL, IPOrpaMMa
MoTJIa OBbI IOMECTUTH €ro 00paTHO B (haiisl BBOJA TAKUM 00pa30M, YTO OCTajIbHas YacTh
porpaMMbl MOTJ1a OBl BECTH ce0s TaK, CJIOBHO 3TOT CHMBOJI HUKOT/1a HE CYMTHIBAJICS. K
CYaCThIO, TAKOE HETIOIyYeHHE CUMBOJIA JIETKO UMMHUTHPOBATh, HAIIMCaB Mapy
JecTByOMUX coBMecTHO (hyHKIm. DyHKIMs getch mocTaBiser cieayonui CMMBOI
BBOJIa, MOAJIEKAIUN paccMOTpeHuIo; GyHKIUs ungetch momemaeT cuMBOJI Ha3aa BO
BBOJI, TaK YTO IPH CJIEAYIONIEM oOpalieHnu Kk getch on OyeT Bo3BpallieH.

To, kak 3TH PYHKIIUU COBMECTHO paboTaroT, BechMa mpocto. dyHkims ungetch
HIOMEIaeT BO3BpallaeMble Ha3aj CAMBOJIBI B COBMECTHO HCIIOJIBb3YyeMbIil Oydep,
SIBJISIFOIIMICS. CHMBOJIBHBIM MaccuBoM. DyHKus getch unraeT u3 aToro Oydepa, eciu B
HEM YTO-TH00 UMEeTCsI; eciu ke Oydep myct, oHa oopamaetcs k getchar. [Tpu sTom
TaKXe Hy’KHA MHICKCHPYIOIas IepeMeHHasi, KoTopas OyaeT GUKCHPOBATh MO3UIIHIO
TEKYIIEro CUMBOJIa B Oydepe.

Tak kxak Oydep 1 ero HHJIeKC COBMECTHO HCIIONB3YIOTCs pyHKIMsiMu getch u ungetch u
JIOJDKHBI COXPAHSTh CBOM 3HAYEHUS B IEPHOA MEKIY OOpaICHUSIMH, OHH JIOJDKHBI OBITH
BHEIIHUMHU 1 00eux ¢pyHkuuid. Takum o6pazom, Mbl MOKeM Hamucathb getch, ungetch
Y 9TH NIepEeMEHHBIE KaK:

#define DUFSIZE 100
char buf [bUFSIZE]; /* buffer for ungetch */
int bufp = 0; /* next free position in buf */
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getch() /* get a (possibly pushed (back) character */

return ((bufp > 0) ? buf[--bufp] : getchar());
}
ungetch (c) /* push character back on input */
int c;

{
if (bufp > bUFSIZE)
printf ("ungetch: too many characters\n");
else
buf [bufpt++] = c;
}

MBEI HCTIOIB30BaIN AJI XpaHCHHA BO3Bpallla€MbBIX CUMBOJIOB MAaCCHB, a4 HC OTHGHBHBIfI
CHUMBOJI, IOTOMY 4YTO TaKas OGH.[HOCTB MOKCT OIPpUTrOAUTLCA B I[EU'II:HGI\/III_HGM.

Ynpasrxcnenue 4-4.

Hanwmure dyHkmuro ungets(s) , koropasi Oy1eT BO3BpalaTh BO BBOJ IETYIO CTPOKY.
JomkHa i ungets umeTs jeso ¢ buf u bufp wim oHa MOXeT IPOCTO UCIOIB30BATh
ungetch?

Ynpascnenue 4-5.

[Ipenmnonoxure, 4TO MOXKET BO3BpAILIAThCS TOJIBKO OJWH CUMBOJL. MI3menute getch u
ungetch cooTBETCTBYIOIIMM 00pa3oM.

Ynpascnenue 4-6.

Hamm ¢pyskumm getch n ungetch He obecneunBaroT 00pabOTKy BO3BpAIIEHHOTO
cumBoinia EOF nepenocumbiM o0pa3om. Pemmre, kakium CBOWCTBOM JTOJKHBI 0071a/1aTh
oTu (pyHKIHH, eciu Bo3Bpamaercs EOF, u peanu3yiiTe Baim BIBOIBI.

4.6. CtaTuyecKkue nepeMeHHbIE.

CraTnueckue rnepeMeHHbIe MPEICTaBIAI0T COOON TPETHid KIacC MaMsITH, B IOTIOJIHEHUH
K aBTOMAaTHUYECKUM IIEPEMEHHBIM U eXtern, ¢ KOTOPbIMU MBI YK€ BCTPEYaAJINCh.

Cratudeckue nepeMeHHbIe MOTYT OBITh JTM00 BHYTPEHHUMH, JTMO0 BHEIIHUMHU.
BHyTpeHHMe cTaTnueckre nepeMeHHbIe TOYHO TaK K€, Kak U aBTOMaTHYECKHe,
ABJISAIOTCS JIOKAJIbHBIMU JUIsl HEKOTOPOI (PYHKIIMH, HO, B OTJIMYKHE OT aBTOMAaTHYECKHUX,
OHH OCTAIOTCSI CYILIECTBOBATh, & HE MOSIBJIAIOTCS M UCYE3al0T BMECTE C O0OpaIleHueM K
9TOH (PyHKITUH. 3TO O3HAYAET, YTO BHYTPEHHUE CTATHUECKUE TTIEPEMEHHBIC
o0ecrneynBaroT MOCTOSIHHOE, HEAOCTYITHOE U3BHE XpaHEHHE BHYTPH (DYHKIIHH.
CUMBOJTEHBIE CTPOKH, TIOSIBIISIONIMECS BHYTPU (QYHKIINHU, KaK, HATPUMED, apTyMEHTHI
printf , IBISAIOTCS BHYTPEHHUMH CTaTHUECKUMH.

BHenrHue craTiueckue nmepeMeHHbIE ONPEIEIIEHBI B OCTATLHONW YaCTH TOTO UCXOIHOTO
¢aiina, B KOTOPOM OHHU ONKMCAHBI, HO HE B KAKOM-JIN00 ipyrom daiine. Takum obpazom,
OHM JIal0T CTI0CO0 CKpBIBaTh MMEHA, o100HbIe buf 1 bufp B komOuHaimu getch-
ungetch, KOTOpBIE B CHITy HX COBMECTHOTO MCIIOJIb30BAHUS JOJDKHBI ObITh BHEIIHUMH,
HO BCE )K€ HE IOCTYIMHBIMH JIJIs TIoJIb30BaTesen getch u ungetch , 4To0bI HCKITIOYATACh
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BO3MOXHOCTh KOH(IHKTA. Eciu 3T 1Be PyHKIIUH U ABE TEpEeMEHHbIE 00BEICHUTH B
OJIHOM (paiisie CieayroImM 00pa3zom

static char buf[bUFSIZE]; /* buffer for ungetch */
static int bufp=0; /*next FREE position in buf */

getch () {...}

ungetch () {...}
TO HUKaKas aApyras GpyHKIus He OyaeT B cocTossHUM 00paTtuThes Kk buf u bufp;
(akTHuecKu, OHU He OyIyT BCTYNaTh B KOHQUIMKT C TAKMMH )K€ UMEHAMU U3 IPYTUX
¢aiinoB ToOi ke caMol POTrpaMMBI.

CraTuueckas maMsTh, Kak BHYTPEHHsISI, TaK ¥ BHEIIHSASA, CIIEUU(UIIIPYETCS CIOBOM
static , cTosmmM niepe OObIYHBIM ornucanueM. [lepeMenHast SBsieTCs BHEIIHEH, €CITH
OHa OIMCaHa BHE KaKoi Obl TO HU ObUIO (PYHKIIUH, U BHYTPEHHEH, €ClIM OHa OIKMCcaHa
BHYTPH HEKOTOPOH (PyHKIIUH.

HopmainbHo QyHKIMM SBISIOTCS BHEITHUMU 00bEKTaMH; MX MMEHA U3BECTHBI
r100aIbHO. BO3MOXKHO, OJTHAKO, OOBSIBUTH (DYHKIIMIO KakK static ; TOraa ee uMs
CTaHOBHTCSI HEU3BECTHHIM BHE (paiisia, B KOTOPOM OHO OITHCAHO.

B s3p1ke C "static" oTpakaeT He TOJIBKO MOCTOSIHCTBO, HO M CTENEHb TOTO, YTO MOKHO
Ha3BaTh "'MPUBATHOCTHIO". BHYTpeHHNE cTaTHYECKUE OOBEKTHI OMPEICIICHBI TOJIBKO
BHYTPH OJHOM (DYHKIIMH; BHEIIIHUE CTATHUECKUE OOBEKTHI (TIEpEMEHHbIEC WIIH (DYHKIIUN)
OIpeIeNIeHbl TOJIBKO BHYTPHU TOTO UCXOAHOTO (paiiia, I/ie OHU MOSBIAIOTCSA, U UX UMEHA
HE BCTYMAIOT B KOH(DIUKT C TAKUMH K€ UMEHAMH [IEPEMEHHBIX U QYHKLIUH U3 IPyTUX
daitnos.

BHreniaue cratudeckne epeMeHHbIE U YHKIIUH MPEIOCTABIISIIOT CIIOCO0
OpPraHU30BBIBATh JaHHBIE U pabOoTaloLIMe C HUIMU BHYTPEHHUE MPOLEAYPbl TAKUM
00pa3om, 9TO JAPyTHe MPOIeTyphl U TaHHBIE HE MOTYT PUHTH C HUMU B KOH(JIUKT
Jake 1o HepopasyMmenuto. Hampumep, pynkuuu getch u ungetch obpasyror "momyins"
JUTSL BBOJIA M1 BO3BpAIIIEHUS CHMBOJIOB; buf 1 bufp 10mKHBI OBITh CTATHYECKUMU, YTOOBI
OHHM He ObUTH JOCTYyIHBI U3BHE. TOUHO Tak e QyHkiuu push, pop u clear popmupyrot
MOJyJIb 00pabOTKH CTEKa; var U Sp TOKE JOJIKHBI ObITh BHEIIHUMH CTaTUYECKHMH.

4.7. PerucTpoBble nepeMeHHbIE.

UYeTBepThlii U OCIEIHUN KIacC aMsITH Ha3bIBaeTCsl perucTpoBbIM. Onucanue register
yKa3bIBaeT KOMIWIATOPY, YTO JIaHHAsI IepeMeHHast OyIeT 4acTO UCIOIb30BATHCS.
Korna 310 BO3M0OKHO, IepeMEeHHBIE, OITMCAHHbIE KaK register, pacroyiaralorcs B
MAaIllMHHBIX PETUCTPaX, YTO MOKET MPUBECTU K MEHBIINM I10 pa3mepy u Ooiee
ObICTpBIM MporpamMmam. OnrcaHue register BRITISIUT Kak

register int x;
register char c;

Y T.JI.; 4aCTh int MOXKeT OBITH omymieHa. OnucaHue register MOYKHO MCTIOJb30BaTh
TOJILKO U1 aBTOMAaTHUECKUX NMEPEMEHHBIX U (POpMabHBIX TapaMeTpoB pyHKImii. B
9TOM IOCJICTHEM CITydae ONMMCAHUS BBIMJISIAT CIICTYIOIIMM 00pa3oM:

f(c,n)
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register int c,n;
{

register int i;

Ha npaxTrke BO3HUKAIOT HEKOTOPBIE OTPAHUUYEHUS HA PETHCTPOBBIE IIEPEMEHHBIE,
OTPaXKaIOIKE peabHbIe BO3MOKHOCTH UMEIOIIUXCS allllapaTHBIX CPEACTB. B peructpsl
MOYKHO IOMECTHUTB TOJIBKO HECKOJIBKO MEPEMEHHBIX B KaXI0M (QyHKIMH, IpU4YeM
TOJIBKO OIIPEJEIICHHBIX TUIIOB. B cilydae mpeBblleHNsT BO3MOKHOIO YUCIIA WU
UCIIOJIb30BaHUs HEPA3PELIEHHBIX TUIIOB CJIOBO register urHopupyercs. Kpome toro
HEBO3MOXKHO M3BJICUb aJ[PEC PETUCTPOBON MEPEMEHHOM (3TOT BOMpPOC 00CYyKAAeTCs B
riase 5). Otu cnenupuyeckrue orpaHMueHus BAPbUPYIOTCA OT MaIllMHbI K MamuHe. Tak,
Hanpumep, Ha PDP-11 3¢ G eKkTHBHBIME SBISIOTCS TOJIBKO IEPBBIE TPU OMUCAHUS
register B pyHKILUH, a B KaUeCTBE TUIIOB JIOMyCcKatoTcs int, char nnu ykazaTens.

4.8. biioyHnas cTpykrypa.

S3p1k C He SBAsSETCS A3BIKOM C OJI0UYHOM CTpYyKTypoit B cMmbicie PL/1 wnm anrona; B Hem
HCJIb34 OIIMChIBATH OHU q)YHKIII/II/I BHYTPH OAPYTIHUX.

[TepemenHsble ke, ¢ APYrOi CTOPOHBI, MOTYT ONPENENATHCS 0 METOLY OJI0YHOTO
CTpyKkTypupoBaHusi. OnucaHus MePEMEHHBIX (BKII0Yas HMHULUATU3AIHNIO) MOTYT
CJIeIoBaTh 3a JIEBOM (UTypHOI CKOOKOM,0TKpBIBAIOIIEH 100011 onepaTop, a He TOJIBKO
3a TOM, ¢ KOTOpOW HauMHAeTcs Teso PyHKIUK. [lepeMeHHbIe, OnUCaHHbIE TAKUM
00pa30oM, BBITECHSIOT JIIOObIE IEPEMEHHBIE U3 BHEIIHUX 0JIOKOB, UMEIOIUE TAKHUE XKe
MMEHA, U OCTAIOTCS OTPEICTICHHBIMH 10 COOTBETCTBYIOIICH MpaBoi (GUTYpHOU CKOOKH.
Hanpuwmep B

if (n > 0) |
int i; /* declare a new i */
for (i = 0; 1 < n; i++)

O0sacThIO JCHCTBYSI IEPEMEHHOM 1 SBIsCTCS "UCTUHHAS" BETBb if; 3TO 1 HUKaK He
CBSI3aHO HU C KAKMMH JIPYTHUMH 1 B TIPOTPaMMeE.

brounas cTpykTypa BIUsSET U Ha 00J1aCTh IEUCTBUS BHEUTHUX MEPEMEHHBIX. ECin aHbI
ONMCAaHUSA

double x;

}
TO MOSIBJICHUE X BHYTPU QPYHKIMU f OTHOCUTCS K BHYTPEHHEW NIEPEMEHHON THIIa
double, a BHe f - k BHeIIHE 11€710# MEePEeMEHHON. 3TO e CIIPaBeUIMBO B OTHOIIEHUHU
uMeH (popMalbHbBIX TaPaMETPOB:

int x;
f(x)
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double x;
{

BryTtpu dynkuuu f umMs X oTHOCUTCS K (popMaIbHOMY IMapaMeTpy, a He K BHEIITHEH
IIEPEMEHHOM.

4.9. Uunuunaausamnmus.

MBI 10 cHX MOp yKe MHOTO pa3 YIIOMHHATN HHUIIMAIU3AIUI0, HO BCEr/1a MUMOXO/IOM ,
cpelu Apyrux BopocoB. Temneps, mocie Toro Kak Mbl 00CYINUIN pa3Iu4HbIE KIACChI
MaMsTH, MBI B 3TOM pa3Jieie MPOCYMMUPYEM HEKOTOPbIE MPaBUiia, OTHOCSAIIUECS K
VMHUIHAIN3ALNH.

Ecmu siBras HHUIMajaIn3anus OTCYTCTBYCT, TO BHCIIHUM U CTATUYCCKUM IICPEMCHHBIM
IpHUCBaNBaeTCs 3HAUCHUE HYJIb; aBTOMAaTUYECKUE U PETUCTPOBbIE IEPEMEHHBIE UMEIOT B
ATOM CIIy4ae HEeOIpeAeIICHHbIE 3HaUeHUS (MyCOp).

[TpocThie nepeMeHHbIE (HE MACCUBBI MIIM CTPYKTYPbI) MOKHO HHUIIMATU3UPOBATH IPU
UX ONKCaHWH, 100aBIIsAsA BCIE 32 UMEHEM 3HAK PAaBEHCTBA U KOHCTAHTHOE BBIPAXKEHHUE!

int x = 1;
char squote = "\'';
long day = 60 * 24; /* minutes in a day */

J171s BHETHUX U CTAaTUYECKUX MEPEMEHHBIX MHUIIUATN3AIUS BBIIOIHIETCS TOJIBKO OJIUH
pa3, Ha dTane KOMIUISIUU. ABTOMAaTHYECKHE U PETUCTPOBBIC IEPEMEHHbBIE
VMHUIMATM3UPYIOTCS KaXIbIil pa3 mpu BXoje B QYHKUIHUIO WIH OJIOK.

B cnyuae aBTOMaTHYECKUX U PETUCTPOBBIX TIEPEMEHHBIX HHUIIHATTU3ATOP HE 00s3aH
OBITH KOHCTAHTOI: HA CAMOM JIeJIe OH MOXET OBITh JTIOOBIM 3HAYUMBIM BBIPAKECHHUEM,
KOTOPOE MOKET BKIIFOUATh OIPE/ICJICHHBIE paHee BETMUMHBI U JaKe oOpaIieHus K
byukusam. Hanpumep, nHUIManu3anys B mporpaMMe OMHApHOTO MOUCKA U3 TJIaBbl 3
MorJa Obl OBIT 3alMCaHa B BUC

binary(x, v, n)

int x, v[], n;

{
int low = 0;
int high = n - 1;
int mid;

}
BMECTO

binary(x, v, n)
int x, v[], n;
{
int low, high, mid;

low = 0;
high = n - 1;
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ITo cBoeMy pe3ynbpTaTy, MHULMAIU3ALUN aBTOMAaTHUECKUX IEPEMEHHBIX SBIISIIOTCA
COKpaIlleHHOH 3aIiChI0 OnepaTopoB npucBauBaHus. Kakyro gpopmy npenmnouects - B
OCHOBHOM [J1€JI0 BKyCa. Mbl OOBIYHO HCIIOJIb3YEM SIBHBIE IPUCBAaNBaHUs, IOTOMY YTO
MHUIMAJIN3A1HS B ONMCAHUSIX MEHEE 3aMETHA.

ABTOMaTHYECKHE MAaCCUBbI HE MOTYT ObITh HHUIIMANIU3UPOBaHbL. BHentHNe 1
CTaTMYECKHE MAaCCUBbI MOKHO MHUIMAIN3UPOBATh, IOMEILAsl BCIIE 32 OIMCAHUEM
3aKJIIOUYEHHBIN B (UTypHBIE CKOOKHU CMHCOK HaYaJIbHbIX 3HAaYEHH, pa3aeeHHbIX
3amsTeiMu. Hanpumep nmporpaMma mozic4era CHMBOJIOB U3 TUIaBHI 1, KOTOpast
HayMHAaIach C

main () /* count digits, white space, othres */
(
int ¢, i, nwhite, nothre;
int ndigit([10];

nwhite = nothre = 0;
for (1 = 0; i < 10; 1i++)
ndigit[i] = O;

)
MoskeT ObITh TIEpenrcaHa B BUIE

int nwhite = 0;
int nothre = 0;
int ndigit(10)] = { 0o, 0, 0, 0, 0, O, O, O, O, O };
main () /* count digits, white space, othres */

(

int ¢, 1i;

OTH UHUIMATU3auud (aKTUYECKU HE HYKHbBI, TAK KaK BCE MPHCBalBaeMble 3HAUCHUS
PaBHBI HYJIIO, HO XOpOH_II/II\/'I CTUJIb - CACJIaTh UX SABHBIMMU. Ecmu xonudecTBO HaYaIbHBIX
3HaYEHHUI MEHbIIIE, YeM YKa3aHHBIA pa3Mep MacCUBa, TO OCTAIbHbBIE JIEMEHTHI
3aIOJIHAIOTCA HYJIAMU. HepequcneHI/Ie CJIIMIIIKOM 60.]1]:]]_[01"0 Yuciia Ha4aJIbHBIX
3HAYCHUH SBIsIETCS omnOKon. K coxkanennio, He mpeyCMOTpEeHa BO3MOXKHOCTh
yKa3aHUsl, YTO HEKOTOPOE HaYaIbHOE 3HAUEHHE MOBTOPSIETCS, U HENb3
VMHUIMAIM3UPOBATh 3JIEMEHT B CepeInHE MaccuBa 0e3 MmepeuncaeHus Bcex
NpEeAbIAYIINX.

J1J1s1 CHMBOJIBHBIX MaCCHUBOB CYIIECTBYET CHEIHABHBIN CIIOCO0 MHUIIMATU3AIINN;
BMECTO (PUTypHBIX CKOOOK U 3aIAThIX MOKHO MCIIOJIb30BaTh CTPOKY:

char pattern[] = "the";
DTO0 cokpalieHue 0oyee ITUHHOMN, HO YKBUBAJICHTHOM 3aITUCH:

char pattern[] = { 't', 'H', 'E', '\0' };
Ecmu pa3Mep MacCcuBa JI000ro THIIa ONMMyIICH, TO KOMITUJIIATOP OIPCALIACT €T0 JJINHY,

MOJCYUTHIBAs YHUCIIO HAYaJbHBIX 3HAUEHUH. B 3TOM KOHKPETHOM Cilydae pa3Mep paBeH
YyeTbIpeM (TpU CUMBOJIA TUTt0C KoHeuHoe \0).

4.10. Pexypcus.
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B si3p1ke C pyHKINU MOTYT HCIIOTIB30BATHCS PEKYPCUBHO; 9TO O3HAYAET, UTO (DyHKIIHS
MOYKET MPSIMO MJIM KOCBEHHO o0pamiatees K cede camoil. TpaaulimoHHBIM IPUMEPOM
ABJIIETCS II€YaTh YKCIa B BUAE CTPOKH CHMBOJIOB. KaK MbI YK€ paHee OTMeHalld, IIU(PPbI
TeHEPUPYIOTCS HE B TOM MOpsiAKe: HU(PbI MIAALIINX Pa3psiioB MOSABISIOTCS paHbLIe
U(p U3 CTapIIUX Pa3psAIOB, HO IIEUaTAThCsl OHU JIOJIKHBI B 0OpPaTHOM MOPSJIKE.

Oty nmpobiaeMy MOXKHO peluTh AByMs criocobamu. [lepBrrit cioco0, KOTOPHIM MBI
BOCITOJIB30BAJIMCH B TJIaBe 3 B (DYHKITHH itoa, 3aKITI0OYAETCs B 3alIOMUHAHUU ITUdp B
HEKOTOPOM MAacCHBE 10 MEpe UX MOCTYIJICHUS U MOCIEAYIONIEM UX NIeYaTaHuu B
obOpatHoM nopsiake. [lepBrlil BapuanT GyHKIMH printd cregyer 3Toi cxeme.

printd (n) /* print n in decimal */
int n;
{

char s[107];

int i;

if (n < 0) {
putchar('-");
n = -n;

do {

s[i++] = n
} while ((n /=
while (--1 >=

0+ '0'; /* get next char */
) > 0); /* DISCARD IT */

ANBTEepHAaTUBON 3TOMY CHOCOOY SIBIISICTCSI PEKYPCUBHOE PEIIeHHE, KOT/Ia IMPH KaKI0M
BbI30Be (DyHKIMA printd cHayasa cHOBa oOpainaeTcs K cede, 9To0bl CKOIMMPOBATH
AUaUpYyIomye nu(phl, a 3aTeM MeYaTaeT MOCICTHIO UPPY.

printd(n) /* print n in decimal (recursive)*/
int n;
(
int 1i;
if (n < 0) {
putchar('-");
n = -n;
}
if ((i = n/10) != 0)
printd (i) ;
putchar(n $ 10 + '0");
)

Korna ¢yHKIus BeI3bIBaeT ce0sl pEKYPCUBHO, MPU KaxJA0M oOpalleHuu oopasyercs
HOBBII HA0OP BCEX ABTOMATUYECKUX MEPEMEHHBIX, COBEPILIEHHO HE 3aBUCALINIA OT
npeapiaymero Habopa. Takum oOpazom, B printd(123) mepBas ¢pynkius printd umeer n
= 123. Ona nepenaer 12 BTOopoii printd, a Koria Ta BO3BpalaeT yrnpanieHue ei,
nevaTaeT 3. TouHo Tak ke BTopas printd nmepegaet 1 TpeTheit (KOTOpas ATy eIUHUILY
1e4aTaer), a 3aTeM nevaraer 2.
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PeKprI/ISI O0OBIYHO HE aacT HHUKaKON 3KOHOMHHUU MnaMsTHU, IMOCKOJIbKY MPUXOAUTCA I'AC-
TO CO3/1aBaTh CTEK I 00padaThiBacMbIX 3HAUCHUI. He MPUBOIUT OHA U K CO3JIaHHIO
6oee ObICTPBIX Tporpamm. Ho pexypcuBHBIE ITporpamMmbl 00Jiee KOMIAKTHBI, H OHU
3a4acTyl0 CTaHOBSITCS OOJIee JISTKUMH JIJIs IOHUMaHUS U HalucaHus. Pexypcust
0COOEHHO y/1I00Ha Mpu paboTe ¢ PEKYPCUBHO OMPEAEIIEMbIMU CTPYKTYpaMU JAHHBIX,
Hanpumep, ¢ ACPEBbsIMH; XOPOILINKA IpuMep OyAeT NpUBEICH B Tiase 6.

Ynpasxcnenue 4-7.

[IpucnocoObTe MaeH, UCTIOIB30BaHHBIC B printd 171 peKypCUBHOTO HaMMCaHU 1toa; T.e.
[Ipeobpa3yiite 11e710€ B CTPOKY C TOMOIIBIO PEKYPCUBHOM TIPOIIETYPHI.

Ynpasicnenue 4-8.

Harnumute pexypcuBHBIN BapuaHT PYHKITUHU reverse(s), KoTopas pacrojaraer B
00paTHOM TOPSZIKE CTPOKY S.

4.11. Ilpenpoueccop si3bika C.

B sa3pixe "C" npenycMOTpEHbI ONIPEIETICHHBIE PACIIMPEHUS S3bIKA C IIOMOILBIO
IPOCTOTO0 MAaKpOMNpEANpoLiecCOpa. OHUM U3 CaMBIX PACIIPOCTPAHEHHBIX TaKUX
pacuIMpeHHid, KOTOpPOe MbI YK€ HCII0JIb30BaIH, SIBJIAETCS KOHCTpYKIus #define; apyrum
pacIIMpEHUEM SIBIISIETCS BO3MOKHOCTh BKJIIOYAaTh BO BPEMSI KOMIWIISALIUU COJEPKUMOE
IpyTux (hainos.

4.11.1. Bkiaouyenne ¢aiiioB

st o6neruenus paboTel ¢ Habopamu KoHCTpYKIui #define u onucanwmii (cpeau
pounx cpeacTB) B s3bike "C" npemrycMoTpeHa BO3MOKHOCTh BKITIOUEHUS (PaiiiioB.
JIrobas cTpoka BUIa

#include "filename"
3aMeHsieTcs coiep KUMbIM daitna ¢ umeneM filename. (KaBeruku o6s3aTenbhbl). YacTo
OJTHA WJIM JIBE CTPOKU TAKOTO BU/IA TOSBIISIOTCS B HAUaje KayKI0T0 HCXOIHOTO (Qaiina,
JUI TOTO 4TOOBI BKIIFOYUTH 00IIMe KOHCTpyKUuH #define u onucanus extern ams
IOOATBFHBIX TIEPEMEHHBIX. J[oTycKkaeTcs BIOKEHHOCTh KOHCTpyKIui #include.

Koncrpykmus #include siBiisseTcst mpeImoYTUTEIEHBIM CIIOCOO0M CBSI3U OIMCAHUN B
OOJIBIITUX MPOTrpaMMax. ITOT CIIOCOO TapaHTUPYET, YTO BCE UCXOAHBIC (DaMITbI OyayT
CHA0KEHBI OJIMHAKOBBIMU OIPEICTICHUSIMU U OITMCAHUSIMH TIEPEMEHHBIX, U,
CJIeIOBaTENbHO, UCKII0YAeT 0COOEHHO HEMPUSTHBIN copT omubok. EcrecTBeHHO, KOT1a
KaKOW-t0 BKJITFOYaeMBbIil (ailsl "3BMEHSETCs, BCE 3aBUCSIINE OT HEro (DaiiiIbl JOKHBI
OBITH IEPEKOMITUITHPOBAHBI.

4.11.2. MakponoacTaHOBKa

Onpenenenne BUIa

#define TES 1
IPUBOJUT K MAKPOIMOACTAaHOBKE CaMOI'0 IIPOCTOrO BUJA - 3aMEHE UMEHH Ha CTPOKY
cuMBOJIOB. MimeHa B #define umeroT Ty xe camyio GopMy, 4TO U UACHTHU(PHUKATOPHI B
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"C"; 3aMEHSIOIMIA TEKCT COBEPILIEHHO MPOU3BOJIeH. HopMallbHO 3aMEHSIOIIUM TEKCTOM
SBIISIETCS. OCTaJbHAs YaCTh CTPOKU; AITUHHOE OMPEIeIEHNE MOKHO MPOIOIIKHUTD,
TIOMECTHB \ B KOHEII IPOI0JDKaeMoi cTpoku. "ObnacTs AedCTBH" UMEHH,
ompezaeneHHoro B #define, mpocTupaercs OT TOUKH OMPEIEICHUS O KOHIIA HICXOIHOTO
daiina. *MeHa MOTYT OBITh TIEPEOTIPEICIICHBI, U ONPEACICHUS MOTYT UCTIOIB30BATh
ompezeNieHus, CIeJaHHbIe paHee. BHYTpH 3aKII0YEHHBIX B KABBIYKU CTPOK
MIOJICTAHOBKY HE MPOU3BOJIATCS, TAK YTO €CIU, Harpumep, YES - onpeaenenHoe uMs, TO
B printf("YES") He Oyzaer caenano HUKaKoH MOJACTaHOBKHU.

Tak kxak peanuzanus #define siBisieTcs 4acThio pabOThl MaKpOIPEANPOLIECCOpPa, a He
COOCTBEHHO KOMIHIJISATOPA, UMEETCsl OYeHb MAJIO TPAMMATHYECKUX OTPaHUYEHUI Ha TO,
YTO MOXET OBbITh OnpeseseHo. Tak, HalpuMep, JTI0OUTENHN auroyia MoryT OObsSIBUTh

#define THEN
#define bEGIN {
#define END i}

M 3aTCM HaAIlMCaTb

if (i > 0) THEN
bEGIN
a=1;
b =2
END

NmeeTcs Takke BO3MOKHOCTh OIPCACIICHUA MAaKpOcCa C apryMCHTaMU, TaK 4YTO
3aMEHSIOIINN TEKCT OyeT 3aBUCETh OT BUAa oOpalieHus kK Makpocy. Onpenenum,
HarpuMmep, Makpoc ¢ uMeHeM MAX cremyromumM o0pa3om:

#define MAX(a, b) ((a) > (b) 2 (a) : (b))
KOT'JIa CTPOKa

x = MAX (ptqg, r+s);
OyJeT 3aMeHeHa CTPOKOMH

x = ((ptqg) > (r+s) 2?2 (p+tqg) : (r+s));

Takast BO3MOKHOCTB oOecrieunBaeT "(pyHKINI0 MaKcuMyMa'", KOTOpasi pacIIupseTcs B
NOCJIEI0BATENbHBIN KO/, @ He B oOparienue Kk pyHkiun. [Ipu npaBuibHOM oOpaleH!H
C apryMeHTaMHt TaKoW Makpoc 0/1eT paboTaTh ¢ JOOBIMHU THUIIAMU JaHHBIX; 3/16Ch HET
HEOOXOIMMOCTH B pa3NUYHbIX BuAax MAX /sl TaHHBIX PAa3HBIX THIIOB, KaK 3TO OBLIO
OBl C PYHKIIHSIMH.

Koneuno, eciu BbI TIIATETBRHO PACCMOTPUTE MIPUBEAECHHOE BbIlIE paciupeHue MAX,
Bbl 3AMETHUTE OIpEIeTIeHHbIE HEIOCTaTKU. BbIpaXkeHNs BBIUMCIISIOTCS IBaX/Ibl; 3TO
TUIOXO, €CJIM OHU BIJIEKYT 3a c000ii moOouHble 3(h(peKThI, BEI3BaHHBIE, HATIPUMED,
oOpaleHusIMH K (GYHKLHUAM WM MCIIOJIb30BaHUEM orepanuil yBenudenus. HyxHo
1103a00TUTHCS O TIPABUIIEHOM HCTIOIB30BaHUH KPYTIBIX CKOOOK, YTOOBI TapaHTHPOBATH
coxpaHeHHe TpedyeMoro nopsiika Beruucienui. (Paccmorpure makpoc

#define SQUARE (x) x * x
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npu obpamennu K Hel, kak SQUARE(z+1)). 3neck BO3HUKAIOT Jjake HEKOTOPbIE YHCTO
JIEKCUYECKHUE MPOOJIEMBbI: MEXy UMEHEM MAaKpO U JIEBOM KPYyTJIOi CKOOKOMH,
OTKPBIBAIOLIEH CIIHCOK €€ apIyMEHTOB, HE JJOJDKHO OBITh HUKaKUX MPOOETIOB.

Tem HE MEHee anmapaT MaKpOCOB SIBJSICTCS BeCbMa IEHHBIM. OIMH MPaKTHICCKUI
pyUMep JaeT ONUChIBaeMasl B IJiaBe 7 CTaHJapTHasi OMOIHOTEeKa BBOJa-BBIBOIA, B
KoTopoii getchar u putchar onpenenens! kak Makpochl (04eBUAHO putchar gomkHa
MMETbh apTyYMEHT), YTO MO3BOJISET N30ekKaTh 3aTpaT Ha oOpalieHne K GyHKIUHA TPU
00paboTKe KaXKI0r0 CHMBOJIA.

Jlpyrre BO3MOXHOCTH MaKpOIPOIIECCopa OMMCAHBI B IPHIIOKECHUHN A.
Ynpasxcnenue 4-9.

Onpenenure makpoc SWAP(X, y), KOTOpBIii 0OOMEHHUBAET 3HAYCHUSIMHU JIBA CBOUX
aprymenTta tuna int. (B 3Tom cirydae moMoxeT OJI09HAsI CTPYKTYPa).

5.¥Ykazareqm u MacCMBBI

VYka3zarens - 3T0 IEpeMEeHHas, CoJiepKallas aIpec Apyror NepeMEeHHOMN. yKa3aTean
OYEHb IIUPOKO HUCIOJB3YIOTCSA B sA3bIKe C. DTO MPOUCXOAUT OTYACTH IIOTOMY, UTO
HHOTIa OHU JAI0T CAMHCTBCHHYIO BO3SMOXXHOCTD BBIPA3UTh HYKHOC Z[CI>'ICTBI/IG, a
0TYaCTU MOTOMY, YTO OHM OOBIYHO BEJYT K 00Jiee KOMIAKTHBIM U 3()(heKTUBHBIM
IporpaMMam, 4eM Te, KOTOpPbIe MOT'YT OBbITh OJIYYEHbI IPYTUMHU CIIOCOOAMHU.

VYkazatenu oObIYHO CMEIIMBAIOT B OJJHY Ky4y C OlepaTopamu goto, XapakTepusys ux
KaK 4yJIECHBIH CIIOCO0 HAMMCaHUs MPOrpaMM, KOTOpPbIE HEBO3MOKHO MOHATh. ITO
0€3yCIIOBHO CIPaBEIJIUBO, €CIIU YKa3aTeNIN UCTIONb3YIOTCS 0€33a00THO; OU€Hb MPOCTO
BBECTHU yKa3aTeJH, KOTOPbIE YKA3bIBAIOT HA UTO-TO COBEPILIEHHO HEOXKHIAHHOE.
Opnaxo, IpH ONPEEIIEHHON TUCIUILUIMHE, UCTIOIb30BaHUE yKa3aTeel IoMOraeT
JIOCTUYb SICHOCTH U MPOCTOTHI. IMEHHO 3TOT acmeKT MbI MOMbITaeMCS 3/1€Ch
IPOUJUTIOCTPUPOBATD.

5.1. Yka3areiu u ajpeca

Tak Kak yka3areib COJIEPKHUT aapec 00bEKTa, 3TO AaeT BO3MOKHOCTD "KOCBEHHOT0"
JIOCTyTa K 3TOMY OOBEKTY 4depe3 yka3aTeib. [Ipennonoxnm, 9To X - mepeMeHHas,
Harpumep, TUMa int, a pX - yKa3aTelb, CO31aHHBIA HEKUM €IIe HE YKa3aHHBIM
crocoboM. YHapHas onepanus & BBIIACT aipec 00bEKTa, TaK YTO OIEepaTop

pPxX = &x;
MIPUCBAUBACT AIPEC X MEPEMEHHOMN PX; TOBOPSAT, YTO pX "ykaszpiBaeT" Ha X. Onepanus &
IPUMEHHMA TOJBKO K MIEPEMEHHBIM H JIEMEHTaM MacCHUBa, KOHCTPYKUUH BHJa &(X-1)
1 &3 ABIAIOTCA HE3aKOHHBIMU. Henb3s Takxke MoiaydnuTh aApec perucTpoBOu
[IEPEMEHHOM.

VYHapHas onepanus * paccMaTpruBaeT CBOM onepaH 1 Kak aJpec KOHEYHOH Lenu U
oOpaliaercs o 3TOMy aJipecy, YToObI U3BJIeUb conepkumoe. Clie0BaTeNbHO, €CIIU Y
TOKE UMEET THII int, TO
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y = *px;
MMPUCBAUBACT Y COACPIKUMOC TOI'O, HA UTO YKA3bIBACT PX. Tak mociegoBaTeIbHOCTD

px = &X;
y = *px;
IMPUCBAUBACT Yy TO K€ CaMOC€ 3HAYCHUC, YTO U OIICPATOP

y = %;
HepeMeHHLIe, Y4aCTBYHOIIHMEC BO BCEM 3TOM H606XO,I[I/IMO OIIMCAaTh:

int x, vy’
int *px;
C OIMMCAHUCM IJId X U 'Y MbI YK€ HCOAHOKPATHO BCTPCUAINCH.

Omnucanue yKa3aTeyd

int *px;
ABJIIETCS HOBBIM U JIOJDKHO PaCCMAaTPUBAThHCS KAK MHEMOHHYECKOE; OHO TOBOPHUT, UTO
KOMOMHALMA *pX UMeeT TUN int. DTO 03HAYAET, YTO €CIIU PX MOSBIIAETCS B KOHTEKCTE
*pX, TO 3TO HKBUBAJIEHTHO NIepeMEeHHOM Tuna int. aKTHUECKU CUHTAKCUC OMHMCAHUS
NEPEMEHHON UIMUTHPYET CUHTAKCUC BBIPAXKEHUH, B KOTOPBIX 3Ta IIEPEMEHHAsI MOKET
HOSIBJIATBCA. DTO 3aMEYaHUE MOJIE3HO BO BCEX CIIydYasiX, CBSI3aHHBIX CO CIIOKHBIMU
onucanusmu. Hanpumep,

double atof (), *dp;
rOBOPUT, 4TO atof() u *dp umeroT B BepaxkeHusx 3HaueHus tuna double.

Brr JOJIKHBI TaKKE€ 3aMCTUTD, YTO U3 3TOI'O OIMHMCAHUSA CICAYCT, YTO YKA3aTCJIb MOXKECT
YKa3bIBATb TOJIBKO Ha OHpeHeHeHHLIﬁ BUJ 00BEKTOB.

VYkazarenu MOTyT BXOJIUTh B BeIpakeHUs. Hanpumep, eciau px ykas3blBaeT Ha LETOE X,
TO *pX MOKET MOSBIATHCS B IIOOOM KOHTEKCTE, I'/Ie MOXKET BCTPETUThCA X. Tak
OIeparTop

y = *px + 1
MPUCBAaMBACT y 3HaUeHUE, Ha | Ooblliee 3HAYCHHS X;

printf ("$d\n", *px)
neyaTacT TCKymec 3HAYCHHUE X,

d = sqgrt((double) *px)
noiy4aeT B d KBaJpaTHBIN KOPEHb U3 X, IPUYEM 0 nepenayn QyHKIMH sqrt 3SHaYeHNE X
npeoOpasyetcs k Tuny double. (CMoTpu ri1aBy 2).

B BBIPpAXKCHUAX BUOA

y = *px + 1
YHapHbIE onepanuu * u & cBsA3aHbI CO CBOMM OIIEPaHIoM 0osiee KPerKo, 4eM
apu(pMeTHYeCKUe ONepalyy, TaK YTO TaKOe BbIpakeHUE OepeT TO 3HaYCHHE, Ha KOTOPOe
yKa3bIBaeT pX, MpubaBiseT 1 U NprcBanBaeT pe3ybTaT epeMeHHOH Y. MBI BCcKope
BEPHEMCS K TOMY, YTO MOKET 03HAYaTh BHIPAKCHHE

&9



y = *(px + 1)

CchUIKM Ha yKa3aTeau MOTYT HOSBIIATHCS U B JIEBOM YacTu npucBauBanuid. Ecin px
YKa3bIBaeT Ha X, TO

*px = 0
ImoJiaracTt X paBHBIM HYJIIO, a

*px +=1
YBCIIUYMUBACT €TI0 HA CAMHUIY, KaK U BBIPAXKCHHUE

(*px) ++

Kpyrisle ckoOku B ocineHeM ITpUMepe HE0OX0IUMBI; €CIIU X OIYCTUTh, TO
MOCKOJIbKY YHapHbI€ Ollepaliu, 000HbIE * U ++, BBIMOIHSIIOTCS CIIpaBa HAJIEBO, 3TO
BBIpa)KEHUE YBEJIIMYMT PX, @ HE Ty IEPEMEHHYIO0, Ha KOTOPYIO OH YKa3bIBaeT.

W nakoHel, Tak KaK yKa3aTelu SBJISIOTCS IIEPEMEHHBIMH, TO ¢ HUMH MOXHO
oOpamiarbes, Kak ¥ ¢ OCTAIbHBIMU NIepeMeHHbIMH. Eciu py - npyroii ykazaTtenp Ha
NEepeMEeHHYI0 THIIa int, TO

by = px
KOMHPYET COACPKUMOE PX B Py, B pe3yJIbTaTe Yero py yKa3blBaeT Ha TO )K€, UTO U pX.

5.2. Yka3aTeu M apryMeHThbl PyHKUMT

Tak kak B C nmepenaya apryMeHTOB ()YHKIIMSIM OCYIIECTBIISETCS ""TI0 3HAYCHHIO",
BbI3BaAHHAY MMpoucaypa HE UMCCT HCHOCpCI[CTBeHHOI\/'I BO3MOXHOCTH UBMCHUTH
MEPEMEHHYIO U3 BBI3BIBAIOIICH porpaMmMbl. UTo ke J1e71aTh, €CJIM BaM JE€HCTBUTEIBLHO
HaJI0 U3MEHUTH apTyMEHT? HallpuMep, IporpaMMa COPTUPOBKH 3aX0Tela Obl TIOMEHSATh
JIBa HAPYIIAIOMIUX MOPSIIOK AJIEMEHTA C MOMOIIbI0 QYHKUINU ¢ UMEeHeM swap. J{is
3TOr0 HEAOCTATOYHO HAIMUCATh

swap (a, b);
onpeaenuB (GYHKINIO SWap TPH 3TOM CIISIYIONIM 00pa3oM:

swap (x, Vy) /* wrong */
int x, y;
{

int temp;

temp = X;
X = y;
y temp;

}
M3-32 BBI30BA 110 3HAYEHHUIO SWap HEe MOKET BO3/eCTBOBATh HA apTYMEHTHI a U b B
BBI3BIBAIOIICH (DYHKIIHH.

K cuactsio, Bce e nMeeTcss BO3MOKHOCTbD MOJTyYUTh KelaeMbli 3 deKT.
Bei3piBaromas mporpamma nepeaacT yKasaTelnu MOJICKAINUX U3MEHEHUIO 3HAYCHUN

swap (&a, &b);
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TaK Kak omepanus & BbIIAET ajipec NepeMeHHOM, To &a ABIIseTCs yKa3zaTesieM Ha a. B
caMoO# swap apryMeHTbI OIMCHIBAIOTCS KaK yKa3aTelld U JOCTYT K (PaKTHUYECKUM
OIlepaHJaM OCYLIECTBIISIETCS Yepe3 HUX.

swap (px, py) /* interchange *px and *py */
int *px, *py;
{

int temp;

temp = *px;
*PX = *Py;
*py = temp;

VYkazarenu B Ka4eCTBE apryMEHTOB OOBIYHO MCTIONB3YIOTCS B PYHKIHUAX, KOTOPHIE
JIOJDKHBI BO3BpaIaTh 0osee omHoro 3HaueHus. (MOXHO cKa3aTh, YTO SWap BO3BpaliaeT
J1Ba 3HaYECHMsI, HOBbIE 3HAUEHUS €€ apryMEHTOB). B kauecTBe npumepa paccCMOTpUM
byHKIHIO getint, KOTopasi OCYIIECTBISET MPeoOpa3oBaHNE MOCTYIAOIINX B CBOOOTHOM
(bopMaTe JaHHBIX, pa3aciisisd MOTOK CUMBOJIOB Ha LEJIbIC 3HAYCHUS, [10 OJHOMY LCIIOMY
3a o7HO oOpamenue. DyHKIUA getint o KHA BO3BpaIaTh JTHO0 HalIeHHOE 3HAUCHHE,
1100 MpHU3HAK KOHIA (paiiia, eciiu BXOIHBIE JaHHBIE TIOJTHOCTHIO HCUYEPIAHbl. DTH
3HAYCHUS JIOJDKHBI BO3BPAIIATHCS KaK OTACIbHBIE 00BEKTHI, KAKOE Obl 3HAYCHUE HU
ucnonbs3oBanock it EOF, naxe eciu 3T0 3HaYeHHE BBOAMMOTO IEJIOTO.

OnHO U3 peleHHii, OCHOBBIBAIOIIEECs Ha OMUChIBAEMOM B Ii1aBe 7 GyHKIMHU BBOJA
scanf, cocrout B TOM, YTOOBI IIPU BBIXOZE HAa KOHEI] (aiina getint Bo3Bpamana EOF B
Ka4ecTBe 3HaueHHs (QYHKIUH; JTI000€ Ipyroe BO3BpAIlEHHOE 3HAYEHHE TOBOPUT O
HaXO0XJICHUN HOPMAJILHOTO 11es1oro. YucaeHHoe ke 3HaYeHUe HalICHHOTO IIeJI0r0
BO3BPALIAETCS Yepe3 apryMEHT, KOTOPBIN 10JKEH OBITh yKa3aTeseM 1eJoro. Jta
OpraHM3aLys pa3/eNseT cTaTyc KOHIa (aityia 1 YncIIeHHbIC 3HAYCHHS.

Crenmyromuii UK 3aN0THIET MacCUB IEJIBIMU C TIOMOIIBIO 0OpareHni K QyHKIHH
getint:

int n, v, arrayl[size];

n < size && getint(&v) != EOF; n++)

for (n = 0;
n] = v;

array|

B pesynbrare kaxxaoro oOpaiieHus v CTAaHOBUTCS PaBHBIM CIIEIYIOIIEMY LEIOMY
3HAa4YCHUIO, HaﬁﬂeHHOMy BO BXOIHBIX NAHHBIX. O6paTI/ITe BHHUMAHHEC, YTO B KQUECTBEC
aprymenra getint HeoOxXoIuMoO yka3ath &V a He v. Mcrnoiap3oBaHue MPOCTO V CKOpee
BCETO MPUBEIET K OLIMOKE aapecaliy, MOCKOJIbKY getint moyiaraeT, 4To OHa paboTaer
UMEHHO C YKa3aTeJIeM.

Cama getint siBnsieTcsi OUeBUAHON MoM(UKAIMEl HAaTMCAaHHOW HAMU paHee (YHKIHH
atoi:

getint (pn) /* get next integer from input */
int *pn;
{

int c¢,sign;

while ((c = getch()) == " " || ¢ == "\n'
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|| ¢ == '"\t"); /* skip white space */

sign = 1;
(c == "+'" || ¢ == "'-") { /* record
sign */
sign = (c == '"+') 2 1 : -1;
c = getch();

}
for (*pn = 0; ¢ >= '0'" && c <= '9'; ¢ = getch{())

*pn = 10 * *pn + ¢ - '0';
*pn *= sign;
if (¢ != EOF)

ungetch (c) ;
return(c) ;

BripakeHue *pn ucrnoas3yercs BCIOAY B getint Kak 0ObIYHas mepeMeHHas Tumna int. Mbl
TaKXke UCTIoabp30Bany pyHkiuu getch u ungetch (onucanusle B riase 4) , Tak 4TO OJIUH
JIMITHUA CUMBOJI, KOTOTPBIH MIPUXOUTCS CYATHIBATH, MOXKET OBITh TOMEIIEH 00paTHO
BO BBOJI.

Ynpasicnenue 5-1.

Harmmumure ¢pynknuro getfloat, ananor getint aiist gucen ¢ maBaroniei Toukoi. Kakoi
THUI JI0J’)KHA Bo3Bpaiuath getfloat B kauecTBe 3HauUeHUs QyHKIUU?

5.3. Yka3zareiqim 1 MAaCCHUBBI

B s3pike C cymiecTByeT CHIIbHAs B3aMMOCBS3b MKy YKa3aTeIsIiMU U MAaCCUBAMU ,
HACTOJIBKO CHJIbHASI, YTO YKA3aTeIu U MAaCCUBBI JICUCTBUTEIHHO CIEAYET
paccMatpuBaTh OJHOBpeMeHHO. JIt00yro oneparinio, KOTOPYIO MOXHO BBITIOTHUTH C
MOMOIIIbIO MHACKCOB MAaCCH- Ba, MOXKHO CJEJIaTh U C IOMOIIIBIO yKa3aTeliel. BAPUAHT C
yKazaTenasiMu 0OBIYHO OKa3bIBaeTcs Oosiee OBICTPHIM, HO M HECKOJIBKO OoJiee TPy IHBIM
JUTSL HEMIOCPEICTBEHHOT'O TIOHUMAaHUS, 110 KpaiHel Mepe I HAYWHAIOIIET0. OMUCaHNe

int afl0]
onpenenser maccuB pasmepa 10, T.e. Habop u3 10 mocnenoBatenbHbIX 0OBEKTOB,
HasbiBaeMbIx a[0], a[1], ..., a[9]. 3anuck a[i] COOTBETCTBYET PJIEMEHTY MacCHBa uepes i
o3I oT Havasia. Eciu pa - ykazarenp 11eJI0ro, ONMCaHHbIN Kak

int *pa
TO MPpHUCBAMBAHUEC

pa = &al0]
IIPUBOJAMT K TOMY, 4TO Pa YKa3bIBAa€T Ha HYJIEBOW JIEMEHT MacCUBA a; 3TO 03HAYAET,
YTO pa coaepkuT aapec nemenTa a[0]. Teneps npucBanBaHue

X = *pa
Oynet konupoBath coaepxkumoe a[0] B x.

Ecnu pa ykaspiBaeT Ha HEKOTOPBIH ONpe/Ie/ICHHBII 2JIEMEHT MacCHBa a, TO 110
ompezeneHuio pa+tl yka3piBaeT Ha CIASAYIONINI 3JIEMEHT, U BOOOIIIE pa-i yKa3bIBAaeT HA
AJIEMEHT, CTOSIIIMN Ha 1 TO3HIINH 10 AJIeMEHTa, YKa3pIBaeMOro pa, a pa+i Ha DJIEMEHT,
CTOSIIIIUH Ha 1 mo3uIui mocie. TakuM oOpa3om, eciu pa ykaseiBaet Ha a[0], To
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*(patl)
cchutaeTcs Ha cogepkumoe af 1], pati - anpec afi], a *(pa+i) - conepxumoe a[i].

OTH 3aMeuaHMs CIPaBEJIMBbI HE3aBUCUMO OT THUIIA IIEPEMEHHBIX B MaccuBe a. CyThb
ompezeneHus "nodapneHus 1 k ykazarenro'", a TaKke ero pacpoCTpaHEHHUS Ha BCIO
apu(MeTHUKy yKazaresiei, COCTOUT B TOM, YTO MPUpALEHHE MacIITaOUpyeTCsl pa3sMepoOM
namsITH, 3aHUMaeMoi 00BEKTOM, Ha KOTOPBIN yKa3bIBaeT yKa3zaresb. TakuM o0pas3om, i
B pa+i mepex npuOaBIeHUEM YMHOXKAETCS Ha pa3Mep 00bEKTOB, HAa KOTOPBIE YKa3bIBAET

pa.

O4eBUIHO CyHIECTBYET OUYEHb TECHOE COOTBETCTBHE MEXKAY UHACKCALIMEH U
apu(MeTHKON yKa3aTesel. B IeHCTBUTEIBHOCTH KOMIIUIIATOP Mpeodpa3yeT CChUIKY Ha
MacCHB B yKa3aTellb Ha Ha4aja0 MaccuBa. B pe3yibpTare 9TOro MMs MacCuBa SIBISICTCS
yKa3aTeJabHbIM BbIpaxkeHHMeM. OTCI0/1a BBITEKAET HECKOJIBKO BECbMa MOJIE3HBIX
cnencTBui. Tak kak UM MaccHBa SIBJISIETCS CHHOHMMOM MECTOIIOJIOKEHHS €r0
HYJICBOTO 3JIEMEHTA, TO NnpucBanBanue pa=&al0] MOKHO 3amucaTh Kak

pa = a

Eme Oonee yaAMBHUTENBHBIM, TIO KpaifHEH Mepe Ha TIEPBBIN B3MJISA, KOKETCS TOT (akKT,
YTO CCBUIKY Ha a[1] MOXHO 3anucath B Bue *(a+i). [Ipu ananuze BeipaxeHus afi] B
s3pike C OHO HEMEJIEHHO TIpeoOpa3yeTcs K Buay *(a+i); 3Tu 18e GOpMBI COBEPIIICHHO
OKBHUBAJICHTHBI. ECITM IPUMEHUTH omnepanuio & K 00erM 4acTsIM TaKOT0 COOTHOIICHUS
SKBUBAJIEHTHOCTH, TO MBI IMOJTy4nM, 4TO &a[i] 1 a+i TOKe WAESHTUYHBI: a+i - aJipec i-ro
ayieMeHTa oT Hadana a. C qpyroi CTOPOHBI, €CIH pa SIBISIETCS yKazaTeaem, TO B
BBIPOKEHHIX €r0 MOYKHO MCIIOJIb30BaTh C MHACKCOM: pa[i] uaentuyHo *(pa+i). Kopoue,
T1000€ BhIpaXEHHE, BKIIFOYAIOIIEE MACCUBBI M HHIEKCHI, MOXKET OBITh 3alHCaHO Yepe3
yKa3aTelld ¥ CMEIIECHUS U HA000POT, MPHUYEM JTAKE B OJTHOM M TOM K€ YTBEPIKICHHH.

Nmeetcst oHO paznuuue MEXay MMEHEM MacCHBa M yKazarelieM, KOTOpoe He0OX0 MO
MMETh B BUJlY. YKa3aTellb ABJISIETCS IIEPEMEHHOM, TaK 4TO Ollepaluy pa=a u pat+
MMEIOT cMbIc. Ho mMst MmaccuBa sIBJISIETCS KOHCTAHTOM, @ HE IEPEMEHHOM:
KOHCTPYKLIMHU THIA a=pa WK a++, 1 pa=&a OyayT HE3aKOHHBIMHU.

Korna nms maccuBa nepenaercst pyHKIUH, TO HA caMOM JieJie el mepeaaercs
MECTOII0JIOKEHHUE Hayajla 3TOro MaccuBa. BHyTpH BbI3BaHHON (yHKIIUHM TaKOH
apryMEHT SBJISIeTCS TOYHO TaKoM jke IepEeMEHHOM, Kak 1 Jito0ast Ipyras, TaK 4yTo UMs
MacCHBa B KAYECTBE apryMEHTa JEHCTBUTEIIBHO SBISAETCS yKa3aTeleM, T.€.
[TepemenHoil, coneprxariieil agpec. Mbl MOXKEM HCIIOJIb30BaTh 3TO O0OCTOSATEIBCTBO IS
HalMCaHUs HOBOIO BapHaHTa (pyHKIMHM strlen, BEIUUCIAIONIEH JUIMHY CTPOKH.

strlen(s) /* return length of string s */
char *s;
{
int n;
for (n = 0; *s != "\0'; s++)
n++;

return(n) ;

Omnepanyst yBeJIMYEHUS S COBEPIICHHO 3aKOHHA, IOCKOJIbKY 3Ta IIepeMEHHasl ABIAETCS
yKazaTelieM; s++ HUKaK He BIMsIEeT Ha CHMBOJIbHYIO CTPOKY B oOpaTuBIIeics K strlen
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(GyHKINH, a TOJIBKO yBEIMYHUBACT JIOKATBHYIO /I GyHKIHH strlen kommio aapeca.
Onwucanus GopMaIbHBIX APAMETPOB B ONPEACICHUN (PYHKIUU B BHJIE

char s|[];
char *s;

COBEPILECHHO YKBUBAJICHTHBI; KAKOW BHUJI OIIMCAHUS CIEAYET IPEANOYECTD,
OTIpeNieNsIeTCs] B 3HAUYUTEIbHOM CTENIEHH TEM, KaKHe BhIpa)keHUs! Oy Iy T UCTIOIb30BaHbI
npu HanucaHnu GyHKud. Ecnn GyHKImm nepenaercss MMsi MacCuBa, TO B 3aBUCHIMOCTH
OT TOT'0, YTO yJ1I00HEe, MOXKHO ToJaraTh, 4YTo (PyHKIUS onepupyeT J1u00 ¢ MacCUBOM,
1100 ¢ yKas3areneM, U JeiCTBOBaTh Jajlee COOTBETCTBYIOMIMM 00pa3oM. MOKHO faxke
UCIIOJIb30BaTh 00a BUJA OMEpalii, €CIIM 3TO KaXXEeTCs YMECTHBIM U SICHBIM.

MoxHo nepeaarb (1)YHKI_[I/II/I 4aCTb MacCCHBa, €CJIN 3a1aTb B KAYCCTBC apryMmeHTa
yKa3aTejib HavdaJia moaMacCuBa. Haan/IMep, €CJIM a - MaCCHUB, TO KaK

f(&al2])
KaK U

f(at2)
nepexnaot ¢pyHkuuu f agpec snemenTa a[2], motromy 4to u &a[2], u a+2 ABIAIOTCS
yKa3aTeJIbHbIMHU BBIPAKEHUSIMHU, CCHUIAIOIIMMUCS HA TPETHUM IEMEHT a. BHYTpHU
¢yHkuuu f onucaHust apryMeHTOB MOTYT IPUCYTCTBOBAThH B BUJIE:

f(arr)
int arr[];

{

nin

f (arr)
int *arr;

Uro kacaercst pyHkuuu f, To TOT (akT, 4TO €€ apryMeHT B IeHCTBUTEIBHOCTH
CCBUTAETCs K YacTH OOJIBIIIETO MacCHBa, HE UMEET [T Hee HUKAKHUX MTOCIIEICTBUI.

5.4. AnpecHasi apupmMeTuKa

Ecnu p siBisieTcs ykaszareneM, TO KakoB Obl HE ObLT COPT 00BEKTa, Ha KOTOPBIA OH
yKa3bIBa€eT, ONepalys p++ yBEIUUUBACT P TAK, YTO OH YKa3bIBAET HA CIIETYIOLIHUI
3IIEMEHT Habopa 3THX 0OBEKTOB, a oneparys p +=i yBeIMUMBAET P TaK, YTOOBI OH
yKa3bIBaJl HA AJIEMEHT, OTCTOSIINN Ha 1 3JIEMEHTOB OT TEKYILEro 3JIeMeHTa. DT U
AHAJIOTUYHBIC KOHCTPYKIMH MPEICTABIISIOT COOON caMble MPOCTHIE U CaMble
pacnpocTpaHeHHbIe POpPMbI apuPMETHUKHN yKa3aTeael Win aipecHoi apudMeTuku.

S3p1k C mocnenoBaTeNeH U MOCTOSTHEH B CBOEM MOAXO/E K aApeCHON apru(pMEeTHKE;
0o0BeIMHEHNE B OJTHO IIETI0€ yKa3aTeseil, MacCUBOB U aJIpeCHO apu()METUKH SIBIISICTCS
OJIHOY W3 HanboJiee CHIIBHBIX CTOPOH si3bIKa. JlaBalTe MPOUUTIOCTPUPYEM HEKOTOPHIC
13 COOTBETCTBYIOIIMX BO3MOKHOCTEN SA3bIKA HA IPUMEPE JIEMEHTAPHOU (HO MOJIE3HOM,
HECMOTPS Ha CBOIO MIPOCTOTY) MPOrpaMMBbl pactipeseieHus namatu. Mimerorcs ase
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¢ynxun: pyHkus alloc(n) Bo3BpalaeT B Ka4eCTBE CBOEr0 3HaUCHUSI YKa3aTelb P,
KOTOPBIN YKa3bIBaeT Ha MEPBYIO U3 N MOCIEAOBATEIbHBIX CUMBOJIBHBIX MTO3HIUH,
KOTOpPBIE MOTYT OBITh HCIIOJIL30BAHbI BBI3bIBAIOIIEH QyHKIUIO alloc mporpaMmoii st
XpaHeHus1 CUMBOIIOB; GyHKIHS free(p) 0cBOOOkKAaEeT MPUOOPETEHHYIO TAKMM 00pa3oM
naMsITh, TaK YTO €€ B JaIbHEHIIIEM MOKHO CHOBA HMCTIOJIB30BATh. MPOTpaMMa SIBIISIETCS
"37IeMEHTAPHO", TOTOMY YTO 0OparieHus K free TOIKHBI IPOU3BOIUTHCS B MOPSIIIKE,
00paTHOM TOMY, B KOTOPOM IIPOM3BOAWINCE oOpamienus k alloc. Takum o6pazom,
ynpasisiemast pyHkImsamu alloc u free mamMsTh SBISETCS CTEKOM WM CIIUCKOM, B
KOTOPOM IIOCJICTHA BBOJIUMBIH 3JIEMEHT H3BJIEKaeTcs mepBbiM. CTaHIapTHAS
6ubnuoteka s3pika C COAEPXKUT aHAJIOTMYHbIE (PYHKLIMHU, HE UIMEIOIINE TaKuX
OTpaHUYEHUH, U, KPOME TOTO, B IJ1aBE § MBI IPUBEJIEM YIIyUIICHHBIE BapHAaHTHI. Mex Iy
TEeM, OJJHAKO, JJIsl MHOTHX MPHUJIOKEHHI HyKHA TOJIBKO TpUBHaIbHas QyHKIMA alloc ms
pacrmpeneneHust HeOOJMBbIINX YIACTKOB MAaMSATH HEM3BECTHBIX 3apaHee pa3MepoB B
HeTpeIcKa3yeMble MOMEHTHI BpEMEHH.

[Tpocreiimas peanusanus COCTOUT B TOM, UTOObI (YHKIIHS paz/iaBajia OTPE3KU
00JIBIIIOr0 CUMBOJIBHOTO MAacCHBa, KOTOPOMY MBI IipucBomiu uMs allocbuf. Dtot
MacCuB sIBJIsIeTCsl cOOCTBeHHOCThIO (hyHKIMI alloc u free. Tak kak oHM pabOTaOT C
yKa3zaTensiMH, a He C MHJEKCaMU MacCHBa, HUKAKOW Mpyroi (yHKIIMU HE HYKHO 3HATh
UMs 3TOTO MaccuBa. OH MOXET OBITh ONMCAH KaK BHEITHUHN CTaTHYeCKuH, T.e. OH Oyaet
JIOKAJIBHBIM T10 OTHOIIIGHUIO K UCXOMHOMY (aiiny, coaepxaimemy alloc u free, u
HEBUIMMBIM 32 ero npenenamu. [Ipu npakTudyeckoi peaansannn 3TOT MaCCUB MOXKET
Ja)kKe HE UMETh MIMEHU; BMECTO 3TOTO OH MOKET OBITh IMOYYEH B PE3yJIbTaTe 3ampoca K
OTIEpPAIIMOHHOI cHcTeMe Ha yKa3aTellb HEKOTOPOr0 HEMMEHOBAHHOTO OJIOKA MaMSITH.

Hpyroii HeoOxoanMoii HHPOpMaLKeH sIBIIsIETCS TO, Kakas 4acTh MaccuBa allocbuf yxe
UCTIONB30BaHa. MBI IOJIb3yeMcsl yKa3aTesleM IepBoro CBOOOJHOTO JIEMEHTa,
Ha3BaHHBIM allocp. Korma k ¢ynkmum alloc oOpamaroTces 3a BeIIEIEHHEM N CUMBOJIOB,
TO OHA MPOBEPSET, JOCTATOYHO JIM OCTAJIOCh Juist 3Toro Mecta B allocbuf. Eciu
nocraTtouHo, To alloc Bo3Bpamaet Tekymee 3nauenue allocp (t.e. Hagano cBo6ogHOTO
0J10Ka), 3aTeM YBEIMYHMBACT €ro Ha N, C TEM YTOOBI OH yKa3bIBaJl HA CIIETYIOIIYIO
cBoOoHYI0 00acTh. DyHk1mA free(p) mpocto monaraeT allocp paBHBIM p mpH
YCIIOBHH, YTO P YKa3bIBaeT Ha Mo3uiMio BHyTpH allocbuf.

#define NULL 0 /* pointer value for error report */
#define ALLOCSIZE 1000 /* size of available space */

static char allocbuf[ALLOCSIZE];/* storage for alloc */
static char *allocp = allocbuf; /* next free position */

char *alloc (n) /* return pointer to n characters */
int n;
(
if (allocp + n <= allocbuf + ALLOCSIZE) {
allocp += n;
return(allocp - n); /* OLD p */
} else /* not enough room */
return (NULL) ;

free (p) /* free storage pionted by p */

char *p;

(

if (p >= allocbuf && p < allocbuf + ALLOCSIZE)
allocp = p;
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Janum HekoTopble nosicHeHusi. BooO1ie roBopsi, yka3areiab MOXKET ObITh
MHUIMAIN3UPOBAH TOYHO TaK )K€, Kak U J1r00ast ipyras nepeMeHHasi, X0Ts. 0ObIYHO
€MHCTBEHHBIMHU OCMBICIIEHHBIMU 3HaueHUsIMU ABIsitoTcst NULL (3710 006Ccy)xaaercs
HU)KE) WIH BBIPAYKEHUE, BKIIOYAIOILIEE aIpeca paHee ONpeIeICHHbIX TaHHBIX
COOTBETCTBYIOIIEro Tuna. Onucanue

static char *allocp = allocbuf;
omnpenenser allocp kak ykazaTellb Ha CHMBOJIBI M MHUITMATU3UPYET €r0 TaK, YTOObI OH
yka3siBas Ha allocbuf, T.e. Ha mepByto cBoOOAHYIO MO3UIMIO NTPH HadYasIe paOdOThI
nporpaMMebl. Tak Kak MMsI MacCHBA SIBIISIETCS aIPECOM €r0 HYJIEBOTO 3JIEMEHTA, TO 3TO
MO>KHO OBLIO OBI 3aIIMCaTh B BUIE

static char *allocp = &allocbuf[0];
UCIIOJIB3YHTE Ty 3aMKCh, KOTOpasi BaM KakeTcs 6osee ectecTBeHHOW. C TOMOIIBI0
MIPOBEPKHU

if (allocp + n <= allocbuf + ALLOCSIZE)
BBISICHSIETCSI, OCTAJIOCh JIU IOCTATOYHO MECTA, YTOOBI yIOBIETBOPHUTH 3alPOC HA N
cuMBoJIOB. Eciiu noctatouHo, To HoBOe 3HadyeHue allocp He OyzeT ykas3biBaTh Jajbllle,
4yeM Ha nocnefHoro nosuimio allocbuf. Ecnu 3anmpoc MokeT ObITh yAOBIETBOPEH, TO
alloc Bo3BpamiaeT OOBIYHBIN yKa3aTellb (00paTUTEe BHUMAHUE HA OTICAHUE CaMOM
¢dbyukun). Ecnu ke Her, To alloc momkHa BepHYTh HEKOTOPBIN MPU3HAK, TOBOPAIIUI O
TOM, 4TO OOJIBIIIE MECTa HE 0cTanoch. B si3pike C rapaHTUpyETCsl, UTO HU OJIUH
MpaBUJIBHBIN yKa3aTesab JAHHBIX HE MOKET UMETh 3HAUEHHE HYJIb, TaK YTO
BO3BpAIICHHUE HYJISI MOXKET CITy)KHTh B KQUECTBE CHUTHAJA 0 HCHOPMAJILHOM COOBITHH, B
JAHHOM ciIy4ae 00 OTCYTCTBUHU MecTa. MBI, oiHaKo, BMecTo HyJs nuiieM NULL, ¢ tem,
4TOOBI OOJIEE SICHO TIOKa3aTh, YTO ATO CIIEIUAIBHOE 3HAYCHHE yKa3areis. Boobe
rOBOp#, LIEJbIE HE MOTYT OCMBICIICHHO ITPUCBANBATHCS YKA3aTeNsIM, a HYJIb - 3TO
0COOBIH ClTydai.

[IpoBepku BHa

if (allocp + n <= allocbuf + ALOOCSIZE)

if (p >= allocbuf && p < allocbuf + ALLOCSIZE)
JEMOHCTPUPYIOT HECKOJIBKO BaXKHBIX aCIIEKTOB apU(PMETUKH yKa3aTenel. Bo-nepBbix ,
IIpU ONPCACIICHHBIX YCIOBUAX YKA3ATCIN MOXKXHO CPABHUBATD. Ecnu P ¥ q YKa3bIBarOT
Ha DJICMEHTBI OJHOI'O M TOI'O K€ MAaCCHUBA, TO TAKUE OTHOIICHMS, KaK <, >= U T.1.,
paboTaroT HaIexkanmm oopasom. Hanpumep,

p < g
HCTUHHO, €CITH P yKa3bIBaeT Ha Oosiee paHHUIT SIEMEHT MaccuBa, 4eM . OTHoIIeHUs ==
u != Toxe pabotarot. JI1000i yka3areiab MOKHO OCMBICIEHHBIM 00pa30M CPaBHUTH Ha
paBeHcTBO Wik HepaBeHCTBO ¢ NULL. Ho Hu 3a 4TO Henb3s py4aThCs, €CJIU BbI
UCTIONIb3YyeTe CPaBHEHUS MPHU paboTe ¢ yKa3aTelsIMU, YKa3bIBAIOIIMMU Ha pa3HbIe
MaccuBbl. Eciii BaM moBeseT, To Ha BCeX MAaIlIMHAX BbI MOJTYYHUTE OUCBHUIHYIO
6eccmpicuity. Eciu sxe Het, To Bama nporpamma OyieT NpaBUIBHO padoTaTh HA OJHOMN
MaIllHE ¥ JaBaTh HEMOCTHKUMBIE PE3yJIbTaThl HA APYTOil.
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Bo-BTOpBIX, Kak MBI yKe BUJIEIH, yKa3aTellb U 11€]10€ MOKHO CKJIaJbIBaTh U BBIYUTATh.
KoHncTpykuus

p +n
NOJPa3yMeBaeT N-blii 0OBEKT 33 TEM, Ha KOTOPBIN P YKa3bIBaeT B HACTOSAIIMNA MOMEHT.
OTO crpaBeJIMBO HE3aBUCUMO OT TOT0O, Ha KaKOM BUJ OOBEKTOB P 0JIKEH yKa3bIBaATh;
KOMITMJISITOP CaM MacCHITa0MPyEeT N B COOTBETCTBHH C OINPEEIIIEMBbIM U3 OIUCAHUSA P
pa3zmMepoM 0OBEKTOB, YKa3bIBa€MbIX ¢ moMoIibio p. Hanmpumep, na PDP-11
MacITaOupyIomui MHOXKHTENb paBeH | juis char, 2 nng int u short, 4 i long u float u
8 mst double.

Brrunranue ykazatenei To)ke BO3MOXKHO: €CIIU P U q YKa3bIBAIOT HA 3JIEMEHTHI OJTHOTO
U TOTO K€ MacCHBa, TO P-( - KOJMUYECTBO JIEMEHTOB MEXKY P U . DTOT (haKT MOKHO
UCIIOJIb30BAaTh JJIsl HAIIMCAHMSI €1Ie OJJHOTO BapuaHTa (PyHKIUU

strlen:
strlen (s) /* return length of string s */
char *s;
{
char *p = s;
while (*p != '"\0"'")

pt+;
return (p-s);

I[Ipu onucanuyu ykaszaTenb p B 3TOH (yHKINY HHUIUAIU3UPOBAH IIOCPEICTBOM CTPOKH
S, B pe3yJIbTaTe 4ero OH YKa3bIBACT Ha MIEPBBIN CUMBOJ CTPOKH. B mukiie while mo
o4epeu MPOBEPSETCs KKIBIH CUMBOII 10 TEX TOP, TIOKa HE TOSBUTCS CUMBOJ KOHIIA
ctpoku \0. Tak kak 3HaueHue \O) paBHO HyJIIO, @ While TOJIbKO BBISICHSET, UMEET JIU
BBIpaKEHUE B HeM 3HaueHHe 0, TO B JAHHOM CIIydae SIBHYIO TPOBEPKY MOYKHO OIYCTHTb.
Taxue MUKl YaCTO 3aIHCHIBAIOT B BUJIE

while (*p)
pt++;

Tak Kak p yka3bIBaeT Ha CHMBOJIBI, TO OTepaTop p++ MmepeaBUraeT p KakIplid pa3 Tax,
4yTOOBI OH YKa3bIBaJI HA CIAEAYIOMINI CUMBOJI. B pe3ynbprare p-s 1aet 4yucio
POCMOTPEHHBIX CUMBOJIOB, T.€. JTMHY cTpOKU. ApudMeTHKa yKa3aTenei
10CJIeI0BaTEIbHA: €CITH ObI MBI HMEITH JIEJI0 C TepeMeHHbIMU ThIa float, KoTopbIe
3aHUMAIOT OOJIBIIIE TTAMSTH, YEM MepeMeHHbIe ThIa char, u eciu ObI p OBUT yKa3aTeaeMm
Ha float, To omeparop p++ nepeaBuHy ObI p Ha cienyromiee float. Takum 0oOpa3oM, MbI
MoIJIM OBl HanmucaTh APyroi BapuaHT GyHkimu alloc, pactpenenstoniei namsTh 1Jis
float, BMecTo char, mpocTo 3ameHuB Bcroay B alloc u free ommcarens char Ha float. Bee
JICHCTBUS C YKa3aTEeJIIMU aBTOMATUYCCKH YUUTHIBAIOT pa3Mep 0OBEKTOB, HA KOTOPHIE
OHHM yKa3bIBaIOT, TAK YTO OOJIBIIIE HUYETO MEHAThH HE HAJIO.

33 HNCKIIIOUCHUCM ynOMfIHYTI)IX BBIIIIC onepaunﬁ (CJ'IO)KCHI/IG 1 BBIYUTAHUC YKaSaTeJ'Iﬂ 58
IIEJIOT0, BEIYUTAHUE M CPABHEHUE JIBYX yKa3areseii), Bcs ocTalbHas apuMeTHKa
yKasareJeH sBIIIeTCS He3aKOHHOM. 3amperieHo CKIaIbIBaTh IBa yKa3aTems, YMHOXKATh,
JIeNTUTh, CABUTATh WM MACKUPOBATh UX, a TAKXKE MPHUOABIISITh K HUM IIEPEMEHHbBIE THIIA
float i double.
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5.5. Yka3aresu CMHMBOJIOB U (PYHKIIUH

CtpouHas KOHCTaHTa, KaK, HalpuMep,

"i am a string"
SBJISIETCSI MACCUBOM CUMBOJIOB. KOMIIMIIATOpP 3aBepiiaeT BHYTPEHHEE MPEACTABICHUE
TaKOro MaccuBa cUMBOJIOM \0, TaK YTO MPOTPaMMbI MOTYT HaXOAUTh €ro KoHell. Takum
06p330M, JJIMHa MaCCHBa B IIaMATH OKa3bIBACTCA HA CAUHULY 0OJIbIIIE YHCIa CHMBOJIOB
MEK]ly JBOMHBIMU KaBbIYKaMHU.

HO-BI/II[I/IMOMy qamie BCCro CTpOYHBIC KOHCTAHTBI MOABJIAIOTCS B KAUYCCTBC apryMCHTOB
GyHKIMHA, KaK, HAaTPUMED, B

printf ("hello, world\n");
KOTJJa CHMBOJIbHAsI CTPOKA, 110100Has 3TOM, NOABISAETCA B IPOrpaMMe, TO IOCTYT K Hel
OCYILECTBIISIETCS ¢ TOMOIIBIO YKa3aTesst CHMBOJIOB; (pyHKIwms printf pakrndecku
NOJIy4aeT yKa3aTelb CHMBOJIBHOIO MACCUBA.

KoneuHo, cuMBOJIbHBIE MACCUBBI HE 0053aHbI ObITh TOJILKO apryMeHTaMH (DyHKIIHH.
Ecnu onucath message kak

char *message;
TO B pE3YJILTATC OIICpaTopa

message = "now is the time";
IepeMeHHas message CTaHeT yKazaTelleM Ha (JaKTHYEeCKU MacCUB CUMBOJIOB. DTO HE
KOIMMPOBAHUE CTPOKHU; 3[IECh YUACTBYIOT TOJIBKO yKa3aTeiu. B si3blke C He
IpEeIyCMOTPEHBI KaKHe-T100 onepanuu a1 00paboTKH Bcel CTPOKH CUMBOJIOB KaK
LIEJIOTO.

MBI IpOMILTIOCTPUPYEM IPYTHE acTIEKThl yKa3aTelel U MacCUBOB, pa3oupas ABe
noJie3Hble (PYHKIMU U3 CTaHAAPTHOW OMOTMOTEKH BBOJA-BBIBOJIA, KOTOpas OyaeT
paccMoTpeHa B TJ1aBe 7.

[epBas ¢pyHKIMA - 3TO Strepy(s,t), KOTOpask KOMUPYET CTPOKY T B CTPOKY S. APTyMEHTBI
HalMCaHbl UMEHHO B 3TOM MOPSIIKE IO aHAJIOTUH € ONlepalueil MpucBanBaHus, KOraa
JUISL TOTO, YTOOBI MPUCBOUTH t K S OOBIYHO MHUILYT

s =t
CHayvajia IpuBCIACM BEPCHIO C MACCUBAMMU:

strcpy (s, t) /* copy t to s */
char s[], tl]l;
{
int i;
i = 0;
while ((s[1i] = t[i]) !'= "\0")
i++;

[l conocTaBieHusl HUXKE JACTCsl BAPUAHT SICpy € yKa3aTeJsIMU.
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strcpy (s, t) /* copy t to s; pointer version 1 */
char *s, *t;
{
while ((*s = *t) != '\0") {
S++;
t++;

Tak xak apryMeHTbI IepeJaloTCs M0 3HAUEHUI0, QYHKIUS StrCpy MOYKET MCIIOIb30BaTh S
U t TaK, KaK OHa MOKeJaeT. 371eCh OHU C YA0OCTBOM I0JIaraloTCs yKa3aTelIs MU, KOTOpPbIE
NepeIBUratoTCs BAOJIb MACCUBOB, IO OTHOMY CUMBOJIY 3a IIIar, MOKa He OyAeT
CKOTMPOBAH B § 3aBepuIaonuii B t cumsod \0.

Ha npakTtuke Qynkuus strcpy Obu1a Obl 3anMcaHa HE Tak, KaK Mbl TOKa3aiu Bele. Bot
BTOpasi BO3MOKHOCTb!

strcpy (s, t) /* copy t to s; pointer version 2 */
char *s, *t;
{

while ((*s++ = *t++) != '\0")

’

31ech yBEIUYCHUE S ¥ t BHECEHO B IPOBEPOYHYIO YaCTh. 3HAYCHUEM *t++ SBISETCA
CUMBOJI, Ha KOTOPBII yKa3bIBaJl t 10 YBETUUEHHUS; TOCTPUKCHAS ornepanus ++ He
U3MEHsIeT t, I0Ka 3TOT CUMBOJI HE OyAeT U3BjIeUeH. TOYHO TaK e 3TOT CUMBOJI
MIOMEIAETCs B CTapYIO MO3UIIHMIO S, IO TOTO Kak s OyieT yBenuueHo. Koneunsiit
pe3yJbTaT 3aKI0YaeTCs B TOM, YTO BCE CUMBOJIbI, BKJIIOUast 3aBepIuaroiuii \0,
KONHUPYIOTCA U3 t B S.

U xak nocienHee COKpalieHne Mbl OISTh OTMETUM, YTO cpaBHeHHE ¢ \ sIBiIseTCS
U3JIMIIHUM, TaK 4YTO (YHKIIMIO MOKHO 3aIlucaTh B BUJIE

strcpy (s, t) /* copy t to s; pointer version 3 */

char *s, *t;

{

while (*s++ = *t++)

}
XOTS € IIEPBOIO B3IJIsA1A OTA 3AIIMCh MOKET MIOKA3aThCsl 3aralouHOM, OHA 1aeT
3HAYUTEIBHOE YA0OCTBO. DTOW MAMOMOH CIIEAYET OBJIAICTD YK€ XOTS OBl IIOTOMY, YTO
BBI ¢ Hell Oyzere yacTo BcTpeyaThest B C-mporpammax.

Bropas ¢pynkuus - stremp(s, t), KoTopast CpaBHUBAe€T CUMBOJIbHBIE CTPOKH S U T,
BO3Bpalllas OTPULATENBHOE, HYJIEBOE WM MTOJIOKUTEIBbHOE 3HAUEHUE B COOTBETCTBUHU C
TEM, MEHbIIIE, pAaBHO WK OoJIblIe JeKCUKorpaduiecky s, ueM t. Bozppamaemoe
3HAUEHUE MOIYYaeTCsl B pe3yJIbTaTe BEIUNTAHUS CUMBOJIOB U3 IEPBOI MO3ULINH, B
KOTOPOI1 s U t HE COBMAAIOT.

strecmp (s, t) /* return <0 if s<t, 0 if s==t, >0 if s>t */
char sf[], tll;
{
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int i;

i = 0;
while (s[i] == t[i])
if (s[i++] == '\0")
re ;
t

}

Bot Bepcus stremp ¢ ykazaTensiMu:

strcmp (s, t) /* return <0 if s<t, 0 if s==t, >0 if s>t */
char *s, *t;
{
for ( ; *s == *t; s++, t++)
if (*s == '\0")
return (0) ;
return (*s—-*t) ;

}

Tak Kax ++ ¥ -- MOTYT OBITh KaK MOCT(QHUKCHBIMH, TaK 1 MPEPUKCHBIMU OTIEPALIHAIMH,
BCTPEUAIOTCS APyTrue KOMOMHAIUY * U ++ U --, XOTS ¥ MEHEEe 4acTo.

Hanpumep
*++p
YBEIUYMBAET P 0 U3BJIEYEHUS CUMBOJIA, HA KOTOPBIM YKa3bIBaeT P, a

*--p
CHayJajla yMEHBIIIAET P.

Ynpasxcnenue 5-2.

Hanumure BapuanT ¢ yka3arensiMu pyHKIMH strcat U3 riaBbl 2: streat(s, t) Konupyer
CTPOKY t B KOHEII S.

Ynpasxcnenue 5-3.
Hanwummre makpoc Juist strepy.
Ynpasxcnenue 5-4.

[epenumunTe MoaAXoAsAIIME IPOTrPaMMBbl U3 TIPEABLIYIINX IIaB ¥ YIPAaKHEHUH,
UCTIONB3YS YKa3aTelId BMECTO HHACKCAIIMH MACCHBOB. XOPOIINE BOZMOXHOCTH JUIS
3TOTO MpenoCTaBisIoT pyHKIMK getline (rnasel 1 u 4), atoi, itoa 1 UX BapuaHTHI (TJIaBbI
2,3 u4), reverse (rnasa 3), index u getlop (rnasa 4).

5.6. Yka3zareiu - He 1eJIbIe.

Bb1, BO3MOXHO, 00paTuiiu BHUMaHHe B npeabAynux C-mporpaMMax Ha JOBOJIBHO
HETPUHYXIEHHOE OTHOLICHHE K KOTIMPOBAaHUIO yKa3zarenel. B obiiem 3To BepHO, 4TO
Ha OOJIBIIMHCTBE MAIllMH yKa3aTelb MOKHO IIPUCBOUTH LIEJIOMY U IIepeaaTh ero
00paTHO, HE U3MEHUB €T0; MIPHU ITOM HE MPOUCXOJUT HUKAKOTO MACIITAOUPOBAHUS HITH
npeoOpa3oBaHus U HU OAUH OUT He TepsieTcs. K coxkanenuto, 3To Be1€T K BOJIbHOMY
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oOpaiteHuo ¢ PyHKIMIME, BO3BPAILAIOIIUMHE YKa3aTelli, KOTOPbIC 3aTEM IPOCTO
nepeaarTes APYruM GyHKIUSIM, - HEOOXOAMMBIC OTIMCAHUS yKa3aTeJeH 4acTo
omyckatorcs. Paccmorpum, Hanpumep, PyHKIUIO strsave(s), KoTopasi KOMUPYET CTPOKY
S B HEKOTOPOE MECTO JUIS XpPaHCHHUs, BBIICIAEMOE TIOCPECTBOM OOpaIIeHus K PyHKIIUU
alloc, 1 Bo3BpaIaer yka3zaTeib Ha 3TO MecTO. [IpaBriibHO OHA TOJDKHA OBITH 3amcaHa
TaK:

char *strsave(s) /* save string s somewhere */
char *s;
{

char *p, *alloc();

if ((p = alloc(strlen(s)+1l)) != NULL)

strcpy (p, s)7
return (p);

}
Ha MPAKTHUKE CYIIECTBYET CUJILHOE CTPEMJICHHUE OITyCKaTh OMHCAHUS:

*strsave(s) /* save string s somewhere */

{

char *p;

if ((p = alloc(strlen(s)+1)) != NULL)
strcpy(p, s):
return (p) ;

}

Ota nporpamma OyJeT MpaBUWJIbHO padOTaTh HAa MHOTMX MalIMHAX, IOTOMY YTO 10
YMOJTYaHHIO (PYHKIIMH U apryMEHTbI UMEIOT THUII int, a yKa3aTelb U LeJ10€ 0ObIYHO
MO>KHO 0€301acHO MepechuIaTh Ty1a U 00paTtHo. OHAKO TaKOW CTHIIb
IIPOrPaMMUPOBAHHUS B CBOEM CYLIECTBE ABJICTCS PUCKOBAHHBIM, IIOCKOJIBKY 3aBUCUT OT
JeTanell peaau3aluy U apXUTEKTypbl MallIMHbI U MOKET IPUBECTU K HEMPABUIIBHBIM
pe3yJibTaTaM Ha KOHKPETHOM HCIIOJIb3YyEeMOM BaMH KoMnuisTope. Pasymuee Bcromy
UCIOJIB30BaTh NoJHble onucanus. (Otnagouynas nporpamma LINT npexynpenut o
TaKUX KOHCTPYKLUSX, ECIIM OHU 110 HEOCTOPOKHOCTH BCE XKE MOSABATCS).

5.7. MHoromepHbie MaCCHBBI.

B s3p1ke C npenycMOTpeHbI PSMOYTOJIbHBIE MHOTOMEPHBIE MACCUBBI, XOTS HA
HpaKTI/IKe CYI_]_ICCTBYCT TCHIACHIIUA K UX 3HAUUTCIIBHO 60.]166 pe,Z[KOMy HCITIOJIB30BAHUIO
110 CPAaBHEHUIO C MaCCUBaMU yKa3arelsieil. B aTom paznene Mbl pacCMOTPUM HEKOTOPHIE
MX CBOMCTBA.

PaccmoTpuM 3amauy mpeobpazoBaHus AHS MecAlla B IeHb rojia U Haobopot. Hampumep,
1-oe mapta siBisiercs 60-M THEM HEBUCOKOCHOTO Toa U 61-M 1HEM BUCOKOCHOT'O TOfa.
JaBaiiTe BBeieM aBe (DYHKIIUH 7Sl BBIMIOJHEHUS 3THX IpeoOpazoBanuii: day of year
npeoOpasyeT MecsIIl U JICHb B JIeHb Toa, a month day mpeoOpa3yer neHb roja B MecsIy
u neHb. Tak kak 3Ta nmocienHss GyHKIKs BO3BpAIIAeT ABa 3HAUEHUS, TO apTyMEHTHI
Mecsia 1 JTHS JOJKHBI ObITh yKa3aTesMu:

month day (1977, 60, &m, &d)
[Tomaraer m paBabiM 3 u d paBHbIM 1 (1-0€ MapTa).
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O06e 3T PYHKIIUN HYKTAFOTCS B OJTHOM U TOU K€ WH(DOPMAITMOHHOM TaOIHIIE,
yKa3bIBAIOIIEH YUCIIO THEW B KaXKIOM MecsIe. Tak Kak Yuciio THEH B MecsIIe B
BHCOKOCHOM U B HEBUCOKOCHOM T'0JTy OTJIMYACTCSI, TO MPOIIE MPEICTABUTH X B BUIC
JIBYX CTPOK JBYMEPHOTO MacCHBa, YeM MBITAThCS MPOCIICKUBATH BO BPEMSI
BBIYHCJICHH, YTO UMEHHO TIPOUCXOANT B (peBpasie. BOT 3TOT MacCHB U BHITIOTHSIOIIHE
3TH ipeoOpa3oBaHusl PYHKIUH:

static int day tab([2][13] = {
(0, 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31),
(0, 31, 29, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31)
bi
day of year(year, month, day) /* set day of year */
int year, month, day; /* from month & day */
{
int i, leap;
leap = year%4 == 0 && years100 !'= 0 || year%400 == 0;
for (i = 1; 1 < month; i++)
day += day tab[leap][i]:;
return (day) ;

month day(year, yearday, pmomth, pday) /*set month,day */
int year, yearday, *pmomth, *pday; /* from day of year */
{
leap = year%4 == 0 && years100 !'= 0 ||
for (1 = 1; yearday > day tab[leap][i
yearday -= day tab[leap][i];
*pmomth = 1i;
*pday = yearday;

years400 == 0;
1; i++)

Maccus day_tab momken ObITh BHEIIHUM Kak 1715 day of year, Tak u 1yist month _day,
HIOCKOJIBKY OH MCHOJB3YEeTCS 00eUMH STUMHU (PYHKIHAMHU.

Maccus day_tab sBisieTcs IEpBBIM JIByMEPHBIM MaCCUBOM, C KOTOPBIM MBI IMEEM
neno. [To onpenenennto B C AByMEpPHBI MACCUB IO CYLIECTBY SIBISETCS] OJTHOMEPHBIM
MaCCHUBOM, Ka)I(IILIfI 9JICMCHT KOTOPOTO SABJIACTCA MACCHUBOM. HOBTOMy HHAOCKCHI
3aMMChIBAIOTCS KaK

day tab[i][3j]
a HC

day tab [i, J]
KakK B OOJIBIITMHCTBE SI3BIKOB. B OCTallbHOM C IByMEPHBIMH MacCUBAMH MOXKHO B
OCHOBHOM 00pamiaThCsi TAKKM K€ 00pa3oM, Kak B IPYTUX S3bIKaX. DIEMEHThI XPAHSITCS
1o cTpokawm, T.e. [Ipu oOpaiieHnn K 3J1eMEeHTaM B MOPSAKE WX pa3MEIICHUS B TaMATH
OBICTpEE BCETO U3MEHSIETCS CaMBbIii IIPaBbId WHICKC.

MaccuB MHUIHATTU3UPYETCS C TIOMOIIBIO CIIHCKA HAYaJIbHBIX 3HAUYEHUH, 3aKITFOYCHHBIX
B (purypHbBIe CKOOKH; Ka)Kaasi CTPOKa IBYMEPHOTO MAaCCHBa HMHUIHAIU3UPYETCS
COOTBETCTBYIOIIUM TMOJICITMCKOM. MBI MOMECTHIIM B Ha4yalio MaccuBa day tab cronberr
W3 HyJIEH IJIs TOTO, 9YTOOBI HOMEPA MECSIIEB U3MEHSIIIUCH €CTECTBEHHBIM 00pa3oM oT 1
10 12, aHe ot 0 no 11. Tak kak 3a PKOHOMHIO NTAMSATH Y HAC MIOKAa HE HAarpaX1aroT,
Tako# croco0 mpolre, 4eM MOAroHKa UHAEKCOB.
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Ecnu aBymepHbIii MaccuB niepeaaetcs (GyHKIUHU, TO OMMCAHHE COOTBETCTBYIOIIETO
apryMeHTa (QyHKIMH JOJDKHO COJIEPKATh KOJIMYECTBO CTOJIOIOB; KOJHMUECTBO CTPOK
HECYIIECTBEHHO, TOCKOJIbKY, KaK M PEX/e, PaKTUIEeCKH MepeaeTcs ykasarenb. B
HAaIlleM KOHKPETHOM CJIydae 3TO yKa3arelib 00BEKTOB, SBIISIONUXCS MacCUuBaMu u3 13
guceln tuna int. Takum o6pazom, eciii ObI TpeOOBAIOCH MepeaaTh MaccuB day tab
¢yukuuu f, To onucanue B f umeno 6b1 BUA:

f (day tab)
int day tab[2][13];
{

}
Tak Kak KOTM4E€CTBO CTPOK SBJISETCS] HECYIIECTBEHHBIM, TO ONTUCaHKe aprymMeHTa B f
MOTJIO OBI OBITh TAKHUM:

int day tabl[][13];
HJIN TaKHUM

int (*day tab) [13];
B KOTOPOM F'OBOPHTCS, YTO apTyMEHT SIBJIIETCS yKa3aTeJleM MaccuBa U3 13 1enbix.
Kpyribie ckoOku 3/1ech HEOOXOAMMBI, IOTOMY YTO KBaJpaTHbIC CKOOKH []| uMeroT Ooiiee
BBICOKHI1 YPOBEHb CTApUIMHCTBA, YeM *; KaKk Mbl YBUIMM B CIEIYIOLIEM pa3jeie, 6e3
KPYTJIBIX CKOOOK

int *day tab[13];
SBJISIETCS ONMKMCAaHWEM MaccuBa U3 13 ykaszaTesnei Ha Lelible.

5.8. MaccuBbI yKka3arteJieil; ykazaTeau yKa3aTeseH

Tak kak yka3aTenau caMH SBJISIIOTCS IEPEMEHHBIMU, TO Bbl BIIOJIHE MOTJIM ObI 0XKHATh
MCIIOJIb30BAaHUs MacCUBa yKaszaTesel. JTO JeMCTBUTEIBHO TaK. Mbl IPOMILIIOCTPUPYEM
3TO HAIMCAHUEM TPOTPAMMBI COPTHPOBKH B aI(paBUTHOM MOPSAKE HAOOPA TEKCTOBBIX
CTPOK, NPEJEIBbHO YIIPOLIEHHOIO BApUAHTa YTUIIUTHI SOt ONEpalluOHHON CUCTEM
UNIX.

B rmaBe 3 mbl mpuBenu GyHKIUIO copTupoBku 1o [llenny, koTopas ynopsgounBaia
MaCCHUB IIEJIbIX. DTOT e aITOPUTM OyAeT padoTaTh U 3/1€Ch, XOTS TETIEPh MBI Oy1eM
UMETH JIeJIO CO CTPOYKAMU TEKCTa Pa3IUYHON JITUHBI, KOTOPBIC, B OTIUYHE OT LEbIX,
HEIb3s CPAaBHUBATH MJIH MEPEMEIIATh C IOMOIIBIO OTHOM orepanui. Mbl HyKIaeMcs B
TaKOM TPEJICTABICHUH JAHHBIX, KOTOPOE OBl TO3BOJISLIIO YA00HO U 3P PEKTUBHO
00pabaTbIBaTh CTPOKHU TEKCTA TIEPEMEHHOM JUTUHBI.

31ech ¥ BO3HUKAIOT MacCUBBI yKazareneil. Eciu noaexaiiue COpTUPOBKE CPOKHU
XpaHATCA OJIHA 32 JIPYToil B JUIMHHOM CUMBOJIBHOM MaccHBe (yIpaBiisieMOM, HalpuMep,
dynkmeit alloc), To kK KaXkI0H CTPOKE MOXKHO OOpPATUTHCS C TTIOMOIIBIO YKa3aTesl Ha ee
nepBblil cuMBoI. CaMu yKa3aTeian MOKHO XPaHUTh B MACCUBE. IBE CTPOKU MOKHO
CpaBHUTH, TIEPEIaB X yKazaTeau QyHkiuu stremp. Ecinu aBe pacmnosnokeHHbIE B
HEMPABUILHOM TMOPSIIKE CTPOKH TOJIKHBI OBITH TIEPeCTaBICHbI, TO (aKTUIECKU
NEPECTABISIOTCS yKa3aTell B MaCCUBE yKa3zaTesel, a He caMU TEKCThI CTPOK. DTUM
UCKJTIOYAIOTCS Cpasy JIBE CBsI3aHHBIC TPOOJIEMBI: CIIOKHOTO YIIPABJICHUS MAMSTHIO U
OO0JIBIINX TOMOJHUTENBHBIX 3aTpaT Ha (PAaKTUYECKYIO MIEPECTAHOBKY CTPOK.

[Iporiecc COPTUPOBKH BKITIOYAET TPH IIara:
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e YTEHHE BCEX CTPOK BBOJAA
e UX COPTHPOBKa
e BBIBOJ UX B IIPAaBUIILHOM MOPSIJIKE

Kak 00b1uHO, syd1iie pa3aeianTb IporpaMMy Ha HECKOJIBKO (DYHKIIMNA B COOTBETCTBHHU C
€CTECTBEHHBIM JICJICHUEM 33Ja4¥l U BBLACIHUTH BEAYIIyI0 (PyHKINIO, YIPABIISIONIYTO
paboToii Bcel MporpaMMal.

JlaBaiiTe 0TJIOKMM Ha HEKOTOPOE BPEMS paCCMOTPEHUE 111ara COPTUPOBKU U
COCPEIOTOUMMCS Ha CTPYKTYpPE AAHHBIX U BBOJE-BbIBOE. DYHKIMS, OCYIECTBIIAIONIAS
BBOJI, IOJDKHA U3BJIEYb CUMBOJIBI Ka)KJI0OM CTPOKH, 3aIIOMHUTh UX U IIOCTPOUTH MACCHUB
yKkazaresneil crpok. OHa JOKHA TakKe MOJCUUTATh YUCIIO CTPOK BO BBOJE, TaK KakK 3Ta
uHpOpMaLus He0OXoIUMa IIPU COPTUPOBKE U BbIBOAE. Tak Kak (pyHKIUSA BBOJA B
COCTOSIHUM CIIPAaBUTHCS TOJIBKO C KOHEYHBIM YHCIIOM BBOJUMBIX CTPOK, B ClIydae
CJIMIIKOM OOJIBIIIOTO MX YHCJIa OHa MOXKET BO3BpAaIllaTh HEKOTOPOE YUCIIO, OTIIMYHOE OT
BO3MO>KHOT'O YHCJIa CTPOK, Harpumep -1. @yHKIMS OCYIIECTBIISIONIAs BHIBOI, JOKHA
IIe4aTaTh CTPOKU B TOM MOPSAJKE, B KAKOM OHHM IOSIBIISIFOTCSI B MACCUBE yKa3aTelei.

#define NULL 0
#define LINES 100 /* max lines to be sorted */

main () /* sort input lines */

{

char *lineptr[LINES]; /*pionters to text lines */
int nlines; /* number of input lines read */

if ((nlines = readlines(lineptr, LINES)) >= 0) {
sort (lineptr, nlines);
writelines (lineptr, nlines);

}

else
printf ("input TOO BIG to sort\n");

}

#define MAXLEN 1000
readlines (lineptr, maxlines) /* read input lines */
char *lineptr[]; /* for sorting */
int maxlines;
{
int len, nlines;
char *p, *alloc(), line[MAXLEN];

nlines = 0;
while ((len = getline(line, MAXLEN)) > 0)
if (nlines >= maxlines)
return(-1);
else if ((p = alloc(len)) == NULL)
return (-1);
else {
line[len-1] = '\0'; /* zap newline */
strcpy (p, line);
lineptr[nlines++] = p;

}

return(nlines);

}

CHUMBOJI HOBOI CTPOKH B KOHIIE KaXKIOW CTPOKHU yAajsieTcsl, Tak YTO OH HUKAK He OyleT
BJIUSTH HA MOPSAJOK, B KOTOPOM COPTUPYIOTCSI CTPOKH.
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writelines (lineptr, nlines) /* write output lines */
char *lineptr[];

int nlines;

{

int i;

for (i = 0
printf (

i < nlines; i++)
'$s\n", lineptr[i]);

= ~.

Cy'H_IeCTBCHHO HOBBIM B 3TOM IporpamMme ABJISICTCS OITMCAHNC

char *lineptr[LINES];
KOTOpoe cool1aert, uro lineptr sBnsercs maccuBoM u3 LINES snemenToB, kaxkapiii u3
KOTOPBIX - yKa3areih Ha MEPEeMEeHHBIC THITa char. 9To o3Havaer, uro lineptr([i] -
yKasatejb Ha CUMBOJIBI, a *lineptr[i] u3BnexkaeT CHUMBOIL.

Taxk kak cam lineptr sBIsieTCSI MACCUBOM, KOTOPBIH nepefaetcs GpyHkuuu writelines, ¢
HUM MOKHO 0oOpamarbcs Kak ¢ yKa3aTrejaeM TOYHO TaKHM e 00pa3oM, Kak B HAIINX
Oosee panHuX npuMepax. Torna nmocneaHow GyHKINI0 MOXKHO IIEPENUcaTh B BUIE:

writelines (lineptr, nlines) /* write output lines */
char *lineptr([];
int nlines;

{

int i;

while (--nlines >= 0)
printf ("$s\n", *lineptr++);
}
3nech *lineptr cHauasa yka3bIBaeT Ha MEPBYIO CTPOKY; KAXKI0€ YBEIUICHHE
NepeIBUraeT yKa3aTellb Ha CIEIYIOLIYI0 CTPOKY, B TO BpeMs Kak nlines yObIBaeT 110
HYJIAL.

CripaBUBLINCH C BBOJIOM U BBIBOJIOM, MBI MOYKEM MEPENUTH K COPTUPOBKE. IIporpamma
coptupoBku 10 [lenny u3 rnassl 3 TpeOyeT 04eHb HEOOIBIINX U3MEHEHHH: TOKHBI
OBITh MOTM(UITPOBAHBI OTIMCAHUS, & OTIEPALINS CPABHEHHS BBIJICIICHA B OT/ACIBHYIO
¢bynkiuo. OCHOBHOM aNTOPUTM OCTAe€TCs TEM )K€ CaMbIM, U 3TO JaeT HaM
OTpe/IeNIieHHYI0 YBEPEHHOCTh, UTO OH MO-IpexHeMy OyeT paboTaTh.

sort (v, n) /* sort strings v[0] ... v[n-1] */
char *v[]; /* into increasing order */
int n;

{
int gap, i, 3
char *temp;

for (gap = n/2; gap > 0; gap /= 2)
for (1 = gap; 1 < n; i++)

for (3 =i - gap; J >= 0; j -= gap) {
if (strcmp(v([jl, vIjtgapl) <= 0)
break;
temp = v[j];
v[jl = vIlj+gapl;
v[jt+tgap] = temp;
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Tak kKak KaK/IbIii OTICIBHBIN JIEMEHT MaccuBa vV (MMsl POpPMaITLHOTO TapameTpa,
COOTBETCTBYIOIIETO lineptr) siBIIsIeTCS yKa3aTejaeM Ha CUMBOJIBI, TO U temp JTOJKEH
OBITH YKa3aTeJIEM Ha CUMBOJIBL, YTOOBI MX OBLJIO MOKHO KOMMPOBATh JIPYT B JIpyra.

MBpI Hankcany 3Ty IPOrpaMMy 110 BO3MOXKHOCTH 00JIee TIPOCTO C TeM, YTOOBI
noOkICTpee MOTYIUTh padboTaromnlyto nporpammy. OHa Moriia Ob1 paboTaTh OBICTpEE,
€CITH, HallpuMep, BBOAUTH CTPOKH HETIOCPEICTBEHHO B MACCHB, YIPABIISECMbIi
¢ynkuueii readlines, a He KOMUPOBATh UX B line, a 3aTeM B CKPHITOE MECTO C MIOMOIIIBIO
¢ynkuu alloc. HO MBI cauTaeM, 4TO OyIET pasyMHee epBOHAYAIbHBIA BapUAHT
cenarpb 6osee MPOCThIM It HOHUMaHus, a 00 "3 dexkrnBHOCTH" 1103200TUTHCS
nosaaee. Bee ke, mo-BuIuMomy, croco0, Mo3BOJISIONIHN TOOUTHCS 3aMETHOTO
YCKOPEHHS PadOThI TPOTPAMMBI, COCTOHUT HE B UCKITFOUEHUH JIUITHETO KOTUPOBAHHS
BBOJMMBIX CTPOK. bosiee BeposiTHO, 4TO CYIIECTBEHHON pa3HHIIBI MOXXHO JOCTHYb 32
cYeT 3aMeHbI copTupoBKH 10 Ilemty Ha HedTO Mydiee, HapUMeEp, Ha METOA OBICTPOI
COPTHPOBKH.

B rnase 1 Mbl 0OTMeYann, 9TO MOCKOJIBKY B ITMKIIax while u for mpoBepka
OCYHICCTBIIACTCA OO TOTO, KaK TCJIO IIUKJIA BBIITOJIHUTCA XOTA 61:1 OIWH pa3, 3TU LUKJIbI
OKAa3bIBAIOTCS YOOHBIMHU T 00ECTICUSHHS TPABUILHON paObOTHI IPOTPAMMBI TIPH
TpaHUYHBIX 3HAYCHUAX, B HACTHOCTH, KOTI'Zla BBOJa BOOGH.[C HeT. O4eHn Hoae3HO
POCMOTPETH Bce (DYHKIIMU TPOTPAMMBI COPTHPOBKH, Pa3oUpasich, 9TO MPOUCXOIUT,
cCilin BBO)IPIMI)IfI TEKCT OTCYTCTBYCT.

Ynpasinenue 5-5.

[Tepenumute Qynkuuto readlines Takum 06pazom, 4ToObI OHA OMEIIIaNla CTPOKHU B
MacCCHB, TIPEAOCTABISIEMBIN (QYHKIMEH main, a HE B MaMSTh, YIIPABIIEMYIO
oOpamienusmu K ¢pynkuuu alloc. Hackonpko ObicTpee crana nmporpamma?

5.9. Uunumnanu3anust MAaCCUBOB YKa3aTeJle.

PaccmoTrpum 3amauy Hanucanus ¢pyHknuu month name(n), koTopas BO3Bpamiaet
yKa3aTeab Ha CHMBOJIBHYIO CTPOKY, COAEPIKAIILYI0 UM N-I'0 MecsAla. JTO uacaabHas
3aj1aya JUIsl IPUMEHEHHsI BHYTPEHHETO CTaTHYecKoro maccua. dyHkmus month name
COJICPKHT JIOKATbHBIM MAaCCHB CUMBOJIBHBIX CTPOK U MPH 00paIeH!H K Hel
BO3BpAIIACT yKa3aTelb Hy)KHOW CTPOKHU. Tema HaCTOSIIEro pa3iena - Kak
HHULUAJIU3UPOBATE 3TOT MAaCCUB UMCH.

char *month name (n) /* return name of n-th month */

int n;

{

static char *name[] = {
"illegal month",
"JANUARY",
"FEBRUARY",
"MARCH",
"APRIL",
"MAY",
" JUN" ,
"JULY",
"AUGUST",
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"SEPTEMBER",

"OCTOBER",

"NOVEMBER",

"DECEMBER"
}i

return ((n < 1 || n > 12) ? name[0] : name[n]):;

Omnucanue MaccuBa ykazaTellel Ha CHMBOJIBI Name TOYHO TaKOe K€, KaK aHaJIOTHYHOe
onucanue lineptr B mpuMepe ¢ copTupoBKOil. MHUIIMANM3aTOpOM SBIISETCS IPOCTO
CIMCOK CUMBOJIBHBIX CTPOK; Ka)KIast CTPOKa MPUCBAUBAETCS] COOTBETCTBYIOIICH
NO3ULIMHU B MaccuBe. boree TOYHO, CUMBOJIBI 1-0M CTPOKH MOMEIIAIOTCS B KAKOE-TO
MHOE MECTO, a €e yKa3aTeib XpaHutcs B name|i]. [TockoabpKy pa3mep MaccuBa name He
yKa3aH, KOMIWIATOP caM MOACYUTHIBAET KOJIMYECTBO MHUIMATN3ATOPOB U
COOTBETCTBEHHO YCTaHABIUBACT MPABUIIHLHOE YUCIIO.

5.10. Yka3are/iu ¥ MHOTOMEPHbI€ MACCHBBI

Haunnaromue nzyqars A3k C MHOTIa CTAHOBATCA B TYIHK IEPE BOIIPOCOM O
pa3iIinuuy MEXAy JIBYMEPHBIM MAaCCUBOM M MacCCHUBOM yKa3aTellel, TAKMM Kak name B
PUBEIEHHOM BblLIE puMepe. Ecii nMmeroTcst onucanus

int a[l10][10];

int *b[10];
TO a U b MO’KHO MCTIOJIH30BaTh CXOHBIM 00pa30M B TOM CMBICIIE, 94TO Kak a[5][5], Tak
b[5][5] ABNAOTCS 3aKOHHBIMH CCBIIKAMH Ha OT/ACJIbHOE YucIio Tuna int. Ho a -
HACTOSIIINI MaccuB: 1o Hero oTBoaUTCs 100 siueek maMsITH U JIJIs1 HAaXOXKIACHUS
J1000Tr0 yKa3aHHOTO 3JIEMEHTa MPOBOSATCS OOBIYHBIC BEIYUCIICHHUS C IPSMOYTOJIbHBIMU
uHAekcamu. /st b, ogHAKO, OMMCaHne BhIIEISET TOJBKO 10 yKazarenei; KaK bl
yKa3aresb JI0JDKEH ObITh YCTAaHOBIICH TaK, YTOOBI OH YKa3bIBall HA MAaCCHUB LIETIBIX. €CITU
MPEANOIOXKUTD, YTO KaXKIBIH U3 HUX yKa3bIBaeT Ha MaccuB U3 10 3jeMeHTOB, TO TOT1a
rae-to Oynet orBeneHo 100 siueek maMATH TUTIOC €IE AECATh SYeeK A yKa3zaTeleu.
TakuMm 00pa3oM, MacCUB yKa3aTelel NCIOb3YET HECKOIBKO 00BN 00BEM MAMSITH U
MOJKET TpeOOBaTh HaJIMUKE SBHOTO IIara MHULManu3anui. Ho mpu 3ToM BO3HUKAIOT
JIBa TIPEUMYIIIECTBA: JOCTYI K AJIEMEHTY OCYIIECTBIISIETCSI KOCBEHHO Yepe3 yKa3aTeib, a
HE MIOCPEJICTBOM YMHOXKEHHS U CII0KEHUS], 1 CTPOKHA MacCUBa MOTYT UMETh Pa3IMYHbIE
JUTMHBL. DTO 03HAYAET, UTO KaXIBIA 3JIEMEHT b HE TOJDKEH 00s13aTeIbHO YKa3bIBaTh Ha
BeKTOp U3 10 371eMEHTOB; HEKOTOPBIE MOTYT YKa3bIBaTh Ha BEKTOP U3 ABYX 3JIEMEHTOB,
JIpyTHUe - U3 ABAAIATH, a TPETHU MOTYT BOOOIIE HU HA YTO HE YKA3bIBATh.

XOTs MBI BEJIM 3TO 00CYK/I€eHHE B TEPMUHAX LIE€IbIX, HECOMHEHHO, Yallle BCETO MAaCCUBBI
yKazaresei HCIOoNIb3YIOTCS TaK, Kak Mbl IPOJAEMOHCTPUPOBAIIN HA (PYHKIIMH
month_name, - A7t XpaHEHUS] CHMBOJIBHBIX CTPOK PA3JIMYHON JUTHHBI.

Ynpasxcnenue 5-6.

[Tepenummte Qpynkuuu day of year u month day, ucrnonb3ysi BMECTO HHAECKCAIIMH
yKas3arenu.

5.11. KomaHaHasi CTPOKA apryMeHTOB

CucreMHBIE CpeiCcTBa, HA KOTOPBIE ONUpaeTcs peanu3anus s3bika C, MO3BOJIAIOT
nepeaaBaTh KOMaHIHYIO CTPOKY apryMEHTOB MJIU MapaMeTpOB HauMHAIOLIEH
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BBINOJHATHCS nporpamme. Korna ¢yHKIus main BbI3bIBa€TCS K UCIIOJIHEHUIO, OHA
BBI3BIBACTCS € ABYMS apryMeHTamu. [1epBblil apryMeHT (yCJIOBHO Ha3bIBaeMblii argc)
YKa3bIBa€T YHCJIO apTyMEHTOB B KOMaHAHON CTPOKE, C KOTOPHIMH MPOUCXOIUT
oOpaleHre K IporpaMMme; BTOPOi apryMeHT (argv) sBseTcs yka3aTeleM Ha MacCuB
CUMBOJIBHBIX CTPOK, COJEPKAINX ATH apryMEHTHI, 10 OJTHOMY B cTpoke. PaboTta ¢
TaKUMH CTPOKAMH - 3TO OOBIYHOE HUCIIOIH30BAHNE MHOTOYPOBHEBBIX yKa3zaTelleH.

Camy1o NpOCTYIO WILTKOCTPALMIO 3TOW BO3MOXHOCTH U HEOOXOIUMBIX IIPU 3TOM
OTMCaHMi AaeT mporpaMma echo, KoTopasi MpoCTo MevaTaeT B OJHY CTPOKY apryMEHThI
KOMaHJHOM CTPOKH, pazfenss ux npoderamu. Takum oOpa3om, eciu JaHa KOMaHIa

echo hello, world
TO BBIXOJIOM OyzieT

hello, world
no cornaimieHuto argv[0] sBisieTcss UMEHEM, IO KOTOPOMY BBI3BIBAE€TCA MPOrpaMMa, TaK
YTO argc 1o MeHblIe Mepe paBeH 1. B npuBeaeHHOM BbIlIE IpUMeEpE arge paBseH 3, a
argv[0], argv[1] u argv[2] paBHbI cooTBeTcTBeHHO "echo", "hello," u "world". IlepBbim
(daKkTHUEeCKUM aryMeHTOM siBiiseTcs argv[1], a mocneanum - argv[arge-1]. Ecnu arge
paBeH 1, To 32 UMEHEM MpPOrpamMMbl HE clieAyeT HUKAKOH KOMaHIHOW CTPOKH
apryMeHToB. Bce 310 mokasano B echo:

main (argc, argv) /* echo arguments; l-st version */
int argc;
char *argvl[];

{

int i;
for (1 = 1; i < argc; i++)
printf ("$s%c", argv[i], (i<argc-1) 2 ' ' : '\n');

}

[Tockonbky argv siBisieTCs yKa3aTeaeM Ha MacCUB yKa3aTelel, TO CyIleCTBYET
HECKOJIBKO CITOCOOOB HAIMMCaHUS 3TOM MPOrpamMMbl, HCIIONb3YIOMINUX paboTy C
yKazareseMm, a He ¢ UHJeKcanueil MmaccuBa. Mbl IPOJEMOHCTPUPYEM JIBA BApUAHTA.

main (argc, argv) /* echo arguments; 2-nd version */
int argc;
char *argvl[];
{
while (--argc > 0)
printf ("%$s%c", *++argv, (argc > 1) 2 ' ' : '\n');

}

Taxk kak argv sBIsieTCs yKa3aTeJleM Ha HayaJlo MacCuBa CTPOK-apIyMEHTOB, TO,
yBEJIMYUB €ro Ha 1 (++argv), Mbl BBIHYKJJaEM €T0 YKa3blBaTh Ha MOJUIMHHBIN apryMeHT
argv[1], a He Ha argv[0]. Kaxxgoe nocienyriee yBeIuueHNE NEPEIBUTAET €ro Ha
CJIETYIOIIMI apryMEHT; IIPU 3TOM *argv CTAaHOBUTCS yKa3aTeJIeM Ha 3TOT apryMeEHT.
OJTHOBPEMEHHO BEJIMUMHA argc yMEHbINAeTCs; KOr/la OHa 00paTHTCS B HyJIb, BCE
apryMeHTHI Oy1yT y’>Ke Hale4aTaHsbl.

Hpyroii Bapuasr:
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main (argc, argv) /* echo arguments; 3-rd version */
int argc;
char *argv|[];
{
while (--argc > 0)
printf ((argc > 1) ? "%s" : "&$s\n", *++argv);

}

Ota BepcHsl MOKa3bIBAET, YTO apryMeHT (hopmaTa GyHKIH printf MOKeT OBITh
BBIPOKEHHEM, TOYHO TaK K€, KaK M JII0OOU apyroi. Takoe UCIOIb30BaHUE BCTPEUASTCS
HE OYEHb YacCTO, HO €r0 BCE XK€ CTOUT 3allOMHUTb.

Kaxk BTOpOIii npumep, 1aBailTe BHECEM HEKOTOPbIE YCOBEPLIEHCTBOBAHMS B IPOTrpaMmMy
OTBICKaHUS 33JJaHHOW KOMOMHAIIMA CHMBOJIOB U3 TJIaBHI 4. ECITH BBI IOMHUTE, MBI
MOMECTUIIM UCKOMYIO0 KOMOMHAIIUIO TITyOOKO BHYTPb MIPOTPaMMBI, YTO OUEBUIHO
SBJISICTCS] COBEPIIIEHHO HeynoBiaeTBoputenbHbIM. Crenyst yruinute GREP cucremsl
UNIX, naBaiiTe ”3MEHUM IpOrpaMMy Tak, YTOOBI 3Ta KOMOMHAIIHS YKa3bIBaIach B
KAaueCTBE IEPBOr0 apryMEHTa CTPOKHU.

#define MAXLINE 1000

main (argc, argv) /* find pattern from l-st argument */
int argc;
char *argvl|[];
{
char line[MAXLINE];

if (argc !'=
printf ("
else
while (getline(line, MAXLINE) > 0)
if (index(line, argv[l] >= 0)
printf ("%s", line);

2)
usage: find pattern\n");

Tenepb MOKET ObITH Pa3BUTa OCHOBHASI MOJIEJb, HIUTFOCTPUPYIOIIAs TabHEHIIIee
UCTIONIb30BaHUe yKa3aTesen. [IpeanonoxuM, 9To HaM HaJ0 MPeyCMOTPETh 1Ba
HeoOs3aTenbHbIX apryMenTa. OJIMH yTBEepKIaeT: ""HamevyaraTh Bce CTPOKH 3a
WCKIIIOUEHHEM TeX, KOTOPBIE COJIepKaT TaHHYI0 KOMOMHAIINIO", BTOPOIl TJIacuT: "mepen
Ka)KJI0M BBIBOJAMMOW CTPOKOM JIOIKEH MeuaTaTbes ee Homep'.

OO6menpuHITHIM cornamenueM B C-iporpamMmax siBISIETCS TO, YTO apTyMEHT,
HAYMHAOIIUICS CO 3HAKa MUHYC, BBOJIUT HEOOS3aTEIbHBIN MPU3HAK WA TTApaMeTp.
Ecnu mb1, 115 TOTO, 9TOOBI COOOINUTE 00 HHBEPCHH, BRIOEPEM -X, a JJI YKa3aHUS O
HyMepaluH HyXHbIX CTPOK BbIOepeM -n("HomMep"), To KoMaH1a

find -x -n the
HpI/I BXOOHBIX JAHHBIX

now is the time
for all good men
to come to the aid
of their party.

JloJbkHa BBIIATh

2:for all good men
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HyxHo, yT0OBI He0OsA3aTeNbHbBIE APTYMEHTBl MOTJIM PAclojaraTbCsi B IPOU3BOIHLHOM
MOpsIZIKE, M YTOOBI OCTalIbHAS YacTh MIPOrPAMMBI HE 3aBHCENa OT KOJIMYECTBA
(aKTHUECKU MPUCYTCTBYIOMIMX apTyMEHTOB. B YaCTHOCTH, BbI30B (DyHKIMH index He
JOJIKEH CO/IeP KaTh CChUIKY Ha argv([2], Korjga mpucyTCTBYET OJUH HEOOs13aTeIbHBIHI
apryMeHT, u Ha argv[1], korna ero Het. bosnee Toro, 1y1s mosb3oBaTenei yao0HO, 4TOOBI
HeoO0s13aTeIbHbIC APTYMEHTHI MOKHO OBUIO OOBEAMHUTH B BUJE:

find -nx the
BOT caMma IIporpamma:

#define MAXLINE 1000

main (argc, argv) /* find pattern from l-st argument */
int argc;
char *argvl[];

{
char line[MAXLINE], *s;

long lineno = 0;
int except = 0, number = 0;
while (--argc > 0 && (*++argv) [0] == '-")
for (s = argv[0]+1; *s != '"\0'; s++)
switch (*s) {
case 'x':
except = 1;
break;
case 'n':
number = 1;
break;
default:
printf ("find: illegal option %c\n", *s);
argc = 0;
break;
}
if (argc != 1)
printf ("usage: find -x -n pattern\n");
else
while (getline(line, MAXLINE) > 0) {
lineno++;
if ((index(line, *argv) >= 0) != except) \
if (number)
printf ("$LD: ", lineno);
printf ("%s", line);

APryMeHT argv yBeJIHMYUBACTCS TIepe] KaXKIbIM He00s3aTeIbHBIM apTYMEHTOM, B TO
BpeMsl Kak apryMEHT argc yMEeHbILIAeTCs. €CIIU HEeT OIKUOO0K, TO B KOHIIE [IUKJIA
BEJIMYMHA argc J0JDKHA PaBHATHCA 1, a *argv MOMmKHO yKa3bIBaTh HA 33JJaHHYO
koMOuHanuoo. OOpaTuTe BHUMAaHHUE HA TO, 4TO *++argv sBIsIeTCS yKazaTejaeM
apryMeHTHOU cTpokwu; (*++argv)[0] - ee mepBbIit cumBoa. Kpyribsie ckoOKu 31eCh
HEOOXOAMMBI, TOTOMY YTO 0€3 HUX BBIPKEHHUE ObI MPUHSIIO COBEPIICHHO OTIWYHBINA (1
HenpaBWIbHBIN) Buj *++(argv([0]). Jdpyroii npaBuibHOM popmoii Oblna Obl **++argv.

Ynpasicnenue 5-7.

Hanummwre nmporpamMmy add, BEIMHUCTSIONTYIO 00paTHOE MOJIBCKOE BBIPAXKEHHE U3
KOMaHIHOM cTpoku. Hanmpumep,
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add 2 3 4 + *
BeIUMCIsieT 2*(3+4).

Ynpasxcnenue 5-8.

Momudunupyiite mporpammser entab u detab (yka3aHHBIC B Ka4eCTBE YIPAXKHCHHH B
riase 1) Tak, 4ToObl OHH MOJTYYalld CIIUCOK Ta0YJISIIIMOHHBIX OCTAHOBOK B KAUECTBE
apryMeHToB. Ecim apryMeHTBl OTCYTCTBYIOT, HCITOJIB3YHTE CTAHJAPTHYIO YCTAaHOBKY
TaOynsanuii.

Ynpasxcnenue 5-9.

PacmmpsTe entab u detab Takum 06pazomM, 4TOOBI OHHM BOCTIPUHUMAJIH COKPAIICHHYIO
HOTAITHIO

entab m +n
03HAYAOIYI0 TAOYJISIIMOHHBIC OCTAHOBKU Yepe3 KaK/IbIe N CTOJIOIOB, HAYMHAS CO
cTonbua m. Beibepure ynoOHoe (115 1ob30BaTens) noBeaeHne pyHKIUu mo
YMOJTYaHHIO.

Ynpasicnenue 5-10.

Hanummre nporpamMmy amst dyHKIMH tail, meyararomiei mocaeHue n CTPOK U3 CBOETO
¢aiina BBoga. [lycts mo ymomyanuto n paBHo 10, HO 3TO YUCIO MOXKET ObITH H3MEHEHO
C TIOMOIIIbIO HEOOSI3aTEILHOTO apTyMEHTa, TaK UTO

tail -n
e4yaTacT MOoCJICAHUC N CTPOK. IIporpaMmMa I0JIKHa HeﬁCTBOBaTL panOHAJIBHO, KAKUMHU
OBl HEpa3yMHBIMH HU OBLITH ObI BBOJ WuIH 3Ha4eHHE n. CocTaBbTe MPOrpaMMy Tak,
4TOOBI OHA ONITUMAJILHBIM o6pa30M HCIIOJIb30BaJIa JOCTYIIHYIO MaMATh: CTPOKU
JOJKHBI XPaHUTHCS, KaK B (DYHKITUH SOrt, a HE B JBYMEPHOM MacCHBe (PUKCHPOBAHHOTO
pasmepa.

5.12. Yka3arean Ha QyHKUMH

B s3p1xe C camu QyHKINH HE SIBISIOTCA EPEMEHHBIMH, HO IMEETCSI BO3MOXXHOCTh
OTIpeNIeNIUTh YKa3aTelb Ha PYHKLHUIO, KOTOPBIH MOXHO 00pabaThiBaTh, epeiaBaTh
IpYTHM (YHKIUSM, TIOMENIaTh B MACCHUBBI U T.JI. MBI IPOMJUTIOCTPHPYEM 3TO, IPOBEIS
MOIU(HUKAIMIO HATUCAHHOW paHee MPorpaMMbl COPTUPOBKH TaK, YTOOBI IIPU 3aJaHUU
HEeo0s3aTeTbHOTO apryMEHTa -N OHa OBl COPTUPOBAJIA CTPOKH BBOJA YHCICHHO, a HE
JEKCUKOTpauiecKHu.

CopTupOBKa 4aCTO COCTOUT U3 TPEX YACTEH - CPaBHEHUS, KOTOPOE OMPEIEsAET
YHOPSAOYMBAHUE JIFO0O0H Mapbl 00BEKTOB, IEPECTAHOBKY, U3MCHSIIOIICH WX MTOPSIIOK, U
aIropuTMa COPTHPOBKHU, OCYIIECTBISIONIETO CPAaBHEHHUS U TIEPECTAaHOBKH JI0 T€X MO,
NI0Ka OOBEKTHI HE PACIIOJIOKATCS B HY’KHOM TOPSIIKE. AJITOPUTM COPTUPOBKH HE
3aBUCHT OT OMNEpaLUi CPABHEHUS U TIEPECTAHOBKH, TaK UTO, IIEpe/iaBas B HETO
Pa3INIHbIC q)YHKIII/II/I CpaBHCHHA U NNEPCCTAHOBKH, Mbl MOKEM OpPTraHHU30BaTh
COPTUPOBKY IO Pa3IMYHbIM KpuTepusiM. IMEHHO TakoW MOJIX0/] HCIOIb3yeTCs B HaIlleH
HOBOM MPOTrpamMMe COPTUPOBKH.
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Kak u npexne, iekcukorpaduueckoe CpaBHEHHE ABYX CTPOK OCYIIECTBIISETCS
dyHKIHEH stremp, a nepecTaHoBKa QYHKIMEH swap; HaM HY)KHa elie QyHKIHs
numcmp, CpaBHUBAOINAS JIBE CTPOKU Ha OCHOBE YUCJICHHOTO 3HAYCHUS U
BO3BpaIllaolas yCIOBHOE yKa3aHUe TOTO e BUAA, YTO U stremp. DT TpH QPyHKIMH
OTMCHIBAIOTCS B MAin M yKa3aTelu Ha HUX MepesaroTcs B sort. B cBoro ouepens
¢GyHKIUs sort oOpamaercs K 3TuM QYHKIUSAM Yepe3 uX ykasaTelu. Mbl ype3anu
00paboTKy OMmMOOK B apryMEHTaX C TEM, YTOOBI COCPEIOTOYNTHCS HA TJIABHBIX
BOTIPOCaXx.

#define LINES 100 /* max number of lines
to be sorted */

main (argc, argv) /* sort input lines */

int argc;

char *argv|[];

{

char *lineptr[LINES]; /* pionters to text lines */
int nlines; /* number of input lines read */

int strcmp (), numcmp(); /* comparsion functions */

int swap(); /* exchange function */

int numeric = 0; /* 1 if numeric sort */

if (arge>1l && argv([1l][0] == '-' && argv[l][l]=="'n")
numeric = 1;

if(nlines = readlines(lineptr, LINES)) >= 0) {
if (numeric)
sort (lineptr, nlines, numcmp, swap);
else
sort (lineptr, nlines, strcmp, swap);
writelines (lineptr, nlines);
} else
printf ("input TOO BIG to sort\n");

3nech stremp, numemp 1 swap - agpeca GyHKUUH; Tak KaK U3BECTHO, YTO 3TO
(GyHKIMH, onepanysl & 3/1€Ch HE Hy’KHAa COBEPIIEHHO aHAJIOTUYHO TOMY, KaK OHa He
HY>KHa U Tiepe/l uMeHeM MaccuBa. [lepenava aapecoB GyHKIMNA OpraHu3yeTcs
KOMIUIATOpOM. BTopoii mar coctouT B MoaupuKauu sort:

sort (v, n, comp, exch) /* sort strings v[0] ... v[n-1] */
char *v[]; /* into increasing order */

int n;

int (*comp) (), (*exch) ();

{
int gap, i, J;

for(gap = n/2; gap > 0; gap /= 2)
for(i = gap; i < n; i++)

for(j = i-gap; j >= 0; j -= gap) {
if ((*comp) (v[jl, vIj+tgapl) <= 0)
break;

(*exch) (&vI[]j], &vIj+gapl);

3neck cienyer oOpaTUTh ONPEIeICHHOE BHUMaHNE Ha onrcanus. Onucanue
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int (*comp) ()
TOBOPUT, YTO COMP SIBJIAETCS yKa3aresaeM Ha (PyHKI[HIO0, KOTOpasi BO3BpAlllaeT 3HaYeHNE
tuna int. [lepBbie KpyTibie CKOOKH 3/1€Ch HEOOXOIUMBI; 0€3 HUX ONHCaHHe

int *comp ()
TOBOPHIIO ObI, YTO comp siBisieTCs (QyHKIMEH, BO3BpAIIAIONICH yKa3aTelb Ha LelbIe,
4TO0, KOHEYHO, COBEPLIEHHO pyTas BElllb.

Hcnons3oBanue comp B CTPOKE

if (*comp) (v[jl, vI[jtgapl) <= 0)
HOJTHOCTBIO COTJIacyeTcs ¢ OMMCAHUEM: comp - yKa3areiab Ha QYHKIHUIO, *comp - cama
byHKIMA, a

(*comp) (v[3j], v[j+tgapl)
- oOparmienue k Hell. Kpyribie ckoOku HEOOXOIUMBI JIJIsl MPABUIBLHOTO O0BEAMHEHUS
KOMIIOHEHTOB.

MBpI yxe npuBOAMIN PYHKIHIO stremp, CPaBHUBAIOLIYIO JIBE CTPOKHU I10 IIEPBOMY
YUCJIICHHOMY 3Ha4YCHHUIO:

numcmp (sl, s2) /* compare sl and s2 numerically */
char *sl, *s2;

{

double atof (), vl, v2;

vl atof (sl);
v2 = atof(s2);
if (vl < v2)
return(-1);
else 1f (vl > v2)
return(l);
else
return (0);

3aKIIIOYUTENBHBIN [Iar COCTOUT B 00aBIIEHUH (DYHKIIMH SWap, IepeCcTaBIsIONIeH ABa
yKazaTels. OTO JIETKO C/IelaTh, HEOCPEACTBEHHO UCIIOJIb3Ys TO, YTO Mbl U3JI0KUIH
paHee B 3TOM Iase.

swap (px, py) /* interchange *px and *py */
char *px[], *pyl];
{

char *temp;

temp = *px;
*px = *py;
*py = temp;

NmeeTcs MHOXKECTBO IPYTUX HEOOS3aTEIbHBIX apIyMEHTOB, KOTOPBIE MOTYT OBITh
BKJIIOYEHBI B [TIPOIPAMMY COPTHUPOBKH: HEKOTOPBIEC U3 HUX COCTABIIAIOT HHTEPECHBIE
YOpaXHEHUSL.

Ynpasicnenue 5-11.
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Monaudunupyiite sort Takum 00pazom, 9ToObI OHA paboTana ¢ METKOM T,
yKa3bIBAKOIIEH Ha COPTUPOBKY B 00paTHOM (yObIBaroieM) nopsiake. Koneuno, -r
J0JDKHA paboTaTh C -n.

Ynpasicnenue 5-12.

Jlo6aBbTe HEOOsI3aTENbHBIN apryMeHT -f, 00beAMHSAIONINI BMECTE MPOITUCHBIE U
CTPOYHBIE OYKBBI, TAaK YTOOBI pa3IN4Ne PETUCTPOB HE YUUTHIBATIOCH BO BpeMs
COPTUPOBKH: JaHHbIE U3 BEPXHETO U HIKHETO PETUCTPOB COPTUPYIOTCS BMECTE, TaK YTO
OykBa 'A' MPOMKMCHOE 1 'a' CTPOYHOE OKA3BIBAIOTCS COCETHUMH , & HE Pa3/ICIICHHBIMA
HENBIM aI(haBUTOM.

Ynpasicnenue 5-13.

Jlo6aBbTe HEOOs3aTENBHBIN apryMeHT -d ("'cioBapHOe yrnopsimounBanue"), mpu
HAJIMYUU KOTOPOTO CPAaBHUBAIOTCS TOJIBKO OYKBBI, yrcia u npobensl. [lozaboTsTecs 0
TOM, 4YTOOBI 3Ta PyHKIMS paboTana u BmecTe ¢ -f.

Ynpascnenue 5-14.

JloGaBbTE BO3MOKHOCTh 00paOOTKHU IMOJIEN, TAK YTOOBI MOXKHO OBIJIO COPTUPOBATH OIS
BHYTpH cTpoK. Kaxoe mose 10KHO COPTUPOBATHCS B COOTBETCTBUU C HE3aBUCUMBIM
Ha0OpOM HEOOM3aTEeNFHBIX APTYMEHTOB. (TIPEAMETHBIN YKa3aTeilb STOW KHUTH
COPTUPOBAJICS C IIOMOIIBIO apryMeHTOB -df I KaTeropuu ykazaTems U C -n s
HOMEPOB CTPAHUIL).

6. CTpyKTYypBI.

CtpykTypa - 370 HabOp U3 OJTHOM MM OoJiee TEPEMEHHBIX, BO3MOKHO Pa3IMIHBIX
THUIIOB, CTPYIIIMPOBAHHBIX MO/ OTHUM UMEHEM Ui yio0cTBa 06paboTku. (B
HEKOTOPBIX SI3bIKAX, CAMBIN M3BECTHBIN U3 KOTOPHIX Ilackanb, CTpyKTypbl Ha3bIBAIOTCS
"3anucamu").

TpaauLIMOHHBIM IPUMEPOM CTPYKTYPHI ABJISIETCS YUETHAsl KapTOuKa paboTaroIIero:
"ciyxamuid" onuceiBaeTcs HaOOpoM aTpuOyTOB TaKUX, KaK (GaMUIIMsL, UM, OTYECTBO
(¢p.n.0.), anpec, ko coumanbHOro odecneueHus, 3apmiara u 1.1. Hekotopsle u3 aTux
aTpuOyTOB CaMH MOTYT OKa3aTbCs CTPYKTypaMu: ¢.u.0. FiMeeT HECKOIBKO KOMIIOHEHT,
KaK M ajpec, ¥ Jaxe 3apIuiaTa.

CTpyKTypBbl OKa3bIBAIOTCS MOJIE3HBIMU MPU OPTaHU3ALNU CIOXKHBIX TAHHBIX OCOOCHHO B
OOJBIIUX MPOTpaMMax, MOCKOJIbKY BO MHOTHUX CHTYAIIUSIX OHH ITO3BOJISIFOT
CTpYNIHUPOBATh CBSI3aHHBIE JAHHBIE TAKUM 00Pa30M, YTO C HUMU MOKHO OOpaiaThcs,
KaK C OJIHUM IIEJIbIM, a HE KaK C OTIeIbHBIMU 00BEKTaMu. B 370l riaBe mMbl
noctapaemcsi MpoIEMOHCTPUPOBATH TO, KaK UCIIOJIb3YIOTCS CTPYKTYpHI. [Iporpammel,
KOTOPBIE MBI JIJIsl 3TOTO Oy/IeM HCIOJIb30BaTh, OOJIbIIE, YeM MHOTHE APYTUE B ITON
KHUTE, HO BCE K€ JJOCTATOYHO YMEPEHHBIX Pa3MepOB.

6.1. OcHOoBHBIE CBeICHHS.
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JlaBaiiTe cHOBa 0OpaTHMCs K TIpoIIeypaM Ipeodpa3oBaHus 1aThl U3 TIaBksl 5. JlaTa
COCTOMT U3 HECKOJIbKUX YaCTEH TaKUX, KaK J€Hb, MECALL, ¥ TOJI, U, BO3MOXHO, JICHb
rojia ¥ UMs Mecsla. JTH MTh IEPEMEHHBIX MOXXHO OOBEAUHUTD B OJIHY CTPYKTYPY
BUJA!

struct date {

int day;

int month;

int vyear;

int vyearday;
char mon name[4];

}i

Onucanue CTPYKTYpbl, COCTOSIIIIEE U3 3aKIIFOUEHHOTO B (PUTypHBIE CKOOKU CIHCKA
OTMCAaHU, HAUMHAETCS C KJIIFOUEBOTO CJIOBA struct. 3a cTIOBOM Struct MOXKET CIeI0BaTh
Heo0s13aTeIbHOE UM, Ha3bIBAEMOE SIPJIBIKOM CTPYKTYPHI (37ech 3T0 date). Takoii spibik
MMEHYET CTPYKTYPBI 3TOTO BUAA U MOXKET UCIIOJIb30BaThCS B JAJIbHEUIIIEM KaK
COKpaIIlleHHasl 3aIKUCh TOAPOOHOTO OTUCAHMS.

DNEeMEHTHI WIK IEPEMEHHBIE, YIIOMSHYThIE B CTPYKTYpE, Ha3bIBAIOTCS YICHAMH.
SIpABIKY M WIEHBI CTPYKTYP MOTYT UMETh TaKUE K€ UMEHa, YTO U OObIYHbIE
NEPEMEHHBIE (T.€., HE SIBIISIIOIIMECS WIEHAMU CTPYKTYp), TIOCKOJIBKY UX UMEHa BCerja
MOYKHO Pa3JIUYUTh 10 KOHTEKCTY. KoHeuHO, 00BIYHO OJIMHAKOBbIE HMEHA TPUCBANBAIOT
TOJIbKO TECHO CBSI3aHHBIM O0BEKTaM.

To4HO Tak *ke, Kak B CiIydae JitoOoro Apyroro 6a3MCHOro TUMA, 3a NpaBoil GurypHoit
CKOOKOH, 3aKpBIBAIOIIECH CIHCOK YIEHOB, MOJKET CIIEA0BATh CIIMCOK EPEMEHHBIX.
Omnepatop

struct { ...} x,v,2;
CHUHTAKCHUYCCKH aHAJIOTUYCH

int x,vy,z;
B TOM CMBICJIC, UTO Ka)KI[BIfI n3 onepaTopOB OITUCBIBACT X , Yuzs KAa4yeCTBC
MEPEMCHHBIX COOTBCTCTBYIOIIUX TUIIOB U MIPHUBOJUT K BBIACIICHUIO U1 HUX ITaMSTH.

Onucanue CTpyKTyphl, 32 KOTOPBIM HE CJIelyeT CIHMCKA EPEMEHHbIX, HE TPUBOANT K
BBIJICJIEHUIO KaKOW-TM00 MaMsITH; OHO TOJIBKO OnpesensieT mabaoH uiu Gopmy
CTpYKTypsl. OHAKO, €CIIM TAKOE OMHMCAHUE CHAOKEHO SPIIBIKOM, TO 3TOT SIPJIBIK MOKET
OBITH MCIIOJIH30BAH MO3/IHEE MPH ONPEACTICHUN (PaKTHUECKUX IK3EMIUIAPOB CTPYKTYP.
Hanpumep, ecu qano npuBeieHHOE BhIIe onucanue date, To

struct date d;
ompezenseT nepeMeHHyo d B kauecTBe CTpYKTyphl Tuna date. BHemiHom0 min
CTaTUYECKYIO CTPYKTYPY MOXKHO MHHULIMAIU3UPOBATH, IOMECTUB BCIIE] 3a €€
OMpEACIICHUEM CIITMCOK MHUIUAIIN3AaTOPOB AJIsI €€ KOMIIOHCHT:

struct date d={ 4, 7, 1776, 186, "JUL"};
UsieH onpeneneHHON CTPYKTYpbl MOXKET OBITh YKa3aH B BHIPAYKEHUH C ITOMOIIBIO

KOHCTPYKLUHU BUA:
UMST CMPYKMYpPbl. UleH
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nn

Onepanys ykazaHus wieHa CTPyKTypbl "." CBA3BIBaE€T UMS CTPYKTYphI U UMS ujieHa. B
Ka4yecTBe IpuMepa onpeaenumM leap (mpu3Hak BUCOKOCHOCTH IoJla) Ha OCHOBE JIaThI,
HaxoJsIencs B CTpyKType d,

leap = d.year $ 4 == 0 && d.year % 100 != 0
|| d.year % 400 == 0;

HJIK IIPOBEPHUM UM MECiAlla

if (strcmp(d.mon name, "AUG") == 0)
N npeoOpa3yem NepBbIid CHMBOJI UMEHH MecsIa TaK, YTOObI OHO HAYWHAIIOCH CO
CTPOYHOU OYKBBI

d.mon name[0] = lower(d.mon name([0]);

CTpyKTYypbl MOTYT OBITH BIIO’KEHHBIMU; YU€THAsl KAPTOUYKa CIIyKaIllero MOKET
(aKTUYECKU BBITJISIETh TAK:

struct person {
char name [namesize];
char address[adrsize];

long zipcode; /* TOUTOBEIM MHIEKC */
long ss_number; /* xoxm cou. Obecneuenms */
double salary; /* =zapnjara */

struct date birthdate; /* mara poxmeHusa */
struct date hiredate; /* maTa NOCTYIJIEHUSA
Ha pabory */

bi

CrpykTypa person colep>KuT JBe cTpyKTypsl Tuna date. Eciau Mbl onpeenum emp Kak

struct person emp;
TO

emp.birthdate.month
nn

OyzeT ccbulaThCsl Ha Mecsll poxaeHus. Onepanys yKka3aHus WwieHa CTPYKTYpsl .
acCOLMMPYETCs CIIEBa HAIIPABO.

6.2. CTpykTypbl 4 QyHKIUM.

B s3bike C cymiecTByeT psiJi OrpaHMYEHUI Ha UCIIOJIb30BaHKE CTPYKTyp. O0s3aTenbHbIe
MpaBHJia 3aKJIFOYAIOTCS B TOM, YTO €IMHCTBEHHBIE OTNIEpallii, KOTOPHIE BBl MOXKETE
IPOBOJUTH CO CTPYKTYPaMH, COCTOST B OTIIPEACIICHUH €€ aJjpeca ¢ TOMOIIBIO OIIepalluu
& ¥ 1ocTyTe K OJHOMY M3 €€ WICHOB. JTO BIUeT 3a OO0 TO, UTO CTPYKTYPBHI HENb3s
NPUCBAaUBATh WIH KOITMPOBATH KaK IEJIO€, M YTO OHU HE MOTYT OBITh NepeaHbl
GyHKIMAM WK BO3BpalleHbl uMHU. (B mocneayronmx Bepcusix 3TH OrpaHudeHHsI OyayT
cHsAThI). Ha yKkazaTenu cTpyKTyp 3TH OTpaHUYEHUS OHAKO HE HAKJIaIbIBAIOTCS, TAK YTO
CTPYKTYpPHI B PYHKITUU BCE K€ MOTYT C YI00CTBOM paboTaTth cCOBMEeCTHO. M HakoHel,
aBTOMATHUYECKUE CTPYKTYPHI, KaK M aBTOMAaTUYECKHE MACCUBBI, HE MOTYT OBITH
VMHUIMAIM3UPOBAHbl; MHUIIMAIN3A1HUS BO3MOXKHA TOJIBKO B CTy4yae BHEIIHUX WU
CTaTUYECKHUX CTPYKTYDP.

JaBaiite pazbepeM HEKOTOPBIE U3 3TUX BOIPOCOB, MEPEMUCAB C ATOH LENbI0 (PYHKITUH

npeoOpa30BaHUs 1aThl U3 TIPEABIAYIIEH TJIaBbl TaK, YTOOBI OHM MCIIOIL30BAIN
CTPYKTYphl. Tak Kak nmpaBuiia 3anpeiaoT HEMOCPEACTBEHHYIO Mepeaady CTPYKTYPhI
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(GYHKIIMH, TO MBI IOJKHBI TMOO TiepejaBaTh OTAEIbHO KOMIIOHEHTHI, JINOO NepeiaTh
yKa3zaTellb BCeil CTpyKTypbl. [lepBasi BO3MOXKHOCTh IECMOHCTPUPYETCS Ha TIpUMeEpe
¢bynkuun day of year, Kak MbI €e HaIlMCcaau B TJIaBe 5:

d.yearday = day of year(d.year, d.month, d.day);

Jpyroii ciocod cocTouT B mepeaaue yka3aTens. eciiu Mbl onuiieM hiredate kak

struct date hiredate;
u nepenumiem day of year Hy»HBIM 00pa3oM, MBI CMOKEM TOT/Ia HAKCATh

hiredate yearday = day of year (&hiredate);
nepeaasas ykazaTenb Ha hiredate ¢pynkuuu day of year . yHKms q0KHA OBITH
MOJIU(pHUIMPOBaHA, TIOTOMY YTO €€ apIyMEHT TeIeph SIBJIAETCS yKa3aTeseM, a He
CIIMCKOM IEPEMEHHBIX.

day of year(pd) /* set day of year from month, day */
struct date *pd;

{
int i, day, leap;

day = pd->day;

leap = pd->year $ 4 == 0 && pd->year $ 100 != 0
|| pd->year % 400 == 0;

for (1 =1; 1 < pd->month; i++)
day += day tab[leap][i];

return (day) ;

}

Onucanue

struct date *pd;
TOBOPUT, 4TO pd sABJISIETCS yKa3aTeaeM CTPYKTyphI Tura date. 3anuch, moka3aHHas Ha
npuMepe

pd->year
sIBIIsIETCSL HOBOM. Ecim p - ykazarenb Ha CTPYKTYypY, TO
Dp-> uleH CmpyKmypul
oOparmaercsi K KOHKpeTHOMY wieHy. (Omneparusi -> - 3T0 3HaK MUHYC, 32 KOTOPBIM
ciemyer 3Hak ">".)

Tak kak pd yka3sIBaeT Ha CTPYKTYPY, TO K WICHY year MOKHO OOpaTUThCS U
CIeTYIOIIUM 00pa3zom

(*pd) .year
HO yKa3aTel CTPYKTYP HCIIOIB3YIOTCS HACTOIBKO 9acTO, YTO 3aIHCh -> OKA3bIBACTCSI
yno0HbIM cokpamenueM. Kpyribie ckooku B (*pd).year HeoOX0AMMBI, TOTOMY YTO
nmn

orepanus yKa3aHus 4ieHa CTPYyKTyphl cTapiie , yeM *. O6e onepauum, "->"u ".",
aCCOIMHUPYIOTCS CIE€Ba HAIIPABO, TAK YTO KOHCTPYKIMH CJICBA U CIIPaBa 3KBUBAJICHTHBI

p->g->memb (p—>qg) —>memb
emp.birthdate.month (emp.birthdate) .month
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JI71st MOTHOTHI HUYKE TPUBOAMTCS pyras Gynkius, month day, mepenucannasi ¢
HCIIOJIb30BAHUEM CTPYKTYP.

month day (pd) /* set month AND day from day of year */
struct date *pd;
{

int i, leap;

leap = pd->year $ 4 == 0 && pd->year $ 100 != 0
|| pd->year % 400 == 0;
pd->day = pd->yearday;
for (i = 1; pd->day > day tab[leap][i]; i++)
pd->day -= day tabl[leap][i];
pd->month = i;
}
Omneparnyu paboTel co cTpykTypamu "->" u "." Hapsay co () Ui CHMCKa apryMEHTOB U
[] U1 UHIEKCOB HAXOAATCSI HA CAaMOM BEPXY MEPAPXHUU CTApIIMHCTBA ONEPALMH U,

CJICAOBATCIIbHO, CBA3BIBAOTCS OYCHb KPCIIKO. ECJ'II/I, Halmpumep, UMECTCA OITMCaHUC

struct {
int x;
int *y;
b *pr
TO BBIPAKCHUC

++p->x
YBEJIMYUBAET X, @ HE P, TAK KaK OHO 3KBUBAJIEHTHO BhIpakeHHIo ++(p->x). g
U3MEHEHHUS MOPsI/IKA BHIMOJIHEHUS ONepaliiii MOKHO MCHOJIb30BaTh KPYIJIble CKOOKU:
(++p)->X yBEIUUMBAET P JI0 1OCTyNA K X, @ (p++)->X yBEIMUUBAET p Mocie. (Kpyrible
CKOOKHM B TIOCJIETHEM CiTydae HeoOsi3aTenbHbl. [louemy?)

CoBeplilieHHO aHAJIOTHYHO *p->y U3BIIEKAET TO, HA UTO YKa3bIBaeT y; *p->y++
YBEJIMUYUBALT Yy TTOcie 00pabOTKHU TOTrO, Ha YTO OH YKa3bIBaeT (TOYHO TaK K€, KaK U
*s++); (*p->y)++ yBenmnuuBaeT TO, Ha YTO YKa3bIBaET y; *p++->y yBeIUIUBACT P MOCTE
BBIOOPKH TOTO, HA YTO YKa3bIBACT Y.

6.3. MaccuBBI CTPYKTYP.

CTpyKTypbl 0COOEHHO MOJIXOAAT AJISl YIPABICHHUS MaCCUBAMU CBSI3aHHBIX NIEPEMEHHBIX.
PaccmoTpumM, HarmpuMep, mporpaMMy TMOACYETa YHCIa BXOKACHUH KaXKI0T0 KITFOUEBOTO
cioBa s3bika C. HaM Hy>keH MacCHB CUMBOJIBHBIX CTPOK JJISi XpPAHEHUS] UIMEH M MacCHB
EJBIX JUIS TOJICYETa. OHA U3 BO3MOKHOCTEH COCTOUT B MCIIOJIB30BAHUH JIBYX
napauensHbeix MaccuBoB keyword u keycount: char *keyword [nkeys]; int keycount
[nkeys];

Ho cam ¢axT, yTo MaccuBbI apajjienbHbl, yKa3bIBA€T HA BOBMOXKHOCTb APYTOi

OpraHu3aluu. Ka;moe KJIIFOYCBOC CJIOBO 34€Ch 110 CYHICCTBY ABJISACTCA napoﬁ:

char *keyword;
int keycount;

H, CJICAOBATCIIbHO, UMECTCA MACCUB T1ap. Omnwncanue CTPYKTYPhbI

struct key {
char *keyword;
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int keycount;
} keytab [nkeys];
ompezenseT MaccuB keytab CTpyKTyp Takoro THIa U OTBOIUT ISl HUX HaMsTh. Kaxkapiii
AJIEMEHT MacCHUBa SIBIIACTCS CTPYKTYpOr. ITO MOKHO OBLIIO ObI 3aMKcaTh U TaK:

struct key {
char *keyword;
int keycount;
bi
struct key keytab [nkeys];

Tak kak cTpykrypa keytab GpakTHuecKu coepKUT MMOCTOSTHHBIN HA0Op UMEH, TO JIeT4e
BCET0 MHUIMAJIM3UPOBATH €€ OJIMH Pa3 U JJIs BCEX WICHOB MPU ONPE/ICICHHUH.
WNannmanuszanys CTpyKTyp BIIOJIHE aHAJOTHYHA MPEIBITY UM WHUITHATH3AIMIM - 32
OTIpeNIeICHUEM CIIelyeT 3aKII0UEeHHBINH B (PUTypHbIE CKOOKH CIIMCOK MHUITUATN3aTOPOB:

struct key {
char *keyword;
int keycount;

} keytabl[] ={
"break", 0,
"case", O,
"char", O,
"continue", O,
"default", O,
VA
"unsigned", O,
"while", 0

}i

WMHnnmanu3atopsl NEpedrCcstoTCs TapaMu COOTBETCTBEHHO WIEHAM CTPYKTYphl. bblio
051 OoJIee TOYHO 3aKII0YATh B PUTypHBIE CKOOKH MHUIIMAIN3ATOPHI IS KaXKI0U
"CTPOKU" UK CTPYKTYPHI CIAEAYIOLUIIM 00pa3oM:

{ "break", 0 1},
{ "case", 0 },

Ho xoraa nHunIManu3aTopsl SBISIOTCS MPOCTHIMU MTEPEMEHHBIMH WU CUMBOJIBHBIMU
CTPOKaMU U BCE OHU MPUCYTCTBYIOT, TO BO BHYTPEHHUX (DUTYPHBIX CKOOKAX HET
HeoOxoumocTu. Kak 00bIYHO, KOMIUIISITOP CaM BBIYUCIIUT YHUCIIO 3JIEMEHTOB MaccHBa
keytab, ecu nHUITMANTH3ATOPHI IPUCYTCTBYIOT, @ CKOOKH [ ]| OCTAaBJICHBI ITyCTHIMH.

[Iporpamma nojicuera KJIIOUEBBIX CJIOB HAUMHAETCS C ONpezeNeHns MaccuBa keytab.
BeyIIasi MpOTrpaMMa YUTaeT CBOM (hailyl BBOIa, ITOCIIEA0BATEILHO 00pamasich K
¢yHkuuu getword, KOTOpast U3BJIEKAeT U3 BBOJIA 10 OJJHOMY CJIOBY 3a OOpaleHue.
Kaxxmoe cioBo umiercst B maccuBe keytab ¢ momonpio BapuanTa GyHKIIMH OMHAPHOTO
NIOWCKa, HarMcaHHo# Hamu B riaBe 3. (Koneuno, 4toObl 5Ta yHKIMs padoTana,
CIIMCOK KJTFOUEBBIX CJIOB JIOJDKEH OBITh PACIIONIOKEH B MOPSIKE BO3PACTAHHUS ).

#define MAXWORD 20
main () /* count C keywords */

{

int n, t;
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char word[MAXWORD] ;

while ((t = getword(word,MAXWORD)) != EOF)
if (t == letter)
if((n = binary(word, keytab,nkeys)) >= 0)

keytab[n].keycount++;

for (n =0; n < nkeys; n++)

if (keytab[n].keycount > 0)

printf ("%$4D %s\n",

keytab[n] .keycount, keytab[n].keyword);

}
binary (word, tab, n) /* find word in tab[0]...tab[n-1] */
char *word;
struct key tabl[];
int n;
{

int low, high, mid, cond;

low = 0;
high = n - 1;
while (low <= high) {
mid = (low+high) / 2;
if ((cond = strcmp(word, tab[mid].keyword)) < 0)
high = mid - 1;
else 1f (cond > 0)
low = mid + 1;
else
return (mid);

}

return(-1);

}

Mgl Bckope npuBeaeM QyHKIHIO getword; moka J0CTaTOYHO CKa3aTh, YTO OHA
BO3BpAILaeT letter Kaskablid pa3, Kak OHa HAXOJUT CJIOBO, M KOIMPYET 3TO CJIOBO B CBOM
IIEPBBII ApryMEHT.

Bennuuna nkeys - 3T0 KOTUYECTBO KITFOUEBBIX CJI0OB B MaccuBe keytab . XoTs MbI
MOJKEM COCUMTATh OTO YKCIIO BPYUYHYIO, TOPa30 JIErye U HaAEKHEE IIOPYIUTD DTO
MallmHe, 0COOCHHO B TOM CITy4ae, €CJI CIIHCOK KITFOUEBBIX CIIOB MOJIBEPIKEH
n3MeHeHussM. OTHOHM 13 BO3MOKHOCTEH OBbLIIO0 ObI 3aKOHYUTH CIIMCOK WHUITHAIA3ATOPOB
yKa3aHHEM Ha HYJIb U 3aTeM IPOWTH B IIMKJIE CKBO3b MaccHB keytab, moka He HaleTCs
KOHEII.

HO, IMMOCKOJIBKY PasMEp 3TOro MaCCUBa MOJIHOCTBIO OMIPCACIICH K MOMCHTY
KOMIIWJIALMH, 31€Ch HMCCTCA boinee mpocTasi BO3SMOXHOCTD. Yucao 371eMEeHTOB IIpoCcTo
€CTh

size of keytab / size of struct key
JIEJI0 B TOM, 4TO B si3bIke C IpeaycMOTpeHa yHapHas ornepanus sizeof, BellosHseMas BO
BpeMsl KOMIMJISILIMM, KOTOPasi O3BOJISIET BBIYMCIUTD pa3Mep Jito00ro o0beKTa.
Beipaxenue

sizeof (object)
BBIJIACT IIeJI0E, paBHOE pa3Mepy ykazaHHOTo o0bekTa. (PasMep ompenensiercs B
Hecrenu(PpUITMPOBAHHBIX SANHHIAX, HA3bIBACMBIX "0aiiTaMu'", KOTOPBIE UMEIOT TOT JKE
pasmep, uTo u epeMeHHbie Tuma char). OOBEKT MOXKET OBITH (paKTHUECKOMH
MEPEMEHHOI, MACCUBOM U CTPYKTYPOH, MJIM UMEHEM OCHOBHOI'O TUIIA, KaK int UiIu
double, i1 uMeHeM NPOU3BOTHOTO THIIA, KaK CTPYKTypa. B Hamem cirydae uncio
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KJIFOUEBBIX CIIOB PABHO Pa3Mepy MAcCHBa, ICJICHHOMY Ha pa3Mep OJHOTO 3JICMEHTa
MaccHBa. JTO BBIYMCICHHE UCTIONB3YETCs B yTBep K IeHHH #define uist ycTaHOBICHMSI
3HaueHus nkeys:

#define nkeys (sizeof (keytab) / sizeof (struct key))

Teneps nepeiigem k pyHkun getword. Mbl pakTudeckn Hanucaan 0osee oOIIHii
BapuaHT QyHKIMH getword, yeM HeoOXOAMMO JUIs STON MPOrpaMMBbL, HO OH HE Ha
MHOTO OoJiee cioxkeH. DyHkiusa getword Bo3Bpalmaer ciaeayroiiee "cioBo" u3 BBOA,
I'Jie CIIOBOM CUUTAETCs JINOO CTpoKa OYKB U IIU(p, HAYMHAIOLUUXCS C OYKBBI, THOO
OTAEJBbHBIA CUMBOJ. THIT 00beKTa BO3BpaIaeTCs B KaueCTBE 3HAYCHUS (QYHKIMHN; 3TO -
letter, ecnu HaiineHo cioBo, EOF mist koHna ¢aiina u cam CUMBOJ, €CITU OH HE
OYKBEHHBIH.

getword(w, 1lim) /* get next word from input */
char *w;
int lim;
{
int ¢, t;
if (type (c=*w++=getch()) !=letter) {
*Wzl\Ol;

return(c) ;

}

while (--1im > 0) {
t = type(c = *w++ = getch());
if (¢t ! = letter && t ! = digit) {
ungetch (c) ;
break;
}
}
*(w=1) - '"\O';

return (letter);

}

Oynknus getword ucnonbdyer pyHKuun getch u ungetch, KoTopble MbI HaNUCAaIl B
rinaBe 4: Korja Habop andaBUTHBIX CHMBOJIOB IpephIBaeTcs, GpyHKIms getword
HOJTydaeT OJUH JIMIIHUHI CUMBOJI. B pesyibraTe BeI30Ba ungetch 3ToT cuMBOI
IIOMEIIAETCs Ha3aj BO BBOJ TSI CIIEAYIOIIET0 OOpaIeHus!.

Oynkuus getword oOpamaercs K GyHKIUU type Ui OTIpeieIeHUs TUIIA KaK0T0
OTJIENTLHOTO CUMBOJIA U3 (haityia BBosa. BOT BapuaHT, CipaBeJTMBBIN TOJIBKO IS
andasura ASCII.

type(c) /* return type of ASCII character */
int c;
{

if (c>= 'a' && c<= "z' || c>= 'a' && c<= "'z")
return (letter);

else 1f (c>= '0' && c<= '9")
return (digit);

else
return(c) ;
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CumBoMuecKre KOHCTAHTHI letter u digit MOTYT UMeTh JTH00BIC 3HAYCHUS, JINIITb ObI OHU
HE BCTYIAJIN B KOH(DIUKT C CUMBOJIAMU, OTJIMYHBIMU OT OYKBEHHO-LIIU(POBBIX, U C
EOF; oueBn1HO BO3MOXKEH CIICTYIOIINI BEIOOD

#define letter 'a’
#define digit 0"’

Oyukmus getword mMoria 61 paboTatk ObICTpee, eci OBl oOpaleHus K GyHKIUHU type
OBLTH 3aMEHEHBI 00OpaIlEeHUsIMH K COOTBETCTBYIOIIEMY MaccuBy type[ |. B cranmapTHOi
o6ubnuoteke s3pika C npexycMoTpeHsl Makpocsl isalpha u isdigit, neficTByroriue
HEOOXOMMBIM 00pa3oM.

Ynpasxcnenue 6-1.

Cremnaiite Takyro Moaudukanuto GyHkuu getword v OIIEHUTE, KaK U3MEHUTCS
CKOpPOCTB pabOThI IPOTPaAMMBI.

Ynpasxcnenue 6-2.
Hanmumure BapuanT QyHKINH type, He 3aBUCSIINN OT KOHKPETHOTO HA0OPaCHMBOJIOB.
Ynpasicnenue 6-3.

Hanummre BapuaHT nporpaMMsbl OJCUETa KIIFOYEBBIX CIOB, KOTOPBIN ObI HE YUUTHIBAII
MOSIBJICHUS OTUX CJIOB B 3AKIIOYCHHBIX B KaBBIUKU CTPOKAX.

6.4. Yka3zarTe/id Ha CTPYKTYPBHI.

UT0o0B! IPOMILTIOCTPUPOBATH HEKOTOPHIE COOOPAKEHHUS, CBA3aHHbIE C UCIIOJIb30BAHUEM
yKa3aTeJaei 1 MacCUBOB CTPYKTYP, 1aBaliTe€ CHOBA COCTABUM IIPOrPaMMYy IOJCYETa
KJIIOYEBBIX CTPOK, MCIIONIB3YsI HAa 9TOT Pa3 yKa3aTeld, a HE HHACKChI MaCCUBOB.

Breninee onucanue maccuBa keytab He HY>KHO U3MEHATH, HO GYHKIIMK main U binary
TpeOyIOT MOIU(DUKAIIHH.

main () /* count c¢ keyword; pointer versoin */
{

int t;

char word[MAXWORD] ;

struct key *binary(), *p;

while ((t = getword(word, MAXWORD;) !=EOF)
if (t==letter)
if ((p=binary (word, keytab, nkeys)) !=NULL)

p—->keycount++;
for (p=keytab; p>keytab + nkeys; pt+)
if (p->keycount > 0)
printf ("%$4d %$s/n", p->keycount, p->keyword);
}

struct key *binary(word, tab, n) /* find word */

char *word /* in tab[0]...tab[n-1] */
struct key tab [];
int n;

{

int cond;
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struct key *low = &tab[0];
struct key *high = &tab[n-1];
struct key *mid;
while (low <= high) {
mid = low + (high-low) / 2;
if ((cond = strcmp (word, mid->keyword)) < 0)
high = mid - 1;
else 1if (cond > 0)
low = mid + 1;
else
return (mid) ;

}
return (NULL) ;

}

31ech MMeeTcs HECKOJIBKO MOMEHTOB, KOTOPBIE CTOMT OTMETHTh. Bo-1iepBhIX, onrcanne
¢yHKuMU binary JOKHO yKa3bIBaTh, YTO OHA BO3BPALIAET yKa3aTedb HAa CTPYKTYpPY
Tuma key, a He Ha 11e710€; 9TO 00BABIsAETCA Kak B PYHKIIMK main, Tak u B binary. Eciu
¢yHKUMs binary HaXOIHT CJIIOBO, TO OHA BO3BPAIIAET yKa3aTesb Ha HETO; €CIIU JKE HET,
oHa Bo3Bpamaetr NULL.

Bo-BTOpEIX, BCe 0OpamieHns K aIeMeHTaM MaccruBa keytab ocymecTBisitoTes uepes
yKazaTenu. DTO BJIEYeT 3a cO00I OIHO CyIECTBEHHOE U3MEHEHHEe B (yHKIMU binary:
CPEIHMI 3JIEMEHT OOJIbIIE HEeNb3s BBIYUCIIATE IPOCTO 10 (opmyiie

mid = (low + high) / 2
MIOTOMY YTO CJIOKEHHE IBYX yKazaTelel He AaeT KaKoro-HuOyIb MOJIE3HOro pe3yibTara
(maxe moce JeNeHus Ha 2) ¥ B ISHCTBUTEIILHOCTH SIBIISIETCS. HE3aKOHHBIM. ITY
dbopmyTy HaJl0 3aMEHHUTH Ha

mid = low + (high-low) / 2
B pe3yJsbTaTe KOTOpOoi mid CTAHOBUTCS yKa3aTesieM Ha JIEMEHT, PACIOI0KEHHBIH
nocepeanne Mexay low u high.

Bawm takke cnenyert pazoOpatbest B MHULIMAIK3auu low u high. ykazarenb MOXKHO
UHHIIAATU3UPOBATE aIpeCOM paHee ONpeIeIeHHOro 00bEeKTa; UMEHHO KaK MBI 37IeCh U
HOCTYIIHJIH.

B ¢pyHkumu main Mbl Hanucanu

for (p=keytab; p < keytab + nkeys; p++)

Ecnu p aBnsercs ykazareneMm CTpYKTYpbl, TO J1t00ast apu)MEeTHKa C p YUUTHIBAET
(axTHuecKuil pa3mep JaHHOM CTPYKTYpBI, TaK YTO p++ YBEJITUUUBACT P HAa HYKHYIO
BEJIMUYMHY, B PE3YJITATE YErO P YKa3bIBAET Ha CAEAYIOLIUI JIEMEHT MacCUBa CTPYKTYD.
Ho He cuuraiite, 4T0 pazMep CTPyKTYpbl paBEH CyMMe pa3MepoOB €€ YJICHOB, - U3-3a
TpeGOBaHUIl BEIPABHUBAHUS [T PA3JINYHBIX OOBEKTOB B CTPYKTYpPE MOT'YT BO3HUKATh
"nBIpBI".

W, HakoHeI, HECKOJIEKO BTOPOCTEIICHHBIN BOIPOC 0 popMe 3amucH mporpammbl. Eciiu
BO3Bpariaemas GpyHKIHEeH BeTHInHA UMEET TUII, KaK, HalpuMep, B

struct key *binary(word, tab, n)
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To MoxeT okazaTbcs, 9TO UMs (PYHKIIUHU TPYTHO BBIICIUTH CPEI TEKCTa. B cBsi3m ¢
3TUM HMHOI' 1A UCIIONB3YETCS APYTOU CTUIIb 3alUCH:

struct key *
binary(word, tab, n)

370 rIaBHBIM 00pa3oM J1eN0 BKyca; BeIOepuTe Ty popMy, KOTOpas BaM HpPAaBUTCS, U
IIPUACPKUBAUTECH €€.

6.5. CTpyKTYpBI, CChLIAIONIHECH HA ceOsl.

[Ipenrmonoxum, 9TO0 HaM HAJIO CIPABUTKCS ¢ OoJiee 00MIei 3a1auei, cocTosmei B
MOJICYETE YKCIia OSIBIICHUH BCEX CJIOB B HEKOTOPOM (aiinie BBoaa. Tak Kak CIHUCOK
CJIOB 3apaHee HE M3BECTCH, MBI HE MOXEM MX YIOPSIOYHTH yIOOHBIM 00pa3oM U
UCIIONB30BaTh OMHAPHBIN MOUCK. MBI 1a)ke HE MOXKEM OCYIIECTBIIATD
HOCHCI{OB&TGHBHLIﬁ MIPOCMOTP IpPH NOCTYINICHUU KAXKAO0TO CJI0BA, C TEM LITO61>I
YCTaHOBUTH, HE BCTPEYATIOCH JIM OHO paHee; Takas mporpamma OyneT paboTaTh BEYHO.
(Bonee TouHO, OxkumaeMoe BpeMst pabOThI pacTeT Kak KBaAPAT YHCIIa BBOJIUMBIX CJIOB).
Kak >xe Ham opraHu3oBaTh IporpaMmy, 4TOOBI CIPABUTHCS CO CIIMCKOM MTPOU3BOJIBHBIX
CJIOB?

OnHO U3 peleHHi COCTOUT B TOM, YTOOBI BCE BpeMsl XpaHUTh MAaCCHUB MOCTYTAIOIINX 10
CHUX IO CJIOB B YIOPSAOYEHHOM BUJIE, TOMEINAs KaKI0€ CIOBO B HYXKHOE MECTO 110
Mepe Ux noctymieHus. OJHaKo 3TO HE CIENYET JeNaTh, IEpEeMelIas cjioBa B IMHEHHOM
MAacCHBE, - 9TO TAK)Ke MOTPedyeT CIUIIKOM MHOTO BpeMEHU. BmecTo 3Toro Ml
UCIIOJIB3YEM CTPYKTYPY JaHHBIX, Ha3bIBAEMYIO JBOMYHBIM JEPEBOM.

KaxnoMy HOBOMY CJIOBY COOTBETCTBYET OJIMH "y3€1'" JEPEeBa; KaKAbIH y3€l COACPIKUT:
yKasamesnb meKcma cliosa

CYUemYUK YUcaa NOAGIeHUU

yKasamenwv y3/1a 16020 NOMOMKA

yKasamelwv y31a npago2o NOMoMKa

Huxkakoii y3en1 He MOKeT UMeTh OoJiee ABYX JA€Tel; BO3MOXKHO OTCYTCTBHE JETEH MU
HaJIN4KEe TOJIbKO OJHOIO ITIOTOMKA.

VY311b1 cO31a0TCSl TAKUM 00pa30M, UTO JIEBOE MOJAEPEBO KAXKIOTO Y3J1a COAEPKUT
TOJIBKO T€ CJIOBA, KOTOPBHIE MEHBIIE CJI0OBA B 3TOM Y3JI€, a IPaBOE MOAJIEPEBO TOJIBKO TE
CJIOBa, KOTOpbIE O0sbIe. YTOOB OnpeaenuTh, HaXOAUTCS JIM HOBOE CIIOBO YK€ B
JiepeBe, HAUMHAIOT C KOPHS U CPAaBHUBAIOT HOBOE CJIOBO CO CJIOBOM, XPaHSIIUMCS B
sToMm y3ie. Ecnu cioBa coBnaaaioT, To BOIPOC pelaeTcst yTBepauTenbHo. Ecinu HoBoe
CJIOBO MEHBIIIE CJIOBA B IEPEBE, TO NEPEXOIAT K PACCMOTPEHUIO JIEBOTO TOTOMKA; B
MIPOTUBHOM CITy4yae McCcleayeTcs MpaBblil OTOMOK. Eciii B HY>)KHOM HarpaBJiIeHUU
IIOTOMOK OTCYTCTBYET, TO 3HAUUT HOBOE CJIIOBO HE HAXOJUTCSI B IEPEBE U MECTO 3TOTO
HEJOCTAIONIEro MOTOMKA KaK pa3 U SIBISIETCS MECTOM, KyJa CIeayeT IOMECTUTh HOBOE
cy10Bo. ITockoNIbKyY MOUCK U3 I000T0 y3J1a MPUBOJUT K MMOUCKY OJJHOTO U3 €T0
MOTOMKOB, TO CaM MpOIiecc MOKCKa MO CYIIECTBY ABISETCS PEKYpCUBHBIM. B
COOTBETCTBHUH C ITUM HanboJjiee eCTECTBEHHO UCIIOIb30BaTh PEKYPCUBHBIE MPOLIEAYPbI
BBOJIa U BBIBOJIA.

BosBpamasce Ha3aJ K ONUCAHUIO Y3I1a, ICHO, YTO 3TO OYJET CTPYKTYpa € YEThIPbMs
KOMIIOHEHTaMHU:

struct tnode { /* the basic node */
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char *word; /* points to the text */

int count; /* number of occurrences */

struct tnode *left; /* left child */

struct tnode *right; /* right child */
}i

Ot0 "pekypcuBHOE" onMCcaHuE y3/1a MOKET IIOKa3aThCsl PUCKOBAHHBIM, HO HA CAaMOM
JIeJIe OHO BITOJIHE KOppeKTHO. CTpyKTypa HE UMEET IpaBa COAEPKATh CChUIKY Ha caMmy
ce0s1, HO

struct tnode *left;
OITUCBIBACT left KaK yKa3aTCJib Ha y3€JI, a HC KaK CaM Y3¢€lI.

TekcT camoii pOrpaMMBbl OKa3bIBACTCS YAMBHUTEIBHO MaJICHBKUM, €CITH, KOHEUHO,
UMETh B PACIIOPSHKECHUH HA0Op HAIMCAHHBIX HAMHU paHee MPOoIeayp, 00eCIeIHBAIOIIIX
HY)KHBIE IeHicTBHs. MBI nMeeM B BUIYy QyHKIHIO getword uist H3BJICUCHUS KaXI0TO
cioBa u3 (haiina BBosa U PyHKIHIO alloc /T BBIICTICHUS MECTa JUISl XPAHEHUS CJIOB.

Benymiast mporpamma rmpocTo CUMTBIBAET CJI0Ba C MOMOIIBI0 QyHKIMH getword u
MOMEIIAET UX B JIEPEBO, UCHOIb3Ysl (PYyHKIHIO tree.

#define MAXWORD 20
main () /* word freguency count */
{
struct tnode *root, *tree();
char word[MAXWORD] ;

int t;
root = NULL;
while ((t = getword(word, MAXWORD)) | = EOF)
if (t == letter)
root = tree(root, word);

treeprint (root) ;

Oynkus tree cama 1o cede mpocta. CiioBo nepeaaeTcs GyHKIHUEH main K BEpXHEMY
ypOBHIO (KOpHI0) iepeBa. Ha kaxkoM 3tane 3To CIIOBO CPaBHUBAETCS CO CIIOBOM, YiKE
XPaHSAIIIMCS B 3TOM Y3JIe, ¥ ¢ IOMOIIBI0 PEKYPCUBHOTO OOpaICHHSI K tree
NPOCAYMBACTCS BHU3 JINOO K JIEBOMY, JTUOO K MPaBOMY MOJZICPEBY. B KOHIIE KOHIIOB,
9TO CIIOBO JINOO COBIMAIAET C KAKMM-TO CIIOBOM, YK€ HaXOISIIUMCS B JiepeBe (B 3TOM
CJIydae CUETUYUK YBEITUUMBACTCS HA CIUHMILY ), TUOO POTrpaMMa HaTOJIKHETCS Ha
HYJICBOW YKa3aTeib, CBUICTEIbCTBYIONNI 0 HEOOXOJMMOCTH CO3/IaHUs B JOOABIICHUS K
JIepeBy HOBOTO y3Jia. B ciydae co3anusi HOBOTO y3Jia (yHKIHUS tree BO3BpaIiaer
yKa3aTellb 3TOT0 y3J1a, KOTOPBI TOMEIIAETCS B POUTEIBCKHHA y3ell.

struct tnode *tree(p, w)
/* install w at or below p */
struct tnode *p;
char *w;
{
struct tnode *talloc():;
char *strsave();

int cond;
if (p == NULL) { /* a new word
has arrived */
p == talloc(); /* make a new node */
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p->word = strsave (w);
p->count = 1;
p->left = p->right = NULL;

} else if ((cond = strcmp(w, p->word)) == 0)
p->count++; /* repeated word */

else if (cond < 0)/* lower goes into left subtree */

p->left = tree(p->left, w);

else /* greater into right subtree */
p->right = tree(p->right, w);

return (p) ;

}

[TamsaTe A HOBOTO y37a BhIAENsAeTcs GyHKIMeH talloc, ssBnstomeicst ananTanueid s
naHHOTO ciydvast GpyHkiwm alloc, HancaHHO#M HaMu paHee. OHa BO3BpaIaeT yKa3aTelb
CBOOOTHOT'O IPOCTPAHCTBA, MPUTOIHOTO JIsi XpPaHEHUsSI HOBOTO y3i1a aepena. (Mbl
BCKOpe 00cyaum 310 noapodHee). HoBoe cioBo konupyercss GyHKIUEH strsave B
CKPBITOE MECTO, CUETUUK HHUIMATIU3UPYETCS €AUHULICH, U yKa3aTeIu 000MX NOTOMKOB
M0JIarat0TCsl PABHBIMM HYJIIO. DTa 4acTh IPOrPaMMBbI BBITIOJIHAETCS TOJIBKO IpU
n00aBJIEHUH HOBOT'O y3J1a K pedpy AepeBa. Mbl 371eCh OIyCTHIIM TPOBEPKY Ha OIINOKU
BO3BpalaeMbIX (GyHKIUH strsave U talloc 3HaueHni (4TO0 HEPA3yMHO JUISI TPAKTHYECKH
paboTaromeii mporpamMmat).

@DyHK1uA treeprint mevyaraeT JepeBo, HAUMHasl € JIEBOTO MOAJEPEBa; B KAXKJOM y3JIe
CHayaja revyaTaeTcs JIEBOE MOAIEPEBO (BCE CII0BA, KOTOPHIE MJIAIIE ATOIO CJI0BA),
3aTeM caMo CJIOBO, a 3aTeM IPaBoe MOAEPEBO (BCE C10Ba, KOTOpbIE cTapiue). Eciau Bb
HEYBEPEHHO OIIEpUPYETE C PEKYPCUEH, HAPUCYHUTE NEPEBO CaMU U HalleyaTanuTe ero ¢
MOMOIIbI0 GYyHKIIMHM treeprint ; 3TO 0/IHa U3 Hanbosee SICHBIX PEKYPCUBHBIX TTPOLICTYD,
KOTOPYIO MOKHO HalTH.

treeprint (p) /* print tree p recursively */
struct tnode *p;
{
if (p != NULL) {
treeprint (p->left);
printf ("%$4D %s\n", p->count, p->word);
treeprint (p->right);

[IpakTHueckoe 3aMevaHue: eClid IEPEBO CTAHOBHUTCS "HecOaTaHCUPOBAaHHBIM" M3-3a
TOTO, YTO CJIOBA MOCTYNAIOT HE B CIyYailHOM MOpsIKE, TO BpeMsl pabOThI IPOrpaMMbl
MOJKET PacTH CIMULIKOM ObICTpo. B Xy/iem ciyyae, KOorja mocTynarouie cjaoBa yxe
YIOPSIIOYEHBI, HACTOSAIIAs IPOrpaMMa OCYILECTBIISET JOPOTOCTOSALIYI0 UMUTALIUIO
auHeHoro noucka. CyliecTByIOT pa3inuHble 0000IIEeHNs JBOUYHOTO JIEpeBa,
ocobeHHo 2-3 nepeBbst 1 AVL nepeBbsi, KOTOpbIE HE BEAYT ceOsl Tak "B XyAIINUX
ciydasix', HoO Mbl He OyIeM 3/1eCb Ha HUX OCTaHABJIMBATHCS.

[Ipexe ueM paccTaThesi C 3TUM IPUMEPOM, YMECTHO ClIeTaTh HEOOBIIIOE OTCTYTUICHUE
B CBSI3U C BOIIPOCOM O PacCIpeAesIeHUH MAMATH. SICHO, 4TO B IPOrpaMMe >KeJIaTeIbHO
AMETH TOJIbKO OJIUH PacCIIpPeACIUTENb TaMATH, JaXKe €CIIH eEMY IIPUXOAUTCS pa3MeEIaTh
pasnuyHble BUABI 00beKTOB. HO ecii Mbl XOTHUM HCTIONIb30BaTh OJAMH paclpeeuTeNb
naMsITH 7151 00pabOTKH 3aIIPOCOB HA BBIICTICHUE MAMSITH TS yKa3aTelei Ha
nepemMeHHbIe Thma char u 1y1s ykaszartenei Ha struct tnode, To mpy ’TOM BO3HUKAIOT JIBa
Bonpoca. [IepBrlii: Kak BBIMIOJTHUTH TO CYIIECTBYIOIIEE Ha OOJIBIIMHCTBE PEATbHBIX
MAaIIMH OTpaHUYEHHUE, YTO OOBEKTHI ONPEIETICHHBIX TUIIOB I0JKHBI YAOBIETBOPSAThH
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Tpe6OBaHI/I$IM BbIpaBHHUBAaHUA (HaanMep, HacTo LEJIBIC JOJ’KHBI pasMEIIaThbCA B
YETHBIX ajipecax)? BTopoi: kak opraHu30BaTh OMUCAHUSI, YTOOBI CIIPABUTHCS C TEM, YTO
dbynkumst alloc mopKHA BO3BpaIaTh pa3inyHbIe BUABI yKa3aTelen?

Boo0ie roBopsi, TpeG0OBaHUs BBIPABHUBAHUS JIETKO BBITIOJIHUTH 33 CYET BBIICICHUS
HEKOTOPOTO JIMIIHETO IPOCTPAHCTBA, IIPOCTO 0OECHIEUUB TO, UTOOBI PACHIPEECTUTENID
naMsITH BCETJa BO3BpaIlal yKa3aTellb, YA0BIECTBOPSIOUINIA BCEM OrpaHHYCHHSIM
BbIpaBHUBaHMs. Hanpumep, Ha PDP-11 nocratouno, uro6sr pynkius alloc Bcerma
BO3Bpallajia YeTHBII yKa3aTellb, TOCKOJIbKY B YETHBIH apec MOXKHO MOMECTHUTH JTH000i
TUN 00BEKTA. €MHCTBEHHBIN pacxo/l Ipu 3TOM - JIMIIIHUN CUMBOJI IIPU 3aIIpOCe Ha
HEUeTHYIO JJIUHY. AHAJIOTHYHbIE IEHCTBUS NPEANPUHUMAIOTCS Ha JPYTUX MaIlIWHAaX.
Taxum o6pa3om, peanuzanus alloc MOXKET HE OKa3aThCsl IEPEHOCUMOM, HO e¢
UCTIONIb30BaHue OyeT nepenocuMbiM. DyHKIms alloc U3 riaBel 5 He peaycMaTpUBaeT
HHUKAaKOr'0 ONpPE/IEICHHOr0 BEIPABHUBAHMS; B IVIaBE 8 Mbl IIPOJIEMOHCTPUPYEM, KaK
NPaBWIBHO BBIIOJIHUTH 3Ty 3a1ady. Borpoc onucanus tuna ¢pynkuuu alloc siBnsercs
MYYHTEIBHBIM JUIsl TFOO0TO I3bIKA, KOTOPBIHA CEPhE3HO OTHOCUTCS K IIPOBEPKE THIIOB.
Jlyumuii crioco6 B si3bike C - 00bsBHUTH, uTO alloc Bo3Bpalaer yka3aTeiab Ha
nepeMeHHyto Tumna char, a 3aTeM sIBHO IpeoOpa3oBaTh 3TOT yKa3aTelb K )KEIAEMOMY
THUITY C IIOMOIIBIO OTIEpaIMX NIePeBO/Ia TUITOB. TakuM 00pa3oM, eClid ONHICATh P B BUJIC

char *p;
TO

(struct tnode *) p
peoOpasyeT ero B BRIPAKCHUSAX B YKa3aTellb HA CTPYKTYpy TuIa tnode.
CrnenoBatenbHO, pyHKIHIO talloc MOXKHO 3amucaTh B BHJIE:

struct tnode *talloc ()
{

char *alloc();

return ((struct tnode *) alloc(sizeof (struct tnode)));

Oro GoJiee 4eM JOCTATOYHO ISl paOOTAIONINX B HACTOSIIEE BPEMsI KOMITUISTOPOB, HO
9TO M CaMbli O€30TaCHBIN MYTh C YYETOM Oy IyIOIIETO.

Ynpasxcnenue 6-4.

Hanumure nporpammy, kotopast uutaet C-nmporpaMmy U neyaTaer B ajipaBUTHOM
HOPSIKE KaXKIyI0 TPYTITY UMEH MIEPEMEHHBIX, KOTOPBIE COBIAJAIOT B IIEPBBIX CEMHU
CHUMBOJIaxX, HO OTJIMYat0TCs rae-To fnaneiie. (Crenaiite Tak, 9To0bl 7 OBLIO
napaMeTpom).

Ynpasicnenue 6-5.

Hanwmuire nmporpaMmy BBIZIaYH MIEPEKPECTHBIX CCBUIOK, T.€. [Iporpammy, KoTopas
rieyaTaeT CIMCOK BCEX CIIOB JOKYMEHTA M JUISl KaKAOTO U3 ATUX CIIOB MEYATAET CIHCOK

HOMEPOB CTPOK, B KOTOPBIE 3TO CIIOBO BXOJIHT.

Ynpasicnenue 6-6.
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Hamummre mporpaMMy, KOTopas IedgaraeT CJIoBa U3 CBOETOo (aiiyia BBOja,
pacmosoKeHHbIE B IOPsAKE YObIBaHMS YaCTOTHI X MosBIeHUs. [lepes KaxXIbIM cTOBOM
HameyaTanTe YiciIO €ro NOSIBICHUHN.

6.6. Ilouck B TadaMIIE.

Jns nnmrocTpauuu JanbHENIINX aCIIEKTOB HUCIOJIB30BAHUS CTPYKTYP B 3TOM pasJielie
MBI HAIUIIEM MTPOTPaMMy, MPEICTABIISIONIYI0 COOO0M COEPKUMOE MaKeTa MOUCKa B
tabauie. JTa nporpamma SBJseTCS TUITMYHBIM MPEACTaBUTEIEM MOAPOTpaMM
yTpaBJICHUS] CAMBOJIbHBIMU TaOJIHIIaMU MaKpOIIPOIIECCOPA WIIA KOMITHIISITOPA.
PaccmotpumMm, Hanpumep, oniepatop #define si3pika C. Korma BcTpeyaeTcst cTpoka Bujia

#define YES 1
to ums YES u 3amenstomuii Tekct 1 momentarorcs B Tabnuiy. [lo3nuee, korma ums
YES nosiBnsercs B oneparope Buaa

inword = YES;
OHO 0IDKHO OBITH 3aMEIEHO Ha 1.

HmeroTcst ABE OCHOBHBIE IPOIEAYPBI, KOTOPHIE YIIPABISIOT UMEHAMHU U 3aMEHSIOLTIMHI
ux Tekcramu. Oynkuus install(s,t) 3amuceiBaeT UMs s U 3aMEHSIOINI TEKCT t B
Ta0NHILy; 37€Ch S ¥ t IPOCTO CUMBOJIbHBIC CTpOKU. DyHKIMs lookup(s) uiet ums s B
TabJIMIIe U BO3BpAIIaeT JMOO0 yKa3aTelb TOr0 MeCTa, e 3TO UMl HaiiieHo, 1100
NULL, ecau 3TOro UMeHH B TaOJIHIE HE OKA3aJI0Ch.

[Ipu 3TOM HCIIONB3yETCs TTOUCK 110 AJITOPUTMY XCIIIUPOBAHUS - TIOCTYTIAIOIIEE UM
npeoOpa3yeTcsi B MAJICHBKOE MOJIOKUTEILHOE YHUCII0, KOTOPOE 3aTEM HUCIIOIb3YETCs TSI
WHJICKCAIIMM MacCHBa yKa3zaTele. DIIEMEHT MacCHBa yKa3bIBACT HA HAYAJIO IICTIOYHBIX
0JIOKOB, OITUCHIBAIOIIMX UMEHA, KOTOPBIC KIMEIOT TO 3HAUCHHUE XCITUPOBaHUs. Eciu
HUKaKHe UMEHA IIPH XCIIUPOBAHUN HE MOTYYarOT 3TOTO 3HAYCHHUS, TO SJICMEHTOM
maccuBa 6yaer NULL.

briokom nenu sBIsSETCS CTPYKTypa, COAEpKAILas yKa3aTelId Ha COOTBETCTBYIOILEE UMS,
Ha 3aMEHSIOUINI TEKCT U Ha ciexyromuil 010k B rienu. HyneBoil ykazarensb
CJIeyIoUIero 0JI0Ka CIyKHUT MIPU3HAKOM KOHIIA TaHHOH LIeTH.

struct nlist { /* basic table entry */
char *name;
char *def;
struct nlist *next; /* next entry in chain */
}i
MaccuB ykazareneu 3To pocTo

define HASHSIZE 100
static struct nlist *hashtab[HASHSIZE] /* pointer table */

3HavyeHre QYHKINU XEIIUPOBAHUS, NCTIONB3yeMol o0enmu (yHKImsiMu lookup u install
, TOJTy4aeTcsl IPOCTO KaK OCTATOK OT JI€JICHUSI CYMMBbI CUMBOJIBHBIX 3HAYEHUI CTPOKU
Ha pa3Mep MaccuBa. (JTO He caMblif TyUYIIMi BO3MOXHBIN aJIFTOPUTM, HO €T0
JIOCTOUHCTBO COCTOUT B UCKIIIOUUTEIBHOM MTPOCTOTE).

hash (s) /* form hash value for string */
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char *s;

{

int hashval;

for (hashval = 0; *s != "\0'; )
hashval += *s++;

return (hashval % HASHSIZE) ;

}

B pesynbrare mpomecca XemupoBaHus BbIIAETCS HaYalbHBIN HHAECKC B MaccuBe hashtab
; €CJIM JJAHHAs CTPOKa MOYKET OBITh I'Ie-TO Haif/ileHa, TO UMEHHO B LienH OJIOKOB, HAa4ajio
KOTOpOii ykazaHo tam. [Touck ocymectsisercs pynkuueit lookup. Ecnu Gynkmms
lookup HaxoIuT, YTO TaHHBIN JEMEHT yKe IPUCYTCTBYET, TO OHA BO3BpAILAET
yKa3artellb Ha Hero; €CJiM HeT, To oHa Bo3Bpamaer NULL.

struct nlist *lookup(s) /* look for s in hashtab */
char *s;

{

struct nlist *np;

for (np = hashtablhash(s)]; np != NULL;np=np->next)
if (strcmp (s, np->name) == 0)
return(np); /* found it */
return (NULL) ; /* not found */

Oynknus install ucronp3yet Gynkiuto lookup ams onpeneneHus, He TPUCYTCTBYET JIU
YK€ BBOJIMMOE B JIaHHBIA MOMEHT UMSI; €CIIH 3TO TaK, TO HOBOE OIPEICIICHUE TOKHO
BBITECHUTH CTapoe. B MpOTHBHOM CiTydae co37aeTcsi COBEPIICHHO HOBBIMA AJICMEHT.
Ecnu o kakoii-n6o npudrHe 71 HOBOTO 3JIEMEHTa OOJIbIIE HET MeCTa, TO (DyHKITHSI
install Bo3Bpamaer NULL.

struct nlist *install (name, def) /* put (name, def) */
char *name, *def;
{

struct nlist *np, *lookup();

char *strsave (), *alloc();

int hashval;

f((np = lookup(name)) == NULL) { /* not found */
np = (struct nlist *) alloc(sizeof (*np));
if (np == NULL)
return(NULL)
if ((np->name = strsave (name)) == NULL)
)

return (NULL
hashval = hash (np->name) ;
np->next = hashtablhashval];
hashtabl[hashval] = np;
} else /* already there */

free ((np->def);/* free previous definition */

if ((np->def = strsave(def)) == NULL)

return (NULL) ;
return (np) ;

}
@yHKIHA strsave IpocTo KOMUPYET CTPOKY, YKA3aHHYIO B KAUE€CTBE ApIyMEHTAa, B MECTO

XpaHEeHHs, TIOJYYCHHOE B pe3yibTaTe oOpamienus K GpyHkmun alloc. MBI yke mpuBean
3Ty QyHKUMIO B ri1aBe 5. Tak kak oOpamienue kK pynkuuu alloc u free moryr
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IPOMCXOIUTH B JIFOOOM TOPSAKE U B CBSI3U C MPOOJIEMO BBIPABHUBAHUS, IPOCTON
BapuaHT QyHkimu alloc U3 rmaBel 5 Ham OoJIbIIIE HE MOAXOINUT; CMOTPUTE IJ1aBbI 7 U 8.

Ynpascnenue 6-7.

HarnmmuTe npoueaypy, kotopast OyAeT yAalIiaTh UM U OTIpeeNICHNE U3 TaOInIs,
ynpasiseMoi pyHkusiMu lookup u install.

Ynpasicnenue 6-8.

Pa3paboraiiTe npocTyio, OCHOBaHHYIO Ha (DYHKLHUSAX 3TOTO pazjiena, BEPCUIO
nporeccopa st 00paboTKu KOHCTPYKIHii #define , MpUroaHYIO AJI NCTIOIB30BaHUS C
C-nporpammamu. Bam moryT Takxke okaszarbces nosie3HbiMu Gpynkimn GETCHAR u
ungetch.

6.7. Ioas.

Korna Bonpoc 5KoOHOMUM NMaMsATH CTAHOBUTCSI OYEHB CYIIIECTBEHHBIM, TO MOKET
0Ka3aThCsl HEOOXOJMMBIM IIOMEIIAaTh B OHO MAIIMHHOE CJIOBO HECKOJIBKO PA3IMIHBIX
00BEKTOB; OJTHO U3 OCOOEHHO PaCIpPOCPaHEHHBIX YIOTpeOIeHnH - HA0Op OJHOOUTOBBIX
NPU3HAKOB B MPUMEHEHUSX, TIOJOOHBIX CHMBOJIBHBIM TaOJIUI[AM KOMIIIISATOPA. BHEIITHE
00ycCIIOBIICHHBIE ()OPMATHI TAaHHBIX, TAKKE KaK MHTEP(EHCHI anmapaTHbIX CPEICTB
TaKOKE 3a4acTyI0 MPEIOIaraloT BO3MOXKHOCTG ITOJTyYSHHUS CJIOBA 10 YaCTSIM.

[IpencraBpre cebe pparMeHT KOMITUWIATOPA, KOTOPBIH paboTaeT C CHMBOJILHON
tabmuuel. C KaXIpIM UIEHTH(PHUKATOPOM NIPOrpaMMbl CBsI3aHa ONpeAeIeHHas
UHpOpMaLKs, HATPUMEP, SBJSIETCS OH WIIM HET KIFOUEBBIM CIIOBOM, SIBJISIETCS JIU OH
WIN HEeT BHEIIHUM W/MJIM CTaTUYECKUM U T.J. CaMblif KOMIAKTHBIN crioco0
3aKOAMPOBATH TaKyr0 HH(OPMAIIUIO - TOMECTUTH HAOOP OJJTHOOUTOBHIX MPU3HAKOB B
OTJeNIbHYIO NIEPEMEHHYIO0 THIa char uiu int.

OOBIuHBIN CTIOCOO, KOTOPBIM 3TO JENIAETCsI, COCTOUT B ONpeeIeHr Habopa "Macok",
OTBCHUAIOMIUX COOTBETCTBYIIUM OUTOBBIM IIO3uIuAM, KaK B

#define keyword 01
#define external 02
#define static 04

(uncna AOHKHBI OBITH CTETCHIMU ABOMKHK). Torga o6paboTka OUTOB CBEIETCS K
"JKOHTJIMPOBAHHUIO OUTAMU" C TIOMOIIBIO ONIEPAIMiA CIBUTA, MACKUPOBAHUS U
JIOTIOJIHEHH S, OIIMCAHHBIX HAMU B TJIaBe 2.

HekoTtopsle 4acTo BCTpeUaromuecs UIuOMbI:

flags |= external | static;
BKJIIO4aeT OuThl external u static B flags, B To Bpems kak flags &= ~(external | static); ux
BBIKITFOUaeT, a if ((flags & (external | static)) == 0) ... ucturHO, ecim 00a Outa
BBIKJTIOUCHBI.

XOTs TUMH UAUOMAMH JIETKO OBJIAJCTD, A3BIK C B xayecTBe AJIBTCPHATUBLI IpCJ1aract

BO3MOXKHOCTb OIpeieJIeHust 1 00pabOoTKH MoJieit BHYTPH CIIOBA HETIOCPEICTBEHHO, a HE
MOCPEICTBOM MTOOMTOBBIX JIOTHYECKUX oreparuid. [Tose - 370 Habop CMEKHBIX OUTOB
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BHYTPH OJTHOM TiepeMeHHO# Tuma int. CHHTaKCUC onpeeNieHns U 00pabOoTKH Toen
OCHOBBIBAeTCS Ha CTpyKTypax. Hanpumep, cMiMBOIbHYIO TaOIHIly KOHCTPYKIMMA
#define, mpuBeIEHHYIO BBIIIE, MOYKHO OBI OBLJIO 3aMEHHUTH OTPEIEICHUEM TPEX TOJICH:
struct { unsigned is_keyword : 1; unsigned is_extern : 1; unsigned is_static : 1; } flags;

3nech onpeaenseTcs nepeMeHHas ¢ uMeHeM flags, KoTopast Conep uT Tpu 1-OUTOBBIX
nojs. Crneayrolee 3a IBOSTOUUEM YUCIIO 33/1aeT IUPUHY Nojs B 6utax. [lons onucanbl
Kak unsigned, 4TOOBI TOMYEPKHYTh, UYTO OHH JICUCTBUTEIIBHO OYIyT BETUYMHAMH O€3
3HaKa.

Ha otznensHbIe ot MOXHO cebutaThesl, Kak flags.is_static, flags. is_extern,
flags.is_keyword U T.x1., TO ecTh TOYHO TakK ke, KaKk Ha JPyTHe WICHBI CTPYKTYpsI. [lomns
BeyT ce0s mo100HO HEOOIBIIMM IIEJTbIM Oe3 3HaKa ¥ MOTYT y4acTBOBATh B
apu(METHUECKUX BBIPAKEHUSIX TOYHO TaK XK€, KaK U Apyrue nenbie. Takum oopa3om,
npeabIIyIre IpIMephl 0oJiee eCTECTBEHHO nepenucaTh Tak: flags.is extern =
flags.is_static = 1; nyst BKIIFOYCHHS] OMTOB;

flags.is extern = flags.is static = 0;
JJI1 BBIKJIFOYCHHA 6I/ITOB;

if (flags.is extern == 0 &&flags.is static == 0)...
JUTS UX TTPOBEPKHU.

[Tonie HE MOXKET MepeKpbIBaTh TPAHUILY int; €CliM yKa3aHHAas IIUPUHA TaKOBa, YTO 3TO
JOJIKHO CIIYYHMThCS, TO MOJIe BEIPABHUBAETCS IO TpaHUlIe cienyromiero int. [Tomsm
MO>XHO HE MIPUCBAUBATh UMEHA; HEMMEHOBAHHBIE TIOJISI (TOJIBKO IBOCTOYHE M IIMPUHA)
UCTIONB3YIOTCS AJIs 3aM0JIHEHUSI CBOOOAHOTO MecTa. UTOOBI BEIHYAUTH BhIpAaBHUBAHHE
Ha TPaHMILy CJIEIYIOIIETo int, MOXKHO MCIOIB30BaTh CHEHANbHYIO0 MHUPUHY 0.

[Ipu pabore ¢ moIIMU UMEETCsI Psii MOMEHTOB, Ha KOTOPBIE ClIeyeT 00paTuTh
BHHUMaHue. [lo-BuanMomMy Hanbosee CyleCTBEHHBIM SBJISETCS TO, YTO OTpaxas
IIPUPOJlY Pa3IMYHbIX AIllIapPATHBIX CPEJICTB, PaCIpeneICHHE MT0JIEH HA HEKOTOPBIX
MalIuHaxX OCYIIECTBIISIETCS CJIEBAa HAIPABO, & HA HEKOTOPBIX CIPaBa HAJIEBO. JTO
O3HAYaeT, YTO XOTS MOJIs OUEHb MOJIE3HBI I Pa0OThl C BHYTPEHHE ONpPEeICHHBIMU
CTPYKTYpaMU JaHHBIX, IPU Pa3/IeJICHUN BHEIIHE ONPEIEIAEMbIX TaHHBIX CIEIYET
THIATEIBLHO pacCMaTPUBATh BOIPOC O TOM, KaKOH KOHEI] TOCTYIAeT MEPBbIM.

Hdpyrue orpaHudeHus, KOTOpPbIE CIEAYET UMETh B BUY: MOJSl HE UMEIOT 3HAKA; OHU
MOTYT XPaHUTBHCS TOJIBKO B IEPEMEHHBIX THMA int (WK, YTO SKBUBAJIEHTHO, TUIIA
unsigned); OHM He SBJISIOTCS MAaCCHBaMH; OHU HE HMEIOT aJJpeCcoB, TaK UYTO K HUM HE
puMeHUMa onepanus &.

6.8. O0Leannenus.

OO0benuHEHHs - 9TO IEPEMEHHAs1, KOTOpasi B pa3IMYHbIE MOMEHThHI BPEMEHHU MOXKET
coJiepkKaTb 0OBEKTHI pa3HBIX TUIIOB U Pa3MEPOB, MPUYEM KOMITUIATOP OepeT Ha ceOst
OTCIIEKUBaHKUE pa3Mepa U TpeOoBaHM BeipaBHUBaHUS. OOBEAMHEHUS MIPEICTABISIOT
BO3MOXHOCTb pab0TaTh C pa3IMYHBIMHM BUJAMH JJAHHBIX B OJHOM 00JacTH NaMsITH, HE
BBOJI B IPOrPaMMy HUKAaKOH MalIMHHO-3aBUCUMOW MH(POpMALIUY.

B kadecTtBe mpumMepa, CHOBa U3 CUMBOJILHOM TaOIHIIBI KOMITHIISATOPA, TPEATIOI0KUM,
YTO KOHCTAHTBI MOTYT OBITh THTIA int , float nam OBITH yKa3aTeIsIMH Ha CHMBOJIBI.
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3HA4YECHME KaXJA0W KOHKPETHOM KOHCTAHTHI JIOJDKHO XPAHUTBCS B IEPEMEHHOMN
COOTBETCTBYIOIETO TUIIA, HO BCE )K€ AJIS YIIPaBIeHUs TaOauLel caMbIM y100HBIM OBLIO
Obl, €CJIM 3TO 3HAYEHHUE 3aHUMaJIO Obl OJIMH U TOT k€ 00bEM NaMSITH U XPaHUIOCh B TOM
K€ CaMOM MeCTe He3aBUCHMO OT €r0 THIA. 3TO U SABJISIETCS Ha3HAYCHUEM O0bEeTUHEHUS
- BBJICJIUTH OTICIHHYIO IEPEMEHHYIO, B KOTOPOH MOXHO 3aKOHHO XPaHUTh JIFOOYIO
OJIHy U3 IIEPEMEHHBIX HECKOJIBKUX TUIIOB. Kak 1 B citydae rosield, CHHTaKCHC
OCHOBBIBACTCs Ha CTPYKTYpaX.

union u_tag {
int ival;
float fval;
char *pval;

} uval;

[lepemennas uval OyneT UMeTh 10CTaTOYHO OOJIBIION pa3mep, 4TOObI XpaHUTh
HauOOJBIINN U3 TPEX THIIOB, HE3aBUCUMO OT MAIlIMHBI, HA KOTOPOI OCYIIECTBISIETCS
KOMITMJISILIMS, - TpOrpaMma He OyIeT 3aBUCETh OT XapaKTePUCTUK allapaTHBIX CPEICTB.
JIr060i1 U3 ATHX TPEX THIIOB MOXKET ObITh MPUCBOCH UVar U 3aTeM HCIOJIb30BaH B
BBIPAKCHMSX, ITOKA TAKOE UCIIOJIb30BaHNE COBMECTUMO: U3BJICKAEMBINA THUII JOJKEH
COBIMAJIATh C MOCJIEIHUM NOMELIEHHBIM TUIIOM. J[eJ10 MporpaMMHucTa - CIEAUTD 3a TEM,
KaKo# THUI XpaHUTCS B 0OBEAMHEHUH B JAHHBIA MOMEHT; €CJIHM YTO-IM00 XPAHUTCS KaK
OJIUH THII, @ U3BJIEKAETCS KaK APYTOH, TO pe3yIbTaThl Oy IyT 3aBUCETh OT UCTIOIb3YEMON
MaIIHHBI.

CHHTaKCHYECKH JOCTYII K WICHAM OOBEIMHCHUS OCYIIECTRISICTCS CIIC Ty OIIHM
obpa3zom:

ums 06veOuHeHUs. 4ieH

WIn

yKazamenb 00beOUHeHUs ->YjleH

TO €CTh, TOYHO TaK XK€, KaK U B CIIy4ae CTPYKTYP. €CIH Il OTCIICKUBAHUS THIIA,
XPaHUMOTO B IaHHBI MOMEHT B UVal, HCIOJIb3yeTCs TIepeMeHHas utype, ToO MOKHO
BCTPETUTH TAKOH Y4aCTOK MPOTPaMMBI:

if (utype == int)

printf ("$d\n", uval.ival);
else 1if (utype == float)
printf ("$f\n", uval.fval);
else if (utype == string)
printf ("$s\n", uval.pval);
else

printf ("bad type %d in utypel\n", utype);

OOberHEeHNs] MOTYT MOSIBIISATHCSI BHYTPU CTPYKTYP U MAaCCUBOB U HA00OPOT. 3anuch
JUTsE OOpalIeHUs K WICHY OObEMHEHUS B CTPYKType (MM HA000POT) COBEPIICHHO
UJICHTUYHA TOH, KOTOpast UCIIOJIB3YETCs BO BIOXKEHHBIX CTPYKTypax. Hanmpumep, B
MacCUBE CTPYKTYP, ONPEICIICHHBIM CIIEAYIOIUM 00pa3om

struct {
char *name;
int flags;
int utype;
union {

int ival;
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float fval;
char *pval;
} uval;
} symtab[nsym];
Ha MepeMEeHHY0 ival MOJKHO cocaThes Kak

symtab[i].uval.ival
a Ha TIepBbIi CUMBOJI CTPOKHU pval Kak

*symtab[i] .uval.pval

B cymnocTH, 00bequHEHNE ABISETCS CTPYKTYPOil, B KOTOPOil BCE YIEHBI UMEIOT
HyJeBoe cMmelieHre. Cama CTpyKTypa JOCTaTOYHO BEJIMKa, YTOObI XPAHUTh "caMblit
HIMPOKUI" WiIEH, U BhIpaBHUBAHUE MPUTOHO Ul BCEX TUIIOB, BXOISIINX B
o0benuHeHue. Kak u B ciydae CTpyKTyp, €IMHCTBEHHBIMHU OIEPaLUsIMU, KOTOPHIE B
HACTOSALIEE BPEMS MOXKHO MPOBOJUTE C 00bEIUHEHUSAMH, SIBISIOTCS TOCTYI K WIEHY U
U3BJIeUEHHE ajipeca; 0ObEANHEHHS HE MOTYT OBbITh IIPUCBOEHBI, MepeiaHbl (yHKIHUAM
WJIM BO3BpALIEHBI UMH. YKa3aTeIu 00beIMHEHUI MOXKHO UCIIOJIB30BaTh B TOUHO TaKOH
K€ MaHepe, Kak U yKa3aTelnu CTPYKTyp.

[IporpaMMa pacripeneneHus aMsITH, IPUBOAUMA B TJIaBE 8 , IOKA3BIBAET, KAK MOXKHO
UCIIOJIb30BaTh 00bEAMHEHHUE, YTOObI C/IeNIaTh HEKOTOPYIO IEPEMEHHYI0 BHIPOBHEHHOM
10 ONPEJEIIEHHOMY BUly TPAHULIBI TAMSATH.

6.9. Onpenenenue Tuna

B s3pike C mpeaycMoTpeHa BO3MOKHOCTb, Ha3biBaeMast typedef i1t BBeIeHUST HOBBIX
VMMEH JUI TUIIOB AaHHbIX. Hanmpumep, onucanue

typedef int length;
nenaet ums length cunornmowm i int. "Tun" length MmoxeT ObITH UCTIONB30BaH B
OINMCAaHMSIX, IEPEBOAOB TUIIOB U T.JA. TOYHO TaKuM ke 00pa3oM, Kak U THII int:

length len, maxlen;
length *lengths([];

AHaJIOTUYHO OIMUCAHHE

typedef char *string;
JleNaeT string CAHOHUMOM JUTs char®, To ecTh s yKa3aTenst Ha CHMBOJIBI, YTO 3aTeM
MOXXHO HCIIOJIB30BaTh B OIIMCAHUAX BHUIA

string p, lineptr([lines], alloc();

OO0parurte BHUMaHUE, YTO OOBABISAEMBIN B KOHCTpYKIMHK typedef Tun mosiisiercs B
HO3UIIMH IMEHH NIEPEMEHHOH, a He cpa3y 3a cnoBoM typedef. CuHTaKcHYeCKH
KOHCTpyKIus typedef momoOHa onricaHusM Kiiacca mamsTe extern, static u 1. JI. Mbl
TaK)Ke MCIOIH30BANIN MPOMMCHBIE OyKBBI, YTOOBI SICHEE BBIACTUTH HMEHA.

B kagecTBe OoJiee CI0KHOTO ITpUMEPa MbI UCIIONIB3YyEeM KOHCTPYKIUIO typedef mist
OTIHMCAHUs y3JI0B JIEPeBa, PACCMOTPEHHBIX PaHEEe B ATOMU TJIaBe:
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typedef struct tnode { /* the basic node */
char *word; /* points to the text */

int count; /* number of occurrences */

struct tnode *left; /* left child */

struct tnode *right; /* right child */

} treenode, *treeptr;

B pesynbrare momyuyaem iBa HOBBIX KITIOUEBBIX ClIOBaA: treenode (CTpyKTypa) u treeptr
(ykazarens Ha CTpyKTypy). Torna ¢dynkuuio talloc MokHO 3amucath B BUIE

treeptr talloc()
{

char *alloc();
return ( (treeptr) alloc(sizeof (treenode)));

HeobxonuMo nmoguepkHyTh, 4TO onucanue typedef He MPUBOAUT K CO3AAHUIO HOBOTO B
KaKOM-JIM0O0 CMBICJIE TUIIA; OHO TOJIBKO JOOABJISET HOBOE UMsI JIJIsl HEKOTOPOTO
cymiecTByroiiero tumna. [Ipu 3Tom He BOSHUKAET U HUKaKOW HOBOW CEMAaHTHKH:
OTHMCaHHBIE TAKUM CITIOCOOOM NEPEMEHHBIE 00JIaIal0T TOYHO TEMHU K€ CBOMCTBAMH, YTO
U TIepeMeHHbIe, ONUCaHHbIe ABHBIM 00pa3oM. [1o cymecTBy KoHCTpyKIus typedef
cxopaHa ¢ #define 3a UCKITIOYEHUEM TOTO, UTO OHA HHTEPIPETUPYETCS KOMITHISATOPOM H
MOTOMY MO>KET OCYLIECTBIIATH MOJICTAHOBKU TEKCTa, KOTOPBIE BHIXOAT 32 MPEEIIbl
BO3MOKHOCTEH Makpompoiieccopa si3pika C. Hampumep,

typedef int (*pfi) ();
co3maet tun pfi g "ykazarens QyHKIMH, BO3BpAIIArONIC 3HaUeHUE THIIA int",
KOTOPBIN 3aTeM MOKHO ObLIO ObI HCIIOJIB30BATh B MPOTPaMMeE COPTUPOBKH U3 TJ1aBHI 5 B
KOHTEKCTE BHIA

pfi strcmp, numcmp, swap;

HwmeroTcst 1Be OCHOBHBIE MPUYHMHBI TpUMeHeHus onucanuii typedef. [lepBas npuunHa
CBsI3aHa C MapaMeTpu3aIel MPorpaMMbl, YTOOBI OOJETYUTh pelIeHHE POOIeMbl
nepeHocuMocTH. Eciiu 17151 THIIOB JaHHBIX, KOTOPBIE MOTYT ObITh MallIMHHO-
3aBHCUMBIMH, HCIIONIB30BaTh onucanue typedef, To mpu nepeHoce mporpaMmsl Ha
JPYTYIO MalIMHY NPUAETCS U3MEHUTh TOJIBKO 3TH onucanusa. OJHa U3 TUIIMYHBIX
CUTYyaIMii COCTOUT B MCIIOJIb30BaHUHU OTIpPeNIeNIIeMbIX ¢ moMolnbko typedef nmen ams
pa3IMYHBIX LEJbIX BEJIMYMH U B IOCIEAYIONIEM NOAX0Ad1IeM BbiOope TumoB short, int u
long st kax10ii nMeroIeiicss MamuHbl. Bropoe Haznauenue typedef coctout B
o0ecrneueHnH JIydle JOKyMEeHTalUK Ul IPOrpaMMBI - THII C UMEHEM treeptr MOXKeT
oKaszaTbcs Oosiee yI0OHBIM JIJIs1 BOCHPUSATHS, YeM THII, KOTOPBIH OMHMCaH TOJIBKO KakK
yKa3aTellb CJI0KHOU CTPYKTYpbl. VM HakoHel], Bceria CyIiecTBYeT BEpPOSITHOCTb, UTO B
OyayIieM KOMIWJISATOpP WIIM HEKOTOpasi Ipyras mporpamMma, Takas Kak lint, cMoxxeT
MCITOJIB30BATh COJIEPIKAIIYIOCS B onmucaHusx typedef mHpopManmio a1 mpoBeaeHUS
HEKOTOPOH JOMOJIHUTENBHOU POBEPKHU ITPOTrPaMMBI.

7. BBoa 1 BBIBOJ

CpencTBa BBOJIa/BBIBOJIA HE SIBJISTFOTCSI COCTABHOM YacThIO si3bika C, TaK 4TO MBI HE
BBIJICTISUTA UX B HAIlIEM MPeIbIAyIeM 3i10xeH!H. OJHAKO pealbHbIe MPOTrpaMMbl
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B3aMMOJICHCTBYIOT CO CBOCH OKpY’Kar0 ek cpeiol Topas3ao 0ojiee CI0KHBIM 00pa3oMm,
4yeM Mbl BUJENHU A0 cuX mop. B aToit rmaBe Oyaet onucana "cTrannapTHas OubIuorexa
BBO/Ia/BRIBOJIA", TO €CTh HA0Op (DYyHKITMH, pa3pabOTaHHBIX IS OOCCTICUCHUS
CTaHJApTHOM cucTeMbl BBOJIA/BbIBOAA Ui C-niporpaMM. DT QyHKIMH MTpeJHA3HAYCHbI
IUTs yI0OCTBa IMPOrpaMMHOTO HHTEp(derica, U BCe Ke OTPaXkaroT TOIBKO TE ONEPAIHH,
KOTOpBIE MOTYT OBITH 0OecredeHbl Ha OOJIBITUHCTBE COBPEMEHHBIX ONEPALIMOHHBIX
cucreM. [Ipoueaypsl toctaTo9HO 3P PEKTUBHBI VT TOTO, YTOOBI TIOJIH30BATEIH PEIKO
YyBCTBOBAJIM HEOOXOAMMOCTh 000MTH UX "paau 3QpeKkTuBHOCTH", KaKk ObI HU ObLIA
Ba)KHA KOHKpETHas 3a1a4a. M, HaKoHeI, 3TH MpoIeayphl 3ayMaHbl OBITH
"MepeHOCUMBIMU" B TOM CMBICJIE, YTO OHH JOJIKHBI CYIIIECTBOBATH B COBMECTUMOM
BUJIE Ha JII000M cucteme, rae uMmeeTcs sS3bIK C, ¥ 4TO MPOrpaMMbl, KOTOPHIE
OTPaHUYMBAIOT CBOM B3aUMOJICUCTBHUS C CUCTEMON BO3MOKHOCTSIMH,
IPEIOCTABIIAEMBIMH CTaHIAPTHON OMOINOTEKON, MOKHO Oy/1eT IEPEHOCUTD C OJTHOM
CHCTEMBI Ha JIPYTYIO 10 CYIIECTBY 03 H3MEHEHUII.

Mei 31ech He OyZ1eM TIBITAaThCS ONMKUCATh BCIO OMOJIMOTEKY BBOJ1a/BBIBOJIA; MBI O0JIee
3aMHTEPECOBAHBI B TOM, YTOOBI IIPOIEMOHCTPUPOBATH CYIIHOCTh HanucaHus C-
pOTpaMM, KOTOPbIC B3aUMOJICHCTBYIOT CO CBOCH ONEPaIMOHHON CPEIOH.

7.1. O0paienue K cranAapTHOM OubJIMOTEKE

Kax b1t ncxomnsiii haiiin, KoTopblil oOpamaercs K GyHKIIMA U3 CTaHIAPTHON
OubIMoTeKH, JOHKEeH BOIM3U Hadada COAePKATh CTPOKY

#include <stdio.h>
B (aiine stdio.h onpenensoTcs HEKOTOpPbIE MAKPOCHI M IEPEMEHHBIE, UCTIONIb3YEMbIE
O6uOIMoTEKOM BBOIa/BhIBOIA. VIcTIONIb30BaHNE YTIIOBBIX CKOOOK BMECTO OOBITHBIX
JBOMHBIX KaBBIUEK - YKa3aHHE KOMITUISATOPY UCKATh ATOT (ailil B CIPaBOYHUKE,
COJIEp KaIIeM 3arojIoBKH cTanaapTHO uHpopmanuu (Ha cucteme UNIX oObraHO
lusrlinclude).

Kpowme Toro, npu 3arpy3ke mporpaMMbl MOXKET OKa3aThCsl HEOOXOAUMBIM YKa3aTh
o6ubnmoTeky siBHO; Ha cucteMe PDP-11 UNIX, nanmpumep, komaHaa KOMIHISIITAN
porpaMMbl UMea Obl BHI:

cc UCXOOHBIE GaMiel M T.O. —1S
rze -Is ykaspiBaeT Ha 3arpy3Ky U3 CTaHAApPTHOW OMOIMOTEKH.

7.2. CtanaapTHblid BBOJ M BbIBOJ - yHkuuu getchar u putchar

CaMplil mpoCTOi MEXaHU3M BBOJIa 3aKITI0YACTCS B YTCHHUH 110 OJJHOMY CHMBOJY 3a pa3
13 "cTaHAapPTHOTO BBOJA", OOBIYHO C TEPMHUHAJA MTOJIH30BATENIs, C TOMOIILI0 (PYHKITUN
getchar. @ynkmus getchar() mpu kaxaoM K Hell 0OpallieHNH BO3BPAIIACT CIEAYIOIIUI
BBOJIMMBII CUMBOJI. B OONBIIMHCTBE Cpet, KOTOPhIE MOIACPKUBAIOT S3bIK C, TEpMUHAI
MOYET OBITh 3aMEHEH HEKOTOPBIM (hailyioM ¢ TOMOIIbI0 0003HAYECHUS < : €CIH
HEKOTOpas MporpaMMa prog UCHojb3yeT GYHKIUIO getchar TO KOMaHIHAsI CTPOKa

prog<infile
npuBeIeT K TOMY, UTo prog Oyaer unrtath u3 (aiina infile, a He ¢ TepmuHana.
[epekmoyeHne BBOIA 1eIaeTCsl TAKUM 00pa3oM, YTO caMa porpaMMa prog He
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3aMeuaeT U3MEHEHUs; B UacTHOCTHU cTpoka'<infile" He BkiIto4aeTcs B KOMaHAHYIO
CTPOKY apryMeHTOB B argv. [lepexiitoueHre BBO/1a OKa3bIBAETCsl HE3aMETHBIM U B TOM
cllydae, KOr/ia BbIBOJ IIOCTYHAeT U3 JPyroil IporpaMMbl OCPEICTBOM TOTOYHOIO
(pipe) MexaHM3Ma; KOMaHIHasl CTPOKa

otherprog | prog
MIPOTOHSET JABE MPOrpamMmsbl, otherprog u prog, U OpraHu3yeT Tak, 4YTO CTaHJAPTHBIM
BBOJIOM ISl Prog CIy>KUT CTaHJApTHBIN BbIBOA otherprog.

Oyuknus getchar Bo3Bpamaer 3nadenrne EOF, xorga ona nonagaet Ha KoHell Qaiina,
KaKo¥ ObI BBOJ OHA MPHU 3TOM He cuuThiBasa. CTaHAapTHas OMOIHOTEKA MojlaracT
cuMBoInuecKyto koHcTanTy EOF paBHoii -1 (mocpenctBom #define B daiine stdio.h), Ho
mpoBepku cienyeT nucath B TepmuHax EOF, a He -1, uToObI n30€kKaTh 3aBUCIMOCTH OT
KOHKPETHOT'O 3HAYCHHUSI.

BbIBO MOKHO OCYIIECTBIIATH ¢ HOMOIIBIO (DyHKIMU putchar(c), moMerniaromnieii cumMBo
'c' B "cTanAapTHBINA BBOA'", KOTOPBIN IO YMOJYAHHUIO SIBJIIETCSA TEPMUHAIOM. BbIBOIT
MOYKHO HalpaBUTh B HEKOTOPBIN (ailsl ¢ MOMOIIbI0 0003HAUEHUS > : €CIIU Prog
ucnosb3yeT putchar, To KOMaHAHas CTPOKA

prog>outfile
MPUBEJIET K 3aMKMCH CTaHIapTHOTO BbIBOAA B aiin outfile, a He Ha Tepmunan. Ha
cucteme UNIX MOKHO Takke UCIIOJIb30BaTh MOTOYHBIN MexaHu3M. CTpoka

prog | anotherprog
TIOMEIIIAeT CTaHAaPTHBIM BBIBOJ] prog B CTaHIapTHBIN BBOJ anotherprog. U onsith prog
He OyeT ocBeIOMIICHa 00 M3MEHEHUHY HaIpaBIICHUS.

BriBog, ocymiecTBiasieMblil pyHKIMEH printf, Takke MOCTyNaeT B CTAHAAPTHBIN BBIBO, U
oOpamienus K putchar u printf MoryT nepemexaTbCs.

[TopasurenbHOE KOIMYECTBO MPOTrPAMM YUTAET TOJIBKO U3 OJTHOTO BXOJHOI'O IOTOKA U
IUILIET TOJBKO B OJIMH BBIXOJHOM IMOTOK; JUIS TAKMX IMPOTPaMM BBOJI U BBIBOJI C
nomoInbio GpyHKIMA getchar, putchar u printf Mo)keT oka3aThcsi BIIOJHE aJICKBaTHBIM U
JUISl Hayaa OIpeIeIeHHO JOCTaTOUYHBIM. DTO 0COOEHHO CIpaBeAIMBO TOT/1a, KOT/Ia
MUMeeTCsl BO3MOXKHOCTD yKa3zaHus (aiiiioB JUIsl BBOJIAa M BBIBOAA U MMOTOYHBINA MEXaHU3M
JUIS CBSI3M BBIBOJIA OJHOU IIPOrpaMMBbI C BBOAOM Apyroil. PaccmorpumM, Hampumep,
nporpamMmy lower, KoTopas mpeodpasyeT NMponrcHbIe OYKBHI U3 CBOETO BBOJIA B
CTpOYHBIE:

#include <stdio.h>

main() /* convert input to lower case */
{
int c;
whlie ((c = getchar()) != EOF)
putchar (isupper (c) ? tolower(c) : c);

"@yukuuu" isupper u tolower Ha caMoM Jieie SBISIFOTCS MaKpOCaMH, OTIPE/ICIICHHBIMU B
stdio.h . Makpoc isupper npoBepsieT, SIBISETCs JIU €ro apryMeHT OYKBOW U3 BEPXHETO
perucTpa, ¥ BO3BpaIIaeT HEHYJIEBOE 3HAYCHHE, €CITH ATO TaK, U HyJIb B IPOTHBHOM
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ciydae. Makpoc tolower peoOpa3yeT OyKBY W3 BEPXHETO PErucTpa B Ty kKe OyKBY
HIDKHET0 peructpa. He3aBUCHMO OT TOTO, Kak 3TH (QYHKIIUH PeaTn30BaHbl HA
KOHKpCTHOﬁ MallrHE, NX BHCIIHEC MOBCACHNEC COBCPUICHHO OANHAKOBO, TaK YTO
HCIIOJIB3YIOIUC UX MMPOrpaMMbl I/I36aBJICHBI OT 3HaHUA CUMBOJIBHOI'O Ha6opa.

Ecnu tpebyercst mpeoOpa3oBaTh HECKOIBKO (haliioB, TO MOKHO COOpATh 3TH (HAMITBI C
MOMOIIIBIO TIPOTPAMMBI, TO00HOM yTHauTe cat cuctembl UNIX,

cat filel file2 ... | lower>output
1 u30eXKaTh TEM CaMbIM BOIIPOCA O TOM, KaKk 0OpaTUTHCS K 3TUM (aitinam u3
nporpammel. (IIporpamma cat mpuBoAKUTCS MO3KE B ITOM I1aBe).

Kpome Toro otmeTnm, 4yTo B cTaHAapTHON OHOIMOTEKe BBOAA/BhIBOAA "PyHKIIMK"
getchar u putchar Ha caMoM jie7ie MOTYT OBITh MaKpoCaMu. DTO MMO3BOJISET U30€XKATh
HaKJIAJTHBIX PacX0JI0B Ha oOpalieHue K GyHKIMH 711 00pabOTKH KaXK0ro cuMBoIa. B
rJ1aBe 8 MBI IPOJIEMOHCTPUPYEM, KaK 3TO JEJIaeTCA.

7.3. @opmaTHbIii BbIBOI - GyHkuus printf

JBe ¢ynkuu: printf ayis BeiBosa u scanf st BBoAa (ClIeIyromuid pa3aes) mo3BOJISIOT
npeoOpa30BhIBATh YHCICHHBIC BETMYMHBI B CHMBOJILHOE TIPEACTaBICHUE H 00OPaTHO.
OHu TaKKe MO3BOJISIFOT T€HEPUPOBATH U MHTEPIPETUPOBATH (POPMATHBIE CTPOKU. MBI
yKe BCIOJTy B IPEIBIAYIIUX TiaBax HeOpMaIbHO HUCIIONIB30BaIN QyHKIHIO printf;
3/1eCh IPUBOIUTCS O0JIee TIOJTHOE U TOUHOE onvcanne. OyHKIus

printf (control, argl, arg2, ...)
npeoOpa3zyeT, onpeaenser popMar 1 eyaTaeT CBOM apryMEHTHI B CTAaHJAPTHBINA BBIBOJ]
10J] YIIPaBJIEHHUEM CTPOKHU control. YIpapisiomias CTpoka COAEpKUT J1Ba THUIIA
00BEKTOB: OOBIYHBIE CHMBOJIBI, KOTOPBIE MTPOCTO KOMUPYIOTCS B BBIXOJAHOM MOTOK, H
CHGI_II/I(I)I/IKaI_II/II/I Hp606p330BaHHﬁ, KaxxJast u3 KOTOPbIX BbI3bIBACT npeo6pa30BaHHe u
nevaTh OYePETHOTO apryMeHTa printf.

Kaxnas cnenudukamnus mpeodpazoBaHus HAUMHASTCS C CUMBOJIA % W 3aKaHYUBACTCS
CUMBOJIOM npeoOpazoBanus. Mexay % u CUMBOJIOM NPeoOpa30BaHUSI MOTYT
HAXOJHUTHCS:

e 3HAK MUHYC, KOTOPBIH YKa3bIBaeT O BRIPABHUBAHUHU MIPEOOPA30BAHHOTO
apryMeHTa 1o JICBOMY Kparo €ro ToJIsl.

e Crpoxa mudp, 3agaroniasi MUHIMAaIbHYO MUPHHY Toiis. [IpeobpazoBanHOe
ymcIio OyeT HareyaTaHo B [0JIE M0 KpallHel Mepe ATOM IIUPUHBL, a €CIIU
HE00X0MMO, TO U B Oosee mupokoM. Ecian npeoOpa3oBaHHbIN apryMEHT UMEET
MEHBIIIC CHMBOJIOB, YeM yKa3aHHas IIIUPUHA TI0JIs, TO OH OYJET IOTIOIHEH CIeBa
(unu crpaBa, ecliv ObLIO yKa3aHO BBIPABHUBAHUE 10 JIEBOMY
KPAar0)3aIoJHSIOIUMU CUMBOJIAMH JI0 3TOW IIUPUHBIL. 3aMOJIHSIOIIAM CUMBOJIOM
OOBIYHO SIBJISIETCA MPOOET, @ €CIU IHUPUHA MOJISI YKa3bIBAETCS C TUAUPYIOIINM
HYJIEM, TO 3THM CUMBOJIOM OyZeT HyJIb (JIMTUPYIONINIA HYJIb B JAHHOM CITydae
HE 03HAYaeT BOCBMEPUYHOM IIUPHUHBI TOJIS).

e Touka, KOTOpast OTIEISICT ITUPUHY TTOJISI OT CISAYIOMIEH CTPOKH HPDP.

e Crpoxa 1udp (TOYHOCTD), KOTOPas yKa3blBaeT MaKCUMaIbHOE YHCIIO CUMBOJIOB
CTPOKH, KOTOPBIC JTOJKHBI OBITh HAIlEYaTaHbI, HJIM YUCIIO TIeYaTaeMBbIX CIIpaBa
OT JECATHUYHOM ToukH udp g nepemennbix tuna float mnu double.
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o Moauduxarop IJUHBI |, KOTOPBIN YKa3bIBAET, 4YTO COOTBETCTBYIOIINN JIEMEHT
TaHHBIX UMeeT TuM long, a He int.

Huxe IMPUBOAATCA CUMBOJIbL Hp606paSOBaHI/I${ U UX CMBICII:

e d - aprymenT npeoOpa3yeTcst K J1eCATUIHOMY BHU]TY.

e 0 - AprymeHt npeoOpa3yercsi B 0€33HaKOBYI0 BOCbMEpHUHYIO (popmy (6e3
JTUAUPYIOIIETO HYJIs).

e X - ApryMmeHT npeoOpa3yercs B 0€33HaKOBYIO IIeCTHAAATEpUUIHYI0 hopmy (6e3
muaupyromux 0X).

e U - AprymeHt npeoOpasyeTcst B 0€33HaKOBYIO JECATUUHYIO POpMY.

e C- ApryMeHT pacCMaTpHUBAETCs KaK OT/ACIbHBII CHMBOIL.

e S - APryMeHT SBJISETCS CTPOKOI: CUMBOJIBI CTPOKH I€YaTaroTCs 10 TeX Iop,
noka He OyJIeT TOCTUTHYT HyJICBOW CHMBOJI WM He Oy/IeT HareyaTaHo
KOJINYECTBO CUMBOJIOB, YKa3aHHOE B CHIELM(PHUKALIUN TOYHOCTH.

e ¢ - ApryMeHT, paccMaTpuUBaeMbIil kak nepemennas tuna float wim double,
npeoOpasyeTcs B IeCATUYHYIO (popmy B BUJE [-|m.nnnnnne[+-]Xx, rae JiuHa
CTPOKH M3 N ONpeAETseTCs yKa3aHHOH TOYHOCTHI0. TOYHOCTH IO YMOITYaHUIO
paBHa 6.

o f- AprymeHnr, paccmarpuBaeMsblii kak nmepemenHas tuna float mim double,
npeoOpasyeTcs B JeCITUYHYI0 (opMy B BUJE [-|mmm.nnnnn, rJe JUIMHA CTPOKU
U3 N ONpeNeNsIeTCs] YKa3aHHOW TOYHOCTHIO. TOYHOCTH 110 YMOJTYaHUIO paBHa 6.
OTMETHM, 4TO 3Ta TOYHOCTh HE ONpeieisieT KOJIMUYECTBO NeyaTaeMbIX B opmare
f 3Hagammx udp.

e g -Ucnone3yercsa unu ¢popmat %e unu %f, kakoil kopoue; He3HaYaIMe HyIH He
HeyaTaroTCs.

Ecnu unymmmii 3a % cuMBOJI HE SIBIIIETCS CUMBOJIOM ITPeoOpa3oBaHusl, TO IIeYaTaeTCst
caM 3TOT CUMBOJI; CJI€A0BAaTEIbHO, CAMBOJI % MOXKHO Hameyararh, yka3zaB %%.

BonsmmHCTBO M3 hopMaTHBIX TpeoOpa30BaHU OYEBUIHO U OBLIO
NPOMUTIOCTPUPOBAHO B MPEIBIAYIIHNX TaBaxX. EJMHCTBEHHBIM HCKIIIOYSHHUEM SIBIISETCS
TO, KaK TOYHOCTbH B3aUMOJICHCTBYET co cTpokamu. Cremyromiast Tabnnma
JIEMOHCTPHUPYET BIMSHUE 33/1aHUs pa3InyHbIX crenudukanuii Ha nedats "hello, world"
(12 cumBOIIOB). MBI MOMECTHIIM ABOETOUMS BOKPYT KXKJOTO TTOJIS UIS TOTO, YTOOBI BBI
MOTJIA BUJIETH €TO MPOTSHKEHHOCTb.

:%10s: thello, world:
:%10-s: thello, world:
:%20s: : hello, world:
:%-20s: thello, world
:%20.10s: : hello, wor:
:%-20.10s: thello, wor :
:%.10s: thello, wor:

[Tpenoctepexenue: printf ucrnonab3yeT cBOM NEPBbIM apryMeHT JUIsl ONpeAeIeHUs Yucia
MOCIEAYIOIUX apTyMEHTOB U UX TUNOB. ECiiM KOJIMYECTBO apryMEHTOB OKAXKETCS
HEI0CTaTOYHBIM MJIM OHU OYyT UMETh HECOOTBETCTBEHHBIE THIIbI, TO BOZHUKHET
IYTaHHUIA U BBl MOIY4YUTE OECCMBICIIEHHBIE PE3yJIbTaThI.

Ynpasicnenue 7-1.
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Hanummwre nporpamMmy, kotopast OyJeT neyatatb pa3yMHbIM 00pa3oM MPOU3BOJIbHBIN
BBOJI. Kak MUHMMYM OHa JI0J’KHA 1evyaTaTh Herpauyeckue CUMBOJIBI B BOCBMEPUYHOM
WM LIECTHAUATEPUYHOM BU/JIE (B COOTBETCTBUU C MPUHATHIMU y Bac 00bIYasIMH) U
CKJIaJbIBaTh JJIMHHBIC CTPOKHU.

7.4. ®opmaTtHblil BBOA - GyHKkuus scanf

Ocymectristtoniast BBo (pyHKIus scanf sBisieTcst aHanorom printf u mo3Bosser
MPOBOJUTH B 0OpATHOM HAIPABIEHUU MHOTHE M3 TEX JK€ CaMbIX MpeoOpa3oBaHUil.
DyHKIMA

scanf (control, argl, arg2, ...)
YUTACT CUMBOJIBI U3 CTAHAAPTHOTO BBOJid, HHTCPIPECTUPYCT UX B COOTBETCTBUU C
dbopMaToM, yKa3aHHOM B apryMeHTe control, ¥ momMeniaer pe3yabTaThl B OCTaIbHBIC
apryMEHTBI. Y IPaBIIAIOIIMM apIyMEHT OIUCHIBAECTCA HUXKE; IPYTUe apryMEHTHI,
Ka)KI[bIﬁ N3 KOTOPBIX JOJIZKCH OBITH yKa3aTejeM, OMpeacisaroT, Kyaa CICAyCT ITIOMCCTHUTD
COOTBETCTBYIOIIKUM 00pa3oM nmpeoOpa3zoBaHHBINA BBOJ.

VYnpapisonmas cTpoka 00bIYHO COAEPKUT crenn(UKauy npeoodpa3oBaHms, KOTOpbIE
UCIIOJIB3YIOTCS AJI1 HENOCPEACTBEHHON MHTEPIPETALIUU BXOAHBIX
HOCJIEe10BaTeNbHOCTEN. YIIPABIAIONIAs CTPOKA MOXKET COAEPIKATh!

e TIpOOENBI, TAOYISANUN UM CUMBOJIBI HOBOM CTPOKH ("'CUMBOJIBI ITyCTBIX
IIPOMEXKYTKOB'" ), KOTOpbIE HTHOPUPYIOTCSI.

e OObIuHBIE CUMBOJIBI (HE %), KOTOPBIE PEANOIAraloTCs COBMAAAIOIIMMHU CO
CIEYIOIIMMHU OTIMYHBIMU OT CUMBOJIOB ITYCTHIX TPOMEKYTKOB CUMBOJIAMU
BXOJTHOTO TOTOKA.

e Cnernudukanuu npeodpazoBaHusi, COCTOSIINE U3 CUMBOIIA %, HEO0A3aTEIHHOTO
CHUMBOJIa MIOJIaBJICHHSI PUCBAUBaHUs *, HE00A3aTEILHOTO YUCIIA, 33/JAI0IIETO
MaKCUMAaJIbHYIO IIMPHHY TIOJII ¥ CHMBOJIA TIPEOOPa3OBaHMS.

Crenuduxanus npeoOpa3oBaHus yIpaBiseT MPeoOpa3oBaHUEM CIIEIYIOIIEro MO
BBOJIa. HOPMAJIbHO PE3yJIbTaT IOMEIIAETCS B IEPEMEHHYI0, KOTOpasi yKa3bIBaeTCs
COOTBETCTBYIOIUM apryMeHToM. Eciy, olHaKo , ¢ MOMOIIBIO CUMBOJIA * yKa3aHO
[0JIaBJICHUE NIPUCBAUBAHUS, TO 3TO TOJIE BBOJIA IPOCTO MPOITYCKAETCSI U HUKAKOTO
npucBauBaHMs He npousBoauTcs. [losne BBosa omnpenensercst Kak CTpoka CUMBOJIOB,
KOTOPBIE OTJIMYHBI OT CUMBOJIOB MIPOCTHIX IPOMEKYTKOB; OHO MPOOJKAETCS JTHOO 710
CJIEZYIOLIETO CUMBOJIA ITyCTOTO MPOMEXYTKa, TM00 MoKa He OyAeT ucuepnaHa HIMpUHA
1oJIs1, €clIM OHa ykazaHa. OTcro/a cielyeT, 4YTo IpU MOMCKE HYKHOTro el BBOAA,
¢yHkuus scanf Oyner nepecekats TpaHULBI CTPOK, TOCKOJIBKY CUMBOJ HOBOM CTPOKH
BXOJMT B YHCIIO IyCTBIX IPOMEKYTKOB.

CumBoI npeoOpa3oBaHusl ONpEACseT HHTEPIPETAIHIO MOJIs BBOJIA; COTJIACHO
TpeOOBaHUSAM OCHOBAHHOW Ha BBI30BE 10 3HAYCHUIO CEMAHTUKU si3bIka C
COOTBETCTBYIOIIUI apryMEHT JI0JKEH OBITh yKazaTeseM. JlomyckaroTes cieayomnme
CHUMBOJIBI IPEOOPA30BAHMS:

e d- Ha BBOJE 0)KMJIAETCS IECATUYHOE 1I€JI0E; COOTBETCTBYIOLIUI apryMEHT
JOJKEeH OBITh yKa3zaTesjeM Ha LeJoe.

e 0 - HaBBoje oxuaeTcss BOCbMEpUYHOE 1I€JI0€ (C JIUIUPYIOLUIUM HyJIeM Ui 0e3
HET0); COOTBETCTBYIOIIUI apryMEHT J0JDKEH ObITh YKa3aTelleM Ha IIeJoe.
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e X - Ha BBOJIE OkHaeTcs mecTHAAIATEPUIHOE 11e10€ (C TUAUPYomHUMH 0X WH
0e3 HHUX); COOTBETCTBYIOIINI apryMEHT JOJKEH ObITh YKa3aTeseM Ha IIeloe.

e h - Ha BBozge oxwumaercs menoe tuma short; COOTBETCTBYIOIIUN apTyMEHT
JOJKEeH OBITh yKaszaTeseM Ha 1ernoe Tuna short.

e ¢ - Oxumgaercs OTACTBHBIA CHMBOJI, COOTBETCTBYIOIINI apTyMEHT JOJDKEH OBITh
yKazareJeM Ha CUMBOJIBI; CIICAYIOIINN BBOAUMBIN CUMBOJ TIOMEIIACTCS B
yKkazaHHOe MecTo. OOBIYHBINA POIYCK CHMBOJIOB ITYCTBIX ITPOMEXKYTKOB B 3TOM
ClIy4ae MOAaBISETCS; A1 YTEHUS CIIeIyIOIero CUMBOJIa, KOTOPBIM He SBISETCS
CHMBOJIOM ITYCTOTO TIPOMEXYTKA, TTOJIb3YHTECh criennuKaue
npeoOpa3oBanus %ls.

e s - OxumaeTcst CHMBOJIbHAS CTPOKA; COOTBETCTBYIOIINIA apTyMEHT JTOJKEH OBITh
yKazaTeJeM CUMBOJIOB, KOTOPBIH yKa3bIBa€T HA MaCCUB CUMBOJIOB, KOTOPBIN
JOCTaTOYHO BEJUK JIJIsl IPUHSATHS CTPOKH U 100aBIsieMOro B KoHIe cuMBoia \0.

e f- Oxugaercs 4yuCIO C MIABAIOLICH TOYKOI; COOTBETCTBYIOIIMI apryMEHT
JOJDKCH OBITh yKa3zaTeleM Ha nepeMeHHyto Tumna float.

e ¢ - CHMBOJ Mpeobpa3oBaHus € sBiseTcsa chHOHUMOM aiis f. @opMmat BBoA
nepeMeHHoO# Tuna float BKirtogaeT HeoOs3aTeIbHBIN 3HAK, CTPOKY IUQD,
BO3MOXKHO COJIEPIKAIIYIO JECATHUHYIO TOUKY M He0Os3aTeNIbHOE MOJIe
OKCTIOHEHTBHI, COCTOSIIEee U3 OYKBHI €, 32 KOTOPOH CIIEIyeT 1eTI0e, BO3MOXKHO
UMeroIee 3HaK.

[Tepen cumBoslamu mpeoOpazoBaHust d, 0 M X MOXKET CTOATH |, KOTOpas 03HAYAET , YTO B
CIHCKE apryMEHTOB JIOJDKEH HaXOJUThCS yKa3aTeslb Ha IIepeMEeHHYIo Tuna long, a He
Tumna int. AHaJIOrH4YHO, OyKBa | MOXKET CTOATH Mepe]; CAMBOJIAMH TIPE0OPa30BaHUs €
i f, TOBOpS 0 TOM, YTO B CIIMCKE apTryMEHTOB JO0JDKEH HaXOAUTHCS YKa3aTelb Ha
nepeMmeHnyto Tuna double, a He Tumna float.

Hampumep, o6paienne

int 1i;

float x;

char name[50];

scanf ("&d %f %s", &i, &x, name);
CO CTPOKOH Ha BBOJE

25 54.32E-1  THOMPSON
NPUBOJUT K MPUCBAMBAHUIO 1 3HAUEHUS 25,X - 3HaueHUs 5.432 1 name - CTPOKH
"THOMPSON", Haamexamnum o0pa3oM 3aKOHYCHHOW CUMBOJIOM \ 0. 3TH TpH OISt
BBOJIa MOKHO Pa3AC€IUTh CTOJBKUMU MpoOeIamMu, TAOYISIUIMHI U CHUMBOJIAMH HOBBIX
CTPOK, CKOJIBKO BBI TTOkenaere. OOpaiieHne
int i;
float x;

char name[50
scanf ("%2d %

C BBOIOM

r

]
f %*d %238", &i, &x, name);

56789 0123 45A72
NPUCBOUT 1 3HaueHue 56, x - 789.0, mpomyctut 0123 1 momecTuT B name cTpoky "45".
IpU clleAyIonieM oOpalieHnH K J1I000H polierype BBOJa pacCMOTPEHUE HAUHETCsS €
OykBHI a. B 3THX OBYX mpuMepax name sBISICTCS yKa3zaTeleM U, CIIe0BaTeIbHO, epe
HHUM HE HyXHO IOMEIaTh 3HaK &.

140



B kxauecTBe Apyroro mprmepa rnepenuiieM Terneph 3JIeMEHTapHBINH KAIBKYISTOP U3
rJIaBbl 4, UCTIONB3YS AJ1s peoOpa3oBaHust BBoAa GyHKIHIO scanf:

#include <stdio.h>
main () /* rudimentary desk calculator*/

{

double sum, v;

sum =0;

whlie (scanf("%$1f", &v) !=EOF)

printf ("\t%.2f\n", sum += v);

}
BbINOJIHEHHE (PYyHKIMU scanf 3akaH4MBaeTCs TM00 TOrAa, KOTJa OHA CUYEPIIBIBAET CBOIO
YIPaBIISIONIYIO0 CTPOKY, JTMOO KOTJJa HEKOTOPBIH 371€MEHT BBOJIA HE COBIAIAeT C
ynpasisitoleil cneundukanueil. B kauectBe cBoero 3HaueHUsl OHa BO3BpAIIAET YUCIIO
NPaBUIbHO COBIAJAIOUIMX U IPUCBOCHHBIX 3JIEMEHTOB BBOJA. DTO YHCIO MOXKET OBITh
WCITOJIB30BAHO IS ONPEAEICHUS KOJMYECTBA HAUJEHHBIX AJIEMEHTOB BBOJA. IIpU
BBIXO/I€ Ha KOHel ¢aiina Bo3spamaercss EOF; moguepkHeM, 4To 3TO 3HaU€HUE OTIUYHO
ot 0, 9TO0 CIeayroNuii BBOAMMEBII CHMBOJI HE YIOBJIETBOPSIET IEPBO crierudukanuy B
ynpasisoneit crpoke. [Ipu cienyromem obpaieHun k scanf ouck BO300OHOBIsETCS
HEIOCPEICTBEHHO 3a MOCIEAHUM BBEICHHBIM CHUMBOJIOM.

3aKIII0YATENBHOE MTPEIOCTEPEKEHNE: aApTyMEHTHI PyHKIUH scanf JOKHBI OBITH
ykazarensmu. HecomHeHHO, HanOosee pacrpocTpaHeHHast OIIMOKa COCTOUT B
HalMCaHuH

scanf ("%d", n);
BMECTO

scanf ("%d", &n);
7.5. ®opmaTHoe npeodpa3oBaHue B NAMATH

Ot ynkuu scanf u printf npoucxoaar ¢pynkuuu sscanf u sprintf, kotopsie
OCYIIECTBIIAIOT AaHAIOTHYHBIE TPe00Pa30BaHuUs, HO ONIEPUPYIOT CO CTPOKOM, a HE €
daitnom. OOpateHus K 3TUM QYHKIHMSIM UMEIOT BU:

sprintf (string, control, argl, arg2, ...)
sscanf (string, control, argl, arg2, ...)

Kak u panbie , pynkmnus sprintf mpeoOpasyeT cBou aprymeHThI argl, arg2 u T.1. B
COOTBETCTBUH ¢ (hOpMaTOM, yKa3aHHBIM B control, HO TOMeIaeT pe3yabTaThl B string, a
HE B CTaHAapTHHII BbIBOA. KOHEUHO, cTpoKa string JOmKHA OBITH TOCTaTOYHO BEJINKA,
9T0OBI IPUHATH pe3ybTaT. Hampumep, ecau name - 3T0 CHMBOJIBHBIA MAacCHB, a N -
1esoe, To

sprintf (name, "TEMP%d", n);
co3nmaet B hame cTpoky Bujga TEMPnnn, rae nnn - 3HadeHue n.

Oynkuus sscanf BRIMOTHAET 00paTHBIE MPEe0Opa3oBaHus - OHA MPOCMATPUBAET CTPOKY
string B COOTBETCTBUU C (HOPMATOM B apryMeHTe control 1 moMeniaer pe3yIbTUPYIoIIne
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3HAUYCHUS B apTryMEHTHI argl, arg2 u T.JI.9TH apryMEHTHI JOJDKHBI OBITh yKa3aTelsaMu. B
pe3ynbTare o0paleHus

sscanf (name, "TEMP%d", &n);
NepeMEeHHas N MoJyyaeT 3HaYeHue CTPOKU Iudp, caeayromux 3a TEMP B name.

Ynpasicnenue 7-2.

[epenuiuTe HACTONBHBIN KaJbKYJISATOP U3 TIABbI 4, UCTIONB3YS JJI BBOJIA U
npeoOpa3zoBanus uncen scanf u/wmm sscanf.

7.6. loctyn K ¢aiiaam

Bce A0 CHUX IMOPp HAITMCAHHBIC TPOTpaMMbl YUTAJIN U3 CTAHAAPTHOI'O BBOAA U NHCAJIU B
CTaHJApTHBIN BBIBOJ, OTHOCUTEIBHO KOTOPBIX MbI IIPEAMOAraId, YTO OHU Marn4ecKuM
00pa3oM MpeaoCTaBICHBI IPOrPAMME MECTHOM OTeparlmOHHON CUCTEMOM.

Crnenyromum 1aroM B BOIIPOCE BBOJA-BBIBOJIA SIBJISETCS HAIIMCAHUE TIPOTPaMMBI,
paboTaromieii ¢ ¢aitiom, KOTOPHI HE CBsI3aH 3apaHee ¢ MPOrPaMMO. OHOH 13
porpaMm, KOTopasi IBHO JEMOHCTPUPYET MOTPEOHOCTh B TAKUX OINEpaLUsX, SABISETCS
cat, KoTopast 00beNHIET HA0OP U3 HECKOJIbKUX UMEHOBAHHBIX (DaiiJIOB B CTAaHAAPTHBIN
BeIBOA. [Iporpamma cat ucnonb3yercs A BbIBoja (ailyioB Ha TEPMHUHAT U B KAUECTBE
YHHBEPCAIFHOTO COOPIIMKA BBOA /IS IPOTPaMM, KOTOPhIE HE HMEIOT BO3MOKHOCTH
oOpamiatbes K ¢aitnam no nmenu. Hanpumep, komanaa

cat x.c.y.c
neyaTaeT coJepkuMoe (paiioB X.C M y.C B CTaHAAPTHBIHN BBIBO/I.

Bonpoc coctout B TOM, Kak OpraHM30BaTh YTEHHE U3 UMEHOBAHHBIX (DAIIIOB, T.€., KaK
CBS3aTh BHEIIHUE UMEHA, KOTOPBIMU MBICIUT MOJIb30BaTENb, C PAKTUUECKH
YUTAIOUIMMHU JaHHBIE OTIEPATOPAMH.

OtH npasuiia npocTsl. [Ipexe ueM MOXKHO CUMTBHIBATh U3 HEKOTOporo (haitna win
3aIMCHIBATh B HETO, 3TOT (Daiiyl TOJDKEH OBITh OTKPBIT C TOMOIIBI0 GyHKIMH fopen u3
cTanaapTHoi 6ubnnoreku. pyHkius fopen 6epeT BHemHee UM (MMOA0OHOE X.C WIH
y.C), IPOBOJIUT HEKOTOPBIE 0OCITYKUBAIOIINE ICHCTBHS U TIEPETOBOPHI C ONEPALIHOHHOMN
CHCTEMOH (J1eTalli KOTOPBIX HE JOJKHBI HAC KacaTbCsl) M BO3BpAIlaeT BHYTPEHHEE UM,
KOTOPOE JTOJHDKHO UCIIONIB30BAThCS MPU MOCIEAYIOUINX YTCHHUIX U3 (aiiyia WiH 3amucsx
B HETO.

DTO BHyTpEeHHEE UMsI, Ha3biBaeMoe "yka3areseM ¢aina, pakTudecku sBisieTcst
yKazaTelleM CTPYKTYpBbl, KOTOpasi COAECPKUT HHPOpMAaIuio o ¢aiine, Takyro KaKk MECTO
pa3memnieHus Oydepa, TeKyIas nNo3uIks CUMBOJIA B Oydepe, MPOUCXOAUT JIU YTCHUE U3
¢aiina uam 3anuck B HETO U ToMy nozo0Hoe. [lonp30BaTenu He 00s3aHbI 3HATH ITH
JeTalu, IOTOMY 4TO CPEIH ONMpeNeIeHU Uil CTaHAapTHOTO BBOJA-BIBO/IA,
nojy4yaeMbIx u3 Qaiina stdio.h, conepxxutcs onpenenenue cTpykTypsl ¢ umeneM file.
EnunctBeHHOE HEOOX0aMMOe /1715 yKa3aTens (aiiia onucaHue 1eMOHCTPUPYETCS
IPUMEPOM:

file *fopen(), *fp;
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3nech roBoputcs, uto fp siBisieTcs ykazatenem Ha file u fopen Bo3Bpamaer ykaszareinb
Ha file. OO6patuTe BHUMaHuUe, 4TO file ABIsgeTCS MUMEHEM THIIA, TOJOOHBIM int, a HE
SIPJIBIKY CTPYKTYPBI; 3TO peanm3oBano kak typedef. (IlogpoOHOCTH TOTO, KaK BCE ATO
pabotaer Ha cucreme UNIX, npuBeneHs! B riase 8).

daxTnyeckoe obparieHne K GyHkuuu fopen B mporpaMme UMeET BUJL:

fp=fopen (name, mode) ;

[lepBeM aprymentom dynkmm fopen siisercs "ums" ¢aiina, KOTopoe 3a1aeTcsi B BHIE
CHMBOJILHOM CTpokH. BTopoit aprymenT mode ("pexxum') Takke sSBIIETCS CHMBOJBHON
CTPOKOH, KOTOpas yKa3bIBaeT, Kak 3TOT (paiia OyneT ucnoiab3oBarbes. JJomycTuMbiMu
pexxumamu sipnsitores: ytenue ('r'"'), 3amuck ("w'") u gobasnenue ("a").

Ecnu BB OTKpOETE (haiin, KOTOPBIN elle He CYNMIETBYET, IS 3alUCH WA J0OaBJICHHS, TO
Takoi (haitsn OyaeT co3laH (eciu 3TOBO3MOXKHO). OTKpBITHE CYIIECTBYIOIIETO (aiina Ha
3aITUCh MMPUBOIMT K OTOPACBIBAHUIO €TO CTAPOTO CONMEPKUMOTO. [TombITKa YTeHUS
HECYIIECTBYIOIIEro (haiina siBisieTcst omuoKoit. OmuOKU MOTYT OBITH 0O0YCIIOBJICHBI U
JIPyTUMU MPUYUHAMH (HAaIIpUMep, TOMBITKON YTeHHs 13 (aiiia, He UMest Ha TO
pazpeuienus). [Ipu Hanuyuy Kakoi-m1u00 omMOKY QyHKIUSA BO3BpAIIAET HYJIEBOE
sHadenue ykazatensi NULL (kotopoe s y1oOcTBa Takxke onpesensercs B daiine
stdio.h).

Jpyroii He00X0AMMOM BEIIbIO ABISETCA COCO0 YTEHHSI MM 3aMUCH, ecln (ailn yxe
OTKPBIT. 3/1€Ch UMEETCSI HECKOJIBKO BO3MOKHOCTEN, U3 KOTOPBIX getc U putc sIBISIIOTCS
npocteiimumMu. OyHKIMA getc BO3BpallaeT cleAyonuil ciMBOI U3 daiina; ei
He0oOXoauM yKazarenb (haiisia, 9To0bI 3HaTh, U3 KaKoro ¢aiia untatb. Takum o0pa3om,

c=getc (fp)
MoMeIIaeT B 'c' cieayronuii CMMBOII U3 (aiina, ykazanHoro nocpeactsom fp, u EOF,
€CIIM JIOCTUTHYT KOHel[ (aiiia.

OyHKIMS putc, SBISIOMAscs oopalieHueM K QyHKIun gete,

putc (c, fp)
nomerraer cuMBoul 'c' B paiin fp u Bo3Bparaer 'c'. Ilogo6Ho ¢pyHkuusm getchar u
putchar, getc u putc MOTyT OBITH MaKpOCaMH, a He (YHKIIHSIMH.

ITpu 3amycke nmporpamMMbl aBTOMAaTH4YECKH OTKPBIBAIOTCS TPU (paiiia, KOTOpbIe
cHa0eHbI ONpeeICHHBIMU yKa3aTeasIMu (paiiinoB. DTuMu ¢ailiamu sBISIOTCS
CTaHJAPTHBIN BBOJ, CTAHIAPTHBIA BBIBOJ U CTAHIAPTHBIN BHIBOJI OLIHOOK;
COOTBETCTBYIOIME yKa3zaTesnu ¢ailnos HazpiBatoTcs stdin, stdout u stderr. O6b14HO Bee
9TH yKa3aTeJH CBSA3aHbI ¢ TepMUHAIIOM, HO stdin u stdout MOTyT OBITH TIEpEHANIPABIICHBI
Ha (paiisIsl WM B MOTOK (pipe), KaK OMUCHIBAIOCH B pasjene 7.2.

Oyuknuu getchar u putchar MoryT ObITh OlIpeieNIeHBI B TEpMHUHATAX getc, pute, stdin u
stdout cneayrommm o6pazom:

#define getchar () getc(stdin) #define putchar(c) putc(c,
stdout)
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[Tpu paboTe ¢ daitmamu ajs GopmMaTHOTO BBOAA M BBIBOJIA MOYKHO HCITOH30BATh
¢yukuuu fscanf u fprintf. Onu uaentTuunsl GyHkusaM scanf u printf, 3a uckiroueHuem
TOTO, YTO MIEPBBIM aPTyMEHTOM SIBJISIETCS yKa3aTesb (paiiia, onpenesstoni ToT daii,
KOTOPBIM OyJeT YMTaThCs UM KyAa OyJeT BECTHCH 3allUCh; YIPABIISIONMIAs CTPOKA
OyZeT BTOPBIM apryMEHTOM.

[ToxoHuYMB ¢ IpeaBapUTEIbHBIMU 3aMEUAHUSAMU, MBI TETIEPh B COCTOSIHUM HAIIUCATh
porpaMmy cat Al KOHKateHauuu ¢aitnos. Vcnonb3yemas 31eck OCHOBHas cxeMa
OKa3bIBaeTCs YA0OHOM BO MHOTHX IPOrpaMMax: €Clii UMEIOTCSI apIyMEHTHI B
KOMaHJHOM CTPOKe, TO OHU 00pabaThIBatoTCs nocnenoBarensbHo. Eciu Takue
apryMeHTHI OTCYTCTBYIOT, TO 00pabaThIBaeTCsl CTaHAAPTHBIN BBOJA. JTO MO3BOJISIET
UCIIOJIb30BaTh MPOrpaMMy KaK CaMOCTOSATENBHO, TaK M KaK 4yacTh OOJIbIICH 3a1auu.

#include <stdio.h>

main (argc, argv) /*cat: concatenate files*/
int argc;

char *argvl[];

{

file *fp, *fopen();

if (argc==1) /*no args; copy standard input*/
filecopy (stdin) ;

else
whlie (--argc > 0)
if ((fp=fopen (*++argv,"r"))==NULL) {
printf ("cat:can't open %\n", *argv) ;
break;
} else {
filecopy (fp) ;
fclose (fp);

}
filecopy (fp) /*copy file fp to standard output*/

file *fp;
{
int c;
whlie ((c=getc (fp)) !=EOF)

putc(c, stdout);
}

VYkazarenu ¢aitnos stdin u stdout 3apanee onpeneneHsl B OMOIHOTEKE BBOJA-BHIBOAA
KaK CTaHJapTHBIA BBOJ M CTAHJIAPTHBIA BBIBOI; OHU MOTYT OBITh UCIIOJIh30BaHbI B
JIF000M MECTE, TI€ MOYKHO HCIIOJIB30BaTh 00BEKT THuIa file*.oHn oIHaKO SIBIAIOTCS
KOHCTaHTaMH, a HE TICPEMECHHBIMHU, TaK YTO HE MBITAHTECh UM YTO-JINOO TPUCBAUBATb.

Oyuknus fclose sBseTcst 00paTHOM MO OTHOMIEHUTO K fopen; oHa pa3phIBacT CBS3h
MEX[y yKa3aTeneMm (paiina u BHELIHUM UMEHEM, YCTaHOBJIEHHYIO (pyHKImei fopen, u
BBICBOOOKIAET yKa3aTenb (aina 1uist apyroro ¢aiina. BoabIIMHCTBO ONEepaliMnoOHHBIX
CHCTEM MMEIOT HEKOTOPBIE OTPAaHUYEHUS Ha YHCIO OJHOBPEMEHHO OTKPBITHIX (aiiios,
KOTOPBIMH MOKET pacropspKaThes mporpamma. [1oaTomy, TO Kak MbI IOCTYIIWIIH B cat,
0CcBOOOMB HE HYKHbIE HaM OoJiee 0OBEKTHI, SIBJIAETCS Xopoliei naeeil. Imeercs u
Jpyrasi Ipu4uHa Ui npuMeHenus Gynkuuu fclose k BIxogHOMY daiiny - oHa
BBI3bIBACT BbIAauy HHpopMauu u3 0ydepa, B KoTopoM putc cobupaet BoiBoa. (IIpu
HOPMaJIbHOM 3aBEpIICHUN paOdOThI porpaMmbl GpyHKIms fclose BbI3pIBaeTCs
ABTOMATHUYECKH JUISl K&KIOTO OTKPBITOTO (aiina).

7.7. OopadoTka omindoK - stderr u exit
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OO0paboTka ommOOK B cat HeneanbHa. Heymo0cTBO 3aKiIr09aeTes B TOM, YTO €CJIH OJIHH
u3 (GailyioB M0 HEKOTOPOH MPUUMHE OKA3hIBACTCS HEIOCTYITHBIM, JHArHOCTHYECKOE
coobuieHne 00 3TOM MedaTaeTcsi B KOHIIE 00bEJMHEHHOTO BBIBOIA. JTO MPUEMIIEMO,
€CII BBIBOJI TIOCTYTIAET HAa TEPMHHAJ, HO HE TOJIUTCS, €CJIH BBIBOJI IIOCTYTIACT B
HEKOTOPBIN (haiis1 MM yepes MOTOoUHbIH (pipeline) MexaHu3M B IpyTylo porpammy.

UrtoObI myuie 00pabaTeiBaTh TAKyl0 CUTYAIHIO, K IPOrpaMMe TOYHO TaKHM XKe
obpazom, kak stdin u stdout, mpucoeTMHSIETCSI BTOPOM BBIXOIHOW (aiii, Ha3bIBaCMBbIi
stderr. Eciiu 3T0 BoOO1IIE BO3MOKHO, BBIBOJI, 3alUCaHHBIN B (paiine stderr, mosiBisieTcst
Ha TepPMHUHAJIE TI0JH30BATEIS, JAXKE €CITH CTAHIAPTHBINA BBIBO HAIPABIISIETCS B IPYTOe
MECTO.

JlaBaiiTe nepenenaem nmporpamMmy cat TakuM o0pa3oM, 4TOObI COOOIIEHHUS 00 OMIHOKaxX
MUCAJTUCh B CTAaHIAPTHBIN (DA OIMOOK.

#include <stdio.h>

main (argc,argv) /*cat: concatenate files*/
int argc;

char *argv([];

{
file *fp, *fopen();

if (argc==1) /*no args; copy standard input*/
filecopy(stdin);
else
whlie (--argc > 0)
if ((fp=fopen (*++argv, "r#))==NULL) {

printf (stderr,
"cat: can't open, %$s\n", argv);

exit (1) ;

} else {
filecopy (fp);

}

exit (0);

}

[TporpamMma coobmaeT 06 ommdkax AByMsl crioco0amu. JluarnoctTuueckoe coooieHue,
BeIaBaemMoe Gpynkuueit fprintf, mocrynaer B stderr u, Takum 00pa3oM, OKa3bIBaeTcs Ha
TEepMHHAJIE TI0JIH30BATENA, @ HE UCYe3aeT B MOToKe (pipeline) unu B BEIXOAHOM daiine.

[Iporpamma Takke UCTIONB3YyET (PYHKIMIO €Xit U3 CTaHIAPTHONU OMOJIMOTEKH,
oOpaleHne K KOTOpOH BbI3bIBAET 3aBEPLICHNE BBIIIOJHEHUS IPOTpaMMbl. APryMEHT
dyHKIMUM exit JocTymneH 00 mporpamme, oOpaniaromeiics K JaHHOH (QpyHKITNH, TaK
YTO YCHEIIHOE WIN HeyAayHOe 3aBEeplICHUE JaHHON POrpaMMBbl MOXKET OBITh
IIPOBEPEHO APYTOi MporpaMMoi, UCIIOIb3YIOIIEH 3Ty B KauecTBe noa3anauu. [1o
coryameHuto BeinnunHa 0 B KaueTCBE BO3BPAILlAaEMOr0 3HAUE€HUSI CBUJETEIBCTBYET O
TOM, YTO BCE€ B MOPSKE, a pa3IMUHbIE HEHYJIEBbIC 3HAUCHHUS SABIISAIOTCA IPU3HAKAMU
HOPMAJIBHBIX CUTYAaLIUM.

OyHk1us exit BbI3piBaeT GpyHKIUIO fclose A7 KaXa0ro OTKPHITOro BEIXOAHOTO (aiina,
C TeM 4TOOBI BEIBECTH BCIO TIOMEIICHHYIO B Oyepbl BBIXOIHYIO HHPOPMAIIHIO, a 3aTeM
BbI3bIBaeT PyHKIMIO _exit. DYHKIMS _eXit MPUBOAUT K HEMEAJIEHHOMY 3aBEPIICHUIO
0€3 OUNCTKU KaKuX-1100 Oy(hepoB; KOHEUHO, IIPH KEJTAaHHH K ITOH (PYHKIIUN MOKHO
00paTUTHCS HEMOCPEICTBEHHO.

7.8. BBOA U BBIBO/ CTPOK
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CrangaprHas On0IMOTeKa COMEePKUT QYHKITHIO fgets, COBEpIICHHO aHATOTHYHYO
¢dyHkuu getline, KOTOPYIO MBI HCITOJIL30BAJIA HA BCEM MPOTSHKCHUU KHUTH. B
pe3yabTaTe oOpamieHus

fgets(line, maxline, fp)
CJIeyIoIas CTpOKa BBoJIa (BKIIFOUAsi CAMBOJI HOBOM CTPOKH) CUMTHIBAETCs U3 (aitna fp
B CUMBOJIbHBIN MaccuB line; camoe 6ombioe maxline-1 cuMBoiI OyIeT IpOYHTaH.
Pesynbrupyromias ctpoka 3akanunBaetcsi cumBosioM \0. Hopmansno dynkmums fgets
BO3Bpamiaer line; B koHue ¢aitia ona Bo3spamaer NULL. (Hama ¢ynkius getline
BO3BpallaeT JJIMHY CTPOKH, a IPU BBIXOJE Ha KOHEI] (aiisa - Hyb).

[Ipenna3znauennas 11 BeiBoa GyHKIus fputs 3anmuckiBaeT CTpOKy (KOTOpast He
o0s13aHa co/iep:kaTh CUMBOJI HOBOM CTPOKH) B (haiii:

fputs(line, fp)

YtoOsI Moka3aTh, 4To B PyHKIMAX THNA fgets u fputs HeT HUYEero TAMHCTBEHHOTO, MBI
NPUBOJIUM MX HIDKE, CKOMMPOBAHHBIMH HETIOCPEJCTBEHHO U3 CTAHIAPTHOW OMOJIMOTEKH
BBOJIa-BBIBOJIA!

#include <stdio.h>

char *fgets(s,n,iop) /*get at most n chars from iop*/
char *s;

int n;

register file *iop;

{

register int c;

register char *cs;

cs = s;
whlie (--n>0&& (c=getc (iop)) !=EOF)
if ((*cst+ = c)=='\n")

break;
*cs = '"\0"';

return ( (c==EOF && cs==s) ? NULL : s);
}
fputs (s,iop) /*put string s on fils iop*/
register char *s;
register file *iop;
{
register int c;
whlie (c = *s++)
putc(c,iop);

}
Ynpasicnenue 7-3.

Hanmmuire nmporpammy cpaBHeHHS ABYX (paiiiioB, koTopasi OyneT mevyaraTth MepByro
CTPOKY H IO3HULIMIO CUMBOJIA, II€ OHU Pa3JINYarOTCs.

Ynpasxcnenue 7-4.

[Tepenenaiite mporpaMMmy MOMCKa 3aJaHHOW KOMOWHAIIMA CUMBOJIOB U3 IJIaBbl 5 TAaKUM
00pa3oMm, 4TOOBI B KaU4€CTBE BBO/Ia UCIOIB30BAJICS HA0Op MMEHOBAHHBIX (DaiiIoB UIH,
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€CJIM HUKaKue (ailyibl He yKa3aHbl KaK apryMEHTHI, CTaHAapTHBINA BBOA. Clieayer i
nevarath UMs Qailia mpu HaXOXKACHUH MOAXOISIICH CTPOKH?

Ynpasicnenue 7-5.

Harnumute nmporpammy mnedaty Habopa (ailyioB, KOTOpasi HAYNHAET KaXKIbIi HOBBIN
¢aiin ¢ HOBOM CTPaHUIIBI U TIEYATAST JJISl KaXI0TO (haiiia 3arol0BOK M CYETUUK
TEKYILLUX CTPAHHII.

7.9. Heckoy1bK0 pa3Ho0Opa3HBIX QyHKIHUH

CrangaprtHas 6MOIMOTEKa IPETOCTABIISET MHOYKECTBO Pa3HOOOPA3HBIX (PYHKIIMH,
HEKOTOPBIE U3 KOTOPBIX OKA3bIBAIOTCSI OCOOCHHO MOJIE3HBIMU. MBI yKe YIIOMHHAIH
¢dyHKIMM 17151 paboThl co cTpokamu: strlen, strepy, strcat u strcmp. Bot HekoTopsie

JIpyTHE.

7.9.1. IlpoBepka BUAAa CUMBOJIOB M IPpe00pa30BaHus
HexoTopble MakpoChl BBINOJIHAIOT IPOBEPKY CHMBOJIOB U IPe0Opa30BaHUs:

e salpa(c) - He 0, ecnu ¢ andaBUTHBIN cUMBOIT, () - €CJTH HET.

e supper(c) - He 0, ecitu ¢ OyKBa BEpXHETo peructpa, 0 - eciiu HeT.

e slower(c) - He 0, ecu ¢ OyKBa HIKHETO peructpa, 0 - eciii HeT.

o sdigit(c) - ve 0, ecnu ¢ uudpa, 0 - ecnu HeT.

e sspacl(c) - ve 0, ecyu ¢ ipoben, TadyIIAIMS WIH HOBasi CTpOKa, 0 - eCJIu HeT.
e oupper(c) - mpeodpazyeT ¢ B OYKBY BEpXHETO PETUCTpa.

e olower(c) - mpeobpasyer ¢ B OyKBY HUKHETO PETUCTPA.

7.9.2. ®ynkuus ungete

CrangaprtHas 6MOIHOTEKa COIEPKUT AOBOJIBHO OTPAHMUYEHHYIO BEepCHIO (DYHKINU
ungetch, HanMcaHHOW HaMU B I1aBe 4; OHA Ha3bIBaeTcs ungetc. B pe3ynbraTe
oOpartmeHus

ungetc (c, fp)
cuMBOI 'c' Bo3Bpamtaercs B (aiin fp. [To3Bomsiercs Bo3BpamaTh B KaxIblid (ailsl TOIBKO
0oJIMH cUMBOJI. DYHKIIHS ungetc MOXKET OBITh UCITOJIB30BaHa B JTI000H 13 QyHKITHI
BBOJIa M ¢ Makpocamu Tuna scanf, getc umu getchar.

7.9.3. OOpaimeHue K cucreme
OyHKIHS system(s) BBIMOTHIET KOMaHIy, COJIEPKaIIYIOCs] B CHMBOJIBHOU CTPOKE S, U
3aTeM BO30OHOBIISET BBIITOJHEHHUE TEKyIIeH mporpaMMbl. CoepKuMoe S CHITBHO

3aBUCHT OT MCIIOJIb3YEeMOIl ONepaliMoOHHOM CUCTEMBI. B KauecTBe TpUBUATBHOTO
npuMepa, ykaxem, 4to Ha cucteMe UNIX crpoka

system ("date") ;
MIPUBOJMT K BBITIOJHEHUIO MPOTpaMMbl date, KOTopasi medaTaeT 1aTy U Bpemst JHS.

7.9.4. YnpasJ/ieHue NamMsThI0
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Oyukmust calloc Beckma cxoHa ¢ GyHKIHEH alloc, HCITOB30BaHHON HAMHY B
NpebIIyIInX TIaBax. B pe3ynbrate oOpamieHus

calloc(n, sizeof (object))
BO3BpaIiaercs 1100 yka3aTellb IPOCTPAHCTBA, JOCTATOYHOTO IS Pa3MEIICHHS N
00BEKTOB yKa3zaHHOTO pa3Mepa, 1160 NULL, ecnu 3anpoc He MOKET ObITh
yaoBieTBopeH. OTBOAMMAs TAMSTh WHUITUAIU3UPYETCS HYJICBBIMU 3HAUCHHUSIMH.

VYkazarenb o0agaeT HyKHBIM JUIsl paCCMaTPUBAEMBIX OOBEKTOB BEIpABHUBAHHEM, HO
€My CIEeNyeT IPUIUCHIBATE COOTBETCTBYIOIIMN THUII, KaK B

char *calloc();
int *ip;
ip=(int*) calloc(n,sizeof (int));

Oynknus cfree(p) ocBOOOKAACT MPOCTPAHCTBO, HA KOTOPOE yKa3bIBaeT "p", mpuiyem
yKazarens "p" mepBOHaYaIbHO JTOJDKEH OBITh MOJTYYEH B PE3yJIbTaTe OOpaIeHus K
calloc. 3aech HEeT HUKAKUX OTPAaHUYCHUH HA TIOPSIOK OCBOOOXKICHHS TPOCTPAHCTBA, HO
OyIeT HenpusaTHeHIel ommoKo 0CBOOOIUTE YTO-HUOY b, YTO HE OBLIO MOIYYEHO
obparmenueM k calloc.

Peanuzanus mporpaMMel pacrpeaesieHus namMsaTH, nogo0Hou calloc, B koTopoit
pasMenIeHHbIe OJIOKH MOTYT OCBOOOXKIATHCS B IPOU3BOJIEHOM TTOPSAKE,
IPOJEMOHCTPUPOBaHA B IJ1aBe 8.

8. Unrepdeiic cuctembr UNIX

Marepwuan 3Toii TJIaBbl OTHOCUTCS K HHTEpdericy mexay C-mporpaMMamMu 1
oneparmonHoil cucremoit UNIX. Tak kak O0JIbIIMHCTBO MOJb30BaTenei s3bika C
paboraroT Ha cucteme UNIX, 3Ta rimaBa okaxeTcst MOJIe3HOM JIJIs1 OOJBITHHCTBRA
yuTaTeNeH. 1aXke eClM Bbl UCNob3yeTe C-KOMIWIATOP HAa IPYTrod MalluHE, U3y4YEeHHE
MPUBOJAMMBIX 3/1€Ch IPUMEPOB JIOHKHO ITOMOYb BaM Ty0ke MPOHUKHYTh B METO/IbI
nporpamMmmupoBaHus Ha si3bike C.

Ora riaBa AeauTcs Ha TP OCHOBHBIE YaCTH: BBOJ/BBIBOJ, crcTeMa (paiiaoB U
pacnpenenenue naMsaty. [lepBbie 1Be 4acTH MpeanoaaraloT HeOOIbII0Ee 3HAKOMCTBO C
BHEIIHUMHU XapakTepucTuka Mu cucteMbl UNIX.

B rnaBe 7 Mpl MeH €TI0 C CUCTEMHBIM HHTEP(EHCOM, KOTOPBIH OJTMHAKOB JJISI BCETO
MHOT000pa3ust onepanoHHbIX cucTeM. Ha Kax1oif KOHKpeTHOW cucteMe (pyHKIUU
CTaHJAPTHON OMOJIMOTEKN AOJKHBI ObITh HAIMCaHbl B TEPMUHAX BBOJA-BBIBOJIA,
JOCTYIHBIX Ha JaHHON MallIMHE. B clieyromux HECKOJIBKHUX pa3/iesax Mbl ONUIIEM
OCHOBHYIO CUCTEMY CBSI3aHHBIX C BBOJOM U BBIBOJOM TOYEK BXOJ1a ONIEPALlMOHHON
cucteMbl UNIX 1 mponsumiocTpupyem, Kak ¢ UX HOMOILBIO MOTYT OBbITh PeaIi30BaHbI
pas3JIn4HbIe YacTU CTaHAAPTHON OMOIMOTEKH.

8.1. leckpunropsl (paiiios
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B onepanmonnoi cucreme UNIX Bech BBOJ M BBIBOJT OCYIIECTBIIAETCS TOCPEACTBOM
yTeHusl (PailyioB WK UX 3aMKCH, IOTOMY YTO Bce nepudepHuitHbie yCTpOUCTBa, BKIIOYAs
JlaXKe TePMHUHAII TTOJIH30BATEN, SIBJISIOTCS (pailiiaMu onpeesieHHon (HaitsioBoit
CUCTEMBI. JTO 03HAYAET, YTO OJJUH OJHOPOIHBIN HHTEp(eiic ynpaBiseT BCEMH CBI3IMU
MEXIy MPOTpaMMOi U IepUPEPUIHHBIMUA YCTPOUCTBAMH.

B naubornee obmem ciaydae nepes yTeHueM U3 (aiiina niM 3amuchio B (aiin
HEOO0XO0MMO COOOIIUTH CUCTEME O BallleM HAMEPEHUHU; STOT MPOLECC Ha3bIBAETCS
"oTrkpeiTHeM" daiina. Cucrema BBICHSET, UIMEETE JIM BB IPaBO MOCTYTATh TAKUM
00pa3oM (CymecTByeT Ju 3TOT (aiiyi? uMeeTcs JIU Y Bac pa3pelieHrne Ha oOpalieHue K
Hemy?), ¥ €CJIM BCe B MOPSAIKE, BO3BpAIAET B IPOrpaMMy HEOOJIBIIOE MOJIOKUTETHLHOES
11EJI0€ YMCII0, Ha3bIBAEMOE JIECKPUNITOPOM (paiina. BCSIKUN pa3, KOTaa 3TOT (aii
UCTIONB3YEeTCs U BBO/Ia WIIM BBIBOJA, ISl MACHTU(UKAIMK (aiina ynoTpednseTcs
necKkpunrtop (aiina, a He ero umsl. (31ech CyLIECTBYET IPUMEpHas aHAJIOTUs C
ucnonszoBanueM READ (5,...) u WRITE (6,...) B @optpane). Bes undopmarus o6
OTKPBITOM (haiiie coAepKUTCS B CUCTEME; IporpaMMa MoJIb30BaTelis oOpaliaercs K
¢aiiny TonpKO Yepe3 neckpuntop daiiia.

Jnst ynoOCTBa BBIMOTHEHUS OOBIYHBIX ONepanyii BBOAA M BBIBO/IA C TOMOIIBIO
TepMHHAJA TI0JIb30BaTelIs CYIIECTBYIOT ClienanbHble cornamenus. Korma
uHTeprperarop komauj ("shell") mporonsier mporpammy, OH OTKpBIBAET TpH Qaiina,
Ha3bIBa€MBbIC CTAHJAPTHHIM BBOJIOM, CTAaHIAPTHBIM BBIBOJIOM U CTaHIAPTHBIM BBIBOJIOM
OIIMOOK, KOTOPBIE UMEIOT COOTBETCTBEHHO yncina 0, 1 1 2 B KauecTBe AeCKPUNITOPOB
3THX (paiisIoB. B HOpMaIbHOM COCTOSTHHH BCE OHU CBSI3aHBI C TEPMUHAIIOM, TaK YTO
€CITH IIPOTrpaMMa YHUTaeT C JeCKpUNTopoM (daiina O i mUIeT ¢ JecKpunrTopamu GaiiaoB
1 1 2, To OHa MOKET OCYIIECTBIISTH BBOJ U BBIBOJI C TIOMOIIBIO TEPMHHANA, HE 3a00TACH
00 OTKPBITHH COOTBETCTBYIOINX (haiiioB.

[Tonb30Barenb MpOrpaMMbl MOKET IEPEHANPABIIATH BBOJ U BHIBOJ Ha (paiiibl,
UCTIONB3YSl OTIEpPAllMi KOMaHAHOTO uHTeprnperaTopa shell "<" u ">" :

prog <infile>outfile

B stom ciryuae uHTepriperarop komaHn shell m3MeHUT npucBanBaHKUE IO YMOJTYAHUIO
neckpuntopoB (aiiinoB 0 u 1 ¢ TepMuHaia Ha yka3aHHble ¢aiibl. HopmansHO
aeckpunTop (aitna 2 ocraeTcs CBSI3aHHBIM C TEPMHHAJIOM, TaK 4TO COOOIIEHHs 00
omurOKax MOTYT MocTynath TyAa. [logoOHbIe 3aMeuaHns CripaBeyTUBEI U TOTa, KOTIa
BBOJI U BBIBOJI CBsI3aH C KaHainoM. ClieyeT OTMETUTb, YTO BO BCEX CIIydasx
npukperieHus (aiinoB n3mMeHsroTes naTepnperaropom shell, a He mporpammoii. Cama
nporpamma, Imoka oHa ucrois3yeT ¢aiin 0 ams BBoaa u daitnsl 1 u 2 11 BBIBOJA, HE
3HAeT HU OTKYJIa MPUXOANT €€ BBOA, HH Ky/a IIOCTYIIAeT e¢ BhlJaJa.

8.2. HuskoypoBHeBbIii BBO/I/BBIBO/I - oniepaTopbl read u write.

Campblii HU3KHH ypoBeHb BBOJa/BhIBO/Ia B cucteme UNIX He mpepycMmarpuBaeT HA
Kakoi-mn6o Oydepusanuu, H1 KaKoTo-1100 APYyroro CepBHUCa; OH IO CYIIECTBY
SIBIISICTCSI HENIOCPECTBEHHBIM BXOJIOM B OIEPAIMOHHYIO cUCTeMy. Bech BBOJ U BHIBOT
ocymecTBisieTrcs 1ByMs pyHkiusmu: read u write. [lepBeiM aprymMeHTOM 006€eHX
byHKUMH sBIseTCs neckpunTop Qaiina. Bropsim aprymenTom sisisiercst Oydep B Bamieit
nporpaMMme, OTKyZa Uiu Ky/J1a JOJKHBI MOCTYTNAaTh AaHHbIe. TpeTuii apryMeHT - 3T0
YUCJIO TOICKAIINX TIepechlTke OaiiToB. OOpameHus K 3TUM QyHKITUSIM UMCIOT BUI:
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n read=read(fd,buf,n);
n written=write (fd,buf,n);

[Ipu xaxx10M 0OpaleHNH BO3BPAIAETCS CUETUUK OANTOB, YKa3bIBAIOLIUI (PaKTUUECKOE
YHCII0 NepeAaHHbIX 0aiToB. [Ipy yTeHnn BO3BpaIlleHHOE YUCI0 OATOB MOKET
0Ka3aThCsl MEHbIIIE, YEM 3alpOILIEHHOE YUCi0. Bo3BpallleHHOE HyIeBOe Yo OailToB
o3HayvaeT KoHerl Qaiina, a "-1" yka3piBaeT Ha HamU4Ke Kako-11bo ommoku. [Ipu
3aIMCH BO3BpAIIEHHOE 3HAUEHUE PABHO YMCITY (PaKTHUECKH 3aIMCAHHBIX 0aiTOB;
HECOBIIa/ICHUE 3TOT0 YHCIA C YUCIOM 0aiiTOB, KOTOPOE MPEANoIarajoch 3anmcars,
0OBIYHO CBHJIETEIHLCTBYET 00 OMIMOKE.

KomnaecTBo 6aiiTOB, MOANEKANUX YTCHHUIO WU 3alIUCH, MOXKET OBITH COBEPIICHHO
MPOMU3BOJIBHBIM. JIByMs CaMbIMU PacIpOCTPaHEHHBIMH BETMYMHAMMU sBIIsIIOTCS " 1",
KOTOpasi 03HauaeT nepeaady OJHOr0 CHMBOIIA 3a oOparieHue (T.e., 6e3 UCIoIb30BaHUS
Oydepa), u "512", koTOpas COOTBETCTBYET (PU3MUECKOMY pazMepy OJ0Ka Ha MHOTHUX
nepuepuitHBIX yCTPOUCTBaX. DTOT MOCIEAHUN pa3Mep OyaeT Haubosee
3(PeKTUBHBIM, HO Ta’K€ BBOJI MJIM BBIBOJI 110 OJTHOMY CHMBOJIY 3a OOpallieHue He Oynet
HEOOBIKHOBEHHO JOPOTHUM.

OObeanHuB Bce 3TH (PAKThI, MBI HAITMCAIH MIPOCTYIO IPOTrpaMMy JUTsl KOMUPOBAHUS
BBOJIa Ha BbIBO/I, 3KBUBAJICHTHYO [TPOrpaMMe KONMpPOBaHus (hailioB, HAIMCAaHHOH B
rnase 1. Ha cucreme UNIX 3ta mporpamma OyieT KONUpOBaTh YTO YTOAHO KyJa
YTOJIHO, TIOTOMY YTO BBOJI M BBIBOJI MOT'YT OBITH TIEpEHAIPaBIICHBI Ha JF000H (aiii uiu
YCTPOMCTBO.

#define BUFSIZE 512 /*best size for PDP-11 UNIX*/
main () /*copy input to output*/
{
char buf [BUFSIZE];
int n;
while ( (n=read (0, buf,BUFSIZE))>0)
write (1,buf,n);

}

Ecnu pa3mep ¢aitna ve 6yner kparen BUFSIZE, To npu HekoTopom oOpaiieHun k read
Oy/ieT BO3BPAIIIEHO MEHBIIIEE YUCII0 OAHTOB, KOTOPHIE 3aTEM 3aIHCHIBAIOTCS C
TIOMOUIBIO Write; TIPH CIIEAYIOIIEM Mocie 3TOro oOparieHnH K read OyaeT Bo3BpalieH
HYJIb.

[ToyuuTenbHO pa3oOpaThes, Kak MOKHO MCTIONIB30BaTh PYHKIMH read u write s
MOCTPOEHUS Tporieayp Oosee BRICOKOTO YPOBHS, TaKuX Kak getchar, putchar u T.1. Bor,
Harpumep, BapuanT GyHKIUHU getchar, ocyIecTBIsIomuil BBO 0€3 UCTIONb30BaHUs

oydepa.

#define CMASK 0377 /*for making char's > 0%/
getchar () /*unbuffered single character input*/

{
char c;
return((read (0, &c,1)>0 7 & CMASK : EOF);

}

[lepemennas 'c' momxHa OBITH onicaHa Kak char, moromy uto ¢yHKIMS read mpuHUMaET
yKasarenb Ha CHMBOJIBL. Bo3BpamaeMslii CHMBOJI TOJKEH OBITh MACKHPOBAH YHCIIOM
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0377 nuis TapaHTUH €T0 MOJIOKUTEITLHOCTH; B TPOTUBHOM CITydae 3HAKOBBIA pa3psijl
MOJKET c/IeNIaTh ero 3HaueHue orpunareabHbiM. (Koncranta 0377 noaxoaut mis 9BM
PDP-11, HO He 00s13aTeIBHO 711 APYTUX MAIIWH).

Bropoii Bapuant ¢ynkiuu getchar ocyiecTBisier BBO OOJIBITUMU TOPIUSIMHU, a
BBIJIACT CUMBOJIBI TI0 OJTHOMY 3a OOpalieHuHe.

#define CMASK 0377 /*for making char's>0*/
#define BUFSIZE 512
getchar () /*buffered version*/

{
static char Dbuf[BUFSIZE];
static char “*bufp = buf;
static int n = 0;
if (n==0) { /*buffer is empty*/
n=read (0, buf, BUFSIZE) ;
bufp = buf;

}
return((--n>=0) ? *bufp++ & CMASK : EOF);

}
8.3. OTkphiTHE, CO37aHUE, 3aKPbITHE U YHUUYTOKeHUE (unlink).

Kpowme ciyuas, koraa no yMordaHHUIO OINpe/iesieHbl CTaHIapTHBIE (ailiibl BBO/A, BBIBOJA
¥ OIIMOOK, BbI IOJKHBI SIBHO OTKPBIBATh DAk, YTOOBI 3aT€M YUTATh U3 HUX WU
nucaTh B HUX. [[71s1 9TOM 11e7H CyIIecTBYIOT ABE TOUYKHU BXOJa: open U creat.

@yHKIMS open BecbMa cxo/Ha ¢ ¢pyHkiuei fopen, paccMoTpeHHO B riase 7, 3a
UCKJIIOUEHHEM TOT0, YTO BMECTO BO3BpALCHUs yKa3arTens (aiiina oHa BO3BpalaeT
JecKpunTop (haiina, KOTOPHIH ABJISETCSA MPOCTO LENbIM TUIA Int.

int fd;
fd=open (name, rwmode) ;

Kaxk u B cimyuae fopen, aprymeHT name sIBJII€TCS CUMBOJIBHOW CTPOKOM,
COOTBETCTBYIOIICH BHENTHEMY MMEeHH (aiina. OTHAKO apryMEHT, OIPeIeIIIOIIHA
peXuM octyna, oTindeH: rwmode paBHoO: 0 - st ureHus, 1 - s 3anucu, 2 - is
yTeHUs U 3anmucH. Eciau mpoucxoauT kakas-To omuoka, GyHKIMS open Bo3BpamiaeT -
1"; B IPOTUBHOM CITydae OHa BO3BpAILACT JEHCTBUTEILHBIN IECKPHUIITOP (aiina.

[ombITKa OTKPBITH (hailsl, KOTOPBIN HE CYIIECTBYET, ABIsAETCA OIIMOKOM. Touka BXo/a
creat IpeJoCTaBIIsAET BO3MOXKHOCTb CO3/IaHMsI HOBBIX (DAlJIOB WJIU ME€pE3atcu CTapbIX.
B pesynbrare obpanieHus

fd=creat (name, pmode) ;
BO3BpAIIAeT ACCKPUNTOD (haiisia, ecar 0Ka3aloch BOZMOKHBIM CO3/1aTh (aiil ¢ UMEHEM
name, u "-1" B mpoTuBHOM cinydae. Ecnu aiin ¢ TakuMm nMeHeM yiKe CyIIecTByeT, creat
yCEUeT ero JI0 HyJIeBOH JUTMHBI; CO3aHue (haiiia, KOTOPBIN yiKE CYIIEeCTBYET, HE
SBJISIETCS OLIMOKOI.

Ecnu ¢aiin sBnsieTcsi COBEpPIICHHO HOBBIM, TO creat Co3JJaeT ero C ONpeIeICHHBIM
PEKUMOM 3alIUTHI, CIeIU(UIPyEeMbIM apryMmeHToM pmode. B cucteme daiinos Ha
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UNIX c daiinomM CBA3BIBAIOTCS AEBITh OMTOB 3aIIUTHI MHPOPMALIUHU, KOTOPHIE
YIpaBIISIOT pa3pelieHueM Ha YTEeHHE, 3aliCh U BBIIIOJHEHHE AJIs Biajenbla (aiina,
JUTSL TPYTITTBI BIAJIENBLEB U U BCEX OCTAIBHBIX MOJb30BaTeneid. Takum oOpazom,
TPEX3HauHOE BOCBMEPHUHOE YHUCIIO0 Hanbosee yno0HO /Ui crienn(puKaluyl pa3petieHni.
Hampumep, uncio 0755 cBUIAETENBCTBYET O pa3pelliEeHUH Ha YTEHUE, 3aIIUCh U
BBITNIOJIHEHHE JUIS BJIAJEIIBLA U O PA3pELICHUH Ha YTEHHUE U BBIIOJIHEHUE I TPYIIIbI U
BCEX OCTAJIbHBIX.

JUist WIuTroCcTpanyy HbKe PUBOIUTCS IPOTpaMMa KOIMMPOBAHUS OJHOTO (aiiia B
JIPYTOM, SABJISIONIASICS YIPOIIEHHBIM BAPUAHTOM YTHIIMTHI cp cuctembl UNIX.
(OcHOBHOE YIPOIIICHHE 3aKJIFOYAETCSl B TOM, YTO HAIll BAPHAHT KOMUPYET TOIBKO OJMH
¢aiin 1 9To BTOPOIi apryMeHT He JODKEH OBITh CIPABOYHHKOM).

#define NULL O
#define BUFSIZE 512
#define pmode 0644/*RW for owner,r for group,others*/
main (argc,argv) /*cp: copy fl to f2*/
int argc;
char *argvl[];
{
int f1, f2, n;
char buf [BUFSIZE];
if (argc ! = 3)
error ("usage:cp from to", NULL);
if ((fl=open(argv([1l],0))== -1)
error ("cp:can't open %s", argv([1l]);
if ((f2=creat(argv([2],pmode))== -1)
error ("cp: can't create %s", argv[2]);
while ((n=read(fl,buf,BUFSIZE))>0)

if (write (£f2,buf,n) !=n)
error ("cp: write error", NULL);
exit (0) ;

}
error(sl,s2) /*print error message and die*/
char *sl, s2;
{
printf (sl,s2);
printf ("\n");
exit (1) ;
}

CymectByeT orpanudenue (00bdHO 15 - 25) Ha Komu4ecTBO (aitioB, KOTOPHIC
porpaMMa MOXET UMETh OTKPHITBIMH OJTHOBPEMEHHO. B COOTBETCTBUU € ATHM JTE00ast
nmporpaMmma, coouparomasicsi padboTate CO MHOTHMH (halijiamMu, TOJKHA OBITh
MIOJITOTOBJICHA K TIOBTOPHOMY HMCIOJIb30BAHUIO AECKPUNTOPOB daiinos. [Iponemypa
close mpepsIBaeT CBA3b MEXKIY NECKPUNITOPOM (aiisia U OTKPBITHIM (hailioM u
0CBOOOXKIAeT AeCKpUNTOP (haiiyia AJisi HCIOJIB30BaHHS C HEKOTOPBIM JPYTHM (haiiiom.
3aBepIIeHNE BBITTOJHEHUS TIPOTPaMMBI Yepe3 exit WK B pe3yJIbTaTe BO3BpaTa U3
BeAyIIeH POrpaMMBbl MTPUBOAUT K 3aKPBITHIO BCEX OTKPHITHIX (DaiiioB.

Oynkuus yanutoxkenus unlink(filename) ygansier u3 cuctemsl ¢aitnos ¢aitn ¢ UMeHEM
filename (13 maHHOTO CcripaBOYHOTO (aiina. Paiia MOXKET ObITH CIEJICH C APYTHUM

CIIpaBOYHHUKOM, BO3MOXHO, IIOJ APYTI'UM UMCHEM - anMeq.nepeBommKa).

Ynpasxcnenue 8-1.
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[epenummTe nmporpammy cat u3 riaBbl 7, ucnonb3ys GyHkmn read, write, open u close
BMECTO MX PKBHBAJIICHTOB M3 CTaHAApTHOH OnbIroTexu. [IpoBenuTe SKCIepUMEHTBI 1S
OIPE/ICIICHNS] OTHOCUTEIILHOM CKOPOCTH PaOOThI 3TUX JIBYX BapHAHTOB.

8.4. IIpousBobHbIi 10cTYN - seek u Iseek.

Hopmanbsho nipu pabore ¢ (haitimaMu BBOJ M BBIBOJ OCYIIECTBIISIETCS MOCIEI0BATEIBHO:
P KaXJI0M 0OpaiieHnu K GyHKIUAM read U write YTeHHe WK 3aliCh HAUMHAIOTCS C
MO3MIIMH, HEMOCPEICTBEHHO CIeIyoIeH 3a npenpiaynieii oopadorannoit. Ho mpu
HEOO0XO0IMMOCTH (paii MOXKET YNTAThCS WM 3aIMChIBATHCA B JIFOOOM IIPOU3BOJIBHOM
nopsike. OOpaieHre K cucteMe ¢ moMoInbto GyHkImu lseek mospomsier
nepeABUraThbes 1o (aiiny, He IPoU3BOs (PAKTUYECKOTO YTEHHsI WM 3anucu. B
pe3yabpTaTe oOpamieHus

lseek (fd,offset,origin);
TeKymas mo3uiys B aiine ¢ neckpunropom fd nepeasuraercs Ha nmo3urmio offset
(cMerieHue), KOTOpasi OTCUUTHIBAETCS OT MECTA, YKa3bIBAEMOI'0 apryMEHTOM Origin
(magarno orcyera). [locnenyromiee uTeHHE WK 3aIIUCh OYyT T€TIEpbh HAYWHATHCS C ITOU
no3unu. AprymenT offset umeer tun long; fd u origin umeror tun int. Aprymext
origin MoxeT npuHUMaTh 3HaueHus 0,1 wim 2, yka3pIBas Ha TO, 4TO BeInmuuHa offset
JIOJKHA OTCUUTBIBATHCSI COOTBETCTBEHHO OT Hauana (haitsia, OT TeKyIel MO3ULUHN UK
oT KoHIa ¢aitna. Hampumep, 4To0bI JOTTOTHUTE (hailil, CieAyeT Mepe;] 3amuchio HalTh
€ro KOoHeIl:

lseek (£d, 0L, 2) ;
4yTOOBI BEpHYTHCA K Havany (''mepeMoTaTth 00paTHO'"), MOXKHO HAMMHMCATh:

lseek (fd,0L,0);
obpatute BHUMaHKe Ha aprymeHT OL; ero MoxxHO ObuTO OBI 3amucath U B Bue (long) 0.

Oynknus Iseek mo3BossieT oopamartbes ¢ paitlaMu MPUMEPHO TaK Ke, Kak ¢ OOJIbITUMHU
MacCUBaMHU, MpaBJa eHoH Ooyiee MEVIEHHOTO JI0CTYIA. CeAyIoas mpocTast PyHKIIHS,
HaIpUMeEp, CYUTHIBACT JIFO00E KOJIMYECTBO OANTOB, HAYMHAS C TIPOU3BOJIBHOTO MECTA B
daiine.

get (fd, pos,buf,n) /*read n bytes from position pos*/
int fd, n;

long pos;

char *buf;

{
lseek (fd,pos,0); /*get to pos*/
return (read (fd,buf,n));

}

B Gonee panHux pemakmusx, yem peaakius 7 cuctembl UNIX, ocHOBHas Touka BXo/ia B
CHCTEeMY BBOZA-BbIBOJa Ha3biBaeTcs seek. dynkmnms seek nnentnyna ¢pynkumu lseek, 3a
UCKIJIIOUEHHEM TOr0, 4TO apryMeHT offset umeer Tum int, a He long. B COOTBETCTBHUHU C
3THM, TTOCKOJIbKY Ha PDP-11 mensie nmerot Tonbko 16 6utos, aprymeHT offset,
yKa3bIiBaeMblil pyHK1MU seek, orpaHu4eH BeTu4nHoi 65535; mo sToil npudnHe
apryMEHT Origin MOXKeT UMETh 3HaYeHHs 3, 4, 5, KOTOpPHIE 3aCTaBISIOT QYHKIHIO seek
YMHOXKUTH 3a7laHHOe 3HayeHue offset Ha 512 (konuuecTBO OAHTOB B OHOM
¢u3ngeckoM OII0Ke) U 3aTeM WHTEPIPETHUPOBATH Origin, kKak eciu 31o 0, 1 nmm 2
cooTBeTCTBEHHO. ClleI0BaTEeNbHO, YTOOBI JOCTHYb MPOU3BOIBHOTIO MECTa B OOJIBIIOM
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daiine, Hy>KHO J1Ba oOpareHus K seek: CHauana oHO, KOTOPOE BBIJICISICT HY KHBIN
0JI0K, a 3aTeM BTOpOE, TJIe Origin MMeeT 3Ha4eHue 1 ¥ KOTOPOEe OCYIIECTBIISET
nepeBMKCHUE Ha JKeJTaeMbIi OalT BHYTpHU OJIOKA.

Ynpasicnenue 8-2.

OueBuaHO, uTo seek MoxeT ObITh HalMcaHa B TepMUHANAX Iseek 1 HA000POT.
HAIHIINTE KXY QYHKIUIO Yepe3 IpyTyio.

8.5. Ilpumep - peanusanus ¢pynkuuii fopen u getce.

JagaiiTe Teneps Ha mpuMepe peanusanuu QyHKIui fopen u getc U3 crangapTHOM
O6MOIMOTEKH MOIIPOTrPaMM IIPOJAEMOHCTPUPYEM, KaK HEKOTOPBIE U3 OITMCAHHBIX
3JIEMEHTOB O0BETUHSIOTCS BMECTE.

Hanomuuwm, 4to B crannapTHOM 61OInoTeKe (paitiibl OMUCHIBAIOTCS MOCPEICTBOM
yKazaTeneu (aiios, a He JECKPUNITOPOB. YKa3aTenb ¢aiia sSBIsSeTCs yKa3aTelieM Ha
CTPYKTYPY, KOTOpasi COAEP>KUT HECKOJIBKO 3JIEMEHTOB MH(popManuu o ¢aiine:
ykazatenb Oydepa, 9To0s! (haitsi MOT YUTATHCS OOJIBIIMMHU MOPIUSAMU; CYSTUHK YHCIIA
CHUMBOJIOB, OCTaBIIUXCA B Oydepe; ykazaresb cielyromei mo3uun cumBoa B 0ydepe;
HEKOTOpbIE IPU3HAKH, YKA3bIBAIOIINE PEKUM UTEHUS WM 3alUCU U T.[.; IECKPUIITOP
daiina.

OnwuceiBarommas ¢ailsl CTpyKTypa AaHHBIX coepkuTcs B (aiine stdio.h, koTopsrii
JIOJDKEH BKITFOUaThes (mocpeactBoM #include) B o060t HexoqHbIH (aii, B KOTOPOM
UCTIONIBb3YIOTCS (PYHKLMU U3 CTaHAAapTHOW 6MOnmuoTeku. OH Takke BKJIIOYaeTcs
byHKIMAME 3TOM OMOMMoTEeKH. B mpuBoaMMOIi HIbKE BRIAEpKKe U3 (aiina stdio.h
MMEHa, peHa3HavYaeMble TOJIBKO JUIS MCTIONb30BaHMs (DYHKIUSIMH OHOIMOTEKH,
HAYMHAIOTCA C TIOAYEPKUBAHUS, C TEM YTOOBI YMEHBIIUTH BEPOATHOCTH COBITAICHUS C
UMEHaMU B IIPOTPaMMe T0JIb30BaTelIs.

define BUFSIZE 512
define nfile 20 /*files that can be handled*/
typedef struct iobuf ({

char * ptr; /*next character position*/
int _cnt; /*number of characters left*/
char * base; /*locatoin of buffer*/
int flag; /*mode of file access*/
int fd; /*file descriptor*/

)y file;

extern file iob[ nfile];

define stdin (& 10b[0])

define stdout (& iob[11])

define stderr (& iob[2])

define _READ 01 /* file open for reading */
define _WRITE 02 /* file open for writng */
define  UNBUF 04 /* file is unbuffered */

define  BIGBUF 010 /* big buffer allocated */
define _EOF 020 /* EOF has occurred on this file */
define _ERR 040 /* error has occurred on this file */
define NULL O

define EOF (-1)

define getc(p) (-—(p)-> cnt >= 0 \
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? *(p)-> ptr++ & 0377 : filebuf(p))
define getchar () getc(stdin)

define putc(x,p) (-—(p)-> cnt >= 0 \
? *(p)—-> ptr++ = (x) : _flushbuf ((x),p))
define putchar (x) putc (x, stdout)

B HOpManbHOM COCTOSIHUM Makpoc getc MPOCTO YMEHbIIAET CUETUUK, IEPEIBUTACT
yKasaremb ¥ Bo3Bpamaet cuMBoil. (Eciu onpenenenue #define cimimkom UTMHHOE, TO
OHO TPOJOJKAETCS C TIOMOIIBbI0 00paTHOM Kocoit uepThl). Ecnu oHako cueTynk
CTaHOBHTCSI OTPHUIATEIILHBIM, TO getc Bei3biBaeT GpyHknuto filebuf, koTopas cHoBa
3anonHseT 0ydep, peMHUITUAIU3UPYET COACPKUMOE CTPYKTYPhI U BO3BpAIIIa€T CUMBOIL.
OyHKIUS MOXKET PEAOCTABISATH IEPEHOCUMBII HHTEP(EHC U B TO K€ BpeMs
COJIepXkaTh HEMEPEHOCHUMbIE KOHCTPYKLHUHU: getc MacKupyeT cuMBOII unciom 0377,
KOTOpOE MOIABIISIET 3HAKOBOE paciiupenue, ocymectsisieMoe Ha PDP-11, u Tem cambim
rapaHTHPYeT MOJI0KHUTEIIBHOCTh BCEX CUMBOJIOB.

XOoTs1 MBI HE coOrpaemcst 00CyKIaTh KaKue-JIM0O0 IeTalii, MbI BCE JK€ BKJIIOUMIIH CIOJa
oTpeieIeHne Makpoca putc, Uit TOro 4ToObl OKa3aTh, YTO OHA PA0OTAET B OCHOBHOM
TOYHO TaKKe, Kak U getc, obpaiasce rnpu 3anoiaHeHnu 0ydepa k Gpyuakuuu _flushbuf.

Teneps MoxeT ObITh HanrcaHa ¢yHKIU fopen. bonbiras yacTe mporpaMMbl GyHKIIUHA
fopen cBsi3aHa ¢ OTKpBIBaHUEM (aiiyia U pacloIOKEHUEM €ro B HY’KHOM MECTE, a TaKKe
C YCTaHOBJICHHEM OWUTOB MPU3HAKOB TAKUM 00pa30M, 4TOOBI OHH YKa3bIBAJIH HY>KHOE
cocrosnue. @ynkuus fopen He BeIIENACT KaKOW-1100 Oy(hepHOM mamMsITH; 3TO AeTaeTcs
dbynkuueit _filebuf mpu nepBom utenuun u3 Qaiina.

#include <stdio.h>
#define pmode 0644 /*r/w for owner; r for others*/
file *fopen (name,mode) /*open file,return file ptr*/
register char *name, *mode;
{
register int fd;
register file *fp;
if (*mode !'='r's&&*mode !'='w'&&*mode !='a') {
fprintf (stderr,"illegal mode %s opening %s\n",
mode, name) ;
exit (1) ;
}
for (fp=_iob;fp< iob+ nfile;fp++)
if ((fp-> flag & (_READ | WRITE))==0)
break; /*found free slot*/
if (fp>= iob+ nfile) /*no free slots*/
return (NULL) ;

if (*mode=='w') /*access file*/
fd=creat (name, pmode) ;

else 1if (*mode=='a') {
if ((fd=open (name, 1) )==-1)

fd=creat (name, pmode) ;
lseek (fd, 0L, 2);

} else
fd=open (name, 0) ;

if (fd==-1) /*couldn't access name*/
return (NULL) ;

fp-> fd=fd;

fp-> cnt=0;

fp-> base=NULL;

fp-> flag &=( READ | WRITE);
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fp-> flag |=(*mode=='r') ? READ : WRITE;
return (fp) ;
}

Oynkuus _filebuf Heckonbko 6onee ciioxHas. OCHOBHAS TPYIHOCTh 3aKITIOYASTCS B
TtoMm, uTo _filebuf ctpemutcs paspemuts qoctyn K ¢daiiry U B TOM cliydae, KOTJa MOXKET
HE 0Ka3aThCs TOCTATOYHO MECTa B MaMATH [Tt OydepHu3amnnuy BBOIA WITH BHIBOJIA. €CITH
MPOCTPAHCTBO /7151 HOBOTO Oy(depa MOKET OBITh MOTy4YEeHO OOpalieHHeM K (PYHKIIHH
calloc, To Bce oTnmuHO; eciu ke Het, To _filebuf ocymecTsisier HeOyhepr3oBaHHBII
BBOJ1/ BBIBOJI, UCTIOJIb3YSl OTJENIbHBIA CHMBOJI, IOMEIIEHHBIN B JIOKAJIbHOM MacCHBE.

#include <stdio.h>
_fillbuf (fp) /*allocate and fill input buffer*/
register file *fp;
{
static char smallbuf (nfile);/*for unbuffered 1/0*/
char *calloc():;
if ((fr-> flag& READ)==0]|| (fp-> flags& (EOF| ERR)) |=0
return (EOF) ;
while (fp—> base==NULL) /*find buffer space*/
if (fp-> flag & UNBUF) /*unbuffered*/
fp-> base=&smallbuf[fp-> fd];

else if ((fp-> base=calloc( BUFSIZE, 1) )==NULL)
fp-> flag |= UNBUF; /*can't get big buf*/
else

fp-> flag |= BIGBUF; /*got big one*/
fp-> ptr=fp-> base;
fp-> cnt=read(fp-> fd, fp-> ptr,

fp-> flag & UNBUF ? 1 : BUFSIZE);
FF (--fp-> cnt<0) {

if (fp-> cnt== -1)

fp-> flag | = EOF;

else

fp-> flag | = _ ERR;

fp-> cnt = 0;
return (EOF) ;

}
return (*fp-> ptr++ & 0377); /*make char positive*/

[Ipu mepBoM oOparteHnH K getc At KOHKPETHOTO (aiina CYeTYNK OKa3bIBACTCS
PaBHBIM HYJIIO, 4TO MPUBOANT K oOpamienuto K _filebuf. Ecnu pynkuums _filebuf
Hal/IeT, 4To 3TOT (paiiyl He OTKPHIT AJIs YTeHHUs, OHAa HeMeaneHHo Bo3BpaiaeTr EOF. B
MPOTUBHOM CITy4ae OHA MBITAETCS BBIACIUTH OOMBIION Oydep, a eciu el 310 He
yaaetcs, To 0ydep u3 ogHoro cumpoda. [Ipu stom ona 3anocur B _flag
COOTBETCTBYIOIYIO HH(POPMAIHIO 0 OyhepHu3arium.

Pa3 O6ydep yxe coznan, pyakmus _filebuf mpocto Be3bIBaeT dynkimio read ass ero
3aII0JTHEHHS, YCTaHABIMBACT CYCTUHK U YKa3aTeIH U BO3BPAIIAE€T CHMBOJ U3 HaYaja

Oydepa.
EMuHCTBEHHBIN OCTABIIMIACSH HEBBIICHEHHBIM BOIPOC COCTOHMT B TOM, KaK BCE

HaunHaeTcs. MaccuB _iob 1omKeH OBITh ONpeAeieH 1 MHUIUAIN3UPOBaH s stdin,
stdout u stderr:

file iob[nfile] = {
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(NULL, 0, READ,0), /*stdin*/

(NULL, 0,NULL,1), /*stdout*/

(NULL, 0,NULL, WRITE | UNBUF,2) /*stderr*/
) ;

N3 nanmmanm3anuu yactu _flag aToro MaccuBa CTpyKTyp BUIHO, uTO (haitn stdin
npeaHa3HayeH i uTeHus, daiin stdout - ans 3anucu u Qaiin stderr - s 3anucu 6e3
ucrnonbs3oBanus oydepa.

Ynpasicnenue 8-3.

[Mepenumute pynkuu fopen u _filebuf, ucnons3ys mons BMECTO SBHBIX TOOUTOBBIX
onepauuu.

Ynpasxcnenue 8-4.
Pazpabotaiite n Hanummte Gynknuu _flushbuf u fclose.
Ynpasicnenue 8-5.

CrangaprHast OMOIMOTEKa CONEPIKUT QYHKITUIO

fseek (fp, offset, origin)
KOoTOpas uaeHTuuHa Qynkuun Iseek, nckmouas To, uto fp sBisercs ykasarenem ¢aiina,
a He aeckpunTopom daiina. Hamummre fseek. Yoenurecs, uto Bamra fseek mpaBuiabHO
coryacyercs ¢ Oydepuszauueit, caenaHHoi Uit pyrux QyHKIHi OMOIHOTEeKH.

8.6. IIpumep - pacneyarka CipaBOYHUKOB

Wnorpa tpebyeTcst qpyroi BUj B3aUMOACUCTBUS C CUCTEMOM (hailioB - onpeneneHme
uHpopmanuu o daiise, a He TOro, 4To B HeM coaepKuTcs. [IpuMepoM MOXKET CITyKUTb
komanaa Is ("cimcok cripaBounuka') cuctembl UNIX. o aToit komane
pacredaTbIBaroTCa UMEHa (DaiyIoB U3 CIIPABOYHUKA U, HE00sA3aTeNIbHO, ApYyTras
uHpOpMaIus, Takas Kak pa3Mepsl, pa3perieHust 1 T.1.

ITockonbky, 10 KpaiiHei Mmepe, Ha cucteMe UNIX cripaBOYHUK SIBIIETCS IPOCTO
¢aitioMm, TO B Takoi KOMaH/e, KaK Is HET HU4ero 0COOCHHOTO; OHA YHTAeT (ailr u
BBIJIEJIIET HY KHbIE YacTU U3 HaxoJs1eics TaM nHdopmarun. OaHako gpopmar
UH(POPMALIUHU OMIPEIEIIETCS CUCTEMOM, Tak uTo IS JOJDKHA 3HATH, B KAKOM BHJIE BCE
IIPECTABIISIETCS B CUCTEME.

MBI 3TO YaCTHYHO MPOMJUTIOCTPUPYEM NPH HANMCaHUU MporpaMmsl fsize. [Iporpamma
fsize nmpencrasnser coboii cnenuagbHyIo popMy ls, KoTopas meyaraer pazMepbl Bcex
¢aiinoB, yKa3aHHBIX B CIIHCKE €e apryMeHTOB. Eciin oauH u3 (aiisioB sBiseTcs
CIPAaBOYHUKOM, TO JJIs1 00pabOTKH 3TOr0 CIpaBOYHHUKA Mporpamma fsize obparaercs
cama K cebe PeKypCHBHO. €CITH e apIyMEHTHI BOOOIIIE OTCYTCTBYIOT, TO
o0OpabaTbIBaeTCs TEKYIHHA CIIPABOYHUK.

Jlns Havyana gaguM KpaTKuit 0030p CTPYKTYpPBI cHcTeMbI (aitnoB. CripaBOYHHK - 3TO
(aiir, KOTOPBIN COIEPIKUT CITUCOK MMEH (haliIoB U HEKOTOPOE YKa3aHUE O TOM, T/Ie OHH
pasMerniaroTcs. DakTUYECKH 3TO YKa3aHHUE SIBISIETCS UHIACKCOM [T IPYToi TaOIuUIbL,
KOTOPYIO Ha3BIBAOT "1 - y31oBoi Tabmureit". Jlns ¢aitia i-y3en - 3To To, rae
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conepkuTcs Best mHGopMaIyst o gaiine, 3a UCKITIOUEHHEM ero HMEHH. 3aruch B
CIIPaBOYHUKE COCTOUT TOJBKO U3 IBYX JIEMEHTOB: HOMEpa i-y3/1a 1 UMeHH (aiina.
Tounas cnenuduKkanus MOCTyaeT Mpy BKITOYCHUH Qaiina sys/dir.h, koTopsrit
COIEPIKUT

#define DIRSIZ 14 /*max length of file name*/
struct direct /*structure of directory entry*/

{

ino_té& ino; /*inode number*/

char & name[DIRSIZ]; /*file name*/
ki

"Tumn" ino_t - 9T0 onpeaensieMbIi mocpeacTBoM typedef THII, KOTOPBIH OMKUCHIBACT
uHAeKc i-y3nooi Tabmunel. Ha PDP-11 UNIX sTum Tumnom okassiBaetcs unsigned, HO
9TO HE TOT COPT HH(OPMAIIHH, KOTOPBIH MOMEIIAIOT BHYTPh MIPOTPaMMBI: Ha Pa3HbIX
cUCTEeMax ATOT THUI MOXET ObITh pa3indHbIM. [103TOMY | ClieyeT HCIoIb30BaTh
typedef. ITonnbIit HabOp "cHCTEMHBIX" THIIOB HaAXOAWTCS B daiiie sys/types.h.

Oyuknus stat 6epeT ums (aiina v Bo3BpaIiaeT BCIO COACPKAIILYIOCS B 1-OM y3J1e
uHdopmaruio 06 3ToM (aiine (wm -1, ecnu umeercs omwubka). Takum oOpazoMm, B
pe3ynbTare

struct stat stbuf;
char *name;
stat (name, &stbuf) ;

cTpyKkTypa stbuf HanomHseTcst uHPOpMalre u3 i-ro y3na o Qaiie ¢ IMeHeM name.
CTpyKTypa, OIHICHIBAOIIAs BO3BpaIIaeMyto GyHKITUEH stat mHPOpMAIIIO, HAXOIUTCS B
daiine sys/stat.h u BRIMISIINT crieqyromuM o0pa3oMm:

struct stat /*structure returned by stat*/

{

dev_t st dev; /* device of inode */

ino_t st _ino; /* inode number */

short st mode /* mode bits */

short st nlink; / *number of links to file */
short st uid; /* owner's user ID */

short st _gid; /* owner's group ID */

dev_t st rdef; /* for special files */

OFF t st size; /* file size in characters */

time t st atime; /* time last accessed */
time t st mtime; /* time last modified */
time t st cmtime; /* time originally created */

Bonbmas yacte 3T0# HHpOpMaIK OOBSICHIETCS B KOMMEHTAapUsIX. DneMeHT st.mode
coJepKHUT HaOOop (1aroB, OMUCHIBAIOMIMX (aiii; 11t yao0cTBa onpeaeneHus (aaros
Takke HaxoAaaTcs B (aiine sys/stat.h.

#define S IFMT 0160000 /* type of file */

#define S IFDIR 0040000 /* directory */

#define S IFCHR 0020000 /* character special */

#define S IFBLK 0060000 /* block special */

#define S IFREG 0100000 /* regular */

#define S ISUID 04000 /* set user ID on execution */
#define S ISGID 02000 /* set group ID on execution */
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#define S ISVTX 01000 /*save swapped text after use*/

#define S IREAD 0400 /* read permission */
#define S IWRITE 0200 /* write permission */
#define S IEXEC 0100 /* execute permission */

Tenepb MbI B COCTOSIHUM HanucaTh nporpammy fsize. Eciu nomyueHHsI oT GyHKIUM
stat pexkUM yKa3bIBaeT, YTO (aiiyl He ABISETCS CIPABOYHUKOM, TO €0 pa3Mep yxkKe MoJ
PYKO# 1 MOKeT OBbITh Hare4yaTaH HEMOCPEACTBEHHO. Eciu ke OH oka3bIBaeTcs
CIPABOYHUKOM, TO MbI JIOJKHBI 00pabaThIBaTh 3TOT CIIPABOYHUK OTJEIIBHO IS
Kaxoro (aiina; Tak Kak CIpaBOYHUK MOXKET B CBOIO OUEPEIb CO/ICPIKATh
HOJCTIPAaBOYHHKH, STOT MPOLIECC 0OpabOTKH ABISAETCS PEKYPCHBHBIM.

Kak 00b1uHO, BeayIias nporpaMMa IriaBHbIM 00pa3oM UMEET JeJI0 ¢ KOMaHIHON
CTPOKOH apryMEHTOB; OHA TepeIacT KaKAbIi apryMeHT pyHKuuu fsize B 60mbmion

oydep.

#include <stdio.h.>
#include <sys/types.h> /* typedefs */
#include <sys/dir.h> /*directory entry structure*/
#include <sys/stat.h> /*structure returned by stat*/
#define BUFSIZE 256
main (argc,argv) /*fsize:print file sizes */
char *argvl[];
{
char buf [BUFSIZE];
if (argc==1) { /* default: current directory */
strcpy (buf,".");
fsize (buf) ;
} else
while (-—argc>0) {
strcpy (buf, *++argv) ;
fsize (buf);

Oyukus fsize nmeyaraer pasmep (aiina. Ecinu ognako ¢aiin okassiBaeTcs
CIIPaBOYHHUKOM, TO fSize cHawana Be3bIBaeT QyHKIUIO directory st 00paboTKH BceX
yKa3aHHBIX B HeM (aiiioB. OOpaTuTe BHUMAaHUE Ha UCTIOJIB30BaHNE UMEH (h1aroB

S IFMT u S_IFDIR wu3 ¢aiina stat.h.

fsize (name) /*print size for name*/
char *name;

{
struct stat stbuf;

if (stat (name, &stbuf)== -1) {
fprintf (stderr,"fsize:can't find %s\n",name) ;
return;

}

if ((stbuf.st mode & S IFMT)==S IFDIR)
directory (name) ;

printf ("$81d %s\n",stbuf.st size,name);

Oyuknus directory sBisieTcst camoid ciioxHor. OHaKO 3HAYUTENbHAS €€ YacTh CBs3aHa
C co3gaHueM 1t 00pabaThIBaeMOro B JAaHHBII MOMEHT (aiiia ero moJHOTO UMEHH, TI0
KOTOPOMY MO>KHO BOCCTAHOBHUTH ITyTh B JICPEBE.
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directory (name) /*fsize for all files in name*/
char *name;
(
struct direct dirbuf;
char *nbp, *nep;
int i, f£d;
nbp=name+strlen (name) ;
*nbp++='/"'; /*add slash to directory name*/
if (nbp+DIRSIZ+2>=name+BUFSIZE) /*name too long*/

return;
if ((fd=open (name,0))== -1)
return;
while (read (fd, (char *)&dirbuf,sizeof (dirbuf))>0) {
if (dirbuf.d ino==0) /*slot not in use*/
continue;
if (strcmp (dirbuf.d name,".")==
|| strcmp(dirbuf.d name,"..")==0 )

continue; /*skip self and parent*/
for (i=0,nep=nbp;i<DIRSIZ;i++)
*nept+=dirbuf.d namel[i];
*nep++="\0"; -
fsize (name) ;

}
close (fd) ;
*——nbp='\0"'; /*restore name*/

Ecnu HexkoTopas iblpa B CIpaBOYHUKE B HACTOSIIIEE BpEMs HE MCIIONIb3YyeTcs (IOTOMY
yT0 (hailyr ObUT yAaJIeH), TO B COOTBETCTBYIOIIEE 1-y3710BOE YUCIIO PAaBHO HYJIIO, U Ta
MO3UIHS MpormyckaeTcs. Kaxapiii clipaBOYHUK TaKKe COJIEPIKUT 3aIliCh B caMOM cele,
HaszpIBaemyro ".", u 0 cBoeM poauTtene, ".."; OHU, OUYEBUIHO, TAKKE JTOKHBI OBITH

NPOIYIICHBL, @ TO Mporpamma OyJeT padboTaTh BeCbMa M BeChMa JI0JTO.

Xorts nporpamMa fsize TOBOJIBHO CIICIMAIN3UPOBaHHA, OHA BCE K€ JIEMOHCTPHPYET
napy Ba)KHBIX WACH. BO-NIEPBBIX, MHOTHE IMPOTPAaMMBbI HE SBISIOTCS "CHCTEMHBIMHU
nporpaMmmaMu'’; OHU TOJIBKO MCIIOJB3YIOT HH(pOPMAaLHIo, (hopMa WK COIEpKAHUE
KOTOPOH ONPEEAETC ONEPALMOHHON CUCTEMOM. BO-BTOPBIX, Ul TAKUX IPOrPaMM
CYIIECTBEHHO, YTO MPEJICTAaBICHUE ITOI HHPOPMAIIMK BXOIUT TOJBKO B CTAaHJApTHEIC
"3arosoBouHBIE (aiinel", Takue Kak stat.h u dir.h, u 9TO MpPOTpaMMBI BKITIOUAIOT 3TH
(aiinel, a He MOMEIAIOT (PaKTUYECKUE OMMCAHUS BHYTPh CAMUX IIPOTPaAMM.

8.7. Ilpumep - pacnpenenuresb NAMSTH.

B rnaBe 5 mpl Hanucanu 6ecXUTPOCTHBIN BapuaHT GyHKuu alloc. Bapuant, KoTopbIit
MBI HallMIIeM Teeph, He COJACPKUT OrpaHUueHuil: oOpameHus k Gpynkuusam alloc u free
MOTYT TIEpEMEKAThCS B JTFOOOM TMOPSIKE; KOTa 3TO Heooxoaumo, Gynkiwus alloc
oOparmraercst K ONeparuoHHON CUCTEME 3a JIOTIOJIHUTENbHON maMAThio. Kpome Toro, 4to
9TH MPOIEAYPHI MOJIE3HBI CAMH TT10 ce0e, OHU TaK)Ke HIUTIOCTPUPYIOT HEKOTOPHIC
coo0OpakeHUsl, CBA3aHHBIE C HATMCAHUEM MALTMHHO-3aBHCUMBIX IPOrPaMM
OTHOCHTEIIFHO MalIMHHO-HE3aBUCHMBIM 00pa30M, M MOKa3bIBAIOT MPAKTUIECKOE
NpUMEHEHHE CTPYKTYp, OObEIMHEHUH 1 KOHCTpYKIni typedef.

Bwmecto TOrO, I-ITO6IJI BBLACIATH NMMAMATb U3 CKOMITUJIMPOBAHHOTI'O BHYTPU MAaCCHUBa
bukcupoBaHHOTO pasmepa, pyHkius alloc OyaeT mo Mepe HeOOXOAMMOCTH 00pAIIATHCS
3a MaMATHIO K omnepaliMoHHOM cucteme. [TockonbKy pa3nudHbie COOBITHS B IPOrpaMme
MOTYT TpeOOBaTh aCHHXPOHHOTO BBIJICIICHUS ITaMsITH, TO TaMsITh, yripasisiemas alloc,
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HE MOXET ObITh HEMPEPhIBHOW. B cuity 3TOro cB000AHAs MaMATh XpPaHUTCS B BUJE
LIEMOYKH cBOOOAHBIX 010K0B. Kaxkaplit 010K BKIIIOYAET pa3Mep, yka3aTelb
cllefyrouiero 0J10ka U caMmy CBOOOJHYIO NaMsTh. blIoKK ynopsa04uBatoTCs B MOPSIKE
BO3PACTaHMA aJPECOB NaMSTH, IPUYEM MOCIEIHUN OJI0K (C HANOOIBIIUM aJPECOM)
yKa3bIBAa€T Ha MEPBBIH, TaK 4TO LENoYKa (PAaKTUUECKH OKA3bIBAECTCS KOJIBIIOM.

[Ipu mocTymneHnn 3anpoca CucoK CBOOOIHBIX OJIOKOB IMTPOCMATPUBAETCS JI0 TEX TOP,
MoKa He OyJIeT HalJIeH JOCTaTOYHO OOJbIION 070K, Eciin 3TOT 0J10K MMEET B TOUHOCTH
TpeOyeMbIii pa3Mep, TO OH OTIETUISETCS OT CITUCKA U MepeaaeTcs Mmojib3oBarento. Ecnu
K€ ATOT OJIOK CIIUIITKOM BEJIMK, TO OH Pa3/eisaeTcs, HyKHOE KOJMYECTBO MepeaeTCs
MOJIL30BATEII0, 2 OCTATOK BO3BpaIlaeTcs B CBOOOAHBIN cicok. Eciu qoctaTogHO
00JBIIOTO OJI0KAa HAWTH HE yAA€TCsI, TO ONMEPAIMOHHON CUCTEMOU BBIJICSETCS HOBBIM
OJIOK, KOTOPBIN BKIIOYAETCS B CIIUCOK CBOOOIHBIX OJIOKOB; 3aTe€M MOUCK
BO300HOBIISIETCS.

OcBo0o0x/1eHNE TaMAITH TaK)Ke BI€UET 3a CO00M MPOCMOTpP CBOOOIHOIO CIIUCKA B
ITOMCKE MOAXOIAIIEr0 MECTa JIJIs BBEJIECHHUS OCBOOOKIeHHOro Otoka. Eciu aToT
OCBOOOIMBITHIICS OJIOK ¢ KAaKOW-THOO CTOPOHBI MPUMBIKAET K OJIOKY U3 CIHCKA
CBOOOIHBIX OJIOKOB, TO OHH OOBEIMHSIOTCS B OJJUH OJ0K OOJBIIETO pa3Mepa, TaK uTo
NaMsATh HE CTAHOBUTCS CIUIIKOM pa3apooiieHHoi. OOHAPYKUTH CMEXKHBIE OJIOKH
MPOCTO, TOTOMY YTO CBOOOIHBIN CIIHCOK COAEPIKHUTCS B MOPSIKE BO3PACTAHHUSI aIPECOB.

OpnHa u3 npoGieM, 0 KOTOPOil Mbl YIIOMUHAJIH B IJIaBe 5, 3aK/I0YaeTcs B 00ecneyeHnn
TOT0, YTOOBI Bo3Bpamiaemas pyHkmuei alloc maMsaTh Obljia BBIPOBHEHA TTOIXOISIITIM
o0pa3oM 71 TeX 00BEKTOB, KOTOpPbIE OYIyT B HEH XpaHUTHCS. XOTS MAIIUHbI U
pa3MyaroTCs, A KaKJ0W MaIIuHbI CYIIECTBYET THII, TPEOYIOMNI HAnOOIBIINX
OTPaHUYEHUI 10 pa3MEILEHHIO TaMATH, €CJIM JaHHbIE CAMOT0 OIPaHMYUTEIBHOIO THUIIA
MO’KHO IIOMECTUTh B HEKOTOPBII ONpeIeIeHHbIN aJipec, TO 3TO K€ BO3MOKHO U IS
BceX ocTanbHbIX TUIIOB. Hanpumep, Ha IBM 360/370,HONEYWELL 6000 u MHOTHX
JpyTUX MaIIMHaX 000 00BEKT MOXKET XPAHUTHCS B TPAHUIIAX, COOTBETCTBYIOIIUM
nepemeHHbIM Tuma double; Ha PDP-11 6yayT noctaTo4Hbl NepeMeHHbIE TUTIA int.

CBOOOAHBIN 070K COEPXKHUT yKa3aTelb CICIYIONIEro 0JI0Ka B IIETIOYKE, 3aITUCh O
pa3mepe 6J10Ka U caMo CBOOOHOE MPOCTPAHCTBO; YIpaBIsionias HHOopMaIHs B
HayaJie Ha3bIBaeTCs 3arojI0BKOM. JIJ1s ympoIeHus BEIpaBHUBAHHS BCE OJIOKHM KPATHBI
pa3mepy 3arojioBKa, a caM 3aroJIOBOK BBIPOBHEH HaJIeKalIiuM o0pa3oM. ITo
JOCTHUTAETCS C TIOMOIIBIO0 00BEINHEHNUS, KOTOPOE COAEPIKUT KETAEMYIO CTPYKTYPY
3arojioBKa U o0paser] HauboJiee OrpaHUYUTENBHOTO 110 BEIPABHUBAHUIO TUIIA!

typedef int align; /*forces alignment on PDP-11%*/
union header { /*free block header*/
struct {
union header *ptr; /*next free block*/
unsigned size; /*size of this free block*/
}os;
align x; /*force alignment of blocks*/
bi

typedef union header header;
®yuknus alloc okpyriser TpedyeMsblil pa3Mep B CUMBOJIaX J0 HY’KHOTO YMCIIa €IUHUI]

pa3mepa 3arojoBka; pakTHIecKuii 0JI0K, KOTOPBIN OyJEeT BhIIEIEH, CONEPKUT Ha OJHY
CAUHUIY 60.]1}31116, npeaHasHa4acMyro Ijid CaMoro 3aroJjioBka, v 3To0 1 €CTb 3HAYCHHC,
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KOTOPOE 3aIHCHIBACTCS B MOJIC SiZe 3aroJioBKa. YKa3arelb, BO3BpamaeMblid GyHKIueH
alloc, ykaspiBaeT Ha CBOOOJHOE MTPOCTPAHCTBO, & HE HAa CaM 3aroJIOBOK.

static header base; /*empty list to get started*/
static header *allocp=NULL; /*last allocated block*/
char *alloc (nbytes)/*general-purpose storage allocator*/
unsigned nbytes;
{
header *morecore();
register header *p, *g;
register int nunits;
nunits=1+ (nbytes+sizeof (header)-1)/sizeof (header);
if ((g=allocp)==NULL) { /*no free list yet*/
base.s ptr=allocp=g=é&base;
base.s.size=0;
}
for (p=g>s.ptr; ; g=p, p=p->s.ptr) {
if (p->s.size>=nunits) { /*big enough*/
if (p->s.size==nunits) /*exactly*/
g->s.ptr=p->s.ptr;
else { /*allocate tail end*/
p->s.size-=nunits;
pt=p->s.size;
p->s.size=nunits;
}
allocp=g;
return ((char *) (pt+l));
}
if (p==allocp) /*wrapped around free list*/
if ( (p=morecore (nunits) )==NULL)
return (NULL); /*none left*/

[Tepemennas base ucnomb3yercs st Hadana padotel. Eciu allocp nmeer 3HaucHme
NULL, kak B cimydae repBoro ooparieHus k alloc, To co3maercst BRIpOKICHHBIN
CBOOOIHBIN CIHCOK: OH COCTOUT U3 CBOOOAHOTO OJIOKA pa3Mepa HyJb U yKa3aTells Ha
camoro ce0s1. B mob6om cirydae 3aTeM ucciemayercs cBoOoaHbIN criucok. [Touck
cBOOOAHOTO OJI0OKA TOIXOSAIIETO pa3Mepa HadnHaeTcs ¢ Toro Mecta (allocp), rae Obut
HaliIeH MocNeHuI OJI0K; Takasi CTpaTerusi IOMOIaeT COXPAHUTh OJTHOPOJAHOCTh JIUCKA.
Ecnu Haiifien ciuimkoM 60b110i 60K, TO TOJIB30BATEINIO MIPEIaraeTCs ero XBOCTOBAs
YacTb; 3TO MPUBOJUT K TOMY, UTO B 3ar0JIOBKE HCXOTHOTO OJIOKA HY>KHO U3MEHUTD
TOJILKO €T0 pa3mep. Bo Bcex cirydasix BO3BpalliaeMblii MOJIb30BATEIIO YKA3aTeb
yKa3bIBaeT Ha JIEHCTBUTENILHO CBOOOIHYIO 00J1aCTh, JIEXKAIIYIO HA €IUHUILY Jajbllie
n.n

3arojioBka. OOpaTuTe BHUMaHUE Ha TO, yTo ¢yHKuus alloc nepexn Bo3BpaiieHreM "p
npeoOpa3yeT ero B yKa3aTeib Ha CHMBOJIBI.

DyHKIMSA MOrecore moJiy4aeT MaMsTh OT ONIEPallMOHHOM CUCTEMBI. JleTaiu Toro, Kak
3TO OCYILECTBISETCS, MEHSAIOTCS, KOHEYHO, OT cucTeMBbI K cucreme. Ha cucreme UNIX
Touka Bxoj1a sbrk(n) Bo3BpamiaeT ykazarenb Ha "'n" JTOMOJHUTEILHBIX 0aUTOB
namsTH.(yKa3aTeab YIOBIETBOPSET BCEM OTPAaHMUYEHUSM Ha BhIpaBHUBaHUE). Tak Kak
3aMmpoc K CHCTEME Ha BBIJICIICHHUE TIAMSITH SIBIISICTCS CPABHUTEILHO JOPOTOH Olepaluei,
MBI HE XOTHUM JIeJIaTh 3TO MPH KaxJ10M oOpamieHnu k pynkmuu alloc. [Toatomy
GyHKIMSI morecore OKpyTJsieT 3aTpeOOBaHHOE YMCIIO €TMHUIL IO OOJIBIIIETO 3HAYCHUS;
3TOT OOJBIINIA OJIOK OYJET 3aTeM pa3/IesieH Tak, Kak HeobxonaumMo. Macimrabupyromas
BEJIMYMHA SIBJISICTCSI TAPAMETPOM, KOTOPBIN MOXKET OBITh 1TOTI00paH B COOTBETCTBHH C
HEO0OXOIMMOCTBIO.
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#define NALLOC 128 /*#units to allocate at once*/
static header *morecore(nu) /*ask system for memory*/
unsigned nu;
{

char *sbrk();

register char *cp;

register header *up;

register int rnu;

rnu=NALLOC* ( (nu+NALLOC-1) /NALLOC) ;

cp=sbrk (rnu*sizeof (header));

if ((int)cp==-1) /*no space at all*/

return (NULL) ;

up= (header *)cp;

up->s.size=rnu;

free ((char *) (up+1l));

return(allocp);

Ecnu GomnpIre He 0CTaIoch CBOOOIHOTO MPOCTPAHCTBA, TO (yHKIHs sbrk Bo3Bparmaer "-
1", xorsst NULL G111 OBl sTyumum Bei6opom. 11t Haie)KHOCTH cpaBHeHMs "-1" nomkHa
OBITH TpeoOpa3oBana K Tuiry int. CHOBa MPUXOANUTCS MHOTOKPATHO UCTIOIBb30BaTh
SBHBIE TIpeoOpa3oBaHus (MIEPEBOI) TUIIOB, YTOOBI OOECTICUNTH ONPEACTICHHYIO
HE3aBUCHMOCTb (DYHKIMH OT JieTajiel peICTaBICHUs yKa3aTeaell Ha pa3InuHbIX
MallHax.

U nocnennee - cama ¢ynkuus free. Haunnas c allocp, oHa mpocTo mpocmaTpuBaeT
CBOOO/IHBIN CIIMCOK B IIOMCKE MECTA JUIS BBEAEHUSA CBOOOIHOIO 010Ka. DTO MECTO
HAXOJUTCSI MO0 MEXTy TBYMsI CYIIECTBYIONIMMHU OJIOKaMH, TUOO B OJTHOM U3 KOHIIOB
cniucka. B mobom cirydae, eciii 0cBOOOIUBIIHICS 070K MPUMBIKAECT K OJHOMY H3
COCEHUX, CMEXHBIC OJIOKH 00beUHSIOTCS. CIeUTh HYKHO TOJIBKO 3aT€M, YTOOBI
yKa3aTelld YKa3bIBAJIM Ha TO, YTO HYXKHO, U YTOOBI pa3Mephl ObLTH YCTAHOBJICHBI
NPaBUIIBHO.

free (ap) /*put block ap in free list*/
char *ap;
{
register header *p, *g;
p=(header*)ap-1; /*point to header*/
for (g=allocp; ! (p>g && p>g->s.ptr);g=g->s.ptr)
if (g>=g->s.ptr && (p>g || p<g->s.ptr))
break; /*at one end or other*/
if (pt+p->s.size==g->s.ptr){/*join to upper nbr*/
p->s.size += g->s.ptr->s.size;
p->s.ptr = g->s.ptr->s.ptr;

} else
p->s.ptr = g->s.ptr;
if (g+g->s.size==p) { /*join to lower nbr*/

g->s.sizet=p->s.size;
g->s.ptr=p->s.ptr;

} else
g->s.ptr=p;
allocp = g;

}
XO0Ts pacupenesIeHUe MaMsITH 110 CBOEH CYTH 3aBUCHUT OT UCIOJIb3yEMON MAILIMHBI,

IMPUBCACHHAA BBIIIC ITpOrpaMmMa MoKa3bsIBaCT, KaK 9Ty 3aBUCHUMOCTb MOYKHO
peryjnpoBaTb U OrpaHUYNUTb BECbMa HEOOJIBIIION YaCThIO MporpaMmsl. Hcnonb3oBaHue
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typedef 1 union o3BOJISIET CIPAaBUTHCS C BBIPABHUBAHUEM (IIPH YCIIOBUH, YTO (DYHKIIHS
sbrk obecneunBaeT nmoaxoasAmuii ykazaresns). [lepeBoabl TUIIOB OpPraHU3YIOT
BBITNIOJIHEHHUE SIBHOT'O IPE0Opa30BaHus TUIOB U AK€ CIPABISAIOTCA C HEYJaUHO
pa3paboTaHHBIM CUCTEMHBIM HHTepdeiicoM. M XOTs paccMOTpEeHHBbIE 3/1eCh
NOJPOOHOCTH CBSI3aHBI C paclpeie]IeHUEM MaMsTH, 00N TIOJIX01 paBHBIM 00pa3oM
IPUMEHUM U K APYTUM CUTYaLHsM.

Ynpascnenue 8-6.

OyHKIMg U3 cTanaapTHoi oubaunoreku calloc(n,size) Bo3BparmiaeT yka3zareias Ha "'n"
00BEKTOB pa3Mepa size, MPUUeM COOTBETCTBYIOLIAs MAMATh UHUIIMATU3UPYETCS Ha
HYJIb. HANMIIUTE Iporpammy utst calloc, ucronb3ys ¢pynknuio alloc mbo B kauecTBe
o0pa3ua, Jnb0 Kak (GyHKIHIO, K KOTOPOH MPOUCXOIUT oOpalleHue.

Ynpasicnenue 8-7.

Oynknus alloc mpuHUMaeT 3aTpe0OBaHHBIN pa3Mep, HE MPOBEPSS €ro
npasaonogooHocTr; pyHkuus free monaraer, 4To TOT OJIOK, KOTOPHIN OHA JOKHA
OCBOOOJIUTH, COACPKUT MPABUIHLHOE 3HAYCHHE B ITOJIC pa3Mepa. Y COBEPIIICHCTBYHTE
9TH MPOIIEYPHI, 3aTPATHB OOJIBIIE YCHUIIMIA Ha TIPOBEPKY OIMIMOOK.

Ynpasicnenue 8-8.

Hanummure ¢ynkuuio bfree(p,n), koTopasi BKIOYaeT MPOU3BOIBHBIN 050K "p" 13 "n"
CHMBOJIOB B CITHCOK CBOOOHBIX OJIOKOB, yIipaBiisieMblil pyHkuusimu alloc u free. C
nomotibio GyHKIUM bfree monb30BaTenb MOXKET B T1000€ BpeMs 100aBIAThH B
CBOOOIHBIN CIIMCOK CTATUYECKUNA MJIM BHEIITHUI MaCCHUB.

9. Ilpuiioxkenne A: cipaBoYHOE PYKOBOACTBO M0
s13bIKy C

9.1. BBeaenue

Ot10 pykoBoacTBO onuckiBaeT A3bIKk C st komnbrorepoB DEC PDP-11, HONEYWELL
6000, IBM SYSTEM/370 u INTERDATA 8/32. Tam, riie ecTh pacxoKICHHS, MBI
cocpenoraunBaeMcs Ha Bepcuu st PDP-11, crpemsck B To ke BpeMs yKa3aThb JAeTalH,
KOTOpPBIE 3aBUCST OT pealn3aly. 3a MaJbIM UCKIIOUYEHUEM, 3TH PACX0XKICHUS
HEMOCPEACTBEHHO 00YyCIIOBICHBI OCHOBHBIMU CBOWCTBAMH UCIOJIb3YEMOTO
ammapaTHOTO 000PYIOBaHHS; PA3INYHBIE KOMIMIATOPB! OOBIYHO BIIOJHE COBMECTHMBI.

10. JIekcuuyeckue COrJialmeHus

HmeeTcs 1mecTh KIaccoB JIEKCEM: HIEHTU(UKATOPHI, KIIIOUEBbIE CII0OBA, KOHCTAHTHI,
CTPOKH, OTIepaIvu U Apyrue pasaenutend. [Ipodensl, TaOysuu , HOBbIE CTPOKH U
KOMMEHTapuH (COBMECTHO, "MyCThIe MPOMEXKYTKH"), KaK OIMMMCAHO HUXKE,
UTHOPHUPYIOTCS, 32 HCKIIIOYEHUEM TEX CIIy4YaeB, KOIJa OHU CIIy»KaT pa3geauTelIIMU
nexkceM. Heo6xoauM Kakoi-To MyCTON MPOMEXKYTOK TSl pa3aesICHUS
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I/IIICHTI/I(bI/IKaTOPOB, KIITOYCBBIX CJIOB U KOHCTAHT, KOTOPBIC B IPOTUBHOM CJIy4ac
COJIBIOTCA.

Ecnu cnenan pa30op BXOJIHOTO MOTOKA HA JIEKCEMBI BIUIOTH /IO TAHHOT'O CUMBOJIA, TO B
KaueCcTBE CIEAYIOIIEH JIeKCeMbl OepeTcs camasi JUTMHHASL CTPOKa CUMBOJIOB, KOTOpast
€I11e MOXKET MPEJICTABIATh COOOH JIeKCeMy.

10.1. KommenTapuu

KoMMeHTapuii OTKphIBa€TCS CHMBOJIAMU /* ¥ 3aKaHUMBAETCSI CAMBOJIAMH /*,
KomMenTapum He BKIaABIBAIOTCS APYT B IpyTa.

10.2. UnenTudukaropsl (MMeHA)

WnenTuduxatop - 310 nocae10BaTeabHOCTh OYKB U LIU(P; NEpBbIi CUMBOJ TOJKEH
ObITh OykBOH. [TomuepknBanue  cumTaercsi OyKBOW. ByKBbI HU)KHETO M BEPXHETO
PETUCTPOB PA3INYAIOTCA. 3HAYAIIMMHU SIBIIAIOTCS He Oojiee, 4eM IepBble BOCEMb
CHUMBOJIOB, XOTSI MOHO MCIIOJIb30BaTh U Oosibliie. Ha BHeNIHNE UIEHTU(PUKATOPHI,
KOTOpbIE NCHOJIB3YIOTCS PA3IUYHBIMU acCceMOJIepaMu U 3arpy3ulKaMH, HaKJIabIBIOTCS
0oJiee KECTKUE OTPaHUYCHUS:

DEC PDP-11 7 CUMBOJIOB, 2 perucTpa
HONEYWELL 6000 6 cumBosioB, 1 peructp
IBM 360/370 7 cuMBOJIOB, 1 peructp

INTERDATA 8/32 8 cumBonoB, 2 peructpa

10.3. KiiroueBble cjioBa

CJ'ICIIYI-OH_II/IC I/I,I[CHTI/I(i)I/IKaTOpBI 3ape3CPBUPOBAHDBI AJI UCIIOJIb30BAHUS B KAYCCTBEC
KIJIFOYCBLIX CJIOB U HC MOTYT HUCIIOJIb30BATHCS MHBIM 06p3.30MZ

auto double int struct</td
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

KiroueBoe cimoBo entry B HacToOsIIIee BpeMs HE HCTIONIb3YETCS KaKUM-TTHO0
KOMIWJISTOPOM; OHO 3ape3€PBUPOBAHO ISl UCIIOJIb30BaHUA B OynymieM. B HEeKOTOpbIX
peanuzanusx pesepBupyerca Takxke cioBa FORTRAN u ASM

10.4. Koncraurbl

NMeercst HECKOIBKO BUIOB KOHCTAHT, KOTOpBIE NepeuncieHsbl Hike. B mynkre 10.6
PE3IOMUPYIOTCS XapaKTEePUCTUKH allllapaTHBIX CPEACTB, KOTOPbIE BIMSIOT HA pa3Mephbl.

10.4.1. [lesble KOHCTAHTHI
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enas xoHCcTaHTa, COCTOALIAS U3 OCIEA0BATENBHOCTH LIU(P, CUUTAETCS
BOCBMEPUYHOM, eciii oHa HaunHaeTcs ¢ 0 (1udpa Hylb), U JECATUYHON B MPOTUBHOM
ciydae. L{udpst 8 u 9 numerotr Bochkmepuunbie 3HadeHUs 10 1 11 cOOTBETCTBEHHO.
[TocnenoBarenbHOCTH UG, KOTOPOH MPEALIECTBYIOT CUMBOJIBI OX (HYIb, X-
manenbkoe) win 0X (Hysp X-001bI10€), paccMaTpUBaeTCs KaK MIECTHAALATUPUIHOE
uenoe. [llectHagnatupuynbie UGPHI BKIOYAIOT OYKBHI OT a (MaJeHbKOE) UIH A
(6omnbioe) go f (manenbkoe) unu F (6omnbiioe) co 3naueHusimu ot 10 1o 15.
JlecsaTruHas KOHCTaHTa, BEIMUYMHA KOTOPOU MPEBBIIIAET HANOOJIbIIIee MAIIIMHHOE 11eJI0e
CO 3HAKOM, CUATACTCA JJIMHHOMN; BOCBMEPUYHAS WM IIECTHAIATHPUYHAsE KOHCTAHTA,
KOTOPOE TMPEBBILIAeT HauOOMbIIIee MATMHHOE 11esioe 0e3 3HaKa, TAK)Ke CUMTACTCS
JUIMHHOM.

10.4.2. SIBHBIE AIUHHBIE KOHCTAHTBI

JlecsaTuvHasi, BOCMEpUYHAS WIN IIECTHAIATHPUYHAS] KOHCTAHTA, 33 KOTOPOH
HETIOCPE/ICTBEHHO clieayeT | (3bp-ManeHpkoe) win L (3716-001b1110¢), SIBISETCS
JUTMHHOUW KOoHCTaHTO#. Kak 00cysxaaercst HIKe, Ha HEKOTOPBIX MaIllMHAX IENIbIe U
JUTMHHBIE 3HAYCHHSI MOTYT PacCMaTpUBAThCS KaK HICHTUYHEIC.

10.4.3. CuMBOJBbHBbIE KOHCTAHTDI

CI/IMBOJIBHHSI KOHCTaHTa - 3TO CUMBOJI, 3aKHIOquHLIﬁ B OAJMHOYHBIC KaBbIYKH, KAK,
Hanpumep, 'x'. 3HaAYEHUEM CUMBOJIBHOM KOHCTAHTHI ABJISIETCS YUCICHHOE 3HAUYCHHUE
ATOT0 CUMBOJIA B MAIIIMHHOM TPEACTaBICHUH HAOOpa CUMBOJIOB.

Hexotopsle Herpaguueckue cHMBOJIBI, OJUHOYHAs KaBbIuKa ' 1 oOpaTHas Kocas yepra \
MOTYT OBITH IIPE/ICTABIEHBI B COOTBETCTBUH CO CJIEAYIOIIEH TaOIUIEH yCIOBHBIX
[IOCJIEIOBATEIbHOCTEM:

HOBasl CTPOKa NL(LF) \n
TOPU30HTATbHAS Ta0y AU HT \t
CHMBOJI BO3BpaTa Ha OHY Mo3uiuio BS \b
BO3BpAT KapeTKU CR \r
IIEPEXO0/1 HA HOBYIO CTPAHHUILY FF \f
oOpartHas Kocas uepra \ \\
OJIMHOYHAS KaBLIYKa ! \'
KOMOUHaIus OUTOB DDD \DDD

YcnoBHast nmocnenoarenbHOCTh \DDD cocTouTt n3 00paTHO KOCOM YepThI, 32 KOTOPO
cienytot 1,2 nunu 3 BOCbMEPUUHBIX LHHU(PBI, KOTOPBIE PACCMATHUBAIOTCS KaK 334ai0lue
3HaYEHUE jKkeIaeMoro cumBosia. CrieuanbHbIM CIydaeM 3TONH KOHCTPYKIUU SIBISIETCS
nocienoBarenbHOCTh \0 (32 HyJleM He cienyeT udpa), KoTopas onpeieisieT CHMBOI
NUL. ecnu cienyrominii 3a 00paTHON KOCOM YepTOM CHMBOJI HE COBIAIACT C OHHUM U3
yKa3aHHBIX, TO 00paTHas Kocasi uepTa HTHOPUPYETCS.

10.4.4. IlnaBaomue KOHCTAHTHI
[TnaBaromas KOHCTaHTa COCTOMT W3 LEJIOW YaCcTH, ICCATUIHON TOYKH, IPOOHOM JacTH,

OykBbI € (ManeHbkas) wiu E (Oonblmas) u 1eoi S5KCIOHEHTHI ¢ Heo0s3aTeIbHBIM
3HakoM. Kak menas, Tak u JpoOHas 4acTh SBISIOTCS MOCIEI0BATEILHOCTHIO UAP.
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JIn6o nenas, 60 qpoOHast 4aCTh (HO HE 00€) MOYKET OTCYTCTBOBAT; JIMOO JIECATUIHAS
TOuKa, 1100 € (MaJeHbKas) U SKCIIOHEHTa (HO HE TO U IPYTroe OAHOBPEMEHHO) MOXKET
OTCYTCTBOBaTh. Kaxk/1as uiaBaroniasi KOHCTaHTa CYATAECTCS UMEIOLIEH IBOMHYIO
TOYHOCT.

10.5. Crpokn

Ctpoka - 3TO moce10BaTeIbHOCTh CUMBOJIOB, 3aKIIOYEHHAs B IBOIHbBIE KaBbIUKH, KaK,
Harpumep,"...". CTpoka umeeT THI "MacCUB MacCUBOB" U KJIACC MaMsTH static (cMm.
[Tynkt 4 HIke). CTpoka MHUIIMAIM3UPOBAaHA YKa3aHHBIMU B Hell cuMBoJiaMu. Bee
CTPOKH, Ia)Ke UJACHTUYHO 3allMCaHHbIC, CAUTAIOTCS Pa3muuHbIMU. KoMOuisaTop
MOMEIIAeT B KOHEI[ KaXKJ0W CTPOKU HysieBou 0alT \0, ¢ TeM 4T0OBI IpOCMAaTPUBAOIIIAs
CTPOKY IporpaMMa MOIJia OpeieTuTh ee KoHell. [lepen cTosumm BHyTpU CTPOKHU
CHMBOJIOM JIBOMHOM KaBBIUKH " JJOJKEH OBITH MTOCTaBJIECH CUMBOJI OOPaTHONU KOCOH
YepThI \; KPOME TOTO, MOTYT UCTIOJB30BAThCS T€ JKE YCIOBHSI MMOCIEIOBATEILHOCTH, YTO
U B CUMBOJIbHBIX KOHCTaHTax. U mocneanee, oOpaTHast kocas yepTa \, 3a KOTOpoit
HETOCPEICTBEHHO CIEAYET CUMBOJI HOBOM CTPOKU, UTHOPUPYETCS.

10.6. XapakTepuCTHKH aNNapaTHBIX CPeICTB

Crenyromas HIXKe TabuIa CyMMHPYET HEKOTOPBIE CBOMCTBA armapaTHOrO
000pyI0BaHUs, KOTOPbIE MEHSIOTCS OT MAIIMHbBI K MallIMHE. XOTs OHU U BIUSIOT Ha
HNEPEHOCUMOCTh MPOrpaMM, Ha IPAKTUKE OHU MPEICTABIIAIOT MAJIIEHbKYIO IPO0IIeMy,
YeM 3TO MOXKET Ka3aThCsl 3apaHee.

Taoauma 1
| IASCII IASCII IEBCDIC IASCII
char  |ASCII 8 6ur |ASCII 9 61t [EBCDIC 8 Gut [ASCII 8 Gut
lint 16 36 32 32
short |16 36 16 16
long 32 36 32 32
float 32 36 32 32
double |64 72 64 64
IRANGE -38/+38  |-38/438  |-76/+76 -76/+76

11. CuHTakcuvyeckasi HOTAIUA

B ucnonb3yemoii B 3TOM pyKOBOACTBE CUHTAKCUYECKOW HOTAIIMU CUHTAKCUYECKUE
KaTerOpHH BBIICISIOTCS KYPCUBOM (IIPHUM. TIEPEB.: B HACTOSIIEE BPEMSI CHHTAKCHUECKHE
KaTeropuy BMECTO KypCHBOM BBIJIEISIIOTCS MOJUEPKUBAHUEM ), a TUTEPHBIE CIOBA U
CUMBOJIBI JKUPHBIM HMIPUPTOM. AJTbTEpHATUBHBIC KATETOPUH MIEPEUHUCIISIOTCS HA
OTJENbHBIX cTpoukax. HeoOs3aTenbHbIi CUMBOJI, TEPMUHAIIBHBIN WIH
HETEPMUHAIbHBIN, YKa3bIBACTCA UHICKCOM HE00'", TaK UTO { 8bIpaAdNCEeHUE 006 |
yKa3bIBaeT Ha HEOOsI3aTEIIbHOE BRIPAKEHUE, 3aKITIOYCHHOE B (DUTYPHBIX CKOOKAX.
CuHTrakcuc cymmupyercs B IyHKTe 18.

12. Yto B uMeHH TEOE MoeM?
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SA3bik C OCHOBBIBAET MHTEPIPETALUIO HACHTU(HUKATOPA HA ABYX IpPU3HAKAX
UJIEHTU(HKATOpA: ero Kjiacce naMsaTH U ero tune. Kinace namstu onpenenser Mecto u
BpEeMs XpaHEHHUS IAMSITH, CBSI3aHHOH ¢ MACHTU(PHUKATOPOM; THII OMIPEIEIISIET CMBICT
BEJIMYMH, HAXOJSAIINXCS B TAMSITH, ONPEICIIEHHON MO UIACHTU(DUKATOPOM.

HmeroTces 4eThipe Kitacca MmaMsiTH: aBTOMAaTHIeCKasl, CTATUYECKas, BHEITHSISI U
PErucTpoBas. ABTOMaTHYECKUE NEPCMCHHBIC ABJIAKOTCA JIOKAJIbHBIMU [JIA KaX10T'0
BBI30Ba OJIOKA M UCUE3AIOT MPH BBIXOZE U3 ATOTO O10Ka. CTaTndeckue nepeMeHHbIe
SABJISIFOTCA JIOKAJIbHBIMU, HO COXPAHAIOT CBOU 3HAYCHUS JIA CICAYIOMICTO BXOAa B 6JIOK
JlaKe TIOCJIe TOTO, KaK YIpaBJIeHHE TiepeaeTcs 3a mpeelbl Ooka. Baentaue
MNEPCMCHHBIC CYIICCTBYIOT U COXPAHAIOT CBOU 3HAUYCHUS B TCUCHUC BbLIITIOJTHCHUA BCceH
IPOTPaMMBI X MOTYT HCIIOJIb30BAThCS ISl CBSI3U MEKAY (QYHKIUSIMH, B TOM YHCIIC U
MEXy HE3aBUCHMO CKOMITMIIMPOBAHHBIMHU (PYHKUUSAMH. PerncTpoBbie nepeMeHHbIE
XpaHATCS (€JI1 3TO BO3MOXKHO) B OBICTPBIX PETHCTPAX MAIIMHBI, TOJ00HO
ABTOMATHYCCKUM IICPCMCHHBIM OHH SABJIAIOTCS JIOKAJIbHBIMHA JJISI KaKA0T'O 6JIOK3. n
WCUE3al0T TIPU BBIXOJE U3 ATOTO OJI0KA.

B s3bike C npeaycMOTpeHO HECKOIBKO OCHOBHBIX TUIIOB OOBEKTOB.

e OOBEKTHI, HATMCAHHBIE KaK CUMBOJIHI (char), JOCTaTOYHO BEJIMKH, YTOOBI
XPaHUTH J1I000H WieH U3 COOTBETCTBYIOLIETO JAHHOM peaau3alii BHYTPEHHETO
Habopa CUMBOJIOB, U €CJIU IEUCTBUTENBbHBINA CUMBOJI U3 3TOI0 HAOOpa CHMBOJIOB
XpaHUTCS B CUMBOJIBHOM IEPEMEHHOM, TO €€ 3HaU€HUE SKBUBAJICHTHO LIEIOMY
KOy TOr'0 CUMBOJIa. B CUMBOJIBHBIX IEPEMEHHBIX MOKHO XPaHUTb U APYyTHE
BEJIMYMHBI, HO peaau3ainus OyJeT MallliHHO-3aBUCUMOM.

e MoXHO UCTIOIB30BATh /10 TPEX Pa3MEPOB LIEJIbIX, OMUCHIBAEMBIX Kak short int,
int 1 long int. J[TMHHBIE Lesble 3aHUMAIOT HE MEHbIIIE AMSATH, YeM KOPOTKHE,
HO B KOHKPETHOW peain3aliy MOKET 0Ka3aThCs, UTO JTUOO KOPOTKHUE IIEIIbIE,
1100 JUITMHHBIE LIeTIble, MO0 Te U Apyrue OyayT SKBUBAJICHTHBI IPOCTHIM
uensM. "IIpocTeie" 1e5ble UMEIOT €CTECTBEHHBIN pa3Mep, IPeLyCMaTPUBAEMBbIN
apXUTEKTYpPOH UCIOIb3YyEMON MAIlIMHBL; APYTUE pa3Mepbl BBOASTCS AT
YIOBJIETBOPEHHS CIICIIMATIBHBIX TOTPEOHOCTEH.

e Ilennle 6e3 3HaKa, OMUCHIBaEMbIEC KakK unsigned, MOTUHHSAIOTCS 3aKOHAM
apu(METHKH 110 MOAYJII0 2**n, r1ie n - yuciio OUTOB B UX npexacraBienuu. (Ha
PDP-11 nnunHbIC BeTUYHHBI O0€3 3HAKa HE MTPEAYCMOTPEHBI).

o IlnaBatomue oguHapHO# TouHOCTH (float) v TuTaBarome ABOWHON TOYHOCTH
(double) B HEKOTOPBIX peanu3anusix MOTYT ObITh CHHOHUMaMHU.

[TockobKy OOBEKTHI YIOMSHYTHIX BBIIIE THIIOB MOTYT OBITH Pa3yMHO
MHTEPIPETUPOBAHBI KaK YUCIIA, TH TUIIBI OyIyT HAa3bIBATHCS apU(PMETUUECKUMU. THITHI
char u int Bcex pa3MepoB COBMECTHO OyAyT Ha3bIBaThCS IEOYUCICHHBIMA. THuIibI float
u double coBMecTHO OyIyT Ha3BIBATHCS TIABAIOIIIMMHE THIIAMH.

Kpome 0CHOBHBIX apu()METHIESCKUX THITOB CYIIECTBYET KOHIIENTYaIbHO OCCKOHCUHBIH
KJIaCC MPOU3BOJHBIX THIIOB, KOTOPLIC 06pa3YIOTC$I N3 OCHOBHBLIX THIIOB CJICOYIOIIUM
obpa3zom:

e  MAacCHBbI 0OBEKTOB OOJIBIINHCTBA TUIIOB;

e  (yHKIMH, KOTOpPbIE BO3BPAILIAIOT OOBEKTHI 3aJJaAHHOTO TUIIA,

e yKa3aTelu Ha OOBEKTHI JAaHHOTO THIIA;

e  CTPYKTYPBI, COJIEpIKaIlINE TOCIE0BATEIBHOCTE OOBEKTOB PA3IMUHBIX TUIIOB;
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e 00BEOUHEHUS, CIOCOOHBIE COJIEPKATh OJIMH U3 HECKOJIBKUX 00HEKTOB
Pa3TUYHBIX TUTIOB.

BOO6H_IC TOBOpA, 3T METOAbI ITIOCTPOCHUA 00BEKTOB MOTYT NPUMCHATHCA PEKYPCUBHO.

13. O0bexThI M L-3HaueHUud

OOBEKT SIBIISETCS TOCTYIHBIM 00pab0TKe y4acTKOM NaMmsTu; L-3HadeHue - 3170
BbIpaXKEHHE, cChlIatoleecss Ha 00beKT. OUeBUIHBIM PUMEPOM BbIpaxKeHus L-
3Ha4YeHus ABjsieTcs uneHTudukarop. CynuiecTByIOT Onepaiuu, pe3yIbTaToM KOTOPBIX
saBisitoTcst L-3Hauenus; ecnu, Hanpumep, E - Beipaxkenue ykazanHoro tuma, To *E
SIBJISIETCS BEIpaKeHUEeM L-3HaueHus1, ceputatonmumces Ha o0bekT E. Ha3zpanue "L-
3Ha4YeHUE'" MPOUCXOINUT OT BHIPAYKECHHS TPUCBANBaHUs €1=e2, B KOTOpOM JieBasi 4acTh
JoJKHA OBITh BeIpaskeHHeM L-3Hauenus. [Ipu nocnenyromem o0CyKIeHUN KaX 101
orepanuu OyaeT yKa3bIBaThCs, 0XKHUIAET JIU OHA ONepaH 0B L-3HaueHus U BbIAAET JIH
oHa L-3HaueHue.

14. IIpeoOpa3oBanus

Psin onepanuii MOXeET B 3aBUCMMOCTH OT CBOMX OIIEPaH/I0B BbI3bIBaTh NpeoOpa3oBaHue
3Ha4YeHUe OlepaHa U3 OJTHOrO THIA B ApYroi. B aTom pasznerne oObsCHSIOTCS
pe3ynbTaThl, KOTOPBIE CIEAYET 0XKHUAATh OT TaKUX npeoOpazoBanuil. B m. 14.6
HOJBOJIATCSI UTOTH MpeoOpa3oBaHUi, TpeOyeMble OOIBIIMHCTBOM OOBIYHBIX ONEpaLUii;
9TH CBEICHUS JIOTIOIHAIOTCS HEOOXOIUMBIM 00pa3oM MpH 00CYKICHUN KaXK 101
orepanuu.

14.1. CuUMBOJIBI ¥ LIEJIbIE

CHUMBOJI UM KOPOTKOE 1I€TI0€ MOKHO MCIOJIb30BaTh BCIOY, IJ1€ MOKHO MCIIOJIb30BATh
nenoe. Bo Beex cirydasx 3HadueHne mpeoopasyercs k nenomy. [IpeodpazoBanue OGomee
KOPOTKOTO IIeJIOT0 K 060Jiee JUIMHHOMY BCET/Ia COMPOBOXKIAECTCS 3HAKOBBIM
PaCIIMPCHUCM, LICIIBIC ABJIAIOTCA BEJIMYMHAMU CO 3HAKOM. OC}’HICCTBJ'UICTCﬂ U HET
3HAaKOBOE PACIIUPEHUE ISl CAMBOJIOB, 3aBUCUT OT UCIIOJIb3yEMOI MaIINHbI, HO
rapaHTHPYETCs, YTO WICH CTaHJAPTHOrO0 HabOpa CMMBOJIOB HEOTPHIIATENICH. U3 BCEX
MallIuH, pACCMAaTPUBAEMBIX B ’TOM PYKOBOACTBE, ToJbkO PDP-11 ocymecTBuser
3HAKOBOE pacIIMpeHue. 00JacTh 3HaYEHUH CUMBOJIBHBIX NTepeMeHHbIX Ha PDP-11
MeHseTcst oT -128 o 127; cumBonsl u3 Habopa ASCII umMeroT MonoKuTeIbHbIC
3gauenusa. CUMBOJIbHAS KOHCTaHTa, 3aJaHHasd C IOMOIIBIO BOCBMCpH‘-IHOfI yCJIOBHOfI
MIOCJIEIOBATEIbHOCTH, MIOJBEPraeTCsl 3HAKOBOMY PACIIMPEHUIO U MOYKET OKa3aThCs
OTpUIATENILHOM; Hapumep, "\377' umeer 3HaYeHHE -1.

Korma 6onee muHHOE 11e510€ TpeoOpa3yercs B Ooliee KOpOTKoe WiH B char, 0HO
oOpe3aercs clieBa; JIUIIHUE OUTHI IPOCTO OTOPACHIBAIOTCSI.

14.2. Tunsi float u double

Bces nnaBaromas apudmeruka B C BBIITOIHAETCS C IBOMHOM TOUHOCTBIO KaXIbIi pa3,
Korna o0wekT Tumna float mosiBisieTcs B BIpaKEeHUH, OH yIuHsIeTcs 10 double
MIOCPEJICTBOM JI00aBIICHHS HYJIEH B €ro IpOOHYIO YacTh. Korjaa o0bekT Trma double
JOJKeH OBITh ITpeoOpa3oBaH k tumy float, Harpumep, Ipy MPUCBAUBAHHUH, TIEPE]T
yceuennem double okpyrnsercs no anuns float.
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14.3. [1naBamomme 1 1eJJ0YHUCICHHBIC BeJINYNHBI

[Ipeo6pa3oBanue MmaBaroIMX 3HAYEHUH K LIETIOUYMCICHHOMY TUIY UMEET TEHICHIIUIO
OBITH 1O HEKOTOPOM CTENEHN MAIIMHHO-3aBUCUMBIM; B YaCTHOCTH HaIlPaBJICHHUE
yC€4YeHHs OTPULIATEIbHBIX YUCEN MEHIETCS OT MAlllMHE K MaluHe. Pe3ynbrar He
OIIPENIEIIEH, €CIIA 3HAaYCHHUE HE IIOMEIIAETCS B IIPEAOCTABIIIEMOE IPOCTPAHCTBO.

[TpeoOpa3oBaHue 11€10YUCACHHBIX 3HAUEHUH B IJIaBAOLIUE BHINOIHAETCS 03
OCJIOKHEHUN. MOKeT MPOU30MTH HEKOTOpas IOTEPsI TOYHOCTH, €CIIU JJI pe3ysibTaTa He
COJICPKUTCS JOCTATOUHOTO KOJIMYECTBA OUTOB.

14.4. Yka3aTeau H 1eJbie

[lenoe nnu AIMHHOE 11€70€ MOXKET ObITh MPUOABJIEHO K yKA3aTeI0 WIN BBIYTEHO U3
HETro; B 9TOM Clly4yae repBast BeJIMYUHa Mpeodpa3yeTcs TakK, Kak yKa3bIBaeTCs B pa3zeie
OTMCaHMs ONEePaLUU CIIOKEHHSL.

I[Ba YKas3aTeid Ha 00BEKThI OJMHAKOBOI'O TUIIa MOTYT OBITH BBIUTCHBI; B OTOM CJIy4ac
pe3yiibTaTt Hpeo6pa3yeTc;1 K OCJIOMY, KaK YKa3bIBACTCs B pa3acCiiC OIMMCAHUA OIICpallun
BbIYHMTaHNWA.

14.5. Ilesoe 0e3 3HaKa

Besikuit pas, korna nenoe 6e3 3Haka 00beAUHSIETCS C TIPOCTHIM IIENIBIM, IPOCTOE LIET0e
npeoOpa3zyeTcs B 1iesoe 0e3 3HaKa | pe3yIbTaT OKa3bIBaeTCs 1eNbIM 0€3 3HaKa.
3HaueHUEM SIBIISIETCS HAUMEHBIIIEe 11e10e 0e3 3HaKa, COOTBETCTBYIOIIEE IIEIOMY CO
3HAKOM (10 MoAyJt0 2**pa3Mep cioBa). B IBOMYHOM JOTIOTHUTEIIEHOM MPEACTABICHUH
9TO IPeoOpa3OBaHUE SBISETCS YUCTO YMO3PUTEIBHBIM M HE U3MEHSET (DaKTHUECKYIO
KOMOWHAIUIO OUTOB.

Korna nienoe 6e3 3Haka mpeoOpasyeTcs K Tuily long, 3HaueHue pe3ysibTaTta COBIA1aeT
CO 3HAYEHHUEM IiejIoro 0e3 3Haka. TakuM 00pa3oM, 3To mpeoOpa30BaHUE CBOIAUTCS K
n00aBIICHHIO HYJICH CJIeBa.

14.6. Apupmerndeckue npeodpa3oBaHus

[onmasnsiromee OOMBIIMHCTBO ONEPALIi BHI3BIBACT MPEOOpPa30BaHUE U OTIPEICISIECT
THUIIBI pE3yJIbTaTa aHAIOTUYHBIM 00pa3oM. [IpuBoMMast HUKE cXxeMma B JaJIbHEHIIeM
OyzeT Ha3pIBaThCS "OOBIYHBIMHU apU(PMETHICCKUMHU NMPeoOpa3oBaHUsIMU" .

o CHayana mo0ble onepanibl TuMa char i short mpeodpasyrorcs B int, a Jr00bIe
onepannbl Thna float mpeobpasyrorcs B double.

o 3arem, ecnu Kakoii-mubo onepanna umeet tun double, To apyroii mpeoOpasyercs
k tuiry double, u 5T0 OyAeT THIIOM pe3yibTaTa.

e B nportuBHOM cnyuae, eciiu Kakoi-1100 orepaH UMeeT TUIl long, To Ipyroi
omepan nmpeodpasyercs K TuIry long, 1 3To U OyIeT TUIIOM pe3yJibTaTa.

e B mpoTtuBHOM ciyyae, eciu KakoW-1100 onepaH UMeeT Tul unsigned, To
JIPYTO# orepaH;] mpeodpa3yeTcs K TUIy unsigned, 1 3To OyAeT TUIIOM
pe3yJbTara.

e B mporuBHOM citydae o6a onepana Oy IyT UMETh THI int, ¥ 3TO OyAET TUIIOM
pe3yJbTara.
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15. Beipaxxkenus

CrapIIMHCTBO ONEpalyii B BEIPAKEHUAX COBINAAAET C IOPSAKOM CIIEN0BAaHUSA OCHOBHBIX
MOJIpa3/iesioB HACTOSIIETO pa3/iena, HaulHas ¢ CaMOro BHICOKOTO YPOBHS CTapLIMHCTBA.
Tak, HanpuMep, BBIpaKEHUSIMU, YKa3bIBAEMBIMH B KAUECTBE ONEPAH/I0B ONepalnuu +
(m.15.4), SABnstorcs BbIpaykeHus, onpeneiaeHuslie B m.1.15.1-15.3. BayTpu kaxxaoro
HoJpasjiesia ornepauuy UMeeT OAMHAKOBOE CTAPIINHCTBO. B kaXxjoM noapasaene amis
ONMCHIBAEMBIX TaM ONEPALUl YKA3bIBAETCS UX aCCOLMATUBHOCTD CJIEBA UJIU CIIPaBa.
CrapIIMHCTBO U aCCOLIMATUBHOCTB BCEX ONEpALUil B BBIPAXKECHUAX PE3IOMUPYIOTCS B
rpaMMaTH4eCcKOM CBOJKE B 1.18.

B npoTuBHOM ci1y4ae nopsi0K BBIYMCICHUHN BBIPAKEHUN HE onpeselieH. B yacTtHOCTH,
KOMITWJISITOP CYUTAET ce0sl B MpaBe BBIUUCIATH MOABBIPAKEHUS B TOM MOPSIZIKE,
KOTOPBI OH HaxoAUT Hanbosee 3P (HEKTUBHBIM, TAXKE €CIIU 3TU MOABBIPAKCHHS
MPUBOIAT K T0O0YHBIM d(pdektam. [Topsaok, B KOTOPOM MPOUCXOIAT MTOOOUHBIC
a¢dekThl, He cenuuIupyeTcs. BeipakeHus, BKIIOYAIONIIE KOMMYTaTHBHBIC U
accoraTuBHbIe onepanuu ( *,+,&,!," ), MOTYT OBITh MIEPEYOPSIIOYCHBI TPOU3BOIBLHBIM
00pa3oM axe MpHU HAIMYUU KPYTIIBIX CKOOOK; YTOOBI BBIHYIUTH ONPEACICHHBIN
MOPSAOK BBIYUCIIEHUH, B 3TOM Cllydyae HE0OXOJUMO UCIIOIb30BaTh SIBHbIE
IPOMEKYTOYHBIC TIEPEMEHHEIE.

[Tpu BbIUUCIIEHUH BBIpAXKEHUH 00pabOTKa MEePEToNHEeHNs U IPOBEpKa NPHU JACTICHUN
ABJIAIOTCA MAalIMHHO-3aBUCUMBIMH. Bcee cymecTByrone peanusanuu sa3sika C
UTHOPHUPYIOT MEPETIOIHEHHE LENbIX; 00paboTKa CUTyaluuid pu feneHud Ha 0 u npu
BCEX OCOOBIX CITyyasX ¢ MJIaBAOIIMMU YMCIIAMU MEHSETCSl OT MAIIMHBI K MaIlIUHE U
OOBIYHO BBITIOJTHAETCS C TIOMOIIBIO OMOTMOTEYHOM (DYHKITHH.

15.1. IlepBu4HbIE BbIPAKEHUS

[lepBryHbIe BbIpaXEHHUs, BKIIOYAIOIIME ., >, UHIEKCALIUIO U 00palleHus K QyHKLUAM,
IpyNIUPYIOTCS clieBa Hampaso. [lepBruuHOe BhIpaskeHUe: UACHTU(UKATOP KOHCTAHTa
CTpOKa (BbIpa)k€HHUE) NEPBUYHOE-BBIPAXKEHUE [BBIpAXKEHNE] IEPBUUHOE-BBIPAKEHUE
(crimcoK-BBIpaKeHUH Heo nepBuuHoe-L-3Hauenne . neHTudukaTop nepBuaHoOe-
BBIp@)KEHHUE -> UICHTU(PHUKATOP CIHCOK-BBIPAKEHHH: BBIPAXKEHUE CIIHCOK-BBIPAXKEHUH,
BBIPAKCHHE

WNnentudukatop SBIASETCS MEPBUIHBIM BBIPAXKEHUEM MPU YCIOBHUH, YTO OH OIMHCAH
MOIXOSIINM 00pa3oM, Kak 3T0 00CYKIaeTCsl HIDKE. TUIT UASHTU(UKATOpA
OTIpefIeNIsIeTCs €ro onucanueM. Ecim, oHaKko, THIIOM UACHTU(UKATOPA SBIISIETCS
"MaccuB ...", TO 3HaU€HHUEM BBIPAKEHUS, COCTOSIIETO U3 3TOTO WACHTU(UKATOpA ,
SIBJISIETCSL yKa3aTelb Ha TIEPBBIA OOBEKT B ITOM MACCHBE, a TUTIOM BBIPa)KEHUS OyaeT
"ykazaTenb Ha ...". bonee Toro, naeHTUGUKAaTOp MaccuBa HE SBISETCS BhIpakeHUuEM L-
3HAa4YEeHHUs. TIOAOOHBIM 00pa30M UACHTU(PHUKATOP, KOTOPBIA onucaH Kak "(QyHKIus,
BO3Bpalaoomas ...", 3a UICKJII0UEHHUEM TOTO Ciy4asi, KOTJa OH MCIIOJb3YETCs B MO3UIIUU
UMeHH (QYHKIMU TpU oOpallieHuy, mpeodpasyercs B "ykazaTenab Ha (yHKIHIO, KOTOpast
BO3BpaIaer ...".

KoncTaHTa SIBIsSETCS IEPBUYHBIM BRIpaKeHHEM. B 3aBUCHMOCTH OT e¢ (POpPMBI THIIOM
KOHCTAHTBI MOXET ObITh int, long nnm double.

CTpOKa ABJIACTCA ICPBUYHBIM BBIPAKCHUCM. I/ICXOI[HBIM €¢e TUIIOM SBJIIeTCS ""'MacCHuB
CI/IMBOJ'IOB"; HO CJICAYys TEM KC€ CaMbIM IIpaBUJIaM, KOTOPBIC ITPUBCACHDLI BBIIIC JJIA
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UICHTU(PHUKATOPOB, OH MOAUDUITUpYeETCs B "'yKa3aTellb Ha CUMBOJIBI", U pe3yJIbTaTOM
SBJISIETCS yKa3aTelb Ha IEPBbI CUMBOJ CTPOKHU. (MMEETCs UCKIIIOUEHHE B HEKOTOPBIX
WHULIAATU3aTopax; cM. 1. 16.6.)

BripaxeHne B KpyTJbIX CKOOKax SIBJISETCS MIEPBUYHBIM BBIPR)KEHUEM, THIT U 3HAUCHUE
KOTOPOTO MJCHTUYHBI TUITYy U 3HAUYEHHIO 3TOr0 BbIpakeHus 0e3 ckoOok. Hanuuue
KPYTJbIX CKOOOK HE BIIMSET Ha TO, SIBJIIETCS JIM BbIpaykKeHUe L-3HaueHUEeM WK HET.

[lepBuuHOE BBIpaXKEHHE, 32 KOTOPHIM CIIEYET BHIPAKCHHE B KBAJPATHBIX CKOOKaX,
ABJISICTCS NEPBUYHBIM BbIpaXX€HHEM. VIHTYUTUBHO SICHO, YTO 3TO BBIPAKEHHE C
uHiekcoM. OOBIYHO MTEPBUYHOE BBIpAKEHHE UMEET THI "yKa3arenb Ha ...", HHIEKCHOe
BbIpaXCHHE UMEET THI int, a TUIIOM pe3yJbTara siBisercs "...". Beipaxkenue el[e2] o
oTnpeeNeHUI0 UACHTUYHO BhipaxkeHuto * ((el) + (e2)). Bee, uto Heobxonumo st
MOHUMAHUS ITOU 3aMKCH, COAEPIKUTCS B 3TOM pa3Jiesie; BONPOCHI, CBSI3aHHBIE C
MOHSTHEM UACHTU(PHUKATOPOB U omepanuil * u + paccMarpuBarotes B .m. 15.1, 15.2 U
15.4 cOOTBETCTBEHHO; BBIBO/IbI CYMMHUPYIOTCS HIKE B I1. 22.3.

OO0pareHre K QyHKIMH SBIISCTCS ICPBHYHBIM BBIPAKEHUEM, 32 KOTOPBIM CJICTYET
3aKJIFOUYEHHBIN B KPYTJIbIe CKOOKH BO3MOKHO ITYCTOM CITMCOK BBIPAXKECHUIA, Pa3AeNeHHBIX
3aISITBIMU, KOTOPBIC U MTPEJICTABIISAIOT CO00M (PaKTHUECKHE apryMEHTHI (DYHKITHH.
[TepBuuHOE BBIpasK€HUE AOKHO OBITH TUMA "(QYHKIMS, BO3BpaIiaromas ...", a
pe3yabTat obparnieHus k Gynkiuu umeet taun "...". Kak yka3psiBaeTcs HUXe, paHee He
BCTpEUaBIINiics HIEHTU(PUKATOP, 32 KOTOPHIM HEMOCPEACTBEHHO CIIEAYET JeBast
KpyTJiasg CKoOKa, CYUTAETCSI OMUCAHHBIM 110 KOHTEKCTY, KaK MPEACTABIISIONTUN
GYHKINIO, BO3BPAILIAIOIIYIO 1IETI0€; CIeI0BATENIBHO Yallle BCETO BCTPEUAIOIIUNACS
ciydail pyHKIMH, BO3BpAILaolIeH 11eJoe 3HaUeHUe, HE HY K/1aeTCs B ONHMCAaHUH.

[lepen obpamenuem mrodbie pakTuueckue apryMmeHTsl Tuna float mpeobpasyrores k
tumy double, mo0bie aprymenTs! Tuma char wim short mpeobpas3yroTcs k Tuiry int, v, Kak
00BIYHO, MIMEHA MAaCCUBOB MpeoOpa3yroTces B yka3atenu. Hukakue npyrue
peoOpa3oBaHus HE BBIMOIHSIOTCS aBTOMAaTHYECKH; B YACTHOCTH, HE CPAaBHUBAET TUIIbI
(akTHUECKUX apryMEHTOB C TUNIaMH (popManbHbIX aprymeHToB. Ecnu npeoOpa3oBanue
HE0O0X0IMMO, UCTIONB3YITe SIBHBIN NepeBo Tura (cast); cM. m.m. 15.2, 16.7.

[Ipu moaroTOBKE K BBI30BY (DYHKIIMH JIITAETCS KOS KAXKI0TO (PaKTHIECKOTO
napameTpa; TakuM o0pa3oM, Bce Iepeiaul apryMeHTOB B si3bIke C OCYIIECTBISIOTCS
CTpOTO 1O 3HAYCHUIO. (PYHKIIUS MOXKET U3MEHATh 3HAYCHHUS CBOUX (POPMAIHLHBIX
[apaMeTpoOB, HO 3TU U3MEHEHHUS HE BIUSIOT Ha 3HAUeHUs QakTHUecKuX napamerpos. C
JIPYroil CTOPOHBI UMEETC BO3MOKHOCTD ITepeAaBaTh yKa3aTellb IIPU TAKOM yCIIOBHH,
YTO (PYHKLUS MOXKET U3MEHSTh 3HaUeHHEe 00bEKTa, Ha KOTOPBII 3TOT yKa3areib
yKka3biBaeT. [1opsI0K BEIYMCIICHUS apTYMEHTOB B SI3bIKE HE ONpeZIeIieH; o0paTuTe
BHMMAaHME Ha TO, YTO PA3JIUYHBIC KOMIIWIATOPBI BBIYUCIISIOT 110 Pa3HOMY.

JlonyckaroTcesi peKypcuBHBIE 00paleHus K 110001 (QyHKIHH.

[TepBuuHOE BhIpa)keHUE, 32 KOTOPBIM CIIEIyeT TOUKa U UACHTU(PUKATOD, SBIIIETCS
BeIpakeHHeM. [lepBoe BhIpakeHUE TODKHO OBITh L-3HaueHneM, UMEHYIOIIUM
CTPYKTYpy WK 00beIUHEHNE, a UASHTU(PUKATOP AOKEH OBbITh UMEHEM UJICHA
CTPYKTYpbI WM 00beInHeHus. Pe3ynbraTom siBiisiercst L-3HaueHue, ceputaroneecs Ha
MOVMEHOBAHHBIN WIEH CTPYKTYPbI HIIU O0BEIUHEHUS.
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[lepBuuHOE BBIpa)keHUE, 32 KOTOPBIM CJIEIYET CTpEJIKa (COCTaBIEHHAs U3 3HAKOB - U >)
U UICHTU(DUKATOP, SABISAETCS BHIPAXKEHUEM. IIEPBOE BBIPAKEHHUE JOIKHO OBITH
yKa3aTeJieM Ha CTPYKTYpPy WIH 00beAMHEHHE, a HACHTU(UKATOP TOJKEH UMEHOBATh
YJIeH 3TOU CTPYKTYpbI WM 00beaAnHeHus. Pe3ynbraTom sBisercs L-3Hauenue,
CChLIaloIIeecss Ha IOMMEHOBAHHBIN WIEH CTPYKTYPbl UM O0bEINHEHUS, HA KOTOPBIH
YKa3bIBaeT YKa3aTeJIbHOE BbIPAXKEHHUE.

CrnenoBaTenbHO, BRIpRXKEHHE €1->mos SBJISIETCS TEM K€ CaMbIM, YTO U BBIPAKCHHE
(*el).mos. CTpyKTypsl U 00BEIMHEHUS paccMaTpuBatoTcs B . 16.5. [IpuBeneHnbie
3/1eCh MPaBUJIa UCTIOJIB30BAHUS CTPYKTYP U OObETMHEHU HE HaBSI3BIBAIOTCS CTPOTO,
JUIS TOTO YTOOBI UMETH BO3MOKHOCTE 000MTH MexaHu3M tumos. Cm. 1. 22.1.

15.2. YHapHble onepauuun

Bripaxenue ¢ yHapHBIMU ONepalUsIMU TPYIIIUPYETCS CIIpaBa HaJleBO. Y HApHOe-
BBIpaKEHHE: * BeIpakeHHe & L-3HaueHue - BepakeHue | BeipakeHne ~ BeIpaxeHue ++
L-3nauenue -- L-3nauenue L-3Hauenue ++ L-3naueHue -- (MMsA-THIIA) BEIpAKCHHE
sizeof BeIpakeHue sizeof uMs-Tuma

VYHapnas onepainus * 03HauaeT KOCBEHHYIO aIpeCcalliio: BRIPaXKEHUE JOIKHO ObITh
yKasareyem, a pe3yJbTaToM sBIsieTcsl L-3HaueHune, cechularomieecs Ha TOT OOBEKT, Ha
KOTOPBIN yKa3bIBaeT BeIpakeHue. Eciiu TUIIOM BbIpaxeHus siBiisgercs "yka3aTenp Ha...",
TO TUIIOM pe3yJibTaTa Oyzer "...".

Pesynbrarom yHapHO# onepanuu & SBISETCS yKa3aTelb HA 00BEKT, K KOTOPOMY
ccoutaercs L-3nauenue. Ecnu L-3nauenue umeet tun "...", TO TUIIOM pe3ynbTaTa Oyaer
"ykaszaTenb Ha ...".

PesynbpraroM yHapHOU onepamuu - (MUHYC) SIBJISIETCSI €€ OTIepaH/I, B3STHIN C
IPOTUBOIOJIOKHBIM 3HAKOM. [ BeInuuHbI TUIA unsigned pe3yibTaT MoJTydaeTcs
BBIUMTAHUEM €€ 3HaueHUs U3 2**n (1Ba B cTENEHU n), i€ N-4UCIIO OUTOB B int.
VYHapHo# onepanuu + (IUII0C) HE CYIIECTBYET.

PesynbraToMm omneparuu Joruueckoro orpunianus ! Ssnsercs 1, ecnu 3HaueHue ee
onepanzaa pasHo 0, u 0, eciu 3HaueHuUE ee onepaHa OTIMYHO OT HyJsl. PesynbpTar
UMeeT THII int. DTa onepanys NpUMEeHUMa K JII000oMy apu(pMeTHUecKOMY THUITY WU
yKazaTe- JIM.

Onepaum{ ~ OacT O6paTHBIﬁ KO, WA JOIOJIHCHUC 1O CAUHUIIBI, CBOCTO OIICpaHaad.
Brimonastores 00bruHbIE apudmeTnaeckue nmpeodpazoBanus. Onepani J0KEH ObITh
EJIOYMCIIEHHOTO THIIA.

OO0beKT, HAa KOTOPBIH cchlaeTcs onepany L-3HaueHus npedukcHoi onepanuu ++,
YBCIIUYMUBACTCA. 3BHAYCHUCM SABJIACTCA HOBOC 3HAUYCHUC OIICpaHd, HO 3TO HC L-
3Ha4YeHUE. BripaxkeHne ++x skBuBaJeHTHO X+=1. MHpopManuio o mpeoOpa3oBaHuUsX
CMOTpH B pazbope omnepanuu ciaoxxkenus (1. 15.4) u oneparuu npucBauBanus (1. 15.14).

[Ipeduxrcuas onepanus -- aHaJIOrMYHa NMPEPHUKCHOI onepauu ++, HO IPUBOAUT K
YMEHBIIEHUIO CBOETO onepanaa L-3nayeHus.

[Tpu npuMmeHeHN OCTPUKCHOMN omnepanuu ++ K L-3HaueHHUI0 pe3yJIbTaToM SIBIISICTCS
3Ha4YeHHe 00bEKTa, Ha KOTOPBIH cchitaercst L-3nauenue. [locne Toro, kak pe3yabTar
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IPUHSAT K CBEJICHUIO, 00BEKT YBEIIMYUBACTCSI TOYHO TAKUM K€ 00pa3oM, KaK U B cliydae
npedukcHoON onepaunu ++. Pe3yiabTaT UMeeT TOT ke THUIl, YTO U BbIpaxkeHue L-
3HAYEHUS.

[Tpu npuMeHeHnH TOCTHUKCHOM ONepaIuy -- K L-3HaueHuIo pe3yIbTaToM SBIsSETCS
3HaUYC€HHE 00BEKTA, HAa KOTOPKIN cchlnaeTcsi L-3nauenue. [locme Toro, kak pe3yiapTart
HPUHSAT K CBEJICHUIO, 00BEKT YMEHBIIAETCSI TOYHO TAaKUM K€ 00pa3oM, Kak U B CIIydae
npedUKCHON omneparyu --. Pe3yapTaT uMeeT TOT JKe THII, UTO U BeIpakeHue L-
3HAYEHUS.

3aKIII0YEHHOE B KPYTJIbIe CKOOKM MMS THIIA TaHHBIX, CTOSIIEE TIepe/1 BEIPAKEHUEM ,
BBI3bIBAET NMPEOOPA30BAHNE 3HAUEHUS 3TOTO BBIPAKEHMSI K YKa3aHHOMY THUITy. DTa
KOHCTPYKLHUS Ha3bIBaeTcCs rnepeBoy (cast). imena TumnoB onuceIBatoTes B 1. 16.7.

Onepanus sizeof Bbl1aeT pa3mep cBoero onepasaa B 6aitax. (Ilonsarue OalT B s3bIKe
HE OTpe/IeICHO, Pa3Be TOJILKO KaK 3HaueHue onepanuu sizeof. OmHako Bo Bcex
CYIIECTBYIOIINX PEANN3aIHIX O0aliTOM SBIISETCS MPOCTPAHCTBO, HEOOXOAUMOE JUIS
xpaHeHus o0bekTa Tuna char). [Ipy npruMeHeHNN K MacCUBY pe3yJIbTaTOM SBIISIETCS
HIOJTHOE YMCIIo OaliTOB B MaccuBe. Pa3mep onpenensercs U3 onucaHnii 0OEKTOB B
BBIP)KEHUH. DTO BBIPAKCHNE CEMAaHTHUECKH SIBIISIETCS 1IE€I0H KOHCTAHTOW U MOXKET
OBITh HCIIOJB30BAHO B JTOOOM MecTe, rie Tpedyercs KoHcTaHTa. OCHOBHOE
NPUMEHEHHUE 3Ta ONEPaUs HAXOJUT MIPH CBA3AX C MPOIeypaMH, TOJOOHBIM
pacnpenenuTeNnsM NamsITH, 1 B CUCTeMax BBOJA- BBIBOJIA.

Oneparus sizeof MOKET OBITh TaKKE MPUMEHEHA U K 3aKITIOYEHHOMY B KPYTJIbIe CKOOKH
UMeHU THIa. B 9TOM citydae oHa BeIaeT pa3Mep B OaliTax 00beKTa yKa3aHHOTO THIIA.

Konctpyxkuus sizeof (Tum) paccmarpuBaeTcs Kak 1eJjoe, TaK 4To BeIpakeHue sizeof
(THm) - 2 SKBUBAJIEHTHO BhIpa)KeHUIO (sizeof (Tum)) - 2.

15.3. MyabTHIIMKATHBHBIE ONEPALMHU

MyJIbTUTUTHKATHBHBIC OTiepanuu *, /, u % TpynmupyroTcs clieBa HalpaBo.
BeimonHstoTes 00bIYHBIE aprMeTHUecKre peoOpa3oBanusl. MyIbTHILTMKATUBHOE-
BBIPa)KEHUE: BRIPAKCHUE * BRIpA)KEHUE BBIPAKCHUE / BRIPAKCHHE BBIpAKEHHE %o
BBIPAKEHHUE

bunaphas onepanus * o3Hagaetr ymMHokeHue. Onepanus * accouuaTuBHa, U
BBIPQ)KEHUS C HECKOJIBKUMHU YMHOXECHHUSMHU Ha OJTHOM U TOM K€ YPOBHE MOTYT OBITh
neperpyniupoBaHbl KOMITUISTOPOM.

bunapnas onepanus / o3Havaet AeneHue. [Ipu TeIeHUH MOJIOKUTEIBHBIX TIEITBIX
OCYIIECTBIISIETCS] YCEUEHHE 110 HAMPABJICHHIO K HYJIIO, HO €CJIM OJIUH U3 OTNIePaHOB
OTpHUIaTelIeH, TO (opMa YCeUSHHS 3aBUCUT OT MCTIOIh3yeMOol MarmmHbl. Ha Bcex
MAaIIMHAX, OXBAaThIBAEMBIX HACTOSIINM PyKOBOJCTBOM, OCTATOK UMEET TOT K€ 3HaK ,
yT0 U Aenumoe. Beerna cnpasennuBo, uto (a/b)*b+a%b pasno a (ecau b He paBHoO 0).

BI/IHapHaSI orncpanusa % BbIACT OCTATOK OT ACJICHUA IICPBOT'O BBIPAKCHUSA HAa BTOPOC.

BeimomHsoTess 00bIuHbIC apupMeTHIeCKHe peodpa3oBanus. OnepaH bl He JOKHBI
owITh THHA float.

15.4. AliuTHBHBIE OTIEPALINH
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AJIMTHUBHBIE ONlEpallvy + U - TPYIIIIUPYIOTCS ClIeBa HarpaBo. BeInomHAI0TCS 00bIUHbIE
apupmeTHueckue npeodpazoBanus. s KaKa0H onepay UMEIOTCsI HEKOTOpPbIe
JIOTIOJTHUTEIbHBIE BO3MOKHOCTH, CBS3aHHBIE C TUIIAMU ONEPaHA0B. AJJIUTUBHOE-
BBIPAXEHHE: BBIPAXKEHUE T BBIPAKEHHUE BHIPAKEHUE - BHIPAKEHUE

PesynbTatom omnepanuu + ABiseTcs CyMMa onepaHaoB. MOXKHO CKIIaJbIBaTh yKa3aTelb
Ha 00BEKT B MACCUBE M 3HAYCHHUE JIFOOOTO I[EIOUUCIIEHHOTO THIIA. BO BCEX CIIydasx
nocieaHee mpeodpasyercs B aipeCHOE CMEIICHHE MOCPEACTBOM YMHOXKEHHS €0 Ha
JUIMHY 00BEKTa, Ha KOTOPBIN YKa3bIBACT 3TOT YKa3arelb. Pe3ynpTaTom sBiseTCs
yKazareJb TOro K€ CaMOro THIIa, YTO M UCXOJHBIN yKa3aTesb, KOTOPbIM yKa3bIBaeT Ha
JpyToil OOBEKT B TOM e MAaCCHBE, CMEILIEHHBII COOTBETCTBYIOIIUM 00pa3oM
OTHOCHUTEJILHO NepBOHAaYaIbHOr0 00bekTa. Takum 00pa3oM, eciiu p ABISETCS
yKazaTelieM 00beKTa B MaCCUBE, TO BhIpaKeHHUE p+1 ABiseTCs yKa3zaTeleM Ha
CIeIyIOIIHi 00BEKT B ’TOM MaCCHUBE.

Hukakue npyrue koMOMHAIIMK TUIIOB JJIsl yKa3aTeslel He pa3peraroTcs.

Onepanys + accolMaTuBHA, U BBIPAXKEHNUE C HECKOJIBKUMHU CIOXKEHUSIMH HAa TOM K€
CaMOM YPOBHE MOTYT OBITh MEpPEYIOPSAA0UECHBI KOMITHIISTOPOM.

Pe3ynbpraTom onepanui - sIBISETCS pa3HOCTH ONEPaHI0B. BHITOTHAIOTCS 0OBIYHBIE
apupmeTHueckue npeodpazoBanus. Kpome Toro, u3 ykazaTesnst MOXKET ObITh BEIUTCHO
3HaYCHHE JIFOOOTO LEJIOYNCICHHOTO THIIA, IPUYEM, IPOBOAATCS TE JKE CaMble
npeoOpa30BaHus, YTO U MIPH OTIEPAIIUU CIIOKEHHUS.

Ecnu BerumuTaroTcs ABa ykaszartelns Ha OObEKTHl OIMHAKOBOTO THIIA, TO PE3YJIbTAT
npeoOpasyeTcs (IeneHneM Ha JUIMHY 00BEeKTa) K THITY int, IPEICTaBIIsAs COOON YHCIO
00BEKTOB, pa3AeSIONINX YKa3blBaeMble 00BEKTHL. Ecim 3Tn yka3zaTenu He Ha OOBEKTHI
U3 OJIHOTO ¥ TOTO K€ MAaCCHBa, TO TaKOE MpeoOpa3oBaHue, BOOOIE TOBOPS, JacT
HEOXXKUIaHHBIE PE3YJIbTAThl, TOTOMY YTO )€ yKa3aTeld Ha O0BEKTHl OIMHAKOBOTO
THIa HEe 0053aHbI OTIMYATHCS HA BEJIMYNHY, KPaTHYIO JJIMHE OOBEKTA.

15.5. Onepauum caBura

Omneparnuu casura << v >> rpynmnupyroTcs cieBa Hanpaso. st o6enx onepanuii
MPOBOASITCS OOBIYHBIE apu(MeTHUYecKre mpeoOpa3oBaHusl UX ONEPaHI0B, KAk /bl 13
KOTOPBIX JIOJKEH OBITh IIEJIOYMCIICHHOTO THUIIA. 3aTEM TIPaBBIM OnepaH/ mpeoopa3yeTcst
K TUIy int; pe3yJbTaT UMEET THII JIeBOro onepanaa. PesynpraT He onpeseneH, eciu
IpaBblii ONepaH]] OTpULIATENICH UK OOJIbILE MU PaBeH, YeM JJMHA 00BbEeKTa B OMTaX.

Buipaoicenue-cosuza:
8vlpasicerue << gvipasicerue
8blpasicerue >> gvlpadicetue

3HadyeHueM BeIpakeHHs el<<e2 sBisercs el (MHTepnpeTupyemMoe Kak KoMOUHALUs
OWTOB), CIBUHYTOE BJIICBO Ha €2 OMTOB; OCBOOOKIAIOIIHUECS] OUTHI 3aMTOTHIIOTCS HYJIEM.
3Ha4YeHUEM BBIpaKeHHs e1>>e2 sBisercs el, ciBuHyTOE BIPaBO Ha €2 OUTOBBIX
no3unmid. Eci el umeet tum unsigned, TO CABUT BIIpaBO rapaHTUPOBAHHO OyIeT
JIOTUYECKUM (3aIl0THEHHE HYJIEM); B TIPOTHBHOM CITy4ae CIBUT MOXKET OBITh (M TaK U
ectb Ha PDP-11) apudmernaeckum (0cBOOOKTAIOIIHECS OUTHI 3aIOTHSIIOTCS KOTTHEH
3HAKOBOTO OHTA).
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15.6. Onepauun OTHOIEHUSA

Onepanuy OTHOIICHUS TPYIITUPYIOTCS CJIEBa HAIIPABO, HO ATOT (aKT HE OYCHb
MOJIe3€H; BhIpaykeHNe a<b<c He 03HAYaeT TOr0, YTO OHO Ka3aJoch Obl JOHKHO O3HAUYATh.

BblpaofceHue-omHoweHuﬂ:
8blpadicerue < 8blpadicerue
8blpadicerue > 8blpadicerue
8blpadicerue <= gvlpadicerue
8blpasicerue >= gvlpadicerue

Omneparuu < (MeHbI11e), > (60bIIe), <= (MEHBIIIEC I PaBHO) U >= (O0JbIIIE WX
paBHO) Bce AaroT 0, eciiu yKa3aHHOE OTHOLIEHHE JIOKHO, U 1, €ClIM OHO UCTHHHO.
Pesynbrar nmeet tur int. BeImomHAIOTCS 00bIYHBIC apu(METHUECKHIE TIPEoOpa30BaHUS.
MoryT cpaBHUBATbCA JBa yKa3aTellsl; pe3yabTaT 3aBUCUT OT OTHOCUTEILHOTO
PacIoJIOKEeHUs yKa3bIBaeMbIX 0OBEKTOB B aJJpeCHOM MpocTpaHcTBe. CpaBHEHUE
yKa3zaTeleil mepeHOCHUMO TOJIBKO B TOM CJIy4ae, €CIM yKa3aTelld yYKa3bIBaloT Ha
O00BEKTHI U3 OHOTO U TOTO e MaCCHBA.

15.7. Onepanuu paBeHcTBa

Bbzpaofceﬂue—paeeucmea:
BbIpAJICEHUE == BblpAIICEHUE
eblpaoicerue /= eblpadcicerue

Omneparuu == (paBHO) U != (HEe paBHO) B TOYHOCTH aHAJIOTHMYHBI OTIEPALIUSIM
OTHOILICHMS, 32 UCKJIFOYEHUEM TOT0, YTO OHU UMEIOT O0siee HU3KUH ypOBEHb
crapmmHcTBa. (IlosToMy 3HaueHne BeIpakeHus a<b==c<d paBHO | BCcsKkuii pa3, Koraa
BeIpakeHue a<b 1 ¢<d UMEIOT OAMHAKOBOE 3HAUEHUE UCTUHHOCTH).

VYkazaTenb MOKHO CpaBHUBATH C LIETIBIM, HO PE3yJIbTAT OyAeT MAalIMHHO- HE3aBUCUMBIM
TOJIBKO B TOM CJIy4ae, €CJM LiebIM siBisieTcs: KoHcTtanTa 0. 'apantupyercs, 4ro
yKazaresb, KOTOpOMY MPUCBOEHO 3HaueHue 0, He yKa3bIBaeT HU Ha KaKoil OObEKT U Ha
CaMoM JieJie OKa3bIBaeTCs paBHBIM (; OOIMICTTPUHATO CYUTATh TAKOH yKa3aTellb HyJIeM.

15.8. IToOuToBasi onepauus 'u'

Buipaorcenue-u:
svipadicenue & svipasiceHue

Omnepanust & SIBISICTCSI aCCOUMATHBHOM, W BKITIOYAIONINE & BBIPAKECHUS MOTYT OBITh
nepeynopsa0YeHbl. BBIMOTHAIOTCS OOBIYHBIE apr(METHUECKHE TPEOOPa30BaHUS;
pe3yIbTaTOM SIBISIETCS TOOUTOBAsI GYyHKIUS 'M' ONepaH0B. DTa ornepaius MpuMeHnMa
TOJILKO K OTIepaH/iaM IeJIOYHCICHHOTO TUIIA.

15.9. IloOuTOBas ONMEpaANUs UCKJIIYAKOIIEro 'uin'

Bblpa:)fceHue-ucm;oqaioweeo-wzu.‘
6blpAdiCeHUe A eblpasciceHue

Omneparus * SBIsIETCS aCCOLMATUBHOMN, M BKIIIOYAIOIINE " BBIPAXKECHUS MOTYT OBIThH
NepeyNopsI0YCHBI. BBIIOIHSAIOTCS OOBIYHBIE apu(MeTHIecKre mpeodpa3oBaHus;
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pe3yIbTaTOM SIBISIETCS MOOUTOBAs (YyHKIMS UCKITIOYAIOIIETrO 'UiIu' OTIepaHIoB.
Onepanusi MpUMEHKUMA TOJIBKO K OTIEPaH/IaM LIEIOYUCIEHHOTO THUTIA.

15.10. IToOuTOBaSI ONEepanys BKIKYAKOLIEro 'nin'

Buipaoicenue-sxnouaroweco-unu:
svipadiceHue | Boipasicenue

Onepanus | SIBnsieTcst aCCOLMATUBHOM, U COAEPIKaIME | BRIPAXKEHHUSI MOTYT OBITh
MepeyNoPs0UEHBI. BBIMOIHIIOTCS OOBIUHBIE apu(MeTHIECKHE TpeoOpa3oBaHus;
pe3yJIbTaToOM ABISCTCS MOOUTOBAs (PYHKIIMS BKIFOUAIOLIETO 'MIIA' OTIEPAHIOB.
Onepanys NpUMEHNMa TOJIBKO K OTIepaHAaM LEeJIOYUCIEHHOTO THIIA.

15.11. Jlornuyeckas onepauus 'u’

Buvipasicenue-nocuyeckoeo-u:
svipadxcenue && svipasxcenue

Omnepanus && rpynnupyercs cieBa HarpaBo. OHa Bo3Bpauiaer 1, eciu 06a ee
orepaHaa OTJINYHBI OT HyJis, U 0 B IpOTUBHOM ciayyae. B otinune ot & onepanus &&
rapaHTHpyeT BBIYUCIICHUE CIEBa HAIIPaBo; 0oJiee TOro, eciiu NepBblid onepan] paseH 0,
TO 3Ha4€HUE BTOPOI'0 ONEPaH/a BOOOIE HE BEIYUCIIAETCS.

OmnepaHel HE 00s13aHBI OBITH OJMHAKOBOTO TUTIA, HO KaX/IbIH M3 HUX JOKEH OBITh
7100 OHOTO M3 OCHOBHBIX THIIOB, TM0OO yKa3aTeJaeM. pe3yJIbTaT BCeraa UMEET THII int.

15.12. Onepauus Joruyeckoro 'min’

Buwipaosicenue-noauuecko2o-unu:
svipasicenue || evipasicenue

Onepanus || rpynmupyetcs cieBa HanpaBo. OHa Bo3Bpamiaet 1, eciu oauH u3
OTIEpaH/I0OB OTIMYEH OT HyJIA, ¥ 0 B IPOTUBHOM ciiyyae. B oTiauuune ot onepanu# |
oTiepalysl || rapaHTUPYET BRIUMCIICHUE CIIeBa HAIIPaBo; O0jee TOro, eCiu NEPBBIA
OTIepaH]] OTJIMYEH OT HYJIsl, TO 3HAYEHHE BTOPOTO OMEpaHIa BOOOIE HE BEIYUCIISETCS.

Omnepanasl He 00s3aHBI OBITH OJMHAKOBOTO TUIA, HO KaX/IbIi U3 HUX JOJKEH OBITh
700 OHOTO M3 OCHOBHBIX THIIOB, MO0 yKa3aTenaeM. Pe3ynbpTaT Bcerma uMeeT THIl int.

15.13. YcaoBHas onepauus

YCﬂ06H0€-6blpanC€Hlxl€.'
8blpadicerHue ? 8blpAdiCeHUe . 8blpadsiCeHue

VYcnoBHbIE BRIpaKEHUS TPYIIHUPYIOTCS clieBa HAapaBo. Beruucisiercs 3HaueHue
MEPBOr0o BbIPAKCHUSA, U €CJIM OHO OTJIIMYHO OT HYJIA, TO PE3YyJIbTATOM 6y,ueT 3HAYCHUC
BTOPOTO BBIPKEHUS; B IPOTUBHOM CITydae pe3yJabTaToM OyJeT 3HAYCHHUE TPETHETO
BeIpakeHus1. Eciii 3T0 BO3MOXXKHO, IPOBOJATCS OOBIUHBIEC apu(METHYECKHIE
npeoOpa3oBaHusl, C TEM, YTOOBI MPUBECTH BTOPOE M TPETHE BHIPAXKCHUS K 001IeMy
THUITY; B IPOTUBHOM CIIy4dae, eciu 00a BBIpayKEHHS SABISIOTCS YKa3aTeIIMU
OJIMHAKOBOTO THUIIA, TO PE3YJIbTAT UMEET TOT JKE THUII; B IPOTUBHOM CIIy4ae OJTHO
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BBIPQXXCHHE JTOJDKHO OBITh YKa3aTeJieM, a IPYroe - KOHCTaHTou 0, u pe3ysibraT Oyaer
HUMCTD THUII YKa3aTCJIs. Brrancnsgercs Toiabko OIHO U3 BTOPOI'0 U TPCTLCTO BLIpa)KeHHﬁ.

15.14. Onepauusi npucBauBaHUS

WmeeTcs psan onepaiuii mprucBauBaHus, KaX/J1as U3 KOTOPBIX TPYNIHUPYETCS CIeBa
HarpaBo. Bce oneparun TpeOyroT B KauecTBE CBOETO JIEBOro onepanaa L-3nauenue, a
TUIIOM BBIPA)KEHUS IPUCBAUBAHMUSI SIBJIIETCS TUII €T0 JIEBOTO ONEpaH/a. 3HAUCHUEM
BBIPaXCHUSI IPUCBAaNBAHNUs SIBIISIETCS 3HAUEHHUE, XPAHUMOE B JIEBOM OIEPaH/IE I10CIIE
TOT0, KaK MPUCBaUBaHUE YK€ OyJIeT mpou3BeeHo. J[Be yacTh cocTaBHON onepanuu
MPUCBANBAHUSI SIBIISTFOTCS] OTACIEHBIMH JIEKCEMaMHU.

Buvipasicenue-npuceausanus:
L-3nauenue = evipasicenue
L-3nauenue += svipasicenue
L-3nauenue -= gvipasicenue
L-3nauenue *= gvipascenue
L-3nauenue /= gvipadicenue
L-3nauenue %= evipasicenue
L-3nauenue >>= gvipasicenue
L-3nauenue <<= gvipasicenue
L-3nauenue &= gvipasicenue
L-3nauenue "= gvipasicenue
L-3nauenue |= svipasicenue

Korna npousBoauTcs npoctoe nprucBavBaHue 'c=', 3HaU€HHUE BBIPAKEHUS 3aMEHSET
3Ha4YeHHe 00bEKTa, Ha KOTopoe cchlaercs L-3nauenue. Ecian 00a onepanaa umMeroT
apumMeTHYeCcCKuil TUI, TO Mepe MpUCBauBaHUEM IPaBbIi oniepaH]] npeodpa3yercs K
THUILYy JIEBOT'O OIlEpaHa.

O cBoiicTBax BeIpaxkeHHs Bua el om = €2, rae om - 0iHa U3 MEePEUNCIICHHBIX BhIIIIE
OHepaHI/Ifl, MOKHO CACJIAaTh BbIBOJ, €CJIN YYCCTh, YTO OHO SKBHUBAJICHTHO BBIPAXXCHUTIO
el =el om (e2); omHaKo BhIpakeHUE €1 BBIYMCISETCS TOJIBKO OJIMH pa3. B cimyuae
oTiepanuii += ¥ -= JIEBBII ONEepaH] MOKET ObITh yKa3aTeleM, IPUYEM IIPH ITOM
(IIeJTOYHCIICHHBIN ) TIPABBIA OTNepaH I Mpeoopa3yeTcsi TAaKUM 00pa3oM, Kak OOBSICHEHO B
1. 15.4; Bce npaBble onepaH/ibl ¥ BCE OTIMYHBIE OT yKa3aTellel JIEBbIE OllepaH bl
JIOJDKHBI UMETh apu(METHUSCKUI THII.

Hcronb3yembie B HACTOSIIEE BPEMsI KOMITHIIITOPHI JOIYCKAIOT NPUCBABAHHE
yKazartes 1eJIoMY, IIeJIOTO YKa3aTellto U yKa3aTelsl yKa3aTelto APYyTroro THIIA. TaKoe
MPUCBAWBAHUE SBJISETCS YUCTHIM KOMTMPOBAHUEM 0€3 KaKMX-IM00 peoOpa3oBaHMiA.
Taxoe ynorpeOieHne oneparuii NprucBauBaHuUs SIBJISETCS HEIEPEHOCUMBIM U MOXKET
NPUBOJIUTH K YKa3aTeJsiM, KOTOPbIC MTPH UCTIONB30BaHUH BBI3BIBAIOT OIIHOKH
aapecanuu. TeM HE MEHEe rapaHTUPYETCs, YTO IIpUCBaBaHUE yKa3aTe0 KOHCTAHTHI O
JlaeT HYJICBOM yKa3aTelb, KOTOPbIH MOKHO OTJIMYATh OT YKa3aTells Ha 000 0OBEeKT.

15.15. Onepauus 3ansaras

Buipaowcenue-c-3anamou:
sblpadicenue , 8blpadiceHue
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[Tapa BeIpakeHMH, pa3ICICHHBIX 3aMSATON, BHIYUCISAETCS CI€Ba HAPABO U 3HAUYCHUE
JIEBOTO BBIpaKEHUsI OTOpachIiBaeTcs. TUIIOM U 3HAUCHUEM pe3ysibTara sSBISETCS THII U
3HaYEHUE MPABOro olepaHa. JTa onepauus rpynnupyercs ciieBa Hanpaso. B
KOHTEKCTE, IJIe 3arsTasi UMeeT CelHaabHOe 3HaUeHUE, KaK, HalpuMep, B CITUCKE
daxTrueckux apryMmeHToB ¢yHKmi (1. 15.1) Wnm B cirmckax mHALIMAIN3AaTOPOB (1.
16.6), Oneparnus 3amnsTasi, OMMChIBaeMasi B 3TOM pa3Jiesie, MOXKET MOSABIATHCSA TOJIBKO B
KPYTJbIX CKOOKax; HarmpuMmep, QyHKIUS

f(a, (t=3,t+2),c)
MMEET TP apryMeHTa, BTOPOM U3 KOTOPBIX UMEET 3HAUEHHUE 5.

16. Onucanus

Onucanus UCMONB3YIOTCS Ul yKa3aHUs HHTepIpeTaluu, KoTopyo 3k C Oyaer
JIaBaTh KaXI0My HUIEHTH()HUKATOPY; OHU HE 00s3aTEIFHO PE3EPBUPYIOT MaMSTh,
COOTBETCTBYIOLLYIO HAeHTUUKaTOpY. OnucaHus uMerT Gopmy

Onucanue:
CneyuguUKamopvl-onUCanUusl CHUCOK-ONUCAMENEU eo5,

Omnwucareny B CIIACKE OMUCATENICH CONlEpKAT OMMChIBAEMbIE ACHTU(DUKATOPHI.
CriendukaTopbl ONMCAaHUS MPEACTABIAIOT COOON MOCIE0BATENBHOCTD
cnenn(rUKaTopoB TUNA U CIENN(UKATOPOB KIlacca MaMsITH.

Cneyughuxamopul-onucauusi.
cneyugpurkamop-muna cneyupuKkamopsvl-onUCaiUsl,eos
cneyugurkamop-Kiacca-namamu CReYuPUKAmop-onuUCaiUs,eos

CITMCOK OOJIDKCH OBITH CaMOCOIJIACOBAaHHBIM B CMBICJIC, OIIMCBIBACMOM HMIKC.

16.1. CnenmdukaTopsbl Kjiacca NaMsiaTH
Hwxe nepeuncistrorcs cnenu(ukaTopsl Kjiacca NaMsITh:

Cneyugpuxamop-knacca-namsamu:
auto

static

extern

register

typedef

Crenmndukarop typedef He peanuzyeT namsaTH U Ha3bIBaeTCs "'criennpUKaTOPOM Kiracca
namsTH" TOJIBKO MO CHHTAaKCUYECKUM COOOpakeHUsM; 3To 00cyxknaercs B 1. 16.8.
CMBICT pa3IMYHBIX KJIACCOB MaMsITH ObLIT 00CYX/IEH B 1. 12.

Omnucanus auto, static u register cy’kaT TakKe B KQUeCTBE ONPEACICHUI B TOM CMBICIIE,
YTO OHM BBI3BIBAIOT PE3EPBUPOBAHME HYKHOT'O KOJIMYECTBA MaMsTH. B ciayuae extern
JIOJKHO TPUCYTCTBOBATH BHEIIHEE onpeaesieHue (1. 18) Yka3biBaeMbix
UACHTU(DUKATOPOB I/Ie-TO BHE (PYHKINU, B KOTOPOU OHHU OMHCAHBI.
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Omnwucanue register Jydie BCero NpeACTaBiIsATh cebe Kak OnmucaHue auto BMECTE C
HAMEKOM KOMIHJISTOPY, YTO OMKMCAHHBIE TAKMM 00pa3oM NepeMeHHbIe Oy Iy T 4acTo
UCTIOB30BaThCA. D((HEKTHBHBI TOJIHKO HECKOJBKO TIEPBBIX TaKUX onucaHuii. Kpome
TOT0, B PETUCTPAX MOTYT XPAHUTHCS TOJIBKO MEpEMEHHbBIC ONMPECICHHBIX THIIOB; HA
PDP-11 s1o int, char unmu ykazatens. CymecTByeT U Apyroe OorpaHnICHIE Ha
UCIIONb30BaHUE PETUCTPOBBIX MEPEMEHHBIX: K HUM HEIb3sI IPUMEHSTH OMEPAIIUIO
B3sTHs anpeca &. [Ipu pasyMHOM HCTIOIB30BAHUM PETUCTPOBBIX OMKUCAHUM MOYXKHO
OKUJATh MOTYYSHHs] MEHBIIUX 0 pa3Mepy U 0ojiee ObICTPBIX MPOrpamMm, HO
yiydieHue B OyayIieM reHepupoBaHUs KOJOB MOXKET CJeNIaTh UX HEHYKHBIMH.

Omnucanue MOXXET coiep)kaTh He Oosiee oiHOTrO cnenndukaropa kiacca namsati. Ecinu
OITMCAHUE HE COJCPIKUT CIIeIM(UKATOPa KJIacca MaMsATH, TO CYUTACTCS, YTO OH UMEET
3Ha4YeHHeE auto, €ClIM ONMMCAHNE HAXOTUTCA BHYTPH HEKOTOPOH QpyHKIUM, U extern B
IPOTUBHOM CJIydae. UCKIIOYeHUE: (DyHKIIMU HUKOT/Ia He ObIBA€T aBTOMAaTHYECKUMH.

16.2. Cnenudguxaropsl THIIA
Hwmxe nmepedncnsiores creupuKaTopsl THTIA.

Cneyugpuxamop-muna:

char

short

int

long

unsigned

float

double
cneyugpuramop-cmpyKmypol-ui-00beOUHeHUs
onpeoensioujee-mun-ums

Croga long, short 1 unsigned MOXHO paccMaTpUBaTh Kak MpUiaraTeibHbIe; JOMYCTHUMbI
cleayIomue KOMOUHAIINN:

short int
long int unsigned int
long float

IMocnenusss koMOMHAIMS O3HAYAET TO ke, uTo U double. B ocTansHOM onmucaHue MOXKET
coJiepkath He OoJiee 0JTHOTO crienudukaTopa Tumna. Eciu onrucanue He COMEePIKHUT
crieruKaTopa TUIA, TO CIUTACTCS, YTO OH UMEET 3HAUCHUE int.

Creundukatopsl CTPYKTYp U 00beInHEeHUH 00cykaatoTes B 1. 16.5; Onucanus ¢
OTpeNIeTAIOMUMH TUTT UMeHaMU typedef oOcysxnatores B 1. 16.8.

16.3. Onucarean
Bxopsiuii B onMcanue CMCOK OMucaTeNei MpeacTaBiseT co00 MoCIea0BaTeIbHOCTh
pa3aeNeHHBIX 3aMSITBIMU OMUCATENICH, KAkl U3 KOTOPBIX MOKET UMETh

HWHULIUAJIU3aTop.

Cnucox-onucamenei.
uHuL;uaJlu3upyeMan-0nucameﬂb
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UHUYUATUSUDPYEMBIU-ONUCamensb, CNUCOK-onucamereu
UHUYUATUSUDYEMBLU-ONUCANETD.
onucamenb-UHUYUAIUZAMOD yeo6

Wuunnuanuszatopsl onuckiBaoTes B 1. 16.6. CrierudukaTopsl U ONMMCAHUS YKa3bIBAIOT
THUII U KJIacC NaMsTH 00bEKTOB, Ha KOTOPBIE CChIIAtOTCA onucaTenu. Onucareiay UMEIT
CJIEAYIOIIHNA CUHTAKCUC:

onucamenb.:

uoenmughuxamop

( onucamens )

* onucamens

onucameins ()

onucamens [KOHCMAHMHOE-BbIPANCEHUC  eo6]

['pynnupoBaHue Takoe k€, KaK U B BHIPAKEHUSX.

16.4. CmbICJ onmucaTe e

Kaxnpiii onucarens paccMaTpUBaETCs KaK YTBEPXKJIEHUE TOTO, UTO KOTa KOHCTPYKIIUS
TOM ke caMOi (POPMBI, YTO M ONHCATENb, MOSBISIETCS B BBIPAKEHUH, TO OHA BBIAAET
00BEKT YKa3aHHOTO THIA U YKa3aHHOIO Kijlacca maMstu. Kaxaplii onucarenb CoOaepKUT
POBHO OJIMH MJIEHTU()UKATOP; ITO UMEHHO TOT HJIEHTH(PUKATOP, KOTOPBINA U
OIIMCHIBACTCSL.

Ecnu B kauecTBe omucaTels HOSBISIETCS mpocTo I/I,Z[GHTI/I(bI/IKaTOp, TO OH UMECT THII,
YKaBBIBaeMBIﬁ B CHGI_[I/I(I)I/II_II/IPYIOH_[GM 3aroJIOBKC OIIMCaHHA.

Onucartenb B KPYIJIbIX CKOOKax MIEHTUYEH OMKUCATENI0 0€3 KPYIJIbIX CKOOOK, HO
KpYIJIble CKOOKHM MOTYT U3MEHSITh CBSI3U B COCTaBHBIX onucaTensx. Ilpumepsl cMoTpu
HIDKE.

[IpencraBum cebe onmcanue

t DI
rae t - cnenudukarop tumna (mogo0HsIH int u T.4.), a DI - onucarens. [Ipenmonoxum,
9TO 3TO ONHMCAHHE PUBOAMUT K TOMY, YTO COOTBETCTBYIOIIMI UICHTU(PUKATOP HMEET
tun "...t", toe "..." mycro, ecim DI mpocTo oTAenbHbI naeHTH(UKATOp (TaK 4TO THI X B
"int x" mpocro int). Torna , ecnmu DI umeet Gpopmy

*d
TO coepamuiics uaeHTudukarop Oyaer uMeTh Tum "... Yka3atenb Ha t'".

Ecnu DI umeer dpopmy

d()
TO coepkamuiics uaeHTudukarop umeet Tum "... OyHKIHs, BO3Bpaniaromas t".

Ecnu DI umeer dpopmy
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d[xOHCTaHTHOE-BHpaxXeHHUe ]
N

ar 1
TO cojepxaluiics uaeHTudukarop umeer tTun "...Maccus t". B nepBom ciyuae
KOHCTaHTHBIM BBIPQ)KCHHUEM SIBIISICTCS BBIPAXKEHHE, 3HAYCHHE KOTOPOTO MOYXKHO
OTIPEICITUTE BO BpeMsl KOMITWISIIIAK U KOTOpoe nuMeeT Tl int. (TouHoe onpeenenne
KOHCTaHTHOTO BhIpaxkeHHsl 1aHo B 1. 23). Koraa Heckonbko crienupukanuii Buaa
"MaccuB U3'" OKa3bIBAIOTCS IPUMBIKAIOIIUMU, TO CO3/1a€TCSI MHOTOMEPHBI MaCCHUB;
KOHCTaHTHOE BBIpa)KCHUE, 33JIal0IIee IPAHUIIbI MACCUBOB, MOYKET OTCYTCTBOBATh
TOJIBKO Y TIEPBOTO WICHA 3TOM MOCIE0BATEIHLHOCTU. Takoe OMmyCKaHue MoJIE3HO, KOoTaa
MacCCHB SIBJISICTCS] BHEIIHUM U €T0 (PaKTHYeCKOe ONpeesieHUue, KOTOPOE BBIAEISET
NaMATh, IPUBOAUTCS B ApyroM mMecTe. [lepBoe KOHCTaHTHOE BBIPAKEHUE MOXKET OBITh
OIYIICHO TaKXXe TOT/a, KOTJa 3a OMmucaTeNieM clieyeT HHUIanu3anus. B aToM ciydae
pasmep OompeaesnsaeTcs 1Mo YUCIy MTPUBEACHHBIX HHUIIUATU3UPYEMBIX 3JIEMEHTOB.

MaccuB MOXKeT OBITh 00pa30BaH U3 AJIEMEHTOB OJTHOTO M3 OCHOBHBIX THIIOB, U3
yKazaTeleu, U3 CTPYKTYp WA 00ObETMHEHUH WK U3 IPYTUX MAaCCUBOB (UTOOBI
00pa30BaTh MHOIOMEPHBIN MacCHB).

He Bce BO3MOXKHOCTH, KOTOpBIE pa3pellieHbl ¢ TOUKU 3pEHUS YKa3aHHOTO BbIIIE
CHHTaKcuca, pakTH4ecKu JOMyCcTUMBL. MIMeroTcs cienyrommuye orpaHuueHus: pyHKIUH
HE MOTYT BO3BpaIllaTh MACCHUBBI, CTPYKTYPbI, O0bEMHEHUS HIH (PYHKITUH, XOTS OHH
MOTYT BO3BpallaTh YKa3aTeIl HA TAKHE BEIIX; HE CYIECTBYET MaCCUBOB (DYHKIIHIA,
XOTSI MOTYT OBITh MacCUBBI yKa3aTeleil Ha (yHKINU. AHATOTUYHO, CTPYKTYPBI WIIH
00BbEIMHEHNS] HE MOTYT COJIepKaTh (DYHKIMIO, HO OHM MOTYT COJepXKaTh yKa3aTelb Ha
GyHKIUIO.

B kauecTBe npuMepa paccMOTPUM OIKCAHUE

int i, *ip, £(), *fip(), (*pfi) ();
B KOTOPOM ONHCHIBAeTCS IIeJI0€ 1, yKazaTelnb ip Ha 1eioe, QyHkuus f, Bo3Bpararonas
nesnoe, Gpyukmus fip, Bo3Bpamaronias ykazareiab Ha 11eJ10e, U yKazarelnb pfi Ha
dyHKLHMIO, KOTOpas Bo3BparaeT 1neiaoe. OcoOeHHO MOIE3HO CPAaBHUTD JBa MOCIEAHUX
onmcatens. Cesasb B *fip() MmoxkHO mipenctaBuTh B Bue *(fip()), Tak 94To onmucaHueM
IperonaraeTcs, a Takol ke KOHCTPYKIKEH B BRIpaXXEHUHU TpedyeTcs oOpalieHue K
byukun fip 1 nmocneayoliee UCIOIb30BaHUE KOCBEHHOM aipecalliy JUIsl BbIIauu C
MOMOIIIBIO TIOTYYEHHOTO pe3yibraTa (ykaszarens) menoro. B onucarene (*pfi)()
JOTIOTHUTEJIbHBIE CKOOKM HEOOXOAUMBI, IIOCKOJIBKY OHM TOYHO TaK K€, Kak U B
BBIPQXCHHH, YKa3bIBAIOT, YTO KOCBEHHAS apecalus 4epe3 yKazareiab Ha (QYHKIIUIO
BbI1aeT QYHKIUIO, KOTOpasi 3aTeM BBI3bIBAETCS; 3Ta BbI3BaHHAsA (DYHKIIMS BO3BpAIlaeT
LEJOoE.

B kauecTBe Apyroro npuMepa NpuBeIAEM ONUCAHKE

float fa[l7], *afpl[l7];
B KOTOpOM OIINCBhIBACTCA MAaCCHUB YHCCJI THUIIA ﬂoat U MaCCHUB yKa3aTeneI‘/’I Ha 4ucCJia THUIIa
float. Haxowner,

static int x3d[3]1[51[7];
OIMCHIBAET CTATUYECKUI TPEXMEPHBI MAacCUB LENbIX pazMepoM 3*5*7. Gonee
noApoOHo, X3d SBISETCS MACCUBOM M3 TPEX AJIEMEHTOB; KQKIBIH JJIIEMEHT SIBIISICTCS
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MaCCHBOM IIATH MaCCHUBOB; KKIBIH IMOCIICAHUN MAaCcCUB SIBIISIETCS MACCHBOM U3 CEMHU
nenbix. Kaxxgoe uz Beipaxenuit x3d, x3d[i], x3d[i][j] u x3d[1][j][k] moxkeT pasyMHbIM
00pa3oM MosBIATHCS B BhIpakeHUsX. [lepBbie Tpu umeroT Tun "mMaccus', mociaenHee
UMEeT THII int.

16.5. Onucanue CTPyKTYp M 00beINHEHNH

CTpyKTypa - 3TO 00BEKT, COCTOSIIINN U3 TOCIIEI0BATEIHPHOCTH IMCHOBAHHBIX YJICHOB.
KKIBIH WIEH MOXET OBITh MPOU3BOILHOTO TUMA. OOBEAMHEHUE - 3TO 0OBEKT, KOTOPHIA
B JIAHHBIH MOMEHT MOJKET COJICpKaTh JIF000H U3 HECKOJIBKUX WwieHOB. CrielnuKkaTopbl
¥ 00bEeIMHEHUSI UMEIOT OJJUHAKOBYIO (JOPMY.

Cneyugpuxamop-cmpykmypvl-uiu-ooveOuHeHus.:
CMPYKMypa-unu-ooveourenue { cCnucok-onucanuti-cmpykmypbol |}
uoeHmugpuramop cmpyKmypuvl-uiu-00veOuHeHus

{ cnucox-onucanuii-cmpykmypol }

uoeHmughuramop cmpyKmypuvl-uiu-00veOuHeHus

Cmpykmypa-unu-obveouneHue:
Struct
union

CHnHCOK-ONMUCAHUM-CTPYKTYPBI SBIISETCA MOCIEI0BATEIbHOCTHIO ONIMCAHNUN YJICHOB
CTPYKTYPBI WJI 00bETMHEHUS :

Cnucox-onucanui-cmpyKmypol:

onucaxue-cmpykmypbl

onucanue-cmpyKmypbl CHUCOK-ONUCAHULI-CIPYKIY Dbl
onucanue-cmpyKkmypbi:

cneyugukamop-muna CRUCOK-onucamereli-cmpyKkmypbl
CRUCOK-Onucamenel-cmpykmypbi:
onucameinb-cmpyKmypbl

onucamenb-cmpyKmypbl, CRUCOK-ORUCAmeneti-CmpyKmypbl

B 00b14HOM citydae omnucareiab CTPYKTYPBI SBISIETCS MPOCTO ONMUCATEIEM YiIeHa
CTPYKTYPBI HIIK 0O0beIUHEHUS. YJIeH CTPYKTYPBI MOXKET TaK:Ke COCTOSITh U3
cnenupuIMpoBaHHOro yucia OMToB. Takoil WwieH Ha3bIBAaeTCs TaKKe MOJIEM; €ro AJTuHa
OTJENSAETCS OT UMEHU TOJISI IBOETOUYHEM.

Onucamens-cmpykmypol.:

onucameinb

onucamensb. KOHCMAHMHOE BbIPANCEHUE
: KOHCMAHMHOe 8bIpadiceHue

BHyTpu cTpyKTypbl OlMCaHHbIE B HEMl 0OBEKTHI UMEIOT a/ipeca, KOTOpbIe
YBEIMYUBAIOTCS B COOTBETCTBHH C UTEHHWEM UX OMHCAHUH ciieBa HampaBo. Kax it
YJIEH CTPYKTYPbI, KOTOPBII HE SIBISAETCS MOJIEM, HAUMHAETCA C aJPECHON IPAHMIIBL,
COOTBETCTBYIOLIEH €r0 TUITY; CIEA0BATEIBHO B CTPYKTYPE MOT'YT OKa3aThCsl
HEMMEHOBAHHBIE JbIpbl. UIIeHBI, ABIAIOIIKECS MOISIMHU, TOMEIIAKOTCS B MAILIMHHBIE
LIEJIbIE; OHU HE MEPEKPBIBAIOT I'paHUIlbl ciioBa. [loiie, koTopoe He yMelaercs B
OCTaBUIEMCS B JAaHHOM CJIOBE ITPOCTPAHCTBE, IOMEIIAETCS B caeayroiee cioBo. [loms
BBIJICTISIFOTCS cripaBa HajneBo Ha PDP-11 u cineBa HanpaBo Ha Apyrux MallvHax.
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Onucarens CTPYKTYPbI, KOTOPBIA HE COJACPKUT OIMKCATENIS, & TOJIBKO IBOETOYHE U
HIMPUHY, YKa3bIBAET HEMMEHOBAHHOE T0JIe, TIOJIE3HOE ISl 3alI0JTHEHHSI CBOOOTHOTO
MIPOCTPAHCTBA C 1IETBI0 COOTBETCTBHUSA 33/1aBaEMbIX M3BHE cxemaM. CriennanbHbIN
Ciy4yail HEMMEHOBAHHOIO MOJs ¢ UPUHOM 0 HCToNb3yeTcs Uil yKa3aHus O
BBIPABHUBAHUU CJIEAYIOLIETO MOJIS Ha TpaHuIly ciioBa. [Ipu 3Tom npeanosaraercs, 4to
"cremyroree mosie" NeHCTBUTENBHO SBISIETCS MOJIEM, @ HE OOBIYHBIM YJICHOM
CTPYKTYPBI, IOCKOJIBKY B MOCJIETHEM CJIy4a€ BIPABHUBAHUE OCYUIECTBIIACTCS
ABTOMATHUYECKH.

CaM s3bIK HE HaKJIaIbIBAeT OIPaHUYCHUN HA TUIBI OOBEKTOB, OMMCAHHBIX KaK MOJIsl, HO
OT peanu3anuii He TpedyeTcss 00eCeunBaTh YTO-THMO0 OTIIMYHOE OT LEBIX MOJICH.
bonee Toro, naxke mosis Tumna int MOTyT paccMaTpUBaThCs Kak He UMerolue 3Haka. Ha
PDP-11 nosns He UMEIOT 3HaKa U MOTYT IPUHUMATh TOJIBKO IieJIble 3HaueHus. Bo Bcex
peanu3anusx OTCYTCTBYIOT MAaCCUBBI IOJIEH U K MOJISIM HE IPUMEHUMA ONEepaLns
B3STHUS afpeca &, TaK YTO HE CYIIECTBYET U yKa3aTeJel Ha MmoJs.

OO0beanHeHe MOKHO MIPEJCTaBUTh ce0e KaK CTPYKTYPY, BCE UJI€HbI KOTOPOH
HaYMHAIOTCS co cMmenieHus 0 1 pa3mep KOTOPOH TOCTaTOUYeH, YTOOBI COIEpKATh JIF000H
U3 ee WIEHOB. B Kax/1blii MOMEHT 00beAMHEHNE MOKET CO/IEpKaTh He OoJiee OJJHOTO U3
CBOMX UJICHOB.

Crnenudukatop CTpyKTYphI Win 00beIMHEHUS BO BTOpoi popme, T.e. OnuH U3

struct mmeHTHOUKATOP { CIMCOK-ONMCAHUM-CTPYKTYPHL }

union mmeHTMOMKATOP { CHMCOK—-ONMCAHUM-CTPYKTYPH }
OTMCHIBAET UJICHTU(UKATOP B KAUECTBE SPJIbIKA CTPYKTYPHI (MU SIpIIbIKA
00BETMHEHNST) CTPYKTYPBI, CIIEHNU(UITMPOBAHHON STHM ciiickoM. [locremytomiee
OIMCaHUE MOXKET 3aTeM HCII0JIb30BaTh TPEThIO GopMy criennpuKaTopa, OuH U3

struct mmeHTUOMKATOP

union mmeHTUbOMKATOP

SIpABIKY CTPYKTYP alOT BOZMOKHOCTH OIPEAETICHUS CTPYKTYP, KOTOpPbIE CChUIAIOTCS Ha
camMuXx ce0sl; OHU TaKXkKe MO3BOJISIIOT HEOJHOKPATHO HCIIOJIb30BATh MIPUBEICHHYIO
TOJIKO OJIMH pa3 JUIMHHYIO YacTh OMHUCAaHMs. 3alpeniaeTcs ONUChIBaTh CTPYKTYPY WU
00BbeTMHEeHNE, KOTOPBIE COJiepKaT 00paser caMmoro cedsi, HO CTPYKTypa UiIH
00BbeIMHEHNE MOTYT CO/IEPKaTh yKa3aTesab Ha CTPYKTYpPY WM 00bEAMHEHNE TAKOTO JKe
BUJIa, KAK OHU CaMH.

HMMeHna 4iieHoB u SPJIBIKOB MOT'YT COBIIa/IaTb ¢ UMCHAMU OOBIYHBIX NICPpCMCHHBIX.
O,I[HaKO HMCHA APJIbIKOB U YJICHOB JOJIXKHbI OBITH B3aUMHO Pa3sINYHBIMHU.

JIBe cTpyKTypBl MOTYT HMETh OOIIYI0 HAaYaJbHYIO NOCIEI0BATEIBHOCTD YWICHOB; 3TO
O3HAYaeT, YTO TOT YK€ CaMbIi WICH MOXET IOSBUTHCS B JIBYX PA3IHUHBIX CTPYKTYpax,
€CJIM OH UMEET OJMHAKOBBIN THII B 00EMX CTPYKTYpPax U €CIIU BCE MPEABbIAYIIHNE YICHBI
00enx CTPYKTyp OAMHAKOBEI. (PaKTHYECKH KOMITHIITOP TOJBKO MPOBEPSET, YTO UMSI B
JBYX Pa3JIMYHBIX CTPYKTYpax UMEET OJMHAKOBBIA THUIl U OAMHAKOBOE CMELICHUE, HO
€CITH MIPEIIECTBYIONINE YICHBI OTIIMYAIOTCS, TO KOHCTPYKIUS OKa3bIBACTCS
HENEPEHOCUMOM ).

Bort npocroii mpumep ONuUcaHus CTPYKTYPbI:
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struct tnode {

char tword[20];

int count;

struct tnode *left;
struct tnode *right;

}s

Taxast cTpykTypa conepKuT Maccus U3 20 CUMBOJIOB, 1I€JI0€ U JIBA yKa3aTels Ha
noJJ00HbBIE CTPYKTYphl. Kak TOJIbKO MPUBEEHO TaKOE ONMCAHUE, OIIMCAHUE

struct tnode s, *sp;
TOBOPHUT O TOM, YTO S SABJIACTCA CTPYKTypOﬁ YKa3aHHOI'O BHAa, a Sp SABJISCTCA
yKa3arelieM Ha CTPYKTYPY YKa3aHHOTO BuAa. [Ipy Hanu4umum 3TUX OMMCaHUI BBIPAXKEHUE

sSp->count
CCBUIAETCH K IO count CTPYKTYPBI, Ha KOTOPYIO YKa3bIBA€T SP; BBIPAKCHUC

s.left
CCBUIAETCA Ha yKa3areib JIEBOIO HOAAEPEBA B CTPYKTYPE S, & BEIpAXKECHUE

s.right->tword[0]
CCBIJIACTCSI Ha TIEPBBIA CUMBOII WieHa tword mpaBoro mojjaepena us s.

16.6. Uuunnuunaausauus

Ornucatens MOXKET YKa3bIBaTh HAYalIbHOE 3HAUEHUE OMHUCHIBAEMOTO UIECHTH(PHUKATOPA.
WNHumanu3aTop COCTOUT U3 BEIPAKCHUS WM 3aKIIFOUEHHOTO B (PUTypHBIC CKOOKH
CIIMCKA 3HAYEHUM, Iepe]l KOTOPBIMU CTABUTCS 3HAK =.

Huuyuanuzamop:

= gblpadicenue

= { cnucox-unuyuanuzamopa }
= { cnucok-unuyuanruzamopa, }

CRUCOK-UHUYUATUZAMOPA.:

svipasiceHue

CRUCOK-UHUYUATUZAOPA, CHUCOK-UHUYUATIUZAMOPA
{ cnucok-unuyuanuzamopa ;!

Bce BbIpaxkeHus, BXOIAIINE B MHUIIMATN3ATOP CTATUUECKON MJIM BHEIIHEH
nepeMeHHoﬁ, JOJI?)KHBI 6I:ITI: .HI/I60 KOHCTAaHTHBIMHA BLIpa)KeHI/IHMI/I, OIIMChIBACMBIMH B II.
23, JInbo BBIpOXKEHHUSIMU, KOTOPBIE CBOJIATCS K apeCy paHee ONMMCaHHON EPEMEHHOM,
BO3MOXHO CMeH_[eHHOMy Ha KOHCTAHTHOC BI:Ipa)KeHI/Ie. ABTOMaTI/I‘-IGCKI/Ie )41
PEruCTPOBBIE IEPEMEHHBIE MOTYT ObITh HHUITHATHU3UPOBAHBI POU3BOJIHLHBIMHU
BBIpa)KCHI/IHMI/I, BKIIFOYAOIIINMMHU KOHCTAHTHI U paHee OIINCAHHBIC nepeMeHHHe 158

bYyHKIIH.

FapaHTpreTCfI, 4YTO HCMHUIUAJIIM3UPOBAHHBIC CTATUYCCKUC N BHCITHUC IICPEMCHHBIC
MOJTYYarOT B KAYECTBE HAYAIBbHBIX 3HaUCHUH (; HEWHUIIMATH3UPOBAHHBIC
ABTOMATHYCCKUC U PCTUCTPOBLIC ICPEMCHHBIC B KAYCCTBC HAYAJIbHBIX 3HAa4YCHUHU
COZIepKaT Mycop.
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Korna nHUIIMaNTn3aTop NPpUMEHSETCs K CKaJsipy (yKa3aTelto W 00bEKTy
apuMEeTUYECKOTO THIIA), TO OH COCTOUT U3 OJJHOTO BBIPAXKEHUS, BO3MOKHO
3aKIIIOYEHHOTO B (hurypHble ckoOku. HauanpHOe 3HaYeHHE 00HEKTa HAXOIUTCS U3
BBIPQ)KEHUS; BHITIOJHSIOTCS TE YK€ caMble IPpeoOpa30BaHus, YTO U MIPHU MPUCBAUBAHHH.

Korna onuceiBaemasi mepeMeHHas SIBISIETCS arperaTtoM (CTPYKTYPOM WM MacCUBOM ),
TO MHULIMATH3ATOP COCTOUT U3 3aKIIFOUEHHOTO B (PUTypHBIE CKOOKU U pa3IeICHHOTO
3aMAThIMH CIIHCKA HHUIUAIU3ATOPOB ISl YWIEHOB arperara. 3ToT CIIMCOK COCTaBIISeTCs
B MOPSIIKE BO3pACTaHUs UHJIEKCA WIIK B COOTBETCTBUU C MOPSIAKOM ujieHOB. Ecin
arperar COJIEp>KUT MOJIarperarsl, TO 3TO MPABUJIO IPUMEHSIETCS PEKYPCUBHO K YJeHaM
arperata. Eciid KOTU4ecTBO MHUIIMAIM3ATOPOB B CIIMCKE OKA3bIBAETCSI MEHBIIIE YKCTIa
YJIEHOB arperara, TO OCTaBILIMECs YJICHBI arperara 3aroyIHAI0TCS HyJISIMU. 3anperiaercs
WHULAATU3UPOBATh 00bEIMHEHUSI I aBTOMAaTUYECKHUE arperarhl.

OurypHsie CKOOKH MOTYT OBITh OMYIIEHBI CIEIYIOIMM 00pazoM. Ecnu nHunnanmzaTop
HAYMHAETCS C JICBOM (PUTYPHOM CKOOKH, TO TTOCIICAYIONTUH Pa3AeICHHBIN 3aMsIThIMU
CIUCOK MHUIIMAIN3aTOPOB MHUILIMATH3UPYET YICHBI arperara; OyaeT omuoKoi, eciiu B
CIHCKE OKa)KeTCs 0O0JIbIIIe MHUIIMAIN3aTOPOB, YEM WICHOB arperata. Ecimm ogHako
WHUIMAIN3aTOp HE HAUWHACTCS C JIEBOM QPUTypHOIl CKOOKH, TO U3 CITUCKa OepeTcs
TOJIBKO HY’KHOE JJIs WICHOB JaHHOI'O arperara 4Yuciio JIEMEHTOB; OCTABIIHECS
3JIEMEHTHI UCTIOIb3YIOTCS Il MHULUATIM3ALMH CIIEYIOLIEro WIEHA arperara, 4acTblo
KOTOPOTO SBJISIETCS] HACTOSIIUN arperar.

ITocnenguee COKpalm€HUC O0ITYCKACT BO3MOXHOCTb MHUIIUAJIM3all MaCCHBa TUIIA char
C IIOMOLIBIO CTPOKHU. B sTom CJIydac YJICHbI MaCCHUBA ITOCIICAOBATCIIBHO
HHULUATTU3UPYIOTCA CUMBOJIaMU CTPOKH.

Hamnpuwmep,

int x[] = {1,3,5};
ONKMCBHIBAECT U MHULIMAIM3UPYET X KaK OTHOMEPHBIM MAaCCHUB; ITOCKOJIBKY pa3Mep
MaccHuBa He crenru(UIMPOBaH, a CIIUCOK WHUITUAIU3UTOPA COACPKUT TPH dJIEMEHTA,
CUUTAETCS, YTO MACCUB COCTOUT U3 TPEX YIICHOB.

Bot npuMep HHUIIMATN3AIUY C ITOJTHBIM HCIIOJIB30BAaHHEM (DUTYPHBIX CKOOOK:

float *y[4]1[3] = {
(1, 3, 5,
(2, 4, 6),
(3, 5 7)),

}s

3nech 1, 3 U 5 MHULIIMANTM3UPYIOT NEPBYIO CTPOKY MaccuBa y[0], a umenno y[0][0],
y[0][1] u y[0][2]. AHanOTrUYHEIM 00pa30M CIEIYIOIINE ABE CTPOUKH UHUITUATU3UPYIOT
y[1] u y[2]. Uaunmanu3aTop 3aKkaHYuBaETCA MPEKACBPEMEHHO, U, CIIEI0BATEIBHO,
MaccuB y[3] uHuIMaNu3upyeTcs HysiMi. B TouHOCTH Takoro ke 3ddexra MOKHO
ObBLIO OBl TOCTHUYb, HAIIHCAB

float y[4]1[3] = {
1, 3, 5, 2, 4, 6, 3, 5, 7
}i
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NHunmanusatop a1 y HaUMHAETCS C JIEBOW (UTYpHOU CKOOKH, HO MHUITMATIN3aTOpa
11 y[0] Het. [ToaToMy ncnionb3yeTcs 3 3JeMeHTa U3 CIUCKa. AHAJIOTHYHO CIEAYIOIINE
TPH 3JIEMEHTA UCIIOJIB3YIOTCS MOCcaea0BaTeNbHO s y[ 1] 1 y[2]. crnenyroiiee onucanue

float y[411[3] = {
(L), (2), (3), (
bi
UHUIUATM3UPYET MEPBBINA CTOIOEI] Y (€C/IH €ro pacCMaTPUBATh KaK IBYMEPHBIi
MaCCI/IB), ad OCTAJIBHBIC DJICMCHTHI 3aIIOJTHAKOTCA HYJISIMU.

4)

U naxoHen, ommcanue

char msg[] = "SYNTAX ERROR ON LINE %s\n";
JACMOHCTPUPYET HHUITHAINU3AIIUIO 3JIEMECHTOB CUMBOJILHOI'O MaCCHUBa C IOMOIIbIO
CTPOKH.

16.7. UmeHna Tunos

B nByx ciywasx (Ass SBHOTO yKa3aHUS THUIIA TPeoOpa3oBaHus B KOHCTPYKIUU
nepeBojia v JUIsl apryMEHTOB omepanuu sizeof) skenaTeIbHO IMETh BO3MOKHOCTh
3a/1aBaTh UMs TUIIA JAHHBIX. DTO OCYLIECTBISETCS € MOMOILBIO "MMEHH TUMA", KOTOpOe
O CYILECTBY SIBJISIETCS ONMUCAHUEM OOBEKTa TAKOTO TUIIA , B KOTOPOM OIMYIIEHO UM
camMoro o0ObeKTa.

Hma muna:
cneyugpuxamop-muna aOCmpaKmuslil-onucameinsb

abCmMpaKmuwlii-onucamens:

nycmo

(abcmpaxkmmuulii-onucamens)

* abcmpaxkmuwiil onucamens

abcmpaxmuslii-onucamens ()

abcmpaxkmuwiti-onucamend [KOHCMAHMHOE 8bIPANCEHUC eo5]

Bo n30exxannuu 1BYCMBICIICHHOCTH B KOHCTPYKIIMH (AOCMPAKMHbIUL ONUCAMENb)
Tpebyercsi, YToObI abCTpaKTHHIH-onKcaTenb ObuT HemycT. [Ipu 3TOM orpannueHnn
BO3MOXHO OJJHO3HAYHO OIPEIEIUTh TO MECTO B a0CTpaKTHOM-oIucarese, rjae Obl
NOSIBUJICS] UICHTU(HUKATOP, €CJIN ObI 3Ta KOHCTPYKIHS ObLIa ONMKCATENIEM B OITMCAHUH.
VmeHoBaHHBIN THI COBIAAaeT TOTAa ¢ TUIIOM FMIIOTETUYECKOT0 UIEHTU(UKATOpA.
Hanpumep, nmena tTunos

int
int *
int *[3]
int (*) [3]
int *()
int (%) ()
MMEHYIOT COOTBETCTBEHHO THUIIBI "1esblil", "yKa3aTenp Ha 1enoe", "MaccuB U3 Tpex
yKazaresei Ha nenoe", "ykasaTelb Ha MacCHUB U3 Tpex Henbix", " hyHKIwus,
BO3BpaIlaoIas ykazareib Ha 1enoe” u ""yka3aTellb Ha QYHKIIHIO, BO3BPALIAIOIIY O

neioe".

[
*
(
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16.8. typedef

Omnwucanus, B KOTOPBIX "Kitacc maMaTu" cnenuuimpoBan kak typedef, He BBI3BIBAIOT
BBIJICJIEHUS TAMSATH. BMECTO 3TOTO OHH ONPEACISAIOT UACHTU()UKATOPHI ,KOTOPhIE
M03/IHEE MOKHO HCII0JIb30BaTh TaK, CJIOBHO OHU SIBJISIOTCS KJIIOYEBBIMU CIIOBAMH,
UMEIOIMMHU OCHOBHBIE WJIN POU3BOIHBIE THIIBL.

Onpeoensoujee-mun-ums
uoenmughuxamop

B npenenax obxactu neicTBUs onucaHus co crierudurkaropom typedef kaxpiii
uAeHTU()UKATOD, ABJIAIOMIUNACS YaCThIO JTI0OOT0 OMUcaTeNsi B ’TOM ONKUCaHUH,
CTaHOBUTCSI CUHTAaKCUYECKH 3KBUBAJIEHTHBIM KJIFOUEBOMY CJIOBY, UMEIOLIEMY TOT THUI ,
KOTOPBIN aCCOIMHUPYET C UACHTH(PUKATOPOM B OIMCAHHOM B II. 16.4 cMBICTIC.
Hanpumep, nocne onucanuii

typedef int miles, clicksp;
typedef struct ( double re, im; ) complex;

KOHCTPYKLUU

miles distance;

extern clicksp metricp;

complex z, *zp;
CTAHOBSITCS 3aKOHHBIMHU OITUCAHUSAMU; TPU 3TOM THIIOM distance siBisieTcs int, TUIIOM
metricp - "yka3artenb Ha int", TUIIOM Z - crienuUIUPOBaHHAs CTPYKTypa U TUIIOM Zp -
yKa3aTellb Ha TaKylo CTPYKTYpY.

Crneuundukarop typedef He BBOIUT KaKUX-THOO COBEPIIIEHHO HOBBIX THUIIOB, a TOJIBKO
onpeacisiCT CHHOHUMBI JIsl TUIIOB, KOTOPBIC MOKHO 61:1.]10 6]:1 CHGHI/I(bI/ILII/IpOBaTB )41
IpyruM criocobom. Tak B MpuBeIEHHOM BHIIIIE MpUMepe iepemeHHas distance

CUMTAETCS UMEIOIIEH TOUHO TAaKOM e THI, YTO U JII000H Jpyroit 00BEKT, ONMMCAHHBIH B
int.

17. Oneparopsbi

3a UCKIIIOUEHHEM 0C000 OrOBapUBAEMBIX CIy4aeB, ONEPATOPHI BHITOIHIIOTCS
[IOCJIEIOBATEIBHO.

17.1. OnepaTopHoe BbIpaKeHue

boapmuHCTBO OIICPaTOPOB ABJIAIOTCA OINICPATOPHBIMHA BLIPAKCHUAMU, KOTOPBIC UMCIOT

(opmy
ebzpaofceHue;

0OBIYHO OTIEPATOPHBIC BHIPAKEHHUS SIBJISIOTCS IPHUCBAMBAHUSMH WJIH OOpAICHUSIMU K
GyHKIHSIM.

17.2. CocTtaBHoii onepaTop (njm 0J10K)

C teM 4TOOBI AOMYCTUTh BO3MOXXHOCTH UCTIOJIb30BaHUSI HECKOJIBKUX OTIEPATOPOB TaM,
/1€ 0)KUJAETCs MPUCYTCTBUE TOJIBKO OJJHOTO, ITPEyCMaTPUBAETCSl COCTAaBHOM oneparop
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(KOTOpBIH TaKkKe M SKBUBAJICHTHO HA3BIBAIOT "OJ0KOM"):

COCMABHOU Onepamop:
{cnucox-onucanuil, o5 CNUCOK-0NEPAMOPO8yeos)

CNUCOK-ONUCAHUILL:
onucarue
Onucanue CNUCOK-onUCAHUlL

CHUCOK-0Nepamopos.
onepamop
onepamop CRUCOK-onepamopos

Ecnu xakoi-nmi6o uaeHTHGUKATOp U3 CIIUCKA-OMMCAaHUK ObLT OMTMCaH paHee, TO BO
BPCEM BbIITOJIHCHU A 6JIOKa BHCIIHCC OIMMUCAHUC MOAABIACTCA U CHOBA BCTYNIACT B CUITY
1ocJIe BbIXoJa u3 OJIoKa.

JIrobas HHULMAJIN3alrd aBTOMATUYCCKUX U PCTUCTPALMOHHBIX IMIEPEMCEHHBIX
IPOBOJIUTCS PU KaXJIOM BXO/JIe B OJIOK uepe3 ero Hauano. B HacTosiee BpeMs
paspeniaercs (HO 3TO IUI0Xas MPaKTUKa) MepeaaBaTh yIpaBlieHUE BHYTPh OJI0Ka; B
TaKOM CJIy4ae 3TH MHULUAIN3ALUHU HE BBIOIHAIOTCS. HUIMaIU3auy CTaTHYeCKUX
MNEPEMCHHBIX IPOBOAATCA TOJBKO OJUH Pa3, KOrga HAYMHACTCA BBIITOJITHCHUC
HpOrpaMMBEI.

Haxopgsmuecs BHYTpU 0J10Ka BHEIIIHNE OMHUCAHUI HE PE3CPBUPYIOT MMAMATH, TaK YTO UX
HHHULIMaIU3alus HE pa3peiacTCA.

17.3. YcioBHbBIE OnIepaTopbl
NmeroTcst 1Be GOpMBI YCIIOBHBIX ONIEPATOPOB:

if (8vipadicenue) onepamop
if (svipadicenue) onepamop else onepamop

B 00oux ciydasix BEIYUCIISETCS BRIPAKESHUE M, €CIIM OHO OTIUYHO OT HYJISI, TO
BBITIOJTHSACTCS MIEPBBIN 1ooneparop. Bo BTopom ciydae, eciiu BeIpakeHHE PaBHO
HYJIIO, BEITATTHAETCSL BTOpOoi nogonepatop. Kak 00braHo, ABycMBICIEHHOCTS "else"

paspenraercs CBsi3bIBaCHUEM else ¢ MocieTHUM BCTpedaronumMes if, y KoToporo Het
else.

17.4. Oneparop while

Omnepatop while umeer popmy

while (svipasicenue) onepamop

[Tononeparop BBIMOTHSAETCS OBTOPHO JI0 TEX MOP, IOKA 3HAYCHUE BBIPAKCHUS
0CTaeTCs OTIMYHBIM OT HYJIsl. TPOBEPKA MPOU3BOIUTCS MEPE]] KAKIBIM BBITOJTHEHHEM

orepaTopa.

17.5. Oneparop do
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Omnepatop do umeer popmy
do onepamop while (svipasicenus)

OnepaTop BBIITOJHACTCA MMOBTOPHO A0 TCX MOP, IIOKA 3HAYCHUC BBIPAKCHUA HC CTAHCT
PaBHBIM HYJIIO. HpOBepKa MPOU3BOAUTCH ITOCJIC KAKAOT'O BBIIIOJIHCHHUSA OIliEpaTopa.

17.6. Onepatrop for

Omnepatop for umeet hopmy

(8vipasicerue- 1,006 ; BLIPAACEHUC-2,,005 ; BLIPANCEHUE-3 41005 )ONEPATNOP
Omneparop for 5KBUBAJICHTEH CIICAYIOMICMY

svlpasicenue-1;

while (svipasicenue-2) {
onepamop
svipadicenue-3

/

Takum 0Opa3om, IePBOE BEIPAKEHUE OMPEIEIIeT MHUIMATH3AINIO IIUKIa; BTOPOE
cnenupuyrupyeT NpoBepKy, BHIIOIHAEMYIO Miepe] KaX 10 uTepalue, Tak 4To BBIXO
Y3 [IUKJIA IPOUCXOAUT TOT1a, KOTJ1a 3HAYEHUE BBIPAKEHHSI CTAHOBUTCS HYJIEM; TPETHE
BBIPAKEHHE YaCTO 33JaeT NpHUpalEHUE TapaMeTpa, KOTOPOe MPOBOJUTCS MOCTE
KaXJI0M UTEpALUH.

JIroOoe BhIpa)XCHUE WITH JTaXKe BCE OHU MOTYT OBITh OMYyIICHBI. ECiin OTCyTCTBYET
BTOPOE BBIpAXKEHHUE, TO NpeyioxkeHune ¢ while cuurtaercs sxkBuBasieHTHBIM While(1);
JPyTHE OTCYTCTBYIOIIHE BBIPAXKEHUS MPOCTO OIMYCKAKOTCS U3 MIPUBEICHHOTO BBIIIIC
paciupeHusl.

17.7. Onepatop switch

Omneparop switch (mepekitoyarens), BbI3BIBAET epeaaydy yIpaBIeHUs K OTHOMY U3
HECKOJIbKUX OIEPaTOpPOB, B 3aBUCUMOCTH OT 3HaYCHMs BbIpaxkeHus. Oneparop UMeeT

(opmy
switch (svipasicenue) onepamop

B BbIpakeHHU NMpoBOAATCS OOBIYHBIE apH(PMeETHUECKHE TPe0oOpa3oBaHusl, HO Pe3yIbTaT
JIOJDKEH UMeTh Tull int. OniepaTop 0OBIYHO SBIISIETCS COCTaBHBIM. JI1000# onepaTop
BHYTPH 3TOT'O OIlEpaTOpa MOKET ObITh TOMEUYEH OJTHUM WUJIH 00Jiee BapHaHTHBIM
npeduKkcoM case, UMEIOLIMM (POpMy: case KOHCTAHCTHOE BBIPAXKEHUE: I1Ie KOHCTAHTHOE
BBIpa)KEHHUE OJDKHO UMETh TUM int. Hukakue aBe BapHaHTHBIC KOHCTAHTHI B OTHOM U
TOM € MEePEKIII0YaTesie He MOTYT UMETh OJIMHAKOBOE 3HAUEHHE. TOYHOE ONpPECICHHUE
KOHCTaHTHOT'O BbIpA)XEHUsI IPUBOAUTCS B 1. 23.

Kpome Toro, MokeT npucyTCTBOBaTh caMoe OOJIblee OIMH ONEepaTOPHBIH Mpedukc
BUJA

default:
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[Tpu BEIMONTHEHNH OoTIepaTopa switch BEIUMCIIETCS BXOIAIIEE B HETO BBEIPAXKCHUE H
CPaBHMBAETCS C KaXK/01 BapUAHTHON KOHCTAHTOM. Eciy 0/jHa M3 BApHAaHTHBIX KOHCTAHT
OKAa3bIBACTCS paBHOW 3HAUEHHIO 3TOTO BBIPAXKEHUS, TO YIPABJICHUE TIEPEIaCTCs
OIepaTopy, KOTOPBIH CIEeIyeT 3a COBIAIAIOIINM BapHaHTHBIM NpedukcoM. Eciau Hut
OJTHA W3 BAPHAHTHBIX KOHCTAHT HE COBITAJACT CO 3HAYCHNUEM BBIPAKCHHUS U €CITH TIPH
9TOM NpUCyTCTBYeT npedukc default, To ynpasienue nepenaercst oneparopy,
MIOMEYEHHOMY 3TUM MPEPUKCOM. €CITH HU OAMH U3 BAPUAHTOB HE MOIXOANT U MPEPUKC
default orcyTcTBYeT, TO HU OJTUH U3 ONEPATOPOB B MEPEKIIIOYATEIIC HE BBIITOTHACTCS.

Camu o cebe npedukchl case u default He U3MEHSIOT MOTOK YIIPABICHHS, KOTOPOE
OecCIpernsATCTBEHHO MPOXOINUT Yepe3 Takue npedukchl. s BpIX0Aa U3 IepeKIrodaTeis
cMoTpuTe oneparop break, m. 17.8.

OO0bI9HO oTepaTop, KOTOPHI BXOJHUT B TIEPEKITIOYATENb, SIBIISIETCSI COCTABHBIM.

Ornucanus MOTYT TOSIBIATHCS B HAa4alle 3TOTO orepaTopa, HO HHUIIHATU3AIuU
ABTOMATUYECKUX U PETUCTPOBBIX MEPEMEHHBIX Oy 1yT HeA((HEKTUBHBIMHU.

17.8. Oneparop break

Omnepatop

break;

BBI3BIBACT 3aBCPIICHUC BBIMTOJITHCHUA HAMMCHBUICTO OXBATBIBAIOIICTO OTOT OIICPATOP

onepatopa while, do, for unu switch; ynpasnenue nepegaercs oneparopy,
CIIC/TyIOIIEMY 3a 3aBEPIICHHBIM OIIEPaTOPOM.

17.9. Oneparop continue

Onepatop

continue,

NPUBOJUT K Tepeiaue yrnpaBlieHUs Ha TPOIOHKAIONIYI0 UK YaCTh HAMMEHBIIIETO

OXBaTBIBAIOIIETO ATOT onepatop oneparopa while, do unu for; To ecTh Ha KOHEIT IUKJIA.
Boiee To4HO, B KaXKIOM U3 OIIEPaTOPOB

while (...) { do { for(...) {

CONTIN: ; CONTIN: ; CONTIN: ;
} } while(...); }

Omneparop continue sxkBuBasieHTeH orneparopy goto CONTIN. (3a CONTIN: cienyer
IycToi oneparop; cM. . 17.13.).

17.10. Oneparop BO3BpaTa

BosBparienue u3 pyHKINN B BBI3BIBAIOIIYIO IPOTPAMMY OCYIIECTBIISIETCS C IIOMOIIBIO
oreparopa return, KOTOPBII UIMEET O/IHY U3 CIEeAYIOMUX (hopM

return,
return evipaosicenue;
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B nepBom ciyuyae Bo3BpalaeMoe 3HaueHHe He onpeseseHo. Bo BropoM citydae B
BBI3BIBAIOIIYIO (DYHKIIMIO BO3BpAIllaeTCs 3HaUeHue BoIpaxkeHus. Eciau Tpebyercs,
BbIpaK€HHE NpeoOpa3yercs K TUILY (PYHKIMU, B KOTOPOU OHO MOSIBIISIETCS, KaK B ClIyyae
npucBauBaHud. [lonaganue Ha KoHel (YyHKIIMK SKBUBAJIEHTHO BO3BpaTy 0e3
BO3BPAIlAEMOT0 3HAYCHHUS.

17.11. Onepartop goto
VYnpasieHue MOXKHO IepeiaBaTh 0€3yCIOBHO C TOMOIIBIO OllepaTopa
goto udenmuguxkamop

UICHTHU(PHUKATOP JOJDKEH OBITh MeTKOH (11. 9.12), Jlokann3oBaHHOHM B TaHHON (QyHKIIUH.

17.12. Ilome4eHHBI ONIEPATOP
[Mepen M0OBIM OIIEPATOPOM MOKET CTOSITh TOMEUEHHBIH MPe(pUKC BUAA
uoenmughuxamop:

KOTOPBIH CITYXKHT JJIsl ONTMCAHUS UACHTU(PHUKATOPA B KAUeCTBE METKU. MeTKU
UCIIOJIB3YIOTCS TOJIBKO JJISl YKa3aHUSl MECTa, KyJa IepeaeTcs ynpaBIeHHE ONepaTopoM
goto. O0macTeio JEHCTBUS METKU SIBISIETCS JaHHas (PYHKIIHS, 32 UCKIFOUEHUEM JTFOOBIX
1Mo10JI0KOB, B KOTOPBIX TOT K€ HACHTU(PHUKATOP onrcaH cHoBa. Cmotpu 11. 19.

17.13. Ilycroii onepartop

[TycToii omepatop umeet Gpopmy:

[Tycroii onepaTop oka3bIBaeTCs MOJIE3HBIM, TaK KaK OH ITO3BOJIAET IIOCTABUTH METKY
niepe1 3aKphIBAIOIIEH CKOOKOI } COCTAaBHOTO OIepaTopa MM yKa3aTh IyCTOE TElO B
oreparopax IUKJIa, TaKuX Kak while.

18. BHemiHue onpeaesieHust

C-nporpaMmma npeAcTaBiIsieT OO0 MoCIe0BaTEIbHOCT BHEIITHUX ONPEICTICHUH.
Bremrnee onpeneneHe onuchiBaeT UACHTU(DUKATOP KaK UMEIOIINH KJIacC aMsITH
extern (110 YMOJITYaHHUIO), UJTM BO3MOXHO static, U crienuUIIMpOBaHHbBIN THII.
Crenundukarop tumna (m. 16.2) Takxke MOKET OBITh TyCTHIM; B 3TOM CITydae CUMTACTCS,
YTO THII ABJISIETCS TUIOM int. OG1acTh NEUCTBUS BHEITHUX OTMPEICTICHHUI
pacmpocTpaHsieTcst 10 KoHIa (aiisia, B KOTOPOM OHH MPUBEACHBI, TOYHO TaK K€ , KaK
BIIMSIHUE OMTMCAHUN MTPOCTHPACTCA 10 KOHITA O6J10ka. CHHTaKCHUC BHEIIHUX OMPEeICHUI
HE OTJIMYAETCSl OT CHHTAKCUCA OMMCaHUH, 32 UCKIIFOUEHUEM TOT0, YTO TOJIBKO HAa 3TOM
YPOBHE MO>KHO MPUBOJIUTH TEKCT (PYHKITHHA.

18.1. BHemnee onpenenenne GyHKunu

Omnpenenenne GyHKIUN UMEET GOpMY
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onpeoeneHue-QyHKYuu.
cneyuguKkamopuvl-onucanus onucamenb-QOyHKyuu
meno-yHKYUUeo6

EnuHcTBeHHBIMHE crienin(UKaTOpaMu Kilacca MaMsITH, JOIyCKAaeMbIMU B KAUECTBE
crienu(pUKaTOpOB-ONMUCAHUS, SBIISIOTCS eXtern WiM static; 0 pa3Iudauy MEXTy HUMHU
cmotpu 1. 19.2. Onmcatens GyHKINMN TOA0OEH onucaTemto s "pyHKIuy,
BO3BPAIIAIOINICH...", 32 UICKITIOUEHHEM TOTO, YTO OH MEePEUUCISICT GopMaibHbIE
napaMeTphl orpeeNnseMon (yHKIHH.

Onucamenvb-ghynkyuu:
onucameins (CNUCOK-NAPAMEMPOB;,e0)

CRUCOK Napamempos:
uoenmughuxamop
UOeHMUPUKamop, CNUCOK-NaApamempos

Teno-QyHKImu umeeT Gopmy

meno-QyHKYuu:
CRUCOK-ONUCAHUL COCMABHOU-ONEpAmop

W neHTuduKaTopsl U3 CIUCKA MapaMeTPOB U TOJBKO OHU MOTYT ObITh OIIMCAHBI B
crimcke onrcanuil. JIFo0oi HACHTUPHUKATOD, THIT KOTOPOTO HE YKa3aH, CYUTACTCS
UMEIOIUM THUII int. EMMHCTBEHHBIM JOMYCTHUMBIM 3/1€Ch CIIeHU(pUKATOPOM Ki1acca
NaMSITH SBISIETCS register; ecim TakoW Kiace MaMsTh Crenru(UIpOBaH, TO B HaYale
BBINOJIHEHUSI (PYHKIIMHM COOTBETCTBYIOIIUHI (PaKTUUECKHUH MapaMeTp KOMUPYETCs, eCln
9TO BO3MOXXHO, B PETHUCTP.

BoT npocToii mpumep MOTHOTO onpeeneHust (QyHKIHH:

int max(a, b, c)
int a, b, c;
{
int m;
m = (a>b) ? a:b;
return((m>c) ? m:c);
}
3nech int - cnenudukaTop-TUTA, Mmax(a,b,c) - onucarenb-QyHKIMH, int a,b,c; - CIIUCOK-
onucaHuii (POpMaNIbHBIX TAPAMETPOB, { ... } - OJIOK, COAepKALINIA TEKCT orepaTopa.

B s3pike C Bce paktnyeckue napamerpsl THna float mpeoOpasyrores k tuny double, Tak
YTO OnMUcaHus (OPMAILHBIX MMAPaMETPOB, OOBIBICHHBIX KakK float, mpucmocobaeHb
npoyecTs mapameTpsl Tuna double. AHaIOTUYHO, ITOCKOJIBKY CCHIJIKA HA MACCHB B
JTF000M KOHTEKCTE (B YaCTHOCTH B (JaKTHUECKOM TMapaMeTpe) pacCMaTpUBAETCS KaK
yKa3aresb Ha IepBBIH 2JIEMEHT MacCHBa, ONMMCaHKs (POPMAJIbHBIX ITapaMeTPOB BHJIA
""MaccusB ..." PUCTIOCOOIICHBI TPOYECTh: "yKaszarenb Ha ...". Yl HaKOHeIl, TOCKOJIbKY
CTPYKTYpBI, 00beJUHEHHS U (PYHKIIMU HE MOTYT OBITh IIepelaHbl (QyHKINH,
0ECCMBICIICHHO OMMCHIBATH ()OPMAITBHBINA TTApaMETpP KaK CTPYKTYpPY, 0ObeTMHEHHE WITH
¢yHKuuIO (YKa3arenu Ha Takue 00bEKThl, KOHEYHO, IOy CKAIOTCS).

18.2. BHemiHue onpeae/ieHUs JaHHbIX
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Buemnee onpeneneHue JaHHBIX UMEET HopMy

onpeoenieHue-0aHHbIX:
onucauue

Kitaccom mamsiTi TaKMX JAHHBIX MOXET OBbITh extern (B 4aCTHOCTH, IO YMOTYAHHUIO)
WJIH Static, HO HE auto WiH register.

19. IIpaBuaa, onpeaeasiromue 00J1acTb 1eMCTBUAS

Best C-mporpamma HeoOs13aTeIbHO KOMIMIIMPYETCST OTHOBPEMEHHO; UCXOTHBIN TEKCT
IPOTPaMMBbI MOXKET XPAHUTHCS B HECKONBKUX (haiinax v paHee CKOMIMWINPOBAHHbBIE
IpOLEAYPBl MOTYT 3arpy»aThcs U3 0u0aroTeK. CBsI3b MEXTY QYHKIHSIMH MOXKET
OCYILECTBIISATHCS KaK uepe3 sBHbIE 00palleHNs, TaK U B Pe3yJIbTaTe MaHUITY IUPOBAHUS
C BHEIIHUMU JaHHBIMHU.

[ToaTomy cnenyeT paccMOTpeTh /1Ba BUJia o0nacTell AEMCTBUS: BO-IIEPBBIX, Ty, KOTOpas
MOYKET OBITh Ha3BaHa JIEKCUYECKON 00JIaCThbIO IeHCTBUS ACHTU(DHUKATOPA U KOTOPAst 110
CYIIECTBY SIBIISIETCS TOW 00JIACTBIO B IIPOTPAMME, I/I€ ATOT UACHTU(PUKATOP MOKHO
UCIIOJIb30BaTh, HE BBI3bIBAs TMArHOCTUYECKOTO COOOIIEHUS "HeonpeieeHHbIH
UICHTHPHUKATOP"; B BO-BTOPHIX, 00J1aCTh ACWCTBUS, KOTOPAast CBA3aHA C BHEITHUMHU
UICHTU(PHUKATOPaMU M KOTOpasi XapaKTepu3yeTcs IPaBUIOM, YTO CCHUIKH HA OJJUH U TOT
K€ BHEIIHUN UIEHTU()UKATOP SABISIIOTCS CChUIKAMM HA OJMH U TOT K€ OOBEKT.

19.1. Jlekcnueckas 00J1aCTh A€M CTBUA

Jlexcuueckast 061acTb ACWCTBUS UACHTU()UKATOPOB, ONIMCAHHBIX BO BHEIITHUX
OTIpeICIICHUSX, TPOCTUPACTCS OT OMPEICIICHHUS 0 KOHIIAa HCXOIHOTO (aiiyia, B KOTOPOM
oH HaxonuTcs. Jlekcudyeckast 0067acTh ASUCTBHUS UICHTU(UKATOPOB, SBISIOMIUXCS
(dbopMaTbHBIMU TTapaMETPAMH, PACIIPOCTPAHACTCS HA Ty (PYHKIIHIO, K KOTOPOH OHU
oTHocATcs. Jlekcuueckas 001acTh JecTBUS HIEHTH(PUKATOPOB, ONMMCAHHBIX B Havase
0JI0Ka, MPOCTHPAETCS 10 KOHITA 3TOT0 Os10Ka. JIeKCH4IecKoi 001acThIO JEHCTBUS METOK
SBIsIeTCS Ta (PYHKIHS, B KOTOPOI OHM HAXOISATCSI.

[TockonbKy Bce 0OpalieHust Ha OJJUH U TOT K€ BHEITHUM WACHTUPHUKATOP 0OpalaroTcs
K OHOMY U TOMY K€ 00beKTy (cM. 1. 19.2). KoMmumnsaTop mpoBepsieT BCe OMMCAHUS
OJTHOT'O ¥l TOTO YK€ BHEUTHETO UACHTHU(PHKATOPA HA COBMECTUMOCTh; B
JNEHCTBUTEILHOCTH WX 00JIACTh JICUCTBHUS PACIIPOCTPAHICTCS Ha BeCh (haiiil, B KOTOPOM
OHM HaxXOJATCS.

Bo Bcex cimyuasix, 0JJHaKO, €CTh HEKOTOPBIN HIEHTH()UKATOP, IBHBIM 00pa30M OIHCAaH B
HavaJie O0J10Ka, BKJIFOYAs U OJIOK, KOTOPBIH 00pa3yeT QyHKIUIO, TO JACUCTBHE JTFOO0TO
OIMCaHMSI ATOTO UICHTH(HUKATOpa BHE OJIOKA MPUOCTAHABIUBACTCS 0 KOHIIA 3TOTO
OJ0Ka.

Hanomuum takxe (1. 16.5), Uto uneHTH(HUKATOPBI, COOTBETCTBYIONINE OOBIYHBIM
MEPEMEHHBIM, C OJIHOM CTOPOHBI, M UJIEHTU(HUKATOPHI, COOTBETCTBYIOUINE YWICHAM U
SPJIBIKAM CTPYKTYp M 0OBEAMHEHHIA, C IPYToil CTOPOHBI, (POPMHUPYIOT JBA
HeNepeceKaruxcs Kiacca, KOTOpble He BCTYIAOT B IPOTUBOpeyne. UNeHbl U SPIbIKU
MOJUUHSIOTCS TEM K€ CaMbIM IMIpaBHJIaM ONpeeIeHns: 00IacTei necTBus, KaK u
npyrue uaeHTugukaropsl. UMena, cienuduimpyemsie ¢ momoibio typedef, BxoasaT B
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TOT K€ KJIacC, YTO U OOBIYHBIC HACHTU(PUKATOPBI. OHU MOTYT OBITH TIEPEOTIPEICIIEHBI BO
BHYTPEHHUX 0JIOKaX, HO BO BHYTPEHHEM OITMCAHUU THII JOJDKEH OBITh YKa3aH SIBHO:

typedef float distance;

auto int distance;

Bo BTOpOM onmcannu crienuuKaTop TUMA int TOJKEH NPUCYTCTBOBATH, TAK KaK B
IPOTUBHOM CJIydae 3TO OMHMCaHue Oy/AeT MPUHSATO 3a ONMcaHne 0e3 onmucaTesei ¢
tunom distance (IpuM. aBTOPOB: COTIIACUTECH, UTO JIET 3/IeCh TOHOK. ).

19.2. O6aacTh neiicTBUSI BHEIIHUX HACHTU(PUKATOPOB

Ecnu QyHKIus cepuiaetcs Ha MACHTU(UKATOP, OMMCAHHBIN Kak extern, TO IAe-TO CPeau
¢aiinoB wim OMOIHOTEK, 00Pa3yIONIUX MOTHYIO IPOrPAMMY, JTOJKHO COEPIKATHCS
BHEIIIHEE ONpeesIieHHe 3TOTro uaeHTuukaropa. Bee dyHKIMM 1aHHON IPOTrpaMMBl,
KOTOpBIE CCHITAIOTCS HA OWH M TOT YK€ BHEITHUH UIEHTU(HUKATOP, CCHUTAIOTCS HA OANH
U TOT e 00BEKT, TaK 4TO CJIeyeT M03a00TUTHCS, YTOObI CrIeU(PHUINPOBAHHBIE B 3TOM
OIIpEJICTICHNH THUII U pa3Mep ObLIIM COBMECTHUMEI C THIIOM M Pa3MEpOM, YKa3bIBAEMBIMH B
KXo (QyHKIMH, KOTOpasi CChUIAETCS HA 3TU JIaHHBIC.

[TosiBieHKE KIIIOYEBOIO CI0BA €Xtern BO BHEIIHEM OINPEAEICHUH YKa3bIBAET Ha TO, YTO
naMsITh IS ONTMCAHHBIX B HEM HICHTHU(PHUKATOPOB OyA€T BBIZCIEHA B ApyroM (haiie.
CrnenoBartenbHO, B COCTOSIIIEH U3 MHOTHX (ailyoB MporpaMme BHEIIHEE OIpeesieHIe
UICHTH(HUKATOPA, HE CoAepKaIee CrieruduKaropa extern, T0HKHO MOSBIATHCS POBHO
B OJTHOM M3 3TUX (haiyioB. M00ble Ipyrue ¢ailiipl, KOTOphIe XKeIaroT JaTh BHEIIHEEe
OIpeIeNIEHUE 3TOT0 UIEHTU(UKATOPA, JOHKHBI BKIKOYATh B 3TO ONPEEIIEHUE CIOBO
extern. UneHTudukatop MoxeT ObITh HHULIMATU3UPOBAH TOJBKO B TOM ONHUCAHUH,
KOTOPO€ IMIPUBOJUT K BBIJICIICHUIO ITAMSATH.

WnentudukaTopsl, BHELIHEE ONpeIeIeHue KOTOPBIX HAUMHAETCS CO CJIO0Ba static,
HEJIOCTYMHBI U3 ApyTuX (aitnoB. OyHKIMKU MOTYT ObITh ONKCAHBI KakK static.

20. CTpoku ynpaBJjieHUSI KOMIIMJISITOPOM

Komnunsrop si3pika C cOaepKUT Npenpoueccop, KOTOPbIi MO3BOJISET OCYLECTBIISITH
MaKpOIO/JICTAHOBKH, YCIOBHYIO KOMIWJISILIMIO U BKJIFOUEHUE UMEHOBAHHBIX (DaiiyIoB.
Crpoxku, HauMHAaroLecs ¢ #, 00IaTCs ¢ 3TUM TpenporeccopoM. CHHTAKCHUC ITUX
CTPOK HE CBSI3aH C OCTaJbHBIM A3bIKOM; OHH MOTYT HOSBIATHCS B JTFOOOM MECTE U UX
BJIIMSIHUE PAacpOCTpaHseTcs (He3aBUCUMO OT 00JIACTH JeMCTBUS) 10 KOHIIA UCXOIHOTO
nporpaMMHoro (aiina.

20.1. 3amena JexcemM
VYrpasisomas KOMOIWISTOPOM CTPOKA BUAA

#define uoenmughuxamop cmpoxa-nexcem
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(OOparure BHUMaHuE Ha OTCYTCTBUE B KOHIIE TOUKH C 3aIsITOM) MPUBOAUT K TOMY, UTO
Ipenporeccop 3aMeHsIeT NOCIEYIONIE BXOXKACHUS 3TOr0 HACHTU(DHUKATOPA Ha
YKa3aHHYIO CTPOKY JiekceM. CTpoka Buja

#define uoenmuguxamop
(uoenmughuxamop,...,udeHMUGUKamop)cmpoKa ieKcem

I7ie MeXIy IepBbIM UACHTU(PHUKATOPOM M OTKpBIBatoLIeiics ckoOKoH ( HeT mpoberna,
npecTaBiseT co00l MaKkpooIpeiesieHue ¢ apryMeHTaMu. Ilocenyromniee BXOKIEHUE
HepBOro UIEHTU(UKATOPA, 32 KOTOPBIM CJIEeIyeT OTKpbIBatoiias ckooka '(',
MOCJIE0BATENbHOCTD Pa3/I€JICHHBIX 3aISATHIMU JIEKCEM U 3aKpbIBarolias ckoOka '),
3aMEHSIOTCS CTPOKOM JIEKCeM U3 ONpeNieNIeHus . KaKI0e BXOXKICHUE UAeHTH(PUKATOPa,
YHOMSIHYTOTO B CITUCKE (DOPMAJIbHBIX TApaMETPOB B ONPEIEIICHUH , 3aMEHSIETCS
COOTBETCTBYIOILIEH CTPOKOIL JekceM n3 oOpamieHus. GakTnyeckuMu apryMeHTaMu B
oOpallleHUH SABJISIIOTCS CTPOKU JIEKCEM, pa3ZiesIeHHbIE 3alAThIMH; OJJHAKO 3allsThIE,
BXOJISIIIUE B 3aKaBBIYEHHBIE CTPOKH MJIHM 3aKJIFOUCHHBIE B KPYTJIble CKOOKH, HE
pasaenstoT aprymMeHToB. KonmndecTBo popManbHBIX U (PAaKTHYECKHX TTApaMETPOB
JIOJDKHO COBMAJaTh. TeKCT BHYTPH CTPOKU MJIM CUMBOJIBHOM KOHCTAHTBI HE MOJIIEKUT
3aMeEHe.

B 00oux crmyuasix 3aMeHEeHHasi CTPOKa MIPOCMATPUBAETCS] CHOBA C LEJIbI0 O0OHAPY KEHUS
JPYTUX ONpPEAETICHHBIX UIeHTU(PHUKATOPOB. B 000MX ciyyasx CIUIIKOM JAJIHMHHAS
CTpOKa ONpeAeTICHUS MOXKET OBITh MPOODKEHA HA APYTOM CTPOKE, €CIIN TIOMECTUTH B

KOHIIE IIPO/I0JIKAEMOM CTPOKU OOpaTHYIO KOCYIO U4epTy \.

OmnwuceiBaeMast BO3MOXXHOCTh OCOOCHHO TT0JIE3HA /ISl ONpeieNieHHs ""00bIBISIEMBIX
KOHCTaHT", KaK, HallpuMmep,

#define TABSIZE 100
int table[TABSIZE];

VYnpapisromas cTpoka BUia
#Hundef uoenmugpuxamop

IPUBOJIUT K OTMEHE MPEMPOLIECCOPHOTO ONPEIENICHUS JAHHOTO UICHTU(UKATOpA.
20.2. Bkarouenne ¢gaision

Ctpoxka ynpaBieHHs KOMIHJIATOPOM BHIQ

#include "filename"”

NPUBOJIUT K 3aMEHE ATOH CTPOKHU Ha Bce cozepxkumoe (aiina ¢ mveneM filename. Daiin
C 9TUM HMEHEM CHAyaJa UIIETCs B CIIPABOYHHMKE HAYAIbHOTO UCXOAHOTO (aiina, a
3aTeM B TOCIIEIOBATEILHOCTH CTAHAAPTHBIX MECT. B OTiIMUMe OT 3TOr0 ynpasistonias
CTpOKa BUIA

#include < filename >

uieT Qaiia TOJIbKO B CTAaHIAPTHBIX MECTaX U HE IPOCMATPHUBAET CIIPABOYHHK
HCXOJIHOTO (haiina.
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Crpoxu #include MOTYT OBITH BIIO)KCHHBIMH.

20.3. YcjoBHasE KOMIMJISALMAS
Crpoxka yrpaBiieHHs] KOMIHIATOPOM BHUjIa
#if koncmanmmuoe gvipadicenue

IIPOBEPSIET, OTIINYHO JIM OT HYJIsl 3HAU€HNE KOHCTAHTHOTO BBIpaXXeHUs (CM. 11. 15).
VYnpasnstonias cTpoka BUaa

#ifdef uoenmugpuxamop

IPOBEPSIET, OTPEIENICH JIU ATOT UACHTU(HUKATOP B HACTOSIINI MOMEHT B
npenporieccope, T.e. OnpeaeneH Ju 3TOT UASHTHPHUKATOP C ITOMOUIBIO YIPaBIISIOIIEH
cTpoku #define.

21. HessBHBIC OMUCAHUSA

He Bceraa siBisieTcss HEOOXOIMMBIM CIIEUU(UIIMPOBATH U KJIACC MTAMSATH U THII
UIEHTU(QHKATOPa B ONMCAaHUU. BO BHEIIHUX ONpeAeaeHNsIX U ONUCAaHUIX (OPMATIBHBIX
IIapaMeTPOB U WIEHOB CTPYKTYp Kilacc MaMsATH ONpeAeseTcs o KOHTeKCTy. Ecin B
HaXOoJsIIeMCsl BHYTpH (DyHKIMM ONMCAaHUM HE yKa3aH THII, a TOJIbKO KJIACC MaMATH, TO
IpEoNaraeTcs, YTo ASHTUPHUKATOP UMEET THII int; €CIM HE YKa3aH Kiacc NaMsTH, a
TOJILKO THII, TO UACHTU(PHUKATOP MIPEIoIaraeTcs ONMCaHHbIM Kak auto. Mckitouenue
U3 TIOCJIETHETO MpaBUiIa JaeTcs Al QyHKUUH, TOTOMY 4TO crieluduKaTop auto Juis
(GyHKuui sBisercs 6eccMbIcIeHHbIM (s13bIK C HE B COCTOSIHUM KOMITMJIMPOBATh
IporpaMMy B CTEK); €CIM WACHTU(DHUKATOP UMeeT TUM "(yHKUus, BO3Bpalatomas ...",
TO OH IIPEJIOJaraeTcs HesIBHO OMMCAHHBIM KaK extern.

Bxopsmuii B BeIpaKeHHE W HEONTMCAHHBIA PaHee UIACHTH(PHUKATOP, 32 KOTOPHIM CIISAYeT
cKoOKa (, cuMTaeTcs ONUCAHHBIM 110 KOHTEKCTY Kak "(QyHKIMs, Bo3Bpalaromas int".

22. CHOBA 0 THIIAX

B aTom paznene 060o01matoTcs cBeeHHs 00 onepanusax, KOTOpble MOXHO MIPUMEHSITh
TOJBKO K OOBEKTaM OMNpeIeICHHBIX THIIOB.

22.1. CTpyKTYpHI U 00bEAHUHECHUSA

TonpKko 1BE BEILM MOXHO CJENIaTh CO CTPYKTYPOH MM 00BbEAMHEHNEM: Ha3BaTh OJIUH
U3 UX WICHOB (C OMOIIBIO OTNE€palii) WIN U3BJI€Yb UX aJpec (C MOMOIIbIO YHAPHOI
onepanuu &). JIpyrue onepanuu, Takue Kak NprcBauBaHUe UM WM U3 HUX U Iepeaaya
UX B KQ4eCTBE MMapaMeTpOB, MPUBOAT K COOOIIEHHUIO 00 omubdke. B Oyaymem
0’KHMJIa€TCS, YTO ITH OTIEPAIMH, HO HE 00s3aTEIHPHO KaKue-I11u00 Apyrue, OyayT
pa3perieHsbI.

B n. 15.1 I'oBoputcs, 4To mpu IpsIMON MIIM KOCBEHHOM CCBHIIIKE Ha CTPYKTYpY (¢
MOMOMUIBIO . UJIU ->) UMS CIPaBa JOJKHO ObITh YJICHOM CTPYKTYpbl, HA3BAaHHOW WM
YKa3aHHOH BBIPa)KEHUEM CJIEBA. DTO OIPaHUYCHHUE HE HaBA3BIBAETCS CTPOTO
KOMIIWJISITOPOM, YTOOBI 1aTh BO3MOKHOCTh OOOWTH IpaBuiia TUIOB. B
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JeMCTBUTENILHOCTH Tiepen ' ormyckaercs moboe L-3HadeHne 1 3aTeM Ipearnoiaraercs,
410 370 L-3HaueHune umeer GopmMy CTPYKTYPBI, VIS KOTOPOH CTOSIIIEE CIIpaBa UMs
ABJISICTCS WieHOM. TakuM e o0pa3oM, OT BBIpAKEHUS, CTOSIIIIETO mepen '->', TpedyeTcs
TOJILKO OBITh YKa3aTeJIeM WM IeJbIM. B ciydae ykazaTens mpeanoiaraercsi, 4to OH
YKa3bIBaeT Ha CTPYKTYPY, JJIsI KOTOPOU CTOSIIEE CTpaBa UMS SBISETCS WieHOM. B
cJIydae I1eJI0r0 OHO pacCMaTpPUBAETCS KaK aOCOIOTHBIN aJpec COOTBETCTBYIOMICH
CTPYKTYPBbI, 3aJaHHBII B €MHUIIAX MAIIUHHON TTAMSTH.

Takue CTpyKTyphl HE SIBJIAIOTCS IEPEHOCUMBIMH.

22.2. ®yHkuuu

TonbKo ABE BEIIM MOXKHO CAETaTh ¢ PYHKUHMEH: BEI3BAaTh €€ WK U3BJIEYb €€ aJIpec.
Ecnyu uMs (pyHKIMM BXOAWUT B BBIPAKEHHE HE B MMO3ULMY UMEHH (DYyHKIUH,
COOTBETCTBYIOIIEH 0OpalleHIo K Hel, TO TeHepUpyeTCs yKa3aTesb Ha 3Ty (PyHKIHIO.
CrnenoBartenbHO, YTOOBI epeiaTh OAHY (PYHKLUIO IPYToi, MOKHO HalucaTh

int £();

g(f);
Torpaa onpenenenue GyHKIUU g MOTIIO OBl BBITJISACTH TaK:

g (funcp)
int (*funcp) () ;
{

(*funcp) () ;

OO0paruTe BHUMaHWE, YTO B BBI3BIBAOIICH mporieaype GyHkus f momKkHa OBITH
omucaHa siBHO, TIOTOMY 4TO 3a ee nosiBjieHueM B g(f) He ciemyer ckooOka (.

22.3. MaccuBbl, YKa3aTeJ U HHAeKCAlus

Kaxxaplit pa3, koraa uaeHTuGUKaTOp, UMEIOIINN THIT MaCCHBA, TIOSIBIIECTCS B
BBIPA)KEHUH, OH MTPpeoOpa3yeTcs B yKazaTelb Ha MEePBBIH WIEH 3TOTo MaccuBa. M3-3a
3TOTO MpeoOpa30BaHUs MACCUBHI He sABIsAI0TCA L-3Hauenusmu. [1o onpenenenuto
omepanus HHACKCAus [ | HHTepIpeTupyeTcst TakuM obpaszom, uto el[e2] cuuraercs
UACHTUYHBIM BhIpaxkeHUI0 *((el)+(e2)). CornacHo nmpaBuiaam npeoOpa3zoBaHUil,
IPUMEHSEMBIM NpU orepanuu +, eciau el - Maccus, a €2 - uenoe, To el[e2] cepinaercs
Ha e2-11 uneH maccuBa el. [IoaToMmy HecMOTpsi Ha HECUMMETPUYHBIN BUI OTleparus
MHJICKCAIINH SBIIIETCS KOMMYTAaTUBHOIA.

B cnyuae MHOrOMEpHBIX MacCHBOB MIPUMEHSIETCS MTOCIIe0BaTeIbHOE TIpaBmiio. Eciu e
SBJISICTCSI N-MEPHBIM MacCHUBOM pa3Mepa 1*j*...*k, To npu nosiBJICHUU B BEIPAKCHHUH €
npeoOpasyeTcs B yka3aTelnb Ha (n-1)-mepHbIil MaccuB pazmepa j*...*k. Ecnu omeparus
* mn6o SBHO, MO0 HESBHO, KaK PE3yJIbTAT UHCKCAIMH, IPUMEHSIETCS K STOMY
yKa3areso, TO pe3yIbTaToM olepaiuu OyaeT yKkazaHHbIH (n-1)-MepHbIN Maccus,
KOTOPBI caM HEMEJICHHO Tpeo0pa3yeTcs B yKa3aTelb.

PaccmoTpuM, Hampumep, onucaHue
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int x[31[5];
3nech X MaccuB 1ebIX pazmepa 3*5. [Ipu nosiBieHuN B BhIpaXXeHUHU X peoOpas3yeTcs B
yKa3aTellb Ha TIEPBBIA U3 TPEX MacCHBOB U3 5 HeNbIX. B Beipaxkennu X[i], KoTopoe
SKBHUBAJIIEHTHO *(X+1), CHauana x mpeobpa3yeTcs B yKa3aTelb TaK, KaKk OMKMCaHO BBIIIE;
3areM 1 mpeodpa3yercst K THITY X, YTO BBI3BIBACT YMHO)KEHHUE 1 HA ITMHY 00bEKTa, Ha
KOTOPBIM yKa3bIBaeT yKa3aTesb, @ MIMEHHO Ha 5 11eJIbIX 00beKTOB. Pe3ynbTaThl
CKJIaJIBIBAIOTCS, M TPUMEHEHHE KOCBEHHOM aj[pecanny JaeT MacCuB (M3 5 LebIX),
KOTOPBIH B CBOIO 04epeib Ipeodpas3yeTcs B yka3aTelb Ha IEPBOE U3 ITHUX LemblX. Eciu
B BBIp)KEHHE BXOJIUT U IPYTON MHJEKC, TO Ta JK€ caMasi apryMEHTaLus IPUMEHSETCS
CHOBA; Pe3yJIbTaTOM Ha 3TOT pa3 OyAeT Lieloe.

W3 Bcero AToro clieyeT, 4To MacCUBHI B si3bike C XpaHATCS MOCTPOYHO ( TTOCIIECTHUN
MHJIEKC U3MEHSETCsl ObICTpee BCEro) U UTO MEPBBIH MHJCKC B OMMCAHUU IIOMOTaeT
OIPENICNIUTh 00Iee KOJIMUYECTBO MaMATH, TpeOyeMoe [Ulsd XpaHEHUsI MacCuBa, HO He
UIpaeT HUKAKOM APYTroW POJIM B BBIYMCIICHUAX, CBSI3aHHBIX C MHJIEKCALlUEH.

22.4. sIBHble mpeodpa3oBaHus yKa3aTejeu

Pa3pemaIOTc;[ OIIPECACIICHHBIC Hp606p8.30BaHI/I$I, C UCIIOJIb30BAHUEM yKasaTeneﬁ , HO
OHU UMCIOT HCKOTOPLIC 3aBUCAIINUEC OT KOHerTHOfI peanmmn3anuun aCriCKThI. Bce st
Hp606p8.30BaHI/I$I 3aJa0TCA C IOMOUIBIO OIICpaAlMH ABHOI'O Hp606paSOBaHI/I$I TUIIA, CM.
n. 15.2wu16.7.

VYkazarenb MOXeT ObITh MPeoOpazoBaH B 000 U3 LEIOYNCICHHBIX TUIIOB,
JIOCTAaTOYHO OONBIION /ISt €r0 XpaHeHus. TpedyeTcs i mpu 3ToMm int i long,
3aBHCUT OT KOHKpEeTHOM MarmHebl. [IpeoOpasyromiast pyHKIHS TakKe SBISETCS
MAaIIMHHO-3aBUCHMOM, HO OHa OyJIeT BITOJTHE €CTECTBEHHOMU ISl TEX, KTO 3HAET
CTPYKTYpY alpecany B MaluHe. Jletanu Ui HEeKOTOPBIX KOHKPETHBIX MalluH
NPUBOJISATCS HUXKE.

OOBEKT 1ETOUYNCIECHHOTO THUIIA MOXKET OBITh SIBHBIM 00pa3oM mpeoOpa3oBaH B
yKazarelb. Takoe IpeoOpa3oBaHue BCET/Ia TIEPEBOANT MTPEOOPA30BAHHOE U3 YKa3aTels
IIEJTOE B TOT )K€ CaMBbIil yKa3aTellb, HO B IPYTHUX CIyYasx OHO OyJeT MallnHHO-
3aBUCHUMBIM.

VYkazaTenb Ha OJMH TUI MOKET ObITH MpeoOpa3oBaH B yKa3aTellb Ha Apyroi tum. Ecou
npeoOpa3yeMblil yKa3aTeib He YKa3bIBaeT Ha OOBEKTHI, KOTOPBIE TIOIXOISAIINM 00pa3omM
BBIPABHCHBI B MAMSITH, TO PE3YJIbTUPYIOLIHMI yKa3aTeIh MOXKET IPU MCIIOJIb30BaHUH
BBI3BIBATh OIIMOKH aapecanuu. ['apaHTUpyeTcs, 9To yKa3aTellb Ha O0BEKT 3a1aHHOTO
pa3Mepa MOXKeT ObITh TPeoOpa30BaH B yKa3areib Ha 00bEKT MEHBILIETO pa3Mepa U
CHOBa 00paTHO, HE MIPETEPIICB PU 3TOM U3MCHEHHS.

Hanpumep, npouenypa pacrpenesieHus maMsaTH MOTia Obl IPUHUMATH 3aIIpOC Ha
pasmMep BhlIEIsIeMOro o0beKTa B 6aiiTax, a BO3BpallaTh yKazareib Ha CHMBOJIBI; 3TO
MOYKHO OBLTO OBI MCTIOB30BATH CIEAYIONIMM 00Pa3oM.

extern char *alloc();

double *DP;

DP= (double*) alloc(sizeof (double));
*DP=22.0/7.0;
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Oynknus alloc qomkHa obecrneunBaTh (MAIIMHHO-3aBUCUMBIM CIIOCOOOM), YTO
BO3BpaIacMoe €10 3HaYCHUE OyIET MOAXOISAIINM JIJIs PeoOpa3oBaHus B yKa3aTeib Ha
double; B TakoM ciIyuae UCIOJIB30BAaHUE ATOW PYHKITUK OYyIeT IEPECHOCHUMBIM.

[IpencraBnenue ykazatens Ha PDP-11 cootBeTcTByeT 16-0uTOBOMY 1IeIOMy |
n3Mepsiercs B 6aiitax. O0beKThI THMA char He UMEIOT HUKAKUX OTPAaHWYCHUHN Ha
BBIPAaBHUBAHKE; BCE OCTAJBHBIE OOBEKTHI JODKHBI UMETh YETHBIC a/Ipeca.

Ha HONEYWELL 6000 yka3zarens COOTBETCTBYET 36-OUTOBOMY II€JIOMY; CJIOBY
COOTBETCTBYET 18 JIeBBIX OUTOB U J1Ba HENIOCPEACTBEHHO IPUMBIKAIOIUX K HUM CIIPaBa
OuTa, KOTOpBIE BHIJCISAIOT CUMBOJI B CJIOBE. Takum 0O0pa3oM, yKa3aTean Ha CUMBOJIBI
U3MEPSIOTCS B €IMHULIAX 2 B CTENEHU 16 OaliToB; Bce OCTaIbHOE U3MEPSETCS B
eanHuIax 2 B creneHu 18 mMamumHHbIX c1oB. Benuunnel Tuna double u conepxarue ux
arperarbl JI0JKHBI BBIPABHUBATHCS 110 YETHBIM aapecaM cioB (0 mo Mmoayo 2 B
creneru 19). 3BM IBM 370 u INTERDATA 8/32 cxoansl mexxay coboit. Ha obenx
MaIlliHax aJipeca U3MepSIoTcs B 0aifTax; aeMeHTapHbIe O0BEKTHI TOJKHBI OBITh
BBIPOBHEHBI 10 I'PaHUIIE, PAaBHOW UX JJIMHE, TaK YTO yKa3aTeslu Ha short 10 KHbI ObITh
KpaTHbI IBYM, Ha int u float - yeTeipem 1 Ha double - Bocbmu. Arperatsbl
BBIPaBHUBAIOTCS IO CaMOM CTPOroi rpaHulie, TpedyeMoil KakuM-1100 U3 UX
JJIEMEHTOB.

23. KoHCTaHTHBbIE BBIPAKEHUA

B Heckonbkux MecTax B si3bike C TpeOyOTCs BBIpaXKEeHHsI, KOTOPbIE [TOCIIE BHIYUCICHUS
CTaHOBSITCS KOHCTaHTaMH: ITOCIIE BAPHAHTHOTO MpedrKca case, B Ka4eCTBE TPAHHUIT
MacCHBOB ¥ B MHHIIMATN3aTOpax. B MepBhIX IBYX CiIydasx BBIPAKCHUE MOKET
COJIepKATh TOJBKO IEJIbIe KOHCTAHTHI, CHMBOJIbHBIE KOHCTAHTHI M BRIpAXKEHUS sizeof,
BO3MOXHO CBsI3aHHbIE THO0 OMHAPHBIMU ONEPALIUSIMH

+ - * /% & | MK >> == 1= < > <= >=

OO0 yHapHHEMM OlepaursMm

MO0 TEePHAPHOM olepaumuem ?:

KpyrJsiele CKOOKM MOTYT MCIOJIB30BATHCA IOJIS IPYHNIMPOBKM, HO He IJid
obpawmeHnsa K QyHKUMAM.

B ciiyyae MHMLMaNIM3aTOPOB OonyckaeTcsa OoJbuasg (ymapeHue Ha OYKBY
0) cBoBoma; KpoOMe IMEePEeUMCJIEHHBIX BHIIE KOHCTAHTHEIX BEPAXEHMUM MOXHO TakKXe
IPMMEHATEL YHAPHYI ONepalmio & K BHENHMM WM CTaTUYECKMM OOBEeKTaM U K
BHEUWHMM MJIM CTATUUECKMM MacCMBaM, MMEKIMYM B KadueCTBe MHIEKCOB
KOHCTAHTHOE BEIPaXeHMe. YHapHasd onepaumsa & MOXeT OBTb TaKXe IIPUMEHEeHA
HEABHO, B pes3yJIbTaTe MNOABJIEHMS HEUMHIEKCUPOBAHHHEIX MAaCCUBOB ¥ QYHKLMINA.
OCHOBHOE MNPAaBMUJIO BaKJIOUAETCS B TOM, YTO IIOCJIE€ BEUMCIIEHUS MHULUMAIMU3ATOP
OOJIXEH CTaHOBUTCA JIMOO KOHCTAHTOM, JMOO ampecoM paHee ONMCAaHHOTO
BHEUWHET'O MJIM CTaTHUMUeCKOTO oOOBeKTa IIJIIC WMJIM MMHYC KOHCTAaHTa.
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24 . CoobpaxeHnss O NNEePEeHOCHMMOCTM

HexoToprle yacTu s3mka C IO CBOEM CYyTM MAallMHHO-3aBUCKUMEL. Clemyomue
HIMXE IIepeuMCJIeHMEe IMNOTEHUMAJIbHEX TPYIOHOCTEM XOTS M He SBJIANTCH
BCeOOBEMJIOIMMY, HO BBIOEJISET OCHOBHEE M3 HUX.

Kak nokaszajia HNpakKTMKa, BOIPOCH, LEJMKOM CBSA3aHHEE C alllapaTHBM
obopyIoBaHMEM, Takue Kak pasMep CJIOBa, CRBOMCTBAa IJaBaluel apudMeTUru u
LeJIoTO HeJleHMsd, He NPEeOCTaBJbalnT OCOOEHHEIX 3aTPpyOHEeHMUM. [pyTHue acCleKTH
annapaTHBIX CPENCTB HaxXOOAT CBOE OTpaxXeHMe B pPasJIMUHBIX peans3aluagx.
HexoToprle M3 HMX, B YaCTHOCTM, SBHaKOBOEe pacllMpeHHMe (npeobpasynuee
OTPMLATEJNILHEM CMMBOJI B OTpHMLATEJIbHOE Liejloe) UM NOPSHOOK, B KOTOPOM
noMemanTcsa OanTE B CJIOBE, NPEeNCTaBJIART COOOM HENPUATHOCTL, KOTOpas
OOJDKHa TIATEJIBHO OTCIEXMBATHCS. BOJNBUMHCTBO M3 OCTAJIbHEIX NPOOJIEM 3TOTO
TUIIa He BHIBHIBAET CKOJIbBKO-HMOYIb BHAUUTEJILHEIX 3aTPyIHEHUN.

UMcJio IepeMeHHHX Tura register, koTopoe GakTUUeCKM MOXeT OBITH
IIOMENEHO B PETMCTPH, MEHSeTCHd OT MallMHBl K MallMHe, TakxXe Kak M Habop
OONYyCTMMBIX IJIS HMX TUIOB. TeM He MeHee BCe KOMIMIIATOPE Ha CBOUX
MauMHax paboTanT HaajlexaurM ofpas3oM; JIMUIHME WM HeIOIlyCTMMEBE
PETUCTPOBHE ONMCAHUA MUTHOPUPYIOTCH.

HexoTophle TPYOHOCTM BO3HMKAKT TOJIBKO IIPU MCIIOJIbE30BaHUMU
COMHUTEJIbHOM NPaKTUKM NPOTpaMMMPOBAaHMULA. [IMcaTbh NPOIPaMMEl, KOTOPEHE
3aBUCAT OT KaKMx— JMOO B3TUX CBOMCTB, SBJISETCH UPE3BHUAMHO HEepas3yMHEM.

SA3BIKOM HEe YKAa3bIBAETCHA INOPAINOK BHUMCIIEHMSA aAPTYMEHTOB OYHKLMIM,; OHU
BBIUMCJIIAITCS CcHpaBa HajeBo Ha PDP-11 m VAX-11 um cJjeBa HalpaBO Ha
OCTaJIbHBIX MallMHaX. [NOPANOK, B KOTOPOM IPOMCXOOAT NOOOUHBE 3QOeKTEHl,
TakXe He crneumudpuumpyeTcs.

Tak KakK CMMBOJIBHEIE KOHCTAHTHE B IOEMCTBUTEJILHOCTM SBJISIOTCS
obbekTaMM Tuna int, monyckaeTcd MCHOJNb30BAHME CUMMBOJIBHEIX KOHCTAHT,
COCTOANMX M3 HECKOJIBKMX CUMBOJIOB. OIHAKO, IMNOCKOJBLKY MIOPSOOK, B KOTOPOM
CUMBOJIH TNPUIMCHIBAOTCS K CJIOBY, MEHSEeTCs OT MAallMHHE K MallMHe, KOHKpeTHAas
peanuszalumMsa OKaszbBaeTCsa BeCbMa MallMHHO-3aBUCYUMOM.

[IpucBamMBaHMe MOJIeM K CJOBaM M CMMBOJIOB K LEJIEIM OCYHMeCTBJISeTCS
crpaBa HaJjleBo Ha PDP-11 m VAX-11l u cJjeBa HanpaBO Ha OPYyI'MX MallMHax.
STU Pas3JIMuMsa HesaMeTHH OJId M30JIMPOBAaHHEIX IIPOTpPaMM, B KOTOPHIX He
pas3peleHo CMeuMBaTh TUIBE (NMpeobpasysd, HaIpuMep, ykas3aTesb Ha int B
yKasaresb Ha char m BarTeMm npoBepsSsd ykas3bBBaeMyl IIaMsaTb), HO IOOJDKHE
YUMTHIBATBHCSA IIPM COTJIAaCOBAHMM C HaKJlaOblBaeMbIMM M3BHE CXeMaMU IaMsaTH.

SI3BEIK, NPUHATBEI Ha Pas3JIMYHEIX KOMIMJIATOPAaX, OTJIMYaEeTCH TOJIBKO
HEeBHaUMTEeJIbHEMM IeTanaMu. CamMoe 3aMeTHOe OTJIMYMe COCTOMT B TOM, UYUTO
MICIIOJIb3YEMEM B HaCToOdllee BpeMs KOMOMIATOP Ha PDP-11 He MHMUMaAIM3UPYET
CTPYKTYPH, KOTOPBEIE COOEpXaT IoJisg OUTOB, M He IOONyCckaeT HEeKOTOPHE
orepauum INnpruceBaMBaHMA B OIIPEIOEJIEHHBEIX KOHTEKCTaX, CBA3aAHHEIX C
MICIIOJIb30BAHMEM BHaUEHMS NPMCBaMBaHMUSA.
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25. AHaXPOHMSBMEI

Tax xak sA3bK C ABJISETCS pPasBMBARIMMCS S3BIKOM, B CTAaPHX OIPOTpPaMMax
MOXHO BCTPETMTb HEKOTOPHE yCTapeBIIMe KOHCTPYKUMM. XOTs OOJIBLMHCTBO
BEepCUM KOMIMJIATOPa NONINEepXMBaAeT TakKMe aHaAXPOHMBMEl, OHM B KOHLIE KOHILIOB
MCUE3HYT, OCTAaBMB 3a CODOOM TOJIbLKO NPOOJIEMH IE€PEHOCHMOCTH.

B parHHuMx Bepcuax C nndg npobJeMm NpUucCBaMBaHMA MCIOJIbB30Bajlacb ¢opma

=0ON, a He ON=, NpMBOIS K OBYCMBICJIEHHOCTSM, TUIMYHEIM OIPUMEPOM KOTOPHX
ABJIAeTCHA

x = -1

I'one X @aKTV[quKV[ YMeHbllaeTCHd, IIOCKOJIBKY OHepaLU/H/I = nmn - HpI/IMI::IKaIOT ,prI‘

K Opyry, HO 4YTO BIIOJIHE MOIJIO pacCMaTPpMBATBCHA UM KaK IIpMCBaMBaHUE -1 x
X.

CUMHTAKCUC MHULMAIMBATOPOB M3MEHMJICS: paHblle 3HaK paBeHCTBa, C
KOTOPOTO HAUMHAETCS MHULMAJIMU3ATOP, OTCYTCTBOBAJ, TakK UTO BMECTO
int x = 1;
MICIIOJIb30BAJIOCH
int x 1;
MB3MeHeHre OBIJIO BHECEHO M3-3a MHMLUMAIM3ALUU
int £ (1+2)

KOTOpad »OOCTaTOWHO CMJIBHO HAIIOMMHAET OllpeleJieHNre @yHKHMM,
YT OOH CMYyTUTbE KOMIIMIIATOPH.

26. CBomka CHMHTAKCHMYECKUX IIpaBMil

3Ta cBOIKa CHMHTaKcCHuca sa3blka C npenHaszHadeHa CKopee IOJisa ofJieTdeHus
I[IOHMMAaHMSA UM He SABJIAEeTCH TOUHOM OGOPMYyJIMPOBKOM S3BIKA .

26.1. BrpaxeHus:

OCHOBHBIMU BEIPAXEHMAMM ABJIAKTCA Cllegyiumye :
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BEIDAXEHUE :

IEePBUYHOE ~BEPAXEHMUE

* BEIpAXEHMUE

& BEIpAXeHMEe

— BEIPAXeHUE

! Brpaxernme

~ BEBEIPAXEHIE

++ L—-3HayeHue

—-— L-3HaueHMue

L-3HauveHue ++

L-3HauyeHne —-—

sizeof BEIpaxeHue

(uMs Tma) BEpPaxeHue

BRIpaXeHMe OMHapHas-oONepalysa BBEPaXeHUE

BEIPAXEHME ? BBEIPAXEHME < BBEIPAXEHNEe

L-3HayeHue ONnepalnmusI—NIpHUCBaNBaHMUsI BBPAaXEHUE

BEIpAXEHMUE , BEPAXEHMUE
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[IEPBUYHOE BEPAXEHUE :

MOEHTUPUKATOP

KOHCTAaHTa

CTpOKa

(BEIpaXEHME )

[IePBUYHOE ~BEPAaxXeHme (CIMCOK BBPAXEHUyeo6)

[IEPBUYHOE—BRPAXEHME [BEpPaXeHne |

L-3HaveHue . MOeHTUYUKATOP

[IEPBUYHOE BEPAXEHMUE —> MUIECHTUPUKATOP

L-3HauyeHMue:

UOEHTHUPUKATOP

[NIEPBUYHOE —BRPAXEHME [BEpPaXeHne |

L-3HayeHHue . UIEHTUQUKATOP

IIePBUYHOE ~BRIPAXEHNE —> ]/I,Z[eHTI/IdJ]/IKa TOopP

* BEIpaXxeHue

(L-3HayeHME)

Onepauuy MNEePBUYHLIX BBPAXEHMN
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VIMEIOT CaMbllii BEICOKUM MNPMOPUTET M I'PYNNMPYITCS CJieBa HalpabBO. YHAapPHHE
onepauum

* & - !~ ++ -- sizeof (MMms Tuna)

uMenT 0OoJjlee HU3KUM NPUOPUTET, dYeM ollepalMM [IePBMUHBIX BEPaXEHWUM, HO
©oJiee BEICOKMM, UYeM MNPUMOPUTET JIOOOM OMHAPHOM olepauumr. ITKM olnepauun
TPYyNNMPYKTCsS CclIpaBa HajleBo. Bce OuHapHEE ONepaluMM M yCJIOBHAS olepaums
(IpyM. IHepeBoOl.: YCJIOBHAas Olepalusa TpylNIMpyeTCs clIpaBa HaJleBO; 3TO
MBMEHEHMe BHECEHO B 43bK B 1978 r.) IpynnmMpyioTcsa CcJjieBa HaIpaBO UM UX
IPUOPUTET yOHBaeT B CJenyolleM NOpANKe:

BuHapHble omnepaumm:

* / [
+ -_—

>> <<

< > <= >=
== 1=

&

|

&&

|l

?

Bce omnepaummu nprucbBamMBaHMUA MMEKOT OINMHAKOBEI NPUMOPUTET U I'PYNIUPYITCA
CnpaBa HaJIeBO.

Onepauuy NpUCBaMBAHUA:

Il
+
Il
|
Il

*
|
(AN
Il
o\
Il

>>= <<=  §= ~= | =

Ol'[epaLU/IH 3ansaTas MMeeT CaMbM HUIKUM nmprmopmuTeT U I'PYINNpyeTcHd
cJieBa Hallpako.

26.2. OnomcaHuUs

OmmcaHme :

CHeT_U/I@]/IKa TOPEI—OINIMCAaHMA CINMCOK—VMHUIINAJIN3UPYEMBIX —OIIMCa Teﬂe];IHeoé ;

CHeL[M@MKaTOpH—OHMcaHMH.'

cnenu@mMKaToOp—THUIa CHEeLHUPUKATOPE~ONNCAHN o0

crnequpmuKaToOp—KJIACCa—MNaMAaTy CHEeLMUPUKATOPEI—OINCAHN A ye06

CHenupMKaTOP—KJIACCa—IaMITHU:
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auto
static
extern
register

typedef

CHenmupmuKaATOP—THUIIA :
char
short
int
long
unsigned
float
double
cnenupmMKaTop-CTPYKTYPb~UIN-00beqMHEHUST

onpeneJidrme e — TUII— M

CHMCOK—MHMHMaﬂMSMpyeMHX—OHMcaTeﬂeﬁ:
MHMHMaﬂMSMpyeMHﬁ—OHMcaTeﬂb
MHMHMaﬂMBMpyeMHﬁ—OHMcaTeﬂb,

CHMCOK—MHMHMaﬂMBMpyeMHX—OHMcaTeﬂeﬁ

MHMHMaﬂMSMpyeMHﬁ—OHMcaTeﬂb

ONMCaTEJIb ~UHULIMATINEA TOP yeos

OonMCcaTesb :
MOEHTHUPUKATOP
(ornmcareJsis)

* onmcaresb
onmucaresas ()

onmcaresylb [KOHCTAHTHOE BEPAXEHUE c06]

CHeHM@MKaTOp—CprKTypH‘MﬂM—OéﬁeﬂMHeHMH:
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struct CHMCOK-OOMCaTeJeN-CTPYKTYPDE

struct mmeHTHUUKATOP {CHMCOK—ONMUCAHUN-CTPYKTYPE}
struct mMmeHTHUGMKaTOP

union {cCHMCOK-ONMCaHMN-CTPOYKTYPE}

union MOEHTUPUKATOP {CIUCOK—OMIUCAHUN~CTPYKTYPH}

union MOEHTHUGUKATOPD

CHMCOK—ONMCAaHUN~CTPYKTIPBL :
ONMCaHMEe - CTPYKTYPE

ONMCAaHMUE-CTPYKTYPE CIUCOK—OIUCAHUN~CTPYKTYDE

onMcaHMme CTPYKTYPEH:
crnequ@muKaTop-—THUIIA CIOMCOK-ONMCATeJIe—CTPYKTYPE :
CHMCOK—OINMCATEJIEeN—CTPYKTYPE
onmMcaTesb—CTPYKTYPE

ONMMCAaTEJIBE~CTPYKTYPE , CIIMCOK—OIIMCATEJIEN~CTPYKTYPE

onmMcaTeslb-CTPYKTYPEL:
onmncaTesb
ommcarTesb: KOHCTAHTHOE BEIPAXESHUE

:KOHCTAQHTHOE ~BEIPAXEHNE

VHUIMAJINBaTOP :
= BEREIpaXeHMUE
= {CHMCOK-MHUIIMATIN3ATOPA }

= {CHOMCOK-MHUIIMATIN3ATOPA }

CIMCOK MHUIMAJIN3ATOPA :
BBEIpaXEHMUE
CIIMCOK-UHULNAJINBATOPA , CIIMCOK~MHULMAITIN3A TOPA

{ cimMCcoOK—MHMIIMAIN3aTOoPa }
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MSA—THUIIa :?

crnenupmurarop-rTuna abCTPaKTHB—0NNCaTeNb

abCcTpaKTHE—ONMCaATED !
oycTo
{abCcTpaKTHE—ONMCAaTEIE }
* abCcTpaKTHEM—OIIMCaTEIE
abCcTpaKTHEM—ONMcaTess ()

abCTPaKTHEM—ONUCATEE [KOHCTAHTHOE ~BEPAXEHUE 105 ]

onpeneJidrmee —TUII—VMSA 2

MOEHTUPUKATOP

26.3. OmnepaTopsl

COCTaBHOM—OIEPATOP :

{ CIMCOK—ONMCaHUM 1006 CIIMCOK—ONEPATOPOB yeos

CIIMCOK—OMNMCAHMUI :
onMcaHmue

ONMCAaHMe CIMCOK—OIIMCAHMUI

CIIMCOK—OIEPaTOPOB :
orepaTop

orrepaTop CHIMCOK—-OIIepaTopoB

onepaTop :
COCTaBHOM oOHnepaTop
BEIpaXeHnEe ;
if (BelpaxeHmue) omepaTop
if (BrlpaxeHme) omepaTop else omepaTop

while (BrlpaxeHme) omeparTop
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do omepatop while (Brpaxenme) ;

for (BepaxeHne =1 e05 ; BEIPAXEHUE ~2 1005 7BBIPAXEHUE~3,005) OINEPATOP
switch (BEpaxeHme) oneparop

case KOHCTAHTHOE-BEPAXEHMUE : ONEepaTop

default: omepaTop

break;

continue;

return;

return BRpPaxeHUe;

goto MOeHTHUPHUKATOPD,;

UOEHTUPUKATOP : OIeparTop

26.4. BuHemHue omnpeneneHus

IIporpamMmMa :
BHeEIIHee —OIIpegejIeH1e

BHEIIHee—-oNpenesieHue NporpaMMa
BHEIIHee—ONpeneJjIeHue :
onpeneseHne -y HKLMUA

onpernejiIeHne —JaHHBIX

onpenesieHMe —QyHKLIMM :

CHEINUPUKATOP—THUNA  e005 ONMCaTEesNb~QYHKIIMNA TEeJl0-QyHKLIMN

onMcaTesb—QyHKIIMN

onmcaTesys (CHMCOK—-IapaMeTPOByeos)

CIIMCOK-—IIapaMeTpoOB

UOETUPHUKATOP
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UOEHTUYMKATOP , CHOMCOK-IIapaMeTOrOB

TeJO—QYHKLIMM :

CIIMCOK—OMNMUCAaHUM—THUIIA orrepaTop —@yHKT_U/U/I

ornepaTop-QyHKLMIA :

{crimMcoOK OMMCAaHMUMeos CIIMCOK—0IepaTopoORB }

oIipernejieHrne ILOaHHEBIX:

exterNuees CHELUMPUKATOP—THUIAeo6 CHMCOK—UHULNATIABUPY €EMEIX —
OMHUCATEIIE  ye0s ;

StatiCueos CHEILMPUKATOP—TUMIAu 06 CHOMUCOK—MHULIAATIABUPY € MBIX —
ommcarTeyen

26.5. Ilpenpoueccop

#define MOEHTHUPMKATOP CTPOKA-JIEKCEM
#define

#define mmeHTHPUKATOD (MOCHTUPUKATOP, . . . , MICHTUYMKATOP) CTP
#undef mmeHTHUdUKATOPD

#include "mmsa-parma"

#include <mmsa-daria>

#1f KOHCTAHTHOE-BEPAXEHUE

#ifdef mmeHTHMdUKaTOP

#ifndef mmenTudmraTOD

#else

#endif

#line KOHCTAHTA MOECHTUGUKATOPD

[TocnenHmue umsMeHeHMs d3blka C (15 HosaOpsa 1978 r.)
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27. IllpucBamMBaHME CTPYKTYPH

CTPYKTYPH MOTYT OHTBL IPMUCBOEHBl, [IepenaHbl QyHKUMSAM B KaueCTBe
apryMEeHTOB ¥ BOS3BPAWEHH OQYHKUMAM. TUIE YyYaCTBYOIMX OIEPaHIOB IOJIKHE
oCTaBaTbCsa TeMM Xe CaMbMy. HpyT'uMe OpaBIOONONOOHEIE ONEepPaTOPH, Takue Kak
CpaBHEHME Ha PABEHCTBO, He ObBUIM peaJiM30BaHH.

B peanmuzaumum BO3BpAalleHMS CTPYKTyp OGyHkumaMm Ha PDP-11 mMeeTcd
KOBapHEM IedeKT: ecJM BO BpeMsa BO3BpaTa NIPOUCXOIUT IIPEPHBAaHME M Ta Xe
caMada QyHKLUMA peeHTepabeJyIbHO BEIBBIBAETCH BO BpeMd 3TOI'O IIPEPHBAHMUA, TO
3HaUeHMe BO3BpallaeMoe U3 I[IepPBOI'O BE30BAa, MOXeT OBTb MCIOPYEHO. JTa
TPYOHOCTL MOXET BOB3HMKHYTbH TOJIBKO IIPU HAJMUUM MCTUMHHOTO INPEepHBaHUA,
KaK M3 ONEePalMOHHOM CMCTEMB, Tak M M3 OPOTPaMMEl [OJIb30BaTesd,
IIPepEBaHMA, KOTOPOEe CYLEeCTBEHHO IJIA MUCIOJIb30BAHMA CUIHAJIOB; OOBYHBIE
PEKYPCHMBHEIE BBISOBEl COBEPUEHHO OE30NIaCHEH.

28. Tun nepedYmclieHUs

BeeneH HOBEIM THUII IOAHHHEX, AHAJOTMUYHBIM CKAJIAPHBIM TUIaM SA3BEIKA
[Mackasne. K cneumdmxaTopy-TUIa B €I'O CUMHTAKCUYECKOM ONMCAHMM B pasmee
8.2. INpunoxeHus A cjenyeT OOOaBUThb CHeUUPUMKATOP-IEepedMrCJIeHUa C
CHMHTAaKCHCOM

cHenmupmMKaToOpP—NIepPeUNCIIeHUT :
enum CHOMCOK-IIEpeUYnCIeHNUS
enum MOEHTUPUKATOP CHUCOK-IePEeUMCIICHUI

enum MOCHTUPUKATOP

CIIMCOK—IIEPEeYMCIJICHNMA

rnepeyycijigeMoe
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CIIMCOK-IIepeydrCJIEHA , IIepedrciigaeMoe

rnepeyycjideMoe

MOEHTUPUKATOP

]/I,Z[eH’I’]/IdJ]/IKaTOp = KOHCTAQHTHOE BEIPAXEHNEe

Ponb mumeHTHOUMKATOPA B clHelMdUKATOpPEe-IIepPeUMCIJIEHUa I[TOJIHOCTHIO
aHaJIOTMYHA POJIM fApJlElKa CTPYKTYPH B CHeUMPUKATOPE-CTPYKTYPEI;
nmeHTUdMKaTOP oOO03HauaeT OlpeleliIeHHOe lIepeuuclieHMe. Hanpumep, onmcaHue

enum color {RED, WHITE, BLACK, BLUE };

enum color *cp, col;

OOBaBJIAET MIOSHTUQMKATOP COlOr APJIEIKOM [IepedMCJIEHUA TUIla, ONMCHBAaKIEeIO
pasJMdYHBIE LBeTa M 3aTeM OOBABJIAET CPp yKasaTesJleM Ha OOBeKT 3TOrO TUIa,
a col - oBBeKTOM 3TOTO THIA.

NOoeHTUOUKATOPH B CHOMCKE-TIEPEUUCIIEHUS ONMCHBAKTCS KaK KOHCTAHTH U
MOTYT MOSABUTHLCHA TaM, I'Ie TpebyiTcsa (IO KOHTEKCTY) KOHCTaHTH. Eciam He

MCIOJNIb3yeTCcsa BTopas dopMa [IepeuMrcisgeMoro (C paBeHCTBOM =), TO BEJIMUMHE
KOHCTaHT HaumHawTcsa ¢ 0 ¥ BO3pacTawT Ha 1 B COOTBETCTBUM C [IPOUTEHMEM
UX ONMCaHUsA cJleBa Ha NpaBo. [lepeuncisisseMoe C IPMCBOEHMEM = MNpuiaeT

COOTBETCTBYWIEMY MOSHTUOMKATOPY yKa3aHHYID BEJIMUMHY; I[IOCJeNyllye
UOEHTUOMKATOPE IIPONOJDKAIT IPOTPEeCCHU0 OT IMNPUIMCAHHOM BEJIMUMHEL.

Bce APJIBIKY IIE€PEeUNMCIJIEHMA M KOHCTAHTE MOT'YT OBITH Pa3JIMYHBIMM U
HEIIOXOXVMMM Ha HAPJIBEIKM M YJIEHBl CTPYKTYP IOaXe IIPpr YCJIOBUMM MCIIOJIB3OBaHMA
OOHOT'O M TOI'O Xe MHOXeCTBa VI,I[eHTVI(DVIKaTOpOB.

OOBEKTEl OAHHOT'O TUIIA IIE€PEeUMCIJIEHMA PacCMaTPUBAKRTCA Kak OOBEKTH,
yMenlMe TUIl, OTJIMYHEIM OT JIOOHIX TUIIOB M KOHTpOJMpykllas IporpamMMa lint
coobmaeT 06 ommbkax HECOOTBETCTBMUSA THUIOB. B peanmsaumm Ha PDP-11 co
BCEMM [E€PEeUMCIIAeMbEMM [Te€PEMEHHBIMM OINEepPMPYIT TaK, KaK eCyM OH OHM MMeJM
Tun int.
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