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[IpenucnoBue

C MomMeHTa myosmmkanuu B 1978 r. kaurm "S3bIk mporpammupoBanus Cu"
B MUPE KOMITBIOTEPOB ITPOM30IIIIa PeBOJTIONNS. BoJIbIe MaTuHbI CTaJIu eIle
0oJiblile, a BO3MOXHOCTM NepcoHabHbIX OBM Tenepb conmocTtaBUMbI C BO3-
MOXHOCTSIMU GOJIBIITNX MALINH AecATuIeTHe qaBHoCTH. d3b1k C13a a10 Bpe-
MsI TaKKe M3MEHUJICS, XOTS M He 09eHb CHIIBHO; UTO XK€ KacaeTcs chephl TTPH-
MeHeHnss Cu, TO OHa JajieKo BBINLIA 32 PAMKU €0 HAaYaJIbHOTO Ha3HAYCHUS
KaK MHCTPYMEHTAJIbHOTO sI3bIKa onepaliMoHHO# cuctembl UNIX.

Poct monynsippoct Cu, HakaIIMBaOIIKMECs ¢ ToMaMy U3MEHEHMS, CO3/1a-
HIEe KOMITJISITOPOB KOJUIEKTUBAMU pa3padOTUYNKOB, paHee He IIPUIACTHBIX
K IIPOEKTUPOBAHMUIO SI3BIKA, - BCE ATO IMMOCTYXKMIO CTUMYJIOM K 00Jiee TOTHOMY
1 OTBEYAIOIIEMY BPEMEHH OIPEAEICHMIO SI3bIKA IT0 CPABHEHUIO C TIEPBBIM M3/1a-
HueM KHurd. B 1983 r. AMeprMKaHCKMiI MHCTUTYT HALIMOHAJIbHBIX CTAHIAPTOB
(American National Standards Institute - ANSI) yupenun Komuter, mepen
KOTOpPHIM ObLIa TTOCTaBJIeHA IIeJIb BHIPA0OTAaTh "OMHO3HAYHOE M MAITMHHO-
He3aBUCUMOe orpereieHre s3bika CH', TIOJTHOCTBIO COXPaHWB IPU 3TOM €r0
CTUIUCTUKY. Pe3ynbTaToM paboThl 3TOro KoMuTeTa U siBujcs cranaapt ANSI
sa3bika Cu.

Cra"mapt ¢hopMaTM3yeT CpecTBa A3bIKA, KOTOPHIC B TIEPBOM U3IAHUUW OBUTH
TOJbKO HaMEUEHBI, HO He OINMCAaHBI, TAKWe, HallpuMep, KaK IMpHCBauBaHUE
CTPYKTypaM | mepevyncierHnss. OH BBOOWT HOBBIM BUI ONMUCAHUSA (DYHKIIWIA,
TTO3BOJISIIONIUI TIPOBOMUTH ITOBCEMECTHYIO TIPOBEPKY COTJIACOBAHHOCTH BBIZO-
BOB (DYHKIIMT ¢ X OTpenesieHreM; CIIeMMUIIMPYET CTaHIApTHYIO OMOIMoTe-
KY C IIMPOKUM HabopoM (PYHKIIMI BBOJA-BBIBOMA, YIIPABICHUS MAMSTHIO, Ma-
HUIYJIALMA CO CTPOKAMM CUMBOJIOB U APYTUMM (DYHKLIMSAMM; YTOUHSIET CEMaH-
THKY, OBIBIIIYIO B TIEPBOHAYAJIBHOM OIIPENEICHUN HESICHOW, W STBHO BBIACIISCT
TO, YTO OCTAETCS MAITMHHO-3aBUCUMBIM.

Bo Bropom m3manuu KHUTH "f3BIK mporpaMmMupoBaHuss Cu'" mpencTaBieHa
Bepcust Cu, mpuHsiTas B KauecTBe ctaHaapta ANSI. MbI pelinim onucarh sI3bIK
3aHOBO, OTMETHB IIPXA 3TOM T€ MECTa, B KOTOPBIX OH IIPEeTePIIe]T MU3MEHECHMUS.
B GonpmmHCTBO TaparpacdoB 3TO He TIPUBHECIIO CYIIECTBEHHBIX TTEPEMEH, cCaMble
3aMETHBIE Pa3IMIMsI KacaroTCs HOBOM (DOPMBI OTIMCAHMS U OTIPeeIeHIS (DYHK-
. Ciremyer OTMETUTh, YTO COBPEMEHHBIE KOMITUISITOPHI YK€ 00eCTIeInIn
TTOAIEPKKY 3HAUYNTETbHON YacTH CTaHIApTa.



Mpegncnosre g

MBI TIONBITAICH COXPAHUTh KPAaTKOCTh MepBOro mimanus. Cu — HebGOoJIb-
IIOM SI3BIK, ¥ YTOOBI €r0 OIMMcaTh OOJIBIION KHUTH He Tpebyercs. B HOBoM m3-
JIaHWU YIYYIIeHO ONMMCaHWe HanboJjiee BaKHBIX CPEICTB, TAKMX KaK yKa3aTe-
JIA, KOTOPBIC 3aHUMAIOT LIEHTPaJIbHOE MECTO B IIporpaMMupoBaHuy Ha Cu; no-
paboTaHbl CTapble MPUMEPHI, 4 B HEKOTOPbIE TIaBhl MobasleHbl HOBble. Tak,
IUTSL YCUITEHUSI TPAKTOBKY CJIOKHBIX OOBSBICHUI B KAYECTBE IIPUMEPOB BKIIIOUE-
HBI TTIPOTPAMMBI ITepeBoa OOBSIBIICHUI B X CJIOBECHBIC OITMCAHUS U 00PaTHO.
Kak u panb1e, Bce mMprMephl ObLIM MPOTECTUPOBAHBI MPSIMO IO TEKCTaM, Ha-
MMACAaHHBIM B BOCIIPMHUMAEMOI MaIlMHON (opme.

[Mputoxenne A — 3TO CIIPaBOYHOE PYKOBOICTBO, HO OTHIOAb HE CTAaHIApT.
B Hem MBI MOMBITATUCH YIOXUTh CaMOE CYILIECTBEHHOE Ha MUHMMYME CTpa-
Hu1l. 1o 3aMBICTY 3TO MPHMIIOKEHNE TOJIKHO JIETKO YATAThCS IIPOIPAMMUICTOM -
ITOJIB30BaTeNIeM; ISl pa3pabOTIYMKOB K¢ KOMITUJISITOPA ONpeAecHUEM SI3bIKa
IIOJIXKEH CIYKUTh caM CTaHAapT. B mprtoxkeHnu B puBeaeHbI BO3MOXHOCTH
cTaHmapTHOM OnbIroTekr. OHO TaKXXe MPEACTABISET COOOM CIIPaBOYHUK IJIST
MPUKJIATHBIX IPOrPaMMHUCTOB, HO HE IJIsI pa3pabOTYMKOB KOMITUJISITOPOB.
Ipunoxenue C comepKUT KPaTKUI IepedeHb OTINYUI ITPeICTaBJICHHOM Bep-
cni s13b61Ka CH OT €ro Ha4aIbHOM BEPCH.

B npenyicioBuu K nepBoMy M3JAHWIO MBI TOBOPWINA O TOM, YTO "deM OOJIbIiie
pa6oTtaeib ¢ Cu, TeM OH CTAHOBUTCS yooOHee". DTo BIevaTeHUue OCTajl0Ch
M TIOCJIE JeCITH JIET pabOThI ¢ HUM. MBI HajeeMcsl, UYTO TaHHasT KHUTa IIOMOXKET
BaM M3y4yuTh CH M YCIIEIIHO €ro MUCIOJIb30BaTh.

MBI B GOJIBIIIOM JOJITY Mepel APY3bsIMH, KOTOPBIC IIOMOTAIM HaM B BBIITYCKE
Broporo usganus kHuru. JIxxon bentim, Jdyr I'yun, dyr Makunpoii, [Tutep
Henbcon u Poo6 IMaiik caenany yeTKKe 3aMeYaHusl OYTH 10 KaXKA0M CTpaHU-
1Ie TIepBOro BapuaHTa pykornucu. Mbl Grarogapubl Ay Axo, JleHHucy Astuc-
cony, JIxoto Kemnb6enny, I'. P. Omnuny, Kapen ®@optranr, Anneny Tonyoy,
Ouapio Xeiomy, HsitBy Kpucromy, JIxony JIunmepmany, piiBy IIpoccepy,
I'uny Cnagdopny u Kpucy Ban Yuky 3a BHUMAaTeIbHOE IPOUTEHUE KHUTHU.
Mpul nonyunau nosie3Hbie coBeThl oT bunna Yespuka, Mapka KepHurana,
Ouapio Kosnura, Poouna Jleiika, Toma Jlonmona, JIxuma Punza, Kinosusa
Tonpo u Iurepa Baitn6eprepa. [eiiB [Ipoccep oTBeTHI HA MHOTOUYMCIEHHBIE
BOIPOCHI, Kacatwliuecs aetaieii crangapra ANSI. Mbl IMPOKO MOIb30BaINCh
tpaHcisTopoM ¢ Cu++ BeepHa CTpaycTpyma 1JisT JIOKaJbHOM MTPOBEPKY Ha-
X nporpamm, a Jeis Kpucron npepocrasun Ham ANSI-Cu-komnunstop
11 OKOHYATe IbHOM MX TposepKu. Puy Jlperiiep oueHb IOMOT B HAOOpE KHUTU.

Mbl uckpeHHe 01arogapumM Bcex.

BpaviaH B. KepHuraH,
HeHnnc M. Putan



NMpeaucnoBue K nepsomMy U3aaHuio

Cu — 3T0 yHUBEPCATBHBIN SI3BIK TPOrPaMMHUPOBAHUS ¢ KOMIIAKTHBIM CITO-
CcODOM 3aImKCH BBIPAKEHUI, COBPEMEHHBIMU MEXaHU3MaMU YIIPaBJICHUSI CTPYK-
TypaMU JaHHBIX U OoratbiM HabopoM orepartopoB. Cu He SBISIETCSI HU SI3bI-
KOM "OYeHb BBICOKOIO YPOBHS", HU "OOJBIITUM" SI3BIKOM, HE pacCYUTaH OH
1 Ha KaKyl-TO KOHKPETHYI0 00jacTh NpuMeHeHus. OgHako Oiaromapsi Im-
POKMM BO3MOXHOCTSIM M YHUBEPCATBHOCTH ISl peLlIeHUs] MHOTHX 3a1a4 OH
yno6Hee 1 appeKkTUBHEE, YeM MTPEATIOIOXUTEIbHO 00J16€ MOIIIHBIC SI3BIKH.

[TepBonauanbHO Cu ObUT co3maH JeHHMCOM PUTyn Kak MHCTPYMEHT Ha-
nucanus onepamonHou cuctembl UNIX st Mamnael PDP—11upeanuzosan
B paMKax3TOH oTepallmoHHOM cucTeMbl. U onepatinoHHas cucreMa, 1 Cu-Kom-
MUJISTOp, M, MO CYLIECTBY, BCe MpUKJIaAHbIe porpaMMbl cucTeMbl UNIX
(BkJIIOYAst U T€, KOTOPhIE MCITONb30BATNCH I TTOATOTOBKY TEKCTa STON KHM-
ru' ) Hanmcanbl Ha Cu. @upmeHHble CHU-KOMIMIATOPBI CYILIECTBYIOT U Ha He-
CKOJIBKMX MalllMHaX IPYTuX TUIOB, cpeau KoTopbix IBM/370, Honeywell 6000
u Interdata 8/32. Cu He npuBsA3aH K KOHKPETHON ammapaType WM CUCTEME,
OITHAKO Ha HeM JIETKO MUCATh NPOIPaMMbl, KOTOpPhIE 0e3 KaKMX-TU00 U3MEeHe-
HUI MIEPEHOCATCS Ha APYyTUe MallMHBI, TAE OCYIIECTBIISIETCS ero MoaAepXKKa.

Llenp Hateit KHUTH — IMOMOYb YMTATEI0 HAyYUTHCS TPOTPaMMUPOBATh
Ha Cu. M3naHue BKITIOUaeT BBeIeHNEe-yIeOHUK, TTO3BOJISIONINI HOBUYKAM HaYaTh
MPOrpaMMUPOBAThKaK MOXHO CKOpEe, aTaK>Ke IJIaBbl, TOCBSIIIEHHBIE OCHOB-
HBIM CBOICTBaM sI3bIKa, ¥ CIIPAaBOYHOE PyKOBOJCTBO. B e OCHOBY MOJIOXKEHBI
n3y4YeHue, HarMcaHue U TpopadboTKa IPUMEPOB, a He IPOCTOE TIepeurcIeHre
npaBwi. [Toytu Bece HAIIM MPUMEPHI — 3TO 3aKOHYCHHBIE peaTbHBIC TTPOrpam-
MBI, a He pa3o0IieHHbIe (hparMeHTHI. Bee OHM OB OTTECTMPOBAaHBI HA MAIIIM-
He TOYHO B TOM BHIIE, KaK MPUBOAATCA B KHUTe. [ToMuMo nemMoHcTpaiuu a¢-
(heKTUBHOTO MCIIOJIb30BAHUS SI3bIKA, TaM, TJIe 3TO ObLTO BO3MOXHO, MBI CTpe-
MUJIMCh MTPOUJUTIOCTPUPOBATH TTOJIE3HBIC AJITOPUTMBI M TIPUHIIMITHL XOPOIIIETO
CTWISIHAaNIMCAHU S TTPOTPaMM U UX Pa3YMHOTO TTPOEKTUPOBAHUSI.

DTaKHUTaHE IBJISIETCSI BBOIHBIM KYPCOM IO ITporpaMMupoBanuto. [pen-
MoJIaraeTcsl, YTO YUTATETh 3HAKOM C TAKUMU OCHOBHBIMU MTOHSITUSMHU, KaK "Tie-
pemeHHas", "npucBauBaHue”, "uukn”, "GyHkuus". Tem He MeHee U HOBUYOK

' ImeeTcst B BUAY OPUTHHAJ 3TO KHUTHU Ha aHIIMIACKOM A3bIKC. — [Ipumey. nep.



MpenvcnoBue K NepBOMY U3OAHNIO 11

CMOXET U3YYUTh SI3bIK, XOTS VIS HETO OYyIeT OYeHb ITOJIE3HBIM OOIIeHUE ¢ 00-
JIee3HAIOIMNMU CIICITHATNCTAMMU.

Hauwr onbiT mokasai, uto Cu — ymoOHBIi1, BIpa3UTEIbHBINM U THOKUIA I3BIK,
MIPUTOIHBIN IJISI IPOTPaMMMUPOBaHUS IIIMPOKOTO Kilacca 3aaad. Ero 1erko BuI-
YYUT 5, K YeM Gosbine paboraeurs ¢ Cu, TeM OH CTaHOBUTCS yno6Hee. MbI Ha-
JIeeMCsI, YTO 3Ta KHUTA IIOMOKET BaM XOPOIIIO €r0 OCBOUTb.

BoymurBast KpuTriKa M MPEUIOKEHUST MHOTUX Ipy3eid M KOJIIET ITOMOTaIn
HaM HamucaTth KHUTY. B wactHocti, Maiik buanku, Ixxum biy, Creio ®enn-
maH, Jlyr Makunpoii, bunn Pym, bo6 Po3un u Jlappu Pocnep co BHUMaHueM
MIPOYWIN BCE MHOTOYHCIIEHHBIEC BAPMAHTHI 3TOM KHUTH. MBI B 10JITY y AJla AXO,
CruBa beepna, /lana JIBopaka, Yaka Xeiiniu, Mapuon Xappuc, Puka XoJra,
CruBa /IxxoHcoHa, [Ixxona Mamest, boba Murna, Panbda Myxu, Ilurepa
Henbcona, Danmora [Muncona, busna Ilneiimxkepa, Ixeppu Crnubaka, Kena
Tomrncona u [urepa BaiiHOeprepa 3a 1oJjie3HbIE COBETHI, IOJIYUYEHHbIE OT HUX
Ha pa3IMYHBIX CTaIMsIX MOATOTOBKM PYKOIMCH, a Takxke y Maiika Jlecka
u JIxxo OccaHHBI 32 TOMOILb IIPY IOATOTOBKE €€ K U3IAHUIO.

BpaviaH B. KepruraH,
JeHHnc M. Putun
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Cu — yHUBEpCAIbHBIN SI3bIK MTporpaMMupoBaHusi. OH TECHO CBSI3aH C CHC-
temoii UNIX, Tak xak ObUT pa3paboTaH B 3TOM CHUCTeMe, KOTOopasi Kak 1 00Jb-
IIMHCTBO TMpOorpaMM, paboTalonux B Hell, HamucaHbl Ha Cu. OgHAKO SA3BIK
HE TIPUBSI3aH XECTKO K KAaKO-TO OIHOI ONepallMOHHOM CHCTEME MJIM MallliHE.
XOTS1 OH M Ha3BaH "S3bIKOM CHUCTEMHOTO MPOTPaMMMPOBAHUS", TIOCKOJIBKY
yI06eH 1151 HAIMCAHMSI KOMITMIATOPOB U OMEPALIMOHHBIX CHCTEM, 0KA3aI0Ch,
YTO Ha HEM CTOJIb XX€ XOPOILIO THMCATh OOJBIIME MPOrpaMMBbI APYTOro IMpo-
uns.

Mmnorue Baxubie uaen Cu B3sTH 13 1361ka BCPL, aBTOpOM KoTOpoOTO SIB-
nsgercst Maptun Pudapne. Bausnue BCPL Ha Cu ObIJIo KOCBEHHBIM - Yepe3
361K B, paspaborannsiii Kerom Tommcornom B 1970 . mis mepBoii CHCTEMBI
UNIX, peanuzoBaHHoii Ha PDP-7.

BCPL n B - "oectumnoBsle" s13b1kM. B oTnmume ot Hux Cu obecrieunBaeT
pa3HoOOpa3re TUIOB NaHHBIX. ba30BBIMU THUTIAMU SIBJISIIOTCST CUMBOJIBI, a TaK-
Ke 1eJIble ¥ YUCIIa C IJIaBaloleil TOUYKOW pa3TuIHbIX pa3MepoB. Kpome Toro,
HMMEETCST BO3MOXKHOCTD ITOJTYYaTh LEIYI0 MEPAPXUIO TPOM3BOIHBIX TUTIOB JaH-
HBIX U3 yKa3aTeJiei, MaCCUBOB, CTPYKTYP M 00beaHeHU. BripaxeHus (op-
MUPYIOTCS U3 OIEPaTOpOB U onepaHaoB. JIroboe BhIpaxkeHre, BKJIOYasl TPH-
CBaWBaHME W BBI30B (DYHKIIMK, MOXKET OBITh MHCTPYKIIMEH. YKa3aTeau obec-
MEeYMBAIOT MAITMHHO-HE3aBUCUMYIO aIPECHYI0 apU(DMETHKY.

B Cu umeroTcss o0CHOBHbBIE yIIPaBASIONINE KOHCTPYKIIMHY, UCTTOIb3yEMbIE
B XOPOIIIO CTPYKTYPUPOBAHHBIX IIPOTpaMMaXx: COCTaBHast UHCTPYKUUS ({...}),
BeTBJIEHME 10 ycinoBuio (if-else), BEIOOp OMHON albTepHATUBBI U3 MHOTHX
(switch), IMKITBI ¢ IpOBepKOit HaBepxy (wWhile, for) 1 ¢ mpoBepkoit BHU3Y (do),
a TaKKe CpelCcTBO mpephiBaHus nmkia (break).

B kauecTBe pesysbTaTta (QYHKIIMM MOTYT BO3BpalllaTh 3HAY€HUSI 0a30BBIX
TUTIOB, CTPYKTYp, 00beIuHeHUN 1 yKaszareneid. Jltobas pyHKums momyckaer
peKypcuBHOe obpaillieHue K cebe. Kax mpaBuiio, JoKajlbHble NEPEeMEHHbIE
(yHKUNU - "aBTOMAaTHYECKHUE", T. €. OHU CO3MAIOTCS 3aHOBO IIPY KaXIOM 00-
pamieHuu K Heil. OmnpeneneHust GYHKUIMI HeIb3sT BKJIAIbIBAaTh APYT B Ipyra,
HO OOBSIBJIEHMS TTEPEeMEHHBIX Pa3peraeTcsi CTPOUTh B OJIOUHO-CTPYKTYPHOM
MaHepe. PyHKUIMM mporpaMMbl Ha CU MOTYT XpaHUTBbCS B OTAEIBHBIX MC-
XOMHBIX (Daiijlax U KOMITMJIMPOBAThCS He3aBUCUMO. [lepeMeHHbIE TTO OTHO-
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IIEeHUIO K PYHKIIMY MOTYT OBITh BHYTPEHHUMH M BHeITHUMM. [TociiegHme Mo-
I'YT OBITh JOCTYITHBIMH B TIpelesiaX OMHOTO UCXOMHOrO (baifjia YIM BCeid mpo-
IPaMMBI.

Ha sTane nperpolieccupoBaHUs BBIIOIHICTCS MAKPOIIOICTAHOBKA B TEKCT
MporpaMMbl, BKIIIOYEHUE IPYTHUX UCXOAHBIX (haiijIoB U y CIOBHAS KOMITH/ISIHS.

CH - g3bIK CPaBHUTEJIBHO "HU3KOro ypoBHs". OmIHAKO 3TO BOBCE HE yMaJlsi-
€T ero JOCTOMHCTB, MpocTo CU MMEeT AEI0 C TEMH Ke 00BEKTaMM, YTO 1 0OJIb-
IIMHCTBO KOMITBIOTEPOB, T. €. C CUMBOJIaMU, YuUclIaMU U agpecamMu. C HUMM .
MO>HO OIepUpOBaTh MPU MOMOILIY apUGMETUIECKUX U IOTUYECKUX OTepaliuid,
BBITIOJIHSIEMBIX PeaIbHBIMU MAIlTUHAMMU.

B Cu HeT IpsIMBIX OTiepalinii HaJl COCTABHBIMU 00BEKTaMU, TAKMMU KaK CTPO-
KU CHMBOJIOB, MHOXECTBa, CITUCKMA 1 MacCHBBL. B HeM HeT omepalinii, KOTOphIe
ObI MAHUIYJUPOBAINA C LICIBIMU MacCMBaMHU WJIM CTPOKAMHU CHMBOJIOB, XOTSI
CTPYKTYPHI pa3peliaeTcss KOIMUPOBAaTh LICIMKOM KaK eIuHbIe OOBEKTHL. B s3bI-
K€ HeT KaKNX-JIN0O CPEICTB pacIpeae/IeHUs MaMSITH, TIOMUMO BO3MOXHOCTH
onpeesicHNs] CTaTUIECKUX MePEMEHHBIX ¥ CTEKOBOT'O MEXaHM3Ma IIPU BhIIE-
JICHUM MecCTa IS JIOKAJbHBIX IepeMEHHBIX BHYTpU (GyHKIMit. Her B Hem

"Kyun" un "coopiurka mycopa”. HakoHel, B camoM Cu HET cpeicTB BBOIA-BhI-
Bona, MHCTpYKIMii READ (uutats) 1 WRITE (nucatps) u kakux-i116o MeTo-
IIOB IOCTyIa K ¢haiiziaM. Bce 3To0 - MeXaHM3MBbI BBICOKOTO YPOBHSI, KOTOPBIC
B Cu 00ecIeunBaroTCs UCKIIFOUUTEIBHO C IIOMOIIBIO SIBHO BBI3bIBAEMBIX (DYHK-
vii. borpIMHCTBO peanu3oBaHHBIX CU-CHCTEM comepkaT B cebe pa3yMHBbIM
CTaHAAPTHbIN HA0OP 3TUX PYHKIIMIA.

B mpomoxeHne CKa3aHHOTO CJIeoyeT OTMETUTh, 4To CH MpemaoCTaBiIseT
CPe/ICTBA JINIID IIOCIIEAOBATEIBHOTO YIIPABICHMS XOIOM BBEIYMCIICHUI: MeXa-
HU3M BETBJIEHUS 110 YCJIOBUSM, LIMKJIbI, COCTaBHbIE UHCTPYKLUU, TOATIPOrpaM-
MBI - M HE COHEPXHT CPEICTB MYJBTHUIIPOrPAMMHUPOBAHUS, MapajlIeIbHBIX
MPOLIECCOB, CUMHXPOHM3AIUN Y OPTraHU3alliy COIPOrPaMM.

OT1cyTcTBHE HEKOTOPBIX M3 TEPCUMCIICHHBIX CPEICTB MOXET ITOKa3aThCs
CePbEe3HBIM HETOCTATKOM ("BBIXOIMT, YTOOBI CPAaBHUTH IBE CTPOKM CUMBOJIOB,
HYXHO obpamarbcs K GyHkuun?”). OQHaKO KOMIIAKTHOCTD S13bIKa UMEET pe-
ajibHBIe BRITOABL. [TocK0IbKY CY OTHOCHTEIBHO MaJl, TO M OITMCAHKUE €T0 KpaT-
KO, ¥ OBJIAIETh UM MOXHO OBICTPO. [IpOorpaMMKCT MOXET peaylbHO PACCUUTHI-
BaTh Ha TO, YTO OH OYIeT 3HaTh, IOHUMATh ¥ Ha IPAKTUKE PETYJISIPHO MOJIb30-
BaTbCsl BCEMU BO3MOXKHOCTSIMU SI3BIKA.

B TeyeHMe MHOTUX JIET € IMHCTBEHHBIM OIpeeieHrueM s13bika Cr ObUTO Tep-
Boe u3fgaHuve KHuru "f3bik nporpammupoBanus Cu". B 1983 r. MHcTUTyTOM
aMepPUKaHCKUX HAaLIMOHAIbHbIX cTaHaapToB (ANSI) yupexnaeTcss KOMUTET IS
BBIPAOOTKY COBPEMEHHOTO MCUEPIBIBAOIIETO olpeneieHus si3bika Cu. Pe-
3yJILTATOM €ro padoTsl saBwics ctaHaapt wist Cu (‘“ANSI-C”), BeInyIe HHbIii
B 1988 1. BOJBIIMHCTBO MOJIOXEHUI 3TOTO CTaHAApTa YK€ YyUTEHO B COBpE-
MEHHBIX KOMITWISITOpaXx.
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CraHgapT 6a3WpyeTcsl Ha IIEpBOHAYAJIBHOM CIIPABOYHOM PYKOBOICTBE.
ITo cpaBHEHMIO ¢ MMOCACAHUM SI3bIK M3MEHUJICSI OTHOCUTEIbHO Mayio. OmHoi
W3 LIeJiel cTaHAapTa ObLIO 00€CIIeYNTh, YTOOBI B OOIBIIMHCTBE CIIy4acB CyIIe-
CTBYIOIIKE MTPOrpaMMBI OCTaBAIMCh ITPAaBUIbHBIMU UJIY BEI3BIBAJIH ITPEIYITPEK-
JaloNIre COOOIIEHUS KOMITUIISITOPOB 00 M3MEHECHNY ITOBEICHMSI.

J1;1s1 GOJIBIIMHCTBA MPOIPAaMMUCTOB CaMO€ BaXkKHOE M3MEHEHUE - 3TO HO-
BbIil CUHTaKCUC OOBSIBIICHUsI U ompenesieHust GyHKLuii. OObsgBIeHUE (DYHK-
LMY MOXET Telleph BKJIOYATh M OIMMCAHUE €¢ apryMEHTOB. B cooTBeTcTBHM
C OTUM M3MCHWICS M CHHTAKCUC OIpeaesieHus (QyHKIUU. JlomoaHuTeIbHas
HHbOpMAIVS 3HAYUTEIBEHO 00J1er9aeT KOMITHIISITOPY BBISIBJICHHE OLIUOOK, CBSI-
3aHHBIX C HECOIJIACOBAHHOCTBIO apIYMEHTOB; IO HallleMy MHEHHIO, 3TO OYEHb
MoJIe3HOE JOOABIICHUE K S3BIKY.

CremyeT TakxXe OTMETUTD PsIl HEOOIBIINX M3MEHEHUI. B s3bIKe y3aKoHE-
HBI IPUCBAaBAHUE CTPYKTYP U MEPEUMCICHUS, KOTOPBIC YKe HEKOTOPOE Bpe-
MsI IIIMPOKO MCIIOJIb3YIOTCS. BBIUMCIIEHUs ¢ IUIaBaoIleil TOYKOM Temeph J0-
IyCKAIOTC W C OOWHAPHOM TOYHOCTBIO. YTOYHEHBI CBOICTBA apH(pMETUKH,
0COOEHHO i1 6e33HAKOBBIX TUIIOB. YCOBEPIICHCTBOBAH ITpernporeccop. bob-
IIMHCTBO IPOrPAMMKCTOB 3TH M3MEHECHUS 3aTPOHYT OYECHb Cl1abo.

Bropoii 3HaUMTENbHBINA BKJIAl CTaHIAPTA - 3TO OIpelc/ieHre OHOIMoTe-
KU, TTOCTaBlIsieMoii BMecTe ¢ CH-KOMITMJISITOPOM, B KOTOPOH CITELIUDUIIAPY-
0TCs GYHKIIMU JOCTYITa K BO3MOXHOCTSIM OIEePALlIIOHHOM CUCTeMbI (HaIpH-
Mep YTeHUsI-3anmucH ¢haitioB), GOpMaTHOTO BBOAA-BBIBOAA, TMHAMHYECKOTO
BBIZCICHUS MaMSITH, MAHUITYJISIIUIA CO CTPOKAaMHU CHMBOJIOB U T. 1. Habop
CTaHIAPTHBIX 3ar0JIOBOYHEIX (pailioB 0becIedYnBaeT eIMHOOOPa3HBIM JOCTYII
K OOBSIBAEHMSIM (DYHKUMI W TUIIOB AaHHBIX. [apaHTuUpyeTcs, 4TO Mporpam-
MBI, MCIIOJIE3YIOIIKE 3Ty OMOIMOTEKY MPU B3aMMOICHCTBUM C OIEPALMOHHOM
CUCTEMOM, OymyT paboTaTh TAKXKE M Ha APYIMX MalllMHaX. BOJBIIMHCTBO MPo-
IrpaMM, COCTaBJISIIOIIMX OMOJMOTEKY, CO30aHbI 110 00pa3y U Mogo0uio "CTaH-
JapTHoii 6ubauoreku BBoma-BbiBoga" cuctembl UNIX. Dra 6ubimorexka
OITMCaHa B IIEPBOM M3IaHUU KHUTH U IIIMPOKO UCIIOJIb3YETCS B IPYTUX CHCTE-
Max. M 31ech MporpaMMUCTBI He 3aMETSIT CYIIECTBEHHBIX Pa3IMIniA.

Tax Kak TUIIbI JaHHbIX U YIIPaBISIIOLINX CTPYKTYP s13bIKa CH MOIIepXKIBa-
JOTCSI KOMaHAaMM OOJIBIIMHCTBA CYIIECTBYIOIINX MAIlMH, HCIIOJHUTEIbHAST
cuctema (run-time library), obecreurBaroliasi He3aBUCHUMBbIA 3aMyCK U BBITOJI-
HeHUe IporpamMMm, oueHb Mana. OOpalieHusT K 0MOIMOTeUHBIM (DYHKIIUSIM -
IIEeT caM IIPOrpaMMHUCT (He KOMITWIISITOP), TTO3TOMY P XEJIaHHU UX MOXHO
JIETKO 3aMEHUTh Ha Apyrue. I1odty Bce mporpaMMel, HamicaHHble Ha Cu, ecim
OHHU HE KacalTcs KAKMX-JIM0O CKPBITHIX B OIIePAallMOHHON CUCTEMe IeTallel,
MMepeHOCUMbIHAAPYTMEe MAIINHEL.

Cu CcoOTBeTCTBYeTaIIapaTHBIM BO3MOXHOCTSM MHOTHUX MAIIIMH, OJHAKO OH
He IPHUBSI3aH K apXUTEKTYpe KaKOM-TM00 KOHKPETHOM MaIIMHEL. [Tpossisis
HEKOTOPYIOIUCIUIUINHY, MOXKXHOJIETKOINCAThIIEPEHOCUMBICTIPOTPaAMMBI,
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T. €. IPOTPaMMBI, KOTOPBIe 0e3 KaKMX-TN00 M3MEHEHUI MOTYT paboTaTh Ha pa3-
HBIX MammHaX. CTaHIapT MPeIoCTaBIseT BO3MOXHOCTD IUISI IBHOTO OIIMCA-
HHSI TIEPEHOCUMOCTH C ITOMOIIBIO HA00pa KOHCTAHT, OTPaXKaIOIINX XapaKTepHC-
TUKW MAaIIWHBI, Ha KOTOPOM IIporpamMma OymeT paboTaThb.

Cu He sIBiIsIeTCS "CTPOro TUIM3MPOBAHHBIM" SI3BIKOM, HO B IIPOIIECCE €TO
pa3BUTHUS KOHTPOJb 3a THIIaMU ObLI ycuiieH. B mepBoit Bepcuu Cu XOTh
He 0mo0psiICs, HO pa3pelajcs 06CKOHTPOJIBHBINM 0OMEH yKa3aTesei 1 IeIbIX,
YTO BBI3BIBAJIO OOJIBINNME HapeKaHUsI, HO 3TO yXe TaBHBIM-IaBHO 3aIlpelIecHO.
CoracHoO cTaHIApTy Teeph TpeOyeTcs SBHOE OOBSIBIICHUE MJIH STIBHOE YKa3a-
HHE IpeoOpa3oBaHM, YTO Y3Ke M pealn30BaHO B XOPOIITHX KOMITIIIATOpax. Ho-
BBII BUI OOBSBICHUS (DYHKIINH - eIlle OAMH IIar B 3TOM HampaBieHun. Kom-
MMISTOP TeIephb MPeayIlpeXaacT 0 OOJIbIICH YaCTH OIMMOOK B TUITaX U aBTO-
MaTUYEeCKH He BBITIOJHSIET MPeoOpa30BaHUs JaHHBIX HECOBMECTHMBIX THUIIOB.
OpHako ocHOBHOU ¢uiocopueit Cu ocTaeTcsl TO, YTO MPOTPAMMUCTHI CaMU
3HAIOT, 4TO JIEJAIOT; SI3bIK JIMIIb TPEOYET SIBHOTO YKa3aHUsI 00 UX HAMEPEHUSIX.

Cu, Kak U J10000 Apyroit si3bIK MPOrpaMMUpPOBaHUsI, HE CBOOOIEH OT HENO-
CTaTKOB. YPOBEHb CTapIIMHCTBA HEKOTOPBIX OIEPATOPOB HE SIBIIICTCS OOIIIe-
MIPUHSITHIM, HEKOTOPBIE CUHTAKCHUYECKIE KOHCTPYKIINY MOTJIN OBl OBITh JTy4-
me. Tem He MeHee, Kak oka3anoch, Cu - upe3BblYaiiHO 3((EKTUBHbBIN U BbI-
pa3UTEIbHBIN SI3bIK, TMPUTOXHBINA U IMAPOKOTO Kiacca 3amad.

Kuura umeer ciienytonnyio ctpykrypy. I'1aBa 1 nipencrasiisier codboit 0030p
OCHOBHBIX cpelcTB si3blka Cu. Ee HazHaueHMe - OOYIUTh YMTATENISI IT0 BO3-
MOXKHOCTH OBICTpee TIPUCTYIUTD K ITPOTPAMMUPOBAHUIO, TaK KaK MBI yOeKIIe-
HBI, YTO €IMHCTBCHHBIN CITOCO0 M3YYUTh HOBHIU SI3BIK - 3TO IMUCATh HAa HEM
IIpOTpaMMBbl. DTa YacTh KHUTH IIpeaIioIaracT HaTMJre 3HaHWI 1T0 OCHOBHBIM
3JeMeHTaM IIPOrpaMMMpPOBaHMs. HUKaKuX IMOSICHEHHWIA TOrO, YTO TaKOe KOM-
TBIOTEP, KOMITHJISIIIVS JIM YTO O3HAyaeT BBIpaXkKeHHe BHMOa IT = n+1 He maercs.
XOTsI MBI ¥ TIBITAINCH TaM, TIE 3TO BO3MOXHO, ITOKAa3aTh MOJIE3HBIE TPHEMEL
IIPOrpaMMUPOBAHMS, 3Ta KHUTA He TIpU3BaHa OBITh CIIPAaBOYHUKOM HH TIO pa-
60Te cO CTPYKTYpaMU JaHHBIX, HU 110 aJITOPUTMaM; KOTJa OKa3hIBaJIOCh HE00-
XOIUMBIM BBIOpaTh, Ha YTO CHENATh yOapeHWe, MBI IPEAIOYMTATN CKOHIIEHT-
pUpOBaTh BHUMAaHHE Ha SI3BIKE. '

B riaBax 2-6 pasaMuHble CPEACTBA A3bIKa 00CYXKIAIOTCA Gojiee 110Apo6HO
1 HECKOJIbKO Gostee (hopMajibHO, YeM B IIaBe 1; Ipu 5TOM MO-IIpeXHEMY YIIOP
JenaeTcs Ha IpUMEpPBI, ABJISIONINECS 3aKOHUYCHHBIMU IIpOrpaMMaMu, a He
HM30JIMPOBaHHBIMHU (pparMeHTaMu. ['71aBa 2 3HAKOMUT ¢ 6a30BEIMU TUTIAMU
MAaHHBIX, C OIlepaTOpaMM M BEIpaXKeHUAMH. B ImaBe 3 paccMaTpHBaoOTCs Cpel-
CTBa YIIPaBJICHUS TIOCIIEA0BATEIbHOCThIO BhIUMCIeHUIA: 1 f-else, switch, while,
foruT. 1. B rmase 4 peub uaer o GyHKIMAX M CTPYKTYPE MPOrpaMMBbl (BHEIL -
HUXIIePEeMEHHBIX, TPaBUJIaX BUIUMOCTH, eI HUU IIPOTrPaMMBbl Ha HE CKOJIBKO
MCXOAHKIX (haliJIOB U T. [I.), a TaKXe o Ipernpoueccope. B riaBe 5 o6cyxaa-
IOTCSI YKa3aTeIu U ampecHas apudmeTrnka. [J1aBa 6 IMOCBSIIeHA CTPYKTypaM
U O0BETUHEHUSIM.
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B rnaBe 7 onucaHa ctaHgapTHast 0MOJMOTeKa, 00ecreyrBaoIas OO NH-
Tepdeiic ¢ onepaloHHON cucTeMoit. DTa OMOJMOTEeKa y3aKOHeHa B KaueCTBe
cranaapta ANSI, nHade roBopsi, OHa 10JKHA ObITh MPEACTaBIeHA Ha BCEX Ma-
myHax, rae cymectByer Cu, Ojaromapsi 4eMmy MpOrpamMMbl, MCIOJb3YIOIINE
BBOJI-BBIBOJI U IPYTH€ BO3MOXKHOCTH OMNEpallMOHHON CUCTEMBI, 0e3 KaKMX-JI100
U3MEHEHUIN MOXHO MEPEHOCUTH C OIHOU MAIMHBI HA APYTYIO.

I'maBa 8 comepuT omucaHue uHTepdeiica Mexay nporpaMmaMu Ha Cu
u onepaimoHHo# cucreMoir UNIX, B 4acTHOCTM omnucaHuWe BBOJA-BbIBOJA,
daitioBoit cUCTEMbI U pacripefeieHusT MmaMsaThu. XOTs HEKOTOopble maparpadbl
9TOi TJ1aBbl OoTpaxaloT crielrpuky cucteMbl UNIX, mporpaMMuUCThI, TIOJIb3Y-
IolIMeCs IpYTMMU CUCTEMaMU, BCE Xe HalIyT B HUX MHOTO TOJIE3HBIX CBee-
HUIA, BKJIIOYAs OINPEAECICHHBIN B3IJIs HA TO, KAK PEATU3YETCS OJIHA U3 BEPCUIA
CTaHAApPTHON OMOJMOTEKM, U HEKOTOPbIe MPEITOXKEHUS MO MEPEHOCHUMOCTU
MporpaMm.

[MpunoxeHue A siBasieTcsl CIpPaBOYHUKOM TI0 sI3bIKy. CTporoe ornpenese-
HMe CUHTaKCHca U CeMaHTUKU s13bIKa CU cOepKUTCS B O(ULIMATBHOM JOKY-
MeHTe crangapta ANSI. ITocnenHuii, ogHako, 6ojiee BCero MOAXOIUT pa3pa-
0oTyrMKaM KoMmuisgTopa. Hain cripaBoUHUMK ompejessieT a3biK 0ojee ¢xaro,
He npuberas K meJaHTUYHO I0PUANIECKOMY CTUITIO, KOTOPBIM TMOJIb3YETCs CTaH-
napt. [lpunoxeHue B - cBojaka mo copepXXMMOMY CTaHIApTHOW OMOIMOTEKU
Y MpeaHa3HayeHa CKopee MoJib30BaTeIsIM, YeM peainsatopaM. B mpuiioxxeHuu
C nmpuBoAUTCS KpaTKUi MepeyeHb OTINYUIA OT TepBOM BepcuH si3bika. B co-
MHUTEJbHBIX CAYYasiX, OMHAKO, OKOHYATEJIbHBIM CYAbEH IO SI3bIKY OCTaeTCs
CTaHAAPT Y KOMITUJISITOP, KOTOPBIM BhI MTOJIb3yETECh.
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Haunewm c 6bicTporo o3HakoMiieHUs ¢ s13bikoM Cu. Haiia 1ensb - mokasaTth
Ha peallbHBIX IporpaMMax CYIIeCTBEHHBIE DJIEMEHTHI SI3bIKa, HE BAaBasICh
B MeJIKME JeTanu, (popMalibHble MpaBUJia U UCKIIOYeHUs U3 Hux. IToatomy
MBI HE CTPEMUMCSI K TIOJTHOTE U TasKe TOYHOCTH (3a00TSICh, OMHAKO, O KOPPEKT-
HocTH TipuMepoB). HaMm GbI X0TeJIoCh KaK MOXKHO CKOpee TTOABECTU Bac K MO-
MEHTY, KOTIIa BBl CMOXKETe IMUCATh MOJIE3HbIe TTporpaMMbl. YToOKI cienaTh 31O,
MBI TOJKHBI CKOHLIEHTPUPOBATh BHUMaHNE Ha OCHOBAX: MEPEMEHHBIX U KOH-
CTaHTax, apudMeTUKe, YIpaBlIeHUU MOCIEI0BATETbHOCTbIO BLIYMCIEHMIA,
(GYHKUMAX U MPOCTEMIIEM BBOJe-BbIBOAE. B HacTosIIEl r1aBe MBI YMBIIIJIEH-
HO He 3aTparMBaeM TeX CPEICTB SI3bIKa, KOTOPhIE BaXKHBI IIPY HATUCAHUY 0OJIb-
IIKUX IPOrpaMM: yKa3aTellel, CTPYKTYp, OOIbIION YacTK Goraroro Habopa ore-
paTopoB, HEKOTOPLIX YIIPABJISIOLIMX MHCTPYKLIWIA M CTAHIAPTHOMN OUOINOTE -
KU.

Takoil mogxon UMeeT CBOM HegocTaTku. Haubolee CyliecTBEHHBIH U3 HUX
COCTOUT B TOM, UTO OTHE/IbHOE XapaKTePHOE CBOMCTBO I3bIKA HE OMMCHIBACTCS
MOJTHOCTBIO B OJHOM MECTe, ¥ ITOJ00HAs JTaKOHUYHOCTh MPU 00YYEHUU MOXKET
MPUBECTH K HENPaBUILHOMY BOCIIPUITHIO HEKOTOPKIX MOJOXEHUIA. B cury
OrpaHMYEHHOTO XapaKTepa MoJayy MaTepuaa B IpuMepax He UCITOJIb3yeTCST BCS
MOIIb I3bIKA, X IOTOMY OHHM HE CTOJIb KPaTKU Y 3JIETAHTHBI, KAK MOTJIU ObI OBITh.
MBI NONBITAIMCH TT0 BO3MOXHOCTU CMSITYUTH 9TH 3(PDEKTHI, HO CYUTAEM He-
00XOIMMBIM MPEAYIIPEIUTH O HUX. JIpyroif HemoCTaTOK 3aKJII04YaeTCsI B TOM, UTO
B MOCJIEAYIOIIMX IIaBaX KakK1e-TO MOMEHTBI HaM TMPUAETCS MOBTOPUTh. MbI Ha-
JIleeMCsl, YTO MOJIb3a OT TOBTOPEHU I ITPEBBLICUT BLI3BIBAEMOE MU pa3apakeHUeE.

B n11060M citydae ONBITHBIN TPOrPaMMUCT JOJIKEH CYMETh 9KCTPAIOIUpO-
BaTh MaTepuall JaHHOI IIaBbl Ha CBOU MPOTPAMMUCTCKUE HYXAbl. HoBuY-
KaM ke peKOMEHIyeM JOTOJHUTh €€ YTEHUEe HallleaHueM COOCTBEHHBIX Ma-
JIeHbKUX IporpamM. U Te u Apyrue HalllM YMTaTeIM MOTYT pacCMaTpUBaTh 3Ty
IJIaBy Kak “kapkac”, Ha KOTOPBIii fajiee, HAYWHAas ¢ IJIaBbl 2, OyAyT "HaBeIIM -
BaThCs" DJIEMEHTHI SI3bIKA.
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1.1. HauHem, noxanyi

EQVHCTBEHHEBIN CITOCOO BBIYYUTH HOBBIN SI3BIK ITPOrpaMMUPOBAHUS - 3TO
HUCcaTh Ha HEM IporpaMMbl. [1pu M3ydeHUHU JIIOOO0TO SI3bIKa TIEPBOiA, KaK mpa-
BUJIO, MpeiaraloT HalmmcaTh IIPUOIM3UTEILHO CIEAYIONIYIO IIPOTPpaMMYy:

Haneuamamucaosa 3npaBcTBYil, MUD

Bot nepBoe npernsiTcTBre, M YTOOBI €ro MPeoAoIeTh, BbI TOJKHBI CYyMETh TJe-
TO CO3JaTh TEKCT MPOTPAMMBbI, YCTICIITHO €ro CKOMITUJIUPOBATh, 3aTPy3UTh, 3a-
MYCTUTHb Ha BBIMIOJTHEHUE U pa30o0paThesi, Kyaa OyIeT OTIpaBieH pe3yJibTarT.
Kaxk ToJbKO BbI OBJIaJieeTe 3TUM, BCE OCTAIbHOE OKaXETCsl OTHOCUTEbHO MPO-
cTO.

Cu-tiporpaMMa, rieqararonias “3apasCcTByi, MUpP", BEITISAIUT TaK:

#include <stdio.h>

main()
{

printf("sgpaBcTByit, Mup\n");
}

Kak 3amycTuth 3Ty IporpaMmy, 3aBUCUT OT CUCTEMBI, KOTOPYIO BbI UCTOb-
3yete. Tak, B omepauroHHoi cucteme UNIX Heobxoaumo chopMupoBaTh nc-
XOJHYI0 POTPaMMYy B daiiie c UMeHeM, 3aKaHIUBAIOIINMCSI CHMBOJIaMU “ . ¢",
Hanpumep B daiine hello. ¢, KOTOPHIN 3aTeM KOMIUIUPYETCS C TMOMOIIbIO
KOMaHJIbl

CGhello.c

Ecnu BBI Bee caenany mpaBUJIbHO - HE TIPOITYCTWIM re-11bo 3HaKa 1 He J10-
nycTmin opdorpadriecKnx olndOOoK, TO KOMITMISIINAS OPoiaeT "Mojrda" v BEI
noJjiyuynte (paiiyi, TOTOBBIM K MCITOJJTHEHHWIO M Ha3BaHHBIN a. out. Ecau BeI Te-
ephb 3aITyCTUTE 3TOT (paiiyl Ha BBINOJIHEHNE KOMaHIO’

a.out
nmporpamMMa HaredaTtaeT
3[paBCTBYi, MUp

B npyrux cucremax nmpaBuJia 3aIrycka mporpaMMbl Ha BBITIOJTHEHUE MOTYT ObITh
WHBIMU; YTOOBI Y3HATh O HUX, TIOTOBOPUTE CO CIIELIMATTUCTAMMU.

Terepb MOSICHUM HEKOTOPbIe MOMEHTBI, Kacarolluecss caMOil TporpaMMbl.
[MTporpamma Ha Cu, Kakux Obl pa3MepOB OHA HU ObLIa, COCTOUT U3 PYHKUUIL
U nepemernvix. OYHKUUU CONEPXAT UHCMPYKUUU, OTIMCHIBAIOLIUE BbIYUCIIE-
HUSI, KOTOPbIe HEOOXOIMMO BHITIOJTHUTh, a IEpeMeHHbIe XpaHAT3HAYCHUSI, UC-
MoJIb3yeMbI€ B Mpoliecce 3TUX BoiuucaeHni. @yHKIu B CH MOX0XM Ha MO/~



1.1.Ha4Hem, noxanyw 19

nporpaMMbl U ¢pyHkuun @oprpaHa uau Ha npoueaypsl U pyHkiuu I[Mackans.
ITpuBeneHHas mporpamMma - 3To GyHKIMS ¢ UMeHeM main. OGBIYHO BBI BOJIb-
HbI IPUIYMBIBATH JIIOObIE MMEHA ISl CBOMX (DYHKIMIA, HO “main” - ocoboe UMS:
Jt00ast MporpaMMa HauMHAeT CBOW BBIYMCIEHUS C MEPBON MHCTPYKIIUU (DYyHK-
UMk main.

OOBIYHO main JJjIs1 BHIIOJHEHUsI CBOEI pabOThI IOJIb3YETCS YCIIyraMu JIpy-
rux GYHKIMA; OJHU U3 HUX MUILYTCS CAaMMM ITPOTPaMMUCTOM, a Apyrue Oe-
pYTCsl TOTOBHIMU M3 MMEIOIIMXCS B €ro pacnopsikeHuu oumobiauorexk. Ilepsas
CTpOKa MPOrpaMMBbI:

#include <stdio.h>

coo0I1IaeT KOMITUIATOPY, UTO OH JOJKEH BKJIIOYUTh MH(OOPMAILUIO O CTaH-
JapTHOH OUGIMOTEKe BBOJA-BBIBOAA. DTa CTpPOKA BCTpEUYaeTCsl B Hayajle MHO-
rux UCXoaHbIX ¢aitnoB Cu-nporpamm. CtaHmapTHast OMOJIMOTEeKa oIucaHa
B NIaBe 7 U npuioxeHuu B.

OnuH 13 crocoOoB Mepenayu JaHHBIX MeXIY QYHKIUSIMU COCTOUT B TOM,
9T0 (PYHKUMS TIPU OOpallleHUH K ApYroi (pyHKIIMY MepeaaeT eif CriMcoK 3Have-
HUI, Ha3bIBaEMBIX apeyMeHmamu. ITOT CIUCOK OepeTcsl B CKOOKU U MoMella-
eTcs mocje uMeHu GyHKiuu. B Hailem nmpuMepe main ompeneneHa Kak (pyHK-
LIMS1, KOTOpasl He XIeT HUKaKUX apTyMEHTOB, UTO OTMEUEHO MYCThIM CIIUCKOM

0.

Mepeas nporpamma Ha Cu

#include <stdio.h> Braowenue ungopmayuu o cmandapm-
HOUl Oubauomexe.

main() Onpedenenue @yHKyuU ¢ umeHem main,
He noayyarouel HUKAKuxX apeyMeHmos.

{ Hucmpykyuu main 3axarouaromes 6 Qu-
2ypHble CKOOKU.

printf ("3gpaBcTBYit, Mup\n"); Dyukuyus main evi3bi6aem OubAUOMEHU-

Hy10 gyukyuro printf das newamu 3ada -

} HOIl n0CIed08aAMEeNbHOCTU CUMBON0E;
\IT - CUMBOA HOBOI CMPOKU.

WHcTpyKuuu GyHKUMU 3aKI0YAIOTCS B GUTypHBIE CKOOKM {}. DyHKIUS
main COmepXUT TOJIbKO OIHY MHCTPYKIUIO

printf ("sgpaBctByii, Mup\n");

DyHKIIUS BBI3BIBAETCS MO UMEHU, MOC]e KOTOPOTo, B CKOOKaX, YKa3bIBaeTCs
CMUCOK apryMeHTOB. TakuM o0pa3oM, IpuBeAeHHAs BBIIIE CTPOKA - 3TO BHI30OB
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¢dyukuu printf c aprymenTom "3gpaBcTByit, Mup\n'. DyHKIUs printf —ato
oubsmoTeuyHass QYyHKIMS, KOTOpasi B JaHHOM cJiydyae HarevaTaeT MocjeaoBa-
TeJIbHOCTh CUMBOJIOB, 3aKJTIOUEHHYIO BJABOMHBIC KABBIUKMU.

[TocnenoBaTeIbHOCTL CUMBOJIOB B IBOMHBIX KaBBIYKAaX, TaKasi KaK "3apaB-
CTBYil , Mup\N", HA3BIBAETCSI CMPOKOU CUMB0A08, WU CIPOKOBOL KOHCMAHMOIL.
IToka yTo B KauecTBe apryMeHTOB IJisl printf u apyrux GyHKUUA MBI Oyaem
MCTIOIb30BaTh TOJBKO CTPOKHU CUMBOJIOB.

B Cu xomOuHauus \n BHyTpU CTPOKU CUMBOJIOB 0003HAYAET CUMB01 HOBOU
cmpoKy Y TIpU TIeYaTH BBI3BIBAET MEPEXO/I K IEBOMY Kpalo CJIeAYIOIIeit CTPOKH.
Ecnu BB ynanute \11 (CTOMT MTO3KCIIEPUMEHTUPOBATh), TO OOHAPYXKUTE, UTO,
3aKOHUYMB 1eYaTh, MallliHA He TIepEeXOAUT Ha HOBYIO cTpoKy. CUMBOJT HOBOIt
CTPOKU B TEKCTOBBIN apryMeHT printf ciieayeT BKJIOYaTh IBHBIM 00pa3oM.
Ecnu BBl monpoOyeTe BEINOJHUTD, HAIIPUMED,

printf(”3ppascTByit, MUP
e
KOMITUJISITOP BbIIACT COOOIIeHME 00 o1InbKe.
CHMBOJI HOBOM CTPOKM HUKOTIA HE BCTABISIETCS] aBTOMAaTUYECKU, TaK YTO

OIHY CTPOKY MOXHO HareyaTaThb I10 1l1araM ¢ MoMoOIIbl0 HECKOJIbKHX OOpallie-
Huii K printf. Hamry nepByio nmporpaMMy MOXXHO HaImMcaTh U Tak:

flinclude<stdio.h>

main()

{
printf(”snpascTeyd, ");
printf(”mmup”);
printf('\n');

1
[ §

B pesynbTaTe ee BbIMOJHEHUST OyIeT HarleyaTaHa Ta Ke CTpOKa, YTO W paHbIIIE.

3ameTnM, yTo \IT 0003HAYAET TOJIBKO ONH CUMBOJI. Takue ocodbie KOMOU-
HallU CUMBOJIOB, HAUMHAIOIIMECsI C 00paTHOM HAKJIOHHOM YepThl, KakK \IT,
M Ha3BIBaEMBbIE ICKEUN-nociedo8amensHoCmaM, IMUPOKO TIPUMEHSIIOTCS TSI
0003HaYEHUS TPYAHO NPEACTAaBUMBIX UM HEBUIMMBIX CUMBOJIOB. Cpeau Impo-
yux B Cu umerotcs cumBoutbl \t, \b, \", \\, 0003HavaI11e COOTBETCTBEHHO
TabyJIALMIO, BO3BPAT Ha OIMH CUMBOJI Hasaz ("3a00i" TOCIIEIHEro CUMBOIIA),
JIBOMHYIO KaBEIUKY, CAaMy HAKJIOHHYIO 4epTy. [1oJIHBI CITUCOK TAKMX CUMBO-
JIOB TMpeacTaBiieH B maparpade 2.3.

Vmpaxuenne 1.1. BoinonHuUTe nporpammy, revaraolylo “adpascmeyiimup’,
B Baueil cucteMe. [loakcnepuMeHTUpyiTe, yaansss HEKOTOpble YaCTH TpOr-
paMMbl, U IOCMOTPUTE, KaK1e COOOIIeHUST 00 O1TMOKaX BbI OJTYYUTE.
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Vnpaxunenue 1.2. BoissicHUTE, YTO MPOU3OMIET, €CJIU B CTPOKOBYIO KOHCTAHTY
apryMeHTa printf BcTaBUTb \C, Te C - CUMBOJI, HE BXOJSIIIUI B TIPeACTaBICH-
HBbI BBIIIE CITUCOK.

1.2. NepemMeHHble n apudmMeTUn4Heckue BbipakeHUs

ITpuBeneHHass HUXe MpPOrpaMMa BBITIOJHSAET BBIYUCIEHUS MO dhopMyie
°‘C=(5/9) (T- 32) u neyaraeT TabGJAUIy COOTBETCTBUs TeMmepaTyp no Pa-
peHreiiTy Temnepatypam no Lenbcuio:

o ' -17

20 -6

40 4

60 15

80 26

100 37

120 48

140 60

160 71

180 82

200 93

220 104

240 115

260 126

280 137

300 148 :
Kax u npenpiaymas, sTa mporpaMma COCTOUT U3 OTpPeNeIeHUsT OMHOW-EANH-
CTBEHHOM (pyHKIMM main. OHa JUIMHHEe MPOrpaMMbl, TieyaTalollein “3apascTByit,
MUD", HO TIO CYyTH He cJIoXHee. Ha Heil MBI TPOJIeMOHCTPUPYEM HECKOJBKO
HOBBIX BO3MOXHOCTEl, BKJIIOUasi KOMMEHTapUii, 00bSIBICHUS, IEPEMEHHBIE,
apudmeTnyeckue BhIpakeHus, IUKITbl U (hOPMaTHBIN BHIBOI.

#include<stdio.h>

/* TmevaTh TabmuIH TewmepaTyp Mo dapeHTenTy
u Uenecuo ong fahr = 0, 20, ..., 300 */
main()
{
int fahr, celsius;
int lower, upper, step;
lower = 0; /* HUKHSAS TpaHUlla TabmuiH TemmepaTyp */
upper = 300; /* BepxHAd TDaKNIa ¥
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step = 20; /* war */

fahr = lower;

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

}

JIBe cTpoku:

/* neyaTb Tabnuupl Temnepatyp no ®apeHrenty
n Uenbcuio gna fahr = 0, 20 . . . 300 */

SIBJISIIOTCST KOMMeEHmapueM, KOTOPBIA B TAHHOM clly4ae KpaTKo OOBSICHSIET, UYTO
neaet mporpamma. Bce cMMBOJTBI, MOMeIEHHBIE MEXIY /* U */, UTHOPUPYIOT-
Cs1 KOMITUJISITOPOM, W 3TUM MOXKHO CBOOOIIHO ITOJIb30BAThLCSI, YTOOKI CIEIaTh
nporpammy 0osice MOHSATHON. KoMMeHTapuii MOXHO pacroJjiaraTh B JIIOOOM
MecCTe, TIAe MOTYT CTOSITh CUMBOJBI Mpobea, TaOyasIuMU UJIM CUMBOJI HOBOIA
CTPOKMH.

B Cu mobast mepeMeHHast JOKHA OBITh OOBSIBJIEHA paHbIIIe, YeM OHA OyIeT
HMICHOJIb30BaHa; OOBLIYHO BCe MEepeMEeHHbIE OOBSBISIOTCSI B Hayaje (QyHKINN
rnepen MepBoii NCIIOTHIEMO MHCTPYKLIMEeil. B 06ss61enuu omuchIBaIOTCS CBOM-
cTBa nepeMeHHbIX. OHO COCTOMT M3 Ha3BaHUSI THUIIA U CITMCKa MePEeMEHHBIX,
HaImpuMep:

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

Tum int o3HayYaeT, YTO 3HAYEHUS NEPEUNCIEHHBIX IIEPEMEHHBIX €CTh LIENbIE,
B OTJIMuKe OT Hero Tum float ykaspiBaeT Ha 3HAYEHUS C TUIABAIOLIEN TOUKOIA,
T. €. Ha YUCJIa, KOTOPbIE MOTYT UMETh IPOOHYIO YacTh. Jluana3oHbl 3HAUEHUI
00OMX TUIIOB 3aBUCAT OT UCIOJIb3YEMOM MALIUHEI.

Yuycnaa tuna int 6eiBator kak 16-paspsiiHbie (Jiexar B AUanasoHe ot -32768
1o 32767), tak u 32-paspsannbie. Yucia tuna float 06bIYHO IPEACTABISIOTCS
32-paspsAHBIMU CJIOBAMU, UMEIOLIVMMU 110 KpaifHell Mepe 6 1eCATUYHBIX 3HaYa-
mwux uudp (1exaT Npubau3UTenLHo B AuanasoHe oT10™* go 10%%),

[MTomumo int u float B Cu umeeTcs elle HECKOIbKO 0a30BBIX TUTOB IS
JAHHBIX, 3TO:

char - CUMBOJI - eIMHUYHBII OalT;
short - KOPOTKOE LIEJIOE;
long - JUINHHOE LIETIOE;

double - ¢ MJIaBawIeil TOYKOH ¢ ABOMWHOI TOYHOCTBIO.
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PasMepnbl 00BEKTOB yKa3aHHBIX TUIIOB TaKXKe 3aBUCIT OT MallMHBI. M3 6a3o0-
BBIX TUMOB MOXHO CO3MaBaTh: MACCUBbL, CMPYKMYpbl U 00se0uHeHus, YKa3a-
meau Ha 00bEKTHI 0a30BBIX TUMOB U (DYHKIIMM, BO3BpallalolIe 3HaYeHUS dTUX
TUIIOB B KadecTBe pe3yibTaTa. OO0 BCEM 3TOM MBI paccKaxeM IMo3xKe.

BoruyuciaeHus B iporpaMMe mpeodpa3oBaHUs TeMIIEpaTyp HaAUMHAIOTCS
C UHCMPYKYUL NPUCBAUBAHUSA:

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

KOTOpbIe YCTAaHABIMBAIOT YKa3aHHbIE B HUX MepeMeHHbIe B HayaJlbHbIE 3HaUe-
Hus. JI1o6ass MHCTPYKLIMS 3aKaHUYMBAETCsI TOYKOM ¢ 3aMsTOM.

Bce cTpoku TaGauMIbl BRIYUCISIOTCS OOTHUM U TeM K€ CIIOCOOO0M, ITO3TOMY
MBI BOCTIOJIb3YyeMCSI LIUKJIOM, MOBTOPSIONIMM 3TO BBIYMCAECHUE TSI KaXIOi
cTpoku. HeoOxonmmeble OeiCTBYSI BBITTOJHUT LIMKJI While:

while (fahr <= upper) {

}

OH paboraeT ciaeayouum obpasoM. [IposepsieTcs yciaoBue B cKobkax. Ecim
OHO UCTUHHO (3HaueHue fahr MeHbIlIe UK PaBHO 3HAYEHMIO UppPer), TO BbI-
TOJHSETCS TeJO LMKJIa (TpU MHCTPYKLIMH, 3aKIIOUYeHHbIE B (DUTYpPHBIE CKOO-
K1). 3aTeM OISITh IIPOBEPSIETCS YCAOBUE, M €CIM OHO UCTMHHO, TO TEJIO LIMKJIA
BHINONHAETCA cHOBa. Korga ycnosue ctanosutcs noxHbM (fahr mpesbicuio
upper), LUKJ 3aBepIlaeTcs, U BRIYMCACHUS MPOAOJIKAIOTCS ¢ MHCTPYKIIUU,
cienyoolieil 3a HUKIOM. [TOCKOAbKY HMKAKUX MHCTPYKILUI 32 IIUKJIOM HET,
MporpamMma 3aBepliaeT padorTy.

Tenom mukiaa while MoXxeT OBITh OJHA WM HECKOJIbKO MHCTPYKLUA, 3a-
KJIIOYEHHBIX B (DUTYpHBIE CKOOKM, KaK B IIporpaMme Ipeoopa3oBaHUsI TEMIIE-
paTyp, WIN OJHa-eAMHCTBEHHAs MHCTPYKLIMS 6e3 CKOOOK, KaK B LIMKJIe

while (i < 1)
=2

M B TOM U B ApYIroM cilydyae MHCTPYKILIMU, HAXOISIIIKUECs IO yIpaBleHUeM
while, MBI OyIeM 3aMUCHIBATh CO CIBUTOM, PABHBIM OJHON MO3ULINU TaOysI-
1IUY, KOTOpasl B MpoTrpaMMe yKa3bIBaeTCs YeThIpbMs MpobeaaMu; baarogaps
3TOMY OYIYT SICHO BUAHBI MHCTPYKLIMHU, PACIIOJOXEHHbIE BHYTPU LIMKAA. OT-
CTYTMBI TOTYEPKUBAIOT IOTUYECKYIO CTPYKTYPY porpaMmbl. CH-KOMITMIISITOD
He obOpalaeT BHUMaHUs Ha BHellIHee o(hopMIeHUE TPOTPaMMbl, HO HaTMYne
B HY>XXHBIX MeCTaX OTCTYIIOB U MPOOEJIOB CYIIIECTBEHHO BIIMSET Ha TO, HACKOJIBKO
JIETKO OHa OyIeT BOCIPUHUMATHCS YeJI0BEKOM MpPU IpocMoTpe. UToOk! yuiiie
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Obl1a BUJHA JJOTMYECKAs CTPYKTYpPa BhIPAXKEHM s, Mbl PEKOMEHIyEeM Ha KaXKA0M
CTPOKE MucaTh TOJbKO MO OJHOU MHCTPYKIIUU U C 0OEUX CTOPOH OT OIepaTo-
pOB CTaBUTh MpoOenl. TlojloxkeHre cKoOOK He TaK Ba’kKHO, XOTSI CYIIECTBYIOT
pa3Ju4yHble TOYKU 3PEHUST Ha 3TOT cyeT. Mbl OCTAaHOBUJIUCH HA OJHOM U3 He-
CKOJIBKMX pacCIIpOCTPaHEHHBIX CTWJIEH MX MPUMEHEHUs. Bpidbepute TOT, KOTO-
pBIli OOJIbIIIE BCETO BaM HPABUTCS, 1 CTPOTO eMy CJIeIyiTe.

Bésnblirasi yacte BBIYMCIIEHUI BBIMOMHSIETCS B Teste 1uKia. Temmeparypa o Pa-
peHreinTy nepeBoauTcs B Temneparypy no Llenbcuio u nprucBavBaeTrcs repe-
MEHHOI celsius NocpencTBOM UHCTPYKIIMA

Celsius = 5 * (fahr-32) / 9;

IMpuunHa, o KOTOPOIi MBI CHaYaJIa YMHOXaeM Ha 5 1 3aTeM JIeJIuM Ha 9, a He cpasy
yMHOXaeM Ha 5/9, cBsizaHa ¢ TeM, 4To B CH, KaK U BO MHOTUX IPYTUX SI3bIKaX,
JieJIeHUE 1ETbIX COMPOBOXAAETCS omopacvieanuem, T. €. TIOTepeii APOOHOI Jac-
™. Tak Kak 5 1 9 - 1uenble, oTOpackiBaHue B 5/9 nano Obl Hy/lIb, U Ha MecTe
Temrieparyp 1o Lleabcuio Obu1u Ob1 HarleyaTaHbl HYJIH.

DTOT NMpuMep NMpUOaBUI HaM ellle HEMHOrO 3HAaHUII O TOM, Kak paboTaeT
¢yHkuus printf. @yukuus printf - 310 yHUBepcaibHast pyHKLUS GopmaT-
HOIO BBOZIa-BbIBOAA, KOTOpasl OyaeT moapoObHo onvcaHa B riaBe 7. Ee mepBblii
apryMeHT - CTpOKa CMMBOJIOB, B KOTOPOI KaXIblii CUMBOJI % COOTBETCTBYET
OJIHOMY U3 TOCJIEAYIOIIMX aPIYMEHTOB (BTOPOMY, TPETbEMY, ...), a nadopma-
11151, pacToJIoXKeHHas 32 CAMBOJIOM %, yKa3bIBaeT Ha BUJl, B KOTOPOM BBIBOIMT-
Cs1 Kaxablii U3 9TX aprymeHToB. Hanpumep, %d criennduIiiMpyeT Bbinadyy ap-
TYMEHTa B BUJIE 1LIEJIOTO AECSITUYHOTO YHCIa, U UHCTPYKIIMS

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

neyaraet ueioe fahr, BeimosHsieT Tabynsuuio (\t) u neyaraer ueiaoe celsius.

B dyHkuuum p rintf kaxnomy crieurdukaTopy nepBoro apryMeHrta (KOHCT-
PYKIIMHY, HAYMHAIOIIEHCs ¢ %) COOTBETCTBYET BTOPOI apryMEHT, TPETHIA apry-
MEHT U T. A. CrnieliupukaTopbl U COOTBETCTBYIOLIME UM apTryMEHTbI JOJKHBI
OBITh COTJIACOBAHBI M0 KOJIMYECTBY U TUIIaM: B IPOTUBHOM Cllyyae HareyaTaHo
OyIeT He TO, YTO HYXKHO.

Kcratu, printf He aBasieTcs yacTbio si3bika Cu, 1 BOOOIIE B SI3bIKE HET HU-
KaKuX CTelIMabHBIX KOHCTPYKIIUM, OMpeneasiolnX BBOA-BbIBoA. DyHKIIUS
printf--nuinb nose3Has GyHKIMS CTaHIAPTHOM OMOJMOTEKH, KOTOPast OOBIYHO
nocrynHa g Cu-nporpamm. [losenenue dyHkuuu printf, omHako, oroBope-
Ho ctanmapToM ANSI, u ee cBolicTBa NOJXHBI OBITh OMIMHAKOBBIMU BO BCEX
Cu-cucremax, yIoBJIETBOPSIONINX TpeOOBaHUSIM CTaHIapTa.

Kenast CKOHIIEHTpUPOBATh Ballle BHUMaHue Ha caMoM Cu, MbI He OylieM MHO-
TO TOBOPUTh O BBOJE-BBIBOJIE /10 INIaBbl 7. B 4aCTHOCTH, MBI OTJIOXUM pPa3ro-
BOp 0 popmarHoM BBojie. Eciin Bam moTpedyercst BBECTH YKCIIA, COBETYEM IPO-
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yuTaTh B naparpade 7.4 To, 4To Kacaercs pyHKUUU scanf. Ora GyHKIIUS OT-
Jr4yaeTcs ot printfauinb TeM, YTO OHA BBOAUT JaHHbIE, & HE BHIBOIUT.

Cyl1ecTBYIOT elle ABe Mpo0JeMbl, CBSI3aHHbIE C TPOrpaMMoil mpeobpazoBa-
Hust Temrieparyp. OnHa u3 Hux (6ojiee TPOCTasi) COCTOUT B TOM, YTO BBIBOJIM-
MBI Pe3yJabTaT BBITJSIUT HECKOJIBKO HEPSIILUIUBO, MTOCKOJBKY YMCIa HE BbI-
POBHEHBI TT0 MPaBOY MO3UITUY KOJIOHOK. DTO JIETKO UCTIPABUTD, 100aBUB B KaX-
nblil u3 crienndukaropoB dopmata %d ykazaHue o IIUPUHE TOJIST; PU STOM
mporpaMMma OyJeT revaTaTrh 4Yucia, IpuXumas Ux K IMpaBoMy Kpalo yKa3aH-
HBIX TToJieli. Hampumep, Mbl MOXeM Hamucarb

printf("%3d %6d\n”, fahr, Celsius);

YTOOBI B KaX/I0# CTpOKe MepBOE YUCIIO MeyaTaTh B MOJie U3 TpeX MO3UIInii,
a BTOpoe - M3 lllecTu. B pe3ynbprare OymeT HaleyaTaHoO:

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

100 37

Bropasi, 6osiee cepbe3Hass mpobJjieMa CBsI3aHa ¢ T€M, YTO MBI MOJIb3yeMCsI
LIEJIOUMCICHHON apu(PMETUKOMN U TTOTOMY HE COBCEM TOYHO BBIUMCIISIEM TEM-
nepatypsl 1o wkane Llenscus. Hanpumep, 0 °F Ha camMoM felie (C TOYHOCTBIO
1o aecsartoil) paBHo -17.8 °C, a He -17. UTOOBI IMOJNYyYHUTh O00Jiee TOUHBIEC 3HAUYE-
HUS TeMIIepaTyp, HaM Hallo MOJIb30BaThCs HE LIETOYUCTEHHOU apudMeTUKOI!,
a apuMeTUKON C TUIaBalollelt TOUKOo. DTO MoTpedyeT HEKOTOPHIX U3MEHe-
HUI B MporpamMmme.

#include <stdio.h>

/* neyaTb Tabnuubl Temnepatyp no Mapenreiity n Lienscuio ans
fahr = 0, 20 . = . . 300; BapwaHT ¢ nnaBalowein Toukonm */
main()
{
float fahr, Celsius;
int lower, upper; step;

(]

lower = 0; /* HUKHSS TpaHuila Tabmuis TEMIEepaTyp */
upper = 300; o/* BepxHSS TpaHuia */

step = 20; /* mar */

fahr = lower;

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

H

[Tporpamma Masno usmeHuaach. OHa OTJIMYAETCS OT MPEIbITYIIeH JHUILb TeM,
yto fah! u celsius 00bsIBAEHBI Kak f3 oat, a hopmyna mpeodpa3oBaHUsI HATIK-
caHa B OoJiee eCTeCTBEHHOM Bue. B mpeabiayiiieM BapuaHTe Heb3sl ObLIO LK~
cathb 5/9, Tak Kak lLIeJIOYMCIICHHOE JeJIeHUEe B pe3yabTaTe 00pe3aHus Aajio Obl
HYJIb. ﬂeCHTI/I‘{HaH TOYKa B KOHCTAHTC yKa3bIBa€T Ha TO, UTO ITOCJICOHAA pac-
CcMaTpMBaeTCsl KaK YMCJIO C IUTaBaoleil Toukou, n 5.0/9.0, TakuM o0Opasom,
€CTb YACTHOE OT JEJIEHUS ABYX 3HAYEHUI C TUIaBalOLIe TOYKOUN, KOTOpOE
He MperoaaraeT oropaceiBaHMs ApoOHOI yacTu. B Tom ciaydae, korma apud-
METHUYECCKas orepauusda MMECT LICJIbIC OI€PpaHabl, OHA BBINMMOJHACTCA 110 ITpaBu-
JIaM 1IeJIouMclieHHOU apudmeTuku. Ecim xe oguH ornepaH ¢ IiaBawIeil Tou-
KOI, a Ipyroi - LeJIblid, TO Mepea TeM, KakK ornepaiius OyAeT BbIIOJHEHa, T0-
cliegHuit OyneT rmpeoOpa3oBaH B YMCIO C TJlaBatolleid Toukoit. Eciu Ob1 Mbl
Hanucanu fah r-32, To 32 aBToMaTU4YeCcKu ObLIO OBl TPe0OPa30BaHO B UMCIIO
¢ IU1aBaolleii Toukoit. TeM He MeHee TIpU 3alucKh KOHCTAHT C IlaBaolleid Tou-
KOI MBI BCErjaa UCII0Jb3yEM ICCATUYHYIO TOUKY, IPHUYEM AK€ B TCX ClIyyadx,
KOTJa KOHCTAHThI Ha CaMOM JIeJIe UMEIOT LeNbie 3HaYeHUs. DTO IeaacTcs IS
TOTO, YTOObI OOpPaTUTh BHUMAaHKME YUTAIOIIETO MPpOrpaMMy Ha UX IIPUPOY.

bosee moapoOHO MpaBuiia, onpeaesiole, B KaKUX ciaydasx Lejble nepe-
BOJISITCS B YMCJIA C TUTaBalOLIEel TOUKOM, paccMaTPUBAIOTCS B I1aBe 2. A ceifuac
3aMCTHM, UYTO IpUCBaBaAHUEC

fahr = lower;
1 TIpOBEpKa
while (fahr <= upper)

paloTaloT €CTECTBEHHBIM 00pa3oM, T. €. Mepell BBIMOJHEHUEM Olepaluy 3Ha-
yeHue int mpuBoautcs K float.

Cnenudukaiusa %3. Of B printf onpeaessieT nmeyaTsh YKMciia C IJIaBaloliei
TOYKOM (B JaHHOM CJIydae 4yKciia fahr) B rmojie IUPUHOM He GoJiee Tpex Mo3K -
1M 6e3 IecITUYHOM TOUKM U 1poOHOoi yacTu. Crierudukanus %6. 1f ormucor-
BaeT Mevyarth Apyroro uuncia (celsius) B mosie U3 IeCTH MO3UIN ¢ OTHON 1] -
poii mociie fecITUYHOM Touku. HameuataHo Oyzer cienytolee:

0o -17.8
20 -6.7
40 4.4
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HIupuHy 1 TOYHOCTH MOXKHO HE 3aaBaTh: %6 03HayaeT, YTO YMCI0 OymeT 3a-
HUMaTh He 0oJjiee mIecTH mo3unmii; %. 2f - yncnao nMmeeT aBe LMMPPHI OCIe Ae-
CSITUYHOM TOYKHU, HO IIMPUHA He orpaHu4YeHa; %f MpocTo yKa3bIBaeT Ha IevyaTh
YyucJia ¢ IUiaBarole TOYKOu.

%d - IeYaTh IeCATUYHOTO LIEJIOTO.

%6d - meyaThb AECITUYHOTO LIEJI0r0 B IT0JI€ U3 IIECTU ITO3ULIMIA.

%f - [e4yaTh YMcJia ¢ MaBaroleii TOUKOou.

%61 - IeyaTh YKMcJia C IUIaBalolleil TOUKOM B I0JIE U3 IIECTU MO3ULIUMA.

%. 2f - TIeYaTh YMCJIa C TIJIaBalolleii TOUKOM ¢ AByMsI IMdpamMu rmocie
NEeCATUYHOMN TOUKM.

%6. 2f - TeyYaTh YMCJIa C TIJIaBaolIeii TOYKO U ABYyMsI MG paMHu 1ocJie

OEeCATUYHOM TOYKH B MOJIe U3 IIECTU MO3ULIMHA.

Kpowme Toro, printf monmyckaet ciienyooliine celinuKaTopbl: %0 sl BOChbMe-
PUYHOTO YKcia; %X 1151 LeCTHAALATEPUYHOTO ynciia; %c 1ist cuMBosa; %S 1tst
CTpOKU CUMBOIOBY % % nisi camoro %.

Ynpaxnenne 1.3. YcoBepllleHCTBYITe IporpaMMmy HpeoOpa3oBaHUsI TeMIle-
paTyp TaKuM 00pa3oM, YTOOBI HaJ TaOJUIIEl OHA TevyaTaa 3aroJI0BOK.

VYnpaxnenune 1.4. Hanumure mporpamMmy, KoTopasi OyaeT medaTaTbh TaOJUILy
cooTBeTcTBUsI TeMmepaTyp 1o Lleiascuio Temreparypam 1o ®apeHreiiry.

1.3. UHcTpyKkuus for

Cy1iecTByeT MHOTO Pa3HbIX CIIOCOOOB JIUISI HANTMCAaHUsI OMHOU U TOM K€ IMpo-
rpamMMbl. BunonsMeHUM Hallly IporpamMmy Iipeoopa3oBaHus TeMIepaTyp:

#include <stdio.h>

/+ neyaTtb Tabnuubl Temnepatyp no PapeHreity n Lenscuio */
main()

{
int fahr;

for (fahr = 0; fahr <= 300; fahr = fahr + 20)
printf("%3d %6.1f\n"”, fahr, (5.0/9.0)*(fahr-32));
}
OTa mporpamMmma revyaTtaeT TOT XK€ pe3yJbTaT, HO BBITJISIIUT OHA, HECOMHEH -
HO, TI0-ApyroMy. [ JTaBHOE OTJIMY M e 3aKJII0YaeTCs BOTCYTCTBUU OOJIBIITMHCTBA
nepeMeHHbIX. OcTajack TOJbKO IepeMeHHast fahr, KoTopyio Mbl OOBSIBUIU
Kak int. HUXKHsIST M BepXHsIsS TPAHULIBI M IIIaT TPUCYTCTBYIOT B BUIE KOHCTAHT
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B MHCTPYKLMHU fOor - HOBOH ISl HAC KOHCTPYKIIUH, a BhIpAaXKeHUE, BHIYUCIISIO-
mee teMneparypy no Ilenbcuio, Ternepb 3agaHO TPETbUM apTyMEeHTOM (yHK-
uuu printf, a He B OTIENbHOM MHCTPYKIIMK MPUCBAWBAHUSI.

IlocnenHee n3mMeHeHUE SABISETCS IPUMEPOM MTPUMEHEHUST OOLIETO MpaBu-
Jla: B JIIOOOM KOHTEKCTE, I'ZIE BO3MOXHO MUCITOJb30BaTh 3HAUYEHUE MEPEMEHHOMN
KaKoro-To THIa, MOXHO MCITOJIb30BaTh 00Jiee CI0XHOE BbIpaxk€Hue TOro Xe
Tuna. Tak, Ha MecTe TpeThero apryMmeHTa hyHkiuu printf cormacHo creuu-
dukaropy %6.1f 1oJKHO OBITH 3HAYCHWE C TUIABAIOIIEH TOUKOM, ClienoBaTeb-
HO, 3[I6Ch MOXET OBITh JII00OE BEIPAXKEHME 3TOr0 TUIIA.

WHuctpykuus for onuchiBaeT LMK, KOTOPbIN SIBJIETCSI 00001IeHUEeM LMK -
nawhile. Eciu BBl cpaBHUTE €ro ¢ paHee HalmMCaHHBIM while, To BaMm ctaHeT
SICHO, KaK OH paboTaeT. BHyTpu cKOOOK MMEIOTCSI TPU BEIpaXKeHMsI, pa3aelise-
Mble TOUKOI ¢ 3amsaToii. [lepBoe BhIpaxkeHUE - MHULIMATA3ALNS

fahr =0

BBITIOJIHSIETCSl OAWH pa3 Tepel TeM, Kak BONTH B LIMKJI. BTropoe - mpoBepka
YCIIOBMSI TIPOJOJKEHUS IMKJIa

. fahr <= 300

YcnoBue BBIYUCSIETCS, U €CJIM OHO MCTUHHO, BBITIOJHSIETCS TEJNIO IIMKJa
(B HalleM ciIy4ae 3TO OmHO oOparueHue K printf). 3arem ocyiecTBisieTcs: mpu-
palieHue miara:

fahr = fahr + 20

M YCJIOBUE BBIYUCTSAETCS cHOBa. LMK 3akaHUMBaeTCs, KOTAa yCJIOBUE CTAHO-
ButTca doxHbeM. Kak u B ciaydae ¢ while, Teno for-ijukjia MOXET COCTOSITH
W3 OHOI MHCTPYKIIUY WJIM U3 HECKOIBKUX, 3aKJIFOYEHHBIX B QUTYPHBIE CKOO-
k1. Ha MecTe aTuX Tpex BbIpaXXeHuil (MHULIMAIN3alliK, YCJIOBUS U ITpupaliie-
HUS 111ara) MOTYT CTOSITh MPOM3BOJIbHBIE BHIPAXKEHUSI.

Br16op mexxny while u for onpenensiercst cooOpakeHUSIMU SICHOCTH IIPOrpam-
mbl. Lk for Oonee ymoOeH B Tex ciydasix, KOrla MHUIWAAIM3ALUSI W IIpupa-
IIEHME 11ara JJOTUYECKHU CBSI3aHbI APYT C IPYTroM OOILel MepeMeHHO 1 BhIpa-
JKalTCSI eIMHUIHBIMU MHCTPYKIIUSIMU, TIOCKOJIbKY Ha3BaHHBIH LIMKJI KOMITAKT-
Hee nuKiIawhile, a ero yrpasJsioline 9acT COCPEI0TOYSHEI B OTHOM MECTe.

Ynpaxuenue 1.5. VIzameHuTe mporpaMmmy rpeodpa3oBaHus TeMIepaTyp Tak,
yTOOBI OHA ITe4yarTaja Tabauiy B oopaTHOM mopsiake, T. €. ot 300 mo 0. .
1.4. AMeHOBaHHbIE KOHCTaHTbI

IMpexne yeM Mbl 3aKOHYMM PacCMOTPEeHUE TTPOTpaMMBbI TTpeoOpa3oBaHUs
TeMIIepaTyp, BEICKaXXeM ellle 0MHO coobpaxkeHue. QUeHb II0X0, KOTAa IO ITPo-
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rpaMMe paccestHbl "3aramouHblie yncia”, takue Kak 300, 20. Tor, kTo 6yaer
YUTaTh MpOrpaMMy, He HalleT B HUX U HaMeKa Ha TO, YTO OHU COOOI Tpen-
CTaBJISAIOT. Kpome TOTO, UX TPYAHO 3aMCHUTb HA APYI'ME€ KaKUM-TO CUCTEMATU-
yecKuUM crmocoboMm. OnHa 13 BO3MOXHOCTEU CIIpaBUThCS C TAKUMU YU CIaMU -
aTh UM OCiAbICTI€HHBIE MeHa. CTtpoka #fdefine onpenesnsieT camsorvHOE UM,
WU UMEHOBAHHYI0O KOHCMAHMY, NSl 3alaHHOW CTPOKU CHMBOJIOB:

tdefine ums noOcmaensemviii-mexcm

C 2TOro MOMEHTA TMPU JIOOOM TOSIBICHUU umeru (€CIU TOJIbKO OHO BCTpeya-
€TCsl HEe B TEKCTE, 3aKJIOUCHHOM B KaBbIYKU, U HE SIBJISICTCS YaCThIO OIpeeie-
HMSI IPYrOoro MMEHM) OHO OYIEeT 3aMEHSIThCSI Ha COOTBETCTBYIOLIUI eMy 1oO-
cmaeasemviii-mexcm. Mma AMEET TOT XK€ BUI, UTO U NEepeMEHHas: Mocie10Ba-
TEJIbHOCTh OYKB U LIM(pp, HauMHawIIasIcs ¢ OyKBbl. [lodcmaséasembiii-mekcm
MOXET ObITh JIFOOOI MOCIea0BATEIbHOCTbIO CUMBOJIOB, CPEIM KOTOPBIX MOTYT
BCTpEYaThCsl HE TOJIBKO HUMPHI.

#include <stdio.h>

#define LOWER O /* HWXHSS rpaHuua Tabnuupl */
#define UPPER 300 /* BepxHss rpaHuua */
#define STEP 20 /* pasmep wara */

/* neyatb Tabnuupl Temnepatyp no ®dapexreity n Lenscuio */
main()

{

int fahr; i
I

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

Benuuunbr LOWER, UPPER u STEP - uMeHOBaHHBIE KOHCTAHThI, a HE MEPEMEH-
Hble, TTO3TOMY ISl HUX HeT 00bsiBieHui. 1o oO1enpuHITOMY ComIallleHUIO
MMeHa UMEHOBaHHBIX KOHCTT.HT HaOUPaloTCs 3arjiaBHBIMU OyKBaMu, YTOObI OHU
OTJIMYAJIUCh OT OOBIYHBIX ITIEPEMEHHBIX, HAOUpPaeMbIX CTPOUYHBIMU. 3aMETUM,
4TO B KOHLE «define-CTPOKM ToukKa C 3amsiTOil He CTaBUTCA.

1.5. BBoa-BbiBOA4, CUMBOJIOB

Ternepb Mbl HaMepeHbI PACCMOTPETh CEMEMCTBO MporpaMM Io 00paboTKe
TeKCTOB. Bbl 0OHapyXuTe, YTO MHOTHE CYILIECTBYIOLIME TPOTPAMMBI SIBJISIIOT-
Cs1 IPOCTO PACIIMPEHHBIMU BEPCUSIMU 00CYKAaeMBbIX 3[1€Ch TIPOTOTUIIOB.
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CrangapTHas OMOIMOTEKA MOAAEPXKUBAET OUEHDb IIPOCTYIO MQEh BBOIA-
BbIBOJA. TeKCTOBBIN BBOJ-BLIBOJ BHE 3aBUCUMOCTH OT TOI'0, OTKYIa OH UCXO-
IUAT WM KyJla HampaBJiseTcsl, UMeeT JIeJI0 C TIOTOKOM CUMBOJIOB. Tekcmosbiii
NOMOK - 3TO TOCJIeIOBATEIbHOCTh CUMBOJIOB, pa3duTasl Ha CTPOKHU, Kaxmast
M3 KOTOPBIX CONEPKUT HYJIb WU 60Jiee CUMBOJIOB U 3aBepIIaeTCs] CUMBOJIOM
HOBOI cTpoku. O0S3aHHOCTD CJIEAUTD 34 TEM, YTOOBI JTI000I ITOTOK BBOIA-BhI-
BOJIa OTBEYAJI 3TOM MOJIEJIN, BO3JI0XKeHa Ha OMOJIMOTEKY: TPOrPaAMMMUCT, TTOJTb3Y-
scb OUONMMOTEKOM, He TOJIKEH 3a00TUTHCS O TOM, B KAKOM BHUIIE CTPOKU Mpe-
CTaBJISIIOTCS BHE IPOrPaMMBbI.

CrangaptHast OM0IMOTeKa BKIII0OUYaeT HECKOJIbKO (PYHKIIUM IJIsI YTSHMS 1 3a-
nucu ogHoro cumsoda. Ipocreiinime us Hux - getchar u putchae. 3aogHo obpa-
LIeHMe K getchar cuuTbIBaeTCs caedyrouuli cumMeo 6600a U3 TEKCTOBOTO MOTOKA,
¥ 3TOT CUMBOJI BBIAAETCS B KAUeCTBE pe3yibrara. Tak, 1mocjie BhITOJHEHUS

¢ = getchar()

TepeMeHHasI C COAEePKUT O4epeTHON CMMBOJI BBOAa. OGBIYHO CMMBOJIBI TTOCTY-
MnawT ¢ KiaaBuaTtypbl. BBom u3 ¢aiiyioB paccMaTpuBaeTcs B rj1aBe 7.
OOpameHue K putchar npuBOINUT K ITe4aTH OHOIO cMMBoJIa. Tak,

putchar(c)

HamevaTaeT COAEpXMMOe 1eJIoi MmepeMeHHON ¢ B BUje cuMBoJia (OOBIUHO
Ha 3kpaHe). Bei3oBbl putchar u printf MoryT npousBoibHbIM 00pa3oM rnepe-
MexaTbes. BoiBom OyneT (popMupoBaThCs B TOM e MOPSIAKE, UTO U oOpalie-
HUS K 3TUM QYHKIIUSIM.

1.5.1. KonupoeaHue daiina
Ipu Hamuuuu pyHkumit getchar u putchar, Hm4ero 60JbIIe HE 3HasI O BBO-
Jle-BbIBOIE, MOXKHO HAIMCaTh YAUBUTEIbHO MHOTO TT0JIe3HbIX TTporpaMm. [1po-
CTEHIINHI MPUMED - 3TO IPOrpamMMa, KOMUPYIoliasi o ofHOMY CUMBOJTY C BXO/I-
HOT'O MOTOKA B BBIXOAHOM MOTOK:

umenue cUMBOAA

while (cumeon ne s61semces npusnakom Koxya ghaiina)
661600 MOLLKO YMO NPOYUMAHHO20 CUMBOAA
umenue cumMgoNa

Odopmiss ee B BUze mporpaMMbl Ha Cu, TIOTyduM
#tinclude <stdio. h>

/* konuposaHue BBOJA Ha BbiBOg; 1-7 Bepcua */
main()

{

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

OrtepaTop OTHOILIEHUS | = 03HaYaeT "He paBHO".

Kaxxnerit CHMBOJI, BBOOIMMBIHN C KJIAaBUATYPhI MW MOSBIISIONIMICS Ha 9Kpa-
He, KakK 1 J11000i1 Ipyroil CKMBOJI BHYTPH MallIMHBI, KOOAUPYETCS KOMOMHAaIIen
ouroB. Tum char cieuraabHO MpeaHa3HavYeH JJ1s1 XPaHEeHWs] CUMBOJIbHBIX JaH-
HBIX, OJIHAKO JUJISl 3TOTO TaKXKe FOJUTCS U 1000 Liesblii Tull. Mbl Noab3yemMcs
TATIOM 1Nt ¥ JeaeM 3TO TT0 OMHOM BaXKHOM IIPUYMHE, KOTOpast TPeOYET pasbsic-
HEHUM.

CymiecTByeT IpobiemMa: Kak OTJIUINATh KOHEIl BBOZA OT OOBIYHBIX YNTAEMBIX
maHHBIX. PenreHune 3akmoyaercst B ToM, YTOOBI pyHKIIMS getchar mo nucuepra-
HUM BXOJHOT'O MOTOKA BBIJaBaja B Ka4eCcTBe pe3yJibTaTa TaKoe 3HauYeHUE, KO-
TOpPOE HEJIB3ST OBIJIO OBl CITYTaTh HU C OMHUM PEUTHHBIM CUMBOJIOM. DTO 3HavYe-
Hue ectb EOF (a66peBuatypa ot end 0 file - xonen daitna). Mbl 10JKHBI 06bA-
BUTH TMTEPEMEHHYIO C TaKOTO THUIIA, YTOOBI ero "XBaTWJIO" IJIST TIPEACTaBIICHUS
BCEX BO3MOXKHBIX Pe3y/IbTaTOB, BblAaBaeMbIX GyHKIMel getchar. Ham He mmom-
XOOUT THUII char, TaK KakK ¢ JOJIXKHA OBITh IOCTATOYHO "e€MKOi1", YTOOBI TOMHUMO
JII000ro 3HadYeHus Tuna char 06Tk B cocTossHur xpaHnuTh 1 EOF. Bot mouemy
MBI UCTIONIB3YeM int, a He char.

EOF - nenas koHcTaHTa, onmpeneneHHas B <stdio. h>. Kakoe 3HaueHre mMeeT
9Ta KOHCTAaHTA - HEBAXKHO, JIUIIb OBl OHO OTJIMYAJIOCH OT JIFOOOTO M3 BO3MOX-
HBIX 3HaYeHU# TuIta char. Mcmonp3oBaHne NMEHOBAHHOW KOHCTAHTHI C YHU-
GbuIpoOBaHHBIM UMEHEM TapaHTUPYET, YTO TIporpaMMa He OyIeT 3aBUCETh OT
KOHKPETHOTO YMCJIIOBOTO 3HAYEHU ST, KOTOPOE, BO3MOXKHO, B Apyrux Cu-cucre-
Max OyJeT WHBIM.

IIporpamMmy KomupoBaHUSI MOXHO HamucaTh Oonee cxkato. B Cu moboe
prCBanBaHMe, HAIIPUMEDP

¢ = getchar()

TPaAKTYCTCA KaK BbIpa>XC€HMUEC CO 3BHAYCHUEM, paBHbIM 3HA4YCHUIO JIEBOUW 4acTH
IT10CJIC ITpUCBavBaHUA. ICI) 3HA4YUT, YTO IIpUCBaAaMBAHMNE MOXET BCTPCUYATLCA
BHYTpH 0oJiee CJI0KHOTO BbIpaXXCHMUA. Ecin IIpucBanuBaHUC nepeMeHHoﬁ cpac-
ITOJIOKUTDb B IIPOBEPKE YCJIOBUA TUKJIA While, TO nporpaMmmMy KOIMMUpoOBaHUA
MO2XKHO 6y,£[€T 3ammmcaTthb B CJIICAYIOIIEM BUIC!

#tinclude <stdio.h>

/* KonupoBaHMe BBOZA Ha BbIBOA; 2-9 Bepcus */
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main()

{

int c;

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

Luxn while, nepecputasi B ¢ moay4yeHHOE OT getchar 3HaUeHUE, cpasy ke Ipo-
BepsIeT: He IBJIAETCS JIM OHO "KOHIIOM (haitna”. Eciiv 3To He Tak, BHITIOIHSACTCS
Tesio ukiaa while u nevaraercsi cuMBoJ. [1o oOKkOHUYaHUM BBOMA 3aBEPIIACTCS
pabota nukia while, a Tem caMbIM 4 main.

B manHO#1 Bepcuu BBOJ "IICHTpaInN30BaH" - B IPOTPaMMe MMEETCS TOJBKO
ofHo obpauieHue Kk getchar. B pesynbrare oHa 60j1ee KOMIIaKTHA U JIETY€e BOC-
MMPUHKUMAETCS TIPU YTeHUU. BaM yacTo mpuaeTcs CTaJKUBaThCs ¢ TaKo# (op-
MO 3amucu, rjae npucBaMBaHUeE AejlaeTcs BMecTe ¢ poBepKoii. (Upe3mepHoe
YBJIEYEHHUE €10, OMIHAKO, MOXET 3amyTaTh MPOrpamMMmy, MO3TOMY Mbl MTOCTapa-
eMcsl MO0JIb30BaThCsl YKa3aHHO! (hOpMOI pa3yMHO.)

CKOOKM BHYTPH YCJIOBUSI, BOKPYT NTpUCBAUBAHUS, HEOOXOAUMBI. [Ipuopu-
mem | = BBIlIIE, YeM TPUOPUTET =, M3 YETO CIIEAYET, YTO MMPU OTCYTCTBUH CKOOOK
npoBepka ! = OyIeT BHIMOJHAITHCS 0 ONepalMu npucBanBanHus =. Takum o0-
pasoM, 3amnuch

¢ =getchar() !'= EOF
OKBHUBaJICHTHaA 3aIlluC1
¢ = (getchar() != EOF)

A 3TO COBCEM HE TO, YTO HaM HYXXHO: TIepeMeHHOI ¢ OyaeT mpucBanBathest O
nii 1 B 3aBUCMMOCTH OT TOTO, BCTPETUT MJIM He BCTPETUT getchar mpu3HaK
KoH1a ¢aiina. (bosee moapodHO 006 3TOM CM. B T1aBe 2.)

Vrnpaxuenune 1.6. Yoenutech B TOM, UTO BhIpaxeHue getchar() != EOF
noJryyaet 3HayeHue 0 unum 1. !

VYnpaxuenue 1.7. Hanuiiure nporpammy, nevatatouiyio 3Hauenue EOF.

1.5.2. MoacyeTcnmeonos

CJTGI[Y]OH_[EIH nporpaMma 3aHMMAaETCAd MMOACYETOM CHUMMBOJIOB; OHAa MMECT
MHOTI'O CXOOHBIXYEPTC HpOI‘paMMOﬁ KOIMMPOBAaHMA.

#include <stdio.h>

/* nopcyeT BBOAMMbIX cumBONoB; 1-9 Bepcus */
main()
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long nc;
nc = 0;

while (getchar() ! = EOF)
++NC,
printf("%1d\n", nc);

}
WucTpykums
++nC;

MPEACTABIISIET HOBBIM oneparop ++, KOTOpbIV 03HAYAET ygeauvums Ha eauuuuy.
BwmecTto aToro MmoxxHo 6610 OB HaTIMCAaTh IIC = NC+1, HO ++1c HAMHOTO KOpoyue,
a yacto u 3¢ dexkTuBHee. CyliecTByeT aHAJIOTUUYHBINA OIlepaTop -—, O3Haya-
0L YMEHBWUMD Ha edunuyy. OniepaTopbl ++ 1 — MOTYT OBITH Kak npedukc-
HbIMU (++11C), Tak ¥ mocTduKcHbIMHU (1ic++). Kak 6yaer mokaszaHo B riase 2, 3Tu
JBe GOPMBI B BRIPAXKEHUSIX UMEIOT pa3Hble 3HAaUY€HUS, HO M *++1ic, 1 nict+ mo6aBiIsi-
IOT K TIC equHUITly. B TaHHOM ciydae Mbl OCTAHOBWJIMCH Ha MPe(UKCHOM 3aITCH.

IIporpamMmma moacyeTa CMMBOJIOB HaKaIUIMBAaeT CyMMY B IIEpEeMEHHOM THUIIa
long. Lenble Tnma long nMmerotr He MeHee 32 OuToB. XOTS Ha HEKOTOPBIX Mallln-
Hax TUIHI int 1 long UMET OAMHAKOBBIN pa3Mep, CYIIeCTBYIOT, OMHAKO, Ma-
IIWHBI, B KOTOPBIX int 3aHuUMaeT 16 GUTOB C MaKCHMMaJIbHO BO3MOXHBIM 3Ha-
gyeHueM 32767, a 3T0 - CpaBHUTEIBHO MaJIeHbKOE YMCJIO, U CYETUYMK THIIA int
MoXeT mepernoHuThesa. Crienmbukanmsa %1ld B printf ykaspiBaeT, 4To cOpT-
BETCTBYIOIIIMI apTyMeHT UMeeT TUM long.

Bo3MoXXHO OXBaTUTH elle OOJIBIINI AUAITa30H 3HAYEHUI, €CJIM MCITOJIb30-
BaTh Tum double (T. e. float ¢ mBoiiHOI ToYHOCTEIO). [IpMeHNM TakKe MH-
cTpykuuio for BMecto while, 4TOGB MPOIEMOHCTPUPOBATHL IPYTroii CIIOCOO
HamncaHWs [IUKIIA.

#include <stdio.h>

/* NOACYeT BBOAMMBLIX CMMBONOB; 2-9 Bepcus */
main()

{

double nc;

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

printf(”%.0f\n", nc);
}

B printf cmeuundukatop %f npumensierca kak mias float, rak u pns double;
cneuurpukarop %. Of o3HavaeT meyaTh 63 1eCATUYHOMN TOUKH U IPOOGHOM yac-

TH (TTOCJICAHSS B HAIIEeM CJIydae OTCYTCTBYET). ‘
2 3ak. 1116
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Teno ykazaHHoro for-nukiia mycto, MocKoJbKy KpoMe MPOBEPOK 1 MpUpa-
1LIEHWI cueTyrKa aejaTb HU4ero He Hy>Ho. Ho npasuia rpammatuku Cu Tpe-
Oy1oT, 4TOOBI fOr-1UKI UMeN Teslo. BbIMoHeHre 3Toro TpeboBaHMS Obecreum-
BaeT U30JIMPOBAaHHAs TOUKA C 3alSITON, Ha3blBaeMasi nycmoii uncmpykuyuei. Mpl
MOCTaBWJIM TOUKY C 3aIISITOM Ha OTAEJIbHOI CTPOKE MJIs1 OOJIbIIIe HATJISIATHOCTH.

Haxkowne1, 3aMeTuM, 4TO €C/iM BBOA HE COAEPXKMT HM OIHOTO CMMBOJIA, TO
MpU IIepBOM Ke obpaleHuu K getchar ycioBue Bwhile unu for He OyaeT Bbl-
MOJIHEHO U MTpOorpaMmMa BbIJACT HYJIb, YTO U OYAET MPaBUJIbHBIM PE3YJIbTATOM.
D710 BaxXHo. OIHO U3 MPUBJIEKATEIbHBIX CBOMCTB IIUKI0BwWhile u for coctour
B TOM, YTO yCJIOBHE MTPOBEPSIETCS 10 TOTO, KaK BbITIOJHSETCS Tesio uukiaa. Eciau
HUYEro ieJaTh He Ha/l0, TO HAYETO IeJIaThCs U He OyaeT, MyCTh IaXKe TeJIO LIMKJIa
He BBIMOJHUTCA HU pa3y. [lporpamma goyixkHa BecTU ceOsi KOPPEKTHO W MpH
HYJIEBOM KOJIMYECTBE BBOAMMBIX CUMBOJIOB. CaMO yCTpOMCTBO LIMKJIOB While
u foraeTt AOMOJIHUTENBHYIO YBEPEHHOCTb B IPABUJIbHOM ITOBENEHUU MTPOTrPaM-
MBI B CIyyae rpaHUYHBIX YCJIOBUNA.

1.5.3. Iloacuer cTpok

Crenyiolliasi mporpaMmma rnojacuyuThiBaeT CTpoku. Kak yrnmomuHanoch BbIllIe,
CTaHJapTHas OMOIMOTEKAa 00eCreYMBaeT TaKylo MOJEIb BBOAA-BLIBOAA, DU
KOTOpPOI BXOJHOU TEKCTOBbIM MOTOK COCTOUT U3 ITOCJIEI0BATEILHOCTHA CTPOK,
Kaxaasi U3 KOTOPbIX 3aKaHUMBAETCS CUMBOJIOM HOBOW cTpoku. CrenoBaresb-
HO, MOJCYET CTPOK CBOAMUTCS K MOACYETY YMCJia CUMBOJIOB HOBOI CTPOKM.

#include <stdio.h>

/* TMOACYET CTPOK BXOAHOrO notoka */

main()
{
int ¢, nl; !
nl = 0;
while ((c = getchar()) != EOF)
if (c == V)
++nl;

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

Teno uukiia renepb 06pa3yeT UHCTPYKILUA if, MO KOHTPOJIEM KOTOPOIi Ha-
XOAUTCY yBeJn4yeHue cueTynka nl Ha equHuny. MHcTpykius if mpoBepsier
yCJIOBHE B CKOOKaX 1, €CJIM OHO UCTUHHO, BBITTOJIHSIET CJAEAYIOIIYIO 32 HUM UH-
CTPYKLIMIO (MM TPYIITY MHCTPYKIIMI, 3aKJIIOYEHHYIO B (PUTypHBIE CKOOKM).
Mpbl OTISITH AeJIaeM OTCTYMbI B TEKCTE MPOTpaMMBbl, YTOOBI IT0Ka3aTh, YTO YeEM
yrpaBJisieTcs.



1.5. BBOA-BbIBOA, CVIMBOJIOB 35

JIBOIiHOIM 3HaK paBeHCTBA B s13biKe Cu 0003HauyaeT onepatop "paBHO" (OH
aHanoruueH oneparopy = B [lackane u . EQ. B @oprpasne). YaBanBaHue 3HaKa =
B OIlepaTope MPOBEPKU Ha pABEHCTBO CAEJIAHO IJIS TOTO, YTOOBI OTIMYUTH €TI0
OT eIMHUYHOTI'O =, UCITOJIB3yeMoro B Cu 1j1s 0603HaYeHUs TpucBarBanus. [1pe-
IyMpexaaeM: HauMHaIOLIKe IporpaMMUpoBaTh Ha Cy MHOTAA IMUIIYT =, a UMe-
10T B Buay ==. Kak Mbl yBUIUM B IJIaBe 2, B 3TOM CJIydae pe3y/bTaToM OyaeT
0OBIYHO BIOJIHE IOMYCTUMOE TI0 (hOpMe BhIpaXXeHUE, Ha KOTOPOE KOMITIIISITOP
HE BBIIACT HUKAKUX NPeayNnpeXIaolmX COobIennii' .

CHMBOJI, 3aKJIIOYEHHBI B OMMHOYHBIC KaBbIUKU, MIPEACTABIIsICT COOOM 1ie-
JIoe 3HaUeHUe, paBHOE KOIY 3TOr0 CMMBOJIA (B KOAMPOBKE, IIPUHSTOM Ha JaH-
HOM MallliHe). DTO TaK HasbIBaeMasl cumeoavHas koncmarma. CyLIeCTBYeT U
JOPYTOi CIIOCO0 IJ1sT HAITMCAaHWST MaJICHbKUX LIEJIbIX 3HaUueHuit. Hampumep, 'A’
€CTh CUMBOJIbHAs KoHcTaHTa; B Habope cumBosioB ASCII ee 3HaueHue paBHs-
etca 65 - BHyTpeHHeMY npeacTaBieHnio cuMmbojia A. Koneyno, 'A' B posii KOH-
CTaHTHI MIPEIMOYTUTEIbHEE, YeM 65, MMOCKOIbKY CMBICI IIEPBOM 3amucu Gojice
OYEBUIIEH, ¥ OHA HE 3aBUCUT OT KOHKPETHOTO CII0C00a KOTUPOBKU CUMBOJIOB.

DCKeNM-IM0CIeI0BaTeIbHOCTH, UCIIONb3YeMble B CTPOKOBBIX KOHCTaHTaX,
JIOITYCKAIOTCSI TAK3KE M B CUMBOJIBHBIX KOHCTAaHTax. 1aK, '\n' 0003HaYaeT KO
cuMBoJIa HOBO# cTpoku, koTopbiit B ASCII paBen 10. CieayeT o0paTuth 0co-
0oe BHUMaHMe Ha TO, YTO ' \n' 0003HAYaeT OMUH CUMBOJI (KO KOTOPOTO B BbI-
paXeHMH paccMaTPUBaeTCs Kak 1IeJI0e 3HaYeHMe), B TO BpeMs Kak "\n" - cTpo-
KOBasl KOHCTaHTa, B KOTOPOI YMCTO CAy4YallHO yKa3aH OIWH CUMBOJ. boiee
MMOAPOOHO Pa3IMIKe MEXIY CUMBOJIbHBIMU M CTPOKOBBIMM KOHCTAHTAMU Pa3-
Oupaercs B IyiaBe 2.

Yupaxuenue 1.8. Hamuivte mporpamMmy sl rmoacyera mpo0eioB, TaOy i
U HOBBIX CTPOK.

Ynpaxnenune 1.9. Hanuinure nporpaMmmy, KOMUPYIOIIYIO CUMBOJIBI BBOAA
B BBIXOJHOM MTOTOK Y 3aMEHSIOIIYIO CTOSIIIIME TTOAPSI MPOOeIbl Ha OMUH Mpooe.

Vnpaxuenue 1.10. Hanumwure mporpamMmy, KONUPYIOUIYIO BBOIMMBIE
CUMBOJIBI B BBIXOJAHOM MOTOK C 3aMEeHOI CMMBOJIa TaOyasiiMK Ha \t, CMUMBOJIa
320051 Ha \b 1 Kaxnoil oOpaTHON HakJIOHHON yepThl Ha \\. DTO cienaer
BUAUMBIMU BCE CUMBOJIBI TAOYJISIIUU 1 320041.

1.5.4. Noacuercnoe

YerBeprasl U3 Hallleil cepUM MOJIE3HBIX MPOrpaMM IMOACUYUTHIBAET CTPOKHU,

CJIOBa U CUMBOJIBI, IIPUYEM I10J CJIOBOM 34€Ch UMECTCA B BULY nmobas CTpoOKa
1

" COBPCMECHHbBIC KOMMAUASTOPI, KaK [IPABUJIO, BbIOAIOT HPEAYTIPEX/ICHUE O BOZMOXHOMN OG-
ke. - [llpumedy. pen.
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CUMBOJIOB, He coiepKalmas B ceoe po0elIoB, TabyISILIUi 1 CUMBOJIOB HOBO
CTPOKU. DTa IIporpamMma sSBJIsIeTCs YIIPOILIEHHOM BepcUeil IIpOrpaMMEI WC CHCTE-
mbl UNIX.

#include <stdio.h>

#define IN 1 /* BHyTpU cnoea */
#tdefine OUT 0 /* BHE cnosa */

/¥ NOACYET CTPOK, CAOB M CMMBONIOB */
main()

{

int ¢, nl, nw, nc, state;

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

++nc;
if (c =="'n")
++n1;
|f (C == 13 C == ,\nl l|| Cc == '\t‘ )
state=0UT;
else if (state == OUT) {
state = IN; °
++Hnw;

}
printf("%d %d %d\n”, nl, nw, nc);

}

Kaxxnplit pa3, BcTpedast IIepBbIii CUMBOJI CJIOBa, IIporpaMma M3MEHseT 3Ha-
YyeHUe cueTurKa cyioB Ha 1. [IepemMeHHas state GUKCHPYET TeKyIlee COCTOSI-
HHe - HaXOIMMCS Mbl BHYTPY WIM BHE cjioBa. BHavaje eit mprcBanBaeTCs 3Ha,-
yenne OUT, 4To COOTBETCTBYET COCTOSIHMIO "BHE cIoBa". MBI peanoynTaeM
0JIb30BaThcs UMeHOBaHHBIMU KOHCTaHTaMU INnOUT, aHe cOOCTBEeHHO 3HA-
yeHusMu 1 u 0, 4TOGBI caenath IporpaMmy 6ojice TOHATHOM. B Takoit MajieHb-
KO IIporpaMMe 3TOT IpHEeM MaJIO UTO IaeT, HO B OOJIBIION IporpaMMe YBeIr-
YeHHUE €€ ICHOCTU OKYMNaeT He3HAUYNTeIbHbIC TOIIOJTHUTEILHBIEC YCUIINS, TT0-
TpadueHHEIE Ha TO, YTOOBI IMMCATh IIPOrPaMMy B TAKOM CTUJIE C CAMOTO HadaJa.
Bur o6HapyxuTe, 4TO 00JIbIINEe N3MEHEHMS TOpa3ao Jierde BHOCUTD B Te IIPO-
rpaMMBI, B KOTOPBIX Marndeckuye 4Kcja BCTPEYalOTCs TOJILKO B BHIE MMEHO-
BaHHBIX KOHCTaHT.
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Crpoka
nl = nw=nc = 0;

yCTaHaBJIMBAeT BCe TPU TepeMeHHbIe B HyJb. Takast 3amuch He SIBIIsIeTCs Ka-
KOU-TO 0cO00ii KOHCTPYKIIMEW W HOITyCTUMa MOTCMY, UTO TIPUCBAaMBaHUE €CTh
BBIpa’keHHE CO CBOMM COOCTBEHHBIM 3HAYCHMEM, a OTepallii MPUCBauBaHMS
BBITIOJTHSIIOTCS CTIpaBa HajieBO. YKa3aHHasl CTPOKa 9KBMBaJICHTHA

nl = (nw = (mc = 0));

Omeparop ! ! o3nauaer MJIM, tak 4o cTpoka

if(c::' i Cc=="\n" I Cc=="\t")

YUTaeTCs Kak "eclIv ¢ eCTh MPOoOel, Uiy C eCTh HOBasl CTPOKa, UAu C eCTb Taby-
sy, (HammoMHuM, 4TO BUOAMMAST 3CKEUII-TIOC/IENOBATEILHOCTD \t 0003HAa-
yaeT cuMBOJI TaOyssaumu.) CylnecTByeT Takke orepatop &&, o3Havarommii WM.
Ero npuopureT BBIILE, YeM TIPUOPUTET : . BeIpaskeHMsI, CBSI3aHHBIE OTIepaTo-
paMu && WU | i, BEIYUCIISIIOTCS CIeBa HAIPaBo; P 3TOM TapaHTUPYETCS, YTO
BBIYMCJICHMST Cpa3y MpPEepBYTCsI, KaK TOJIbKO OyIeT YCTaHOBJIeHAa MCTUHHOCTH
WJIN JIOKHOCTD ycaoBus. Ecu ¢ ecTb po6ert, To gasbliie MpoBepsTh, IBISETCH
3HaYEHHUE C CUMBOJIOM HOBOM CTPOKM WM Xe TaOyIsAluK, He HYXHO. B aToM
YaCTHOM cJlyyae JaHHBIN CIoco6 BBIYMCICHUI He CTOJIb BaK€H, HO OH MMEeT
3HaUeHUE B 00JIee CIIOKHBIX CUTYalIMsIX, KOTOPbIE MBI BCKOPE PACCMOTPUM.

B npuMepe Takke BCTpevaeTcsl CJI0BO else, KOTopoe yKa3biBaeT Ha ajibTepHa-
TUBHbIC ICHCTBUS, BBITIOJIHSIEMbIE B Cllyyae, KOTJa ycJIoBUe, YyKa3aHHoe B if, He
SIBJISIETCS] UICTUHHBIM. B 00111eM BHIE yCJIOBHAsE MHCTPYKIIUS 3aITAChIBAaeTCs TaK:

if  (svipascenue)
UHCIMPYKUUA,
else

UHCTPYKUUL,

B xoHCcTpyKIIMM if-else BBITTOJTHSAETCS OAHA U TOJIBKO OHA M3 IBYX MHCTPYK-
uuit. Ecnu evipadicerie ICTUHHO, TO BBINOJHACTCS UHCMPYKYUA ,eCIIN HET,
TO - UHCMPYKUUs, Kaxmas M3 3TUX IBYX uHcmpykyui TIPENCTABIAET COOOM
JIN60 OHY MHCTPYKIINIO, TNO0 HECKOJIBKO, 3aKITIOYEHHBIX B (DUTYpPHBIE CKOOKH.
B Hamreit mporpamme mocite else cTouT MHCTPYKIUA 1f, ynpapisiioniasi AByMst
TaKUMUMHCTPYKIUSIMU.

VYnpaxunenue 1.11. Kak nporectupoBaTh nporpamMmy noacdera cioB? Kaxkoit
BBOJI BepOSITHEE BCEro OOHAPYKUT OIIMOKHM, €CJIM OHU OBLIU JOITYIIeHBI?

VYnpaxunenne 1.12. Hanmumure mporpaMmy, KOTopas IedaTacT COOepXKIMOe
CBOETO BBOJA, MOMeEIIAasl IO OJHOMY CJIOBY Ha KaxKIO# CTpOKeE.
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1.6. MaccwuBbl

ATenepb HanuIleM MporpaMMy, MOACYNUTHIBAIOIIYIO MO OTAEIbHOCTH KaXK-
nyo uudpy, cCuMBObI-pa3aenuTenu (npobesbl, Ta0YJSUMU U HOBBIE-CTPO-
KM) 1 BCE APYrue CUMBOJIBI. DTO HECKOJIbKO UCKYCCTBEHHAsI TpOrpaMMa, HO
OHa MO3BOJIUT HaM B OTHOM TIpUMepe MPOIEeMOHCTPUPOBATD €llle HECKOJIbKO
BO3MOXHOCTe! si3bika Cu. MIMeeTcsl nBeHaallaTh KaTeropyii BBOOAUMBIX CUM-
BOJIOB. YI00HO BCe IeCSITh CYETUYMKOB LIM(PP XPaHUTh B MAaCCUBE, a HE B BUJIE
JIeCSATU OTAEJbHBIX IepeMeHHBIX. BOT OMH 13 BapMaHTOB 3TOW MPOrPaMMBbI:

ttinclude <stdio. h>

/* nmopcyeT umdp, CUMBONOB-PA3ZENUTENEA UM MPOYMX CUMBONOB */
main()

{
int ¢, 1, nwhite, nother;
int ndigit[10];

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

while ((c = getchar()) !=EOF)
if (c>= '0" & c <= '9" )
t++ndigit[c- '0'];
elserifm(c iz atin =z EXa ikl ou==e PNE)
++nwhite;
else
++nother;

printf ("undps =");
for (1 =0;1 < 10; ++i)
printf(” %d”, ndigit[i]);
printf(”, cmvBonH-pasmemuTeny = %d, npoune = %d\n", nwhite, nother);

B pe3ynbTaTe BHIMOTHEHUS 3TOW MPOTpaMMbl OyAeT HamevyaTaH Clenyonui
pe3yabTar:

undppel = 930000000 1, cumsonbl-pasgenutenn = 123, npoune = 345

Ob6baBnenne

int ndigit{10];
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o0bsaBisger ndigit maccuBom u3 10 3HaueHuit Tumna int. B Cu snemMeHTsl Mac-
CUBa BCeraa HyMepYIOTCsl HAUYMHasI C HYJIs, TaK YTO 3JIEMEHTAMU 3TOr0 MacCu-
Ba OyayT ndigit[0], ndigit[1]. .. ndigit[9], yTo yuuTsIBaeTcs B for-uukaax
(TTpu MHULIMATU3A1UY U TTIeYaTh MacCUBa).

NnnekcoM MoxeT OBbITh Jt000€ 1ieJl0e BhIpaXKeHUE, odpa3zyemMoe LeJbIMU
MepeMeHHbIMY (HarpuMep i) v 1eJIbIMU KOHCTAaHTaMMU.

[TpuBeneHHast mporpaMmma OMUPAETCsl Ha OTpeieIeHHbIe CBOCTBA KOAUPOB-
k¥ 1ndp. Hanpumep, mposepka

if (c>="0 &&c<="9") ...
OMpeiesisieT, SIBJISIETCS JIM HAaXOsIIuiics B ¢ cuMBoJl Ludpoii. Eciu aTo Tak, To
c-'0

€CTb Urc0BOe 3HaueHue 1Mdpbl. CKazaHHOE CMPaBeIMBO TOJbKO B TOM CIIy-
yae, ecJIi 714 psaa 3HadeHuit '0',° 1, ..., '9’ Kaxoe cieayoliee 3HayeHue Ha |
Oosibie mpenpinyiero. K cuactpio, 310 mpaBuiio cobIonaeTcsi BO Bcex Habo-
pax CUMBOJIOB.

[To onpeneneHuto, 3HaYeHUs TMNA char SIBASIIOTCS MPOCTO MaJIBIMU LIEJIbI-
MU, TaK YTO MepeMEeHHbIE 1 KOHCTAHTHI TUMA char B apudMeTHuiecKux Bbipa-
KEHUSIX MIEHTUYHBI 3HAUEHUSM TUIA int. DTO U €CTECTBEHHO, U YI00HO; Ha-
npuMep, c¢-' 0’ ecTb 11eJ10e BEIpaKeHUE ¢ BO3MOXHBIMUY 3HaUeHUSIMU OT 0 110 9,
KOTOpbIE COOTBETCTBYIOT cMBoJIaM OT 'O’ 1o ' 9', XpaHSIIMMCS B NIEpeMeH-
Holi ¢. Takum ob6pa3oM, 3HAUeHUE JTAHHOTO BbIpaXKEHUSI SIBJISIETCS TTPaBUJIb-
HBIM MHIIEKCOM g MaccuBa ndigit. .

Crenytoiuit (hparMeHT OTNpPENesieT, SIBISIETCS] CUMBOJ LIMMPOIi, CHMBOJIOM -
pasnenuTesieM WU YeM-HUOYAb WHBIM.

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

else if (c ==' '"iic=="\n" il c== "\t))
++nwhite;

else
++nother

KoHcrpykuus Buna

if (ycnosue,)
UHCMPYKUUS |

else if (ycnosue,)
UHCMPYKUUSL,

else
UHCMPYKYUS,
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4acTO MPUMEHSIETCS IS BHIOOPA OMHOTO U3 HECKOIbKIX albTe pPHATUBHBIX ITy-
Tel, UMEIOIIMXCS B IIporpaMMe. Y1061 BBIYUCISIOTCS 10 MOPSAKY B HaIpaB-
JIECHWH CBEPXY BHU3 IO TeX IOP, ITOKa OTHO U3 HUX He OYIeT YIOBICTBOPEHO;
B 3TOM CiIydyae OyIeT BHIIIOJHEHA COOTBETCTBYIOIIAS €My UHCHMPYKUUS, W Pa-
©ota Bcell KOHCTpYKLWK 3asepiuntcs. (JIiobas u3 uncmpykiyuii MOXET OBITh TPyII-
IOl MHCTPYKLIWI B GUTYPHBIX CKOOKax.) Eciv HU omHO U3 ycaosuii HE yaOB-
JIETBOPEHO, BBHITIOJHSIETCS TOCHEIHSIST UHCMPYKUUs, PACTIONOXEHHAsI cpa3y
3a else, ecim TakoBast umeetcs. Ecim ke else u cinenytolieii 3a Heit uHcmpyk-
yuu HeT (Kak 3T0 OBUTO B IIpOrpaMMe IOJACYeTa CJIOB), TO HUKAKKUE NeCTBUS
BOOOIIIE He TTPOM3BOAITCSI. MexXmy TTepBbIM if 1 3aBepIIalonmM else MOXKeT
OBITH CKOJIbKO YTOJTHO KOMOWHAIIMI BUAA

else if (ycaosue)
UHCIMPYKYUSA

Korma nx Heckombko, IMporpaMMy pa3yMHO (hOpMaTHpPOBATh TaK, KaK MBI
3nech mokazaiau. Eciau Xe KaXnplit caeayrommii if ciBuraTh BIIpaBO OTHOCH -
TEJIBHO TIPEIBIAYINETO else, TO Mpu AJTMHHOM KacKajie IMPOBEPOK TEKCT OKa-
JKETCS CJIMILIKOM OJIM3KO TMPHKATHIM K MTPaBOMY KpalO CTPaHMUIIBL.

HucTpykumst switch, pedb 0 KOTOpoii TOMIET B IIaBe 3, 00eCIIeunBaeT Apy-
ol croco0 M300pakeHUsI MHOTOITYTEBOTO BeTBIeHM Ha s13bike Cu. OH Gosee
MTOIXOINT, B YaCTHOCTM, TOIA, KOTIa YCJIOBHEM Iiepexoma CIYKUT COBIIae-
HMe 3HAUYeHUST HEKOTOPOTO BBIPAXXEHMSI 1IEIOUMCIIEHHOTO THIIA C OTHOM 13 KOH-
CTaHT, BXOMAIIMX B 3aJlaHHBI Ha0op. BapmaHT Halleii mporpaMMBbl, peain3o-
BaHHOI ¢ ToMonIbio switch, mpuBonnuTcd B maparpadge 3.4.

Ynpaxuenne 1.13. Hanuumre nporpammy, NeYaTaiollylo TMCTOrpaMMbI JUIMH
BBOAMMBIX CJIOB. ['MCTOrpaMMy JIErko pucoBaTh FOPU30HTATBHBIMU TIOJIOCAMU.
PucoBaHue BepTUKaIbHBIMU TTOJOCAMHU - OoJiee TPYIHas 3a1aua.

VYnpaxuenue 1.14. Hanummre mporpammy, medaTalollyld TUCTOTPaMMbI
YacTOT BCTPEYACMOCTH BBOIUMBIX CHMBOJIOB.

1.7. PyHKUMNM

®Oyukuun B Cu UIpaloT Ty XKe poJib, YTO U NOANPOrpaMMbl U GYHKILIMKU
B ®oprpane uiau npoueaypsl 1 pyHkinu B [Tackane. @yHKImMs obecriednBaeT
YI06HBII crIoco6 OTIETBLHO 0(POPMUTH HEKOTOPOE BBIYMCIIEHHE ¥ TTOJIb30BaTh-
¢S IM Janiee, He 3a00TICh 0 TOM, KaK OHO peain3oBaHo. [locte Toro, Kak yHK-
LMK HATIUCAHBI, MOXHO 3a0bITh, KaK OHU CIIEJIaHbl, JOCTATOUYHO 3HATh JIUIIIb,
Ymo OHY YMEIOT AeIaTh. MeXaHU3M UCITOIb30BaHUs GyHKIUU B CH yao0eH,
nerok u 3pdextrBeH. Hepeako BbI OyaeTe BCTpeuaTh KOPOTKHE PYHKIIMH, BbI-
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3bIBaE€MBbIE TN b €AUHOXIbI; OHK 0O(pOPMIIEHBI B BUAE GYHKIIMU C OZHOM-EIUH-
CTBEHHOM 1I€JIbIO - MOJIYYUTh OoJiee SICHYIO IPOrpaMMy.

o cux mop MbI MOJIb30BAJIMCh TOTOBBIMU (DYHKIIMSIMU BpoAe main, getchar
u putchar, Termeppb HacTaja Mopa HaM CaMUM HaNMCcaThb HECKOJbKO PYHKIMA.
B Cu Het onepaTopa Bo3BeleHUsI B CTelleHb Bpojae * * B DoptpaHe. [Toatomy
MPOWJITIOCTPUPYEM MEXaHU3M onpeaeeHus] GyHKIMU Ha TpuMepe QYHKIIUU
power(m, n), KOTopast BO3BOAMT LIEJI0€E M B LIEJYIO MTOJOXUTEIbHYIO CTENEHD .
Tak, power(2, 5) umeer 3HaueHue 32. Ha camoM neJie st IpaKTUYECKOTO Mpu-
MEHEeHHUsT 3Ta (PYHKIMS MaJOMNpPUIofHa, TaK KaK OIMNEepUpPYET JUIIb MajbIMU
LEJIBIMU CTEIICHSIMM, OJJHAKO OHA BITOJIHE MOXET IMOCIYXKUTh WUTIOCTpAIIUC.
(B ctaHaapTHoIt 616IHOTeKe ecTh (YHKLMS POW(X, V), BEIYMCSIOMmAs X.)

Htak, Mbl uMeeM (pyHKIIMIO POWET U IIaBHYIO (YHKIMIO main, MOJb3yIOILy-
I0Csl €e ycJlyraMu, TaK YTO BCsl MpOrpaMma BBITJISIAUT CIACAYIOLIMM 00pa3oM:

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

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

}

/* BO3BOAMT base B n-io cTeneHb; n >= 0 */
int power(int base, int n)

{

inti, p;

P=1,

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

return p;

}

OmnpenesieHue 11000l GYHKLIMU UMEET CIeAYIOLINI BUI;

mun-pesyabmama ums-QyHKuuu (CRUCOK napamempos, ecau OH echb)
{

008s61€HUSA

UHCMPYKYUU
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OnpeneneHust GYHKIMH MOTYT pacIiojlaraTbCsl B JIOOOM MOPSIAKE B OMHOM WU
B HECKOJIbKMX UCXOHBIX (haitinax, HO JItoOast PyHKIMS TOJKHA ObITh LIETUKOM
pacriojioxkeHa B KaKOM-TO OTHOM. Ecjii ucXOoaHbI TEKCT MporpaMMbl pacmpe-
JIeJIEH TI0 HECKOJIbKUM (haitjiaM, To, YTOObI €€ CKOMITUJIUPOBATh U 3arpPy3UTh,
BaM NPUAETCS CKA3aTh HECKOJIBKO OOJIbIIE, YeM ITPU UCIIOJIB30BAHUN OHOTO
daiisia; HO 3TO ykK€ OTHOCUTCS K OIlepallMOHHOM cucTeMe, a He K sI3bIKY. [1loka
MbI TIpeArojaraeM, 4to ooe GyHKIIMU HAXOAATCS B OAHOM haiiie, Tak 4To Oy-
JIeT TOCTaTOYHO TeX 3HAHWUIA, KOTOPbIE€ BbI YK€ MOJYYMIU OTHOCUTEIBbHO 3a-
nmycka nporpamm Ha Cu.
B cienytoiiieit crpoke U3 pyHKIIMM main K power odpaiiaroTcst ABAXKIIbI.

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

Ilpn xaxxnoMm BbI3oBe (DYHKIIMW POWET TMepenaroTcs IBa apryMeHTa, U KaXKAblid
pa3 miaBHas mpodamMma main B OTBET IOJIydaeT 1ieJoe YMCIIo, KOTopoe 3aTeM
MNPUBOAUTCS K TOJKHOMY opMmary u nedataetrcs. BHyTpu BbIpaxkeHUs
power(2,1) mpencraBnaseT coOOi 1ieoe 3HaYeHWe TOYHO TaK Xe, KaK 2 WA i.
(He Bce ¢yHKIIMM B KauecTBe pe3ysibTaTa BbIIAIOT lieIble 3HAUEHMS; TOIPOOHO
00 3TOM OyAeT ckazaHo B miaBse 4.)

B nepBoii cTpoke onpeaesieHust power:

int power(int base, int n)

YKa3bIBAIOTCSI TUIIbI TTapaMeTpoB, UM (DYHKLIMU U TUN pe3yibTara. MMeHa ma-
paMETpPOB JIOKAJIbHbl BHYTPU POWEr, 3TO 3HAYWT, YTO OHU CKPBITHI JJIS JHO00MH
Jpyroit (pyHKIMM, TaK YTO OCTATbHBIC TOAIIPOrPaMMbl MOTYT CBOOOTHO TIOJIB30-
BaThCs TEMM XXe MMeHaMU IJisl cBoux wefeit. [TocienHee yTBepXneHue cripa-
BEJIMBO TaK:Ke JJIST IEPEMEHHBIX i M P: i B power M i B main He UMEIOT MEXIY
000l HUYETO OOIIIETO.

Hanee napamempom Mbl 6y1€M Ha3bIBATh TEPEMEHHYIO U3 CITUCKA NTApAMET-
POB, 3aKJIIOYEHHOTO B KPYIJble CKOOKM U 3aJJaHHOTO B OIpelneJieHUN (PyHK-
WU, a apeyMeHmom - 3HaAUeHNE, UCTTOJIb3yeMoe TIpU 00pallleHu’ K (yHKIIUH.
MHorma B TOM Xe CMBIC/IE MBI OyaeM yIOTPeOJSITb TEPMUHBI (PopMasbHbiil
apeymeHm W paKmuuecKuii apeymeHm.

3HaueHue, BeIUMCIsIeMoe (QYHKIIMEN power, BO3BpallaeTcs B main ¢ MOMOIIbIO
WHCTPYKILIMHU return. 3a CJIOBOM return MOXeT CJIeIoBaTh JII000e BhIpaXKeHUe:

return esipasicerue;

DyHKIMSA He 00s13aTeIbHO BO3BpalllaeT KaKoe-HUOYyab 3HaueHue. THCTpyK-
uus return 6e3 BeIpaxkeHUS TOJIbKO MepeaaeT yrnpaBjieHue B Ty NMpoTrpamMMmy,
KOTOpasl ee Bbi3Bajia, HEe TepenaBas eif HUKaKoTO pe3yIbTUPYIOLIEeTOo 3Have-
Hud. To Xe caMoe NMPOUCXOIUT, €CJIU B TIPOLIECCE BBIUMCIEHUA Mbl BBIXOJUM
Ha KOHell GYHKIINM, 0003HAYESHHBIN B TEKCTE MOCIeIHel 3aKphIBaloleid (pu-
TYpHOI CKOOKOIi. Bo3MOXXHa cuTyalnus, Korjaa Bbi3biBaroias GyHKIIMS UTHO-
pUpYyeT BO3BpalllacMbIii €l pe3yJIbTar.
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Brl, BeposTHO, 00paTUIM BHUMaHKWe Ha MHCTPYKIIMIO retu rn B KOHIIE main.
ITockonbKy main ectb (PYHKIIMS, KaK M JIro0ass Apyrasi OHa MOXET BEpHYTb
pe3ynbTUpYIollee 3HaUeHUE TOMY, KTO €€ BbI3BaJ, - (haKTUIECKHU B TY Cpely,
W3 KOTOPO# ObLTa 3amyliieHa rmporpaMmma. OGBIMHO BO3BpalllaeTcs HyJIeBOe 3Ha -
4YeHUe, YTO TOBOPUT O HOPMAJIBHOM 32a3eplileHun BhITToTHeHUs. HeHyneBoe
3HaYeHUE CUTHATIM3UPYET O HEOOBIYHOM WJIM OIIIMOOYHOM 3aBepiiieHnH. JIo cux
TOp paay MPOCTOTHI MbI OITyCKaJIv return B main, HO ¢ TOro MOMeHTa OyaeM
3amaBaTbreturnkakHamoMUHAHUEOTOM, YTOTIPOTPAMMBIIOJIKHBICOOOIIATh
0 COCTOSTHUM CBOETO 3aBEPIIICHUS B OTTEPAIIMOHHYIO CUCTEMY.

OObsiBNIEHNE

int power(int m, int n);

CTOSI1IEE HEMOCPEACTBEHHO ITepe] main, COOOIIAET, UTO DYHKIIMSI POWET OXKU-
IaeT OBYX apryMEHTOB THUIIA int U BO3BpalllaeT pe3yJbTaT TUIa int. DTo
00OBSIBIICHUE, HA3BIBAEMOE NPOMOMUNOM pYHKYUU, TOJIKHO OBITH COTJTACOBAaHO
c omnpeaesieHueM 1 BceMU BeizoBamu power. Eciu onpeneneHre GyHKIIMY MU
BBI30B HE COOTBETCTBYET CBOEMY IIPOTOTHUIILY, 3TO OIIMOKA.

HMmena napaMeTpoB He TpeOyloT cornacoBaHusl. DakTUUECKU B IIPOTOTUIIS
OHU MOTYT ObITb MPOM3BOJIBHBIMU MJIM BOOOILE OTCYTCTBOBATh, T. €. IPOTOTUIT
MOKHO OBLTO OBI 3aITHCaTh M TaK:

int power(int, int);

OnHaKoyIaqHOTIOA00paHHBIE UMEHATIOSICHSIOTIIPOTrpaMMYy, UMBIOyIeMYacTo
STUM TT0JTb30BaThCS.

Hctopuueckast cripaBka. Camble 6osbinve oTanarst ANSI-Cu ot 6onee paH-
HUX BEPCHUI sI3bIKa KaK pa3 U 3aKJIOYAIOTCS B CITOCO6aX OOBSIBICHUS U OITpe-
neneHus GyHkumii. B nepBoii Bepcnu Cu GyHKIIMIO power TpeOoBaIoCh 3a-
JTaBaTh B CJICAYIOIIEM BUIIC:

/* power: B0o3BOAMT base B n-© cTeneHb; n >= 0 */

/o (Bepcust B cTapom ctune s3bika Cu) */
power(base, n)
int base, n;
(o 23kt ub

int i, p;

P =1

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

p =p * base;
return p;

}

3aech, MMeHa MapaMeTpOB MEPEeUrCIeHbI B KPYTJIBIX CKOOKAX, a UX TUTIbI 3a/1a -
HEI TIepe] IIepBOi OTKphIBaloleit GUTypHOIl cKoOKoii. B cirydae oTcyTcTBUS
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yKa3aHUs O TUIIC ITapaMeTpa, CAMTaeTCsI, 4T0 OH uMeeT Tull int. (Teixo hyHK-
LIMU He TIPETEPIIEIO UBMEHEHMIA. )

OnucaHue powe I B Hayajie IIporpaMMbl COIJIACHO MepBoii Bepcuu Cu g0k~
HO ObLIO OBl BRIIJISIAETh CJAEIYIOIIMM 00pa3oM:

int power();

Henp3st ObLI10 3a0aBaTh CIIMCOK MAapaMeTPOB, W ITO3TOMY KOMITHJISITOP HE MMET
BO3MOXHOCTH IIPOBEPHTH MPABMIIBHOCTh OOpalleHuii K power. Tak Kak Ipu
OTCYTCTBUU OOBSIBIICHUSI POWEr IPEAIOJaraioch, 4To (YHKIMS BO3BpaIlacT
3HAYCHME TUIIA int, TO B JAHHOM cjiydae OObsIBJICHHUE LIETMKOM MOXKHO ObLIO
OBl OIYCTUT.

HoBblif cMHTAaKCHC IUIST IIPOTOTUITOB (YHKIIMI 00JIeT4aeT KOMITUIISITOPY
0oOHapy:XKeHHE OIIMOOK B KOJMYECTBE apIyMEHTOB M MX THHaxX. CTapblil CHH-
TaKCUC OOBSIBICHUS U OIIpeneaeHrs GYHKIINY Bce elle TOITyCKaeTCs CTaHaap-
ToM ANSI, o kpaiiHei Mepe Ha epeXOAHbII MePUOI, HO €CJIM Balll KOMITUJIS -
TOp TMOIACPXKUBACT HOBBI CHMHTAKCHUC, MBI HACTOSTEJIBHO PEKOMEHIYyEM
IMOJIb30BaThCS TOJIBKO HM.

Ynpaxnenue 1.15. Tlepenuinure rnmporpaMmy rpeoOpa3oBaHusl TeMIIeparTyp,
BBIIICJIMB CaMO IPeo0pa3oBaHKE B OTHEIBHYIO (DYHKIIVIO.

1 .8.AprymeHTL|. BbI30B N0 3HaYEHUIO

OnHo cBoiicTBO (hyHKIMI B CH, BepOSITHO, OYIET B HOBHHKY JIJIsI IPOrpaM-
MUCTOB, KOTOPBIE VK& ITOJIb30BAIMCh IPYTUMH SI3bIKaMU, B YacTHOCTH Dop-
TpaHoM. B Cu Bce aprymMeHThbl DYHKIIMU MepenaloTcs Mo 3HauyeHU1o". DTo
cjeayeT IMMOHMMATh TaK, YTO BbI3bIBAEMOM (DYHKIIMU ITOCBUIAIOTCS 3HAYCHMS
ee apryMEHTOB BO BpPEMEHHBIX IIEPEMEHHBIX, a HE CaMM apryMeHTHI. Takou
CItoco0 mepeaadyrd apryMeHTOB HECKOJIBKO OTIMYACTCSI OT "BBI30BA IO CCHUI-
ke" B @optpaHe u cneuuUKaLMKM var npyu mapamerpe B Ilackaie, KoTopble
ITO3BOJISIOT ITOAIIPOrpaMMe MMeTh JOCTYI K CAaMHUM apryMeHTaM, a He K UX JIo-
KaJIbHBIM KOITHSIM, '

I'maBHOE OT/IMYME 3aKITI0YACTCS B TOM, 9TO B CH BBI3bIBacMast (hyHKIIHMS HE MO-
XET HETIOCPEACTBEHHO U3MEHHTh IMIEPEMEHHYIO BBI3bIBAIOIIEH (PYHKIINK: OHA
MOXET U3MEHHUTH TOJIBKO €€ YaCTHYIO, BDEMEHHYIO KOITHIO.

OmHAKO BBI30B I10 3HAYEHHIO CJIEAYET OTHECTH K JOCTOMHCTBAM SI3BIKa, a He
K ero HejoctatkaM. biaromapst 3ToMy CBOMCTBY OOBIYHO YIaeTCsl HAIlMCATh
60J1ee KOMITAaKTHYIO IIPOTPaMMY, COAEPKALIYI0 MEHbIIIEEe YHCIIO TTOCTOPOHHUX
nepeMeHHBIX, TOCKOJIbKY ITapaMeTPhl MOXKHO pacCMaTPUBATh KaK IOJIKHBIM
00pa3oM MHUIINAIN3UPOBAaHHEIE JIOKAIbHBIC IIEPEMEHHBIC BRI3BAHHON IO~
MporpaMMBbl. B KauecTBe mpuMepa MpuBeIeM elle OAHY BepCUIo (DYHKIIUHA POWE 2,
B KOTOPOI KaK pa3 UCIOJb30BaHO 3TO CBOMCTBO.
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/* power: BO3BOAWUT base B n-io creneHb: n >= 0; sepcus 2 */
int power(int base, int n)

{
int p;

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

IMapameTp n BBICTYMHAeT 31IeCh B POJIM BPpEeMEHHOIW TIEpEeMEHHOM, B KOTOPOi
nukioM for B yObIBamoIeM MOPSIAKE BEAETCS CYET YKMCIa IIaroB 10 TeX Top,
MoKa ee 3HaueH1e He cTaHeT HyJieM. [1pu 3ToM oTniamaeT HaoGHOCTh B TOTION -
HUTEJILHOW TIEpeMEHHON i IS cueTYrKa IuKiaa. YTo OB Mbl HU IeJTaJiv ¢ n
BHYTPY pOWeETr, 3TO He OKaXXeT HUKAKOTO BIIMSTHUS Ha caM apTyMEHT, KOITUSI
KOTOpOTo ObUIa TTepenaHa (hyHKIIMU POWEr TIPU €€ BbI3OBE.

Ipwu XemaHUKM MOXHO cIeIaTh TaK, YTOOBI (DYHKIIUS CMOTJIa U3MEHUTH TTe-
PEMEHHYIO B BBI3BIBAOIICH TIporpamme. JJis 3TOro mocjemHsis JOJKHA Tepe-
aTh adpec TOmJIeXKaIllel U3MEHEHUIO TIEpeMEHHOW (Yka3ameab Ha TiepeMeH-
HYI0), a B BBI3bIBaeMOU (DYHKIINU CIIEAYEeT OOBSIBUTH COOTBETCTBYIONIMIA ITapa-
MeTp KaK yKa3aTeslb M1 OpraHM30BaTh Yepe3 Hero KOCBEHHBIN TOCTYM K 3TOM
nepeMeHHoO#. Bee, UTo KacaeTcs ykasaTeseil, Mbl paCCMOTPHM B TJIaBe 5.

MexaHU3M Tiepenadyn MaccHUBa B KadeCcTBEe apTyMeHTa HECKOJbKO WHOIM.
Korna apryMeHTOM SIBIsIETCS UMST MaccuBa, TO (DYHKIIUM TepeaaeTcs 3Haue-
HUe, KOTOpoe SIBJISIETCSl aipecoM Hadajla 3TOTO MacCHBa; HUKAKWe DJIEMEHTHI
MaccuBa He KomupyioTcs. C ITOMOIIBIO MHASKCUPOBAHUS OTHOCUTEIBLHO TT0-
JIy4eHHOTO 3Ha4YeHUsT (DYHKIIMST MMEET JOCTYI K JTI0OOMY 3JIEMEHTY MacCuBa.
PasroBop 006 3TOoM moiineT B cieaymooleM Imaparpade.

1.9. CvMmBOJIbHbIE MACCUBBI

CawmbIii pacIpocTpaHeHHBIN B MaccuBa B Cu - MaccuB CMMBOJIOB. YTOOBI
IMpoumuTrocTppoOBaTh MUCIOJIB30BaHNE CUMBOJBHBIX MACCUBOB M pabOTAIOIINX
¢ HUMHM (YHKIIWAMI, HATMIIEM IIporpaMMy, KOTopast YuTaeT Habop TeKCTOBBIX
CTPOK U TTeyaTaeT caMylo INIMHHYI0 13 HUX. Ee cxeMa 1ocTaTogHoO TpocTa:

while (ecmw auewe cmpoka?)
if (dannas cmpoka oaunnee camoil OAUHHOU U3 npedsvlOyUUX)
3anomHums ee
3aNOMHUMb ee OAUHY
Haneuamamv camyio OAUHHYIO CHMPOKY
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M3 cxeMbl BUIHO, YTO MpOTpaMMa eCTECTBEHHBIM 00pa3oM pacramaeTcs Ha
yacti. OfgHa U3 HUX TOJlydaeT HOBYIO CTPOKY, Apyrasl MpoBepsieT €€, TPEThs
3aITOMMHAET, a OCTAJIbHBIE YITPABIISIOT MPOLIECCOM BHIYMCIICHUIA.

IToCKOJIBKY MPOLIECC YETKO paciagaeTcst Ha YacTH, XOPOIIO Obl TaK U Mepe-
BecTH ero Ha Cu. IlosToMy cHavaia HamuileM OTIOSIbHYIO (PyHKLHMIO getline
IIJIsI TIOJTy4eHUsI OUepeTHON CTPOKU. MBI ITOTMbITaeMCs caeaTh 3Ty (GYHKIIUIO
MOJIE3HOW U TSI APYTUX NpuMeHeHunit. Kak MuHuMyM getline Jo/oKHA CUTHA-
JIN3UPOBATh O BO3MOXHOM KOHIIE (haiiyia, a ellie JIy4lie, ecaru OHa OyaeT Bhiaa-
BaTh JUIMHY CTPOKU — WJIK HYJIb B CJIydae ucueprnaHus ¢aiina. Hyab rogurcs
ISl TIpU3HAKa KOHIA (haiiyia, MOCKOJIbKY He ObIBaeT CTPOK HYJIEBOM IJIUHBI,
Jaxke CTpoKa, ComepKallast TOJIbKO OIWH CUMBOJI HOBOM CTPOKM, UMEET IUTUHY 1.

Koraa Mbl 0GHapYKUJIM CTPOKY OoJiee IIMHHYIO, YeM caMasl IJIMHHAas U3 BcexX
MPEeIbIIYIIMX, TO HaM Hago OyIeT TIe-TO ee 3alIOMHUTh. 3/1eCh HAIlpalllnBaeTCs
BTOpast PyHKILIMsS, COPY, KOTOpasi yMeeT KOIMMPOBATh HOBYIO CTPOKY B HaIeXK-
HOE MecCTo.

HakoHell, HaM HeoOxoaMMa TJ1aBHasl IIporpaMMma, Kotopast Obl yIpaBsisiia
dyHKuMsIMU getline u copy. BoT Kak BBHITJISIIUT Hallla MPOrpaMMa B LIEJIOM:

#tinclude<stdio.h>
#define MAXLINE 1000 /* makcumanbHbIi pasmMep BBOLMMOWA CTPOKU */

int getline(char 1line[], int MAXLINE);
void copy(char to[], char from[]);

/* ne4atb CaMOW [LAMHHOW CTPOKM */

main()
{
int len; /* OnuHA TeKymen CTPOKM */
int max; /* OnyHa MakCUMaTbHOM 13 TPOCMOTPEHHHX CTPOK */
char 1ine[MAXLINE]; /* Tekymas CTpoKa */
char longest[MAXLINE]; /* caMas ONMHHAS CTPOKa */
max = 0;

while ((len= getline(line, MAXLINE)) > 0)
1f (len>max) {
max = len;
copy (longest, line);
}
if (max > 0) /* OHIa M XOTH OfHa CTPOKa? */
printf(”%s”, longest);
return 0;
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/* getline: uutaeT cTpoky B S, BO3BPALLAET AAMHY */
int getline(char s[], int lim)

{

int c, i;

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

sli] =c;

if (c="n") {
sli] =c;
++1;

}

s[i] = '\0";

return i;

/* copy: kormmpyet T 'from' B 'to'; to moctatoyHo Gonbwion */
void copy(char to[], char from[])

{

int i;

i=0;
while ((to[i] = from[i]) != '\0")
4+

Mpe1 npennosiaraeM, 4To yHKIMM getline 1 copy, orMcaHHbIE B Ha4aJIe IMpo-
rpaMMbl, HAXOISITCSI B TOM ke (paiise, yTo u main.

Dyukiyy main 1 getline B3aMOAEHCTBYIOT MEXIy co00ii uepe3 mapy ap-
TYMEHTOB M BO3BpallaeMoe 3HaueHue. B getline apryMeHTHI oIpenesiioTcs
CTPOKOM

int getline(char s[], int lim)

Kak MbI BuanMm, ee nepBblii apryMeHT S €CTb MacCUB, a BTOPOMA, 1im, uMeeT TUIl
int. 3amaHue pazMepa MaccuBa B ONpPEACICHUN MMEET LeJIbl0 pe3epBUpOBa-
Hue namsaTu. B camoii getline 3amaBaTh AJAMHY MacCuBa S HET HEOOXOAUMOC-
T, TaK KakK ero pasmep ykaszaH B main. YToObl BepHYTh 3HaUeHME BHI3bIBAIO-
el mporpamme, getline ucnosib3yeT return TOYHO TakK Xe, KaK 3TO JAeaeT
dyHK1Ms powe . B mpuBeaeHHOI CTPpOKE TakKe cooll11iaeTcs, uTo get 1ine Bo3-
BpalllaeT 3HaueHUe TUIa int, HO TaKk Kak MpU OTCYTCTBUU YKa3aHUS O TUIIE
noapasymMeBaeTcs int, To mepen getline cioBo int MOXHO OITYCTUTb.

OnHu (YHKUMM BO3BpalllaloT pe3yJabTUpYIOllee 3HaUeHue, ApyTrue (Takue
KaK copy ) HY>KHBbI TOJIbKO [J151 TOTO, YTOOBI MPOU3BECTU KaKME-TO AEUCTBUS,
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He BbIIaBasl HUKaKoro 3HaueHMs. Ha Mecte TvIa pe3yabraTa B COpY CTOMT void.
DT0 IBHOE yKa3aHMe Ha TO, YTO HUKAKOTO 3HAUeHMS JTaHHAsI QYHKIIHS HE BO3-
BpaIlaer. ,

@yHKIMA getline B KOHEII CO3IaBaEMOTO €10 MacCHBa IOMEIACT CHUMBOJ
"\0' (null-cumeon, KoaupyeMblii HyJI€BbIM OATOM), YTOOBI MOMETUTH KOHELL
CTPOKM CUMBOJIOB. To e coralnieHre OTHOCUTEIPHO OKOHYAHUST HYJIEM CO-
OJTIOIaeTCsI 1 B CJTydae CTPOKOBOM KOHCTAHTHI BpOJIE

“hello\n"

B manHOM ciy4ae njist Hero popMHUpPyeTCS MacCUB M3 CUMBOJIOB 3TOM CTPOKU
¢ '\0' B KoHIIE.

h e 1| 1| o|l\n|\o

Crneunduxauusa %s B popmare printf mpeamonaraer, 9To COOTBETCTBYIOIIMI
eif apryMeHT - CTpOKa CHMBOJIOB, 0(OpMIIEHHAs! YKa3aHHBIM BBIIIIE 00pa3oM.
@yHKIINS copy B CBoeit paboTe TaKKe OIMMpaeTcs Ha TOT (haKT, YTO YMTASMBIA
€10 apIyMEHT 3aKaHIMBaeTCsI CUMBOJIOM ' \0', KOTOPBIi OHA KOTIMPYET HapsSIIy
¢ ocTaTbHBIMU cMBoJiaMu. (Bce ckazanHoe mipenmosnaraet, yto '\0' He BCTpe-
YaeTcsl BHYTPU OOBIMHOTO TEKCTA.)

[TomyTHO CTOMT 3aMETUTH, YTO MPU pabOTe JaKe ¢ TAKOM MaJIeHBKOU TIPO-
IPaMMOM MBI CTAJTKMBAeMCSI C HEKOTOPBIMU KOHCTPYKTUBHBIMH TPYIHOCTSIMH.
Hanpumep, 4To m0DKHA AejaTh main, ecjd BCTPETUTCS CTPOKa, MPEeBHIIIA-
folast IonmycTUMbIi pasMep? @yHKIMA getline padoTaeT HameXXHO: eCIIM Mac-
CHB TIOJIOH, OHA TIpeKpaIiaeT MepechUIKy, Taxe eCIM CUMBOJIa HOBOI CTPOKH
He ooHapyxwia. [TomyauB ot getline IIMHY CTPOKH M YBUIEB, YTO OHA COBITA-
nmaeT ¢ MAXLINE, rmaBHas mporpamMma main Moria 66 "OTJIOBUTB" 3TOT OCOOBII
cITy4aii M CIIpaBUTHCS ¢ HUM. B MHTepecax KpaTKOCTH OIMMCaHKME 3TOTO CIIydast
MBI 371eCh OITyCKaeM.

Ilonnb3oBarenu getline He MOryT 3apaHee y3HaTh, CKOJb JJUHHBIMU Oy-
YT BBOIMMBIE CTPOKH, IMO3TOMY getline menmaeT MpoBEepKU Ha MepeToTHeE -
HHE. A BOT IMOJIb30BaTeISIM QYHKIIMU COPY pa3Mephbl KOITMPYEMBIX CTPOK H3-
BECTHBI (MJIM OHM MOTYT MX Y3HATh), TIO3TOMY IOMOJHUTEIBHBINT KOHTPOIb
31ech He HYXEH.

Ynpaxuenue 1.16. [Tepenuimmre main mpeablayieit IporpaMMbI TaK, YTOOBI
OHa MOIJIa TeJYaTaTh CaMylo UTMHHYIO CTPOKY 03 KaKUX-JIMOO OoTpaHUYeHMI
Ha ee pa3Mep.
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VYupaxuenne 1.17. Hamuiure mporpaMmy IedyaTu BceX BBOIMMBIX CTPOK,
conepKanmx 6osee 80 CUMBOJIOB.

VYupaxnenne 1.18. Hanmuiure nmporpamMmy, KoTopasi OyaeT B KaxKIOu
BBOIIMMO# CTPOKE 3aMEHSITh CTOSIIIINE ITOAPS CUMBOJIBI IPOOEJIOB U TA0YISIIMI
Ha OMWH TIPo0eN M YIAISITh MyCThIe CTPOKU.

Vnpaxunenue 1.19. Hanumure ¢pyHkuuio reverse(s), pa3MelIaoyi0 CUM-
BOJIBI B CTPOKE S B 00OpaTHOM mopsiake. IIpuMeHuTe ee nMpu HalmMCaHUU Mpo-
rpaMMbI, KOTOpasl KaXAyl0 BBOAMMYIO CTPOKY pacIiojlaraeT B 00paTHOM IIO-
psLIKE.

1.10. BHewHne nepemMeHHble
1 ob6nacTb BUANMOCTU

[TepemenHsie line, longest 1 mpouue MpUHAAIEXKAT TOJbKO DYHKIIMK main,
WJIY, KaK TOBOPST, JIOKaAbHbI B HEW. [10CKONIBKY OHU OOBSIBJIEHBI BHYTPY main,
HUKaKue Apyrue GyHKIMU NpsIMO K HAUM oOpaniarbcsi He MOTyT. To e BEpHO
U MMPUMEHUTETBHO K TIepeMeHHBIM Apyrux ¢dyHKIui. HanpumMep, i B getline
HE MMEET HUKAKOTO OTHOILIEHUS K i B copy. Kaxas JiokanbHas nepeMeHHas
(DYHKIIMM BO3HUKAET TOJHKO B MOMEHT OOpaIieHUsI K 3TOi (PYHKITUM U UcUe-
3a€T IocJje BbIxoaa u3 Hee. BoT mouemy Takue nepeMeHHble, cienysi TEpPMUHO-
JIOTUU APYTUX SI3bIKOB, HA3bIBAIOT agmomamutueckumu. (B rmaBe 4 obcyxnaeT-
Cs1 KJ1acc MaMsITy static, KOTOpPbIA TTO3BOJISIET JIOKAJIbHBIM [EPEMEHHBIM CO-
XPaHATb CBOU 3HAYEHUS B MPOMEXYTKAX MEXY BbI30BAMMU.)

Tak kak aBTOMaTu4ecKUe NEPEMEHHBIE O0PA3YIOTCS Y UCUE3AI0T OHOBpPE-
MEHHO C BXOIOM B (DYHKIIMIO M BBIXOJIOM M3 HEEe, OHM HE COXPAHSIOT CBOMX
3HAYEHUU OT BbI30BA K BBI3OBY U I0JKHBI yCTAHABIMBATHCS 3aHOBO MPU KaX-
JIOM HOBOM oOpaleHuu K ¢byHKiuu. Eciu aToro He nenath, OHU OYyOyT CO-
aepxatb "Mycop".

B kauecTBe aqbTepHATUBBI aBTOMATUYECKUM IEPEMEHHBIM MOXHO OIpe-
NEJIUTh BHeWHUe TIEPEMEHHBIE, K KOTOPBIM pa3peliaeTcsi o0panaTbes Mo ux
UMeHaM U3 1000 GyHKIMU. (DTOT MexaHu3M aHajorudeH oosactu COMMON
B DopTpaHe u onpeneeHUSIM MepeMEHHBIX B caMOM BHelTHeM 0Jioke B [Tacka-
Jie.) Tak Kak BHEIIHUE IEPEMEHHBIE TOCTYMHBI MOBCEMECTHO, UX MOXHO UC-
MOJIb30BaTh BMECTO apTYMEHTOB JIJISI CBSI3U MEXAY (DYHKIIMSIMU 110 JaHHBIM.
KpoMe Toro, mockKoJibKy BHEUIHUE TEPEMEHHBIE CYLIECTBYIOT MIOCTOSIHHO,
a He BO3HMKAIOT U MCYE3al0T Ha MEPHOJ BRIMOTHEHUS (DYHKIIMHM, CBOU 3HAYe-
HUSI OHU COXPAHSIOT U TTOCJIe BO3BpaTa U3 GYHKIIUI, UX yCTaHOBUBIIIMX.

BHenrHsAs nepeMeHHas 10JKHa OBITh onpedesena, TIpUYeM TOJIBKO OIMH pas,
BHE TEKCTaJII000# GYHKIINY; B ITOM CiIyvae eif OyneT BbiaesieHa mamMsTh. OHa



50 Fnaea 1 ! 0630p A3blka

TOJIKHA OBITH 00651681€Ha BO BceX GYHKIIMSX, KOTOPBIE XOTST €10 MOJIb30BaTh-
cs1. OOBSIBJICHUE CONEPXKUT CBEACHUS O TUIIE TlepeMeHHOM. OObsBICHNE MO-
JKET OBITh IBHBIM, B BUJIE MHCTPYKLIMHU extern, Wi HESIBHBIM, KOTIa HY>KHast
MHOOpMALIMS TTOMy4YaeTcsl U3 KOHTeKCTa. YTOOBl KOHKPETU3MPOBAaTh CKa3aH-
HOE, MepenuIleM MporpaMmMy IeyaTv CaMoi IJTMHHOM CTPOKY € UCITOJIb30Ba-
HueM line, longest ¥ max B KaueCTBe BHELITHUX IIepeMEeHHBIX. DTO ITOTpeOyeT
M3MEHEHMI B BBI30BaX, OOBSIBJICHUSIX U TeJIaX BCeX TpeX (QYHKIIMIA.

#include <stdio. h>

tfdefine MAXLINE 1000 /* MakCUMalbHHI Da3Mep BBOIMMON CTDOKM */

int max; /* InVHa MaKCUMallbHOM 13 TNPOCMOTDEHHHX CTPOK */
char 1line[MAXLINE]; /* Texymas CTpOKa */
char longest[MAXLINE]; /* camas OiuHHAS CTPOKA */

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

/* TeyaTh CaMOl [JIMHHONA CTDOKW; CHeUMany3upOBaHHAas Bepcus */
main ()
{ '

int len;

extern int max;

extern char longest[];

max = 0;
while ((len= getline()) > 0)
if (len > max) {
max = len;
copy();
}
if (max > 0) /* OHNa x0T OH OOHA CTPOKA */
printf("%s”, longest);
return 0;

/* getline: CrelManM3MpPOBAHHAS BEPCUST */
int getline(void)
{

nt ¢, 1;

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

lineli]=c;
if(c=="\n") {
line[i]= c;
g 12 B
!
ling[i] = '\0';
return i;

/* copy: chneumanu3upoBaHHas Bepcus */
void copy(void)
{

int i;

extern char line[], longest[];

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

k]

BHeltHMe repeMeHHbIE zms} main, getline u copy oInpenessitoTcsi B Hauaje
Halero rnmpuMmepa, rjae UM MpucBarBaeTcs TUIM U BblAeseTcs naMsathb. Onpene-
JICHUSI BHEIIHUX MePEMEHHBIX CUHTAKCUYECKM HUYEM HE OTJIMYAIOTCS OT OIpe-
JleJIEHUST JIOKaJbHBIX TEPEMEHHBIX, HO IIOCKOJIbKY OHU PACOJOXEHbl BHE
GyHKIUI, 3TU TIepeMeHHbIe CUMTAIOTCS BHEITHUMU. UTOOBI (pyHKIIMS MOTIa
MOJIb30BaThCsI BHEITHE TTEPEMEHHOI, eif Hy>XKHO ITpeXIe BCEro COOOIIUTD UMSI
COOTBETCTBYIOIIEH TTEPEMEHHOM. DTO MOXHO cliejlaTh, HalIpUMep, 3a/1aB OObsIB-
JIeHUEe extern, KOTopoe MO BUIY OTIMYAETCSl OT OObsBJICHUSI BHEIIHEH repe-
MEHHOM TOJTbKO TeM, YTO OHO HaUMHAETCS C KJII0YEBOTO cIoBa extern.

B HekoTopbIX ciyyasix oObsiBJIeHUE extern MOXHO oIycTuTh. Ecim ompe-
JieJIeHre BHEIIIHe ! epeMeHHOM B MICXOTHOM (paiijie pacmoioXeHo Bbilie hyHK-
LIMM, TOe OHA MCHOJIb3YeTCsI, TO B OOBSIBICHUU €Xtern HeT HeOOXOAUMOCTHU.
Takum obpa3om, B main, getline u copy o0bsiBIeHUs extern u30bIToYHbl. OObIY-
HO ompeieieHUs BHEITHUX [epeMEeHHbIX PAcIOaraloT B HAYale HCXOLHOTO
daiina, u Bce OOBSIBICHUS €Xte rn 1J1sl HUX OIyCKaloT.

Ecnu ke mporpaMma pacriojio’keHa B HECKOJIbKHUX UCXOIHBIX (Daiijiax v BHEIII-
HSIST TIepeMEeHHasl onpefesieHa B ¢aiise I, a UcTionb3yeTcs B gaiine2 N ghaiine3,
TO OOBSIBIICHUS extern B ¢haune2 n ¢aiine3 06s13aTeIbHBI, TOCKOJIBKY HE00-
XOJAMMO yKa3aTh, UTO BO Bcex TpeX daitnax GyHKIIMKM oOpalaloTcsl K OMHOM
M TOH Xe BHEIIHeW nmepeMeHHol. Ha mpakTrke o0bIYHO yA0OHO cOOpaTh Bce
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O0OBSIBJICHUST BHEIIHUX MEPEMEHHBIX U (PYHKUUI B OTACIbHBIN (haiii, Ha3bIBa-
eMBbIl 3a201060unbIM (header-gaiinom), M TOMEIIATDH €T0 ¢ TTOMOIIbIO #include
B HauajJo Kaxjaoro ucxomHoro (aiina. B mmenax header-daiiioB nmo o6Guieit
JOTOBOPEHHOCTHU UCIOab3yeTcs cyddukce . h. B aTux daitiax, B YaCTHOCTH
B <stdio. h>, onucbiBaioTCsl TakxKe (DYHKIIMU CTaHOApTHOI OuOaMoTeku. bo-
Jiee TOAPOOHO O 3aT0JIOBOYHBIX (haliaXx TOBOPUTCS B IaBe 4, a TpUMEHU-
TEJIbHO K CTaHIapTHOU OMOIMOTEKe - B IJ1aBe 7 U MpujioxkeHuu B.

Tak Kak creurajau3upoBaHHbIe Bepcuu getline u copy He UMEIOT apryMeH-
TOB, Ha TEPBbI B3MJISA KaXeTcsl, YTO JIOTMYHO UX MPOTOTHUIIBI 337aTh B BUIE
getline() u copy(). Ho u3 coobpaxkeHuii COBMECTUMOCTH cO cTapbiMu CU-TIpO-
rpaMMaMu CTaHIApT paccMaTpUBAeT MyCTON CMMCOK KaK CUTHAJI K TOMY, 4TO-
Obl BHIKJTIOUMTD BCE MPOBEPKU Ha cOOTBeTCTBUME apryMeHTOB. [ToaTomy, korna
HY>XHO COXPaHUTb KOHTPOJb U SBHO yKa3aTh OTCYTCTBUE apryMEHTOB, Clemy-
€T I0JIb30BaThCsl CIOBOM void. MbI BepHeMCS K 3TOii rpobiieme B riiaBe 4.

3aMeThM, 4YTO IO OTHOILIEHUIO K BHEIIHUM MEepeMEeHHBIM B 3TOM Maparpade
MBI OYE€Hb aKKypaTHO HCIIOJIb3YyeM TIOHSTUSI onpedeseHue W 00vs61eHUe.
"OnpeaeneHue" pacriojlaraeTcsl B MecTe, rae epeMeHHast CO30aeTcs U eil oT-
BOAUTCS MaMsITh; "00bsIBIeHUE" MMOMeIlaeTcs TaM, Tae GUKCUupyeTcs npupoaa
MEPEMEHHON, HO HUKAKOMW TIaMSITU IUIsI HEE HE OTBOIUTCS.

CrenyeT OTMETUTh TEHACHLIMIO BCe TIepeMeHHbIe JeaTh BHEIIHUMU. Jlesno
B TOM, 4TO, KaK MOXET IOKa3aThCsl Ha TMEepBbIA B3MJIsA, 3TO MPUBOIUT K YIPO-
LIEHUIO CBA3EW - Bellb CIIUCKU apryMEHTOB CTAHOBSTCA KOpOYE, a MEPEMEH-
HbIE JIOCTYITHBI Be3Jie, TJe OHM HYXXHBI; OJHAKO OHM OKa3bIBAIOTCS JOCTYITHBI-
MU Y TaM, IJi¢ He Hy>KHBI. Tak 4To 4pe3MepHbIii yrmop Ha BHEIIHUE TIepeMeH-
Hble YpeBaT OOJbIIMMM OMACHOCTSIMU - OH MPUBOAMT K CO3IaHUIO TTPOrpamM,
B KOTOPBIX CBSI3U MO JAHHBIM HE OYEBUAHBI, TOCKOJbKY MEePEMEHHBIE MOTYT
HEOXUIAHHBIM M J1axke TaMHCTBEHHBIM CIOCOOOM M3MeHsIThcs. Kpome Toro,
Takas rporpaMma ¢ TpyaoM nojjgaercss Moaudukaiusam. Bropas Bepcus mpo-
rpaMMBbl MIOMCKA CaMO# IJIMHHOM CTPOKM XYK€, UeM TepBasi, OTYACTH MO ITUM
MpUYMHAM, a OTYACTU U3-3a HApYILLIEHWS OOIIHOCTH ABYX MOJE3HBIX QYHKIINIA,
BBI3BAHHOT'O T€M, UYTO B HUX BIIMCaHbl UMEHA KOHKPETHBIX IEPEMEHHBIX, C KO-
TOPLIMU OHU OTNEPUPYIOT.

WTak, Mbl pacCMOTpPEJIN TO, YTO MOXKHO ObLIO Obl Ha3BaThb siapoM Cu. Omnu-
CaHHBIX "KMPIMUYUKOB" 1OCTATOUHO, YTOOBI CO3/1aBaTh MOJIE3HbIE TPOTPAMMBI
3HAYUTEIbHBIX PA3MEPOB, U ObLIO OBl UyIECHO, €C/IM Obl BbI, IPEPBaB UTCHUE,
MOCBSITUIIN 3TOMY KaKoe-To BpeMsl. B ciienyroimux ynpaxxHeHUsIX MBI Ipe/ijia-
raeM BaM CO3J1aThb HECKOJbKO 00Jiee CI0XKHBIE MPOrpaMMBbl, YeM PACCMOTPEH-
HbI€ BBIIIIE.

Ynpaxnenue 1.20. Hanumure nporpammy detab, 3aMeHSIONIYI0 CUMBOJIBI
TaOyAS1UU BO BBOJUMOM TEKCTE HYXXHBIM YK CJIOM MTPOOEIIOB (10 CAEYIOIIEro
"crona"tadynsuun). [Ipennonaraercs, 4To "cTONbI" TaOYISIIUY pacCTaBIeHbI
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Ha (GUKCUPOBAHHOM PACCTOSIHUU APYT OT ApYyra, CKaxeM, uyepe3 I MO3ULIUIA.
Kak nyudiie 3agaBaTh N — B BUIE 3HAYECHUS MEPEMEHHON WM B BUIE UMeE-
HOBaHHOI KOHCTaHTHI?

Vnpaxuenue 1.21. Hanumure nporpaMmy entab, 3aMeHSIOLIYIO CTPOKU
13 Ipo0eI0B MUHUMAaJbHBIM YMCJIOM TaOyJISLIMKI 1 IIPOOEIOB TAKMM 00pa3oM,
4yTOOBI BUJ HalleUaTaHHOTO TeKCTa He U3MeHWICs. Mcnoab3yiiTe Te ke "cTombl”
Tabyngauuu, uyTo U B detab. B ciayyae, Korga ajis BeIXo[a Ha ouepeaHoit "crom”
TOOUTCS OOWH MpoOeJI, YTO JIydIlle - Ipo0e I TaOyIsius?

Ynpaxuenue 1.22. Hanuiuurte nporpaMmy, e4aTarolyto CUMBOJIbI BXOTHOTO
MOTOKA TaK, YTOOBI CTPOKMU TEKCTa HE BBHIXOAWIU MpaBee N-i MO3ULMU. DTO
3HAYUT, YTO KaXKIas1 CTPOKA, IJIMHA KOTOPOM MPEBBIIIALT IT, TOJIKHA ITeYaTaThCs
C MepeHOCOM Ha ClIeylollue CTpoKu. MecTo mepeHoca cienyer "MCKaTh' Iocie
MOCJIeTHETO CUMBOJIA, OTJIMYHOTO OT CUMBOJIA-Pa3AeUTENs, PACIIONOKEHHOTO
neBee - mo3unuu. [1o03a6oTbTeCh O TOM, YTOOBI Ballla IIporpaMma Beja celst
pa3yMHO B cllyyae O4eHb JUIMHHBIX CTPOK, a TAKXKe KOraa 10 N-i Mo3UuIuu He
BCTpevaeTcss HU OMHOTO CHMBOJIA TIpobesia Uin TaOyIsIum.

Vopaxuenne 1.23. Hanuiunre nporpammy, yoOUparollylo Bce KOMMEHTapUU
u3 moboit Cu-nporpammel. He 3a0ynbTe mOKHBIM 0Opa3omM 0O0paboTaTh
CTPOKY CUMBOJIOB M CTPOKOBBIE KOHCTaHTBI. KomMmeHTapun B CH He MOTYT OBITh
BJIOXKEHBI IPYT B IpyTa.

VYupaxuenue 1.24. Hanuiuure mporpaMmy, mnposepsioinyio Cu-mnporpaMmbl
Ha 3JIeMeHTapHble CHHTaKCUYeCKUe OIMOKMU Bpole HecOaJTaHCUPOBAHHOCTH
CcK00OOK Bcex BumoB. He 3a0yapTe 0 KaBhIYKax (OMMHOYHBIX U JBONHBIX),
acKeuI-mociaenoBaTeabHOCTIX (\. . . ) ¥ KoMMeHTapusax. (DTo clioxHas
mporpaMma, ecjiav ImcaTh ee IJIs1 OOIIEero ciydas.)
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Tunbl, oneparopbl
M BblpaXXxeHus

IlepeMeHHbIe Y KOHCTAHThI SIBJISIIOTCSI OCHOBHBIMU OOBEKTAMU HAHHBIX,
C KOTOPBIMM UMEET Aesio mporpamma. [lepeMeHHbIe epeuncIsioTcs B O0bSIB-
JIEHUSIX, TA€ YCTAaHABIMBAIOTCS MX TUITBI U, BO3MOXHO, HayaJlbHbIE 3HAUCHUSI.
Onepaluy onpenessioT 1eiiCTBUsI, KOTOPbIE COBEPIIAIOTCS C OTUMU MEePeMeH-
HbIMU. BbIpaxeHUs: KOMOMHUPYIOT TIEpeMEHHbIE U KOHCTAHTHI [JIs1 MOJyve-
HUs HOBBIX 3HaUeHUil, Tunm o0beKTa onpeaesseT MHOXECTBO 3HaUYEHU, KOTO-
pbie€ 3TOT 00BEKT MOXET MPUHUMATh, U ONepalrii, KOTOpble HaJd HUMU MOTYT
BBINOJHAThCA. HazBaHHbIe "KMpOUUMKU" U OyIyT IPeIMETOM OOCYXICHUSI B
3TOW IJIaBe.

CranpaproM ANSI ObUIO YTBEpXKAEHO 3HAYMTEIbLHOE YMCIIO HEOOJBIINX
U3MEHEHUI U 100aBIeHUI K OCHOBHBIM TUITaM U BbipaxkeHusIM. JIto0oii 1eno-
YKMCJICHHBIM TUI TeIIepb MOXET OBITH CO 3HAKOM, signed, n0e33Haka, unsigned.
IIpemycmoTpeH crocob 3amucu 6e33HAKOBBIX KOHCTAHT U III‘CCTHaI[uaTepI/I‘{-
HBIX CUMBOJIBHBIX KOHCTaHT. Onepauuu ¢ njaBalolleil TOUKoi 10MmycKamTcs
TErnepb U ¢ OOMHAPHOM TOuHOCThIO. BBemeH Tum long double, obecneunBaro-
LM MOBBIIIEHHYIO TOUHOCTh. CTPOKOBBIE KOHCTAHTHI KOHKATEHUPYIOTCS
("ckyenBaroTcs") Tenepb BO BpeMsl KOMIUAALUMU. YacTblo A3bIKa CTaIM Tle-
peurciaeHus (enum), hbopMaTU3YIOIINE IJIsS TUIIA YCTAHOBKY JUAIIa30HAa 3HAYC-
Huii. OObEKThI 17151 3aLIUThl UX OT KAKMX-TUO0 U3MEHEHU I pa3pelieHo MoMe-
yaThb Kak const. B cBsi3u ¢ BBeieHHEM HOBBIX TUIIOB paclIMPeHbl TIPaBuiia aBTO-
MaTU4ecKoro npeodpa3oBaHusl U3 OAHOTO apu(MeTUYECKOro TUIIa B IPYToit.

2.1. AmeHa nepeMeHHbIX

XOTsI Mbl HUUETO HE roBOpUIIN 00 5ToM B riaBe 1, HO CYLICCTBYIOT HCKOTO-
PbI€ OrpaHNMYCHUA Ha 3aaHNC UMCH IIEPEMEHHBIX 1 UMECHOBAaHHbBIX KOHCTAHT.
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MMeHa cocTaBIs0TCS U3 OYKB U 1U(DP; MepBbIM CUMBOJIOM 10JIKHA OBITH OYK-
Ba. CMMBOJI IomuepKuBaHus “_” cunMTaeTcsl OYyKBOM; ero MHOrAa yao0HO KC-
MOJIb30BaTh, YTOOBI YIYUIIUTh BOCIIPUSTHE IJIMHHBIX MMEH TlepeMeHHbIX. He
HauyMHalTe MMEeHa TIepeMEHHBIX C TTOMUEPKUBAaHUSI, TAK KaK MHOTHE ITePEeMEH-
HbIe OMOTMOTEYHBIX TPOTPAMM HAaYMHAIOTCS UMEHHO C 3TOTO 3Haka. bosbIue
(TIpomnucHBIC) ¥ MaJible (CTPOUYHBIC) OYKBBI PA3TNYAIOTCS, TAK YTO X U X — 3TO
JBa pa3HbIX UMeHU. OOBIYHO B IporpamMmMax Ha Cu MaibIMu OyKBaMH Habupa-
IOT TIEpeMEHHBIE, a OOJIBITMMU - UMEHOBAaHHbBIC KOHCTAHTHI.

11 BHYTpEHHUX UMEH 3HAYMMBIMU SIBISIOTCS TiepBble 31 cumBoi. s
uMeH QYHKIIMI 1 BHEUTHUX MEPEMEHHBIX YMCI0 3HAYMMBIX CUMBOJIOB MOXET
ObITh MeHbIIIE 31, TaK KaK 3T MMeHa o0pabaThiBalOTCA acceMOJiepaMu U 3a-
TPY3UMKaMU U S3bIKOM HE KOHTPOJUPYIOTCS. YHUKAIbHOCTh BHEITHUX UMEH
rapaHTHUPYETCsI TOJIBKO B Ipeeiax 6 CMMBOJIOB, HAOpaHHBIX 0e3pa3jiuvyHO B
KakoM peructpe. KitoueBnble cioBa if, else, int, float u T. 1. 3ape3epBUpoBa-
HBI, ¥ UX HEJIb3s UCII0JIb30BaTh B KaUeCTBE UMEH MepeMeHHbIX. Bce oHu Habu-
paroTcs Ha HIDKHEM perucTpe (T. €. MaJbIMU OyKBaMu).

PazyMHO naBaTh TIepeMEHHBIM OCMBICIEHHBIE UMEHA B COOTBETCTBUU C UX
Ha3HauYeHHEM, NPUYEM TaKue, YTOObI UX ObUIO TPYIHO CITyTaTh APYT C APYTOM.
MpI nipennoyuTaeM KOpOTKIEe UMeHa IS JIOKAJIbHBIX MTePEMEHHBIX, OCOOCHHO
JUIS1 CYETYUKOB LMKIIOB, M OoJiee IJIMHHbBIE 11 BHELIIHUX TIEPEMEHHBIX.

2.2. Tynbl n pa3mepbl faHHbIX

B Cu cyiuecTByeT BCETro JUIIb HECKOJBKO 0a30BbIX TUIIOB:

char - ©NMHWYHBIA 0alT, KOTOPBIA MOXET COAEPXKATh ONVH
CHMBOJI U3 JOMYCTUMOTO CUMBOJILHOTO Ha0opa;

int - 1eJ10e, 00BIYHO 0TOOpaxalollee eCTECTBEHHOE MPEICTaB-
JICHUEC LICJbIX B MAIlIMHE,

float - YHCJIO C TUJIaBaIOLIEe TOUKON ONMHAPHOU TOYHOCTH;

double - ymcIio c IaBamIIeil TOYKOM TBOMHOM TOUHOCTH. '

NMeeTcs Takke HECKOIBKO KBAIM(PUKATOPOB, KOTOPBIE MOXKHO UCIIONB30-
BaTh BMECTE C YKa3aHHBIMU 0a30BBIMU THIIaMU. HampuMep, KBanupuKaTopsl
short (kopoTkuit) u long (AIMHHBIIN) TPUMEHSIOTCS K LEIbIM:

short int sh;
long int counter;

B Takux 00bsIBIEHUSX CJIOBO int MOXHO OMycKaTb, YTO OOBIYHO U JIeJIaeTCsl.

Ecyiv TOJIbKO HE BO3HMKAET MPOTUBOPEUYM I CO 3IPaBbIM CMbICJIOM, short int
v long int JOJXHBI ObITH PA3HOM IUIMHBI, @ int COOTBETCTBOBATH ECTECTBEH-
HOMY pa3Mepy LIeJbIX Ha JaHHOW ManiuHe. Yaiile Bcero AJjisi NpeacTaBiIeHUs
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LIEJIOTO, OMMUCAHHOTO C KBATM(UKATOPOM Short, oTBoAUTCst 16 GUTOB, C KBaJIH-
¢ukaTopoMm long - 32 6ura, a 3HAaYEHUIO TUMNA int - uin 16, uau 32 6ura. Pa3s-
paboTYNKKM KOMITUJISITOPa BIIpaBe caMU BBIOMPATH TTOAXOSIINE Pa3Mephl, CO-
0o0pasysich ¢ XapaKTEpPUCTUKAMU CBOETO KOMIIbIOTEPA U COOIIOAAs Cleayole
OrpaHMYEHMs: 3HAYEHUS TUITOB ShO Tt M Int NPEACTaBIAIOTCA 110 KpaiiHel Mepe
16 6uramu; Tina 1ong - mo KpaiiHeit Mepe 32 6utamu; pazmep short He 6oJIbIie
pa3mepa int, KOTophkIil B CBOIO ovepedb He Oosiblie pa3mepa long.

Ksanuduxarops! signed (co 3HakoM) uiau unsigned (6e3 3HaKa) MOXHO
TMPUMEHSITh KTUITY char X Ti000My 1I€JI0YMCIEHHOMY TITy. 3HaueHus unsigned
BCeTa MOJIOXKUTETbHBI WJIM PABHBI HYJIIO U TTOJYUHSIOTCS 3aKOHaM apudme-
TUKU 110 Monysto 2", e n - KOJIMYEeCTBO OUTOB B TpeACTaBIeHNH Tuna. Tak,
ecJiu 3HaueHuo char orBoauTcs 8 OUToB, To unsigned char numeer 3HaUYeHUS
B nuama3oHe ot 0 mo 255, a signed char - ot -128 no 127 (B MalluHe ¢ ABONY-
HBIM JIOTIOJTHUTEJILHBIM KOAOM). SIBJISIIOTCS JIM 3HAYeHUs Tumna npocto char
3HAKOBBIMU WJIM 0€33HAKOBBIMU, 3aBUCUT OT pean3aiiviu, HO B JIIOOOM ciydyae
KOJIbI TIeYaTaeMbIX CUMBOJIOB TTOJIOXXUTEIbHBI.

Tun long double npenHa3zHadeH T apuMETUKH ¢ TUIaBaloIeil TOUKOM
TMOBBIIIIEHHOU TouHOCTU. Kak 1 B ciydae 1eibIx, pa3Mepbl OOBEKTOB ¢ T1aBa-
IOl TOUKOM 3aBUCST OT peanm3anuu; float, double 1 long double Moryt
MPENICTABISATHCS OAHUM Pa3MepPOM, a MOTYT - IBYMSI WJIM TPEeMsl pa3HbIMU pa3-
MepaMu.

MMeHOBaHHbBIE KOHCTAHTHI JIJISI BCEX pa3MEPOB BMECTE C APYTUMHU XapaKTe-
PUCTUKAMU MAalIMHBI M KOMITAJISITOPA COAEPXKATCS B CTAHIAPTHBIX 3ar0JIOBOY-
HBIX aitmax <limits.h> wm <float. h> (cMm. mpmitoxenue B).

Ynpaxnenue 2.1. Hanummre mporpammy, KoTopas OymeT BBIIaBaTh ITH-
ama3oHbI 3HaYeHWH TUNoB char, short, int 1 long, onmMcaHHBIX Kak signed
U Kak unsigned, ¢ TOMOILIBIO MeYaTH COOTBETCTBYIOIINX 3HAYEHUIT U3 CTaH-
MapTHBIX 3aTOJIOBOYHBIX (haiijIoB 1 IyTeM MPSIMOTO BhIYKCIeHUs. Onpenaennre
IMAaIa30HbI YHUCEJI ¢ TIaBaloe TOYKON pa3InIHBIX TUIIOB. BEIYUCINTE 3T
MNAaTa30HbI CIIOXKHEE.

2.3. KoHcTaHTbI

Llenas koHcraHTa, HanipuMep 1234, uMmeer tui int. KoHcranTa Tuna long
3aBepiaeTcs 0ykBoit 1 wium L, HarrpuMep 1234567891 ; cIMIIKOM GOJIBIIOE 11e-
Jioe, KOTOPOe HEBO3MOXHO MPEeCTaBUTh KaK int, OyneT rpeacTaBieHo Kak long.
be33HakoBbIe KOHCTAHTBI 3aKaHYNBaIOTCsI OyKBOU unian U, a OKOHYaHUWe ul UiTu
UL roBopHUT O TOM, 4TO TUIT KOHCTaHTHI - unsigned long.

KoHcTaHThI ¢ m1aBaoLel TOUKOil UMEIOT AECATUYHYIO TOUKY (123, 4), unu
9KCTMOHEHIMAIbHYIO0 YacTh (1e-2), v xxe uto u apyroe. Eciiuy HUX HeT OKOH-
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YaHUS, CYMTACTCS, YTO OHM IIpruHamIexaT K Tuity double. Oxkonuanue f wiau F
yKkasbiBaeT Ha vl float,a 1 unu L - Ha tun long double.

Ienoe 3HaYeHWE MTOMUMO NECATUIHOTO MOXET UMETh BOCbMEPUYHOE WU
LIeCTHaaTePUYHOE pencTapaeHue. Ecim KoHCTaHTa HAYMHAETCs C HyJIs, TO
OHaIIpeIcTaBJIeHa B BOCbMepUYHOM Bue, eciiu ¢ Ox i ¢ OX, To — B IIeCTHAI-
narepuyHoM. Hampumep, necsarudnoe 1eytoe 31 MoxkHO 3anucaTth Kak 037 nin
kak 0X1F. 3anmucu BOCbMepUYHOM U IECTHAAIATEPUYHON KOHCTAHT MOTYT 3a-
BepiiaTecsa OykBoii L (misg ykaszaHus Ha Tvll long) u U (eciu Hy>KHO IOKa3aTh,
YTO KOHCTaHTa 6e33HaKkoBast). Hammpumep, koHncranra 0XFUL nmeer 3Hauenue 15
u tan unsigned long.

Cumsonvras koHcmanma ecTh LeJI0e, 3allMCaHHOe B BUIE CUMBOJIA, O0paM-
JICHHOTO OIMHOYHBIMM KaBbIUKaMU, HammpuMep 'x' . 3HaueHHeM CUMBOJIbHOM
KOHCTaHTBHI SIBJISIETCSI YMCIIOBOM KOJ CMMBOJIAa M3 Habopa CUMBOJIOB Ha TaH-
Hoit mamimue. Hampumep, cumBosibHas kKoHcTanTa '0' B komupoke ASCII
MMeeT 3HaueHune 48, KOTopoe HMKAKOrO0 OTHOIICHMS K YMCIOBOMY 3HaYeHMI0 O
He nmeeT. Korga mbl tuiieM '0', a He Kakoe-To 3HaYeHue (HanpuMmep 48), 3aBu-
csiliee OT crocoda KOAMPOBKY, MBI JielaeM ITporpaMMy HE3aBUCUMOM OT YacT-
HOTO 3HAYeHMs KO, K TOMY Xe OHa 1 Jierde ynTaeTcss. CUMBOJIbHBIE KOHCTaH-
TBI MOTYT yY4acTBOBATh B OTlepallMsIX Hall YMCIaMU TOYHO TaK XXe, KaK 1 JIIoObIe
NIpyTHe LieJible, XOTS Yallle OHU UCTIONb3YIOTCS IS CPAaBHEHUSI C IPYTUMHU CUM-
BOJIAMM.

Hexkoropble CMMBOJIBI B CHMBOJIBHBIX M CTPOKOBBIX KOHCTaHTaX 3aIliChiBa-
JOTCSI ¢ TTIOMOIIBIO ACKEMTIT-TTOCTIeIOBATEIbHOCTEM, HaImpuMep \IT (CUMBOJI HO-
BOIM CTPOKM); TaKue MOCIeI0BAaTEIbHOCTH M300paXkaroTcs ABYMSI CUMBOJIAMU,
HO 0003HavaroT onuH. Kpome Toro, mpou3BOJbHBIA BOCBMEPUYHBIN KOI MOX-
HO 3a1aTh B BUIE

"\0oo'
L€ 000 - OJIHA, IBE WIN TpU BocbMepuuHble bpsl (0. . .7) uiu
! \Xh}l

e hh - omHa, nBe wum Gonee uiecTHazuarepuynse uudper (0. .. 9, a.. . f,
A. .. F). Takum o6pa3omM, Mbl MOTJIY Obl HAITKUCATh

#define VTAB '013" /* BepTukanbHas Tabynsums B ASCIl */
#define BELL "\007' /+ 3BoHOKk B ASCIl */

MJIN B LIECTHAALATEPUYHOM BUIC:

#tdefine VTAB '\xb’' /* BepTukanbHas Tabynaums 8 ASCIl */
#define BELL '\x7' /* 3BoHOK B ASCIl */

ITonHbBII HAOOP ACKEUIT-TIOCTIEA0OBATEIbHOCTE M TAKOB:

\a CUTHAaI-3BOHOK \\ oOpaTHasl HaKJIOHHasl yepTa
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\b BO3BpaT-Ha-uIar (3aboii) \? 3HAaK BOIIPOCa

\f TepeBOI-CTPAHUIIBI \! OJIVMHOYHAasi KaBbIuKa

\n HOBas-CTPOKa N NBOIiHAs KaBbluKa

\r BO3BpaT-KapeTKu \000 BOCHMEPUYHBINKOJ

\t FOPU30HTAJIbHAS- \xhh ulecTHaALATEPUYHBIN KOJ
TabyJIsALIUS

\v BEpPTUKAbHAA-TaBY AU

CuMBosibHag KoHcTaHTa ' \0' - 3TO CUMBOJI C HYJIEBBIM 3HAUYEHUEM, TaK Ha-
3pIBaeMbIii cuMBoa null. Bmecto mpocro 0 yacto mcmonb3yior 3amuck \0',
YTOOBI MOAUYEPKHYTH CUMBOJIbHYIO IIPUPOIY BhIPAXKEHUSI, XOTS U B TOM U APY-
TOM cCJIydae 3aluch 0003HAYAET HYJIb.

Koncmanmmuuie evipaxcenuss — 3T0 BbIPAYKEHUSI, OTIEPUPYIOIIUE TOIBKO C KOH-
crantamMu. Takue BbIpaKeHUsI BHIYMCISIIOTCS BO BpeMsSI KOMIMISLIAY, a HE
BO BpeMsI BBLIITOJIHEHUSI, U TTIO3TOMY UX MOXHO MCIIOJIb30BaTh B JIOOOM MECTE,
e JOIyCTUMbI KOHCTAHThI, KaK, HAaIlpUMep, B

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

HJIn B

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

Cmpokoeas KoHcmanma, WIA CMpoKoGblil Aumepan, - 3TO HyJIb WU Gojee
CHMBOJIOB, 3aKJTIOY€HHBIX B IBOMHbIC KABBIUYKH, KaK, HAIIPUMeED,

"? cTpokoBas KOHCTaHTa"

""" /* nyctaa cTpoka */

KaBBIuyKM He BXOJSIT B CTPOKY, a CJIyKaT TOJBKO €€ OTpaHNInTeIsIMU. Tak Xe,
KaK M B CHMBOJIbHbIE KOHCTAHTHI, B CTPOKHM MOKHO BKJTIOYATh 3CKEUTI-ITOCTIe-
noBaTebHOCTH; \, HAIIpUMeDp, MPEACTaBiIsIeT OO0 ABOMHYIO KaBbIuKy. CTpo-
KOBBIC KOHCTAaHTHI MOXKHO KOHKAaTeHUPOBATh ("'CKJIICMBATh") BO BpeMsI KOMITH -
JISIIIAW , HATIPUMED, 3alIUCh IBYX CTPOK

"3npascTByit, " " mup!”
SKBUBAJICHTHA 3alIUCU OIHOM CIIEAYIOLIEH CTPOKMU:
"30paBcTByi, Mup!”

YKa3zaHHO€E CBOMCTBO MO3BOJISIET pa36I/IBaTI) JJINHHBIC CTPOKM HA4YaCTU U pac-
ImoJiaraTb 9T 4aCTU Ha OTACJIbHBIX CTPOYKaXx.
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DakTUYeCKM CTPOKOBAasi KOHCTaHTa - 9TO MAacCCUB CUMBOJIOB. Bo BHYTpeH-
HeM TIpeACTaBJICHWU CTPOKM B KOHIIE 00s3aTeJIbHO MPUCYTCTBYET HYJIEBOM
cuMBoa ' \0', TTO3TOMY MaMSITH IS CTPOKU TpeOyeTcsl Ha OAMH OaiiT OoJblIIe,
YeM YMCJIO CUMBOJIOB, PACMOJOXEHHBIX MEXIY IBOWHBIMU KaBblYKaMH. DTO
03HayaeT, YTo Ha JJIMHY 3371aBaeMOii CTPOKHM HET OTpaHUYEHUsI, HO YTOOBI OTpe-
NIeJINTh ee IJIMHY, TpedyeTcsl IPOCMOTPETh BCIO CTPoKy. DyHkuusg strlen(s)
BBIYMCIISIET IJIMHY CTPOKM S 0e3 yueTa 3aBepiuaroliero ee cumbosaa ' \0'. Hiuxe
MPUBOJMTCS Hallla Bepcusl 3TON QYHKIIMU:

/* strlen: Bo3BpawaeT 4JIMHY CTPOKK S */
int strlen(char s[])

{

int i;

i=0;

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

return i;

}

®yHK1Ms strlen 1 HEKOTOpbIe APYrue, MpUMeHsIeMble K CTPOKaM, OIUCaHbI
B CTaHJIApPTHOM 3aroJIoBOYHOM ¢aiiie <string.h>.

Byabre BHUMATENbHBI U TOMHUTE, YTO CMMBOJIbHAS KOHCTaHTa U CTPOKa,
cojep:Kalllasi OIMH CUMBOJI, HE OTHO M TO Xe: 'X' He TO Xe caMoe, 4yTo "X".
3anuch ' x' 0003HAYaeT liejioe 3HaUeHUe, paBHOE KoMy OYKBHI X U3 CTaHIapT-
HOTO CMMBOJILHOTO Habopa, a 3amuch "X" - MacCUB CUMBOJIOB, KOTOPHIiA CO-
NepXUT oauH cuMBoJl (OykBy x) u ' \0'.

B Cu nMeeTcs elille ONMH BUI KOHCTAHTHI - KOHCmaxHma nepevucnenus . Tle-
peyrciieHre —~ 3TO CIUCOK LIeJIbIX KOHCTaHT, KaK, HalmpuMep, B

enum boolean { NO, YES };

IMepBoe ums B enum’ umeer 3HaveHue 0, cieayrouiee - 1, W T. 1. (€CIIU IS 3HA-
YeHUI KOHCTAaHT He ObLIO0 SIBHBIX crienudukanuii). Eciv He Bce 3HaueHMS CIie-
M GUIIMPOBAHBI, TO OHU MPOJOJIKAIOT MPOTPECCUI0, HAUMHAS OT MOCIEAHETO
cneuuUIMPOBAHHOTO 3HAYEHUSI, KaK B CJIEAYIOIIUX ABYX TpUMepax:

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

enum months { JAN = 1, FEB, MAR, APR, MAY, JUN,
JUL, AUG, SEP, OCT, NOV, DEC};
/* FEB ectb 2, MAR ectb 3 u 1.4. */

' OT aHTIMIICKOTO ClIOBa enumeration — nepeancienine. — Ipumey. peo.
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HMMeHa B pa3iMuHbBIX MEPEUUCTECHUSX AOJKHBI OTAUYATHCS IPYr OT Ipyra.
3HavyeHUsl BHYTPU OIHOTO MEPEYUCTIECHUS] MOTYT COBIIAZaTh.

CpenctBo enum obecrieunBaeT yIO0OHbI CrOcOO MPUCBOUTH KOHCTAHTaM
WMeHa, MpUYeM B OTJIUUMeE OT #define 3HAaUEHUSI KOHCTAHT MIPU 3TOM cliocobe
MOTYT T€HepUpPOBaTbCsl aBTOMAaTUUYECKU. XOTsl pa3peluaercsl oObsBISTh Mepe-
MEHHbIE THUIA enum, OJHAKO KOMIWIATOP He 00513aH KOHTPOJUPOBATh, BXOIAST
JIM IpMCBaMBaeMble 3TUM MEPEMEHHbIM 3HaueHUs B ux Tun. Ho cama Bo3mMox-
HOCTb TakOi MPOBEPKHM YacTo AeJlaeT enum Jjyuile, yeM #define. Kpome Toro,
OTJIAIYMK MOJy4YaeT BO3MOXHOCTb Me4aTaTh 3HAYEHUS MePEMEHHBIX TUIIa enum
B CUMBOJIbHOM BUJIE.

2.4. 06baBNEeHUA

Bce mepeMeHHbIE LOKHBI ObITh OOBSIBICHBI PaHbLIe, YeM GYIyT UCIOIb30-
BaThCs, MPU 3TOM HEKOTOpPbI€ OOBSIBIIEHUSI MOTYT OBbITh MOJyYE€Hbl HESIBHO -
u3 KoHTeKcTa. OObsIBIIEHUE CIIELU(PULIPYET TUIT U COASPXKUT CITMCOK U3 OfI-
HOW WJIM HECKOJIbKUX MEePEMEHHBIX 3TOTO TUIA, KaK, HalpuMep, B

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

IlepemMeHHBIE MOXHO pacCIpenesiTh 110 O0BSIBISCHUSIM IIPOU3BOJILHBIM O0Opa-
30M, TaK YTO yKa3aHHbIE BbIIIe CITMCKW MOXHO 3alKcaTh U B CIeAYIOIEM BUIE:

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

char  1ine[1000];

Ilocnennsist ¢popMa 3anucu 3aHMMaeT OOJIbllle MeCTa, TEM HE MEeHee OHa JIy4-
111e, TTOCKOJIBKY MO3BOJIIET OOABSATh K KaXIOMY OOBSIBICHNIO KOMMEHTAPUIA.
Kpowme Toro, oHa 6osiee ynoOHa 1j1s1 MOCASAYIOIINX MOAN(UKALIUIA.

B cBoeM 00bsIBIEHUM TIepeMEHHAast MOXET ObITh MHULIMAJIU3MPOBaHa, Kak,
Hampumep:

char esc = "\\';

int i =0;

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

Wuunuanusanus HeaBTOMaTUueCKoi nepeMeﬂﬂoﬁ OCYHICCTBJIACTCSA TOJIb-
KO OIMH pas3 - nmepea T€M, Kak InmporpaMmMa Ha4YHET BBIIIOJHATLCA, IIPHU 3TOM
HayaJabHOE 3HaYe€HUeE TOJXKHO ObITh KOHCTAHTHBIM BbIPpaKCHUEM. SABHO UHM-
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LUaIU3UPy eMas aBToMaTuIecKasl iepeMeHHast mojiyyaeT HauaJlbHOe 3HaYeHUe
KaX bl pa3 pu Bxoje B GYHKIUIO WK OJIOK, ee HayaJlbHBIM 3HAaYeHUEM MO-
JKeT OBITh J1I000e BhIpaKeHue. BHelIHre 1 cTaTuyecKue MepeMeHHbIe 110 YMOJI-
YaHWIO TTOJy4YaloT HyJIeBble 3HaUeHUsI. ABTOMaTHUYeCKHE MepeMeHHbIE, SBHBIM
00pa3oM He MHUIIMAIU3UPOBAHHBIE, COMEpXAT HeompeaeleHHbIe 3HAaUYeHUS
("mycop").

K n10601i mepeMeHHOIi B 00BSBICHUN MOXET ObITh TPUMEHEH KBaIu(UKa-
TOp const AIst yKa3aHUs TOTO, YTO ee 3HAUCHHE Aaiee He OYIeT N3MEHSTHCS.

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

[puMeHUTETBHO K MacCUBY KBaJM(UKATOP const yKasplBaeT Ha TO, YTO HU
OJIMH U3 €r0 3JIEMEHTOB He Oy/eT MEHATHCA. YKa3aHUE CONSt MOXKHO TaKXKe
MPUMEHSITh K apTyMEeHTY-MacCUBY, UTOOBI COOOIIUTh, YTO (DYHKIIMS HE U3ME-
HSIET 9TOT MaCCHUB:

int strlen(const char[] );

Peakiiust Ha MMOMBITKY U3MEHUTh IIEPEMEHHYIO, IOMEYEHHYIO KBaTU(pUKATO-
pOM const, 3aBUCUT OT peaau3alii KOMITUIATOPA.

2.5. ApudpmeTnyeckue oneparopbl

buHapHbIMHU (T. €. ¢ AByMS oniepaHAaMu) apudMETUYECKUMHU ONeparopa-
MM gBJIsSIOTCS t, -, ¥, /, a TaKXKe oneparop aejJeHus mo Moayio %. deneHue
LIEJBIX COIPOBOXKAAETCS OTOpachbIBaHMEM IPOOHOI 4YacTH, Kakoil Obl OHAa HU
obuta. BeipaxkeHue

X % y

JIaeT OCTATOK OT JCJICHUS X Ha Yy U, CJIeA0BATEIbHO, HYJIb, €CJIM X ACJIUTCS Ha 'y
Haueno. Hanpumep, rof siBasieTcsi BACOKOCHbBIM, €CJIM OH ISJIUTCS Ha4, HO He Jie-
surcst Ha 100. KpoMme TOTO0, o IBIISIETCA BUCOKOCHBIM, eCJIv OH aenutcst Ha 400.
CrnenoBaresbHO,

if ((year % 4 == 0 & year % 100 != O !i year % 400 == 0)
printf("%d BUCOKOCHbIA rog\n”, year);

else
printf("%d HEBMCOKOCHBLIA rog\n”, year);

Orneparop % x orepangam tunoB floatu double He mpuMensercsa. B kakyro
CTOPOHY (B CTOPOHY YBEJIMYEHHUSI WIM YMEHbIIEHUs 4uciaa) OyaeT ycedeHa
NpOOHAast YaCTh IPU BHITTOJTHEHU Y / M KAKUM OyIeT 3HaK pe3yabTaTa onepalnun
% coTpUIIaTeIbHBIMUOIIEPAHIaAMU,3aBUCUTOTM AL M HBI.
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BuHapHEBIe orepaTOpHI + 1 - UMEIOT OMUHAKOBBIN IIPUOPUTET, KOTOPBIN HIKE
IIPHOPHUTETA OIIEPATOPOB *, / ¥ %, KOTOPHII B CBOIO 0OYEPEIb HUXKE IPUOPUTETA
YHapHBIX OIIePaTopoB + U -. ApudMeTHIeCKUE OIepalliyl OHOTO IIPUOPUTET-
HOTO YPOBHS BBHITIOTHSIIOTCS ClleBa HAIIPaBo.

B xoHi1ie 310i1 r1aBbl (maparpad 2.12) mpuBonutcs tabauna 2.1, B KOTopoii
MIpeICTaBICHBI TIPUOPUTETHI BCEX OIIEPATOPOB M OYSPETHOCTD MX BEITTOTHEHUS.

2.6.0nepaTopblOTHOLUEHUNS
nnornyeckue onepatopbl

OnepaTopaMH OTHOIICHMUA ABJIAIOTCA
> >= < <=

Bce oHM mMeroT omMHAaKOBHIM mpuopureT. Cpasy 3a HUMHU HIET IIPHOPUTET
OIIEPaTOPOB CPaBHEHUS Ha PaBEHCTBO:

Omnepatopbl OTHOLIEHUSI UMEIOT 0ojiee HU3KMIA MPUOPUTET, YeM apudmeTu-
YyecKue, MO3TOMY BeipaxeHue Bpoje i < lim-1 OymeT BBHIMOJHSTHCS TaK XKe,
Kaki < (lim-1),T. €. KaK MBI ¥ OXXKUJIaEM.

Bonee nHTEepecHHI JJornyeckue oneparopbl && v 1. BeIpaxkeHus, Mexmy Ko-
TOPBIMU CTOST omepaTopbl && WK ! i, BRBIYUCISIIOTCS clieBa HanpaBo. Bei-
YKUCJIEHHUE TTPEeKpalllaeTcsi, KaK TOJbKO CTAHOBUTCSI M3BECTHA UCTUHHOCTb WJIU
JIOXXKHOCTB pe3yibTaTa. MHorue CH-TIporpaMMBbl OIMPAOTCS Ha 3TO CBOMICTBO,
Kak, HalpuMep, TUKJI U3 GyHKIUK getline,, KOTOpYyo MBI IPUBOIWIIN B IJ1aBe 1:

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

TIpesKie 4eM YUTATh OUEPEIHON CHMBOJI, HYXXHO IIPOBEPHTD, €CTh JI IJIs1 HETO
MEeCTO B MacCCHUBe S, MHaue TOBOPS, cHavyauia Heobxooumo POBEPUTDH COOJIOE-
Hue ycnoBusi i < lim-1. Ecau 310 ycioBre He BBITIOJHSIETCS, Mbl HE TOJXKHBI
MPOJOJXKATh BBIYMCIIEHUE, B YACTHOCTH YUTATh cleayloluii cumBoil. Tak xe
ObLT0 ObI HeNpaBUJIbHBIM cpaBHUBaThL Cc M EOF mo o6paieHus kgetchar; cneno-
BaTeJIbHO, Y BbI30B getchar, U mpucBaMBaHUe JOJXKHbBI BBIMOJIHATHCS MEPeN
YKa3aHHOM IPOBEPKOIL.

ITpuoputeToneparopa& & Bhlllle, 4eMTaKOBOI ollepaTopa. |,0MHAKO UXTIPU-
OPUTETHI HUXE, YeM IPUOPUTET OTIEPaTOPOB OTHOLIEHU S U paBeHCTBa. M3 cka-
3aHHOTO CJIelyeT, UTO BhIpaXXeHUE BUIa

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

HC HY>XKIAa€TCsA B JOIMOJIHUTEIbHBIX CKOOKax. HO, TaK KaK ITPUOPUTET 1= BBIIIEC,
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YeM IIPUOPUTET NIPUCBAaUBaHMS, B
(c = getchar()) !'="\n’

CKOOKM HEOOXOMMBI, UTOOBI CHauajia BBINTOJHUTh IpYMCBaBaHuUE, a 3aTEM CpaB-
HeHue ¢ '\n'.

[To ompeneneHUI0 YMCIEHHBIM Pe3yJIbTaTOM BBIYMCICHUS BBIPAXECHUS OT-
HOIIEHUS WU JIOTUIECKOTO BBIpAaKEHUS SIBJsIETCA 1, €CIM OHO UCTUHHO, U O,
€CJIM OHO JIOXKHO.

YHapHbIii onepartop ! mpeobOpasyeT HeHyneBoi omepaHa B 0, a Hyi1b B 1.
OOBIYHO orepaTop ! MCIOJB3YIOT B KOHCTPYKIIUSIX BUIA

if (!valid)
YTO DKBUBAJIEHTHO
if (valid == 0)

TpynHo cka3aTh, Kakasg u3 ¢opmM 3anucu adyuiie. Koncrpykuusa suga ! valid
xopoio yutaercs (e He TPaBUILHO"), HO B 60Jiee CIIOXKHBIX BhIPAXEHUIX
MOXET 0Ka3aThCsl, YTO €€ HE TaK-TO JIETKO MMOHSITh.

Yupaxnenne 2.2. Hanumure 1uki, 5KBUBAJECHTHBIM NMPUBEICHHOMY BBIIIE
for-uukiy, He OJIB3YsICh onepaTopaMu && U i 1.

2.7. NpeobOpa3oBaHus TUNOB

Eciu onepaHabl onepaTopa NpUHALIEXAT K pa3HbIM TUIIaM, TO OHU MTPUBO-
JSTCS K HEKOTOpoMy o01emy tuily. [IpuBeaeHre BBITTONHSIETCSI B COOTBETCTBUM
C HEOOJIBIITUM YMCIIOM TMpaBuiI. OOBIYHO aBTOMAaTUYECKHU MPOU3BOISATCS JTUIIb
Te Mpeodpa3oBaHMs, KOTOphIE 03 KaKoii-Tnbo motepu NH(PpOpMaLIUK MpeBpa-
LIAI0T OMEPaH/bl C MEHBIIMM AUANA30HOM 3HAYEHUI B OMEPAHIIBI C OOJIBIIUM
JIMana3oHoOM, KaK, HalpuMep, Npeodpa3oBaHUE LIEJIO0TO B YACIIO C MJIABAOILIEH
TOYKOM B BhIpaxkeHUM Bpoje f + i. BbeipaxkeHus, He UMEIOIINEe CMbIC/Ia, HATIPU-
Mep YMCJIO C MIaBalolleil TOUKOU B poJiM MHIEKCA, He ToMmycKalTcs. Bripaxe-
HUSI, B KOTOPBIX MOTJIa OBl TepsIThcs MHMOpMalus (CKaxeM, IIpy MpucBanBa-
HUU JJUHHBIX HEBIX IEPEMEHHBIM 00J1€€ KOPOTKUX TUIIOB UJIU MPU MTPUCBAU-
BaHWU 3HAUCHU C TUIaBAIOIIEH TOYKO IeJIBIM MIePEeMEeHHBIM ), MOTYT MTOBJIEYb
3a co00I mpeaynpexaeHUe, HO OHU JOIYCTHMBI.

3HA4YEHMSI TUIMA Char - 3TO TIPOCTO MaJIble LEJIbIe, i UX MOXHO CBOGOIHO
MCMO0JIb30BATh BapU(PMETUUECKUX BBIPAXKEHUSIX, YTO 3HAYUTEbHO 00JIET4aeT
BCEBO3MOXHbBIE MAHUITYJISIUY C CHMBOJIaMU. B KauecTBe mpuMepa npuBeaeM
MPOCTEHbKYIO peasin3aiuio GyHKIMHU atol, mpeodpasyloueii nocaeaoBaTeb-
HOCTb ITU(DP B €€ YMCTOBOI IKBUBAJIEHT.
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/* atoi: npeobpasosaHne s B Lenoe */
int atoi(char s[])
{

int i, n;
n =0
for (i = 0; s[i] >= '0" && s[i] <= '9"; ++i)
n=10 * n + (sfli] - '0");
return n;
1
!
Kaxk MBI yke TOBOpW/IH B I1aBe 1, BRIpaxkeHune
s[i] -'0’
IAeT YMCIIOBOE 3HAUCHWE CUMBOJIA, XpaHsmerocs B s[1], Tak kak 3HaueHUs
'0’," 1" u np. 00pa3yloT HEMPEPHIBHYIO BO3PACTAIOIIYIO TTOCIEA0BATEIbHOCTb.
Hpyroit mpuMep IIpuBeaeHUs char K int c¢BsI3aH ¢ GyHKIMEH lower, KOoTo-
past omMHOYHBIN cuMBOJI 13 Habopa ASCII, eciau oH sBJIsIeTCS 3arIaBHOM OyK-

BOI1, MpeBpaIiaeT B CTpoYHyto. Eciu xke cCMMBOJI He SIBISISTCSI 3aIyIaBHOM OyK-
BOI1, lower ero He UBMEHSIET.

/* lower: npeobpa3oBaHMe C B CTPOYHYIO; Tosbko anist ASCIl */
int lower(int c)
{
if (c >="'A"&& c<="7")
return c + 'a’ - 'A";
else
return c;

}

B ciygae ASCII sta mporpamMma 6yzmet paboTaTh NPaBIILHO, IIOTOMY YTO MEX-
Iy OMHOMMEHHBIMU OYKBaMU BEPXHETO M HUKHETO PErMCTPOB - OINMHAKOBOE
paccTosiHue (eciaM MX paccMaTpyBaTh KaK YMCIOBble 3HaueHus). Kpome Ttoro,
JIATUHCKU angaBUT — IUIOTHBIN, T. €. MeXIy OykBaMu A 11 Z pacIioJIOXKEHEI
TonbKo OykBHI. st Habopa EBCDIC mocnenHee yciaoBre He BBIITOJIHSIETCS,
¥ TIO3TOMY Hallla TporpaMMa B 3TOM ciiydae OyaeT peoOpa3oBbIBaTh HE TOJIb-
KO OYKBEI.

CraHgapTHBIN 3arojIoBOYHbIN (aiin <ctype.h>, onmMCcaHHBI B MPUIIOXKE-
Huu B, onipenenseT ceMeiicTBO GYHKIIUI, KOTOPbIE TTO3BOJISIIOT IPOBEPSTH
U TpeoOpa3oBbIBaTh CUMBOJIBI HE3ABUCUMO OT CUMBOJIbHOTO Habopa. Hamnpu-
Mep, GyHkus tolower(t) Bo3BpaliaeT 0yKBY C B KOJIe HUXKHET'O PETUCTpa, eciu
OHa ObljIa B KOJIe BEpXHETO perucTpa, mo3roMy tolower - yHuBepcajibHas 3a-
MeHa GyHKIIUU lower, paCCMOTPEHHOM Bbillle. AHAJIOTUYHO MTPOBEPKY

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

Haee MbI OyZeM MOTb30BaThes PYHKIIMSIMU U3 <ctype. h>.

Cy1iecTByeT 0lHa TOHKOCTb, Kacaroulasicsi mpeodpa3oBaHUsl CUMBOJIOB
B IIeJIbIe YMCIIA: SI3BIK HE OMpeesseT, IBASIOTCS U TepeMeHHbIe TUIa char
3HAKOBBIMU WK 0e33HaKoBbIMU. [1pu mpeobpaszoBaHum char B int MoxeT iu
KOTIa-HUOYIb MOJIYYUTHCS OTpUIIaTebHOE 1ie7oe? Ha MammHax ¢ pa3Hoii ap-
XUTEKTYPOU OTBETHI MOTYT OTJAMYaThCsA. Ha HEKOTOpHIX MallMHAX 3HAUECHME
Tumna char ¢ eAMHUYHBIM CTapIIUM OUTOM OYIET IpeBpaIleHO B OTPUIIATEb-
Hoe 11esioe (ITOCPeCTBOM "pacrpocTpaHeHus 3Haka"). Ha gpyrux - mpeobpa-
30BaHUe char B int ocyllecTBasIeTCs M00aBIeHUEM HYJEW clieBa, W, TAKUM
0o0pa3oMm, MojlydyaeMoe 3HaueHUe BCera MoJ0XUTEIbHO.

[apaHTHpyeTcs, 4TO JII0OOH CUMBOJ M3 CTAaHIAPTHOTO HabOpa MevyaTaeMbIX
CHMBOJIOB HUKOT/Ia He OYyIeT OTPUIIATEIbHBIM YHUCIIOM, TIO3TOMY B BhIPAXKEHM -
SIX TAKWE CUMBOJIBI BCET/a SIBJISIIOTCS MTOJIOXUTEIbHbIMY oflepaHaamMu. Ho mpo-
M3BOJIbHBIA BOCbMUOUTOBBII KO/ B IEPEMEHHOM TUIA char Ha OMHUX Mallu-
Hax MOXET OBbITh OTPULIATEIIBHBIM YMCJIOM, a Ha JAPYTUX - MOJOXUTEIbHBIM.
J1J151 COBMECTUMOCTH TIepEeMEHHBIE THIA Char, B KOTOPBIX XPaHITCSI HECUMBOJIb-
HbIE TaHHBIE, CIIeAyeT crienuUIIMpPOBaTh IBHO Kak signed mnmrunsigned.

OTHoIlIeHHS BpOJie i > j U TIOTUYECKME BhIpakKeHUsI, TiepeMexaeMble ornepa-
TopaMu && 1 ! |, oIpesIesISTIOT BIpaskeHUE-yCII0BUE, KOTOPOE NMeeT 3HaUeHUE
1, ecIM OHO UCTMHHO, U (), ecyiu T0XHO. Tak, MpucBavBaHUe

d=c¢>'0 && c<="9"

ycraHoBUT d B 3HaueHwue 1,ecnu ¢ ecThb Itudpa, u 0 B mpoTuBHOM ciaydae. OnHa-
Ko (yHKIIUM, TTogo0HbIe isdigit, B KauecTBe MCTUHBI MOTYT BbIJABATh JTI00O0E
HEeHyJieBoe 3HaueHue. B MecTax mpoBepok BHYTpH if, while, for u np. "uctu-
Ha" TIPOCTO O3HAYaeT "He HYNb'.
HesBHble apudMeTnueckure npeodpazoBaHusi, Kak MpaBujo, OCYIIECTBIISI-

I0TCS1 €CTECTBEHHBIM 00pa3oM. B ob1iem ciyvae, koraa onepatop Bpoje + uiu

+ C IByMS omepaHmamMu (OMHApHBIN OIepaTop) MMeeT pa3HOTUITHBIE OIepaH-
JIbI, TIPEXIIE YeM OTepalivsl HAauHeT BBITTOTHATHCS, "HUBIIWI" TUTT HO8biulaemcs
1o "Beiciiero”. Pesyibrar OyaeT MMeTh BhICIIMIA TUITL. B maparpade 6 npuioxe-
HUS A TipaBuJjia peodpazoBaHusi chOpMyJIUpPOBaHbl TOUHO. Eciiu e B BbIpa-
XEHUU HEeT 0e33HAKOBBIX OMEPAHI0B, MOXHO YIOBIETBOPUTHCS CIEAYIOIINM
HabopoM HehOpMaJIbHBIX TPABWII:

+ Ecnu kakoii-1160 13 onepaHnoB MpUHaIIexXuT Tuny long double, To u apy-
roif mpuBogutTcd X long double.

* BrpotuBHOM city4ae, eclii KaKoii-11u00 U3 ONepaHa 0B PUHAIICKUT TUITY
double, To 1 gpyroii npuBoauTcs K double.

3 3ak. 1116
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* B npoTuBHOMCIy4ae, eciu KaKoil-1100 U3 orepaHi0B NPUHAMIEKUT TUITY
float, To u npyroit mpuBoautcs k float.

* B mpotuBHOM ciydae onepaHabl TUMOB char u shortnpuBOAATCA K int.

» U HakoHel, eciiv OJVH U3 OTlepaHIoB TUIa long, TO ¥ IPYyroi MpUBOIUTCS
K long.

3ameTuM, 4TO oriepaHAbl TUTa float He MPUBOISITCS ABTOMAaTUYECKU K TUITY
double; B aTOM naHHas BepcHs SI3bIKa OTJIMYAeTCsI OT epBOHavYalibHOM. BooO-
11Ie TOBOPSI, MaTeMaTHuecKre (GyHKINY, aHAJTOTMYHbIE COOPaHHBIM B 616110~
Teke <math. h>, 6a3upyloTcsi Ha BBIYUCIEHUSIX C IBOWHOMN TOYHOCTBIO. B 0CHOB-
HoM float Mcroyib3yeTcst IJIsT SKOHOMUM MaMsITH Ha OOJIBIINX MacCUBax U He
TaK 4acTo - JJIs yCKOPEHMSI cueTa Ha TeX MallluHaxX, Tue apudmeTrka c ABOu-
HOU TOYHOCTBIO CIIMIIIKOM JIOpOTa C TOYKY 3pEHUS pacXoia BpEMEHU U MaMSITHU.

IMpaBuna mpeoOGpa3oBaHMsT YCIOXKHSIOTCS C MOSIBIIEHUEM OMEepaHI0B TUIIA
unsigned. [IpobiaeMa B TOM, 4YTO CpaBHEHUSI 3HAKOBBIX U 6€33HAKOBBIX 3HAYEC-
HUIi 3aBUCSIT OT pa3MeEPOB 1IeJIOYNCICHHBIX TUTIOB, KOTOPBIE HA Pa3HBIX MAIlIV-
HaxXx MOTyT otiunyarbcs. [Ipenrnosoxum, 4To 3HaAYEeHUE TUIA int 3aHUMaeT
16 6uTtoB, a 3HayeHue Tuna long - 32 6ura. Torma -1L < 1U, mockosbKy 1U mipu-
HaJU1eXuT TUITy unsigned int 1 nossiaercs qo Tumna signed long. Ho =1L > 1UL,
Tak Kak - 1L moBeiaercs 10 Tuna unsigned long v BocipyHUMaeTCs Kak 60Jb-
11I0€ TOJIOXUTETBbHOE YHUCIIO. ;

ITpeobpa3zoBaHUsI UMEIOT MECTO U TIPU l'[pI/IICBOCHI/ISIXI 3HaUYeHUe MpaBoi ya-
CTU MIPUCBOCHMUS MPUBOJIUTCS K TUITY JIEBOI YacTU, KOTOPBIN U SIBJISIETCS] TH-
TIOM pe3yJibTaTa.

Twun char mpeBpaiiaercd Bint myrem pacrpocTpaHeHUs 3HaKa WIU IPYyTUM
OIMCAHHBIM BBIIIIE CITOCOOOM.

Tum long int npeoGpasyiorcs B short int miM B 3HaYeHMs TUIA char ny-
TeM OTOpachIBaHUS CTapIIMX pas3psifaoB. Tak, B

int i
char c;
i=c;
c =i

3HaYEHUE C HE U3MEHUTCS. DTO CIpaBeyTMBO HE3ABUCUMO OT TOTO, PACTIPOCT-
paHseTcst 3HaK npu nepesoae char B int wiu Her. OgHAaKO, eci U3MEHUTH
0YepeqHOCTh TPUCBAUBAHM, BO3MOKHA ITOTepst UHOOPMALIUH.

Ecnu x npuHannexut tuny float,ai - Tumy int, To M X =i, © i = X BBI3OBYT
npeobpa3oBaHus, mpuueM nepeson float Bint compoBoxmaeTcst ordpackiBa-
HUeM npobHoii yactu. Ecau double nepeBoautcs Bo float, To 3HaUeHUE JIMOO
OKpyrJIsieTcs, 1160 0O6pe3aeTcsi; 3TO 3aBUCUT OT pealu3aiuu.

Tak Kak apryMeHT B BbI30Be (DYHKIIMU €CTh BbIpaXkeHUE, TIPU Tiepenayde ero
GbyHKIIMY TaKXKe BO3MOXHO npeodpa3oBaHue Tuna. [Ipu oTcyTcTBUYM NTPOTO-
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Tuna GyHKUIUU apTyMeHThl TUla charu short nepesoasarcs B int, a float -
Bdouble. Bor mouemy Mbl 0OBSIBIISIIM apryMeHTHI TUIa int unu double gaxe
TOTIa, KOTrJa B BEI30Be DYHKIIMH HMCIIOJbh30BaI apTyMEeHTHI THIA char muiun
float.

W HakoHelI, IS TI000T0 BRIpaxkeHUs MOXHO SIBHO ("HacHUJIBHO") yKa3aTh
ImpeoOpa3oBaHUe eT0 TUIIA, MCIIOIb3YsI YHAPHBIN OIepaTop, Ha3bIBaeMBI npu-
sedenuem. KoHCTpyKIIUS BUIa

(ums-muna) ewipaxncenue

IIPUBOIMNT 8bipadiicelue K YKa3aHHOMY B CKOOKaX TUITY ITO TIePeUMCICHHBIM BBIIIIE
mpaBuiaaM. CMBICT OIlepalny MPUBEACHUS MOXHO IPEACTAaBUTh ceOe Tak:
8blpajceHue Kak Obl MPUCBAMBAETCSl HEKOTOPOI MepeMEHHON YKa3aHHOTO TUIIa,
1 3Ta TIepeMeHHas MCIIOJIb3YeTCSI BMECTO BCell KOHCTpyKIMu. Hampumep, 6m-
O6avoTreyHas ¢pyHKLMS sqrt paccuMTraHa Ha apryMeHT Tuiia double u BblgaeT
YeTyxy, ecliu eil TOoACyHyTh YTO-HUOYIb Apyroe (sqrt omucana B <math. h>).
[ToaToMy, eciii I IMeeT LIeJTOUYNCICHHBIN THIT, MBI MOKEM HaITiCaTh

sqrt((double)n)

M TIepeI TeM, KaK 3HaueHMe 1 OyIeT IepenaHo hyHKIINKM, OHO OYyIeT ImepeBene-
Ho Bdouble. 3ameTnm, 4TO onepaLus IPUBEASHMS BCErO JUILb BHIpabaThIBaeT
3Hauenue TI YKa3aHHOTO TUIIA, HO caMy TIepeMEHHYIO I He 3aTparuBaeT. [1pu-
OpHTET OIlepaTopa IMIPUBEICHMS CTOJIb Xe BBICOK, KaK 1 JII0O0T0 YHapHOTO OIle-
paTopa, u4To 3a(pUKCUPOBAHO B TaOIULIE, MOMELIEHHOM B KOHIIE 3TOM IJIaBbl.

B TOM citygae, Korga apryMeHTBI OMMCAHBI B IIPOTOTHUIIEC (DYHKIINH, KaK TOMY
U CJIeyeT OBITh, IIPU BBI30BE (DYHKIIMU HYXKHOE ITPe00pa30BaHNE BBIITOTHSICT-
cs aBToMaTHYecKu. Tak, Ipy HAJTUIUY IPOTOTUIIA PYHKITUM Sq rt:

double sqrt(double);
nepen odpallieHrueM K sq It B IpUCBauBaHUU
root2 = sqrt(2);

1ejoe 2 OymeT rmepeBeaeHO B 3HaUeHMe double 2. 0 aBTOMaTHYeCKU Oe3 IBHOTO
yKa3aHU ollepaluy IPUBEAEHNUS.

Onepaluio IpuBeACHMST MPOUUTIOCTPUPYEM Ha MEPEHOCUMOI BEpCUU Te-
HepaTopa IICEBIOCIyYaHBIX YceI M PYHKIINN, THUIIUATU3UpYIoleit "ceMs .
U reneparop, 1 GyHKLMS BXOAST B CTAHIAPTHYIO OMOIMOTEKY.

unsigned long int next = 1;

/* rand: BO3BpallaeT nceeaocnyyaiHoe uenoe 0...32767 */
int rand(void)

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

/* srand: ycTaHaBmmBaeT "cems" mns rand() */
void srand(unsigned int seed)
<

next = seed;

}

Vnpaxunenne 2.3. Hanumure dyHkuuio htol(s), kortopas mpeobpasyer
MOCJe10BaTebHOCTb IIECTHAALATEPUYHBIX LUbpP, HaUMHalolyocst ¢ OX uiu
OX, B cooTBeTcTBYIOILEE LIesoe. LITecTHaAaTEPUYHBIMU L paMu SABISIOTCA
cumBonbl 0.. .9, a...f A. .. F.

2.8. OnepaTtopbl MHKPEMEHTa U AeKPEeMEeHTa

B Cu ectb 1Ba HEOOBIYHBIX OMepaTopa, MpeJHa3HAUYEeHHbIX JJIs1 YBETUUYECHUS
U YMEHbIIIeHUs TlepeMeHHbIX. OnepaTop MHKpeMeHTa ++ nobasisieT 1 K cRoeMy
onepaHjy, a orepaTrop AeKpeMeHTa — BbluuTaeT 1. Mbl y>Ke HEOTHOKPATHO UC-
MoJib30BaIv ++ A1 HapalllMBaHUs 3HAYEHUSI TePEMEHHBIX, KaK, HallpuMep, B

if (c = '\n")
++nl:

Heo6b1yHOCTH OTIEpaTOpPOB ++ U — B TOM, UTO UX MOXHO UCIOJIb30BaTh
1 Kak npeduKcHbie (IToMelas nmepei MepeMeHHOM: ++n), U KaK MOCT(MUKCHBIC
(TomMenias mocJie rnepeMeHHOI: I++) OIepaTopsl. B o6oux ciyyasix 3HaUeHUE IT
yBeJIn4YuBaeTcs Ha 1, HO BbIpaxkeHue ++11 yBeTMIUBaeT I 10 TOTO, KaK ero 3Ha-
yeHue OyneT MCIO0JIb30BaHO, a M++ - nocze Toro. I1peanoysoxum, 4To 1 co-
AEPXKUT 5, Torma

X = nth
YCTAaHOBUT X B 3HaU€HUeE 5, a

X = ++m;
YCTAaHOBUT X B 3HaueHue 6. VI B TOM U ApYyrom ciay4dae I CTaHeT paBHBIM 6. Orre-
paTopbl UHKPEMEHTA U IEKPEMEHTA MOXKHO MTPUMEHSITh TOJIbKO K IEPEMEHHbBIM.
BripaxkeHusiBpoje(i+j)+-+HemTonyCTUMBI.

Ecnu TpedyeTcst TOJBLKO YBEJIUYUTh WU YMEHBIIUTH 3HAYEHUE NTePEeMEH-
HOI (HO HE TTOJIYYUTh €€ 3HaUeHUe ), KaK Harprumep

if (c =="\n")
nl++;
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TO Ge3pasiInyHO, KaKoii oneparop BbIOpaTh - NPeMUKCHBINA MK MOCT(HUKC-
HbI. Ho cyllecTBYIOT cUTyallMM, KOTaa TpeOyeTCsl OoIiepaTop BIIOJHE ONpeae-
sneHHoro tumna. Hanpumep, paccMorpuM pyHKI1IMIO squeeze(s, €), KOTopasi yaa-
JISIET U3 CTPOKHU S BCE€ CUMBOJIBI, COBIIagalomue ¢ C:

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

{

int i, j;
for (i = j = 0; s[i] 1= "'\0" i++)
if (s[i] != c)
s[j++] = s[il];
s[i] = '\0';

}

Kaxabrit pas3, Korga BCTp€yacTCa CMMBOJI, OTJIMYHBIN OT C, OH KOIIUPYETCA
B TCKYILIYIO _] -10 IO3UIINIO, U TOJIBKO ITOCJIE 3TOro NMEpeMEHHaA J YBCJIM4YMBa-
ercs Ha 1, IIOATOTaBINBAsSCh TAKUM o6pa30M K IIpUEMY CIEAyIOUIECTro CMMBOJIA.
BDTO B TOYHOCTHU COBITIAJIAET CO caeayroummmMmn HEeHACTBUSIMMU:

if (s[i] 1= c) {
sfi] = s[il;
i+

}

Jpyroit mpuMmep - yHKIUA getline, KoTopasgs HaM M3BeCTHa 1o IiaBe 1.
IpuBeneHHYIO TaM 3aMuUCh

if (c =="\n") {
s[i] = c;
41,

}

MOXHO TIeperucaTh 6ojiee KOMITaKTHO:
if (c =="\n")
sli++] =c;
B kayecTBe TpeThero mpumepa pacCMOTPUM CTaHIAPTHYIO (DYHKIIMIO
strcat(s, t), KOTopasi CTpOKY t TOMEIIAeT B KOHELl CTPOKH S. HpeﬂHOJIaFaETCH, YTO
B S JOCTaTOYHO MECTA, YTOOBI PAa3MECTUTL TAM CYMMAapHYIO CTPOKY. MBI Hanucanu

strcat Tak, 4TO OHa He BO3BpalllaeT HUKAKOTo pe3yiibrata. Ha camom nene Ou-
GIMOTeYHas st rcat BO3BpalllaeT yKa3aTellb Ha pe3yJIbTUPYIOIILYIO CTPOKY.

/* strcat: nomewaer t B KOHeL S; S OOCTaTO4YHO Benuka */

void strcat (char s[], char t[])
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int e

i=j=0;
while (s[i] != '\0") /* Haxogum KkoHew S */
i+t

while ((s[i++] = t[j++]) != '\0" /* konupyem t */

ITpu KonupoBaHUU OYEPETHOIO CUMBOJIA U3 t B S TOCTMUKCHBIN orepatop ++
MPUMEHSIETCS U K i, U K j, 4TOObI HAa KaXKIOM IlIare LUKJa IEPeMEHHbIC i U j
MMPAaBHJIBHO OTCJICKMBAIM MMO3UIMHU IePEeMEIIacMOro CMBOJIA.

Vnpaxuenue 2.4. Hanuiure Bepcuio pyHKLuM Squeeze(sl,s2), KoTopas
yHansieT u3 sl Bce CHMMBOJIBI, BCTPEYAIOIIMECS B cimpoke S2.

Vnpaxuenune 2.5. Hanumure ¢dyHkuuio any(s1,s2), KoTopas Bo3BpallacT
MO0 Ty MO3ULNIO B S1, [Je CTOMT IEPBBIA CHMMBOJI, COBIABINUIA C JIIOOBIM 13
CHUMBOJIOB B $2, 100 -1 (ecau HM OMH CUMBOJI U3 S| He COBIaIaeT ¢ CMMBOJaMU
u3 s2). (CranmaptHas oubauoTteuyHas GyHKuUMs strpbrk genaeT To e camoe,
HO BBIIACT He HOMEp MO3ULIMKU CUMBOJIA, a YKa3aTeJb Ha CMBOIL. )

2.9.MobutoBble onepaTopbl

B Cu umeloTcs 11ecTh onepaTopoB AJIsi MAaHUNYJIUPOBaHUS ¢ 6utamu. Ux
MOXKHO IPUMEHSTh TOJBKO K IICJIOUKMCICHHBIM OIlepaHaaM, T. €. K oIepaHIaM
tunoB char, short, int u long, 3HaKOBBIM ¥ 0€33HAKOBBIM.

& - nobutosoe U.

i - nobutosoe UJIN.

- nobutoBoe uckiwouatiee MJIN.
<< - CIBUT BJIEBO.

>> - CIBWT BITPaBoO.

= - TIOOMTOBOE OTpULIAHUE (YHAPHBIA).

Oneparop & (nmob6utoBoe M) yacTo ucrnob3yercs sl OOHYJIEHUS HEKOTO-
poli rpynmbl pa3psaoB. Hanpumep

n=né&0177;

OOHYJISIET B N BCE PA3PSIAbl, KPOME MJIAJIINX CEMU.
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Oneparop ! (modurosoe NJIN) nmpuMeHSIOT 1151 YyCTAaHOBKU pa3psiioB; Tak,
X = X 1 SET_ON;

yCTaHaBJIMBAET EAWHUIILI B TeX pa3psiax X, KOTOPHIM COOTBETCTBYIOT €IUHU-
usl B SET_ON.

Omneparop " (mo6urosoe uckiovamuee UJIN) B KaxkIoM pas3psiae yCTaHO-
BUT 1, €CJIM COOTBETCTBYIOIINE PAa3PsIIbl OTIEPaHIOB UMEIOT Pa3IMIHbIC 3HAUe-
Husl, 1 0, Koraa oHY COBMANAlOT.

IMopa3zpsinHble onepatopsbl & ¥ | caenyeT OTAMYaTh OT TIOTUYECKUX ONepaTo-
poB && U i i, KOTOpHIE TPY BEIYMCIIEHUH CJIeBa HallpaBo Aal0T 3HaYeHUE UCTUH-
Hoctu. Hampumep, ecnu X paBHO 1,2y paBHO 2, TO X & VY JIaCT HYJIb, aX && y -
eIVHUILY.

OrmepaTopsl << ¥ >> COBUTAIOT BJIEBO WJIM BITPAaBO CBOW JIEBBIN OTlepaH] Ha
YHCJIO OUTOBBIX MO3MIINI, 3aJaBaeMOe TIPaBbIM OTTepaHI0M, KOTOPBIi TOIKEH
OBITh HEOTPULIATENbHBIM. Tak, X << 2 caBUTaeT 3HAYeHME X BJIEBO Ha 2 TTO3U-
WY, 3aMOTHAS OCBOOOXHAIONINECS OWUTBHI HYJISIMU, YTO OKBUBAJCHTHO YMHO-
KeHu1o X Ha 4. CaBur BIipaBo 0€33HAKOBOW BEJIMYMHBI BCETIA COMTPOBOXKIAET-
csI 3aTOJTHEHWEM OCBOOOSKIAIOIMXCS pa3psinoB HyIsitMu. CIOBUT BIIpaBo 3HA-
KOBOI BEJIMYMHBI HA OTHUX MAaIllMHAX TMPOMCXOINT C pacIpOCTpaHEeHUEM 3Ha-
Ka ("apudmeTnyeckuii caBur'), Ha IPYrUX - C 3alOJJTHEHUEM OCBOOOXKIIAI0-
IUXCS pa3psiaoB HyasAMu ("TOTUYECKUii caBur").

YHapHBbBII orepaTop ~ Iopa3psiaHO "oOpaiaeT” Lejaoe T. €. ImpeBpallaeT
KaXIbIid e TMHUYHBINM OUT B HyJIeBOU 1 HaobopoT. Hampumep ¢

x = x & ~077

OOHYJISIET B X MOcIeaHue 6 pa3psaoB. 3aMeTUM, UTo 3anuch X & ~077 He 3aBU-
CHUT OT IJIMHBI CJI0Ba, M, ClIeAOBaTeIbHO, oHa jyaine, yeM x & 0177700, mo-
CKOJIBKY ITOCJIEIHSISI TTOApa3yMeBaeT, uTo X 3aHumaeT 16 ouros. He 3aBucumas
oT MaluHbl ¢opma 3anucu -077 He MOTpedyeT JOTIOJHUTEIbHBIX 3aTpaT TpU
cyete, Tak Kak ~077 - KOHCTAaHTHOE BbIpaXkeHUE, KOTOPOe OyneT BbIYUCIEHO
BO BpeMsI KOMITUJISILIAN.

Jns nocTpauM HEKOTOPHIX TOOMTOBBIX OTlepaliuii pacCMOTPUM (ByHK-
uto getbits(x, p, n), Koropasi GopMUPYET T0JIE B N OUTOB, BEIPE3aHHBIX U3 X,
HavyWHas ¢ MTO3ULIMHU p, TIPUKKMMas ero K mpaBomMy Kpato. [Ipennonaraercs, 4to
0-if OUT - KpallHUWi1 IIpaBBIil OUT, a IT ¥ P - OCMBICJICHHBIC MOJIOXUTEIbHBIC
yucna. Hanmpumep, getbits(x, 4, 3) BepHeT B KauecTBe pe3yabrata 4, 3 u 2-it
OWTHI 3HAYEHUS X, MPUXKMUMas UX K TpaBoMY Kparo. Bor ata pyHkius:

/* getbits: nonyyaetr n 6uT, HauuHas ¢ p-A nosvuum */
unsigned getbits(unsigned x, int p, int n)

{

return (x > (p+1-n)) & ~(~0 << n);
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BeipaxkeHue X >> (p+1-n) caABUTaeT HY>KHOE HaM IoJie K MmpaBoMy Kpaio. KoH-
ctaHTa ~0 COCTOUT M3 OMHUX €AWHMUII, U €€ CIBUT BJIeBO Ha I 6UT (~0 << 1)
MPUBEIET K TOMY, YTO TIpaBbIil Kpail 3TO KOHCTAHTHI 3aiiMyT IT HYJIEBbIX pa3-
psanoB. Eile omHa omepalysi MOOMTOBO WHBEPCUU ~ TIO3BOJISIET TTOJYYHTh
crpaBa Il eIUHUII.

Vapaxuenue 2.6. Harmuinre pyHkimo sethbits(x, p, n,y), BO3Bpallaioiyo
3HAYE€HUE X, BKOTOPOM I OUTOB, HAUMHASI C P-1 TO3ULIM U, 3aMEHEHbI Ha IT [TPaBbIX
Pas3psaoB U3 y (oCTajlbHbIE OUTHI HE U3MEHSIOTCS ).

Ynpaxuenue 2.7. Harmmumure dyHkumio invert(x, p, ), BO3BpallaolIyio
3HAYEHME X C THBEPTUPOBAHHBIMHM 1T GUTAMM, HAUMHAS ¢ TTO3ULIMH P (OCTaJIbHBIC
OUTHI He U3MEHSIOTCS).

Vupaxuenue 2.8. Harmuinure yHkuuio rightrot (x, n), Kotopast IMKJIXYECKU
CIBUTAET X BIPaBO Ha IT pa3psiaoB.

2.10. OnmepaTOpH 1 BEpaXeHusa IPUCBauBaHNa

BripaxeHue
i=i+2
B KOTOPOM CTOSI111as1 CJIeBa IepeMeHHast TOBTOPSIETCS U CIpaBa, MOXHO Hamu-
caTh B CXKaTOM BUJIE:
i+=2
Omneparop +=, Kak U =, Ha3bIBAETCS ONepamopom NPUC8AUBAHUS.
BonbmnHCTBY OMHAPHBIX OMEPaTOPOB (AHATOTUYHBIX + U UMEIOIIMX JIEBBIT

M TIPaBBIii OTMepaHIbl) COOTBETCTBYIOT OIEPATOPhI MPUCBAMBAHWS 0p=, TIE 0p -
OIVH U3 OTIepaTOpOB

+ Wit Y e WL BN AR 1A T
Ecnu 6bip, u 6bip, - BBIpakeHUs1, TO

6vip, Op= 6bip,
OKBUBAJIECHTHO

évip, = (6vip,) op (6w1p,)

C TOI NINIIb Pa3HUILIEH, UTO 6bip, BLIUUCIIAETCS TOJIbKO OAMH pa3. O6parute
BHUMaHHUE Ha CKOOKU BOKPYT 6bip.:

X =y + 1



2.10. OnepaTops! ¥ BEPaXEeHNUA IPUCBANBAHNUS 73

SKBUBAJIEHTHO

X =X*(y+1
HO HE

X=X*y+1

B kauecTtBe mpumepa mpuBenemM (QyHKIMIO bitcount, IOACUYMTHIBAIOLIYIO
YHCJIO eIMHUYHBIX OMTOB B CBOEM apTyMEHTE 1IeJIOUMCIIEHHOTO TUTIA.

/* bitcount: nopcuyet eguHuy, B8 X */
int bitcount( unsigned x)

{

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

}

HesaBrcuMo oT MallMHBI, Ha KOTOPO# OyaeT paboTaTh 3Ta lporpamMma, o0bsiB-
JIeHWe apryMeHTa X Kak unsigned rapaHTUpyeT, UTO MPU ITPaBOM CIABUTE OCBO-
OoxxnaroLmecs: OUTbl OYyIyT 3alOJHATECS HYJSIMHM, 2 HE 3HAKOBbIM OMTOM.

IToMuMO KpaTKOCTH oTiepaTOphl MpYCBanBaHUS 00aJal0T TEM MTPEUMYIIIe-
CTBOM, YTO OHU 00Jiee COOTBETCTBYIOT TOMY, KaK YeJOBeK MbICJIUT. Mbl TOBO-
puM "mipuGaBuTh 2 K 1” vuin "yBenuuuTh i Ha 2", a He "B34Th i, J00ABUTH 2 U
3aTeM BEPHYTb Pe3yJIbTaT B i", TaK UYTO BhIpaxkeHue i += 2 mydie, yeM i =1 + 2.
Kpome Toro, B CIOXKHBIX BhIpaXXEHUSIX BPOIe

yyval[yypv[p3+p4] + yypv[pl+p2]] += 2

Gyiaronmaps orniepaTopy MpUCBanMBaHUS += 3aTIMCh CTAHOBUTCS 0OJiee JIETKOM s
MOHMMAaHUSI, TaK KaK YMTaTe 10 MTPU TAKOM 3aIUCHU He TOTPedyeTCs cCTapaTebHO
CpaBHUMBATh JBa JUIMHHBIX BBIPAKEHUSI, COBMAAAIOT JU OHU, WV BBIICHSTD,
rnmoyeMy OHU He coBrnagaloT. Ciaeayet UMeTh B BUIY U TO, YTO MOIOOHBIE orepa-
TOPHI IPUCBAaUBaHUSI MOTYT MOMOYb KOMITUJISITOPY CTeHEPUPOBATh Oosiee 3¢-
(EeKTUBHBIN KO,

Mpbl yXe BUIENM, YTO NpUCBaMBaHMWE BbIpaOAThIBAeT 3HAYEHUE U MOXKET
MPUMEHSTBCSI BHYTPHU BBIPAXKEHUST; BOT CAaMbIi pACXOXU A TpUMep:

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

B BbIpaxkeHUSIX BCTPEYaOTCS M IPYTHE ONepaToOphbl MpUucBauBaHus (+=, -=
U T. 1I.), XOTS U pexXe.

TunoMm M 3HaUYEHUEM JIIOOOTO BBIPAXKEHUS MPUCBAMBAHUS SIBJSIOTCS TUIT
W3HauyeHUe eroJeBoroonepaHaarnociae3aBepileHus MprMcBanBaHuUs.
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YnpaxHenue 2.9. [IpyMeHUTENIbHO K YKCIaM, B MIPEACTABICHUN KOTOPBIX
HCIT0JIb30BaH TOMOIHUTENbHBIN KON, BhIpaXeHue X &= (x-1) YyHUUTOXAET
camyio rpaBylo 1 Bx. O0bsgcHuUTE, moyeMy. Mcronb3yiiTe 310 HabII0AeHUE ITPU
HanucaHuu 6oJiee ObICTPOro BapuaHTa hyHKIMU bitcount.

2.11.YcnoBHbie BbipaXeHus
WucTpykuun
if (@ > b)
z =3

else
2 =b;

MepechulaloT B z OoJiblliee U3 IBYX 3HaUYeHUU a U D. Ycaosenoe evipascenue,
HamMcaHHOE C IMTOMOIIBIO TEPHAPHOTO (T. €. MMEIOIIIEro TpU OfepaHaa) orepa-
Topa “? :”, MpeACTaBIIIET COOOI APYroi Crocod 3alicyu 3TOM U MOAOOHBIX €ii
KOHCTpPYKLUii. B BeIpaxkeHUn

evip, 1 evip, . 6vip,

MEPBLIM BBIYMCIISETCS BbIpaXkeHue 6bip . Ecin ero sHaueHue He HyJb (MCTU-
Ha), TO BBIYUCIISICTCS BHIPAXKEHUE 6bip,, U 3HAYEHUE 9TOTO BBIPAXEHMUS CTaHO-
BUTCS 3HAUEHUEM BCETO YCIIOBHOTO BbhIpaxkeHUs. B MpOoTMBHOM cilyyae BbIUMC-
JIIETCS BBIPAXEHUE 8bIP,, 1 €70 3HAUECHUE CTAHOBUTCSH 3HAYEHUEM YCTIOBHOTO
BoIpaxeHus. CleNyeT OTMETUTD, YTO U3 BBIPAKEHUH 6b1p, U 6biD, BHIYMCIISA-
€TCsl TOJIbKO OAHO U3 HMX. Takum o0pa3oM, YTOObI YCTAHOBUTHL B Z OOJIblliee
13 a " b, MOXKHO Hamucarb

z=(a>b)?a:hb /¥ z = max(a, b) */

CremyeT 3aMETHTh, YTO YCJIOBHOE BBIPaKCHUE M B CaMOM Jej€ SIBISIETCS
BBIpaXKCHMEM, U €r0 MOXKHO KMCITOJIb30BaTh B JIIOOOM MeCTe, Te IOITyCKaeTCs
BhIpaxeHue. Eciu 6vip,u 6vip, NpUHALIEXAT Pa3HBIM TUIIAM, TO TUII PE3YJIb-
TaTa omnpenessieTcs paBUJIiaMu Mpeodpa3oBaHusl, 0 KOTOPBIX 1112 peub B 3TOM
rnaBe paHee. Hanpumep, ecnu f umeer tun float, a n — tun int, To TUIIOM
BBIpaXXEHUS

n>0)?2f:n

Oynet float BHE 3aBUCUMOCTHU OT TOTO, MOJIOKUTEJIbHO 3HAUEHUE TT UJIU HET.

3akiro4aTh B CKOOKM MepBOe BbIpaXkeHME B YCIOBHOM BbhIpaXKeHUU He 00sI-
3aTeJibHO, TaK KaK MPUOPUTET ? . OYeHb HU3KUI (0ojee HU3KUI TIPUOPUTET
MMeeT TOJIbKO MpUCBauMBaHKE), OMHAKO Mbl PEKOMEHIyeM BCETaa 3TO JeaTh,
MOCKOJIbKY OJ1arogapsi 00pamMIsIOIINM CKOOKaM YCJIOBUE B BBIpaXKEHUU JTy4-
111€ BOCTIPMHUMAETCS.
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VYcioBHOE BBRIpaXKEHME YacTO ITO3BOJISIET COKPATUTH IporpaMMy. B KadecTse
IprMepa MpUBEIEM IIUKJI, 00eCIIeYMBAIOIINIA TTeYaTh IT 3JIEMEHTOB MacCHBa
o 10 Ha KaxXmIoi CTPOKE C OTHUM IIPOOEIOM MEXIY KOJIOHKAaMU; KaxKIas CTpOKa
LIMKJIa, BKJIIOYAsl TTOCISIHION, 3aKaHIMBACTCSI CHMBOJIOM HOBOII CTPOKM:

for (i=0;i<n; i+t
printf("%6d%c”, afi], (i%10==9 i{ii==n-1)2 'n : ' ')

CUMBOJI HOBOI CTPOKH MOCBLIAETCS MOCJIE KaXIOro AECSATOrO U MOCJe n-ro 3J1e-
MeHTa. 3a BCEMU APYTUMU 3JIeMEHTaMU CliefyeT Ipode. DTa mporpamma Bbl-
[JISIIUT TOBOJIBHO 3aMBICIIOBATO, 3aTO OHA 0OJIlee KOMITAKTHA, YeM SKBHUBAJICHT-
Hasi MporpamMMa ¢ UCIoJjib3oBaHueM if-else. Bor ele oauH Xoporiuii npumep':

printf("Bu umeere %d anemeHT%s.\n"”, n, (n%10==1 && n%100 ! = 11) ?
" ((n%100 < 10 11 %100 > 20) && n%10 >= 2 && n%10 <= 4) ?
"au : ”OBU ) ;

Yipaxuaenne 2.10. Hamvmmre GyHKIMIO lower, KOTOpasi IEpeBOAUT OOJIBIIINEC
OYKBBI B MaJIbI€, MCIIONIb3Ysl YCIOBHOE BhIpaXeHUE (2 He KOHCTPYKIMIO if-else).

2.12. NMpuoputeTt N o4epefHOCTb BbIMUCIIEHUN

B Tabmmie 2.1 mokaszaHBl IPHMOPUTETH M OYEPEIHOCTh BHIYMCICHUM BCEX
OIIepaToOpOB, BKIIIOYAS ¥ Te, KOTOPHIE MHI eIlle He paccMaTpuBain. OmepaTopsl,
IepeYrCIcHHbIC HAa OMHOU CTPOKEe, MMEIOT OMMHAKOBHIN IIPUOPUTET; CTPOKHU
YIOPSIAOYEHBI 110 YOBIBAHUIO IPUOPUTETOB; TaK, HAarpumep, *, / U % UMEIOT
OIMHAKOBBINA TIPHUOPUTET, KOTOPHI BHIIIE, YeM IPUOPHUTET OMHAPHBIX + U -.
"Oreparop” ( ) OTHOCUTCS K BRI30BY (hyHKIMH. OriepaTophl -> 1 . (TOYKa) 0bec-
[IEYMBAIOT JOCTYII K 3JIEMEHTAM CTPYKTYpP; O HMX IIOMAET peyb B IJIaBe 6, TaMm
Xe OymeT paccMoTpeH M omeparop sizeof (pa3mep obbekrta). OmepaTtophl *
(KocBeHHOE OOpallieHKe Mo yKa3areo) U & (MmojydeHue aapeca 00bekTa) 00-
cyxpaalorcd B riaBe 5. Omeparop "3amstas” OymaeT pacCMOTPEH B IiiaBe 3.

Tabnuua 2.1. MpuopuTeTbl U O4YepPeaHOCTb BbIYUCIIEHUIA ONepaTopoB

OnepaTopsl BoinonHsiiores
0o n - . cJIeBa HAIIpaBo
v L * &  (mun) sizeof cIIipaBa HaJeBO
s /% clieBa HampaBo

' OTOT npumep, Y4MTbIBAIOLLNIA PYCCKYIO rPaMMATHKY, OTJIMYacTes OT aBTOPCKOrO OpUriHa-
na. - Mpumey. ped.
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MponomkeHne Taon. 2.1

Oneparopbl BbinonHsioTcs
=+ A cJIEBa HarpaBo
&< >> cJIEBA HAIIPaBoO
< <= > = cJIEBa HarpaBo
== |= cJieBa HaIrpaBo
& ; cJieBa HaIpaBoO

cJIeBa HaIIpaBo
! cJIeBa HarIpaBoO

&& cJieBa HaIIpaBoO
'.'. CJIEBA HAIpaBo
Rt CIipaBa HaJIEBO
= 4= = *= /= %= &= "= = K= >= CIpaBa HaJIEBO

CJIEBa HaIIpaBO

[Ipnumevyanue. Ynapubieoneparopsl +, -, ¥ 1 & nmeror 6ojee BBICOKHIT MPUOPUTET, YEM
Te 3Ke OMHapHBIE ONePaTOPHI.

3aMeTHM, YTO IIPUOPUTETHI IOOUTOBLIX OIIEPATOPOB &, " 1 | HUIKE, 4eM Ipu-
opuTeT == | =, U3-3a YeTro B TOOUTOBBIX ITPOBEPKAX, TAKUX KaK

if ((x & MASK) == 0)

YTOOBI TOJYIUTb TPABWJIBHBIN pPE3yIbTaT, TPUXOOUTCS HCIOIb30BaTh CKOOKMU.

Cu TomoGHO MHOTHUM sI3bIKaM He (DUKCHUPYET OYEepPETHOCTb BBIYMCICHMS
OIIEPaHIOB OmepaTopa (3a UCKIIIoYeHneM &&, | 1,7 1 , ). Hanpumep, B MHCTPYKIINU
BUIA

x =10 +g();

f MoxeT OBITH BBIUMCIICHA paHbIle g WIM Haobopor. M3 aToro ciemyeT, 4TO
eclu omHa M3 (GYHKUIMN M3MEHSeT 3HaueHWe TepeMEeHHOM, OT KOTOpOii 3aBU-
cuT apyrast GYHKIMS, TO TIOMEIIAaeMblii B X pe3yJIbTaT MOXKET 3aBUCETb OT OJe-
peaHOCTH BBIUYMCIEeHU. YTOOBI 06eCIeuynTh HYXXHYIO TTOCIeIOBATEIbHOCTD
BBIUMCJICHUM, TPOMEKYTOUHBIE PE3YIbTaThl MOXHO 3alIOMUHATh BO BPEMEH-
HBIX TTEpEMEHHBIX.

OdepeTHOCTh BBIYMCIIEHUS] apTyMEHTOB (YHKIMHU TaKXkKe He OnpeesieHa,
MMO3TOMY Ha pa3HbIX KOMITWISITOPax

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

MOXET JaBaThb HECOBMAAaloIllue pe3yabTaThl. Pe3yiabTaT BbI30Ba (PYHKIIUU
3aBUCHUT OT TOT'0, KOTJAa KOMITUJISITOP CTEHEPUPYET KOMAaHIbl yBEJIMUCHUS T —
IO MJIM TI0CJie oOpatmeHust K power. YToOsl 00e30ImacuTh ce0s OT BO3MOXKHOTO
noboyHoroaddexra, 10CTATOTHO HAITUCATD
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++n;

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

O6palneHust K QyHKUUSIM, BIOKEHHbIE TPUCBOEHUS, THKDEMEHTHBIE U JIe-
KPeMEHTHbIE OTlepaTophl 1at0T "MO00YHBIN 3(p(heKT", MPOSIBASIIONIUICS B TOM,
YTO MPU BBIYMCIEHUHU BhIpaXKeHUsI 3HaYCHUSI HEKOTOPBIX TIEPEMEHHBIX U3Me-
Hs11oTCs. B 11060M BhIpaxkeHUM ¢ MOOOYHBIM 3¢hHEeKTOM MOXKET ObITh CKpPhITa
TPYIHO TIpocMaTpuBaeMasi 3aBUCHMOCTb Pe3yJibTaTa BBIPAXEHMSI OT Ouepel-
HOCTH M3MEHEHU S 3HAYEHU I ITepEMEHHBIX, BXOASLINX B BEIpaXeHue. B Takoii,
HarpyuMep, TUITMYHO HEeMPUSITHONW CUTYyalluu

afi] = i++;

BO3HMKAET BOIIPOC: MACCUB a MHACKCUPYETCSI CTAPbIM MJIM U3MEHEHHBIM 3Ha-
yeHreM i? KoMIuiasiTopbl MOTYT MO-pa3HOMY F'eHEpMpPOBaTh MPOrpaMMy, YTO
MNpPOSIBUTCSI B MHTEpIIpeTaunu JaHHO# 3amucu. CTraHmapT CO3HATEIbHO YCTPO-
€H TaK, YTO OOJILIIMHCTBO MOJOOHBIX BOIMPOCOB OCTABJIEHO Ha YCMOTPEHUE
KOMITWJISITOPOB, TaK KaK JIYYIIWI TOPSIIOK BBIYMCIICHUI OIpENesieTCs] apXu-
TeKTypoil MalimHbl. CTaHIapPTOM TOJBKO TapaHTUPYETCS, UTO BCE TTOOOUYHBIC
9 dEeKTHI MPU BHIYMCICHUM apTyMEHTOB IMPOSIBSITCS Mepe BXOAOM B (DyHK-
muto. [IpaBaa, B mpumepe ¢ printfarto HaM He MOMOXET.

MopaJjb TakoBa: mucaTh IIPOTrpaMMBbl, 3aBUCSIINAE OT OUYEPEIHOCTU BBIYKC-
JIGHUH, - TuioXasl MpakThKa, KaKoi Obl sI3bIK Bbl HU MCMOJIb30BaIM. EcTecTBeH-
HO, HaJI0 3HAaTh, YETO CJielyeT u3beratb, HO €CIM Bbl HE 3HaeTe, Kak 00pa3yloT-
cst TobouHbIe 3¢deKThl Ha pa3HbIX MalllMHAX, TO JIy4llle M HE PacCUMTHIBATh
BBIMTPaTh HA OCOOEHHOCTSIX YaCTHOM peain3aliuu.



MnaBa 3

YnpasneHue

[Topsimok, B KOTOPOM BHITIOTHSIIOTCS BEIYMCICHUS, OTIPEICISIeTCS MHCTPYK-
IIUSIMU YTIpaBJIeHUs. MBI yXXe BCTpeJaTrch ¢ Haubosee pacipocTpaHeHHBIMU
YIPaBISOIUIMYA KOHCTPYKLIHUSIMY TAKOTO POZIa B TIPEIBIAYIINX IPUMEPaXx; 3MeCh
MBI 3aBepIIMM MX CIUCOK M 00Jiee TOYHO OIPENeIMM PacCMOTPEHHBIEC paHee.

3.1. UIHCTpYKUMM 1 GNOKKN

Boipaxenue, ckaxeM x = 0, wiu i++, unu printf (...), craHOBUTCS uH-
cmpyKyueti, €CIM B KOHIIE €r0 NMOCTaBUTh TOUKY ¢ 3aMsITON, HAIIpUMED:
x = 0;
it
printf(...);

B Cu touka ¢ 3ansitoii SIBJsIeTCS 3aKJII0YAIOIIMM CUMBOJIOM MHCTPYKIIMM, a He
pasnenuTesieM, Kak B s3bike [lackarb.

®urypHbIe CKOOKM { U } MCTIONB3YIOTCS IJiT 00beAMHEHUS OOBSIBICHUN U
WHCTPYKUMUI B COCMABHYH) UHCIMPYKYUIO, WU 010K, YTOOBI C TOUKU 3PEHUSI CUH-
TaKCcHca3Ta HoBast KOHCTPYKIIMS BOCIIPMHUMAJIACh KaK OTHAa MHCTPYKITUs. Pu-
TYpHBIE CKOOKM, 00paMJISIIOIIME TPYIITY MHCTPYKLIUIA, 00pa3yroIIuX Tea0 (hyHK-
1IMK, * 3TO OMH MPUMEP; BTOPO MPUMEP - 3TO CKOOKHU, OOBEAMHSIONINE UH-
CTpyKUMU, moMeleHHbIe ocie 1f, else, while unu for. (IlepemeHHBIE MOTYT
OBITH OOBSIBIIEHBI BHYTPH.2106020 O/10Ka, 00 3TOM pa3roBOp MOMIET B I1aBe 4.)
ITocne mpaBoii 3aKphiBatoleil (pUrypHoi CKOOKM B KOHIIE 0J10Ka TOYKa ¢ 3arlsi-
TOW HE CTAaBUTCH.

3.2. KoHcTpyKuuma if-else

WncTpykius if-else ucmonb3yeTcs A1si IPpUHSTHS peliieHus. DopMalibHO
€€ CHHTaKCUCOM SIBIISICTCS:
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if  (evbipaxncenue)
UHCTPYKUUSL,

else
UHCTPYKUUSL,

npuyeM else-uyacTb MOXeT M OTCyTCTBOBaTh. CHauasia BBIUMCIISIETCS] 8bipadce-
Hue, W, €CJIM OHO UCTUHHO (T. €. OTJIMYHO OT HYJIsI), BHITIOJHSIETCS] UHCIMPYK-
yus . Ecin ebipasicenue TOXHO (T. €. €0 3HaYEHUE PABHO HYJIIO) M CYILECTBYET
else-4acThb, TO BBHITIONHAETCA UHCPYKYUSL,.

Tak kaxk if mpocTo MpoBepsieT YMCIOBOE 3HAYCHUE BbIPaXKEHMSI, YCIOBUE
WHOrga MO2KHO 3alucCbiBaTh B COKpallleHHOM BUJE. TaK, 3aIluchb

if  (svipascenue)
Kopoue, YeM
if (evipancenue ! = 0)

MHorna Takue cokpallleHUsI eCTeCTBEHHbI U SICHBI, B APYTUX Cllydasix, Ha000-
pOT, 3aTPYAHSOT IOHUMaHWE IPOrPaMMBI.

OrcyrcTBUE else-4yacTu B OJHOI M3 BJIOXEHHBIX APYr B apyra if-KoH-
CTPYKILIMI MOXET IMPUBECTU K HEOJHO3HAYHOMY TOJIKOBAHUIO 3alIUCU. DTy He-
OJJHO3HAYHOCTb pa3pellaloT TeM, 4To else CBA3BIBAIOT ¢ OJmxXaimum if, y ko-
TOpOro HeT cBoero else. Hanpumep, B

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

else OTHOCHUTCSI K BHYTpeHHeMY 1, 4TO MbI 1 ITOKAa3a/IU C TOMOILbIO OTCTYITOB.

Eciu HaM TpeOyeTcst MHast MHTepIIpeTalus, HEOOXOIUMO JTOJKHBIM 00pa3omM
paccTaBUTh (PUTYpHbIE CKOOKU:

if (n > 0) {
if (a > b)
2 = a
}

else
2 = b;
Huxe npuBoauTCcs MpuMep CUTyalluu, KOTAa HEOMHO3HAYHOCTb OCOOEHHO
oI1acHa:

if (n >= 0)
for(i=0; 1 < n; i++)
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if (s[i] > 0) {
printf ("...");
return i;
}
else /* HEBEPHO */
" printf(”oumnbka - oTpuLaTensHoe n\n");

C MOMOIIbIO OTCTYIOB Mbl HEBYCMBICIIEHHO TTOKAa3aJid, YTO HAM HYXHO, OJi-
HaKO KOMITUJISITOp He BOCIIPMMET 3Ty MHGOpPMAIMIO U OTHeceT else K BHYT-
peHHeMy if. MickaTh TaKoro poaa olMOKU 0COOEHHO TSLKe0. 31eCh yMeCTeH
CJIeNYIOIINIA COBET: BIOXEHHBIE 1f oOpamiisiiiTe GUTypHBIMU CKOOKaMHU.

KCTaTI/I, 06paTI/IT€ BHUMMaHME Ha TOYKY C 3aITOM Nocyie Z = a B

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

3meck oHa 0bsI3aTeTbHA, ITOCKOJIBKY ITO TIpaBWJIaM TpaMMaTHKY 3a if momkHa
cliefoBaTh MHCTPYKILIMS, a BhIPAXXCHUE-UHCTPYKIIMS BpOIE Z = a; BCerma 3a-
KaHYMBAaeTCsI TOYKOH C 3aIsITOM.

3.3. KoHcTpykumsa else-if

KoHcTpykuust

if  (evipancenue)
UHCIMPYKUUS

else if (svpaxncenue)
UHCIMPYKUUS

else if (svipaxncenue)
UHCIMPYKUUS

else if (gvipancenue)
UHCIMPYKUUS

else
UHCIMPYKUUS

BCTpEUYAETCs TaK YacTo, YTO O Heil CTOUT MOTOBOPUTH 0co60. [IpuBeaeHHAs MO~
ClIeI0BaTeIbHOCTh MHCTPYKIMIA if - camblii 061U cr1OCO0 OMMCAHKSI MHOTO-
CTYINEHYATOrO TPUHSATUS pPELICHUS. Bbipajcenus BBIYUCISIOTCS IO TOPSIOKY;
KaK TOJIbKO BCTPEUAETCS 8blpadiceHue CO 3HAUEHUEM "MCTUHA", BBHIMOJHSIETCS
COOTBETCTBYIOLLIAS EMY UHCMPYKLUS; HA STOM [I0CIE0BATENLHOCTD IPOBEPOK
3aBepinaeTcs. 31ech MO CIOBOM UHCMPYKUUs WMeEeTCsl B BUAY KOO OIHa
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WHCTPYKIIMS, TUOO0 TpyINIa HHCTPYKIUIA B GUTYPHBIX CKOOKaX.

[TocnenHss else-yacTh cpabaThIBAET, €CJIM HE BBITIOJHSIIOTCS BCE TIPEIBITY -
mue yciaoBusi. MHoroa B rocjiegHe 4yacTu He TpeOyeTCsl MPOU3BOAUTL HUKA-
KX IEACTBUIA, B 3TOM ciTydae (pparMeHT

else
UHCMPYKUUA

MOXHO OITYyCTUTh WJIM UCITOJIb30BaTh IJIsl (DMKCALIMU OIIMO0YHOM ("HEBO3MOX-
HoOi1") cuTyauuu.

B kavyecTBe MJLTIOCTpALIMK TPEXITYTEBOTO BETBJICHUSI PACCMOTPUM (DYHKIIVIO
OMHApHOTO MOMCKa 3HAYeHUSI X B MaccuBe v. [Ipenronaraercsi, 4To 3JIeMEHTHI V
YIIOpSITOYeHBbI MO Bo3pacTaHuio. @yHKIMS BBIIACT MOJOXEHUE X B V (UUCIIO
B ripeaeiiax ot 0 1o N-1), ecyiv X TaM BCTpedaeTcs, U — 1, €CJIM €ro HeT.

[Tpu 6MHapHOM TTOUCKE 3HAUYEHME X CHavyaja CPaBHMBAETCS C BJIEMEHTOM,
3aHUMAIOIIMM CepeIMHHOE TTOJIOKEeHNWE B MaccuBe V. Eciin X MeHbllIe, YeM 3TO
3Ha4YeHHe, TO 00JIaCThIO ITOMCKA CTAHOBUTCS "BEpXHSS' IOJJOBMHA MaccHBa v,
B MPOTUBHOM cjiyyae - "HUXHss". B Jo0oM ciyyae Clenyromuii mar - 3To
CpaBHEHUE C CepeIMHHBIM 3JIEMEHTOM OTOOpaHHO mosloBUHEL. [porrece “ymo-
JIOBUHMBaAHUSA" IMara3oHa IPOHOJIKAETCS JO TeX Iop, MoKa Jubo He Oyaer
HalIeHOo 3HaYeHMe, IMOO HEe CTAHET IMyCThIM IUara30H Mmoucka. 3anuinemM QyHK-
LU0 OMHApPHOTO MOMCKA:

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

int low, high, mid;

low = 0;
high = n - 1;
while (low <= high) {
mid = (low + high) / 2;
if (x < v[mid])
high = mid - 1;
else 1f (x > v[mid])
low = mid + 1;
else /* cOoBMageHvne HapeHo */
return mid;

}

return -1; /* coBnageHnst Het */
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OcHOBHOE JeiCTBME, BHIMOJHSIEMOE Ha KaXJIOM IlIare rmoucka, - CpaBHEHHUE
3HAYCHUS X (MEHBIIe, OOJbIIe WM PaBHO) ¢ 3JeMeHToM V[mid]; aTo cpaBHe-
HHE eCTECTBEHHO MOPYYUTb KOHCTPYKLMHU else-1if,

Vnpaxunenue 3.1. B Hameil mporpamme OMHapHOro Ioucka BHYTPM LIMKJIa
OCYIIECTBJISIOTCS JIBE MPOBEPKHU, XOTsS MOTJa ObITh TOJIBKO omHa (Ipu
yBEJIMYEHUHU YHCJIa MPOBEPOK BHE 1MKJA). Hamuimure mnporpammy, Tpemy-
CMOTpEB B HEil OIHY TPOBEPKY BHYTpU LuKIa. OlLleHUTe pa3HUILY BO BpEMEHU
BBITIOJIHEHUS.

3.4. Mepeknouyatensb switch

MHcTpykius switch ucnosb3yercs aisi BbI0OOpa OMHOTO U3 MHOTHX ITyTeid.
OHa npoBepsieT, COBIAacT JIM 3HaYeHUEe BbIPAXKEHUS C OMHUM W3 3HAYCHUH,
BXOMSIIIMX B HEKOTOPOE MHOXKECTBO 1IEJbIX KOHCMAHM, N BBITIOJHSIET COOTBET-
CTBYIOIIYIO 3TOMY 3HAYEHUIO BETBb IPOrPAMMBI:

switch (swsipaxncenue) {
case KOHCM-blD: UHCMPYKUUU
case KOHCM-Gblp: UHCMPYKUUU
default: urcmpyxyuu
} \
Kaxnast BeTBb case rnmomedyeHa OJNHON MM HECKOJIbKMMMU LEJT0YMCICHHBIMU
KOHCTaHTAMM WJIM X€ KOHCTAHTHBIMU BBIpaXKeHUSIMU. BbIuucIeHMs HayrMHa-
I0TCH ¢ TOM BETBU Case, B KOTOPOIi KOHCTAaHTa COBIANAET CO 3HAYEHNUEM BbIPa-
KeHusi. KoHCTaHTBI Bcex BETBE case MOJIKHBI OTJIMYAThCs IpYyT OT apyra. Eciu
BBISICHUJIOCH, YTO HU OfHA M3 KOHCTAHT HE MOIXOAMT, TO BBITTOJTHSIETCS BETBb,
nomeyeHHas ciioBoMm default, eciiu TakoBasi UMeeTCsl, B MPOTUBHOM cllyyae
HUYero He aenaetcs. BetBu case u default MOXXHO pacrosaraTh B JIIOOOM ITO-
psIIKe.

B rmaBe 1 MbI HamMcaau MporpaMmy, MOJCYMTHIBAIOIIYIO YUCIO BXOXIE-
HUIl B TEKCT Kaxaoi Ludpbl, CUMBOJIOB-pasaeaureieil (mpodeaos, Tadysi-
LIMI ¥ HOBBIX CTPOK) M BCEX OCTAIbHBIX CUMBOJIOB. B Heil MBI MCITOJIb30BAIA
IocaeAoBaTeJbHOCTL 1. .. else 1f. .. else. Teneph mpuBeaeM BapuaHT 3TOM
MpoTrpamMMBbl C MepekioyareieM switch:

tfinclude <stdio. h>

main() /* momcyeT umdp, CUMBONOB-pa3denuTeneit U MpPoYMX CUMBONOB */

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

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

}

HMHcTpykims break BBI3BIBaeT HEMEUICHHBIN BBIXOI M3 TEPEKITIOUATENIS
switch. TTockoibKy BEIOOD BETBU case peau3yeTcs Kak Mepexol Ha METKY, TO
TTOCJIe BBITIOJTHEHUST OTHOM BETBM Case, €CJIM HUIEFO He MTPEATIPUHSATD, TIPOTpaM-
Ma npoeasumcs 6Hu3 Ha ciaeayoliyto BetBb. MHcTpykuuu break u return — Hau-
OoJtee pacTIpoCcTpaHEHHBIE CPEICTBA BBIX0a M3 TepeKitouaTesiss. MHCTpyKIus
break mcrmonb3yercs Takxke M1 TPUHYIUTEILHOTO BBIX0a U3 IIMKJI0B while,
foru do-while (MbI ellle MOrOBOpMM 00 3TOM YYTh MO3XKe).

"CKBO3HOE" BHITIOJTHEHHE BETBEH case BBI3BIBACT CMeITaHHbIe UyBcTBa. C Of1-
HOIA CTOPOHBI, 3TO XOPOIIIO, TIOCKOJIBKY ITO3BOJISIET HECKOJIBKO BETBE case 00be-
IWHUTH B OTHY, KaK MBI ¥ ITOCTYIIMJIN ¢ ITMdpaMu B HameM ripuMepe. Ho ¢ npy-
IO - 3TO O3HAYaeT, YTO B KOHIIE ITOYTH KaXkIOI BETBU MPUIETCS CTaBUTH break,
YTOOBI M30€KaTh IIepexoa K ciemytomeit. [TociaenoBaTeTbHBIN MPOXO 10 BET-
BSIM - BeIllb HEHAIeXKHasl, 3TO YpeBaTO OMMMOKAMU, OCOOCHHO ITPY U3MEHEHUH
MMPOTrpaMMBbI. 3a UCKITIOUCHHMEM CITydasi C HECKOJTbKUMU METKaMHU JIJIST OITHOTO
BBIUMCJICHUS, CTapaliTECh 110 BO3MOXHOCTH PeXe MOTb30BaATHCS CKBO3ZHBIM
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MPOXOJIOM, HO €CJIU YX Bbl €ro MpUMeHsieTe, 00513aTeJIbHO KOMMEHTUPYIUTE 3TU
ocoOble MecTa.

JoOpbiil BaM COBET: Aaxe B KOHIIE MocenHen BeTBU (mocie default B Ha-
1IeM MpuMepe) moMelanTe MHCTPYKIUIo break, XOTs ¢ TOYKU 3peHUsI TOTUKU
B Heil HET HMKaKoii HeobxoauMocTu. Ho 3Ta ManeHbKas mpeaocTOpOXHOCTh
crnaceT Bac, Koria ofHaXabl BaM MOTpeOyeTcsl 100aBUTh B KOHELL eIle OIHY
BETBb case.

VYupaxknenne 3.2. Hanumure dyHkuuio escape(s, t), Koropas pu KOIMHU-
pOBaHUU TEKCTAa U3 t B s MpeoOpa3yeT TaKue CUMBOJIbI, KaK HOBas CTpOKa
1 TaOymsiuMsl B "BUOMMBIC MOCIEIOBATEILHOCTY CUMBOJIOB" (Bpoae \J u \t).
Wcnomnp3yiiTe nHCTpYyKIMO switch. Hanuimure dbyHKINMIO, BBITOJHSIONIYIO
o0paTHOe mpeoOpazoBaHUE BCKEWM-IOCIEA0BATENbHOCTEN B HACTOSIIUE
CHAMBOJIBL.

3.5. Uuknbl while n for

MpI yxe BeTpeyamuch ¢ iukiaamMu while u for. B mukie

while (svipaicenue)
UHCIMPYKUYUSL

BBIUUCIISIETCS 8bipadcerue. Ecny ero 3HaYeHNE OTIIMYHO OT HYJIsI, TO BBITTOJIHS-

eTCsl UHCMpYKyus,  BEIYMCIICHUE BBIPAXKEHUS TTOBTOPSIETCS. DTOT IIUKII MTPO-

JIOJIXAETCsI IO TeX TI0p, MTOKa BhIpakeHME He CTAHET PaBHBIM HYJIIO, TIOCTIE Yero

BBIUMCIIEHUS MPOJOJIKATCS C TOUKH, PACTIONOXEHHO cpa3y 3a uncmpyKkyuei.
WNucTpykius for

for (evip,; evip,; 6vip,)
UHCIPYK YU

OKBUBAJICHTHAKOHCTPYKIIMH

6o, ;

while (ewip,) {
UHCMPYKYUSL
aoip,;

1

!

€CJIM HE CYMTATh OTJIMYMU B MOBEACHUM UHCTPYKIIMU continue, peub 0 KOTO-
poii moiiaeT B maparpadge 3. 7.

C TOYKHU 3PpCHUA 'PAMMATUKU TPpU KOMITIOHCHTDI LITMKJIa fOI' npeacTaBJIAOT
€000i#i TIPOM3BOJIbHBIE BRIDAXKEHMSI, HO YAILE 86D, U 6bip,— 3TO NPUCBAUBAHUS
VJIM BBI30BbI (DYHKIIMIA, @ 601p, - BhIpaXXeHUE OTHOIIEeHUs. JIioboe U3 3TUX Tpex
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BBIpAaKEHU I MOXET OTCYTCTBOBATh, HO TOUKY C 3aITSITOM OMycKaTh Helib3s. [1pu
OTCYTCTBMU 8blD, WU 8blD,CIUTAETCS, YTO MX IPOCTO HET B KOHCTPYKIMY LIUK-
Jla; IPU OTCYTCTBUU 6blP, MPEIINONATaeTCsl, YTO €ro 3HaUYeHHe Kak Obl BCerna
uctuHHO. Hampumep,

for (;;) {

}

eCTh "OCCKOHEUHBI" IUKJI, BBHIIIOJHEHNE KOTOPOTO, BEPOSTHO, IIpEephIBACTCS
KaKUM-TO APYTUM CITOCOOOM, HalipuMep C MOMOIIbI0 UHCTPYKIMit b reak ninu
return.

Kaxkoii nukn Beiopath: while wau for - ato meno Bkyca. Tak, B

while ((c = getchar())=="" 11 c=="\n" 1! c=="\t")
o /* 000NTW CcWUMBONbI-pasnenuTenn */

HEeT HUM MHUIUAIM3alUKM, HU IepecuyeTa mapameTpa, MO3TOMY 3[eCh OOoJblie
nomxomuT while.

Tam, rae ecTh MPOCTasi UHULIMAIM3ALMS U TIOIIAT0OBOE YBEJIMUEHUE 3HAYE-
HUSI HEKOTOPO IIepeMEeHHOI, OO0JIbIIe MOAXOINUT MK for, TaK KaK B 3TOM ITUK-
Jie OPraHM3YIOIAs er0 YacTh COCpenoToYeHa B Havase 3anucu. Hanpumep, Ha-
yaJio I[UKJIa, 00padaThIBaIOLIErO MEPBhIE 1T 3JIEMEHTOB MacCHBa, UMEET CIIeIy-
IOLIUIA BUM:

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

Dro noxoxe Ha DO-umkibl B Moprpane u for-umkasl B Ilackane. Cxoncrtso,
OITHAaKO, He BIOJIHE TOYHOE, TaK KakK B CM MHIEKC U ero NpelebHOe 3HaYeHHe
MOTYT U3MEHAThCS BHYTPM IIMKJIa, W 3HaYeHWEe WHIEKca i MOCJe BbIXoaa U3
LMKJIA BCEra omnpeneeHo. T10CKOoNbKY TP KOMITOHEHTBI LIMKJIA MOTYT OBITh
MMPOU3BOJBbHBIMM BBIPaXXEHUSIMHU, OpraHu3aius for-iukJIoB He OrpaHUYMBa-
eTCsl TOJIBKO CiTydaeM apubMeTuIecKoi mporpeccu. OqHaKo BKIOYATh B 3a-
TOJIOBOK IIMKJIa BBIUMCICHUS, HE UMEIOIIME OTHOIIEHUS K MHUIIMATU3allu 1
1 MHKPEMEHTUPOBAHUIO, CUMTAETCS TUIOXUM CTHJIEM. 3ar0JI0BOK JIydIIe ocTa-
BUTh TOJIBKO JUTSI OTEPALVil YIIPABJICHUS TUKIIOM.

B xavecTBe Gojiee BHYIIUTEILHOTO MTPUMepa IPUBEIEM IPYTYIO BEPCUIO TTPO-
rpamMMBbl at 01, BBIMOJHSIOIIIEN TTpeoOpa3oBaHue CTPOKHU B €€ YNCIOBOM IKBUBA-
JICHT. DTo0 OoJiee 00IIast BepCcus 0 CpaBHEHUIO C PACCMOTPEHHOM B IJIaBe 2,
B TOM CMBICJI€, YTO OHA UTHOPUPYET JieBble CUMBOJIBI-Pa3AeIUTENN (€CIN OHU
€CThb) U JOJIKHBIM 00pa3oM pearupyeT Ha 3HaKW + U -, KOTOPbIE MOTYT CTOSITh
nepen nudpamu. (B riaBe 4 6ymet paccMoTpeH BapuaHT atof, KOTOpPHIM ocy-
IIECTBIISIET TOA00HOE TTPpeoOpa3oBaHMe TSI YK CEJ C TIaBaloIIeil TOYKOM. )
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CTpyKTypa mporpaMMbl OTpaxkaeT BUI BBOIUMOW MHGMOPMAIIHK:

uZHOpupoeamb CuMG’O/lbl—pa3aeﬂume‘/lu, ecau OHU ecmsb
NORYUUMY 3HAK, eCAU OH eCTMb
83amu yeayro yacme u npeobpasoeamyee

Ha kaxxmoM 111are BbITOJTHSIETCS onpeacjacHHasa 4acTb pa6OTI)I N 4Y€TKO (1)I/IKCI/I—
pyeTCda €€ pe3yjabTar, KOTOprfI 3aT€EM HMCIIOJBb3YETCdA Ha CIACAYIOLICM Iare.
O6pa60TKa JaHHBIX 3aKaH4YMBAaCTCA Ha IIEPBOM K€ CUMBOJIC, KOTOpI)IIL/'I HE MO-
XKeT ObITh YAaCThIO UMCJIA.

ttinclude <ctype. h>

/* atoi: npeobpa3oBaHne S B LENoe 4ucno; Bepcus 2 */
int atoi(char s[])

{
int i, n, sign;
/* wrHopupoBatb CWUMBOJbI-pasgenutenn */
for (i = 0; isspace(s[i]); i++)
sign = (s[i] = '-') ? -1: 1;
I = gll] = ) /* TPOMyCK 3Haka */
i++;
for (n = 0; isdigit(s[i]); it++)
n=10 *n+ (s[i] - '0");
return sign * n;
}

3aMeTuM, 4TO B CTaHJAPTHOU OMOIMOTEKe uMeeTcsl boJiee coBeplleHHast hyH-
KUuYsl Tpeodpa3oBaHusl CTPOKU B MIMHHOE Liejoe (long int) - ¢pyHKums st rtol
(cMm. maparpad 5 npuioxeHust B).

IMpeumyiiecTBa, KOTOPbIE AaET LICHTPATU3ALUS YIIPABJICHUS [IUKJIOM, CTa-
HOBSITC ellle 00jiee OUeBUIHBIMU, KOT/Ia HECKOJBbKO [IUKJIOB BIOXEHBI IPYT
B apyra. [IpousmocTpupyeM UX Ha NIpUMeEPEe COPTUPOBKU MACCHBA LIEJIBIX YK~
cen metomoM Ilesia, npenaoxeHHsiM uM B 1959 r. OcHoBHas uzes 3Toro auro-
pUTMa B TOM, YTO Ha PAHHUX CTaJAUSIX CPABHUBAIOTCS JAJIEKO OTCTOSIIIME IPYT
OT [pYyra, a HE COCEAHUE SJIEMEHTBI, KaK B OObIYHbIX IIEPECTAHOBOYHBIX COPTHU-
pOBKax. DTO MPUBOAUT K OBICTPOMY YCTPAHEHU IO MACCOBOI HEYMOPSIIOYEHHO-
crtu, 6y1aronapst YeMy Ha 6osiee TTO3/IHe CTaauu OCTaeTCsl MeHbIle padoThl. MH-
TEepBaJI MEXIY CPAaBHUBACMbBIMU 3JIEMEHTAMU MMOCTEIIEHHO YMEHBIIAETCS 10 €U~
HUIIbI, U B 3TOT MOMEHT COPTUPOBKA CBOJIUTCSI K OOBIYHBIM MEPECTAHOBKAM CO-
ceqHux aeMeHToB. [Iporpamma shellsort uMeeT ciaeayoLIMii BUI:

/* shellsort: coptupytch v [0]... v [n=1] B BO3pacTaillem nopsake */
void shellsort (int v [], int n)
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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] > Vv[j + gapl; j -= gap) {
temp = v[j];
v[j] = v[j + gapl;
v[j + gap] = temp;

31ech UCTIOIb30BaHbl TPU BIAOXKEHHBIX APYT B ApYra UKJa. BHelrHuit ympas-
JISTET UHTEPBAJIOM gap MEXIy CpaBHUBAaeMbIMU 3JIEMEHTAMM, COKpalllasi ero
MyTeM AeJeHUsI MoriojiaM oT 11/2 1o Hyns1. CpeqHUi LIUKJT epedupaeT dJIeMeH-
Thl. BHYTpeHHUI - cpaBHUBAeT KaXXIylo Mapy 3JIEMEHTOB, OTCTOSIIUX APYT
OT IpyTa Ha pacCTOSTHUY gap, U MepecTaBIseT 3JIeMEHTHI B HEYITOPSAIOYE HHBIX
nmapax. Tak Kak gap 06s13aTeJIbHO CBEETCS K eIMHUIIE, BCE DJIEMEHTHI B KOHEY -
HOM cueTe OyayT yropsimoueHbl. OO6paTTe BHUMaHME Ha TO, YTO YHUBEPCATb-
HOCTb IIUKJIa for Mo3BoJIsgeT celaTh BHEITHUI IIMKJ IO (hopMe TTOXOXKUM
Ha IpyTHe, XOTS OH U He SBJISIETCST apu(MeTHIeCKOM TTPOorpeccueii.

IMocnennuit oneparop Cu - 310 “,” (3amsAras), KOTOPYIO Yallle BCETO KC-
MOJIB3YIOT B MHCTPYKLIMU fo e. [Tapa BeIpaxkeHWii, pa3ieleHHbBIX 3aMsITON, BbI-
YUCSIeTCS ceBa HampaBo. TUITOM M 3HaYeHHEM pe3ysibTaTa SIBIASIOTCS THUIT
¥ 3HAYEHUe MPaBOTO BbIPaXKEHUS, YTO MO3BOJISIET B MHCTPYKIIUU FOI B KaXK IO
M3 TpeX KOMIIOHEHT UMETh 0 HECKOJIBKY BBIpaKeHU, HalpyuMep BECTH JBa
WHIeKca MapauiesibHo. [IpogeMOHCTpUpYEM 3TO Ha TIpuMepe QYHKIIUU
reverse(s), koTopasl "mepeBopaymBaeT”’ CTPOKY S, OCTaBJIsASI pe3yabTaT B TOM
Xe CTPOKE S:

#include <string.h>

/* reverse: nepeBOpayYMBaET CTPOKY S (pe3ynbtat B S) */
void reverse(char s[])

{

int ¢, i, j;

for (i =0, j = strlen(s)-1; i <j; i++, j—) {
¢ =s[i];
s[i] = s[jl:
s[il = ¢;
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3anATele, pa3aeisionie apryMeHThl QYHKIIMY, IEpEeMEHHBIE B 00BSIBICHUSIX
U TIP. He SIBJISIIOTCST OIepaToOpaMy-3arsIThIMA ¥ He 00eCIIeYNBaIOT BEIYUCICHUI
cjieBa HaIpaso.

3ansTIMU KaK OIlepaTopaMH CIIeAyeT I0JIb30BaThes yMepeHHO. boiee Bcero
OHM YMECTHHI B KOHCTPYKIIUSIX, KOTOPBIC TECHO CBSI3aHBI IPYT C IPYroM (Kak
B for-1{MKJIe IPOTPaMMEI Ireverse), a TakKe B MaKpocax, B KOTOPBIX MHOTOCTY-
MeHYAThIe BRIYMCICHMS JOJIKHBI ObITh BBHIPaXX€HBI OMHUM BBIpaXKeHUEM. 3a-
IISITOI-0MEepPaTOPOM B IIPOrpaMMe reverse MOXHO ObIJIO ObI BOCIIOJIb30BaThCS
U IIpA OOMEHEe CMMBOJIaMHU B IIPOBEPsIeMBIX Iapax 3JICMECHTOB CTPOKH, MBICIISI
3TOT OOMEH KaK OIHY OTACIBHYIO OIepalHnIo:

for (i = 0, j = strlen(s)-1; i < j; i++, j-—-)
c = slil, s[il = slil. slil = ¢;

Vnpaxnenne 3.3. Hanumure ¢yHkuuio expand(sl, s2), 3aMeHSIONIYIO
COKpAIleHHYIO 3aIlMCh HAIomo0Ke a-z B CTPOKE sl SKBUBAJICHTHOI IOJHOMI
3aMuchlo abc. . . Xyz Bs2. B sl pomyckawoTcst 6yKBbI (ITPOMKMCHBIE U CTPOUYHbIE)
u mbpsl. ClienyeT yMeTh CIIPABIISAThCS C TAKUMM CIIyJ4asiMK, Kak a-b-c, a-z0-
-9 u -a-b. CuuraiiTe 3HaK - B Hayajle WJIKU B KOHILIE S| OOBIYHBIM CUMBOJIOM
MUHYC.

3.6. Lukn do-while

Kaxk mMb1 roBopyv B riaBe 1, B uukitaxwhi le u for mpoBepKa ycJIOBUsI OKOH-
YaHUS LMKJa BBIMOJHsIETCS HaBepxy. B Cu uMeetcs enie onvH BUI LIMKA, do-
while, B KoTopoM 3Ta nmpoBepka B orinuue oT while u for genaercsa BHU3Y
nocne Kaxaoro MPOXOXKIAECHUS Tejla LIMKJa, T. €. MOCJe TOro, Kak Tejao BbI-
NoJIHUTCS XOTs Obl oguH pa3. LHukin do-while uMeer ciaeayoonuii CHHTaKCHUC:

do
UHCIMPYKUUSL
while (svipaicenue);

CHayvajia BBIIOJTHSICTCS UHCMPYKYUS, 3aTeM BBIYUCIISIETCS evipadcerue. Eciu
OHO UCTUHHO, TO UHCMPYKUUs BBITIOIHSIETCS CHOBA U T. 1. Korma BeIpaxeHue
CTaHOBUTCS JTOXHBIM, IMKJI 3aKaHUYMBaeT paboTy. Lluki do-while sKBUBaleH-
TeH LMKy répeat-until B [lackaie ¢ TOi JUIb pa3HULE, UTO B TIEPBOM CJIy-
Yyae yKa3bIBacTCsl YCIOBHE ITPOMOJDKEHUS IIMKJIA, a BO BTOPOM — YCJIOBUE €r0
OKOHYAHMUSI.

OnbIT NoKa3bIBaeT, YTO LUKI do-while UcImonb3yeTcst ropa3no pexe, 4eM
whileufor. Tem He MeHee MOTPEOHOCTh B HEM BpeMsI OT BpeMEHU BO3HUKAET,
Kak, HafmpuMep, B GYHKI MU 1toa (0O6paTHOH MO OTHOLIEHMIO K atoi), mpeoo-
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pasylomeif 9MCcI0 B CTPOKY CMMBOJIOB. BEITIOJTHUTE TaKoe Ipeodpa3oBaHMe
0Ka3aJI0Ch HECKOJIBKO 00Jiee CITOXKHBIM JIEJIOM, YeM OXHMIAJIOCh, ITOCKOIBKY
MIPOCTHIE AJITOPUTMBI TEHEPUPYIOT UM PHI B 00paTHOM TopsiaKe. MBI ocTaHo-
BWIVCH Ha BapMaHTE, B KOTOPOM CHadaixa GopMUpyeTcss oOpaTHasI ITOCIenoBa-
TETHHOCTh ITMGP, a 3aTeM OHA PEeBEPCHUPYETCS.

/* itoa: npeobpa3oBaHue n B CTPOKY S */
void itoa(int n, char s[])

int i, sign;
if ((sign=n) < 0) /* CcoxpaHsieM 3HaK */

n=-n; /* menaeM n IOJOKUTENBHEM */
i=0;

do { /* TeHepypyeM IyOPH B OOpaTHOM TOpsmKe */
slitt] =n % 10 + '0"; /* cnemyomas uudpa */
} while ((n /= 10) > 0); /* uCKIOUNTL ee */
if (sign < 0)
s[it+] = "-";
s[1] ='\0";
reverse(s);

Koncrpykuus do-while 31ech HeoOxoarMma MM 1O KpaliHel mepe yao0OHa,
TTOCKOJIBKY B S TIOCBUTAETCSI XOTS OBl OMMH CUMBOJI, IasKe €CJTM N paBHO HYJIIO.
B Ttere uKIiTa OMHY MHCTPYKITNIO MBI BBIIETVIIN (DUTYPHBIMUA CKOOKaMM (XOTS
OHU ¥ M30BITOYHBI), YTOOBI HEMCKYIIICHHBII YMTATE]b HE TIPUHST 10 OIITNOKE
cioBo while 3a nauano nukna while.

Yupaxuenue 3.4. [Ipy ycroBum, 4TO IJIsT IPEACTABICHUS YMCET UCITOIB3YETCS
JOTIOTHUTEIHHBIN KO, Hallla BEpCHs itoa He CIIPABISETCS C CAMBIM OOJIBIITUM
10 MOJYJII0 OTPULIATEbHBIM YMCIOM, 3HAUEHUE KOTOPOTO paBHSETCS -(2" '),
rme n - pasmep cioBa. OOBSICHUTE, YeM 3TO BbhI3BaHO. Moauduuupyite
MIporpaMMy TaKMM o0pa3oM, YTOOBI OHa JaBaja IPaBWJIbLHOEC 3HAYCHUE
YKa3aHHOTO YMCJIa HE3aBUCUMO OT MAIIMHBI, Ha KOTOPOU BBITIOJHSIETCS.

Vupaxunenne 3.5. Hanumwure ¢yHkuumio itob(n,s,b), KoTtopas mepeBoauT
11€J10€ 1 B CTPOKY S, MPEACTABSIONIYI0 YMCJIO [0 OCHOBaHMIO b. B yacTHOCTH,
itob(n,s, 16) moMeriaeT B S TEKCT YMCJIa I B LIECTHAALATEPUIHOM BUJIE.

Yupaxuenne 3.6. Hanmumure Bepcwio itoa ¢ TOMOJHUTEIBHBIM TPETHUM
apTYMEHTOM, 3aJaf0IMM MUHUMAJIbHYIO MUPUHY 1mois. [Ipn HeoOXoquMocTu
Mpeodpa3oBaHHOE YU CIIO TOJIKHO CIIeBa JOTIOTHSITHCS IMMPOOeIaMu.
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3.7. UHcTpykummn break u continue

WMHorna ObiBaeT yno0HO BBIMTU U3 IIUKJIA HE T10 pe3yJbTaTy MPOBEPKU, OCY-
LIECTB/ISIEMO B Hauyajle MM B KOHLE LIMKJIA, a KAKUM-TO JIPYTMM CIIOCOOOM.
Taxkyo Bo3aMoxxHOCTb 111 uKJoB for, while u do-while, a Takxe njis niepe-
KTovaTens switch mpemocTaBisieTr MHCTPYKIIMS break. OTa MHCTPYKIIMS BBI-
3bIBAET HEMEMJIEHHbI BBIXOJ M3 CaMOrO BHYTPEHHETO M3 OOBEMJIIOIIUX €€
LUKJIOB WU NEPEKITIOYATEICH.

Crnenytomast GyHKIUS, t rim, yoauxsieT U3 CTPOKH 3aBepIIaroIIre Ipooesl,
TaOyJIILMK, CUMBOJIBI HOBOM CTPOKU; break UCIOJNb3yeTCs B Heil 11 BhIXoAa
U3 LIMKJIA 110 NIEPBOMY OOHapy>XEHHOMY CIlpaBa CUMBOJY, OTJIUYHOMY OT Ha-
3BaHHBIX.

/* trim:  ypanset 3aeepwatolye npobensl, Tabynsaumm
M HOBblE CTPOKM */
int trim(char s[])

{

int n;

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

}

C momo1pio pyHKIMM strlen MOXHO MOJYyYuTh IIMHY cTpoku. uxm for
IIPOCMATPUBAET €r0 B 00PaTHOM IOPSIIKEe, HAuMHAasl ¢ KOHIIA, IO TeX 0P, IToKa
He BCTPETUTCS CUMBOJI, OTJIMYHBIN OT IIpo0esna, TabyIsuyu 1 HOBOI CTPOKMU.
Hukn mpepeiBaeTcs, KaK TOJBKO TaKOH CHMMBOJI OOHApYXWTCS WJIM N CTaHET
OTPUIIATEIBHBIM (T. €. BCSI CTPOKA OyIeT IPOCMOTpeHa). Y 6ennuTech, 9To yHK-
LIS BeleT ceOsl IMPaBUIIBHO U B CIIydYasiX, KOTIa CTPOKa ITyCTa YT COCTOUT TOJIb-
KO 13 CUMBOJIOB-Pa3aeJIMTEICH.

HMHcTpykius continue B 4eM-To IMOX0xXa Ha break, HO MpuMeHsIeTCs TO-
pas3mo pexe. OHa BRIHYXAAET OJMKaR i o0beMITIonuii ee UK (for, while
nm do-while) HauaTh caenytonuii mar urepauun. Jng while u do-while ato
O3HayYaeT HeMEIJICHHBIN Mepexo K MPoBEpKe YCI0BUs, a IS for - K IIpupa-
meHuIo mara. MHCTpyKIuoo continue MOXHO IPUMEHSITh TOJIBKO K IIUKJIaM,
HO He K switch. BHyTpu nepekmiouatess switch, pacronoXeHHOTo B IIUKIIE,
OHAa BBI30BET MepexXol K CACIYOIEe NTepallii 3TOTO IIMKJIIA.

Bor dparmeHT mporpaMMbl, 00pabaTHIBAIOIINI TOJBKO HEOTPHUIIATEIBHEIE
3JIEMEHTHI MacCHBa a (OTpULIaTeJIbHbIEC MPOIYCKAIOTCS ).
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for (1 =0; i < n; it+) {
if (a[i] < 0) /* MponycK OTPWUATENbHBIX 3NEMEHTOB */
continue;
/¥ 06paboTka MONOXMTENbHLIX 31EMEHTOB */

}

K MHCTpYKIIMM continue 9acTo MpuoOeraloT Toraa, KOraa OCTaBIIasiCsl YacTh KA
CJTOXKHA, a 3aMeHa YCIIOBUST B HEM Ha IIPOTUBOITOJIOXKHOE 1 BBEICHUE €I1Ie OTHO-
TO YPOBHS TIPUBOMSIT K CIMIITKOM GOJIBIIOMY YHCITy YPOBHEM BJIOXKEHHOCTH.

3.8. UHcTpyKkuma goto u MeTku

B Cu umerorcs rmopuitaeMast MHOTUMM MHCTPYKIIHS £0t0 M METKU IJIsI TIepe-
xoma Ha HuX. CTporo roBopsI, B 3TOM MHCTPYKIIMKM HET HUKaKOM HEOOXOIMMO-
CTH, ¥ Ha IIpaKTUKe MOYTH BCeTaa JIETKO 0e3 Hee 000iTHCh. JIo cux mop B Ha-
IIeii KHUTe MBI He UCITOJIb30BaId g0to.

OnHako CYIIECTBYIOT Cydau, B KOTOPBIX gOot0 MOXET mpuroauThes. Haum-
Oojiee TUIIMYHA CUTyaIlWsI, KOTma HYXXHO IIpepBaTh 00pabOTKy B HEKOTOPOI
IIyOOKO BJIOXKEHHOM CTPYKTYpe W BHIWTU Cpa3y U3 ABYX WJIM OOJIBIIETO YHCIIa
BJIOXEHHBIX IMKJIOB. MHCTpyKIIMA break 3mech He TOMOXET, TaK KaK OHa 00e-
CIICYMT BBIXOJ TOJIBKO M3 CaMOro BHYTpPeHHero IIMkKia. B KadecTBe mpumepa
pPacCMOTPHUM CIIEIYIONIYI0O KOHCTPYKIIUIO:

for (...)
for (...) {
if (disaster) /* ecmu Gencreue */
goto error; /* yuTM Ha ommbry */
!
erIror: /* obpaboTka ommnoKm */

, Juxeuduposams becnopsoox

Takast opraHu3aIysl PorpaMMbl ynoOHa, eCiau TOAIporpaMMa oGpaboTKH
OIIMOOYHOM CUTYyallud He TPUBHAJIbHA W ONIMOKA MOXKET BCTPETUTHCS B He-
CKOJIKUX MecTax.

MeTka UMeeT BUI OOBIYHOTO MMEHU IMTepEMEHHOM, 32 KOTOPBIM CJIEIYEeT TBO-
etoure. Ha MeTKy MOXKHO MepeiTH ¢ ITOMOIIIBIO g0tO M3 JIIOOOT0 MecTa TaHHOM
byHKIIUH, T. €. METKA BUIMMA Ha TIPOTSIKEHU U Bcel GYHKIINU.

B xadecTBe ellie OMHOTO MpUMepa PaCCMOTPUM TaKylo 3aavy: ONpeaeanuTh,
eCThb JIV B MacCHBax a M b coBmanaromye 3ieMeHThl. OOWH U3 BO3MOXHBIX Ba-
PHMAHTOB €€ peaTM3allii UMEeT CIeTyIOIIUi BUIL:
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for(i =0i<<n; i++)
for (j = 0; j < m; j++)
if (afi] == bli])
goto found;
/* HET OAMHAKOBbLIX 31EMEHTOB */
found:
/* ob6HapyxeHo coBnageHue: afi] == b[j] */

IIporpammy HaxoXaeHUs COBIAAAIOIIMX 3JIEMEHTOB MOXHO Hamucatbh U 0e3
goto, mpaBa, 3arjaTUB 3a 3TO AOTOJHUTEIbHBIMU MTPOBEPKAMU U €1lIe OJHOM
MEPEMEHHOM:

found = 0;
for (1 =0; 1 <n & !found; i++)
for (3 = 0; j < mé&k !found; j++) |
if (a[i] ==bliD
found = 1;
if (found)
/* obHapyxeHo cosnagenue: af[i-1] ==b[j-1] */

else
/* HET OOMHaKOBbLIX 3NIEMEHTOB */

3a UCKIIIOUEHUEM PEeIKUX CIydaeB, MOMOOHBIX TOJIBKO YTO MPUBEACHHBIM,
MMPOTPaMMBI ¢ TPUMEHEHHMEM gOoto, KakK MpaBujIo, TpyIHEe IJId MOHUMaHUS
U COITPOBOXIEHMS, YeM ITPOTpaMMBbl, pEIIaloIIre Te ke 3a1a4u 6e3 goto. XoTs
MBI M HE TOTMaTHUKH B TaHHOM BOIIPOCE, BCE XKe TyMaeTcs, YTo K goto clieayer
npuberaTh KpaitHe peaKko, ecu UCIOIb30BaTh 3Ty MHCTPYKIIMIO BOOOIIIE.
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DyHKkuNN
U CTPYKTypa NpPOrpamMmbil

@yHKIMY pa30MBaIOT 0OJIbIITE BEIYMCIUTEIbHBIC 3a1a4l Ha 0oJiee MeTKue
Y TIO3BOJISIIOT BOCTIOJIB30BATLCS TEM, YTO YXKE CIAENIAHO IPYTUMU pa3paboTuu-
KaMH, a He HaYMHaTb CO3JaHue TPOrpaMMBbl KaXIblii pa3 "¢ Hyasd". B BbiOpaH-
HBIX JOJIKHBIM 00pa3oM (yHKIMSIX "YIPSATaHBI" HECYIIECTBEHHBIE IS IPY-
TUX YacTe IPOrpaMMBbI IeTATN UX (DYHKIIMOHUPOBAHUS, UTO JeIaeT Mporpam-
My B 1IeJIOM 0oJiee ICHOM U 00s1eT4acT BHECEHUE B HEE U3MEHEHUIA.

SI3BIK MPOEKTUPOBAJICS TaK, YTOOBI (DYHKIIMU OBLITH 3D (HEKTUBHBIMU U TTPO-
CTBIMU B HUCTOJIb30BaHUU. OOBIYHO MporpaMMbl Ha CH COCTOAT 13 OOJIBIIIOTO
yucia HeOoabIMX QYHKIMI, a HE U3 HEMHOTUX 6oJiblnX. [TporpaMmmy MOXXHO
pacriojiaraTh B OTHOM WJIY HECKOJbKUX MCXOIHBIX (aiinax. D1tu (aitisl MOX-
HO KOMIUJUPOBATh OTAEJNbHO, a 3arpy>KaThb BMECTE, B TOM UYUCJIE U C paHee
OTKOMITUJIMPOBAHHBIMU OMOIMOTeYHBIMU (DyHKIIMAMU. [Ipoliecc 3arpy3ku
3[1eCh HE PACCMATPUBAETCS, OCKOJIbKY OH Pa3JIMU€H B Pa3HbIX CUCTEMAX.

OO0bsiBICHUE U OolpeneieHre GYHKIMU - 3TO Ta 00JacTh, T/e CTaHIAPTOM
ANSI B s13bIK BHECEHBI caMble CYIIIeCTBEHHBIe U3MeHeHUs1. Kak Mbl BUaeIn
B I1aBe 1, B onmrcaHuy hyHKIIMU TeTeph pa3pelieHo 3a1aBaTh TUIIBI apTyMeH-
ToB. CHMHTaKCcuUC omnpeneaeHuss MYHKIIMKM TakKKe U3MEHEH, TaK UYTO Telepb
OOBSBIICHUS U OTpeneeHus] yHKIIMNA COOTBETCTBYIOT IPYT APYTy. DTO IMO-
3BOJISIET KOMOWJISITOPY OOHAPYKMBaTh HAMHOTO 0OJIbIlIE OLIUOOK, YEM paHb-
me. Kpome Toro, eciiv TUMbl apryMeHTOB COOTBETCTBYIOIIMM 00pa3oM 0ObsIB-
JIEHBI, TO HEOOXOIMMbIE TPEOOPA30BAHMS APTYMEHTOB BBIMIOJIHSIIOTCSI aBTOMATH -
YECKH.

CraHaapT BHOCUT SICHOCTb B ITpaBuUJIa, OTIPeneIIoniue 001acTu BUIUMOC-
TU UMEH; B YACTHOCTU, OH TPEOYET, UTOOBI JJIs1 KaXJA0TO BHEIIHETO 0OBEKTA
ObLIO TOJILKO OJTHO omnpeneeHue. B Hem 06001eHbl cpeacTBa MHUIIUATIU3a-
UM TeTIEPb MOXXHO MHUITMATU3UPOBATh aBTOMAaTUIECKUE MACCUBBI U CTPYK-

TYDHI.
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VYayumen takxke npernpoueccop Cu. OH BKiIouaeT 6oJiee IMPOKUiA HAbop
MUPEKTUB YCIOBHOM KOMITUJISILIAM, TIPEIOCTABISET BO3MOXHOCTh U3 MaKpo-
apryMeHTOB FeHEPUPOBaTh CTPOKU B KaBBIYKaX, a KPOME TOTO, COACPKUT 0O-
Jiee COBEPILIEHHBIM MEXaHW3M yIIpaBIeHUs IIPOLIECCOM MAaKPOPaCIINPEeHHUS.

4.1.0cHoBHble cBefeHM s 0 QYHKLMNAX

HauHeMm ¢ Toro, 4To CKOHCTPYHMPYEeM MporpaMMy, revaTamolylo Te CTPOKHU
BBOAVMOTO TEKCTa, B KOTOPBIX COAEPKUTCS HEKOTOPHKIN "o0pa3el”, 3afaHHbII
B BUIIE CTPOKK CUMBOJIOB. (ITa mporpaMma npeacTapisieT cCob0i YaCTHBIN CITy-
yait dyHkuuu grep cuctreMbl UNIX.) PaccMoTpum mpumep: B pe3yabTaTe IMo-
ncKa obpasua “ould” B cTpokax TekcTa

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

MBI ITOJIYYUM

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

PaGoTta o moucky obpasiia 4eTKo pacnagaeTcsl Ha TpU dTalla:

while (cywecmeyemeuwe cmpoka)
if (cmpoxa codepacum obpasey,)
Hanewamamy ee

XoTs BCe TpU COCTABJISIOLINE MPOIecca MOMCKa MOKHO ITIOMECTUTh B DyHK-
LIMIO main, BCE Xe JIyYllle COXpaHUTh MPUBEACHHYIO CTPYKTYPY U KaXIylo ee
JacTb peaJin30BaTh B BUIE OTHEIbHOU (DYyHKIMU. Jlerye UMeTh €0 ¢ TpeMs
HeOOBIIMMU YaCTSIMU, YEM C OTHOM OOJIBIION, TOCKOIBKY, €CJTU HECYIIECTBEH-
Hble 0COOEHHOCTH peaiM3allii CKPHITHI B (DYHKIIUSX, BEPOSATHOCTh UX HEXe-
JIaTeJIbHOTO BO3AeHCTBUS APYT Ha Apyra MUHMMalbHa. KpoMe Toro, oopm-
JIEHHBIE B BUE (DYHKIIMI COOTBETCTBYIOIINE YACTH MOTYT OKA3aThCs MOJIE3-
HBIMU U B APYTUX IPOTpaMMaXx.

Konctpykuus "while (cywecmseyem ewe cmpoxa)” peanuzoBaHa B getline
(cM. tnaBy 1), a dpasy “raneuamamwvee” MOXHO 3aIMcaTh C TIOMOIIBLIO TOTO-
Boit pyHkuuu printf. Takum o0pa3oM, HaM ocTaeTcs nepesect Ha CU TOJIb-
KO TO, 4TO OIpelessAeT, BXOAUT JIU 3allaHHbIl 00pa3ell B CTPOKY.
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YT0OBI pelIuTh 3Ty 3324y, Mbl HanmuIueM GyHKIMIO strindex(s, t), KOTo-
pasl yKa3bIBaeT MecTo (MHAEKC) B CTPOKE S, TNl HAUMHAEeTCs CTpoka t, MM -1,
ecnu s He conepxuT t. Tak kak B Cu Hymepaliusl 2JIEeMEHTOB B MaCCMBaxX Hauu-
HaeTcs C HyJIsI, OTpULIATeIbHOE YUCIIO0 -1 TTOAXOAUT B KaueCcTBe MpU3HaKa He-
ynauyHoro nouvcka. Eciu nanee HaM moTpedyeTcst 6ojiee CIOXKHOE OTOXAECTB-
JIEHUE 110 00pa3ily, MBI IPOCTO 3aMeHUM st ri ndex Ha Apyryto GYHKIMIO, OCTa-
BUB TP 3TOM OCTaJILHYIO YacTh MporpaMMbl 6e3 n3meneHuit. (Bubnuoreunas
GyHKUMS st rst e aHaioruyHa GyHKIMM st rindex ¥ oTJIM4yaeTcsl OT MocaenHei
TOJIBKO Te€M, UTO BO3BpalllaeT He MHIEKC, a yKa3aTeb.)

IMocne Takoro NMpoeKTUpPOBaHUS TPOrpPaMMEI ee "MeTaaupoBKa” oKa3biBaeT-
cs1 oueBUAHON. MBI UMeeM MpeCcTaBIeHUE O MPOTpaMMe B 11eJIOM 1 3HaeM, Kak
B3aMMOJIEICTBYIOT ee yacTu. B Hallleit mporpamme obpasel aJisl Moucka 3aia-
€TCsl CTPOKOW-JIUTEPASIOM, UTO CHMXKAET €€ YHUBEPCaJbHOCTh. B riaBe 5 Mbl
ele BepHeMcs K TpobjieMe MHULIMAAM3allui CUMBOJIbHBIX MAaCCUBOB U NTOKa-
K€M, KakK obpasell caiesiaTh mapaMeTpoM, YCTaHaBIMBAeMbIM MTPU 3aMycKe Mpo-
rpaMMBbl. 37ech MpUBeIeHa HECKOJIbKO MU3MEHEeHHas Bepcust dyHKuuu getline,
U ObUTO ObI MOYYMUTENHHO CPABHUTH €€ C Bepcueil, pacCMOTpeHHOI B IiaBe 1.

#include <stdio.h>
#tdefine MAXLINE 1000 /* MaKkCuUManbHbIii pa3mMep BBOAMMOIA CTPOKK */

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

char pattern[] = "ould”; /* obpasey ons nowcka */
/* HaliTu Bce CTPOKM, copepxalune obpasel, */

main()

{

char 1ine[MAXLINE];
int found = O;

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

return found;

/* getline: uMTaeT CTPOKY B S, BO3BPANAET IJMHY */
int getline(char s[], int lim)

{

int ¢, i;
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i=0;

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

if (c =="\n")
s [i++] = c;

s[li] = '\0';

return i;

/* strindex: BbluMCNSET MeCcTo t B S wim BbigaeT -1, ecam t HeT B s */
int strindex (char s[], char t[])

{
inti, j, k;

for (i = 0; s[i] '= '\0', i++) {
for (j =1, k=0; t[k] !'= '\0" & s[3j] == t[k], j++, kt++)

if (k>06&& t[k] == "\0")
return i;
}
return -1;
}

OmnpeneeHne M0001 (PYHKIIUN UMEET CIASAYIONINIA BUI:

mun-pezyrvmama umsa-gynkyuu  ( 006361€HUSL apeyMermos)

{

00b5161eHUS. U UHCIPYKUUU

OtaenpHbIE YACTU ONPEEIeHUsI MOTYT OTCYTCTBOBaTh, KaK, HalipuMep, B Onpe-
NeJeHUU "MUHUMaJIbHOR" (PyHKIIUU

dummy() {}

KOTOpasi HUYETO He BHIYUCIISIET M HUYETO He Bo3BpalnaeT. Takass HUYero He jae-
natoias GYHKIMS B Mpoliecce pa3paboTKU MporpaMMbl ObIBaeT MoJie3Ha B Ka-
yecTBe "xpaHuTellst Mecta". Ecam TMII pe3ynbTaTa OIyIIeH, TO IpeAIioiara-
ercsl, uTo (hbyHKIIMS BO3BpalllaeT 3HaUeHue TUMa int.

JItobast mporpaMma - 3T0 NMPOCTO COBOKYITHOCTh ONPEeAeIeHU MepeMeHHbIX
" GyHKIui. CBI3U MeXny QYHKIUSIMU OCYIIECTBISIOTCST Yepe3 apryMeHTHI,
BO3BpalllaeMble 3HAUCHUS U BHEIITHKE IIepeMeHHbIe. B ncxomHoMm daiine GyHK-
1LIMY MOTYT pacriojiaraTbCsl B JIIDOOM MOPSIIKE; UCXOAHYIO TPOTPaMMy MOXHO
pa3buBatb Ha J000¢e yncyio ¢aiyioB, HO TaK, YTOOBI HU ONHA U3 QYHKIIU A
He oKa3ajiach pa3pe3aHHOM.
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HWHCcTpyKIIUA refurn peaan3yeT MeXaHU3M BO3BpaTa pe3yjbTaTa OT BBHI3HI-
BacMOIl (DYHKIIMM K BBI3BIBAOINEil. 3a CIOBOM return MOXeET CJIEIOBATh JIIO-
00e BhIpaxkeHUe:

return evipasxcenue;

Ecmu motpedyeTcst, gvipascerue OymeT MPUBEICHO K BO3BpalllaeMOMY THUITY
dyHkunu. Yacto gvipascerue 3aKI04aloT B CKOOKM, HO OHU He 00513aTeJIbHBI.

Bri3piBatorast pyHKIUS BIIpaBe IPOUTHOPHPOBATH BO3BpalllaeMoe 3Haue-
Hue. bonee Toro, éviparcenue B retu rn MOXeT OTCYTCTBOBATh, M TOTA BOOOIIE
HHUKaKoO¢ 3HaUCHME He OYIeT BO3BPAIIICHO B BRI3BIBAIONIYIO (DYHKIINIO. YIIpaB-
JIEeHWE BO3BpallaeTcsl B BbI3bIBAIOIIYIO0 (DYHKIMIO O3 pe3yIbTUPYIOIIEro 3Ha-
YeHMS TaKKe M B TOM CjIydae, KOTIa BBIYMCIEHUS JOCTUIIM "KOHIA" (T. €. To-
cJIeIHe i 3aKpbIBaoliieil GurypHoii ckooku ¢pyHkuuu). He 3amnpeliieHa (HO 10K~
Ha BBI3BIBaTh HACTOPOXKEHHOCTh) CUTYallMsl, KOTIa B OMHOU M TOU Xe (PyHK-
LMY OTHU return UMEIOT IIpH cebe BhIpaXKeHMS, a Ipyrue - He MMeIoT. Bo Bcex
ciIyJasix, Korma (hyHKIMS "3a0blIa"” ImepenaTth pe3yIbTaT B retu rn, oHa 00s13a-
TeJbHO BBIIacT "Mycop".

@yHKIMS main B IIporpaMMe ITOKMCKa M0 00pasily BO3BpalllacT B KaueCcTBE
pe3yJibTaTa KOJIMYECTBO HAWIECHHBIX CTPOK. DTO YKCIIO OOCTYITHO TOU cpene,
M3 KOTOPO TaHHAasT IIporpaMMa Oblla BhI3BaHa.

MexaHu3Mbl KOMIUJISIIUY U 3arpy3ku Cu-nporpamm, pactosoXeHHBIX
B HECKOJIbKMX UCXOMTHBIX (haiijlax, B pa3HBIX CUCTEMaX MOTYT pPa3INJaThbCsl.
B cucteme UNIX, HanmpuMep, 3TU paOOTHI BHIIIOJIHSIET yIIOMSIHYTasl B IiaBe 1
KoMaHza cc. [Ipeamnoaoxum, 4To Tpu GYHKIIUY HAIIIero IMOCIeAHEro IpuMepa
PACITOJIOKEHBI B TPEX pa3HBIX (haitmax: main. ¢, getline.c ustrindex. c. Torma
KOMaHIa

cc main.c getline.c strindex.c

CKOMIUJIUPYET yKazaHHbIE (haiijibl, TOMECTUB Pe3yJbTaT KOMIUISALUU B (paii-
JIbl 06BEKTHBIX MOLYJIEH main. o, getline. o U strindex. 0, ¥ 3aT€M 3arpy3uT
X B UCMOJHSeMbIi daiia a. out. Ecau oOHapyXuiach olimbka, HampuMep
B (haiisie main. ¢, TO ero MOXXHO CKOMITMJIMPOBATh CHOBA 1 Pe3yJIbTaT 3arpy-
3UTh paHee MOJYYEHHBIMU O0BbEKTHBIMU (paiilaMu, BBIITOJHUB CAEAYIOIIYIO
KOMaHay:

cc main.c getline.o strindex.o

KoMmaHgaa cc HCITOIb3yeT CTaHAAPTHBIE pacIiupeHus paiinoB “.¢" u “. 0", uTo-
b
OBl OTJINYATH UCXOIHBIC (|)aI/]uJIbI OT OOBEKTHBIX.

Vnpaxuenue 4.1. Hanumure ¢pyHkuuio strindex(s, t), Kotopas BbaeT
MMO3UIHAIO Ccamo20 npasoeo BXOXICHUS t B S UIX -1, eCIM BXOXICHUS HE 00-
HapyXeHO.

4 3ak.1116
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4.2. dyHKuMu, BO3BpaLLaloLme
Heuesble 3Ha4YeHus

B nipeabiayiyx nmpuMepax (pyHKIMY JTM00 BOOOIIe He BO3BpaIllaiv pPe3yJib-
TUPYIOIIUX 3HaUYeHU (void), 11bo Bo3BpalllaJiu 3HaUYeHUsI TUIIA int. A Kak
OBbITh, KOTHa pe3yJbTaT QYHKIUU OOJKEH MMETh Apyroi tTumn? MHorue Bbl-
YUCIUTEbHBIC DYHKIIUM, KaK, HAalIpUMep, sq It, sin 1 cos, BO3BpalllaloT 3HaUe-
Husitunadouble; apyrue cnenyanbHbie GYHKIIMA MOTYT BblJaBaTh 3HAYESHUSI
el1e KaKMX-TO TUIOB. YTOOBI MPOMJLTIOCTPUPOBATH, KAKMM 00pa3oM (pyHKIIUS
MOXET BO3BpAaTUTh HelleJIoe 3HaUeHWe, HanmuiineM ¢yHKIuo atof (s ), Kotopast
MEPEeBOIUT CTPOKY S B COOTBETCTBYIOIIIEE YMCJIO C IUIaBaIOIIE TOUKOM JBOM-
Hoii TouHocTu. DyHKMS atof mpeacTaBiseT coboil pacinpeHue GyHKIUU
atoi, IBe BepcuM KOTOPOU ObUIM pacCMOTPEHHI B TiiaBax 2 u 3. OHa MMeeT Je-
JIO CO 3HaKOM (KOTOPOTO MOXET 1 He OBbITh), C AECATUUHOMN TOYKOI, a TAKXKe
C 1IeJIO U IpOOHOM YacTsIMU, OJHA U3 KOTOPBIX MOXET OTCYTCTBOBaTh. Haiira
BepCUsl He SIBJISIETCS BBICOKOKAYeCTBEHHOM ITpOrpaMMoii Tpeodpa3oBaHus BBO-
JUMBIX YMCEJT; TaKasl TporpaMma norpedoBaia Obl 3aMETHO OOJIbIIIE MaMSITH.
Ddynkius atof BXOAUT B cTaHIAPTHYIO OMOJMOTEKY MPOTpaMM; ee onrcaHue
COJIEP>KUTCS B 3arojIoBOYHOM (paiisie <stdlib.h>.

[Ipexne Bcero OTMETUM, YTO OOBSIBISITH TUIl BO3BpAIlaeMOTO 3HAYCHUS
noJikHA cama atof, Tak Kak 3TOT TUIT He ecTh int. YKa3sarejab THUIIa 3a4aeTCst
nepea uMeHeM (yHKIIU.

#include <ctype. h>

/* atof: npeobpasosaHue cTpokn s 8 double */
double atof (char s[])

{

double val, power;
int i, sign;

for (1 =0; isspace (s[i]);i++)
5 /* MTHOPUPOBAHME JIEBHX CUMBOJIOB-DPA3IENATENeN */

sign = (s[i] = '=")? -1 : 1;
if (s[1] == ™ I} s[1].== '=*)
i++:

for (val = 0.0; isdigit (s[i]); 1++)
val =10.0 *val + (s[1] - '0");
if (sfi]==".")
b g0
for (power = 1.0; isdigit(s[i]; i++) {
val = 10.0 * val + (s[i] - '0");
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power *= 10.0;
P . ,
return sign * val / power;
H

Kpome Toro, BaxkHO, 4TOOBI BbI3bIBalOIlllasi Mporpamma 3Hajia, 4To atof
BO3BpalllaeT Helejaoe 3HaueHue. OIMH U3 Coco00B 00ECIIEUUTh 3TO - IBHO
ornucaTh atof B BbI3bIBawIel Mporpamme. [lomoObHOe omucaHue AeMOHCTPU-
pyeTCs HUXe B IIporpaMMe MPOCTEHbKOTO KaIbKYJISITOPa (AOCTATOUHOTO IJIsI
MPOBEPKM OajlaHCa YEKOBOW KHUWXKKM), KOTOPBI KaXIyl0 BBOAMMYIO CTPOKY
BOCIPUHUMAET KaK YMCJIO, MPUOABJISIET €ro K TeKYIeil CyMMe U TeJaTtaeT ee
HOBOE 3HaAYEHMUE.

#include <stdio. h>
#tdefine MAXLINE 100

/* NPUMWTUBHBIA  KanbkyngaTop */
main()
{
double sum, atof (char[]);
char line[MAXLINE];
int getline (char line[], int max);

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

B o6baBIIEHNN
double sum, atof (char[]);

TOBOPHUTCS, YTO sum - rrepemMeHHas tuiia double, a atof - ¢pyHKIIMSI, KOTOpast
MPUHUMAET OAMH apryMeHT TuIia char[ | u Bo3Bpaiuaet pesyabrartunadouble.
OO6bsIBIIEHNE U OTpeeiieHre GYHKIIUY atof JOJKHBI COOTBETCTBOBATh APYT
npyry. Ecau B omHOM ncxomHoM daiine cama GyHKOuUs atof u odopaineHue
K Heil B main UMEIOT pa3Hble TUIThI, TO 3TO HECOOTBETCTBHE OyIeT 3a(UKCUPO-
BaHO KOMIOMJISITOPOM Kak omn6ka. Ho eciim pyHkus atof 6blia CKOMITUIIM -
poBaHa OTAEJBHO (4TO GoJiee BEpOSITHO), TO HECOOTBETCTBUE TUITOB HEe OyIeT
oOHapyxeHo, u atof Bo3Bpatut 3HaueHue Tuna double, KoTopoe PyHKIIMS main
BOCIIPMMET KakK int, 4To MPUBEIET K 6ECCMBICIIEHHOMY Pe3yJbTaTy.
DToMmocenHee yTBEPXIeHNE, BEPOSITHO, BBI30BETY Bac yAUBJIEeHUE, TO-
CKOJIBKY paHee TOBOPUJIOCh O HEOOXOIUMOCTU COOTBETCTBUS OOBSIBICHUI
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u onpeneneHuii. IIpyyMHa HECOOTBETCTBMSA, BO3MOXHO, OYNET CJIENCTBUEM
TOT0, YTO BOOOIIIE OTCYTCTBYET MPOTOTUIT GYHKLIUU, U GYHKIIUS HESIBHO OObSIB-
JISIETCS TIPY TIEPBOM CBOEM TIOSIBJIEHMU B BbIPAKEHWM, KakK, HallpuMep, B

sum += atof(line)

Eciu B BeIpaxk€HUM BCTPETUIOCH UMSsI, HUTJAE paHee He 00bsIBIEHHOE, 32 KOTO-
PBIM ClielyeT OTKPbIBalolIasl CKOOKa, TO TaKOe UMsI [0 KOHTEKCTY CUMTaeTCs
MMeHeM (PYHKIMM, BO3BpAlllalolleil pe3yabTaT TUMa int; mpu 3TOM OTHOCH-
TEJIbHO €€ aprfyMEHTOB HMYero He mpearnonaraetcs. Ecav B o0bsBIeHUN DYyHK-
LIMU apTYMEHTBI HE YKa3aHbl, KaK B

doubleatof();

TO 1 B 3TOM cJIydyae CUMTAETCs1, YTO HUUero obd aprymeHTax atof He u3BeCTHO,
1 BCe MPOBEPKU Ha COOTBETCTBUE €€ MapaMeTpoB OyAyT BbIKI0UYeHBbI. [Ipenmo-
JIara€Tcd, 4YTo TaKad CriCiuaJlbHasd MHTCPIIpETalyAd ITyCTOI'O CIIMCKaA ITO3BOJJIUT
HOBBIM KOMITWJISITOpaM TpaHCAUpoBaTh cTapble Cu-nporpammbl. Ho B HOBBIX
InporpamMmax I10Jb30BaTbCA 3TUM - HE OUYCHDb XOpollasd Uaecsd. Ecnn Vi d))/HKLll/ll/l
€CTh apTYMEHThI, OTIUIIUTE UX, €CJIU UX HET, UCTIOIb3YITE CJIOBO Void.

Pacriosiarasi COOTBETCTBYIOIIMM 00pa3oM omMucaHHOW (pyHKuuel atof, Mbl
MOXeM HamucaTh GyHKILUIO atoi, Tpeodpasyollylo CTPOKY CUMBOJIOB B 1110
3HaUeHUe, CIEIYIOIIUM 00pa3oM:

/* atoi: npeoBpa3oBaHue CTpokM S B int ¢ nomowwio atof */
int atoi (char s[])

double atof (char s[]);

return (int) atof (s);
}

OOpaTuTe BHUMaHUE Ha BUJ OODBSIBICHUS U UHCTPYKIIMU return. 3HaueHue
BBIPAXEHUS B

return esipascernue;

nepen TeM, Kak OHO OyJeT BO3BpallleHO B KauecTBe pe3yJibTaTa, MPUBOAUTCS
K tuny pyHkuuu. CiegoBaTesIbHO, TOCKOJBKY (yHKIIMS atoi Bo3BpalliaeT 3Ha-
yeHue int, pe3yabTaT BeluucaeHus atof Tuna double B MHCTpyKLIMU return
aBTOMaTUYECKU Npeobpasyerca B Tun int. [Ipu npeobpazoBaHuu BO3MOXHA
notepst UHGOPMaLIMU, 1 HEKOTOPbIE KOMITUISITOPHI MPEAYITPEXIAIOT 00 3TOM.
Onepartop NpuBeACHUS SIBHO yKa3bIBaeT HA HEOOXOAMMOCTh TPEOOPa30BaAHUS
TUIA U MOJABJSET J1000€ Mpeaynpexaarollee cooOleHue.

Vnpaxuenue 4.2. Jononuure pyHkuuio atof Takum obpazom, 4ToObI OHa
crpaBJisiiachc UYMciaMu Buaa
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123.45e-6

B KOTOPBIX [TOCJI€ MAHTUCCHI MOXET cTosATh € (win E) ¢ mocaenyomum nopsia-
KOM (OBITb MOXKET, CO 3HAKOM ).

4.3. BHelwHue nepeMeHHble

IIporpamMmma Ha Cu OGBIYHO OTIEPUPYET C MHOKECTBOM BHEITHUX OOBEKTOB:
niepeMeHHbIX U pyHkuwmii. [IpunaratenbHoe "BHemHMi" (external ) mpoTUBO-
MTOJIOXKHO TIpWIaraTeIbHOMY "BHYTPEHHUI", KOTOPOE OTHOCUTCS K apryMeH-
TaM ¥ TIepEMEHHBIM, OIIpeAesIeMbIM BHYTpH QYHKIWH. BHemHue mepemMeH-
HBIE OIpENeIAoTCS BHE (MYHKIIUA W TMOTEHIINATBLHO MOCTYITHBI TSI MHOTHX
dynkuuit. Camu GpyHKIIMU BCeTaa siBISIIOTCS BHEINHUMU 00bEKTaMU, MTOCKOJIb-
Ky B CH 3aTpelieHo onpeaeasaTh GyHKIUY BHYTPU ApYyrux GpyHKIWA. [To ymorn-
YaHWIO ONMHAKOBBIE BHEIIIHNE UMEHA, UCIIONb3YeMbIE B pasHbIX ¢aiiiax, or-
HOCSITCSI K OMHOMY M TOMY e BHelllHeMY o0beKTy (pyHkiuu). (B cranmapre
3TO Ha3BIBAETCS pedaxmuposanuem eneuinux ceazeii (external linkage').) B stoMm
CMBICJIE BHEIITHUE TTepeMeHHbIe moxoxu Ha obiactu COMMON B (popTpaHe u Ha
TepeMeHHbIe caMoro BHelrHero 671oka B Ilackame. ITo3ke MBI mOoKaxeM, Kak
BHENTHME QYHKIIMY ¥ TIepeMEeHHBIE CAeaTh BUIMMbBIMU TOJbKO BHYTPY OTHO-
TO MCXOmHOTO (haiina.

ITockonbKy BHEIITHUE TTEPEeMEHHBIC TOCTYITHBI BCIOMY, MX MOXHO HCITOTb30-
BaTh B KQUECTBE CBSI3YIOIINX TaHHBIX MEXIY GYHKIMAMU KaK aTbTepPHATHBY
CBsI3eil Yepe3 apryMEeHTH M BO3BpaliaeMble 3HaueHUs. st mo60ii dyHKIImu
BHEIITHSS TIepeMeHHasl TOCTYITHA 10 e¢ UMEHH, €CITH 3TO UM OBUIO JOJIKHBIM
00pa3oM OOBSIBICHO.

Ecnm yrco mepeMeHHBIX, COBMECTHO MCITOIb3YeMBIX QYHKIIMSIMHA, BEJIU-
KO, CBSI3M MEXXIIY ITOCTICTHUMHU Yepe3 BHEITHHE TTIePEeMEHHBIC MOTYT 0Ka3aThCs
Oostee ynoOHbIMU U 3(DGEKTUBHBIMU, YeM JUIMHHBIE cMcKU aprymeHToB. Ho,
KaK OTMEUaJIoCh B IJIaBe 1, K 3TOMY 3asIBICHUIO CICIyeT OTHOCUTHCS KPUTH-
YECKH, IMTOCKOJIbKY TaKas MPpaKTUKa YXYAIIaeT CTPYKTYPY IMIPOTPaMMBbl U TIPH-
BOIUT K CJIUIIKOM OOJIBIIOMY YUCITY CBSI3eH MEXITY DYHKITMSAMU 110 TaHHBIM.

BHenrHme TIepeMeHHBIE MTOJIE3HBI, TaK KaK OHU MMEIOT OOJIBIITYI0 00J1acTh
e CTBUS 1 BpeMsI KU3HU. ABTOMAaTHIEeCKIE TIEPEeMEHHBIE CYIIIECTBYIOT TOJb-
KO BHYTpH (YHKIINU, OHM BOZHUKAIOT B MOMEHT BXO/a B (GOYHKIIUIO U MCYe3a-
10T TIpY BBIXOZC U3 Hee. BHelTHMe epeMeHHbIe, HaIPOTUB, CYIIECTBYIOT I10-
CTOSTHHO, TaK YTO UX 3HaYCHUSI COXPAHSIOTCS ¥ MEXXIY 00pameHUSIMH K QYHK-
M. TakuM 06pa3oM, eciii IBYM GYHKITUSIM ITPUXOTUTCS TTOTb30BaTHCS OJI-
HUMU U TeMH Xe JaHHBIMA ¥ HU OTHA U3 HUX HE BBI3BIBAET IPYIYIO, TO YaCTO

" Ceiiuac YO0 Y PYCCKUI I3blK HPOYHO BONLIO CNOBO “aunkosanue”. — lpyumed. pes.
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OBIBacT ymoOHO 0(hOPMHUTH 3T OOIIVE JaHHBIC B BUIC BHCITHUX IIEPEeMEHHBIX,
a He TepeIaBaTh UX B GYHKIINIO M 0OPaTHO Yepe3 apryMEHTEI. ;

B cBs31 ¢ IpuBEeIeHHBIMU pacCyKIeHUSIMH pazoepeM mpuMep. [locTaBuMm
cebe 3amady HalcaTh IPOrpaMMYy-KaJlbKyJISITOP, IOHUMAOIIYIO OTlepaTOPE
+, -, *u /. Takoil KaJbKYJISATOP JIerde OyIeT HallucaTh, €CJIM OPUEHTUPOBATHCS
Ha MOJIbCKY10, a He MH(MUKCHYIO 3aMKCh BbhIpaxXeHuil. (OOpaTHas nojbckas
3aIIMCh IPUMEHSIETCS B HEKOTOPBIX KApMaHHBIX KaJIbKYJISATOpPaX U B TAKUX
sa3bIKax, Kak Forth u Postscript.)

B 06patHOIf MOIBCKOM 3aIMCH KaXIBIi OTIepaTop CACIyeT 3a CBOMMU OIle-
paHmamu. BeipaxkeHne B MHGUKCHOM 3aIUCH, CKaXeM

(1-2)*@+))
B MOJICKOW 3aITMCH MPEICTABISETCS KaK
1.2 - 4:5% «

CKOOKM He HyXKHbI, HEOTHO3HAYHOCTH B BBIYUCIEHUAX He OBIBAET, TOCKOJIbKY
HM3BECTHO, CKOJIBKO OIepaHI0B TPeOyeTCs IS KaxKIOro oIeparopa.

PeammzoBath Halry mporpaMmy BechbMa IpocTo. Kakmplil omepaH MochLIa-
eTcs B CTEK; €CIIM BCTPEYaeTCsl OIepaTop, TO M3 CTeKa OepeTcsl COOTBETCTBY-
folliee YHCII0 OITepaHIoB (B cIy4ae OMHApPHBIX OIEPaTOPOB IBA) U BHITTOIHSICT-
cs olepalysi, Mocje 4ero pesysibTaT IMocbulaeTcsl B cTeK. B Haiem mpumepe
yuciaa 1 u 2 TOChUIAIOTCA B CTEK, 3aTeM 3aMeIaloTcsT Ha MX pa3HocTh - 1. lanee
B CTEK ITOCBUTAIOTCS YKCiIa 4 M 5, KOTOpHIE 3aTeM 3aMEHSIIOTCS UX CyMMOoit (9).
Yucna -1 1 9 3aMeHsII0TCsI B CTeKe MX IMpou3BeAeHUeM (T. €. -9). BctpeTtus cum-
BOJI HOBOM CTPOKU, IpOrpaMMa M3BJIEKaeT 3HAUCHNE M3 CTeKa U IeJaTacT ero.

Takum o6pa3zoM, TporpaMMa COCTOMUT U3 1IMKJIa, 00padaThiBaIOIIEero Ha Kax-
IIOM CBOEM IIIare 04epeIHOI BCTpeUaeMbIil OIlepaTop YUIM OIIePaHI;

while (credyrowguii snemenm ne xoney-paiina)
if  (uucao)
nocnamv e2o 6 cmexk
else if (onepamop)
83AMb U3 CMeKa onepaHobl
BbINONHUMY ONEPayUI0
pe3yabmam nociams 8 cmek
else if (nosasi-cmpoxa)
834Mb C ePUILHBI CINEKA YUCAO U HANEeUamamay
else
owubKa

Onepauuu "mociaaTh B cTeK" ¥ "B3ITh U3 CTeKa" caMu 1o cebe TPUBUANIbHBI,
OIHAKO 10 Mepe H00aBIeHUsI K HUM MEXaHU3MOB OOHApyXKeHHUsI U HeiTpa-
JIM3alUK OLIMOOK CTAHOBSTCS JOCTATOYHO IIUHHBIMU. I1oaTOMY MX jTydiie
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0(OpMUTH B BUJIE OTAEIbHBIX (DYHKIIMI, YeM TMOBTOPSITh COOTBETCTBYIOIIUIA
KOJ To Bceil mporpamme. M1 KOHEUHO HEOOXOIUMO UMETh OTIAENbHYIO0 (YHK-
LIWIO TSl TIOJIYYE€HUSI OUepeIHOTO orepaTopa UM orepaHa.

I'naBHBII BOIPOC, KOTOPBIM MBI €11[¢ HE PACCMOTPEIN, - 3TO BOIPOC O TOM,
Ile PacmoJOXUTh CTeK U KaKUM (DYHKIUSIM pa3peliuTh K HeMy MpsiMoit
noctymn. CTeK MOXHO PachoJIOXUTh B GYHKIIMU main 1 nepegaBaTh caM CTeK
Y TEeKYIIYI0 MO3UIIMI0 B HEM B KauyecTBe apryMeHToB (GyHkuusaM push ("mo-
cnath B cTeK") u pop ("B34Th 13 cTeka"). Ho dyHKuMu main Her aena 1o nepe-
MEHHBIX, OTHOCSIIIIUXCS K CTeKY, - il Hy>XHBbI TOJIbKO OIepaiuu Mo nomelie-
HUIO YUCEeJ B CTEK U U3BJIeUEeHUIO uX oTTyAa. [10aTOMy MBI pelinau cTeK 1 CBsI-
3aHHYIO C HUM UHOOPMALIUIO XPAaHUTh BO BHEITHUX MEPEMEHHBIX, JOCTYTTHBIX
s yHkumit push ¥ pop, HO He TOCTYMHBIX A main.

Ilepexon OT 3cKM3a K IporpaMMe 10CTaTOYHO Jerok. Eciu renepp nporpam-
My TIPeICTaBUTh KaK TEKCT, PACHOJOXEHHbBIA B OMHOM MCXOJHOM ¢aiijie, oHa
OyIeT UMEeTh CIEAYIOIINN BUI;

#include /* MOTYT OHTBH B JIOOM KONMYECTBe */
#define /* moTyT OHTHL B J0OOM KONMMYECTBE */
00bSBICHNS QYHKIM I Main

main () {...}

6HeuwHue nepemernsle 0as push u pop

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

int getop(char s[1) {...}
noonpoepammol, evizvleaemvie QyrKyueli getop

IMo3xe MBI 06CYAUM, KaK TEKCT 3TOI MPOrpaMMbl MOXHO Pa3OUTh Ha ABa WIK
OoJibllice YMCII0 (PaiiioB.

DyHKIMA main - 3TO LMK, COAePXKaIlUid OOJIBIION MepektouaTeab switch,
nepeﬂaloumﬁ YIIpaBJ€HUEC HA TY WJIW UHYIO BETBb B 3aBUCUMOCTU OT TUIIA OIlC-
paTtopa ujiv ornepaHaa. 3aech MpeacTaBiaeH 0ojiee TUMMYHBIN cIydyail mpuMeHe-
HUSI TIepeKIIouaTesisi Switch o cpaBHEHMIO ¢ paCCMOTPEHHBIM B naparpade 3.4.

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

#define MAXOP 100 /* Makc. pa3mep onepaHma wnu' onepatopa */
#tdefine NUMBER "0’ /* npusHak uucna */
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int getop (char []);
void push (double);
double pop (void);

/* KaJbKyJIATOP C 0DOpPaTHOM MONBCKON 3amuchin */
main ()
{ '

it type;

double op2;

char s[MAXOP]J;

while ((type = getop (s)) != EOF) ({
switch (type) {
case NUMBER:
push (atof (s));
break;
case '+':
push (pop() + pop());
break;
case '+
push (pop, () * pop ();
break;
case '-':
op2 = pop ();
push (pop () - op2);
break;
case '/
op2 = pop ();
if (op2 1=0.0)
push (pop () / op2);
else
printf("owubka: nemenye Ha Hynb\n")
break;
case '\n’ :
printf(”\t%.8g\n”, pop ()i
break;
default:
printf(”ownbka: Heym3BecTHas omepaims %s\n", s);
break;
}

}
return 0;
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Tak Kak oreparopbl + M * KOMMYTaTUBHBI, MOPSIIOK, B KOTOPOM OIE€paHbl Ge-
pyTCS M3 CTeKa, He BaXKeH, OHAKO B cliydyae OIepaTopoB - W /, JEBbIi 1 Tpa-
BBII OTepaHIbl JOJIKHBI pa3anuarbes. Tak, B

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

OYepeIHOCTh OOpallleHWsI K pop He ompenesieHa. YToObl rapaHTUPOBAThH Ipa-
BUJIBHYIO OYepEeIHOCTh, HEOOXOAMMO I€pBOE 3HAYEHUE M3 CTeKa MPUCBOUTh
BpPEMEHHOI MIepeMEHHOI, KaK 3TO U CAeJIaHO B main.

#tdefine MAXVAL 100 /* MakcumanbHas rnybuHa cteka */
int sp = 0; /* cnepywowas ceobogHas no3vuus B cteke */
double val[ MAXVAL]T; /* ctek */

/* push: nonoxutb 3HayeHne f B cTek */
void push(double f)

if (sp < MAXVAL)
val[sp++] = £;
else

printf( "ombra: cTek mojnoH, %g He nomewaeTtca\n”, f);

/* pop: B3fATb C BEPLWIMHbI CTEKA M BbIAATb B KayecTBe pesy/brara */
double pop(void)

{

if (sp > 0)
returnval[--sp];

else {
printf("ouwunbka: crek nyct\n");
return0.0;

IlepemenHas cuuTaeTcsT BHEITHEH, €CJIM OHa OolpenejieHa BHe QyHKIu. Ta-
KMM 00pa3oM, CTEK U MHAEKC CTeKa, KOTOPbIE JOJKHbBI ObITh JOCTYITHBI U JJISI
push, u nj1s pop, onpenenstoTcs BHe 3TUX GpyHKkuii. Ho main He Mcmmonb3yer
HU CTEK, HU MO3UIIMIO B CTEKE, X MO3TOMY MX MPEACTABIEHUE MOXKET ObITh CKPbI-
TO OT main.

3aiiMeMcs peanmu3alyeii getop - GyHKIIMU, MOJydaronieit cie Ay oTe-
paTop WM onepaHa. Ham npeacTouT peniuTth J0BOJbHO MPOCTYyIO 3amady. bosee
TOYHO: TpeOyeTCsl MPOMYCTUTh MPOOEbl U TAOYASILIUU; €CIU CIAECAYIOLINN CUM-
BOJI - He IM(dpa U He NecATUYHas TOYKa, TO HYy>KHO BBIIATh €r0; B IPOTUBHOM
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nporpamMmb!

cjlyyae Hallo HAKOMUTb CTPOKY UUGP C AeCATUYHON TOUKOM, €CJIM OHA ECTh,

u Beigath yucjio NUMBER B kauecTBe pe3ysbrara.

#include<ctype.h>

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

/* getop: MOMyvaeT CIEOyOINii ONepaTop Wiy OmepaHm */

int getop(char s[])
{

int i, c;
while ((s[0] = ¢ = getch()) ==" "' | c ==
s[1] = '\0";
if (lisdigit(c) && c!=".")
return ¢;  /* He uucno */
i=0;

if (isdigit(c)) /* Hakannueaem uenylo Yactb */

while (isdigit(s[++i] = ¢ = getch()))

if (c ==".") /* Hakannueaem JpobHyio YacTb */

while (isdigit(s[++il = ¢ = getch()))

s[i] - "\0";

if (c !'= EOF)
ungetch(c);

return NUMBER;

Kak pa6orator pyHkuuu getch u ungetch? Bo MHOrux ciayyasx nporpamMmma
He MOXKeT "coo0pa3uTh", poYJia JIM OHA BCe, UTO TpeOyeTcs, MoKa He MPOoYTeT
nuirHero. Tak, HaKOIJeHWe YKrcia TPOU3BOAUTCS A0 TeX MOp, TTOKa He BCTpe-
TUTCS CUMBOJI, OTIUYHBIN OT Mdpbl. Ho 3T0 03HaUaeT, yTo mporpaMma mpo-
9Jia Ha OJIMH CMUMBOJI OOJIbIlle, YeM HYXXHO, Y MOCJIENHUI CUMBOJI HEJb3sl BKJIIIO-

4yaTb B 4YHUCJO.

DTy npo6aeMy MOXKHO ObLIO ObI PELIMTh IPU HAJIMUYUU OOpaTHON YTEHUIO
orepannu “noJI0XUTb-Ha3al , C TOMOIIbIO KOTOPOi MOKHO ObIJIO ObI BEPHYTH
HEeHYXHBI cumBoJ. Torma Kaxablii pa3, Korga mporpamMma CYMTaeT Ha OJWH
CUMBOJI OOJibllle, YeM TpeOyeTcs, 3Ta olepalusl Bo3Bpalaia Obl ero BBOLY,
M OCTaJibHasl YaCTb MPOrpaMMbl MOTJia ObI BeCTU cebsl TaK, OyATO 3TOT CUMBOJI
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BOBce M He ynTancs. K cyacTbio, OlMMcaHHBIN MeXaHW3M OOpaTHOM MOCHIIKHA
CMMBOJIa JIETKO MOJEIUPYETCS € TIOMOIIIBIO IMapbl COTIACOBAHHBIX APYT C APY-
roMm (YHKIIU#I, U3 KOTOPHIX getch MocTaBiIsieT ouepeTHO CUMBOJI U3 BBOJIA,
a ungetch oTmpaBsIeT CUMBOJ Ha3aJ BO BXOZHOM MOTOK, TaK YTO TPH CIIEMy-
follleM OOpaIeHNH K getch MBI BHOBb €r0O TOJTyYHM.

HetpynHo moramatbesi, Kak oHU paboTatoT BMecte. DyHKIMsa ungetch 3amo-
MMHAeT TMOChIIaeMbIi Ha3al CHUMBOJ B HEKOTOpPOM Oydepe, MpeacTaBisIoneM
€000t MacCB CUMBOJIOB, JOCTYITHBIH TSI 00enX 3TUX (yHKIMI; getch yuTaeT
n3 Oydepa, ecim TaM YTO-TO €CTh, MJIM oOpalmaeTcs K getchar, eciau Oydep
myctoii. CremyeT MmpeaycMOTpeTh WHIAEKC, YKa3bIBAaIOIIUN Ha TTOJTOXEHUE Te-
KyIIIeTo cMMBOJIa B Oydepe.

Tak kak pyHkumm getch 1 ungetch coBMecTHO UCIIONB3YIOT Oydep 1 MH-
IIeKC, 3HAYCeHUs TTOCTIeTHUX TOJIKHBI MEXXIy BbI30BaMM coXpaHATbes. [Toato-
My Oydep M MHAEKC TOJKHBI ObITh BHEITHUMHU 110 OTHOIICHUIO K 3TUM IIPO-
rpaMmam, 1 MBI MOXXeM 3arucarth getch, ungetch u obIMe 11 HUX TTepeMeH-
HBIE B CJISAYIOIIEM BUIIC:

tdefine BUFSIZE 100

char buf[BUFSIZE]; /* 6ydep ans ungetch */
int bufp = 0; /* cnen. ceobopHas nosuuus B OGydepe */

int getch(void) /* B39Tb (BO3MOXHO BO3BpALLEHHbLIA) CUMMBON */
{
return (bufp > 0) ? buf[--bufp] : getchar();

void ungetch(int c¢)  /* BepHYTH CUMBOJN Ha BBOL */
{
if (bufp >= BUFSIZE)
printf ("ungetch: cnumkomM MHOTO CvmBONOB\N");
else
buf[bufp++] = c;

CranpapTHasa OMOIMOTeKa BKIOYaeT (GyHKIMIO ungetc, obecreuynBaOIIyIO
BO3BpaT OOHOTO CUMBOJIA (CM. TJIaBy 7). MBI ke, 9TOOHI IIPONJIIIOCTPUPOBATH
6oJiee OOIITMIA TTOAXO, JAJIST 3aITOMUHAHUS BO3BPAIlaeMbIX CHMBOJIOB UCTIOJb-
30BaJIi MacCHUB.

Vnpaxnenue 4.3. Wcxons W3 TpemioXeHHOW HaMU CXEMbl, TOTIOJHUTE
MPOrpaMMy-KaJIbKYJISITOP TaKUM O0pa3oM, YTOOBI OHA "MOHMMAaa" ornepaTop
TIOTyYeHUS OCTaTKa ot aeyieHus (%) U OTpUIlaTeTbHBIE YKCa.
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Ynpaxuenue 4.4. JJo06aBbTe KOMaH/IbI, C TIOMOILbLIO KOTOPBIX MOXHO ObLIO Obl
rnevyaraTh BEpXHUI 3JIEMEHT CTeKa (C COXpaHEHHUEM €ro B CTeKe), TyOJIMpoBaTh
€ro B CTeKe, MEHSITh MECTaMU JIBa BEPXHUX 3JIEeMEHTa cTeKa. BBenute komaHmy
OYMCTKHM CTeKa.

Ynpaxuenue 4.5. [IpenycMoTpuTe BO3MOXHOCTb MCIIOJIb30BaHUSI B MPO-
rpamme OubIMOTeYHBIX PYHKIMIA Sin, exp ¥ pow. CM. 6ubauoreky <math. h>
B npwioxeHuun B (maparpad 4).

Vnpaxuenue 4.6. Beeaure komaHIbl 1151 pabOThl C MEPEMEHHBIMM (JIETKO
obecrieunTh M0 26 TIepeMeHHBIX, KaxXmash W3 KOTOPBIX MMeeT WUMS, TIpem-
CTaBJICHHOE OJIHON OYKBOW JlaTUHCKOTO aicdaBuTta). JJo6aBbTe MepeMeHHYIO,
npeJHa3HauYeHHYIO ISl XpaHEeHUs CaMOro MOCJeIHero U3 HamneyaTaHHbIX
3HAaYECHUM.

VYupaxuenue 4.7. Hanumure mporpamMMmy ungets(s), BO3BpalalonIyo CTPOKY
S BO BXOJIHOH MOTOK. Jlo/kHa 1M ungets "3HaTh" 4TO-11M00 O IepeMeHHbIX buf
u bufp, WK eif IOCTATOYHO MOJIb30BaTHCS TOIBKO yHKIMEH ungetch?

Ynpaxuenue 4.8. [1pearosioskuM, 4To YMCJIO CUMBOJIOB, BO3BpalllaeMbIX Ha3all,
He npeBbiinaer 1. Momuduiupyiite ¢ yuetom atoro dakra GyHkuuu getch
u ungetch.

Vnpaxnenue 4.9. B Hammx GyHKIIMSIX HE MPeayCMOTpeHa BO3MOXKHOCTh
Bo3Bpara EOF. Tlogymaiite, 4yTo Hamo caenathb, 4ToObl MOXHO ObLIO BO3BpAlllaTh
EOF, uckoppeKTUpyiTe COOTBETCTBEHHO ITPOrpamMMy.

Vnpaxnenue 4.10. B ocHOBY nporpaMmbl KajbKyJsITOpa MOXHO TOJOXUTb
npuMeHeHue GyHKIMU getline, KOTopast YuTaeT LEeJIUKOM CTPOKY; PU 3TOM
oTnagaetT HeoOxoauMocTh B getch u ungetch. Hanumure nporpammy,
peaTu3yIouIyo 3TOT MOIXOM.

4.4. O6nacTv BUAUMOCTHU

(I)yHKL[I/II/[ 1 BHCIIHME TIEPEMEHHBIC, U3 KOTOPBIX COCTOUT CI/I-HpOT’paMMa,
KaX bl pa3 KOMIIWJIMPOBaTh BCE BMECTEC HET HUKaKOW HCOGXO)IV[MOCTI/I. Hc-
XOJHBIX TEKCT MOXKHO XpaHUTb B HECKOJIbKHX (1)al7max. Panee CKOMITUJINPO-
BaHHBIC ITpOrpaMMbl MOKHO 3arpy>KaTb U3 onommorek. B ¢cBsI3M ¢ 3TM BO3HM -
KaroT CJaeayIoImre BOITPOCHI:

» Kak nucatb 00bsIBI€HUS, YTOOBI HA TPOTSIKEHUM KOMITWIISILIMUA UCTIONIb3Ye-
MblI€ TIepEMEHHbIE ObUIM JOJKHBIM 00pa3oM OOBSIBJIEHBI?
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* B xakoMm nopsiake pacrnonaraTb oObsIBIEHUS, YTOOBI BO BpeM$ 3arpy3KH BCe
YacTU MPOrpaMMbl OKa3aJMCh CBSI3aHbI HYXXKHBIM 00pa3om?

+ Kak opraHn3oBaTh OOBSBICHMS, YTOOBI OHU UMEIU NI OIHY KOITUIO?

+ Kak mHuumManu3upoBaTh BHELIHUE TTIEpeMEHHbIE?

HayHeM ¢ Toro, 4Tto pa3o0beM NpOrpaMMy-KajlbKyJSITOP Ha HECKOJBKO (aii-
JoB. KoHeuHO, 3Ta mporpaMmma cJMIIKOM Maja, YTOObI €€ CTOMJIO pa30uBaTh
Ha (haiiiel, OMHAKO pa30reHue Hallle il TPOorpaMMBbl ITO3BOJIUT IMTPOJEMOHCTPU-
poBaTth TpobeMbl, BO3HUKAIOIIKWE B OOJBIIMX ITpOrpaMMax.

Obaacmbio 6udumocmy IMEHU CIUTAETCS YaCcTh IPOTPAMMBbI, B KOTOPOIA 3TO
MMS$I MOXHO HCIIOJIb30BaTh. 7151 aBTOMaTUUECKUX MEPEMEHHBIX, OOBSIBICHHBIX
B Hauasie GyHKIIMU, 001aCThI0 BUAMMOCTH SIBJISIETCSI GYHKIIMS, B KOTOPOI OHU
00bsiBIEHBI. JIOKAJIbHbIE TEPEMEHHBIE Pa3HBIX GYHKIUI, UMEIOLIUE, OIHAKO,
OJIMHAKOBbIE UMEHA, HUKAK HE CBSI3aHbl APYT ¢ ApYroM. To e yTBepxkaeHue
CIIPaBEUTMBO 1 B OTHOIIIEHUU MapaMeTpoB GYyHKIIUHU, KOTOpbIe (DaKTUIECKU
SIBJISIOTCSI JIOKQJIBbHBIMU TIEPEMEHHBIMU.

O0sacTh IEeUCTBUS BHEIIHEH MepeMeHHOM Wi (PYyHKIIUU TIPOCTUPAETCS
OT TOYKM TNpPOrpaMMbl, TIe OHa OOBsIBJICHA, 1O KOHLA (haiiia, Mmomiekaliero
koMmmwisiuuu. Hanpumep, eciu main, sp, val, push u pop onpeneseHbsl B OTHOM
(aiine B yKazaHHOM MOPSIAKE, T. €.

main() {...}

int sp = 0;
double val[MAXVAL];

void push(double f) { ... }

double pop(void) { ... }

TO K TIEpeMEHHBIM Sp 1 val MOXXHO afapecoBaTbes U3 push ¥ pop IIPOCTO 1O UX
MMeHaM; HUKAKUX JTOTOJTHUTEIbHBIX OOBSIBICHUI IJI 3TOTO He TpebyeTcs.
3amMeTuM, 4TO B main 3TM MMEHA He BUIMMBI TaK XXe, Kak U camu push 1 pop.

OnHako, ecii Ha BHEITHIOK MepeMEHHYI0 HY>KHO COCIIaThCsl 10 TOTO, KaK
OHa oTpeesieHa, I eCcIi OHa Oollpe/iesieHa B IpyroM (aiisie, To ee 00bsIBIC-
HME TOJDKHO OBITh TOMEYEHO CJIOBOM extern.

BaxxHO oTiMuaTh obssA64eHUe BHEIIHENW TEPEMEHHON OT ee onpedeneHusl.
OO0bsIBICHUE OOBSIBISICT CBOMCTBA TIEpeMEHHOIM (ITpeKae BCero e¢ TUII), a OIpe-
JieJieHre, KpOMe TOTrO, TIPUBOIUT K BBIICICHUIO IJIsl Hee maMaTh. Eciu cTpoku

int sp;
double val[MAXVAL];

pacIioyioXXeHbI BHE BCeX (PYHKIINI, TO OHU onpedestom BHEIITHUE TTIepeMEHHbIC



110 FnaBa 4. PyHKUMM U CTPYKTYpa NPOrpammbl

spuval, T. €. OTBOAST IUTI HUX MaMsITh, ¥, KPOME TOTO, CITYKaT OOBSIBIICHUSIMA
JUTSL OCTATBHOM YaCTU MCXOMHOTO haiiina. A BOT CTPOKHU

extern int sp;
externdoubleval[ ];

008564510M 0451 OCTaBIIecs yacTu daiina, 4To sp - nepeMeHHas Tumna int, a val -
MaccuB Tuna double (pa3Mep KOTOPOro ompeaesieH rae-T0 B APYTOM MeCTe); Mpu
9TOM HU NepeMeHHast, HU MacCUB He CO3/1aI0TCS, U TaMsITh UM HE OTBOJUTCS.

HaBcro cOBOKYIMHOCTB (haiiIoB, N3 KOTOPBIX COCTOMT MCXOMHAST TIPOrpamMMa, UTst
KaXk[oil BHEIIHEN MepeMeHHOM NODKHO ObITh OIMHO-GAMHCTBEHHOE onpedeneHue;
apyrue aiibl, 9To0bI MOJYYUTh JOCTYI K BHEIIHENH MEePeMEHHOM, TOKHbI
UMETH B cebe 0ObsBIeHUE extern. (BnpoueM, oObsiBIeHUE eXtern MOXKHO TTOMeC-
TUTh ¥ B (hailsl, B KOTOPOM COAEPKUTCS orpesieyieHre.) B ornpeneneHusx MacCUBOB
HeoOXOIMMO YKa3blBaTh MX Pa3MEPB], UTO B OOBSIBICHUSIX eXte rn He 00s13aTeIbHO.

MHu1manm3npoBaTh BHELTHIOW MEPEMEHHYI0 MOXKHO TOJIHKO B ONIPEAEIeHUH.

XOTs1 BpsIIL JIM CTOUT OPraHU30BbIBATh HAIIly MPOrpaMMy TaKUM O0pa3oM,
HO MBI orpeneauM push u pop B onHoM ¢aiine, a val 1 Sp - B Ipyrom, Tie Ux -
U UuHULManu3upyeMm. [1pu 3TOM IJIsT YCTAaHOBJIEHUSI CBSI3eil MOHANO0SITCS Ta-
Kue orpeaeeHUsT 1 OObSIBJICHUSI:

B ¢aiineT:
extern int sp;
externdoublevall ];

voidpush(doublef) { ... }
double pop(void) { ... }

B gaiine2:
int sp = 0;
double val{MAXVALT;

TTocKOJBbKY OOBSIBIEHHs extern HaxomsaTcs B Havane @aiinal u BHe onpenese-
HMI HYHKIIUI, WX IeICTBHE paCIIPOCTPAHSIETCsT Ha Bce DYHKIIUU, TIPUYEM OJHO-
ro Habopa OOBSBICHUI TOCTATOYHO AJs1 Beero ¢paunai. Ta e opraHuzaius
extern-o0bsiBNIeHKI HeoOXOIMMA M B CJIyyae, KOT/a MPOrpaMMa COCTOMT U3 OI-
Horo daiiia, HO onpeesieHHs Sp ¥ val pacroIoXeHBbI ITOCIIe UX KCTIOTb30BaHMs.

4.5. 3aronoBo4Hblie ¢painbl

Teneps mpencTaBuM cebe, YTO KOMITOHEHTHI ITPOrPaMMbI-KaJIbKYISATOPA
HMMEIOT CYIIIECTBEHHO OOJIbIINE pa3Mephl, U 3a1auMCs BOIIPOCOM, KaK B 3TOM
cllyJyae pacIpenesIuTh UX M0 HeCKOIbKUM aiiiaM. [TporpaMmmy main momec-
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TUM B aiis, KOTOPbIii MBI HA30BEM main. c; push, pop 1 MX mepeMeHHbIE PacIo-
JIOXXMM BO BTOpoM aiinie, stack. c; a getop - B TpeTbeM, getop. ¢. Hakonel,
getch nungetch pasmecTum B ueTBepTOM haiisie getch. C; Mbl OTAEIUIN UX
OT OCTaJIbHBIX (DYHKIIMH, ITOCKOJIBKY B peaJIbHOM IIpOorpaMMe OHU OYIYT IOy -
YeHBI U3 3apaHee CKOMITYIMPOBAHHOM OMOIMOTEKH.

Cy1iecTByeT ellle OAMH MOMEHT, 0 KOTOPOM CJIeAyeT MpeaylnpeauTh YUTa-
TeJlsA, - ONpPEeSICHUS U OOBSIBICHHUSI COBMECTHO MCITOJIB3YIOTCS HECKOJIBKIMM
daitmamMu. MbI OBl XOTENIM, HACKOJIBKO 3TO BO3MOXKHO, IIEHTPaIU30BaTh 3TH
OOBSIBIICHUS W OTIPEISIICHUS TaK, YTOOBI JUIST HUX CYIIIeCTBOBAJIa TOJILKO OTHA
koms1. Torma mporpaMmy B Ipoliecce €€ pa3BUTHS OyIeT JIerde v MCITPABIISITh,
W TIOIIEPKUBATh B HY>KHOM COCTOSIHUH. J1J15T 3TOT0 00IIyI0 MH(MOPMAIIMIO pac-
MOJIOXUM B 3a2010804HOM (haiine calc. h, KOTOPBI OyaeM Mo Mepe He0OXoau -
MOCTHM BKJII04aTh B Apyrue daiibl. (Crpoka #include omuchIBaeTCsl B Mapa-
rpade 4.1 1.) B pesynbrare moxydum mporpammy, (aiiioBast cTpyKTypa KOTO-
POl ITOKa3aHa HITKE:

calc.h:

#define NUMBER 'O’
void push(double);
double pop(void);
int getop(char[]);
int getch(void);
void ungetch(int);

main.c:

getop.c:

tinclude <stdio.h>
#include <stdlib.h>
ginclude "calc.h"

#idefine MAXOP 100

main() {

#include <stdio.h>
#include <stype.h>
«include "calc.h"
getop ()4

}

stack.c:

getch.c:

#include <stdio.h>

tdefine BUFSIZE 100
char buf [BUFSIZE];

int bufp = 0;

int getch(void) {

)

void ungetch(int) {

.} .

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

double val[MAXVALI;
void push(double) ¢

!
double pop(void) {

)
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Hewus0exxeH KOMITpoMucC MeXAY CTpeMJIEHUeM, UYTOObI KaxKabli ¢haiiy Biia-
JIe] TOJIbKO ToW MH(OpMaliueit, Kotopasi eMy HeoOxonuma Jijisi padoThl, U TeM,
4YTO Ha NMPAKTHUKE UMETH OEJIO0 C OOJIBIIIMM KOJIMYECTBOM 3aroJIOBOYHBIX (1)3]71—

. JIOB TOBOJILHO TpyaHO. 1711 TIporpaMM, He TPeBBIIIAIONIX HEKOTOPOTO Cpel-
HEro pasMepa, BepOsITHO, JyUllle BCero UMeTh OJIMH 3ar0JIOBOYHBIN (aii,
B KOTOPOM COOpaHbl BMECTE BCE OOBEKThI, KaXKIbIii U3 KOTOPBIX UCIIOIb3YETCs
B IBYX pa3iMyHbIX (ailnax; Tak Mbl 31eCb U MOCTynmuiau. s mporpamMmm
OOJIBIIMX Pa3MEPOB MOTpPeOyeTcsT Oojiee CIIOXHAS OpraHM3alusl C OOJBIINM
YHCJIOM 3aroJIOBOUYHBIX (haityioB.

4.6. Ctatnyeckue nepemMeHHblie

IMepemenHsble sp u val B (paiine stack. ¢, atakxke buf u bufp Bgetch. ¢ Haxo-
JATCSI B IMMHOM TOJIb30BaHUU (PYHKIIMIA 3TUX (DaAiIoB, U HET CMbICTA OTKPbI-
BaTh K HAUM JIOCTYN KOMY-JI100 elle. YKa3zaHue static, IpUMeHeHHOe K BHEIll-
Hell nmepeMeHHOU uau GyHKIUU, OTpaHUYKUBaET 00J1aCTh BUIMMOCTH COOTBET-
CTByIOIIETO 00BeKTa KOHIIOM (haitma. DTo crmocod CKpbITh MMeHa. Tak,
nepeMeHHbIe buf 1 bufp TOMKHBI OBITh BHEITHUMMU, TTOCKOJIBKY X COBMECTHO
UCITOJIB3YIOT hyHKIMM getch u ungetch, HO uX cieayeT caesiaTh HEBUAUMBIMU
11 "nonb3oBarenei” pyukumiigetchnungetch.

CraTuueckast naMsITh criel{uULIMPYETCS CJIOBOM static, KOTOpoe IToMella-
ercsl epes 0OObIYHBIM 00bsiBIeHHMeM. Eciu paccmarpuBaemble HAaMU aBe (hyH-
K1Y U IBE hepeMeHHble KOMITUJIMPYIOTCSI B OMHOM (baiijie, Kak B MOKa3aHHOM
HUXE IpuMepe:

static char buf{BUFSIZE]; /* Gydep ana ungetch */
static int bufp = 0; /* cneg. ceobopHas nosvumst B buf */

int getch(void) { ... }

void ungetch(int ¢c) { ... }

TO HUKAaKas apyrasi nmporpamMma He OyieT UMeTh OCTYN HU K buf, HU K bufp,
1 9TUMU UMEHaMU MOXHO CBOOOJHO TTOJIb30BaThCs B IPYTUX (haitaax ajisi COB-
ceM MHBIX 1eeid. TouHo Tak Xe, moMellasl yKa3aHue static mepen oObsIBie-
HUSIMU MIEPEMEHHBIX SP U val, ¢ KOTOpbIMU pabOTAIOT TOJBKO push u pop, Mbl
MOXEM CKPBITb UX OT OCTaJIbHBIX (DYHKIIUIA.

YkazaHue static yailie BCEro MCIOJb3yeTCs AJsl TePEMEHHBIX, HO C paB-
HBIM YCTIEXOM €70 MOKHO MPUMEHSITh U K QYHKIIUSIM. OOBIYHO UMeHa QYHK-
LM r100aIbHBI M BUAMMBI U3 1I0O0TO MecTa riporpaMMbl. Eciiu ke hyHKIIUS
roMeyveHa cJioBoM static, To ee MMsI CTAaHOBUTCS HEBUAMMBIM BHe (paiina,
B KOTOPOM OHa OTpe/ieJieHa.
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OOBsIBIICHHE Static MOXKHO MCITOJIB30BaTh U IJIsI BHYTPEHHUX IIEPEMEHHBIX.
Kaxk 1 aBToMaTHYecKre epeMeHHbIe, BHYTPEHHME CTaTUYeCKUEe TIepeMEHHBIC
JIOKAJbHBI B GOYHKIIUSIX, HO B OTJIMYKE OT aBTOMATUICCKUX OHU He BO3HUKAIOT
TOJIKO Ha Mepuo paboThl PYHKILIMU, a CYIIECTBYIOT MTOCTOSIHHO. DTO 3HAYUT,
YTO BHYTPEHHME CTATHUYECKIE TIEPEMEHHBIE 00eC 1eYrBaIOT ITOCTOSTHHOE COXpa-
HeHHUe TaHHBIX BHYTPU (DYHKITUH.
Vnpaxuenue 4.11. Moauduuupyiite dbyHKIIMIO getop Tak, YTOObI OTMajga
HeoOXomMMOCTh B GYHKIIMM ungetch. ITomckaska: UCIOIB3YITe BHYTPECHHIO
CTaTUICCKYIO MIEPEMEHHYIO.

4.7. PeructpoBbie NnepeMeHHble

OOmBsiBNICHUE register coobIIacT KOMIMISATOPY, YTO JaHHAs IepeMeHHas
OyIeT WMHTEHCHBHO WCIIONB30BaThes. Mmest COCTOUT B TOM, YTOOHI IepeMeH-
HBIe, OOBSIBICHHBIC register, pa3MeCTUTh Ha PETUCTPAX MAIIMHBI, Olaromaps
YeMy IIporpamMma, BO3MOXHO, CTaHET 0ojiee KOPOTKOM M OBICTpoil. OmHaKO
KOMITIJISITOP MMEEeT IIpaBo IIPOUTHOPHUPOBAThH 3TO YKa3aHMeE.

OObsIBNICHUE register BBITJISIAUT CIEAYIONIMM 00pa3oM:

register int x;
register char c;

u 1. 1. O0OBABICHHUE register MOXeT IPUMEHSIThCS TOJIBKO K aBTOMAaTHICCKIM
IepeMeHHBIM U K GOpMaabHBIM TapaMeTpaM (GYHKUIWHU. IS TOCIeTHIX 3TO
BBITJIAINAT TakK:

f(register unsigned m, register long n)

{

register int i

i

Ha mpakrtuke cyIiecTByIOT OTpaHHYEHMS Ha peTMCTPOBBIC TIepeMEHHEIE, UTO
CBSI3aHO C BO3MOXHOCTSIMU allllapaTyphl. PacmomaraTbcs B perucTpax MOXeT
JIVIITb HEOOJIBIIIOE YK CIIO TIePeMEHHBIX KaXI0M (YHKITNH, TTPUIEM TOJIBKO OIIpe-
NIeJICHHBIX TUITOB. M30BITOYHBIC OOBSBICHUS register HM Ha YTO HE BIMSIOT,
TaK KaK UTHOPUPYIOTCS B OTHOIIIEHUU ITePEMEHHBIX, KOTOPBIM HE XBaTHIIO pe-
THCTPOB WJIM KOTOPHBIC Hesb3si pa3MeCTUTh Ha peructpe. Kpome toro, mpume-
HUTEJIbHO K PETUCTPOBOI IIepeMEHHOM He3aBUCUMO OT TOTO, BBIIEICH Ha ca-
MOM JieJie TSI Hee pEeTHCTP YUIM HeT, He OIpeie/icHO MOHITUE aapeca (CM. IJia-
BY 5). KoHKpeTHbIe orpannyeHns Ha KOJIMYECTBO U TUIbI PETUCTPOBBIX Tepe-
MEHHBIX 3aBUCSIT OT MAIIIMHEI.
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4.8. Bno4Haqa CTpyKTypa

ITockonbky pyHkiuu B Cu HENb3sT ONPenessiTh BHYTPU APYTUX (PYHKIIUIA,
OH He SIBJISIETCS SI3bIKOM, HOTYCKAIOUIUM OJIOUHYIO CTPYKTYPY MPOTPaAMMBI
B TOM CMBbICJIe, KaK 3To nomyckaercs B [lackaine u momoOHBIX eMy sI3bIKaX.
Ho nepemeHHble BHYTpU (DYHKIIMIA MOXHO OTNpPENesITh B 0JJ0YHO-CTPYKTYpP-
Holi MaHepe. OOBSABICHUST TTEPEMEHHBIX (BMECTe ¢ MHULIMANIM3alreil) pa3-
pelIeHo ToMeIIaTh He TOJbKO B Havane yHKLIMHU, HO U TI0CTIE 10000l IeBOU
(GuUrypHOI1 CKOOKM, OTKpPBIBAIOIIEH COCTaBHYIO MHCTpYKUMIO. IlepeMeHHast,
ONMCcaHHas TAKUM CIOCOOOM, "3aTeHsieT" IepeMeHHBIe ¢ TeM Xe UMEHEM, pac-
TIOJIOKEHHbBIE B 00BEMJTIONIUX 0JI0KaX, M CYIIECTBYET BILJIOTh O COOTBETCTBY-
Io11Iei TIpaBoii hurypHoi ckooku. Hampumep, B

if (n>0) {

int i; /* omycauye HOBOV TepeMenHo# 1 */
for (1 =0; 1 <n; i++)

}

00J1aCThI0 BUIUMOCTHU TIEPEMEHHOM i SBJsIETCS] BETBb if, BBIMOIHSAEMAS TIpU
m>0; 1 3Ta IepeMeHHasgs HUKAKOTO OTHOIIEHUSI K JIIOOBIM i, pacIioI0KeHHBIM
BHE JIaHHOTO OJIOKa, He MMeeT. ABTOMaTUuYecKue TiepeMeHHbIe, OObSIBIICHHBIE
Y MHULAAIU3UpyeMble B OJI0OKe, MHUIIUATU3UPYIOTCS KaxX bl pa3 Mpy BXOIe
B 0J0K. IlepeMeHHbIE Static MHULIMATM3UPYIOTCS TOJBKO OAMH pa3 MpH mep-
BOM BXOji¢ B OJIOK.

ABTOMaTHYeCKHUe IepeMeHHbIe ¥ (hOpMaJIbHbIC TTapaMeTPhl TAKXKe "3aTeHs-
10T" BHEITHUE MTepeMeHHbIe ¥ (DYHKIIMU C TeMU Xe UMeHaMu. Hampumep, B

int x;
int y;

f(double x)

{
double ;

}

X BHYTpH (pyHK1mMu f paccMarpuBaeTcs Kak nmapamerp Tuna double, B To Bpe-
M1 KaK BHe f3T0 BHeIIHsIsSI iepeMeHHas Tuna int. To ke caMoe MOXHO CKa3aTb
1 0 IEPEMEHHOM Y.

C TOUKHM 3peHUst CTUJISI IPOrPaMMUPOBAHUS, JyUllle He MOJIb30BaThCS Ofl-
HUMU U TEMU Xe UMEHaMU JIJIs1 pa3HbIX TIePeMEHHBIX, MOCKOIbKY CIUIIKOM
BeJIMKa BOBMOXHOCTb ITyTAaHUIIBI U TTOSIBJICHU S OIIMOOK.
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4.9. UHmumannsaumsa

M1 y2ke MHOTO pa3 yHOMUHAIN 00 MHUITMAIU3a1UH1, HO BCeTIa JIUIIb I10 CIIy-
4alo, B XoAe o0CyXIeHMs IpyTrux BorpocoB. B atom naparpade MBI cyMMupyem
Bce TIpaBuJja, ONpeaesone MHUIUATIU3AWI0 TaMTH Pa3IMnIHbIX KJIaCCOB.

ITpu OTCYTCTBUY IBHO MHUIIMATM3ALINH 71T BHEITHUX U CTATUYECKUX Te-
PEMEHHBIX TapaHTHpYyeTCsl WX OOHYJIeHHE, aBTOMAaTUYeCKHE UM PErHCTPOBBIE
rnepeMeHHbIe UMEIOT HeoIlpeleieHHble HadalbHble 3HaueHus ("mycop').

CkassipHbIe TIepeMEeHHbIE MOXXHO MHULIMATU3MPOBATh B UX OTNIPENCICHUSX,
ToMeIias mocjie UMEeHU 3HaK = U COOTBETCTBYIOIIEE BhIpaKeHUE:

int x = 1;
char squote = "\'";
long day = 1000L * 60L * 60L * 24L; /* meHb B MuanucekyHgax */

JI1st BHEITHUX Y CTAaTUYIECKMX ITePEMEHHBIX MHULIMAIM3UPYIOIINE BhIpaKEHUS
TIOJIKHBI OBITh KOHCTAHTHBIMM, TIPA 3TOM UHULIMATU3ALMS OCYIIeCTBISeTCS
TOJIKO OIWH pa3 0 Havaja BBIMOJHEHUs MporpaMMbl. MHUIIMAIM3ans aB-
TOMAaTUYECKUX U PETUCTPOBBIX MEPEMEHHBIX BBITIOTHIETCS KaXIbIii pa3 Tpu
BxoIe B PYHKIIMIO WK 010K. JJIsT TaK1X HepeMEeHHBIX MHUILINAIU3UPYIOIIee
BBIpaXKEHME - HEe 0053aTEIbHO KOHCTAHTHOE. DTO MOXKET OBITh JIF000E BhIpa-
JKeHMe, UCTIONb3YIoIlee paHee OoIpene/icHHbIe 3HaYeH sI, BKIIIoYas JaXxe U BbI-
30BbI QyHKUUI. HampuMmep, B mporpaMMe OMHapHOTro MOMCKa, OMMUCAaHHOM’
B maparpade 3.3, MTHUIIMAJIN3al1I0 MOXHO 3aIlicaTh TaK:

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

{

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

a HC Tak:

int low, high, mid;

low = 0;
high=n-1;

B cymiHoOCTH, MHUIIMATU3AIIM aBTOMAaTUIECKOM ITEPEMEHHOI - 3TO 6oJiee KO-
pOTKas 3amvch MHCTPYKIIMU TIpUcBavBaHus. Kakas 3amvch MpearnoyTuTeb-
Hee - B OOJIBILION CTENeH! g0 BKyca. JIo CuX TTop MbI MOJb30BAIUCH TJIaBHBIM
00pa3oM sIBHBIMU ITPUCBAaUBAHUSAMU, TOCKOJIbKY MHULIMATIU3AIIUS B OObsIBIIC-
HUSXMeHee 3aMeTHa 1 JajIbllle OTCTOUT OT MeCTa UCITOJIb30BaHUsI IEPEeMEHHOM.
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MaccuB MOXHO MHUIIMATU3UPOBATh B €r0 OINPEeACICHUH ¢ TTOMOIIBIO 3a-
KJIIOUEHHOTO B (pUTYpHBIE CKOOKH CITMCKAa MHUIIMAIN3aTOPOB, pa3aeIeHHBIX
3angaTeiMu. HampuMep, 4ToObI MHULIMAIU3UPOBATh MaccuB days, JIEMEHTHI KO-
TOPOTO CYTh KOJWYECTBA THEM B KaXXIOM MecCsIie, MOXHO HaIliCaTh:

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

Ecmu pasmep MaccrBa He yKasaH, TO JIJIMHY MacCUBa KOMITUJISITOP BBIYUCTISIET TTO
YUCITy 3aJJaHHBIX MHUIIMAIM3aTOPOB; B HAIIEeM CJTydae MX KOJIMYECTBO paBHO 12.

Ecnu konnyecTBO MHUIIMAIM3aTOPOB MEHBIIIE YMCIa, YKa3aHHOTO B OIpe-
NeJIeHUU IJIMHBI MACCUBA, TO IJIsl BHEITHUX, CTATUYECKUX U aBTOMAaTUYECKUX
MepeMEHHBIX OCTaBIIMECST 3JIEMEHTBI OYAyT HYJIeBBIMU. 3agaHHWe CIUIIKOM
OOJIBIIIOrO YKMCJIa MHULIMAIM3aTOPOB CUYUTAETCS OIINOKOM. B A3BIKe HeT BO3-
MOXHOCTH HM 3a/1aBaTh MOBTOPEHUSI MHULIMATIU3AaTOpa, HU UHUI[UATN30BaTh
cpenHue 3JIeMEHThl MaccHuBa 0e3 3aaHMsT BCEX MPEAIIeCTBYIOIINX 3HAYSHUIA.

WMHuLman3amms CMMBOJIbHBIX MACCUBOB - OCOOBIN CITydaii: BMECTO KOHCT-
PYKIMHU ¢ GUTYPHBIMU CKOOKAMU 1 3aIISITBIMUA MOXHO UCITOJIb30BaTh CTPOKY
cuMBOJIOB. Hampumep, Bo3MokKHaA Takasl 3aIlkCh:

char pattern[] = "ould"”;
MIpeacTaBisIionas codoi 6ojiee KOPOTKUI 3KBUBAJICHT 3aIlCHU
char pattern[] = {’0’, V, '1', 'd", '\0'};

B manHoM ciyyae pa3mep MaccuBa paBeH MHSITH (YeThbIpe OOBIYHBIX CUMBOJIA
u 3aBepainuii cumBo ' \0").

4.10. Pekypcus

B Cu nomnyckaeTcsi peKypcUBHOE obpailieHue K QyHKIUAM, T. €. hyHKIus
MOXKeT oOpalaThCs cama K cebe, mpsiIMO MJIM KOCBeHHO. PaccmoTpum meyaTth
qucia B BUIE CTPOKM CMMBOJIOB. Kak Mbl ymioMuHanu paHee, G pbl TeHepH-
PYIOTCSI B OOpaTHOM TIOpSIIKE - MJIAAIIKME LU(MPHI MOJYyJaloTCs paHblIe cTap-
IINX, a MeYaTaTbCsl OHU MOJIKHBI B MPABWJIBHOM IOCHIENOBATEIbHOCTH.

IIpobaemy MOKXHO peminuTh AByMsI ciocobamu. [lepBEIil - 3aOMHUTH LIM(D-
pPBbI B HEKOTOPOM MAacCHBE B TOM IOPSIIKE, KaK OHU TOJyJaJIUCh, a 3aTeM Harle-
yaraTh UX B OOpaTHOM IIOpsIKe; TaK 3TO M OBLIO clejlaHO B (DYHKILIMHM itoa,
paccMoTpeHHO B maparpade 3.6. Bropoit criocod - BOCIIOIB30BaThC PEKYP-
cuei, Ipu KOTopoii printd cHavaaa BEI3BIBAeT Ce0s1, YTOOBI HarleyaTaTh BCe CTap-
mue uudprl, ¥ 3aTeM nevaTaeT IIOC/Ie THIO MIAIIIYI0 HUdpy. DTa IIporpam-
Ma, KaK ¥ MPeIbIIYILINii ee BApUAHT, TP UCITOJIb30BAHUU CAMOTO OOJIBIIIOTO
1O MOJIYJTI0 OTPULIATEILHOTO YK cJia paboTaeT HeTIpaBUIbHO.
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#include <stdio.h> ~

/* printd: pevyataeT m Kak uUenoe OECATUYHOE ymcno */
void printd(int n)
{
if (n < 0) {
putchar('=");
n = -n;
}
if (n/ 10)
printd(n / 10);
putchar(n % 10 + '0" );

}

Kornma pyHKI1IMS peKypCMBHO oOpalllaeTcs caMa K cede, KaxK10e ciaeayloliee
oOpallleHre COITPOBOXIAeTCs ITOJTyYeHUEM €0 HOBOI'O ITOJTHOTO Habopa aB-
TOMAaTUYECKHUX MEePEMEHHBIX, HE3aBUCUMBIX OT IPEeAbIIyIINX HabopoB. Tax,
B oOpameHuu printd(123) npu nepBoM BbI30BE apryMeHT n = 123, 1pu BTO-
poM — printd moay4aeT aprymeHT 12, Mpu TpeTheM BbI30Be - 3HaUeHUe 1. DyHK-
us p rintd Ha TpeThbeM YPOBHE BbI30Ba IeyaTaeT 1 ¥ BO3BpalaeTcsl Ha BTOPO
YPOBEHB, MOCJIEC YeTo IrevaTtaeT Hudpy 2 1 BO3BpalllaeTcsl Ha IepBbIA YPOBEHb.
3nech OHa mevyaTaeT 3 ¥ 3aKaHYMBaeT paboTy.

Crenyommii XOpoIii npuMep PEKypPCHUU - 3TO ObICTpasi COPTUPOBKA, TIpe-
noxeHHas Y. A. P. Xoapom B 1962 r. [Is1s1 3a0aHHOrO MaccuBa BLIOMpaeTca OOUH
2JIEMEHT, KOTOPHI pa30nBaeT OCTaJIbHBIC 3JIeMEHTHI Ha JIBa ITOJIMHOXECTBA -
Te, YTO MEHBIIIE, M Te, YTO HE MEHBIIE HeTo. 1a e Ipolenypa peKypCcUBHO IPH-
MeHSIeTCS U K IBYM MOJIydeHHBIM OAMHOXecTBaM. Ec/ii B TOMMHOXeCTBE Me-
Hee IBYX 2JIEMEHTOB, TO COPTUPOBATH HEUETO, U PEKyPCUs 3aBepIIaeTC.

Haima Bepcust 6b1CTpOii COPTUPOBKM, pa3yMeeTcsl, He caMmasi ObICTpast Cpenn
BCEX BO3MOXHBIX, HO 3aTO OJHA M3 CaMbIX MPOCTHIX. B KadyecTBe messImero
3JIeMEHTa MBI MICTIOJIb3YyeM CepPEeIMHHBIN DJIEMEHT.

/* qsort: coptupyet v[left]...v[right] no BospacraHuio */
void gsort(int v[], int left, int right)
{

int i, last;

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

if (left >= right) /* HUYETrO He [enaeTcsd, ecmy */
return; /* B MaCCuBe MeHee JIBYX JIIEMEHTOB */

swap(v, left, (left + right)/2); /* menaumit 3ieMeHT */

last = left; /* mepenocurcs B v[0] */

for(i = left+1; 1 <= right; itt) /* pmememme Ha dacTu */
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if (v[i] < v[left])
swap(v, ++last, i);
swap(v, left, last); /* nepesanomuHaem aensiimii anemeHT */
gsort(v, left, last-1);
gsort(v, last+1, right);
}

B Hamret mporpaMmme orepariysi iepecTaHOBKY ohopMIIeHa B BUIE OTAEIbHOMN
GyHKIIUM (SWap), TOCKOJIbKY BCTpevaeTCs B 4SOt TPUKIBI.

/* swap: nomeHatb mectamu V[i] u V[j] */
void swap(int v[], int i, int j)

{
int temp;

v[i];

vliil;
temp;

temp
vli]
v[il

}

CraHpmapTHas 6ubaroTeka uMeeT GYHKIIUIO SOTt, TTO3BOJISIONIYI0O COPTUPO-
BaTh OOBEKTHI JIIOOOTO THTIA.

PexypcuBHas mporpamMma He o6ecTrieunBacT H 9KOHOMUM MTaMSITH, TIOCKOJTb-
Ky TpebyeTcsl TAe-TO MOAACPXKUBATh CTEK 3HAYCHU I, TTOIIeKaIlInX 00paboTKe,
HU OBICTPOACMCTBUS; HO IO CPaBHEHWIO CO CBOMM HEPEKYPCHBHBIM 3KBUBa-
JICHTOM OHa 9acTO KOpOYe, a YaCTO HAMHOTO JIeTde ISl HalTMcaHusl ¥ IIOHUMa-
Hus. Takoro poga mporpaMMbl 0COOEHHO YIOOHEI IJISI 00pabOTKM PEKYPCHUBHO
OTpeNeIIeMbIX CTPYKTYP HJaHHBIX BPOIE IEPEBLEB; C XOPOIIUM TTPUMEPOM
Ha 3Ty TeMy BbI IT0O3HaKOMUTECH B Ttaparpacde 6.5.

Vnpaxuenune 4.12. [IpumenuTe naen, KOTOpbIe MbI ICITOJIB30BaIX B p rintd, mist
HaIMCaHUS PeKypCUBHOM Bepcru (hyHKIIMH itoa; MHAaUYe TOBOPS], TIpeobpasyiire
11eJ10€ YU CJIO B CTPOKY TGP C TOMOIIBIO PeKYPCUBHOM TTPOTPAMMBI.

Vopaxaenue 4.13. Hanuimmre peKypcuUBHYIO Bepcuio GyHKIUU reverse(s),
TePeCTaBIISIONIYIO JIEMEHTBI CTPOKH B TY K€ CTPOKY B 0OpPaTHOM TTOPSIIKE.

4.11. Mpenpoueccop a3blka Cu
"

HexkoTopbie BO3MOXHOCTH s13biKa Cu 00eCIieunBalOTCsI PEMPOLIECCOPOM,
KOTOpBI paboTaeT Ha MepBoM Iare Komnuisiuu. HauGosee yacTo MCIoOb-
3YI0TCSI IBE BO3MOXHOCTU: #include, BCTaBagIOIIas COAEPXKUMOE HEKOTOPOIO
daiina Bo BpeMst Kommmusguuu, ntfdefine, 3aMmeHsI0111as1 OMHY TEKCTOBEIE IT0-
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cJe0BaTeIbHOCTY Ha Ipyrue. B aToM nmaparpade o6cyxnaTcs yCIoBHAsA KOM-
MTUJISIIAST K MAaKPOITOJCTAHOBKA C apTyMEHTaMH.

4.11.1. BxnioyeHue ¢paina

CpenctBo #include MO3BOJSIET, B YACTHOCTH, JIETKO MAaHUITYJIMPOBATh Ha-
6opamu «define u oObaBIcHMI. JIT00asT cTpoka Buaa

#include ‘"uma-gaiina”
I
#include <ums-gaina>

3aMEHSIETCS COINEePKUMBIM (haiiyia ¢ UMeHeM ums-gaiira. Ecmm ums-gaiina 3a-
KJTIOYCHO B IBOMHBIC KaBBIYKH, TO, KaK IIPaBUIIO, (haiil UIIeTCs Cpean UCXOM-
HBIX (DaiIOB MpOrpaMMBI; €ClIM TAKOBOTO HE OKa3aJloCh WU uMs-ghaiira 3a-
KJTIOYEHO B YTJIOBBIE CKOOKHM < M >, TO TIOMCK OCYIIECTBIISIECTCS 10 OIIpeaeIeH-
HBIM B peaJIM3alluy MpaBujaM. Brirrouaemsbrii ¢aitr cam MOXKET comepKaTh
B cebe cTpokM #include.

YacTto ncxomHble (aitibl HAUMHAIOTCS ¢ HECKOJILKUX CTPOK «include, cchI-
JIAFOIIMXCS Ha 00IIMe MHCTPYKIMH #definen oOBbsIBICHUS extern Uian IMpoTo-
TUTIBI HY>XHBIX OMOTMOTEYHBIX (YHKIIMU M3 3arojIOBOYHBIX (hailioB Bpoje
<stdio. h>. (Ctporo roBops, 3T BKIIIOYEHUS He 00sI13aTeIbHO SIBISIOTCS (aii-
JIaMU; TEXHUYECKUE JETATU TOTO, KaK OCYILECTBISIETCS JOCTYIT K 3arOJIOBKaM,
3aBUCST OT KOHKPETHOM peaau3alui.)

CpenctBo #include - XopomImii crmocod codpaTb BMeCTe 0ObSIBICHUS 00JTb-
1ot mporpaMmbl. OH TapaHTHPYET, 9TO BCE MCXOTHBIE (haiiTbl OyIyT MOJIb30-
BaTbCs OMHUMU U TEMU XK€ ONMPENETEHUSIMA U OOBSIBICHUSIMU MEPEMEHHBIX,
Oaromapsi yeMmy IpeaoTBpalllaloTcsl 0COOEHHO HelpUsATHbIe omnoku. Ecre-
CTBEHHO, TIpY BHECEHWU M3MEHEHUI BO BKJIIOYAaeMBbIi (pailyl Bce 3aBUCUMBIC
OT Hero GaiiiIbl JOJIKHBI TIEPEKOMITUITNPOBATHCS.

4.11.2. MakponoacraHoBKa
OHpeI[C.HCHI/IC MaKpoInnoaCTaHOBKUN MMECT BU:

#define uma 3amewarowsuii-mexcm

MakpornoacTaHOBKa UCTIONb3YETCS IJIST TPOCTEHIIe 3aMEeHBI: BO BCEX MECTax,
[Je BCTpeYaeTcs JIeKCceMa UMs, BMECTO Hee OyIeT IOMELICH 3aMeu,ausuli-
mexcm. IMeHa B #define3amaroTcs 1Mo TeM Xe IIpaBujIaM, 9TO M1 UMeHa OObIY-
HBIX TIEPEMEHHBIX. 3aMeIIaIoINii TEKCT MOXKET OBITh IMPOU3BOJIBLHBIM. OOBIY-
HO 3aMEIaoNINii TEKCT 3aBEepIIacT CTPOKY, B KOTOPOM PacloIOXKeHO CIOBO
#tdefine, HO B IIMHHBIX ONPEACICHMUSIX €T0O MOXHO IMMPOXOJIKUTH Ha CIIemy-
JOIIIMX CTPOKaX, ITOCTaBUB B KOHIIE KaXXKI0H ITPOI0Kae MO CTPOKM 00 paTHYIO
HAKJIOHHYIO 4epTy \. O61acTh BUAUMOCTU UMEHHU, OTIPeieIeHHOrO B fdefine,
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MPOCTUPAETCS] OT NaHHOIO ompejaeseHus N0 KoHLla daiia. B onpeneneHuun
MaKpOIOJICTaHOBKM MOTYyT durypuposath Oosnee paHHue #define-onpenene-
Hus. [ToacTaHOBKA OCYILECTBIISIETCS TOJBKO ISl TEX MMEH, KOTOPbIE PACTIONO-
JKeHbI BHE TEKCTOB, 3aKJIIOUEHHbIX B KaBbluKU. Hanpumep, eciii YES onpezerne-
HO ¢ moMol1blo #define, To HUKaKoi moacTaHoBKy B printf(”YES") uau B YESMAN
BBITIOJIHEHO He OyIerT.

JIro60€ MMSI MOKHO OTpPENeIUTh C TIPOU3BOJbHBIM 3aMEIAIOIIUM TEKCTOM.
Hanpuwmep,

tfdefine forever for(;;) /* BEeCcKOHEeYHbIA upkn */

onpezessieT HoBoe CIoBo fOrever miss 6eCKOHEYHOro IMKIIA.

MakpoIoACTaHOBKY MOXHO OIPEIeIUTh C apryMeHTaMU, BCJIEICTBUE Yero
3aMeIIaoIINil TeKCT OyIeT BapbUpPOBAaThCS B 3aBUCHMOCTH OT 3alaBaeMbIX
mapamMeTpoB. Harmpumep, onpeneanM max CIeAYIOIIUM 00pa3oM:

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

XoTs o0OpallleHUsI K maX BhIVISIAST KaK OObIYHbIE OOpallleHUs K GYHKIIMU, OHU
OyAyT BBI3BIBATh TOJIBKO TEKCTOBYIO 3aMeHy. Kaxnblii (hopManbHBIi TapamMeTp
(B maHHOM ciiyyae A 1 B) Oynmet 3aMeHSITbCSI COOTBETCTBYIOLIMM €MY apryMeH-
ToM. Tak, cTpoka

X = max(ptq, rts);
OyleT 3aMeHeHa Ha CTPOKY
X = ((p+q) > (rts) ? (p+q) : (r+s));

TTockoyibKy apryMeHThl JOTyCKaloT 000 BUI 3aMeHbl, YKa3aHHOE OIlpe-
JeJIeHre max MOIXOMUT JIJISl TaHHBIX JIIDOOTO TUMA, TaK YTO HE HYXHO MUCaTh
pa3Hble max i JaHHBIX Pa3HbIX TUIOB, KaK 3TO ObLJIO ObI B clyyae 3aJaHusl
C TOMOUIbIO (PYHKIIWIA. '

Eciv BbI BHUMATEJILHO MPOaHATU3UpPyeTe paboTy max, TO OOHApYKUTE He-
KOTOpHBIE TOABOAHBIE KAMHU. BbIpaskeHUsI BBIUUCIISIOTCS IBaXIbl, U €CJIM OHU
BBI3BIBAIOT MOOOYHBIN 3 deKT (13-3a MHKPEMEHTHBIX onepanuii win GyHK-
1111 BBOJIa-BbIBO/A), 3TO MOXET MPUBECTHU K HEXeJIaTeIbHbIM MOCIEICTBUSIM.
Hanpuwmep,

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

BBI3OBET yBEJIMUEHME i U j ABaXKIbl. KpoMe Toro, ciaeayer mo3adoTUThCS O CKOO-
Kax, 4ToObl 00ecneYnuTh HYyKHbIN MOPSA0K BbIYUCIEHUHN. 3anyMaiTech, 4TO
CJIYYUTCSI, €CJIU TIPU OTpeneSIeHUU

*

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

BbI3BaTh square(z+1).
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Tem He MeHee MakKpOCpeACTBAa UMEIOT CBOM JOCTOMHCTBA. [IpakTuueckum
IIPUMEPOM UX UCTIOJIb30BaHUS SIBJISIETCS YACTOE IIpUMEHEeHUe getchar u putchar
u3 ¢stdio. h>, peaan30BaHHBIX C TOMOIIIbIO MAKPOCOB, YTOOBI N30€XKaTh pacxo-
OB BpeMEHU OT BbI30Ba (hyYHKIIMU Ha KaXAblii oOpadaThiBaeMblii CUMBOJI.
Dyukunu B <ctype. h> 06bIYHO TaKXKE PeaiM3yIOTCs C TMTOMOIIbIO MaKPOCOB.

JHetictBuettdefine MoxxHO OTMEHUTH ¢ Tomolibio flundef:

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

Kaxk npaBuio, 3To aeaercs, YToObl 3aMEHUTh MaKpOOIIpeieieHUe HaCcTOsI1LIe
GbYHKIIEH C TeM K& UMEHEM.

MmMena (popMaibHBIX TapaMeTPOB He 3aMEHSIIOTCS, €CJIM BCTPeUYaroTcs B 3a-
KJIIOUEHHBIX B KaBbIYKM cTpokax. OHaKo, eCJIM B 3aMelaloleM TEKCTe Mepe
(dopMaIbHBIM TTapaMeTPOM CTOMT 3HaK #, TOT ImapaMeTp OyneT 3aMeHeH Ha
apryMEeHT, 3aKJII0YEeHHBIN B KABBIYKU. DTO MOXET COUETaThCsI C KOHKaTeHall1-
et (CkJIenBaHUEM) CTPOK, HAaIIpUMep, YTOOBI CO31aTh MAaKPOC OTJIaA0YHOTO BbI-
BOJIA:

#undef dprint(expr) printf(#expr ” = %g\n", expr)
OGpaLueHue K
dprint(x/y);
pa3BepHeTCs B
printf("x/y" " = %g\n", x/y);
a B pe3yJibTaTe KOHKAaTeHAL! IBYX COCEIHUX CTPOK MOJIYYUM
printf("x/y = %g\n", X/Y); '

BHyTpy ¢aKkTUYECKOro apryMeHTa KaXablii 3Hak " 3aMeHseTcd Ha \”, a Kax-
nast \ Ha \\, TaKk 4TO pe3yJbTaT MOACTAHOBKHU MPUBOIUT K MPaBUJILHON CUM-
BOJIbHOW KOHCTAHTE.

Omnepatop #i TO3BOJISIET B MAKpOPaCIIUPEHUSIX KOHKAaTEHUPOBATh aprymeH—
Thl. Eciu B 3aMelialoneM TeKcTe rapaMeTp COCEACTBYET C ##, TO OH 3aMeHsIeT-
Cs1 COOTBETCTBYIOIIIMM €My apTyMEHTOM, a ollepaTop ## 1 okpyxKalollue ero
CUMBOJIBI-pa3aeauTenn BeiopaceiBalorcsa. Hanpumep, B MakpooripeaeaeHuu
paste KOHKaTeHUPYIOTCS 1Ba apTyMeHTa

#tdefine paste(front, back) front Sit back

Tak 4to paste(name, 1) creHepupyer ums namel.
ITpaBuiia BJ1OXXeHHBIX MCIIOJIb30BaHU M oniepaTopa ## He onpeae/ICHbI; APY-
rvue MoapoOHOCTH, OTHOCSIIUECS K #4#, MOXXKHO HATH B MPUJIOXKEHUU A.
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Vnpaxuenue 4.14. Onpenenure swap(t,x,y) B BUIE Makpoca, KOTODbIi
OCYILIECTBJISIET OOMEH 3HAYEHUSMU YKa3aHHOTO TUIIA T MEXY apryMEHTaMU
x ny. (ITpumeHuTe 6J10YHYIO CTPYKTYPY.)

4.11.3. YcnoBHass KOMNUAALUMUSA

CaMuM X0IOM MPenpoLeCcCCUPOBAHUS MOXHO YIPABJISIThH C TOMOIIIbIO YCJIOB-
HBIX MHCTPYKIMii. OHU TpencTaBisiOT COOOW CPEeACTBO IJis BHIOOPOYHOTO
BKJ/IIOYCHU A TOTO MW MHOI'O TCKCTA IIporpaMmMbl B 3aBUCUMOCTHU OT 3HAYCHUA
yCI0B#iA, BBIYUCIAEMOI'0 BO BpEMA KOMITUJIAL U,

BbruuciisieTcs KOHCTaHTHOE 1IeJI0€ BhIpaXkeHue, 3aaHHOe B CTpoke #1f. D10
Bpra)KeHI/lé He JOJKHO colepXaTh HU OJHOrO olepaTopa sizeof wiu npuBe-
JICHUsI K TUITY U HU OJHOI enum-KOHCTaHTEL. Eciv OHO MMeeT HeHyJIeBOe 3Ha-
YeHUeE, TO OYIYT BKIKOYEHBI BCE MOCIIEAYIOLINE CTPOKHU BIUIOTH 10 #endif, uiu
telif, unu #else. (MHCcTpyKI1IMs nmpenpolieccopa «elif moxoxa Ha else if.)
Bripaxkenue defined(uma) B «if ectb 1, ecinu ums O6bL10 onpeneneHo, u O
B IIPOTMBHOM CJTy4ae.

Hanpumep, 4ToObI 3acTpaxoBaThCsi OT MOBTOPHOTO BKJIIOUEHUS 3ar0JIOBOY-
Horo (aiina hdr. h, ero MOXXHO 0(OPMUTD CAEAYIOLIUM 00Pa30M:

«f 'defined(HDR)
#defineHDR

/* 3pecb copepxumoe hdr.h */

«endif

[1pu nepBoM BkiIt0ueHUH haiina hdr.h Oynet onpeneneHo ums HDR, a mpu mo-
CJIeNYIOIIMX BKIIOUEHUSX ITpenpolieccop 00HapyxuT, yTo uMs H D R yxe onpe-
JeJeHO, W MIEPECKOUMT cpasy Ha f#iendif. DTOT mpremM MoXeT oKa3aThCs MoJie3-
HBIM, KOTJa HY>KHO 1M30eXaTh MHOTOKPATHOIO BKJIIOYEHMUS OMTHOTO U TOTO Xe
daitna. Eciu uM Mmojib30BaThcsl CUCTEMATUUYECKU, TO B PE3YabTaTe KaxKIblid
3aroJIOBOYHBI (haiis OyneT cam BKJII0YaTh 3ar0JJOBOUHbBIE (haliyibl, OT KOTOPbHIX
OH 3aBUCHUT, OCBOOOJUB OT 3TOTO 3aHATUS MOJb30BATES.

Bot npumep 1enouku nposepok umeHu SYSTEM, mosBousitoleit BoIOpaTh
HY>KHBII (haiis 1151 BKJTIOYEHUS

#if SYSTEM == SYSV
#define HDR "sysv.h"
#elif SYSTEM == BSD
«define HDR "bsd.h”
#elif SYSTEM == MSDOS
ttdefine HDR "msdos.h”
«else
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#defineHDR "default.h”
#endif
#includeHDR

Wncrpykuuu flifdefu #ifndef cetinanbHo npeaHa3zHauYeHBI 1S IPOBEPKU
TOTO, OIpeAe/IeHO UM HET 3ajaHHOe B HUX ums. M cienoBaTenbHO, MepBbIit
npuMep, NPUBEACHHBIN BbILIE 11 MJUTIOCTpalMu #1f, MOKHO 3anucaTh U B Ta-
KOM BUIIE:

ffifndef ~ HDR
#defineHDR

/* 3pecb copepxumoe hdr.h */

tfendif
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Yka3aTtenv un MacCuBblI

Ykaszarenb - 3TO MepeMeHHasl, CoepXalliasl aapec rnepeMeHHoM. YKasaTe-
JIM IHUPOKO NMPUMECHSAIOTCA B Cl/l - OT4YaCTHU MMOTOMY, UTO B HCKOTOPBIX ClIydyasiX
0€3 HUX ITPOCTO He OOOUTHCH, 2 OTYACTU TTOTOMY, UTO MPOTPaMMbl C HUMU OObIY-
HO Kopoye U 3pdexTrBHee. YKa3aTeau U MacCUBBI TECHO CBSI3aHBI IPYT C ApYy-
roM; B JAaHHOU I[J1aB€ Mbl PACCMOTPUM 3TY 3aBUCUMOCTb U MOKaXeM, KakK €l
MOJIb30BaThCH.

Hapsiny ¢ goto yka3zateau Koraa-To ObLIA OOBSBIEHBI JTYUYIIUM CPEeICTBOM
IJISl HalMCaHWsI MaJIOTMIOHSTHBIX TpoTpaMM. Tak OHO U €CTh, €CJIM MU MOJIb30-
BaTbcsl O6e3ayMHO. Benb o4eHb JIerKo TMOJIydUTh YKa3aTesb, yKa3blBalOIIN T
Ha YTO-HUOYIb COBCEM HexXesaTejabHoe. [1pu cobtoaeHnu ke onpeaeieHHOM
JUCIHUITIJINHBI C TIOMOILIBIO yKa3aTene171 MO2KHO JOCTHNYb AICHOCTU U IPOCTOTHI.
Mp1 nonbiTaeMcs yoenuTh Bac B 3TOM.

N3meHeHus, BHeceHHbIe cTaHaapToM ANSI, cBsI3aHBI B OCHOBHOM C (pop-
MYJIMpOBAaHUEM TOUYHBIX MPAaBUJI, Kak paboTaTh ¢ yKazareasiMu. CtaHaapT y3a-
KOHWUJI HAKOIUIEHHBIN MOJOXUTEIbHBIN OMNBIT nporpaMMuUCTOB M YaAa4YHBIC HO-
BOBBEJIEHUS pa3paboTUMKOB KOMIUJIsITOpoB. KpoMme Toro, B3ameH char B Ka-
yecTBe TUIA OOOOIIEHHOrO yKaszaTejsl mpeajaraercss T void* (ykaszarelsb
Havoid).

5.1. YkasaTtenu v agpeca

HauHeM c TOro, 4To pacCMOTPUM YIPOLIEHHYIO CXeMY OPraHu3aliyiv nams-
TU. [TaMAaTh TUMMMYHOU MalIMHBI IPEICTABISIET COO0I MAaCCUB MTOCEA0BATETLHO
MPOHYMEPOBAaHHBIX WJIM NIPOA/IPECOBAHHBIX siYeeK, C KOTOPbIMU MOXHO pabo-
TaTh [10 OTAEJIbHOCTH WU CBSI3HBIMU KycKaMU. [IpyMeHUTEIbHO K 110001 Ma-
IIMHE BEPHBI CIEAYIONre YTBePXKICHUS: ONUH OalT MOXET XpaHUTh 3HAUEHUE
Tuma char, nByx6aiiToBbIe sSTY€IKU MOTYT pacCMaTPUBATHCS KakK 1IeJ0e TUla
short, a yeThipex0aliTOBBIE - KaK 1eJible TUMa long. Yka3artesb - 3To rpymnima
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syeeK (Kak IpaBujIo, ABE WX YETHIPE), B KOTOPBIX MOXET XPaHUTHLCS ajpec.
Tak, ecau ¢ umeer tun char, a p — ykasaTellb Ha C, TO CUTyalysl BHITJISIUT
cleAyoImuM o6pa3oMm:

p:

'||| 1 Il

YHapHBbIii oniepaTop & BbIAAET aapec 00BEKTa, TAK UTO MHCTPYKILIUS

p = &c;

MpUCBaUBaeT MEPEMEHHOM p ampec siYeiiku ¢ (TOBOPSIT, YTO p YKa3bIBaeT Ha C).
Omneparop & NpUMEHSIETCS TOJIBKO K 00bEKTaM, pPacIlOJIOXKEHHBIM B ITaMSITU:
K TIepeMEHHBIM M 3JIeMEHTaM MacCuBOB. Ero omepaHmoM He MOXET ObITh HU
BBIpaXXEHUE, HU KOHCTAaHTa, HU PETMCTPOBAast IIepeMeHHasl.

YHapHBbIil onepatop * ecTb onepaTop koceenHozo docmyna. [IpuMeHeHHbII
K yKazaTeJl0 OH BbIIaeT OOBEKT, Ha KOTOPBIN JaHHBIN yKa3aTelb YKa3bIBaeT.
[Tpeamnonoxum, 4To X Uy MMEIOT TUIIT int, a ip - ykazaTenb Ha int. Cienyoiiue
HECKOJILKO CTPOK IPUAYMaHBbI CIIeLIMAIbHO JISI TOTO, YTOOBI M0Ka3aTh, KAKUM
00pa3oM OOBSIBJISIIOTCS yKa3aTeJIM M KaK UCITOJIb3YITCs OMepaTopbl & U *.

int x =1, y=2, z[10];

int *ip; /* ip - ykasatenb Ha int */

ip = &x; /* Tenmepb ip ykasbiBaeT Ha X */

y = *ip; /* y Tenepb paBeH 1 */

*ip = 0; /¥ x Tenepb paeeH 0 */

ip = &z[0]; /* ip Tenepb ykasbiBaeT Ha z[0] */

OOBSIBIICHUS X, Y M Z HaM yke 3HaKoMbl. OObsIBJICHUE yKa3aTeJist 1p

int *ip;
MbI CTPEMUJIUCH ClleJlaTh MHEMOHUYHBIM - OHO IJIaCUT: "BbIpaxKeHUE *1p uMe-
erturn int". CUHTaKCUC 0ObSIBJIEHUsI TIEpEMEHHOI "MoacTpanBaeTcs” Mo CUH-

TaKCUC BBIpaxkeHMIi, B KOTOPBIX 3Ta MepeMeHHas MOXET BCTPETUThCSA. YKa-
3aHHBIA TPUHIIUII TPUMEHUM U BOOBSIBIeHUSIX QYyHKLIMIT. HanpuMmep, 3anuch

double *dp, atof (char *);

0O3HauaeT, yTo BhipaxkeHus rdpnatof(s)umerorTundouble,aaprymeHT GyHK-
uu atof ecTb ykasaTesb Ha char.

BbI, HaBepHOE, 3aMETUJIH, UTO yKa3aTe 0 pa3pellieHO YKa3bIBaTh TOJBKO Ha
00BeKTHI onipeneseHHoro Tua. (CyliecTByeT OHO MCKIIOUEeHUE: "'yKa3aTellb
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Havoid" MOXeT yKa3bIBaTh Ha OOBEKTHI JIIOOOI0 TUIIA, HO K TAKOMY yKA3aTEI0
HeJb3s MIPUMEHATDH ONEpPaTop KOCBEHHOIrO A0CTYNa. Mbl BEPHEMCH K 3TOMY
B maparpage 5.11.)

Ecau ip yKasbiBaeT Ha X LEJOYUCIEHHOIO TUIIA, TO *1p MOXHO MCIIOJIb30-
BaTh B JIIOOOM MECTE, I'ZIe 1OIYCTUMO IIPUMEHEHNE X; HAITPUMED,

*ip = *ip+ 10;

yBeqmumBaeT *ip Ha 10.
YHapHble onepaTopsl * 1 & UMEIOT 6oJiee BBICOKMI IIPUOPUTET, UYeM apud-
METHYECKHE OIepaToOphl, TaK YTO IIPUCBANBAHUE

y="*p+1
OepeT To, Ha YTO YKa3bIBaeT ip, 1 100AB/SIET K HEMY 1,a pe3yJ/IbTaT IIpucBau-
BaeT IEPeMEHHOM y. AHAJIOTUYHO

*ip =1
YBEJIMYUBAET HA eIMHULLY TO, Ha YTO YKa3bIBAET i p; Te XKe AeiiCTBUS BBIIOIHSIIOT

++*ip

(+ip)++

B nmocnenneit 3anucu ckoOKM HEOOXOAMMBI, IIOCKOJIBKY €ClIM UX He OyaeT,
VBEJIIMUUTCS 3HAUCHME CAMOT0 yKa3arTess, a He TO, Ha 9YTO OH YKa3bIBaeT. DTO
00YCJIOBJICHO Te€M, UTO YHApHBIC OIEpaTOphl * M ++ MMEIOT OMMHAKOBBINA IIPH-
OPUTET U TOPSIIOK BEITTOJIHEHUS - CIIpaBa HaJIEBO.

M HakoHell, Tak KaK yKa3aTeJIu CaMU SIBJISTIOTCS IIEpeMEHHBIMU, B TEKCTE
OHU MOTYT BCTpeuaThesl U Oe3 orepaTopa KOCBeHHOTo noctyma. Hampumep, ecim
iq ecTb Apyroi ykasartejib Ha int, TO

iq = ip
KOMIUPYET COAepPXKUMOe ip B iq, YTOOBI ip M iq yKa3bIBaJM HA OOMH U TOT Xe
00BEKT.

5.2. Yka3aTtenu un aprymeHTbl QYHKLUIA

IMockonpKy B Cu QyHKIIMM B Ka4eCTBE CBOMX apTYMEHTOB IIOJIyJaloT 3Ha-
YeHUS ITapaMeTPOB, HET IPSAMOI BO3MOXKXHOCTH, HaXOASCh B BBI3BAHHOM (hyHK-
MM, U3MEHUTh TIePEeMEHHYIO BBI3bIBamoIlel (pyHKIMU. B mporpamme copTu-
POBKHM HaM ITOHaI00MIach QYHKIIUS SWap, MEHSIOIIast MeCTaMU IBa HEYIIOPSI -
IOYeHHBIX 3JieMeHTa. OTHAKO HETOCTATOYHO HAITMCATh

swap(a, b);
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rae GyHKIUSI swap OMnpeaeseHa ClIeayolM o0pa3oM:

void swap(int x, int y) /* HEBEPHO */
{

int temp;

temp = x;

X =

y = temp;
}

IMockonbKy swap moyiydaeT JIUIIb Konuu MIePeMEeHHBIX a U b, OHa He MOXeT
TMOBJIUSTH Ha IEPEMEHHBIE a M b TOU ITporpaMMBbl, KOTOpasi K Heil oopaTuiach.

YT0OBI MOJIYYUTh XKeJlaeMblil 2(deKT, BhI3bIBAIONIE TporpaMMe HamIo Te-
penartb ykazameau Ha Te 3HAaU€HMsI, KOTOPBIE JOJKHBI ObITh NU3MEHEHBI:

swap(&a, &b);

Tak Kax oreparop & IojyJdaert agpec IEPEMEeHHOH, &a ecTh yKa3aTeJlb Ha a.
B camoii ke pyHKIIMM swap mapamMeTphl JOJIKHBI OBITh OOBSIBISHBI KaK yKa3a-
TEJIN, TIPM 3TOM JIOCTYT K 3HAUYESHUSIM TTapaMeTPOB OyIeT OCYIIECTBIISITHCS KOC-
BEHHO.

void swap(int *px, int *py) /* nepecrtaHoBka *px n *py */
{

int temp;

temp = *px;

PX = *py;

py = temp;
}

I'pacdhrayeckt 310 BRITVISIAUT CIEAYIONINM 00pa30M:

B BBI3BIBAIOIIECH IIPOrpaMMe:
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ApPTryMeHTbI-yKa3aTeJu MO3BOJISIOT GYHKIIMU OCYIIECTBISITh JOCTYM K 00b-
€KTaM BbI3BaBIlIEeil ee MpOorpaMMbl U AAIOT BO3MOXHOCTb U3MEHUTh 3T O0BEK-
Tbl. PaccmoTpum, Hanmpumep, hyHKIMIO getint, KoTopast ocyliecTBIsIeT BBOMI
B CBOOOJHOM (hopMaTe OAHOTO 1IeJIOTO YMCJa U €ro MepeBoll U3 TeKCTOBOTO
MpeACTaBICHUS B 3HaUeHHWe TMa int. OyHKINS getint JoJKHA BO3BpaIaTh
3HaYeHUE MOJIYYEHHOTO YMcIa iU curHaiu3upoBaTb3HaueHueM EOF okoH1ie
¢aitna, ecv BXOIHOM MOTOK McYepIiaH. DTU 3HAYEHUS JOJIXKHBI BO3BpaIllaTh-
CsI 110 pa3HbIM KaHajiaM, TaK Kak HeJib3s1 paCCUUTBIBATh HATO, UYTO MOJTYYEHHOE
B pe3yJibTaTe nepeBoja yuciao Hukoraa He copnanaetrc EOF.

OnHO U3 pelleHUl COCTOUT B TOM, YTOObI getint BblgaBajla XapaKTepuc-
TUKY COCTOsIHUS (haitya (McueprnaH WM He cuepriaH) B.KauecTBe pe3yJsibTara,
a 3Ha4YeHUE CaMOro Yuciia MoMellana COrJIacHO yKa3aTelli, NMepeJaHHOMY e
B Buze aprymeHTa. [loxoxasi cxema AeiCTBYET U B Mporpamme scanf, KOTOpyo
MBI paccMOTpUM B Maparpade 7.4.

IToka3zaHHBIN HUXE LMKJT 3aMOJHSIET HEKOTOPBI MacCUB LIEJABIMU YUCTIA-
MM, TIOJIyYEHHBIMH C TIOMOIIIbIO getint.

int n, array[SIZE], getint (int *);
for (n = 0; n < SIZE && getint (&array[n]) != EOF; n++)

Pe3ynabTar Kaxaoro ouepeqHoro oOpallleHus K getint mMockuiaercs B
array[n], m n yBermumBaeTCsI Ha SANHUITY. 3aMETHM, W 3TO CYIIIECTBEHHO, YTO
dyHkIIMM getint mepemaetcs aapec a;meMeHTa array[n]. Eciu atoro He cre-
J1aTh, y getint He OyneT cnmocoba BEepHYTh B BHI3BIBAIOIIYIO MTPOrpaMMy Tepe-
BEJICHHOE 11eJI0e YUCIIO.

B npennaraemoM Hamu BapuaHte @yHKuus getint Bozppaiaer EOF nmo koH-
uy daiina; Hyab, eciau cleaylolliie BBOAUMbIE CUMBOJIbI HE MPEACTABISIOT
c00010 yKciia; U MOJ0XUTEIbHOE 3HAYEHUE, €CIM BBEIEHHbIE CUMBOJIbI MPE/-
CTaBJISIIOT CO0OI YncIio.

#tinclude <ctype. h>

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

/* getint: uyuTaeT cnemyiollee Lenoe u3 BBoga B *pn ¥/
int getint(int *pn)
{

int ¢, sign;

while (isspace(c = getch()))
; /* TPOIyCK CUMBOJIOB-pa3fenurenein */
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if (lisdigit(c) && ¢ != EOF && ¢ != "+ &&cC !='-") {
ungetch (c); /* He uucno */
return 0;
}
sign = (c=="-")?7-1:1;
if (c=="+ 1ic=="-")
¢ = getch();

for (*pn = 0; isdigit(c); ¢ = getch())
*pn =10 * *pn + (c - '0");

*pn *= sign;

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

return c;

}

Besne B getint mox *pm moapasyMeBaeTcsl OObIYHASI TIepeMeHHasl TWMa int.
®ynknust ungetch BmMecte c getch (maparpad 4.3) BKIIloYeHa B IporpaMmmy, 4To-
OBI 00eCTIEYNTh BOBMOXKHOCTD OTOCIATh Ha3al IMITHUM MIPOYUTAHHBIA CUMBOJL.

VYnpaxunenne 5.1. dyHkums getint HamucaHa TaK, 4TO 3HaKW - WU +, 3a
KOTOPBIMHU He cJIeayeT Irdpa, oHa TOHMMAET KakK "TIpaBMIIbHOE" TIpEICTaBICHIE
HyJs1. CKOpPEKTUPYHTE TTpOTpaMMy TaKUM 00pa3oM, YTOOBI B TTOMOOHBIX CITy-
Yasx OHa BO3Bpalllajia IPOYNTAHHBIN 3HaK Ha3al BO BBOI.

Vopaxuenne 5.2. Hanmumre yukiuio getfloat —ananor getint mus ancen
¢ TuiaBaolieit Toukoii. Kakoit Tumn O6ynet UMeTh pe3yabTUpYyIolllee 3HaUeHuUE,
BbIIaBaeMoe (yHKImein getfloat?

5.3. Yka3aTtenu n maccuBbl

B Cu cymecTByeT cB3b MEXAY yKa3aTeJsiIMU U MacCUBaMM, U CBSI3b 9Ta
HaCTOJILKO T€CHasl, YTO 3TU CPeICTBa JIyullle paccMaTpuBaTh BMecTe. JIroO6oi
JIOCTYTI K BJIEMEHTY MacCHUBa, OCYLIECTBIISIEMBIN ONepaliueil UHIEKCUPOBaHUS,
MOXKET ObITh BBITIOJTHEH C MOMOILbIO yKa3aTtessi. BapuaHt ¢ ykazaTenasiMu B 00-
1eM ciaydae paboraeTt ObIiCTpee, HO pa3oOpaTbcsl B HEM, OCOOEHHO HEIMOCBS -
IIEHHOMY, JOBOJILHO TPYIHO.

OO0bsIBICHUE

+ inta[10];

OTIpenesiTeT MacCuB a pasMepa 10, T. e. 610K u3 10 TocemoBaTeTbHBIX 00BEK-
ToB ¢ uMeHamu a[0], a[ 1 ],..., a[9].

53ax.1116
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a[0] a[1] a[9]

3arumck af i | orchulaeT Hac K i-My 2J1eMeHTy MaccuBa. Eciii pa ecTb ykaszaTellb
Haint, T. e. OOBSIBIICH KaK

int *pa;
TO B pe3yJibTaTe MpUCBAaNBAHUS
pa = &a[0];
pa OyneT yKa3blBaTh Hé HYJIEBOM 2JIEMEHT a, MHauJe TOBOps, pa Gyzer conep-

X)aThb anpec 31aeMeHTa al0].

pa:

N\

a[0]

Tenepb npucBaBaHue
X = *pa;

OymeT KoImmpoBaTh comepxkumoe a[0] B x.

Ecmu pa yka3piBaeT Ha HEKOTOPHIM 2JIEMEHT MaccHBa, To pa+1 mo ompene-
JIEHUIO YKa3bIBAaeT Ha CIASIYIOIINA 3JIeMEHT, pa+i - Ha i-i 3JIEeMEHT mocJie pa,
apa-i - Ha i-i1 a;leMeHT nepen pa. Takum o6pa3oMm, eciii pa yKasbiBaeT Ha a[ 0],
TO

~(pat1)

ectb conepxumoe a[ 1], a+i —azgpeca[i], a * (pa+i) — cogepxumoe a[i].

pa: pat+1:—~ pat2:

by

a:!

a[0]
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CraenaHHble 3aMeYaHUsI BepHBI 0€30THOCUTEIBHO K TUITY U pa3Mepy 3Je-
MEHTOB MaccuBa a. CMBICIT ¢JIOB "m00aBUTh | K yKaszaTelo", Kak U CMBICI JTIO-
0oli apudMETUKHU C yKazaTeJsIMU, COCTOUT B TOM, UTOOBI pa+1 yKa3bIBal
Ha CJIenyIolIUil 00BbEKT, a pa+i - Ha 1-I Mmocie pa.

Mexny WHAEKCUpOBaHUEM U apuDMETUKON C yKaszaTelsIMU CYIIECTBYET
Oo4eHb TecHas cBsA3b. [1o onpeaeneHuIo 3HaYeHUE TTEPEMEHHOM UJIU BBIPAXKEHUS
TUIA MAaCcCUB €CThb afipec HYJIEBOTO 3JeMeHTa maccuBa. [locie mpucBanBaHMS

pa = &a[0];

paua nMMCIOT OJHO U TO K€ 3HAYCHMUC. HOCKOJ’[I)Ky Mg MaCcCuBa ABJIACTCA CU-
HOHMMOM PACITOJIOKECHUA €0 HA4YaJIbHOT O 3JIEMCHTA, IIpPUCBaBaAaHUC pa=&a [ 0 ]
MOZKHO TAaKXK€ 3anmcaTb B CICAYIOIIEM BUIE:

pa = a;

Eme 6onee ynuBuTenbHO (110 KpaiiHell Mepe Ha IIePBBIi B3TJISI) TO, YTO a[ 1|
MOXHO 3amucaTth Kak * (a+i). Beruucass a[i], Cu cpasy npeobpasyeT ero
B *(a+l); ykazaHHBIe ABe (DOPMEI 3allCU SKBHBaJIeHTHE. M3 aTOTO Clemyer,
YTO MOJyYeHHBIC B pe3yIbTaTe MpUMeHEeHUs oneparopa & 3anucu &a[i] u a+i
Take OyIyT 9KBUBAJICHTHBIMU, T. €. U BTOM U BJIPYTOM CJIy4dae 3TO aJipec i-ro
syieMeHTa 1ociie a. C Ipyroil CTOpOHBI, €CJIA pa - yKa3aTesb, TO €T0 MOXHO
HCTIOJIb30BaTh C MHAEKCOM, T. €. 3alKCh Pa [ i | sKBMBajeHTHa 3anmucu * (pa+i).
Kopoue roBops1, aJ1eMeHT MaccBa MOKHO M300pakaTh KaK B BUIIE yKa3aTes
CO CMeIlIeHNEeM, TaK U B BUIe UMEHU MacCHUBa C MHIEKCOM.

Mexmy UMeHeM MacCcuBa M yKa3aTeJieM, BBICTYITaIOIIUM B pOJTM UMEHU Mac-
CHBa, CYIIECTBYET OMHO pa3inuMe. YKaszaTellb - 9TO MepeMeHHasl, TTO3TOMY
MOHO HamucaTh pa=a win pat+. Ho mMs1 MaccuBa He SIBISIETCST TIEPEMEHHOM,
1 3aIMCH BPOJie a=pa WK a++ He TOMyCcKaloTCs.

Ecnu umsa maccuBa niepenaercs GyHKIIUM, TO TIOCICIHSIS TTOTyJaeT B Kade-
CTBe apTyMEHTa ajipec ero Ha4aJlbHOTO 3JIeMeHTa. BHYTpH BhI3BIBaeMOI (hyHK-
IIUY 3TOT apryMEHT SBJISIeTCS JIOKAJbHOW TIepeMeHHOM, comepKalieit aapec.
MBI MOXXeM BOCTOJIB30BAaThCSl OTMEYCHHBIM (PaKTOM M HAMMCcaTh elle OIHY
BepcHio GYHKIIMU St rlen, BEIYMCSIONICH TJIMHY CTPOKH.

/* strlen: BO3BpalaeT AJWHY CTpoku */
int strlen(char *s)

{

int n;

for (n = 0; *s != '\0'; s++)
n++;
return n;
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Taxk kak nmepeMeHHas s - yKkazaTesb, K Heil IpuMeHUMa oriepanus ++; s++
He OKa3bIBaeT HUKAKOTO BIUSTHUSI HAa CTPOKY CUMBOJIOB (DYHKILIMU, KOTOpast 00-
patunacs K st rlen. [Ipocto yBenuuuBaeTcs Ha 1 HeKoTopasi KONus yKa3aTess,
HaXoJA111asiCsl B JIMYHOM IMOJb30BaHUM DYHKIIMU Strlen. DTo 3HAUUT, UTO BCE
BBI3OBbI, TAKKE KAK:

strlen(”3npaBcTBYi, Mup"); /* CTPOKOBas KOHCTaHTa */

strlen(array); /* char array[100]; */
strlen(ptr); /* char *ptr; */
IPaBOMEPHEI.

®opMalbHBIE MapaMeTphbl

char s[];

*

char *s;
B OIIpEACICHUN d))IHKLll/Il/l 3KBUBAJICHTHBI. Ml OTAacM IIPEANNOYTCHUE ITOCICH-
HEMY BapuaHTy, TTOCKOJbKY OH 0ojiee SBHO COOOILAET, YTO S eCTh yKa3aTelb.
Ecmu dbyHkuuu B KauecTBe apryMeHTa mnepeaaeTcss MMsi MacCcrBa, TO OHa MO-
KET paccMaTpUBaTh €ro Tak, Kak eil yioOHO - 60, KaK UMSI MaccuBa, JU60
Kak yKasar€Jib, U IOCTynaTb ¢ HUM COOTBETCTBEHHO. OnHa MoXeT JaXKe UCITOJIb-
30BaThb 063 BuUaa 3arumcu, €CJIM 3TO IMOKAXKETCA YMCCTHBIM U ITOHATHLIM.
q)yHKLlI/lI/I MOXHO II€p€aaTb 4aCcTb MaCcCuBa, AJid 3TOr0 apryMmeHT OOJIXKEH
YKa3bIBaTh Ha Ha4aJ1o nmoamMaccuaa. HaanMep, €CJIM a - MaCCHUB, TO B 3aITUCAX

f(&a[2])
niun

f(a+2)
¢ynkuuu f nepemaercst aapec NoaMaccuba, HauMHAIOLIETOCs ¢ 3JeMeHTa af2].
Buytpu dyHkuum f ommcaHue mapaMeTpoB MOXET BBINISACTb KakK

f(int arr[]) { ... }

W
f(int ~arr) { ... }

CrnenoBatenbHo, A4 f TOT hakT, YTO MapaMeTp yKa3biBaeT Ha YaCThb MacCHUBa,
a He Ha BeCb MacCUB, HE UMEET 3HAYEHMUSI.

Ecinu ecTh yBepeHHOCTD, YTO JIEMEHTHI MacCUBA CYILIECTBYIOT, TO BO3MOX-
HO MHJEKCUPOBaHUE U B "00paTHYI0" CTOPOHY IO OTHOLIEHUIO K HYJIEBOMY
3JIEMEHTY; BhIpaxXeHus p[-1],p[-2] U T. 1. He TPOTHMBOPEYAT CUHTAKCHCY SI3bI-
Ka M 00palllaloTcsl K 3JIEeMEeHTaM, CTOSIIIMM HerocpeacTBeHHo nepen p[0]. Pa-
3yMeeTcs, HeJIb3sl "BBIXOAUTh' 32 TPAHUILIbI MAaCCUBA U TEM CaMbIM 00paIaThCs
K HECYILUECTBYIOLIUM OOBEKTaM.
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5.4. AppecHas apudpmeTuka

Ecnu p ectb ykazaTesib Ha HEKOTOPBIN 3JIEMEHT MacCUBa, TO p++ yBenau-
YUBAET P TaK, YTOOBI OH yKa3bIBasl Ha CAEAYIOUIUIN 3JIEMEHT, a p += i yBenu-
YUBaeT ero, YToObl OH yKa3biBajl Ha i-i 3JIEMEHT IOoCje TOro, Ha KOTOPBIH
YKa3blBaJl paHee. DTU U NTOJOOHBIE KOHCTPYKIIMU - CaMble MTPOCTbIE MPUME-
pbl apuMETUKU Hal yKa3aTeJassMU, Ha3blBaeMOU TaKXKe alipecHO apudme-
TUKOM.

Cu mniocyienoBaTesieH U eIMHOOOpa3eH B CBOEM IOAXO/E K aJpecHOoi apud-
MeTuKe. DTO COeIMHEHUE B OTHOM SI3bIKE yKa3aTteJieil, MaCCUBOB U aipeCHOM
apuGMETUKHU - OfIHA U3 CUJIbHBIX €ro CTOpoH. [Ipowsutioctpupyem ckazaHHoOe
TMOCTPOEHNEM TIPOCTOTO PACTIPEETTUTENS TIaMSITU, COCTOSIILIETO U3 JABYX IPO-
rpamM. IlepBas, alloc(n), Bo3BpamaeT yka3areiab p Ha N MOCIEIOBATEIbHO
pacIToIOXXEeHHBIX STYCEK TUMA char; IIporpaMMoli, odpalalieiicsa K alloc, aTu
SIYeHKU MOTYT OBITh MCIOJIb30BaHbI JISI 3alIOMUHAHUS CUMBOJIOB. Bropas,
afree(p), ocBoGOXIaET MaMSTh JJIsI, BOBMOXKHO, TTOBTOPHOUW €€ YTHJIN3alliM.
IMpoctora anroputma oOycjiOB/IeHa MPEATION0XEHUEM, UTO oOpalleHus K af ree
JIeJIaloTCs B 0OpaTHOM TIOPSIIKE MO OTHOIIEHUIO K COOTBETCTBYIOIIMM oOpa-
meHusiM K alloc. Takum oGpa3om, maMsiTh, ¢ KOTOpoii paborator alloc u afree,
SIBJISIETCS CTEKOM (CTIIMCKOM, B OCHOBE KOTOPOTO JIEXKUT MPUHIUI "TIOCTETHUM
BOIIIEJI, TIepBBIM yiren"). B cranmapTHoli OMOIMOTEKEe MMEIOTCS (QYHKIIMU
malloc u free, KOTOpbIE IE1aI0T TO K€ camMoe, TOJIbKO 0e3 yITOMSIHYTBIX OTpa-
HUYeHU; B maparpade 8.7 Mbl TOKaxXeM, KaK OHU BBITJISIIST.

®yukuumio alloc yierye Bcero peaqin3oBaTh, €CIU YCIOBUTHCS, YTO OHA Oy-
JIET BbIIABaTh KYCKU HEKOTOPOTO OOJIBIIIOr0 MaccuBa TUMa Char, KOTOPbIA MbI
HazoBeM allocbuf. DTOT MaccuB OTAAAMM B IMYHOE MOJIb30BaHUE PYHKUIUSAM
alloc u afree. Tak KkaKk OHM MMEIOT [IeJIO C yKa3aTeJasiMU, a He C MHIEKCaMU
MaccuBa, TO IPYruM MporpaMMam 3HaTh ero uMsi He Hy>kHo. Kpowme Toro, atot
MacCUB MOXHO OTIpENeSIUTh B TOM Xe UCXOIHOM (aiine, yto u alloc u afree,
00BSIBUB €ro static, 6arogapsi 4eMy OH CTaHET HEBUIMMBIM BHE 3TOro daii-
sna. Ha mpakTuke Takoil MacCuB MOXKET U BOBCE HE UMETb UMEHU, MMOCKOJIbKY
€ro MOXHO 3aIlTPOCUTh C MOMOII[bIO Malloc y orepalluOHHON CUCTEMBI U TTOJTy-
YUTh yKa3aTeslb HAa HEKOTOPBI 0e3bIMSIHHBI OJIOK MaMSITH.

EcrectBeHHO, HaM HYXHO 3HaTh, CKOJIBKO 2JIeMeHTOB MaccuBa allocbuf yxe
3aHsATO. MBI BBeZieM yka3aTesb allocp, KOTOphIii OyeT yKa3bIBaTh HA TTEPBbIi
cBOOOHBIN asieMeHT. Ecnu 3anpaiimBaeTcs maMsTh A5 I CHMBOJIOB, To alloc
BO3BpalllaeT Tekyuiee 3HaueHue allocp (T. e. agpec Hayasa CBOOOAHOTO OJIO-
Ka) 1 3aTeM yBeJIMUMBAET €ro Ha 1T, YTOObI yKa3zaTeb allocp yka3biBa Ha ciie-
Iyol1y0 cBOOOIHYI0 06sacTh. Eciu ke mpocTpaHcTBa Het, To alloc Bbimaer
Hyab. @yHukiuus afree[p] mpocrto ycraHapnusaet allocp B 3HaUYeHUE p, €CIU
OHO He BBIXOAUT 3a Npeaesnibl MaccuBa allocbuf.
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Ilepen BerzoBoM alloc:

allocbuf: ’»

«——— 3aHATO ——» «<—— CBOOOAHO ———

allocp:
|

ITocse BoI30Ba alloc:

allocp:
—,L

+———— 3aHATO ——— > <«—CB06OAHO —»

allocbuf:

ttdefine ALLOCSIZE 10000 /* pasmep OOCTYNHOrO NpPOCTpaHcTBa */

static char allocbuf[ALLOCSIZE]; /* namate gna alloc */
static char *allocp = allocbuf; /* ykasatenb Ha cB0O. MecTo */

char =alloc(int n) /* Bo3BpalwaeT ykasaTefb Ha N CUMBONOB */

{
if (allocbuf + ALLOCSIZE - allocp >= n) {

allocp += n; /* NpPOCTPaHCTBO ecTb */
return allocp - n; /* ctapoe p */

} else /* npocTpaHcTBa HeT */
return O;

}
void afree(char *p) /* ocBobGo®mAeT maMATE, Ha KOTOPYD VKA3HBAET D */
{
if (p >= allocbuf && p < allocbuf + ALLOCSIZE)
allocp = p;

B o6uieM citydae yKasaTesib, Kak U JIIOOYIO IPYTrylo MepeMeHHYI0, MOXHO
MHUIMATU3UPOBATh, HO TOJbKO TAKMMU OCMBICIEHHBIMU JJISI HErO 3HAUEHUSI -
MU, KaK HYJb WM BbIpaXeHME, IMPUBOISIICE K aIpecy paHee OmpeaesieHHbIX
MaHHBIX COOTBETCTBYMOIIEro tuma. OObsSBICHUE

static char *allocp = allocbuf;

ompenensier allocp Kak ykasatenab Ha char ¥ HHULIMAIU3KUPYET €ro aapecoM
maccuBa allocbuf, mockonbKy mepen HadajJoM paObOTHI IPOTpaMMbl MAaCCUB
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allocbuf mycr. YkazaHHOe OOBSBIIEHHE MOIJIO ObI UMETH U TAKOM BU/:
static char *allocp = &allocbuf[0];

MOCKOJIbKY MMS$I MacCUBa U €CThb a[IpeC €ro HyJeBOTO JIEMEHTA.
TTpoBepka

if (allocbuf + ALLOCSIZE - allocp >= n) { /* rogutca */

KOHTPOJIUPYET, TOCTATOYHO JIN [IPOCTPAHCTBA, YTOOBI YIOBJIETBOPUTD 3aITPOC
Ha n cuMBoJIoB. Ecii mamsiTi octarouHo, TO HOBoe 3HaueHue 1151 allocp 1omK-
HO yKa3bIBaTh HE J1aJiee YeM Ha CJICIYIOIIYIO TTO3UIIMIO 3a MTOCIeTHUM 3JIeMEH-
ToM allocbuf. Ipu BeImojTHeHUM 3TOTO TpeOOBaHMS alloc BblIaeT yKa3aTelb
Ha HayaJlo BbIJIeJICHHOTO 0JI0Ka CUMBOJIOB (0OpaTuTe BHUMaHUeE Ha OObsIBIIC-
HUe ThIa caMmoii pyHkimm). Ecim tpeboBanue He BBIIOMHSIETCs, (hyHKLMS alloc
JOJI’KHA BbIIATh KAKOW-TO CUTHAJT O TOM, YTO MaMsITH He xBaTaeT. Cu rapaHTH-
pyeT, UTO HyJIb HUKOTZIA He Oy/IeT MpaBWILHBIM aJIpECOM ISl TaHHBIX, TTO3TO-
MY MbI OyJIeM UCTOIb30BaTh €ro B KaUeCTBE NMpHU3HaKa aBapuiHOTO COOBITHS,
B HallleM CJTyyae HEeXBaTKU MaMSITHU.

YkazaTesiu U 1ieJble He SIBJISTIOTCSI B3auMo3aMeHsieMbIMU 00bekTamu. KoH-
CTaHTa HyJIb - €IMHCTBEHHOE MCKJIIOUEHME M3 3TOr0 MpaBuJjia: €€ MOXHO MpHr-
CBOMTH yKazaTeJllo, U yKa3aTeJlb MOXHO CPaBHUTh C HYJIEBOW KOHCTAaHTOM.
Yrto06bl 1MoKa3aTh, YTO HYJIb - 3TO CIleLMAJIbHOE 3HAYCHME IS yKas3areJs,
BMeCTO IMMPBI HYJIb, KakK NpaBuiio, 3anucbkiBatoT NULL - KoHcTaHTy, onpene-
JieHHYy10 B (haitsie <stdio. h>. C aTOro MOMeHTa 1 MbI OyJIeM €10 TT0JIb30BaThCSI.

IpoBepku

if (allocbuf + ALLOCSIZE - allocp >= n) { /* rogutca */

if (p >= allocbuf && p < allocbuf + ALLOCSIZE)

NIEMOHCTPUPYIOT HECKOJIBKO BaXKHBIX CBOMCTB apu(pMETUKHU C YKa3aTCIISIMU.
Bo-1tepBbIx, Mpu co0II01eHUM HEKOTOPHIX ITPaBUJI yKa3aTeJIM MOXKHO CpaBHU -
BaThb.

Ecau p 1 q yka3pIBaloT Ha 371eMEeHTHI OTHOTO MacCHUBa, TO K HUM MOXKHO ITpH -
MEHSThOIEPATOPhI OTHOLIEHUsSI ==, ! =, <, >=wuT. 1. Hanpumep, oTHOLLIEHUE BUAA

p<q

WCTUHHO, €CJIA p yKa3bIBaeT Ha 6oJiee paHHU 3JIEMEHT MacCuBa, 4eM q. JI1o-
00Ji yKa3aTeb BCEraa MOXXHO CPaBHUTh Ha PABEHCTBO U HEPABEHCTBO C HY-
JieM. A BOT JIJIsI yKa3aTeJieil, He yKa3bIBaIOIIMX Ha 3JIeMEHTHI OJJHOTO MacCu-
Ba, pe3yJabTaT apupMeTUIEeCKUX ONepaluii MJIM CPaBHEHUI He OIpPeAcIeH.
(CymiecTByeT OJHO UCKJIIOUEeHME: B aprupMETHKE C yKa3aTeJIIMU MOXKHO UC-
[0JIb30BaThaIPECHECYILECTBYIONIEro" CIeIYIOLIero3aMacCHBOM " JIeMEHTa,
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T. €. aflpec TOTo "3JIeMeHTa", KOTOPBII CTAHET MOCAEIHUM, €CJIM B MACCUB J0-
0GaBUTPH eIlle OJUH 3JIEMEHT.)

Bo-BTOpBIX, KaK BBl YK€, HaBepHOE, 3aMETWJIH, YKa3aTeI! U LeTbie MOXKHO
CKJIaIbIBaTh Y BEIYUTATh. KOHCTpyKIIMS

p+n

O3HayaeT afipec 00bEKTa, 3aHMMAIOLIETO JI-€ MECTO Mocie 00beKTa, Ha KOTO-
PBIii yKa3bIBaeT p. DTO CIpaBeyIMBO O€30THOCUTENIBHO K TUITY OOBEKTa, Ha KO-
TOPBII yKa3bIBaeT p; M aBTOMAaTUYECKU TOMHOXaeTcs Ha KO3DOhUIIMEHT, co-
OTBETCTBYIOILIUI pa3zMepy o0bekTa. MHbopmalius o pazmepe HESIBHO MpU-
CYTCTBYeT B 00bsiBieHUM p. Eciu, K mpumepy, int 3aHMMaeT yeThbipe Oaiita,
TO KO OUILIMEHT YMHOXEHUS OYAEeT paBeH YEThIPEM.

JomyckaeTcsl TakxKe BEIUUTaHUe yKka3ateneil. Hanpumep, eciy p ¥ q yka3bl-
BalOT Ha 3JIEMEHTHI OTHOTO MaccHBa 1 p<(, TO q-Pp+1 eCTh YMCIIO JIEMEHTOB OT P
110 q BKJTIOUUTENIbHO. DTUM (DaKTOM MOXXHO BOCIOJb30BaThCS MIPU HATTUCAHUU
elle ofHOI BepcuM strlen:

/* strlen: Bo3BpalaeT AavHy CTpPokuM S */
int strlen(char *s)

{
char #p = s;

while (*p !'="'\0")
pH;

return p - s;
!

B cBoeM 00BSIBIIEHUM P MHULIMAJTIM3UPYETCSI 3HAYEHUEM S, T. €. BHaYaJIe p
yKa3blBaeT Ha MepBblii CUMBOJ cTpoku. Ha kaxxaom 1iare ukiaa while mpose-
pseTcd 0YepeIHONM CUMBOJ; LMKJI TPOAOJIXKAETCS IO TEX MOP, TTOKa HE BCTpe-
mutest ' \0' . Kaxmoe TpoaBIbKeHWe yKas3atessl p Ha CJICAYIOIINI CMBOJ BbI-
TOJIHSIETCSI MUHCTPYKIIMEH p++, U pa3HOCTb P-S 1a€T YU CJIO MPONAEHHBIX CUM-
BOJIOB, T. €. IJIMHY CTPOKU. (HUCI0 CUMBOJIOB B CTPOKE MOXET OBITh CIUIIIKOM
0OJIBIIMM, YTOOBI XpAHUTH €Tr0 B IiepeMeHHoi Tuna int. Tumn pt rdiff_t, nocta-
TOUHBIH JJIsI XpAaHEHUS Pa3HOCTU (CO 3HAKOM) ABYX yKazaTeJseil, onpeneaeH
B 3arojIoBOYHOM (aitne <stddef.h> . OgHako, eciiu ObITh OUeHb OCTOPOXKHBI-
MM, HaM CJIeJoBajo Obl [JIsI BO3BPAIllaeMOT0 pe3yJbTaTa UCIOIb30BaTh TUII
size_t, B 3TOM cjlyyae Hallla TTporpamMma COOTBETCTBOBaJIa Obl CTaHAAPTHOM
oubnmoreuHoi Bepcun. Tumsize_t ectb TUIT 0€33HAKOBOTO 11€JI0T0, BO3Bpallia-
€MOro orneparopoM sizeof.)

ApudmMeTrKa c ykazaTeasiMy yYUThIBA€T TUIL: €CJIU OHA UMEET JIEJI0 CO 3Ha-
yeHusaMu Float, 3aHmMaromMu 6oIbIlle MaMATH, YeM char, U p - yKa3aTellb
Hafloat,to p++ npoaBuHeT p Ha cienyloniee 3HaYeHUe Float. DTO 3HAYMT, UTO
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JIPYIyI0 Bepcuio alloc, KoTopas MMEET JeJI0 ¢ 3JeMeHTaMu Tuna float, a He
char, MoXXHO moJiyduTh IpocToli 3aMeHol B alloc u afree Bcex char Ha float.
Bce oneparuu ¢ ykazateasiMu OyIyT aBTOMaTUIECKU OTKOPPEKTUPOBAHBI B CO-
OTBETCTBUHU C Pa3MepPOM OOBEKTOB, Ha KOTOPBIE YKA3bIBAIOT YKa3aTeIH.
MoXHO MPOU3BOAUTE CASAYIOLINE ONepalli ¢ yKa3aTeJIsIMU: TTpUCBanBa-
HUe 3HAYeHUs yKa3aTeJis ApyroMy yKa3aTesllo TOTO XXe TUTIA, CIOXKEeHWEe 1 BbI-
JUTaHUE yKa3aTeJis U 1IeJIoT0, BHIYUTaHNE U CpaBHEHME IBYX yKa3aTelel, yKa-
3BIBAIOIIMX Ha 3JIEMEHTHI OHOTO U TOTO X€ MacCHBa, a TaKXke MpucBanuBaHue
yKas3aTeJio HyJIsl M CpaBHEHME yKa3aTtess ¢ HyJieM. Jpyrux onepanuii ¢ ykasa-
TeJIIMM TIPOM3BOINTH He JomycKaeTcss. Henmb3si ckianpiBaTh 1Ba yKaszaTess, Tie-
PEMHOXAaTh UX, IeJIUTh, CIBUTATh, BBIACISATD Pa3psiabl; yKa3aTeIb HeTb3sI CKJla-
IbIBaTh CO 3HaYeHUeM Tura float mim double; yKa3arenaro OMHOTO TUTIA HETb3S
Jaxe MPUCBOUTD yKa3aTeb IPYTroro TUIIa, He BBITTOTHUB ITPeIBapUTEIbHO OITe-
parvu MpuBeaeHUs (MCKITIOUEHNE COCTABIISIOT JIUIIb yKa3aTeau Tuia void + ).

5.5. CumBonbHble yKa3aTtenu pyHKuumn

Cmpokoeas Koncmanma, HallMcaHHAs B BUIC
"SI cTpoka”

€CTb MacCHUB CUMBOJIOB. Bo BHYTpeHHEM IMpeacTaBIeHUU 3TOT MAaCCUB 3aKaH-
yuBaeTcsl HyJeBbIM cuMBosioM ' \0', IO KOTOpOMY IIporpaMMa MOXeT HalTu
KOHEIl CTpOoKU. YKcIio 3aHATHIX sSTUeeK MaMsITH Ha OJHY OOJbIle, YeM KOoJIuye-
CTBO CUMBOJIOB, TIOMELIEHHBIX MEXIY ABOMHBIMM KaBBIYKAMMU.

Yarie Bcero CTpOKOBBIE KOHCTAHTHI UCIOMb3YIOTCS B KAUeCTBE apTYMEHTOB
(YHKLMIA, KaK, HanpuMep, B

printf(”3npascTayi, Mup\n");

Korma Takast cMiMBOJIbHAsI CTPOKA MOSBISIETCS B TIpOrpaMMe, JOCTYT K Hel
OCYILIECTBIIIETCSI Yepe3 CHMBOJBHBIN yKa3aTellb;, printf mojy4yaer ykasareib
Ha HavyaJlo MaccuBa CMMBOJIOB. ToyHee, JOCTYI K CTPOKOBOI KOHCTaHTE OCy-
LIECTBJISIETCS Yepe3 yKa3aTeslb Ha €€ TePBbIid 3JIEMEHT.

CTpoKOBBIE KOHCTAHTBI HYXKHBI HE TOJILKO B KaU4eCTBE apTyMEHTOB (PyHK-
uuii. Ecnv, HanpuMep, NepeMEHHYI0O pmessage 00bsIBUTbKaK

char pmessage
TO NIpUCBanMBaHUEC
pmessage = "now is the time";

TTOMECTUT B Hee yKa3aTeIb Ha CUMBOJbHBIN MACCUB, IIPU 3TOM CaMa CTpoKa
He KOTIMPYETCS, KOMMUPYETCs JIUIIIb yKa3aTeIb Ha Hee. Omnepaiiuu ajist padbo-
TBI CO CTPOKOM KaK C eMUHBIM 11eTbIM B CH He TIPEAYCMOTPEHBI.
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Cyl11iecTBYyeT BaXKHOE pa3jinuyue MeXIy CIAeNyIolIMMU ONpeAeSeHUSIMMU:

char amessage[] = "now is the time"; /* maccuB */
char spmessage = "now is the time"; /* ykasatenb */

amessage - 9TO MacCuB, MUMEIOIIN I TaKoii 00beM, UYTO B HEM KaK pa3 IoMellaeT-
csl yKazaHHasl 1ocjiaea0BaTeIbHOCTh cMMBOIOB 1 ' \0'. OTaeabHbIC CUMBOJIbI
BHYTPU MacCMBa MOT'YT M3MEHSITbCSI, HO amessage Bceraa yKasblBaeT Ha OJHO
U TO XK€ MECTO MaMsTU. B MpOTUBOMOJOXHOCTb €My pMessage ecTh yKa3aTeJb,
WHULMAJIU3UPOBAHHBIN TaK, YTOOBI YKa3bIBaTh Ha CTPOKOBYIO KOHCTAHTY.
A 3HayeHue ykazaTeslsl MOXHO M3MEHHUTb, M TOIJa IOCAeAHUI OydeT yKa3bl-
BaTh Ha 4To-IMOO npyroe. KpomMe Toro, pesyiabraT OyaeT HEOIpenesaeH, eciau
BBl MOIBITAETECh UBMEHUTh COASPXKMMOE KOHCTAHTHI.

pmessage: | s—+——| now 1s the time\0

amessage: | now is the time\0

JlomoJHUTENIbHbIE MOMEHTHI, CBSI3aHHBIE C yKa3aTeIsIMU U MaCCUBaMU, TTPO-
WITIOCTPUPYEM Ha HECKOJbKO BMIOW3MEHEHHBIX BapUaHTaX JBYX IMOJE3HbIX
mporpaMM, B3sITbIX HaMU U3 CTaHAapTHO 6nbanoreku. [lepBast u3 Hux, pyHK-
mus st repy (s, t), KOnmupyer CTpoKy t B CTPOKY S. XOTeIoch ObI HAITKCATh Mpsi-
MO $=t, HO TAKOH OIlepaTop KOIMPYET yKa3aTesb, a He CUMBOJIBL. UTOOBI KO-
MUPOBaTh CUMBOJIbI, HAM HY>KHO OpraHM30BaTh IMKJI. [TepBbIii BApUaHT Strepy,
C WCTMOJBb30BAHMEM MacCcuBa, UMeEET CJICAYIONIMI BUI:

/* strcpy: konupyeT t B S; BapuiaHT C UHAEKCUMPYEMbBIM MacCuBoms/
void strcpy(char *s, char *t)

W
int i;
i=0;
while ((s[i] = t[i]) !="\0" )
1++;
}

JInsi cpaBHEHMS TPUBEIEM BEPCHUIO StTCPY C YKa3aTeIsAMU:

/* strcpy: konumpyet t B s: Bepcusa 1 (c ykasatenamu) */
void strcpy(char *s, char *t)
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{
while ((xs = *t) 1= '\0' ) {
S+t
T4+,

}

ITockonbKy nepenaroTcs JUIllb KOTTMU 3HAYEHUU apryMeHTOB, strcpy Mo-
JKET CBOOOIHO MOJIb30BaThCs MapaMeTpaMu S U t KaK CBOMMMU JIOKAJbHBIMU
nepeMeHHbIMU. OHU TOJTKHBIM 00pa30M MHUIIMAIM3UPOBaHbI yKa3aTesI-
MU, KOTOpbI€ MTPOIBUTAIOTCA KaXKAbIH pa3 Ha CIAEAYIOIIMA CUMBOJ B KaxKJIOM
M3 MacCHUBOB J0 TeX IOp, ITOKA B KOIMUPYEMOIi CTpoKe t He BcTpeTuTes ' \0' .

Ha npakTtuke strcpy Tak He muinyT. ONBITHBIA MPOrpaMMUCT MPEANIOUYTET
0oJ1ee KOPOTKYIO 3aIKCh:

/* strcpy: konupyet t B s; Bepcua 2 (c ykasarensmu) */
void strcpy(char *s, char t)
{

while ((xs++ = *t++) = "\0"}

}

IMpupainieHue s ¥ t 3[eCh OCYIIECTBISIETCS B YIPAaBISIONIECH YacTU LMKIIA.
3HaueHUeM *t++ SBJISIETCSI CUMBOJI, HA KOTOPBIM yKa3blBaeT MepeMeHHas t
nepen TeM, Kak ee 3HaueHue OyleT yBeJIMYeHO; NOCTPUKCHEIN omepaTop ++
He U3MEHseT yKa3aTesb t, MoKa He OyJeT B3SIT CUMBOJI, Ha KOTOPBI OH YKa3bl-
BaeT. To Xe B OTHOLIEHMH S: CHayala CHMBOJI 3aIIOMHUTCS B TTO3ULIMH, HA KO-
TOPYIO yKa3bIBaeT CTapoe 3HaueHUe S, W JUIIb MOCIe 3TOro 3HaueHHe Iepe-
'MEHHOM S yBeIWYMUTCA. llepechbUIaeMblii CUMBOJ SIBISIETCS OQHOBPEMEHHO
M 3HaYeHUEM, KoTopoe cpaBHUBaercsic ' \0'. B utore Konupyorcs Bce CHMBO-
JIBI, BKJIIOYAS ¥ 3aKJII0YUTEIbHBINA cuMBOJI ' \0' .

3ameTuB, uTO cpaBHeHUe ¢ ' \0' 3mechinirHee (IMOCKoJbKY B Ch HEHYJIEBOE
3HaYeHME BBIPAKEHMS B YCIOBUU TPAKTYETCS U KaK €r0 UCTUHHOCTD), MBI MO-
JKeM cIenaTh ellle OMHO M MocieaHee COKpallleHUue TeKCTa MPOrpaMMBbl:

/* strcpy: konupyet t B s; Bepcus 3 (C ykasaTensmu) */e
void strcpy(char *s, char *t)

{

while (*s++ = «t++)

}

XoTsi HaTIePBBIN B3TJSIATO, YTO MBI TOJIYU MU, BHITJSIIUT 3arafouHoO, BCe
JKe TaKas 3aMuch 3HAUYUTENbHO ynoOHee, 1 clielyeT OCBOUTh €€, TOCKOJIbKY
B Cu-TiporpaMMax Bbl OyJeTe ¢ Heil 4acTO BCTpevaThCsl.
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Yrto Kacaercsl GyHKLUU Strcpy U3 CTaHAAPTHOIM OUOanoTeKku <string. h>,
TO OHa BO3BpalllaeT B KAYECTBE CBOETO Pe3yJibTaTa ellie U yKa3aTesb Ha HOBYIO
KOTUIO CTPOKU.

Bropast mporpamMma, KOTOPYIO MBI 31€Ch PACCMOTPUM, 3T0 stremp(s, t). Ona
CpaBHMBAET CUMBOJIbI CTPOK S U t ¥ BO3BpalllaeT OTpULIATEIbHOE, HYJIEBOE WJIU
MOJIOXUTEIbHOE 3HAUEHUE, €CIIU CTPOKA S COOTBETCTBEHHO JIEKCUKOTpaduye-
CKM MEHBbIIIe, paBHA WK OOJIbIlle, YeM CTpoka t. Pe3ynbrar rnojryyaercsi BbIYM-
TaHUEM TIePBbIX HECOBIAAIOIIMX CUMBOJIOB U3 S U t.

/* strcmp: BolgaeT < O npu s <t, Onpu s ==t, >0 npu s >t */
int strcmp(char *s, char *t)

 Spily
int 1;

for (1 =0; s[i] == t[i]; i++)
if (s[i] = "\0")
return 0;
return s[i] - t[il;

Taxe InporpaMmMa C UCI1I0JIb30OBaHUEM yKaSaTCJ’[CIL/'I BBITJIAONT TaK:

/* stremp: BolgpaeT < O mpu s <t, Onpu s ==t, > 0npu s >t */
int stremp(char *s, char =t)
{
for ( ; *s =="*t st++, t++)
if (xs=="\0")
return O;
return *s - *t;

TToCKOJBKY OIepaTophbl ++ 1 — MOTYT ObITh MU ITPe(UKCHBIMU, KJTU TTOCT-
(GUKCHBIMU, BCTPEYaloTCsT (XOTSI M HE TaK YaCTO) APYTHe UX COYeTaHUs C OITe-
patopoM *. Hanmpumep:

*==p
YMEHBIIUT P TIPEXIE, YeM M0 3TOMY yKa3aTesio OyneT moayyeH cumBoi. Ha-
MpUMeDp, CIEAYIOIINE ABa BbIpasKEHUS:

*p++ = val; /* nomecTuTb val B cTek */
val = »--p; /* B3aTb M3 cTeka 3HauYeHWe W NOMecTUTb B val »/

SIBJISIFOTCSI CTAHAAPTHBIMMY JJIsI IOCBLIKM B CTEK M B3SITUSI U3 CTEKa (CM. ITapa-
rpad 4.3.).
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O0baBIeHS QYHKIINI, YTOMSIHYTBHIX B 9TOM Taparpade, a Takxke psaaapy-
TMX CTAHAAPTHBIX (PYHKIIMI, pabOoTaIOIIMX CO CTPOKAMU, COAEPXKATCS B 3aro-
JoBOYHOM (haiine<string.h>.

Vupaxunenne 5.3. Vcmonb3ys ykaszaTenu, HaNuIIUTe (QyHKIMIO strcat,
KOTOPYIO MBI paccMaTpuBaju B ri1aBe 2 (hpyHKIu strcat (s, t) KomupyeT cTpo-
Ky t B KOHEIl CTPOKH S).

Vupaxunenne 5.4. Hanuimure dpynkuuto strend(s, t), koTopas BelgaeT 1, eciu
CTpoKa t pacrojiokeHa B KOHIIE CTPOKH S, U HYJIb B TPOTUBHOM clydae.

Vupaxnenne 5.5. Hamuiure BapuaHThl OMOMMOTEYHBIX (DYHKIMEI Sstrncpy,
strncat m strncmp, KOTOpBIE OMEPUPYIOT C MEPBBIMUA CUMBOJIAMU CBOUX
apryMEHTOB, YMCJIO KOTOPBIX He npesbimaer n. Hanpumep, strncpy (t, s, n)
KOTIUpyeT He Oojiee n cUMBOJIOB t B S. [loHBIe onucaHus 3TUX QYHKIMI
COEPKATCS B MPUJIOXEHUU B.

Yupaxnenue 5.6. OtOepuTe MOAXOMSAIINE TTPOrPAMMbI U3 TIPEABIAYIIIUX TJIaB
U YOpaXHEHW W TEepenuIInuTe HX, WUCIOJb3ysd BMECTO MHACKCHPOBAHUS
ykazatenu. [TomoiinyT, B yacTHOCTH, TIporpamMmel getline (miassl 1 1 4), atoi,
itoa 1 ux BapuaHThl (T71aBbl 2, 3 U 4), reverse (rmasa 3), a Takxe strindex
u getop (r1aBa 4).

5.6. MaccuBbl ykasaTenei, ykazaTenm Ha yka3aTenm

Kak u o0bie 1pyrue nepeMeHHbIe, yKa3aTe Il MOXHO TPYIIITMPOBaTh B Mac-
cuBbl. 1151 WILTIOCTpallMK 3TOTO HAIMIIEM IIPOTPaMMy, COPTUPYIOLLYIO B ajl-
(haBUTHOM TTOPSIIKE TEKCTOBBIE CTPOKM; 3TO OyIeT YIPOIIEHHBIN BapyaHT Mpo-
rpaMmbl sort cuctembl UNIX.

B riase 3 mbl npuBenu ¢pyHkimo coptupoBku 1o Llenty, kotopas ymo-
pSIIOYMBAET MAcCUB IIEJIbIX, a B TJlaBe 4 yJYUIIUJIU €€, TIOBBICUB OBICTPO-
neiicteue. Te ke alrTOPUTMBI UCTIOIB3YIOTCS U 3[€Ch, OJHAKO TeNeph OHU OY-
JIyT 00pabaThiBaTh TEKCTOBBIE CTPOKM, KOTOPBIE MOTYT MMETh Pa3HyIo UIMHY
1 CpaBHEHME UJIU MepeMellleHre KOTOPBIX HEBO3MOXHO BBITIOJTHUTH 32 OJHY
onepanuio. HaMm HeoOXoaumo BbIOpaTb HEKOTOPOE IIpeACTaBICHUE NaHHBIX,
KOTOPOE OBI TO3BOIMIIO yIO0OHO U 3 (HEeKTUBHO pabOTaTh C TEKCTOBBIMU CTPO-
KaMU ITPOU3BOJIbHOM IJTUHBI.

J71s1 3TOr0 BOCHOJB3yeMCSl MAacCMBOM yKaszaTesieil Ha Hadaia cTpok. Ilo-
CKOJIbKY CTPOKH B TTaMSITU PACIIOIOXEHBI BIUIOTHYIO APYT K APYTY, K KaXKIOM
OTIEJbHON CTPOKE JOCTYI MPOCTO OCYIIECTBIISThH YEPE3 yKa3aTeslb Ha €€ mep-
BbIYi cuMBoJI. CaMu yKazaTeJ I MOKHO OpTaHM30BaTh B BuAe MaccuBa. OqHa
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13 BO3MOXKHOCTEW CPAaBHUTH IBE CTPOKM - TIepenaTh yKa3aTeJ M Ha HUX QyHK-
iy stremp. YToOBI TOMEHSATh MECTaMM CTPOKH, TOCTATOYHO OyIeT TOMEHSITh
MecTaMU B MacCUBE MX yKa3aTesiu (a He caMU CTPOKH).

. » defghi _ defghi
- * jklmnopqrst jkimnopqrst
. + abc abc

3nech CHUMAKOTCS Ccpasy aBe l'lpO6J'IeMbIZ OIIHa - CBA3aHHas CO CJIO2KHOCTBIO
YIIpaBJICHMUS ITaMATBHIO, a BTOpas - C OOJILIIMMU HaKJIaAHBIMU pacxogaMu IIpu
IIepeCTaHOBKax caMuXx CTPOK.

Hpouecc COPTUPOBKM pacriagacTcCsd Ha TPU STalia:

umeHue 6cex CMpoK U3 66004
COPMUPOBKA 6620eHHbIX CIMPOK
neuams ux no HOPAOKY

Kax 06b1yHO, BbIACIUM (DYHKIIMU, COOTBETCTBYIOLINE €CTECTBEHHOMY [€-
JICHUIO 3a/1a4¥, W HAMUIIEM TJIaBHYIO TporpaMMy main, ympaBJsSIIOULYIO 3TUMUA
dyHkuugaMu. OTIOXUM Ha BpeMsI peaiu3allMIo 3Tarna COpTUPOBKU U COCPENO-
TOYMMCS Ha CTPYKTYpE JAaHHBIX U BBOAE-BBIBOLE.

ITporpammMa BBOJA AOJIXKHA TPOYUTATh U 3alIOMHUTH CUMBOJIBI BCEX CTPOK,
a TakKe MMOCTPOUTh MacCUB yKa3aTeseil Ha cTpoku. OHa, KpoMe TOro, JOJIXKHa
MOACYUTATh YMCIIO BBENEHHBIX CTPOK - 5Ta vHbopMalMs MOHAT00UTCS ISt
COPTUPOBKU U MeyaTu. Tak Kak GYHKIIMS BBOJIA MOXKET paboTaTh TOJIbKO
C KOHEYHBIM YUCIOM CTPOK, TO, €CJIM UX BBEACHO CIMIIKOM MHOTO, OHa OyzieT
BBIIaBaTh HEKOTOPOE 3HAYEHME, KOTOPOE HUKOTI 1A HE COBITAJET C KOJTMYECTBOM
CTpPOK, Harpumep -1.

IporpamMma BbIBOIA 3aHUMAETCS TOJABKO T€M, YTO TMeYaTaeT CTPOKU, Mpu-
YeM B TOM MOPSAIKE, B KOTOPOM PACHOJIOXKEHBI YKa3aTeJau Ha HUX B MACCUBE.

#tinclude <stdio.h>
#include<string. h>

ttdefine MAXLINES 5000 /* MakcumanbHoe 4Mcno CTpoK */
char *lineptr[MAXLINES]; /* ykasaTenu Ha CTPOKM */

int readlines(char *lineptr[], int nlines);
void writelines(char *lineptr[], int nlines);
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void gsort(char *lineptr[], int left, int right);

/* COpTUPOBKA CTPOK */
main()

{

int nlines; /* KOMYYECTBO MPOYNUTAHHHX CTPOK */

1f ((nlines = readlines(lineptr, MAXLINES)) >= 0) {
gsort(lineptr, 0, nlines-1);
writelines(lineptr, nlines);

return 0;
} else {
printf(”ownbka: cnmwkom MHOro cTpok\n");
return 1;
i
!
tfdefine MAXLEN 1000 /* MakCuMallbHas IMHa CTPOKM */

int getline(char *, int);
char *alloc(int);

/* readlines: uTeHme CTPOK */
int readlines(char *lineptr[], int maxlines)
{

int len, nlines;

char *p, line[MAXLENT];

nlines = 0;
while ((len= getline(line, MAXLEN)) > 0)
if (nlines >= maxlines i} (p = alloc(len)) == NULL)
return -1;
else {

ling[len-1] = '\0"; /* ybupaem cumBon \n #/
strepy(p, line);
lineptr[nlines++] = p;
; .
return nlines;
}

/* writelines: mevaThb CTPOK */
void writelines(char *lineptr[], int nlines)

{

int i
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for i = 0; i < nlines; itt)
printf("%s\n", lineptr[i]);
}

®ynkuua getline B3sATa u3 maparpacda 1.9.
OCHOBHOE HOBIIIECTBO 3/1eCh - 00bsBJEHHE 1 inept T:

char *1ineptr[MAXLINES]

B KOTOpOM coobiaetcs, uto lineptr ectb MaccuB u3 MAXLINES aneMeHTOB, Kax-
IBIA M3 KOTOPBIX MpecTaBisgeT coOoil ykasarenb Ha char. MHade roBops,
lineptr[i] - yka3arenb Ha cuMBoOJI, a *1ineptr[i] - cMMBOJI, HA KOTOPbIil OH
yKasbiBaeT (MepBblii CUMBOJI i-ii CTPOKM TEKCTa).

Tak kak lineptr - uMsI MaccuBa, €ro0 MOXHO TpPaKTOBaTh KaK yKa3zaTeb,
T. €. TaK XXe, KaK MbI 3TO JeJIajiv B IPEAbIAYIIUX TpUMepax, U writelines mepe-
MUcaTh CJAEAYIOIUM 00pa3oM:

/* writelines: neyatb cTpok */
void writelines(char *lineptr[], int nlines)
{
while (nlines--> 0)
printf( "%s\n"”, *lineptr++);
}

BHauane *linept e yka3sIBaeT Ha IEPBYIO CTPOKY; Kaxkaoe MpHUpalleHue yKa-
3aTess IPUBOAMUT K TOMY, UTO *1ineptr ykasbIBaeT Ha CIEAYIOLIYIO CTPOKY,
M JeJTaeTcs 3TO IO TeX Iop, mokKa nlines He CTaHET HYJIEM.

Tenepb, Korma MBI pa300paIUCh C BBOIOM M BBIBOJOM, MOXHO MPUCTYITUTh
K COPTUPOBKE. BBICTPYIO COPTUPOBKY, ONTMCAaHHYIO B TJ1aBe 4, HAaI0 HECKOJIBKO
MOIMGUIIMPOBaTh: HYXKHO M3MEHHUTh OOBSIBICHUS, a ONEPAllMI0 CPaBHEHUS
3aMEHUTD OOpallleHueM K Stremp. AJITOPUTM OCTaJICs TEM Xe, U 9TO JaeT HaM
ONpene/ICHHYIO YBEPEHHOCTh B €ro MPaBUIBHOCTH.

/* qsort: coptupyet v[left]...v[right] no BospactaHuio */
void gsort(char *v[], int left, int right)
{

int i, last;

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

if (left >= right) /* Huyero He [OENAETCS, €CIM B Maccupe */

return; /* MeHee [IBYX BIEMEHTOB */
swap(v, left, (left+ right)/2);
last = left;

for (1 = left+1; i <= right; i++)
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if (stremp(v[i], v[left]) < 0)
swap(v, ++last, i);
swap(v, left, last);
gsort(v, left, last-1);
gsort(v, last+1, right);
!

HeO6onbimne nonpaBKku TpeOYIOTCS U B IpOrpaMMe IepecTaHOBKHU.

/ sWap: noMeHsiTb  MecTamu V[i] un V[j] */
void swap(char *v[], int i, int j)

{

char *temp;

temp = v[i];

v[il = v[il:

v[i] = temp;
}

Tak KakK Kaxkablii a1eMeHT MaccuBa v (T. €. lineptr) siBAsieTCsl yKasaTejaeM
Ha CUMBOJI, temp AOJDKEH UMETh TOT K€ THII, UTO U V - TOTJa MOXHO OyneT
OCYIIECTBJISITh MEPECHIIKA MEXITY temp 1 3JIeMEHTaMMU V.

Ynpaxknenue 5.7. Hanuinure HoBy10 Bepcuio readlines, Kotopasi 3ariloMrMHalia
Obl CTPOKM B MaccHMBe, OIpele/ieHHOM B main, a He 3arpalliMBajia MamsTh
nocpeacTBoM Iporpammbl alloc. Hackonbko ObIcTpee 3Ta mporpamma?

5.7. MHOromepHble MaCCMBbI

B Cu nmeeTcst BO3MOXKHOCTD 3a/1aBaTh PSIMOYTOJIbHbIE MHOTOMEPHBIE Mac-
CUBBI, MPaB/ia, Ha MPAKTUKE [0 CPaBHEHUIO C MAaCCUBAMU yKa3aTeJieii OHU KC-
MOJIL3YIOTCS 3HAYUTEBbHO pexe. B aToM maparpage Mbl MpoaeMOHCTPUPYEM
HEKOTOpbI€ UX CBOMCTBA.

PaccMmoTpum 3amavy nmepeBoaa AaThl "IeHb-Mecsl” B "IeHb roma” u o0paTHO.
Hanpumep, 1 Mapra - 310 60-if AeHb HEBUCOKOCHOIO WK 61-ii JeHb BUCOKOC-
Horo roma. OmpenenuMm aBe GYHKIUU I 3TUX NpeoOpa3oBaHUli: (YHKLIMS
day_of year OymeTt npeoOpa3oBbIBaTh MeCSIl U J€Hb B IeHb roja, a month_day -
JIeHb Tofia B Mecs1l U IeHb. [10CKOIbKY nociienHsiss GYHKIUSI BHIYUCIISET IBa
3HAYEHUSI, apTYMEHTHI MeCSIIL M ICHb OyIyT yKazaTeJasiMUu. Tak BbI30B

month day( 1988, 60,- &m, &d)

npucBavBaeT IepeMeHHOM T 3HaueHue 2, ad - 29 (29 dbeBpast).
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HammM ¢pyHKOMSIM Hy>XHa OgHAa U Ta XXe nH(GopMalns, a MMEHHO TabIunIa,
cozepkalias Yucjia THe Kaxkaoro Mecsiia. Tak Kak 11l BACOKOCHOTO U HEBU-
COKOCHOTO I'OIOB 3T TaOJIMLIbI OyAyT Pa3aAndaThbCst, MPOLIE UMETh 1BE OT/IEIb-
HbIe CTPOKU B IBYMEPHOM MacCHBE, YeM BO BPeMsI BBIYMCICHHUI OTCIICXKUBATh
0COOBIi1 ciry4aii ¢ peBpasieM. MaccuB ¥ (DYHKIIUM, BEITIOJIHSIONINE IIPeo0pa3o-
BaHUs, UMEIOT CICIYIOIINI BUI:

static char daytab[2][13] = {
{0, 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31},
{0, 31, 29, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31}
¥

/* day_of_year: ompefenser meHb TOfa [0 Mecsly ¥ OHO */
int day_of_year(int year, int month, int day)
<

int i, leap;

leap = year%4 == 0 && year%100 != 0 1 year%400 == 0;
for (1 = 1; 1 < month; it

day += daytab[leap][i]; !
return day;

}

/* month_day: ompemenseT Mecsi ¥ JeHb IO OHO Toma */
void month_day(int year, int yearday, int =pmonth, int *pday)
{

int 1, leap;

leap = year%4 == 0 && year%100 != 0 i year%400 == 0;
for (i = 1; yearday > daytab[leap][i]; i++)
yearday -= daytab[leap][i];
=pmonth = i;
*pday = yearday;
}

HamomuHaeM, 4To apudMeTHIecKOoe 3HaUYeHUE TOTUYEeCKOTO BhIpaskeHUs (Ha-
MIPUMEP BBIPAXXEHUS, C TIOMOIIILIO KOTOPOTO BEIYUCIISIIOCH leap) paBHO 1160
HYI0 (JI0Xb), TN00 equHUIIe (MCTUHA), TaK YTO MbI MOXEM HMCIIOJIb30BaTh €T0
KakK MHIEKC B MaccuBe daytab.

MaccuBdaytab momkeH OBITh BHEIITHAM I10 OTHOIIIEHUIO K 00e M (DYHKII -
M day_of year m month_day, Tak KaK OH HYXEH U TOi M Apyroii. Mel cienanm
erotumachar, YToObl TPOMITIOCTPUPOBATH 3aKOHHOCTh TPUMEHEeHUs ThIta char
IUJTST MaJTBIX IIEJTBIX Oe3 3HaKa.
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MaccuB daytab - 370 mepBbIii MACCUB U3 YKCJIA IBYMEPHBIX, C KOTOPBIMU
MBI ellie He nMestn aejia. Ctporo ropopst, B Cu IByMepHBIA MaCCHB pacCMaTpH-
BaeTCs KaK OMHOMEPHBI MacCHB, KaXIBIi 3JIeMEHT KOTOPOIrO - TaKXe Mac-
cuB. IlosToMy MHIEKCUPOBaHUE N300paxaeTcs TaK:

daytab[i][j] /* [cTpoka] [cTonGeu] */
a He Tak:
daytabl[i,j] /* HEBEPHO */

OcobeHHOCTb IByMepHOro Maccuba B CH 3aKJ1l04aeTcs JIMlb B (DOpME 3aIiu-
CH, B OCTAJIbHOM €r0 MOXHO TPaKTOBaThb MMOYTH TaK Xe, KaK B APYTUX SI3bIKaX.
DJIeMEHTHI 3alIOMUHAIOTCSl CTPOKAMHU, CJIefoBaTebHO, MPU Nepedope UX B TOM
MOpsIIKE, KaK OHU PacrojoXeHbl B MaMsITH, Yallle OyaeT U3MEHSITbCSI caMblii
MpaBbId UHIAEKC.

MaccuB MTHULIMATU3UPYETCS CITUCKOM HavyaJlbHbIX 3HAYEHHW I, 3aKJII0UYEHHBIM
B (UTYpHbIE CKOOKM; Kaxasi CTpOKa IByMEPHOTO MaccuBa MHULIMATIU3UPYET-
Csl COOTBETCTBYIOLLIMM ToacnuckoM. HyreBoil cTonberr 1odaBiaeH B Havyaslo
daytab auuib 1151 TOro, YTOOBI MHAEKCHI, KOTOPBIMU MbI Oy/IeM MOJIb30BaThCS,
COBITaJAJIU C €CTECTBEHHBIMU HOMEpPaMU MecsilieB OT 1 10 12. DKOHOMUTD Mapy
siyeeK MaMsTH 3[eCb HET HUKAKOIro CMbIC/a, a IMporpaMma, B KOTOPOM yxke
He HaJ0 KOPPEKTUPOBaThb UHAEKC, BBINISIAUT 00Jiee SICHOM.

Ecnu nBymMepHbIit MaccuB mnepeaaeTcsl ¢GyHKUMM B KayecTBE apryMeHTa, TO
00DBSIBIEHHE COOTBETCTBYIOIIETO €My MapaMeTpa J0JKHO COlEpKaTh KOJIUYECTBO
CTOJIOLIOB; KOJMYECTBO CTPOK B JAHHOM CJIydyae HECyLIECTBEHHO, MOCKOJIbKY, KakK
U npexae, GyHKUUM OyaeT nepeaaH ykazareib Ha MaCCUB CTPOK, KaxKaasl U3 KO-
TOPBIX €CTh MacCUB U3 13 3HaueHM# TMMNa int. B HalleM yacTHOM cilyyae Mbl UMe-
€M yKazareslb Ha 00BbeKThI, SIBJISIOIMECs MacCuBaMy U3 13 3HaueHuit Tuna int.
Takum obpazom, eciu MmaccuB daytab nepegaercs HEKOTOPOil GyHKIUU f, TO 3TY
(DYHKLIMIO MOXHO ObUIO ObI OINpPEAEIUTh CASIYIOIIUM 00pa3oM:

f(int daytab[2][13]) { ... }

BMmecTo 3TOr0 MOXXHO 3amucaTth
f(int daytab[][13]) { ... }

ITOCKOJIBKY YMCJIO CTPOK 34€Chb HE UMECT 3HAUCHU A, NN
f(int (+daytab)[131) { ... }

IMocnenHss 3anuch OOBSIBISET, YTO ITapaMeTp €CTh yKa3aTeJlb Ha MacCUB
u3 13 3Hauenuit Tumna int. CKoOKU 31eCh HEOOXOAUMEI, TaK KaK KBaJpaTHbIE
CKOOKM [ ] uMeloT 0oJiee BLICOKMIA IPUOPUTET, YeM *. be3 ckoOoK 00bsiBIcHIE

int *daytab[13]

omnpejaensieT MaccuB U3 13 ykazaresneit Ha char. B Oosiee o0l1eM ciiydae TOIbKO
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MepBoe U3MepeHue (COOTBETCTBYIOIIEE MEPBOMY MHIEKCY) MOXHO He 3a7aBaTh,
BCe Apyrue cnenuuIrupoBaTh HEOOXOIUMO.
B maparpade 5.12 MBI IpOOOJIKMM pacCMOTPEHHUE CIIOKHBIX OOBSIBICHUI.

Vunpaxuenue 5.8. B dynkuusax day_of_year m month_day HeT HUKakux
MPOBEPOK NPaBUJILHOCTU BBOAVMMBIX 1aT. YCTPAHUTE 3TOT HEAOCTATOK.

5.8. UlHMumanusauua MmaccuBOB yKa3aTenen

Hanumem dbyHkuuio month_name(n), KoTopasi BO3BpalllaeT yKa3aTejlb Ha
CTPOKY CMMBOJIOB, COAepXKalliii Ha3BaHUe N-To Mecsla. DTa GYHKUIUS Hie-
aJibHa TSl IEMOHCTPAIIM MCITOJIb30BaHMS CTaTHYeCKOro MaccuBa. @yHKIIUSA
month_name MMeeT B CBOEM JUYHOM pACHOPSIKEHUM MACCUB CTPOK, Ha OIHY
13 KOTOPBIX OHA 1 BO3BpallaeT ykazareiab. Huxke mokaxem, Kak MHULIMATA3U-
pYyeTCs 3TOT MAaCCUB UMEH.

CuHTaKCcUC 3aJaHMsl HaYaJlbHBIX 3HAUeHUI aHAJOTMYeH CMHTAKCUCY TIpe-
IBIAYIIUX WHUIMATU3alWi:

/* month_name: BO3BpallaeT WMA n-ro mecsua */
char *month_name(int n)

static char *name[] = {
"HeBepHH Mecsl",
"duBapp", "Oeppanmp", "Mapr", "Ampenn", "Man", "MoHB",
"Jhoms", "ABrycT", "CeHTsOpm",
"OkTabpb”, "Hosbpn", "Iekabpn"
b
return (a< 1 i n > 12) ? name[0] : name[n];

}

OO0ObsaBIEHNE Name MACCUBOM yKa3aTeJel Ha CUMBOJIBI TAKOE Xe, KaK U 00bSIB-
JieHWe lineptr B mporpaMme COpTUPOBKU. MHUIIMAIN3aTOPOM CIIYXKUT CIH-
COK CTPOK, KaXIOi U3 KOTOPBIX COOTBETCTBYET OINpPEAeIEeHHOE MECTO B MacCH-
Be. CUMBOJIBI i-11 CTPOKU TIIe-TO pa3MelleHbl, M yKa3aTeJb Ha HUX 3allOMUHA-
ercst B name[1]. Tak Kak paamep MaccuBa name He CelHGULHPOBAH, KOMITH-
JISITOP BBIYMCJIUAT €T0 MO KOJIWYECTBY 3alaHHBIX HaYaJIbHbIX 3HAUCHUIA.

5.9. Ykasatenu npoTB MHOITOMEepHbIX MacCUBOB

HauuHaromue nporpaMmmupoBath Ha CH MHOTIA HE TIOHUMAIOT, B YeM pa3-
HUIAa MeXAy IBYMEPHBIM MacCMBOM U MacCHBOM yKa3aTeJeil Bpoae name
U3 TIpUBeIeHHOTO ITpuMepa. st ABYX clIeAyIoIIUX OTpeaeIeHIIA:
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int a[10][20];
int *b[10];

sanucu a[3][4]ub[3][4] GyayT CMHTAKCUYECKU ITPAaBUIbHBIM 00pallleHuEM
K HEKOTOPOMY 3HaueHMIO THIa int. OMHAKO TOJBKO a SIBISICTCS UCTUHHO JIBY-
MEpPHBIM MaCCHBOM: IUISI ABYXCOT 3JEMEHTOB THUIIA int OymeT BbIICICHA Ta-
MSTh, @ BBIYMCICHIE CMEIICHUS 2JIeMeHTa a[ cmpoka] [ ¢monbey] OT Havana
MaccuBa OyaeT BecTHCh o dhopmyie 20 X cmpoka + cmoabey, yIUTHIBAIOIIEH
€ro IpsSIMOYTOJIbHYIO ipuponay. st b xxe onpeneneHo Tonbko 10 ykazaTeneit,
nmpuYeM 0e3 WHUIManM3anud. WHUIMaIM3ams J0KHA 3a1aBaThCs SIBHO -
JTMOO0 CTaTUYECKH, TMOO0 B mporpaMme. [IpeamnoroXmm, 9To KaXXK bl 3JIEMEHT b
yKa3bIBaeT Ha ABa[LaTUIIEMEHTHBIN MacCUB, B Pe3y/IbTaTe IIe-TO OYIYT Bbl-
IIeJIEHBI TIPOCTPAHCTBO, B KOTOPOM pasMectsitcs 200 3HaYeHUi Timma int, u eme
10 syeex n1s ykazareneii. BaxHoe npeMMyILeCTBO MACCHBA YKA3aTesIel B TOM,
YTO CTPOKM TAKOTO MacCUBa MOTYT MMETh pa3HbIe IIMHBI. TakuMm 00Opa3oM,
KaXXIbI 2JIEMEHT MacCuBa b He 00s3aTeIbHO YKa3hIBaeT Ha MBAAIIATHIIEMEHT-
HBII BEKTOP; OIWH MOXET YKa3bIBaTh Ha IIBa 3JIEMEHTA, IPYTOi - Ha IISIThIC-
CAT, a HEKOTOPbIE U BOBCE MOTYT HM Ha YTO HE YKa3bIBaTh.

Hamu paccyxnmeHus 31ech Kacaauch IeJIbIX 3HaYeHUH, OJHAKO Yale Mac-
CHBBI yKazaTresIei MCITOIb3YIOTCS IJIT pabOTHl CO CTPOKAMM CMMBOJIOB, Pa3iiy-
YaIOIUMUCS 10 JUTMHE,, KaK 3TO ObUTO B GyHKITMK month_name. CpaBHUTE OIIpe-
IIeJICHNEe MacCuBa yKaszaTeJieit M1 COOTBETCTBYIOIINIA eMy PHCYHOK:

char *name[] = {"HenpaBunbHuit mecsay”, "9HB"”, "O®esp”, "MapT”};

name:

—-| HenpasunbHui MECRH\0|

e[
A [emmpv0

C 00DBSIBJIEHUEM U PUCYHKOM JJId ABYMECPHOI'O MacCHBa:

char aname[][15] = {"Henpas. mecau”, "AuB", "desp”, "MapT”},

aname:
Henpas.mecsu\0 HAnB\0 0esp\0 MapT\0 |
0 15 30 45

Vnpaxunenue 5.9. Ilepenumure mporpammbl day_of_year m month_day,
HCITOJIb3YSI BMECTO MHACKCOB yKa3aTeu.
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5.10. AprymeHTbl KOMaHOHOW CTPOKN

B onepanmroHHoit cpene, obecrnieunBatoieil monaepxky Cu, nmeercs: Bo3-
MOXHOCTb MepeaaTh apryMeHThl WJIM MapaMeTphbl 3allycKaeMoil MporpaMmMe
C TTOMOIIbI0 KOMAaHAHOM CTPOKU. B MOMEHT BbI30Ba main ImoJjiyyaeT aBa apry-
MeHTa. B rmepBoM, 0OGBIYHO Ha3bIBaeMOM argc (CoOKpallleHue OT argument count),
CTOMUT KOJMYECTBO apryMEHTOB, 3aJaBaeMbIX B KOMaHIHOW cTpoke. Bropoii,
argv (OT argument vector), SIBJISIETCS yKa3aTeJeM Ha MaCCUB CUMBOJIbHBIX CTPOK,
coliepKalllux caMu apryMeHThl. 171t paboThl ¢ 3TUMU CTPOKAMU OOBIYHO HC-
TOJIB3YIOTCS YKa3aTeIu HeCKOJbKMX YPOBHE.

IIpocreiimmii mpumep - mporpamma echo ("9x0"), KoTopast medaraer apry-
MEHTBI CBOeli KOMaHIHOM CTPOKU B OTHOU CTPOYKE, OTIENSISI UX APYT OT ApyTa
npobemramu. Tak, KoMmaHIa

echo 3pgpascTByii, Mup!
HaneyaraeT
3npaBcTByin, mump!

I1o cornamennio argv|[0] ecTb MM BBI3BIBA€MOI IIPOTPAMMBI, TaK UTO 3HAYE-
HUe argc HuKorma He 6biBaeT MeHblie 1. Eciin argc paBeH 1, TO B KOMaHIHOM
CTPOKE IOCJIe UMEHHU MPOTpaMMbl HUKaKHUX apIyMEHTOB HeT. B HallieM npume-
pe arac paseH 3, u coorBercTBeHHO argv([0], argv[1] m argv[2] cyTh cTpoku
"echo", "3apascTsyit,” u "mnp!”. TlepBblii HEOOSI3aTEIbHBIN aPITyMEHT - 3TO
argv[ 1], mocnennmii - argv[argc-1]. KpomMe toro, cranmapt TpeGyeT, 4TOOLI
argv|argc] Bcerma ObUT ITyCTBIM YKa3aTeJeM.

argv:

=)

-——————‘ 3opascteyi, \0 ‘

oo\

o

IlepBas Bepcusi mporpaMMbl echo TpakTyeT argv Kak MacCUB CUMBOJIbHBIX
yKasaTeJeu.

tfinclude <stdio.h>

/* 9X0 apryMeHTOB KOMaHOHOW CTpoku: Bepcus 1 */
main(int argc, char =argv[])
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P

int i;

for (i = 1; i < arge; it+)

printf("%s%s”, argv[i], (i < argec-1) ?2 " " : "");
printf("\n"); '
return O;

}

Tak kak argv - 91O yKasarcjb Ha MaCcCHUB YKa3aTCHCﬁ, MBI MOXEM pa6OTaTb
C HMM KakK € yKa3aTt€JeM, a HC KaK ¢ UHICKCUPYECMbIM MaCCHUBOM. CHCI[YIOH.I&H
nporpamMmMa OCHOBaHa Ha IMPUpPAIICHUN argyv, OH IMMpUpamunBacTCAd TaK, 4TO €TI0
3HAYCHUE B KAXKJbI OTACIIbHBIII MOMEHT YKa3bIBacT Ha oqepez[Hoﬁ yKasaTeJib
Ha char; Hepe6op YKa?:aTCJ'Ieﬁ 3aKaHYMBACTCA, KOTa MCUCPITaH argc.

#include <stdio.h>

/* 8X0 aprymeHTOB KOMaHAHON CTPOKW; Bepcusi 2 */
main(int argc, char *argv[])
{
while (--argc > 0)
printf("%s%s”, =++argv, (argc > 1) 2 " " : "");
printf("\n");
return O;

}

ApryMeHT a rgv — yKasaTeJb Ha HauaJlo MacCMBa CTPOK apryMeHTOB. Mcrojb-
30BaHME B ++argv Mpe(rKCHOro oreparopa ++ IpuBeAET K TOMY, YTO ITEPBHIM
oymerHanevyataHargv[ 1], aHeargv[0]. Kaxmoe ouepeaHoe rprpalieHue yka-
3aTesisl JaeT HaM CIIeYIONINiI apTyMeHT, Ha KOTOPHIi yKa3bIBaeT =argv. B ato
Ke BpeMsl 3HaUeHMe argc yMEeHbIIaeTcs Ha 1, ¥, KOTIa OHO CTaHeT HyJIeM, Bce
apTyMEHTHI OyIyT HameyaTaHbI.

HucTpykimio printf MoxXHO OBUTO OB HAaITMCATh U TaK:

printf((argc > 1) ? "%s " : "%s”, x++argv);

Kax Bumum, ¢opmar B printf Toxe MOXeT ObITh BEIPaKEHUEM.

B kauecTBe Broporo mpuMmepa Bo3bMeM IIpOTrpamMMy MoMcKa o0pasiia, pac-
CMOTpeHHYIo B maparpade 4.1, 1 HeCKOJbKO ycoBepileHCTByeM ee. Eciu Bb
TIOMHUTE, 00pa3ell 1Jis MOMCcKa Mbl "BMOHTHPOBAJIN" TJTYOOKO B IIPOTrpaMMy,
a9To, 0OYEBUIHO, He Tyulee peineHue. [loctporum Halry mporpaMmy o aHa-
noruu c grep u3 UNIXa, 1. e. Tak, 4TOObI 00pa3el 4151 TOMCKa 3a1aBaics nep-
BBIM aPTYMEHTOM B KOMaHIHOM CTPOKE.
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#include <stdio. h>
#include <string.h>
#define MAXLINE 1000

int getline(char *line, int max);

-/* find: mevyaTh CTPOK C 0OpAa3lOM, 3aJaHHEM 1-M apryMeHToM */
main(int argc, char *argv[])
{

char line [MAXLINE],

int found = 0;

if (argc != 2) g
printf(”UcnonbayiiTe B find obpaseu\n”);
else
while (getline(line, MAXLINE) > 0) o
if (strstr(line, argv[1]) != NULL) {
printf ("%s”,line);
found++;

}

return found;

}

CranpaprHas dyakuus strstr(s,t) Bo3Bpalaer ykaszaTesb Ha ITepBYIO BCTpe-
TUBIITYIOCST CTPOKY t B cTpoke s miam NULL, ecau TakoBoii B s HE BCTPETUIIOCEH.
DdyHkuMs 00bsABIEHA B 3aroJI0BOYHOM (aiiie <string. h>.

DTy MoJeib MOXKHO Pa3BMBAaTh U Jajibllie, YTOOBI MPOWLIIOCTPUPOBATH IPY-
rme KOHCTPYKIMM C yKazaTeJssMu. [IpenmosiokuM, 4To Mbl BBOIMM e€llle 1Ba
Heo0s13aTeIbHBIX apryMeHTa. OIUH U3 HUX MIPEANUChIBACT MeYaTaTh BCE CTPO-
KU, Kpome TeX, B KOTOPBIX BCTpevyaeTcs obpasell; BTOPOii - Mepel KaxXa0i BbI-
BOJIMMOI CTPOKOM IevyaTaTh €€ MOPsAAKOBBI HOMED.

I1o obmemy cormamenuto nasg Cu-miporpamMm B cucteme UNIX 3HaK MuHyC
rnepea apryMeHTOM BBOJIUT HeOO0sI3aTeIbHbIN IMPU3HAK WU mapameTp. Tak, eciu
-X CJTy>KUT MPU3HAKOM CJIOBa "KpoMe", KOTOpOe U3MEHSIET 3aiaHue Ha IIPOTUBO-
MOJIOXHOE, a ~N yKa3blBaeT Ha MOTPEOHOCTh B HyMepalluM CTPOK, TO KOMaHaa

find -x -n o6pasey

HareyaTaeT BCce CTPOKH, B KOTOPBIX He HalleH YKa3aHHbBI obpasell, U, KpoMme
TOTO, TMepel Kaxkaoi CTPOKOH yKaxeT ee HoMep.

Heobs3aTenbHbBIe apryMeHThI pa3pelaeTcsl pacrojarath B JJIOOOM MOpsIIKe,
MPU 3TOM JIydllle, YTOObI OCTalbHASI YaCTh MPOrpaMMBbl HE 3aBHCeJIa OT YKCa
TIpeACcTaBIeHHBIX apryMeHToB. Kpowme Toro, moiab3oBaTesto ObII0 OBl YIOOHO,
ecJi 6bl OH MOT KOMOMHMPOBAaTh HEOOsI3aTeIbHbIC apIyMEHThI, HATIpUMeDP TakK:

find -nx obpasey
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A Tenepb 3aMUIIEeM Hally IPOrpaMMmy.

#include <stdio.h>
#include <string.h>
#tdefine MAXLINE 1000

int getline(char *line, int max);

/* find: meuvaTh cTpok obpasuamu u3 1-To aprymeHTa */
main(int angc, char =argv(])
{

char 1ine[MAXLINE];

long lineno = 0;

int ¢, except = 0, number = 0, found = 0;

while (--argc> 0 && (*++argv)[0] == '-")
while (c = *++argv[0])
switch (¢) {
case 'X':
except = 1;
break;
case 'n' :
number = 1;
break;
default: -
printf( "find: =esepsmi mapaMerp %c\n”, c);
argc = 0;
found = -1;
break;
}
1f (argc != 1)
printf("Ucnonbayinte: find -x -n obpaseu\n”);
else
while (getline(line, MAXLINE) > 0) {
lineno++;
if ((strstr(line, *argv) != NULL) != except) {
if (number)

printf("%ld:"”, lineno);
printf("%s", line);
found++;
}
}

return found;
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Iepen monydeHrEM OYepeTHOTO apTyMEHTa argc yMeHbImaeTcss Ha 1, aargv
"mepeMernaeTcsa” Ha ciaeaylonnii apryMeHT. [locie 3aBepIieHusT UKiIa Mpu
OTCYTCTBUHU OLIMOOK argc COMEPKUT KOJIMIECTBO ellle He 00paboTaHHbBIX apry-
MEHTOB, a argv YKa3bIBaeT Ha MePBbIif M3 HUX. TaKUM 00pa3oM, argc JOJIKEH
ObITh PaBeH 1,a *argyv yka3blBaTh Ha o0Opa3ell. 3aMeTUM, UTO *++a rgy sSIBJIIeTCS
yKazaTeJeM Ha apryMeHT-CTPOKY, a (*++argv)[0] - ero nmepBbIM CHUMBOJIOM,
Ha KOTOPBIA MOXKHO COCJIaThCs M IPYTUM CIIOCOOOM:

*+++37gVv,

ITockobKy orepaTop MHAEKCUPOBaHUS [ | uMeeT 60Jiee BBICOKHI TPUOPUTET,
yeM * 1 ++, Kpyriible CKOOKHM 3/1eCh 0053aTeIbHBI, 03 HUX BRIPaXKeHUE TPAKTO-
BaJIOCh ObI TaK Xe, Kak *++(argv[0]). UMeHHO TaKkoe BhIpaXXeHUEe Mbl IIpUMe-
HUM BO BHYTPEHHEM LIMKJIE, TJIe TIPOCMAaTPUBAIOTCS CUMBOJIbI KOHKPETHOTO ap-
ryMeHTa. Bo BHyTpeHHeEM LiMKJIe BbipaxeHue =++argv[0] mpupalirBaeT yKa-
3arenb argv[0].

IToTpeGHOCTD B 0oJiee CIOXKHBIX BBIPaXKEHUSX IJIS1 yKa3aTeJael BO3HUKAET
HeTak y yacto. Ho ecyiv Takoe ciaydmTcst, TO pa30uBasi MpoLeCC BIUMCIICHUS
yKaszaTeJisl Ha ABa WIKA TPU 111ara, Bbl 00JIETYMTe BOCIIPUSITHE STOTO BBIPAXKEHUSI.

Vopaxnenne 5.10. Hanumwure mporpamMmy expr, MHTEPHPETUPYIOUIYIO
00paTHYIO TTOJIBCKYIO 3aITCh BRIPAXKCHUS, 33aaBA€MOT0 KOMaHIHOM CTPOKOIA,
B KOTOPOW KaXIBIi OTIepaTop W OTEpaHI MpPEIACTaBICHBI OTACIbHBIM apry-
MeHTOM. Hampumep,

s expr234+*

BBIYMCIISIETCS TaK e, Kak BeIpaxeHue 2 X (3 + 4).

Yupaxuenune 5.11. YcoBepuieHCTByiiTe mporpaMMmbl entab u detab (cwm.
ynpaxuenus 1.20 u 1.21) rakum oOpa3oM, 4TOObLI Yepe3 apryMeHThl MOXKHO
OBLJIO 3aJaBaTh CIIMCOK “CTONOB” TaOyJISILINH.

VYnpaxnenne 5.12. PaciupbTe Bo3aMoxHocTH entab u detab Takum obpasom,
4yTOOBI TIpU OOpallleHUX BUAA

entab -m +n

"cTomnbl” TaOYSLUY HAYMHATIMCH ¢ M-¥ MO3UIIMK Y BBITIOJTHSUIMCD YePE3 KaxkK-
Ible n o3uiiuii. PazpaGoraiiTe y100HbII 1151 T0J1b30BATEIIsl BADUAHT MTOBEIE-
HUSI IPOTPaMMBI [10 YMOJTYaHMIO (KOTa HET HUKAKHMX apIyMEHTOB).

VYnpaxnenne 5.13. Hanumute nmporpammy tail, medaTtamouiyio # MocaeIHUX
BBEICHHBIX CTPOK. [To yMosrgaHuI0 3HaUeHME # paBHO 10, HO TIpH XKETaHUU 1
MOXHO 3aIaTh C TIOMOIIbIO apryMeHTa. OOpalieHne Buaa

tail -n
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reyaTaeT # MOCIeTHUX CTPOK. IIporpaMma moJIKHa BeCTH ceOsl OCMBICTICHHO
TIPY JTIOOBIX BXOTHBIX TaHHBIX 1 JTIOOOM 3HaUeHUHU n. Hamuimmre mmporpamMmy
TaK, YTOOBI HAVUTYYIIMM 0Opa30oM HCITOJb30BaTh MaMSTh; 3alIOMIHAHKE CTPOK
OpraHu3yliTe, KaK B IpoTpaMMe COPTUPOBKHU, ONIMCaHHOM B Imaparpade 5.6,
a He Ha OCHOBE IBYMEPHOT'O MaccuBa ¢ (pMKCHPOBAHHBIM Pa3MepOM CTPOKHU.

5.11. YkazaTtenu Ha pyHKLUN

B Cu cama pyHKIINS He IBIIIETCS TIepeMeHHOI, HO MOXKHO OIIPEIETIUTD YKa-
3aTejb Ha (OYHKIIMIO ¥ paboTaTh ¢ HUM, KaK ¢ OOBIYHOM TIepeMEHHOIM: TTpHCBa-
¥MBaTh, pa3MellaTh B MacCHBE, ITepeiaBaTh B Ka4eCTBe MapaMerpa (hyHKITNH,
BO3BpaIlaTh Kak pe3yJbTaT U3 GYHKIWU U T. A. IS WITIOCTpaIlid 3TUX BO3-
MOXKHOCTE BOCIIOJIb3yeMCsI IMPOTPaMMOI COPTUPOBKHM, KOTOpasT yKe BCTpe-
yajach B HAaCTOSIIIeH rmaBe. MI3MeHUM ee Tak, YTOOBI TP 3adaHUK HeobsI3a-
TEJTLHOTO apryMeHTa -1 BBOIWMBIEC CTPOKH YITOPSIOUYHBAIKCH ITO UX YUCTIOBO-
MY 3HaYEHMUIO, a He B ICKCUKOTpapUIeCKOM ITOPSIIKE.

CopTHpoBKa, KaK IIPaBUIIO, paciafaeTcs Ha TPY YacTH: Ha CpaBHEHHE, OTpe-
IeJIsTIoNIee YIOPSIOUYeHHOCTh Mapbl OOBEKTOB; MEePECTAaHOBKY, MEHSIOIIYIO
MECTaMH Mapy 0OBEKTOB, M COPTUPYIOIINIA aITOPUTM, KOTOPBIN OCYIIECTBIIS-
€T CpaBHEHUS 1 TIePECTAaHOBKM JIO TEX TOP, ITOKa BCe OOBEKTHI He OYIyT yIIOpsi-
IIOYEeHBI. AJITOPUTM COPTHPOBKH HE 3aBHCUT OT OTlepalliii CpaBHEHUS U TIepe-
CTaHOBKH, TaK UTO TlepenaBasi eMy B KauyeCTBe ITapaMeTPOB pa3IMIHbIe (QYHK-
LMY CPaBHEHMS 1 TIEPeCTAHOBKH, €TO MOKHO HaCTPOUTD Ha pa3TMIHbIC KPUTE-
pUM COPTUPOBKHU.

Jlekcukorpadmaeckoe cpaBHEHHE ABYX CTPOK BBITIOJMHSIETCS (DYHKIMEH
strcmp (MBI yKe MCITOJI30BalId 3Ty (GYHKIIMIO B paHee pacCMOTPEHHOM Tpo-
rpaMMe COPTUPOBKM); HaM TaKxKe ITOTpeOyeTCs TporpaMMa numemp, CpaBHUBA-
oIlast IBE CTPOKHM KaK YK CIOBBIE 3HAYCHUS U BO3BpaIllaroliasi pe3yJIbTaT cCpaB-
HEHHUS B TOM Xe BUIE, B KAKOM €T0 BBIIACT st rcmp. DTU (YHKIIUNA OOBSBIISIOT-
¢ TIepen main, a yKazaTellb Ha OMHY U3 HUX epenaetcss GyHKuuu gsort. Yro-
OBI COCPEIOTOYNTHCS Ha TIABHOM, MBI YIIPOCTIUIN ceOe 3amady, OTKa3aBIINCh
OT aHaJIN3a BO3MOXHBIX OITMOOK ITPY 3aTaHUH apTyMEHTOB.

#include<stdio. h>
#include<string.h>

#tdefine MAXLINES 5000 /* MakcumanbHoe 4ucno CTpok */
char =lineptr[MAXLINES]; /* ykasaTenu Ha CTpOKu TekcTa */

int readlines(char =lineptr[], int nlines);
void writelines(char *lineptr[], int nlines);
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void gsort(void *lineptr[], int left, int right,
int (+comp)(void *, void *));
int numcmp(char *, char *);

/* COpTMpOBKA CTPOK */

main(int argc, char xargv[])

{
int nlines; /* KOIMYEeCTBO MPOYMTAHHHX CTPOK */
int numeric = 0; /* 1, ecmm COPT. IO YACA. 3HAY. */

if (argc > 1 && stremp(argv[1], "-n") == 0)
numeric = 1;
if ((nlines = readlines(lineptr, MAXLINES)) >= 0) {
gsort((void **) lineptr, 0, nlines-1,
(int (*)(void=,voidx))(numeric ? numcmp : strcmp));
writelines(lineptr, nlines);
return 0;
} else { .
printf("BBeAeHO CANLLKOM MHOrO cTpok\n");
return 1;

B oOpaimeHusax K GYHKIOUSIM (sOrt, strcmp ¥ numemp UX MMeHa TPaKTYIOTCS
Kak agpeca 3TuX GYHKIMI, II03TOMY OIlepaTop & mepen HUMU He HyKeH, KaK
OH He OBbUT HYXXEH U Ilepe] UMeHeM MaccuBa.

M1 Hanucaau gso rt Tak, YTOObI OHa MOTJIa 00padaThIBaTh JaHHBIE JTI000T0
THUIIA, 2 HE TOJIBKO CTPOKH CUMBOJIOB. Kak BUIHO M3 IPOTOTHIIA, (DYHKIIUS SO It
B KaueCTBE CBOMX apryMEHTOB OXUAAeT MACCUB yKa3aTeJeid, 1Ba LeJIbIX 3Haue-
HMS ¥ QYHKIIUIO C IBYyMs apryMeHTaMU-yKa3aTeJIsIMH. B KauecTBe aprymeH-
TOB-yKa3aTeJeil 3a1aHbl yKazaTeau o6001eHHoro tTumna void *. JIto0oi1 yka3za-
TeJIb MOXKHO MpPUBECTU K TUIy void * u obpaTHO 6e3 morepu MHGOPMALMU, MO-
9TOMY MBI MOXEM OOpaTUThCS K (SOTIt, IMpeaBapUTEIbHO IIpeodpa3oBaB
aprymeHThbl B void*. BHyTpu byHKLMM CpaBHEHMSI €€ apryMEHTHI OyAyT Ipu-
BelIeHbl K HYy>XHOMY eif Tuny. Ha camom jeiie aTu npeoOpa3oBaHMs HUKAKOTO
BJIMSIHUS Ha MIPEACTaBJICHMUS apTyMEHTOB HEe OKa3bIBAaIOT, OHU JIMIIb 00ecIie-
YUBAIOT COINIACOBAHHOCTD TUIIOB Ui KOMITJISITOPA.

/* qsort: coptupyet v[left]. . .v[right] no Bo3pactaHuio */

void gsort(void =v[], int left, int right,
int (xcomp)(void *, void *))
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int i, last;
void swap(void *v[], int, int);

if (left >= right) /< HUYETO He [elaeTcs, ecum */
return; /* B MacCuBe MeHee [IByX DJIEMEHTOB */

swap (v, left, (left + right)/2);

last = left;

for (i = left+1; i <= right; i++)
if ((xcomp)(v[i], v[left]) < 0)
swap(v, ++last, 1);
swap (v, left, last);
gsort (v, left, last-1, comp);
qgsort(v, last+1, right, comp);
}

[ToBHUMaTebHENM MPUTASAUMCA K OObSIBIEHUSIM. YeTBepThlil mapameTp (QyHK-
ouu gsort:

int (+*comp)(void *, void *)

COO00IIIaeT, YTO comp - ITO yKasaTelb Ha QYHKIMIO, KOTOpash MMEET ABa apry-
MEHTa-yKa3aTessl U BbIIaeT pe3yjbTar THIa int.
Hcnonbp3oBaHue comp B CTPOKE

if ((xcomp)(v(il, v[left]) < 0)

corjacyercsl ¢ 0OObSIBICHUEM "comp - 3TO yKazaTeldb Ha GYHKUMIO", U, CIAeI0-
BaTeJIbHO, *Comp - 3TO PYHKIIUS, a

(*»comp)(v[i], v[left])

- obOpaiueHue K Heil. CKoOKM 3/1eCh HY>XHBI, YTOOBI 00ECIIEYUTh MPAaBUJIBbHYIO
TPAKTOBKY OOBsSIBIEHUST; O€3 HUX O0bsIBICHUE

int -*comp(void *, void *) /* HEBEPHO */'

rOBOPUJIO OBI, YTO comp - 3TO PYHKLMSI, BO3Bpallarolias ykazaTesb Ha int,
a 3TO COBCEM HE TO, YTO TpeOyeTCsl.

MpI yke paccMaTpuBaiu GYHKIIMIO Strcemp, CPaBHUBAIOILYIO IBE CTPOKU.
Huxe nmpuBeaeHa dhyHKIMS numecmp, KOTOpasi CpaBHUBAET IBE CTPOKU, paccMart-
puUBas UX KakK Yucia; MpeBapuTeIbHO OHU MEPEBONSATCS B YUCIOBbIE 3HAUE-
Hus dyHKIMel atof.

#include <stdlib.h>

/* numcmp: cpasHuBaeT s1 u S2 kak yucna */
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int numemp(char *s1, char *s2)

{
double v1, v2;

vl = atof(s1);

v2 = atof(s2);

if (vl <v2)
return -1;

else if (v1 > v2)
return 1;

else
return 0;

DyHKIMS swap, MeHsIIoIllass MeCTaMHM JIBa yKa3aTesis, MAeHTUYHA TOM, 4TO
MBI IPUBEJIM paHee B 3TOM IJIaBe 3a UCKIIIOUYEHHUEM TOT0, YTO OOBSIBICHUS yKa-
3aTesie 3aMeHEHBbI Ha void*.

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

{

void =temp;

temp = v[i];

vliil] = vlil;

v[il = temp;
!

IIporpammy COPTUPOBKY MOXKHO TOTIOJTHUTH M MHOXKECTBOM IPYTUX BO3MOXK-
HOCTei1; peaIn30BaTh HEKOTOPHIC U3 HUX MPEIaracTcsl B KA4eCTBE YITPasKHEHHMIA.

Vnpaxnenne 5.14. MoauduuupyiiTe mporpaMMy COpTUPOBKH, UTOOBI OHA pe-
arupoBaja Ha mapaMeTp - I, yKa3blBaloIluii, 4YTO 0OBEKThI HY>KHO COPTUPOBATh
B 00paTHOM MOpPSIAKE, T. €. B TOpsiaAKe yobiBaHUsl. ObecrieubTe, YTOOHI —r paboTa
U BMecCTe C -1I.

Vnpaxuenne 5.15. Beenure B mporpaMmy HeoOsi3aTeNbHBINM TapaMeTp -f,
3aJlaHUe KOTOPOTO IeJ1aI0 Obl HEPA3JIMYMMbIMU CUMBOJIBI HUXKHETO 1 BEpXHETO
perucTpoB (HammpuMep, a U A TOJXKHBI 0Ka3aThbCsl TPU CPaBHEHUU PAaBHBIMM).

Yupaxuenue 5.16. [IpenycMoTpuTeB IporpaMMe HEOOS3aTeIBHBIN TTapaMeTp
-d, KOTOpBIX 3aCTABUT MPOrpaMMy IPU CPAaBHEHHMU YIUTHIBATH TOJIBKO OYKBBI,
udpsl 1 Ipobeasl. OpraHu3yiTe MPoOrpaMMy TaKUM 00pa3oM, YTOGHI 3TOT
mapaMeTp MOT paboTaTh BMECTe C mapaMeTpoM -f. '
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Ynpaxnenue 5.17. Peanusyiite B mporpaMmMe BO3MOXKHOCTb paOOTHI C TTOJISIMU:
BO3MOXHOCTh COPTUPOBKHU ITO TTOJIIM BHYTPH CTPOK. IJIST Kaxkaoro moJs
MPEAYCMOTPUTE CBOII HAabOp MapamMeTpoB. [IpeIMeTHBIN yKa3aTeIb 3TO KHUIH'
VIIOPSITOYMBAJICS ¢ MapaMeTpamMu: -df IJIsT TEpMUHOB U —n IJisI HOMEPOB
CTpaHMIL '

5.12. CnoxHble 00bSBNEeHUsA

HMHorga Cu pyraiot 3a CHHTaKcuc OObSIBICHUI, 0OCOOEHHO T€X, KOTOPbIE CO-
Jiepxkart B cede yKazaTeau Ha GyHKIMKU. TakuM CUHTaKCUC MOJTYYUJICS B pe-
3yJIbTaTe Halleil MOMBITKU CAeJaTh MOXOXUMU OObSIBIEHUSI OOBEKTOB U HX
HCHOJb30BaHMe. B MPOCTBIX CiTy4yasx 3TOT CHHTAKCUC XOPOIII, OTHAKO B CJIOXK-
HBIX CUTYalIMSIX OH BbI3bIBAET 3aTPYIHEHUS, TOCKOJIbKY OOBSIBJIEHUS TIEpeHa-
CBHILIIEHbI CKOOKaMU U MX HEBO3MOXHO YUTATh ciieBa Hamnpaso. [TpobieMy wii-
JIIOCTPUPYET pa3iuyue CIELYOIINX ABYX OOBSIBICHUNA:

int  *f(); /* f. dyHkumMs, BO3Bpawawwas yk-nb Ha int */
int (*pf)(); /* pf: yk-nb Ha ¢-umio, Bo3BpawawLylo int */

[Tpuopurer npedukcHOro oneparopa * HUXeE, YeM MPUOPUTET (), MOITOMY
BO BTOPOM CJTydae CKOOKM HEOOXOIMMEI.

XoTs Ha MPAKTUKE ITO-HACTOSIIIIEMY CIIOXHBIC OOBSIBICHHUS BCTPEUAIOTCS
penKo, Bce ke BaKHO 3HaTh, KaK UX IIOHUMATh, a €CJTM MOTpeOyeTCs, M KaK X
KOHCTPYMPOBATh.

YKaxeM XOpoIInii Croco0: 0ObSIBIEHUS MOXHO CUHTE3UPOBATh, IBUTASIChH
HEOOIBITMMU TITaTaMu ¢ TToMoIIbIo typedef; 3TOT crmocob paccMOTpeH B TTapa-
rpace 6.7. B HacToseM maparpacde Ha MpuMepe ABYX IMMPOTPaMM, OCYIIECTB-
JISTIOTINX TIPeoOpa3oBaHUS MPaBWIBHBIX CH-00BIBICHU B COOTBETCTBYIOIITIE
WM CJIOBECHBIC OTTMCAHMS 1 00paTHO, MBI AIEMOHCTPUPYEM MHOM CITOCOO KOHCT-
pyrpoBaHUsST 00bsBIeHM. CIIOBECHOE OINMMCAaHME YMTACTCS ClieBa Hallpaso.

IlepBas nporpamma, dcl, - 6osee cinoxHas. OHa nmpeobpazyeT Cu-o0bsIB-
JICHUS B CJIOBECHBIE OMMCAHMS TaK, KaK MOKa3aHO B CICAYIONINX TIpUMepax:

char **argv

argv: ykas. Ha ykas3. Ha char
int (*daytab)[13]

daytab: yka3. mza maccus[13] u3 int
int (*daytab) [13]

daytab: maccuB[13] u3 ykas. Ha int
void =comp()

'NUmeeTca B BUAOY OpUrnHasn KHurn HAaAHTIMACKOM A3bIKEe. — I'Ipwmeq. nep.
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comp: @YHKL. BO3Bp. ykas. Ha void
void (*comp)()
COTp: ykas. Ha ¢yHky. BO3Bp. void
char (*(*x())[1()
X: GyHKU. BO3BP. yka3. Ha Maccus[] M3 ykas. Ha QyHKLU,.
B0O3Bp. char
char (*(*x[31)())[3]
x: MmaccuB[3] u3 yka3. Ha QyHKL,. BO3Bp. yKas.
Ha Maccus[5] u3 char

DyHkius dcl B cBoeil paboTe MCMOIb3yeT rpaMMaTUKy, CreludUIIupy-
IOIIYI0 OO0BSIBUTENb. DTa rpaMMaTUKa CTPOro u3jgoxeHa B maparpade 8.5
MPUWIOXEHUsI A, a B YIPOILEHHOM BUIE 3alMChIBACTCS TaK:

obsseumenv: HeoOsI3aTeNIbHble *  coOCmeenHo-06sa6ument
cobcmeenno-obvagumens: ums
(obws6umens)

cobcmeenno-obvasumens( )
cobcmeento-obss6umens | Heobsi3aTeIbHBIA pasmep)

T'OBOPS IPOCTBIM SI3BIKOM, 06656UMENs €CTb cobcmeenH0-00A8Umens, epe Ko-
TOPBIM MOXKET CTOSITh * (T. €. OHA WJIM HECKOJIbKO 3BE3I0UYEK), TIe COOCMBEeHHO-
o0ss16UMeNns €CTh UM, VN 006168uUmMenb B CKOOKaxX, UINU cOOCMBEHHO-00051~-
éumens C TOCJEAYIONIEH Mapoii CKOOOK, WU CcOOCMEeHHO-008516UMeNs C TIOCTIe-
NyIOIlIei TTapoil KBaapaTHBIX CKOOOK, BHYTPU KOTOPBIX MOXKET ObITh MOMEIIIeH
pasmep.

BTy rpaMMaTUKy MOXHO HCIIOJIb30BaTh JJISI TpaMMaTUYECKOro pa3bopa
00bsaBIeHU. PaccMOTpuM, HanpuMep, TaKOU OObSIBUTEb:

(*pfall)()

Nwms pfa 6ynet ki1accuuMpoBaHoO Kak ums 1, CAeA0BaTebHO, KaK coocmaeeH-
Ho-00Bs6umMens. 3ateM pfa| | OyaeT pacrio3HaHO KaK coOcmeeHHO-00858Umens,
a *pfa[ | - xak o6ss6umenvu, cienopatenbHo, (+*pfal 1) ectb cobemeenno-o6s:-
eumens. danee, (*pfal])() ectb cobcmeenno-obeseumens U, TakuM 0OpPa3oM,
06vs6UMeNb. DTOT FpaMMaTUYECKUI pa360p MOXKHO IPOUJUIIOCTPUPOBATS [e-
peBoM pa3bopa, NpUBEAEHHBIM Ha cledylolleil crpaHule (Tae cobcmeeHHO-
008a6umens 0603HAUEH GOJIEE KOPOTKO, & UMEHHO CO6CMS.-00658.).

CepaLeBUHONM MporpaMMbl 00pabOTKKU OOBSIBUTES sSIBJIsIETCS mapa QyHK-
nmii dcl u dirdcl, ocylIecTBASIIOIIMX I'paMMaTUYECKUIl pa3dop OObSIBICHUS
COTJIACHO TIpMBEICHHO# rpaMmMaTuke. [10CKOJIbKY TpaMMaTHKa omnpeaesieHa
PEKYPCUBHO, 3TU (YHKIIMU 00palialoTcs ApYyT K APYTy PEKYPCUBHO, MO Mepe
pacro3HaBaHUSs OTAEJbHBIX YaCTeil 00bsIBIIeHUSI. MeTol, MPUMEHEHHBIH B 00-
cyXJaaeMol mporpamMme JJisi rpaMMaTHU4YeCcKOro pa3dopa, Ha3blBaeTCsl peKyp-
CUBHBIM CITyCKOM.
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( * pfa 1 ) (0]
MI|WH

cobcma.-06v8.

cobcme.-06v48.

T 06v16.

cobcms.-06v6.

cobcms.-06v8.

00%56.

/* dcl: pa3bop obbsBUTENS */
void dcl(void)

]

int ns;

for (ns = 0; gettoken() == '+'; ) /* momcuer 3Be3mouex */
nst+;
dirdcl();
while (ns--> 0)
strcat(out, " ykas. Ha");
}
/* dirdcl: pa300p COOCTBEHHO OOBIBUTENS */
void dlrdcl (void)
{

int type;
if (tokentype == "(") { /* (. del ) */
del();
if (tokentype !=")")
printf(”ownbka: nponywera )\n");
} else if (tokentype == NAME) /* MS1 nepemeHHon */
strcpy(name, token);
else

prinﬁ!("omméKa: JONXHO 6biTb name uan (dcl)\n");
while((type = gettoken()) == PARENS ! type == BRACKETS)
if (type == PARENS)
strcat(out, " ¢yHKu. BO3BP.");
else {
strcat(out, " maccus");

6 3ak. 1116
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strcat(out, token);
strcat(out, " u3");

}

[IpuBeneHHbIC TPOrpaMMBbl CJTYKAT TOJBKO MJLTIOCTPATUBHBIM LIEJISIM U HE
BITOJIHE HaznexXHbl. YTo Kacaercs dcl, To ee BOBMOXHOCTU CYIIIECTBEHHO Orpa-
HuuyeHbl. OHa MOXeT paboTaTh TOJBLKO C MPOCTHIMU TUMIaMU Bpoje char u int
W He CTIPaBIIAETCS C TUTTAMK apTyMEHTOB B QYHKIIUSAX U ¢ KBaIuduKaTopaMu
Bpoze const. JIumrHue mpodesbl 1151 Hee onacHbl. OHa He TpeANpPUHUMAET HU-
KaKHWX Mep 1O BBIXOMY U3 OIIMOOYHOW CUTyallud, U TIO3TOMY HEMPABUJIbHBIE
OIMUCAHUS TaKXe €il MPOTUBOMOKA3aHbl. YCTpaHEHUE 3TUX HEJOCTAaTKOB MBI
OCTaBJIsIeM I8 YIIPaXXHEHUN.

Huxe npuBeneHbl r1o00aabHbIe IEPpEMEHHbIE U IIaBHas ITporpaMma main.

#include <stdio.h>
«include <string.h>
#include <ctype. h>

#define MAXTOKEN 100
enum {NAME, PARENS, BRACKETS };

void dcl(void);
void dirdcl(void);

int gettoken(void);

int tokentype; /* TMN nocnepHei nekcemsl */
char token[MAXTOKEN]; /* TeKCT mocnefHen nekcembl */
char name[MAXTOKEN], /¥ uma =/

char datatype[ MAXTOKEN]; /¥ tun = char, int n t.4. */
char out[1000]; /* BblAABaeMbIn TekCT */

main() /* npeobpa3oBaHue 00ObLSABNEHUA B CHOBECHOE OnucaHune */
{
while (gettoken() '=EOF) { /* 1-9 nekcema B CTpoke */
strcpy(datatype, token); /* 9TO TN A@HHbIX */
out[0] = '\0";
dcl(); /* pa3bop OCTanbHON YacTu CTPOKK +/
if (tokentype !="'\n')
printf(”cuHTakcuyeckas ounbka\n);
printf("%s: %s %s\n”, name, out, datatype);
!
return O;
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®OyHKIMS gettoken TpomycKaeT IpoOebl M TaOYISIIUK U 3aTeM ITOIydaeT
CJIeAYIONIYIO JIeKCEMY U3 BBOMA; "ekceMa" (foken) - 3TO UMSI, WY TTapa KPyT-
JIBIX CKOOOK, MJIW IMapa KBaIpaTHBIX CKOOOK (OBITh MOXET, ¢ TTIOMEIIeHHBIM
B HUX YHCJIOM), WK JIIOOOH Ipyroit eAMHUYHBIA CUMBOIL.

int gettoken(void) ~ /* Bo3BpawaeT cnepyowyio nekcemy */
{

int ¢, getch(void);
+ void ungetch(int);

char *p = token;

while ((c = getch()) ==" " 11 ¢c == "\t")
if (¢ =="0){
if ((c = geteh()) ==")") {
strcpy(token,”()");
return tokentype = PARENS;
} else {
ungetch(c);
return tokentype = ' (’;
!
} else if (¢ =="[") {
for (*p++ = ¢; (*p++ = getch()) '="'1"; )

*p="\0";
return tokentype = BRACKETS;
} else if (disalpha(c)) {
for (*ptt = ¢; isalnum(c = getch()); )
*p+t = C;
«p="\0";
ungetch(c);
return tokentype = NAME;
} else
return tokentype = c;
}

®yukuny getch mungetch 6bIIM paccMOTpPEHBI B I1aBe 4.

Oo6patHoe TIpeoOpa3oBaHUe pean3yeTcs Jierde, 0COOEHHO eCIM He Tpuaa-
BaTh 3HAYCHUS TOMY, YTO OYIYT TeHepUPOBAThCS JINITHUE CKOOKM. [IporpamMmma
undcl TpeBparaer ¢dpasy Bpome “x ecTb (hYHKIIWsI, BO3BpAIAIoIasl yKa3aTellb
Ha MacCHB yKa3aTeJiell Ha (GYHKIIMH, Bo3BpaIaoInue char”, KOTOPYIO MBI Oy-
IIeM TIPEICTaBIISITh B BUIE

x () = [1 " () char
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B OOBSIBICHUE

char («(«x())[D ()

Taxkoii cokpallleHHbIIi BXOTHOI CUHTAKCUC MO3BOJISIET IIOBTOPHO M0JIb30BaTh-
cs1 dyHkuueit gettoken. MyHKIMs undcl UCIIOIB3YET TE XK€ CaMble BHEIIIHUE

nepeMeHHbIe, 4yTo 1 dcl.

/* undcl: npeobpa3yeT CNOBECHOE OnucaHwe B 00bsBREHWE */
main()

{
int type;
char temp[MAXTOKEN];

while (gettoken() != EOF) ({
strepy(out, token);
while ((type= gettoken()) != '\n')
if (type == PARENS : | type == BRACKETS)
strcat (qut, token);
else if (type == "*") {
sprintf (temp, "(*%s)”,out);
strcpy (out, temp);
} else if (type == NAME) {
sprintf(temp, "%s %s", token, out);
strcpy (out, temp);

} else
printf( "HeBepHmi 3memeHT %S B ¢pase\n”, token);

printf("%s\n", out);
}

return 0;

VYnpaxunenue 5.18. Bumousmenute dcl Takum o00pa3om, 4TOObI OHa OOpa-
OaTbiBaja OIIKMOKY BO BXOIHOM MHMOPMAIIUU.

Vnpaxuenne 5.19. Monuduuupyiite undcl Tak, yToObl OHA HE TEHEPUPOBAIa
JIMITHUX CKOOOK.

VYnpaxunenne 5.20. PaciimpbsTe Bo3MoXXHOCTH dcl, 4ToObI dcl obpabaThiBajia
0OBSIBIICHUS C TUIIAMM apTyMeHTOB QYHKLMHU, kBamuuKaTopamMmu BpoJe const
HUT. I
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CTpyKTYpbI

CTpyKTypa - 3TO OJHA UJM HECKOJIbKO MepeMeHHBIX (BO3MOXHO, pa3jny-
HBIX TUIIOB), KOTOPbIE A5 yI0OCTBa pabOThl C HUMM CTPYIIIIMPOBAHBI MO/ O -
HUM uMeHeM. (B HeKoTophIx si3biKax, B yacTHOCTHU B [lackane, cTpyKTyphl Ha-
3pIBalOTCs 3anmucsMu.) CTpyKTyphbl TIOMOTAlOT B OpraHU3alluM CJIOXHBIX JaH-
HBIX (OC-OGGHHO B OOJIBIIIMX MPOTpaMMax), MOCKOJIbKY IMO3BOJISIOT TPYIIINY CBS-
3aHHBIX MEXIY CO0OI IMepeMEeHHBIX TPAaKTOBaTh HE KaK MHOXECTBO OTIEb-
HBIX 2JIEMEHTOB, a KaK eUHOe LIeJIoe.

TpaauiMOHHBIN MMPUMEP CTPYKTYPHI - CTPOKa ILUIaTeXXKHOI BegomocTu. OHa
COIEPXKUT TaKue CBEICHUS O CIyXallleM, KaK ero MojiHoe UMsl, aapec, HOMEpP
KapTOUKHM COLIMAJIbHOTO CTpaxoBaHMUsI, 3apIuiata u T. A. Hekoropwle u3 atux
XapaKTePUCTUK CaAMU MOTYT OBbITh CTPYKTYpaMu: HaIlpUMED, MOJHOE UMS CO-

' CTOUT U3 HECKOJbKUX KOMITOHEHT (paMMIMM, UMEHU U OTYECTBA); aHAJIOTUY-
HO azpec, W naxe 3apruiata. pyroit mpumep (6osiee TunnuuHbit 1 Cu) -
u3 obacTu rpadrKu; TOYKa eCTh Mapa KOOPAWHAT, IMTPSIMOYTOJbHUK €CTh rapa
TOYEK U T. [I.

I'maBHBIE UBMeHeHUsI, BHeceHHbIe cTaHmapToM ANSI B oTHOIIEHUN CTPYK-
Typ, - OTO BBeAEHUE IJISI HUX omepaluu nmpucBauBaHus. CTpyKTypbl MOTYT
KOTIMPOBAThCS, HAL HUMU MOTYT BBITIOJIHSITHCSI OTIepalliy IIPUCBaBaHUsI, UX
MOXHO TlepenaBaTh QYHKIIMSIM B KaueCTBe apryMeHTOB, a (OYHKIIMU MOTYT
BO3BpalllaTh UX B KAYECTBE pe3yJIbTaTOB. B OOJBIIIMHCTBE KOMITUJISITOPOB YKe
JIaBHO peaJIM30BaHbl 3TU BO3MOXHOCTH, HO TeIlepb OHM TOYHO OTOBOPEHBI CTaH-
naptoM. s aBTOMaTUYECKUX CTPYKTYP M MAacCCUBOB TeIleph TaKkKe NOITyCcKa-
eTCsl MHULIMaT3aliysl.

6.1. OCHOBHbIE CBeAeHUs O CTPYKTypax

CKOHCTPYHPYEM HECKOJILKO IrpaMUECKUX CTPYKTYp. B KauecTBe OCHOBHO-
ro 00beKTa BHICTYIIAET TOYKA C KOOpAMHATAMU X M Y 1I€JIOTO TUTIA.
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,(43)

(0’0) ettt =

YKa3zaHHBIC 1BE KOMITOHEHTH MOXXHO ITOMECTUTD BCTPYKTYPY, OOBSIBJICHHYIO,
HaIpyuMep, CIEAYIOIIM 00pasoM:

struct point {
int x;
int y;

b

OO0bsIBICHNE CTPYKTYPHI HAYMHACTCS C KJIIFOUEBOTO CJIOBa St ruct u comep-
KUT CIUCOK OOBSIBICHUM, 3aKJIIIOUEHHBIH B (pUTYpHBIE CKOOKHU. 3a CIIOBOM
struct MoXer cjief0oBaTh UM, Ha3blBaeMOe mezom' cmpykmypot, (point B Ha-
meM ciygae). Ter maeT Ha3BaHHME CTPYKType OTAHHOTO BHIA W Iajee MOXKET
CIIyXXUTb KPaTKUM 0003HAYE€HHEM TOI 4aCTH OOBbABIEHMUS, KOTOPAsl 3aKJII0YE-
Ha B (pUrypHbBIE CKOOKM.

IlepeunciieHHBIE B CTPYKTYpe TEPEeMEHHBIC HA3BIBAIOTCS 34eMeHmamu
(members)*. VimeHa 371€MEHTOB M TETOB 0€3 KaKUX-TM00 KOJUIM3UIA MOTYT CO-
BIIAIaTh C UMEHAMM OOBIYHBIX IIEPEMEHHBIX (T. €. HE 3JIEMEHTOB), TaK KaK OHN
BCeraa pa3TuIMMBI IT0 KOHTEKCTY. boiee Toro, omHM 1 Te e MMeHa 3JIeMeH-
TOB MOTYT BCTPEUYAThCS B PA3HBIX CTPYKTYPaX, XOTsI, €CJIM CJIEIOBATh XOPOIIIe-
My CTHJIIO TIPOTPaAaMMUPOBAHMS, JIyJIlle ONMHAKOBBIE NMEHA HaBaTh TOJIBKO
OJIM3KUM MO CMBICITY O0BEKTAM.

OObsBIEHUE CTPYKTYPHI ONPEAeIsieT TUIL. 3a MpaBoil GUTrypHO CKOOKON,
3aKpHIBAIOLIEH CITMCOK BIIEMEHTOB, MOTYT CJIENOBATh IIEPEMEHHbBIE TOYHO TaK
Xe, KaK OHM MOTYT OBITh YKa3aHbI TTOCJIe Ha3BaHMS JI0OOOTO 6a30BOTO THIIA.
Takum o6pa3om, BeipaxkeHHe

struct { ... } X, vy, 2;
CTOYKHU 3peHMsI CHHTAKCHCA aHAJIOTUYHO BBIPaXEHUIO
int x, y, z;

B TOM CMBICJIE, YTO U TO U APYTO€ OOBSABIISIET X, Y U Z IEPEMEHHBIMU YKa3aHHO-
TO TUTIA; U TO U IPYTOE TIPUBENET K BBIACICHUIO TAaMSTH COOTBETCTBYIOIIETO
pasmepa.

" OT aHrJMIACKOIO clioBa fag — ApNbiK, 3TUKETKA. - [lpumeu. nep.
2 o
B HexoTopbix n3nanusax (B TOM YuMcle BO 2-M M3AaHUM Ha PyCCKOM fA3BIKE 3TOH KHHIM)
structure members NEPCBOIMTCA KaK uiennt cmpykmypnl.  [Ipumey. peo.
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OO0bBsIBICHUE CTPYKTYPHI, HE COoAepXKallleil CmucKa NMepeMEeHHBIX, He pe-
3epPBUPYET MaMITH; OHO IMPOCTO OMMCHIBAET 1IA0JOH, WJIM 00pa3el CTPYKTY-
pbl. OHAKO eCiIM CTPYKTYpa MMEET TET, TO 3TUM TeTOM Jajiee MOXHO ITOJTh30-
BaTbCs MPU OIPEAeSIEHUU CTPYKTYPHBIX 00beKTOB. Hanpumep, ¢ moMoIbio
3aJaHHOTO BhILile OMMCAHUS CTPYKTYPBI point CTpoKa

struct point pt;

ONpeAesieT CTPYKTYPHYIO MepeMeHHy10 pt Tumna struct point. CTpyKTypHYIO
MEePEMEHHYIO MPU €€ OIpeNeIeHUN MOXHO MHMUIUANIU3UPOBATh, HOPMUPYS
CITMCOK MHUIIMATU3aTOPOB €€ 3JIEMEHTOB B BUIE KOHCTAHTHBIX BBIPAXKCHUI:

struct point maxpt = { 320, 200 };

MHuumanu3upoBaTh aBTOMAaTUYECKUE CTPYKTYPbl MOXHO TakxKe MpUCBavBa-
HUEM WK obpamienreM K GYHKIIMU, BO3BPALIAIOIIei CTPYKTYPY COOTBETCTBY-
IOLLETO THUIIA.

JocTyn K OTIeNbHOMY 3JIEMEHTY CTPYKTYPBI OCYILECTBIISIETCS OCPENCTBOM
KOHCTPYKLMH BUIA:

UMSA-CIMPYKMYPbL. SAEeMEHM

Orneparop O0CTyMa K 2JEMEHTY CTPYKTYPHI . COEAMHSIET UMSI CTPYKTYPHl U
ums saeMeHTa. YToObl HareyaTaTb, HAIIPUMEpP, KOOPAUHATBI TOYKM pt, TOANT-
¢4 cienyollee oopaileHue K p rintf:

printf("%d,%d”, pt.x, pt.y);

Jpyroit mpuMep: 4TOObI BEIYMCIUTH pacCTOsIHUE OT Havana KoopauHat (0,0)
10 pt, MOXKHO HamucaThb

double dist, sqrt(double);
dist = sqrt((double)pt.x * pt.x + (double)pt.y * pt.y);

CTpyKTypbl MOTYT OBITh BIIOXEHBI APYT B Apyra. OIHO U3 BO3MOXHBIX TIPEN-
CTaBJIEHUH MPSIMOYTOJbHUKA - 3TO Mapa TOYeK Ha yIjax OQHOM U3 ero auaro-

HaJen:
l:r N

Pt1

VA

=y

struct rect {
struct point pti;
struct point pt2;
i;
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CTpyKTypa rect COmep>XXHUT ABE CTPYKTYphI point. Eciau Mbl 00BSIBUM Screen
KakK

struct rect screen;
TO
screen.ptl.x

oOpalaeTcst K KoOOpAuHAaTe X TOYKHU pt1 13 screen.

6.2. CTpyKkTypbl U PYHKLUMN

EnuHCTBEHHO BO3MOXHBIE OTNepallud HaJ CTPYKTYpaMU - 3TO UX KOMUPO-
BaHUe, MpUCcBaMBaHue, B3ITHE aipeca C TOMOILbIO & 1 OCyIlIeCTBIeHUE TOCTYIa
K ee anemeHTaM. KonupoBaHue v mpucBanBaHue TaKKe BKIIOUYAIOT B ce0s e-
penady (pyHKIUSIM apTyMEHTOB M BO3BpaT UMM 3HaueHUUii. CTPYKTYpbl HEb3s
cpaBHUBaTh. MHULIMAIU3UPOBATh CTPYKTYPY MOXKHO CIIVICKOM = KOHCTaHTHBIX
3HAUYEHU I €€ BJIEMEHTOB; aBTOMATUYECKYIO CTPYKTYPY TaKKe MOXHO MHUIIMA-
JIU3UPOBATh TMPHCBAMBAHUEM.

YToObl Ty4llie TO3HAKOMUTLCS CO CTPYKTYpaMu, HaIMMIIIeM HECKOJIbKO (hYHK-
LW, MAHUITYJTUPYIOLIUX TOUKAMU U MPSIMOYTOJIbHMKaMu. Bo3HUKaeT Bompoc:
a Kak IepenaBaTh QYHKIUSIM Ha3BaHHbIE 00beKThI? CyllecTBYeT MO KpaiHei
Mepe TPU MOoAXo/a: TiepeaBaTh KOMIIOHEHTHI 10 OTAeIbHOCTH, MepenaBaTh BCIO
CTPYKTYpY LIEJIMKOM U MepeaBaTh yka3aTeIb Ha CTPYKTYpy. Kakablii momxon
HMMeEET CBOU TLTIOCHI 1 MUHYCHI.

IlepBas dyHKLMs, makepoint, moyyyaeT ABa Le/IbIX 3HAYCHUS ¥ BO3Bpalla-
eT CTPYKTypy point.

/* makepoint: dopMuUpyeT TOYKY MO KOMMOHEHTaM X M y */
struct point makepoint(int x, int y)

{

struct point temp;

temp.x = X;
temp.y =y;
return temp;

}

3aMeTHM: HUKAKOTO KOH(MIMKTA MEXAYy UMEHEM apryMeHTa U UMEHEM dJie-
MEHTa CTPYKTYpPhl HE BO3HUKAET; O0Jiee TOr0, CXOACTBO IMOAUYEPKUBACT POJI-
CTBO 0003HaYaeMbIX UM OOBEKTOB.

Tenepb c noMo1bio makepoint MOKHO BHITIOJHSATh AMHAMUYECKYIO UHUL-
aIM3a1UIo JII000 CTPYKTYPbI U HOPMUPOBATH CTPYKTYPHbBIE ApTYMEHTHI IJIsI
TOU UM UHOU (PYHKIUMU:
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struct rect screen;
struct point middle;
struct point makepoint(int, int);

screen. pt1 = makepoint(0, 0);

screen. pt2 = makepoint(XMAX, YMAX);

middle = makepoint((screen.pt1.x + screen. pt2.x)/2,
(screen.ptl.y + screen. pt2.y)/2);

Crenyonuii mar COCTOUT B ONpeneJeHuu psiga GyHKIMiA, peau3yloimx
pas3ivyHbIe OorNepalyy Had ToukaMu. B KadecTBe mpumMepa pacCMOTPUM CJIeIy-
0111Y10 (PYHKIIUIO:

/* addpoint: cnoxeHvwe AByx To4ek */
struct point addpoint(struct point p1, struct point p2)
{

pl.x += p2.x;

pl.y+=p2.y;

return p1;

}

3nech 00a apryMeHTa ¥ BO3BpalllaeMoe 3HaU€HUeE - CTPYKTYpbl. MBI yBeIMUu-
BaeM KOMIIOHEHTHI TIPSIMO B pl W He UCITOIB3YeM ISl 3TOTO BpeMEHHOI TTepe-
MEHHOH, 4TOObI MOAYEPKHYTh, YTO CTPYKTYPHBIC MapaMeTphl NepeaaroTcs
10 3HAYCHUIO TaK Xe, KaK v JII00BIe IpyTHe.

B xauectBe gpyroro nmpuMmepa npuBeneM yHKIWO ptinrect, KoTopast mpo-
BepsIeT: HAXOMUTCS JI TOYKA BHYTPU MPSIMOYTOJIbHUKA, OTHOCUTEIBHO KOTO-
pOTO MBI IPUHUMAEM COTJIAIIEHUE, YTO B HETO BXOIST €TO JIeBask M HUXKHSIS
CTOPOHBI, HO HE BXOISIT BEPXHSIS U TIpaBas.

/* ptinrect: BosBpauaetr 1, ecnu p B r, u 0 B NPOTMBHOM cnyyae */
int ptinrect(struct point p, struct rect r)
{
return p.x >=r.pt1.x&& p.x < r.pt2.x
&&p.y >=r.ptl.y&&p.y< r.pt2.y;
}

3aech TpearnoaaraeTcs, 4To MPsSIMOYTOJbHUK TIPEICTaBIeH B CTaHIAPTHOM
BUIIE, T. €. KOOPAMHATHI TOYKM pt] MEHbIIIEe COOTBETCTBYIOIINX KOOPAMHAT TOU-
k¥ pt2. Caenyromas GyHKIUS rapaHTUPYET MOJYyYeHUE MPSIMOYTOJIbHUKA
B KaHOHMYECKOM BUJIE.

#define min(a, b) ((a) < (D) ? (a) : (b))
«define max(a, b) ((a).> (b) ? (a) : (b))
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/* canonrect: KaHOHM3aLUMs KOOPAWMHAT NpAMOYrofibHUKa */
struct rect canonrect(struct rect r)

{

struct rect temp;

temp.pt1.x = min(r.pt1.x, r.pt2.x);
temp.ptl.y = min(r.ptl.y, r.pt2.y);
temp.pt2.x = max(r.pt1.x, r.pt2.x);
temp.pt2.y = max(r.ptl.y, r.pt2.y);
return temp;

>

Ecnu ¢pyHKLIMU nepenaeTcst 0oJbliasi CTPYKTypa, TO, YeM KOIIUPOBaTh e¢ 11e-
KoM, 3ddeKkTuBHee Mepenarh yKaszaTesb Ha Hee. YKaszaTeaud Ha CTPYKTYPhI
HUUYEM HE OTJIMYAIOTCsI OT yKasaTeJiell Ha oObIuHbIe epeMeHHble. OObsIBICHNE

struct point *pp;

CoO00IIIaeT, YTO pp - ITO yKaszaresb Ha CTPYKTypy Tuna struct point. Eciau pp
yKa3bIBaeT Ha CTPYKTYpY point, To *pp - 3To caMma CTpyKTypa, a (*pp). X
u (*pp).y - ee aaemMeHThl. MICIIoNb3ys yKa3aTeab pp, Mbl MOIJIM Obl HAaIMCATh

struct point origin, *pp;

pp = &origin;
printf("origin: (%d,%d)\n", (*pp).x, (*ppP).y);

CkoOKH B (*pp).X HEOOXOOMMBI, ITOCKOJIBKY IIPUOPUTET OMEpPATOpa . BBILIE,
4yeM MPUOPUTET *. BeipaxkeHue *pp. X OyeT MPOUHTEPIPETUPOBAHO KakK * (pp. X),
YTO HEBEPHO, MOCKOJIBKY PP. X HE SIBJISIETCST yKa3aTeJIeM.

VYkazaTeau Ha CTPYKTYpbl MCHOJb3YIOTCS BeChbMa YacTo, MOITOMY AJs J0-
CTylna K ee 3JieMeHTaM Obljla IpuayMaHa elle oJHa, 0ojee KOpoTKasi (popma
3anucu. Ecnu p — ykaszaresab Ha CTPYKTypy, TO

p -> 2aemeHm-cmpyKmypoi

€CTh €€ OTHeJIbHBII 3J1eMeHT. (OmepaTop -> COCTOUT U3 3HAKa -, 32 KOTOPBIM
cpasy cieayeT 3Hak >.) ITosromy printf MOXHO mepenucaTth B BUIE

printf("origin: (%d,%d)\n”, pp->X, pp->Y);

OmnepaTopbl . W -> BBINOJHSIIOTCS cJieBa HarpaBo. TakuM obpas3om, Mpu Ha-

JNYUUOODBIBIECHUS
\

struct rect r. *rp = &r;

CJIeayIONIEe YEThIpe BhIpaKeHUs OyIyT 9KBUBAJIEHTHBI:
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r.pt1.x
rp~>pt1.x
(r.pt1).x
(rp->pt1).x

OmnepaTopbl 1OCTYyMa K 3JIEMEHTaM CTPYKTYPhI . U -> BMeECTE C oreparopa-
MU BbI30Ba QyHKIMU () M MHAEKCAIIMU MacCUBa | | 3aHMMalOT caMOe BBICOKOE
MOJIOXKEHNE B MEPapXvK MPUOPUTETOB U BBIMOJHSIOTCS PaHblIe JIOObIX APY-
rux onepaTtopoB. Hampumep, eciiu 3amaHo oObsIBlIeHUE

struct {
int len;
char xstr;
> *p;

TO
++p->len

YBEJUYUT Ha | 3HaUEHUE 2JIeMEeHTa CTPYKTYPHI len, a He yka3aTesb p, MOCKOJIb-
KY B 9TOM BbIPaXX€HUWU KaK Obl HESIBHO IIPUCYTCTBYIOT CKOOKU: ++(p->1en). Uto-
OBI I3BMEHUTD MTOPSIIOK BBHITTOJTHEHUS OTlepalinii, HyXXHBI IBHbIe CKOOKH. Tax,
B (++p)->len, Ipexe YeM B3ATh 3HAUCHHE 1en, mporpaMma IpUpacTUT yKasza-
Teab p. B (p++)->len ykazaresb p yBeJIMUUTCS MOCJE TOTO, Kak OyIeT B3SITO
3HayeHue len (B MocjeaHeM cilyyae CKOOKM He 00s13aTeJIbHBI).

IToTem xxe TIpaBWIaM *p->st r 0003HAYACT COIECPKMMOE OOBEKTa, Ha KOTOPBIi
yKasbIBaeT str; *p->str++ npupacturt ykasaresb str mocje mojaydyeHus: 3Haye-
HMsI 00BEKTa, Ha KOTOPBIN OH YKa3bIBaJl (KaK M B BRIpaXeHUH *s++); (xp—>str)++
YBEJIMYUT 3HAUCHNUE O0BEKTa, Ha KOTOPBII YKa3bIBaeT st I; *p+—+->st r yBEeIMUUT p
1ocjie MOJyYeHUs TOTro, Ha YTO YKa3bIBaET St I.

6.3. MaccuBbl CTPYKTYpP

PaccMoTpuM nporpammy, onpenessiolyo YiCiIo BXOXKICHUI KaxkIoro KiTo-
4yeBoro cjioBa B TekcT Cu-nporpaMMbl. HaMm HY>XHO yMeTb XpaHUTD KJIIOUEBbIC
CJIOBa B BUJE MAcCHBa CTPOK M CYETUYMKU KIJIIOUEBBIX CJIIOB B BHIE MaccuBa
uenbix. OnuH 13 BO3MOXHBIX BADUAHTOB - 3TO MMETh [1Ba MapajuleIbHbIX Mac-
cuBa:

char +keyword[NKEYS];
int keycount[NKEYS];

OnHaKo UMEHHO TOT (hakT, YTO OHUM MapalieJbHbI, MOACKA3bIBAET HAM JpY-
I'YIO OpraHM3alliio XpaHEHUST - Yepe3 MacCUB CTPYKTyp. Kaximoe KioueBoe



172 Fnasa 6. CrtpykTypbl

CJIOBO MOJKHO ONIUCATDH MAPOii XapaKTePUCTHK

char *word;
int count;

Takue mapbl cocTaBIAIOT MaccuB. O0bsBIEHHE

struct key {
char =word;
int count;

} keytab[NKEYS];

OOBSBISIET CTPYKTYpPY THNA key 1 onipenessier MaccuB keytab, KaxXabIii aye-
MEHT KOTOPOTO SIBJISIETCSI CTPYKTYpPOII 3TOro THUIIA M KOTOPOMY THe-TO OymeT
BBIZIEJIeHA ITaMsITh. DTO e MOXHO 3aITicaTh U IT0-APYTroMYy:

struct key {
char *word;
int count;
I
struct key keytab[NKEYS];

Tak kak keytab cogep>KUT MOCTOSTHHBI HAOOPp UMEH, €TO0 JieTye BCero cie-
J1aTh BHEIITHAM MAaCCHUBOM M MHUIIMAJIM3UPOBATh OOWH pa3 B MOMEHT ONpee-
neHus1. UHuanmsanust CTpyKTyp aHJIOTUYIHA paHee TeMOHCTPUPOBABIIIM--
CSMHUIIM AN 3AIINSIM — 32 OTIpeIeTICHUEM CITeTyeT CITMCOK MHUITM AJTU3aTOPOB,
3aKJIIOYEHHBIN B (UTYpHBIE CKOOKU: '

struct key {
char *word;
int count;

} keytab[] = {
"auto”, 0,
"break”, 0,
"case", 0,
"char", 0,
"const", 0,
"continue”, O,
"default”, -0,
qI ...V \
"unsigned", 0,
"void", 0,
"volatile", 0,
"while", 0
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W HUIMann3aTopsl 3a0a10TCsI HapaMu, YTOOBI COOTBETCTBOBATh KOH(UTYpALIUK
CcTpyKTYpbl. CTpOro roBopsi, Napy MHUIIUATIM3aTOPOB TSI KaXKI0M OTACIbHOM
CTPYKTYPBHI CJIE0BAIO ObI 3aKJTIOYUTh B (GDUTYpHBIE CKOOKY, KaK, HAIIpUMep, B

{ "auto", 0 },
{ "break", 0 },
{ "case", 0 },

OHAKO KOTIIa MHULIMAIN3aTOPbI - IPOCThIE KOHCTAHThI WJIM CTPOKU CUMBO-
JIOB U BCE OHU MMEIOTCA B HAJWYUU, BO BHYTPEHHUX CKOOKAX HET HEOOXOIM -
MocTH. YKo 271eMEHTOB MaccuBa Keytab OyeT BBIYMCIEHO 110 KOJIUYECTBY
MHULMAIU3aTOPOB, ITIOCKOJIbKY OHU IPEACTABIEHBI TOJIHOCTBIO, 2 BHYTPU KBa/l-
paTHBIX CKOOOK “[ ]” HUYero He 3aJaHo.

ITporpaMma nojacyera KJIIOYEBBIX CJIOB HAYMHAETCH ¢ onpeneieHus keytab.
ITporpamma main YuTaeT BBOI, MHOTOKpATHO oOpaliasch K GyHKunu getword
U ToJIy4yasl Ha KaXJIOM €€ BLI30Be ouyepenHoe cia0Bo. KaxIoe cja0Bo nllercs
B keytab. JIist 3TOr0 Mcronb3yercsd GyHKLIKA GUHAPHOTO IIOUCKA, KOTOPYIO MbI
Harcaty B iaBe 3. CIIMCOK KIIIOYEBBIX CJIOB JIOJDKEH OBITh YITOPSAOYEH B ajl-
¢GaBUTHOM TIOPSIIKE.

#include <stdio.h>
#include <ctype.h>
#include <string.h>

#define MAMORD 100

int getword(char *, int);
int binsearch(char *, struct key *, int);

/* nopcyeT kmoyeBbix cnoB Cu */
main()
{

int n;

char word[MAXWORD];

while(getword(word, MAXWORD) != EOF)
if (isalpha(word[0]))
if ((n = binsearch(word, keytab, NKEYS)) >= 0)
keytab[n].count++;
for (n = 0; n < NKEYS; n++)
if (keytab[n].count > 0)
primtf("%4d %s\n", keytab[n].count, keytab[n].word);
return O;
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/+ binsearch: Ha#Tu cnoso s tab[0]. ..tab[n - T] */
int binsearch(char word, struct key tab[], int n)
{

int cond;

int low, high, mid;

low = 0;
high=n-1;
while (low <= high) {
mid = (low + high)/2;
if ((cond = strcmp(word, tab[mid].word)) < 0)
high = mid - 1;
else if (cond > 0)
low = mid + 1;
else
return mid;
>
return -1;
}

UyTh MO3Xe MBI paccMOTpUM (YHKLMIO getword, a ceifuac HaM JOCTATOYHO
3HAaTh, YTO MPU KaKIOM €€ BbI30BE MOIYYaeTCsl 0OUepeIHOE CIIOBO, KOTOPOE 3a-
IIOMHHAETCA B MaCCHUBE, 3aaHHOM II€PBBIM apryMEHTOM.

NKEYS - konnuecTBO KiTIOUEBBIX CJIOB B Keytab. XoTsh MBI MOTJIM OBI TTO/ICUH-
TaTh YMCJIO TAKUX CJIOB BPYYHYIO, ropasfio Jerue u 6e3onacHe cieaathb 3To
C TIOMOIIBIO MAIIMHBI, OCOOEHHO €CIM CIUCOK KITIOUEBBIX CIIOB MOXET OBITH
N3MECHCH. OIIHO N3 BO3MOXHBIX ]Z)GLLIGHI/Iﬁ - MIOMECTUTH B KOHCIL CITUCKA NHU -
uManusaropoB nycroi ykaszareab (NULL) m 3aTem mnepebuparh B LUKIIE BJie-
MEHTHI keytab, moka He BCTPETUTCS KOHIIEBOI 3JIEMEHT.

Ho Bo3MoxkHO 1 60iee mpocTtoe penreHue. [1ockobKy pa3mMep MaccrBa I10J1-
HOCTBIO OIIPEACIICH BO BPEMS KOMIMUIIAIIUN 1 PaBE€H ITPON3BEACHUIO KOJINYEC-
CTBa BJIEMEHTOB MacCHUBa Ha pa3Mep €ro OTAEIbHOTO 3JIEMEHTa, YUCIIO JIeMEH-
TOB MacCHUBa MOXHO BBIYUCIUTH IO (POpMYJIe

pazmep Keytab / pazmep struct key

B Cu numeetcst yHapHBIii oriepatop sizeof, KOTOpHIN paboTaeT BO BpeMs KOM-
nuisiuuu. Ero MoXXHO MpUMEHSTh ISl BBIYMCIEHUS pa3Mepa Jilo00oro oobek-
Ta. BeipaxkeHus

sizeof obsexm

sizeof (ums muna)

BbIJAIOT LIE€JbIC 3BHAYCHUA, PABHLIC pa3sMEpPy YKa3saHHOTO 00beKTa WJIU TUTA
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B Oaiitax. (Ctporo roBops, sizeof BblmaeT 6€33HAKOBOE 11eJI0e, TUIT KOTOPOTo
size_t ompenesieH B 3arosioBouyHOM (aiisie <stddef.h>.) Yto kacaercs oobeK-
Ta, TO 3TO MOXKET ObITh IEpeMEHHasl, MACCUB WU CTPYKTypa. B kauecTBe nme-
HU TUIIa MOXET BBICTyNaTh MMs 6a3oBoro Tura (int, double...) Wi UMs Mpo-
W3BOIHOTO TUIIA, HATIPUMEP CTPYKTYPHI WU yKa3aTess.

B Haiem ciydae, 4TOObI BBIYMCIUTH KOJIMYECTBO KJIIOUEBBIX CJIOB, pa3Mep
MaccuBa Hallo TOJAEIUTh Ha pa3Mep OJHOIO 3JIeMEeHTa. YKa3aHHOE BbIYMCIIE-
HHUE UCIIOJIb3yeTcs B MHCTpYKIMU #define mist ycraHoBKY 3HaueHUsT NKEYS:

#idefine NKEYS (sizeof keytab / sizeof(struct key))

DTOT Ke pe3yJbTaT MOKHO MOJYYUTh APYTUM CIIOCOOOM - TOAEIUTH pa3Mep
MaccuBa Ha pa3Mep KaKoro-To ero KOHKpPETHOTO 3JeMeHTa:

#define NKEYS (sizeof keytab / sizeof keytab[0])

ITpeumyIiecTBO TaKOTO poja 3aruceil B TOM, YTO UX He Hal0 KOPPEKTUPOBATh
MpU UBMEHEHUHU TUTIA.

ITockobKy mpenpolieccop He obpalliaeT BHUMaHMSI Ha UMeHa TUIIOB, OIle-
parop sizeof Henb3st npuMeHdTh B #if. Ho B #define BripaxkeHue mpernpolec-
COPOM He BBIYUCIISETCS, TaK UTO MpeaToXeHHass HaMU 3aITUCh TOMYCTUMa.

Tenepb noroBopuM o pyHkuu getword. Mbl Harmucaiu getword B HECKOJIb-
Ko OoJjiee 00I11IeM BUIE, YeM TpeOyeTcs sl Halllei nporpaMMbI, HO OHa OT 3TO-
ro He cTaja 3aMeTHO clioxkHee. DyHKIMs getword 6epeT M3 BXOIHOIO ITOTOKA
caenyromiee "cioBo”. Iloa c0BoM MOHMMAETCS 1ierodyka OykB-1udp, HadyMHa-
fo11asicsl ¢ OyKBbI, MJIM OTAEIbHBIN CUMBOJI, OTIMYHBIN OT CUMBOJIa-pa3aeau-
Tens. B ciiydae koH1a ¢paitna pyHkius Bo3BpaiiaeT EOF, B ocTaabHBIX CIy4a-
SIX ee 3HAUe€HMEM SIBJISIETCSI KO TEPBOr0 CMMBOJIA CJIOBA WJIM CaM CHMBOJI, €CIU
3TO He OyKBa.

' /+ getword: NpWHUMaAET cnepylowee CnoBO WM CUMBOA W3 BBO)J:a */
int getword (char *word, int 1im)
{

int ¢, getch(void);

void ungetch(int);

char *w = word;

while (isspace(c = getch()))

if (c != EOF)
wHt = ¢

if (!isalpha(c)) {
w="\0";
return c:
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for ( ; --1im > 0; w++)
if (!isalnum(*w = getch())) {
ungetch(*w);
break;
!
W= "\0";
return word[0];
>

®Oyukuusa getword obOpainaercst K getch m ungetch, koTopbsle Mbl Hamucaiu
B r1aBe 4. I1o 3aBepieHnn Habopa OYKB-LIMPp OKa3bIBaeTcs, 9To getwo rd B3s-
Jla TUIHU M cuMBoJi. ObpaleHre K ungetch mo3BoJisieT BEpHYTb €ro Hazaj
BO BXOIIHOM TTOTOK. B getword ucnonb3ytorcst Takke isspace - ajis ImpoIrycka
CUMBOJIOB-pa3nesnTesieit, isalpha - mist uageHTuduKauuy 6ykB u isalnum -
IIJIST pacIio3HaBaHusI OyKB-1Mdp. Bee onm onrcadbl B cTaHIapTHOM 3ar0JIOBOY -
HoM (aiise <ctype. h™.

VYopaxuenne 6.1. Hama Bepcus getwo rd He 0OpabaTbIBaeT JOJKHBIM 00pa3oM
3HaK MOJYEPKUBAHMSI, CTDOKOBbIE KOHCTAHTbI, KOMMEHTAPUU U YIIPABJISIOLINE
CTPOKMU mpernpolieccopa. Hanuimre 60Jiee CoBEpIIEHHBII BApUAHT ITPOrPaMMBI.

6.4. Yka3aTtenu Ha CTPYKTYpbl

JInst uamocTpallMi HEeKOTOPBIX MOMEHTOB, KacaloluXcsl yKasaTesleil Ha
CTPYKTYPBl U MACCHUBOB CTPYKTYD, MEpPEIUIIeM MporpaMmy MoAcyeTa Kioue-
BBIX CJIOB, MOJIL3YSICh IS MOJIYYEHUST SJIEMEHTOB MacCUBa BMECTO MHJIEKCOB
yKazaTesiMu.

BHeliHee oObsiBJIeHHE MaccuBa keytab ocraercss 6e3 u3aMeHEeHus, a main
u binsearch HyXHO MOAMUUIMPOBATD.

#include <stdio.h>
#include <ctype.h>
#include <string. h>
#tdefine MAXWORD 100

int getword(char *, int);
struct key *binsearch(char *, struct key *, int);

/* NOACYET KAOYEBBLIX CnoB Cv: Bepcus C ykasatensmu */
main()
{

char word [MAXWORD];

struct key *p;
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while (getword(word, MAXWORD) != EOF)
if (isalpha(word[0])) _
if ((p = binsearch(word, keytab, NKEYS)) != NULL)
p->count++; :
for (p = keytab; p < keytab + NKEYS; p++)
if (p->count > 0)
printf("%4d %s\n”, p->count, p->word);
return O;

}

/* binsearch: HainTn cnoso word B tab[0].. .tab[n-1] */
struct key *binsearch(char *word, struct key *tab, int n)
{ ;
int cond;

struct key *low = &tab[0];
struct key *high = &tab[n];
struct key *mid;

while (low < high) {

mid = low + (high - low) / 2;

if ((cond = strcmp(word, mid->word)) < 0)
high = mid;

else if (cond > 0) )
low=mid + 1;

else
return mid;

)
return NULL;
}

Hekotopble aetanim 3Toi mporpaMMbl TpPeOYIOT MOsicHeHWil. Bo-TepBhIx,
onucaHue QPyHKIUU binsearch 1oJKHO oTpaxkaTh TOT (pakT, UTO OHA BO3Bpa-
1IaeT yKaszaTesb Ha struct key, a He 1ie/oe; 3TO OOBSBICHO KaK B MPOTOTUIIE
¢GyHKLIMU, Tak U B GyHKuuu binsearch. Eciu binsearch HaxoguT cioBo, TO
OHa BBIJAET yKa3aTejb Ha Hero, B IMPOTHUBHOM ciydae oHa Bo3BpaiaeT NULL.
Bo-BTOpBIX, K 27eMeHTaM Keytab TOCTyI B HallIeil mporpaMMe OCYIIeCTBIISIeT-
cs1 yepes yKasareJd. DTo MoTpedoBaio 3HAaUYUTEIbHBIX U3MEHEHU B binsea rch.
WMuuuuanuzatopamu s low u high Teneps ciayxkat ykazaTejJu Ha Hadyajao
M Ha MECTO cpasy MocJje KOHIIA MacCuBa. BhrunciieHre MoaoXeH sl CPEeaHEro
3JIEMEHTA C TTOMOIIbIO HOPMYJTBI

mid = (low + high) / 2 /* HEBEPHO =/

HE IroaMTCA, IMOCKOJIbKY YKa3aTCJIu HEJIb3s CKJIaablBaTh. OnHAaKO K HUM MOXKHO
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MMPUMEHUTD OMepalnio BEIUMTaHUSI, M TaK Kak high-low ecTh YMcIiO 2/1eMeH-
TOB, MpHUCBaMBaHUE

mid = low + (high-low) / 2

npeBpaTUTmMid ByKa3aTe/ibHa3JIEMEHT, IexXaluii nocepearHe Mexaylowunhigh.

CaMoe BaxkHOe MpU Tepexoe Ha HOBBIM BapuaHT MPOrpaMMbl - CleaaThb
TaK, YTOObI He TeHEPHUPOBAJIMCh HEMPAaBUJIbHBIE YKa3aTeIU U He ObLIO MOIMBITOK
00paTUTLCS 3a mpeaesabl MaccuBa. [Ipo6iema B ToM, uto u &tab[-1 ], m &tab[n]
HaxomsTcsl BHe TpaHull MaccuBa. [lepBblii afapec onpeneieHHO HeBEPEH, Helb3s
TaKXXe OCYILIECTBUTh IOCTYM U MO BTOpoMy aapecy. I1o mpaBuiam si3bika, ofi-
HaKo, rapaHTUPYETCs, YTO alpec SYeKU MaMATH, CIeAyIolleil cpa3y 3a KOH-
LIoM MaccuBa (T. e. &tab[n]), B apudmMeTrKe ¢ yKazaTeIssMU BOCIIPUHUMAETCS
MPaBUIIBHO.

B rnaBHOIT mporpamMMe main Mbl HallMcalIu

for (p - keytab; p < keytab + NKEYS; p++)

Eciu p - aT0 yKa3zaTenb Ha CTPYKTYpPY, TO TIPU BBIMOJHEHUU OIEepaluil ¢ p
YUUTBHIBAETCS pa3Mep CTPYKTyphl. [1oaTOMy p++ yBEIMYUT p HA TaKylO BEJIM-
YMHY, YTOOKI BBIATU Ha CIEAYIOLIUI CTPYKTYPHBINA 3JIeMEHT MacCuBa, a Ipo-
BEpKa yCJI0BUS BOBPEMSI OCTAHOBUT LIMKII.

He cnenyet, ogHako, nmosiarath, 4YTO pa3Mep CTPYKTYpPbl paBeH CyMMe pa3Me-
POB ee 35IeMeHTOB. BeencTsue BbipaBHUBaHUS OOBEKTOB Pa3HOM TJIMHBI B CTPYK-
Type MOTYT MOSIBIISAThCs Ge3bIMsiHHBIC "MbIpbl”. Hanpumep, eciu nepemeHHast
TUMa char 3aHMMaeT OAWH 0aliT, a int - yeTbIpe OaifTa, TO MJIsI CTPYKTYpPHI

struct {
char c;
int i;
¥
MOXET IOTpeboBaThCsl BOceMb 0aiiToB, a He nsaTh. OmnepaTop sizeof Bo3Bpa-
1IaeT MpaBUJbHOE 3HAYEHNE.
HakoHel1, HECKOJIBKO CJIOB OTHOCUTEIBbHO (hopmartanporpammsbl. Eciu ¢gyHK-
1I1sI BO3BpalllaeT 3HaueHUe CJIOKHOTO TUTA, KaK, HalIpUMep, B HallleM ciyyae
OHa BO3BpalllaeT yKa3aTelb Ha CTPYKTYpY:

struct key =binsearth(char *word, struct key =tab, int n)

TO "BBICMOTpPETh" UMSI (DYHKIIMU OKA3bIBAETCS COBCEM He ITpOCTO. B momo6HbIX
cIy4asix MHOTAA MUIIYT TaK:

struct key *
binsearch(char =word, struct key tab, int n)

Kakoii ¢popme oTnaTh npeanodyTeHue - Aejo BKyca. Beibepute Ty, KoTopas
0oJIbllIe BCero BaM HpaBUTCS, U IPUAEPKUBANTECH ee.
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6.5. CTpyKTypbl CO CCbIJIKAaMU Ha ceobs
! )

TIpenmnonoxum, YTO MBI XOTUM PEIIUTH OoJiee OOIIYIO 3a1a4y - HanmucaThb Mpo-
rpaMMy, MOJACYUTHIBAIOIIYIO YaCTOTY BCTPEUAEMOCTH JIJISI 2/00bLX €106 BXOIHOTO
notoka. TaK Kak CITMCOK CJIOB 3apaHee He U3BECTEH, Mbl HE MOXEM ITPENBAPUTE b~
HO YIIOPSZIOYUTh €70 ¥ IPUMEHUTH OMHAPHBIN IOUCK. D110 ObI HEPa3yMHO IOJIb30-
BaThCsl M JIMHEWHBIM MOMCKOM KaK/I0TO MOJYy4€HHOTO CJIOBA, YTOObI OIIPE/IEISATh,
BCTPEUaIOCh OHO paHee HJIX HeT - B 3TOM cjlydyae IporpaMma paborasia Obl CIIMII-
koM MeieHHO. (Bolee TouHas oLleHKa: BpeMs pabOTEI TaKOi MTPOrpaMMbI IIPO-
MOPLIMOHAJIBHO KBalpaTy KOJIMUYecTBa cJIoB.) Kak MOXXHO opraHu3oBaTh JaHHbIE,
4TOOBI 3(p(PeKTUBHO CIPABUTHCS CO CIIMCKOM MPOU3BOJIbHBIX CJIOB?

OauH U3 CcrnocobOB - TIOCTOSIHHO TIOIEPKUBATh YIOPSIAOYEHHOCTh YK€
MOJIyYeHHBIX CJIOB, TTOMeEIIAsl KaxkJ10e HOBOE CJIOBO B TAKOE MECTO, YTOOBI HE Ha-
pylIajach UMeroLIasicsl yIopsiioYeHHOCTb. JlenaTh 3T0 TepeBUKKOM CJIOB B JIU-
HEMHOM MacCHUBe HE CJIeAYET, - XOTs Obl MOTOMY, YTO YKa3aHHas npoieaypa
TOXE CJIMIIKOM nojrasi. BMecTo 3Toro Mbl BOCTIONIb3yeMCSI CTPYKTYPOU aH-
HBIX, Ha3bIBAEMOU OUHAPHbIM Oepesom.

B nepeBe Ha Kaxkmoe OTAEIbHOE CJIOBO IIPENYCMOTPEH "y3ea", KOTOPHI Co-
TIePKUT:

- yKazaTesjb Ha TeKCT CJIOBA;

— CYETYUK YUCJia BCTPEYaeMOCTH;

- yKazaTeJjb Ha JIEBbIA CBIHOBHUM y3€J1;
- yKasareJib Ha NPaBblii CLIHOBHUM y3ell.

Y KaxIoro ysja MOXeT ObITb OJWH WJIM JBa CbIHA, WJIM y3eJ BOOOIIE MOXET
HE UMETh CbIHOBEM.

y§ﬂb1 B JIEpeBEe PACMOJIaraloTcsl Tak, YTO IO OTHOIICHUIO K JIIOOOMY Y31y
JIeBOE MOJEPEBO COMEPXKUT TOJIBKO TE€ CJI0BA, KOTOPBIE JIEKCUMKOTpadUUeCcKu
MEHbIIIe, YeM CJI0OBO JAHHOTO y3Jia, a MpaBoe - CJI0Ba, KOTOpPbIe OOJIbIIIE HETO.
BoT Kak BBIIVISIIUT AEPEBO, IMMOCTPOEHHOE WIS ppa3bl "now is the time for
all good men to come to the aid of their party” (“Hacraso Bpems BceM
JNOOPBIM JIFOASIM TOMOYb CBOEii mapTuu"), Mo 3aBepllieHUu Ipoliecca, B KOTO-
POM TSI KaXKJI0TO HOBOTO CJI0Ba B HETO 100ABJISIICS HOBBIN y3e:

/now
13’/ \the
P #

far men of time
7N\ b
all good party their to

aid come
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YUToOBI ONIpeieuTh, MTIOMELLIEHO JIU YK€ B IEPEBO BHOBb ITOCTYITUBIIIEE CI0BO,
HAYMHAIOT C KOPHSI, CPABHUBAS 3TO CJIOBO CO CJIOBOM U3 KOPHEBOTO y3ia. Eciu
OHU COBITAJIM, TO OTBET HA BOIIPOC — TOJIOKUTEbHBIN. EC/I HOBOE CJTOBO MEHB-
1I€ CJIOBA U3 JEPEBA, TO MOUCK MPOJOIXKAETCS B JIEBOM MOAIAEPEBE, €CIU OOIb-
uie, To — B mpaBoM. Eciiv e B BBIOpaHHOM HalpaBJIEHUU MOALEPEBa HE OKa3a-
JIOCh, TO 3TOTO CJIOBA B IEPEBE HET, a MYCTYIOLIAs MTO3ULIUSI, TOBOPSILLIas 00 OT-
CYTCTBUU MOJIEpEBa, KaK pa3 M €CTb TO MECTO, Kylla HY>KHO "TIOABECHUThH" y3ell
C HOBBIM cJIOBOM. OMUCaHHBIM MPOIECC MO CYTH PEeKYPCUBEH, TaK KaK MOMCK
B JIIOOOM Yy3JI€ UCMOJIb3YET PE3yJIbTaT MOUCKA B OJHOM U3 CBOUX CBIHOBHUX
y3JIOB. B COOTBETCTBUY € 3TUM N1 JOOABJICHUS y3/1a U NIeYaTu AepeBa 31eCh
Hau0oJiee eCTECTBEHHO TPUMEHUTb PEKYPCUBHBIE (DYHKIIMU.

BepHemcs K onuvcaHMIo y3ia, KOTOPOE YAOOHO TMPEICTaBUTh B BUAE CTPYK-
TYPBI C YETHIPbMST KOMITOHEHTAMU:

struct tnode { /¥ y3en pepesa */ .

char *word; /* ykazaTenb Ha TekcT */
int count; /¥ 4ncno BXOXpeHwn */
struct tnode *left; /* neBblii CblH */

struct tnode sright; /* npaBbliii CbiH */
i
[MpuBeneHHOE PeKypCUBHOE OIpeeSieHr e Y3JIa MOXET MOKa3aThCsl PUCKOBAH-
HBIM, HO OHO TpaBWIbHOE. CTPYKTYpa He MOXET BKJIIOUaTh caMmy celsl, HO Bellb

struct tnode *left;

o0bsaBiseT left kak ykazaresb Ha tnode, a He caM tnode.

MHorna Bo3HMKAeT MOTPEOHOCTh BO B3aMMOCCHUIAIOIIUXCS CTPYKTypax:
JIBYX CTPYKTYpax, CChbLIAOIIMXCS APYT Ha ipyra. [Iprem, mo3BoJIsIIoLIuiA cripa-
BUTBCSI C ITOM 3aaueii, JEMOHCTPUPYETCS CIECAYIOIIUM (DparMeHTOM:

struct t {

struct s *p; /* p yka3mBaeT Ha S */

i
struct s {

struct t *g; /* g ykasbiBaeT Ha t */
} i

Bcs mporpaMmma yauBuUTEIbHO Majia - MpaBaa, OHAa UCIHOJIb3yeT BCIIOMOTIa-
TeJIbHBIE MPOTrpaMMBbl Bpoje getword, yxke HamuMcaHHbIe HaMM. [J1aBHas mpo-
rpaMMa 4YMTAaeT CJIOBA C MOMOILIbIO getword M BCTaBJISIET UX B IEPEBO MOCPEI -
CTBOM addtree.
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#include <stdio.h>
tfinclude <ctype. h>
#include <string.h>

#define MAXWORD 100

struct thode *addtree(struct tnode *, char +);
+ void treeprint(struct tnode *);

int getword(char *, int);

/* nopcyeT 4acToTbl BCTPEYAEMOCTU cnos */
main()
{

struct tnode #*root;

char word[MAXWORD];

root = NULL;
while (getword (word, MAXWORD) != EOF)
if (lsalpha(word[0]))
root = addtree(root, word);
treeprint(root);
return 0;

}

®ynkiusa addtree pekypcuBHa. [lepBoe cioBoO (YHKIIMSI main momeraeT
Ha BEepXHUil ypoBeHb JepeBa (KOopeHb nepeBa). Kaxmoe BHOBb MOCTYIHB-
1Iee CJIOBO CPaBHUBAETCS CO CJIOBOM y3J1a M "MOrpyxKaeTcs" WIK B JIEBOE, WU
B IPaBoO¢ IOIIEPEBO C TIOMOIIBIO PeKYpCUBHOTO oOpameHus K addt ree. Yepes
HEKOTOPOE BPeMsI 3TO CJI0BO 003aTeJIbHO JIMOO COBNAET ¢ KAKMM-HMOYIb U3
HMMEIONIUXCS B IEpeBe CJIOB (B 3TOM cllyyae K CUETUMKY OyneT nobapieHa 1),
JIM0O MporpaMma BCTPETUT MYCTYIO TO3UIINIO, YTO TTOCIYXHUT CUTHAJIIOM JIJIsT
CO3JaH’s HOBOTO y3J1a ¥ J0OaBlIeHUs ero K aepeBy. Co3maHue HOBOTO y3ja
CONPOBOXIAETCS TeM, YTO addtree Bo3BpalllacT Ha HETO yKa3aTellb, KOTOPHIA
BCTaBJISICTCS B y3€JI POAMTEIIS.

struct tnode *talloc(void);
char sstrdup(char *);

/* addtree: moGaBnsieT y3en cO CMOBOM W B P WM HWUXE Hero */
struct tnode +addtree(struct tnode *p, char *w)

{
int cond;

if (p == NULL) ({ /* CJIOBO BCTDEYaeTCs BIEPBHE */
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p = talloc(); /* co3paeTcs HoBbliA y3en */
p->word = strdup(w);
p->count = T;

p->left = p->right = NULL;
} else if ((cond = strcmp(w, p->word)) == 0)

p->count++; /* 3TO CNOBO YyXe BCTpeyanoch */

else if (cond < 0) /* MeHblle KOpHA NIeBOro nomaepesa */
p->left = addtree(p->left, w);

else /* Gonblue KOpHA MpaBoro nopgepesa */
p->right=addtree(p->right, w);

return p;

}

ITamMsaTh 1711 HOBOTO Y314 3allpalllMBaeTCs ¢ IIOMOIIBIO IIporpaMMEI talloc,
KOTOpasi BO3BpalllaeT yKa3aTeJIb Ha CBOOOJHOE IMPOCTPAHCTBO, JOCTATOYHOE
IUTST XpaHEeHWsI OHOTO y3Jia IepeBa, a KOIMMMPOBaHWE HOBOTO CJI0BA B OTAE/b-
HOE MECTO MaMSITH OCYILECTBISIETCS C MOMOUIbIO st rdup. (Mbl pacCMOTPUM 3TH
IIporpaMMbl 9yTh Mo3xe.) B TOT (1 TOJIBKO B TOT) MOMEHT, KOTJa K ASPeBY
MMOJBEIIMBAETCS HOBBII y3€JI, TPOMCXOOUT MHUIIMATN3AI1sI CYeTINKA M OOHY-
JIeHMe yKa3aTeJieli Ha ChIHOBeli. MbI omycTiin (4ToO Hepa3yMHO) KOHTPOJIb
OIIMOOK, KOTOPBII TOJDKEH BBITIOJHITHCS TIPY TTOJyYeHUU 3HAYeHU# oT st rdup
utalloc.

@DyHKLMA treeprint meyataer IepPeBO B JIEKCUKOTPAGUIECKOM. ITOPSIKE;
JUIST KaKIOTO y3JIa OHa MevaTaeT ero JIeBoe IOoAIepeBo (BCce CI0Ba, KOTOPHIS
MEHBbIIIe CJIOBAa JAaHHOTO y3J1a), 3aTeM caMo CJIOBO M, HaKOHel], TIpaBoe MoIe-
peBo (clIoBa, KOTOpBIE OOJIbIIIE CI0BA JAHHOTO y3J1a).

/* treeprint: ynopsigoyeHHas nedyaTb gepesa p */
void treeprint(struct tnode *p)

if (p !'= NULL) {
treeprint(p->left);
printf(”%4d %s\n”, p->count, p->word);
treeprint(p->right);

i

Ec/iv Bbl He yBEPEHDI, YTO JOCKOHAIBHO Pa300paluch B TOM, Kak paboTaeT
pexypcus, "ipourpaiite” neiicTBUsi treeprint Ha gepeBe, IPUBEICHHOM BbILLIE.
IIpakTuueckoe 3aMeyaHue: ecliv AepeBo "HecbadaHCUpPOBaHO" (UTO ObIBa-
€T, KOIIa CJI0Ba IIOCTYITAIOT He B CIy4aiiHOM ITOPSIAKE ), TO BpeMsI pabOThI ITPO-
rpaMMBbI MOXKET CHJIBHO BO3pacTH. XyIIIMiI BapUaHT, KOI/a CJI0Ba yKe YITOpsi-
MOYEHBI; B 3TOM CJIydae 3aTpaThl Ha BBIYMCICHUS OyIyT TAKMMHU XK€, KaK IpU
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JNuHeHOM Toucke. CyliecTBYIOT 00001IeHNsT OMHAPHOTO IepeBa, KOTOphIe
He CTPaJaioT 3TUM HEJIOCTATKOM, HO 3[€Ch MBI MX HE OTIMCHIBACM.

[Tpexne yeM 3aBepIIUTb OOCYXIEHUE ITOrO IPUMeEpa, CACIAEM KPAaTKOE OT-
CTYIUIEHHE OT TEMbI ¥ TIOTOBOPUM O MeXaHu3Me 3arpoca nmamMsaTu. OueBUIHO,
XOTEJIOCh OBl UMETh BCETO JIMIIb OMHY (DYHKIIUIO, BBIAEISIONTYIO TaMSITh, JaXe
€CJIM 3Ta MaMSITh MPEAHA3HAYAETCS U1 pa3HOTo pona o0beKToB. Ho eciii onHa
1 Ta Xe yHKIMS o0eclieyrnBaeT MaMsTh, CKaKeM, M JJIs yKazaTelieil Ha char,
Y JJIs1 yKa3aTtesen Ha struct tnode, To BO3HMKAIOT iBa Bompoca. [lepBblii: Kak
CIIpaBUTHCS C TpeOOBaHMEM OOJIBIIMHCTBA MAIlIMH, B KOTOPbIX OObEKThI OMpe-
JIEJICHHOTO THUIIa JOJKHBI OBITh BBIPOBHEHBI (HAIpUMeEp, int 4acTo JOJIKHBI
pa3MeIiarbesi, HauMHas ¢ YeTHBIX aapecoB)? U BTopoe: Kak 0O0bIBUTH (PYHK-
LAI0-pacTIpeieIUTENIb MaMsATH, KOTOpasi BBIHYXIEHa B KauecTBe pe3ysibTara
BO3BpalllaTh yKa3aTeIu Pa3HBIX TUIIOB?

Boo06iiie roBopsi, TpeOoBaHUsI, KacamllKecs: BbIpaBHUBAHUS, MOXHO JIETKO
BBITIOJIHUTB 3a CYET HEKOTOPOTO mepepacxoaa naMsiTi. OMHAKO IJIsI 3TOTO BO3-
BpalllaeMbIil yKa3aTesb JOJIKEH ObITh TAKMM, YTOOBI YIOBIETBOPSUTUCH JIFOObIE
OrpaHUYCHUsI, CBSI3aHHbBIE C BbIpaBHUBaHUeM. DyHKIUS alloc, omucaHHas
B IVIaBe 5, HE TapaHTUPYET HaM JII000e KOHKPETHOE BhIpaBHUBAHUE, TTOITOMY
MBI Oy/ieM TT0JIb30BaThCsI CTAHAAPTHOM OMOIMOTeUHOM DyHKIIMel malloc, Ko-
TOpas 3To AeaeT. B miaBe 8§ MbI TOKaxkeM OIWH U3 CIIOCOOOB e¢ peau3alinu.

Bomnpoc 00 00bsIBICHNYM TUIA TaKUX GYHKIIMI, Kak malloc, SBisieTcst Kam-
HEM TIPETKHOBEHUS B JIIOOOM SI3bIKE C XKEeCTKOU mpoBepkoit Tunos. B Cu Bo-
Tpoc peufaeTcst eCTeCTBEHHBIM 00pa3oM: malloc o0bsBAseTCA KaK (hYHKIIHSA,
KOTOpasl BO3BpalllaeT yka3areyab Ha void. [TosyyeHHBIN yKa3aTeab 3aTeM SIBHO
NPUBOAMTCA K KeTaeMoMy Turty'. Onucanust malloc 1 cBS3aHHBIX C Heil (yHK-
M HAXOMATCS B CTAaHAAPTHOM 3aroJIoBOYHOM catiie <stdlib.h>. Takum 006-
paszoMm, pyHkiuio talloc MOXHO 3amucaTh Tak:

«include <stdlib.h>

/* talloc: co3maer tnode */
struct tnode xtalloc(void)

{

return (struct tnode *) malloc(sizeof(struct tnode));

! 3ameualive 0 NPYBEAEHUM TUMA BENMYMHBI, BO3BPALLaeMoi dyHKumel malloc, HykKHO nepe-
nucatb. Mpymep KoppekTen 1 paboTaeT, HO COBET SIBASIETCSA CMOPHbIM B KOHTEKCTE CTal/lapToB
ANSI/ISO 1988-1989 r. Ha camom fene 31O He o6s3atesnibHO (1IPpY YyCNOBMK YTO HPUBEICHUC
void+ kK ALMOSTANYTYPE+ BBINOJIIACTCSH aBTOMATUYECKN) U BO3MOXHO AaXe ofacto, ecnn malloc
WM ee 3aMecTuTesib He MOXeT ObiTb ofbsiBieH Kak ¢pyHKUmMIA, Bo3Bpawaowas void«. HAsHoe
IPHBE/CHUE THIIA MOXET CKPbITb Clly4aiHyio ownbky. B apyrve BpemeHa ([0 NosiBieHus CTaH-
napta ANSI) npuBeneHne cumTanocb 0683aTesibHbIM, YTO TakXe CIPABC/AIUBO n ang C++. —
lNpumed. aBT.
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DyHKIMA St rdup TIPOCTO KOIMUPYET CTPOKY, YKa3aHHYIO 6 apTyMeHTe, B Me-
CTO, TIOJIYYeHHOE C MOMOIIIbIo malloc:

char *strdup(char *s) /* nenaet pybnukat s */

{

char *p;

p = (char *) malloc(strlen(s)+1); /* +1 gna '\0" */

if (p !'= NULL)
strepy(p, s);
return p;

}

®ynkuusg malloc Bo3spamaeT NULL, eci ¢cBOOOIHOTO MPOCTpaHCTBA HET; st rdup
BO3BPAILAET 3TO K€ 3HAYEHUE, OCTABJIAA 3a00Ty O BHIXOIE M3 OIUMOOYHOM CH-
TyallMy BbI3bIBAIOLEH MPOrpamMme.

IamMsTh, TOJYyYEHHYIO C TIOMOIIbIO Malloc, MOXXHO OCBOOOIUTH AJISl TIOBTOP-
HOTO MCIOJIb30BaHMsI, 00paTUBIIUCH K DyHKIMK free (cM. iaBel 7 u 8).

Yupaxkunenne 6.2. Hamumure mporpammy, KoTopas yuTaeT TeKcT CH-mmpo-
rpaMMBI U TTe4aTaeT B ajadaBUTHOM ITOPSIKE BCEe TPYIITHI UMEH TIepeMEHHBIX,
B KOTOPBIX COBIANAIOT IMEPBbie 6 CHMMBOJOB, HO MOCJEIYIOIIME B YEM-TO
paznuyatorcsi. He oOpabarbiBaiiTe BHYTPEHHOCTM 3aKaBbIUEHHBIX CTPOK M
KoMMeHTapueB. Yuciio 6 chenaiiTe mapaMeTpoMm, 3agaBaeMbiM B KOMaHIHOM
CTpOKe.

Yupaxkunenue 6.3. Hamumure mporpaMMmy TedaTd TaOJWIIBl "TIepEeKPECTHBIX
CCBUIOK", KOTOpas OymeT medaraTh BCe CJIOBa TOKYMEHTa M YKa3bIBaTh IS
KaXJ/IOT0 M3 HUX HOMEpa CTPOK, TJe OHO BCcTpeTmsnoch. [Iporpamma monxHa
WTHOPUPOBATH "IITYMOBBIE" CJIOBa, TaKWe Kak "u", "Wuian" u mp.

Yupaxunenne 6.4. Hamumure mporpaMmy, KOTopas IedaTtaeT Bech Habop
pa3IWYHBIX CJIOB, 00pa3yoIINX BXOMHOMN TOTOK, B IMOPSIAKE BO3pacTaHUS
YaCTOTHI MX BCTpedaeMocTH. Ilepem KakKmabIM CJIOBOM JOJIKHO OBITH YKa3aHO
YU CJIO BXOXKICHUN. :

6.6. MpocmoTp Tabnuy,

B atoM maparpade, 9T00BI TPOMILTIOCTPUPOBATH HOBBIE ACTIEKTHI TPUMEHE-
HUS CTPYKTYP, MBI HATIUIIIEM SIIPO ITAKeTa IIPOTpaMM, OCYIIeCTBIISIONINX BCTaB-
KY 2JICMEHTOB B TaOJUIIBI M WX MTOMCK BHYTPH TAaOIUII. DTOT MaKeT - TUITHI-
HbIi HA0Op MpOrpamMm, C MOMOIIbIO KOTOPBIX pabOTaIOT ¢ TAOJULIAMU UMEH
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B JIIOOOM MakpoIpoLeccope uin Komnuigarope. PaccMoTpuMm, Harpumep, UH-
crpykuuio #define. Korga BcrpevyaeTcs ctpoka BUia

#define IN 1

nM4 IN u 3aMemarommii ero Teket 1 TOJKHBI 3aIIOMUHAThCS B Tabaune. Ecan
3aTeM uMs IN BCTpeTuTCsl B MHCTPYKIIUM, HATIpUMeEp B

state = IN;

OHO JOJIKHO OBbITh 3aMEHEHO Ha 1.

Cy1iecTBYIOT B¢ IPOTPaMMBbl, MAHHUITYJIMPYIOIINE C MMEHAMH U 3aMella-
IOIIMMM UX TeKCTaMu. D1o install(s, t), KOTopas 3amMChIBacT UMS S 1 3aMe-
1AM €70 TEKCT t B Ta0JUILy, TA€ S U t - CTpOKH, U lookup(s), ocyliecTBis-
Io1lIasl TIOUCK S B TabJMIEe M BO3Bpalllaloniasi yKa3aTeab Ha MECTO, TIe UMS S
obu10 HaineHo, uau NULL, eciiu s B TaGauiie HE OKa3aloCh.

AJITOPUTM OCHOBAaH Ha X3UI-MOMCKE: MOCTYIAIOIEee UMSI CBEPTHIBAETCA B
HEOTPULIATEIbHOE YUCIIO (X31I-KO/I), KOTOPOE 3aTeM MCIIOJIb3YETCs B KaueCTBE
WHAEKCAa B MaccuBe ykazarejen. Kaxaplil 2JIEeMEHT 3TOr0 MaccuBa SIBJISIETCS
yKa3aTeJleM Ha HavaJlo CBA3aHHOTO CIMcKa 6JI0K0B, OMUCHIBAIOIINX MMEHA
C IaHHBIM x311-KofaoM. Ecinu anemeHT maccuBa paBeH NULL, 3To 3HauuT, 4to
WMEH C COOTBETCTBYIOIIMM X3II-KOJIOM HET.

s B8 0 __ 1M
0 — —— TEeKCT
0
0

g 0___, v
0 ——> 7eKcT

Biiok B cricke - 3T0 CTPYKTypa, comepKalas yka3aTeJad Ha MMsI, Ha 3aMe-
LIAIOIIMI TEKCT ¥ Ha Ceaytomuii 6JoK B criucke; 3HaueHue NULL B ykazaTese
Ha CJIeIYIoInit 6JIOK 03HAaYaeT KOHEIl CIIMCKa.

struct nlist { /* anemeHT Tabnuupl */
struct nlist *next; /* ykasaTenb Ha CneaylolMin anemeHT */
char «name; /* onpeneneHHoe umsa ¥/
char *defn; /* 3aMeLLaioLmin TekcT */

4
A BOT Kak 3aItichiBaeTCs OINpeacICHUC MaccusayxaaaTeJIef/i:

«define HASHSIZE 101
static struct nlist *hashtab[HASHSIZE]; /* Tabnuua ykasateneit */
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DdyHKIIMS X3IIMPOBaHUs, UCIoab3yeMast B lookup u install, cymmupyer
KOZIbl CUMBOJIOB B CTPOKE M B KaueCcTBe pe3yJibTaTa BbIAAET OCTaTOK OT JeJie-
HUS TTIOJIYYEHHOM CYMMBI Ha pa3Mep MaccHBa yKasaTesieil. DTo He camasi Tyd-
1ast GyHKIMS X3UIMPOBaHUS, HO JOCTATOUHO JIJAKOHUYHasI U 3(hheKTUBHAS.

/* hash: nonyyaer xasw-kon ona CTPokM s */
unsigned hash(char *s)

{

unsigned hashval;

for (hashval = 0; =*s != "\0"; s++)
hashval = *s + 31 * hashval;
return hashval % HASHSIZE;

}

Be33HakoBas apudmMeTrKa rapaHTUPYET, YTO X311I-KOJ OyAeT HEOTPULIATEIbHBIM.

X31IMpoBaHUE MOPOXKIAET CTAPTOBBIN MHIEKC 1J1si MaccuBa hashtab; eciu
COOTBETCTBYIOIIIAsI CTPOKA B TAOJIUIIE €CTh, OHA MOXET ObITh OGHApY>KEHA TOJIb-
KO B CITMCKE OJIOKOB, HAa HAYaJi0 KOTOPOTO yKAa3bIBaeT 2JieMeHT MaccrBa hashtab
cotuM uHaeKcoM. [Mouck ocymiectpiasieTcs c nomoiubio lookup. Eciulookup
HaxOJIUT 3JIEMEHT C 3aIaHHOM CTPOKOI, TO BO3BpalllaeT yKa3arelib Ha Hee, eCIu
He HaxoauT, To Bo3BpaliaeT NULL.

/* lookup: wwer s */
struct nlist *lookup(char *s)

{

struct nlist *np;

for (np = hashtab[hash(s)]; np != NULL; np = np->next)

if (strcmp(s, np->name) == 0)
return np; /* Hawnm */
return NULL; /* He Hawmm */

'

B for-uuxue ¢pynknum lookup ojst mpocMOTpa CIIMCKa MCITONIb3yeTCsl CTaHIapT-
Hasl KOHCTPYKIUS

for (ptr = head; ptr != NULL; ptr = ptr->next)

dyukuus install obpalaercst K lookup, 4TOOBI ONPEACINUTh, UMEETCS JIU
yKe BcTaBisieMoe UMs. Eciiu 3To Tak, TO cTapoe orpeaesieHue Oy1eT 3aMeH eHO
HOBBIM. BripoTuBHOM citydyae 6ynerodbpa3oBaH HOBBIM asieMeHT. Eciiu 3amnpoc
NaMsTU IS HOBOIO3JIeMEHTaHe MOXKETObIThY10BJIETBOPEH, hyHKIIMs install
BbimaeTNULL.



6.7. CpeactBo typedef 187

struct nlist *lookup(char *);
char *strdup(char *);
/

/* install: sadocuT mMst u TekcT (name, defn) B Tabmumy */
struct nlist *install(char =name, char *defn)
{

struct nlist *np;

unsignedhashval;

if ((np = lookup(name)) == NULL) ({ /* He HajimeH */
np = (struct nlist *) malloc(sizeof(*np));
if (np == NULL !} (np->name = strdup(name)) == NULL)
return NULL;
hashval = hash(name);
np->next = hashtab[hashval]
hashtab[hashval] =np;
} else /* yxe vmeercs */
free((void *) np->defn); /* ocsoboxmaem mpexunii defn */
if ((np->defn= strdup(defn)) == NULL)
return NULL;
return np;
}

Yupaxuaenue 6.5. Hanumure pyHkuuio undef, ymangiomyio uMs U OIpe-
JeJieHUe M3 TaOJIUIIBI, OpTaHU3aIisI KOTOPOI TTOmAepKUBaeTCsT QYHKITMSIMUT
lookup n install.

Vupaxuenue 6.6. Peamusyiite mpoctyio Bepcuio tfdefine-mpoueccopa (6e3
apTyYMEeHTOB), KOTOpasi MCII0JIb30Baja Obl IPOrpaMMbl 3TOro maparpada u
rogunack Ob1 1151 Cu-riporpamm. Bam MoryT momous rnporpaMmbl getch n ungetch.

6.7. CpeacTtBo typedef

A3pik Cu mpenocTaBisieT CPeACTBO, Ha3biBaeMoe typedef, KoTopoe Mmo3Bo-
JISICT TaBaTh TWIIaM TaHHBIX HOBBIe UMeHa. Hampumep, oObsIBIeHHE

typedef int Length;

nenaet uMs Length cunoHumom int. C atoro MmomeHnrta Tun Length MoxHO mpu-
MEHSITh B OOBSIBJIEHUSX, B OMlepaToOpe MPUBEIECHUS U T. 1. TOUYHO TaK Xe, KaK
TANn int:

Length len, maxlen;
Length =lengths[];
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AHaJOTMYHO OOBSIBIIEHNE
typedef char *String;

nenaeT String CMHOHMMOM char =, T. e. yKasarelleM Ha char, ¥ TIpaBOMepHBIM
OyzeT, HapuMep, CIeayIollee ero UCIOJb30BaHMe:

String p, lineptr[MAXLINES], alloc(int);
int stremp(String, String);
p = (String) malloc(100);

3ameTum, uyTo 00bABISIEMBIN B typedef TN CTOMT HAa MeCTe UMEHU Iiepe-
MEHHOM B OOBIYHOM OOBSIBJICHUH, a He cpa3y 3a ciioBoM typedef. C ToOUKH 3pe-
HUSI CHHTaKcHca clioBo typedef HalToMMHaeT Kilacc TaMsTH - extern, static
" T. 1. IMeHa TUTTIOB 3amMCcaHbl ¢ 3arJlaBHBIX OYKB JUISI TOTO, YTOOBI OHHU BBI-
TIeJISUTHACH.

Jns neMoHcTpauuu 6osiee CI0XHBIX MPUMEpPOB MpuMeHeHus typedef Boc-
TTOJTB3YeMCsI 3THM CPEICTBOM IIPH 3aJaHUM Y3JIOB JIEPEBHEB, C KOTOPBIMUA MBI
VXK€ BCTPEYaICh B TaHHOM TIJIaBe.

typedef struct tnode »Treeptr;

typedef struct tnode { /* y3en mepeBa: */

char *word; /¥ ykasatenb Ha TekcT */
int count; /* 4Mcno BXOXOEHWA */
Treeptr left; /* NeBblil CbliH */
Treeptr right; /* npasbiii CbiH */

} Treenode;

B pesynbTaTe co3maioTcs 1Ba HOBBIX Ha3BaHUS TUIOB: Treenode (cTpykTypa)
u Treeptr (ykaszarenb Ha CTpYKTypy). Terepb nporpammy talloc MoxHO 3a-
McaTh B CJIECAYIONIEM BUIE:

Treeptr talloc(void)

{

return (Treeptr) malloc(sizeof(Treenode));

Crenyet MoguepkHyTh, 4TO 00bsiBieHUE typedef He co3maeT oObsABICHMUS
HOBOTO THMAa, OHO JIMIIIb COODIIAET HOBOE MMS YK€ CYIIECTBYIOLIEMY THITY.
Hukakoro HoBOro cMbicjia 3TM HOBble UMEHA HE HECYT, OHU OOBSIBIISIIOT TTEepe-
MEHHbIE B TOUHOCTHU C TEMHU K€ CBONCTBAMU, KaK €CJiu Obl Te ObIJIM O0BSIBIECHbI
HaIlpsIMyto 0e3 rmepemMeHoBaHUs Tuma. MakTuyecku typedef anarornueH
tdefine c TeM JIUIIb OTAUYMEM, YTO TIPU MHTEPHPETALMN KOMIIUISITOPOM OH
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MOXET CIIPABUTHCS C TAKOUW TEKCTOBOM ITOICTAHOBKOM, KOTOPAsk HE MOXET OBITh
obpaboraHa npernpoueccopoM. Hanpumep

typedef int (*PFl)(char *, char *);

co3maet tum PFI - "ykaszarenb Ha GYHKIIWIO (IBYX apryMeHTOB TuIa char *),
BO3BpalIaloIIyo int", KOTOPBIA, HAIPUMEP, B IIPOrpaMMe COPTUPOBKH, OITH-
CaHHOU B IJIaBe 5, MOXXHO MCITOTb30BaTh B TAKOM KOHTEKCTE:

PFI strcmp, numcmp;

IToMUMO TIPOCTO 3CTETUIECKUX COOOpakKeHWid, Iy MpuMeHeHus typedef
CYIIECTBYIOT IBE BaXXHbIC IPUIMHBIL. [lepBast - mapaMeTpu3aius IIporpaMMBI,
CBsI3aHHAS C IMPOOIIEMOIf TTepeHocuMocTH. Ecimu ¢ momorisio typedef o0baBUTH
THUTIBI JaHHBIX, KOTOPBIE, BO3SMOXHO, SIBJISTIOTCS] MAITMHHO-3aBUCUMBIMH, TO TIPH
TepeHoce MPorpaMMBbl Ha JIPYTyI0 MallMHYy MOTPeOyeTcsT BHECTH M3MEHEHMS
TOJIBKO B ompexaencHus typedef. OmHa M3 pacnpOCTpaHEHHBIX CUTYallMi -
ncnonb3oBaHue typedef-mMeH mIs BapbUpOBaHUS IIEABIMUA BEJIMYUMHAMU.
JI1st KXot KOHKPETHON MaITMHBI 3TO TIPEITOIaraeT COOTBETCTBYIOIINE YCTa-
HOBKU short, int uiau long, KOTopble JeatoTcsl aHAIOTUYHO YCTAHOBKAM CTaH-
TapTHBIX TUTIOB, HampuMep size t m ptrdiff_t.

Bropas nmpuumHa, mobyxknarinas K nmpuMeHeHnto typedef,— xemaHue cuie-
JIaTh Oo0JIee SICHBIM TeKCT IMPOTpaMMBbl. Turl, Ha3BaHHBIN Treept e (OT aHIIHIiC-
KHUX CJIOB t Tee - IepeBO M pointer - yKaszaresb), Oojee MOHATEH, YeM TOT XKe
TUII, 3aITMCAHHBIN KaK yKa3aTelb Ha HEKOTOPYIO CIIOXHYIO CTPYKTYpY.

6.8. 06beanHeHus

Obsedunenue - 3TO TIepEMEHHasl, KOTOpas MOXET comepxkarb (B pasHbIe
MOMEHTHI BpEMEHM) OOBEKTHI Pa3TIMYHBIX TUTIOB M pa3MepoB. Bce TpeboBaHus
OTHOCUTEJIFHO pa3MepOB M BBIPABHUBAHMS BBITIOJIHSIET KOMIUIATOP. O0Obe-
JTUHEHUS TIO3BOJISTIOT XpaHUTh pa3HOPOIHBIC TaHHBIE B OMHOM M TOH Xe 00Ja-
CTH TTaMsTH Oe3 BKJIIOYCHUS B MTPOTPAaMMy MAaIlMHHO-3aBUCUMOI MHMOpMa-
M. DTH CPEeCTBA aHAJIOTUIHBI BapUaHTHBIM 3amucsM B [Tackaie.

[MprMepoM MCITOTB30BaHUS 00bETMHEHU MOT OBI TTOCTYXHUThH CaM KOMITH -
JIATOP, 3aBEAYIOLINI TAONINIIeH CUMBOJIOB, €CJIM IIPEATIONOXHUTh, YTO KOHCTaH-
Ta MOXET UMEeTh THTI int, float Mau ABIATHCS yKa3aTeJleM Ha CHMBOJ U UMETh
TN char *. 3HAaYeHWE KaXI0W KOHKPETHOW KOHCTAHTHI JOJKHO XPaHUTHCS
B MIEPEMEHHON COOTBETCTBYIOIIETO 3TOI KOHCTaHTe Tuna. Paborath ¢ Tabau-
LIeil CUMBOJIOB Bcer/ia ynoOHee, eCliv 3HaUeHMS 3aHMMaloT OAMHAKOBYIO 110 00b-
€My ITaMSITh ¥ 3aTIOMUHAIOTCS B OMTHOM M TOM K€ MeCTe He3aBUCHMO OT CBOETO
tuma. Llens BBeeHWS B IpOTpaMMy OObeIMHEHUS - UMETh ITIEPEMEHHYIO, KO-
Topast ObI HAa 3aKOHHBIX OCHOBAHUSIX XpaHWIA B ceOe 3HAUSHUS HECKOIBKUX
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TumoB. CHMHTaKCHC 00beIMHEeHU I aHAJTOTUYEeH CHUHTaKCUCy CTPYKTYD. an/IBe—
JEM ITPUMED 00beAMHEHUS.

union u_tag {
int ival;
float fval;
char *sval,
bous

[lepeMeHHas u OyneT JOCTATOYHO OOJIBLION, YTOOBI B HEW MOMECTUNACH
J11006ast mepeMeHHasi U3 yKazaHHbIX TPEX TUTIOB; TOYHBIN ee pa3Mep 3aBUCUT OT
peanu3anuy. 3HaUeHWe OJHOTO M3 3TUX TPEX TUIIOB MOXKET ObITh TPUCBOEHO
MEepeMEeHHOM U 1 1ajiee UCMOJIb30BaHO B BhIPAXEHUAX, €CIU 3TO MPAaBOMEPHO,
T. €. €CJIM TUII B3SITOTO €10 3HaYEHUS COBIIafaeT C TUIOM IOCJEeIHEro MpUcBo-
€HHOTO eil 3HaueHus. BhIMoaHeHre 3TOro TpeboBaHUsl B KaXIbI TEKYIIUA
MOMEHT - LIEJIMKOM Ha COBECTH mporpammucta. B Tom ciyuae, ecnu Heurto 3a-
TMIOMHEHO KaK 3HauyeHMe OJHOro THUIIa, a U3BJIEKaeTcsl KaK 3HauYeHUe APYroro
TUMA, Pe3y/bTaT 3aBUCUT OT peaiu3aliuu.

CHuHTaKCcuC JOCTyIa K 3JIeMEHTaM OOBbeJUHEHUS CIENYIOLIUI:

UMA-006e0uHenUs . INemMeHm
I

yKasamenv-rHa-obvedunenue -> snemenm

T. €. B TOYHOCTH TaKOM, KaK B CTPYKTypax. Eciu mist XxpaHeHUs TUIIa TEKYIIEro
3HAYEHMSI U MCTIOIb30BaTh, CKaXeM, MepeMEeHHYI0 Utype, TO MOXKHO HaIlMcaTb
Takoi (hpparMeHT MPOTPaMMBbl:

if (utype == INT)
printf("%d\n"”, u.ival);
else 1f (utype == FLOAT)
printf(”"%f\n"”, u.fval);
else if (utype == STRING)
printf("%s\n", u.sval);
else
printf ("HeepHbn TMN %d B utype\n”, utype);

OO0beaMHEHUsI MOTYT BXOJIMTb B CTPYKTYPbl U MacCUBBI, U Ha000poOT. 3a-
MUCHh AOCTYIIA K BJIEMEHTY O0beIMHEHUS, HAXOJSIIErocs B CTPYKType (KakK 1
CTPYKTYpPBI, HaxosIeics: B oObeIMHEHUN ), TaKast 3Ke, KaK U TSI BTIOXKEHHBIX
cTpyKTyp. Hampumep, B MaccuBe CTPYKTYp

struct {
char xname;
int flags;
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int utype;
union {
int ival;
float fval;
char *sval;
b oui
} symtab[NSYM];
K ival obpamaTcs ciaeayriumM oopa3oMm:
symtab[i].u.ival

a K TIEpBOMY CHMBOJIY CTPOKM Sval MOXHO OOpaTUThCS JIIOOBIM U3 CIIEAyIO-
LIUX ABYX CIIOCOOOB:

»symtab[i].u.sval
symtab[i].u.sval[0]

DakTUIeCKN 00beIMHEHNUE - 3TO CTPYKTYpa, BCE BJIIEMEHThI KOTOPOIl UMe-
10T HYJIEBOE CMELIEHNE OTHOCUTENILHO €e 0a30BOro aapeca U pa3Mep KOTOpoi
TO3BOJISIET TIOMECTUTHCS B HEl caMOMY OOJIBIIIOMY €€ 3JIEMEHTY, a BbIpaBHM-
BaHUE 3TON CTPYKTYpPHI YIOBJIETBOPSIET BCEM TUIMaM oO0beanHeHus. Onepauuu,
MPUMEHUMBbIE K CTPYKTYpaM, TOASITCS U IJIs1 OObEAMHEHU, T. €. 3aKOHHbI ITPH-
CBaMBaHUE OOBEIMHEHUS] M KOIMMPOBAHUE €ro KakK €IWHOIO IIeJIoro, B3sSTHE
azpeca OT 00beIMHEHUS U JOCTYIT K OTIAEAbHBIM €ro 3JeMEHTaM.

MHunmanu3upoBaTth 00beIMHEHUE MOXHO TOJbKO 3HAYEHHEM, UMEIOIIUM
TUII €T0 TIEPBOTO 2JIEMEHTa; TAKUM 00pa3oM, YIIOMSHYTYIO BbIIIIE IEPEMEHHYIO
U MOXHO MHUIIMAIM3UPOBATh JINIIb 3HAYEHUEM TUIIA int.

B rnaBe 8 (Ha mpuMepe IporpaMMbl, 3aBeAyIOIIEH BbIICICHUEM TTaMsITH) Mbl
MOKaXeM, Kak, TIpUMeHsIsI 00beIMHEHUE, MOXKHO TOOUTHCS, YTOOBI PACITOI0XKE-
HUE TIEPEMEHHOM ObUIO BHIPOBHEHO IO COOTBETCTBYIOIICH I'paHUIIE B TTAMSITH.

6.9. ButoBblie nong

[pu necdunure maMsITH MOXET BO3SHUKHYTh HEOOXOMUMOCTh 3alIaKOBATh
HECKOJIbKO OOBEKTOB B OTHO CJIOBO MamuHBI. OMHA N3 OOBIYHBIX CUTYAITUH,
BCTpeyawlascs B 3agadyax o0pabOoTKu TabJUI CUMBOJIOB JJIsI KOMITHJISITO-
pPOB, - 3TO 00BbEIMHEHME TPYIIT OMHOOUTOBBIX (BraxkkoB. DopMaThl HEKOTO-
PBIX JaHHBIX MOTYT OT Hac BOOOIIEC HE 3aBUCETh M TUKTOBATHCS, HAIIPUMED,
uHTepdeiicaMu ¢ annapaTypoi BHEIIHUX yCTPONCTB; 31€Ch TaKXKe BOZHUKAET
MMOTPEOHOCTD aIPecoBaThCS K YaCTSIM CJIOBA.

BooGpaszum cebe pparMeHT KOMIUISITOpA, KOTOPbIH 3aBelyeT Ta0InLIei CUM-
BoJIOB. Kaxkmblit naeHTHOUKATOP ITPOTPAMMBI UMEET HEKOTOPYIO CBSI3aHHYIO
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C HUM MHdOpMALIMIO: HAIpUMED, MPEICTaBIsIeT JIU OH COO0I KI1I0UEeBOE CJIOBO
U, ECJIM 5TO MEPEMEHHAs], K KAKOMY KJIACCY TIPMHAIJIEXUT: BHEIHSS U / UK CTa-
TU4eckas u T. 1. CaMblii KOMITAKTHBIN CIIOCO0 KOAUMPOBAaHUS TaKoil MH(POpMa-
LMY - PaCIIOJOXUTh OTHOOUTOBBIC (hJIaXKKU B OTHOM CJIOBe TuUIla char unm int.

OnuH U3 pacrpoOCTPaHEHHBIX TPUEMOB PAOOThI C OUTAMU OCHOBAaH Ha OMpe-
JeJICHMU Habopa "Macok', COOTBETCTBYIOIIMX MO3UIIUIM 3TUX OUTOB, KakK, Ha-
npuMep, B

#tdefine KEYWORD 01 /* KJo4eBoe CnoBo */

#tdefine EXTERNAL 02 /* BHEWHWA */

#define STATIC 04 /* cTatuyeckuin */
WIN B

enum { KEYWORD = 01, EXTERNAL = 02, STATIC = 04 };

Yucaa 0oJKHBI OBITh CTEIIEHIMHU TBOMKM. Torma 1ocTyn K 6MTaM CTaHOBUTCS
JIeJIOM "MMOOMTOBBIX OIlepalyii”, OMUCaHHBIX B IJIaBe 2 (COABUT, MaCKUpPOBAHME,
B3SITUE JOTIOJTHEHUSI).

HekoTopble BUIBI 3alIMCH BHIPpAXKEHUI BCTPEYAOTCSI JOBOJIBHO YacTo. Tak,

flags i= EXTERNAL ! STATIC:

ycTaHaBiauBaeT 1 B COOTBETCTBYIOIIMX OMTax nmepeMeHHou flags,
flags &= ~(EXTERNAL i STATIC);

OOHynsieT ux, a
if ((flags & (EXTERNAL i STATIC)) ==0) ...

OILICHUBAET YCJIOBHE KaK UCTUHHOE, ecii 00a 6uTa HyJeBbIe.

XOoTsI HAydYUThCs IMUCATh TAKOTO PONa BBIPAa’KEHUsI He COCTaBIsIET Tpyaa,
BMECTO TTOOMTOBBIX JIOTUUECKUX OTTepaiuii MOXHO ITOJIb30BaThCsST MPEIOCTaB-
JsieMbiM CU IpYyTUM CIIOCOOOM TIPSIMOTO OTIpeleSIeHUs 1 Jlocfyna K TIOJISIM
BHYTpU cyioBa. bumosoe nose (Mau 1jisi KpaTKOCTU TIPOCTO 1o4e) - 3TO HEKO-
TOpOe MHOXXECTBO OMTOB, JIeXKAIIIX PSIOM BHYTPU OIXHOM, 3aBUCSIIEH OT pe-
aM3any eIUHUIBI TaMsITA, KOTOPYIO MbI OymeM Ha3biBaTh "cioBoM”. CUH-
TaKCHC OIpeAesieHUs] Mojell W AOCTyIla K HUM 0a3upyeTcsi Ha CMHTaKCHCe
cTpykTyp. Hanmpumep, ctpokutfdefine, huryprpoBaBiimve Boillle IIPU 3aaHUHA
TaGIUIIBI CUMBOJIOB, MOXXHO 3aMEHUTh Ha OMpeaesieHre TpeX MOoJIeii:

struct {
unsigned int is_keyword : I1;
unsigned int 1s_extern : 1;
unsigned int 1s_static : 1;
> flags;
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Dra 3ammnch OINpeneIsieT mepeMeHHyIo flags, KoTopast COIepXUT TPU OLHOOM-
TOBBIX TOJISI. YmCITo, Clieaytoliee 3a IBOSTOUNEM, 3amaeT M pUHY ToJis. [Toms
00bsABIeHbI KaK unsigned int, 9To0bl OHM BOCIIPUHUMAIMCh KaK 0€33HaKOBbIE
BEJIMYUHBI.

Ha otnenbHBIe TTOJISI CCBUTAIOTCS TaK Xe, KaK M Ha 3JIEMEHTHI OOBIYHBIX CTPYK-
Typ: flags. is_keyword, flags.is_externu T. m. IToas "BemyT cebss” Kak Malibie
1IeJTBIe ¥ MOTYT YYaCTBOBATh B apU(PMETHUUECKMX BHIPAKEHUSIX TOYHO TaK XKe,
Kak u apyrue uesnble. Takum 00pa3om, Mpeablayiie NTpuMepbl MOXXHO Hamu-
caTpb OoJyiee eCTeCTBEHHO:

flags.is_extern = flags.is_static = 1;
yCTaHaBAMBAaeT | B COOTBETCTBYIOIIUE OUTHI;

flags.is_extern= flags.is_static = O;
UX OOHYJISIET, a

if (flags.is_extern == 0 && flags.is_static == 0)

TIPOBEPSICT MX.

IMouTtn Bce TexHMYECKUE METaau, Kacaroliuecs IOJIeid, B YaCTHOCTH, BO3-
MOXKHOCTD TIOJIST TICPEUTH TPaHUITy CJIOBa, 3aBUCST OT peanm3anuu. [1ois Mo-
TYT HE UMETb UMEHU; C MOMOLIbIO OE3bIMSIHHOTO MOJIS (33aBAEMOTO TOJIbKO
JIBOETOYMEM U IIMPUHOI) OPTaHU3YETCS MPOMYCK HY>XKHOTO KOJUYECTBA pa3-
psamoB. Ocobas mupuHa, paBHas HYI0, HCIIOIb3YeTCs, KOTraa TpeOyeTCsT BhIii-
TU Ha TPaHUILY CJEYIOIIEro CI0Ba.

Ha ogamnx MammHax 1moJjist pa3MeIaloTcs cleBa HalpaBo, Ha APYTUX - CIIpaBa
HajieBO. DTO 3HAYUT, UTO IPU BCEH MOJIE3HOCTH PabOTHI ¢ HUMH, eclii hopmar
MaHHBIX, ¢ KOTOPBIMU MBI MIMEEM [IeJIO, JaH HaM CBBIIIE, TO HEOOXOIUMO ca-
MBIM TIIATEILHBIM 00pPa30M HCCJIEMOBATh MOPSITOK PACIIONOXEHUS ITOJCH;
MPOrpaMMbl, 3aBUCSIIIME OT TAKOTO pojia Belleid, He mepeHocuMbl. TToJst Mox-
HO OTIPEeISITh TOJBKO C TUTIOM int, a ISt TOTO YTOOBI 00eCTICYNTh TTEPEHOCH-
MOCTb, HallO IBHO YKa3biBaTh signed win unsigned. OHM He MOTYT OBITH Mac-
CHMBaMH 1 HE UMEIOT aIpecoB, U, CIeIOBaTeIbHO, oTlepaTop & K HUM He TIpUMe-
HUM.

7 3ak. 1116
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BBoa u BbIBOA,

Bo3mozkHOCTM 17151 BBOJIA M BBIBOJIA HE SIBJISIIOTCST YacThIO caMoro sizbika Cu,
MO3TOMY MBI TIOAPOOHO U HE paccMaTpUBAIM UX 0 cUX Mop. Mexay TeM pe-
aJIbHbIE TPOrpaMMBbl B3aUMOJIEUCTBYIOT CO CBOUM OKpPY>KEHUEM ropasno 6osee
CJIOXHBIM CIIOCOOOM, YeM Te, KOTOpble ObLIM 3aTPOHYTHI paHee. B aToii riase
MBI OTTUIIIEM CTaHIAPTHYI0 OUbIMOTEKY, comepKalllyio Habop (DYHKIMIA, obec-
MeYMBAaIOLIMX BBOJ-BbIBOJ, pa0OTYy CO CTPOKAMU, YIIPABJIE€HNE MaMSTbIO, CTaH-
NapTHbIE MaTeMaThudeckre GyHKIIMU 1 pa3HOTro poaa cepBucHble Cu-mporpamMm-
Mbl. Ho ocoboe BHUMaHUe yieaIuM BBOIY-BbIBOMY.

bubnuoreunbie hyHKIMY BBOAA-BEIBOAA TOYHO OMPENESISIIOTCSI CTAaHIapTOM
ANSI, Tak 4TO OHM COBMECTUMBI Ha JIIOOLIX CUCTEMAX, TIE MOANEPKUBACTCS
Cu. [IporpaMmmbl, KOTOpbie B CBOEM B3aUMOJENCTBUN C CUCTEMHBIM OKpYKe-
HUEM He BBIXOSIT 32 pAMKU BO3MOXHOCTEU CTaHAApTHOU OUOJIMOTEKN, MOX-
HO 0€3 U3MEHEeHUI népeHocuTb C OJHOI MallWHBI HA IPYIYIO.

CBolicTBa OMOJMOTEUYHBIX PYHKIUU crieliuUIIMPOBaHbI B Oojiee YeEM II0-
JKWHE 3ar0JIOBOYHBIX (DAiiJIOB; BaM y>Ke BCTpeUaIuCh HEKOTOPBIE U3 HUX, B TOM
yucie <stdio. h>, <string.h>u <ctype.h> Mbl He paccMaTpuUBaeM 311eCh BCIO
OMOIMOTEKY, TaK KaK Hac 0OJbllle nHTepecyeT HanucaHnue Cu-nporpamm, 4em
ucrnoyib3oBaHue O6ubiroTeuHbix GyHKuui. CtangaptHass 6ubiuoTeka mMo-
NpoOHO omnucaHa B mpujoxeHuu B.

7.1. CTaHpapTHbIA BBOA-BbIBOJ,

Kak yxe ropopuiioch B rase 1, 6ubanoreynsie PyHKIMY PEATU3YIOT MPO-
CTYIO MOJI€JIb TEKCTOBOTO BBOJIa-BbIBOAA. TEKCTOBBIM MOTOK COCTOUT U3 MOC-
JIEOBAaTEJIbHOCTU CTPOK; Kaxjasi CTpokKa 3aKaHYMBAETCS CUMBOJIOM HOBOM
ctpoku. Eciu cuctema B UeM-TO He cjieyeT MIPUHSITOU Moaeau, 0udanoTeka
clieslaeT Tak, YTOOBI Ka3aloCh, UYTO 3Ta MOJIEb YIOBJIETBOPSIETCS MOJTHOCTHIO.
Hanpumep, mapa ciMBOJIOB - BO3BpaT-KapeTKU U MEPEBOJI-CTPOKU - ITPU BBO-
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Jie MorJ1a 06l ObITh MpeoOpa3oBaHa B OIMH CUMBOJI HOBOY CTPOKU, a MPU BbIBO-
JIe BEITIOJIHSIJIOCH ObI 00paTHOE MpeoOpa3oBaHueE.

[Mpocreiimmii MexaHW3M BBOJA - 3TO UTEHWE OJHOTO CUMBOJIA U3 cmardapm-
H020 6600a (OOBIYHO ¢ KJIaBUATYphl) GyHKIIMEH getchar:

int getchar(void)

B xauecTBe pe3ynbTara Kaxkaoro CBOero Bei3oBa pyHKIIMS getcha r Bo3Bpalia-
eT CJIeNYIOIINI CUMBOJI BBOJIA UJIM, €CJIM OOHapyXeH KoHell ¢aiina, EOF. Ume-
HosaHHas KoHcTanta EOF (a66pesuatypa ot end of file - xoHel (aiina) onpe-
neneHaB <stdio.h>. O6bsruHO 3HaueHe EOF paBHO -1, HO, YTOOBI HE 3aBUCETh
OT KOHKPETHOTO 3HAYeHMST STOM KOHCTAHTHI, 00pallIaThCsl K Heil cieayeT 1o
umern (EOF).

Bo MHoOrux cucremax KjiaBMaTypy MOXHO 3aMEHUTH ¢aitjioM, ImepeHamnpa-
BMB BBOJI ¢ TOMOIIIbI0 3HauKa <. Tak, eciv mporpaMmMap roj ucrojb3yergetchar,
TO KOMaHIHas1 CTpoKa

prog < infile

MPEAINUIIET TPOrpaMMe Prog YATATh CUMBOJIBI U3 infile, a He C KIaBUATYyPHI.
IMepexnoueHure BBOIA JEIaETCs TaK, YTO cama MporpaMma prog He 3aMmeyaet
MOJMEHBI; B YaCTHOCTU cTpoka “<infile” He OymeT BKIIOYEHA B apryMEHTHI
KOMaHIHOW cTpoku argv. IlepekitoyeHue BBOAa OyIeT Takke HE3aMETHBIM,
€CJIM BBOJ, UCXOAUT OT APYroi MporpaMMBbl U MEPEJAETCsl KOHBEHEPHBIM 00pa-
30M. B HEKOTOpPBIX cUcTeMax KOMaHAHas CTPOKa

otherprog ! prog

MPUBEJET K TOMY, UTO 3allyCTUTCS IBE IIPOrpaMMBI, otherprog u prog, v cTaH-
JAapTHBIN BIXOJ Otherprog mocTynuT Ha CTAHAAPTHBIN BXOJ prog.
DOyukius

int putchar(int)

MCIIOJB3YyeTCs MIst BhiBoma: putchar(c) ormpaBiisieT CUMBOJ C B cmanoapm-
Hblil 661600, TIOJ KOTOPBIM TI0 YMOJIYaHUIO TToipasyMeBaeTcs akpaH. DyHKIus
putchar B Ka4ecTBe pe3yjbTaTa BO3BpallaeT MOCIaHHbI CUMBOJ WJIU, B CIIy-
gae omn6ku, EOF. To e 1 B OTHOIIIEHWU BBIBOJA: C TIOMOIIBIO 3aITMCU BUIA
> umsa-ghaiina BHIBOI MOXHO TIepeHamnpaBuTh B (aitn. Hampumep, ecnu prog
UCMONB3YeT sl BeiBoAa GyHKUUIO putchar, To

prog > outfile

OyJeT HanpaBJsITh CTAaHIAPTHBIN BBIBOI HE Ha 9KpaH, a B outfile. A koMaH/-
Has CTPOKa

prog | anotherprog
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COEIMHUT CTAHAAPTHBINA BBIBOI MPOTrpaMMbl Prog CO CTAHAAPTHBIM BBOJIOM
mporpaMmbl  anotherprog.

BriBom, ocymiecTBiasieMblit pyHKIIMe# printf, Tak:ke OTIIpaBisieTCsl B CTaH-
JapTHBIA BBIXOAHOU MOTOK. BbI3oBbI putcharu printfMoryt Kkak yrogHo 4ye-
penoBaThCsl, MPU 3TOM BbIBO OyneT GOpMUPOBATHCS B TOM MOCIEI0BAaTEIbHO-
CTU, B KOTOPOI MPOUCXOAUIN BbI30BBI 9TUX DYHKIIUIA.

Jl1060i1 ucxogHblit Cu-daiisn, UCoNb3YIOIIUKA XOTsI Obl OMHY PYHKIINIO OU-
OIMOTEKM BBOJA-BBIBOJA, JOIKEH CONEpPXKaTh B ceOe CTPOKY

#include<stdio. h>

MpPUYEM OHA 10JKHA ObITh PACIOJIOXKEHA 10 MEPBOro 00pallleHusl K BBOILY-Bbl-
Boay. Ecnu nms 3aronoBoyHoro ¢aitia 3aKJ04eHO B YIJIOBBIE CKOOKHU < U >,
5TO 3HAYUT, YTO MOMCK 3arojOBOYHOTO (haiina BereTcsl B CTAaHIAPTHOM MeCTe
(marmpumep B cucteme UNIX 510 06bI9HO qupeKTOpHiA /usr/include).
MHorue nporpaMMbl YUTAIOT TOJBKO U3 OJHOTO BXOJHOTO MOTOKA U MUIITYT
TOJIbKO B OJJMH BBIXOJHOI MOTOK. JJTIs1 opraHu3aiiMu BBoa-BbIBOJA TAKUM TPO-
rpaMMaM BIIOJIHE XBaTUT GyHKuuiigetchar, putcharu printf, a g Hayanb-
HOTo 0OYyYeHUSI YK TOUHO JOCTATOYHO O3HAKOMJIEHUS C 9TUMU (PYHKIIUSIMU.
B yactHoCTH, nepeunciieHHbIX GYHKIMI JOCTATOYHO, KOTIa TpeOYEeTCsT BBIBOA
OIHOW MpoTpaMMBbl COEIMHUTL C BBOJAOM cienymolieil. B kayecTBe mpumepa
paccMOTpUM MporpamMmy lower, mepeBOAsIIYI0 CBOM BBOA HA HUXKHU I PErUCTP:

#include<stdio.h>
#include<ctype.h>

main() /* lower: nNepeBOAUT BBOA, Ha HWXHWIA peructp */

{

int c;

while ((c = getchar()) != EOF)
putchar(tolower(c));
return 0;

}

®yukuusa tolower onpeneneHa B < ctype. h>. OHa nepeBoaUT OYKBHI BEpX-
HETO perrucTpa B OYKBBI HIDKHETO PETMCTPa, a OCTaJbHBIe CUMBOJIBI BO3Bpa-
maet 6e3 usmeHeHuit. Kak Mol yxxe ymoMmuHanu, "GpyHKuuu" Bpone getchar
n putchar uz 6ubaumoreku <stdio.h> m GyHkuusa tolower u3 O6ubIMOTEKU
<ctype. h>ygacTo peanu3syoTcs B BUIE MAKPOCOB, YTOOBI MCKITIOUNTH HaKJTaI -
HBIE PACXOIbI OT BBI30Ba GYHKIINM HAa KaXIBI OTIeTbHBIN cMMBOJI. B mapa-
rpade 8.5 MBI TTOKaxkeM, Kak 3To aenaercs. HezaBucuMo ot Toro, Kak Ha Toit
WJI MHOW MalllHe peau30BaHbl GYHKIMY 0ubaroteku <ctype. h>, mcronb3y-
oI e UX TTPOTPaMMBI MOTYT HUYETO He 3HATh 0 KOTUPOBKE CUMBOJIOB.
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Vnpaxuenne 7.1. Hanumure IporpaMmy, ocyiiecTBISIONIYIO TIEPEBO BBOIA
C BEpPXHETO PErucTpa Ha HUKHUM WIM ¢ HUKHETO Ha BEpXHUI B 3aBUCUMOCTH
OT UMEHMU, 110 KOTOPOMY OHa BBI3bIBAETCS U TEKCT KOTOPOTO HAXOAUTCSA B arg [0 ].

7.2. ®opmaTtHbIi BbIBOA, (printf)

Oyukuus printf mepeBoguT BHYTpEHHUE 3HAYEHUS B TEKCT.
int printf(char «format, arg, arg, ...)

B npenbinymiunx riiaBax Mbl UCIIOJIb30BaIM printf HecdopMasibHO. 31ech Mbl
MoKaxeM HauboJsiee TUITMYHBIE C/Tydyau MPUMEHEeHUS 3TO (PYHKIIMU; TTOJTHOE
ee ornucaHue 1aHo B TpuiaoxeHuu B.

®yukmusa p rintf mpeobpasyer, hopMaTHpyeT U MedaTaeT CBOM apryMEHTHI
B CTAaHIApPTHOM BBIBOJE MO/ ynpasieHueM dbopmarta. BosspaiiaeT oHa Kou-
YeCcTBO HareyaTaHHBIX CUMBOJIOB.

dopmaTHast CTpOKa COIEPXKUT B BIIa OOBEKTOB: OOBIYHBIE CUMBOJIBI, KO-
TOpbIE BIPSIMYIO KOTIUPYIOTCS B BBIXOAHOM MOTOK, U CrieuMduKanuu npeobdpa-
30BaHUd, Kaxaasi U3 KOTOPBIX BbI3bIBAET MPeoOpa3oBaHUE U TevaThb Ovepe-
Horo aprymeHTa printf. Jliobas crienumdpukamnus npeodbpa3oBaHUsI HauYMHA-
eTcs 3HaKoM % M 3aKaHUMBaeTCsA CUMMBOJIOM-crieriudukaTopoMm. Mexny %
1 CUMBOJIOM-CITELIM(PUKATOPOM MOTYT OBITh PACTIONIOXEHBI (B YKa3aHHOM HUXe
TOPSIIKE) CIEAYIOIINE JIEMEHThL:

* 3HaK MUHYC, TPEANMCHIBAIOIINI BBIpABHUBATh MPe0Opa30BaHHBIN apTyMEHT
10 JIEBOMY Kpato moJsl.

* Yucno, cnenudunmpyonee MUHIMAaIbHYIO IIMPpUHY nojis. [Ipeodpa3oBaH-
HBII apTyMeHT OyJeT 3aHUMAaTh T0Jie TI0 KpaliHell Mepe YKa3aHHOW IIUpU-
Hbl. [Tpy HEOOXOMMMOCTHY JIMIITHUE MO3UIIUM CJieBa (MU CIpaBa MpU JIeBO-
CTOPOHHEM PACTOJOXEHUN) OyIyT 3aMOJIHEHBI TPOOETaMu.

* Touka, oTaensionias MMPUHY MO OT BEIMYMHBI, YCTaHABJIMBAIOIIEH TOU-
HOCTb.

* Yucno (TouHOCTh), crielinuImnpyloilee MaKCUMaabHOE KOJTMYECTBO TevyaTa-
€MBbIX CUMBOJIOB B CTPOKE, WJIM KOJMUYECTBO LMD P MOCie AECITUYHON TOUKH -
JUTSL 9HMCeJT C TUTABAIOLICH 3alIsITOM, MM MUHUMAIbHOE KOJIMIeCTBO NP -
JUJIS1 LEJIOTO.

* bykBa h, ecnu meyataemoe 1e0e J0JKHO paccMaTpuBaThCs Kak short,
unu 1 (natuHckas 6ykBaell), eciu 1ieoe 10KHO paccMaTpUBaThes Kak long.

CuMBOJIBI-CIIeIU(DUKATOPHI ITepedrciieHbl B B Taduie 7.1. Eciu 3a % He moMe-
11IeH CUMBOJI-cTieliuurKarop, nopeaeHue GyHKIMMPrint foymeT He onpeaesieHo.

IupuHy ¥ TOYHOCTh MOXHO CTIeLIMDUITUPOBATH C TIOMOIIIBIO *; 3HaUeHUE
IUPUHBI (MM TOYHOCTU) B 3TOM cjiydae OepeTcs U3 CIeAyIoIero apryMeHTa
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Tabnuua 7.1. OcHOBHbIe NpeoGpa3oBaHusa printf

Cumeon Tun aprymeHTa;
BMA neyYatm
d, i int; gecITUYHOE LieJI0e
o int; 6e33HakoBoe BochkMepuuHoe (octal)uenoe (6e3 Hysns ciesa)

x, X unsigned int; 6e33HaKOBOE MIECTHAAI[ATEPUYHOE 11es10e (6e30X man
0X cnesa), 1ia 10...15ucnone3syiorca abedef mam ABCOEF

u int; 6e33HAKOBOE NECATUYHOE LIETOE

C int; OMMHOYHBIA CUMBOJI

S char *; mewataeT CUMBOJBI, pacnohomeHHHe 1o 3Haka \0, niu
B KOJINYECTBE, 3aJaHHOM TOYHOCThIO

f double; [-] m.dddddd, rne xonuuecTBo Luudp d 3anaeTcsd TOYHO-

CTBIO (IO YMOJTYaHUIO PaBHO 6)
e, E double; [-] m.dddddde+xxwnu [-] m.ddddddE+xx, rne xonnae-
CTBO 1P d 3a7aeTCsT TOYHOCTBIO (ITO0 YMOJYAHUIO paBHO 6)
g, G double; ucnonsayer %e unu %E, eciu opsiIOK MEHbIIIE, YeM -4, YTn
6OJIBIIIE WJTN paBeH TOYHOCTH; B IIPOTUBHOM cJTydae MCIIOJIb3Y-
eT %f. 3aBepiaronye HyJIM U 3aBepliaionias A1eCITUYHAasT TOY-
Ka He TeYaTaloTcst
p void *; ykazaresp (IpeIacTaBieHUE 3aBUCUT OT peau3allvi)
% APTYMEHT He MpeobpasyeTcs; nmeyaraercs 3HaK %

(KoTopblii 1oKeH ObITh TUNA int). HanmpuMep, 4ToObl HameyaTaTh He OoJiee
max CUMBOJIOB U3 CTPOKH S, TOJUTCS CJAEAYIOIIasl 3aUCh:

printf("%.*s", max, s);

Bosbiast yacth popMaTHBIX TTpeoOpa3oBaHUii OblIa MTPOJEMOHCTPUPOBaHA
B IpeAbIAYyLIMX I1aBax. M cKiloueHe cocTaBsieT 3alaHue TOUHOCTHU 7151 CTPOK.
Janee npuBOAUTCS NepevyeHb cielinpuKaunii U TOKa3blBaeTCs UX BAUSIHME HA
neyath ctpoku "hello, world”, cocrosuieit u3 12 cumosos. IToje cnienuanb-
HO 00paMJIEHO 1BOETOYMSIMHU, YTOOBI OblJIa BUAHA €0 POTAXKEHHOCTD.

. %s: ‘hello,world:
:%10s: :hello, world:
:%.10s: ‘hello,wor:
:%-10s: :hello, world:
1%.15s: :hello, world:
:%-15s: chello, world :
:%15.10s: N hello, wor:

:%-15.10s: :hello, wor
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IIpenocrepexenue: dyHkus printf ucmosb3yeT cBO MEepPBBIN apTyMEHT,
YTOOBI OTNIPENETUTh, CKOJIBKO eIlle OKUIAETCS] apTyMEHTOB U KaKOTO OHU OYIyT
Tumna. Bbl He MoydyuTe MPaBUIBHOTO pe3yjbTaTa, e€Ccliu apryMeHTOB Oyner
He XBaTaTh WX OHU OYIyT MpPUHAIEXATh HE TOMY TUTY. BbI MTOJKHBI Takxke
MOHVMATh Pa3HUILY B CJIEAYIONINX IBYX OOpaIeHUsIX:

printf(s); /* HEBEPHO, ecnm B s ectb %, */
printf("%s”, s); /* BEPHO Bcerma */

DyHkIimsg sprintfBeIMOMHSET TE 3Xe Tpeobpa3oBaHust, YTO 1 print f, HO BbI-
BOJI 3aTIOMUHAET B CTPOKE

int sprintf(char *string, char *format, arg,, arg,, - . . )

BOrta pyHkuMs hopmaTupyer arg arg,u T. I. B COOTBETCTBUM C MH(MOPMaUUEN,
3aJaHHOl apryMeHTOM format, Kak Mbl OTIMCBIBAJIM paHee, HO Pe3yabTaT Io-
MellaeT He B CTaHAApTHBIN BBIBOM, a B string. 3amMeTuM, 4TO cTpoka string
JIOJIXKHA OBITh JOCTATOYHO OOJIBIION, YTOOBI B HEUWl TOMECTUJICST pe3yabTar.

VYnpaxuenne 7.2. Hanumure porpaMmy, KOTopast OyIeT TredaTaTbh pa3yMHBIM
criocoboMm Jiro6oit BBoAa. Kak MMHUMYM OHa JOJKHA yMETh IieyaTaTh Herpa-
¢uryeckre cCMMBOJIBI B BOCBMEPUYHOM HJIM IIECTHAALATEPUYHOM Buze (B hopme,
MPUHSITOU Ha Ballleil MalllMHe), OOPbIBasl INIMHHBIE TEKCTOBBIE CTPOKU.

7.3. Cnuckn apryMeHToB NepeMeHHOW AJINHbI

DToT naparpad coaepKuT peain3alnio MUHUMaIbHOM Bepcuu printf. IMpu-
BOJIUTCS OHA JJIsl TOTO, YTOOBI MOKAa3aTh, KaK HaJ0 MucaTh GYHKIIUU CO CITHC-
KaMU apTyMEHTOB MepeMEeHHON IUINHBI, IPUYEeM TaKKe, KOTOphbie ObUTH OBI Tie-
peHocuMbl. [TockoibKy Hac TJIaBHBIM 00pa3oM MHTepecyeT oOpaboTKa apry-
MEHTOB, (pyHKIIMIO minprintfHanuieM TakuM o0pa3oM, YTO OHa BOCHOBHOM
OyzaeT paboTaTh ¢ 3aJamleit popmMar CTPOKOM M apTyMEeHTaMU; UTO Xe Kaca-
eTcst hopMaTHBIX MPeoOopPa30BaHUl, TO OHU OYAYT OCYIIECTBIISITHCS C TOMOIIBIO
craHmapTHoroprintf.

OO0BsIBIeHUE cTaHAAPTHON (hyHKIIMU printf BEITISANUT TaK:

int printf(char «fmt, ...)

MHoroTtoune B 00bSIBJIEHUU O3HAYAeT, YTO YHUCIIO U TUTIBI apTYMEHTOB MOTYT
U3MEHSTbCsI. 3HAaK MHOTOTOUYME MOXET CTOSITh TOJILKO B KOHIIE CTIMCKA apry-
MeHToB. Haira pynkuusa minprintf oobsBisieTcs Kak

void minprintf(char *fmt, ...)

MOCKOJIbKY OHa He Oy/eT BblIaBaTh YMCJO CUMBOJIOB, KakK 3To0 Aejaet printf.
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Bcs crnoxxHOCTB B TOM, KakMM 00pa3oM minprint fOymeT mpoaBuratbesi BOOJIb
crmucka apryMeHTOB, - Belb y 9TOr0 CIMCKa HeT faxe nMeHu. CTaHAapTHBII
3aroJIOBOYHBIN (aitn <stdarg. h> comepxut Habop MakpoomnpeaeIeHUI, KOTO-
pble YCTaHABIMBAIOT, KakK Il1araTh MO CUCKY apryMeHToB. HanosiHeHue aToro
3arojIoBOYHOro ¢aitia MOXeT U3MEHSTbCS OT MAallMHBI K MallluHEe, HO TIpe-
CTaBJIeHHBIA UM UHTepdeiic Be3ne OAMHAKOB.

Twum va_list cay>XuT s onmvcaHus MepeMeHHOo, KoTopast OyaeT Mo oyepe-
JIM yKa3bIBaTh Ha KaXIblii U3 apTyMeHTOB; Bminprintfata nepeMeHHas umeeT
uMd ap (ot "argument pointer’ - yxasarellb Ha apryMeHT). Makpoc va_start
WHULMATU3UPYET MEPEMEHHYIO ap, YTOObl OHa yKa3blBaja Ha MEepBbIA Oe3bl-
MSIHHBI aprymeHT. K va_start HyxXHO oOpaTUTbCS 10O MEPBOTO MCIMOJb30Ba-
Hus ap. Cpenu apryMeHTOB I0 KpaliHelt Mepe OJMH J0JI)KeH ObITb UMEHOBaH-
HBIM; OT MOCJEeIHEr0o MMEHOBAaHHOTO apryMeHTa 3TOT MakKpoc "OTTalKuBaeTcs"
MpU HaYaJbHOUW YCTaHOBKE.

Makpoc va_arg Ha KaxJ0M CBOEM BbI30BE BbIIAECT OYEPENIHON apryMEHT,
a ap TepenBUraeT Ha CIEAYyIOUIMA; 0 UMEHU THUIA OH ONPEIESIIeT TUM BO3-
Bpallla€MOro 3HaYeHUs W pa3Mep Luara s BbIXOAa Ha CIAeAYIOLIUIA apTyMeHT.
Haxkonen, Mmakpoc va_end jaefaeT O4MCTKY Bcero, 4to Heooxoaumo. K va_end
cenyeT oOpaTUThCS Mepel CaMbIM BbIXOIOM U3 (YHKIIMU.

IlepeuncneHHble cpeacTBa 00pa3yloT OCHOBY Hallleil yMpPOIIEHHOW Bepcuu
printf.

#include <stdarg.h>
/* minprintf: muHumaneHbii printf ¢ nepeMeHHbIM YMCnoOM aprymeHT */
void minprintf(char =fmt, ...)
{
va_list ap; /* yKasHBaeT Ha O4YEPENHO) Oe3HMAHHHN apLyMeHT */
char *p, #*sval;
int ival;
double dval;

va_start (ap, fmt); /* ycTaHaBnwBaeT ap Ha 1-it 6E3bIMAHHLIA aprymeHT */
for (p=fmt; *p; p++) {
if (*p 1= '"%") {
putchar(=p);
continue;
}
switch (*++p) {
case 'd’:
ival = va_arg(a_p, int);
printf ("%d"”,ival);
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break;
case 'f':
dval = va_arg(ap, double);
printf("%f”, dval);
break;
case 's’: .
for (sval = va_arg(ap, char *); =sval; sval++)
putchar(*sval);
break;
default:
putchar(+p);
break;

;
va_end(ap); /* ouncTKa, XOIfla BCe CHeNaHo */

Ynpaxnenne 7.3. [lomoxHute minprintf apyruMm Bo3MOXHOCTIMH printf.

7.4. dopmatHbin BBOA (scanf)

O@Oynkuus scanf, obecreynBaIas BBOI, SBISIECTCS aHAIOTOM printf; oHa
BBHITIOJTHSIET MHOTHE U3 YIIOMMHABIIMXCS IIPe0Opa30BaHMil, HO B IIPOTUBOIIO-
JIOXKHOM HaripaBiieHHH. Ee oObsIBJICHE UMEET CIIeIYIOIINIA BII:

int scanf(char =format, ...)

@OyHKIMS scanf YUTAeT CUMBOJIbI 3 CTAHAAPTHOIO BXOAHOIO MOTOKA, MHTEP-
MPETUPYET UX COTNIACHO ceIn(PUKALIMIM CTPOKM format ¥ pacChlIaeT pe3yIb-
TaThl B CBOM OCTaJIbHBIC apTYMEHTHI. ApryMeHT-(opMaT MBI OITUIIEM ITO3Xe;
JPYTHE apTyMEHTbI, KaxcObiii U3 KOMopwix 0oadxcer Guims ykazamenem, OTpPEe-
JISIIOT, Tae OyayT 3alIOMMHATHCS JOJXKHBIM 00pa3oM IpeoOpa3oBaHHBIC JaH-
Hele. Kak 1 g printf, B 3ToM maparpade gaercs cBojgka Haubosee moje3-
HBIX, HO OTHIONb HE BCeX BO3MOXHOCTEM TaHHO! (PYHKITHM.

@OyHkuus scanf mpekpalaeT padoTy, KOIma 0Ka3bIBaeTCs, UYTO MCUYEPITajICs
(opmaT I BBOAMMAs BeIMYMHA HE COOTBETCTBYET YIIPABISIONICH crieudu-
Kaumu. B xadecTBe pesynprarta scanf Bo3BpalaeT KOJIUIECTBO YCIICIITHO BBE-
NIEHHBIX 3JIeMeHTOB JaHHBIX. [To ncuepnanum daiina ona Beigaer EOF. Cyie-
CTBEHHO TO, YTO3HaueHue EOF He paBHO HYIII0, TOCKOJIBKY HYJIbscan f BEIIACT,
KOTIa BBOIMMBII CUMBOJI HE COOTBETCTBYET IIEPBOii crieupuKaum opmat-
Hoii ctpoku. Kaxpgoe ouepenHoe oopaleHue K scanf mpoaoJikaeT BBOJ C CUM-
BOJIa, CJIEOYIOIIEro cpasy 3a IOCAeAHUM 00pabOTaHHbBIM.
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CyiectByeT Takxke (hyHKIMS Sscant, KoTopast Y4uTaeT U3 CTpoku (aHe U3 cTaH-
JAapTHOTO BBOIA).

int sscanf(char *string, char «format, arg, arg, ...)

Dynkiusa sscanf mpocMaTpuBaeT CTpOKy string comtacHo dopmaty format
U PacChUIAET MONyYEHHEIE 3HAUYEHUA B arg ,arg,u T. 1. IlocnenHue qOIKHEL
OBbITh YKa3aTeJsIMU.

dopMaTt 0OBIYHO COAEPKUT CTIeMMUKAIINU, KOTOPbIe MCITOIb3YIOTCS IS
yIpaBJeHUs Mpeodbpa3oBaHUSIMHU BBoga. B HETro MOTYT BXOAUTH CIIEIYIOIINE
3JIEMEHTHI:

» [IpoGensl nau TabyASILIMY, KOTOPbIE UTHOPUPYIOTCSI.

* OObIUHBIE CUMBOJIBI (MCKIIOYast %), KOTOpbIe, KaK OXUAACTCSI, COBMAIYT -
C 0YepeIHBIMU CUMBOJIAMU, OTJUYHBIMU OT CUMBOJIOB-pa3ie/IuTeIei BXOI -
HOTO TIOTOKA.

* Crnenudukannm rnpeodpazoBaHus, Kaxaasi U3 KOTOPbIX HAUMHAETCS CO 3Ha-
Ka % 1 3aBepIIacTCcsi CMMBOJIOM-CITeIM(PUKATOPOM THUTIA TTPeoOpa30BaHMSI.
B mpoMexyTKe MexXIy 3TUMU IBYMsI CUMBOJIaMU B JIFOOOM crielMdUKaIIT
MOTYT pacIoyiaratbCs, IPUYEM B TOM TIOPSZIKE, KAK OHU 31eCh yKa3aHbl: 3HaK *
(Tpu3HaK ToAaBJeHUs TPUCBAUBAaHUS); YKCIIO, OMNpeAesioniee IMUPUHY
noJjist; oykBa h, 1 wim L, yka3eIBaomnast Ha pa3Mep IMoJIydaeMoTo 3HAUeHHUS
1 CUMBOJ TipeoOpa3oBaHus (0, d, X).

Crneundukauus mpeodpa3oBaHUS YIpaBIseT IpeoOpa3oBaHUEM CIIEoY-
o1ero BBOAMMOro mosisi. OObIMHO pe3yJbTaT MOMEIIAETCsl B TepeMEHHYIO,
Ha KOTOPYIO yKa3bIBaeT COOTBETCTBYIOIIMI apryMeHT. OQHAKO eciu B CIie-
uduKanuu rpeodpa3oBaHusl MPUCYTCTBYET *, TO MoJieé BBOAA IPOIYCKAeTCs
1 HUKaKoe TpucBanvBaHUe He BbITIoNHsIeTcd. [losie BBoma onpeaensieTcss Kak
CTpoKa 0e3 CHMBOJIOB-PA3ENUTEIEN; OHO MPOCTUPACTCS A0 CJIEAYIOLIEr0 CUM-
BOJIa-pa3IeIUTEIIS] UM XKe OTpaHUYeHO IIIMPUHOM TI0JIsT, ec/ii oHa 3afaHa. [lo-
CKOJIBKY CHUMBOJI HOBOW CTPOKM OTHOCWTCSI K CUMBOJIaM-DasfeIUuTeNsIM, TO
scanf mpu YTeHU U OyIET MEePeXOaUTh C OMHOI CTpOKU Ha ApyTryto. (CuMBoia-
MU -Pa3ACTUTEISIMU SIBJISTIOTCSI CUMBOJIBI TIpoOesia, TaOyIsIIIuM, HOBOM CTPOKH,
BO3BpaTa KapeTKu, BePTUKAIbHON TaOyJISIIIUM U TIepeBoaa CTPaHUIIbI. )

CumBoi-crielinuKaTop yKa3blBaeT, KAKUM 00pa3oM CJIeayeT MHTEPIPeTH-
poBaTh ouyepeaHoe moje BBojga. COOTBETCTBYIOUIUN apTyMEHT JOJKEeH OBbITh
yKazaTesjaeM, KakK TOro TpeOyeT MexaHU3M Tepeaadr apaMeTpoB 110 3HAaYEeH U0,
npuHATHIN B Cu. CuMBOIBI-CITeIM(UKATOPHI MPUBEAEHBI B Tabau1e 7.2.

Iepen cuMBonamu-crienndukaropamud, 1, 0, U U X MOXET CTOSITh OyKBa
h, ykaspiBaol1l1asi Ha TO, YTO COOTBETCTBYIOIINI apTyMEHT JOJI)KEH UMETh TUTI
short * (ane int *), mau 1 (matunckas ell), ykaspiBaromas Ha Tuil long *. AHa-
JIOTUYHO, Tepe] CUMBOIaMU-crielindukaTopaMu e, f 1 g MOXET CTOSITh OyK-
Ba 1, ykaspiBatouiasi, 4to TN aprymeHnTa - double * (a He float «).
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Ta6bnuua 7.2. OcHOBHble Nnpeobpa3oBaHusa scanf

Cumeon . BBogumbie JaHHbIE;
TN apryMmeHTa

d IecaTUYHOe 1enoe; int *

i uestoe; int *. Ilenoe MoxeT OBITH BochbMepUUHBIM (¢ 0 ciieBa)
Wiy lecTHaAarepudHbM (¢ Ox uiu OX ciesa)

o BOChMEpPHUUYHOE IIejIoe (C HyJIeM cjeBa uiu 0e3 Hero); int *

0e33HaKoBOE NecATUYHOE 1iejioe; unsigned int =

X mecTHaauaTepudHoe 1eaoe (¢ Ox uan OX ciaeBa win 6e3 HUX);
int *

C cuMBOJIBL; char *. CrenmyroolIye CUMBOJIBI BBoJa (IT0 YMOJTYaHUIO
ONIVH) pa3MelIaloTcs B ykazaHHOM MecTe. OOBIYHBIN MPOMyCK
CUMBOJIOB-pa3ieIuTe/ell TOAAaBSIETCS; YTOOBI MPOYECTh OYe-
peaHOoN CHUMBOJI, OTJIMYHBIN OT CUMBOJIA-pa3NEIUTENISI, UC-
noJib3yiTe %1s

S CTpOKa CUMBOJIOB (0e3 00paMIISIONINX KaBhIYeK); char *, yKa3bIBa-
o11[asl HA MaCCUB CUMBOJIOB, JOCTATOUHBIN 711 CTPOKU 1 3aBep-
mratomero cumBosia ' \0', KOTOPEII OyneT noOaBIeH

€, f, g uwMcio ¢ IIaBaroIIei TOYKO, BO3MOXHO, CO 3HAKOM; 0053aTeJIbHO
MPUCYTCTBUE JTUOO0 AECITUUYHON TOUKU, JIMOO IKCITOHEHIIMATb-
HOI 4acTH, a BO3MOXHO, 1 obenx BMecTe; float™
% caM 3HaK %, HUKaKoe IMpYCBanBaHUe He BBHITTOTHSICTCS

YTOOBI MOCTPOUTH MEPBBIN TPUMEDP, 0OpaTUMCS K TTpOTpaMMe KaJlbKyJIsSITO-
pa u3 T71aBH 4, B KOTOPOI OpTaHU3yeM BBOJ C TIOMOINBIO YHKIIUK scanf:

#include <stdio.h>
main() /* nporpamma-kanskynstop */

double sum, v;

sum = 0;

while (scanf ("%1f", &v) == 1)
printf("\t%.2f\n", sum +=v);

return O;

}

HpGI[HOI[O)KI/IM, YTO HaM HY2XKHO IIPpOYMUTATh CTPOKMH BBOJa, COACPXKAIIUEC
JaHHBIC BUIa

25 pek 1988
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OO6paiieHue K scanf BRITJISIAUT CIEAYIOITUM 00pa3oM:

int day, year; /* DbeHb, rop */
char monthname[20]; /* HasBaHue mecsua */

scanf ("%d %s %d”, &day, monthname, &year);

3HaK & mepen monthname He HY:XKeH, TaK KaK MM MacCUBa €CTh yKa3aTellb.

B cTpoke ¢popmMaTa MOTYT IPUCYTCTBOBATh CUMBOJIBI, HE YYaCTBYIOIIYE HI
B OJIHOM M3 crielin(pUKAIWi1; 3TO 3HAUUT, YTO 3TU CUMBOJIBI JOJIKHBI TTOSIBUTh-
cs Ha BBojie. Tak, Mbl MOIJIM OBl YMTATh AaThl BUaa mm/dd/yy c moMolipio ciie-
Iylolero ooparieHust K scanf:

int day, month, vyear; /* OeHb, wmecsu, rog */
scanf("%d/%d/%d", &day, &month, &year);

B cBoem popmate pyHKIMs scanf urHopupyet npobessl u Tadysunu. Kpo-
M€ TOTO, MPH TTOUCKE CIEAYIOIIEH MTOPLIUU BBOJIA OHA MTPOITYCKAET BO BXOAHOM
MOTOKE BCE CHUMBOJIBI-Pa3AeTUTENN (MIPOGENbI, TAOYISAUN, HOBbIE CTPOKU
U T. 1.). BocnmpyHMMAaTh BXOJHOM MOTOK, HE UMEIOIIN (UKCUPOBAaHHOTO op-
Mara, 4acTo oKa3bIBaeTcs yloOHee, €CIM BBOAUTDH BCIO CTPOKY LEITUKOM U IJ151
KaXXI0T0 OTAEAbHOIO ciydasi moadupaTh MOAXOASINUM BapuaHT sscanf. Ilpen-
MOJIOXHM, HallpUMEpP, YTO HAM HYXXHO YMTaThb CTPOKU C JaTaMM, 3allMCaH-
HBIMU B JTI000I U3 MPUBEACHHBIX BhIlIe (hopM. Torma Mbl MOTJIM ObI HaITUCATh:

while (getline(line, sizeof(line)) >0) {

if (sscanf(line, "%d %s %d”, &day, monthname, &year) == 3)
printf(”sepHo: %s\n”, line); /* B Bupe 25 pek 1988 */
else if (sscanf(line, "%d/%d/%d”, &month, &day, &year) == 3)
printf(”sepHo: %s\n", line); /* B Bume mm/dd/yy */
else

printf(”HesepHo: %s\n", line); /* HeBepHas dopma patel */
!

O6pateHus K scanf MOTyT mepeMexXaTbCsl ¢ BbI30BaMU APYTUX (YHKIUMA
BBona. JIto6ast pyHKUMS BBOJA, BRI3BaHHAs Iociie scanf, MpoaoKUT UTEHUE
C MEPBOTo ellle HEMPOUYUTAaHHOTO CUMBOJIA.

B 3aBepiiieHue elie pa3 HAMOMHUM, YTO apryMeHThl pyHKImit scanf u sscanf
donicHbl OBITH YKA3aTeJISIMU.

OpnHa U3 caMbIX PacpOCTPAaHEHHBIX OIIMOOK COCTOUT B TOM, YTO BMECTO
TOrO, YTOOBI HAITMCATh

scanf("%d"”, &n);
nnLLYT
scanf("%d", n);

KoMnuisiTop 0 mogo0HOM olmOKe HU4ero He COO0IIaeT.
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VYnpaxunenue 7.4. HanumuTe cBoto BepcHio scanf 1o aHajaoruu ¢ minprintf
W3 TIPeIbIMyIIero maparpacda.

VYnpaxuenune 7.5. [lepenuiinre oCHOBaHHYIO Ha MOCT(PUKCHON 3amMUCU
MMpOTrpaMMy KaJIbKYJISITOpa M3 TJaBBl 4 TaKUM 00pa3oM, YTOOBI IJIsI BBOAA M
npeoOdpa3oBaHMs YKCeJ OHA UCIoJb30Baia scanf u/uim sscanf.

7.5. DocTtyn K pannam

Bo Bcex mpeaplnymx npuMepax Mbl UMeJH €0 CO CTAaHAApPTHBIM BBOJIOM
U CTaHJAPTHBIM BBIBOAOM, KOTODBIE AJIS POrPaAMMbI aBTOMAaTUUYECKH TTPEJI-
onpeaesIeHBI OITepallMOHHON CHCTeMOI KOHKPETHOM MaIlTMHEI.

Crnenyrolumii War - HayduTbCsl NUCaTh IIPOTPaMMBbl, KOTOPbIe UMETU Obl
IIOCTYT K haiiraM, 3apaHee He MOACOeTMHEHHBIM K TTporpaMMam. OmHa U3 Ipo-
rpaMM, B KOTOPOI BO3HHMKAET TaKass HEOOXOMWMOCTb, - 3TO TporpaMma cat,
00BeMMHSIONTAs HECKOIBKO MMEHOBAHHBIX (DaliJIOB M HAaIIpaBIISIOIIAs pe3yIb-
TaT B CTAaHAAPTHHIA BbBoA. DYHKIMS cat 4acTo TIPUMEHSIETCS IUIST BBIIAYN
¢ailioB Ha 3KpaH, a TaKxKe KaK YHUBEepPCaIbHBIN "KOJIeKTop" (hailioBoil NMH-
dopmanuu 115 TeX TporpaMmM, KOTOpble He UMEIOT BO3MOXXHOCTH 00paTUTHCS
K (paitny mo umenu. Hanpumep, koMaHaa

cat x.c y.c

HaNpaBUT B CTAHIAPTHBIM BBIBOI COmepKMMOe (DaiyioB X. ¢ U y. ¢ (M HUYETO
ooJee).

BosHmKaeT BOITpoC: 94TO HAMO CIeaTh, YTOOBI UMEHOBaHHBIE (haliTbI MOXK-
HO OBLTO YMTaTh; MHA4Ye TOBOPsI, KaK CBSI3aTh BHEITHNE UMEHA, TIPUIyMaHHbBIC
ITOJTb30BaTeIeM, C HHCTPYKIIUSMU YTSHUST TaHHBIX?

Ha aT0T cuer mMeroTcs mMpocThie paBwiIa. JJIst Toro 4To6sl MOXKHO OBLIO
YUTaTh U3 aliyia MIu UcaTh B Daiisl, OH JOJIKEH OBITh IIPeABAPUTEIBHO 0/ -
Kpbim ¢ TIOMOIIbI0 6ubanoTeyHoit dyHkun fopen. @yukius fopen moaydaeT
BHEIITHEEe UM TUTIA X. C WJIH Y. C, TTOCJIE YeTO OCYIIEeCTBIIIeT HEKOTOPhIC Opra-
HU3aIUOHHBIE NECTBUS U "TIeperoBopbl” ¢ ONepallMOHHON CUCTEMOM (TeXHU-
YecKue JeTald KOTOPBIX 3IeCh HEe paccMaTpHWBAIOTCSA) M BO3BpalllaeT yKasa-
TeJIb, MCITOB3YeMBbIN B MaJIbHEUIIIEM IJIST TOCTYIIA K (paiiy.

DTOT yKa3aTellb, Ha3bIBaEMBIN yKazamenem ¢haiina, CChUIACTCS Ha CTPYK-
Typy, colepxanryio nuHdbopmanuio o daine (aapec oydepa, moaoxeHue Te-
KyllIero CUMBOJIa B Oydepe, OTKPHIT ¢aiil Ha YTEeHUEe WM Ha 3alUCh, ObLIN
JIM OIIMOKM TIpU paboTre ¢ paliioM U He BCTPEeTHUJICS JIM KoHell daiina).
ITonp30BaTe 10 HE HY:KHO 3HATH TOAPOOHOCTH, TTOCKOJIBKY OTIpEeIeICHUS, TT0-
JIydeHHbIe U3 <stdio.h>, BKJIIOUAIOT ONKMCcaHue TaKOU CTPYKTYphI, HasbIBae- .
moit  FILE.
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EnuHcTBeHHOE, UTO TpeOyeTCs IS ONpeaeICHHS yKa3aTes (aiina, - 310
3aJaTh ONKCaHus TAKOTO, HAIIpUMep, BUIA:

FILE *fp;
FILE «fopen(char =name, char =mode);

Bro roBoput, uto fp ecth ykazatenb Ha FILE, a fopen Bo3BpailaeT ykazareib
Ha FILE. 3ameTum, uto FILE — 2TO UM TUIIa, HaroAoOKe int, a HE TeTr CTPYKTY-
pel. OHO ompenenieHO ¢ moMoIIbio typedef. (JeTany Toro, Kak MOXXHO peajiu-
30BatTh fopen B cuctreme UNIX, npuBoasitcs B maparpade 8.5.)

Ob6paiieHue K fopen B MporpaMme MOXET BBILJISAETh CIEAYIOLIUM 00pa3oM:

fp = fopen(name, mode);

IlepBEIit apryMeHT - CTpOKa, comepxKalast uMms ¢aitia. Bropoit aprymeHT HeceT
MHQpOPMALUIO 0 pedcume. DTO TOXE CTPOKA: B HEW YKa3bIBAaETCsl, KAKAM 00pa3oM
IMOJIB30BaTe/Ib HAMEpEH MPUMEHSATH (ail. Bo3MOXHEI clleayrolne peKiMEIL:
yreHue (read —"r"), 3anmch (write - "w") u godasnenue (append —"a"), 1. e.
3aMuch MH(POPMALUU B KOHELL yKe CcylllecTByolero ¢aiia. B HeKoTophIX cu-
cTeMax pa3InJaloTCs TeKCTOBEIC M OMHApHBIE (haiiIbl; B CIIydae IMOCISTHUX
B CTPOKY pexuma HeoOXonumo 1006aBuUTh OYKBY "b” (binary - OMHApHBIiA).

Tor ¢pakT, 4To HEKMIA (haiis, KOTOPOro paHblIe He OBIJIO, OTKPHIBAETCA HAa 3a-
IMICh WM Ho0aBJIeHNe, 03HAYaeT, YTO OH CO3MaeTcs (€C/IM TakKas Ipoleaypa
uznaeckn Bo3MoxkHA). OTKPBITHE yXXe CYIIECTBYIOIIETO (haiiyia Ha 3aIuch
MPUBOIUT K BEIOPACBHIBAHMIO €r0 CTApOro COIECPXMMOTO, B TO BpeMs Kak IIpU
OTKPHITHH (haiiia Ha moOaBICHHE ero cTapoe comep:KuMoe coxpaHsiercs. Ilo-
ITBITKA YUTATh HECYIICCTBYIOIIMNI hailn SIBIIeTCS OMMOKOM. MOTryT MMeTh
MECTO U APYTHe OIIMOKW; HAIIpUMep, OIIMOKOM CUMTACTCS IMOIMBITKA YTCHUS
(aiina, KOTOPHIN Mo cTaTycy 3anpelineHo yuTath. [1pu Hanuuum a1060i oimno-
ku fopen BosBpamiaeT NULL. (BoamoskHa bostee TouHas MACHTH(UKALIVS OIIN0-
KU, IeTaJIbHast MHGbOPMAaIs 10 3TOMY ITOBOAY IIPUBOIUTCS B KOHIIE ITaparpa-
da 1 npunoxenus B.)

Crenyroliee, 4To HaM HeOOXOAMMO "3HATh, - 5TO KaK YUTATh U3 (haiiia WIn
nucath B (aiia, KoJib CKOpo OH OTKPHIT. CyllecTBYET HECKOJbKO CIOCOO0B
crenaTh 3T0, U3 KOTOPBIX CaMBIi MPOCTOI COCTOMT B TOM, YTOOBI BOCITOJIB30-
BaTbcsa QYHKIUAMU getc 1 putc. OYHKIMSA getc BO3BpallacT CICAYIOIINM CUM-
BoJI U3 haiiyia; eif He0OXOAMMO COOOIIUTh YKa3aTeb (haiiia, YToObl OHA 3HAJIa
OTKyzIa 6paTh CUMBOIJL.

int getc(FILE *fp)

@yHKIMS getc Bo3BpallaeT CAeAYIONINI CHMBOJI M3 ITOTOKA, Ha KOTOPBIN yKa-
3BIBAET * ;B cIyyae ucueprnaHus ¢aiina nin ook oHa Bo3Bpaiiaer EOF.
®yHKLMA putc TUIIET CUMBOI ¢ B (aiin fp

int putc(int ¢, FILE *fp)
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M BO3BpallaeT sanrucanubiii ciMBoj Wi EOF B ci1ydae ommOKu. AHaJIOTUIHO
getchar u putchar, peaau3ains getc M putc MOXeT OBITh BBHITIOJTHEHA B BUIIE
MaKpoCOB, a He (DYHKIIHIA. -

Ipu 3amycke Cu-TiporpaMMBbI OITepalliOHHAs CHCTeMa BCeTda OTKPBIBACT
Tpu ¢aiiyia u odbecrieunBaeT TPU (aitIoBble CChUIKM HAa HUX. DTUMHU daiiiaMu
SIBJISTIOTCSI: CTAaHIAPTHBINA BBOJ, CTAaHIAPTHBIM BBIBOA WM CTaHMAPTHBIN (haiin
OIMOOK; COOTBETCTBYIOIINE M YKa3aTeIn Ha3biBatoTcs stdin, stdout u stderr;
OHU onrcaHbl B <stdio. h>. O6byHO stdin cooTHeCeH ¢ KiaBuaTypoii, a stdout
u stderr - ¢ akpaHoM. OmHako stdin u stdout MOXHO cBs3aTh ¢ ¢aitmamu
WY, UCTIONB3YS] KOHBEEPHBIN MEXaHU3M, COSIUHUTD HATIPSMYIO C IPYTUMU
IporpaMMaMy, Kak 3T0 ONMChIBaloCh B aparpade 7.1.

Crnomoipio getc, putc, stdinustdout pynkuungetcharuputcharrenepn
MOXKHO OTIPEICIINTh CICAYIONTNM 00pa3oM:

fldefine getchar() getc(stdin)
tfdefine putchar(c) putc((c), stdout)

@opMaTHBII BBOI-BBIBOI (hailjIoB MOXKHO TOCTPOUTHh Ha (PyHKIMAX fscanf
u fprintf. Onu upeHTMYHLBI scanf u printf ¢ TOM TUIIL pa3HULIE, YTO TIEPBLIM
WX apTyMEHTOM SIBJISIETCS YKa3aTesb Ha ¢aiif, AJ1s1 KOTOPOTro OCYIEeCTBIISIETCS
BBO/I-BBIBOZ, (hopMaT e yKa3blBaeTCsl BTOPbIM apryMEHTOM.

int fscanf(FILE «fp, char *format, ...)
int fprintf(FILE «fp, char =format, ...)

Bor Temeph MBI pacriolaraeM TeMU CBEICHUSIMH, KOTOPBIEC TOCTATOYHBI JJIST
HaIMCaHWs TIPOrpaMMBI cat, TIpeaqHa3HauYeHHON TSI KOHKaTeHauu (mocJie-
JoBaTeIbHOTO coenuHeHus) daiinos. Ilpenmaraemast Bepcust pyHKIIMM cat, Kak
0Kas3aJoch, yIOOHA I MHOTHX TTporpaMM. Eciii B KOMaHIHOM CTpOKe TIpH-
CYTCTBYIOT apIryMEeHTHI, OHM pacCMaTPUBAIOTCSI KaK MMEHa ITOCIIeI0BaTEIbHO
obpabatbiBaecMbIX (aiinoB. Ecin apryMeHTOB HeT, TO 00pabOTKe MoaBepracT-
Cs CTaHIApTHHIN BBOI.

ttinclude <stdio.h>

/* cat: koHkaTeHauws dainos, Bepcus 1 */
main(int argc, char =argv[])
{

FILE *fp;

void filecopy(FILE *, FILE *);

if (argc == 1) /* HeT apPIYMEHTOB; KOIMPYETCS CTAHIAPTHEN BBOL */
filecopy (stdin, stdout);

else
while (--argc> 0)
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if ((fo = fopen(*++argv, "r")) == NULL) {
printf("cat: He mory oTkpbiTb daiin %s\n”, »argv);
return 1;

} else {
filecopy(fp, stdout);
fclose(fp);

)

return 0;

/* filecopy: kommpyeT dann ifp B ¢asm ofp */
void filecopy (FILE *ifp, FILE *ofp)
{

int ¢;
while ((c= getc(ifp)) !=EOF)
putc(c, ofp);

}

®daitoBrie yka3zarenu stdin u stdout mpeacTaBisTIOT co0oii 00beKkThI ThIa FILE*,
DTO KOHCTAHTHI, a He TIEpEMEHHbIE, CJIEI0BAaTEeIbHO, UM HEJIb3sI HUYEro Ipu-
CBaMBaTh.

DyHKIMS

int fclose(FILE *fp)

- obpaTHasl 1Mo OTHOIIEeHUIO K fopen; oHa pa3pbIBaeT CBSI3b MeX1y (GhailioBbIM
yKazaTeJieM M BHEIITHUM MMeHeM (KOTopasl paHblile Oblia yCTaHOBJIEHA C T10-
Mo1isto fopen), ocBOOOXIas TEM caMbIM 3TOT yKa3aTesib Il Apyrux (aiiios.
Tak KaK B OOJIBIIIMHCTBE OTNEPaIMOHHBIX CUCTEM KOJIWYECTBO OMHOBPEMEHHO
OTKPBITBIX OJTHOM TTporpaMMoii haiiioB orpaHU4YeHO, TO (haiiloBbIe yKa3aTeu,
€cJIi OHU OOJIbLIE HE HYXKHBbI, JTy4dllle OCBOOOXIATh, KaK 3TO U AeIaeTCs B IIPO-
rpamme cat. EcTb ellle oqHa mpuynHa MpuMeHUTh fclose K daitny BeiBOma, —
3T0 HEOOXOAMMOCThL "OMOPOKHUTEL" Oydep, B KOTOPOM putC HaKOMWja IIpea-
Ha3HaYeHHBIE /I BBIBOAA JaHHbIe. [Ipy HOpMaabHOM 3aBepLIEHUH PaGOTHI
MpOrpaMMBbl JUISI KaXJA0TO OTKpHITOTO (haitna fclose BbI3bIBaE€TCS aBTOMATH-
yecku. (Bl MoxeTe 3akpbITh stdin u stdout, ecii oHM BaM He HYXHBI. Boc-
MOJIb30BaBLIUCH OMOIMOTeUHOM hyHKIMEl freopen, X MOXHO BOCCTAHOBHUTD. )

7.6. YnpaBneHue owimbkamum (stderru exit)

O0paboTKy omMbOOK B cat HeJIb3s IMIPU3HATh UaealbHOM. bema B ToMm, 4TO
ecnu aiia no Kakoi-1m6o MNpruirHe HEJOCTYIIEeH, COO0IIeHNEe 00 3TOM MBI MO~
JIy4YUM MO OKOHYaHU Y KOHKATEeHUPYEMOT0 BbIBOAA. DTO HAC YCTPOUJIO Obl, ecliv
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OBl BBIBOJ OTMPABJISICS TOJBKO HA 9KpaH, a He B (haii uiiu o KoHBelepy Apy-
royi mporpamMmme.

Y106 JIy4Ille CIPABUTHCS C 3TOM MIPO6AEMOii, porpaMMe MOMUMO CTaH-
JIapTHOTO BbIBoJA stdout mpuaaeTcsl ellle OAMH BbIXOAHOM MOTOK, Ha3bIBaeMbIit
stderr. BoiBon B stderr 0OBIYHO OTMPABIISIETCS HA 9KpaH, axe eCau BhIBOJ
stdout repeHarnpasjieH B ApYroe MecTo.

IepenuiiieM cat Tak, YTOObI COOOIIEHMS 00 OIIMOKAaX OTIPaBJISUIMCh B stdere.

#include <stdio.h>

/* cat: xoHkaTeHauus §ainos, Bepcus 2 */ '
main(int argc, char *argv[])
{

FILE *fp;

void filecopy(FILE *, FILE *);

char *prog = argv[0]; /* uMs mporpamms */

if (argc == 1) /* HeT apTyMeHTOB; KOIMPYETCS CTaHL. BBOL */
filecopy(stdin, stdout);
else
while (--argc> 0)
if ((fp = fopen(s++argv, "r")) == NULL) {
fprintf (stderr, "%s: #e MOTY OTKpHTHL Qain %s\n”,
prog, *argv);
exit(1);
} else {
filecopy(fp, stdout);
fclose(fp);
}
if (ferror(stdout)) { .
fprintf (stderr, "%s: ommbxa 3amucyu B stdout\n”, prog);
exit (2);
}
exit (0);

IIporpamma curHaausupyet o6 omurbkax AByms criocodamu. IlepBrlif - co-
ob1eHue 06 ommbke ¢ moMolbio fprintfrmoceuiaercs B stderr ¢ TeM, YTOObI
OHO TTOIAJI0 Ha 9KpaH, a He 0Ka3aJloch Ha KOHBeHepe Uian B ApyroM aiiie Bbi-
Boja. Mg mporpammel, xpaHsuieecs Bargv[ 0], Mbl BKIIOUUJIY B COOOLIEHUE,
YTOOBI B CJIy/4asx, KOrna iaHHas mporpaMma paboTaeT COBMECTHO C IpYTUMHU,
OB SICEH UCTOYHUK OIITMOKM.
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Bropoii criocob yka3zaTh Ha OLIMOKY — 00paTUTLCS K OUOIMOTeUHON (hyHK-
LMK eXit, 3aBepluaolleil paboTy nmporpaMMbl. ApryMeHT (yHKLIMU eXit 10-
CTYIMeH HEKOTOPOMY TTPolLiecCy, BbI3BaBIlIEMY JaHHbI Mpoliecc. A clieoBaTe/Ib-
HO, YCIIEITHOE WJIM OIIIMOOYHOE 3aBePIIIEHUE IPOrPaMMbI MOXKHO ITPOKOHTPO-
JINPOBaTh C IIOMOINBI0 HEKOEH IpOrpaMMEBI, KOTOpas pacCMaTpHUBaeT 3Ty
IIporpamMMmy B KaueCcTBe MOTYMHEHHOTO Iporiecca. 1o ob1ieii JoroBopeHHOCTH
BO3BpaT HYJSl CUTHAJIM3UPYET O TOM, YTO paboTa Mpoliljia HOpMajlbHO, B TO
BpeMsI KaK HEHYJIEBbIE 3HAUEHMSI OOBIYHO rOBOPAT 00 omnbkax. Ytoodsl ono-
POXHUTH Oydepa, HAKOMMBINKE MHMOPMALINIO IUIST BCEX OTKPBITHIX (haiiioB
BBIBOMA, (pyHKIIUS eXit BbI3bIBAET fclose.

MHcrpykums return gwvip rjlaBHOW NMporpaMMbl main KBUBaJleHTHa obOpa-
weHuto K pyHKkuuu exit(svip). IlocneqHuil BapuaHT (C MOMOLIBIO €Xit) ume-
€T TO MPEUMYIIECTBO, YTO OH IPUTOIACH IJIST BBIX0AA U U3 APYTUX (PYHKIIHIA,
M, KPOME TOTO, CIIOBO €Xit JIETKO 00OHAPYXHTh C ITOMOIIbLIO IIPOrPaMMBbI KOH-
TEKCTHOTO ITOMCKA, ITOXO0XEi Ha Ty, KOTOPYIO MBI pacCMaTpUBaId B TJIaBe 5.

@y ferror BeIIaeT HEHYJIEBOe 3HAUCHUE, el B haiiyie fp Gbuta 00-
HapyxXeHa OLIMOKa.

int ferror(FILE *fp)

XoT4g npy BBIBOJE PEIKO BO3HMKAIOT OLIMOKM, BCE XK€ OHU BCTpevaroTcs (Ha-
MPUMeP, 0KAa3aJICsI IePEIIOJIHEHHBIM THCK); IIO3TOMY B IIpOrpaMMaXx IHPOKO-
IO TTOJIb30BaHMsI OHU JOJIKHBI TIIATEIbHO KOHTPOJIMPOBATLCS.

Dynkupmg feof (FILE *) aHanormyHa dyHkumu ferror; oHa Bo3BpalliaeT He-
HyJIEBOE 3HAYEHUE, €CJTM BCTPETUIICSI KOHEL[ yKa3aHHOrO B apryMeHTe ¢haiina.

int feof (FILE *fp)

B Hammx HeOOJIbIINX WTIOCTPATUBHBIX IIPOrpaMMax MbI He 3a00TUJIUCH
0 BBIIAYe CTaTyca BBIXOIA, T. €. BblIauye HEKOTOPOIrO YKCIa, XapaKTePU3YIOIIEro
COCTOSIHME IIPOrPAMMBI B MOMEHT 3aBEpLICHNST: paboTa 3aKOHYMIACH HOPMaJb-
HO WJIM IIpepBaHa 13-3a omnbku? Eciau paboTta mpepBaHa B pe3y/ibTaTe OLIM0-
KU, TO Kakoii? JIrobast cepbe3Hast ITporpaMMa J0JKHa BEIIaBaTh CTAaTyC BBIXOMA.

7.7. BBOA-BbIBOA, CTPOK
B cranpaprHoii 6u0IMoOTEKe MMeeTes mporpaMMma BBoja fgets, aHanoruy-
Hag rporpamMme getline, KOTOpoil MbI NOJb30BAIMCH B MPEAbIAYIIUX IJIaBaXx.
char *fgets(char =line, int maxline, FILE *fp)

®Oyukuug fgets ynTaeT CaeAyIOIIyIo CTPOKY BBoAa (BKJIIOYAs U CUMBOJI HO-
BOi1 cTpoKH) u3 daitaa fp B MaccuB CUMBOJIOB 1ine, IpUYeM OHa MOXKET MPo-
yuTaTh He Oosiee MAXLINE-1 cumBosioB. [lepenucanHasi CTpoKa JOMOJIHSIETCS



7.7. Beoa-BbIBOA CTPOK _ _ 21 1
cumBosiom ' \0' . O6b19HO fgets Bo3BpaiiaeT line, a o ucuepnanum daiiaa uim
B ciiyyae omuOku - NULL. (Hama getline Bo3Bpalliasia AAWHY CTPOKHU, KOTO-
poit MBI TTOTOM TTIOJIB30BAJIUCh, M HYJIb B cllydyae KoH1a (aiia.)

®yHKLMS BbIBoaa fputs MUIIET CTPOKy (KOTOpasi MOXKET U He 3aKaHIMBaThCSI
CMMBOJIOM HOBOM CTPOKM) B (haii.

int fputs(char *line, FILE *fp)

Ora ¢yHkimsa BosBpamaeT EOF, eciu Bo3HUKIIA O1TMOKA, U HEOTPULIATEIHHOE
3HaueHUEe B IPOTUBHOM CJIyyae.

bubnanoreunbie GyHKIIMM gets 1 puts mogooHbl GyHKIMAM fgets u fputs.
OT/IMYAIOTCSI OHU TEM, UTO OTIEPUPYIOT TOJBKO CTAaHAAPTHBIMU (haiinamu stdin
n stdout, u Kpome Toro, gets BEIOpachIBaeT MOCAEIHUIT CUMBOI '\n', a puts
ero j00aBJsier.

YT0oOBI TTOKA3aTh, YTO HUYETO 0COOeHHOTrO B pyHKLUMAX Bpoae fgets u fputs
HET, MBI ITPUBOAUM UX 301€CHh B TOM BUIAEC, B KAKOM OHHM CYHICCTBYIOT B CTaHAAPT-
HOU OMOJIMOTEeKe Ha Halllell CUCTEME.

/* fgets: nonyyaet He Gonee n CUMBONOB U3 iop */
char «fgets(char *s, int n, FILE *iop)
Vempsnn” .

register int c;

register char *cs;

cs = s;
while (--n> 0 && (c = getc(iop)) != EOF)
if ((xcs++=¢c) == "\n' )
break;
s = Ny

return (c == EOF && cs =='s) ? NULL : s;

/* fputs: mOCHIAET CTPOKY S B daim iop */
int fputs(char *s, FILE *iop)
{

int ¢;
while (c = *st+)
putc(c, iop);
return ferror(iop) ? EOF : O;
}

CraHgapT ompenensieT, 4To PyHKLMs ferror Bo3BpalllaeT B ciydae OLIMOKU

HeHyJieBoe3HauUeHue; fputsBcaydaeomnoku Bo3pamiaeT EOF, BipotuBHOM
CJIyyae - HEOTPHULIATEJIbHOE 3HAYEHMUE.
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C nmomoribio fgets 1erko peaau3oBarh Hally GyHKIMIO getline:

/* getline: uyuTaeTt cTpoOKy, BO3BpaLLAET €e AuHy */
int getline(char *line, int max)

if (fgets(line, max, stdin) == NULL)
return 0;

else
return strlen(line);

Yupaxuenune 7.6. Hanuiure nporpammy, cpaBHUBAIONIYIO 1Ba ¢aiiia u me-
JaTalolIyIo IepBYIO CTPOKY, B KOTOPOI OHU pa3inyaroTcs. *

Yupaxuenne 7.7. Moaudunupyiite mporpaMMmy moucka mo oopasily u3 ria-
BBI 5 TAKMM 00pa3oM, 4TOOBI OHA Opayia TEKCT M3 MHOXKECTBa MMECHOBAHHBIX
(aiinos, a ecu MMeH (PaityioB B apryMeHTax HeT, TO U3 CTAaHIapTHOTO BBOMA.
Bynmet nmu mevaratbest uMsl ¢aitia, B KOTOPOM HaieHa IMOAXOIsIIast cTpoka?

Yupaxuenue 7.8. Hanuinute nporpammy, meyaTaroliyo HECKOJIbKO (aiiios.
Kaxneiit daitn mokKeH HaAUMHATHCS ¢ HOBOM CTPaHMIIBI, ITPEeIBAPSITHCS
3arojJOBKOM U MMETb CBOIO HyMepalilo CTPAHULI.

7.8. Opyrue oMonuoteyHble pyHKLUN

B crarmapTHO# 6MOIMOTEKe IIPEeICTaBICH ITMPOKUI CIIEKTP Pa3IMYHbIX (PYHK-
uuit. Hactosmmmii maparpad comepXuT KpaTKuii 0030p Hanbosee mojie3HbIX
13 HuX. bojee moapobHOo 3TH U Ipyrue GYHKIIMK ONMMCAHbBI B IIPWIOKeHUN B.

7.8.1. Onepauum co cCTpoKamm

Mp1 yxe ynomuHanu ¢hyHKiuu strlen, strepy, strcat u stremp, onucaHue

KOTOPBIX JaHbI B <string.h>.Jlajee, 10 KOHLIA IyHKTA, IPEAIOJATaeTCs, YTO S
Ut uMeloT Tim char *, ¢ U 11 - TUI int.

strcat(s,t) - TPUITMCBHIBAET t B KOHEI S.
strncat(s,t,n) - TPUIMCBIBAET 1T CUMBOJIOB 13 t B KOHEII S.
stremp(s, t) - BO3BpallacT OTPULIATEILHOE YHUCIIO, HYJIb

WJIN ITOJIOXKUTEJIbHOE YACIO OIS < t,s ==1
WJIN S > t COOTBETCTBEHHO.
strncmp(s, t,n) - JIeJIaeT TO Xe, 4TO U strecmp, HO KOJTUYECTBO CPaB-
HUBAEMBbIX CUMBOJIOB HE MOXET MPEBBIIIATH II.
strepy(s, t) - KOTNHUPYET t B S.



7.8. Apyrue 6uGnunoteyHbie GyHKLUMN 213

strncpy(s,t, n) - KomupyeT He OoJjiee I CUMBOJIOB U3 t B .

strlen(s) - BO3BpallaCT JJIMHY S.

strchr(s,c) - BO3BpalllacT yKa3aTesb Ha MEPBOE IMOSIBJIICHUE
CUMBOJIA C B S WK, eciid ¢ HeT B s, NULL.

strrchr(s, ¢) - BO3BpallaeT yKa3aTesb Ha MOCJIEIHEE MOSIBICHUE

CUMBOJIA C B S WJIH, eciiu ¢ HeT B s, NULL.

7.8.2. AHaIM?3 KJIacCa CMMBOJIOB
1 npeoOGpa3oBaHMe CUMBOJIOB

Heckonbko dyHKuMi U3 0ubaMoTeku <ctype.h> BBIMOJHSIOT MPOBEPKU
U 1peobpazoBaHue CUMBOJIOB. Jlanee, 10 KOHLA MyHKTa, EpeMEHHas ¢ - 3TO
nepeMeHHas TUIIa int, KOTopast MOXeT OBITh MpeCTaBIeHa 3HaYeHeM unsigned
charwm EOF. Bee 3tu hyHKIIMYM BO3BpaIIaloT 3HAYCHHUSI TUTIA int.

isalpha(c) - HE HYJIb, eciu ¢ - OykBa; () B IPOTUBHOM CJIydae.
isupper(c) - HE HYyJb, €CJIU C - OyKBa BEPXHETO PETUCTPa;
O B IIPOTMBHOM CJIyyae.
islower(c) - He HyJb, €Clii C - OyKBa HUXXHETO PerucTpa;
O B IPOTUBHOM CJIyyae.
isdigit(c) - He HYJb, eclii ¢ - udpa; 0 B IPOTUBHOM Cllyyae.
isalnum(c) - He HyJIb, ecoia Uiy isalpha(c), wim isdigit(c)
NCTUHHDBI; O B IIPOTUBHOM cnyqae.
isspace(c) - HE HyJIb, €CJIM C - CUMBOJI Mpobeia, TabyasIuu,

HOBOIi CTPOKM, BO3BpaTa KapeTKH,
: nepeBoJia CTPAHUIIbI, BEPTUKATBHON TaOyISIINH.
toupper(c) - BO3BpAalLIACT C, IPUBEAECHHYIO K BEPXHEMY PETUCTDY.
tolower(c) - BO3BpAILACT C, MPUBEACHHYIO K HUXKHEMY PETUCTPY.

7.8.3. dyHkumsa ungetc

B cranpaptHoii OuOIMOTEKE COAEPXKUTCS Oojiee OrpaHUUYEHHAs] BEPCUS
dbyHk1MM ungetch mo cpaBHEHMIO C TOI, KOTOPYIO MBI Hammucaiu B riase 4. Ha-
3bpIBaeTCs OHa ungetc. Ota QyHKIIMS, UMEIoas POTOTHUIT

int ungetc(int ¢, FILE =fp)

OTIIPABJIIET CUMBOJI ¢ Ha3ad B ¢aiia fp u Bo3BpalaeT ¢, a B cIyvyae OmnuOKu
EOF. [Ing xaxnoro ¢aiina rapaHTUpOBaH BO3BpaT He 00Jiee OTHOTO CUMBOJIA.
OYHKIMIO Ungetc MOXHO UCTIOTh30BaTh COBMECTHO C 110001 13 hyHKIIMI BBOIA
Bpone scanf, getc, getcharur. 1.

7.8.4. UcnonHeHne KOMaHpA, onepaLmoHHON CUCTEMBI

Oynkusgsystem(char *s) BHIMOTHIET KOMaHIY CUCTEMBI, COAECPKAIITYIO-
cs B CTPOKE S, ¥ 3aTeM BO3BpAIaeTCs K BHIITOJHEHMIO TEKYIIEeH MPOrpaMMBI.



_214 Maea 7. Beoa v BbIBOA,

CoznepXumoe s, CTporo roBopsi, 3aBUCUT OT KOHKPETHOU ONepalMoOHHON CHU-
creMbl. PaccmoTpumM nipocToit mpumep: B cuctreme UNIX uHcTpyKLus

system("date”);

BBI3OBET MporpaMMy date, KOTopasi HalpaBUT AaTy U BpeMs B CTaHAAPTHBIN
BbIBOI. DYHKIIMS BO3BpAIlaeT 3aBUCALINI OT CUCTEMbI CTATYC BBIIIOJHEHHOM
komaHabl. B cucteme UNIX Bo3BpalllaeMblii CTaTyC - 3TO 3HaYEHUE, IepelaH-
Hoe pyHKUIMeH exit.

7.8.5. YnpaBneHme namsaTbio

®Oyukuuu malloc u calloc IMHaAMUYECKH 3aIpallInBaIOT OJJOKM CBOOOIHOM
mamsatu. Oyukuus malloc

void *malloc(size_t n)

BO3BpalllaeT yKa3aTesib Ha N 0alT HEMHUIIMAIUM3MPOBaHHOU namMaTu wiu NULL,
€CJIA 3aMpocC YAOBIETBOPUTD Henb3st. Dynkuus calloc

void *calloc(size t n, size t size)

BO3BpaIllaeT yKa3aTeIb Ha 00J1aCTh, JOCTATOYHYIO IJISI XpaHEHMST MacCHBa U3 N
00BEKTOB YKazaHHOTo pa3mepa (size), wiu NULL, eciiu 3ampoc He yaaeTcsl yaoB-
JIeTBOpUTh. BhlaeneHHass maMsTh OOHYJIsIETCS.

Ykazatenb, Bo3BpainaeMblii pyHkimsmu malloc u calloc, Oymet BeIIaH ¢ ydye-
TOM BbIpaBHUBAHMSI, BHITIOJTHEHHOT'O COTJIACHO YKa3aHHOMY TUITY 00beKTa. Tem
HE MeHee K HEMY IOJIXKHa ObITh TPUMEHEeHa OTepalivsl MIPUBEACHUS K COOTBET-
CTBYIOILIEMY THILY', KaK 3TO C/eJaHO B CleAylolleM (parMeHTe TPOrpaMMbl:

int *ip;
ip = (int *) calloc(n, sizeofF(int));

®Oyukius free(p) ocBoboxmaeT 001acTh MaMsATH, Ha KOTOPYIO YKa3bIBaeT P, -
yKazaTeJb, TepBOHAYaIbHO IMOJYYEeHHBIH ¢ ToMolnbio mallocunu calloc. Hu-
KaK1X OTpaHUYECHUI Ha MOPSIIOK, B KOTOPOM OYIeT OCBOOOXIATHCS MaMSITh,
HET, HO CYMTAETCs Y>KacHOM olIMOKOM 0CBOOOXKAEHUE TeX 001acTeit, KOTOPhIE
He OBbLIM TTOJIyYeHBI ¢ moMollbio calloc unu malloc. .

Henb3st Takske MCIIOIb30BaTh T€ 00JIACTH IMAMSITH, KOTOPBIE YK€ OCBOOOXK-
neHbl. Clienyoiuii npuMep IeMOHCTPUPYET TUMTMYHYIO OIIMOKY B IIUKJIE,
OCBOOOXIAIOIIEM 3JIEMEHTHI CITMCKA.

for (p = head; p != NULL; p = p->next) /* HEBEPHO */
free(p);

IIpaBuIbHBIM OYAET, €CJIM Bbl 4O OCBOOOXKAEHUS COXPAHUTE TO, UTO BaM I10-

' Kak ye oTMeyqasnoch (eM. 1puMen. ma ¢. 183), 3ameyanue o NpUBEACHUN TUHOB 3HAYCH U,
Bo3BpamaemMblx GyHkuusAMU malloc wam calloc,— nesepuo. - [pumeu. akm.
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TpebyeTcsi, Kak B CJIeAyIOLIeM LIHUKIIe:

for (p = head; p = NULL;, p = q) {
q = p->next;
free(p);

}

B maparpade 8.7 Mbl paccMOTpYM peau3alivio MporpaMMbl yIIpaBaeHUs Na-
MSTBIO Bpoze malloc, MO3BOJISIONIYI0 OCBOOOXIATh BbIAEJEHHbIE OJOKM Ia-
MSTU B JTI000I TOCJIEI0BATEIbHOCTH.

7.8.6. MatemaTtnyeckme QyHKUUMN

B <math. h> onucano 6osee nBaaaTH MaTeMaTUYeCKUX PYHKILIMIA. 3aeCh XKe
NpuBelNeHbl Haubosee ynorpeduTenbHble. Kaxnas u3 HUX uMeeT OJMH WJIu JBa
aprymeHnTa tTuna double u Bo3Bpalaet pe3yabTaT Takxke Tuma double.

sin(x) - CHHYC X, X B paJMaHax.

cos(x) - KOCHHYC X, X 6 paJiiaHax.

atan2(y,x) - apKTaHTeHC ¥/X,y ¥ X B PaIUaHAaX.

exp(x) - DKCIOHEHILIMaJIbHAsI GYHKIIUS e*.

log(x) - HaTypaJbHBbIH (1O ocHOBaHMUIO e) morapudm x (x> 0).
loglO(x) - 00bIyHBIN (110 ocHoBaHUIO 10) Jorapudm x (x > 0).
pow(Xx,y) - xY

sqrt(x) — KOpeHb KBagpaTHBbIi x (X > 0).

fabs(x) - a0COJIIOTHOE 3HAYCHMUE X.

7.8.7. FeHepaToOp cny4YanHbIX Yucesn

@Oynkiusa rand () BEIYKCISAET MOCASI0BATEIBHOCTD MICEBIOCTYyYaHbIX 1ie-
JIBIX B IMATNIA30HE OT HYJISI 10 3HAYEHUS, 3aJaHHOTO UMEHOBAHHOW KOHCTaH-
To# RAND_MAX, KoTopas omnpezeneHa B <stdlib. h>. [IpuBectu ciyyaiiHbie 4uc-
Jla K 3HaYEHUSIM C TUTaBalolleil TOYKOM, OOJbIIMM WU paBHBIM (0 U MEHBIIUM 1,
MOXHO T10 (hopmyie

«define frand() ((double) rand() / (RAND_MAX+1.0))

(Ecnu B Baieii 6ubnaroreke yxe ecTb hyHKIMS IS MOJyYeHUs CydaiHbIX
qucell ¢ IIaBalolleil TOUKOU, BIIOJIHE BO3MOXKHO, UTO €€ CTATUCTUYECKUE Xa-
PaKTEePUCTUKM JTYUIIle yKa3aHHOM. )

@ynxuusa s rand (unsigned) ycraHaBimBaeT cemst mis rand. Peamzanum rand
U srand, TpeJiaraeMble CTAaHIAPTOM U, CJIEI0BATENbHO, IEPEHOCHUMBIE Ha pa3-
JIMYHBbIE MaIIIMHbBI, PACCMOTPEHBI B Taparpade 2.7.

YnpaxHenue 7.9. Peanusys pyHKMY Bpone isupper, MOXKHO 9KOHOMUThJINOO
namsTh, 1100 BpeMs. Hanuiute oba BapyaHTa DyHKILIMU.
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UHTepdenc c cuctemonm UNIX

Csou ycnyru onepauvoHHas cuctema UNIX mnpennaraetr B Bume Habopa
CUCMEMHBIX 8bI30608, KOTOPbIE (DaKTUUYECKU SIBISIOTCS €€ BHYTPEHHUMU (PYHK-
LMSIMUA U K KOTOPbIM MOXKHO 00palliaTbCs M3 MporpamMm IoJjib3oBaTens. B Ha-
cTosilIell riaBe onucaHo, Kak B CU-MporpaMMax MOXHO MPUMEHSITbh HEKOTO-
pble Hambosee BaxkHbIe BbI3OBBI. Eciu Bbl paboTaere B cucteme UNIX, To a1
CBe/IeHUsI OYyIyT BaM TOJIE3HBI HEMOCPEACTBEHHO W TMO3BOJIST MOBBICUTH 3¢-
(heKTUBHOCTh PabOThl WM MOJYYUTh AOCTYM K TEM BO3MOXHOCTSIM, KOTOPBIX
HeT B obuonuoTeke. Jlaxke ecau Bbl ucnoibdyete Cu B Ipyroii onepauuoHHOM
CHCTEME, U3YYEHUE PACCMOTPEHHBIX 3€Ch MPUMEPOB BCE PABHO MPUOIU3UT
Bac K MOHMMAaHMIO MporpaMMupoBaHus Ha CH; aHaJTOTUYHBIE MPOrpaMMBbI (OT-
JIMYarouIMecs JUIIb AeTalsMU) Bbl BCTPETUTE MPaKTUUECKU B JI000I ornepa-
uMoHHOM cucteMe. Tak kak 6ubauoreka Cu-mporpamm, yTBepKaeHHasl B Ka-
yecTBe cTaHnapta ANSI, B ocHOBHOM oTpaxaeT BO3MOXHOCTU cucteMbl UNIX,
MpeajaraeMblie MporpaMMbl TOMOTYT BaM Jy4llle TTOHSITh U OUOJIUOTEKY.

[J1aBa COCTOUT M3 TPEX OCHOBHBIX YacCTei, OMUCHIBAIOIIUX: BBOJ-BBIBOJ,
(aitoByl0 CUCTEMY UM OpraHU3allMIo YIIpaBJIeHUs MaMsThio. B mepBbIX ABYX
YacTsIX MPEarnoJaraeTcsi HEKOTOPOE 3HAKOMCTBO YMTATENsl C BHELIHUMU Xa-
pakTepuctukamu cucteMbl UNIX.

. B rnaBe 7 Mbl paccMaTpuBaIu eIMHBII 17151 BCEX OMepallMOHHBIX CUCTEM MH-
Tepdeiic BBoAa-BbiBOAA. B 11000i1 KOHKPETHON crcTeMe MPOrpaMMbl CTaHIAPT-
HOI OMOJIMOTEKU MUIIYTCS C UCTOJb30BAHUEM CPENCTB UMEHHO 3TOU KOH-
KPETHOM crucTeMbl. B cienyionmx HecKoJbKUX Nmaparpadax Mbl OMUIIEM BbI-
30BbI cucTeMbl UNIX 110 BBO/LY-BbIBOAY U MMOKAXEM, KAKC UX TOMOILbIO MOXHO
pean3oBaTh HEKOTOPBIEC pa3esibl CTAHAAPTHON OUOIMOTEKH.

8.1. AeckpunTtopsl ¢pannos

B cucreme UNIX n100b1e onepaiii BBOa-BbIBOIA BHITTOJHSIOTCS MOCPE-
CTBOM UTEHUS U 3aNucH (paitjioB, MOCKOJbKY BCe BHELTHUE yCTPONUCTBA, BKJIIO-
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Jasg KJIaBUATypy M 9KpaH, pacCMaTpUBAIOTCI KakK 00BbeKTo! (haifIoBOi cucTe-
MBbI. DTO 3HAYUT, YTO BCE CBSI3U MEXIY IPOrpaMMOIi U BHEIITHUMU YCTPOKCTBRA-
MU OCYIIECTBISIOTCS B paMKaxX eMIMHOTO OTHOPOIHOTO MHTepdeiica.

B camoMm 006111eM ciiyyae, Mpex/e YeM YUTATh UJIU IHCaTh. BbI JOJXKHBI TPO-
MHGOPMUPOBATH CUCTEMY O JEHCTBUSX, KOTOPhIE BBl HAMEPEBACTECh BBITION -
HSITh B OTHOIIEHUM ¢haiia; 3Ta Mpolleaypa Ha3bIBaeTCs omkpbimuem daiina.
Ecnu BbI cobupaeTech mucaTh B ¢haiiji, To, BO3MOXHO, €ro IoTpedyeTcs co31aTh
3aHOBO WJIM OYMCTUTH OT XpaHUMO# nHpopMaiuu. Cuctema MpoBepsieT Balln
npaBa Ha 3TU OeWcTBUSA ((aiia cyliecTByeT? Bbl MMeeTe K HeMY MOCTyI?)
1, €CJTU BCe B TIOPSIIKE, BO3BpAIllaeT porpaMMe HeOOIbIII0e HEOTPUIIATEIbHOE
1iesioe, Ha3bIBaeMoe deckpunmopom @aiisa. Beskuii pas3, Korma oCylIecTBIIsI-
eTcs BBOJ-BBIBOJ, MIEHTU(UKALIMS (hailia BHITIOJHSIETCS IO €ro NeCKPUITO-
py, a He o uMeHu. (Jdeckpunrop ¢aitna aHarorndeH ¢ainaoBoMy yKazaTelio,
UCIIOJIb3YyeMOMY B CTaHAApTHOW OWONMOTEeKe, WM X3HMNy (handle) B MS-
DOS.) Bca nundopmaiius o6 oTKpbITOM haiisie XpaHUTCA U 00pabaThIBaeTCs
OIepallMOHHON CUCTEMOI; mporpamMmMa I0Jib30BaTesisl oOpaiaercs K ¢aiiny
TOJIBKO Yepe3 ero IeCKpUITop.

BBoj ¢ K1aBuaTypbl ¥ BBIBOJ Ha 9KPaH MPUMEHSIOTCS HACTOJIBKO 9acTo, YTO
JUTS yI0OCTBa pabOThl C HUMHU TTPEAyCMOTPEHBI CTieliMalibHbIe coratieHus. [1pu
3aIlyCKe MporpaMMbl KOMaHIHBI UHTEPIIPETaTop (shell) OTKpbIBaeT Tpu (aii-
na ¢ geckpunropamu 0, 1 1 2, KoTOpbIe Ha3BIBAIOTCS COOTBETCTBEHHO CTAHAAPT-
HBIM BBOJIOM, CTaHIapTHBIM BBIBOJIOM M CTAaHAAPTHBIM (haiiiom omnbok. Eciun
nporpamMma yurtaet u3 ¢aiia 0, a mumiet B daiiasl 1 u 2 (3mech HUbpH - ne-
CKPUIITOPHI (haiiyioB), TO OHA MOXET OCYILECTBISATh BBOJ M BBIBOMA, HE 3a00-
TSICb 00 UX OTKPBITHU.

[Tosnb30BaTeNb IPOTPAaMMBbl UMEET BO3ZMOXKHOCTD ITepEeHANPABUTh BBOJ-BbI-
BOJI B (haiiyt mim U3 (paiisia ¢ moMoIIbio 3Ha4KoB < U >, KaK, HallpuMmep, B

prog <infile >outfile

B 3TOM ciyyae KOMaHIHBIN UHTEPIIPETaTOP 3aMEHUT CTaHIAPTHBIC YCTaHOB-
KU neckpuntopos 0 u 1 Ha UMeHOBaHHBIE (aiiabl. OOBIYHO AecKpUnTop aii-
J1a 2 ocTaeTcsl MOACOSAMHEHHBIM K 9KpaHy, YTOOBl Ha HEro IIJIM COOOIICHUS
00 ommOkax. CkazaHHOE BEpHO U JIJIs1 BBOJA-BbIBOIA, CBSI3AHHOTO B KOHBEHED.
Bo Bcex ciyuasix 3aMeHy (aiiia ocyliecTBIsSIeT KOMaHAHbI UHTEPIIPETATOP,
a He nmporpammMa. [IporpamMma, ecim oHa cchlaeTcst Ha (aiin 0 (B ciayvae BBO-
na) u daitnel 1 1 2 (B ciiydae BBIBONA), HE 3HAET, HA OTKY/Ia TPUXOMUT €€ BBOI,
HM KyJa OTIIPaBJIsIeTCS €€ BHIBOI.

8.2. HnxHuii ypoBeHb BBOAA-BbIBOAA (read 1 write)

BBOI-BbIBOJ OCHOBAH Ha CUCTEMHBIX BbI3oBax read u write, K KOTOPBIM
Cu-mporpamma obopainaercs ¢ moMoIplo GYHKIUNA ¢ UMeHamu read u write.
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151 06erx MepBbIM apryMEHTOM SIBJISIETCS AecKpuITop ¢aitna. Bo Bropowm ap-
TYMEHTE YKa3blBae€TCs MACCUB CMMBOJIOB Balllell MPOrpaMMbl, Kyjaa Mochlia-
I0TCSl UK OTKyJa OepyTcs faHHble. TpeTuii apryMeHT — 3TO KOJIUMYECTBO I1e-
pechbL1aeMbIX OaliTOB.

int n_read = read(int fd, char *buf, int n);
int n_written = write(int fd, char *buf, int n);

0O0e (pyHKLIMM BO3BpalIaIOT YMCJIO MepeaaHHbIx 6aiiToB. [Ipu yTeHUM KoIn-
YeCTBO MIPOYMUTAHHBIX OAUTOB MOXET 0Ka3aThCsl MEHbIIE YMCJIa, YKa3aHHOTO
B TpeTheM apryMeHTe. Hyib o3HavaeT KoHell ¢aiina, a -1 curHaausupyer
0 Kakoii-to omnodke. I[lpu 3anucu pyHKLMST Bo3BpalliaeT KOJMUYECTBO 3alMCaH-
HBIX OATOB, U €CJIM 3TO YUCIIO HE COBNANAET C TPeOYEMBIM, CIIEAYET CYUTATD,
YTO 3aMKUCh He IPOU30IILIa.

3a oMH BBI30B MOXHO IMPOYMTATh WJIM 3amucaTh J1000e YucIo OalTOoB.
OOBIYHO 3TO YMCJIO PaBHO WK 1, UTO 03HAUaeT MOCUMBOJIBHYIO Mepeaauy "oe3
oydepusanuun”, uan yemy-uuoynb Bpoae 1024 munu 4096, cOOTBETCTBYIOIIMX
pa3mepy GU3MIEeCKOro 0J0Ka BHEIIHETO YCTpoiicTBa. DddeKTuBHEe 0OMEHH-
BaThCs OOJBIINAM YMCIOM OANTOB, MOCKONLKY IIPU 3TOM TpebyeTcss MEHbLIE
CHUCTEMHBIX BBI30BOB. MCIOb3ysl TTOJYyYeHHbIE CBEACHMUSI, MBI MOXEM HaIlu-
caTh IPOCTYIO MPOrpaMMy, KOTIMPYIOILYIO CBOM BBOJ Ha CBO BHIBOJ M 9KBUBA-
JIEHTHYO ITporpaMme KOoImupoBaHusi (aiiia, onmrcaHHoi Biase 1. C momolsio
3TOM MPOrpaMMBbl MOXKHO KOIIMPOBATh OTKY/Ia YTOAHO U Ky/1a yTOAHO, TTOCKOIb-
Ky BCerla CyLIeCTBYeT BOZMOXHOCTb IIepEHANpPaBUTh BBOI-BBIBOJ Ha JIH000I
aiin uam ycTpoiicTBo.

#include "syscalls.h”

main() /* konupoBsaHve BBOAA Ha BLIBOA, */
{

char buf[BUFSIZ];

int n;

while ((n= read(0, buf, BUFSIZ)) > 0)
write(1, buf, n);
return 0;

[TporoTunsl byHKIM, 0OeceuyrBalOIIe CUCTEMHbBIE BBI3OBbI, Mbl COOpa-
Jiv B daiine syscalls h, yTo mo3BoJsieT HaM BKJIIOYATh €ro B IPOrpaMMBbl 3TOM
riaaBbl. OgHaKO UMsI JaHHOTO (haitia He 3aUKCUPOBAHO CTAHAAPTOM.

[Tapametp BUFSIZ Takxe onpeaesieH B <sysca L1s. h>; B Kaxk10it KOHKPETHOM
cucTeMe OH MMeeT cBoe 3HaueHue. Eciu pasmep daitia He kpateH BUFSIZ,
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TO Kakasi-TO ofepalus YTeHUs1 BepHeT 3HaueHue MeHblee, yeM BUFSIZ, a ce-
Jylolee obpaieHue Kk read 1acT B KauecTBe pe3ybTaTa HyJb.

[Tone3Ho paccMOTpeTh, KaK UCIONb3YIOTCS read u write Mpu HamucaHUU
nporpamMm 0oJjiee BLICOKOTO YPOBHS - TAKUX Kak getchar, putcharu. 1. a. Bort,
K IIpUMepy, Bepcusl MporpaMMbl getchar, KoTopast ocyliecTBIsieT HeOyhepu3o-
BaHHBIN BBOM, UMTAs MO OAHOMY CMMBOJIY U3 CTaHIAPTHOTO BXOAHOTO MOTOKA.

#include "syscalls. h”

/* getchar: HebydepuzoBaHHHN BBOIL ONHOTO CMUMBONA */
int getchar(void)

{ )
char c;

return (read(0, &c, 1) == 1) ? (unsigned char) ¢ : EOF;
!

[MepemenHas ¢ moykHA OBITH THIIA char, MOCKOJIbKY read TpeOyeT ykazaTesst
Ha char. [lpuBeaenue ¢ K unsigned char mepen TeM, Kak BEpHYTb €€ B Ka4eCTBE
pesyJsibTaTa, UCKJII0YaeT KaK1ue-Jnbo MpobieMbl, CBI3aHHbBIE C PACIIPOCTpaHe-
HUEM 3HaKa.

Bropas Bepcust getchar ocyiiecTBisieT BBOI OOJBIIMMU KyCKaMu, HO TIpU
KaXJJ0M 00palleHUH BbIIAeT TOJbKO OIMH CHUMBOJL.

#include "syscalls. h"

/* getchar: mpocras Bepcus ¢ Oybdepmzamnmenr */
int getchar (void)
{

static char buf[BUFSIZ];

static char =*bufp = buf;

static int n = 0;

if (n == 0) { /* 6ydpep nyct */
n = read(0, buf, sizeof buf);
bufp = buf;
}
return (--n >= 0) ? (unsigned char) *bufp++ : EOF;
}

Ecnu npuBeaeHHbIe 31eCh Bepcuu GYHKIIMU getcha r KOMITUIMPYIOTCS € BKITIO-
YeHUEeM 3arojloBoYHOTro (aiina <stdio.h> U B TOM 3arojloBOUHOM ¢aiise
getchar ompeneneHa Kak Makpoc, TO HYXHO 3alaThb CTpoKy #undef ¢ umeHem
getchar.
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8.3. CuctemHble BbI30BbI 0pen, creat, close, unlinc

B ornnuue or craHmapTHBIX ¢haiiioB BBOIA, BHIBOAA M OLIMOOK, KOTOpPbIE
OTKPBITHI 110 YMOJYaHUIO, OCTaJIbHbIE (hailJibl HYXKHO OTKPHIBaTh SIBHO. [
3TOrO €CTh JiBa CUCTEMHBIX BbI30Ba: open U ¢ reat.

OyHKIMSI open MOYTH coBmagaer ¢ fopen, paccMOTpeHHOM B riase 7. Pas-
HHIIa MEXIY HUMHU B TOM, UTO TepBasi BO3BpaliaeT He (pailIoBbIil yKa3aTelb,
a geckpunTop (aitna Tuna int. Ipu mo0oii omndKe open Bo3Bpaluaer - 1.

flinclude <fcntl. h>

int fd;
int open(char *name, int flags, int perms);

fd = open(name, flags, perms);

Kaxk u B fopen, apryMeHT name - 3T0 CTpoKa, comepkaitasi uMs ¢aiiaa. Bropoit
apryMmeHT, flags, MMeeT TUI int U cieLMPUIUPYET, KAKUM 00pa3oM IOJIKeH
OBITh OTKPHIT (hait1. Ero OCHOBHBIMM 3HAYCHUSIMU SIBJISIOTCS:

0_RDONLY - OTKPHITh TOJIBKO Ha YTEHUE;
0_WRONLY - OTKPBITh TOJIBKO Ha 3aIlUCh;
0_RDWR - OTKPBITb Y Ha YTEHUE, U HA 3alIUCh.

B System V UNIX 2t KOHCTaHTHI ompeneneHsl B <fcntl.h>, a B Bepcusax
Berkley (BCD) - B <sys/file. h>.
Y1065l OTKPHITE CYIIECTBYIOMNI (Daiil Ha YTEHUE, MOXKHO HAIUCATh

fd = open(name, 0 _RDONLY, O0);

Hanee Be3ze, rae Mbl OJIb3yeMcsl GYHKIIMEH open, ee apryMeHT perms paBeH
HYJIIO.

IMomnbITKa OTKPBITH HECYILECTBYIOIIMI (aitn apasgercs ommnbkoil. Cozmanue'
HoBoro (aiiyia Wiau mepe3anuch CTaporo 00ECIeyrnBaeTCs] CUCTEMHBIM BBI30-
BoM creat. Hampumep

int creat(char =name, int perms);
fd = creat(name, perms);

DyHKI1Ms C reat Bo3BpallaeT IeCKpUNTop daiina, eciu daiia co3aaH, 1 -1, eciu
10 KaKMM-JIM00 mpuurHaM (aitn co3gaTh He yaanochk. Ecnu daiin yxe cyie-
CTBYET, ¢ reat "o0pexer" ero 10 HyJeBOM IJIWHBI, YTO PABHOCUIILHO BHIOPACHI-
BaHUIO MPEIBIIYIIIETO COAEPXKUMOTO TaHHOTO (haiiia; Co3naHue yKe CYIIeCTBY -
folero aiina He SIBISIETCS OIIMOKOIA.

Ecnu cTpoutcs aeiicTBUTEIbHO HOBBIN (Daiii, To creat ero co3macT ¢ rpa-
BaMU JOCTyINa, crieuu@uIImpoBaHHBIMU BapryMmeHTe perms. Bcucreme UNIX
¢ KaXnbIM (aitioM accouMMpoOBaHbI AeBITh OUTOB, ColepKaline nHbopMma-
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LMIO a TIpaBax I0Jb30BaThCsl 3TUM (DaitioM 1151 UTeHUsI, 3alMCU U UCTIOTHE-
HUS IMLIAM TPeX KaTeropuii: CobCTBEHHUKY daliiia, onpeaeaeHHOM UM IpyIIIe
JIUIL M BCEM OCTaIbHBIM. TakuM 00pasom, mpasa 10CTyIna yI00HO crienuduim-
POBAaTh C ITIOMOIILIO TpeX BocbMepnuHbIX Udp. Hanpumep, 0755 cneumduim-
pyeT YTeHHe, 3alliCh 1 IIPaBO MCIIOJHEHUS COOCTBEHHUKY (haiiia, a TAKXKe UTe-
HME U IIPAaBO UCITOJIHEHUS TPYIIIE U BCEM OCTaIbHBIM.

JIns1 uutiocTpaliMu MpYBeAEeM YIPOLIEHHYIO BEPCUIO MTPOrpaMMBbl Cp CHUCTe-
mbl UNIX, kotopast konupyer oauH ¢aiil B Apyroii. B Haieil Bepcun Komu-
pYyeTCsI TOJIbKO OAMH (hailyl, He IMO3BOJISICTCS BO BTOPOM apryMeHTE YKa3bIBaTh
IUPEKTOpUil (KaTtajor), W MpaBa JOCTyla He KOIMPYIOTCS, a 331at0TCsl KOH-
CTaHTOM.

#include <stdio.h>

#include <fcntl.h>

#include "syscalls.h”

«define PERMS 0666 /* RW mis CODCTBEHHVKA, TPYIONE ¥ OCTANIBHEX */

void error(char =, .. .);

/* cp: xomuposamme fl1 B f2 */
main(int argc, char *argv[])
{

e E 2, 40

char buf[BUFSIZ];

if (argc != 3)
error("06pawenune: cp oTkyaa kypa”);
if ((f1 = open(argv[1], O_RDONLY, 0)) == -1)
error ("cp: He mory oTkpbiTb dann %s”, argv[1]);
if ((f2 = creat(argv[2], PERMS)) == -1)
error ("cp: He Mmory co3gatb dainn %s, pexum %030",
argv[2], PERMS);
while ((n = read(f1, buf, BUFSIZ)) > 0)
if (write(f2, buf, n) !=n)
error ("cp: owwbka npu 3anucu B dainn %s”, argv[2]);
return O;
}

IanHas mporpaMma cosznaeT (aiis1 BeiBoga ¢ GUKCUPOBAaHHBIMU IIPpaBaMHM J0-
cTyna, ompeneisseMbIMU KomgoMm 0666. C ITOMOIIBIO CHCTEMHOIO BBI30Ba stat,
KOTOpPBII OymeT omrcaH B maparpade 8.6, MbI MOXEM OIPEICUTH PEKUM KC-
ITOJIP30BAaHMS CYIICCTBYIONIETO (baiijia U 3a1aTh TOT XKe PEXKUM TSI KOITUU.
3aMeTuM, 4TO (PYHKIIMS €rror, BEI3bIBaeMast ¢ pa3JIMIHBIM YU CIIOM apry-
MEHTOB, BO MHOIOM ITOX0Xa Ha p rint f. Peausalus erro r WULTIOCTPUPYET, KaK
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MOJTb30BaThCSl APYTUMU TporpaMMamu cemeiictBa printf. bubnnoreunas
byHKUMSA vprintf aHaTIOrMYHA printf, ¢ TOM JUIIL OTOBOPKOM, YTO MEpeMeH-
Hasl 9acTh CITMCKA apTyMEHTOB 3aMeHeHa B Hell OJJHUM apryMeHTOM, KOTOPBIA
WHULMATU3UpyeTcs MakpocoMm va_start. [TomoOHbBIM ke 00pa3oM COOTHOCST-
ca dynkuuu viprintf ¢ fprintf u vsprintf ¢ sprintf.

#include <stdio.h>
#include <stdarg.h>

/* error: nevataeT cooblieHne 00 owmnbke U ymupaeT */
void error(char *fmt, ...)

{

va_list args;

va_start(args, fmt);
fprintf(stderr, "owwnbka: ");
vfprintf(stderr, fmt, args);
fprintf (stderr, "\n");
va_end(args);
exit(1);

}

Ha xonuecTBO 0HOBpEeMEHHO OTKPBITHIX B TIporpamme (hailloB mmeeTcst
orpaHn4eHue (00bIYHO UX Yrciio KosebeTcs okoo 20). [Toatomy obast nmpo-
rpaMMa, KoTopasi HamepeBaeTcsl paboTaTh ¢ OOJIBIINM KOJIMYECTBOM (haiijioB,
JIOJDKHA OBITh TOTOBA TIOBTOPHO MCITOJIb30BAaTh UX NECKPUNTOPHI. DYyHKIIMS
close(int fd) pa3pbiBaeT cBA3b MeXIy (hailIOBBIM JECKPUNTOPOM U OTKPBI-
THIM (haifJIoM 1 OCBOOOXKIAET AECKPUIITOP IJIST €r0 TIPUMEHEHUs ¢ IpyruM haii-
jioM. OHa aHanornyHa o6ubauoreyHoil dbyHkuuu fclose ¢ TeM UL pa3Tuyu-
€M, YTO HUKAaKOI OYMCTKY Oydepa He jesiaeT. 3aBeplleHre MporpaMMBbI ¢ TIO-
MOIIIBIO €Xit WM retu rn B IJTaBHOU TIporpaMMe 3aKphIBaeT BCe OTKPBIThIE (haii-
JIBI.

®Oynkuus unlink(char *name) ymamser uMs daiina u3 haitioBoii CUCTEMBI.
OHa COOTBETCTBYET (PYHKIUU remove CTaHIapTHOM OUOIMOTEKH.

VYnpaxuenue 8.1. Ilepenumure mporpamMmmy cat u3 rjaBbl 7, UCTIOJB3YS
dynkuuu read, write, open u close. 3aMeHUTe UMU COOTBETCTBYIOLINE (DYHK-
LIMU cTaHAapTHOU Oubauoteku. [ToskcnepuMeHTUPYITE, YTOOBI CPABHUTh
OBICTPOJEIICTBUE ABYX BEPCHUIA.

8.4. MNponseonbHbIA poctyn (1lseek)

BBo-BBIBOIOOBIYHO OBIBAET IOCJIEAOBATEIBHBIM, T. €. KaXK1as HOBasi OTle-
paLus YTeHUA-3aMMCH UMEET IEJT0 C MO3UIMel haiina, clenyonei 3aToi, 4To
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ObUTa B TIPEIBIAYINEH omepanuu (YTeHusI-3amucy). [1pu XKejlaHuu, OIHAKO,
(1)a17m MO2KHO YUTATb MJINX IIPOU3BOANTDH 3aIlIMCh B HETO B IIPOM3BOJIBHOM I10-
psnke. CuctemHblil BbI30B Iseek mpemocraBisgeT cnocod MepeaBUraTbCs 1o
(baiiny, He unTast M He 3anUChIBast faHHbIE. Tak, GyHKIMS

long Iseek(int fd, long offset, int origin);

B daiinie ¢ meckpunropoM fd yctaHaBmMBaeT TEKYIIYIO TIO3UIIMIO, CMEIIast ee
Ha BeJIMunHYy of fsetoTHOCHTEIbHO MecTa, 3a1aBaeMOro 3HaYeHUEM origin. 3Ha-
yeHus mapamerpa origin 0, 1 wim 2 o3Havaror, uTo Ha BeTMUMHY of fsetorcry-
MaT COOTBETCTBEHHO OT Hayajia, OT TEKYIIe MO3ULIMK WU OT KOoHlia daiina.
Hanpumep, ecinu tpedyetcst 100aBUTh YTO-1MO0 B daiin (koraa B KOMaHIHOM
uHrtepniperarope shell cuctembr UNIX BBoI TepeHarpaBiieH OIepaTopoM >>
B (baitn v Korma B fopen 3amaH apryMeHT "a”), To TIpEX/e YeM uTo-T100 3a-
MMICHIBATh, HEOOXOMMMO HAMTH KOHeIl (haiiyia ¢ TTOMOIIbIO BhI30Ba (QYHKIIMH

Iseek(fd, OL, 2);
YT1oObl BEpHYTHCS Ha3all, B Hayajo (aiijia, Hamo BHITTOJHUTD
Iseek(fd, OL, ,0);

Crenyet oopatuTh BHUMaHue Ha aprymeHT OL: BMmecto OL MOXXHO ObLI0 ObI
Hamucatb (long) 0 unu, ecau pyHkuus Iseek moKHBIM 00pa3oM OOBsIBICHA,
npocTo 0.

bnaropaps Iseek ¢ daitnamu MoxXHO paboTaTh Tak, Kak OyITO 3TO OOblLINE
MacCHBBI, TIpaB/a, C 3aMeJIEHHBIM JOCTyIToM. HampuMmep, ciemyroras pyHK-
LIMs YuTaeT Jrboe Yuciao 6aiToB U3 J0Ooro Mecta ¢aitna. OHa Bo3BpallaeT
YUCJIO MIPOYMTAHHBIX OaTOB MK -1 B CTyJae OIIUOKM.

#include "syscalls.h”

/* get: umraer m GaiT U3 MO3ULUM POS */
int get(int fd, long pos, char *buf, int n)

if (Iseek(fd, pos, 0) >= 0) /* ycTtaHoBka no3vumm */
return read(fd, buf, n);

else
return -1;

}

BosBpaiaemoe pyHkuueit Iseek 3HaueHre umeeT TUT long U SIBJIsIETCSI HOBOM
ro3uiueii B paityie miau, B cirydae olnoku, paBHo - 1. @yHkums fseek n3 craH-
JapTHoU 6ubarnoTeku aHajnoruyHa Iseek; oT mociaegHet oHa OTJIMYAETCS TEM,
YTO B cjlydyae olIMOKY BO3BpalllaeT HEKOTOPOE HEHYJIEBOE 3HAUEHUE, a €€ Mep-
BbIi apryMeHT umMeeT Tun FILE=.
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8.5. Mpumep. Peanusauna pyHkuum fopen n getc

Teneps Ha mpuMepe GyHKLUMI fopen 1 getc U3 cTaHIAPTHON OMOIMOTEKU
IMOKaXeM, KaK OIIMCaHHEIC BBIIIIE YACTU COTIACYIOTCS IPYT C APYTOM.

HamomuuMm, uto ¢aiiybl B cTaHAAPTHOM OMOJIMOTEKE OMUChIBAIOTCS (haiiio-
BBIMHU yKa3aTeJIsIMU, a He TeCKPUIITOpaMM. YKa3aTesb (aiiia - 3To yKa3aTelb
Ha CTPYKTYpY, colaepKaiiyio nHdopMauuio o daiiie: ykasareib Ha 0ydep, mo-
3BOJISIIOIIUI YUTATh (paiia OOJNBIIMMU KyCKaMU; YMCIO HE3aHSATHIX OaiiTOB Oy-
depa; yKazaTesb Ha CIEAyIOLIYIO IMO3ULIMIO B Oydepe; AeckpunTop daiina; daax-
KU, ONUCHIBAIONINE peXXrM (UTeHHE/3aIiCh), OIMMOOYHBIC COCTOSTHHS U T. .

CrpyKTypa JaHHBIX, ONKMChIBaloLIas haiti, coaepXuTcs B <stdio. h>, koto-
PBIif HEOOXOIMMO BKITIOUATH (C TOMOMIbIO #include) B 110001 MCXOMHBIN (haii,
€CJIM B TOM OCYIIECTBIISIETCSI CTAaHAAPTHBIM BBOI-BHIBOL. DTOT K¢ 3ar0JIOBOY-
HBII (haliyl BKIIOYCH U B UCXOMHBIE TEKCTHI OMOIMOTEKH BBOIA-BBIBOMA. ;

B cnenytomem parmenTe, TAIIMYHOM 1Jis (paitna <stdio. h>, uMeHa, ucnonb-
3yeMbIe TOJIbKO B OMOIMOTEYHBIX (DYHKIIMSIX, HAUMHAIOTCS C TTOTYCPKUBAHUSL.
BTO caelaHo IS TOTO, YTOOBI OHM CIyJalfHO HE COBIAIM ¢ MMEHaMH, (UTY-
PUPYIOIIUMHK B IIpOTpaMMe IoJIb30BaTelsl. Takoe coralieHre COOMI0IacTCs
BO BCEX IpOrpaMMax CTaHIAPTHOU OMOIMOTEKMU.

#define NULL ¢}

#define EOF (-1)

#define BUFSIZ 1024

#define OPEN_MAX 20 /* max uucno OOHOBPEMEHHO OTKDHTHX GaitnoB */

typedef struct _iobuf {

int cnt; /* KOMMYECTBO OCTABIMXCS CUMBOJIOB */
char *ptr; /* TO3MULMS CIEOyomero CuMBona */
char *base; /* ampec Oyodepa */
int flag; /* pexuM poctyma */
int fd; /* meckpumnTop aina */

} FILE;

extern FILE _iob[OPEN_MAX];

fidefine stdin (&iob[0])
«define stdout (&_iob[1])
#define stderr (&_iob[2])

enum _flags {
_READ = 01, /* dalin OTKPHT Ha uTeHue */
_WRITE = 02, /* 0aiin OTKPHT Ha 3amuCh */
_UNBUF = (4, /* Oann He Gydepmsyercs */
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_EOF 010, /* B pmaHHom danne Bctpetunca EOF */
_ERR = 020 /* B pmaHHoMm daiine BcTpeTunacb owwnbka */

i

int fillbuf(FILE #);
int _flushbuf (int, FILE *);

#define feof (p) (((p)->flag & _EOF) !=
#define ferror(p) (((p)->flag& _ERR) !=
#define fileno(p) ((p)->fd)

#define getc(p) (-=(p)->cnt >= 0 \

? (unsigned char) *(p)->ptr++ : _fillbuf(p))
«define putc(x,p) (-<(p)->cnt>= 0\

? *(p)->ptr++ = (x) : _flushbuf((x),p))

#define getchar() getc(stdin)
«define putchar(x) putc((x), stdout)

Makpoc getc 00bIYHO yMEHbBIIIAET CYETYMK YKMCIa CUMBOJIOB, HAXOISLIMXCS
B Oydepe, 1 Bo3BpalllaeT CUMBOJI, [OCJIE€ YETO MIpUpallMBaeT yKa3aTesb Ha eIy -
Huny. (HamoMHuM, 4To nauHHBIE #define c moMoIbo 00paTHON HAKJIOHHOMN
YepThl MOXHO MPOJIOJKUTh Ha cienylolux crpokax.) Korna 3HaueHue cuet-
YMKa CTAHOBUTCS OTPUIIATEIbHBIM, getc BeI3piBaeT _fillbuf, 4yToOBI CHOBA 3a-
TMOJIHUTB Oy(dep, UHULIMATIU3UPOBATh COAEPXKMUMOE CTPYKTYPbI U BbIIATh CUM-
Boj. Tumbl BO3BpalllaeMbIX CUMBOJIOB MPUBOMATCS K unsigned; 3To rapaHTH-
PYEeT, UTO BCE OHU OYAYT MOJOXKUTETbHBIMU.

XoTs B AeTajisiX BBOJ-BbIBO/I 31€Ch HE PACCMAaTPUBAETCSI, Mbl BCE Xe MPUBE-
JIV TIOJIHOE orpeaesneHue putc. CaenaHo 3To, YTOOBI 1TOKa3aTh, YTO OHA Jeil-
CTBYET BO MHOI'OM TaK Xe, KaK 1 getc, BbI3bIBas pyHknuio _flushbuf, korma
Oydep mojoH. B TekcTe MMEroTCsI MAaKpOCHI, ITO3BOJISTIONINE MOJIY4YaTh JOCTYIT
K (p1axkaMm olMOKM 1 KOHIIA ¢aiija, a TaKXKe K ero IeCKpUIITOpY.

Teneppr MoxHO HanucaTh GyHKIUIO fopen. boibias 4yacTh MHCTPYKIIUIA
fopen OTHOCUTCS K OTKPBITUIO (haiiia, K COOTBETCTBYIOIIEMY €ro MO3ULMOHU -
POBaHMIO U K yCTAaHOBKE (hJIaXKKOBBIX OUTOB, TIpeIHa3HAYEHHbIX AJ1 UHANKA-
LMK Tekyiero coctossHus. Cama fopen He OTBOOUT MecTa IJjist Oydepa; 3TO
nmemaer _fillbuf mpu mepBoM uTeHun aiina.

#include <fcntl.h>
#include "syscalls. h”
#define PERMS 0666  /* RW ana coOCTBEHHWKA, rpynnbl v Npoy. */

/* fopen: oTkpbiBaeT daiin, so3spawaeT GainoBbIA ykasatens */
FILE «fopen(char xname, char smode)

8 3ax. 1116
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int fd;
FILE *fp;

if («xmode !'= 'r’ &% xmode != V && =*mode != 'a')
return NULL;
for (fp = _iob; fp < _iob + OPEN_MAX; fp++)
if ((fp->flag & (_READ ! _WRITE)) == 0)
break; /* HalileHa CBOOONHAST NO3nuusi*/
if (fp >= _iob + OPEN_MAX) /* mer cBobomHoi mosummm */
return NULL;

if (*mode== 'w')
fd = creat(name, PERMS);
else if (+mode== 'a') {
if ((fd= open(name, O_WRONLY, 0)) == -1)
fd = creat(name, PERMS);
lseek(fd, OL, 2);

} else
fd = open(name, 0 _RDONLY, 0);

if (fd == -1) /* HEBO3MOXEH [OCTyn Mo MMeHu name */
return NULL;

fp->fd = fd;

fp->cnt = 0;

fp->base = NULL;
fp->flag = (*mode == "r') ? READ : _WRITE;
return fp;

}

IMpuBeneHHas 3aech Bepcus fopen peanusyeT He BCe PeXXUMBbI IOCTYIa, OTOBO-
pEHHBbIE CTaHAAPTOM; HO, Mbl JyMaeM, UX peaju3alusi B TTOJTHOM oObeMe He
HaMHOTO yBEJIMYUT JUIMHY nporpammbl. Haiia fopen He pacno3Haet OykBbI b,
CUTHaJIM3UPYIOleid 0 OMHAPHOM BBOJe-BbIBOJI€ (IMMOCKOJIbKY B cuctemMax UNIX
9TO HE UMEET CMbICTIA), MU 3HaKa +, yKa3bIBalIIero Ha BO3MOXHOCTb OJIHOBpE-
MEHHO YUTaTh U MUCATh.

st mo6oro ¢aiisia B MOMEHT IepBOro o0palleHUsI K HeMY C TOMOIIbIO MaKpo-
BBI30Ba getc cUeTYMK cnt paBeH Hyto. CrencTBueM 3Toro oynet Boi3oB _fillbuf.
Ecnu BbIsicHUTCS, 4TO (haill Ha YTeHUe He OTKPBIT, To hyHkuus _fillbuf Hemen-
sieHHO Bo3BpaTuT EOF. B IpoTMBHOM cilyuyae OHa MOMbITAeTCsI 3alIPOCUTh MaMSITh
11 Gycdepa (ecM YTeHUe OJDKHO OBITH ¢ Oydepusaiueii).

ITocne monydeHust obnactu namsaTu mig oydbepa fillbuf obpamraercs
K read, 4TOOBI €ro HAIMOJHUTh, YCTAHABIMBAET CYETYMK U YKa3aTeIU U BO3-
BpalllaeT IepBblii cuMBoa M3 Oydepa. B cienyromux oo6pameHusx _fillbuf
OOHapyXUT, YTO MaMITh AJs Oydepa yxe BbiaesieHa.
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#include "syscalls.h”

/* _fillbuf: sampoc mamsTu u 3amnosnHeHne bydepa */
int _fillbuf (FILE *fp)
{

int bufsize;

if ((fp->flag&(_READ!_EOF!_ERR)) !|=_READ)
return EOF;
bufsize = (fp->flag & _UNBUF) 2 1 : BUFSIZ;
if (fp->base == NULL) /* Gydepa eme HeT */
if ((fp->base= (char *) malloc(bufslze)) == NULL)
return EOF; /* Henb3s MONyunuTh Gydep */
fp->ptr = fp->base;
fp->cnt = read(fp->fd, fp->ptr, bufsize);
if (--fp->cnt < 0) {

if (fp->cnt == -1)
fp->flag '=_EOF;

else
fp->flagi=_ERR;

fp->cnt = 0;

return EOF;

}

return (unsigned char) *fp->ptr++;
}

EnnHCTBEeHHOE, 9YTO OCTAIOCh HEBBISICHEHHBIM, - 3TO KaKUM 00pa30M opra-
HM30BaTh Hayajo cyeTa. MaccuB _iob ciemyeT onpeaeauTh 1 MHUIIATIU3UPO-
BaTh Tak, YTOOKI ITepe TeM KaK ITporpaMMa HauHeT paboTaTh, B HEM yxXe OblIa
nHpopmauus o gaitnax stdin, stdout u stde rr.

FILE _iob[OPEN_MAX] = { /* stdin, stdout, stderr: */
{0, (char *) 0, (char *) 0, READ, 0},
{0, (char *) 0, (char *) 0, _WRITE. 1 },
{ 0, (char =) 0, (char *) 0, _WRITE i _UNNBUF, 2 }
i
HMunnyanu3anms flag Kak 4aCTU CTPYKTYPH ITOKa3bIBaeT, 4YTo stdin OTKPHIT
HayTeHue, stdout - Ha 3anmuCh, a stderr - Ha 3anuch 6e3 Oydepu3anuu.

Ynpaxnenne 8.2. [lepenummure dpyakuuu fopenu _fillbuf, pabortas ¢ dhmax-
KaMM KaK C ITOJISIMU, a He C ITOMOIIBIO SIBHBIX ITOOMTOBBIX oTieparinii. CpaBHUTE
pa3Mepsl U CKOPOCTH IBYX BapMaHTOB IIPOTPAMM.
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VYnpaxuenne 8.3. Pazpadoratite u Hanumute GyHkimu _flushbuf, fflush u
fclose.

Vnpaxuenne 8.4. OyHKIINSA CTaHIAPTHON OMOIMOTEKU
int fseek(FILE *fp, long offset, int origin)

UIeHTUYHA (PYHKIIMU 1seek c TeMU, OAHAKO, OTJIMYUSIMU, UTO fp - 3TO (haitioBbIit
yKazartesib, a He IeCKPUTITOp, W BO3BpalllacT OHa 3HauyeHue int, o3HavaoIiee
cocTtosiHue (paitna, a He mo3unMio B HeM. Hanuimure cBoto Bepcuto fseek.
O06ecneubTe, YTOOBI padoTa Bameli fseek mo Oydepuszanuu OblIa corjiacoBaHa
¢ Oy(epuzarmeit, CMONb3yeMOU APYTUMU (DYHKIIUSIMU OMOJIMOTEKH.

8.6. NMpumep. Neyatb kKaTanoroe

I1pu pasHoro poja B3auMoAeCTBUSX ¢ (haiiJIOBOI CUCTEMOI MHOTIA Tpe-
OyeTcst MoJIy4uTh MOoAbKo UH(OopManuio o (aiisie, a He ero couepxmumoe. Ta-
Kas ToTpeOHOCTh BO3HMKAET, HAaIIpUMep, B IIpOrpaMMe IevaTH Katajiora daii-
JIOB, pabotalomieit aHajorndHo KomaHzae 1S cucreMbl UNIX. Ona medaraer
nMeHa (aiiJioB KaTajora 1 T0 XeJaHUI0 TTOJIb30BaTelIs IPYTYIO TOTIOJTHUTEb-
Hyto MH(popMaIMoo (pa3Mepsl, MpaBa J0CTyNa 1 T. A.). AHAJTOTMYHOW KOMaH-
noit B MS-DOS asnsiercs di e.

Tak kak B cucreme UNIX katanor - 310 TOXe haitn, pyHKUMU 1S, 4TOOBI
Io0paThes 10 MeH (aitioB, HY>KHO TOJIBKO €To TIpounTaTh. Ho 4TOGHI TTOJTYy-
YUTH ApYTylo uHpopmaimio o aiiie (Hampumep y3HaTh €ro pa3Mep), HeoOXo-
JMUMO BBITIOJTHUTH CUCTEMHBIN BbI30B. B nmpyrux cucremax (B8 MS-DOS, Ha-
MPUMEP) CUCTEMHBIM BBI30OBOM TIPUXOIUTCST TOJTB30BATLCS Maxe IJIST TTOTyde-
HUS TOCTyIIa K mMeHaM ¢aiiyioB. Hama mens - odecnednTs TOCTYIT K MHPOp-
MallM1 MO BO3MOXHOCTH CHCTEMHO-HE3aBUCUMBIM CTIIOCOOOM HECMOTPSI Ha TO,
YTO peanu3alusi MOXeT OBbITh CYIlIECTBEHHO CUCTEMHO-3aBUCHMa.

IMpounmiocTpupyeM cKazaHHOE HallMcaHUeM TporpaMMmhl fsize. dyHKIUA
fsize — 9acTHBIN cIyJaii mporpaMMHI 1S; OHA mevyaTaeT pa3Mephl Beex (haiiios,
MepevrcIeHHBIX B KOMaHAHOU cTpoKe. Eciau kakoii-110o n3 ¢paitjioB caM sIB-
JIIETCS KaTaJoTOM, TO, YTOOBI IOJIYIUTh MH(POpMAIIMIO O HeM, fsize obpamma-
ercsi cama K ceoe. Ecnii apryMeHTOB B KOMaHIHOM CTpOKeE HET, TO 00pabaThiBa-
eTcs TeKYIIMA KaTaJior.

JI1st Havayia BCIOMHUM CTPYKTYpY daitnoBoii cucreMbl B UNIXe. Kamanoe -
9TO (aita, cogepkaimnii CIMCOK UMEH (paityioB U HEKOTOPYIO MHGpOpPMaLIMIO
0 TOM, TJIe OHU PACIIOJIOXEHBI. “MecTo pacrnoyioxkeHus" - 3T0 MHAEKC, odecrie-
YMBAIOIINI JOCTYII B IPYTYIO TA0INILY, HA3bIBAEMYIO "CIIMCKOM Y3JI0B inode”.
s kaxxnoro caiina uMmeetcs cBoii inode, rie codpaHa Bcst uHGopmaius o ¢aii-



8.6. MNpumep. MNevaTbkaTanoros 229

Jie, 32 UCKJTIOUEHUEM ero MMeHU. KaX bl 3J1eMeHT KaTajiora COCTOUT U3 IBYX
yacTeil: u3 uMeHu (aiiia 1 HoMepa y3i1a mode.

K coxanenuto, popmat U TOUHOE COEPXKUMOE KaTajaora He OAMHAKOBbI
B Pa3HBIX BepCUSIX cUCTeMBI. [103TOMY, YTOOBI TepeHOCUMYIO KOMITOHEHTY OT-
JeJIUTh OT HEMEePeHOCUMOIi, pa3o0beM Hallly 3a7ady Ha JABe. BHeuHuil ypo-
BEHbOMPENEISIET CTPYKTYPY, Ha3BaHHy10 Oirent, uTpunoanporpaMmmel opendie,
readdir u closedir; B pe3yabTaTe 00€CIEeUYnBAETCS CUCTEMHO-HE3aBUCUMBbIIA
IOCTYIl K UMEHU U HOMepY y3Jia inode Kaxmoro ajeMeHTa Katajgora. Mui Oy-
JeM mucatb nporpammy fsize, paccuuTbiBas Ha Takoil uHTepdeiic, a 3aTemM
MOKaXeM, KaK peaiu30BaTh yKazaHHbIe PYHKIIUHU AJISI CUCTEM, MCTIOIb3YIOIINUX
Ty XK€ CTPYKTYpy Kartajora, yto u Version 7 u System V UNIX. dpyrue Bapu-
aHTbl OCTABUM 151 YITPaKHEHU.

Crpykrypa Dirent conepxut HoMep y37ainode u umsi. MakcumanbHasi 1JIu -
Ha MMeHU (aiina paBHa NAME_MAX - 3TO 3HaYeHUE CUCTEMHO-3aBrUcHMO. DyHK-
1uus opendir Bo3BpallaeT yKazaTesb Ha CTPYKTYpy, HazBaHHylo DR (1o aHa-
snorum ¢ FILE), xotopas ucnoab3yercs dyHkuusamu readdir u closedir. Ora
nHGopMalms cocpenoToueHa B 3arooBoYHOM ¢aiise dirent. h.

tfdefine NAME_MAX 14 /¥ MakcumanbHas OonvHa umenn daiina; */
/* CUCTeMHO-3aBUCMMaAn BenuunHa  */

typedef struct { /* yHMBEpPC. CTpyKTypa afeMeHTa katanora: */
long ino; /* Homep inode */
char name[NAME_MAX+1]; /* umsa + 3asepwarowuin '\0' */

} Dirent;

typedef struct { /* MuHumanbHbii DIR: 6e3 Gydepusauym v T.4. */
int fd; /* dainosblii geckpunTop katanora */
Dirent d; /* anemeHT kartanora */

} DIR;

DIR *opendir(char =dirname);
Dirent *readdir(DIR *dfd);
void closedir(DIR *dfd);

CucTeMHBIN BBI30B stat TosrydaeT UM daiiyia 1 BO3BpalaeT MOJHYI0 O HeM
nHdopmaluio, coaepxaliylocs B y3ie inode, wiu -1 B ciydae ominoku. Tak,

char xname;
struct stat stbuf;
int stat(char *, struct stat *);

stat(name, &stbuf);

3amoJIHSIeT CTPYKTYpY stbuf mngopmanueit u3 y3nainode o daiine ¢ umeHeM
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name. CTpyKTypa, omMchIBalollas Bo3BpaiiaeMoe (GyHKIMel stat 3HaueHUe,
HaXoOuTCs B <sys/stat. h> U BHITJAIUT MPUMEPHO TaK:

struct stat { /+ WHdopmaums u3 inode, Bo3Bpaulaemas stat */
{

devt st dey; /+ YCTpOWCTBO */

inot st ino; /* HOmep inode */

short st_mode; /* pexuMHble BUTbI */

short st _nlink; /+ 4ucno cBsi3ei ¢ ¢dainnom */
short st _uid; /* WM nonb3oBaTens-co6CTBeHHMKA ¥/
short st _gid; /* WMst Tpynnbl COBCTBEHHWKA */
dev_t st_rdev; /* 4N cneunanbHeiX Gannos */
off_t st_size; /* pasmep daina B cumsonax */
time_t st_atime; /+ BpeMs NOCNeOHEro MCMonb3oBaHus */
time_t st_mtime; /+ Bpems nocnegHen mogndukaumm */
time_t st_ctime; /+ Bpems nocnegHero u3meHenus inode */
i

BonpmIMHCTBO 3TUX 3HAYEHUI OOBSICHSIETCS B KOMMEHTapuUsIX. THUIIbI, M0g00-
Hele dev_tuino_t, ompeneneHsl B aiine <sys/types.h>, KOTOPBIi TOXKE HYXK-
HO BKJIIOUMTb MOCPEACTBOM #include.

DneMeHT St_mode comepXuT Habop (JIakKKOB, COCTABIISIOLINX JOIIOTHUTEIBHYIO
nHbopManuio o daitne. OnpeneneHus GIaXKKOB TaKKe copepkarcs B <sys/stat. h>;
HaM TOTpeOdyeTcsl TOJBKO Ta ero 4acTh, KOTOpas UMEeT [eJIo ¢ TUTIoM daiina:

#define S_IFMT 0160000 /* Tmun Qanna */

#tdefine S_IFDIR 0040000 /* katanor */

#define S_IFCHR 0020000 /* CUMBOJNIbHO-OPMEHTUPOBAHHBIN */
#define S_IFBLK 0060000 /* 6N04YHO-0PUEHTMPOBAHHDIK */
#define S_IFREG 0100000 /* 00blYHbIA */

Terepps MBI TOTOBBI IPUCTYIUTH K HaIIKMCaHUIO porpaMMsl fsize. Eciu pe-
KUMHBIe OuThl (st_mode), moJaydeHHBIE OT stat, yKa3bplBalOT, 4TO (aiil He SIB-
JISIETCSl KaTaJloroM, TO MOXHO B3SITh €ro pa3Mmep (st_size) u HameuyataTb. Om-
Hako ecau ¢aii - KaTajaor, TO MbI JOJKHEI 00padoTaTh Bce ero ¢aiiabl, Kax-
MBI U3 KOTOPBIX B CBOIO OYepeabh MOXKET OBITh KaTajorom. O6paboTKa KaTajio-
ra - IpouLecc peKypCUBHBINA.

IIporpamma main nmpocmaTpuBaeT nmapameTpbl KOMaHAHOW CTPOKHM, Iepena-
Bas KaXIblil apryMeHT pyHKIuu fsize.

«include <stdio.h>,

#include<string.h>

#include "syscalls. h”

«include <fcntl.h> /* Gnaxkn yTeHus M 3anucu */
#include <sys/types.h> /* onpenenexHus Tunos */
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#include <sys/stat.h> /* cTpykTypa, BO3Bpawaemas stat */
#include "dirent.h”

void fsize(char *);

/* neyataeT pasmepbl gainnos */
main(int argc, char ==argv)
{
if (argc == 1) /* no ymonyaHutio Gepetcs Tekywumin katanor */
fsize(".");
else
while (--argc > 0)
fsize(*++argv);
return 0;
>

®Oyukuus fsize medaraer pasmep daiina. OmnHako, eciu aitn - Karajor,
OHa cHavasia BbI3biBaeT di rwalk, uToObl 00paboTaTh Bee ero (aiinbl. ObpaTu-
Te BHUMaHUE Ha TO, KaK MCHOJb3yloTcst uMmeHa (iaaxkoB S IFMT u S_IFDIR
u3 <sys/stat. h> npu npoBepke, siBisieTcs iu daiia KaraaoroM. 30eCh HYXKHbI
CKOOKH, MOCKOJIBbKY MMPUOPUTET oriepaTropa & HUXKe MPUOPUTETa oTlepaTopa ==.

int stat(char *, struct stat *);
void dirwalk(char *, void (=fcn)(char *));

/* fsize: nedyataet pasmep ¢aina "name” */
void fsize(char *name)

{

struct stat stbuf;

if (stat(name, &stbuf) == -1) {
fprintf(stderr, "fsize: HeT poctyna K %s\n", name);
return;

}

if ((stbuf.st_mode & S_IFMT) == S_IFDIR)
dirwalk(name, fsize);

printf("%81d %s\n", stbuf.st_size, name);

}

®Oyukuug dirwalk - 3To yHMBepcalbHas IporpaMMa, IIpuMeHso1as He-
KOTOpylo (DYHKILIUIO K Kaxmomy daiiny Katanora. OHa OTKpbIBAe€T KaTajor,
¢ MTIOMOMIBIO LIMKJIA TIepeOrpaeT coaepKalirecs B HeM (hailyibl, MpUMEHsIS K KaxK-
IOMY 13 HUX YKa3aHHYI0 (DyHKIIMIO, 3aTeM 3aKpbIBaeT KaTaJor U OCYIIECTBIIS -
eT Bo3Bpar. Tak Kak fsize BbI3bIBaeT dirwalk Ha KaXIoM KaTajore, B 3THX
IBYX OYHKIIUSIX 3aJl0KeHa KOCBEHHasl peKypcusl.
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#define MAX_PATH 1024

/* dirwalk: npumensieT fcn ko Bcem dannam u3 dir */
void dirwalk(char *dir, void (*fcn)(char *))

{
char name[MAX_PATH];
Dirent *dp;
DIR dfd;
if ((dfd = opendir(dir)) == NULL) {
fprintf(stderr, "dirwalk: He mory otkpbiTb %s\n”, dir);
return;
!
while ((dp = readdir(dfd)) != NULL) {
if (strcmp(dp->name, ".") == 0
1 stremp(dp->name, "..") == 0)
continue; /* nponycTutb cebsa n poautens */
if (strlen(dir)+strlen(dp->name)+2 > sizeof(name))
fprintf(stderr, "dirwalk: cnuwkom gnuHHoe umsa %s/%s\n”,
dir, dp->name);
else {
sprintf(name, "%s/%s”, dir, dp->name);
(*fcn)(name);
}
i
closedir(dfd);
}

Kaxawrii BeI3oB readdir Bo3Bpaliiaer ykasaTesib Ha MH(pOpMALIMIO O CIIeIyIoeM
daitne unm NULL, ecim Bce daiinbl o6paboranbl. JIloboil KaTajaor Bcerga xpa-
HUT B cebe nHdopmanuio o cebe camoM B aitie mog uMeHeMm " . " U 0 CBOEM
ponuTesne B (aiie mox uMeHeM . . ”; IX HY>KHO TIPOITYCTUTh, MHAYe TIporpaMma
3auMKInTCsl. OOpaTUTe BHUMaHUE: KO/ MPOrpaMMbl 3TOTO YPOBHS HE 3aBUCUT
OT TOTO, KaK (hopMaTUpOBaHbl KaTasoru. CIeayIomuii mar — MpeIcTaBUTh M-
HumanbHble Bepcun opendir, readdir u closedi r 1151 HEKOTOPO¥ KOHKPETHOM
cUCTeMbI. 37ech TIPUBENEHBI TIporpamMMbl sl cucteM Version 7 u System V
UNIX. OHu ucnonb3ylT MHDOpMALIMIO O KaTajore, XpaHsSIyloCcs B 3a-
rojoBouyHOM (paitie <sys/dir.h>, KOTOPBIi BRIMISAUT CIEIYIOIIMM 00Pa3oM:

tfifndef DIRSIZ

#define DIRSIZ 14

#endif

struct direct /* sreMeHT kartauora */

{
ino_t d_ino; /* Homep inode */
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char d_name[DIRSIZ]; /* nnamHHOe umsA He umeet '\0' */
b

Hexoropsie Bepcun cUCTEMBI TOITyCKaloT GoJiee IUIMHHbIE UMeHa U UMEIOT 00-
Jiee CJIOXHYIO CTPYKTYpy Karajiora.

Tun ino_t 3agan ¢ noMoibio typedef u onuceiBaeT MHAEKC CIUCKA Y3JI0B
mode. Bcucreme, KOTOpoil Moab3yeMcsi Mbl, 3TOTTUIT ecTh unsigned short,Ho
B IPYTUX CUCTeMaX OH MOXET OBITh MHBIM, MOATOMY €ro JIy4Ille ONpeacisiTh
yepes typedef. [ToyHbIi HA0OP "CUCTEMHBIX" TUITOB HAXOAUTCH B<SYys/types.h>.

dynkims opendir OTKpBIBaeT KaTajlor, MPOBEpsieT, sIBJISIETCST M OH AcH-
CTBUTEJILHO KaTaJoroM (B TaHHOM CJIydae 3TO JIeJIaeTCS C TIOMOIIBIO CUCTEM-
HOTO BBI30Ba fstat, KOTOpBIf aHaJIOTMYEH stat, HO MPUMEHSIETCST K IECKPUII-
Topy aiina), 3arpalrmBaeT MPOCTPAHCTBO IS CTPYKTYPHI KaTajiora U 3amu-
chIBaeT MHGOpMalIHIO.

int fstat(int fd, struct stat *);

/* opendir: oTKpbiBaeT kaTanor ans Bbi30BOB readdir */
DIR *opendir(char *dirname)
{

int fd;

struct stat stbuf;

DIR *dp;

if ((fd = open(dirname, 0_RDONLY, 0)) == -1
1 fstat(fd, é&stbuf) == -
{1 (stbuf.st_mode & S_IFMT) != S_IFDIR
i1 (dp = (DIR *) malloc(sizeof(DIR))) == NULL)

return NULL;
dp->fd = fd;
returndp;
}

dynkuus closedir 3akpbIBaeT KaTaJaor U OCBOOOXKIAET IIPOCTPAHCTBO.

/* closedir: 3akpbiBaeT kaTtanor, OTKpbIThIA opendir */
void closedir(DIR *dp)
{
if (dp) {
close(dp->fd);
free(dp);
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Hakowner1r, readdiec momorisio read untaet Kaxkablii a7eMeHT Kartayiora. Eciau
HEKWI 3JIEeMEHT KaTajora B JaHHBI MOMEHT HE MCIIOJIb3yeTCsl (COOTBETCTBY-
IOLIMI eMy (haiit ObLI yAaJaeH), TO HOMep y3Jia mode y Hero paBeH HyJIiO, U JaH-
Hasl MO3UIIMS MPOITycKaeTcsi. B MpoTuBHOM ciiydyae HoMep mode U uMsl pas-
MEIIAI0TCs B CTATUYECKOM (static) CTPyKType, U yKa3aTeslb Ha Hee BbIIaeTCs
B KauecTBe pe3yiabTata. [1pu KaxkaoM cieayiolieM oopalleHU HoBast UHGOop-
MalMsl 3aHMMAaeT MECTO MPEAbIIYIIC.

#include <sys/dir.h> /* MECTO pacnonoxeHust CTPYKTypbl katanora */

/* readdir: nocnepmoBaTenbHO YMTAET SNEMEHTHI KaTanora */

Dirent *readdir(DIR *dp)

{
struct direct dirbuf; /* cTpyKTypa KaTajora Ha [JaHHON CyucTeMe */
static Dirent d; /* BO3BpAmaeT YHUOUIMPOBAHHYD CTRYKTYRY */

while (read(dp->fd, (char *) &dirbuf, sizeof (dirbuf))
== sizeof (dirbuf)) {
if (dirbuf.d_ino== 0) /* IyCTO} SIEMEHT, He WCIONB3YeTCs */
continue;
d.ino = dirbuf.d_ino;
strncpy(d.name, dirbuf.d_name, DIRSIZ); ;
d.name[DIRSIZ] = '\0'; /* 3aBeplialowmii cumson '\0' */
return &d;

}
return NULL;

XoTs mporpamMMma fsize - MOBOJBHO CHEIMAIM3WPOBaHHAsI, OHA MJLIIOC-
TpUpYyeT ABa BaXXHBIX pakTa. [1epBhIii: MHOTHE IPOTpaMMBI He SIBJISTIOTCS ""CH-
CTEMHBIMU'"'; OHU IIPOCTO MCHOJB3YIOT MH(MOPMAIINIO, KOTOPYIO XPaHUT Orepa-
OuoHHas cucteMa. IJIsT TaKuX MporpamMM CYIIeCTBEHHO TO, YTO IIpeICcTaBiIe-
HUE MHPOPMAITNK COCPETOTOYECHO NCKITIOUNTEILHO B CTAHIAPTHBIX 3aT0JIOBOY-
HbIX (paitnax. [IporpaMMbl BKIodatoT 3Ti Qaiiibl, a He qepXkar 0ObABIEHUS
B cebe. Bropoe HabmogeHME 3aKIII0YaeTCsl B TOM, YTO P CTapaHUU CUCTEM-
HO-3aBUCHUMBIM OOBEKTaM MOKHO CO3[aTh MHTep(eiChl, KOTOphIe caMU He Oy-
YT CUCTEMHO-3aBUCUMBIMU. XOPOIIIe TOMY IpUMePHI - GYHKIIMU CTaHIAPT-
HOMOHUOINOTEKM.

Ynpaxnenne 8.5. Momudunupyiite fsize rakum o6pa3zom, 4YTOOBI MOXKXKHO OBLIO
neJaTaThb OCTaJbHYI0 MH(MOPMAIIHNIO, COePKAIIIYIOCs B y3j1e mode,
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8.7.Mpumep.Pacnpepenurenbnamarmm

B rnmaBe 5 OBLT OmMMCaH MPOCTOM pacIpeaeTuTeNb MaMsITH, OCHOBaHHBIN
Ha IIpUHITATIE CTeKa. Bepcust, KOTOpYIO MbI HAITUIIIEM 31eCh, HE MMEET OTPaHM-
YeHM: BBI3OBHI malloc 1 free MOTYT BBITTOJTHSATHCS B JIIOOOM Topsiake; malloc
JieJTaeT 3aIIpocC B ONEPAIlMOHHYIO CUCTeMY Ha BBIIEJIeHNE TaMsITH TOTa, KOoraa
OHa TpebyeTcs. DTU MPOrpaMMBbl WJUTIOCTPUPYIOT TIPUEMBI, TIO3BOJISTIOIINE TI0-
JIy9aTh MAaIlMHHO-3aBUCUMBINA KOJI CPAaBHUTEJIHPHO MAIlTMHHO-HE3aBUCUMBIM
CIT0CO00M, ¥, KPOME TOTO, OHU MOTYT CITY>KMTb IIPUMEPOM ITPUMEHEHMS TAKUX
CPEZICTB SI3bIKa, KaK CTPYKTYpHI, 00beaumHeHuss M typedef.

Hukaxkoro paHee CKOMIUINPOBAHHOTO MaccuBa PUKCUPOBAHHOTO pa3-
Mepa, U3 KOTOPOTO BBINENSIOTCS KyCKU IaMsTth, He Oymer. ®yakinusa malloc
3aIpalrmBaeT MmaMsTh y OIePallMOHHON CHCTeMBI TT0 Mepe HamooHocTH. [lo-
CKOJIBKY W IPYTHE NEHCTBUS MPOrpaMMBl MOTYT BBI3BIBATh 3aIIPOCHI TIAMSTH,
KOTOpBIC YIOBJIETBOPSIOTCS HE3aBUCHMO OT 3TOTO PACIPEACIUTENIST TIaMSITH,
MIPOCTPAHCTBO, KOTOPBIM 3aBenyeT malloc, He 00s3aTeIBHO TIPEACTABIISIET CO-
0011 CBSA3HBIN KyCOK MaMsITH. [1o3ToMy cBOOOIHAS TTaMSTh XPAHUTCS B BUIE
crmcka 6;10k0B. Kaxkmabrit 010K COmepKUT pa3Mep, yKa3aTesIb Ha CIICTyIOIIHii
OJIOK 1 caMO TIPOCTPAHCTBO. BJIOKM B ciCKe XpaHATCS B MOPSIAKE BO3pacTa-
HMSI alipecoB TMaMSTH, TIPW 3TOM ITOCJICTHUI OJIOK (C caMbIM OOJBIIUM ampe-
COM) yKa3bIBaeT Ha MEePBHIN.

CNNCOK
c8000aHbX
6nokos

— A ‘r;. - $|

3dHJ {_1 3aH | 3aH ‘ 3aH

CBOOOIHOE MTPOCTPAHCTBO, HAXOMIIEECS
B pacropsbkeHun (GyHKuuu malloc

BblIeJIEHHOE (yHKIIMel malloc mpocTpaHCTBO
(3aHs1TO)

TIPOCTPAHCTBO, HE HAXOMSIIeeCs
B pacropsbkeHuu ¢yHkuuu malloc

IIpu BO3HMKHOBEHMM 3aIlpoca Ha MaMsTh ITPOCMATPUBAETCS CITMUCOK CBO-
0OIHBIX 0JIOKOB, TTOKA HE OOHAPYXUTCS AOCTATOUYHO OoJblION OJ0K. Takoit
aJITOPUTM Ha3bIBaeTCs "TOMCKOM MEPBOTO MOAXOAAIIEr0" B OTJIUYNE OT
ajropuT™Ma "MoMCcKa HaWJIy4dIIeTo TTOAXOASIIero”, KOTOPhIi MIeT HAaMMEHBIIW
6JI0K M3 YK CJia yIOBIEeTBOpSAIOIINX 3ampocy. Eciam pa3mep 6710Ka B TOUHOCTH
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COOTBETCTBYET TPEOOBAHMSM, TO TaKOI OJIOK MCKIIIOYAETCS U3 CITMCKA U OTJa-
eTcs B mojib3oBaHue. Eciau pazmep 6;10ka 001bIiie, 4eM TpeOyeTcsl, OT HEro OT-
pe3aeTcsl Hy>KHas 4acTh - OHa OTAAeTCs MOJb30BaTeJI0, A HEHYXXHAas OCTaBJIsI -
eTcsI B CIIMCKE CBOOOTHBIX OJIOKOB. Ecin 610Ka 1O0CTaTOYHOTO pa3Mepa He OKa-
32JI0Ch, TO Y OTNEPALMOHHON CUCTEMBbI 3aMpalliuBaeTcs elle OOUH OOJbIION Ky-
COK TMaMS$ITH, KOTOPBI MPUCOEANHSIETCS K CITMCKY CBOOOJHBIX OJIOKOB.

IIpouieaypa ocBOOOXAEHUS COTIPSIXKEHA C TPOXOXKAEHUEM IO CITUCKY CBO-
OOAHBIX OJIOKOB, TOCKOJIBKY HY>KHO HAWTH MTOAXO0AsI11Iee MECTO A1 OCBOOOX-
nmaemoro 0joka. Eciou momrexamuii o0CBOOOXIEHUIO OJIOK IIPUMBIKAET C Ka-
KOM-TO CTOPOHBI K OTHOMY M3 CBOOOIHBIX OJIOKOB, TO OH OOBEIUHSIETCSI ¢ HUM
B OIMH OJIOK OOJIBIIIETO pa3Mepa, YTOOBI 10 BO3MOXKHOCTH YMEHBIIIUTD Pa3apo0-
JIEHHOCTb ((pparMeHTalnio) naMsITu. BelnojiHeHUEe IIPOBEPKU, IIPUMBIKAIOT I
OJIOKU IPYT K APYTY, HE COCTaBJISIET TPyAa, MOCKOJIbKY CIHUCOK CBOOOIHBIX
OJI0KOB BCEraa YopsiIoueH Mo BO3pacTaHUIO aJIpeCcoB.

CymiecTByeT ImpobiieMa, 0 KOTOPOM MbI YK€ YIIOMUHAJIU B TJ1aBe 5, COCTOSI-
Imast B TOM, YTO MaMsITh, BblmaBaeMas (pyHKIMe malloc, mojokHa OBITh COOT-
BETCTBYIOLLIMM OOpa30M BBEIPOBHEHA C YYETOM OOBEKTOB, KOTOpPBIE OYAyT B HEil
XpaHUTBCS. XOTS MalMHBl U OTJIMYAIOTCS IPYTr OT Apyra, HO JUIS KaXIOoW 13
HUX CYILIECTBYET THUII, TIPEABSBISIOLIMNI camble 0OJbllIe TPeOOBaHUSI HA Bbl-
paBHUBaHUE, U, ECJIU MO HEKOEMY apecy NOMyCKaeTCsl pa3MellleHUue 00beKTa
9TOTO TUIIA, TO IO HEMY MOXHO pPa3MeCTUTb U OOBEKTHI BCEX IPYTUX TUTIOB.
Ha HekOoTOphIX MalllMHAX TAKUM CaMbIM "TpeOOBaTeIbHbIM" TUIIOM SIBJISIETCS
double, Ha Ipyrux 3T0 MOXKeET OBITh int miau long.

CBOOOIHBIN OJIOK COOEPXKUT YKa3aTeIb Ha CICOYIOIINi OJI0K B CIIMCKE, CBOM
pa3Mep 1 COOCTBEHHO CBOOOIHOE IMPOCTPAHCTBO. YKAa3aTe/Ib ¥ pa3Mep IMpeIcTaB-
JISIIOT OO0 yIIpaBIISIOLLYI0 MHMOpMALUIO U 00pa3yloT TaK Ha3bIBaeMblii "3aro-
JIoBOK". UTOOBI yIPOCTUTH BhIpaBHUBAHUE, BCe OJIOKM CO3MAIOTCS KPAaTHBIMU
pa3Mepy 3arojioBKa, a 3aroJIOBOK COOTBETCTBYIOLIUM 00pa30M BbIPABHUBAETCS.
BOTOro MOXHO OOCTMYb, CKOHCTPYMPOBaB OOBEAMHEHME, KOTOpoe OyIeT Co-
JIepKaTh COOTBETCTBYIOLIYIO 3aroJIOBKY CTPYKTYpy M caMblii TpeOOBaTeIbHbIN
B OTHOILLIEHUU BbIpaBHUBAHUS TUTL. |11 KOHKPETHOCTU MBI BbIOpaiv TUII long.

typedef long Align; /* DNs BblpaBHWBaHWMS MO rpaHuue long */
union header { /* 3aronoBok Onoka: */
struct {
union header *ptr; /* cnen.6nok B cnucke cBOOOAHBIX */
unsigned size; /* pasmep atoro 6noka */
}s
Align x; /* NpUHyOMTENbHOE BblpaBHMBaHME Onoka */

1
I

typedef union header Header;
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ITosne Align HUTAE HE UCTTOAB3YETCS; OHO HEOOXOIUMO TOJIBKO JJISI TOTO, UTO-
OBbI KaXIIbIi1 3ar0JIOBOK OB BBHIPOBHEH ITO cCaMOMYy "XyAlleMy' BapuaHTy rpa-
HMIIBI.

3aTpebOBaHHOE YMCIO CHMBOJIOB OKPYIISieTCs B malloc A0 Lieloro 4mcia
€IMHUIL TaMsITU pa3MepPOM B 3ar0JI0BOK (MMEHHO 3TO YMCJIO U 3alUChIBAETCS
B roJie size (pa3Mep) B 3ar0JIOBKE); KPOME TOTO, B OJIOK BXOAUT €11 OTHA eTH -
HUIIAa TaMSITH - CaM 3arojJI0BOK. YKa3aTeb, BO3BpalllaeMblii ¢pyHKIIMel malloc,
yKa3bIBaeT Ha CBOOOJHOE MPOCTPAHCTBO, a He Ha 3arojioBoK. Co CBOOOIHBIM
MPOCTPAHCTBOM MOJIb30BaTe)Ib MOXET JieJlaTh YTO YrOJAHO, HO, €CJIU OH Oy/eT
MucaTh YTO-JIM0O0 3a ero TMpeaesaMmu, To, BEPOSITHO, CIIUCOK Pa3pyIIUTCS.

» YKa3aresb Ha CIENYIOUIUI
CBOOOIHBIN 610K

pasmep ‘

T— 0JI0K, BO3BpalllaeMbIii

¢dyHkuumeit malloc

[TockonbKy mamsTh, yripaBiasgemas pyHkuueir malloc, He o01amaeT CBI3HO-
CTBIO, pa3Mephbl OJIOKOB HEJIb3sT BEIYUCIIUTD IO YKa3aTesIsiM, 1 TTI03TOMY 0e3 T10J1s,
XpaHsIIero pa3Mep, HaM He 00OUTUCh.

JInas opraHu3aly Hadajia paboThl MCIIONb3yeTCs NepeMeHHast base. Eciu
freep ectb NULL (kak 310 OBIBaET Mpu NepBoM obpaineHnu K malloc), co3maet-
csl "BBIPOXKIEHHBIN" CIIMCOK CBOOOAHOTO MPOCTPAHCTBA; OH COACPXKUT OIWH
0JIOK HYyJIEBOTO pa3Mepa C ykasaTejeM Ha camoro cebs. Ilouck cBobomHOro
6J10Ka MTOAXOJISIIEr0 Pa3Mepa HaYMHAETCs ¢ 9TOro ykasares (freep), 1. e. ¢ mo-
cJieHeTo HaliIeHHOTO OJIOKa; TaKasl CTpaTerus MoMoraeT MoAAep>KUBaTh CITH-
COK OJHOPOAHBIM. Eciu HalieHHBIN 00K OKaXeTCs CIAMIIKOM OOJIbIINM,
TOJIb30BaTeNI0 Oy/leT OTIaHa ero XBOCTOBasl YacTh; MPU 3TOM TOTPeOyeTCs
TOJIbKO YTOYHUTH €ro pa3mMep B 3arojioBKe HaiIeHHOro cBOOOIHOTO OJi0Ka.
B mo6om ciydae Bo3BpaliaeMblii MOJIb30BaTE0 YKa3aTeNb SIBJISIeTCS aape-
COM CBOOOIHOTO TIPOCTPAHCTBA, Pa3MelIaloIerocsl B 0JIOKe HEMOCPEACTBEHHO
3a 3aTOJIOBKOM.

static Header base; /* nycTom CnMcoK AnA Ha4. 3anycka */
static Header *freep = NULL; /* Havano B cnucke cBo6. 6nokoB */

/* malloc: yHuBepcCanbHbI pacnpegenutens namsatn */
void *malloc(unsigned nbytes)
{

Header *p, *prevp;

Header «morecore(unsigned);

unsigned nunits;
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nunits = (nbytes + sizeof(Header) - 1) / sizeof (Header) + 1;
if ((prevp = freep) == NULL) { /* cnucka cBob. namatu ewe Her */
base.s.ptr = freep = prevp = &base;
base.s.size = 0;
}
for (p = prevp->s.ptr; ; prevp = p, p = p->s.ptr) {
if (p->s.size >= nunits) { /* mocTaTtoyHo Oonbluon */
if (p->s.size == nunits) /* TOYHO HYXHOro pasmepa */
prevp->s.ptr = p->s.ptr;
else { /* oTpe3aemM XBOCTOBYK 4acTb */
p->s.size -= nunits;
p +=p->s.size;
p->s.size = nunits;
!
freep = prevp;
return (void *)(p+1);

if (p == freep) /¥ TpOWNY TOTNHHA LVKN N0 CIMCKY */
if ((p= raorecore(nunits)) == NULL)
return NULL; /* OompIE TIaMATV HET */

)

DyHKIIMS MO reco re mojy4yaeT NaMsITh OT ONlepallMOHHOM cucTeMbl. JleTanu
TOTO, KaK 3TO AeIaeTcCsI, MOTYT He COBITAAaTh B Pa3JIMUHBIX CUCTeMax. Tak Kak
3aImpoc MaMSITH Y CUCTEMBI - CPaBHUTEIBHO J0porasl orepaliusi, Mbl Obl He XO-
TEJIW IJIsl TOTO KaXAblii pa3 oOpaimnaTtbest K malloc. [Mostomy mcmonb3yercst
dyHKIIMI morecore, Kkotopas 3arnpamBaeT He MeHee NALLOC enmHMIT TTaMsITH;
9TOT OOJBIINI KyCOK IaMsITH OymeT "Hape3aTbcs” MOTOM IO Mepe HagoOHOC-
1. [locne yctaHOBKM B TOJie pa3Mepa COOTBETCTBYIOILLETO 3HaueHUsT (yHK-
LIMSI MO reco re BbI3biBaeT GyHKIIMIO free u TeM caMbIM BKJTIOYAET MOJyYeHHbII
KYCOK B CIIUCOK CBOOOIHBIX 001acTeit MaMsTH.

#define NALLOC 1024 /* MUHMM. 4YMCNO eOVHMLL NaMsaTVW gns 3anpoca */

/¥ morecore: 3anpawuBaeT y CUCTEMbl OOMOAHUTENbLHYIO namatb */
static Header * morecore(unsigned nu)
{

char *cp, *sbrk(int);

Header *up;

if (nu < NALLOC)
nu = NALLOG;
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cp = sbrk(nu * sizeof(Header));
if (cp == (char *) -1) /¥ 6onblue namsTM HeT */
return NULL;
up = (Header *) cp;
up->s.size = nu;
free((void «=)(up+1));
return freep;
>

Cucremuslii Bb130B sbrk(n) B UNIXe Bosspalaer ykaszarenn Ha 11 6aiiT na-
MATH WK -1, ecr TpeOyeMOoro MpoCcTpaHCTBa HE 0Ka3ajoCh, XOTSI ObLIO ObI
Jydlle, eciv Obl B mocjenHeM ciiydae oH Bo3Bpaiuai NULL. KoHcTaHTy -1 He-
00X0IMMO MpUBeCTH KTUMy char *, 4ToObl €¢ MOXHO ObLJIO CPaBHUTH C BO3Bpa-
1IaeMbIM 3HaY€HHEM. DTO ellie OJUH IPUMEP TOTO, KaK oreparus NpuBeacHUs
TUNAa aejaeT GyHKIUIO OTHOCUTEIbHO HE3aBUCUMOI OT KOHKPETHOTO TIpe/-
CTaBJICHUs yKa3aTeslel Ha pa3IMuHbIX MalllMHax. EcTb, omHaKko, omHa "HeKop-
PEKTHOCTB", COCTOSIIIasi B TOM, YTO CPaBHUBAIOTCS yKa3aTeau Ha pasjinyHble
Osiok1, BblIaBaeMmble (yHKIMeir sbrk. Takoe cpaBHeHME He TapaHTUPOBAHO
CTaHJIApTOM, KOTOPBIi MO3BOJISIET CpaBHMBATh yKa3aTeJu JIMIIb B Ipeaeaax
OIHOTO U TOTO Xe MaccuBa. TakuM o0paszoM, 3Ta Bepcusi malloc BEPHA TOJIBKO
Ha TexX MalllMHaX, B KOTOPBIX JIOMYCKAeTCs CpaBHEHME JIOObIX yKa3aTesei.

B 3axmioueHne paccmorpuM QyHKIMIo free. OHa mpocMaTpyBaeT CIIMCOK
CBOOOIHOI TaMsITH, HaurHas1 ¢ freep, YTOOBI MTOABICKATh MECTO [IJIsl BCTaBJISI-
emoro 6yioka. MckoMoe MecTo MOXET 0Ka3aThCsl UJIU MeXIy OJloKaMU, WU
B HauaJsie CIucka, WIX B ero KoHue. B moboM citydyae, eciu nojieKaliuii oc-
BOOOXIEHMIO OJIOK MPUMBIKAET K COCeHEMY OJIOKY, OH OOBEIUHSIETCS C HUM
B o1vH 0JioK. O UeM elle 0cTaaoch Mo3aboTUThCS, - TAK 3TO O TOM, UTOObI yKa-
3aTe/Id yKa3blBaJIM B HY>KHBIE MeCTa U pa3Mepbl OJIOKOB ObLIN MPaBUJIbHBIMU.

/* free: BkntoyaeT 610K B cnMCOK CBOOOAHOA namsat */
void free(void *ap)

{
Header *bp, *p;

bp = (Header *)ap -1; /* yKa3aTenb Ha 3aTo0JIOBOK 0J0Ka */
for (p=freep; !(bp> p && bp < p->s.ptr); p = p->s.ptr)
if (p >= p->s.ptr && (bp > p i bp < p->s.ptr))
break; /* ocBoOoxmaeM OJIOK B HayaJle MIM B KOHIE */

if (bp + bp->s.size == p->s.ptr) { /* CIuTBb C BEpXHUM */
bp~>s.size += p->s.ptr->s.size; /* cocemom */
bp->s.ptr = p->s.ptr->s.ptr;

} else
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bp->s. ptr = p->s. ptr;

if (p + p->s.size == bp) { /* CANTb C HWXHWUM cocepoMm */
p->s.size += bp->s.size;
p->s. ptr = bp->s.ptr;

} else
p->s.ptr = bp;

freep = p;

}

XOTs BBIIEICHNUE TTAMSITH 10 CBOEM CYTU - MallIMHHO-3aBUCHMas TIpoobIie-
Ma, ¢ Heli MOXHO CIIPaBUTBLCS, YTO U WJUTIOCTPUPYET MpUBEACHHAs ITporpam-
Ma, B KOTOpOI MalllMHHAs 3aBUCUMOCTb YIIpsiTaHa B 0OYeHb MaJIeHbKOM ee yac-
ti. YTO Kacaercst mpo0eMbl BEIPaBHUBAHUS, TO MBI Pa3PELINIIN €€ C TTOMOIIIBIO
typedef m union (mpexarmonaraercs, 4ro sbrk maeT MOAXOASUINN B CMBICIE BbI-
paBHMBAHUSA yKa3areib). Onepanny MpuBeAeHUs TUTIOB TTO3BOJISAIOT HaM Clie-
JIaTh SIBHBIMHU MPe0o0pa30BaHMS TUIIOB U JaXKe CIIPABUTHCS C TIOXO CITPOSKTH-
pOBaHHBIM MHTepdeiicoMm cucTteMbl. HecMOTpst Ha TO, YTO HAIIK PacCyKIeHUS
KacaJuch pacrpee/ieHUsl TaMsITH, 5TOT OOIIN TTOIXOI MTPUMEHUM U B IPYTHX
CHUTyalMSIX.

Yupaxknenue 8.6. CranmaptHas dyHKmusa calloc(n, size) BosBparmmaeT
yKazaTejb Ha IT 3JIEMEHTOB ITaMSITH pa3Mepa Size, 3aII0JTHEHHBIX HYJISIMU.
Hanumure cBoit BapuaHT calloc, moab3ysach dyHKUuUer malloc uiu
MoIuGUIMPYS TTOCIEAHION.

Yupaxnenne 8.7. PyHkmsa malloc qomyckaet JJr000# pasMep, HUKaK HE TIPO-
BepsisI ero Ha TIpaBIononooue; free mpearonaraer, 4To pa3mMep 0CBOOOKIAEMOTO
0JI0Ka — MPaBUJIbHBIN. Y COBEPIIEHCTBYUTE 3TH MPOTPAMMBI TAKUM 00pa3oM,
YTOOBI OHM 00JIee TIIATEJIbHO KOHTPOJIMPOBAIN OIIMOKH.

Vnpaxnenue 8.8. Hamumwure mnporpammy bfree(p,n), oCBOOOXIAIOUIYIO
ITPOMU3BOJIbHBIM OJIOK P, COCTOSIINI M3 I CAMBOJIOB, ITyTEM BKIIOYEHUS €TO
B CIIMCOK CBOOOMHON MaMSITH, MOIAepKUBaeMblil ¢pyHKIMsIMU malloc u free.
C momoniblo bfree moibp3oBaTelb JOKEH UMETh BO3MOXHOCTb B JTI0O00€ BpeMs
JI00aBUTH B CITMCOK CBOOOTHON MaMSITU CTaTUUECKUI MU BHEITHUI MacCHUB.



[TpunoxeHne A

CnpaBo4yHOe pyKkoBOACTBO

A 1. BBeaeHue

JlaHHOEe PYKOBOJCTBO OITMCHIBAET SI3BIK IporpaMmupoBaHust Cu, ompe-
nejieHHbI 31 okTsA0ps 1989 r. B COOTBETCTBUU C MPOEKTOM, YTBEPXKIAECHHBIM
B ANSI B KauecTBe AMEpMKaHCKOTO HAIlMOHAJIBLHOTO CTaHJaapTa aJisi nH(Op-
MalMOHHBIX cucTeM: SA3bIK mporpammupoBanus Cu, X3.159-1989 ("American
National Standard for Information Systems - Programming Language C,
X3.159-1989"). BT0 onMcaHue - JAUIIb OAMH U3 BAPUAHTOB IIPEIIaracéMoro
CcTaHAapTa, a He caM CTaHAapT, OMHAKO MBI CICIIMAIbHO 3a00THINCH O TOM,
YTOOBI CIIEIaTh €T0 HaIe>KHBIM PYKOBOIICTBOM TIO SI3BIKY.

HacTtosmmmit ToKyMeHT B OCHOBHOM CJIEyeT OOIIeli cCXeMe OIMCaHus, TIPH-
HATOU B cTaHmapTe (ITyOJIMKamus KOTOPOTO B CBOIO OYepeIb OCHOBBIBATIACH
Ha ITepBOM M3IaHUH 3TO KHUTH), OTHAKO B OPTaHU3AIMOHHOM ITJIaHE €CTh pa3-
nuaus. Eciu He cunTaTh OTKJIOHEHWH B Ha3BaHUSX HECKOJIbKHX IMMPOIXYKTOB
U OTCYTCTBUSI (POPMaTBHBIX OIIPENeICHUM IEKCEM | IPEIpoIleccopa, rpaMMa-
THKa I3bIKa 37eCh M TpaMMaTHKa B CTAaHIAPTe SKBUBAJICHTHEI.

Jlaee mpuMeyaHus (Kak ¥ 3T0) HAOMPAIOTCS ¢ OTCTYIIOM OT JIEBOTO Kpas CTpa-
HULBL. B OCHOBHOM 3TH TIpMMEYaHUs KacaloTcs OTIMYMI CTaHAAPTa OT BEpCHU
SI3bIKa, OTMCAHHON B TIEPBOM M3IAHUU 3TOU KHUTH, U OT ITOCIEAYIOIINX HOBO-
BBEICHUI B Pa3TMIHBIX KOMITHUISATOPAX.

A2.CornaweHus onekcuke

[IporpamMma COCTOUT M3 OTHOM MJIM HECKOJIBKUX eOUHUY MPAHCAAYUU, Xpa-
Hsuuxcs B Bune dainon. Kaxaas takast eqMHULIA TPOXOIUT HECKOJbKO (a3
TpaHCISINY, oTucaHHBIX BA 12. HauanpHbIe (a3l 0CYLIeCTBIAIOTIEKCHIEC-
KHeTIpeoOpa3oBaHUS HUXKHETOYPOBHS, BRITTOTHSIOT IMPEKTUBHI, 3aTaHHBIC
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B IIpOrpaMMe CTPOKaMU, HAYMHAIOIIMMHKCSI CO 3HAKA #f, 00pabaThIBAIOT MAKPO-
onpeaeIeHNs M TPOU3BOIAT MakpopaciuupeHus. [1o 3aBepiiieHrY paboThI pe-
mporieccopa (A12) mporpamMma mpencTaBiIsieTcsl B BUIE MTOCIEA0BATSIBHOCTH
JIEKCEM.

A 2.1. Jlekcembl (tokens)

CyllecTBYIOT IIECTh KJIAcCOB JIEKCeM (MM TOKEHOB): MAEHTU(DUKATOPEL,
KJIIOYEBBIE CJIOBA, KOHCTAHTBI, CTPOKOBBIE JIUTEPAJIbl, OllepaTOpbl U MpoUne
paznenutenu. [1poGesbl, TOpU30HTATbHBIE U BEPTUKAIbHbIE TAOYJISIIIMU, HO-
BbIE CTPOKM, MEPEBO/IbI CTPAHUIIBI U KOMMEHTapuM (MMerolne obllee Ha3Ba-
HUE CUMBOJIBI-PA3IeIUTEIN) PACCMAaTPUBAIOTCS KOMITWISITOPOM TOJIBKO KakK
pa3faeauTeNu JIEeKCeM M B OCTaJbHOM Ha pe3yjbTaT TPAHCISILIUU BIMSHUS
He OKa3bIBaloT. JIt000ii U3 CUMBOJIOB-pa3aeauTe/ el TOMUTCS, YTOObI OTAEIUTh
JIpYT OT Apyra COCeaHue UIEHTU(MUKATOPHI, KIIIOYEBbIC CJIOBA U KOHCTAHTHI.

Ecau BXomHOII MOTOK yXe 10 HEKOTOPOIo CUMBOJIa pa30UT Ha JIEKCEMBI, TO
clenyloniei JekceMoil Oynmer camasi JJIMHHAsI CTpOKa, KOTopas MOXKET ObITh
JICKCEMOM.

A 2.2, KommeHTapui

CuMBOJIBI /* OTKPBIBAIOT KOMMEHTApHii, a CUMBOJIBI */ 3aKpBIBAIOT €rO0.
KoMMeHTapuu HeJib3s1 BKIaIbIBaTh APYT B IpyTa, UX HEJb3sl TOMEIaTh BHYTPb
CTPOK WJIA TEKCTOBBIX JIUTEPAJIOB.

A 2.3. UpeHTndpukaTopsbl

WaeHTrdukarop — 3T0 MOCIEA0BaTEIBHOCTb OYKB U dp. [lepBbiM cruM-
BOJIOM JIOJIXKHA OBITh OYKBa; 3HAK MOMYEPKUBAHMS _ CYMTAeTCs OYyKBOii. Byk-
BBl HIDKHETO M BEPXHETO PETMCTPOB pa3indaoTcs. MiaeHTrnhUKaTopbl MOTYT
HMMETB JIIO0YIO JUTMHY; IJIST BHYTPEHHHUX UICHTU(UKATOPOB 3HAYUMBIMMU STBJISI -
10TCS epBbIe 31 CUMBOJT; B HEKOTOPBIX Peainu3alisiX IPUHSATO OOJIbIIEe YUC-
JIO 3HAYMMBIX CUMBOJIOB. K BHYTpEHHUM UAEHTU(HOHUKATOPAM OTHOCSITCS M€~
Ha MaKpOCOB U BCe JpYyrve UMeHa, He MMelole BHelrHuX cBsizeit (A11.2).
Ha uaeHTrbUKaTOPBI C BHEITHUMHU CBA3SIMU MOT'YT HaKJIaAbIBATHCSI OOJIbIINE
OrpaHUYEHHMS: UHOTIA BOCIIPUHUMAIOTCS He 0oJiee IIIeCTH ITEPBLIX CUMBOJIOB
M MOTYT He pa3andaThbcs OYKBbI BEPXHETO M HUXKHETO PETMCTPOB.

A 2.4. KnioueBble cnoBa

Crenytoniye naeHTHGUKATOPHI 3ape3epBUPOBaHbBI B KAYeCTBE KITIOYEBBIX
CJIOB U B IPYT'OM CMBICJI€ UCITOJIb30BAaThCSI HE MOTYT:

auto char default else
break const do enum
case continue double extern
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float long sizeof union
for register static unsigned
goto return struct void

if short switch volatile
int signed typedef while

B HekoTOpBIX peaiu3anusx pe3epBUPYIOTCS TakKe cjoBa fortran u asm.

Kiouessie cioBa const, signed u volatile BmepBbie MOSABWINCH B CTaHAAPTE
ANSI; enumu void - HOBBIE 110 OTHOIIIEHUIO K TEPBOMY U3aHUIO KHUTH, HO YXe
UCTIOJIb30BAIUCh; PaHee 3ape3epBUpPOBaAHHOE entry HUTAE He MCIOJb30BaIOCh
Y MO3TOMy OoJiee He pe3epBUpyeTCs.

A 2.5. KoHCcTaHTbI

CyliecTByeT HECKOJIPKO BUIOB KOHCTaHT. Kaxnast uMeeT CBOW TUTI NTaHHBIX;
6a30BbIE TUIILI paccMaTpuBaloTcs B A4.2.
KOHCmMaHma:
uenasi-Kkoncmauma
CUMBONIVHAS ~-KOHCMAKmMaA
KOHCMaHma-Cc-naasaroweti-mouxkou
KOHCMAHmMa-nepevucierue

A 2.5.1. Llenble KOHCTaHTbI

Llenast koHCTaHTa, cOCTOSIIAsT U3 TIOCAEA0BATEIbHOCTHU 1IU(P, BOCIIPUHU-
MaeTcs KaKk BOCbMepu4Hasi, eciu oHa HaunHaeTcs ¢ 0 (uudpsl HYJIb), U KaK
necsITUYHasi B TIPOTUBHOM ciyyae. BochbMepuuHasi KOHCTAaHTa HE CONEPXKUT
uudp 8 n 9. INocnenoBarenbHOCTL LMD, TIepea KoTopoii ctosaT Ox unu OX, pac-
cMaTpuBaeTcs Kak IIecTHaAllaTepuyHoe 1iejioe. B liecTHaaaTepuyHble mud-
pHI BKJIIOYeHBI OYKBBI OT a (niau A) go f (unu F) co snauenusamu ot 10 go 15.

Llenas koHCcTaHTa MOXeT OBITh 3amucaHa ¢ 0ykBoli-cypdukcom u (niu U)
IS cneunUKaluy ee Kak 0€33HaKOBOM KOHCTaHThI. OHA TaKXKe MOXET OBITh
c oykBoii-cyddukcom 1 (unm L) giasg ykazaHusi, 4YToO OHA UMeeT TUM long.

Tun uenoit KOHCTAHTHI 3aBUCUT OT €€ BUla, 3HaUeHUs 1 cyddukca (o Tu-
nmax cM. A4). Eciu KoHCTaHTa - JecsITUYHAs U He uMeeT cypdukca, To oHa
MPUHUMAET TePBBIN U3 CIEAYIONIUX TUTIOB, KOTOPBIN TOAUTCS TSI TIPEACTaB-
JieHus ee 3HayeHUs: int, long int, unsigned long int. BocbmepuuHast wiu mie-
CTHaAlIaTeprUyYHast KOHCTaHTa 6e3 cyddukca mpruHUMAaET MepBbIli BO3MOXHBIN
u3 TUMORB: int, unsigned int, long int, unsigned long int. Ecnu koHcTaHTa nMe-
et cypdukc u unu U, To oHa MpUHUMAET MepBbIii BOZMOXHBIN U3 TUMOB: unsigned
int, unsigned long int. Ecnu xoHcTaHTa umeeT cyddukc 1 wiu L, TO oHa TTpU-
HUMAaeT MepBbI BO3MOXHBIN U3 TUTIOB: long int, unsigned long int. Eciu KoH-
cranTa umeet cyddukc ul win UL, To oHa mpuHuMaet Tum unsigned long int.
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TUMBI LIETBIX KOHCTAHT MOJTYYUIIM CYIIECTBEHHOE Pa3BUTHE B CPAaBHEHUH C Tiep-
BOIi pemakiueii si3bika, B KOTOPOi OOJIbIIIMeE Lienble UMeIH MpocTo Tul long. Cyd-
¢uxcol U v ¥ BBelIeHBI BIIEPBLIE.

A 2.5.2. CUMBOJIbHbIE KOHCTaHTbI

CuMBOJIbHAsI KOHCTAHTa - 3TO TOCeI0BATEIbHOCTb U3 OMHOM MU HECKOJb-
KUX CHMBOJIOB, 3aKJIIOUYEHHAs B ONMHOYHbIE KaBbIuKK (HanpuMep ' x'). Ecin
BHYTPY OAMHOYHBIX KaBbIYEK PACTIOJ0XKEH OAMH CUMBOJI, 3HAUEHUEM KOHCTaH-
THI SIBJISIETCSI YUCJIOBOE 3HAYEHUE 9TOTO CUMBOJIA B KONMPOBKE, MMPUHSTON
Ha JaHHOM MallnHe. 3HaueHue KOHCTAHThl ¢ HECKOJIbKUMU CUMBOJIAMU 3aBU-
CUT OT peau3alluu.

CuMBOJIbHAsE KOHCTAHTa HE MOXET COIepXkaTh B ce0e OAMHOYHYIO KaBbIUKY '
WUV CUMBOJI HOBOM CTPOKM; YTOOBI M300Pa3UTh UX U HEKOTOpPHIE APYyTHUe CUM-
BOJIBI, MOTYT OBITb MCIIOJIb30BaHbI 3CKEHUI-MOCIeI0BATEIbHOCTH:

HoBas cTpoka (newline, linefeed) NL (LF) \n
TOPU30HTaIbHAsT TaOYISALIMS

(horisontal tab) HT \t
BepTUKasibHas TaOynsiuus (vertical tab) VT \v
Bo3Bpart Ha1ar (backspace) BS \b
BO3BpaT KapeTKH (carriage return) CR \r
niepeBoa ctpaHullbl (formfeed) FF \f
curHai 3BoHOK (audible alert, bell) BEL \a
o0OpaTHass HAKJIOHHAas yepTa

(backslash) \ \\
3HaK BoIpoca (question mark) ? \?
OIMHOYHAs KaBbluKa (single quote) \'
NBOiiHas KaBbluKa (double quote) \"
BOCbMEPUYHBI Koj (octal number) 000 \ooo
IIECTHAIATEPUYHBIA KO

(hex number) hh \xhh

DCKeMI-I0CcIe10BaTeIbHOCTh \000 COCTOMT M3 OOpaTHOW HAKJIOHHOU YepTHI,
3a KOTOPO# CeMYIOT OAHA, 1BE WJIM TPU BOCbMEPUYHbIE IUGPHI, crielnuduIim-
pylolire 3HaueHue XeaaeMoro cuMBoJia. Haubosee yacThiM MpUMepOM Takoi
koHcTpykuun asisgercs \0 (3a KoTopoit He cieayeT Hudpa); oHa crienduLm-
pyer NULL-CHMBOJI. DcKeiin-nocienoBaTeabHOCTh \x/k cocTouT U3 o6paTHOI
HaKJOHHOW 4epTHl ¢ OYKBOIi X, 32 KOTOPBIMU CJIEAYIOT IlIeCTHAAllaTepUYHbIE
U pbI, cneudUIMpyIoliMe 3HaueH1e XejlaeMoro cumBosia. Ha konnyectBo
uudp HET orpaHUYEHUI, HO pe3yabTaT OyAeT He ONMpeesieH, eCiu 3HaUYeHue
MMOJIy4EeHHOTI'0 CUMBOJIA MPEBLICUT 3HAYEHUE CAMOTO "0OJIbIIOr0" U3 TOMYCTH-
MbIX CUMBOJIOB. Ec/lM B TaHHO# peanu3auuu TUI char TpakTyeTcsl KaK YMCIo
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€O 3HAKOM, TO 3HAYEHUE U B BOCbMEPUYHOI, U B IIIECTHAALIATEPUYHOU ICKEMTI-
TTOCJIEIOBATEIEHOCTH TIOJTYIaeTCs ¢ TIOMOIIIBIO "pacIpocTpaHeHNs 3HaKa'", KaK
eci OBl BBITIOJHSUIACH OTIepaltvsl TIpUBeIeHUs K TAIry char. Ecim 3a \ He ciemy-
€T HU OJJMH U3 MEePEYUCIECHHbIX BbIIlI€ CUMBOJIOB, PE3YJIbTAT HE OMPEICIICH.

B HekoTOpbIX peanu3alusix UMEETCsl paclIMPEHHbI HAOOp CUMBOJIOB, KO-
TOpbIA HE MOXET ObITh oxBaueH TUNoM char. KoHcTaHTa 111 Takoro Habopa
numercs ¢ 6ykBoit L Brepenu (Hampumep L' X' ) M Ha3bIBaeTCsl paclIMPpeHHON
CUMBOJIbHOM KOHCTaHTOM. Takasi KOHCTaHTa UMeET TUIT wchar_t (1LIeJI0UuCIIeH-
HBI TUII, OTIpeeJIeHHbIN B CTaHAAPTHOM 3aroji0BOUYHOM ¢haitie <stddef.h>).
Kak 1 B ciayyae OOBIYHBIX CUMBOJIBHBIX KOHCTAHT, 3[€Ch TAKX€ BO3MOXHbI
BOCBMEpPUYHBIC M LIECTHAJLIATEPUYHBIE 3CKEUIT-TIOCIeI0BATEIbHOCTH; €CIIN
cneuuUIUPOBAHHOE 3HAYEHUE MIPEBBICUT TUI wchar_t, pe3yabTar OyneT He
OIIPENIEJICH.

Hekotopsie n3 IpuBeIeHHBIX 3CKEHIT-TIOCIEI0BATEIbHOCTEH HOBBIE (IECTHAM-
IaTepUIHBIE B YaCTHOCTH). HOBBIM SIBNISIeTCS M pacIIMPEHHBIN THII TSI CUMBO-
JoB. HabopaM cMBOJIOB, OOBIYHO MCIOJIb3yeMbIM B AMeprike U 3ananHoi E-
porie, MOAXomUT TUIl char, a TMm wchar_t ObLT 100aBIeH IIABHBIM 00pa3oM st
A3MATCKUX S3BIKOB.

A 2.5.3. KOHCTaHTbI C NaBatoLL,Eer TOYKOMN

KoHcTaHTa ¢ muiaBamolieid TOUKOM COCTOMT M3 10N 4acTH, NEeCATUIHOM
TOYKHM, TPOOHOI YacTH, ¢ uiau E u meioro (BO3MOXHO, CO 3HAKOM), TTPEICTaB-
JISTFOTIIETO TIOPSIIOK, U, BO3MOXKHO, cydhdurKca THIIa, 3a1aBaeMOTO OTHOM 13 OYKB:
f, F, 1 unu L. U uenas, u npoOGHast 4acTh MpeACTaBISIOT COOO0 TTOCIe10BaTEIb-
HocTh Ludp. JIubo enas yactsb, 1160 ApoOHAS YacTh (HO HE 00e BMECTE) MO-
T'YT OTCYTCTBOBAaTh; TAKXKe MOTYT OTCYTCTBOBAaTh NEeCATUYHAsI ToUKa win E ¢ mo-
psAIKOM (HO He 0be omHOBpeMeHHO). Tum onpenensiercs cydbdukcom; F mmn f
omnpenenstor Tut float, L unnu 1 — tunlong double; mpu orcyrcTBUM cydduk-
ca mozgpasymeBaeTcs Tum double.

CydduKchl 111 KOHCTAHT C IJIaBalolIeii TOUKOM SIBJSIIOTCSI HOBOBBEIACHUEM.

A2.5.4. KOHCTaHTbI-NepevncneHnst

Wnentudukaropsl, o0bsIBIEHHBIE KaK 3JEMEHThbl nepedyucieHus (A8.4),
SIBJISIIOTCSI KOHCTAHTaMM THUIIA int.

A 2.6. CTpokoBbIe nuTeparbl

CTpOKOBBIN JIUTEPAJ, KOTOPBIN TaKXe Ha3bIBAlOT CTPOKOBOW KOHCTaHTOM, -
5TO MOCJIEA0BATEIbHOCTh CHMBOJIOB, 3aKJII0OUEHHAs B IBOMHbIE KaBbluku (Ha-
npumep, "..." ). CTpoKa UMeeT TUT "MacCUB CUMBOJIOB" M ITaMSITh KJTacca static
(A4), xoTopass UHULIMAIU3UPYETCS 3alaHHBIMU cUMBOJaMu. [IpencraBiasior-
Cs1 JIU OJJMHAKOBbIE CTPOKOBBIE JTUTEPAJIbI OJHOW KOMUEN TN HECKOJIbKUMU,
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3aBUCUT OT peanu3anuu. [loBeneHWe MPOTpaMMBbl, MbITAIOLIENHCS U3MEHUTD
CTPOKOBBIN JIMTEPAJ, HE OMPEIACICHO.

HanucaHHbIe pSIIOM CTPOKOBBIE IMTEPAIbl O0bEANHSIOTCS (KOHKATEHUPY-
I0TCSI) B OJHY cTpoky. [locie 11060i1 KOHKaTeHAUU K CTPOKe A00aBIseTCs
NULL-6aiiT (\0), 4TO TO3BOJISIET MPOrpaMMe, IIPOCMaTPHUBAIOLIEH CTPOKY, Hali-
TU ee KoHell. CTpOKOBbIE JIUTEepasibl HE MOTYT CONEPXaTh B cebe CUMBOJ HO-
BOI CTPOKMU WJIM IBOWHYIO KaBBIUYKY; B HUX HYXHO MCIIOJIb30BaTh TE XKe 3C-
KENI-110CIe[0BATETbHOCTH, YTO M B CUMBOJIbHBIX KOHCTaHTaX.

Kak 1 B ciiyyae ¢ CAMBOJIbHBIMU KOHCTaHTaMU, CTPOKOBBII JTUTEPAJT C CUM-
BOJIaMM U3 paCUIMPEHHOr0 Habopa T0JKeH HauMHaThCs ¢ OYKBHI L (Harmpumep
L"..."). CTpoKOBBIli TUTEpaT U3 PACUIUPEHHOTO HAOOpa UMEET TUM "MACCUB
uzwchar_t”. KoHKaTeHauus Apyr ¢ APYTOM OOBIYHBIX U "PACIIUPEHHBIX" CTPO-
KOBBIX JIUTEPAJIOB HE OMpe/esieHa.

To, 94TO CTPOKOBBIEC TUTEPATBI HE 00513aTEJILHO MPEACTABISIIOTCS Pa3HBIMU KO-
MUSIMU, 3aMpeT Ha UX MOAU(UKAIINIO, a TAKXe KOHKATeHAIIUsI COCEIHNX CTPOKO-
BBIX JTUTEpasioB - HOBOBBeAeHUsI ANSI-crangapra. "PacimmpeHHbIe" CTPOKOBBIE
JINTEPAJTbI TAKKE OOBSBICHBI BIIEPBBIC.

A 3. Hotaunqa cuHTakcuca

B HOTallMM CMHTaKCHucCa, MCHOJ’[bSyeMOﬁ B 9TOM PYKOBOACTBE, CUHTAKCHUYC-
CKUE ITOHATUA Ha61/1pa10Tc;1 KypCHUBOM, a Cj1ioBa U CUMBOJIbI, BOCIIPUHHUMACMBbIC
OYKBaJbHO, OOBIYHBIM IIPUMTOM. AJbTEPHATUBHBIE KOHCTPYKLIMU OOBIYHO
MepevunclisioTcs B CTOJOMK (Kaxaash albTepHATUBa Ha OTIAEJIbHOI CTPOKeE);
B p€AKUX ClIydyadX IJIMHHBIC CIITMCKH HeOOJIBIIUX 1O pasMEpy aabTCpHATUB pac-
M0JIaTaloTCd B OAHOM CTPOKE, IOMEeUYEeHHOI ciioBaMu "oauH u3". Heo0Os13aTenb-
HOE CJIOBO-TEPMUH WJIM HE TEPMUH CHAOXaeTCs MHAEKCOM “He06.”. Tak, 3amuch

{ evipascenue,, . }

0003HayaeT BhIpakeHue, 3aKII0YeHHOe B (DUTYypHBIE CKOOKM, KOTOpPOE B 00-
1IEM CJIyyae MOXET OTCYTCTBOBaTh. [101HBIN NepeyeHb CHHTAKCUUYECKUX KOH-
CTpYKLMii mpuBeaeH B Al3.

B oTiuuue ot rpaMMaTUKHW, TaHHOW B MEPBOM M3AaHUM 3TOW KHUTHU, MPUBEICH-
Has 3[eChb rpaMMaTHhKa CTAPIIMHCTBO U TOPSALOK BBITIOJHEHUS Olepauuil B BbI-
PaXkE€HUAX OIMUCBIBACT SABHO.

A4.4Y100003HaualTuaEeHTUPUKaATOpPSI

NneHTudukaTopsl, LK UMEeHAa, CChUIAIOTCS Ha pa3Hble 00BbEKTHI (B OpUTHHA-
ne - things. - Ilpumey. ped.): DyHKUMU; TeTU CTPYKTYpP, OObEAMHEHUI U TIepe-



A 4. Yto 0603Ha4at0T NaeHTUdUKATOPbI 247

YUCJIEHU; DJIEMEHTHI CTPYKTYP WM 0o0beIuHEeHUIt; typedef-uMeHa; MeTku
1 00beKThl. OOBEKTOM (Ha3bIBAEMbIM MHOTIA IEPEMEHHOM ) SIBJIIETCS YacTh Ma-
MSITU, UHTEPIIPETaLIisI KOTOPOI 3aBUCUT OT ABYX INTABHBIX XapaKTePUCTUK: Kaacca
namamu v ee muna. Kiacc mamsiTu coo0IaeT o BpeMEeHU XXU3HU NaMsITU, CBSI3aH-
HOM C UIEHTU(DULIMPYEMBIM OOBEKTOM; TUIT OIIPEAEISIET, KAKOT0 pojia 3HAYeHUS
HaxoAsaTcs B o0bekTe. C JIIOOBIM UMEHEM acCCOLIMMPYIOTCS CBOSI 00JacTh BUAM-
MOCTH (T. €. TOT y4aCTOK IIPOrpaMMbl, TJI€ 3TO MMSI U3BECTHO) U aTpUOYT CBSI3H,
OnpeesIaIoNIii, 0003HaYaeT JIX 3TO UM B IPYyroM aiijie TOT ke caMblil 00BEKT
i GyHKuuio. O61acTe BUIMMOCTU U aTpUOYT CBsI3M o0cyxknatoTces B Al1.

A 4.1. Knacc namatu

CyllecTBYIOT IBa Kjacca MaMsITH: aBTOMaTUYeCKUil U ctatudeckuii. He-
CKOJIBKO KJTIOUEBBIX CJIOB B COBOKYITHOCTU C KOHTEKCTOM OODbSIBJIEHUI 00BEeK-
TOB cieUGUIIMPYIOT KJIACC MaMSTU JIs1 9TUX OOBEKTOB.

ABTOMaTUYeCKMEe OOBEKTHI IOKANIbHBI B 0J10Ke (A9.3), pu BbIXOAE U3 HETO
oHu "ucuesaror”. OObsSIBICHUE, 3aJaHHOE BHYTpU OJI0Ka, €CJIM B HEM OTCYT-
CTByeT cnienuduKalus Kjiacca NaMsTh WM yKa3aH crenudukaTop auto, co-
3[1a€T aBTOMaTU4YeCKM it 00beKT. OObEKT, TOMEUEHHbI B O0OBSIBIEHUU CJIOBOM
register, sIBJSIeTCSl aBTOMAaTUYECKUM U pa3MellaeTcsl Mo BO3MOXHOCTU B pe-
TMCTPEe MAlUlMHBbI.

CraTtuyeckue 00beKThI MOTYT OBITh JIOKAJIbHBIMU B OJIOKE MJIM paciiojiaraThb-
csl BHe OJI0KOB, HO B 000MX CJIy4yasiX X 3HAUEHUST COXPAHSIOTCS MOCIe BbIXoaa
13 6;10Ka (MM YHKUMK) J0 TOBTOPHOIO 8 Hero Bxoaa. BHyTpu 6j10Kka (B ToM
yucjie 1 B 0JI0Ke, 00pa3yrolieM Tejao GyHKIMN ) CTaTU4eCKue 00beKTHI B 00bsIB-
JIEHUSIX TTOMeYaloTcsl cjIoBoM static. OObeKThI, 00bsBIIEMbIe BHE BCex 0JI10-
KOB Ha OTHOM YPOBHE ¢ onpejesieHussMu GyHK1Mit, Bcerna cratuyeckue. C mo-
MOIIIbIO KJTIOYEBOT'O CJIOBA Static X MOXHO ceaTh JIOKAJIbHBIMU B IIpeaeiax
TPaHCIUPYEMOU €AUHUIIBI (B 3TOM Cllydyae OHU IOJy4YaloT aTpUdyT GHympeH-
Hell 843U), U OHU CTAHOBSITCS IJ100aJbHBIMU JJIS1 BCE MPOrpaMMBbl, €CJIU OITy-
CTUTh SIBHOE yKa3aHUe Kjacca MaMsITU WIM KMCIO0Jb30BaTh KJIIOYEBOE CIOBO
extern (B 9TOM cllyyae OHM TOJIy4aloT aTpUOYT GHeuiHell c8:3U,).

A 4.2. BasoBblie TUNbI

CyliecTByeT HECKOJIbKO 0a30BbIX TUMOB. CTaHIapTHBIM 3aroJ0BOYHBIN
daiin<limits.h>, onucaHHbIi B IpUIoXeHUM B, onipenensieT camoe 60JibII0oe
Y CaMO€ MaJioe 3HAYECHUS IJIS1 KaXIOro TUIIA B JaHHOM KOHKPETHOM peajin3a-
H1U. B IPUITOKECHUUN B MPUBCACHBI MUHNUMAJIbHO BO3MOXKHBIC BEJIMUNHDI.

Pa3zmep 00beKTOB, 00BSABASIEMBIX KaK CUMBOJIbI, TTO3BOJISIET XPAHUTD JIIO-
0oit ciMBOJI U3 HabOpa CUMBOJIOB, MMPUHATOrO B MaiinHe. Eciiv 00beKT TUIa
char geiicTBUTEILHO XpaHUT CUMBOJI M3 JTaHHOTO Habopa, TO ero 3HaYeHUeM
SIBJISIETCS KOJI 9TOr0 CUMBOJIA, T. €. HEKOTOpOe HeoTpullaTeabHoe 1ieoe. [Tepe-
MEHHBIE TUIIA Char MOTYT XPaHUTh U APYyTUe 3HA4YEHNs, HO TOTIA IUAIa30H UX
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3HaYEeHUI U 0OCOOEHHO BOTIPOC O TOM, 3HAKOBBIE 3TU 3HAYCHUS WJIN Oe33HAKO-
BbI€, 3aBUCUT OT peaTn3alinu.

be33HaKoBBIE CUMBOJIBI, OOBSIBIEHHBIE ¢ TTIOMOIIBIO ¢JIOB unsigned char,
UMEIOT TY Xe pa3psaIHOCTb, YTO U OOBIYHBIC CUMBOJIBI, HO TIPEACTABISIOT He-
OTpUIIaTeIbHBIC 3HAYCHUS; C TIOMOIIIBIO cJIOB signed char MOXHO SIBHO 00b-
SIBUTb CUMBOJIBI CO 3HAKOM, KOTOPBIE 3aHMMAIOT CTOJIBKO XK€ MeCTa, KaK U 00bIY-
HbIE CUMBOJIBI.

Tun unsigned char He ymoMuHajCcs B MepBoil peqakiuy SI3bIKa, HO BCEMHU HC-
nonb3oBancd. Tum signed char - HOBBIH.

[ToMmumo char cpeny 1eJ10YUCAEHHBIX TUIIOB MOTYT OBbITh LieJIble TPEX pa3-
MepoB: short int, int u long int. OOBIYHBIE OOBEKTHI TUIIA int UMEIOT ecTe-
CTBEHHBIN pa3Mep, MPUHATHIA B apXUTEKType NAHHOW MAIIWHBI, IPYTUe pas-
Mephbl NpeIHa3HAYeHBl IJIS CIelMaJbHbIX HYXA. bojee NAMHHBIE 1eJbIe
Mo KpaiiHEl Mepe MOKPBIBAIOT BCE 3HAYEHUS 00Jiee KOPOTKUX LIEbIX, OJHAKO
B HEKOTOPBIX peanu3alusX OObIYHBIC 1IEJIbIE MOTYT OBbITb 9KBUBAJIEHTHBI KO-
potkuM (short) nau mnuHHBIM (long) 1enbiM. Bce TUMBI int mpeacTaBisioT
3HAUEHUS CO 3HAKOM, €CJIU HE OTOBOPEHO MPOTUBHOE.

Jlnsi 6€33HaKOBBIX LIEAbIX B OOBSBICHUSIX MCIIOJb3YEeTCSl KIOYEBOE CJIOBO
unsigned. Takue 1eple MOTUUHSAIOTCS apudMeTHKe 1o MOAYII0 2", Tae A -
YUCJI0 OUTOB B MIPEICTABICHUN YMCTIa, U, CIEI0BaTEIbHO, B apu(MeTHKe C 6e3-
3HAKOBBIMU 1IEJIBIMU HUKOTA He OBIBAeT MeperosHeHUsI. MHOXECTBO HEOTPH-
LIaTeJTbHBIX 3HAYCHMI, KOTOPbIE MOTYT XPaHUTBLCS B 00BEKTAaX CO 3HAKOM, SIB-
JITeTCs TIOAMHOXECTBOM 3HAUEHUI, KOTOPBIE MOTYT XPAHUTHCS B COOTBETCTBY-
I0LIUX 00bEKTaxX 0e3 3HaKa; 3HAKOBOE U 0€33HAKOBOE MPENCTABICHUS KaXA0TO
TaKoro 3Ha4€HHUs COBIAJAIOT.

JI1o0ble 1Ba U3 TUIOB C IUIABAIOLIEH TOUKOM: C OJUMHAPHOW TOYHOCTBIO
(float),c mBoitHO# TouHOCTHIO (double) U ¢ MOBBIIIEHHO TOYHOCTHIO (long
double) MOryT OBITh CHHOHUMAaMM, HO KaXKIIbIii CJIEIYIOLIUI TUII 3TOTO CITUCKA
JOJIXKEH IO KpailHell Mepe obecrneuyrBaTh TOUHOCTb MPENBIIYIIETO.

long double - HoBbIif TUN. B mepBoii pemakuuu si3pika CHHOHMMOM aJisi double
obL1 long float, Ternepb MocaeaAHUN U3BIAT U3 00OpallleHHS.

Ilepeuucnenus - eMMHCTBEHHBIE B CBOEM POJIE TUIIBI, KOTOPBIM JAETCS IMOJI-
HBII IIepeYeHb 3HaYEeHUIA; C KaXIbIM [TEPEYMCIIEHUEM CBI3BIBAETCS MHOXECTBO
MMeHOBaHHBIX KOHCTaHT (A8.4). Iepeuncienus BeayT cebs Hamogobue Lie-
JIBIX, HO KOMITHJIATOP OOBIYHO BBIAAET MPEayIpexXaaiolnee COOOUIEHHE, eCITn
00BEKTY HEKOTOPOTO IEPEYNCIMMOTO THUIIA TPUCBAMBAETCS HEYTO, OTIMYHOE
OT €ro KOHCTAHTHI, WIK BhIPaKeHHE HE U3 3TOTO IePEYMCIIEHMS.

[TOCKOJIBKY OOBEKTHI TMEPEYMCAEHNI MOXHO paccMaTpUBaTh KaK YUCIIa,
nepevrcaeHUE OTHOCSAT K apugmemuyeckomy TUiy. THUIIBI char 1 int Bcex pas-
MEPOB, KaXbIii M3 KOTOPHIX MOXET ObITh CO 3HAKOM MJIM 0€3 3HaKa, a TAKXKE
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MEepeYrnCIeHUs] Ha3bIBAIOT yenouucaenuvimu (integral) Tunamu. Tunwl float,
double u long double Ha3bIBaOTCS TUTIAMU C HAGBANOUEL MOYKOU.

Tum void cnenuduupyert mycToe MHOXeCTBO 3HaUeHU. OH UCTIONIB3YyeT-
¢s Kak "TUN BO3BpalaemMoro (hyHKLMe 3HaueHWsI" B TOM ciIyvae, KOTJa oHa
HEe TeHepUPYEeT HUKAKOTO PEe3yJIbTUPYIOIIErO 3HAUEHHS.

A 4.3. NpouzBogHbIe TUMbI

IToMrMo 6a30BBbIX TUIIOB CYLIECTBYET MPAaKTUYECKU OECKOHEUHbIN Kilacc
MPOU3BOAHBIX TUTIOB, KOTOPHIE (hOPMUPYIOTCS U3 YXKE CYIIECTBYIOIIUX U O -
CBHIBAIOT CJIEIYIOIINE KOHCTPYKIIMHU:

* maccugsl 00BEKTOB 3aJaHHOTO TUIIA;

* ¢yHkyuu, BO3BpaIamIe 00beKThl 3aJaHHOTO TUIIA;

* yKkazameau Ha OOBEKTHI 3aJaHHOTO THUIIA;

* cmpyKmypbl, COIepKaIlue IMocIeI0BaTeIbHOCTh 00bEKTOB, BO3MOXHO, pa3-
JUYHBIX 3aTaHHBIX TUTIOB;

* 00seduHenUs, KAOXI0e U3 KOTOPBIX MOXET CONEPXKATh TI000 U3 HECKOIBKUX
00BEKTOB pa3IMYHBIX 3aTaHHBIX TUIIOB.

B obmiem ciyyae nmpuBeIeHHbIE METOAbl KOHCTPYMPOBAHUS OOBEKTOB MO-
I'YT MPUMEHSATHCS PEKYPCUBHO.

A 4.4. KsanudukaTopbl TUNOB

Tun o0beKTa MOXKET CHaOXaThesl KBanupukaTopom. OObsIBIEHNE 00BEKTA
¢ KBaJIMGUKATOPOM const yKa3bIBaeT Ha TO, YTO €ro 3HaUEHME fajee He OyaeT
U3MEHSIThCS; O0BABIASL 00BEKT Kak volatile (M3MEeHYMBBINM, HEIMOCTOSIHHBII
(anzn.)), Mbl yKa3bIBaeM Ha €ro 0COOBIE CBOMCTBA TSI BBITTOIHIEMOM KOMITH -
JSTOpOoM onTuMU3anuu. Hu oguH u3 KBaaudUKaTOPOB Ha AUAa30Hbl 3Haye-
HUI 1 apudMETHUECKHE CBOIICTBA 00BEKTOB He BiuseT. KBanubukaTopsl 00-
cyxnatorcs B A8.2.

A 5. O0bekTbl u Lvalues

Obsexm - 3TO HEKOTOpas MMEHOBaHHAasl 00JIaCTh MaMsTH; [value - 3TO BbI-
paxeHue, obo3Havalolee o0bekT. OueBUIHBIM NpUMepoM lvalue sBasgeTcsa
HUACHTU(GUKATOP C COOTBETCTBYIOLIMM THIIOM M KiaccoM namsatu. CyliecTBy-
10T onepauuu, nopoxnaromue lvalue. Hanpumep, ecnu E - BeIpaxkeHue Tuna
yKa3zatenb, To * E ecTb BeIpaxxeHue 114 lvalue, 0003Haua1ero o0beKT, Ha KO-
TophIit ykazeiBaeT E. Tepmun "lvalue” nmpousoniesn ot 3anucu mpucBauBaHUs
E1 = E2, BKoTropoii neBrliii (left - neBblii (anen.), orciona Oyksa 1, value - 3Have-
Hue) onepana E1 momkeH ObITh BeIpaxkeHueM Ivalue. OnuchiBas Kaxkablii orie-
paTop, MBI COO0ILIAeM, OXMIACT K OH Ivalue B KauecTBe ONepaHI0B U BbIAACT
nu lvalue B KauecTBe pe3yabTaTa.
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AG6. MpeobpasoBaHus

HexkoTtopsie onepaTtopsl B 3aBUCUMOCTH OT CBOMX OIEPAaHIOB MOTYT BBI3bI-
BaTh NMpeobpa3oBaHNe UX 3HAYCHUI U3 OJHOTO TUMA B Apyroii. B atom mapa-
rpace 0ObSICHSIETCSI, YTO CAEAYET OXKUIATh OT TAKUX Mpeodpa3oBaHuii. B A6.5
bopMyIUpPYIOTCS TIpaBUia, 0 KOTOPBIM BHITIOTHSIIOTCS Ipeodpa3oBaHusI IS
0OJILIIMHCTBA OOBIYHBIX oriepaTopoB. IIpu paccMOTpeHUN KaXXI0ro OTAEb-
HOTO oriepaTopa 3TY IIpaBuia MOTYT YTOUHSITHCS.

A 6.1. LlenoyncneHHoe noBbilLeHUe

OOBbeKT THIA MepeYrCIeHNUE, CUMBOJI, KOPOTKOE LIeJIoe, 1IeIoe B OMTOBOM
T10JIe - BCE OHU CO 3HAKOM MJIM 6e3 MOTYT UCIT0JIb30BaThCS B BBIPAXKCHUM TaM,
IJe BO3MOXHO MpUMEHeHMe 1esoro. Eciu tum int mo3BosisieT "0XBaTUTL" BCe
3HAYEHMS MCXOMHOIO THUIIA OIlepaHia, TO ONEPaH MPUBOAUTCS K int, B IIPo-
TUBHOM CJly4ae OH MPUBOAMTCS K unsigned int. Drta mpoiieaypa Ha3bIBaeTCsI
UeAOMUCACHHBIM NOBbIULEHUEM'

A 6.2. LlenouncneHHble npeobpa3oBaHus

JI1o6oe 1e10e MpUBOAUTCS K HEKOTOPOMY 3aJlaHHOMY 0€33HaKOBOMY TUITY
MyTeM MOKMCKa KOHTPYIHTHOTO (T. €. UMEIOIIETO TO e ABOMYHOE MpelCTaBlIe-
HU€) HaMMEHBIIETro HEOTPULIATSIbHOTO 3HAUSHUST U TTOJTyYSHUST OCTaTKa OT JIe-
JIeHUs ero Ha nmax + I, Tne nmax - HauOOoJbIIIee YUCIO B 3TOM 0e33HAKOBOM
tumne. st TBOMYHOTO MPEACTaBICHUS B IOMOTHUTEIBHOM KOJIE 3TO O3HaYaeT
JIM60 BbhIOpachlBaHMWE JMIIHUX CTapIIMX Pa3psiioB, €Ciaud 0e33HAKOBBIM THUIT
"yke" MCXOOHOTO THUIIA, TUOO0 3aIoJHeHWE HEJOCTAIOIINX CTapIInX pa3psiioB
HYJIIMU (OJ19 3HaUYeHMsT Oe3 3HaKa) WJIM 3HaUYeHUEM 3Haka (sl 3HaYeHUST
€O 3HAKOM), €C/IM O€33HAKOBBII TUIT "IIIMpe" UCXOTHOTO.

B pesynbrare npuBeneHus 1000T0 1IEJ0ro K 3HaKOBOMY TUITY IIpeoOpa3zye-
MoO€ 3HaUeHUE He MEHSIETCSI, €CJIM OHO IPEICTaBUMO B 3TOM HOBOM THIIE, B IIPO-
TUBHOM CJIyJae pe3yJbTaT 3aBUCUT OT peaTu3aliiu.

A 6.3. Llenbie n yncna c nnaeaioLLeil TO4KOn

IIpu nmpeobpa3oBaHUM K3 TUIA C [JIABAIOLIEH TOYKOU B 1I€JOUYUCIEHHbBII
JIpoOHas yacTh 3HAYECHUSI OTOPACHIBAETCS; €CJIM ITOJIYYEHHOE ITPU 3TOM 3HaAYe-
HU€ HeJb3s1 IPeACTaBUTh B 3aIaHHOM 1LI€JIOUMCIIEHHOM TUIIE, TO pe3yJIbTaT He
onpeaeeH. B yacTHocTH, He onpeaesieH pe3yJbTaT IpeoOpa3oBaHuUs OTpUlla-
TEeJAbHBIX 3HAYEHM C IJIaBaIOIIeii TOUKOI B 0€33HAKOBBIE LIEJIbIE.

Ecnu 3HaueHue npeobpa3yeTcsl U3 LEJ0ro B BeJIMUYMHY C MJ1aBawlleil Tou-
KO 1 OHa HAXOAUTCS B IOMYCTUMOM JUaIla3oHe, HO MPEACTaBISIETCS B HOBOM

1 = "
Integral promotion - nenoOYUCACTIOE NOBbILIEHME — HIIOI/IA TAKXE NEpPeBOAsT KaK "WH-
TerpasbHoe HpojBKrKeHne”. - Mpumey. pes.
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THUII€ HETOYHO, TO PE3YJbTaTOM GYHCT OIHO M3 OIBYX 3HAYEHUIA HOBOTO THIIA,
OIMXKANUIINX K HNCXOJHOMY. Eciun pE3YyJbTAT BLIXOAUT 3a 'pPaHUILIbI AMAaIla30Ha
JOITYCTUMBIX 3Haqu1/1171, IMOBEACHUE ITPOTPpaMMbl HE OIIPEACIICHO.

A 6.4. Tunbl c NnaBaloLwwen TOYKON

[Ipu npeobpa3zoBaHUM U3 TUIIA C TIABAIOLIE TOYKOM MEHbIIIEH TOUHOCTH
B TUII C HJ'IaBaIO].LIefI TOYKOM OOJIBIIIEN TOUHOCTH 3HAUeHUE HE U3MEHSIETCS.
Ecnu, HaoGopoT, IIepexo/1 OCYILEeCTBIsIeTCSI OT 00blIei TOUHOCTH K MEHbIIei
1 3HAYCHUE OCTACTCA B JOIMYCTUMBIX IIPEACIaX HOBOI'O THUIIA, TO PE3YJIbTaTOM
OyleT ogHO M3 IBYX OJMXAWIIMX 3HAYEHUI HOBOro Tuma. Eciu pe3ynbTar
BBIXOJUT 3a 'paHUILbI AUAIIa30HA JOITYCTUMBbIX 3Ha‘IeHI/II7I, IIOBCACHMUE ITPpOTrpaM-
MbI HE OIIPEACIICHO.

A 6.5. ApudmeTnyeckue npeodpasoBaHUs

Bo MHOTHX omIepaniusx mpeodpa3oBaHNe TUIIOB ONEPAHIOB U OIpeaeIeHIE
THIIA pe3yIbTaTa OCYIIECTBISTIOTCS 0 OMHUM U TeM Xe mnpaBmiaM. OHHA co-
CTOSIT B TOM, YTO OIIEPaHIBI IPUBOISITCSI K HEKOTOPOMY OOIIEMY THUITY, KOTO-
PBI TaKXe SIBISIETCS M TUIIOM pe3yiabTaTa. DTH IpaBHIIa HAa3BIBAIOTCS 00b/Y-
HbIMU apugmemuuecKumu npeobpaso0eaHuUsMU.

* Ecnu kakoii-nubo u3 onepaHaos umeet tum long double, To aipyroit npuBo-
outes K long double.

* B npotuBHOM ciydae, eciiy Kakoii-i11u0o u3 onepaHaoB uMeeT Tum double,
TO Apyroi npuBoautcs K double.

* B mpotuBHOM ciy4ae, eclii KaKoi-Tn0O0 M3 OIepaHmIOB UMeeT TUI float,
TO APYroil npuBOaUTCS K float.

* B mpotuBHOM citydae IIsi 000UX OTepaHIOB OCYIICCTBISICTCS IICIOINCICH-
HOE TIOBBIIIICHIE; 3aTeM, €CJIM OIWH M3 OIlepaHIoB uMeeTTHI unsigned long
int, To u apyroi npeobpasyercst B unsigned long int.

* B mipotuBHOM clty4ae, ecJIM ONMH U3 OTIepaHIO0B IPUHAIICKNT TUITY long int,
ajapyroii - unsigned int, To pe3yJabTaT 3aBUCUT OT TOTO, MOKPBIBAET JIU long
int Bce 3HaYeHus unsigned int, ¥ eciu 370 Tak, To unsigned int MpUBOAUTCS
K long int; ecnu Her, To 00a omepaHaa rpeodpasytoTcd B unsigned long int.

* B mpotuBHOM ciIy4ae, ecIi OMWH U3 OTIEPaHIOB MMEeT TUITILong int, To apy-
roii mpuBoauTcs K long int.

* B npoTtuBHOM cilyyae, ec/id OIMH M3 ONlepaHaoB - unsigned int, To Apyroi
npuBoautTcs K unsigned int.

* B npoTuBHOM ciydae oba orepaHaa UMEIOT TUII int.

3nech ecTh Ba U3MeHeHMs1. Bo-mepBbiX, apudMeTrKa ¢ orepaHIaMu C IJaBalo-
1Ie¥ TOYKOM Tenepb MOXET MPOU3BOAUTHCS C ONMHAPHO TOYHOCTBIO, @ HE TOJBKO
C IBOMHOI; B TIepBOii pefaKuy S13bIKa BCst apu(MeTHKa C TIaBarolieii TOUKoii mpo-
M3BOAMIACH C JIBOMHON TOYHOCTHIO. Bo-BTOpPHIX, Oonee xkopoTkuii 0e33HaKOBBIN
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TUT B KOMOMHALKM ¢ Oosiee JUIMHHBIM 3HAKOBBIM TUIIOM HE PacIpOCTpaHsIeT CBOMA-
CTBO 0€33HaKOBOCTH Ha TUI pe3yJbTaTa; B IEPBOM peJaKLMy 0e33HaAKOBBIN THUTT
Bceraa noMuHuposai. HoBble mpaBujia HEMHOTO CJIOXHEE, HO 10 HEKOTOpO# cTe-
MEeHU YMEHbLIAIOT BEPOSTHOCTb IMOSIBJEHUS HEOXUAaHHBIX 2(deKToB B KOMOU-
HalMsX 3HAKOBBIX U 0e33HaKOBBIX BeJW4YUH. [Ipyu cpaBHeHUM GE33HAKOBOTO BbI-
paXxeHus CO 3HAKOBBIM TOTO XK€ pa3Mepa BCE K€ MOXET BO3ZHUKHYTb HEOXHUIaH-
HBIM pe3yJIbTaT.

A 6.6. Yka3zaTenu n uenbie

K ykazatesto MoXHO MpuUOaBIsITh (M BBIYUTATh U3 HETO) BHIPAXXKEHME 1IeJI0-
YUCJIEHHOTO TUTIA; TIOCJIEIHEE B 9TOM ClIydyae TIoJBepraeTcst Ipeodpa3oBaHUIO,
onvcaHHOMY B A7.7 mpu pacCMOTpPEHUH OTIepaTopa CJIOXKEHUSI.

K nBy™m ykazatensiM Ha OOBEKTHI OIHOTO THUIIA, MPUHAJIEXAIINE OTHOMY
MacCUBY, MOXET TPUMEHSIThCS OTiepallisl BBIYUUTAHUS; PE3yIbTaT IPUBOIUT-
¢S K LIEJTOMY ITOCPEACTBOM MPeodpa3oBaHusi, onmucaHHoro B A7.7 mpu paccMoT-
pEeHUU oTepaTopa BHIUUTAHUSI.

LenouncieHHOE KOHCTAaHTHOE BBIpakeHHe co 3HaueHueM ( MM OHO Ke,
HO MpUBEAEHHOE K TUITY VOid *, MOXeT ObITh MPeoOpa3oBaHO B yKa3aTeJb JII0-
0oro TUIa onepaTopaMy MPUBENEHUsI, IPUCBAUBAHUS U CpaBHEHUs. Pe3yib-
TaToM Oynet NULL-ykasaTesns, KOTOpbIi paBeH jwobomy apyromy NULL-ykaza-
TEJII0 TOTO Xe TUIAa, HO He PaBeH HUKAKOMY yKa3aTelllo Ha peajbHbIil 00beKT
unv GyHKIHUIO.

Jlyis ykazaresieii TOTycKaloTCs ¥ Ipyrie MpeoOpa3oBaHusl, HO B CBSI3U C HUMU
BO3HMKAET MpobsieMa 3aBUCMMOCTU pe3ysibTaTa OT peaiu3aluu. DTU Mpeoo-
Pa30BaHUS AOJIXKHBI OBITh CIIeLIMGUIIIPOBAHBI SIBHBIM OIIEPaTOPOM Mpeodpa3o-
BaHUS TUIA WIK orepaTopoM NpuseaeHus (A7.5 u A8.8).

Ykazaresab MOXHO MPUBECTU K 1EJIOYUCIEHHOMY THUITY, TOCTATOYHO OO0JIb-
LIOMY JJISI €T0 XpaHeHUsI; TpeOyeMblil pa3Mep 3aBUCUT OT peanuzanun. OyHK-
1IMsI TpeoOpa3oBaHUs TAaKXe 3aBUCHUT OT peau3alini.

OOBEKT 1LeJOYUCICHHOTO TUIIa MOXHO SIBHO MPeodpa3oBaTh B yKa3aTeb.
Ecnu 1ienoe moydeHo M3 yKasatesis U UMeeT JOCTaTOYHO OOJbIINON pa3Mep,
3TO TIpeobpa3oBaHUe JaCT TOT Xe yKa3aTelb; B IPOTUBHOM CJIydae pe3yibTaT
3aBUCUT OT peanu3aiuu.

Yxazarenb Ha OIVH TUT MOXHO TTpeo0pa3oBaTh B yKa3aTellb Ha APYTOil THUII.
Ecnu ncxomHbIil ykazaTesib CChUTaeTCs Ha OOBEKT, JOJKHBIM 00pa3oM He BbI-
POBHEHHBI! 110 TPAaHUIIAM CJIOB MAMSITH, TO B PE3yJbTaTe MOXET MPOU30UTH
ommbKa anpecaruu. Eciv tpeboBaHMs Ha BRBIpaBHUBAHKME Y HOBOTO THTIA MEHb-
111 VJT COBMAAIOT C TPeOOBaHUSIMY Ha BRIpaBHUBaHUE TTEPBOHAYATbHOTO THTIA,
TO TapaHTUPYETCS, UYTO MpeoOdpa3oBaHNe yKa3aTessl B APYroil TUI U 00paTHO
€ro He U3MEHUT; TOHSTHE "BhIpaBHUBaHME" 3aBUCHT OT peanu3aliii, OTHAKO
B JTII000M peanu3aiuu o0beKThl TUTA char MpeabsIBASIOT MUHUMAJTbHBIE TPE-
OoBaHus Ha BeipaBHUBaHMe. Kak onrcano B A6.8, ykazaTeb MOXET TaKXKe
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npeobpa3oBeIBaThes B void * m 0OpaTHO, 3HAaYEHME yKa3aTessl Ipyu 3TOM He
HU3MEHSIETCS.

Ykazateab MOXeET ObITh TIpeoOpa3oBaH B ApYroii yKa3aTesb TOrO XKe TUIa
¢ mobaBjeHUEeM WM yaaneHueM KBanudukatopoB (A4.4, A8.2) toro turma
00beKTa, Ha KOTOPHIN 3TOT yKa3aTesIb IToKa3biBaeT. HOBEIN yKa3zaTenb, MOJIy-
YeHHBIN T00aBICHNEM KBandUKaTOpa, UMEeT TO Xe 3HAYeHHe, HO C JOITOJ-
HUTEJIbHBIMU OTPAaHUYCHUSIMU, BHECCHHBIMU HOBBIMHM KBaJIM(PUKATOPAMMU.
Oreparyst 1o yaajJeHUIo KBaTuuUKaTopa y 00beKTa MPUBOIUT K TOMY, YTO
BOCCTaHABJIMBACTCS MEHCTBUE €r0 HaYaIbHBIX KBaTU(MUKATOPOB, 3aJaHHBIX
B OOBSIBJIEHUM 3TOTO OOBEKTA.

Haxogner, ykazaresb Ha (yHKIINIO MOXET OBITH TPe0Gpa3oBaH B yKa3aTelb
Ha GyHKIMIO Ipyroro Tuna. Bei3oB pyHKIIMM MO MpeoOdpa3oBaHHOMY yKa3aTte-
JII0 3aBMICUT OT pean3alliy; OTHAKO, €CJIM yKa3aTelh ellle pa3 Ipeodpa3oBarth
K €r0 MICXOTHOMY THITY, pe3yIbTaT OyaeT UACHTUICH BHI30BY 10 IIEPBOHAYAITb-
HOMY yKa3aTeo.

A6.7. Tun void

3HaueHue (HecyllecTByIollee) 00bekTa TUMa void HUKaK HeTb3sl UCTIOIb30-
BaTh, €r0 TaKXKe HEJIb3sl SIBHO WJIM HESIBHO MPUBECTH K TUITY, OTJIMYHOMY OT void.
ITockonbKy BEIpaxkeHUe TUITa void 0o603HaYaeT OTCYTCTBUE 3HAYCHUS, €TO MOX-
HO TIPUMEHSITHh TOJILKO TaM, TIe He TpebyeTcs 3HaueHus. Hampumep, B Ka-
YeCTBE BbIpaXXeHUSI-MHCTPYKUMU (A9.2) Wau JIeBOTO OIepaHaa y orneparopa
"zamsTas” (A7.18).

BripaxkxeHre MOXHO TIPUBECTH K TUITY Void orrepartueit TpuBeaecHNS TUTIA.
Hanpumep, mpuMeHUTETBHO K BEI30BY (DYHKITUH, MCITOJIb3YEMOMY B POJIA BBI-
PaXeHUSI-UHCTPYKIIMU, oNlepalius MpuBeaeHus K void SBHbIM 00pa3oM Ioj-
YepKHUBaeT TOT DAKT, YTO Pe3yIbTaT GYHKIIUM OTOPACHIBACTCS.

Tum void He ¢hurypupoBai B IepBOM M3TaHMM 3TOM KHUTH, OXHAKO 32 TIPOLIE-
Imee BpeMsI CTall O0IIeyOTpeONTETbHBIM.

A6.8.YkazaTtenunHavoid

JI1o001i ykazaTeab Ha 00BEKT MOXHO MPUBECTU K TUIly void * 6e3 moTepu
nHpopmauuu. Eciiv pe3ynbraT MoaBepruyTh 00paTHOMY IMPeodpa30BaHUIO,
TO MBI TTOJIYYHMM TIPEeXHUI yKa3aTenb. B oTiimune oT mpeobpa3oBaHMii yKa3a-
Tellb-B-yKa3aTelb (pPaCCMOTPEHHBIX B A6.6), KOTOpEIE TPEOYIOT SIBHBIX OTlepa-
TOPOB IIPUBEACHUS K TUITY, B IPUCBAaUBaHMAX M CPAaBHEHUSIX yKa3aTeJb 1000~
ro TUIAa MOXKET BBICTYNATh B Mape ¢ ykasaTesjaeM Tuna void * 6e3 Kakux-auoo
MpeaBapUTEIbHBIX TTPeoOpa3oBaHUil THIIA.

Takas uHTeprnpeTalus ykasarenei void * - HoBas; paHee posib 0000ILEHHOTO
yKaszateJs oTBoauiaach ykaszarento Tuna char *. Cranmapt ANSI oduimanbHo
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paspeniaeT UCMoib30BaHUE YKa3aTenei void * cOBMECTHO C yKazaTeasIMU APYTUX
TUTIOB B MPUCBAaNBaHMSIX U CPAaBHEHUSIX; B MHBIX KOMOMHALIMSX yKa3aTelel CTaH-
JapT TpeOyeT IBHBIX ITPeoOpa3oBaHUi TUIIA.

A7. BbipaxeHus

IIpropuTeTH OMMCHIBAEMBIX OIIEPATOPOB UMEIOT TOT XK€ TTOPSIAOK, YTO U ITyHK-
Thl JaHHOTO Maparpada (oT BeICIIUX K HU3IKUM). Harmpumep, 1is onepartopa +,
OmucanHoro B A7.7, TepMUH "orepaHAbl’ O3HA4YaeT "BbIpaxkeHMsI, OMpPeaAcIcH-
Heie BA7.1 —A7.6”. B KaX10M MYHKTE ONMKUCBIBAIOTCS OMIEPATOPhI, UMEIOLINE O -
HAKOBBIN IIPUOPUTET, M YKa3bIBaCTCS X aCCOLIMATUBHOCTD (JIeBast MJIU MpaBast).
IIpropuTeThl M acCOLMAaTMBHOCTh BCEX OIEPAaTOPOB OTPaKEeHBI B I'paMMaTHKE,
npuBeneHHol B Al3.

IIpropuTeThl M aCCOLIMAaTUBHOCTD MOJHOCTHIO ONpeaeieHbI, a BOT ITOPSII0K
BBIYMCIICHUST BRIPasKeHUST He OTpeesieH 3a HEKOTOPBIM UCKITIOUSHUEM Haske ISt
NOJABbIPAXEHUI ¢ MOOOYHBIM 3(pheKToOM. DTO 3HAUUT, YTO €CJIM B OIpeesie-
HUU oIlepaTtopa IoCIeA0BaTeIbHOCTh BEIYMCICHUS €0 ONEePaHIOB CITelInalb-
HO HE OroBapuBaeTcs, TO B peaju3allMd MOXHO CBOOOZHO BbIOMpATh JIO0O0M
MOPSIOK BEIYMCICHUN U JaXKe YepeloBaTh MPaBblil U JIEBBIA MOPSIIoK. OqHaKO
JII060 oItepaTop MCITOIb3yeT 3HAUYSHUSI CBOMX OINEPaHIOB B TOUHOM COOTBET-
CTBUM C TPAaMMAaTUYECKUM pa300poOM BEIPpaXKEHHUSI, B KOTOPOM OH BCTpEUYaeTcsl.

DTO0 IIPaBUJIO OTMEHSIET paHee MPEIOCTABIISBIIYIOCS CBOOOIY B BEIOOpE ITOPSIIKA
BBITIOJTHEHHUS OTlepalliii, KOTOPbIE MaTeMaTHYeCKA KOMMYTaTUBHBI M aCCOLIMATHB-
HBbI, HO KOTOPBIE B TPOLIECCE BHIYMCICHHUI MOTYT TAKOBBIMHM HE OKa3aThCd. DTO
M3MEHEHHME 3aTparuBaeT TOJIbKO BHIUMCICHUS C MJIaBaloNIeil TOUKOi, BBITTOTHSI-
folecd "Ha IpaHU TOYHOCTH", M CUTYyallMM, KOTJa BO3MOXHO TepPEIOJHEHME.

B s3bIKe He onpenesieH KOHTPOJIb 3a MEePeroJIHEHUEM, NeJIeHMeM Ha HYJb
U IPYTUMU UCKIJTIOYUTEJIbHBIMU CUTYallUSIMU, BO3HUKAIOLIIUMMU TIPU BBIYKCIIC-
HUU BbIpaxkeHUusi. B OOJbIIMHCTBE CyllecTBYIOLIUX peanu3auunii Cu npu Bbl-
YUCJACHUU 3HAKOBBIX LIEJOYUCIICHHBIX BbIPaXXeHUI U MpUCBaBaHUU Tepe-
MOJIHEHUE UTHOPUPYETCs, HO pe3yjbTaT TaKUX BBIYMCJIEHUI He orpenelieH.
TpakToBKM AeeHUs Ha HYJIb M BCEX UCKJIIOUMTEAbHbBIX CUTyallMii, CBSI3aHHBIX
C MJjaBalolleil TOUkKoii, MOTyT He COBIIaaTh B pa3HbIX peajau3alusix; MHOTIa
JIIs1 00pabOTKM MCKJIIOUUTEbHBIX CUTyallui MpeaoCcTaBisieTCsl HeCTaHIapT-
Hasi OuGauoTeyHast QyHKIIUS.

A7.1.FeHepauus ykasaTensa

Ecnau tum BeIpaXkeHUsT WJIM MOABBIpaXeHUst ecth 'MaccuB u3 77, tne T -
HEKOTOPBI TUIT, TO 3HAUEHHEM 3TOT'O BBIPaXKEHUS SIBJISICTCS YKa3aTelb Ha Iep-
BB 3JIEMEHT MacCHBa, ¥ TUITI TAKOTO BBIpaKeHUS 3aMeHsIeTCs Ha TUTT "yKa3a-
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Tenab Ha [, Takast 3aMeHa TUIa He AeJIaeTCsi, €CIM BhIpaxkeHUe SIBISETCS OIe-
paHJIO0M YHApHOTO orepaTopa &, WU oTllepaHa0M orepauuii ++, -—, sizeof, unu
JIEBBIM OIlepaHAOM IPHCBaMBaHUsI, WIM OIlepaHIOM oreparopa . (TOuka).
AHaJIorM4YHoO, BhIpaxeHue TUIa "QyHKIMS, Bo3Bpalawmas 7", Kpome ciy-
yasi, KOTrja OHO SIBJISIETCS OIepaHIoM s &, Tpeobpa3yeTcsl B TUM "yKa3aTeslb
Ha QYHKIIMIO, Bo3Bparaoomyio 1.

A 7.2. NMepBu4HbIE BbIpaXEHUS

[TepBUYHBIE BRIPAXKEHMS - 3TO MUIAEHTU(HUKATOPBI, KOHCTAHTHI, CTPOKU U BbI-
paXeHHusI B CKOOKax.

nepeuuHoe-evipalcerue:
udenmugpuxamop
KOHCmanma
cmpoka
(8bipadicenue)

WUneHTrduKkaTop, ecim OH ObUI TOJKHBIM 00pa3oM oObsIBIIEeH (0 TOM, Kak
9TO AeNIaeTCsl, pedb MOWAET HUXKE), - TEpBUYHOE BhIpaxXeHue. Tun uaeHTudu-
KaTopa creuuuImpyercs B ero oobsaBieHun. MneHtudukatop ectsb lvalue,
ec/ii OH o0o3HauaeT 00beKT (AS) apupMeTHYEeCKOro TUIIa JIM0O OOBEKT THUIIA
"cTpykTypa", "o0bemmHeHMe" MM "yKa3aTelb'.

KoHcTaHTa - mepBUYHOE BhipaxkeHue. Ee TWIT 3aBUCUT OT (DOPMBI 3aITiCH,
KoTopast Obl1a paccMoTpeHa B A2.5.

CTpOKOBBIM JTUTEpal - MepBUYHOE BbIpakeHue. KM3HavalbHO €ro TUN -
"MaccuB 13 chae” ("MaccuB n3 wchar_t” mig cTpOKM CMMBOJIOB pacIInPEHHOTO
Habopa), HO B COOTBETCTBHMM C IIPABUJIOM, NTPUBEICHHBIM B A7.1, yKa3aHHBIN
TUI OOLIYHO MpeBpaliaercsa B "ykaszartesab Ha cha 2" ("ykasarenb Ha wchar_t”)
C pe3yJbTUPYIOIINM 3HaYeHEM "yKa3aTesb Ha MepBBIii CUMBOJI CTpoku". [lJ1st
HEKOTOPBIX MHUIIMAIMN3AaTOPOB TakKasl 3aMeHa Tumna He nenaercs. (Cum. AS8.7.)

BrIpaxkeHue B CKOOKax - MepBUYHOE BBIpaXkKeHUe, TUM U 3HaYeHUEe KOTOPO-
IO UAECHTUYHBI TUITY U 3HAYEHUIO 3TOTO Xe BhIpakeHUs 6e3 ckobok. Hanmuue
WK OTCYTCTBHE CKOOOK He BIIUSIET Ha TO, SBJSIETCS JIM JaHHOE BBIpaXKeHHUE
Ivalue uau Her.

A 7.3. NocTdukcHbie BbipaeHns
B l'[OCT(bI/IKCHLIX BBIPpAXKECHUAX OII€PATOPhI BIMMOJIHAIOTCA CJIEBA HAIIPpaBO.

NOCMQUKCHOE-B8bIPaNCEHUE:
nepeu1Hoe-8bipadiceHue
nocmghuxcrHoe-evipascerue | evipasicenue |
nocm@uicroe- gvipaxcenue ( CRUCOK-APZYMEHMOE-EbIPadtCenul, , . )
nocmepuxcHoe-8vipaxXcenue . udeHmuguxkamop
nocmghuxcHoe-evipadxcenue ~> udeHmuguxamop
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nocmeuxcHoe-evipasicerue ++
nocmeuxcHoe-evipaiceHue —

CRUCOK -apeyMeHMO08-8bIPaANCEHUIL:
8bIPANICEHUE-NPUCBAUBAHUE
CRUCOK-APeyMEeHMO8-BbIPANCEHULL , BbIPANCEHUE-NPUCCBAUBAHUE

A7.3.1. O6paLleHne K anieMeHTamM MaccuBea

IMoctdukcHoe BrIpaxkeHNe, 32 KOTOPBIM CJIeIyeT BhIpaXXeHNe B KBalpaTHBIX
CKOOKax, ecTh TOCT(HOUKCHOE BhIpaxkeHUEe, 0003HavaoIee oopalieHne K MHIeK -
cupyemomy MaccuBy. OITHO M3 3TUX IBYX BBIpaXXeHU M JOJDKHO TTPUHAMLIEXATh
tuny "ykasartenab Ha 17, tae I'- HEKOTOPBIA TUII, a APYroe - LEJOYUCICHHOMY
TUIY; TUII pe3yiabTaTa nHAcKcupoBaHus ecTh 1. Bripaxxenue E1 [ E2] mo ompe-
IeJIEHUIO UAEHTUYHO BhIpaxkeHuio *( (E1)+(E2)). IMogpobHocT! cM. B A8.6.2.

A7.3.2. Bbi3oB dpyHKLMN

BbI130B OyHKIIMY ecTh MOCT(GUKCHOE BhIpaXKeHUe (OHO Ha3bIBaeTCsl MMEHY-
IOUIUM BbIpaxkeHueM (YHKUMU - function designator), 3a KOTOPBIM CIEAYIOT
CKOOKM, copepKaliue (BO3MOXHO IyCTOM) CIHMCOK pa3leIeHHBIX 3amsThIMU
BEIpaXkeHUM-TipucBanBaHuil (A7.17), mpencTaBISIIOIIMX COOO apryMeHTHI
atoil dyHkuuu. Ecim moctdukcHoe BEIpaxkeHNe - MASHTUDUKATOP, HE OOBSIB-
JICHHBIN B TEKyIIel 00JacT BUAMMOCTH, TO CUYUTACTCS, YTO 3TOT UACHTUDU-
KaTop Kak Obl HESIBHO OINMUCAH OOBSIBICHUEM

extern int udenmugpuxamop ();

MOMEILEHHBIM B CAMOM BHYTpeHHeM OJIOKe, COAepXalleM BbI30B COOTBETCTBY-
omeit pyHknuu. IloctrdpukcHoe BoIpaxeHue (IIocje, BO3MOXHO HESIBHOTO,
OIMCaHMS U reHepanuy yKasarens, cM. A7.1) 10JXHO UMeThb TUIT "yKa3aTellb
Ha QYHKUMIO, Bo3Bpauiamlnyo 1, rae T — THUIT BO3BpaIlaeMOro 3HAYEHUS.

B mepBoii BepcuM SI3bIKa U UMEHYIOIIETO BBIpaXKeHMsT QYHKIIMHM JOMyCKaCs
TOJIBKO THIH "(GYHKIMS"', X 9TOOBI BBI3BaTh (PYHKIMIO Yepe3 yKa3arellb, Tpedo-
BaJICS IBHBIN omepatop *. ANSI-cTaHmapT TOOLIPSIET MPaKTUKY HEKOTOPHIX CY-
IIECTBYIOLUINX KOMITUISITOPOB, Pa3PeNIalomuX UMeTh OMMHAKOBBIM CMHTAKCHC IS
obpaleHus MpocTo K QYHKIMHY U oOpalleHNs K QYHKINM, CIelIpUIMpPOBaH-
HOM yKa3aTeneM. B03MOXHOCTb MPUMEHEHMS CTaporo CHMHTAKCHUCa OCTaeTCs.

TepMUH apeymenm UCIIOJNB3YETCS IJIST BRIpAaXKeHUs, 3a]aBacMOTO B BBI30BE
GYHKIUW; TEPMUH napamemp - sl 0003HAYCHUS TTOJYyIaeMOTo el0 00beKTa
(unm ero ugeHTUGUKATOpPA) B OIIpeacIeHUN I O0bIBICHUN PyHKIIHU. Bme-
CTO 3TUX MOHSTUI MHOTIA BCTPEUAIOTCS TEPMUHBI "(aKTUIECKUIT apTyMEHT
(mapametp)" u "dopManbHbIi apryMeHT (napameTp)”, UMeoI1e Te XKe CMbIC-
JIOBBIEPA3IUIMS.
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[Tpu BbI3OBE DYHKIIMU KaXIbIli ee apryMeHT KOIMMpYeTcs; Tepeaada apry-
MEHTOB OCYILIECTBISIETCS CTPOTO Yepe3 ux 3HaueHuss. OyHKImU pazpeniaeTcs
U3MEHSTh 3HAaUYEHUS CBOMX IMapaMeTPOB, KOTOPHIE SIBJISIIOTCS JIMIITb KOTTUSIMU
apryMEHTOB-BbIpaXEHWI, HO 3T U3MEHEHUS HEe MOTYT MOBJIMUATH Ha 3HaYe-
HMS caMUX apryMeHToB. OHAKO MOXHO TepeaaTh yKa3aTeb, YTOObI TO3BO-
JUTh GYHKIMU U3MEHUTHh 3HAUeHUE OO0BEKTa, Ha KOTOPBIM yKa3hIBaeT 3TOT
yKazartesb.

WmeroTcs nBa crioco6a o0bsBIeHUS GYHKIIMU. B HOBOM crmocobe TUTTHI a-
paMeTpOB 3a1al0TCS IBHO U SIBJISIIOTCS YacThIo TUTIa DYHKIIMU; TAKOE OOBSIB-
JIeHWe Ha3bIBaeTcsl MpoToTUInoM GyHkuuu. [1pu crapom crmocobe TUTIHI Ta-
paMeTpoB He yKa3bIiBatoTcsl. CriocoObl 00bsSIBICHUS PYHKIIMN 00CYXKIAIOTCS
B A8.6.3 u A10.1.

Ecyii BbI30B HAXOAUTCS B 00JIACTU BUAUMOCTU OOBSIBJIEHUSI, HATMCAHHOTO
MO-CTapoMy, KaxK/IbIli ero apryMeHT ITOABEepraeTcsl OTiepallvy OBBIIIICHUS TUTIA:
JUTSL LIEJIOUYMCIIEHHBIX apTYMEHTOB OCYIIECTBIISIETCS 11eI0YMCICHHOE TTOBBIIIIe-
Hue (A6.1), a st apryMmeHToB tuma float - mpeobpasoBanue B double. Eciu
YUCJI0 apTYMEHTOB HE COOTBETCTBYET KOJMYECTBY MapaMeTpOB B OIpeneie-
HUU (GYHKIIUY WU €CITU TUTTBI apTYMEHTOB TTOC/IE MIOBBIIIEHUS HE COTIacyloT-
cs C TUMAMU COOTBETCTBYIOIIMX MapaMeTPOB, pe3yJbTaT BbI30Ba HE OTpee-
seH. Kpurepuit coriacoBaHHOCTH TUIIOB 3aBHCUT OT CIloco0a OmpeneaeHus
¢y (craporo uiau HoBoro). I1pu cTapom criocobe CpaBHUBAIOTCS TTOBBI-
IIICHHBIM TUIT apTyMEHTa B BBI30BE M MOBBIIIEHHBIN TUIT COOTBETCTBYIOIIETO
napameTpa; Ipyu HOBOM CITOCOOE MOBBIIIEHHBIN TUIT apryMeHTa U TUT mapa-
MeTpa (6e3 ero MOBBIIIEHUS ) JOJKHBI OBITh ONNMHAKOBBIMH.

Eciiu BbI30B HAaXOAUTCS B 00J1aCTU BUJMMOCTU OOBSIBICHUS, HATMCAHHOTO
MO-HOBOMY, apTyMEHTHI MpeoOpasyroTcs, Kak eciyu Obl OHU IPUCBAMBAINCH
MepeMEHHBIM, UMEIOIIMM TUIIBI COOTBETCTBYIOIIMX MTapaMeTPOB MPOTOTHUIIA.
Yuciio apryMeHTOB TOJXKHO COBIAAaTh C YMCIOM SIBHO OMMCAHHBIX ITapaMeT-
POB, €CJIV TOJIBKO CITMCOK ITapaMeTPOB HE 3aKaHYMBAETCSI MHOTOTOUMEM (, . . . ).
B IpoTMBHOM CiIydae 4MCiIO apTyMEHTOB JOJXKHO OBITh OOJBIIE YKCIa TTapa-
METPOB UJIX PAaBHO eMY; "CKpbIBaIOIIMECs " IO MHOTOTOYMEM apIyYMEHTHI MO -
BEpraroTCs OTiepallvy MOBBIIIIEHUS TUTIA (TaK, KaK 3TO ObLIO OTIMCAHO B IIPEIbI-
nyiieMm absatie). Eciu onpeneneHre GyHKIIMU 3aAaHO MO-CTapOMY, TO THUIIBI
napamMeTpoB B IIPOTOTHUIIE, KOTOPbIE HESIBHO MPUCYTCTBYIOT B BBI30BE, TOJIXK-
HBI COOTBETCTBOBATh TUIIAM ITapaMETPOB B OINpeeeHUM (YHKIIUM MTOCTIE UX
MOBBIIIICHUS.

DTH MpaBuUia 0COOEHHO YCIOXHUIMCH U3-3a TOTO, YTO OHU TTPU3BAHBI OOCTYXU-
BaTh CMELIAHHBIN CITOCO6 (CTaporo ¢ HOBBIM) 3agaHust GyHKLU. [1o BO3MOX-
HOCTH €ro cliefiyeT u3beratb.

OuepeTHOCTb BEIUMCICHUSI apTYMEHTOB HE OIPEEIISIeTCs, B pa3HbIX KOMITH -
JIITOpax oHa pazinyHa. OmHAKO rapaHTUPYETCs, YTO apIyMEHThbI U MMEHYoIIee

9 3ak. 1116
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BbIpaxkeHue (YHKIIMU BbIYMCISIOTCS MMOJHOCTBIO (BKJIIOYasl U MTOOOYHBIE (-
texTr1) 1o Bxoza B Hee. JItobast GyHKIIMS 1OMYCKaeT peKypCHBHOE OOpallieHHe.

A7.3.3. ObpaLlleHne KCTPyKTypam

IMocrdukcHoe BbipaskeHMe, 3a KOTOPBIM CTOUT TOYKA C IMOCIEAYIOLIUM
WAEHTU(UKATOPOM, IBJISIETCS MOCT(GUKCHBIM BhipaxkeHneM. BoipaxkeHue mep-
BOTI'O OIlepaHaa JOJKHO OBITh CTPYKTYPOM WM O0ObEeAMHEHUEM, a UICHTU(DU-
KaTop - UMEHEM dJieMeHTa CTPYKTYPbl WU O00beAMHEeHUsI. 3HaUeHUe - UMe-
HOBAHHBI JIEMEHT CTPYKTYPhI WJIM O0ObeNMHEHUsI, @ TUTI 3HAUeHUSI - TUTI dJie-
MEHTa CTPYKTYPhI WM 00bearHeHUs1. BeipaxkeHue siBisieTcs lvalue, eciu mep-
BOE BbIpaxkeHue - lvalue u ecliu TUI BTOPOrO BhIpaxKeHUS - He "MaccuB'.

IToctdukcHOe BbIpaXkeHNre, 3a KOTOPbIM CTOUT CTpejiKa (CoCTaBJIeHHas U3
3HAKOB - U >) C MNOCAEAYIOIIUM UASHTU(PUKATOPOM, SIBJISIETCS TTOCT(PUKCHBIM
BbIpaxkeHHeM. BpIpaxkeHue NepBoOro omnepaHaa JOJXKHO ObITh yKazaTeleM Ha
CTPYKTypy (0oObenuHeHue), a UASHTU(PUKATOP - UMEHEM 2JIEMEHTa CTPYKTY-
pbl (0ObemuHeHus ). Pe3ynbTaT - MMEHOBAHHBIM 2JIEMEHT CTPYKTYphl (00be-
IUHEHUs ), Ha KOTOPYIO YKa3bIBaeT yKa3aTeb, a TUIl 3HAUeHUST — TUTI 2JIEMEH-
Ta CTPYKTYphbl (0ObeIMHEHMSs); pe3yiabTaT - lvalue, ecid TUII HE €CThb "'Mac-
cuB".

Takum oGpazoMm, BeipaxkeHue E1->MOS o3HayaeT TO Xe camoe, YTO 1 BhIpa-
xeHue (*E1).MOS. CTpykTypbl U 00beAMHEHUSI paccMaTpuBaloTCsl B A8.3.

B mepBoM M3MaHUM KHUTHU yXe ObLIO MPUBEAEHO MPABUIIO, IO KOTOPOMY MM
9JIEeMEHTa JOJIKHO MPUHAAIEKATh CTPYKTYPE WM 00BbEANHEHUIO, YITOMSHYTOMY
B MOCT(GUKCHOM BbIpaxkeHUU. TaM, 0IHaKO, OTOBApMBAJIOCh, YTO OHO HE SIBJISIET-
csi ctporo obsizarenbHbIM. [locnenHue kommuisiTopsl 1 ANSI genaioT ero oosi-
3aTeJIbHbIM.

A7.3.4. MNocTduKCHbIE ONepaTopbl HKPEMEHTA U AEKPEMEHTA

IToctdukcHoe BeipaxkeHre, 32 KOTOPBIM clienyeT ++ Ui --, eCTb OCTPUK-
CHOE BbIpaxkeHHe. 3HaUeHUEeM TaKOTO BhIpakeHU S SIBJISIETCS 3HAYSHUE ero Orle-
paHga. ITocie Toro Kak 3HaueHue OBLIO B3SITO, OIlepaHn yBeaunuuBaeTcs (++)
nau yMeHnbmaercd (--) Ha 1. Onepang noykeH ObITh lvalue; nHGopMmanusa o6
OrpaHUYEHUsIX, HAKJIabIBAEMbIX Ha OTIepaH/I, U NEeTaJISIX OTepalnii ConepKUTCS
B A7.7, tne obcyXmaroTcs alauTUBHbIE orepatopbl, 1 B A7.17, rie paccmarpu-
BaeTcs MpucBanBaHue. Pe3yipTar MHKDEMEHTHPOBAHUSA WU IeKPEMeHTHPO-
BaHUs He ecTb lvalue.

A 7.4. YHapHble onepaTtopbl
BripaxkeHust c yHapHBIMU OIlepaTopaMy BBIIOJHSIOTCS CIIpaBa HaJIeBo.

YHAPHOE-BbIPAKCEHUE:
nocm@uxcHoe-avipaxcenue
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++ yHaproe-sovipadcerue

— YHapHoe-BbIpadsceHue

YHAPHBIU-0Nepamop Bulpaxcerue-npuse0eHHoe-K-muny
sizeof yraproe-evipadicenue

sizeof ( umsa-muna )

VHAPHbLI-0nepamop: ONUH U3
& * o+ ~

A7.4.1.TlpeduKCHbIE ONepaTopbl UHKPEMEHTa U AeKpeMeHTa

YHapHoe BeIpaxkeHNe, Iepes] KOTOPBIM CTOUT ++ WU ——, €CTh YHapHOE BBI-
paxenwne. Omnepan yBeauunBaeTcs (++) wim ymeHbinaercs (--) Ha 1.

3HavyeHWeM BBIpaXKCHUS SIBJISIETCS 3HAYEHHUE ero OllepaH/a Mocie yBeaude-
Hus1 (yMeHblleHus ). OnepaH Bceraa NoJKeH ObITh Ivalue; nHdopmanus o6 orpa-
HUYEHMSIX Ha OTIepPaH/ 1 O AeTajsIX onepaluuu coaepxxurcs B A7.7, tae oocyx-
JAI0TCsT alIMTUBHBIE orepaTopbl, U B A7.17, rae paccMaTpuBaeTcsl MpUcBan-
BaHMe. Pe3ybraT MHKpeMEHTUPOBAaHMS U AcKPEMEHTUPOBAaHUS He ecTh lvalue.

A7.4.2. Onepartop nony4yeHusi agpeca

YHapHbI# oniepaTtop & 0003HaYaeT OTIePAITUIO ITOTYICHUS ampeca CBOETO orle-
paHna. OrniepaHz 10JKeH ObITh MO0 lvalue, He cchllaloIIMMCs HA Ha OUTOBOE
ojie, HU Ha 0OBEKT, OOBSIBICHHBIN KakK register, 1100 UMeTh TUIT "QyHKIUA".
Pesynbrar - ykazarenb Ha 00beKT (MM (PYHKIIMIO), agpecyeMblii 3TuM lvalue.
Ecmu tutt onepadna ectb 7, TO TUTIOM pe3yiibTaTa siBjIsieTcs "yKasareab Ha 7

A7.4.3. Onepartop KOCBEHHOIO AOCTYMNa

YHapHbI# oniepaTop * 0003HaYaeT OIepaImio KOCBEHHOTO TOCTYTIa (pacKphl-
THSI yKa3aTesisl), BO3Bpalllalollyo 00beKT (Man (yHKIIMIO), Ha KOTOPHI yKa-
3BIBaCT ee orepaHn. PesynbraT ecth Ivalue, ecii oniepaHn - yKkasaTesb Ha 00b-
eKT apr(MeTUIECKOTO TUITA MJIK Ha OOBEKT TUITA "CTPpYKTypa", "o0beAnHeHIE"
uian "ykaszarenp". Eciiu Tun BelpaxeHus - "ykaszaTesib Ha I, TO TUII pe3yJibTa-
Ta-T.

A7.4.4. Onepatop yHapHbIM Noc

OnepaHja yHapHOTo + J0JKEH UMETh apu(PMeTUUECKU TUM, pe3yabTaT -
3HayeHue onepanaa. LlesouncneHHbIN onepan I MOABE PraeTCs LIEJIOYMCIEHHO-
MY MOBBILIEHU 0. TUMOM pe3ysibTaTa IBJASIETCS MOBBIILIEHHbIM TUIT OTIEPaHA.

VHapubiit + Obul 1006aBJIEH 1J1s1 CHAMMETPUM C YHAPHBIM -.

A7.4.5.0nepatop yHapHbIA MUHYC

OnepaHn Uil YHAPHOTO - OJKEH UMETh apuMeTUUYEeCKUU TUTL, pe3YJib-
TaT - 3HauYeHUE ONepaHa c MPOTUBOMOJIOXHBIM 3HaKoM. LlenounciaeHHbI
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oInepaHI ITOIBEPraeTcsI eJOYMCICHHOMY MOBBIIeHN0. OTpHUIIaTeIbHOE 3HAYE-
HHE OT 6E33HAKOBOM BENTMINHBI BHIUMCIAETCS BEIYUTaHUEM 13 nmax+1 npu-
BEJCHHOTO K ITOBBIIIICHHOMY THITY OIlepaHia, TAe MTax - MaKCUMaJIbHOE YHC-
JIO TIOBBIIIEHHOTO THIIA; OJHAKO MUHYC HYJIb €CTh HYyJb. TUIIOM pe3yibTaTa
OymeT MOBBIIIEHHBIN TUIT OTIepaHa.

A7.4.6. Onepatop NoOUTOBOro OTPULIAHNS

OrepaH orepaTopa ~ HOJDKEH MMETh IIeJTOYMCICHHBIA TUII, pe3yJbTaT -
JOTIOJTHEHHE OTIepaH/ia 1o eAMHUII ITO BCeM pa3psiiaM. BBITTOHSIETCS 1IeJTourC-
JICHHOE TTOBBIIIICHYE THTIa oTtepaHaa. Eciu orepaH 6e33HAKOBBIN, TO pe3yJIbTaT
MTOJTy9aeTCs BBIYUTAHMEM €T0 3HAYCHUsI M3 CaMOro OOJIBIIIONO YKCiIa TOBBIIICH-
Horo Tuna. Eciiu onepaHn 3HAKOBBIN, TO PE3Y/IbTAaT BBIYUCIISICTCS TTOCPEACTBOM
MPUBEICHUS "TIOBBIIIEHHOTO OnepaHaa” K 6€33HaKOBOMY THITY, BBITTOJTHEHMUST
oIepalliy ~ U 00paTHOTO MIPUBEICHUS €ro K 3HAKOBOMY THUITy. THIT pe3ysibTa-
Ta - MOBBIIICHHBIX TUIT OIepaH/a.

A 7.4.7. Oneparop IOrM4eckoro oTpPULAHNS

OmepaHn oreparopa ! TOJKeH UMETh apudMeTHISCKHI TUIT YWIH OBbITh yKa-
3aresieM. Pesyibrar paBeH 1, eciu cpaBHeHue onepanna ¢ 0 1aeT UCTHUHY, U pa-
BeH 0 B IpOTUBHOM ciiydae. Twm pe3yibraTta - int.

A7.4.8. OnepaTop onpeneneHns pa3amepa sizeof

Omnepatop sizeof maer yucio 6GaiiToB, Tpebyemoe IJisi XpaHEHUS] O0bEKTa
TOTO THUIIA, KOTOPBI UMeeT ero ornepaHa. OnepaHi - Tub0 BbIpaxeHue (KOTo-
poe He BbIYUCIsieTcs ), TM00 UMs TUTIa, 3alTucaHHOoe B ckoOKax. [IprMeHeHHbIi
K char onepartop sizeof maer 1. I MaccuBa pe3yJbTaT paBHSIETCS OOIIEMY
KOJIMYECTBY OATOB B MaccuBe, JJisl CTPYKTYPbl WJIU OOBEAUHEHUS - YUCITY
GaiiToB B 00BEKTE, BKII0YAs U GAIThI-3aMOMHUTENN, KOTOPbIE TOHAA00UINCE
ObI, ecau Obl U3 PJIEMEHTOB COCTaBJIsLIICS MaccuB. Pazmep MaccuBa U3 1 ase-
MEHTOB BCETla paBHSETCS M, TOMHOXEHHOMY Ha pa3Mep OTAEIbHOTO €ro 3Jje-
MeHTa. JlaHHBIi onepaTop HeJib3sl IPUMEHSITh K oniepaHay Tuma "¢dbyHKuus",
K HE3aBEpLIEHHOMY TUIY U K OUTOBOMY ToJt0. Pe3ynbraT - 6€33HaKoBas Lie-
JIOYUCJIEHHAsI KOHCTAHTa; KOHKPETHBIN €€ TUM 3aBUCUT OT peanu3aiuu. B cran-
JIApTHOM 3aroJioBOYHOM (aiiie <stddef.h> (cm. mpunoxenue B) aTorTin onpe-
JleJisieTcsl oA UMEHEM size _t.

A7.5. OnepaTtop npueeaeHUs Tuna

Wwmstuna, 3anucaHHoe nepeayHapHbBIM BBIDA>XK€CHUEM B CKOOKax, BbI3bIBa-
€T IPUBCACHUNEC 3HAYCHMU A 9TOI0O BhIpa’kKCHUA K YKa3aHHOMY TUITY.

BLLPAINCEHUC-NPUBCOCHHOE -K-MUNY:
Y HapHOe-BbLpalceHue
( UMS-MUNQ ) GbPaNCeHUE-NPUBLOEHHOE-K-MuUny
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JlaHHast KOHCTPYKLUSI Ha3bIBaeTCs npusedenuem. VimeHa TunoB gaHbl B A8.8.
Pesyibrar nnpeobpasoBanuii onucad B A6. BeipaxkeHue ¢ IpuBeIeHUEM THUIIA
He sBisietcs lvalue.

A 7.6. MynbTnankaTuBHble onepaTopbl

MyJnbTUILIMKATUBHBIE ONEPaToOphl *, / U % BBIMOJHSIOTCS ClIeBa HAIIPaBo.

MYALMUNIUKAMUBHOE-BbLpANCEHUE:
8vlpasicenue -npueeaeHHoe -K-muny
MYAbINUNAUKAMUBHOE-BbIPANCEHUE N ebtpamceﬂue—npueeaeﬂﬂoe—lc—muny
MYAbINUNAUKAMUBHOE-8bIPANCEHUE / ebtpawceﬂue—npueedeﬂﬂoe—lc—muny
MYILIMUNAUKATMUBHOE -8blpadceHue % 6b1pa9¢ceﬂue—npueedeﬂﬂoe—lc—muny

OrnepaHibl OMIepaToOpoB * U / HOJIXKHBI ObITh apU(PMETUYECKOTO TUIIA, OIe-
paropa % - uenouncieHHoro Tuna. Ham onepaHnamu ocyiiecTBsIIOTCS 00bIY-
Hble apudMeTuyeckue mpeodpa3oBaHusi, KOTOPble MPUBOISIT UX 3HAYEHUS
K TUIly pe3yjbTaTa.

Bunaphblii onepaTop * 0603HaYaeT yMHOXEHHUE.

BuHapHbIii oriepaTop / mojty4aeT 4acTHoe, a % - OCTaTOK OT eJIEHUSI TIepBO-
ro orepaHja Ha BTOPOIA; eclii BTOPOi oniepaH ecThb 0, TO pe3yJbTaT He oIpeie-
JieH. B MpoTUBHOM cilyyae Bceraa BIMOTHSAETCS cooTHoleHue: (a/b)*b + a%b
paBHsieTcs a. Ecnu 00a onepaHna He oTpullaTesbHbIE, TO OCTATOK HE OTpUIa-
TEJbHBIA U MEHbIIE NEJUTENS; B MPOTUBHOM Ciydyae CTaHIApT rapaHTUpyeT
TOJIBKO OJIHO: YTO a0COJIIOTHOE 3HAUEHME OCTaTKa MEHbLIE aOCOMIOTHOIO 3Ha-
YEeHUS AeTUTEeNIs.

A7.7. ABBNTUBHbBbIE ONepaTopbl

ANUMTUBHBIE ONEpPaTOpbl + U - BBHINOJHSIOTCS clieBa HampaBo. Eciu orme-
PaHIIbl UMEIOT apUDMETUYECKU I TUTT, TO OCYILIECTBIISIIOTCS OOBIYHBIE aprdMe-
TUYeCKUe MpeodpasoBaHusl. sl Kaxaoro omnepatopa CyILIECTBYET €lLIe He-
CKOJIbKO JOTOJHUTEIbHBIX COUYETAHUI TUIIOB.

addumuenoe-evipanceHue:
MYTBMUNTIUKATUBHOE -BbIPANCEHUE
a00umueHoe-8bIpaNceHue + MYILMUNIUKAMUBHOE-8bIPaAJICEHUE
a00UMuUBHOE-BVLIPANCEHUE -~ MYABINUNAUKAMUBHOC-BbIPANCCHUE

PesynbTar BeIMOTHEHMS onepaTtopa + €cTb CyMMa ero onepaHaoB. YKasa-
TeJib Ha 00BEKT B MACCUBE MOXKHO CKJIaJIbIBATh C 1IEJI0YMCIeHHBIM 3HAaUEHUEM.
[Tpu 3TOM NocnenHee MpeodpasyeTcsi B aipecCHOE CMEILEHUE TOCPEACTBOM YM-
HOXEHMUSI €r0 Ha pa3Mep 00beKTa, Ha KOTOPHI cchlilaeTcs yKa3aTeab. CymMmma
SIBJISIETCSI yKa3aTeJeM Ha OOBEKT TOTO XKe THMA; TOJIbKO CChUIAETCsI 3TOT yKa3a-
TeJIb HaAPYToi 0OBEKT TOTO XK€ MaCCUBA, OTCTOSILIIMIA OT IEPBOHAYAJIBHOTO CO-
OTBETCTBEHHO BBIUMCIEHHOMY cMellieHuIo. Tak, eciu P - ykazatesb Ha 00BeKT
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B MaccuBe, To P+1 - yKa3aTesib Ha CJeAYIOLIUi 00BEeKT TOro e MaccuBa. Eciu
MOJIyYeHHBI B pe3yJbTaTe CyMMUPOBAHMS YKa3aTelb yKa3blBaeT 32 TPAHUIIbI
MaccuBa, TO, KpOMe Cilyuyasi, KOrja OH yKa3bIBaeT Ha MeCTO, HaxosIeecs: He-
MOCPEACTBEHHO 3a KOHIIOM MacCHUBa, pe3yJbTaT OyAeT HeolpeaeeHHbIM.

Bo3MOXHOCTB U1 yKa3aTes yKa3blBaTh Ha 3IEMEHT, PACcIIOJOXEHHbII cpa3y
3a KOHIIOM MacCMBa, sIBIISIETCSl HOBOK. TeM caMbIM y3aKOHeHa OOIIeNpUHSTas
NPaKTHKa OpraHu3aluy HMKIMYECKOTo nepedopa 3J1eMeHTOB MacCHBa.

Pe3ynbTaT BhIMOJHEHUS omepaTopa - (MUHYC) €CTh pa3HOCTh OINEPaHIOB.
M3 yka3zaTens MOXHO BBIUMTATh 3HAUEHUE JTIO0OTO 11€J10YMCAEHHOTO TUIla
C TEMU XK€ l'lp606pa30BaHl/IﬂMl/l " IIPU TEX XKE YCJIOBUAX, YTO U B CJIIOKCHUU.

Eciun K JABYM yKasaTecJIgAM Ha OOBEKTHI OJHOI0 1 TOI'O K€ TUIla IPUMEHUTD
OIepaToOp BBIYUUTAHUS, TO B PE3YJITATE MTOJYUUTCS LETOUUCIEHHOE 3HAUCHUE
€O 3HAKOM, TMpeAcTaBsIolee co00il pacCTOSIHME MEXIYy 00beKTaMU, Ha KOTO-
pbie YKa3bIBalOT 3TU YKa3aTesIu; yKa3aTesb Ha CIenyonirii o0beKT Ha 1 60Jib-
111 yKa3aTeJisl Ha peablayiuil o0bekT. Tum pesynbraTa 3aBUCUT OT peain3a-
1IMU; B CTAHAAPTHOM 3arojloBOYHOM (aiine <stddef.h> oH onpeaenaeH noa ume-
HeM ptrdiff t. 3HaueHuUe He ompeneeHo, eClId YKa3aTe/IM YKa3bIBaloT Ha 00b-
€KTbl HE OTHOTO U TOTO € MacCHBa; OMHAKO eclii P yKa3biBaeT Ha MOCIeAHUIA
3JIEMEHT MaccuBa, To P+1-P umeeT 3HaueHue, paBHoe 1.

A 7.8. Onepatopbl caBura

Omnepatophl caBura << W >> BBINOJHSIOTCS clieBa HampaBo. st oboux
OIEPATOPOB KaXKIbI ONEPAH TOJKEH UMETh LIEJIOYUCICHHBIM TUIT, U KAXKIbIA
13 HUX ITOABEPracTCAa LHCJI0OUYNCJICHHOMY ITOBBLIIICHUIO. Tun pe3yabTaTa CoBIla-
JIaeT C MOBBILICHHBIM TUIIOM JIEBOTO OIlepaHaa. Pe3ynbTaT He orpenesieH, eciu
l'[paBblfl oIn€paHa OTpUUATCJICH UKW €0 3HAYCHUEC NIPEBLIIIACT YUCIIO OUTOB
B THUIIC JICBOI'O BbIpaXXCHUA UMW paBHO €MY.

cdeuez060e -8bipascenue:
adoumueHoe-evipafcenue
cO8Uz080e-BbIpaNCEHUE >>  A00UMUBHOC-BbIPANCCHUE
c08uz080e-BbIpadNCEHUE << a0OUMUBHOC-BbIPANCCHUE

3HaueHue E1<<E2 paBHO 3HaueHulo E1 (paccmaTpuBaeMoMy Kak lieriouka ou-
TOB), CABUHYTOMY BJieBO Ha E2 OMTOB; Mpu OTCYTCTBUU MEPEIOTHEHUS TaKasl
orepauus S5KBUBaJIEHTHA YMHOXeH MO Ha 2. 3HaueHue E1>>E2 paBHO 3Haye-
Hulo E1, cniBuHyTOMY BlipaBo Ha E2 6utoBeie mo3unuu. Eciu E1 - 6e33HakoBoe
VI MIMeeT HeOTPULIaTeIbHOE 3HaUEHME, TO TIPaBbIii CABUT SKBUBAJICHTEH Jie-
JIeHMI0 Ha 2%, B IPOTMBHOM CJIyYae pe3yJbTaT 3aBUCUT OT Pealu3allii.

A7.9. OnepaTopbl OTHOLUEHUS

OnepaTtopsl OTHOILIEHUS BBITIOJTHSIOTCS CJIeBa HAIPaBO, OJHAKO 3TO CBOM -
CTBO €/IBa JIX MOKET OKa3aThCsI IOJIE3HBIM; COIIACHO IPaMMAaTHKE sI3bIKa BbI-
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paxkeHure a<b<c TpakTyeTcs TaK Xe, Kak (a<b)<c, a pe3ynbTaT BEIYMCICHUS a<b
MOXeT OBITh TOJIBKO 0 mtm 1.

6blpANCEHUC-OMHOWEHUA:
caeuzoeoe-ebtpawceuue
eblpaNCeHUe-OmHoOueruUA < caeuzoeoe-e’btpaolcenue3b1pa:uceﬂue—0mﬂomeﬁwz >
caeuzoeoe-ebtpaolceuue 6blpANCEHUE-OMHOWEHUA <= caeueoeoe—ebtpawceﬂue
BblpANCEHUE-OMHOWEHUA >= caeueoeoe—ebtpawceﬂue

OnepaTopsl: < (MeHbIIIEe), > (6oblIIe), <= (MEHbIIIE U paBHO) 1 >= (OOJIbILIE UIN
paBHO) — Bce BblaatoT 0, eciu crieliuduipyeMoe OTHOLLIEHUE JIOXHO, U 1, ecnu
OHO UCTUHHO. Turm pesynbrara - int. Ham apudmernueckumu onepaHaaMu Bbl-
MOJIHSIIOTCST OOBIYHBIE apupMeTUIecKUe mpeodpa3oBaHus. MOXHO CpaBHUBATh
yKazaTeJu Ha OOBEKThI OMHOTO M TOro Xe Tuma (0e3 yyeta KBaauUKaTOpOB);
pe3yabTar OyleT 3aBUCETh OT OTHOCUTEIBHOIO PAcHOJIOXEeHUsS B maMsTu. [o-
MycKaeTcsl, OJHAKO, CpaBHEHME yKa3aTesiell Ha pa3Hbie YaCTU OJHOIO U TOTO XKe
00BEeKTa: eci IBa YKa3aTellsl yKa3bIBAIOT Ha OUH U TOT e MPOCToii 06BEKT, TO
OHU paBHBbI; ECJIM OHU YKA3bIBAIOT Ha 3JIEMEHThI OJJHOM CTPYKTYPHI, TO YKa3aTesb
Ha 3JIEMEHT C 0oJjiee TTI03IHUM OOBSIBIICHUEM B CTPYKTYpe OOJIbIIIE; €ClId yKa3aTe-
JIM YKa3bIBaIOT HA 3JIEMEHTHI OJHOTO M TOTO e OObeAVMHEHMS, TO OHU PaBHBI;
€CJIM yKa3aTeJd YKa3bIBaloT Ha 3JIEMEHThl HEKOTOPOTO MacCHUBa, TO CPaBHEHUE
9THUX yKa3aTejiell SKBUBAJICHTHO CpaBHEHMIO UX MHAEKCOB. Eciu P yka3sbiBaer
Ha TIOCJICTHUI 3JIEMEHT MaccuBa, To P+1 6orbliie, yeM P, xoTs P+1 yka3biBaer 3a
rpaHUIlbl MaccuBa. B ocTabHBIX Cilydasx pe3yabTaT CpaBHEHUST HE OTNpeIeiCH.

iV TpaBuJia HECKOJIbKO ocaabunmn OTpaHUYEHMUS, YCTAHOBJIEHHbBIE B IIEPBOM pe-
JOaKuuu A3bika. OHY MO3BOJISIOT CpaBHMBATh yKa3aTeJIM Ha pa3JIMYHbIC 3JIEMCH-
TbI CTPYKTYDBI U 00BbeIMHEHUS U JICTAJIM3YIOT CPaBHEHME C YKa3aTCJIEM Ha MEC-
TO, KOTOPOEC paCIIOJI0KEHO HETTOCPEACTBEHHO 3a KOHIIOM MacCCHBa.

A 7.10. OnepaTopbl paBeHCTBa
eblpaxncerHue-paeeHcmea.:
8blpaNdceHUue-0MmHOUEHUA
6blpasNcerHue-paeeHcmea == 6btpa9/ceuue-omuowe1-tuﬂ
eblpasncerHue-paeeHcmea | = 8blPpANCEHUEC-OMHOULEeHUA

Omnepatopbl == (paBHO) 1 | = (He paBHO) aHAJIOTUYHBI OTIEPaTOPaM OTHOIIIE-
HUS C TOU JUIIb pa3HUILIeH, YTO UMeIOT bosee HU3KUi puoputeT. (Takum
obpasom, a<b == c<decTb | TOrga M TOJbKOTOTIA, KOTAaoTHOIIeHUs a<buc<d
nau 00a UICTUHHBI, WX 00a TOXHBI. )

OrnepaTtopbl paBeHCTBA MOAUYMHSIIOTCS TEM XK€ TTpaBUjiaM, 4TO U OTIepaTophbl
oTHouleHusi. Kpome Toro, oHU AalOT BO3MOXHOCTh CPaBHUBATh YKa3aTeslb
C LIeJIOYMCIEHHBIM KOHCTAHTHBIM BbIpaxkeHUEM, 3HaUeHHUE KOTOPOTIo PaBHO
HYJII0, U ¢ yKa3aTejeM Ha void (cm. A6.6.).
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A 7.11. OnepaTtop no6utosoro ¥
H-swvipadicenue:
8bIPAdICEHUe-PABEHCMBA
H-evipanxcenue & swvipadcernue-pasencmea

BeimoHAIOTCST OGBIYHBIE apUdMeTUUecKrue Tpeodpa3oBaHUs; pe3yabTar -
mo6utoBoe M orepanaoB. OnepaTtop MpUMEHSIETCS TOJIBKO K IeJIOUNCIIEHHBIM
orepaHIaM.

A 7.12. Onepatop NodbUTOBOro McksoYatoLLero A/
ucxkmiouarowee-U/IH-evipancenue:
H-eviparncenue :
ucknovaiowee- UJTH-svipaxcenue "~ H-svipaxncenue

BeIOTHSIOTCST 0OBIYHBIE apubMeTUYEeCKUe TpeoOpa3oBaHus; Pe3yabTaT -
noburoBoe uckiovawoinee M/IH onepangoB. OmnepaTop IIPUMEHSIETCSI TOIBKO
K IeJIOUYMCIICHHBIM OTICpaHIaM.

A7.13. Oneparop noburtosoro UJ1N
HIIH-evipaxcenue:
uckaruarowee- UJ1 H-svipasicenue
HIIH-eviparncenue | uckarouarowee- HJTH-svipaicenue

BrITTONTHSAIOTCS OGBIYHBIE apudMeTUIYecKre Mpeodpa3oBaHMs; pe3yabTaT —
nobutosoe HJIH onepannos. Oneparop MpUMEHSETCS TOJIBKO K LEJTOUYNCIEH -
HBIM OTIepaHIaM.

A7.14.0Onepatop norunyeckoro

nozuueckoe-H-evipacenue:
HITH-eviparncenue
nozuueckoe-H-evipascenue && HITH-svipadcenue

OmepaTopsl && BHITIOJIHSIOTCS ciieBa HanmpaBo. Oneparop && BeimaeT 1, ecim
00a omepaHia He paBHBI HYJ0, 1 0 B MPpOTUBHOM ciy4yae. B otnuuue ot &, &&
rapaHTUpPYeT, UTO BBIYUCICHUS OyIyT MPOBOIUTHCS CJIeBa HAMPAaBO: BHIYMC-
JISIeTCsl TIEPBBI OTepaH/I co BCeMH TTOOOYHBIMU 3 deKTaMu; eciu oH paBeH O,
TO 3HaYeHME BbIpaxkeHUs ecTb 0. B mMpoTUBHOM cllydae BEIYUCIISICTCS TTPaBhIii
orepaH, U, ecJii OH paBeH 0, To 3HaUueHMUE BhIpaXXeHUs ecTh 0, B IPOTUBHOM
clydae OHO paBHO 1.

OnepaHabl MOTYT IMTPUHAIJIEXATh K Pa3HBIM TUIIaM, HO IPY 3TOM KaXKIbIi
W3 HUX TOJDKEH MMETh JIMOO apu(dMETUYeCKU TUTI, TUOO OBITh yKa3aTelleM.
Tun pesynprata — int.
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A 7.15. Oneparop norundeckoro UJIN
noeuueckoe-UJIHU-evipaxcenue:
nozuueckoe-H-evipaxcernue
noeuyeckoe- UJTH-evipancenue |\ noeuueckoe-H-evipascenue

[

OrmepaTopsl | BRIOJTHSIOTCS cieBa HampaBo. OmepaTop | | BbImaeT 1, ecim
T10 KpaifHe# Mepe OIMH U3 OTIEPaHIOB He paBeH Hyo, 1 0 B IPOTUBHOM CITyJae.
B otnuuaue ot i, omeparop i rapaHTUPYET, YTO BHIYMCICHUS OyIyT IIPOBO-
IATHCS ClIeBa HAIIPABO: BRIYMCIISICTCS TIEPBHIi OMepaHI, BKIIIoUask BCe IM000T-
Hble 3(pbeKTHI; ec OH He paBeH (), To 3HaYeHMe BeIpaXkeHus ecTh 1. B mpotus-
HOM CJTyJae BBIYMCIISIeTCS IIPaBhIif ONepaH, ¥ €CI OH He paBeH (), To 3HaYCHUe
BBIpaXXeHUs eCTh 1, B IPOTUBHOM cjIydae OHO paBHO 0.

OrnepaHIbl MOTYT IPUHAMJIEKATh PA3HBIM TUIIAM, HO OTIEpaHI OJIKEH NUMETh
b0 apruMeTUIeCKUiA TUTI, TM00 OBITh yKazaTelleM. TWIT pe3ynbrara - int.

A 7.16. YCnoBHbIM oneparop
YCA08HOE - BbIpadICEHUE:
noeuyeckoe -HJIH- evipascenue
noeuyeckoe- UJIH-svipascenue ? @vipadicenue : YCao08HOe-BblpajceHue

Brraucsiercs mepBoe BeIpaXkeHUe, BKIIIOUAs Bce MOOOYHBIE 3G MEKTHI; ecimmn
OHO He paBHO (), TO pe3yabTaT eCTh 3HAUCHNE BTOPOTO BBIPAXKEHUS, B IIPOTHB-
HOM CJIyyae - 3HAYeHHE TPEThErO BBIPAXEHMS. BBIUMCIISETCS TOJIBKO OIMH
U3 IBYX MOCAESIHUX OMEepaHIOB: BTOpolt uiau Tpetuii. Eciu BTopoit u Tpetuit
omnepaHabl apudMeTIIecKre, TO BBITOJHSIIOTCS OOBIYHBIC apu(dMeTHIeCKre
npeoOpa3zoBaHusl, MPUBOASILINE K HEKOTOPOMY O0LIeMY TUITY, KOTOPBIU U Oy-
IIeT TUTIOM pe3yabrata. Ecim oba omepaHma MMeEIOT TUI void, WM SBISIOTCS
CTPYKTYpaMU YIM 00bEANHEHUSIMH OHOTO ¥ TOTO K€ TUTIA, WU ITPEICTaBIISI -
10T CO00¥ yKa3aTe M Ha 00BbEKTHI OMHOTO W TOTO Xe TUTIA, TO Pe3yJbTaT OyaeT
HWMETh TOT XK€ THUII, YTO 1 orlepaHabl. Ecii omnH U3 orepaHIoB MMeeT THI "'yKa-
3aTenn", a IPyroii SABiseTcs KoHctanTol 0, To 0 mpuBOOUTCS K THITY "yKa3a-
TEJTb", 3TOT XXe TUII OyIeT MMeTh U pe3yiabTaT. Ecim onwH orepaH SABISETCS
yKazaTesneM Havoid, a BTOpol - yKa3aTeJieM IPYToro TUIIa, TO ITOCIeTHU M ITpe-
obpa3zyeTcsl B yKazarelsib Ha void, KOTOpBIN 1 OyIeT TUIIOM pe3yjbTaTa.

[1pu cpaBHeHUM TUTIOB yKa3aTeell kBaiudukaTopsl TUNOB (A8.2) 00beK-
TOB, Ha KOTOPBIC YKa3aTeJIN CChIJIAIOTCSI, BO BHUMaHME HE IPUHUMAIOTCS, HO
THIT pe3yJibTaTa HacjenyeT KBaauduKaTopsl 00enX BeTBe YCIOBHOTO BHIpa-
KEHMSI.

A 7.17. BblpaXeHusi npucBauBaHuns

CYH.IGCTBYCT HECKOJIBKO OIIEpaTopoB IIpUCBavMBaHMA, OHU BBIITOJTHAIOTCA
CITpaBa HaJICBO.
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8blpaxcerHue-npuceauearnusl.
ycao6Hoe -8bipadceHue
YHAPHOE-BbLpaAJNceHUe onepamop-npuceau8anusl 8blpalicenHue-npuceauearus

onepamop-npuceauearus. OOJVUH M3
= = [ %= 4= = &= »= & = =

OrnepaTopbl IPUCBaWMBaHUS B Ka4eCTBe JIEBOTO oriepaHaa TpeOyIoT lvalue, mpu-
YeM MOIUMUIIMPYEMOTO; 3TO 3HAYWT, YTO OHO HE MOXET ObITh MAaCCUBOM, WU
MMETh He3aBepIIeHHBIN THTI, WX ObITh byHKIIMeH. THI JIeBOTo orepaHa, Kpo-
Me TOTO, He MOXeT UMeTh KBaIU(HUKATOPa const; U, €CIIU OH SIBJISIETCS CTPYK-
Typoil Wi 06befHEHNEM, B HUX HE JOJKHO OBITh 3JIEMEHTOB WMJIH ITOI3JIE-
MEHTOB (U1l BJIOXEHHBIX CTPYKTYp WIIM OObeIMHEHMI) ¢ KBaiupuKaropamu
const.

Twun BbIpaXXeHUs TPUCBAWBAHUSI COOTBETCTBYET THUITY €r0 JIEBOTO OTlepaH-
Iia, a 3HaYeHWe PaBHO 3HAYCHUIO €ro JIEBOTO OIlepaH/ia MocJie 3aBepIIeHMUsI TP~
CBaWBaHUsI.

B mpocToM TIpUcCBauBaHHWM C OTEPaTOPOM = 3HAYEeHHE BBIPAKECHMS 3aMella-
eT 00BeKT, K KOTopoMy obpaniaeTcst lvalue. Ipy 3TOM JOJKHO BBITTOJHSITHCS
OTHO W3 CJICAYIOIIMX YCJIOBUIA: 00a orepaHIa UMEIOT apuMMeTUISCKUN TUTT
(ecyi TUTTBI OTIEPAHIIOB pa3HbIe, TIPABBI OTNlepaHI MIPUBOINTCS K TUITY JIEBOTO
orepaHaa); 06a onepaHIa eCTbh CTPYKTYPhI WJIM OObeTMHEHUsI OMTHOTO Y TOTO
JXe TUTIA; OJVH OTlepaH] ecTh yKa3aTelb, a IPYroi - ykazaTeslb Ha void; JeBbIi
OIlepaHI - yKa3aTellb, a MPaBblil - KOHCTAHTHOE BhIpaXkeHue co 3HaueHueM 0;
oba orepaHIa - yKaszaTeJM Ha GYHKIIMU WA OOBEKThI, MMEIOIIe OMMHAKOBBII
TUT (32 UCKITIOYeHWEM BO3MOXKHOTO OTCYTCTBUs const vt volatile y mipa-
BOTO OIlepaH/a).

Beipaxenne E1 op = E2akBuBanentHo BeipackeHuio E1 = E1 op (E2) c ogHuM
uckmoyeHueM: E1 BeIYMCIIsieTCs TOJBKO OTMH pas.

A7.18. Onepartop 3angarasa

8bipaiceHue:
8bIPAJICEHUEC-NPUCEAUBAHUS
BLIPAJCEHUE , BbIPANHCEHUE-NPUCBAUCAHUS

JIBa BeIpaxkeHUs1, pa3nesieHHbIE 3aMsITON, BRIYUCISIOTCS CIeBa HalpaBo, U 3Ha-
YeHHe JIEBOTO BhIpaxkeHUsI oTOpackiBaeTcs. TUIT M 3HaYEHUE pe3ysibTaTa Co-
BITAIAIOT C TUTIOM M 3HAYEHUEM TIPaBOTO orepaHaa. BerumcieHue Bcex modou-
HbIX 2¢deKTOB JIEBOro orepaHaa 3aBepllaeTcsl rmepej HadyajioM BbIYUCICHUS
npaBoro onepaHaa. B kKoHTekcTe, B KOTOPOM 3arisitas MMeeT ClielluaibHOE 3Ha -
YeHHe, HallpuMep B CITMCKaxX apryMeHToB QyHKIuit (A7.3.2) Win B crimcKax
nHunuranusatopos (A8.7) (3mech BKa4eCcTBE CUHTAKCUYECKUX €AUHUILL DUTY -
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pUPYIOT BBIpaXE€HMS TIPUCBAMBAHUS), OIEPATOp 3aIsiTask MOXET TIOSBUTHCS
TOJIBKO B TPYNIIMPYIONINX cKoOKax. Hampumep, B

f(a, (t=3, t+2), ¢)

TPU apTyMeHTa, M3 KOTOPBIX BTOPO