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AHHOTALUUA

Azpixk  “C”(mpousHocutcs “cu”) - O5TO YHHUBEPCAIbHBIH S3BIK
IIPOrpaMMHPOBAHUS, U1 KOTOPOTO XapaKTepHbl SKOHOMUYHOCTh BBIPAKEHUS,
COBPEMEHHBIM MOTOK YIPaBIEHUS M CTPYKTYPHl AaHHBIX, Oorarblii Habop
oneparopos. f3bik “C” He SBISETCA HU A3BIKOM ‘“‘O4€Hb BBICOKOTO YPOBHS, HU
“O0mpIINM” I3BIKOM, 1 HE TIpEIHA3HaYaeTCsl 11 HEKOTOPO# ClelMalIbHOM 00acTr
IIPUMEHEHHS. HO OTCYTCTBHE OIPaHUUSHUH 1 OOIIHOCTH SA3bIKA JIEIal0T ero Oosee
yYI0OHBIM M 3()(EKTUBHBIM JUII MHOTUX 33]1a4, YE€M SI3BIKH, ITPEATIOI0KUTEIEHO
Gosee MOILIHBIE.

A3pik “C”, mepBOHaualdbHO NpeJHAa3HAYABIIUWCA I HaOUCaHUA
omneparronHoi cucremsl “UNIX” ma 9BM DEC PDP-11, 6bu1 paspaboran n
peanu3oBaH Ha 3ToH cucrteme Jlennucom Puuu. OnepanuonHas cucrema,
KOMIIIATOP C s13bIKa “C” ¥ IO CYIECTBY BCE MPUKIIAJAHBIE IPOrPaMMbI CUCTEMBI
“UNIX” (Bkmtouast Bce mporpaMMHoOe oOecIiedeHHe, HCIIONIb30BaHHOE IIpU
TIO/ITOTOBKE 3TOM KHUIM) Hanucansl Ha “C”. KomMepuecKie KOMIIIATOPSI C SI3bIKa
“C” cynIecTBYIOT TaKKe Ha HEKOTOpBIX Apyrux OBM, sxutouas IBM SYSTEM/
370, HONEYWELL 6000, INTERDATA 8/32. SI3bik “C”, omHako, He CBSI3aH C
KaKMMH-JIN0O0 ONpeIeNICHHBIMY arapaTHBIMU CPEACTBAMH HIIH CHCTEMaMH, M Ha
HEM JIErKO IIMCaTh IIPOrpaMMBbl, KOTOPbIE MOXKHO IPOIyCKaTh 0e3 N3MEHEHHH Ha
mo6oit DBM, umeromieit “C”’-KOMIHIATOP.

Ora KHMTa IpefHa3HauYeHa Il TOTO, YTOOBI OMOYb YMTATEI0 HAYYUTHCS
nporpaMmMupoBatk Ha si3bike “C”. OHa comepUT y4eOHOE BBEICHHE, IICNb
KOTOPOTO - MO3BOJUTh HOBBIM IOJb30BaTENIIM HauaTh IPOTpaMMHPOBATH KaK
MOXHO OBICTpee, OT/AENbHBIC IVIaBhI 10 BCEM OCHOBHBIM OCOOEHHOCTSIM SI3bIKa U
crpaBoYHOE pyKoBOACTBO. OOydeHHe MOCTPOCHO B OCHOBHOM Ha YTEHHH,
HaIlMCaHuM 1 pa30ope NPHUMEPOB, a He ToJI0H popMyupoBKe mpasul. [IpumMepsl,
IIPUBOANMBIE B KHUTE, 110 OOJBIIEH YaCTH SBISIOTCS 3aKOHYEHHBIMH pealbHBIMU
IIporpaMMaMH, a He OTJeIbHBIMU (parMeHTamu. Bee npumeps! ObUIH ITPOBEPEHBI
HEINOCPEACTBEHHO C TEKCTAa KHUTH, [JIe OHU Halle4aTaHbl B BUJIE, IPUTOTHOM JUIs
BBOJA B MannHy. Kpome yka3zaHuil 0 TOM, KaKk CAENaTh UCIOJIb30BaHHUE SI3bIKA
6osiee 3¢ PEeKTHBHBIM, MBI TaKXe NBITAIUCH, TJE 3TO BO3MOXHO,
IMPOUITIOCTPUPOBATH MONE3HBIE aATOPUTMBI U MPUHLUIBI XOPOLIETO CTUIA U
pasyMHO# pa3paboTku.

Hacrosiast kHura He siBJIsi€TCsl BBOJHBIM KypCOM B IIPOrpaMMHUPOBaHUE; OHA
OpeanoyjaraeT ONpeleIeHHOe 3HAKOMCTBO C OCHOBHBIMM MOHSITHUAMHU
IIPOrpaMMHPOBAHUS TAKUMH KaK IEPEMEHHBIE, ONIEpaTOpbl IPHUCBAaUBaHMUS, [IUKJIBI,
¢yHnxmu. Tem He MeHee M HOBUYOK B IPOrPaMMHPOBAHUH JOJDKEH OKa3aThCs B
COCTOSIHUM YUTATh IOAPST U OCBOUTHCS C SI3BIKOM, XOTSI IIPU ATOM ObLIa OBI
TI0JIE3HOH TIOMOIIL G0JIee OIBITHOTO KOJUIETH.

[To namemy ombIiTy , “C” moxa3an ce0s HPUATHBIM, BBIPA3UTEIbHBIM U
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Pa3sHOCTOPOHHMM SI3bIKOM Ha HIMPOKOM MHOXKECTBE Pa3HOOOPa3HBIX ITPOTPAMM.
Ero 51erko BeIy4YHTh , U OH HE TEPSIET CBOUX Ka4€CTB C POCTOM OIIbITa IPOrPaMMUCTA.
MpI HafieeMcsl , UTO 3Ta KHUTa IOMOKET BaM XOPOLLO €r0 UCIOIb30BaTh.
BnymumnBas KpuTHKa ¥ IPEAI0KEHUS] MHOTHX HAIIUX JPy3€H U KOJUIET OYE€Hb
MHOT0 100aBHJIM KaK JJIsl CAaMOM KHHTH, TaK W JUISl HAILIeTO YJOBOJIBCTBHS IIPH €€
HanucaHuu. B wactHoctu, Maiik buancu, xxum bito, Creto @enbaman, Joyr
Maxk-Unpoii, bumn Pym, bo6 Poszun u Jlappu Pocnep tmarensHo npounrtanu
MHOXKECTBO BapHaHTOB. MBI Takxke 00s3anbl Dm0 Axo, CtuBy bopny, 3By
JIBopaky, Yaky Xoieto, [1e66u Xaneit, Mapuony Xappucy, Puxy Xonry, Ctusy
JxoHcony, [xony Mamero, booy Murny, Pansdy Metoa, ITurepy Henbcony,
Omnmoty IIuncony, bunny Ilnarepy, [{xeppu Cnusaxy, Keny Tomncony u ITutepy
BeiinGeprepy 3a mose3Hble 3aMe4aHus Ha pa3iIMYHbIX dTanax u Maiiky Jlocky u
Jxo OcaHHa 3a HEOLIEHUMYIO IOMOIIb ITPY NIeYaTaHUY KHUTH.
bpaiien B. Kepnuean
Jennuc M. Puuu
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0.1. BBEOEHME.

S3pik “C” sBIISETCS yHUBEPCATIbHBIM SI3bIKOM ITpOrpaMMupoBaHusi. OH TECHO
CBsI3aH ¢ onepannoHHol cucteMoi “UNIX” , Tak Kak ObUI pa3BHUT Ha 3TOM cucTeMe
n Tak kak “UNIX” u ee nporpammuoe obecniedenue Hanucano Ha “C”. CaM sI3bIK
, OJTHAKO, HE CBSI3aH C KaKOH-JIN0O0 OHON ONEepalIOHHON CHCTEMOM T MAILIHON;
1 XOT$ €T0 Ha3bIBAIOT SI3bIKOM CHCTEMHOTO IIPOrPAMMHUPOBaHUs, TAK KaK OH y100eH
JUIsl HATUCAHUS ONEPAllMOHHBIX CUCTEM, OH C PaBHBIM YCIEXOM HCIIOIb30BAJICS
TIPY HAITMCAHUH OOJIBILIMX BEIYUCIUTENBHBIX IIPOrPaMM, PO pamMM IJ1st 00paboTKU
TEKCTOB ¥ 0a3 JIaHHBIX.

A3pik “C” - 3TO A3BIK OTHOCUTENIBHO “HHU3KOro ypoBHs”. B Takoi
XapaKTepUCTUKE HET HUUETO OCKOPOWUTEIBHOIO; 3TO MPOCTO O3HavaeT, 4to “C”
HMEET JIeJI0 ¢ 00BEKTaMH TOTO JK€ BHA, YTO U 00nbIMHCTBO OBM, a mMeHHo, ¢
CHUMBOJIaMH, YUCIIaMHU U aapecaMu. OHM MOTYT OOBEANHSTHCS U NEePEChlIaThCs
MOCPENCTBOM OOBIYHBIX apU(PMETHUYECKHX M JIOTHYECKHX Omnepauui,
OCYLIECTBISIEMBIX peanbHbiMUu OBM.

B s3p1ke “C” OTCYTCTBYIOT ONEpaliy, UMEIOLIIE AeJI0 HEMOCPEACTBEHHO C
COCTaBHBIMH 00BEKTaMH, TAKUMH KaK CTPOKH CHMBOJIOB, MHO)KECTBA, CIIUCKH HIIN
C MaccHBaMH, PacCMAaTPUBAEMBIMU KaK Li€J0€. 3AeCh, HalpHUMep, HET HUKAKOTOo
aHasnora onepauusm PL/1, onepupyrommm ¢ 1eiapIMH MacCUBaMH M CTPOKaMH.
SI3bIK HE IPEAOCTABNAET HUKAKUX APYTUX BO3MOXKHOCTEH paclipeaeneHus IaMsITy,
KpOME CTaTHYECKOTO OIpE/EICHNUs U MEXaHH3Ma CTEKOB, 00ecIIeunBaeMOro
JIOKAJIbHBIMH TIepeMeHHBIX (QyHKIuit; 3neck HeT HU “Ky4 (HEAP), Hu “cOopku
Mycopa”, kak 310 npexycmarpusaercs B AJII'OJIE-68. Hakonen, cam 1o cebe
“C” He oOecneunBaeT HUKAKUX BO3MOXKHOCTEHW BBOJA-BBIBOHA: 31€CHh HET
onepatopoB READ unu WRITE u HuKakuX BCTPOEHHBIX METOIOB JOCTyIa K
¢aiinaM. Bece 3TH MeXaHM3MBI BBICOKOTO YPOBHSI JIOJDKHBI 00€CIIeUnBATHCS SIBHO
BBI3BIBAEMBIMH (DYHKIIMSIMU.

AHanoruuHo, a3slk “C” mpeasaraeT TONBKO IPOCTHIE, MOCIEJ0BATEIbHbIE
KOHCTPYKIUU IOTOKOB YIPAaBIECHUS: NPOBEPKH, LUKIBI, TPYNIUPOBAHUE U
HOAMNPOTrPaMMBl, HO HE MYJIbTUIPOIpPaMMHUPOBAHHE, NapaIelIbHbIE ONEpaLUy,
CUHXPOHH3ALMIO WIN COIPOTrPAMMBIL.

XOoTsl OTCYTCTBUE HEKOTOPBIX M3 ATUX CPEICTB MOXKET BBIIIANETh Kak
yIpydaronasi HelmoJHOIEHHOCTh (‘“BBIXOIUT, YTO s AOJDKEH oOpamarbes K
(yHKIMHU, 9TOOBI CPAaBHUTH JIBE CTPOKH CHUMBOJIOB ?!””), HO yAepKaHHE SI3bIKa B
CKPOMHBIX pa3Mepax AaeT peajbHble IPeUuMyIecTBa. Tak kak “C’” OTHOCUTENBHO
MaJl, OH He TpeOyeT MHOTI'O MecTa JUIsl CBOETO OIHMCAHHS U MOXKET OBITH OBICTPO
BblyueH. Komnuisitop ¢ “C” MoxkeT OBITh IPOCTHIM M KOMITAKTHBIM. Kpome Toro,
KOMITWJIATOPBI JIETKO MUIIYTCS; PH UCIIOIb30BAHUU COBPEMEHHON TE€XHOJIOTHH
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MOKHO OXHJaTh HaIMCaHUs KOMIUISATOpa A HoBo OBM 3a mapy mecsies u
IIPU 3TOM OKa)keTcst, 4To 80 MPOIEHTOB TPOTrpaMMbl HOBOTO KOMITHIIATOPA Oyaer
001Ieit ¢ mporpaMMoi IS yKe CYIISCTBYIONIAX KOMITWIATOPOB. DTO 00SCIIeUBacT
BBICOKYIO CTEIIeHb MOOWIJIBHOCTH sA3bIKa. II0CKOJIBKY THITBI JAHHBIX U CTYKTYpBI
ympaieHus, umeromuecs B “C”, HEMOCPEACTBEHHO MOIACPKUBAIOTCS 0OJb-
LIMHCTBOM CyIuecTByonmx 9BM, oubnnorexa, HeoOXomumas BO BpeMsi IPOroHa
H30JIUPOBAHHBIX MPOrpaMM, OKa3blBaeTca oueHb MajieHbkod. Ha PDP -11,
HarpuMep, OHA COAEPKHUT TOJIBKO MPOrpaMMBbI JUIst 32-OUTOBOI0 YMHOXKEHUS U
JIeNIeHYs] U AT BHIIOJHEHUS IPOrpaMM BBOZA U BBIBOZA MOCIIEIOBATENIEHOCTEH.
KoHeuHo, kaxxaas peanuzanus o0ecreyBaeT HCUEPIBIBAIONIYI0, COBMECTUMYIO
OuOMMOTeKy (PYHKIMIA JUTs BHITIOJHEHHUS ONepanuii BBOJA-BBIBOAA, 00paboTKU
CTPOK M pacIipeieeH s TaMsITH, HO TaK KaK oOpalleHne K HUM OCYLIECTBIISIETCS
TOJIBKO SIBHO, MOXKHO , €CJIM HEOOXOAMMO, M30eKaTh NX BBI30BA; 3TH (PYHKIMH
MOTYT OBITh KOMIIaKTHO HanucaHbl Ha camoM “C”.

OnsaTh ke U3-3a TOro , uTo A3bIK “C” 0TpakaeT BO3ZMOXKHOCTH COBPEMEHHBIX
KOMITBIOTEPOB, MporpamMmbl Ha “C” OKa3bIBaOTCS JOCTATOYHO 3(PQeKTHBHBIMH,
TaK 4TO HE BO3HUKAET MOOYKJEHHUS MMCATh BMECTO 3TOTO NPOrPaMMBI Ha SI3bIKE
accembnepa. Hanboisiee yOenuTenbHBIM IPUMEPOM ITOTO SIBISETCS caMma
onepaunonHas cucrema “UNIX”, koTopas mouTH NOTHOCTHIO HanKcaHa Ha “C”.
N3 13000 cTpok mporpaMMbl CUCTEMBI TOJIBKO 0K0I0 800 CTpOK caMOro HU3KOIo
YpPOBHSI HalucaHbl Ha acceMbiepe. Kpome Toro, 1o cymiecTBy Bce NPUKIAIHOE
nporpammuoe obecnieuenue cucremsl “UNIX” Hanncano Ha “C”; mogassioniee
6oBpIIMHCTBO NoJb30Barenei cucteMsl “UNIX”(BKItOYast 07IHOTO M3 aBTOPOB 3TOM
KHHTH) J1a)kKe He 3HaeT s3bIka accemonepa PDP-11.

Xots “C” cOOTBETCTBYET BO3MOXKHOCTSAM MHOTUX OBM, oH He 3aBUCHUT OT
KaKOH-T1M00 KOHKPETHOW apXMTEKTyphl MAIIMHBI U B CHIIy 3TOr0 0e3 0COObIX
YCHJIMI TIO3BOJISAET MUCATh “NEPEHOCUMBIE’ POTPAMMBIL, T.€. IPOrPaMMBI, KOTOPbIE
MOKHO IIPOITyCKaTh 0e3 M3MEHEHMH Ha pa3IMYHBIX allllapaTHBIX CpeicTBax. B
HAIIUX Kpyrax cTaj yXe Tpajulyel IepeHoC MpOorpaMMHOrO 00ecHeyeHHs,
pa3paborannoro Ha cucteme “UNIX”, Ha cucremsr DBM: HONEYWELL, IBM
n INTERDATA. ®akruuecku KoMIHIATOpsI ¢ “C” 1 mporpaMMHOe oOecriedeHne
BO BpeMsl IPOrOHa IPOrpaMM Ha ATUX YETBIPEX CUCTEMAX, I0-BUJUMOMY, TOPa310
6ojiee COBMECTHMBI, YeM CTaHAapTHbIE BepcHHU (HOopTpaHa aMEepUKaHCKOIO
HalMOHAJIBHOTO MHCTHUTYTa ctannaptoB (ANSI). Cama omnepalioHHas cucremMa
“UNIX” renepr paboraer xak Ha PDP-11, tak n nHa INTERDATA 8/32. 3a
HCKJIIOYEHHEM MPOrpaMM, KOTOpble HEM30EKHO OKa3bIBAIOTCS B HEKOTOPOU
CTETICH! MAIIMHHO-3aBUCHMBIMH, TAKUX KaK KOMIMJISITOP, acceMOJiep U oTIaj-
yuk. HanncanHoe Ha si3b1ke “C” mporpaMMHOe obecrieueHne HASHTUYHO Ha 00enX
MamuHax. BHyTpu camoil onepanuonHoi cuctemsl 7000 cTpok mporpammel,
HCKJTI0Yasi MaTeMaTnieckoe odecriedeHue si3pika accemonepa 9BM u yripasnenus
onepauusMu BBOAA-BbIBOJIA, COBIAJAIOT Ha 95 MPOLEHTOB.

IIporpamMmucraM, 3HaKOMBIM C JPYTUMH A3bIKAMH, A CPaBHEHUS U
IIPOTUBOIIOCTABIICHUSI MOXKET OKa3aThCs MOJE3HBIM YIOMHUHAHUE HECKOIBKUX
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HCTOPUYECKUX, TEXHUYECKUX U (pritocodcknx acriekroB “C”.

MHuorue u3 HaubOojee BaXHBIX uaeid “C” MpoOHCXOmAT OT ropasmo Ooiee
CTaporo, HO BCE €llle BIOJHE JKU3HEeHHOTo s3bika BCPL , paspaboranHoro
Maptuaom Puuapncom. Kocsenno s3sik BCPL okasan BnusiHue Ha “C” uepes
s3Ik “B”, Hanucanupli Kenom Tomnconom B 1970 roay ans mepBoit
onepaunoHHoi cucremsl “UNIX” na 9BM PDP-7.

Xors s1361K “C” nmeet HeckosbKo 001mux ¢ BCPL xapakrepHbIX 0cOOeHHOCTEH,
OH HHKOUM 00pa3oM He siBisercs auaiektoMm nocineanero. U BCPL u “B” -
“Oe3TuIHbIE” SI3bIKN; EAMHCTBEHHBIM BHJIOM JIAHHBIX JUISl HUX SIBJIIOTCS] MALLIMHHOE
CJIOBO, a JIOCTYII K JIpyTUM 00bEeKTaM peasin3yeTcs ClieualIbHbBIMU OllepaTopamMu
win obpanieHreM K QyHKIwsM. B s3pike “C” 00beKTaMH OCHOBHBIX THIIOB JIaH-
HBIX SIBJISIIOTCSI CHUMBOJIBI, LI€JIBI€ YMCJIa HECKOJIBKUX pasMEpOB U YHUCIA C
nnaBaromei Toukoil. Kpome Toro, umeercs uepapxusi NPOU3BOIHBIX THIIOB
JIaHHBIX, CO3/IaBaEMbIX YKa3aTeJsIMU, MAaCCUBAMH, CTPYKTypaMH, 00beTMHEHUMHU
1 QYHKIHSMH.

S3p1k “C” BKIIIOYaeT OCHOBHBIE KOHCTPYKIIMH IOTOKA YIIpaBJeHHs, TpeOyeMble
I XOpOLIO CTPYKTYHPOBAaHHBIX MPOTpaMM: IPYNIHPOBAHUE OMNEPATOPOB,
npunsitue pemennii (IF), nukisl ¢ nposepkoii 3aBepiienus B Hauaine (WHILE,
FOR) nnu B koH1ie (DO) n BEIOOp 0HOTO N3 MHOXKECTBA BO3MOYKHBIX BApHAHTOB
(SWITCH). (Bce 3t Bo3amoxHOCTH obecnieunBanuch 1 B8 BCPL, xots u mpu
HECKOJIBKO OTJIMYHOM CHUHTAKCHUCE; ATOT A3BIK MPEAYyBCTBOBAJI HACTYIHBIIYIO
Yyepe3 HECKOJIBKO JIET MOy Ha CTPYKTYPHOE IIPOrpaMMHUPOBAHHE).

B s3pike “C” MMEIOTCS yKa3aTeld U BO3MOXKHOCTB aJJpEeCHON apu()METHKH.
AprymeHTHl nepenaorcs QYHKIHSIM MOCPEACTBOM KOMHMPOBAHHS 3HAYCHHS
apryMeHTa , ¥ BEI3BaHHAsl (DYHKIMS HE MOXKET M3MEHHUTh ()aKTHUECKUI apryMeHT
B BbI3bIBatOIIEH nporpamme. Eciu xenaTeasHO JOOUThCS “BBI30BA MO CCBUIKE”,
MOYKHO HESIBHO II€pEeAaTh yKa3arelb, U (DYHKLHS CMOXKET U3MEHHUTh OOBEKT, Ha
KOTOPBII ATOT yKa3aTellb yKa3blBaeT. IMeHa MacCHBOB NEpearoTCsl yKa3aHHEM
Hayajla MaCCHBOB, TaK YTO apT'yMEHTHI THIIa MACCHBOB 3()()eKTHBHO BBI3BIBAIOTCS
IO CCBUIKE.

K nmo6oit pyHKIIMH MOXXHO 0oOpamarbcs peKypCHUBHO, U €€ JIOKaJIbHbIE
nepeMeHHbIe 00BIYHO “aBToMarnyeckue”, T.e. CO3Aal0TCs 3aHOBO MPH KayKI0M
obpamennu. Onrcanue oaHOH QYHKIIMU HE MOXKET COJEPIKAThCs BHYTPH JPYTOMH,
HO TIEpEMEHHBIC MOTYT ONUCHIBATHCS B COOTBETCTBHM C OOBIYHON OJIOYHOMN
cTpykrypoil. ®ynknuu B “C” - mporpaMMme MOTyT TPaHCIUPOBATHCS OTAEIBHO.
IIepeMEHHBIE 110 OTHOIICHHIO K (DYHKIIMU MOTYT ObITh BHYTPEHHUMH, BHELTHUMH,
HO M3BECTHBIMH TOJIBKO B IPE/IeNIaX OHOTO UCXOAHOTO (haiiia, MK MOTHOCTHIO
o0anbHBIME. BHYTpeHHHE mepeMeHHbIe MOTYT OBITh aBTOMAaTH4E€CKUMH WIIN
CTaTUYECKUMH. ABTOMAaTHUYECKHE MTepeMEeHHbIe 11t Oonpuield addekruBHOCTH
MOJKHO IOMEUIATh B PETUCTPBHI, HO OOBSBICHHE PErHCTpa SIBISETCS TOIBKO
yKa3aHUEM AJIs KOMIWIATOPA U HUKAK HE CBSI3aHO ¢ KOHKPETHBIMU MaIIMHHBIMU
perucTpamu.

A3pix “C” He ABNAETCS A3BIKOM CO CTPOTUMHU THIIAMU B CMBICIIE MTACKATS WX
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anrosna 68. OH cpaBHUTENILHO CHUCXOMTENIEH K IIPE00pa30BaHUIO TaHHBIX, XOTS 1
He OyneT aBTOMaTH4YecKH NMpeoOpa3oBHIBATH THUIBI JaHHBIX ¢ OyHHOU
HENPUHYXJIEHHOCThIO s3bika PL/1. CymecTByomue KOMIHJISTOPH HE
IpeAyCMaTPpUBAOT HUKAKON NMPOBEPKH BO BPEMs BBINOJIHEHUS IPOrPaMMBI
HH/IEKCOB MacCCHBOB, TUIIOB apIYMEHTOB U T.[.

B tex cutyanusx, korna xenarelibHa cTporast IpoBepKa TUIIOB, HCTIONIB3YeTCs
CHelranbHas BepcHs KOMIIWIATOpa. JTa nporpamma HassiBaeTcss LINT oueBunHO
IIOTOMY, OHA BBIOMpaeT KyCOYKH ITyXa u3 Bamel nporpaMmsl. [Iporpamma LINT
HE FeHEePUPYET MALIMHHOIO KOJa, a JEJaeT OYEHb CTPOTyI0 MPOBEPKY BCEX TEX
CTOPOH MPOTpaMMBbI, KOTOPblE MOXKHO IPOKOHTPOIUPOBATh BO BpEMs KOMIIHJIA-
nuu U 3arpy3ku. OHa omnpenenseT HeCOOTBETCTBHE TUIIOB, HECOBMECTUMOCTD
apryMeHTOB,  HEHCIIOJb30BaHHbIE  MJM  OYEBUJHBIM  00pasom
HEUHUIUATU3UPOBAHHBIE IEPEMEHHBIE, MNOTEHIHANIbHBIE TPYIHOCTHU
MEPEHOCUMOCTH | T.1. [IJIs1 mporpamMM,KOTOpbIe OJI1arornoiay4Ho MPOXOIsT yepes3
LINT, rapantupyercst OTCYyTCTBHE OUIMOOK THIIAa IPUMEPHO C TOH e ITOTHOTOMH,
Kak ¥ JJs IporpaMM, HalmMCaHHBIX, Hanpumep, Ha AJITOJIE-68. [Ipyrue
Bo3MokHOcTH nporpaMmbl LINT OynyT oTMedeHbI, KOrna mpeacTaBUTCs
COOTBETCTBYIOIIMH CITy4ail.

Haxownen, s3p1ik “C”, mogo0HO JII0O00OMY APYroMy sI3bIKY, HMEET CBOHU
HenocTaTku. HekoTopsle onepanyuy UMEI0T HeyAauHOEe CTapLIIMHCTBO; HEKOTOPhIE
paszelnsl CHHTaKcHca MOIIM Obl OBITH JIydllle; CYHIECTBYET HECKOJIBKO BEPCHH
sI3bIKA, OTJIMYAIONIUXCSA HeOOJBIIMMHU AeTasIMUA. TeM He MeHee S3bIK “C”
3apEeKOMEHI0BaI ce0s KaK HCKIIFOUUTETHHO 3(h(EKTHUBHBIHN 1 BHIPa3UTENBHBIN S3BIK
JUISL IIUPOKOTO Pa3zHO00pasnsi MpUMEHEHUH IIPOrpaMMHUPOBAHHSI.

ConeprkaHne KHATH OPraHW30BaHO ClieqyIomuM obpa3om. I1aBa 1 sieistercst
yueOHBIM BBE/ICHHEM B IEHTPAJIBHYIO 4acTh si3bIka “C”.

Llenb - TO3BOINTH YUTATEIIIO CTAPTOBATH TaK OBICTPO,KaK TOIHKO BOZMOXKHO,
TaK KaK MbI TBEPO YOEXKIICHbI, YTO €JMHCTBEHHBIH CII0CO0 N3YyYUTh HOBBIH S3bIK
- McaTh Ha HeM mporpaMmsl. Ilpu 3ToM , omHako, mpennonaraercss paboudee
BJIaJICHUE OCHOBHBIMH JIEMEHTaMH POTPaMMHUPOBAHHUS; 3/1€Ch HE 00BSCHSIETCS,
410 Takoe OBM niu KOMIUIATOP, HE MOSCHAETCS CMBICH BhIpaxkeHU! Tha N=N+1.
XOoTs. MBI M IBITAUCH, TJ€ 3TO BO3MOXKHO, IPOAEMOHCTPUPOBATEH MOJIE3HYIO
TEXHHKY ITPOrpaMMHUPOBaHMs. DTa KHUI'a HE NIPeAHa3HauYaeTCs ObITh CIPaBOYHBIM
PYKOBOZCTBOM IO CTPYKTYpaM JAaHHBIX M AJIFOPUTMAM; TaM, TI€ Mbl BEIHYKICHBI
ObLIH cz1eNaTh BIOOP, MBI KOHLICHTPHPOBAJIMCH Ha SI3BIKE.

B maBax co 2-# 1o 6-1o paznuyHble actiekTsl “C” u3naratorcst 0osiee 1eTanbHO
U HECKOJIbKO Oojiee (OopMasIbHO, YeM B IMIaBe 1, XOTs ynapeHHe IO-IIPEKHEMY
JiesiaeTcsl Ha pa30ope MPUMEPOB 3aKOHYEHHBIX, IOJIE3HBIX IPOrpaMM, a He Ha
OT/IENBHBIX (pparMeHTax.

B riaBe 2 06cyx1atoTcst OCHOBHBIE THITBI JAHHBIX, OTIEPATOPHI U BBIPAKEHHSI.
B rnase 3 paccmarpusatotcs ynpasistoniue oneparopst: [IF-ELSE /WHILE ,FOR
u T.1. ['maBa 4 oxBarbIBaeT ()yHKIHU U CTPYKTYpY HpPOrpPaMMBI - BHEIIHHE
TiepeMeHHbIe, IIPaBMIIa OTIPEASIICHHBIX o0acTel qelcTBYs onucanus U T.11. B riiaBe
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5 obcyxaaroTcs ykasareiu 1 aapecHas apudmeruxa. [1aBa 6 conepxut nogpodHoe
OIMCAaHUE CTPYKTYP ¥ 0OBbETMHEHHH.

B miraBe 7 onmiceiBaeTcs craHAapTHas OMOIHOTEKa BBOAA-BRIBO/IA si3bIKa “C”,
KOTOpas o0ecriedrBaeT CTaHAapTHHIM HHTepdeiic ¢ ONepalioHHON CUCTEMOH. JTa
O6ubimoTexa BBOAA-BBIBOJA IOJCP)KUBACTCS HA BCEX MAIIMHAX, Ha KOTOPBIX
peanu3oBaH “C”, Tak 4TO MPOrpaMMBbl, HCHONb3YIOIIKE €€ A7 BBOAA, BBIBOJA U
JIPYTHX CUCTEMHBIX (PyHKIIUH, MOTYT IEPEHOCUTHCS C OJTHOI CUCTEMBI Ha IPYTYIO
IO CyIIeCcTBY O3 N3MEHEHHUH.

B riaBe 8 omuceiBaercs mHTepdeiic mexay “C” - mporpaMmamMu u
onepanuoHHoi cuctemon “UNIX”. Vnop aenaerca Ha BBOA-BBIBOA, CHCTEMY
(aiisoB ¥ IepeHOCUMOCTb. XOTsI HEKOTOPBIE YaCTH 3TOH IJIaBbl CTICLU(DUIHBI IS
onepauroHHoil cucremsl “UNIX”, mporpaMMucTsl, He ucnons3yromue “UNIX”,
BCE K€ JOJDKHBI HallTW 37€Ch MOJE3HBIM MaTepHall, B TOM YHUCIE HEKOTOpPOe
IIPE/ICTaBIICHUE O TOM, KaK peajIM30BaHa OJJHa BEPCUS CTaHJapTHON OMOIMOTEKN
U NIPEITI0KEHHs] U1 JOCTHKEHUS IEPEHOCUMOCTH ITPOTPaMMBI.

IMpunoxenue A comepKUT CIPaBOYHOE PYKOBOACTBO IO A3bIKy “C”. OHO
ABisieTcsl “ouuuanbHEIM” U3JI0)KEHWEM CHHTaKcuca M ceMaHTUKH “C” u
(uckimouast yel-1160 COOCTBEHHBIH KOMITMIISITOP ) OKOHYATEIbHBIM apOUTPOM IS
BCEX JIByCMBICICHHOCTE! U YIYIEHUI B IPEABIAYIIUX [JIaBax.

Tak kak “C” sBIgeTCs pa3sBUBAIOIIMMCS A3bIKOM, pEalU30BaHHBIM Ha
MHOXKECTBE CUCTEM, YaCTh MaTepuiia HACTOAILEH KHUTU MOXKET HE COOTBETCTBOBATD
TEKyIIEeMYy COCTOSHHMIO Pa3pa0OTKM Ha KaKoOH-TO KOHKPETHOH cucteme. MBI
CTapanch n3derarh TAKKX MPoOJIEM U IIPENOCTEPETaTh O BOSMOXKHBIX TPYAHOCTSIX.
B comMHHTENBHBIX CiIy4asX, OAHAKO, Mbl OOBIYHO MPEAIOYNTAIN ONKCHIBATH
cutyauuto Juist cuctemsl “UNIX” PDP-11 , tak kak oHa SBIsieTCSl CpeAon AJis
0OJBIIMHCTBA NPOTPAMMHPYIOIUX Ha s3bike “C”. B NpuiIoKeHHH a Takxke
ONHCAHBI PACXOXKJEHHS B peanu3anusix s3bika “C” Ha OCHOBHBIX CUCTEMaX.
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1. YYHEBHOE BBEJEHME.

JlaBaiiTe HauHeM ¢ ObIcTporo BBemeHHUs B sA3bIKk “C”. Hama nens - mpone-
MOHCTPHPOBAThH CYIIECTBEHHbBIC AJIEMEHTHI 5I3bIKa Ha PeaibHbIX IPOrpaMMmax, He
yBsi3asl [IPY ATOM B JIeTaSIX, (DOPMABHBIX IIPaBHIaX U UCKIIOUCHUsIX. B 3Toii m1aBe
MbI HE MBITAEMCSI 3JI0XKHUTH SI3bIK TIOJHOCTBIO WITH XOTsI ObI CTpOro (pasymeercs,
MPHBOIUMBIE TPUMEPBI Oy/Ty T KOPPEKTHBIMH ). MBI XOTHM KaK MOXHO CKOpee J0BeC-
TH BaC JI0 TAKOT'O YPOBHsI, HA KOTOPOM BbI ObUTH OBl B COCTOSIHMM MTHCATh MOJIE3HbBIE
[POTPaMMbI, ¥ YTOOBI TOOUTHCS ITOTO, Mbl COCPEIOTAYNBACMCS] HA OCHOBHOM:
MEePEeMEHHBIX M KOHCTAaHTax, apu(MeTHKe, oleparopax Mnepeiadu ylpaBieHus.,
GYHKUMSIX ¥ JIEMEHTapHBIX CBEICHHUSX O BBOJAE W BBIBOJE. MBI COBEPIICHHO
HaMePEHHO OCTABIISIEM 32 IPeesIaMHy 3TOH ITIaBbl MHOTHE YJIEMEHTHI si3bIKa “‘C”’, KOTO-
Ppble UMEIOT [IEPBOCTENEHHOE 3HAUCHHE MPH HAITKCAHUHU OOJIBIINX IPOrPaMM, B TOM
YHCIIe YKa3aTeNH, CPTYKTYPbI, OOJIBIIYO YacTh U3 00raroro Habopa oneparopoB sI3bIKA
“C”, HECKOJIBKO OTIepaTopoB Mepenady yIpaBISHNs 1 HECMETHOE KOJTMIECTBO ACTAIICH.

Tako# moaxon MMeeT, KOHEYHO, CBOM HeqocTarkd. CaMbIM CyIIECTBEHHBIM
SIBJISIETCSI TO, YTO MOJIHOE OIMHCaHKE JIF00Or0 KOHKPETHOTO JJIEMEHTA sI3bIKa HE
M3JIaraeTcs B OJIHOM MECTe, a MOSICHEHHSI, B CUITy KPaTKOCTH, MOT'YT ITPUBECTH K
HeIpaBUILHOMY UCTONIKOBaHUIO. Kpome Toro, 13-3a HeBO3MOXKHOCTH HUCTIONIB30BATh
BCIO MOIIL[b SI3bIKA, IPUMEPbI OKa3bIBAIOTCS HE CTOJb KPATKHUMH M DJIETaHTHBIMH,
KaK OHU MOTIHU Obl ObITh. M XOTSI MBI CTApalUCh CBECTH 3TU HEJAOCTATKH K
MUHHUMYMY, BCE K€ UMEWTE UX BBULY.

Jpyroii HeI0CTaTOK COCTOHUT B TOM, YTO IOCIEAYIOIIHE IJaBbl OyayT
Her30e)KHO MOBTOPSITH HEKOTOPBIE YaCTH 3TOM IIaBbl. Mbl HaZieeMcsl, 4TO TaKoe
MOBTOpeHHE OyJIeT CKOpee MOMOTarh, 4YeM pa3apaxarsb.

Bo BcsikoM citydae, OnbITHbIE TPOrPAMMHUCTBI JIOJDKHBI OKA3aThCsl B COCTOSTHUN
MPOIKCTPANONIUPOBATh MaTepHual JaHHOUW TaBbl HA CBOU COOCTBEHHBIE
MPOrpaMMUCTCKUE HYX[bl. HaunHaronye e J0JKHBI B JIONOJHEHUE MUCATh
aHaJIOrMYHbIC MAJICHBKHE CAMOCTOSTENbHbIE POrpaMMBbL. 1 Te, u apyrue MoryT
HCIIONIb30BaTh 3Ty INIABYy KakK KapKac, Ha KOTOpbIi OyayT HaBelIMBaThCs Oojee
MOAPOOHBIE OIMCAHMUS, HAYMHAIOLIMECS C TJIABbI 2.

1.1. HaunHaem.

EnuHcTBeHHBIN C1TOCOO OCBOUTH HOBBIH SI3BIK MPOTPAMMHUPOBAHUS - MTHUCATh
Ha HeM nporpaMmsl. [lepBast mporpamma, KoTopast 107KHa OBITH HAITHUCAHA, - OJJHA
IUIS BCeX SI3BIKOB: HanedaraTh ciioBa : HELLO, WORLD.

370 - caMblii CYIIIECTBEHHBIN Oaphep; YTOOBI IPEOIOIIETh €T0, BB IOJDKHBI CyMETh
3aBECTH IZIe-TO TEKCT IPOTPAaMMBI, YCIEIIHO €r0 CKOMITMINPOBATh, 3arPy3UTh,
MIPOTHATH M HAWTH, T/I€ OKa3ajach Balla BeIIada. ECiy BBl HAy9MIINCH CIIPABIIATHCS
C 9THMH TEXHHYECKUMH JETAIAMH, BCE OCTAIBHOE CPAaBHUTEIBHO MPOCTO.

IIporpamma nedatn “HELLO, WORLD” Ha s13b1ke “C” nMeeT BUI:

MAIN ()
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PRINTF (“HELLO, WORLD\N”");

Kak npomyctuTs 3Ty nporpaMmy - 3aBUCHT OT HCIIOJIb3yEMOM BAMU CUCTEMBL.
B vactHOCTH, Ha onepanonHOM cucteMe “UNIX” BbI JOMKHBI 3aBECTH HCXOAHYIO
nporpaMmy B (aiiie, UMst KoToporo okanuuBaercst Ha “.C” , Hanpumep, HELLO.C
, ¥ 3aT€M CKOMIIMIMPOBATh €€ 110 KOMaHe

CC HELLO.C

Eciu BBI He IOy CTHIIN KaKOH-TH00 HEOPESIKHOCTH , TAKOH KaK IPOITYCK CHMBOJIA
WM HETIPaBUIHHOE HAMMCaHWe, KOMIMIAIUS TpoiaeT 0e3 cooOmeHwid u Oyaet
CO3/IaH MCIIONHsAeMbIi (aii ¢ umerem a.OUT . [Iporou ero mo KoMaHe

A.OUT

MIPUBEET K BEIBOAY

HELLO, WORLD

Ha nmpyrux cucremax 3Tu mpaBuia OymayT WHBIMH; IPOKOHCYIBTHPYHTECH C
MECTHBIM aBTOPUTETOM.

Ympaxuenue 1-1.

[IpomycTute 3Ty mporpammy Ha Bameit cucteme. [lonpoOyiiTe He BKIIOYATh
pa3IuYHbIE YACTH MPOTPAMMBI M TIOCMOTPHUTE KaKHue COOOIICHHS 00 OIMMUOKaX BbI
IIPH 3TOM TIOITyIHUTE.

Temnepr HekoTOpBIC TOSICHEHHS K camMoii mporpamMe. JIrobas “C”-mporpamma,
KaKOB ObI HY OBUT €€ pa3Mep, COCTOUT M3 OIHOM Mtk Oostee ““DYHKIINIA ", yKa3bIBAFOIIMX
(akTHuecKHe OrepaIi KOMITBIOTEpa, KOTOPbIE IOJDKHBI ObITh BBINOIHEHbI. DYHKIMN
B s13bIKe “C” 0m00HbI (DYHKLKSIM U ITOAIporpaMmmam doprpana u nporenypam PL/1,
nmackaysl ¥ T.a. B Harrem npumepe takoid ¢yakmueit seiusiercst MAIN. OOBIYHO BbI
MOXKeTe JaBaTh (DYHKIHSIM JIFoOble MMEHa I10 BallieMy ycMoTpeHHto, Ho MAIN - ato
0C000€ MMs1; BBITTOTHEHHE BAIIICH IPOrpaMMbl HauMHASTCsI CHadasia ¢ hyHkimu MAIN.
370 03HAYALT, YTO KaXK1as MporpamMma JOJDKHA B KAKOM-TO MECTE COZIEPKaTh (DYHKIIHIO
¢ umeseM MAIN. JIst BBITOSHEHUS ONPEACICHHBIX NeUCTBUi QyHKIus MAIN
00BIYHO OOpamaercs K IpyruM (QyHKIUSAM, 9aCTh U3 KOTOPBIX HAXOMUTCS B TOM XKe
caMoii Tporpamme, a 4acth - B OHOJIHOTEKaX, COAEPKAIINX paHee HalMCAHHbIC
GyHKIHH.

OnauM criocoboM 0OMeHa TaHHBIMH MEXAY QYHKIHSIMHU SIBIISIETCS Tepeaada
MOCPEACTBOM apryMeHToB. Kpyribie ckoOKH, Clieyolre 32 UMeHeM (DYHKIIH,
3aKJIF0YAI0T B ce0e CIHUCOK apryMeHToB; 3nech MalN - GpyHkuus 6e3 apryMeHToB,
4TO yKa3biBaeTcs Kak (). OnepaTopsl, COCTaBISIONINE (PYHKIIHIO, 3aKITI0YAI0TCS B
¢buryphsie ckoOku u , KoTopbie anajgorudasl DO-END B PL/1 uu BEGIN-END
B ajroune, nackasie u T.1. O0paiieHne Kk QyHKIUH OCYLIECTBISIETCS yKa3aHUEM ee
HMMEHH, 32 KOTOPBIM CIIEAYET 3aKJIIOUYCHHBIHN B KPYTIIbIe CKOOKH CITHCOK apTyMEHTOB.
37ech HeT HuKakux orneparopoB CALL, kak B poprpane wiu PL/1. Kpyrisie ckoOku
JIOJDKHBI IPUCY TCTBOBATH U B TOM CJIy4ae, Korjaa (yHKIUsS HE UMEET apr'yMEHTOB.
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Crpoxka

PRINTF (“HELLO, WORLD\N”) ;

SIBJISIETCSI 0OpaleHreM K (QYHKIMH, KOTOPOE BBI3BIBAET (DYHKIMIO C IMEHEM
PRINTF u aprymerom “HELLO, WORLD\N”. ®yukuust PRINTF sBnsercs
6uOIIoTeYHOM (yHKIMEH, KOTOpasi BBIIAET BBIXOHBIC JaHHBIE HAa TEpPMHUHAN (€CIN
TOJIBKO HE YKa3aHO KaKOe-TO APYToe MECTo Ha3Ha4deHus1). B taHHOM cityyae reqaraercst
CTPOKa CHMBOJIOB, SIBJISIIOIIAsCS apryMEHTOM (DYHKIIHH.

[MocnenoBarenbHOCTD U3 JIHOOOTO KOJIMYECTBA CHMBOJIOB, 3aKJIIOUCHHBIX B
YABOCHHBIE KaBBIUKH ““...”, HA3bIBAETCS ‘CUMBOJIBHOW CTPOKOHM ™ WIIH ‘CTPOYHOI
koHcTaHTOW . Iloka MBI OyzeM HCIIONIB30BaTh CUMBOJIBHBIE CTPOKH TOJBKO B
kauectBe aprymMeHnToB it PRINTF u npyrux ¢yHkimid.

[MocnenoBarenbHOCTH \N B IPUBEAEHHOH CTpPOKE SIBISIETCS] 0003HAYEHNEM Ha
s3pike “C” 11l ‘cUMBOJA HOBOM CTPOKH’, KOTOPBIM CIYXKUT yKa3aHUEM JUIst
nepexoja Ha TepMUHAJE K JIEBOMY Kparw ciefyromeil ctpoku. Eciu Bbl He
Bkirounte \N (I10JI€3HBIH SKCIIEPUMEHT), TO 0OHApY)KUTE, YTO Ballla BbIJa4ya HE
3aKOHYUTCS MEPEXOJOM TEpPMHUHAa Ha HOBYI cTpoky. Mcmonbs3oBaHue
nocnenoBaTeabHOCTH \N - €AMHCTBEHHBIH CIIOCOO BBEIEHHsI CHMBOJIAa HOBOU
crpoku B aprymenT ¢pyHkimuu PRINTF; eciau BbI morpoOyere uto-HHOYIb Bpoe

PRINTF (“HELLO, WORLD

\\) .
’

10 “C”-KOMITWIIATOP OyIIET MeYaTaTh 37I0PaIHbIC TUATHOCTHICCKUE COOOIIICHUS
0 HEOCTAIOMUX KaBbIYKaX.

@ynxims PRINTF He obecrieurBaeT aBTOMaTHIECKOTO IIEpeXo/ia Ha HOBYIO CTPOKY,
TaK YTO MHOTOKpaTHOE oOpalieHHe K Hell MOXKHO HCIOJIb30BaTh VISl [TOATAITHOM
cOopku BeIXOHOW cTpoku. Hara repBast mporpaMma, Iedararomas HISHTHYHYIO
BBIJIa4y, C TOYHO TAKUM K€ YCIIEXOM Moryia ObI ObITh HaIMCaHa B BUIE

MAIN ()

PRINTF (“HELLO, “);
PRINTF (“WORLD") ;
PRINTF (“\N") ;

[Momguepkuem, uto \N mpeacTaBiaseT TOJIHKO OJUH CHMBOJ. YCIOBHBIC
‘mociegoBaTeNbHOCTH , MOA00HBIe \N , HaPOT OOMIMH W JOMYCKAIOMHI
pacuIMpeHue MEXaHNU3M JUTS PEACTABICHUS TPYAHBIX TS [ICYaTH WA HeBUIUMBIX
cuMBoJIOB. Cpeii MPOUYMX CUMBOJIOB B si3bIKe “C”” IPeyCMOTPEHBI CIEAYIOLIHE:
\T - U151 TaOyIIsAIIH, \B - 1715 BO3Bpara Ha OHY O3UIIUIO, \” - TS IBOWHOMN KABBIYKH
n \\ 17151 camoit 00paTHON KOCO# YepTHlI.

YnpaxHenue 1-2.
[IpoBennTe SKCIEPUMEHTHI AJIS TOTO, YTOOBI Y3HATh YTO MPOU3OHUET, ECIIH B
cTpoke, siByustromeiics aprymentom pyrkiun PRINTF Oyzer conepxarncst \X, rae
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X - HEKOTOPBII CUMBOJI, HE BXOJSIINNA B BBILLIETPUBEIEHHBINA CITUCOK.

1.2. MNepemeHHbIe N apudmeTHKa.

Crenyromas mporpaMma rneJaraeT IpruBeIeHHY0 HIDKE Ta0IHILy TEMITEpaTyp
o PapeHrelTy U UX 3KBUBAJIEHTOB M0 CTOrpaaycHOM mkane Llenbcus, ucnonbs3ys
JuIs TiepeBozia GopMyiTy

C= (5/9)*(F-32). 0 -17.8
20 -6.7

40 4.4

60 15.6

260 126.7

280 137.8

300 140.9

Teneps cama nporpamma:

/* 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;

IepBble aBE cTpOKU

/* PRINT FAHRENHEIT-CELSIUS TABLE
FOR F =0, 20, ..., 300 */

SIBJSIFOTCSI KOMMEHTapHeM, KOTOPbIH B JAHHOM CIIy4ae KPaTKO MOSICHSIET, YTO
Jenaet mporpamma. JIro0ble CUMBOJIBI MEXIy /* U */ HTHOPHPYIOTCS KOMITH-
JSITOPOM; MOXKHO CBOOOJIHO IMOJIb30BATHCSI KOMMEHTAPUSIMU JJIsi 00JIeryeHust
MOHUMaHHS PorpamMMbl. KOMMEHTapHK MOTYT TOSIBISITBCS B JIIOOOM MecTe, TJie
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BO3MOXKEH MPOOET WIH IEPEX0JT Ha HOBYO CTPOKY.

B s3pike “C” Bce mepeMeHHBIE TOKHBI OBITh OIMTUCAHBI IO UX HCIIOJIh30BAHMS,
0OBIYHO 3TO JeTIaeTCs B Hadaje (PYHKIIHH JIO IIEPBOTO BHIITOIHIEMOTO OIieparopa.
Ecnu BBI 320y/ieTe BCTaBUTH OITUCAHKE, TO OTYYHTE TUATHOCTUICCKOE COOOIICHUE
ot koMnuisitopa. OnucaHre COCTOUT U3 TUIIA U CITUCKA EPEMEHHBIX, UMEIOLINX
9TOT THIL, KaK B

INT LOWER, UPPER, STEP;
FLOAT FAHR, CELSIUS;

Tun INT o3nauaet, yTo Bce nepemMeHHble cnucka uensie; Tun FLOAT
IpeJHa3HA4YeH AT YUCel C IUIaBaIoLIel TOUKOH, T.€. Ul YHCeN, KOTOPBIE MOTYT
uMeTh IpoOHyro dacTh. TouHocTh Kak INT , TAK u FLOAT 3aBuCHT OT KOH-
KpPETHOHM MallMHbI, HA KOTOpo# Bbl padoraere. Ha PDP-11, nanpumep, tum INT
COOTBETCTBYET 16-0MTOBOMY YHCIY CO 3HAKOM, T.€. YHCIY, JIeKAIEMy MEXIY -
32768 u +32767. Uucno tuna FLOAT - 310 32-6HTOBO€ YKCIIO, HMEIOIIEE OKOJIO
ceMu 3Havanux mudp u nexamee B quanazone ot 10e-38 mo 10e+38. B riase 2
MIPUBOJUTCSI CIIUCOK Pa3MEPOB JUIsl APYTHX MAILUH.

B s3bike “C” npenycMOTPEHO HECKOJIBKO JPYTUX OCHOBHBIX THIIOB JaHHBIX,

kpome INT u FLOAT:
CHAR CHMBOJI - OMH OaiT
SHORT xkopoTtkoe nenoe
LONG JUIMHHOE 1IEJ0€

DOUBLE mnaparoiee ¢ IBOMHON TOYHOCTBIO

Pa3mMepbl 3THX 00BEKTOB TOXKE MAITMHHO-HE3aBUCUMBI; JICTAIU IPUBEICHEI B
miaBe 2. IMeroTcs Takke MacCUBBI, CTPYKTYPHI 1 00BEIMHEHUS 3TUX OCHOBHBIX
THUIIOB, YKa3aTelIM Ha HUX U ()YHKIIUH,KOTOPBIC X BO3BPAIAIOT; CO BCEMH HUMHU
MBI BCTPETUMCS B CBO€ BpPEMSI.

DaKTUYECKU BBIUUCICHUS B IpOrpaMMe NepeBoia TEMIIEpaTyp HaunHAIOTCS
C OIepaTopoOB MPHUCBAUBAHUS

LOWER =0;

UPPER =300;

STEP = 20;

FAHR =LOWER;

KOTOpbIE IPUAAIOT IEPEMEHHBIM X HAYaJIbHbIE 3HAYSHUS1. KXKIbIA OTAEIbHBII
onepaTop 3aKaHYMBAETCS TOUYKOH C 3amsiToil.

Kaxnast cTpoka TaOmUIIBl BEIYUCIISIETCS OMUHAKOBBIM 00pa3oM, TaK YTO MBI
HCIOJIb3YEM IMKJI, TOBTOPSIIOMIMICA OJIMH Pa3 Ha CTPOKY. B 3ToM HazHaueHue
oneparopa WHILE:

WHILE (FAHR <= UPPER)

IIPOBEPSIETCSI YCIIOBHE B KPYIIIBIX cKoOKax. Eciii OHO MCTHHHO
(FAHR mensbme wim pasao UPPER), To BeITIONIHSETCS TENO LIUKIIA
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(Bce omepaTopsl, 3aKII0YEHHbIE B (PUTYPHBIE CKOOKH U ). 3aTrem

BHOBb IIPOBEPSIETCS 3TO YCIOBHE U, €CIIU OHO UCTHHHO, OISATh BBIMOIHSIETCS
Testo 1mkia. Eciu sxe ycnosue He Bommonusiercs ( FAHR npeBocxonutr UPPER ),
LUK 3aKaHYUBAETCA U MPOMCXOAMUT MEPEXO0] K BBHIIOJHEHUIO OIEepaTopa,
CJIEAYIOLIETO 3a ONEPaTopoM LHKIIA. Tak Kak B HACTOSIIEN IPOrpaMMe HET HUKAKUX
MOCIIEAYIOIIUX ONEPATOPOB, TO BHINOJIHEHUE IPOTrPAMMBI 3aBEPIIAETCS.

Teno oneparopa WHILE MoxkeT cocTOSTh N3 OHOTO MM O0JIee OIepaTopos,
3aKJTI0YEHHBIX B (QUI'YPHBIE CKOOKH, KaK B IIPOTpaMMe [epeBojia TEMIIEpaTyp, Hin
U3 OJJHOTO omeparopa 0e3 CKOOOK, KaK, HarpuMep, B

WHILE (I < J)
I =2*1;

B o0oux ciryuasix oneparopsl, yrpasisemsle onepatopomM WHILE, caBunyThI
Ha OfIHY TaOyJISIIINIO, YTOOBI BBl MOIII C TIEPBOTO B3IVISIA BUJIETh, KAKHE OIIEPaTophl
HaXOZATCSA BHYTPU LUKNA. Takoi CABUT MOTYEPKUBAET JOTHUECKYIO CTPYKTYPY
nporpaMmMsl. XoTs B s3blke “C” qomycKaeTcsi COBEPLUIEHHO NPOU3BOJBHOE
PacHoIO0KEHUE ONEPATOPOB B CTPOKE, MOAXOAAIIMMA CIBUI U HUCHOJIb30BAaHUE
Ipo0EeJIOB 3HAYNUTEIHHO 00JICTYat0T YTEHHE IPorpaMM. MBI peKOMEHIyeM NHcaTh
TOJIBKO OJIMH OIIepaTop Ha CTpoKe M (OOBIYHO) OCTaBIATH MPOOEIHI BOKPYT
orneparopoB. Pacrionoxxenne GUrypHsIx CKOOOK MEHee CyIIeCTBEHHO; MbI BRIOpan
OJIVH U3 HECKOJIbKUX MOMYJISIPHBIX CTHIIEH. BriOeprTe oaxXo syl Juis Bac CTHIIb
U 3aT€M UCHOJb3YHTE €ro NoCcIe0BaTeNbHO.

OcHoBHast 4acTh pabOTHl BHIIOJHSIETCS B TeJlE IIMKIA. TemIieparypa 1o
Henbcuto Beiuucisercs u npucBaupaercs nepemeHHoid CELAIUS oneparopom

CELSIUS = (5.0/9.0) * (FAHR-32.0);

MIPUYMHA UCIIONB30BaHUs BeIpaxeHus 5.0/9.0 BMECTO BHIIISASAIICTO

npoie 5/9 3akioyaercs B TOM, 4TO B si3bIke “C”, Kak ¥ BO MHOTUX JIPyTHX
SI3BIKAX, TIPH JICTICHUH [IEJTBIX POUCXOINT YCEUCHUE, COCTOSIIIEE B OTOPACEIBAHUH
IpoOHOIt yacTH pe3yibrara. Takum 00pa3oM, pe3yIsrar olepanyi 5/9 paBeH HyITo,
1, KOHEYHO, B 3TOM CIIydac BCE TEMIEpaTyphl OKa3alIuCh OBl PaBHBEIMH HYJIIO.
JecsaTuyHas TOUKa B KOHCTAHTE YKa3bIBAET, YTO OHA UMEET THUII C IJIaBaoUIei
TOYKOH, TaK 4TO0, KaK MbI 1 XoTend, 5.0/9.0 pasro 0.5555... .

MBei Taxoke nucanu 32.0 BMecTo 32 , HeCMOTps Ha TO, YTO TaK KakK IepeMeH-
Hast FAHR nmeer tunn FLOAT , nenoe 32 aBToMaTtiu4ecku ObI TpeoOpa3oBaioch K
turry FLOAT (B 32.0) nepen BerautanueM. C TOUKH 3peHHS CTUIIS pa3yMHO IHCATh
IU1aBAIOIINE KOHCTAHTBI C SIBHOM JIECITHYHOM TOUYKOM JJasKe TOT/Ia, KOLAa OHU UMEIOT
LeJble 3HaYeHUs; 9TO MOAYEPKUBAET UX IUIABAIOUIYI0 MPUPOLY AJIsl MPOCMAT-
PHBAFOILIETO MPOTPaMMy U 00ECIIEIMBALCT TO, YTO KOMITHIISTOP OyJIeT CMOTPETh Ha
BEIIIM TaK K€, KaK ¥ BBl

[MonpoOHBIe IpaBmia 0 TOM, B KAKOM CITydae IeIbIe MPeo0pa3yoTcs K TUITY C
[J1aBawoliel Toukol, nmpuBeaeHsl B mase 2. Celyac ke OTMETUM, YTO MpPHU-
CBanMBaHUE
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FAHR = LOWER;

IIpOBEpKa
WHILE (FAHR <= UPPER)

paboTaroT, KaKk OXHUIAeTCs, - Iepe/ BBHIIIOJHEHUEM OIEepaIiil IeJbIe mpe-
00pasyIoTcs B IIABAIONIYIO (GOPMY.

DTOT Xe mpuUMep coodimaer uyyTh Oombine o ToM, kak padoraer PRINTF.
Oyukims PRINTF dhakTudecku sBsieTCsl YHUBEPCAIbHOH (PyHKIHEH popMaTHBIX
mmpeoOpa3oBaHuii, KOTOpasi OyaeT IMOJHOCTBIO OmucaHa B riaBe 7. Ee mepBbiM
apryMEHTOM SIBJSIETCA CTPOKAa CHMBOJIOB, KOTOpas JIOJDKHA OBITH HaredaraHa,
MpUYeM KaXIbI 3HaK % yKa3bIBaeT, KyAa JOJDKEH IOACTABIIATHCS KaXIbIH U3
OCTaJIbHBIX apryMEHTOB /BTOPOM, TPETHHA, .../ U B Kakoil (hopMe OH IODKEH ITe-
yaratbcsa. Hampumep, B oneparope

PRINTF (“%4.0F %6.1F\N”, FAHR, CELSIUS);

cneuudukanus npeodpazoanus %4.0F roBopHT, YTO YUCIIO C IUIaBArOLICH
TOYKOH JOJDKHO OBITH HalleyaraHo B IOJIE IIMPHHOM MO KpalHEH Mepe B YeThIpe
cuMBoOIIa 0e3 1udp nocie AecITHYHON ToukH. crienmbukaims %6.1F onuceiBaer
JIPYTO€ YHUCIIO0, KOTOPOE JIOKHO 3aHMMaTh 0 KpailHel mepe 1IeCTh MO3UIMM C
OIHON IUQPO MOCHIe ASCITUIHON TOYKH, aHATOTHYHO crnenupukamsiv F6.1 B
¢doprpane win F(6,1) B PL/1. Pasauunsie yacTu Crieru(uKanud MOTYT OBITh
oIymIieHs!: cruenudukast %6F roBoput, 4to ucio OyneT MHUpHUHOH 10 KpaiHeH
Mepe B IIECTh CHMBOJIOB; cHemuduKanus %2 TpeOyeT ABYX MO3HMIMHA IOCIE
JECATUYHON TOYKH, HO IIMPHHA IIPH 3TOM HE OTrpaHHINBaeTCS; crenuduxamus %oF
TOBOPHUT TOJBKO O TOM, YTO HY)KHO HaleyaraTh YHCIIO C IUIABAIOMICH TOYKOIL.
Oyukrus PRINTF Taroke pacno3naeT cinexyromue crernuukanuu: %D - mis
JECSATUIHOTO IIeJI0T0, %0 - i1 BOCBMEPUYHOTO YHCia, %X - A IMeCTHAALa-
TAPUYHOTO, %C - 7151 cuMBOJIa, %S - 7151 CHMBOJIBHOM CTPOKHU U %%

- U1 camoro cumBoIIa %.

Kaxnas koHCTpYKIHs ¢ ciMBOJIoM % B riepBoM aprymenTe (pyaknnu PRINTF
COYETAeTCs] C COOTBETCTBYIOIINM BTOPBIM, TPETHUM, U T.A. APTyMEHTaMH; OHH
JTOJDKHBI COTTIACOBBIBATHCS 110 YHCITY M THITY; B IPOTUBHOM CIIy9ae BBI IIOyYUTE
0eCCMBICIICHHbIE PE3YIIBTaThI.

Mexay npounm, Gyukius PRINTF He siBistercst 4acThio si3bika “C”; B caMoM
si3pike “C” He oIpeIesIeHbl OTlepalii BBOIa-BbIBOAA. HEeT HU4ero TamHCTBEHHOTO
u B pynkuun PRINTF ; ato - mpocto nose3Has GyHKIUS, SIBISONIAsICS YaCThIO
CTaHJApPTHON OMONMMOTEKH MOAMpPOrpaMM, KoTopas OOBIYHO mocTymHa “C”-
nporpamMMaM. YToObI COCPETOTOUNTRCS HAa CAMOM SI3BbIKE, MBI HE Oy1eM MoIpoOHO
OCTaHAaBJIMBAThCA Ha ONEPAIIsIX BBOIA-BBIBOA JI0 IMaBkI 7. B wacTHOCTH, MBI 10
TeX MOp OTII0KUM (popmaTHBIN BBOJ. Eciii BaM HaJi0 BBECTH YUCIIA - TIPOUUTANTE
onmcanue pynkmun SCANF B rmase 7, pazaen 7.4. @ynkius SCANF Bo MHOTOM
cxogHa ¢ PRINTF , Ho oHa cunThIBaeT BXOJHBIC TAHHEIC, 4 HE II€UaTacT BLIXOIHBIC.
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Ynpaxuenue 1-3.
[Tpeobpasyiite nporpammy nepeBoaa TeMIeparyp TakuM 00pa3oM, 4ToObI OHa
Trieyarajia 3arojloBOK K TadiuIe.

Ynpaxkuenne 1-4.
Hanunmure nmporpaMMbl me4aTd COOTBETCTBYIOIIEH TaONUIBI Iepexoia oT
IpajlycoB IIeTbCUs K TpagycaM apeHrenTa.

1.3. Onepatop FOR.

Kak 1 MOXXHO OBUIO OXKHJIATh, UMEETCS MHOXKECTBO Pa3IMYHBIX CIIOCOOOB
HalMCaHMUs KaXJA0W mporpammsbl. J[aBaliTe paccMOTpUM TakoW BapuaHT
MIPOTpaMMEI [IepeBO/a TEMIIEepaTyp:

MAIN() /* FAHRENHEIT-CELSIUS TABLE */

INT FAHR;
FOR (FAHR = 0; FAHR <= 300; FAHR = FAHR + 20)
PRINTF (“%4D %6.1F\N”, FAHR, (5.0/9.0)* (FAHR-32.0));

OTta mporpaMma BBIIAET TE K€ CaMbI€ PE3YIIBTATHL, HO BRITISANUT O3y CIOBHO I10-
IpyroMy. I 1aBHOE M3MEHEHHE - HCKITIOUeHHE OONBIIMHCTBA IEPEMEHHBIX; OCTaIach
tospko mepemenHas FAHR , mpuyem tuma INT (310 caenaHo uis TOro, 4ToObI
MpOeMOHCTPHPOBaTh peodpazoBanue %D B ¢pyrkimu PRINTF). Hrokusist u BepxHsA
TPaHHUIBI M pa3Mep Iara IMOSBILIIOTCS TOJBKO KaK KOHCTAHTHI B omeparope FOR
KOTOpBIM caM SIBJIIETCS. HOBOM KOHCTPYKI[MEW, a BhIPaKEHHE, BBIUUCIISIOLIEE
TeMIIepaTypy MO LETbCHI0, BXOMUT TENEPh B BHAE TPETHETO apryMeHTa (DYHKIUI
PRINTF , a He B BUJie OTJEILHOIO OMleparopa MpUCBanBaHUsL.

[Tocnennee n3MeHeHNE ABIIAETCS IPIMEPOM BIIOJTHE OOIIETO MpaBmiIa sI3bIKa
“C” - B moOOM KOHTEKCTE, B KOTOPOM JIOTYCKaeTCs MCIOJIb30BaHUE 3HAUYCHUS
MIEPEMEHHON HEKOTOPOTO TUIIA, BBl MOYKETE HCIIOIb30BATh BEIPAKEHHE ATOTO THIIA.
Tak xak Tpetuit aprymeHT ¢pyHkuuun PRINTF momken mMeTs 3HadueHUE ¢
IUTABAOIICH TOYKOM, YTOOBI COOTBETCTBOBATH crienubukamuu %6.1F, To B aToM
MECTE MOXET BCTPETHUTHCS JII000€ BRIPAKCHHUE IJIABAIOIIETO THIIA.

Cawm omnreparop FOR - 310 onepatop nukia, o6oomarommii oneparop WHILE.
Ero ¢yHKIIMOHMpPOBaHNE JOIKHO CTATh SICHBIM, €CIIM BBl CPABHHUTE €T0 C paHee
onucanubeiM oneparopom WHILE . Onmepatop FOR comepxuT Tpu dactu,
paznensieMble TOUKOM ¢ 3ansTo. [lepBas yacTh

FAHR = 0

BBITIOJTHSAETCSI OMH Pa3 Mepel] BXOIOM B caM IMKJI. BTopas gacTs -
MIPOBEPKA, HIIH yCIOBHE, KOTOPOE YIPABISIET UKIIOM:

FAHR <= 300

OTO YCJIOBHEC IPOBEPACTCA U, €CJIM OHO UICTUHHO, TO BBITIOJHACTCA
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TeJIo KA (B JaHHOM cirydae Tosibko GyHkiust PRINTEF ). 3arem
BBINOJTHSACTCS [Iar PENHUINATIH3ALIH

FAHR =FAHR + 20

U YCIOBHUE NPOBEPSIETCA CHOBA. LIUKJ 3aBepIIAeTCs, KOrJa 3TO YCIOBUE
CTaHOBUTCSI IOXKHBIM. Tak ke, kak U B ciryuae onepatopa WHILE , Teno nukna
MOXET COCTOSTh U3 OAHOTO OIIEpaToOpa WK U3 FPYIIIBI ONIEPAaTOPOB, 3aKITIOYEHHBIX
B (urypHble ckoOKu. HMImanupyomas 1 peHHIIUaT3UPYOIas 4acTH MOTY T
OBITh JITOOBIMU OT/EJIEHBIMH BBIPKECHUSIMH.

Bri6op mexy oneparopamu WHILE 1 FOR nipon3BosieH 1 0CHOBBIBaeTCsI Ha
TOM , 4TO BEIVIAANT sicHee. Oneparop FOR 00b14HO yn00eH /uis IIMKIIOB, B KOTOPBIX
MHULMAIN3alMg 1 PEUHUIMATN3aMs JOTMUECKU CBSI3aHbl U KaXKJasl 3alaeTcs
OJIHAM OIIepaTopoM, TaK KaKk B 3TOM CJIydae 3aruch 0ojee KOMIIaKTHA, YeM IpH
ucnons3oBanuu oneparopa WHILE , a oneparops! ynpasieHus IUKIOM cocpe-
JIOTAUUBAIOTCS BMECTE B OTHOM MECTE.

Ynpaxuenue 1-5.

Monuduippyiite mporpaMmy rnepeBojia TeMIeparyp TakKuM 00pa3oM, YToObI
OHa reJaraja Tabnuiry B oopatHoM nopsiake, T.e. Ot 300 rpagycos a0 0.

1.4. CumBONHYECKHE KOHCTAHTEHI.

[Tocnennee 3amedanue, MPeXkae YeM MBI HaBCEr[Ja OCTaBHM IPOrPAMMY
niepeBona Temreparyp. [Ipsarare “marndeckue yucna”, Takue kak 300 u 20, BHyTpb
MIPOTPaMMEI - 3TO HEy/IauHasl IPAKTHKA; OHU AAIOT MaJlo HH(POPMALIUHU TEM, KTO,
BO3MOXKHO, TOJDKEH OyzieT pa3dupaThCs B 3TOHM mporpaMme HO3JHEe, U X TPYIHO
M3MEHATh CUCTeMaTuiecKuM oOpazoM. K cuacTeio B s3bike “C” mpeaycMOoTpeH
crmoco6, MO3BOJISIIOMUNA M30€KaTh TaKUX ‘‘Marndeckux uucen’. Mcmonb3ys
koHcTpykuto #DEFINE , Bel MokeTe B Hadajie MPOrpaMMbl ONPEIETUTh
CHMBOJINYECKOE UMSI JTH CUMBOJIMYECKYIO KOHCTAHTY, KOTopast OyeT KOHKPETHOH
CTPOKOI1 CHMBOJIOB. BI1oCiteIcTBMHM KOMITWIISTOP 3aMEHHT BCE HE 3aKTIOYCHHBIC B
KaBBIUKHY TOSIBIICHHUS 3TOTO MMEHHU Ha COOTBETCTBYIOMIYIO CTPOKy. DakTuuecku
9TO UM MOXET OBITh 3aMEHEHO a0COJIOTHO HMPOU3BOJIBHBIM TEKCTOM, HE
00s13aTenbHO T paMu

#DEFINE LOWER 0/* LOWER LIMIT OF TABLE */
#DEFINE UPPER 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));

BenuunHbl LOWER, UPPER u STEP sBisIFOTCSI KOHCTaHTaMH ¥ TI0O3TOMY OHH
HE YKa3bIBalOTCA B onmucaHusAX. CHMBOJIWYECKHE MMEHA OOBIYHO MHINYT
MPONUCHBIMU OyKBaMH, 9TOOBI UX OBLIO JIETKO OTIMYWUTH OT HAIMHMCAHHBIX
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CTPOYHBIMH OyKBaMU MMEH ITIEPEMEHHBIX. OTMETHM, YTO B KOHIIE OTIPE/ICTICHUS HE
CTaBHUTCS TOUKa C 3asATOH. Tak Kak mojcraBisieTcs: BCs CTPOKA, CleayIomas 3a
OTIpeZIeTICHHBIM UMEHEM, TO 3TO IPUBEJIO ObI K CIHIIIKOM OOJIBIIOMY YHCITY TOUEK
¢ 3amsroii B oneparope FOR .

1.5. Habop nonesHbIX Nporpamm.

Tenepb MBI cOOMpaeMcsi pacCMOTPETh CEMEWCTBO POJICTBEHHBIX MPOTPaAMM,
IpeIHAa3HAYEHHBIX JUIS BBIIOJIHEHUS IPOCTHIX ONEpalnuii HaJl CUMBOJIBHBIMU
JaHHBIMU. B nanpHelinmeM Bl 0OHApy>XHUTE, YTO MHOTHE IPOIPaMMBI SIBIISIFOTCS
MPOCTO PaCIIMPEHHBIMH BEPCHSMH TEX ITPOTOTHIIOB, KOTOPHIE MBI 371€Ch 00CYKIaeM.

1.5.1. BeBog 1 BbIBOA4 CUMBOJIOB.

CranpaprHas OMOIMoTeKa BKITIOYAeT (PYHKIMHN AJIS1 YTSHUS U 3aIKCH 110 OITHOMY
cuMBoity 3a oauH pas. pyHkius GETCHAR() nzBnekaet ciexyonuii BBOIUMBINA
CHUMBOJI K&X]Ibli pa3, Kak K Heil oOpalarorcsi, 1 BO3BpallaeT 3TOT CUMBOI B
KaueCTBE CBOETO 3HAUSHHUs. JTO 3HAYUT, 4TO IOCIIE

C = GETCHARC()

nepeMeHHas ‘C’ CONEPKUT CIIEAYIOMINI CUMBOJ U3 BXOIHBIX JAHHBIX.

CHUMBOJTBI 00BIYHO TIOCTYIIAIOT C TEPMHHAJA, HO 3TO HE JOJDKHO HAC KAacaThCs
10 TJIaBHI 7.

®ynknus PUTCHAR(C) sensiercst monmonnenrem Kk GETCHAR : B pesynbsrare
obOparnieHus

PUTCHAR (C)

conepkuMoe nepeMeHHo# ‘C’ BbIIaeTCsl Ha HEKOTOPBIA BBIXOIHON HOCHTEIb,
00b19HO omATh Ha TepMuHai. O6pamienne k pyHknusiMm PUTCHAR u PRINTF
MOTYT TIEPEMEKaThCs; Bblada Oy[eT MOSBIATHCA B TOM IOPSIKE, B KOTOPOM
MIPOUCXOJIAT OOpaIICHHUSI.

Kak u pynkuus PRINTF , ¢pynxmun GETCHAR u PUTCHAR He cogepxar
HUYEro dKCTpaopArHapHOTO. OHU HE BXOAT B COCTAB si3bIKa “C”, HO K HUM BCETIa
MOXKHO OOpaTHTHCA.

1.5.2. KonuposaHue cpanna.

Nmes B cBoeM pacniopsoxernn Tonbko pyHkumn GETCHAR u PUTCHAR Bo
MOXXeTe, He 3Has Hu4yero Oosiee 00 omepanusax BBOAA-BHIBOJA, HAIMCATh
YAUBUTEIBHOE KOTMYECTBO MOJIE3HBIX MporpaMM. [IpocTeimmm npuMepoM MoxKeT
CITyXHTb ITPOrpaMMa [0CUMBOJIBHOTO KOIIMPOBAHMUS BBOJHOTO (paiisia B BBIBOIHOM.
OO0mas cxema UMeeT BUIL:

BBECTU CUMBOJI

WHILE (cuMBo He sIBIIsSIeTCS TPU3HAKOM KOHIIa (paiiyia) BHIBECTH TOJIBKO Y4TO
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IIPOYUTAHHBIN CUMBOJI BBECTH HOBBII CUMBOJI
Iporpamma, HarvcaHnHast Ha si3bike “C”, BBINISAUT CIIEAYIOIIM 00pa3oMm:

MAIN() /* COPY INPUT TO OUTPUT; 1ST VERSION */

INT C;

C = GETCHAR() ;
WHILE (C != EOF)
PUTCHAR (C);

C = GETCHAR() ;

oIreparop OTHOILEHHUs |= 03HauaeT “He paBHO .

OcHoBHasI Ipo0JIeMa 3aKIII0YaeTCsl B TOM, YTOOBI 3aduKCHpoBarh KoHel] daiina
BBOa. O0br4HO, Korna dyukimst GETCHAR narasnkuBaercs Ha KoHel (aiisia BBOzia,
OHA BO3BpAIACT 3HAYECHUE , HE ABIIIOIIECECS JEUCTBUTEILHBIM CUMBOIOM; TaKUM
00pazoMm, IporpaMma MOJKET yCTaHOBUTB, 4TO (haiis BBo#a ncdepral. ExuncTBeHHOE
OCJIO)KHEHHE, SBIAIONIeeCs] 3HAUUTENbHBIM HEeyl0OCTBOM, 3aKII04aeTcs B
CYILIECTBOBaHHH JIByX OOLIEYIIOTPEOUTENBHBIX COINIALIEHNH O TOM, KaKoe 3HaueHHe
(baKTHYECKH SBISIETCS] MPU3HAKOM KOHIIA (haityia. MBI OTCPOYMM pelIeHHEe 3TOro
BOIIpOCa, UcHoNb30BaB cuMBonmyeckoe nMst EOF st atoro 3HaueHws1, Kakum Obl
oHo Hu Obut0. Ha npaktuke EOF Gyner 6o -1, mm6o 0, Tak 4To juist npaBHIIbHON
paboThI HIepe]T IPOrpaMMOi IOJDKHO CTOSITH COOCTBEHHO JINO0

#DEFINE EOF -1

1100

#DEFINE EOF 0

Hcnonp3oBaB cuMBonnueckyto koHctauty EOF i npeacraBnenus 3HadeHus,
Bo3Bpamaemoro ¢ynkimueii GETCHAR mnpu Brixoze Ha koHen (haiina, MbI
o0ecrieumiy, 4To TOJIBKO OZIHA BEJIMYHMHA B IIPOIPaMMeE 3aBUCHT OT KOHKPETHOTO
YHCIIEHHOIO 3HAYEHUSI.

M1 Takoke onrcany nepemennyro ‘C’ xak INT , a ne CHAR , ¢ Tem uto0b1 ona
MoIIa XpaHUTb 3HaueHue, Bo3epaniaemoe GETCHAR . kak Mbl yBUNM B IMaBe 2,
9Ta BenuuuHAa jeiictBurensHO INT, Tak Kak OHa JOKHA OBITH B COCTOSIHHH B
JIOTIOJTHEHHE KO BCEM BO3MOXKHBIM CUMBOJIAM IpeacTaBisats 1 EOF.

[TporpamMmucTOM, IMEIOLIMM OIBIT paboThI Ha “C”, MporpaMma KOIMpPOBaHUS
Obu1a Ob1 HarucaHa Oosee cxaro. B s3p1ke “C” nr000€ nprcBanBaHKe, TAKOE Kak

C = GETCHAR()

MOXKET OBITh HCIIOJIB30BAHO B BEIPAKEHUH; €r0 3HaYE€HHE - IPOCTO

3HaueHUe, IpHUcBauBaeMoe JeBoi yactu. Ecinu mpucBauBaHue cUMBoOIIa
nepeMeHHol ‘C’ moMecTuTh BHYTpb IpoBepouHoi yactu oneparopa WHILE | To
IporpaMma KonupoBaHus (aiisia 3anuiiercs B BUJE:



«53bik C» B.B. KepHuezaH, .M. Puyu 25

MAIN() /* COPY INPUT TO OUTPUT; 2ND VERSION */

INT C;
WHILE ((C = GETCHAR()) != EOF)
PUTCHAR (C) ;

[IporpamMma u3BI€KaeT CUMBOJ , IPUCBAaUBaET ero nepeMenHoi ‘C’ u 3aTemMm
MPOBEPSIET, HE SIBJSIETCS JIM ATOT CUMBOJI NMPU3HAKOM KOHILA (aiina. Eciu Her -
BBITIONHSETCS Teno onepatopa WHILE, BeIBozsIiee 3TOT CUMBOI. 3aTeM MK
WHILE moBropsieTcs. Korja, HaKOHell, OyaeT QOCTUTHYT KOoHerl (haiia BBOIa,
oneparop WHILE 3aBepiiaercsi, a BMecTe ¢ HUM 3aKaHYMBAETCs BBINIOJHEHUE U
¢yuknn MAIN .

B aT0#1 Bepcun neHTpanu3yeTcs BBOJ - B IPOrpaMMe TOIBKO OTHO oOparieHne
K pynaknun GETCHAR - u yxxumaetcst mporpamma. BioxxeHne nprcBanBaHus B
MIPOBEPSIEMOE YCIIOBHE - 3TO OJTHO M3 TeX MECT si3bIka “C”, KOTOpOe MPUBOIUT K
3HAUUTEIBHOMY COKpaIIeHnIo nporpamMm. OIHAKO, Ha 3TOM ITyTH MOYKHO YBIICUBCS
W Ha4aTh MHUCATh HENOCTYIHBIE I MOHUMAHHUSA MPOTPAMMBI. DTy TEHICHIIHIO
MBI Oy/IeM TIBITAaThCS CAEPIKUBATb.

BaxHO MOHATH , YTO KPyIWIble CKOOKH BOKPYT IPHUCBAaMBAHUSA B YCIOBHOM
BBIPKEHUH JIEHCTBUTEIHFHO HeoOX0nuMbl. CTapIIMHCTBO OIIEPAIiH |= BBIIIE, YeM
oTepanyy NPUCBaMBAaHUA =, 4 3TO 03HAYAET, YTO B OTCYTCTBHE KPYIIIBIX CKOOOK
MpOBepKa ycaoBusl != OyleT BBIMOJIHEHA 10 MpUCBanBaHusI =. Takum oOpa3oM,
omeparop

C = GETCHAR() != EOF

9KBUBAJICHTEH OIEPaToOpy

C = (GETCHAR() != EOF)

DT0, BONPEKH HAIIEMY >KEJIaHUIO, IPUBEAET K ToMY, uTo ‘C’ OyneT NMpruHUMAaTh
sgauenre 0 miau 1 B 3aBHcHMMOCTH OT Toro, HartoiakHercst win HeT GETCHAR na
npu3HaK KoHIa ¢aiiaa. [ToqpobHee 00 3TOM OyIeT CKa3aHo B riase 2/.

1.5.3. NoacueT cumBonoB.

Crenyroiasi porpamMMa MojICAMTHIBAET YHUCIIO CHMBOJIOB; OHA MPEACTABIISIET
c000¥ HEOOIBIIIOE Pa3BUTHE TPOTPAMMBI KOTTUPOBAHHUS.

MAIN() /* COUNT CHARACTERS IN INPUT */

LONG NC;

NC = 0;

WHILE (GETCHAR() != EOF )
++NC;

PRINTF (“$1D\N”, NC);
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Oneparop

++NC;

JIEMOHCTPUPYET HOBYIO OLEPALUI0, ++, KOTOpasi 03Ha4aeT yBeIuue-

HUe Ha equHUIy. Bel Mo 061 Harmcath NC = NC + 1 , HO ++NC Gonee
KpaTKo U 3a4dacTylo Oonee 3¢h(pexTuBHO. MIMeeTcs cOOTBETCTBYIOIIAs Ollepanys
— yMeHbIlIeHne Ha eanHuIy. Onepany ++ 1 — MOTyT OBITh TH00 NpepuKCHBIMU
(++NC), mu60 nocrdurcupiMu (NC++); ot 1B hopMbl, Kak Oy/eT OoKa3aHo B
[J1aBe 2, UMEIOT B BBIPAKEHUSIX pa3IMuHbIe 3HaYeHus, HO Kak ++NC, tak u NC++
yBe munBaroT NC. [Toka MbI OyzieM puiepKUBaThCs NPE(UKCHBIX ONepanuii.

IIporpamma nojcyera CUMBOJIOB HAaKaIlJIMBAeT UX KOIMYECTBO B IEPEMEHHON
tuna LONG, a e INT . Ha PDP-11 makcumanbsHOe 3HaueHue paBHo 32767, u eciu
omcarb cueTyrk Kak INT , To oH OyzieT nmepenoaHsaThCs qaxke IIPpU CPAaBHUTEIHEHO
MautoM ¢aitne Beona; Ha si3pike “C” st HONEYWELL u IBM tumst LONG u INT
SIBJISIIOTCS] CHAHOHMMaMH ¥ IMEIOT 3HaYMTENbHO Oombinii pasmep. Crerudukaris
npeobpazoBanust %1D ykaszeiBaer PRINTF , uTo coorBeTcTByromuii aprymMmeHT
siesiercst nensv Tuna LONG .

UToOb! cIIpaBUTHCS C elie OOJbIIMMHU YUCIaMHU, BBl MOXKETE HMCIIOJIb30BaTh
Tt DOUBLE / FLOAT nBoiiHOI [UTMHBL/. MBI TAK)Ke UCTIONB3yeM omeparop FOR
BMecto WHILE c Tem, 4T00bI TpOMILTIOCTPUPOBATH APYTOH CIIOCO0 3aIHCH LIUKIIA.

MAIN() /* COUNT CHARACTERS IN INPUT */

DOUBLE NC;
FOR (NC = 0; GETCHAR() != EOF; ++NC)

’

PRINTF (“%.0F\N”, NC);

@®ynxuus PRINTF ncnonssyer cnenudukanmio %F kax s FLOAT , tak u
s DOUBLE ; cnenmnduxkarus %.0F monmasiseT medaTs HECYIIECTBYIOMICH
JPOOHOI YacTH.

Teno oneparopa rukia FOR 3neck mycTo, Tak Kak Best paboTa BBIOIHAETCS B
IIPOBEPOYHON U peHHUIUANIN3aUOHHON yacTsaX. Ho rpammaruueckue mpaBuna
s3bIKa “C” Tpelyrot, yTo0s! onepatop FOR numen teno. M3ommpoBanHas Touka ¢
3aIsTON, COOTBETCTBYIOIIAS ITyCTOMY OIIEPaTOpy, MOSBISETCS 34€Ch, YTOOBI
YIOBJICTBOPUTH 3TOMY TpeOOBaHHMIO. MBI BHIJEIHIN €€ Ha OTAEIbHYIO CTPOKY,
4TOOBI ClIeaTh ee Oosee 3aMETHOM.

Ipex e uemM MbI pacIIpOCTUMCS C IPOrPaMMOH IOZICUETa CUMBOJIOB, OTMETHUM,
410 ecau (ailyl BBOJIAa HE COAEP)KUT HUKAKUX CUMBOJIOB, TO ycioBue B WHILE
mwim FOR ne Bemonnutes npu camoM nepsoMm ooOpamennn kK GETCHAR | u,
CIeIO0BaTeNIbHO , IPOrpaMMa BbIIACT HYINb, T.€. [IpaBUNBHBINA OTBET. 3TO BasKHOE
3aMeYaHue. OJHUM U3 NpUATHBIX cBoiicTB onepatopoB WHILE u FOR sBnsercs
TO, YTO OHU IIPOBEPSIOT YCIOBUE B HAYase LUKIIA, T.€. Jlo BelnoaHeHus Tena. Eciu
JieTiaTh HUYero He HaJ/lo, TO HUYero He OyJeT C/IeNaHo, JJake eCiIM 3TO O3HAYaeT,
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YTO TEJIO [IUKJIa HUKOT/IA He OyAeT BBIONHATHCSL. IIPOTPaMMBbI IOJDKHBI ISHCTBOBATH
pa3yMHO, KOT/ia OHU oOpamarorcs ¢ ¢ainaMu THNa “HUKaKUX CHMBOJOB”.
Oneparopst WHILE 1 FOR nomorator o6ecrieunTs npaBHiIbHOE IIOBEAESHHE IPOT-
paMM IpU IPAHUYHBIX 3HAYCHUSAX IPOBEPSAEMBIX YCIOBUH.

1.5.4. MopacueT CTPOK.

Crenyromas mporpaMma I0JCYUTHIBAET KOJIMYECTBO CTPOK B (haiiyie BBOAA.
IIpennonaraercs, 4TO CTPOKU BBOJAA 3aKaHUMBAIOTCSI CUMBOJIOM HOBOU CTPOKH
\N, CKpyIyae3HO 100aBICHHBIM K K)XK/I0H BBIITHCAHHOH CTpPOKE.

MAIN() /* COUNT LINES IN INPUT */

INT C,NL;

NL = 0;

WHILE ((C = GETCHAR()) != EOF)
IF (C =="\N")

++NL;

PRINTF (“%D\N”, NL);

Teno WHILE rteneps conepoxut oneparop IF , koTopblii B CBOO Ouepesib yIpaBiseT
oneparopoM yBenndeHus ++NL. Oneparop IF npoBepsieT 3akimtoueHHOE B KpyTible
CKOOKH YCJIOBHE U, €CJIM OHO NCTHHHO, BBIMIOJIHSET CIIEIYIONIHI 32 HUM oreparop /
WA TPYIIIY OIEPaTopoB, 3aKJIFOUYEHHBIX B (pUrypHbIE CKOOKW/. MBI OISITH UCTIONB-
30BaJIH C/ABUT BIIPABO, YTOOBI [10KA3aTh, YTO YEM YIIPABIISIET.

VYIIBOCHHBIN 3HAK PABEHCTBA == SIBISCTCS 0003HA4YeHUEM B si3bike “C” s
“paBHO” /aHanornyno .EQ. B ¢oprpane/. DTOT cuMBOII BBEJEH JUIS TOTO, YTOOBI
OTJINYaTh NMPOBEPKY HA PAaBEHCTBO OT OJUHOYHOIO =, MCIOIb3YE€MOIO IpH
npucBauBanuu. [Tockonpky B TUIUUHBIX “C” - IporpaMMax 3HaK NPHCBaUBaHUS
BCTpEYaeTCs IPUMEPHO B JBa pa3a yallle, 4eM IIPOBepKa Ha PaBEHCTBO, TO €CTECT-
BEHHO, YTOOBI 3HaK OIepaTopa ObUI BIIOJIOBUHY KOpOYe.

JIro60ii OTIENBHBIH CUMBOJI MOXKET OBITh 3aIMCaH BHYTPH OMHOYHBIX KaBbIYEK,
U TIPU 3TOM €MY COOTBETCTBYET 3HAUECHHE, PABHOE YUCIEHHOMY 3HAYE€HHIO HTOTO
CHMBOJIa B MAllIMHHOM HabOpe CHMBOJIOB; 3TO Ha3bIBAETCSI CHMBOJIEHONW KOHCTAHTOM.
Tax, HarprMep, ‘A’ - CHMBOJIbHAsI KOHCTaHTa; ee 3HaueHHe B Habope cnmBosioB ASCII
/aMepUKaHCKUH CTaHIapTHBIN Kozt JuLst 0OMeHa MH(OopMaLell/ paBHO 65, BHyTpEHHEMY
IpefcTaBlIeHuio cuMBoia a. Koneuno, ‘A’ npeanodrurensHee, 4eM 65: ero CMbICII
OYEBHICH M OH HE 3aBUCHUT OT KOHKPETHOTO MAIIMHHOTO Habopa CUMBOJIOB.

VYcinoBHBIE MOCNIEN0BATENBHOCTH, UCIOIb3yEMBIE B CUMBOJIBHBIX CTPOKAX,
TaKXkKe 3aHUMAIOT 3aKOHHOE MECTO CPeIU CUMBOJIBHBIX KOHCTAHT. Tak B IPOBEPKAX
1 apupMeTHIeCcKUX BeIpakeHUAX ‘\N’ mpeacTapisieT 3Ha4eHHUE CUMBOJIA HOBOH
CTPOKH. BBI TOIKHBI TBEPIIO YSICHUTD, 4TO ‘\N’ - OTJ€IbHBINH CUMBOJI, KOTOPBII B
BBIPKCHUSIX SKBUBAJICHTEH OIMHOYHOMY II€JIOMY; C JpYyTroi cTopoHs! “\N” - 310
CHMBOJIbHAsl CTPOKa, KOTOpas COAEPKUT TOIBKO OAMH cuMBoI. Bompoc o
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COITIOCTABJICHUU CTPOK U CUMBOJIOB O6CY)K,H3€TC${ BIaBe 2.

Ynpaxnenue 1-6.
Hanummmre nporpamMmy utst mozicyeta npooesioB, TadyIsii 1 HOBBIX CTPOK.

Ynpaxuenue 1-7.
Harnumre nporpamMmmy, KOTopast KOMMPYET BBO Ha BBIBOI, 3aMEHSS IIPH 3TOM
KaXIyI0 MOCIIEA0BaTEeIIbHOCTD U3 OJIHOTO WK Oojiee TIpoOEIIOB Ha OTMH MPooer.

1.5.5. NMopcueTt cnos.

YeTBepras mporpaMmma 13 Hallei Cepuy IoJIe3HBIX TPOTrPaMM HOICUUTHIBACT
KOJINYECTBO CTPOK, CJIOB M CHMBOJIOB, HCIIOJIb3YS IPH 3TOM BeChMa IIMPOKOE
OTIpeZieTIeHUE, YTO CJIOBOM SIBJISIETCS JIF00ast TOCIIeJOBaTeIbHOCTh CHMBOJIOB, HE
coziepxarast mpo0esIoB, TaOy AL UITH HOBBIX CTPOK. /DTO - YIIPOILEHHAs BEPCHS
yrunutsl ‘“WC’ cucremsr “UNIX’/

#DEFINE YES 1
#DEFINE NO 0
MAIN() /* COUNT LINES, WORDS, CHARS IN INPUT */

INT C, NL, NW, INWORD;

INWORD = NO;

NL = NW = NC = 0;

WHILE ((C = GETCHAR()) != EOF)

++NC;

IF (C == "\N')

++NL;

IF (C==" * \I\! C=="\N’ \!I\! C=="\T')
INWORD = NO;

ELSE IF (INWORD == NO)
INWORD = YES;
++NW;

PRINTF (“%D %D %D\N”, NL, NW, NC);

Kaxxnplii pa3, korga nporpaMMa BCTpedaeT NEpBblii CUMBOJI CJIOBA, OHA YBEIIU-
YMBAET CUETYMK uKcna cnoB Ha equnuLyy. Ilepemennas INWORD crenut 3a TeM,
HAaXOJUTCA JIM IPOrpaMMa B HACTOSIIMI MOMEHT BHYTPHU CJIOBA WJIM HET; CHaYasa
9TOM IIEpEMEHHOM pUCBaKUBaeTCA *“ HE B CIOBE”, 4eMY COOTBETCTBYeT 3HaueHue NO.
Ms! npeanodynTaeM cuMBoandeckre KoHCTaHTbl Y ES n NO nutepHbIM 3HaueHUsIM |
n 0, HOTOMY YTO OHH JIeJIal0T IporpaMmy Oolee ynoOHoH utst uyrenust. KoneuHo, B
TaKOH KPOILEYHOH IporpaMMe, KaK 3Ta, 3TO He MPUBOJUT K 3aMETHOU pa3HULE, HO B
GOJIBIINX MIPOrpaMMaXx yBEJIMYEHHUE ICHOCTH BIIOJIHE CTOUT TEX CKPOMHBIX JIOTIOJIHH-
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TEJIbHBIX YCHIJINH, KOTOPBIX TpeOyeT ciIe/I0BaHKe STOMY IIPUHIHITY C CaMOT0 HaJasa.

BsI Takoke 0OHapy’KHTE, YTO CyLIECTBEHHbIE H3MEHEHHS! TOpa3/io Jerie BHOCHTD B T€

HPOTpaMMBl, I7Ie Yncia (GUIypHPYIOT TOJIBKO B KAYECTBE CUMBOJIBHBIX KOHCTAHT.
Crpoxka

NL = NW = NC = 0;

ToJIaraeT BCe TPY NIepeMEHHbIE PaBHBIMU HYJI0. JTO HE 0COOBIH Citydaid, a
CJIE/ICTBHE TOTO OOCTOSITENBCTBA, YTO ONEPATOpPy MPHUCBAUBAHUS COOTBETCTBYET
HEKOTOPOE 3HAUCHHE M MPUCBAUBAHMS MPOBOAATCS MOCIEA0BATENBHO CIpaBa
HaJieBo. TakuM 00pa3oM, J1es10 0OCTOUT Tak, KaK eciid Obl MBI HalUCalN

NC = (NL = (NWw = 0));

omneparus \I\! O3nagaer OR , Tak 4TO CTpOKa

IF( C==" Y \I\! C=="\N’ \I\! C=="'\T")

TOBOPHT “‘€CJIY C - TIPOOEJI, WIIH C - CUMBOJI HOBOH CTPOKH, WIIH C -Talyrsiuus ...”"./
ycIoBHas HocieioBareNbHOCTh \ T siBisieTcst n300pakeHreM CUMBOJIA TAOyIISIIIAL/.

Nmeercs coorBeTcTByrommas onepanus && a1 AND. BeipaskeHus, cBsi3aHHbIE
onepauusamu && wim \!\! | PaccmarpuBarorcest cieBa Ha IpaBo, W MPH 3TOM
rapaHTHPYeTCs, YTO OLICHUBAHUE BBIpaKEHUI OyJeT IpeKpalleHo, KaKk TOJIBKO
CTaHET ACHO, ABJSIETCA JIU BCE BBIPAXKCHHE UCTUHHBIM MM JIOKHBIM. Tak, eciu
‘C’ oka3bIBaeTCs IPOOEIIOM, TO HET HUKaKOH HEOOXOIMMOCTH POBEPSIT, SIBIISIETCS
1 ‘C’ cHMBOJIOM HOBOH CTPOKH WJTH TaOyIISILIMK, ¥ TAKHE POBEPKHU ICHCTBUTEIIHLHO
He JienaroTcs. B jaHHOM cityuae 3To He UMeeT NIPUHIMITHAIBHOTO 3HAYE€HHUs, HO,
KakK MBI CKOPO YBHJMM, B 00Jiee CIO)KHBIX CHTYaIMsX 3Ta OCOOCHHOCTDH SI3bIKa
BECbMa CYILIIECTBEHHA.

Orot npumep Takxke aeMoHcrpupyet oneparop ELSE a3sika “C”, koTopslit
YKa3bIBaeT TO JEUCTBHE, KOTOPOE AOIKHO BBIMOJHATHCS, €CIHU yCIOBHUE,
cogepxaieecs B oneparope IF, okaxkeTcs T0KHBIM.

O6mas Gpopma Takosa:

IF (BopaxeHue) onepatop-1 ELSE omepaTop-2

BrlnonHsieTCs OAMH U TOJNBKO OAUH U3 JBYX ONEpPaTOpPOB, CBSA3aHHBIX C
koHcTpykuuen IF-ELSE. Ecnu Belpa)keHHe HCTUHHO, BBINONIHAETCS oneparop-1;
€CJIH HET - BBINONHSETCS oreparop-2. MakTH4ecKy KaXablii O1epaTop MOXeET ObITh
JIOBOJIGHO CIIOXKHBIM. B mporpaMme mozcdera cJIoB oneparop, CAeIyOLUi 3a
ELSE , sBasercs onepropoM IF , koTOpbIil ympasiseT IByMsl omneparopamy B
(UrypHBIX CKOOKaX.

Ynpaxuenue 1-9.
Kak ObI BBI cTa)I IPOBEPSITH MPOTPAMMY TIOZICUETA CIIOB ?
Kakwue nmerotcst orpanuydeHus ?

Yupaxuenne 1-10.
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Hanmmmre nporpammy, kotopast Oyziet reyarars cjioBa u3 (haiina BBoaa, pruyeM
10 OJHOMY Ha CTPOKY.

Ynpaxunenue 1-11.

Ilepenenaiite mporpamMmy HoAcYeTa CIOB, HCIOIb3Ys Jydlllee NpeAeIeHue
“cioBa’”; cuMTaiiTe, HAIPUMEpP CIIOBOM IIOCIIEJOBATEIBHOCTh OyKB, Hdp 1
anocTpo(oB, pauUMHAIOILYIOCS C OyKBBI.

1.6. MaccuBsbl.

JlaBaiiTe HamuIIeM MIPOTPaMMYy TIOACUYETA YUCIIA TIOSIBICHUH KaXKI01 TUPHI,
CHUMBOJIOB MYCTBIX MPOMEXKYTKOB/TpoOe1, Tabysium, HOBass CTPOKa/ U BCeX
OCTaJIbHBIX CUMBOJIOB. KoHEwHO, Takas 3a1aua HECKOIBKO HCKYCCTBEHHA, HO OHA
MTO3BOJIUT HaM MPOWJUIIOCTPHUPOBATH B OJHOM IporpamMme cpa3y HECKOIBKO
acmeKToB s3bIka “C”.

MBbI pa30uiTi BBOAMMbIE CHMBOJIBI Ha JIBEHAIIATh KATETOPUIA, U HaM yro0Hee
HCIIONIb30BaTh MACCHUB JUIS XPaHEHHs 4YKCJIa MOSBICHUN KaXaoi nudpsl, a He
JIeCATh OTACIBHBIX IEPEMEHHBIX. BOT OJMH U3 BAPHAHTOB MIPOTPAMMEIL:

MAIN() /* COUNT DIGITS, WHITE SPACE, OTHERS */
INT C, I, NWHITE, NOTHER;

INT NDIGITI[10];
NWHITE = NOTHER = 0;

FOR (I = 0; I < 10; ++I)
NDIGIT[I] = O;
WHILE ((C = GETCHAR()) != EOF)

IF (C >= ‘0" && C <= '9')

++NDIGIT[C-"0"'];

ELSE IF(C== Y * \I\! C== "\N’ \I\! C== "\T')
++NWHITE;

ELSE

++NOTHER;

PRINTF (“DIGITS =");

FOR (I = 0; I < 10; ++I)

PRINTF (Y %D”, NDIGITI[I]);

PRINTF ("\NWHITE SPACE = %D, OTHER = $%D\N”,
NWHITE, NOTHER);

Omnucanue

INT NDIGITI[10];

00bsBigeT, uto NDIGIT sBiisieTcst MacCHBOM U3 JECSITH LIENBIX. B sA3bIKe “C”
HHICKCHI MaCcCHBa BCEIIa HAYMHAIOTCS C HyJIsI /a He ¢ 1, kak B poprpane mimm PL/
1/, Tak uto snmemeHTamu maccuBa spisitorcst NDIGIT[0], NDIGIT[1],...,
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NDIGIT[9]. 3ta ocobeHHOCTE OTpakeHa B ukIax FOR , KOTOpbIe MHUIMATT3UPYIOT
Y [1€4aTaloT MacCUB.

Wupnekc MoxeT OBITH JTFOOBIM IIETTBIM BBIPAXKCHHEM, KOTOPOE, KOHEYHO, MOXKET
BKJIIOYATH LeJIble IEpEMEHHbBIE, TaKue Kak | , v 1esble KOHCTaHTBhI.

DTa KOHKpETHasl IporpaMma CUJIBHO OMHUPAETCsl Ha CBOMCTBA CUMBOJIbHOTO
npencrapieHus mudp. Tak, HapuMep, B porpaMMe IpoBepKa

IF( C >= ‘0" && C <= '9")...

OIIPEIEISCT, ABISACTCS i CUMBOJ B ‘C’ UG POIA, U €CITU 3TO TaK, TO YHCICHHOES
3HaueHue 3Tod 1udpsl onpenensercs no dopmyne / C - 0°/. Takoit criocob
paboTaeT TOJIBKO B TOM CITydae, €CIH 3HAYCHHS CHUMBOJIBHBIX KOHCTAHT ‘0’, ‘1”1
T.1. [l0oJ0KUTENbHBL, PACTIONIOKEHBI B MOPSIIKE BO3pACTaHUsI U HET HUYETO, KpOMe
uudp, Mexay koncrantamu ‘0° m ‘9’. K cuacThio, 3TO BEpHO I BCEX
OOIICTIPHHATHIX HAOOPOB CHMBOJIOB.

[To ompenencHuO mepen NPOBEACHHEM apUPMETUUESCKUX OTEpaIuid,
Bosnekaronmx nepemennsie Tuna CHAR u INT, Bce onn nnpeoOpasyrorcs K THILY
INT, TAK 4ro B apudmernueckux BolpakeHusx nepemenHsle tuna CHAR 1o
CYIIIECTBY WACHTUYHBI IepeMeHHBIM TrIia INT. DT0 BIIOJIHE €CTECTBEHHO H YIIOOHO;
Hanpumep, C -’0'- 310 11e710€ BbIpaxkeHHe co 3HadyeHueM Mex1y 0 1 9 B COOTBETCTBUU
¢ TeM, Kakoii cumBoI1 OT ‘0’ 110 ‘9’ xpanutcs B ‘C’, U, cl1eJ0BaTeIbHO, OHO SIBJISIETCS
noaxoAsiiuM uHaekcoM aist Maccusa NDIGIT.

BrisicHeHue Bompoca, SBISETCS JTU JaHHBIA CHMBOJ MUGPOU, CHMBOJIOM
ITyCTOTO IPOMEXKYTKA WITH YeM-JTHOO €IIle, OCYIIECTBIICTCS ITOCIIECIOBATEIHHOCTHIO
OIepaTopoB

IF (C >= ‘0’ && C <= ‘9')

++NDIGIT[C-'0"'];

ELSE IF(C == " * \!\! C == "\N’ \!\! C == "\T')
++NWHITE;

ELSE

++NOTHER;

KoncTpykuus

IF (ycJyoBue) oIepaTop

ELSE IF (ycyoBue) omeparTop
ELSE

onepaTop

4acTO BCTPEYAIOTCS B MpOrpaMMax KaK CPEeICTBO BBIPAXKEHHs CUTyalUil, B
KOTOPBIX OCYIIECTBIISIETCS BEIOOP OHOTO U3 HECKOJIBKUX BO3MOXKHBIX PELIEHHUH.
ITporpamma npocTo ABMAKETCS] CBEPXY BHU3 JO TEX IMOP, MOKA HE YAOBIETBO-
PpUTCSI KaKoe-HUOY/Ib yCIIOBUE; TOT/IA BBIIIOIHSETCSI COOTBETCTBYIOIIHIA ‘oreparop’,
U BCSl KOHCTPYKIM 3aBepiuaercs. /KoHeuHo, ‘orepaTop’ MOXET COCTOSTH U3
HECKOJIBKUX OIIepaToOpOB, 3aKJIIOYEHHBIX B (UrypHbIe ckoOkn/. Ecii HU oxHO 13
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YCJIOBUH HE YIOBJIETBOPSIETCS, TO BBIMOJIHAETCS ‘OnepaTop’, CTOSLIUI mocie
saxtountensHoro ELSE, ecnu ono npucyrcerByet. Eciu nocnenneE ELSE u
COOTBETCTBYIOIIUI ‘Omnieparop’ OMyIIeHHI (KaK B MPOrpaMMe MOJCYETa CIIOB), TO
HUKaKuX JIeficTBUi He npousBoautcs. Mexay HauanbHbIM IF u koneunsiMm ELSE
MOXKET IOMEILATHCSL POU3BOJILHOE KOJIMYECTBO IPYIIIT

ELSE IF (ycyoBue) omneparTop

C TOUKHM 3peHHs CTUIIA 11eJIECO00pa3HO 3aITHCHIBATh 3Ty KOHCTPYKIIHIO TaK, KaK Mbl
TIOKa3aJI1, C TEM YTOOBI JUTMHHBIE BRIPOKEHHS HE 3aJ1€3aJI1 32 [PaBblii Kpail CTpaHHLIbL.

Oneparop SWITCH (niepekirodarers), KOTOPbIA pacCMaTPHBACTCS B INIaBe 3,
IpeCTaBIAeT APYTYH BO3MOXKHOCTD JUISl 3allMCH PAa3BETBIEHHUS HAa HECKOIBKO Ba-
PHAHTOB. 3TOT OIIEPaTOp OCOOEHHO YI00EH, KOI1a ITPOBEPSIEMOE BHIPAKEHHE SIBIISIETCSE
J100 MPOCTO HEKOTOPBIM LIEJBIM, JTMOO CHMBOJIBHBIM BBIPaXKEHHEM, COBIIAJIAIOIIAM C
OZIHOW M3 HEKOTOPOro Habopa KOHCTAHT. Bepcus 3Toii mporpaMmel, HCIONb3yomas
oneparop SWITCH, Oyzer s cpaBHeHHs IpUBEJICHA B IJ1aBe 3.

Ynpaxnenue 1-12.

Hanuiure nporpammy, rnedararollylo TMCTOrpaMMy JUIMH CJIOB M3 (aiina
BBOJIa. CaMoe JIerKoe - Ha4YepPTUTh TUCTOrPaMMy TOPU30HTAIIBHO; BEPTUKAJIbHAS
opHeHTaIus TpedyeT OOIBITUX YCHITHA.

1.7. dyHKUUNN.

B si3pike “C” (QyHKIMM SKBUBAJCHTHBI MOANPOrpaMMaM WK (QYHKIHSIM B
¢doprpane win npoueaypam B PL/1, mackane u T.n. OYHKINH HalOT yIOOHBIM
crmoco0 3aKITIOYEeHUST HEKOTOPOU YaCTH BHIYMCIEHUH B YEPHBIH SITUK, KOTOPBIHA B
JalbHEHIIeM MOXXHO HCIIOJIb30BaTh, HE MHTEPECYACh €T0 BHYTPEHHUM
coznepxanueM. Vcrionb3oBanue QyHKIHIA sIBIsIETCS (PaKTUYECKU €IMHCTBEHHBIM
Croco0OM CTIPaBUTHCS C HOTEHIIMAIIBHOH CI0KHOCTHIO OOIBIINX ITporpamMm. Ecim
(GYHKIMH OpraHU30BaHbl IOJDKHBIM 00pa3oM, TO MOXKHO UTHOPHPOBATH TO, Kak
Jienaercs paboTa; J0CTaTOYHO 3HAHHUE TOTO, YT Aenaercs. A3bik “C” pazpaboran
TakuM 00pa3oM, 4TOOBI CIeIaTh UCIIOIh30BAHUE (PDYHKIHHA JIETKHM, YIOOHBIM H
s¢dexruBHbIM. Bam OyayT yacto BcTpedarsbest PyHKIMHU JUTHHOM BCETO B HECKOJIBKO
CTPOYEK, BBI3BIBAEMBIE TOIBKO OWH Pa3, 1 OHU UCIOIB3YIOTCS TOJIBKO IIOTOMY,
YTO 3TO MPOSACHSIET HEKOTOPYIO YaCTh MPOTPAMMBIL.

Jlo cux mop MBI UCIOJIB30BAJIM TOIBKO MTPEIOCTABIEHHBIE HAM (BYHKIIH THIIA
PRINTF, GETCHAR u PUTCHAR; Temnepb mopa HamucaTh HECKOJIBKO HAITUX
coOCTBEHHBIX. TaK Kak B “C” HET omepaiy BO3BEICHHS B CTEIIEHb, MOJOOHON
omneparuu ** B ¢oprpane wian PL/1, maBaiiTe IpOMILIIOCTPHUPYEM MEXAHHKY
onpenenenuns Gpyukimu Ha mpumepe Gyrknmn POWER(M,N), Bo3Boasiiieii rieioe M
B LIENTYIO MOJIOKUTENbHYO0 cTernieHb N. Tak 3Hauenne POWER(2,5) paBHo 32. Koneu-
HO, 9Ta (DYHKIIUSI HE BBITOIHSET BCEi paboThI orepariy **, HOCKOJIBKY OHA JeHCTBYET
TOJBKO C TIOJIOKUTEIIFHBIMH CTEIIEHSIMHI HEOONBIINX YHCEIT, HO JIy4Ile HE CO3AaBaTh
JIOTIONTHATENBHBIX 3aTPyAHEHUH, CMEIINBAs HECKOJIBKO PA3TMIHBIX BOTIPOCOB.
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Huxe npuBogutcs ¢ynkuus POWER u ucnosp3ylonias ee ocHOBHas
IIpOrpamMma, Tak 4TO Bbl MOXKETE BUIETh LIETMKOM BCIO CTPYKTYDY.

MAIN() /* TEST POWER FUNCTION */
INT I;

FOR(I = 0; I < 10; ++41I)
PRINTF (“%$D %D %D\N”,I,POWER(2,I),POWER(-3,1I));

POWER (X,N) /* RAISE X N-TH POWER; N > 0 */
INT X,N;

INT I, P;
P =1

FOR (I =1; I <= N; ++I)
P=P*X;

RETURN (P);

Bce dyHKIMM MMEIOT OIMHAKOBBIN BHU:
nMst (CITMCOK apryMEHTOB, €CJIM OHU HMEIOTCS)
ONHCAaHUE aPTYMEHTOB, €CIIH OHU UMEIOTCS

OMMCaHNA
OIEePaTOPH

OtH QYHKIIMU MOTYT OBITH 3aIIMCaHBI B JIIOOOM IOPSIIKE X HAXOAUTHCS B OJJTHOM
WU IBYX UCXOZIHBIX (haiinax. KoneuHo, ecinm McxoHas nporpaMma pasmeriaeTcs
B IBYX (haiiyiax, BaM IPUAETCS JaTh OOJIbIIE YKa3aHNH PH KOMITHJIALIMY U 3arpy3Ke,
YeM eciii Obl OHa HaXO/IMJIACh B OTHOM, HO 3TO JIEJIO ONIEPAL[MOHHON CHCTEMBI, a
He aTpuOyT s13bIKa. B TaHHbI MOMEHT, 715 TOrO YTOOBI BCE IOy YE€HHBIE CBEICHHS
o nporone “C”- mporpaMm, He WU3MEHHJIUCH B JaJbHEHIIEM, MBI OyaeM
IIPEAIoIararh, 4To 00e (GyHKIMH HAXOAATCS B OZTHOM U TOM Xe (aiiie.

Oyukiust POWER BbI3bIBaeTCS ABaXIbI B CTPOKE

PRINTF (“%D %D $%D\N”,I,POWER(2,I),POWER(-3,1I));

npu Kaxzaom obpamennn Gynkuuss POWER, nmony4yus nBa aprymenra,
Ba3BpalllaeT IeJIoe 3HaueHKe, KOTOpOoe IedaraeTcs B 3aJaHHOM ¢opmare. B
BelpaxkeHusix POWER(2,]) siBnsiercst TouHO TakuM >ke 1enbiM, kak 2 u 1. /He Bce
(YHKIIMU BBIIAIOT 11€J10€ 3HAYESHHUE; MBI 3aliMEMCS STHM BOIIPOCOM B IVIaBe 4/.

Apryments! ¢pyHkimu POWER 10/mkHBL OBITE OITMCAHBI COOTBETCTBYIOIINM
00pazoM, Tak KaKk UX TUIBI U3BECTHBL. DTO C/IEJIaHO B CTPOKE

INT X,N;

KOTOpast CJICAYCT 3a UMCHEM (I)yHKHI/II/I.
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OnucaHus apryMeHTOB IOMEINAITCA MEXIy CIHHCKOM apryMeHTOB U
OTKPBIBAFOIICHCS JICBOH (PUTYPHOM CKOOKOI; KXKIIOE OITFICAHIIE 3aKAHUMBACTCSI TOYKOM
¢ 3ansToit. MiMeHa, ucronk3oBanHbIe 11t aprymMeHToB (GyHkmmu POWER, sistrorcs
YHCTO JIOKATbHBIMH 1 HEIOCTYITHBI HUKaKUM JPYTUM (DYHKIMSIM: IPYTHE ITPOLETYPhI
MOTYT HCTIONIb30BATh T€ XK€ CaMble NMEeHa Oe3 BO3HUKHOBEHHS KOH(UIMKTA. DTO BEPHO U
Juist nepemeHHbIX [ 1 P; I B hynkumm POWER Hukak ve csizano ¢ I B pynkiim MAIN.

3nauenue, BerancienHoe gynkuueit POWER, nepenatorcs B MAIN ¢ nomorpio
omeparopa RETURN, To4HO Takoro xe, kak B PL/1. BHyTpu KpyIJIbIX CKOOOK MOXKHO
Hamucars J1ro0oe BelpakeHne. DyHKIMS He 00s3aHa BO3BpALIATh Kakoe-InOo
3Hadenue; oneparop RETURN, He conepxamiyii HUKaKoro BEIPaXKEHHUS, IPUBOIUT K
TaKoH K€ Iepenade yIpaBlIeHUs, KaK “‘CBaIMBaHME Ha KOHEL (GYHKIHUH IpH
JIOCTVDKEHUH KOHEYHOH NpaBoii (purypHoi cKoOKH, HO IIpU 3TOM B BBI3BIBAIOIIYIO
(YHKIMIO HEe BO3BPAILAETCS] HUKAKOT'O ITOJIE3HOT0 3HAYCHUSL.

VYnpaxuenue 1-13.

Anummre nporpaMmy npeoOpa3oBaHHUs IIPOIMCHBIX OyKB U3 aiijia BBOJa B
cTpouHble, ucnonb3ys npu 3toM pynkunio OWER(C), xoropast Bo3Bpamiaer
3nayenue ‘C’, ecnu C’- He OyKBa, M 3HAYEHHE COOTBETCTBYIOIIEH CTPOYHON YKBEI,
eciu ‘C’-OykBa.

1.8. AprymMeHTbI - BbI3OB M0 3HA4YEHUIO.

Opnun acrniekT B “C” MOXKET OKa3aThCsl HEMPUBBIYHBIM JJIS1 TPOTPAMMHCTOB,
KOTOPBIC UCIIONIB30BAJIH IPYTHE SI3bIKH, B 4aCTHOCTH, opTpan u PL/1. B si3bike “C”
BCE apryMeHThI (DYHKITHIA TIEpETArOTCS “TI0 3HAYEHUIO . 3TO O3HAYAET, YTO BhI3BAHHAS
GYHKIMS OJydaeT 3HAYeHUs] CBOMX apryMEHTOB C ITOMOLIbIO BPEMEHHBIX
NepeMEHHbIX /(paKTUUECKH Yepes CTeK/, a He UX aJjpeca. ITO IPUBOIKUT K HEKOTOPhIM
0COOCHHOCTSIM, OTIIMYHBIM OT T€X, C KOTOPBIMH MBI CTaJIKMBAJIUCH B SI3BIKAX THIIA
¢doprpana u PL/1, ucrons3yronmx “BBI30B 10 CCBUIKE *, TI€ BHI3BAHHAS MPOLICIYPa
paboTaer ¢ agpecoM apryMeHTa, a He C €r0 3HaUCHHEM.

I'maBHOE OTIMYME COCTOUT B TOM, 4TO B “C” BbI3BaHHAs (DYHKITUSI HE MOXKET
W3MEHUTD MEPEMEHHYIO U3 BbI3bIBAIOIIEH (PyHKINI; OHA MOXKET MEHSTh TOJIBKO
CBOIO COOCTBEHHYIO BPEMEHHYIO KOIIHIO.

BBb130B 110 3HaYEHMHIO, OIHAKO, HE TOMEXA, a BeChbMa IIeHHOE KaqecTBO. OHO OOBIYHO
TIPHBOZUT K 601 KOMITAKTHBIM IIPOTpaMMaM, COIEPIKaIIiM MEHBIIIE HE OTHOCSIIIIXCS
K JIeJTy IEPEMEHHBIX, TIOTOMY YTO C apryMEHTaMH MOXKHO 00paIaThCs Kak ¢ yIoOHO
MHAIHATA3APOBAHHBIMH JIOKAIFHBIMI TIEPEMHHBIMU BBI3BAHHOH TIponenypsl. Bor,
Harpumep, BapuanT Gyskimn POWER ucons3yronmeii 310 00CToSTeIbCTBO

POWER (X,N) /* RAISE X N-TH POWER; N > 0;
VERSION 2 *x/
INT X,N;

INT P;
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FOR (P = 1; N > 0; —N)
P=P* X;
RETURN (P);

AprymenT N HCTIONB3yeTCs KaK BpeMEHHas IepeMEHHAsT; U3 HETO BRIYUTACTCS
€AWHUIIA 0 TeX MOp, TIOKa OH He cTaHeT HyneM. [lepemennas I 3necs OospIie He
HYy’)XHa. 4T0OBI HU TIpoucxoamio ¢ N BHyTpu POWER 3T0 HuKak He BIuseT HA
apryMeHT, ¢ KOTOPBIM IIepBOHAaYaIbHO oOparminch K Gpynkunn POWER.

IIpr HEOOXOOUMOCTH BCE JK€ MOYKHO JTOOUTHCS, YTOOBI (DYHKIIUS M3MEHUIIA
MIEPEMEHHYIO U3 BBI3BIBAIOIIEH IPOrpaMMBI. DTa IIPorpaMMa JI0JbKHA 00eCIIednTh
YCTaHOBJIEHHE ajpeca MEePEeMEeHHOW /TeXHHYECKHU, Yyepe3 yKazaTelb Ha
MEepEeMEHHYI0/, a B BbI3bIBaeMON ()YHKIIMU HAJO OMHUCATh COOTBETCTBYIOLIMN
apryMEeHT KaK yKa3aTellb ¥ CChUIAThCS K (DaKTHIECKOH epeMEeHHOM KOCBEHHO Yepes
Hero. MBI pacCMOTPUM 3TO MOAPOOHO B IIaBe 5.

Kornma B xauecTBe apryMeHTa BBICTYMAeT UM MAaccuBa, TO (HaKTHIECKUM
3HaYCHHUEM, IepelaBaeMbIM (YHKIIUH, SBISETCS aJpec Hadana MaccuBa. /31ech
HEeT HUKaKOrO KOIHPOBAHMs eMEeHTOB mMaccuBa/. C MOMOILBIO MHACKCALUH U
azpeca Hayana (QYHKIHMS MOXKET HAWTH M U3MEHHTH JIF0OOH AJIEMEHT MaccuBa.
37O - TEMa CIEIYIOIIEro pasena.

1.9. MaccuBbl CUMBONOB.

[To-BuauMomMy caMbIM OOImUM THUIOM MaccuBa B “C” sBISETCS MAacCUB
CUMBOJIOB. YTOOBI MPOUILTIOCTPUPOBATH HCIIOIB30BAHUE MACCUBOB CUMBOJIOB U
obOpabareiBaromux ux GyHKIWN, TaBaiiTe HAUIIIEM IPOTPaMMy, KOTOpas Y4UTaeT
Ha0Op CTPOK U Me4aTaeT caMyro JJIMHHYIO U3 HUX. OCHOBHAsI CXeMa POrpaMMbl
JIOCTATO4HO TPOCTa:

WHILE (MMeeTcd elle CTpOKa)
IF (sTa CTpoka IJMHHEe CaMOM IJIMHHOW M3 [IPembdylmX)

3alIOMHUTB 3Ty CTPOKY H €€ JUIMHY HaleyaraTb CaMylo [JUIMHHYIO CTPOKY

ITo 3Ot cXeme SICHO, UTO MPOrpaMMa €CTECTBEHHBIM 00pa3oM pacragaercs
Ha HECKOJIbKO yacTel. OJJHa 9acTh YUTAET HOBYIO CTPOKY, IpyTras IpOBEpSET ee,
TPETHs 3aIIOMHIHAET, a OCTAJIBHBIEC YACTH [IPOTPAMMBI YIIPABILIOT STUM IPOIECCOM.

[TockonbKy Bce Tak MPEKPacCHO JENHUTCS, ObLIO Obl XOPOLIO W HANKCATh
MIpOrpamMMy COOTBETCBYIOIINM 00pa3oM. J[aBaiiTe cHayaa HamMIIeM OTASIbHYTO
¢yukuuo GETLINE, kotopast OymeT u3BjIeKaTh CICAYIOIIYIO CTPOKy u3 (aiiia
BBO/a; 3T0 - 00o0menue pynkiuu GETCHAR. MbI momnbiTaemcest ceiars 3Ty
(YHKITUIO 110 BO3MOYKHOCTH 00j1ee THOKOH, YTOOBI OHA ObLIa ITOJIE3HOM U B IPYyTHX
cutyanusax. Kak muanmym GETLINE nomkHa nepenaBaTh CUTHAT O BO3MOYKHOM
MOSIBJICHUH KOHIIA (haiiia; 0osee 00K TOIE3HBIH BApUAHT MOT ObI IIepEIaBaTh
JUIMHY CTPOKH WJIM HYJIb, €CJIH BCTPETHTCS KOHell (haiiyia. Hyllb HE MOXKET ObITh
JIJIMHOM CTPOKH, TaK KaK Ka)k/1as CTPOKa CONIEPKUT IO KpaiHel Mepe OIMH CUMBOJT,
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Jlake CTPOKa, CoeprKalias TONbKO CUMBOJI HOBOM CTPOKH, UMEET JUIUHY 1.

Korna MbI HaxomuM CTPOKY, KOTOpast ATMHHEE CaMOM JUIMHHOW U3 PEbLIYIINX,
TO €€ HaJIO IJIe-TO 3aTIOMHHUTH. JTO HABOIUT Ha MBICIIb O Apyroi ¢pyHkuun, COPY ,
KOTOpast OyeT KOMpOBaTh HOBYIO CTPOKY B MECTO XpaHEHHUSL.

Haxonern, HaM Hy)KHa OCHOBHasl IIporpamma JUisi yrpaBieHus (QyHKIUSIMA
GETLINE u COPY . Bor pe3ynsrar :

#DEFINE MAXLINE 1000 /* MAXIMUM INPUT
LINE SIZE */
MAIN() /* FIND LONGEST LINE */

INT LEN; /* CURRENT LINE LENGTH */

INT MAX; /* MAXIMUM LENGTH SEEN SO FAR */
CHAR LINE[MAXLINE]; /* CURRENT INPUT LINE */
CHAR SAVE [MAXLINE]; /* LONGEST LINE, SAVED */
MAX = 0;

WHILE ((LEN = GETLINE (LINE, MAXLINE)) > 0)

IF (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 ST[];
INT LIM;

INT C, I;

FOR(I=0;I<KLIM-1 && (C=GETCHAR())!=EOF && C!="\N';++I)
S[I] = C;

IF (C == “\N') S[I] =C;

++I;

S[I] = "\0';
RETURN (I) ;

COPY (S1, S2) /* COPY S1 TO S2;
ASSUME S2 BIG ENOUGH */
CHAR S1[1, S21[1;

INT I;
I =20;
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WHILE ((S2[I] = S1[I] '= “\0’)
++1I;

Oynxums MAIN u GETLINE o6marorest kak uepes napy apryMeHTOB, Tak U
yepes Bo3Bpalaemoe 3HaueHue. aprymentsl GETLINE onucansl B ctpokax

CHAR S[];
INT LIM;

KOTOPBIE YKa3bIBAIOT, YTO MEPBHIN apryMEeHT SBISIETCS MaCCHUBOM, a

BTOPOH - LIEJIBIM.

JlnnHa MaccuBa S He yKa3aHa, Tak Kak OHa OIpe/ecHa B

MAIN . ¢pyrxims GETLINE ncniomssyer onieparop RETURN s iepenasv 3Ha4eH s
Ha3a/1 B BbI3bIBAIOILITYO IIPOrPAMMY TOHHO TaK ke, Kak 310 nierana ¢yrkimst POWER. Onan
(GYHKIHMKM BO3BPAINAIOT HEKOTOPOE HY)KHOE 3HaucHue; apyrue, mogodouo COPY,
HCTIONB3YIOTCS M3-3a MX JICHCTBIS M HE BO3BPAIIAOT HUKAKOTO 3HAYCHHL.

Yto0bI TOMETUTH KOHEI[ CTPOKH CUMBOJIOB, (hyHKIus GETLINE momeriaer B
KOHEII CO3/1aBaeMoro eiif MaccuBa cuMBodI \( /HyJIEeBOI CHMBOJI, 3HAYE€HHE KOTOPOTO
PaBHO HYJII0/. DTO COIIAIICHHUE UCIIOIB3YETCS TAKIKE KOMITHIISTOPOM C si3bIKa “C”:
xorma B “C” - mporpaMMe BCTPEUAETCsl CTPOYHAS KOHCTaHTa THTIA

“HELLO\N"

TO KOMITHIISITOP CO3/1aeT MACCHB CHMBOJIOB, CO/IEPIKAIIHI CHMBOJIBI
9TOW CTPOKH, M 3aKaHYHMBAET ero cuMBOJIOM \0, ¢ TeM 4ToOBI (pyHKIHH,
mogo6ubie PRINTE, Mo 3adukcupoBaTh KOHEIl MacCHBA:

' ®@! E ! L ! L ! O !'AN !'\O!

Crneunduxanus popmara %S ykaspBaet, uto PRINTF oxumaer ctpoky,
MpeACTaBICHHYIO B Takoi ¢opme. [Ipoanammsuposar ¢yaknuo COPY, Bbl 00-
Hapy>KWTe, YTO ¥ OHA OIUPAETCS HA TOT (aKT, YTO €€ BXOAHOM apryMEeHT OKAaHIUBACTCS
cumBosioM \0, U KOMKUPYET 3TOT CHMBOJI B BBIXOAHOW aprymeHT S2. /Bce 310
noapasymeBaet, 4to cuMBodl \) He SIBISIETCS 4aCThIO0 HOPMAJIBHOTO TEKCTa/ .

Mexay npouyuM, CTOUT OTMETHUTH, YTO JJaKe B TAKOM MaJIeHbKOM ITporpaMmme,
KaK 3Ta, BO3HUKAET HECKOJIPKO HENMPHUATHBIX OPTaHU3AIMOHHBIX IPOOIIEM.
Hampumep, uto gomxkua menats MAIN, eciu oHa BCTPETHUT CTPOKY,
MIPEBBIIAIONIYI0 €€ MaKCUMalbHO BO3MOXHBINA pasmep? dyukuust GETLINE
MIOCTYTAeT Pa3yMHO: MPH 3alOJHEHUH MacCHBa OHA MpEKpamaeT JajJbHenmee
W3BJICUYCHHE CHMBOJIOB, Ja)Ke€ €CIM HE BCTPEUYAET CHMBOJIA HOBOH CTPOKH.
IIpoBeprB MONYYEHHYIO MIHHY M HOCACTHMI cuMBOJI, QyHKIMss MAIN mMoxer
YCTaHOBUTH, HE ObLIA JIM 3Ta CTPOKA CIUIIKOM JITHHHOM, M TIOCTYIHTH 3aTeM, KaK
OHA COYTET HYXXHBIM. Pasii KpaTKOCTH MBI OIYCTHIIN 3Ty MPOOIIEMy.

IMonp3oBareny ¢pynknun GETLINE Hukak He MOXeT 3apaHee y3HaTh,
HACKOJIBKO JJTMHHON OKaXkeTcst BBomuMas cTpoka. [Toatomy B GETLINE Bkitouen
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KOHTPOJIb EPENOIHEHMSI. B TO JKe BpeMst nosb3oBareib ¢pyHkuun COPY yxe 3Haer
/MM MOXKET y3HaTh/, KAKOB pa3Mep CTPOK, TaK YTO MBI ITPEATIOUIH HE BKIIIOYATh B
3Ty (DYHKIHIO JONOJIHUTEIIEHBII KOHTPOIIb.

Yupaxnenune 1-14.

Iepenenaiite Beaylyto YacTh NPOrpaMMbl IOMCKA CAMOM JATMHHOM CTPOKU
TakuM 00pa3oM, 4ToOBI OHa MPABMIIBHO IeYaTasa JJIMHBI CKOJIb YTOIHO JTMHHBIX
BBOJIMMBIX CTPOK ¥ BO3MOXKHO OOJIBIINI TEKCT.

Yup:kuenue 1-15.
Hanumiure nporpamMMy rniedaTu Bcex CTpoK JutnHHee 80 CHMBOJIOB.

Yunpaxuenue 1-16.
Hamumre nporpaMmy, Kotopast OyIeT ATk U3 KaXKI0U CTPOKH CTOSIIIHE B
KOHIIE MPOOEITBI ¥ TAOYIIAIINH, & TAKKE CTPOKH, IIETTHKOM COCTOSIIUE U3 TPOOEIIOB.

Ynpaxuenue 1-17.

Hamumure ¢ynknuio REVERSE(S), xotopas pacmoioraetT CHMBOJBHYIO
cTpoky S B oOparHOoM mopsizike. C ee TOMOIIBI0 HATUIIIATE TPOTpaMMy, KOTOpast
00paTUT KaXKIYI0 CTPOKY U3 (haiiia BBOJA.

1.10. ObnacTb AeMCTBUA: BHELUHNE NepeMEHHbIe.

[Mepemennsie B MAIN(LINE, SAVE u T.1.) SBISIFOTCS BHYTPEHHUMH WA
JIOKAJIBHBIMH TI0 OTHOIIEHNIO K yHKIy MAIN, MoToMy 4TO OHHM OIMCaHbI BHYTPH
MAIN u HuKaKast 1pyrast QyHKIMs He IMEET K HUM IIPSIMOTO JIOCTYTIA. DTO %K€ BEPHO U
OTHOCHUTEJIBHO ITEPEMEHHBIX B IPYTHX (PYHKIMSIX; HAapUMep, iepeMeHHast | B yHKim
GETLINE nuxkak He cszana ¢ [ B COPY. Kaxnast mokanbHas iepeMeHHasi CyIeCTBYeT
TOJIBKO TOIJIa, KOT/Ia [IPOH301IIIO OOpaIlieHHEe K COOTBETCTBYFOIIEH (DYHKIIMH, 1 ICUE3AeT,
KaK TOJIbKO 3aKOHUYMTCS BBIOJHEHHE 3TOH QyHKuuH. [lo 310l nmpuunHe Takue
IIepeMEeHHbIe, CIeAys TEPMHHOJIOTUU JIPYTUX S3BIKOB, OOBIYHO Ha3bIBAIOT
aBTOMAaTH4YeCKUMH. MBI Bripesib OyZieM HCIIONB30BaTh TEPMUH aBTOMATHUYECKUE TIPU
CCBUIKE Ha 3TH IMHAMUYECKHE JIOKAJIbHBIE TePEMEHHBIE. /B ITIaBe 4 00CY>K1aeTcs Kiace
CTaTHM4ECKOU AMSITH, KO[1a JTOKAIbHbIE IEPEMEHHBIE BCE YK€ OKa3bIBAIOTCSI B COCTOSHUU
COXPaHUTh CBOM 3HAYEHHUS MEXTy 00paIeHsIMU K (DYHKIUSIM/ .

INockonbky aBTOMaTU4YeCKUE IEPEMEHHBIE MOSIBISIOTCS U HCUE3aI0T BMECTE C
oOparieHneM K (GyHKIHMH, OHU HE COXPAHSIOT CBOMX 3HAYEHHUH B IPOMEXXYTKE OT
OJHOTO BBI30Ba IO APYTOTrO, B CHIYy YErO UM NPHU KaKJOM BXOJE HYKHO SBHO
IIpUCBanBaTh 3Ha4eHus. Ecim aToro He crenark, To OHM Oy/IyT ColepkaTh Mycop.

B xadecTBe anbTepHATHBBI K aBTOMAaTHYECKHM IE€PEMEHHBIM MOXHO
OIIPEJIETNTh IIEPEMEHHBIE, KOTOphIe OYIyT BHEIIHUMHM AJIsl BceX (YHKUHMH, T.e.
I'moGanbHBIMU TIEPEMEHHBIMH, K KOTOPBIM MOXXET 0OpaTHTHCSI 110 HMEHH JII00ast
(GYHKIMSI, KOTOpasl MOXKENaeT 3TO cIeiarh. (3TOT MEXaHW3M BEChbMa CXOZEH C
“COMMON” B doprpane u “EXTERNAL” B PL/1). Tak xak BHemHue
IepEeMEHHbIE NOCTYNHBI BCIOAY, UX MOXHO HCIIOJIB30BaTh BMECTO CIIHCKA
apryMEHTOB /IS TEPEeauyl JaHHbIX Mexay QyHKuusMu. Kpome Toro, mocKoibKy
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BHEILHUE NIEPEMEHHBIE CYIIECTBYIOT IIOCTOSIHHO, @ HE MOSBIISIOTCS U UCUE3AI0T
BMECTE C BBI3BIBACMBIME (DYHKIIUSIMIE, OHH COXPAHSIOT CBOM 3HAYCHHS H TIOCIEC
TOTO, KaK (DYHKIIMH, IPHCBOMBIINE UM 3TH 3HAYCHUS, 3aBEPIIAT CBOIO paboTy.

BHemnrHss nepeMeHHas JODKHA OBITH ONpe/iecHa BHE BceX (QyHKIMA; npu
9TOM el BBIEISIETCS (PaKTHISCKOE MECTO B MaMsATH. Takas mepeMeHHast JOIDKHA
OBITh TAK)KE OMMMCAHA B KAXKAOH (DYHKITUH, KOTOPasi COOUPAETCs €€ HCIIOIh30BaTh;
9TO MOXKHO ciaenath Jin0o sBHbIM onucanneM EXTERN, nu00 HEsBHBIM 1O
KOHTEKCTY. UTOOBI clienath 00CyKaeHue 00Iee KOHKPETHBIM, TaBAWTE MIEPEHHIIeM
porpaMmy noucka camout anuHHO#N ctpoku, caenaB LINE, SAVE u MAX
BHCITHUMH [IEPEMEHHBIMU. ITO MOTPeOyeT M3MEHEHUS OITUCAHUH H TEJI BCEX TPEX
(byHKIMH, a Takke 00paIeHuii 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 SAVE[];

MAX = 0;

WHILE ( (LEN = GETLINE()) > 0 )
IF ( LEN > MAX )

MAX = LEN;

COPY () ;

IF ( MAX > 0 ) /* THERE WAS A LINE *x/
PRINTF( “%S”, SAVE );

GETLINE () /* SPECIALIZED VERSION */

INT C, I;
EXTERN CHAR LINE[];
FOR (I = 0; I < MAXLINE-1

&& (C=GETCHAR()) !=EOF && C!='\N’; ++I)
LINE[I] = C;

++1I;

LINE[I] = *\0'

RETURN (I)
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2. TUNbl, ONEPALNU U BbIPAXXEHUA.

[lepeMeHHBIE 1 KOHCTAHTHI SIBISIOTCSI OCHOBHBIMU OOBEKTaMH, C KOTOPBIMH
onepupyeT nporpamma. OnucaHust HEPEUnCIIIOT TepeMeHHbBIe, KOTOpbIe OyayT
HCIONB30BaThCA, YKA3bIBAIOT WX TUI M, BOSMOXHO, HX HAYaJbHBIC 3HAYCHUS.
Ornepanyu OnpeessitoT, 9TO ¢ HUMH Oy/IeT CISIaHo. BRIPAKEHUS OObEIHHSIIOT
IIepeMEeHHbIE W KOHCTAHTHI JUIS ITOJTyYeHHsI HOBBIX 3Ha4eHUi. Bce 310 - TeMbl
HAaCTOSALIEH IVIaBBbl.

2.1. AmeHa nepeMeHHbIX.

XoTs MBI 3TOro cpasy MpsSMO HE CKasaju, CyIIEeCTBYIOT HEKOTOPBIC
OTpaHMYEeHHs HAa MMEHA MEPEMEHHbIX U CHMBOJIMYECKUX KOHCTAHT. VMmeHa
COCTaBJIAIOTCSA M3 OYKB M 1HU(P; MEPBBI CHMBOJ JOJKEH OBITH OYKBOM.
[NomuepkuBanue “_ Toxke cuuTaeTcst OyKBOM; 3TO MOJIE3HO IS YA0O0IUTaeMOCTH
JUTMHHBIX UMEH TepeMeHHbIX. [IporucHbIe 1 CTpOUHbIe OYKBbI Pa3IM4aioTcs;
TpaauIIMOHHAS MPaKTHUKA B “C” - MCIIONB30BATh CTPOYHBIE OYKBBI JJII HMEH
MEPEMEHHBIX, a IIPOMHUCHBIE - JIJIsl CAMBOJIMYECKUX KOHCTAHT.

Urpatot posb TOIBKO MEPBbIE BOCEMb CHMBOJIOB BHYTPEHHETO UMEHH, XOTSI
HCIIONB30BaTh MOXHO U Oonbliie. J{J1si BHELIIHUX HMEH, TAKHX KaKk UMeHa (QYHKLIUi
Y BHELIHUX [IEPEMEHHBIX, 3TO YHCIIO MOXKET 0Ka3aThCsl MEHbIIIE BOCBMH, TaK KaK
BHEIIIHHE NMEHA UCIIOJIb3YIOTCS PA3IMYHBIMU acceMOIepaMy 1 3arpy3uruKaMu.
Jleranu npuBOASTCS B IpUIiokeHHH a. Kpome Toro, Takne KIIro4eBbIe CII0Ba KaK
IF, ELSE, INT, FLOAT wu T1.1., 3ape3epBHpPOBAHbI: BBl HE MOXETE NCIIOIH30BaATh
WX B Ka4eCTBEe UMEH nepeMeHHbIX. (OHU MUITYTCS CTPOYHBIMH OYKBaMM ).

KoneuHo, pasyMHO BBIOMpATh HMEHA TIEPEMEHHBIX TAKUM 00pa3oM, 4TOObI
OHH O3HAYaJId HEYTO, OTHOCSIIEECs K HAa3HAYEHHIO [IEPEMEHHBIX, K YTOOBI ObLIO
MeHee BEpPOSTHO CIyTaTh UX MPH HAITUCAHHH.

2.2. Tunbl 1 pa3mMepbl AaHHbIX.

S3pike “C” uMeeTcs TONbKO HECKOJIBKO OCHOBHBIX TUIIOB JAHHBIX:

CHAR onun 6aiiT, B KOTOPOM MOXET HaXOJUTHCS OJUH CHMBOJI U3
BHYTPEHHEro Habopa CHMBOJIOB.

INT Llenoe, 00BIYHO COOTBETCTBYIOIIEE ECTECTBEHHOMY pa3Mepy LeJbIX B
HCIONb3YEMOH MallIuHE.

FLOAT C nnasatouiei TOUKoi OIUHAPHON TOYHOCTH.

DOUBLE C nnasaromeil TO4koil ABOMHON TOYHOCTH.

Kpome Toro nmeercst psit KBaJIM(PHUKAaTOPOB, KOTOPbIE MO>KHO HCHOJIB30BATh
c turioM INT: SHORT (xopotkoe), LONG (mmurnOe) 1 UNSIGNED (6e3 3Haka).
Keamuguxaroper SHORT n LONG yka3bpIBaloT Ha pa3in4HbIe pa3Mephl LEbIX.
UYucia 6e3 3HaKa MOAYMHSAIOTCS 3aKOHAM apr(METHKH 110 MOAYJIIO 2 B CTEIIEHU
N, rae N - uncio 6utoB B INT; uncia 0e3 3HAKOB BCeraa IMOJOKHTEIbHEI.
Onwucanus ¢ KBaTU(pHUKaTOpaMH UMEIOT B
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SHORT INT X;
LONG INT Y;
UNSIGNED INT Z;

CnoBo INT B Takux CUTyallUAX MOXET OBITH OIyHICHO, YTO OOBIYHO U JACIacTCA.
KomnuectBo 6I/ITOB, OTBOJMMBIX IIOI 3THU 00BEKTHI 3aBUCHUT OT HMEIOIIeHCs
MalluHbI; B Ta6J'II/III€ HWIKE MMPUBCACHBI HECKOTOPBIC XapPAaKTCPHBIC 3HAYCHU.

Tab6nuna 1

!
DEC PDP-11 HONEYWELL IBM 370 6000 8/32 | INTERDATA | !

!
ASCII ASCII EBCDIC ASCII !
CH®AR 8-BITS 9-BITS 8 BITS 8 32 BITS !
INT 16 36 32 16 !
SHORT 16 36 16 32 !
LONG 32 36 32 32 !
FLOAT 32 36 32 64 !
DOUBLE 64 72 64 !

Lenp coctout B ToM, uTro661 SHORT 1 LONG gaBamu BO3MOXKHOCTH B
3aBHCUMOCTH OT MPAKTHUYECKUX HYXJ UCIOJIb30BaTh PAa3IUYHbIE AJIUHBI LIETbIX;
tun INT oTtpaxkaeT HanboIee “ecTecTBeHHBINH” pa3Mep KOHKPETHOH MatiHbL. Kak
BBl BUANTE, KOXKbII KoMnuisiTop cBoboano naTeprnperupyer SHORT u LONG B
COOTBETCTBUM CO CBOMMHU alNapaTHBIMHU cpeicTBaMu. Bcee, Ha 4TO BB MOXKETE

TBepAO noinararbes, 310 To, uTo SHORT He anunnee, yem LONG.

2.3. KoHCTaHThI.

Koncrantel Tuna INT u FLOAT wmbl yxe paccMoTpenn. OTMETHM ellie TOIBKO,
YTO KaK OObIYHAS

123.456¢-7,

TaK U “Hay4dHas’ 3aluch

0.12e3

s FLOAT siBisieTcst 3aKOHHOIA.

Kaxknast koHCTaHTAa ¢ IU1aBaromieii Touxoii cuuraercs umeromei Tun DOUBLE,
Tak uyTo obo3HaueHue “E” ciyxur kak gy FLOAT, Tak u iyt DOUBLE.

JImMHHBIE KOHCTAHTHI 3aITMCHIBAOTCS B BHae 123L. OObIuHast 1ienast KOHCTaHTa,
KoTopas ciuikoM AnuHHa ais tana INT, pacemarpuBaercs kak LONG.

CymecTtByeT cucTeMa 00O3HAYECHHM MJI1 BOCBMEPHYHBIX M IINECT-
HaAIATEPUUYHBIX KOHCTAHT: NuAupylomuii O(Hyns) B koHcTaHTe Tuma INT
YKa3bIBaeT Ha BOCBMEPHYHYIO KOHCTAHTY, a cTosmue Briepean 0X COOTBETCTBYIOT
e CTHAAIIATEpUIHON KOoHCTaHTe. Hampumep, aecsatudHoe yucio 31 MOXHO
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3anucarh kak 037 B BoceMepuuHoii hopme u kak 0X1F B mectHaaaTepuyHOM.
[ITecTHaUaTEpUYHBIE U BOCBMEPHUHBIEC KOHCTAHTBI MOT'YT TaKXKe 3aKaHUMBAThCS
OykBoii L, uto nenaer ux orHocsummucs K tuiry LONG.

2.3.1. CumBOnNbHasi KOHCTaHTAa.

CHUMBOJIBHAsT KOHCTaHTa - 3TO OAMH CUMBOJ, 3aKJIIOYCHHBII B OJUHAPHBIE
KaBBIUKH, KaK, Hampumep, ‘X’. 3HaUEHUEM CHUMBOJIBHON KOHCTAHTHI SIBISETCA
YHCIIEHHOE 3HAYE€HHE STOr0 CUMBOJIA BO BHYTPEHHEM MallITHHOM HaOOpe CUMBOJIOB.
Hanpuwmep, B Habope cumBonoB ASCII cumBonbHBIH Hyitb, Wid ‘0’, IMeeT 3HaueHHe
48, a B xone EBCDIC - 240, 1 06a 3T 3Ha4eHUsI COBEPIIICHHO OTIIMYHBI OT YHCIIA

0. Hartncanue ‘0’ BMECTO YMCIIEHHOTO 3HAYSHUS, TaKoro Kak 48 niu 240, nenaer
IIpOrpaMMy HE 3aBUCSILEH OT KOHKPETHOTO YHMCIEHHOIO MPEACTaBIEHHs ITOTO
CUMBOJIA B JaHHOU Ma1yHe. CUMBOJIbHBIE KOHCTAHTHI TOUHO TaK K€ y4acTBYIOT B
YHCIIEHHBIX ONepanusx, Kak 1 JII00ble Jpyrue 4nciia, XoTs Haubosiee 4acTo OHN
UCTIONB3YIOTCS B CPAaBHEHHUH C IPYIrMMHU cuMBosiamu. [1paBuia npeoOpa3oBanus
OyZlyT N3JI0KEHBI ITO3HEE.

HekoTopsle Herpaduiyeckre CUMBOJIBI MOTYT OBITh NPEACTABICHBI Kak
CHUMBOJIbHBIE KOHCTAHTBI C TIOMOIIBIO YCIOBHBIX MOCIIEAOBAaTEIbHOCTEH, KaK,
narpumep, \N (HoBast cTpoka), \T (tabysmsus), \O (HyneBoii cuMBoi), \\ (0OpaTHast
Kocast yepta), \” (oIrHapHast KaBbIuKa) U T.1. XOTsI OHM BBIIVISIAT KaK JBa CHMBOJIA,
Ha caMOM Jele SBISTCS ofHuM. Kpome Toro, MOXXHO creHepupoBaTh MPOU3-
BOJIBHYIO [TOCJIE/JOBATEILHOCTH IBOMYHBIX 3HAKOB PA3MEPOM B OaiT, ecin Harmcarb

‘“\DDD’
riae DDD - oT oHOHM 10 TpeX BOCBMEPUYHBIX UMD, KaK B
#DEFINE FORMFEED ‘\014’ /* FORM FEED */

CuMBornbpHast KoHcTaHTa ‘\0’, H300pakaromiasi CHMBOJI co 3Ha4eHueM 0, 9acTo
3aITUCHIBACTCS BMECTO IIeJI0H KOHCTAHTHI 0 , YTOOBI IOAYCPKHYTH CHMBOJIBHYIO
MIPUPOLY HEKOTOPOTO BBIPASKEHUSI.

2.3.2. KoHcTaHTHOE BblpaxeHue

KoHcTaHTHOE BBIpa)k€HHE - 3TO BEIPAKCHUE, COCTOSIIEE U3 OAHUX KOHCTAHT.
Taxue BbIpaXeHUSI 00pabaTHIBAIOTCS BO BpeMs KOMITWIISIIIAY, a HE IIPH IPOTOHE
MPOrPaMMBbI, 1 COOTBETCTBEHHO MOT'YT OBbITh UCIIOIb30BaHbI B JTFOOOM MeCTe, Ijie
MOYKHO HCITOJIb30BaTh KOHCTAHTY, KaK, HallpUMep B

#DEFINE MAXLINE 1000
CHAR LINE[MAXLINE+1];

N

SECONDS = 60 * 60 * HOURS;
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2.3.3. CTpoyHas KOHCTaHTa

CTpouyHas KOHCTaHTa - 3TO MOCJIEA0BATENHHOCTh, COCTOSIIAS U3 HYJS WIH
0oJiee CHMBOJIOB, 3aKJIIOYCHHBIX B IBOMHBIE KaBBIYKH, KaK, HAIIPUMED,

“I AM A STRING” /* a - crpoka */

i

w7 /* NULL STRING */  /* my;b-cTpoka */

KaBbIUKH He SIBIISIFOTCS YACThIO CTPOKH, a CITYXKAT TOJIBKO JIJIS €€ OrPaHHYCHHS.
TE€ )K€ camble yCIIOBHBIE MOCIIEJOBATEIBHOCTH, KOTOPbIE HUCIOJIb30BAIUCH B
CHUMBOJIbHBIX KOHCTAHTAaX, PUMEHSIOTCS M B CTPOKAaX; CHMBOJI JBOMHOM KaBbIYKA
n300pakaeTcs Kak \”.

C TeXHMYECKOI TOYKHU 3PEHHS CTPOKA MPEICTABISET COO0N MacCHB, IEMEHTaMU
KOTOPOTO SIBJISIIOTCSL OTNIEbHBIE CUMBOJIBI. UTOOBI IporpaMMaM ObLIO yAOOHO
OIIPE/IENSATh KOHELl CTPOKH, KOMITUJISITOP aBTOMaTHYECKH [TOMEIAET B KOHELl KaKI01
crpoku Hyib-cuMBo \0. Takoe npezicTaBleHre 03HAYAET, YTO HE HAKJIAIHIBACTCSI KOHK-
PPETHOTO OrpaHHYEHHS HA TO, KAKYIO JJIMHY MOXKET UIMETh CTPOKA, ¥ 4TOOBI OIPE/IEIIHTh
3TY JJIMHY, IPOTPaMMBI JJOJDKHBI IPOCMATPUBAThH CTPOKY MOIMHOCTBIO. [Ipu aTOM j1ist
(bHU3MUECKOro XpaHEHHs CTPOKU TPeOyeTCst Ha OfIHY SUSHKY MaMsTh OOoJblle, YeM
YHCIIO 3aKITIOUYEHHBIX B KaBbIUKA CUMBOJIOB. Criemyromast ¢pyHkiuss STRLEN(S)
BBIYUCIISIET JJIMHY CUMBOJILHOW CTPOKHU S HE cumTast KOHeUHbIH cuMBOI \0.

STRLEN(S) /* RETURN LENGTH OF S */
CHAR S[];

INT I;
I=20;

WHILE (S[I] '= “\0’)
++1I;

RETURN (I) ;

Byabsre BHUMATENnbHBI U HE MyTalT€ CUMBOJIBHYIO KOHCTaHTY CO CTPOKOH,
coneprkamieit omuH cuMBOMI: ‘X’ - 3TO HE TO e camoe, uyto “X”. IlepBoe - 31O
OT/AEIBHBIN CUMBOIL, ICTIOIBb30BAHHBIH C IETBIO MOy YE€HHS YICICHHOTO 3HAYCHNS,
COOTBETCTBYIOIIET0 OYKBE X B MAITMTHHOM Habope CUMBOJIOB. Bropoe - cuMBonbHas
CTpOKa, COCTOSINAs U3 0JHOTO cuMBoJIa (OykBa X) 1 \0.

2.4. OnucaHuA

Bce mepeMeHHBIE TOJDKHBI OBITH OIMCAHBI JO MX HCIOJIB30BaHUS, XOTS
HEKOTOpbIe OMMCAaHMsI JENAI0TCS HESBHO, 110 KOHTEKCTY. ONUcaHue COCTOUT U3
cnenudrKaTopa THITA U CISIYIOIIETO 32 HUM CIIMCKA ITePEMEHHBIX, UMCIOIINX
9TOT THII, KaK, HalpuMep,



44

INT LOWER, UPPER, STEP;
CHAR C, LINE[1000];

HepeMeHHHe MOXHO pacopeaciisiTb MO OIMUCAHUIAM JTH00BIM 06pa30M;
MPUBEACHHBIC BbIIIEC CIIMCKHU MOKHO C TEM K€ YCIICXOM 3alliCaThb B BUJIC

INT LOWER;

INT UPPER;

INT STEP;

CHAR C;

CHAR LINE[1000];

Takas popma 3aHMMaeT OoJibliie MeCTa, HO OHA ynoOHa A A00aBIeHUs
KOMMEHTapHs K KaXK/JIOMY OIUCAHUIO U JUIS TOCIISAYIOMINX MOAH (KA.

[TepemeHHBIM MOTYT OBITH IPHCBOCHBI HAadalbHBIC 3HAYEHHUS BHYTPU HX
OTIMICaHUs, XOTS 3/1€Ch MMEIOTCSI HEKOTOphIe OrpaHHYeHHs. Eciu 3a mMeHeMm
MIePEMEHHOH CIEeAYIOT 3HAK PABEHCTBA M KOHCTAHTA, TO 3Ta KOHCTAHTA CIIY)KUT B
KadeCTBE MHUIMAIN3aTopa, KaK, HaIpuMmep, B

CHAR BACKSLASH = “\\’;
INT I = 0;
FLOAT EPS = 1.0E-5;

Ecnu paccmarpuBaemasi nepeMeHHast SIBJII€TCS BHEITHEW WIIM CTaTUYECKOM, TO
MHULHATN3A0NS TPOBOANUTCS TOJIBKO OJMH pa3, COMIACHO KOHIICTIIIHH /10 Havaja
BBIIIOJTHEHHUSI MPOTpaMMBl. MHUIHATH3UPYEMBIM SBHO aBTOMAaTHYECKUM
MIEpEMEHHBIM HadaJIbHbIC 3HAYECHUS NIPUCBAMBAIOTCS MPH KaKIOM OOpaIeHUH K
GbyHKIMHU, B KOTOPOl OHM ONMCaHbl. ABTOMaTHYECKHE NMEPEeMEHHbIE, He
MHUITHAIN3UPYEMbIe SIBHO, IMEIOT HEOIPECICHHbIe 3HaYeHUs, (T.€. Mycop).
BHemHue 1 cTaTHYecKye IepeMeHHbIE [0 YMOTYaHUIO HHIIHATH3HPYIOTCS HyJIEM,
HO, TeM He MEHEe, UX SBHAS MHUIHAIN3AINS SBIIETCS IPU3HAKOM XOPOIIIETO CTHIIS.

MBI TpOJOIIKUM 00CYXKISHHE BOIPOCOB MHHUIMATH3ANNY, KOoraa OyaeM
OTHCHIBATh HOBBIE TUIIHI TAHHBIX.

2.5. ApudmeTtunyeckue onepauun.

buHapHbIMU apuMETHUECKUMU OTIEPALMSIMU SBISIOTCA +, -, ¥, / U onepanus
JIeNIeHNs 10 MOIYITI0 %. ViMeeTcst yHapHast oreparys -, HO He CYIIeCTBYET YHapHOM
onepauuu +.

[Ipu nenennn nensix ApoOHas YacTh OTOpackiBaeTcs. BeipaxkeHue

X %Y

JIaeT OCTATOK OT aefieHust X Ha Y U, CJIeI0BaTEIbHO, PABHO HYIIO,

KOT/Ia X JieuTest Ha Y TouHo. Hampumep, ro sIBIsieTCst BACOKOCHBIM, €CITH OH
nenutcs Ha 4, Ho He aenutces Ha 100, nckaroyas To, uto aensiuecs Ha 400 rombl
TOXE SBIISIOTCS BUCOKOCHBIMH. [103TOMY
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IF(YEAR % 4 == 0 && YEAR % 100 != 0 \'\! YEAR % 400 ==
0) TOom BUCOKOCHEIM

ELSE
TOI HEBMCOKOCHLI

Omneparmro % Henp3s ucnons3oBath ¢ TunamMu FLOAT uimin DOUBLE.

Onepanuu + U - UMEIOT OAMHAKOBOE CTapPHIMHCTBO, KOTOPOE MJIajliie
OJJMHAKOBOT'O YPOBHS CTapIIMHCTBA onepanuii *, / u %, KoTopble B CBOIO Ouepe/ib
MIIaJIlIe YHAPHOTO MUHYCA. ApU(MeTHYECKHE Ollepallii IPYIIUPYIOTCS ClieBa
Hanpaso. (CBeneHusI 0 CTApIIMHCTBE U ACCOITUATUBHOCTH BCEX OTepanuii COOpaHbI
B Tabiuie B KOHIIE 3TOi riaBbl). [IOpsOK BBITOJHEHHsI aCCOLUATUBHBIX U
KOMMYTATHBHBIX OIlepaliii THIA + 1 - He (PUKCHUPYETCS; KOMIHIISITOP MOXKET Tie-
perpynmnupoBbIBaTh Jaxe 3aKJIIOYEHHbIE B KPYTJIble CKOOKH BBIpaXKEHUSI,
CBsI3aHHBIE TaKMMU ONEpamusiMu. TakuM obpaszom, a+(B+C) moxer OBITH
BBIYHCIIEHO Kak (A+B)+C. DTo peako MpUBOIUT K KAKOMY-JTHOO0 PacXOXkKICHUIO,
HO €CJIM HeOOXOJMMO 00ECIEeUUTh CTPOTO ONPECICHHBIN MOPSIOK, TO HY>KHO
HCIIOJIb30BaTh SIBHBIE TPOME)KYTOYHBIE IEPEMEHHBIE.

JleicTBusI, npeIIpHHAMAaEMBbIe TIPH IEPETIOTHEHUU 1 aHTUIIEPEIOTHEHHH (T.€.
[Tpu nosTyueHnH CITUIIKOM MAJICHBKOTO 110 a0COTIOTHOM BETMYUHE YUCIIa), 3aBUCST
OT KCIOJIb3YEMOil MaIIMHBI.

2.6. Onepauun OTHOLLUEHUS 1 NTIOrMYecKkue onepauum
OHepaLlI/IHMI/I OTHOIILICHUA SABJISTKOTCA
= > =< <

BCE OHU MMEIOT OIMHAKOBOE CTApLIMHCTBO. HermocpeacTBeHHO 32 HUMH 110
YPOBHIO CTapIIMHCTBA CJIEAYIOT ONePallK PABEHCTBA U HEPABEHCTRA:

KOTOpbIE TOXXE€ MMEIOT OAMHAKOBOE CTapIIMHCTBO. ONEPAIMH OTHOIIEHUS
Miaanie apuGMETHISCKUX ONepalui, Tak 9TO BeIpakeHus tuma [<LIM-1
noHuMaroTcst kak [<(LIM-1), kak u nmpearmonaraercs.

Jlornueckue cBsi3ku && u \!\! Oosee MHTEpECHBI. BhIpaskeHHUs, CBSI3aHHBIC
onepanusiMu && 1 \!\!, BEIYHCISIFOTCS CICBa HAIIPABO, IPUYEM UX PACCMOTPEHHE
MIPEKpaIaeTcs cpasy xe Kak TOIHKO CTAHOBHTCS SICHO, Oy/IeT JIM Pe3ylbTaT HCTHHON
WM JIOXKBIO. yUET 3TUX CBOWCTB OYCHb CYIIECTBEHEH /ISl HAMMCAHUS IPAaBUIIBHO
pabotatomux nporpamm. PaccmMoTpum, Hampumep, oneparop LUKIa B CYH-
ThiBaromei cTpoky GyHkiurn GETLINE, koTOpyI0 MBI Hamucasu B riase 1.

FOR(I=0;I<LIM-1 && (C=GETCHAR()) != ‘\N’ && C != EOF;
++1)
S[I]=C;
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SlcHO, uTO mepen CYMTHIBAHMEM HOBOTO CHMBOJIA HEOOXOIMMO IPOBEPHUTH,
HMeeTcs JIM elle MeCTO B MaccuBe S, Tak uto ycioBue I<LIM-1 goskno
IIPOBEPATHCS MEPBBIM. 1 ecau 3TO yClnoBUE HE BBINOIHSAETCS, Mbl HE JOJKHEI
CUUTBIBATh CIEIYIOIUN CUMBOIL.

Tak ke HeynauuabsiM 06110 OBI cpaBHEeHHE ‘C’ ¢ EOF 1o oOpamenus k pyHKImu
GETCHAR : npexje ueM IpoBepsATh CUMBOJI, €r0 Hy>KHO CUUTATh.

CrapinHceTBo onepann && Beiire, yeM y \\!, 1 00e onu Mitaiie onepaui
OTHOLIECHHA U paBeHCTBa. [103TOMy Takue BbIpaskeHUsl, KaK

I<LIM-1 && (C = GETCHAR()) != ‘\N’ && C != EOF

HE HY>KJAtOTCA B JOMMOJHUTEIIbHBIX KPYIJIBIX ckobOkax. Ho Tak xak
onepanuda 1= CTapuiec onepanuu rmpucBanBaHus, TO AJI1 JOCTUKCHUA
MPaBUJIBHOTO PE3YyJIbTAaTa B BbIPAKCHUN

(C = GETCHAR()) !'= “\N’

KOOKH HEOOXOMMBI.

VHapnas omnepanus orpunanus ! [IpeoOpasyer HeHyneBOW WIIM MCTUHHBINA
orepann B 0, a HyneBoil wim noxHBIH orepany B 1. OObIYHOE HCIIOIB30BAHNE
onepauuu | 3aKIro4aeTcs B 3alHCU

IF( ! INWORD )

Bwmecto

IF( INWORD == 0 )

TpynHo cka3ark, kakast ¢popma ayumnie. Koncrpykiuu tuna | INWORD
Yuratorcss OBOJIBHO ynoOHO (“eciam He B cioBe”). Ho B Oornee CloXHBIX
CITy4yastX OHM MOTYT OKa3aTbhCsl TPYAHBIMH JUIsl TOHUMaHUSI.

YnpaxHenue 2-1.
Harmuiure oneparop LUKIIa, 3KBUBAJICHTHbIH PUBEICHHOMY BBIIIIE OIIEPaToOpy
FOR, He ucnone3ys onepannn &&.

2.7. Npeob6pa3oBaHue TUNOB

Ecnu B BBIpaKEHUSAX BCTPEYAIOTCS OMEPaHMAbl PAa3IMYHBIX THIIOB, TO OHU
peoOpas3yroTCs K 00IIEeMY THITY B COOTBETCTBUH C HEOOIBIIIM HA0OPOM MPaBHIL.
B o6mem, aproMaTHdecKu MPOU3BOIATCS TOJIBKO MPEeoOpa3oBaHUs, MMEIOIIIE
CMBICJI, TaKHe Kak, HalpuMmep, npeoOpa3oBaHue 1IeJIOr0 B IUIaBamllnee B
BeIpaxkeHusx tuna F+I. BeipaxkeHus xe, JTUIIEHHbIE CMBICIA, TAKUE Kak
ucmnonbs3oBanue nepemeHHoi Trma FLOAT B kauecTBe WHJEKCA, 3alPEIICHEI.

Bo-nepBrix, Tunsl CHAR u INT moryT ¢cBoOOOHO CMENIUBATHCS B
apumMeTHIeCcKuX BRIpOKEHHIX: Kakaast mepemenHast Tuiia CHAR aBTomarmuecku
npeobpasyercs B INT. DTo obecneynBaeT 3HAYUTEIbHYIO THOKOCTH TIpH
MIPOBENICHUH OTPEICIICHHBIX NpeoOpa3oBaHuili cuMBoNOB. [IprMepom MoxeT
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cnyxuth Qynknus ATOI, koTopasi CTaBUT B COOTBETCTBUE CTPOKe IUPp ee
YHCIICHHBIA SKBUBAJIEHT.

ATOI (S) /* CONVERT S TO INTEGER */
CHAR S[];

INT I, N;
N = 0;

FOR ( I = 0; S[I]>="0"' && S[I]<='9'; ++I)
N =10 * N + S[I] - ‘0';

RETURN (N) ;

KAK Ve o6cyxnanoch B rm1ase 1, BeIpaxkeHHe

S[I] - 0’

HMeeT YUCIEHHOE 3HaueHue Haxoxsumerocs B S[I] cumBona, motomy

9T0 3HaUeHUe cCUMBOJIOB ‘0°, ‘1’ ¥ T.71. 00pa3yroT BO3pACTAOIIYIO

MOCIIEN0BATENBHOCTb PACIONIOKEHHBIX OIPSA LIENIbIX MOI0KUTEIBHBIX YUCE.

Jpyro#t npumep npeodpazosanusi CHAR B INT maer ¢pynxmus LOWER,
npeobpasyromias JaHHYIO0 IIPONKUCHYI0 OYKBY B CTpouHYy!0. Ecitn BelcTynaronmii B
KauecTBEe apryMeHTa CHMBOJI He sIBJIsieTCsl IponucHoi Oyksoit, To LOWER
BO3BpallaeT ero Heu3MeHHbIM. [IpuBonrMas HuXe Iporpamma CIpaBelINBa
TOJIBKO JU1s Habopa cumBoiioB ASCII.

LOWER(C) /* CONVERT C TO LOWER CASE; ASCII ONLY */
INT C;

IF ( C >= ‘A’ && C <= ‘72" )

RETURN( C + ‘@’ - ‘A");

ELSE /*@ 3Bamucano BmecTO ‘A’ CTpouHOTO*/
RETURN (C) ;

Ora dyHKUMS IpaBUILHO padoTtaet npu koae ASCII, moToMy 4TO YnCIICHHBIE
3HAUEeHHUs, COOTBETCTBYIOIIME B 3TOM KOJI€ TIPOITMCHBIM U CTPOYHBIM OyKBaM,
OTJIMYAIOTCSI HA TIOCTOSHHYO BEIMYMHY, @ KKIbIH an()aBUT SBISETCS CIUIOLIHBIM
- MEXIYy a M Z HeT HU4ero, kpome OyKB. DTO HOCieHee 3aMedanue il Habopa
cumBosioB EBCDIC cucrem IBM 360/370 oka3bIBaeTcst HECTIPaBEIUIUBBIM, B CHILY
YEero 3Ta MporpaMma Ha TAKUX CUCTeMax padoTaeT HeMPaBUIILHO - OHa ITpeodpasyer
HE TOJILKO OyKBBI.

[Tpu npeoOpa3oBaHNK CUMBOJIBHBIX NEPEMEHHBIX B IIEJIbIE BOSHUKAET OJMH
TOHKUI MOMEHT. J[€]10 B TOM, UTO CaM SI3bIK HE YKA3bIBAET, JOJIKHBI I IEPEMEHHBIM
tuna CHAR cooTBeTCTBOBATh YMCIIEHHBIE 3HAUCHHUSI CO 3HAKOM WM Oe3 3HaKa.
Monxer 1m npu ipeoOpazoBanny CHAR B INT nonyunTscst orpunarensHoe enoe?
K coxanenuto, 0TBET Ha 3TOT BOIPOC MEHAETCS OT MAIIKHBI K MAIIMHE, OTpaXas
pacxokieHns B ux apxurekrype. Ha Hexkotopbix mammHax (PDP-11, Hanpumep)
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nepemenHast Tuiia CHAR, kpaiiHuii IeBbIii OUT KOTOpOU comepKHuT 1, mpeodpasyercs
B OTpHIaTenbHoe 1enoe (“3HakoBoe pacmmpeHue’”). Ha npyrnx mammHax Takoe
npeoOpa3oBaHuE COMPOBOXKIACTCSI JOOABICHUEM HYJIEH C JIEBOTO Kpasl, B pe3yJIbTaTe
Yero BCEra NOoIy4aeTcs HONOKUTENBHOE YHCIO.

Onpenenenue s13pika “C” rapaHTUPYET, 4TO 000K CUMBOJI U3 CTAHIAPTHOTO
Ha0opa CMMBOJIOB MaIlIMHBI HUKOT/[Aa HE 1aCT OTPULATENILHOTO YHCIIA, TAK YTO 3TH
CHUMBOJIBI MO)KHO CBOOOIHO MCIOJIB30BaTh B BBHIPAKEHHAX KAK IOJIOKUTEIbHBIE
BennunHbL. Ho mpon3BoibHbIe KOMOMHAIIMN JBOMYHBIX 3HAKOB, XPAHSIIHECs KaK
CUMBOJIbHBIE IEPEMEHHBIC HA HEKOTOPBIX MaIlIMHAX, MOTYT JaTh OTPULIATEIbHbIE
3HAUEHUs], a HA JPYTUX MOJOKUTEIbHBIE.

Hawubonee THMMYHBIM IPUMEPOM BO3HUKHOBEHUS TAKOH CUTYaIlUH SIBIISIETCS
cyd4ai, korna 3HaueHue 1 ucnons3yercd B kauectse EOF. Paccmorpum mporpamMmy

CHAR C;
C = GETCHAR() ;
IF ( C == EOF )

Ha mamne, koTopast He OCYLIECTBIISIET 3HAKOBOT'O PaCIIUPEHN s, IEpEMEHHAs
‘c’ BcerJa MoJjIoXKUTeNbHa, NOCKONIbKY oHa onncaHa kak CHAR, a tak kak EOF
OTpHLATENILHO, TO YCJIOBUE HHUKOTJA He BhIMONHAETCA. YTOOBI M30eXaTh Takon
CUTyallud, MBI BCeraa npeaycMoTputensHo ucnonas3zosaau INT smecto CHAR
JuIsl o001t mepeMeHHol, nomyyatomei 3HaueHrne or GETCHAR.

OcHoBHas xe npuunHa ucnons3oBanus INT Bmecto CHAR He cBs3aHa ¢
KaKMM-JIH00 BOIIPOCOM O BO3MOYKHOM 3HAKOBOM PACIIUPEHHH. IPOCTO (QYHKIIHS
GETCHAR nomxHa iepeaBarh Bce BO3MOKHBIE CHMBOIIBI (YTOOBI €€ MOXKHO OBLITO
UCTIONB30BATh JJIsl IPOU3BOJILHOTO BBOJIA) M, KPOME TOTO, OTJIMYAIOIIEeCs 3HAYCHHE
EOF. CnenosarensHo 3nauenne EOF He moxeT ObITh npencrasieno kak CHAR,
a JOJDKHO XpaHuThes Kak INT.

Jpyroii none3noii popmMoii aBTOMaTn4ecKoro npeodpa3oBaHusI THIIOB SIBISETCS
TO, YTO BBIP@KEHMS OTHOIIEHHs, MOJO0HBIe [>], 1 orudeckne BhIpakeHMUs,
cBsi3aHHBIE oneparusaMu && u \!\!, 1o ompezneneHUIo UMEIOT 3HaUYeHue |1, ecnn
OHU MCTHHHBI, U 0, eciti OHU JIOXKHBI. TakuM 00pa3oM, IprucBavBaHNe

ISDIGIT = C >= ‘0’ && C <= '9’;

nonaraetr ISDIGIT paBubiM 1, ecnu ¢ - nudpa, 1 paBHbiM 0 B IPOTHBHOM
ciryuae. (B mposepounoii uactu oneparopos IF, WHILE, FOR u T.11. “Uctunno”
IIPOCTO O3HAYaeT “He HyJb”).

HesiBHble apudmernueckue npeodpazoBaHus pabOTarOT B OCHOBHOM, KaK U
oxupaercs. B o0mux ueprax, eciy ornepanysi TUIA + WK *, KOTOpast CBSI3bIBAET
nBa ornepanaa (OMHapHas orepaiyst), IMEeT OIepaH bl Pa3HBIX THIIOB, TO IEpel
BBITIOJIHEHHEM OIIEpaly “HU3LIMI THI TpeoOpas3yeTcs K “BbICIIEMY” U ITOITy4aeTcst
pe3ysbTar “Bblciiero” Tumna. bonee To4HO, K KaX10i apudMeTHIECKOH orepanuy
TIPUMEHSIETCS CIIeIYIOIIast II0CIIEA0BaTEIbHOCTh IIPABUII ITPEe0OpPa30BaHusI.
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- Tunst CHAR 1 SHORT mnpeo6pa3yrorcst B INT, a FLOAT 8 DOUBLE.

- 3arem, ecnu oguH u3 onepangoB umeer tun DOUBLE, to apyroi
npeodpasyercst B DOUBLE, u pe3ynbrar umeet Tun DOUBLE.

- B npotuBHOM cityuae, eciu onuH U3 onepannos uMeeT tTunn LONG, To npyroit
npeobpasyercs B LONG, u pesynbsrar umeet Tinn LONG.

- B mpotuBHOM cityuae, eciu oquH u3 onepangos uMeeT Turn UNSIGNED, To
npyroii npeodpasyercst B UNSIGNED u pesynbrar umeer Tun UNSIGNED.

- B mpotuBHOM ciiy4ae onepanabl 1oJpkHBI ObITh THHA INT, 1 pesynbrar nmeer
tun INT.

IMonuepkHeM, uto Bce nepemenHble Tuna FLOAT B BwIpaxeHUsAx mnpe-
obpaszyrorcst B DOUBLE; B “C” Best miaBatomasi apu)MeTHKa BBITOTHIETCS C
JIBOMHOM TOYHOCTBIO.

[MpeoOpazoBanysi BO3HUKAIOT M TIPY NPUCBANBAHMX; 3HAUCHHUE IIPAaBOH 4acTh
npeoOpasyeTcst K THILY JIEBOH, KOTOPBIN U SIBJISETCS TUIIOM pe3yJisrara. CHMBOJIBHbIE
HIepeMEeHHbIE TIPe00pa3yIoTCs B 1IEJIbIE JINO0 CO 3HAKOBBIM pacIIpeHneM ,JInoo 6e3
Hero, Kak onucaHo Bbie. OOparnoe npeodpazoBanue INT B CHAR Bezer cebst
XOPOLLIO - JINIITHKAE OUTHI BEICOKOTO TOPSIKa POCTO oTOpackiBaroTcst. Takum oOpasom

INT I;

CHAR C;

I =2¢C;

Cc=1I;

3Ha4YEHHE ‘C’ HE U3MEHSIETCs. DTO BEPHO HE3aBUCHUMO OT TOTO,
BOBJIEKAETCs JIU 3HAKOBOE PACIIUPEHUE UITH HET.

Ecnu x Tuna FLOAT, a I Tuna INT, To kak

x = 1I;
TaK U
I =x;

NIPUBOAAT K peoOpaszoBanusM; npu 3ToM FLOAT mpeoGpasyercs B

INT oropaceiBarmeM npoonoit yactu. Tum DOUBLE npeo6pa3syercs Bo

FLOAT oxpymienuem. JIMHHBIC TIeTBIE IPEOOpa3yroTcs B 00Jiee KOPOTKHE
nensle 1 B nepemenHsle Tuna CHAR mocpencTBom orOpackiBaHus IMITHAX OUTOB
BBICOKOT'O NOpsKA.

Tak kak apryMeHT (DYHKIIMHU SBISCTCS BBIpaXXCHHUEM, TO IPH Iepeaade
(YHKIMSM apryMEHTOB TAKKe IIPOMCXOAUT ITPeoOpa3oBaHie THIIOB: B YaCTHOCTH,
CHAR u SHORT cranossarcs INT, a FLOAT cranosutcs DOUBLE. Umenno
MI03TOMY MBI OnichiBain apryMenTsl pyHkiuid kak INT u DOUBLE nase torna,
Koraa obpamanuck K HuM ¢ nepemeHHbiMy THITa CHAR 1 FLOAT.

Haxowner, B IF000M BBIP2XXCHUU MOJKET OBITH OCYIIECTBICHO (“IPUHYXICHO)
SIBHOE TIpeoOpa3oBaHUe THIA C NOMOIIBI0 KOHCTPYKIMH, Ha3bIBAEMOW I1E€PEBO/L
(CAST). B aT0li KOHCTPYKIMH, UMEIOLIEH BH]
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(Ms1 Tuma) BEPaXeHMEe

Bripaxxenue mnpeoOpasyeTcs K YKa3aHHOMY THUIy II0 NIpaBUIaM
mpeoOpa3oBaHus, U3I0KEHHBIM BbITIe. DAaKTHUECKHA TOUYHBIA CMBICI ONEPAIlUH
IepeBoJa MOXKHO OIMKCATh CICAYIOIIUM 00pa3oM: BRIpAXXECHHE KakK OBI
MPUCBAaUBAETCSl HEKOTOPOU MepeMEeHHON yKa3aHHOro THUIA, KOTOpas 3aTeM
HCTIONB3YeTCsI BMECTO BCel KoHCTpyKIu. Hampumep, Onbinrorednas mpoueaypa
SQRT oxunaer aprymenta turia DOUBLE u BEIacT 6eCCMBICTICHHBIH OTBET, €CITH
K HE 10 HeOPEIKHOCTH 00paTATCs ¢ Y4eM-HUOYIb HHBIM. TAKAM 00pa3oM, eciid N
- LIEJI0€, TO BhIpaXKEHUE

SORT ( (DOUBLE) N)

1o nepenayun aprymenta ¢pynkiuun SQRT npeobpasyer N k Tumy DOUBLE.
(OtmeTtnM, 4TO orepanus mepeBo mpeodpa3yeT 3HaueHrne N B HaJuIeKaIIui TUT;
(axTudeckoe copepxkanue nepeMeHHoi N npu 3tom He u3mensiercst). Onepanus
NepeBo/ia KMPALHs IEPEBO/Ia UMEET TOT )K€ YPOBEHb CTAPIIMHCTBA, YTO U APYTHE
YHapHBIE OIlepallny, KaK yKa3bIBaeTCs B TAOJIHUIIEC B KOHIIE 3TOH IJIaBBI.

YnpaxHenue 2-2.

Cocraspre nporpammy st Gyakimu HTOI(S), kotopast mpeodpa3syeT CTpoky
LIeCTHA/IATepPUUHbIX LU(P B SKBUBAJICHTHOE €il 1enoe 3HaueHue. [Ipu atom
JOITyCTUMBIMH upaMu sBITIOTCS g pbl ot 1 10 9 1 OykBsl oT a 10 F.

2.8. Onepaunu yBerin4eHUsi U yMeHbLUeHUs

B s3p1ke “C” npeycMOTPEHBI IBE HEOOBIYHBIC OTIEPAIIAH TSl yBEITHYCHIS U
YMCHBIIICHUS 3HAYCHUH nepeMeHHbIX. Onepanus yBenndeHus ++ nobasmset 1 k
CBOEMY OIlepaHy, a onepauusi yMEHbIIEHUs — BbluyuTaer 1. Mbl yacTo
KCIOJIb30BAJIM ONEPaLUIO ++ Ui yBEJIMYEHUs] IEPEMEHHBIX, KaK, HallpuMep, B

IF(C == “\N’)
++I;

HeoObIuHbIHA acrekT 3aKIIo4aeTcsi B TOM, YTO ++ U — MOXKHO HCIIONIb30BaTh
0o kak npedukcHble onepanny (Iepes nepeMeHHoH, kak B ++N), 1mbo Kak
noctukcHbIe (ocne nepemenHoi: N++). Dddekr B 000ux ciydasx COCTOUT B
yBenuuenuu N. Ho Breipaxkenue ++N yBenuuuBaeT nepeMeHHyw N 10
UCIIONIb30BaHMs €€ 3HAUCHHUS, B TO BpeMsl Kak N++ yBennuuBaeT nepeMeHHyo N
TI0CJIE TOTO, KaK €€ 3Ha4eHHe ObIIIO UCIIOIb30BAHO. DTO 03HAYAET, YTO B KOHTEKCTE,
Il UCHOJIB3YeTCs 3HaUeHHE MEPEMEHHOM, a He TOJIBKO 3(P(EKT yBeTUUeHUs,
ucnonb3oBanue ++N u N++ npuBoaut k pa3HeIM pesynasrataM. Ecnu N =5, To

X = N++;
YCTaHaBJIMBACT X PABHBIM 5, a

X = ++N;
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roJiaraeT X paBHbIM 6. B 00oux cirydasx N cTaHOBHUTCSI paBHBIM 6.

Onepanuu yBeIWUYE€HUS U YMEHBIICHHUS MOXXHO NPUMEHATH TOIBKO K
NepeMeHHBIM; BeIpakeHHs THIa X=(I+J)++ sBIsIOTCS HE3aKOHHBIMH.

B cnydasix, rae Hy)KeH TOJNBKO 3(QQEKT yBeIHMUCHHS, a CaMO 3Ha4eHUE He
UCIONB3yeTcs, KaK, HapuMep, B

IF | == "\N’ )
NL++;

BEIOOD MPEPUKCHON WK TTOCT(PUKCHON OTIEPALUH SIBISCTCS ICTIOM

BKYCa. HO BCTPEYAIOTCS CUTYAallUH, T/I€ HY>KHO HUCIIOJIb30BaTh UMEHHO Ty WU
Jpyryro oneparnuio. Paccmorpum, Hanpumep, pynkimio SQUEEZE(S,C), kotopas
yIaJsieT CUMBOIL ‘C’ U3 CTPOKH S, KaXIbIi pa3, KaKk OH BCTPEYAETCS.

SQUEEZE (S, C) /* DELETE ALL C FROM S */
CHAR S[];
INT C;

INT I, J;
FOR (I =J = 0;
IF ( S[I] !
S[J++] = S[I];
S[J] = *\0';

S[I] !'= “\0'; TI++)

Kazkniplil pa3, kKak BCTEYaeTCsi CHMBOJI, OLIMYHBIN OT ‘C’, OH KOIUPYETCS B TEKYLLYIO
TIO3MLIHIO J, ¥ TOJIBKO ITOCIIE 3TOTO J yBEMM4INBAeTCs Ha 1, YTOOBI OBITH TOTOBBIM IS
MOCTYIUIEHUS CIIEIYIOIIEro CUMBONA. OTO B TOUHOCTU IKBUBAJICHTHO 3aMUCU

IF ( S[I] !=C)
S[J] = S[I];
JH+;

Jpyroii npumep nono6Hoi konctpykiuu gaet pynkuust GETLINE, kotopyro
MBI 3alIPOrPaMMUPOBANIY B INIaBe 1, [e MOXKHO 3aMEHUTh

IF ( C == “\N' )
S[I] = C;
++1I;

0o0JIee KOMIIAKTHOM 3aIIUCHI0

IF ( C == "\N' )
S[I++] = C;

B kauectBe TpeTsero npumepa paccMorpuM (pyHknuio STRCAT(S,T), kotopast
IIPUIHCBIBAET CTPOKY T B KOHEI| CTPOKH S, 00pa3ysi KOHKaTeHAIUIO CTPOK S U T.
ITpu sTOM npeanonaraeTcs, 4To B S AOCTATOUHO MECTa AJIsl XPaHEHUS IIOJTyYeHHOH
KOMOMHAIHY.
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STRCAT (S, T) /* CONCATENATE T TO END OF S */
CHAR S[], T[]; /* S MUST BE BIG ENOUGH */

INT I, J;

I=J-=0;

WHILE (S[I] !'= *\0’) / *FIND END OF S */

I++;

WHILE ((S[I++] = T[J++]) != *\0’) /*COPY T*/

;
Tak xak u3 T B S Komupyercs KaxJablii CUMBOJ, TO ISl TIOJTOTOBKH K

CIIEAYIOLIEMY [TPOXOXKICHHIO LIUKJIA MTOCT(MUKCHAS Onepaiys ++ MpUMEeHseTCs K
obenM niepemMeHHbIM [ 1 J.

YunpaxHenue 2-3.
Hanwmmure npyroii BapuanT ¢pynkunu SQUEEZE(S1,S2), koTopslit ynamser u3
CcTpOoKHU S1 KaKABIH CUMBOJI, COBIAAAIONININ ¢ KAKUM-THOO CUMBOJIOM CTPOKH S2.

Ynpaxnenue 2-4.

Hanummure nporpammy st yaknun ANY(S1,S2), kotopast HAX0QuT MecTo
IIEpBOTO MOSBJICHHS B CTPOKe S1 Kakoro-nnbo cuMmBolia U3 CTPOKU S2 U, eciu
cTpoka S1 He comep>KUT CUMBOJIOB CTPOKH S2, BO3BpALIAET 3HAYCHHE -1.

2.9. Mo6uToBbIe NnorMyeckue onepauumn

B s13bIKe TIpeAyCMOTpEH psiz oepartuii A paboThl ¢ OUTaMu; 3TH OTIepaIuy
HeJb3s NpUMEHATh K iepeMeHHbiM Tunia FLOAT uimu DOUBLE.

&  Tlo6uroBoe AND

\\ ITo6uroBoe Brirogaromee OR

N noouToBoe uckiarogaromnee OR

<< CJIBWUI BJIEBO

>>  CHIBWI BIPaBO

V' nomomHeHHe (YHapHAs oTepartus)

“\” HMMHUTHPYET BEPTUKAIBHYIO YEPTY.

ITo6butoBas omepamnuss AND dacTo HCHONAB3yeTCs AJs MaCKUPOBaHUS
HEKOTOPOTo MHOKECTBAa OUTOB; HAIIpUMED, ONIEPaToOp

C=N¢& 0177

nepenaeT B ‘c’ ceMb Myaamux 6utoB N , Tionarast OCTaJIbHBIE PABHBIMU HYITIO.
Omnepanwst “3° modutoBoro OR ucmonb3yeTcst 1S BKIIIOYEHHS OUTOB:

C = X 5 MASK

yCTaHaBJIMBAET HA €IMHUILY T€ OUTHI B X , KOTOpBIC paBHbI enuHaUIe B MASK.
Criiegyer ObITh BHUMATEIBHBIM U OTJIHYATh MIOOUTOBBIE ONEpalud & U 3’ OT
soruueckux cBsi30k && u \!\! , Koropsie moapazyMeBarOT BEIYMCICHUE 3HAYCHHUS
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UCTUHHOCTU ciieBa HanpaBo. Hanpumep, ecu x=1, a Y=2, To 3HaueHue x&Y paBHO
HYJIIO , B TO BpeMsI KaK 3HaueHne X&&Y paBHO equHULE./ TIodeMy?/

Onepanuu casura << g >> OCYyIIECTBIISIOT COOTBETCTBEHHO CABUI BIEBO U
BIIPaBO CBOETO JIEBOTO OINEpaH/]a Ha YMCIIO OWTOBBIX MO3UIMM, 3aJlaBacMbIX
IIPaBBIM OIepaHIoM. TakuM 00pa3oM , X<<2 CABHIaeT X BICBO HA JIBE [TO3ULIUH,
3anoJIHSSL 0CBOOOXKJAIOLIHECS] OUTHI HYJISIMH, YTO SKBUBAJIECHTHO YMHOXXEHHIO Ha
4. CnBur BIpaBO BeIWYMHBI 0€3 3HaKa 3aI0NHIEeT 0CBOOOKIatonecs: OUThH Ha
HEKOTOPBIX MalIMHAX, Takux kak PDP-11, 3anonssatorcs conepxaHueM 3HaKOBOIO
Oura /”apudmernuecKuil cIBUT”/, a Ha IPYTHX - HYJIEM /”JIOTHYECKUH CBUT /.

VYHapHas onepanys \ 1aeT JOMOIHEHHE K IIEIIOMY; 3TO 03HAYAEeT , YTO KXKABIH
6ut co 3HayeHneM 1 nomy4aer 3HadeHue 0 1 HA0OOPOT. DTa onepanusi OOBIYHO
OKa3bIBAETCsl OJIE3HOM B BEIPAXKCHUSAX TUIIA

X & \"077

I7ie TIOCIIeTHHE IEeCTh OMTOB X MAacCKUpYyIoTcs HyseM. [loguepkHem,

4To BeIpakeHHe X&\"077 He 3aBUCHT OT JUIMHBI CJIOBA U IOITOMY

IpearnouTuTenbHee, yeM, Hanpumep, X&0177700, roe npeanonaraercs, 4To
x 3aHuMaer 16 OurtoB. Takas mepeHocumas (opma He TpeOyeT HMKaKHX
JIOTIOJIHUTEIIBHBIX 3aTpaT, MOCKONIBKY \077 SIBIISIeTCSI KOHCTAHTHBIM BBIPAKCHUEM
U, CJIEI0BATEIbHO, 00pa0aTHIBAETCS BO BPEMsI KOMITHIISILIUH.

YToObI MPOMILTIOCTPUPOBATH UCIIOIB30BAaHNE HEKOTOPBIX ONepaliii ¢ OuTamu,
paccmotpuMm ¢yHkimoo GETBITS(X,P,N), koTopast Bo3Bpalaer /CIBUHYTHIMHU K
IpaBoOMY Kparo/ HAYMHAIOLIHECS C TO3UIIMH P T10JIE TEPEMEHHOM X IMHOH N OMTOB.
MBI TIpeJroaraeM , 4to KpaiiHuii npaseiii Out umeer Homep 0, 1 uro N u p -
Ppa3yMHO 3aJjaHHbIE NOJoKHUTeNIbHBIE yncna. Hanpumep, GETBITS(x,4,3) Bo3Bpa-
IIaeT CABUHYTHIMHU K ITPaBOMY Kparo OUTHI, 3aHUMaronye no3uuuu 4,3 u 2.

GETBITS (X,P,N) /* GET N BITS FROM POSITION P */
UNSIGNED X, P, N;

RETURN ( (X >> (P+1-N)) & \~(\"0 << N));

Omneparust X >> (P+1-N) caBuraet xenaeMoe Imojie B IPaBblid KOHEI] CIIOBA.
Onucanne aprymenra X kak UNSIGNED rapantupyer, 4Tto npu cABUTe BIPABO
ocBOOOXKJatOImMECs] OMTHI OyIyT 3aIllOJNHATHCA HYJSIMH, a HE COACPKUMBIM
3HAaKOBOTO OWTa, HE3aBHCHMO OT TOTO, Ha KaKOi MallMHE NpPOIyCKaeTcs
nporpamma. Bee 6uthl koHCTaHTHOTO BhIpaskeHus \"0 paBHbI 1; ciBur ero Ha N
MO3UIMIA BiIeBO ¢ momouipio oneparuu \*0<<N co3maeT MacKy ¢ HymsIMH B N
KpalHUX NPaBBIX ONTAX U €IMHHUIIAMH B OCTAJIBHBIX; JIOTIOIHEHHE \" CO3aeT MACKy
¢ eauHunamMu B N KpaifHUX NpaBbIX OUTax.

Ynpaxuenue 2-5.
[Tepenenaiite GETBITS Takum 06pa3zom, 4To0bI OUTHI OTCYUTHIBAINCH CIIEBA
HArpaso.
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Ynpaxnenue 2-6.

Hanmmmure nporpammy s ¢pynkunn WORDLENGTH(), Beruncnstonieit
JUIMHY CJIOBA UCIIONIb3YEMOH MalluHbI, T.€. Yucio OuToB B nepemeHHoM Tina INT.
@yHKuus 107KHA OBITH IEpeHOoCHMOH, T.e. OJJHa M Ta JKe UCXOJHAs IIporpaMMa
JI0JKHA ITPaBUIIBHO paboTark Ha 10001 MalnHe.

Ynpaxnenue 2-7.
Hanumure nporpammy mist pyakuun RIGHTROT(N,B), casuraromeit
IUKJINYecKy nestoe N BrpaBo Ha B OMTOBBIX O3UIIHA.

YnpaxHenue 2-8.

Hanummre nporpammy miist ¢yukima INVERT(X,P,N), koTopas nHBEpTHPYET
(t.e. 3amensier 1 Ha 0 1 HaoOopoT) N OnuTOB X, HAUMHAIOUIUXCS C TO3HUIHMU P,
OCTaBIIsisl ApYTrue OUThl HEU3MEHEHHBIMHU.

2.10. Onepaunu 1 BbipaXxeHUsi NpucBanBaHUs.
Takue BbIpa>KCHUS, KaK
I=1+2

B KOTOPBIX JIEBas YacTh IIOBTOPSIETCS B MIPABOI YaCTH MOTYT OBITh
3aIlUCaHbl B CKAaTOH opme

T 4= 2

HCIIONB3Ysl ONlepaLliIo IPUCBAUBAHUS BUAA +=.

BonpumHCcTBY OMHApHBIX onepaiyi (onepariii HofoOHbIX +, KOTOPBIE HMEIOT
JIEBBIA M MpaBbIi ONEpaH]) COOTBETCTBYET OIepalysl IIPHCBANBAaHKS BUIA OII=,
7€ OIl - OJlHA U3 ollepanuit

+ o= F /%5 << o>> & A\ !
Ecnu el u e2 - BelpaxkeHus1, TO

el on= e2

9KBUBAJIEHTHO

el = (el) on (e2)

32 UCKJIFOYEHUEM TOTO, YTO BBIPAXKEHUE €] BBIUUCIIAETCS TOIBKO
onuH pa3. OOpaTuTe BHUMaHKE Ha KPYIJIbIe CKOOKH BOKPYT €2:

X *=Y + 1
TO
X =X* (Y + 1)

HC
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X=X*Y+1

B xauectBe mpumepa mpusenem ¢ynknuo BITCOUNT, koropas
MIOICYNTHIBAET YHUCIIO PaBHBIX | OUTOB y 1I€JI0T0 aprymMeHTa.

BITCOUNT (N) /* COUNT 1 BITS IN N */

UNSIGNED N;

(

INT B;

FOR (B = 0; N != 0; N >>= 1)
IF (N & 01)

B++;

RETURN (B) ;

)

He roBopst yxke 0 KpaTKOCTH, TaKHe OIepaTopbl MPUBAWBAHHS HUMEIOT TO
MPEUMYLIECTBO, YTO OHH JIy4Yllle COOTBETCTBYIOT 00pa3y 4eloBe4eCKOro
MbIieHus. Ml roBopuM: “mipubaButh 2 k [” wim “yBenuuuts | Ha 2, HO He
“B3sTh I, MprOaBUTh 2 M TOMECTUTH pe3ynbTar onsaTh B I”. Utak, [ += 2. Kpome
TOTO, B TPOMO3/IKMX BBIPOKECHUSIX, MOAO0OHBIX

YYVAL[YYPV[P3+P4] + YYPV[P1+P2]] += 2

Takas oniepaiysi npucBauBaHus 00JierdaeT NOHMMaHKUE MPOrPAMMBbI, TaK KaK
YUTaTeNb HE JOJKEH CKPYIIYJIE3HO MPOBEPSTh, SIBISIOTCS JH JIBa JJIMHHBIX
BBIPKEHUSI ISUCTBUTENILHO OTMHAKOBBIMH, UITH 33 {yMbIBAThCsI, [I0YEMY OHHU HE
coBrayatotr. Takas onepariys IPUCBaUBAHMS MOXKET Ja)Ke IOMOYb KOMIHJISITOPY
oNTyduTh Oosee 3hPeKTHBHYIO IpOTpamMmy.

Mpl yXe HCIONB30BAIN TOT (aKT, YTO ONEPAlMs MPUCBAWBAHUS MMEET
HEKOTOPOE 3HAYEHHE U MOYKET BXOJMTh B BEIPAKEHUSI; CAMbIi TUIIMYHBIH TPUMEP

WHILE ((C = GETCHAR()) != EOF)

MIPUCBAaNBAHNSA, HCIONB3YIOIINE IPYTHE ONepaIiy IPUCBauBaHu (+=,
-= 1 T.J.) TAK)Ke MOTYT BXOJHUTH B BRIPAXKEHUS, XOTS 3TO CIIyJaeTCs PEXKe.
Turmom BeIpaskeHUSI IPUCBANBAHUS SIBIISICTCS THII €0 JICBOTO OIIEPaH/a.

Yupaxkuenne 2-9.

B nBonuHOi1 cucteme cuncnenns onepauns X&(X-1) oOHyrsieT camplii npaBbIi
paBHbII 1 6uT mepemenHol X.(moueMy?) MCIONB3YHTE 3TO 3aMEYaHUE IS
Harcanus 6osee O6bicTpoii Bepcun Gynkuun BITCOUNT.

2.11. YcnoBHble BblpaXKeHUA.
Onepatopsl

IF (A > B)



Z = A;
ELSE
Z = B;

KOHEYHO BBIYUCISIOT B Z MakCUMYM H3 a U B. YCIOBHOE BBIpa)XX€HUE,
3allMCaHHOE C MOMOIIBI0 TEPHAPHOH omepauuu “?:”, IpeJoCcTaBIseT IPYryro
BO3MOXKHOCTB JJIS1 3alIUCH 9TOH U aHAJOTMYHBIX KOHCTPYKUUH. B BeIpaskeHun

el ? E2 : e3

CHayvaJja BeIIUcCIsieTcs BeipaxkeHue el. Eciu oHo oiaHO oT Hyiist (ACTHHHO), TO
BBIUUCIISIETCS] BBIPOKEHHE €2, KOTOPOe M CTAHOBHUTCS 3HAYEHHUEM YCJIIOBHOTO
BBIp@KEHHs1. B IPOTHBHOM Cily4ae BBIMUCIISAETCS €3, U OHO CTAHOBUTCS 3HAYCHUEM
YCJIOBHOTO BbIpa)keHHs1. Kaxk/iblil pa3 BBIYKCIISIETCS TOJIBKO OJTHO U3 BEIPAXKEHUS €2 1
€3. Takum 06pazom, 4TOOBI IOIOKUTH Z paBHBIM MAKCHMYMY H3 2 M B, MOYKHO HaIllcaTh

Z = (A>B) ? A : B; /* Z = MAX(A,B) */

Crnemyer HOAYEPKHYTh, YTO YCIOBHOE BBIPAYKCHUE NCHCTBUTEIBHO SIBIISCTCS
BBIPAKCHHEM U MOXKET HCIIOJIb30BaThCS TOYHO TaK ke, Kak J0oe apyroe
BoIpakeHHe. Ecim €2 1 €3 UMEIOT pa3HbIe TUIIBI, TO THIT PE3Y/IbTaTa OMPeaeIIACTCS
110 IPaBUIIaM [TPeoOPa30BaHMs, PACCMOTPEHHBIM PaHEe B 3TOH IIIaBe. HAPUMED,
ecnu F umeer tun FLOAT, a N - tum INT, To BeIpaxenue

(N>0) 2 F:N

Hmeer Tumn DOUBLE He3aBHCHMO OT TOTO, ITOJIOKUATEIBHO JI N HIIM HET.

Tak kKak ypoBEHb CTapUIMHCTBA ONEpPAlHH ?: OYEHb HU30K, MPSIMO HaJ
MIPUCBaMBAHUEM, TO IEPBOE BHIPA)KCHHE B YCIOBHOM BBIPAKEHHU MOXKHO HE
3aKIII0YaTh B Kpyiible ckoOKU. OIHAKO, MBI BCE K€ PEKOMEHIYeM 3TO JIeNNaTh, TaK
KaK CKOOKH JIeTIaf0T YCIOBHYIO YacTh BRIPAXKEHHUS 0oJiee 3aMETHOIA.

Hcnonp30BaHMEe yCIOBHBIX BBIPaXXEHHH YacTO MPUBOAHUT K KOPOTKUM
nporpammaM. Hanpumep, ciietyroiiiunii Huxe orneparop Lukia nedaraet N 3JIeMEHTOB
MaccuBa, o 10 B cTpoke, pa3aessist KaKIpIi CTOIOEIT OMHUM ITPOOEIIOM 1 3aKaHIHBAS
Ka)XIYIO CTPOKY (BKJIFOYAsI IIOCIIETHIOIO ) OTHIM CHMBOJIOM II€PEBOIA CTPOKH.

OR (I =0

PRINTF ("

Y)

CuMBOII IIepeBO/ia CTPOKH 3aMKCHIBACTCS TIOCIE KAKIOTO AECATOTO MIEMEHTa
u nocne N-ro snmeMeHTa. 3a BCEMHU OCTAJIBHBIMH JI€MEHTAMH CIEAYEeT OIMH
mpo6er. XoTs, BO3MOXKHO, 3TO BBIIISLAUT MYAPEHBIM, OBUIO OBl IOYYHTEIHHBIM
MIOTIBITATHCS 3aIMCATh 3TO, HE HCIIONB3YS YCIOBHOTO BBIPAKEHHS.

;I < N; I++4)
D%C”,A[I], (I%10==9 \!\! I==N-1) ? “\N’ : "

o\°

Ynpaxunenne 2-10.
[Mepenummure nporpammy ana ¢pyaknun LOWER, koropas mepeBonut
IIPONUCHBIE OyKBBI B CTPOYHBIE, MCIIONB3YsI BMecTo KoHcTpykuuu IF-ELSE
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YCJIOBHO€ BBIPAXKCHUC.

2.12. CTapLMHCTBO M NOPAAOK BbIYUCIIEHUS.

B npuBonuMoii Huxe Tabiauie CBEAEHBI IpaBWia CTAPLUIMHCTBA M ac-
COLIMaTHBHOCTH BCEX OIepalii, BKJIIOUast ¥ T€, KOTOPBIE MBI e1lle He 00CYKIalH.
Onepanuy, pacnoaoKEHHBIE B OMHOW CTPOKE, UMEIOT OJUH U TOT XKE YPOBEHb
CTapIINHCTBA; CTPOKH PACIIONIOKEHBI B MOpsIIKE yOBIBAaHUS CTapIIMHCTBA. Tak,
Hanpumep, omnepaunu *, / 1 % UMEIOT OIMHAKOBBIA YPOBEHb CTApIIMHCTBA,
KOTOPBIH BBIIIE, UEM YPOBEHb ONepanuil + u -.

OPERATOR ASSOCIATIVITY
O[1->. LEFT TO RIGHT
! W++ — - (TYPE) * & SIZEOF RIGHT TO LEFT
* 1 % LEFT TO RIGHT
+ - LEFT TO RIGHT
<< >> LEFT TO RIGHT
< <=> >= LEFT TO RIGHT
== I= LEFT TO RIGHT
& LEFT TO RIGHT
A LEFT TO RIGHT
\! LEFT TO RIGHT
&& LEFT TO RIGHT
\N\! LEFT TO RIGHT
7 RIGHT TO LEFT
= 4+=-= ETC. RIGHT TO LEFT
, (CHAPTER 3) LEFT TO RIGHT

Omnepauun -> # . Mlcnons3yroTest Ajst 10CTyIa K 3JIeMEeHTaM CTPYKTYp; OHU
Oynyt onucansl B rase 6 Bmecte ¢ SIZEOF (pazmep oObekra). B rmase 5
o0cyxnatorcst onepanuy * (kocBeHHas ajgpecanus) u & (agpec).

OTMeTHM, YTO YPOBEHb CTAPIIMHCTBA TOOUTOBBIX JJOTHYECKUX onepanuil &,
A WM 3 HHUXe YypoBH4 omepanuil == u !=. DTO NPUBOJUT K TOMY, UTO
OCYILECTBIISIONINE TOOUTOBYIO TPOBEPKY BBIPAKEHHUS, OOOHbIE

IF ((X & MASK) == 0)

J1st mony4yeHust paBUIbHBIX PE3YJIbTaTOB JIOJKHBI 3aKIII0YaThCS B KPYTJIble
CKOOKH.

Kak yxe ormeuanoch paHee, BbIpa)K€HHsSl, B KOTOpPbIE BXOJUT OAHA U3
aCCOIMATUBHBIX U KOMMYTAaTUBHBIX orepanuii (¥, +, &, *,

3), MOTYT MEPErpyIIUPOBBIBATECS, JAXKE SCIM OHH 3aKJIFOYCHBI B KPYyTIIbIC
CKOOKH. B OONBIIMHCTBE Ciy4aeB 3TO HE MPUBOIWT K KaKUM OBl TO HH OBLIO
PACXOXACHUSIM; B CUTYyalLUsIX, /1€ TAKUE PACXOXACHUS BCE K€ BO3MOXKHBI, JUIS
o0ecrieueHHsI HY)KHOTO MOPSJIKA BEIYHCICHUNW MOXHO HCIOJIB30BATh SBHBIC
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[IPOMEXYTOUYHBIE [IEPEMEHHBIE.
B s3p1ke “C”, Kak ¥ B OONBIIMHCTBE SI3BIKOB, HE (PUKCHUpPYETCS MOPSIOK
BBIYMCIIEHUS ONlEpaHioB B oneparope. Hanpumep B oneparope Buaa

X =F() +G();

CHavasa MOXeT ObITh BeIumcieHo F, a motom G, 1 Ha000poT; 1MO3TOMY, €Ciu
160 F, 1160 G M3MEHSIOT BHEIIHIOO IEPEMEHHYI0, OT KOTOPOH 3aBUCHT APYToi
onepaH[, To 3HaueHue X MOXET 3aBUCETh OT MOPSAJAKA BbIYUCICHUU. J(ns
obecriedeH s Hy>KHOM [T0CJIe10BaTeIbHOCTH IIPOME)KY TOUHBIE PE3YIIETAaThl MOKHO
OISITh 3aIIOMUHATh BO BPEMEHHBIX IEPEMEHHBIX.

[TonoGHBIM e 00pa3oM He PUKCUpPYETCs TOPSAO0K BHIUMCICHUS apryMEHTOB
(yHKIMH, TaK 9TO OIIepaTop

PRINTF (“%D $%D\N”,++N, POWER (2,N)) ;

MOXET JIaBaTh (M ACUCTBUTEIBHO JTACT) HA Pa3HBIX MAIIMHAX PA3HEIC

pe3yJIbTaThl B 3aBUCUMOCTH OT TOTO, yBeJInuuBaeTcs 1u N J10 Win

nocie oopamenus k pyaknu POWER. I[IpaBunbHBIM penieHueM, KOHEUHO,
SIBIIIETCS 3aIUCh

++N;
PRINTF (“%D %D\N”,N, POWER (2,N)) ;

OO6pamienust K GyHKINSAM, BIOKEHHBIE ONlEpalliy IPHCBAUBAHMsL, OTIEPaLiN
YBEJIMYEHHs M yMEHBILCHUS IPUBOJIT K TAK Ha3bIBAEMBIM ““TIO00YHBIM ddexram”
- HEKOTOpBIE MEPEMEHHBIE U3MEHSIOTCSI KaK II0O0YHBINH pe3ysbTaT BHIYUCICHUS
BBIpayKeHUH. B 11000M BBIpa)Ke€HHH, B KOTOPOM BO3HHKAIOT IT0O0YHBIE () (EKTHI,
MOTYT CYLIE€CTBOBaTb OUYE€Hb TOHKUE 3aBHCHUMOCTH OT MOPSAKA, B KOTOPOM
ONpPENENSIOTCS BXOAAIINE B HETO IIEPEMEHHBIE. TPUMEPOM TUITUYHON HEYNauHOU
CUTYyallUU SBISIETCA ONEPaTop

A[I] = I++;

Bo3snukaer Borpoc, crapoe i HOBOE 3Ha4eHHe | CITyKuT B KadecTBe HHAEKCA.
Kommunsitop MoKeT noctynarb pa3HbIMH CII0COOAMH U B 3aBUCUMOCTH OT CBOEH
MHTEpIIPETalNy BBIAABATh Pa3HbIE Pe3yibTaThl. TOT cirydaii, Korjaa MpouCXOIsT
no6ouHble 3¢ eKTHI (MprcBanBanue (GakTHIECKUM IIEPEMEHHBIM ), - OCTABIISETCS
Ha yCMOTpPEHHE KOMIMJIATOPA, TAK KaK HAMIy4LIHH ITOPSIIOK CHIIBHO 3aBUCHUT OT
APXUTEKTYPBI MALlIHBI.

W3 511X paccy>KIeHni BEITEKAeT Takast MOpaJlb: HAlTCAHHE TIPOT PAMM, 3aBUCSIIINX
OT HOPSIIKA BEIYHCIIEHHUH, SBIISIETCS INIOXMM METOZIOM ITPOrPaMMHPOBaHUS Ha JIFOOOM
s3pIKke. KoHeuHO, HeoOX0IMMO 3HaTh, YETO CIIeAyeT U30erarh, HO €CII BBl HE B Kypce,
KaK HEKOTOpbIE BEIM Pean30BaHbl Ha Pa3HBIX MAIMHAX, 3TO HEBEICHHE MOXKET
IpeoXpaHnuTh Bac oT HenpustHoctell. (Omiagounas nporpamma LINT ykaker
OOJIBIIMHCTBO MECT, 3aBUCSIIIX OT IOPSI/IKa BHIYUCICHHH.
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3. NOTOK YNPABJIEHUA

VYapagisoniue onepaTopsl si3blKa ONPENeIIoT NOPSJ0K BbluMciIeHUd. B
MPUBEJICHHBIX PaHEe IIPUMEpPax MBI YKe BCTPEUaIIMCh C Hanbosiee yIoTpeOUTeIbHBIMA
YIPaBISAIONUMA KOHCTPYKIUAMHU si3bIka “C”; 37€Ch MBI OMUIIEM OCTalbHbIE
OTIepaTophI YIIPABICHUS M YTOUHHUM JCHCTBHS OIIEpaTopoB, 00CYKIABIIINXCS paHee.

3.1. Onepartopbl 1 6110KK

Takue Beipaxenus, kak X=0, nnu [++, mwmm PRINTF(...), ctanoBsarcs
oreparopamH, €CJIM 3a HUMH CJIEAYyEeT TOYKa C 3aIATOM, KaK, HapuMep,

X =0;
I++;
PRINTF(...);

B s3p1ke “C” Touka ¢ 3amsaTol SIBISETCS MPU3HAKOM KOHIIA Olleparopa, a He
pasienuTeneM ornepaTopoB, KaK B sI3bIKax THIIA aJrona.

®urypabsie ckoOku /( ¥ /) UCHOAB3YIOTCS I OObEAMHEHHS ONMUCAHUN U
OIepaTOPOB B COCTABHOW OMEparop WU OJIOK, TaK YTO OHU OKA3bIBAIOTCS
CHHTAaKCHYECKH 3KBUBAJICHTHBI OHOMY oreparopy. OJJ1H SIBHbIH IIPUMEP TAKOro
THIIA JIA10T (PUT'YPHBIE CKOOKH, B KOTOPBIE 3aKITFOYAIOTCS OTIEPATOPbL, COCTABISIIOLINES
(byHKIHIO, APYTOH - PUTypHBIE CKOOKH BOKPYT IPYIIIIBI OTIEPATOPOB B KOHCTPYKIIUSIX
IF, ELSE, WHILE u FOR.(aa camoM jejie mepeMeHHbIC MOTYT OBITh OIHCAHBI
BHYTPH JIFOO0TO OJI0Ka; MBI IIOTOBOPUM 00 3TOM B T1aBe 4). Touka ¢ 3arsiToi HUKoraa
HE CTaBUTCS HOCIIC IEPBOi (PUTYPHOM CKOOKH, KOTOpast 3aBepIuacT OJIOK.

3.2.IF - ELSE

Oneparop IF - ELSE ucnons3yercs nmpun HEOOXOAUMOCTH cIeaTh BBIOOD.
DopManbHO CHHTaKCHC UMEET BU]

IF (Bopaxenue) omneparop-1
ELSE
onepaTop-2,

I'ne wactb ELSE siBisiercst HeoOs3atenbHol. CHaYaa BEIYHUCIISIETCS BRIPKEHHE;
€CIIM OHO “UCTHUHHO” /T.€. 3HaY€HNE BBIPAKEHHS OTIIMYHO OT HYJIs1/, TO BBIITOIHSETCS
orneparop-1. Ecnu oHO J10)kKHO /3Hav4eHNe BBIP)XEHUsI paBHO HYIIO/, M €CIIU €CTh
gactb ¢ ELSE, To BMecTO oneparopa-1 BeInoNHSAETCS oneparop-2.

Tak xax IF npocTo mposepsieT 4uCIeHHOE 3HaY€HHUE BBIPAKEHUsI, TO BO3MOXKHO
HEKOTOpOe COKpaltieHue 3arucy. CamMoi 04eBUAHON BO3MOKHOCTBIO SIBISETCS 3alUCh

IF (BHpPaxeHMVE) BMECTO
IF  (Bepaxenme !=0)

HWHOTJa TakKas 3alluCh SABJISACTCA SICHOU U1 €CTCCTBCHHOﬁ, HO BpEMCHaMH OHa
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CTaHOBHTCS 3araJ0qHOM.

To, uro wacte ELSE B xonctpykiuu IF - ELSE siBnsiercs HeoOs3aTenbHOM,
MIPUBOAMT K IBYyCMBICIIEHHOCTH B cityuae, korna ELSE onyckaercst Bo BlIo)xeHHON
nocienoBaTeabHOCTH oneparopoB IF. DTa HeonHO3HAYHOCTH pazpelaercs
00bryHBIM 00pa3oM - ELSE cea3eiBaeTcs ¢ Omkaiimum npeapiaymuM IF, He
cogepxxamuM ELSE. Hanpuwmep, B

IF (N> 0)
IF( A >B)
Z = A;
ELSE

Z = B;

koHCcTpykiuss ELSE otHocuTcs k BHyTpeHHeMmy IF, kak Mbl U mokasaiu,
casunyB ELSE noa coorBercTByromuit [F. Eciin 3T0 He TO, YTO BBI XOTUTE, TO AJIs
MOTYYCHHS HY’)KHOTO COOTBETCTBHS HEOOXOTMMO HCIIONTB30BaTh (PUTYPHBIC CKOOKH:

IF (N > 0)
IF (A > B)
Z = A;
ELSE

Z = B;

Taxas JABYCMBICJIICHHOCTb 0COOEHHO nary6Ha B CUTYyallUAX TUIIA

IF (N > 0)

FOR (I = 0; I < N; I++4)
IF (S[I] > 0)

PRINTF (“...”);
RETURN (I) ;

ELSE /* WRONG */
PRINTF ("ERROR - N IS ZERO\N”);

3anuch ELSE nop IF sicHO moKa3bIBaeT, 4ero Bbl XOTUTE, HO KOMITWJISITOP HE
TIOJIYYHT COOTBETCTBYomIero ykasanus u csokeT ELSE ¢ BayTpennuM IF. Onmbku
TAKOTO POZIa OUYEHb TPYIHO OOHAPY KUBAIOTCSL.

Mex 1y npounM, 0OpaTuTe BHUMaHUE, YTO B

IF (A > B)
Z = A;
ELSE

zZ = B;

nocyue Z=A CTOUT TOUKA C 3amsIToM. J[e10 B TOM, 4TO CONIACHO FPAMMaTHYECKUM
npasunaM 3a IF nomxkeH cienoBars omeparop, a BeIpakeHHE THHA Z=A,
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SABJIAOMICCCS OIIEPATOPOM, BCCTId 3aKaHYUBACTCS TOYKOM C 3aIIITOM.

3.3.ELSE - IF
KoncTpykuus

IF (BHpaxeHMue) oIlepaTop
ELSEIF (BeIpaxeHue)
onepaTop

ELSEIF (BeIpaxeHue)
onepaTop

ELSE onepatop

BCTPEUYAETCS HACTOJBKO YacTO, YTO 3aCIIy>KUBAET OTAEIBHOTO

KpaTKoro paccMoTpeHusi. Takas moclieZjoBaTeIbHOCTh ONEPaTopoB

IF sBisieTcs Hanboee pacpoCTpaHECHHBIM CIIOCOOOM IPOTPaMMHUPOBAHUS
BEIOOpA M3 HECKOJIBKUX BO3MOXKHBIX BAPHAHTOB. BRIPAKECHUS IPOCMATPUBAIOTCS
[OCJIEA0BATENIbHO; €CIIM KAaKOe-TO BBIPAYXKEHHE OKAa3bIBA€TCS MCTHUHHBIM,TO
BBINOJIHSIETCS. OTHOCSIIMICS K HEMY OIEPATOp, U STUM BCS LIETIOYKA 3aKaHYUBAETCSL.
Kaxnpiii orepaTop MOXKET OBITH JTHOO OTIENBEHBIM OMEPaTOPOM, JTUOO TPYIIITOH
0I1epaTopoB B (PUTYPHBIX CKOOKAX.

[ocnenusis wacte ¢ ELSE umeer neno co ciaydaem, Korjaa HM OJHO U3
NpOBEPAEMBIX YCIOBUM He BblmojiHsieTcs. MHOrna mpu 3ToM He Halo
MPEINPUHIMATD HUKAKUX SIBHBIX JICHCTBHIA; B 3TOM CIIy4ae XBOCT

ELSE onepatop

MOXKET OBITH OIYIIIEH, MJIM €r0 MOXKHO HCIIOJIB30BAaTh JUIs KOHTPOJLS,

9TOOKI 3aCeUb ““HEBO3MOXKHOE™ YCIIOBHUE.

Jnst mmocTpanuy BeIOOpa M3 TPEX BO3MOXKHBIX BapHaHTOB MPHUBEAEM
nporpaMMy (GyHKIHH, KOTOpask METOZOM ITOJIOBUHHOTO JICIEHUS ONPEAEISIET,
HAXOAWTCS JIU JaHHOE 3HAYEHUE X B OTCOPTHPOBAHHOM MaccuBe V. DJIEMEHTHI
MaccuBa V JOJDKHBI OBITH PacIiojiOKEHBI B MOpsAKe Bo3pacTaHus. DyHKIus
BO3BpalaetT Homep nosunuu (uncio Mexxay 0 m N-1), B KoTOpoii 3HaueHne x
HaXoAWUTCA B V, U -1, ecllu X HE COAEPIKUTCS B V.

BINARY (X, V, N) /* FIND X IN V[O0]...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;
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ELSE IF (X > V[MID])
LOW = MID + 1;
ELSE /* FOUND MATCH */ RETURN (MID);

RETURN (-1) ;

OCHOBHOM YaCTBHIO K&YKAOTO IIIara aJropuTMa SBJSIETCS IPOBEpKa, OymeT JIu X
MEHbIIIe, OOJbIlIe YIIM PaBeH cpenHemy anemeHTy V[MID]; ucnonb3oBaHue
koHcTpykiuu ELSE - IF 31eck BrioiHe ecTeCTBEHHO.

3.4. NMepeknioyaTtensb

Omneparop SWITCH gaet cienuanbHBIA cocod BIOOpA OTHOTO M3 MHOTHX
BapUAHTOB, KOTOPBIH 3aKJIFOYAETCS B MPOBEPKE COBMAACHHS 3HAYCHHS JTAHHOTO
BBIPKEHUSI C OJJHOI U3 3aJaHHBIX KOHCTAHT M COOTBETCTBYIOLIEM BETBIICHUHU. B
miaBe | MbI IPUBENIN NPOrpaMMy TIOJICUETa YHCIIA BXOXKICHUN KaKA0# HU(pBI,
CHUMBOJIOB ITyCTBIX TPOMEXKYTKOB 1 BCEX OCTAJbHBIX CHMBOJIOB, HCIIOJIB3YOLIYIO
nocnenoBarenbHocTh [F...ELSE IF...ELSE. BoT Ta *%e camas mporpamMma c
MEPEKIIIOYATENIEM.

MAIN() /* COUNT DIGITS,WHITE SPACE, OTHERS */

INT C, I, NWHITE, NOTHER, NDIGIT[10];

NWHITE = NOTHER = O0;
FOR (I = 0; I < 10; I++)
NDIGIT[I] = O;

WHILE ((C = GETCHAR()) != EOF)
SWITCH (C)

CASE ‘0’:

CASE ‘1’:

CASE ‘2’:

CASE ‘3’:

CASE ‘4’:

CASE ‘5':

CASE ‘6’:

CASE ‘7':

CASE ‘8’:

CASE ‘9’:
NDIGIT[C-"0"]++;

BREAK;

CASE ' ‘:

CASE “\N’:

CASE “\T’:

NWHITE++;
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BREAK;
DEFAULT
NOTHER++;
BREAK;

PRINTF (“DIGITS =");

FOR (I = 0; I < 10; I++4)

PRINTF (“ %D”, NDIGIT[I]);

PRINTF (“"\NWHITE SPACE = %D, OTHER = $%D\N”,
NWHITE, NOTHER) ;

[Nepexiroyarenb BEIYUCIAET LIETOE BEIPAXKEHUE B KPYTIIBIX CKOOKaX (B JaHHON
IporpaMMe - 3HaYeHHE CHMBOJIA C) ¥ CPAaBHUBAET €T0 3HAYEHHE CO BCEMH CITyJasiMH
(CASE). Kaxxplii citydaii oKeH OBITh ITOMEYEH 00 IEeTbIM, JIN00 CUMBOJIHHOM
KOHCTaHTOM, TMOO KOHCTAHTHBIM BRIpa)keHHEM. Eciu 3Ha4eHHe KOHCTaHTHOTO
BBIPAKCHHS, CTOAIICTO mocie BapuaHTHOro npeduxca CASE, coBmamaer co
3HAUCHHEM IIEJI0TO BRIPAYKEHHSI, TO BHIIIOIHEHNE HAYNHAETCS € 3TOTO ciydas. Eciam
HU OJIMH M3 CIy4aeB HE MOJXOUT, TO BBIIIOJHAETCS ONepaTop nocie npeduxca
DEFAULT. IIpeduxc DEFAULT siBiisieTcst HEOOsI3aTeIbHBIM ,E€CJIH €T0 HET, i HH
OJIMH U3 CITy4aeB He MOJXOAUT, TO BOOOIIe HUKAKUe ACUCTBUS HE BBIIONHSIIOTCS.
Citydan 1 BBIOOp TIO YMOJTYaHHUIO MOTYT pacrojaraThcs B Jr000M mopsiake. Bee
CIIy4au TOJDKHBI OBITh Pa3IHIHBIMU.

Oneparop BREAK npuBoauT k HEMEUICHHOMY BBIXOY M3 TIEpeKIItodaTess.
[TockobKy cy9au CIryXaT TOJIBKO B Ka4eCTBE METOK, TO €CJIH BBI HE IPEAIPHMUTE
SIBHBIX JAEUCTBHUH IOCIIE BBIIOIHEHHUS ONEPAaTOPOB, COOTBETCTBYIOMIUX OIXHOMY
ciy4aro, Bl IPOBAIMTECh Ha chenyronuii ciaydail. Oneparopst BREAK u RE-
TURN sIBISIIOTCS caMbIM OOBIYHBIM CITOCOOOM BBIXO/IA M3 Tiepekitodarens. Kak
MBI 00CYTUM TTO3Ke B 3TOM T1aBe, oneparop BREAk M0XHO MCTIONB30BATh | IS
HeMeJIeHHOTO BbIxoa u3 oneparopos nukia WHILE, FOR u DO.

[IpoBanuBaHue CKBO3b CIy4aW MMEET KaK CBOM JOCTOMHCTBA, TaK U
HemocTatki. K ooKuTeIbHBIM Ka4eCTBaM MOYKHO OTHECTH TO, UTO OHO TTIO3BOJISIET
CBsI3aTh HECKOJBKO CIIy4aeB C OJHUM JAeiCTBHEM, Kak ObLIO ¢ mpoberom,
TaOynsmuel ¥ HOBOM CTPOKO# B HarieM ipumMepe. Ho B To jxe BpeMst OHO 00BIIHO
MIPUBOANT K HEOOXOIUMOCTH 3aKaHIMBATh KaXKABIH cirydaii onepatopom BREAK,
9T00BI M30eXKaTh Mepexona K cieayoneMy cirydaio. [IpoBanuBanue ¢ 0qHOTO
cIy4as Ha Jpyrodl oObIYHO OBIBa€T HEYCTOMYMBEIM, TaK KaK OHO CKJIOHHO K
pacuIeIUICHHIO PY MOIU(PHUKALMH IPOTPAMMBIL. 33 HCKIIFOUEHUEM, KOT/Ia OTHOMY
BBIYHCIEHUIO COOTBETCTBYIOT HECKOJIBKO METOK, IIPOBAJUBAHUE CIEAYET
HCIIONB30BaTh YMEPEHHO.

3aBeanTe MpUBBIUKY cTaBUTh orneparop BREAK mocne mocieanero ciydast
(B marrom npumepe nociie DEFAULT), naxke eciu 3T0 He SIBISAETCS JTOTUIECKU
HEOOXOIUMBIM. B ofMH IpekpacHbIi 1eHb, KOT1a BB J0OaBUTE B KOHEI] eI1Ie OHH
ciIydaii, 3Ta ManeHbKas Mepa IpeI0CTOPOKHOCTH N30aBUT BAC OT HETIPUATHOCTEH.
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Ynpaxuenue 3-1.

Hammmmre nporpammy mnst pyakunun EXPAND(S, T), xoropast konmpyer
CTPOKY S B T, 3aMEHsIs IIPH 3TOM CUMBOJIBI TAOYJISIIMK M HOBOW CTPOKH Ha BUIUMBIE
YCIIOBHBIE IIOCIIEA0BATENHHOCTH, Kak \N U \T. HCIIOJIb3YHTe MepeKIIIouaTes.

3.5. Uuknbl - WHILE n FOR
MBs1! yxe crankusanuch ¢ oneparopamu nukiaa WHILE u FOR. B koncTpykiun

WHILE (BBIpaXeHME) OIepaTop

BBIYUCIIACTCS BBIPpAXKCHUC. Ecnu ero 3HadyeHune OTIMYHO OT HYJId, TO
BBIITOJHACTCS OIE€PATOP U BBIPAKCHUC BBIYUCIACTCA CHOBA. 10T UK
MpOAO0JIKACTCA N0 TEX MOP, [MOKAa 3HAYCHUEC BBIPAKCHU HC CTAHET HYJICM, I1OCJIC
YCTO BBIIMIOJHCHUEC ITPOTPaMMBbI IPOAOIZKACTCA C MECTA MTOCJIC OlIepaTopa.

OnepaTop

FOR (BeEIpaxenme 1; BHpPaxeHMe 2; BHPaXeHVe 3) ornepaTop
DKBMBAJIEHTEH I[10CJIEeIOBATEIIEHOCTN

BeIpaxeHue 1;

WHILE (BupaxeHue 2) OINepaTop BHpaxeHue 3;

I'pammaruuecku Bce Tpu komrnoHeHTa B FOR sBIAIOTCS BbIpakKeHUSMH.
HauboJiee pacnpOCTPaHEHHBIM SBISIETCS CIy4Yai, KOrna BeIpaxkeHue 1 u
BEIpAKEHUE 3 SBITIOTCS NMPUCBAWBAHISME WIH OOpameHUAMU K (QYHKIUAM, a
BEIPQKEHUE 2 - YCIIOBHBIM BBIPAXKCHUEM. JI00As U3 TPEX dacTell MOXKeET OBITh
OIYLIEHA, XOTS TOUKH C 3aIlsITON IPU 3TOM JIOJLKHBI OcTaBarbes. Eciu oTcyTcTBYyeT
BbIpa)keHUe | WU BbIpaxKeHue 3, To OHO MPOCTO BhINaJaeT u3 paciupenus. Eciu
e OTCYTCTBYET IPOBEPKA, BRIPAXKEHUE 2, TO CYUTACTCS, KaK OyITO OHO BCeraa
HCTHUHHO, TaK 4TO

FOR (;7)

SIBJISIETCSI OECKOHEUHBIM IIMKJIOM, O KOTOPOM IPEAIIoIaraeTcsi, 4To oH Oyaer
npepsal apyrumu cpencrBamu (tTakumu kak BREAK nimn RETURN).
Ucnonezosare 11 WHILE nnu FOR - 310, B 0cHOBHOM J1ei1o BKyca. Hanprmep B

WHILE ((C = GETCHAR())
==V V\I\l C == 2N’ \I\! C == \T)
; /* SKIP WHITE SPACE CHARACTERS */

HET HU WHUIMAIU3alUU, HU penHuuuanuszanuu, tTak uyro nuukia WHILE
BBIIJISIUT CAMbIM €CTECTBEHHBIM.

Hukn FOR, odeBuaHO, MpeANOUYTUTENbHES TaM, TAe UMEETCS MPOCTast
MHUIHATA3AIIS ¥ PEMHUTAT3AIINS, TIOCKOJIBKY ITPH 3TOM YIIPABIISIOIIAE IKJIOM
OIepaTOphbl HATTISAHBIM 00pPa30M OKa3bIBAIOTCS BMECTE B Hadajle IUKJIA. DTO
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Hauboee O4YC€BUIHO B KOHCTPYKIIMU

FOR (I = 0; I < N; I++4)

KOTOpAs SIBIISIETCSl HAMOMOH s13bIKa “C” 115t 00paboTKH nepBbIX N 211eMEHTOB
MaccuBa, aHAIOTUYHOM onepartopy 1mkia DO B ¢oprpane u PL/1. Ananorus,
OJIHAKO, HE TIOJTHAs, TaK KaK I'PaHMIIbI IMKJIa MOT'YT OBITh M3MEHEHBI BHYTPH LIMKJIA,
a ynpasJsoLiasl IepeMEeHHas COXpaHsAeT CBOE 3HAYEHUE T0CIE BBIXOA U3 LIUKJIA,
KakoBa Obl HM OblIa mpuuMHA 3TOTrO BhIXONA. Ilockonpky kommoneHTamMu FOR
MOTYT OBITH NMPOM3BOJIbHBIE BHIPAXECHHS, OHH HE OTPAaHHYUBAIOTCS TOJIBKO
apu(pMETHIECKIMHU MPOTrpeccusiMi. TeM He MEHee SIBISETCS IJIOXUM CTHIIEM
BKto4aTh B FOR BbIUMCIIEHHS, KOTOPBIE HE OTHOCSTCA K YIPABICHUIO LIUKIIOM,
JIy4Ille IOMECTUTD UX B YIIPABISEMbIE IIUKIOM ONIEPATOPEI.

B kauecTBe GonbI1Iero 110 pasmMepy IpruMepa NpUBeEeM Jpyroi BapraHT (QyHKIHN
ATOI, npeoOpasyroieii CTpOKy B €€ YHCICHHBIA 3KBUBAICHT. ITOT BAPHAHT SIBIIACTCS
OoJsiee 00IMM; OH JIOMYyCKAaeT NMPUCYTCTBHE B Hayaje CHMBOJIOB IyCTHIX
IIPOMEXYTKOB 1 3HaKa + wiH -. (B miase 4 npusenena ¢ynkuus ATOF, kotopast
BBITIOJIHSIET TO )K€ CaMOoe IpeoOpa3oBaHKe ISl YHUCE C IUIABAIOIIEH TOUKOM).

OO0mast cxeMa IporpaMMBbI OTpakaeT GopMy IMOCTYTIAIOIIUX JaHHBIX:

- IPOIYCTUTH IyCTOH MPOMEKYTOK, ECJIA OH UMEETCS

- U3BJI€Yb 3HAK, €CJIU OH UMEETCS

- U3BJICYb LIEJTYIO YacTh M IpeoOpa3oBarh ee

Kaxaplii mar BBIIIOJHSAET CBOIO 4acTh pabOTHl M OCTaBIsIET BCE B
MOATOTOBJIEHHOM COCTOSIHUH AJIs CeAyrolen yactu. Becs nporecc 3axkaHuuBaeTcs
Ha [IEpBOM CHMBOJIE, KOTOPBIH HE MOXET OBITh YaCTbIO YUCIIA.

ATOI(S) /* CONVERT S TO INTEGER */
CHAR S[];

INT I, N, SIGN;
FOR(I=0;S[I]==" " \!'\!
S[I]=="\N" \!\! S[I]=="\T';I++)
; /* SKIP WHITE SPACE */

SIGN = 1;

IF(S[I] == ‘4’ \!\! 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);

HpeI/IMyHICCTBa HOCHTPpAJIU3alluU YIIPABJICHUA LIUKIIOM CTAaHOBATCA C€LIC Oonee
OYCBHUHBIMH, KOI'Ta MMECTCS HCCKOJIBKO BJIOKCHHBIX ITUKJIOB. CHGﬂyIOHIaH (i)yHKHI/ISI
COPTUPYET MACCUB LICJIbIX YMCECII 10O METOAY LICJIIa. OCHOBHA UACA COPTUPOBKU 110
MICJITY 3aKJIFOYacTCd B TOM, YTO CHa4YaJla CPABHUBAKOTCA YIAJICHHBIC 2JIEMCHTHI, a
HC CMCXKHBIC, KaK B OOBIYHOM METoAC COPTUPOBKU. 210 HOPpUBOAUT K 6I)ICTpOMy
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YCTPaHCHUIO OOJILIION YaCTH HCYTOPSAAOUYCHHOCTH U COKPAIACT MOCICAYOUIYIO
pa60Ty. I/IHTepBEU'I MEKAY JICMCHTAMHU MOCTCIICHHO COKPAIIACTCA A0 €AUHHIIbI,
Korjga COpTUpPOBKa (I)aKTI/I‘leCKI/I IpeBpalacTcs B METOA MEPECTAHOBKU COCEAHUX
OJICMCHTOB.

SHELL (V, N) /* SORT VI[0]...V[N-1]
INTO INCREASING ORDER */
INT V[], N;

INT GAP, I, J, TEMP;

FOR (GAP = N/2; GAP > 0; GAP /= 2)

FOR (I = GAP; I < N; I++)

FOR (J=I-GAP; J>=0 && V[J]>V[J+GAP]; J-=GAP)
TEMP = V[J];

V[J] = V[J+GAP];

V[J+GAP] = TEMP;

3nech UMEIOTCSl TP BIOKEHHBIX IUKIa. CaMblii BHEIIHUIA LUK yIPaBIseT
HWHTEPBAIOM MEKIY CPaBHHBAEMBIMU 3JIEMEHTaMH, YMEHbINAast ero ot N/2 BIBoe
IpU KaKJOM IMPOXOJe, I0KAa OH HE CTaHeT paBHBIM HyII0. CpelHUil LUKI
CpPaBHUBAET KAXKIYIO Mapy AJIEMEHTOB, Pa3/eJCHHbIX Ha BEJIMYMHY MHTEPBAJIA;
caMbIil BHYTPEHHHH UK TIEPECTABISACT JIFOOYI0 HEYIIOPSIIOYCHHYO mapy. Tak
KaK UHTEpBaJl B KOHIIE KOHILIOB CBOAUTCS K €AMHHUIIE, BCE SIIEMEHTHI B pe3yJIbTare
YHOPSIOYUBAIOTCS MPABHIBHO. OTMETUM, YTO B CHITy OOIIHOCTH KOHCTPYKIIUU
FOR BHemHuii OUKI yKIIaabIBaeTCa B Ty ke caMylo (opMy, 9TO M OCTaJbHbIE,
XOTs OH | HE SABJISIETCS apU(METHICCKOM MPOrpecCrei.

[Mocnenneit onepanueii si3pika “C” siBisieTcs 3amsitas «“,”, KOTopasi yalie BCEro
ucnoap3yerca B oneparope FOR. JIBa BblpaxxeHusi, pa3ielieHHblE 3aMsATOH,
BBIUMCIISIOTCS CJIEBA HAPABO, PUYEM TUIIOM M 3HAaUEHUEM PEe3yJIbTaTa SBISIIOTCS
THUII U 3HAYCHHUE MTPABOTO orepana. Takium 00pa3om, B pa3IMYHEIC YaCTH OIiepaTopa
FOR MOXXHO BKJIIOUUTH HECKOJNBKO BBIPAXKEHUH, HAIPUMEp, Ul NapaslieIbHOTO
W3MEHEHHMS JIBYX MH/IEKCOB. D10 miumoctpupyercs pynkimeid REVERSE(S), kotopast
pacronaraeT CTpoky S B 00paTHOM MOPSIKE HA TOM e MECTE.

REVERSE (S) /* REVERSE STRING S IN PLACE */
CHAR ST[];

INT C, I

14
FOR(I = 0, J = STRLEN(S) - 1; I < J; I++, J-)
C =35I

3ansTelie, KOTOpbIE pa3feisioT apryMeHThl (QYHKLIHH, IepeMeHHbIE B
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OIMUCAHUAX U T.A., HC UMCIOT OTHOILCHUA K OIICpAIUU 3aliATast U HE 00ecreunBaroT
BBIYKCIICHUH ClIeBa HaIrrpaBo.

Ynpaxuenue 3-2.

Cocrassre nporpammy juist pyakunn EXPAND(S1,S2), koropas pacumpsier
COKpaIIeHHbIe 0003HaYCeHUS BU/Ia a-Z U3 CTPOKU S1 B SKBHBAJICHTHBIN TONHBIHA
cnucok aBc... XYZ B S2. JlomycKaroTcsl COKpALIEHUs 1JIs1 CTPOYHBIX U IPONUCHBIX
OykB 1 nudp. ByapTe rOTOBBI IMETH €TI0 CO CIy4YasiMH TUTa a-B-C, a-Z0-9 u -a-Z.
(ITone3Hoe cornameHne COCTOUT B TOM, YTO CUMBOJI -, CTOSIINI B Hayaje WU
KOHIIE, BOCIIPHHUMAETCsl OYKBAJILHO).

3.6. lukn DO - WHILE

Kak yxe ormeuanocs B mnase 1, mukiasl WHILE u FOR oGmamaror tem
MPUSITHBIM CBOMCTBOM, YTO B HUX POBEPKA OKOHYAHUSI OCYILIECTBIISIETCS B HAaYalIe,
a He B KOHIIe uKJIa. Tpetnii oneparop nukia s3eika “C”, DO-WHILE, nposepsiet
YCIIOBHE OKOHYAHHUS B KOHIIE, IIOCIIE KOKI0T0 MPOX0/a Yepe3 TeNo LUKIIA; TeNO0
LIMKJIa BCET/Ia BBIIOJIHSETCS 110 KpaiiHeit Mepe oanH pa3. CHHTaKCHC 3TOro orepa-
TOpa UMEET BUIL:

DO
onepaTop
WHILE (BHpaxeHue)

CHauaJa BBIITOJHSETCS OIEpaTop, 3aTe€M BBEIYUCIIAETCS BRIPAXKEHHUE.

Ecnu 0HO HCTHHHO, TO OTIepaTOp BBHIOIHAETCS CHOBA U T.11. ECIH BRIpaXkeHHe
CTAHOBHUTCSI JIOKHBIM, INKJI 3aKaHIUBACTCS.

Kak u moxHo 66110 okunaTh, tuka DO-WHILE ucnons3yeTcs 3HAYUTENTHHO
pexe, ueM WHILE u FOR, coctapsist mpuMepHO AT POIICHTOB OT BCEX IUKIIOB.
TeMm He MeHee, HHOT]a OH OKa3bIBAETCS MOIE3HBIM, KaK, HAalPAMEp, B CICAYIOIeH
¢yukunu ITOA, kotopast mpeodpasyer Ynuciio B CHMBOJIBHYIO CTPOKY (0OpaTHast
¢byukipn ATOI). DTa 3a1a4a 0Ka3bIBACTCS HECKOIBKO 00JIee CAMKHOMN, 4eM MOYKET
nokasarhbcsi cHavyana. [leno B TOM, Y4TO NMPOCThIE METOABI BbLAEICHUS LU}
TEHEPHUPYIOT UX B HETPABIIFHOM MOPAIKe. MBI IPEANIOWIH TOTYyYUTh CTPOKY B
00paTHOM MOPSJIKE, a 3aTeM 00paTHUTh 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=20;

DO /* GENERATE DIGITS IN REVERSE ORDER */
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S[I++] = N % 10 + ‘0’;/* GET NEXT DIGIT */ WHILE
((N /=10) > 0); /* DELETE IT */ IF (SIGN < 0)
S[I++] = ‘'

S[I] = *\0’;

REVERSE (S) ;

Huxn DO-WHILE 31eck HeoOxoamM, W 10 KpaliHel Mepe YI00eH, TIOCKOJIBKY,
KaKOBO ObI HU OBLIO 3HaYeHHe N, MACCHB S JOJDKEH COACPIKATh XOTS ObI OJIMH CHMBOIL.
MBpI 3aKimrouriy B (PUTypHBIE CKOOKHM OIMH OIepaTop, cocTaBisonmii Teno DO-
WHILe, X015 3T0 ¥ HE 00s3aTeIBLHO, ISl TOTO, YTOOBI TOPOIUTUBBIN YATATEH HE
npunst yacte WHILE 3a nauano oneparopa nukiaa WHILE.

Yunpaxuenue 3-3.

[Tpu npeacTaBieHUN YUCEN B IBOUYHOM JOTOJHUTELHOM KOJIE HALll BAPUAHT
ITOA He cripapnsieTcst ¢ HAHOOJBIITUM OTPUIATENEHBIM YK CIIOM, T.€. CO 3HaueHHEM
N pABHBIM -2 B CTENIEHH M- 1, T7Ie M - pa3Mep clioBa. 00bsICHUTE TIoueMy. i3MeHuTe
[porpaMMy TakK, YT0ObI OHA MPABUIILHO NeYaTaja 3TO 3HaYeHHE Ha JII000H MalllHHE.

Ynpaxnenue 3-4.

Harmmmwre aranornanyro ¢yakmuro ITOB(N,S), kotopast mpeoOpasyer rernoe 6e3
3Haka N B €ro JBOMYHOE CUMBOJIEHOE IPE/CTaBlIeHUE B S. 3amporpammupyiTe
¢ynkumro ITOH, kotopast mpeoOpasyeT 11en1oe B eCTHAIIATEPUYHOE PEICTABICHNE.

YnpaxHenue 3-5.

Hanumure Bapuant Itoa, KOTOphIit KMEET TpH, a HE JiBa aprymeHTa. Tpetuit
apryMeHT - MUHHMAaJIbHAs IIMPHUHA OIS TPeoOpa30BaHHOE YUCIIO TOJDKHO, €CITH
9TO HEOOXOAMMO, JOMOJHATHCS CileBa MpobenaMu, TaK 4TOObI OHO HWMEJO
JTOCTATOYHYIO IIUPUHY.

3.7. Onepatop BREAK

Wuorna ObiBaeT ynoOHBIM HMETh BOSMOYKHOCTD YIIPABIISITH BHIXOIOM M3 IIMKIIA
HHa4e, 4eM IPOBEPKOH ycI0BHs B Hauase Wi B koHue. Oneparop BReak nossonsier
BoliiTH 13 oneparopoB FOR, WHILE u DO 10 okoHYaHMsI IMKJIA TOYHO TaK ke, Kak
u u3 nepexmouarens. Oneparop BReak npuBoauT kK HEMEATIEHHOMY BBIXOAY W3
CaMOoro BHYTPEHHETO OXBATHIBAIOIIETO €T0 [UKJIA (MIIH IIEPEKITIoYaTes).

Crenyromasi mporpaMma yraasieT XBOCTOBBIE IPOOEIBI ¥ Ta0YIISIIIMI U3 KOHIIA
KaXI0H cTpokH (aitiia BBoma. OHa uctone3yer oneparop BReak a1 Bbixona u3
LIMKJI, KOT/Ia Hal{/IeH KpalHWH NpaBbIii OTJIMYHBIH OT po0esa 1 TaOyIIsIIuK CUMBOJL.

#DEFINE MAXLINE 1000
MAIN () /* REMOVE TRAILING BLANKS AND TABS */

INT N;
CHAR LINE[MAXLINE];
WHILE ((N = GETLINE (LINE,MAXLINE)) > 0)
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WHILE (-N >= 0)

IF (LINE[N] != ' ' && LINE[N] != "\T’
&& LINE[N] != “\N’)

BREAK;

LINE[N+1] = “\0’;

PRINTF (“%S\N”, LINE) ;

Oyuknus GETLINE Bo3BpamaeT ainHy CTpoku. BHyTpeHHUN LUK
HauuHaetcs ¢ nocneanero cumona LINE (Hanomamm, uro —N ymeHsbIraet N 10
HCTIOJIB30BaHUS €r0 3HAYCHHUS) U IBUIKETCS B OOPAaTHOM HANPABJICHUH B IIOMCKE
MIEPBOTO CUMBOJIA , KOTOPBIH OTIIMYCH OT Mpodena, TaOyIISIuH HITH HOBOH CTPOKH.
[ux mpepeIBaeTcs, Koraa Tu00 HaliIeH TakoH CMBOII, TH00 N CTAaHOBHUTCS OTpPH-
LATEIbHBIM (T.€., KOT/Ia IPOCMOTpeHa Bes cTpoka). CoBeTyeM BaM yOSIUTHCS, UTO
TaKoe MOBEJIEHUE MPABWIBHO U B TOM Cilydae, KOrja CTPOKa COCTOUT TOJIBKO U3
CHMBOJIOB ITyCTBIX IPOMEXKYTKOB.

B kadecTBe anbrepHaruBbl K BReak MOXkHO BBECTH MPOBEPKY B CaM LIUKII:

WHILE ((N = GETLINE (LINE,MAXLINE)) > 0)
WHILE (-N >= 0

&& (LINE[N] == ' “ \I\! LINE[N] == T/
\!\! LINE[N] == “\N’))

’

3710 ycTynaer NpeAblayIleMy BapHaHTy, Tak KakK IPOBEPKa CTAHOBUTCSI TPYIHEe
st monuManust. [IpoBepok, kortopeie TpedyroT nmepemierenns &&, \\!, | 1
KpPYIJIBIX CKOOOK, TI0O BOBMOYKHOCTH CJIETyeT U30€eraTh.

3.8. OnepaTtop CONTINUE

Omneparop CONTINUE poxacteenen oneparopy BReak, HO HcTiosib3yeTcs pexe;
OH TIPHUBOAMT K Hauajy cleayromiell utepanun oxpathiBarorero mukia (FOR,
WHILE, DO ). B nukinax WHILE 1 DO 310 03Ha9aeT HermocpeAcTBEHHBIN epexo
K BBITIOJIHEHHUIO MPOBEpOUHON dacTy; B mukiie FOR ymnpasieHue nepempaercs Ha
mar penaunuanuzanyu. (Oneparop CONTINUE nprumMeHseTcst TONbKO B IUKIIAX,
Ho He B niepekiouaresix. Onepatop CONTINUE BHyTpu nepexirodaressi BHyTPH
[UKJIa BBI3BIBACT BHIIIOTHEHHUE CIEAYIOMIEH HTEPALIUH [TUKIIA).

B kadectBe npumepa npuBegeM (QparMeHT, KOTOpbIid 00padaThIBaET TOJIBKO
MIOJIOKUTEIbHBIE YJIEMEHTHI MACCHBA a; OTPUIIATEIFHBIE 3HAYECHHS [TPOITYCKAFOTCSI.

FOR (I = 0; I < N; I++4)
IF (A[I] < 0) /* SKIP NEGATIVE ELEMENTS */
CONTINUE;

/* DO POSITIVE ELEMENTS */

Omneparop CONTINUE yacto ucrons3yercsi, Kora MocaeIyromas 4acTb UK
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OKa3bIBACTCsA CJIMIIKOM CJ'IO)KHOf/'I, TaK 4YTO paCcCMOTPEHUE YCJIOBUA, 06paTHOl"O
MNpoBEPAEMOMY, IPUBOAUT K CIHUIIKOM I"J'Iy6OKOMy YPOBHIO BJIOKCHHOCTH
porpaMMabl.

Ynpaxnenue 3-6.

Hanumure nporpaMMy KonupoBaHUs BBOJA HA BBIBOJ, C TEM HCKIIOYEHHEM,
YTO U3 KKJI0U IPYIIIBI IOCJIEA0BATENbHBIX OJMHAKOBBIX CTPOK BHIBOAUTCS TOJILKO
omHa. (910 mpoctoit BapuaHT yTmuTel UNIQ cuctem UNIX).

3.9. Onepatop GOTO n meTku

B s3pike “C” mpegycmotper u oneparop GOTO, KoTOpbIM O€CKOHEIHO
3II0yTIOTPEOIISIOT, U MeTKH Jy1s1 BeTBIeH sI. C popMabHOM TOUKH 3pEHUS OTIEpaTop
GOTO HuKoraa He ABISIETCS] HEOOXOAUMBIM, ¥ Ha TIPAKTHUKE ITOYTH BCETa MOXKHO
oboiituce 6e3 Hero. Mer He ncnonp3oBamn GOTO B 3T0it KHHATE.

Tem HEe MEHEe, MbI YKa)KEM HECKOJIBKO cuTyaruii, rue oneparop GOTO moxet
Haiitu cBoe Mecto. Hanbomnee xapakTepHbIM SIBJISIETCSI €70 UCIIOIb30BAHUE TOT/IA,
KOT7[a HY»KHO IIPEPBATh BHIIOJIHEHNE B HEKOTOPOH TITyOOKO BIIOXKEHHOM CTPYKTYpeE,
HalpuMep, BBINTH Cpa3y M3 ABYX IMKJIOB. 3€Ch HENb3s HEIOCPEICTBEHHO
HCIIONb30BaTh oneparop BReak, Tak kak OH mpepbIBaeT TOJIBKO CaMblid BHYTPEHHUN
uuki. [loaromy:

FOR ( ... )
FOR ( ... )

IF (DISASTER)
GOTO ERROR;

ERROR:

CLEAN UP THE MESS

Ecnu mporpamma 06paboTku ommnOOK HEeTpUBHAIbHA U OMUOKHA MOTYT
BO3HHUKATh B HECKOJIBKIX MECTaX, TO TaKasi OpraHU3anns OKa3bIBAETCs YIOOHOI.
MeTKa HMeeT Takyto ke (hOpMy, 4TO M UM [IEPEMECHHOM, 1 3a HEil BCerma ClIeayeT
JBoeroure. MeTka MOXeT ObITh PHUITHCAHA K JIF0OOMY OIiepaTopy Toil ke QyHKIHH,
B KoTOpo# Haxoautcs onepatop GOTO.

B kxauecTBe apyroro mpumepa pacCMOTPHUM 3aady HaXOXAEHHS IEPBOTO
OTPHUIATEIHHOTO MIIEMEHTa B ABYMEPHOM MaccuBe. (MHOTOMEpHBIE MaCCHUBBI
paccMmarpuBaroTcs B TiaBe 5). BoT onHa 13 BO3MOXHOCTEH:

FOR (I = 0; I < N; I++4)
FOR (J 0; J < M; J++)
IF (V[I][J] < 0)

GOTO FOUND;
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/* DIDN'’T FIND */
FOUND:
/* FOUND ONE AT POSITION I, J */

[porpamma, ucrons3yromas oneparop GOTO, Bceraa MOXKeT OBITh HAITUCAHA
0e3 Hero, XOTsI, BO3MOXKHO, 33 CYET TOBTOPEHUS HEKOTOPBIX ITPOBEPOK U BBEJICHHS
JIOTIONTHUTENBHBIX IIepeMeHHbIX. HanprumMep, mporpaMMa noucka B MacCUBe IpUMET
BH/I:

FOUND = 0;

FOR (I = 0; I < N && !FOUND; I++)
FOR (J = 0; J < M && !FOUND; J++)
FOUND = V[I][J] < 0;

IF (FOUND)

/* IT WAS AT I-1, J-1 */

ELSE

/* NOT FOUND */

XoTs MBI HE SIBIISIEMCSI B 3TOM BOIIPOCE JOTMaTUKaMU, HaM BCE JKe KakKeTCs,
YTO €CJIM U HYXXHO UCTob30Barh onepatop GOTO, To BecbMa yMepeHHO.



72
4. ®YHKUUUN U CTPYKTYPA NPOIrPAMM.

@OyHKIUU pa30MBAIOT OOJIBLIME BHIYMCIUTEIbHBIE 3a7a4i Ha MalleHbKUe
07133141 U TI03BOJISIOT UCIIONb30BaTh B paboTe TO, YTO Y)KE CETaHO APYTUMH,
a He HAYMHATh KOXbIi pa3 ¢ myctoro Mecta. COOTBETCTBYOIINE (DYHKIIUH YaCTO
MOTYT CKpBIBaTh B ce0e JeTanu MPOBOAMMBIX B Pa3HbIX YacCTAX MPOrPaMMbl
orepaluii, 3HaTh KOTOPbIE HET HEOOXOJAMMOCTH, MPOSICHSSI TEM CaMbIM BCIO
[porpammy, Kak Lejioe, 1 odnerdas My4eHus IpH BHECCHUHN H3MEHEHHIA.

SA3pik “C” paspabarsiBajcsi cO CTpPEeMJCHHEM caelnarh (GYHKIHH
3¢ (GEKTUBHBIMHM ¥ YIOOHBIMH ISl MCIOIB30BaHus;, “C”-mporpaMMbl 0OBIYHO
COCTOSIT 13 OOJIBIIIOTO YUCIIa MAJICHBKUX (DYHKITHH, a HE N3 HECKOJIIBKHUX OOJBIITHUX.
[Tporpamma MOXeT pa3MenaThCsi B OAHOM MJIM HECKOJIBKUX MCXOMHBIX (haiimax
JIF00BIM YIOOHBIM 00pa30M; UCXOHbIE (hailiibl MOTYT KOMITHIIMPOBATHCS OTICIBHO
U 3arpy’KarbCcsi BMECTE Hapsiy CO CKOMITMIMPOBAHHBIMU paHee QYHKIHMIMH U3
OoubnmoTek. Mbl 31ech He OyeM BIaBaThCs B JIETAIH 3TOTO MPOIIeCCa, MOCKOIbKY
OHH 3aBHUCST OT UCTIOIb3YEMOM CHCTEMBI.

BoibImMHCTBO MPOTrpaMMHUCTOB XOPOIIO 3HAKOMBI ¢ “OMOIMOTEYHBIMH’
¢yukuusamu 1 BBoga U BeiBona /GETCHAR , PUTCHAR/ v 1t 9uCiIEHHBIX
pacueroB /SIN, COS, SQRT/. B 310ii r1aBe Mbl COOOIIMM OOJIBIIIE O HAITMCAHUU
HOBBIX (DYHKITHH.

4.1. OCHOBHbIe CBeAeHMUS.

Jlst Havana gaBaiiTe pa3padoTaeM M COCTaBUM IIPOTPAMMY IE€YaTH KaKIOM
CTPOKH BBOJIa, KOTOPAsI COACPIKUT OTPeACTICHHYIO KOMOWHAITUIO CHMBOJIOB. /DTO
- cnenuaiabHbii cirydail yruautel GREP cuctemsr “UNIX”/. Hanpumep, mpu
norcke kombuHaiuu “THE” B Habope cTpok

NOW IS THE TIME

FOR ALL GOOD

MEN TO COME TO THE AID
OF THEIR PARTY

B Ka4€CTBEC BBIXO/Ia ITOJIYyYHUM

NOW IS THE TIME
MEN TO COME TO THE AID
OF THEIR PARTY

OCHOBHas CXEMa BBIMNIOJIHCHUS 3a/JaHN YCTKO pa3ACIsIeTCA Ha TPpU
qacTu:

WHILE (mMmMeeTcsa ele CTpoKa)
IF (CTpOKa COHEPXMUT HYXHYH KOMOMHALMIO) BEHBOL 3TOM CTPOKM

KOHG‘-IHO, BO3MOXHO 3alporpaMMupoOBaThb BCE ﬂeﬁCTBHH B BHIC 0,HHOI71
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OCHOBHOM IIPOLIEAYPBI, HO JIy4IlIe UCTIOIb30BaTh ECTECTBEHHYIO CTPYKTYpY 3aJa4u
U TIPEJCTaBUTh KaXKIYI0 YacTh B BUE OTAENIbHON (QyHKIMH. C TpeMs MaJleHbKUMHA
KyCKaMH JIerye UMETb JIeJI0, YeM C OHMM OOJIBIINM, IOTOMY YTO OTAEJIbHBIC HE
OTHOCSIIIMECS K CYILIECTBY JIENIa JIeTaJI MOYKHO BKITIOUHTD B ()YHKIIMU X YMEHBIINTh
BO3MOXKHOCTb HEXKeNaTelbHbIX B3auMozencTBuil. Kpome Toro, 3Tu Kycku MOryT
0Ka3aThCsl MOJIE3HBIMU CaMH 110 ceoe.

“IToxa umeercs enie crpoka” - 3ro GETLINE, ¢pyHkuus, KOTOpyI0 MBI
3anporpaMMHUpPOBaJIH B Iiase 1, a “BbIBOJ 3TOH cTpoku” - 310 (yHKIMs PRINTF,
KOTOPYIO YK€ KTO-TO IIOATOTOBUII AJIst HAC. DTO 3HAYUT, 4YTO HAM OCTaJI0Ch TOIBKO
HamnucaTh NPOLEAypy ISl ONpeAeleHus, COAEPKUT JIU CTPOKA JaHHYIO
KOMOMHALMIO CUMBOJIOB MJIM HET. MBI MOXEM pEUIUTh 3Ty Ipodiiemy,
03aMMCTBOBAB pa3paboTky u3 PL/1: pynxuus INDEX(S,T) BO3Bpamaer no3umuro,
WJIM UHAEKC, CTPOKU S, T1e HauuHaeTcst ctpoka T, u -1, eciiu S He conepxkur T . B
KaueCTBE Ha4aabHOM MO3uIMK Mbl ucnonb3yeMm 0, a He 1, moToMy uTo B s13b1ke “C”
MacCHBBI HAYMHAIOTCS ¢ NO3UIUHK Hyib. Kora HaM B ganbHeHeM nonatooures
IIPOBEPSTH Ha COBIAJICHUE OoJIee CIIOKHBIE KOHCTPYKINH, HaM ITPUIETCS 3aMEHUTh
tonbko pynkmio INDEX; octanbHas 4acTh mporpaMMBbl OCTaHETCSI TOH e CaMOH.

IMocne Toro, Kak Mbl MOTPATHIIM CTOJBKO YCHWIIMH Ha pa3padOTKy, HalMCaHHe
MPOrpaMMBbl B IETAIAX HE IPEACTABISACT 3aTPyJHEHUIN. HIDKE MPUBOIUTCS LIETUKOM
BCsI [IPOrpaMMa, TaK 4TO Bbl MOXKETE BUJETh, KaK COSAUHSIOTCS BMECTE OTACIIbHbIE
yacty. KoMOnHanms CHMBOJIOB, 110 KOTOPOH IIPOU3BOUTCS ITOVCK, BBICTYIIAET [TOKa B
KavecTBEe CHMBOJIBHOH CTpokH B aprymenTe (yakuun INDEX, uto He siBisieTcst cambIM
00ImKMM MexaHH3MOM. MBI CKOpO BepHEMcsl K 00CyXJeHHI0 Bompoca o0
HHUIANINA3alMd CUMBOJIBHBIX MACCHUBOB U B INIaBe 5 MOKaXXe€M, Kak CAenarb
KOMOWHAIIMIO CHMBOJIOB ITapaMeTPOM, KOTOPOMY NPHCBaMBaeTCsl 3HaUYCHHE B XOZIE
BBIIIOJIHEHUS TIporpaMMeL. [Iporpamma Takske COIep KUT HOBBIN BapHaHT (DYHKLIMN
GETLINE; Bam MOXeET OKa3aThCsl IOJIE3HBIM CPABHUTH €T0 C BAPUAHTOM U3 IIABHI 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 C, I;
I =20;
WHILE (-LIM>0 && (C=GETCHAR()) != EOF && C != M\N')
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S[I++] = C;
IF (C == “\N’)
S[I++] = C;
S[I] = \0’;
RETURN (I) ;

INDEX (S, T) /* RETURN INDEX OF T IN S,-1 IF NONE */
CHAR S[], TI[];

INT I, J, K;

FOR (I = 0; S[I] !'= “\0'; I++)

FOR(J=I, K=0; T[K] !='\0' && S[J] == TI[K]; J++;
K++)

IF (T[K] == ‘\0")

RETURN (I) ;

RETURN (-1) ;

Kaxnas QpyHKIus umeeT BU, uMs (CIIMCOK apryMEHTOB, €CJIH OHH HMEIOTCS),
OIMCAHUs ApTYMEHTOB, €CJI OHU UMEIOTCSI, OIIMCAHHS U ONEePATOPHI , €CIIH OHU
HUMEIOTCSL.

Kak u yka3pIBaeTCsi, HEKOTOpbIE YaCTH MOT'YT OTCYTCTBOBaTh; MUHHUMAJIbHON
(byHKIMEH SIBISCTCS

DUMMY ()

KOTOpasi HE COBEPILAET HUKAKUX IEUCTBUIM.

/Takast HU4ero He jenaromias (QYHKIHsS WHOT/A OKa3blBaeTCs ymnOOHOM Iuis
COXpaHEHUsI MecTa JAJsl JajbHEHIIero pa3BUTUsl IporpaMmbl/. eciau (GpyHKIus
BO3BpALIAET YTO-JINOO OTIIMYHOE OT [EJIOT0 3HAYCHHS, TO IIEpPe]] €€ UMEHEM MOXKET
CTOSITH yKa3aTeNb THIIA; 3TOT BOIPOC 00CYKIaeTCs B CICAYIOMIEM pa3elie.

[Iporpammoii siBIsIETCS MPOCTO HAOOP OMpeAeNeHUI OTACTbHBIX (QYHKITHI.
CBs13b MeXy (PyHKIUSIMH OCYIIECTBIISIETCSl Yepe3 apryMEHThI U BO3BpalllacMble
(GYHKIMSAMHU 3HAYCHUS /B 9TOM CiIydae/; € MOXKHO TaK)Ke OCYIIECTBIIATH Yepes3
BHEIIHHE TiepeMeHHble. DYHKIUKM MOTYT pacroiaraTbCs B UCXOAHOM (aiiie B
J1000M MOPSIZIKE, @ CaMa UCXO/IHAS [TPOrpaMMa MOXKET Pa3MeIaThCsl Ha HECKOJIbKHX
¢aiinax, HO Tak, YTOObI HU OiHA (PYHKIIUS HE PACIIEILISIIACD.

Oneparop RETURN ciry>kuT MEXaHU3MOM IS BO3BpPAIlEHUS 3HAUCHUS U3
BBI3BAHHOHN (PYHKIIMH B (QYyHKIINIO, KOTOPast K Hel oOparminack. 32 RETURN mosker
CIIeIoBaTh JTF000€ BRIPAKECHUE:

RETURN (BHpaxeHue)

Bei3biBaroiast GyHKIHsI MOXKET UTHOPUPOBATH BO3BPAIIAEMOE 3HAYEHHE, €CITN
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oHa sToro noxenaeT. bonee Toro, mociie RETURN moxeT He ObITh BOOOIIE
HUKAKOIO BBIPAYKEHUS; B 3TOM CIIy4ae B BBI3bIBAIOIYIO IPOrpaMMy He EpefacTcs
HHUKAKOT'O 3HAYEHUsl. YIIPaBIIEHUE TAKXKe BO3BPAILETCS B BHI3BIBAIOLYIO IPOrpaMMy
0e3 mepegayn Kakoro-inOo 3HAYSHUSI U B TOM CiIydae, Korna IpH BBITOJIHEHUN
MBI “TIpoBaJiMBaeMcs’’ Ha KOHel (YHKIIMH, JOCTHrasi 3aKpbIBaIOLIEHCs TpaBon
¢urypnoii ckooku. ECiu GpyHKuns Bo3BpalaeT 3HaY€HHE U3 OTHOTO MecTa U He
BO3BPAIla€T HUKAKOT'O 3HAYEHMsI U3 IPYTOr0 MECTa, 3TO HE SIBJISIETCS] HE3aKOHHBIM,
HO MOXET OBITh NMPHU3HAKOM KAaKUX-TO HeNpHsATHOCTeid. B mobom ciyuae
“3HayeHueM” (DYHKIMH, KOTOpasi HE BO3BPAILAeT 3HAUCHHsI, HECOMHEHHO Oyner
mycop. Otagounas nporpamma LINT npoBepsiet Takue ommoOKy.

Mexanuka KOMOWISIIUY U 3arpy3ku “C”-mporpamm, pacloJIOKEHHBIX B
HECKOJIbKMX MCXOZHBIX (hailylax, MEeHIeTCsS OT CHCTEMBI K cucteMe. B cucreme
“UNIX”, narrpumep, 3Ty padoTy Beinonasiet komanaa ‘CC’, ynoMsiHyTas B IJ1aBe
1. IIpennonoxuM, 4To Tpu (QPYHKIUHM HAXOIATCS B TPEX Pa3IMYHBIX (aiinax c
nmenamu MAIN.c, GETLINE.C u INDEX.c . Torma komanga

CC MAIN.C GETLINE.C INDEX.C

KOMITWJIMPYET 3TH TpH (Qailyia, MoMeniaeT IMoIy4eHHbIH HacTpauBaeMbli
oObexTHbIN Ko B daiiel MAIN.O, GETLINE.O u INDEX.O u 3arpyxaer ux
BCEX B BBIIOJIHSAEMBIH (a1, HasbiBaemblid A.OUT .

Ecmu nmeercs kakas-to ommoOka, ckaxem B MAIN.C, To 3TOT daiin MOXHO
NIEPEKOMITHIIMPOBATD OT/EIBHO U 3aTPy3UTh BMECTE C IPEABIIYIIMMHI OObEKTHBIMU
(aiinamu 1o KomaHe

CC MAIN.C GETLIN.O INDEX.O

Komanpa ‘CC’ ucnonb3yer commaimeHue 0 HAMMEHOBaHUU ¢ “.c” U “.0” s
TOTO, YTOOBI OTIIMYUTH UCXOMHBIC (PalIIbl OT OOBEKTHBIX.

Ynpaxuenue 4-1.
Cocrasre nporpammy mist pyakuun RINDEX(S,T), kotopast Bo3Bpamiaet
TTO3UITUIO CAMOTO TIPABOTO BXOXKACHHSI T B S M -1, ecniut S He conepkut T.

4.2. dyHKUUK, BO3BpaLlarowme Helernble 3Ha4YeH .

J1o cux mmop HY O7THA M3 HAIIIMX IPOTPaMM HE COZeprKalia Kakoro-JIH00 OITMCaHHS
Tuna pyskuun. [leso B TOM, 9TO IO YMOTYAHUIO (DYHKIIHS HESBHO OIMCHIBAETCS
CBOVM IIOSIBICHUEM B BBIPAKEHHUH HJIH OIIEPaTope, KaK, HalpuMep, B

WHILE (GETLINE (LINE, MAXLINE) > 0)

Ecam HekoTopoe uMMs, KOTOpoe He OBLIO ONMKCAaHO paHee, IOSABISETCS B
BBIPQXCHUU W 32 HUM CIIEAYeT JIeBas Kpyriasg cKOOKa, TO OHO IO KOHTEKCTY
CUYHTAETCs] UMEHEM HEKoTopoil ¢yHknmu. Kpome Toro, mo ymoiadaHHIO
MpemoIaraercs, 4ro 3ta GyHKuus Bo3Bpamaer 3Hauenue tuna INT. Tak kak B
BeipakeHUssX CHAR npeobpasyercs B INT, To HeT HEOOXOIUMOCTH OIHCHIBATH
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¢ynknun, Bo3pamatomue CHAR. DTu npeanonoxeHHs MOKPBHIBAIOT
OOJNIBIIMHCTBO CIIy4aeB, BKIIIOYAs BCE IPHUBEICHHBIE JI0 CHX MOP IPUMEPEI.

Ho uto npoucxonur, ecnu GyHKIMS 10IKHA BO3BPATUTh 3HAYEHHE KAKOT'0-TO
npyroro tuma ? MHorue uncienHble ¢pyHKiun, Takue kak SQRT, SIN u COS
Bo3Bpaator DOUBLE; npyrue cnenuanbHble pyHKINN BO3BPAILAIOT 3HAUCHUS
JIPYTHX THIOB. YTOOBI 10Ka3aTh, KaK IOCTYIIATh B 9TOM CIIydae, JaBaiTe HaluIeM
n ucnonezyeM QyHknuio AToF(S), koTopas npeoOpa3yeTt CTpoKy S B 9KBHBAJICHT-
HOe el muaBaroliee 4ucio ABoHON TouHocTH. DyHknus AToF saBnsercs
pacumupeHreM arol, BapuaHThI KOTOpOI MBI Hamucald B riaBax 2 U 3; oHa
oOpabarsiBaeT HEOOsA3aTEIbHO 3HAK M JIECATHYHYIO TOUKY, a TaKKe LIy U
JIpoOHYIO YacTh, KaKJas M3 KOTOPHIX MOXET KaK NPUCYTCTBOBATh, TaK H
OTCYTCTBOBATh./3Ta MpOLEAYpa MpeoOpa3oBaHUsl BBOJAa HE OYEHb BHICOKOTI'O
KauecTBa; MHa4Ye OHa ObI 3aHsuIa OOJIbIIIE MECTa, YeM HaM XOTEJIO0Ch Obl/.

Bo-nepssix, cama ATOF 1omkHa ONUCHIBATH TUIT BO3BPALLAEMOTO €10 3HAYEHMUS,
mockobKy oH oriideH oT INT. Tak kak B Bepakenusix Tart FLOAT npeoOpasyercs
B DOUBLE, T0 HeT Hukakoro cMbicia B ToM, 4To0b1 ATOF Bo3spamana FLOAT;
MBI MOJKEM C PaBHBIM YCIEXOM BOCHOIb30BaThCS JOMOIHUTENBHON TOYHOCTBIO,
TaK 4TO MBI [10JIaraeM, 4to Bo3Bpamaemoe 3Hadenue tuna DOUBLE. Mms tuna
JIOJDKHO CTOSITB ITepesl UMEHEM (DYHKIIMH, KaK TIOKa3bIBAETCS HIKE:

DOUBLE ATOF(S) /* CONVERT STRING S TO DOUBLE */
CHAR ST[];

DOUBLE VAL, POWER;

INT I, SIGN;

FOR(I=0; S[I]==" " \!\! S[I]=="\N’ \!\! S[I]=="\T’;
I+4)

; /* SKIP WHITE SPACE */

SIGN = 1;

IF (S[I] == ‘4’ \!I\! S[I] == ‘-') /* SIGN */
SIGN = (S[I++] == “+') 2 1 : -1;

FOR (VAL = 0; S[I] >= ‘0’ && S[I] <= ‘9’; I++)
VAL = 10 * VAL + S[I] - ‘0’;

IF (S[I] == ‘.")

I++;

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 K€ BaXKHBIM, SIBIISIETCSI TO, YTO BBI3bIBAIOIIAs (DYHKIIHSI TOJDKHA
00Bs1BUTH 0 ToM, uTo ATOF Bo3Bparaer 3Hauenue, ormmdaHoe ot INT tuna. Takoe
00BSBIICHHE AEMOHCTPHUPYETCS Ha NMPUMEpE CIEAYIOIEero NpUMHUTHBHOTO
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HACTOJIbHOI'O KAaJIbKYJISITOPpa / ¢€Ba IPUTOAHOTO IJIs IMOABEACHUA OaJtaHca B YEKOBOM
KHIKKE/, , KOTOpI:Iﬁ CHUTBIBACT IO OAHOMY 4YUCIY Ha CTPOKY, IPUYEM ITO YHCIIO
MOXKCT UMCTb 3HAK, U CKJIAIbIBACT BCC YUCJIA, [IeYaTast CyMMYy MOCJIC KaXXA0I'o BBOAA.

#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) ) ;

Oucanune

DOUBLE SUM, ATOF();

roBoput, uto SUM sBnsercs nepemenHoil tuna DOUBLE , u uto ATOF
sBisiercs GyHKIMel, Bo3Bpamniatomeii 3Hauenne tuna DOUBLE .

DTa MHEMOHHKa O3Ha4aeT, 4To 3HaueHusMu kKak SUM, tak u ATOF(...)
SIBJISIIOTCSI TUTaBAIOIIME YUCIIA JBOMHONW TOUHOCTH.

Ecmn ¢ynkuus ATOF He Oyner omucana siBHO B 00oux mecrax, 1o B “C”
Hmpeanonaraercs, 4To OHa BO3BpalllaeT L(eJIoe 3HAU€HUe, U Bl MOJy4YUTE
6eccmbicnennslit otBeT. Eciin cama ATOF n obpamenne k Heit B MAIN nmeror
HECOBMECTHUMBIE THIIBI U HAXOIATCS B OJHOM M TOM e Qaiiie, To 310 Oyaer
obHapyxeno komnmsitopoM. Ho eciim ATOF Oblita ckoMnmipoBaHa OTAENBHO /
410 O0JIee BEPOSATHO/, TO 3TO HECOOTBETCTBHE HE OyJeT 3auKCUpPOBaHO, TAK YTO
ATOF Oyner Bo3Bpamars 3HaueHus tuna DOUBLE, ¢ kotopsim MAIN Oyner
obpamarscs, kak ¢ INT , yTo mpuBeneTr Kk OECCMBICICHHBIM pe3yJibTaraM. /
IMporpamma LINT BeiaBnuBaet 3Ty omuoKy/.

Nmes ATOF, mb1, B mpuHIHIE, MOTIIA OBI ¢ e moMoIneio HarmucaTh ATOI
(mpeobpazosanue crpoku B INT):

ATOI(S) /* CONVERT STRING S TO INTEGER */
CHAR S[];

DOUBLE ATOF () ;
RETURN (ATOF (S) ) ;

OO0parure BHUMaHKe Ha CTPYKTypy onucanuii u onepatop RETURN.
3HauyeHUe BBIPAXKEHUS B

RETURN (BelpaxeHue)

Bcera npeodpasyercs K THITy (D)YHKIIMH Iepe]l BHIITOIHEHHEM CaMOro
Bo3BpaueHus. [lostomy npu nosasnenuu B oneparope RETURN 3nauenue
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¢ynxumn aroF, umeromee Tun DOUBLE, aBromariuecku npeodpasyercs B INT,
nockonbKy ¢yHkuus ATOI Bosspamaer INT. (Kak oOGcyxnanocs B mase 2,
npeoOpa3oBaHKe 3Ha4YEHUs C IUIaBaromei Toukoi k tumy INT ocymecrBisercs
MIOCPEICTBOM OTOpachIBaHUs APOOHON YacTh).

Ynpaxnenue 4-2.
Pacummpsre ATOF Takum oOpa3om, 4ToObI OHa Moriia padoTaTh ¢ YUCIaMu
BUA

123.45e-6

II€ 3a YHUCJIOM C IUIABAIOIIEH TOYKOM MOXKeT ciemoBaTh ‘E’ m mmokasareis
9KCIIOHEHTHI, BO3MOXKHO CO 3HAKOM.

4.3. Ewe 06 aprymeHTax ¢pyHKLMNA.

B miaBe 1 MblI yrke 00Cy kK Jainm TOT QakT , 4TO apryMeHTbl PyHKIHMH MepeqatoTcs
T10 3HAYEHUIO, T.€. BBI3BAHHAS (DY HKIIMS [OJTy4AET CBOO BPEMEHHYFO KOITHEO KaXK/I0r0
apryMeHTa, a He ero ajapec. TO 03HAYaeT, YTO BbI3BaHHAsI (DYHKLUS HE MOXKET
BO3/CHCTBOBATh Ha MCXOIHBIA apryMEHT B BbI3biBarolied (GyHkuuu. BayTpu
(GYHKIMA KayKIbIi apryMEHT 110 CYIIECTBY SIBJISIETCS JIOKAJILHOM MePEeMEHHO, KO-
TOpasi HHULIHATI3UPYETCs TEM 3HAaUYCHHEM, C KOTOPBIM K 3TO (DyHKITHH 0OpaTHiInCh.

Ecnu B kagecTBe apryMeHTa (yHKINH BBICTYTIAET UMS MACCHBA, TO IIEPEaeTCs
aJipec HavaJia 3TOro MacCHBa; CaMH IEMEHTHI He KONUPYIOTCs. OYHKINSA MOXKET
H3MEHSTH IEMEHTHl MacCHBa, HCIOIB3Ys MHAEKCAIMIO U aapec Hadana. TakuM
00pa3oM, MacCHUB IepemacTcs M0 CChUIKe. B rmaBe 5 Mbl 00CyamM, Kak
HCIIONIb30BaHKE YKa3aTeel o3BosIseT yHKIUSAM BO3/ICHCTBOBATh HA OTIIMYHBIC
OT MacCHBOB IIEPEMEHHbIC B BbI3bIBAIOIINX (YHKIIUSIX.

Meskmy mpoduM, HECYIIECTBYET MOJTHOCTBHIO YIOBIETBOPUTEIBHOTO Criocoba
HaIMCaHusI IIePeHOCUMON (DYHKIMH C IEpEMEHHBIM YHCIIOM apryMeHTOB. J{ero B ToM,
YTO HET IIEPEHOCHUMOTO CII0C00a, C MOMOIIBIO KOTOPOTO BbI3BaHHAs (DYHKIIHS MOIJIa
Obl OIPEIEINTh, CKOJIbKO apIyMEHTOB ObUIO (haKTUYECKU MEPENaHo eil B JAHHOM
oOparmenun. Takum 00pa3oM, BbI, HAIPUMeEp, HE MOXKETE HAIHMCATh JEHCTBUTEIIHHO
MEPEHOCUMYIO (PYHKIIMIO, KOTOpasi OyJIeT BBIYUCIISITh MAKCUMYM OT IIPOU3BOJIEHOTO
YHCIIa apryMEHTOB, KaK Je/1at0T BeTpoeHHbIe GyHkimun MAX B (hoprpane u PL/1.

OOBIYHO CO CITy9YaeM MEPEeMEHHOT0 YHCIIa apryMEHTOB 0€3011acHO UMETh JEIT0,
€CNIM BBI3BaHHAS (DYHKIUS HE MCIIOJIB3YyeT apryMEHTOB, KOTOPBIE € Ha CaMOM
Jerne He ObIIH NepeaHbl, U €CIIN TUIIBI cortacyorcs. Camasi pacipocTpaHeHHas
B si3bike “C” ¢yHKIus ¢ nepeMeHHsiM yuciaoMm - PRINTF . Ona monyuaer u3
MEPBOro apryMmeHTa MH(GOpMaIHio, MO3BOJISIONIYI0 ONPEACIUTh KOIUYECTBO
OoCTaJbHBIX apryMeHToB U uxX Tunbl. Oynknus PRINTF pabortaeT coBepiieHHO
HENpaBUJIbHO, €CJIM BhI3bIBatOLIasi QYHKIMS MepefaeT el HeJ0CTaTouHoe
KOJIMYECTBO apTyMEHTOB, MUIM €CJIIHM WX THIIBI HE COTNIACYIOTCS C THUIIaMH,
YKa3aHHBIMH B TIEPBOM apryMmeHte. O1a (QyHKIUs HE SBISETCS MEePEHOCHUMOM U
JI0JKHA MOAM(DUIIMPOBATHCS PH UCIIONB30BAHUH B PA3JIMYHBIX YCIOBUSIX.
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Ecnu sxe TUIBI apryMEHTOB U3BECTHBL, TO KOHEL CIIUCKA apIyMEHTOB MOXKHO
OTMETHTb, UCHOMb3YS KAKOE-TO COIIALIEHNE; HATPUMED, CUUTAs, YTO HEKOTOPOE
CHennaJIbHOE 3HaUYeHHE apryMeHTa (4acTo HYJIb) SIBISETCS MPH3HAKOM KOHIA
apryMeHTOB.

4.4. BHewHWe NepeMeHHble.

IMporpamma Ha si3pike “C” cocTouT M3 HAOOpa BHEIIHMX OOBEKTOB, KOTOPHIE
SIBILFOTCSI JIHOO TIEPEMEHHBIMH, JTHO0 PYHKIMSAME. TepMUH “BHEIIHNH ™ NCIIONB3yeTCs
IJIaBHBIM 00pa3oM B IPOTHBOIIOCTABIEHHE TEPMUHY “BHYTPEHHHUI’, KOTOPHIM
OIUCHIBAOTCS API'yMEHTHI U aBTOMAaTUYECKHE IEPEMEHHBIE, ONPEEICHHbIE BHYPTH
¢byHKIWil. BHelHMe IepeMeHHbIe Onpe/ieieHbl BHE KaKoH-Tn00 (QYHKINHK 1, TAaKUM
00pa3oM, IOTeHIMAIBHO TOCTYIHBI Uit MHOTHX (yHKImi. Camu QyHKIMHK Beeraa
SIBJISIIOTCS. BHEITHUMM, TTIOTOMY 4TO TpaBuia si3blka “‘C” He pa3peliaroT ONpeaensaTh
ofHH (PYHKIMM BHYTPH ApyruX. I1o yMOI9aHUIO BHEIIHHE ITEPEMEHHBIE SBIISIOTCS
TaKoKe U “TIIO0ATBHBIMUA, TAK YTO BCE CCHUIKU Ha TAKYIO [IEPEMEHHYIO, HICIIOB3YFOIIHE
OZIHO M TO ke UMs (1ake U3 (YHKIMH, CKOMIMIMPOBAHHBIX HE3aBUCUMO), OymayT
CCBUIKAMU Ha OJHO U TO k€. B 3TOM cMbIC/Ie BHEIIHNE IEPEMEHHBIE aHATIOTHMYHBI
nepemeHHbIM COMMON B doprpane u EXTERNAL B PL/1. [To3nHee Mbl mokaxeMm,
KaK OIPE/IeIINTh BHEITHUE TIepEMEHHBIE 1 (DyHKIIUH TAKUM 00pa3oM, 4TOObI OHU ObLIN
JIOCTYIIHBI HE INIOOAIFHO, & TOJIBKO B TIPEIeIax OJHOTO CXOHOTO (haiia.

B cuny cBoeil rmo0anbHOM JOCTYyNHOCTH BHEIIHHE IEpEMEHHBIE
IPEJOCTaBISAIOT APYTYI0, OLIMYHYIO OT apTYMEHTOB U BO3BpAIllaéMbIX 3HAYECHUH,
BO3MOYKHOCTB JiJIsl OOMeHa JaHHBIMH Mexay QyHKkuusMu. Ecnu nmst BHeIHen
NIepeMEHHOM KaKUM-T100 00pa3oM OMHCaHO, TO J1t00ast PYHKIHS HMEET TOCTYI K
9TOH EPEMEHHOM, CChLIAACH K HEl 110 3TOMY UMEHH.

B ciyuasx, xorga cBsi3b Mex1y (QYHKIMSIMHU OCYIIECTBISIETCS C MOMOIIBIO
0OIIBIIIOrO YKCIIa [IEPEMEHHBIX, BHEIIIHHE [TEPEMEHHbIE OKa3bIBAIOTCS Ooiee yIOOHBIMU
1 3Q()EKTHBHBIMH, YeM HCIIOIB30BaHNE JUTMHHBIX CITHCKOB apryMeHToB. Kak, onHako,
OTMeYaJIoch B IIaBe 1, 3T0 COOOpaskeHHe CIIeAyeT UCTIONB30BaTh C ONPEAEICHHON
OCTOPOXKHOCTBIO, TaK KaK OHO MOXKET IIJIIOXO OTPA3UTHCS Ha CTPYKTYpe POrpaMM U
TIPUBOIMTB K IPOrpamMMam ¢ OOJIBIIIMM YHCIIOM CBSI3€H 110 TaHHBIM MEXKTY (DyHKLIHSIMU.

Bropas mpuurHa MCHONB30BAHUS. BHELUIHUX MEPEMEHHBIX CBA3aHA C UHUIU-
ayzanueil. B yactHocTy, BHEIIHME MacCUBBI MOTYT OBITh HHUIIMAIM3UPOBAHBI a aBTO-
MaTH4ecKre HeT. MBI pacCMOTPHM BOIIPOC 00 MHUIMAIN3ALMHY B KOHIIE STOH IVIaBbL.

TpeThst NpUYMHA MCHONB30BaHMSI BHEIIHUX IIEPEMEHHBIX 00yCIIOBIEHA MX
o0acThio IEHCTBUS M BpEMEHEM CYILIECTBOBaHMUS. ABTOMAaTHYECKUE IepeMEHHbIE
SIBJISIOTCS BHY TPEHHHMU 110 OTHOIIEHHIO K (DYHKIMSIM; OHU BO3HHUKAIOT IIPH BXOJIE
B ()YHKIIMIO M ICYE3AI0T IIPH BHIXOJIE U3 Hee. BHelHne nepeMeHHbIe, HallpOTHB,
CYLIECTBYIOT IOCTOSTHHO. OHM HE MOSBIISIOTS X HE UCUE3A0T, TAK YTO MOTYT COXpa-
HSTH CBOHM 3HAQYEHUS B IIEPHOJI OT OAHOTO oOpareHus K GyHKIHH 10 Apyroro. B
CHITY 3TOTO, €CJTH JIB€ (PYHKIINH HCIIOJIB3YIOT HEKOTOPBIE OOIINE JaHHBIE, TPUYEM
HU OJlHA M3 HUX HE o0pamaeTcsi K APyroi , To 4acTo Hamboiee ynoOHBIM
OKa3bIBAaETCs XPAaHUTh 3TH OOIME JJAaHHBIC B BUJIE BHEIIHMX NEPEMEHHBIX, a He
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nepenaBaTh UX B (YHKIMIO M 00OpaTHO C TIOMOILBIO apIyMEHTOB.

JlaBaiite 1pooInKuM 00CY>KIIeHHE 3TOr0 BOIPOca Ha OOJIBIIIOM ITpuMepe. 3a1ada
OyJeT COCTOSTh B HAIIMCAHWUH APYTOH IPOrPaMMBI TSl KAIBKYJIATOPa, JIydllel, 9eM
npenpiaymas. 31ech JOMycKaloTesl ONeparyy +,-,*,/ 1 3HaK = (11 BbIJA4K OTBE-
Ta).BMECTO HH(PUKCHOTO IPeJICTABIEHNS KJIBKYJIITOP Oy/IeT HCIIONb30BaTh 00PaTHYO
TIOJIbCKYIO HOTAIIMIO,IIOCKOJIBKY €€ HECKOJIBKO JIETde Peann30BaTh.B 0OpaTHON
TIOJILCKOW HOTAIIMHM 3HAK CIIElyeT 3a OlepaHAaMu; HHPHUKCHOE BEIP)KEHHUE THIIA

(1-2)* (4+45) =

3alliMChIBaCTCs B BUIC

12-45+*=

KpYIJIble CKOOKH IIPH 3TOM HE HYKHBI

Peanuzanust okazpIBaeTCs BeChMa PO CTOM. KaXIbIi ONlepaH 1 IOMEIIAETCs B CTEK;
KOIJIa TTOCTYIAeT 3HAK ONEPAIU,HYKHOE YHCIIO ONCPaHIOB (1Ba Uil OWHAPHBIX
OIepaIyii) BRIHUMACTCS,K HIM IPAMCHSICTCS OTICpaIvs U Pe3yJIbTaT HAPABILICTCS
00paTHO B CTEK.TaK B IPHBEICHHOM BBIIIIC TprMepe | U 2 MOMEIIAIOTCS B CTEK H
3aTeM 3aMEHSIOTCSl X Pa3HOCThIO, -1.1ocne 31oro 4 u 5 BBOASITCS B CTEK U 3aTeM
3aMEHSIIOTCSI CBOEM cyMMoit,9.nanee uncia -1 1 9 3aMeHsI0TCA B CTeKe Ha UX
MIPOU3BEICHHUE,PABHOE -9.0lepallyis = eYaTaeT BEPXHUM AIEMEHT CTeKa, He yaass
€ro (Tak 4To MPOMEKYTOYHBIC BEIYMCIICHHS MOTYT OBITH POBEPEHEI).

Camu onepalyiy MOMEUIeHHs YUCeIl B CTEK U UX U3BJIEYEHUS OUEHb IIPOCTHI,HO,
B CBSI3M C BKJIIOYCHHEM B HACTOSMIYIO NMPOTpaMMy OOHAPYKEHHUS OMIMOOK H
BOCCTaHOBJICHMSI,0OHU OKAa3bIBAIOTCS JIOCTATOUYHO JUIMHHBIMU. [loaTomy iyuiie
0(pOPMHUTH HX B BHJC OTACIBHBIX (DYHKIWH,9eM MOBTOPSATH COOTBETCTBYIOIIHIMA
TEKCT MOBCIONY B mporpamme. KpoMe Toro, HyXHa OTHeNbHASS (QYHKIUS TS
BEIOOPKY 3 BBOJIA CIICAYIOIICH OIepaIuy Wi oriepania. Takum o0pa3oM, CTpyK-
Typa IporpaMMbl UMEET BU:

WHILE ( nmocTymnaeT omnepaumMs MM OIEpPaHI, a He KOHel
IF ( uwmcio )

IIOMECTUTL €eI'0 B CTeK

eLSE IF ( omepauus )

BHIHYTH OIEPaHOE M3 CTeKa

BHIIIOJIHUTE OIepaLuio

IIOMECTUTL PEe3yJIbTaT B CTEK

ELSE

ourOKa

OCHOBHO¥ BOIPOC, KOTOPBIX emle He ObUT 0OCY)KIEH, 3aKITIOYaeTCs B TOM,IIE
nomMecTuTh crek, T. E. Kakue nmpouenypsl cMoryT oOpamarbcs K HeMy
HenocpeAcTBeHHO. OiHa U3 TaKUX BO3MOXKHOCTEN COCTOUT B NOMEILEHUH CTEKa B
MAIN u mepenauu caMoro creka M TEKyIled MO3ULHMH B CTeKe (QYHKLIHUSIM,
paboratomum co crexkoM. Ho dynkmrm MAIN HeT HE0OXOIMMOCTH MUMETh JIENO C
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NIEpEMEHHBIMY, YIPABISIONMMH CTEKOM; €l €CTECTBEHHO PacCy’kKAarh B TEPMUHAX
TIOMETIEHHSI YMCENl B CTEK M M3BIIEUSHHS MX OTTY/Ia. B cuity 3T0ro Mel perminm caenars
CTEK U CBS3aHHYIO C HUIM MH(OPMALHIO BHEIIHUMH NIEPEMEHHBIMH , TOCTYIIHBIMU
¢ysaxkmsam PUSH (momemenue B crex) u POP (u3Bnedenne n3 creka), Ho He MAIN.

[TepeBon 3T0ii cXeMbI B IpOrpaMMy JI0OCTaTOYHO NPOCT. Benymmas nporpamma
SIBIISIETCSI 110 CYLIECTBY OOJIBLIMM IEPEKIIIoYaTeIeM 110 THILY OIepaluy HiH
orepaHy; 3T0, IIO-BUANMOMY, OoJIee XapaKTepHOE IPUMEHENe MePeKITIouaTes,
4YeM TO, KOTOpoe OBbIIO MPOJIEMOHCTPUPOBAHO B IVIaBe 3.

#DEFINE MAXOP 20 /* MAX SIZE OF OPERAND, OPERATOR *
#DEFINE NUMBER ‘0’ /* 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 (“M\T$F\N”, PUSH (POP())) ;

BREAK;

CASE ‘C’:

CLEAR() ;
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BREAK;

CASE TOOBIG:

PRINTF (*%.20S ... IS TOO LONG\N”,S)
BREAK;

/)

/)

#DEFINE MAXVAL 100 /* MAXIMUM DEPTH OF VAL STACK */
INT SP = 0; /* STACK POINTER */
DOUBLE VAL[MAXVAL]; /*VALUE STACK */
DOUBLE PUSH (F) /* PUSH F ONTO VALUE STACK */
DOUBLE F;

/(

IF (SP < MAXVAL)

RETURN (VAL [SP++] =F); ELSE / (
PRINTF ("ERROR: STACK FULL\N”);
CLEAR() ;

RETURN (0) ;

/)

/)

DOUBLE POP () /* POP TOP VALUE FROM STEACK */
/(

IF (SP > 0)

RETURN (VAL [-SP]); ELSE / (

PRINTF ("ERROR: STACK EMPTY\N”);
CLEAR() ;

RETURN (0) ;

/)

/)

CLEAR () /* CLEAR STACK */

/(

SP=0;

/)

Komanga C ounmraet crek ¢ nomompbio ¢pynknuun CLEAR, xotopas Takxke
HCHonb3yercs B ciydae omnoku pynkuusmu PUSH u POP. k dyukuun GETOP
MBI O4EHb CKOPO BEPHEMCS.

Kak y»xe roBopmiocs B miiaBe 1, mepeMeHHas ABJSETCS BHEUIHEW, eCIl OHA
onpezieNieHa BHE Tella Kakoi Obl TO HU ObUT0 (yHKIHH. [103TOMY CTEK U yKa3aTelb
CTeKa, KOTOpbIe JOJDKHBI ucnoib3oBarbes pynkmusmu PUSH, POP u CLEAR,
onpezeneHbl BHE 3TUX Tpex ¢yHkiwid. Ho cama ¢pynkmmus MAIN He ceplaetcs HA
K CTEKY, HH K YKa3aTeJI0 CTeKa - UX yJacTHe TIIAaTeIbHO 3aMacKupoBaHo. B cuiy
3TOr0 YacTh MPOTPAMMBI, COOTBETCTBYIOIIAA ONEPAlUd = , UCIOIb3YyeT
KOHCTPYKIIHIO
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PUSH (POP () ) ;

JUIS1 TOTO, YTOOBI IPOAHAIM3UPOBATH BEPXHUI AJIEMEHT CTEKa, HE N3MEHSIS €T0.

OTMeTHM TaKXke, 4TO TaK KaK ONepalyu + 1 * KOMMYTaTHUBHBI, IIOPSI0K, B
KOTOPOM OOBEANHSIOTCS N3BJICUEHHBIE OIEPaHIbl, HECYIIECTBEHEH, HO B ClIydae
oreparyi - 1 / He0OXOMMO Pa3IN4aTh JE€BbIH U IPaBbIA ONEPaH/IBI.

Ynpaxuenue 4-3.

[IpuBeneHHas OCHOBHAs CXeMa JIOIYCKaeT HETIOCPEICTBEHHOE PACIINPEHIE
BO3MOYKHOCTEH KaJbKyJIsTopa. BKITIOUKTE Oneparuo AeneHus mo Moay.o /%/ n
YHapHBI MUHYC. BiIounTe KOMaHmy “crepeTh’, KOTOopas ymaaJiseT BEPXHHI
SNIEMEHT CcTeKa. BBeaure koMaH/ibl i paboThl C MEPEMEHHBIMH. /JTO MPOCTO,
€CIIM MMEeHa MEePEeMEHHBIX OyIyT COCTOATH M3 OJHOW OYKBBI M3 MMEIOIIUXCA
JIBAJILIATH IIECTH OyKB/.

4.5. NMpaBuna, onpegensowme obnacts 4EeNCTBUA.

DYHKIMY U BHEIIHUE NIEpEMEHHbIE, BXOAsUIe B cocTaB “C”-nporpaMmbl, He
00s13aHBI KOMITIITHPOBATHCS OMTHOBPEMEHHO;, IIPOrpaMMa Ha HCXOTHOM SI3BIKE MOYKET
pacronaratbCs B HECKOJBKHX (haiiiax, U paHee CKOMITIITHPOBAHHBIC PO PhI
MOTYT 3arpy»karbcs u3 OnodmmoTek. /[Ba Bonmpoca npeacTaBIsiioT HHTEpPEC:

Kak crmenyer cocTaBisiTh ONMHCaHUsA, YTOOBI IMEPEMEHHBIE PABIIBHO
BOCIIPUHUMAJIUCH BO BPEMSI KOMIWIISILIUU 7

Kak cnemyer cocTaBnsaTh OMUCaHUsI, YTOOBI 00ECIICYNTh MPABUIBHYIO CBSI3b
4yacTel MporpaMMel Mpu 3arpy3ke ?

4.5.1. ObnacTtb oencTBUA.

OO6nacTpio IEHCTBHA NMEHH SIBJISIETCS Ta YacTh MPOrPaMMBI, B KOTOPOH 3TO
ums omnpezaeneHo. st aBToMaTHyeCckOl MepeMeHHOM, ONMMCAaHHOW B Hayalie
GbyHKIMH, 001aCThIO NEHCTBUS SIBISIETCS Ta (QYHKLUS, B KOTOPOI OMHCAHO UM
ATOU MEePEMEHHOH, a IEPEMEHHBIC M3 Pa3HBIX (YHKIUI, IMEIOIINE OAUHAKOBOE
UM, CIUTAIOTCSA HE OTHOCSAIIMMUCS OPYT K APYTy. DTO KE CIPaBEINBO U IS
apTyMEeHTOB (DYyHKITUH.

OO6nacTh AeWCTBYS BHEITHEHW IEPEMEHHOM MTPOCTUPAETCS OT TOUKH, B KOTOPOI
OHa 00BSIBJICHA B UCXOMHOM (haiiie, 10 KoHIa 31oro ¢aiina. Hampumep, eciiu VAL,
SP, PUSH, POP u CLEAR omnpeneneHsl B 01HOM (¢aiiie B IOpsAIKe, YKa3aHHOM
BBIIIIE, & IMEHHO:

INT SP = 0;

DOUBLE VAL[MAXVAL];
DOUBLE PUSH(F)
DOUBLE POP ()
CLEAR()

To nnepemernbie VAL u SP MmoxkHo ncnonbszoBats B PUSH, POP u
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CLEAR npsiM0 10 UMEHH; HUKAKUE TOTOJIHUTEIbHBIE ONTMCAHUS HE HY)KHBI.

C npyroii CTOpOHBI, €CJIU HY>KHO COCIIaThCs Ha BHEIIHIOO IEPEMEHHYIO JI0 €€
OTIpENICIICHUS, HITH €CITU TaKas IepeMeHHasl onpeiesicHa B (haiie, OTIMYHOM OT
TOTO, B KOTOPOM OHa HCIIONb3yeTcsi, To Heooxoaumo onucanne EXTERN.

BaxHo pasznuuarh omucaHue BHEIIHEH MEPEeMEHHOW U €e ompelesieHue.
OIHCaHKE YKa3bIBAET CBOMCTBA IIEPEMEHHOM /ee THIL, pa3Mep U T.11./; OTIpeICIICHIE
K€ BBI3BIBACT €IIIC U OTBEIICHHE MaMsTH. Eciy BHE Kakoii ObI TO HU OBLIO (DYHKITUH
MOSIBJIAIOTCS CTPOUKH

INT SP;
DOUBLE VAL[MAXVAL];

TO OHHM OIPENENISAIOT BHElIHNUE niepeMeHHble SP u VAL, BBI3BIBAIOT OTBECHUE
MaMATU U1 HUX U CIY>KaT B KaY€CTBE OMMCAHUA JUIsl OCTAJIbHOM YacTH 3TOTO
ucxomHoro ¢aiina. B To ke BpeMs CTpoUKH

EXTERN INT SP;
EXTERN DOUBLE VAL[];

OIMCHIBAIOT B OCTAJILHOM YacTH 3TOro HCXOHOTO (haiina mepemennyto SP kak
INT, a VAL kxak maccus tira DOUBLE /pa3mep koToporo ykas3aH B Jpyrom mecte/
, HO HE CO37aI0T IEPEMEHHBIX U HE OTBOJAT UM MECTa B MaMSTH.

Bo Bcex (haiiinax, cocTapIISIOMINX HCXOIHYIO PO PAMMY, JIOTDKHO COIEPIKaThCs
TOJIBKO OJTHO OIIpe/ieiIeHNe BHEIIHEH epeMeHHOM; Apyrue (aiiibl MOryT cozeprkarb
orcanust EXTERN nist nocryna k Heit. /Onucanne EXTERN moxxer uMeTsest v B
ToM (haiine, rne HaxomuTcs onpeneseHue/. Jlrobas MHUIMATM3aUKs BHEIITHEH
[EPEMEHHON MPOBOJUTCS TOIBKO B ONpPEJENEHUH. B ompeneneHun NOJIKHBI
YKa3bIBaThCs Pa3Mepbl MACCUBOB, a B onucanul EXTERN sToro MoxHO He fenars.

Xots 107100Has1 OpraHHU3aLyst HPUBEEHHOH BBIIIIE ITPOrPaMMBI M MAJIOBEPOSTHA,
HO VAL u SP moriu ObI OBITE OIpesieNieHbl 1 MHUIMAIM3UPOBaHbI B OTHOM (aiiie,
a ¢pynkms PUSH, POP u CLEAR onpezernens! B ipyrom. B atom ciydae 1yst cBsizn
ObLTH OB HEOOXOIMMBI CIIEYIOIIHE OTIPEACIICHUS 1 ONIMCaHUSL:

B (aiine 1:

INT SP = 0; /* STACK POINTER */
DOUBLE VAL[MAXVAL]; /* VALUE STACK */

B (haiine 2:

EXTERN INT SP;
EXTERN DOUBLE VAL[];
DOUBLE PUSH (F)
DOUBLE POP ()

CLEAR ()

tak kak onucanust EXTERN ‘B ¢aiine 1’ HaxonsdTcs BbIIE M BHE TpeX
YKa3aHHBIX (YHKIWH, OHM OTHOCSITCS KO BCEM HHM; OJHOTO Habopa ONmMCcaHui
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JIOCTaTOYHO JJIst Beero ‘¢aitna 2.

Jist mporpamm OoJbIIoro pasmepa oOCykJaemasi I03Ke B 3TOH IIaBe
BO3MOXKHOCTh BKItoueHUs (paitnos, #INCLUDE, mo3BonseT uMeTh BO BCei
nporpamMme Tojibko ogHy konuto onucanuit EXTERN u BcTaBisTh €€ B KaKIbIN
WCXOJHBIN (haiil BO BpeMsl €ro KOMITMIISILIAY.

Ob6patumes Teneps k pyHkuuu GETOP, BeiOuparomeit u3 daiina BBozxa
CIEYIOUIYI0 onepanuto win onepany. OCHOBHas 3ajada IpOCTa: MPOMYCTUTH
po0OeIIbl, 3HaKU TaOyISIMK U HOBBIE CTPOKH. Ecin cieqyromuii cuMBOI OTIMYEH
OT 1IM(PBI U IECITUIHOM TOUKH, TO BO3BPATUTH €ro. B mporuBHOM citydae codpars
CTPOKy L]p /OHa MOXKET BKIIIOYATh AECATHYHYIO TOUKy/ M Bo3Bpatutb NUM-
BER xak cursai o Tom, 4To BEIOPaHO YHCIIO.

IIponenypa CyImecTBEHHO YCIOXHSETCS, €CIU CTPEMHUTHCS MPaBUIBHO
00pabaThIBaTh CUTYaIMIO, KOIJIa BBOJMMOE YHCIIO OKa3bIBACTCS CIHIIKOM
JumHHBIM. @yHK1ms GETOP cunrsiBaeT mudpbl oxpsi /BO3MOXKHO € AE€CITUIHON
TOYKOH/ ¥ 3alIOMHHAET X, [T0Ka II0CJIEI0BATEILHOCTD He NpepbiBaeTcs. Eciu npu
STOM HE IIPOUCXOAUT IeperoHeHus, To ¢pyHKIwms Bo3Bpamaer NUMBER u crpoky
mudp. Ecnu ke uncno okaseiBaeTcs ciumikoMm AauHHEIM, T0 GETOP orOpacs-
BaeT OCTAJbHYIO YaCTh CTPOKU M3 (haiiia BBOAA, TaK YTO IOJIb30BATENb MOXKET
IIPOCTO TIepernedararb 3Ty CTPOKY C MecTa OmNOKHW; QyHKIHUsS BO3BpaIIaeT
TOOBIG kak cursan o nepenoJIHeHNH.

GETOP (S, LIM) /* GET NEXT OPRERATOR OR OPERAND */
CHAR S[];

INT LIM;

INT I, C;

WHILE ((C=GETCH())==" "\!\! C=="\T’ \!\! C=="\N’)
IF (C !'= .7 && (C < 0" \!\!' C > '9"))
RETURN (C) ;

S[0] = C;

FOR(I=1; (C=GETCHAR()) >='0' && C <= '9’; I++)
IF (I < LIM)

S[I] =¢C;

IF (C == ‘.7) /* COLLECT FRACTION */
IF (I < LIM)

S[I] =¢C;

FOR (I++; (C=GETCHAR()) >="0"' && C<="9';I++)
IF (I < LIM)
S[I] =C;

IF (I < LIM) /* NUMBER IS OK */
UNGETCH (C) ;
S[I] = *"\0'";
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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 xe npeactapisitot u3 ceost pynkiwm ‘GETCH’ u ‘UNGETCH’? Yacto Tak
OBIBACT, YTO POrPaMMa, CYMTHIBAIOIIAS BXOJHBIC TAHHBIC, HE MOXKET OIIPEICIIUTh,
YTO OHA MPOYIA yXKE JOCTATOYHO, [T0OKA OHA HE IPOYTET CIUINKOM MHOTO. OMHIM
13 IPUMEPOB SBJISIETCS BEIOOP CHMBOJIOB, COCTABIISIIOIIMX YHCIIO: ITOKA HE MOSIBUTCS
CHUMBOJI, OTIMYHBIA OT IH(QPEI, YKCI0 He 3akoH4YeHO. Ho mpu 3ToM mporpamma
CUUTBIBAET OVH JIMIIHUI CUMBOJI, CHMBOJL, /1715l KOTOPOT'O OHA €111€ HE IOATOTOBJIEHA.

Ora npobiema Obl1a ObI penieHa, eciii 0l ObLIO OBl BO3MOXKHO “TIPOYECTh
o0paTHO” HeXeJIaTeJIbHBIH cUMBOJI. Torna Kaxabli pas, MpOYUTaB JIMIIHUN
CHUMBOJ, MPOrpaMMa MOIJIa OBl IOMECTUTH €ro 00paTHO B (aiiil BBOJA TaKHM
00pa3oM, 4TO OcTajbHAsI YaCTh IMPOTrPAMMBI MOIJIa ObI BECTH CeOs TaK, CIOBHO
9TOT CUMBOJI HUKOTJIA HE CYMTHIBAJICS. K CYACThIO, TAKOE HETOyUCHIE CUMBOJIA
JIETKO MIMMHTHPOBATH, HATIMCAB MApy JICHCTBYIONIIX COBMECTHO QPYHKIHA. DyHK-
uust GETCH nocraBisieT cieayromuid CUMMBOJI BBOAA, MOAJEKAIIUN pac-
cmorpennto; ¢pyrkius UNGETCH nomemaer cuMBOI Ha3ad BO BBOI, TaK 4TO
npu cienytomem oopamenny kK GETCH on Gyner Bo3BpaleH.

To, kak 3TH (QYHKIIMH COBMECTHO paboTaroT, BechMa mpocTo. OyHKIuA
UNGETCH nomeriaet Bo3BpaiaeMbie Ha3a CAMBOJIBI B COBMECTHO HCTIONIb3YEMBIi
oydep, sBitrommuiics cumMBobHbIM MacckBoM. OyHkims GETCH yuraer u3 sToro
Oydepa, ecim B HeM 4TO-IHO0 MMEETCs; €CITH ke Oydep myct, oHa oOparaeTcs K
GETCHAR. IIpu 5TOM Tarke Hy»KHa HHIESKCUPYIOIIas TepeMeHHas1, KoTopast OyJeT
(UKCHPOBATH MO3HUIIMIO TEKYIIIETO CHMBOJIA B Oydepe.

Tax kak Oydep u ero HHAEKC COBMECTHO Hctonb3ytores pyaknusvu GETCH
u UNGETCH u gomkHBI COXpaHSITh CBOM 3HAQUYEHHUS B MEPUOT MEXKIY
00paIlleHUsIMU, OHU JIOJDKHBI OBITh BHEITHUMH ISl 00enX (QyHKuuid. Takum
o6pazom, Mbl MoskeM Hanucarb GETCH, UNGETCH u 5TH nepeMeHHbIe Kak:

#DEFINE BUFSIZE 100

CHAR BUF[BUFSIZE]; /* BUFFER FOR UNGETCH */

INT BUFP = 0; /* NEXT FREE POSITION IN BUF */
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”);
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ELSE
BUF [BUFP++] = C;

MpbI UCTIONB30BANM Ul XPAHEHUS BO3BPALAEMbIX CUMBOJIOB MacCHUB, a He
OT/CIIBHBIA CHMBOJI, TIOTOMY YTO TakKas OOI[HOCTh MOXXET MPUTOJUTHCS B
aJbHEHIIIEM.

Ynpaxuenue 4-4.

Hanwmmre dpynknuio UNGETS(S) , kotopas OyzeT Bo3Bpamiath BO BBO IIETYIO
crpoky. Jlomxnaa mu UNGETS umets neno ¢ BUF n BUFP min oHa MOXkeT IpocTo
ucnons3oBars UNGETCH ?

Yupaxkuenune 4-5.
IIpennonoxkute, 4T0 MOXKET BO3BpAILaThCs TOIbKO OAMH CUMBOA. 3MeHuTe
GETCH u UNGETCH co0TBeTCTBYIOIIAM 00pa3oM.

Ynpaxuenue 4-6.

Hamm ¢pyaxkunn GETCH 1 UNGETCH He obecrnieunBaroT 00pabOTKy BO3B-
pamennoro cumBosia EOF mepeHocuMbiM 00pa3zom. PemnTe, kakuM CBOMCTBOM
IIOJDKHBI 0051a1aTh 3TH (pyHKIMH, eciiu Bo3Bpamaercs EOF, u peanu3syiite Bamu
BBIBOJIBL.

4.6. CTaTn4yeckme nepemMeHHble.

Craruyeckue NepeMeHHbIe TPEACTABISIOT COO0H TpeTHH Kiacc MaMsTH, B
JonoyHeHUHU k aBToMaTrueckuM nepemMeHHbIM 1 EXTERN, ¢ KOTOpbIMU MBI yike
BCTPEYAIIHCh.

Crarudeckue repeMeHHbIe MOTYT OBIT JIN00 BHYTPEHHUMHU, THO0 BHEITHAMH.
BHyTpeHHUe cTaTuueckue MepeMEeHHbIe TOUHO Tak kK€, KaKk U aBTOMaTU4eCKue,
SIBILSIEOTCS JIOKTBHBIMH JUTsI HEKOTOPOH (PYHKIINH, HO, B OTIMYKE OT aBTOMaTHYECKHX,
OHH OCTAFOTCSI CYILIECTBOBATD, a HE TIOSIBISIIOTCS M ICUE3at0T BMECTE C 00pallleHueM
K 9TOH (DyHKIMH. 3TO O3HAYaeT, YTO BHYTPEHHHE CTATHYECKUE IepEeMEHHBIE
o0ecreunBaloT IIOCTOSTHHOE, HEIOCTYIIHOE M3BHE XpaHEHHE BHYTPH (PyHKLHH.
CHUMBOJIBHBIE CTPOKH, MOSIBILSIOIINECS BHYTPH (DYHKIMH, KaK, HAIIPHIMED, apI'yMEHTBI
PRINTF , sBnsit0TCSI BHyTPEHHUMHM CTaTUUECKUMH.

BHemHue crarndeckue NepeMEHHBIE ONPEAEIEHBl B OCTAIbHOM YacTU TOTO
UCXOAHOTO (haiiina, B KOTOPOM OHH OITHCAHbI, HO HE B KAKOM-TIHOO0 JIpyroM daiiie.
Takum 00pa3om, OHH JaroT criocod CKpbIBaTh nMeHa, nonoousie BUF u BUFP B
xomOuHatm GETCH-UNGETCH, xotopble B CHITy X COBMECTHOTO HCIIONIb30BaHMs
JIOJDKHBI OBITh BHEIITHUMHU, HO BCE )K€ HE JIOCTYIHBIMH i1 nos3oBareneit GETCH
u UNGETCH , 9To0BI HCKITIOYaIach BO3MOXKHOCTh KOoH(UKTa. Eciu 3T! 1BE
(YHKLIMH U JIBE TIepEeMEHHbIE 00BEICHUTH B OJJHOM (haiiiie ciemyomumm o0pasoM

STATIC CHAR BUF[BUFSIZE]; /* BUFFER FOR UNGETCH */
STATIC INT BUFP=0; /*NEXT FREE POSITION IN BUF */
GETCH ()

UNGETCH ()
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TO HUKaKast JApyras GyHKuus He Oynet B coctostnuu ooparutses kK BUF u BUFP;
(bakTHYeCcKH, OHU He Oy/yT BCTYIATh B KOH(IMKT C TAKUMH K€ UMEHAMH U3 APYTUX
(aiisoB TOM ke caMO ITPOrpaMMBI.

Craruueckast TaMsTh, Kak BHYTPEHHSS, TaK M BHELIHSS, crieuduiupyercs
cnoBoM STATIC , crosiuim nepes oObIYHBIM onucanueM. IlepeMenHas siBisiercst
BHEIITHEH, €CIIM OHa OITMCaHa BHE Kakoil Obl TO HU OBbUTO (PyHKIIMH, U BHYTPEHHEH,
€CJIM OHA OIMCaHa BHYTPU HEKOTOPOH (DYHKITHH.

HopmanbHo (yHKIMH SBIISIOTCS BHEITHIMU 00BEKTAMH; UX UMEHA U3BECTHBI
[100aJIFHO. BO3MOXHO, OJJHaK0, 00BsABUTH (hyHKIHIO Kak STATIC ; Torna ee ums
CTaHOBUTCSI HEM3BECTHBIM BHE (haiiiia, B KOTOPOM OHO OIHCAHO.

B s3pike “C” “STATIC” oTpaxaet He TOJIBKO OCTOSIHCTBO, HO U CTENIEHB TOTO,
YTO MOKHO Ha3BaTh “NPHBATHOCTHbIO”. BHyTpeHHHe craTmueckue 0OBEKTHI
OTIpeIeTICHBI TOJIBKO BHYTPH OJHOM (DYHKIIMH; BHEIIHHE CTATHYEeCKNUE OOBEKTHI /
nepeMeHHbIe WK (PYHKIHHU/ ONpeIeNIeHbI TOIBKO BHYTPHU TOTO UCXOIHOTO (aiina,
I/Ie OHM MOSIBIISIFOTCS, M NX MMEHA HE BCTYTAIOT B KOH(IUKT C TAKUMH 5K€ UMEHAMHU
NepeMeHHbIX U QpyHKIUI U3 IpyTrux ¢aiios.

BHemnue crarndyeckue nepeMeHHble U (YHKIMHU MPENOCTaBISIOT CIOCo0
OpTraHHU30BBIBATH JIAHHBIE ¥ pabOTarOIIe C HUIMHU BHYTPEHHHE [TPOLELYPBI TAKHM
00pa3om, 4To APyrue Mpoueaypsl U JaHHbIE HE MOTYT IPHHTH C HUMH B KOH(JIUKT
Jnaske 1o Henopasymenuto. Hanpumep, pynknmun GETCH n UNGETCH o6pasyror
“Momynes” st BBoa M Bo3BpameHust cuMBoioB; BUF u BUFP momkHBI OBITH
CTaTHYECKUMH, YTOOBI OHH He OBIIM OCTYIHBI M3BHE. TOUHO Tak ke QyHKIHNU
PUSH, POP u CLEAR ¢opmupytor Moayns oopabotku creka; VAR u SP toxe
JIOJDKHBI OBITH BHEITHIUMH CTaTHYECKIMHU.

4.7. PeructpoBble IEpEMEHHEIE.

UeTBepTshlii ¥ OCIETHUN KIACC TAaMATH Ha3bIBa€TCs PErUCTPOBLIM. OnucaHue
REGISTER yxka3blBaeT KOMIWIATOPY, YTO JaHHAs NepeMeHHas OyIeT 4acTo
rcnonb3oarbest. Korna 310 Bo3MoxHO, nepemMenHsbie, onucannuble kak REGISTER,
pacronaratoTCcsl B MalllMHHBIX PETUCTPaX, YTO MOXKET MPUBECTU K MEHBIIUM I10
pa3mepy u 6onee obicTphM porpammaM. Ormcanre REGISTER BoImsanT kak

REGISTER INT X;
REGISTER CHAR C;

u T.0.; 9acth INT moxeT ObITh omymena. Omucanue REGISTER moxHO
HCIIOJBb30BaTh TOJBKO JJISI aBTOMAaTHYECKHX MEPEMEHHBIX U (OpPMabHBIX
mapaMeTpoB QyHKIHA. B 3TOM mocinenHeM ciydae OMHCAHUS BBITIISAAT
CIEIYIONINM 00pa3oM:

F(C,N)
REGISTER INT C,N;

REGISTER INT I;
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Ha npaxTyike BO3HHKAOT HEKOTOPbIE OFPAHUYEHUsS] HA PETUCTPOBBIE IEPEMEHHBIE,
OTpaKarOLIYE PeaIbHbIE BO3MOKHOCTU UMEFOLIMXCS allapaTHbIX CPeACTB. B peructpel
MOYKHO HOMECTHTB TOJIBKO HECKOJIBKO IIEPEMEHHBIX B KK/IOHM (DYHKIIUH, IPHYEM TOIBKO
OIPEIENIEHHBIX TUIOB. B ciTyuae npeBbIlieHus BO3MOKHOTO YUCIIA WIH HCTIONb30BaHHUs
HepaspemeHHbIx TunoB caoBo REGISTER urnopupyercs. KpoMe Toro HeBO3MOXHO
U3BJICYb AJPEC PETUCTPOBOI IIEPEMEHHOH (3TOT BOIPOC 00CYKIACTCA B IaBe 5). DTH
crien(IecKre OrpaHNYeHNs! BApbUPYIOTCSI OT MAILIMHBI K MaIuHe. Tak, Harpumep,
Ha PDP-11 a¢dexrrBabIMU sBISIOTCS TONBKO niepBble Tpu ormicaHusi REGISTER B
(yHKIMH, a B Kadectse TUIOB jomyckatorest INT, CHAR nim ykasarens.

4.8. Bno4yHas cTpykTypa.

S3b1k “C” He sABIAETCS SA3BIKOM C OJIOUHOI CTpyKTypoil B cMmbiciie PL/1 unn
aJrosia; B HEM HEJIb3sl OITUCHIBATH OHU (DYHKIMH BHYTPH JAPYTHX.

[epemeHHBIE K€, ¢ APYTOI CTOPOHBI, MOTYT OIIPENEIISITHCS IT0 METOLY OJIOYHOTO
CTpyKTypHupoBaHus. OnrcaHus epeMEHHBIX (BKIII0Yasi MHUINATM3AIMI0) MOTYT
CJIeIoBarh 3a JIeBOW (MIypHON CKOOKOW,0TKpHIBAIOIIEH J11000I omeparop, a He
TOJIBKO 3a TOH, C KOTOpOol HauuHaeTcst Teso GyHKuuu. IlepeMeHHbIe, OnrcaHHbIe
TaKUM 00pa3oM, BBITECHSIOT JIFOObIE IIEpEMEHHBIE U3 BHEIITHNX OJIOKOB, HMEIOIINE
TaKkue K€ UMEHa, U OCTAIOTCS ONpPEJEeCHHBIMH 10 COOTBETCTBYIOLIEH MpPaBOil
¢urypHoii ckooku. Harpumep B

IF (N > 0)
INT I; /* DECLARE A NEW I */
FOR (I = 0; I < N; I++4)

O6nacThio AefcTBYs epeMeHHoH | siBistiercs “nctunnast” BeTBb IF; 1o I HuKak
HE CBA3aHO HU C KAKUMU JIpyrumiu I B mporpamme.

Bbrounast cTpykrypa BiuseT U Ha 00JacTh NEHCTBHS BHEIITHUX IT€PEMEHHBIX.
Ecnu nans! onucanus

INT X;
F()

DOUBLE X;

To nosiBnenne X BHyTpH QyHKIMH F OTHOCHTCS K BHYTpEeHHEH ITepeMeHHON
tuna DOUBLE, a BHe F - k BHemIHel L1e/101 TepeMEHHON. 3TO XK€ CIIPABEIUBO B
OTHOIIEHNH UMeH (POPMaNIbHBIX IIAPaMETPOB:

INT X;
F(X)
DOUBLE X;
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Buytpu ¢yakimu F ums X otHOCHTCS K popMaIbHOMY mapaMerpy, a He K
BHEIIHEHN NepeMeHHOH.

4.9. UHnumnanusauus.

MBI 10 cuX HOp yXe MHOIO pa3 YIOMHHANIM WHUIUAIW3ALUI0, HO BCErna
MHMOXOJIOM , CPEIN JIPYTHX BONPOCOB. Temneps, NOCIe TOro Kak Mbl 00CyAnIn
pa3IUuHbIE KJIACCHl MAMSTH, MBI B 9TOM pa3Jene MPOCYMMUPYEM HEKOTOPHIE
IIPaBUJIa, OTHOCSIIIMECS K MHUIMATU3ALIH.

Ecnn sBHas MHMIMAIM3alMs OTCYTCTBYET, TO BHEIIHUM M CTAaTHYECKHUM
[EPEMEHHBIM [IPUCBANBAETCS 3HAYEHUE HYNb; aBTOMAaTHUECKUE U PETUCTPOBLIE
NIepeMEHHbIE IMEIOT B 3TOM CIIydae HeOollpeieIeHHbIe 3Ha4eH!s (Mycop).

[MpocTeie mepeMeHHbIe (HE MAacCHBBI MJIM CTPYKTYpbl) MOXXHO HHH-
LUAJIM3UPOBATh P MX OIMUCAHUH, J00aBIIsIs BCJIEN 32 UMEHEM 3HAK PaBEHCTBA U
KOHCTaHTHOE BBIPAKEHHE:

INT X = 1;
CHAR SQUOTE = ‘\'’;
LONG DAY = 60 * 24; /* MINUTES IN A DAY */

JIyist BHEIIHUX M CTATHYECKUX NMEPEeMEHHbBIX MHUIMAIN3AIMs BHITOIHSICTCS
TOJIBKO OJUH pa3, Ha 3Tale KOMIUISAIUU. ABTOMaTHYE€CKUE U PErUCTPOBBIE
NepeMeHHbIe HHUIIMAIN3UPYIOTCS KayKAbIHA pa3 IpH BXoze B (QYHKIMIO HIIH OJIOK.

B ciy4ae aBTOMaTHUECKUX U PETHCTPOBBIX IEPEMEHHBIX HHUIMATIU3ATOP HE
00s13aH OBITH KOHCTAHTOI: Ha CaMOM JIeJIe OH MOXET OBITH JIIOOBIM 3HAYMMBIM
BBIP)KEHHEM, KOTOPOE MOXKET BKJIFOUATh ONPEECICHHbIE PAHEE BEIMUNHBI U aXKe
oOpamenus k GyHkuusM. Hanpumep, nHUIManu3anys B nporpaMmme OMHapHOTO
IIOMCKa U3 IMIaBbl 3 Moruia Obl OBITh 3amKcaHa B BUJE

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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Io cBoeMy pe3ynbTary, HHULMATU3aLUH ABTOMATHYECKUX IEPEMEHHBIX SIBIISIFOTCS
COKpaIIeHHOH 3aIMChI0 OIIepaTopoB NprcBanBanus. Kakyro gopmy npenmnodects - B
OCHOBHOM JI€JI0 BKYCa. MbI OOBIYHO HCITOJIB3YEM SIBHBIE TIPUCBAaNBAHMS, IIOTOMY UTO
MHHLANN3a0us B OMMCAHUSIX MEHEE 3aMETHa.

ABTOMaTHYECKHE MacCHBBI HE MOT'YT OBITh MHHIIMAIU3UPOBaHbl. BHemHE 1
CTaTUYECKUE MACCHUBBI MOXKHO MHULIMAIN3UPOBATh, IOMENIas BCIIE 33 OIUCAHUEM
3aKJIF0YEHHBIHN B (PUTypHBIE CKOOKH CIIMCOK HauyaJIbHBIX 3HAYECHHUH, Pa3IeIeHHbIX
3ansThIMH. Hanpumep mporpaMma mojcuera CHMBOJIOB M3 INaBbl 1, KoTopas
HaYMHAJIACh C

MAIN () /* COUNT DIGITS, WHITE SPACE, OTHERS */
(

INT C, I, NWHITE, NOTHER;

INT NDIGIT[10];

NWHITE = NOTHER = O0;

FOR (I = 0; I < 10; I++)

NDIGIT[I] = 0;

)

Osxer ObITh neperurucada B BUIC

INT NWHITE = 0;

INT NOTHER = 0;

INT NDIGIT[10] = O, O, O, O, O, O, O, O, O, O ;
MAIN () /* COUNT DIGITS, WHITE SPACE, OTHERS */
(

INT C, I;

)

OTH UHUIMATU3AUKA (PaKTHUECKU HE HY)KHBI, TAK KaK BCE MMPUCBAUBAEMbIE
3HAYEHHUS PABHBI HYIIO, HO XOPOUIMI CTUJb - CIENaTh UX SBHBIMH. Eciu
KOJINYECTBO HAYAJIbHBIX 3HAYSHUI MEHbIIIE, YeM YKa3aHHBIN pa3Mep MacCUBa, TO
OCTaJIbHBIE HIIEMEHTBI 3AMOIHSIOTCS HY/sIMU. [lepednciieHne CIUIIKOM OO0JBIIIOro
ypciia HadallbHBIX 3HAYEeHUN sBiseTcs omunbkoi. K coxanenuro, He
MPEyCMOTPEHAa BO3MOKHOCTh YKa3aHUsI, YTO HEKOTOPOE HAYallbHOE 3HAYEHHE
MOBTOPSIETCSI, Y HEJIb3sI HHUIIMAIM3UPOBATH HJIEMEHT B CEpPeInHE MacCuBa Oe3 repe-
YHCJIEHUS BCEX MPEABLIYIIHX.

Jlnss CHUMBOJIBHBIX MACCHBOB CYHIECTBYET CIelUaIbHBIH Ccr0OC00
MHUIUATTU3A1MH;, BMECTO (PUI'YPHBIX CKOOOK U 3alsThIX MOXXHO HCIIOJIB30BaTh
CTPOKY:

CHAR PATTERN([] = “THE”;

DT0 coKpaleHue 6oJiee UIMHHOW, HO SKBUBAJICHTHOH 3aITUCH:
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CHAR PATTERN[] = ‘T’, ‘H’, ‘E’, “\0’ ;

Ecnu pa3mep maccuBa j1000T0 THITA OITYIIEH, TO KOMITWIATOP ONPEEISIET ero
JUIAHY, TIOJICYUTHIBAs YMCIO HaYAIbHBIX 3HAYeHUH. B 3TOM KOHKpeTHOM cirydae
pasMep paBeH 4eThIpeM (TpH CHMBOJIA ILTI0C KoHeuHoe \0).

4.10. Pekypcus.

B s3pike “C” (pyHKIMH MOTYT HCIIOJIB30BAaThCS PEKYPCHBHO; 3TO O3HAYACT,
4TO0 (PyHKIMSI MOXKET MPSIMO MJIM KOCBEHHO oOpamarbcs K cebe caMoiu.
TpaauIIMOHHBIM IPUMEPOM SIBIISIETCS TI€9aTh YUCIA B BHJIE CTPOKH CHMBOJIOB.
Kak MbI y)Ke paHee OTMeqasu, LUl TEHEPUPYIOTCSl HE B TOM MOPSIIIKE: UPPBI
MJIQIINX Pa3psiJoB MOSBISIOTCS paHblle nudp U3 cTapuimx paspsgos, HO
[eYaraThCsi OHU JJOJKHBI B 00PaTHOM IMOPSIJIKE.

Oty npobieMy MOKHO pelTUTh AByMsI criocobamu. [1epBriii crtoco0, KOTOPBIM
MBI BOCITOJIb30BaJINCh B TiiaBe 3 B pyHkmu ITOA, 3akinrouaeTcst B 3alIOMUHAHUA
nupp B HEKOTOPOM MACCHBE IO MEpe MX MOCTYIUICHHUS M MOCIEAYIOUmEM HX
rmeyaraHud B ooparaom mopsiake. Ilepsoiit Bapuant ¢yukiuun PRINTD ciemyer
3TOM CXEME.

PRINTD(N) /* PRINT N IN DECIMAL */
INT N;

CHAR S[10];
INT I;

IF (N < 0)
PUTCHAR('-");
N = -N;

I=20;

DO

S[I++] =N % 10 + ‘0’; /* GET NEXT CHAR */
WHILE ((N /= 10) > 0); /* DISCARD IT */
WHILE (-=I >= 0)

PUTCHAR(S[I]);

o

AJNBTEepHATUBOI 3TOMY CIIOCOOY SIBISETCS PEKYPCUBHOE PELICHHE, KOI/a pU
kaxxaoM Bb3oBe (yHkuus PRINTD cravana cHoBa oOparaercs K cede, 4To0sl
CKOMMPOBATH JIMAUPYIOIIUE [U(PBI, a 3aTeM Meyaraet MoCIeJHIO Hudpy.

PRINTD (N) /* PRINT N IN DECIMAL (RECURSIVE)*/
INT N;

(

INT I;

IF (N < 0)
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PUTCHAR('-");

N = -N;

IF ((I = N/10) != 0)
PRINTD (I);

’

)
PUTCHAR(N % 10 + ‘0'");
)

Korama ¢yHkumst BbI3bIBaeT ceOsi PEKyPCHBHO, MPH KaKIOM OOpaIieHUU
oOpasyeTcst HOBBII HabOp BCEX aBTOMATHYECKHUX IIEPEMEHHBIX, COBEPIICHHO HE
3aBUCSIINN OT mpenpaymniero Habopa. Takum o6pazom, B PRINTD(123) nepsas
¢yukus PRINTD umeer N = 123. Ona nepemaet 12 sropoii PRINTD, a xoraa ta
BO3BpaIaeT ymnpasieHue ei, nedaraet 3. Touno tak sxe Bropast PRINTD nepenaer
1 TpeTheit (koTopas 3Ty eIUHUILY TIeUaTaeT), a 3aTeM revyaraer 2.

Pexypcust 00bI9YHO HE JaeT HUKAKOW SKOHOMHHH HaMSTH, MOCKOJIBKY
MIPUXOAUTCS TJIe-TO CO31aBATh CTEK IS 00pabaTsIBaeMbIX 3HaUeHMH. He mpuBomuT
OHa U K CO3IaHMI0 OoJiee OBICTPBIX porpamm. Ho peKypcrBHBIE TPOTpaMMBbI Oojiee
KOMITaKTHBI, ¥ OHHU 3a9aCTyI0 CTaHOBSTCS Oojee JISTKUMH Ui MMOHHUMAHUSA H
HanucaHusg. Pexkypcus oco6eHHO yaoOHa mpu paboTe ¢ peKypCHBHO
OTIPEeNIIEMBIMU CTPYKTypaMU JAaHHBIX, HAIPUMEp, C IEPEBBIMH; XOPOIIHHA
npumMep OyIeT MpUBEIeH B I1aBe .

Yupaxkuenne 4-7.

[Mpucnocodrre unen, ucnoiaszoBanubie B PRINTD nnst pekypcuBHOTO
nanmcanus ITOA; T.e. [IpeoOpasyiite meoe B CTPOKY C TOMOIIBIO PEKYPCUBHOM
IPOLETYPHI.

Ynpaxuenue 4-8.
Hanumure pexypcusnbiii Bapuant ¢pynkiuun REVERSE(S), koropas
pacronaraet B 00paTHOM MOPSIKE CTPOKY S.

4.11. Npenpoueccop sA3blka “C”.

[IP%L)

B s3p1Ke “C” IPEeayCMOTpPEHBI OTIpeieNICHHbIE PACIIMPEHHS I35IKa C IIOMOIIBIO
MIPOCTOT0 MaKPOMIPEANPOIECCOPa. OMHIM M3 CaMBIX PACHPOCTPAHEHHBIX TaKUX
pacimpeHnii, KOTOPOe MbI YK€ HCTIOBb30BaIH, siBNsieTcst KOHCTpyKIws #DEFINE;
JIPYTUM PACIINPEHUEM SBISIETCSA BO3MOKHOCTD BKITIOUATh BO BPEMSI KOMITMIISIIUN
COIlEPI)KUMOE IPYTHX (ailiioB.

4.11.1. BknroyeHue cdannos

st obneruyenust padbotel ¢ Habopamu koHCTpyKIuii #DEFINE u onmcanmii

(cpenu mpodnX CpescTB) B A3BIKE “‘C” MPEAyCMOTPEHa BO3MOXKHOCTD BKITFOUCHUS
¢aiinos. JIrobast cTpoka Buaa

#INCLUDE “FILENAME”
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3amensiercst copepkuMbiM (aiina ¢ umenem FILENAME. (KaBbruku 005-
3arenbHbl). YacTo oHa MM JBE CTPOKU TAKOTO BHUJAA MOSBISIOTCA B Hayaie
Ka)XJIOTO MCXOAHOTO (hailya, Uit TOro 4yToObl BKIIOYUTH OOIINE KOHCTPYKLHMU
#DEFINE u omucanus EXTERN mst mio6aneHBIX IepeMeHHBIX. JlomyckaeTcs
BIOXKeHHOCTh KOHCTpykimid #AINCLUDE.

Koncrpyknust #INCLUDE siBnsiercst IpeinodTHTENbHBIM CIIOCOO0M CBSI3U
OIMCaHUH B OOJIBLINX POrpaMMax. ITOT CHOCO0 rapaHTHUPYET, YTO BCE UCXOIHBIE
¢aiinpl OynyT cHaOXeHbl OJNMHAKOBBIMH OIpEICICHUIMH U ONMUCAHUIMU
TIepEMEHHBIX, U, CJIE0BATENIbHO, UCKITFOYaeT OCOOCHHO HEMPHUATHBII COPT OLIMOOK.
EcrectBenno, korna kakoi-TO BritoyaeMblil (haiin u3MeHsieTCsl, BCe 3aBUCSIIHIE
OT Hero (haisbl JOIKHBI ObITH NTEPEKOMITHIINPOBAHEI.

4.11.2. MakponogcTaHoOBKa
Ormpenenenue Buja

#DEFINE TES 1

MIPUBOIUT K MAKPOIOACTAHOBKE CaMOI'0 IPOCTOrO BUJA - 3aMEHE

nMeHH Ha cTpoKy cuMBoiioB. mena B #DEFINE umeror Ty e camyro

¢dopMy, 4TO U HACHTU(DHUKATOPHI B “C”’; 3aMEHSIOINI TEKCT COBEPIICHHO
npousBoieH. HopManbHO 3aMEHSIOIUM TEKCTOM SIBISETCS OCTalbHAs 4acTb
CTPOKH; UIMHHOE OIIpEeAesIeHne MOXKHO IPOIOJDKUTH, OMECTHB \ B KOHEIl
MIPOJOIDKaeMOit cTpoku. “O01acTh JelcTBUs UMeHH, onpeaeneHHoro B #DEFINE,
IIPOCTUPAETCS OT TOUKH OIPEEIICHUs 10 KOHIIA HCXOAHOTO (haiiyia. IMeHa MOTyT
OBITH IepeONpeIeNICHbI, U ONIPE/ICIIEHHS MOTY T HCIIOJIb30BaTh OIIPEIeICHNUS], ClIe-
JIaHHBIE paHee. BHyTpU 3aK/IIOUEHHBIX B KaBBIUKM CTPOK IOJCTAHOBKHU HE
MPOU3BOJAATCA, TaK 4TO €CNlH, HampuMmep, YES - ompeneneHHoe uMs, TO B
PRINTF(“YES”) He Oyner crienaHo HUKaKOH MOACTAHOBKH.

Tak xak peanusanus #DEFINE saBusercs wuyacteio paboTsl
maKponpennporeccopa, a He COOCTBEHHO KOMITIIISITOPA, UIMEETCSl OUYSHb Majio
rpaMMaTHYECKHX OrpaHMYCHHH Ha TO, YTO MOXET OBITh ompeneneHo. Tak,
HaIrpuMep, JJIOOUTEIH aJIrojia MOI'yT OOBSIBUTh

#DEFINE THEN
#DEFINE BEGIN
#DEFINE END ;

M 3aTC€M HalluCaTb

IF (I > 0) THEN

BEGIN
A=1;
B =2
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Nmeercsa Takxke BOZMOXKHOCTh ONPEAEIECHUS MaKpoca C apryMEHTaMH, Tak
YTO 3aMEHSIOIUN TEKCT OyJdeT 3aBHUCETh OT BUAA OOpalleHHsl K Makpocy.
Omnpenenum, HanpuMep, Makpoc ¢ uMeHeM MAX crenyromum oOpazom:

#DEFINE MAX (A, B) ((A) > (B) 2 (A) : (B))

KOTa CTpOKa

X = MAX (P+Q, R+S);

Oyzer 3aMeHeHa CTPOKOi

X = ((P+Q) > (R+S) ? (P+Q) : (R+S));

Takas BO3MOXHOCTH oOecrednBaeT “QyHKLIHUIO MaKCUMyMa”, KOTOpas
pacmmpsieTcst B IOCJIe0BaTeNIbHBIN Ko/, a He B oOpamienue K ¢yHkumu. [Ipu
NPaBUIILHOM OOpAIleHNH ¢ apryMEHTaMHU TaKoi Makpoc OyzeT paboTarh ¢ JIF00bIMU
TUNIAMH JAHHBIX; 37IeCh HET HEOOXOMUMOCTH B paszianuHbIX BuIax MAX s
JTAaHHBIX Pa3HBIX THIIOB, KaK 3TO OBIIO OBl ¢ PYHKIUSIMH.

KoneuHo, eciu BBl TIIATEIEHO paCCMOTPHTE NPHUBEICHHOE BHIIIE PACIIMPEHHE
MAX, Bbl 3aMeTHTE ONpe/ieIeHHbIE HEOCTATKH. BhIpaxkeH s BRMUCIISIOTCS ABAXKIbI;
3TO IUI0XO0, €CIIM OHH BJIEKYT 3a c000i oO04YHbIE 3((eKThI, BEI3BAHHBIC, HAIPHMED,
oOpareHnsIMH K (DYHKLIMSIM HIJIM UCTIONIB30BaHUEM ONepanuil yBenndeHust. HyxHo
1103a00TUTHCS O IPABIIILHOM HCTIONIB30BAHNH KPYIVIBIX CKOOOK, YTOOBI rapaHTHPOBATh
coxpaHeHHe TpeOyeMoro ropsaka Beraucienuit. (PaccMorpure Makpoc

#DEFINE SQUARE (X) X * X

npu obpamenuu kK Hel, kak SQUARE(Z+1)). 3nech BO3HUKAIOT gaxe
HEKOTOpPbIE YUCTO JEKCHYECKUE MPOOIEMBI: MEXAY UMEHEM Makpo M JIEBOH
KpPYIJIOH CKOOKOH, OTKPBIBAIOIIEH CIUCOK €€ apryMEHTOB, HE JOJDKHO OBITh
HHUKaKHUX IPOOEIIOB.

Tem He MeHee anmapaT MakpoOCOB SIBISETCS BecbMa IeHHBIM. OuH
MPaKTHYECKUH NPUMEp JaeT ONKChIBacMas B IiaBe 7 cTaHAapTHas OnOimoTeka
BBOAa-BbIBOA, B KoTopoit GETCHAR un PUTCHAR onpenenensl kKak MakpoChl
(oueBnHO PUTCHAR nomkHa IMETh apryMeHT), 4TO IT03BOJISIET N30eKaTh 3aTpar
Ha oOpaienue K GyHKIMH Ipu 00paboTKe KaKI0ro CHMBOJIA.

Jlpyrue Bo3MO)XHOCTH MakpOIIpOLIECCOpa OMMCAHbI B IIPHIIOKEHUH A.

Ynpaxuenue 4-9.
Ompenenure Mmakpoc SWAP(X, Y), KoTopblli 0OMEHUBAET 3HAUYESHUSIMU JIBA
cBoux aprymenTta tuna INT. (B aTom cinyuae momorket 65109Hasi CTPYKTypa).
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5.YKA3ATEJIM U MACCUBbI

Vkazaresb - 5To IepeMeHHast, coAepKalias aipec Jpyroi epeMeHHOM. yKa3aTesu
OYEHb IIMPOKO UCHONIB3YIOTCS B si3bIKe “C”. TO MPOUCXOIUT OTYACTU TIOTOMY, YTO
HMHOTJa OHU JAIOT €IUHCTBEHHYIO BO3MO)KHOCTH BBIPa3uTh HY)KHOE JecTBUE, a
OTYACTH MOTOMY, YTO OHH OOBIMHO BEIyT K OoJice KOMITAKTHBIM M 3P (EKTHBHBIM
[porpaMMam, 9eM T, KOTOPBIC MOTYT OBITh ITOTYYCHBI IPYTHMHE CIIOCOOaMHU.

Vkasaresm 00bIYHO CMEILIMBAIOT B OAHY Ky4dy ¢ orieparopamu GOTO, xapakrepu3yst
MX KaK YyJIeCHBIN CIIOCO0 HAIMCAHUS TPOTPaMM, KOTOPHIC HEBO3MOXKHO TIOHSATH. JTO
0e3yCII0BHO CIIPABEITHBO, €CIH YKa3aTEIH HCITONB3YIOTCS 0€33a00THO; 04EHB IPOCTO
BBECTU YKa3aTeju, KOTOPbIE YKa3bIBalOT HA YTO-TO COBEPIIEHHO HEOXKUAAHHOE.
OpHako, MpH ONpeeSIeHHOW JUCUUILIMHE, UCIONb30BAHUE YKa3aTeneld MOMOraet
JIOCTUYb SICHOCTU U NPOCTOTHl. IMEHHO 3TOT acleKT Mbl MOMbITaeMCS 37eCh
[IPOUJUTIOCTPUPOBATE.

5.1. YkasarTenu un agpeca

Tak kak ykazareJib COIEPIKHT aapec 00bEKTa, 3TO TAET BO3MOKHOCTD “‘KOCBEHHOTO”’
JOCTyTIa K 3TOMy OOBEKTY depe3 ykaszarenb. [Ipemonoxkim, 4to X - mepeMeHHas,
Hanpumep, tTuna INT, a px - yka3areib, CO3/JaHHbII HEKUM €lle HE YKa3aHHbIM
crioco0oM. YHapHas oreparys & BbIAAeT aipec 00beKTa, TaK YTO ONeparop

px = &x;

MIPUCBAMBACT aJpec X MEPEMEHHOM PX; TOBOPAT, UTO PX “yKa3bIBaeT’ Ha X.
Omnepanus & MpUMEHHMa TOJIBKO K INEPEMEHHBIM W JIEMEHTaM MAacCHUBa,
KOHCTPYKIMY Buaa &(x-1) 1 &3 ABISIOTCS He3aKOHHBIMU. Henb3st Takke MomyIuTh
aJipec perucTpoBOi NepeMEeHHOM.

YHapHas onieparys * paccMaTpuBaeT CBOM OTepaH/I KaK aipec KOHETHOM IIeITH
u obparraercs 1Mo 3ToMy aapecy, 4ToObl H3BIICYb coaepkrumoe. ClenoBarensHo,
ecimu Y toxe umeeT Tuil INT, To

npucBanBaeT Y COJIEp)KMMOE TOro, Ha 4TO yKa3biBaeT pXx. Tak moc-
JIeIOBATEIFHOCTh

npucBauBaeT Y TO K€ caMOe 3HaY€HHUe, 4TO U orepaTop
Y = X;
[TepemeHHbIE, yIaCTBYIOIIME BO BCEM 3TOM HEOOXOIUMO OMUCATh:

INT X, Y;
INT *PX;
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C OIMMCaHUEM IJIA XuY MBI YK€ HCOAOHOKPATHO BCTPEHAINCH. Onucanue
YKasares

INT *PX;

SIBJIIETCSI HOBBIM M JOJKHO PacCMaTpHUBAaThCS KaK MHEMOHHUYECKOE; OHO
roBoput, yto KomOuHarus *PX umeer tun INT. Dto o3nauaer, yro eciu PX
nosiBisieTcsl B KOHTekcTe *PX, To 3TO sKBHBaseHTHO nepeMeHHoi tuma INT.
DaKTHYECKH CUHTAKCHUC ONMHUCAHUS NEPEMEHHOU UMUTHPYET CUHTAKCHC
BBIPAXKEHUI, B KOTOPBIX 3Ta INEPEMEHHAss MOXKET MOSIBISATHCS. DTO 3aMeuaHue
MOJIE3HO BO BCEX CIyYasiX, CBA3aHHBIX CO CIIOXKHBIMU onucaHusMu. Hanpumep,

DOUBLE ATOF (), *DP;

roBoput, 4to ATOF() n *DP umeror B BeipaxxeHusix 3Hadenus turia DOUBLE.

BBl 10/MKHBI TAKKE 3aMETUTB, UTO U3 ITOTO OIMCAHUS CIEAYET, YTO YKa3aTellb
MOXKET yKa3bIBaTh TOJIHKO Ha OIPE/ICIEHHbIH Bl 00bEKTOB.

VYkazaTenu MOryT BXOAUTSH B BelpaxkeHus. Hampumep, eciu PX yka3biBaer Ha
nenoe X, To ¥*PX MOXeT MosBISATHCS B TI00OM KOHTEKCTE, IJIE MOXKET BCTPETUTHCS
X. Tak oneparop

Y = *PX + 1

nmpucBauBaer Y 3HaueHHe, Ha | Oomblee 3HaYCHUS X;
PRINTF (“$D\N”, *PX)

reyaraeT TeKyllee 3HaueHue X;

D = SQRT ((DOUBLE) *PX)

noy4aeT B D kBaparHblii kopeHs u3 X, npudeM 110 nepenadu Gynkmmun SQRT
3HayeHue X npeodpasyercs k Tuiry DOUBLE. (Cmotpu miaBy 2).
B BBIpakeHHsIX BUIA

Y =*PX + 1

YHapHBIE onepauy * u & cBs3aHBI CO CBOMM OIIEpaHaoM 0oJiee KperKo, YeM
apu(MeTHUECKUE ONEPALNH, TaK YTO TaKOE BBIpaKeHHE OEpeT TO 3HaUCHHE, Ha
KoTOpoe yka3biBaeT PX, mpubasisier 1 ¥ mprcBanBaeT pe3ysbTraT IepeMeHHoH Y.
MBI BCKOpE BEpHEMCSI K TOMY, YTO MOXKET 03HAYaTh BBIPAKEHUE

Y = *(PX + 1)

CchUIKM Ha yKa3aTelnHd MOTYT MOSIBIATHCS U B JE€BOM YacCTU MPUCBAMBAHUIA.
Ecmu PX yxassiBaet Ha X, TO

*PX = 0

mojaraetr X PaBHBIM HYIIIO, 4
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*PX +=1

YBCJIMYUBACT €0 Ha €ANHUILY, KaK U BBIDAXKCHUEC

(*PX) ++

Kpytibeie ckoOku B ocieHeM npumMepe HeoOXOANMBI; €CIIA X OIYyCTUTh, TO
ITOCKOJIBKY YHAPHBIE ONepaIiy, HOZO0OHBIE * U ++, BRIIOJIHSIOTCS CIIpaBa HaJIeBo,
9TO BBIpaXXeHHe yBenuuuT PX, a He Ty mepeMeHHyI0, Ha KOTOPYIO OH YKa3bIBaeT.

W nakoHen, Tak KakK yKa3aTeNHd SBJIIIOTCS MEPEMEHHBIMH, TO C HUIMHA MOYXHO
oOpararscs, Kak ¥ ¢ OCTaIbHBIMU MiepeMeHHbIMU. Eciiu PY - apyroii ykazaTtenb
Ha nepeMennyto tumna INT, To

PY = PX

xonupyert conepxkumoe PX B PY, B pesynbrare uero PY ykassiBaeT
Ha TO e, 9uTo 1 PX.

5.2. Yka3aTenu u aprymeHTbl hyHKLUN

Tak kak B “c” mepemada apryMeHTOB (DYHKIHSM OCYHIECTBIISIETCS “TIO
3HAYCHUI0”, BbI3BaHHAS [IPOLIEAYpPa HE NMEET HEIOCPEICTBEHHON BO3MOXKHOCTH
W3MEHUTD EPEMEHHYIO U3 BBI3bIBAIOILEH IporpaMmbl. UTo ke Jenarh, eciiu BaM
JIECTBUTENILHO HAJI0 U3MEHHUTh apryMEHT? HallpuMmep, porpaMmma COPTUPOBKU
3axoTesia Obl MOMEHSTH JIBa HAPYLIAIOIIUX HOPSAOK 3JIEMEHTa C MOMOIIbIO
¢yukunu ¢ umeneM SWAP. J[jist 3TOro He10CTaTOYHO HAMKUCATh

SWAP (A, B);

onpenenuB GyHKiH0 SWAP mpu 3TOM Clieayonmm 00pa3om:

SWAP (X, Y) /* WRONG */
INT X, Y;

INT TEMP;
TEMP = X;
X =Y

Y TEMP;

HU3-3a BbI30Ba II0 3HaueHUI0 SWAP He MOXeT BO3IeiCTBOBAaTh Ha

aryMeHThl A u B B BeI3bIBaromnieli GyHKIHH.

K cuactblo, Bce ke MMEETCS BO3MOXKHOCTB IMONYYUTH JKelaeMbli 3 dekr.
Bri3biBaromas nmporpamMma mnepeaaeT ykazareiad MOJJIeKalluX U3MEHEHUIO
3HAUYCHUI:

SWAP (&, &B);

TaK Kak onepauus & BbIIAET aJpec MEPEMEHHON, To &A sBiseTcs
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ykazareneM Ha A. B camoit SWAP apryMeHTsI olUCBIBAIOTCA KaK yKa3aTelIn v
JIOCTYH K (h)aKTUUECKUM OllepaH/iaM OCYIIECTBIISICTCS Yepe3 HUX.

SWAP (PX, PY) /* INTERCHANGE *PX AND *PY */
INT *PX, *PY;

INT TEMP;
TEMP = *PX;
*PX = *PY;
*PY = TEMP;

VYkazaTenu B KauecTBE apr'yMEHTOB OOBIYHO HCIIOJIB3YIOTCS B (DYHKIUSX,
KOTOpBIE JIOJDKHBI BO3BpaIarh Oosiee oHOro 3HaueHus. (MOXKHO ckas3aTh, 4TO
SWAP BO3Bparaer 1a 3HaUCHHs1, HOBbIE 3HAYEHHS €€ apr'yMEHTOB). B kauecTse
npumepa paccmorpuM pyakuuto GETINT, koropast ocymectsisieT npeodbpas3oBa-
HHE MTOCTYIAIONINX B CBOOOJIIHOM (opMare AaHHbIX, pa3ziesisisi MOTOK CHMBOJIOB
Ha [1eJIble 3HAYEeHUSI, 110 OTHOMY IieioMy 3a oiHo oOparenue. dynkuust GETINT
JIOJDKHA BO3BpALIATh JINOO HaliJJleHHOE 3HaUYeHHe, JTU00 NMpHU3HAK KOoHLA (aiina,
€CIIM BXOJHbIE JaHHBIE OJHOCTBIO UCUEPIAHbl. DTH 3HaU€HUsI JOIKHBI BO3Bpa-
IIaThCsl KaK OTJeNIbHbIe OOBEKTHI, Kakoe Obl 3HAYCHHE HH MCIOIb30BAJIOCH LIS
EOF, naxe eciu 310 3HaYeHUE BBOJAMMOTO IIEJIOTO.

OnHO U3 pellIeHui, 0CHOBBIBAIOIIEECS Ha ONMCHIBAEMOH B I1aBe 7 (DYHKIMH BBOAA
SCANF, cocrout B ToM, 4To0BI 1IpH BbIXOzie Ha KoHell (aitiia GETINT BozBpamiana
EOF B kauecTBe 3HaueHNs (DyHKIMH; JT000€ IPpyroe BO3BPAIEHHOE 3HAYEHNUE TOBOPUT
0 HaXOKAEHUU HOPMAJIBHOTO 11eJI0oro. UNCIIEHHOE )K€ 3HaYeHNE HallICHHOT'O LIEJIOr0
BO3BpAIAETCS Yepe3 apryMEHT, KOTOPBI JIOJDKEH OBITh yKazarejaeM LeJoro. JTa
OpraHM3anyst pa3ielsieT cTaTyc KoHIa (aiina 1 JrciieHHbIe 3HaYCHMSI.

Crenyromuii IUKII 3aroHAET MAacCHUB IEJIbIMH C MOMOIIBIO OOpaIleHui K
¢yuakumu GETINT:

INT N, V, ARRAY[SIZE];
FOR (N = 0; N < SIZE && GETINT (&V) != EOF; N++)
ARRAY[N] = V;

B pesynbrare kaxkaoro obpaiieHus V CTaHOBUTCS PaBHBIM CIIEIYIOIIEMY
LIeJIOMY 3HaUCHHUI0, Hal/ICHHOMY BO BXOAHBIX JaHHBIX. OOparuTe BHUMaHKE, 4TO
B kayectse aprymenTa GETINT neobxonumo ykaszars &V a ue V. Hcnonb3oBaHue
mpocTo V cKopee BCero MpUBeNeT K ommoOke anpecarun, nockoabky GETINT
II0JIaraeT, 4To OHa paboTaeT MIMEHHO C yKa3aTelleM.

Cama GETINT sBistercs oueBHIHON MOAM(HKael HAITMCAHHON HaMH paHee
¢yukun ATOL:

GETINT (PN) /* GET NEXT INTEGER FROM INPUT */
INT *PN;
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INT C,SIGN;

WHILE ((C = GETCH()) == ‘Y Y \I\! C == "N’
ARAW == “\T'); /* SKIP WHITE SPACE */
SIGN = 1;

IF (C == “+/ \I\! C == ‘-’) /¥ RECORD
SIGN */

SIGN = (C == “+’) 2 1 : -1;

C = GETCH();

FOR (*PN = 0; C >= ‘0’ && C <= '9’; C = GETCH())
*PN = 10 * *PN + C - ‘0';

*PN *= SIGN;

IF (C != EOF)

UNGETCH (C) ;

RETURN (C) ;

Bripaxxernue *PN ucnonbsyercs Bcronay B GETINT kak oObIuHas nepeMeHHAS
tuna INT. M1 taxoke ucrionb3oBanu Gy GETCH 1 UNGETCH (omucanubie
B miaBe 4) , TaK YTO OAWH JIUIIHUH CUMBOJI, KOTOTPBIN MPUXOTUTCSI CUUTHIBATE,
MOXET OBITh IIOMEIIIEH 00pPaTHO BO BBO/I.

YnpaxHenue 5-1.

Harmmmmre gpyaknuto GETFLOAT, ananor GETINT st uncen ¢ naBaronieit
toukoil. Kakoil Tun nomxna Bo3Bpamars GETFLOAT B kauecTBe 3Ha4eHHs
¢byHKIIH?

5.3. YkasaTtenu u maccuBbl

B s3p1Ke “C” cymiecTByeT cuilbHas B3aMMOCBS3b MEXTY YKa3aTe/IsIMU U MACCUBAMU
, HACTOJIBKO CHJIbHAs, YTO yKa3aTeJIH U MACCUBBI JACHCTBUTEIBHO CIEAYeT
paccMmarpuBaTh OJHOBpeMeHHO. JIro0yto orepariiio, KOTOPYO MOYKHO BBIITOIHHUTD C
TIOMOIIIBIO MHIEKCOB MacCHBa, MO’KHO C/IEIIaTh U C TIOMOIIBIO YKa3aTelel. BApUaHT C
yKazareysiMi OOBIMHO OKa3bIBaeTCs 00Jiee OBICTPBIM, HO M HECKOJIBKO OoJIee TPYAHBIM
JUTS HEITOCPEACTBEHHOTO TOHUMAaHWSI, TT0 KpaiHel Mepe J1s1 HAYMHAIOILETO. OIIMCAHUe

INT A[10]

onpenenser MaccuB pasmepa 10, T.e. Habop u3 10 mocienqoBaTeIbHBIX
00beKkTOB, HazbiBaeMbIX A[0], A[1], ..., A[9]. 3anuce A[I] COOTBETCTBYET IEMEHTY
maccuBa uepe3 | no3unuii ot Hayana. Eciu PA - yka3zarens 1enoro, onucaHHbIi
KaK

INT *PA

TO NpUCBAMBAHUE

PA = &A[O0]
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IPUBOIUT K TOMY, 4T0 PA yka3bIBaeT Ha HyJI€BOH JIEMEHT MacCuBa A; 3TO
o3Havaer, uTo PA comepxut agpec anementa A[0]. Teneps npucsauBanue

X = *PA

Oyzner konmposats coaepkumoe A[0] B X.

Ecnu PA yka3bIBaeT Ha HEKOTOPBII OIpeIENIeHHBIN 2IEMEHT MaccuBa A, TO IO
onpenenennio PA+1 yka3piBaeT Ha CISAYIOIIHI AMMEeMEHT, U BoobOme PA-I
YKa3bIBaeT Ha AJIEMEHT, CToALMI Ha | mo3uiuii 1o anemeHTa, ykazpiBaemoro PA,
a PA+I Ha snemenT, crosmmid Ha | mosumuii mocne. Takum oOpasom, ecimu PA
ykasbiBaeT Ha A[0], To

* (PA+1)

ccputaetcs Ha copepkumoe A[1], PA+I - anpec A[I], a *(PA+I) - conepxumoe
A[I].

OTu 3aMeuaHysl CIIPABEAJIMBbI HE3aBUCHMO OT THUIIA IIEPEMEHHBIX B MacCUBE
A. CyTb onpeniernieHns “nobasieHust | K ykasarento”, a TaKXKe ero pacrpoCTpaHeHUs
Ha BCIO apU(PMETHUKY yKa3areliei, COCTOUT B TOM, YTO IPHPAIIeHNE MacIITaOupyeT-
s pa3MepoM NaMsITH, 3aHUMaeMOi1 00bEKTOM, Ha KOTOPBIH yKa3bIBaeT yKa3aTellb.
Takum o6paszom, I B PA+] mepen nprbasieHreM yMHOXKaeTCs Ha pasMep 0ObEKTOB,
Ha KOTOpbI€ YKa3biBaeT PA.

OueBUHO CYIIECTBYET OYE€Hb TECHOE COOTBETCTBHE MEXIy MHAEKCALUEeH U
apuQMeTHKOH yKa3aTelsel. B AeHCTBUTENFHOCTH KOMITHIISITOP IPE00pasyeT CChUIKY
HAa MacCHB B yKa3aTelb HAa Hauajlo MaccuBa. B pe3ynbTare 3TOro MMs MaccuBa
SIBIIAICTCS YKa3aTeNbHBIM BeIpakeHueM. OTCIo/1a BEITEKAeT HECKOIIBKO BECbMa MONIE3-
HBIX clneAcTBUH. Tak kak MMsI MacCHBa SIBISIETCS] CHHOHMMOM MECTOIOJIOXKEHHS €T0
HYJIEBOTO AJIEMEHTA, To npucBanBanue PA=&A[0] MoxxHO 3anucars Kak

PA = A

Emre Oonee yauBHUTENBHBIM, IO KpalfHEH Mepe Ha TIEPBBIA B3I, KaXeTCs
TOT (akTt, 4To cchuiky Ha A[l] moxuo 3amucare B Buae *(A+I). Ilpu
aHanu3upoBaHun BepaxkeHus A[I] B s3pike “C” 0HO HeMeJICHHO peodpasyercs
K Buay *(A-+I); atu aBe GOPMBI COBEPIIICHHO 3KBUBAJICHTHBL. ECIIM IPUMEHUTH
oreparuio & K 00eMM YacTsIM Takoro COOTHOLIEHHS KBHBAJIEHTHOCTH, TO MBI
nonyuyum, 4to &A[l] u A+l roxxe unentuunsl: A+ - anpec I-ro anemenTa or Hauana
A. C apyroii croponsl, eciu PA siBisieTcst ykazareneM, TO B BRIPAKEHHUSIX €T0 MOXKHO
ucronb3oBark ¢ uHaekcoM: PA[I] unentuuno *(PA+I). Kopoue, mo6oe Beipasxke-
HHE, BKIIIOYAIOIIee MACCUBBI M MHJICKCHI, MOXKET OBITh 3aITMCAHO Yepe3 yKa3zaTenn
U CMEILEHUS 1 HA000POT, IPHUYEM J1aXKe B OAHOM M TOM K€ YTBEPKICHHH.

Hmeerca onHO pasnuuue MexIy MMEHEM MaccuBa M yKa3aTeleM, KOTOpoe
HEoOX0IMMO UMETH B BHIY. YKa3aTelb SBJISIETCS IIEPEMEHHOMN, TaK YTO ONepaIin
PA=A u PA++ mmeror cMmbici. Ho uMs mMaccuBa sBIISISTCS KOHCTAHTOM, a HE
NIepeMEeHHOM: KOHCTpYKIMH THITa A=PA mimu A++,um P=& A OyryT He3aKOHHBIMHU.

Korna nmMst MaccuBa nepenaercs (yHKIUH, TO HA CaMOM JeNe ei repeaercs
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MECTOIIONIOXKEHHE Havaia 3TOr0 MaccuBa. BHyTpH BbI3BaHHOH (yHKIMH Takon
apryMeHT SIBJISIETCS. TOYHO TaKOH )K€ TIEPEMEHHOM, Kak | Jiro0ast Jpyras, TaK 4To
HMsI MAaCCHBA B KQUECTBE apI'yMEHTa ACHCTBUTENBHO SIBIETCS yKa3areneM, T.e. [lepe-
MEHHOM, cozieprkamieii agpec. Mbl MOXXEM HCIIOIb30BaTh 3TO 00CTOATENHCTBO IS
Harrcanust HoBoro BapuanTa gpyHkuuu STRLEN, Berauchsronei Aty CTpOKH.

STRLEN(S) /* RETURN LENGTH OF STRING S */
CHAR *S;

INT N;

FOR (N = 0; *S != “\0'; S++)
N++;

RETURN (N) ;

Onepanys yBenIuueHus S COBEPILIEHHO 3aKOHHA, OCKOJIBKY 3Ta IEPEMEHHAs
SIBJISIETCSI yKa3aTeneM; S++ HUKaK He BIUSEeT Ha CUMBOJIBHYIO CTPOKY B 0OpaTuB-
meficst K STRLEN ¢yHKIuH, a TOJIBKO yBENNYMBAET JOKAIBHYIO 1Sl DYHKIIUU
STRLEN xonuto aapeca. Onncanust popMalIbHBIX apaMeTPOB B ONPEIeICHUN
(yHKIIMU B BHIE

CHAR ST[];
CHAR *8S;

COBEPLICHHO 3KBUBAJIECHTHBI; KaKOW BHUJ OMMCAHUS CIENyET MPEANoYecTb,
orpezesseTcs B 3HaYUTEIILHON CTEIIEHU TeM, KaKHe BBIPKEHNUS OyIyT HCII0JIB30-
BaHbI IpH Hanrcanuu ¢yHKmU. Ecim GpyHKImm nepenaercst UMs Maccusa, TO B
3aBUCHMOCTH OT TOTO, YTO Y0OHEe, MOKHO HoJIararb, YTo (pyHKIUS OIlepHpyeT
1100 ¢ MaccUBOM, JIMOO C yKazaTesleM, U JeHCTBOBATh Jajiee COOTBETBYIOIIMM
o0pazoM. MOXXKHO J1ake MCIONB30BaTh 00a BHIA ONEpaIMid, €CIM 3TO KaKeTcs
YMECTHBIM U SICHBIM.

MoxxHo nepenarh (yHKIUH YacTh MacCHBa, €CIIM 331aTh B KAYECTBE apryMeHTa
yKazaTelb Hauana nogmaccusa. Hanpumep, ecnu A - maccus, TO Kak

F(&A[2])
KaK U
F(A+2)

nepenaroT ¢yHkuu F anpec amementa A[2], motomy uto u &A[2], u A+2
SIBIISIFOTCS YKA3aTENbHBIMU BBIPAXKEHUSMHU, CCHUIAIOLIMMUCS Ha TPETHIl 3JIeMEHT
A. BHyTpU QyHKIMH F onrcaHus apryMeHTOB MOTYT IIPUCYTCTBOBATh B BUJIC:

F (ARR)
INT ARR[];
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njm

F (ARR)
INT *ARR;

Yro kacaercs pyHKIuH F, TO TOT (haKxT, 4To ee apryMeHT B ISHCTBUTEILHOCTH
CCBUIAETCS K YaCTH OOJIBIIEr0 MaccHBa,HE MMEET JUIsl Hee HUKAKUX ITOCIIEICTBUI.

5.4. AppecHas apucpmeTuka

Ecnu P siBnsiercst ykazatenem, To KakoB ObI HM ObII COPT 00BEKTA, Ha KOTOPBIN
OH yKa3bIBaeT, onepanus P+ yBenuuusaet P Tak, uTo OH yKa3bIBaeT Ha CIEAyOIUHA
aNeMeHT Habopa 3TUX 00BEKTOB, a onepauus P +=I yBennuusaer P Tak, 4to0b1 oH
YKa3bIBaJl HA AIEMEHT, OTCTOSIUN Ha | 371eMEHTOB OT TEKYIIEro AIEMEHTA.3TH U
AQHAJIOTUYHBIE KOHCTPYKIUH ITIPENICTABISIOT COOOI camble MPOCTHIE U CaMble
pacnpocTpaHeHHbIe (OpMbI apu(METHKHN YKa3aTeNnei i anpecHoi apuMeTHKH.

S3pIk “C” moceoBaresyieH M IOCTOSHEH B CBOEM IIOIXO/IE K aJJpecHOM apud-
METHKE; 00bEIMHEHUE B OZHO LIeJIoe yKa3aresieil, MacCHBOB 1 aIpeCHOM apu(hMETHKN
SIBJISIETCSI OHOM 13 HanboJiee CHITBHBIX CTOPOH s3bIKa. JlaBaiiTe mpomuocTpupyem
HEKOTOPBIE U3 COOTBETCTBYIOLIMX BO3MOXKHOCTEH SI3bIKa HA IPUMEPE AEMEHTapHON
(HO NOJIE3HOM, HECMOTPSI Ha CBOIO ITPOCTOTY ) IIPOTPAMMBI PACTIPEEIICHUS TaMSITH.
Nmetotes nBe Gynkuun: ¢pynkuust ALLOC(N) Bo3Bpaiiaer B KadecTBE CBOETO
3HaUEeHUs ykaszaTenb P, KOTOpbI yKa3bpIBaeT Ha MepBYyO U3 N MOCIE0BaTEIbHbIX
CHUMBOJIBHBIX NO3HMIIMHA, KOTOPblE MOT'YT OBITH MCIIOJIE30BaHBI BBI3BIBAIOIIEH
¢ynxumio ALLOC nporpammoii 1yist xpaHenust cumBoiios; ¢yHkims FREE(P)
0CBOOOXKIAET MPHOOPETEHHYIO TAKMM 00pa3oM IaMsTh, TAK YTO €€ B JaJIbHEHIIIEM
MOYKHO CHOBA HCIOJIb30BaTh. IPOrpaMma sIBJISETCA ‘“JIEMEHTapHON”’, IOTOMY 4TO
o6parenust K FREE n1omkHBI TPOU3BOIUTECS B ITOPSAKE, 00paTHOM TOMY, B KOTOPOM
npousBouinck oopaenust kK ALLOC. Takum oOpa3om, yripasisiemast yHKIHAMA
ALLOC u FREE namsTh sIBJIsSIETCSI CTEKOM WJIM CITIUCKOM, B KOTOPOM HOCIIEIHUI
BBOJIMMBIN 3JIEMEHT U3BJIeKaeTcs epBbIM. CraHgaprHast Oubnmoreka si3bika “C”
COZIEP)KUT aHAJIOTUUHbIe (PYHKIIMH, HE MMEIOIME TAKUX OTPaHUYCHUH, U, KpoMe
TOTO, B INIaBe & MbI IPUBEJEM YIyULICHHBIE BADUAHTBHI.

Mesxay TeM, OAHAKO, 7Sl MHOTUX IPUIOKEHUN HY’KHA TOJIIBKO TPUBUAJIBHAS
¢ynakmms ALLOC s pactipeienieHrst HeOOJBIINX YYaCTKOB TAMSTHA HEU3BECTHBIX
3apaHee pa3MepOB B HEMPEACKa3yeMble MOMEHTHI BPEMEHHU.

[Mpocreiimas peanu3anus COCTOUT B TOM, YTOOBI (PYHKIIMS pa3iaBaia OTPe3Ku
0O0JIBIIOrO CUMBOJIBHOTO MaccHBa, KoTopomy Mbl nnpucBonu umss ALLOCBUF.
Orot Maccus siBisiercst coocTBeHHOCThI0 pyHKIMH ALLOC 1 FREE. Tak kak onn
paboTaroT ¢ yKka3arensiMu, a He ¢ MHJIEKCAMU MacCHBa, HUKaKoW Ipyroi GpyHKImu
HE HY)KHO 3HaThb UMs 3Toro maccua. OH MOXXET OBITh OIMCAaH KaK BHEIIHWH
craruueckui, T.e. OH Oy/leT JOKaJbHBIM 110 OTHOLICHHUIO K UCXOAHOMY (ailmy,
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cogepxamemy ALLOC u FREE, u HeBuguMsIM 3a ero npenenamu. Ilpu
MIPaKTHYECKON peann3aliiy 3TOT MaCCHB MOXKET JlaKe HE MMETh HUMEHHU; BMECTO
3TOTO OH MOXKET OBITh MOJIYYEH B pe3yJIbTaTe 3arpoca K OIepauoHHON cucTeMe
Ha yKa3aTeJlb HEeKOTOPOTro HEMMEHOBAaHHOTO OJIOKa MaMsITH.

Jpyroii HeoOxonuMol MHpOpMaIen SBIseTCsS TO, Kakas 4acTh MaccHBa
ALLOCBUF yxe ucrionbp3oBaHa. Mbl 1ojib3yeMcs yKa3aresieM IepBoro CBOOOIHOTO
anemenTa, HazBaHHBIM ALLOCP. Korna x ¢ynkinun ALLOC obpamarorest 3a
BblzienieHreM N CHMBOJIOB, TO OHa IIPOBEPSIET, JOCTAaTOYHO JIU OCTAIOCH JJIs1 3TOI0 MECTa
B ALLOCBUF. Ecnu nocrarouno, To ALLOC Bo3Bparaet Tekyiuee 3Hauenue ALLOCP
(T.e. Hagasio cBoOomHOIO OJI0Ka), 3aTeM yBEITMUHBALT ero Ha N, ¢ TeM 9TO0BI OH YKa3hIBAI
Ha ClIeyroryro cBooomHyto oonacts. @yrakims FREE(P) mpocto momaraer ALLOCP
paBHbIM P nipu ycnouy, uto P ykaseiBaer Ha nosuiro BHyTpu ALLOCBUF.

DEFINE NULL 0 /* POINTER VALUE FOR ERROR REPORT */
DEFINE ALLOCSIZE 1000 /* SIZE OF AVAILABLE SPACE */
TATIC CHAR ALLOCBUF[ALLOCSIZE];/* STORAGE FOR ALLOC */
TATIC CHAR *ALLOCP = ALLOCBUF; /* NEXT FREE POSITION */
HAR *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) ;

)

REE (P) /* FREE STORAGE POINTED BY P */

HAR *P;

(

IF (P >= ALLOCBUF && P < ALLOCBUF + ALLOCSIZE)
ALLOCP = P;

)

I[aZlI/IM HEKOTOPbIC MOSACHCHUA. BOO6III€ TrOBOPs, YKa3aTejib MOXKET OBITH
MHUIUATIN3UPOBAH TOYHO TAK KE, KaK U mo0ast Apyrast nIepeMeHHas, X0Ts 0OBIYHO
CIUMHCTBCHHBIMHA OCMBICJIICHHBIMU 3HAYCHUSIMU SABJIAIOTCA NULL (3TO 06CY)K,H3.€TC5I
HI/I)KC) WJIN BBIPAKCHUC, BKIIIOYAIOMICE aJipeCa paHeC OMNPCACIICHHbIX JaHHBIX
COOTBETCTBYIOLICTO TUIIA. Onucanue

STATIC CHAR *ALLOCP = ALLOCBUF;

onpenenser ALLOCP kak yka3arenb Ha CHMBOJIbL 1 HHULTUATU3UPYET

ero Tak, yTo0bl oH ykasbiBan Ha ALLOCBUF, 1.e. Ha nepByto cBoOOmHYIO
MO3UILMIO NIPH Hadaje paboThl MporpaMMel. Tak Kak MMsS MaccuBa SIBISETCS
aJIpecoM ero HyJEeBOTO JIEMEHTA, TO TO MOXKHO ObLIO OBI 3amMcarh B BUJE
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STATIC CHAR *ALLOCP = &ALLOCBUF[0];

UCHOJB3yHTE Ty 3allMCh, KOTOpasi BaM KaxkeTcst Oosee ecrecTBeHHOM. C
MOMOILBIO TIPOBEPKU

IF (ALLOCP + N <= ALLOCBUF + ALLOCSIZE)

BBISICHACTCS, OCTAJIOCh JIM TOCTATOYHO MECTA, 9TOOBI YIOBIECTBOPUTH 3a1IPOC
Ha N cumBonoB. Ecnu mocrarouno, To HoBoe 3HaueHne ALLOCP He Oymet
yKa3bIBaTh Aanblie, yem Ha nocieaHioro nosuruio ALLOCBUF. Eciu 3ampoc
MokeT ObITh ymosierBopeH, T0 ALLOC Bo3Bpamaer OOBIYHBIH yKa3aTelb
(oOparuTe BHUMaHue Ha onmcanue camor (yHkimn). Ecnu xe Het, To ALLOC
JIOJDKHA BEPHYTH HEKOTOPBIH MPHU3HAK, TOBOPALIMNA O TOM, YTO OOJIBIIE MECTa He
octanock. B s3pike “C” rapaHTHpyeTCs, YTO HU OAWH MPaBUIBHBIA yKa3aTellb
JTAHHBIX HE MOXXET UMETh 3HAY€HHE Hylb, TAK YTO BO3BpAILEHHE HYJIS MOXET
CIIY’)KUTh B Ka9€CTBE CUTHAJAa O HEHOPMAJIHFHOM COOBITHH, B JAHHOM CIydae 00
OTCYTCTBUH MecTa. Mbl, oJjHaKo, BMecTo HyJs muieM NULL, ¢ Tem uto6b1 60tee
SICHO TIOKA3aTh, YTO 3TO CIIeNMAIbHOE 3HAYEHHE yKazarens. BooOie roBopst, riessie
HE MOT'YT OCMBICJICHHO IIPHCBAaNBAaThCS yKA3aTeNsIM, a HyJIb - 3TO 0COOBIH CiTydaii.

IIpoBepku Buaa

IF (ALLOCP + N <= ALLOCBUF + ALOOCSIZE) u
IF (P >= ALLOCBUF && P < ALLOCBUF + ALLOCSIZE)

JIEMOHCTPUPYIOT HECKOJILKO BOYKHBIX aCIIeKTOB apudMeTnku ykasareneii. Bo-
MEPBBIX , TP OIPEACICHHBIX YCIOBUIX YKa3aTenu MOKHO cpaBHUBaTh. Eciin P u
Q yKa3bIBaIOT HA 3JIEMEHTHI OHOT0 M TOTO )K€ MacCHBa, TO TAKHE OTHOIICHHUS,
KaK <, >= ¥ T.7., paboTarT Haamexamum obpa3zom. Hanpumep,

P<Q

HCTHHHO, eciii P yka3piBaeT Ha Oojee paHHHIA IeMEHT MaccuBa, 4yeMm Q.
OtHomeHust == U != Toxe padoraror. JI000#1 yKa3aTeap MOXKHO OCMBICIICHHBIM
00pa3oM cpaBHHUTH Ha paBeHCTBO Wi HepaBeHcTBO ¢ NULL. Ho Hu 3a 4to Henmb3s
pydJaThes, €CNU BBl UCTIONB3YyeTe CPaBHEHHUS MpH paboTe ¢ yKa3aTelsiMH, yKa3bl-
BAIOIIMMH Ha Pa3HbIe MacCUBEL. Eciy BaM ITOBE3€T, TO Ha BCEX MAIIMHAX BHI MOy~
YHTE OYEBUIHYTO OeccMbIcuITy. Eciu xe HeT, To Bama mporpaMma OyzieT IpaBUIIbHO
paboTaTh Ha OHOW MaIlIWHE U JaBaTh HEMOCTIKUMBIE PE3YIIBTaThl Ha IPYTOIl.

Bo-BTOpBIX, KaK MBI YK€ BHJCIH, yKa3aTeNlb U II€JI0€ MOXKHO CKJIAJbIBATH U
BbUUTaTh. KOHCTpYKIHSA

P+ N

nozipazyMeBaeT N-bIii 0OOBEKT 3a TeM, Ha KOTOPBIi P yka3bIBaeT B HACTOSIITHI
MOMEHT. DTO CIIPaBEIJIMBO HE3aBUCHMO OT TOT0, Ha Kakol BUT 00beKTOB P nomken
YKa3bIBaTh; KOMITIIIATOP caM MacIuTabupyeT N B COOTBETCTBHH C OIIPEIEIIIEMBIM
u3 onucanus P pasmepom 00BEKTOB, YKa3bIBAEMbIX C IOMOIIBIO P. HarpumMep, Ha
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PDP-11 macmrrabupyromwii MHOkuTEb paBeH 1 st CHAR, 2 s INT u SHORT,
4 naa LONG u FLOAT u 8 niis DOUBLE.

Borunranue ykazarenei Toxxe BO3MOXKHO: €ciiu P 1 Q yKka3bIBatOT Ha SJIEMEHTHI
OJIHOTO U TOTO e MaccuBa, To P-Q - konnyecTBo aneMenToB Mexay P u Q. Jror
(haKT MOXKHO HCITONH30BAaTh IS HATUCAHMUS CIIe OTHOTO BapraHTa (pyHKIIMH

STRLEN:
STRLEN(S) /* RETURN LENGTH OF STRING S */
CHAR *S;

CHAR *P = §S;
WHILE (*P != “\0’)
P++;

RETURN (P-S) ;

[pu onmcannm ykazatens P B 3TO# (PyHKIIMK HHHITUATN3UPOBAH IOCPEACTBOM
CTPOKH S, B pe3yJIbTaTe Yero OH yKa3blBaeT Ha MEePBbIl CUMBOJI CTPOKU. B 1ukiie
WHILE 1o ouepenu npoBepsieTcst KaxKIblii CHMBOJL IO T€X IOP, 0K HE OSIBUTCS
cumBoa koHna crpoku \0. Tak kak 3Hauenue \0 paBHo Hymo, a WHILE Tonbko
BBISICHSIET, UMEET JIM BhIpayKeHUE B HeM 3HaueHue 0, TO B JaHHOM cllydae SIBHYIO
MIPOBEPKY MOXKHO OITyCTUTh. Takue UMKJIIbI YacTO 3alUChIBAIOT B BUJIE

WHILE (*P)
P++;

Tax kak P yka3plBaeT Ha CUMBOIIBL, TO oneparop P++ nepensuraer P kaxxasrit
pa3 Tak, yToObl OH YKa3blBAJI Ha ClIeAyIOUIMi cuMBOI. B pesymsrare P-S maer
YHCIIO0 IPOCMOTPEHHBIX CUMBOJIOB,

T.e. JInnHy cTpoku. ApudMeTrka ykaszaTreiel IocienoBaTeibHa:

ecan Obl MBI nMenu faeno ¢ nepeMeHHbIME THIIa FLOAT, koTopble 3aHUMarOT
6oiplue namsty, yeM nepemennsle Tua CHAR, u ecnu Ob1 P Ob11 yKazarenem Ha
FLOAT, 1o onieparop P++ niepensunyn 651 P Ha cnienyromee FLOAT. Takum o6pazom,
MBI MOV ObI HanMcaTh Apyroi BapuaT (yHkumn ALLOC, pacnpenersioieii namMsarb
st FLOAT, Bmecto CHAR, npocto 3amenus Bctrogy B ALLOC u FREE onucarens
CHAR na FLOAT. Bce aeiicTBus ¢ yka3aTeIsiMU aBTOMaTHYECKU yUUTHIBAIOT Pa3Mep
00BEKTOB, Ha KOTOPBIE OHM YKA3bIBAIOT, TAK YTO OOJbIIE HUUETO MEHATH HE HAJIO.

3a HCKIIIOYEHHEM YIOMSHYTHIX BBIIIE ONEpalyi (CII0KEHHE U BBIYUTAHHUE
yKa3arelisi ¥ LIeJIOT0, BEIMUTaHNE U CPaBHEHHUE JIBYX yKa3aTelel), BCsl OCTalbHas
apu(MeTHKa yKas3aresed SBIsieTCS HE3aKOHHOW. 3alpenieHo CKIIaibIBaTh JBa
yKazarelsl, YMHOXKaTh, ACJIUTh, CIBUIATh HJIM MaCKHPOBATh UX, a TAKKE IPUOaBISTH
k HuM nepemenssle THna FLOAT nnu DOUBLE.

5.5. YkazaTenu cuMBOSOB 1 (hyHKLUN

CTpO‘IHaSI KOHCTaHTa, KaK, HalTlpuMmep,



«S13bik C» B.B. KepHueaH, [.M. Puyu 107

“I AM A STRING”

SIBISIETCSI MACCHUBOM CUMBOJIOB. KoMnunsaTop 3aBepliaeT BHyTpEeHHEE
IPEJICTABICHUE TAKOTO MaccuBa CUMBOJIOM \0, TaKk 4TO HPOrpaMMBbl MOTYT
HaXOJIUTh ero KoHel. Takum o0pa3oMm, JUIMHa MacCHBa B IIAMATH OKa3bIBAETCS Ha
€/IMHMILY OOJIbIIe YMCIIa CHMBOJIOB MEX/Y JBOHHBIMU KaBbIYKaMH.

ITo-BuauMoMy wallle BCEro CTPOYHBIE KOHCTAHTHI MOSIBIISIOTCS B KaueCTBE
apryMeHTOB (DYHKIMH, KaK, Harpumep, B

PRINTF (“HELLO, WORLD\N”);

KOTJIa CUMBOJIbHASI CTPOKa, IMOJ00HAs ATOH, MOSBISIETCA B MPOTrpaMMe, TO
JIOCTYI K HeH OCYLIECTBISIETCS C MOMOIIBIO yKa3areis CUMBOJIOB; (pyHKIIHS
PRINTF ¢aktryecku momydaeT ykazareiab CHMBOJILHOTO MACCHBA.

KoHeuHO, CHMBOJIBHBIE MAacCUBBI HE 00s13aHbI OBITH TOJIBKO apryMEHTaMH
¢yukuuit. Eciou onucars MESSAGE kak

CHAR *MESSAGE;

TO B pe3yJibTare orneparopa

MESSAGE = “NOW IS THE TIME”;

nepemenHas MESSAGE craneT yka3areneM Ha (pakTHYeCKHMH MacCUB
CHUMBOJIOB. DTO HE KOIIMPOBAHUE CTPOKH; 3/1€Ch YUACTBYIOT TOJIbKO yKa3arelu. B
si3pIke “C” He peayCMOTPEHBI KaKKMe-TH00 OIepal 11t 00pabOTKH BCEi CTPOKH
CHUMBOJIOB KaK LEJIOT0.

MBbI NPOMJLTIOCTPUPYEM JPYTHE acleKThl yKa3arelei U MacCUBOB, pa3oupas
JIBE TOJIe3HbIe (PYHKIIMHM U3 CTaHJAPTHON OMOMMOTEKH BBOAA-BBIBOMA, KOTOPAS
OyzeT paccMOTpeHa B I1aBe 7.

IepBas pyukiws - 3ro STRCPY(S,T), kKoTopast KOMUPYET CTPOKY T B CTPOKY
S. AprymMeHTbl HalMcaHbl UMEHHO B 3TOM IOPSIIKE [0 AHAJIOTUH C OTeparuei
MPUCBAMBAHUS, KOIJ/IA [UIsl TOTO, YTOOBI MPUCBOUTH T K S 0OBIYHO MHUIIYT

S =T

CHa4YaJia MpuBEAEM BEPCUIO C MAaCCUBaAMMU:

STRCPY (S, T) /* COPY T TO S */
CHAR S[], TI[];:

INT I;

I=20;

WHILE ((S[I] = T[I]) '= ‘\0’)

I++;

Jlst conocrapnenus Hmwke naetcs BapuanT STRCPY ¢ ykazarensmu.
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STRCPY (S, T) /* COPY T TO S; POINTER VERSION 1 */
CHAR *S, *T;

WHILE ((*S = *T) != “\0’)
S++;
T++;

Tak Kak apryMeHThl Mmepeaarorcs 1o 3Hadenuto, pyukiuss STRCPY moxer
ncnonbs30BaTh S U T Tak, Kak OHa MOXKeaeT. 3/1eCh OHU ¢ yI00CTBOM T0JIararoTcs
yKazaTeJsIMH, KOTOpBIE IePEABUTAI0TCS BIOIb MACCHBOB, IO OTHOMY CHMBOIY 32
1iar, oka He OyzeT CKonupoBaH B S 3aBepiiaroniuii B T cumsoi \0.

Ha npaxruke pynkuus STRCPY Obuia Obl 3anrcana He Tak, Kak Mbl TOKa3aJH
BhIIe. BoT Bropast BO3MOXHOCTB:

STRCPY (S, T) /* COPY T TO S; POINTER VERSION 2 */
CHAR *S, *T;

WHILE ((*S++ = *T++) != “\0')

;

3nech yBenudeHnre S 1 T BHECEHO B MMPOBEPOUHYIO YacTh. 3HaUYeHHEM *T++
SIBIIIETCS. CUMBOJI, Ha KOTOPbIN ykasbiBasn T 110 yBelnndeHus; nNocTGuKkcHas
omneparnus ++ He u3MenseT T, TOKa 3TOT CUMBOJ He Oy/ieT u3BjieueH. TOYHO Tak
K€ 3TOT CUMBOJ MOMEIIAETCS B CTapyr IMO3UIUI0 S, 70 TOTO Kak S Oymer
yBeau4deHo. KoHeuHbIi pe3ybTar 3aKIF04aeTcsi B TOM, YTO BCE CUMBOJIBI, BKITIOYAst
3apepiuaroruii \0, konupyrorcst u3 T B S.

U kak mocliiesiHee COKpalleHUe Mbl OMATh OTMETHM, 4YTO cpaBHeHHE ¢ \0
SIBJISIETCSI U3JIUIIHUM, TaK 4TO (QYHKIHIO MOXKHO 3aIlUCaTh B BULIE

STRCPY (S, T) /* COPY T TO S; POINTER VERSION 3 */
CHAR *S, *T;

WHILE (*S++ = *T++)

;

XOTS C TIEPBOTO B3MJIAAA 3T 3AIIMCh MOXKET TI0KA3aThCA 3araJ0YHOM, OHa JaeT
3HAYMUTENILHOE YI00CTBO. DTOM HANOMOM CIIEyeT OBJIAIETh yXKEe XOTS ObI [IOTOMY,
YTO BBI C Hel OyzieTe yacTo BcTpedarbes B “C”-mporpammax.

Bropas pynkius - STRCMP(S, T), koTopast cpaBHHBAET CHMBOJILHBIE CTPOKH
S u T, BO3BpamIas OTPUIATEIbHOE, HYIEBOE WM IMOJOKHUTEIHHOE 3HAYCHUE B
COOTBETCTBHH C TEM, MEHBIIIE, PABHO WIIK OoJbliie Jiekcukorpaduuecku S, uem T.
BosBpamaemoe 3Haue€HHE TONXYy9aeTCcsl B Pe3yJIbTaTe BBIYUTAHUSA CHMBOJIOB U3
TIepPBOM TTO3UINH, B KOTOpoit S 1 T He coBmanaroT.

STRCMP (S, T) /* RETURN <0 IF S<T, 0 IF S==T, >0 IF S>T */
CHAR S[], TI[I;

INT I,
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IF (S[I++] == ‘\0’)
RETURN (0) ;
RETURN(S[I]-T[I]);

Bot Bepcuss STRCMP c ykaszarensamu:

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 Kak ++ m — MOTYT OBITh KaK MOCT(PUKCHBIMHU, TaK U MPEeHUKCHBIMHU
orepalysMH, BCTPEUAIOTCs Ipyrie KOMOMHAIMY * 1 ++ U —, XOTS U MEHEee 4acTo.
Hanpumep

*4+4+P

yBenu4uBaeT P 10 n3BneueHnss CHMBOJIa, Ha KOTOPBIN yKa3bIBaeT

P, a
*—p

CHayaja ymeHb1iaer P.

Ynpaxuenue 5-2.
Hanmmre Bapuant ¢ ykazaremsimu pyskoun STRCAT n3 maset 2: STRCAT(S,
T) xommpyer cTpoky T B KoHer S.

Ynpaxuenue 5-3.
Hanummre makpoc mst STRCPY.

Yunpaxkuenue 5-4.

[NepenummTe MOAXOMAIIKE TPOTPAMMBI U3 TIPEIBITYIIHX TJIAB U YIIPaKHCHUH,
HCTIONB3YS YKa3aTelIr BMECTO MHACKCAIUH MACCHBOB. XOPOIIUE BO3MOKHOCTH
1utst atoro npenoctapisaioT pyakuun GETLINE /mnassr 1 u 4/, ATOI, ITOA u ux
BapuaHThl /TnaBsl 2, 3 u 4/, REVERSE /rmasa 3/, INDEX u GETOP /rnaBa 4/.

5.6. YkazaTenu - He uenble.

[P}

BI)I, BO3MOXXHO, O6paTI/IJ'[I/I BHHUMAHHEC B MPEALIAYINUX C -IIpOrpaMmMax Ha
JAOBOJIbHO HETIPUHYKACHHOC OTHOLICHUEC K KOIIMPOBAHUIO yKa3aTenel71. B O6III€M
9TO BEPHO, UYTO HaA OOJIBLLINHCTBE MAIIUH YKa3arejib MOKHO ITPUCBOUTD LICJIOMY U
nepeaarb €ro O6paTHO, HE M3MCHHUB €ro; Ipu 53TOM HE MPOUCXOAUT HUKAKOT'O
MaCHITa6I/IpOBaHI/I${ niin npeo6pa303aHI/I${ U HU OOWH ouT He TEPACTCA. K
COXXaJICHUIO, 9TO BEACT K BOJIbHOMY O6paIII€HI/IIO C (I)yHKIII/IHMI/I, BO3Bpaliaronmmun
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yKa3arely, KOTOpbIe 3aTeM IPOCTO MEPEAA0TCs IPYyTUM (QYHKINM,

- HeoOXOqUMBbIe OIMCAHMsI yKa3arelel 4acTo omyckarorcs. Paccmorpum,
Hanpumep, pyaknuto STRSAVE(S), kotopast Komupyer CTpoKy S B HEKOTOPOE
MECTO /I XpaHEeHUs], BbIIEIIsieMoe TocpeicTBOM oOpatenust K pyHkunn ALLOC,
1 BO3BpAIlaeT yKa3aTesb Ha 3TO MecTo. [IpaBUiIbHO OHa J0JDKHA OBITH 3alMcaHa
Tax:

CHAR *STRSAVE (S) /* SAVE STRING S SOMEWHERE */
CHAR *S;

CHAR *P, *ALLOC();

IF ((P = ALLOC(STRLEN(S)+1)) != NULL)
STRCPY (P, S);
RETURN (P) ;

Ha MMPAaKTUKE CYHIECTBYCT CUJIbHOC CTPEMJICHUE OIIyCKATh OIMUCAHUA:

*STRSAVE (S) /* SAVE STRING S SOMEWHERE */

CHAR *P;

IF ((P = ALLOC(STRLEN(S)+1)) != NULL)
STRCPY (P, S);

RETURN (P) ;

Ota nporpamMma OyJeT NpaBUIIbHO paboTarh Ha MHOTHX MAllIMHAX, IIOTOMY YTO
TI0 YMOJTYaHHIO (PyHKIMH 1 apryMeHThI uMmetoT T INT, a ykasaress u iesoe 00bIMHO
MOXXHO 0Oe30macHO mepechuiaTh Tyna M obparHo. OpgHAKO TakoW CTHIb
IIPOrpaMMHPOBAHUS B CBOEM CYILECTBE SBISIETCS PUCKOBAHHBIM, TOCKOJBKY 3aBHCUT
OT ZieTaJIel peanM3alii 1 apXUTeKTyPbl MaIIMHBI M MOKET IPUBECTH K HEPABIIbHBIM
pe3ynbraTaM Ha KOHKPETHOM HCIONIb3yeMOM BaMy KoMnuisitope. PasymHee Bcromy
UCIIONB30BaTh nonHele omucanus. (Omagounas nporpamma LINT npenynpenur o
TaKHX KOHCTPYKIMSX, ECIIH OHU [10 HEOCTOPOKHOCTH BCE JKE MOSABSITCSI).

5.7. MHOromepHble MaccuBbI.

B s3p1ke “C” mpery CMOTPEHBI TPSIMOYTOIHHBIE MHOTOMEPHBIE MACCUBBI, XOTSI
Ha MPaKTUKE CYIIECTBYET TEHIEHLHMs K UX 3HAUUTENBHO Oojiee peaKoMy
HCIIONIb30BAHMUIO 110 CPABHEHMIO C MAacCUBaMU yKasatesel. B aTom pasnene Mbl
paccMOTPUM HEKOTODBIE MX CBOWCTBA.

Paccmotpum 3amauy npeoOpa3oBaHus AHS Mecsla B JeHb rofa U Hao0OpOT.
Hampumep, 1-oe mapra ssisiercst 60-M JHEM HEBHCOKOCHOTO rojia U 61-M gHeM
BHCOKOCHOTO rozia. J{aBaiite BBesieM /iBe (hyHKIIMH JUIsl BBIIOJIHEHHS 9THX Mpeodpa-
3oBaHuil: DAY OF YEAR npeo6pa3syer Mecsi u ieHb B ieHb roga, a MONTH._ DAY
npeoOpasyeT AeHb rofia B MECsILL 1 JieHb. TaK Kak 3Ta MoCieHsIst (hyHKIIUS BO3BpaIaeT
JIBa 3HAYCHHSI, TO aPI'yMEHTBI MECSILIA U JTHSI JIOJDKHBI ObITh YKa3aTeIsIMH:
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MONTH DAY (1977, 60, &M, &D)

[Tonaraer M paBubM 3 u D paBHbM 1 (1-0e MapTa).

O06e 5TH (PyHKINH HY>KAAI0TCS B OAHOW U TOM ke NHPOpMaLMOHHOM Tabnuiie,
YKa3bIBaIOILIEH YHCIIO THEH B KaKAOM Mecse. Tak Kak 4ucio AHEeH B Mecsle B
BHUCOKOCHOM M B HEBHCOKOCHOM T'OJy OTJIMYAETCS, TO MPOIIE NMPEACTABUTh UX B
BHUJIE IBYyX CTPOK JIByMEPHOT'O MacCHBa, YE€M IBITATHCS TPOCIICKUBATH BO BPEMS
BBIYHCIICHUH, 9TO IMEHHO IIPOUCXOAUT B (heBpatie. BOT 3TOT MaccuB U BHITIOJIHSIO-
IIKe 3TH peoOpa3oBaHust QYHKIMH:

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)

DAY OF YEAR(YEAR, MONTH, DAY) /* SET DAY OF YEAR */
INT YEAR, MONTH, DAY; /* FROM MONTH & DAY */

INT I, LEAP;

LEAP = YEAR%4 == 0 && YEAR%100 != 0 \!\! YEAR%400 == 0;
FOR (I = 1; I < MONTH; I++)

DAY += DAY TAB[LEAP][I];

RETURN (DAY) ;

MONTH DAY (YEAR, YEARDAY, PMONTH, PDAY) /*SET MONTH, DAY */
INT YEAR, YEARDAY, *PMONTH, *PDAY; /* FROM DAY OF YEAR */

LEAP = YEAR%4 == 0 && YEAR%100 != 0 \!\! YEAR%400 == 0;
][I

FOR (I = 1; YEARDAY > DAY TAB[LEAP][I]; I++)
YEARDAY -= DAY TAB[LEAP][I];
*PMONTH = I;

*PDAY = YEARDAY;

Maccus DAY TAB nomxen ObiTh BHelHUM Kak uisi DAY OF YEAR, rak u
it MONTH_ DAY, nockojbKy OH HCHOJIB3Y€TCsl 00EUMH 3THMHU (DYHKIIUSIMU.

Maccus DAY TAB siBiisieTcs IepBBIM AByMEPHBIM MaCCHBOM, C KOTOPBIM MBI
nmeeM neno. [1o onpenenenuto B “C’” AByMEpHBI MACCHB T10 CYIIIECTBY SIBIISIETCS
OIHOMEPHBIM MAaCCHBOM, Ka)KJbIil JI€MEHT KOTOPOTO SIBISETCS MacCHBOM.
[To3TOMy MHIIEKCHI 3aITUCHIBAIOTCS KaK

DAY TAB[I][J] a He
DAY TAB [I, J]

Kak B OOJIBILIMHCTBE S3bIKOB. B 0CTaIbHOM € ZIByMEPHBIMH MAaCCHBAMH MOXKHO
B OCHOBHOM 00pamarbcs TAKUM e 00pa3oM, Kak B APYTUX SA3bIKaX. DIEMEHTHI
XPaHATCS [0 CTPOKaM, T.e. [Ipu 0OpaleHnu K 3JIeMeHTaM B [TOPSIIKE UX pa3Melle-
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HUSI B TaMSTH OBICTpEE BCETO N3MEHSIETCS CaMBbIi ITPaBbId MHIEKC.

MaccuB MHUIUATU3UPYETCS € MOMOIIBIO CIUCKA HayaldbHBIX 3HAUYECHUH,
3aKJIIOYCHHBIX B UTypHBIE CKOOKH; KaX/1ast CTpPOKa IByMEPHOTO MAaCCHBA MHULIMA-
JIU3UPYETCS COOTBETCTBYIOIIMM MOACIHCKOM. MBI IOMECTHUIIN B HAYaJl0 MacCUBa
DAY TAB cronben u3 Hyael aist TOro, 4To0bI HOMEpa MECSLEB M3MEHSINCh
ecTecTBEHHBIM 00pa3oM ot 1 1o 12, are ot 0 1o 11. Tak kak 3a SKOHOMHIO ITAMSTH
Y Hac MOKa He HarpaXk1aloT, TAaKOH CIOCco0 IPoIIe, YeM MOATOHKA HHIEKCOB.

Ecii nBymMepHbIii MaccuB niepenaeTcst QyHKINH, TO OIIMCaHHE COOTBETCTBYIOIIETO
aprymeHTa ()yHKIMH JIOJDKHO COZIEPKATh KOJIMYECTBO CTOJIOIOB; KOJIMYECTBO CTPOK
HECYIIIECTBEHHO, ITOCKONIBKY, KaK U Ipex/ie, (pakTHuecky nepenaercs ykasarens. B
HallleM KOHKPETHOM CJIydae 3TO yKa3arellb 00bEKTOB, SBIISIOIIMXCSI MACCHBAMH M3

13 uncen Tuna INT. Takum oOpa3zom, eciu Ob1 TpeOOBAIOCH TEPEAATH MACCUB
DAY TAB ¢ynkuuu F, To onucanue B F nmerno Ob1 Buz:

F (DAY TAB)
INT DAY TAB[2][13];

Tak kak KOIUYECTBO CTPOK SIBISETCS HECYIIECTBEHHBIM, TO ONHCAHUE
aprymenTa B F Morio Ob1 ObITH Takum:

INT DAY TAB[][13];

WJIKM TaKUM

INT (*DAY TAB) [13];

B KOTOPM TOBOPHUTCS, YTO apTyMEHT SIBIISICTCS yKas3areileMm maccuBa u3 13
uenbix. Kpyribie ckoOKu 371€ch HEOOXOAMMBI, IIOTOMY YTO KBaJApaTHBIC CKOOKH | |
HUMEIOT 00JIee BBICOKHI YPOBEHB CTAPIIUHCTBA, YeM *; KaK MBI YBHJIUM B CIIC/TY-
Io1IeM pazjee, 0e3 KpyIIbIX CKOOOK

INT *DAY TAB[13];

SIBJIIETCS OIMCaHueM MaccHBa u3 13 yKasaTeneﬁ Ha ICJIbIC.

5.8. MaccuBbI ykasaTenen; ykasatenu ykasatenemn

Tak Kak ykazaTequ caMu SBISAIOTCS IEPEMEHHBIMH, TO BBl BIIOJIHE MOTJIH OBI
OXKHJIaTh WUCIOJB30BaHUS MAacCUBa ykazarelned. DTO AeHCTBUTENBHO Tak. MBI
MPOMJLTIOCTPUPYEM 3TO HAITMCAHWEM IIPOTPaMMBI COPTHPOBKH B al(aBHTHOM
mopsiike Habopa TEKCTOBBIX CTPOK, IPEAEIFHO YIPOILICHHOTO BApUAHTa YTHIIUTHI
SORT omneparmonnoi cucrem UNIX.

B rmaBe 3 Mbl mpuBenu (QYHKIIMIO COPTHPOBKH IO IIEIIy, KOTOpas
YIOPSIOUMBAJIa MACCUB IIEITBIX. DTOT )K€ allrOpUTM OyaeT paboTaTh 1 31eCh, XOTS
Tenepb MbI OyeM HMETh JIETI0 CO CTPOYKAMHU TEKCTa Pa3INIHOH [UTHHBI, KOTOPHIE, B
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OTIMYME OT LENBbIX, HEIb3s CPABHUBATh WU IEPEMEIATh C MOMOILBIO OIHOH
orepaniy. Mbl Hy>K1aeMcsl B TAKOM IPEZICTaBIEHUH JaHHBIX, KOTOPOE ObI II03BOJISIIO
yI00HO 1 3 eKTHBHO 00padaTHIBATh CTPOKH TEKCTa IEPEMEHHOM JUTMHEL.

31ech U BO3HUKAKOT MacCHUBBI ykaszarened. Ecnu nmoanexxamue cCOpTUpPOBKE
CPOKH XpaHsITCsI O[JHa 32 JIPYTOH B JUIMHHOM CHMBOJIBHOM MaccuBe (YIPaBiIsieMOM,
Hanpumep, ¢pynkuuneit ALLOC), To K KaXI0H CTpPOKE MOXXHO OOpaTHTHCS C
MOMOIIBIO YKa3aTellsl Ha ee NepBblid cuMBOJI. CaMM yKa3aTelld MOKHO XPaHUTh B
MaccHBe. IB€ CTPOKH MOXKHO CPaBHHTb, TIepeiaB nx ykasarenu yHkimu STRCMP.

Ecnu nBe pacronioxeHHbIe B HETPABWILHOM ITOPSIJIKE CTPOKH JIOJDKHBI OBITH
TIePECTABIICHBI, TO (PaKTHIECKH [IEPECTABIISIOTCS yKa3aTelIM B MACCHBE YKa3aTeneH,
a He caMM TEKCThI CTPOK. DTHM HCKIIFOYAIOTCS Cpa3y JIBE CBSI3aHHBIE IPOOIEMBI:
CJIOXHOTO YTpAaBJICHUS MaMIThiO U OOJIBIIMX JOIMOJHUTEIBHBIX 3aTpaT Ha
(haKTHYECKYIO IePECTAHOBKY CTPOK.

IIponiecc cOpTUPOBKY BKIIIOUAET TPU ILIATA:

UTeHMEe BCeX CTPOK BBOZA
UX COPTUPOBKA
BLIBOI MX B I[PABMIILHOM IOPSIKE

Kak 00bI4HO, Jyulie pasfeiauTh MpPOrpaMMy Ha HECKOJIbKO (YHKIMH B
COOTBETCTBUH C €CTECTBEHHBIM JICJICHUEM 33]1a4H U BBIJIEIUTH BEAYLIYO (DYHKLIHIO,
YIPaBJISIONIY10 paboTOM BCEH IPOrpaMMBl.

JlaBaiiTe OTJIOKUM Ha HEKOTOPOE BPEMsI paCCMOTPEHHE I1ara COPTUPOBKU U
COCPEN0TOUUMCSI HA CTPYKTYPE JAHHBIX U BBOJE-BbIBOE. DYHKIIUS, OCYILECTBILA-
I011as BBOJ, AOJIKHA U3BJIE€Yb CUMBOJBI KQXKJJOM CTPOKH, 3aIIOMHUTB UX U OCTPO-
UTbh MacCHB yKa3aTeneil cTpok. OHa I0/KHA TaKkKe MOICUUTATh YHUCIIO CTPOK BO
BBOJIE, TaK KaK 3Ta MH(OpMaIHs He0OX0AUMa ITPU COPTUPOBKE U BBIBOJIE. TAK KaK
(yHKIMS BBOZIA B COCTOSIHUH CIIPABUTHCSI TOJIBKO C KOHEYHBIM YHCIIOM BBOJMMBIX
CTPOK, B CIIy4ae CIIMIIKOM OOJIBIIIOTO MX YHCIJIA OHA MOXKET BO3BPAIIATh HEKOTOPOE
4HCII0, OTIMYHOE OT BO3MOXKHOI'O YhCIIa CTPOK, Harmpumep -1. dyHkuus ocymect-
BIIAIOLIAs BBIBOJ, JOJKHA [I€YaTaTh CTPOKU B TOM NOPSIKE, B KAKOM OHH MOSIBIISIOT-
Csl B MAaCCHBE yKa3arelne.

#DEFINE NULL 0

#DEFINE LINES 100 /* MAX LINES TO BE SORTED */
MAIN () /* SORT INPUT LINES */

\ (

CHAR *LINEPTR[LINES]; /*POINTERS 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”);

\)
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#DEFINE MAXLEN 1000

READLINES (LINEPTR, MAXLINES) /* READ INPUT LINES */ CHAR
*L,INEPTR[]; /* 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) ;

\)

CHMBOII HOBOI CTPOKH B KOHIIC Ka)K,HOf/'I CTPOKHU YAAJIACTCA, TAK YTO OH HUKAK
HC 6y,HCT BJIMATDH Ha OPSIZIOK, B KOTOPOM COPTUPYIOTCS CTPOKH.

WRITELINES (LINEPTR, NLINES) /* WRITE OUTPUT LINES */
CHAR *LINEPTRI];

INT NLINES;

\ (

INT I;

FOR (I = 0; I < NLINES; I++)

PRINTF (“$S\N”, LINEPTRI[I]);

\)

CyIIecTBEHHO HOBBIM B ATOH IIPOTpaMMe SIBIISICTCS OIMCAaHUE

CHAR *LINEPTR[LINES];

kotopoe coobrraet, uro LINEPTR sBistercst maccuBom u3 LINES aiemenTos,
KK M3 KOTOPBIX - yKa3aTenb Ha nepemeHnble Tuma CHAR. D10 o3Hagaer,
g1o LINEPTR[I] - yka3zarens Ha cumBosl, a *LINEPTR[I] u3Bnekaer cumBoi.

Tak kak cam LINEPTR siBnsieTcst MaccMBOM, KOTOPBIN TiepeaaeTcs: QyHKIHH
WRITELINES, ¢ HIUM MOXXHO 00paIiathcs Kak ¢ yKa3arejaeM TOYHO TaKUM Ke
00pa3oM, KaK B HaIIKX 00Jiee PAaHHUX IIPUME-

pax. Torna mocnenHio0 (PyHKINIO MOXHO ITEPETHCaTh B BHIE:

WRITELINES (LINEPTR, NLINES) /* WRITE OUTPUT LINES */
CHAR *LINEPTRI];
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INT NLINES;

\ (

INT I;

WHILE (—NLINES >= 0)
PRINTF (“$S\N”, *LINEPTR++);
\)

3neck *LINEPTR cHayana ykaspiBaeT Ha IIEPBYIO CTPOKY; KaXKJJ0€ YBEJIHMIECHHE
HIepeIBUIaeT yKa3aTellb Ha CIEeIYIOILYI0 CTPOKY, B TO BpeMst kak NLINES y6biBaer
JIO HyJISL.

CrpaBUBIINCE C BBOAOM U BBIBOAOM, MBI MOXEM NEPEUTU K COPTHPOBKE.
IporpaMma COpPTHPOBKH IO IIEJUTy M3 IVIaBbl 3 TpeOyeT oueHb HeOOJBUINX
N3MEHEHHUH: TOIKHBI OBITh MOM(UIIMPOBAHBI OITUCAHUSL, 4 ONIepanysl CPaBHEHUS
BBIJIEJIEHA B OT/IENbHYIO (DyHKIMI0. OCHOBHOH aJITOPUTM OCTAETCs TEM JKE CAMBIM,
W 3TO JaeT HaM OIPEJEICHHYI0 YBEPEHHOCTb, YTO OH IO-IIPEeXHEMY Oyner
paboTars.

SORT(V, N)  /* SORT STRINGS V[0] ... V[N-1] */
CHAR *V[]; /* INTO INCREASING ORDER */
INT N;

\ (

INT GAP, I, J;

CHAR *TEMP;

FOR (GAP = N/2; GAP > 0; GAP /= 2)

FOR (I = GAP; I < N; I++)

FOR (J = I - GAP; J >= 0; J -= GAP) \(
IF (STRCMP (V[J], V[J+GAP]) <= 0)

BREAK;

TEMP = VI[J];

V[J] = V[J+GAP];

V[J+GAP] = TEMP;

\)

\)

Tak xKak KaXIbId OTAECIbHBIA dJeMEHT MaccuBa V (uMsa (HopMaiabHOTO
napametpa, cootBeTcTBytomero LINEPTR) siBnsiercst ykazareiaem Ha CUMBOJIBI,
10 1 TEMP nmomxen ObITh yKa3zarejaeM Ha CHMBOJBI, YTOOBI MX OBLTIO MOXKHO
KOTIMPOBATh JIPYT B IpyTa.

MBI HanucaTy 3Ty IPOrpaMMy 0 BOSMOXXHOCTH 0oI1ee MpocTo ¢ TeM, YTOOBI
noOkICTpee MONYyYHuTh paboTtaromyro nporpammy. OHa Moria Obl paboTaTh
OBICTpee, €Cu, HaIpUMeEpP, BBOJAUTH CTPOKH HEMOCPEACTBEHHO B MAacCCHUB,
ynpasisiembnii pyaknueiit READLINES, a ve konmpoBats ux B LINE, a 3arem B
CKpbITOe MecTO ¢ nomoinpio ¢yakuuun ALLOC. HO MBI cuyuTaeM, 4to Oymer
pa3yMHee IIepBOHAYaIbHBIH BAPHAHT C/AEIaTh O0JIee IPOCTHIM IJIsl IOHUMAaHuUs, a
00 “addexrnBHOCTH” TI03a00TUTHCA TIO3AHEE. Bee ke, mo-BHIUMOMY, CIIOC00,
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TIO3BOJISIONINIA TOOUTHCS 3aMETHOTO YCKOPEHNUS! PabOThI IIPOrPaMMBbl COCTOUT HE
B MCKJIIOUEHHUH JIUIIHEr0 KOMUPOBAHUS BBOIUMBIX CTPOK. bonee BeposTHO, 4TO
CYILIECTBEHHON pa3HULII MOXKHO JOCTUYb 3a CYET 3aMEHBI COPTUPOBKH I10 ILEIITY
Ha HeYTo JIy4lliee, HalpuMmep, Ha MeTOA ObICTPOH COPTHPOBKH.

B rase 1 mbI oT™Meuanu, yto nockoneky B nukinax WHILE u FOR nposepka
OCYILECTBIISIETCS IO TOTO, KaK TEJO IIMKJIA BBIIIOJIHUTCS XOTS OBl OAMH a3, 3TH
LUKJIBl OKa3bIBAIOTCSA yAOOHBIMH sl 0OecredyeHus MpaBmIbHON paboThl
MIPOrpaMMBbI IPY T'PAHUYHBIX 3HAYEHHSIX, B YACTHOCTH, KOT/1a BBOJja BOOOIIE HET.
OueHsb N0JIE3HO NPOCMOTPETH BCe (DYHKLIMH POrPaMMbl COPTHPOBKH, pa30Hpasich,
YTO MPOUCXOIUT, €CIIA BBOAUMBIH TEKCT OTCYTCTBYET.

Yupaxnenue 5-5.

[epermmmre ¢pyrkmro READLINES takum 06pa3zom, 9ToOBI OHa ITOMeIIaia
CTPOKH B MaccuB, npefocTanisieMbli pyakimeir MAIN, a He B TaMsITh, YIIPaBIIEMYIO
obpamennsivu K pynkumn ALLOC. Hackosbko ObIcTpee cTaiia nporpamma?

5.9. UHMumManusaumsa maccuBoB yKa3aTenen.

Paccmorpum 3amauy Hanmucanus ¢pyrkmun MONTH NAME(N), koropas
BO3BpaIllaeT yKa3aTelb Ha CHMBOJIBHYIO CTPOKY, COIep KAyt nMs N-To MecsIia.
OT0 MueanpHas 3a/1ada UL IPUMEHEHUST BHYTPEHHETO CTaTUIECKOTO MacCHBA.
Oyukiuss MONTH_NAME comep)kuT TOKanbHBIA MACCHB CHMBOJIBHBIX CTPOK U
pu OOpAIIEHUH K Hell BO3BPAIIIAET YKa3areb Hy)KHON CTpOKH. Tema HacTOSIIIEro
pa3zena - Kak MHHIHAIU3HUPOBATh ATOT MACCUB FIMEH.

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”,

“SEPTEMBER”,

“OCTOBER”,

“NOVEMBER”,

“DECEMBER”

\);

RETURN ((N < 1 \!\! N > 12) ? NAME[0] : NAME[N]);
\)
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Onucanue maccuBa ykasareneil Ha cumBonsl NAME TouHO Takoe ke, Kak
ananornuHoe onucanue LINEPTR B npumepe ¢ coprupoBkoil. MHunmamsaropom
SIBIIICTCS MIPOCTO CIUCOK CHMBOJBHBIX CTPOK; KaXkas CTPOKAa IPUCBAMBACTCS
COOTBETCTBYIOLIEN O3ULIMH B MaccHBe. bonee TouHo, cumBoibl [-0i cTpoku nomenia-
I0TCSL B KAKOE-TO HHOE MECTO, a ee ykazaresb xpaHutcs B NAME][I]. [Tockonbky pazmep
MaccuBa NAME He ykazaH, KOMIWISTOP caM MOJCUYUTHIBAET KOJIMYECTBO UHUIIU-
aM3aToOPOB U COOTBETCTBEHHO YCTAHABIMBAET IIPABUIIBHOE YHCIIO.

5.10. Yka3aTenu un MHOromepHblie MacCUBbI

[TP%1]

Haunnaronuye n3yuars A3bIK “‘c” HTHOIZA CTAHOBSTCS B TYIIHK IIEPE]] BOIIPOCOM
0 pa3au4YuM MEXAy AByMEPHBIM MAaCCHBOM M MACCUBOM YyKa3aTelled, TAKUM Kak
NAME B npuseneHHOM BblIIe puMmepe. Eciu umerotcst onucanus

INT A[10][10];
INT *B[10];

T0 A 1 B MOXXHO HCHIOJIB30BaTh CXOMHBIM 00pa30M B TOM CMEICIIE, UTO KaK
A[5][5], Tak u B[5][5] sBAsitoTCS 3aKOHHBIMU CCBUIKAMHU HA OTHEJILHOE YHCIIO
tuna INT. Ho A - HacTosinuii MaccuB: nof Hero otBoautces 100 siueek nmamsaTi u
JUTSE HAXOXKICHHUS JII000TO YKa3aHHOTO 3JIEMEHTA MPOBOAATCS OOBIYHBIC BBHIYHC-
JIEHUS C IPSIMOYTOJIbHBIMU MHAEKcaMu. 115t B, oniHaKo, onucaHue BbIIEISET TOIbKO
10 yka3zareneii; KaKIbIi yKa3aTellb JODKCH OBITh YCTAHOBICH TakK, YTOOBI OH
YKa3bIBaJl HA MACCUB LIEJIbIX. €CJIU MPEAION0KUTh, YTO KaXKIbINA U3 HUX YKa3bIBaeT
Ha MaccuB u3 10 aeMeHToB, TO Torna rae-to oyaer orBeaeHo 100 syeek mamsaTu
IUTFOC eIl ACCSTh s9eeK I ykazateneil. Takum o0Opa3oM, MacCUB yKa3aTese
HCTIONB3YEeT HECKOIBKO OONBIIHI 00hEM MaMsITH U MOXKET TPeOOBaTh HATHYHE
SIBHOTO 1Iara MHUIManu3anuu. Ho mpu 3ToM BO3HUKAIOT JIBa NMPEUMYILECTBA:
JIOCTYTI K DJIEMEHTY OCYILIECTBIISIETCSI KOCBEHHO YePE3 YKa3aTelb, a HE IOCPEICTBOM
YMHOXEHHS U CIOKEHUS, U CTPOKM MacchBa MOTYT UMETb Pa3IUYHbIE JJIMHBI.
DTO 03HAYACT, YTO KAXKJIBIA dJIEMEHT B He JHOMKeH 00s3aTeIbHO yKa3bIBaTh Ha
BeKTOp U3 10 31€MEHTOB; HEKOTOPBIE MOTYT YKa3bIBaTh Ha BEKTOP U3 JIBYX dJie-
MEHTOB, IPYTHE - U3 IBAALATH, a TPETHU MOTYT BOOOIIIE HU HA YTO HE YKA3HIBATh.

XoTs1 MBI BeJTH 3TO 00CYKICHUE B TEPMHUHAX IIEJTBIX, HECOMHEHHO, Yallle BCETO
MAaCCHBHI yKa3aTellei UCIIONTB3YIOTCS TaK, KAK MBI [IPOIEMOHCTPUPOBAITH Ha (DY HKIIUH
MONTH_NAME, - 111 XpaHEeHUs] CUMBOJIBHBIX CTPOK Pa3IMYHOM AJHMHBL

Ynpaxuenue 5-6.
[epenmmmte ¢pyuakmmu DAY OF YEAR u MONTH_DAY, ncniosns3ys BMecTo
MHJIEKCALIUH YKa3aTeIH.

5.11. KomaHgHasa cTpoka apryMeHToB

[T

CucreMHbIe CPEICTBA, Ha KOTOPBIE ONUPAETCS peaIn3alysl 13bIKa “C”, O3BOJISIOT
nepenaBaTb KOMaHAHYIO CTPOKY apryMEHTOB WM NapaMeTpOB HauMHAIOLIEH
BBINONHATHCS porpamme. Korna dynkums MAIN BbI3bIBaeTCS K HCTIONHEHUIO, OHA
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BBI3BIBAETCS C ABYMs aprymMeHTamu. IlepBbiii apryMeHT (YCIIOBHO Ha3bIBaeMbIH
ARGC) yka3pIBaeT 4UCJIO apryMEHTOB B KOMaHIHOH CTPOKE, C KOTOPBIMH
MIPOUCXOAUT oOpaleHue K nporpamme; Bropoid apryment (ARGV) siBisercs yka-
3aTeseM Ha MaCCUB CUMBOJIBHBIX CTPOK, COAEPAKALIUX 3TU apIyMEHTBIL, 110 OTHOMY
B cTpoke. PaboTa ¢ TakuMu CTpOKaMH - 3TO 00BIYHOE MCHOJIB30BAHIE MHOTOYPOB-
HEBBIX yKa3aTenen.

Camyro IIPOCTYIO WINTIOCTPALHIO 3TOH BO3MO)KHOCTH M HEOOXOAMMBIX ITPH 5TOM
onucanuil naet nporpamma ECHO, xoTopas mpocTo meyaraeT B OJHY CTPOKY
apryMeHThl KOMaHIHOW CTPOKH, pa3zesisis ux npoodenamu. Takum obpazom, eciu
JlaHa KOMaHJa

ECHO HELLO, WORLD

TO BBIXOZIOM OyneT

HELLO, WORLD

no cornamenuto ARGV[0] sBusiercs UMEHEM, 10 KOTOPOMY BbI3BIBAETCS
mnporpamma, Tak 4uTo ARGC no MeHsb1ell Mmepe paBeH 1. B npuseneHHOM BbllIe
npumepe ARGC pasen 3, a ARGV[0], ARGV[1] u ARGV|[2] paBHBI COOTBET-
creenHo “ECHO”, “HELLO,” u “WORLD”. [1epBbIM (hakTHIeCKUM aryMeHTOM
spisiercs ARGV[1], a nocnennum - ARGV[ARGC-1]. Ecnu ARGC pasen 1, To
32 IMEHEM IpPOrpaMMBbl HE CJIEAYEeT HUKAKOH KOMaHIHOH CTPOKU apryMEHTOB.
Bce 10 nokazano 8 ECHO:

MAIN (ARGC, ARGV) /* ECHO ARGUMENTS; 1ST VERSION */
INT ARGC;

CHAR *ARGV[];

\ (

INT I;

FOR (I = 1; I < ARGC; I++)

PRINTF (“%S%C”, ARGV[I], (I<ARGC-1) 2 * ' : M“\N');
\)

Iockomeky ARGV siBrsieTcs ykasareneM Ha MacCHB yKa3aTellel, TO CyILECTBYET
HECKOJIbKO CITOCOOOB HAIlMCaHMS 3TOHW MPOTrpaMMBbl, HCHOJB3YIONIUX padoTy ¢
yKaszarelseM, a He ¢ HHeKcaluel MaccuBa. Mbl IPOJEMOHCTPUPYEM J1BA BAPUAHTA.

MAIN (ARGC, ARGV) /* ECHO ARGUMENTS; 2ND VERSION */
INT ARGC;

CHAR *ARGV[];

\(

WHILE (—ARGC > 0)

PRINTF (“%S%C”, *++ARGV, (ARGC > 1) 2 Y ' : “\N');
\)

Tak kak ARGV siBnsieTcs ykazareneM Ha Hayaio MacCUBa CTPOK-apryMEHTOB,
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TO, yBennuuB ero Ha 1 (++ARGV), MbI BEIHYX/1a€M €T0 YKa3bIBaTh Ha ITOJIMHHBIA
aprymeHT ARGV[1], ane na ARGV[0]. Kaxxnoe nocneaytoriee yBeauueHue nepe-
JIBUT'A€T €ro Ha CJISYIOIINI apryMeHT; mpu 3ToM *ARGV craHoBHTCS yKazarenem
Ha 3TOT apryMeHT. oJHoBpeMeHHO BennunHa ARGC ymeHbIIaeTcs; Koraa oHa 00-
parurcs B Hyjb, BCE apryMEHTHI OyAyT y)Ke HareuaTraHsbl.

Jpyroii BapuaHT:

MAIN (ARGC, ARGV) /* ECHO ARGUMENTS; 3RD VERSION */
INT ARGC;

CHAR *ARGV[];

\ (

WHILE (—ARGC > 0)

PRINTF ( (ARGC > 1) ? “$5” : “&S\N”, *++ARGV);
\)

Orta BepcHs MoKa3bIBaeT, 4To apryMeHT ¢opmara pynkuuu PRINTF moxer
OBITH BBIpaXKEHHEM, TOUHO TaK JKe, Kak M 1000 npyroil. Takoe ncnons3oBanue
BCTPEYAETCS HE OYEHB YaCTO, HO €r0 BCE )K€ CTOUT 3alIOMHHUTD.

Kak Bropoii mpumep, naBaiiTe BHECEM HEKOTOpBIE YCOBEPIIEHCTBOBAHUS B
IIPOrpaMMy OTHICKAaHHsI 3aJJaHHOH KOMOWHAIIMU CUMBOJIOB 13 T1aBsl 4. Eciiu BB
TIOMHHTE, MBI IIOMECTHIM UCKOMYIO KOMOMHAIIMIO [TyOOKO BHYTPb IPOTPaMMBl,
YTO OYEBU/IHO SIBISETCSA COBEPIIEHHO HEYOBIETBOPUTENBHBIM. Clieys yTUIUTE
GREP cucremsr UNIX, naBaiite ”3MEHHM IIPOrpaMMy TaK, YTOOBI 3Ta KOMOWHALHS
YKa3bIBaJIaCh B Ka4€CTBE IIEPBOI0 APTyMEHTa CTPOKHU.

#DEFINE MAXLINE 1000

MAIN (ARGC, ARGV) /* FIND PATTERN FROM FIRST ARGUMENT */
INT ARGC;

CHAR *ARGV[];

\ (

CHAR LINE [MAXLINE];

IF (ARGC != 2)

PRINTF (“USAGE: FIND PATTERN\N");
ELSE

WHILE (GETLINE (LINE, MAXLINE) > 0)
IF (INDEX(LINE, ARGVI[1] >= 0)
PRINTF (“%S”, LINE);

\)

Tenepb MOXeT OBITH pa3BUTa OCHOBHASI MOJIEITh, FULTFOCTPHPYIOIIAs JaTbHEHIICe
KCIOJIb30BaHUE yKazareneil. [Ipeamnonoxkum, yTo HaM HaJo0 MPEAYCMOTPEThH ABa
HeoOs3aTeNbHBIX apryMeHTa. ONWH yTBEpXkKAaeT: “HaredyaraTh BCE CTPOKHU 3a
HCKJIFOUYCHHUEM TeX, KOTOPBIC CONEpPKAT NTAaHHYK) KOMOHWHAIIMIO, BTOPOH IJIACHUT:
“nepes Kax10i BEIBOIUMON CTPOKOM JIOJIKEH I1e4aTaThesi ee HoMep .

[T9%1]

O6HI€HpI/IH$ITI)IM COMIALICHUEM B 'C -IIpOorpaMmax ABJISICTCSA TO, UTO apTyYMECHT,
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Ha4YMHAIOIMICS CO 3HaKa MHHYC, BBOIUT HE00s13aTeIIbHBII PU3HAK HIIM TTapaMeTp.
Ecnu Mb1, 17151 TOTO, 4TOOBI COOOLIUTE 00 MHBEPCHH, BEIOEpEM -X, a [JIs yKa3aHUs
0 HyMepauuy HYXKHBIX CTPOK BbIOepeM -N(“HoMep”), To KoMaH/1a

FIND -X -N THE

IIPpHU BXOAHBIX JAaHHBIX

NOW IS THE TIME
FOR ALL GOOD MEN
TO COME TO THE AID
OF THEIR PARTY.

JlobkHa BBIIATH

2:FOR ALL GOOD MEN

HyxHo, 4T00BI HeoOsA3aTebHbIE apTYMEHTHI MOTJIH pacojaraTbCs B
MIPOU3BOJIBFHOM IOPSIKE, M YTOOBI OCTAIbHAS YaCTh MPOTPaMMEI HE 3aBHCENa OT
KOJIMYECTBA (haKTHUESCKU MPHUCYTCTBYIONINX apryMEHTOB. B YaCTHOCTH, BHI30B
¢ysaximn INDEX se nomxkeH conepkars cebliky Ha ARGV[2], kora mpucyTcTByer
OIMH HeoOs3aTenpHBIN aprymMeHT, u Ha ARGV([1], korna ero Het. Bonee Toro, mis
MoJIb30BaTeJ el ynoOHO, YTOOBI HeoOs3aTeIbHBIC APTYMEHTHI MOXHO OBLIO
0OBECTUHHUTE B BUJIC:

FIND -NX THE

BOT CaMa IIporpaMma:

#DEFINE MAXLINE 1000

MAIN (ARGC, ARGV) /* FIND PATTERN FROM FIRST ARGUMENT */
INT ARGC;

CHAR *ARGV([];

\ (

CHAR LINE[MAXLINE], *S;

LONG LINENO = 0;

INT EXCEPT = 0, NUMBER = 0;

WHILE (—ARGC > 0 && (*++ARGV)[0] == ‘-')
FOR (S = ARGV[0]+ *S 1= "\0'; S++)
SWITCH (*S) \ (

CASE ‘X':

EXCEPT = 1;

BREAK;

CASE N’:

NUMBER = 1;

BREAK;

DEFAULT:
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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);

\)

\)

\)

Apryment ARGV yBennuuBaeTcs niepest KakabIM Heo0s3aTelIbHBIM apryMeH-
TOM, B TO BpeMs Kak apryMeHT ARGC ymeHbInaercs. eciu HeT omHOoK, TO B
koHue nukia BemmunHa ARGC nomksa paBasThCa 1, a * ARGV 101mKHO yKa3bIBaTh
Ha 3aJJaHHyI0 KoMOnHaiuio. OOparure BHUMaHue Ha TO, 4To *++ARGYV sBisiercs
yKazarejeM apryMeHTHOMH cTpoky; (¥*++ARGV)[0] - ee nepBblii cumBoit. Kpyrisie
CKOOKH 3/1€Ch HEOOXOAUMEI, TIOTOMY 4TO 0€3 HUX BBIpayKeHHE ObI PUHSIIO COBEP-
IIEHHO OTIMYHBIN (1 HenpaBWiIbHBIN) BuI *++(ARGV([0]). pyro¥ npaBuabHOM
¢dopmoii Osi1a 061 **++ARGV.

Ynpa:xnenue 5-7.
Hanwmure nporpammy ADD, BeIMuCIsIoNTy 0 00paTHOE MOIBCKOE BEIpKEHUE
13 KOMaHIHOM cTpoku. Hanpumep,

ADD 2 3 4 + *
BeryncisieT 2*(3+4).

Ynpaxuenue 5-8.

Momudunupyiite nporpammel ENTAB nu DETAB (yka3aHHbIEe B KauecTBe
yHpaXHEeHUH B raBe 1) Tak, 4TOObl OHM ITOJIyYald CHHCOK TaOyJSIHUOHHBIX
OCTaHOBOK B KaU€CTBE apTyMEHTOB. EC/IM apryMeHThI OTCYyTCTBYIOT, HCIIOIb3YITE
CTaHAAPTHYIO YCTaHOBKY TaOyJIALIUH.

Ynpaxnenue 5-9.
Pacummpsre ENTAB 1 DETAB Takum o6pa3omM, 4ToObl OHH BOCTIPHHUMAJTH
COKpAIIEHHYIO HOTAIIHIO

ENTAB M +N

03HAYAIOIYIO TaOyIALMOHHBIE OCTAHOBKH Yepe3 Kaxpie N CTOIONoB,
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HauyMHas co cronbna M. Beibepure ynoOHoe (1U1s1 ToIbp30BaTelis) MOBEICHHE
(YHKIIMU IO yMOJTYAHHIO.

Ynpaxuenne 5-10.

Harmmmmire nporpammy jutst pyskiun TAIL, mevararomeit nocnenane N cTpok
u3 cBoero ¢aiina Beoga. [Tycts no ymonuanuio N pasHo 10, HO 3TO YHCIIO MOXKET
OBbITH MU3MEHEHO C IIOMOIIBI0 HE00s3aTEIbHOI0 apIYMEHTa, TaK 4TO

TAIL -N

nieyaraet nocieqaue N CTpoK. IIporpamMmMa JIOJKHA JeHCTBOBATh PALIMOHAIIBHO,
KakuMHu OBl Hepa3yMHBIMU HHM ObutH Obl BBOJ wmim 3HaueHne N. CocTaBbTe
[porpamMMy TaK, 4TOObI OHA ONTHMAIBLHBIM 00Pa30M HCIIOIb30BAJIA TOCTYITHYIO
MaMATh: CTPOKH JOJDKHBEI XpaHUThCs, Kak B pyHknun SORT, a He B 1ByMepHOM
MaccuBe (PMKCHPOBAHHOTO pa3Mepa.

5.12. Yka3aTtenu Ha cbyHKUMHU

(3PS L

B s3pIke “c” caMu (QYHKIIUH HE ABISIOTCS HNEPEMEHHBIMH, HO MMEETCS
BO3MOKHOCTh ONPENENIUTh yKa3arelab Ha (DyHKIHIO, KOTOPBHIH MOXKHO 0Opaba-
TBIBATh, IEPEIABaTh APYTUM (YHKIHSIM, IIOMEIIATh B MACCHUBHI U T.11. MBI IPOMJI-
JIOCTPUPYEM 3TO, IPOBEI MOAN(DUKAIIIIO HAITMCAHHON paHee MPOoTrpaMMEbl Cop-
THPOBKH TaK, 4YTOOBI MPH 3aJlaHuM HeoOs3arenbHOro aprymenra -N oHa Obl
COPTUPOBAJIa CTPOKH BBOJIA YHUCIICHHO, & HE JIEKCUKOTpa(uIecKu.

CopTHpPOBKa 9aCTO COCTOUT M3 TPEX YacTel - CpaBHEHHS, KOTOPOE OIPEAeIsIeT
yIopsiiounBaHue J000i mapsl 0OBEKTOB, MEPECTAHOBKH, U3MEHSIOMIEH MX
MOPSAZIOK, M aITOPUTMa COPTHPOBKH, OCYIIECTBISIONIETO CPABHEHUS W IIepe-
CTaHOBKH JIO T€X IIOP, TIOKa OOBEKTHI HE PACIIONOKATCS B HY>)KHOM HOPSAIKE. AJTro-
PHUTM COPTHPOBKH HE 3aBHCUT OT OIIEPAIIii CPABHEHUS U IIEPECTAHOBKH, TaK UYTO,
nepenaBasi B Hero pa3inyHble (YHKIIMU CPABHEHUS U NIEPECTAHOBKH, Mbl MOXXEM
OpPTraHM30BaTh COPTHUPOBKY IO Pa3IMYHBIM KpUTEpHUAM. VIMEHHO Takoil momaxosn
HCTIONB3YETCS B HAllEl HOBOM MporpaMMe COPTUPOBKH.

Kak u mpex e, tekcukorpaduueckoe CpaBHEHHE IBYX CTPOK OCYILECTBISIETCS
¢dyukmmeit STRCMP, a nepecranoBka ynkimein SWAP; Ham HykHa ertie hyHKIHsT
NUMCMP, cpaBHuBaroImas IBe CTPOKH Ha OCHOBE YHCJICHHOTO 3HAYEHUS H
BO3BpaIIaroIias yYCJIOBHOE yKazaHue Toro e Buaa, uto u STRCMP. Ot tpu
¢yukuuu onmceiBatotesi B MAIN u ykasarenu Ha Hux nepenarorcs B SORT. B
cBoro ouepens GyHkmus SORT obparaercst K 3TuM (GyHKIUSIM Yepe3 UX yKa3arellu.
MBI ype3anni 00paboTKy ONTMOOK B apTyMEHTax ¢ TEM, 9TOOBI COCPENOTOUNTHCS
HAa IJIaBHBIX BOIIPOCAX.

#DEFINE LINES 100 /* MAX NUMBER OF LINES
TO BE SORTED */

MAIN (ARGC, ARGV) /* SORT INPUT LINES */
INT ARGC;
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CHAR *ARGV[];

\ (

CHAR *LINEPTR[LINES]; /* POINTERS 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 (ARGC>1 && ARGV[1][0] == ‘-’ && ARGV[1][1]=='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”);
\)

3nece STRCMP, NIMCMP u SWAP - anpeca ¢yHKIMIA; TaKk KaKk U3BECTHO,
YTO 3TO (PyHKUMH, onepanus & 31ech He Hy’KHa COBEPIIEHHO aHAJIOTUYHO TOMY,
KaK OHa He Hy)XXHa U Iepe] MMeHeM MaccuBa. [lepemaua agpecoB (yHKuMH
OPTaHU3yeTCs] KOMITHIITOPOM.

Bropoii mar coctout B Mmogudukanuu 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) \(
IF ((*COMP) (V[J], VI[J+GAP]) <= 0)
BREAK;
(*EXCH) (&V[J], &V[J+GAP]);
\)
\)

3nech ciuenyeT oOpaTUTh ONpeesieHHOe BHUMAaHUE Ha onrcaHus. OnucaHue
INT (*COMP)() roBopurt, uto COMP siBnsieTcst ykazarenaem Ha ()yHKIIHIO, KOTOPast
Bo3Bpamiaet 3HadeHue Tuna INT. [TepBrie Kpymiibie CKOOKH 371€Ch HEOOXOAMMBI;
6e3 aux onmcanue INT *COMP() roBopuito 6s1, uto COMP siBisiercst hyHKIHEH,
BO3BpaIIaroIeii yka3aTeiab Ha Leble, YT0, KOHEYHO, COBEPIIECHHO APYTas BEIllb.



124

HUcnonszoBanue COMP B cTpoke

IF (*COMP) (V[J], V[J+GAP]) <= 0)

MIOJIHOCTEIO comrtacyeTcs ¢ onucanueM: COMP - ykaszarens Ha QyHKUHIO,
*COMP - cama pyHkuus, a

(*COMP) (V[J], V[J+GAP])

- obpamenue k Heil. Kpyrnble ckoOkn HEOOXOAMMBI ISl IPaBUIBLHOTO
00beIMHEHNsI KOMIIOHEHTOB.

Ms! yxe npuBoauin ¢yHkimuio STRCMP, cpaBHuBaroIIy!0 1BE CTPOKHU 110
MEPBOMY YHCIEHHOMY 3HAUEHUIO:

NUMCMP (S1, S2) /* COMPARE S1 AND S2 NUMERICALLY */
CHAR *S1, *S2;

\(

DOUBLE ATOF (), V1, V2;

V1 = ATOF (S1);

V2 = ATOF (S2);

IF (V1 < V2)
RETURN (-1) ;

ELSE IF (V1 > V2)
RETURN (1) ;

ELSE

RETURN (0);

\)

3aKJIIOUYUTENbHBIH IIar cocTouT B nobaBieHuu Qynkiauum SWAP,
MEePECTaBIAIOIIECH JBa yKa3aTelsl. JTO JIETKO CAeNaTh, HEOCPEICTBEHHO UCTIONb3Ys
TO, UTO MBI U3JIOKUIIA PAHEE B 3TOU IIaBe.

SWAP (PX, PY) /* INTERCHANGE *PX AND *PY */
CHAR *PX[], *PY[];

A\ (
CHAR *TEMP;
TEMP = *PX;
*PX = *PY;
*PY = TEMP;
\)

HmeeTcss MHOXKECTBO APYyrux HEOOSM3ATENBHBIX APryMeHTOB, KOTOPbIC MOT'YT
OBITh BKJIIOYEHEI B nporpaMmMy COPTUPOBKU: HEKOTOPBIC U3 HUX COCTABJIAIOT
HWHTCPCCHBIC YITPAKHCHUS.

Ynpaxuenue 5-11.
Monudumupyiite SORT Takum 00pa3om, 4To0bI OHA paboTaa ¢ METKOH -R,
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YKa3bIBaIoIEel Ha COPTUPOBKY B 00paTHOM (yObIBaromiem) nopsiake. Konedno, -R
JIoJDKHA padorats ¢ -N.

Ynpaxuenne 5-12.

Jlo6aBbTe HeoOsI3aTeNIbHBIN apryMeHT -F, 00beInHSIONNiT BMEeCTE IPOITUCHEIC
U CTPOYHBIC OYKBEI, TaK YTOOBI Pa3InYKe PErHUCTPOB HE YIUTHIBAJIOCH BO BpeMsI
COPTUPOBKH: IaHHBIE U3 BEPXHETO U HIXKHETO PETUCTPOB COPTUPYIOTCSI BMECTE,
Tak 4T0 OyKBa ‘a’ MPONIKCHOE U ‘a’ CTPOYHOE OKA3BIBAIOTCS COCEIHUMHU , a HE
Pa3/IeICHHBIMY LIEIBIM aJI(aBUTOM.

Ynpaxuenue 5-13.

JloGaBbTe HeoOs3aTenbHBIN apryMeHT -D (“‘ciioBapHOe yropsimodnBanue’), mpu
HAJIMYHH KOTOPOTO CPABHUBAIOTCS TOIBKO OYKBEI, urcia u mpooessl. [Tozaboterech
0 TOM, 4TOOBI 3Ta PyHKIHKs paboTana u BMecTe ¢ -F.

Ynpaxuenne 5-14.

Jlo6aBpTe BO3MOXHOCTH 00pabOTKH IMOJIEeH, TaK YTOOBI MOXKHO OBLIO
COPTHPOBATH MOJII BHYTpH CTPOK. Kaxkjgoe moiie HOIKHO COPTHPOBATHCS B
COOTBETCTBUH C HE3aBUCHMBEIM HA0OPOM HEOOsI3aTEIBHBIX apryMEHTOB. (TIpel-
METHBIH yKa3aTeib 3TOH KHUTH COPTUPOBAJICS C TIOMOMIBIO apryMeHToB -DF s
KaTeropuy yKa3atels u ¢ -N Ui HOMEPOB CTPaHHUII).
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6. CTPYKTYPbI.

CrpykTypa - 310 HabOp M3 OIHOH WM Ooiee IMepPEeMEeHHBIX, BO3MOXHO
Pa3JIMYHBIX THIIOB, CTPYNIIMPOBAHHBIX IO OJHUM MMEHEM Uil ynoOcTBa
00paboTku. (B HEKOTOPBIX S3bIKAX, CAMBI U3BECTHBIM M3 KOTOPBIX ITacCKalb,
CTPYKTYpPbI Ha3bIBAIOTCS “3aIHUCAMH ).

TpaguuMOHHBIM IPUMEPOM CTPYKTYPBI SIBISIETCS yUeTHast KapTouka padoTa-
IOIIEro: “‘ciy’KaIuii” onuckiBaeTcss HAOOPOM aTpHOYTOB TaKHX, Kak (haMHIIHs,
nmst, oruectBo (¢.n.0.), agpec, Koa connaibHOro odecredeHus, 3apIiara 1 T.1.
Hexotopsle 13 3THX aTprOyTOB CaMH MOT'YT OKa3aThcsl CTpyKTypamu: ¢.u.0. meer
HECKOJILKO KOMITOHEHT, KaK U ajipec, 1 Jaxe 3apIuiara.

CTpyKTyphl OKa3bIBAIOTCS MOJIE3HBIMU IIPH OPTaHMU3AIMH CIOXKHBIX JTAHHBIX
0CO0EHHO B OONBIIMX HpOrpamMMax, OCKOJIBKY BO MHOTHX CHTYalHsSX OHHU
TIO3BOJISOT CIPYTIIIMPOBATH CBSI3aHHBIE JAHHBIE TAKMM 00pa30M, YTO C HUMU MOXHO
oOpararbesi, Kak ¢ OJHUM LEJbIM, a He KaK C OTJACIbHBIMH 00bekTamu. B aToit
IJIaBE MBI ITOCTapaeMcsl IPOJIEMOHCTPUPOBATH TO, KAK MCIIOIb3YIOTCS CTPYKTYPBI.
[TporpaMmsbl, KOTOpBIE MBI JUISL 3TOTO OyzieM HCIIONB30BaTh, OOJIbIIE, YeM MHOTHE
JIpyTH€ B 9TOW KHHUTE, HO BCE XK€ JIOCTATOYHO YMEPEHHBIX Pa3MEpOB.

6.1. OcHOBHbIEe cCBeAeHus.

JlaBaiiTe cHOBa 0OpaTuMCs K IIpolieAypam peoOpa3oBaHust 1aThl U3 TJIaBHI 5.
JlaTa coCTOHT N3 HECKOJIBKUX YacTe! TaKHX, KaK JICHb, MECSII, ¥ TOJI, F, BO3MOXKHO,
JeHb To/la M UM Mecsa. DTU ISITh [IEPEMEHHBIX MOXXHO OOBEICHUTH B OIHY

CTPYKTypy BHJA:

STRUCT DATE \ (
INT DAY;

INT MONTH;

INT YEAR;

INT YEARDAY;
CHARMON NAME[4];
\);

OnucaHue CTPYKTYPbI, COCTOAIIEE U3 3aKIIOYEHHOTo B (pUrypHBIE CKOOKH
CIIMCKa OnMcaHuii, HaunHaercs ¢ Kiarouesoro ciaosa STRUCT. 3a cmosom STRUCT
MOXET CIIE0BATh HEOOA3aTEIHHOE HMS, HA3BIBAEMOE SIPIIBIKOM CTPYKTYPHI (31€Ch
910 DATe). Takolt SpIbIK UIMEHYET CTPYKTYpPhI 3TOTO BHJIA U MOYKET HCIIOJb-
30BaThCs B JAIBHEHIIEM KaK COKpaIIeHHAas! 3alUCh MOAPOOHOTO OMUCAHUS.

DIeMEeHTHI WK TIEpEMEHHBIE, YIIOMSHYTHIE B CTPYKTYPE, HA3bIBAIOTCS WICHAMH.
SpABIKM U WICHBI CTPYKTYP MOTYT MMETh TaKHe K€ MMEHa, YTO W OOBIYHBIE
nepeMeHHble (T.e. He sBnstomuecs d4aeHaMu CTPYKTYp), HOCKOJIBKY UX HMEHA
BCEra MOXKHO Pa3INYUTh IO KOHTEKCTY. KoHeYHO, 0OBIYHO OIMHAKOBBIE NMEHA
MIPUCBAaUBAIOT TOJBKO TECHO CBA3aHHBIM OOBEKTAM.

TouHO Tak ke, Kak B CiIy4ae JI00O0ro Apyroro 0a3MCHOTO THIIA, 3a MPaBOM
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(UrypHO# CKOOKOH, 3aKpHIBAIOLIEH CITMCOK YWIEHOB, MOXET CJIEI0BATh CIIHCOK
NIepeMEHHBIX.
Omnepatop

STRUCT \N(..W\) X, Y,Z;

CHHTaKCHUYCCKH aHaJIOTUYCH

INT X,Y,7;

B TOM CMBICJIE, YTO KaXKJIbIM U3 onepaTopoB onuchbiBaeT X , Y U Z B KaUeCTBE
[epEMEHHBIX COOTBECTBYIOIIMX TUIIOB U IPUBOJUT K BBIACTICHHUIO JUIs1 HUX MAMSITH.

OnicaHue CTPyKTypbl, 32 KOTOPBIM HE CJIEAYET CIIHCKA IEPEMEHHBIX, HE IPUBOIUT
K BBIICJICHAIO KAKOH-TMOO MaMsATH; OHO TOJIBKO OIpeessieT MIa0ioH Wi GopMy
CTpYKTYpbL. OITHAKO, €CITH TAKOE OIMUCAHNE CHAOKEHO SPITHIKOM, TO STOT SIPITBIK MOYKET
OBITH UCIIONB30BAH MO3IHEE MIPU OPEeTICHIN (PAKTUUCCKHAX SK3EMILULIPOB CTPYK-
Typ. Hampumep, ecnu gano npuseaeHHoe Boiie onucanue DATE, To

STRUCT DATE D;

omnpeznenser nepeMeHHyro D B kaduecTBe cTpykTypsl Thna DATE.

BHeNHIO0 WM CTaTUYECKYI0 CTPYKTYPY MOXKHO HHUIIUATU3UPOBATh, TOMECTUB
BCJIE]L 3a €€ OIPEAETICHUEM CIIUCOK NHULNAIN3aTOPOB [UIs €€ KOMIIOHEHT:

STRUCT DATE D=\ ( 4, 7, 1776, 186, “JUL”\);

UiteH orpesieNIeHHON CTPYKTYPBI MOKET OBITh yKa3aH B BEIPAXKEHUH C ITIOMOIIBIO

KOHCTPYKIIUHX BUJa

VM CTPYKTYPE . UjeH

[T3E3]

Onepanys ykazaHusl 4ieHa CTPYKTyphI “.” CBA3bIBAE€T UM CTPYKTYPBI U UMS
yieHa. B kauectBe npumepa onpenenum LEAP (mpr3Hak BUCOKOCHOCTH T0/1a) Ha
OCHOBE JIaThl, HAXO[sIIeNCs B CTpyKType D,

LEAP = D.YEAR % 4 == 0 && D.YEAR % 100 != 0
\!\! D.YEAR % 400 == 0;

HJIA IPOBEPUM UM MecCsiLa
IF (STRCMP (D.MON NAME, “AUG”) == 0)

Wi ipeoOpasyem nepBblii CHMBOJI IMEHH MECSILA TAK, YTOOBI OHO HAYMHAJIOChH
CO CTPOYHOI OyKBBI

D.MON NAME[0] = LOWER(D.MON NAME[OQ]);

CTpyKTYpBI MOTYT OBITB BIIOKEHHBIMH; yUETHAs KAPTOUKA CITYKAIIETO MOXKET
(haKTH4ECKHU BHIIVISIETD TaK:
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STRUCT PERSON \ (

CHAR NAME [NAMESIZE];

CHAR ADDRESS[ADRSIZE];

LONG ZIPCODE; /* MOUTOBHIM MHIOEKC */

LONG SS NUMBER; /* xom cou. Obecneuenus */

DOUBLE SALARY; /* =apmnjara */

STRUCT DATE BIRTHDATE; /* mara poxmenus */

STRUCT DATE HIREDATE; /* mara mnocTyruieHus Ha padory */
\);

Crpyxrypa PERSON conepxur nse ctpykrypsl Tuna DATE . Eciu mbl
onpenenum EMP kak

STRUCT PERSON EMP;

TO

EMP.BIRTHDATE .MONTH

OyZeT cchuIaThCst Ha Mecsll poxkaeHust. Onepariys ykazaHus 4ieHa CTPYKTYPbI

[T

.” acCOLMMPYETCs ClieBa HAIPABO.

6.2. CTpYKTYpbI U (pyHKLMN.

B s3pike “C” cymiecTByeT psiji OrpaHUYCHHN Ha HCIOIb30BAaHUE CTPYKTYD.
OO0s13aTenpHBIC MTPaBIIIA 3aKITI0YAIOTCS B TOM, YTO €AMHCTBEHHBIC OIEpaIii,
KOTOPBIE BBl MOXETE IMPOBOAUTH CO CTPYKTypaMH, COCTOST B OIPENEICHUH €€
ajipeca ¢ IIOMOIIBIO OTIepal & U JOCTYIIe K OMHOMY H3 €€ WIEHOB. DTO BIeYET
3a cO0OH TO, UTO CTPYKTYPBI HENb3sI IPUCBANBATh HIIM KOIMPOBATh KaK IIEJI0e, ’
YTO OHU HE MOTYT OBITh NepenaHbl QYHKIUSM WM BO3BpaiieHbl uMu. (B
MTOCTIEIYFOIINX BEPCUAX ITH OTpaHUIEHUs OymyT cHATHI). Ha ykazarenu cTpykTyp
9TH OrPaHUYEHHs OIHAKO HE HAKIIAJBIBAIOTCS, TAK YTO CTPYKTYPHI U (YHKIIUU
BCE € MOTYT C yII00CTBOM paboTaTh COBMECTHO. /1 HaKoHel|, aBTOMaTHYEeCKHE
CTPYKTYPBbI, KaK ¥ aBTOMaTH4ECKHE MACCUBbI, HE MOT'YT ObITh HHULIUAIU3UPOBAHBL;
MHULHATTI3ALHI BO3MOXKHA TOJIBKO B CIIy4ae BHEIIHUX MIIH CTATHYECKUX CTPYKTYP.

JaBaiiTe pa3bepeM HEKOTOPBIC U3 ITHX BOIIPOCOB, IIEPEITUCAB C ITOU IEIIBIO
¢byHKIMU mepoOpa3oBaHuUsl NaThl M3 MPEIbIAYIIEeH TIaBbl TaK, 4YTOOBI OHU
HCIOJIB30BAJM CTPYKTYpHL. Tak Kak MpaBmiia 3alpeliaroT HEeMOCPEACTBEHHYIO
nepeaady CTpyKTypbl (GYyHKIUH, TO Mbl JOJDKHBI JINOO MepenaBarh OTACIbHO
KOMIIOHEHTBI, JTN0O TepeiaTh yKazaTelb Bcell CTpyKTyphl. IlepBas BOZMOXKHOCTD
JneMoHcTpupyertcs Ha mpuMepe pyakunu DAY OF YEAR, kak Mbl ee Hanucaiu
B Iy1aBe 5:

D.YEARDAY = DAY OF YEAR(D.YEAR, D.MONTH, D.DAY);

JIPYTOii COCO0 COCTOUT B Nepeade yKazaTesst. €CJIH Mbl ONHUILEM
HIREDATE xax
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STRUCT DATE HIREDATE;

n nepenumieM DAY OF YEAR HyXHbIM 00pa3oMm, MBI CMOXEM TOTZa Ha-
nucarb

HIREDATE YEARDAY = DAY OF YEAR (&HIREDATE) ;

nepenasas ykazarenb Ha HIREDATE ¢ynkuuu DAY OF YEAR . Oyukuus
JIOJDKHA OBITh MOAM(UIIMPOBaHA, IIOTOMY YTO €€ apryMEHT Teleph SBISETCS
yKa3zarelsiem, a He CIIUCKOM ITePEMEHHbIX.

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 (I =1; I < PD->MONTH; I++)

DAY += DAY TAB[LEAP][I];

RETURN (DAY) ;

\)

Onucanue

STRUCT DATE *PD;

ropoput, uto PD sBnsercs ykazarenem ctpykTypbl Tuma DATE. 3anwucs,
[TOKa3aHHAs Ha IpuMepe

PD->YEAR

sBisieTcs HoBoM. Eciu P - ykazaresnb Ha CTPYKTYpy, TO P-> ujieH cTpyKTyphl
oOparraercs K KOHKpeTHOMY WwieHy. (Omeparus -> - 3TO 3HaK MUHYC, 32 KOTOPBIM
clemyeT 3HaK “>".)

Tax kak PD yka3siBaeT Ha CTPYKTYPY, TO K wieHy Y EAR MoxHO 00paTUThCS 1
caenyronm oopazom

(*PD) .YEAR

HO YKa3arelld CTPYKTYp HCIOJb3YIOTCS HACTOJIBKO YacTO, 4TO 3alKCh ->
OKa3bIBaeTCs ynoOHbIM cokparnienueM. Kpymibie ckooku B (*PD). YEAR Heo6xomu-
MBI, TIOTOMY YTO OTIepallvsl YKa3aHHs YieHa CTYKTYpbI ctapire , yeM * . O0e
omeparnuy, “->"u ““.”, acCOIMUPYIOTCSI CTIeBa HAIPaBO, TAK YTO KOHCTPYKITHH CIIeBa
U CIpaBa 3KBUBAJICHTHBI

P->Q->MEMB (P->Q)->MEMB
EMP.BIRTHDATE .MONTH (EMP.BIRTHDATE) .MONTH
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Jliist monHOTHI HYbKe mpuBonuTcs apyras ¢ynkuus, MONTH DAY, nepe-
MUCaHHAas C UCIIOIb30BAHUEM CTPYKTYDP.

MONTH DAY (PD) /* SET MONTH AND DAY FROM DAY OF YEAR */
STRUCT DATE *PD;

A\ (
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 TAB[LEAP][I];
PD->MONTH = I;
\)

[T

Onepanun paboTBl CO CTPYKTypamu “->” u Hapsiay co () Aisl crucka
apryMEHTOB H [ | A7Is1 UHAEKCOB HaXOAATCA Ha CAMOM BEpXy UEpapXUU CTPAIIUHCTBA
omepauuil u, CleA0BaTEeIbHO, CBSI3BIBAIOTCA OueHb Kpenko. Ecnu, Hanpumep,
HMeEeTCs ONUCAHUE

STRUCT \ (
INT X;
INT *Y;
\) *P;

TO BBIpAXXCHUEC

++P->X

YBEJIMUYUBALT X, a HE P, TAK KaK OHO SKBHBAJICHTHO BBIpXXEHHIO ++(P->X).
JAst ©3MEHEHUsI TTOPs1AKa BBITOJTHEHHS OTIepaliii MOXKHO HCIIOJIb30BaTh KPYIJIbIe
ckoOku: (++P)->x yBenuuuBaer P no nocryna k x, a (P++)->X yBenuuusaer P
nocie. (Kpymible CKOOKHU B IIOCIIEHEM cllydae HeoOs13aTenbHbL. [lodemy ?)

CoBepiieHHO aHAIOTHYHO *P->Y u3BIIeKaeT T0, Ha YTO yKas3bIBaeT Y; *P->Y++
yBenMuMBaeT Y 1mociie 00paboTKH TOTOo, Ha YTO OH YKa3bIBaeT (TOYHO TaK JKe, KaK
n *S++); (*P->Y)++ yBenuuuBaer To, Ha 4TO yKa3biBaeT Y; *P++->Y yBenuuuBaer
P nocne BEIOOpKH TOTO, Ha YTO YKa3bIBaeT Y.

6.3. MaccuBbl CpyKTyp.

CTpyKTypbl OCOOCHHO TOAXOMAST JIJISl YIPABICHUS MAacCUBAMU CBS3aHHBIX
nepeMeHHbIX. PaccMoTpuM, Hanpumep, NporpaMmy HojcueTa YUciia BXOXKACHUH
KaXKJ0T0 KJIFOYEBOro ciioBa si3blka “C”. HaM Hy>keH MacCUB CUMBOJIBHBIX CTPOK
JUIsl XpaHEHUS] UMEH U MAacCHUB LIEJIbIX ISl MOJCYETa. OJHA U3 BO3MOXKHOCTEH
COCTOUT B MCIOJIB30BaHMM JByX napaimnenbHblx MaccuBoB KEYWORD u
KEYCOUNT:
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CHAR *KEYWORD [NKEYS];
INT KEYCOUNT [NKEYS];

Ho cam q)aKT, YTO MAaCCHUBBI IApAJIJICJIbHBI, YKAa3bIBACT HAa BO3MOKHOCTb prroﬁ
OpraHu3anuu. Ka)KHOG KJIFOUEBOEC CJIOBO 3[1€Ch 10 CYHICCTBY SABJISICTCS napoﬁ:

CHAR *KEYWORD;
INT KEYCOUNT;

H, CJIEZIOBAaTEIbHO, MMeeTCs MaccuB map. OnrcaHue CTPyKTyphI

STRUCT KEY \ (
CHAR *KEYWORD;
INT KEYCOUNT; \) KEYTAB [NKEYS];

onepaenser maccuB KEYTAB cTpykTyp Takoro Thma u OTBOAMT JJIS
HUX TaMATh. KaxIpIii 371eMEHT MaccHBa SBISETCA CTPYKTYPO. DTo
MOYKHO OBIITO OBI 3aIMCaTh U Tak:

STRUCT KEY \ (

CHAR *KEYWORD;

INT KEYCOUNT; \);

STRUCT KEY KEYTAB [NKEYS];

Tak xak crpykrypa KEYTAB (dakrudecku COOepKUT MOCTOSHHBIN HaOOp
MMEH, TO JIerde BCero MHUIMAIM3UPOBATh €€ OJUH pa3 U JJIsl BCEX WICHOB IpU
omnpeneneHnn. VHUIMANM3ausi CTPYKTYp BIIOJIHE aHAJIOTHYHA MPEIbIIY M
WMHHLHATHA3AIMSIM - 32 OTIPEEIICHUEM CIIEYET 3aKIIFOYCHHBIN B PUT'YpHBIE CKOOKH
CHHCOK MHUIIMAIN3aTOPOB:

STRUCT KEY \ (
CHAR *KEYWORD;
INT KEYCOUNT; \) KEYTAB[] =\(

“BREAK”, O,
“CASE”, 0,
“CHAR”, O,

“CONTINUE”, 0,
“DEFAULT”, O,
VALY
“UNSIGNED”, 0,
“WHILE”, O

\);

VMHu1Manu3aTopsl NEpeYUCIIsIIOTCS MapaMyu COOTBETCTBEHHO HJieHAM
CTPYKTYpHI. BblIO OBl 00JI€e TOYHO 3aKJH04YaTh B (QUrypHBIE CKOOKH

MHUITAAIA3ATOPBI TS KaXI0H “‘CTPOKH’ WM CTPYKTYPhI CIETYIOIIUM 00pa3oM:

\ ( “BREAK”, 0 \),
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\( “CASE”, 0 \),

Ho xorga mHHMIMAnu3aTopsl SIBASIOTCS NPOCTHIMU INE€PEMEHHBIMU WU
CHUMBOJIbHBIMH CTPOKAaMH U BCE OHU IIPUCYTCTBYIOT, TO BO BHYTPEHHHUX (PUT'YPHBIX
ckoOkax HeT HeoOxomuMocTu. Kak 0ObIYHO, KOMITHIISITOP CaM BBIYUCIHUT YHCIIO
anemeHToB MaccuBa KEYTAB, eciii MHUIIMAIM3aTOPBI IPUCY TCTBYIOT, @ CKOOKH
[] ocTaBnens! mycThIMHU.

IIporpamma nojcyera KIIFOUEBBIX CIOB HAUMHAETCS C OINPEAEICHNs MacCHBa
KEYTAB. Bexymas nporpamma 4uTaeT CBOil (aiii BBO/A, ITOCIIENI0BATEIHHO
obpamasice k gyakimun GETWORD, xoTtopast u3BiekaeT u3 BBOAA MO OJHOMY
cioBy 3a oOpamenne. Kaxxnoe cioBo umercs B MaccuBe KEYTAB ¢ momomnibto
BapuaHTa (pyHKIIMHM OMHAPHOTO MTONCKa, HanMcaHHo! Hamu B Tiase 3. (KoHeuHo,
4TOOBI 3Ta (PYHKIHS paboTaIIa, CIIMCOK KIIIOYEBBIX CJIOB JOJDKEH OBITh PACIIONIOKEH
B TIOPSIIKE BO3PACTAHUS).

#DEFINE MAXWORD 20

MAIN()  /* COUNT “C” KEYWORDS */

\ (

INT N, T;

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, KEYTABI[N].KEYWORD) ;
\)

BINARY (WORD, TAB, N) /* FIND WORD IN TAB[O]...TAB[N-1]
*/

CHAR *WORD;

STRUCT KEY TAB[];

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 IF (COND > 0)

LOW = MID + 1;
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ELSE

RETURN (MID) ;
\)

RETURN (-1) ;
\)

Mpe1 Bckope npuesieM Gpyakuutio GETWORD; noka 1ocraro4Ho cka3ars, 4To
ona Bo3BpamaeT LETTER kaxnslil pa3, kak 0OHa HAXOAUT CJIOBO, U KOIIUPYET 3TO
CJIOBO B CBOM NEPBBII apTyMEHT.

Bennuuna NKEY'S - 310 xonuuecTBo Ki1roueBbIx ci10B B MaccuBe KEYTAB .
XOTsI MBI MO>KEM COCYMTATh 3TO YHMCIO BPYYHYIO, TOpPa3/lo JIerdye U HaJeKHEee
MOPYYHUTh 3TO MalIMHE, 0COOEHHO B TOM CIIy4ae, €CIIM CIIMCOK KJIIOUYEBBIX CIIOB
noaBepKeH n3MeHeHussM. OTHOH 13 BO3MOXHOCTEH ObLI0 OBl 3aKOHYUTH CITUCOK
HMHULMAIN3aTOPOB YKAa3aHUEM Ha HYJb U 3aT€M IIPOITH B LIUKJIE CKBO3b MACCUB
KEYTAB, noka He HaiieTcsl KOHEIl.

Ho, mockonbeky pa3Mep 3TOro MaccuBa MOITHOCTBIO ONPENENECH K MOMEHTY
KOMITWJIALIMH, 3/1€Ch UMEETCsl OoJiee MmpocTasi BOSMOKHOCTh. UHCIIO 31eMEeHTOB
IIPOCTO €CTh

SIZE OF KEYTAB / SIZE OF STRUCT KEY

JIeJI0 B TOM, 4TO B si3bIke “C” MpeyCMOTpeHa yHapHas Oreparius
SIZEOF, BeimosnHsieMast BO BpeMsi KOMITHIISITUAH, KOTOPAst TO3BOJISIET BEIYUCITUTh
pasmMep moboro ooneKTa. BeipakeHne

SIZEOF (OBJECT)

BBIJIAeT IIeJI0€, PaBHOE pa3Mepy yKa3aHHOTo 00nvekTa. (Pazmep onpenensercs
B HeCNIENTU(PUITUPOBAHHBIX SANHMIIAX, HA3BIBAEMBIX “OaiiTaMu’’, KOTOPHIE HMEIOT
TOT e pa3mep, 4To u nepeMeHHble Tunma CHAR). O0bekT MOXeT OBITH
(haKTHYECKON TMePEMEHHON, MACCHBOM M CTPYKTYPOM, HIIH MMEHEM OCHOBHOTO
tuna, kak INT unmu DOUBLE, unu nMeHeM mpou3BOIHOTO THIA, KaK CTPYKTypa.
B Hamem ciydae 9uCIio KITIOYEBHIX CII0B PABHO Pa3Mepy MacCHBa, IEJICHHOMY Ha
pa3Mep OHOTO IEMEHTa MaCCHBA. JTO BEIYHCIICHUE HCITIONB3YETCS B yTBEpKIe-
aun #DEFINE s ycranosnenus 3nauenus NKEYS:

#DEFINE NKEYS (SIZEOF (KEYTAB) / SIZEOF (STRUCT KEY))

Teneps nepeiinem k bhyukipun GETWORD. MebI haktrdyecku Hanucaau ooee
o6mmii Bapuant Gpyakirrn GETWORD, yem HE0OX0AMMO 15 TOM MPOrPaMMEI,
HO OH He Ha MHoTO Oostee ciiokeH. @yHknus GETWORD Bo3Bpariaet criemyroriee
“cJI0BO” W3 BBOJA, IJIE CIIOBOM CUMTAETCS JIMOO CTpoka OykB W mudp, HAYMHA-
FOIIUXCSI ¢ OYKBBI, MO0 OTACTBHBIN CUMBOJI. THII 00BEKTa BO3BPAIIAETCS B KAUETBE
sHaueHus Gpyukium; 310 - LETTER, ecnu Haiineno cioso, EOF ms konia daiina
1 caM CHMBOJI, €CJIH OH He OyKBEHHBII.

GETWORD (W, LIM) /* GET NEXT WORD FROM INPUT */
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CHAR *W;
INT LIM;

\ (

INT C, T;

IF (TYPE (C=*W++=GETCH()) !=LETTER) \ (
*W="\0";

RETURN (C) ;

\)

WHILE (=LIM > 0) \(

T = TYPE(C = *W++ = GETCH());

IF (T ! = LETTER && T ! = DIGIT) \(
UNGETCH (C) ;

BRERK;

\)

\)

*(W-1) - \0';

RETURN (LETTER) ;

\)

®ynxiss GETWORD ucnonssyer dynaxunun GETCH 1 UNGETCH, kotopsie
MBI HallMCAJI B I71aBe 4: Koria Habop ainaBUTHBIX CHMBOJIOB IIPEPHIBACTCSI, (PYHKIHS
GETWORD nony4aet onun numHui cumBoil. B pesynsrare BeizoBa UNGETCH
9TOT CMMBOJI IOMENIAETCS Ha3a/ BO BBOJL JUISI CIIEMYIOIIET0 OOpaIlleHHs!.

Oyukist GETWORD obpamaercs k hyukuuu TYPE mist onpenenenus tumna
Ka)KIOT0 OTJCJIbHOTO CHMBOJA K3 (paiiiaa BBoma. BoT BapwaHT, cripaBemIUBbIi
TosbKO 1ist andasura ASCII.

TYPE(C) /* RETURN TYPE OF ASCII CHARACTER */
INT C;

\ (

IF (C>= ‘A’ && C<= ‘Z7 \!\! C>= ‘A’ && C<= ‘Z')
RETURN (LETTER) ;

ELSE IF (C>= ‘0’ && C<= '9')

RETURN (DIGIT) ;

ELSE

RETURN (C) ;

\)

CumBonmaeckue koHcTanTel LETTER 1 DIGIT MoryT uMeTh JTt00ble 3HaYeHUS,
JIUIIb ObI OHK HE BCTYIAJIM B KOHQIMKT C CHMBOJIAMH, OTJIMYHBIME OT OYKBEHHO-
unudpossix, u ¢ EOF; oueBuaHO BO3MOXKEH CIEIYIONIHA BEIOOD

#DEFINE LETTER ‘Af
#DEFINE DIGIT ‘0’

¢yukunss GETWORD morita 661 paborars ObicTpee, eciti ObI 0OparieHust K
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¢yuxumu TYPE Obu1i 3aMeHeHbI 00pallieHusIMH K COOTBETCTBYIOILIEMY MacCHBY
TYPE[ ]|. B crangaptHoii 6ubmnoTeke si3bika “C” mpenycMOTPEHBI MaKpOCHI
ISALPHA u ISDIGIT, netficTByromnye He0OX0AUMBIM 00pa3oM.

Ynpaxuenue 6-1.
Crnemnaiite Takyto mogudukanuio ¢pynkunn GETWORD u ouenute, xak
NU3MEHUTCS CKOPOCTH Pa0OTHI ITPOTrPAMMBL.

YnpaxHenue 6-2.
Hanunmute Bapuant ¢ynknuu TYPE, He 3aBuCAmHI OT KOHKPETHOTO
HabOpPaCHUMBOJIOB.

Yupaxkuenne 6-3.
Hanuimre BapraHT IIporpaMMel 1oJicyeTa KIIIOYEeBbIX CIIOB, KOTOPBIH ObI HE
YUUTHIBAJI MOSBJICHHS STHX CJIOB B 3aKIIFOUYCHHBIX B KABBIYKH CTPOKAX.

6.4. Yka3aTenu Ha CTPYKTypbl.

YT0OBI NPOUJUTIOCTPUPOBATH HEKOTOPBIE COOOpaXKeHHUs, CBSI3aHHBIE C
HCIIONB30BaHIEM yKa3aTeleld M MacCHBOB CTPYKTYp, JaBaiiTe CHOBa COCTABHM
MIpOrpamMMy IOJCYETa KIIFOUEBBIX CTPOK, UCIIONB3YS Ha 3TOT pa3 yKas3aTelu, a He
WH/IEKCHI MaCCHBOB.

Buemnee onucanne maccuBa KEYTAB He HYy)XKHO M3MEHATh, HO (DYHKITIH
MAIN u BINARY TpeOyroT MoauduKauy.

MAIN () /* COUNT C KEYWORD; POINTER VERSION */
\ (

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; P++)

IF (P->KEYCOUNT > 0)

PRINTF (“%4D %S/N”, P->KEYCOUNT, P->KEYWORD) ;

\)

STRUCT KEY *BINARY (WORD, TAB, N) /* FIND WORD */ CHAR
*WORD /* IN TAB[O]...TAB[N-1] */ STRUCT KEY TAB [];
INT N;

\ (

INT COND;

STRUCT KEY *LOW = &TABI[O];

STRUCT KEY *HIGH = &TAB[N-1];

STRUCT KEY *MID;
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WHILE (LOW <= HIGH) \(

MID = LOW + (HIGH-LOW) / 2;
IF ((COND = STRCMP (WORD, MID->KEYWORD)) < 0)
HIGH = MID - 1;

ELSE IF (COND > 0)

LOW = MID + 1;

ELSE

RETURN (MID) ;

\)

RETURN (NULL) ;

\)

31ech UMEETCsl HECKOJIbKO MOMEHTOB, KOTOPbIE CTOUT OTMETHTh. Bo-niepBbIX,
ormcanue Gynknun BINARI 1omkHO yKa3pIBaTh, 4YTO OHA BO3BPAILAET yKa3aTelb
Ha cTpykrypy Tunia KEY, a He Ha 11enoe; 310 00bsBIsieTcs Kak B pyHKInu MAIN,
tak u B BINARY. Ecin ¢ynkims BINARI Haxonmut ciioBo, To OHa BO3BpalaeT
yKazaTellb Ha HETro; €Clii e HeT, oHa Bo3Bpamaer NULL.

Bo-BropsIx, Bce oOpamienus k anementam Maccusa KEYTAB ocymectsisttorest
Yyepes yKasaTeiu. JTo BIedeT 3a CO00i 0IHO CyIIeCTBEHHOE N3MEHEHHUE B (DYHKIIMN
BINARY: cpenamii 31eMeHT OOJNBIIIE HENb3sl BRIYUCISTE IPOCTO 0 (hopMyIie

MID = (LOW + HIGH) / 2

MOTOMY 4TO CIOKEHHUE JIBYX yKa3aTeliel He JaeT KaKoro-HuOyIb
TIOJIE3HOTO pe3ylibTara (Aake mociie JeNeHus Ha 2) U B JeHCTBUTEIHLHOCTH
SIBJISIETCSI HE3aKOHHBIM. 3Ty (hOpMyIy HaI0 3aMEHUTH Ha

MID = LOW + (HIGH-LOW) / 2

B pe3yinbraTre KoTopod MID craHOBUTCS yKa3zaTeleM Ha 3JI€MEHT,
pacnonoxeHHbIi nocepennne mexxay LOW u HIGH.

Bawm taxoke cinenyer paszodparsest B mHunmanu3anu LOW u HIGH. ykazarens
MOYXHO HHHITHAJIN3UPOBATH aJJPECOM PaHEe OIPEIEIIEHHOTO 00BEKTa; MMEHHO Kak
MBI 37€Ch 1 TOCTYTIMIH.

B ¢dyukimn MAIN Mbl Hanrcasu

FOR (P=KEYTAB; P < KEYTAB + NKEYS; P++)

Ecmu P sBisieTcs yka3areneM CTpyKTYpHI, TO Jito0ast apupMeTHKa ¢

P yuuTeiBaeT (aKTHYECKHH pasMep MaHHOW CTPYKTYyphI, TaKk 4To P++
yBenu4yuBaeT P Ha Hy)XHYIO BeJIMYHHY, B pe3yiabTare 4ero P ykassiBaeT Ha
CIIeAYIOLINHI 3IEMEHT MaccuBa cTpyKTyp. Ho He cuuTaiite, 4To pasmep CTpYKTyphbl
paBeH CyMMe Pa3MepOB €€ WICHOB, - W3-3a TPEOOBAHWI BRIPAaBHUBAHUS IS
Pa3sIUIHBIX 00BEKTOB B CTPYKTYPE MOTYT BO3HUKATH “‘IIBIPHI”.

U, HakoHe11, HECKOJIbKO BTOPOCTETICHHBII BOIIPOC 0 (popMeE 3aK1CH IPOrPAMMBIL.
Ecnu Bo3Bpamaemast ¢pyHKIMEH BeITMIMHA UMEET THUII, KaK, HallpuMep, B
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STRUCT KEY *BINARY (WORD, TAB, N)

To moxer OKa3aTbCs, 4TO UM (byHKIII/II/I TPYAHO BBIACIUTL CPEAU TCKCTA. B
CBA3U C OTUM HMHOIJa UCIIOJIb3YCTCA ,prl"Oﬁ CTHWJIb 3aIlUCH:

STRUCT KEY *
BINARY (WORD, TAB, N)

DTO TIaBHBIM 00pa3oM Jeyo BKyca; BeIOepuTe Ty (hopmy, KOTopas BaM
HPaBUTCS, U IPUICPIKUBANUTECH €e.

6.5. CTpyKTypbl, cchinatowmecs Ha cebs.

[IpeamnonoxxuM, 9TO HaM HAJI0 CIIPABUTKCS ¢ OoJiee 001Iei 3a1aueii, CoCTosIIEeH
B TOZCYETE YMCia TOSBICHUN BCEX CIOB B HEKOTOpOM aiine BBoja. Tak kak
CIHCOK CJIOB 3apaHee He M3BECTEH, Mbl HE MOXXEM HX YMOPSIOYUTH YIOOHBIM
00pa3oM 1 HCIIOIB30BaTh OMHAPHEIN ONUCK. MBI 1a)Ke HE MO)KEM OCYIIECTBIAT
MIOCIIEIOBATENIFHBINA MTPOCMOTP MPH MOCTYIUIEHHHN KaXK0TO CIIOBA, C TEM YTOOBI
YCTaHOBUTH, HE BCTPEUAIIOCH JIM OHO paHee; Takas ImporpaMma Oynet paborars
BeuyHo. (bonee TouHO, Okmmaemoe BpeMsi paboTHI pacTeT Kak KBaapaT YuciIa
BBOIUMBIX cJI0B). Kak e HaM opraHn30BaTh IpOTrpaMMy, YTOOBI CIIPaBUTHCS CO
CIICKOM IIPOHU3BOJIBHBIX CJIOB?

OnHO W3 pemeHuil COCTOUT B TOM, YTOOBI BCE BpEeMs XPAaHUTh MAacCHB
MTOCTYTIAIOMINX JI0 CHX TIOP CJIOB B YIIOPSIOYCHHOM BHIE, IOMEIIast KaX10€ CJIOBO
B HY)KHOE MeCTO 1o Mepe ux nocrymieHus. OJlHako 3To0 HE CiIeyeT Aeiarh,
mepeMelnas CioBa B IMHEITHOM MacCHUBE, - 3TO TAKKe MOTPEOyeT CIUIIIKOM MHOTO
BpeMeHUu. BMecTO 3TOro MBI MCHOIB3YyeM CTPYKTYpPY HAHHBIX, Ha3BIBAEMYIO
JIOWYHBIM JIEPEBOM.

KaxxmoMy HOBOMY CIIOBY COOTBETCTBYET ONIMH “y3ei’ JepeBa; Kaablid y3eml
COIEPIKUT:

yKazaTelb TeKCTa CJIOBa

CYETYHK YHCIIA TOSBICHHHA

yKazaTelb y31a JIEBOTO IIOTOMKa

yKazaTelb y3j1a IIPaBoro MOTOMKa

Hukakoii y3en He MOKeT UMETh 0oJiee IBYX JIETE; BOZMOKHO OTCYTCBHUE ACTEH
WA HaJTH91e TOJIBKO OJHOTO IIOTOMKA.

VY3161 co3galoTcs TakuM 00pa3oM, YTO JIEBOE IMOAJIEPEBO KaXKIOTO y3ia
COIEPKUT TOJBKO T€ CJIOBA, KOTOPHIE MEHBIIE CIOBA B 3TOM y3Je, a MpaBoe
MIOJIIEPEBO TONIBKO T€ CJIOBA, KOTOphIe Oombire. YTOOBI ONpenenTh, HAXOOUTCS
JI HOBOE CIJIOBO YK€ B IepeBe, HAYMHAIOT C KOPHS M CPABHUBAIOT HOBOE CIIOBO CO
CJIOBOM, XpaHSIIUMCS B 3TOM y3i1e. Eciti ciioBa coBIaiatoT, TO BOIIPOC peraeTcs
yTBepauTenbHO. ECiii HOBOE CIIOBO MEHBINIE CIIOBA B JIEPEBE, TO MEPEXOAIT K
PAaCCMOTPEHHUIO JIEBOTO IOTOMKA; B MPOTUBHOM CIy4yae HCCIIEAYETCS! IPaBbIil
MOTOMOK. EcTH B Hy’)KHOM HaIpaBIEHUH IOTOMOK OTCYTCTBYET, TO 3HAYHT HOBOE
CJIOBO HE HAXOAWTCS B IEPEBE H MECTO 3TOTO HEAOCTAIOIIETO TOTOMKA KaK pa3 ’
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SABJISICTCSL MECTOM, KyJa CJIICAYET IOMECTUTh HOBOEC CJIOBO. HOCKOJ'II)Ky IIOUCK H3
11000r0 Yy3J1a OpuBOAUT K TOUCKY OJHOI'O M3 €TI0 [TIOTOMKOB, TO CaM ITPOLCCC ITONCKa
o CYHWECTBY SBJIACTCA PEKYPCUBHDLIM. B coorBercTBUM ¢ 3TUM Hauboiee
€CTCCTBCHHO MCIOJIb30BATh PEKYPCUBHBIC ITPOLCAYPbI BBOAA U BbIBOAA.

BO3BpaIIIa$ICI) Hasa/Jl K OMMMUCAaHUI0 y3Jia, ACHO, YTO 3TO 6y,ueT CTPYKTypa C
YCThIPbMS KOMIIOHCHTAMMU:

STRUCT TNODE \( /* THE BASIC NODE */
CHAR *WORD; /* POINTS TO THE TEXT */
INT  COUNT; /* NUMBER OF OCCURRENCES */
STRUCT TNODE *LEFT; /* LEFT CHILD */
STRUCT TNODE *RIGHT; /* RIGHT CHILD */
\);

OT0 “pexypCUBHOE” OMHUCAHUE y3J1a MOXKET II0KA3aThCsl PUCKOBAHHBIM, HO Ha
CaMOM JIeJie OHO BIIOJIHE KOppeKTHO. CTpyKTypa He MMEEeT IIpaBa COJAEp’KaTb
CCBUIKY Ha camy ceOs, HO

STRUCT TNODE *LEFT;

onuceiBaeT LEFT kak ykazaTens Ha y3el, a HE Kak caM y3ell.

TexcT caMoil mporpaMMbl OKa3blBA€TCA YAMBUTEIBHO MAaJCHbKHUM, €CIIH,
KOHEYHO, UMETh B paclopsDKeHUH HaOOp HaIMCaHHBIX HAMHU paHee MpoLenyp,
oOecrieunBaomMX Hy>KHbIE feiicTBrs. Mbl umeeM B Buay Gyakunto GETWORD
JUTSL M3BJIEUCHHS KaKJOro cioBa u3 Qaiina BBona n ¢pynkumo ALLOC mis
BBIJICIICHUS MECTA JUI XPAHEHUS CIIOB.

Benymas nporpaMma npocTO CYMTHIBAET CJIOBA C IMOMOINBIO (QYHKIIUU
GETWORD u nomeniaer ux B 1epeBo, ucnonbssys ¢pynkunio TREE.

#DEFINE MAXWORD 20

MAIN () /* WORD FREGUENCY COUNT */
A\ (

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) ;

\)

®ynxuus TREE cama o ce6e npocta. CnoBo nepenaercst ¢pynknueir MAIN
K BEPXHEMY YPOBHIO (KOpHIO) iepeBa. Ha ka)kioM 3Tare 3To CJI0BO CpPaBHUBAETCS
CO CIIOBOM, YX€ XpaHALIUMCS B 3TOM y3J€, U C IOMOIIBI0 PEKYPCUBHOTO
obpamenns k TREE npocaunBaercss BHU3 1100 K JIEBOMY, MO0 K IIPaBOMY
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nozaepeBy. B KOHIE KOHIIOB 3TO CJIOBO JINOO COBIAaeT C KAKUM-TO CJIOBOM, yKe
HaXOJSIIIMMCS B JIepeBe (B 3TOM CIIy4ae CUCTUHMK YBEJIMYMBAETCS Ha CAMHUILLY ),
1100 mporpaMMa HaTOJIKHETCS Ha HyJEeBOH yKasaTeib, CBUAETEILCTBYIOIINH O
HeoOXOAMMOCTH CO3JaHMs M A00aBlIeHUS K JIepeBy HOBOro y3ia. B ciydae
co3nanust HoBoro y3na ¢yHnkius TREE BosBpamaer ykazarens 3Toro ysia,
KOTOPBII TOMEIIAETCS B POIUTENBCKUI y3€ell.

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 */
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) ;

\)

[Mamsarte ans HOBoro y3na Beinensercs Gpynkuueir TALLOC, sBnsromeiics
amanrarmeit i narHoro crydast yukimn ALLOC, HanucanHo# Hamu panee. OHa
BO3BpallaeT ykasarellb CBOOOJHOIO MPOCTPAHCTBA, IIPUTOAHOTO JUIS XPaHEHUS
HOBOTO y31a nepesa. (Msl Bckope obcynum 310 moapoOHee). HoBoe cimoBo
xonmpyercs pyHkuueir STRSAVE B ckpbIToe MECTO, CHETIMK MHUIMATTM3UPYETCS
eIMHUIIEH, U yKa3aTenn 000OMX IMOTOMKOB I10JIAratoTCsl PAaBHBIMH HYJIIO. JTa 4acTh
IIPOrpaMMBbI BEIIIOIHSAETCS TOJIBKO TIPH 00aBIEHUH HOBOTO y3J1a K pedpy Jepesa.
MBI 311€Ch OITYCTHIIM IPOBEPKY Ha OMIMOKHK Bo3BpaaemMbix ¢pyHkuuii STRSAVE n
TALLOC 3Ha4eHui (4T0 Hepa3yMHO /I IPaKTHYECKU padOTaroIel IporpaMMBI).

O®ynkuus TREEPRINT neuataer nepeBo, HauMHas € JIEBOTO MOAJEPEBA; B
Ka)KIOM y3JI€ CHa4yaja [eyaTaeTcs JIEBOe MOIEpeBo (BCe CI0Ba, KOTOPbIE MIIA/IIIe
3TOTO CJIOBA), 3aTEM CaMo CJI0BO, a 3aTeM IIPaBOE MOAEPEBO (BCE CIIOBA, KOTOPHIE
crapuie). Ecin Bbl HeyBepeHHO oniepupyeTe ¢ peKypcHei, Hapucymre 1epeBo camu
n Hanevaraiite ero ¢ nomousio Gpynkuun TREEPRINT ; ato onna u3 Haubosee
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SICHBIX PEKYPCHUBHBIX IIPOLENYP, KOTOPYIO MOKHO HAWTH.

TREEPRINT (P) /* PRINT TREE P RECURSIVELY */
STRUCT TNODE *P;

A\ (

IF (P != NULL) \ (

TREEPRINT (P->LEFT);

PRINTF (“%4D %$S\N”, P->COUNT, P->WORD);
TREEPRINT (P->RIGHT);

\)

\)

[NpakTnyeckoe 3amedaHune: eciii IepeBO CTAHOBHTCS “HECOATaHCHPOBAHHBIM U3~
32 TOT'0, YTO CJIOBA ITOCTYTIAIOT HE B CITy4aiiHOM HOPSIZIKE, TO BPEMs padOThI IIPOrpamMMbl
MOKET PacTy CIMILKOM OBICTpPO. B Xysiiem cirydae, Kora ImocTyIaroiye clioBa yxe
YIOPSIIOUEHB], HACTOSAILAs IPOrpaMMa OCYIIECTBIIAET JOPOrOCTOAILYH0 HUMHUTALIUIO
nrHeiHoro noucka. CyIiecTBYIOT pa3indHble 00OOLICHUS IBOMYHOTO JIEpeBa,
ocobeHHO 2-3 nepeBbst 1 AVL nepeBbs, KOTOpble HE BeIyT ceOsl Tak “‘B XyAIINX
CItydasix”’, HO Mbl He Oy/ieM 371eCh Ha HUX OCTaHaBJIMBATHCSL.

[Ipexne yeM paccTaTbCsi ¢ ATUM NIPUMEPOM, YMECTHO clellaTh HeOOoJbIIoe
OTCTYIIJICHUE B CBA3U C BOIPOCOM O PACHpEleNeHUH NaMATH. SICHO, 4TO B
IIPOTpaMMe >KeJIaTeIbHO UMETh TOJIbKO OIUH PaclpeeNIuTeb IaMsITH, JaXe €CIU
eMy NPHUXOJUTCS pa3MellaTh pa3iInyHble Buabl 00bekToB. Ho ecnu Mbl XoTHM
WCIIOJIb30BATh OJMH PAaCIpeNeInTeNb MaMsITh Uit 00pabOTKH 3alpocoB Ha
BBIJICTICHUE NaMSITU JUId yKa3aTeneil Ha nepeMenHble Tuna CHAR u s yxasare-
neit Ha STRUCT TNODE, To npu 3ToM BO3HHKAIOT ABa Bomnpoca. I1epBblif: kak
BBITIOJIHUTE TO CYIIECTBYIOIIEE HA OOJIBIINHCTBE PeabHBIX MalllMH OrpaHMYECHHUE,
YTO OOBEKTHI ONPE/CIICHHBIX THUIIOB JOJDKHBI YIOBIETBOPATH TPEOOBAHUSIM
BBIPAaBHMBAHMA (HAIPUMEDP, YacTO LEJIble JOJKHBI Pa3MeIlaThcsl B YETHBIX
anpecax)? Bropoii: kak OpraHM30BaTh ONUCAHMUs, YTOOBI CIIPABUTHCS C TEM, YTO
¢ynxums ALLOC noikHa BO3BpallaTh pa3iMyHble BUJIbBI yKa3aTenen ?

BooO01ie roBopst, Tpe6OBaHUS BHIPABHUBAHUS JIETKO BBIIIOJIHHUTH 32 CUET
BBIJIEJIEHHsI HEKOTOPOTO JIMIITHETO ITPOCTPAHCTBA, TPOCTO 00ECIEUUB TO, YTOOBI
pacIpenenuTenb NaMsITu BCera BO3Bpallal yKa3aTelb, yAOBIETBOPSIOLNNA BCEM
orpaHnueHusM BeipaBHUBaHus. Hanpumep, Ha PDP-11 nocrarouno, 4to0s! hyHKIWMS
ALLOC Bcerna Bo3Bpallaa 4eTHbIA yKa3aTellb, IOCKOIbKY B YETHBIN a/Ipec MOXKHO
TIOMECTHTh JI000 TUIT 00BEKTA. €JMHCTBEHHBIH PACXOJ TPY STOM - JIMIIHUI CHMBOJT
IIPY 3aIlpOCE Ha HEUETHYIO ANUHY. AHAaJIOIMYHbIE JEHCTBUS NPEIIPUHUMAIOTCS Ha
Apyrux MammHax. Takum obpasom, peanmmzammsi ALLOC moxer He okasarbes
NIepeHOCUMO, HO ee Hcroib3oBaHue OyneT nepeHocuMbiM. Oynkims ALLOC u3
IJIaBbl 5 HE MpelyCMaTpUBAET HUKAKOTO OMPEAEIEHHOIO BEIPABHUBAHNUS; B ITIaBE 8
MBI IPOIEMOHCTPUPYEM, KaK MPABUIILHO BBIITOJIHUTB 3Ty 3a1ady.

Bonpoc onucanus tuna ¢gyakuun ALLOC sBisieTcss MyYUTEIbHBIM IS
J000T0 SI3BIKA, KOTOPBIH CEPhE3HO OTHOCHUTCS K POBEpKE THITOB. JIyummnii criocoo
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B si3bIke “C” - 00bs1BUTH, yTo ALLOC BO3BpamiaeT ykaszarenb Ha IEPEMEHHYIO
tunia CHAR, a 3arem siBHO IpeoOpa3oBaTh 3TOT yKa3arellb K KelIaeMOMY THUILY C
MIOMOIIIBIO OIlepaluy nepeBosia THUIOB. Takum o0pa3om, eciin onvcars P B Buze

CHAR *P; TO
(STRUCT TNODE *) P

npeoOpa3yeT ero B BRIPAKEHUAX B yKa3aTelb Ha CTPYKTYpY THIIA
TNODE . Cnenoarensho, pynkuuio TALLOC MoxHO 3amucaTh B BUAE:

STRUCT TNODE *TALLOC ()

\ (

CHAR *ALLOC();

RETURN ( (STRUCT TNODE *) ALLOC (SIZEOF (STRUCT TNODE))) ;
\)

3T0 OOJiee YeM JOCTAaTOYHO I pabdoTaloIIUX B HACTOSIIEE BpeMs
KOMITWIIATOPOB, HO 3TO U CaMblif 0€30IIaCHBIH yTh C YIETOM OYIYIOIIIErO.

Ynpaxnenue 6-4.

Hanumute mporpammy, kotopas dutaet “C”-mporpamMmy H IedaTaeT B
ahaBUTHOM MOPSIIKE KOKAYIO TPYIIY UMEH NepEeMEHHbIX, KOTOPbIE COBIAIAI0T
B IIEPBBIX CEMU CUMBOJIaX, HO OTIMYAIOTCS Iie-To najbiie. (CaenaiiTe Tak, 4TOOBI
7 OBLIO MapaMeTPOM).

Yupaxkuenne 6-5.

Hanumure nporpaMMy BBIJa4M NEPEKPECTHHIX CCBUIOK, T.€. IIporpammy,
KOTOpAasl IleyaTaeT CIIMCOK BCEX CIIOB JOKYMEHTa M JUISl KaXJIOTO U3 3THUX CJIOB
reyaraeTr ClMCOK HOMEPOB CTPOK, B KOTOPBIE 3TO CJIOBO BXOAMT.

Ynpaxnenue 6-6.

Hanwumure mporpamMmy, KOTOpasi ImeJaraeT CjioBa u3 CBoero (haiina BBOAA,
pacrmoyoXeHHbBIE B MOPSIIKEe YOBIBAHUS YaCTOTHI UX MOsABJICHHS. [lepen KakIbIiM
CJIOBOM HareJaTanTe YUCiI0 €ro MOsSBICHHH.

6.6. Mouck B Tabnuue.

Jist vuTIoCTpanuy JaibHEHIINX aclieKTOB UCTIONb30BaHUs CTPYKTYP B TOM
pasjesnie Mbl HaMIIIEM PO PaMMYy, IPEICTABISIOLIY 0 COOO0H COIEPIKUMOE MaKeTa
noucka B tabnuue. DTa mporpamma SIBJISETCS TUIHYHBIM IPECTaBUTENIEM
MOANPOIrPaMM YIIPaBJIeHHs CUMBOJIBHBIMU TaONUI[AMH MaKpOIPOLIeccopa Min
xommmisiTtopa. Paccmorpum, Hanpumep, oneparop #DEFINE s3pika “C”. Korma
BCTpEYaeTCs CTPOKa BUA

#DEFINE YES 1

To uMs Y ES u 3amensttonuii Tekct 1 momeniarorcs B Tabmuiy. [lo3nnee, korga
nMms YES nmosieisiercst B omepaTtope Bua
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INWORD = YES;

OHO 10JKHO OBITH 3aMeleHo Ha 1.

HmMmeroTcst 1Be OCHOBHBIE IIPOLEAYPHI, KOTOPBIE YIPABISIOT UMEHAMH U
3amensfonuMu ux Tekcramu. Oyukius INSTALL(S,T) 3anuceiBaer uMs S u
3amestronmii Teket T B Tabmuity; 3neck S u T mpocTo cuMBONIBHBIE CTPOKU. DyHKIWS
LOOKUP(S) wmmer umst S B TaOIHIE ¥ BO3BAIIACT OO yKa3aTellb TOTO MECTa,
e 3To uMs HakaeHo, mnoo NULL, eciu 3TOro MeHU B TaOJIMIIE HE OKa3aJloCh.

ITpu 3TOM HCIIONIB3YETCS MOUCK IO AATOPUTMY XEIIUPOBAHUS - IOCTYHAIOIIEe
uMs 1peodpasyercs B MaJICHbKOE IOJOKUTEIBLHOE YHCIIO, KOTOPOE 3aTeM
HCIIONB3YETCs I MHAEKCAIIUU MacCHBa yKa3aTeled. DIeMEHT MacCUBa yKa3bIBaeT
Ha HAYaJo LENOYHBIX OJIOKOB, OMMCHIBAIOIINX MMEHA, KOTOPbIE UMEIOT 3TO
3HauU€HHE XeMUpoBaHus. Ecny HUKakue MMeHa IPU XEIUPOBAHUY HE MTOIYyYaroT
3TOTO 3HAYCHMS, TO AeMeHToM Maccusa Oyner NULL.

bnokoM nemnu sBaseTcAd CTPYKTypa, cojepikalias yKasaTelu Ha
COOTBETCTBYIOILIEE UM, HA 3aMEHSIOIINIA TEKCT ¥ Ha CIIIYIONINI OJIOK B IIETIH.
HyneBoii yka3zareins cieqyromero 610Ka CIy>KUT NPU3HAKOM KOHIIA JAHHOH IIETIH.

STRUCT NLIST \( /* BASIC TABLE ENTRY */
CHAR *NAME;

CHAR *DEF;

STRUCT NLIST *NEXT; /* NEXT ENTRY IN CHAIN */
\);

Maccus yka3zareseit 3To IpocTo

DEFINE HASHSIZE 100
TATIC STRUCT NLIST *HASHTAB[HASHSIZE] /* POINTER TABLE
*/

3HaueHne (YHKIUU XCIIMPOBAHHUS, UCIOJIb3yeMOH 00euMHU (DYHKIIHAMU
LOOKUP u INSTALL , momydaeTcsi MPOCTO KaK OCTaTOK OT JIEICHHUS CYMMBI
CHMBOJIBHBIX 3HAUE€HUH CTPOKH Ha paszMmep maccuBa. (DTO HE CaMbIil JIydInIni
BO3MOJKHBIH aJITOPUTM, HO €TO JOCTOMHCTBO COCTOUT B HMCKIIOUHUTEIHHON
MIPOCTOTE).

HASH (S) /* FORM HASH VALUE FOR STRING */

CHAR *S;

\ (

INT HASHVAL;

FOR (HASHVAL = 0; *S != “\0’; )

HASHVAL += *S++;
RETURN (HASHVAL % HASHSIZE);
\)

B pesynbrare mporecca XemnpoBaHis BEIIACTCS Ha4aIbHBIA HHIECKC B MACCHBE
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HASHTAB ; ecnu naHHasi CTpOKa MOXET OBITh IJIe-TO HaiiieHa, TO UMCHHO B
1enu 0J0KOB, Ha4aJI0 KOTOPOH YKa3aHo TaM. [IOMCK oCyIecTBIseTCs PyHKITUCH
LOOKUP. Ecnu ¢pynkums LOOKUP HaxoauT, 4TO JaHHBIN 3IEMEHT yKe
[IPUCYTCTBYET, TO OHA BO3BpALLAET yKa3aTelb Ha HET0; €CJIM HET, TO OHA BO3BpAILaeT
NULL.

STRUCT NLIST *LOOKUP(S) /* LOOK FOR S IN HASHTAB */

CHAR *S;

\ (

STRUCT NLIST *NP;

FOR (NP = HASHTAB[HASH(S)]; NP != NULL;NP=NP->NEXT)

IF (STRCMP (S, NP->NAME) == 0) RETURN(NP); /* FOUND IT */
RETURN (NULL) ; /* NOT FOUND */

Oynxms INSTALL ncnons3yer ¢pynknuo LOOKUP nnst onpenenenus, He

MPUCYTCTBYET JIU YK€ BBOAUMOE B JaHHBIM MOMEHT MM$; €CIIU 9TO TaK, TO HOBOE
ompejereH’e JOMKHO BBITECHUTH CTapoe. B MpOTUBHOM ciydae co3paercs
COBEPILIEHHO HOBBIH 371eMeHT. Eciti 1o kakol-11100 puyauHe U1l HOBOTO 3JIEMEHTa
Oosbe HeT Mecta, To (yHKIM INSTALL Bozsparmaer NULL.

STRUCT NLIST *INSTALL(NAME, DEF) /* PUT (NAME, DEF) */
CHAR *NAME, *DEF;

\ (

STRUCT NLIST *NP, *LOOKUP () ;

CHAR *STRSAVE (), *ALLOC();

INT HASHVAL;

IF((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 = HASHTAB[HASHVAL];

HASHTAB [HASHVAL] = NP;

\)

ELSE/* ALREADY THERE */

FREE ( (NP->DEF) ; /* FREE PREVIOUS DEFINITION */
IF ((NP->DEF = STRSAVE (DEF)) == NULL)

RETURN (NULL) ;

RETURN (NP) ;

\)

Oynkuusa STRSAVE npocto konmupyer CTpOKy, YKa3aHHYIO B KaueCTBE

aAprymMeHTa, B MECTO XPAHCHUS, IIOJTYUYCHHOC B pE3YyJIbTaTC 06paHICHI/I$I K (l)yHKHI/II/I
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ALLOC. MsI yxe mpuBenu 3Ty ¢yHKIUI0 B aBe 5. Tak kak oOpaiieHue K
¢ynxmmn ALLOC u FREE moryt npoucxouts B 11000M HOPSIIKE U B CBS3U C
npoOJieMoii BeIpaBHHBaHuS, TpocToi BapuaHT ¢pyHKuu ALLOC u3 rmaBsl 5 Ham
OoIbIlIe HE MTOAXOJHUT; CMOTpUTE IIaBbl 7 1 8.

Ynpaxnenue 6-7.
Hanumure nponexypy, koropast OyneT yoansaTh UMsI U OIpeAeieHHe U3
Tabnusl, yrpasistemoit pynkumsamu LOOKUP u INSTALL.

YnpaxHenue 6-8.

PazpaboraiiTe npocTyro, OCHOBaHHYIO Ha (DYHKIMSIX 3TOTO paszieia, BEPCUIO
nporneccopa st oopaborku koHcTpykiui #DEFINE , npuronnyro mis
ucmnonbp3oBanus ¢ “C’-nmporpaMMmaMu. BaM MOTYT TakKe OKa3aThCsl MOJIE3HBIMU
¢yuxkunn GETCHAR u UNGETCH.

6.7. Mons.

Korza Bonpoc 5k0HOMHY TaMATH CTAHOBUTCS OYEHB CYILIECTBEHHBIM, TO MOXKET
0Ka3aTbcsi He0OXOAMMBIM MOMEIATh B OJHO MAaIIMHHOE CIOBO HECKOJIBKO
pa3IMuHBIX 00BEKTOB; OHO M3 OCOOCHHO PACIPOCPAHEHHBIX YHOTpPEeOIeHUH -
HabOp OJHOOMTOBBIX NMPU3HAKOB B MPUMEHEHHSX, MOJAOOHBIX CHMBOJIHHBIM
TabIMIaM KOMITHIISITOpa. BHENIHE 00yCIIOBIEHHbBIE ()OPMATHI JaHHBIX, TAKHE KaK
nHTEp(ENCHI alapaTHBIX CPEICTB TAKKE 3a49acTyI0 IPE/IIoaraloT BO3MOXKHOCTh
MOJy4YEHHUs CJIOBA 110 YaCTsIM.

[pencraere cede hparMeHT KOMITMIIITOPA, KOTOPBIH paboTaeT ¢ CHMBOJIBHON
tabiuuei. C KaXIbIM HICHTH(GHUKATOPOM IPOrpaMMBbl CBsI3aHa OIpeaeIeHHas
nH(OpManus, HaIPUMED, SIBISETCS OH WIN HET KITIOUYEBBIM CIIOBOM, SBIISIETCSI JIN
OH WJIM HET BHEIIHUM W/WJIM CTaTHYeCKUM U T.J. CaMblii KOMITaKTHBIHA crloco0
3aKOIMPOBATh TAKYIO0 HHPOPMALHIO - TOMECTHTH HA0OP OTHOONTOBBIX IPU3HAKOB
B oTAeNbHY0 nepeMeHHyro Tuna CHAR wnn INT.

OOBIYHBIH c1I0C00, KOTOPBIM 3TO AETAETCS, COCTOUT B OIPENEIICHUN Habopa
“MacoK”’, OTBEUAIOIMX COOTBETCTBYIIINM OMTOBBIM ITO3HULIUSIM, KaK B

#DEFINE KEYWORD 01
#DEFINE EXTERNAL 02
#DEFINE STATIC 04

(uncna KOyDKHBI OBITH CTENEeHsIMH ABOMKH). Torna o6paboTka 6uToB
CBeIeTCS K “)KOHIIIUPOBAHUIO OUTaMK’ C IIOMOIIBIO OTIEPAIUil CABHTA,
MAaCKUPOBAHUS ¥ JOMOTHEHUS, OIIMCAHHBIX HAMH B TJIaBe 2.
HexoTopbie 9yacTo BCTpedaronuecs UauOMEI:

FLAGS \!= EXTERNAL \! STATIC;

BkiroyaeT outel EXTERNAL n STATIC B FLAGS, B TO BpeMst Kak

FLAGS &= \" (eXTERNAL \! STATIC);
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HX BBIKJIIOYACT, a

IF ((FLAGS & (EXTERNAL \! STATIC)) == 0)

UCTHUHHO, €CJI 00a OWTa BHIKIIOYEHBI.

XOTs 3TUMU UAMOMAaMHU JIETKO OBNAETh, A3bIK “‘C” B Kau€CTBE albTEePHATUBEI
IpeJyIaraeT BO3MOXKHOCTH OIpeJesieHus] 1 00paboTKu moseld BHYTpHU CJIOBa
HEIOCPEICTBEHHO, a HE ITOCPECTBOM ITOOUTOBBIX JIOTHYeCKUX ornepanuid. [Tome
- 3T0 HabOp CMEXHBIX OUTOB BHYTpH 0JHOM nepemeHHo Tuna INT. Cunrakcuc
orpenesieHus 1 00pabOTKH 0JIel OCHOBBIBAETCS Ha CTPYKTypax. Hanpumep, cum-
BoONbHYO Tabnuiy koHcTpykunii #DEFINE, npruBeneHHy10 BbIIe, MOXXHO ObI OBbLIO
3aMEHUTH OIpeJeNICHEM TpeX Moeil:

STRUCT \ (
UNSIGNED IS KEYWORD : 1;
UNSIGNED IS EXTERN : 1;
UNSIGNED IS STATIC : 1;
\) FLAGS;

3necs onpenensercs nepemenHas ¢ umeneM FLAGS, xotopas coneput Tpu
1-6uroBsIx nosst. Crieyroree 3a JBOSTOYMEM YHCIIO 3a3/1aeT LIMPUHY TOJIS B OUTaXx.
IMons onucansl kak UNSIGNED, uT00BI HOMYEPKHY T, YTO OHU JICHCTBUTEIHLHO
OyayT BeIMYMHAMU Oe3 3HaKa.

Ha otnenbubie nonst moxkHo ccbutathkes, kak FLAGS.IS _STATIE, FLAGS.
IS EXTERN, FLAGS.IS KEYWORD U T.1., TO €CTh TOYHO TaK €, KaK Ha ApyTHe
YJIeHbI CTPYKTYpbL. [1osst BemyT cedst o100HO HEOOMBIINM 1IEJIBIM Oe3 3HaKa ¥ MOTYT
Y4acTBOBATh B apU(PMETHUECKHUX BEIPAKEHUAX TOUHO TaK )K€, KaK 1 JJPyTUe LeIIbIe.
Takum 06pazom, IpeabIIyIIIe IPUMEPBI OoJIee eCTECTBEHHO IIEPENncaTh TakK:

FLAGS.IS EXTERN = FLAGS.IS STATIC = 1;

JUISl BKITIOYESHUS OUTOB;

FLAGS.IS EXTERN = FLAGS.IS STATIC = 0;

JUIS BEIKJTIOUCHHUS OMTOB;

IF (FLAGS.IS EXTERN == 0 &&FLAGS.IS STATIC == 0)...

JUISL UX TIPOBEPKH.

Ione ne moxeT nepexpeiBarhk rpanuily INT; eciu ykazaHHast IIMpHUHA TAKOBA, UTO
9TO IOJDKHO CITY4HUThCS, TO IONIE BBIPaBHUBAESTCS 10 rpanutie cneyroniero INT. TTomsm
MOJKHO He IIPUCBanBaTh MIMEHa; HeMMEHOBAHHBIE IT0JIS (TOJIBKO JIBOETOUHE H IIIPUHA)
WCHOJB3YIOTCS JUTS 3aII0JTHEHHS] CBOOOIHOTO MecTa. UToOb!I BEIHY/IUTH BhIpAaBHUBAHHE
Ha rpanuny caegyrouiero INT, MoxHO ncnonb30Bath CHEUANBHYO IHPpHUHY 0.

I[Tpu paborte ¢ moissMu UMeeTCs psii MOMEHTOB, Ha KOTOPBIE CIIEAYET 00paTHTh
BHUMaHMe. [lo-BunMomy Hanbosee CyIeCTBEeHHBIM SIBISIETCS TO, YTO OTpaxas
IPUPOAY Pa3IMYHbIX alllApaTHBIX CPEJICTB, paclpeeeHHUe Moel Ha HEKOTOPBIX
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MalIMHaX OCYIIECTBIISIETCS C/IEBA HAIIPABO, a HA HEKOTOPBIX CIIpaBa HaJIEBO. JTO
03HAYAET, YTO XOTH [TOJISI OYCHB ITOJIC3HBI IS pabOTHI ¢ BHYTPEHHE OIPEICTICHHBIMU
CTPYKTYpaMH IaHHBIX, IPU pa3iejIeHUH BHELIHE ONPeIeIIeMbIX JaHHbIX CIENYEeT
TIIATEJIFHO PAacCMATPHUBATh BOIPOC O TOM, KaKOH KOHEI] MOCTYIAET EPBLIM.

Jpyrue orpaHuueHusi, KOTOPbIE CIEAYET UMETh B BUAY: NIOJISI HE UMEIOT 3HAKa;
OHH MOTYT XPaHUTHCS TOJBKO B ITepeMeHHbBIX Thuma INT (uiu, 4To SKBUBAJICHTHO,
tunia UNSIGNED); oHu He SBISIOTCS MACCHBAMH; OHU HE HMEIOT aJ[peCcOB, TaK
YTO K HUM HE IPUMEHHUMA orepanus &.

6.8. O6beanHeHuUs.

OOBeIMHEHVIS - 3TO TIEPEMEHHAsT, KOTOPAs B Pa3JIMYHBIC MOMEHTHI BPEMEHN MOYKET
cofiepKarh OOBEKTHI Pa3HBIX TUIIOB H PA3MEPOB, PUYEM KOMITHIISTOP OepeT Ha ceOst
OTCIIC)KUBAHKE pa3Mepa U TpeOOBaHMH BEIpaBHUBaHUS. OObETUHEHUS MPEICTABIISIOT
BO3MOXKHOCTH PaboTaTh C pa3IMYHBIMU BUIAMH JaHHBIX B OJHOM OONIaCTH MaMSTH,
HE BBOJIS B IIPOTPaMMy HHKAKOH MalIMHHO-3aBUCAMOM HH(OPMAITIH.

B kadecTBe mpumepa, CHOBa W3 CUMBOJBHOW TaONHIBI KOMIUIATOPA,
MPEAMOIOKIM, 9TO KOHCTAaHThI MoryT ObITh THma INT , FLOAT unu ObITh
yKa3aTelIsiMA Ha CHMBOJIBL. 3HAYCHHE KaXJIOW KOHKPETHOW KOHCTAHTHI JOJDKHO
XPaHUTHCS B TIEPEMEHHOW COOTBECTBYIOIIETO THUIIA, HO BCE JKE VIS YIIPABICHUS
TaOHIEH CAaMBIM YIOOHBIM OBLTO OBI, €CITH 3TO 3HAYCHUE 3aHUMAJIO OBI OIUH U TOT
ke 00BEM MaMSTH U XPAHUIIOCH B TOM JK€ CAMOM MECTE HE3aBHCHUMO OT €ro THIIA.
9TO U SABISCTCS HA3HAYCHUEM OOBEIMHEHUS - BRIICIUTH OTJCIBHYIO ICPEMEHHYIO,
B KOTOPOW MOXKHO 3aKOHHO XPaHHTh JIFOOYIO OJHY U3 MEPEMEHHBIX HECKOIBKUX
TunoB. Kak u B ciry4ae mosiei, CHHTaKCUC OCHOBEIBACTCS Ha CTPYKTypax.

UNION U_TAG \(
INT IVAL;
FLOAT FVAL;
CHAR *PVAL;

\) UVAL;

[Mepemennas UVAL Oyzner nmMeTb 10CcTaToqHO OOJIBIION pa3Mep,4To0bl XpaHUTh
HauOoONBIIMI M3 TpeX THIOB, HE3aBHCHMO OT MAaIIMHBI, HA KOTOPOH
OCYIIECTBISIETCS KOMITHIISILISL, - [TporpaMMa He OyZIeT 3aBUCHTD OT XapaKTePHCTHK
anmnapaTHbIX cpecTB. JI000i 13 3THX Tpex THIIOB MOXeT ObITh IprcBoeH UVAR
U 3aT€M UCIOJIb30BaH B BBIPAXKEHUSX, II0KA TAKOE UCIOIb30BAHUE COBMECTUMO:
M3BIEKAEMBIH THII JOJKEH COBIAIATh C MOCIEIHUM IOMEIIEHHBIM THIIOM. [leno
MIPOTrPaMMHUCTA - CIIEANUTH 32 TEM, KAKOH THII XPaHUTCS B OObEIMHEHHUH B JJAHHBIN
MOMEHT; €CJIM 4TO-JIN00 XpaHUTCS KaK OJUH THII, a U3BJIEKACTCS KaK JIpyroH, TO
pe3yasraThl OyyT 3aBUCETh OT UCIIOIb3YEMOW MAIIUHEI.

CuHTaKCHYeCKH JOCTYII K WIeHaM 00beIMHEHHS OCYIIECTBIISIETCS CIIEAYIOIIM
oOpazom:

Mg OOBEeIMHEHUS . UJIeH



«S3bik C» B.B. KepHuzaH, .M. Puyu 147

nim
yKazaTeyb OOBEIVHEHUS —>UJIeH

TO €CTh TOYHO TaK XKe, KaK U B CIIy4yae CTPYyKTyp. €CIIU A OTCIECKUBAHUS
TUIIA, XpPAaHUMOTO B AaHHbII MoMeHT B UVAL, ucnons3yercs nepemenHas UTYPE,
TO MOXHO BCTPETUTh TAKOH Y4aCTOK MIPOrpaMMBbI:

IF (UTYPE == INT)

PRINTF (“$D\N”, UVAL.IVAL);
ELSE IF (UTYPE == FLOAT)
PRINTF (“$F\N”, UVAL.FVAL) ;
ELSE IF (UTYPE == STRING)
PRINTF (“%S\N”, UVAL.PVAL) ;
ELSE

PRINTF (“BAD TYPE %D IN UTYPE\N”, UTYPE);

OObenuHEHHSI MOTYT MOSBISITHCSI BHYTPH CTPYKTYP H MACCHBOB B HA00OPOT.
3anuck s OOpalleHus K WieHy OObeAMHEHMS B CTPYKType (WM Hao0OopoT)
COBEPIICHHO HJCHTHYHA TO, KOTOpast UCIIOIb3YETCs BO BIOKEHHBIX CTPYKTYPaX.
HalpuMep, B MACCHUBE CTPYKTYD, OIPECIICHHBIM CIEAYIOLMM 00pa3om

STRUCT \ (

CHAR *NAME;

INT FLAGS;

INT UTYPE;

UNION \ (

INT IVAL;

FLOAT FVAL;

CHAR *PVAL;

\) UVAL;

\) SYMTAB[NSYM];

Ha niepeMeHHy10 [VAL MOXHO coclaThCs Kak

SYMTAB[I].UVAL.IVAL

a Ha MepBbIi CUMBOJI CTpoku PVAL kak

*SYMTAB[I].UVAL.PVAL

B cymHocTH 00beIMHEHE SABISIETCS] CTPYKTYPOM, B KOTOPO BCE YWICHBI UMEIOT
HyJeBoe cMmenienre. Cama CTPyKTypa JOCTAaTOYHO BENTMKA, YTOOBI XPaHUTh “‘CaMbIi
IIMPOKUN” 4WIEH, W BRIPAaBHUBAHME NPHUTOMHO I BCEX THIIOB, BXOISIINX B
oObeauHenue. Kak u B cirydae CTpyKTyp, €AMHCTBEHHBIMH OIIEPAITUSIMH, KOTOPBIE
B HACTOSAIIEE BPEMSI MOXKHO IIPOBOAUTE C OOBbEANHEHISIMH, SBIISIOTCS JOCTYII K

YICHY W W3BJICUCHHUE ajpeca; 0ObeIUHEHUS HE MOTYT OBITh IMPHCBOCHHI,
nepenanbl QYHKIHMSIM MM BO3BPAILCHBI UMU. yKa3aTelH OObEIUHEHHI MOKHO
HCTIONB30BaTh B TOYHO TAKOH K& MaHepe, Kak M yKa3aTelnn CTPYKTYP.
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HporpaMMa pacnopeaeyacHus naMaTu, rnmpuBogumMasl B 1rjiaBe 8 , IIOKAa3bIBACT,
KaK MOKHO HCII0JIb30BaTh 06L€,HI/IH€HI/I€, YTOOBI CACJIaTb HEKOTOPYTO IICPEMCHHYIO
BprOBHeHHOﬁ 110 OpeACJICHHOMY BUY 'PAHULBI TAMSTH.

6.9. OnpepeneHne TMna

B s3pike “C” nmpemycMoTpeHa BO3MOXHOCTh, HazbiBaeMmass TYPEDEF s
BBEJICHUS] HOBBIX UMEH ]IS TUIIOB JIaHHBIX. Hampumep, onucanue

TYPEDEF INT LENGTH;

nemaer uMsa LENGTH cunonnmowm mirst INT. “Turr” LENGTH moxer ObITh
KCIOJIb30BaH B OMUCAHUSX, IEPEBOAOB TUIOB U T.J1. TOYHO TakuMm
xe o0paszom, kak u tum INT:

LENGTH LEN, MAXLEN;
LENGTH *LENGTHS[];

AHAIOrIYHO OIMCAHUIO

TYPEDEF CHAR *STRING;

nenaet STRING cunonnmom 1t CHAR™*, To ecth 1u1s1 ykaszarens Ha
CHUMBOJIBI, YTO 3aTEM MOXHO HCIIOIb30BaTh B ONMCAHMSIX BHJIA

STRING P, LINEPTR[LINES], ALLOC();

OGparute BHUMaHUE, 4TO 00BsABIseMbld B KOHCTpYKIMH TYPEDEF Tum
MOSIBJISIETCS B MO3UIIMM UMEHM TEpEeMEHHOM, a He cpasy 3a cioBoM TYPEDEF.
Cunrakcnueckn koHCTpykius TYPEDEF nogo6Ha onucaHusaM Kiiacca maMsaTu
EXTERN, STATIC u . /. MBI Tak)k€ UCTIOIH30BAIH MMPOMMHUCHBIE OYKBBI, YTOOBI
sICHEE BBIICTINTH HMEHA.

B kauecTBe 60Jee CIOKHOTO IMpUMEpa MBI HUCIOIb3YEeM KOHCTPYKIIHIO
TYPEDEEF nns onucanus y3/10B JepeBa, paCCMOTPEHHBIX paHee B ATOMU IJIaBe:

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 pesynsrare momydaem aBa HOBBIX KiroueBbIX ciioBa: TREENODE
(ctpykrypa) u TREEPTR (yka3zarens Ha cTpykTypy). Torna dyakmmuto TALLOC
MOJKHO 3aITicaTh B BUIE

TREEPTR TALLOC ()
\ (
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CHAR *ALLOC() ;
RETURN ( (TREEPTR) ALLOC (SIZEOF (TREENODE) ) ) ;
\)

Heob6xoxumo noguepkHyTh, yto onucanue TYPEDEF He mpuBoaut x
CO3/IaHUIO HOBOTO B KAKOM-JIOO CMBICJIE THIIA; OHO TOJIBKO 100aBIIsIeT HOBOE UM
JUISl HEKOTOPOTO CYIIECTBYIOIIEr0 THIIA. IIPU TOM HE BO3HUKAET U HUKAKOW HOBOI
CEMaHTHKHU: OTHMCAaHHBIE TAKUM CIIOCOOOM IepeMeHHbIe 00JIaIal0T TOYHO TEMHU
K€ CBOIMCTBaMH, 4TO U IEPEMEHHBIE, ONIMCaHHbIE SIBHBIM 00pa3oM. [1o cymecTBy
koHcTpykiuss TYPEDEF cxonna ¢ #DEFINE 3a uckitoueHHeM TOro, 4TO OHA
HUHTEPIPETUPYETCSI KOMIMIATOPOM U IOTOMY MOXKET OCYIIECTBIISATh IOJCTAHOBKH
TEKCTa, KOTOPBIE BBIXOAST 3a MPEAeIbl BO3MOKHOCTEH MaKpOIIPOLECCOPa sA3bIKa
“C”. Hanpumep,

TYPEDEF INT (*PFI) ();

co3maer tun PFI nns “ykazatens gyHKInM, BO3Bpaliaroliel 3HAYCHUE THITA
INT”, koTOpBIii 3aTEM MOKHO OBLIIO OBI HCIIOIB30BAThH B MPOTPAMME COPTHPOBKH
U3 TVIaBHI 5 B KOHTEKCTE BHJIA

PFI STRCMP, NUMCMP, SWAP;

Nmerorcs 1Be ocHOBHbIE TpuunHbI npuMeHeHus onucanuii TYPEDEEF. Ilepras
MIPUYHHA CBSI3aHA C MapaMeTpU3aIfield IPOTPaMMBbI, YTOOBI OOIETYUTH PEeIICHHE
mpoOIeMBl IEPEHOCUMOCTH. ECiu A THIOB NaHHBIX, KOTOPBIE MOTYT OBITH
MaIlIMHHO-3aBUCUMBIMH, Hcnionb3oBaTh onucanue TYPEDEF, to npu nepenoce
MIPOrpaMMBI Ha JPYTYIO MAIIMHY IPUAETCS I3MEHUTH TOJIBKO 3TH onrcanus. OqHa
13 TUIIMYHBIX CUTYalluid COCTOUT B MICIIONB30BAHUH ONPEAEIIIEMBIX C TIOMOIIIBIO
TYPEDEF umeHn /y1st pa3nu4HbIX LETbIX BEJIUUKH U B ITOCIIEYIOIIEM MOAXOASIIEM
BeI0Ope TuoB SHORT, INT n LONG 1151 Ka)Ka0i UMEIOIIecst MalliHbI.

Btopoe naznauenue TYPEDEF coctout B obecrnedeHnn mydiiei JOKY-
MEHTaIuu A1 mporpammsbl - Tan ¢ uMeneM TREEPTR moxker okazathes 6oee
YAOOHBIM AJISi BOCIIPUATHS, YeM THII, KOTOPBIH OMHCAH TOJIBKO KaK yKa3aTelb
CJIO’)KHOM CTPYKTYPHI.

U HakoHer, Bceraa CymecTBYeT BEPOSTHOCTD, YTO B OyAyIIeM KOMIIHIISTOP
WA HEKOoTopas npyras nporpamma, takas kak LINT, cmoxeT ucnonab3oBaTh
conepxamrytocss B onucanusx TYPEDEF undopmanuio s nmpoBeneHus
HEKOTOPOH T0MOJIHUTENbHON IPOBEPKHU MPOrPAMMEBI.
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7. BBOA U BbIBOA

[79%2]

Cperncrsa BBO/Ia/BbIBO/IA HE SIBIISIFOTCSI COCTABHOM YACTBIO SI3bIKA “C”°, TAK YTO MBI
HE BBIIETIAUIN MX B HALIEM NIPEABLIYILEM U3I0KeHUH. OHAKO PeasIbHbIE IPOrpaMMBl
B3aMMOJIEHCTBYIOT CO CBOEH OKPY KarOIIeH cpeioii ropasio Oosee CIIOKHBIM 00pasoMm,
YeM MBI BUIEIH JI0 CUX 1Top. B 3T0ii rmaBe Oyzner onmcana “craniaprHasi OMOnmorexa
BBOJIa/BBIBOJA”, TO €cTh Habop (yHKuuWH, pa3zpaboTaHHBIX il oOecreyeHns
CTaHJApPTHOH CHCTEMBl BBOJA/BBIBOAA I “C”- mporpamMm. DTH (QyHKIUHU
npeHa3HaYeHb! Ul yIo0CTBa MpOrpaMMHOIO MHTepdelica, n Bee e OTPaKaroT
TOJIBKO T€ OIlepaIliy, KOTOphIE MOTYT OBITh oOecredeHbl Ha OOJBIIMHCTBE
COBPEMEHHBIX OIEPAIMOHHBIX cHCTeM. [Iponenypsl 1ocTarouHo S PEKTUBHBI st
TOTO, YTOOBI MOJIL30BATEIIN PEIKO YyBCTBOBAIN HEOOXOAMMOCTH 000MTH X “pagu
sddexruBHOCTH”, KaKk ObI HM ObLIA Ba)kKHAa KOHKpEeTHas 3ajada. 1, HakoHew, 3Tn
TIPOLIE/TYPhI 33lyMaHbl OBITh “TIEPEHOCHMBIMHI B TOM CMBICIIE, YTO OHH JOJDKHBI
CYILIECTBOBAaTh B COBMECTHMOM BHJIE Ha JII000H chcTeMe, IJe UMeeTcs SI3bIK “C”, 1
YTO IPOTrpaMMBbl, KOTOPBIE OFPaHUYMBAIOT CBOM B3aHUMOJAEHCTBUS C CHCTEMOU
BO3MOYKHOCTSIMH, TIPEIOCTABIISIEMBIMU CTaHAAPTHON OMOIMOTEKOH, MOXKHO OyreT
MIEPEHOCHUTS C OJTHOW CHCTEMBI Ha IPYTYIO IO CYIIECTBY 0€3 H3MEHEHHH.

M5! 31€Cch He Oy/ieM MBITaThCsl ONKMCATh BCIO OMOIMOTEKY BBOAA/BBIBO/IA; MBI
GoJiee 3aMHTEPECOBAHBI B TOM, YTOOBI IIPOJIEMOHCTPUPOBATH CYIIIHOCTH HAITMCAHUS

[IPX L)

c”’-Iporpamm, KOTOpbIe B3aUMOJEHCTBYIOT CO CBOEH ONEPALIMOHHON Cpenoil.

7.1. O6paLleHune K cTaHAapTHON bnbnuoTteke

Kaxxnprit ncxonHbIi (aiii, KOTopslii oOpaiaercs K GyHKINH U3 CTaHJapTHON
O6nOIMOTEKH, TOIPKEH BOJIM3H Havasla CoIepKarh CTPOKY

#INCLUDE <STDIO.H>

B daiine STDIO.H omnpenensitorcss HEKOTOphIE MAaKpOCHI U NEPEMEHHBIE,
UCTIONB3yeMble OMONMOTEKOH BBOMA/BBIBO/A. Mcnonb30BaHHE YITIOBBIX CKOOOK
BMECTO OOBIYHBIX JIBOMHBIX KaBBIYEK - YKa3aHUE KOMIMILSITOPY UCKATh 3TOT (haiin
B CIIPaBOYHHUKE, COZIEPIKAIIIEM 3ar0JIOBKH CTaHJapTHON HH(pOpManuy (Ha ccTeMe
UNIX o6sryno LUSRLINELUDE).

Kpome Toro, mpu 3arpyske nporpammbl MOXET OKa3aTrbCs HEOOXOIUMBIM
ykazatb Oubnunoreky siBHO; Ha cucreme PDP-11 UNIX, nanpumep, xomanaa
KOMITWJISILIMK TIPOTpaMMBbI MMerna Obl BHI:

CcC ucxonuele Qannel 1 T.n. -LS

rae -LS ykaspiBaer Ha 3arpy3Ky U3 cTaHgapTHOH OMOIHMOTEKH.

7.2. CtaHpapTHbIW BBOA U BbiBOA - hyHKUMn GETCHAR u
PUTCHAR

CamMbIii IPOCTON MEXaHN3M BBOZA 3aKIIFOYAETCS B YTCHUH 110 OMHOMY CHMBOIY
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3a pa3 u3 “CTaHapTHOIO BBO/A” ", OOBIYHO C TEPMHHAJIA [T0JI630BATEIS, C IOMOIIBIO
¢ynxunn GETCHAR. ®@ynkims GETCHAR() npu kaxaom K Heil oOpateHnu
BO3BpAILAET CIEAYIONIINH BBOIUMBIH CUMBOJI. B OonbIIMHCTBE cpex, KOTOpble
TIOAJIEP)KUBAIOT SI3BIK “C”, TEPMUHAI MOXKET OBITH 3aMEHEH HEKOTOPBIM (haitiioM ¢
oMoIIbI0 0003HaUeHus < : eciu HekoTopas nporpamma PROG ucnonesyer

¢ynxunio GETCHAR To komaHHas crpoka

PROGKINFILE

npuBeziet K Tomy, 4to PROG Oyner unrars n3 daiina INFILE, a He ¢ Tepmunaina.
[MepexitoueHne BBOAA JieTaeTCst TAKUM 00pa3oM, uTo cama nporpamma PROG ne
3aMeuaeT MU3MeHEeHHs; B 4yacTHOCTH cTpoka ’<INFILE” He BkitouaeTcs B
KOMaHJIHYI0 cTpoKy aprymeHToB B ARGV. IlepekitoueHne BBoia OKa3bIBaeTCs
HE3aMETHBIM U B TOM CJIy4ae, KOIJa BBIBOJ MOCTYNAeT U3 Jpyroi MporpaMMsl
nocpeznctsoM norouHoro (PIPE) mexanusma; komaHHas crpoka

OTHERPROG \! PROG

nporonseT 18e nporpammsl, OTHERPROG u PROG, u opranusyer Tak, 4to
crangaptHeiM BBosioM Juist PROG ciy>kut crangaprusiii BeiBog OTHERPROG.

Oynknus GETCHAR Bo3Bpamaer 3Hauenue EOF, korna ona nonanaer Ha
KoHel (aitna, kakod OBl BBOJ OHa HpHU 3TOM HE cuuThiBana. CraHgaprHas
OoubimoTeka monaraet cumMBomdeckyto koucranTy EOF paBHoii -1 (mocpencteom
#DEFINE B ¢aiine STDIO.H), Ho nposepku cienyet nucars B tepmuHax EOF, a
He -1, 4T0OBI M30eKaTh 3aBUCMOCTH OT KOHKPETHOTO 3HAYEHUSL.

BriBog MoxHO ocymiecTBisiTh ¢ nomonipio pynkinun PUTCHAR(C),
nomenlarouieil cuMBoi ‘c’ B “‘cTaHAApTHBIN BBOA, KOTOPBIMA MO YMOJYaHUIO
SIBJISIETCS TEPMUHAJIOM. BBIBOI MO>XKHO HanIpaBHUTh B HEKOTOPBIN (haidil ¢ TOMOLIBIO
o6o3nauenus > : eca PROG ucnonszyer PUTCHAR, To komaHgHast cTpoKa

PROG>OUTFILE

IIPUBEJIET K 3alliMcH cTaHaapTHoro BeiBoza B ¢aiin OUTFILE, a He
Ha tepmuHan. Ha cucreme UNIX MOXHO Tak:ke MCIOJIB30BaTh MOTOYHBIN
MexaHusM. CTpoka

PROG \! ANOTHERPROG

nomemaeTr craHnaptHeli BeiBog PROG B cTaHpapTHBIA BBOJ
ANOTHERPROG. U onste PROG ne Oyner ocenomiieHa 00 M3MEHEHUH
HaIpaBlICHHUS.

BriBon, ocymectsusiembrit pynkuueir PRINTF, takxke mocrymaer B
cranaaptHeiil BeiBog, n obOpamenuss K PUTCHAR u PRINTF moryt ne-
peMekaThesl.

Iopa3uTenbHOE KOIMUYECTBO MPOrpaMM UUTAET TOIBKO U3 OJHOTO BXOAHOIO
MOTOKA U MUIIET TOJbKO B OAMH BBIXOJHOW MOTOK; JUIsl TAKUX MPOrpaMM BBOA U
Bb1BOJ ¢ tomornbio ¢pyHkimit GETCHAR, PUTCHAR u PRINTF moxet oka3arbcs
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BIIOJIHE a/ICKBAaTHBIM M JUIsl Hadaja ONpeJeNICHHO JIOCTaTOYHBIM. DTO 0COOEHHO
CIpaBeJINBO TOT/IA, KOTJJa MIMEETCs] BO3MOXKHOCTh yKazaHus (haiiyioB U1 BBOAA U
BBIBOZIa U MIOTOYHBIN MEXAHU3M [ CBA3H BBIBOZA OJHOM MPOrpaMMBbl C BBOIOM
npyroii. Paccmorpum, Hanpumep, nporpammy LOWER, koropas npeoOpasyer
IIPOTIMCHBIE OYKBBI U3 CBOETO BBOJIA B CTPOYHEIE:

#INCLUDE <STDIO.H>
MAIN() /* CONVERT INPUT TO LOWER CASE */

\ (

INT C;

WHILE ((C = GETCHAR()) != EOF)
PUTCHAR (ISUPPER(C) ? TOLOWER(C) : C);
\)

“@ynkun” ISUPPER 1 TOLOWER Ha camoM jenie sSIBISIIOTCS. MaKpOCamH,
onpenenenHsiMu B STDIO.H . Makpoc ISUPPER mnposepsier, siBnsercst 11 ero
apryMeHT OyKBOH M3 BEpXHETO perucTpa, M BO3BpallaeT HEHyJIeBOe 3HaYECHUE,
€CIIM 3TO TaK, U HyJb B IpoTHBHOM cityyae. Makpoc TOLOWER mnpeobpazyer
OyKBY U3 BEPXHETO PETHCTpa B Ty ke OyKBY HIKHEro perucrpa. HezaBucumo ot
TOTO0, KaK 3TH (PYHKIMHU peai30BaHbl HA KOHKPETHON MallliHe, UX BHEIHEE I10-
BEJICHUE COBEPUIEHHO OJUHAKOBO, TAaK YTO UCIOJb3YIOIIME UX IMPOrpaMMBbI
n30aBJIEeHBI OT 3HAHUS CUMBOJILHOTO Habopa.

Ecnu TpeGyercst mpeoOpazoBaTh HECKOIBKO (GaidiIoB, TO MOXKHO cOOpaTh 3TH
¢aiinb! ¢ momouipio nporpamMmel, mogooHol yruiaure CAT cuctemsr UNIX,

CAT FILEl FILE2 ... \! LOWER>OUTPUT

1 U30eXaTh TEM CaMbIM BOIIPOCA O TOM, Kak 00paTuThes K 9TUM (aiinaM u3
nporpammsl. (IIporpamma CAT npuBoguTcs Mo3Ke B 3TOH IVIaBe).

Kpome Toro ormMeTnm, 4TO B CTaHIAapTHOW OMONIMOTEKEe BBOAA/BHIBONA
“¢ynxnnn” GETCHAR u PUTCHAR Ha camoMm Jfienie MOTYT OBITH MakpOCaMH.
OT0 M0O3BOJISIET N30€XKaTh HAKJIQJHBIX PacXoloB Ha oOparieHue K QyHKIUH IS
00paboTKN Kax/10r0 CUMBOJIA. B miaBe 8 MbI IpoIEeMOHCTPUPYEM, KaK 3TO
JIeNIaeTCs.

7.3. ®opmaTHbIN BbIBOA, - hyHKUMA PRINTF

Jse pynkipm: PRINTF s BeiBoga u SCANF ist BBoza (I Ay OIIUIA pa3aes)
MO3BOJISIIOT NpPeoOpa30BBHIBATh YHCIEHHBIE BEIWYMHBI B CHMBOJBHOE
npeacraBnEnue u o6parHo. OHM TakXke MO3BOJSIOT F'€HEPUPOBATH U
HHTEPIIPETHPOBaTh (popMaTHBIE CTPOKU. MBI yke BCIOAY B ITPEABIIYIINX [T1aBax
HedopmanbHO ucnonb3oBanu ¢ynkuuto PRINTF; 3necs npuBogutcs Gonee
MOJIHOE U TOUHOE onucanue. OyHKuus

PRINTF (CONTROL, ARGl, ARG2, ...)
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npeoOpasyert, onpenessieT GopMar 1 edaTaeT CBOU apryMEHTHI B

cTanaapTHbIN BeIBOI nof ymnpasineHueM crpoku CONTROL. Yiopasnsromas
CTPOKa COJIEPXKHT JBa THUIIA OOBEKTOB: OOBIYHBIE CHMBOJIBI, KOTOPBIE ITPOCTO
KOIIMPYIOTCS B BEIXOJHOM IOTOK, ¥ CHIEHU(HKAIIMH TPeoOpa30BaHuii, Kaxas U3
KOTOPBIX BBI3BIBAET IIPe0Opa3oBaHue U 1edaTh ouepentoro aprymenra PRINTE.

Kaxnas crienmuukanus mpeodpa3oBaHKs HAUMHACTCS C CHMBOJIA

% W 3aKaHYMBAeTCsS CUMBOJIOM IpeoOpa3oBaHus. Mexnay % W CUMBOJIOM
IpeoOpa3oBaHMsI MOTYT HaXOIUTHCS:

- 3HaK MUHYC, KOTOPBIH yKa3bIBaeT O BHIPAaBHUBAHUHU IPE0OPa30BaHHOTO
apryMeHTa I0 JIEBOMY Kpalo €ro MoJisl.

- Crpoxka mudp, 3agaromnias MUHIMAJIBHYIO IUpHHY 11ois. [IpeoOpazoBanHOE
yycyo OydeT HareyaTaHo B IOJIE M0 KpaifHel Mepe 3TOH HIMPUHBI, a €ClIn
Heo0XoanuMo, To U B Oostee mMpokoM. Ecim npeoOpa3oBaHHbII apryMeHT HMeeT
MEHBbIIE CHMBOJIOB, YeM YKa3aHHasl LIMPHHA I10JIs, TO OH OyZIeT JOTIOIHEH CIIeBa
(i cipaBa, eciy ObLIO YKa3aHO BHIPABHUBAHHE I10 JIEBOMY KParo0)3aroIHIOIINMHI
CHUMBOJIAMH JI0 3TOW LIMPHUHBI. 3aNOIHSIONUM CHMBOJIOM OOBIYHO SIBIISETCS
npo0et, a ecia MIMPHHA IOJISI YKa3bIBAETCS C JHIUPYIOUIMM HYJIEM, TO 3THM
CUMBOJIOM OyneT Hyiab (JIMAUPYIOWUN HYJIb B JaHHOM Cily4ae HE O3HAa4aeT
BOCBMEPUYHOMN IUPUHBI TIONS).

- Touka, KOTOpast OTHEJISET IUPUHY IO OT CIEAYIOIIEH CTPOKHU LUPP.

- Crpoka 1u¢p (TOYHOCTH), KOTOpas yKa3blBaeT MaKCHMaJbHOE YHCIIO
CHMBOJIOB CTPOKH, KOTOPBIE JOJDKHBI OBITH HAalleYaTaHbl, MIIM YHCIIO IT€9aTaeMbIX
CrpaBa OT AeCSITUYHOM ToukH (P 1 nepemeHHbIx Tiuna FLOAT umn DOUBLE.

- Monudukarop anuusl L, KOTOpBIH yKa3bIBaeT, 4YTO COOTBETCTBYIOIIUI
anemeHT AaHHbIX umeeT Tuln LONG, a He INT.

Hirke npuBoasiTCS CUMBOJIBI TPE0OPa30BAHUS M MX CMBICIT:

D - aprymeHT npeoOpasyercsi K IeCITUIHOMY BHITY.

O - AprymeHT npeoOpasyercst B 0e33HaKOBYI0 BOCBMEPHUHYIO (hopmy

(6e3 muAMpYIOIIero HyIs).

X - AprymeHT npeobOpasyercsi B 0€33HaKOBYIO LIECTHAIIATEPHUHYIO GOpMY
(6e3 muaupyromux 0X).

U - AprymeHT npeoOpa3syercst B 0e33HaKOBYIO A€CATHUHYIO (hopMmy.

C - ApryMeHT paccMaTpHUBaeTCs Kak OTAEIbHbII CUMBOJL

S - ApryMeHT sIBIsieTCsa CTPOKOI: CUMBOJIBI CTPOKU I€4aTaroTcs A0 TeX Mop,
IIOKa He OyZleT JOCTUTHYT HyJIEBOM CUMBOJI MIIM He Oy/IeT HaleuyaraHo KOJIMIeCTBO
CHUMBOJIOB, YKa3aHHOE B CIIeIIM(PUKANU TOUHOCTH.

E - Apryment, paccMaTpuBaeMsblil kak nepemerHas tunia FLOAT unu

DOUBLE, npeo0pa3yercs B gecATHYHYIO (hOpMY B BHIE

[-IM.NNNNNNE[+-]XX, rae qnmuna ctpoku u3 N orpenensiercst

YKa3aHHOU TOYHOCTBI0. TOYHOCTH 110 YMOJIYAHUIO paBHa 6.

F - Aprymenr, paccmarpuBaemslil kak nepemenHas tuna FLOAT umn

DOUBLE, npeo0pa3yercs B gecATHYHYIO (HOpMY B BHIE

[-IMMM.NNNNN, rae anuHa cTpoku U3 N ompeaensiercs yka3zaHHOU
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TOYHOCTBI0. TOUHOCTbH 10 YMOIYAHHUIO PaBHA 6. OTMETHM, YTO 3Ta TOYHOCTh HE
oTpeziesIsieT KOJIMYeCTBO TevaTaeMbixX B hopmare F 3Hagammx mudp.

G - Ucnons3yercst umu popmat %E wm %F, kakoit kopode; He3HAYAIIHE HYITH
HE [1e4aTaroTCsl.

Ecrm ngymmii 3a % ciMBOI He SIBIISIETCSI CHIMBOJIOM ITPE0Opa30BaHHs, TO [eYaraeTcst
caM 3TOT CUMBOJI; CJI€I0BATENILHO,CUMBOJI %0 MOXKHO HaIledararb, ykas3as %%.

BonsmuHCTBO M3 QopMaTHEIX NpeoOpa30oBaHUN OYEBUIHO M OBLIO
IPOUTIIOCTPUPOBAHO B MPENBIYIIUX INIaBaX. EQUHCTBEHHBIM HCKIIOYEHHEM
SIBIISIETCS TO, KAK TOYHOCTH B3aUMOJIEHCTBYET co cTpokaMu. Cieyromas Tadbnumna
JIEMOHCTPHUPYET BIMSHUE 33/1aHUS pa3InIHbIX crienudukarmii Ha medats “HELLO,
WORLD” (12 cuMB0510B). MBI TOMECTHIIHN IBOETOUHS BOKPYT KXKIOTO OIS IS
TOTO, YTOOBI BEI MOIVIM BUZIETh €0 HPOTSKEHHOCTD.

:%108S: :HELLO, WORLD:
:%10-S: :HELLO, WORLD:
:%208S: : HELLO, WORLD:
:%-208S: :HELLO, WORLD
:%20.10S8: HELLO, WOR:
:%-20.108: :HELLO, WOR
:%.108S: :HELLO, WOR:

IIpenocrepexxenne: PRINTF ucnons3yer cBoil mepBbIi apryMeHT A
OINpENENIEeHUs YHCIa MNOCIENYOIUX apTyMEHTOB U UX TUMNOB. Ecau komuuecTBo
apryMEeHTOB OKa)XeTCsl HEZI0OCTaTOYHBIM HJIH OHH Oy/lyT MIMETh HECOOTBETCTBEHHBIE
THIIBI, TO BO3HUKHET ITyTAHWULIA U BbI IIOJIyYHTE OECCMBICICHHBIE PE3YyIIbTaThI.

YunpaxHenue 7-1.

Hanumure nporpammy, koTtopas OyaeT medararh pasyMHBIM 00pa3om
POU3BOJIbHBINA BBOJ. Kak MUHUMYM OHa JOJDKHA Meuyarath Herpaduuyeckue
CHUMBOJIbI B BOCBMEPHUYHOM HJIH IIECTHAALATEPUIHOM BHIE (B COOTBETCTBUU C
MPUHSITHIMU Y BaC 00bIYAsIMH) U CKJIabIBATH JJTHHHBIE CTPOKH.

7.4. ®opmarnsiii BBoA - GyHkus SCANF

Ocymiecteisitomas BBon ¢yukuust SCANF sistercss anamorom PRINTF u
MO3BOJISIET MPOBOJAUTH B OOPaTHOM HAaIpPaBICHUHU MHOTHE M3 TEX KE CaMbIX
npeoOpazoBannii. YHKIHS

SCANF (CONTROL, ARGl, ARG2, ...)

YUTAET CUMBOJIBI M3 CTAHAAPTHOTO BBOJIA, HHTEPIIPETUPYET X B COOTBETCTBHU
¢ ¢popmatom, ykazanHoMm B aprymeHTe CONTROL, n moMeniaer pe3yasraTsl B
OCTaJIbHBIE aPTYMEHTHI. YIIPABISIOMINN apryMEHT OIHCHIBACTCS HIKE; APYTHE
apryMeHTHI, K&KIBIH 13 KOTOPHIX JOJDKEH OBITh yKazaTelleM, OIPEeAeIIIIoT, Kyaa
cJeIyeT MOMECTUTh COOTBETCTBYIOIINM 00pa30M peodpa30BaHHBII BBOI.

VYipasisromas cTpoka 0OBIYHO COAEPIKUT crienuukanuy npeodpazoBaHms,
KOTOPBIE MCIOJB3YIOTCS IJI HEMOCPEICTBEHHON MHTEPIPETAllMN BXOIHBIX
MOCIIe0BaTeNIbHOCTEN. YIIPaBIISIOIAsl CTPOKA MOXKET COACPKATh:
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- po0Oenbl, TaOyNAIUU WM CUMBOJIBI HOBOW CTPOKHM (“‘CHMBOJIBI ITyCTBIX
IIPOMEXXYTKOB””), KOTOPbIE HTHOPHPYIOTCS.

- OObryHBIE CUMBOJIEI (HE %), KOTOpPBIE MPEATOIAratoTCs COBIAIAIOIIUMHU CO
CIEAYIOUUMU OTIUYHBIMU OT CUMBOJIOB ITYCTBIX NMPOMEXYTKOB CUMBOJIAMH
BXOJIHOTO MOTOKA.

- Cnenudukanuu npeobdpazoBaHus, COCTOSIINE U3 CHUMBOJIa %, HEo-
0s13aTeILHOTO CHMBOJIA TTOJABJICHUS IPHCBAaNBaHMs *, HE0Os3aTeIbHOTO YKCa,
3aJ1al01Ier0 MaKCUMaJIbHYIO IINPUHY 0SSl ¥ CUMBOJIa IPeoOpa3oBaHusl.

Crenudukanus npeodpa3oBaHus yIpaBIsieT IpeoOpa3oBaHUEM CIIETYIOIIETO
IOJIsl BBOJA. HOPMAJIBHO PE3yNbTAaT NOMEINAETCA B MEPEMEHHYI0, KOTOpas
YKa3bIBa€TCsl COOTBETCTBYIOLMM apryMeHToM. Ecnu, 0HaKo , ¢ IOMOILBIO CUMBOJIA
* yKa3aHO I10JIaBJICHNE IIPUCBANBAHMS, TO 3TO T10JI€ BBOJA ITPOCTO POIYCKAETCs U
HUKAKOTO IPUCBAauBaHUsI He Tpou3BoauTcs. [lone BBoza ompeaenseTcs Kak CTpoka
CHMBOJIOB, KOTOPBIE OTIUYHBI OT CUMBOJIOB IPOCTBIX HPOMENKYTKOB; OHO
MPOAIOIDKAETCs MO0 IO CIEAYIOLIEro CUMBOJIA ITyCTOIO MPOMEXYTKa, MO0 ITOoKa
He Oyzer Mcuepnana MIMpPUHA TI0JIS, €CIM OHa yKasaHa. OTCroza cieLyeT, 4To npu
TIoMCKe HyXHoro eif BBozia, pyHkums SCANF Oyner nepecekarb IpaHHIIBI CTPOK,
MOCKOJIBKY CUMBOJI HOBOM CTPOKH BXOAUT B UKCIO ITYCTHIX IPOMEXKYTKOB.

CumBoJ IpeoOpazoBaHMs OIIpeeIIsieT MHTEPIPETALMIO T0JISl BBOJA; COIVIACHO
TpeOOBaHUSIM OCHOBAHHOW Ha BBI30BE 10 3HAYEHHIO CEMAaHTUKH s3bIKa “‘C”
COOTBETCTBYIOIIMI apryMeHT JOJDKEeH ObITh ykazaresieM. Jlomyckarorcs
ClIe/IyOIie CUMBOJIBI ITpeoOpa3oBanus: D - Ha BBOE OXKUIAETCS ECITUYHOE
LIeJI0€; COOTBETCTBYIOIINI apIyMEHT JOJDKEH OBITh yKa3aTesIeM Ha LeIoe.

O - Ha BBOze oxuiaeTcsi BOCbMEPUYHOE 11eJ10€ (C JIUIUPYIOIINM HYJIEM WIIN
0e3 Hero); COOTBETCTBYIOLIMI apryMEHT JIOJDKEH OBITh yKa3arelieM Ha IIejoe.

X - Ha BBOze okmaeTcs mecTHaanarepuaHoe nenoe (¢ muaupyrommmu 0X
i 0e3 HUX); COOTBETCTBYIOLIHMI apryMeHT JOJDKEH OBITh yKa3zaTeleM Ha LIeJoe.

H - Ha BBone oxupaercs uenoe tuna SHORT; cooTBeTcBytouuii apryMmeHt
JTOJDKEH OBITh yKa3arenem Ha renoe tiuma SHORT.

C - Okupaercst OTIENbHBINA CUMBOIT; COOTBETCTBYIOIIMIA apryMEHT JJOJDKEH OBITh
yKa3aTeneM Ha CUMBOJIBL; CJISYIOIINI BBOAUMBIHM CUMBOJI IOMEIAETCS B YKA3aHHOE
MecTo. OOBIYHBIN TPONYCK CHMBOJIOB ITYCTBIX ITPOMEKYTKOB B 3TOM CIIydae
MOAABIIAETCS; IJIs1 YTEHUS CIEIYIOLIEr0 CUMBOJIA, KOTOPBIH HE SIBIISIETCS] CHMBOJIOM
IIyCTOTO IPOMEXYTKa, OJIB3yiTech crienudurkanueid npeodpazoBanus %1S.

S - Oxupaercss CUMBOJIbHAS CTPOKA; COOTBETCTBYIOLIMH apryMeHT JOJKEH
OBITBH yKa3aTeJaeM CUMBOJIOB, KOTOPBIH yKa3bIBaeT Ha MACCUB CUMBOJIOB, KOTOPBIH
JIOCTATOYHO BEJIMK JUISl IPUHSATHS CTPOKH U JJ00aBiIsieMoro B KoHIe cuMBoda \0.

F - Oxupaercs umcno ¢ miaBaromeil TOUKoil; COOTBETCTBYIOIIMN apryMeHT
JIOJDKEH OBITh yKazareneM Ha nepemeHHyro thna FLOAT.

E - cumBou npeo6pazoBanus E sBnsercs cunonumom 1uist F. @opmar BBoza
nepemenHoil Tuna FLOAT BkitouaeT HeoOs3aTeNbHBINA 3HAK, CTPOKY LUMD,
BO3MOXKHO COZIEPIKAIILYIO AECSTUUHYIO TOUKY M He0Os13aTebHOE M0JIE SKCIIOHEHTEI,
cocrosiee u3 OykBsl E, 3a KoTOpoii cieayer nenoe, BO3MOXHO MMEIOIIee 3HaK.
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[epen cumBonamu ipeodpazopanust D, O u X MoxeT cTosTh L, KoTopas 03Ha4aeT
, UTO B CIIMCKE apTyMEHTOB JOJDKEH HAXOMUTHCS YKa3aTellb Ha IIEPEMEHHYIO TUIIa
LONG, a ne tuna INT. Ananorudno, Oyksa L MOXeT CTOSATH mepe; CUMBOJIAMA
npeobpazosanus E mmu F, roBopst 0 TOM, YTO B CHIMCKE apryMEHTOB JIOJDKEH Haxo-
JUThCS yKa3aTenb Ha nepeMenHyto tuna DOUBLE, a ne tuna FLOAT.
Hamnpumep, oOparenue

INT I;
FLOAT X;

CHAR NAME[50];

SCANF (“&D %F %S”, &I, &X, NAME);

CO CTPOKOH Ha BBOZE

25 54.32E-1 THOMPSON

MIPUBOIUT K MpHcBauBaHuto | 3Hauenusd 25,X - 3HaueHus 5.432 u

NAME - ctpoxkn “THOMPSON”, HaanexamuM o0pa3oM 3aKOHUEHHOU
cuMBoJIoM \ 0. 3TH TpH OIS BBOAA MOXKHO PA3JENUTh CTOJILKUMHM IPOOeIamMH,
TaOyJISIMSIMU U CUMBOJIAMH HOBBIX CTPOK, CKOJIBKO BHI okesaere. OOpaienne

INT 1I;
FLOAT X;

CHAR NAME[50];

SCANF (“%2D %F $*D %2S”, &I, &X, NAME);

C BBOAOM

56789 0123 45A72

npucBout I 3Hauenue 56, X - 789.0, npomyctut 0123 u nomectur B NAME
CTpOKy “45”. mpu cienyrolieM oOpalieHHH K J000H mpoueaype BBOIA
paccMoTpenne HadHeTcs ¢ OykBbl A. B atux nByx npumepax NAME sBnsercs
yKazaTelleM U, CIe0BaTeIbHO, IEPE HUM He HYXHO MOMEIIATh 3HaK &.

B xauectBe f1pyroro npumepa nepemnuiieM Tenepb JEeMEHTAPHbIA KaJIbKYIISTOP
n3 maBbl 4, HCIONB3Ys s Tpeodpa3zoBanus Beoja pyHkuo SCANF:

#INCLUDE <STDIO.H>

MAIN () /* RUDIMENTARY DESK CALCULATOR */
A\ (

DOUBLE SUM, V;

SUM =0;

WHILE (SCANF (“$LF”, &V) !=EOF)
PRINTF (“"\T%.2F\N”, SUM += V);
\)

BomonHenne QyHkarn SCANF 3akaHumBaercst OO Toraa, Korja oHa ucuep-
IIBIBAET CBOIO YIPABIISIOLIYIO CTPOKY, JIMOO KOIZla HEKOTOPHIH 3JIEMEHT BBOJA HE
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COBIIAIAET € ympasIsitoniel cerudukanueil. B kauectse cBoero 3Ha4eHUsI OHa BO3-
BpAIllaeT YUCII0 NPABIIBHO COBIAAIOIIMX U IIPUCBOECHHBIX IEMEHTOB BBOJA. DTO
YHCIIO MOXKET OBITh MCIIONB30BaHO [Tl OPE/IEIICHHS KOIMYECTBA HAal IEHHBIX 3/IeMEH-
TOB BBOJIa. IIPH BBIXOZIE Ha KoHel (aiina BozBpamaercst EOF; momguepkuem, 4to 310
3HaUEHNE OTINYHO OT 0, 4TO CIIEYIOIIHIA BBOIUMBIM CUMBOJI HE YIOBIETBOPSIET IEPBOM
crerpduKanuy B yrpasisitonei crpoke. [pu ciemyromem oopamiennu k SCANF
TIOMCK BO30OHOBJISICTCS HEIIOCPEICTBEHHO 32 MOCIIEAHUM BBEICHHBIM CHMBOJIOM.

3akirounTenpHOe npegocrepeskenne: apryMmeHTsl pyHkuun SCANF nomkHbI
ObITh yKazarensiMu. HecomHeHHO Hanboree pacrpocTpaHeHHas! OIINOKa COCTOUT
B HAITUCAHUU

SCANF (“%D"”, N);

BMECTO

SCANF (“%D"”, &N);

7.5. PopmaTHOe npeobpa3oBaHMe B NaMATU

Ot ¢ynkm SCANF u PRINTF npoucxonsar pyakuun SSCANF n SPRINTF,
KOTOpBIE OCYLIECTBISIOT aHAJIOTUYHbIE IPEe0OpPa3oBaHusl, HO ONEPUPYIOT CO
CTpPOKOH, a He ¢ daiinoM. OOpamieHus K 3TUM (QYHKIHMIM UMEIOT B

SPRINTF (STRING, CONTROL, ARGl, ARG2, ...)
SSCANF (STRING, CONTROL, ARGl, ARG2, ...)

Kaxk u panbme , gynkuust SPRINTF npeobpasyer cBou aprymentst ARG,
ARG2 u T.1. B coorBercTBum ¢ popmaroM, ykazanaeiM B CONTROL, HO ome-
maet pesynsrarsl B STRING, a He B crangapTHblil BeiBog. KOHeuHO, cTpoka
STRING nomxHa OBITh JOCTaTOYHO BEJIMKA, YTOOBI IPUHATH pe3yibrar. Hanpumep,
eciit NAME - 5T0 cMMBOJIBHBIN MaccuB, a N - 11eioe, To

SPRINTF (NAME, “TEMP%D”, N);

co3maer B NAME crpoky Buna TEMPNNN, rne NNN - 3HaueHue N. OyHKIwst
SSCANTF BbImonHseT 0OpaTHbIe IPeodpa3oBaHust - OHA MPOCMATPUBAET CTPOKY
STRING B cootBercTBHH ¢ hopmatom B aprymeaTe CONTROL u momeriaer pe-
3ynbTUpyromue 3HadeHus: B apryMeHTel ARG1, ARG2 u T.1.3TH apryMeHThI
JIOJDKHBI OBITH yKa3zaTensaMu. B pesynsrare obpameHus

SSCANF (NAME, “TEMP%D”, &N);

nepemMeHHast N 1ojry4aer 3HauYeHUue CTPOKU LU(P, CIEAYIONIHX 32
TEMP 8 NAME.

Ynpaxuenue 7-2.
[NepenmummTe HACTONBHBIN KAIBKYISATOP U3 TIIABBI 4, UCIIONB3YS U1 BBOJA U
npeobpaszoBanus yncena SCANF w/mnu SSCANF.
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7.6. DocTtyn K channam

Bce 10 cux rmop HarricaHHbIE PO PAMMBI YUTAJTH M3 CTAHIAPTHOTO BBOZIA U ITHICATIH
B CTaHAAPTHBIA BEIBOJ, OTHOCHUTEIFHO KOTOPBIX MBI IIPEIIONATajIH, 9T0 OHA MATUYECKAM
00pa3oM Npe0CTaBISHBI POTPAMME MECTHOM ONIEPAIMOHHON CHCTEMOM.

Cremyrommm II1aroM B BOIIPOCE BBOAA-BBIBO/IA SIBIIICTCS HAITMCAHNE [IPOTPAMMEL,
paboraroiiei ¢ (aiioM, KOTOPBIH HE CBA3aH 3apaHee C IMPOrPaMMOM. OIXHON M3
IporpaMmM, KOTopasi SIBHO AEMOHCTPUPYET MOTPEOHOCTh B TaKUX OMEPALUsiX,
siersieTcst CAT, kotopast 00beHsIeT HAa00P M3 HECKOIBKIX HMMEHOBAHHBIX (haiiyioB
B craHmapTHbIi BeiBoA. [Iporpamma CAT ucmonb3yercs it BbiBoma (hailioB Ha
TEPMHHAII ¥ B KaUECTBE YHUBEPCAIFHOTO COOPIIIKA BBOA AJISI IIPOTPaMM, KOTOPBIE
He UMEIOT BO3MOXKHOCTH o0Opararsces K (aiiiiam no nmenu. Harmpumep, komanna

CAT X.C.Y.C

meuaraet comepxkumoe (aiinoB X.C u Y.C B cTaHIapTHBIN BBHIBOJ.

Bonpoc cocTout B TOM, KaK OpraHU30BaTh YTEHNE U3 IMEHOBAaHHBIX (haiiyioB,
T.€., KaK CBS3aTh BHELIIHUE UMEHA, KOTOPBIMHU MBICITUT T10JIb30BATEIb, C PAKTUUYECKH
YUTAIOUIIMH JTaHHBIE OIIepaTOpaMH.

OtH npaBmiIa mpocThl. [Ipexae 4eM MOXKHO CYMTHIBATh U3 HEKOTOPOTO (aiina
WJIH 3aIIMCHIBATE B HETO, 3TOT (ailil TOJDKEH OBITh OTKPHIT C MMOMOIIBIO (DYHKITHH
FOPEN wu3 crangapraoii oubnuoreku. pyukuus FOPEN Oeper BHemrHee UMsI
(mogo6noe X.C miu Y.C), MpOBOAUT HEKOTOPBIE OOCITY)KHBAIOIINUE ACUCTBUSI U
MIEPETOBOPHI C OMEPAIIOHHON CHCTEMOH (IeTain KOTOPBIX HE IOJKHBI HAC
KacaTbCsl) ¥ BO3BpAaIaeT BHyTPEHHEE MM, KOTOPOE JOJKHO HCIIOIB30BATHCS IIPH
MOCJCAYIOIINX YTCHUSIX U3 (paiiia 1K 3aucsiX B HEro.

310 BHyTpPEHHEE MM, Ha3bIBAEMOE “‘yKazaresneM Qaiiia”, (haKTHUSCKH SBIICTCS
yKazarelieM CTPYKTYpbl, KOTopasi colepXuT uHdopmaruio o (aiine, Takyro Kak
MECTO pa3MelieHus Oydepa, TeKymas Mo3uIKsi CAMBOJIA B Oydepe, IpOrCXOaUT
JU 9YTeHHe U3 (¢aiiia Wi 3amuck B HETO M ToMy nonoOHoe. Ilomp3oBarenn He
00513aHBI 3HATh ATH AETAIH, TIOTOMY YTO CPEIH OTPEeIICHUH U1 CTAHAAPTHOTO
BBOJIa-BbIBOJA, MoydaeMbix u3 (aitma STDIO.H, comepxuTcs ompeneneHue
crpykrypbl ¢ umeHeMm FILE. EnquncTBeHHOE HeoOXoaumoe iis ykaszarens ¢aina
ONHCaHUE JEMOHCTPHPYETCS IPUMEPOM:

FILE *FOPEN(), *FP;

3nech roBoputcs, uto FP sensiercs ykazarenem Ha FILE u FOPEN BosBparaer
ykazarens Ha FILE. O6parure Banmanve, uto FILE siersiercst ntMeHeM Tuna, o00HbIM
INT, a He spnbIKy CTPYKTYpBI; 3T0 peanmm3oBano kak TYPEDEF. (IToapo6HocTH ToTO,
Kak Bce 310 paboraet Ha cucreme UNIX, nmpuBeneHs! B T1ase 8).

daxkruyeckoe odpamierne K pyHkiun FOPEN B iporpamMme uMeeT BU:

FP=FOPEN (NAME, MODE) ;

Iepebim aprymentom Gyrkimu FOPEN ssisiercs “umst” daiia, KOTOpoe 3a1aeTcst
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B BHJIE CUMBOJIBHOH cTpokH. Bropoii apryment MODE (“pexxnm™) Takoke siBisercs
CHMBOJIGHOW CTPOKOH, KOTOpasi yKa3bIBAeT, Kak 3TOT (haily1 OyseT MCIoib30BaThCsl.
JormycrimMpivi pexxumamul siBiistroTest: arenue (“R’), 3armich (“W) u noGarnenue (“A”).

Ecnu BEI OoTKpoeTe aiis, KOTOPBIH elle He CYMIETBYET, /Ul 3alucH WIN
00aBJICHUS, TO Takoi (aity OyJaeT co3maH (eciou 3TO BO3MOXKHO). OTKpBITHE
cymiecTByonero Qaiina Ha 3aIuch NPUBOAUT K OTOPACHIBAHHMIO €TO CTaporo
cozxepkuMoro. ITonbITKa YTEeHHUs HECYIIECTBYIOIIETO (haiiia sIBISETCS OIMOKOM.
OmnOKK MOTYT OBITH 00YC JIOBJIEHBI U IPYTUMHU IPUYNHAMH (HalpUMeEp, HOMBITKON
yTeHus U3 (aiina, He Mest Ha To pa3perieHus ). [Ipu Hanmmanu Kakoi-1nbo ommoKu
(yHKIUsE Bo3Bparaet HyseBoe 3Hauenue ykasareiast NULL (kotopoe st ynodcrsa
Takxe onpenensiercs B ¢aiine STDIO.H).

Jlpyroit HeoOXoANMOM BELIBIO SIBISIETCS CIIOCOO YTEHMS WM 3allUCH, €CIIH
(aiin y>xe OTKPHIT. 371€Ch UMEETCS HECKOJILKO BO3ZMOKHOCTEH, 13 KoTophix GETC
n PUTC sBastores npocreiimmmu.ynkiuus GETC BosBpamaer cienyrommi
CHMBOI U3 (ailiia; eil HeoOXOIMM yKazarellb (aiisa, 4ToObl 3HATh, U3 KAKOTO (haiina
guTaTh. TakuM 00pazom,

C=GETC (FP)

nomentaer B “C” cieayronuii cuMBoJI U3 (aiiina, yKa3aHHOTO ITOCPEICTBOM
FP, u EOF, ecau nocturHyT koHen ¢aiina.
Oynxums PUTC, ssnstomasics oopanienueM k gy GETC,

PUTC (C, FP)

nometaer cumiol “C” B daiin FP u Bozspamaer “C”. [logobHo (yHKIMSIM
GETCHAR nuPUTCHAR, GETCu PUTC moryT ObITh Maxpocamu, a He (pyHKIHMSIMH.

INpwu 3arycke nporpamMMbl aBTOMAaTHYECKH OTKPBIBAIOTCS TpH (aiiiia, KOTOpbIe
CHa0XXEeHBI ONpeeNICHHBIMH yKa3aTelsiMu (DaiioB. DTUMu (ainamu sBISIOTCS
CTaHJAPTHBII BBOA, CTAHAAPTHBIN BBIBOJ M CTAHJAPTHBIIN BBIBOJ OIIMOOK; COOTBET-
cTBytomme ykazarenu Qaitnos HazeBarorcst STDIN, STDOUT u STDERR. O6br4n0
BCE 3TH yKazarenu cBsizaHbl ¢ TepmuHaioM, HO STDIN u STDOUT moryt ObITh
niepeHarpasieHsl Ha (aiiisl i B notok (PIPE), kak omucsiBanock B pasnene 7.2.

Oynximun GETCHAR u PUTCHAR MoryT ObITH OnIpesiesieHbl B TepMUHAIaxX
GETC, PUTC, STDIN u STDOUT cnenytomum oopazom: #DEFINE GETCHAR()
GETC(STDIN) #DEFINE PUTCHAR(C) PUTC(C, STDOUT)

ITpu pabore ¢ daitnamu u1st opMaTHOTO BBOZA M BEIBOZIA MOXKHO HCIIONIb30BATh
¢yuxumu FSCANF u FPRINTF. Oun unentnuns! pyakunsm SCANF u PRINTF,
32 UCKJIIOYEHHEM TOTO, YTO NEPBBIM apr'yMEHTOM SIBIISETCS yKa3arelb (aiiia,
oTpeAessIIouMi TOT (aii, KOTOphIid OyleT YMTaThCsl MM Kyaa OyleT BeCcTHCh
3aIKCh; YIPaBISIONIas CTpoKa Oy/eT BTOPBIM apryMEHTOM.

INokoHu4MB ¢ IpeaBapUTENBHBIMYU 3aMEUaHHSIMHU, MBI TEIIEP B COCTOSHUU HAIUCATh
nporpammy CAT mist koHkaTeHanun (aitioB. Vcrons3yemas 31eck OCHOBHAS cXeMa
OKa3bIBaeTCsl YIOOHOM BO MHOTMX HPOTpaMMax: €CII MMEIOTCS apryMEHTHI B
KOMaH/IHOH CTpOKe, TO OHM 00pabarbIBaroTCs nocienoBarensHo. Ecin takue apry-
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MCHTBI OTCYTCTBYIOT, TO 06p363TBIBa€TC$I CTaHHapTHbIﬁ BBO/. DTO IIO3BOJISET
HCIIOJIB30BATh IMIPOIrpaMMy KakK CaMOCTOATEIIbHO, TadK U KaK 4aCTb OoJbIIei 3a1a4u.

#INCLUDE <STDIO.H>

MAIN (ARGC, ARGV) /*CAT: CONCATENATE FILES*/
INT ARGC;

CHAR *ARGV([];

A\ (

FILE *FP, *FOPEN();

IF (ARGC==1) /*NO ARGS; COPY STANDARD INPUT*/
FILECOPY (STDIN) ;

ELSE

WHILE (—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;

WHILE ((C=GETC(FP)) !=EOF)
PUTC(C, STDOUT) ;

\)

Vkazarenu ¢aiinos STDIN u STDOUT 3apanee onpeneneHsl B Onbnnorexe
BBOJIa-BBIBO/IA KaK CTAaH/IAPTHBIA BBOJ M CTaHAAPTHBII BBIBOJ; OHU MOTYT OBITH
UCIIOJB30BAHBbI B TIOOOM MECTE, IIe MOYKHO MCIIONB30Barh 00bekT THa FILE*.onn
OJTHAKO SIBJISIFOTCS] KOHCTAaHTaMH, a He IEpEMEHHBIMH, TaK YTO HE MbITaliTech UM
YTO-IN00 NPUCBAUBATD.

@ynxuust FCLOSE siBsiercst o6parnoii no orHomeHnto k FOPEN; ona paspeiBaeT
CBSI3b MEXJIy yKa3zareneM (aiijia 1 BHEITHIM HMEHEM, YCTaHOBJICHHYIO (hyHKIMEH
FOPEN, u BbIcBOOOXKAAET yKazaress (aiyia Juis Apyroro (aiina.00IbpIInHCTBO
OIIEPALIMOHHBIX CHCTEM MMEIOT HEKOTOPBIE OTpaHMYEHHMs Ha YHCIIO OTHOBPEMEHHO
OTKPBITHIX (haiiJIOB, KOTOPEIMH MOMKET paciopspKaThes nporpamma. [loaromy, To kak
Mbl noctyi B CAT, 0cBOOOIMB He Hy)KHbIE HaM 001ee 00BEKTBL, SIBIISIETCS] XOPOLIEeH
nneeit. imeercs u npyras npramza st npuMenennst pyHkimi FCLOSE k BrxonHOMY
(aiiiry - OHa BBI3bIBaeT BbIjady HH(popMaru u3 Oydepa, B kotopom PUTC codupaer
BeBOA. (IIpn HOpMmanbHOM 3aBepiuieHuH paboTsl nporpammsl GyHknust FCLOSE
BBI3BIBACTCSI aBTOMATHYECKH JUIS KaXKJJOTO OTKPBITOTO (haiina).
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7.7. Obpa6oTtka owmnb60kK - STDERR n EXIT

Ob6padorka omnbok B CAT Heumeanbra. HeynoOCTBO 3aK/II0OYaETCS B TOM,
YTO eCly OAUH U3 (DailyioB O HEKOTOPOI MPUYMHE OKA3bIBACTCS HEJOCTYIIHBIM,
JIUATHOCTUYECKOE COOOIIeHne 00 3TOM IedaTaeTcsl B KOHIIE OOBEIMHEHHOTO
BBIBO/Ia. DTO IIPUEMIIEMO, €CIIN BBIBOJ IIOCTYIIAET HA TEPMHUHAN, HO HE TOANUTCH,
€CJIM BBIBOJ IIOCTYIAET B HEKOTOPhIH (hair min depes morounbiii (PIPELINE)
MeXaHHU3M B IPYTYIO IPOrpaMMmy.

YroOb! Jiyuliie 00padaThiBaTh TaKyl CHTYaIHIO, K IPOrpaMMe TOYHO TaKUM
e oopazom, kak STDIN u STDOUT, npucoeauHseTcsi BTOPOi BEIXOIHOM (i,
naspiBaeMblii STDERR. Ecnu 910 BOOOIIIE BO3MOKHO, BBIBOJ, 3allMCAHHBIN B
¢daitne STDERR, mosiBisieTcsi Ha TEPMHUHAJE MOJIL30BaTEIsA, OaXKe €CIH
CTaH/apTHHIN BBIBOJ HAIIPABIISIETCS B IPYTOE MECTO.

Jagaiite nepenenaem nporpammy CAT takum 00pa3oM, 4TOOBI COOOIICHMUS
00 onMbKax MUCAIUCh B CTAHAAPTHBIH (hailsr onmboK.

“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

WHILE (—ARGC > 0) IF((FP=FOPEN (*++ARGV,”R#))==NULL) \ (
PRINTF (STDERR,

“CAT: CAN’'T OPEN, %$S\N”, ARGV);

EXIT(1);

\) ELSE \(

FILECOPY (FP) ;

\)

EXIT(0);

\)

[Iporpamma coobmaer 06 ommbdkax AByMs criocodamu. JlnarHoctuyeckoe
coobmienune, BomaBaemoe pyrakmuein FPRINTF, mocrymaer B STDERR wu, Takum
00pa3oM, OKa3pIBaeTCAd HAa TEPMHUHAJE IOTH30BATENs, 4 HE MCYE3aeT B MOTOKE
(PIPELINE) wiu B BerxogHoM (aiiie.

IIporpamma taxske ucronbyet Gyukimio EXIT u3 crangapTHOM OHOIHOTEKH,
obpamieHue K KOTOPOH BBI3BIBACT 3aBEPIICHHUE BBITIOJHEHUS HMPOTPAMMBL.
Apryment ¢ynkiun EXIT moctynen mo6o#l mporpamme, oOpamaromencs K
JaHHOW (DYHKIMH, TaK 4TO YCHEIIHOE WJIM HEeylauHOe 3aBepllieHUe JaHHOM
MIPOrPaMMBI MOYKET OBITH POBEPEHO APYTOH POTPAMMOIA, UCITONB3YIOIIECH 3Ty B
KadecTBe noazanadu. Ilo cornamennro BennurHa 0 B Ka4eTCBE BO3BPAIIAEMOTO
3HA4YEHUS CBUIECTEIHCTBYET O TOM, YTO BCE B MOPSI/IKE, a Pa3NUIHbIC HEHYIICBbIC
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3HAUEHUS ABJISIOTCS IPU3HAKAMU HOPMAJIBHBIX CUTyalUi.

@ynkuus EXIT BeibiBaer ¢ynkunto FCLOSE anst kaxmoro oTkpbITOro
BBIXOZHOTO (haiiia, c TeM 4TOOBI BBIBECTH BCIO TIOMEICHHYIO B Oy(ephI BBIXOIHYIO
nHdopmanuio, a 3areM Bbi3bBaeT GpyHknuio EXIT. @yukuns  EXIT npusoaut
K HEMEJICHHOMY 3aBEepIICHHIO 0€3 OUMCTKHU KaKUX-TH00 Oy(hepoB; KOHEUHO, IPU
JKEJIaHUH K 3TOH (DYHKIMH MOXXHO 0OpaTUTHCSI HEIOCPEACTBEHHO.

7.8. BBoa u BbIBOA, CTPOK

CranpaprtHas Oubnnoreka coxepxut gynkuuio FGETS, coBepmenno
ananornunyio Qynkuunn GETLINE, xoTopyio MBI HCIIONB30BaId Ha BCEM
NIPOTSDKEHNH KHUTH. B pesynbrare oOpaieHus

FGETS (LINE, MAXLINE, FP)

cleyromast CTpoka BBO/a (BKJIIOUAsi CHMBOJI HOBOHM CTPOKH ) CYMTBIBACTCS U3
¢aiina FP B cumBonbHbI MaccuB LINE; camoe 6ombimoe MAXLINE 1 cumBon
Oyner mpouuTtaH. PesynpTupylomas cTpoka 3akaH4uMBaeTcst cuMBoyioM \ 0.
Hopmansno ¢ynkims FGETS Bosspamaer LINE; B kon1e daiina ona Bo3Bparaer
NULL. (Hama ¢ynkiust GETLINE Bo3Bpaluaer 1yIMHy CTpOKH, a IPH BHIXO/IE Ha
KoHel (aiina - HyJIb).

[Mpennaznayennas s BeiBoza Gpynkims FPUTS 3anmceiBaeT ctpoky (kotopast
He 00s13aHa coJiepKaTh CHMBOJI HOBOHM CTPOKH) B (aiii:

FPUTS (LINE, FP)

UYrobsl nokazars, uto B gyHkuusax tuna FGETS u FPUTS ner Huuero
TauHCTBEHHOIO, MBI IIPUBOJIUM HMX HUXKE, CKOMMPOBAHHBIMU HEMOCPEICTBEHHO
U3 CTaHJapTHOW OMOIMOTEKN BBOJIa-BBIBOIA:

#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;

WHILE (-N>0&& (C=GETC (IOP)) !=EOF)

IF ((*CS++ = C)=="\N’)

BREAK;

*CS = “\0';

RETURN ( (C==EOF && CS==S) 7 NULL : S);
\)

FPUTS (S,I0OP) /*PUT STRING S ON FILS IOP*/
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REGISTER CHAR *S;
REGISTER FILE *IOP;
\ (

REGISTER INT C;
WHILE (C = *S++)
PUTC (C, IOP) ;

\)

Ynpaxuenue 7-3.
Hanumure nporpammy cpaBHeHust IByX (ailioB, koTopasi Oyaer nedararb
MEPBYIO CTPOKY U MO3HUIIMIO CUMBOJIA, TII€ OHU Pa3IUYaroTCs.

Yupaxkuenne 7-4.

[Nepenenaiite mporpamMmy MoHcKa 3alaHHONH KOMOMHAIIMK CHMBOJIOB U3 TTIABBI
5 TakuM 00pa3oM, 4TOOBI B Ka4eCcTBE BBOJIA UCIIOIH30BAJICSI HAOOP MMEHOBAHHBIX
(aiinoB win, eciy HUKakue (aiibl He yKa3aHbl KaK apryMEHThI, CTaHIapTHBIN
BBoA. Ciientyer nu nedararh UMs Qaidia pyu HaXOXKJICHUH HOIXOAAIIEH CTPOKH?

Ynpa:xnenue 7-5.

Hanwmmure nporpammy redaru Habopa (aiiioB, KOTOpasi HAUWHAET KaXKIbIi
HOBBIN (haiii ¢ HOBOW CTpPAHMIIBI M MEYaTaeT IS KaKmIoro (haiiia 3arojoBOK H
CYETYHK TEKYIIUX CTPAHHII.

7.9. HeckonbKo pasHoobpa3HbIX pyHKLUN

CrangaptHas OMOIMOTEKa MPEIOCTABISET MHOKECTBO Pa3HOOOPa3HBIX
(GYHKIUH, HEKOTOPBIE U3 KOTOPBIX OKA3bIBAIOTCS 0COOCHHO MOJIC3HBIMU. MEI yXkKe
ynoMuHamu GyHKuu s padoTsl co ctpokamu: STRLEN, STRCPY, STRCAT u
STRCMP. Bot HekoTopble apyrue.

7.9.1. NpoBepka BuAa CMMBOJIOB M Npeobpa3oBaHus

Hexotopble MakpoChl BBIIONHSIOT IIPOBEPKY CHMBOJIOB M IIPE0Opa30BaHus:

SALPHA(C) ne 0, eciu “C” andaBuTHBIH CHMBOI,

0 - ecnu HeT.

SUPPER(C) He 0, ecin “C” GykBa BEpXHEro perucrpa,

0 - ecnu HeT.

SLOWER(C) He 0, ecnit “C” 6ykBa HHKHETO perucrpa,

0 - ecnu HeT.

SDIGIT(C) He 0, ecrtu “C” mudpa,

0 - ecu HeT.

SSPACL(C) He 0, ecin “C” npobeut, TaOyssius WM HOBasi cTpoka, 0 - ecu
HET.

OUPPER(C) IIpeobpazyer “C” B OykBY BEpXHETO peTHCTpa.

OLOWER(C) [Ipeobpasyer “C” B OyKBy HUIKHETO PETHCTPA.
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7.9.2. ®yHkumna UNGETC

CrangapTHas OMOIHMOTEKa COJAEPKUT JTOBOJIHLHO OTPAaHHUUYCHHYIO BEPCHUIO
¢yuxkunn UNGETCH, nanucanHoi Hamu B 1aBe 4; ona Hasbiaercst UNGETC.
B pesynsrarte obparnienus

UNGETC (C, FP)

cuMmBoa “C” Bo3Bpamaetcs B ¢aiin FP. [To3BomnsieTcst BO3Bpamarh B KK IbIi
¢aitn Tonsko onud cumBoi. Dyukiss UNGETC mMoxeT ObITh HCIIOIB30BaHa B
000# u3 pyukuuii BBoga u ¢ makpocamu tura SCANF, GETC wiu GETCHAR.

7.9.3. O6palleHue K cucteme

Oyukwst SYSTEM(S) BeIOTHAET KOMaHIY, COASPKAIIYIOCS B CAMBOIBHON
CTpOKe S, ¥ 3aTeM BO300HOBIISIET BHITIOTHEHHUE TEKYIIeH mporpammbl. Comepskumoe
S crJIbHO 3aBHUCHT OT UCIIONB3YEMOMH OINEpPaIMOHHOW CHCTeMBI. B kadecTBe
TPUBHUAIBHOTO MPUMEpPa, yKaxeM, uto Ha cucteme UNIX cTpoka

SYSTEM (“DATE") ;

[IPUBOAMT K BbINoiaHeHU0 porpamMmbl DATE, koTopas neuaraer aaty u Bpemst THsL.

7.9.4. YnpaBneHue namMaTbio

@ynxuus CALLOC Becsma cxonHa ¢ ¢ynkimeit ALLOC, ucnonb30BaHHO#M
HaMH B IpeIBIAYINNX [MaBaxX. B pesynbrare obpamenus

CALLOC (N, SIZEOF (OBJCCT))

BO3BpAILACTCS JINOO YKa3aTellb MPOCTPAHCTBA, JOCTATOYHOTO [T Pa3MEIIICHHUS
N 00BekTOB yKa3aHHOTO pa3mepa, aubo NULL, ecnu 3ampoc He MOXeT OBITh
ynBosieTBOpeH. OTBOAMMAS MaMATh UHULIMATU3UPYETCS HYJE€BBIMU 3HAYEHUSAMU.

VYkazaTenb 001aaeT HyXKHBIM IS PACCMAaTPHBAEMBIX OOBEKTOB BEIpAaBHUBA-
HUEM, HO MY CJIeAyEeT PUITUCHIBATh COOTBETCTBYIOIIMHN THII, KaK B

CHAR *CALLOC() ;
INT *IP;
IP=(INT*) CALLOC (N,SIZEOF (INT));

®ynkuus CFREE(P) ocBobox1aeT mpocTpaHcTBO, Ha KOTOpOE yKasbiBaeT “P”,
npuyeM ykaszarenb “P” neBoHa4anbHO JOJDKEH OBITH MMOJIydeH B pe3ysbTare
obpamenns K CALLOC. 3nech HeT HUKaKUX OrpaHMYEeHHI Ha ITOPSIIOK 0CBOOOXK-
JICHUS TIPOCTPAHCTBA, HO OyJeT HenpusATHEHIeH ommOKoii 0cBOOOIUTE YTO-
HUOY/b, 4TO HE ObLIO MToy4eHo odpamenuem Kk CALLOC.

Peanm3zamnus nporpaMmsl pactpezneneHust namsaty, nogoonoir CALLOC, B
KOTOPOM pa3MeIIeHHbIE OJIOKH MOTYT OCBOOOX/IaThCS B IPOU3BOJIBHOM HOPSIIKE,
IIPOIEMOHCTPUPOBAHA B TIaBe 8.
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8. UHTEP®EUC CUCTEMbI UNIX

Martepuan 3Toi IIaBbl OTHOCUTCS K HHTep(deiicy Mexay c-porpaMMaMu 1
onepannonaoi cucremMort UNIX. Tak kak OOJBIIMHCTBO MOJB30BaTeNEH S3bIKA
“C” paborarot Ha cucteme UNIX, 9Ta rmaBa OKaXeTcs MOJIe3HOU 7151 OONBITMHCTBA
gUTaTeNed. Jake €CJIM BBl MCIIOJIb3YeTe C-KOMITMIISITOP Ha IPYrod MaiuHe,
H3y9YeHNE IPUBOANMBIX 3/1€Ch IIPAMEPOB JOJDKHO TOMOYB BaM IITy0Ke IPOHUKHY T
B METOJIbI IPOTPaMMHUPOBaHUS Ha si3bike “C”.

Ota 1i1aBa IeNUTCs Ha TPU OCHOBHBIE YaCTH: BBOJ/BBIBOJI, cUcTeMa (pailiioB u
pacupeneneHue mamsaTH. llepBrie Be 4acTH MpeANoNaraioT HeOONIbIIOE
3HAKOMCTBO C BHELIHUMHU XapakTepucTukamu cucrembl UNIX.

B raBe 7 MbI HMEIIH JEJI0 C CHCTEMHBIM HHTEP(ECOM, KOTOPBIN OIMHAKOB
JUISE BCETO MHOTOO0Opa3usl ONMEeparoHHbIX cUcTeM. Ha KaXmoil KOHKpEeTHOM
cucteMe (GDYHKLIUH CTaHAAPTHON OMOIMOTEKN TOIKHBI ObITh HAIMCAHBI B TEPMUHAX
BBO/Ia-BBIBOJA, AOCTYIHBIX HA JaHHOM MamuHe. B cliegyrommx HECKOIbKUX
pa3zenax MbI OTUIIIEM OCHOBHYIO CHCTEMY CBS3aHHBIX C BBOZOM U BBIBOJIOM TOYEK
Bxoja oneparuoHHoi cucrembl UNIX 1 nponsuirocTpupyeM, Kak ¢ UX IOMOIIbIO
MOTYT OBITh PEAIN30BaHbI PA3IMYHBIC YaCTH CTAHIAPTHON OMOIHOTEKH.

8.1. OeckpunTtopsbl pannos

B onepaumnonnoit cucreme UNIX Bechb BBOJ M BBIBOJ| OCYUIECTBIISIETCS
MOCPENICTBOM UTeHHsI (ailJIOB WM WX 3allUCH, IOTOMY 4TO Bce TepudepuiiHbie
yCTpoiicTBa, BKIIIOUas Ja)ke TEPMHUHAJ IOIb30BaTENs, SBIAIOTCS (ailmamu
onpeeIeHHOH (haiToBOI CHCTEMBI. DTO 03HAYACT, YTO OMH OJHOPOIHBIH HHTEp(EHC
VIIPABJISIET BCEMH CBS3SIME MEXKITY IPOrPaMMOi U TIepru)epUHBIMA YCTPOHCTBAMH.

B nanbosee o0mieM ciaydae rnepeq ureHueM u3 (aiiaa Wi 3aIuchio B haiin
HEOOXOIMMO COOOIIUTE CHCTEME O BallleM HAMEPEHUH; 3TOT IIPOLIECC Ha3bIBACTCA
“otkpbiTHEM” (aiina. CucTema BeISACHIET,HMEETE JIM BbI IIPABO MOCTYIATh TAKUM
00pa3oM (CyIIEeCTBYET Jii 3TOT (PaiiyI? IMECTCs JIK Y BaC pa3pelleHre Ha 00paleHne
K HEMY?), U €CId Bce B MOPSAIKE, BO3BpaIlaeT B MporpaMmy HeOodbIioe
MIOJIOKHUTENBHOE IIE€JI0€ YHCII0, Ha3hIBaeMOe AECKPUIITOPOM (daiiia. BCIKHA pas,
Korzia 9ToT (haiis ucronbp3yercs A1k BBOJA WITH BBIBOAIA, [ MieHTHHKaIMH (aiiita
yHoTpeossieTcs AecKpunTop Qaiiia, a He ero uMs. (3Iech CyIIeCTBYET IpUMepHast
aHajorus ¢ ucrnonb3oBanueM READ (5,...) u WRITE (6,...) B doptpane). Bes
nHdopmamnus 00 OTKPHITOM Qaiiae COmepKHUTCS B cUCTEeMe; MporpaMma
OJIB30BaTENIs OOparaeTes K Gaity TOIBKO Yepe3 aecKpuntop (aiiia.

Jliis ymoGcTBa BRIITOTHEHHS OOBIYHBIX OIIEpaIiii BBOJIA M BBIBOAA C TOMOIIIBIO
TepMHHAJIA MOJNH30BaTENs CYIIECTBYIOT CIIeIHajbHbIe cornameHus. Korma
nnTeprnperarop komanz (“SHELL”) nmporonser mporpammy, OH OTKpPBIBa€T TpH
(aiina, Ha3pIBAEMBbIE CTAHIAPTHBIM BBOJIOM, CTAHIPTHBIM BHIBOJIOM U CTAH/IAPTHBIM
BBIBOZIOM OIIMOOK, KOTOPhIE UMEIOT COOTBETCTBEHHO umcna 0, 1 u 2 B KadecTBe
JIECKPUITOPOB 3TUX (aiiyioB. B HOpManbHOM COCTOSHHH BCE€ OHH CBSI3aHBI C
TEPMHUHAIOM, TaK 9TO €CJIH IPOrpaMMa YUTaeT ¢ AeCKpHUITopoM (aiina 0 u mumrer
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¢ neckpunropamu ¢GaisioB 1 1 2, To OHa MOXKET OCYLIECTBIISTh BBOJ M BBIBOJ C

TIOMOIILIO TEPMHHAJIA, HE 3a00TACH 00 OTKPBITHH COOTBETCTBYIOMINX (haiiiioB.
[Tonb3oBarens MporpaMMbl MOKET IIEPEHAITPABIISATH BBOJ U BBIBOJ Ha (ailiIbl,

HCIONB3Ys onepanuu koManaHoro uarepnperaropa SHELL “<*“u “>”:

PROG <INFILE>OUTFILE

B stom cnyuae unTepnperarop xoMann SHELL m3MeHUT npucBavBaHHE IO
YMOJIYaHUIO JIeCKpHUIITOpoB ¢aiinoB 0 u | ¢ TepMuHana Ha yka3aHHbIE (aiibl.
HopmanbHo neckpunrop aiiia 2 octaeTcs CBI3aHHBIM C TEPMUHAIOM, TaK 4TO
coo01eHnst 00 OIMOKaX MOTyT OCTyIarh Tya. [IonoOHbIe 3aMeuanst ClpaBeUTBbI
U TOIna, KOrja BBOJ U BBIBOJ CBsI3aH ¢ KaHanoM. CrlemyeT OTMETUTb, YTO BO BCEX
cilyyasix TpHKperuieHus (aiiinoB m3Menstorcs unrepnperaropom SHELL, a He
nporpammoii. Cama rporpamma, roka oHa ucnoins3yer ¢aidn 0 171 BBona u ¢aitisl 1
1 2 JUIs BBIBOZIA, HE 3HAET HU OTKY/a IIPUXOIUT €€ BBOJ, HU KyJa [IOCTYIAET €€ BblAaYa.

8.2. HuskoypoBHeBbIN BBOA/BbIBOA - onepaTopbl READ u WRITE.

Cawmplii HU3KHH YpoBeHb BBoa/BbIBoza B cucteMe UNIX He npeycmarpuBaet
HH Kakoi-1mm60 Oydeprzannu, H1 Kakoro-Jimdo Apyroro cepBUCa; OH 110 CYLIECTBY
SIBIISIETCSA HEMOCPEACTBEHHBIM BXOAOM B OIEPALlMOHHYIO cUCTeMy. Bech BBOO U
BbIBOA ocymiectBisiercst 1Byms ¢pyHkuusmu: READ u WRITE. IlepBbiM aprymen-
TOM 00enX (DyHKUMH sIBIIsieTCst feckpunTop (aiiina. BropsiM apryMeHTOM sIBIISsIETCS
Oydep B Baiiel mporpamme, OTKy/1a WM KyZa JOJDKHBI TOCTYTIATh AaHHbIe. TpeTnit
apryMeHT - 3TO YHCJIO TOUISKAIIUX Nepechulke O0aiToB. OOpameHns K 3TUM
(YHKIMAM UMEIOT BUIL:

N_READ=READ (FD, BUF,N) ;
N WRITTEN=WRITE (FD,BUF,N) ;

[Tpn kaxkxnoMm oOpalleHNH BO3BPALIAETCS CUSTYHK OAWTOB, YKa3bIBAIOUIMN
(axTHYecKkoe YHCIIO NepeaaHHbIX 0aiToB. I[Ipu YTeHNM BO3BpAIlEHHOE YHCIO
0aliTOB MOXKET OKa3aTbCs MEHbIIE, YeM 3alpoLIeHHOe 4uciio. Bo3BpamieHHOe
HyJIeBOe 4Hciio 0aiiToB o3HauaeT KoHel (Qaiiia, a “-1” yka3bplBaeT Ha HaJIU4YHE
Kakoi-1mn60 omuOku. [Ipu 3amucu BO3BpalleHHOE 3HAUYEHHWE PAaBHO YHUCIY
(hakTHUECKH 3aNMCaHHBIX OAHTOB; HECOBIIAIEHHE 3TOTO YKCIIA C YHCIOM 0aiToB,
KOTOPOE MPE/II0JIaraioch 3anmucarb, 0ObIYHO CBHIETENLCTBYET 00 OIIMOKE.

KonnyectBo 0aiiTOB, MOJIeKANIUX YTCHHUIO WM 3aIUCH, MOXET OBITh
COBEPIICHHO [IPONU3BOJIBHBIM. J[ByMsI caMbIMU pacIipoCTPaHEHHBIMH BETMYHMHAMHA
SIBJISTIOTCS ‘17, KOTOpast O3HaYaeT repeaady OfHOrO CMMBOJIa 3a oOpalieHue (T.e.
be3 ncnonezoBanus Oydepa), u “512”, koTOpasi COOTBETCTBYET (HPU3NIECKOMY
pa3Mepy 010Ka Ha MHOTHX ITepH(epUiHBIX YCTPOHCTBAX. DTOT MOCIEAHUN pa3Mep
Oynet HanOonee 3¢ HEeKTUBHBIM, HO 1a)Ke BBOJL MJTH BBIBOJI 10 OZTHOMY CHMBOITY 32
oOparmeHne He OyneT HeOOBIKHOBEHHO JIOPOTHIM.

OObennHUB BCe 3TH (aKThl, Mbl HAIlMCAIU IPOCTYI0 IPOTrpaMMy s
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KOITMPOBAHMS BBOZIA HA BBIBOJI, SKBUBAJICHTHYIO IPOrpaMMe KOITMPOBKH (aiinos,
HanmcanHOH B T1aBe 1. Ha cucteme UNIX sTa nporpaMma OyeT KONUpoBaTh 4To
YTOHO Ky/ia YTOHO, HOTOMY YTO BBOJI M BBIBOJI MOT'YT OBITh IIE€pEHAIIPABIICHBI Ha
m000# Qaiis UM yCTporCTBO.

#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);

\)

Ecinn pa3mep daiina ve 6yner kparen BUFSIZE, To ipu Hexotopom oOparieHnn
k READ Oyner BOo3BpamieHo MeHbIIee YHCIO0 0AalTOB, KOTOPHIE 3aTeM
3anuceiBatoTes ¢ nomoinsio WRITE; npu cnepyromiem nocie 3toro odpamieHun
k READ Oyner Bo3BpailieH HYIIb.

[ToyuurensHO pa3obparbesi, Kak MOXHO Hconb3oBath ¢yHKIMH READ n
WRITE nnst nmoctpoeHust npouenyp 0osiee BBICOKOTO yPOBHS, TaKUX Kak
GETCHAR, PUTCHAR u T.1. Bot, Hanpumep, Bapuant ¢pyHkiun GETCHAR,
OCYILECTBIISIONINI BBOJ 6€3 HCIoNb30BaHus 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);

\)

IMepemennas “C” nomxna ObITh onucana kak CHAR, notomy uto QyHKIms
READ npuHuMaeT yka3aTenb Ha CHMBOJIBL. Bo3Bpaliaemblii CHMBOJI TOJDKEH OBITh
MackupoBaH uuciaoMm 0377 nist rapaHTUM €ro MOJOXKUTEIBHOCTH; B IPOTHBHOM
ClTydae 3HAKOBBIH pa3psi MOXKET CIeJIaTh ero 3Ha4YeHue orpunarenbHbM. (KoHcranTa
0377 nomxomut 1utst 58M PDP-11, HO He 00s13aTeNIBbHO IS qPYTHX MAIINH).

Bropoii BapuanT pynkuun GETCHAR ocymecTsisier BBOJ OONBITUMU
MOPLUSIMH, a BBIIACT CUMBOJIBI 110 OHOMY 3a OOpalieHue.

#DEFINE CMASK 0377 /*FOR MAKING CHAR’S>0%*/
#DEFINE BUFSIZE 512

GETCHAR () /*BUFFERED VERSION*/

\ (

STATIC CHAR BUF[BUFSIZE];

STATIC CHAR *BUFP = BUF;

STATIC INT N = 0;

IF (N==0) \( /*BUFFER IS EMPTY*/
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N=READ (0, BUF, BUFSIZE) ;

BUFP = BUF;

\)

RETURN ( (-N>=0) ? *BUFP++ & CMASK : EOF);
\)

8.3. OTKpbITHE, co3aaHue, 3akpbiTue u pacuenneHune (UNLINK).

Kpowme ciryqas, xora 1mo yMOIT9aHHIO ONPEAEIICHBI CTaHIapTHBIE (aliibl BBOJA,
BBIBOJIA ¥ OLLIUOOK, BbI JIOJDKHBI SIBHO OTKPBIBATH (Daiiibl, 4TOOBI 3aTEM YUTATH U3 HUX
WM TTMcath B HUX. J1J1s1 9101 enu cymectBytoT Ae Touku Bxona: OPEN u CREAT.

Oyukims OPEN BecbMa cxomna ¢ gpynkuueit FOPEN, paccMOTpeHHOI B 11aBe
7, 3a UCKJIIOUEHHEM TOTO, 4TO BMECTO BO3BpallleHHs yKaszareis ¢ailina oHa
BO3BpaliaeT JeCKpunTop (aiisa, KOTOPHIH sIBIsETCS MPOCcTo 1enbiM Trma INT.

INT FD;
FD=OPEN (NAME, RWMODE) ;

Kak u B cnmygae FOPEN, aprymenr NAME sBnsieTrcss CHMBOJIBHOW CTPOKOH,
COOTBETCTBYIOIICH BHEIIHEMY UMeHH (aitma. OQHAKO apryMEHT, ONPEACITOIINIA
pexum nocrtyna, onmrieH: RWMODE pasHo: 0 - aj1st utenust, 1 - 11 3amicw, 2 - 1y1st
yTeHus 1 3anucH. Eciu mporcxoauT kakasi-to omroka, hyakipst OPEN Bo3Bpariaer
“-1”’; B IPOTHBHOM CITy4ae OHa BO3BpAIlaeT ACHCTBUTEIIbHBII ACCKPUITOD (haiiia.

[TompITKa OTKPBITH (Paiisl, KOTOPHI HE CYIIECTBYET, ABISETCS OMNOKOM. Touka
Bxoga CREAT mnpenocTaBisieT BO3MOKHOCTh CO3IaHHUs HOBBIX (halIOB HIIH
MIepe3aIucy CTaphIX. B pesynsrare oOpameHus

FD=CREAT (NAME, PMODE) ;

BO3BpalllaeT JeckpunTop ¢aiina, eciu 0ka3anroch BO3MOXKHBIM co31arh (aiin
¢ umeHeM NAME, u “-1” B ipotuBHOM cityuae. Eciu (haiin ¢ TakuM IMEHEM yxKe
cymectByeT, CREAT yceder ero 10 HyJaeBOM JJIMHBI, cO3Aanne (aina, KOTOPBIA
YIKe CYIIECTBYET, HE SIBJSIETCS] OLIMOKO.

Ecnm ¢aiin sBasiercsa coBepmenHo HoBbiM, To CREAT co3znmaet ero ¢
OTPENEIICHHBIM PEKUMOM 3aIIHUTHI, CrielupuIupyeMbiM aprymearom PMODE.
B cucreme daiinoB Ha UNIX ¢ (aiisioM CBA3BIBAIOTCS ICBSITH OUTOB 3aIlMTHI
nH(pOpMaIMKU, KOTOPbIE YHNPABIAIOT pa3pelieHueM Ha 4YTeHHe, 3alucCh U
BBITIOTHEHUE IS Biajaespla (aiima, Jiisl Tpymmmsl BIAaAENbIEeB W ISl BCEX
OCTaJIbHBIX MOJIb30BaTeneil. Takium 06pa3oM, TpeX3HavHOE BOCBMEPHUYHOE YHCIIO
Hanbonee ymoOHO mis cnenuduranuu paspemenuii. Hanpumep, uuncioo 0755
CBUJICTETILCTBYET O pa3peIIeHIH Ha YTCHHUE, 3aIMCh U BHITIOJIHEHNE /IS BIIaIeIbIIa
1 O pa3pelIeHny Ha YT€HHE U BBITIOHEHHUE IS TPYIIIBI K BCEX OCTAIbHBIX.

Jlis mnmrocTparyy HrpKe IPUBOAXTCS IIPOT paMMa KOITUPOBAHUS OHOTO (aiina
B IPYTOH, SBISIONIASCS YIPOIIEHHBIM BapuanToM yTHiauThl CP cucrembr UNIX.
(OcHOBHOE yHpoIIeHHE 3aKITF0IAeTCs B TOM, YTO HAIll BAPHAHT KOMHAPYET TOJIBKO
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OJMH (aiiJI ¥ 9TO BTOPOI apryMeHT He JOJDKEH OBITh CIIPABOYHUKOM).

#DEFINE NULL 0

#DEFINE BUFSIZE 512

#DEFINE PMODE 0644/*RW FOR OWNER,R FOR GROUP,OTHERS*/
MAIN (ARGC,ARGV) /*CP: COPY F1 TO F2*/

INT ARGC;
CHAR *ARGV[];
\ (

INT F1, F2, N;
CHAR BUF [BUFSIZE];

IF (ARGC ! = 3)

ERROR (“"USAGE:CP FROM TO”, NULL);

IF ((F1=O0PEN(ARGV[1],0))== -1)
ERROR (“"CP:CAN'T OPEN %S”, ARGV[1]);
IF ((F2=CREAT (ARGV[2],PMODE))== -1)

ERROR(“"CP: CAN’'T CREATE %S”, ARGVI[2]);
WHILE ((N=READ(F1,BUF,BUFSIZE))>0)

IF (WRITE(F2,BUF,N) !=N)

ERROR (“CP: WRITE ERROR”, NULL);
EXIT(0);

\)

ERROR (S1,S2) /*PRINT ERROR MESSAGE AND DIE*/
CHAR *S1, S2;

\ (

PRINTF (S1,S2);

PRINTF (“\N”) ;EXIT (1) ;

\)

CymecTByet orpanmdeHue (00bI19HO 15 - 25) Ha KOTHYECTBO (aitiIoB, KOTOPBIC
IIporpaMma MOXXET HMETh OTKPBITHIMU OHOBPEMEHHO. B cOOTBETCTBUM C 3THM
Jro0ast mporpaMma, coduparomasics paboTaTb CO MHOTUMH (haiiiaMu, OJKHA OBITh
MOZIrOTOBJIEHA K TOBTOPHOMY HMCIIOJIb30BaHHIO IECKPUNTOPOB (aitiios. [Ipouenypa
CLOSE mnpepbIBaeT cBsi3b MEXIY 1€CKpUITOPOM (haiisia u OTKpBITHIM (aiiiom n
0CBOOOXKJaeT JecKpUnTop (aiia Juis UCHOIb30BAHUS C HEKOTOPHIM JIPYTHM
¢aiinom. 3aBepuienue BoioaHeHus nporpamMmsl yepe3 EXIT nnun B pesynbrare
BO3BpaTa U3 BeLylIeii MporpaMMbl IIPUBOAUT K 3aKPBITHIO BCEX OTKPBITHIX (DaifiIoB.

Oynxknus pacueruiennss UNLINK (FILENAME) ynansier u3 cucteMsl (haiinos
¢aiin ¢ umenem FILENAME ( n3 manHoro cnpaBoyHoro aiina. ®aiin Moxer
OBITH CLIEIJIEH C JPYTMM CHPaBOYHHKOM, BO3MOXHO, IO JPYTUM UMEHEM -
IIPUMEY.IIEPEBOTUNKA).

Ynpaxuenue 8-1.
[Mepenumute nporpammy CAT u3 riaBel 7, ucnois3ys ¢pyukuun READ,
WRITE, OPEN 1 CLOSE BMeCTO NX 5KBHBaJICHTOB M3 CTAHJAPTHOW OMOIHOTEKH.
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HpOBeI[I/ITC OKCIICPUMCEHTBI JId OIIPEACIICHUA OTHOCHTEJIbHOI CKOpOCTHU pa6OTI)I
OTHX JIBYX BApHUAHTOB.

8.4. MpounzBonbHbIN goctyn - SEEK n LSEEK.

HopmansHo npu pabote ¢ ¢aiimaMu BBOX M BBIBOJ OCYIIECTBISAETCS
MIOCJIe/IOBATENBHO: TPy Kax1oM oopanieHnu K pyHkimsam READ u WRITE urenue
UJIH 3alHMCh HAYMHAKOTCS C MO3MIUU, HEMOCPEACTBEHHO cleAyloleil 3a
peapLIyei oopadoTanHoi. Ho mpu HE0OX0AUMOCTH (Al MOXKET YATATHCS HITH
3alnChIBaTHCS B JIIOOOM IPOM3BOJIBLHOM mopsnake. OOpalieHne K cucreMe ¢
nomornsto pynkiun LSEEK no3Bossier nepeaBurarbest no aiiny, He Ipou3Boas
(bakTHUECKOTO UTEHHUS WK 3anucy. B pesynprare oopanieHus

LSEEK (FD, OFFSET, ORIGIN) ;

TeKyIas mo3uys B aiine ¢ geckpunropom FD nepenBuraercst Ha HO3UIHIO
OFFSET (cmenienue), KoTopasi OTCYUTBHIBACTCS OT MECTa, YKa3bIBaeMOI0
aprymertoMm ORIGIN (nagaio orcuera). [Tocienyromiee uTeHre MM 3aIUCh OyTyT
Teneps HaunHatbes ¢ 3Toi nozunuu. AprymeHT OFFSET umeer tun LONG; FD
n ORIGIN nmerot tun INT.

Apryment ORIGIN moxer npuHuMars 3Hauenusd 0,1 wnn 2, yka3plBas Ha To,
yro BenmunHa OFFSET nomkHa OTCUMTHIBATECS COOTBETCTBEHHO OT Havasa Qaiina,
OT TeKyIlel NO3UIMK WK OT KoHIa (aiina. Harpumep, 4To0bI 1OTTOIHNTS (aii,
clengyeT Nepes 3alKchbio HATU ero KOHell:

LSEEK (FD, 0L, 2) ;

4TOOBI BEPHYTHCS K Hadauty (“‘iepeMoTaTh 00paTHO”), MOXHO HaIllcaTh:

LSEEK (FD, 0L, 0) ;

oOparnTe BHUMaHue Ha aprymeHT 0L; ero MoxxHO ObL10 OBI 3aIICaTh U B BUJIE
(LONG) 0.

@ynxuus LSEEK no3BonsieT oOpamarsces ¢ daiiinaMmi IpUMEPHO TaK ke, Kak
¢ 60IBPIIMMH MacCHUBaMH, IIpaB/a [IeHOH 00JIee MEAJICHHOTO AOCTYIIA. CIIELyoas
npocras GyHKIMS, HAPUMEp, CIUTHIBAET JII000E KOJIMYeCTBO 0aiiTOB, HAYNHAs C
IIPOM3BOJILHOTO MecTa B (aiiie.

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) ) ;

\)
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B Oornee panHnx pepakuusix, yem penaxnus 7 cucrembl UNIX, ocHOBHas TOuKa
BXxoJa B cucreMy BBoAa-BeiBoAa HasbiBaeTcsi SEEK. ®@ynkuus SEEK naentrnuna
¢ynaximu LSEEK, 3a uckimodennem toro, uro aprymenT OFFSET umeer tum INT, a
He LONG. B coOTBETCTBUH C 3TUM, NOCKONbKy Ha PDP-11 nensie uMeror Tonbko 16
6uto, apryment OFFSET, ykaspiBaemblii pynkunn SEEK, orpanuyeH BenmaanHon
65535; no sroit npuurHe aprymeHT ORIGIN mMoxeT nmeTs 3HaueHus 3,4, 5, KoTopble
3acraBisitoT GyHKuo SEEK ymHOXwuTE 3amanHoe 3HaueHue OFFSET na 512
(xonmyecTBO OaiTOB B OTHOM (hHU3HMUYECKOM O1I0Ke) 1 3aTeM nHTeprpeTupoBars ORI-
GIN, kak ecmu 310 0, 1 v 2 coorBercTBeHHO. CleI0BaTENLHO, YTOOBI JOCTHYb
MPOM3BOJILHOTO MeCTa B OOJIbIIOM (haiiiie, HyxHo aBa oOpanieHns kK SEEK: cHayana
OITHO, KOTOPOE BEIJIEIISICT HY XKHBIH OJIOK, a 3areM Bropoe, Tie ORIGIN umeet 3HaueHne
1 ¥ KOTOpOE OCYILECTRIISET IIePEABIKEHNE Ha JKeaeMblil OaliT BHYTpH OJIOKa.

Ynpaxuenue §8-2.
OueBunno, uro SEEK moxer ObiTh Hanmucana B tepmunanax LSEEK u
Ha00O0POT. HAITUIIINTE KOKIYIO QYHKIUIO Yepes3 IpyTyIo.

8.5. MNpumep - peanusauusa cpyHkumumn FOPEN n GETC.

Jagaiite Teneps Ha mpumepe peanusannu pyskiuii FOPEN u GETC u3
CTaHJIapTHOI OMOIMOTEKH TOAIPOrPaMM IIPOAEMOHCTPUPYEM, KaK HEKOTOPHIE U3
ONHCAaHHBIX JIEMEHTOB OOBEANHSIIOTCS BMECTE.

Hamomuum, 4to B cTanmapTHON OHOMHOTEKe (Paiiibl OMMCHIBATCS TIOCPEICTBOM
yKazarelei GpaiiioB, a He JeCKPHUIITOPOB. YKa3arelb (aiiia sBiseTcs ykazarelieM Ha
CTPYKTYPY, KOTOpasi COIEPIKUT HECKOJIBKO AJIEMEHTOB MH(OpMAaLK o (aiiie: ykasareib
Oyhepa, uToObI (hakiyr MOT YUTaThCs OONBIITMMHE MOPIIMAMHU; CUCTUHK YKCIIa CHMBOJIOB,
ocraBUIMXCs B Oy(epe; yKasareb CleyroLie Mo3ulry CUMMBOIIa B Oydepe; HeKoTopbie
MPU3HAKH, YKA3bIBAIOIINE PEXKUM YTSHHUS MITH 3aIIFCH | T.11.; AECKpHUITOp (haiina.

OmnuceiBaromas (Gain cTpyKTypa maHHBIX comepkutcs B ¢aitie STDIO.H,
KOTOPBIi fomkeH BKiIrodarbes (mocpenctsom #INCLUDE) B 060 ncxoaHbIi
(aiis1, B KOTOPOM HCIONIB3YFOTCS (DYHKITUM U3 CTAHAAPTHOM OHOMHoTeKH. OH TakKe
BKJTIOYACTCS (DYHKIMSIMH 3TOM OMOIHOTEKH. B IpUBOAMMOI HUXKE BBIICPIKKE U3
¢aitna STDIO.H umena, npeaHasHadaeMble TOJBKO IS MCITOJIb30BAHUS
GbyHKUHSIME OMOIHOTEKH, HAYMHAIOTCS C IOJUEPKUBAHUS, C TEM YTOObI YMEHBILIUTh
BEPOSTHOCTH COBIIAJICHNS C UIMEHAMH B IIPOrpaMMe OJIb30BaTENs.

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; /*LOCATION OF BUFFER*/

INT FLAG; /*MODE OF FILE ACCESS*/

INT FD; /*FILE DESCRIPTOR*/

) FILE;
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XTERN FILE IOB[ NFILE];
DEFINE  STDIN (& IOB[0])
DEFINE  STDOUT (& IOB[1])
DEFINE  STDERR (& IOB[2])

DEFINE ~ READ 01 /* FILE OPEN FOR READING */
DEFINE ~ WRITE 02 /* FILE OPEN FOR WRITING */
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 0

DEFINE EOF (-1)

DEFINE  GETC(P) (—(P)-> CNT >= 0 \

? *(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 nopmansHoM coctosianu Makpoc GETC npocTo yMeHbILaeT CYeTUHK, ePeIBUracT
yKkazarenb 1 Bo3Bpauiaer cuMBodl. (Eci onpenenenne #DEFINE civiikom jumiHHOE,
TO OHO IIPOJIOJDKACTCS C TIOMOIIBI0 00PaTHOM KOCO# uepThl). Ecimu oHaKo cueTdnk
cranoBurcs orpuiarensHbiM, 10 GETC Beibiaer dynkimo  FILEBUF, kotopast cHoBa
3anonHseT Oyhep, pEHHUIHATII3HPYET COAEPIKIMOE CTPYKTYPBI F BO3BPAILIACT CUMBOIL.
DyHKIUS MOKET MPEIOCTARIIATH IEPEHOCHUMBII HHTEP(EHC U B TO %KE BPeMs COICIKaTh
HenepeHocuMble KoHcTpykimu: GETC mackupyer cumBon ynciom 0377, kotopoe
MOJABIISIET 3HAKOBOE pacliupeHue, ocymiecteiasiemoe Ha PDP-11, u TeM cambiM
rapaHTHpPYET HOJIOKUTEITFHOCTD BCEX CHMBOJIOB.

XoTs MbI HE coOMpaeMcst 00CYKIaTh KaKHe-TM00 TN, MBI BCE JKE BKJTFOUHITH
ctoga onpenenenne makpoca PUTC, nist Toro 94To06! OKa3aTh, 4TO OHa paboTaer
B OCHOBHOM TO4YHO Takxke, kak 1 GETC, obpamasce npu 3anonHeHnn Oydepa k
¢yuxuun FLUSHBUF.

Teneps Mmoker ObITh Hancana yukips FOPEN. Bosnbimast yact mporpaMmbl
¢yuakuur FOPEN cBsi3ana ¢ oTKpbIBaHueM (aiiia ¥ pacioioKEHUEM €r0 B HY’KHOM
MeCTe, a TaKkKe C YCTaHOBJIEHHEM OWTOB MPU3HAKOB TaKMM 00pa3oM, YTOObI OHH
yKa3bIBaM HyKHOE coctosiaue. Dynkist FOPEN He Beiessier Kakok-mibo OydhepHoit
namsiti; 9to nenaercs pyukipeii  FILEBUF npu nepBoM 4renuu u3 daiina.

#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;
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REGISTER FILE *FP;

IF (*MODE !='R’&&*MODE !='W’&&*MODE !="A’) \(
FPRINTF (STDERR, “ILLEGAL MODE %S OPENING $S\N”, MODE,NAME);
EXIT(1);

\)

FOR (FP= IOB;FP< TOB+ 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 IF (*MODE=='A’) \(

IF ( (FD=OPEN (NAME, 1) ) ==-1)

FD=CREAT (NAME, PMODE) ;

LSEEK (FD, 0L, 2) ;

\) ELSE

FD=0PEN (NAME, 0) ;

IF (FD==-1) /*COULDN’T ACCESS NAME*/

RETURN (NULL) ;

FP-> FD=FD;

FP-> CNT=0;

FP-> BASE=NULL;

FP-> FLAG &=( READ \! WRITE);

FP-> FLAG \!=(*MODE=='R’) ? READ : WRITE;
RETURN (FP) ;

\)

Oynkuus FILEBUF Heckonbko Gonee cioxHas. OCHOBHAsE TPYAHOCTh
3akirodaercs B ToM, uto FILEBUF crpemurcs pa3pemuts qoctyn K ¢daitny u B
TOM ciTydae, KOTAa MOXKET He OKa3aThCs OCTATOYHO MECTa B MaMSTH IS
Oydepu3zaruu BBO/IA HITH BBIBOJIA. €CJIM IIPOCTPAHCTBO AJIsl HOBOTO Oy(depa MOKeT
ObITh TOTy4eHO obparnenneM K QyHkimun CALLOC, To Bce OTIMYHO; €CITH XKe
net, To _FILEBUF ocymiectisier HeOydepr3oBaHHbIiT BBOA/ BHIBOA, HCIIONB3Ys
OTIETBHBIN CUMBOJ, IOMEIIEHHBIH B JIOKAJIEHOM MaCCHUBE.

#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

> FLAG& (EOF\! ERR))\!=0

RETURN (EOF) ;

WHILE (FP-> BASE==NULL) /*FIND BUFFER SPACE*/
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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*/ )

IIpu nepsom ob6pamenun k GETC s xoHKpeTHOro ¢aiina cueT4nk
OKa3bIBaeTCs PaBHBIM HYJIIO, 4TO MpuBOAMT K obpamennio k FILEBUF. Ecin
¢yukuus  FILEBUF naiiner, uto 3TOT (aiil HE OTKPBIT U YTEHHUs, OHA
HememeHHo Bo3pammaer EOF. B mpoTuBHOM ciiy4ae OHa IBITAETCS! BBIICIUTH
Gonbiuoit Oydep, a eciu eif 3To He yaaercs, To Oydep u3 oxHoro cumBona. I[Tpu
sToM oHa 3aHocuT B FLAG cootBeTcTByIOIIYy0 HH(DOpMAIHIO 0 Oyhepr3ann.

Pa3 Oydep yxe coznan, pynkuus FILEBUF npocTo BbI3bIBaeT (yHKIHIO
READ anst ero 3anojiHeHHsI, yCTaHABIMBAET CUETYHK U YKa3aTeIl U BO3BpaIiaeT
CHMBOJI U3 Hadasa Oydepa.

EnuHCcTBEHHBIN OCTaBIIMICS HEBBIACHEHHBIM BOIIPOC COCTOUT B TOM, KaK BCE
HaunHaercs. MaccuB 1OB nomkeH OBITH onpenesieH U WHUIHAIH3HPOBAH IS
STDIN, STDOUT u STDERR:

FILE IOB[NFILE] = \(

(NULL, 0, READ,0), /*STDIN*/

(NULL, 0,NULL,1), /*STDOUT*/

(NULL, 0,NULL, WRITE \! UNBUF,2) /*STDERR*/
);

W3 unnnmanuzanun yactu _FLAG 3Toro MaccuBa CTPYKTYp BUIHO, 4TO (haiin
STDIN npeanasHaues st urenust, pain STDOUT - mist 3ammcu u daitn STDERR
- TS 3amucH 0e3 MCIoIb30BaHus Oydepa.

Ynpaxnenue 8-3.
epenumure pynkuuun FOPEN u _ FILEBUF, rcnonb3yst osist BMECTO SIBHBIX
MOOUTOBBIX OTIEPALIUH.

Ynpaxnenue 8-4.
Pazpaboraiite u Hanummre pynkoun FLUSHBUF n FCLOSE.
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Yupaxkuenne 8-5.
CranpaptHas OMOIMoTEKa CONEPIKUT (HYHKIIUIO

FSEEK (FP, OFFSET, ORIGIN)

koropast uneHtuuna Gpynkunn LSEEK, uckiroyas to, uro FP sBusercs
ykasareneM (¢aiina, a He neckpunropoMm ¢aiina. Hamummre FSEEK. Y6enurecs,
yro Bama FSEEK mpaBunbHO cornacyercs ¢ Oydepusanueid, caenaHHON Aus
JpYTUX QyHKINI OMOINOTEKH.

8.6. MNpumep - pacnevyaTka cnpaBOYHUKOB

Wnorna tpebyercst Apyroi BUA B3aUMOJCHCTBHUS C cHCTEMOW (ailiioB -
orpezenenue nHGopmanu o (aiisie, a He TOro, YTo B HeM copepxutcs. [Ipumepom
MOXET CITykHTh KoMaHna LS (“crincok cnpaBounuka”) cuctemsl UNIX. ITo atoit
KOMaH/Ie pacnedaTbiBaloTcsi MMeHa (ailyioB U3 CIIpaBOYHUKA M, HEO0s3aTENbHO,
npyrast “H(OpMaIHs, Takasi Kak pa3Mepbl, pa3penieHus 1 T..1.

INockoneky, 1o kpaitneil Mepe, Ha cucteme UNIX cripaBo4HUK SIBISIETCS IPOCTO
¢aitmom, To B TaKOH KOMaH/Ie, Kak LS HeT Hu4ero oCOOCHHOTO; OHA YUTACT (haii
U BBIJIEIISIET HY)KHbIE YaCTH U3 Haxoxseiics Tam uadopmariu. OnHako popmar
nH(pOpPMAaLUH OIIPEAENIIeTCsS CUCTEMOH, Tak uTo LS noimkHa 3HaTh, B KAKOM BUjIE
BCE MPEJICTABISETCS B CUCTEME.

MBI 3TO YaCTHYHO NPOWIIIOCTPUPYEM NpH HanucaHuu nporpammsl FSIZE.
IMporpamma FSIZE npencrasnsier coboii cnennansayto ¢opmy LS, xoropas
neyaraeT pa3Mepbl Beex (aiiioB, yKa3aHHBIX B CIIUCKe ee apryMeHToB. Eciu oqun
n3 (ailoB sBIsIETCS CHPAaBOYHUKOM, TO Ui 00pabOTKH 3TOro CIpaBOYHHKA
nporpamma FSIZE oOpaiaercst cama k cebe peKypCHBHO. €CIIH e apryMEHTHI
BOOOIIIE OTCYTCTBYIOT, TO 00padaThIBAETCsI TEKYIMH CIIPAaBOYHUK.

Jlnis Hauasna tatuM KpaTkuii 0030p CTPYKTYpBI cucTeMbl (aitiioB. CripaBoYHUK
- 9TO (haiisa, KOTOPBIH CONEPKUT CIMCOK UMEH (DaiiyIoB N HEKOTOPOE YKa3aHUE O
TOM, I[JIe OHU pa3MemarTcsa. GakTHUeCKU 3TO YKa3aHUE SBIISIETCS HHACKCOM IS
JpyTO TaOJIHIIBI, KOTOPYFO HAa3kIBAKOT ““I - y31moBo# Tabmuieir”. s daiina [-yzen
- 9TO TO, IJI€ COZIEPKUTCS BCsl MH(popManus o (aiiie, 3a HICKIIOYEHHEM eT0 IMEHH.
3anuce B CIIPaBOYHUKE COCTOUT TOIBKO M3 JABYX DJIEMEHTOB: HoMepa [-y3ma u
nmenu Qaiina. Tounas crienuduKanys NOCTynaeT Npy BKIrodeHuu daitna SY'S/
DIR.H, x0TOpbIii COREP>KUT

#DEFINE DIRSIZ 14 /*MAX LENGTH OF FILE NAME*/
STRUCT DIRECT /*STRUCTURE OF DIRECTORY ENTRY*/
\ (

INO T& INO; /*INODE NUMBER*/

CHAR & NAME[DIRSIZ]; /*FILE NAME*/

\);

“Tun” INO_T - sto onpenensemstii nocpeacrsom TYPEDEF tun, xotopsiit
onuckBaeT uHAeKC I-y3moBoi Tabmuusl. Ha PDP-11 UNIX stum TtHIOM
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okasbiBaercss UNSIGNED, Ho 3T0 He TOT copT HH()OPMALIUH, KOTOPHIHA TOMEIIA0T
BHYTpPb IPOI'PaMMBI: Ha Pa3HBIX CUCTEMAaxX 3TOT THUI MOXET OBITh Pa3iUuHBIM.
[oatomy u ciexyet ucnonb3oBare TYPEDEF. ITonueid HabOp “cHcTeMHBIX”
TunoB Haxoxures B ¢aiine SYS/TUPES.H.

@ynxuus STAT Gepet umst daiina 1 BO3BpalliaeT BCIO colepikalyocs B [-om
y3i1e uHpopmanuio o6 3toMm ¢aitne (uam -1, ecan umeercs ommodka). Takum
o0pazom, B pe3yssrare

STRUCT STAT STBUF;
CHAR *NAME;
STAT (NAME, &STBUF) ;

crpykrypa STBUF nanonusiercs ungopmarnuei uz I-ro yzina o ¢aiine c umeHem
NAME. Crpykrypa, onucsiBaromas Bo3spamaemyo ¢yHknuei STAT
nHpopmanuio, Haxonutcst B ¢aitne SYS/STAT.H u BHIIIAIUT cleqyOmNUM

oOpazom:

STRUCT STAT /*STRUCTURE RETURNED BY STAT*/

A\ (

DEV_T
INO T
SHORT
SHORT
SHORT
SHORT
DEV_T
OFF T

ST _DEV;
ST _INO;
ST _MODE
ST NLINK;
ST _UID;
ST _GID;
ST _RDEV;
ST SIZE;

/* DEVICE OF INODE */

/* INODE NUMBER */

/* MODE BITS */

/ *NUMBER OF LINKS TO FILE */
/* OWNER’S USER ID */

/* OWNER’S GROUP ID */

/* FOR SPECIAL FILES */

/* FILE SIZE IN CHARACTERS */

TIME T ST ATIME; /* TIME LAST ACCESSED */
TIME T ST MTIME; /* TIME LAST MODIFIED */
TIME T ST CTIME; /* TIME ORIGINALLY CREATED */

\)

Bonbmast wacTs 310 MHGOpPMaIK 00BSICHIETCS B KOMMEHTapHUsIX. DJIEMEHT
ST.MODE conepxut Habop ¢naros, onuceiBaromux (aiin; aus ynodbcrsa
ompeneneHus (Qraros Takke HaxonsaTcs B daiine SYS/STAT.H.

#DEFINE
#DEFINE
#DEFINE
#DEFINE
#DEFINE
#DEFINE
#DEFINE
#DEFINE
#DEFINE

S _IFMT 0160000 /* TYPE OF FILE */

S _IFDIR 0040000 /* DIRECTORY */

S IFCHR 0020000 /* CHARACTER SPECIAL */
S_IFBLK 0060000 /* BLOCK SPECIAL */

S _IFREG 0100000 /* REGULAR */

S_ISUID 04000 /* SET USER ID ON EXECUTION */
S_ISGID 02000 /* SET GROUP ID ON EXECUTION */
S_ISVTX 01000 /*SAVE SWAPPED TEXT AFTER USE*/
S IREAD 0400 /* READ PERMISSION */
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#DEFINE S IWRITE 0200 /* WRITE PERMISSION */
#DEFINE S IEXEC 0100 /* EXECUTE PERMISSION */

Tenepb MbI B cOCTOSIHAU HanucaTh nporpamMmy FSIZE. Eciau nony4ueHHsIH OT
¢ynxmn STAT pexxnM yKasbIBaeT, 4To (aiiil He SBISETCS CIPAaBOYHMKOM, TO €T0
pasMep yke 0/l pyKOi 1 MOXeT OBbITh HalleyaTaH HenoCpeACTBeHHO. Ecinn xe oH
OKa3bIBAaETCs CIPABOYHHKOM, TO MBI JIOJDKHBI 00pa0daTeiBaTh 3TOT CIIPABOYHUK
OT/ENBHO ISl KXKJ0ro (aiiia; Tak Kak CIIpaBOYHHK MOXKET B CBOIO OYepe.lb CO-
Jiep KaTh MOJCIIPABOYHUKH, ATOT ITporiecc 00pabOTKH SBISETCS PEKypPCHBHBIM.

Kak 00bI4HO, Bety1ias mporpaMma IJiaBHbIM 00pa3oM HMEET J1eJI0 ¢ KOMaHJHOH
CTPOKOH apryMeHTOB; OHa IepefaeT Kaxaeli apryment ¢yHkuun FSIZE B
Oonbmoi 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 *ARGV[];

\ (

CHAR BUF[BUFSIZE];

IF (ARGC==1) \( /*DEFAULT:CURRENT DIRECTORY*/

ATRCPY (BUF,”.");

FSIZE (BUF) ;

\) ELSE

WHILE (—ARGC>0) \ (

STRCPY (BUF, *++ARGV) ;

FSIZE (BUF) ;

\)

\)

®Oyukuus FSIZE nevaraer pasmep daiiina. Eciu onHako daiin okaspiBaercst
crnpaBounukoM, To FSIZE cnauana Bei3piBaeT PyHkiuio DIRECTORY nns
00paboTKH BCeX yKa3aHHBIX B HeM (aisoB. OOpaTuTe BHHUMAaHHE Ha
ucnonb3oBanue umer ¢uaros S IFMT u _IFDIR u3 daiina STAT.H.

FSIZE (NAME) /*PRINT SIZE FOR NAME*/

CHAR *NAME;

\ (

STRUCT STAT STBUEF;

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) ;
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PRINTF (“%8LD %S\N”,STBUF.ST SIZE,NAME);
\)

Oyukuust DIRECTORY siBrisiercst camoit cioxkHoi. O1HaKo 3HAYUTENbHAs ee
4acTh CBS3aHA C CO3/IaHUEeM JIis 00pabaThIBaeMOTO B IaHHBIH MOMEHT (haiiia ero
[IOJIHOTO UMEHH, 110 KOTOPOMY MOXKHO BOCCTAaHOBUThH ITYTh B JIEPEBE.

DIRECTORY (NAME) /*FSIZE FOR ALL FILES IN NAME*/
CHAR *NAME;

(

STRUCT DIRECT DIRBUF;

CHAR *NBP, *NEP;

INT I, FD;

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,”.”)==0

\!\! STRCMP (DIRBUF.D NAME,”..”)==0

CONTINUE; /*SKIP SELF AND PARENT*/

FOR (I=0,NEP=NBP;I<DIRSIZ;I++)

*NEP++=DIRBUF.D NAME[I];

*NEP++="\0";

FSIZE (NAME) ;

\)

CLOSE (FD) ;

*~NBP="\0'; /*RESTORE NAME*/

)

Ecnn HexoTOpas IpIpa B CHPaBOYHHKE B HACTOSIIEE BPEMs HE HCIIOIB3YeTCs
(moromy 9to (haiisr ObUT ymaieH), TO B COOTBETCTBYOMICE [-y3/I0BOC YHCIIO PAaBHO
HYIIIO, ¥ 3Ta IO3UITHA IpoITycKaeTcs. Kakaplii CIpaBOYHMK TakKe COACPIKHUT 3aIiCh
B caMoM cebe, Ha3bIBaeMyIo “.”’, 1 0 CBOEM pomuTee, “..”; OHH, OUYEBUIHO, TAKXKE
JIOJDKHBI OBITH MMPOTMYINEHB, a TO porpamma OyaeT paboTars BeCbMa M BECbMa JIONTO.

Xorst mporpamma FSIZE noBonbHO crienuani3iupoBaHHa, OHa BCE JKe IEMOHCTPHPYET
Mapy BaKHBIX H/IEH. BO-TIEPBBIX, MHOTHE MPOrPAMMBI HE SIBILIOTCS ‘‘CHCTEMHBIMH
[porpaMMamiu’”’; OHH TOJIBKO HCIIONB3YIOT HH(pOpMAIHIO, (JopMa WM COICPIKaHHE
KOTOPOM OIpeessieTcs: ONepalioHHON CUCTEMON. Bo-BTOPBIX, /U1 TAKUX IIPOrpaMMm
CYILIECTBEHHO, YTO IPEICTABICHUE 3TOM MH(OPMAIIMH BXOIUT TOJIHKO B CTAHIAPTHBIC
“3aromoBounble (aier’, Takue kak STAT.H u DIR.H, u 9to mporpaMmbl BKITFOYAOT
9TH (pailibl, a He TOMEIIA0T (HPAKTUUECKHE OMHCAHNS BHYTPh CAMHUX IPOrPaMM.
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8.7. MNpumep - pacnpegenuTtenb NaMATU.

B mase 5 mb1 Hanmcanm 6ecxutpoctHbiid BapraHT Gyrakiwn ALLOC. Bapuasr,
KOTOPBII MBI HAITHIIIEM TETIepb, HE COIEPIKUT OTPaHIICHHUI: 00paIie st K QyHKIMSIM
ALLOC u FREE moryT nepemexarbcst B JIIOOOM MOPSIIKE; KOTa 3T0 HEOOXOMMMO,
¢yrxmst ALLOC oOparraercs K OneparMoHHOM CHCTEME 3a IOTIOTHUTEILHOM MTAMSITHEO.
Kpome Toro, 9T0 3111 IpOIIeAyphI MONE3HBI CaMH 1O ce0e, OHM TAKKE IIUTFOCTPUPYIOT
HEKOTOpBIe COOOpayKEeHNL, CBSI3aHHBIE C HAITMCAHUEM MAIIMHHO-3aBUCHUMBIX IIPOTPaMM
OTHOCHTEFHO MAIIMHHO-HE3aBUCHMBIM 00pa30M, M MOKA3bIBAIOT MPAKTHYECKOE
MIPUMEHEHHE CTPYKTYp, 00bequHeHuit 1 koHcTpykimid TYPEDEFE.

BwmecTo Tor0, YTOOBI BBIIEIATH TAMATh M3 CKOMITIIIMPOBAHHOTO BHYTPH MAacCcHBa
¢ukcupoBanHoro pasmepa, pyukuuss ALLOC Oyner mo Mepe HEOOXOAMMOCTH
oOpararses 3a MaMATHIO K ONIEPAMOHHOH cicTeMe. [10CKObKY pa3iiiaHbIe COOBITHSA
B IIPOTrpaMMe MOTYT TpeOOBaTh aCHHXPOHHOTO BBIICIEHHS MaMSTH, TO MaMATh,
ynpasisgemas ALLOC, He MokeT ObITh HelpephIBHOW. B cuity aToro cBoOomHas ma-
MSITh XPaHHUTCS B BUJIE LICTIOYKH CBOOOMHBIX OJI0KOB. Kask1bIil OJI0K BKITFOUAET pasmep,
yKa3arelib CIIEMYIOIIero OJ10ka v caMmy CBOOOTHYTO MaMsITh. BIIOKH yHopsiourMBaroTcs B
TIOPSIZIKE BO3PACTaHUS aPECOB MaMATH, MPUIEM MOCICAHUNA ONOK (C HAMOOIBIIM
a/IpecoM) yKa3bIBaeT Ha IIEPBBIH, TaK 4TO LEeNouKa (PaKTHUECKU OKAa3bIBACTCS KOIBIIOM.

[Ipu mocTymnieHnn 3ampoca CIMcoK CBOOOIHBIX OJIOKOB MPOCMATPUBAETCS 10
TeX 0P, TIOKa He Oy/IeT HalIeH T0CTaTOIHO 00MbIIoi O110K. Ecim 3ToT 610K MMeeT
B TOYHOCTH TpeOyeMBIl pa3Mep, TO OH OTIEIUISeTCA OT CIIMCKAa M IepenaeTcs
OJIB30BaTeN 0. ECITH ske 3TOT OJI0K CIMIIIKOM BEJIUK, TO OH Pa3IeseTcs, Hy>)KHOE
KOJIMYECTBO MEPEAAETCS MOIb30BaTENI0, @ OCTAaTOK BO3BPAIIAETCS B CBOOOIHBIH
criicok. Ecnm moctaTodno 60pmoro 6510ka HailTH He YIAeTCs, TO OTePAIHOHHON
CHCTEMOM BBIIETISETCS HOBBIM OJIOK, KOTOPBIN BKJIFOYAETCS B CTUCOK CBOOOMHBIX
OJIOKOB; 3aT€M IIOMCK BO30OHOBIISIETCS.

OCBOOOKICHIE TAMSTH TAKXKE BICYET 32 COOO# MPOCMOTP CBOOOIHOIO CITHCKA B
MIOWCKE MOAXOJAIIETO MeCTa ISl BBEACHUSI 0CBOOOXKAEHHOTO Onoka. Eciu aToT
OCBOOOAMBIIHUICS OJIOK C KaKOH-THOO CTOPOHBI MPUMBIKAET K OJIOKY M3 CIHCKA
CBOOOTHBIX OJIOKOB, TO OHU OOBEMHSIIOTCS B OTUH OJTOK OOJIBIIIETO pa3Mepa, TaK 4To
MaMsITh He CTAHOBUTCS CIIMIIKOM pasapoOneHHor. OOHAPYKUTh CMEXHbBIE OJIOKH
MPOCTO, TOTOMY YTO CBOOO/THBIH CITHICOK COZIEPKHUTCS B TIOPSAKE BO3PACTAHMS a/IPECOB.

Opna n3 mpobaeM, 0 KOTOPOH MBI YIOMHHAJIM B IJIaBE 5, 3aKIII0YAETCs B
obecreyeHnn TOro, 4roObl Bo3Bpamniaemas ¢yuakuueir ALLOC mamsiTe Obuta
BBIPOBHEHA MOAXOMSAIIMM 00pa3oM Uil TeX 0O0BEKTOB, KOTOphIe OyAyT B HeE
XpaHHUTHCA. XOTA MALIMHBI U Pa3IHYaroTCs, IS KaXXI0W MaIluHBI CyIIECTBYEeT
TUI, TpeOyoMmMKH HAaUOONBIINX OTPAHUYCHUH MO Pa3MEIICHUIO MaMSTH, €CIN
JIaHHBIE CAMOTO OTPAHWYUTEIHHOTO THUIIAa MOXKHO IOMECTHUTh B HEKOTOPBII
OTIPEIICNICHHBIN afpec, TO ITO e BO3MOXKHO M JJII BCEX OCTaJbHBIX THIIOB.
Hanpumep, va IBM 360/370,HONEYWELL 6000 1 MHOTHX APYTHX MaIllHHAX
000 0OBEKT MOXKET XPAHUTHCS B TPAHUIIAX, COOTBETCTBYIOLINM MIEPEMEHHBIM
turia DOUBLE; va PDP-11 OynyT noctarounsl nepemennblie tuma INT.

CBOOOIHBIN OJIOK COMEPIKUT yKa3aTeNb CISIYIOIIEro 0J0Ka B IIEMOYKe, 3aITUCh
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0 pa3mMepe O510Ka ¥ caMo CBOOOTHOE ITPOCTPAHCTBO; YIPABISIOIIAs HHPOpMaLHs B
HavaJle Ha3bIBaeTCsI 3aroJIOBKOM. JIJ1st ynpoIieH s BRIpaBHUBAHMS BCe OJIOKH KPaTHBI
pa3Mepy 3arojoBKa, a caM 3aroJIOBOK BBHIPOBHEH HaJJIEKaIIUM oOpa3oM. DTo
JIOCTHUTAETCsI C IOMOLIBIO OOBEMHEHHS, KOTOPOE COIEPIKHT JKeJIaeMyI0 CTPYKTYPY
3aroJioBKa 1 o0paszern Haubosee OrpaHNYNTENFHOTO 110 BRIPABHUBAHHIO THIIA!

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*/

\) S;

ALIGN X; /*FORCE ALIGNMENT OF BLOCKS*/ \);
TYPEDEF UNION HEADER HEADER;

@ynxuust ALLOC okpymiisier TpeOyeMblii pa3Mep B CHMBOJIaX J0 Hy>KHOTO YHciIa
©IIMHHII pa3Mepa 3aroJIoBKa; (paxTHIecKuii 010K, KOTOPBII OyJIeT BbI/IEIEH, CONEPIKHUT
Ha OJiHy eIMHHILy OOJIbIlle, IpeAHa3Ha9aeMyo Il CaMoro 3arojloBKa, M 3TO U €CTh
3Ha4YeHUe, KOTOpoe 3anuchiBaeTca B rosie SIZE 3aronoBka. Yka3areib, BO3BpalllaeMblii
¢yskimeit ALLOC, yka3biBaeT Ha CBOOOZHOE IPOCTPAHCTBO, a HE Ha CaM 3arojI0BOK.

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=&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;

P+=P->S.SIZE;

P->S.SIZE=NUNITS;

\)

ALLOCP=G;

RETURN ( (CHAR *) (P+1));
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\)

IF (P==ALLOCP) /*WRAPPED AROUND FREE LIST*/
IF ( (P=MORECORE (NUNITS) ) ==NULL)

RETURN (NULL) ; /*NONE LEFT*/

\)

\)

IMepemennast BASE ncnionb3yercs uist Hadana padotsl. Eciiu ALLOCP umeer
3nayenne NULL, kak B cimydae mepBoro obpamienust k ALLOC, to co3maercs
BBIPOKICHHBII CBOOOTHBIN CIIMCOK: OH COCTOUT U3 CBOOOTHOTO OJI0Ka pa3Mepa Hyilb
n yKazatens Ha camoro cebs. B ioboM ciydae 3arem uccienyercsi cBOOOTHbIN
cricok. [Torck cBo60oHOTO 010Ka TOAXOAAIIETO pa3Mepa HaYMHAETCSI C TOTO MecTa
(ALLOCP), rae Ob11 Haii/IeH MOCIIETHMIT OJIOK; Takast CTpaTerys IoMOraeT COXpaHUTh
OJIHOPOJHOCTH aucKa. Ecii HaliieH cinuikoM OoMbIIoi OJIOK, TO TOJIb30BATEIII0
IIPeJIaraeTcsi ero XBOCTOBAasl 4acTh; 3TO NPHBOAUT K TOMY, YTO B 3arojOBKe
HCXOITHOTO OJIOKA HY>KHO M3MEHHUTB TOJILKO €ro pasmep. Bo Bcex cirydasix Bo3Bpariae-
MBIi1 [T0JTF30BATENIO YKa3aTellb YKa3bIBaeT Ha ICHCTBUTEIHFHO CBOOOIHYIO 001acTh,
JIeXKAlIyI0 Ha €IMHUITY JAJIbIIe 3arojoBka. OOparnTe BHUMaHHE Ha TO, YTO (DYHKIIUS
ALLOC nepen Bo3BpatieHueM “P” nmpeobpasyer ero B ykazareslb Ha CHMBOJIBI.

®Oynkriuss MORECORE nonryyaeT namsITh OT OepaliioOHHOM cUCTeMBL. [letanu
TOT0, KaK 9TO OCYILLIECTBIIAETCSI, MEHSIOTCSI, KOHEUHO, OT CUCTEeMBI Kk cucreme. Ha
cucteme UNIX touka Bxoma SBRK(N) Bo3Bpamaer ykazarens Ha “N”
JOTIOJIHUTEBHBIX 0aliTOB MaMATH.(yKa3aTenb YABOISTBOPSET BCEM OTPaHNYEHHAM
Ha BBIpaBHUBaHME). TaK Kak 3alpoc K CUCTEME Ha BBIIENICHUE NMAMATH SIBIIETCS
CPaBHHUTENBHO JOPOTOH omepainueil, Mbl HE XOTUM AENaTh 3TO NMPH KaKJOM
oopamiennu K ¢yukimn ALLOC. ITostomy dyakimst MORECORE okpyrisier
3aTpe0OBaHHOE YUCIIO €AWHUIL 0 OOJIBIIIEro 3HAUYEHWSI; ITOT OONBIINH OJIOK OyaeT
3aTeM pasJelieH Tak, Kak HeoOxomumo. MacmraOupyromas BEITUINHA SIBIAETCS
HIapaMeTpOM, KOTOPBII MOJKET OBITh II0A00PaH B COOTBETCTBHHU C HEOOXOAUMOCTBIO.

#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->S5.S5IZE=RNU;

FREE ( (CHAR *) (UP+1));
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RETURN (ALLOCP) ;
\)

Ecnu Gomnbiie He ocTanochk CBOOOIHOTO MpocTpaHcTBa, To GyHkuus SBRK
Bo3Bpamaer “-17”, xors NULL 6bu1 051 Jiydmum BeiOOpoM. [ HajexxHOCTH
cpaBHeHus “-1” nomkHa ObITH peodpasoBana k Tumy INT. CHOBa npuxomurcs
MHOT'OKpPaTHO HCIIOJIb30BaTh SIBHBIE MPe0oOpa3oBaHus (IIEpeBOJ) THIIOB, YTOOBI
obecreunTh OIpeieNIeHHY 0 He3aBUCUMOCTh (DYHKIMH OT AeTaliell IpeacTaBIeHus
yKazaTesneil Ha pa3IUuHbIX MallluHAaX.

U nocnennee - cama ¢pynkuus FREE. Haunnas ¢ ALLOCP, ona mpocto
IIPOCMAaTPHUBAET CBOOOIHBII CITUCOK B IIOMCKE MECTa ISl BBEJICHUSI CBOOOIHOTO
6110Ka. DTO MECTO HAXOAWUTCS MO0 MEXAY JBYMS CYIIECTBYIOUIMMH OJIOKaMH,
1100 B OTHOM M3 KOHIIOB cMcKa. B moboM cityuae, ecin ocBoOOAMBIINICS OJIOK
MIPUMBIKAET K OTHOMY M3 COCEIHHUX, CMEXHbIEe OJIoKH 00benuustoTcs. Crnequrs
HYXHO TOJIBKO 3aTe€M, YTOOBI yKa3aTeIH yKa3bIBaJIH Ha TO, YTO HY)KHO, i YTOOBI
pa3Mepbl ObIIH YCTaHOBJIEHBI IIPABUIIBHO.

FREE (AP) /*PUT BLOCKE 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 (P+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.SIZE+=P->S.SIZE;
G->S.PTR=P->S.PTR;

\) ELSE
G->S.PTR=P;
ALLOCP = G;
\)

XoTs pacrnpejiesieHue NaMsaTH M0 CBOEH CYTH 3aBUCUT OT HCHOJb3yeMOU
MAIlIMHBI, [IPUBEJCHHAS BBIIIE MIPOTPaMMa MOKa3bIBaeT, KaK 3Ty 3aBHCHMOCTH
MOYKHO PEryJIUpOBaTh M OTPAHUYHUTH BEChbMa HEOOJBIION YacThIO MPOTPaMMEI.
HcnonszoBanue TYPEDEF u UNION no3BoisieT CripaBUThCSI C BRIpABHUBAHUEM
(mpu ycmoBun, uto ¢yHkius SBRK obecreunBaeT MOAXOASMIUI yKa3aTessb).
[lepeBosib! THUIIOB OPTaHM3YIOT BHIITOITHEHHE SIBHOTO MPE00Pa30BaHMS TUIIOB H JaXKe
CHPAaBIISIFOTCS. C HEYJa4HO pa3pabOTaHHBIM CHCTEMHBIM HHTepdeticom. U xots
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PaCcCMOTPCHHBIC 3[1€CH HOIlpO6HOCTI/I CBsA3aHbI C paCIIpECACICHUEM ITaMITH, 06[111/1171
noaxoa paBHbIM 06pa30M MNPUMEHUM U K IPYTUM CUTYyaALIUSIM.

Yupaxkuenne 8-6.

Oynkuusa u3 crapgaprHoi o6unbianoreku CALLOC(N,SIZE) BosBpamaer
ykasarenb Ha “N” 00bekToB pasmepa SIZE, mpruem coOTBETCTBYIOIIAS TaMSITh
MHULMATU3UPYETCs Ha Hynb. Hanumute nporpammy it CALLOC, ucnons3ys
¢ynxumio ALLOC nmubo B kadectBe 0Opasua, 1100 Kak (QyHKIHMIO, K KOTOPOi
IIPOMCXOUT OOpaIeHue.

Ynpaxuenue 8-7.

Oynknus ALLOC npunuMaet 3aTpeOOBaHHBIN pa3Mep, HE MPOBEPss €ro
npasaononobHocty; pyukius FREE nomaraer, 4To TOT 610K, KOTOPBI OHA JOKHA
0CBOOOONUTH, COAEPXXHUT NpaBUIbHOE 3HAYEHHE B IIOJIE pa3Mepa.
YCOBEpIIEHCTBYWTE 3TH TPOIEAYPHI, 3aTPaTUB OOJIbIIIE YCHUIIMK Ha MPOBEPKY
OmMOOK.

Yunpaxuenne 8-8.

Hanumure ¢pyakunio BFREE(P,N), koTopas BKitoyaeT npou3BOJIbHBIH OJI0K
“P” n3 “N” CUMBOJIOB B CIIHCOK CBOOOJIHBIX OJIOKOB, yNpaBiIsieMblil QyHKIHSIMU
ALLOC u FREE. C nomouisto ¢pynkunu BFREE nons3zoBarens Mmoxer B odoe
BpeMs1 100aBIIATh B CBOOOHBIN CIIMCOK CTATUYECKUI WIIM BHEITHUN MacCHUB.
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9. NPUNOXEHUE A:
CMNPABOYHOE PYKOBOACTBO MO A3bIKY ‘C’

9.1. BBegeHue

DTO PYKOBOACTBO OMHUCHIBAET A3bIK ‘¢’ mis kommbioTepoB DEC PDP-11,
HONEYWELL 6000, IBM cucrema/370 u INTERDATA 8/32. TaMm, rue ecrb
pacxoxaeHwusI, Mbl cocpefioTaunBaemMcst Ha Bepcuu 1uisi PDP-11, crpemsce B To
e BpeMs yKa3aTh JIeTajd, KOTOPhIE 3aBUCAT OT pealu3aluu. 3a MajbIM
HCKIIIOYCHHUEM, TH PACXOXKACHUS HEMOCPEICTBEHHO 00yCIIOBICHBI OCHOBHBIMHU
CBOWCTBAMH HCIIOJIB3yEMOTO alMaparHOro o0OpymAOBaHHS; pPa3IHIHbBIC
KOMIIIJIATOPHI OOBIYHO BIIOJTHE COBMECTHMEI.

10. Jlekcuuyeckue cornailueHus

VmeeTcst mecTh KJIacCOB JIEKCEM: MIEHTU(UKATOPHI, KIIOYEBbIE CIIOBA,
KOHCTaHTBbI, CTPOKH, OTIEPaLlUH U Apyrue pasuenutend. [Ipodeins, Tabymsamun ,
HOBBIE CTPOKH X KOMMEHTapUH (COBMECTHO, ““ITyCThIE IPOMEXYTKH ), KaK OIMCAHO
HUXKE, UTHOPUPYIOTCS, 33 MCKIIOYEHUEM TEX Clly4aeB, KOIJa OHHM CIyXKat
paznenurensMu jekceM. HeoOXoanM Kakod-TO MyCTOW NMPOMEXYTOK s
pasneneHus HACHTH(UKATOPOB, KIIFOYEBBIX CIIOB M KOHCTAHT, KOTOPBIE B IPOTUB-
HOM CJIy4ae COJBIOTCS.

Ecnu cnenan pa3bop BXOTHOIO MOTOKA HAa JIEKCEMBI BIUIOTH JIO JaHHOTO
CHMBOJIa, TO B Ka4€CTBE CIIEIYIOIIEH JIeKCeMbl OepeTcst camas JUIMHHAsI CTPOKa
CHMBOJIOB, KOTOPAs €II€ MOXET IPEACTABIATE COOOM JIEeKCEMY.

10.1. KommeHTapuu

KoMMmeHTapuii OTKPBIBACTCS CHMBOJIAMH /* U 3aKaHYUBACTCS CHMBOJIAMH /*,
KomMeHTapuu He BKJIabIBAIOTCS JPYT B ApyTa.

10.2. UpeHTUMKaTOpPbI (MMEHA)

WnenTudukarop - 3To MOCIenoBaTeaIbHOCTh OYKB U IU(P; TEPBBIA CHMBOI
noibkeH ObITh OykBoii. [lomuepkuBanne  cumTaercs OyKBOW. ByKBBI HIDKHETO U
BEPXHET0 PErHCTPOB PA3JIMYAIOTCS. 3HAYALMMH SIBJISIIOTCS He 00JIee, 4eM IepBbie
BOCEMb CHMBOJIOB, XOTS MOYHO HCIIOJb30BaTh U Ooxbuie. Ha BHemHue
UIEHTHU(PUKATOPBI, KOTOPBIE MCIONB3YIOTCS Pa3jIMYHBIME acceMOiiepaMu U
3arpy34rKaMHu, HaKJIaAbIBaTcs Oosee JKeCTKUE OrPaHNICHHS:

DEC PDP-11 7 CUMBOJIOB, 2 peTucTpa
HONEYWELL 6000 6 cumBonos, 1 peructp
IBM 360/370 7 cuMBOJIOB, 1 peructp

INTERDATA 8/32 8 cUMBOIIOB, 2 perucTpa
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10.3. KnroueBble cnoBa

Crnenymoomue HACHTH(PUKATOPH 3ape3epBUPOBAHBI ISl UCIIOJIB30BAHUS B
KadecTBe KIIFOUYEBBIX CJIOB M HE MOTYT MCIIOJIB30BAaTHCSI HHBIM 00pazoM:

INT EXTERN ELSE
CHAR REGISTER FOR
FLOAT TYPEDEF DO
DOUBLE STATIC WHILE
STRUCT GOTO SWITCH
UNION RETURN CASE
LONG SIZEOF DEFAULT
SHORT BREAK ENTRY
UNSIGNED CONTINUE

*AUTO IF

KimtoueBoe ciioBo ENTRY B HacTosiiee BpeMst HE UCTIONB3YETCsT KAKUM-JTH00
KOMIIIJISITOPOM; OHO 3ape3epBHPOBAHO JJIS MCIIOIB30BaHUS B Oynymem. B
HEKOTOPBIX peanu3anusix pesepBupyercs Takke ciopa FORTRAN u ASM

10.4. KoHcTaHTBbI

HmeeTcst HECKOJIBKO BU/IOB KOHCTAHT, KOTOPBIE IIEPEUUCIICHBI HIDKE. B myHKTe
10.6 pe3roMUpyIOTCS XapaKTEPUCTHKH allapaTHBIX CPEICTB, KOTOPHIE BIUSIOT Ha
pa3Mepsl.

10.4.1. Uenble KOHCTaHTLI

[lenas koHCTaHTa, cocTOALIast U3 MOCIEI0BATENFHOCTH U(P, CUUTAETCS
BOCBMEPHYHOM, eciin oHa HauuHaeTcs ¢ 0 (uudpa Hyab), U JECATUYHON B
npotuBHOM ciydae. Lludpst 8 u 9 umeror BocbMepuunble 3Hadenus 10 u 11
cootBeTcTBeHHO. [TocinenoBarenbHOCTD IU(P, KOTOPOH NPEIIECTBYIOT CHMBOJIBI
0x (Hyns, x-maneHnpkoe) win 0X (Hynb X-00NbIIOE), paccMaTpUBaeTCs Kak
mectHaguaTupuaHoe nesoe. llectHaauarupuanbie UGB! BKIIOYAIOT OYKBBI OT
a (maneHpkoe) uiau a (6onbioe) no F (manenbkoe) uinn F (6oasmoe) co
3HaueHuaMu ot 10 1o 15. JlecaTHuHast KOHCTaHTa, BEIMYNHA KOTOPOH MPEBHIILIACT
HauOoJblIee MAIIMHHOE 1IEJI0€ CO 3HAKOM, CUMTAETCsl JJIMHHON; BOCMEpHYHAs
WY IIeCTHAJAIAaTUPUYHAs KOHCTAaHTa, KOTOPOE HpEeBhHIIacT HanboJbIIee
MaIIMHHOE [eoe 0e3 3HaKa, TAKKe CUNTACTCS JITMHHOH.

10.4.2. fiBHbIe ONWUHHbIE KOHCTAHTbI

JlecaTuuHas, BOCMeprUYIHAasl MIIM IECTHAAIATUPUYHAS KOHCTAHTa, 32 KOTOPOi
HETMOCPEACTBEHHO clenyeT L (anmb-Manenbkoe) win L (351b-0051b1110€), SIBIsIETCS
JUTMHHOM KoHCTaHTOH. Kak 06cysxaaeTcst Hrbke, Ha HEKOTOPBIX MalllMHAX ENIbIe
JUTMHHBIE 3HAYEHUSI MOTYT paCCMaTPUBAThCS KaK UIEHTHUYHBIE.
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10.4.3. CUMBOJIbHbIE€ KOHCTaHTbI

CuMBONTBHASI KOHCTAHTA - TO CHMBOJI, 3aKJIIOYSHHBIN B OTMHOYHBIE KABBIIKH,
KaK, HanpuMep, ‘X’. 3HaueHHeM CHMBOJIBHONW KOHCTAHTHI SIBJISIETCS YHCIECHHOE
3HaUYEHHE ITOTO0 CHMBOJIA B MAIITMHHOM IIPE/ICTaBIEHNH Habopa CHMBOJIOB.

HexoTopble Herpaduueckrue CUMBOIIBI, OMHOYHASI KaBbIYKa * M 00paTHast Kocast
4yepra \ MOryT ObITh HPENCTABICHbI B COOTBETCTBHH CO CJEAYIOIIEH Tadnuiei
YCIJIOBHBIX ITOCJIEIOBATEIFHOCTEH:

HOBast CTPOKA NL/LF/ \N
TOPHU3OHTAIbHAS TAOYIISIIHS HT \T
CHMBOJI BO3Bpara Ha OfIHy mo3unuio  BS \B
BO3BpAT KapeTKH CR \R
Mepexo1 Ha HOBYIO CTPaHHUILY FF \F
oOparHasi Kocast yepTa \ \
OQMHOYHAS KaBbIYKa ¢ \
KOMOMHAITHSI OUTOB DDD \DDD

Yenosaast ocnenoBareabHOCTh \DDD coCTOMT M3 00paTHON KOCOW YepThl, 3a
KOTOPO#i cirenytoT 1,2 mii 3 BOCMEpUYHBIX HU(PHI, KOTOPBIE PACCMATHBAIOTCS KaK
3a/Ia0IINE 3HAYCHHUE JKETAeMOro CHMBOJIA. CrienaIbHbIM CITy9aeM 3TOi KOHCTPYKIH
SIBJIICTCS TIoCienoBaTenbHOCTh \O (3a HylleM He cieayeT nudpa), Kotopast onpeje-
nsiet cumBost NUL. eciu ciretyrormii 3a 00paTHOM KOCOH YepToi CHMBOIT HE COBITAIAeT
C OJTHUM M3 YKa3aHHBIX, TO 00paTHasi Kocasi 4epTa HTHOPUPYETCSL.

10.4.4. NnaBarowme KOHCTaHTbI

[TnaBatoras KOHCTAHTa COCTOUT W3 IIEJIOW YacTH, JECATUIHON TOUKH, APOOHOM
yact, Oykebl E (MasteHbkast) win E (00J1b111as1) ¥ 11€7101 SKCIIOHEHTHI C HE00s3aTeIbHBIM
3HaKoM. Kax rieiast, Tak v ipoOHast 4acTh SIBILSIFOTCS IIOCIISI0BATELHOCTREO Iudp. JInoo
niesnast, oo IpoOHast 4acTh (HO He 00€) MOXKET OTCYTCTBOBATh; JINOO IECATHIHAS TOUKA,
100 € (MaJIeHbKas) ¥ SKCTIIOHEHTa (HO He TO M APYToe OTHOBPEMEHHO) MOXKET OTCYT-
crBOoBaTh. Kaxkmast maBaromiast KOHCTaHTa CUMTASTCSI IMEIOIEeH ABOHHYIO TOYHOCTb.

10.5. Ctpoku

Crpoka - 3TO MOCIEN0BaTENBHOCTE CUMBOJIOB, 3aKJIIOUEHHAs] B JIBOMHBIE
KaBbIUKH, KaK, HaIpuuMep,”...”. CTpoka UMeeT TUI “MacCUB MaCCUBOB™ U KJIacc
namata STATIC (em. [Tynkr 4 Hmxe). CTpoka MHHUIMAIN3UPOBaHa yKa3aHHBIMA
B Hell cuMBonamu. Bee cTpoku, naxe MISHTUYHO 3alMCaHHbIE, CUUTAIOTCA
paznuuHbIME. KoM Top momeniaer B KOHeIl KaJ0H CTPOKH HyleBoit 0aift \0,
€ TeM 4TOOBI POCMATPUBAIOIIAS CTPOKY IIPOrpaMMa MOIJIa OIIPEETIUTh €€ KOHEll.
[Nepen cTostmuM BHYTPH CTPOKH CHMBOJIOM JIBOMHOM KaBBIUKH “ JOJKEH OBITH
MIOCTaBJIEH CUMBOJI 00PAaTHOM KOCOH 4epTHI \; KPOME TOT0, MOT'YT HCIIOIb30BaThCS
T€ K€ YCJIOBHSI MOCJIEJOBATEIbHOCTH, YTO U B CUMBOJIBHBIX KOHCTaHTax. 1
nocleiHee, 00parHasi Kocas uepra \, 3a KOTOpOi HEMOCPEACTBEHHO CIIETYET CHMBOI
HOBOH CTPOKHU, UTHOPUPYETCSL.
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10.6. XapakTepuCTUKM annapaTHbIX CPeaAcTB

Crnenyromas HIKe TabiIuIa CyMMHPYET HEKOTOPHIE CBOMCTBA alapaTHOTO
000pymoBaHKs, KOTOPBIE MEHAIOTCS OT MAIIMHBI K MAalTMHE. XOTS OHH U BIUSIOT
Ha MEPEHOCHMOCTh IPOTpaMM, Ha MPAKTUKE OHH IPEACTABIAIOT MAJICHBKYIO
pobJeMy, 4eM 3TO MOXKET Ka3aTbCs 3apaHee.

Tabmua 1
DEC PDP-11 HONEYWELL | IBM 370 INTERDATA 8/32
ASCII ASCII EBCDIC ASCII
CHAR 8 BITS 9BITS 8 BITS 8 BITS
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 -76/+76
RANGE -38/+38 | 38/+38 -76/+76

11. CnHTaKkcnyeckas Hotauums

B ncnonb3yemoii B 5TOM pyKOBOJICTBE CUHTAKCHUYECKOM HOTAIIUM CHHTAaKCUYECKHE
KaTeroOpHH BBIACISAIOTCA KypCHBOM (IIPUM. IEPEB.. B HACTOSIIEE BPeMs
CHHTEKCHYECKHE KAaTeropuy BMECTO KYPCHBOM BBIIEIISIOTCS MOAYEPKUBAHUEM), &
JIUTEpPHBIE CIIOBA M CHMBOJIBI - )KUPHBIM MIPHU(PTOM. ANBTepHATUBHBIE KaTErOPUN
MIePEUNCILTIOTCS Ha OTACNBHBIX CTpoukax. HeoOs3aTembHbIi CHMBOI, TEPMUHATEHBINA
WA HETEPMUHAJIBHBIN, YKa3bIBACTCS HHAECKCOM “HEe00”’, Tak 4To

\ ( BEIpaxeHME
Heob \)

yKa3blBaeT Ha HE00s3aTeIbHOE BHIPAXKEHHUE, 3aKIIOYCHHOE B (DUT'YPHBIX
ckoOkax. CHHTaKCHC CYMMUPYETCS B TyHKTE 8.

12. Y10 B uMeHe Tebe moem?

S3bIK “C” OCHOBBIBAaeT MHTEPIPETAIMIO HASHTU(HUKATOPA Ha JIBYX PU3HAKAX
neHTH(HUKATOpPa: €ro Kitacce naMsTH 1 ero Tune. Kiace mamsiti orpernessieT Mecto
U BpeMsl XpaHEHHs IaMATH, CBSI3aHHOM ¢ MAECHTU(HKATOPOM; TUI OIpeesseT
CMBICTI BEJIMYNH, HAXOJSIIMXCS B TAMSTH, ONIPEINICHHOH 110J] HAEHTU(HKATOPOM.

HmeroTcs ueTsIpe Kacca NaMsITU: aBTOMATHYECKasl, CTATUUECKasl, BHEIIHSAS U
perucTpoBasi. ABTOMaTH4ECKUE IEPEMEHHBIE ABIISIOTCA TOKAIbHBIMU AT KaXK0TO0
BBI30Ba OJIOKA M NCYE3AI0T IIPH BBIXOZIE U3 3TOr0 O11oka. Crarnueckye nepeMeHHbIe
SIBIISIIOTCSI JIOKAJIbBHBIMH, HO COXPAHSAIOT CBOU 3HAUEHUS AT CJIEAYIOILETro BXOAA B
OJI0K 1aXke IoCIIe TOro, Kak yIpasJieHue epeaaeTcs 3a npe/eisl Ooka. Buenrane
MEPEMEHHBIE CYLIECTBYIOT U COXPAHSIIOT CBOU 3HAYEHHUS B TCUCHUE BBINOIHEHUS
BCEH IMPOrpaMMBbl X MOTYT HCIIOIBb30BAThCS IS CBSA3U MEXKAY (DYHKIHSIMH, B TOM
YHCIIe U MEX/y HE3aBUCHMO CKOMIMJIMPOBaHHBIMU (YHKIMSAMH. PerncrpoBsie
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NIepeMEHHbIE XpaHATCs (€M 3TO BO3MOXKHO) B OBICTPBIX PEruCTpax MallHMHBI;
0100HO aBTOMATHYECKUM IIEPEMEHHBIM OHH SIBIISIFOTCSI JIOKAIbHBIMH JUIS1 KaXKJJ0TO
0JI0Ka ¥ MCUYE3aroT IIPH BBIXO/IE U3 ATOTO OJIOKA.

B s3b1ke “C” npeycMOTPEHO HECKOJIBKO OCHOBHBIX THIIOB OOBEKTOB:

00beKThI, HarmucaHHble kKak cuMBoNbl (CHAR), mocTatodHo BenwkH, 4TOOBI
XPaHUTb JTIO00H WIEH U3 COOTBETCTBYIOIIETO JJAHHOW pealln3allii BHYTPEHHETO
Ha0opa CUMBOJIOB, U €CJIM JICHCTBUTENBHBIN CUMBOJI M3 3TOr0 Habopa CMBOJIOB
XpaHUTCA B CUMBOJIBHOW IIEPEMEHHOMN, TO €€ 3HAUCHHE YKBUBAJIICHTHO LIEIOMY
KOAY 3TOr0 CHUMBOJA. B CHMBOJIBHBIX NMEPEMEHHBIX MOXKHO XPaHUTb U ApPYTHE
BEJIMYMHBI, HO peajn3aliyst OyJeT MallnHHO-3aBUCHMON.

MOo:KHO UCTIONIB30BATh 10 TPEX Pa3MepOB LENbIX, onucbiBaeMbIx kak SHORT
INT, INT u LONG INT. [{nuHHbIC LIeTble 3aHUMAIOT HE MEHbIIIE MMaMsITH, YeM
KOPOTKHE, HO B KOHKPETHOH pean3alliii MOKET 0Ka3aThbCsl, YTO MO0 KOPOTKHE
LesbIe, JIM00 JUTMHHEIE 1eJble, TU00 Te U Apyrue OyayT SKBUBAJICHTHBI IPOCTHIM
nensiM. “TIpocTeie” Lenble IMEIOT eCTECTBEHHBIN pa3Mep, IpeayCMaTpiuBaeMbli
APXUUTEKTYPOU UCIOJIb3yEMOI MAllUHbI; APYTHe pa3Mephl BBOAATCS IS yABO-
JIETBOPEHUS CIIEUAIILHBIX TOTPEOHOCTEH.

Iensie 6e3 3Haka, onucbiBaeMble kak UNSIGNED, nmoguuHsIOTCSA 3aKOHAM
apudmeruxu 1o moayiro 2**N, rae N - unciio 6utoB B ux npezacrasinenuu. (Ha
PDP-11 nnuHHBIC BeWYHHEI 0€3 3HAKa HE TPEAYCMOTPEHBI).

[TnaBaronwme onraapaoi TouHocTr (FLOAT) ¥ rutaBatoniyie ABOHHON TOYHOCTH
(DOUBLE) B HEKOTOPBIX peanu3alusax MOTYT ObITh CHHOHUMAaMH.

[TockonbKy OOBEKTHl YIOMSHYTBHIX BBIIIE TUIIOB MOTYT OBITH pPa3yMHO
WMHTEPIIPETUPOBAHBI KaK YHCIIA, STH TUITBI OyyT Ha3bIBaThCs apU(PMETHIECKUMH.
tunel CHAR u INT Bcex pasMepoB COBMECTHO OyqyT Ha3bIBaThCA
nenouynciaeHHsiMu. Tunel FLOAT u DOUBLE coBmecTHO OynyT Ha3bIBaThCs
IUIABAFOIMH THITAMH.

Kpome oCHOBHBIX apU(pMETHUECKHUX THIIOB CyIIECTBYET KOHLENTYaJIbHO
OECKOHEYHBIH KJIacC MPOM3BOAHBIX THIIOB, KOTOPHIE 00pa3yloTCs M3 OCHOBHBIX
THUIIOB CJICTYIOLIUM 00pa3oM:

MacCUBBI 00BEKTOB OOJIBIINHCTBA THIIOB;

(YHKIMH, KOTOpBIE BO3BPAILAIOT O0BEKTHI 3aJaHHOTO THIIA;

yKa3aresid Ha OOBEeKThI JaHHOTO THUIIA;

CTPYKTYPBI, COJEpIKalllUe ITOCIIE0BATEIbHOCTh OOBEKTOB

Pa3IUYHbIX TUIIOB;

0o0beIMHeHNsl, CIIOCOOHBIE COIepKaTh OANH U3 HECKOIBKUX

00BEKTOB Pa3IMYHBIX THIIOB.

Boobmie roBopsi, 3TH METOABI MTOCTPOEHUSI OOBEKTOB MOTYT IPUMEHSTHCS
PEKYPCUBHO.

13. O0bexTH! 1 L-3Hauenus

OObeKT ABJIAETCS JOCTYITHBIM 00paboTKe yuacTKOM namsaTH; L-3Hadenue - 3to
BBIpa)KEHHUE, cChUIatoIIeecs: Ha 00beKT. O4eBUAHBIM MIPUMEPOM BhIpaXKeHUst L-
3Ha4YeHHUs sBisieTcs niaeHTudukarop. CymiecTBYIOT OIepaiy, pe3yabTaToM
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KOTOPBIX SBJIAIOTCA L-3HaueHus; ecnu, Hanpumep, E - BbIpaxeHue yka3zaHHOTO
tuna, To *E sBisercs BolpakeHneM L-3HadeHus, ccbutaronmMcs Ha o0bekT E.
Hazpanue “L-3HaueHue” MpoUCXOAUT OT BbIpaxkeHUs NpucBauBaHus E1=E2, B
KOTOPOM JIEBasi YaCTb J0KHA OBITH BhIpaskeHHeM L-3nauennst. [1pu nocnenyromem
00CyXIeHNH KaxI0i onepanny OyJeT yKa3bIBaThCsl, O’KUJIAET JIM OHA ONIEPaHII0B
L-3naueHus u BeIgaeT u oHa L-3HaueHue.

14. NMpeobpaszoBaHus

Pan omepamnuii MoxeT B 3aBUCUMOCTH OT CBOMX ONEPAaHAOB BBI3BIBATh
npeoOpa3oBaHKe 3HaUCHUE OTIEPaH/1a U3 OIHOTO THIIA B Ipyroi. B aTom pasziene
OOBSICHSIIOTCS PE3YJIBTATHL, KOTOPBIE CIIEYET OKUIATh OT TAKUX IPe0Opa3oBaHuUil.
B n. 14.6 TlopBoasarcs nrorn npeoOpa3oBanuii, Tpedyemble OOJNBIIMHCTBOM
OOBIYHBIX Olepanuii; 3TH CBEICHUS JOMOIHSIIOTCSI HEOOXOJMMBIM 00pa3oM Ipu
00CYXIIEHUH KaXK/IOH OTIepaIlHH.

14.1. CumBoOnbI U Uenble

CHMBOI WK KOPOTKOE IIEJI0€ MOYKHO HCTIOJIB30BaTh BCIOAY, [I€ MOKHO HCTIONb-
30BaTh nenoe. Bo Beex cirydasx 3HaueHHe mpeodpasyercs K nenomy. Ilpeobpaso-
BaHHE 0oiee KOPOTKOTO IEJIOTO K Oojiee AITUHHOMY BCETAA COMPOBOXKAACTCA
3HAKOBBIM PACIIMPEHHEM; LIENbIe SBILIIOTCA BeIMYnHaMHU co 3HakoM. Ocymiect-
BIIIETCS WJIH HET 3HAKOBOE PACIIMPEHHE IJIs1 CHMBOJIOB, 3aBUCHT OT UCTIOIB3YEMOH
MAIIIUHBL, HO TAPAaHTHUPYETCS, YTO WICH CTAHAAPTHOTO HaOOpa CHMBOJIOB HEOTPHIIa-
TEJIeH. U3 BCEX MAllMH, paCCMaTPUBAEMBIX B 3TOM PYKOBOICTBE, Tombko PDP-11
OCYIIECTRISET 3HAKOBOE PacIIMpeHue. 00IacTb 3HAYCHNH CHMBOJIBHBIX TIEPEMEHHBIX
Ha PDP-11 mensiercst ot -128 mo 127; cumBonsl u3 Habopa ASCI11 umeror
MIOJIOKUTEIbHBIE 3HaYeHIA. CHMBOJIBHAS KOHCTAHTA, 33/IaHHAS C TIOMOIITHI0 BOChMe-
PHUYHOI YCIIOBHOH ITOCIIEIOBATENEHOCTH, TIO/IBEPTacTCsl 3HAKOBOMY PACIINPEHHIO
Y MOJKET OKa3aThCs OTPUIIATeNbHOM; HanpuMep, \377° nmeer 3HadeHue -1.

Korma 6onee qmmaHOE 11e10€ peobpasyercs B 6osee koporkoe wim B CHAR,
OHO 00pe3aeTcs ClieBa; JINITHUE OUTHI TPOCTO OTOPACHIBAIOTCSI.

14.2. Tunbl FLOAT n DOUBLE

Best mnaBaromas apudmerrka B “C” BBIMOJHACTCS ¢ IBOWHON TOYHOCTBHIO
KaxIblid pa3, korga o0bekT Tuna FLOAT nosiBisieTcsl B BBIpDaXXSHNH, OH YUTHHSICTCS
1o DOUBLE nocpencTBoM 100aBIeHuUs HyJIEH B €r0 APOOHYIO 4aCTh. KOTJa OOBEKT
tuna DOUBLE nomxen ObITh TipeoOpasoBad k tuity FLOAT, nanpumep, mpu
npucBanBanuu, nepex yceuennemM DOUBLE oxkpyrsiercst no amuasl FLOAT.

14.3. NMnaBaowme 1 LenovYncrieHHble BeNIM4YnHbI

Hpeo6pa303aHI/Ie IIJIaBarOIIMX 3HAYCHUN K HEJIOYMCICHHOMY TUITY UMECT TCH-
JCHIINIO OBITh J0 HeKOTOpOﬁ CTCIICHU MAIIIMHHO-3aBUCUMbIM; B YaCTHOCTH HAIIpaB-
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JICHUEC yCCUCHMS OTPULATCIIbHBIX YHCEJI MCHACTCA OT MAllIMHE K MAaIllIMHE. PCSyJ'ILTaT
HC OIPEACIICH, €CJIM 3HAYCHUE HE IIOMEIIACTCS B IPEAOCTABIACMOC ITPOCTPAHCTBO.

Hpeo6pa30BaHI/Ie TCJIIOYUCIICHHBIX 3HAYCHUH B IIABArOIIMUE BBITIOJIHACTCA 0e3
OCIOXHEHHH. MoxeT HpOH30171TPI HCEKOTOpas noTepsi TOYHOCTU, CCIIU O
pe3yiibTaTta HE COACPIKUTCA JOCTATOUHOI'O KOJINYICCTBA OHUTOB.

14.4. Yka3aTenu u uenble

HGJ'[OG WK JJIUHHOC LEJI0C MOXCT OBITH HpI/I6aBHeHO K YyKa3aTejar Wujin
BBIYTCHO M3 HEIO0; B OTOM Cliy4dac IMeCpBasi BCINYMUHA npeoGpasyeTCH TaK, KakK
YKa3bIBaCTCA B pa3/i€jic OIUCaHus OIICpalU CJIOKCHUS.

I[Ba yKas3areiisd Ha 00BEKTHI OIMHAKOBOI'O TUIIA MOTYT OBITH BBIYTCHBI; B 3TOM
CJIy4dae pe3yJjibTar npeo6pa3yeTc>1 K IICJIOMY, KaK YKa3bIBACTC B PA3ACJIC OIMMCAHUA
OIrepanuru BbIYUTaHHUA.

14.5. Llenoe 6e3 3HakKa

Bcsikuii pas, korna nenoe 0e3 3Haka 00beIUHSAETCSI C IPOCTHIM LEIIBIM, IIPOCTOE
nesoe mpeodpasyercs B 1iesioe 0e3 3HaKa W Pe3yJIbTaT OKa3bIBAeTCS IENIBIM 0e3
3HaKa. 3HaYeHHEM SIBJISIETCs] HAaMMEeHbIIIee 1iesioe 0e3 3HaKa, COOTBETCTBYIOIIEE
IIETIOMY CO 3HAKOM (IT0 MOZYJIIO 2**pa3mep ciioBa). B TBOMIHOM TOTIOTHUTEITEHOM
MPEICTABICHUU 3TO MPE0Opa30BaHUE SIBJISETCS YMCTO YMO3PHUTEIBHBIM U HE
HU3MEHSCT PaKTHICCKYIO0 KOMOMHALINIO OUTOB.

Korma nenoe 6e3 3Haka npeodpasyercs k Tuiry LONG, 3Ha4eHne pe3ynprara
COBIMAJIAET CO 3HAUEHUEM I1eI0T0 Oe3 3Haka. TakuM 00pa3oM, 3To Mpeodpa3oBaHKe
CBOAUTCS K JJOOABJICHHIO HYyJIEH cieBa.

14.6. ApucpmeTnyeckmne npeobpasoBaHus

[Monarmsiroriiee OONBIIMHCTBO ONEPALi BBI3BIBACT IPEOOPA30BAHUE U OTIPEIEIISIET
THIIBI pe3yJIbTaTa aHaIornuHbIM 00pa3om. [IpuBoaumas Hroke cxema B JalibHeHIIeM
Oy/IeT Ha3bIBaThCS “OOBIYHBIMHU ApU(METHIECKUMH TPE0Opa30BaHUsIMU .

Cuadana mo6sie onepan sl Tunia CHAR umu SHORT nipeobpasytorcs B INT, a
mobOble onepansl THa FLOAT mpeo6pasyrorcs B DOUBLE. 3areM, ecin kakoi-
6o onepang umeet Tt DOUBLE, To apyroi mpeodpasyercs k Turry DOUBLE,
1 3T0 Oy/IeT TUIIOM pe3yJibrara. B MpoTHBHOM cityyae, eClid Kakoi-JIn0o onepaH
nmeet tarn LONG, To apyroii oniepan i npeoodpasyercs k Tuiry LONG, 1 5T0 1 Oyaer
THUIIOM Pe3yJIbTaTa.

B mpotuBHOM citydae, eciii kakor-nu0o omepanx umeet tunn UNSIGNED, to
npyroii orepan mpeodpasyercs k Tuiry UNSIGNED, 1 910 Oyaet Tuom pesyasTrara.

B npotuBHOM citydae 06a onepanaa OyayT umeTs Tir INT, 1 9To OyeT Tuiom
pe3yabrara.
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15. BbipaxeHus

CrapImuyHCTBO Onepanyuii B BEIPAKSHUAX COBIAAACT C MOPSIIKOM CIICJOBaHHUS
OCHOBHBIX ITOIPA3/eJIOB HACTOSIIIETO pa3aesia, Ha9nHasi C CAaMOT0 BRICOKOTO YPOBHS
CTapIIMHCTBA. Tak, HAaIpUMep, BRIPAKCHUSAMH, YKa3bIBAEMBIMU B Ka4eCTBE
ormepanoB oneparyu + (1. 15.4), ABnstoTcs BeIpakeHus, onpeiesieHHbIe B 1.1 15.1-
15.3. BHyTpH Ka)X0T0 TIO/Ipa3/iena ornepaiuy MeeT OMUHAKOBOE CTApIIMHCTBO. B
KaXIOM IOJpa3jaeie I OMHCBIBAEMBIX TaM OIEepalluid yKa3bIBaeTCs HX
ACCOIMATUBHOCTD CJIeBa WM ciipaBa. CTapIIMHCTBO U aCCOIMATUBHOCTH BCEX
OTIeparii B BRIPAKCHUSIX PE3IOMUPYIOTCS B TPAMMaTHYECKOM CBOZIKE B 11.18.

B npotuBHOM ciyuae mopsiIoK BBIUMUCIEHUN BbIpaXXKEHUN HE ompererneH. B
YaCTHOCTHU, KOMIIMJISITOP CIUTAET CeOs B ITPAaBE BHIYMCIIATH ITOABBIPAYKECHHUS B TOM
MOpsiIKe, KOTOPbIA OH HAaXoAUT HambOonee 3PpPeKTUBHBIM, Jaxe €ClIu ITU
MOJBBIPAXKEHUS MPUBOAT K M0O0uHBIM 3 dexram. [Topsiiok, B KOTOpoM
npoucxoasitT nobouHeie 3¢ ek, HEe cnenuduuupyercs. Beipaxenus,
BKJTFOYAIONINE KOMMYTAaTUBHBIE U aCCOIMATHBHBIE onepanuu ( *,+,&,!," ), MoryT
OBITH MEPEyNOPSI0USHBI POU3BOILHBIM 00pPa30M JlaXKe MPHU HAIUYUH KPYTJIBIX
CKOOOK; 9YTOOBI BEIHYAUTH ONPEAETICHHBIA MOPSIOK BEIYNCIICHHUH, B 3TOM CIydae
HEOOXOIMMO HCIIONB30BATh SBHBIE POMEKYTOUHBIC TIEPEMEHHBIE.

[Ipu BeIUMCIEHUN BBIpaKeHUH 00pabOTKa MEPEenoTHEHUs M MPOBEpKa IpH
JIEJIEHUH SBJIIIOTCS MAaIIMHHO-3aBUCHMBIME. Bce cymnecTByrone peann3anun
si3pIKa “C” UITHOPHUPYIOT NIEPENOTHEHHE [IENTBIX; 00pabOoTKa CUTYaITUi PH NETCHU
Ha 0 ¥ Ipu BCeX 0COOBIX CITydasx C IUTABAIOIIMMH YHUCIIaAMU MEHSAETCS OT MAIIHMHBI
K MaIltiHe ¥ OOBIYHO BBITIOMHIETCS ¢ TIOMOINBIO OMOTHOTEYHOH QPyHKITNH.

15.1. MepBUYHbIE BbIpaXeHUs

[lepBuuHbIe BBIpaKEHUs, BKIIIOYAIOIINE ., ->, HHACKCALUIO H OOPAaIIeHUs K
(bYHKIMSM, TPYIITUPYIOTCS CJIeBa HAITPABO.

[MepBuuHOE BhIpa)KEHUE: HICHTU(PHUKATOP KOHCTAHTA CTPOKA (BBIPAXKEHUE)
MIEPBUYHOE-BRIPAKECHNUE [BhIpaKECHHE] MMEPBUYHOES-BhIPAKEHNE (CIHCOK-BBIpa-
JKEHHUH Heo nepBuyHoe-L-3HadeHue . neHTrdukaTop nepBHYHOS-BHIPAKCHHUE -
> UICHTU()UKATOP CIIUCOK-BBIPAKEHH:

BEIPAXEHME
CIMCOK-BEIPAXEHNY, BEIPAXEHNE

Wnentudukarop sBISETCS MEPBUYHBIM BBIPAKEHUEM TP YCIOBHHU, YTO OH
OIUCAaH MOAXO/SIIIMM 00Pa30M, KaK 3TO 00CYKIAeTCs HIKE. TUII HACHTU(PHUKATOPa
orpeiessieTcsi ero onucanueM. Eciu, oJHako, TUIIOM UIeHTU(HKATOPA SBISETCS
“MaccusB ...”, TO 3HAYCHUEM BBIPAYKEHHS, COCTOSIIIETO U3 3TOTO UASHTH(PHUKATOPA
, SIBJSIETCS yKa3aTelb Ha IePBbIii 00bEKT B 3TOM MACCHBE, & TUIIOM BBIPKCHUS
OymeT “ykaszarenp Ha ...”. Bojee Toro, naceHTH()UKATOP MacCHBa HE SABIICTCS
BbIpakeHHeM L-3HaueHus1. mogo0HbIM 00pa3oM uieHTH(HKATOP, KOTOPBII OnrcaH
Kak “QyHKIMA, BO3Bpamaomas ...”, 3a UCKIIOYEHHUEM TOTO Cliydas, KOTAa OH
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UCIIONB3YeTCsl B MO3ULUKM UMEHH (DYHKIMK IpH oOpalieHuH, npeodpasyercs B
“ykazatesb Ha (yHKLHUIO, KOTOpast BO3Bpaliaer ...”.

KoHcranTa siBiIsieTcst mepBUYHBIM BhIpaKeHHEM. B 3aBucuMocTn ot ee hopmbl
THITOM KOHCTaHTBI MOXkeT ObITh INT, LONG i DOUBLE.

Crpoxka sIBJIsIeTCS NEPBUYHBIM BhIpaskeHHEeM. ICXOMHBIM ee THIIOM SIBIISIETCS
“MaccHB CHMBOJIOB”; HO CIIE[ysl TEM )K€ CaMbIM IpaBHJIaM, KOTOPbIE IIPHBEEHBI
BBIIIE /ISl UICHTU(HUKATOPOB, OH MOANGHUINPYETCS B “yKa3aTellb Ha CHMBOJIBI,
U pe3yiabTaToOM SIBIISIETCS] yKa3aTelb Ha NEPBBIH CHMBOJI CTPOKH. (MMeeTCs
UCKJIIOYEHHE B HEKOTOPBIX HHHUIMa3aTopax; cM. [1. 16.6.)

BrlpaskeHre B KpyIIbIX CKOOKaX SIBIISIETCS IEPBUYHBIM BHIPKCHHUEM, THIT Y 3HAUCHHE
KOTOPOTO MAEHTHYHBI THITYy M 3HAYEHHIO STOTO BHIpaKeHHs Oe3 ckoOok. Hammume
KPYIJIBIX CKOOOK HE BIIMSIET Ha TO, SIBJISIETCS JIM BhIpakeHHE L-3Ha4eHneM W HeT.

[NepBrdHOE BEIp)KEHHE, 32 KOTOPBIM CJIELYET BBIPaXKCHHE B KBA/IPATHBIX CKOOKaX,
SIBJISICTCS. IEPBUYHBIM BBIPR)KCHHUEM. VIHTYHTHBHO SICHO, YTO 3TO BBIP@)XXEHHE C
nHaexcoM. OOBIYHO ITIEPBUYHOE BEIPKEHHUE UMEET THII “‘yKa3aTesb Ha ..., HHIEKCHOE
BeIpaxkeHue uMeeT Tul INT, a Tunom pesynsrara sBisiercs “...”". Bepaxkenue E1[E2]
TI0 ompezieNeHuo naeHTHYHO BeipakeHnto * ((E1) + (E2)). Bee, uro HeoOxomumo
JUIsl IOHUMAHUS 3TOH 3aIUCH, COIEPIKUTCS B ATOM Pa3ZIEIIe; BOIPOCHL, CBSI3AHHBIE C
TIOHATHEM HICHTH(HKATOPOB U onepanuii * u + paccMarpusatores B ILIL 15.1, 15.2
U 15.4 cooTBETCTBEHHO; BBIBOIBI CYMMUPYIOTCS HIDKE B 1. 22.3.

Ob6pamenne K (QYHKIUH SBISIETCS IEPBUYHBIM BBIPaKEHHEM, 32 KOTOPBIM
CJIeIlyeT 3aKITIOUCHHBII B KPYIIble CKOOKHM BO3MOYKHO ITyCTOM CIIMCOK BBIP@)KEHUH,
PpazzeNeHHBIX 3 TBIMU, KOTOPBIE U IIPEICTABIIOT COO0H (paKTHIECKIe apryMeHTHI
¢ysakuuny. [lepBruyHOE BRIpa)XeHUE JOJDKHO OBITH THIIA “(YHKIIHS, BO3BpAILAlOIas
...”, a pe3ysbTar obpamieHus K QyHKuuu umeet Tun “...”. Kak ykasbIBaeTcs HIXe,
paHee He BCTpeyaBLIniicss HACHTU(HUKATOP, 38 KOTOPBIM HEIIOCPECTBEHHO CIIETyeT
JIeBast KpyIuiasi CKoOKa, CYMTaeTCsl OIMCAHHBIM 110 KOHTEKCTY, KaK IPEICTABIISIOIINH
(YHKIIMIO, BO3BPAILAIONIYIO [IEJIOE; CJIEI0OBATENBHO Yallle BCETO BCTPEYAIOIINICS
city4aii ()yHKIMH, BO3BpAILAIONIEH LeJIoe 3HaYeHNE, HE HY>K/IAeTCsI B OMCAHUH.

IMepen obpamenunem nrobbie pakruueckue aprymeHTsl Tuna FLOAT
npeobpasytorcs k Tuiry DOUBLE, mo6sie apryments! Tuna CHAR i SHORT
npeoOpasytorcs K Tuiry INT, 1, kKak 00bIYHO, UMEHA MacCHUBOB ITPe00pasyroTcs B
ykaszarenu. Hukakue npyrue npeoOpa3oBaHust HE BBIIOJIHSIOTCS aBTOMATHYECKH;
B YaCTHOCTH, HE CPaBHHMBAET THUIIBI (PAKTHMUYECKHUX apryMEHTOB C THIAMHU
(dopmanbHEIX aprymeHToB. Eciim mpeoOpa3zoBaHne HEOOXOAMMO, HCIIONB3YHTE
sBHbIN iepeBox Thna (CAST); em. [T 15.2, 16.7.

[Mpy noAroTOBKE K BBI30BY (PYHKIMH JIETAETCS KOIHS KKIOTO (haKTHUECKOro
nIapaMeTpa; TakuM 00pasoMm, BCe ITepeiadr apryMeHTOB B si3bIKe “C’ OCYIIECTRISIIOTCS
CTPOTO I10 3HAYCHUIO. (PYHKIMSI MOXKET W3MEHSTH 3HAUYCHHUsI CBOMX (hPOPMaJIbHBIX
TIapamMeTpoB, HO 3TH M3MEHEHHS! HE BIIMSIOT Ha 3HAYCHUSI (DAKTHYECKHX [TapaMeTPOB.
C 1pyroii CTPOHBI UMEETCsI BO3MOKHOCT [IEPENABATh YKA3aTeNb IPU TAKOM YCIIOBHHY,
4TO (DYHKLHSI MOKET M3MEHATh 3Ha4eHHEe OObEKTa, Ha KOTOPBIM ITOT yKa3aTellb
yKa3bIBaeT. [1opsiiok BBIUKMCIICHUS apryMEHTOB B SI3bIKE HE ONpEZeIeH; oOparuTe
BHMMaHHE Ha TO, YTO PA3JIMYHBIE KOMITHIIATOPHI BHIUKCIISIIOT TI0 Pa3HOMY.



«S13bik C» B.B. KepHueaH, [.M. Puyu 193

Jlonyckarorcsi peKypcHBHBIE 00palieHus K J1000H QyHKINH.

[TepBuuHOE BBIpa)KCHHE, 32 KOTOPBIM CIIEIYET TOYKAa M HAECHTU(UKATOD,
SABJISIETCSl BhIpakeHneM. [lepBoe BhIpakeHHE JOJDKHO OBITH L-3HaueHHeM,
NMEHYIOIUM CTPYKTYpy WM OObEeJUHEHHE, a UACHTH(UKATOP JOJKEH OBITh
MMEHEM YJIeHa CTPYKTYpHBI Wil o0betnHeH s, Pesynsrarom siisiercst L-3nauenue,
CChUIAIOIIEeCs Ha IOMMEHOBAHHBIH YJIEH CTPYKTYPHI WIIN O0bEANHEHUSL.

[lepBuuHOE BBIpaXKEHHE, 32 KOTOPBIM CIEIYeT CTpelka (COCTaBJIeHHAs U3
3HAKOB - U >) U HJICHTU(PHKATOP, SBISIETCS BHIPAKCHUEM. NIEPBOE BBIPAXKEHHE
JIOJDKHO OBITH yKa3arelleM Ha CTPYKTypy WM OObeJUHEHHE, a UACHTU(DHUKATOD
JIOJDKEH MMEHOBATh WICH 3TOM CTPYKTYpbl Wi oObennHeHus. Pe3ynbrarom
sBisiercst L-3HaueHue, cepliaromieecs: Ha IOMMEHOBAHHBIHN YJIEH CTPYKTYpBI HIIH
00beIMHEeHNs, Ha KOTOPBIH YKa3bIBaeT yKa3aTelIbHOE BBIPAKEHHE.

CnenoBarensHo, Belpaxkenue E1->MOS sBnserca TeM ke caMbIM, 4TO U
BeipaxkeHue (*E1).MOS. CtpyKTypbl 1 00beTMHEHHS paccMaTpuBatoTcsa B1I. 16.5.
[TpuBeneHHbIE 311€Ch MpaBUia MCIIOIB30BAHUS CTPYKTYp M OObEAMHEHHH He
HaBSI3bIBAIOTCSI CTPOTO, JJISl TOTO YTOOBI IMETHh BO3MOXXHOCTH 000MTH MEXaHU3M
tunos. Cwm. I1. 22.1.

15.2. YHapHble onepauum

BerIpaxkeHue ¢ yHapHBIMU OI€pallMIMU IPYyHIUPYETCS CIPaBO HAJIEBO.

YHapHOe-BBIpaKEHHUE:!

* BpIpa)KEHUE

& L-3HaueHue

- BBIpa)KEHHE

! Beripaxxenue

\*  BBIpaXEHHE

++ L-3Hauenue

— L-3Hauenue

L-3nauenue ++

L-3nauenne —

(MMsI-THIIA) BBIp2XKEHHE

SIZEOF BeIpakeHue

SIZEOF ums-tuna

VYHapHas onepanys * o3HauaeT KOCBEHHYIO aJIpECallHIO; BEIpaKEHHUE I0JDKHO
OBITH yKazarenem, a pe3yJbTaToM siBisieTcs: L-3HaueHue, ccpularomieecs Ha TOT
00BEKT, Ha KOTOPBIH yKa3bIBaeT BhIpaskeHUe. Eciy THIIOM BBIpa)KeHHUS SIBIISIETCS
““ykazarenp Ha...”, TO THIIOM pe3yibTara Oyner “...”.

Pesysprarom yHapHOI onepanny & sSBISIETCS yKazaTellb Ha 00bEKT, K KOTOPOMY
ccoinaercs L-3nauenue. Ecnu L-3HaueHue umeer tum “...”°, TO TUIIOM pe3yabTaTa
Oyzner “ykazarenb Ha ...”.

Pe3yneraroM yHapHOH onepanuy - (MHHYC) SIBISIETCS €€ OTIepaHl, B3SThIN ¢
NPOTUBONOJIOKHBIM 3HakoM. [lnsg Benuuunsl Tuna UNSIGNED pesynsrar
NIOJTy4aeTcsl BBIYUTaHUEM ee 3HadeHus u3 2**N (nBa B crenienu N), rae N-uucio
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6utoB B INT. YHapHo#i onepanuu + (IUTIOC) HE CYILIECTBYET.

PesynbsraTom onepanuu toruueckoro orpunanus | AAsnsaercs 1, ecnu 3HaueHue
ee onepanja pasHo 0, u 0, eciiu 3HaUEHHE €€ ONepaH ia OTIIMYHO OT Hylsl. Pesynerar
nmeet tun INT. Dta onepanus npuMeHNMa K JII0O0MY apu(pMETHIECKOMY THILY
WM yKa3aTeTsIM.

Omnepanust \* naet oOpaTHBIH KO, WIM JONOJHEHHE O €AWHHIBI, CBOETO
orepanza. Beimonssiorces 00br4HbIE apuMeTHIecKue peodpazoBanust. OnepaH
JIOJDKEH OBITH LIEJIOUYUCIICHHOTO THIIA.

OOBeKT, Ha KOTOpPBIN cchliaeTcs onepan L-3HaueHus: mpeuKCHOM onepanun
++, yBenM4MBaeTCs. 3HAYEHHEM SIBJIIETCS HOBOE 3HaYEHME OIepaHja, Ho 3To He L-
3HaueHue. Bripaxxenne ++x sxkBuBaneHTHO X+=1. TH(opMmarmio o npeodpazoBaHmsIX
CMOTpH B pazdope oneparmu ciaoxeHus (1. 15.4) u onepauyn nprcBanBanus (11. 15.14).

[MpedukcHas onepanus — aHaJIOrMYHA NMPeGUKCHON onepanuu ++, HO
MIPUBOIUT K YMEHBILEHUIO CBOETO onepanaa L-3HaueHus.

[Tpn nmpumenenun noctuKcHON onepanyu ++ Kk L-3HaueHHIo pe3yibraTtoM
SIBJISIETCSI 3HaYeHHe 00bEeKTa, Ha KOTOPBIH cchutaercs L-3nauenue. Ilocne Toro,
KaK pe3yJbTaT MPHUHAT K CBEJCHUIO, OOBEKT yBEIMYUBAETCS TOYHO TAKUM K
o0pasomM, Kak ¥ B city4yae npedukcHoi onepauuu ++. Pe3ynsrar umeer ToT ke
THUI, YTO U BbIpaxkeHue L-3HadeHus.

[Tpn npumenennn noctdukcHoOM onepannu — K L-3HaueHnIo pe3ynsraTroMm
SIBJISIETCSI 3HaYeHHe 00bEeKTa, Ha KOTOPBIH cchutaercs L-3nauenue. Ilocne Toro,
KaK pe3yJbTaT IPUHAT K CBEICHUIO, 0OBEKT YMEHBIIAETCS TOYHO TaKUM JKe
o0pasomM, Kak U B ciydae npeHUKCHON omnepauuu —. Pesyisrar nmeer ToT ke
THUII, YTO U BbIpaxkeHue L-3HadeHus.

3aKIIto4eHHOE B KPYIJIble CKOOKM MMSI THIIA JAHHBIX,CTOSIIIIEE IIepe;] BBIpayKEHUEM
, BBI3BIBACT IIPe0Opa30oBaHne 3HAYECHHS ITOTO BEIPAYKEHHS K yKa3aHHOMY THILy. JTa
koHcTpyKius HazbiBaercst epeBox (CAST). Mimena TunoB onuceiBatoTcsi B11. 16.7.

Onepanust SIZEOF Brinaer pazmep cBoero onepanna B 6aiirax. (ITonsrue 6aiir
B sI3bIKE HE OINPEEICHO, pa3Be TOIbKO Kak 3HaueHue onepauuu SIZEOF. Onnaxo
BO BCEX CYIIECTBYIOUIIUX pealM3alusX OalTOM SIBISETCS MPOCTPAHCTBO,
HeoOxonuMmoe st xpaHeHnust oobekra Tna CHAR). [Ipn npumeHeHnn K MaccuBy
Ppe3yIIbTaToM SIBJISIETCS OJIHOE YKciIo 0aiiToB B MaccuBe. Pasmep ornpenensiercs u3
OITMCaHUI OOBEKTOB B BBIPAYKEHHH. DTO BHIPAXKEHNE CEMaHTHUECKU SIBIISIETCS LIEION
KOHCT@HTOW ¥ MOXKET OBITh HCIIONB30BaHO B JIIOOOM MeCTe, T/ie TpeOyeTcst KOHCTaHTa.
OCHOBHOE IPUMEHEHUE 3Ta ONEpaLUs HAXOAUT IPHU CBA3SAX C MPOLELypaMH,
MIOI0OHBIM PACTIPEAEIUTENSM aMSTH, U B CHCTEMAaX BBOJIa- BHIBOAA.

Omnepauust SIZEOF moxeT OBITh Takke NPUMEHEHA M K 3aKII0OYEHHOMY B
KpyIyble CKOOKH MMeHH Tura. B 3ToM citydae oHa BbIIaeT pasmep B Oaiitax o0beKkTa
YKa3aHHOI'O THIIA.

Konerpykiust SIZEOF (tum) paccMaTprBaeTcst Kak 11eJ10€, TaK YTO BRIpaKEHHE
SIZEOF (tumn) - 2 sxBuBaneHTHO BhipaxkeHuto (SIZEOF (tum)9 - 2.
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15.3. MynsTMNNMKaTUBHLbIE onepauumn

MynbTHILIMKATHBHBIE oriepaiuu ¥, /, 1 % rpyNnmupyroTcs cjieBa Harpaso.
BbinonHsoTCs 00bIUHbIE apU(pMETHUECKIE IIPEoOpa3oBaHusL.

MyJIbTHIUIMKATHBHOE-BBIPOKEHUE: BBIPAKEHUE * BBIPAXKCHUE BhIPaXKEHUE /
BBIpaKEHHUE BBIpaKEHUE % BRIPAKCHHE

bunapnas onepanus * o3HauaeT ymHOKeHue. Onepanus * acconuaTuBHA, U
BBIPXKEHUSI C HECKOJIBKMMH YMHO)XKEHHUSMH Ha OTHOM M TOM K€ YPOBHE MOTYT
OBITH MEPErpyIIUPOBAHBI KOMIHIISITOPOM.

bunaphas onepauus / o3Hadaetr aesieHue. [Ipu neneHHH MOJOKUTEIbHBIX
LEJBIX OCYIIECTBIISIETCS YCEUSHHUE 110 HANPABICHHUIO K HYJIIO, HO €CJIM OAMH U3
OIIEpaH/IOB OTPHULIATENCH, TO OpMa YCEUEHHUS 3aBUCUT OT HCIIOIb3yEeMO MallIMHBI.
Ha Bcex MmaiiHax, 0XBaThIBAEMbIX HACTOSIIMM PYKOBOACTBOM, OCTATOK MMEET
TOT K€ 3HaK , 4TO U Jenumoe. Beerna cripaBemsinBo, uto (A/B)*B+A%B pasuo A
(ecmu B He paBHO 0).

Bunapnas oneparust % BbITaeT OCTATOK OT JICNEHUS IIEPBOTO BEIPAKEHUS Ha
BTOpOE. BBINONHAIOTCSI 00bIUHBIC apuhMeTHICCKHE Tpeodpa3oBanmst. OnepaH bl
He noJkHbI ObITE THITAa FLOAT.

15.4. ApaTBHbIE onepauumn

AIUTUBHBIE OllEpalvy + U - TPYIIIUPYIOTCSI CIeBa HAIPABO. BBIMOIHSIOTCS
oObI4YHBIE apudMeTHIecKre peodpa3oBanus. s Kax 1o onepaiud UIMEITCs
HEKOTOPbIE JIOMOIHUTEbHbIE BO3MOXKHOCTH, CBSI3aHHBIE C TUIIAMH OIIEPAH/IOB.

AIMTHBHOE-BBIPAXKEHHE: BRIPKEHHUE 1 BhIPOKECHHE BHIPAKECHHE - BHIPOKCHHE

Pesynsrarom omneparuu + siBIsieTCs CyMMa onepaHioB. MOXHO CKIIa/ibIBaTh
yKa3zarelib Ha OObEKT B MACCHUBE M 3HAUSHHUE JIF0OOT0 IEJOUUCICHHOTO THIIA. BO
BCEX CIydasix HOCleHee Ipeodpa3yercsi B aipeCHOe CMEIleHHEe OCPEICTBOM
YMHOXXEHHUsSI €r0 Ha JUIMHY OObEeKTa, Ha KOTOPBIH yKa3bIBaeT ITOT yKa3aTelb.
Pe3ynbraToMm sIBIsieTCS yKaszaTellb TOTO € CaMOro THIA, YTO M HUCXOJHBIN
yKa3arelib, KOTOPbIi yKa3bIBaeT Ha IPyroid OOBEKT B TOM K€ MacCHUBE, CMEIICH-
HBI COOTBETCTBYIOIIMM 00Pa30M OTHOCHUTEIbHO MEPBOHAYAILHOIO OOBEKTA.
Takum 06pasom, eciiu P siBisieTcst ykazareneM 00beKTa B MACCUBE, TO BbIPAKEHHE
P+1 siBisieTcst ykazarenem Ha Clenyonni 0ObeKT B 9TOM MacCHBe.

Hukakue npyrue KOMOMHAIIMK THITOB JIJIsl yKa3aTenei He pa3peatoTcs.

Onepauusi + accolMaTuBHA, U BHIPAKCHUE C HECKOJILKUMH CIOKSHUSIMH Ha
TOM K€ CAMOM YPOBHE MOTYT OBITh IIEPEYIOPSII0YEHBI KOMIHIISITOPOM.

PesynbraTom omnepanuu - SIBISIETCS Pa3HOCTh ONEPaHOB. BhINONHSIOTCS
00bIYHBIE apupMeTHIecKre IpeodpazoBanus. Kpome Toro, u3 ykazareins MOXET
OBITh BBIYTEHO 3HAYCHHUE JIFOOOTO LENOYUCICEHHOTO TUIIA, IPUYeM, IPOBOSTCS
T€ )K€ caMble NPeoOpPa30BaHus, YTO U P ONEPAIHH CIOKEHHUSI.

Eciu BeiuuTaroTcs 18a ykasarelisi Ha 00bEKThI OZIMHAKOBOI'O THIIA, TO PE3YJIETaT
npeoOpaszyercs (neneHueM Ha JUIHHY 00bekTa) K Tuiry INT, mpencrasisist co6oi
YHCII0 00BEKTOB, Pa3elISIOIINX yKa3biBaeMble 00beKThl. ECIU 3TH yKa3artenu He
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Ha OOBEKTHI U3 OJHOI'0O M TOI'0 K€ MaCCuBa, TO TaKOC npeo6pa30BaHHe, B006Hle
TOBOPs, AACT HCOXKUAAHHBIC PE3YJIbTATBI, TIOTOMY YTO JaKE€ YKa3aTeJI Ha 00OBEKTHI
OIMHAKOBOI'O THIIA HE 00s13aHbBI OTIIMYATHECS HA BCJIMYUHY, KPATHYTO JJIMHE 00BeKTa.

15.5. Onepauuun caBura

Omnepaunn casura << g >> IpynIHUpyroTCs cieBa HampaBo. s obenx
omepanuii nmpoBoasiTcs oObIYHBIE apudmeTnueckue npeoOpa3oBaHUs HX
OTIepaH/IOB, KaXKABIH N3 KOTOPBIX JOJDKEH OBITH LENIOUYHCICHHOTO THIA. 3aTeM
npaBbIil onepana npeobdpasyercs k tuny INT; pesymprar umeer THI JIEBOTO
orepanza. Pe3ynsrar He orpezaeseH, €ciy MpaBblid OllepaH]| OTPULATENICH WIIN
OorbIlie WM paBeH, YeM JUIMHA 00BbEKTa B OUTAaX.

BripaskeHne-ciBura: BlpakeHHe << BRIpa)KCHUE BHIPAYKEHUE >> BHIPAKCHNE

3nayenueM BolpaxkeHuss E1<<E2 smusercs E1 (nHTepnperupyemoe Kak
KOMOMHAIWsI OUTOB), CIBUHYTOE BiIeBO Ha E2 OMTOB; 0CBOOOXKIArOIIMEeCs: OUTHI
3aMOIHSIOTCS HyNeM. 3HadeHueM BolpaxkeHuss E1>>E2 apnserca E1, caBunytoe
BrpaBo Ha E2 6uroBbix nosurmii. Eciin E1 umeer tam UNSIGNE, To caBur BripaBo
rapaHTHPOBAHHO OyJIET JIOTHYECKHUM (3aIl0JIHEHNE HYJIEM); B IPOTUBHOM CIIydae
C/IBUT MOXKET OBITh (1 Tak U ecTb Ha PDP-11) apupmernueckum (ocBoboXk naromme-
st OUTBI 3aITOJIHSIOTCS KOIMEH 3HAaKOBOTO OWTa).

15.6. Onepauunmn oTHOLWEHUA

Ornepaliy OTHOILICHHUS TPYNITHPYIOTCS ClieBa HAIIPaBO, HO 3TOT (haKT He OUeHb
noyie3eH; BeipakeHne A<B<C He 03Ha4aeT TOro, YTO OHO Ka3aJoCh ObI TOMKHO
03HAYarh.

BripaskeHne-0THOIICHNS: BBIpaKEHHE < BBIPAKEHHE BBIPAKEHHE > BBIPAKCHIE
BEIpakKeHHE <= BBIPa)KEHHE BBIPAKCHHUE >= BBIPAYKCHHE

Omneparun < (MeHblIIIe), > (0oibIe), <= (MEHBIIIC WK PABHO) K >= (00JIbIIe
UM paBHO) Bce AaroT 0, ecim yka3aHHOE OTHOIIEHHE JIOKHO, U 1, ecliu OHO
ucTuHHO. Pe3ynsrar umeet tum ITN. BeimonusaoTcst 00bIYHbIC apu(METHICCKUE
mpeobpa3oBaHusi. MOTyT CpaBHHBATBHCS JIBAa yKa3aTewsl; pe3yJabTaT 3aBUCHT OT
OTHOCHUTEIBHOTO PACHOJOXEHUS yKa3bIBAEMBIX O0OBEKTOB B aJpPECHOM
mpoctpaHcTBe. CpaBHEHHE yKa3aTeiaeld IepeHOCHMO TOJIBKO B TOM CIIydae, eCIH
yKazaTellu YKa3bIBaloT Ha OOBEKTHI U3 OJJHOTO U TOTO K€ MAaCCHBA.

15.7. Onepauumn paBeHCTBa

BbipakeHHe-paBeHCTBA: BRIPAKEHUE == BBIPKEHHUE BHIPaXKEHNE | = BbIpaKeHHE

Omnepanyu == (paBHO) U != (He paBHO) B TOYHOCTH aHAJIOTHYHBI OTIEPAIHSIM
OTHOLICHUS, 32 MUCKIIOUYEHHEM TOr0, YTO OHU MUMEIOT OoJjiee HU3KHU yPOBEHb
crapmuHcTBa. (IToaTomy 3HaueHue BeipakeHuss A<B==C<D paBHo | Bcskuii pas,
xorna Beipaxkenne A<B n C<D umeroT onnHakoBOe 3HaU€HUE HCTUHHOCTH).

VYkazaTenb MOXHO CPaBHUBATh C LIEJBIM, HO Pe3ysibTar OylIeT MallMHHO-
HE3aBUCUMBIM TOJIBKO B TOM CJydae, €Clid LeJbIM sBisieTcs: konctanta 0.
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FapaHTpreTCﬂ, YTO yKa3aTeJib, KOTOPOMY ITPUCBOCHO 3HAYCHUEC O, HC YKa3bIBaACT
HH Ha KakoW OOBEKT U Ha CaMOM ACJIC OKa3bIBACTCA PaBHBIM 0; O6III€HpI/IHHTO
CUHTAaTh TAKOU YKa3areiib HYJIEM.

15.8. Mob6buToBas onepauusa ‘v’

Bripakenune-u: BeIpaskeHUe & BBHIPAKEHHE

Onepanus & sBIsSETCS aCCOUUATUBHOM, U BKIIOUAIOIUE & BBIPAKEHHUS MOTYT
OBITH mepeymnopsioYeHbl. BrIMONHAIOTCS OOBIYHBIE apupMETHUECKUE
peoOpazoBaHus; Pe3yJILTaTOM SIBISIETCSI TOOUTOBAs (DYHKLMS ‘M’ OLEpaH/I0B. JTa
ornepauys IpUMEHUMA TOIbKO K OIepaH/aM LEJIOUUCIEHHOIO TUIIA.

15.9. Mo6uToBas onepauus UCKnoyarowero ‘unu’ BolpaxxeHue-
MUCKNIoYaloLwero-mnu:

A

BEIPAXEHVIE BEIPaXeHME

Onepanus * sIBISICTCS] aCCOLMATUBHOM, U BKIIIOYAIOLIME " BBIPAXKEHUSI MOTYT
OBITh TEPEYHOPSAOYCHBI. BBIIOIHIIOTCS OOBIYHBEIE apu(METUUYECKHUE
peoOpa30BaHusT; PE3yIBTaTOM SBISICTCS TOOUTOBAsT (DYHKIIUS UCKITFOYAFOIIETO ‘K’
onepanioB. Oneparys pUMEHUMa TOJILKO K OIlepaH/iaM LIeJIOYUCICHHOTO THIIA.

15.10. Mo6uToBas onepauus BKoYarowero ‘unu’ BolpaxxeHue-
BKJ1HOMaAIOLLEro-unu:

BrlpaxeHne \! BrpaxeHue

Omneparwst \! SIBisieTcst acconMaTUBHOM, 1 coaepakarire \! BeipaxxeHnss MOryT
OBITh TMEPeyHopsAAOUYCHBI. BBITOJHSIIOTCS OOBIUYHBIE apu(PMeETHUECKHE
peoOpa3oBaHus; PE3YIIBTATOM SBJISIETCS MOONTOBAsI (PYHKIIMS BKITFOYAOIIETO ‘W
ornepanioB. Onepanys IPUMEHUMA TOJIBKO K OIlepaH/IaM 1IeJI0YMCICHHOTO THIIA.

15.11. llornyeckas onepauusa ‘n’

BerIpaxkeHne-10ruueckoro-u: BeIpaxeHne && BhIpaKEeHUE

Onepanus && rpynnupyercs ciesa HanpaBo. OHa Bo3Bparaer 1, eciiu o6a
ee omlepaHAa OTIMYHBI OT Hyld, U 0 B mpoTUBHOM ciyuyae. B ornuune ot &
orneparys && rapaHTHPYeT BEIYHCIICHUE CIIEBA HAIIPaBO; OoJiee TOro, €CIIM NEPBhIN
orepan paseH 0, To 3Ha4€HHE BTOPOTO ONEPaH/1a BOOOIIE HE BEIYHUCIISIETCS.

Orniepan bl He 00s13aHbI OBITH OITHAKOBOTO THIIA, HO KAKIIBIH M3 HUX JIOJDKEH OBITh
J1100 OTHOTO U3 OCHOBHBIX THIIOB, IO yKa3areseM. pe3yJisTar Beceraa umeeT T ITN.

15.12. Onepauus noruyeckoro ‘unn’

BripaxxeHue-normueckoro-mwin: Beipaxenue \!\! BeIpakeHue
Onepanus \\! ['pynmmupyercst crieBa HarpaBo. OHa Bo3BpamaeT 1, eciv OJiH u3
OIIEePaH/IOB OTIIMYCH OT HyJs, v O B IPOTHBHOM citydae. B oTimune ot onepanum \!
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Onepanust \!\! [apaHTHpYET BEIMHCIICHHE CIICBa HAIPABO; 00JIee TOTO, €CIIU TePBEIA
OIepaH;I OTIIMYEH OT HyJIs, TO 3HAYCHHE BTOPOTO OIIEPaH/1a BOOOIIE HE BHIYUCIISICTCS.

OnepaHb! He 00513aHBI OBITH OMHAKOBOTO THIIA, HO KAXKIIBII U3 HUX JIOJDKCH OBITh
JIIO0 OIHOTO M3 OCHOBHBIX THIIOB, JTMOO yKa3areneM. Pesynbrar Beerja mveet Tar INT.

15.13. YcnoBHas onepauums
yCJ'IOBHOC-BBIpa)KeHI/IeZ

BEIPAXEHME ? BHPaXEHME : BHPAXEHNE

VcnoBHEIE BBIPAXKCHUS I'PYHIIUPYIOTCA CIICBO HAIIPABO. Brruucisercs 3naueHue
TICPBOI'0 BbIPAKCHUS, U €CJIM OHO OTIIMIHO OT HYJIA, TO PE3YJIbTaTOM 6y}_'[€T 3HAQYCHHEC
BTOPOI'0 BbIPAXKCHUSA; B IPOTUBHOM CJTydac pe3yJibTaTOM 6yHCT 3HAYCHUEC TPETHECTO
BbIPpAKCHUA. Ecan sto BO3MOXHO, ITPOBOAATCSA OOBIYHEIC apI/I(i)MeTI/I‘IGCKI/Ie
HpeO6p330BaHI/ISI, C TEM, YTOOBI MIPUBECTHU BTOPOC U TPETHC BBIPAXKCHUSA K O6HI€My
TUITY; B IIPOTUBHOM CJiy4yae€, €CJIn o00a BBIPDAKCHHUSA SBJIAIOTCA YKa3aTCIISIMU
OIMHAKOBOI'O TUIIA, TO PE3YJIBTAT UMECT TOT K€ TUII; B IPOTUBHOM CJIy4a€ OAHO
BBIPAKCHUC TOJLKHO OBITh YKazarejiem, a 1pyroe - KOHCTaHTOH O, " pe3yibTrar 6y}_'[€T
HMETb THIT YKa3aTeJIsl. Brruucnsercs Tonbsko OIHO U3 BTOPOI'O U TPETHETO BBIpa)KeHHfI.

15.14. Onepauus npuceanBaHus

Wmeercs psan onepanuii mprCBaNBaHUsA, KaXas U3 KOTOPBIX IPyIITHPYETCS
cieBa HarpaBo. Bee omepanuu TpeOyroT B KaueCcTBE CBOETO JIEBOTO onepanya L-
3HA4YCHHUE, a TUTIOM BBIPAKEHNS IIPHICBANBAHMS SIBIISICTCS THII €T0 JICBOT'O OTIEPaH/Ia.
3HaYeHHEeM BBIPAKCHHUS IPHCBANBAHUSA SIBISETCA 3HAYCHUE, XPAHUMOE B JIEBOM
ormepas/ie MMociie TOTOo, KaK IpHUCBanBaHue yxke OyIeT Mpou3BeneHo. JBe yacTu
COCTaBHOM OTIepalliyl IPUCBANBAHUS SBISIOTCS OTACTHHBIMH JIEKCEMaMHU.

BripakeHne-nprucBanBaHus:

L-3HaueHune = BbIpakeHUE

L-3naueHue += BoIpaxkeHue

L-3HaueHue -= BeIpakeHUE

L-3Hauenune *= BeIpaxkeHue

L-3Ha4yeHune /= BeIpaKCHHE

L-3nagenne %= BeIpakeHHE

L-3nauenune >>= BpIpakeHUe

L-3HaueHne <<= BbIpaK€HUE

L-3HaueHne &= BhIpaXeHHE

L-3naueHue "= BboIpakeHHE

L-3nauenue \!= BbIpakeHHE

Korma npousBoautcst mpocroe npucBauBanne C’=’, 3HaYCHHE BBIPAKCHUS
3aMeHseT 3HaueHue o0BeKTa, Ha KoTopoe cchiiaeTcs L-3HaueHue. Ecnu o06a
omepaHa UMEIOT apu(pMETHIECKUI THI, TO Mepea MPUCBAaWBAaHUEM IPaBBIHA
omepas[ mpeodpa3yeTcs K THITY JICBOTO OTIEpaH/a.
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O cBoiicTBax BelpaxkeHus Buaa E1 on = E2, rae On - oHa U3 nepeyrcIeHHbIX
BBIILIE ONepaluii, MOXHO CAENaTh BBIBOM, €CIIU YU€CTh, YTO OHO 3KBHBAJIECHTHO
Beipaxkenuto E1 = E1 on (E2); onnako Beipaxkenue E1 Berancnsercs Tonbko oauH
pa3. B ciryuae oneparuii += 1 -= JIeBBIi OllepaH MOKET OBITh yKa3arelsieM, IpuieM
pu 3ToM (IIeJIOUNCIICHHBIN) TPaBbIii OnepaH]] NpeodpasyeTcsi TaKuM 00pa3oM,
Kak 00BbsICHEHO B I1. 15.4; Bce mpaBble ollepaH/ibl ¥ BCe OTIMYHbIE OT yKa3aTeaen
JIeBbIE OlIepaH/Ibl JOIDKHBI UMETh apu(METHUECKHIIA THII.

Hcnone3yeMsele B HACTOAIIEE BPEMsL KOMIMIIATOPBI JOMYCKAIOT IPUCBAXBAaHHE
yKa3ares LIeJIoMY, LIEJI0T0 yKa3aTeNto U YKa3aTells yKa3aTellto Apyroro TUIa. Takoe
NpUCBaMBaHMUE SBISIETCS UYHUCTHIM KONMMPOBaHHEM 0e3 Kakux-iIubo
npeobpazoBanuii. Takoe ynorpebieHue onepannii MpUCBauBaHUS SBISETCS
HENEPEHOCUMBIM U MOXKET IPUBOAUTH K yKa3aTeIsIM, KOTOPBIE ITPU UCIIONb30BAHUH
BBI3BIBAIOT OIIMOKHM afpecanuu. TeM He MEHee TapaHTHPYEeTCsl, YTO PHUCBanuBa-
HUE yKa3aTelro KOHCTaHThI () JaeT HyJIeBOH yKa3areb, KOTOPbIH MOXHO OTJINYATh
OT yKa3arelisi Ha JJI000i 00beKT.

15.15. Onepauums 3ansTas

BelpaxeHVe-C-3ansgaToi: BHPaxXeHMe , BEPAXEHVE

[MTapa BBIpaXeHMH, pa3JeNeHHBIX 3alsTOM, BHIYMCISNETCS CJIeBa HAIPABO U
3HAYEHHE JIEBOTO BBIPAKEHMSI 0TOpackiBaeTcsl. TUIIOM M 3HAYEHHUEM pe3yJbrara
SIBJISIETCS THIT M 3HAYEHHE IIPABOTO OllepaH/a. JTa Oleparys I'pyInupyeTcs ciesa
HarpaBo. B koHTekcTe, re 3ansiTas uMeeT creaibHOe 3HaYeHHe, Kak, Halpumep,
B ciucke (akTH4ecKux apryMeHToB ¢yHKuud (m. 15.1) Mnm B cnuckax mHH-
nrann3aropos (1. 16.6), Oneparys 3ansTas, onMchiBaeMasi B 5TOM paszielie, MOKET
HOSIBJISITHCSL TOJIBKO B KPYTIIBIX CKOOKaxX; HarpuMmep, QyHKIHs

F(A, (T=3,T+2),C)

HUMCET TpU apryMEHTa, BTOpOﬁ 13 KOTOPBIX UMECT 3HAUCHUC 5.

16. OnncaHus

OnrcaHus HCTIONB3YIOTCS ISl yKa3aHUsl HHTEPIPETAIIUH, KOTOPYIO S3bIK “C”
OyzmeT JaBaTh KaXIOMY WIACHTH(PUKATOPY; OHHU HE O0s3aTeIbHO PE3EPBUPYIOT
MaMsTh, COOTBETCTBYIOLILYIO HaeHTuuKatopy. Onucanus umerot Gopmy

Onmucanue:

creuu(puKaTopbI-OIUCaHUs CIIUCOK-OIcaTeeH

HEOO;

Ornucaresnu B CIIMCKE ONUcaTesel Coiepkar OMUChIBAEMbIe HICHTH()UKATOPBI.
CrnenuduKkaTopbl OMUCAHUSA MPEACTABIAIOT COO0N MOCIEOBATEILHOCTD
crenu(pUKaTOPOB TUIIA U CIICIHU(PHKATOPOB KiIaCcCa MaMSITH.

Crnenudukaropbl-OMUCaHNs:

crenudpuKaTop-THIa CeHH()UKATOPHI-OMUCAHHS
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HEeo0

crenu(puKaTop-Kiacca-mamsTi CrelnYUKaTOp-OnUCaHus

Heo0

CITHCOK JIOJDKEH OBITH CAMOCOITIACOBAHHELIM B CMEICIIE, OITUCHLIBAEMOM HIDKE.

16.1. CneumndomkaTopbl Knacca namsaTm

Huxe MEPEUNCIIAOTCA CHCIII/I(l)I/IKaTopBI Kj1acCa IaMsiTHu: Cneun(bmcaTop-
KJ1acCa-rnamMsTu:

AUTO
STATIC
EXTERN
REGISTER
TYPEDEF

Cnemndukarop TYPEDEF He peanu3yer namsiTi 1 Ha3bIBaeTCst “ Crieiu(pKaTopoM
KJ1acca amsTy’ TOJIBKO [0 CHHTAKCHYECKUM COOOpayKEHHSIM; 3TO 00CYKAAeTCs B I1.
16.8. CMBICT pa3IMYHBIX KJIACCOB MaMsITH ObUT 00CY>KIeH B I1. 12.

Omnucanus AUTO, STATIC u REGISTER cnyxaT Takke B KauecTBe
ONpEAENeHUIl B TOM CMBICIIE, YTO OHM BBI3BIBAIOT PE3EPBUPOBAHME HY>KHOTO
kxonuuecta namatu. B ciyqae EXTERN nomkHO NpuUCYTCTBOBATH BHEIIHEE
ompezenenue (1. 18) Yka3piBaeMbIX UICHTU(PHUKATOPOB I1e-TO BHE (QYHKIMH, B
KOTOPOH OHH OINHCAaHBIL.

Ormmucanne REGISTER syumie Bcero npencrasisTs cede kak onucanne AUTO
BMECTE C HAMEKOM KOMITHJISITOPY, YTO ONMCAaHHBIE TAKMM 00pa3oM IlepeMeHHBIE Oy T
YacTO MCIIONB30BATHCS. D(PPEKTUBHBI TOJIHLKO HECKOJIBKO TIEPBBIX TAKUX ONHMCAHHH.
Kpome Toro, B peructpax MOTyT XPaHUTHCS TOJIBKO MEPEMEHHBIE ONPEAEIECHHBIX
Tunos; Ha PDP-11 310 INT, CHAR wunu ykazarens. CylecTByeT 1 Ipyroe orpaHi4eHue
Ha UCTIOIb30BaHUE PETUCTPOBBIX IEPEMEHHBIX: K HUM HENb3s IPUMEHATD OLEPALHIO
B3aTHs ajpeca &. IIpyu pasyMHOM HCHOIBb30BAaHUU PETHCTPOBBIX OMUCAHUI MOXKHO
OXHJaTh HOJyYEHHs MEHBLIMX IO pasMepy U Ooisiee OBICTPBHIX MpOrpamm, HO
yiIydieHue B Oyy1ieM reHepupOBaHHs KOZIOB MOKET CENIaTh NX HEHY>KHBIMH.

Onucanne MOXET cozieprkarh He Ooliee OfHOTO crienrdukaropa Kiracca ImamsTH.
Ecnu onncanue He copepKuT crienuduKaTopa Kiiacca naMsTH, TO CYUTASTCs, 4TO
oH umeer 3HaueHue AUTO, ecnu onucanue HaXOJUTCS BHYTPU HEKOTOPOU
¢ynxumn, 1 EXTERN B npoTHBHOM citydae. HCKITI0oUeHHe: (QyHKIUM HUKOT/Ia He
ObIBaeT aBTOMATHYECKUMHU.

16.2. CneuyundpnkaTopbl TUNA

Hiwoke nepeunciisitores crierinuKaTopbl THIIA.
Cnenuduxarop-Tuma:

CHAR
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SHORT
INT

LONG
UNSIGNED
FLOAT

DOUBLE cnenmukarop-cTpyKTypbl-HIN-00beJMHEHHS ONpeeIsIoIIee-THII-
umst

Cnoa LONG, SHORT u USIGNED moxkHO paccMaTpuBaTh Kak NpHU-
JlaratelibHbIe; IOy CTUMBI CIIEeAYIOIINe KOMOWHAIINY:

SHORT INT
LONG INT
USIGNED INT
LONG FLOAT

ITocnenusas koMOMHaIMs o3HadaeT 1o e, yTo 1 DOUBLE. B ocraisHOM
OIMHCaHNe MOYKET COZieprKaTh He Ooree oHoro cnerdukaropa Tuna. Ecim oncanme
HE COAEPKUT crieruuKaTopa TUIA, TO CYUTACTCS, IYTO OH nMeeT 3HadeHne INT.

Crieruukaropsl CTPYKTYp M 00beIMHEHUH 00CYyKIaroTes B 11. 16.5; Ommcanmst
¢ onpenensitoutumu tutt uMeHamu TYPEDEF o6cyxmarores B 1. 16.8.

16.3. Onucartenun

Bxoasamuii B onmucaHue CHNHCOK ONMHcaTeNeld MpeacTaBilsieT coOOoM
MIOCIIEIOBATENIFHOCTD Pa3/IeIeHHBIX 3aIIITEIMHU OTIHCATEIeH, KaXKIbIH U3 KOTOPBIX
MOYKET IMETh HHUIHAIN3ATOP.

Crucok-onucaresiei: THUIHAIN3UPYEeMbI-0nrcaTeIh MHUITHAIA3HPY €MbIH-
OTIHCATeNb, CIIUCOK-OMUCATEIeH HHULINATH3UPYEMbII-0ICaTeNb: OMNCATEhb-
MHUITAATA3aTOp HEOO

Wuunuann3atopsl OMMCHIBAOTCS B 1. 16.6. Crienn(uKaTopbl U OMHUCAHUS
YKa3bIBAIOT THII U KJIacC MaMITH 00BbEKTOB, HA KOTOPBIE CCHUTAIOTCS OMUCATEINH.
Omnucareny UMEIOT CIIEAYIOIINI CHHTAKCHUC!

OTIHCATENb:

HACHTH(PHUKATOD

( omucarens )

* ommcarens

onucarens ()

ONHCaTENh [KOHCTAHTHOE-BBIPAKEHUE

Heo0]

I'pynnupoBanme Takoe ke KaK U B BRIPAKCHUAX.

16.4. Cmbicn onucarenen

Kamamﬁ OIMUCaTeJIb PpaCCMATPUBACTCS KAaK YTBEPKACHUE TOT'O, YTO KOIda
KOHCTPYKIUA TOM K€ caMOH (I)OpMI)I, YTO U OITUCATECJIb, HOABJISICTCA B BBIDAKCHUH,
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TO OHa BbIJACT 00BEKT YKa3aHHOT'O THIIAa U YKAa3aHHOT'O KJjIacCa MaMsITH. Ka)l(ﬂblﬁ
OMMHUCaTeCJib COACPIKUT POBHO OAUH I/IHGHTI/I(l)I/IKaTOp; 3TO MMCHHO TOT
I/IIICHTI/I(i)I/IKaTOp, KOTOpBIfI U OIMUCBIBACTCA.

Ecinu B kauecTBe onucares MOsBIIIETCS IpoCcToO I/IﬂeHTI/I(l)I/IKaTOp, TO OH UMCCT
THII, yKa3LIBaeMLII7[ B CHGHI/I(l)I/IHI/IpyIOHIeM 3aroJIOBKC OIIMCaHUs.

Omnucarels B KPYIJIbIX CKOOKax UIACHTUYCH OIIMCAaTCIO 0e3 KpYITIbIX CK060K,
HO KPYIJIbIC CKOOKHU MOTYT UBMCHSTH CBA3HU B COCTAaBHBIX OIIMCATECIIAX. HpI/IMepLI
CMOTPH HHXKE.

HpCL[CTaBI/IM cebe omucanue

T DI

rre T - ciietmgukarop Trma (monooHsni INT u T.11,), a DI - ormcaress. [Tpeanonoxim,
YTO 3TO OIMMCAHUE TIPHBOIHT K TOMY, YTO COOTBETCTBYFOLIHI MICHTH(HKATOP HMEET
trn “...T”, rie ““...” mycto, eci DI ripocTto otenbHbIH naeHTHdUKaTop (Tak 4To T!I X
B “INT X mpocto INT). Torna , ecu DI mmeer popmy

*D

TO coiepKaluiics uaeHTUHUKaTop OyaeT UMeTh THII ... Yka3zarenb Ha T
Ecnu DI umeer popmy

D()

TO cozieprKaIlMics MaeHTH(UKaTop umeet Tl ... @yHKIWs, Bo3Bpatuatomas 1.
Ecnu DI umeer popmy

D [KOHCTaHTHOE-BLPaXeHUe |

nim

D[]

TO cozleprKaluiicst naeHTuduKarop umeer tur “...Maccus T”. B nepBom cirydae
KOHCTAHTHBIM BBIPAKEHUEM SIBIISIETCS BBIPOKEHHUE, 3HAYEHHE KOTOPOI0 MOXHO
OIIPENIEIATH BO BpeMst KoMK 1 kotopoe umeet Tun INT. (Tounoe onpenencHue
KOHCTaHTHOT'O BBIpakeHws JaHo B 11. 23). Korna Heckobko crienidukarii Busa “‘mac-
CUB U3~ OKa3bIBAIOTCSl MPUMBIKAIOIIMMHU, TO CO3JA€TCS MHOIOMEPHBIA MacCHUB;
KOHCTAHTHOE BBIPaKEHHUE, 3aJIal0llIee TPaHULbl MACCUBOB, MOXKET OTCYTCTBOBATbH
TOJIBKO Y TIEPBOIO WIEHA STOM MOCIEA0BATENLHOCTH. Takoe OITyCKaHUe MOJIE3HO, KOTIa
MAacCHB SIBJSICTCS BHEIITHAM U €ro (haKTHYECKOE OIpelieNICHHe, KOTOPOE BBIACISCT
MIaMSATh, IPUBOIHUTCS B IPYToM MecTe. [lepBoe KOHCTAHTHOE BEIPAKECHUE MOXKET OBITH
OITYILEHO TAK>Ke TOr/a, KOT/a 3a OIMCAaTENEM ClleayeT MHUIMany3anus. B atom ciryuae
pasMep onpenenseTcs 1o Yucy MpUBEIEHHBIX MHULUATM3UPYEMBbIX HJIEMEHTOB.

MaccuB MOXkeT OBITh 00pa30BaH M3 JIEMEHTOB OJHOTO U3 OCHOBHBIX THIIOB,
U3 YKa3aTele, u3 CTPYKTYp Wik O0beINHCHHUH WK U3 APYTHX MACCHBOB (UTOOBI
00pa30BaTh MHOTOMEPHBIN MAaCCHB).

He Bce BO3MOKHOCTH, KOTOPBIE pa3pelleHbl C TOUKH 3PEHUS yKa3aHHOI'O BhILIE
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CHUHTaKcuca, (paKTHYECKH JAOMYCTHUMBI. MIMeIoTcs cieaylomune orpaHn4deHus:
(YHKIIMM HE MOTYT BO3BpalllaTh MAaCCHBBI, CTPYKTYPBI, OObEJUHEHUS WU
(YHKIMH, XOTS OHM MOTYT BO3BpAILaTh YKa3aTell Ha TAKUE BEILH; HE CYLIIECTBYET
MacCHBOB (DyHKLIMH, XOTSI MOT'YT OBITh MAaCCUBBI yKa3aresnei Ha GpyHKIMH. AHaJ0-
TMYHO, CTPYKTYpPBI WJIM OOBEAMHEHUS! HE MOTYT COEpXkaTh (YHKIHIO, HO OHU
MOT'YT COZIEpXaTh yKa3arenb Ha (DYHKIHIO.

B kauecTBe npumMepa pacCMOTPHUM OIUCAHHE

INT I, *IP, F(), *FIP(), (*PFI)();

B KOTOpOM oIHchIBaeTcs Lieroe |, ykazarens [P Ha nenoe, ¢ynkiws F, BosBpariarormas
uenoe, Gyrakims FIP, Bo3Bparmaroras ykasarens Ha 1ienoe, 1 ykazarenb PFI Ha dyHKito,
KoTOpast Bo3Bparaer 1enoe. OcoOeHHO NOJIe3HO CPABHUTH JIBA ITOCIIEAHHUX OINCATEIS.
Ces3p B *FIP() moxxno npencrasuts B Bune *(FIP()), Tak uTo omcanueM mpeamno-
JIaraercsl, a TAKOM Jke KOHCTPYKLMEH B BEIpayKEHNH TpedyeTcst oOpalieHue K (QyHKIMH
FIP 1 nocnenytomiee NCHOIb30BaHIE KOCBEHHOM aJIpecaliiyl st BbIIaYH C TOMOIIBIO
MOy YEHHOTO pe3ylibTara (ykasares) renoro. B ormcarene (*PFI)() nonomHuTeNbHBIC
CKOOKHM HEOOXO/IMMBI, TOCKOJIBKY OHH TOYHO TaK e, KaK 1 B BBIPYKEHNH, YKa3bIBAIOT,
YTO KOCBEHHAs! a/ipecaliys Yepe3 yKa3aTesb Ha (hyHKIHMIO BblaeT (pyHKIHIO, KoTopast
3aTeM BBI3BIBACTCS; 9T BEI3BAHHAS (DYHKIIHSI BO3BPAILIAET LIEJIOE.

B kadecTtBe npyroro npuMepa rpuBeIeM ONMCAHUE

FLOAT FA[17], *AFP[17];

B KOTOpOM onuckiBaeTcs maccuB uncen tuna FLOAT u maccuB yka3arenei Ha
ypcia tana FLOAT. Hakoner,

STATIC INT X3D[31[5]1([71;

OIKCHIBACT CTATUYCCKUI TPEXMEPHBII MACCHB LIENTBIX pazmepoM 3*5*7. Gonee
monpooHo, X3D sBrseTcs MacCHBOM M3 TPEX AJIEMEHTOB; KaXKIBIA JICMCHT
SIBJISIETCS. MACCUBOM ISATH MAaCcCHBOB; Ka)bli MOCHEAHUN MAaCCUB SIBISETCS
MaccuBOM u3 ceMu Henbix. Kaxxnoe uz Beipaxkenuid X3D, X3DJ[I], X3DI[I][J] u
X3D[I][J][K] moxeT pa3yMHBIM 00pa3oM MOSBISATHCS B BhIpakeHHsIX. [lepBbie
TP UMEIOT THI “MaccuB”, nociaennee umeet tam INT.

16.5. OnucaHue CTPyKTyp U 06 beaANHEeHNN

CrpyKTypa - 3T0 00BEKT, COCTOSAIINI U3 MOCIIEI0BATEILHOCTH HMEHOBAHHBIX
YJICHOB. KaXKABIH WIEH MOXXET OBITh MPOM3BONILHOTO THHA. OOBEIMHEHHE - 3TO
00BEKT, KOTOPBIH B JIaHHBIH MOMEHT MOXKET COJIEpPIKaTh JII000H M3 HECKOIBKUX
ywieHoB. CrnenupuKaTopsl U 00BEIMHEHUSI UMEIOT OJMHAKOBYIO (opmy.
CriennpukaTop-CcTpyKTYphI-HIH-00beJUHEHNS

CTPYKTypa-win-00beAnHeHne \( CIIMCOK-OMCAaHUNH-CTPYKTYPBI\)

nAEeHTU(HUKATOP CTPYKTYPBI-HIH-00bEeANHEHHS

\(CIIMCOK-ONNCaHUH-CTPYKTYPHI\)
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UACHTU(HUKATOP CTPYKTYPBI-HIH-00bEIMHEHUS
CrpyKTypa-mim-o0beIMHEeHNE:

STRUCT
UNION

CHucoK-0NMCaHUR-CTPYKTYPBI SIBISIETCS MOCIEA0BATENbHOCTBIO OMUCAHUN
YJICHOB CTPYKTYPBI WJIM OObEANHEHUS:

CIMCOK-ONMCaHNN-CTPYKTYPE: ONMCAHNE-CTPYKTYPE ONMCaHMEe—
CTPYKTYPEl CHIMCOK-ONMCAHNV-CTPYKTYPE

ONMUCAaHME-CTPYKTYPHL:

crneuudruKaTop-TUIla CIMCOK-ONMCAaTeJeN-CTPYKTYPhL
CIMCOK-ONUCATENEeN~CTPYKTYPH :

ONMUCAaTEJNb—CTPYKTYPH

ONMCATENb-CTPYKTYPhl, CIMCOK-ONMCATEJEN~CTPYKTYPLL

B 06bruHOM CJIyvdac onucareiib CTPYKTYPBI ABJISICTCA IIPOCTO OIMUCATEIICM WICHA
CTPYKTYPbI HUJIN O6’LG,HI/IH€HI/IH. Unen CTPYKTYPbI MOXKET TAKKE€ COCTOATH U3
CHCIII/I(l)I/IHI/II)OBaHHOFO ypcaa outoB. Takol 4iIeH Ha3bIBAETCS TAKKE IIOJIEM; €TO
JUIMHA OTACIIACTCS OT UMCHHU I10JISI ABOCTOYHEM.

OnmcaTesb-CTPYKTYPH: OIMCaTEeNb
onmMcaTesb: KOHCTAHTHOE BEIPAXEHME ! KOHCTAHTHOE BHPAXEHMUE

BHyTpH CTPYKTYpHI ONHCAaHHBIC B HEll OOBEKTHI UMEIOT aJipeca, KOTOPhIC
YBEIMYUBAIOTCS B COOTBETCTBUHU C YTEHUEM UX OITMCAHUH clieBa HarpaBo. Kaxxaprit
YJIEH CTPYKTYPbl, KOTOPBIi HE SIBJISIETCS IIOJIEM, HAUMHAETCS C aAPECHOM rPaHULbL,
COOTBETCTBYIOLEH €ro THILY; CJIEIOBAaTEIbHO B CTPYKTYpE MOTYT OKa3aThCs
HEUMEHOBAHHBIE JbIpbl. UEHBD, SIBISIOMINECS NOISIMU, TOMEILAIOTCS B MALIHHBIE
LieJible; OHU He MEepPEKPhIBAIOT TpaHullbl cioBa. [lone, KoTopoe He yMmelaeTcs B
OCTaBLIEMCS B IaHHOM CJIOBE IIPOCTPAHCTBE, MOMEIIAETCS B CIEAYIOLIEE CIOBO.
ITona BeLaensitoTcs crnpaBa HaneBo Ha PDP-11 u cieBa HampaBo Ha Ipyrux
MallliHaX.

Onucarelnb CTPYKTYpbl, KOTOPBIA HE COJIEPKUT OMKCATENS, & TOIBKO IBOETOUNE
U UIMpUHY, YKa3blBa€T HEMMEHOBAHHOE I0Jie, MMOJIE3HOE AJISl 3al0JHEHUS
CBOOOTHOTO MPOCTPAHCTBA C IIEThI0 COOTBETCTBUS 33J]aBaEMbIX M3BHE CXEMaM.
CrenuanbHbli cllydaili HSUMEHOBAHHOTO MOJIA ¢ IHUpUHOU O Mcronb3yercs AJis
YKa3aHusl 0 BHIpaBHUBAaHUM CIIEIYIOIIETO MOl Ha rpaHully cioBa. [Ipu aToM mpen-
rnojaraeTcsi, 4YTo “cieayrouiee mnosue” AEHCTBUETIBHO SIBISIETCA IOJIEM, a HE
OOBIYHBIM WICHOM CTPYKTYPHI, HIOCKOJBKY B ITOCIICIHEM CITy4ac BIPABHHBAHUC
OCYILIECTBIISIETCS] aBTOMATUYECKHU.

CaMm s13BIK He HAaKJIaJbIBACT OrPAaHWYCHUI HA TUTBI 0OBEKTOB, OMMCAHHBIX KaK
TIOJISL, HO OT pealii3aluii He TpeOyeTcst 00eCenBaTh YTO-JTHO0 OTIIMYHOE OT LIEITBIX
nosneit. bonee Toro, naxke nons Tuna INT MoryT paccMarpuBarhCsi Kak HEUMEIOLIHE
3Haka. Ha PDP-11 nons He nMeroT 3HaKa M MOTYT IPUHUMATh TOIBKO LIETIbIEe 3HAUECHMSI.
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Bo Bcex peanm3zanusx OTCYTCTBYIOT MACCHBEI IMOJIEH M K IMOJSIM HE NPHMCHUMA
orrepanys B3sTUs anpeca &, Tak 9TO He CYIIECTBYET U yKa3areseH Ha Mo
OO0BenMHEHHE MOXKHO TIPE/ICTABUTH ce0e KaK CTPYKTYPY, BCE WICHBI KOTOPOH
HAYUHAKOTCSA co cMemieHus 0 U pa3Mep KOTOPOH TOCTaTOueH, YTOOBI COIePIKATh
JM000H U3 ee WICHOB. B KaXIblii MOMEHT OOBCTUHEHHUE MOXKET CONEPIKATh HE
0oJiee OJJHOTO U3 CBOMX YIECHOB.
CrienudukaTop CTpyKTyphI WU 00beIUHEHHUS BO BTOPOH opme, T.e. OnuH U3

STRUCT wmmeHTMOuUKATOP \ (COMCOK-OMUCAHUA-CTPYKTYPH\ )
UNION wupmeHTudmxaTop \ (COMCOK-ONUCAHUM-CTPYKTYPH\)

OIIMCHIBACT MJCHTU(HUKATOP B KAUECTBE SIPJIBIKA CTPYKTYpPbI (WM SpIIbIKa
00BbeIMHEeHNs) CTPYKTYPBIL, CIIEHU(PHUIIMPOBAHHON 3TUM crinckoM. [Tocnenyroniee
OIMCaHuE MOXKET 3aTE€M HCIIONIb30BaTh TPEThIO (hOpMY crienupHUKaTOpa, OAUH U3

STRUCT umpeHTUIUKATOP
UNION mmeHTUQUKATOP

Spaslku CTPYKTYp JAarOT BO3MOXHOCTH ONpPENEICHUs] CTPYKTYp, KOTOpBIE
CCBUIAIOTCS HA CaMUX ce0sl; OHM TaKXKe IT03BOJISIIOT HEOAHOKPATHO HCIIONb30BaTh
MPUBEIECHHYIO TOJIBKO OJUH pa3 JIUHHYI0 4acTh ONMCAHUS. 3alpeuiaercs
OIUCHIBATH CTPYKTYPY WIH O0BbEIUHEHHE, KOTOPBIE COJEpKaT oOpasel caMmoro
ce0s1, HO CTPYKTYpa MK 00beIMHEHHE MOTYT COIEPIKaTh yKa3aTelb Ha CTPYKTYpy
M 00bEeANHEHNE TAKOTO JKe BU/a, KAK OHHU CaMHu.

Vmena 4JIeHOB U SIPJIBIKOB MOT'YT COBIAIaTh C IMEHAMH OOBIYHBIX IIEPEMEHHBIX.
OnHaKo UMeHa SIPJIBIKOB U YWIEHOB JIOJDKHBI OBITh B3aMMHO Pa3INYHBIMU.

JIBe CTPYKTYpBl MOTYT UMETh OOLIYI0 Ha4aJbHYIO IOCIIEJI0BaTEIbHOCTD
YJIEHOB; 3TO O3HAYAET, UTO TOT K€ CaMBbIil WIEH MOXET MOABUTHCA B JBYX
Pa3IMYHBIX CTPYKTypax, €CIIM OH UMEET OJIMHAKOBBIH THII B 00€HX CTPYKTYpax U
€CIIM BCE NPEAbIAYNINe WICHB 00X CTPYKTYp OIMHAKOBHL. (PakTuuecku
KOMITWJIATOP TOJBKO POBEPSET, YTO UMS B IBYX Pa3IMUHBIX CTPYKTYpax UMeEeT
OJIMHAKOBBIN THII ¥ OMHAKOBOE CMEIIEHUE, HO €CNIU MPEIIECCTBYONINE YWIECHBI
OTIIMYAIOTCS, TO KOHCTPYKIIHSI OKA3bIBAETCsl HEIIEPEHOCUMOH).

Bot npocToiil mpuMep onucaHus CTPyKTypBI:

STRUCT TNODE \ (
CHAR TWORD[20];

INT COUNT;

STRUCT TNODE *LEFT;
STRUCT TNODE *RIGHT;
\);

Takas CTPYKTYpa COACPIKUT MaCCUB U3 20 CHUMBOIJIOB, IICJIOC U [IBa YKa3aTeJid
Ha HOZ[O6HI)IG CTPYKTYDPBHI. Kak Toiapko MOPUBEACHO TAKOC OIMMCAHUE, OITMCAHUC

STRUCT TNODE S, *SP;



206

TOBOPHT O TOM, UYTO S SIBISIETCA CTPYKTYpO yKa3aHHOIO Buaa, a SP sBnsercs
yKazaTelleM Ha CTPYKTypy YKa3aHHOTO BHJa. [Ipy Hamu4mm 3THX ONHCAHUH
BBIpayKCHUE

SP->COUNT

ceputaerca k noiao COUNT cTpykTypsl, Ha KOTOPYHO yka3bsiBaeT SP;
BBIpa)KEHUE

S.LEFT

CCbUIACTCA HAa YKa3aTeJib JIEBOTO MMOAACPEBA B CTPYKTYPEC S, a BbIPpA’KCHUC

S.RIGHT->TWORD[O0]

ccbutaeTcst Ha nepBbiit cumBoi wieHa TWORD npasoro noanepesa u3

S.

16.6. UHMUMann3aumn

OnucaTtenb MOXET yKa3blBaTh HauajlbHOE 3HAYEHHE ONMUCHIBAEMOTIO
uaeHTuuKaropa. MHUIMATN3aTOp COCTOUT U3 BEIPAKSHISI HITH 3aKTFOYCHHOTO B
(urypHbIe CKOOKH CIFICKA 3HAYCHH, ITepe]] KOTOPHIMU CTaBUTCS 3HAK =.

Nuaunnmanuzatop:

BHIpAXeHUE

= \ (cnMcoxk-mMHMLMAIM3aTopPa\)

= \ (CIUCOK-MHMUMAIU3ATOPA, \)
COMCOK-MHNIMATINZATOPA :

BHpaXeHMe
COUCOK-MHULMATNBATOPA , CIUCOK - MHULNATNZATOPA
\ (cnmcor-MHMLIMAIM3aTopPa \ )

Bce BbIpaxeHus, BXOJSALIME B MHULIMAIU3ATOP CTATUUYECKOW WJIM BHELIHEH
TIePEMEHHOMH, TOJDKHBI OBITh JTMOO KOHCTAHTHBIMH BBIPYKEHHUSIMH, ONHCHIBAEMBIMH B
11. 23, JIn00 BhIpayKSHMSIMH, KOTOPBIE CBOISITCS K aJPECy PaHee OIMCAHHOM IIEPEMEHHOMH,
BO3MOKHO CMEITIICHHOMY Ha KOHCTAHTHOE BBIPAXKEHIE. ABTOMATHYIECKUE U PETHICTPOBBIC
IepeMEHHbIE MOTYT OBITh MHUIMAIM3UPOBAHBI MIPOU3BOJIBHBIMU BBIPAKECHHISAMH,
BKJTFOYAIOIIMMI KOHCTAHTBI M PaHee OIMMCAHHBIE ITepEMEHHBIE 1 (DYHKIIIH.

lapanTHpyeTcs, YTO HEMHHUIINAIN3UPOBAHHBIE CTaTHUYECKHE M BHEUIHHE
IIepEeMEHHBIC MTOyYaloT B Ka4€CTBE HAYaJIbHBIX 3HaueHWH (; HEMHHIIHAIH3U-
pOBaHHBIE aBTOMATHYECKHE U PETUCTPOBBIC IEPEMEHHBIEC B KaU€CTBE HAYaIbHBIX
3HAYEHUN coziepKaT Mycop.

Korma mHHUIIMANMM3aTOp MpUMEHSIETCS K CKaspy (yKaszaTenato Ui OOBEKTY
apu(pMETHIECKOTO THIA), TO OH COCTOUT M3 OJHOTO BBIPAKEHHS, BO3MOXKHO
3aKJTF0YEHHOTO B (purypHbIie ckoOku. HauanmpHOe 3HaYeHNEe 00bEeKTa HAXOIUTCS U3
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BBIP@)KEHUS; BHIIIOJHSIOTCS T€ XK€ caMmble MpeoOpa3oBaHUs, YTO WU NpHU
IIPUCBAaNBaHUM.

Korna onuceiBaemasi mepeMeHHas SBISIETCST arperaroM (CTPyKTYpol win
MacCHBOM ), TO HHUIIAAJIN3ATOP COCTOUT U3 3aKJIIOYCHHOTO B (PUTYpHBIE CKOOKH
1 Pa3/IeIEHHOTO 3aIIITHIMU CIIMCKa MHUIMAIN3aTOPOB [UIsl YWIEHOB arperara. 1ot
CIHMCOK COCTaBJISIETCSI B TIOPSAKE BO3PACTAHUSI MH/EKCA MM B COOTBETCTBUU C
TIOPSIKOM WIEHOB. Eciti arperar conepskut noparperarsl, To 3TO IIPaBrIIo IpUMe-
HSIETCSl PEKYPCHBHO K WwieHaM arperara. Eciii KonmyecTBO MHUIMAIU3aTOPOB B
CIMCKE OKa3bIBACTCSl MEHbBILE YKCIIa WICHOB arperara, TO OCTABLIMECS UYJIECHBI
arperara 3aroJHsI0TCs HyJIsSIMH. 3alpeIiaeTcss MHUIHNAIU3UPOBaTh O0bEIMHEHNS
WJIN aBTOMaTH4ECKUE arperarsl.

OurypHbsle cKOOKM MOTYT OBITH OINYIIEHBI cieqyromuM obpazom. Ecin
WHUIMAJIN3AaTOp HAaYMHAETCS C JIEBOW (UIypHOH CKOOKH, TO MOCIENyIOINi
pa3zfesIeHHBINA 3alsTHIMU CIIMCOK MHHUIMAIN3aTOPOB MHULIHUAIN3UPYET UYJICHBI
arperara; OyzeT OIIMOKOW, EClIM B CIIMCKE OKa)KeTCsl OOJbIIe HHUIHAIN3aTOPOB,
YeM WICHOB arperara. Eciy oJHako MHUIMANM3aTOp HE HAYWHAETCS C JIEBOU
(urypHOii CKOOKH, TO U3 CIIMCKA OepeTcs TONBKO HY>KHOE JJIsL YWICHOB JaHHOTO arpe-
raTa yKclIo AIEMEHTOB; OCTaBLINECS SJIEMEHTHI HCTIONB3YIOTCS I MHULIHAIN3aLN
CJIEITYIOIIETO YWISHA arperara, 4acTbio KOTOPOTO SIBJISIETCS HACTOSIIIUI arperar.

[MTocnennee cokpaiieHue A0IMyCKaeT BO3MOXHOCTh MHUIIUAIN3AMI MacCHBa
tuna CHAR c nomorsto crpoku. B 3ToM cityuae uieHsl MaccrBa HOCIE0BaTEILHO
MHHULUATIM3UPYIOTCS CUMBOJIAMH CTPOKH.

Hanpuwmep,

INT X[] = \(1,3,5\);

OIMMCBHIBACT U UTHUIUATIU3UPYCT X kak OZlHOMCpHLIﬁ MAaCCHUB; IIOCKOJIBKY pa3Mep
MacCcuBa HE CHCIII/I(i)I/IHI/IPOBaH, a CIIMCOK MHUIHAIINU3UTOpPA COACPIKUT TpHU
3JIECMCHTA, CUUTACTCA, YTO MAaCCUB COCTOUT U3 TPCX HJICHOB.

Bot MNpUMEP MHUIIUATIN3AlUU C TOJTHBIM UCIIOJIb30BAHUEM (bI/IprHI)IX CKOOOK:

FLOAT *Y[4][3] = \(
(1, 3, 5),

( 2[ 4/ 6 )I
(3,5 7)),

\);

3neck 1, 3 ¥ 5 MHULMANU3UPYIOT NMEPBYIO CTPOKy MaccuBa Y[0], a ©UMEHHO
Y[0][0], Y[O][1] u Y[O][2]. AHanorugHbIM 0Opa30oM CIICAYIOIIAE JBE CTPOUKH
uHUIMam3upytoT Y[ 1] u Y[2]. Mauuuanu3zarop 3akaHuYMBaETCs IPEXKIEBPEMEHHO,
U, cle10BaTeNbHO MaccuB Y [3] MHUIMATU3UPYETCS HYISIMU. B TOUHOCTH Takoro
ke 3ddexra MOKHO OBIIIO OBI TOCTHYB, HAITNCAB

FLOAT Y[4][3] = \(
1, 3, 5, 2, 4, 6, 3, 5, 1
\);
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Wuannmanuzarop mns Y HauuMHaeTcs ¢ JeBoW GurypHoit ckobku, HO
nHunmanuzaropa uist Y[0] Het. [losTomy ucnonb3yercs 3 aeMeHTa U3 CIHCKA.
AHaNOrMYHO CIIENYIOIUE TPH NIEMEHTa UCIOIb3YHTCS MOCIE0BAaTENbHO AT
Y[1]u Y[2]. cnenyroiuee onucaHue

FLOAT Y[4][3] = \(
(L, (2), (3), (4)
\);

MHULHAAIIM3UPYET HepBbIi cTonber Y (eciu ero paccMaTpuBarh Kak JIByMEpPHbIN
MacCHUB), a OCTaJIbHbIE JIEMEHTHI 3aIIOJHAIOTCS HYJISIMU.
W naxoHen, onucaHue

CHAR MSG[] = “SYNTAX ERROR ON LINE %S\N”;

JACMOHCTPUPYCT MHUIHUAIU3ALUIO 3JIEMEHTOB CHUMBOJBHOI'O MacCUBa C
MIOMOIIbIO CTPOKH.

16.7. UmeHa TunoB

B nByx cimyyasix (ai1s IBHOTO YKa3aHUS THIIA TPeoOpa30BaHUs B KOHCTPYKIHA
niepeBoza 1 11t aprymenToB onepanun SIZEOF) sxenarensHo vMeTh BO3MOXKHOCTh
3a/1aBaTh UM THUIA JAHHBIX. DTO OCYIECTBISETCS C MOMOIIBIO “UMEHH THHA”,
KOTOPOE TI0 CYIIECTBY SIBIISICTCS ONMMCAHHEM OOBEKTa TAKOTO THIIA , B KOTOPOM
OIYIICHO UMS CAaMOTO O0OBEKTA.

Wms tuma:

creuudUKaTOP-TUNIA abCTPaKTHEM-ONMUCATENb
aBCTpaKTHE-ONMCaTeNb ¢

IIyCTO

(abCcTpakTHE-ONMCATENb)

* aBCTpPaKTHEM ONMCaTEeJb
abCTpaKTHEM-onucaTesnb ()
abCTpaKTHEM-ONMCaTeslb [KOHCTAHTHOE BHPaXeHMe
HeoO]

Bo n3bexanuu 1By CMBICIIEHHOCTH B KOHCTPYKIMH (a0CTPaKTHBIH ONucaTeb)
TpebyeTcs, 4ToObI abcTpaKkTHBII-oMcaTenb ObuT HerycT. [Ipu 3ToM orpannyeHnn
BO3MOYKHO OJJHO3HAYEHO OIPENEIIUTh TO MECTO B aOCTPaKTHOM-ONHKCATele, e
OBl NOSBHUJIICS MJICHTU(QHUKATOP, €CIIM OBl 3Ta KOHCTPYKLUS ObUIa orucareneM B
onucaHuyu. MIMeHOBaHHBIN TUI COBMNAJAeT TOrNa C THUIIOM FHIOTETUYECKOrO
nneHtu¢ukaropa. Hampumep, nmeHa Tumnos

INT

INT *

INT *[3]
INT (*)[3]
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INT *()
INT (%) ()

XN CEINNT3

HMEHYIOT COOTBETCTBEHHO THUIBI “LEINbIA”, “yKa3arenp Ha Lenoe”, “MaccuB
13 TpeX yKazarelsiel Ha 1esioe”, “‘ykaszaTellb HA MACCUB U3 TPEX LeNbIX, “ QyHKIHS,
BO3BpAILIAIONIAs yKa3aTelb Ha I1e10e” U “‘yKa3aTeNb Ha ()yHKIHIO, BO3BPALIAIOILYI0

menoe”.

16.8. TYPEDEF

Ornrcanusi, B KOTOPBIX “kiacc mamsatu’ crieruduiuposan kak TYPEDEF, e
BbI3BIBAIOT BbIJICIICHHS [TAMSTH. BMECTO 3TOTO OHU OTPECIISIIOT HACHTU(HHKATOPBI
,KOTOPBIE [T03JHEE MOXKHO UCIIOJIb30BATh TAK, CIIOBHO OHU SIBIISIIOTCS KITFOYEBBIMU
CJIOBaMU, UIMEIOIIIMMH OCHOBHbBIE WIIH [TPOM3BOIHBIE THIIBI.

Omnpenensitolee-TUI-UMs HASHTH(UKaTOP

B mpenenax obmactu merictBus omucanus co cnenudukatopom TYPEDEF
KaXIbIil UACHTU(DUKATOP, SBISIOUIMICS YacThiO JIFOOOTO OMUcaTelsi B 3TOM
ONHCaHUU, CTAHOBUTCSI CUHTAKCUYECKH DKBUBAJICHTHBIM KIIOUEBOMY CIIOBY,
MMEIOLIEMY TOT THII , KOTOPbIi ACCOLMUPYET C WACHTU(HHKATOPOM B OIIMCAHHOM B
. 16.4 Cmeiciie. Hanpumep, mocne onvcanuii

TYPEDEF INT MILES, >KLICKSP;
TYPEDEF STRUCT ( DOUBLE RE, IM; ) COMPLEX;

KOHCTPYKIIUH

MILES DISTANCE;
EXTERN KLICKSP METRICP;
COMPLEX Z, *ZP;

CTaHOBSITCS 3aKOHHBIMH ontucaHusMu; Tipu 3ToM TunioM DISTANCE siBistercst
INT, Tumom METRICP - “ykazarens Ha INT”, Tumiom Z - cienudunupoBaHHas
CTpPYKTypa ¥ TUIoM ZP - ykazareib Ha TaKy10 CTPYKTYypYy.

Crnenundukarop TYPEDEF He BBOIUT KaKUX-JIMOO COBEPIIIEHHO HOBBIX THIIOB,
a TOJIPKO OIpeneNsieT CHHOHUMBI JUISl THUIIOB, KOTOPBIE MOXXHO OBLIO OBI
cneuupuIMpoBaTh U APyruM crnocoboM. Tak B NPUBEICHHOM BbIILE IPHMEPE
nepemennas DISTANCE cuuraercst mMEIoIIeii TOYHO TaKOM JKe THII, YTO M JTF000H
JIpyroii 00beKT, onmrcanHbii B INT.

17. OnepaTopbl

3a HCKIIFOUeHHEM 0C000 OroBapUBACMBbIX CIIY1a€B, OICPATOPLI BBIMTOJIHAOTCS
II0CJIEA0BAaTCIBbHO.

17.1. OnepaTopHoOe BbipakeHue

BonpmmHCTBO OIICPATOPOB ABIAIOTCS ONIEPATOPHBIMHU BBIPAKKCHUAMU, KOTOPbIC
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nMeroT GopMy BbIpakeHHE; OOBIYHO OINEPATOPHBIC BBIPAXKEHHS SBISIOTCS
MIPUCBANBAHUSIMH MM OOpaLICHUSIMA K (GYHKIIHSM.

17.2. CocTtaBHOM onepaTop (nnv 6nok)

C TeM 4TOOBI JOMYCTHUTH BO3MOKHOCThH HCIOJIb30BaHUS HECKOJIBKHUX
OIIEPaTOPOB TaM, [Je 0KUIACTCS IPUCYTCTBUE TOIBKO OAHOTO, IPEelyCMaTpUBaeTCs
COCTaBHOM oreparop (KOTOPBIH TaKkKe ¥ HSKBUBAJICHTHO Ha3bIBAIOT “OJIOKOM”):

COCTaBHOM OIEPAaTOp:

\ (COMCcOK-ONMCaHMl CIIMCOK—0NEepPaToOpPOB
HeoB Heob\)

CHMCOK—ONUCAHUM :

onucaHue

ONMCaHMe CIMUCOK—ONVCAaHUN
CIMCOK-0INEPATOPOB :

onepaTop

OnepaTop CIMCOK-ONEPaTOPOB

Ecnu kakoit-nmn6o naeHTuduKaTop u3 CucKa-oniucaHuii ObUT ONKCaH paHee,
TO BO BpEeMs BBHINOJIHEHHS OJOKa BHEUIHEE ONMCAHME IMOJABISIETCS U CHOBA
BCTYIIaeT B CHITy IIOCIIE BBIXO/Ia U3 OJIOKa.

JIrobass MHUIMANM3aIMsl aBTOMaTHYECKUX M PETHCTPALMOHHBIX ITePEMEHHBIX
MIPOBOZIUITCS TIPY K)KIOM BXoZle B OJIOK uepe3 ero Hadaso. B HacTosiiee Bpemst
pasperuaeTcst (HO 3TO IUIOXast IPAKTHKA) [IepeiaBaTh yIpaBiieHUe BHYTPh OJIOKa; B TAKOM
ClTy4ae 3TH MHULUAIW3AlUN HE BBITONHAIOTCS. VIHUIMAI3ai CTaTHYEeCKUX Mepe-
MEHHBIX IPOBOASATCS TOJIBKO OJJUH pa3, KOIia HAUMHAETCsI BBITOIHEHHE IPOrPAMMBL

Haxonsuecs BHyTpH OJ10Ka BHELIHHE ONHMCAHUS HE PE3EPBUPYIOT HAMSTH,
TaK 4TO UX MHUIUAIN3alUs HE pa3penaercs.

17.3. YcnoBHble onepaTopbl
Nmerotcst aBe HhOPMBI YCIIOBHBIX OIIEPATOPOB:

IF (BHpaxeHUe) ONepaTop
IF (BupaxeHue) onepatop ELSE omnepaTop

B 000ux ciydasix BbIYACISIETCS] BBIPAKEHUE U, €CJIA OHO OTIIMYHO OT HYJIS, TO
BBINOJIHSIETCS IEPBBIH mooneparop. Bo BropoM cityuae, eciiu BhipakeHHE PABHO
HYJIIO, BBINAJIHSAETCSI BTOpOi monorneparop. Kak o0bIYHO, ABYCMBICIEHHOCTh
“ELSE” pazpemaetcs cBsa3biBacHueM ELSE ¢ mocnennnm Berpedaromumcst IF, y
xoroporo HeT ELSE.

17.4. Onepatop WHILE

Omneparop WHILE nmeer popmy
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WHILE (BHpaxeHUe) OIepaTop

HozxonepaTop BBIMOJIHACTCS ITOBTOPHO 40 TEX MOP, TOKA 3HAYCHNEC BbIPAKCHUA
OCTACTCA OTJUYHBIM OT HYJIA. IPOBEPKAa MPOU3BOAUTCA NEPCA KaKIbIM
BBITNIOJIHEHHUEM OllepaTropa.

17.5. OnepaTtop DO
Oneparop DO umeet hopmy

DO omneparop WHILE (BHpaxeHUS)

OmnepaTop BBIIOIHIETCS MMOBTOPHO JI0 TEX IIOP, MTOKA 3HAYCHUE BBIPAKCHUS
HE CTaHEeT PaBHBIM HyII0. [[poBepka mpou3BOAUTCS MOCIIE KAKI0TO BEITOTHEHHS
omeparopa.

17.6. OnepaTtop FOR
Omneparop FOR umeer popmy

FOR (BeIpaxenme-1 ; BEpPaxeHue-2 ; BHPaxeHue-3 )ornepaTop
HeoO HeoO Heob

Oneparop FOR skBuBajieHTeH clieayomemMy

BhIpaXeHue-1;
WHILE (Bepaxenve-2) \( omepaTop
BEIpaXeHme -3

\)

Takum 00pa3oM, epBOE BBHIPAXKCHUE OINPEICIACT MHHUINAIN3AIUI0 IIHKIIA;
BTOPOE CIICIU(PHUYHPYET MIPOBEPKY, BHIMOIHICMYFO ITepe]] KaKA0i HTeparuei, Tak
YTO BBIXOJ] U3 LIUKJIA IPOUCXOIUT TOTa, KOTa 3HaUE€HUE BBIPAXKEHHSI CTAHOBUTCS
HYyJIEM; TPETbE BBIpaKEHHE YacTO 3aJaeT IMpHUpallleHHe MapaMeTpa, KOTopoe
MIPOBOAUTCS MOCIIE KAXI0H UTEepaLty.

JIro60e BEIpaskeHHE WITH JaXKe BCE OHU MOTYT OBITh OIyIeHbI. Ecitu oTcyTCT-
BYET BTOpOE BbIpaxkeHue, To npeaoxkenue ¢ WHILE cuuTtaeTcst 5kBUBaIEHTHBIM
WHILE(1); napyrue oTcyTcTBYIOIIME BBIPAXKEHHS TPOCTO OIYCKAIOTCS U3 IPUBE-
JIGHHOTO BBIIIE PACILIUPEHHUS.

17.7. Onepartop SWITCH

Omneparop SWITCH (nepekitodarens), BHI3bIBACT Mepeaady YIpaBiIeHUs K
OJTHOMY M3 HECKOJIbKHX OIEPaTopoB, B 3aBUCHMOCTH OT 3HAYCHUS BBIPAIKCHUSL.
Omneparop umeet Gopmy

SWITCH (BeIpaxeHMue) onepaTop
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B BBIpa)keHHH TPOBOAATCS OOBIYHBIC apu(pMETHUECKUE IPE0Opa3oBaHus, HO
pesynbrar nomkeH umets Tail INT. Onepatop oOBIMHO SIBIISIETCS COCTABHBIM.
JIro0oii oneparop BHYTpH 3TOTO ONEPATOpa MOXKET OBITH IIOMEUEH OJHHUM HIIH
6onee BapuaHTHBIM npeukcom CASE, nmeromum dopmy:

CASE KOHCTAHCTHOE BHPAaXEeHUE :

rje KOHCTaHTHOE BbIpaxkeHue JojkHO umerh Tun INT. Hukakue ase
BapUaHTHBIE KOHCTAHTBI B OJJHOM U TOM K€ MepeKiitoyaresie He MOT'YT UMETb
OJMHAKOBOE€ 3HAUYE€HHE. TOYHOE OIpeleeHue KOHCTAHTHOrO BbIpa)KE€HUS
MPUBOAUTCS B II. 23.

Kpome Toro, MOXeT MpHCyTCTBOBaTh caMoe OOJbIIEE ONWH OIEepPaTOPHBIN
npedukc Buma

DEFAULT:

Ipu BemonHenuu oneparopa SWITCH BbuncisieTcst BXOAALIEE B HETO BEIPAKEHHE
1 CPaBHUBAETCS C KaXKION BAPUAHTHOM KOHCTAaHTOW. Ecin 01Ha 13 BApHAHTHBIX KOHCTAHT
OKa3bIBAETCS PABHOM 3HAYEHHIO 3TOT0 BBIPAXKEHHS, TO YIIPABIIEHHE IEPEAAETCS OIepaTo-
PY, KOTOpBII CIIEyeT 3a COBIA/IAIOIINM BapHaHTHBIM IpedukcoM. Ecii vy onHa 13
BapHAHTHBIX KOHCTAHT HE COBMAJAET CO 3HAYEHHEM BBIPAKEHHSA M €CIH IIPU 3TOM
npucyrcrByet npepukc DEFAULT, To ynpaBieHue nepegaercst oneparopy,
TIOMEYEHHOMY 3THM IPe(UKCOM. €CIIM HH OJIVH U3 BAPUAHTOB HE IOIXOAUT U IIPEUKC
DEFAULT oTcyTCTBYET, TO HM OIMH U3 OLIEPaTOpPOB B IEPEKITFOYATENE HE BBIITOTHSETCS.

Camu 1o ce6e npedukcbl CASE u DEFAULT He H3MEeHSIIOT TOTOK yIIpaBlIeHUs,
KOTOpO€ OecHpersTCBeHHO NPOXOAUT depe3 Takue npedukchl. st BeIxoga u3
nepekirouarens cmorpure oneparop BREAK, n. 17.8.

OOBIYHO OTIEPATOP, KOTOPBIN BXOIUT B IEPEKIIIOYATEINb, SIBJISIETCSI COCTABHBIM.
OnucaHuss MOTYT HOSBISTHCS B Hadalle 3TOrO OIeparopa, HO MHUIMAIU3AINH
ABTOMAaTHYECKUX U PETHCTPOBBIX MIEPEMEHHBIX OyayT HeI(PEKTUBHBIMU.

17.8. OnepaTtop BREAK
Omnepatop

BREAK;

BbI3bIBAET 3aBEPIICHUE BHINOJHEHUS HAMMEHBIIETO OXBATHIBAIOILETO 3TOT
oneparop oneparopa WHILE, DO, FOR unu SWITCH; ynpaBnenue nepenaercs
OIepaTopy, CAEAYIOLEMY 33 3aBEPIICHHBIM ONIEPATOPOM.

17.9. Onepatop CONTINUE
Orneparop

CONTINUE;

MPUBOAUT K Iepeaade ynpaBiICHUS Ha MPOAOKAOMIYI0 HHUKJI YacTh
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HaMMEHBILIETO OXBAThIBaIOILEro 3ToT oneparop oneparopa WHILE, DO umu FOR;
TO €CTh Ha KOHell [UKIa. boiee TouHO, B KayKIOM U3 ONEPaTOPOB

WHILE (...) \( DO \( FOR(...) \(
CONTIN: ; CONTIN: ; CONTIN: ;
\) \) WHILE(...); \)

Omneparop CONTINUE »sksuBanenten oneparopy GOTO CONTIN. (3a
CONTIN: cnenyer myctoii oreparop; cm. I1. 17.13.).

17.10. OnepaTop Bo3BpaTa

BosBpaienne 3 GyHKINHU B BHI3BIBAIOILYIO IIPOTPaMMy OCYIIECTBIISIETCS C
nomornusto oneparopa RETURN, koTopslii uMeeT oiHy U3 cieayronmx Gopm

RETURN;
RETURN BrpaxeHue;

B nepBoMm cityuae Bo3BpaliiaeMoe 3HaueHUe HeorpesieieHo. Bo Bropom ciiyyae
B BBI3BIBAOLIYO (DYHKIIMIO BO3BpAIlaeTCs 3HaUeHUe BhipaxkeHust. Eciu Tpebyercs,
BhIpaXKEHHUE peodpasyercs K TUIY QYHKIIUH, B KOTOPOI OHO MOSBIIAETCS, KaK B
ciyuae npucBanBanus. [lonaganue Ha KOHEI (YHKIMU SKBUBAJIECHTHO BO3BPATY
0e3 BO3BpaIacMOro 3HAYCHUS.

17.11. Onepatop GOTO

VYrnpasieHne MOXKHO TiepeiaBaTh 6€3yCIOBHO ¢ TIOMOIIBIO OTIepaTropa

GOTO wmmeHTUOMKATOP1

UICHTH(DUKATOP JIOJDKCH OBITh MeTKOH (11. 9.12), JIoKamM30BaHHOM B JAHHOM (yHKIIHH.
17.12. [NlomeyeHHbIN onepaTtop

[epexn ar00BIM OITEPATOPOM MOXKET CTOSTH IOMEUCHHBIH Ipe(UKC BHIA

UOEeHTUQUKATOP :

KOTOPBIN CITY>KUT JJIs OITUCAHMS MIICHTU(PHUKATOPA B KAYECTBE METKH.

MeTku HCHONB3YIOTCS TOJIBKO JJISI yKa3aHUs MecTa, Kyla nepegaercs
ynpasnenue oneparopoM GOTO. O6nacTblo JEHCTBUS METKHU SIBISICTCS JaHHAs
(yHKIUSL, 32 HCKIIIOYEHHEM JIFOOBIX O/I0JIOKOB, B KOTOPBIX TOT XK€ UACHTH(UKATOp
onucal cHoBa. Cmotpu 1. 19.

17.13. NMycTon onepaTtop

[Tycroii onepaTtop umeet Gopmy:
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2

ITycroii onepaTop 0Ka3bIBaeTCs MONE3HBIM, TAK KAK OH [O3BOJISIET IOCTABUTh
METKY TepeJl 3aKphIBaIOILel CKOOKOH \) COCTABHOTO ONIEpaTopa I yKa3arh ITyCToe
TeNO B oreparopax nukia, Takux kak WHILE.

18. BHewHue onpeneneHus

C-mporpaMma IpeacTaBisieT co00M MOCIe0BaTeIbHOCTh BHEIIHUX
onpenereHnid. BHenHee onpeeneHre ONrChIBaeT UACHTU(DUKATOP KaK UMEIOTITHIA
knacc namsitu EXTERN (mo ymonuanuoo), unu Bo3moxuno STATIC, u
cnenuduimpoBanssiii T, Crenudukarop tuma (. 16.2) Takke MOXET OBITh
MyCTBIM; B 3TOM ClIydae CUMTaeTcs, 4To TUM sBisercs tunoMm INT. O6mactb
JIEHCTBHS BHEIIIHUX OTMIPEEIICHUI paclipoCTpaHsIeTcs 0 KoHIa (hakiia, B KOTOpOM
OHH NIPUBEICHBI, TOYHO TaK JK€ , KaK BIUSHIE ONICAHNHN IPOCTHPAETCA 10 KOHIIa
6noka. CUHTaKCHC BHEUIHMX OMNpEleJeHH He OTIMYaeTcsi OT CHHTaKCcHca
OTIHMCAHWH, 32 UCKIIIOYEHUEM TOTO, YTO TOJIEKO Ha 3TOM YPOBHE MO)KHO IPHBOIUTH
TeKCT pyHKITUH.

18.1. BHeluHee onpeneneHune pyHKLUMN
Onpenenenne GyHKIMH HMeeT GopMy

onpeneyieHe-—QyHKLUNNA :
crneundrKaTOPE-ONMUCaHusa onmMcaTesb-QyHKLUN
Tes0-QyHKUINU

Heob

EnuHcTBEeHHBIME cnenuKaTOpaMH Kiacca MaMsTH, JOIyCKaeMbIMH B
kKauecTBe crienudukaropos-onucanus, ssiugorcs EXTERN unu STATIC; o
Pa3IMYMU MEX Ty HUMU cMOTpH 1. 19.2. Oncarens GpyHKIMH 110100€H ONHCaTEeNto
Juts “QyHKIMH, BO3BPAILAIOIIEH. .., 32 HCKIIFOYEHHEM TOT0, YTO OH IEPEUHCIIIET
(opManbHbIe TapaMeTphl OIpeeNsieMO (PyHKINH.

Oucaresnb-QyHKUWN

ommMcaTeyb (CNUCOK-TapaMeTpOB

Heo0)

CIMCOK IMapaMeTpPOB:

UOeHTUOMKATOP

UOeHTUOMKATOP, CHOMCOK-IIapaMeTpPOB
TeJIo-QyHKUMM MMeeT bopmy
TeJ0-QyHKLNNA :

CIMCOK-ONMCAaHNM COCTaBHOM-ONEepaTop

W nentudukaTopsl U3 CIIECKa IapaMeTPOB U TOJILKO OHH MOTYT OBITH OITUCAHBI
B CTIHCKe orrcaHui. JIro0o# naeHTr(UKaTop, TUII KOTOPOTO HE YKa3aH, CAUTaeTCs
nmeroyM i INT. EXMHCTBEHHBIM IOy CTUMBIM 37I€Ch ClieU(HKaTopoM Kiacca
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namstu seisiercs REGISTER; eciu Takoit kitace mamsitu crieliuuIupoBaH, TO B
HavaJie BBIIOJHEHUS (PYHKIMU COOTBETCTBYIOMIMI (DaKTUYECKHUI mapameTp
KONHUPYETCS, €CIU 3TO BO3BMOXKHO, B PETUCTP.

Bot npocToit mpuMep moiIHOTO onpeaeneHus QyHKIHU:

INT MAX (A, B, C)
INT 2, B, C;

\ (

INT M;

M = (A>B) ? A:B;
RETURN ( (M>C) ? M:C);
\)

3nech INT - cienudukarop-tuna, MAX(A,B,C) - onucarens-ynkium, INT
A,B,C; - ciucok-omnucanuii opMalibHBIX TapaMeTpos, \( ... \) - biok, conpepxaruii
TEKCT OIeparopa.

B s3pike “C” Bce dakruueckue napamerpsl Tunia FLOAT npeobpasytores k
tuiry DOUBLE, Tak uto onucanus popMasbHBIX TapaMeTpOB, OOBSBICHHBIX KaK
FLOAT, npucnoco6nens! npouects napamerps! Tunia DOUBLE. Ananornuso,
MIOCKOJIBKY CChIIKa Ha MAacCHB B JIFOOOM KOHTEKCTE (B YaCTHOCTH B (DaKTHUECKOM
napaMeTpe) paccMaTpUBaeTCs KakK yKa3aTellb Ha IEepBBI 3JIEMEHT MaccHBa,
ornucaHus (OpMaJIbHBIX TAPaMETPOB BIJIA “MaCCHB ...” IPUCIIOCOOJIEHBI IPOYECTh
: “ykasatenp Ha ...”. 11 HaKkOHell, OCKOJIbKY CTPYKTYpPBbl, 00beIMHEHUSI X DYHKINU
HEe MOTYT OBITh IepenaHbl QYHKIMH, OECCMBICIIEHHO ONUCHIBATH (hopMaIbHBIN
napameTp Kak CTPYKTypy, oObennHEeHne WM (YHKIHIO (yKa3aTeln Ha Takue
00BEKTBHI, KOHEYHO, JIOITYCKaIOTCSl).

18.2. BHewwHuMe onpeaeneHnsa AaHHbIX
Buemnuee OIIPCACIICHNUEC JaHHBIX UMECT (1)OpMy

onpeneJyieHne - OaHHBIX :
OonmcaHume

Knaccom mamstu takux gaHHbBIX MoxeT ObiThb EXTERN (B yacTHOCTH, 1O
ymomnuanuio) uu STATIC, no e AUTO unu REGISTER.

19. NMpaBuna, onpegensiowue oénacTb AencTBUA

Bces C-mporpamma HeoOs13aTeIbHO KOMITWIIAPYETCS OMHOBPEMEHHO; HCXOIHBIN
TEKCT MPOrpaMMbl MOXKET XPaHHUThCS B HECKOJNbKHX (aiiiax m paHee
CKOMITWJIMPOBAHHBIE TPOIICYPBI MOTYT 3arpyKarbcs U3 OMOIMoTek. CBSI3b MEXTY
(GYHKUIUSIMH MOXKET OCYILECTBIATHCS Kak 4yepe3 sIBHble OOpalleHus, TaKk U B
pe3yibTaTe MaHUITYIHPOBAHUS C BHEITHUMU JaHHBIMH.

[ToaTomy cnemyeT paccMOTpeTh J1Ba BuJia 00nacTell NeHCTBYSI: BO-TIEPBBIX, TY,
KOTOpast MOXKET ObITh HA3BaHA JIEKCHUECKOM 00JIaCThIO ISUCTBUSI HACHTU(HUKATOPA
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U KOTOpas 10 CYHIECTBY SIBISIETCS TOW 00JIACTBHIO B MpPOTrpaMMe, e 3TOT
NICHTU(HUKATOP MOXKHO HCIIOJB30BaTh, HE BBI3bIBAS JHATHOCTHYECKOTO
coo0u1eHHs “HeorpeieNIeHHbIH HIEHTU(HKATOP ’; U BO-BTOPBIX, 00JIaCTb ACHCTBUS,
KOTOpasi CBsi3aHa C BHEIIHUMH WACHTH(HUKATOPAMH U KOTOpast XapaKTepu3yeTcst
IIPAaBUJIOM, YTO CCHUIKM Ha OIMH M TOT K€ BHEUIHUH MJICHTU(QHUKATOP SBISIOTCS
CCBUIKaMH Ha OJIMH U TOT e OOBEKT.

19.1. llekcnyeckasi o6bnacTtb AencTBus

Jlekcuueckas o0nacTh 1eicTBHS HAEHTH(UKATOPOB, OITMCAHHBIX BO BHEIITHUAX
OTIpEJIeTICHUSIX, IPOCTUPACTCS OT ONpPEAETIeHHUs 0 KOHLA UCXOnHOro (aiina, B
KOTOpPOM OH HaxoxuTcs. Jlekcndeckass oOnacTh AeHCTBHS HICHTU(DHKATOPOB,
SIBJISTIOLIMXCS (POPMANIEHBIMU ITApaMETPaMu, PacpoCTpaHseTcst Ha Ty (QyHKIUIO,
K KOTOpO# OHHM OTHOCSTCS. JIekcuueckast 00macTb JeHCTBHS UICHTU(PHUKATOPOB,
OIMCaHHBIX B HaUaJIe 0JI0Ka, IPOCTHPAETCS JI0 KOHIIa 3Toro Osoka. Jlekcuaeckoi
00J1aCTBIO IEHCTBHS METOK SIBISIETCS Ta (DYHKIHS, B KOTOPOH OHU HAXOMSTCSL.

[MockonbKy Bce oOpallleHus HAa OAWH M TOT XK€ BHEIIHWH HACHTH(HUKATOP
oOpalnarorcst K ofHOMY 1 ToMy ke 00bekTy (cM. I1. 19.2), Kommumstop nposepsier
BCE OIHMCaHMS OJJHOTO ¥ TOTO )K€ BHEIIHETO UICHTU(HUKATOpa Ha COBMECTUMOCTD;
B JICHCTBUTENILHOCTH UX 00JIacTh JICHCTBUSI paclpocTpaHsIeTcsl Ha Bech (aili, B
KOTOPOM OHH HaXOASTCS.

Bo Bcex cirydasix, 0HaKo, €CTh HEKOTOPBIN UIEHTU(HKATOP, SIBHEIM 00pa3oM
OmKCaH B Hadajie OJOKa, BKIFOYAs U OJIOK, KOTOPBIA 00pa3zyeT (QyHKIHUIO, TO
neiictBue 000T0 OMMCAaHWs O3TOT0 HAEHTU(UKATOpa BHe Oyoka
MIPUOCTaHABIIMBAETCS 0 KOHIIa 3TOT0 OJI0Ka.

Hanomuum rtaxke (m. 16.5), Uto uaeHTU(HHUKATOPH], COOTBETCTBYIOIINE
OOBIYHBIM NEpPEMEHHBIM, C OJHOH CTOPOHBI, W HIECHTHUPUKATOPHI,
COOTBETCTBYIOLIME WIEHAM M SIPJIbIKAM CTPYKTYp M OObEAMHEHHH, ¢ Ipyrou
CTOpPOHBI, (POPMHUPYIOT JBa HENEPECEKAIOIINXCS Kilacca, KOTOPhIe HE BCTYIAIOT B
npotuBopeure. YnaeHsl U SPIbIKM NOJUUHSIOTCA TEM XKE CaMbIM MpaBHIIaM
ompenerneHus: obnacreil neHCTBUs, Kak W Apyrue uaeHTudukaropsl. Mmena,
crenupunupyemeie ¢ nmomomsio TYPEDEF, BXxomsar B TOT ke KIacc, 4TO H
oObryHBIe nAeHTH(UKATOPbl. OHU MOTYT OBITH IIEPEOTIPEAEIICHBI BO BHYTPEHHUX
0110Kax, HO BO BHYTPEHHEM OIMCAHUH THII JIOJDKEH OBITh YKa3aH SBHO:

TYPEDEF FLOAT DISTANCE;
A\ (
AUTO INT DISTANCE;

Bo Bropom onmcannu cnenuukarop tuna INT nomkeH npucyTcTBoBarh, Tak
Kak B IPOTHBHOM CJIy4ae 3TO OITiCaHue OyAeT IPHHATO 3a OIMCcaHue Oe3 onucarenei
¢ turiom DISTANCE (npum. ABTOpa: COmIacUTECh, YTO JIE]] 31€Ch TOHOK. ).
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19.2. O6nacTb AeNCTBMA BHELWWHNX naeHTU(uKaTopos

Ecnu ¢hyHKuus cepiaercs Ha uaeHTudukarop, onucanusii kak EXTERN, To
re-To cpeau (haiiitoB uir OHOIHOTEK, 00PA3YFOIIHX HOIHYIO TPOrPAMMY, TOJHKHO
COZIEpKaThCSl BHEITHEE OINpenesieHne 3Toro uaeHtudukaropa. Bee ¢pyHkumm
IaHHOW MpOrpaMMBbI, KOTOPBIE CCBUIAIOTCSA HAa OAWH M TOT K€ BHEIIHHI
UIEHTU(PUKATOP, CCHUIAIOTCS HA OIMH U TOT )K€ OOBEKT, TaK 4TO ClieJyeT
1103a00TUThCS, YTOOBI CrielU(UIMPOBAHHBIE B 3TOM OIPEIEIICHUN TUIT H Pa3Mep
ObUTM COBMECTUMBI C THIIOM U Pa3MEpOM, YKa3bIBAEMbIMU B KaXI0W (DYHKIHH,
KOTOpast CCBUTAETCS Ha 3TU JaHHEIE.

[Tosinenue kmoueBoro ciosa EBTERN Bo BHelIHEM OIpe/eieHUH YKa3bIBaeT
Ha TO, YTO MTAMSATB JUTS OITMCAHHBIX B HEM HIICHTU(HUKATOPOB OyIET BBIIENICHA B IPYTOM
¢aiine. CiiemoBaresbHO, B COCTOSIICH M3 MHOTHX (aiJIOB MPOrpaMMe BHEIITHEE
orpeneseHue uaeHTu(puKaropa, He cofepxariee crermdpukaropa EXTERN, nommkHO
TOSIBIISITHCSI POBHO B OZIHOM M3 3THX (DaidJIoB. JIF0ObIe IpyrHe (haillibl, KOTOPBIE KETAI0T
JlaTh BHEIIIHEE ONpe/eieHHe 3TOro MACHTU(HKATOPA, AODKHBI BKIHOYATh B ATO
onpenenerue ciioBo EXTERN. Maentndukarop MOXKeT ObITh MHUIMATA3APOBAH
TOJIBKO B TOM OIMCaHUH, KOTOPOE IPHBOAUT K BBIIEICHHIO TAMSTH.

Wnentudukaropsl, BHEIIHEE ONpe/eieHe KOTOPhIX HAaYWHAETCS CO CJIOBa
STATIC, HemocTymHbI U3 apyrux (ainoB. @yHKIUKA MOTYT OBITH ONTHUCAHBI KaK
STATIC.

20. CTpoKu ynpaBrneH1s KOMNUASITOPOM

Kommnunsarop s3pika “C” cofepXUT MPemnporeccop, KOTOPhI MO3BOJSET
OCYIIECTBIATh MaKPOIOJCTAHOBKH, YCIOBHYIO KOMIWISLIMIO M BKIIOUEHHUE
MMeHOBaHHBIX (aitnoB. CTpokH, HAUMHAIOMIMECS C #, OOINAIOTCS C ITUM
npenporieccopoM. CHHTAKCHC 3TUX CTPOK HE CBSI3aH C OCTANIbHBIM SI3bIKOM; OHU
MOT'YT MOSIBIISITHCS B JTFOOOM MECTE M UX BIIUSIHUE PACTIPOCTPAHSETCs (HE3aBUCHMO
0T 00acTH ASHCTBYS) O KOHIIA UCXOQHOTO MPOTpaMMHOTO ¢aiina.

20.1. 3ameHa nekcem
anaBnmomaﬂ KOMHI/IJ‘ISITOPOM CTpOKa BHUa

#DEFINE uOeHTMOMKATOP CTPOKa-JIEKCEM

(Ob6parute BHIMaHKE HAa OTCYTCTBHE B KOHIIE TOUKH C 3aISITON) TPUBOAUT K
TOMY, UTO HNpPENpoLeccop 3aMeHAEeT MOCIEAYIOIUE BXOXKAECHHUS 3TOrO
nAeHTH(HUKATOPa HA yKa3aHHYIO CTPOKY jJekceM. CTpoka Buia

#DEFINE UOEHTUQUKATOP
(nopeHTHdMKATOP, . . . , UIEHTUOMUKATOP) CTPOKA JIEKCEM

Iie MEXIY HEPBBIM HJICHTU(PHUKATOPOM M OTKpPBIBAIOIIEHCS CKOOKOM ( HET
npo0erna, pecTaBsieT coO0H MakpoolpeaeieHue ¢ aprymenramu. [locnenyro-
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iee BXOXKJICHUE IEPBOTo UICHTH(HUKATOPA, 32 KOTOPBIM CJIEIyeT OTKPBIBAIOIIAs
CKOOKa ‘(“, OCIIEeNOBATEILHOCTD Pa3ACICHHBIX 3aIIATHIMU JICKCEM H 3aKPBIBAIOIIAS
ckoOKa ‘)’, 3aMEHSIOTCS CTPOKOW JIEKCEM U3 ONPEACICHUS. KaXI0¢ BXOXKICHUC
UACHTU(UKATOPA, YIIOMSHYTOTO B CITUCKE (POPMAIBHEIX MMApaMETPOB B OIpelie-
JICHHUH , 3aMEHSIETCSI COOTBETCTBYIOIICH CTPOKOM JIekceM u3 obparienus. Gakru-
YECKUMH apryMEHTaMH B OOPAICHUU SIBISIFOTCS CTPOKH JIEKCEM, Pa3clICHHEIC
3aIIATBIMU; OJTHAKO 3aIlsITHIC, BXOASAIINE B 3aKaBBIYCHHBIC CTPOKH HIIH 3aKIIIO-
YECHHBIC B KPyTIIbIe CKOOKH, HE Pa3essioT apryMeHToB. KommaecTBo popMaibHBIX
1 (paKTHYECKHUX MapaMeTPOB JOIKHO COBMAAATh. T€KCT BHYTPH CTPOKHU WIIH
CHUMBOJIBHOI KOHCTAHTHI HE MTOJJICKUT 3aMCHE.

B o0omux ciyyasx 3aMeHEHHasl CTPOKa MPOCMATPHUBAETCS CHOBA C LEJBIO
OOHAPYKEHIIS IPYTUX OMPEIeTICHHBIX HICHTU(PUKATOPOB. B 000HX CITydastx CIHIIIKOM
JUTMHHAS CTPOKA OIIPENICIICHUs] MOXKET OBITh MPOIODKEHA Ha IPYTOM CTPOKE, SCITU
MIOMECTHThH B KOHIIE TIPOJIOIDKACMOM CTPOKH 0OPaTHYO KOCYFO 4epTy \ .

OnuceiBacMass BO3MOXHOCTh OCOOCHHO TOJE3Ha IS ONpeaclCHUS
“00BSBIIEMBIX KOHCTAHT ’, KaK, HAI[PHIMeED,

#DEFINE TABSIZE 100
INT TABLE [TABSIZE];

praBJ'ISHOHIaSI CTpOKa BUAa

#UNDEF wmpmeHTMdMKATOP
MPUBOJUT K OTMEHE MPENPOIECCOPHOrO ONMPESTICHHUS JaHHOTO HJIEH-

TU(HKaTOpa.

20.2. BknroyeHue channoB
CTpOKa yYHpaBJICHUSA KOMIIWISATOPOM BUAA

#INCLUDE “FILENAME”

IIPUBOJIUT K 3aMEHE 3TOH CTPOKM Ha Bce couepkumoe (aiina ¢ uMeHeM
FILENAME. ®aiin ¢ 3TUM HUMEHEM CHayaJla UIIETCs B CIPABOYHUKE HAYaIbHOT'O
HCXOIHOTO (haiiyia, a 3aTeM B [10CIIEA0BATENEHOCTH CTaHIAPTHBIX MecT. B onane
OT 3TOTO YIPAaBJISIOIAsl CTPOKA BUJA

#INCLUDE <FILENAME>

uieT (Gaii ToJIbKO B CTaHAAPTHBIX MECTaX M HE IPOCMATPHUBAET CIIPABOYHUK
HCXOMHOTO (aiiia.
Crpoku #INCLUDE MoryT ObITh BJIOXKEHHBIMH.

20.3. YcnoBHasa KoMmnunsauua

Crpoka ynpaBiIeHHs] KOMIIUIATOPOM BUIa
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#IF KOHCTAHTHOE BHpPAaXeHue

IIPOBEPSIET, OTIIMYHO JIX OT HYJS 3HaUC€HHE KOHCTAHTHOTO BeIpaxkeHus (cMm. 1.
15). Ympasisitomas cTpoka BUaa

#IF DEF ummenTuduraTop

MPOBEPSIET, ONMPEJENICH JI ITOT UACHTHU(PHUKATOP B HACTOSALIMIA MOMEHT B
npenpouneccope, T.e. OnpenesieH Ju 3TOT HUASHTHPUKATOP C HOMOIIbIO
yrpasisromei ctpoku #DEFINE.

21. HesiBHble onucaHus

He Bcerna siBsiercst HEOOXOAMMBIM CIICHU(HIIMPOBATh U KJIACC TTAMSATH M THIT
uneHTrrKaTopa B ormMcaHui. Bo BHEIIHUX OIPEeIENIeHNSIX M OMMCAHUSIX (POPMaIbHBIX
MIapaMeTPOB U WICHOB CTPYKTYP KJIACC TTAMATH OMpenessieTcs mo KoHTekcty. Ecmm B
HaXO[ISAIIEMCsl BHYTPY (DyHKIIMHN OINMCAHUH HE YKa3aH THIL, & TOJIBKO KJIACC MaMSITH, TO
mpezonaraercs, 9to uaeHThdukarop nmeet Tun INT; ecm He yKka3aH Kiacc MamATH,
a TOJTHKO THII, TO WISHTH(HUKATOP TpearoaraeTcs onrcadabM kKak AUTO. Vckirouenue
13 MTOCIICHETO MPaBKJIa faeTcs s PyHKIMA, motomy uto crermdukarop AUTO mist
GyHKIUEA ABISIETCS OeCCMBICICHHBIM (361K “C” HE B COCTOSTHUH KOMITHIIMPOBATH
MPOrPaMMYy B CTEK); €CIIM HACHTU(DUKATOP UMEET THII “(DYHKIHS, BO3BpAIIAIOIIas ...”,
TO OH IpeAmnoaraercst HesBHO onvicaHHbIM kak EXTERN.

Bxopsiuii B BeIpakeHHe U HEOTTMCAHHBIN paHee UACHTU(HUKATOP, 32 KOTOPHIM
crenyeT ckoOka ( , CYMTAETCS ONMHMCAHHBIM MO KOHTEKCTY Kak “‘(yHKIHS,
Bo3Bpamiarorast INT”.

22. CHoBa o TMnax

B stom pasmene 0000IIarOTCs CBeICHUs 00 OIepanusiX, KOTOPhIe MOXHO
MPUMEHSTH TOJBKO K 0OBEKTaM OINPEICIICHHBIX THITOB.

22.1. CTPyKTYypbl 1 06 beAuHEHUA

TospKo J1BE BELH MOXKHO CJIENIATh CO CTPYKTYPO MK 00bEIMHCHUEM: HA3BaTh
OJTUH U3 UX WICHOB (C IIOMOIIBIO ONICPAITHH) WIIH H3BJICYb UX afipec ( ¢ IOMOIIBI0
yHapHOU omepanuu &). Jpyrue onepaiyu, Takiue Kak IpUCBaNBaHUE UM WU U3
HUX U [Iepejiada uX B Ka9eCTBE MapaMeTPOB, IPUBOIAT K COOOIICHUIO 00 OITHOKe.
B Oymyiiem oxxugaeTcst, 4To 3TH OePalliy, HO He 00513aTeNIbHO KAKUE-TH00 PyTHE,
OyayT paspereHsl.

B . 15.1 T'oBoputcst, 4To mpu NpsIMON MJIK KOCBEHHOH CChUIKE Ha CTPYKTYPY
(c momo1kto . Wi ->) uMs cripaBa JIOJHKHO OBITh YWICHOM CTPYKTYPBI, HA3BAaHHOM
WJIM YKa3aHHOM BBIPAKEHUEM CJIEBA. DTO OTpaHUUEHUE HE HABSA3BIBAETCS CTPOTO
KOMITWIIATOPOM, YTOOBI 1aTh BOZMOXXHOCTh O0OMTH IpaBmiia TUIIOB. B neiicTBu-
TENBHOCTH Tiepea .” omycKkaercs Jrboe L-3HadeHne u 3aTeM Mpenoiaraercs,
410 3T0 L-3HaueHue nmeeT GopMy CTPYKTYPHI, I KOTOPOI CTOSIIIEE CIpaBa HMs
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SIBJISIETCSl WIEHOM. TakuM ke 00pa3oM, OT BBIPaKEHUSs, CTOSIIEro mepen ‘->’,

TpeOyeTcsi TOIBKO OBITh yKa3zaTeleM WIIH LielbIM. B citydae ykasaress npearonara-

€TCsl, 4YTO OH YKa3bIBaeT HA CTPYKTYpY, Ul KOTOPOH cTosllee CIpaBa UMs sSBJIs-

ercsl WieHOM. B cirydae 1enoro oHo paccMaTpuBaeTcs Kak aOCONIOTHBIN ajpec

COOTBETCTBYIOLIEH CTPYKTYPBI, 3aJJaHHBIH B €AMHUILIAX MAIIMHHON MaMSTH.
Taxue CTpyKTyphlI HE SIBIISIOTCS] IEPEHOCUMBIMH.

22.2. ®yHKUUM

Tonbko JBe BEIM MOXXHO ceiaTh ¢ (PyHKIMEH: BBI3BaTh €€ MM U3BJIeUb e
anpec. Ecny nmst GyHKIMY BXOANT B BBIPQ)KEHHUE HE B IIO3ULIUN UIMEHH (DYHKITUH,
COOTBETCTBYIOILIEH OOpamIeHNIoO K HEeW, TO TeHEpUpYyeTcsl yKa3areiab Ha 3Ty
¢ynknuo. CinenoBarenbHoO, YTOOB! Nepenarth OAHY (YHKIHIO IPYroi, MOXHO
Harucarhb

INT F();
G(F);
TO]")Ja OIIPCACITICHUE (I)YHKIII/II/I G MOIJIO 6I)I BBITJIAACTH TaK:

G (FUNCP)
INT (*FUNCP) () ;
\ (

(*FUNCP) () ;

\)

OOparute BHUMaHHE, YTO B BBI3bIBAIOLLEH Nporieaype GyHKws F nomkHa ObITh
olucana siBHO, IIOTOMY 4To 3a ee nosisnenneM B G(F) He cnenyer ckoOka ( .

22.3. MaccuBsbl, ykasaTenu u uHgekcaums

Kaxxnplit pa3, korna naeHTuGuKarop, IMEIOIIUI THII MacCHBa, MOSIBIISIETCS B
BBIPXCHUH, OH IPe0Opa3yercs B yka3arelb Ha epBbIi 4IeH 3TOro Maccusa. 13-
32 3TOro MPeodpa30BaHMs MACCHUBBI HE SIBJIsIIOTCS L-3HadeHusmu. [1o onpeneseHnto
ornepanus WHIEKCAus [| UHTepIpeTupyeTcs tTakuMm obpasom, uro E1[E2]
CUHMTaeTCs UACHTUYHBIM BhIpaxxeHuto *((el)+(e2)). CornmacHo mpaBuiiaM mpeoo-
pa3oBaHuii, IPUMEHIEMbIM MpH onepanuu +, ecnu El - maccus, a e2 - nenoe, To
el[e2] ccrmaercs Ha e2-i uineH mMaccuBa el. IToaTomy HecMoOTps Ha
HECHUMMETPHYHBIH BH/| OTIEPAIIHsl HH/ICKCALIUH SIBISICTCS KOMMYTaTHBHOM.

B cityyae MHOrOMEpHBIX MACCHBOB ITPUMEHSIETCS [IOCIIEIOBATEIBHOE IPABUIIO.
Ecnu e sBnsieTcst N-MepHBIM MacCcUBOM pasMmepa [*J*...*K, To nmpu mosiBinennu B
BBIPOKEHUH € TIpeoOpasyercs B ykaszatenb Ha (N-1)-MepHBIH MaccUB pa3mepa
J*...*K. Ecnm oneparust * mu6o siBHO, JINOO HESIBHO, KaK PE3yJIbTaT HHACKCAIWH,
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IIPUMEHSETCS K 3TOMY yKa3aTewo, TO Pe3yJIbTaToM Olepanuy OyJeT YKa3aHHbIH
(N-1)-MepHbIif MaccHB, KOTOPBII caM HEMEIUIEHHO ITpeo0pa3yeTcs B yKazaTelb.
Paccmotpum, Hanpumep, onucanue

INT X[3][5];

3nech X MaccuB LenbIx pazmepa 3*5. [Ipu nosiBJICHUH B BRIPRXKCHUN

X mpeobpasyercs B yKazaTelb Ha IEPBbIA U3 TPeX MacCUBOB U3 5 neibiX. B
BeIpakeHun X[I], kxotopoe skBuBaneHTHO *(X+I), cHavama X mpeoOpasyercs B
yKa3arelb TakK, Kak OIMICaHO BBIIIIE; 3aTeM | mpeoOpasyercs K TUITy X, 4TO BEI3BIBACT
yMHOKeHHe | Ha 1uHY 00beKTa, Ha KOTOPBIN YKa3bIBACT YKa3aTellb, a IMEHHO Ha
5 1enbrx 00BEKTOB. Pe3ynbTaThl CKIIABIBAIOTCS, W MPUMEHECHHE KOCBCHHOM
ajipecaluy 1aeT MaccuB (M3 5 eNIbIX ), KOTOPBIH B CBOIO ouepels peodpasyercs
B yKa3areib Ha IEPBOC U3 ATHX IEIbIX. ECIU B BRIpaXKCHUE BXOAMT U JIPYTOM
WHJICKC, TO TAXKE camasi apryMeHTaIus IPUMEHIETCS CHOBA; Pe3yJIBTaTOM Ha 3TOT
pa3 OymeT 1enoe.

U3 Bcero 3Toro ciemyer, YTo MacCHBHI B s3bike “C” XpaHATCS MOCTPOYHO (
HIOCIIETHAI HHJIEKC U3MEHSIETCs OBICTpEe BCET0) U UTO NEPBBIi HHIEKC B OIMCAHUN
IIOMOT'aeT ONpeNeNIUTh o0lIee KOJIMYECTBO NaMsTH, TpeOyeMoe ISl XpaHeHHUs
MAcCCHBa, HO HE WIpaeT HUKAKOW IPYrod POJH B BBIYUCICHUIX, CBI3aHHBIX C
HHJEKCalUEeH.

22.4. flBHble npeo6pa3oBaHMA yKasaTenen

Paspemratorcs onpeneneHHbIe TPeoOpa3oBaHusl, C UCTIONB30BAHIEM yKa3arenen
, HO OHM UMEIOT HEKOTOphIE 3aBUCSILUE OT KOHKPETHOM peanu3aliy acleKThl.
Bce a1tn npeobpa3zoBanus 331a10TCs ¢ HOMOIIBIO OIEPaIMy SIBHOTO MpeoOpaso-
Banus THna; cM. I1. 15.2 u 16.7.

Vkazarenb MOXeT ObITh IpeoOpa3oBaH B JIIOOOW M3 LENOYMCIEHHBIX THIIOB,
JIOCTaTOYHO OOJIBILON 1st ero XpaHenust. TpeOyercst i ipu atoM INT mm LONG,
3aBUCHUT OT KOHKpeTHOH MammHbl. [IpeoOpasyromas (GyHKIMS TakKe sSBIsSETCS
MaILIMHHO-3aBHCUMOM, HO OHa Oy/IeT BITOJIHE €CTECTBEHHOM ISl TeX, KTO 3HaeT CTPYKTY Py
ajipecalyi B MalyHe. JIeTany Uit HEKOTOPBIX KOHKPETHBIX MAIIH IPUBOJSITCS HIKE.

OOBEKT LIETIOUMCIIEHHOTO THIIAa MOXKET OBITB SIBHBIM 00pa3oM 1peo0pa3oBaH B
yKazareib. Takoe IpeoOpa3oBaHKe BCEraa IMEPEeBOIUT NpeoOpa3oBaHHOE U3
yKaszarellsi LIeJIOe B TOT )K€ CaMbli yKa3aresb, HO B APYIUX CIy4asx OHO Oynmer
MaIIMHHO-3aBUCUMBIM.

Vkazarelb Ha OJJH TUIT MO>KET OBITh IPeoOpa30BaH B yKazaTellb Ha IPYTOM THIL
Ecim npeobpasyemblii ykazarelb He yKa3bIBaeT Ha 0OBEKTHI, KOTOPBIE MTOAXOISIIM
00pa3oM BBIpaBHEHBI B MaMSTH, TO PE3YJIbTUPYIOIIUI yKa3arellb MOXET IpH
WCIIOJIb30BAaHMH BBI3BIBATh OLIMOKY a/ipecanu. [ apaHTupyercs, 4To yKaszarelb Ha
0OBEKT 3aJJaHHOTO pa3Mepa MOXKET OBITh NMpeoOpa3oBaH B yKa3areib Ha OOBEKT
MEHBIILIETO pa3Mepa ¥ CHOBa 00paTHO, HE IIPETEpPIIEB IPH 3TOM M3MEHEHUSL.

Hanpumep, nponeaypa pacrpeaenaeHust naMsTi MoTJia Obl IPUHUMATh 3aIIpoC
Ha pa3Mep BBIIEJIIEeMOT0 00beKTa B OaiiTax, a BO3BpallaTh yKa3aTreslb Ha CHMBOJIBL;
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9TO MOKHO OBLIO OBI HCITOIB30BaTh CICAYIOMIIM 00Pa3oM.

EXTERN CHAR *ALLOC();

DOUBLE *DP;

DP=(DOUBLE*) ALLOC (SIZEOF (DOUBLE)) ;
*DP=22.0/7.0;

®ynkuust ALLOC nomxna obecrieanBars (MAIIHHHO-3aBUCHMBIM CIIOCOO0M),
YTO BO3BpAIaEMOE €10 3HaueHHe OyJeT MOAXOISIIINM JUIsl TpeoOpa3oBaHus B
ykazatens Ha DOUBLE; B TakoM ciy4ae HCIIOIb30BaHUE 3TOW QYHKIMH OyneT
MEPEHOCHUMBIM.

[pencrasnenue ykaszarens Ha PDP-11 coorBerctByeT 16-0nToBOMY 1ieomMy
n u3mepsercs B Oarirax. O0bexTs! THIIAa CHAR He MMEIOT HUKaKuX OrpaHu4eHuH
Ha BBIPaBHUBAHUE; BCE OCTAIbHBIE 00BEKTHI JJOJKHBI IMETh YETHBIE aJipeca.

Ha HONEYWELL 6000 yka3zatenb COOTBETCTBYET 36-OMTOBOMY ILIE€JIOMY;
CJIOBY COOTBETCTBYET 18 JIeBBIX OMTOB 1 J1Ba HETTOCPECTBEHHO ITPUMBIKAIOIIHIX K
HHM CIIpaBa OuTa, KOTOPHIE BBIICIISIOT CUMBOI B ciloBe. Takum 00pa3om, ykasarenu
Ha CHMBOJIbI U3MEPSIOTCS B €MHUIAX 2 B cTeneHu 16 6aifToB; Bce ocTanbHOE
u3MepsieTcsl B eUHMIAX 2 B CTENEHH 18 MallMHHBIX CJIOB. BenuuuHbl THna
DOUBLE wu copep:xaiiipe ux arperarsl JOJKHbBI BBIDABHUBATHCS 110 YETHBIM a1~
pecam cnoB (0 o moxynto 2 B creniern 19). 38m IBM 370 u INTERDATA 8/32
CXOIHBI Mexay coboil. Ha obenx mammHax aapeca M3MepsitoTcs B OaiiTax;
3JIEMEHTapHBIE OOBEKTHI IOIKHBI OBITH BBIPOBHEHBI 110 I'PAHHIIE, PABHON UX JUIMHE,
tak urto ykazarenu Ha SHORT nomxHs! ObITh KpaTHB! 1ByM, Ha INT n FLOAT -
yetblpeM 1 Ha DOUBLE - BocbMu. Arperartsl BEIpaBHUBAIOTCS 110 CaMOM CTporou
rpaHuie, TpedyeMol KakuM-I100 U3 MX HIEMEHTOB.

23. KOHCTaHTHbIe BbipaXeHus

B Heckonbkux MecTax B s3bIke “C” TpeOyroTCs BRIpaXKeHUS!, KOTOPBIE IOCIIe
BBIYKCIIEHHSI CTAHOBSITCS KOHCTaHTaMH: rociie BapuanTHoro npepukca CASE, B
KadecTBe IPAHUI[ MAaCCUBOB M B MHHMIIMAIU3aTOpax. B mepBbIX AByX ciaydasx
BBIPAYKEHUE MOXKET COJIEP>KAaTh TOJIKO LIENble KOHCTAHTbI, CAMBOJIbHbIE KOHCTAHThI
u BeipakeHus: SIZEOF, Bo3Mo)xHO cBsi3aHHbIE JINO0 OMHAPHBIMH OIlEpalusIMU

+ - %/ 0% &\ UK D>> == 1= <> <= >=
J'II/I60 YHApHbIMU oll€palusiMu
- \A

100 TepHapHOH onepanuei ?:

Kpyribie ckoOKH MOTYT HCIOJIB30BAThHCS Ul TPYIIIUPOBKH, HO HE IS
oOpareHus K QyHKIHSM.

B cnydae nHMIManu3aTopoB gomyckaercs Oonpiias (yrnapeHue Ha OyKBy 0)
cB000/12; KPOME IIEPEUHCIICHHBIX BBIIIE KOHCTAHTHBIX BHIPAYKEHUH MOXKHO TaKXKe



«S13bik C» B.B. KepHueaH, [.M. Puyu 223

MPUMCHATH YHAPHYIO OIICPALUIO & K BHEIIIHKMM HJIA CTATUYECKUM 00BEKTaM U K
BHCIIHUM HJIM CTATHYCCKHM MacCcCHBaM, UMCHOIIHMM B Ka4€CTBC HHJICKCOB
KOHCTAHTHOC BbIPAKCHUEC. YHapHaSI ornepanus & MOXKET OBITh TAKKe MMpUMEHCHA
HEABHO, B pE3YJIbTATC NOABJICHUSA HCUHACKCUPOBAHHBIX MACCUBOB U (byHKIII/II\/'I. Oc-
HOBHOC IPAaBUJIO 3aKJIFOYACTCA B TOM, YTO ITOCJIC BBIYUCICHUSA WHUIUAIU3ATOP
JOJIDKCH CTAHOBHUTCSA 160 KOHCTaHTOﬁ, oo aJIp€COM paHEC OIMHUCAHHOI'O
BHEIIIHETO MJIA CTaTHYECKOT0 00BEKTA ILII0C WU MHHYC KOHCTAHTa.

24. CoobpaxeHns 0 NnepeHOCUMOCTH

Hexotopsle yactu s13b1ka “C” 1o cBo€l CyTH MallIMHHO-3aBUCUMBL. Crienyromnye
HIDKE NIepEUNCIIeHUE TOTEHIIMAIBHBIX TPYAHOCTEN XOTs ¥ HE SIBJIIOTCS BCEOObEM-
JIIOIIMMHU, HO BBLJIENIAET OCHOBHBIE U3 HUX.

Kax mokasana mpaxkTuka, BONIPOCHI, LIEJIMKOM CBS3aHHBIE C alMapaTHBIM
o0opynoBaHneM, TaKke Kak pa3Mep ClI0Ba, CBOMCTBA IJIaBaloIeii apupMeTHKN 1
LIEJIOTO JICJICHHsI, HE TIPEJICTABIIAIOT OCOOCHHBIX 3aTpyJHEHUH. J[pyrue acrieKkTsl
aNIMapaTHBIX CPEICTB HAXOIAT CBOE OTPAXKEHUE B PA3IMYHBIX peanu3anuax. Heko-
TOpbIE M3 HHUX, B YACTHOCTH, 3HAKOBOE paciupeHue (mpeoOpasyromiee oTpHLa-
TEJILHBII CUMBOJI B OTPHULIATEJIFHOE LIEJIOE) ¥ MOPSIOK, B KOTOPOM HOMEIIAI0TCS
OaiThI B CIIOBE, TPEICTABIISIIOT COO0 HEMTPUATHOCTD, KOTOPAs IOJDKHA TIIATEIEHO
OTCIJI®KUBATHCS. BOIBIIMHCTBO U3 OCTANBHBIX IPOOJIEM 3TOTO THIIA HE BHI3BIBAET
CKOJIBKO-HUOY/Ib 3HAUUTEIIBHBIX 3aTPYIHEHUH.

Yucno nepemennsix Tuna REGISTER, kotopoe ¢akTiHuecku MOKeT ObITh
MIOMEIIEHO B PETHCTPBI, MEHSIETCSl OT MAaIlIMHBI K MalllMHE, TaKKe Kak U Habop
JIOITy CTUMBIX AJIsl HUX TUIOB. TeM He MeHee Bce KOMIMIATOPHI Ha CBOUX MaIlITHAX
paboTaroT Ha/uIeXalKuM 00pa3oM; JIMIIHUE WIM HEeJONyCTHMBIE PETHCTPOBHIC
ONHCaHUS UTHOPUPYIOTCSL.

Hexotopsle TpyAHOCTH BO3HUKAIOT TONBKO IIPU UCIIOJIb30BAaHUY COMHUTEIBHON
MPAKTUKU IporpaMMupoBanus. [Tucats mporpaMMsl, KOTOPBIE 3aBUCST OT KAKHX-
700 3THX CBOWCTB, SBJISETCS YPE3BBIUAIHO HEPA3yMHBIM.

SI3BIKOM HE yKa3bIBAa€TCsI IOPSI0K BBIYMCIEHHS apryMeHTOB (DyHKIMI; OHH
BBIUUCIIAIOTCS cipaBa HasneBo Ha PDP-11 u VAX-11 u cneBa HanpaBo Ha ocTallb-
HBIX MalIMHaX. HOPSAJIOK, B KOTOPOM IPOUCXOIAT OO0YHBIE 3(h(HEKThI, TAKXKe HE
cnenuduImupyercs.

Tak Kak CUMBOJIbHBIC KOHCTAHTHI B IGHCTBUTEIBHOCTH SIBIISIIOTCS 00bEKTaMU
tuna INT, gomyckaeTcst HCIIOIB30BaHUE CUMBOJIBHBIX KOHCTAHT, COCTOSILUX W3
HECKONBbKUX CUMBOJOB. OJIHAaKO, MOCKOIbKY MOPSIA0K, B KOTOPOM CHMBOJIBI
IIPUITUCHIBAIOTCS K CIIOBY, MEHSETCA OT MaIlIMHBI K MallIMHE, KOHKPETHAsI pean3a-
(1S OKa3bIBA€TCs BECbMa MAIIMHHO-3aBUCHMOM.

IIpucBarBanue noneil k cI0BaM U CUMBOJIOB K LIENIBIM OCYLIECTBIISETCS CIIPaBO
HasieBo Ha PDP-11 u VAX-11 u cneBa HarpaBo Ha ApyTUX MalllMHAX. ATU Pa3IH4Us
HE3aMETHBI AJIs1 U30JIMPOBAaHHBIX IPOrPaMM, B KOTOPBIX HE pa3peLIeHO CMELINBATh
TUIbI (Ipeodpasyst, Hanpumep, ykazaress Ha INT B ykazarens Ha CHAR u 3arem
IIPOBEPSIA YKa3bIBAEMYIO IIAMSITh), HO JIOJKHBI YUUTHIBATHCS IIPU COTVIACOBAHUH C
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HAKJIa/bIBA€MBIMU U3BHE CXEMaMH NaMsITH.
SI3bIK, NPUHATHINA HAa PA3IMYHBIX KOMIUIISITOPAX, OTIMYAETCS TOIBKO HE3HAYU-
TeNbHBIMU AeTansamMu. CaMoe 3aMETHOE OTIIMYUE COCTOUT B TOM, UTO MCIIOIb3yeMbIi
B HacTosiee Bpemst koMuwisitop Ha PDP-11 He nHUIManu3upyeT CTpyKTypbl, KOTOpbIE
coJiepyKar NoJist ONTOB, U HE JIOIYCKAaeT HEKOTOPBIE OIepaliy PHCBAUBAHUS B OII-
PEIENIEeHHBIX KOHTEKCTaX, CBA3aHHbIX C UCIIOJIb30BAHUEM 3HAYEHHS IPUCBAUBAHUSL.

25. AHaXpOHU3MbI

Tak kak 51361k “C” IBIS€TCS Pa3BUBAIOLIIMCS SI3BIKOM, B CTAPBIX IPOrpaMMax
MOXKHO BCTPETHUTb HEKOTOPBIE YCTapeBIIME KOHCTPYKIMHU. XOTS OOJIBIIMHCTBO
BEPCUIl KOMIUIISITOPA NMOJAEPKUBAET TAKUE aHAXPOHU3MBI, OHU B KOHIIE KOHI[OB
HCYE3HYT, OCTaBHB 32 COOOH TOIBKO MPOOIEMBI IEPEHOCUMOCTH.

B pannux Bepcusix “C” st ipoOiieM prcBarBaHus HCToNb30Basachk (hopma =ON,
aHe ON=, Ip1BOJA K ABYCMBICIIEHHOCTSIM, THITMYHBIM IIPUMEPOM KOTOPBIX SBIISETCS

X = -1

e X (1)aI(TI/I‘-IeCKI/I YMEHLIIACTCA, TIOCKOJIbKY OIICpalliy = U - IPUMBIKAIOT APYT
K APpYTY, HO YTO BIIOJIHEC MOIJIO PACCMATPUBATLCS U KaK ITPUCBAUBAHUEC -1k X.

CuHTaKcHc HWHULUATIA3aTOPOB U3MCHUJICA: PAHBIIC 3HAK PaBCHCTBA, C KOTOPOI'O
HaYMHACTCA MHUIHUAJIN3ATOP, OTCYTCTBOBAJI, TaK YTO BMECTO

INT X = 1;

HCII0JIb30BaJIOCh

INT X 1;

N3MEHEHHE ObUIO BHECEHO M3-32 HHUINAIN3AINT
INT F (1+42)

KOTOpAasi IOCTATOYHO CHUJILHO HAIIOMUHAET OTpe/ieieH e (QyHKIINH,
YTOOBI CMYTUTH KOMITHIISITOPEL.

26. CBOAKa CMHTAKCM4YeCKUX npaBun

Ora cBojKa CHHTaKcHca si3bika “C” mpenHa3HaueHa cKkopee Uil 00JIerdeHus
MOHUMaHHUS 1 HE SIBIISIETCS] TOYHON (POPMYIHPOBKOH SI3bIKA.

26.1. BolpaxxeHus

OCHOBHBIMH BBIP@XEHUSIMU SIBIISIOTCS CIIEIYIOIIHNE:
BBEIpayKEHUE:

NIepBUYHOE-BEIPaYKEHUE

* BEIpayKEHUE

& BeIpakeHHe
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- BBIp@)KEHHE

! BeipaxkeHue

\" BBIpa)keHHE

++ L-3HaueHue

— L-3HaueHue

L-3nauenue ++

L-3nauenne —

SIZEOF BeIpaxxkeHue

(MM THIIA) BEIpAXKEHUE

BBIpayKeHUE OMHApHAsS-OTIepALUsl BBIpaKEHHE

BeIpakeHue ? BolpaskeHue : BeIpakeHHe

L-3HaueHune onepanus-nprucBauBaHis BIPaKEHHE BHIPAKCHUE , BEIPAKCHHUE

MEPBUYHOE BBIPAKEHUE!

nAECHTU(HUKATOP

KOHCTaHTa

CTpOKa

(BbIpaXkeHue)

NIepBUYHOE-BhIpa)KeHNE (CIIMCOK BBIPAKEHUI HE0O)

NIepBUYHOE-BhIPa)KeHNUE [BBIpaKEHHUE |

L-3nauenue . Unentudukarop

NIEpBUYHOE BEIpa)KEHUE -> UIEHTU(DHKATOP

L-3navyenue: naeHTH(UKATOp NEPBUYHOE-BBIpaKEeHUE [BhIpakeHue]| L-
3HayeHue . VneHTudukaTop nepBUYHOE-BBIpaXXEeHUE -> HAeHTH(]UKaTOp *
BBIpayKCHHUE

(L-3nauenne)

Onepanuy IepBUYHBIX BRIPAKEHUH

o . -

HUMEIOT CaMblil BBICOKMM NPHOPUTET U TIPYHNIUPYIOTCA ClIeBa
HaMpaBo. YHapHbIE oNepanuu

*x & - !\ 4+ — SIZEOF (Mma Tuna)

nuMeroT 6os1ee HU3KUH IPUOPUTET, YEM OIepalliy IEPBUYHBIX BEIPaYKEHUH, HO
OoJiee BBICOKHI, Ye€M MPHOPHUTET 000K OMHApHOI omepauuu. DTH onepalyun
IPYIIHMPYIOTCS ClipaBa HajieBo. Bce OuHapHbIe oriepaliy U yCIOBHAsI Ollepanys
(npum. IlepeBon.: ycioBHas onepanusi IpyHIUpyeTcs ClpaBa HAJIEBO; ATO
N3MEHEHHE BHECEHO B S3bIK B 1978 I.) TpynmupyroTcs cieBa HaIpaBoO M MX
IIPUOPHTET YOBIBAET B CIICTYIOLIEM MOPSIIKE:

BunapHsle onepanun:

* / S
+ -
>> <L

< > <= >=
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== | =
&

\/\

\!

&&
VI

?:

Bce onepanuu nmprucBanBaHUSA UMCIOT OJ_II/IHaKOBI)II\/‘I OPpUOPUTET U I'PYII-
MUPYIOTCH CIIpaBa HAJICBO.
Onepaum/l IpUCBaUBAHUA:

= 4= -= *= 2= %= >>= <K= g&= \"= \!=

Omneparyst 3amsaTasi IMeeT CaMbIii HU3KUH IPHOPUTET U TPYIIIAPYETCS CIeBa
Hampaso.

26.2. OnucaHusn

Onucanue:
crenu(pUKaTOPhI-OMUCAHIS CIIUCOK-HHUIIHATH3UPYEMbIX-OMUCcaTe el HeOoO;

cneuu(puKaTopbI-ONUCAHUS:

crieru(pUKaTOp-THIA CICHH(YUKATOPHI-OMUCAHHS

HEeoO

cneuudukaTop-Kiacca-namsTi creluQuKaropbl-OMuCcaHHs
HEeoO

cnenudukarop-KiIacca-ramMsTu:

AUTO

STATIC

EXTERN

REGISTER

TYPEDEF cneunduxarop-tuma:

CHAR

SHORT

INT

LONG

UNSIGNED

FLOAT

DOUBLE cnenugukaTop-cTpyKTyphI-UIH-00bEAMHEHUS OTIPEeIIsIonIee-
THUIT-UMS

CHHCOK-MHUIMATN3UPYEMbIX-OMNCATECH:
MHHIHATIM3UPYEMbII-OITHCaTeNb
HMHHIHATIM3KUPYEMbIiT-0ITHCaTENb,
CHHCOK-MHUIMAIN3UPYEMbIX-OIKCcaTelIeil HHULIUATM3UPYEMBbIH-0MHCATENb
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onucareIb-UHALHAIN3aTOP
Heo0
ornucareb:
nAEeHTU(HUKATOP
(ommcarens)
* onucareinb
ornucarens ()
ornucareib [KOHCTaHTHOE BBIPaKEHUE
HEeO00|
cnenuQuUKaTop-CTPYKTypbI-HIN-00bEANHEHHSL:
STRUCT cnucok-onucarenei-cTpyKTypsl
STRUCT unenTudukarop \(CIMCOK-0NHUCaHUH-CTPYKTYPHI\)
STRUCT unenrudukarop
UNION \(cincok-onucaHuii-cTpyKTyphI\)
UNION upnentudukarop \(CImcok-onucaHUui-CTPyKTypHI\)
UNION nneHTH(UKATOP CIMCOK-OMUCAHUNH-CTPYKTLPBIL:
OIMCaHHNEe-CTPYKTYPbI
OIMCaHUE-CTPYKTYPhI CIUCOK-OITUCAHUH-CTPYKTYPBI OITUCAHUE CTPYKTYPBI:
crenu(uKaTop-TUIa CIIHCOK-OIUCATeNeH-CTPYKTYpBI: CIIMCOK-ONuUcaTeNeH-
CTPYKTYpBI
OINCATENb-CTPYKTYPbI
OITicaresb-CTPYKTYPbI,CITICOK-OIUCATeNIeH-CTPYKTYPhI OIIHCATENb-CTPYKTYPBI:
ornucaresb
orucarelb: KOHCTAHTHOE BBIPKCHHE
:KOHCTaHTHOE-BBIpa)KEHHE
MHHLMAINA3ATOP:
= BBIpa)KEHHE
= \(criucok-uHUIMaNIM3aropa\)
= \(criucok-uHUIMaNIU3aropa\)
CHMCOK MHUIIMAIN3ATOpa:
BBIpayKCHUE
CIMCOK-MHUIMAIN3aTOPa,CIICOK-MHUIMAIN3aTopa
\(CIMCOK-MHUINAN3aTOPa\)
UMSI-THIIA:
cnenuuKaTop-TUIa abCTPaKTHRIH-0NHCaTe)Ib aDCTPaKTHBIR-OIHCATENb!
yCTO
\(aOCcTpaKTHBIH-ONHCATENb\)
* a0CTPaKTHBIH-OIHCATENb
abcTpakTHBIH-onHcarens ()
a0CTpaKTHBIH-ONHCATEIb [ KOHCTAHTHOE-BBIPAKEHHE
HEe00|
OTIpEAEIIAIONIee-THIT- M
UACHTH(PHUKATOP
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26.3. OnepaTtopbl cocTaBHOM-OMNEpaTop:

\(CITUCOK-OMTUCAaHUH  CHHCOK-OTIEpaTOpOB
HEeo0 Heob\)

CIIMCOK-OIIMCaHUM:

OTHCaHUe

OIIMCaHUE CIIMCOK-OIMCAHUM
CITUCOK-OIIEPATOPOB:

ormeparop

OIIepaTop CIHCOK-OIIEePaToOpPOB

omeparop:

COCTaBHOM orepaTop

BEIpa)KEHHE;

IF (BeIpakeHue) oneparop

IF (Beipakenue) oneparop ELSE omepatop
WHILE (BbIpaxkeHue) oneparop

DO omneparop WHILE (BeipaxkeHue);
FOR(BoIpakeHue-1  ;BeIpakeHue-2  ;BhIpaKeHHE-3
HeoO HeoO Heob

ormeparop

SWITCH (BeipakeHue) orneparop

CASE koHCTaHTHOE-BBIPOKEHUE : OTIEPATOP
DEFAULT: oneparop

BREAK;

CONTINUE;

RETURN;

RETURN BsIpaxeHue;

GOTO unenTudUKaTOP; HASHTUPHUKATOP : OTIEPATOP ;

26.4. BHewwHue onpeaeneHus MNMporpamma:

BHCIIHECC-OIIPEACTICHUC

BHEIIIHEee-0Ipe/ielieHre MPorpaMMa BHEIIHEee-OnpeielieHHe:

onpeneeHne-hyHKIHH
orpeneeH e~ TaHHbIX OMpeaeTeHne-(DyHKITHH:

creuuduKaTop-THIia  OMUCaTeNb-(yHKIUH TeNO-QyHKIUH

HEoO

onucareIb-(OyHKITUH:

onmcaresb (CIIUCOK-TTapaMeTPOB )
HEeoO

CIHCOK-TIApaMETPOB:

uaetuduKaTop

UACHTU(UKATOD , CIIUCOK-TTAPAMETPOB
TeNno-QyHKIIUH:
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CIHCOK-OITMCAaHUH-THIIA OTIepaTop-(QyHKIUH
oreparop-(QyHKINH:

\(CIICOK OIIMCAaHUN  CIUCOK-OMEepPaTopoB\)
HEeo0

oIpe/ieJIeHUE TaHHBIX:

EXTERN cneuudgukarop Tuma Cumcox
HeoO Heob

WHHULUATIM3UPYEMBIX OTIHCaTeNeH ;
HEeo0

STATIC cneunguxarop TMIa CIIMCOK
HeoO Heob

MHHULUATIM3UPYEMBIX OTIHCaTeNeH

HEO00;

26.5. Ilpenpoueccop

#DEFINE unentudukarop crpoka-iekceM
#DEFINE

#DEFINE naentudukarop(uacHTuUKaTop,..., AACHTUDUKATOP )CTP
#UNDEF npnentnguxarop

#INCLUDE “ums-daiina”

#INCLUDE <ums-daitna>

#IF KoHCTaHTHOE-BBIPAXKEHUE

#IFDEF nnentnduxarop

#IFNDEF unentuduxarop

#ELSE

#ENDIF

#LINE xoHcTaHTa HIEHTH(UKATOD
[Mocnennune n3menenus s3bika “C” (15 Hos1Ops 1978 1)

27. NpucBanBaHue CTPYKTYpPbI

CTpYKTYypBl MOTYT OBITH NPUCBOCHBI, IEpeaHbl (YHKIHUSIM B KayecTBE
apryMEHTOB M BO3BpAILEHbI (DYHKIMSAM. THIIBI y4acTBYIOIIMX OIIEPAH/I0B JOJKHBI
0CTaBaThCs TEMH K€ CaMbIMH. J[pyrue npaBnonoso0HbIe ONepaTopsl, TAKUE KakK
CpaBHEHHE Ha PaBEHCTBO, HE OBbUIN peaIM30BaHBlL.

B peanuzannm Bo3BpauieHus cTpykryp ¢yHkuusmu Ha PDP-11 umeercs
KOBapHBII 1edeKT: eciii BO BpeMsl BO3BpaTa IPOMCXOANT NPEPhIBAaHNE U Ta XKe
camasi (QyHKIUS ITeeHTepadesIbHO BBI3BIBAETCS BO BPEMsI 3TOTO IPEPhIBAaHUSA, TO
3Ha4YE€HHE BO3BpAIa€MOE M3 IIEPBOTO BHI30BA, MOXKET OBITH MCIIOpYEHO. JTa
TPYAHOCTb MOXKET BO3HUKHYTH TONBKO [TPYU HAJIMYUU UCTUHHOTO IIPEPBIBAHUS, KaK
U3 OIEPAIOHHON CHCTEMBI, TaK U U3 MPOrpaMMBbl OJIb30BaTENs, IPEPHIBAHUS,
KOTOPOE CYIECTBEHHO /ISl NCIIOJIb30BaHUSI CUTHAJIOB; OOBIYHBIC PEKYypPCHBHBIE
BBI30BBI COBEPILICHHO OE30T1acHEI.
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28. Tun nepeyncneHus

BBezieH HOBBIH THII TaHHBIX,aHAJIOTMIHBIA CKAJSIPHBIM THIIAM SI3BIKA TTACKATIb.
K cnenudukatopy-Tumna B ero CHHTAaKCHYECKOM OMHCAHUM B paszgene 8.2.
[Ipunoxenus a ciuexyer 10OaBUTH

cneuuduKaTop-nepeyrciIeHus

C CHHTaKCHCOM

nenupUKaToOp-TIepeuncIeHus:

ENUM crniucok-nepeqrciieHust

ENUM uneHTruduKaTop CIHCOK-TIEPEIUCICHUS

ENUM unentudukarop

CIHCOK-TIEPEUHNCICHUS:

MIEPEUNCIIIEMOE

CITUCOK-TIEPEUUCIICHISL, TIEPEUNCIIIEMOE

MIEPEUNCIIIEMOE:

HACHTH(PHUKATOD

UACHTU(UKATOP = KOHCTAHTHOE BBIPAKEHHE

Ponb unentudukaTopa B crnenupuKaTope-nepedrucieHns MmoJHOCThIO
aHAJIOTHYHA POJHU SIPIBIKA CTPYKTYPHl B CIenU(PUKATOPE-CTPYKTYPHI;
uaeHTUdguKaTop 0003HauaeT onpeeeHHoe nepeuncienue. Hanpumep, onucanue

ENUM COLOR \ (RED, WHITE, BLACK, BLUE \);

ENUM COLOR *CP, COL;

Oo6bsaBasetr uaeHtudukarop COLOR spabikoM mepedrcieHus THUTa,
ONHCHIBAIOIIETO PA3IMYHBIC IIBETA U 3aTeM 00bsBIsieT CP yka3zaTeneM Ha 0ObEKT
storo tuna, a COL - 00beKTOM 3TOr0 THIIA.

W neHTudukarops! B CIUCKE-NIEPEUNCIICHUS OMMUCHIBAIOTCS KaK KOHCTAHTHI U
MOTYT TOSBUTBLCS TaMm, TJe TpeOyroTcs (10 KOHTEKCTY) KOHCTaHTHl. Eciau He
HCIIONB3YETCs BTOpast (hopMa MepedrciisieMoro (¢ paBeCTBOM =), TO BEIMYUHBI
KOHCTAHT Ha4nHAIOTCS ¢ 0 ¥ BO3pacTaroT Ha | B COOTBETCTBUH C MPOYTEHUEM HX
ommcaHus clIeBa Ha paBo. [lepeuncsiemoe ¢ IpuCBOEHNEM = IPHIAET COOTBETC-
TBYIOIEMY HACHTH(OHUKATOPY YKa3aHHYK BEJIHYUHY; MOCJIEIYIOUIUe
UACHTU(UKATOPBI TPOIODKAIOT MPOrPECCUIO OT MPUMTHCAHHOMN BETUNUUHBI.

Bce spnbiku mepeduciaeHns W KOHCTAaHTBI MOTYT OBITh Pa3siIUYHBIMHU U
HETOXOXXMMH Ha SPIIBIKKA U WIEHBI CTPYKTYP JaXKe IPHU YCIOBHH HUCTIOIBb30BaHHS
OJIHOTO U TOTO K€ MHOXXECTBA UACHTH()UKATOPOB.

OOBEKTHl JAHHOTO THIA MEePESYUCICHUS PacCMaTPHUBAIOTCS KaK OOBEKTHI,
HAMEIOIINE THIT, OTIMYHBIA OT JTFOOBIX THUITOB ¥ KOHTpoJmpytomas mporpamma LINT
coobrraer 06 ommOKax HECOOTBETCTBUA TUIIOB. B peanm3aruu Ha PDP-11 co
BCEMH ITEPEUNCIIIEMBIMI IEPEMEHHBIMU OTIEPUPYIOT TaK, KaK €CIIF ObI OHU UMETIH
tun INT.
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29. Tabnuua n3o6paxxeHU HenevyaTHbIX CUMBOJOB si3blka “C”.

B naHHO# TaOnuie npuBeaeHbl M300paKeHUsT HEKOTOPHIX CHMBOJIOB
(purypHbie ckoOKH 1 T.11.) s13bIKa “C”, KOTOPBIX MOXKET HE OKA3aThCs B 3HAKOBOM
Ha0bope AUCILIes HITH NIeYaTaloero yCTpoicTRa.

3HayeHue U3o6paxeHue ** B TekcTe
durypHas oTkpbiBatoLasca Ckobka \(
durypHas 3akpbiBatoasicss Ckobka \)
BepTtukanbHasa Yepta \!
AnocTtopod v
BonHucTasa Yepta \A

** Uzobpaoicenus npusedenvt 015 onepayuonoil cucmemvr UNIX. IIpu pabome xomnunamopa “C”
noo ynpasiexuem n060U Opy2oil OnepayuoHHoOU CUcmemsl, He0OX00UMO BOCNONIbL30BAMbCA
COOMBEMCM8Y UM PYKOBOOCINEOM Ol OGHHOU CUCTEMDbL.
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