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NPEAUCTIOBUE
K PYCCKOMY U3OAHHUIO

UuraTeJqio Npeasaraercss BTOpOe, CYLIECTBEHHO mnepepalOTaHHOe H34a-
Hue KHHUTH, BrepBbie onyGiaukoBanHod B CHIA B 1978 r. Kuaura nanucana
aBTopaMH sisblka CH, M MNpoOLIeJIIHe TOAbl AAIT BCE OCHOBAHMS OTHECTH ee K
NpOrpaMMHUCTCKOH ksaccuke. [lepeBon mepBOro H3JaHHUsi BhillleNl B H3AATeJNb-
ctBe «®uHAHCH M CTaTHCTHKa» B 1985 r. W cranm TOH KHHIOH, KOTOpYIO
MHOTHE IpPOrpaMMHCTBl XOTeJH Obl MMETb KaK HACTOJBHYIO.

HoBoe u3gaHHe, COXpaHHB OOILYI0O CTPYKTYPY KHHTH H CTHIb H3J0XKe-
HHUS, OTpaXaeT TOT NyTb, KOTOPbIH Npoues B CBOeM pa3BHTHH s3bik CH, mO-
ayumBwuit B 1983 r. craTyc amepHKaHCKOrO HAauUMOHA/JbHOrO cTaHaapra. B
CTAHNAPTH30BAHHOH BepCHH s3blK eile Gosee OTWAHGBOBAH, H30aBJEH OT
GO/MLIIHHCTBA BbI3bIBABLIMX KPHTHKY YepT H J[OMOJHEH pSAAOM IOJIe3HBIX BO3-
moxHocTeit. HuTepec K si3blKy CH BnoJiHe MOHsiTeH. SI3plK 3aHHMaeT enBa JiM
He mNe€pBOe MECTO MO paCHPOCTPAHEHHOCTH CpelH HHCTPYMEHTaJNbHBIX CPeACTB
CHCTEMHOro mnporpaMMHpoBaHusi BO BceM Mupe. Ilpuuem OGJaaromapst MOTOKY
NepCOHaNbHBIX KOMMBIOTEPOB, XJABIHYBLUEMY K HaM H3-3a pyGexa, OH IOBCe-
MECTHO HCIOJIb3yeTCsi W B Hallel CTpaHe. ‘

MOXHO emle MHOrO TOBOPDHTbh O NOCTOHHCTBAX KHHICH, €€ aBTOpOB, f3bi-
ka CH M ero HOBOIl BepCHH, HO B 3TOM HET HEOGXOAHMMOCTH, MOCKOJIbKY BCe
KHUTH 1o sa3blky Cu W Ge3 Toro siBasiiorcsi Gectcessepamu. Cnpoc Ha HHX
MHOTOKpPAaTHO npeBbiluaet npemioxenue. [lostomy nepeiigem K uU3BEYHOH mnpob-
JieMe [epeBOJYHKOB — NpobjeMe TEPMHHOJOIHH.

B nepeBosax mnepBOro H HACTOSILIErO M3AaHHsl €CTb 3aMeTHble TEepMHHO-
JIOTHMYECKHE pacxOXaeHusi. Bo-mepBblX, TEPMHHOJNOTHSI HE CTOHT Ha MeECTe,
BO-BTOPbIX, NEPEBOALI BHIIONHSJIHCh PAa3HBIMH M€PeBOAYMKAMH M, CTal0 OblTb,
He MOIJa He NpOsIBUTbCA pasHHLA BO BKyCax.

[epeyncsinM OCHOBHBIE TePMHHBI, MO KOTOPbHIM HMEIOTCH PACXOXAEHHS.

B opurunase B nepeBoge B nepeBone
nepBoro H3JaHHs BTOPOrO H3IaHHS
character CHMBOJI auTtepa
structure 3anuch CTPYKTYpa
member 3JIEMEHT YJIeH
union CMecCh of6bearHeHHe
pipe KaHaJg Tpy6OnpoBoA
line CTpOYKa, CTpPOKa CTpoKa
string CTpOKa CTPHHT
statement oneparop HHCTPYKLHA
operator onepauust onepartop
operation onepauus onepauus
declaration OnucaHue JeKnapanus

tag THN 3anuCH ‘rer



6 Ilpeducaosue k pyccxomy usdanuio

HoBauuu, kak serko 3ameTuTh, B YaCTHOCTH, COCTOAT B CJEIYIOLIEM.
Beenen Ttepmun cTpune, uTOGBl MOXHO OBIIO Pa3HBIM AHIVIHHCKHM TEpPMHHAM
line w string mnOCTaBHTb B COOTBETCTBHE pa3Hble DPYCCKHE TePMHHH. Tep-
MHH statemen! Be3fe NEPEBOAHTCA KaK UMCTPYKyus C TeM, UTOGH OCBOGO-
OHTb Oneparop AAsi ynoTpeGJeHHs B TPAaZHUHOHHOM CMBLICJIE — Kak 3HaK ofe-
pauuu.

M3 Ttoro 4to He BOULIO B TaGAHLY OTMETHM TEPMHHBI UNKDEMENTAUUR W
OexpemenTayus, TNONYYeHHbIE <«KAJbKHPOBAHWEM» AaHTJIHICKMX incrementation
H decrementation cooTsercTBeHHO. MbI OTBaXHJHCH BBECTH 3TH TEPMHHBI,
MOCKOJbLKY yGeXAeHbl, 4YTO BCE, 4YTO IUHPOKO YMOTPEGMASIETCS B XKH3HH, PAaHO
HJIH 1034HO OyneT NpH3HAHO B KaueCTBE TEPMHHA, XOTS B TeYeHHE KaKOro-
TO BPEMEHH M KBaJIHQUUHDYeTCs Kak xxaproH. Ham kaxercs, uyTO uyem cKopee .
MepecTaHyT CYHTATbCS JKAPrOHOM «TETH», «CKHILI», «NAlNbBl», «XEUIHPOBa-
HHSI», «CTPHHTH» H T.M., TeMm Jyulle. BcmomuuTe, Kako#l ropsudit nportecTt
B CBOE BpeMs BbI3bIBalH [NUCIJIEH MM ¢ain, M noaymaiite, Kak HacTpapaer-
€A TOT, KTO MNONbLITaeTCA OGOMTHCH 6Ge3 3THX CJOB CeroiHsi. TeHAEHIHH MH-
pOBOM HHTErPALHKM M KOHBEPreHUHH OYEBHAHbLI H HEOJONHMBI, H MBI HE CKpbi-
BaeM CBOero >eJaHus COJNHXKATb PYCCKHE M aHIVIHHCKHE TEpPMHHBI.

Hakoneu, nocnennee sameuanue. B opurusane ynorpe6aserca TepMHH
white space character, coGupaTesbHblli AJs JHTep npoGeia, TaGySLHH,
HOBOH CTPOKH, HOBO# CTpaHHUB H T.I. HaMm He XBaTHIO CMeJOCTH (MOXeT
ObiTb, HAnpacHO) BBECTH «Geblii HHTEpBaA» HJAM 4YTO-HHOYIb nOAOGHOE, H
MBI OCTRHOBHJIHCb HA npobeasHol aurepe.

B 3akmiouenue - xouercs BwipasuTh GaaromapHocTs A.B. Xoayaesy, 3a
HEOLIEHUMYIO MOMOLLb, OKa3aHHYI0 HM B OBJIAJ€HHH TEXHHYECKHMH M MpOrpam-
MHBIMH CpPeACTBAMH, KOTOphie ObIJIH HCMNOJNb30BaHbI MpPH INOATOTOBKE HA KOM-
NblIOTEpE OPHIHHAN-MaKeTa KHHTH.

Bc. C. Ultapkman



NPEAUCTIOBUE

C momeHTta nybaukauuu B 1978 r. kHUrH «$3bnik nporpamMmupoBanusi CH»
B MHPE KOMIMbIOTEPOB NPOH3OLIIA DPeBOJIOUHSA. DojbluHe MaWMHBI CTanu elle
6oJibile, a BO3MOXHOCTH NepcOHanbHbBIX IBM Tenepb CONoCTaBHMBI C BO3MOX-
HOCTSIMH OGOJBILIHX MAlUHH [EeCSATHIeTHe# MAaBHOCTH. SI3bik CH 3a 3TO Bpems
TAaKXe H3MEHHJ/ICSl, XOTS H He OYeHb CHJIbHO; UTO e KacaeTca c¢epnl NpH-
meHenuss CH, TO OHa J[ajeko BHIIJIA 33 PaMKH €rc HayajbHOrO HA3HAYEHHS
KaK HHCTPYMEHTAJbHOTO s3bika onepaunnonHoit cucrems: UNIX

Poct nonyaspuoctd CH, HakanJMBaioOllHecs C TOJaMH H3MEHEeHHs, CO3-
JaHHEe KOMIHJSITOPOB KOJIIEKTHBAaMHM pa3pabOTUMKOB, paHee He MNPHYACTHBIX K
NPOEKTHPOBAHHIO SI3bIKA, — BCE 3TO MOCAYXHJIO CTHMYJOM K GOjec TOYHOMY H
OTBEYAIolleMY BPEMEHH ONpeNeseHHIO s13blKa N0 CPABHEHHIO C MepBLIM H3JAaHHEM
KkHHrH. B 1983 r. AmepHKaHCKHM HHCTHTYTOM HAalHOHAJIbHBHIX CTaHAAPTOB
(American National Standards Institute — ANSI) yupexnaerca xkommurer,
nepes KOTOPHIM CTaBHTCH HeJAb BbIpaboOTaTb «OJHO3HA4YHOE H MAIUHHHO-He3a-
BHCHMOE onpesnesieHne sispika CH», NOJHOCTHIO COXPAHUB MNPH 3TOM €ro CTH-
JUCTHKY. Pesynbratom pa6oThl 3TOr0o KOMHTeTa ¥ sABuJcs cranaapt ANSI
Aaspika Cu.

CranpapT ¢opManH3yeT CpeACTBa $3blKa, KOTOpbIE B [EPBOM H3LAHUH
6blIH  TOJBKO HaMeYeHbl, HO He OIHCaHbl, KakK, HalpuMep, TpPHCBAUBAHHE
CTPYKTypaM H TMepeYHCJIHMbI# THI; BBOAHT HOBBIH BHA ONHCAaHHA GYHKUHH,
KOTODHIH NO3BOJISieT MNPOBOJKHTb IOBCEMECTHYIO IPOBEPKY COIJIAaCOBAHHOCTH
BBI30BOB (PYHKUHH C €€ ONpelesieHHeM; CNeUHPHUHPYET CTaHAApTHYK OHOJIHO-
TeKy C LIHPOKHM Hab6opoM ¢(YHKUHH BBOAZA-BHIBOAA, YNpaBJieHHs NaMSITbiO, Ma-
"HHNYJASIUMA CO CTPHHramu (LENOYKAMH JIMTEpP) H APYrHMH (YHKUHSMH, yTOY-
HJ€T CEeMaHTHKY, KOTOpas B [MepBOHAUAJLHOM OMNpeleseHHH Oblja HEesSCHOH, H
SIBHO. OYEPYHBAET TO, YTO OCTAETCS MALIMHHO-3aBUCHMBIM.

- Bropoe usnanne KHHIH «§I3biKk nporpammupoBanusi CH» ONHCHIBAET Bep-
cuio Cn, npuHsiTylo B KauectBe cranpapra ANSI. Mmbl pewnau onucaTh s3bIK
33HOBO, OTMETHB NpPH 3TOM T€ MECTAa, B KOTOPHIX OH IpeTepnes H3MEeHeHHS.
B GonblunMHCTBO pa3fesoB 3TO He [MPHEHECJ]O CYLIECTBEHHBIX H3MEHEeHHH, ca-
Mble 3aMETHbie pa3/H4HA KacaloTCsl HOBO¥ (OpPMBI OMHCAHHS W ONpeaeseHHs
¢yukuun. Creayer OTMETHTb, UYTO COBPEMEHHBIE KOMIHJSTOPH yXe ofecneyn-
JIH NOAAEPXKKY 3HAUHTENbHOH 4aCTH CBOWCTB CTAHAApTa.

Mpl NONBITANHCh COXPAHHTb KPATKOCTb MepBOro u3ganus. Cu — uHebosb-
IWOH fA3bIK, H B KauyeCTBE ONHCAHHS €My MaJ0 NOAXOAHT Oosbuias KHura. B
HOBOM H3JaHHH YJyYLIEHO ONHCaHHe HauboJiee BaXKHBIX CPEACTB, TaKHX, Kak
yKasaTesH, KOTOpbie 3aHHMAalOT LeHTpajbHOe MeCTO B MPOrpaAMMHPOBAHHM Ha
Cu; nopaboTaHbi CTapbleé NpPHMEPb, 4 B HEKOTOpbie I/1aBbl NOGaBJEHH HOBHIE.
Tak, ans ycuieHHs TPAaKTOBKH CJIOXKHBIX [EKJapaluuil B KauecTBe NPHMEPOB
BKJIIOYEHbl MPOrpaMMbl MepeBoAa HeKJAPALHH B HX CJOBECHHIE ONUCAHHS H 06-
patHoro npeo6pasoBaHHusi. Bce mnpuMepbl, TEKCT KOTOPHIX XDaHHTCSi B MallH-
He, MPOTECTHPOBAHbLI CTPOrO B TOM BHAE, KaK OHH MNpPHBEAEHbH B KHHTE.



8 [Ipeducaosue

Ilpunoxenne A — cnpaBOYHOe DYKOBOACTBO, HO OTHIOLb HE JIOKYMEHT
cTanjaaprta. B HeM Mbl MONBITANHCh «NpeAMETH NEPBOH HEOGXOAHMOCTH SI3BIKA»
YJAOXHTb Ha MHHHMyMe cTpaHul. [lo 3aMbiclly 3TO NpHJIOKEHHE [OJKHO Jerko
YHTATBCA MPOrPAMMHCTOM-TIONB3OBAaTe/IeM; OIS pa3pabOTUMKOB KOMIHJATOpa
B KaueCTBe ONpeNeNeHHs fA3blKa NpelHa3HayeH caM CTaHAapTr. B npuioxeHun
B co6panbl ¢yskumn craigaptHoH OHGAHoTekH. QOHO TakXKe NpeACTaBisieT
COGO# CNpaBOYHMK [JIs NMPOrPAMMHCTOB, HO He aasi peanu3atopos. [lpuioxe-
nue C COmepXHT KpaTKHH NepevyeHb OTAHYHA OT HAYaJbHOH BEPCHH S3bIKA.

B npenucsoBHH K mNepBOMY H3NAHHIO Mbl TFOBOPHJH O TOM, 4YTO <Y€M
Gosnbume paBotaemws ¢ CH, TeM OH CTaHOBMTCH YyAOGHee». 3TO BHeyaTJieHHe
TOJIbKO YCHJIHJIOCH MOCJ€ AECATH JieT paboTel ¢ HMM. Mbl Hageemcs, uYTO
laHHasi KHHra MOMoXeT BaM H3Y4HTh CH H YCHEIIHO €ro HCIOJb3OBaTh.

Mpl B 6ONLIIOM AOJTY mNepel APY3bsIMH, KOTOpHIE MOMOTajH HAaM B Bbl-
nycke Broporo wussanusa. Jxon bBewrnn, Hyr Tymn, Iyr Makuapoit, Iutep
Henbcon u Po6 Tlafik nann HaMm 4YeTKHe 3aMeyaHHusi NMOYTH NO KaXIOH CTpaHH-
ue Mnepeoro BapuaHTa pykonucu. Mpl 6iaronaprel Asny Axo, [denuucy Anauc-
cony, [Hxow Kemn6enny, TI.P.9manny, Kapen ®oprranr, Aaseny Tloay6y,
Ounpo Xviomy, [siisy Kpucrony, Jhxony Jlunnepmany, [siisy Ilpoccepy, Tuny
Cnadpdopny u Kpuc Ban Yuky 3a BHMMaTenbHOe NpOUTEHHE KHHTH. Mel noay-
4K noJse3nbie coBetl OT busna Uessuka, Mapka Kepuurana, uapio Kosuu-
ra, Pob6una Jleitka, Toma Jlonnona, Hxuma Punpsa, Knosuza Touumo u [Turepa
BaiinGeprepa. [e#is Ilpoccep oTBeTHA Ha MHOrOYHCJEHHBIE BONPOCH, Kacaio-
wHecss peraned cranaapra ANSI. Mol mHpoKo noJb30BadMCh TPAHCAATOPOM €
Cut++ boepna Crpoycrpana /s JOKaJbHOH INPOBEPKH HAlIHX TNpPOrpaMM, a
Heite Kpucron mpenoctaBun Ham ANSI-CH-KOMNHAATOp AJSI OKOHYATENBHOH HX
nposepkH. Puu [lpemiep oueHb moMor B HaGOpe KHHTH. '

Mbl uckpeHHe 6siarofapHm BCex.

bpuan B.Kepnuean
Hennuc M. Puruu



NPEAUCIIOBUE K NMEPBOMY U3OAHUIO

Cr — 3TO yHHBEpPCaJbHBIH $3bIK NMPOrpaMMHpPOBAHHSI C KOMNAKTHHIM CIO-
co060M 3aNHCH BLIPAXXEHHiH, COBDEMEHHbIMH MeXaHH3MaMH YNpPABJIEHHS CTPYKTY-
paMM [JaHHbBIX H 6oratbiM HabopoM omnepaTopoB. CH He SIBJASETCS HH SI3BIKOM
«O4YeHb BBICOKOrO YPOBHSI», HH «OO/NbIIHM» $I3bIKOM, He CIELHAJTH3UpPOBAH OH
H Ha KaKylo-TO KOHKDeTHYI0 o6jacTb npuMeHedus. Onnako 6aaroaaps OTCYT-
CTBHIO OTrpDAHHYEHHH MW YHMBEDCAJbHOCTH OH yno6Hee u 3ddekTuBHee AJs
MHOTHX 3313y, YeM MNpeANOJOXKHTENbHO 60Jiee MOUIHbIE SI3bIKH.

[lepponauanbio Cu 6bl1 cnpoekTHpoBaH [leHHHcOM PuTunm Kak HHCTpY-
MEHT HanucaHus onepaunoHHo#t cuctembnl UNIX ansi mamuus- PDP-11 - -peanu-
30BaH B paMKax 3TO# onepauHoHHOH cuctembl. I onepauwoHHas cHCTeMma, H
CH-KOMIHJATOP, H, MO CYUIECTBY, BC€ INpHKJaAHBIe nporpamMMbl cHctembl UNIX
(BKJIOYask. H Te, KOTOpbie HCMNOJbL30BAJHCh JJIS MOATOTOBKH TEKCTAa 3TOH
KHHrH*) HanucaHbl Ha CuH. OPupmennbie CH-KOMOHJSTOPH CYLIECTBYIOT M Ha
HECKOJIbKMX MAaIllHHAX JpPYrux THNOB, cpean kotopuix IBM/370, Honeywell
6000 u Interdata 8/32. Cu He npHBA3aH K KOHKPETHOH anmapatype HWJH
CHCTeMe, ONHAKO HA HeM JIerKO [HCAaThb MpOrpaMMBbl, KOTOpble 6e3 KaKHX-JH-
60 W3MEeHeHHH MepeHOCATCS Ha JApyrHe MalluHbl, TIle OCYIIeCTB/ASIETCS €ero
MOAAEPXKKa.

Llenb 3TOH KHHFM — NOMOYb YHTATEJNI0 HAyYHTbCs MNPOrPaMMHpOBATbL Ha
Cu. Kuura BK/IOYaeT BBeleHHe-yueOHHK, TMO3BOJSAIOIWKA HOBHUYKAM HayaTb
NporpaMMHpOBAaTh KaK MOXHO CKOpee, TIJaBbl, MNOCBSIIEHHbE OCHOBHLIM CBOWC-
TBAM $3blKa, M CHPaBOYHOE DYKOBOACTBO. B OCHOBY H3JIOXEHUS TMOJIOXKEHb
H3y4ueHHe, COCTaBJ€HHe H [epecMOTpP MNPHMEpPOB, a HEe NpPOCTOe IepeuHce-
HHe npaBHa.” [louTH Bce HawM mnpHMepbl — 3TO 3aKOHYEHHbIE peasibHble MPOT-
paMMbl, a He pa3obueHHble dhparMeHTHl. Bce OHHM ObLIH OTTECTHPOBAHB Ha Ma-
wuHe OyKBaJbHO B TOM BHMIe, Kak NpPHUBOAATCA B KHHre. [loMHMO nemoHCTpa-
uHH 3¢pdEeKTHBHOrO HCNONb30OBAaHHS $3blKA, TaM rae 3TO OblJO BO3MOXHO, Mbl
CTPEMHJIMCh MPOHJJIIOCTPHPOBATh MOJIE3HbIE AJArOPHTMbl W MNPHHUHKILI XOPOUIEro
CTHJISl HAHCAHHA NpPOTPaMM H HX Pa3yMHOro IpOeKTHPOBAHHS.

dta KHHra He $SIBASIETC BBOAHBIM KypCOM MNoO nporpaMmmuposanuio. [lpen-
noJjiaraeTcsi, UYTO 4YHTaTelb 3HAKOM C TAKHMH OCHOBHBIMH TMOHATHAMH, Kak
nepeMeHHasl, NpPHCBAaWBaHHe, UHKJA, (YHKuHa. TemM He MeHee M HOBHYOK CMO-
KET H3yUHTb SA3BIK, XOTA AJA Hero OyaeT OueHb MNOJe3HbIM OOlieHHe C GoJiee
3HAIOWHMH CIEeLHANTHCTAMH.

Haw onwiT nokasan, uto Cu — ynoGHbiil, BbIpa3HTEJbHBIA H THOKHH
SI3bIK, TPUTOAHBIH [JIS IUHPOKOrO KJjacca 3ajay. Ero nerko BblyuHTb, H ueMm
6oabwe pabBortaemwb ¢ CH, TeM OH CTaHOBHTCA YyaoGHee. Mbl HajgeeMcsi, 4TO
3Ta KHHTa MOMOXET BaM XOPOLIO €ro OCBOHTb. :

BnymuuBasi KpHTHKA H TMpPeJOXEHHST MHOIMX Jpy3ed H KoJajer ObuiH
OYeHb MOJIe3Hbl [/ KHHFH M TOMOTalW HaM ee mnucarb. B wacTtHoctH Maiik
Buankn, Hxum Bay, Creio ®ennman, [Jdyr Makuapo#t, Bua Pym, Bo6 Posun u
Jlappn Pocnep ¢ BHHMaHHEM MpOYIH BCE MHOTOYMCJEHHbIE BAapHAHTHI 3TOM
KHHrH. Mbl B poary y Ana Axo, CruBa Beepna, [lana JlBopaka, Uyka Xeiinn,
Mapuon Xappuc, Puka Xoarta, Crua [Ixoucona, [xoua Mawes, Bo6a Murtna,
Panbda Myxu, [Mutepa Heabcona, daaunora [Nuncona, Buna [neiimxkepa, xep-
pu CnuBaka, Kena Tomncona u [lutepa BaitHGeprepa 3a noJie3Hbie COBeTHl,
MOJYYeHHBIE OT HHX Ha pas3jiHYHbIX CTAfusIX NOATOTOBKH PYKONHCH, a TakK-
xe Maiiky Jlecky u ko OccanHe 3a NoMouUlb NpH NOATOTOBKE €€ H3AAHHS.

bpuan B.Kepnuean  Jlennuc M.Puruu

» Himeetcss B BUAY OpDHIHHaJ 3TON KHHTH HAa AHTAHICKOM siabike. — [lpumed. nep.



BBEOAEHUE

Cn — yHHBEpCaJbHBIH sI3bIK NPOrpaMMHPOBAHHIL. On TecHOo CBsi3aH C
cuctemoit UNIX, Tax Kkak Obln paspaoraH B 3TOH CHCTEMe, KOTOopas Kak H
GOJILIIMECTBO NPOTpaMM, paGoTAOUIMX B HEH, HanuCaHbl HA Cu. OnpHako A3bIK
HEe TNpHBA3aH JKECTKO K KaKOH-TO OJHOH ONepalHOHHOH CHCTEMe WJIH, MallHHE.
XoTs OH W Ha3BaH «A3bIKOM CHCTEMHOTO MpOrpaMMHPOBAHHsI», MOCKONbKY
ynofeH IS HAMHCAHHS KOMIHJSTOpPOS H OTNEpalMOHHBIX CHCTEM, OKa3anocCh,
YTO HA Hem CTOJb )K€ XOpOLIO MHCaThb GOJ/blIKe NPOrpaMMbl Apyroro IpOdHIS.

Muorne Baxubie uaen CH B3siThl u3 ssbika BCPL, asropom kOTOpOro
apasiercs MapTtun Puuapac. Buusinne BCPL nHa CH 6bl10 KOCBEHHBIM — 4YE€pe3s
s3px B, paspaboranubiit Kepom Tommnconom B 1970 r. [nJas NepBOH CHCTEMBI
UNIX, peaansosannoii na PDP-7.

BCPL u B — «Geatunosble» s3blku. B oTaudue OT HHX Cn obecneunBaer
pasHoOGpa3He THMOB JAHHDIX. Ba3z0BbLIMH THIIAMH SIBJASIIOTCA JINTEPbl, a Takxe
Hesabie M MJaBaloLlde GBHCJAA pasiuydblX pasMepos. Kpome TOro, HMeeTCsl BO3-
MOXKHOCTb 110Jy4aTh LEJAYI0 HEPapXWio BHIBOAWMbBIX THMOB AAHHBIX M3 ykasare-
ncil, MACCHBOB, CTPYKTYyp H oObensHednil. Bripamenns hOPMHPYIOTCA K3 oOrie-
paTopos K onepauios. JlicGoe Bhpaxedie, BKIoUasn NpHCBAaHBAHHE H BHI3OB
GYHKUAM, MOXET ObiTh HBCTpYKLHEH. YKa3aTean OOeCHeuHBaloT MallMHHO-HE-
3aBHCHMYIC AAPECHYIO ApHPMETHKY.

B CH HMMeIOTCH OCHOBHbIE YNPaBJsiOUIHE KOHCTPYKIUHH, HCMONb3YEMbIE B
XOpoUIO  CTPYKTYPHPOBAHHBIX  MpOrpamMmax: — cOCTaBHasd wucrpykuust  ({...}),
peTBaenne no ycuosuio (if-else), BHGOP OjHOH a/JbTepHAaTHBbBI H3 MHOTHX
(switch), uskael ¢ nposepkoit Hasepxy (while, for) W C NpOBEpKOH BHH3Y
(do), a Takxe CpeACTBO NpepbiBaHust NHKAA (break).

B kauectse peayabrtata (GYHKIHM MOTYT BO3BpALLATH 3HAYECHHUA 6a3uBBIX
THNIOB, CTPYKTYp, OOGBCIHHEHHIT K ykasateqei. JhiobGas @yHKUHS AOnYyCKaeT
pekypcusuoe ofpaulenne k cebe. Kak npaBuic, JICKaabHbie nepemeHHuie dyw-
KUMM — <aBTOMATHYECKHE», T.€. OHH CO3HAIOTCH 3ZHOBO NpH KaXIO0M ofpa-
WeHHH K Heii. Onpeneienus GyHKiH# Henb3si BKIAABIBATE APYyT B APYTd, HO
fAexiapalliu [ePEeMEeHHEiX pa3pellaercs CTPOUTH B 6J0YHO-CTpYKTYPHOH MakHe-
pe. ®yukuun nporpammbi Ha CH MOTYT XpaHHTLCA B OTAEJBHBIX HCXOAHBIX
daitnax ¥ KOMIUJIHPOBATHCSH HE3ARHCKHMO. [lepemenible N0 OTHOWEHHIO K (YHK-
UM MOFYT OBITb BHYTPEHHHMH M BHEIIHEMU. [Mocaeanne MOryT ObiTb AOCTYR-
HBIMM B NpEjeNax OLAHOIG HCXOAHOTO daitia Hau pcel NpOrpaw Mbl.

Ha orame npenpoOLecCAPOBAHHA  BLIMOJNHACTCA  MAKpunOACTZHOBKE B
TEKCT NPOTPAMMBI, BKJIOUEHHE APVIHX HCXOUHBIX (ailoB M YCROBHAA KOMIIH-
SSHLHA.

CiH - sizulk CPABHMICILHO «HM3KOFO ypoBHs». ONHAKO 3TO BOBCE HE
yManser €ro AOCTOWHCTB, 1ipoCTO CH wuMeeT Jea0 ¢ Temi Xe OObeKiaMH,
UTO0 H OOJIbUIHHCTBO KOMIMLIOTEPOB, T.€. C JHTEpamu, 4YHCIaM¥ #H anpecasid.
C HHMH MOKHO ONEpHpOBaTh MPK NOMOUIH APA(HMETHUECKHX M JOFHUCCLuX Ot
paiMit. CVILCCTRYIIIEX B PeasibHO Mawune.
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B CH HeT npsiMbix omepauuii Haa COCTABHBIMH OGBEKTAMH, TAKHMH, Kak
CTPHHTH, MHOXECTBA, CNHCKH H MaccuBbl. B HeMm HeT onepauuii, KoTOphie Gbl
MAHHNYJIHPOBAJH C LEJBIMH MAacCCHBAMH HJIH CTPHHIAMH, XOTH CTPYKTYpPH pas-
peliaeTcsi KONMHPOBATb LEJHKOM KakK eluHble o00bekTh. B sisbike HET Kakux-
au60 CpeacTB pacnpelesieHHs NaMsTH, IOMHMO BO3MOXHOCTH OINpelejeHHs
CTATHYECKHX [IE€PEMEHHBIX H CTEKOBOTO MeXaHH3Ma INpH BBIAEJEHHW MeCTa AaJs
JIOKaJbHbIX TnepemeHHbXx ¢yHkuui. Her B Hem <«heap-nmamsitu» («naMsTu-
KyuH», Kyaa OOBIYHO «CBAaJHBAIOT» Pa3sHOPOAHYI0 HHPOpMAuUHIO) H «cGOpLIMKA
mycopa». Hakoneu, B camom Cu HeT CpeACTB BBOJA-BLIBOAA, HHCTPYKUHH
READ (uuratb) u WRITE (mucare) u Kakux-1460 MeTOLOB HOCTYHa K
daiiam. Bce 370 — MexaHH3MBI BBICOKOTO YPOBHs, KOTOphie B CH JOJKHBI
ObiTb OGecrmeyeHbl HCKJAIOYHTEJNbHO € IMOMOIUBIO $BHO BLI3BIBAEMBIX QYHKLHI.
BosibinHCTBO peannsoBaHHbix CH-CHCTeM cozepxaT B ceGe pa3yMHBIH CTal-
NapTHBIH HaA00Op 3THX QYHKUHH.

B npomosxenue ckasaHHOro cJjeayer oOTmeTHTb, 4T0 CH npenocTrasis-
€T CpeAcTBAa JHIIb I0OC/A€J0BATEJbHOrO YNPABJAEHHSI XOACM BBIYHCJIEHHH: Me-
XaHM3M BETBJIEHHS MO YCJOBHMAM, UHKJB, COCTaBHBIE HHCTPYKUHH, TOANpOT-
paMMbl — W He COIEPXHT CPeACTB MYJbTHNPOrpaMMHPOBAHHS, NapajJeibRbiX
NpOLECCOB, CHHXPOHH3AUHH H OPraHH3auUHH CONPOTPAMM.

OTCyTCTBHE HEKOTODHIX H3 TNEpPEeYHCJEHHBIX CPEACTB MOXET MOKa3aThbCs
Cepbe3HbIM HENOCTATKOM («BBIXOAHT, YTOOb CPABHHTbL [BE LEMOYKH JIHTEp,
HYXXHO o0f0pamarbCa K GYyHKUHH?»). OOHAKO KOMMNAKTHOCTb si3blKa HMeer
peasbHbi€ BbITOABI. ﬂocxonbxy CH OTHOCHTEJbHO MaJg, TO H OINHCAHHEe ero
KpaTKO, H OBJIafleTb HM MOXHO OnicTpo. [IporpammucT MOXeT peanbHO pac-
CYUTHIBATL HA TO, YTO OH 6y11e1‘ 3HaTb, IMOHHUMATb H HA TMpaAKTHKe peryasip-
HO MOJIb30BATbCS BCEMH BO3MOMHOCTSIMH SI3bIKA.

B Teyedue MHOTHMX JeT €NMHCTBEHHbIM oOnpeneneHHeM s3bka CH  6buIO
nepBoe H3naHue KHHIH «fI3blk nporpammuposanusi Cu». B 1983 r. Hucruty-
TOM AaMEpHKAHCKHX HaUHOHa/JbHbIX cTaHaaptoB (ANSI) yupexnaercss koMurter
IJ1si BbIPAGOTKH COBPEMEHHOTO HCYEpIbIBAIOILEro OmnpenesieHdsi sidbika CH. Pe-
3yJbTaTOM ero paboTbl siBMACS cTaHmapT a1 Cu («ANSI-C»), BbinywesHHb# B
1988 r. BOMBIIMHCTBO MOJIOKEHHH CTAHHAPTA YXKe YYTEHO B COBPEMEHHBIX
KOMITHJIATOPAX.

Crangapt OGasupyercss Ha [epBOHAYAJbHOM CIIPABOYHOM pPYKOBOACTBe.
[To cpaBHEHHIO C NOCJNEAHHM SI3BIK H3MEHHJICS OTHOCHTEIbHO Majo. OmHOH H3
ueseil craHgapra OblI0 06eCHeYUTb, UTOGH B GOJBUIHHCTBE CJyuaeB Cyliec-
TBYIOLLHE MPOrpPAMMbl OCTABA/JIHCh MPABHJBHBIMH HJIHM BBI3HIBAIH MpPEAYNpeXAalOlIHe
COOOLIEHHS KOMNHJSTOPOB 00 H3MEHEHHH TMOBEIEHHS.

Inst GOJBIWIKHHCTBA MPOrPaMMHCTOB CaMOe BaXHOE H3MEHEHHe — 3TO HO-
BblA CHHTAKCHC ONHCAHHA M onpefeneHust ¢pyskuui. Onucanune QyHKIUHH MOXeT
Tenepb BKJAKWOYATbL H ONHCAHHE e€e ApryMEHTOB. B COOTBETCTBHH C 3THM H3-
MEHHJICS W CHHTAKCHC onpeaejeHdss GyHKUHH. JlonoJHHTeNbHAsS HHPOPMAUHs
3HAYHTEJbHO obJieryaer KOMIKWJIATOPY BbISABJICHHE 0UJH6OK. CB5sI3aHHBIX C He-
COrJIaCOBAHHOCTbIO APTryMEHTOB; MO HAalleMy MHEHHIO, 3TO O4YeHb NOJe3HOoe
A06aBJieHHE K SI3EIKY.

Cneayer Takxe OTMETHTb psii HeGO/LIIKX H3MeHeHH#. [lpucsamBanue
CTPYKTYp M MEPeUMCAHMbIH THN, KOTOPbi€ YyXK€ HEKOTOpOe BpeMsl IHHPOKO HC-
MOJIBb3YIOTCS,, B si3blKE Y3aKOHeHH. Bolumcienns ¢ niaBaioumiell TOYKOH Teneps
OOMYCKAIOTC M C OAHHAPHOH TOUHOCTBIO. YTOYHEHbl CBOHCTBA apHQMETHKH,
0co6enHO anA 6Ge33HAKOBBIX THOOB. YCOBEPIIEHCTBOBAH Mmpenpoueccop. Boub-
LIIHHCTBO HpOl‘paMMHCTOB 3TH H3MEHEHHSHA 3aTPOHYT OYEHb cJyabo.

Bropo#t 3naunTenbHBIH BKJIaA CTAHAApTA — 3TO ONpelesieHHe GuGIHOTE-
KH, mocrasisiemoit BmecTe ¢ CH-KOMOHJISTOPOM, B KOTOPOH CNEUH(UUHPYIOTCS
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QYHKUHH [OCTYna K BO3MOMHOCTSIM OIEpPALHOHHOH CHCTeMbl (HampHMep, uTe-
HHS-3aUMCH  ¢a#nos), ¢OpMATHOro BBOAA-BBHIBOAA, AHHAMHYECKOTO 3ampoca
NaMsiTH, MAaHHNyJAsiuM#i CO CTpHHramMu (uemouxkamu Jsutep) u T.4. Habop
CTAHAAPTHBIX TOJIOBHBIX (aloB obecneuynBaeT €AHHOOGPA3HBIH AOCTYN K ONH-
canusiM (GYHKUMH M THNOB JaHHBIX. [apaHTHpyeTCs, UYTO NPOrpaMMbl, HCIOJb-
3yioliHe 3Ty OHMOIHOTEKY NPH B3aHMOAEHCTBHH C  OMNEPALHOHHOM CHCTEMOH,
6ynyT pa6oTaTb TaKXKe H Ha APYFHX MawHMHax. DOJbIIKHCTBO NpoOrpamm, CO-
CTaBASIIOIMX GHOIHOTEKY, CO3AaHBl MO 06pa3y H NOAOGHI0 «CTAHAAPTHOH GHO-
JIHOTeKH BBOma-BhiBoga» cuctembl UNIX. 3Dta 6ubiHOTEeKa OMNHCaHA B MepBOM
M3JAHHM KHHTH H IIHPOKO HCMOJb3yeTcsi B Ipyrux cuctemax. M 3aech mpor-
PAMMHCTBI He 3aMeTAT CYUIeCTBEHHBIX Pa3jIHuHi.

Tak xak THNOB JAHHBIX 4 YOPAaBJSIIOWHX CTPYKTYp s3hika CH NOALEpXKHBE-
JOTCSt KOMaHAaMH OOJBLIIHHCTBA CYLIECTBYIOWIMX MAaIUMH, AaIMHHUCTPATHBHAA CHC-
Tema ofecneyeHHs] HE3aBHCHMOro 3amycka H CdyeTa INporpaMm O4YeHb MaJna.
O6paiuesns K GHOAMOTEYHBIM (PYHKUHAM THIIET CaM MPOrpaMMHCT (He KOMIIHJSA-
TOp), MNO3TOMY IIPH JKEJAaHHH MX MOXHO JIerKO 33aMEHHTb Ha JApyrue. foutn
BCe NpOrpaMMbl, HanucaHhble Ha CH, €CJIH OHH HE KacCaloTCs KaKHX-JHG0
jgetajed, CKPbITbIX B ONEPALHOHHOH CHCTEME, MEPEHOCHMbl Ha JpyTrHe MaUIHHBL

CH COOTBETCTBYeT anmapaTHbIM BO3MOXHOCTSIM MHOTHX MalIHH, OIHAKO
OH He NpHBA3aH K AapXHTEKType Kakoi-1n60 KOHKpeTHOH Mawuubl [lposiBasis
HEKOTOPYIO AMCUHIIMHY, MOXHO JIErKO MHCAThb MepeHOCHMbleé NPOTPaMMBHI, T.€.
MpOrpaMMbi, KOTOpble (€3 KaKHX-JHGO H3MeHeHHH MOryT paGoTaTb Ha pa3HbIX
maliMHax. CTaHnapT MNpefocTaB/isieT BO3MOXHOCTb  [JIss  SIBHOTO  OMHCAHHA
NepeHOCMMOCTH C IOMOLIbIO Hab0pa KOHCTAHT, OTPAXKAIOUIHX XapPaKTEPHCTHKH
MallHHBI, HA KOTOpOH mporpamma 6yner paboTaTh.

CH He SHABJAAETC «CTPOTO THIH3HPOBAHHBIM» SI3bIKOM, HO B Mpolecce
ero pa3BHTHS KOHTpOJMb 3a Tunamu Obl ycuned. B nepsoit Bepcun Cu pas-
pemanca GecKOHTPOJbHBIH OOMEH YyKasaTesell H UeJbIX, YTO BbI3bIBAJIO GOJib-
WHe HApeKaHHs, HO 3TO yXe AaBHbIM-JaBHO 3anpeuleHo. COrjacHo CTaHaapry
Temepb TPeGYeTCs sIBHOE ONHCAHHE MJHM $IBHOE YKa3aHHe npeoGpasoBaHHA,
YTO yXe M peanu30BaHO B XOPOWHX KOMNuJATOpax. HOBBIH BHA ONHCaHWA
GyHKUME — elule OMMH War B 3TOM HanpaBieHHd. Komnuiasitop remepp npeay-
npexjaaer 0 G6abiied yacTH OWMOOK B THNAX H aBTOMATHUYECKH He BhLINOJHSIET
npeo6pa3oBanus NAHHBIX HECOBMECTHMbiX THNOB. OOHAKO TJIaBHOH tdunocoduen
CH ocTaercsi TO, UTO TNPOTPaMMHCTBl CaMH 3HAIOT, 4YTO [AEJNAI0T; fA3bIK JHIIb
TpeGyeT SIBHOTO yKa3aHHsi 06 HX HAMEPEHHSX.

CH, Kak H JApyrHe si3blKH IPOrPAMMHpPOBAaHHs, He CBOGOLEH OT HeNoC-
TATKOB. YPOBeHb CTApUIHHCTBA HEKOTOPLIX ONepaTopoB He sBJAETCs obuie-
NPHHATHIM, HEKOTOpPbie CHHTAKCHYECKHe KOHCTPYKUHW MOriM Obl GbITh JyuIle.

TeM He MeHee, Kak oOKa3aaochb, CH — upe3BblyaliHO 3(hPEKTHBHBIH H BbIpasu-
TeJbHBIH $3bIK, MPHIOAHBIH A/ LWHPOKOro KJacca 3anay.
Kuura umeer caenyomyio CTpyktypy. s 1 — 370 0630p OCHOBHBIX

cpeacts asbka Cu. Ee Hnazsayenve mnoGyQuTL 4YHTaTeJsi 1O BO3MOXHOCTH
GpICTpee TNPHCTYNHMTb K NPOrPAMMHDOBAHHMIO, TaK KaK Mbl YGeXIEHB!, UTO
eHHCTBEHHBH Cnoco6 M3yYyWTb HOBLIM S3BIK — 3TO NHCaTb HA HEM NpOrpam-
Mbl. OTa 4YacTb KHHMIH MpeAlojaraeT HajJHuHe 3HAaHHH NO OCHOBHBIM 3JIEMEH-
TaM TNpOrpaMMHpOBaHusi. HHKakMX MNOACHEHHH TOro, 4YTO TakOe KOMIBIOTeEp,
KOMNHWJISILHS HJAM 4TO O3HauaeT BbipaxeHue BHAa n = n+l He paercsa. XoTs
Mbl H TbITAJHChb, TaM, e 3TO BO3MOXHO, M0Ka3aThb [M0Je3Hble IPHEMBl MPOT-
pAMMHpPOBAHHs, 3Ta KHHra He MpH3BaHA ObITb CINPAaBOYHMKOM HH 10 padore
CO CTPYKTYpaMH [AaHHbIX, HH [0 aJrOPHTMaM; KOTAa OKAa3blBaJaoCh HEOOXOIH-
" MBIM BHIOpaTb, Ha YTO CHeJaThb YNapeHHe, Mbl TPEANOYHMTASH CKOHUEHTPHPO-
BaTh BHHMAaHHE HA sI3bLIKE.

B
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B rn. 2 — 6 pasnuuHble CpPeicTBa si3blKa O6CYXmaoTCs Gojee noapo6-
HO M HECKOJAbKO OGoJee ¢opManbpHo, ueM B I 1, mpd 3TOM TO-NpEeXHEMY
yIOp NeJaeTcs Ha INPHMephl, SABJSIOLMECS 3aKOHYEHHBIMH NpPOrpaMMaMH, a He
W30JUPOBAHHBIMH (parventamu. [/, 2 3HAaKOMHT C Ga30BLIMH THNAMH NAHHBIX,
¢ omepaTopaMH U BHIpaXeHHsMH. B ri. 3 paccMaTpHBAlOTCA CpeAcTBa ynpas-
' JeHHS [OCJeNOBATENbHOCTbIO BHuUHcaeHui: if-else, switch, while, for u
7.8 B ra. 4 peub umeT O QYHKUMSX H CTPYKType MNpOrpamMMbl (BHEIUIHHX mne-
pEMEeHHBIX, TNPaBHJAaX BHAWMOCTH, [EJNEHHH NPOrpaMMbl Ha HECKOJIbKO HCXOA-
HbIX ¢alioB H T.4.), @ TakKxe O Ipenpoueccope. B ra. 5 obcyxaawoTcs
yKasaTequn W ajpecHas apu¢pmeruka. [n. 6 mnocpsllesa CTpYKTypam H o6be-
NUHEHHSM.

B ra. 7 onucaHa craHaapTHas OHG/IHOTEKa, obecneunBapomasg OOMHH
uHTepdelic ¢ OnepauMOHHOH CHCTeMOH. IJTa OHOMHOTEKA Y3akOHEHAa B Kauec-
tee cranmapta ANSI, uHaye roBopsi, OHa JAOJKHA ObITH TNpENCTaBjIeHa Ha
Bcex MaluHax, rae cymectsyer Cu, 6narogapsi yemy TNpOrpaMMbl, HMCHOJb3Y-
jOl[He BBOA-BHIBOA H JpYyrHe BO3MOXHOCTH ONEPALHOHHOH cuCTeMbl, Ge3
KAKUX-NH60 M3MEHEeHH{l MOXHO MEpPEeHOCHTb C ONHOH MalIWHbBI Ha LPYrylo.

T, 8 comepxuT onucanue uuTtepdeiica mexay nporpamvamu Ha Cu o
onepaunonnoi cucremoi UNIX, B 49acTHOCTH OnHCaHHe BBOAA-BBIBOIA, tdair-
JOBOH CHCTEMBl H pacnpefejeHHs namsaTH. XOTsi HEKOTOpble pasiesibl 3TOH
rnaBbl otpaxaloT cneunduky cucrems UNIX, nporpaMMucThl, MOJb3YOLHECS
APYTHMH CHCTEMaMH, BCe e HaiIyT B HHX MHOrO MOJE3HBIX CBEJleHHH,
BKJIoYas OMpeleieHHbHi B3NS4 HAa TO, KaK peanusyeTcs ONHA H3 BEepCHH
CTaHAApTHOH OHGJHOTEKH, M  HEKOTOpble TIPEMJIOKEHHST 1O  NMEePeHOCHMOCTH
nporpamm.

Tpunoxenne A sBASETCS CNPaBOUHMKOM no s3biky. Crporoe ompenese-
HHe CHHTAKCHCA M CeMaHTHKH si3bika CH CONEeXHTCA B OQHUHATLHOM [NOKYMEH-
te crauaapra ANSIL. Tlocsennn#t, oanako, 6oJiee BCero NOAXOLHT pa3paboT-
yukaM KOMIHJsATOpa. Haul CnpaBouHHK OnpenenserT s3bik Gosee CXKato, He
npuberas K 3aKOHOLATEJNbHOMY CTHJIIO, KOTOPBIM TMOJb3yeTCsi CTaHAapT. [pu-
0KeHHe B — CBOJKAa 1O COAEPXKHMOMY CTaHAApTHOM OHOMHOTEKH ¥ NpeaHas-
Hauena CKOpee TOJIb30OBATENsiM, 4YeM peanu3atopaMm. B mpraoxeHkH C npu-
BONHTCS KPaTKHH nepeyeHb OTJIHMYHH OT nepBOi BepCHH A3bIKA. B HesicHBIX
c/ayyasix, OJHAKO, OKOHYATeNbHbIM CyAbeH MO A3bIKYy OCTaeTCs CTAHAAPT H
KOMINHJISITOpP, KOTOPBIM BBl IOJIb3YETECh.



rnasa 1. OB3OP A3bIKA

Hauyrem ¢ O6bicTporo o3HakoMJeHHss ¢ s3blkom Cu. Hawa ueap — mnoka-
3aTb Ha peaJbHBIX NpPOrpaMMax CyIIeCTBEHHbIE 3JIeMEHTHbl si3blKa, HE BIABasCh
B MeJNKHe JeTanH, ¢$OpMajbHbIE NMPaBHJIA H HCKJIIOYeHHs H3 HUX. [losTomy Mml
He CTpPEMHMCSi K MOJHOTe H [Aa)Xe TOUHOCTH (3a60TsCh, ONHAKO, O KOppeK-
THOCTH npumepoB). HaMm 6Bl Xx0TesloOCb KakK MOXKHO CKOpee MNONBECTH BaC K
MOMEHTY, KOFAa BBl CMOXeTe TMHCaTh MNOJIe3Hble NpPOrpaMMbl, M, 4YTOGH Cre-
JaTh 3TO, Mbl [OJIKHbBl CKOHLUEHTPHPOBAaTb BHHMAHHE HA OCHOBAaX: II€PEMEHHBIX
H KOHCTaHTaX, apH¢MeTHKe, YINpPaBJE€HHH I0CJIeN0BATENbHOCTbIO BbIYHC/ICHHH,
GYHKUHAX W NpOCTeHleM BBOAe-BhHIBOAe. B HacTosime#d rsnaBe Mbl YMBILIJIEHHO
He 3aTparuBaemM TeX CPeNCTB $3blKa, KOTOpble Ba)XHbl IpH HaNHCaHHH GOoJb-
wux nporpamMm. Cioga BXOAAT YyKasaTeJd, CTPYKTYpHl, OGoJsbluasi uacTb Gora-
TOro Habopa OMepaTopoB, HECKOJbKO YNpPaBJAIOMMX HHCTPYKUME M CTaHAEpT-
Hasg O6ubsaunoreka. _ )

Tako#t nomxoa wuMeer cBOMW HenocrtaTkd. HaunGosee 3aMerHbll M3  HHX
CBA3aH € TeM, YTO Mbl He [aeM 3eCb 3aKOHUEHHOIO H3JIOXKEeHHs1 CBOKCTB
s13biKa, H 3Ta JIAKOHHYHOCTb MOJXKET INPHBECTH K HENpPaBHJbHOMY BOCIPHSTHIO
HEKOTOpBIX moJioXeHHH. B cuay orpaHnuyeHHOro xapaxkrtepa MOAAauH Marepuaja
B NpHMepax HE€ HCNOJAb3yeTcsi BCS MOUlb $I3bIKA, H HOTOMY OHHM HE€ CTOJb
KpaTKH W 3JIET@HTHBI, KakK MOrJAH Obl OblTb. Mbl NMONBITANHCb MO BO3MOXHOCTH
CMAr4HTb 3TH 3(¢ekTsl, HO CUYHTaeM HeOOXOIHMbIM HpeAyNpeauTh O HHX.
Jlpyro HegoCTaTOK B TOM, 4YTO B IMOCJAEAYIOLWIHX I/aBaXx KaKHe-TO MOMEHTBHI
HaM INPHAETCSt NOBTOPHTb. Mbl HajeeMmcsi, 4TO MNOJbL3a OT NOBTOPEHHH MpeBbl-
CHT BbI3bIBAEMOE UMH pa3ApaxKeHHe.

B nofoM cayyae ONbITHBIA NpPOrpaMMHCT, BHIHMO, CMOXET MaTepual
OAHHOH TJIaBbl MNPO3KCTPANOJHPOBAaTb Ha CBOH NPOTPaMMHCTCKHe Hyxabl. Ho-
BHYKAM XX€ pEKOMEHJAyeM €e UTeHHe MAOMNOJHHTb HAaNHCAHHEM CBOHX MaJleHbKHX
nporpaMMm. M Te W Apyrue HaWM YHTATEAH MOryT pacCMaTpHBaTh 3Ty T[JaBy
KaK «Kapkac», Ha KOTOpHIH jasnee, HauuHaa ¢ 1. 2, OyAyT «HABEIIHBATb-
"CSl» 3JIEMEHTHI SI3bIKA. .

1.1. HAYHEM, MOXXANYH

EnuncTsennnlii cnoco6 BbIYYHTb HOBBIH SI3blK NPOrpaMMHPOBAHHS — 3TO
nucatb Ha HeM nporpamMmbl. [lpH wu3yuedun usioGoro si3sika nepBOH, Kak Mnpa-
BHJIO, TNpeAJaraioT HanucaTb NPUONH3HTENbHO CJeNyIOILYI0 MpOorpaMmy:

Hanewaratire caosa
31paBCTBYH, MHD
Bor nepsoe mnpensitTcTeHe, M uTOGLl €ro 1peoaosieTb, Bbl JOJDKHBl CyMeTb

rae-TO CO3[aTh TEKCT [pPOrpaMMbi, YCMNELWIHO ero CKOMIHJHPOBaTb, 3arpy-
3UTb, MNYCTUTb Ha cyeT W pasobpaThCsi, Kyaa OyaeT OTHpaBJeH pe3yib-
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tar. Kak TO/JbLKO BBl OBJAageere 3THM, BCE OCTaNbHOE OKaXeTCsl OTHCCH-
TeJbHO TPOCTHIM.
Cu-nporpamma, neyarampuas «3ApaBCTBYH, MHpP», BBIVISJIHT Tak:

#include <stdio.h>
main()

) printf("3gpaBcTBy#l, Mup\n"};

Kak 3anyCTHTb 3Ty OporpaMmy, 3aBHCHT OT CHCTEMBI, KOTOPYIO Bbl HC-
nosb3yere. Tak, B omnepaudonHoif cucreme UNIX Heo6xoauMO CHOPMUPOBATH
MCXOJHYIO TIpOrpammy B ¢ailjie ¢ MMeHeM, 3aKaHUHBAIOLHMCS CHMBOJAMH «.C»,
nanpumep, B ¢aiiie hello.c, xoropnii 3arem TpefyeTcss CKOMIHUJIHPOBATb C
NIOMOIBIO KOMaHAbI

cc hello.c

Ecau BB BCe caenasu NpaBHAbHO — HEe MNPONYCTHIH Trie-1M60 3HAKa H HE
AOMYCTHAH Opdorpadnueckux OWHOOK, TO KOMIHJSILUS MPORAET «MONYA», H
Bbl TOJyuHTe aitla, TOTOBHIH K HCMOJIHEHHIO H HaspBanHui a.out. Ecau Bu
Tenepb 3anycTure 3TOT (aHa Ha CueT KOMAH/IOH

a.out
nporpamma Haneyaraer
31paBCTBYH, MHp

B npyrux cucremax npaBWJa 3anycka NpOrpaMMbi Ha BhiNOJIHEHHE MOTYT OBITH
MHLIMHM; UTOGHl y3HATH O HHX, MOrOBOPUTE CO CHEUHAJTUCTAMH.

Tenepb . NOSICHHM HEKOTOpble MOMEHTHI, Kacalouiuecss caMO# Nporpammubl.
[Mporpamma na Cu, kakux Gbl pa3MepoB OHa HH Obl1a, COCTOMT H3 ¢ymwyuil o
nepemennoix. OyHKUHH CONEPKAT UHCTPYKYUU, OTHCHLIBAKOLIKE BbIYHCJIEHHS, KO-
TOpble HEOGXOHHMO BHLINOJHHTb, a MepPeMeHHbie XPaHSAT 3HAUEHHs, HCHOJb3ye-
Mble B MpPOLEECCE 3THX BbIYHC/EHHH.

®yukuyn B Cu NOXOXKH Ha noanporpammbl H ¢yukund DPoprpana M na
npouenypsl ¥ ¢yukunu [lackansi. [llpupenennas nporpamma — 310 (QYHKUHS C
uMenem main. OGBIYHO Bbl BOJIbHBI IDHAYMBIBATL floOble MMeHa A/isi CBOMX (yH-
KIMH, HO «main» — oco6oe uMsi: sitofasi NMpPoOrpaMma H&4HildeT CBOH BbiUHC/ie-
HHSL C TIepBOH HHCTPYKUHH yHKUHH main.

O6bIYHO main [Jsi  BbINOJHEHHsT CBOeH paboThl MNOJL3YeTCs VCAYramu
ApYrux (GYHKUHH; OAHH H3 HHX MHLIYTCA CAMHM HAPOTPAMMHCTOM, a /PYIHE
GCpYTCsE MM rOTOBBIMH M3 HMEIOIUHXCA B €0 paCHOpsXeHHH  GHOJIHOTEK.
[lepBasi cTpoka nporpammbi:

#include <stdio.h>

COO6UIAeT KOMITHJSITOPY, YTO OH JAOJUKEH BKJIIOYHTb Hi(OpMaliHI0O O CTaH-
NApTHOH GubjWOTeKe BBOAA-BLIBOAA. ODTa CTPOKA BCTpeyaeTcss B Havase
MHOTHMX HCXOAHbIX ¢aiinoB Cu-nporpamM. CranzapTHas OHOJHOTEKA ONHCAHA B
rja. 7 ¥ npuaoxesuu B.

OnuH W3 CnoCOGOB nepejauH AdHHBIX MCKAY QYHKUHAMH COCTOXT B TOM,
470 (DyHKUMs NpH oOpalleRHyu K Apyrod ¢yHKUHMM nepegaeT ©H CNHCOK 3Haye-
HHH, HA3BIBAEMHX apaymenTamu. ITOT COHCOK oOpamasercsi CKOOKaMH H 1O-
Mmeglaercss nocsae umedsu Qynkuuu. B vamem npumepe main onpeseneHa kak
GYHKLHSA, KOTOpas He JKAET HHKAKHX apryMeH1oB, 4YI0 OTMCUEHO [YCThiM
cnuckoM ().
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[NIEPBA§l TPOTPAMMA HA CHU

#include <stdio.h> Brarowenue ungopmayuu o
crandaprrol 6ubauorexe.
main() Onpedesenue pynxkyuu ¢ umenem main,
. He noay4aroujell HUKAKUX Qp2YyMeNTOS.
{ Huerpykyuu main sakaoqarorca

) 8 thueyprole cKobKu.
printf("sgpaBcTByit, Mup\n"); Pynxyus main obpawaerca x 6bubauo-
reqnoli ¢pynkyuu printf oias neuaru
} 3a0aHHOE nOCaedo8aTeAbHOCTU AUTED;
\l ~ aurepa HO8AA-CTPOKA.

HUuctpykunu ¢yHkuuu 3akiouvaiorcs B ¢urypaole ckobku { }. Dyukuus
main CONEePXHT TOJbKO OJHY HHCTPYKUHIO

printf("3gpaBcTByit, Mup\n");

DyHKUHS BBI3bIBAeTCSI NO HMEHH, MOCJe KOTOpPOro, B CKOGKaxX, YKa3biBaeTcsi
CIIHCOK apryMeHToB. Takum o06pa3oMm, TMNpHBeAeHHass CTPOKa — 3TO BHI3OB
¢yHkuun printf c aprymentom “3gpaBcTBy#, Mup\n". printf — 6ubaunoreu-
Hasi (QyHKUHA, KOTOpas B [AHHOM CJjyyae HameyaTaeT MOCJEJOBATENbHOCTh
JIMTEp, 3aKJIOUYEHHYIO B [JBOHHBbIE KaBbIYKH.

Llenouka snxHTep B ABOHHBIX KaBblukax THna "3ApaBcTBY#, MUp\n" Ha3b-
BAETCS CTPUH20M AuUTep uau CTpuneosoi Koucrantold. Kaxoe-to Bpemsi B
KayecTBe apryMmeHtoB ajasi printf wu apyrux ¢yukuui Mbl 6yAéM HCIOJIB3O-
BaTb TOJbLKO CTPHHTH JIHTEp.

B Cu kom6uHauusi \Nn BHYTPH CTpPHHra OGO3HAUaeT .uTepy HOBQA-CTPO-
Ka, KOTopass NpH TNedyaTH BbI3bIBAET TNepexod K JeBOMY Kpaw CcJjeiyiolleH
crpokd. Ecsau B ynanute \n (CTOHT MNO3KCNEPDHMEHTHPOBATh), TO OGHApYy-
JKHTE, 4YTO, 3aKOHYHB INeyaTh, MalIHHA He INEPEeXOAHT Ha HOBYIO CTPOKy. Jlu-
Tepy HOBasi-CTPOKa B TEKCTOBHIA aprymeHT printf cseayer BkJIIOYATL SIBHBIM
ob6pasom. Ecsau Bbl monmpobyere BHINOJHHTb, HanpHMep,

printf("3mpaBcTByil, Mup
II);
KOMIHJSITOP BBIAACT coofuleHHe 06 omubKe.

JluTepa HOBas-CTpOKA HHUKOrJa He BCTABJIAETCH AaBTOMATHYECKH, TakK
4TO OJHY CTPOKY MOXHO HaneyataTb MO IIaraM ¢ MOMOIUbIO HECKOJIbKHX 06pa-
menuit Kk printf. Hawy nepByio nporpaMMy MOXKHO HANHCATb H TaK:

#include <stdio.h>
main()

printf("3gpaBcTRyit, ");
printf("mup");
printf(“\n");

B pesynbrate ee BbinoNHEHHsT OyaeT HameyaTaHa Ta Ke CTpPOKa, UYTO H
paHbuie.

3ametuM, 4TO \n 0603HauaeT TOJbLKO OAHY JHTepy. Takue OCOBHe
KOMOHHALKUK JIHTED, HAUHHAIOILHECST C OOPATHOH HAKJOHHOH 4YepThl, Kak \N, H
HasblBaeMble 3CKeln-nocaedosaresbHOCTAMY, WHPOKO IMPHMEHAIOTCS AJas 060-
3HAUYeHHs] TPYAHO MNpEeACTABHMBIX HJH HEBHAHMBbIX Jutep. Cpeau mnpounx B Cu
uMmerorcs Jgautepslt \t, \b, \" | \\, o6o3Hauvamiiue COOTBETCTBEHHO TabyJsi-
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UMIO, BO3BpaT HAa OAHY JHTepy Hasal («3a6oi» TOCJeNHeH JIHTephbl), ABOMH-
HYI0 KaBbluKy, CaMy HakJOHHYK uepry. [lojiHBEIA CMHCOK TaKHX JHTEp Npeac-
TaBjed B pasa. 2.3.

Ynpaxuenne 1.1. BuinosnuTe nporpammy, neyaraiouylo "3ApaBCTBYH, MHP", B
pameii cucreme. [lo3KCmepMMEHTHUpYHTe, Yylnaass HEKOTOpbie YacTH MpOrpam-
MBI, H NOCMOTDPHTE, KaKHe COOOlLeHHs 00 OmHOKAaX Bbl MOJYYHTE.

YnpaxHenne 1.2. BoisicHHTe, 4TO MNpPOK30#IeT, €CJHH B CTPHHFOBYIO KOHCTaH-
Ty aprymenta printf BcraBuTh \¢, rae ¢ — JHTepa, He BXOAAIlas B TNepe-
YHCJIEHHBIH BbIII€ CHHCOK.

1.2. NEPEMEHHBIE U APUDMETUMECKUE BbIPAXKEHUSA

Creayiomass [porpaMMa BHIOJMHAT BbIUMCJAeHHs N0  ¢opmyre CO =
(5/9)(F%-32) u neuyaraeT MOPHBEAEHHYIO HHXe Tab/JHIly COOTBETCTBHSI TEMIe-
paryp no ®apeureiity u no Lleabcuio:

0o -17
20 -6

200 93
220 104
240 115
260 126
280 137
300 148

Kak u mnpeabiaywasi, 3Ta NpOrpamMMma COCTOHT H3 OmpejeseHHst OQHOH-eNHHC-
TBeHHOH ¢yHkuuu main. OHa AJHHHee NPOrpaMMbl, MeyaTaiouled "3apaBCTBYH,
Mup", HO He cjoxHasi. Ha Heli Mbl TmpOAEMOHCTPHDYEM HECKOJNbBKO HOBBIX BO3-
MOXHOCTe, BKJIOYash KOMMEHTApHil, ONHCAHWsA, NepeMeHHbie, apupMeTHYeCKHe
BBIPAXEHHS, LUHKJb H (GOpMATHBI! BHIBOL

#include <stdio.h>

/* rnevaTb Tadnuub Temnepatyp o dapenreity
u lenwcuo gns fahr = 0, 20, ..., 300 */
main()

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

lower = 0; /* HUXHSS CpaHudla Tadl. TeMmnepaTtyp */
upper = 300; /* BepxHAA rpaHuua */
step = 20; /% war */

fahr = lower;
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while (fahr <= upper)
celsius = 5 * (fahr-32) / 9;
printf("%4d\t%d\n", fahr, celsius);
fahr = fahr + step;

}
IlBe CTpOKH:

/* mevyaTb Talnuus Temneparyp no dapesrefity
1 lenvcuo ans fahr = 0, 20, ..., 300 */

ABASIOTCA KOMMEHTApLeM, KOTODbli B NAHHOM CJydyae KpaTKO OOBSCHSET, 4YTO
nenaer nporpamma. JhioGbie JHTephl, MOMeiUeHHblE MeXAy /* W */, HTrHOpHpY-
IOTCS KOMIHWJISITOPOM, H HMH MOXHO CBOOOAHO NOJb30BaThCH, UTOOH CAeJaThb
nporpammy 6oJjiee noHsTHOH. KoMmMeHTapuit MOXKHO pacnosaraTb B J1060M Mec-
Te, THe MOryT CTOsiTb JiHTepbl npofesa, Taly/asfilHHd HAH JHTEpa HOBas-
CTpOKa.

B Cu Jo6asi nepeMmennasi A0J/KHa OblTb ONHCAHA paHblle, 4yeM OHa Oyxer
HCMOJb30BaHa, OOCLIYHO BCEe TMepeMeHHble OJHCBHIBAIOTCA B Hauyane (QYHKUHH
nepei nepBoil HCMOJIHSIeMOH HWHCTpykuued. B dexaapayuu (onucanuu) 06bsiB-
JAI0TCst  CBOiMCTBA nepemenHbiX. (OHAa COCTOMT M3 HAa3BaHHA THNA H CIHCKa
flepeMeHHbIX, KaK, Hanpumep

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

Tun int o3Hauaer, 4YTO 3HAUEHHS] TEPLYHCJEHHbIX [EePEeMEHHBIX €CTb
uessie, B ortauuue ot Hero THn float ykasbiBaeT Ha 3HayeHuss ¢ JIABalOLLEH
TOYKO#, T.€. Ha YHCIa, KOTOpble MOTYT HMeTb ApoOHYI0 uvacTb. JHanasoHbl
3Havyedui 0EOUX THMOB 3aBUCSAT OT MAaUIUHBL.

Yucsna Ttuna int GuiBaloT Kak 16-paspsiiHbie (OHM JexaT B /JHanasoHe
or —32768 no 32767), Ttak u 32-paspsinubie. Yucaa Tunma float ofwiuno
IIPEACTABASIIOTCA 32—pa3psiiHBIMH  CJAOBAMH, HMEIOIHMH 1O KpaiHed Mepe 6
NeCSITHUHBIX 3Haualwux uudp, H Jexar npubGJIH3HTEJbHO B JHanascHe oOT
10738 no 10+38

[Tomumo int u float Cu nponyckaer ewe HeCKOAbKO 6a30BbIX THIOB AJs
JAHHBIX, 3TO:

char JIHTEpAa — eAUUHUYHBIH OaiT
short KOPOTKO€ LeJioe
long JVIHHHOE 11eJ10€

double mnnasawilee ¢ ABOHHON TOUHOCTHIO

Pazmepbl 0GbEKTOB YKA3aHHBIX THMOB TAKXX€ 3aBUCAT OT MawHHbL. U3
Ga30BBIX THMOB MOXKEG CO34dBaTh. MACCUB6L, CTPYKTYps, W 00BeOUHeHus,
yKkazareau Ha OODbeKTHl 6a30BHX THNOB #H (YHKUHMHK, BO3BpALIAIOILHE B Kayect-
Be pe3ynbTaTa 3HayeHHs 3THX THIIOB. OG0 BCEM 3TOM Mbl pacCKa)keM MO3XKe.

Boiuucaenus B nporpamme npeo0pa30BAHUS TeMNepaTvp HAYHHAOTCH C
WHCTPYKY i NPUCBAUBARLSL:

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

fahr = lower;

KOTOPLIC YCTAHABJHBAKT YK434VHBIM B dHX NEPEMEHHBIM HX HayalbHBIE 3Haye-
Husl. JJ106as HHCTPYKUHS 3aKAHYHMBAETCH TOUKOH € 3ansiToH.
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Bce cTpoku Tabsauubl BHIYHCASIOTCA OJHHM H TeM Xe€ Cnoco6oM, HO3ITOMY
Mbl BOCNOJIb3YEeMCsl LHKJIOM, MOBTODSIIOIIHM 3TO BbIYHCJIEHHE s KaX10H CTpo-
KH. Heob6xoaumble NeHCTBHS BBLIMOJHHT uMka while:

while (fahr <= upper) {

}

On paGoraer caepyowum o6pasoMm. [lposepsercst ycacBHe B ckob6kax. Ecuan
OHO HCTHHHO (3Hauenue fahr MeHblIe WM paBHO 3HAYEHHIO UPpPEr), TO Teno
UMKaA (TPH MHCTPYKLUHH, 3aKJIOUeHHble B (HTypHbie CKOOKH) BHINMOJHSETCS.
3areM onsThb NpOBepsieTCst YCJOBHE M, €CJAH OHO HCTHHHO, TO TeJO LHKJIa
BhINOJIHsiETCs cHOBA. Korma ycsoBue cTaHoBHTCS JsoxHbIM (fahr mnpesnicuio
upper), UMK 3aBepUIAETCs, M BbIYHCJEHHS MPOAOCKAITCS C HHCTPYKUHH,
KoTopast cJefyeT 3a uHkjaoM. [locKOoMbKYy HHMKAKHX HHCTPYKUHK 33 UHKJIOM
HeT, nporpamma 3aBepluaer paboTy.

Tenom unkiaa while moxer ObiTb OAHA HJH HECKOJLKO HHCTPYKLUHH, 3a-
KJIOUEHHbBIX B (HTypHble CKOOKHM, Kak B MNporpamme npeoGpa3OBaHHsi TeMmepa-
TYp, HJIHM OJHA-€HHCTBEHHAss HHCTPYKLHUA 0e3 CKOOOK, KaK B UHKJE

while (1 < j)
i=2*1;
M B TOM u B apyrom cjyuae HHCTPYKUHH, HAXOAAUIMeCH MOA YyNpaBJeHHEM
while, Mb 6yaem 3anuceiBaTb CO CABHIOM, DaBHbIM OAHOH MO3HUHH TabyJsi-
UKWH, KOTOpast B TpOrpamme YKasblBaeTcsti ueThlpbMsi mnpobenamu, O6sarogaps
3TOMY OyOyT $ICHO BHIAHBI HHCTPYKLHH, pacnoJioxeHHble BHYTpH uukjaa. Orc-
TYNbl NOOUEPKHBAIOT JIOPHYECKYIO CTPYKTYpPy mnporpaMMmul. CH-KOMNHJAATOp He
ofpalllaeT BHHMAaHHsI HA BHellHee O(QOpPMJIEHHE NMPOrpaMMbl, HO HAJHYHE B HYX-
HBIX MeCTax OTCTYNOB M npofesoB CYLIECTBEHHO BJHSIIOT HA TO, HACKOJbKO
JIerko OHa OyneT BOCIPHHHMAThCS [pH ee mnpocmorpe. UTobnl Jyume Obiia
BHAHA JOru4yeckass CTPYKTypa BbIpaXXe€HHsi, Mbl DPEKOMEHAyeM NHCaTb TOJbKO
10 ONHOH HHCTPYKUMH HA KaXJ0H CTpoke U 006paMiasTb MnpofenaMH 3HAKH
onepauuii. [losoxeHue CKOOOK MeHee BaMHO, XOTA CYILECTBYIOT pa3JIHYHbIe
TOYKH 3pEHHs] HAa 3TOT CyeT. Mbl OCTAHOBHJIHCb Ha OJHOM H3 HECKONbKHX
pacnpoCTpaHEHHbIX CTHJEH HX mNpHMeHeHus. Bwifepute TOT, KOTOpHLIH 6GoOsblLIe
BCEr0 BaM HMIIOHHMDYET, H TOYHO €My CJenyiTe.

Béabluasi yacTb BHIUKC/EHHH BBHIMOJHsETCSs B Tese UHKJa. Temmeparypa
nepeBoauTcss B wkanay lleabcusi u npucBauBaercsa nepeMeHHo celsius no-
CpPeaCTBOM HHCTPYKIHH

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

Mu cHauasna ymHOXaeM Ha b M 3areM JequM Ha 9, a He cpa3ly yMHOXKaeMm Ha
5/9. 3to cBsizano ¢ Ttem, uto B CH, KaK U BO MHOTHX ADYTHX #A3BIKAaX, Ae-
JIEHHe LeJibiX CONpOBOXKAaeTcsi obpe3anuem, .T.e. OTOpachiBaHHeM JAPOOHOH
yactd. Tax kak 5 u 9 — ueanle, o6pesanve 5/9 pnano 6bl HyJAb, U Ha MecTe
temnepatyp no Llenbcuio Obiin 6bl HaneyaTaHsl HYJIH.

3T1O0T npumep euie HEeMHOro npubGaBWJ HaM 3HAHHH O TOM, Kak paboTaet
printf. printf - yuuBepcanbHas GyHkuHMs GHOpPMATHOrO BBOAA-BLIBOAA,
Kkotopasi 6ygetr noapo6Ho onucaHa B ra. 7. Ee mnepBpif aprymMeHT — CTDHHT,
B KOTOPOM KaxOblii 3HAK % COOTBETCTBYST OJHOMY H3 NOCJAEAYIOIIHX €e apry-
MEHTOB (BTOPOMY, TpeTbeMY...), a HHPOpMauHsl, PpacloOXKEHHAss 33 3HAKOM
%, yKa3plBaeT Ha BHI, B KOTOPOM K&XAblH H3 3THX AapryMeHTOB BBIBOLHTCH.
Hanpuwmep, %d cneuuduunpyer BbIAAaYy apryMeHTa B BHAE UEJOT0 4YHCNIA, H
AHCTPYKUHS

printf ("%d\t%d\n", fahr, celsius};
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neuaraet uenoe fahr, somosnsier Tabyasiuuio ¥ nedaraer uesoe celsius.

B ¢ynkunn printf kaxaoMmy cneungukaropy nepBoro aprymenta (KOHC-
TPYKLIHH, Ha4YHHAIOWIEHCA C %) COOTBETCTBYeT BTODOH aprymeHT, TpeTHH ap-
rymeHT H T.A. CnenudpHxkaTopsl H COOTBETCTBYIOLIME HM AapryMEHTH [JOJIKHBI
6LITL COrJIaCOBAHBI IO KOJHYECTBY H THNAM: B NPOTHBHOM CJyyae Hameuya-
TaHO 6ydeT He TO, YTO HYXHO.

Kcrath, printf He saBasercs uwactbio sispika CH, M BOOGIIE HET HHKa-
KHX CHeUHaJbHBbIX KOHCTPYKUHH $3blKa, ONpeNe/siOWIHX BBOA-BHIBOA. DyHKUMs
printf - nawwe nosesnas ¢GyHKUHS CcTaHZapTHOH GUOAHOTEKH, KOTOpas OObIY-
HO poctynHa aisa Cu-nporpamm. [loBemenne d¢yukuumu printf, onmako, oro-
BopeHo cranzaproM ANSI, ©u ee cBoiicTBa AOJKHB GHTb OAHHAKOBHIMH BO
Bcex CH-CHCTeMax, YIOBJETBOPSIOLHX TpeGOBAHHAM CTaHOapTa

JKenas CKOHLEHTPHPOBATb Baule BHMUMaHue Ha camMoM CH, Mbl He Oyaem
MHOTO TOBOPHTb O BBOAe-BbiBOAe A0 r©i. 7. B wuactHocTtH, 10 3TO# rJaBHI
Mbl OTJIOXHM pa3rosop o ¢opmariom BBome. Ecam Bam mnorpebyercsi BBeCTH
yucaa, COBETyeM NpOYHTaTh B pasd. 7.4 To, 4TO Kacaercss (YHKUHH
scanf. Ota ¢yHkuus aHasoruuna printf ¢ Toit sMwL pasuuued, YTO OHa
BBOAHT, @ HE BbIBOAMUT HaHHbIE.

CyuwecTByloT elie nBe MNpo6GjeMbl, CBsi3aHHbie C NPOrpamMMod mnpeobpa3o-
BaHHs1 Temmnepatyp. OmHa u3 Hux (6ojee npocrasi) COCTOMT B TOM, YTO
BLIBOAMMBIH pe3yJbTaT BLIFVIALHT HECKOJbKO HEpSIIJIHBO, MOCKOJbLKY 4YHCJAa He
BbIDOBHEHbl MO MpaBOH MO3HUHHM KOJOHOK. ITO JIerko HCHpPaBHTb, A06ABHB B
KaXAblH H3 cneuHdHkatopoB %d ¢opmarta ykasaHHe O WIHPHHE NOJSs; NPH 3TOM
nporpamma OyJeT MevyaTaTb UYHCJIA, NPHXKHMAas HX K NPABOMY Kpal YKa3aHHBIX
noJeil. Hampumep, Mbl MOXeM HanucaTthb

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

4yTOGB B KaXAOH CTPOKE NEpBOE YHCJO [euyaraTb B MOJE€ H3 Tpex MO3HLUHH
a BTOpoe — H3 lecTH. B pesynbrate Gyaer HaneyaraHo: °

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

100 37

Bropasi, Gonee cepbesnas npoGiema CBsi3aHa C T€M, 4YTO Mbl NOJb3Y-
€MCsl LeJIOUHCIEHHOH AapHOMETHKOH W INO3TOMY He COBCEM TOUYHO BBIUHCJISAEM
tTemnepatypbel no wkane Lleabcusi. Hanpumep, 0°F na camom gene (¢ TouHOC-
ThlO A0 necsATo#l) paBHO -17.8°9C, a we -17. Uro6b noayuuth Gosiee TOUHBIE
3HayeHHs TeMIepaTyp, HaM Hal0 TMOJb30BATHCS HE LEeJOYHCJIEHHOH, a nJa-
BaiomeHd apupmeTHkol. ITO noTpebyeT HEKOTOPBIX H3MEHEHHH B MpOrpamme

#include <stdio.h>

/* meyaTb TaGnuusl TeMmnepaTyp no dapenreiity u lenbcuo mns
fahr = 0, 20, ..., 300; BapuadT c nnaBabue# Toukoi */

main()

{ float fahr, celsius;

int lower, upper, step;

lower = 0; /* HUXHSIA TpaHUlLa Tall. TeMIepaTyp */
upper = 300; /* BepxHsisi I'paHUla */
step = 20; /* war */
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fahr = lower;
while (fahr <= upper) {
celsius = (5.0/9.0) * (fahr-32.0);
printf("%3.0f %6.1f\n", fahr, celsius);
fahr = fahr + step; '
) -

[porpamma mano usMenunacb. Oua oTaHMuaerTca OT npeablaylied JaHUb
tem, uto fahr u celsius o6bseienst kak float, a ¢opmyna npeo6Gpa3oBa-
HUsi HamucaHa B GoJiee eCTeCTBEHHOM Buie. B mnpeabayuiemM BapHaHTE HEJb3s
6u10 mucaThb 5/9, Tak Kak LeJIOUHCJIEHHOE je/eHHe B pesyapTare o6pe3a-
HHs gano 6bl HyJab. JlecsiTHUHAsi TOuKa B KOHCTAHTE YKa3plBaer, YTO MOC-
JeJHsAss paccMaTPHBAETCst KakK 4YHCJAO C naasapouei touko#, v 5.0/9.0, Ta-
kMM 06pa3oM, €CTb uaCTHOe OT [eJeHHs ABYX 3HaueHHH C nJjapalouiel Tou-
KO#, KOTOpOe He I[peanojaraer OTOpachiBaHHSA ApoGHOH wacTH. B TOM cary-
yae, Korga apH@MeTHuecKasi Onepalus HMMeeT LeJbie OMEpaHapl, OHA BbIIOJ-
HSeTCH N0 NpaBWJaM LeJaouncienHodl apudmernku. Ecaum ke oauH onepasi
N/iaBaioliHi, a ApYyrod — Leabld, TO nepel TeM, Kak oOnepallus 6ynet BbiMOJ-
HeHa, nocaefHHB Gymet mnpeo6pa3oBan B mMiaBawouui. Ecnu 66 Mbl HamHCasH
fahr-32, Tto 32 aBTOMaTH4YeCKH OblIO Obl npeoGpa3oBaHO B 4HCJIO C NJaBalo-
ped Toykoi. Tem He MeHee MpH 3aMHCH KOHCTAHT C nJasalouleii TOUKOH Mbl
BCErJa HCMOJb3yeM [eCATHYHYI0 TOUKy, INpHueM Jaxe B Tex cJjydasX, Koria
KOHCTAHTHI Ha CaMOM [leJle HMeIoT leJble 3HauyeHHs. ITO Aejaercs AJs TOro,
4TO6Bl O6paTHTh BHHMaHHE UMTAIOLIErO MPOrpaMMy Ha HX MNPHPOLY.

Bosnee noapo6HO MpaBuJa, ONpelessiollne, B KaKHX Caydasx LUeJble Te-
peBOAATCS B [JaBaloluue, pacCMaTpHBAOTCA B TJ. 2. A cefiuac 3aMeTHM,
4YTO MpHCBaHBAHHE

fahr = lower;
H TIIpOBepKa
while (fahr <= upper)

paGoTal0T eCTeCTBEHHBIM O00pa3oM, T.e. Tflepel BbIMOJHEHHEM ONepaiuH 3Ha-
yenue int .npusoputcst k float.

Cneunduxauus %3.0f B printf onpenenser neyarr uucaa C nJaBaloien
Touko# (B AaHHOM cuayuae uyucaa fahr) B nosae IWIMpHHOH He O0ojiee Tpex
NO3MUKH 6e3 m[ecHTHUHOH ToukW M apo6HOH uacTH. Cneundukaims %6.1f
onHCHIBAaeT TmeuaTh Apyroro uncaa (celsius) B nose H3 1ECTH NMO3UUHH C
onHOH uMppol mocse AecsiTHUHOW Touku. Haneuarano Gyaer caenymoulee:

0 -17.8
20 -6.7

40 4.4

lllapuHy ¥ TOYHOCTb MOXHO He 3ajaaBatb: 4Bf o3navaer, 4TO 4YHCIO 6yner
3aHUMaTb He Gosiee wecTH nosuunit, %.2f - uuciao umeeT ABe UHbpH mOCe
LeCSITHYHOH TOYKH, HO LIMpHHA He orpaHuuena, %f npocTO yKa3bBaeT Ha
neyaTh UYHCJa C IJaBaloIled TOYKOM.

%d neyath AECSITHYHOrO LEJOro

%6d [eyath AECSTHUHOrO HeJ0ro B noJie 3 6 MOo3HUHA

yAS ne4yaTh 4HCJa C MNJaBaioilieidl TOUKOH

#%6f leyaTh YHCJA C MJaBamwlleil TOUKOH B noJse W3 6 MO3HMUHUH

%.2f meyaThb 4MCJa C MJaBalowWeil ToukoH ¢ 2 uudpamd mnocie
JeCSITHUHOH TOYKH
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%#6.2f newaTh yucaa ¢ naaBalowedl TOUKOH B moJie H3 6 HO3HUHH H
2 uudpaMu nocje AECATHUHOH TOUKH

Kpome rtoro, printf nomyckaer takxke caenyiommue CNeUH(pHKATOPLL %0 45
BOCbMEDHUYHOIO  4HCJI4, %X A  ILIECTHAAUATHPHYHOTO w4HCAA, %C  [as
JIUTEDHI, %S A CTPHHTA JIHTEp M %% AAs camoro %.

Ynpaxuenue 1.3. Ycosepuwencrsyiite nporpamMmy npeo6pa3cBaHHA Temmepa-
TYp TakuM oGpa3om, uToObl Haja Tab/uueil OHA MeuaTaja 3aroJOBOK.

Ynpaxuenwe 1.4. Hanuwure nporpammy, Koropas Gyner neyaTtatb TaGJaHLY
COOTBETCTBHA Temnepatyp no llenbcuio Temneparypam no Qapenreitry.

1.3. MHCTPYKUMA FOR

CywmecTsByeT MHOFO pa3HBIX CNOCOGOB AM51 HANHCAHHMS OAHOM M TOH Ke
nporpammsl. Bunonsmenum Hawy nporpammy npeoGpasoBaHus Temmneparyp:

#include <stdio.h>
/* mevyaTh Talnulpl TeMmnepaTyp o dapenreiity u lenbcuo */
main() "’

int fahr;

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

) printf ("%3d %6.1f\n", fahr, (5.0/9.0)*(fahr-32));
dTa nporpaMma neyataeT TOT Ke pe3YJbTAT, HO BBHIMJISIAHT OHA, HECOMHEH-
HO, mo-fpyromy. [y1aBHOE OT/IHUHE B OTCYTCTBHH OOMBIIMHCTBA NEPEMEHHDbIX.
Ocranace TobKO nepemennast fahr, KoTopyio Mbl onucanu kak int. Hukusis
M BCpXHfAs TpaHHUbl W IIAr TNPHCYTCTBYIOT B BHAE KOHCTAHT B WHCTPYKUHH
for — HOBOH n/f HAC KOHCTPYKUHHM, a BbIpaXKEHHE, BHIYHCJSIONIEe TeMmmepary-
py no Llenbcuio, Temepp 3anaHO TPETbHM apryMeHTOM ¢yukunu printf, a me
B OTAEJNbHOH WHCTPYKUHH MPHUCBAHBAHHS. -

D10 noc/jenHee H3MEHEHHE SIBJISETCH NpHMEPOM INpPHMEHEHHS OOLIero
npasu;a: B JI060M KOHTEKCTe, [II€ BO3MOXHO HCIO/Nb30BAHME 3HAYEHHS Ie-
PEMEHHOH KAaKOTO-TO THIA, MOXHO HCHOJb30BATH GOJiee CJOKHOE BbIpaXKeHHe
TOro ke THna. Tak, Ha MecTe TPeTbero aprymeHTa (YHKLHH printf coraa-
cHO cneun¢ukaropy %6.1f pomxHO ObITb 3HaueHHe C nsaBalowWwel TOYKOH,
C/J€10BATE/NbHO, 3[4eCh MOXeT ObIThb J1iI060€ BhIpaXKEHHE 3TOr0 THNA.

HucTpykuns for onucebiBaeT uMKJ, KOTOpH siBAsieTcs 0606LICHHeM LHK-
n1a while. Ecan Bb cpaBHHTe ero ¢ panee HanmucauHwbiM While, To Bam cTa-
HeT 5ICHO, Kak OH paGoTaer. BHyTpu CKOGOK HMEIOTCS TpH BBIpAXKeHHsi, pa3-
AeNAEeMBIX TOUKOH ¢ 3ansaTol. [lepBoe BhipaKeHHe — HHHMUMAIH3AIHS

fahr = 0
— BBHIMNOJHACTCA OAHH pa3 nepea TeMm, Kak BOUTH B LUKJI. BTopoe - npOBep—
Ka yCJoOBHSA NMpOAOJIXKEeHHS IIHKJAa

fahr <= 300

YcnoBue BBIUHC/ISIETCS, H, €CAH OHO HCTHHHO, TeNO UHKJA (B Hawem ciyuae
3T0 onHO o6paulenne K printf) suinonusercsi. 3atem OCYUIeCTBJISIETCS [1DH-
palleHye iara:

fahr = fahr + 20

H yCJIOBHE BBIUMCAAETCA CHOBA. Lluka 3akawuuBaercsi, koraa ycioBHe Cra-
HOBHTCsl JIOXHBIM. Kak u B cayyae ¢ while, Teno for-umkia MOxeT COCTO-
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ATb W3 OAHOH WHCTPYKUHH WM W3 HECKOJbKHX, 3aKJIOYEHHHIX B (HTYypHbBIE
cko6kH. Ha MmecTe 3THX Tpex BbIpaKeHHH (MHHUHAIH3AUHH, YCJOBHS H MpH-
palleHusl Wara) MOTYT CTOSITb IPOH3BOJIbHBIE BbIPAXKEHHS.

Buibop mexny while u for ompenensieTcst cOOOpaXK€HHAMH SICHOCTH IpO-
rpammbl. Lluka for Gosnee ynofen B Tex caydasxX, KOria HHHUHAIH3AUHA H
NpHpALIeHHe 1Iara JOTHYeCKH CBsi3aHbl ApYr C ApYrom ofuleii nepeMeHHOH H
BBIPAXAIOTCA €NMHHYHBIMH WHCTPYKUHSIMH, INOCKOJIbKY OH KOMNAKTHEe UKMK/IA
while, a ero ynpasjsioiuue 4aCTH COCPELOTOUEHHI B OAHOM MeCTe.

Ynpaxuenne 1.5. M3mennte nporpammy mnpeoGpasoBanus Temnepatyp Tak,
yTOGH OHA NeyaTana Tabauuy B obpatHoM nopsinke, T.e. o1 300 no0 0.

1.4. UMEHOBAHKHbIE KOHCTAHTbI

[pexae ueM MBI 3aKOHUHM pPacCMOTpeHHE [POTrpaMMbl npeo6pa3oBaHHus
TemilepaTyp, BBHICKaXeM eule OAHO coob6paxenne Ouedb 1J0X0, KOraa mo
nporpaMme paccesiHbl «MardyeckHe 4YHCJAa» THIA 300, 20. Has Toro xTto Oy-
JeT UWTATb NPOTPAMMY, B HHX HET H HaMeKa Ha TO, YTO OHHM COGOH mnpeac-
taBAsiioT. Kpome TOro, WX TPYNHO 3aMeHHTb Ha [APYrHe KakMM-TO CLCTEMa-
THUecKuM cnocobom. OaHa H3 BO3MOXHOCTEH# CNpaBuTbCH € TAKHMH UYHCAad-
MH — #aTe HM ocmbicienHble umena. Crtpoka #define omnpenensier cumso.broe
UM, WM UMEHOBAWHYNO KOHCTAWTY, AJAsl 3aJl@HHOTO CTPHHTA JIMTEP!

#define umst nodcrasanemvlil-TekcrT

C 3Toro MoOMeHTa MpHu Jw00M TMOSABJAECHHH UMeHU (eCJIH TOJbKO OHO BCTpeda-
eTCs1 He B TEKCTe, 34K/NIOYEHHOM B KaBbIUKH, H He sBJAAeTCA 4acCTbio Onpe-
[eNeHHsi APYroro HMeHH) OHO OyleT 3aMeHATbCsH Ha COOTBETCTBYIOUIHH €My
nodcragasemeili-Tekcr. Mmsa nmeeT TOT »Ke BHI, UTO M IepeMeHHasi: nocnae-
ROBATeNbHOCT OYKB M UH(p, HAUYKHHAOWAACA ¢ OYKBHL [TodcrasasemoLi-reKcr
MOXKeT ObiTh 10001 M0CJeJ0BaTeNbHOCTbIO JIMTEP, CPeAH KOTOPbIX MOryT
BCTPEUATHCSI HE TOJNBKO LHPPHIL. '

#include <stdio.h>

#define LOWER O /% HUXKHSASA CpaHuUa TaCuuus */
#define  UPPER 300 /* BEPXHAA rpaHuua */

#define  STEP 20 /* pasMep wara */

/% neuaTb Tadauusl TemnepaTyp no ®apenreity u lenbcuo */
main()

{ int fahr;

for (fahr = LOWER; fahr <= UPPER; fahr = fahr + STEP)
) printf("%3d %6.1f\n", fahr, (5.0/9.0)*(fahr-32});
Beauunnbn LOWER, UPPER u STEP - uMenoBauHBHE KOHCTAHTH, a4 He MNEPEMEH-
upe. TlostoMmy ans Hux Her omucanuil. [lo obulenpHHATOMY COrJALIEHHIO HMEHA
MMEHOBAHHLIX KOHCTAHT HaGHpAIOTCsl 3ari1aBHbIMH OYyKBaMH, 4yTOOB OHH OTJIH-
YaqUCh OT OOBIYHLIX NEPeMEHHbIX, HAOHPAEMBIX CTPOUHBIMH. 3aMeTHM, 4TO B
koune #define-cTpoku TOYKa C 3aNATOH He CTABUTCS.

1.5. BBOA-BbIBOO JUTEP

Tenepb Mbl HAMECPEHEl PACCMOTPeTb CeMEHCTBO 1pOrpamm Io TEKCTOBOH
odpaboTke. Boi  0OHapyKiiTe, YTO MiOTHE pea.blible NPOrpamMMbl  SBJSIOTCSH
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npocTo Gosiee Pa3BHTHIMH BEPCHAMH ONHCHLIBAEMBIX 3[4€Ch MPOTrPaMM.

CrannaptHas 6HO6/NMOTEKA NOANEPXKHBAET OUYEHb NPOCTYI0 MOAE]b BBOAA-
BbiBONA. TeKCTOBBIH BBOA-BHIBOA BHE 3aBUCHMOCTH OT TOTO, OTKYAa' OH HC-
XONHT WJH Kylda Hanpas/AeTCs, HMeeT [AeJO ¢ NOTOKOM Jutep. Tekcrosgeti
MOTOK ~ 3TO MNOCJELOBATENbHOCTb JIHTEp, pa3bUTasi HA CTPOKH, Kaxaas H3
KOTOPBIX CONEPXHT HyJb MK GoJiee JIMTEp M 3aBeplIaeTCsl JHTEpPOH HOBasi-
cTpoka. OO6A3aHHOCTb CJI€OHTH 32 TeM, uTOOH JI060H NOTOK BBOAA-BHIBOAA
OTBeuas 3TOH MOMe/nH, BO3MOXKEHA Ha GHOJIHOTEKY: NpPOrPAMMHUCT, TNOJb3YSCh
GuOIHOTEKOH, HEe [O/KeH 3a60THTLCS O TOM, B KakKOM BH/IE CTPOKH Tpenc-
TaBJAIOTCS BHE NPOrpPaMMBbL.

Cranpapthas GuO/IHOTEKA BKJ/IOYAET HECKOJAbKO (YHKLUHMH [/ YTEHHs H
3anucu oaHo# JuTephl. [lpocteiimrne u3 Hux — getchar u putchar. 3a ozgmo
obpawenne k getchar wuutaercs caedywouwasn aurepa ssoda H3 TEKCTOBOro

NnNoTOKa, KOTOpasst H“ BbIAAETCS B KaydecTBe pe3yJabrara. TaK, f10CJie BBINOJ-
HEHHSH

¢ = getchar()

nepeMeHHas C COLEPXKHT CJeAyloWYylo JHTepy Bpoaa. OOBLIYHO JHTEPH MOCTY-
nawT ¢ KJaasuatypol. BBoa u3 daiinoB paccmarpusaercs B ra. 7.
O6pawenne x putchar npuBoaut k neuatw OmHOH auTepn. Tak,

putchar(c) '

HaNneyaTaeT COAEPXKHMOE Ue/0H nepeMeHHOH ¢ B BHAE JUTepbl (OGBIYHO Ha
skpane). BeizoBer putchar wu printf wmoryr npoussosbHbiM o6pasoMm mnepe-
Mexarbcsi. BeiBoa Oyner (HOpPMHpPOBATLCST B TOM  Ke TNOPSIAKE, B KAKOM
OCYUIECTBJSIIOTCA OOpalleHHs] K 3THM (DYyHKUHAM

1.5.1. Konuposauue ¢anna

[Ipn Hanuunmu ¢yukumit getchar u putchar, Huuero Goabwe He 3Has o
BBOJe-BbIBOLE, MOXHO HAMHCaTb YAMBHTENbHO MHOINC TOJIE3HBIX NpPOrpamM.
[Mpocrtefiuiuit npumep —~ 3TO mporpamma, KOMHpyloOUlas NO OZHOH JIHTEpPe C BXO-
JIHOTO TOTOKA B BBIXOLHOH MOTOK:

UTeHUE AUTepsbL

while (aurepa ne ecro npusnak-konya-gaiisa)
861800 TOALKO HTO npoqurauuo& AUTEPLL
YTeHue AuTepol

Odopmassi ee B BHAe nporpammbl Ha CH, MOJYYHM

#include <stdio.h>
/* KONMpOBaHME BBOLA Ha BHBOJA; 1-51 BepcHUs */
main()
¢ int c;

c = getchar();

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

}
OnepaTop OTHOWIEHHs != 03HAYaeT «He PaBHO>.
Kax(uaﬂ JIHTEpA, BBOAHMAST C KJIAaBHATYpPbl HJIH MNOABAAOIIAACA Ha 3Kpa-

He, Kak H Jiofbass apyras JuTepa BHYTPH MAalIHHBI, KOQUpyercss KoMOWHauueH
6ut. Tun char: CreurajibHO npeaHasHayeH s XpaHeHHusd JIHTEPHBLIX MNAHHBIX,
ONHAKO 11§ 3TOrO TaKXe TOAHTCS H JI0OOH uenbil THH. Mbl nosnb3yemcs TH-
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noM int ® menaeM 3TO MO OZHOH BAXKHOH NpHUYHHe, KOoTopas TpefyeT pas3b-
SICHEHHH.

CyuiecTByetT npo6jema: KaK OTJHUHTb KOHel BBOJA OT OGBIYHBIX YHTa-
eMbIX JaHHbIX. Peumenne B TOM, u4ToOb ¢yHKUHA getchar mno ucuepnanuu
BXOAHOrO TMIOTOKA BbiJaBaja B KaueCTBe pe3y/bTaTa TaKoe 3HAueHHe, KO-
TOpOe Heab3s Gbul0 OBl CHyTaThb HH C OAHOHK peajbHOH JuTepoil. ITO 3Hade-
Hue ecth EOF (a66peBuatypa ot end of file — konen daitna). Mbl AOMXKHBH
OOBbABHTbL I1IEPEMEHHYI0 C TaKOro. THNA, 4YTOObl €ro <«XBaTHJO» [JIs Npencras-
JEHHS BCEX BO3MOXHBIX pe3yJbTaToB, BolaaBaeMbix ¢yHkuuel getchar. Ham
He moaxoadT Tun char, Tak Kak C J[AOJXKHA OblTb AOCTATOYHO <«EMKOH», UTO-
6bl MOMHMO JI060r0 3HaueHusi THna char ObiTb B COCTOAHHH XpaHHTb H EOF.
Bor moyemy Mbl Hcmoab3yem int, a He char.

EOF — uenas KoucTtanrta, omnpeaenennas B <stdio.h>. Kakoe 3nauyenne
MMeeT 3Ta KOHCTAHTA — HEBAaXHO, JHUIbL Obl OHO OTJIHYAJOCh OT Ji060ro M3
BO3MOXHbIX 3HaueHuit ThHna char. Hcnosb3oBaHHe HMEHOBAHHOH KOHCTAHTH C
YHHMHUHPOBAHHBLIM HMEHEM TrapaHTHpYeT, UTO mnporpamma He OyneT 3aBUCETb
OT KOHKDETHOTO 4YHCJIOBOTO 3HAYEHHs, KOTOpoe, BO3MOXHO, B apyrux Cu-
cucremax OyAeT HHbBIM.

[porpaMmmy KONMHPOBAHHS MOXHO HanucaTh Gosee cxkato. B Cu Jo6oe
NpHCBaHBaHHe, HanmpHMep,

¢ = getchar()

TPAKTYETCSi KaK BbIpaXKEHHE CO 3HAYEHHEM, pPaBHbIM 3HAYEHHIO JIEBOH 4acTH
nocJie NpPHCBAMBAHHA. OTO 3HAYHT, 4YTO TMPHCBAHBAHHE MOXET BCTPEYaThCsl
BHYTpH- 6OJiee CNOXHOrO BblpaxceHHs. Ecin npucBanBaHHe MepeMeHHOM C pac-
MOJIOKHTb B TNpOBepkKe YCJIOBHA wLHKAa While, 1O mnporpamMmy KONMHpOBaHHs
MOXHO OyaeT 3anucaTb B CJELYIOLLEM BHIE: ‘

#include <stdio.h>
/* KONMMpOBaHME BBOJLA HA BLHBOM; 2-f1 Bepcus */

main()
{

int c;

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

LUukn while, nepecmsiass B C noaydyeHHoe oT getchar 3Hauenue, cpasy
XKe npoBepsieT: He SIBJISETCs JIM OHO «KOHUOM ¢aiina». Ecan 310 He Tak,
Teso uukjaa while BoimosHsiercss W JsiuTepa neuartaercs. [lo OKOHUaHMM BBOAA
3apepmaercs pa6ora uukja while u Tem campim H main.

B 1aHHOM BepcHH BBOL «LEHTpPANIM30BaH» — B INPOrpaMMe HMEETCs
TOJABKO 0AHO ofpamenne K getchar. B pesyabrate oHa 6o/€e KOMNAKTHA H
Jerye BOCNPHHMMaeTcss NpH 4YTeHWH. Bam wyacto npuaercs crankuBaTbCst ¢
TAakOH (OpPMOM 3anuCH, TrAe [pHUCBAaWBaHHe JesaeTcsl BMeCTe C HNPOBEPKOM.
(UpeamepHoe yBjeuyeHHe ei0, OIHAKO, MOXeT 3anyTaTb NPOrpaMMmy, MO3TOMY
Mbl NOCTapaeMmcsi MOJb30BaTbCsl yKa3aHHO# (oOpMOH pa3ymHO.)

CKO6KH BHYTpPH YCJOBHs, OfGpamjsiiolllie NpHCBaHBaHHe, HEOOXOMHMBI.
[lpuopurer != Bbllile, yeM MNPHOPHTET =, H3 4Yero CJeAyeT, UYTO MNpH OTCYT-
CTBHH CKOGOK mnpoBepka != OyneT BbINOJHATLCA A0 ONepauHd NpHCBAHBAHHS
=. Takum o6pa3om, 3anuchb

¢ = getchar() != EOF
3KBHBAJIEHTHA 3aNUCH
¢ = (getchar() != EOF)
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A 3710 coBceM He TO, YTO HaM HYXHO: MepeMeHHOH C O6yJeT NpHCBAHBATLCS
0 wau 1 B 3aBHCHMOCTH OT TOro, BCTPETHT HJAM He BcrperuT getchar
npu3Hak koHua ¢aina. (Bosee moapo6Ho 06 3ToM cM. B ra. 2.)

Ynpaxuenne 1.6. YGeautech B TOM, uTO Bbipaxenue getchar() != EOF
nosyyaetr 3Hayenue 0 wuau 1.

¥Ynpaxunenue 1.7. Hanuwurte nporpammy, nevatamouylo 3HaueHue EOF.

1.5.2. MNopcuer nurep

Cnenylomasi nporpaMma 3aHHMAaeTCsi MOJCYETOM JIHMTEpP, OHA HMEET MHOro
CXOIHBIX YepT € NPOrpaMMOH KOMNHPOBAHHS.

#include <stdio.h>
/* TojAcCUYeT BBOJAUMBIX nuTep; 1-s1 Bepcus */
main()

{
long nc;

nc = 0;
while (getchar() != EOF)
++nc;
) printf("%1d\n", nc);
HucTpykuus
++NC;

NeMOHCTPHPYET HOBHIH OnepaTop ++, KOTOpPBIH O3HAYaeT yBeauuurs Ha eodu-
nuyy. Bmecto 3TOrOo MOXHO GblIO GBI HAamucaTh NC = NC+l, HO ++NC HaMHO-
ro xopouve, a uacto H 3¢pdexrusHee. CylwecTByer aHaJOTHYHBIE Omeparop
-=, O3HayalWHi ymenvuwurs na edunuyy. Onepatopbl ++ H —- MOT'YT GbITb H
npedukcHeiMH (++nc), ¥ noctoukcHoiMM (nc++). Kak Gyner nokasano B I
2, 3TH ngBe (OpPMBI HMEIOT pa3Hbie 3HAUEHHs] B BbIDAXEHHSX, HO M ++NC, ¥
nc++ no06aBasioT K NC eAHHHLY. B naHHOM cJayuyae MBI OCTAHOBHJIHChL Ha Mpe-
(PUKCHOM 3anucH.

[lporpamma nojcuera JHTep HaKanjiuBaeT CYMMY B INepPeMEHHOH THNa
long. Hensle THna long umeioT He MmeHee 32 O6uT. XOTS HA HEKOTOPHIX Ma-
wWwHHax THOe int u long WMeloT OAMHAKOBBIA pa3mep, CyuieCTBYIOT, OIHAKO,
MalllMHBI, B KOTOpHX int 3aHumaer 16 6uT ¢ MakCHMaibHO BO3MOXHLIM 3Haye-
Huem 32767, a 3TO — CpaBHUTEJbHO MAaJeHbKOE YHCJO0, H CUYETYHK THna int
moxeT nepenosnuuTbesi. Crnenudukauus npeobpaszosanus %ld B printf ykasmw-
BaeT, YTO COOTBETCTBYIOLUHH aprymeHT umeer Tun long.

Bo3MoxHO OXxBaTHTb eule GO/IbILKI AHANA30H 3HAYEHHH, €CJAH HCMOJb30-
Batb THn double (r.e. float c aBoitnoit TouHOCTBIO). [lpHMEHHM TaKXKe HH-
crpykuuio for sBmecto while, urto6bl npoAEeMOHCTpPUPOBATH APYroH Cnocod
HANMCAHHSI LHKJA. '

#include <stdio.h>
/* TIOLCYeT BBOLUMHX JUTEp; 2-1 Bepcus */
main()

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

printf("%.0f\n", nc);
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B printf cneunduxarop %f npumensierca kak gass float, Tak u gas
double; cneuudukarop %.0f o3Havaer neyarr O6e3 [AeCATHYHOH TOUKH H
Npo6HON 4acTH (MOCJAedHsAsT B HalleM CJyuyae OTCYTCTBYeT).

Teno ykasanuoro for-uukaa mycto, INOCKOJIbKY KpOMe TpOBEPOK H
npupalleHHil CYeTYHKA AesiaTb Huuero He HyxHo. Ho npaBuna rpammaruku Cu
TpebyioT, 4ToOb for-umkja Hmen Tesno. BouinonHenne 3TOro TpeGoBaHHA O6ec-
neydBaeT M30JMPOBAHHASI TOYKA C 3aNATOH, Ha3biBaeMmas nycrod UHCTPYKyu-
ed. Mb 1ocTaBMJIM TOYKY C 3amsATOH Ha OTAEJbHOH CTpoKe /A OoJablued Ha-
TJIAAHOCTH.

Hakonelu, 3amertum, 4TO, €CJAH BBOJ He CONEPXHT HH ONHOH JIHTEpHI,
TO TpH mepBOM xe ofpawexHud K getchar yenoswe B While uau for ne Gy-
JeT BHIOJHEHO, H NpOrpaMMa BBIAACT HYJAb, UYTO H OydeT NpPaBHJIBLHBIM pe-
3yabTaToM. 310 BaXHO. ONHO M3 TpHBJEKAaTeJIbHbIX CBOHCTB UHKJOB While u
for cocToWT B TOM, UYTO YCJOBHE [pOBEpsieTcss [0 TOro, Kak BBIMOJHAETCS
Tes0 uukjaa. Ecau Huuero gesaThb He Ha[O0, TO HHYEro JaeaaTbCst 4 He Oy-
geT, NOYCTb [aXe TeJo UHKAa He OymeT BBIMOJHeHO HM pasy. [lporpamma
[OJI)KHA BEeCTH Ce6si KOPPEKTHO I[IPH HYJIEBOM KOJHYEeCTBE BBOIHMBIX JIHTEP.
Camo yctpo#icTBO uMkJ0B While u for pnaer MONOHHTENbHYIO YBEPEHHOCTb B
[IpaBU/IbLHOM MOBEAEHHH NPOTrPaMMbl B CJyyae TPaHHYHBIX YCJOBHH.

1.5.3. Mopcuer crpok

Crneaywouiass nporpaMma MNOACYHUTHIBAET CTPOKH. Kak YNOMHHanOCh BhIILE,
craHgaptHas OubJauoTeka ofbecriedyuBaeT TaKylo MOJeJb BBOJA-BbIBOAA, [pPH
KOTOPOH BXONHOH TEKCTOBBLIH MOTOK COCTOHT H3 MNOCNEAOBATEJNbHOCTH CTPOK,
Kaxaasi H3 KOTOPbIX 3aKaHYWBaeTCsi JINTepOH HoBas-CTpoxa. ClieA0BaTeNbHO,
NOACYEeT CTPOK CBOAMTCA K MOACYETY YHCJIA JHTEp HOBAsi-CTpOKa.

#include <stdio.h>
/* mnojcYeT CTPOK BXOLHOI'O NOTOKa */

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

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

Teno uukaa Tenepp o6pasyer HHCTpyKuusa if, noa koHTposieM KOTOpO#
HAXOAMUTCS yBesuyeHHe cdyerydka Nl Ha eaunnuy. Huctpykuus if nposepsier
ycJoBHE B CKOOGKax H, €CJAM OHO HCTHHHO, BLINOJHSIET CJEeAYIOLlYI0 33 HHM
HHCTPYKUHIO (MM TPyNny HHCTPYKLHHA, 3aKAIOUEHHYIO B (UrypHbie CKOOKH).
Ml onsATb mesaeM OTCTYNbl B TEKCTe NPOrpaMMbl, 4TOGbl I10Ka3aTh, YTO 4YeM
ynpaBaseTCs.

[Bo#noit 3uak pasencTBa B s3bike Cu 0603HayaeT oONepaTop «paBHO»
(on auanoruyen onepatopy = B [lackane u .EQ. B Poprpane). Ynpausanue
= B oOHeparope MNpOBEPKH Ha PaBEHCTBO C[eaaHO AJMSA TOro, 4TOOBl OTJ/H-
YHTL €ro OT E€AMHHWYHOro =, ucrnosn3dyemoro B CH i 06O3HaUeHHS TPHCBA-
uBanusi. [lpeaynpexnaem: HawuuHawouue nporpammuposats Ha CH HHOrJa MHIIYT
=, a umeloT B BuAy ==. Kak Mbl yBHAHM B M. 2, B 3TOM CJiyyae pe3yJ/ibTa-
TOM O0O6uiyHO O6yaerT BMOJHE [ONYCTHMOe O ¢opMe BhIpaXKeHHe, HA KOTOpPOe
KOMOHJIATOP HE BBIAACT HHKAKHX NpelyNpexnalolldX COO6UIeHHI.
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Jlutepa, 3ak/aloueHHass B OJAMHOYHBIE KaBblUKH, MpEACTaBJseT LeEJoe
3HauYeHHe, paBHOe KOAY 3ITOH JHTepbl (B KOAHPOBKe, MNPHHATON HA [JaHHOH
MawuHe). ITO TaK HasbiBaeMmast aurepHas koncranra. CyulecTBYeT H ApPYrOH
cnoco6 Al HamHCaHHA MaJsleHbKHX uesabix 3HaueHuil. Hanpumep, A’ ects
JIUTepHAsi KOHCTaHTa;, B Habope nautep ASCI| ee 3Hauenue paBHsieTcs 65 —
BHYTpPEHHeMY TNpelacTaBaeHHlo OykBol A. KoHeuHo, 'A’ B pOJIH KOHCTaHTHI
npeanoYTHTEbHEee, dYeM 65, NOCKOJbKY CMBICJ T[E€pBOH 3anucH GoJsiee OYEBH-
JeH, H OHAa He 3aBHCHT OT KOHKDETHOro crnoco6a KOAHPOBKH JIHTEp

OCKeHN-noc/e10BaTeNIbHOCTH,  HCINOJb3yeMble B CTPHHIOBHIX  KOHCTaH-
Tax, MNONMYCKAIOTCsi TaKXKe H B JHTePHBIX KOHCTaHTax. Tak, '\n’ o603Hauaer
KOO JIMTepnl HOBasi-cTpoka, koTopeiit B ASCIl paBen 10. Cnenyer o6patuth
ocoboe BHHMaHHe Ha TO, 4To ’\n’ o6Go3HauyaeT OAHY JHTEPY (KOX KOTOpOM
B BLIPAXXEHHH pAacCMaTPHBAeTCsl KaK LeJoe 3HaueHHe), B TO BpeMs Kak "\n"
— CTPHHTOBasi KOHCTAHTAa, B KOTOPOH 4YHCTO CJyuyaHHO yKa3aHa OIHA JHTe-
pa. Bonee monpo6HO passvuyHe MeXAy JUTEPHBIMH W CTPUHTOBBIMH KOHCTAHTa-
MH pasbHpaercs B ria. 2.

Ynpaxuenue 1.8. Hanuwurte nporpammy mns mnoacuera npoGenoB, TaGyJsinui
H HOBBIX-CTPOK

Ynpaxuenue 1.9. Hanuwure nporpammy, KOMHUDYIOLULYIO JIUTEPHl BBOAA B BHIXOA-
HOH NMOTOK H 3aMEHSAIOLYI NOAPAA CTOsilUiHe npobesbl HAa OAHH mpobeJ.

Ynpaxnenne 1.10. Hanuwmurte nporpammy, KONMHPYIOUY0O BBOAHMbBIE JIHTEPH B
BbIXOJHOH NOTOK C 3aMeHOH JuTepbl Tabyasiud Ha \t, Jaurtepnl 3a6os Ha \b
H KaxI0H OOpaTHOH -HAKJAOHHOH 4epThl Ha \\. 3To cpaesaeT BWAHMBIMH BCe
JIHTEpbl Taby/JALUHH H 3a60sl.

1.5.4. NMoacuer cnos

Uerseprasi M3 HalleH CepuH [OJE3HBIX NPOrpaMM MOACYHUTHIBAET CTPOKH,
C/IOBA H JIHTEPbl, MNPHYEM MOA CJOBOM 31€Cb HMEETCst B BHAY J1060H CTPHHT
JIUTEDP, HEe coaepxaulkd B ceGe npoGesnoB, TabyJsiUMH H HOBBIX-CTPOK. ITa
Nporpamma siB/JsIeTCS YNpPOLIEHHOH BepcHel nporpammbl wc cucteMbl UNIX.

#include <stdio.h>

#define IN 1 /* BHYTpHM CIOBa */
#define OUT O /* BHe cioBa */

/* TMOLCYeT CTPOK, CIJOB M JUTep */

main()
{ int ¢, nl, nw, nc, state;
state = QUT;
nl = nw = nc = 0;
while ((c = getchar()) !'= EOF) {
++nc;
if (¢ == ’\n")
++nl;
if (c=="7"7 11 c=="\n" Il ¢c=="\t")
state = OUT;
else if (state == QUT) {
state = IN;
++Nw;
N }

printf("%d %d %d\n", nl, nw, nc);
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Kaxabiii pa3, BCTpeuasi NepBylo JIHTEpy CJOBA, NpPOrpaMma H3MEHSET SHade-
une cueTunka chao Ha 1. [lepemeHnas state d¢ukcuHpyer Tekylee COCTOAHHE
— HaxOAWMCSi Mbl BHYTPH HJHM BHe cJoBa. Buauane el npucBaHBaeTCsi 3HAueE-
#ue OUT, uTO COOTBETCTBYET COCTOSIHHIO «BHE caosa». Mbl npeanoyHTaem
NoNb30BaTbC HMeHOBaHHbIMH Kouctantamu IN u OUT, a ne COGCTBEHHO 3Ha-
yennsmd 1 u 0, uTOGH CHenaThb MNporpammy 6oJsee NOHSATHOH. B Haue#t Ma-
JeHbKOH TporpamMme 3TOT TNpHEM MaJ0 4YTO [aeT, HO B 60abILIOH mnporpaMme
yBeJiMYeHHEe €€ SICHOCTH OKYNaeT He3HauHTeNbHble JONOJIHATE/bHBIE YCHJIHUS,
MOTpayeHHbie HA TO, YTOOBI MUCaTb MPOrpaMMmy B TaKOM CTHIE C €caMoro Ha-
yana. Bbi OGHapyxHuTe, UYTO G6OJblIME H3MEHEHHs TIOpasiao Jerde BHOCHTb B
Te MpOrpaMMbl, B KOTOPBIX MardyeckHe 4YHCJa BCTpPedalOTCs TOMBKO B BUE
HMEHOBAHHBIX KOHCTaHT.
Crpoka

nl = nw = nc = 0;

yCTaHaBJHBAeT BCE TPH MEpeMEHHble B HYJb. Takasi 3anuCb He sBJseTCH
KAKOM-TO OCOGOH KOHCTPYKUHEH M JAOMyCTHMa TMOTOMY, 4YTO TNpHCBAUBAHUE
eCTb BHIpaXK€HHE CO CBOHM COGCTBEHHBIM 3HAYEHHEM H OMNepalHd MpHCBAHBA-
HHSI BBHIMOJIHSIIOTCS CIpaBa Ha/leBO. YKa3aHHash CTPOKA 3KBHBAJICHTHA

nl = (nw = (nc = 0));
Onepatop ! osnauaer WJIM, tak utO cTpokKa
if (c=="'" 1! c=="\n" il c=="\t")

4UTAeTCSi KAK «ecad C ecTb mnpobei, uau C €CTb HOBasA-CTpoka, uau C
ectp Talyasuusa». (HanomHum, uToO 3CKelin-nocsaenopatenbHocTh \t 0603Ha-
yaet JauTepy -ta6yjasunu.) CylecTByeT Takxe ONeparop &&, oanavapomui M.
Ero npHOpuTeT Bbille, UYEM MNPHOPHTET i}. Bbipaxenus, CBsi3aHHble OMNeparo-
pamu && WaM 11, BBHIYHC/AAIOTCA CJeBa Hanpaso, TNpH 9TOM rapaHTHpYeTCs,
YTO BBLIYHCJEHHS Cpa3y TNpepByTCsi, KakK TONbKO Oyner yCTaHOBJeHA HCTHH-
HOCTb HMJH JOXHOCTb ycaoBMs. Ecaum C ecTb mnpobes, TO Aaiblue NPOBEPATD,
ABNSIETCS] 3HAYEHHE C JIHTEpPOH HOBAs-CTPOKA HJIM ke TaOy/sUHH, HE HYXHO.
B 3TOM 4acTHOM cJjydae NaHHBEIH Crocos BLIUHC/EHHN He CTOJb Baxe€H, HO OH
UMeeT 3HaueHHe B 060Jee CJOXHBIX CHTYalHMsiX, KOTOpbie Mbl BCKOpe pacCcMOT-

MM.
P B npuMepe Takke BCTpeyaetcs C/0BO €lse, KOTOpoe YKashlBAeT Ha

anbTepHATHBHBIE [eHCTBHs, BhINOJHAEMblE B Cjydae, KOrad yCJOBHE, yKa-
3anHOe B if, He sBAseTcss MCTHHHbIM. B ofuem BHae YCJIOBHAs HHCTPYKIHS
3aNHCHIBAETCS TaK:

if (setpascenue)
UNCTPYKYUS,

else
UHCTPYKY Uy

B koHCcTpykuuu if-else BHIMONHAETCS OXHA M TOJBKO OJHA H3 JByX HHC-
Tpykuuit. Ecau  ebipascenue’ WCTHHHO, TO BHIMOJHAETCH UNCTPYKYUA,, €CIH
HeT, TO — UHCTpYyKyus, Kaxpas H3 3THX [ABYX UHCTpYKYULl TpPeACTaBseT
co6olt aAHG0 OOHY MHCTPYKUMIO, JHOO HECKOJBKO, 3aK/IIOHYEHHBIX B ¢durypHble
cKOGKH. B Hauweit mporpamme mocje €lse CTOMT HHCTPYKUMS if, ynpaBasito-
mas AByMs TAKHMH HHCTPYKUHSMH.

Ynpaxuenne 1.11. Kak npOTeCTHpOBa?b nporpammy mnoacyera caos? Kakoi
BBOJ BepOSiTHEE BCEro He OGHAPYXUT OWHOOK, eC/H OHH ObIJIK JOTYLIEHBI?

Ynpaxuenne 1.12. Hanuwurte nporpammy, KOTOpas mneudaTaer COEepKHMOE
CBOEr0O BBOJA, NOMeELLAsi MO OAHOMY CJIOBY HA KaX[IOH CTPOKe.
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1.6. MACCHUBbDI

A Tenepp HamMiieM MNpOrpamMmy, NOACYHTHIBAOILYIO MO OTAEJNBHOCTH KaxX-
oy uudpy, npobGenbHbie JHTepbl (npobesbi, TaOyJAsiLMH W HOBLIE-CTPOKH) |
BCe Jpyrue nauTepel. ITO HECKOJIBKO HCKYCCTBEHHas HporpamMma, HO OHa
NO3BOJIAT HaM B OIHOM TMpHMepe MpPOAEMOHCTPHPOBATHL €Illle HECKOJbKO BO3-
MoXHocTell s3bika Cu. HMeercs gBeHajuaTh KaTteropuii BBOAHMEIX JIHTED.
Yno6HO Bce neCsiTb CYETYHKOB UMD XPaHUTb B MacCHBe, a He B BHIE Je-
CATH OTIeJbHbIX MepeMeHHbIX. BOT OAMH H3 BapHaHTOB 3TOH MPOrpaMMbi:

#include <stdio.h> .
/* moicyeT uUUPp, NpPOCEeNbHBIX U MPOYUX JUTEp */
main()

¢ int ¢, i, nwhite, nother;

int ndigitl(10};
nwhite = nother = 0;
for (i 0; i < 10; ++i)
ndigitlil = 0;
while ({(c = getchar()) != EOF)
if (¢ >=’'0" & ¢ <= ’9’)
++ndigitlic-’0"1;
else if (c == " 11 ¢c =='\n" i1 c ==’\t")
++nwhite;

else
++nother;

printf ("uudpe =");
for (i = 0; i < 10; ++i)

printf(" %d", ndigitlil);
) printf(", npoGenn = %d, npouue = %d\n", nwhite, nother);
Ecan nponyCTHTb TeKCT 3TOf mNporpamMMbl B KayecTBe BBOJA, TO OyaeT Ha-
neyatad CJjefyOWHH pe3yJbTart:

uugpet = 9 30000 0 0 0 1, npoGenst = 141, mpoune = 347

Jexnapauust
int ndigitl101];

onpeneasier ndigit kak maccus u3 10 3nauennit Tuma int. B Cu 3nemenTn
MacCHBa BCEria HYMEpPYIOTCH, HAuHHAasi C HyJs, TaK YTO 3JEMEHTAMH 3TOro
maccuBa 6ynyr ndigit[0}, ndigitll1l, ..., ndigit[9], uto yuurtweiBaercs
B for-uuknax (npu MHHUMANHM3ALUHK W TEYATH MACCHBA).

Hunekcom Moxer ObiTb J1060€e Ueg0e BbIpakeHHe, 06pasyemoe 1esibIMH
nepeMeHHbIMH (HanpuMep, 1) W UENBIMH KOHCTAHTAMH.

[lpuBeneHHast nporpaMMa ONHUPAETCsi HA ONpeleNeHHbe CBOHCTBA KOMIH-
posku uu¢dp. Hanpumep, nposepka

if (c >='0" & c <= '9’)
onpenensieT, ABJAAETCA JH HaxogdAwascss B C JuTepa uudpoi. Ecau 310 Tak,
TO

c-'0
€CTb YHCJOBOe 3Hauenne uudpol. Cka3aHHOe CHpaBelJHBO TOJNBKO B TOM
caydae, ecau aas pama 3snauvenuit '0°, 1°, ..., ’9’ xkaxpgoe ciaemywluee
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3Hayenve Ha 1 Gosabwe npeabiayuiero. K cyactbio, 3TO NpaBHIO COGNIOAAETCHA
BO BCex Habopax JIHTep.

Mo onpenesneHuio 3HAaYeHHS THAA Char SBAAIOTCA BCEro JAMIIb MaJlbIMH
HeJAbIMH, TaK YTO I[epeMeHHble M KOHCTAaHThl THNa char B apudMeTHueckHx
BHIDAXKEHUSAX HIEHTHUYHBl 3HAyeHHsIM THma int. IToO H ecTeCTueHHO, W YRO6-
HO; Hanpumep, C-’0’ eCTb UeN0e BHIPAXKEHHE C BO3IMOXHLIMH 3HAUEHHAMH OT
0 mo 9, kOoTOpble COOTBETCTBYIOT JHuTepam oT '0’° 1o ’8°, xpaHswHMmcCs B
nepemeHHoﬁ C. Takum 06p330M, 3HAYE€HHE JAHHOroO BbIpa>X€HHA ABJIACTCH
NpaBHJLHBIM HHAEKCOM AJasi MaccuBa ndigit.

Cnenyiomwuii ¢parMeHT oOmpeiensieT, sBJAseTCst JHTepa UMdpoH, npodennb-
HOM JIHTEPOH UJIH YeM-HHUOYAb HHBIM.

if (¢ >= 0" && ¢ <= ’9")
++ndigitlc-"0"1;

else if (c ==’ "7 11 ¢c==’\n" i ¢ =="\t")
++nwhite;

else
++nother

KoncTpykuus BuAa

if (ycaosue,)
URCTPYKYUA,

else if (ycaosue,)
URCTPYK YUY

..

else
UHCTPYKYUA

4acTO NpHMEHsIeTCS A/l BbHIOOpa OLHOIO M3 HECKOJbKHX aJbTEPHATHBHBIX MY-
Tell, MMEIOWHXCS B NpOrpamme. Ycaosus BHIYHCIASIIOTCA MO0 MOPAAKY B Hanpas-
JIEHHH CBepXy BHH3 [0 TeXx NOp, MOKa OAHO H3 HHX He OyaerT YIOBJETBOpe-
HO; B 3TOM CJyyae COOTBETCTBYIOWAS €My UNCTPyKyus OyJeT BbINOJHEHAa, H
pabora Bcelf KoHcTpyKuuu 3asepintcsi. (JInGas M3 uncTpykyuii mMoxeT OBITh
Ipynno¥ HHCTPYKUHH, OGpamseHHbiX (GUrypHBIMH cko6kamu.) Eciau HH omHO H3
ycaosuli He YIOBJETBOPEHO, BHINOJNHSAETCH MOCACAHAA UHCTPYKYUA, pPacnoso-
KenHasi cpasy 3a else, ecau TakoBasi uMmeercs. Ecau xe else u caenyloinei
3a HeH uncTpykyuu HeT (KaK 3T0 OBLJIO B nporpamme noacyera <Jos), TO
HUKaKHe AEeHCTBHS BOOOLIE He NMPOHU3BOAATCA.

Mexay nepeuiM if u 3aBepwawwuMm else MoxeT OBITb CKOJbKO YrOAHO
KOMOMHAUHH BHIa

else if (ycaosue)
UHCTpYKyus

Korga HMX HeCKOJNbKO, MpOrpaMMy pa3yMHO (pOpMaTHpPOBaTb TaK, KaK Mbl
3gech nokasanu. Ecaum ke kaxnbi# caenyiowu#t if casurarb BApaBO OTHOCH-
TeJbHO mnpeabayuero else, TO mnpH ANHHHOM Kackage NpPOBEPOK TEKCT OKa-
XKETCSl CJHMIUKOM GOJIM3KO NMPHXKATHIM K NMpPaBOMY Kpaio CTPAHHIBL

HMuctpykuusi switch, peub o xoropoit no#tmer B ra. 3, obecneynBaer
Ipyro#i crnoco6 H300pakeHHsi MHOTONyTeBOro BeTBJeHHst Ha s3bike Cu. On
6ojiee MOAXOAMT, B YAaCTHOCTH, TOTAa, KOraa YCJOBHEM TNepexoja CJYXHT
COBMAfleHHe 3HAYEeHHS HEKOTOPOro BBIPAXKEHHS LEJOYHCJIEHHOrO THNA C OJHOH
M3 KOHCTAaHT, BXOAAWMX B 3aannblii™ na6op. Bapuaut Hame# nporpammel,
peanu3oBaHHOH ¢ momoiublo switch,npusogurtcsa B pazn. 3.4.
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Ynpaxuenne 1.13. Hanuwute nporpammy, NeyaTauyio THCTOTPAMMBbl [UIHH
BBOAHMBIX CJIOB. [HCTOrpamMMy JIerKO pHCOBATh TOPH3OHTAAbHBIMH MOJOCAMH.
PrcoBanve BepTHKaNbHBIMH mOJOCaMM — 6osiee TpyAHAas 3ajgaya.

Ynpaxnenuwe 1.14. Hanuwmurte nporpammy, neyaTalollylo THCTOTPAMMBI YAacTOT
BCTPEYAEMOCTH BBOJIHMEIX JINTEP.

1.7. OYHKUMUHU

®ynkunn B CH HrpaioT Ty e pOJb, YTO M MOANPOTPaMMbl H GYHKUHH B
®oprpade HAH npoueAypn M (yHKuHH B [lackaue. DOynkuus obecneuynBaer
YAOGHBIA COCOG OTAENBHO O(POPMHTH HEKOTOPOE BHIYHC/IEHHE H MOJb30BATHCH
HM najee, He 3a60TsACb O TOM, Kak OHO peanu3oBaHo. [locje TOro . Kak
GYHKUMH HanmHCaHBl, MOXHO 3a0bITh, KAk OHH CHeJaHbl, AOCTATOYHO 3HATH
JHWb, 47O OHM yMeIOT nesatb. Mexanusm ucnosnbsoBanus ¢yHkuuit B CH yjo-
OeH, nerok M 3ddexkTHBeH. 3auacTylo Bbl 6ydeTe BCTpeyaThb KOpoTKHe (YyHK-
LHH, BBHI3LIBAEMBIE TOJIbKO E€AHHOXAbI, OHH O(OPMJIEHH B BHAE (QYHKUHH C Of-
HOH-elHHCTBEHHOH UEJbI0 — MOJYYHTb GoJiee SICHYIO nporpammy.

o cux mop Mbl MOMB30BANHCL TOTOBHIMH (YHKUMSMH THna printf,
getchar wn putchar, Temepp HacTana nopa HamMCaTb HECKOJABKO HAIIHX COG-
cTBeHHbIX ¢yHkuuid. B Cu Her oneparopa Bo3Be#eHHS B CTemeHb THNA Ofme-
patopa ** B Qoprpane. [lo3TOMy NpPOHJUIIOCTPHPYEM MEXaHH3M OMNpeNeNeHHs!
yHKuMH Ha npumepe (yHKUMH power(m,n), KOTOpasi BO3BOLMT uEJOE N B
Leaylo mMOJOXKHTeNbHYI0O cTeneHb N. Tak, power(2,5) umeer 3Hauenne 32. Ha
CaMOM Jesie [/l MPaKTHYECKOrO [NPUMEHEHHA 3Ta GYHKUHS MaJONpHTOIHA,
TaK KaK OHa ONepHpyeT JHIb MajJbiMH LEJbIMH CTENEHSAMH, ONHAKO OHA [d0C-
TaTOYHO XOpOwWa, YTOGB MOCAYXHTb HJAMOCTpauxei. (B crammapraoit 6u6imo-
TeKe eCTb (GyHKUHA POW(X,y), BbuHCAsiOwas XY.)

Hrtak, Mbl HMeeM GYHKUHIO POWer H IMIaBHYIO (YHKLHIO, NOJIB3YIOLLYIOCS ee
ycayramu, Tak YTO BCSl NMPOrpaMMma BBINISIAHT CJEAYIOIMM 06pasom:

#include <stdio.h>
int power(int m, int n);
/* TecT (yHKUMM power */
main()
{

int i;

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

/* BO3BOIMT base B n-o cTemeHb; n >= 0 */
int power(int base, int n)
{

int i, p;

p=1;

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

return p;
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Onpenesenne J11060# (YHKUHH HMeeT CJEAYILIHA BHIL
TUn-pe3yabTara uMA-pynkyuu(CnUcoK napamerpos, ecau Ow ecTb)

Jekaapayuu
) UHCTpYyKYyuU
Onpenenennsi GYHKUMH MOIYT pacrmoJaratbCs B JOGOM MOpsiilKe B OMHOM HJIH
B HECKOJILKHX HCXONHBIX (haiaax, HO Jio6asi (QyHKUHS IOKHA OBITH LEJIHKOM
pacroJioxeéHa B KakoM-TO OAHOM. EciM HCXOAHBIE TekCT NpPOrpaMMul pacmpe-
JeseH MO HEeCKOJbKHM ¢aisam, TO, uTOOb €e CKOMIMJIHDPOBaThb H 3arpy3uTb,
BaM MpHIETCA CKas3aTb HECKONbKO O6OJbllle, YeM B Cjaydae OLHOro ¢aina; HO
3T0 yXe OTHOCHTCS K ONEpALHOHHOH CHCTeMe, a He K 53biKy. [loka Mbl
npeanosiaraeM, 4to 0Ge (PYHKUHH HAaXOAATCS B OJHOM (aije, TaK 4YTO Tex
3HaHWH, KOTOpHe BHI YXe MOJYYHJH OTHOCHTENbHO 3anycka nporpamm Ha Ci,
6yneTr LOCTATOYHO.
B caenywoueil cTpoke H3 GYHKLUHH Main kK power o6pallaioTCsi ABaXIbl.

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

[pu kaxaoM BbI30BE (YHKUMH DOWEr NepefaloTcs ABa apryMeHTa, H KaMbld
pas TIJiaBHas NporpaMma B OTBET [OJy4aeT Lesoe YHCJIO0, KOTOpOe 3aTeM
NPHBOAMTCA K HOJKHOMY ¢opmary M mneuataercsi. Kak 4acTh BbIpaXeHHUS
power(2,i) mpexctaBasieT COGOH UesOe 3HAYEHHE TOUHO TAK Ke, Kak 2 HJH
i. (He Bce ¢yHkuuu B KaueCcTBe pe3ysibTaTa BHIJAIOT lejble 3HAYEHHs, TNOA-
po6HO 06 3TOM GymeT CKa3aHO mo3xe, B . 4.)

B nepBo#l CTpOKe OMNpee/ieHHsi POWEr:

int power(int base, int n)

YKa3blBAIOTCS THIBl NapameTpoB, HMsi GYHKUHH H THN pe3yJsbTata. Hmena na-
paMeTpOB JOKAJH30BaHbBl B DOWEr, M 3TO 3HAUMT, YTO OHH CKPBITH MJs JIO-
Go# apyroft (GYHKHHM, TaK 4YTO OCTajbHble MNOANPOTPAMMbI MOTYT CBOGOIHO
[01b30BATLCS MMH AJs1 CBOMX ueJei. [lociennee yTBepXIaeHHe ClpaBelHBO
TakKe MJIs mepeMeHHbx 1 M p: 1 B power m 1 B main He HMelOT Mexay Co-
6o#f HHYero o6uero.

Jlanee napamerpom Mbl OyneM HasblBaTb [MEPEMEHHYIO H3 CIHCKa mnapa-
METPOB, 3aKJIOUEHHOTO B CKOGKH H 3alaHHOTO B ONpefe/ieHHH (YHKUHH, a
apeymenTom — 3HAYEHHE, HCIOJb3yeMOe NpH OCpAlleHHH K (YHKUHH. Hnorna
B TOM )€ CMBIC/Ae Mbl OyaeM yMoTpeGssiTb TEPMHHbBl Hopmarbuoli apeyMenT H
¢akTuneckul apeymenT.

3naueHue, BHIUHCJAsSIeMOe (QyHKUHEH DOwer, Bo3Bpamaercs B main ¢ mo-
MOWIbIO MHCTPYKUMH return. 3a caosoM return moxer cCJerOBaTh J1060e BbI-
paxeHHe:

return seipasxcenue;

OGynkuust He 00s13aTeJbHO BO3BpAIlAeT KaKoe-HHOYyAb 3Ha4YeHHe. HHcTpykuus
return 6e3 BHIpaXEHHsI TOJbKO TepefaeT yNpaBjeHHE B Ty INpPOrpammy, Ko-
Topasi ee Bhi3Baja, He MepefaBas eH HHKAKOro pe3y/bTHPYIOIIEro 3HAuYeHHs.
To e camoOe NPOHCXOAHT, €CJIH B MpOLECCe BHIUHCJIEHHH Mbl BBHIXOAHM Ha KO-
Hell (YHKLUWH, OTMEYEHHbH B TeKCTe TMOCJeAHeH 3aKphiBaloLlel burypHo#n
cKOGKoH. B03MOXHA CHTyauusi, KOrja Bbi3blBawoomlas (GyHKUHs HTHOPHPYET BO3-
BpalaeMblit el pesyJbTar.

Bui, BeposiTHO, O6paTH/H BHHMAaHHe Ha HHCTPYKUHIO return B KOHILe
nain. Tockonbky main ects ¢yHKuus, Kak H Jo0as [npyras OHAa MOXET Bep-
HYTb pe3y/JbTHpyIOllee 3HAueHWe TOMY, KTO ee Bbi3Bak, — (aKTHYECKH B

2. 3akasz Ne 13
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ONepalHOHHYIO Cpeay, B KOTOpOH Oblia. 3anyuweHa nporpamma. OGBIYHO BO3-
BpallaeTcsl HyJieBOe 3HayeHHe, YTO TOBOPHT O HOPMaJIbHOM 3aBEpIIEHHH Cye-
Ta. HeHynesoe 3HaueHHe CHrHAJAM3UPYET O HEOGLIYHOM MJM OWIKGOYHOM 3a-
BeplieHHd. Jlo cux nop paau NpoCcTOTHl Mbl onyckanu return B main, Ho ¢
3TOro MomeHrta Oynem 3ajaaBaTh return kak HanoOMHHaHHe O TOM, 4YTO IIpOr-
paMMbl [OJDKHBI COOOIIATb O COCTOSIHHH CBOEro 3aBepllieHHss B ONEePalHOHHYIO
CHCTEMY.
Lexnapauus

int power(int m, int n);

CTOSILAST HENOCPeACTBEHHO nepea main, coobwaer, 49TO (GYHKUHA pOwWer
OXHIaeT [BYX LeJbIX apryMeHTOB H BO3BpamlaeT Uesablli pe3yabTar. 310
ONHCaHHe, Ha3biBaeMOe nporoTunom (ynkyuu, [ONKHO OBITb COTJACOBAHO C
onpenesieHHeM H BCeMH Bbi3OBaMH power. DByner own6koH, ecaH omnpeaeneHue
GYHKLIHH HJIH BbI3OB HE COOTBETCTBYET CBOEMY MPOTOTHIY.

HMmena napamerpoB He TtpefyioT corsacoBaHHs. (PaKTHUECKH B NPOTOTH-
ne OHH MOryT ObITb NPOH3BOJBHBIMH HJH BOOOUIE OTCYTCTBOBATb, T.€. HPO-
TOTHI MOXHO Obii0 Obl 3anHCcaTb H Tak:

int power(int, int);

OnHako xopowo nofo6paHHbie HMeHa MOSICHAIOT Nporpammy, H Mbl GyAeM 4acTo
3THM MOJIb30BaThCH.

Hcropuueckoe 3ameuanue. Camble Gonbwine otauuuss ANSI-Cu ot 6Gosee
pPaHHHX BepCHH sA3blKa KAaK pa3 H 3akJ/JyaloTcsi B Crnocofax OMHCAHHA H OI-

penenenusi ¢ynkunid. B nepsoii Bepcun Cu ¢yHKuHi0 power Tpe6OBaJOChL 3a-
naBaTb B CJEAYIOLLEM BHAE:

/* power BO3BOIZUT base B n-o creneHb; h >= 0 */
/* (BepcHs B cTapoM cTuse asbixa Cu) */
power(base, n)
int base, n;
{ int i, p;
p=1
for (i = 1; 1 <=
p = p * base;
) return p; .
3necr HMeHa MapaMeTpoB IEpPEYHCJeHbl B KpPYIJbIX CKOGKax, a WX THIbl 3a-
IaHbl nepex nepBOH OTKpbiBaiowiei ¢(UrypHoH ckobGkoi. B cayuae orcyrcTBus
yKa3aHHs O THIle napaMerpa, CcuuTaeTcsi, 4to OH umeer THn int. (Teno
(GYyHKUHH He TnpeTrepneso H3IMEHEHHH.)
Onuncanne power B Havaje MNporpammsl COrJacHo mnepBoi BepcHu Cu
NOJIKHO OblI0 Obl BBHITVIIAETb CJAEAYIOIIHM 06pasoM:

int power();

Henb3s 6niio 3apmaBaTh COUCOK NapaMeTpoB, H NO3TOMY KOMIHJATOD He HMeEN
BO3MOXXHOCTH [1POBEPHTb INpPaBHJAbLHOCTb O6pawleHdii K power. Tak kak npu
OTCYTCTBHH OIIHCAHHSI pOWer NpeanoJaranocb, 4TO (YHKUHS BO3BpallaeT lie-
JI0E 3HAaYeHHe, TO B JAHHOM CJlyyae OMNHCAHHE LEJHKOM MOXHO Obljo 6bl
ONYCTHTH.

HoBuili cHHTakcHC AJst NPOTOTHNOB (YHKUME OGJNEryaer KOMIHJSATOPY
ofHapy)XeHHe OWHOG0K B KOJHYECTBE aprymeHTOB M HxXx TtHnax. Crapeli CHH-
TAKCHC OIHCAHHA M OnpeneneHHs (QYHKIUH BCe elle NONYCKAaeTCA CTaHIap-
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ToM ANSI, no kpaliHeii Mepe Ha NEpPeXOAHBIH NEPHOL, HO, €C/H Ball KOMIH-
JASITOp TNOAAEPXKHBAeT HOBBIH CHHTAKCHC, Mbl HaCTOSTENbHO pPEKOMEHAyeM
10J1b30BaTbCs TOJBKO HM.

Ynpaxunenne 1.15. [Tlepennmute mnporpamMmy npeoGpa3oBaHHsi TEMIEpPaTyp,
BBHIAEJHB CaMO npeoGpa3oBaHHe B OTAEJbHYIO (QYHKUHIO.

1.8. APTYMEHTbl. BbLI3OB NO 3HAYEHMIO

Onno cBoicTBO ¢GyHkun# B CH, BepoATHO, OyAeT B HOBHHKY AJA Mpor-
PaMMHCTOB, KOTOpbl€ yXe [OJb30BaJHCh [APYTHMH s3bikamMH H dopTpaHoM B
yacTHoctH. B CH BCce aprymeHTHl (QYHKUHH NepelaioTCs «MO 3HAUEHHIO». ITO
clefyeT NOHHMATb TaK, YTO BHI3bIBaeMOH (YHKUHH MOCHLIIAIOTCA 3HAUEHHS ee
apryMeHdTOB BO BPEMEHHbIX MePeMEeHHBIX, a He CaMH apryMeHThl. Taxo# cro-
co6 mnepegay¥ ApPryMEHTOB HECKOJBKO OT/IHYAETCS OT «Bbl30Ba MO CCHUJIKE» B
doprpane M crneuucukauuu var npu napamerpe B Ilackane, koTOpbie NO3BO-
JAIT NOANPOrpaMMe HMETb AOCTYN K CaMHM apryMeHTaM, a He K HX JIOKajb-
HEIM KOIIHAM.

naBHoe 'OoTiiMyHe B TOM, 4T0 B CH -Bbi3biBaeMast GYHKUHS HE MOXET
HENOCPEACTBEHHO HM3MEHHTb MNEePeMEHHYIO Bbi3biBalIleH (YHKLUHH: OHAa MOXeT
HM3MEHHTb TOJIBKO €e YacCTHYIO, BPeMEHHYIO KOIHIO.

OnHako BHI30B M0 3HAYEHHIO CJelyeT OTHeCTH K [JOCTOMHCTBAM si3bIKa,
a He K ero HeaoctatkaM. bJsarogapsi 3TOMy CBOHCTBY OOLIYHO Yy[aercsi Ha-
nucath 6oJiee KOMNAKTHYIO NPOTPaMMy, COAEPXKALIYI0 MEHblIee YHCJIO <«UYyXKHX»
MepeMeHHbIX, MOCKOJbKY MapamMeTpbl MOXHO pacCMaTPHBATL KakK [AOJKHBIM 06-
pasoM HMHHUHMAMU3UPOBAHHBIE JIOKAJbHble MNE€peMeHHble BLI3BAHHOH MNOAMpPOrpam-
Mbl. B kxagecTse nprMepa npuBeAeM elle OAHY BEPCHIO (QYHKUHH pOwer, B KO-
TOPOH KaK pa3 HCMNOJb30BAaHO 3TO CBOHCTBO.

/% power BO3BOIUT base B N-b cTemeHb; n >= 0; BepcHsa 2 */
int power(int base, int n) :

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

[lapameTp n BHICTymaeT 34eCb B pOJH BpPEMEHHOH NEPEMEeHHOH, B KOTOPOH
uMkaoM for B yObIBAaIOILEM MNOpsiAKE BeJeTCST CuYeT YHCJa laroB A0 Tex 1op,
[I0Ka ee 3HAyeHHe He cTaHeT HyJeM. [lpn 3TOM oTnajgaet HamoOOGHOCTbL B AO-
NOJIHHTENBbHOH MNepeMeHHOH 1 B KayecTBe cueTyHka uukJaa. Yto O6bl Mbl HH
genaj¥ ¢ N BHYTPH POWEr, 3TO He OKa)keT HHUKAKOro BJIMAHHA Ha caM apry-
MEHT, KONHsi KOTOpOoro Oblja mepefaHa (QpyHKLUHH POWEr B €€ BhI30Be.

IMpu Xenanuu MOXHO CHeNATb TaK, UTOOB (YHKIHS CMOIJIa H3MEHHTb
nepeMeHHYI0 B Bbi3biBaiouied nporpamme. [locienusss ans 3TOro A0JIXKHA mepe-
naTh adpec mnOAJexauleli H3IMEHEHHIO MepeMeHHOH (ykasaTenb Ha Ie€peMeH-
HYI0), a B BBbI3bIBaeMOH (QYHKUHHM CJelyeT COOTBETCTBYIOUIHH NapameTp ONH-
caTb Kak YyKasaTeJb M OpPraHH30BaTh KOCBEHHBIH [dOCTynm 4epe3 Hero K 3TO#
nepeMeHHOH. Bce, uyto kacaercsi ykasartesieif, Mbl pacCMOTPHM B IV 5.

MexauuamM nepesayd B KadyecTBe aprymMeHTa MacCHBAa —  HECKOJbKO
uHOH. Korma HMsi MacCHBA HCNOJb3yeTCsl KakK apryMeHT, TO (YHKUHH nepe-
J4eTCsi 3HaueHHe, KOTOpOe SBJSETCS ajpecoM Hauyana S3TOr0 MacCHBA;, HH-
KaKHe 3JIEMEHTHl MacCHBa He KOmupylTtcs. C NOMOLILIO HHIEKCHPOBAHHS OTHO-
O%




36 T'rasa 1

CHTEJIbHO MOJIyUEHHOTO 3HaueHHS (GYHKUHUS HMeeT OOCTYNn K J1060MYy 3JeMeH-
Ty MaccuBa. PasroBop 06 3TOM moiineT B CJieAyIOLUEM pa3ieJe.

1.9. MACCHUBbDI JIUTEP

Camblii pacnpocTpaHeHHBIH BuA MaccuBa B CH — mMaccuB Jjutep. Hro6ml
[POHJIIIOCTPHPOBATL  HCIOJIb30BaHUE JIMTEPHBIX MACCHBOB H pabOTalOUIKX C HH-
MH (yHKUMH, HandueM Oporpammy, KOTOpas 4YHTaeT HAGOp TEKCTOBBIX CTPOK
H IleyaTaeT CaMyl [JHHHYIO H3 HHX.

Ee cxema ngocratoyHo mpocra:

while (ecre au ewe crpoka?)
if (danwnas crpoka Oaunnee camoli Oaunnold u3 npedoldyujux)
3anoMHuUTL ee
3QNOMHUTL ee OAUHY
HaQne4arars Camyr OAURKYIO CTPOKY

M3 cxembl BHAHO, UTO NporpaMma eCTeCTBEHHHIM 00pa3oM pachnajgaercs Ha
yactH. OngsHa H3 HHX T[OJy4yaeT HOBYW CTPOKY, J[Apyras IpoBepsieT ee,
TpPeTbsl 3allOMHHAeT, a OCTa/IbHbi€ YNPABJASIOT NPOLECCOM BBIYHCJEHHH.

[Mockonbky mnpouecc 4eTKO pacnagaetcst Ha 4YacTH, €ro Xopowmo Okl Tak
u nepesoauth Ha Cu. [losTomy cHayana HanmuiieM OTAEIbHYIO (YHKIHIO
getline nsns mnosyyenuss ouepenHoH CTpOKH. Mpel mnonbiTaemcs caenartb 3Ty
GYHKIHIO MOJIe3HOH M Ass Apyrux npumeHenud. Kak muaumym getline nomxua
CHTHAJH3HPOBaTh O BO3MOXHOM KOHUe ¢aHsa, a elle Jydiue, ecad OHa Oyner
BbIAABAaTh ANHHY CTPOKH HMJH HYyJb (B CJjydae wHcyepnaHus caiaa). Hyas ro-
OHTCA [JI TpH3HAKa KOHUA alyia, INOCKOAbKY He OblBaeT CTPOK HYJeEBOH
LJIHHBI, — JaXe CTpOKa, COoHdepXallash TOJNbKO OAHY JIUTEPY HOBAasi—CTPOKa,
umeer AaHHy 1.

Koraa bl o6HapyxuM CTpPoKy O6ojiee AJHHHYIO, uYeM caMasi [JHHHas H3
BCeX HMNpeAblAYLIMX, TO HAaMm Haxo Oyner rae-TO e€e 3anOMHHTb. 31eCh Hampa-
IIHBaeTcss BTOpas (YHKUHS, COPY, KOTOpasi yMmeeT KOMHPOBATb HOBYIO CTPOKY
B HaleXHOe MeCTo.

Hakonen, Ham Heo6xonMMa rJiaBHAasi mporpamma, Kortopas Obl yrpasissa
¢yukuusamu getline u copy. Bor kak BHIIVISSAMT HAlla IPOrpamMma B LEJOM:

#include <stdio.h>
#define MAXLINE 1000 /* makc-Huif pasMep BBOLUMOW CTPOKH */
int getline(char linel], int maxline);

void copy(char toll, char from[1);

/* mevaTb caMoit ANMHHO# CTpoku */

main()

¢ int len; /* INVHA Tekyueill cTpoku */
int max; /* @NMHA MakCUManbHON U3 MPOCMOTPEHHHX CTPOK */
char line[MAXLINE}; /* Texyuwas cTpoka */
char longest[MAXLINE]; /* caMasl RJVHHas CTpoOKa */
max = 0;

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

) copy(longest, line);

if (max > 0) /* ObNa I XOTb ONHa CTpoKa? */
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printf("%s", longest);
return 0;

/% getline: uuTaeT CTpOKy B S, BO3BpauaeT LJIUHY */
int getline(char sl1, int lim)

{
int c, i;
for (i=0; i<lim-1 && (c=getchar())!=EQF && c!'="\n’;
++i)

slil = ¢c; '

if (¢ == ’\n’) |
slil = ¢c;
++]i;

slil = ’\0’;

return i;

}

/* copy: konupyer us ’from’ B8 ’to’; to mocraTouHO Goxnblioit */
void copy(char toll, char froml])

int i;
i=0;
while*((toli]l = from[il) != "\0’)
} ++1;

Mu npeanosiaraem, uto ¢yHkuuu getline u copy, onucanHbie B Hauane
NpOrpaMMel, HaXOISTCA B TOM ke (aine, 4TO H main. _

Gynkunn main u getline B3auMOAEHCTBYIOT MeXAY co6oit uyepe3 mapy
apryMeHTOB M BO3BpallaeMoe 3HaueHHE. B getline aprymenThl oOnpeaesasioTCs
CTPOKOH

int getline(char sl1, int lim)

Kax Mbl BUOMM, €€ -TepBbili aprymeHt, S, eCcTb MacCHB, a sropo#t, lim,
MUMeeT wHeJbll TN, 3agaHMe pasmepa MacCHBa B ONpeleIeHHH HMEeT LeJbIo
pesepsupoBaHMe mnamsiTh. B camoit getline 3ajmasath AMMHY MacCuBa S HET
HEO6XOIMMOCTH, TAaK Kak ero pasmep ykasaH B main. UroObl BepHYTb 3Ha-
yeHue BHI3bBaolled nporpamme, getline wucmonbsyer return TOYHO Tak, Kak
310 genaeT ¢GyHkuusi power. B npuBeneHHOH CTpOKe Takxke coo6iaeTcsi, 4TO
getline Bosppawaer 3Hauenwe THna int, HO Tak Kak npH OTCYTCTBHH yKa-
3aHusi O THMe mnoapasymesaerca int, To nepen getline cuoBo int moxHO
ONYyCTHTD.

OnHu GYHKUMM BO3BpALIAIOT pPe3y/abTHpyloLlee 3HA4YeHHe, [pYrue (xak
COpYy) HYXHB TOJbKO I8 TOrO, YTOObl MPOM3BECTH KaKHe-TO neHcTBHsA, HE
BLIIABAas HHKAaKOro 3HaueHus. Ha Mecte Tuna pesyabrata B COPY CTOMT
void. D10 sBHOe yKa3aHWe Ha TO, UYTO HHMKAKOrO 3HaueHMsi NaHHAf (YHKUHA
He BO3BpallaeT

dynkuns getline B xoHew co31aBaeMOro €l MacCuBa MOMEWLACT JIHTEPY
'\0’ (null-autepy, xomupyemyio HysneBbiM GaATOM), 4106l MOMETHTb KOHEL
cTpunra Jautep. To Ke COrjiamleHHe OTHOCHTEJAbHO OKOHYaHHSA null-nutepon
coboaaeTcst U B Cjydae CTPUHra JIHTep THNA

"hello\n"

B naHHOM cJjyuae AJsi Hero (OPMHPYeTCs MAaCCHB H3 JIHTEp 3TOTO CTpHHTA C
’\0’ B KOHLe.
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Cneundukauusi %s B ¢opmare printf npennosaraer, 4TO COOTBETCTBYIOUIHH
efi apryMeHT — CTpPuUHT, OQPOPMJIEHHbIH YKa3aHHBIM Bbilie 06pa3om. OyHKuus
copy B cBoeil paboTe TaKkKe ONKDAETCS HA TOT (aKT, YTO YHMTAEMbLIH €0 ap-
ryMeHT 3akaHduBaercst sauTepod '\0’, KOTOpbIiH OHa KONHpYeT Hapsaday C Oc-
TalbHBIMH JuTepamu. (Bce ckasaunoe mnpennosaraer, uto '\0’ He BCTpeuya-
€TCsl BHYTPH OOBIYHOIO TEKCTa.)

[TonyTHO CTOMT 3aMeTHTb, UTO JAa)keé HA TaKOH MaJeHbKOH INporpamme
BHISIBJSIIOTCS HEKOTOpbie KOHCTPYKTHBHbIE TpPyHHOCTH. Hampumep, 4TO HOJKHa
genatb main, ecaum BCTPETHTCS CTPOKa, MpeBHILAOILAA AONYCTHMBIH pasmep?
Oyukiun getline pa6oTaeT HamexHO: €CJH MaCCHB MOJIOH, OHA IpeKpallaer
MepechlIKy, AaXe €CJH JIMTepsl HOBas-CTpoka He oO6Hapyxuna. [loayuws ot
getline miumuy cTpokn u yBuzmes, uro oHa cosnagaer ¢ MAXLINE, rsasnas
nporpaMma MoOrJa Obl «OTJIOBHTb» 3TOT OCCOBIH Cayuall H CIPABHTBCS C HHM.
B uHTepecax KpaTKOCTH Mbl ero 3[eCh ONYCKAEM.

[Monb3oBaresan getline He Mmoryr 3apaHee Y3HaTh, CKOJib [JHHHBIMH
6yoyT BBOAMMBIE CTPOKH, mo3TomMy getline penaer npoBepkH Ha MepenoJiHe-
HHe. A BOT MmoJb30BaTessiM (YHKUHH CODPY pas3Mepbl KONHPYeMbiX CTPHHIOB
H3BeCTHH (MJH OHH MOTYT HX Y3HATh), MOSTOMY [AOMNOJHHTENbHBIH KOHTPOJb
37eCb HE HYXEeH. ‘

Ynpaxuenne 1.16. Ilepenuiiute main npeabiayuiei Nporpammbl Tak, 4TOOb OHa
MOIJIA MeuyaTaTb CaMylo MJIHHHYIO CTpPOKY 6e3 KakHX-JH0O OrpaHuvyeHHH Ha ee
pasmep.

Ynpaxuenue 1.17. Hanuwmure mnporpamMmy neyaTd BCeX BBOAHMBIX CTpOK,
conepxawux Gosee 80 sauTep.

Ynpaxuenne 1.18. Hanwuwmure nporpammy, xortopast 6yaeT B KaXIOH BBOAMMOH
CTPOKE 3aMEHsITb [MOApPsA CTOsIlIHEe JHTephl I1pobenoB H Tabyasiuud HA OLHH
npo6en W yAalsATb NYCThle CTPOKH.

Ynpaxuenue 1.19. Hanuwure ¢ynkuuio reverse(s), pasmemamimyi JHTEPH B
cTpuHre s B obGpaTHOM mnopsiake. [lpHMeHHTe ee MNpPH HANHCAHMH NpPOrPAMMBI,
KOTOpasi «peBEPCHPYET» KaXKAyl0 BBOAHUMYIO CTPOKY.

1.10. BHEWHME NEPEMEHHBLIE M OBNACTb AEACTBUSA

[Nepemennnie line, longest u T.4 npuHangiexaT TONBKO ¢GYHKUMH Main,
HJIH, KaK TOBOpSAT, JOKa/au30BaHbl B Heil. [JOCKOJABKY OHH oOnpelesieHn BHY-
Tpu Mmain, Hukakue Apyrde (QYHKUHH NpPsMO K HHM ob6pamarbcs He MoryT. To
e BepHO H TpPHUMEHHTEJIbHO K [epeMeHHbIM ApyrHX ¢(yHKUHH; Hanpumep, 1 B
getline He umeeT Hukakoro oTHolieHust K 1 B copy. Kaxpas snokanbHas ne-
peMeHHass (DYHKLUHHM BO3HHKAET TOJbKO B MOMEHT OOpalueHHs K 3TOH (QYyHKUHH
¥ HCyYe3aeT MoOCJe Bbixoga u3 Hee. BorT mouemy TakHe mnepeMeHHble, CJeAys
TEPMHHOJIOTHH APYTHX si3bIKOB, Has3bBalT asromaruveckumu. (B ra. 4 o6-
cyxpaeTcss kJaacc namsth static, koTopuii NO3BOJISIET JIOKA/NbHBIM IEPEMEH-
HBIM COXDAHSTb CBOH 3HAUEHHsI B NMPOMEXYTKAX MeXIY BbI30BaMH.)

Tak Kak aBTOMaTHYeCKHE TNepeMeHHble O6pa3yloTCsi M HCYe3alT ORHO-
BPEMEHHO C BXOAOM B (DYHKIHIO H BBIXOAOM H3 Hee, OHH He COXPaHSAIOT CBOHX
3HAYeHHH OT BHI30BA K BBI30BY H AOJ/DKHBI YCTaHABJHBATbCS 3aHOBO MNPH Kax-
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A0M HOBOM OOpallleHHH K ¢YyHKuud. Ecanm 3Toro He pesnath, OHM 6yayT co-
epxaTb «Mycops.

B kauecTBe anbTepHAaTHBbHI ABTOMATHYECKHM IIE€PEMEHHBIM MOXHO onpene-
JIUTb  6HEWHue TepeMeHHble, K KOTOPBHIM pa3pemiaercsi O6pallaThC N0 HX
HMeHaM H3 J1060# GyHKUHH. (DTOT MexaHH3M aHaJjoruuyen o6sacty COMMON B
QopTpaHe K OnpeneseHHsSIM NEPEMEHHLIX B CAMOM BHelLUHeM 6JOKe B [lackaue.)
Tak kak BHeWIHHe NepeMeHHbIE AOCTYMHBI MOBCEMECTHO, HX MOMHO HCIIOJb30-
BATb BMECTO apryMeHTOB /sl CBSI3W MeXAy OQYHKUHAMH 10 AaHHBIM. Kpome
TOrO, MOCKOJIbKY BHEIWIHHE MNEepeMEHHble CYUECTBYIOT NOCTOSIHHO, a He BO3HH-
Kal0T H HCUYE33I0T HAa NEpPHOA AKTHBH3AUHH (YHKUHH, CBOH 3HAYEHHS OUH CO-
XpaHsIOT H MOC/Ne BO3BpaTa M3 (QYHKUHH, MX YCTAHOBHBLIMX.

Brewnsis nepemennas nomxHa ObITh onpedesena, TNpHuUEM TONBKO ONHMH
pas, BHe TeKCTa J/000H QyHKUHH; B 3TOM Cjyyae el OyneT BHILe/JeHA na-
MaTb. OHa nOMXHAa ObiTh onucana (OeKAapuposana) BO BCeX byHKIHAX, KO-
TOpbl€ XOTAT €0 MO0Jb30BaThCsi. ONHCaHHE COAEPKHT CBEAEHHS O THNE mepe-
MeHHOH. Onucanue MOXeT ObITh SIBHbIM, B BHIAE HHCTPYKUHH eXtern, uau ue-
SIBHBIM, KOraa HYXHas HHQOpPMALUHKS INOJYy4aeTcss M3 KOHTeKCTa. YTo6b KOH-
KpeTH3HPOBATL CKAa3aHHOE, MNEepenuuleM MNporpaMMmy IeyaTH CcaMOd [JIHHHOH
CTPOKM C ucnmosnp3oBaHHeM line, longest u max B kauecTBe BHeWIHHX Tmepe-
MEHHBIX. JT0 noTpe6yeT H3MeHEHHI B BHI30OBAX, ONHCAHHAX H TeJax BCex
Tpex ¢yHKUHHA.

#include <stdio.h>

#define MAXLINE 1000 /* maxc-Hbif pasMep BBOZMMO#t CTpOKK */
int max; /* gnMHa MaKCHMMaNbHOM M3 NMPOCMOTPEHHBIX CTpOK */
char line[MAXLINE]; /* TeKymwas CTpoKa */

char longest [MAXLINE]; /* caMasl IJMHHas CTPOKa */
int getline(void);

void copy(void);

/% neyaTb caMmoit RNMHHOR CTpOKU */

main()

{

int len;

extern int max;

extern char longestl];

max = 0; ! )

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

max = len;
) copy(});
if (max > 0) /* Ohna XOTs Obl OfHa CTpOKa */
printf("%s", longest);

) return 0;

/* getline: cneunanusmpoBaHHas BepcUa */
int getline(void)
{

int ¢, i; '
extern char linell;
for (i = 0; 1 < MAXLINE-1
&& (c=getchar()) != EOF && c != ’\n’; ++i)
linelil = c;
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if (c == ’\n’) {
linelil = c;
++i;

}

linelil = ’\0’;

return i;

}

/% copy: cleuManu3UpOBaHHas BepCUs */
void copy(void)
{

int i;

extern char linell, longestl];

i=20;

while ((longest[il] = linelil) != ’\0’)
++i; :

}

Buewnne nepemenHbie aast main, getline u copy ompeneasioTcs B
Hayajle Hallero npHMepa, rAe HM NPHCBAMBAETCs THN H BBUACIAETCA NAMSTD.
OnpeneneHnsi BHEIHHX MEPEMEHHBIX CHHTAKCHUECKH HHYEM HE OTJIHMYAITCS OT
OnpeneseHHsl JIOKAJbHBIX INE€PEMEHHBIX, HO MOCKOJbKY OHH PAaClOJOXEHb BHE
¢byHKuui, 3TH TepeMeHHble CYHTAIOTCA BHEUIHHMH. Yro6pl dyHKUHS MOrJa
MOJIb30BATHCS BHELIHeH MepeMeHHOH, el HYXKHO MNpexae BCero COOCWHTbL HMs
COOTBETCTBYIOIIeH MepeMeHHOH. ITO MOXHO CHeNaTh, Hanpumep, 3anas
onucanHe extern, KOoTopoe MO BHAY OTJIHYAeTCs OT ONpe[ejeHHsl BHELIHeH
NIepeMEHHON TOJNIbLKO TeM, UTO OHO HAYHHAaeTCsi C KJIOU€BOro CJoBa extern.

B HeKOTOpHIX cayuyasx onucande extern moxuo onyctute. Ecan ompe-
fle/icHHe BHEUIHeH MepeMeHHOH B HMCXOLHOM (aiije pacnoJoXeHO Bbille (YHK-
LlAH, Tr[e OHa WCNOJAb3yeTcsi, TO B ONMCAHHH eXtern Her HEOGXOLHMOCTH.
Onucanus extern, rtakum of6pasom, B main, getline M COpPY H3GHITOYHBI.
O6LIYHO ONMpeneseHHsi BHEIIHHX IepeMEeHHbIX pacnosiaraloT B Hauale HMCXOAHOTO
daitsia, ¥ Bce onmHcaHus extern masi HHX ONYCKAalkT.

Ecinm )ke mporpaMma pacmosiokeHa B HECKOJNbKHX HMCXOAHBIX (ainax w
BHELUHSISI MepeMeHHas oOmpeleleHa B ¢adasel, a HCNOJbL3yeTCs B ¢aiire2
¢aiisred, To extern-onucanuss B cpaiise? u cpaised 006s13aTeNbHBI, MOCKOJBbKY
HeOGXONMMO YKa3aTh, 4TO BO BCex Tpex ¢aHnax GYHKUHH CCBHUIAIOTCA HA OO~
HY M Ty Xe BHEWHIOl nepeMennyio. Ha npaktuke OGBIUHO yIOGHO cobpaTb BCe
ONHCAHHS BHELIHWX MEepeMEeHHbIX H GYHKUHH B OTHeJbHBIH (akJ, Ha3biBaeMbii
20a08n6um (header-paiinom), W momewartb ero ¢ nomoumbio #include B nauano
Kaxzaoro Hcxoaunoro daina. Cybduke .h no obued AOrOBOPEHHOCTH HCNOJb-
3yerca aas umen header-paiinoB. B rososHbix ¢aiiax, B <stdio.h> B
YACTHOCTH, OMMCHLIBAIOTCS TaKkXe GYHKIMH CTaHAapTHOH O6ubanoTekn. DBosee
noApo6HO O TOJOBHBIX (pakjax TroBOPHTCA B . 4, a MPUMEHHTENbHO K
CTAaHAAPTHOH OHOMMOTEKE — B IJ. 7 H NPHJIOKEHHH B.

Tak Kak CrenHann3upoBaHHbie BepcuH getline u COpy He HMeIOT apry-
MEHTOB, Ha MepBLIH B3MJIsA KAXKETCs, 4TO JIOTHYHO MX MNpPOTOTHNH 3aaaTb B
pune getline() wu copy(). Ho u3 coobpaxeHnui COBMECTHMOCTH CO CTapbiMH
Cu-nporpaMmamu CTaH[apT pacCMaTpuBaeT MyCTOH CNHCOK KakK CHrHa1 K
TOMY, 4YTOGbl BBIKJIOYHTH BCe TPOBEPKH Ha CooTBercTBMe aprymenToB. [los-
TOMY, KOIZa HYXXHO COXPaHHTb KOHTpPOJb H SBHO YyKa3aTb OTCYTCTBHE apry-
MEHTOB, CJeiayeT MNO/Ab30BaTbCs Ca0BOM Void. Mbl BepHeMcsi K 3TOH npoGie-
mMe B ra. 4.

3aMeTHM, 4YTO IO OTHOUIEHHIO K BHEUIHWM MNepeMEHHbIM B 3TOM pasjeje
Mbl OYeHb AKKYyPAaTHO HCIOJb3yeM NOHATHsI onpedeaenue n onucanue. «Onpe-
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JejeHHe» pachoJiaraeTcsi B MeCTe, TJe MepeMeHHas CO031aeTCs M €H OTBO-
NUTCS TNaMATb, «ONHCaHHE» I[IOMellaeTcsi TaM, rie (QHUKCHpyeTcs MpHpoaa
nepeMeHHOH, HO HHKaKOH NaMsATH [MJis Hee He OTBOAHTCS.

Cnenyer OTMETHTb TEHACHLHIO BCe nepemeHHbie AejaTb BHEWHHMH. [leso
B TOM, UYTO, KaK MOXKET T[OKa3aTbCsl Ha MNepBbH B3I/Ald, 3TO NPHBOAHUT K
YIPOLIEHHIO CBsi3ell — Bedb CINUCKH apryMEeHTOB CTAHOBSITCS KOpodYe, a mepe-
MEHHbiE Be3/leé AOCTYNHbI, TIJe OHH HYXHBI, MpaBAa, OHH OKAa3blBAKTCA AOCTYN-
HBIMM H TaM, e OHH He HYXHbl. OJHAaKO 4ype3MepHbIH AKLUEHT HA BHEUIHHE TMe-
peMeHHble upeBaT OOJNbLIHMH ONACHOCTAMH — OH TPHBOAHT K mnporpammam, B
KOTOPBIX CBSI3d MO [JaHHBIM He OYEBHIAHBI, TNOCKOJbLKY NEPEMEHHbIE MOTYT HEO-
JKUIAHHBIM M JaXe TAHHCTBEHHbIM CNOCOG0OM H3MeHsTbcsa. Kpome Toro, Ttakas
nporpamma ¢ TPYAOM MOAAaeTCs MOAHOHKaunusam. Bropas BepcHs mnporpammul
NOHCKA CaMOM [JHHHOH CTPOKH XyXe, 4eMm I[epBasi, 4YaCTHYHO TNO 3THM MpPHYH-
HaM, a Y4aCTHYHO H3-3a HApPYLIEHHs OOLIHOCTH MABYX IOJe3HbiX (GYHKIHH, BbI3-
BAHHOI'O TeM, YTO B HHX BIHCAHbl HMeHA KOHKPETHBbIX MEPEMEHHbIX, C KOTOpbI-
MH OHH ONEPHPYIOT.

Wrak, Mbl paccMOTpesd TO, 4YTO MOXHO O6bl10 Obl Has3paTb sApoM CH.
ONHCAaHHBIX «KHPIHYHKOB» [OCTATOUHO, YTOGBl CO3M4aBaThb [0JIE3HbIE NPOTPAMMEI
3HAYUTEJNbHBIX pa3MepoB, W OblI1O Obl 4YydecHO, e€CJH Obl Bbi, NpPepBaB YTEHHE,
NOCBATHJAM 3TOMY Kakoe-TO BpeMs. B cjenyioluux ynpaxHeHHsiX Mbl NpeajaraeM
BaM peajiu30BaTb HECKOJBKO O0oJiee CJIOXHbLIE [pOrpaMMbl, 4YeM Te, 4YTO pac-
CMaTpHBAJIHCh BhILIE.

Ynpaxuenue 1.20. Hanuwwure nporpammy detab, 3amensiiomyio sdTepbl TabyJisi-
LIHM BBOJHMOTO TEKCTa HYXHBIM 4YHCJIOM MpoGesioB (0 CJeNyIOWero «Crténas
tabynsiuan). [lpeanosaraercsi, 4TO «CTOnbly  TabyssilHM  pacCTaBleHbl Ha
(UKCHPOBAHHOM . PACCTOSIHHM APYr OT [pyra, CKaxem, uyepes N nosuuui. Kak
Jydiie 3afaBaTb N — B BHIE 3HAYCHHS NEPEMEHHOH HJM B BHIAE HMEHOBAHHOH
KOHCTAHTHI?

Ynpaxuenue 1.21. Hanunwure nporpammy entab, samensiouyio uenouku npoGe-
JIOB MHHHMAJbHBLIM YHCJOM JIHTep TabyJasiunfi ¥ mnpobesoB TakHM 06pasom,
4yTOGH BHJ HAlNe4yaTAaHHOro TeKcTa He uameHusacs. Hcmonbsyiite Te ke «cTO-
nbl» Tabyasiuuk, uto u B detab. B caywae, korma s BbIXoja Ha ouepen-
HOH «CTOM» TOAMTCS ONMH mnpoGes, uTO Jyyiue — mnpobes HJAH JuTepa Taby-
JISILHH?

Ynpaxuenne 1.22. Hanuvwurte nporpammy, neyaTaloilylo JHTEPbl BXOAHOTO Mno-
TOKa TakK, uYTO6bl CTPOKM TEKCTAa HE BBIXOAHJHM [paBee n-# NO3HUHH. ITO
3HAYHT, YTO Ka)kJaas CTpPOKa, MJIHHA KOTOPOH TmpeBblIaeT #n, [AOJXKHA neya-
TaTbCsl C MEPEHOCOM Ha CJeiyiollle CTPOKH. MecTo nepeHoca CJeAyeT «HC-
KaTby MOCJe TNOCJefHeHd HenpobejbHOH JMTEepbl, pPACIOJOXEHHOH JeBec N-H
nosuuuu. [lo3a6oTbrTech O TOM, 4TOGH Balwia nporpaMma Beja cebst pasyMHO
B CJyyae OuyeHb [JIMHHBIX CTPOK, a Takke, KOrAa A0 N-H NO3HUMH He
BCTpEYaeTCsi HH OAHON JIHTepbl npobesa HAH TaOyJAsiUHH.

Ynpaxnenune 1.23. Hanuwnrte nporpamMmy, yOGHpaIOILYI0 BCE KOMMEHTapHH H3
mo6oit  Cu-nporpammui. He 3a6yabte no/ikHbBIM 06pa3oMm 06paboTaTb CTPHHTH
JUTEP H CTPHHIOBble KOHCTaHTh. KomMeHTapuu B CH He MOryT ObiTh BJIOXKEHbBI
Lpyr B Apyra.

Ynpaxuenne 1.24. Hanuwnrte nporpammy, mnposepsiomyio CH-NpOrpaMMmbl Ha
3JeMEHTApHBIE CHHTAKCHUECKHe OWHOKH THna HecOaJaHCHPOBAHHOCTH CKOOOK
Bcex BHAOB. He 3afyabTe 0 KaBbluKax (OOWHOYHBIX H [IBOHHBIX), 3CKEHI-
nocjenoBateabHOCTAX (\...) M KOMMEHTapHsix. {(DTO — CJOXHasg MNpPOrpamma,
eCJM ee nucaTh AJsl obulero ciayuas.)
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IlepemenHble H KOHCTAHTHI SBJISIOTCH OCHOBHBIMM OGBEKTAMH, C KOTODPBLIMH
HMeeT gen0 nporpamma. [lepeMeHHble NepeUHCNSIIOTCS B ONHCAHHSX, TrAe ycC-
TAHABJHBAKOTCS WX THIbl, a BO3MOXHO, M HavalbHble 3Hauenust. Onepauuu
cneuHPHUHPYIOT Te AEHCTBHMA, KOTOphIe C HHMH coBepwaioTcsi. [lasi nosayyeHus
HOBbIX 3HAYEHHH BBIPAXKEHHS MOTYT ONEpHPOBATH C NEpPEMEHHBIMM H KOHCTAH-
tTamu. Tun o6bekTa onpedesnstieT MHOXKECTBO 3HAYEHHH, KOTOpble 3TOT OGDBEKT
MOXET TNpPHHHMATb, H ONepauuH, KOTOpble Hald HHMH MOTYT BBIIOJHATHLCS.
Haspauubie «kHpnuuMku» H OyAyT npeamMeroM OOGCYXIEHHS B 3TOH rJaBe.

CranpaproM ANSI 6bli0  yTBepXKIEHO 3HAYMTENbHOE YHCJAO HEGOJbUIKX
U3MeHeHHH u [00aBJjeHHH K OCHOBHBIM THNAM M BbipaxKeHHsiM. JI060H wuesblii
THII Tenepb MOXeT OblTb CO 3HakoMm, signed, W Ge3 3uaka, unsigned. [lpe-
LYyCMOTPeH CroCo6 3anuCH O6e33HAKOBbIX KOHCTAHT M LIECTHAALUATHPHYHLIX JIH-
TEPHbIX KOHCTAHT. ONepaLuu ¢ NJaBalolled TOYKOH AONYCKAIOTCA Temepb H C
O/lnHApHOH TouHOCThIO. Beemed tun long double, o6ecneuyunBalouwiHii MOBBILIEH-
HYlO TOYHOCTb. CTPHHIOBHIE KOHCTAHTbI KOHKATEHHPYIOTCS («CKJEHBAIOTCSH»)
Tenepb BO BpeMms KOMNHJsiuMH. [lepeducsuMbll THN CTan uacTbio s3biKa, ¢Op-
Majau3yoled yCTAaHOBKY 1ManasoHa 3xauyeHuit tuma. OOGbEKTH pa3pelleHo Tno-
MeyaTtb Kak COnst a1 3awMThl HX OT KaKHX-1M60 H3MeHeHHH. B cBsi3n ¢
BBElEHHEM HOBbIX THMOB paCWHPEHL! INpaBHJa AaBTOMATHYECKOro npeoGpasoBa-
HHUsl H3 OOQHOTO apudMETHUYEeCKOrs THNa B APYIOi.

2.1. UMEHA TEPEMEHHbIX

XoTsi Mbl HHYEro He roBOpHJAM 06 3TOM B . 1, HO CYUIECTBYIOT HEKO-
TOPbi€ OTpAHHYEHHMS] HA 3alaHue HMEH NepPeMeHHBIX H HMEHOBAHHBIX KOHCTAHT.
Mmena cocrasasiorcs w3 6ykB u undp; nepsoi JHTepOH A0AKHA GuiTh OYKBa.
3HaK NOAYEPKMBAHHA «_» CHHTAeTCH OYKBOH; €ro HHOrAa YIOGHO HCHOb30-
BaTh, YTOOHl YJYYHIHTb BOCHPHsITHE [IJHHHBIX HMeH nepemeHHbx. He Haunnai-
Te HMeHa TMepEMEHHBIX C IONYEPKHBAHHA, TaK KaK MHOTHE nepeMeHHble 6u6-
JHOTEUHBIX TNPOrpaMM HAYHHAIOTCA HMRHHO € 3TOro 3Haka. Bojabmuse (mpo-
MHCHBIE) W Majable (CTPOuYHBbIe) OYKBLI pa3iHvalOTCA, TaK 4TO0 X M X - ABa
pasubix uMenH, O6ui4HO B nporpammax Ha Cu Madbimu OyKBamu xnabHpajoT ne-
peMeHHsble, a OOJbIIHMH — HMSHOBAHHBIE KOHCTAHTHI.

Ilnst BHYTPeHHHX HMEH 3HAUYHMBIMH sIBASIOTCS nepsuie 31 aurtepa. [las
HMeH QYHKUAH H BHEIUHHX NEPeMEeHHLIX YHCJO 3HAYHMBIX JHATEP MOXeT ObiThb
menblwe 31, Tak Kak 3TH HMeHa o6GpaCaThiBAlOTCH accemG/iepaMH W 3arpy3uu-
KaMHl ¥ SI3BiKOM He KOHTDGJIHDYIOTCA. YHHKAJbHOCTH BHEIIHMX HMEH TapaHTH-
pyercst TOLKO B npegenax 6 autep, HaGpaHHbiX $e3passiHuUHO B KaKOM pe-
ructpe. Kuawouesnie cuosa if, else, int, float u 1.1 3apesepsrpoBasbi,
H MX HeAb3S HCHOIb30BAaTh B KAYeCTBe HMEH nepeMcHHbX. Bce oHH HabHpa-
ITCH HA HHMKHEM [2ructTpe (T.e. MadelvH OyKBaMmH).
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Pa3yMHO nepeMeHHBIM [aBaTh OCMBICJIEHHbIE MMEHAa B COOTBETCTBHH C MX
Ha3HayeHHeM, INpHYeM TakHe, 4ToObl HX OBIJIO TPYAHO COYTaTb APYr C ApY-
rom. Mpl fpeAmoOuYHTAEM KODOTKHE HMeHa [AJs JOKaJbHHIX IEPEeMEHHBIX, OCO-
6eHHO AJs CYETYMKOB LHKJIOB, H Gosiee AJHHHbBIE A/ BHEILHHX MEpeMeHHBIX.

2.2. TMNbl U PA3MEPbI OAHHbIX

B Cu cyuecTByeT BCero JHIIb HECKOJIbKO Ga30BBIX THIIOB!

char eOIHHUYHBIA O6aliT, KOTOpPbIH MOXKET CONEepXaTb OAHY JIHTEpPY
U3 fonycTUMOro Habopa JuTep
int uesoe, O0OBYHO OTOGpakaeMoe Ha eCTeCTBEHHOe TMpeacra-

BJIEHHE LeJbIX B MallHHe
float YKCJO0 € MJIABAOIIEH TOYKOH ONAMHAPHOH TOYHOCTH
double wuyucao ¢ maaBawuied TOYKOH ABOHHOH TOYHOCTH

HMmeeTcsi Takxe HECKOJbKO KBAJTH(MHKATOPOB, KOTOPhIE MOXHO HCIMOJbB30-
BaTb BMeCTe C yKa3aHHbIMH G6a3oBbiMH THnaMH. Hanpumep, xBaauduKaTOpHI
short (xoportkuil) u long (ANHHHBLIA) NPUMEHAIOTCA K LEJbIM!

short int sh;
long int counter;

B rakux omucaHusix cj0BO int MOXHO omyckaTb, 4TO OOBIYHO M J€JaeTCs.

Ecan TOJAbKO He BO3HHKAeT NPOTHBOPEUHH CO 34paBbiM CMBICJIOM, ILejoe
short u wuenoce long nosxusl ObITb pa3HOH AJHHBEL, a int cooTBETCTBOBATH
eCTECTBEHHOMY pa3Mepy UeJbiX Ha /JaHHOH MawuHe. Yame Bcero mnas mnpea-
CTAaBJEHHS 1eJoro, oOmucaHHoro ¢ kBaaudukaropom short, ortsoaurcs 16
6ur, ¢ xBaindukatopom long - 32 6uTta, a 3HaueHuio THnma int — uam 16,
unn 32 6uta. Pa3spaGoTYHKH KOMIIMJSITOpa BnpaBe CaMH BHOHPAaTb NOAXOAs-
uMe pasmepnl, Co06pasysicb C XapaKTepHCTHKAMH CBOEro KOMIbloTepa H COG-
JIOAas TOJbKO CJeAylollMe OrpaHHueHHs:: 3HaueHus Tumos short wu int npen-
CTAaBAAIOTCA NO Kpalineir mepe 16 Guramu, TtHna long - mo kpaline#i mepe 32
6utamu, pasmep short wue Gojpwe pasmepa int, xoTopeli B CBOIO Ouepenb
He Gosblle pasmepa long.

Ksanudukatopsl signed (co 3nakom) uin unsigned (6e3 3HaKa) MOXHO
npuMeHsaTb K TNy char u mio6omy uesoMmy THny. 3HauenHs unsigned sce-
T4 NOJOXHTEJIbHbI WJH PAaBHbl HYJIO H HOAUHHSIOTCS 3aKOHAM apH(MMETHKH MO
momyailo 2", rae N — KOIHYeCTBO GWUT B TNpeACTaBieHWH Tuna. Tak, Haupu-
Mep, ecau 3HauenHio char orsoautcs 8 6ur, To unsigned char umeer 3ma-.
yeHHss B auanasone ot 0 mo 255, a signed char - or -128 nmo 127 (B mMa-
IIHHe C [ABOWYHBLIM [ONOJHHTEJbHBIM KOAOM). SIBAAIOTCS JIM 3HAYEHHS THNA
NpoCTO Char 3HAKOBLIMH HJAM Ge33HAKOBBIMH, 3aBHCHT OT MAIIHHBI, HO B JIO-
GOM cJayuae KOABl 11€4aTaeMblX JHTEP MOJOXHTENbHBbI.

Tun long double npenHasHauen s apudMeTHKH C TMJaBaloWled TOUKOH
MOBLILIEHHOM TOYHOCTH. Kak M B cJjyuyae UeJbIX, pa3mepbl OOBEKTOB C IJaBa-
Olel TOYKOH 3aBHCAT OT peanusaunu; float, double u long double moryr
NpeACTABJSATLCS OAHHM pa3MepoM, a MOTyT — [JBYMsl HJH TpeMs pa3HbIMH
pa3Mmepamu. .

HMeHoBaHHbBIE KOHCTAHTHI [Jisi BCeX pa3MepoB BMeCTe C JPYrHMH Xapak-
TEPUCTHKAMH MallMHbBl M KOMITHJISITOPA CONEpPXaTCsd B CTAHAAPTHBIX TOJOBHBIX
datinax <limits.h> u <float.h>. (Cm.mpunoxenue B.)

Ynpaxueune 2.1. Hanuwmute nporpammy, Kortopas OydeT BbIaBATh AHANA30HBI
sHaueHu#i tHnos char, short, int u long, onucannmx kak signed u xax
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unsigned, ¢ noMoublI0O TMeYyaTH COOTBETCTBYIOIMX 3HAYEHHH H3 CTaHAApPTHHIX
FOJIOBHbIX alJOB M TyTeM MNpsiMOro BheIYHC/AeHHS. ONpefejnTe JAHAaNasoHb

yHceJ C TMJaBamoliedl TOYKOH Pa3JHUYHBIX THIOB. BBIUHCJAHTL 3TH AHANa30HbBI
CJIOXKHEeE.

2.3. KOHCTAHTbI

Llenass xoncrtanta, Hanpumep, 1234, umeer Tunm int. Koncranra rtuna
long 3asepmaercss OykBo# 1 wuau L, nHanpumep 123456789L; caumkom 60Jb-
lIoe 1eJoe, KOTOpOe HEeBO3MOXHO NpeAcTaBMTb Kak int, Oymer mnpencrasie-
HO kak long. DBes3snakoBble KOHCTaHTHl 3akaHuyuBaioTcsi OykBoh u nau U, a
okoHuaHue ul uam UL roBopuT 0 TOM, YTO THN KOHCTanThl — unsigned long.

KoHCTaHTBl ¢ mJaBaiollledl TOUKOH HMMeEIOT AeCsiTHYHYIO TOuky (123.4) unaw
3KCMOHEeHUHadbHylo uacTb (le-2) wuau ke u ‘to u apyroe. Ecau y Hux ser
OKOHUaHHs, cyHuTaercsi, uto oHuM Ttuna double. Oxonuanne f uam F ykasw-
BaeT Ha Tun float, a 1 man L — na tun long double.

[ToMHMO JeCATHUYHOrO UeJOe 3HAYEHHE MOXET HMeTb BOCbMEPHYHOE HJIH
LeCTHAALATHPHYHOE TpeacTaBaeHHe. EcCaIH KOHCTaHTa HAyHHAETC C  HYJ,
TO OHa NpeiacTaBjeHa B BOCbMEpPHUHOM Buae, ecan ¢ Ox wuam ¢ 0X, 10 — B
wecTHaguatupuuHom. Hanpumep, necatnunoe uenoe 31 MOXKHO 3amucarth Kak
037 uau kak OX1F. 3anucH BOCbMEpPHUHOH H IIECTHAAUATHPHYHOH KOHCTAHT
MOryT 3aBepliaTbcsi OykBod L (a1 ykasanua Ha tun long) u U (ecaum Hyx-
HO [MOKasaTh, 4YTO KOHCTAaHTa 6Oe33Hakosasi). Hanpumep, koncranta OXFUL
umeer 3Hauenue 15 u Tun unsigned long.

Jlutepnas KOHCTAWTQ €CTb Lesoe, 3alMHCaHHOe B BHAE JIHTEPH, OOpaM-
JIEHHOM OJHHOUHBIMH KaBbiuKaMu, Hanpumep ’X’. 3HaueHHeM JIHTEPHOH KOHC-
TAHTBl SIBJSIETCS YHCJAOBOH KOA JHTEepH K3 Habopa JIHTEp Ha [AHHOH MalllKHe.
Hanpumep, nurtepnas koncranta '0° B koampoBke ASCIl umeer 3HaueHHe
48, KOTOpOe HHKAKOTO OTHOLIEHHSI K 4YHCJIOBOMY 3Hauenuio 0 ne mmeer. Ecau
mel numeM °0°, a He Kakoe-HuGyab 3HaveHHe (Hanpumep, 48), KOTOpOE
clefyer M3 cnoco6a KOIHPOBKH, Mbi TeM CambiM [ejaeM NporpaMMy HeE3aBH-
CUMOM OT YaCTHOTO 3HAYEHHS KOAa, K TOMY »e OHa M Jjerye uurtaercs. Jlu-
TepHble KOHCTA@HTHl MOTYT YuacCTBOBAaTb B Oll€pauMsX Hald YHMCJIaMH TOYHO TakK
Xe, Kak W Jiobble Apyrue uesble, XOTA 4Hallle OHH HCNOJb3YIOTCS MJsi CpaBHe-
HUSl C HAPYTHMH JIHTEPaMH.

HekoTopble JMTEpPHI B JIHTEPHBIX H CTPHHTOBBLIX KOHCTAHTAX 3aMHCBIBAIOT-
Cl C TOMOLIbI0 3CKEHN-TOC/AeJOBATENbHOCTEH, HampuMep \N (HOBas-CTpOKa);
TAKHEe TIOC/eJOBATeNbHOCTH H306paXaloTcsi [ABYMS JIMTEpamH, HO 0003HAYaloT
onny. Kpome TOro, NmpOH3BOJIbHEIN BOCHMEPHUHBIH KO MOXHO 3alaTbh B BHAE

"\ooo’
‘THe 000 — OOHA, /[Be HJH TpH BOCbMepHuHble widpps (0...7) uau
\xhh’

rae hh — onHa, OBe HJAM GoJee luecTHanuatuphunete uudper (0...9, a...f,
A...F). Takum o6pa3oM, Mbl MOIJH Obl HAIHKCATb

#define VTAB '\013’ /* BepT. Tadynauua B ASCII */

#define BELL ’\007’ /* 3BoHOK B ASCII */
MJH B LIECTHAAUATHPDHYHOM BHIE:

"#define VTAB ’\xb’ /* BepT. Tadynsuus s ASCII */
#define BELL ’\x7’ /% 3BOHOK B ASCII */
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TMosHblli HAGOp 3CKEHN-NOC/NEI0BATENLHOCTEH CJEAYIOLIHI:

\a CHrHaJ-3BOHOK N\ ob6paTHasi-HaKJOHHAA-UepTa
\b BO3Bpar-Ha-war \7? 3HaK-BONpoOCca

\f nepeBOA-CTPaHHIHI \’ O/IHHOYHAsI-KaBbluKa

\N HOBas-CTPOKa \" NBOHHAas-KaBbIYKa

\Ir' BO3BpaT-KapeTKH \000 BOCbMEDHYHBIH-KOI

\t rop-Tabynsuus \xhh 1IeCTHAAUATHPHUHBIA-KOA

\v BepT-Taby/silluA

Jlutepnasi koucrauta '\0’ — 3TO JHTepa C HYJEBBIM 3HAYEHHEM — TaK
yaspiBaemass Jurtepa null. Bmecto npocto 0 yacTo HCHONB3YIOT  3aMHCh
*\0’, uyTo6bl NOAYEPKHYTb JIUTEPHYIO NPHPOAY BbIpaXeHHs, XOTA M B TOM H
ApYroM cJjyyae 3anucb 00603Ha4aeTr HYJb.

KoHCTaHTHbLe 8blpajtenuss — 3TO BHIPAXKEHHs, ONEpUpYIOLHe TOJbLKO ¢
KOHCTaHTaMH. TakHe BLIPAXKEHHsS] BBIYMCJAAIOTCA BO BpeMs KOMNHAALHH, a HE
BO BpeMs CueTa, W MOSTOMY HX MOXHO HCNO/Nb30BaTb B JIO0OM MeCTe, TA€
NONYCTHMbl KOHCTAHThl, KaK, Hanpumep, B

#define MAXLINE 1000
char 1inelMAXLINE+11;

HJ/IH B

#define LEAP 1 /* in leap years - B BHUCOKOCHBE [OIb */
int days[31+28+LEAP+31+30+31+30+31+31+30+31+30+311;

CTpunz08as KOHCTAKTQ, HWNHM CTPUH208bLl auTE€pAA, — 3TO HyJb HIH
Gonee JMTEp, 3aKJ/IOUEHHBIX B NBOHHBIE KaBHIYKH, KaK, HanpHMep,

"3To CTpHHIOBas KOHCTaHTa'
nnu

e /% TyCTOH CTPUHT */
KaBblYKH He BXOASIT B CTPHHI, a CJyXar TOJNbKO ee orpanuuutensmu. Tax
Ke, KaK ¥ B JIHTepPHble KOHCTAHTBl, B CTPHHIH MOXHO BKJIOYaTb 3CKeHN-MO-
clefoBaTeAbHOCTH; \", HampuMep, [peacTaBasier COOOH MBOHHYIO KaBBIYKY.
CTpHHTOBbiE KOHCTAHTH MOXHO KOHKaTeHHPOBaTb («CKJEHBATb») BO BpeMs
KOMIHJISIIHH, HANpUMep, 3anucCb ABYX CTPHHIOB

"3ppascTByit, " " mup!"
3KBMBAJEHTHA 3alHCH O/JHOTO CJELYyIOLIEro CTPHHra:
“3ppapcTBy#t, Mup!"

YKa3aHHOe CBOMCTBO MO3BOAsieT pa3buBaTb AJMHHbBIE CTPHHTH HA 4acTH H
pacnosiaraTh 3TH YaCTH HAa OTAEJbHBIX CTPOUKaX. ’

dakTHUeCKH CTPHHIOBAs KOHCTAHTa — 3TO MaccuB JsinTep. Bo BHYyTpeH-
HeM TpeACTABJEHHH CTPHHra B KOHUe ofsi3ateqbHo npucytctyer null-nu-
tepa '\0’, NO3TOMY mamsiTH AJsi CTpHHra Tpebyercs Ha OIHH OaiT 6oJblLe,
yeM UHCJIO JIKTEp, PACIOJIOKEHHBIX MEXy [BOMHBIMH KaBblUKaMH. IJTO O3HAua-
eT, UTO HeT OrpaHMYeHHs Ha JJIMHY 3a13BaeMOr0 CTPUHra, HO 4YTOGH
ONpele/uTh ero AJMHY, TpeGyeTcsi NpoCMOTpeTb BeCb CTPHHI.  DyHKUHSA
strlen(s) BbuMCaAsieT MJIMHY CTpHura S Ge3 yueTa 3apepluaiolledl €ro JMTepbl
’\0’. Huxe npuBOAMTCS Halla BepCHs 3TOH PyHKUUH:

/* strlen: BosBpaumaeT INMHY CTpPUHra S */
int strlen(char s[1])
{

int i;
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i=20;
while (slil] t= "\0") .
++1;
return i;
}
®yuxuusi strlen u HekoTOpble Apyrue, NpuHMeHsieMble K CTPHHTAM, ONHCAHBI B
CTaHIapTHOM roJioBHOM dakiie <string.h>.

ByabTe BHHMaTe/NbHBI M NOMHHTE, UYTO JIHTEpHAst KOHCTAHTA H CTpHHT,
colepXallHH OIHY JIHTepy, He OJHO H TO Xe: 'X’ He TO JXe camoe, uTO
'x". 3amuce ’xX’ o603HauaeT leJoe 3HauyeHHe, paBHOe Koay OyKBbl X H3
CTaHAapTHOro Habopa JuTep, a 3anuch "X" — MaccHB JHTep, KOTODBLIK
CONEPXHT OnHYy JauTepy (6ykBy X) u '\0’.

CH nMeeTcs ewe OOHH BHA KOHCTAHTB, KOHCTAHTA NepetucAexHust.
IlepeunciieHHe — 3TO CNUCOK UEJIbIX KOHCTAHT, KAaK, HAlNpHMeEp, B

enum boolean { NO, YES };

[leppoe umst B enum* umeer 3Hauenue 0, cieaywomee — 1 W T.4. (ecam He
ObLIO  SIBHBIX crneuugpukauuii 3HadyeHuit kKoucTaHt). Ecan He BCe 3HaueHus
CneitnpHIMpPpOBaHbl, TO OHH MNPOAOJIKAIOT INPOrpecCHi0, HAUHHAsl OT MOCJEIHEro
CrnenMpHIHPOBAHHOTO 3HAYeHHs, KaK B CJEAYIOWHX [ABYX NpHMEpax:

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 M T.0. */

MiMena B pasnuuHBIX MepeYHC/NEHHSIX [OJUKHBI OTJHUYATBCS APYr OT Apyra.
3HayeHHs BHYTPH OJHOTO MEPEYUCJEHHs] MOTYT COBMAAaTh.

Cpenctso enum ofecneunBaeT yaOGHBI CnMOCO6 MpPHCBOMTH KOHCTAHTAM
MMeH4, mnpuHyeM B oTiauyue or #define npu 3sTOoM cnocofe 3HaueHHST KOHC-
TAHT MOTYT TeHepHpOBaTLCs aBTOMATHUeCKH. [lepeudCAWMbIE THN paspelneHo
HCIOJIb30BATh U1l OMpE/eJIEHHs] TepeMeHHbIX, OQHAKO KOMNWJATOp He 06s3aH
KOHTPOJIMPOBATb, BXOAAT JIM IPHCBAHBaeMbie 3THM TEpeMEHHbIM 3HAYeHHsS B
ux tHn. Ho cama BO3MOXHOCTL TaKOH NpOBEpPKM 4acTO JedaeT €num Jydie,
yem #define. Kpome TOro, omiagunk nosydyaeT BO3MOMHOCTbL [€4aTaTb 3Ha-
YEHHsl MEePeYHCJHMBIX MePeMEeHHBIX B CHMBOJBHOM BHIE.

2.4. OEKNAPAUMU

Bce nepemennbie MOJUKHBI GbITH €KJApHPOBaHbLI paHbile, uyeMm OGyayT
HCNO/Ib30BATLCA, MPH 3TOM HEKOTOpPbie A€KJapalliH  MOTYT OBbITb NOJYYEHbBI
HESiBHO — H3 KOHTeKCTa. Jlek/siapauusi crneundpuuupyer THN H COMAEPXKHT CIIH-
COK M3 OJHOH HJIH HECKOJbKHX TepeMeHHbIX 3TOTO THNA, KakK, HanpuMmep, B

int lower, upper, step;
char ¢, 1linel(1000];

[lepemerHble MOXHO pacmpesesisiTb 10 AeKJapaUHsiM TIPOH3BOJBHBIM 0GpPa3oM,
TaK UTO YyKa3aHHble BbllI€ CIHCKH MOXHO 3alHCATb W B CJedYIOUIeM BHIE:

int lower;
int upper;
int step;

* Ot aurjuiickoro cnosa enumeration - nepeuucienne. — lpumeq. ped.
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char c;
char 1inel1000];

Sta nocjenHss ¢GopMa 3anuCH 3aHHMaeT GoJiblie MecTa, TeM He MeHee
OHA Jyulle, MOCKOJbKY [M03BOJIieT NO6aBAATb K KaXAOH MeKJlapaunu KOMMeEH-
Tapuit M Gosiee yno6HA /Il MOCAENYIOUIMX MOAHGHKALHH.

B cBoeil nekjapauuu rnepemeHHass MOxeT OblTb HHHUKHAJIH3HPOBAHA, Kak,
HanpuMep:

char esc = ’\\’;
int i=20;
int limit = MAXLINE+1;
float eps = 1.0e-5;
[/[HHHI/laJIPISaLlHﬂ HeaBTOMaTquCKOi/JX HGPEMQHHOX‘;I OCy’.LIECTBJIﬁeTCﬂ TOJIb-
KO OJHH pas — nepen TE€M, Kak nporpamma HAyHeT BBIMOJHATHCA, MNpPH 3TOM

WHHLKANM3ATOP NOJKeH ObiTb KOHCTAHTHBIM BHIPAXEHHEM. SIBHO HHHLHAIH3HPY-
eMas ABTOMATHueCkasl [epeMEeHHash MNoJydaeT HayajlbHOe 3HAYEHHE KaX/blH
pa3s npu BXxoie B (QYHKHHIO MM OJIOK, €e HHHIHATH3aTOPOM MOXET 6biTh JIIO-
Goe BhIpa)keHHe. BHEIIHHe H CTATHYECKHE MNepeMeHHbie MO YMOJYAHHIO noJy4a-
0T HyJeBble 3HAUeHHs. ABTOMATHYECKHE TMEPEMEHHblE, ABHLIM o6pa3oM He
MHUUHAMH3HPOBAHHBIE, CONEPKAT HEONpeleseHHble 3HAYeHHs («MYyCOp»).

K s060it mepeMeHHOH B 1eKJapallih MOXKeT ObiTb MpHMEHeH KBanupuka-
top const s ykazaHWst TOTO, 4TO €e 3HAUYGHHe [anee He 6yner H3Me-
HAITBCA.

const double e = 2.71828182845305;
const char msgll = "npenympexiexue: ";

[lpHMeHHTENbHO K MaccHBy Kpanuduxkatop const ykasbiBaeT Ha TO, 4TO HH
ONMH H3 €ro 3/MeMeHTOB He OyaerT MeHsTbCs. YKasanne CONSt MOXHO Takxe
NPUMEHATb K apryMenTy-MacCHBY, 4TOGbl COOOWIMTb, 4YTO (QYHKUMA HE H3Me-
HsieT 3TOT MacCCHB:

int strlen(const charfil);

Peakuusi HA TOMBITKY H3MEHHTb [MEPEMEHHYI0, TOMEUEHHYIO KBalH(pHKATOPOM
const, ocrapseHa Ha yCMOTPEHHE KOMIHJSITODA.

2.5. APUOMETMYECKHUE ONEPATOPHI

BunapueiMH apHMeTHYECKHMH OMepaTopamu siBasilores +, -, ¥, /, a

TaKXKe OrnepaTop B3ATHs Moayas %. [lenenne uenblx COMPOBOKAAETCA otbpa-
coiBaHneM ApoGHO# 4acTH, kakoi 6bl owa Hu Obiia. Beipaxenue

X hYy
1aeT OCTATOK OT [eJeHHs X Ha Yy H, CJel0BaTeNnbHO, HYJb, €CJAH X [eIHT-
csi Ha y Haueno. Hampumep, roi SiBJAAETCS BUCOKOCHBIM, €CJH OH AeJIHUTCS
na 4 (so ue na 100). Kpome TOro, BHCOKOCHBIM CUHTaeTCA TOA, €CJAH OH
neaurcst Ha 400. CnenoBate/bHO,
if ((year % 4 == 0 &% year % 100 != 0 i: year % 400 == 0)
printf("%d BucokocHHit roma\n, year);
else
printf("%d He BUCOKOCHHR rog\n, year),

Onepatop % k onepangam tunos float u double ne npumensercs. B kakyto
CTOpOHY. (B CTOPOHY yBEJHUEHHsl HWJIH YyMeHblIeHHs uucaa) Oyrer ycedewa
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npo6Hasi 4acTb MpH BLINOJHEHUW / U KakuM OyaeT 3HAK pe3yJabTata oOnepa-
UHH % C OTPULATE/IbHBIMH ONepaHAaMH, 3TO 3aBHCHT OT MAILUHHBI.

Bunapusle omepaTopel + H - HMEIOT OJHHAKOBHIH MPHOPHTET, KOTOPbIH
HHXKE TpHOpDHTETA ONepaTopoB *, / H %4, KOTOPbIH B CBOIO Ouepelb HHXe
NpHOpUTETA YHAPHBIX OMEPaToOpoB + H —-. ApHdMeTHUECKHe ONepalHH OJHOTO

NPHOPHTETHOTO YPOBHSI BBIMOJHSAIOTCA CJeBa Hamnpaso.
B koHume 3TOH ryiaBBl mnpuUBOAMTCs Taba. 2.1, B KOTOpOH TOKa3aHBI
IIPUOPHTETHl BCEX OMEpPATOPOB H MNOPSAOK HX BBINOJHEHHS.

2.6. OMNEPATOPb! OTHOLLEHHWS M NOTMYECKHUE OMEPATOPbI

OnepaTopaMH OTHOUIEHHS SBJSAIOTCA
> >= < <=

Bce OHH HMeOT OJHHAKOBbIM mnpHOpuTeT. POBHO Ha OAHY CTYNEHb HHXE MpPHO-
pHTET ONepaToOpOB CPaBHEHHS HA DABEHCTBO:

OnepaTopbl OTHOILLEHHSI HMEIOT GoJiee HHU3KHU NPHOPHTET, YeM apHdpMeTHUec-
KHe, NO3TOMYy BbIpakeHue THna 1 < lim-1 Oyner BBIMOJIHATBCSA Tak ke, Kak
i < (lim-1), T.e. Kak MBl H OXHIAEM.

Bonee wuHTepecHbl JorHueckue omnepaTopbl && H 1. DBblpaxKeHus, Mexnay
KOTOPBIMH CTOSIT OmepaTopnl && WM 1, BBIYHCJAAIOTCS CJeBa HAINpaBO, H Bbi-
YHCJIEHHE TpeKpallaeTcsi, KaK TOJbKO CTAHOBHTCS H3BECTHA HCTHHHOCTb HJIH
JIOXKHOCTb pe3ysbrata. Muorue CH-nporpaMMmbl ONHPAIOTCS Ha STO CBOMCTBO,
KakK, Hanpumep, UHKJ H3 ¢yHKuHH getline, koTOopylo Mbl nmpuBOAMAM B ra. 1:

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

slil = c;

[pexxne uyeM uHTATb OUEPEAHYIO JIMTEPY, HYXKHO TNDPOBEPHTb, €CTb JIH
MECTO [Jisi Hee B MacCHBe S, HHaue roBopsi, CHayaja Heob6xoOumo mpoBe-
putrb ycaosde i < lim-1. Ecam 310 yCc/0BHe He BBLIMONHSETCS, Mbl He JOJ-
KHBl NPOJOJKATH BHIUHCJEHHE, B YACTHOCTH YHTaTh CJeaylouwyio Jutepy. Tak
xe Obl1o Gbl HENpaBHJAbHBIM cpaBHuBaThb C ¢ EOF o o6pawenusi x getchar;
CJeAOBaTeJbHO, H BBI30B getchar, u npucBaMBaHHE [OJ/IXKHBI BBINOJHSATBHCS
nepej yKa3aHHOH TpPOBEpPKOH.

[Tpuopurer onepatopa && BbllLle, yeM oneparopa ii, ONHAKO HX MpPHO-
PUTETBLl HHXE, YeM IpHOPDHTET ONEpaToOpOB OTHOIWEHHUA H pPABEHCTBA, NnO3TOMY
BbIPAXKEHHE BHIA

i<lim-1 && (c = getchar(})) != ’\n’ && c != EOF
He HYX[IaeTcss B NOTMOJHHTENbHbIX ckoO6kax. Ho, Tak xak npuoputer != BbI-
1€, YEeM MNPHOPHUTET IPHUCBAHBAHHS, B

(c = getchar()) != ’\n’

CKOOKH Heo6xoaumbl, uTOOBl CHAuyaJja BLINOJHHTb MPHCBAHBAHHE, a 3areM
cpaBHeHHe ¢ '\n’.

[To onpenesieHHI0 YHC/EHHBIM pe3y/JbTATOM BBIYHCJEHHS] BBIPAXKEHHS OTHO-
IIEHHS WJH JIOTHYECKOTO siBasiercst 1 B cayyae, ecad OHO HCTHHHO, W 0 B
cJyyae, €CJH OHO JIOXKHO.

YHapHbift onepaTtop ! mnpeoGpa3yer HeHyJesoli omepaHa B 0, a HyJap B
1. O6biyHO omepatop ! HCMNONB3YIOT B KOHCTPYKUHSIX BHIA
if (tvalic:

4YTO 3KBURN IO



Tunet, oneparopst u 8oLpaXeHus 49

if (valid == 0)

TpyaHo ckasaTh, Kakas u3 ¢opm 3amuch Jjydwe. Kouctpykuusi suga !valid
xopowo uyuTaetcss («ecan He valid»), HO B cuayuyae GoJiee C/AOKHBIX BhIpaxe-
HUH MOXKET OKas3aTbCsi, UTO €€ He TaK-TO JIETKO MOHSThb.

Ynpaxnenne 2.2. Hanumnte uuk/, SKBHBAJEHTHLIH NPHBEACHHOMY BbIIIE for-
LHKJY, He [OJb3ysiChb omepatopamu && u ii.

2.7. NPEOBPA3OBAHMA TUNOB

Ecan onepanibl onepatopa NpHHALJIEKAT PasHbIM THIAM, TO OHM MPHBO-
OSATC K HeKoTopomy ofwemy THry. [lpuBeneHue BBINOJIHARTCA B COOTBETC-
TBHH C HeGOAbIIMM 4YHCAOM npaBua. O6BIYHO AaBTOMATHYECKH MPOH3BOAATCA
AW Te npeo6pa3oBaHHsi, KOTOpble Oe3 KakoH-nuG0 noTepH HHGOOPMAUHH
NpeBpALIAIOT OMEPaH/Abl C MEHbIUHM AHANa30HOM 3HaueHWH B OnepaHibl ¢ GoOJb-
MM [HANa30HOM 3HAUEHHWH, KaK, HanpHmep, npeo6pasOBaHHE LEJOTO B UYHC-
J0 ¢ mJaBalolleil TOYKOW B BhipaxeHuu Bpoge I + i. BoipaxeHusi, He HMewIHe
cMblCJIa, HAlNpHMep UYHKCJIO C MJaBalpolled TOYKOH B pPOJH HHAEKCA, HE jomyc-
KalTCsA. BhipaceHHs, B KOTOpBIX Morjia Obl TepsTbCs HHGOpMauus (CKaxem,
NpH TPHCBAMBAHHH JUIHHHBIX UEJBIX TepeMEHHbIM G6oJjiee KOPOTKHX THIOB HIH
MpH NPUCBAWBAHMH 3HAYEHHH C MJABaOUIEH TOYKOH LENBIM nepeMeHHbIM), MO-
TyT MOBJIeYb MpefyNpexAcHHe, HO OHH AOMYCTHMBI.

3HaueHHss THma char — 3T0 BCero JHlIbL MaJjbie UeJble, H HX MOXHO
CBOGOAHO HCNOJbL30BaTb B apHPMETHUECKHX BbIPAXEHHSX, UTO 3HAYHTEJIbHO
ofJeryaeT BCEBO3MOXKHbIE MaHMMNyJsiLdH ¢ JaurtepamH. B xauectBe npumepa
NnpuBeIeM NPOCTEHbKYIO peanu3aunio yskuuu atoi, mnpeobGpasyiomed nocaeno-
BATeJbHOCTL UHGP B €€ YHCJIOBOH 3SKBHBAJIEHT. ’

/* atoi: mpeoOpaszoBaHUe S B LeNoe */
int atoi(char sl1])

{ . .
int i, n;
n = 0;
for (i = 0; slil >= ’0’ && sli] <= ’9’; ++i)
n=10 *n+ (sli]l - ’0");
) return n;
Kaxk Mbl yxe roBopu/u B ri. 1, Bbipaxenue
slil - ’0’
1aeT YHCJOBOE 3HAuyeHHe JHTephl, Xxpausweidicas B S[1], Tak kak 3HauyeHHus
’0°, ’1’ u T.4. O6pa3yloT HENpephLBHYIO BO3PACTAIOUIYl0 MMOCJ/EA0BATENBbHOCTE.
Jlpyroit npumep npusenenus char k int ceasan c ¢ynkumueir lower,
KOTOpasi ONMHOYHYW JuTepy H3 HaGopa ASCII, ecqn oHa sABJfeTCA 3arjab-

HO#l OyKBOi, npeBpamaer B nponucHyio. Ecan xe JnTepa He ABAAETCA 3a-
rnasHoil OykBOH, lower ee He H3MeEHsET.

/% lower: mpeoGpa3oBaHuMe C B CTPOYHYW; Tosbko AJis ASCII */
int lower(int c)

{ if (c >= A" && c <= ’2")
return ¢ + ’a’ - ’A’;
else
return c;
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B cnywae ASCIl sra nporpamma Gymer mnpaBHabHO paGoTaTh NOTOMY, 4TO
MEXAy OAHOMMEHHBHIMH OYKBAMH BEPXHEr0 M HHXXHEr0 pPETHCTPOB — OJHHAKOBOE
paccTosiHne (eCJH KX pacCMaTpHBATL KaK UHCJOBblE 3HAYEHHs), H, KpOMe
TOTO, JATHHCKHH a/i}aBHT — MJIOTHBIH B TOM CMBbICJe, YTO Mexay Gykamu A
W Z Huuyero Kpome GOyks He cyuwectsyer. [as wa6opa EBCDIC nocaennee
YC/IOBHE He BBINOJNHACTCS, W MO3TOMY HAawWa NporpaMma B 3TOM CJayyae Oymer
npeo6pa3oBEIBATL HE TOJbKO GYKBHL.

CranpapTHblil ronioBHOH aitn <ctype.h>, onucanubii B NpHJIOXKEHHH B,
OmpenessieT CeMeHCTBO (PYHKUWH, KOTOpble MO3BOJISIOT MPOBEPATL H  Npeol-
PasoBLIBATL JIMTepPbl HE3aBHCHMO OT Habopa Jutep. Hanpumep, dyHKuus
tolower(c) Bo3Bpawaer 6ykBy C B KOLE HHXKHEro perucTpa, ecsii oHa O6blia
B KOJ€ BepxHero peructpa, mnostomy tolower - yHuBepcanbuas 3amena
¢yskunM loWer, paccMOTpeHHOH Bbillle. AHAJNOTHYHO TNPOBEPKY

c>=’0 & c <="'¢
MOXHO 3aMEHHTh Ha
isdigit(c)
INlanee mp 6ynem nosb3oBaTbcst yHKuHsMu M3 <ctype.h>.

CylecTByer oOaHa TOHKOCTb, KacaloLasicsi Mpeo6pa30BaHUs JHTEp B Le-
JIbIE. SAAIBKIK HE ONpeneJisieT, ABJAAIOTCA JHK [epeMEHHble THMa Cchar 3HaKOBBLIMH
Han  Ge3snakoBeiMH. [lpu npeo6pazosamun char B int moxer Korjaa-Hubyap
NOTYyYHTBLCST  OTpHuaTesnbHoe wenoe? Ha wmawwnnax ¢ pasHOW  apxuTeKTypoil
OTBETHl MOryT OT/1HuYaTbCsl. Ha HekoTopbix MawHMHax 3HayeHwe Tuma char ¢
ENHHHYHBIM CTapuwiHM. 6HTOM OydeT mnpeBpalleHO B OTpHUATENbHOE LeJoe (f10-
CpPencTBUM «pa3MHOXEHHs 3Haka»). Ha napyrux - npeoGpasosanne char s
int ocywecrpasercs nmoGaBieHneM HyJel CjeBa, M, TaKHM obpasom, mnonay-
yaeMmoe 3H4YEHHEe BCEra MOJIOXKHTENbHO.

FapauTupyercss, uTO .I06ast JMTepa W3 CTAHAAPTHOrO HaGopa meuyarae-
MbIX JIHTEp HHKOrJa He GyNET OTPHUATENbHBIM UHCJOM, [O3TOMY B BbipaKeHH-
fIX TaKHe JIHTEpbl BCeraa sBJSIOTCS INOJOXHTEJNbHBIMH onepangamu. Ho mpous-
BOJIbHBIA BOCbMHOGHTOBBIH KOI B mepemMeHHOH THma char Ha OAHHX MALIMHAX
MOKET ObITb OTPHUATENbHBIM HYHCJIOM, & HA APYTHX — MOJOKHTEAbHuIM. JLisi
COBMECTHMOCTH [epeMeHHble THna char, B KOTOpLIX XpaHATCS HeJHTepHBIe
AlanHble, CJeayeT cneundpuuUpoBaTh ABHO Kak signed wsu unsigned.

OTHOwenHst ThHna 1 > j W JIOrHUeCKHe BHIPaXKEeHHs, nepemexkaembie orme-
paTopamMu && W i1, ONpENeJSAIOT BbIpaKeHHe-yCAOBHE, KOTOPOE HMEeT 3Haye-
HHe 1, ecan oHO HcTHHHO, u 0, ecau goxHo. Tak, npuceaupauue

d=c> 0 &&c <=9

ycranoBut B d 3nauchHe 1. ecan C ectb uudpa, v 0 B NPOTHBHOM cayuae.
Onnako ¢ynxuuu, noxoGubie isdigit, B ciyuae’ WeTHub MOTYT BbIZABaTh JIO-
Goe HeHynesoe 3nayenwe. B mecrax nposepox BuyTpn if, while, for u
T.[. «HCTHHA» MPOCTO O3HAYAET «HE HYJb».

HesBupie apudpmernueckue npeo6pasoBanus, Kak npaBuio, OCYILEeCTBJIsI-
IOTCSi €CTeCTBeHHBIM O6pasom. B ofuem csyyae, korma onepaTop THRma + MJH
* C [aBYMsA onepaHiamu (6HHAPHBIA ONEPATOp) HMMeeT pPa3HOTHIIHBIE OMNe-
paHAbl, Npexje 4YeM ONepauuss Ha4YHET BBINOJHATLCH, «MJARWIHNY THO nOOTA-
eusaerca K «Crapuiemy». PesynpTar 6yser umers cTapwwit tHn. B pasy 6
NpHIOXKEHHsT A npaBusa npeoGpa3oBaHHs CHOPMYJHPOBAHB TOuHO. Ecam ke B
BbIDA/KEHHH HeT Ge33HAKOBLIX ONEepaHiOB, MOKHO YIOBJICTBOPHTHCA CJIEYIOUIHM
HabopoM HebOPMAaNbHBIX MPABHJI:

. Ecau kaxoit-nmu60 u3 onepanaos npaHangekur tuny long double, 710

npyro# npusoauTcst K long double.
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. B npoTuHOM ciayuae, ecjqu KaKOH-IH06O M3 ONEPaHAOB MPHHALIEKHT
tuny double, To apyroit mpusomutcs k double.

. B npoTHBHOM cuayuae, ecAM KaKOH-in06O M3 OMNEPAHAOB MPHHAMICKHT
tuny float, Tto mpyroé npusomutcs x float.

. B npoTHBHOM cjyuae onepanasi ThHnos char u short mnpusoasTca K
int.

. U nakomeu, ecJuM ONMH H3 ONEpaHiaOB THMa long, TO Apyro# npH-
poaMTCsl K long. .

3amernM, uto onepanasl tHna floal He mnpuUBOAATCS - aBTOMATHYECKH K
Tuhy double; B 3TOM JaHHast BepCHs $§3blKa OTJIHYAETCsl OT TNEPBOHAYANb-
uo#i. Boo6uie ropopsi, MaTeMaTHuyeckHe (GYHKUHH, aHAJOrHYHBIE co6paHHbIM B
6ubauotexe <math.h>, 6a3upylOTCsi HA BBIUMC/IEHHAX C [ABOWHOH TOYHOCTDHIO.
B ocnoprom float wucnmombayercs s SKOHOMHH TNaMsTH Ha GOMbUIAX MacCH-
BaX H MeHee 4acTo [isi yOBICTPeHHsi CyeTa HA TeX MallMHax, rae apupmeru-
Ka ABOMHOH TOUHOCTH CJAHUIKOM A0pOTa.

lMpaBusia npeoGpa3oBaHusi YCJAOKHSIOTCA C MOsABJICHHEM unsigned-onepa-
npos. [lpo6iema B TOM, dTO CpaBHEHHs 3HAKOBBIX H GE33HAKOBBIX 3HAYeHHUH
3aBHCSIT OT pPA3MEpOB LEJbIX THIOB, KOTOPble HAa Pa3HbX MallHHAX MOFyT OT-
auuatbesi.  [lpeanosoxXuMm, 4TO 3HAYEHHE Tuna int 3ayumaer 16 6ur, a
ayayenne Tuma long - 32 6ura. Torma -1L < 1U, nockonbky 1U npunan-
aexur THny int u nmomrsiruBaercst K THIY signed long. Ho -1L > 1UL, Tax
Kak -1L noartsiruBaercst K Tty unsigned long ¥ BOCHPHHHMAETCs Kak
6OJbUIOE MOJOXKHUTENbHOE UYHCJIO.

Mpeo6pa3oBaiist MMEIOT MeCTO W [pH TMPHCBAHBAHWIX: 3HAUYCHHE npaBo#
YaCTH MPHCBAWBAHUWSA IMPHBOAHTCS K THIY JIEBOH 4acCTH, KOTOPBLIH M SIBJSIETCH
THNOM pe3yJibTata.

Jlutrepa npespaulaercst B HeJs0e NOCPEACTBOM pPa3MHOXEHHs 3HaKa HIH
APYTHM OMHCAHHBLIM BhIlIE CIOCOGOM. , '

JlinHHble 1eable NpeobpasyloTcst B KOPOTKHE Uenble HJIH B 3HAYEHHUS TH-
na char ¢ nomouiblo OTOGpachiBaHHs CTapliux paspsnos. Tak, B

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

3gayeHde C He  H3MEHHTCst.  DTO  CHpaBeAJIMBO* HE3aBHCHMO  OT  TOYFO,
pa3MHOXKaeTCsl 3HAK [MpH Tepesoge char B int wuau wer. OpHako, ecJH
M3MEHHTb NOPSIAOK MPUCBAMBAHWHA, BO3MOXHA NOTEps WH(POPMALHH.

Ecan x npunamaexut tuny float, a i Ttumy int, To w x =1, u is=
X BBHI3OBYT npeo6pasoBanusi, mnpuuem nepeson float B int conpopoxnaercs
oTGpackiBanuem apobHoil wactH. Ecau double nepesoantcs B float, to
snayenne JH60 OKpyrJasieTcsi, JuO0 obpesaeTcsi; 3TO  3aBUCHT OT  peasnusa-
HHH.

Tak Kak aprymeHT B BbI30Be (YHKIHH €CTb BbIpaXKEHHe, Npu Tnepeaaue
ero (QYHKIHH TaKXe BO3MOKHO npeobpasopaine Tuna. [lpu orcyTcTBrn npo-
ToTHNA (GYHKUMH aprymenth TtHnma char u short nepepossitcsi B int, a
float — B double. Bor nouemy Mbl OODbABJSIH aprymeRTHl Tuna int uin
double naxe Torma, Koria B BbI30Be (YHKUHH HCHNOJb30BAAH apryMeHThl TH-
na char waun float.

U nakomeu, aJsi JOGOr0 BLIPAXKEHHS MOXHO SIBHO YKa3aTb npeoGpasoBa-
HHE ero THINA, HCIOJAb3ys YHADHBI ONEpaTOp, HA3HBAEMBIH npusedenuen.
KoneTpykuns Buaa
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(uma-runa) sopaxenue

MPHBOLUT 6bLpadcenie K yKa3aHHOMY B CKOOKaX THNY IO NEePeYHCIEHHBIM BHILIE
npaBu/aM. CMBICJ ONEpPAUMH NPHBEAEHHS MOXKHO npencTaBuTh cebe Tak: 8-
paxenue Kak OB TNpHCBauUBaeTCs HEKOTOPOH mnepeMeHHOH yKa3aHHOro THIA, H
T4 TNEpeMeHHass HCHOJb3YyeTCs BMECTO BCel KOHCTpyKUuMH. Hanpumep, 6u6-
JIHOT€YHas nporpamma sqrt paccuntana Ha aprymesT THma double u BbIaeT
HenyXy, —€ClIH eH NOACYHYTb  YTO-HHOYIb apyroe.  (sqrt onucama B
<math.h>.) ITostomy, ecau n ects LeJ10e, Mbl MOXEM HAINHCaTh

sqrt ((double) n)

4 TEPEN TEM, KaK 3HAYeHHe N OyneT nepefaHo (YHKUHH, OHO Oyner mnepe-
BeneHo B double. 3amertum, uTO ONEpalHsl NPHBENEHHS] BCEro JIHIIb Bbipaba-
TBIBAET 3HA“enue N yKA3aHHOTO THNA, HO camy NEPEMEHHYI0O NI He 3aTparu-
BaeT. [lpuoputer omepatopa npusemeHns cTonn ke BBICOK, Kak u J060ro
YHApHOTO OmepaTtopa, 4YTO 3aHKCHPOBAHO B Tab/iHLE, NOKA3aHHON B KOHIle
3TOH TIJIaBHI.

B Ttom cuayuae, koraa dpryMEHTBl OMHUCAHBl B NPOTOTHNE (YHKHHH, Kak
TOMy H cjenyer GbiTb, HPH BbI30BE (YHKLUHH HYXXHO€ npeo6pa3oBaHHe BKJIO-
HaeTCA aBromaTHyecku. Tak, NmpH HaiHuMu npoToTHna ¢dbyHkuuH sqrt:

double sqrt(double);
nepen obpaiieHnem K sqrt s NPHCBAHBAHHH
root2 = sqrt(2);

uenoe 2 Gyner mnepeBeieHo B 3mavende double 2.0 aBTOMAaTHYeCKH Ge3
SIBHOTO YKA3aHHSI OMepPalHH NpHBedeHHs.

Onepaunio npusenenus IPON/IJIIOCTPHPYEM HA NEPEHOCHMOH BEPCHH TreHe-
patopa MCEBNOCHYYaHHbIX WYHCET M  YHKLHH, OCYLIECTBJIAIOWEH HaYalbHYIO
«3aTpaBKy», BXOISIIMX B CTAHLAPTHYIO 6ubHOTEKY.

unsigned long int next = {;

/* rand: monyyaeT ncesnocnyyaiinoe uenoe 0..32767 */
int rand(void)

next = next * 1103515245 + 12345;

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

/* srand: ycTaHaBIMBaeT "3aTpaBKy" nns rand() */
void srand(unsigned int seed)

) next = seed;
Ynpaxuenne 2.3. Hanuwure ¢ynxkuuio htoi(s), KOTOpasi mpeobpasyer nocse-
AOBATEJNLHOCTb WIECTHALUATHPHYHbIX undp, naunnaowyiocs ¢ 0x wan 0X g

cooTBeTCTBYIOWEE Uesoe. LlecTHanuarnpryHbiMy UHbPaMH  ABJISIOTCH  JIHTEpHI
0...9, a...f, A...F.

2.8. UHKPEMEHTHBIE W AEKPEMEHTHBLIE OMEPATOPbI

B Cu ecto nma Heo6miumbix ONEPATOpa, TpeIHAZHAUYCHHBIX AJIA yBeJHYe-
HHSL M yMEHBIICHHS MNepeMeHHbX. WHKpemeHTHbI onepaTtop ++ po6Gasasier 1 k
CBOEMY OmNepaHiy, a AeKpeMeHTHHIH oneparop -- Beiuntaer 1. Mul yxe weos-
HOKPaTHO HCHOJMB3OBANH ++ [UIsl HAPAIUHBAHHS 3HAYCHUS NEePEMEHHBIX, Kak,
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Hanpumep, B

if (c == ’\n’)
++nl;
HeO6bl‘{HOCTb ++ B —-—- B TOM, 4YTO HX MOXHO HCNOJIb30BATh H Kak HpE'

(pMKCHBIE ONepaTopbl (nomeuwasi mepen nepeMeHHON, HaNphUMep, ++Nn), H KakK
NOCT(HHUKCHBIE ONEpPaTOpbl (moMelasi mocJse nepemennoii: n++). B 060HX CJy-
yagx 3HAuyeHWe N YBEJHUMBACTCS HA 1. Ho BuipaxeHue ++N YyBeJHUHBAET Il

do TOro, Kak ero 3HaueHHe Oyner HACIOJB30BAHO, a n++ — nocae TOro.
[pennosnoxum, 4TO N COAEPNKHT 5, Toraa

X = N+t
YCTZHOBHT B X 3HAueHHe 5, a

X = ++Dn;

YyCTAHOBHT B X 3Ha4eHHE 6. U B TOM H OpYyroM cJjyyae 3HauyeHue N CTaHET
paBubiM 6. KHKpeMEeHTHBIC H JeKpeMEHTHbIE OMepaTopbl MOXKHO  MPHMEHITE
TONBLKO K nepeMeHHbiM. Hanpumep, 3amucb (i+j)++ ne BepHa. B KOHTEKCTE,
rie TpefyeTcst TOJbKO YBEJNHUYHTD (MMM YMEHbUIUTb) 3HAUEHHE nepeMeHHOH,
KaK B .
if (c == ’\n")
nl++;
Ge3pasnMuyHO, KaKoi BHiGpaTb OMepaTop - npedUKCHbIH HIH noctdukcHbiil. Ho
CYLIECTBYIOT ~CHTYallMh, KOTAa Tpefyercsi ONepatop BOOJHE OnpeaeseHHOro

tuna. Hanpumep, paccMoTpum (YHKUHIO squeeze(s,c), KoTOpas YHalseT H3
CTpPMHra S BCe JIMTEphl, CoBmajaiouue C C:

/% squeese: ypaiuseT Bce C U3 S */
void ‘squeese(char sl1, int c)

int 1, Jj;
for (i = j = 0; slil 1= ’\07; 1++)
if (slil !'=¢)
slj++1 = slil;
slil = ’\0’;

}

Kaxabli pas, KOra BCTpeyaercs JIUTepa, OT/H4HAA 0T C, OHa KOmHpyercs
B TeKyWlylo j-10 MO3HIHI, H TOJBKO MOCJIE 3TOr0 TepemeHHas J MPOABHIaeT-
¢ Ha 1, NOAroTaBJHBasCb TaKHM o6pa3oM K TpHEMY cJeAyIoleH JIHTepHl.
9ro B TOYHOCTH COBMajgaeT CO CJAEAYIOIHMH JEUCTBHAMM:
if (slil t=c¢) {

s[j1 = slil;
J++s
}

Jlpyro# mpumep — QYHKUHSA getline, koropasi Ham HM3BeCTHA WO IJ. 1.
[MpuBefeHHYIO TaM 3amuchb

if (¢ == ’\n’) {
sli] = ¢;
++i;

MOXHO nepenﬂcaTb foJiee KOMNAKTHO!
if (¢ == ’\n")
sli++] = c;
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B kauectse Tperbero pUMEpa  paCCMOTPHM  CTAHAAPTHYIO (YHKIHIO
strcat(s,t), xoropas CTPHHT t mnomemaer B KOHel c¢rpunra s. [lpeanona-
Ta€TCsA, UYTO B S [OCTATOYHO NPOCTPAHCTBA, 4YTO6H B HeEM Pa3MeCTHTb CyM-
MapHbil CTpHHT. Mul Hanmucanu strcat TaK, 4YTO OHA He BO3BpallaeT HHKAKO-
ro pesysnbrara. Ha camoMm pnene 6ubamoreuynas strcat BO3BpallaeT CCBUIKY
Ha pe3y/IbTHPYIOLIHH CTPHHT.

/* strcat: noMmemaer t B KOHel S; S HOCTATOUYHO Gonblol */
void strcat(char sf(1, char t[])

{
int i, j;
i= ‘j = 0;
while (slil 1= ’\Q’) /* HaxoIUM KOHel| S */
i++;
while ((s[i++] = t[j++]) 1= *\Q’ /* Konupyem t */
} >

[lpn xonmuposanuu ouepennoii JuTepel H3 t B S NOCTHHKCHBIN onepaTop ++
IpHMEHSIETCA M K 1, M K J, 4ToOB HAa KaXAOM wiare UHKAA nepeMeHHsle i wu
J TPaBHJIBHO OTCAEXHBAIH MO3HUHH nepemeuaeMon JIHTephl.

Ynpaxuenuue 2.4. Hanumure Bepcuio dynkuun squeese(sl,s2), koropas yaa-
JA€T H3 S1 BCe JIMTepH, BCTpevamUIHECS B CTpunze S2.

Ynpaxuenne 2.5. Hanumwmure bynkunio any(sl,s2), xoropas BO3BpallaeT JH60
Ty 0O3HUHIO B S1, rae crour mnepsas JMTEpa, coBmnaBluas ¢ JOGOH M3 JHuTep
B SZ2, anbo -1 (ecnu HM ogmma autepa Sl He coBnajzaer c JIHTEpAMH U3
s2). (CranpaptHast 6uGanoTeunas dynkunsi strpbrk nenaer 1o ke camoe,
HO BbidaeT ykasaTe/sb Ha JIMTEPY, a HE HOMep ee MO3HUHH. )

2.9. NOBUTOBbLIE OMNEPATOPHI

B Cu umeiorcs wectsb ONMepaTopoB [JIsi MaHHUMYJHPOBAHHA ¢ GuramH. MHx
MOXHO NPHMEHATb TOJBKO K LEJOYHC/IEHHBIM OMNepaHiaM, T.e. K onepaHziam
tunos char, short, int u long, 3nakosmim u 6e33HAKOBLIM.

& no6uTosoe U
no6utosoe WUJIU
no6HTOBOE HCKAWuUawiee WJIU

<< CIBHT BJIEBO
>> CABHI BIIpPaBo
~ no6HTOBOE OTpHUAHHE (yHapumiit)

Onepatop & (no6utosoe M) wacro HCIIOIb3YeTCsi AJI1 OOHYJIEHHS! HeKO-
TOPOH TPyNibl pa3psijios. Hanpumep,

n=n& 0177;
OYHIIAET B N BCE pPA3psiibl, KPOME MJANIIHX CEMH.
Oneparop | (mo6urtopoe WJ/IH) npumensior pus YCTAHOBKH pa3psifiOB;

TaK,
X = x | SET_ON;

YCTAHABJHBAET ELHHHUBI B TeX ' pa3psaax X, KOTODbIM COOTBETCTBYIOT €IHHMU-
ust B SET_ON.
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Oneparop " (noGuTOBOE HCKJIOYAIOUIEE WJIM) B kaxoom paspsifie yCTaHo-
BuT 1, €CJH COOTBETCTBYIOUWIHE Da3psiibl OMEPAHIOB HMEIOT pa3luuHble 3HAde-
gust, ¥ 0, Korma OHH COBIAAAIOT.

lopaspamubie onepatopel & M | CJeayeT OT/iHuYarh OT JIOTHUECKHX One-
patopoB && ® ii, KOTOphie NpH BBIYHUC/JCHHH CJieBa HaANpaBo [alT 3HAUEHHE
uctunnocTH. Hampumep, ecanm X ectb 1, a y PpaBHO 2, 1o X & y nact
Hy/lb, a X &% y - eaHHHLY.

Onepartophl << H >> BBHINOJHAIT CABHT, BJEBO HJH BIpaBo, CBOEro Jie-
BOrO OMEepaHia Ha YMC/IO GHTOBHIX TO3HIHMMA, 3anaBaeMoOe IpaBhbiM OlepaHIOM,
KOTOpO€ [OJDKHO ObIThb MOJIOXKHTENbHBIM. Tak, X << 2 cHOBHraer 3HayenHue X
B/IEBO HA 2 MO3HUMH, 3aMOJHsAs OCBOGOXKAAlOUlWECsi GUTHl HYJSIMH, UYTO 3KBU-
BaJleHTHO yMHOXeHuio X Ha 4. Casur BNpaBo 6e33HAKOBONM BeJIMUHHBI BCeraa
CONPOBOXAACTCA 3aMOJIHEHHEM OCBOGOXIAIOWHMXCS  Pa3psOB  HYJAMH. Casur
BIpaBO 3HAKOBOH BEJHUHHBI HA OJHMX MAWMHAX MPOHCXOAMT C pPa3MHOXKEHHEM
3HaKa («apHdMeTHYeCKHH CABHT»), HA JIPYrHX — C 3anOJHEHHEM ocBoGoOXna-
IOUKUXCSl paspsAloB HYJ/SMH («IOTHYECKKH CHBHT»).

YHapHbi#i OfepaTop ~ MPOU3IBOAMT [ONOJHEHHE LeJ0ro N0 EAMHHL Wi
BCEM paspsiam, T. €. [peBpallaeT €AHHHUHbIE GMTHL B HYyJIeBble H HaOGOPOT.
Hanpumep,

x = x & ~077

o6HyJsleT B X nocjaeiaHune 6 paspsaos. 3ameTuM, uto 3anuch X & ~077 ue
3aBHCHT OT JJIMHBI CJOBa, M, CJAe10BaTeNbHO, OHa Jyuuie, deM X &
0177700, mNOCKOJbKY TOC/HeAHAS NOApa3yMeBaeT, 4TO X 3aHUMACT 16 ©our.
HesaBncumas OT Maiwiuubl ¢opma 3anucu ~077 He norpedyeT QONOJHHTEbHDbIX
3aTpaT nOpu Cyere, TaK Kak ~077 — KOHCTAHTHOE Bblpa)keHHe, KOTOpOe
6yneT BLIYHCJEHO BO BpeMsl KOMOUJALHA.

Jlnsi MAMIOCTpaluK HEKOTOPbIX NMOGHTOBBIX onepauHil paccMOTpUM (PYHKUHIO
getbits(x,p,n), kortopast ¢opmupyer nojie B I 6HT, BbIpe3aHHOe H3 X, Ha-
yyHas C MO3HLUMH P, MNPHXKUMAA €ro K NpaBoMy Kpaio. [Tpeanosnaraercsi, yTo
0-it 6uT — KpailHMii mpaBbii OMT, a N H p — pasyMmHble NOJIOXKHTEJbHBIE YHC-
na. Hanpumep, getbits(x,4,3) sepner B KauecTse pesynbrara 4, 3 u 2-n
6UTbl 3HAYEHHS X, NPHXKHMAasg HX K NpaBOMy Kpaio. Bot 3ta ¢hyHKUHS:

/* getbits: monyuaeT n OMT, HauuHaA C p-# MO3BMLMK */
unsigned getbits(unsigned x, int p, int n)

return (x >> (p*1-n)) & ~(~0 << n);

Bripaxenne X >> (p+1-n) CaBuraer HyXHOe Ham MoJe K npasomy kpato. Kou-
ctanta ~0 COCTOHT TOJBKO M3 €IHHHL, H ee CABHI BJAEBO HA N éutr (~0 <<
n) npuBeseT K TOMY, uTO mpaBbifi Kpah 3TO# KOHCTAHTH 3afMyT N HY.JEBbIX
paspsaoB. Eme oaHa onepauus no6utosoro orpHuanus, ~(~0 << n), nos-
BOJIIET MOJAYUHTH CMpaBa N eAUHHIL

Ynpaxnenue 2.6. Hanumure dpyHkuuo getbits(x,p,n,y), BO3BpaILANOLLYO 3HaA-
yeHHe X, B KOTOPOM N OuT, HAUHHAA C P-H MO3WUMH, 3aMeHEHBl Ha T npa-
BbIX Pa3psnoB M3 y (ocTanbHble GHTH He H3MEHSI0TCS ).

Ynpaxuenune 2.7. Hanumute QyHKUHIO invert(x,p,Nn), BO3BpaLIaOLLYyIO 3HaYe-
HMe X € HHBEpPTHpOBaHHblMH N OUTAMH, HAYHHAA C MO3HIHH p (ocTanbHbie
6UTH HE H3MEHSI0TCs).

Ynpaxuenue 2.8. Hannmurte ¢yHkuHio rightrot(x,n), xoropas UHKIHYECKH
CARHTaer («BpailiaeT») BIIPaBO X Ha N paspaloB.




56 i Trasa 2

2.10. OMNEPATOPbI MPUCBAMBAHUA M BbIPAXKEHMUS

Boipaxenue Ttuna
i=1+2
B KOTOPOM CTOfillast CJ€Ba NepeMeHHas NOBTOPSIETCS M CIPABa, MOMNHO HAMH-
caTb B CXKaTOM BHJE:
1+=2
Onepatop += naseiBaetcs oneparopom npUc8auUsaHUA.
BosbwHHCTBY GuHapHEIX OmepaTopoB (aHanNOrHYHBIX + W MMEIOIIHX JIeBHIH

W TpaBblil ONEPAHAbI) COOTBETCTBYIOT  OMepPATOpbI NPUCBAHBAHHUSI  Op=, rfe
Op — OIHH H3 OMepaTopoB

- x /Y% K > & ° H
Ecan soip; u 66ipy — BBLIPAXEHHS, TO 3alHCh

86Dy Op= BbLP,
SKBHBAJIEHTHA 3allHCH

soipy = (86tpy) op (8bipy)
C TOH JIMIUb pasHHUEHd, uTo 66Lpy BBIYHC/ISIETCA TOJBKO OmHH pa3. O6paTure
BHHMaHHE Ha CKOOKH BOKpyT 8bLPy: 3aNHCH

X *=y + 1
S5KBHBAJIEHTHA 3aIHCH

X =x* (y + 1)
HO He

X=x*y+1

B kauectse npumepa npusenem ¢ynkuuio bitcount, MOACYHTHLIBAIOLLY IO
UHCJIO €AMHMYHBIX GHTOB B CBOEM apryMeHTe Le/JOro THIA.

/* bitcount: mogcuer 1 B X */
int bitcount(unsigned x)

int b;

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

) return b;

HesaBucumo or wmawwunb, ua KOTOpO# Oyner pa6orath 3Ta nporpamMmma, OmH-
caHue aprymesta X kak unsigned rapauTHpyer, uTO Npy 1NpaBOM CABHTe
OCBOGOXKAAIOUWIHECST GHTHl GYAYT 3aMOJHSATbCS HYJIAIMH, 4 H€ 3HAKOBLIM OHTOM.

[Tomumo kparkoctu onepatopsl npucsampaus 06/1a/1aI0T TeM IpeuMyilec-
TBOM, 4TO OHH GOjiee COOTBETCTBYIOT TOMY, KAK YEJNOBEK MbICAMT. Mgl roBoO-
PUM «npubaBuTh 2 K i» uWAM «yBeHUMTHL 1 na 2», a He «B3ATb 1, n06a-
BHTb 2 M 3aTeM BEPHYTb De3yJAbTaT B i», Tak 4TO Bolpaxenue i += 2 jyy-
we, yeM I = i + 2. Kpome TOro, B CAOKHBIX BbIPAXKEHHSX BpOE

yyvallyypvip3+pd] + yypvipl+p21] += 2

Gnraronapsi ONepaTopy TNpPUCBAHBAHMA 3aNHCh CTAHOBHTCS Gosiee Jierkoit nJs
MTOHHMaHHs, TaK KaK YHTATeJNI0 INpH TaKOH 3anuCH He norpebyercsi crapa-
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TeJbHO CPABHHBATb MBA JIMHHBIX BBIPAXEHHS HJH BBIACHATD, noyeMy OHHM HE
copnagaior. CheayeT HMeTb B BHAY M TO, 4TO Oneparop NPHUCBAHBAHUsA MO-
JKeT NOMOUb KOMIHJISITOPY €reHepHpoBaTb Gosee 3(PeKTHBHBIH KOZ.

Mbl yXe BHAENH, UTO NPHCBAMBAHHE poipabaThiBaeT 3HaYeHHE H MOXET
NpPHUMEHSATLCS BHYTPH BbipPaXEHWsi; BO MHOTHX DPALOBBIX nporpaMMax Mbl BHAHM

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

B BhpaeHHsIX BCTPEYaloTCs M JpYrue ONepaTopel MPHCBAHBAHHA (+=, -= ©
T.4.), XOTSl M pexe.

THNOM H 3HAYeHHEeM JI0GOr0 BhHIpaXEHWsl MPHCBAHBAHHMSA SBJSIOTCA THI H
3HAUeHHe €ro JIEBOro OmepaHia MocJe 3aBeplleHHsl NMpHCBaHBAHMS.

Yupaxuenne 2.9. TlpumenuTenbHO X uHC/IaAM, B NpeACTaBICHHH KOTOPBIX HC-
NOJb30BAH AOMOJHHTENbHBIH KOJA, BBIpaXKeHHEe X &= (x~1) YHHUTOXaeT CaMyko
npasyio 1 B X. OObsiCHHTE, MOYEMY. HcnoabsyliTe 3710 HabaioneHHe NpH
HanucaHHu GoJiee BLICTPOrO BapHaHTa (QYHKLHH bitcount.

2.11. YCNOBHbIE BbIPAYKEHUA

HHCTpYKIIHH

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

NepechlJiaioT B Z MaKCHMasibHOE H3 IBYX 3HaueHuit, a W b. Ycaosnoe sbipa-
JZcenue, HAMHCAHHOE C MOMOILbIO TEPHAPHOrO orepaTopa «?:», MNpeacTaBjsieT
coboii Apyroit Crnoco6 3amnucu ITOH H nonoGHBIX el  KOHCTPYKLHH.
BBIpaXKEHHH

gboLp; ? BbLpy 1 6bLP3

NepBbIM BBLIYHC/IAETCS BBHIPAXEHHE 86Dy Ecau ero 3HayeHHe He HyJab (HCTH-
Ha), TO BBIYHMCJISETCH BBIPAXKEHHE 66iDy, M 3HAUCHHE STOrO BbIpaxKeHus CTa-
HOBUTCSl 3HAUEHHEM BCEro YCJOBHOTO BHIpaXeHH#. B mnpoTHBHOM ciaydae Bbl-
YHUCJSAETCA BbIPpAXEHHE Sbtpa, U ero 3HAayeHHe CTAHOBHTCSI 3HAYEHHEM yCJIOB-
goro BuipaxeHusi. CJaenyeT OTMeTHTb, UTO H3 BHIDAXEHHH 6bipy M BbLP3
BLIYHC/ASIETCS TOJAbKO OAHO W3 HHX. TakuM 06pa3oM, 4TOOb YCTAHOBUTb B Z
pHau6oJbliee M3 2 W D, MOXHO HamHcaTh

z=1(a>b)?a: b; /% z = max{a, b) */

CJjelyeT 3aMeTHTb, UYTO YCJIOBHOE BHIDaXEHHE W B CaMOM /€€ SIBJISIET-
Csi BBIDaXXEHHEM, H €r0 MOXHO HCNOJIb30BaTh B Ji060M MecTe, TAe J[IOMYyCKa-
eTcsi Bbpaxenue. ECJIH 66ipy W 6blp3 NPHHALIEKAT PASHBIM THIAM, TO THI
pe3yspTara OINpelessieTCsi NpaBH/IaMH npeo6pa3oBaHsi, O KOTOPHIX wja peyb
B sTolt rnase panee. Hampumep, ecau f nMmeeT THN float, a n — tun int,
TO THIIOM BBIpPaXKE€HHSsI

(n>0)?f:n
6yner float BHE 3aBMCHMOCTH OT TOrO, MOJOXHTEJILHO 3HaueHHe N HJH HeET.

3akiio4aTh B CKOGKH TNepBOoe BbipaXeHHe B YCJOBHOM BBIPAXEHHH HE
06513aTeNIbHO, TaK KakK TIpPHOPHTET 7: OYeHb HU3KHH (6ojiee HH3KHH TMPHOPH-
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TET HMEeT TOJbKO MNPHCBAHBAHHE), ONHAKO MbI peKOMeHAyeM Bceraa 370 Je-
J1aTk, NOCKOJBKY Gsarosapsi 06paMJsiOIUHM CKOGKam YCJIOBHE B BbIPAXEHHH
Jydule BOCHPHHHMAETCS.

YcnoBHO® BbIpaXeHHe uyacTo no3BosseT COKpaTHTb nOporpammy. B kaue-
CTBE INpUMepa NpHBEAEM WHKJ, OGECNeYHBAIOWIHH neyaTb N 3JIEMEHTOB MacCH-
Ba mo 10 Ha KaXZO# CTPOKE C ORHHM MpoGes oM MexXIy KOJIOHKAMH, Kaxias
CTpOKa UHKJA, BKJIIOUAsl MOCJENHION, 3aKAHYHBAETCS JINTEPOH HOBAS-CTPOKa:

for (i = 0; i < n; i++)
printf("%6d%c", alil, (i%10==9 !! i==n-1) ? ’\p’ )

Jlutepa HOBasi-CTpoKa moOCHIAaeTCs mocse KaXI0ro JecsATorc H nocJe n-ro
3/eMeHTa. 3a BCEMH /ADYrHMH 3/€MeHTaMH crenyer mpoGesn. 3rta nporpamma
BRIIVISIAMT /I0BOJIHO 3aMBIC/IOBATO, 3aTO OHAa 60/iee KOMNAKTHA, uem 3KBUBa-
JIEHTHAsT nmporpamma C Hcnosb3oanuem if-else. Bor eme omun npumep:

printf ("Bs umeeTe %d aneMeHTZs.\n", n, (n%10==1 && ni=11) ? "» :
((n<10 1 n>20) && n%10>=2 && n%10<=4) ? "a" : "oB");

Ynpaxuenne 2.10. Hanuwmnure dyHkuuio lower, koropas NepeBOAUT O6OJbllHe
OYKBBl B MaJble, HCOOJ/Ib3ysl yCJIOBHOE BbIpaX{€HHE (BMECTO if-else).

2.12. NPHUOPUTET M NOPALOK BbIYMCNEHMH

B Ta6a. 2.1 noxasaumn NIPHOPHTETbl H NOPSINOK BHLIYHCJEHHH BCeX oOmne-
paTopoB, BKJOUAs H Te, KOTOpbI€ MBI e€ule He pacCMaTpHBaJH. Onepa"ropbl,
NI€PEYHCICHHbBIE HA ONHOH CTPOKE, HMEIOT OAHHAKOBHI TIPHOPHTET; CTPOKH
YNOPANOYEHb MO yGBIBAHHIO MPHOPHTETOB, TaK, Hanpumep, *, / W % uMeT
ONMHAKOBBIA NPHODHTET, KOTOPHIH Bblwe, Yem NPHOPHTET OGHHApHBIX + § -,
«OnepaTtop» () 0603HayaeT BBLIZOB ¢ynkunu. Onepatopsl -> u . (Touka)
06€CNeyHBaoT AOCTYN K 3JeMeHTaMm CTPYKTYD, O HHX MNOHAeT peyb B a1 6,
TaMm ke Oyner pacCMOTpeH H onepatop sizeof (pasmep o6bekra). Onepato-
pul * (agpecauus mno ykasaremo) ©H & (nonyuenue anpeca o0bekTa) 06Cyx-
AaoTcst B ra1. 5. Onepartop «3ansTasi» Gyner paccMoTpeH B ra. 3.

3aMeTHM, YTO NPHOPHTETH NOGHTOBLIX oneparopoB &, ~ M | HHXe, uem
NPHOPHTET == M !=, Hu3-3a Yyero B NOGHTOBHIX NpOBEpKax THNA

if ((x & MASK) == 0) ...

4TOGLI NOJIYYHTb NPABHAbHBIN P€3YJIbTAT, NPUXOAUTCA HCMOJB3OBATH CKOGKH.

CH NONOGHO MHOrHM s3BIKAM He QHKCHPYET NOPSANOK BBHIYHCACHHS Ome-
PaHNOB omepaTtopa (3a HcK/aIoyeHnem &&, ', ?: g «»). Hanpumep, s
HHCTPYKUHH BHAA

X =f() + g();

f moxer 6uITb BbluYHCIEHa paHblwe g uJau Haobopor. M3 3toro cjaeayert, yro
€CIH OfHA H3 (YHKUMH H3MEHseT 3HayeHHe lIepeMEHHOH, OT KOTOpO#l 3aBH-
CHT Jpyras QyHKUHs, TO noMewaeMmnli B X pPe€3y/bTaT MOXEeT 3aBHCETb OT
nopsiaka BblyuCAeHHHA. UTO6b o6ecneunTts HYXHYI0O HOCJ/IEIOBATENbHOCTL BBIYH-
C/IEHHH, NPOMEXYTOUYHbBIE pPe3yJbTaThi MOXKHO 34llOMMHATb BO BpPEMEHHLIX mNepe-
MEHHBIX.

[lopsinok BhunCIEHHUS ApryMeHTOB (GYHKUHH TaKXe He OlpeneseH, [io-
STOMY Ha pasHBIX KOMIHJATOpax

printf("%d %d\n", ++n, power(2, n)); /* HEBEPHO */
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TABJIMUA 2.1 MPHUOPHTETbI U NnopPsAA0K BbIUMCJIEHHUM OIEPATOPOB

ONEPATOPDI BbINOJMHAIOTCH

~
—
—

-> . cleBa Halpaeo
-~ + - * & (tun) sizeof crnpaBa HaleBo
/h cJeBa Hanpapo
clieBa HalpaBo
clleBa Halparo
= > >= clepa HanpaBo
cJleBa HalpaBo
CleBa Hamnpaeo
cneBa Hanpaso
cJlleBa Hamparo
cJeBa Halpaso
cileBa HampaBoO
cripaBa HalleBO
4= —= %= /= Y%= &= "= 1= K= 0= CcrnpaBa HaneBoO
cleBa Hamparo

A+ %=~
~

R
Vo +
v +

H
1]

>R LA

) -- R -
Vg

Yuapuble omepatopbl 4+, — H ¥ uMeloT 60Jee BHICOKHH
MpPHOPHTET, YEM Te e Oneparopbl B 6HHApHOM BapHAHTE

MOXET [aBaTh HECOBNAAalollHe pe3yabTaThl. PesysbTaT BBI30BA (QYHKUHH 3a-
BHCHT OT TOr0, KOr4d KOMMHJSTOp CreHepupyeT KOMaHAbl yBeJH4YeHHs N —
[0 MJH Tmocje ofpauieHHs K POWer. Uro6bl 06e30macuTb cefs OT BO3MOXHOIO
no6ouynoro 3@¢ekra, AOCTATOYHO HAMHCATDH

++11;
printf("%d %d\n", n, power(2, n));

O6paierusi K (QYHKUHAM, BJIOKEHHBIC NpUCBaMBaHHsl, WHKPEMEHTHBIC H
[leKpeMEHTHbIE ONepaTopbl AalT «MOBOUHBIH 3(deKT», NPOABAAIOWMHACA B TOM,
YTO MpH BHIUMC/JEHHH BBIPAXEHHS 3HAUCHHA HEKOTOPHIX TePeMEHHbIX H3MEHSIOT-
cs. B /1060M BBIPaXEeHHH C MOGOUHBIM 5pPeKTOM MOXeT ObITb CKphITa TPYLHO
npocMarpHBaeMas 3aBHCHMOCTD pe3ysibTata BbipaXKeHHs OT NOpsika K3MeHe-
HUs 3HAUEHHH TMepeMeHHbIX, BXOASWHX B BbipaeHHe. B TakoH, RanpuMep,
THIIMYHO HEMpUSATHOH CHTyalHH —

alil = i++;

BOSHHKAeT BOMPOC: MAacCHB @ HHIEKCHpyercs CTapblM HJIH HM3MEHEHHBIM 3Ha-
yepuem i? KOMOUJSITOPBl MOTYT MO-pasHOMYy reHepupoBaTh MNpOrpammy, 4TO
NpOSABATCS B HHTEpNpETaUHH nannoli 3anuch. CTaHAapT CO3HATENbHO YCTPO-
eH TaK, YTO GONbIIMHCTBO MOZOGHBIX BOMPOCOB OoCTaBJeHO Ha YCMOTpeHHE
KOMIHJSTOPOB, TaK KaK JYYIIHH MOpALOK BLIUMCJIEHHH OnNpeaensiercsi apXure-
KTYypoH MAaIIHHBL CraHfapTOM TOJIbKO TapanTHpYeTcd, yTO BCe TMOGOUHBIE
3d¢peKTh NpH BHIYHCJICHHH apryMeHTOB NpOfiBATCH TeEpel BXOAOM B (PYHKUHIO.
[paBpa, B mpumepe ¢ printf 370 HaM He MOMOXET.

Mopanb Takosa: MHCaTb MpOrpamMMel, KOTOpblE 3aBHCAT OT IMOpsiAKa Bhl-
ymcnenufl, — TJIOXas TNPaKTHKA, Kako# 6L 3bIK Bbl HHM ucrnombsopann. Ec-
TeCTBEHHO, HAaAO0 3HaTb, Uero cJjaeayer n3beraTs, HO €CJH Bbl HE 3HACTE,
Kak 06pasyloTCsi MOGOUHBIE 3¢¢eKThl Ha Balled MalHHE, %o sayuwe H He pac-
CYUMTHIBATb Ha OCOOEHHOCTH peaju3aluH.
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[lopsinok, B koTopoM BmImOMHsIIOTCS BLIYHCJIEHHS], ONpeNeasieTCs] HHC-
TPYKUHSIMH  ynpaBjieHusi. Mbl yxe BcTpevanuch ¢ wuanGosee pacnpocTpaHeH-
HBIMH  yNIDABJISIIOUIUMH KOHCTPYKUHSMH Takoro poaa B DpeiAbIAYIIHX NpHMepax;
SAECh MBI 3aBEPUIHM HX CIHCOK M GOJiee TOYHO ONpeieaHM pPacCMOTpEHHbIe
paHee.

3.1. UHCTPYKUMHU U BNOKU

Bripaxenne, ckaxem x = 0, uau i++, wuam printf(...), cranosurcs
uucrpyrcuued, €CJIH B KOHIIE ero [oCTaBUTHb TOYKY C SaHﬁTOI‘f'l, Kak, Hanpu-
Mep, B 3aMHCH

X = 0;

1++;

printf(...);
B Cu Ttouka ¢ sansitoit sBasercs 3aKJIIOYAlOLIeH JIMTEPOH HHCTPYKLUHH, a He
pasnenuTeseM, Kak B s3bike [lackaib.

®urypurie cxobku { u } HCNOJIb3YIOTCA AJist OObeNHHEHHS] ONHCAHHH H
HHCTPYKUHH B COCTABNYIO UHCTPYKYurwO, MMM 640K, YTOGB C TOYKH 3peHus
CHHTAKCHCA 3Ta HOBAas KOHCTPYKUHSI BOCNIPHHHMAJAcCh KaK ONHA HHCTPYKIHS.
Purypuble CKOGKH, O6pamJsiioiue Fpynmy HHCTPYKUHH, 0GpasylolHX Tea0 ¢yH-
KLHH, — 3TO ONHH NpHUMEp; BTOPOH NPHMEP — 3TO CKOGKH, 06 beAHHSIOIIHE
HHCTpYyKUHMH, mnoMeleHnbie nocie if, else, while wuau for. (IMepemennble
MOTYT ObITb ONHCAHBl BHYTPH 4106020 6s10ka, 06 3TOM pa3rosop mnoiizer B
ra. 4.) Tlocae mpasoit 3axpeiBaloweit QHIYPHOH CKOGKH B KOHIe 6/0Ka TOuka
C 3ansiTOd He CTaBHTCS.

3.2. KOHCTPYKLMS IF-ELSE

Huctpykuus if-else HCNOMb3YeTC /51 TNPHHATHS penieHusi. BoT ee
CHHTAKCHC:
if (setpaxcenue)
UHCTPYKYu s,
else
UHCTpYK YU,

npHueM else-yacTe MOXeT GbiTb, a MOMXKeT K OTCYTCTBOBaTb. CHayasa BHIYH-
CASICTCA  Bbipaxcenue, M, €CNM OHO HCTHHHO (T.€. OTJIHYHO OT HYJS), BbHI-
MOHACTCA UHCTpyKyuAy. Ecau soipasenue noxuno (r.e. ero 3nayenme paBHO
HYJIIO) M CyuleCTBYeT else-uacTh, TO BBINOJIHSIETCS UHCTPYKYUSL,.

Tax xak if mnpocro IPOBEPSIET UYHCNOBOE 3HAYEHHE BbIpPAMEHHS, ycJio-
BHE MHOrNAa MOXHO 3aNmHCHIBATL B COKpAUlEHHOM BHae. Tak, 3amuch
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if (goparcenue)
Kopoue, 4eM
if (sapamenue '= 0)

MHorga Takue COKpAlleHHsi eCTeCTBEHHbl W SsICHBI, B APYrHX CJydasx, Hao60-
pOT, 3aTPyAHSIOT NMOHHMAHHE MpPOTrpaMMBbL.

OrcyTcTBHE B ONHOH H3 BJIOXEHHBIX 1pyr B apyra if-koHcTpykuH#
else-uaCTH MOXeT INpPHBECTH K HEOJHO3HAYHOMY TO/NKOBAHHIO 3AIHCH. 31y
HEeOJAHO3HAYHOCTh pa3peliaiT TeM, 4TO else cpasmiBaloT ¢ Oamkaimum if, y
koToporo Her cBoero else. Hampumep, B

if (n > 0)
if (a > b)
Z = a;
else
zZ = b;

else OTHOCHTCA K BHyTpeHHemy if, uTO Mbl H MOKasaiuW C MOMOLILbIO OTCTY-
nos. Ecanm Ham Tpebyercsa HHas HHTEpNpeTalus, HeOBXOAHMO [IOJIKHBIM 00pa-
30M pacCTaBUTb (UTYPHbIE CKOGKH:

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

4

Hue NPHBOAWUTCA NPHMEp CHTyalMH, KOTAA HEONHO3HAYHOCTDL 0COGEHHO
onacHa:

if (n >= 0)
for (i = 0; 1 < n; i++)
if (slil > 0) |
printf("...");
return i;

}
else /* HEBEPHO */
printf("ouncka —- OTpUUATENbHOE n\n");

C NOMOLIbIO OTCTYNIOB Mbl HEABYCMBICIEHHO [OKA3a/H, YTO HAM HYXHO, OHaKO
KOMIHJSITOpP He BOCIpHMET 3Ty HH(POpPMAaUHiO H OTHeCeT else X BHYTpEHHEMY
if. Takoro poma OLIHGKH OCOGEHHO TSIKEJO HCKaTb. 30ech yMecTeH CJenyio-
wuit coseT: BioxeHHble if ofpamasiite QUrypHbHIMH CKOGKaMH.

KcrtaTH, ofpaTuTe BHHMaHHE HA TOYKY € 3ansiTOH nocje Z = a B

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

3nech oHa 06si3aTesbHa, MOCKOJbKY MO MpaBujiam rpamMMaTHKH 3a if posxua
CNefOBATh MHCTPYKLHMS, a BbIpaXeHHe-HHCTPYKUHMsi THma Z = 2; BCeria 3a-
KaHYWBAeTCsl TOUKOH C 3amsToi.
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3.3. KOHCTPYKLMSA ELSE-IF

Konetpykuus

if (setpancenue)
UHCTPYKYUS

else if (sspaxenue)
UHCTPYKYUSL

else if (soparxenue)
UHCTPYKYUSA

else if (sepaxenue)
UHCTPYKLY LS

else
UHCTPYKUUA

BCTpEHAETCA TakK 4acTO, 4YTO O HeH CTOMT NOroBOpHTH 0c060. [lpuBeneHHas
NOCJeAOBATE/NIbHOCTb HHCTPYKUHMH 1f - cambili O6mHE cnoco6 OmMMCAHHS MHO-
FOCTYNEHYATOr0 MNPHHSATHS pelleHHsl. Bepaxenuna BBHUHCAAOTCH MO NOPSIAKY;
KaK TOJBbKO BCTpPEYAeTCS 6bLpadenue CO 3HAYCHHEM <«HCTHHA», BBLIMOJHSIETCS
COOTBETCTBYIOWIAS €MY UHCTPYKYus;, Ha 3TOM NOCJEN0BATENbLHOCTD npOBepoK
3apepuaercsl. 3[€Cb MOA CJOBOM UHCTPYKYUS WMEeTCs B BUOYy Ju60 onHa
HHCTPYKLHA, JHGO rpynna HHCTPYKUHH B (PHIYPHBIX CKOGKax.

[locnennss else-vacth cpaGarteiBaer, ecau Bce NpeablayliHe yCJIOBHS
He BBIMOJHAIOTCA. HMuorma B mnocneaneli uactu  He TpebyeTcss NPOH3BOAHTD
HHKaKHX [NEHCTBHH, B 3TOM CJyuyae ¢parmedT

else
uHCprKL(&ﬂ

MOXHO ONYCTHTbL HJIM HCHO/Ib30BATh /5 (DHKCALUHH OLIHGOYHOH («HEeBO3MOX-
HOH») CHTyauHH

B KkauecTBe' H/MIOCTpauUHH TPEXNyTEBOrO BeTBJAEHHS paccMOTpPHM  (YHK-
UHIO OHHADHOrO NOHCKA 3HAYEHHs] X B MacCHBe V. [Tpennonaraercs, urto
S/MEMEHTHl  V  yNOpsIIOYeHBl MO BO3pacTaHHio. MYHKIHA BBAAET NOJOKEHHE
(uncno B mpemenax or 0 10 n-1) X B V, ecam OHO Tam BCTpeyaercsi, H
-1, ecau ero mer.

[lpu G6unapuoM nowucke 3Hauenne X cHayana CPaBHHBAETCSA C 3JEMEH-
TOM, 3aHHMAIOUIHM CEpPeNHHHOe IOJI0OXeHHe B MaccuBe V. Ecim X MeHble, uem
STO  3HAYEHHE, TO O0GJACTBIO NOWUCKA CTAHOBHTCH  «BEPXHSAS»  MOJOBHHA
MaccWpa Vv, B NPOTHBHOM CJyd4ae — «HHXHSig». B s06oM cayuae caenyIou i
lar — 5TO CpaBHEHHE C CepelHHHBIM 3JIEMEHTOM OTOOPAHHOH MOJOBHHALL. [Tpo-
LEeCC «yMOJIOBHHUBAHHSI» IHANA30HA INPOJOJNKAETCS [0 Tex nop, mnoka Jau6o Oy-
OeT HaH[IeHO 3Hayenue, JH60 CTaHeT NYCTHIM [Hana3oH. 3anxiieM GYHKUKIO
6HHAPHOTO TNOHCKA:

/* binsearch: majity x B vIi0] <= v[1] <= ... <= vin-11 */
int binsearch(int x, int vI], int n)

{
int low, high, mid;

low = 0;
high = n - 1;
while (low <= high) {
mid = (low+high) / 2;
if (x < vimid])
high = mid - 1;
else if (x > vimidl)
low = mid + 1;
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else /* X Hailfen */
) return mid;
return -1; /* X He HaliieH */
OCHOBHOG ﬂeﬁCTBHe. Bb]HOJIHHeMOG Ha KaxXJaoM uiare nMnoOHCKa, — cpaBHe}me

3HaueHHst X (MeHblle, GOJblie HJHM DPABHO) C 3JIEMEHTOM vimidl; 3to cpas-
HEHHe eCTeCTBEHHO MOPYYHTb KOHCTPYKUHH else-if.

Ynpaxuenue 3.1. B nawei nporpamme 6HHAPHOrO NOHCKA BHYTPH HHKJIA OCY-
UeCTBASIOTCST [Be NPOBEPKH, XOTS Moraa ObiTb TOJAbKO ONHA (npu yBeanue-
HHH YHCJa TpOBEPOK BHe UHKJa). Hanuuinrte nporpammy, nNpeiyCMOTPEB B
Hell ONHY NpOBepKy BHYTpH HHMkjaa. OueHHTe PasHHLY BO BPEMEHH CHeTa.

3.4. NEPEKNIOYATENDb

WucTtpykuus switch wucnosnbsyercs nst BHibOpa OJHOTO M3 MHOTHX my-
teit. Ona mnposepsieT, COBNAaeT JHM 3HAa4YeHWE BbipaXKeHHA C 'OOHHM H3 3Ha-
YeHH#, BXOASIIHX B HEKOTOPOE MHOXECTBO WeJbIX KOHCTAAT, W BbINOJHAET
COOTBETCTBYIOLLYIO 3TOMY 3HAUEHHIO BETBb MPOrpaMMBbl:

switch (sewpascenue) {
CasS€e KOHCT-8bLD: UHCTPYKYUU
CaSe KOHCT-8bLD: UHCTPYKYUU
default: uwmcrpykyuu

Kaxnasi BeTBb Case NOMeuyeHa ONHOH HJIH HECKOJbKHMH LE/JOYHCJICHHBIMH KOH-
CTAHTAMH HJH )K€ KOHCTAHTHBIMH BbIpaXKeHHAMM. BbiuncjeHHs HauyuHAOTCH C
To}i BeTBM Case, B KOTOpOM KOHCTaHTa COBrajaer CO 3HAUEHHEM Bhipaxe-
uusi. KoOHCTaHTBl BCex BeTBeH Case JMOJKHBl OT/IHYaTbC# Apyr OT Apyra
Ecau BBHISICHH/IOCH, YTO HH OAHA M3 KOHCTAHT HE MNOAXOMMT, TO BbINOJHAETCH
BeTBb, mnoMeuyennas cjosom default, ecan TtakoBas uMeercs, B NPOTHBHOM
ciyyae HUYero He-nenaercs. Bersnm case H default Mmoxuo pacnoaaratb B
J1060M TOPsIAKE.

B ra. 1 Mbl Hanucaa® nporpammy, MOACUHTHLIBAIOUIYIO YHCJIO PXOXIEHHH B
TeKCT KAaXKHOM WHGPH, MNpOGEJbHBIX JHTEp (npoGesioBs, TabyJNsAUHH H HOBBIX-
CTPOK) M BCeX OCTalbHbIX JuTep. B Heit Mbl MCNOJB30BANH TOCJIENOBATENL
qoctn if...else .if...else. Tenepb npuBefeM BAapHAHT 3TOH NPOrpamMMul ¢
nepekaouaTesem:

#include <stdio.h>

main() /* momcueTr uumdp, NpoSeNnoB ¥ NPOUYUX JHUTEP */

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

nwhite = nother = O;
for (i = 0; 1 < 10; i++)
ndigitlil = 0;
while ((¢ = getchar()) != EOF) {
switch (c¢) {
case '0’: case ’1’: case ’2’: case ’3’: case ’4’:
case ’'5’: case '6’: case ’T’: case ’8’: case ’9’:
ndigitlc-"0" 1++;
break;
case > ’: case ’\n’: case '\t’:
nwhite++;
break;
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default:
nother++;
break;

}

printf ("uugpu =");

for (i = 0; 1 < 10; i++)
printf(" %d", ndigitlil);

printf(", mpoGenw = %d, mpoume = %d\n",
nwhite, nother);

return 0;

}

HucTpykuus break BbI3bIBaeT HEMEMJIEHHBIH BHIXOA H3 NEPEKJI0YaTes.
[TockonbKy BHIGOp BETBH Case peaqu3yeTcss Kak MEPEXOA Ha METKy, TO MOC-
Jle BBbINOJIHEHHS] ONHOH BETBH CasSe, eCJH HHYEero He MPeANpHHSTb, NpPOTpaM-
Ma npoeaaurcs 6Hu3 Ha caeayloumylo BeTBb. MHcTpykuum break u return -
Haubosiee pacCnpOCTPaHEHHbIe CpPEACTBA BHIXOLA H3 mnepekJiouartens. HHCTpyk-
uusi break wucnosab3yercs TakXke AJAs NPHHYIHTEJNbHOTO BHIXOLA H3 UHKJOB
while, for u do-while (Mbl eume noroBOopuM 06 3TOM 4yThb [103Xe).

«CKBO3HOE» BLINOJIHEHHE BETBEHl CasSe BHI3bIBAET CMElUaHHble 4YyBCTBA. C
ONHOM CTOPOHBI, 3TO XOpPOLIO, MOCKOJBbKY MO3BOJISIET HECKOJbKO BeTBell case
O6beNHHHTb B OAHY, KAaK Mbl H NOCTYNHJAH ¢ uudpamy B Hawem npumepe. Ho
C Opyrod — 3TO O03HAyaeT, 4YTO B KOHUE TMOYTH KaX[0H BETBH MNpHIAETCH
CTaBHTb break, uTto6el H36exaro nepexoga X cJaeayloueir. Ilocaenoparens-
HbIH MPOXOA NO BETBSIM — Belllb HeHaAeXXHasi, OH 4YpeBaT OIIHUGKAMH, OCOGEIHO
NpH M3MEHEHHH TNpPOrpaMMmbl. 3a HCKJIOUEHHEM CJydasi ¢ HECKOJbKHMH MeTKaMHu
IJI OJHOTO BBLIYHCJIEGHHS, CTapaliTeCb 1O BO3MOXHOCTH pEIKO I0Jb30BaTLCS
CKBO3HBIM TMpPOXOAOM, HO €CJH YX Bbl €ro NnpHMeHsieTe, OO0s3aTeJbHO KOMMeEH-
THPYHTE 3TH OCOOble MecTa.

[obpuiit BaM coBer: maxe B KOHUe nocjenned BeTBH (mocse default B
HaweM TIpHMepe) noMmelwlaiiTe HHCTPYKUHIO break, XoTss ¢ TOYKH 3peHHst JIO-
THKH B HeH HeT Heo6xoaumocTH. Ho 3Ta ManeHbkasi MpemocTOPOXKHOCTb cha-
CeT BAaC, KOrAa OAWaXAB BaM mnoTpebyercs n06aBHTb B KOHEL e€lle OAHY
BETBbL Case.

Ynpaxuenne 3.2. Hanuwunrte ¢ynkuuio escapel(s,t), koropas npu KOMHpOBa-
HHH TekcTa M3 t B S mnpeoOpa3yer JIMTepbl THNA HOBAas-CTPOKA H Tabyqasuus
B «BHAHMbIE€ TNOCJENOBATENbHOCTH JHTep» (THnma \n u \t). Hcoosabayiite wuh-
cTpykurio switch. Hanuiure ¢ynkunio, BeinosHsawoumyio o6patHoe npeoGpa3opa-
HHEe 3CKEeHM-MOCJeA0BaTeNbHOCTEH B HACTOSILIHE JIKTEPHI.

3.5. UMKIIbl WHILE U FOR

Mur yxe BcTpeuanuch ¢ uukiaamd while u for. B uwukiae

while (sapascenue)
UHCTPYKYUs

BLIYHCJSIETCSl Bbipadxcenue. EcJaH ero 3HaueHHe OTJIHYHO OT HYJsl, TO BHINOJ-
HSIETCH UMCTPpYKYus, W BBIYHCJCHHE BbIDAXEHHS TMOBTOPSIETCS. IDTOT HHKJ
NpOdOJIXKAETCSH [0 TeX MOp, MOKa Bhipa)KeHHe He CTaHeT pAaBHBIM HYJIO, M0CJe
4Yero BBIYHCJIEHHA BO30OHOBATCA C TOYKH, pacClOJOXEHHOH Cpa3y 3a uUHC-
TpyKyued.
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Uucrpykuns for

for (sopy; 6bLpy; BbLP3)
UHCTPYKYUA
3KBHBaJE€HTHA KOHCTPYKUHH
86LDy;
while (sotpy) {.
UHCTPYKYUR
86Lp4;
ec/H He CYHTAaTh OTIHYHH B NOBeleHHH HHCTPyKuuH continue, peyp o©
KoTOpo#i moizer B pasa. 3.7.

C TOYKH 3peHHs TpaMMaTHKH TPH KOMNOHEHTH UMkaa for mnpeacrapasior
co60if TMpPOH3BOJIbHBIE BhIPAXKEHHs, HO yalle 86ip; H 6blp3 — 3TO NPHCBAHBAHMA
WM BBI30BHl (DYHKIHH, a 66ip, — BbipaKe€HHE OTHOLIEHHS. Jlio6oe u3 3THX Tpex
BBIPAXKEHHH MOXET OTCYTCTBOBAaTb, HO TOUKY C 3aNsiTOH OMyCKaTb HEJb3sl.
[pu OTCYTCTBHH 6bip; HWJIM 6b6lp3 CUMTAETCH, YTO HMX MPOCTO HET B KOHCTPY-

KUMH LMKJIa, TPH OTCYTCTBHH -8blpy TOJIAraeTcsi, 4YTO ero 3HadeHHe Kak Obl
pcerga uctHHeOo. Hampumep,

for (;;) {

}

ecTh «OeCKOHeuHblH» ILHKJ, BbIOJHEHHe KOTOPOro, BEpOSITHO, MNpephiBaeT-
€ KaKHM-TO APYrHM Cnoco60M, Hanpumep C MOMOIIbIO HHCTpYyKuHii break nam
return.

Kakoii uuxa Bm6Gpatbh: While uau for - 310 neno  Bkyca. Tak, B

while ((c=getchar()) ==’ "’ 11 ¢ =="’'\n’ i ¢ == ’\t’)-
; /% oGoiiT TMpoGenbHbie NNTEpH */
HeT HH MHHLMANM3alLMH, HH TlepecyeTa napameTpa, MNO3TOMY 34eCb GoJblIe
noaxoaut while.

TaM, rie ecTb MNpoCTas HHHLHMANH3AUMSA M [OLIArOBOE YBEJHYEHHE 3Ha-
YeHHs1 HEeKOTODOH IMepeMeHHOH, Oosiblue MOAXOAHT LHKJ for, Tak Kak B 3TOM
WHKJe OpraHM3ylollas ero 4acTb COCpeIOTOYeHa B Hayaje 3aMHCH. Hanpu-
Mep, Hayas0 LHKJa, 06pabaThiBalOWIEro mnepBbie N 3JEMEHTOB MacCHBa, HMeeT
CJAeAyoWHH BHA

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

10 noxoxe Ha DO-unkasl B Poprpane u for-uukapt B [lackane. CxoacTso,
OIHAKO, He OueHb TOYHOe, Tak Kak B CH MHOEKC ¥ ero MnpejejbHOe 3Haye-
HHe MOTYT H3MEHSTbCs: BHYTPH UHKJA, H 3HaueHHE HHIEKCA i nocsne BwIXOHA
H3 LHKJA BCerga OnpeaeseHo.

[ToCcKONIbKY TpH KOMIOHEHTBl WUHKJIA MOTYT ObiTb NPOH3BOJIbHBIMH BbIpaxe-
HUSIMH, oOpradu3anusi fOr-UHK/IOB He OrpaHHUMBAEeTCA TOJIbKO CJyvaeMm apud-
MmeTHuecKol mnporpeccuu. OQHAKO BKJIOYaTb B 3aroJOBOK LHKJA BBIYHC/EHHS,
He MMEIOLIHe OTHOLIEHHsl K HHHUHAJH3aUHH H HMHKPEMEHTAUHH, CUHTAeTCs IJIo-
XHM CTHJeM. 3aroJioBOK Jyullle OCTaBHTb TOJbKO /s Onepauni ynpasjieHHs
ITHKJIOM.

B xauecTBe 60Jiee BHYWIHTEJIbHOrO NpHMepa MNpHBEJEM APYTyI0 BEPCHIO
nporpammbl  atoi, BuimonHsoule# npeoGpasoBaHHe CTPHHra B €ro YHCJIOBOH
SKBHBaJeHT. OTo 6Gonee o6was BepcHsi NO CPAaBHEHHIO C PACCMOTPEHHOH B
r1. 2, B TOM CMbICJe, YTO OHA HMTHOPHPYET JeBble NpobesbHble JHTEpbl (ec-

3. 3axkas Ne 13
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JIj OHHM €CTb) M IOJDKHBIM o6pasoM pearupyer Ha. 3HaKM + M —, KOTOphbe
MOIYT CTOATbH nepen uenoukoit uudp. (B ra 4 Gyner pacCMOTpeH BapHaHT
atof, xoTopwit ocymecTsasieT MoAoOHOe MNpeoGpasoBaHne [/ uHCET C MJa-
Bawllell TOUKOH.) B

CrtpykTypa NpOrpaMMbl OTpakaeT BHI BBOAMMOH HH(POpPMAUHH:

npouZHOPUPOBAaTL NpobesbHbLe AUTEDLL, eCAU OHU €CTé
noAY4uTd 3HAK, eCcau OH €eCTb
83ATb yeayto 4acTe u npeobpasoears ee

Ha kaxmoM 1iare BBINOJIHSETCS OMpEJeJ€HHAs uYacTb pabOTHl H UYETKO (QHKCH-
pyeTcsi ee pe3ysbTaT, KOTODbIH 3aTeM HCIOJb3yeTcs Ha CJEAyolleM are.
O6paboTka AaHHBIX 3aKAHUMBAETCsl HA NEpPBOH JXKe JIMTEpE, KOTOpas He MOXer
6bITH_HAaCTbIO YHCJA.

#include <ctype.h>
/* atoi: npeoGpazoBaHnme S B leloe YUC]O; Bepcus 2 */
int atoi(char sl[1)

¢ int i, n, sign;
for (i = 0; isspace(slil); i++)
; /* TpPOUrHOPUPOBaThL NpPOCENbHbE JNUTEph */
sign = (slil == "'-") ? -1 : 1;
if (slil == ’*+’ 1} sli]l == ’-’) /¥ mpomnyck 3Haka */
1++;
for (n = 0; isdigit(slil); i++)
n=10 % n + (slil - ’0’});
) return sign * n;
3ameTdM, uTO B CTaHAApTHOH 6uGAMOTEKe HMeeTcs Gosiee COBEpUIEHHAs GYH-
Kuus npeo6pa3oBaHMsi CTPHHra B [JIHHHOE Lejoe — strtol (cm. pasm. 5

npuaoXeHus B).

[penuMyuiecTBa, KOTOpbie [aeT UEHTPaJH3aUHA = YNPaBJEHHA  LHKJIOM,
CTAHOBSATCST eile 6ojee OYEBHAHBIMH, KOIJa -HECKOJIbKO UHKJOB BJIOXKEHBI APYr
B apyra. [IpOHAJIOCTPHPYEM HX Ha npuMepe COPTHPOBKH MacCHBA UEJbIX YH-
cen meromom Llenna, npeanoxenHeiM um B 1959 r. OcHoBHast uaes 3TOro an-
ropuT™Ma B TOM, 4YTO Ha paHHHX CTafMsiX CPaBHHUBAIOTCH AaJeKo OTCTosIlHE
ApYr OT Apyra, a He COCeJHHE 3JIEMEHTbl, KaK B OCBIYHbIX NEPECTAHOBOUHBIX
COPTHPOBKAX. JTO MPHBOAHT K ObLICTPOMY YCTPaHEHWIO MAacCCOBOH HeyNopsino-
YeHHOCTH, OJsarogaps uemy Ha OoJiee TNO3JHEH CTaAMH OCTaeTCs MeHbLIe
paGoTol. MHTepBan Mexay CpaBHHBAEMBIMH 3JE€MEHTAMH [MOCTENEHHO YMeHbila-
eTCsi N0 eDMHHLB, H B 3TOT MOMEHT COPTHPOBKa CBOAHTCS K OOBIUHBIM [€pe-
CTAHOBKAM COCeAHHX 3JemeHToB. Ilporpamma shellsort wumeer caenywouni
BHL

/* shellsort: coprupyorcsa vI0l...vIin-1]1 B BO3p. NOpsalke */
void shellsort(int v[], int n)

int gap, i, J, temp;
for (gap = n/2; gap > 0; gap /= 2)
for (i = gap; 1 < n; i++)
for (j=i-gap; j>=0 && vijl>vlj+gapl; j-=gap) {
temp = vijl;
vijl = vlj+gapl;
vl j+gapl = temp;
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31ech MCNONB30BAHBl TPH BJOXEHHBIX APYr B JApyra uHkjaa. Brewsu#
ynpaBJsieT HHTEpPBAJOM gap MeXAy CPaBHHBAEeMbIMHM 3JEMEHTAMH, COKpaulas
€ro ¢ MOMOIIBIO JejeHHs momosiaM oT N/2 mpo uyas. Cpeanuii uuka mnepebupa-
eT 3JleMeHTHl. BHyTpeHHHH — CpaBHHBAeT KaXAYK Tnapy 3J/EeMEHTOB, OTCTOs-
KX ApYyr OT Apyra Ha PpacCTOsSIHHM gap, H OCYMIEeCTBJSIET NepecTaHOBKY
3JEMEHTOB B HeymopsaouyeHHbX mnapax. Tak kak gap o006s3are/nbHO 6yner
cBeeH K €JHHHLe, BCE 3JeMEHThH B KOHEUHOM cyeTe OYyoyT YNOpSIIOYEHBI.
O6patuTe BHMMaHHe Ha TO, 4YTO YHHBEPCAJbLHOCTb UHKJA for nmnospoJasier
cOenaTh BHEUIHHH LHMKJI MO (OpME NOXOXKHM Ha [pyrue, XOTf OH H HE€ fABJsA-
eTcsl UMKJAOM THNA apHpMETHYECKOH MPOrpecCHH.

[Mocneannit onepatop u3 uucaa onepatopoB CH «,» 4aule BCEro HC-
nosb3ylor B uuctpykuuu for. [lapa BbipaxeHu#, pasneseHHbBIX 3ansToH,
BLIYHCJASETCS CJeBa HANpaBo. THIOM M 3HaYeHHEM pe3yJbTaTa ABJAAITCS THI
W 3HaueHHe MpABOTO BLIPAXKEHWsi, YTO IMO3BOJAET B HMHCTPYKUHH fOT B Kax-
[0 M3 Tpex KOMNOHEHT HMETb M0 HECKOJbKY BbIPaXEHHH, Hanpumep BeCTH
JBa MHAEKCA mnapannenbHo. [IpOJEMOHCTPHpPYeM 3TO Ha mnpuMepe GYHKUMHA
reverse(s), XOTOpas «IepeBOpayuBaeT» CTPHHI S, OCTaBJIAA pe3y/bTaT B
TOM XK€ CTpPHHIE S!: '

#include <string.h>
/% reverse: IepeBOpauuBaeT CTPUHI' § (pe3yibTaT B s) */
void reverse(char sl1)

int ¢, i, J;

for (i =0, j = strlen(s)-1; i < j; i++, j--) A
c = slil;
sli] = sljl;

) s[jl = c;

}

3ansiThie, pasfeisioulde apryMeHTbl (QYHKUHH, MepeMeHHble B ONHCAHHAX H
T.0. He SIBASIOTCS ONepaTOpPaMH-3aMATbIMH H He OGeCNeYHBAOT BHIYHCACHHH
cJjeBa Hanpaso.

3ansiTBIMH  KaK OlepatopaMHd CJeayeT [M0Jb30BaTbCsl YMEPEHHO. Boned
BCErO OHH YMECTHB B KOHCTPYKUMAIX, KOTOpbleé TECHO CBSi3aHbBl ApPYr € Apy-
rom (kak B for-uukje nporpammbl T'eVerse), a TakXe B Makpocax, B KO-
TOpHIX MHOTOCTYMEHUAThie BHIYHCACHHS AOJKHb ObITb BBHIPAXKE€Hbl OJHHM BbIpaxe-
HueM. 3ansTOM-ONepaTOpOM B NpOrpamMme reverse MOXHO Obio Gl BOCNOJIb-
30BaTbCS H TpH OOMEHe JIHTepaMH B MPOBEPSIEMBIX Iapax 3JEMEHTOB CTPHH-
ra, MbICJS 3TOT O6GMEH KaK OLHY OTAEJbHYIO Onepauuio:

for (i = 0, j = strlen(s)-1;- 1 < j; i++, j--)
¢ = slil, slil = sljl, slj] = c;

Ynpaxuenne 3.3. Hanuwure ¢yskumio expand(sl,s2), BocCTaHaB/IHBAIOILYIO
COKpAlLEHHYIO 3aNKCh THMA @-Z B CTpHHre S1 10 3KBHBAJEHTHOH NOJHOH 3a-
nucu abe. ..xyz B s2. B sl ponyckaiorcsi GykBbl (NpONHCHBIE M CTPOUHbIE) H
undpul. Creayer yMeTb CHPaBJAATLCS CO CAydasMH  THla a-b-c, a-z0-9 u
-a-b. CunTaiiTe 3HaK - B Hayajse HAH B KOHUe S1 OGBLIYHOH JIHTEPOH MHHYC.

3.6. UHUKN DO-WHILE . ' -

Kak mbl rosopuau B ra. 1, B uukaax while u for mnposepka ycJaoOBHs
OKOHUAHHS LHKJAA BbinoJHsercs HaBepxy. B Cu umeeTcs eule OAHWH BHI LHK-
na, do-while, B KoTopoM 3Ta .npoBepka B OTiaHuyMe oOT While u for
fenaeTcst BHH3Y noCae KaXKAOTO MpPOXOXKAEHWs Teja UHKJIA, T.e. nocjae To-

3*
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ro, Kak TeJO BBLIMOJHHTCA MO KpaiHHeH Mepe ONHH pas.
Luka do-while umeer csenylomuid CHHTaKCHC!

do
UHCTPYKYUR
while (sopaxenue); -

CHayana BHINOJNHAETCS UHCTPYKYUA, 3aTeM BHIUHMCAsSeTCs 6oipaxenue. Ecau
OHO HCTHHHO, TO UHCTPYK4usA BBINOJHseTCs CHoBa M T.4. Koraa BbipaxeHue
CTAHOBHTCA JIOXHBIM, WHKJ 3aKkanuuBaeT paGory. Llukan do-while 3xkBuBanes-
Ten umukay repeat-until B [lackane ¢ TOH JHWDb pasHHuUeH, 4TO B NeEpPBOM
cnyyae YKasblBaeTCs YCJOBHE NPONOJIKEHHs - UHKJIA, a BO BTOPOM — YCJOBHE
€ro OKOHYaHHS.

OnslT mnokasbiBaer, uyTo uHMKa do-while ropasgo pexe ucCnoab3yercs,
yem while u for. Tem He wMeHee noTpeGHOCTbL B HEM BpEMsi OT BPEMEHH
BO3HHKaeT, Kak, Hanpumep, B ¢yHkuud itoa (o6paTHOH nO OTHOWIGHHIC K
atoi), npeo6pasyiowell YHCJIO B CTPHHI JHTep. BBIMOJHHTE Takoe npeo6pa-
30BaHWE O0KAa3ajoCh HECKOJbKO 6oJiee CJHOXKHBLIM [€JOM, UYE€M OXHAaJ0Ch, MNOC-
KO/bKY MpPOCTble aJTrOPHTMbI FeHEPHPYIT LHQpbH B 06paTHOM mnopsiake. Mbl oc-
TAHOBHJHCb Ha BApHAaHTe, B KOTOPOM CHauaja (GOPMHPYETCs uenouka UHP,
a 3aTeM OHAa peBepCHpyeTCs.

/* itoa: npeoGpa3oBaHHe N B CTPUHC S */
void itoa(int n, char sl])
{

int i, sign;

if ((sign = n) < 0) /* coxpaHseMm 3HaK */

n = -n; /% menaeM N TOJOXUTEJLHBIM */
i=0;
do { /* reHepupyeM uudpbl B OGDATHOM MOpsLKe */
sli++] = n % 10 + 0’; /¥ cuepyoumas uufpa */
} while ((n /= 10) > 0); /% UCKJIOUUTL ee */
if (sign < 0)
sli++] = -7
s{il = ’\0’;
reverse(s);

}

Kounctpykuusi do-while 3xech Heo6xomuMma WAM 1O KpadHed mepe ya06Ha,
MOCKOJIbKY B S MNOCHLIAETCS XOTA Obl OfHA JHTEpa, AaxXe eCMH N paBHO HY-
fio. B Teje UHK/AA OXHY HHCTPYKUHIO Mbl BbIACTHJH (QHTYPHHIMH CKOOKamH (Xo-
TS OHH M H3GBLITOUHBI), YTOOGH HEHCKYIUEHHbIH YHTATENb He MPHHSAJM N0 OwWwHOKe
cnoBo while 3a nauaso umkaa while.

Ynpaxuenuue 3.4. [lpn ycjOBHH, 4TO /IS MPEACTABJIEHHS UYHCEJ HCMOJb3yeT-
Csl NOMOJIHMTEJbHBIH KOJ, Hama Bepcus itoa wne cnpaBisieTcs C CaMbiM 60J1b-
KM TO MOAYJI0 OTpHUATEJbHBIM YHCJOM, 3HAauy€eHHe KOTOPOro paBHSETCH
-20-1 (rge n — pasmep caosa). OObsiCHHTe, uem 3TO Bhi3BaHO. Moandpuuu-
pyiiTe nporpamMmy TakuM O06pa3oM, uYTOGb OHa JHaBaJja MpPaBHJIbHOE 3HAYEHHE
YKAa3aHHOTO YMCNA HE3aBHCHMO OT MAUIMHbI, HA KOTODOH BBIMOJHSETCH.

Ynpaxuenne 3.5. Hanuwure ¢ynkumio itob(n,s,b), koTOpas nepesoauT Lue-
JOe N B CTPUHC S, MNPEeACTaBJAAILMHA YHCJIO MO OCHOBAHHIO b. B wuyacTtHOCTH,
itob(n,s,16) nomeniaetr B § TEKCT YHCJAA N B IIECTHAAUATHPHYHOM BHIE.

Ynpaxuenue 3.6. Hanuwurte Bepcuio itoa ¢ AOMOJHHTENbHBIM TPETbMM apry-
MEHTOM, 3afA0LYM MHHHMAJbHYIO WIHpUHY noJas. [Ipy HEOGXOZMMOCTH Mpeol-
pa30BAHHOE YUCJO CJIeBa JIOJKHO NOMOJHATHCH NpoGesaM.
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3.7. UHCTPYKLIMM BREAK U CONTINUE

Hnorma GObiBaer ynoGHO BHIATH H3 UMKJIA HE 10 pe3yJabTaTy NpPOBEPKH,
OCYLIECTBJAsIeMOH B Hayaje WJIH B KOHUE WHKJI4, a KAKKM-TO ADPYrHM CIIOCO-
6om. Takyio BO3MOXHOCTb misi uwkiaos for, while u do-while, a Takxe aas
nepekaiouatenss switch mnpepocraBasier WHCTpykuMs break. 3r1a HHCTPYKUHs
BbI3BIBAET HeMeJJeHHbIH BLIXOA H3 CaMOro BHYTPEHHEero H3 O0OGDbeMJIOIHX e€e
UHKJIOB HJH mepekJioyaTeseH. .

Cnenywowas ¢yukuus, trim, yganser w©3 CTpUHra XBOCTOBBIE JIHTEpHI
npo6esioB, Taby/asiLMi W HOBBLIX-CTPOK; break ucmosb3yercss B Hel JUIsi BBI-
X044 H3 UHKJA 1O NepBOi OOGHAPYXKEHHOH CnpaBa JIHTepe, OTJIHYHOH OT Has-
BaHHbIX.

/* trim: ymanseT XBOCTOBbe NpoGenh, Tal. M HOB. -CTPOKH */
int trim(char(l)

¢ int n;
for (n = strlen(s)-1; n >= 0; n--)
if (sln] !'= "' * && slnl != ’\t’ && sinl != ’\n’)
break;
sin+1]l = ’\0’;
return n;
}

C nomouiblo pyHkuuu strlen MOXHO MONy4YHTb MIMHY cTpuHra. Lluka for
npocmaTpuBaerT ero B 06paTHOM MOpsAKe, HAa4YHHas C KOHUA, [0 TeX Mop,
noKa He BCTPETHTCS JMTepa, OTJAMYHAas OT 1npobena, TabyJasiUMH H HOBOM-
cTpokd. Lluka npepeiBaeTcsi, Kak TOJNbKO Takasl JiMTepa OCGHApYXHTCA HJIH N
CTaHeT OTpHUaTeNbHBIM (T.e. BCA CTpoKa Oyner npocMoTpena). Y6enu-
TeCh, 4TO @YHKUMS BedeT cebsa MNpaBHJIbHO H B CJyyasX, KOraa CTPHHT
NyCT HJIM COCTOHT TOJIbKO H3 NpPOGEAbHBIX JIHTED.

Muctpykuuss continue B uem-to moxoxa Ha break, HO npuMeHsieTCs
ropasgo pexe. OHa BbiHyXaaeT Ganxaiuuit o6bemaownii ee uuka (for, while
unu do-while) wmauaTb cneayownit war wurepaunu. [as while u do-while
3TO O3HAuaeT HeMeNJeHHbH Nepexoa K mnpoBepke ycsaoBua, a aaa for - x
npupauwennio wara. HMHcTpykuuio continue MOXHO NMPHMEHATH TOJMBKO K WHK-
JaM, HO He K switch. Byayun nomewennoit Buytpb switch, pacnosoxensoro
B UMKJe, OHA BHI30BET MepexoA K CJedyiolleH HTepalHH 3ITOro UHKJjA.

Bor ¢parMenT nporpammbl, 06pabaThiBAIOIUKHK TOJNBKO HEOTpHLATENbHbIE
3JIeMeHThl MacCHBAa @ (OTpHLATEJNbHblE — MPONYCKAIOTCH).

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

if (ali) < 0) /* npomyck OTpHULUATENbHHNX 3JEMEHTOB */

continue;
) /* 0o6paGoTKa MONOXUTENbHHX BIEMEHTOB */
K wuHcTpykuuu continue wvacto npuGeraioT B Tex CJydasx, KOrga OCTaBIUas-
CA YacTb LHKJA CJO0XHA, a 3aMmMeHa YyCJOBHS B HEM Ha NNPOTHBONOJIOXKHOE H
BBeJleHHEe elle ONHOr0 YPOBHSi NpPHBOAHT K CJHMIIKOM GOJbUIOMY UHMCJHYy YpPOBHEH
BJIOXKEHHOCTH.

3.8. MHCTPYKUMUA GOTO U METKH

B CH uMelOTCS nOpHLAeMas MHOTHMH HMHCTPYKUHs goto u MeTkn aad
mepexoga Ha -Hux. CTpOro TroBOpsi, B 3TOH HHCTPYKUHH HeT HHMKaKO# Heol-
XOAMMOCTH, M Ha NpAaKTHKE NOYTH BCErJa MOXHO Jierko 6e3 Hee OGOHTHCH.

[y
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N

Jlo cHXx mOp B HAlIeldl KHHUre Mbl He HCnonb3oBanu goto.

OfHAaKO CYIIECTBYIOT CJy4aH, B KOTCpbIX gOtO MOXeT MPHIOAHTHCH.
Hau6osee THNHYHA CHTyalHs, KOrAa HEOOXOAMMO TpepBaTb 06paGOTKYy B He-
KOTOpPOH TIvIyGOKO BJIOXKEHHOH CTPYKType M BBIATH Cpady H3 [ABYX HJH 66J1b-
1Ier0 uMCJa BJOXKEHHbIX LHKAOB. HMHCTpyKuHss break spgech He NOMOXeT, Tak
KaKk OHa OCYIIECTBJSET BbIXOA TOJNbKO H3 CaMOrO BHyTpeHHero uukaa. B ka-
4yecTBe NpHMEpPA DACCMOTPHM CJEAYIOIIYH KOHCTPYKLHIO:

for (...)
for (...) { i
if (disaster) /* ecnu GelcTBue */
} goto error; /* y#TH Ha OWMOKy */
errof;' /% oGpaGoTka OWHCKU */

aukguduposars becnopadok

Takast OpraHu3alHs [pOrpamMmbl yA0GHA, €CJAH MOANporpaMMma OGPaGOTKH OUIH-
GOYHOH CHTyalMH He TPHBHAAbHA M OUIHGKA MOXET BCTPETHTHCH B HECKOJb-
KHX MeCTax.

MeTka uMeeT BHA OOBLIYHOrO HMEHHM I€DEMEHHOH, 3a KOTOpBIM CJelyer
aBoetouie. Ha MeTky MOXHO mnepedTH ¢ nomombio goto wu3 Jswboro mecra
JaHHOH (YHKIHH, T.e. METKa AeHCTBHTENbHA Ha MPOTSKEHHH BCeH QyHKUMH

B kauecTBe eLle OMHOrO MpHMepa pacCMOTPUM TAKYIO 3ajady: onpese-
JHTb, €CTb JIH B MaccHBax @& H b cosnapawoluue snemeHTh. OnHH M3
BO3MOJXHBIX BApHAHTOB €€ peaju3alHH HMeeT CJeAYIOWHH BHI

for (i = 0; i < n; i++)
for (j =0; J < m Jj++)
if (alil == bijl)
goto found;
/* HeT OLVHAKOBLX JJEMEHTOB */

founa;
/* oGHapyxeHo coBnazenue: alil == blj] */

IlporpaMMy HaxOXA€HHS COBNANAIOILHX 3JEMEHTOB MOXXHO HANMHKCaThb H 6e3
goto, mnpaBna, 3anjaTHB 3a 3TO JONOJIHUTEJNbHbBIMHM INpPOBEpDKaAMH H elle OJHOH
nepeMeHHOH:

found = 0;
for (i = 0; 1 < n & & !found; i++)
for (j =0; j < m & !found; j++)
if (alil == bl[jl)
found = 1;
if (found)
/* oGHapyxeHo coBmagenue: ali-11 == bl[j-11 */

else
/* HeT ONUHAKOBLIX BIEMEHTOB */
3a HCKJIOUEHHEM peIKHX CJyuaeB, MONOOHBIX TOJNbKO YTO MPHBEJEHHBIM,
nporpaMmbl C npuBjeyeHueM goto, xak nNpaBusO, TpyAHee A/l NOHHUMAHHS H
COTNPOBOXKIEHHS,, 4YeM MNpOrpaMmbl, peliamliHe Te e 3agaun 6e3 goto. Xors
MBI M He JOrMaTHKM, BC€ Xe [ymaercsi, dYto kK goto cuenyer npuberartb
KpailHe peiKOo, €CJH HCIOJb30BaTb BOOOIIE.
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®ynkuuH | NOApa3feqnsioT GO/bluHe BBHIYHCJAHTEIbHBIE 3ajadd Ha GoJjee
MEeJIKHE M MO3BOJSIOT, BOCIO/Nb30BATbCA TeM, 4YTO YXe CHeJaHO APYTHMH pas-
paGOTYHKAMH, a He HAYHHATb CO3JaHHE MNPOTrPAMMEBI KaXKAbIH Da3 «C HyJs». B
BHIODAHHBIX MOJDKHBIM 06pa3soM (YHKUHSX «YIPSTAHbl» HECYLIECTBEHHbIE /A
ApYTHX 4acTed Nporpammbl [AeTaqH HX (GYHKUHOHHPOBAHHS, UTO -jejaeT Mpor-
pamMMmy B uesnoM GoJiee SCHOH H O6/€ryaer BHECEHHE B HEE H3MEHEHHH.

SI3bIK NpPOEKTHPOBAJICS TakK, 4TOGB (QYHKUMH OblIM 3PGhEKTHBHHIMH H OPO-
CTBIMM B HCNOJNb30BAaHHH. OObIuHO mnporpamMbl Ha CH COCTOAT H3 GOJABLIOTO
yucsia HeGOIbUIKX (YHKIMH, a He H3 HeMHOTHX Gosbmux. [lporpaMmy MOXHO
pacrnosiaraTe B OJHOM HJIH HECKOJIbKMX HCXOAHbIX ¢dakaax. ITH ¢aiabl MOXKHO
KOMIIH/IHPOBATb OTAEJbHO, & 3arpyXaTb BMeCTe, B TOM 4HC/JEe H C paHee
OTKOMITHJIHPOBAHHBIMH OuOJIHOTeUHbBIMH ¢yHKUHsiMH. [lpouecc 3arpysku 3pech
HE pacCMaTpHBAETCH, MOCKOJIbKY OH pa3/jiHyeH B pasHbIX CHCTeMax.

Onucanne u  onpesesneHne GYHKUHH — 3TO Ta 06/1aCTh, TJ€ CTaHIAPTOM
ANSI B A3bIK BHeceHbl caMble CyLIECTBEHHbE H3MeHeHHs. Kak:Mbl BHOEIH B
ra. 1, B ONHCAaHHH (YHKUWH Terepb pa3peuIeHO 3aJaBaTh THIbI APryMEHTOB.
Cunrakcuc onpeneneHus (QyHKUHH TaKXKe H3MEHEH, TaK YTO TENepb ONHCAHHS
M OnpelejeHHst (QYHKUHH COOTBETCTBYIOT APYF APYry. IDTO NO3BOJNAET KOMMH-
JATOPY 06Hapy>xgaan> MHOro 6oJblie OIIHGOK, 4YeM paHblie. Kpome TOTO,
eC/IH THNbl apryMEHTOB COOTBETCTBYIOIIMM O6GPa3soM ONHCAHbI, TO HEOGXOAHMBIE
Npeo6pasoBaHHs APryMEHTOB BBLINOJIHSIOTCS aBTOMATHYECKH.

CTaHpapT BHOCHT SCHOCTb B NpaBHJ/IA, ONpefeJsiiomlne O061acTu  AeHC-
TBHSL HMEH, B YAaCTHOCTH, OH TpefyeT, uTOObl IJs KaXAOrO BHeluHero o6b-
eKTa OblJIO TONBKO OAHO ompejejeHHe. B HeM 0600LIeHBl CpPeACTBa HHHUHAJIM-
3alKH: Tenepb MOXHO HHHMLUHAJIM3HPOBATb AaBTOMATHUECKHE MACCHBBI H - CTPYK-
Typr

Yayuwen Ttakxe:mupenpoueccop Cu. OH BkJliouaeT 6Gosee IHPOKHH Habop
OHDEKTHB YCJOBHOH KOMIHJISIUHH, MPejoCTaB/seT BO3MOXHOCTb M3 MAaKpoap-
TYMEHTOB TI€HEPHPOBATb CTPHHTH B KaBblYKaX, a KpOMe TOro, COHepXHT 6o-
Jiee COBEpUIEHHBIH ME€XaHH3M YNpaBJEeHHs NPOLECCOM MaKpOpacuIHpeHHS.

4.1. OCHOBHbIE CBEQEHUA O ®YHKUMAX

Haunem ¢ TOro, 4to CKOHCTpyHpyeM NpOrpamMmy, NEyaTaliOUlyld Te CTpPO-
KH BBOJAMMOrO TEKCTa, B KOTOPbIX COJAEPXKHTCS HEKOTOphH «obpasel», 3a-
OaHHBIH B BHAE CTpHHTa JuTep. (IDTa mnporpaMmma mnpeicTaBisieT CO60H YacT-
Hbilt caydalh ¢ynakuun grep cuctembl UNIX) Paccmorpum npumep: B pesyib-
TaTe noucka o6pasua "ould" B cTpokax Texcra

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

Mbl NMOJIYYHM

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

Pa6oTta no moHCKy o6pa3ua 4eTKO pacnajaeTrcsi Ha TpH 3Tana

while (cywecrsyer ewe crpoka)
if (crpoka codepacur obpasey)
naneuararto ee

XoTss BCe TpH COCTaBJSIOUIHE MpOHECCa MOMCKA MOXHO TMOMECTHTL B
¢dynkuuio main, Bce e Jyyile COXpaHHTb NPHBEAEHHYIO CTPYKTYPY H Kaxayio
ee 4aCTh peaJH30BaTb B BHAe OTAeNbHOM QyHKuUMH. Jlerue HMeTb Jea0 ¢
TpeMsi HeGOJbLIMMH YacTSMH, uYeM C OAHOH GOJ/IbIIOH, MOCKOJNbKY, €C/HH Hecy-
[eCTBEHHbIE OCOOEHHOCTH peaNn3alMH .CKPbITHl B (QYHKUHAX, BEPOATHOCTb HX
HeXeNaTeJIbHOr0 BO3JeHCTBHA ApYyr Ha JApyra MHHuManbHa. Kpome Toro,
ocdopMJIeHHble B BHIE GYHKUHH COOTBETCTBYIOLIME HAaCTH MOTYT OKas3aTbCsi no-
JIE3HBIMH W B [IPYTHX NpOorpammax.

Konctpykuus «while (cywjecrsyer ewje cTpoka)» peanH3OBaHa B
getline, cm. ra. 1, a ¢pasy «uanewaraTe ee» MOXHO 3amncaTb C MOMOLULbIO
roropoli ¢yskuuu printf. Takum o6pasoM, Ham ocTaercsi nepesectH Ha Cu
TOJBLKO TO, YTO ONpedeJsieT, BXOLHT JIH 3alaHHbiH oGpasew B CTPOKY.

Uro6sl pemuTh 3Ty 3agayy, Mbl Hanunuwem ¢ynxuuio strindex(s,t), ko-
TOpasi yKa3blBaeT MeCTO (HHIEKC) B CTPOKe S, TFAe HayMHaeTcss CTpoKa t,
unu -1, ecan s ne comepxuT t. Tak kak B CH HyMepauusi 3/J1€MeHTOB B Ma-
CCHBaX HAYyHHAETCsi ¢ HyJs, OTpHUATeJbHOe YHCA0 —1 MOAXOAHT B KauecTBe
CHTHajla HeymauHoro noucka. Ecam nanee wam notpefyercss Gojiee CJIOXKHOe
OTOXAECTBJIEHHE NO o6pasny, Mbl NpocTo 3ameHuM strindex Ha apyryio ¢yn-
KUHIO, OCTABHB NpPH 3TOM OCTaJbHYK 4YacTb NporpamMmbl 6e3 usmenenui. (bBu-
6nnoteunass ¢yHnkuus strstr ananornuna oynkuun strindex u orauuaercs
OT mocsieaHell TOMBKO TeM, YTO BbIAAeT yKa3aTesb, a He WHIeKC.)

[Tocsie Takoro NpOEKTHPOBAHHSI NPOrpaMMbl €€ «AETaJHPOBKa» OKa3biBa-
eTcsl OueBHAHOH. Mbl HMeeM NpeACTaBJeHHe O NpOrpamMme B LeJOM H 3HaeM,
KaK B3aHMOMEHCTBYIOT ee yaCTH. B wHawelt nporpamme ofpaseu ajs [OHCKa
3aflaeTCsi CTPHHTOM-JIMTEPAJOM, uTO CHHXAeT ee yHHBepcanbHocTh. B ra. 5
Mbl €llle BepHeMCsi K npobseme HHHLHAIM3AUHH JIKTEPHBIX MaCcCHBOB H INOKa-
XeM, Kaxk ofpasen CAenaTb [apamMeTpoM, YCTAHABJIHBAaEMbIM [pH 3amycke
nporpaMmbl. 31eCb NpHBEd€HA HECKONbKO H3MEHEHHas BepCHs  (QYHKUHH
getline, u 6b10 6bl NOYUHTEJNbHO CPaBHHTb €€ ¢ BepCHeH, PacCMOTPEHHOH
B ra. 1. g

#include <stdio.h>
#define MAXLINE 1000 /#* Maxc-Hbit pasmMep BBOAMMOl CTpoku */

int getline(char linel]l, int max);
int strindex(char soursell, char searchforl]);
char patternll = "ould"; /* oGpaseu ans noucka */

/* HaliTM BCe CTPOKH, colepxauue odpasen */
main()

char linelMAXLINEI];
int found = 0; :
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while (getline(line, MAXLINE) > 0)
if (strindex(line, pattern) >= 0) {
printf("%s", line); '
found++;

} return found;

/% getline: uMTaeT CTPOKY B S, BO3BpallaeT INHHY */
int getline(char sl], int lim)

¢ int ¢, i; _
i=0;
while (--lim > 0 && (c=getchar(})) != EOF && ¢ != ’\n’)
sli++] = c;
if (¢ == ’\n’)
sli++] = ¢;
s[i]l = ’\0’;
} return 1i;

/% strindex: BbUUCHSAET MECTO t BS
win BhgaeT -1, ecim® t HET B S */
int strindex(char sl[1, char ten

int i, J, k;

for (i = 0; slil !'= '\Q’; i++) {
for (j=i, k=0; tik1!="\0" && sl jl==tlk]; j++, k++)
if (k>0 &8 tlkl == '\0’)

) return i;

return -1;

Onpenenerne JM060A QYHKUHH HMEET caenylowHi BRI
TUN-pe3yAasvrara uMﬂ-¢ynxuuu(dexnapauuu-apayueuroe)

} dJexaapayuu U UHCTpYKyuU
Otze/nbHble 4YacTH ONpENe/]eHHsi MOryT OTCYTCTBOBATD, Kak, Hanpumep, B
onpeaeseHHH «MHHHMAaJbHOA» (PYHKUHH '

dummy() { }

KOTOpasi HHYEro He BBIYHC/IFET M HHYEro HE puigaer. Takasi HHYero He Je-
napowas QyHKuUHs B npounecce pa3paGoTKu MPOrpaMMbl GbiBaeT TOJ€3HAa B Ka-
yecTBe «XpaHuTesss Mecta». Ecau Tun pesyjibpTara onyluieH, TO Mpeanojara-
eTcsi, 4TO (PyHKLMsi BO3BpallaeT 3HAUEHHE THMA int

Jlio6asi mporpamma — 3TO MPOCTO COBOKYMHOCTDH onpeneseHHi TNepeMeH-
HpIX H GyHKuui. CBA3H MeXAy QYHKIHSMH OCYUIECTBJSIOTCA 4Yepe3 apryMEHTH,
BO3BpalllaeMble 3HAUEHHA M BHEUIHHE nepemeHHble. B nCXOXHOM tdaiine QYHKUHH
paspellaeTcsi pacnoJjaraTtbh B A1060M MOpsiAKE;, HCXOAHYIO NpPOTpaMMmy MOXHO
pa3buBatbh Ha Jil0Goe UYHCJIO ¢aiaos, HO taK, 4To6bl HH OfHA M3 GYHKUHA He
0Ka3anach pa3pe3aHHOM.

UucTpykuust return peanu3yeT MEeXaHHIM BO3BpaTa pe3yJbTaTa OT Bhi-
3pBaeMOii K Bbi3blBaloliell GYHKUHH. 3a CJOBOM return moxer CJenOBaTh JIO-
60€ BbIpaXKEHHE:
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return sspasenue;

Ecan  nortpebyercsi, sewpamenue 6yner npuseseno k THIY Tun-pe3yasrara.
HacTo seipaxenue 3akaiouaoT B CKOGKH, HO OHH He 063aTebHEL.

BbizbiBalomas ¢yHKuHS B npaBe NpOHTHOPHPOBATDH BO3BpallaeMoe 3Haye-
Hue. bBosee Toro, swpamenue B return wmoxer OTCYTCTBOBaTb, ¥ TOria
BOOOLIE HHKAKOE 3HaueHHe He 6ydeT BO3BPALLEHO B BLI3LIBAIOINYIO (YHKIHIO.
YnpaBienue BO3BpAWIAETCS B  BHLI3BIBAIOILYIO ¢GyukuMio 6e3 pe3yabTHPYIOLLEro
3HAQYCHHST TaKXKe H B TOM CJydyae, KOria BHIUHCJEHHA HOCTHIJIH <«KOHLA»
(T.e. mocnenmeit 3akpbiBaowweH GUIYpHOH CKOGKHU ¢ynkuuu). He 3anpewena
(HO moJIKHA BHI3BIBATH HaCTOPOXEHHOCTb) CHTyalUMsi, KOrAa B OAHOH M TOH
Xe OYHKUHH OAHM return uMmeioT npu cebe BHpaxeHus, a Apyrue - He
HMeloT. Bo Bcex cuayuasx, xorma ¢yHKuHs «3aGbias nepenaTo pe3yJabTarT B
return, ee 3HayeHHe eCTb «MYCOp».

®yukuus main B nporpamme noucka no o6pa3ny BBIJAeT B KayecTBe
pesyabrata KOJHMYECTBO HAHAEHHBIX CTPOK. ODTO YHCIAO AOCTYNHO B TOH cpe-
A€, H3 KOTOPOH NaHHAs MporpamMma Gbina Bbi3BaHa. |

MexaHH3MbBl KOMOHASUHE W 3arpy3ku CH-Np@rpamM, pacnoJIOXKEHHBIX B
HECKOJILKHX MCXOIHBIX daiinax, MOryT pasinuyaTbGh B pasHbiXx CHCTemax. B
cucfeme UNIX, Hanpumep, 3TH paboThl BhHINONHsAEY yROMAHYTas B ri. 1 Ko-
Manga cc. [lpeanosoxum, uTo TpH GyHKIHH Halero noc/jeaHero npuMepa
pacnojiokeHbl B Tpex pasHbiXx ¢aitax: main.c, getline.c wu strindex.c.
Torna komanna

cc main.c getline.c strindex.c

CKOMIHJIHPYET yKa3aHHble (aH/bl, NOMECTHB pe3yJabTaT KOMIMJSALHH B dananl
O06beKTHHX Monyseit main.o, getline.o u strindex.o, u 3arem 3arpysur
HX B HCNOJIHsieMbIH ¢aln a.out. Ecau ofnapyxuaach owu6ka, HanpHmep, B
main.c, TO ero MOXHO CKOMMHJHpPOBATH CHOBA M pe3ysnbTaT 3arpy3uTh C
paHee mOJyyeHHBIMH OGBEKTHBIMH daitsamu, BHINONHHB CJAEMYIOUYI0O KOMaHAYy:

cc main.c getline.o strindex.o

Komanga €C Hcnonb3yer craHmapTHele OKOHYAHHS $alIOB «.C» H «.0», uTO-
6l OTJIHYATb HCXOAHBbIE (DAMHJBI OT OGDBEKTHBIX.

Ynpaxunenne 4.1. Hanumnre dynkumio strrindex(s,t), KOTOpasi BbIAaeT mo-
SHLUHIO camo20 npagozo BXOXKAEHHA t B 5 Wi -1, eciad BXOXIEHHS He O6HA-
PY2KeHo.

4.2. ®OYHKUMM, BO3BPALLAIOWME HELENLIE 3HAYEHMA

B npeapiaymux npumepax ¢hynkuuH 60 BoOGule He BO3BpalIlaJH pe3y-
JbTHPYIOWMHX 3Havenud (void), nu6o BO3Bpawann uesble 3nayenus (int). A
Kak GBITb, KOrda pe3y/ibTaT (YHKUHH JOXKEH HMeTb apyroi THn? Muorue
BolUHCAHTE bHbIE YHKIUMH, Kak, Hanpumep, . $Yft, sin u cos, Bosspawaior
3HaueHuss TtHna double; apyrue CreuxasbRele’ PYHKUKH MOTYT BHI/AABATL 3HA-
HEHHs €lle  KaKHX-TO THHOB. UTOGbH MPOMAJNIOCTPHPOBATH, KaKHM 0Gpas’oM
cAenaTth TaK, YTOOHM GYHKUHS BO3Bpalllana Heuesaoe 3HAauYEHHe, HamHWeM ¢yH-
Kudio atof(s), «koropas nepeBOmMT CTpUHr S B COOTBETCTBYIOLLIEE YHCJIO C
naBaolied TOUKOH ABOHHOH TounOoCTH. PyHKuus atof npeacTaBiasier co6oii
paclupenne ¢ynxunu atoi, aBe BepcHH KOTOpOH Gbiaw pacCMOTpeHB B ra. 2
u 3. OHa HMeeT [eJo CO 3HAKOM (KOTOPOro MOXeT H He 6BITb), C HECATHY-
HOH TOYKOH, a TakXe C LeNOd M APOGHOM HaCTAMH, ONHA H3 KOTOPBIX MOXeT
OTCyTCTBOBaTb. Hawma Bepcuss ne ABAsETCS BHICOKOKAYeCTBEHHON nporpamMmoii
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npeo6pa3oBanHsi BBOAUMBIX HHCET, takas nporpamma norpe6opasa 6 3aMeT-
Ho Gospuie namsiTH. DPyHKUHA atof BXOAHT B CTAHAAPTHYIO 616JHOTEKY
[porpamMM; ee ONHCAHHE CONEPXKHTCH s rosopHoM ¢aiine <stdlib.h>.

[lpexpe BCero OTMETHM, UTO JeKJapHpOBaTh THI BO3BPallaeMoro 3Ha-
qenuss posokHa cama atof, Tak Kak 3TOT tun He ectb int. ¥Yxasaresp THNA
3ajaeTCsi Mepen WMeHeM (QYHKUHH

ginclude <ctype.h>
/% atof: mnpeoCpasoBaHue CTpUHraA S B double */
double atof(char sl1)

¢ double val, power;
int i, sign;
for (i = 0; isspace(s[il); i++)
; /* UrHOpUpOBaHKE JIEBhIX NpoGebHbX IUTEp */
sign = (slil == rory 2 -1 01
if (slil == '+ it slil == "-")
1++;
for (val = 0.0; isdigit(slil); i++)
val = 10.0 * val + (sli}l - ’0’);
if (slil == ".7)
1++;
for (power = 1.0; isdigit(slil); i++) A
val = 10.0 * val + (s(il - ’0");
power *= 10.0;
) return sign * val / power;
Kpome TOro, BaxHO, 4To6bl BHI3BIBAIOLIAS [poOrpamma 3Hana, 4To atof
BO3BpalllaeT Helejoe 3HAUCHHE. Onue H3 C€rnoco6oB ObecneynTb 3TO — ABHO

onucath atof B Bh3bIBAlOWEH NPOrpamMMe. Mopo6Hoe ONMUCAHHE [AeMOHCTPHPY-
eTCsi HWXKXe B TMpOrpamMme MpPOCTEHHKOrO Ka/JbKy/siTopa (ROCTaTOUHOro  AJIs
nposepku Ganauca 4ekoBOH KHUXKKH), KOTOpbIfl Kaxaylo BBOLHMYIO CTPOKY
BOCTIpHHHMAET KaK 4HCJO, npu6aB/sieT €ero K Tekylle CyMmme H Teuaraer €€

HOBO€ 3HAauyeHHE.

#include <stdio.h>

#tdefine MAXLINE 100

/* TPUMUTUBHbI KANbKYNATOD */
main()

{ double sum, atof(char i

char linelMAXLINE]; .
int getline(char linell, int max);
sum = 0;
while (getline(line, MAXLINE) > 0)
printf("\t%g\n", sum *+= atof (line));
return O;
}

B meksapauuu
double sum, atof(char [

[OBODHTCSI, YTO SUM — MNepeMeHHas runa double, a atof — ¢yHxuus, KOTO-
pas TpPHHHMAET apryMeHT (ooun) Ttuna charll u BO3BpALIAET pe3ysnbTar TH-
na double. i
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Onucanne u onpemesenne ¢yHkuun atof NOMXKHBI COOTBETCTBOBATH
apyr apyry. Ecau B onnom ucxomuom oaitnie cama ¢dynkuua atof u obpame-
HHe K Heil B MAin uMeloT pasHble THNBI, TO 3TO HECOOTBETCTBHE OymeT 3a-
($HKCHPOBAHO KOMNHUJSATOPOM Kak owmwubka. Ho ecaum dyuxuns atof Gmia cxom-
ITHJIHPOBAaHA OTAENbHO (4TO GoJiee BEpPOSITHO), TO HECOOTBETCTBHE THNOB He
Oymer ofnapyxeno, u atof Bo3sparntT 3Hauenne Tuna double, koropoe
¢yskuns main Bocnpumer kak int, uTo npuBeseT Kk GeCCMLICAIEHHOMY Dpe-
3yJbTATY.

ODT0 mocienHee YTBEDXKIEHHE, BEPOSITHO, BLI30BET Yy Bac YAHBJCHHE,
IIOCKOJIbKY paHee TrOBOPHJIOCh O HEOOXOAHMOCTH COOTBETCTBHSI ONHCAHHH H
onpeneneHni. IlpHunHA HECOOTBETCTBHsI, BO3MOXKHO, O6yAeT CJEACTBHEM TO-
ro, 4to BOOGUIE OTCYTCTBYeT NPOTOTHN (GYHKUHH, H (YHKIHS HESBHO [eK/a-
PHpYETCsl NpH NepBOM CBOEM MNOSBJEHHH B BbLIPAXKEHHH, KakK, HamnpHMep, B

sum += atof(line)

Ecin B BbipaxeHHH BCTPeTHIOCH HMs, HHIIe paHee He ONHCAHHOE, 3a KOTO-
PBIM CJIENyeT OTKphIBaIOLlast CKOOKA, TO TaKOe HMfA IO KOHTEKCTYy CUHTAETCs
HMeHeM (YHKUHM, nojydaoliedi pe3yiabTarT THna int; npH 3TOM OTHOCHTENbHO
€e aprymMeHToB HHYero He mnpeanosaraerca. Ecam B neknapauun dyskuuwm
aprymMeHTbl He YKa3aHbl, Kak B

double atof();

TO H B 3TOM Cjy4ae CYHTAETCH, 4YTO HHYero 06 aprymentax atof He us-
BECTHO, M BCe INPOBePKH HA COOTBETCTBHE €€ MapaMeTpoB OYAYT BhIKJIIOYE-
Hbl. [lpeanosaraercs, yTO TaKas CneuWanbHasi WHTEPNpETAaUHs MYCTOTO CIH-
CKa MO3BOJIHT HOBLIM KOMITHJATOPAM TPAHCJIHPOBaThb CTapbie CH-NPOrpaMMBl.
ECin y (yHKuUMH eCTb aprymesThl, ONHIUHTE HX, €CAH HX HeT, HCIOoJb3ylTe
cjaoBo void.

Pacnonarasi cooTBETCTBYIOWIHM 06pa3oM ONHCAHHOH ¢yHkuue#t atof, Mu
MOXeM HanucaTh ¢QyHKuMio atoi, npeobpasyiouyio CTPUHT JHTep B LeJoe 3Ha-
YEeHHE, CJIeAYIOHM 06pa3oMm:

/% atoi: nmpeoGpasoBaHue cTpunra s B int c nomompo atof */
int atoi(char sl1)

double atof(char sl(1]);
) return (int) atof(s);

O6patuTe BHHMaHHe Ha BHA /[eKNAPaUMH M HHCTPYKUHH return. 3uaueHue
BbIDaXKEHHUS B

return seipaxenue;

NPHBOAUTCA K THNY (GYHKUHH TNEped TeM, Kak OHO OydeT mepefaHo B Kayec-
TBe pesyabrata. (C/efoBaTeNbHO, MNOCKOMbKY ¢yHKuMa atoi  Boaspawaer
3Hayenne int, pesyabrar Buiuucaenns atof Tuma double B HHCTPYKUHH
return asTomaThueckn mnpeo6pasyercs B Thn int. Ilpn npeoGpasoBaHuu
BO3MOXHA NOTEPS HHGMOPMAUMH, H HEKOTOpble KOMIHJSTOPbl MpPenynpexmaloT o6
stom. Onepatop TNpHBENEHHS SIBHO YKa3blBae€T Ha HeOOXOAMMOCTb Mpeos-
pa3oBaHHsl THIA H noaaBJsieT Jawboe npeaynpexapatoluiee cooﬁmeﬂne.

Ynpaxuenue 4.2. Jlononnute dyukunio atof Takum o6pa3oM, 4YTOGH OHa
COpaBJasach C YHCJAAaMH BHOA

123.45e-6

B KOTODHIX B KOHIE MOXeT cTosite € (uan E) ¢ nocneaywomell 3KCnoHeHTOM
(OBITb MOXeET, CO 3HaKOM).
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4.3. BHEWHWE MEPEMEHHDIE

Mporpamma Ha CH OGBIYHO OMEPHPYET C MHOKECTBOM BHEIUHHX 0GbEeKTOB:
nepeMeHHbX H (yHkuui. [lpunararenpnoe «BHEWHHE» («externals») mnpotuBo-
NOJIOKHO [PHJAraTe/IbHOMY «BHYTPEHHHH» («internals»), KOTOpOE OTHOCHTCS
K ApPryMeHTaM H TEpEeMEHHbIM, ONpene/seMbIM BHYTPH ¢yukuuit. BHewmnne ne-
peMeHHbBle CNeuH(HUHPYIOTCS BHE GYHKUMA M NOTEHUHaJbHO JAOCTYNHB [JISA
muorux ¢ynkuui. Camu ¢QyHKUHM BCeraa siB/ISIOTCA BHELIHHMH o6beKTaMH, Io-
ckoabKy B CH 3amnpelleHo onpeleisTb GYHKUWH BHYTPH IpYyrHx ¢ynkumni. Tlo
YMOMYAHHIO OJAHHAKOBbIE BHEIIHHE HMMEHA, HCIOJb3YEMBIE B pasHbix aHnaax,
CCBUIAIOTCS HA OAMH M TOT Ke BHEIIHHH OOBEKT (pyukuuio). (B crannapre
3TO HA3LIBAETCSl COEOUMEHueMm 6HewHux ceasel (external linkage).) B
3TOM CMBICJIe BHELUHHE MepeMeHHble MOXOXH Ha 06/1acTH COMMON B dopTtpane u
HA NepeMeHHbie CaMoro BHeWHero 6joka B [Mackahe. [lo3xke MBI INOKaxXeM, Kak
BHEUIHHE (YHKUMH H IMepeMeHHbie CHeaaTh BHAMMBIMH TOJbKO BHYTpH OLHOTO
HCxonHoOTO daisa.

[oCKOJIbKY BHEWIHHE NepeMeHHbie NOCTYNHB BCIOAY, HX MOXHO HCTOJbL3O-
BaTb B KauecTBe CBA3YIOUIWX MAAHHBIX MeXIy OYHKUHSMH Kak ajbTepHATHBY
cBsi3eH uyepe3 apryMeHTH H BO3BpallaeMbie 3HAUEHHS. Ons nw060H GyHKUHH
BHEIUHAS NepeMeHHas AOCTYNHAa MO ee HMEHH, €CHH 3TO HMs 6bIJI0  OJIXKHBIM
0o6pa3oM OMNHCAHO.

ECAM YHCJO NepeMEHHbIX, COBMECTHO HCMOJb3yeMbIX (QYHKUHSIMH, BeJH-
KO, CBSI3M MEXAy TNOCJeJHHMH Yepe3 BHELIHHE TMepeMeHHble MOIyT OKasaTbCs
Gonee ymOOHBIMH H 3G(EKTHBHBIMH, UeM [JIHHHBIE CIHCKH aprymenTos. Ho,
Kak OTMeYyanoch B M. 1, K 3TOMY 3asBJEHHIO CJAeayeT OTHOCHTbCA KpHTH-
YeCKH, TNOCKOJbKY Takas NpPAKTHKAa yXyAllaeT CTPYKTypy NpOTPAMMbI M THpH-
BOJMT K CJHLIKOM GOJbLIOMY YHCJY CBsideH “Mexay (YHKUHSAMH 1O NAHHLIM.

BHellHHe NepeMeHHble MOJe3Hbl, TaK Kak OHH HMEIoT 66abpyI0 06/1aCThb
HelCTBHST M BpeMsi KH3HH. ABTOMaTH4YeCKHe TepeMEHHbIC NEeHCTBHUTEIbHBI
TOJbKO BHYTPH (YHKUHH, OHH BO3HHKAIOT B MOMEHT BXOla B (GYHKUHIO H HC-
ye3al0T NpPH BHIXOAE W3 Hee. BHeirnue nepemMeHHbie, HANpOTHB, CyLIECTBYIOT
OCTOSIHHO, TAK UTO HMX 3HAYeHHsl COXPaAHSIOTCH B HHTEpBaJax MeEXAy obpa-
meHusiMH K ¢yHkuusaM. Takum o6pasom, eCad ABYM GYHKUHAM NPHXOLHTCS
[OJb30BATHCS OLHHMH H TEMH e JaHHBIMH M HH OJHA M3 HHX He BBISHIBACT
Apyrylo, TO uacto ObiBaeT YHOGHO 0hOpMHTb 3TH OOlllMe JA3aHHbIE B BHIE
BHEIIHHX MepeMeHHbX, a He nepeaaBaTb HX B ¢ynkudio H O06paTHO 4epe3
apryMeHTHI.

B cBs3H C NpHBENEHHBIMH PaCCYXJEHHsIMH pa3bepeM NpHMEp. [locTaBum
-cefe 3ajauy HanucaTb NPOrPAMMy-KaibKyJsTOp, MOHHMAIOULYIO ONEpaTophl +,
-, % u /. Takoh KanbKyJsiTop Jerye OyleT HanucaTb, €CJAH OPHEHTHPOBA-
ThCS HA TMOJbCKYI0, a He HHQHUKCHYIO 3aMHuCh puipaxenuil. (O6parHasi NoJb-
cKasl 3anuCb NpPHMEHSETCsl B HEKOTOPHIX KAPMaHHBIX KaJlbKy/sTOpax H B s3bl-
kax tuma Forth u Postscript.) :

B o6parHOli MNOJbCKOH 3alHCH Ka)K[Ibii OfnepaTtop CJjaeAyeT 33 CBOHMH
onepaHiaMH. Bbipaxenne B HHQHKCHOH 3aMHCH, CKaXeM

(1 -2) * (4 +5)
B NOJbCKOM 3aMHCH MNpPEACTAaBJISAETCSA Kak

12-45+*
CKOGKH He HYXHbl, HEONHO3HAYHOCTH B BBIUHCJEHHAX HE 6LiBaeT, MOCKOJBKY
H3BECTHO, CKOJILKO OrepaHaoB TpeOyeTcsi AJs KaxAOro oneparopa.

PeanusoBath Hawy nporpammy Becbma npocto. Kaxawii onepana moch-
aeTcsi B CTEK, €CJH BCTpPe4aercs Onepartop, TO COOTBETCTBYIOLIEE HYHCJIO
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onepaHaOB (ABa B CJjyyae GHHAPHBIX ONEpPATOPOB) O€peTCA M3 CTEKA H BBl
NOJHAETCA Onepalusi, MOCJe Yero pe3yJbTaT [OCHJIAETC B CTeK. B Hawem
npumepe yHcaa 1 M 2 NOCBLLIAIOTCS B CTeK, 3aTeM OHH 3aMEealoTCd HA HX
pasnocte -1. [lanee B cTek mnochuiaoTcst yucaa 4 u 5, KoTophle 3aTeM 3a-
MEHSIOTC HAa uX CymMmy, 9. Yucna -1 uw 9 3ameHsAOTCS B CTeKe Ha HX Npo-
ussesedne (T.e. Ha -9). BerperwB JMTepy HOBasm-CTpoKa, mnporpaMma BhI-
TaNKHBAaeT 3HAUEHHE M3 CTeKa H NeyaTaeT ero.

[Iporpamma, c/eQ0BaTENbHO, COCTOHT H3 LHKJA, o6pabaThiBaOILIEr0 Ha
KaX/l0OM CBO€M Illare OYEpe[AHOH BCTpevyaeMblii ONepaTop HJH ONepaH.:

while (caedyrowjuii snement ne xowey-gpaiiaa)
if (uucsro)
nocaars eeo 6 CTex
else if (oneparop)
83ATb U3 CTeKka onepardet
BbLNOARUTG ONepayuio
pes3yabTar nocaarsb 8 crek
else if (nosasn-crpoka)
83ATb C BEPULUHbL CTEKQ 4UCAO W HANE4aTars
else
owubka

Onepau}m «IMOCJIATb B CTE€K» H «B3dATb HU3 CTeKa» caMH No cebe TPH-
BHA/NbHBI, ONHAKO HEOOXOAHMOCTb [06aBJEHHSI MEXaHH3MOB OGHApYXeHHs H
HEeHTpaJH3aluH OWHGOK AeJaeT HMX JOCTATOUHO AJHHHBIMH. ITostomy 3TH ome-
pauun CTOMT OGhOpPMHTb B BuAe ¢yHKuHH. Takxe pa3yMHO HMETb OTHEJbHYIO
GYHKUHIO, MOJNYYAOWYI0 OYepeqHOH OMepaTop HJIH onepasf.

[1aBHBIH BOMPOC, KOTOPBIM Mbl €lle He PacCMOTPeJH, — 3TO BOMPOC O
TOM, TA€ pacmoJOXHTb CTeK H KaKuM (YHKIHAM pPa3pellHTb K HEMy NpsAMOil
noctyn. CTeK MOXHO pacnosiOXHTb B (yHKUMM Main u nepegasatb caMm cTek
H TEKyIlyl0 MO3HUHIO B HEM B KauyecTBe aprymMeHToB ¢yHKuusiM push («moc-
JaTh B CTek») H pop («B3siThb H3 cTeka»). Ho ¢ynkuuu main wer gena no
MEPEMEHHBIX, OTHOCALIMXCA K CTeKy, — eH HYXHBl TOJBLKO Omnepauuu push u
pop. Tlo3ToMy Mbl pelwHau CTeK W CBSI3aHHYI C HHM HHGOPMALHMIO XPAHHTb BO
BHEWIHHX TEPEMEHHBbIX, AOCTYMNHbIX AJs1 Push W pop, HO He Aas main.

Ilepexon oT 3CKH3a K KOHKPETHOH TNporpamMMe ROCTAaTOYHO Jerok. Ecnau
Tenepb TNporpaMMmy NpeaCTaBHTb KaK TEKCT, pACMOJOXEHHBIH B  HEKOTOpOM
HcxonHOM ¢aisie, oHAa 6yneT HUMeTb CJEAYIOWHH BHI:

#include... /* Moryr GuTb B MOGOM KOJHUYECTBE */
#define. .. /* MOT'yT OHTb B JIOGOM KOJHUYECTBE */
onucanua pyrwkyuid ois main

main() { }

8HEWHUe nepemennsbie 0as push u pop

void push(double f) {

double pop(void) { ... }

int getop(char sl1) { ... }
nodnpoepammol, 8eL3vieaemoie pynkyueli getop

[lozxke Mbl O6CYyaHM, Kak TEKCT 3TOH MPOrpPaMMBI MOXKHO pa3buTb HAa 1Ba HJH
6oabLiee Yyucao GaHJoB.

®yukuus main - 370 umka, comepxawmui GOJbWOK NepeK/IoYaTesab, mne-
pelalolHil ynpaBieHHe HAa Ty HJH HHYIO BETBb B 3aBHCHMOCTH OT THNa Olle-
patopa uJM onepanaa. 34ecb npeiacTaBjieH Gosnee THINHYHBLIA Cayyai npume-
HEHHs TIEpeKJ/oyaTessi MO CPABHEHHIO C PACCMOTPEHHBLIM B pasf. 3.4.

—-—————-—————————}

_1

;
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#include <stdio.h>

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

#define MAXOP 100 /* MakKc. pas3Mep omep-la HIH omnep-pa- */
#define NUMBER O’ /* TIpU3HaK 4Mcua */

int getop(char [1);

void push(double);

double pop(void);

/* KaJlbKynsTOp C OOpaTHO#! MONBLCKON 3amuchbi */

main()

¢ . int type;

double opZ;
char s[MAXOPI;
while ((type = getop(s)) != EOF) {
switch (type) {
case NUMBER:
push(atof(s));
"y
ca)g? ’ {
" push{popt ¥+
break;

e case '*’:
push(pop() * pop());
break;

case -’
op2 = pop();
push(pop() - op2);
break; & ¥
case ’'/’: .
op2 = pop();
if (op2 != 0.0)
push(pop() / op2);
else
printf("omudka: neneHue Ha Hyns\n");
break;
case '\n’:
printf("\t%.8g\n", pop()};
break;
default: L
printf(*qﬂudxa: HeusBecTHas omepauus %s\n", S);
break;

}
return 0;
}

Tak Kak oOmepaTopbl + M * KDMMYTATHBHBI, MOpPAOK, B KOTOpPOM onepanibl
GepyTCA M3 CTeKa, He BaXKe®W, ONHAKO B CJyqae onepaTtopoB - M / JIeBbH H
NpaBBIil ONEpaH/bl AO/DKHBI PA3NHUYATBLCSH. Tak, B

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

MOpA/0K, B KOTOPOM BBITIOJHAIOTCH ofpalieHnss K pOp, He OmnpeieseH. Yrobn
rapaHTHpPOBAaTb [MPaBUJIbHBIA TNOPSAOK, Heo6XOaQMMO TepBOe 3HAUEeHHE H3 CTe-

» o

Ka NpPHCBOMTH BPEMEHHOM NEPEMEHHOH, KaK 5TO M CHEJIaHO B main.
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#define MAXVAL 100 /* MakcuMmanbHasi riay6uHa cTeKa */
int sp = 0; /* MO3ULUUA CHel. CBOG. 3I-Ta CTeka */
double vall[MAXVAL}; /* @TeK */

/* push: nonoxuTk 3HaueHne f B cTex */
void push(double f)

if (sp < MAXVAL)
vallsp++] = f;
else

} printf("omudxa: crek nosoH, %g He momemaercs\n", f);

/% pop: B3ATb C BEpUMHH CTEKa M BHIATbL B KauecTBe pe3-Ta */
double pop(void)

if (sp > 0)
return vall--spl;’
else {
printf("omndka: crex nyct\n");
) return 0.0;
}

[lepemennas cuurtaercs BHelWHe#H, ecaM OHA ONpeneseHa BHe (YHKUHH.
Takum 00pasoM, cTek M MHOEKC CTeKa, KOTOpble AO/IKHB GbITb NOCTYNHH H
anst push, W ans - pop, onpemensiiorcss BHe 3Tux GyHkuui. “Ho main e
HCNOJIb3YeT HH CTeK, HHM INO3HUHIO B CTeKe, H MNO3TOMY HX [peacTaBJeHHe
MOXeT ObITb CKPHITO OT main.

3aiimemcst peanusaumedi getop — QyHKuHH, noJyualowel CJeayouHi
oneparop HJH omepaHa. Ham mnpeactout pewHTb 0BOJBLHO NPOCTYKO 3anavy.
Bosee TounO: TpeGyercsi mpomycTHTh npoGenbl H TaGyJsiUHH; €CJH CJeRyio-
mas JuTepa — He uUMbpa u He NECATHYHAS TOYKA, TO BbIAATb €€, B MpPOTHB-
HOM CJlyyae HaKONHUTb WEMmO4YKy HH(P C AECSTHYHON TOUKOH, €CJAH OHa ecCTb,
H BbIAaThb npu3Hak uyucaa NUMBER B kauectBe pesysbTara.

#include <ctype.h>
int getch(void);
void ungetch(int);

/* getop: nonyvyaeT clelyoumii oNepaTOp WNM OMNEpaHf */
int getop(char sl1)
{

int i, c;

while ((s[0] = c = getch()) == " * !} ¢ == *\t’)

s[11'= "\0’;

if ('isdigit(c) & ¢ = ".")
return c; /* He yucno */

i=0;

if (isdigit(c)) /* HaKamnuBaeM LeNyl YacTb */
while (isdigit(s[++i] = ¢ = getch()))

if (c ==”.’) ‘ /* HaKanIMBaeM APOCHYD YacThb */

while (isdigit(sl++il = ¢ = getch(}))
stil = *\0’;

:
|
|
i
:
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if (c !'= EOF)
ungetch(c);
return NUMBER;
}

Kak paboraior ¢yukuuu getch u ungetch? Bo muorux cjayuasx npor-
paMMa HE MOXeT «COO0pasHTb», Mpouna JH OHA Bce, uTO Tpebyercs, MOKa
He npouTeT JHmHero. Tak, HakoleHHe UHCJA MPOU3BOAMTCS A0 TeX 'NOp,
IOKa He BCTPETHTCS JIHTEpA, OTJIHYHAsgA OT unepel. Ho 3T0 oO3Hayaer, 4TO
nporpamMma Impouja Ha OIHY JHTEpy Gosibllle, uYeM HYXHO, a HMEHHO JIHTEpY,
KOTOPYIO HeJb3s BKJIOYaTb B UYHCJIO

1y npobiemy MOXHO GBIIO 6bl PELIHTb NPH HANHYHH o6paTHOH UTEHHIO
OmepalHH «MOJOXHTb-Ha3al», C MOMOUILIO KOTOpO# MOXHO OblJIO Obl BEPHYTDH
NpeXAeBPEMEHHO MPOUHTAHHYIO JHTEpY. Torpa Kaxablit pas, Koraa mporpamma
CyHTaeT Ha ONHY JWTepy OoJjbuie, veMm Tpebyercss, 3Ta Onepauxs BO3BpaLla-
na Gbl ee BBOAY, H TNO3TOMY OCTajbHas d4acThb MNpOrpaMMbl MOIJIA 6Bl BECTH
ce63 Tak, Kak OYyATO 3Ta JHMTepa H BOBCE HE UYHTAJNaCh. K cuyactbio, "omu-
CAHHbI/ MEXaHH3M OGPaTHOH MOCHIIKH JIMTEpbl JIETKO MOAETHPYETCs ¢ NIOMOLIBIO
napbl COTJIACOBAHHBIX APYr C ApYroM ¢yukuuit, u3 Kotophix getch mocrasusi-
eT ouepelHylO0 JIHTEPY H3 BBOA3, a ungetch ornpasasier Hasal JHTEpY BO
BXOAHOH MOTOK, TaK 4YTO MNpH CledyloueM obpaieHHd kK getch Mbl BHOBL ee
TIOJIYY U M.

HeTpyaHo noraaaTbCsi, KakK OHH pabotalor BMecTe. DYHKUHA ungetch
3anOMHHAET MNOCHIJIAeMYK0 Ha3al JIUTepy B HEKOTOPOM 6ydepe, NpeacTaBJsAIO-
uieM coGOfi MAaCCHB JMTep, MOCTYIHBIH A/ obeux 3THX GyHKuHil, getch um-
taeT n3 Oydepa, €CJH TaM UTO-TO €CTb, HJH ob6pawaercs k getchar, ecin
6ydep mycroir. Cienyer mpeaycMOTpeTb MHIEKC, YKa3blBAalOUIMH Ha INOJIOXKEeHHE
Tekyuie#t JHTEph B Oydepe. :

Tak kak ¢ynkuuu getch u ungetch cosmecTHO ucnoabsyior 6ydep H
HHIEKC, 3HAYEHHS NOCJEIHHX NOJIKHBI COXPaHATHCH MEXKIY spi3oBamu. Ilo3To-
My Gydep H HHAEKC JOJXKHbl GbITh BHEIUHHMH TO OTHOWIEHHIO K 3THM Mporpam-
Mam, ¥ Mbl MoxeM 3anucath getch, ungetch u ofulue AJisi HAX NEPEMEHHBIEC B
CJefyIOIIEM BHAE:

#define BUFSIZE 100
char buf [BUFSIZE]; /* Gydep ans ungetc */
int bufp = 0; /% cnen. cBoGOLHAs Mo3uLUs B Oyfepe */

int getch(void) /% paii (BOSMOXHO BO3BpAllEHHYD) JUTEPY */

return (bufp > 0) ? bufl--bufpl : getchar();

void ungetch(int c) /* BepHM JUTepy Ha BEOL */

¢ if (bufp >= BUFSIZE) -
printf("ungetch: cnumkoM MHOrO autep\n"};
else
) buf [bufp++! = c;

CranpapTHasi 6uOAMOTEKa BKJIOYaeT ¢ynkuuio ungetc, oGecmeduBaiolylo BO3-
BpaT OAHOH JHuTepnl (CM. T 7). Mbl ke, yTOObl NPOHJJIIOCTPHPOBATH 6osee
O6WIKH TIOAXOA, /IS 3aNOMHHAHHS BO3BPALIAEMbIX JIHTEp MCIHOJB3OBATH MAaCCHB.

Ynpaxuenne 4.3. Hcxoas u3 NpeAIOKEHHOH HAMH CXeMbl, [OMOJHHTE MpOr-
PaMMY-KaJlbKyJsTOp  TAKHM 06pa3om, uTOGH OHA «NOHHMAaJa»  ONeparop
BasiTua Moayas (%) W oTpulaTeJbHble HHC/A
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¥npaxunenne 4.4. [lo6aBbre KOMAHABI, C MNOMOLIbIO KOTOPBIX MOXHO O6BLIO Gbl
neyataTbh BEpPXHHH 3JIEMEHT CTeKa (C COXpaHeHHeM €ro Ha CTeke), Ay6uu-
poBaTb €ro Ha CTeKe, MEHATh MeCTaMH [BAa BEDXHHX 3JIeMEHTa CTeKa. DBae-
IHTEe KOMaHAY OYHCTKH CTeKa.

Ynpaxuenune 4.3. [IpenycMOTpHTE BO3MOXKHOCTb HCHOJIbL30BAHHUSI B INpPOrpamme
6uGnnoTeuHbix GyHKUHHE Sin, exp u pow. CM. Gubauoreky <math.h> B npu-
noxeHuH B (pasnm. 4).

Ynpaxnenne 4.6. Bpeaute KOMaHabl AAA  paBOTel € NEePEMEHHLIMH (JIETKO
obecneynTb 10 26 mnepeMeHHBIX, KamAas H3 KOTOPHIX HMEET HMs, MNpencTas-
JIEHHOE ONHOH OYKBOH JIATHHCKOro ancdasuta). [lo6aBbTe mnepemeHHyo, mpen-
HAa3HAUEHHYIO [Jsi XPaHEHHsl CaMOro MOCJENHero0 H3 HaneuyaTaHHbiX 3HAYEHHH.

Ynpaxunenue 4.7. Hanuinte mporpammy ungets(s), BO3BpAIUAIOLIYIO CTPHHT S
BO BXOAHOH notok. JlooxHa au ungets «3naTe» uTo-1u60 O nepemeHHbX buf
u bufp uan ell 1OCTaTOYHO MOJBL30BATLCH TONBKO (yHKuUHeit ungetch?

Ynpaxuenne 4.8. [lpeanosoxuM, UTO UYMCIO JHTEp, BO3BpAlAEMBIX Ha3al, He
npesbimiaer 1. MoaunduuupyiiTe ¢ yuetoM 3toro ¢akra ¢ynkuun getch wu
ungetch.

Ynpaxuenne 4.9. B mamwux ¢yHKuMsAX He MNpeayCMOTpeHa BO3MOXHOCTb BO3-
Bpara EOF. [Tloaymaiite, uto Hamo chenath, YTOGLl MOXHO OBIJIO BO3BpAILATH
EOF, u ckoppekTHpyi#iTe COOTBETCTBEHHO MMPOTpamMMmy.

Ynpaxuenne 4.10. B ocHOBY nporpaMMmsl Ka/bKy/siTOpa MOXHO MOJOXHTb TpH-
MeHeHne ¢yHkuMu getline, koTopas uuTaeT UENHKOM CTDOKY; TIPH 3TOM OT-
nanaer HeoG6xomumocTb B getch u ungetch. Hanuwurte nporpammy, peanusy-
IOILYIO 3TOT MOIXOA.

4.4. NMPABUNA OBJIACTEM AENCTBMSA

OyHKUMH W BHELIHHE NepeMeHHble, W3 KOTOPbIX COCTOMT CH-mporpamma,
KaXAblH pas KOMNOHJIHPOBATH BCE BMECTE HET HUKAKOH HeO6XOOMMOCTH. Mc-
XOJHBI TEKCT MOXHO XPaHHTb B HECKOJbKHX (aiiax. Panee CKOMMHJIHpPOBaH-
Hble NpPOrpaMMbl MOXHO 3arpyxaTb H3 OHONMHOTEK. B CBSI3M C 3THM BO3HHKAIOT
CJIelyJolHe BOMPOCHI:

« Kak nucatb neknapaunu, 4To6bl HA NPOTSKEHHH KOMIHJSALUM HCNOMb3ye-
Mbl€ TIepeMeHHble ObIH JOJKHbBIM 0Gpa3oM ONHCAHbI?

. B xakom nopsake pacnonararb aekaapauuu, 4TO6B BO BpeMmsi 3arpys3ku
BC€ 4YacCTH nporpamMbl OKa3aJHCb CBA33HbI HYXHbIM 06p830M?

. KaK OpPraHd30BaTb AEKJIapalHH,. yTOOBl [JIA HECKOJIbKHX OJHOHUMEHHBIX JIe-
KJapauui Obljia TOJbKO OJHA KONMHA?

. KaK HHHUHAJ/IH3HPOBATb BHEUIHHE nepemeHHble?

Haynem ¢ TOro, 4to pa3so6beM MPOrpaMMy-KajbKyJsiTOp HA HECKONBLKO (adi-
s0B. KoueuHo, 3Ta mporpamMma CJHIIKOM MaJja, 4YTOGB €€ CTOHJIO0 pa3GHBATb
Ha (aiJbl, ONHAKO pa3bHeHHe Hallel MPOrpaMMbl MO3BOJHT MPONEMOHCTPHPO-
BaTb npo6sieMmbl, BO3HHKAWIIHE B GO/NbIIHMX NPOrpamMMax.

Obaacroro  OelicTéusl HMEHH CUHTAeTCsl 4acThb MPOrPaMMBl, B KOTOPOH
3TO HMSI MOXHO HCNO/Mb30BaTb. [lns aBTOMAaTHUECKHX NE€PEeMEHHBIX, ONHCAHHBIX
B Havase QYHKUHH, OO/NaCTbl0 NEHCTBHS SBJASIETCS (GYHKUHSA, B KOTOPOH OHH
onucaubl. JlokanbHble nepemeHHble pPa3sHbIX (QYHKIHH, HMEIOLLHE, OLHAKO, OIH-
HaKOBbIE HMEHA, HHUKAK He CBsi3aHbi Apyr ¢ apyroM. To e yTBepxieHue
CNpaBedaHBO ¥ B OTHOLIEHHH NAapaMeTpPoB (PYHKUHH, KOTOpble (AKTHYECKH SIB-
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JASIOTCA JIOKAJbHBIMH TE€PEMEHHDBIMH.

O6nacTb NeHCTBHS BHELIHeHl MepeMeHHON HJAM (YHKLHH TNPOCTHpaeTCs OT
TOYKH TPOrPaMMbl, Tle OHA [AeKJapHpOBaHa, A0 KOHLA daiina, NOANEXAWEro
komnuasunu. Hanpumep, ecau main, sp, val, push u pop onpeneineHs B
ofHOM (ailjie B YKa3aHHOM TNOpsiikKe, T.€.

main() { ...}

int sp = 0;

double vallMAXVALI];

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

TO K NEepeMeHHBIM SP W val MOXHO anpecoBarTbCad H3 push u pop mpocro mno
WX WMEeHAM, HHKAKHX JOTOJHMTEJbHBIX [eKJapauui s HHX He Tpebyercs.
3aMeTHM, 4TO B Main 3TH HMeHa He BHAMMbl TaK e, Kak H CaMmu push =
pop.

C npyroit CTOpOHBI, €C/lM HA BHEUWHIOW NEpPEMEHHYIO HYXXHO COCJIaThCs A0
TOro, KAaK OHA ONpejeseHa, HJH €C/lH OHa ONpeleseHa B /[pyroMm tbaitne, TO
ee NeKJapauusi AOJKHA ObITh NMOMeYeHa CJI0BOM extern.

Baxno oTiHuaTh Oexaapayuto (onucanie) BHEUIHEH nepeMeHHOH OT ee
onpedeaenun. Jexnapauus 06bsiBASieT CBOHCTBA TiepeMeHHOH (mpexae BCero
ee THI), a ONpeJesieHHe, KpOMe TOro, MpWBOAMT K BLIACJICHHIO 1JIsi Hee ma-
MsiTH. Ecad CTpOKH

int sp;

double vallMAXVALI;
pacroJsiokeHbl BHe BCeX OYHKUHH, TO OHH onpedeanioT BHELIHHE NEPEMEHHbBIE
Sp u val, T.e. OTBOAAT IS HHX MNaMm#ATh, H, KpOME TOFO, CJYyXaT JAeKJa-
pauUsiMH AJs OCTaJbHOH 4YaCTH HCXOLHOTO ¢daitsa. A BOT CTPOKH

extern int sp;
extern double valll;

[eKJApUPYIOT AJS OCTalbHOW 4acCTH ¢aiisa, 4TO Sp - TepeMeHHas THIA int
4 uto val - maccus THna double (pasmep KOTOpOro OMpene]eH TAe-TO B
APYroM MeCTe); TpH STOM HH TMepemMenHas, HH MacCHB He CO03JaTcs, H Ina-
MSiTb HM He OTBOIMTCH.

Ha BCio COBOKYMHOCTb (haH/ioB, M3 KOTOpBIX COCTOHT = HCXOLHAsA npor-
pamma, /it KaXAoH BHEUIHeH nepeMeHHON [OJXKHO ObITb OJHO-€IMHCTBEHHOE
onpedesenue, Apyrue oanisl, yTO6E MOJYYHTb AOCTYN K BHEUIHER mNepemeH-
HOH, [AOJXHB HMeTb B ceGe JeKJlapauuio extern. (Bnpouem, QeKJapauHio
extern MOXHO NOMeCTHTb W B ¢ala, B KOTOPOM COAEPKHTCA onpenesneHHe. )
B onpenenenusix MacCHBOB HeoGXOAHMO YKa3blBaTb HMX pa3Mepel, 4YTO 2Ke Ka-
caerca ngekaapauuil extern, To 31eCb OHH HE ob6s13aTebHBbL.

HHHHH&JIPISHPOB&TI) BHEUIHIOK MNEPEMEHHYIO MOXHO TOJIBKO B OINpele/IeHHH.

XoTs MaJoOBEpPOSITHO, 4YTO Hauly nporpammy KTO-HUOYAb CTAHET OpTaHH-
30BLIBATb TAKHM CHOCOO0OM, HO Mbl ONpENESHM push ¥ pop B OOHOM hatine, a

val ¥ Sp — B APYroM, e HX ¥ HHHUHAIUIHPYEM. Ipxn 3TOM AJs1 yCTaHOB-
JieHHsl CBsizeii MOHALOOSATCS TaKue OMNpeleseHHs H [eKJapaluh:
B ¢aiize 1:

extern int sp;

extern double valll;

void push(double f) { ...}
double pop(void) { ...}
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B ¢aiine 2:
int sp = 0;
double vallMAXVALI, )
[TockonbKy HeknapalMH extern HaxXOAATCs B Hayane ¢padaa I W BHe ompene-
JeHHHA QYyHKUHHA, HX [OeHCTBHE pacnpoCTpaHsieTC HA BCe (QYHKIUHH, MpHYEM
OfHOro Habopa AeKJapalHH AOCTAaTOYHO AJs1 Bcero ¢hadaa 1. Ta xe opraHu-
3auus extern-peksapaumi Heo6xoouMa K B Cjyuyae, KOrja Inporpamma coc-

TOMT H3 opHOro caija, HO onpeaejeHuss Sp H val pacmosoXeHbl MOCJe HX
HCIIOJIb30BAHHSI.

4.5. TOJNIOBHBLIE ®AWIbI

Teneppr npeactaBuM ce6e, YTO KOMMNOHEHTH NpPOrpaMMbI-KaJbKyJIsTOpa
CyllecTBEHHO OO6/IbLIHX pa3MepoB, W 3aJafiMMCSl BONPOCOM, KaK B 3TOM CJay-
yae pACHpeNeJHTb HX MO HeCKoJbKMM chaisam. [lporpammy main nomectum B
¢a#na, KOTOpHIH Mbl Ha3oBeM main.c; push, pop M uX NepeMeHHBIE pacloJo-
)KHM BO BTOpoM d¢aiiie, stack.c; a getop - B Tperpem, getop.c. Hakoneun,
getch u ungetch pasmectum B uerBepTOoM (haitne getch.c; Mu oTaennam ux
OT OCTaJbHbIX GYHKUHH, MOCKOJbKY B peaJbHOH nporpamme OHH OyoyT mnonay-
YeHBl M3 3apaHee CKOMIIHJIHPOBAHHOH OHOJIHOTEKH.

CyuiecTByeT elie OAHH MOMEHT, O KOTOpPOM CJieAyeT NpelynpeaHTb YH-
TaTessl, — OIpeNeJeHHs H [eKJapaluluH COBMECTHO HCNOJIb3YIOTCS HECKOJbKH-
MU ¢ainamu. HacKoabKO 3TO BO3MOXHO, Mbl Obl XOTeJH LUEHTPaJH30BaTh OIH-
CaHHs TaK, 4YTOOBl [UJIsT HHX CYLIECTBOBasa TOJNbKO OAHA KonusA. Torma mpor-
pamMy B npouecce ee pa3BHTH OyneT Jierdue H HCHpPABAATb, H TNOAJEPXKH-
BaTb B NpPaBHJIBHOM COCTOsiHHH. [lnsi 3TOro 06uyl0 HHGOPMALHIO PACHOJOXHM B
eososHom ¢hatine calc.h, koroprii 6ygeM no Mepe HeOOXONHMOCTH BKJIOYAaTb
B apyrue dainn. (Crpoka #include onuceisaercs B pasg. 4.11.) B pe-
3yJbTaTe INOJYYHM nporpammy, ¢aijioBasi CTPYKTypa KOTOpPOH IIOKa3aHa Ha
cJenyiolel CTpaHHLE.

Hens6exen KOMIPOMHCC MexXRy CTpeMJieHHeM, 4TOOb Kaxawi c¢aia Bia-
Ieaq TONbKO TOH HHQOpMauHeH, xortopas eMmy Heo6xoaHMa naJsi pabGoTh, H
TeM, 4YTO Ha MNpaKTHKe HMeTb [eJO C OO/NbIIHM KOJHYECTBOM TIOJIOBHBIX daii-
JIOB AOBOJIbBHO TpyaAHO. [lnsi mporpaMs, He MpeBHIUAIOLIHX HEKOTOPOTO CpelHe-
ro pasMepa, BepOSITHO, Jydlle BCEro HMeTb OIOHH TOJOBHOH ¢a#a, B KOTO-
pom co6paHbl BMeCTe BCe OODBEKTHl, KaXAbli H3 KOTOPbIX HCHOJNb3yeTcsi B
NBYX pasjuuHbiX ¢aiinax; Tak Mbl 3aech M nocrynuaun. [asi nporpamm 66b-
IHX pa3mepoB norpebyercst 6oJiee CJOXHAsE OpPraHu3aumusi ¢ GOJBUIHM UYHCJIOM
roJIoBHbIX ¢an0B.

4.6. CTATUMECKWUE NEPEMEHHDIE

[lepemenunie sp u val B daiine stack.c, a Ttakke buf u bufp B
getch.c Haxomsitcsi B JHYHOM NONbL30BAaHHM (YHKUHH 3THX ¢alljoB, H HeT
CMBIC/IAa OTKPBIBAaTb K HHM JAOCTYNn KOMYy-1u60 eute. Ykaszanue static, mnpume-
HEHHOE K BHEUIHEH MepeMeHHOH HJAHM (PYyHKUHHW, OrpaHHudpaer o06JacTb Aefic-
TBHI COOTBETCTBYIOLIEro o6bekra KOHUOM ¢aiiia. 310 cnocob CKpLHITb HMEHA.
Tak, nepemenusie buf u bufp n[OMKHBI ObITh BHEWIHHMH, NOCKOJbKY HX
COBMECTHO HCnoab3yloT ¢yHkuuu getch u ungetch, HO ux caenyer cumenatsb
HEeBHAHMBIMH -1JIsI «NOJb30BaTenel» ¢yukuuit getch u ungetch.
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cale.h:

#define NUMBER 'O’

void push(double);
double pop(void);
int getop(char(]);
int getch(void),

void ungetch(int);

main.c: getop.c: stack.c:
#include <stdio.h> #include <stdio.h> #include <stdio.h>
#include<stdlib.h> #include <ctype.h> #include “calc.h”
#include “calc.h” #include “calc.h” #define MAXVAL 100
#define MAXOP 100 getop() { int sp = 0;
main() { double val[MAXVAL]J,
{ void push(double) {
}
getch.c: double pop(void) {
#include <stdio.h> }
#define BUFSIZE 100

char buf[BUFSIZE],
«| int bufp = 0O;
int getch(void) {

}
void ungetch(int) {

}

CraTHueckas NaMmsaTb crneuuduuupyercs cjosom static, xoropoe nome-
maetcsi nepea o6buHbIM omucanuem. Ec/ii paccmMaTpHBaeMble HaMmH nBe GYHK-
LHH M BE TepeMeHHbie KOMMHJIHPYIOTCA B OAHOM (aise, Kak B IOKa3aHHOM
HHMXEe TpHMepe:

static char buf(BUFSIZEl;
static int bufp = 0; -

int getch(void) { ...}
void ungetch(int ¢) { ...}

/* Gypep mnsa ungetch */
/% cnel. cBoG. mo3uuus B buf */

T0 HUKaKas Apyras mnporpaMma He OyaeT HMeTb AOCTYN HH K buf, uu bufp,
M STHMH WMEHAMH MOXXHO CBOGOZHO MO/MbL30BATbCH B APYTHX ¢aiinax Ajas COB-
cem wHbIx uesed. Touxo Tak »xe, momewas ykasanue static mepen neknapa-
UMSIMH TepeMeHHbIX SPp H val, ¢ KOTOpBIMH pa6oTalT TObKO push u pop, MH
MOXEeM CKpPBITh MX OT OCTaJbHbiX QYHKIUHH.

Vkazanne Static uame BCero HCMOJAb3yeTCst [AJsl NEpeMEeHHBIX, HO C
pABHbIM YCIIEXOM €ro MOXHO MPHMEHATb H K ¢dynkuusiM. OGBLIYHO HMEHA YHK--
HHH r06GajsibHBl H BHAMMBI H3 J1I060ro Mecrta nporpaMMbL Ecau xe ¢yHKUHSA
nomeueHa cgoBom static, TO ee uMsI CT4HOBHTCA HEBUANWMBIM BHE daiina,
B KOTOpDOM OHa OmpeneJieHa.

Jleknapanuio static MOXHO uCTONB30BATH W 18 BHYTPEHHHX MEPEMEH-
upix. Kak ¥ aBTOMATHYeCKHE MepeMeHHble, BHYTPEHHHE CTaTHYECKHEe TMepe-
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MEHHble JIOKaJbHbBl B (QYHKLUHAX, HO B OT/JHYHE OT ABTOMATHYECKHX OHH He
BO3HHKAIOT TOJbKO Ha MNEPHOJd AaKTHBAUHH (YHKIHH, a CYLECTBYIOT NOCTOSH-
HO. JTO 3HAYHT, UTO MAJIS BHYTPEHHHX CTATHUECKHX MEPEMEHHbIX OTBOAHTCH
MOCTOSIHHAS TaMATb (TaK XK€, KaK H [Js KOMaHO CaMOH ¢(YHKLHH).

Ynpaxnenune 4.11. Momuduuupyiite dyHkunio getop tak, uto6n oTmana HeoG-
xopumocTes B ¢QyHkuuu ungetch. Coser: ucrosnb3yiiTe BHYTPEHHIOI CTaTHyec-
KYIO NepeMeHHYIO.

4.7. PETUCTPOBbLIE NEPEMEHHDIE

Cneuvdukauus register B gexnapaunH Coo6ldeT KOMNHJASTOPY, YTO
NaHHasi TnepeMeHHass OydeT HCIOJb30BaTLCsI MHTEHCHBHO. Hpes coctout B
TOM, uTOOBl nepeMeHHble cO cneuddukauned register pasmecTuTs Ha peruc-
Tpax MallHHBl, 6J1arogapsi ueMy Mporpamma, BO3MOXHO, CTaHeT 60Jiee KOpOT-
KOH u ObicTpoit. OaHAKO KOMNWJSITOP HMEET TpaBO NPOMTHOPHPOBATH 3TO
yKa3aHue.

Bor nBa npumepa meknapauuit ¢ register:

register int x;
register char c;

Cneuudukauns register Moxer NpHMeHATHCA TONBKO K aBTOMAaTHYeC-
KHM MePEMEHHBIM H K (GOopMa/bHbIM napamerpaM ¢yHkuuu. [as nocaeanux cie-
unprkaunu register sapaloTcs B CNHCKe napamMeTpoB, Kak, HalpHMEp, B

f(register unsigned m, register long n)
register int i;
}

Ha npaktuxe cyuiecTByioT orpanuueHuss Ha register-nepemennne, cBs-
3aHHBIE C BO3MOXHOCTAMH annapatypbl. TOJAbKO HeOOJNbLIOE UHCAO MEePEMEHHBIX
KaXA0H (GYHKUHMH, H NpHYEM TOJIbKO OMNpeNeJeHHBIX THIOB, MOTYT pacnoJa-
ratbCsi B perucrpax. HMsabbiTounble ykasanusi register uu Ha uTO He BJIHA-
I0T, TaK KaK 3TH YKa3aHHUsi HTHODHPYIOTCA B OTHOLIEHHH I[€pPEMEHHBIX, KOTO-
pblM He XBATHJIO pPErduCTPOB, HJIH KOTODHIM OHH MO KAaKMM-TO [PHYHHAM He
ObliM  BblAesNeHbl. Kpome TOro, NpPUMEHHTENBLHO K DErHCTPOBOH MepeMeHHOM
HE3aBHCHMO OT TOrO, BLIAEJAEH HAa CaMOM JeJie pPerucTp /s Hee HJH Her,
He onpeleseHd MNOHATHe anapeca (cM. ria. 5). KoOHKpeTHmie OrpaHHyeHHsi Ha
KOJIHUECTBO M THIBl PErHCTPOBLIX MEPEMEHHBLIX 3ABHCHAT OT MAIHHBI

4.8. BNIOYHAS CTPYKTYPA

[Mockonbky ¢yuxuvn B CH Heab3sl onpeensiTb BHYTPH APYyTHX (PYHKUHI,
OH He SIBJISIETCS $I3bIKOM, [ONYCKAIOIMM GJOYHYI0 CTPYKTYpYy MpOrpaMMbl B TOM
CMbiCJle, KakK OHHM paspeweHsl B [lackase uw nono6Heix emy si3bikax. Ho mnepe-
MEHHblE BHYTDH (YHKLUHH MOXHO ONpenedsiTb B OJOYHO-CTPYKTYPHOH MaHepe.
Heknapauuy nepemMeHHbIX (BMecTe € HHHULHAaJK3alUKWed) pa3pelieHo MOoMellaTh
He TOJbKO B Hauase (YHKUHH, HO H TNocjae 40008 JeBoit GUrypHOHX CKOOKH,
OTKpBbIBAlOHIEH COCTaBHYIO HHCTPYKUHIO. [lepeMeHHasi, onucaHuass TakuM Cnoco-
60M, «3aTeHsieT» MepeMeHHble C TEeM XK€ HMEHeM, pacClOJIOXKEeHHBE B OGBEMJIO-
mux 6J0Kax, H CYWeCTBYeT BHJIOTb [0 COOTBETCTBYIOWEH NpaBO#t (UTypHO#H
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cko6ky. Hanpumep, B

if (n > 0) {
int i; /% onucauue HOBOfl nmepemeHHO# 1 */
for (i = 0; 1 < n; i++)
}
06MacThbi0 NEHCTBHS NepeMeHHOH 1 sABJsSIETCS BETBb if, BLIMOJIHSAIEMAsA  NPH

n > 0; M 3Ta NepeMeHHas HHKAKOro OTHOUIEHHS K JIOGHIM i, pAacmoJIOXEHHBIM
BHe JAaHHOro 6JI0Ka, He uMeeT. ABTOMATHYECKHE TepEMEHHbIE, [Aekaapupye-
Mbie M HHHLUHAJIH3Hpyemble B 0JI0OKe, HWHHUHAIH3UPYIOTCA KaXOblfi pa3 NpH BXO-
e B Onok. Ilepemennbie static uuuunanusupyiorcs TOMBKO ONMH pas IpH
nepBoM BXOAe B GJIOK.
ABTOMAaTHUECKHE NepeMeHHble H (GopManbHbie NapaMeTpbl TaKkKe <«3aTeHs-

J0T» BHEIUHHE MepeMeHHble H (QYHKUHH C TEMH Xe HMEeHaAMH. Hanpumep, B

int x;

int y;

f(double x)

¢ double y;

CCLIIKH HAa X BHYTpW (yHkumu f paccMaTpHBAlOTCsi Kak NapaMeTp THNA
double, B TO Bpems Kak BHe f OHHU OTCHLIIAIOT HAC K BHELIHEeH IepeMeHHOH
tuna int. To e camoe MOXHO CKa3aTb ¥ O NEPEMEHHOH Y.

KoneuyHno, 5TO BOMPOC CTHJAsS NpPOrpaMMHpOBaHH#A, HCHOJNL30BATL JIH
ONHH M Te e HMeHa Aasi pa3HbX nepemenHblXx. OJHAKO MOTEHUHATbHAs onac-
HOCTb MOJNYYHTb OWHOKY TMpH «IEPEKPBITHH» HMEH CTOJNb BEJIHKA, HTO JYyHue
3TOro u3berartb.

4.9. MHUUMANTU3ALMUSA

Mbl .V>K€ MHOro pa3 ynoMHHaqH 00 WHHUHAIH3AUHM, HO BCeraa no Cay-
yap, B Xoje OOCYXIAeHHsi APYrHX BOMNpPOCOB. B 37O0M pa3gene Mb CYMMHpyeM
BCE paBHJa, ONpeae/siouide WHHUHAIH3AUMIO TAMSTH pas/JHUHBIX KJ1aCCOB.

lpu OTCYTCTBHH SIBHOW WHHIHAIM3AUMH 151 BHEIIHHX H CTaTHYECKHX
nepeMeHHbIX TapaHTHPYeTCst HX o6HyJeHHe, ABTOMAaTHYECKHE M PerHCTpOBbie
flepeMEeHHbIE MMEIOT HeONpe/eJieHHble HauaNbHble 3HAUCHHA («MycoOp»).

CKaJIHprle nepememlbxe MOXXHO HHHuHaJIH3HpOBaTb B HX OHPGI.IEJICHHS!X,
nomelas nocJje HMEHH 3H4AK = H COOTBeTCTBleUlee Bblpa)KeHHe'.

int x = 1;

char squote = "\’’; i

long day = 1000L * 60L * GOL * 24L; /* AReHb B MUINHCEKYHEAX */

JlN5 BHEWIHHX H CTAaTHYECKHX MepPeMEeHHbIX WHHUMAJIH3HWPYIOUIHE BhIpAXEHUS N0J-
KHBl GbITb KOHCTAHTHBIMH, TpH 3TOM HHHUHMAJIH3AUHS OCYIUECTBJSETCS TOJALKO
OAMH pa3 [0 Hauaja BBIMOJHEHHs TNPOrpamMMbl. Hauusanu3auus aBTOMaTHueC-
KHX H PErHCTPOBBIX NEPEMEHHBIX BHINOJHAETCSH KaXIblH pa3 NpH Bxoge B ¢yH-
KUHIO HAHM 6j0K. JIIs TakMX nepeMeHHbIX MHHLHAJH3WpYlOLUlee BbIpaXeHHe — He
06513aTeIbHO KOHCTAHTHOE. JTO MOXeT OblTb JI000€ BhipaXKeHHe, HCNoJb3YIo-
ulee paHee ONpejie/leHHble 3HAYEHHs, BKJIOUAs JaXe H BbI3OBLI ¢yukuuii. Ha-
npuMep, B Nporpamme OHHAPHOTO MOUCKA, OnMHCaHHOH B pasf. 3.3, HHHUHA-
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JIM3AaLlHH MOXHO 3anucaTtb B BHAE
int binsearch(int x, intvll, int n)

{ .
int low = 0;
int high = n - 1;
int mid;
}
a He Kak
int low, high, mid;
low = 0;
high = n - 1;
B cymsocTH, HHHUHMAJH3aUHS AaBTOMAaTHYeCKOH NEpeMeHHOM — 3To 6osee KO-
poTKasi 3anMCb HMHCTPYKUHMHM nNpHCBaWBaHHs. Kakasi 3anuch MpeanoOuTHTENb-
Hee — B OCHOBHOM Ae10 BKyca. Jlo CHX nOp Mbl MOJb30BaJHChb TIJABHBIM

00pa3oM SIBHLIMH TNDHCBAHBAHHSMH, IMOCKOJbKY HHHUMAJIM3AUHS B HAEKJAPALHSX
MeHee 3aMeTHa M AaJjiblle OTCTOUT OT MeCTa HCNOJIb3OBAHHS IE€pPEMEHHOIL.

MaccHB MOXHO HHHUHAJIH3HPOBATbL B €ro ONpeJeNeHHH C NOMOILbIO 3aK-
JIIOYEHHOTO B (HTypHble CKOOKHM CIMHCKA HHHIHAJH3aTOpPOB, pa3fieleHHbX 3a-
nsateiMH. Hanpumep, 4TOGB HHHUHMANH3UPOBATHL MacCuB days, 3JeMEeHTH
KOTOpPOTO CYTb KOJIHYECTBA OHEH B KaXIOM MecCsille, MOXHO HAaNUCaTb

int days(] = {31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31);

Ecan pasmep maccuBa He yka3saH, TO IJIHHY MAacCHBAa KOMMMJIATOP BBIYHCJSET
MO YHCJAY 3aJaHHBIX HHHLHKA/NH3ATOPOB, B HaIleM CJAyyae HX KOJHUYECTBO paB-

HO 12.
Ecim KOJHUECTBO HHHUMAAH3ATOPOB MEHbUIE YHCJA, YKA3aHHOrO B OI- ;;
penes€eHHH [AJHHBI MAacCHBa, TO [Jsl BHEWHHX, CTATHYECKHX H aBTOMAaTHYeC- jf
S

KHX NepeMeHHbIX OCTABLIMECs 3JeMeHThl O6yAyT HyJeBbIMH. 3ajaHHe CJHIIKOM
6OJILIIOrO 4YHCJIA HHHIUMAIH3ATOPOB CUHTAETCst OWHOKOH. B s3bike HeT BO3-
MOXHOCTH HH 3a1aBaTb KpPAaTHOCTb MJSl HMHHLHANH3ATOpPA, HH HHHUHMAIH30BAThH
Cpe/lHHe 3JIeMEHTbl MacCHBa 6e3 3adaHHusi BCeX NpeAlleCTBYIOLIMX 3HAYEHHH.
MHHUHaNH3aUHsT JHTEPHBIX MAacCHBOB — OCOOBLIH CJyuait: BMECTO KOHCT-

PYKUHH C (HIypHBIMH CKOOKAMH H 3aNsTHIMH MOXHO HMCNOJib30BaTb CTPHHT JIH-
tep. Hanpumep, Bo3MOXHA Takasi 3amuch:

char patternl(] = "ould";
4TO NnpeacTasiser coboii 6osiee KOPOTKHH 3KBHUBAJIEHT 3alHCH

char patternl]l = {’o’, 'u’, ’1’, ’d’, ’\0’};

1

B nanHoM cayuae pa3mep MaccHBAa paBeH NSITH (YeTbipe OGBLIUHBIE JIHTEPH H
3asepuiaiomias autepa ' \0’).

4.10. PEKYPCUHA

B Cu nonyckaerca pekypcHBHOe o6palieHHe K (YHKUHAM, T.e. QYHK-
uMst MOXeT o6pawaTbCs cama K ce6Ge, NpsAMO HJH KOCBEHHO. PaccMOoTpum me-
4aTb 4HCJa B BHAe CTpHHra JuTep. Kak Mbl ynoMHHand pasee, UHGpPH Te-
HEpUPYIOTCS B OOpaTHOM MNOpAAKe — MJaAlIHe UHGPH HOJYYAIOTCA paHblLe
CTapUIHX, a Ne4aTraTtbCsi OHH [JOJIXKHBI B MPaBHJBHOH MOCJEI0BATENbHOCTH.

[lpo6remy MOXHO pemruTh AByMsi crnoco6amu. [lepBhiil — 3anOMHHTL LMPHI
B HEKOTOPOM MAaCCHBE B TOM TOpsiilke, KaK OHH NOJyyYajJuCh, a 3aTeM Hame-
4aTaTh MX B OOpaTHOM MNOpsiAKe; TaK 3TO H Obljo caenano B itoa, mnpuBe-
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nexnoit B pasa. 3.6 Bropo#t cmocol - BOCIIO/IL30BATbCA PEKYPCHEH, TPpH
xotopoit printd cravana BeISbIBACT ce6s, uTOOB HameyaraTb BCE€ CTaplIHe
uHQpH, H 3aTeM neuaraer HOCAENHIO MAaauylo uudpy. J1a Nporpamma, Kax
¥ TNpeAbAylUlHE ee BapHaHT, pa6oTaeT HenpaBHIbHO B Caydae camoro 60Jib-
LIOr0 MO MOAYJI0 OTPHUATENbHOTO 4HCIA.

#include <stdio.h>

/% printd: mevaTaeT n Kak pgenoe IecsaTUYHOe YHUCIHO */
void printd(int n)

¢ if (n < 0) {
putchar(’-’);
n = -n;
}
if (n /.10)
printd(n / 10);
) putchar(n % 10 + ’07);

Korpa ¢yHKUHS PEKypCHBHO obpamaeTca cama K cebe, Kaxnoe CJieay-
joulee OBpalleHHe CONMPOBOKAALTCH nosyyeHHeM €x HOBOrO MOJHOro KOMIJIeKTa
ABTOMATHUECKHX TEPEMEHHBIX, HE3aBHCHMBIX OT TNpeAbIAyUIHX KOMIJIEKTOB
Tak, B OOpallleHHH printd(123) npu nepsoM ppI30Be aprymMent n = 123, mpw
propom — printd nomyuaer apryMeHT 12, npu TpeTbEM BbI30OBE — 3HauyeHHe
1. Oyunkuns printd Ha TpeTbem YpOBHE BLI30BAa rneuyaraer 1 W BO3BpallAeTCA
Ha BTOpOHM YpOBEHb, TOCjAE uero OHd neuaTaeT UHppy 2 H BO3BpallaeTCs Ha
nepBbiii  ypOBEHb. 3pech OHa neuaraer 3 M 3aKaHUHBACT paboty.

Cnenyouwui XOpOWHi npuMep peKypcud — 3170 ObICTpPas COPTHPOBKA,
NpefJIOKEHHAsT K.A.P.Xoopom B 1962 . Jlas 3ajaHHOrO MacCuBa BLIOHpA-
eTCsi OMH 3JEMEHT, KOTOPBIH pas36upaeT OCTa/bHbIE 3JEMEHTHI Ha [Ba NOA-
MHOXKeCTBa — Te, 4TO MeHbue, u Te, UTO He MeHblue Hero. Ta e mpoueny-
pa PeKypCHBHO NpHMEHAETCA H K [BYM TOJYYEHHbIM TNOIAMHOXECTBAM. Ecau B
OAMHOXeCTBE MeHee [ABYX 3JIEMEHTOB, TO COpPTHPOBATH HeYero, M PpeKypcHs
3aBepLIAETCSl. ‘

Hama Bepcusi OBICTPOH COPTHPOBKH, pasymeercsi, He camas 6bicTpasi
cpemu BCeX BO3MOXHBIX, HO 3aTO ONHA H3 CaMblX MNpOCTHIX. B xauecTBe Je€-
JISIEr0 3J1EMEHTa MBI HCNOJb3yeM CepeNUHHbIH 3JIeMEHT.

/* gsort: copTUpyeT vileftl...viright] no BO3pacTaHUD */
void gsort(int v}, int left, int right)

¢ int i, last;
void swap(int v[]1, int i, int Jj);
if (left >= right) /* Huuero He jenaeTrcs, eciu */
return; /% B MacCHBE MeHee JBYX DJIEMEHTOB */
swap(v, left, (left + right)/2); /* gensuuit >neMeHT */
last = left; /* nepenocurcs B VI0] */
for (i = left+1; i <= right; j++) /* neNeHMe Ha HACTH */
if (vlil < vileft])
swapl(v, ++last, 1);
swap(v, left, last); /* Tepe3aloMHHaeM nenduuit 31-T */
gsort(v, left, last-1);
) gsort (v, last+l, right);

B Hamei nporpaMmme OnepauHs nepecTaHOBKH O¢opMJIeHa B BHIE OTAEJIbHOH
yskunu (swap), MmOCKOJIbKY TpHXKIABl BCTPEYaercs B gsort.




/* swap: mepectaBuTb VIil u v[j] Mexzy coGoit */
void swap(int vI1, int i, int j) '

{ int temp;
temp = vIil;
viil = vijI;

) vijl = temp;

Crannapthass GuO/IHOTEKA HMeeT (GyHKUHIO gsort, nosBoasOLlyI0 COPTHPOBAaTH
06BeKTHl J1I060ro THMA.

PexypcuBHas mnporpaMma He O6eClIeUHBAeT HH 3KOHOMHOIO pacxonoBa-
HH  NaMATH, TNOCKQJbKY TpeGyeTCsi rae-TO NONAEPKHBATL CTeK 3HAYEHHI,
NO/IeXAlHX O6paGoTKe, ~HH OBICTPOLEHCTBHS; HO MO CPaBHEHHIO CO CBOHM
“HEPEKYPCHBHBIM 3KBHBAJIEHTOM OHAa YacTo KOpoue, a yacTO HaMHOro Jerye
ANl HANHCAHMS M MOHHMaHusi. Takoro poma nporpaMmbl OCO6eHHO YIOGHBI A5
06paGOTKH pPEKYPCHBHO ONpedessieMbiX CTPYKTYp LAHHBIX THIA OEepeBbEB; C
XOpOWHM TNPHMEPOM Ha 3Ty TeMy Bbl [IO3HAKOMHTECH B pa3d. 6.5.

Ynpaxuenue 4.12, [pumenure wunen, KOTOpBIE MBI HCNOJb30Badd B printd
ANl HAMHCAHHSI PEKYPCHBHOH Bepcu ¢yHkuuu itoa; unave rosops, npeo6-
pasyiiTe uesj0e YHCJAO B ULENOUYKY UHGBP C MOMOULBIO PEKYPCHBHOH NpOrpaMmMel.

Ynpaxnenue 4.13. Hanuwmure PEKYpPCHBHYIO BepCHIO (YHKUHH Treverse(s),
060payHBaIOILYI0 CTPHHT HA €ro Xe MecCTe.

4.11. CHU-NPENPOLECCOP

Hex}aropue BO3MOXHOCTH si3bika CH  06€CneynBaloTCst [Penpoueccopom,
KOTOpbIH paboTaeT Ha nepBOM  Wware KomMnuasiunu. HauGosee wacto HCIOJIb3Y-
I0TCs ABe BO3MOXHOCTH: #include, Bkuaowaowasi ¢aitl BO Bpems KOMINUASUUH,
H #define, 3amensiolas ONHH TeKCTOBbIE LENOYKH Ha apyrue. B 3tom pas-

aedse 06Cy)K11810TC$I YCJ/0BHas KOMITHJISTUH S H MakponoaCTaHOBKa C
dpryMEHTaMH.

4.11.1. Bkniouenwe danna

Cpeactso #include no3Bosnsier, B 4YacCTHOCTH, Jerko MaHHNYJHpPOBATh
Ha6opamu #define u nmeknapaumit. Jlio6as cTpoka BHpa

#include "umsa-¢padisa”
HJTH

#include <umsa-¢aiira>

SAMEHACTCH COLEPKHUMBIM (aiina ¢ umeHeMm uma-¢paidra. Econ uma-patisa 3ax-
JIIOYEHO B JBOHHbIE KaBBIYKH, TO, KaK MpaBuao, (aia Huercs CpelH HCXO[-
HbIX (aHJOB NMPOrpamMbl; eCJAH TAKOBOTO He OKa3aJ0Ch WJIH uma-gaiisra 3ak-
JIHOU€HO B YIJIOBbie CKOGKH < H >, TO MOHCK OCYIIECTBJSETCS B CHCTEMHBIX
Gubsnorekax. Bkuouaembit  daiin  cam  moxer conepxatb B ce6e CTPOKH
#include.

Yacto wucxonuble (aiaibl HAYHHAIOTCH € HECKONBbKHX ctpok #include,
CCHIJIAIOIHXCST  HA o0uiMe HHCTpykuuu #Hdefine u extern-geknapauvn wuau
MPOTOTHNBL  HYXHbIX OGHOJHOTEYHBIX (YHKUHIE H3 TOJIOBHBIX ¢dannoB Tuna
<stdio.h>. (Crporo roBops, 3TH BKJIOYEHHS He OGS3aTENLHO SIBJSIIOTCS
GbaiiamMH; TexHHYeCKHe MeTajJH TOro, Kak OCYLUECTBJAETCH [JOCTYN K TICJIOB-
HOH MH(OpMALKH, 3aBHCAT OT KOHKPETHOH peannsauuu. )

e i ke e i e T

R T N
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Cpenctso #include — xopowHit cnoco6 co6paTp BMeCTe [eKJapalHH
Gonpuoft mporpammpl. OH  rapaHTHpYeT, 4To BCe HCXOAHble (alinbl OyayT
[OJIb30BATLCA OIHHMH H TEMH X€ onmpeneJeHHSAMH H ONMHMCAHHAMH nepeMeHHbIX,
Gnarogapa uemy [pelOTBpallaioTCH 0COGEHHO HEMpUATHbIE OWIKHOKH. Ecrec-
TBEHHO, TNpH BHECEHHH M3MEHeHHH BO BKJIOUAeMBbIH ¢aitn Bce 3aBHCHMblE OT
Hero (afijbl JOJIXKHBI nepeKOMIIHJIHpOBATHCH.

4.11.2. MaxponopcCTaHOBKa

OnpejesieHne MaKpONOACTAHOBKH HMECT BUJ
#define uma samewarouuid-Texcr

MaKpOrnoJACTAHOBKA HCMOJB3YeTCs A npoctefiiiei 3aMeHbi: BO BCEX MecTax,
rae BCTpeYaeTcs Jekcema umsa, BMECTO Hee Oyxer TMOMeLIeH 3ameujaouyul-
rexcr. Vimena B #define 3agalTcs 0O TEM XK€ npasusaM, 4YTO H HMeHA
OGBIYHBIX NEPEMEHHDBIX. 3aMemaouIHii TEKCT MOXKET ObITh NpPOH3BOJILHBIM. O6bIuHO
saMeLlAIOUIHA TeKCT 3aBepuiaerT CTPOKY, B KOTOPOH pacroJjiokeHo  CJOBO
#define, HO B AJHHHBIX OMpeleseHHAX €ro MOYKHO MPOAO/IKHTH Ha CJELYIOUHX
CTpOKax, NOCTAaBHB B KOHUE KaX[OH TMpOLOJIKAEMOH CTPOKH o6paTHylO Ha-
KJAOHHYIO 4epTy \. O6sacTb [OEHCTBHSA HMEHH B #define mnpoctupaercss OT
JaHHOTO OmpejeneHus [0 KOHLA ¢aina. B onpenescHuH MaxpOnoACTAHOBKH
moryt ¢Gurypuposarb Gonee pannne #define-ompeneseHus. [logcTaHoBKa
OCYIEeCTBAACTCS  TOJNBKO M TEX WMeH, KOTOpble PAacrOJIoXKeHbl BHE TEKCTOB,
3aKJIOYEHHBIX B KaBBIYKH. Hanpumep, ecau YES onpepeseno C MOMOLILIO
#define, TO HHMKaKOH MONCTAHOBKH B printf("YES") win B YESMAN
BLINOJIHEHO He OyHeT.

JTio60e MM$i MOXHO ONPEeeJNHTb C NPOH3BOJLHEIM 3aMelllalolHM TEKCTOM.
Hanpumep,

#define forever for(;;) /% GeCKOHEeUHbl LMK */

onpeae/sieT HOBOEe CJOBO forever a/s GECKOHEUHOTrO LHKJA.

MaKpONOACTaHOBKY MOXHO OMNpPEACIHTE ¢ apryMeHTamu, BCJIENCTBHE M€
ro 3aMellaiolluil TeKCT OymeT BapbHpOBATbCA B 3aBMCHMOCTH OT 3a[aBaeMbIX
napamerpos. Hampumep, ompeienum max cnenyouuM 06pasom:

gdefine max(A, B) ((A) > (B) 2 (M) : (B))

XoTsi O6GpauleHusi K MaxX BHIMISAAT Kak 06biunble O6palleHHst K (QYHKIHH, OHH
6yayT BbI3bIBATH TOJIBKO TEKCTOBYIO 3aMeHYy. Kaxnplit opManbHblH napameTp
(B maHHOM CJy4dae A u B) Oymer 3aMeHSTbCH COOTBETCTBYIOLIMM €My apry-
menTom. Tak, CTpoka

X = max(p+q, r+s);
GyneT 3aMeHeHa Ha CTPOKY
x = ((p*+q) > (r+s) ? (p+q) : (r+s));

[MocKONbKY ApryMEHTbl AOTYCKAaKT 060l BHA 3aMeHbl, YyKadaHHoe ompejene-
HHe maxXx MOAXOAHT AJsi AAaHHBIX 11060r0 THOma, TaK YTO HE HYXHO MHCaTh
pasHple MAX AJs JaHHbIX pasHBIX THIOB, Kak 3T0 Obl10 6bl B Cjayuyae 3anaHHi
¢ nomouibio PyHKUU.

Ecau Bbl BHHMATENbHO MPOAHATH3MPYETE TeKCTOBOE pacliupeHHe Max,
10 OGHApYXHTEe HEKOTOpble MOABOAHBIE KaMHH. BblpakeHusl BbHIYHCJAIOTCS ABANK-
Ab M, €CJH OHH BBI3BIBAIOT noGounplii 3pPexT (W3-3a HHKPEMEHTHBIX onepa-
nuii uau GYHKUHH BBOJA-BBIBOAA), 3TO MOXET TPHBECTH K HeXXeJaTeNbHbIM
nocaeacteusam. Hanpumep,




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

BbI3OBET yBesHueHHe 1 u j aBaxan. Kpome Toro, caenyer mno3aboOTHTBCS O
CKOGKax, 4TOGbl O6eCneyHThb HYXHbIH NOPSAOK BBIYHCJIEHHH. ITocmoTpHTe, yYTO
CJAYYHTCSI, €CJU NPH ONpeleseHHH

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

BOCNOJIb30BATLCSA 3aNMHChLIO THNA square(z+1).

Tem ne MeHee MakpocpencTBa HMeIOT CBOH npenmyuectra. [lpaktuyec-
KHM [PHMEDOM HX HCNOJbL3OBaHHS SIBJASIOTCA YaCTO NpHMeHsieMbie getchar g
putchar u3s <stdio.h>, xoropsie P€aJM30BaHBl C MOMOUIbIO MaKpOCOB, YTOGLI
H30€XaTh HAKJIaAHbLIX PacXOLOB OT BHI30BA GYHKUHH Ha Kaxayilo o6pabarbiBae-
myio sutepy. ®yukuun B <ctype.h> o6buno Takke PeaNH3yI0TCsT ¢ NMOMOILBIO
MakKpoCoB.

HMena MOXHO «CKpbiTb» OT npenpoueccopa ¢ noMompbio H#undef.

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

Kak npaBuno, 310 nmenaercs, uTo6u MakKpoOonpene/neHHe «NepeKpPbiTb» HACTO-
siled QyHKUHEH C TeM Xe uMeHeM.

Hmena ¢opmanbHbix napamerpoB He 3aMEHSIIOTCSH, €CJH OHH HAaXOOATCH B
CTPHHIAX, 3aK/MIOYEHHbIX B KaBbIYKH. A BOT KOMGHHALUHS B 3aMeLIAIONIEM TeKc-
Te: (OopMasbHBEIE napamerp NPEALIECTBYIOLMM 3HAKOM # — B MaKpopacurnpe-
HHH OyZeT 3aMeHeHa Ha apryMeHT, 3aK/IOYeHHbI B KaBbiukH. Takyio koH-
CTPYKUHIO MOXHO HCIOJNb30BATh [AJs KOHKATEHAIHH C OPYTHMH JIHTEPHBIMH
CTPUHTaMH, Kak, - HalpHMEp, B CJeAyIOWEM MaKpOONpeaeJeHHH, npeaHasHa-
YEHHOM A/l OTJIAZIOYHOH BhIJAYH:

_ #define  dprint (expr) printf(#expr " = %g\n", expr)
O6paiiesne K MakpoonpeeneHuio

dprint (x/y);
NACT pacUIHpeHHe

printf("x/y" " = %g\n", x/y);

a B pe3ysbTaTe KOHKAaTeHAUHH NBYX COCEJHHX CTPHHIOB NOJIyYHM

printf("x/y = %g\n", x/y);
Buyrpu daxruueckoro ApryMeHTa KaXIBlH 3HaK " 3amensierca Ha \", a
kaxnas \ Ha \\ TaK, 4YTO6B pe3y/ibTaT MOACTAHOBKH NPHBOAMJ K IMPABHJb-
HOH JIHTEPHOH KOHCTaHTe.

Onepatop ## npenpoueccopom nonumaercs Kax ONMepanHsi KOHKAaTeHa-
UHH; OH TO3BOJISET B MAaKPOPACUIHPEHHSX KOHKATEHHPOBATD aprymeHTs. Ecan
B 3aMe€lialollemM TeKCTe mnapameTp coceacTsyeT ¢ ##, TO OH 3aMmeHseTcs Ha
COOTBETCTBYIOLIMA €My aprymeHt, a omepatop ## u OKpyXalwuiHe ero mpo-
GeJbHble JIMTEPbl  BHIGPACH BAIOTCS. Hanpumep, B makpoonpenenenunn paste
KOHKAaTEeHHPYIOTCA [Ba apryMeHTa

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

TaKk 4yto paste(name, 1) crewepupyer ums namel.
llpaBusia  BJOXEHHBIX HCMOAL3OBAHHE oneparopa ## He onpenesens;
Apyrue NMOAPOGHOCTH, OTHOCSWHEC K ##, MOMHO HalTH B NPHJIOXKEHHH A.

-Ynpaxueune 4.14. Onpenenute swap(t,x,y) B Bume Mmakpoca, KOTOpHIH ocy-
WECTBAsIeT OOMEH 3HAYeHHsIMH YKa3aHHOIG THna t MeXJy apryMeHTaMH X u
y. (Ilpumennte Gaounyio CTPYKTYpY.)
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4.11.3. YcnosHas KOMRMASUMA

CaMiM XOIOM MPEeNpOUECCHPOBAHHS MOXHO yNpaBAATH C HOMOILbIO YCJIOB-
upix HHCTpyKuHH. OHH TpeaCTaBJIAT co6oli CPeACTBO s  BHIGOPOYHOrO
BKJIOUEHHS] TOr0 MJHM HHOrO TEKCTa MNpOrpaMMel B 3aBUCHMOCTH OT 3HAYeHHS
YCOBHSI, BBIUMCJISIEMOrO BO BpeMs KOMITHJISLLHH

BLluHC/ASIeTCSl KOHCTAHTHOE [€J0e BbIpaXeHHE, sananHoe B cTpoke ¥if.
310 BbIpaXKeHHe HE [OJKHO, COAepxaTbh HH opsoro omnepatopa sizeof wuan
npuBeeHHs K THINY H HH OfHON enum-koHcTaHTel. Ecau OHO HMeeT HeHyJje-
Boe 3HAueHHe, TO OYIAyT BKJIOYEHb BCE MOC/IEAYIOHE CTPOKH BIUIOTH A0
gendif, wan #elif, uam #else. (MHcTpyKuus mpenpoueccopa #elif noxoxa
Ha else if.) Beipaxenue defined(umn) B #if ecto 1, ecam ums OBLIO
onpenenexo, u 0 B MPOTHBHOM CJy4dae.

Hanpumep, uTOGbl 3aCTPaxoBaTbCsi OT MOBTOPHOTO BKJIOUEHHS TOJOBHO-
ro ¢aiina hdr.h, ero MOXHO 0OPMHTDL CJEAYIOLIHM 06pa3oMm:

#if !defined(HDR)
#define HDR

/* 3pech cojepxumoe hdr.h */

#endif

[lpd mepBOM BKJIOUEHHH ¢aitna hdr.h Gyner onpeaeneHo HMA HDR, a npx
NOC/IeAYIOWUX BKJIIOUEHHAX TPEnpoLeccop o6uapyxut, uto ums HDR yxe ompe-
[eJIeHO M TepenpbirieT cpasy Ha #endif. OSToT npHeM MOXeT OKasaTbCs MO-
Ne3HbiM, KOFAA HYXHO H36exaTb MHOFOKpPAaTHOTO BKJIOYEHHsI OFHOrO H TOro
xe ¢aitna. Ecau uM nosbp30BaTbhCs CHCTEMATHYECKH, TO B pe3y/bTaTe Kax-
Ap#t TONMOBHOK ¢aitan OymeT caMm BKJIIOHATDH roioBHbie akabl, OT KOTOPBIX OH
3aBHCHT, OCBOGOAHB OT 3TOrO 3aHATHs MOJAB3OBATEN.

Bor npumep UENOYKH MPOBEPOK HMEHH SYSTEM, nossoasiiolied BbIGpaTh
HyXHBIH dailn ans BKIIOHEHHS:

#if SYSTEM == SYSV

#define HDR "sysv.h"
#elif SYSTEM == BCD

gdefine HDR “"bcd.h"
#elif SYSTEM == MSDOS

g#define HDR "msdos.h"
felse

#define HDR "default.h"
gendif
#include HDR

Unctpykuuu #ifdef u #ifndef creuMabHO MNpeaHasHauyeHsl [Js  MPOBEPKH
TOr0, ONpefeseHO HJH He ONpefiesleHo 3aJaHHOE B aux ums. KM caenosa-
TeNbHO, TepBbli TpPUMEp, TPUBEICHHBIH BbllE A wianocTpaunn #if, MOXHO
3anucaTh M B TaKOM BHIE:

#ifndef HDR
#define HDR

/* anech cofiepxumoe hdr.h */
fendif
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Yxasateqb — 3TO nepemeHHast, COJepxKalas agpec mnepeMeHHOH. Ykasa-
TEJIH LIHPOKO NpPHMEHAOTCA B CH — OTYACTH MOTOMY, YTO B HEKOTOPBIX cay-
yassx 0e3 HHX NPOCTO He OBGOHTHCh, a OTYaCTH NOTOMY, UTO NpPOTPpaMMBl C
HHMH OOLIYHO KOpOo4e M 3(GEKTHBHee. YKa3aTeAH M MAaCCHBH TECHO CBSI3aHHI
Apyr C JApyrom; B STOH rJaBe Mbl PacCCMOTPHM 3Ty 3aBHCHMOCTh H MOKAaXeM,
KaK €10 INO0JIb30BaThCs.

Hapsiny ¢ goto ykasateaum korza-to Guind 06bsBIEHDBI JY4IIHM CpeacT-
BOM ZIs1 HanMCaHHA MaJIONOHSITHBIX nporpamMm. Tak OHO ¥ €CTb, €CJAH HMHU
NOJb30BAaTbCA Ge3fyMHO. Beap ouenb Jierko mnoayunTh ykasaTedb, CChLIAKO-
IHACST HA 4TO-HHOYAb COBCEM HeXesaTeJbHoe. [lpu cobmonennn xe onpene-
JIEHHO! [HCUHIJIHHBI C TOMOWIBIO yKa3aTeleH MOXHO AOCTHUbL SICHOCTH H npo-
CTOTH. Mbl momelTaeMcst y6eauTb Bac B 3TOM. -

HMamenenns, BHeceHnbie cranmaprom ANSI, CBR3aHBl B OCHOBHOM C dop-
MYyJHpOBAHHEM TOUHBIX MNpaBHJ paGOThl C ykasdaTeassMH. OH y3aKOHHJ HAKOM-
JICHHBIH [OJIOXKHTEIbHbIH OMBIT NPOrPAMMHCTOB M yHauHble HOBOBBEIEHHS pas-
paGoTynkoB KommuasaTopoB. Kpome Toro, B3amen char * B kaueCTBe THNa
0GOGLIEHHOTO yKa3aTeJsi npeajaraercs THn void * (ykasaTesb Ha void).

5.1. YKA3ATENMIU U ALPECA

Haunem ¢ Toro, urto paccmortpum YNPOIIEHHYIO CXeMY OpraHu3alHu na-
MaTH. TlamMsiTb THNHYHOR MalIMHBI TpeaCTaBAsieT COGOH MAacCHB IOC/IEnOBa-
TEJIBbHO NIPOHYMEPOBAHHLIX H MPOANPECOBAHHBIX sY€eK, C KOTOPBIMH MOXHO pa-
60TaTb MO OTIEJbHOCTH HJH CBS3HBIMH Kyckamu. [lpuMeHHTENBHO K J1060#
MalllMHe BEPHBI CJCAYIOUIHE YTBEPXKAECHHs: OAHH GaliT MOXKET XpPaHHTb 3HAYCHHE
THna char, nByx6aiTOBbE sIYEHKH MOTYT paccMaTpHBAaTbCSt KaK UeJ0e THNa

short, a wuernipex6aiiToBole ~ Kak uedble THNA long. V¥Ykazsarenb - 310
rpynna syeek (Kak NpaBuJO, [BE HJH YeTbipe), B KOTOPHIX MOJXET XpPaHHTb-
ca anpec. Tak, ecan ¢ umeer THm char, a p — ykasaTeab, cChLIAIOLIHACS

Ha C, 1O CHTYAUHUsA BBITJAAOUT CJIe1YIOUIHM o6pa30M:

P:

cl
i nnmmes

YHapHblit oneparop & Bbiaaer aapec 06beKTa, TaK UYTO HHCTPYKUHS
p = &c;
NMPHCBAHBAET aApec s4edKH C MepeMeHHOH P (TrOBOPAT, YTO P YKa3biBaeT Ha
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¢ WaW, 4TO TO Xe, D cchiiaercs Ha C). Onepartop & NpHMEHAGTCA TOJBKO K
ofbekTaM, pacloJIOXKEHHBIM B NaMsTH: K nepeMeHHbIM H 3J€MEHTaM MacCHBOB.
Ero onepaHnoM He MOXeT OblTb HH Bbipamenue, HH KOHCTAHTa, HH DETHCTPO-
pasi nepeMeHHasi. ’

YHapHBIl OnepaTop * €CTb ONepaTop pacKkpbiTui ccotaku. TlprMeHeHHbIH
K yKasaTeqio OH BbIAaeT OGBEKT, Ha KOTOpHIl AaHHBIH yKasare/lb CChIIAeTCH.
MNpeanosoxuM, uTo X H Y — LeJbe, a ip — ykasateap wa int. Cneayioune
HECKOJIbKO CTPOK NpPHAYMaHbl CrelHanbHO AAd TOro, yTOGBl MOKa3aTb, KaKHM
06pa3oM [eKJapHpYIOTCsl yKasaTeJd W HCMOJB3YIOTCA onepaTtopbl & H *.

int x =1, y = 2, z[10];

int *ip; /* ip - yxaszaTe)b Ha int */

ip = &x; /* Tenepb ip ykasmBaeT HA X */

y = *ip; /% y Tenepb paBeH 1 */

*ip = 0; /* X Temnepb paeeH O */

ip = &zI[0]; /* 1p Tenepn ykKa3bBaeT Ha z[0] */
Jexnapauuu X, y d Z HaM YyXe€ 3HAKOMBL Iekaapanuio ykasartess ip

int *ip;
Mbl CTPEMHJHCH CAeaaTb MHEMOHHUYHOH — OHA T[JACHT: «BblpaxK€HHe *ip ecTb

peuyto Tuma int». CuHHTAKCHC [A€KJApalHH nepeMeHHON  «TIOACTPAHBALTCS»
MO/ CHHTAKCHC BbipaXKeHHH, B KOTOPbIX 3Ta NEpeMEHHds MOXeT BCTPETHTHCS.
YKasauHbli NpPHHUHMI TPHMEHHM H B OTHOIICHHH onucanuit pydkuui. Hanpumep,
3anuch

double *dp, atof(char *);

03HauaeT, uTO BbipaxeHue *dp H atof(s) wumeor Tun double, a aprymesr
¢dynkunn atof - ecTp ykasaresab Ha char. ‘

BL, HaBepHOe, 3aMETHJ/HM, UTO YKa3aTelio paspeileHo CCbIIATBCA  TOJb-
ko Ha o06bekTl 3aaaHnoro tuna. (CyuiecTsyeT ORHO HCKJIOUEHHE, «YyKasa-
renb Ha void» MOXeT CChliaTbCsl Ha OGBEKTHI A1060r0 THMAa, HO K TaKOMY
yKasaTeqio HeJb3si NPHMEHATb 0nepaTop PAacKphITHsI CCHUIKH. Mbl BepHeMCS K
stomy B pasa. 5.11.) ’

Ecau ip cchlsiaeTcs Ha X LeOro THna, TO *ip MOXHO HCHOJNb30BATH B
jo6oM MecTe, TAe AONYCTHMO MNpUMEHEHHE X, HANpPHMED,

*ip = *ip + 10;

ypesmuusaer *ip na 10.
YHapHbie omepaTtopel * W & HMeOT GoJsiee BBLICOKHH INDHOPHTET, UEM

apu(MeTHUECKHE OMepaTopbl, TaK 4TO NPHCBAHBAHHME

y = *ip + 1
Geper TO, HA 4YTO YKasbiBaeT ip, wu nobaBasieT K HEMY 1, a pe3yJabraT
NpHCBAHBAET MEPEMEHHOH Y. AHaNOrH4yHO

*»ip += 1
yBeJMUHBAET HA €AMHHMIY TO, HA 4TO CCBUIAETCH ip; Te XKe [AEHCTBUSL BbI-
NOJHAIOT

++*ip
"

(*ip)++

B nocsenHell 3anuCH CKOOKH HEOGXOAMMBI, [OCKOJNbKY, €CJIH HX HE Oyner,
YBeJHUHTCS 3HAYeHWe CaMmoro ykasatens, a HE TO, Ha UuTO OH CChLIAerCs.
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J10 O06GYCJOBJEHO TEM, YTO YHapHbIE ONEPATOPHl * H ++ HMEIOT OJHHAKOBHIE
NPHODHTET H NOPSAOK BBIMOJIHEHHSI — CIpaBa HaJseBo.

M nakonel, Tak Kak yKasaTeJlH CaMH SIBJISIIOTCS TE€pEeMEHHBIMH, B TeK-
CTe OHH MOTYT BCTpeYaTbCsi H 6e3 oneparopa pacKpbiTH CChUIKH. Hanpu-
mep, ecJaH iq ectb mpyrod ykasaresb Ha int, TO

iq = ip
KONMHpyeT coaepxumoe ip B iq, uyro6m ip u iq cchianuch Ha OAHH H TOT
Xe OGBEeKT.

5.2. YKA3ATENIM M APFYMEHTbl ®YHKLMH

IMockonbky ¢ynkunn B CH B KaueCTBe CBOMX AapryMeHTOB M[OJYYaloT
3HAYeHHs TapaMeTpoB, MNpPAMOH BO3MOXHOCTH, HAaxXOAsICh B BBLI3BAHHOH (YyHK-
LHH, HM3MEHHUTb NEPEMEHHYIO BhI3bIBalOlle# ¢GyHKUHH HeT. B nporpamme COpTH-
POBKH HaM NOHamoOujach GYHKUHS SWap, nepecTaBasollas MeCTaMH [Ba HeY-
nopsiioyeHHbIX 3jJeMenTa. OOHAKO HeJOCTaTOYHO HANHCATh

swap(a, b);
rae (byHKU,Hﬂ swap onpeneseHa CJEAYIOWHM o6pa30M:

void swap(int x, int y) /* HEBEPHO */
int temp;
temp = x;
X=Y;
y = temp;

}

[TockonbKy Swap nosyyaer JHIIb KOnuu 3HAUEHHH TEpeMEHHBIX @ H b, OHa He
MOXeT MNOBJIHSTb HAa MEpeMeHHble @& H b TOH nporpammbl, KoTopas K HeH 06-
paTHJACh.

UTto6b NmOMYy4HTh KesaeMblil 3¢deKT, HARO BhI3bIBAIOLIEH Mporpamme mepe-
HaTh yKkas3aTeau Ha Te 3HAYEHHS, KOTOPHI€ NOJKHBI GbITb H3MEHEHHI:

swap(&a, &b);

Tak kak onepatop & mosnyuaer ajgpec nepeMeHHOH, &a ecTh ykasaTeab Ha
a. B camoit dGyHkuMH SWap napameTpbl AOJDKHbI ObiTb ONMHCAHBl KaK YKAa3aTelH,
IpH 3TOM JOCTYN K 3HAUeHHsIM NapaMeTpoB OGyAeT OCYLIECTBAATHCS yepes
HHX KOCBEHHO.

void swap(int *px, int *py) /* mepecTaHoBKa *px u *py */

{
int temp;
temp = *px;
*pX = *py;
*py = temp;
}

I'pacdrueckn 370 MOXHO H306pa3HTbL CJEAYIOUHM 06Pa3OM:
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B BbI3bIBAKOLLE nporpamme:

ApPryMeHTbI-yKa3aTeJd [MO3BOJNSIOT (QYHKUHH OCYIUECTBJASITHL  LOCTYH K
0o6'beKTaM BbLI3BaBIUEH €e Mporpammbl H [alOT €H BO3MOXHOCTb H3MEHHMTb 3TH
06beKThl. PaccmoTtpum, Hanpumep, dyukuuio getint, kortopasi ocyuecrsiasier
BBOJ B CBOGOAHOM (dopmare OLHOrO ULEJAOr0 YHCJAA M €ero INepeBOd H3 TeKC-
TOBOTO MNpeacTaBiedusi B 3HaueHue tuna int. Pynkuma getint nomxua Bos-
BpallaTh 3HAUEHHe MOJYYEHHOTrO YHCJAA HJIH CHTHAJH3HPOBATH 3HaueHueMm EOF
0 KOHue ai/aa, eCaM BXOAHOH MOTOK HCYepnau. ITH 3HAYEHHsT AOJXKHBL BO3-
BpallaTbCsi MO pa3HbiM KaHalaM, TaK KakK HeAb3s pacCYMTHIBATb HA TO, 4TO
noJly4eHHOe B pe3ysbTaTe NepeBOAa YHCJAO HMKOria He cosnager ¢ EOF.

OOHO M3 pelleHHH COCTOMT B TOM, uToObl getinl BhizaBana xapaxTte-
DHCTHKY COCTOsIHWsl alja (uMcueprmaH HJIM He HCYepIaH) B KaAyecTBe pe-
3yJbTaTa, a 3HAYEHHE CaMOro YHC/Ia [oMellasna COTJacHo yKasaredai, Inepe-
AaHHoMy e B Bue aprymenrta. [loxoxas cxema [AeACTEyeT B Nporpamme
scanf, KoTopyio Mbl pacCMOTpPHM B pasi. 7.4.

[Toka3aHHBIM HHXE IHMKJ 3aNOJHSIeT HEKOTOPbIH MAaCCHB LEJAbIMM YHCJAMH,
NoJy4YeHHbIMH ¢ momouiblo getint.

int n, array[(SIZEl, getint(int *);

for (n = 0; n < SIZE && getint(&arrayinl) t= EOF; n++)
PesyabTaT Kaxaoro ouvepeanoro obpauwenus K getint  moceiiaerca B
arraylnl, u n yBeJuudBaeTcsi Ha €NMHHLUY. 3aMeTHM, UTO CYyUECTBEHHBIM
3lech ABJSETCs  TO, 4TO (GyHKuuH getint nepemaercs ampec 3semenTa
arraylnl. Ecau 3Toro ne cpenats, y getint ne Oyser cnocofa BepHyTb B
BLISHLIBAIOIYI0 NPOrpaMMy MepeBefeHHOe LeJ0e UYHCJO.

B npennaraeMom Hamu Bapuante ¢yHkuus getint swimaer EOF no koumy
¢ailia, HyJb, €CJAH CJEAYyIOlHe BBOAHMbIE JHTEPH HE TPEACTABJAIOT CO60K0
yygcaa, H IOJIOXHTEJbHOE€ 3HAa4dy€HHue, €CJIH  BBE€IE€HHbi€ JIMTepPhl €CTb T[pa-
BHJIBHO€ YHCJIO.

#include <ctype.h>

int getch{void);

void ungetch(int);

/* getint: uuTaeT cnepgyoliee uenoe U3 BBOJA B *pn */
int getint(int *pn)

{ int ¢, sign;
while (isspace{c = getch())
/* IpoNnycK npodenbnux nuTep */
if ('1sd1g1t(c) && c != EOF && c !'= "+’ && c != '-") {
ungetch(c); /% He 4YUCNOo */
) return O;
4. 3akas Ne 13
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sign = (¢ == "=’

if (c ==+ 1}
c = getch(};

for (*pn = 0; isdigit(c); c = getch())
*pn = 10 * *pn + (c - ’0’);

*pn *= sign;

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

return c;

y ? -1 1;
C:: ’—’)

}

Besge B getint noa komGuuaumelt *pn noppazymeBaetcst OObLIYHAST NEpPEMEH-
Has THna int. ®ynkuns ungetch Bmectre ¢ getch (pasa. 4.3) Bawuena B
nporpammy, 4ToO6bl OGECNEeYHTb BO3MOXHOCTL OTOC/AATb HA3aAd JHIIHIOW NPOYH-
TAHHYIO JIHTEDY.

YnpaxHenne 5.1. ®ynkuus getint Hamucana Ttak, 4YTO 3HAKM - HJAM +, 3a
KOTOPbIMH He cJjenyeT UHdpa, OHa TNOHHMAeT KaK «IpaBHJbHOE» TMpeACTaBJe-
HHe HyJs. CKOppPeKTHpPYHTe mnporpamMmy TakuM o00pa3oMm, uTOOB OHAa B n10L06-
HBIX C/y4asix BO3Bpalilaja MpPOYHTAHHBIA 3HAK HA3ald BO BBOI.

Ynpaxuenne 5.2. Hanuwure ¢pyukuuio getfloat — awamor getint nas umcen
¢ nuaaBaloulei ToukoH. Kakoit THn 6ygeT HMeTb pe3yJbTHpYIOlllee 3HAYeHHe,
BbilaBaemoe ¢yHkuuer getfloat?

5.3. YKA3ATENUM U MACCHUBbI

B Cu cymecTByeT CBsi3b MeXAy yKa3aTeisiMH H MacCHBAMH, M CBfI3b
3Ta HACTOJbKO TeCHas, YTO 3TH CpeACTBa Jyulle pacCMaTpUBaTb BMeCTe
Jlio6oft noCTYNn K 3/€MEHTY MacCHBa, OCYLIECTBJsieMblil OmNepauuel HHIEKCHPO-
BaHHWs, MOXeT ObITb BBHIIOJHEH MNpPH MNOMOUIM YKasaTeis. Bapuant ¢ yka3sare-
JamMup B obuieM cJayyae paboraer ObICTpee, HO pa3obpaTbCsl B HeEM, OCOGEHHO
HEeNOCBSILEHHOMY, IOBOJbHO TPYAHO.

Jeknapauus

int all01;

onpenensieT maccuB a pasmepa 10, T.e. 6aok u3 10 mocJjenoBaTeNbHBIX
ob6bekTOB ¢ MMeHamu al0], alll, , al9l.

<L 1 [ T [ T [T T T ]

a[0]  a[1] a[9]

3anucy alil orchimaer Hac k 1-My ssnementy maccuBa. Ecanm pa ecTh yka-
3atesb Ha int, T.e. ompenesnen kak

int *pa;
TO B pe3yJibTaTe MPpHCBAHBAHHS
pa = &al0];

pa Oyner ykasniBaThb Ha HYJeBOH 3JIEMEHT @; MHaue TroBOpsi, pa Oyaer Co-
nepxartb aapec assiementa al0].
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pa:

=
O N I T N A N

af0]

Tenepp npucBauBaHHe
X = *pa;
6yseT KONMHpPOBATb COAEPKHMOE al0] B X.
Ecin pa yKa3biBaeT HA HEKOTOPbIH 3JE€MEHT MacCHea, TO patl 1o

Olpele/IeHHI0 YKa3biBaeT Ha CJEAYIOWHMH 3JEMEHT, pa+ti - Ha 1i-# 3J€MeHT
nocae pa, a pa-i - Ha i-# saemenT mepea pa. Takum o6pa3oM, €CJH pa
yKa3blBaeT Ha al0], 71O
*(pa+l)
ectb comepxumoe alll, pa+i - anpec alil, a =*(patil) - conepxumoe
alil.
pa+2:

= |
« L 1 1 [ 1T 1T T [ |

a[0]

Coe/aHHble 3aMeyaHWst BEPHbl O@30THOCHTENBHO K THIY M pasMepy
3eMEHTOB MAacCHBa a. CMbICa Ca0B «106aBATE 1 K yKasaTenio», Kak H
CMBICA J11060# apudMeTHKH C YKasareqasiMH, B TOM, yToO6H pa+l ykasbiBaj Ha
caeayiomuit 06bekT, a pa+i - Ha i-# nocnae pa.

Mexny HHIEKCHPOBAHHEM H apu(pMETHKON ¢ yKasaTeJsiMH CYIIECTBYET
oueHb Tecnasi CBsi3b. [l0 ONMpeleseHHIO 3HAUEHHE TEPEMEHHOH HJIM Bhipaxe-
HUS THOA MAacCHB €CThb Aajpec HYJEBOro 3/eMeHTa MacCHBa. [Tocne npucBau-
BaHHUs

pa = &al0];

pa ¥ a HMMEoT ONHO M TO Xe 3HAUeHHE. [MockoabKy HMA MaccuBa eCTb He
4yTO HMHOe, Kak aapeCc ero HauajbHOrO 3JjieMeHTa, INpHCBAHBAHHE pa=8&al0];
MOXHO TaKXe 3amucaTb B CJedyloieM BHIE:

pa = a;

Eie Gonee yAHBHTEJNbHO (IO KpaiHe# Mepe Ha nepBBl B3rsiA) TO,
yto alil MOXHO 3anucatb kak *(a+i). Bcrpeuas 3anuch alil, xommuasTop
cpasy npeofpasyer ee B *(a+i); ykasaHHble 1Be ¢$HOpMbl 3amHCH 3KBHBaJIEH-
THB. W3 3TOro cjegyer, 4TO NOJyYeHHbie B pe3yjabTaTe MNpPHMEHEHHA Onepa-
topa & samucu &alil wu a+l Takxke OyAyT SKBHBAJEHTHBIMH, T.€. H B TOM H
B ApyroM CcJayuae 3TO azpec 1-ro 3jiemenTta mocae a. C napyro#i CTOPOHBI,
ecM pa - yKasaTeJb, TO B BBIPAXEHHSIX €ro MOXHO HCIO/MB30BAaTbL C HHACK-
com, T.e. 3anucb palil 3kBuHBajNeHTHA 3aNHCH *(pa+i). OneMeHT MaccuBa
OMHAKOBO pa3pemaercsi H3o6paxaTb M B BHAe YKasaTens CO CMRUIEHHEM H B
BHAE HMEHH MacCHBa C HMHIEKCOM.

Mexay HMMeHEM MacCHBa M YyKasaTeseM, BLICTYMAIOUKM B POJM HMMEHH
MaccuBa, CyUIeCTBYeT OJHO pasiuune. Ykasareqpb — 3TO TNepeMeHHas, Mos-
TOMY MOXHO HanmucaTb P& = a HJHM patt+. Ho uMs MaccuBa He sBJSETCs Tne-
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PEMEHHOH, W 3alHMCH THNA @ = pa HJAH a++ He NOMYCKAIOTCS.

Ecnu ums maccuBa nepenaercst (GyHKLHH, TO NOCAEAHsS NOJAyYaeT B
KaueCTBE aprymMeHTa aapec ero HayajbHOrO 3jeMeHTa. BHyTpH BbI3niBaeMon
GYHKUHH STOT apryMeHT sABJSETCS JIOKAa/JbHOH NeEpeMEeHHOH, coaepxawed aj-
pec. Mebl MOXeM BOCHOJIB30BATBCS OTMEUEHHBLIM (DAKTOM H HAMMCATh ele OIHY
BepcHI0 ¢yHkuHM strlen, BbluxcaAsiiomwed AJMHHY CTpHHTra.

/* strlen: Bo3BpamaeT ANMHY CTPUHIa */
int strlen(char *s)

{ int n; .
for (n = 0; *s != ’\0’; s++)
n++;
) return n;
Tak kak nepemenHas S - ykasaTelb, K HeMy TNpPHMCHHMA ONEPALLHs ++; S++
HHKAKOTO BJIHAHHA HA CTPHUHT JuTep (YHKWHH, KOTOpass o6paTujach K
strlen, wne okaswmBaer. [lpocTo ysesnuuBaercsi na 1 HEKOTOpasi KOIHs

yKasateas, Haxoaswasics B JMYHOM MOJb30BAaHHH ¢yHkuum strlen. 3ro
3HAYHT, YTO BCE BBI3OBHI THIA:

strlen("3gpaBcTByit, Mup"); /% CTPHHIOBasi KOHCTaHTa */
strlen(array); /% char arrayl[1001; #/
strien(ptr); /* char *ptr; */
3AKOHHBI.
3anucu
char sl1];
char *s;

B OUpeNe/ICHHH (QYHKUHH B KayecTBe (HOPMasbHbLIX NApaMeTpOB SKBHBAJEHTHbI.
Mo oTiaem npennmoutenuwe nocsenneit, NOCKONbKY Ona Gosiee SIBHO coobuiaer,
YTO 8 eCTb yKasaTeab. Ecan ¢yukunmn B KauecTBe aprymeHta nepesaetcs
HMfl MacCuBa, TO OHAa MOXeT pacCMarpuBaThb €ro TakK, Kak eH ymno6HO -—
6O Kak HMMsl MaccHBa, JHO60 Kak ykasaTelb, H NOCTYNAaTh C HHM COOTBeT-
cTBeHHO. OHa MOXeT Jaxe HCIOJNB30BaTh 06a BHAA 3alHCH, €CJAH 3TO IOKa-
KETCs1 €H yMEeCTHBIM.

QYHKIHH MOXHO MepeiaTb YaCThb MACCHBA, JJIS 3TOTO APryMEHT AOJIKeH
yKa3plBaTb Ha Hayalo rnogMaccHBa. Hamnpumep, ecim a — MacCHB, TO B
3amUCsAX

f(&al2})
f(a+2)

¢yHkuun f nepenaercs agpec noamaccHBa, HAYHHAKLIETOCS ¢ 3jgemeHTa al2l.
Buytpu ¢yukuuu f onncanne napametpoB MOXeT BHIMSIAETb Kak

f(int arrll) ¢ ... }
f(int *arr) { ... }

CnenoBateabno, nast f TOT (akT, uUTO napameTp CCHLIAETCS HA YacTh Mac-
CHBA, & HE Ha BeCb MAaCCHB, He HMEET 3HAUYEHHS.

Ecan ectb yBepewHOCTb, 4TO 3n€eMEHTH MacCHBa CylLeCTBYIOT, TO BO3-
MOXHO HHIEKCHPOBaHHE W B «OGPaTHYI0» CTOPOHY MO OTHOWIEHHIO K HYJIEBOMY
3neMenTy; BblpaxeHus pl-11, pl-2] u 1.1 we nporuBopeuarT cHHTAKCHCY
I3bIKAa W CCBHLTAKTCA HA 3IJIEMEHTH, CTOAUIHE HenocpeacTBeHHo mnepen plO].
Pasymeercsi, Heab3s «BbIXOAWTb» 3a TPaHHLUB MAacCCHBA H TeM CAMBIM CCbi-
JIaTbCsl HA HECYHIECTBYIOIUHE «OGBEKTbI».

HJIH

HJH

e g
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5.4. AOPECHASl APUDMETUKA

Ecan p ecTh ykasarteslb Ha HEKOTODbIH 3JIEMEHT MaCCHBa, TO D++ Ipo-
ABHTAeT P TaK, uTOOBl OH YKa3blBaj Ha CJAeAYIOLIHH 3JieMeHT, a p += 1 yBe-
JHYHBAEeT ero, 4yro6bl OH YyKasbiBaJ Ha 1-# 3JeMeHT mnocje TOro, Ha KOTO-
pblii OH yKa3biBajg paHee. DTH K MNOXOOHEIE KOHCTPYKIUHH — CaMmbleé NPOCTHIE
npuMepbl apudMETHKH Hald YyKas3aTeJsIMH, Ha3biBAeMOH TaKkke aipeCcHOH apud-
METHKOH.

Cu nocJjemoBaTeseH H eiHHOOGpa3eH B CBOeM MOJAXOAe K aJpecHOH
apuMeTHKe. DTO COeZMHEHHE B OJHOM S3bIKe yKasarejeH, MaCcCHBOB M al-
pecHOH apH(pMETHKH — OIHA H3 CHJAbHBIX ero cTopoH. [lponaniocTpupyem CKa-
3aHHOE TMOCTPOEHHEM [MpPOCTOr0 pacHpelesHTegNst MNaMATH, COCTOSIIEro M3
nByx mnporpamm. [lepsasi, alloc(n), Bo3Bpawaer ykasateinbr D Ha N mnocJe-
NOBATENbHO DPACMOJIOKEHHbIX siyeek THma char; nporpammo#, ofpawmaiomeics K
alloc, »3Tu suelikd MOryT ObITb HCIOJbB30BaHBl [JIS 3alOMHHAHHK JIHTEP.
Bropas, afree(p), ocBoGoxnaer mnaMsTb OJs, BO3MOXHO, TOBTOPHOH e€e
yruan3auuu. [lpoctora anropuTMa 0O6yC/IOBIEHA TNPEANOJOXKEHHEeM, 4TO o0pa-
iwenuss k afree pesnawTcsi B OGpaTHOM MNOpsiIKe MO OTHOLIEHHIO K COOTBETC-
TBylomuM ob6pamenusm k alloc. Taxum o6pasoM, mamaTte, C KOTOpOH paGora-
for alloc u afree, saBasieTcs CTeKOM (CNHCKOM, B OCHOBE KOTOPOTO JIEXHT
NPHHUHI «[OCJeJHHM BOLIeJ, TNepBbIM yweas). B cranpaptHo# OGubaHOTEKE
uMeloTess ¢yHkuud malloc u free, koTopble nAeJalOT TO XKe Camoe, TOJbKO
6e3 YNOMSHYTBIX OrpaHHueHH#; B pas3l. 8.7 Mbl NOKa)XeM, KaK OHH BHITJfA-
OAT.

®yukuuio alloc serye BCero peanu3oBaTb, €CJAH YCJOBHTbCH, YTO OHA
6yneT BBEIAABATb KYCKH HEKOTOPOro GOJbIIOrO0 MaccHBa Tuna char, KoTopbiit
M HazoBem allocbuf. 3toT MaccuB oTaaAMM B JIHYHOE INOJb30BaHHE (QYHK-
uusim alloc u afree. Tak kKak OHM HMeEIOT €O C YKa3aTesasiMH, a4 He C HH-
JeKCaMH MaCCHBa, TO APYyIHM TNporpaMmam 3HaTb €ro HMsi He HyxHO. Kpome
TOro, 3TOT MACCHB MOXHO ONpELEJHTb B TOM Xe HCXOHHOM ¢aise, 4YTO H
alloc u afree, of6bsiBuB ero ¢ kaaccudpuxkatropom static, 6maropaps uemy
OH CTaHeT HEeBHAHWMHIM BHe 3TOro ¢aina. Ha npakTHke TakoH MAacCHB MOXeT
H BOBCE HE HMETb HMEHH, NOCKOJNbKY €ro MOXHO 3anpOCHTb. C MNOMOILbIO
malloc y onepauHOHHOH CHCTeMbl M NOJYYHTb YyKasaTeJb Ha HEKOTOPHH
6e3bIMSIHHBIH 6JI0K TNaMSTH. .

EcrecTBeHHO, HaM HyXHO 3HATb, CKOJbLKO 3jeMeHTOB MaccuBa allocbuf
yxe 3aHsito. Mbl BBegeM ykasarenb allocp, koTophi#t 6yneT yka3biBaTb Ha
nepBull CBOGOAHBIH 3sieMeHT. Ecan 3anpamnBaercs namsth A8 N JIHTEp, TO
alloc BosBpamaer Tekyuee 3Hauende allocp (r.e. anmpec Hawana cBOGOA-
HOro 6J0Ka) M 34aTeM YyBeJMYMBaeT ero Ha I, urtoObn yKaszateap allocp
CChIIAJCA HA Cjedylollyio CcBoGoaHyw obsmactb. Ecau ke npocTpaHcTBa HeT,
to alloc Bbipaer Hysab. Oydkuus afree(p) npocro ycranaBauBaer B allocp
3HayeHHe P, €CJH OHO He BBIXOJHT 3a mpegenabl maccuBa allocbuf.

[Tepen Bhi3oBOM alloc:

allocp:—l
allocbuf: I l I I l J
¢———— 3aHATO CBOOOAHO ———>
[Tocsnie Bhi3oBa alloc: allocp:
1

allocbuf:r | l | l l J

3aHATO ——————> «— CBOOOAHO —
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#define ALLOCSIZE 10000 /* pasmep RBOCTYIHOrO NPOCTPAaHCTBa */
static char allocbuf{ALLOCSIZE]; /* naMmaThk nns alloc */
static char *allocp = allocbuf; /* yK-Jb Ha CBOG. MeCTO */

char *alloc(int n) /* posBpamaeT ykazaTeNb Ha N NUTep */
if (allocbuf + ALLOCSIZE - allocp >= n) {

allocp += n; /* TNPOCTPaHCTBO €CThb */
return allocp - n; /* crapoe p */

} else /% NpOCTpaHCTBa HeT */
return 0;

}
void afree(char *p) /* ocBoGoxmaeTcs MaMsTb NO YK-JO P */

if (p >= allocbuf && p < allocbuf + ALLOCSIZE)
) allocp = p;

Kak u s06yio apyryio nepeMeHHywo, yKasaTelb MOXHO WHHUHAJH3HPOBATH
HO TOJIbKO TAaKHMH OCMBICJIEHHBIMH [/l HEro 3HAYeHHSIMH, KakK HyJb HJH
Boipax<eHHe, NPHBOAsILIEE K HEKOTOPOMY aipecy paHee ONpPENeJeHHbIX daHHBIX
COOTBETCTBYIOUWEro THna. [eknapauus

static char *allocp = allocbuf;

onpenesnsier alloCp kak ykasaTesb Ha Char M HHHUMANU3HPyeT ero aapecom
MaccuBa allocbuf, mockonbky mepex HayanoM paBOTHl MPOrpaMMbl MACCHB
allocbuf nycr. Ykasauuas meknapauns morsna Gbl HMETb H TAKOH BHI:

static char *allocp = &allocbufl0];

NOCKOJIbKY HMsi MacCHBA H €CTb aipec ero HyJeBOro 3JeMeHTa.
IlpoBepka

if (allocbuf + ALLOCSIZE - allocp >= n) {

KOHTPOJIHPYET, [AO0CTATOYHO JIH NPOCTPAHCTBA, 4YTOGH YyIOBJETBOPHTb 3ampoc
Ha N JuTep. EcaH naMsiTH 10CTATOYHO, TO HOBOE 3HAYEHHE IS allocp
OOJ/DKHO YKa3blBaTh He [ajiee 4YeM Ha CJeNYIOUIyl0 MNO3HUHIO 3a MOCJENHHM 3Jie-
mentom allocbuf. Tlpu Bbimosnenun 3toro TpeGopanust alloc Bwiaaer yKa-
3aTeNb HAa HAua/lo BBIACJEHHOro 6s0Kka JuTep (06paTuTe BHHUMAHHE HA ONH-
caHde rtHma camod ¢yukunu). Ecaum TpeGoBanue He BHINOJHSETCS, dyHkuus
alloc ponxHa BbOAaThb KAaKOH-TO CHFHAJ O TOM, 4YTO NAMATH He xBaTaeT. CH
rapaHTHpyeT, 4YTO HYJb HHKOrga He OyJeT MNpPaBHJAbHONH CCHIIKOH Ha JaH-
Hbl€, MO3TOMY MBI GyleM HCIOJB30BAaTh €ro B KayeCTBE TPH3HAKA aBapHil-
HOrO COGBLITHSI, B HAleM CJyyae HeXBATKH HAMSTH.

YkaszaTeJqH H uesable He SIBASIOTCA B3aHMO3aMEHSeMBIMH o6bekTaMmu. KoH-
CTaHTa HyJb — €IMHCTBEHHOE MCKJIOYEHHE M3 3TOr0 OpPABHJIA: €e MOXHO
IIPHCBOUTL yKa3aTel0, H YKaszaTeJb MOXHO CPAaBHHTb C HYJIEBOH KOHCTaH-
To#l. Uro6bl nokasaTb, YTO HyJb — 3TO CHELHAIbHOE 3HAYEHHE IS yKasa-
Teas1, BMECTO UM@pPHl HYyJb, Kak npasuao, 3amuceBaior NULL = komcTauty,
onpenesnennyio B ¢aine <stdio.h>. C storo mMomenta M M Gyzem el mo.ab-
30BaThCS.

[TpoBepkHu

if (allocbuf + ALLOCSIZE - allocp >= n) {
if (p >= allocbuf && p < allocbuf + ALLOCSIZE)

AEMOHCTPHPYIOT HECKOJBbKO BaXHBIX CBOHCTB apHOMETHKH C yKasaTeJsiMH. Bo-
MEpBLIX, NpH COOJIONEHHH HEKOTOPBIX MPABHJ YKA3aTeJH MOXHO CPABHHBATH.

H

b
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Ecau P M ( YKa3bBAlOT HA 3JIEMEHTHI OLHOTO MACCHBA, TO K HHM MOXHO IpH-
MEHSITb OMNepaTopbl OTHOWEHHS ==, =, <, >= u T.4. Hanpnmep, OTHOLIEHHE
BHIA
p<q

HCTHHHO, €CJAH P YyKa3biBaeT Ha Gonee paHHHA 3JEMEHT MacCHBa, UeM Q.
Jlio6o# ykasaTelb BCeria MOXHO CDABHHTDL Ha paBeHCTBO K HEPaBeHCTBO C
nyjsem. A BOT AN ykasaTtesieli, CCBIIAIOWAXCS Ha 3JIeMeHTHl pa3HbiX MacCH-
BOB, pe3yJbTaT apHbMeTHUECKHX omepanui HJIH CpaBHEHUH HE ONpeaeJeH.
(CywecTByeT OALHO HCKJIOUEHHE: B apudmeTHKe C YKa3aTesNsiMH MOXKHO uc-
NO/Nb30BaTh aapec HeCyLIeCTBYIOLIEro «CJIeIyIOIEr0 3a MAacCHBOM» 3JIEMEHT3,
T.e. anpec TOTO «3JIEMEHTa», KOTOpBI CTaHeT INOCJHeAHHM, €CJlH B MacCHB
06aBUTL €llle OAHH 3JIEMEHT.)

Bo-BTOphIX, Kak BBl YXe, HaBepHOE, 3aMEeTHJIH, YyKasaTeJqu H LeJble
MOXHO CKJIAAbIBATb H BBHIYHTATDL. 3anuch BHAA

pt+n
o3nayaeT agpeCc OGDBEKTa, 3aHHMAUIEro N-€ mecto mnocje . 06beKTa, Ha
KOTOpPBIH yXKa3biBaeT pP. 310 cnpaBelinBO 0E30THOCHTENbHO K THIY 06beKTa,
Ha KOTOpHIH CChiJIaeTcsi P; N “ABTOMATHUECKH NOMHOXaeTcsi Ha KO3GhGHUHEHT,
COOTBETCTBYIOUIMH pasMepy o6bexta. Uubopmauusi 0 pasmepe HESBHO NpUCYT
CTBYeT B ONHCAHHH D. Ecau, X npumepy, int 3aHHMaeT UETHpE baiita, TO
KO3(hGhHUHEHT YMHOXEHH:A 6yneT paBeH YeThIPEM.

JlonyckaeTcsl TaKkXe BbIYHTAHHE ykasatese#t. Hanpumep, ecin P H q
CCHIIAIOTCA HA 3JEMEHTBl OAHOro MacCuBa H P <q, To0q - p *+ 1 ectp uuc-
0 3JEMEHTOB OT P A0 ( BKJIOUHTEJNBHO. ATtuM (PAKTOM MOXHO BOCNOJIB3O-
BaTbCA NpH HAMHCAHHH el onHo#t Bepcuu strlen:

/% strlen: Bo3Bpal@eT NJIMHY CTpUHIA S */
int strlen(char *s)

{
char *p = s;
while (*p !'= ’\0’)
p++;
) return p - S;

B cBoem OMnpenesieHHH P HHHUHAIH3HPYRTCH 3gayeHuem S, T.e. BHauaze D
yKa3plBaeT Ha MNepBYiO JMTepy CTpHHIA. Ha xaxnaom ware uuknaa while mpo-
BepsieTCsi OuepefHas JuTepa;, WHKJ NpoJoOJIKAETCS A0 Tex [mop, moka He
serpetutest ' \0’ . Kaxpoe NPOABHKEHHE ykasaTeJsi p Ha CJeLylollyio JHTEpY
BLIMOJHAETCH HMHCTPYKUHEH p++, M pasHOCTb pP-=S JaeT YHCJ0 TNPOHIAEHHBIX
auTep, T.e. JJIMHY CTPHHTA. (Uucno suTep B CTPHHIE MOXET 6bITh CJAHILKOM
6onbiliHM, 4YTOOB XpaHHTb €ro B nepeMeHHOH THNA int. Tun ptrdiff_t, no-
CTAaTOUYHbI AJIsi XpaHeHWs pPasHOCTH (co 3HaKoM) IOBYX ykasarteseH, onpene-
jen B rojosHoM oaine <stddef.h> . Onuaxo, eciu GblTh OUEHb OCTOPOXHBI-
MH, HaMm CJel10Ba10 Obl [Jsi BO3BpAILAcMOro pe3y/bTara HCHOJb30BaTh THI
size_t, B 3TOM CJyyae Haila Nporpamma COOTBETCTBOBAJA Obl CTAHNAPTHOH
6uGIHOTEUHON BepCHH. Tun size t ects THn 6€33HaKOBOrO LEJOro, BO3-
BpAlllaeMOro ONepaTopoM sizeof.)

ApudMeTHKa C yKasaTelsiMHM YUYHTHIBACT THIL eCJH OHa HMeeT [eJo CO
snauenusiMu float, 3anumaoWuMu GOJbUIE MAMATH, HEM char, u p — ykasa-
tenp ua float, To p++ MNPOABHHET P HA caenyiouiee 3HaueHHe float. 3ro
3HayWT, uTO Apyryio BepcHio alloc, koTopas HMEET 1eJio C 3JIeMEeHTaMH TH-
na float, a ne char, MOXHO NOJYYHTb npoctoit 3amenod B alloc u afree
scex char ua float. Bce onepauun ¢ yKasaTelsiMH 6yayT aBTOMATHYECKH
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OTKOPPEKTHPOBaHBl B COOTBETCTBHH C pa3MepoM OOBEKTOB, Ha KOTOpHE
CCHIJIAIOTCS YKas3aTeJH.

HonyckaloTcsi cienylollne ONepauHd C yKalaTeasiMH: NPHCBAHBaHHE 3Ha-
YEeHHs1 yKasaTeJs APYroMy YKasaTesl0 TOrO K€ THNA, CJOXEHHE H BbIYMTaHHE
yKasaTtesii M 1eJOro, BbIYHTAHHE H CpaBHEHHe [BYX YKasarejeH, CChlalo-
WIHXCS Ha 3JIeMeHTHl OJHOIO H TOTO K€ MacCHBa, a TaKXKe IMPHCBAHBAHHE
yKasaTenlo HyJs H CpaBHeHHe YKasateiss ¢ HyJeM. Bce apyrue omnepaunn c
yKasaTeJqssMH He jonyckawTcs. Henb3s ckJagbiBaTth [ABa yKasartensi, Iepe-
MHOXaTb HX, [eJHTb, CABHTraTb, BBIAGJATb Ppa3psAbl; yKa3arejb HeJab3s
CKJanbiBaTh CcO 3HaveHuem tHna float uam double; ykasarenwo omHoro Tuna
HeJlb3sl [a)ke MNPHCBOHTb YKasaresb [PYroro THIIA, HE BBIMOJHHB [peiBapH-
TeJIbHO OllepallHH MpPHBENEHHsl (HCK/IIOYEHHe COCTaBJAAIOT JHIUIb YyKa3aTeJdd TH-
na void * ).

5.5. NIUTEPHLIE YKA3ATENTK U DYHKLUMM

CTpuueosaﬂ KOHCTQHTQ, HANMHCAHHAsd B BHIE
"T am a string" -

eCTb MaccHB JHuTep. Bo BHyTpeHHeM INpeICTaBJEeHHH 3TOT MACCHB 3aKaHYH-
BaeTC «nycToH» Jautepoit \0’, N0 KOTOpPOH nporpaMma MOXKET HAHTH KOHeEI
cTpuHra. UHC/a0 3aHATBHIX siyeeK MNaMATH Ha OAHY O6OJiblie, 4YeM KOJHYECTBO
JINTEDP, TNMOMELIEHHBIX MeXJy NBOHHBIMH KaBblUKAMH.

YHame BCero 'CTPHHTOBblE KOHCTAHTHl HCHOJb3YIOTCsl B KayecTse apry-
MEHTOB (YHKUHH, KakK, HANpHMep, B

printf("sgpacTeyit, Mup\n");
Korga tako# JIHTepHBIH CTPHHI MOSIBJASIETCR® B NporpaMme, [OCTYN K HEMY
OCYIIeCTBASIETCS uepe3 JIMTepHbIH ykasaresap;, printf mosywaer ykasareas
Ha Hawyano MmaccuBa Jsurtep. Toudee, AOCTYN K CTPHHrOBOH KOHCTAaHTE OCY-
ILeCTBJISETCA 4Yepe3 yKa3aTelb HA €€ TepPBLIA 3JEeMEHT.

CTpHHTOBbIE KOHCTAHTBHI HYXHBI HE€ TOJbKO B KaueCTBe apryMeHTOB (yH-
kuui. Ecsn, HanpuMep, mepemeHHyl0 pmessage ONHcaTb Kak

char *pmessage
TO NIIpHCBAHBAHHE
pmessage = "now is the time";

TOMECTHT B Hee YyKas3aTelb Ha JIMTEPHBbIH MacCHB, MpPH 3TOM CaM CTPHHT He
KONHPYEeTCsi, KONHPYeTCs JHIIb YykasaTeab Ha Hero. Onepauuu mas paGoTel
CO CTPHHTOM Kak C €IHHbIM LesbiM B CH He TNpenyCMOTpPEHHI.

CyluecTByeT Ba)kHOe pa3jiHYUe MEXAY CJAEAVIOUIHMH ONpeleeHHSIMH:

char amessagel] = "now is the time"; /* maccur */

char *pmessage = "now is the time"; /* yKazaTenb */
amessage — 3TO MaCCHB, HMEIOIHH TakOH oOObeM, UTO B HEM KakK pa3 I[ome-
IaeTCsi  yKasaHHasi MNOCJed0BaTeNbHOCTb Jutep W “\0’. OraejbHbie JHTEPH

BHYTPH MaccuBa MOTYT H3MEHsATbCS, HO amesSsage BCeraga CCHJIAETCS Ha Of-
HO H TO e MeCTO namsTH. B npOTHBONOJIOKHOCTE €My pmessSage eCTb yKa-
3aresib, HHHUHAJH3HPOBAHHBIA CCLIJIKOH HAa CTPHHTOBYIO KOHCTAaHTY. A 3Haye-
HHE YyKasarejsi MOXHO HM3MEHHTb, M TOFAAa MNOCJENHHH OyaerT CCbLIATBCA Ha
4TO-1u60 apyroe. Kpome TOro, pesyabtar OGyneT HeONpeaeaeH, €CJH Bl
NONBITAETECh H3MEHHTb COAEPXKHUMOE KOHCTAHTHI.
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pmessage: E————)[ now is the time\’0’ |

amessage: | now is the time\’(L‘

JIonOMHHTENbHBIE MOMEHTH, CBfi3aHHBIE C YKasaTelsiMM H MacCHBAMH,
NpOMJIJIIOCTPUPYEM HA HECKOJbKO BHAOH3MEHEHHBIX BapHAHTaX ABYX MOJNE3HBIX
nporpaMM, B3sITHIX HaMH H3 craHnapTHoit 6ubnnotekn. [lepsas u3 HHX, ¢yH-
kuusi strcpy(s,t), komupyer CTpHHr t B CTPHHT S. XoTtejocb Obl HamM-
caTh npaAMO S=t, HO TaKOH OmepaTop KOMHPYET yKasaTelb, a HE JHTEpHL
Uro6bl KOMHPOBATH JHTEPHl, HaM HYXHO OpraHu3osarb LHKI. [lepBbifi BapHaHT
strcpy, ¢ HCMONbL30OBAHHEM MacCHBA, HMEET cjaenylolHi BHI

/* strcpy: konupyeT t B S; BapHaHT C MHISKCHUPYEMbIM MaCCHBOM*/
void strcpy(char *s, char *t)

{ int i;

i=0;

while ((s[i] = t[i]) !'= "\0")
} 1++;

st cpaBreHus NpHBEAIM BepcHio Strcpy ¢ ykasartesasiMu:

/% strcpy: xommpyeT t B s; Bepcusa 1 (c yKazaTensmu) */
void strcpy(char *s, char *t)

while ((*s = *t) I=’\0") |
S++;
t++;

}

MockoNbKy MepefaloTcsi JWIIb KOMWH 3HAYEHHi apryMmesToB, SErcpy MOxker
CBOGOAHO IMOJb30BaTbCA NapamerpaMH S H t Kak CBOHMH JIOKa/JbHBIMH T€pe-
MeHHBIMH. OHH [OOKHBIM 00pa3oM HHHLHMAIM3HPOBAHBI YKa3aTeJisMH, KOTOpbIE
NMPOABHTAIOTCS KAXKAbIA pa3 Ha CJAEAYIOULYI JHTepYy B KaXAOM H3 MacCHBOB 10
TeX MOp, NOKa B KONHPYeMOM cTpuure t He BCTPETHTCA "\O”.

Ha npaktuke strcpy tak He mumyT. ONbITHBIA MPOrpaMMHCT NPENMOYTET
6osiee KOPOTKYIO 3alHChb:

/* strcpy: komupyeT t B s; Bepcus 2 (c ykazaTensamu) */
void strcpy(char *s, char *t)

while ((*s++ = *t++) != ’\0")
} ;

[lpoaBuxenue s u U 31eCh OCYyLIeCTBJIACTCH B ynpapJsiioiled YacTH IHKJA.
3HauenneM *t++ sABJAsAeTCs JHTepa, Ha KOTOPYK YyKasbiBaeT nepemeHHas t
nepef TEM, Kak ee 3HaueHHe Oyner MNpPOABHHYTO; NOCTPHKCHBIA omeparop ++
He H3MeHseT ykasaTeib L, Noka He Oyaer B3siTa JHTepa, Ha KOTOpyl0 OH
yKa3biBaeT. TO Ke B OTHOLIGHWHM S, CHauana JiMTepa 3alOMHHUTCA B TO3HUHH,
Ha KOTOPYIO YKa3biBaeT CTapoe 3HAueHHe S, H JHIIb [OC/A€ 3TOr0 3HaYeHHE
nepeMenHo# S ysesnuuTcs. [lepechiaemasi JHTepa sIBAACTCH ONHOBPEMEHHO H
3HaueHueM, KoTopoe cpasHuBaercss ¢ '\0’. B uTOre konupyiorcs BCe
JMTEpbl, BKJAKYAs H 3aK/lounTenpHylo Jutepy \0’.

3ameTHB, uTO cpaBHenne ¢ ’\0’ 3aech suummee (nockonbky B CH He-
HyJeBOE 3HAaUeHHEe BBIPAXEHHs B YCJIOBHH TpPAKTyeTCs M KaK €ro HCTHH-
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HOCTb), MBI MOXKE€M CaeJiaTh ellle OJHO U [MOocJjedHee COKpallleHHe TEKCTa INpo-
rpamMmMbl:

/* strcpy: komupyeT t B s; Bepcuss 3 (c ykaszaTensmu) */

void strcpy(char *s, char *t)

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

} 5
XoTsi Ha HepBbe! B3rasiAi TO, YTO Mbl HNOJYUYHJH, BBIMISIAHT KaK KpHNOTOrpam-
Ma, BCe X€ Takas 3anuchb 3HA4YHUTEJBbHO yuoéﬂee, U caenyer OCBOHTDb €€,
nockoabkKy B Cu-mporpamMmax Bbl Oynere ¢ Hed 4acCTO BCTpeYaThbCs.

Uro  kacaercs  GyHkuumu  strcpy M3 cTaHZapTHOH  GHGIHOTEKH
<string.h>, ToO omna BO3BpallaeT B KauyeCTBe CBOEro pe3yJabTaTa €lie H
CCBbIJIKY Ha HOBYIO KOMHIO CTPpHHTrA.

Bropasi mporpamMma, KOTOpYi0 Mbl 3[1eCb pacCMOTPHM, 3TO stremp(s,t).
OHa CpaBHMBaeT JIHTEpbl CTPHHroB S M t M BO3Bpallaetr OTPHUATENIbHOE, HY-
JIeBO€ HJIH TIOJIOXKHTEJbHOE€ 3HayeHHe, €CJH CTPHHT S COOTBETCTBEHHO JIE€K-
CHKOrpaUUeCKH MeHblIe, paBeH HiH Gojblue, yem CTpunr t. Pesyabrar mo-
Jydaercs BBIUHTAHHEM II€PBLIX HECOBNajalolluX JINTED U3 S H t.

/* strcmp: BhgaeT <0 mpu s<t, 0 mpu s==t, >0 mpu s>t */
int strcmp(char *s, char *t)

int i;
for (i = 0; slil] == t[i]; i++)
if (slil == ’\0")
return 0;
) return slil - tlil;

Ta e mporpaMmMa C HCNOJIb30BAaHHEM yKa3aTesed 3alHCbhIBAeTCs Tak:
/* strcmp: Bumaer <0 mpu s<t, 0 mpm s==t, >0 mpu s>t */
int strcmp(char *s, char *t)

for ( ; *s == *t; g++, t++)
if (*s == "\0")
return 0;

return *s - *t;

[TockoabKy omepaTopsl ++ W -= MOryT ObiThb H NPEPHUKCHBIMH, H NOCT-
(DHKCHBIMH, BO3MOXHBI (XOTsI BCTPEYAIOTCA H He TaK 4acTO) ApyrHe HX coue-
TaHusi ¢ onepatopom *. Hanpumep,

*--p
YMEHbIIMT D Mpexje, uYeM MO 3TOMy ykasareaio Gyner moayuexa autepa. Ha-
npuMep, CJaeAyIOUlHe ABA BbIPAXEHHS:

*p++ = val; /% IMOMEeCTHUTb val B cTek */

val = *--p; /* B3ATb U3 CTeka 3HaueHWe M NMOMECTUTb B val */
SBJSIIOTCA CTaHAAPTHBIMH 3aNUCSIMH ISl NMOCHIIKH B CTEK H B3ATHS M3 CTeKa.
(Cm. pa3np. 4.3.)

Onucauua QyHKUHH, YOOMSIHYTHIX B 3TOM pasjese, a Takxe psjaa Ipy-

IHX CTaHAapTHBIX GYHKUMH, pafoTalomHX CO CTPHHFaMH, coaepxarcs B ro-
noBHOM (paise <string.h>.

Ynpaxuenne 5.3. Hcnonbsys ykasaTean, Hanuwure ¢yHkuuio strcat, xorto-
pylo Mbl paccmarpuBaid B ri. 2 (pyskuus strcat(s,t) xonupyer CTpuHT t
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B KOHell CTpHHTa S).

Ynpaxuenue 5.4. Hanumnre QyHKUHIO strend(s,t), xortopas BbOaer 1, ecau
CTPHHT U pacno/ioXeH B KOHLE CTPHHTa S, H Hy/b B NpOTHBHOM CJyyae.

Ynpaxueune 5.5. Hanuuwnrte BapHaHTH 6uGAHOTEYHbBIX (QYHKUHA Strncpy,
strncat u strncmp, KOTOpbie ONEpHUPYIOT C NepBbHIMH JIMTEPAMH CBOHX apry-
MEHTOB, YMCJO KOTOpHIX He mpeBmimaer n. Hanpumep, stroncpy(t,s,n) xonn-
pyer He Gosee n Jutep t B S. [MosHbe ONHCAHHSA 3THX GYHKLIHHA COAepXKarcs
B NpPHJOXKEHHH B.

Ynpaxuenne 5.6. OrGepuTe NOAXOAsiLUHE nporpaMmbl M3 TPEABIAYIIHX T[JaB H
ynpamﬂeunﬁ H HGPQHHH]HTC HX, HCHNOJbL3yd BMECTO HHIEKCHPOBAHHSA YKa3sa-
tenu. [logoiimyT, B YAaCTHOCTH, NPOrpammbl getline (ra. 1 u 4), atoi,
itoa u wux BapuauTth (ri1. 2, 3 u 4), reverse (rn. 3), a takxe strindex
n getop (ra. 4).

5.6. MACCMBbI YKASATENEM, YKA3SATENU HA YKA3ATENHU

Kak u swo6ble Ipyrde MepeMeHHble, YKa3aTeJlH MOXKHO TpyNnupoBaTh B
maccHBbl. s MAJIOCTPALHMH 3TOTO HAaNHILIEM [pOrpammy, COpTHpYIOLLYIO B aJ-
(paBUTHOM MNOpsI/IKE TEKCTOBbie CTPOKH; 3TO GydeT yNpOLIEHHBIH BapHaHT Mpo-
rpammbl sort cucremb UNIX.

B rsi. 3 Mbl npuBeid (QyHKUHIO COPTHPOBKM IIO [llenny, koTOpasi ymnops-
NOYHBaeT MACCHB 1eJblx, a B TJ. 4 yAydlIHWJAH ee, TMOBBLICHB ObICTpPOLEHC-
TBHE. Te xe aJITOPHTMBbI HCIOJB3YIOTCA H 3gecb, OLHAKO TeNnepb OHH 6yIIYT
o6pabaTsiBaTh TEKCTOBblE CTPOKH, KOTOpblE MOTYT HMeTb PpAa3Hylo JJIHHY H
CpaBHECHHE HJTH nepememeﬂue KOTOPbIX HEBO3MOXHO BbLINMOJHHTbE 3a OAHY one-
pauuio. Ham  HeoGxoanmo BbI6paTb HEKOTOpPOe MpeNCTABJIEHHE [AHHEIX, KOTO-
poe 6bl M03BOJHIO YAOGHO H 3dhekTHBHO paboTaTh C TEKCTOBHIMH CTPOKaMH
NpOM3BOJIBHOH IJIHHBL

Jlisi  3TOro  BOCMOJIb3yeMCs  MacCHBOM ykasaTejiei Ha Havyala CTpOK.
IMocKOMbKY CTPOKH B MaMSITH PacrojiokKeHbl BIUIOTHYIO [pyr K Apyry, K Kax-
[OH OTAEJbHOH CTPOKe JOCTYN TPOCTO OCYIMeCTBAATH 4v€pe3 yKasareab Ha
ee meppylo JanTepy. Camu ykasarenu MOXKHO OpraHH3OBaTb B BHIE MacCHBa.
OnHAa M3 BO3MOXKHOCTEH CpaBHHTb MIBE CTPOKH — TMEpeaaTb yKasaTelH Ha HHX
¢yukunn strcmp.  Uro6bi  MOMEHATb MECTAMH  CTPOKH, JOCTaTOYHO Oyner
[OMEHSITh MECTAMH B MacCHBE WX yKasaTeJu (a He CaMH CTPOKH).

[ [
] || [
4[] .

3gech CHUMalOTCs Ccpa3dy [ABe npobsembl: OQHA — CBsA3aHHAs CO CJOXHOCTLIO
ynpaB/JeHHsl NaMsATbio, a Bropas — € 6OJbIIMMH HAKJAJHBIMH DPacxolamu IMpH
nepecTaHOBKAax CaMHX CTPOK.

[lpouecc COPTHPOBKH pacrnajaercs Ha Tpu STana

4Tenue 8cex CTPOK u3 68800a
COpTUPOBKQ 868E0EHHbLX CTPOK
ne4ars ux no nopaoKy
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Kak o6biuno, BblgennM ¢ynkumy, COOTBETCTBYIOIHE €CTECTBEHHOMY [€JIeHHIO
3alayM, M HaNHWeEM [JIaBHYIO NPOrPaMMy, YNpABJASAIOLIYIO 3THMHU byHKIHAMY.
Ot1n0XHM Ha Bpemsi peanH3auuio 3Tana CODTHPOBKH H COCPelOTOYHMCS HA
CTPYKTYD€ HAHHBIX H BBOJE-BLIBOJE.

[lporpamMmma BBOZAa HOMKHA TPOYHTATH M 3ANOMHHTH JIHTEPH BCEX CTPOK,
a TaKXe TMOCTPOUTL MAaCCHB yKasartened Ha cTpokH. OHa, KpOMe TOro, a0J-
KHA MOACYHTATH YHCJIO BBENEHHBIX CTPOK — 3Ta HH(POPMALHS NOHAZOGHTCS
LA COPTHPOBKH M mevatd. Tak kak ¢QyHKuHS BBOAA MOXeT paGoTaTb TOJBKO
C KOHEYHBIM UHCJOM CTPOK, TO, €CJAH HX BBELEHO CJHIIKOM MHOTO, OHAa 6y-
A€T BBIAABATH HEKOTOPOE 3HAyeHHe, KOTOPOE HHMKOrAa He COBNajZeT HH ¢
KaKHM KOJIMYeCTBOM CTDOK, Hampumep, -1.

[lporpamma BEIBONa 3aHMMaeTcs TOJABLKO TeM, YTO meyaraer CTPOKH,

IIpH4YEM B TOM nNOpsilKe, B KOTOPOM B MAacCCHBe yKasaTeneﬁ Ha HHX pacnoJjo-
2KE€HbI CCBLIJIKH.

#include <stdio.h>

#include <string.h>

#define MAXLINES 5000 /* MaKCHMalbHOE YHUCIO CTPOK */
char *lineptr[MAXLINES]; /* yKa3aTemX Ha CTPOKH */

int readlines(char *lineptrll, int nlines);

void writelines(char *lineptrl[], int nlines);

void gsort(char *lineptr{], int left, int right);

/* COpPTHDOBKa CTPOK */
main()

int nlines; /* KONNYECTBO MPOYUTAHHHIX CTpOK */

if ((nlines = readlines(lineptr, MAXLINES)) >= 0) {
gsort(lineptr, 0, nlines-1);
writelines(lineptr, nlines);
return 0;

} else {

printf("oumGka: canwkoM MHOrO CTpok\n");
return 1;

}

#define MAXLEN 1000 /* MaKCUMalbHas LJMHA CTPOKH */
int getline(char *, int);
char *alloc(int);

/* readlines: uTeHue cTpok */

int readlines(char *lineptr{1, int maxlines)
{
int len, nlines;

char *p, linelMAXLEN];

nlines = 0;
while ((len = getline(line, MAXLEN)) > 0)
if (nlines >= maxlines !! (p = alloc(len)) == NULL)
return -1;
else {

linellen-11 = ’\0’; /* yGupaem TuTepy \n */
strepy(p, line);

) lineptrinlines++] = p;

return nlines;
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/% writelines: meuaTb CTpOK */
void writelines(char *lineptr{), int-nlines)
int 1i;
for (i = 0; i < nlines; i++)
} printf("%s\n", lineptr(il);
OGynkuus getline Basita u3 pasi 1.9.
OCHOBHOE HOBLIECTBO 31ech — Jekaapauus lineptr:

char *1lineptr[MAXLINESI;

B KOTOpO# coofwaercs, uyT0 lineptr ecrtb MaccuB H3 MAXLINES saemen-
TOB, KaXAbIH M3 KOTOpbIX MpeICTaBjsieT COCOH ykasaTelb Ha char. Huaue

ropopsi, lineptrlil - ykasatenr na JuTepy, a *lineptr{il - uurepa, Ha
KOTOpYIO OH yKa3mlBaeT (mepBasi JiHTepa i-# cTpokH Tekcra).
Tak kak lineptr — wuMsi MacCHBa, €ro MOXHO TPAaKTOBATbL Kak YyKasa-

TeJb, T.€. TaK XK€, KaKk Mbl 3TO [eJlajdH B  NpeablAylHX npuMmepax, H
writelines mnepenucarb cjenylomuM 06pasom:

/% writelines: meuaTb CTPOK */
void writelines(char *lineptr({l, int nlines)

while (nlines-- > 0)
) printf("%s\n", *lineptr++);
Buayane *lineptr cceutaetcss Ha NepBYIO CTPOKY; Kaxja0€ [MpHpAlleHHe yKa-
3aTesisi MPUBOAMT K TOMY, 4TO *lineptr cchiaercsi Ha CJEAYIOLLYKO CTPOKY,
¥ JejaeTcsi 3TO A0 Tex MOp, NoKa Nlines He CTaHET HYJEM.

Tenepb, korga Mbl pasofpanucb C BBOAOM H BBIBOLOM, MOXHO MPHCTY-
NHTb K COPTHPOBKE. DHICTPy!0 COPTHPOBKY, ONHUCAaHHYyiO B IV 4, Hago Hec-
KOJIbKO MONH(HIHPOBATb: HYXKHO HM3MEHHTb [E€K/apalluy, a OMNepaluio CpasHe-
HHSI 3aMeHHTb ofpauleHueM K Strcmp. AJropuTM OCTajCs TeM XKe, H 3TO
JaeT HaM ONpeJeJeHHYI0 YBEPEHHOCTb B €ro NpPaBU/IbHOCTH.

/* gsort: copTupyer vileftl...viright] mo BozpacTanup */
void gsort(char *v[l, int left, int right)

¢ int i, last;
void swap(char *v[1, int i, int j);
if (left >= right) /* Huuero He JeNaeTCsd, ecCiyu */
return; /%* & MaccHBe MeHee IBYX DJIEMEHTOB */
swap(v, left, (left + right)/2); '
last = left;
for (i = left+1; i <= right; i++)
if (stremp(viil, vileftl) < 0)
swap(v, ++last, i);
swap(v, left, last);
gsort (v, left, last-1);
) gsort (v, last+1l, right);

HeGosnbuine nonpaBku TpeOYIOTCH H B MpOrpamme MepecTaHOBKH

/* swap: nepectaBuTb vIil u v[]J] mexay coGoit */
void swap(char *v[I, int i, int j)

char *temp;
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temp = viil;

viil = v[j];

) vljl = temp;
Tak kak Kaxnabld 3jemeHT MmaccuBa V (r.e. lineptr) saBasercs ykasaresem
Ha JuTepy, Lemp [o/KeH HMeTb TOT e THIN, YTO H V — TOrAa MOXHO 6yner

OCYLIECTBJISITb MEPECHIIKH MexAy temp u 3/eMeHTaMHu V.

Ynpaxuenne 5.7. Hanuwunrte HOByio Bepcuio readlines, koTtopasi 3anoMuHana
66l CTPOKM B MacCHBe, ONpelejJeHHOM B Main, a He 3anpawuBaia namsiTh
nocpeactsom nporpammbel 2lloc. Hackoabko 6bicTpee 31a mporpammar

5.7. MHOTOMEPHBIE MACCHBbI

B Cu wumeercssi BO3MOXHOCTb 3a4aBaTb MNPAMOYTrOJbHbie MHOIOMEpHbIe
MacCHBBI, [paB[a, Ha MpPAKTHKE 10 CpPaBHEHHIO C MaCcCHBAMM YyKa3aTesjeH OHH
HCHOJBb3YIOTCS 3HAYHTEJbHO pexe. B 3TOM pasgene Mbl NPOOEMOHCTPHPYEM
HEKOTOpble HX CBOHCTBA.

PaccmoTpuM 3amadyy nepeBoAa OaThl «/I€Hb-MeCAll» B «[eHb T0da» H
o6patno. Hanpumep, 1 wmapra - 310 60-#i mHeHb HeBHCOKOCHOro uJaH 61-#
IeHb BHCOKOCHOro roma. OnpenesuMm [aBe (YHKUHH A8 3THX npeobpa3oBa-
Hui: ¢yukuuss day_of _year Oyaser mnpeo6pa3oBriBaTb MeCAL-A€Hb B [€Hb TO-
na, a month_day — nmeub roma B Mecsiu-AeHb. [TockoabKy mnocienHsisi ¢yHK-
LLHs1 BbBINIHMCJSI€T [ABa 3HAYE€HWs, apryMmMeHTbl MeCsill H J€Hb 6y,ﬂyT yKa3sartedas-
mu. Tak,

month_day(1988, 60, &m, &d)

YCTAHOBHT B M yucao 2, a B d — 3HauyeHue 29 (29 despans).

Hawum ¢GyHKUMAM HYXHaA OQHA M Ta K€ HH(OpMaUHs, a HMEHHO TabJHua,
coiepxaliasi 4ucjaa [Hed Kaxagoro Mecaua. Tak Kak [Jsi BHCOKOCHOTO H He-
BHCOKOCHOTO TrOJ0B 3TH Tabjuubl OyAyT pasjH4yarhCsd, INpOlle HMeTb ABe OT-
IeJjibHble CTPOKH B JBYMEPHOM MacCHBe, 4eM BO BpeMs BBIYHCAEHHH OTC/AeXKH-
BaTb OCOOLIA cayyail ¢ ¢espanem. MaccuB U (YHKUHH, BBHINOJHAKOUIHE NPEO6-
pa3oBaHHsA, HMEIOT CJeAYIOLHH BHA

static char daytabl(2]1[13] = {

{0, 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31},
v {0, 31, 29, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31}
/* day_of _year: ompegzensier geHb rofa MO Mecsuy U LHO */
int day_year(int year, int month, int day)
{

int i, leap;
leap = year%4 == 0 && year#4100 != 0 :: year%400 == 0;
for (i = 1; i < month; i++)

day += daytablleapllil;

) return day;

/* month_day: ompegzenseT Mecsl U EeHb IO EHO roja */
void month_day(int year, int yearday, int *pmonth, int *pday)

{
int i, leap;

leap = year%4 == 0 && year%100 != 0 | year%400 == 0;
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for (i = 1; yearday > daytablleapllil; i++)
yearday -= daytablleapliil;

*pmonth = 1i;

*pday = yearday;

HanoMmHHaeM, uTO apH®MeTHYeCKOe 3HayeHHe JIOTHYECKOro BhIpAXEHUS (na-
npuMep, BbiPAXKEHHs, C MOMOLLBI0 KOTOPOTO BHIYHCASAOCHL leap) paBHO HYJIO
(10Xb) HAH €eNHHHIE (MCTHHA), TaK UYTO Mbl MOXeM HCMO/IL30BATH ero Kak
uuaexc B Maccuse daytab.

Maccus daytab nosxeH GbiTb BHEHIHHM [0 OTHOLICHHIO K ofenM GyHKUHAM
day_of_year u month_day, Tak Kak OH HyXecH H ToH W Apyrod. Mul cuenain
ero Tuna char, uTOGb MpPOHJJIIOCTPHPOBATb 3AKOHHOCTb TPHUMEHEHHA THIA
char aJjs MaablX LEJbIX.

Maccus daytab — 3TO mnepsblii MacCHB W3 YHCJA [ABYMEpHbIX, C KOTOpbI-
MH Mb eume ue umenn zaeaa. Crporo ropops, B Cu JBYMEDHBI MaCCHB pac-

CMaTpHBaeTCsi KAk OJHOMEpHbIH MacCHB, KaIbiil 3JeMEHT KOTOpOro — TaKxe
maccup. [103TOMY WHIEKCHPOBaHHE H300paaercs Kak

daytablill]j] /* [cTpokallcTonGenl */
a He XakK

daytabli, jl /* HEBEPHO */

Oco6ennocTb aByMepHoro Maccusa B CH 3akiiouaercst JHlib B ¢opMe 3amuCH,
B OCTaJbHOM €ro MOXHO TPAKTOBATb NOYTH TakK Xe, KakKk B OPYrux s13bIKaX.
DJeMeHTbl 3alOMHHAKTCH CTPOKaMH, caegosaTteqbHo, IMpPH nepe6ope X B TOM
nopsiake, KaK OHH paCI'IOJXO)KQHbI B MNaMmsTH, dYalle 6y11€T H3MEHATHCA camblit
npaBblfl HHIEKC.

MacCHB HHHUMAJIH3MPYETCS CIHCKOM HauaJbHBIX 3HAYEHHH, 3aK/IIOYEHHBIM
B HrypHble CKOOKH; Kaxias CTpOKa HBYMEpHOTO MAacCHBA HHHIHAJH3HDPYETCs
cooTBeTCTBYlIOmMHMM noacnuckom. Hymeso ctonbel nobaBieH B Hauaso daytab
JMWb [IS TOrO, UTOGbI HHIEKCHl, KOTOPHIMH Mbl OyaeMm MO0/b30BATHCH, coBma-
AajH C eCTeCTBEHHbBIMH HOMepaMH MecsileB OT 1 pgo 12. DKOHOMHTbH mNapy
AyeeK NAMSTH 34eCh HET HHUKAaKOro CMbicja, a nporpamma, B KOTOpOH yXe
He Halo KOPpeKTHpOBATb HH/IEKC, BBLIMJISAHT 6osiee SICHOH.

Ec/An AByMepHblii MacCHB Mepenaercss (YHKUHH B KadecTse apryMeHTa,
TO [ekJapallus COOTBETCTBYIOUIErO eMy Mnapamerpa JOJKHA cojepxarb KOJH-
4eCTBO CTOJGUOB, KOJHYECTBO CTPOK B J[AHHOM CJyyae HECYUWECTBEHHO, no-
CKOMbKY, Kak M mnpexie, ¢yHkuuwn Oyaer mnepenaHa CChiika Ha MacCHB CTpOK,
Kaxmas M3 KOTOpbiX ecTb MaccuB u3 13 3syayenu#i THma char. B Hauem
yacTHOM CJyuyae HMeeM yKasaTeJb Ha OGDBEKTH, SBJAAIOLIHECH MacCHBaMH M3
13 3nauenuti tuna char. Takum o6pasoM, ecin MacCHB daytab nepena-
etca HekoTOpolt OyHkuun f, TO 3Ty QYHKUHMIO MOXKHO 66110 Obl ONpeneHTh
cjelyouuM 06pa3om:

f(char daytab{210131) { ... }

BMecTO 3TOr0 MOXHO 3anHucaTb
f(char daytabl10131) { ...}

NOCKOJIbKY YHCJO CTPOK 31€Chb He HMEeT 3HAUeHH:, HJIH
f(char (*daytab){131) { ...}

HOCHenHss 3amHCh AEKJApHpyeT, uTO MapaMeTp €CTb YKasaTeJb Ha MacCHB
u3 13 3nauenuit tuna char. Cko6kH 31ech HEOOXOAMMBI, TaK Kak KBajpaT
nle CkoGKM [] uMeloT Gosee BBHICOKHH TPHOPHTET, HeM *. Be3s cxo60K AeK-

|
|
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Japauus
char *daytabl13]

onpenensier maccuB H3 13 ykasartesei ma char. B Gosee ofmenm cayuae
TOJIbKO NepBOe H3MepeHHe (COOTBETCTBYIOINEE MEPBOMY HHIEKCY) MOXHO He
3anaBaTh, BCe Npyrue CneuHGHUHPOBATL HEOGXOLUMO.

B pasa. 5.12 Mbl npono/kKHM paccMOTpeHHE CJAOKHBIX JeKNapauui.

.
YnpaxHenue 5.8. B dynkumax day_of_year u month_day uer Hukakux npo-
BEPOK MNPaBHJILHOCTH BBOAHMBLIX [4T. yCTpaHHTe 3TOT HEAOCTAaTOK.

5.8. MHULIMANU3ALMA MACCHMBOB YKA3ATENEM

Hanuwem ¢yukunio month_name(n), KOTOpasi BO3Bpalll@aeT CCHIJIKY Ha
CTPHHI JIHTEp, COLEpXAUMH Ha3BaHHEe N-rO Mecsiua. Ta (YHKUHS HAeaNbHA
AJIA AEMOHCTpAUHH HCNOJNIb30BAHHUHA CTATHYECKOT 0 MaccCHBa. (DYHKU.HH
month_name umeer B cBOeM JHuYHOM pacnmopsi’KeHHH MacCHB CTDAHIOB, Ha
OOHH HU3 KOTOpBIX OHAa H BO3BpautaeT CCbIJIKy. Huxe MOKaXeM, KakK HHHUHAJNH-
3HpYyeTCsi 3TOT MAaCCHB HMEH.

CHHTaKCHC 3aJaHnsl HadaJIbHbIX 3HAYeHHH aHaJorHyey CHHTaKCHCY 1pe-
ABIAYUWHX HHHLUHAJH3AUHH:

/* month_name: Bo3BpamaeT uMA n-ro Mecsua */
char *month_name(int n)

static char *namel] = {
"HepepHuit Mecsu",

"SluBaps”, "®empanb", "Mapt",
" Al‘IpeIIb" , " Maﬂ" , " MIOHb” s
"onp", “ABryct", "CeHTaGPL",
v "OxTsa6pp", "Hosopb", "llekadpn"
) return (n < 1! n > 12) ? name(0] : namelnl:

Heknapauus, onpeaensiomasi Name Kak MacCHB yKasartesed Ha JIHT pel, Takas
XK€, Kak W Jekiapauus lineptr B nporpamme copTHpoBKH. Hunun:ausatopom
CAYMHT CIHCOK CTPHHIOB, KaXIOMY M3 KOTOPHIX COOTBETCTBYeT ompejeJieH-
HOe MecTo B Maccuse. JluTepnl 1-ro cTpuHra rme-to pasmemieHs, H yKasa-
Te&Ib Ha HuX 3anomunaercsi B namelil. Tak kak pasmep maccupa name e

cneuHpHUHpOBaH, KOMITHJIATOp BBIYHCJIHT €r0 O KOJHYECTBY 3afaHHBIX Ha-
YaJbHbLIX 3HAYCHHH.

5.9. YKA3ATENM BMECTO MHOFOMEPHbIX MACCHBOB

Hauunaiomne nporpammuposats Ha Cu uHOrna ne NOHHMAIOT, B YeM pas-
HALA MEXNy IBYMEDHbIM MAaCCHBOM H MacCHBOM yKasaTeseldl THNAa name us3
NpHBELEHHOTrO npumepa. [lis ABYX ClenyOWHX OnpeneneHuis:

int al1011201;
int *b[101;

sanucH al3104] u bI31[4] 6yayr cuHTakcHuecky NPaBUJILHBIMH CCHIJIKAMH Ha
HEKOTOpoe 3HaueHune tuna int. OnHako TOALKO a sBASETCS HCTHHHO JBY-
MEPHBIM MaCCHBOM: 1JIi JBYXCOT 3J€MEHTOB THna int 6ymer Bbigenena na-
M#ATb, @ BBIYHC/IEHHE CMeuleHHst 3seMenTa alcrpoka, croabeyl ot mavana
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maccHBa Oyaer BeCTHChb TO  (dopmyJe 20xcrpoka*croabey, YUMTHIBAIOLIEH €ro
npAMOYroabHyto mpupoay. s b ke oOnpeneyasiloTCsi TOJbKO 10 - ykasarene#,
npuueM 6e3 wnHHUMain3auud. HHHUManu3auMs 1OJKHA 3a[1aBaTbCs SABHO —
au6o craTHueckd, Jau60 B mpouecce cyera. [lpeamonoxHM, UTO KaxIbll 3Jje-
MeHuT b ccplaeTcs Ha ABAAUATH3JEMEHTHHIH MacCHB, B pe3yjabTaTe TAe-TO
6ylyT BblAEJ€Hb MPOCTPAHCTBO, B KOTOPOM pa3MECTATCH 200 3naueHH# THRNA
int, u eme 10 sueex ansi ykasaTeJedl. Baxxnoe npeMMymecTBO MaccHBa yKa-
saTeseli B TOM, 4TO CTPOKH T4xOro MacCuBa MOTYT HMETh pasHbi€ JUIHHEL
Takum 06pa3oM, KaxAbili 37eMeHT b He ofsi3aTeNbHO CChlJaeTcss Ha ABajala-
THSJeMEHTHLI BEKTOp, ONWH MOXeT CCbIarbCsa Ha [Ba 3/CMEHTA, Apyrok -—
Ha NTbIECAT, a4 HEKOTOpble W BOBCE MOTYT HH HA UTO HE CCHIJIATHCH.

Haww paccyxaeHdsi 31eCh BEJIHCh B OTHOLIEHHH LEJbIX 3HA4yeHHH, OnHa-
KO uaile MacCHBbl YyKa3aTeJied HCnoJb3yloTes IJs paBoTbl CO CTDHHIAMH JIH-
Tep, pa3JMyalIlMMUC N0 JJIMHE, Kak 3TO oo B Gynkuud month_name.
CpaBHHTE ONpeje/eHHe MacCHBa yKkasarteseii W COOTBETCTBYIOIUHH €My PHCY-
HOK:

char *namel] = {"HenpaBunbHbiil mecsu", "flgs", "®emp", "MapT"};

name:

L > |HenpaBuJIbHEIA Mecau\OJ

[
]
————[lapro)

C OmnpefesNeHHeM H PHCYHKOM /IS JBYMEPHOTO MACCHBA:

char anamel1015] = {"Hempas. mecsu", "fue", "®demp", “Mapt"};
aname:
Wenpaa. mecsau\o SHB\O deBp\o MapT\o J
0 15 30 45

Ynpaxuenne 5.9. [lepennmnre nporpaMMel day_of _year u month_of_year,
HCNONb3Yys BMECTO HHAEKCOB YKaSaTEﬂH.

5.10. APTYMEHTbI B KOMAHAHOW CTPOKE

B onepaunouoil cpene, ofecrneurBaioulel NOLAEPKKY CH, HMeeTCs BO3-
MOXXHOCTb T€pelaTh apryMeHTbl Hmli [apamMeTpbl 3anyckaeMoH TNporpamme npH
MOMOIIH KOMaHAHOH CTPOKM. B 1iOMeHT BbI30Ba Main nosydaeT ABa aprymeH-
ta. B nepsoM, OOBIYHO Ha3blBaemMOM argC (cokpamenue ot argument count),
CTOMT KOJIMYECTBO ApPryMeHTOB, 33alaBaeMbiX B KOMaHgHOH cTpoke. Bropoi,
argv (ot argument vector), sBJseTcs ykasaTeJeM Ha MacCHB JIHTEPHBIX
CTPHHIOB, COJEPXALIMX CaMH apryMEHTHL. Nuas pa6oTbl C 3THMH CTPHHIAMH
OGbIUHO HMCTIOJb3YIOTCS YKA3aTeJqH HECKOJbKHX YPOBHEH.

[Mpocteiiuinii npumep — TNporpamma echo («3x0»), KOTOpas mneyataer
apryMeHTbl CBOEH KOMaHIHOH CTPOKH B OHOH CTpOuKe, OTAeNsisi KX ApYyr OT
gpyra npotesamu. Tak, komanja ’
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echo 3zpaBcTBy#l, Mup!
Hameuartaer

3npaBcTByit, Mup!
[To cornamenunwo argvi0] ecTb HMS BbI3bIBAEMOH MNpPOTpaMMBbl, T4AK UYTO 3Haye-
HHe argc Hukorga He OniBaer Mebuie 1. Ecaum argc pasen 1, T0 B KOMaHa-
HOl CTpOKE TMOCJe MMEHH NporpamMmbl HHKAKMX apryMmeHToB HeT. B nawmem
npumepe argc pasen 3, u coorserctBenHo argvl[0], argvill un argvl2]
ecTb CTpuHrd "echo", "3mpaBcTBy#t," u "mup!". IlepBeili Heo6a3aTenbHbIH
apryment - 3to argvlll, nocaenruit - argvlargc-11. Kpome Toro,
craugapt TpebGyer, utoObl argvlargc]l Bcerga Gbisi mMyCThIM YKa3saTeseM.

argv:

=

——————-—9i3ﬂpaBCTByﬁ,\0J

s [ampo]

[Nepsasi Bepcusi mporpammbl €Cho TpakTyeT argv Kak MaCCHB JIMTEPHBIX YKa-
3aTenen.
#include <stdio.h>

/* BX0 apryMeHTOB KOMaHIHOW cTpokH; Bepcus 1 */
main(int argc, char *argvll)
¢ int i;
for (i = 1; 1 < argc; i++)
printf("%s%s", argvlil, (i < argec-1) ? " " : "");
printf("\n");
return 0;

Tak Kak argv ecThb ykasaTeJb Ha MaCCHB yKasaTtesel, Mbl MOXeM paGoTarb
C HHM KaK C ykasaTeJeM, a He Kak ¢ HHIAeKCHpyemblM MacchoMm. Crenyiowas
nporpamMma OCHOBAHA HA NDOABHXKEHHM Argv, OH NPOABMraeTcs Tak, 4TO ero
3HaueHHe B KAaXKIAbl# OTAeJbHbIH MOMEHT CChIJAeTCsli Ha OuepelHOH yKasaTeab
Ha char; nepe6op ykasartesell 3aKaHuMBaeTcst, KOrja ucdepnas argc.

#include <stdio.h>

/* 3X0 apryMeHTOB KOMaHIHOJ CTpOKM; Bepcua 2 */
main(int argc, char *argvll)

{
while (--argc > 0)
printf("%s%s", *++argv, {argc > 1) ? " " : "");
printf("\n");
return 0;
}
AprymeHT ar‘gv - yKa3aTenb Ha Ha4daJ0 MacCuBa aprymeHTbex CTPHHI‘OB.

Hcnonb3oBanne B ++argv npeduKCHOro onepatopa ++ MpHBeAeT K TOMY, 4TO
nepsbiM Oymer Haneuatan argvi1l, a ne argvi0l. Kaxpoe ouepenHoe npox-
BH)KEHHE YyKasaTessi [JaeT HaM CJeldYIOUHH apryMeHT, Ha KOTOpblH CChljaercs
*argv. B 370 xe BpeMs 3Hauesde argc yMmeHbwaerca Ha 1, M, xoraa OHO
CTaHeT HyJieM, BCe apryMeHTh OyNyT HanedyaTaHbl.
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Muctpykunio printf moxHo 6bln0 Obl HanmuCaThb M TakK:
printf((argc > 1) ? "%4s " : "4s", *++argv);

Kax Buaum, ¢opmar B printf moxer ObiTb BbIPaKCHHEM.

B KauecTBe BTOPOrO INpHMepa BO3bMeM [pPOrpaMMy TNOHCKa 06pasua,
paccMoTpenHylo B pasa. 4.1, ¥ HECKOJNbKO YCOBEpUWIEHCTBYEM ce. Ecaiun BH
noMHHTe, O6pasel /s MOMCKA Mbl «BMOHTHpOBanM» riy6oko B mnporpammy, a
5TO, OUEBHAHO, He Jydiuee pewexue. [locTpoum Hawly MpOTpaMMmy IO aHa€O-
run ¢ grep u3 UNIXa, t.e. Tak, urofpl ofpasell [is MOHCKA 3anaBajcs
NepBbIM apryMEHTOM B KOMAaH[HOH CTpOKe.

#include <stdio.h>

#include <string.h>

#define MAXLINE 1000

int getline(char *line, ini max);

/% find: meuaTb CTpPoX C 0Gpas3lLoOM 3alaHHHM 1 -M apryMeHTOM */
main(int argc, char *argv(l)

{ char line[MAXLINEI;
int found = 0;
if (argc != 2)
printf ("Ucnonpayitte B find o6pazeu\n");
else
while (getline(line, MAXLINE) > 0)
if (strstr(line, argvi1]) != NULL) {
printf("%s", line);
found++;
) return found;

CranpaprHas ¢yhkuus strstr(s,t) Beigaer ykasateib Ha nepBblil HallAeHHbIH
crpuur t B crpunre s wiau NULL, ecan Takoro B S He OKasaoCh. Ee onu-
caHHe XPAHMTCsi B TrOJIOBHOM caiie <string.h>.

STy Monenb MOXHO pa3sBHBaTb M Hajblue, yTO6GBl  MPOHJJIIOCTPHPOBATH
ApyTHe KOHCTPYKUMHM C yKasaTedsiMu. [Ipeanosioxum, 4TO Mbl BBOAWM €€ ABa
HeoBasaTenbHbIX aprymenta. OOMH M3 HHX TpPEANHCHIBAET MeuyaTarb BCE
CTPOKH, Kpome TeX, B KOTODLIX BCTpe4aercs o6pasell; BTOPOH — mepen Kax- i
10l BBIBOAMMON CTPOKOH medaTtaTh ee NOPAAKOBHIA HOMED.

[lo obuiemy coraawennto ans Cu-nporpamm B CuCTeME UNIX 3Hak MHHYC
nepes apryMEHTOM MOXET HHOrIAa Mrpath posib Heo6513aTeJbHOTO INPH3HAKA
WAM  [JONOJNHUTEJbHOTO napamerTpa. Tak, =X CJYXHT TpH3HaKOM CJOBA
«KpOMe», KOTOpOe HW3MEHseT 3a/laHHe Ha IPOTHBOMOJOXHOE, a —N yKa3blBaeT
HA NOTpe6HOCTb B HyMepauun cTpok. Toraa, Hanmpumep, KOMaHaa

find -x -n obpasey

HameuaTaeT Bce CTPOKH, B KOTOpbIX He HaileH YKasaHHbIH obpaseun, H, i
KpoOMe TOrO, Mepejl KaXIOi CTPOKOH yKaxeT ee HOMep. . ;
Heo6si3aTeqbHble apryMeHTbl pa3peiaercs pacnoJaratb B Jg1060M NOpsil-

Ke, NpH 3TOM Jyuuie, uTOOb OCTanbHAsi 4acTb MPOrpamMmbl He 3apucena OT
yucsia TPEACTABJEHHBIX aprymMeHToB. Kpome TOro, mnosb3osaresio 661710 Obl
yno6Ho, ecau Obl OH MOT KOMOHHHPOBATb HeoOsi3aTeJibHble AapryMeHThl, Ha-
npHMep, Tak:

find -nx obpasey
A Tenepb 3amHIIEM HALly NpPOTpammy.
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#include <stdio.h>

#include <string.h>

#define MAXLINE 1000

int getline(char *line, int max);

/* find: mevaTh cTpok mo o6pasuy u3 1-ro apryMmeHTta */
main(int argc, char *argvl])

char line[MAXLINE];
long lineno = 0;
int c, except = 0, number = 0, found = 0;
while (--argc > 0 && (*++argv)[0] == ’=*)
while (c = *++argvi0]) :
switch (¢) {
case 'xX’:
except = 1;
break;
n’:
number
break;
default:
printf("find: neBepuwmit mapam. %c\n", c);
arge = 0;
found = ~-1;
break;

case

1;

}
if (arge !'= 1)
printf ("Ucmonwzyitte: find -x -n o6pazeu\n");

else
while (getline(line, MAXLINE) > 0) {
lineno++;
if ((strstr(line, *argv) != NULL) != except){
if (number)
printf("%1d:", lineno);
printf("%s", line);
found++;
) }

) return found;

[lepen nonyuenuwem ouepenHoro aprymenta argc ymeHpwaercss Ha 1, a
argv  «mnpOABHraeTCsA» Ha ChaeAylolHHd aprymeHr. [locse 3aBepmeHHss uMKJa
IpH OTCYTCTBHH OWIMGOK argc COMepXHT KOJHYECTBO ellle He OGpaGOTAaHHbIX
apryMeHTOB, a argv ykasbiBaeT Ha nepBbli M3 HHUX. Takum o6pasom, argc
no/KeH ObiTb paBeH 1, a *argv ykaspiBaTb Ha o6pa3sell. 3aMeTHM, uTO
*++argv sBJSIETCSl yKasaTeJeM Ha apryMeHT-CTPHHT, a (*++argv)[0] - ero
NEePBOH  JIMTEPOH, HAa KOTOPYIO MOXHO. COCJATLCH H APYTHM  CIOCOGOM:
**++argv. [lockonbky onepatop uuaekcauHu [] umeer 60/iee BBICOKHI IIPHO-
PHTET, 4eM * u ++, Kpyrable CKOOKH 34eChb 06s3aTeJqbHbl, 6e3 HHX 3anHCh
TpakToBanach Obl Tak ke, kak *++(argv(0]). Wmenuo 3ty sanuchb Mb npu-
MEHHM BO BHYTDPEHHEM IHKJe, TA€ NPOCMATPHBAIOTCH JIHTEPHl KOHKPETHOIO
aprymenta. Bo BHyTpenwem uHk/ae Bblpaxenue *++argv(0] NpONABHIaeT yka-
3aresab argvi0l.

[TorpeGHOCTL B 6GOsee CJIOKHBIX YKA3aTEJbHBIX BbIPAKEHHSIX BO3HHKAET
He TaK yX uvacto. Ho ecinm rakoe cayuntest, TO, pa3buBas NpOLECC BHIYHC-
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JIEHHs1 yKa3aTeJssi Ha [ABa HJAH TpH mara, Bbl ofsieruyure BOCIIpHUSTHE 3TOrO
BBIDAXKCHHUSA.

YnpaxHenue 5.10. Hanumurte nporpamMmy €xpr, WHTEPNPETHPYIOIYIO OGpPaTHYIO
MOJMBbCKYK 3alHCh BbIPAXEHHS, 3a/aBaeMyl0o KOMaHAHOH CTPOKOH, B KOTOPOH
KaXIblli OMepaTop W OMNepaHa MpPeiACTaBjeH OTAeNbHbIM aprymentom. Hanpu-
mep, ,

expr 2 3 4 + *
'BBLIUMCJ/ISIETCA TAK )Ke, KaK Bhipaxenue 2 x (3+4).

Ynpaxuenne 5.11. YcosepweHncTByidTe mnporpammbl entab u detab (em. yn-
paxuenuss 1.20 u 1.21) takum o6pa3oMm, 4TOObI Yepe3 apryMEeHTbl MOXKHO Obl-
JIO 3afaBaTh CIHCOK «CTONOB» TaOy/SIHH. .

Ynpaxnenue 5.12. Pacwupbre BOo3moXHOCTH entab n detab Takum oGpasom,
yTo6bl TIpH OOpalleHHH BHIE

entab -m +n

«CTOTBI» TaGyJsIlMH HAYHHAIHCbh C M-H [O3HUMH H BBHIMOJHSJIHCb Y€pe3 Kax-
Iple n no3uuuih. PaspaGotaiiTe yno6HBIH AAst NOJb30BaTe/Nsi BApHAHT MNOBeje-
HUsl MPOTPaMMbl MO YMOJYAHHIO (KOrZa HET HMKAKHX apryMeHTOB).

Ynpaxuenne 5.13. Hanuwure nporpammy tail, nevaraiomyio n HOCJIEAHHX
BBeNeHHbIX CTpok. [lo ymosuanuio 3Hauende n paBHO 10, HO mpu XKesnaHuu n
MOXKHO 3a1aThb C nomoulblo aprymenTta. OOpalieHne BHAa
tail -n

neyaTtaetT 2 NOCJAeAHHMX CTpok. [lporpamma poJ/kHA BeCTH Ce0si OCMBICJEHHO
npu J106bIX BXOAHBLIX AAHHBIX W J1060M 3Hauyenun n. Hanuiure nporpammy Tak,
yTo6bl HAHJAYYUIHM 0Gpa3’oM HCINOJNb30BATh NaMsATh, 3alNOMHHAHHE CTPOK oOpra-
HH3y#iTe, KaK B Mporpamme COPTHPOBKH, ONHCAHHOH B pa3d. 5.6, a He Ha
OCHOBE IBYMEPHOTO MAacCHBA ¢ (DMKCHPOBAHHBIM pa3MepOM CTDOKH.

5.11. YKA3ATENMYM HA ®YHKUMUH

B Cu cama ¢yHKUHS He SIBISIETCS TMEPEMEHHOH, HO MOXHO ONpefeJHThb
yKasateqb Ha OYHKUWIO H paboTaThb C HHMM, Kak C OGBIYHOH MepeMeHHOM:
IpHCBauBaTh, pasMellaTb B MacCHBe, IepelaBaTb B KayecTBe MapameTpa
(yHKIWH, BO3BpAllaTh Kak pe3yabTaT W3 GyHkuun u T.4. s HamiocTpaunu
3THX BO3MOXHOCTEH BOCNOJIb3YEMCSI TPOrpaMMONH COPTHPOBKH, KOTOpast yxe
BCTpeyanach B HacTosiuleil riaBe. M3mennM ee Tak, 4TOOBl NpH 3aJaHUH He-
06s134TEABHOT0  apryMmeHta -—N  BBOAHMMBIE CTPOKH YMOpPSIAOUMBAIHCH IO  HX
YHCJIOBOMY 3HAUEHHIO, a He B JIEKCHKOrpauueckoM nopsiaxe.

CopTHpPOBKAa, Kak MpaBHJO, pacnajaeTcs Ha TPH 4YaCTH: Ha CpaBHe-
HHe, OINpeleNsIoee YropsAOUeHHOCTh Mapbl OGBEKTOB;, MNEPECTAHOBKY, MeHs-
JOILYI0 TOPAAOK Napbl OGbEeKTOB HA OOPATHBIH, W COPTHPYIOUIHH aJrOPHTM, KO-
TOpHIH OCYWIECTBJsiET CPaBHEHHSI H MEPeCTAHOBKH [0 Tex mop, MNoKa BCe
06beKTH He OYyoyT ynopsaouyeHbl. AJrOpUTM COPTHPOBKH HE 3aBMCHT OT Ome-
palHii CpaBHEHHss W [NEpecTaHOBKH, TaK UTO, T1iepelaBas €My pasjH4Hble
GYHKUHH CDABHEHHsi W TNepPeCTAHOBKH B KauecTBe MapaMeTpoB, €ro MOXHO
HACTPOUTL HA pa3jHUHBIE KPHTEPHH COPTHPOBKH.

Jlexcukorpaguueckoe CpaBHeHHWe [ABYX CTPOK BBLITOJNHAETCS (YHKUHe#
strcmp (MBl yXe HCNONb30Band 3Ty (YHKUHIO B paHee pacCMOTPEHHOH mpor-
pamMMe COPTHPOBKHM), HaMm Takxke mnoTtpefyeTcss mnporpaMma NUmMCMp, CpaBHHBA-
olasi JBe CTPOKM KakK YHCJOBbie 3HAYeHHs K BO3Bpallaiolias pesy/abTaT Cpas-
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HEHHS B TOM € BHIe, B KAaKkOM €ro Bhiiaer Strcmp. ITH pyHKUMH ONMCHIBA-
I0TCs1  nmepex main, a ykasaTeib Ha OAHY H3 HHX nepenaercs GYHKUHH
gsort. UYrto6bl COCPeNOTOYHTLCS HA TJIABHOM, Mbl YNPOCTHJIH ceGe 3azauy,
OTKa3aBIUMCh OT aHAJH3a BO3MOXHBIX OWHGOK Mpid 3aAaHHH APTYMEHTOB.

#include <stdio.h>
#include <string.h> .
#define MAXLINES 5000 /* MAaKCHMaJIbHO® YHUCIO CTPOK */
char *lineptr[MAXLINESI; /* yKasaTenu Ha CTPOKM TeKCTa */
int readlines(char *lineptr(!, int nlines);
void writelines(char *lineptr(], int nlines);
void gsort(void *1lineptrl], int left, int right,
int (*comp)(void *, void *));
int numcmp(char *, char *);

/* COpTHDOBKa CTpPOK */
main(int argec, char *argvlil)

{ int nlines; /* KOJNNYECTBO NMPOYUTAHHHX CTPOK */
int numeric = 0; /* 1, ecmu copT. HO YUCH. 3HaAU. */
if (argc > 1 && strcmplargvil], "-n") == Q)
numeric = 1;
if ((nlines = readlines{(lineptr, MAXLINES)) >= 0) {
gsort((void **) lineptr, 0, nlines-1,
(int (*)(void*,void*)) (numeric ? numcmp : strcmp));
writelines(lineptr, nlines);
return 0;
} else {
printf("BBegeHo caumkom MHOro ctpok\n");
) return 1;
}

B obpawmenusax k ¢ynxuusam gsort, strcmp u numMCmMp KX HMEHA TPaKTYyHOTCS
KaK azapeca 3Ttux ¢yHkuud. [losTtomy onepatop & nepen HHMH He HYyXEH, Kak
OH ObIJ1 He HYXEH H Nepel HUMEHEM MAacCHBa.

Mpl Hanucanu qsort Tak, utoGb OHA Morsia 06paBaThiBaThb AAHHHBIE JIHO-
6oro THNa, a He TOJABKO CTPHHTH JHTep. Kak BHAHO H3 mNpoTOTHHA, (YHK-
uus gsort B xayecTBe CBOHX apryMeHTOB OXHAAeT MACCHB CCHIJIOK, MABa Lie-
JIBIX 3HAYeHHs1 M (YHKUMIO C ABYMS apryMmeHTaMu-ykasaTeJasiMH. B kauectse
yKasaTeJeH-apryMeHToOB 3alaHbl ykasateau o6o6GuieHHoro Ttuna void *. Jho-
60 yKasaTeJsb -MOXKHO NPHBECTH K Tuny void * u of6patHo 6e3 mnOTEpH HH-
dopmaunn. [lostomMy Mbl MOxeMm o6paTuTbCS K (SOort, mnpenBapHTeNbHO npeot-
pa3oBaB aprymeHTol B V0id *. BHyTpu ¢YyHKUHH CDAaBHEHHS €€ apryMeHThl
6yoyT npHBedeHbl K HYXHOMY eH TuHny. Ha camom pese 3tH npeoGpasoBanus
HHKaKOTO BJIHSIHHSI Ha INpPeACTABJEHHSI apryMEHTOB HE€ OKa3biBAalOT, OHH JHIIb
06eCHeyHBalOT COrJIAaCOBAHHOCTbL THIIOB /51 KOMITHJIATOpA.

/* gsort: coptupyet vileftl...viright] no Bozspacranun */
void gsort(void *v[1, int left, int right,
int (*comp)(void *, void *))
{
int i, last;
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void swap(void *vI], int, int);

if (left >= right) /* Huuero He JelaeTcd, €CIH */
return; /% B MaccUBe MeHee IBYX DJEMEHTOB */

swap(v, left, (left + right)/2);

last = left;

for (i = left+1; i <= right; i++)
if ((*comp)(v[il, vileftl]) < 0)
swap(v, ++last, i};

swap(v, left, last);

gsort(v, left, last-1, comp);
) gsort(v, last+1, right, comp);
[ToBunMaTebHEH MNPUIJAAAMMCH K JeKJaapauusm. UeTtBepThlii napameTp QYHKUHH
gsort:

int (*comp)(void *, void *)

coobliaeT, uTO COMp eCTb ykasaTelb Ha (YHKLHIO, KOTOpas HMMeeT ABa ap-
ryMeHTa-yKasaTesisi H BblAaeT pe3yJbTaT THMA int.
Hcnosb3oBaHue COMP B CTPOKe

if  ((*comp) (vIil, vileftl) < 0)

corsacyercsi C JeKJapauued «COmp — 3TO yKasarteab Ha GYHKUHIO», H,
CJIe[lOBATEbHO, *COMP eCTb (YyHKUHSA, A

(*comp)(v[il, vlleftl])

obpamenne K He#d. CKOOKH 31€Cb HYXHBI, yTo6bl O6EecneyHTb IMPaBHJbHYIO
TPAKTOBKY /e€KJapalnu; 6e3 HHX JeK/IapauHs

int *comp(void *, void *) /* HEBEPHO */

onmuchiBana Obl COMP, KaK (YHKUHMIO, BO3BPALIAKOULYI0 CCBUIKY HA int, a sto
coBceM He TO, uTO Tpebyercs

Mbl yxe paccmatpuBaiv QYHKUHIO strcmp, CpaBHHBAOULYI0 1BA CTPHHTA.
Huxe npuBeleHa (YHKUHS NUMCMP, KOTOpas CpaBHHUBaeT /Ba CTpHHTa, pac-
cMaTpHBas HMX KaK UHC/a, TpeaBAapHTENbHO OHH NepeBOAsiTC B YHUCJIOBbBIE
sgauenus ¢yukuuenn atof.

#include <stdlib.h>

/* numcmp: cpaBHuMBaeT Sl ¥ S2 Kak uyucia */
int numcmp(char *sl1, char *s2)

{ double w1, vZ2;

atof(sl);

atof(s2);

if (vl < v2)
return -1;

else if (vl > v2)

return 1;
else

return 0;

<
-
i u
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[lporpammy COpTHPOBKH MOXHO HOMONHHTL H LpPYTHMH BO3MOXHOCTSIMH;
Pea/Ii30BaTh HEKOTOPbI€ M3 HHX MpPeANaraeTCsi B KAuyeCTBe yIpaKHeHHH.

YnpaxHenue 5.14. Monndpnuupyiire NpOrpammy COPTHPOBKH, 4YTOGB OHAa pea-
THpOBala HA MnapaMeTp —T', yKa3blBAOWHH, UYTO OGDBEKTH "HYXHO COpPTHPOBATH
B O0paTHOM TMOpsAKe, T.e. B nopsanke yOuBanus. O6ecneubTe, YTOObL —I
pabotajs W BMecTe C —n.

Ynpaxuenne 5.15. Bpeaute B nporpammy HeoGs3aTeNbHbIH napamerp —f, 3a-
AAHHE KOTOpOro nenano Gbl HEPAa3JHYHMBIMH JIHTEPbl HUIKHEro H BEpXHEro pe-
THCTPOB (HAanmpuMep, @ H A LOJKHBI OKAa3aTbCs NpH CPaBHEHHH DABHBLIMH).

Ynpaxuenue 5.16. [lpenycmorpure 3 nporpamme HeoGsi3aTebHbIA MapameTp
—d, KOTOpHIH 3acTaBuT nporpammy npH CPaBHEHHH YUYMTBLIBATL TOJBKO GYKBHI,
UHGPBl H npoBessbl. Opranuayiite nporpaMmy TakuMm o6pa3om, 4TO6B 3ITOT ma-
paMmerp Mor pa6oTaTh BMecCTe ¢ napamerpom —f.

Ynpaxuenue 5.17. Peanusyiite B nporpamme BO3MOXHOCTB paboTel ¢ moasMu:
BOSMOXHOCTb COPTHPOBKHM 10 NOJSM BHYTpH CTPOK. [last Kaxaoro mnossi mpe-
AYCMOTpHTE CBOH HabOp mnapaMeTpoB. [lpeameTHbili  ykasateab 370l  Kuuru®
ynopsinodusasncst ¢ napametpamu: -df gas TEPMHHOB MW -N [/ HOMepoB
CTpaHuI,

5.12. CINOXHbIE JEKNAPAUMM

Huorna Cu pyraior 3a cuurakcuc AE€KNapauui, OCOGEHHO TeX, KOTOphle
conepxar B ceGe ykasaTeJH Ha (YHKUHH. TakUM CHHTAKCHC NOJTYYHJICS B
Pe3y/bTaTe HAlUEd MONBLITKH CHeJaTh NOXOKHMH 3aMHCH  OBDLEKTOB NpH  HX
ONHUCAHHH H HCNOJb30BaHHH. B npocThix C/yuasix 3TOT CHHTAKCHC XOpouw,
OHAKO B CJIOXHBIX CHTYalUHsIX OH BBI3bIBAET 34TPYNHEHHS, MOCKOJNbKY JeKJ/a-
PALHH MEPEHACHIIeHb CKOGKAMH H HX HEBO3MOXKHO 4YMTATb cJeBa Hamnpaso.
IlpoGnemy unmoctpupyer paznnume CIEAYIOUIHX ABYX AeKJapaumii:

int *f(); /* f: ¢y-uus, BozBpamabuas VK-Jb Ha int */
int (*pf)(); /* pf: yk-7b Ha §-umo, BO3Bpalaouyo int */

[lpuopurer mnpedukcuoro oneparopa * HHXe, ueM npHOpuTeT (), MI03TOMY BO
BTOPOM CJlyyae CKOGKH HeOGXOIHMBI.

XoTss Ha mnpakTHke MO-HACTOAILUEMY CJIOXKHBIE [eKJAapalHH BCTPEYaTCs
penKo, BCe ke BaXHO 3HAThb, KaK UX IOHUMAaTb, a ecaun nortpebyercs, u
KaK HX KOHCTPYHPOBATb.

YKaxeM XOpOWHH CHOCOS: A€KJIApALHH MOXHO CHHTE3HPOBATh, ABHIasICh
HeGOJIbIIUMHE WaraMd ¢ NOMOLIbIO typedef; srtor cnoco6 paccMoTpeH B pasg.
6.7. B macrosmem pasgene Ha PHMEpE ABYX MNPOrpamM, OCYIIECTBJSIOHX
Npeo6pa3oBaHHsI NPABHJBLHDLIX Cu-pexsapauuii s COOTBETCTBYIOLUIHE HM CJOBeC-
HbI€ OMHCAHHSI U OGPATHO, MbI AEMOHCTPHDYEM HHOH CNOCO6 KOHCTPYHPOBAHHUS
Aexknapauui. C/0OBeCHOe OMHCAHHE uMTAeTCs Ciesa Hanpaso.

* 311€Cb HMEECTCH B BHAY OPHIHHAJN KHHIYW HA AHTAUICKOM A3bIKe., — ﬂpuMewnep.
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MNepsasi nporpamma, dcl, — Gosiee caOXHAas. Ona mupeo6pasyer Cu-mex-
fapalHu B CJOBECHBle OMHCAHMS TAK, KAk MOKA3aHO B CJCAYIOUIHX npruMepax:

char **argv
argv: ykas. Ha ykas. Ha char
int (*daytab){13]
daytab: yxas. Ha maccus[13} u3 int
void *comp()
comp: $yHku. BO3Bp. ykaz. Ha void
void (*comp) ()
comp: ykas. Ha (yHKL. BO3BP. void
char (*(*x())[1)0)
X: QyHKL. BO3Bp. yKas. Ha maccubl] u3 ykas. Ha QyHKI.
BO3Bp. char
char (*(*x[31)()) (5]
x: maccurB[3] u3 ykas. Ha QyHKU. BO3Bp. yKas.
Ha maccu[5] uz char

dynkuus dcl B cpoeit paGoTe HCHOJB3YeT TIpaMMATHKY, cneuuHLUHPY-
jolyl0 Nekaaparop. JTa rpaMMaTHKa CTPOro H3/0XeHa B pasi. 8.5 mpuJoxe-
Hust A, a B yNpOLIEHHOM BHIE 3alHCBHIBAeTCs Tak:

del: optional «'s direct-dcl
direct-dcl: name
(dch)

direct-dcl()
direct-dcll optional sizel

ToBopsi mpocThIM si3biKOM, dcl ecTb direct-dcl, nepen KOTOpPbIM MOXET CTO-
ATb *'s (T.e. OdHA WJH HECKOJbKO 3Be3gouek), rae direct-dcl ecTb
name (uMms), uau dcl B CKOOKax, HJIH diréct-dcl ¢ nocaepyiolei napow
ck0BOK, uJaH direct-dcl ¢ nocjenyiouled napoi KBaJApaTHLIX CKOOOK, BHYTPH
KOTOPBIX MOXeT ObITb MOMELleH pasmep (size).

DTy rpamMMaTHKy MOXHO HCIO/Nb30BaTh [N TPaMMaTHUECKOro pasbopa
fekiapaunii. PaccMOTpHM, HanpuMmep, TAKOH [e€K/apartop:

(*pfall) ()

Uma pfa 6Gymer kaacCHOHUHPOBAHO KaK name H, CJAELOBATEILHO, Kkak direct-
dcl. 3atem pfall Oymer pacnosHano Kak direct-dcl, a *pfall - kak
dcl w, caeposatenbho, (*pfall) ects direct-dcl. Nlanee (*pfall) ()
ect  direct-dcl w, Takum ofpasoM, dcl. ITOT rpaMMaTHuecKHit  pa3oop
MOXHO TNPOMJJIOCTPHPOBATh JepesoM pa3bopa (3necy direct-dcl 0603HaueHO
6oJee KOpPOTKO, a MMeHHO dir-dcl):




122 Trasa 5

( * pfa [1 ) ()
f

name
[
dir-dcl
d[r-{dcl
dcel

dir]dd
dlf-ldCl
dcl

CepnueBHHOH nporpaMMbl 06paGOTKH Oekjaaparopa sIBJsieTCs napa ¢QyHk-
uut dcl u dirdcl, ocyumecTBasilOIHMX rpaMMaTHuyecKHil pas3bop aekJapauuu
COTJIaCHO MNpHBeNeHHOH rpammarHke. [loCKObBKY rpamMmaTHka onpeneseHa pe-
KYPCHBHO, 3TH QYHKUHH 0OpawmanTcs ApPYyr K IAPYyry peKypCHBHO, IO Mepe
pacno3HaBaHHsA OTAENbHbIX 4YacTeH [AekJapalHd. Merton, npHMeHeHHbIH B 06-

CYXIaeMOH mnporpamme /s TpaMMaTH4YeCKOro pa3bopa, Ha3bIBaeTCsi peKyp-
CHBHBIM CIIYCKOM.

/* dcl: pasGop meknaparopa */

void dcl(void)

{ .

int ns; ‘

for (ns = 0; gettoken() == ’*’; ) /* pnomcyeTr 3Be3JOYEK */
nS++;

dirdcl();

while (ns-- > 0)

) strcat(out, " ykas. Ha");

/* dirdcl: paszGop HemOCpeLCTBEHHOr'O JeKyapaTopa */

void dirdcl(void)

int type;
if (tokentype == ' (’) { /* (del ) »/
dcl();
if (tokentype != "))
printf("ouwncka: nponywena )\n"};
} else if (tokentype == NAME) /% UMS NepeMeHHo#t */
strcpy(name, token);
else

printf("oundkxa: nonxHo GhHTL name mwix (dcl)\n");
while ((type=gettoken()) == PARENS || type == BRACKETS)
if (type == PARENS) ’

strcat(out, " ¢ynku. BO3Bp.");
else {

strcat (out, " maccum");

strcat (out, token);
) strcat (out, " usz");

}
[lpuBeseHHEIE TPOTrpaMMbl CJYXKAT TOJbKO WJMIOCTPATHBHBLIM LEJSM H He
BIOJHE HafexHbl. UYro Kkacaerca dcl, TO ee BO3MOXHOCTH CYLIECTBEHHO
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orpanuuensl. OHa MOXeT pa6oTaTb TOJBKO C MPOCTHIMH THIAMH BpOAE char u
int u He cnpaBisieTCs C THNAMH aprymMeHTOB B QYHKUHAX H C KBa/TH(pHKATO-
pamMu nomo6ueiMu const. Jlumnue npobesibl Ansi Hee omacHbl. OHa He mpeanpu-
HMMaeT HHKAKHX Mep M0 BBIXOAY H3 OWMWOGOYHOH CHTYauUHH, H TO3TOMY HEmpa-
BUJIbHblE NEKJApalliM TaKXe NPOTHBONIOKA3aHbl €. YCTpaHeHHe STHX HeN0c-
TATKOB Mbl OCTaBJsfieM [0 YNPaKHEHHH.

Huxe npusesensl raoGanbHble NEpeMEHHble ‘M [J1aBHAS NpOrpamma.

#include <stdio.h>

#include <string.h>

#include <ctype.h>

#define MAXTOKEN 100

enum { NAME, PARENS, BRACKETS }; *3
void dcl(void);

void dirdcl(void);

int gettoken(void);

int tokentype; /% Tun nociegHell neKkcemu */
char tokenIMAXTOKENI; /% TeKCT NoclelHell JeKceMb */
char name{MAXTOKENI; /% UM */

char datatype[MAXTOKENI; /* tun = char, int u 1.4 */
char out(10001; /* BhZaBaeMuil TEKCT */

main() /* mpeoCpa3oBaHMe AeKiapauuu B CJOBECHOE ONHCAHUE */

¢ while (gettoken() !'= EOF) { /* 1-a nexcema B CTpoKe */
strcpy(datatype, token); /* 3TO THUI LAHHHX */
out(0] = "\0’;
dcl(); /* pasz6op ocTanbHO§ uyacTU CTPOKH */
if (tokentype !'= ’\n’)

printf("cuntakcuyeckas ouncka\n");

) printf("%s: %s %s\n", name, out, datatype);

return 0;

dyukuus gettoken nponyckaer npofeabl W TalyJsAlUHH K 3aTeM NOJy-
yaeT CJELyIOMYI0 JIEKCeMy H3 BBONA; «iekcema» — 3TO WM#, HWJIH Tnapa Kpyr-
NEX CKOGOK, WM Napa KBaipaTHBIX CKOGOK (GbTb MOXeT, ¢ MOMEILEHHBIM B
HHX YMCJOM), MJH JioGas Apyras eAWHWUYHAR JHTEPA.

int gettoken(void) /* BO3BpallaeT clefyouyo JeKcemy */

{ int ¢, getch(void);

void ungetch(int);
char *p = token;

while ((c = getch()) ==~ ii ¢ == A\t?)
if (¢ == () A
if ((c = getch()) == ")") A

strepy(token, "O");
return tokentype = PARENS;

} else {
ungetch(c);
return tokentype = ' (’;
} else if (¢ == "1") {

for (*p++ = c; (¥p++ = getch()) 1= "1";)
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*p =”\0’;
return tokentype = BRACKETS;
} else if (isalpha(c)) {

for (*p++ = c; isalnum(c = getch()); )
*p++ = C;
*p = ’\0’;

ungetch(c);

return tokentype = NAME;
} else
return tokentype = c;

}

®yuknun getch u ungetch Geuim paccMoTpeHsl B ri1. 4.

O6patHoe mnpeo6GpasoBanne peanu3yercsi Jierye, OCOGEHHO €CJAH He
NpHAaBATL 3HAYEHHA TOMY, uTO OyNAyT TEHEPHPOBATLCH JIMIIHHE CKOGKH
[Iporpamma undcl npespamaer ¢bpasy THNA «X €CThb (YHKLHS, BO3Bpalalpouas
yKasaTe/lb Ha MacCCHB yKasaTesqeH Ha (YHKUMH, BO3BpALLAKOILHe char», koro-
pylo Mbl GyneM npeincTaBasiTb B BHIE

x () * [1 () char
B aexnapaumo
char (*(*x())[1)()
CoxpameHnnasi 3anuchb  CJOBECHOTO OMUCAHHUs  TMO3BOJISET BOCHOJIL30BATLCS

¢pynkuneir gettoken. ®ymkuus undcl HCNIOJIb3YEeT T€ Xe CaMble BHEUIHHE [e-
peMeHHble, 4To H dcl.

/* undcl: mpeoGpasyeT cioBecHoe omucanue B LeKnapauuo */

main()
¢ int type;
char temp[MAXTOKENI;
while (gettoken() != EOF) {
strcpy(out, token);
while ((type = gettoken()) != *\n’)

if (type == PARENS !! type == BRACKETS)
strcat (out, token);

else if (type == ’%’) {
sprintf(temp, "(x%s)", out);
strcpy(out, temp);

} else if (type == NAME) {
sprintf(temp, "%s %s", token, out);
strcpy(out, temp);

} else
printf("HeBepunit snement %s B $pase\n", token)

) printf("%s\n", out);
) return 0;

Ynpaxnenne 5.18. Bumousmenute dcl Takum 06pa3oM, 4TOGEl OHA HOPMAJbHO
o6pabaThiBasia OLIHGKH BO BXOLHON HHDOpMALHH

Ynpaxuenne 5.19. Monuduunpyiite undcl rak, yto6el ona wme reHepHpoBasa
JIHLUIHHX CKOOGOK.

Yupaxuenne 5.20. Pacuiupbre BosmoxnocTn del: dyHKuuMa [oMKHA cnpasis-
TbCs C OMWCATENSIMH THNOB €€ apryMeHTOB, KBATMU(DHKATOPaMH CONSt M T.4.
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CTpyKTypa — 3TO OJHA HJH HEeCKOJbKO MEePEMEHHBIX (BO3MOXHO, pas-
JIMYHBIX THIOB), KOTOpble MJsi yno6cTBa paGoOThl C HHMH CrpYNNHPOBAHBI NOA
omHuM umeneM. (B HEKOTOpHIX s3blKax, B dactHocTW B [lackane, CTPyKTyphl
HasniBaloTcsl 3anucsimu.) CTPYKTypbl NOMOTalT B OpPraHH3aluH CJOXHBIX NaH-
‘HBIX (0COGeHHO B GOJIbWIHX MNPOTpaMMmax), MOCKOJNBKY MO3BOJAIOT rpynmy CBs-
3aHHBIX MeXNy COGOH MepeMeHHbIX TPaKTOBaTb HE KAaK MHOKECTBO OTAEJbHBIX
3JEMEHTOB, a KakK €JHHOe LeJIoe.

PacnpocTpaHeHHbIH NpAMEp CTPYKTYpPbl — CTPOKA MJIATEXKHOH BEIOMOCTH.
OHa COJAEpPXHT TaKHe CBEIEHHs O CJyXKalleM, KaK ero NOJHOe HMs, alpec,
HOMep KapTOYKH COLHAJbLHOTO CTpaxOBaHHus, 3apnsara ¥ T.A HekoTtopbie u3
3THX XapaKTEPUCTHK CaMH MOryT ObiTb CTPYKTYpaMH: HanmpuMep, MO/THOE HMs
COCTOHT H3 HECKOJbKHX KOMIOHEHT ((paMHJIMH, HMEHH H OTYECTBAa), aHaJIO-
rHUHO azpec, W naxe 3apnaara. [pyro#t npumep (Gosee THnuuHbid aas  Cu)
— u3 objacTH rpadHKH: TOYKA €CTb Mnapa KOOpJAMHAT, NPAMOYrOJbHHK €CTb
napa TO4YeK H T.JL.

[n1aBHble H3MeHEeHHs, BHeCeHHble cTaHaapToM ANS] B OTHOWEHHH CTPYK-
Typ, — 3TO BBeleHHE s HHX OlepauuH npucsanBaHusi. CTPYKTypbl MOTryT
KONMpPOBATbCS,, HAL HHMH MOTYT BBIIOJHSITbCA OMNEpauMd MpHCBAHBAHHA, HX
MOXHO T[epeiaBaTb (YHKUHAM B KayecTBE apryMeHTOB, a (YHKUMH MOTyT
BO3BpAIlATh HX B KadyecTse pe3ysbTaToB. B GONBLIIMHCTBE KOMMHJSITOPOB yXe
[aBHO peaNH30BaHbl 3TH BO3MOXHOCTH, HO Tenepb OHH TOYHO OrOBOPEHDI
cranfaptom. sl aBTOMATHYECKHX CTPYKTYp H MAacCHBOB TENepb Takxke [0-
nycKaeTcsi MHHUHMANH3AUUA

6.1. OCHOBHbIE CBEAEHUSI O CTPYKTYPAX

CKOHCTPYHPYEM HECKOJIBKO TpapuuYeCKHX CTPYKTYP. B xauecTBe OCHOB-
HOTO 06’beKTa BblC’l‘ynae‘l‘ TOYKa C KOOpllHHaTaMH X H Y, H HYCTb OHH HMEKT
tn int.

Yy

(0,0} |.
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YKa3aHHble [Be KOMIOHEHTHl MOXHO NOMECTHTb B CTPYKTYpY, ONHCAHHYIO,
HanpuMep, CJAEAYOLHM 06pazoMm:

struct point {
int x;
int y;

};

Onucaune CTPYKTYphl HAYHHAETCH C KJAIOYeBOro cJjosa struct u coaep-
XHT CIIHCOK HOeKJapaudil, 3ak/JIOueHHbIH B (GUrypHBle CKOGKH. 3a CJIOBOM
struct wmoxer cienosate wuMs, wHasbiBaemoe Trezom* cTpykryper  (point B
HameM cayuae). Ter paer HasBaHHe CTpyKType [AAHHOTO BHAA M  jaajee
MOXET CJYXHTb KDAaTKHM OGO3HAyeHHEM TOH 4YacTH [eK/Japauuu, KOTOpas 3a-
KJIOUeHa B (UTYypHBlE CKOOKH.

Ilepeuncnennele B CTPYKType mepeMeHHble HA3BIBAIOTCS «aenamu. Wmena
4J€HOB M TeroB G0e3 Kakux-M60 KOJJIM3HI MOTYT COBNagaTb C HMEHaMH
OGBLIYHBIX MepeMEeHHHX (T.e. He UJEHOB), TaKk KAaK OHHM BCeria PA3JIHYHMBL 1O
KOHTEKCTY. DBosiee TOro, OQHM M Te e HMEHA UYJEHOB MOTYT BCTPEYaThCsi B
Pa3HBIX CTPYKTYpax, XOTs, €CJH CJ€N0BATb XOpOLIEMY CTHJIO [pOrpaMMHpPO-
BAHHS, Jyyllle OAMHAKOBbIE HMEHA NaBaThb TOJLKO GJIM3KHM MO CMBICAY OOBEK-
TaMm.

Hexnapauust cTpykTypnl — 3TO Tun. 3a npasoii (burypHolt CkoOkoH, 3a-
KpbIBAIOWEH CIHCOK UYJEHOB, MOTYT CJEAOBaThb IepeMeHHble TOYHO =TaK Xe,
KaK OHH MOTYT OBITb yKa3aHbl NOCJe Ha3BaHHS JK060r0 6a30Boro THma. Ta-
KHM 00pa3oM, 3anuchb

struct { ... } x, vy, z;
C TOUYKH 3pEHHs] CHHTAKCHCA AaHAaJIOTHYHA 3aNUCH
int x, y, z;

B TOM CMLICJIC, 4TO KaXAaas [eKJAapHpyeT X, Y H Z Kak NepeMeHHble yKa3aH-
Horo tuna. OGe 3amHMCH MPHBEAYT K TOMY, WYTO TIe-TO Oyzer BblAeJeHA Ia-
MsiTb COOTBETCTBYIOLIEro pa3mepa.

Hlexnapauust CTpyKTyphl, He COAepXalledl CIHCKAa NepeMeHHBIX, He pe-
3€PBHPYET NaMsITH: OHA MNPOCTO ONHCHIBAET IIAGNOH, HJH 06pasel CTPYKTY-
pl. OnHAKO €C/AM CTPYKTYpa HMeeT Ter, TO 3THM TEroM jajee MOXKHO
NOIb3OBATBECS  NPH  ONpPENeNEHHH CTPYKTYPHHX O0ObekTOB. Hanpumep, ¢ mno-
MOIIbIO 3alaHHOH Bbille AeKNapauMH CTPYKTYphl point crpoka

struct point pt;
ONmpenenser CTPYyKTypHylo mnepemeHHyio pt tuna struct point. Crpykryphyio
NIEPEMEHHYIO NpPH €€ ONMpeNeNeHHH MOXHO HHHUHAJH3HPOBATb, (OPMHPYS CIIH-
COK HHHLHMANH3ATOPOB €€ YJIEHOB B BHJE KOHCTAHTHBIX BbIPAXKEHHI:

struct point maxpt = { 320, 200 };

HMHnunanusnpoBats aBTOMAaTHUYECKHE CTPYKTYPbl MOXHO TakKke npHCBaWBaHHEM
HAM obpalleHHeM K QYHKUHH, BO3Bpalaioliell pe3ynbTaT B BHJE CTPYKTYPHI
COOTBETCTBYIOLLETO THIA.

Hoctyn  x  OTHeAbHOMY ujleHY CTPYKTYPHl  OCYIIECTBASETCS nocpeac-
TBOM KOHCTDYKUHH BHAA:

UMA-CTPYKTYPOLL . 4AeH

Onepatop OOCTyna K 4YJEHY CTPYKTYPHl «.» COEAHHSIET HMSs CTPYKTYPBl H HMs
yneda. YToObl HaneyaTarth, HanpHMep, KOOPAMHHATH TOYKH pt, TOAMTCH Clie-
ayiowee o6pauieHne kK printf: )

* Ot anrauiickoro cnosa tag — sipasik, stuketka. — [lpumew. nep.
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printf("%d,%d", pt.x, pt.y);
Jpyroit npuMmep: 4TOGHl BBLIYHCJIWTH PaACCTOAHHE ot uauana koopaunar (0,0)
10 pt, MOXxHO Hamucatb

double dist, sqrt(double);

dist = sqrt((double)pt.x * pt.x + {(double)pt.y * pt.y);

CTpyKTypsl MOTYT OBITb BJIOXKEeHbl Apyr B Apyra. OnHO H3 BO3MOXHBIX
NpeACTaBJAeHuHl NPSMOYroNbHHKA — 3TO napa TOUEK Ha yrjax OJHOH H3 ero
JHAroHaneH:

; . pt2
1 p

pt1l

struct rect {
struct point ptl;
struct point pt2;
b
Crpyktypa rect coaepxut ABe CTPYKTYyphl point. Ecaum Mbl JAekJapHpyeMm
screen Kak

struct rect screen;
TO ‘
screen.ptl.x

cChIAeTCs HA KOOpAMHATy X TOouku ptl u3 screen.

6.2. CTPYKTYPbl U OYHKLIUK

EAHHCTBEHHO BO3MOXHbIE OlEpaluu Hal CTPYKTypamu — 3TO HX KOMHPO-
BaHHe, NpHCBaHBaHHe, B3siTHE ajpeca ¢ MOMOLILIO & M OCylIeCTBJEeHHE J0C-
Tyna k ee ujenam. [lepenaua CTPyKTYp GyHKUMSIM B KadyecTBe apryMeHTOB H
BO3BpaT HMX OT QYHKUMH B BHAE Ppe3yJbTaTa Takxke OTHOCAATCS K ONEpalusm
KOnHpoBaHHsi W npHCBauBaHHs. CTPYKTYpbl HEIb3s cpaBHUMBaTb. MHHUHMaNU3H-
pOBaTb CTPYKTYPY MOXHO CITHCKOM KOHCTaHTHBLIX 3Ha4yeHH# €ee YJEHOB; aBTO-
MATHYECKYIO CTPYKTYPY MOXHO HHHUHAJIH3HPOBATbL TAKXKE NpUCBAHBAHUEM.

Uro6bl Jyulle MO3HAKOMHTBCS CO CTPYKTypamy, HamWileM HeCKOJbKO
GYHKUHMH, MaHUNYJHPYIOUMX TOUKAMH H npAMoyroJbHuKkaMu. Bo3sumkaer Bom-
poc: a Kak repeaaBaTb (QYHKUHAM HA3BAHHDBIE o6bekTh? CyliecTByer Mo
KpaliHeii Mepe TpH NOAXOJa: MepefaBaTh KOMIOHEHTEI N0 OTAEJbHOCTH, Te-
peiaBaTh BCIO CTPYKTYpy UEJHKOM H Tepenasarb yKasaTelb Ha CTPYKTYpY
Kaaplit MOAXOA HMeeT CBOH IJIOCHI H MHHYCBL.

[lepasi yHKuUHS, makepoint, nosnyuaeT ABa UEJBIX 3HAYeHHH M BO3-
Bpamaer cTpykTypy point.

/* makepoint: QopMupyeT TOUKY IO KOMNOHEHTaM X M ¥ */
struct point makepoint(int x, int y)

struct point temp;




H

temp. x

temp.y = y;
return temp;

X5

}

3aMeTHM: HHKAKOH NyTaHHUBLl H3-3a TOrO, YTO HMS$ apryMeHTa CcoBHajaeTr ¢
HMEHEM 4J€Ha CTPYKTYpPbl HE BO3HHKaeT;, 60Jiee TOro, OAHO H TO K€ HMS
NOAYEPDKHBAET POACTBO O003HAUAEMBIX HM OOBEKTOB.

Teneps ¢ nomownkio makepoint MOXHO BLIOAHSTH JHHAMHYECKYI0 HHHIHA-
JH3alHI0 JIIOGOH CTPYKTYPH HJu POPMHPOBATD CTPYKTYPHBIE€ ApPTYMEHTBl M
TOH HJIH HHOH (DYHKUHH:

struct rect screen;

struct point middle;

struct point makepoint(int, int);

screen.ptl = makepoint(0, 0);

screen.pt2 = makepoint (XMAX, YMAX);

middle = makepoint((screen.ptl.x + screen.pt2.x)/2,
(screen.ptl.y + screen.pt2.y)/2);

Ham moxer mownano6utbcs pam ¢yukumi, PeaNH3yOIHX pa3HUHBIE Ole-
pauud Hax ToukamH. B kauecTse mpumepa paccmMoTpuM CJERYIOINYI0O PYHKUHIO:
/* addpoint: cinoxenue mByx Touek */
struct point addpoint(struct point pl, struct point p2)

{
pl.x += p2.x;
pl.y += p2.y;
} return pl;

3necb o6a aprymeHTa M BO3BpalllaeMOe 3HAUEHHE — CTPYKTYpbl. Mbl yBeMYH-
BAEM KOMIOHEHTbl NpPAMO B Pl M He HCNOJb3yeM JUIsi 3TONO BPEMEHHOH mepe-
MEHHOH, YTOGBl MONYEPKHYTb, YTO CTPYKTYPHBIE NApAMETpHI nepefalTcsi Mo
3HAUEHHIO TaK Xe, KakK H JoOGble Apyrie.

B kauecTse apyroro upumepa npusenem ¢yukuuio ptinrect, «koropas
NPOBEPSiET:  HAXOAMTCSH JIH TOYKA BHYTPH NPSAMOYTOJbHHKA, OTHOCHTENBbHO
KOTOpPOro Mbl NpPHHHMAeM COTJIALIeHHe, YTO B HEr0 BXOIAAT €ro JieBas H HHXK-
Hsst CTOPOHBI, HO H€ BXONST BEPXHss H IpaBas.

/* ptinrect: Bozspamaer 1, ectru pB T, M 0 B NpOT. clydae */
int ptinrect(struct point p, struct rect r)

return p.x >= r.ptl.x & p.x < r.pt2.x
) && p.y >=r.ptl.y & p.y < r.pt2.y;

3mecb mpeanosnaraeTcsi, uTO NPSMOYTONBHHK [PEACTABAEH B CTAHAAPTHOM
Buzae, T.€e. KOOpAHHATBl TOukH ptl MeHbIe COOTBETCTBYIOIMX KOOpAMHAT
Toukn pt2. Cuenyowas GyHkuus rapaHTupyer NOJIydeHHe MNPSMOYroJbHHKA B
KaHOHHYECKOM BHIE.

#define min(a, b) ((a) < (b) ? (a) : (b))

#define max(a, b) ((a) > (b) ? (a) : (b))

/* canonrect: xaHOHM3aLUMs KOOpAMHAT NpPAMOYT'OJNIbHUKA */
struct rect canonrect(struct rect r)

struct rect temp;
temp.ptl.x = min(r.ptl.x, r.pt2.x);
temp.ptl.y = min(r.ptl.y, r.pt2.y);
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temp.pt2.x = max(r.ptl.x, r.pt2.x);
temp.pt2.y = max(r.ptl.y, r.pt2.y});
) return temp;

Ecnu ¢ynkuuu mnepepaerca O6oabpliasg CTPYKTypa, TO, 4YeM KONHPOBATb
ee [LeJHKOM, 3(dexTHBHee mepeaaTh ykas3aTeslb Ha Hee. YKasaTeJH Ha
CTPYKTYpbl HHYEM HE OTJIHYAKTCA OT yKa3aTe.neﬁ Ha OOBLIYHBIE IMCpEMEHHLIE.
Hexnapanus

struct point *pp;

cooflaer, 4TO PP €CTb YykKasarteab Ha CTpykTtypy tuma struct point. Ecau
pp cchliaeTcss Ha CTpPyKTypy point, To *pp ectb cama CTpykTypa, a
(*pp).X u (*pp).y - ee unednl. Hcmoapsys ykasaresb Ppp, ™Mbl MOrJIH Obl
HamucaTthb :

struct point origin, *pp;

pp = &origin;

printf("origin: (%d,%d)\n", (*pp).x, (*pp).y);
Ckobku B (*pp).X HEOOXONHMBI, [OCKOJbKY IHPHOPHTET OHepaTopa . BbIlIE,
yeM npuoputeT *. BeipaxeHue *pp.X OyaeT TNPOHHTEPNPeTHLOBAHO Kak
*(pp.X), 4YTO HEBEPHO, IOCKOJbKY PP.X He SIBJSAETCH YyKasaTeJeM.

YKka3zateqn Ha CTPYKTYypbl HCHOJB3YIOTCS BeCbMa 4acTd, TMO3TOMY [Js

HOCTyna K ee uJjeHaMm Obljla NpHAymMaHa euie OxHa, (oJee KOpoTkas ¢opma
sanucu. Ecau p — ykasareab Ha CTpPYKTypy, TO

p->4nen-CTpYKTYpOL

eCTb ee OTAeJbHbIH useH. (Omepatop -> COCTOHT H3 3Haka -, 3a KOTOPBIM
cpasy cuaenyer 3Hak >.) [lostomy printf moxuo nepenncars B BHIE

printf("origin: (%d,%d)\n", pp->x, pp->y);

O6a onepatopa . ¥ -> BHINOJHAIOTCH CJeBa HanpaBo. TakuMm o6pa3om,
NpH HAJMUYHHK JeKJapauuu

struct rect r, *rp = r;
CJeAYIOlHe 4YeTbipe BblpaKeHHsl OYAYT SKBHBAJEHTHBL:

r.ptl.x
rp->ptl.x
(r.pt1).x
(rp->ptl1).x

OnepaTtopsl 10CTyna K uJieHaM CTPYKTYpbl . H —> BMeCTe C Oleparopa-
MM Bbi3oBa ¢yHkuuu () W uHaekcauwH maccusa [l 3aHHMAaOT camMoe BLHICOKOE
[OJIOXKEHHE B HepapXHH TPHOPHTETOB H BHINOJHSIOTCS paHblle JIOOBIX APYrHx
onepatopoB. Hanpumep, ecnu 3amana nexksnapauus

struct
int len;
char *str;
} *p;
TO
++p->len

yBesinuuT Ha 1 3HaueHwe wjeHa CTPYKTypul len, a He ykasaTteabp p, NOC-
KONbKY B  3TOM  BBIDaXeHHM Kak Obl HeSIBHO INPHCYTCTBYIOT  CKOOKH:
++(p->len). YrToOB H3MEHHTbL MOPSAOK BHLIIOJHEHHS OmNepauuil, HYXHbl SIBHbIE
cko6ku. Tak, B (++p)->len, npexne uem B3ATh 3HAuUeHHe len, nporpamma

5. 3akasz Ne 13
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npoasuHeT ykasatens p. B (p++)->len ykasatenb p yBeJHUHTCS mNOCJE TO-
ro, xax OyaeT B3sTO 3HaueHue len (B mnocsenHeM cJjyyae CKOGKM He 06si-
3aTesbHBI).

[lo tem xe npaBusam *p->str o6o3Hauaer colepXHMOe OGDBEKTa, Ha
KOTOpHIH cchraercss  Str;  *p->str++ npoasuHer ykasatenb Sir nocae
NOJIy4YeHHs1 3HayeHus OObeKTa, HAa KOTOPBIH OH yKasmiBajd (Kak H B BHIpaxe-
HHH BHAa *S++); (*p->str)++ yBeqwunT 3HAueHHe O0O6DBEKTa, HA KOTOpPLIK
ccoistaercst str; *p++->str npoasuHer p mocsae TOro, kKak OyaeT HOJYYeHO
TO, Ha YTO yKa3blBaer Str.

6.3. MACCHBbI CTPYKTYP

PaccmoTpuM mporpammy, Onpenensiiollylo UHCJIO BXOXKIEHHH KaXAOro KJIO-
yeBoro cJsioea B TekcT Cu-nporpamMmbl. Ham HYXHO yMeTb XpaHHTb KJIOUEBHIE
CJIOBA B BHJAE MAacCHBAa CTPHHIOB U CUETYHKH KJIOUEBbIX CJOB B BHAE MAac-
cHBa uesblX. OOHH H3 BO3MOXHBIX BAapHAHTOB — 3TO HMETb [Ba MNapaJJesbHbIX
MaccHBa

char *keyword[NKEYSI;
int keycount [NKEYS];

OnHako MMEHHO TOT (aKT, 4YTO OHH MNapaJjJiesbHbl, NOACKA3biBaeT HaM IpYryio
OpraHH3alUHI0 XPAaHEHHS — 4Yepe3 MaCcCHB CTPYKTyp. Kaxkaoe kJjloueBoe CJOBO
MOXHO OMHCaThb NapoH XapaKTepHCTHK

char *word;
int count;

Takne napbl COCTABJAKT MACCHB. ﬂemapauuﬂ

struct key {
char *word;
int count;

} keytabI[NKEYS];

ONMHMCBHIBAeT CTPYKTYpPYy THmMAa Key H onpenesnsier maccup keytab, kaxawiii asje-
MEHT KOTOPOro ecCTb CTPYKTypa 3TOro THna M KOTOPOMY rae-to OyaeT BHI-
neJeHa rnaMsarTb. DTO e MOXHO 3amucaTb H Nno-Apyromy:

struct key {
char *word;
) int count;
’
struct key keytab[NKEYS];

Tax kak keytab comepXHT nocTOsiHHBIH HaG0Op HMEH, €ro Jierye BCEro
cAenaTbh BHEIUHHM MAaCCHBOM H HHHLHAJAH3UPOBAThb OJHH pa3 B MOMEHT OIIpe-
nejeHusi. MHHUManu3auMs CTPYKTYp aHaJOrHYHa paHee [OeMOHCTPHPOBABIUIHAMCH
HHHUHAJH3aUHAM — 3a ONpejesJeHHeM cJeayeT CHHCOK HHHUHAJAM3aTOpPOB, 3a-
KJIOYEHHBIH B (PUrypHbie CKOOKU

struct key {
char *word;
int count;

} keytabll = «{
"auto", O,
"break", O,
VA B V4

ki
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"while", O
¥
HHHUHKAIKH3aTOpEl  33[aK0TCSi  NapaMH, 4YTOOB COOTBETCTBOBATb KOH(UIYypaunH
e ~ L7
cTpyKTypsl. CTporo rosops, napy HHHUMAJIM3ATOPOB [JISl KaXAOH OTAEJbHOH
CTPYKTYpHl CJ€AOBaJO GObl 3aK/JIOUHTb B (HUrypHbIE CKOOKH, Kak, HamnpHMep, B

{ "auto", 0 },
{ "break", 0},

OnHaKo, KOraa HHHLHAAH3aTOpBl — TNpPOCTbIE KOHCTAHTH HJIH LENOYKH JIHTEP,
H BCE OHH HMEIOTCSl B HAJH4YMM, BO BHYTPEHHHX CKOOKax HeT HeoBGXOAHMMOC-
tH. Ywucao 3aemenToB Maccupa keytab OyaerT BBIYHCAEHO 1O  KOJHYECTBY
MHHLHAJK3ATOPOB, TOCKOJbKY OHHM IIpeACTaBJeHbl MOJHOCTbIO, & BHYTPH
KBaapaTHbIX CKOOGOK [] HHuero He 3anaHo.

[porpamMa noacyeTa KJIOUYEBBIX CJOB HAayHHAeTCs 'C  ONpeleJieHHs
keytab. Ilporpamma main uuTaer BBOA, MHOroKpaTHO Ofpawascb kK QYHKUHH
getword W mosyyas Ha KaXAOM ee Bbl30OBe ouepenHoe caoBo. Kaxpoe cjoBo
Hulercss B keytab. [us 3Toro wucnosb3yercsi ¢YHKUHA OHHApHOTO IMOHCKA,
KOTOpyl0 Mbl Hanucadd B rji. 3. CHHCOK KJIOUEBBIX CJOB [OJXKEH ObITb ynops-
noyeH B ajq¢daBHTHOM MNOpsIKe.

#include <stdio.h>

#include <ctype.h>

#include <string.h>

f#define MAXWORD 100

int getword(char *, int);

int binsearch(char *, struct key *, int);

/% TOICYeT KJOYeBHX CJOB Cu */
main()

int n;
char word[MAXWORD];
while (getword(word, MAXWORD) != EOF)
if (isalpha(word(01))
if ((n = binsearch(word, keytab, NKEYS)) >= 0)
keytablnl.count++;
for (n = 0; n < NKEYS; n++)
if (keytablnl.count > 0)
printf("%4d %s\n",
keytablnl.count, keytablnl].word);
return O;

/* binsearch: HaiiTu cnoso B tabl0]...tabln-1] */

int binsearch(char *word, struct key tabll, int n)
{

int cond;

int low, high, mid;

low = 0;

high = n - 1;

while (low <= high) {
mid = (low+high) / 2;
if ((cond = strcmp(word, tablimidl.word)) < 0)
high = mid - 1;

5*
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else if (cond > 0)
low = mid + 1;
else

) return mid;

return -1;
}
YyTb no3xe Mbl paccMOTpHM ¢yHkuuio getword, a celuac Ham OOCTATOYHO
3HATb, 4YTO MNPH KaXKAOM €€ Bbl30Be [0JyuaeTCss O4YepeaHOe CJIOBO, KOTOpoe
3alOMHHAaeTCsd B MAaCCHBE, 3alaHHOM INEpBbIM apI‘yMeHTOM.

NKEYS - xoauuecTBO KJlOueBbix c¢aoB B KkKeytab. Xors Mel Morau 6wl
NOACYHTATh YHCJIO TAKUX CJOB BPYUHYIO, ropas3no Jerdye W Oe3onacHed cpe-
JaTh 3TO C MOMOILIbI0 MAaUIHHBI, OCOGEHHO €CJH CIHCOK KJIOYEBBIX CJIOB MOXET
6biTb H3MeHeH. ONHO H3 BO3MOXHBIX pelleHHH — IOMECTHTb B KOHEL CIHCKa
HHHUHAIK3aTOpOB nycTol ykasatenb (NULL) wu 3arem nepe6Hpath B LHKIE
3jieMedThl keytab, moka He BCTPETHTCSI KOHUEBOH 3JIEMEHT.

Ho BosmGxHO u Gojee mnpoctoe peumeHde. Ilockoabky pasmep MaccHBa
MOJIHOCTBIO OTNpeaesieH BO BpEMsi KOMIIHJIAUHH H paBeH HPOHSBEECHHK) KOJIH4ye-
CTBAa 3JIEME@HTOB MacCHBa Ha pa3Mep €ro OTAENbHOrO 3JIEMEHTa, YHCJO
3JIEMEHTOB MAaCCHBA MOXHO BBIUHCJIUTH MO (opMmyJe

pa3mep Keytab / pasmep struct key

B Cu umecicss yHapHblii omepatop sizeof, xoropslii paboTaeT BO BpeMsl KOM-
MHJASIHHHA. £r0 MOXHO TPHMEHSITh AJ51 BbIYHCJEHHSI pasMmepa J1060ro OOGbeKTa.
Belpaxkenus

sizeof ob6wexr

H .
sizeof (umsn rTuna)

BbIAK)T L2/ble 3HAueHHsl, paBHble pa3Mepy YKa3aHHOro OObeKTa HJIM THIA B
Ganitax. {Crporo rosopsi, sizeof Buiaaer 6e33HaKOBOe I1eJ0€, THI KOTOPO-
ro size_t omnpegeneH B rosoBHom ¢aiae <stddef.h>.) Urto kacaercs 06nb-
eKTd, TO 3TO MOXeT ObITb TNepeMeHHasl, MacCHB HJIH CTPyKTypa. B KauecTpe
UMEHH THIA MOXeT BbICTynaTb uMsi 6Gasooro Tuna (int, double...) wuau
HMsi NPOM3BOJHOTO THMA, HAaNpHMep, CTPYKTYDHl HJH YyKasareJss.

B uamem cjayvae, uTOOBl BBIYHCJHTb KOJHUYECTBO KJIOUEBHIX CJIOB, pas-
Mep MacCHBa Hal0 TMOAEJHTbL Ha pa3Mep OIHOrO 3JeMeHTa. YKa3aHHOE BHI-
4yuCJIEeHHe HCnosb3yeTcss B HHCTpykuuu H#define nans  ycraHOBKH 3HaueHwus
NKEYS:

#define NKEYS (sizeof keytab / sizeof(struct key))

DTOT Ke pe3yJbTaT MOXHO MOJYUYHTb [APYrHM CHOCOGOM — HOMEJTHTb pas3Mmep
MacCHBAa Ha pa3Mep KakKOro-TO €ro KOHKPETHOro 3JieMeHTa:

#define NKEYS (sizeof keytab / sizeof keytabl0l])

[IpeumywecTBO Takoro poja 3amnuceil B TOM, UYTO HX He HAaAO0 KOPPEKTHPO-
BAaTb MPH H3MEHEHHWH THIA.

[Tockonbky mnpenpoueccop He ofpallaeT BHHMAHHS Ha HMeHa THIIOB,
oneparop sizeof Heab3s npumensats B #if. Ho B #define Bripaxenue
NpenpoueccopoM He BBIYMUCASIETCS, TaK 4YTO TNpPeAJOXEeHHass HaMM 3amuChb JO-
nycTuMa.

Teneps moroBopum o ¢yukiuuu getword. Msur nHanucanun getword B Hec-
KOJMIbLKO OoJsiee obuem BuAe, uyeM TpebyeTcsi [AJsi Halued NpOrpaMMbl, HO OHa
OT 3TOr0 He CTaja 3aMeTHO cJaoxHee. Pynkuus getword 6eper M3 BXOLHOrO
NOTOKAa CJiedylollee «CJa0Bo». [lon ¢ca0BOM NOHHMaeTcss Henouka OYKB-UHUGP,
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HauyHHAWasCs ¢ OyKBbl, MJH OTAe]bHAf HenpoGenbHas JjuTepa. [lo kouuy
taitna ¢ynkuns Bbinaer EOF, B ocTanbHBIX cAyyasx ee 3HAUEHHEM SIBJASIETCH
KOL MepBOH JIHTEPHl CJOBA WK KO OTAEJbHON JIHTEPHI, €CH OHA He GyKBa.

/% getword: mpuHUMaeT clejyoliee CIOBO MIM NUTEPy M3 BROZA */
int getword(char *word, int lim)

¢ int ¢, getch(void);
void ungetch(int);
char *w = word;
while (isspace(c = getch())
if (¢ '= EOF)
¥W++ = C;
if (lisalpha(c)) {
*W = ’\0’;
return c;
}
for ( ; --1lim > 0; w++) |
if (!isalnum(*w = getch())) {
ungetch(*w); |
break; |
*Ww = ’\0’; |
return word(0];
}

®ynkuua getword obpamaercs k getch u ungetch, xoropeie mb Hanm-
caam B ra. 4. Tlpu 3aBepweHun HaGopa OyKB-UHGpP OKas3biBAETCH, YTO
getword Bsasa suwmol autepy. O6pamenne k ungetch nossossier BepHyTb
ee Hasajl BO BXxOAHOH mnortok. B getword wucnmosbsyiorcs Ttakxke isspace —
OJsi mponycka mnpobGeabHbix JuTep, isalpha — nis uaentHdHKauuu OYKB H
isalnum — mas pacnosnasanus GykB-undp. Bce oHu onucansl B CTaHAapTHOM
roJJOBHOM (aiiyie <ctype.h>.

Ynpaxnenne 6.1. Hawa sepcus getword ne obGpabartbiBaeT HOMKHBIM 06pasom
3HAaK NOJYEPKHUBAHHS, CTPHHTOBble KOHCTAHTbl, KOMMEHTApPHH M YyNpaBJAsIOLIHE
CTpoku npenpoueccopa. Hanuinre Gosee coBepuUIeHHBIH BapHaHT NMPOrpamMMbL.

6.4. YKA3ATENU HA CTPYKTYPbI

[asi wamocTpauuH  HEKOTOPbIX MOMEHTOB, KAaCAIOUIMXCS yKasaTtesaed Ha
CTPYKTYPbl H MaCCHBOB CTPYKTYp, I[epenuuieM NporpaMMy MOACUYETAa KJIOUEBbIX
C/JIOB, MOJAb3YACb J5l MOJYYEHHs 3JME€MEHTOB MacCHBa BMeCTO HHAEKCOB YKa-
3aTeJsIMH.

Bueuwinsis  pekjapauuss MaccuBa keytab ocrtaerca 6Ge3 u3MeneHus, a
main u binsearch HyxHO MOAM(pHUHPOBATS.

#include <stdio.h>

#include <ctype.h>

#include <string.h>

#define MAXWORD 100

int getword(char *, int);

struct key *binsearch(char *, struct key *, int);
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/* mopgcueT KioueBhx cnob Cu; Bepcua C yKasaTelsaMu */
main()
{
char word{MAXWORDI;
struct key *p;
while (getword(word, MAXWORD) t= EOF)
if (isalpha(word(01)})
if ((p=binsearch(word, keytab, NKEYS)) 1= NULL)
p->count++;
for (p = keytab; p < keytab + NKEYS; p++)
if (p->count > 0)
printf("%4d %s\n", p->count, p->word);
return 0O;
) .

/* binsearch: HaliTh cioo B tab[0]...tabln-11 */
struct key *binsearch(char *word, struct key *tab, int n)

{
int cond;

struct key *low = &tablOl;
struct key *high = &tablnl;
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;

HexoTopbie nerann 3TOH NpOrpammbl Tpe6yloT nosicenni#t. [lepsoe, omu-
canne Qyukuumu binsearch nomxHo oTpaxarb TOT ¢dakT, 4YTO OHA BO3BpallaeT
ykasateab Ha struct key, a ne ueioe COOTBETCTBYIOILIHE H3MEHEHHs] KOC-
HYJHCb KaK MpOTOTHNA (YHKUHH, TaK M €e 3arojoska. Ecan binsearch na-
XOAHT CJOBO, TO OHA BbIAAET yKasaTelb HA HEro, B NPOTHBHOM CJydae OHA
posppamaer NULL. Bropoe, k ssementam keytab pocTyn OCyiuecTBASETCA B
Hawell TporpamMme uepe3 ykasartead. ITO NOTPe6OBANO 3HAYMTEJBHBIX H3ME-
wennii B binsearch. MWuuumanusaropamu ans low u high renmepn cayxar
yKasaTeJH Ha HAuyaJO M Ha MeCTO Cpa3y MoC/ie KOHUA MAacCHBA. Boiuncsienye
NOJIOKEHHS] CPEeNHEro 3JeMeHTa C NMOMOLLbIO (HOPMYJIbi

mid = (low+high) / 2 /* HEBEPHO */
He TOAMTCA, MOCKOJNbKY YKasaTenu Hesb3s CKJaanbiBarb. ONHAKO K HHM MOX-
HO TNPHMEHHTb ONepauHio BBIYMTAHHMsA, H TaK Kak high-low ecTb 4HCJO 3Je-
MEHTOB, MNpHCBAHBAHHE

mid = low + (high-low) / 2
ycTaHOBMT B Mid ykasaTteib Ha 3JIEMEHT, Jexalliiil nmocepeinHe Mmexay low u
high.

Camoe Ba)KHO€ TMpH [epexOfe Ha HOBbIA BapHaHT TNpOrpaMMmbl — CAeJaTh
Tak, 4TOGH HE TEeHEpHPOBAJHCH HEMpaBHIbHbIE YyKa3aTelu H He GbUIO MOMbI-
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TOK ofpalleHHH 3a npegeanl maccupa. [Ipob6iema B TOM, uto u &tabl-1], u
&tabln] HaxomsaTcss BHe rpaHuu MaccuBa. [lepBrii anpec onpeneneHHO He-
BepeH, Heab3s TakXe OCYUECTBHTb JAOCTYN H 1O BTOpoMy. aapecy. [lo npa-
BWJIAM $13bIKA, OJHAKO, TapaHTHPYeTCsl, UTO aapec siYeHKH NaMsTH, CJeayio-
mell cpa3y 3a koHuUOM MaccuBa (1.e. &tablnl), B apudmeruxke c ykasare-
JSIMH BOCIDHHHMAeTCs MpaBHJIbHO.

B rsaBHOi#I mporpamme MBI HamucaJsu

for (p = keytab; p < keytab + NKEYS; p++)

Eciu p — ykasartenb Ha CTPYKTYpYy, TO IIPH BBLIIOJHEHHH ONEpanHHd C D yuH-
THIBAETCS pa3Mmep CTPYKTypol. [lo3TomMy p++ yBeJHYHT P Ha TaAKYI0 BEJHYHHY,
yTOObl BBIHTH Ha CJeAYIOWIHH CTPYKTYpHbLIH 3/€MEHT MacCHBa, a IIpOBepka
YCJIOBHSI BOBPEMsl OCTAHOBHT LHKJI.

He caenyer, oanako, noJjaraTb, 4YTO pa3Mep CTDYKTYphl paBeH CyMmMme
pa3MepoB ee uJieHOB. BciiencTBHe BbIpaBHHBAHHSI OODBEKTOB pa3HOM MJIMHBL B
CTPYKType MOTyT MOSIBJASITBCS Oe3bIMsIHHBIE «ABIPbl». Tak, Hanpumep, eciau
nepemenHasi Tuna char 3annmaer onun Oaiit, a int - vernipe OGaitta, TO
IJI1 CTPYKTYPHI

struct {

char c;
int i;

Y
MOXeT notpe6oBaTbCsi BOCeMb Gaiit, a He mnATh. Onepatop sizeof Bo3spa-
ulaeT NpaBHJbHOE 3HAYEHHE.
Hakonen, HeCKOJbKO CJOB OTHOCHTE/NbHO (opmara nporpammbl. Ecan
(GyHKUHS BO3BpalllaeT 3HA4YeHHe CJIOKHOTO THMA, Kak, HanpHMep, B HalleM
cjlyuae yka3aTejib Ha CTPYKTYpY: :

struct key *binsearch(char *word, struct key *tab, int n)

TO HM4 Q)YHKI.IHH «BbBICMOTpPE€Tb» OKa3blBaeTcsd COBCE€M HE€ MNpocCTo. B Ttakux
CJay4asiX HHOrJa NOJIb3YKOTCsl 3aNHCbhblo BHIAL

struct key * .
binsearch(char *word, struct key *tab, int n)

Kakoit ¢opme oTmathb npeanouteHHe — jge0 BKyca. DBuibepute Ty, KOTOpas |
6oJiblle BCEr0 BaM HPABHTCS.

6.5. CTPYKTYPbl CO CCbITKAMWU HA CEBS

[Tpeanosioxum, YTO Mbl XOTHM pelUHTb GoJee o0wmylo 3agayy — Hamucarb
NporpamMmy, MOACYHTHIBAIOULYI0 4aCTOTy BCTPEUaeMOCTH MM A/06bix CJIOB BXOX-
HOro mnoToka. Tak Kak CIHCOK CJIOB 3apaHee He H3BeCTEH, Mbl HE MOXEeM
NpeBAPHTENbHO YNOPSAAOYMTb €ro H NpPHMEHHTb OGHHApHBIH nOUCK. Bblao Obl
Hepa3yMHO IM0Jb30BATbCSI H JIMHEHHBIM MOMCKOM K&aXAOrO TMOJYYeHHOro CJOBa,
4yTOGbl ONpeme/isiTh, BCTPeUYanOCh OHO paHee HMJH HeET — B 3TOM Cjyvyae INpo-
rpamma pabotasna Obl CJAHIIKOM MejyienHo. (Bonmee Tounasi oueHka: Bpems pa- |
GOTHl TaKoOil NpOrpaMMbl NpPOMOPUHOHAILHO KBaapaTy KosuyecTBa cJsioB.) Kak |
MOJKHO OpraHH30BaTb [JaHHble, UTOOb 3(PQPEeKTHBHO CNPABHTbCH CO CIIHCKOM |
NPOU3BOJILHBIX CJIOB?

OnuH H3 Ccnoco60B — TMOCTOSIHHO TMNOAAEPXHBATb YNOPSAJOUEHHOCTb YXke
MOMYYEHHBIX CJOB, MOMeIUAasi KaX[10e HOBOe CJOBO B T4KOE MeCTO, 4YTOGbl He
HApyllianach HMEIOUIAsiCsl YMOpsiAOueHHOCThb. [lenaTb 3TO TEpelBUXKKOH CJIOB B
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JMHEIHOM MacCHBe He cJeayer, — XOTs Obl MOTOMY, 4TO YyKasaHHas Impomle-
Aypa TOXe CJHIIKOM poaras. Bmecto 3TOro Mbl BOCNOJABL3YeMCs CTPYKTYpOH
JAHHBIX, HA3blBAaeMOK OUHAPHbLIM OepesoM.
B nepeBe Ha Kaxaoe OTHENbHOE CJOBO MpPEAyCMOTPEH «y3e/», KOTOPBIH

CONEPXKHUT:

yKasaTeJb Ha TEKCT CJ0BA

CUETUHK YHCJa BCTPEUAEMOCTH

ykaszartejb Ha JIeBblfi CHIHOBHHH y3en

ykasaTesb Ha IPaBbill CHIHOBHHH y3es

Y KaXAOTO y3Ja MOXeT ObiThb OAMH WM [BA ChiHA, WJH y3el BOOGIE MOXET
HEe HMeTb ChIHOBEH.

Yann B AepeBe pacnofaraloTcs TaK, YTO N0 OTHOLIEHHIO K JIOOOMY y3iy
JleBoe TOEpeBO COAePXKHT TOJNbKO Te CJ0BA, KOTOPbIE JIEKCHKOTpaHueCKH
MeHbIIe, yeMm CJOBO [AHHOTO yajla, a IpaBoe — CJOBa, KOTOpbie Gosblue He-
ro. BOT KakK BBILSAMT AepeBO, MOCTpoeHHoe s ¢pasbl «now is the time
for all good men to come to the aid of their party» («nactano Bpems
BceM NOGpBHIM JIIOAAM TMOMOYb CBOeH mapTHH»), [O 3aBeplIeHHH mnpouecca, B
KOTOpOM IUIsi KaXIOTO HOBOTO CJIOBA B HEro A00aBJsjiCsi HOBBIA Y3es:

Yro6bl ONpEeeNqHTh, MOMEUIEHO JH YXKe B JIepeBO BHOBb MOCTynHBLIEE CJOBO,
HAYMHAIOT C KOPHS, CpaBHUBAsi 3TO CJOBO CO CJOBOM H3 KOpHEBOro ysja
Ec/AM OHM COBMAsM, TO OTBET HA BONMPOC — MOJOXHTeJNbHbIH. Ecan HOBOE CJIO-
BO MeHbLUE CJOBA W3 MepeBa, TO MOHCK [MPONOJIKAETCS B JIEBOM MOANEPEBE,
eciu 60jblue, TO — B NpaBoM. Ecau ke B BhlOpaHHOM HanpaBJieHHH MNOAAepe
B4 He 0KasajoCb, TO 3TOr0 CJOBa B [epeBe HeT, a NyCcTyoollas CChUIKa, TIo-
Bopsimias 06 OTCYTCTBHM MOAJEpeBa, Kak pa3 TO MeCTo, Kyla HYXHO «NOML”
BECHTb» y3eJ C HOBbIM CJOBOM. OnucaHubiii mpouecc no CyTH PpeKypCuBeH,
TaK KaK MOMCK B J1060M Yy3je HCHOJb3yeT pe3yabTaT NOMCKAa B OAHOM H3
CBOMX CBHIHOBHHX Y3/10B. B COOTBETCTBHH C 3THM i [0GaBjieHHs y3jaa H 1€
yaTH JepeBa 31eCb HanGOJee eCTeCTBEHHO NPHMEHHTb PEKYPCHBHBIE GYHKUHH.

BepHeMmcsi K ONHCAHHIO y3/1a, KOTOpoe yAOGHO TNpeiCTaBHTb B BHIE
CTPYKTYpbl C 4eThIpbMs KOMIIOHEHTaAMH:

struct tnode { /* yzen nepea */
char *word; /* yKazaTelb Ha TEKCT */
int count; /% YUCIO BXOXIEHHUR */
struct tnode *left; /% JNeBHil CHH */

. struct tnode *right; /* TpaBhil CHE */

[lpuBeneHHOe PeKypCHBHOE ONpejeeHHe y3jaa MOXeT T10KasaTbCst pHCKOBAH-
HbIM, HO OHO npaBHipHOe. CTPYKTypa HE MOXeT BKJiouaTb camy cebsl, HO
Bedb .
struct tnode *left;
onpeneasier left xak ykasatenp na tnode, a we cam tnode.
Muoraa BO3HHKAeT MNOTPeOHOCTL BO B3aHMOCCBLIJIAIOWHMXCA  CTPYKTYpaxX:
ABYX CTPYKTYpax, CCHJIAIOWMXCsi ApYr Ha apyra. [lpueM, no3BoJsiOWHA Crlpa-
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BHTBCS C 3TOH 3ajnauell, JEMOHCTpHUpYeT CJAeAylolWHil ¢parment

struct t {
struct s *p; /* p yKasbBaeT Ha § */
»
struct s {
) struct t *q; /* q yKasbBaeT Ha t */
?
Bes nporpamma y/:mBmeano maJja — npaBaa, OHa HCHOOJBb3YET BCIIOMO-

raTejqbHele mporpaMmmbl THna getword, yXe HanHCaHHBIE HaMH. [naBHas mpor-
pamma yypTaeTrT CcJoBa ¢ TNOMOUIBIO getwor‘d U BCTABJAET HX B LlepeBo nocpen—
ctsom addtree.

#include <stdio.h>
#include <ctype.h>
#include <string.h>
#define MAXWORD 100
struct tnode *addtree(struct tnode *, char *);
void treeprint(struct tnode *);
int getwerd(char *, int);
/% MoicueT YacTOTH BCTPEUAEMOCTH CJOB */
main(}
{ struct tnode *root;
char word[MAXWORDI;
root = NULL;
while (getword(word, MAXWORD) != EOF)
" if (isalpha(word(01)) .
root = addtree(root, word);
treeprint(root);
return 0;

Gyukuus addtree pekypcusua. [lepsoe CJI0BO (YHKUHS main nomemiaer
Ha BepXHHH ypOBeHb Aepesa (Kopewb pepesa). Kaxknoe BHOBb NOCTyNHBLiee
CJIOBO CPaBHHBAETCsl CO CJOBOM Y3Ja M «MOrpyXaeTrcs» HWJIH B JEBOE, H/IH B
npaBoe MOALEPEBO C I[OMOULbIO PEKYPCHBHOTO OOpalleHHs K addtree. Yepes
HEKOTOpOe BpeMsi 3TO CJI0BO 006s3aTenpHO JHOO coBmager ¢ KaKHM-HHOYAb
W3 HMEIOWMXCSl B JepeBe CJOB (B 3TOM CJayuae K cueTynky Oyner nobGaBieHa
1), qn60 mporpamMma BCTPETHT MNYCTYI0 CCbIIKY, YTO MNOCJYXHT CHTHAIOM A5t
3aBelleHHs HOBOTO y3jga H ao6asiednst ero K naepeBy. (Co3jaHue HOBOro
y3na conposoxaaercsi Tem, uTo addtree Bosspaluaer Ha Hero ykasarels,
KOTOpBIM BCTaBJASIETCS B Y3€J DPOAHTENS.

struct tnode *talloc(void);
char *strdup(char *);

/* addtree: noGaBiseT y3en CO CIOBOM W B p WIA HUXe Hero */
struct tnode *addtree(struct tnode *p, char *w)

{
int cond;

if (p == NULL) { /* CIOBO BCTpEUaeTCs BIEPBHE */
p = talloc(); /% cosfaeTcss HOBHI yzen */
p->word = strdup{(w);
p->count = 1;
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p->left = p->right = NULL;

} else if ((cond = strcmp(w, p->word)) == 0)
p->count ++; /* 3TO CJOBO yXe BCTpPeualoch */

else if (cond < 0) /* < KODHA JIeBOT'O NojiepeBa */
p->left = addtree(p->left, w);

else /* > KODHSl NMpaBoOr'o Nojjpepena */
p->right = addtree(p->right, w);

return p;

}

MamsiTe A3 HOBOrO y3jna 3anpalidBaeTcst € MNOMOUIbIO MPOrPAMMbi
talloc, xortopas BO3BpawlaeT yKaszaTeab Ha CBOGOAHOE MPOCTPAHCTBO, AOC-
TATOUHOE [J1s1 XPaHEHHs OIHOrO y3Ja JAepeBa, a KONHPOBAHHE HOBOrO CJOBA
B OTIeJbHO€ MECTO MNaMsTH ocyllecTsasercss ¢ momowslo strdup. (Mm pac-
CMOTPHM 3TH NpOrpaMMbl uyTh MO3xe.) B TOT (M TONBKO B TOT) MOMEHT,
KOrga K nOepeBy [MOABEIIHBAETCS HOBbIH y3es, NPOHCXOOHT HHHLIHMAJH3ALHUA
CYeTYMKa M 3aMOJIHEHHE MNYCTBIMH CCbJIKAMK YyKasaTesaed Ha CHHOBeH. Mul
ONMYCTHJH (UTO HEPa3yMHO) KOHTPOJb OWHOGOK, KOTOPBLIH [OJIKEH BBINOJHATHCS
npu mnojyyeHuu 3Hauvenuit ot strdup u talloc.

®yukuus treeprint neuaraer xepeBo B JeKCHKOTrpadHYECKOM NOPSIKE;
A/ KaXx[Oro ysja OHa MeyaTaeT ero JeBoe MOAAEpeBO (BCE CJOBA, KOTO-
pble MeHbLIE CJOBA [AAHHOTO Y3Ja), 3aTeM CaMO CJOBO H, HAaKOHeW, MpaBoe
NOLNEpeBO (C/I0BA, KOTOpbie GOJblLIE CJOBA AAHHOTO  y3Ja).

/* treeprint: ynopamoueHHas neuaTb HnepeBa p */
void treeprint(struct tnode *p)

if (p != NULL) {

treeprint (p->left);

printf("%4d %s\n", p->count, p->word);
) treeprint (p->right);

)

Ecan Bbi He yBepeHbl, UTO 10CKONHAJLHO pa3’oGpaiHCb B TOM, Kak pa-
GOTaeT peKypCHs, «mpourpaiiTes aeficTeusi treeprint ua lepeBe, MpHBe-
NE€HHOM BhbILLE.

[lpakTuyeckoe 3ameuanue: ecaum aepeBo «HecBalaHCHPOBAHO» (Y4TO G6bl-
Baer, Koraa ¢s0Ba MOCTYNAlOT He B CJYYalHOM TNOpsiiKe), TO BpeMA paGOTHI
MPOrpaMMBl  MOXET CHJIbHO BO3pacTH. XyIWHMH BAPHAHT, KOraa cCJOBa Yxe
YHOpALOYEHBI; B 3TOM CJly4ae 3aTpaThi HAa BHIYHCJAEHHS OYAyT TaKHMH xe,
KaK npH JuHe#HOM mnoucke. CyuiecTByior 06O6uieHHs GHHAPHOrO nepeBa, Ko-
TOpbleé He CTPajalOT 3THM HEAOCTAaTKOM, HO 3/1€Cb MBI HX HE OIHCLIBAEM.

[pexxne uyeM OKOHuYATENBHO OCTABUTL 3TOT npuMep, CTOHT CHAeJaaTh
KpaTKoe OTCTyMJIeHHEe OT TeMbl K IMOTOBOPHTb O MEXaHM3Me 3ampoca NaMSTH.
OueBHAHO, XO0TeNOCHh Gbl HMETb BCEro JMIb OLHY GOYHKIHIO, BBIAEASIOIYIO na-
MfiTb, Jla)K€ €CJH 3Ta NaMsTb NpelHAa3HAyaeTCst MJsi Pa3HOTO poja OGLeK-
T0B. HoO ecan omma u Ta ke (yHkuus obecneunBaeT namsTh, CKaXKeMm, H AJd
ykasartesel Ha char, W aas ykasateseir wa struct tnode, To BO3HHKAIOT
asa Bonpoca. [lepsuiit, kak cnpaBuTbCcs ¢ TpeGOBaHHEM GOJBIIHHCTBA MallHH,
B KOTOPBIX OGBEKTH ONDE/EJEHHOr0 THNA NO/IKHBI GbiTh BblPOBHEHbI (Hanpu-
MEp, MLeJIble 4acTO NOJUKHBI Pa3sMeINaTbCsl, HAauHHAs C 4eTHuIX aapecos)? U
BTOpOe, KaK OnucaTh (QYHKUHIO, KOTOpasi BLIHYXKIEHAa B KayecTse pesyJbTata
BbI1ABAThb YKAa3aTeJH pa3HbiX THMOB?

BooGwe rosops, rtpeGoBanusi, KacawoliMecs BbIPABHHBAHHSA, MOXHO JIEIKO
BHIMONHHTL 3@ CYET HEKOTOPOH noTepu mnamsaTH. O@HAKO AAS 3TOrO BO3Bpa-
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waeMbiii yKasaTeib AOJKeH ObiTb TakMM, 4TOOH YNOBJIETBOPANHMCH JioGbe Or-
paHWueHHs, CBsi3aHHble C BblpaBHHBaHueM. Q®yHkuus alloc, omucanHass B T
5, He rapaHTHpPyeT Ham Jl060e KOHKpPeTHOe BbIDABHHBAHHE, NO3TOMY Mbl G6y-
LEeM TOJb30BAaThCs (yHKuHed malloc H3 cTangapTHOM OuGJIMOTEKH, KOTOpasi
310 Aenaer. B ri. 8 MBl MOKaXeM OAMH U3 CHOCOGOB €€ peaH3allHH.

Bonpoc 06 onucanuu THna Takux ¢yHKuMH, kak malloc, siBaseTcs Ka-
MHeM TpeTKHOBeHHsi B JIo6OM si3biKe C »ecTkoi mnposepko# Ttunos. B Cu Bon-
poC peulaeTCsi €CTeCTBeHHbIM oO6pasom: malloc o6bsiBasieTcst Kak (YHKIHA,
KOTOpasi BO3BpawlaeT ykasaTeqb Ha Void. [lonyueHHblH ykasaTesqb 3aTeM siB-
HO TNpHUBOAMTCSI K kejaemomy Tuny. Onucanus malloC u CBs3aHHBIX C HeH
QyHKUME HAXOASTCS B CTaHAapTHOM rosnoHoM daine <stdlib.h>. Takum oG-
pazoM, ¢yHkuuio talloC MOXHO 3amHcaTb CJEAYIOUIHM 06pasom:

#include <stdlib.h>
/* talloc: cosgaeT tnode */
struct tnode *talloc(void)

) return (struct tnode *) malloc(sizeof (struct{ tnode));

®ynkuus strdup npocTo KOMMpyeT CTPHHI, YKa3aHHbI B aprymeHTe, B
MeCTO, TOJyyeHHOe ¢ nomoubio malloc:

char *strdup(char *s) /* pySmupyeT s */

¢ char *p;
p = (char *) malloc(strlen(s)+1); /* +1 gna '\O’ */
if (p !'= NULL)
strcpy(p, s);
) return p;

®ynkunss malloc Bosspawaer NULL, eciu CBOGOLHOrO MpOCTPAHCTBA HET,
strdup nepenaeT 3TO 3HaueHue, OCTaBJssA 3a60Ty O BbIXO/Ae H3 OUIHGOYHOH
CHTyauHd TOH NporpamMme, KOTOpas K HeH 06paTH/IACD.

[MaMsaTb, MOJYYEHHYIO C MOMOULbI0 MAalloC, MOXHO OCBOGOAMTBL AJSI MNOB-
TOPHOTO HCNOJb3OBaHus, ofpaTuBuikCh K ¢ynkunu free (cm. ra. 7 u 8).

Ynpaxuenue 6.2. Hannwurte nporpammy, kotopas uuTaeT TekcT CH-nporpam-
MBI H neuyataeT B aj¢aBHTHOM NOpsiAKe BCe TPynInbl HMEH IMepeMEHHBIX, B KO-
TOpHIX COBNAJaloT rnepeble 6 JHMTEP, HO NOC/AEAyOUIHE B YEM-TO Pa3jHYAIOTCS.
He o6pabathiBaiiTe BHYTPEHHOCTH CTPHHrOB H KommeHnTtapueB. Yucao 6 cne-
JNafTe napaMeTpoMm, 3agaBaeMblM B KOMAHAHOH CTpPOKE.

Ynpaxunenne 6.3. Hanuwure nporpammy neuyatd TaGJHUbl «[I€PEKPECTHBIX CChi-
JIOK», KOTOpasa OyjaeT nedartaTb BCe CJ0BAa JOKYMEHTa H yKa3blBaTb A/
KaXA0ro M3 HHMX HOMepa CTPOK, TIae OHO BCTpeTHsoch. [lporpamma moskHa
HTHOPHPOBATh «LIYMOBLIE» CJIOBA THMA «H», «HJIH» U T.A.

Ynpaxueune 6.4. Hanuwurte nporpammy, KOTOpas neuaTaeT BeCb Habop pas-
JHUHBIX CJ0B, O6pa3yllIHX BXOAHOH NOTOK, B MOPsiKE BO3paCTAHHS 4YaCTOTHI
HX BCTpeuaeMOCTH. [lepell KaxKAbiM CJOBOM JOJXKHO OBITb YKa3aHO YHCJO BXO-
KIAEHHH.

6.6. NPOCMOTP TABJIUL

B 3tom pasjgeJie, 4YTOObI MpOHJIVIIOCTPUPOBATD HOBLI€ AaCNE€KTbl TIpHMEHE-
HHs1 CTPYKTYp, Mbl Hanvuem sApO nakera nporpamm, OCYWECTBJSIOUIHX BCTaB-
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Ky 3JIEMEHTOB', B TabJHUB ‘K HMX NOHCK BHYTPH TaGJHLU. DTOT NaKeT — THIHY-
HBIE HAbOp HporpaMM, C INOMOIUBIO KOTOPBIX paBoTaloT ¢ TaG/lHIAMH HMEH B
JI060M Maxkponpoueccope HJAM KOMNHJsiTope. PaccMOTpHM, Hanpumep, HHCTpY-
kuuio #define. Korma BcTpevaercs cTpoka BMaa

#define IN 1

umMsa IN u 3amemaroumuii ero texkct 1 AO/KHBI 3anOMHHATLCS B Tabauue. Ecuau
3ateM 3T0 uUMsa IN BCTPeTHTCS B MHCTDYKUMH, HANpHMep, B

state = IN;

OHO JOJXKHO ObITh 3aMeHeHO Ha 1.

CyliecTBYIOT ABe NMPOrpaMMbl, MAHHMYJHPYIOUIHE C HMEHAMH M 3aMeLIaIOLIH-
MH HX Tekctamu. Ito install(s, t), «korTopas 3anuchLiBaeT WM S M 3aMe-
wawwui ero tekct t B Tabauuy, rne s m t — crpuurn, u lookup(s), ocy-
INECTBJAIOWAA NOHCK S B TabJiMlle W BO3Bpallalollasi yKa3aTeslb Ha MeCTO, Tle
uMsi S O6bs10 Haaeno, uauw NULL, ecan s B Tabuauue He 0Ka3aaoCh.

AJTOPHTM OCHOBAH HA «X3WHPOBaHWH» ((YHKUHH PACCTAHOBKH): MNOCTY-
napouee HMsi CBePTHIBA€TCS B HEOTPHUATEJNbHOE 4YHCJIO (X3IU-KOHA), KOTODOE
3aTeM HCMOJIb3YeTCsl B KauyeCTBe HHAEKCA B MaccHBe ykasareneil. Kaxawi
3JIEMEHT 3TOrO0 MaCCHBA SIBJISETCA YKas3aTeJeM Ha HayajJoO CBS3aHHOTO CChiJ-
KaMH CNHCKa O6JIOKOB, ONHCHLIBAIOIIHX HMeEHAa C JaHHbBIM X3w-kKoaoM. Ecau 3ie-
MeHT MaccHBa cogepxkHT NULL, 310 3nauut, uto cpean HMeH He BCTpeTH-
JIOCb HH OJQHOTO C COOTBETCTBYIOUIHM X3W-KOAOM.

0

0 —_ ——> HMs
0 e —— TeKCT
0
J SN re!
0 —— UMA

> TEeKCT

Bnok B cnucke — 3TO CTpyKTypa, conepxallas yKasaTeJH Ha HMs, Ha

3aMelWanliii TeKCT H Ha caeayowni 640k B cnucke;, 3uavenue NULL B yka-
3aresjie Ha CJaeAyOLHH OGJOK O3HAYaeT KOHell CHHCKA.

struct nlist { /* BJIeMeHT Talnuubl */
struct nlist *next; /* yK-JIb Ha CIeLyouUMili DJIEMeHT */
char *name; /* onpenenseMoe uUMs */
char *defn; /* 3aMellapUUi TeKkeT */

A BOT Kak 3amHCbIBAeTCs onpeaeseHHe mMaccupa yKaSaTeJIel‘;lZ

#define HASHSIZE 101
static struct nlist *hashtab[HASHSIZE]l; /* Tadnuua yx-nei */

Xsw-¢ynkuns, ucnosnbdyemass B lookup u install, cymmupyer xomw
JINTEP HMEHH, TeM CaMblM «3aMelluBasi» HX, H B KaucCTBe pe3y/bTara Bbifa-
eT OCTATOK OT [eJieHUs TMOJY4YeHHOH CyMMbl HA pa3Mep MacCHBa yKasaTedei.
DTO He caMblil JyuYWHH# CNOCO6 MOJNYYEHHs XIUI-KOZa, HO JOCTATOYHO JIAKO-
HHUHBIH H 3(deKTHBHbIN.

;
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/% hash: monyuaeT X3W-KOJ N[O CTPUHLY S */
unsigned hash(char *s)

unsigned hashval;

for (hashval = 0; *s !I= ’\0’; s++)
hashval = *s + 31 * hashval;

return hashval % HASHSIZE;

BesanakoBasi apHdMeTHKa TrapaHTHpyeT, 4TO X3W-KOA OyleT HeoTpHUa-
TeJIbHBIM.

X3lIHpOBAHKE TOPOXKAAET CTAPTOBbIM WHAEKC AJsi maccnsBa hashtab; ec- ‘
JH COOTBETCTBYIOWIMH CTPHHI B Tabjauue €CTb, OH MOXeT ObiTb OGHapyxeH é
TOJBKO B CHHCKe OJIOKOB, Ha HAauyalo KOTOPOrO yKa3blBaeT 3JeMeHT MacCHBa
hashtab ¢ stum uugekcom. [louck ocyuwecTBastercsi ¢ nomoimbio lookup. Ecau
100KUD HaXOAHT 3JEMEHT 'C 3aJaHHbIM CTPUHIOM, TO OH BO3BpALlAeT YyKasa-
TeJb HA HEro, eciu He HaxXOAHT, TO Boappaiwraer NULL. i

/* lookup: umeT s */
struct nlist *lookup(char *s)

struct nlist *np;
for (np = hashtablhash(s)]; np !{= NULL; np = np->next)

if (strcmp(s, np->name) == 0)
return np; /* Hauwnu */ T
return NULL; /* He Hauwmm */

B for-uukae ¢ynkunux lookup ansi nmpocmoTpa CHHCKa HCNOJNb3YeTCS CTaH-
AapTHasi KOHCTPYKUHSA

for (ptr = head; ptr != NULL; ptr = ptr->next)

dynkuns install o6pauwaercs k lookup, 4TOGBl OMpeneuTb, HMeETCs
JH B HaJWUHH BCTaBasieMbll cTpuur. Ecau 370 Tak, TO CTapoe onpeaeseHue
GyneT 3aMeHeHO HOBbHIM. B npotuBHOM ciyyae Oyner 00pa3OBaH HOBBIH 3Je-
meHT. Ecnu 3anpoc namsiTé [Jisi HOBOTO 3/eMEHTa He MOXeT ObTb YAOBJIET-
BopeH, ¢yHkuusi install seipaer NULL

struct nlist *lookup(char *);
char *strdup(char *); ‘

/% install: zanocur (name, defn) B Tadnuuy */
struct nlist *install(char *name, char *defn)

{
struct nlist *np;

unsigned hashval;

if ((np = (lookup(name)) == NULL) { /* He HaltieH */ ;
np = (struct nlist *) malloc{sizeof (*np));
if (np == NULL i (np->name = strdup(name)) == NULL)

return NULL;
hashval = hash(name);
np->next = hashtablhashvall;
hashtablhashvall = np; :
} else /* yxe uMmeetcs */ .. ;
free((void *) np->defn); /* ocroboxpgaem mpexH.defn */
if ((np->defn = strdup(defn)) == NULL)




return NULL;
return np;

Yupaxuenue 6.5. Hanuumnre dynkuuio undef, ypansioumyio UMsi M ONpeneseHke

U3 TabjaHLbl, OPraHH3auusi KOTOPOH noaaepxHBaeTcss ¢GYHKUHsIMH lookup u |

install.

Ynpaxnenue 6.6. Peanusyitte npoctyio Bepcuio #definernpoueccopa (Ge3
aprymMeHToB), KOTOpas HCHO/b30Bana Obl NPOrpaMMbl 3TOrO pasjeja W TOLH-
nack 6b aia Cu-mporpamm. Bam moryT momoub nporpammbl getch u ungetch.

6.7. CPEACTBO TYPEDEF

Janik Cu  npenocraBisieT CpeaCTBO, HasbiBaemoe typedef, nossossio-
llee naBaTh HOBble WHMeHa THNAaM [aHHbiX. Hanpumep, nexkJapauus

typedef int Length;

nenaer ums Length cumoumumom int. C 3toro momenta tHn Length moxwho
NPpHMEHsITb B J€KJapalHsiXx, B oneparope npHBeAeHHA H T.A. TOYHO TakK xe,
Kak Tdn int:

Length len, maxlen;
Length *lengthsl];

AHaJIOTHYHO aeKJapauns
typedef char *String;

genaetr String cunonmmoM char *, Tt.e. ykasarteseM Ha char, W mnpaBomep-
HbIM OGyner, Hanpumep, Cjaeiayiollee €ro HCNOJAb30OBAHHE

String p, lineptr[MAXLINES], alloc(int);
int strcemp(String, String);
p = (String) malloc(100);

3aMeTnM, uTO 0ObsiBAsieMbli B typedef THm CTOHT Ha MeCTe HMEHH Iie-
peMeHHOH B OOBIYHOH aekjapauuu, a He cpasy 3a cjosom typedef. C Touku
3peHusi CcHHTakcuca cJjoBo typedef 3anumaer mecto, rae OOBIYHO pacroJa-
raeTcsi creuundukatop xaacca namsth — extern, static u t1.a. Hmena TuH-
OB 3anuCanbl C 3arJaBHbIX OYKB [J51 TOro, 4YTOGbl OHH BbIAEJSJIHCD.

Jns nemoucTpauuu Gojee CJHOXHBIX NpUMepOB npumenedusi typedef Boc-
noJib3yeMCsli 3THM CpeaACTBOM INpH 3aJaHHH Yy3JI0B [depeBbeB, C KOTOPBIMH MBI
yXe BCTpE€YaJHChb B }laHHOI‘;[ rJjiase.

typedef struct tnode *Treeptr;
typedef struct node { /* yzsen pmepema: */

char *word; /* yka3aTelb Ha TEKCT */
int count; /% YUCNO BXOXIEHUN */
Treeptr left; /* JeBHit CHH */
Treeptr right; /% mpaBbil CHH */

} Treenode;

B pesyabTaTe CO3MAIOTCS 4BA HOBBIX Ha3BaWus THmos: Treenode (CTpyKTy-
pa) u Treeptr (ykasatenr Ha crTpykrypy). Temeps mnporpammy talloc mox-
HO 3amucaTth B CJjeyiolleM BHIE:

Treeptr talloc{(void)

return (Treeptr) malloc(sizeof(Treenode));
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CneayeT TONYEpKHYTb, uTO JAekjapauusi typedef we cosnaer HOBBIH
THN, OHA JHKLIb COO6GIIAeT HOBOE HMsl YXKe CYLIECTBYIOLIEr0 THMA. Huxkaxkoro
HOBOrO CMbICJIA 3TH HOBble MMEHA He HeCyT, OHH [eK/JapHpYylOT NepEMEHHbIE B
TOYHOCTH C TEMH € CBOMCTBAMH, Kak ecan Obl OHH OblIH OGDbABJEHBl HaMps-
Mylo Ge3 nepeMMeHOBaHHs THna. PakTHUECKH typedef auanoruuen #define c¢
TeM JHIIb OTJHUYHEM, uTO, OYAyYH HHTEPNpPETHPYEMbIM KOMIHJIATOPOM, OH MO-
JKeT CHpaBHTbCS C TaKOH TeKCTOBOH MOACTAHOBKOH, KOTOpas HeE MOXKeT 6bITh
o6paboTtana npenpoueccopom. Hanpumep,

typedef int (*PHI)(char *, char *);

onpenensier tun PHI kak «ykasatenp Ha QyHKUHIO (aByx apryMeHTOB THMNA
char *), sosspaumaiowyio int», koTOpeIi, HampuMep, B MNporpamme COPTHPOB-
KH, ONHCAHHOH B TJi. D, MOXHO HCIIO/Ib30BaThb B TaKOM KOHTEKCTE!

PHI strcmp, numcmp;

[ToMHMO NpPOCTO 3CTETHUECKHX COOGpa)KeHH#, [/aA TIPHBJIEUEHHS type-
def cymecTByloT ABe BaXHble NpuuuHbl. [leppas — napameTpuU3auus NpOrpam-
MBI, CBsi3aHHasi ¢ npo6semoil nepeHocumocTH. Ecsin ¢ nomoulbio typedef 06b-
ABHTb THNbl MAHHBIX, KOTOpbi€, BO3MOXHO, fABJSIOTCS MAaLIMHHO-3aBUCHMBLIMH,
TO TpH MepeHoce MpOrpaMMbl Ha APYryi0 MawHHY norpeGyercsi BHECTH H3Me-
HeHHsi TOAbKO B onpeaenenus typedef. Onna u3 pacnpOCTpaHEHHBIX CHTya-
UMH — ucnosb3oBanue typedef-uMeH 0/ BapbHPOBAHHA UEJbIMH BEJHUHHAMH.
Jlnsi Kaxaold KOHKPETHOW MallHHbl 3TO TMpeanoJaraeT COOTBETCTBYIOLIHE yCTa-
HoBkn short, int wuam long, KoTOpbie [€/MAIOTCS aHANOTHYHO YCTAHOBKAM
CTaHAApTHHIX THNOB, Hanpumep, size_t u ptrdiff_t.

Bropass npuuHHa, nobyxaawuwas K NPHMEHEHUIO typedef, - xenanue
cpesaTh Gosee SICHBIM TEKCT MNporpammbl. Tun, HassanHbiit Treeptr (ot aur-
Jniickux caoB tree - nepeso u pointer - ykasartesnb) Gosiee NOHATEH, 4YeM

TOT Xe THN, 3aNHCAHHBIH Kak yKasaTeJb HAa HEKOTOPYIO CJIOXKHYIO CTPYKTYPY.

6.8. OBbEAMHEHUS

Ob6vedunenue — 3TO TepeMeHHas, KOTOPas MOXKET CO[AepXaTb (B pasHbie
MOMEHTbl BpeMeHH) OGbEKTH pa3iMuHbIX THIOB W pasmepos. Bce TpeGOBaHHS
OTHOCHTEJNIbHO pa3MepOB H BHIPABHHBAHHs BbIMOJIHSIET KOMIHJSITOP. O6benu-
HEeHHsi MO3BOJSIOT XPaHHTb PA3HOPOLHblE [AaHHBIE B OQHOH M TOH Xe o6Jaactu
NaMSiTH 6e3 BKJIOUEHHst B MpOrpaMMy MAaLIHHHO-3aBHCHMOH HHGOpPMALHH. 3tH
CpeACTBAa AHANOTHUHBI BapuaHTHbIM 3anucsm B [lackase.

[puMepoM HCTONL3OBAHWUS OOGBENMHEHHH MOT Gbl MOCJYXHTb CaM KOMIIH-
ASITOp, 3aBEeNyIOUIWi Tab/HLeHl CHMBOJIOB, €C/IH MPeINOJOKUTb, 4YTO KOHCTaH-
ol moryT umerp THn int, float wuan sBasATBCA yKasaTejseMm Ha CTPHHTOBBIA
AuTepan M MMeTb Tun char *. 3HaueHHe Kax[OH KOHKPETHOM KOHCTAHThl [0~
JOKHO XDAHHTBCS B TEPEMEHHON COOTBETCTBYIOLIEr0 3TOH KOHCTAHTE THIA.
Pa6oraTb ¢ Tabauuell CHMBOJIOB Bceraa yaoOHee, €CJH 3HA4YeHHsA 3aHHMAIOT |
ONMHAKOBYI0 MO 06beMy NamsaTb W 3aNOMHMHAIOTCS B OJHOM M TOM Xe€ MecTe I}
He3aBHCHMO OT cBoero THna. Llenb BBeleHHsi B NporpamMmy OOGbeNHHEHHS — :
MMeTb NepeMeHHylo, KoTopasi Obl Ha 3aKOHHBIX OCHOBAHHAX XpaHHJa B cebe i
3HAYEHHS HECKOJbKHX THNOB. CHHTAKCHC OGDbEeIHHEHHH aHaJIOrHYyeH CHHTaK- i1
cucy ctpyktyp. [lpuBesem npumep 0oGbelHHEHHS. |
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union u_tag {
int ival;
float fval;
char *sval;
} u;
[lepemennass u OyneT n0cTaToyHO GoOsblIOH, YTOOB B Hell MOMECTHJACH
gio6asi nMepeMeHHAast M3 YKa3aHHbIX TpeX THIOB;, TOYHLIH €€ pa3Mep 3aBHCHT
OT peanH3anHH. 3HAUEHHE OJHOr0O H3 3TUX Tpex THIOB MOXeT OBITb
NPHCBOEHO MEPEeMEHHOH U W jajee HCIOJb30BAHO B BBIPAXKEHHSX, €CJAH 3TO

NpaBOMEpHO, T.€. €CJH THN B3fITOrO0 €10 3HAYeHHs COBOANAeT « THIOM
NOCJIeIHer0 NPHCBOCHHOTO eH 3HauyeHus. DBolnosHeHHe 3TOro TpeGOBAHHA B
KaXIBlH TEKYLIHH MOMEHT ~— IeJHKOM Ha COBeCTH mnporpammucra. B cuayuae

«PacCOrJaCOBAHHOCTH» THIIOB De3YyJbTAaT 3aBHCHT OT peaU3aliH.
CHHTaKCHC [IOCTYNa K yJieHaM O6belHHEHHS CJAedYIOUHH
uMsA-06ve0UHeHUS . YAeH
HIIH
ykasarenv-na-obvedunenue => 4aex

T.€. B TOYHOCTH TaKOH, KakK B CTpyKTypax. EciaM ansi XpaHeHus Tuma Te-
KyHlero 3Ha4yeHHs U HCHONb30OBAThb, CKaAXeEM, NepeMeHHyio utype, TO MOXHO
HamnHucaTb TAKOH (parMeHT NporpaMmMmbl:
if (utype == INT)
printf("%d\n", u.ival);
else if (utype == FLOAT)
printf("%4f\n", u.fval);
else if (utype == STRING)
printf("%s\n", u.sval);
else
printf("neBepnsit Tun %d B utype\n", utype);

O6benunedyss MOrYyT BXOAHTb B CTPYKTYPbl M MAacCHBB, H HaoGOpOT
3anuch OOCTYna K uJeHy OGbeAHHEHHsl, HAaXOASILerocss B CTPYKTY[: (Kak H
CTPYKTYpbl, Haxoasuwelcs B OOBEIHHEHHH), TaKas Ke, KaK W AJs B.I0XKEHHBIX
cTpykTyp. Hanpumep, B maccuse crpykryp

struct {
char *name;
int flags;
int utype;
union {
int ival;
float fval;
char *sval;
} u;
} symtablNSYMI;

Ha ival ccrutaorest crieayiomum o6pasom:

symtablil.u.ival
a K mepBOH JjiMTepe CTpHHra sval MOXHO 0OGpaTHTbCST JIOGBIM H3 CJEAYIOLIHX
IBYX CMoco6OB:

*symtabl{il.u.sval
symtablil.u.svallO]
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DaKTHUECKH OObeauHeHHe — 3TO CTPYKTypa, BCE UJEHB KOTOPOH HMeIoT
HyJ€BOe CMeLleHHe OTHOCHTEJIBHO ee 6a30BOr0 ajapeca, pa3Mepa, KOTOpbIH
[103BOJISIeT NOMECTHTbCST B Hel camomy OOJbIIOMY €€ 4JjeHY, H BbIpaBHHBAHHE
KOTOPOM YIOBJIETBOPSIET BCEM THIIAM ob6bvenuHennsa. Onepauwd, NPHMEHHMBbIE K
CTPYKTypaM, TOOATCS H A o6beiMHEHHH, T.€. 3aKOHHBl N PHCBaHBaHHE
ofbenHHeHHsi M KONMHPOBAHHE ero Kak €IHHOro LeJsoro, B3sATHE ajpeca oOT
o6beMHEHHS] H AOCTYN K OTAEJAbHbLIM €ro uJjeHam.

MHuunani3HpoBaTh OODbENHHEHHE MOXHO TOJIbKO 3HAUEHHEM, HMEIOLIHM
THI €ro MepBOro 4JeHa, Takum 00pa3oM, YMOMAHYTYIO BbIlE MEPEMEHHYIO u
MOXXHO HHHUHMAJM3HPOBATbH JHUIb 3HAYEHHEM THNA int.

B ra. 8 (Ha mpumepe mnporpamMmel, 3aBeaylollel BHIJENEHHEM MaMSTH) Mbl
NoKakeM, Kak, NpHMeHsss OO0beldHHeHHe, MOXHO NO6HTBLCS, 4TOOBI pacmoJioxe-
HHE TepeMeHHOH OblJIO BLIPOBHEHO IO COOTBETCTBYIOLIEH TpaHHUE B NAMATH.

6.9. NONs BUTOB

[lpu AepuuuTe NaMSITH MOXET BO3HHKHYTh HEOOGXOLMMOCTbL 3a1aKOBaTh
HEeCKONbKO OGBEKTOB B OLHO CJaOBO MamuHbl. OnHa H3 OOBIYHBIX CHTyaUHH,
BCTpevaloasics B 3agayax 006pabOTKH Tal/HIL  CHMBOJIOB [JIsA  KOMIHJIATO-
pOB, — 3TO OGbeAHHEHHE TpPYNI OLHOGHTOBBIX ¢paaxkos. PopmaTel HEKOTOPHIX
JAHHBIX MOFYyT OT Hac BOOGule He 3aBHCeTb H JAWHKTOBATHLCs, HANpHMED,
wHTepdeiicaMH C anmapaTtypoil BHEWHHX YCTPOMCTB; 3[1€Chb TaKxXe BOSHHKAET
noTpe6HOCTb afPeCOBATLCsl K 4YacTAM CJOBA.

BooGpazum cebe ¢GparMeHT KOMMHJIATOPA, KoTophlil 3aBenyer Tabnule#
CuMBOMOB. Kaablil HAEHTHHHKATOP NPOrpaMMbl HMEET HEKOTOpYlo CBsI3aHHYIO C
HHUM HMHQOpMALHIO, KOTOpas coobuiaer, HanpHMep, NpPeACTaB/sieT JH OH co6o#
KJJI0O4eBOe CJIOBO H K KakKOMy KJacCy, €C/JH 3TO IepeMeHHasi, OHa MpHHal-
JeXHT BHeWHsiss W/Wau cTaTdueckas M 7.4 CaMmbli KOMMAKTHBIH €noco6 Ko-
OMpOBAHHSI TAKOH HHGOPMAUHMH — pAaClOJOXKHTh oaHoOUTOBbIE (h1aXXKKH B OIHOM
cnope Thma char wau int.

OAHH M3 pacnpOCTPAaHEHHBIX NpHEMOB pabOTbl ¢ GHTaMH OCHOBAH Ha Of-
peleseHHH HaAb0pa «MacoK», COOTBETCTBYIOWIHX MOIHUHAM STHX OUTOB, Kak,
Hanpumep, B

#define KEYWORD 01 /% KJIOUEBOE CJOBO */
#define EXTERNAL 02 /% BHeWHUR */
#define STATIC 04 /% cTaTudeckuit */

KHJIA B

enum { KEYWORD = 01, EXTERNAL = 02, STATIC = 04 };

Unesia NOMKHBI ObiTh CTenmeHsiMH ABOHKH. Toraa AOCTYR K OuTam CTaHOBHTCA
1eJOM «TOGHTOBBIX ONEpaNMil», OMHCAHEBIX B rJ. 2 (CABHIr, MAaCKHPOBAaHHE,
B3siTHE JOTMOJHEHHUS). :

HekoTopbie BHIbl 3aMHCH Bbl~aXeHHH BCTPEUAIOTCS NOBOJBHO HACTO. Tak,

flags i= EXTERNAL : STATIZ;
ycTanapauBaeT 1 B COOTBETCTBYIOLIMX OGHTaX nepementon flags,
flags &= ~(EXTERNAL ! STATIC);

o6Hy/IsIeT HX, a
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if ((flags & (EXTERNAL | STATIC)) == Q)

OUEHHBAET YCJOBHE KAaK HCTHHHOE, ecjd 006a OHTa HYyJeBbIE.

XOoTs HAy4yHTbCA INHCATb TAKOrO pOAA BHIpAXEHHs He COCTaBJseT TPy-
a, BMeCTO TNOGHTOBBLIX JIOTHUECKHX ONepauuil MOXKHO MOJNb30BATHCA NPEAOC-
TaBasieMbiM CH APYrHM Cmoco60M MNpPSMOro OMNpefe/eHHs] W AOCTYNa K MOJAM
BHYTpH cnoBa. [lose-6uros (MM AN KPAaTKOCTH MNPOCTO noAe) — 3TO HEKO-
TOpOE MHOXECTBO OHTOB, JEXallHX psiIOM BHYTPH OIHOH, 3aBHCsimleH OT pea-
JIM3aUHH, €NHHHLE NAaMATH, KOTOPYK Mbl OydeM HasbBaTb «CJ0BOM». CHHTak-
CHC ONpelesieHHs1 MOJIeH M A0CTyna K HHM O6asHpyeTcsi Ha CHHTAKCHCE CTpy-
ktyp. Hanpumep, ctpoku #define, ¢urypupoeaswue Bbille NpH 3afaHHH Ta-
6/MLBI CHMBOJIOB, MOXHO 3aMEHHTb Ha OMNpejiejeHHe Tpex IoJeH:

struct {
unsigned int is_keyword : 1;
unsigned int is_extern : 1;
unsigned int is_static : 1;
} flags;

Jrta 3anuchb onpejpessier nepemeHHyilo flags, KoTopasi COnepXKHT TpH OAHOOH-
TOBBIX MOJIA. qHCJ’lO, cjaenyroluiee 3a ABOCTOYHEM, 3anaet LUIKHPDHHY MOJA. [Toas
OeKaapupoBaHbl Kak unsigned int, uTo6bl OHH BOCHPHHHMANHCh KaK Ge€33Ha-
KOBbl€ BE€JHYHHBI.

Ha OTAEJIbHBIE TIOJIA CChIJIAIOTCA TAK K€, KaK H Ha YyieHB OOBIYHBIX
crpyktyp: flags.is_keyword, flags.is_extern, u t1.a. [Ilons «Bemyr ce-
Os1» KaK MaJjipie Lesible H MOTYT YYaCTBOBaThb B apU(pMETHYECKHX BbIpaXKEHHsX
TOYHO TaK XK€, Kak W apyrue uesanie. Takum 06pa3oM, NpeabiayliHe NpHMEpH
MOXHO HamHcaTb 60Jjiee eCTeCTBEHHBIM 06pasoMm:

flags.is_extern = flags.is_static = 1;
ycTaHaBaHBaeT 1 B COOTBETCTBylouHe GHTHI;

flags.is_extern = flags.is_static = 0;
X OOHyJsteT, a

if (flags.is_extern == 0 && flags.is_static == 0)

NpoBepsieT HX.

[Touth BCce TexHHUeCKHe [eTaslH, KacaloulMecs noJiei, B YaCTHOCTH,
MOXET JIH TMOJie MepeHTH TIpaHHLy CJI0Ba, 3aBHUCAT OT peanu3aldd. [loas mo-
FYT HE HMEeTb HMEHH; C MOMOLIbI0 Ge3bIMAHHOrO MOoJsi (3a4aBaeMOro TOJbKO
NBOETOYHEM H IUHPHHOH) OpraHM3yercs TpPONYCK HYXXHOTO KOJIHYeCTBa pa3ps-
108, Ocobas IIHpHHA, paBHAas HYJIO, HCNOJbL3YeTCs, KOraa TpebyeTcs BHIHTH
Ha TpaHHuy CJeIyIoLlero CJoBa.

Ha oapnux MammuHax nmojs pasMmelialoTcst cJeBa HanpaBo, Ha APYTHX —
cnpaBa Ha/leBO. JTO 3HAYHT, UYTO [pPH BCell IOJE3HOCTH pabOThl C HHMH,
ecau (opMaT AAHHBIX, C KOTOPLIMH Mbl HMeeM [1eJ0, NAaH HaM CBbILIE, TO He-
O06XOAMMO CaMbiM TLIATEJbHBIM O6PA30OM HCCJEIOBATh NOPANOK PACHOJOXKEHHS
noJieH; Nporpammbl, 3aBHCAILHE OT TAKOrC poaa Beled, He nepeHocHMbl. [lo-
Jsi MOXHO OnpenensiTb TONbKO ¢ THMoM int, a ans Toro, uTo6el O6ecneyuThb
NEPEHOCHMOCTb, SBHO yKasbiBas Signed uanm unsigned. Ouu He MoryT G6uITb
MacCHBaMH H He HMEIOT aApecoB, M, CJIEJAOBATEJNbHO, Onepatop & K HHUM He
NpHUMEHHM.



rnasa 7. BBOA4-BbIBO[

BO3MOXHOCTH BBOJA-BHIBOAA HE SBJASAIOTCS dYacTblo camoro saswika Cu,
NOSTOMY Mbl MOAPOOHO M He pacCMaTpHBalM HX 10 Cux mop. Mexay Ttem
peasbHble MPOrpaMMbl B3aHMOLEHCTBYIOT CO CBOHM OKpYXeHHeM ropasno GoJee
CIOXKHBIM CIIOCO6OM, ueM Te, KOTOpble Oblid 3aTpoHyTsl paHee. B 3toi raase
Mbl OMHINEM CTaHAApTHyl OubanoTeky, Habop ¢GyHKUKH, OfecneyuBaoLKX
BBOA-BHIBOJA, pabOTy CO CTPHHraMH, yMpasjeHHe TNamsiTblo, CTaHIApTHHE Ma-
TeMaTHUeCKHe (GYHKUMH H pasHoro poapa cepsucHble Cu-nporpammbl. Ho oco-
60e BHHMaH{e YOeJHM BBOAY-BLIBOAY.

Bu6aunoTeussie (YHKUHH BBOAA-BbIBOAA TOYHO OIpPENENsIOTCS CTaHAAPTOM
ANSI, Tak 4YTO OHHM COBMECTHMBI Ha JIOOBIX YCTAHOBKAX, TIJle MOAAEPXKHBAETCS
Cu. [lporpaMmbl, KOTOpble B CBOeM B3aHMOJEHCTBHH C CHCTEMHBIM OKDYXEHHEM
He BBHIXOASIT 33 pPAMKH BO3MOXHOCTEH CTAaHAApTHOH OGHOJIHOTEKH, MOXHO 0e3
H3MEHEeHHH NEepPeHOCHTb C OAHOH MAalliMHbI Ha APYrylo.

CaoiicTBa 6u6MHOTEUHBIX (GYHKUHH crneuuuHUHpOBaHb B GoJiee 4eM Mio-
XKHHE TOJOBHBIX (pal/IOB; BaM YyKe BCTPEUATHCh HEKOTOpble H3 HHX, B TOM
yucie <stdio.h>, <string.h> u <ctype.h>. Msbl He paccmaTpuBaem 31eCb
BCIO GuHOMMOTEKY, Tak Kak Hac GoJblue WHTepecyeT Hanucauue CH-nporpamm,
yeM HMCMOJb30BaHHe OuBAHOTeYHbIX @YyHKuuH. CrangapTHas OuOAHOTEKA MO-
OpOGHO OmMcaHa B NpPHJAOXKEeHHH B.

7.1. CTAHAAPTHbIH BBOA-BbIBOA

Kax yxe rosopuiocs B 1. 1, 6uOJHOTeuHble (QYHKUHA pPEATH3YIOT
NpOCTYI0 MOJAENb TEKCTOBOrO BBOAA-BbIBOJAA. T@KCTOBBHIH MOTOK COCTOHT H3
NOC/ef0BATENBHOCTH CTPOK, Kaxiasi CTpOKAa 3aKaHYMBaeTcss JIMTEpOH HOBas-
cTpoka. Ecaum cuctema B ueM-TO He cJjeayeT NPHHATOH Momeau, OGuOaHOTEKa
cAaenaetr Tak, 4To6bl Kas3ajoCh, 4YTO 3Ta MOZAeNb YAOBJETBOPSIETCS IMOJHOC-
Thi0. Hanpumep, napa JHTep — BO3BpPaT-KapeTKH H TMEPEBOA-CTPOKH — TMpPH
BBoAe Morja Obl GbITb npeoGpa3oBaHa B OAHY JIMTEpPY HOBAsg-CTpPOKa, a IpH
BBIBOLE BLIMOJHSAJOCH Gbl o6paTHOe npeoGpa3zoBaHHe.

MpocTeliinit MexaHu3M BBOZA — 3TO YTeHHE OMHOH JIMTEpPH H3 crawxdap-
THo20 8600a (OOLIUHO C KjaBuaTyphl) ¢yukuueit getchar:

int getchar(void)

B kauecTse pe3ysbTaTa Kaxuoro CBOEro Bbi3oBa ¢yHxkuusi getchar Bosspa-
LlaeT CJAeAYIOLYi0 JHTEpy BBOAA WJH, ecau o6HapyxeH KoHeu daitna, EOF.
HMenoBannasa kxoHnctanta EOF (a66pesuarypa ot end of file - xoneuw daii-
na) ompenesnena B <stdio.h>. O6wiuno 3uauenne EOF papno -1, HO, 4TOGHI
He 3aBHCETb OT KOHKDPETHOr0 3HAuyeHHsl 3TOH KOHCTAHTHI, CCHIJIATbCA Ha Hee
caenyer no umenu (EOF).

i
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Bo muorux cucremax KJIABHATYPY MOXHO 3aMeHHTb ¢alJom, nepenanpa-
BAB BBOA 1NpH mnomowH 3Hauka <. Tak, ecJau nporpamma prog HCHOJb3yeT
getchar, 1o komananas crpoka

prog <infile

NPEANHLIET nporpamme prog uurtath JuTepsl H3 infile, a ue ¢ KJIaBHATYPHI.
[lepekniouenne BBOaa nenaetcs Ttak, uto cama nporpamMMma prog He 3ameuyaer
MOAMEHLI, B 4aCTHOCTH, CTpHHr "<infile" wne Gymer BkJIOYeH B apryMeHTh
KOMaHIHO# CTpokH argyv. [lepeksiouende BBOxa GyNeT TaKXe He3aMeTHBIM,
€CJH  BBOA HCXOAHT OT APYroH nporpaMMmbl W nepenaeTcs uepe3 «Tpy6onpo-
BOLHBIH> MeXaHH3M. B HeKOTOpmIX cuCTemMax KoMaHmHas CTpOKa

otherprog ! prog

PHBEAET K TOMYy, 4TO 1BE nporpammel, otherprog u prog, coemuusiTes na-
NMpsIMylo, T.€. CTaHAapTHBd BhiBoa otherprog crauer CTAHAAPTHBIM BBOJAOM
ons prog.
DdyHkuus
int putchar(int)

HCNIOJIb3yeTCs Ans BhiBOAa: putchar(c) ornpapasier JINTEPY C B cramdapr-
HoLi 661800, TMON KOTOPbIM MO YMOJYAHHIO noapasymeBaetcsi 3kpaH. ®yukuus
putchar B kauecTBe pesysbraTa BO3BpallaeT [OCJAHHYIO JIMTEPY WJH, B
cayyae owubkd, EOF. To ke M B OTHOWeHHM BHIBOAA: NpH TNOMOIIM 3aNHCH
BHIA >umA-haidisa BBIBOA MOXKHO nepesanpasuth B ¢aia1. Hanpumep, ecan
Prog HCnosp3yer Afs BbHIBOAA (YHKUHIO putchar, To

prog >outfile

OydeT HanpaB/JsiTb CTAHAAPTHHIH BBIBOA He Ha 5kpai, a B outfile. A xo-
MaHAHasi CTpokKa

prog | anotherprog

COCAHHHT CTAHAAPTHBIA BBIBOA NpPOrPamMMbl Prog co CTAHAAPTHBIM BBOJOM MpO-
rpammsbl anotherprog.

BuiBoa, ocymecrtBisiembiit dynkuneir printf, rakxe ornpasasiercs B
CTAaHAAPTHBIA BBIXOAHOH nOTOK. Bb3oBel putchar wu printf moryr kak yromuo
UEPENOBATBCS, TNpPH 3ITOM BBIBOA OGydeT HOPMHPOBATBCS B  TOM nocJenoBa-
TEJTbHOCTH, B KOTOPOH MPOMCXOMMJIH BHI3OBBI 3THX QYHKIMH.

. Jlo6o#t ncxomumit Cu-gaiin, HCNONB3YIOWHA XOTA 6bl OAHY (YHKIUHIO GUG-
JIHOTEKH BBOAA-BbIBO/A4, [JOJIXKE€H cojepxarb B cebe CTpOKy

#include <stdio.h>

NpHuYeM OHaA [0/KHA ObITb pachoNOXKeHa .10 nepBoro oGpallleHHst K BBOAY-BHI-
Bony. Ecam umst rosoBuoro ¢aitnia sakmoueno s yrjioBbie CKOGKH < u >, 370
SHAYUT, YTO NOHCK TOJOBHOrO (haiina Begercss B CTaHAApTHOM MecTe (Han-
pumep, B cucreme UNIX 310 06BIyHO OUPeKTOpHsi /usr/include).

Muorue nporpamMmbl 4HTAIOT TONBKO H3 OXHOrO BXO[HOTO TOTOKA W IH-
YT TOJNBKO B ONMH BBIXOAHOH NOTOK. [liA opranusauum BBO/4-BLIBO/IA TAKHM
iporpamMmMam BIIOJIHE XBaTHT (GyHKuui getchar, putchar wu printf, a s
HAYalbHOrO OOYYEHHS O3HAKOMJIEHHSI C STHMH bYHKUHAMH yX TOYHO poOCTa-
TO4HO. B wvacTHOCTH, nepeuncrennbix GyHKuUM# gocrtaTowHo, koraa Tpebyer-
Csl BBIBOA OLHOH MNpPOrpaMMbl COEAHHHTb € BBOJIOM cirenypoume. B kauvectse

npuMepa paccMOTpum nporpammy lower, NE€PEBOLSIYI0 CBOH BBOA HAa HHXHHU
perucrp:
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#include <stdio.h>
#include <ctype.h>
main() /* lower: mnepeBOAHT BBOJ HA HHXKHHH periHctp */

{ int c;
while ((c = getchar()) != EOF)
putchar(tolower(c));
) return 0;

OGynknus tolower onpenenena B <ctype.h>. Ona mnepeBoguUT OYKBH
BEPXHErO pPErHcTpa B OYKBbI HHXKHETO pErucTpa, a OCTajbHble JIHTEPBl BO3B-
paiaer 6e3 u3MeHeHHH. Kak Mbi yxe yNOMHHA/IH, «PYHKUHH> THNA getchar u
putchar wu3 Gubauortekn <stdio.h> u ¢ynkuus tolower u3 O6UONTHOTEKH
<ctype.h> wacto peanusyloT B BHAE MaKpOCOB, 4TOGH HCKJIOUHTL HAKJadHbie
pacxXoisl OT BHI30BAa (PYHKIHHM HAa Kax1ylo OTAeibHylo JaHuTepy. B pasn. 8.5 mu
NOKaXeM, Kak 3To nejaercss. HesaBucumo OT TOro, Kak Ha TOH HJH HHOH
MallHHE peaJH30BaHbl  GQyHKuHH Oubanorexu <ctype.h>, wucmonbsyiomue Hx
NporpaMMbl MOTYT HHYEro He 3HAaTb O KOJAHPOBKE JIHTEp.

Ynpaxueune 7.1. Hanumure nporpammy, OCYyLIECTBJSIOULYI0O NEPEBOA BBOAA C
BEPXHErO DErHcTpa HAa HHXXHHH MJIH C HH)XHErO Ha BePXHHH B 3aBHCHMOCTH
OT HMEeHH, N0 KOTOpPOMY OHa BBI3HIBAETCS M TEKCT KOTOPOro HaxXOAHTCsi B
argl0].

7.2. ®OPMATHbIA BbIBOA (PRINTF)

®ynxuusi- printf nepeBoauT BHYTpeHHHE 3HAYEHHS B TEKCT.
int printf(char *format, arg, argy, ...)

B npemblaymMx rJaBax Mbl MCnoab3osaax printf negopmanbHo. 3mech
MBI TIOKaxkeM HanGosiee THIHUYHBIE CJAy4yad NPUMEHeHHsi 3TOH (YHKUMH; TNOJHOE
ee ONMHCAaHHe AAHO B NpHJOXKeHHH B. .

Gyukuust printf npeoGpasyer, ¢opmaTHpyeT H MeyartaerT CBOH apry-
MeHTH B CTAHAApTHOM BbiBOAE MNON ynpabiewHem ¢opmata. Bosppauwaer oHa
KOJIMYECTBO HAame4yaTaHHBIX JIHTEp.

dopMaTHBIl CTPUHT COZEPXKHT [BA BHAA OODBEKTOB: OOLIYHBIE JIUTEPDI,
KOTOpHIe BNPSMYIO KONHPYIOTCS B BBIXOAHOH MOTOK, M CreUH(HKALHKH npeo6pa-
30BAHMs, KaXAas H3 KOTOPHIX Bbi3biBaeT npeoOpa3oBaHHe H InedyaTb OYepen-
woro aprymenta printf. JlwGas cneundukauusi npeoGpa3soBaHHs HAYMHAET-
¢Sl 3HAKOM % M 3aKAHUWBAETCs JIHTepOH-CreuddukaTopoM. Mexay % H JHTe-
poOii-CrleHUKATOPOM MOTYT OBITb pPACHONOKEHb (B YKA3aHHOM HHXe NIOPsIAKE)
CJIeYIOLIHE 3JIEMEHTHI:

. 3HaK MHHYC, TpPEANHMCHIBAIOUAH «NPHKATb> MPEOCPA3OBAHHBIH APTYMEHT
K JIEBOMY Kpalio MoJs.

. Uucso, cneundpuuHpyiollee MUHHMANbHYIO WwHPHHY noas. [lpeoGpasoBanHbil
aprymeHT GyleT 3aHMMaTb [0Je [0 KpalHe# Mepe yKa3aHHOH  UIWPHHBL
[Tpu Heo6XOAMMOCTH JMIIHHE NO3WUKHM CseBa (W/H CIpaBa MPH JIEBOCTO-
POHHEM pACMOJIOKEHHH) OyAyT 3anojiHeHbl npoGenamu.

. Touka, oTaessiioulasi WHPHHY MOJA OT BEJHUHHbBI, YCTaHABJAMBAIOIEHd TOU-
HOCTb.

. Yucao (To4HOCTB), ChHeuHGHUHpYOUIee MAKCHMaJbHOE KOJIHYECTBO meda-
TaeMbIX JHTep CTPHHFA, HJH KOJNHYECTBO UHGP NOC/ae NeCITHYHOH TOY-
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TABJIMUA 7.1. OCHOBHbIE TIPEOBPA3OBAHUSA PRINTF

JIMTEPA THUIT APTYMEHTA, BWI NEYATH
d, i int; nmecsiTHunOe uesoe. :
0 int; 6¢3snakosoe Bocbmepuunoe (octal) uenoe (6es Beaywero
HYJ151).

X, X | int; O6essnakopoe mecTHaguaTHpuuyHoe uesoe (Ge3 seaymux O0X H
0X), mns 10...15 ucnoabsyiorca abcdef wam ABCDEF.

u int; 6e33nakoBoe neCATHUHOE LEJOE.

C int; oamHounas snutepa.

S char *; neuaraer surepnl, pacnosoxenHoie A0 3Haka \0, uau B
KOJIHUeCTBe, 3aJaHHOM TOYHOCTbLIO.

f double; [-1m.dddddd, rpe xosuuyecTBo uudp d 3a4aeTCH TOUHOC-
TbIO (MO yMOJIYAHHIO paBHO 6).

e, E double; [-1m.dddddde*xx wnu [~-1m.ddddddE+xx, rpe xoauuec-

TBO UKD d 3anaeTcss TOUHOCTBIO (MO yMOJYAHHMIO paBHO 6).

g, G double; wucnoabsyer %e wuau %E, ec/aM 3KCTOHEeHTa MeHblIe, ueM
—4, uau 6osblie HJH paBHA TOYHOCTH, B NpPOTHBHOM CJyuyae HC-
nonb3yer %f. «XBOCTOBEIE» HYJH H «XBOCTOBasi» MAECSITHYHAS TOY-
Ka HE€ [1e4aTarTcd.

p void *; ykasaresnb (npeicTaB/eHHE 3aBHCHT OT peaNn3alHH).

% aprymMenT He npeofpasyeTrcs; nevyartaercsi 3HaK /%.

KH — [Js1 [JABAKOUIEr0 3HAYEHHs, HJIH MHHHMANbHOE KOJHYECTBO LHpp —
LJIST LeJIOro.

« bByksa h, ecnm nevaraemoe uesn0e HOMKHO  paccMaTpHBATLCA  Kak
short, wan 1 (natunckas GyxBa 34b), €CAH LeJoe OO/KHO paccMaT-
pUBaThLCA Kak long.

Jlutepbl-crienndukaTopsl nepeunciennt B Tab6a. 7.1. Ecaum 3a % He nomeuieHa
JuTepa-cneunpukaTop, noseaenve ¢yHkuun printf Gymer mwe onpegeneno.

lUlypuHy H TOYHOCTH MOXHO CrHeUH(HUHPOBATH NPH MOMOILH *; 3HAUEHHe
WHPHHBI (HJAH TOYHOCTH) B 3TOM cayuae GepeTcsi H3 CJAEAYIOUIETO apryMeHTa
(xortopell gomxen 6biTb THna int). Hanpumep, uTOGLL. HameuataThb He GoJee
Max JIMTEp H3 CTPHHTa §, TFOAMTCS CJEAYIOUIAS 3aNUCh:

printf("%.*s", max, s);

Béabwast uyacth ¢opmaTHbIX npeoGpaszoBaHuii Gbl1a NpPOAEMOHCTPHpPOBAHA
B OpeAblAyUMX rJaasax. HckiaioueHue cocTaBjasier 3ajaHHe  TOYHOCTH IS
CTpHHTOB. Jlajee NpPHBOAHTCS nepeyeHb ChHeuHPHUKAUHH H IOKA3BIBAETCS HX
BJIHsIHHE Ha neuatb cTpuura “hello, world", cocrosimero w3 12 auTtep.
[one cnenuanbno obpamseno aBOeTOUHsiMH, uTOGH 6blla BHIAHA €ro MpoOTs-
XKEHHOCTb.

1 4S: :hello, world:

1 %410s: :hello, world:
:7%.10s: :hello, wor:
:%-10s: :hello, world:
:%4.15s: :hello, world:
:4-15s: :hello, world :
:%415. 10s: : hello, wor:

:%-15.10s: :hello, wor
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[penocrepexkenue: GHyHKUHA printf wucnosb3yer CBOH MepPBBIH apryMeHT,
4TOGB ONpEAeHTb, CKOJbKO elle OXWAAETCs apryMeHTOB H KAaKOro OHH 6y-
ayt Tdna. Bwl ne moJsyuuTe NpaBUJBLHOTO Pe3y/bTaTa, €CJH apryMeHTOB
GyleT He XBaTaTb MM OHM OYyAyT TpHHAANEKATH HE TOMY THILY. Bul  [OJIKHBI
TaKKe MOHHMATb PasHHUY B CJeNyOLMX ABYX OOpalleHHsX:

printf(s); /% HEBEPHO, eciu B S ecTb % */
printf("%s", s); /* BEPHO Bcerma */

OyHKUHSA sprintf BrimosHsieT Te Xe npeo6pa3oBaHusi, 4TO H printf,
HO BBLIBOA 3alOMHHAeT B CTPHHIE

int sprintf{(char *string, char *format, arg, argo, o)

aTaquyHKuHﬂ u(bopmampyer argy, argo ¥ T.JN. B COOTBETCTBHH C HHpopMa-
uMell, 3amaHHOM aprymenTom format Tak, Kak Mbl paHee ONHMCHIBAJH, HO pe-
3yJbpTaT MNoMellaer He B cTanzapTHhii BpBOA, a B string. 3ameTuM, 4TO
string noaxen OBIT NOCTATOUHO OOJIBLIHM, yTo6Bl B HEM IOMECTHJICS pe3y-
JIbTAT.

Ynpaxuenne 7.2. Hanumnre nporpammy, KOTOpas fyner neyaraTb pasyMHbIM
cnocofom Jgio6oii BBOA. Kak MHHHMYM OH& [OJIKHA YMETh nedaraTh Herpagu-
YecKHe JHTepbl B BOCHMEPHYHOM HJH LIECTHAJUATHPHUHOM BHIE (B ¢dopwme,
NPHHATOH Ha Balled mamipHe), o6pbiBasi AJHHHBIE TEKCTOBHIE CTPOKH.

7.3. CNMCKU APFYMEHTOB MEPEMEHHOW ANWHbI

A1oT pasgen COMAEPXKHT peanH3aluio munuManbsoil sepcun printf. flpu-
BOAMHTCS OHa M8 TOro, uTOGBl T10Ka3arb, Kak HaQo mucarb GYHKUHH €O
CIIUCKAMH apPIryMEHTOR [ePeMeHHOH JIMHbBI, TpHUYEM TaKHe, KOTOpBIE 6binn  Obl
nepedocHMbl. [IoCKOAbKY HAC TJABHBIM ofpazom uHTepecyer ofpaboTka apry-
MeHTOB, GyHKuuio minprintf uannmem Takum o6pa3oM, uTO OHa B OCHOBHOM
6yner paboraTb CO CTPHHIOM, 3343IOLIHM ¢opMar, H apryMeHTaMH; 4TO Xe
KacaeTcsi (OPMATHbIX MPEOOpPa3OBaAHKH, TO OHH 6yLyT OCYWECTBAATLCA IPH
noMoImH cTanaaptaoro printf.

Jleknapauns CTaHJapTHOH GYHKIHH printf sopiraAAMT TakK:

int printf(char *fmt, ...)

MHOrOTOUHE B [€KJapaluM O3HAuaeT, YTO YHCJIO K THIbl APryMEHTOB MOTYT
H3MEHSITBCS. 3HAK MHOrOTOUHME MOXKeT CTOATb TOJABKO B KOHIE CHOHCKA apry-
menToB. Hama ¢yukuns minprintf nexsapupyercs kak

void minprintf(char *fmt, ...)

NOCKOJIbKY OHa He GyleT BblAaBaTb UYHCJO JIMTED, KAk 3TO NEIaeT printf.

Besi C/OKHOCTL B TOM, Kakum obGpasom minprintf Oyaer npoasurars-
¢ BHOAbL CNMMCKA ApTyMEHTOB, — Bedb Yy ITOr0 CIHCKA HeT JaXe HMEHH.
CraHpapTHBIl TOJMOBHON aita <stdarg.h> comepxur HaGop Makpoomnpenesie-
HUil, KOTOpbi€ OMpeleNsiioT, Kak laratb M0 CHHCKY apryMEHTOB. Hanonunenue
3TOr0 rOJOBHOrO (ala MOXKeT H3MEHITbCS OT MAlIHHbB K MAallHHe, HO Mped-
CTABJCHHBIH KM HHTepQeHC Be3ie OJHHAKOB.

Tun va_list cayxur ajas ONHCAHHS nepeMeHHOl, KoTopas Oyaer o
Oyepef CCHIIATHCS HA KaXAbil M3 APryMeHTOB, B minprintf 3rta nepemen-
nasi umeer wumsi ap (or «argument pointer» - yKaszateJab Ha apryMesT).
Makpoc va_start unuunaau3upyer NepeMeHHyio ap, yto6Bl OHA YKa3blBaja Ha
nepBbiil Ge3bIMSHHBIA apryMeHT. K va_start HyxHO 006paTHTbCA 4O MNEpBOTO
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HCNMONBb30BaHHUsl ap. Cpenu apryMeHTOB MO KpaHHe# Mepe OdHH JIOJMXKEH OhiTh
MMEHOBAHHBIM; OT IOCJAEAHErO HMMEHOBAHHOIO apryMeHTa 3TOT MakpoC «OT-
TAJKHBAETCA» TNPH HAua/JbHOH yCTaHOBKe.

Makpoc va_arg Ha KaxIOM CBOeM BLI30BE BblAaeT OYepemHOH apryMeHT,
a4 ap nepeaBHraeT Ha CJEAYIOUIHMH, N0 MMEHH THIA OH OnpenessieT THI BO3-
BpAIlaeMOro 3HAYEHHA W pasmep lWara MJIA BHIXOJA HA CJAEAYIOLHE apryMeHr.
Hakoneu, wmakpoc va_end pnenaeT OYMCTKY BCero, uTo HeoOxomumo. K
va_end cjaenyeT OGPATHTLCA MCped CAMBIM BbIXOAOM H3 ¢dyHKLHH.

[lepeuncaennsie cpeactsa 0oGpasyloT OCHOBY Hallled YIIPOIICHHON BEpPCHHU
printf.

#include <stdarg.h>
/* minprintf: munuManbrb# printf ¢ nmepeMeHHsM uucIOM apr. */
void minprintf(char *fmt, ...)
¢ va_list ap; /% ykasmBaeT Ha ouepeiH. Ge3bIMAHHMIN apr. */
char *p, =*sval;
int ival;
double dval;
va_start(ap, fmt); /* ap ykas-eT Ha 1-#i Ge3HMAHHHR apr. */
for (p = fmt; *p; p++) {

if (*p 1= 7%7) |

putchar(*p);
) continue;
switch (*++p) {
case ’'d’:

ival = va_arg(ap, int);
printf("%d", ival);
break;

case 'f’:

dval = va_arg(ap, double);

printf("%f", dval);

break;

'gt:

for (sval = va_arg(ap, char *); *sval; sval++)

putchar(*sval);

case

break;
default:
putchar(*p);
) break;
}
va_end(ap); /* ouuMcTKa, KOrja BCe CIeNaHO */

Ynpaxnenne 7.3. [onosuure minprintf ApyruMu BO3MOKHOCTAMH printf.

7.4. GOPMATHbIM BBOJH [SCANF)

®yukuna scanf, obecneunBaoowas BBOA, SIBJISETCS AaHANOIOM printf;
OHA BBIMOMHAET MHOTHE W3 YNOMHHABIIMXCS NpeoGpasoOBaHHM, HO B MPOTHBO-
NOJIOXKHOM Hanpas/ieHHH. Ee gexnapauusi nuMeer caenyiouuil BHA

int scanf(char *format, ...)
Oyukunst scanf uutaer Jaurepbi U3 CTaHAapTHOrO BXOAHOTO [0OTOKA, HHTEp-
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TABJIMLIA 7.2. OCHOBHBIE TIPEOBPA3OBAHMWSA SCANF

JIMTEPA BBOJAWUMBIE [JAHHbIE;, THUIT APFYMEHTA

d necsATHYHOEe Leqoe; int *.

1 uenoe; int *. Lenoe moxer O6biTh BOCbMepHuHBIM(C Beayuum 0)
WM llecTHAAUATHPHUYHLIM (¢ Beaywwmu 0x nau 0X).

0 BOCbMepHUHOE leJoe (C BeiyllMM Hysaem uau 6e3 Hero); int *.

u Ge3a3nakoBoe [eCATHUHOe lesoe, unsigned int *.

X wecTHaaUaTHpHuHoe wnesoe (¢ Bexyuumu Ox mam OX wuau Ge3 HHX);
int *.

c autepnl; char *. Creayiolide siuTepbl BBOAA (MO YMOJYAHHIO ONHA)

pasMemaioTcst B ykasaHnoM mecTe. OGBIYHBIH MPOMYCK npo6enbHbIX
JWTep TNOAaBJAAeTCs; UTOGB TNPOUECTb OYEPEAHYIO JHMTEpY, OTJIHY-
HYI0 OT npoGenabHOl, ucnoabdyirte %1s.

s CTPHHT JinTep (6e3 O6paMJasIOWMX KaBbiuek); char *, ykaselBalOWIKH
Ha MA4CCHB JIMTep, AOCTATOUHLIH /sl CTPUHra M 3aBeplldiolled JiH-
tepul ' \0’, xoropas Oyaer apoGaB/eHa.

e,f,g YHCJAO € IJaBaloiledl TOYKOH, BO3MOXHO, CO 3HAKOM; 006A3aTeJbHO
NpHCYTCTBHE JMGO  HECATHYHOH TOYKH, JIHOO 3KCIIOHEH HAJIBbHOH
4acTH, 4 BO3MOXKHO, M of6enx Bmecre; float *.

% caM 3HAaK %, HHKakoe NpHCBAaWBaHHE He BBIMOJIHSETCH.

TpeTHpyeT HMX COIVIACKO creuudpuxaunsiM CTPUHTa format u paccbliaer peay-
JAbTaThl B CBOKW OCTajJbHblE ApryMeHTbi. ApryMeHT-(HOpPMAT Mbl ONHIIEM MO3Xe,
Apyrue apryMmentTbl, kaxcObil u3 KOTOpbLX OOANCEH ObtTe ykasareasem, ONpele-
ASIOT, TAe OYAyT 3armOMHHATbCS LOKHBIM 06pasoMm mpeoGpasoBaHHbIE NaHHBIC.
Kak w mis printf, B sTom pasgesne naercs CBOAKa HauGojiee MOJIE3HBbIX, HO
OTHIO/Ib He BCeX BO3MOXKHOCTefl HaHHOH (YHKLHH.

®yukuuss scanf mnpekpaulaer paboTy, KOraa OKa3blBAeTCH, HTO HMCUEp-
najics GopMmaT HJH BBOAMMAs BeJHUHHA HE COOTBETCTBYET ynpasasiioutelt crne-
unpukawud. B xauectBe pesyspTaTa SCanf BO3BpallacT KOJMYECTBO YCIELIHO
BBEJEHHbIX 3JE€MEHTOB Aauubix. [lo ncuepnauuu ¢aina OHa BHIAET EOF. Cy-
eCTBEHHO TO, uTO 3Hauyenue EOF ne pasHO HyJIO, MOCKOJBKY HyJb scanf
BBIIAET, KOFAA BBOAWMAS JWTepa He COOTBETCTBYET [E€PBOK cnenudHKalUHH
¢opmarnoro crpunra. Kaxaoe ouepennoe ofpauende K scanf mnpoposxaer
BBOJ C JIHTEpPHI, CJedyiolled Cpa3y 3a nocqaenrned o6paGoTaHHOMN.

CyuectyeT Takxe ¢yHKuus sscanf, KoTOpas 4HTaeT M3 CTpHHIa (a
He M3 CTAHJAPTHOTO BBOAA).

int sscanf{char *string, char *format, arg, arg,, L)

dyukuus sscanf npocmarpubaer string cornacso ¢opmary format u pacchi-
JaeT TOJydyeHHble 3HAYeHHs B argy, argy ¥ T.A [Tocneanue OOJIKHBL OHITH
yKa3aTessiMH.

dopmar 06BIYHO CONEPXKHT ChEUH(HUKALHH, KOTOpbIE HCIOJB3YIOTCS I3
ylpaBjieHHsi NpeoOpa3OBaHHSIMH  BBOAA. B Hero MOryT BXOAHTb CJIeAYIOUIHE
3J1€MEHTHI:

. TlpoGBenbl uau TaGyJALKH, KOTOpble HIHOPHPYIOTCH.

. O6biunble JHTEpb (MCKJ0OUaAs %), KOTOpble, KaK OXHAAeTCs, COBMNajyT C
OUepeHLIMA HENPOGebHEIMH JIHTEPAMH BXOAHOTO MOTOKA.

. Cneunduxanuu npeoGpa3oBaHusi, Kaxaas H3 KOTOPHIX HAYHHACTCA  CO
3Haka % W 3aBepliaeTcs JMTepoH-CrelnpHKAaTOpOM THNA InpeoGpasosa-
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Hus. B nmpomexyTke mexay stumu ABYMsi JIMTEpaMH B JI0GOH CrneundpHKa-
UMM MOTYT pacrnojarathCsi, NpHYEM B TOM NOPSIAKe, KaK OHH 31eCh
yKa3aHbl: 3HAaK * (NpPH3HAK MOJABJEHHS NPHCBAHBAHHS1), YHCJO, Onpe-
AeJsloUee WHPHHY noas; Gyksa h, 1 wam L, ykaswBaomas wna pa3mep
NOJIy4aeMOro 3HayeHHs.

Cneunduxauus npeo6pazosanus ynpasJser npeoGpa3oBaHHeM Caenylome-
ro BBOAUMOro nossi. OOGBIYHO pE3YJAbTAT NOMEIIAETCS B NIEPEMEHHYIO, Ha Ko-
TOpYIO YKa3blBaeT COOTBETCTBYIOIHH aprymeHT. OAHAKO ecjau B cnenuduka-
UMM npeoGpasoBaHHs MPHCYTCTBYET *, TO mnoJe BBOZa NponycKaercst u
HHKaKOe TpuCBauUBaHWE He BHIOJHseTcs. [lone BBoma ONpeneNsieTcss Kak
CTPHHT Ge3 NpOGe/NbHbIX JHTEep, OHO NPOCTHpAeTCA 10 ciaeayoumel npoGens-
HOM JIMTEPHl HJH )K€ OrpaHHYeHO IWHPHHOH MOJIA, eC/H OHA 3agaHa. [1oCKOJIb-
Ky JIHTEpa HOBAs-CTPOKA' OTHOCHTCH K NpOGesbHBIM JIHTEPAM, 3TO 3HAYHT,
4to scanf npu uyTeHHH Gymer nepexomuTh C OLHOH CTpOKH Ha apyryiw. ([lpo-
GeNbHBLIMH  JIATEDAMH  SIBAAIOTCS JUTEPBl  npoGesa, TabyasilHH, HOBOR-CTPOKH,
BO3BpATa-KapeTKH, BePTHKaJNbHOH-TAGYyNSUHH H NepeBOAa-CTPaHUIIEL. )

Jlutepa-cneundukaTop ykasmiaeT, KakHM 06pa3om cjelyeT MHTeprpe-
THpOBaTh oOuepenHoe mnosie BBoga. COOTBETCTBYIOIIHH apryMeHT [O0J/IXKeH ObITh
ykasarte/neMm, Kak TOro TpeyeT MeXaHH3M Nepenaumu napaMerpoB MO 3Haye-
Hulo, npuuaATtei B Cu. Jlutepui-cneuncdukarops npuBeneHsl B taba. 7.2.

Mepen JIMTepamu-cneundukatopamn d, i, 0, U M X MOXKET CTONTH 6yk-
Ba h, ykaswmBawwas Ha TO, uTtO COOTBETCTBYIOIIHH apryMeHT [OO/JXKEH HMeTb
THIL short * (a we int *), wan 1 (naTunckasi 37b), yKasbIBAOWAS HA THI
long *. Ananoruuno, flepen autepamu-cneundukartopamu e, f u g wmoxer
CTOATH 1, yKa3swlBaiowas, YTO THI aprymenta ~ double * (a He float *).

Y1066 mocTpouTh mepBbIi MpHMEp, OGpaTHMCSl K MNpOrpamMe KabKyJisi-
TOpa M3 rii. 4, B KOTOPO# Opramu3yeM BBOA C MOMOLIbIO ¢yHkuuu scanf:

#include <stdio.h>

main() /* NporpaMMa -KaJbKyNaTop */
{ double sum, v;
sum = 0;
while (scanf("%1f", &v) == 1)
printf("\t%.2f\n", sum += v);
return 0;

}

[Npeanonoxum, uto Ham HYMXHO NPOYHTATL CTPOKH BBOAA, COAEpKAllHE
IlaHHblEe BHIA
25 pex 1988

O6patienne k scanf BurasauT CJAeAYIOIHNM 06pa3oM:

int day, year; /% LeHb, Tof */
char monthname(201]; /% HazBaHWe Mecsia */

scanf ("%d %s #%d", &day, monthname, &year);

3nax & nepen monthday wue HYXEH, TaK KaK MMs MacCHBa €CTb YKa3aTesb.

B crpunre ¢opmara moryr NPHCYTCTBOBATL JIHTEPHl, HE Y4aCTBYIOMIHE
HH B ONHOH M3 chneunduKauuii; 3TO 3HAYHT, 4TO 3TH JIHTEPbl JOJIKHBI I10-
ABHTBCS HA BBOAE. Tak, MbBl MOrnM 6B YWTaThb AaThi BHAa mm/dd/yy npu mo-
MOUIH chaenymolero obpaieHuss k scanf:

int day, month, year; /% LeHb, Mecsl, rom */
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gcanf("%d/%d/%d", &day, &month, &year);

B cBoem ¢opmare ¢ynkuua scanf uriopupyer npobenbl H TabyJsIUHH.
Kpome TOro, mnpH MNOHCKe CJeayloulell TNOpPUHH BBOAA OHa nponyckaetr BO
BXOZHOM MOTOKe BCe IpoGesbHble JHTepbl (mpoGesbl, TaBGyJAsiUHH, HOBLIE-
cTpokd H T.A.). BocmpuHHMaTh BXOAHOH TOTOK, HE HMeoUHH (HKCHPOBAHHO-
ro ¢opmara, YacToO OKa3plBaeTcsi yaoGHee, €C/lW BBOAHTH BClO CTPOKY LeJIH-
KOM H JUIS KaXAOr0 OTAEJbHOTO CJjydas M0AGHpaTh NOAXOASIUIHH BapHaHT
sscanf. [lpeaAnosoXuMm, HanpuMep, 4TO HAaM HYMKHO 4YHTaTh CTPOKH C JaTaMmu,
3anHCAHHbBIMH B J1060# M3 NpHBeNeHHbIX Bbiie ¢opm. Torga Mbl MOITH 66l
HaNHCATD:

while (getline(line, sizeof(line)) > 0) |
if (sscanf(line, "%d %s %d", &day, monthname, &year) == 3)

printf("BepHo: %s\n", line); /* Tana 25 ek 1988 */
else if (sscanf(line, "%d/%4d/%d", &month, &day, &year) == 3)
printf(“Bepuo: %s\n", line); /* tuma mm/dd/yy */
else
printf ("uesepno: %s\n", line); /* HeBepH. (opMa IaTh */

}

O6pamenust Kk scanf MOryr nepemMexarbcst C BbISOBaMH APYrHX GYyHKIHH
pona. Jhobasa ¢GyHKUHS BBOAA, BbI3BAHHAs MOC/e scanf, nNpOdO/IKHT UTEHHE
¢ TMepBOH elle HENpPOUMTAHHOH JIHTEpLI.

B 3aBepuieHHe euie pa3 HANOMHHM, 4YTO apryMeHTBI scanf u sscanf Jdo-
A%cHbl OBITH yKasaTeJssiMH. .

OnHA H3 CaMBIX pAcnpOCTPAHEHHBIX OWIKGOK COCTOMT B TOM, HTO BMECTO
TOro, 4TOOBl HaMuCaThb

scanf ("%d", &n);
OHIYT
scanf ("%d", nl;
KOMNUASTOp 0 NOA0GHOH OMHOKE HHYEro He coobuiaert.

Ynpaxnenne 7.4. Hanuwure CBOIO BEPCHIO scanf no anagoruu ¢ minprintf
u3 npenbmymero pasjaena.

Ynpaxuenue 7.5. [lepenuuinTe OCHOBAHHYI HA NOCTGUKCHOH 3aMHCH MNpOrpam-
My KaJbKy/asTOpa H3 rJ. 4 Takum o6pasom, uToGbl IS BBOAA H MpeoGpaso-
BAHMsL uMceJ oHa Hcmosb3obana scanf u/mau sscanf.

7.5. OOCTIYN K AHIIAM

Bo Bcex MpeabiayllMX NPHMepPax Mbl HMEJH [eJ0 CO CTaHAapTHLIM BBOLOM
M CTaHAAPTHHLIM BHIBOJOM, KOTOpble ISl MPOrpamMMbl aBTOMATHHECKH npenonpe-
flesieHbl ONepPalHOHHONH CHCTEMOM KOHKPETHOH MallMHbL

CnenyioWlMit war — HayUHTbCS [HCATh MPOTPAMMBbl, KOTOPbIE HMETH (354
JOCTYN K aiiam, 3apasee He TOACOEJHHEHHBIM K MPOTpaMMaM. Oana u3
nporpamMM, B KOTODOH BO3HHKAeT Takas HeOBXOAHMMOCTh — 3TO MNporpamma

cat, ob6beauHsiOllas HECKOJbKO HMEHOBAHHBIX ¢alJoB H HampasJsiollas pe-
3yAbTaT B CTAaHHApPTHBIH BBIBOA. PyHKUHSA cat uacrto npumeHsiercss [Jiss BbiAA-
yy ailJoB HaA 3KpaH, & TaKXe Kak YHHBEPCANbHBIA  «KOJIJIEKTOP» dainoBoit
WHGPOPMAlHMK TeX NpOrpaMM, KOTOpble HE HMEIT BO3MOXKHOCTH 06paTHTBCA K
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¢aitny no umenu. Hanpumep, komanaa
cat x.c y.c

HalpaBUT B CTaHAAPTHBIA BBIBOJ COLEPXKHMOE GalI0B X.C M y.c¢ (u HHuero
Bosee).

Bosnukaer Bonpoc: uto manmo CAenaTh, UTOGbl HMEHOBAaHHbBIE (Balabl MOX-
HO OBIIO YHTAaTh;, HMHAYe TOBOpPS,, KaK CBS3aTb BHEIIHHEe HMeHa, NPHAYMAHHbIE
N10/1b30BaTeNeM, C HHCTPYKUHAMH YTeHHS NaHHBIX?

Ha srtoT cuer umewrtcs npocThie npasuaa. Jasi Toro uTtobwl MOXKHO 6bIJIO
YHTaTb H3 ¢aklyga HJAH NHCATb B ¢dain, OH [0AXKeH G6HTb NpeaBapHTEJNbHO OT-
KpbiT NpH NOMOIH GHOGIHOTEUHOH GyHKUHH fopen. ®yuxuus fopen mnosayuaer
BHEUIHEEC HMA THNA X.C WMM Y.C, TNOCJAE YEro OCYLIeCTBJSET HEKOTOphIE Op-
TAHH3AUHOHHBIE JEHCTBHS H «IIE€PErOBOPbly ¢ ONepanuoOHHON CHCTEMOH (Tex-
HUYECKHEe [eTa/H KOTOPhIX 33eCh He pacCMaTpHBAIOTCA) M BO3BpallaeT yKa-
3aresb, HCNOJNb3YyeMBIH B gajbHefillleM s Aocryna x daiay.

JTOT ykasaTenb, Ha3bIBAeMEBIfl yKasareaem hatina, ccwliaercs Ha CTpy-
KTypy, COZepxalylo HHOOpPMAUHIO O dailie (anpec Gydepa, nosoxenue TeKy-
el snuTepsl B Gydepe, OTKPBIT (ail/l HAa 4YTeHHE HJM HA 3aNuCh, GObLIH JH
owHOKM npu paborte c caiiaom u BCTpETHJICA JIH KOHeu dakiia). [losbsopare-
0 HE HYXKHO 3HATb NOAPOGHOCTH, NOCKOJbKY ONpene/NeHHs, TMOJYYEHHbIE H3
<stdio.h>, BkuwualoT onucamme Takoi CTPYKTYpH, Ha3wlBaemoii FILE.

Enuncreennoe, uro TpeGyeTcsi LR ONpeieseHHs ykasaTens daina, - 370
3alaTk [EKJAapallHH TaKOro, HanpuMep, BHAA:
FILE *fp;

FILE *fopen(char *name, char *mode);

Hs sTo#t samucu cueayer, uro fp ecth ykazatenr ua FILE, a fopen Bos-
Bpallaer ykaszateab Ha FILE. 3amerum, uto FILE ecTb ums THINA, Hanoao-
6ue int, a we rer CTpyKTypbl. OHO ONpeneseHo NpH NOMOLLH typedef. ([le-
Talu TOTO, Kax MOXHO peanu3oBaTb fOPEN B CHCTeMe UNIX, npusoasitcs B
paag. 8.5.)

O6pamenue k fopen s pOTpaMme  MOXET BLIMJISAAETb CJeAyloLHM 0obpa-
30M:

fp = fopen(name, mode) ;

Ilepsbili apryment — CTPHHT, conepxalni uma ¢aina. Bropoi apryMeHT He-
CeT HHOpOPMAUHIO O pesxcume. DTO TOxe CTPHHT! B HEM YKa3bIBAETCS, KAKHM
06pasoM MOJIb30BATE/b HAMEPEH HCIONb3OBATL daitn. Bosmoxub caeayioune
PEXHUMLL uyTenue (read - "r"), sanuch (write - "w") y no6assiienue (ap-
pend - "a"), T.e. sanucs HH(OpMAUHH B KOHEl yixe CylecTByiowero ¢aiJa.
B HekoTOphIX cHCTeMax pasiaHualoTCs TeKCTOBAe H GuHapHble ¢aiab; B cay-
Hac€ MOCJIENHHX B CTPHHI pPeXHMa HEOGXORHMO [06aBHTL 6yxBy "b" (binary
— OuHapHBIN).

Tor ¢akt, uyto Hekuh ®hais, KOTOporo paHblue He OblJIO, OTKphIBaeTcs
Ha 3amuCb WM n0GaBieHHe, O3HAYaeT, 4YTO OH CO373ercs (ecn  Takas
npoueaypa (U3HYECKH BO3MOXKHA). OtxpbrTHe yxe CyuwecTByioulero ¢aiisa Ha
3aIHCh NPHBOAHT K BbHIGPACBIBAHHIO €ro CTAaporo COLIePXKHUMOrO, B TO Bpems
KaKk TIpH OTKpPLITHH (aHna Ha pno0GaBjeHHe ero crapoe CO/EPXKHMOE COXpPaHs-
erca. [lonbiTka uutaTh HeCywecTByouul  ¢daia  aBasercs  OWHOKOIN. Moryr
HMETb  MECTO W Apyrde OWHOKH; HANpHMEp, OWHOKON CUHTAEeTCs] MNONBLITKA
uTeHusi ¢a#sa, KOTOpHiH no CTaTyCy 3anpeureHo uutath. [lpu Hanuuum mo60i
ownGkn fopen Bosppamwaer NULL. (Boamoxna 6Gosee Tounas HUAEHTHDUKAUHS
OWHOKH; JHeTa/lbHasi HHGOPMAlHA IO STOMY TNOBOLY TMNPHBOXHTCA B KOHLE
pasn. 1 npusoxenus B.)
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Cnenyiouiee, 4TO Ham HeOGXOAMMO 3HATh, — 3TO KaK YHTaTb H3 (ailna
WJaM nHcaTb B (balJd, KOJAb CKOpO OH OTKPBIT. CyHIeCTBYET HECKOJBKO ClOCO-
60B CHeNaTb 3TO, M3 KOTOPHIX CaMBI HPOCTOH COCTOMT B TOM, 4YTOGB BOC-
nosib3oBatbca GyHkuusamu getc u putc. O®ynkuus getc Bosspalaer caenyio-
mylo JauTepy H3 ¢aitna; el HeoGXOAMMO COOOWHMTbL YKasarenb ¢aisia, 4tobbl
OHa 3Haja OTKyla 0paTb JIMTEpY. ‘

int getc(FILE *fp)

dyukuus getc posspawlaer cjaeaylouwlyio JHTepy H3 I0TOKa, Ha KOTOpHIH CChI-
JalTCst MpH moMomd *fp; B cayuae Hcuepnanua daisa HIH OWHOKH OHA BO3-
spautaer EOF.

int putc(int ¢, FILE *fp)

®yaxkuua putc numer autepy ¢ B dahn fp u BO3BpallaeT 3aMHCAHHYIO JIHTEPY
uan EOF, B cayuae ownGkd. Anasoruuno getchar u putchar, nporpammbi
getc u putc Moryr 6bITb peain30BaHbl B BHAE MAaKpOCOB, a He (QYHKUHA.

[lpu 3anycke Cu-mporpammbl ONepauKOHHAs CHCTEMa BCEraa OTKphIBaeT
tpi aitna M ofecneunBaeT TpH (aHioBbie CCHIKM HA HHX. JTHMH ¢ahiaamu
ABJRIOTCS: CTaHAAPTHBIE BBOJA, CTAHAAPTHBIA BHIBOJA M CTaHAAPTHHIH Qain
owHGOK, COOTBETCTBYIONIME MM ykasaTeau HaseBaloTcsa stdin, stdout wu
stderr; ouu omnucanm B <stdio.h>. O6wmuyno stdin cooTHeceH ¢ kJaBuary-
poit, a stdout u stderr - ¢ skpanom. Onmako stdin u stdout moxHo cBs-
3aTh ¢ QaijJaMu HJHK, HCIOOJAB3YS MEXaHH3M «TpyOonpoBona», COELWHHTL Ha-
NpSIMYIO C APYTHMH NPOTpaMMaMH, KaK 3TO OMHCHIBAAOCH B pasd. 7.1.

[Mpu nomowmmnu getc, putc, stdin u stdout ¢ymkuuu getchar u putchar
Telepb MOXKHO ONpEAeIHTb CJelylolHM o6pasom:

#define getchar() getc(stdin)
#define putchar(c) putc({c), stdout)

dopmaTHBIH BBO/J-BLIBOA (AHJOB MOXHO NOCTPOHTh Ha ¢yHkuuax fscanf
u fprintf. Ousu umentuuun scanf u printf c ToH sHWbL pasHuued, uToO
MepBLHIM HX APryMEHTOM sIBJASETCA yKasaTesab, CChlIAOWMACA Ha dain, s
KOTOPOTO OCYUIECTBJISIETCA BBOA-BBIBOA, (OPMAT Ke YKa3biBaeTCsi BTOPBIM ap-
r'YMEHTOM.
int fscanf(FILE *fp, char *format, ...)
int fprintf(FILE *fp, char *format, ...)

Bor Teneps Mbl pacmoJaraeM TeMH CBEIEHHSIMHM, KOTOpble [QOCTATOUHBI
IJs HanMcaHusi nporpammbl cat, npeaHasHauyeHHOH /s KOHKAaTEHAUMH (moc-
JIe[lOBATEJbHOrO coeanHenusi) ¢ainos. [lpennaraemas Bepcus ¢yHnkuun cat,
KaK 0Kasanocb, ymoGHa [Js1 MHOTHX nporpaMm. EcCau B KOMaHAHO# CTpoke
NPUCYTCTBYIOT ApryMeHTHl, OHH DACCMaTpHBAIOTCH KaK HMEHA [MOCJIeN0BaTeNb-
HO ofpabaThiBaeMbix ¢aiino. Ecau aprymeHToB HeT, TO 00paGoTke NOABEp-
raeTtcsi CTAHIAPTHLI BBOL

#include <stdio.h>

/* cat: KoHkaTeHauus ¢aiinor, Bepcus 1 */
main(int argc, char *argvl])

{
FILE *fp;
void filecopy(FILE *, FILE *};
if (argc == 1) /% HeT apr-TOB; KOIUpP-CHA CTaHE. BBOJ */

filecopy(stdin, stdout);
else
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while (--argc > 0)
if ((fp = fopen(*++argv, "r")) == NULL) {
printf(“cat: He mory oTkpurhb $ahn %s\n",

*argv);
return 1;
} else {
filecopy(fp, stdout);
) fclose(fp};
return 0;

}

/* filecopy: xomupyet ¢aitn ifp B dattn ofp */
void filecopy(FILE *ifp, FILE *ofp)

¢ int c;
while ((c = getc(ifp)) != EOF)
) putc(c, ofp); ’

®aiinosbie ykasarean stdin u stdout npeacrasasiior co6oH 06bekTH THNA
FILE *. DTO KOHCTaHTBEI, a He NepeMeHHble, CJe/J0BAaTeJbHO, HM HeJb3s HH-
4YEero MpHCBaHBAaTh.

OyHKuus

int fclose(FILE *fp)

— ofpaTHas 1O OTHOWeHHI0O K fOpen; OHa pa3pblBAET CBA3b MeMAYy (aHJIOBHM
ykasaTesJeM H BHEWIHHM HMEHeM (KOTOpasi paHblie Obla YCTAHOBJEHA IPH [MO-
moun fopen), ocBoGoxmas TeMm caMmbiM 5TOT yKasaTeab M APYTHX (ailios.
Tak Kak B OONbLUIMHCTBE ONCPALMOHHBIX CHCTEM KOJMYECTBO OIHOBPEMEHHO
OTKPBITBHIX OAHOH MNporpammoi $aiioB orpanuyeHo, TO GaiioBble yKasaTesy,
ecid OHM 6osbli€ He HYXHBI, Jydwe OCBOGOXKIATb, KAk 3TO W [eJaeTcs B
nporpamme cat. Ecte ewme oana npuunra npumenntp fclose k ¢aitay BbiBO-
4a, — 3TO HeOGXOIHMOCTb «ONOPOXHHTb» Gydep, B KOTOpoM putc Hakomuaa,
npejHa3Ha4YeHHble /151 BbiBOAA Aanuble. [lpn HOpManbHOM 3aBepuieHHH pabGoOTHI
NpOrpaMmMbl [Jisi KaXA0ro OTKpeITOrO daina fclose Bhi3biBaeTcss aBTOMATHUEC-
ki. (Bb moxere 3sakpmTh stdin u stdout, ecanm onu Bam He HyxHH. Boc-
MoJIb30BaBIIMCL GHOAHOTEUHON (yHKuHMel freopen HX MOXHO CO34aTh 3aHOBO.)

7.6. YHPABHEHME OLUMBKAMM (STDERR M EXIT)

O6paGoTka omn6ok B cat Henb3s npusHaTb uaeanbHOl. Beza B ToM,
4TO eCJH (ahs no KakoH-J1HO60 NpPHUHHE HEZOCTYNeH, coobuieHHe 06 3TOM MBI
MOJMIYYHM NO OKOHYAHWH KOHKATEHHPYEMOro BHIBOJA. 3ITO HAC YCTPOHJIO Obl,
ecsd Obl BLIBOA OTNPABJAJICA TOJNBKO HAa 3KpaH, a He B (Gaia HIH LpYro#
Nporpamme, HANpPSMYK MO «TpyGOIIPOBOAY>.

Uto6bl s1yullle CHpaBUTLCH C 3TOH NpOBJIEMOH, mporpamme NOMHMO CTaH-
napraoro BeiBojaa stdout npuaaercst emie OAMH BBLIXOAHOH NOTOK, HAa3biBAeMbli
stderr. BmBon B stderr ofbuHO oTnpaBisieTCs HAa 3KpaH, Ja)e eCJH BHIBOI
stdout nepenanpasseH B apyroe MmecTo

[lepenumem cat rak, uTOGB coOGUleHMst OO OWHMOKAX OTHPABJSAIHCH B
stderr.

#include <stdio.h>
/* cat: koHxaTeHauus (aifyoB, Bepcus 2 */

|
1
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main(int argc, char *argvll)

{ FILE *fp;
void filecopy(FILE *, FILE *);
char *prog = argvl(0]; /* UMs TpOrpaMMmbl */
if (argc == 1) /* HEeT apr-TOB; KONUp-CA CTaHA. BBOJ */
filecopy(stdin, stdout);
else

while (--argc > 0)

if ((fp = fopen(*++argv, "r")) == NULL) {

fprintf(stderr, "%s: He Mory oTkp. $aitn %s\n",
prog, *argvjl;

exit(1);

} else {

. filecopy(fp, stdout);

fclose(fp);

if (ferror(stdout)) {
fprintf(stderr, "%s: oumbka zanucm B stdout\n", progl;
) exit(2);

exit(0);

lMporpaMma curuanusupyetr o6 owubkax AByms cnocobamu. [lepoiii —
coobuienue o6 omubke npe nomouww fprintf mnoceutaercs s stderr c tewm,
yTO6B OHO TNONAJO HA 3JKpaH, 4 He O0Kas3alocb B «Tpy6onpoBoae» HJIM B
apyrom daine BoiBona. Mmsi nporpammbl, xpansinieecs B argvIiOl, Mbl BkaOUYH-
Ju B cooflLieHHe, 4TOOb B CJydasx, Korjga JaHHas Mnporpamma paGoTaer
COBMECTHO C JPYFHMH, OB SICEH HCTOUHHK OLIHOKH.

Bropo#i cnoco6 ykasatb Ha OWHOKY — 06paTHTbCA K GHOAHOTEYHOH
dyHkuun exit, saeepuwalowell paGoTy mnporpammbl. AprymeHt ¢yHkuumu exit
JOCTYNeH HEKOTOpPOMY Mpoleccy, BbI3BaBlieMy JaHHb# mpouecc. A cjenosa-
TeJbHO, YCHNEUIHOE WJM OLWHOOYHOE 3aBeplieHHe MPOrpaMMbi MOXKHO TPOKOHTPO-
JHPOBATb C MOMOLIBIO HEKOeH MPOrpaMMbl, KOTOpasi paccMaTpHBaeT 3Ty Npor-
paMMy B KadecTBe NOAYHHeHHOro mnpouecca. [lo ofiie#s NOroBOPEHHOCTH BO3-
BpaT HyJAs CHTCHAJIM3MpyeT O TOM, 4TO paboTa MOpowJa HOPMAIbHO, B TO
BpeMs KaK HEHyJeBble 3HAYeHHsi OGBLIYHO TOBOPAT 06 omwwubGkax. UTo6el omyc-
TOWHTL Gydepa, HAKONHUBILME HHPOPMAUHIO ANA BCEX OTKPBITHIX (paiJoB BEIBO-
na, ¢yHkuns exit smsmiBaer fclose.

Muctpyxuus raaBso#t nporpammbl return 6sip 3KBHBaJEHTHA OGPALUEHHIO
K ¢ynkuuu exit(sewp). Tlocnennsis 3anuch (npu nomowu exit) wumeer To
MPeHMYLIeCTBO, YTO OHA MPHIOAHA [JIs BbLIXOAA M K3 APYrux (QYyHKUHHA, H
KpOMe TOro, €€ Jerko OOHapyXHTb MpH MOMOULM NDPOTPAMMBI  KOHTEKCTHOrO
MOHCKA, NOXOXeH Ha Ty, KOTOPYK Mbl PAacCMaTpHBa/IM B I 5

Gyukuns ferror Beaer HeHyjepoe 3HaueHHe, ecau B daisie fp Obuia
oGHapy»xeHa OwWHOKa.

int ferror(FILE *fp)

XOTs1 TpH BLIBOJE DPEAKO BO3HHKAIOT OLIMGKH, BCe XK€ OHHM BCTpeyawTes (Ha-
nprMep, OKa3ajCsi NEpPeroJHeHHBIM [HCK), [103TOMY B MpOTrpammax LIHPOKOTo
NOJb30BAHUS OHM JOJIKHBI TIIATEAbHO KOHTPOJHPOBATLCS

dynkuus feof (FILE *) ananornuna ¢yukuuu ferror; ona sosspauiaer
HEeHYJIeBOE 3HAJYeHHe, €CJH BCTPETHJCA KOHEIL YKa3aHHOro B apryMenre
danna.
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int feof (FILE *fp)

B namux HeGOMbUIMX HMIOCTPATHBHBLIX NpPOrpaMMax Mbl He 3aGOTHJHMCH O BbiAa-
4e cTatyca BbIXOAA, T.€. BbiJd4€ HEKOTOPOr0 YHCJA, XapaKTEPH3YIOLIEero
COCTOSIHHE NPOrpaMMel B MOMEHT 3aBEpiieHHs: paGoTa 3aKOHUYH/IACh HOpPMalb-
HO HJIH TpepBaHa u3-3a owuOku? Ecan pa6ora npepsaHa B  pesyJbTare
ownbkH, TO kako#? Jliobas cepbe3nas NporpaMMa [OJNKHA BbIAABATD cTaTyc
BBHIXOJ1A.

7.7. BBO[1-BbiIBOA CTPOK

B cranpaptHoft GuGnuoreke umeercsas mnporpamma BBoga fgets, amano-
TMuHas mnporpamme getline, KOTOPOH MBI 110/1b30Ba/JIMCh B OpPEABIAYLIHX TJa-
Bax.

char *fgets(char *line, int maxline, FILE *fp)

Oyukuna fgets uuraer caeaywouyio CTPOKY BBOZA (BKJAKOUYAs H JIHTEPY HOBas-
CTpoKa) u3 ¢akina fp B maccus sutep line, npuueMm OHa MOXeT NpPOYHTATDH
He Gosee maxline-1 surep. [lepenucansas CcTpoka OONMOJHSETCS JIHTEpOH
’N\0’. O6pruno fgets Bosspawaer line, a no ucuepnauuu ¢aiina uau B cIay-
yae own6ku — NULL. (Hawa getline BosBpawana asuny CTpPOKH, KOTOPOH Ml
IOTOM MOJIb30BAJIHCh, M HYyJb NO KOHUY daia.)

®ynxkuua suiBoaa fputs nuuier CTpuur (KOTOpEI MOXET M He 3aKaHYH-
BATbCS JHTEPOH HOBAsf-CTpOka) B daii.

int fputs(char *line, FILE *fp)

Ora ¢ynkuus Bosppawaer EOF, ecan Bosmuksa owubka, n Hy/db B NPOTHBHOM
cJydae.

BuGnnoreunvie dynkuuu gets wu puts nonobum  Qynkuusm fgets u
fputs. Orsuuaiorcss onrH TeM, uTO ONEPHPYIOT TONBKO CTAHAAPTHBIMH (aiiaMmu
stdin wu stdout, u, kpome Toro, gets BHOpachBaeT NOCAEMHION JHUTEpPY
’A\n’, a puts ee poBasnser.

Yro6bl nokasaTe, uYTO HH4Yero O0COGEHHOFO B (GYHKLMSX THINA fgets w
fputs Her, Mbl NpPHBOAWM HX 34eChb B TOM BHAE, B KAKOM OHH CYLIECTBYIOT B
CTAHAAPTHOH OHONMOTEKe HAa HAWEH CucTeme

/*fgets: monydaer He Gonee n nuTep u3 iop */
char *fgets(char *s, int n, FILE *iop)

{
register int c;

register char *cs;

CS = s;
while (--n > 0 && (c = getc(iop)) '= EOF)
if ((*cs++ = ¢) == ’\n’)
break;
*cs = '\0’;
return (c == EOF && cs

s} ? NULL : s;

/* fputs: nocenaer CcTpUHrC S B Paitn iop */
int fputs(char *s, FILE *iop)

{
int c;
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while (c = *s++)

putc(c, iop);
} return ferror(iop) ? EOF : 0;
Ynpaxunenue 7.6. Hanuwiute nporpammy, cpaBHHBaKUlylo ABA (aHja H nevara-
JOILYI0 NEPBYIO CTPOKY, B KOTOPOH OHH pa3JIH4YaloTCH.

Ynpaxuenne 7.7. Moauduuupyiite nporpaMMy mnomcka mo o6pasuy H3 Ta. 5
TakuM o6pa3oMm, uToObl OHa Opasa TEKCT H3 MHOXeCTBAa HMEHOBAaHHbIX ¢akJoB,
a ecad uMeH ¢aiiyioB B apryMeHTax HeT, TO — H3 CTAaHAAPTHOTO BBOJA.
Cneayer au neuaraTb uMsi ¢aiina, B KOTOpOM HaiilleHa NOAXOAAIlAs CTPOKa?

Ynpaxnenne 7.8. Hanuwure nporpammy, [e4aTalolmlyl0 HECKOJbKO (aisioB.
Kaxabiii Galin [0/KeH HAaYWHATBCS C HOBOH CTPaHMUB, MNpeaBapsTbCsl 3aro-
JIOBKOM H HMMeTb CBOIO HYMepaUHIO CTPaHHLL

7.8. OPYrME BMBNUOTEYHBLIE ®YHKLIMU

B cranpapTHoH 6uOG/JHOTEKe MNpeaCTaBjleH WIHPOKHH CHEKTp PpasjiHYHBbIX
¢ynkuui. Hacrtosmmuii pasgesn COAEpPXKHT KpaTKHH 0630p HaH6oJ/Iee TNOJE3HbIX
H3 HHX. Bojee nompo6HO 3TH M Apyrue (YHKUMH OMHCAHBI B NPHJOXKEHHH B.

7.8.1. Onepauyun co CTPUHFaMM

Mbl yxe ynomunanu ¢yukuun strlen, strcpy, strcat u strcmp,
OnHCaHHe KOTOphIX jaaHnl B <string.h>. [lasee, 10 koHua mnoapasuena,
npeanonaraercsi, 4ro S ¥ t MmeioT THn char *, ¢ u n — THn int.

strcat(s,t) KOHKaTeHupyeT t B KOHel S

strncat(s,t,n) KOHKaTeHHpyeT N JuTep t B KOHenl S

stremp(s, t) BO3BpAallaeT OTpHUATEJNbHOE UHCJAO, HYyJb HJH
NOJIOXKHUTENbHOE uucao i S < t, s ==t wuan
S > t COOTBETCTBEHHO

strncmp(s,t,n) nesaetr TO XKe, uTO KM strcmp, HO KOJHYECTBO
CpaBHHBAEMBIX JIMTEp HE MOXET INPeBHIIATL N

strcpy(s,t) konupyer t B S

strncpy(s,t,n) Konupyetr He GoJsee N Jjutep t B S

strlen(s) BO3BpalllaeT AJHHY S

strchr(s,c) BO3BpAIllaeT YyKasaTeJb HA [epBOE MNOsBJEHHE

: auTepnt C B S uaH, ecan ¢ Her B S, NULL
strrchr(s,c) BO3BpaHIaeT yKasaTejb Ha MOCJeAHee TOsIBJEHHE

JuTepw C B S uau, ecau ¢ Her B S, NULL

i
7.8.2. Ananus knacca nutep u npeobpasosanue snurep

Heckonbko ¢yHkumi u3 O6ubavorekH <ctype.h> BLINOJHSAIOT NPOBEPKH H
npeoGpasopanue autep. [anee, 160 KoHuA noapasnena, nepeMeHHas C — 3TO
nepemennas Tuna int, Kkoropas Mmoxer ObITb TpeACTaBJeHA 3HA4YEHHEM
unsigned char wau EQF. ®yukuumu Bo3BpamaioT 3Hadenuss tuma int.

isalpha(c) He nyap, ecan ¢ — 6ykBa; 0 B MPOTHBHOM cCJyuae

isupper(c) wue wuyab, ecam ¢ — OykBa BepxHero peructpa;, 0 B
NPOTHBHOM CJyuyae
islower{(c) wse wHyab, ecnu C — Oyksa HHXHero peructpa; 0 B

NpOTHBHOM CJjyyae

6. 3akas Ne 13
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isdigit(c) He Hyab, ecanm ¢ — uucdpa;, 0 B NpOTHBHOM ciyuae

isalnum(c) He Hyab, ecad wuau isalphalc), wuam 1isdigit(c)
HCTHHHB, O B NPOTHBHOM CJiyyae

isspace(c) He Hyab, ecan C — JjuTepa npobeaa, TalyJsiUHH, HO-
BO#i-CTPOKH, BO3BpaTa-KapeTkKH, nepeBoja-CTPAHKIH,
BEPTHKAJBbHOH-TAOYJAALHH

toupper(c) Bo3Bpamaer C, NMPHBEOEHHYIO K BEPXHEMY pPErucTpy

tolower(c) BoaBpaljaeT C, NPHBEIAEHHYIO K HHXXHEMY PErucTpy

7.8.3. ®yukyus ungetc

B craunapTHO#t OGuG/HOTEKe COREPXKHTCA Oojiee OrpaHHUEHHAsT BepPCHsi
¢yHKunu ugetch no cpasBHeHHIO C TOH, KOTOpyio Mbl Hanucanw B ri. 4. Ha-
abiBaeTcs oHa ungetc. 3Jrta GdyHKUHs, HMewUlasi NPOTOTHI

int ungetc(int ¢, FILE *{p)

oTnpaBaseT JuTepy C Hasan B ¢ait fp u Bosspaumaer ¢ uau EOF, B cayyae
ownbku. Jlaa Kaxaoro ¢ailsa rapaHTHpoBaH BO3BpaT He 0oJjiee ONHOH JiH-
tepel. PyHKUHIO UNgetC MOXHO HCINOJAb30BAThb COBMECTHO C J1I060H M3 (QyHKUHH
Bpoga THna scanf, getc, getchar u 1.4

7.8.4. UcnonHenue KOMaHA ONEPAUUOHHOW CHCTEMbI

®ynkuus system(char *s) BbIMOHSET KOMaHAY CHCTEMBl, COAepXKallyo-
Cl B CTPUHIE S, M 3aTeM BO3BpAllaeTCs K BEIMOJHEHHIO TeKylleH NporpamMmbl.
ComepxuMoe S, CTPOTO TOBOpsi, 3aBHCHT OT KOHKPETHOH ONEpalHOHHOH CHC-
tembl. PaccmoTtpum npoctoit mpumep: B cucteme UNIX HHCTpYKIHS

system("date");

Bhi3oBeT nporpammy date, koropasi HampaBHT AaTy H BpeMs B CTAHOAPTHHIA
BLiBOA. DYHKUHA BO3BpAll@eT 3aBHCALIMM OT CHCTEMBl CTATYC BHINOJHEHHOH
koMmauabpl. B cucreme UNIX BosppautaeMblii CTaTyc — 3TO 3HauyeHHE, MNepeaaH-
Hoe dyukuuel exit.

7.8.5. Ynpasnenue namsarbio

dyukuun malloc u calloc mosyyaloT AHHAMHYECKH 3anpallHBaeMble HMH
ob6aactH namsatu. Oyuxkuus malloc c mporoTHnom

void *malloc(size_t n)

BO3BpAllAeT yKasaTelb Ha N GalT HeMHHUMaAu3HpoBaHHOH namaTtn uian NULL,
eCJIM 3ampoC YIOBJETBOPHTbL Heab3si. PyHknus calloc ¢ nporoTunom

void *calloc(size_t n, size_t size)

BO3BpallaeT yKa3aTeJb Ha 06JacTh, HOCTATOYHYIO AN XPAHEHHsl MacCHBa H3
n o6beKkTOB yka3zanHoro pasmepa (size), uam NULL, ecaum 3ampoc He yaa-
eTCs1 yNOBJIETBOPUTH. BbileseHHas namsiTb OOHYJ/sAETCH.

Ykasarenn, BosBpamaemulii ¢ynkuuamu malloc u calloc, Oyner Boiaan
C Y4YeTOM BLIPABHHBAHHSA, BHIIOJHEHHOTO COIVIACHO YKa3aHHOMY THIY 06®b-
exta. TemM He MeHee K HeMy [0/>KHA OBbITb HPHMEHEHA ONepalHs MPHBENEHH:A
K COOTBETCTBYIOLIEMY THIY, KaK 3TO CIeJaHo B CJedyiolleM (parMeHTe Mpor-
paMMBl:

int *ip;
ip = (int *) calloc(n, siseof(int));
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Qyuxuus free(p) ocsoGoxnaer o6aacTb NaMmsiThH, Ha KOTOPYIO YKa3biBa-
€T P, — YyKkasareJb, N€pBOHAYAJILHO TMOJYUYEHHHH ¢ mnoMowbl mnalloc wau
calloc. Hukakux orpannuyeHuii Ha NOPAAOK, B KOTOPOM 6yner oCBOGOXAATb-
Csl NaMsATb, HET, HO YyXAacHOH OWHOKOH CuyHTaeTcs OCBOGOXIEHHE Tex obJac-
Teil, KOTOpbe He ObIIM MoJydyeHb npu momowH calloc uam malloc.

Henb3s Takxe wncnoab3osath Te 06aCTH NaMATH, KOTOpbHI€ YXe OCBO-
6oxnensl. Cieayoluil NpHMep IEMOHCTPHPYET THIHUHYIO OWHOGKY B HHKJE, OC-
BOOOXKAAIOLLEM 3JIEMEHTHI CIHCKA.

for (p = head; p {= NULL; p = p->next) /* HEBEPHO */
free(p);

[paBuabHbIM GymeT, €chAH Bbl A0 OCBOGOMICHHS COXpaHHTE TO, UYTO BaAM MOT-
pebyeTcs, KaK B CJEAYIOUEM LHKJIE:
for (p = head; p != NULL; p = q) {
q = p->next;
) free(p);
B pasn. 8.7 Ml paccMoTpHM peanuzaunio NporpaMmsl YyIpaBJeHHs NaMSATHIO

THna malloc, no3Bosstionlyl0 OCBOGOXKAATb BhiAENEHHble GJIOKH MAMSTH B OGO
NOCJIENOBATEIbHOCTH.

7.8.6. Martemartnueckme yHKUUK

B <math.h> onucano Gosee aBamuath MaTemMaTHueCKHX byHKuH#E. 3gech
Ke mNpuBeJeHbl HaunGosee ynorpeGHTenbHble. Kaxiaass H3 HUX HMeeT ONMH HJIH
ABa apryMeHTta Tuna double u Bo3Bpawaer pesyabTar Takxe Tuma double.

sin(x) CHHYC X, X B paaMaHax

cos(x) KOCHHYC X, X B paaHaHax

atan2(y, x) apkramrenc y/x, y/x B paguanax

exp(x) IKCNOHEHUHANbHAs QYyHKUHA e*

log(x) HaTypa/lbHLIA ([0 OCHOBaHHIO e) Jorapupm x (x>0)
logl0(x) OObl4HbIR (M0 ocHoBaHHIO 10) sorapudm x (x>0)
pow(x, y) xY

sqrt (x) KOpeHb KBaZpaTHbll x (x20)

fabs(x) a6CoJIIOTHOE 3HAYEHHE X

7.8.7. TeHeparop cnydanubix uucen

Oynxunst rand() BLIYHCAAET NOCAEAOBATENBHOCTD NCEeBAOCAYYAHHBIX Ile-
JIbIX B JHana3oHe OT HyJa [0 3HAYEHHUs, 3aNaHHOTO HMEHOBAHHON KOHCTAH-
tol RAND_MAX, «koropasi onpesenena B <stdlib.h>. INpusectu cayuaiinbie
UHCIA K 3HAYEHHSAM C NJaBAIOWeEH TOuYKOH, GOJAbLUIMM HJM paBHbIM 0 H MeHb-
wuM 1, MOxHO Mo ¢opmyJe

#define frand() ((double) rand() / (RAND_MAX+1.0))

(Ecnu B Bawel GuGauoTeke yxe ecThb GYHKUHS ANA MONYYEHHS CJyuYaHHBIX
YHCeJ € NJaBawuled TOYKOH, BNOJIHE BO3MOXHO, UTO €€ CTATHCTHYECKHe Xa-
PaKTEPHCTHKH Jyullle YKa3aHHOH.)

Oynkuns srand(unsigned) ocyuectpisier «HauyaJbHYIO 3aTpaBKy» AJs
rand. Peanusauuu rand wm srand, npeanaraemble CTAHJAPTOM H, CJegoBa-
TEIbHO, NEPEHOCHMblE HA DA3NHUHbLIE MAIIHHBI, PACCMOTPeHB B pasn. 2.7.

Yupaxnenne 7.9. Peannsys QyHkuuu THNa isupper, MOxHO JHO60 SKOHOMUTH
namsTh, Jau60 Bpems. Hanumure o6a Bapuanta GyHKUHH.

6*



rnasa 8. UHTEPOEAC C CUCTEMOW UNIX

Cson ycayru onepaunonnas cucrema UNIX mpemnaraer B BHAE Habopa
CLCTEeMHBLX 8630806, KOTOpble (PAKTHUECKH SIBJSIIOTCSH €e BHYTPEHHHMH OYHK-
HMSIMH H K KOTOpPBHIM MOXHO 00pawmarbCsi H3 MNpOrpaMMm MNOJb30BATES. B na-
cTosiuieii raase onucaHo, Kak B CH-nporpaMmax MOXHO MPHUMEHSTL HEKOTOpbIE
Haubosee BakKHble BBI3OBEL. Ecan Bp pa6oTaete B CHCTEMeE UNIX, T0 3TH
cBefeHHst GyIoyT BaM MOJE3HBl HENOCPEACTBEHHO H TMO3BOJIAT NOLAHATH abdex-
THBHOCTb pab6OTHl MM MOJNYYHTb AOCTYN K TE€M BO3MOXHOCTSM, KOTOPbIX HET
B 6ubnuoreke. [laxe ecqu Bbl HCnojdb3yere CH B APYro# ONEpaUMOHHOH CHC-
TeMe, M3YyueHHe pPACCMOTPEHHbIX 3/1eCb MPUMEPOB BCE DABHO npuGJH3HT Bac
K TOHHMAHUIO NpOrpaMMHpoBaHust Ha CH; aHAJOTHUYHbBIE MPOTpaMMBl (OTJIHHAI0-
LiHecsl JHIb AeTansiMH) Bbl BCTPETHTE NPAKTHYECKH B JI0GOH onepauHOHHOH
cucteme. Tak Kak Oubsauoreka Cu-nporpamm, YTBepXIe€HHash B KauecTse
cranpapra ANSI, B OCHOBHOM OTpaxaeT BO3MOXHOCTH cucremsl UNIX, npesn-
JlaraeMbie TPOrpaMMbl NMOMOLYT BaM Jyullle MOHATb M OGHOHOTEKY.

[iaBa COCTOMT M3 TpeX OCHOBHBIX UaCTeH, OMHCHIBAIOLIHX: BBOA-BBHIBOA,
¢aiinoByl0 CHCTEMY H OpraHU3alUHIO YNPaBJECHUS NAMSATHIO. B nepBhix AByXx ua-
CTSIX MPeANoJaraeTcsi HeKOTOpOe 3HAKOMCTBO 4HTaTeast C BHEUIHHMH  Xapak-
repuctukamu cucrembl UNIX.

B ra. 7 MBI pacCMAaTpUBalH €INHHBIA [JisT BCEX ONEpalHOHHBIX CHCTEM
uHTepdeiic BBOAa-BHIBOLA. B Js06O# KOHKPETHOH CHCTeMe MpOorpaMMmbl CTaH-
AapTHOH GHGJHOTEKH NHUIYTCsl C HCHOJNb30BAHMEM CpPEACTB HMEHHO 3TO¥# KOH-
KpeTHOH CHCTeMbl. B c/lelyloUlMX HECKOJbKHX pa3fesax Mbl ONHINEM BLI3OBHI
cuctempl UNIX 1o BBOAY-BBIBOAY H IIOKa)XK€M, KaK C HX MOMOLIbIO MOXHO pea-
JIM30BaTh HEKOTOpHle pa3nesbl CTaHAapTHOH GHOIHOTEKH.

8.1. AECKPMNTOPbl ®AWNOB

B cucteme UNIX nwofble onepauuy BBO/Ja-BbIBOAA BBIMOJHAIOTCS NOCPEN-
CTBOM UTeHH M 3anucH (ailoB, NOCKOJbKY BCe BHEUIHHWE YCTPOHCTBA,
BKJIIOYAsi KJABHATYPY .M SKPaH, pacCMaTpHBAIOTCA KAK OGDBEKTH ¢daitnosoil CcH-
CTeMbl. DTO 3HAYHT, UTO BCE CBA3H MEXAY NPOrpaMMOi H BHCIIHHMH yCTpoO#-
CTBAMH OCYLIECTBJSIOTCA B paMKax €IAHHOro OAHOPOXHOTO nHTepdeiica.

B camom ofuieM cJjyuae, MNpex1e uYeM YHTATb H/IH NHCATh, BBl NOJIKHBI
HHGOPMUDPOBATb CHCTEMY O MeHCTBHSIX, KOTOpbie Bbl HaMepeBaeTeCh BHINOJ-
HATbL B OTHOIIGHHH ¢aiina; 3Ta INpouUeAypa HA3BIBACTCA OTKpLITUEM dahaa.
Eciau Bb cob6upaetech nucatb B (aia, TO, BO3MOXHO, €ro nortpebyercs
CO31aTh 3aHOBO MJH OUYHCTHTB OT xpaHuMoil uHdopmaunu. CucTema NpOBEpsi-
eT BallK NpaBa KA 3TH HedCTBHs ((aitn cyuwecTByeT? Bbl WMeeTe K HEMy 10-
cTyn?), W, eCcaM BCe B TOpsAKE, BO3BpPAllaeT mnporpamme HeGOJbIIOe HEOT-
pULATEJNbHOE LEJIOe, HAa3biBAEMOE JecKpunTopom ¢aiira. Beakuh pas, korja
OCYLIECTBJ/SIETCS] BBOA-BbIBOJA, HAEHTH(UKAUMSA ¢daitia BHINOJHAEGTCS MO €ro

i
w




Hurepedic ¢ cucremoii UNIX 165

fecKpunTOpy, a He no umeHH. ([eckpuntop ¢aina aHaIOTHYEH dhana0BOMY
yKa3aTeJio, HCIOJb3yeMOMYy B CTaHAapTHOH 6ubNKOTEKE, HJAH X3HANY B MS-
DOS.) Bea uHdopmauus 06 OTKpbITOM Qakje XpPaHHTCA H o6pabarbiBaeTcs
ONepalHOHHONH CHCTEMON; [pOrpamMa TO/b30BaTeNd  CChlIAETCst  Ha ¢aiin
TOJILKO 4Yepe3 ero AEeCKPHIITOp.

Bsoa ¢ KJaBHATyphl M BBIBOJA Ha 3KpaH NpPHMEHSIOTCA HACTOJbLKO wvac-
T0, 4TO aAsi ymo6cTBA paGoOTHl € HUMH NPEAyCMOTpeHHl CHelHabHbie COTJa-
wennsi. Tlpy 3anycke NporpaMMbl KOMaH[HBIH HHTEpNpeTaTop (shell) oTkpsI-
Baer Tpu ¢aitia ¢ peckpuntopamu 0, 1 u 2, KOTOpbie Ha3BLIBAIOTCS COOTBET-
CTBEHHO CTaHIAPTHBIM BBOJOM, CTAHAAPTHHIM BBLIBOLOM H CTAHAAPTHHIM dainom
omubok. Ecam nporpamma uuraer 3 ¢aiina 0, a nuwer B Qaiisl 1 u 2
(3mech uudps — AECKPUNTOPb (BailjioB), TO OHA MOXKET OCYUIECTBAATH BBOA H
BLIBOJ, He 3a60TsAChb 00 HX OTKPLITHH.

[Tosnb3oBaTesNb TPOrpaMMbl HMELT BO3MOXKHOCTb NepeHanpaBHTb BBOL-BbI-
BoA B ¢aitn uau W3 ¢dalla NpH MOMOLIA 3HAYKOB < M 2, KaK, Hanpnmep, B

prog <infile >outfile

B 3ToM cjyyae KOMaHAHBLIH HHTEPNpETaTop 3aMEHHT CTaHAAPTHbIE YCTAHOBKH
meckpuntopoB 0 u 1 Ha umeHoBaHuble ¢aiapl. OOGLIYHO AECKPUATOD daina 2
oCTaeTCsi MOACOEIHHEHHBIM K 3KpaHy, uTOGb HA Hero muu coobuweduss o6
omnbkax. CkazaHHOe BepHO H JJIs BBOAA-BbIBOJAA, BKJIOYEHHOrO B «TpyGo-
nposoa». Bo Bcex cayuasx 3ameHy ¢aisia OCYIIECTBASET KOMaHAHBIH HHTEp-
nperatop, a He nporpamma. [lporpamma, ecau OHa CChlJIAETCst Ha daitn 0 (B
cnyuae BBoga) W ¢adian 1 u 2 (B cayuae BbIBOJA), HEe 3HAeT, HH OTKyaa
NPUXOAHT €€ BBOA, HH KyAa OTMDABJSETCS €€ BBIBOL

8.2. HWKHMM YPOBEHb BBOJIA-BbIBOJA (READ M WRITE)

BBO#-BbLIBOA OCHOBAH HAa CHCTEMHHIX Bh3oBax read u write, K KOTOpbM
Cu-nporpamma 00paiiaeTcsi C TNOMOUbIO (GYHKUHA C HMEHAMH read u write.
Jlns obeux nepBHIM apryMeHTOM siBasieTcsi aeckpuntop daina. Bo sropom ap-
IYMEHTE YKa3blBAaeTCsi MAacCHB JIHTEpP NpPOrpaMMbl, Kyda YHTAIOTCS HJIH OTKyAa
NHIWyTCs AaHHbie. TpeTHit apryMeHT — 3TO KOJHYECTBO MEpechlIaeMblX 6aiTOB.

int n_read = read(int fd, char *buf, int n);
int n_written = write(int fd, char *buf, int n);

O6e (YHKUHH BO3BpALIAIT UYHCJIO MepelaHHbIX GaMToB. [lpu uTeHHH KOJH4YEC-
TBO TPOYHMTAHHBIX O0aliTOB MOXET O0Ka3aTbCsi MEHblIe 4YHCJA, YyKa3saHHOro B
TpetbeM aprymente. Hyab o3nauaer xonew ¢aiina, a —1 curHanusnpyer o
kakoi-to omubke. TlpH 3anuck (yHKUHA BO3BpalldeT KOJHYECTBO 3AMHCAHHBIX
6alTOB, M €CJH 3TO UHCJAO He coBnagaer ¢ TpeGyemblM, CJefyeT CUHTaTh,
4TO 3aNHChb HE NpoLLIa.

3a ONHH BHI30B MOXHO NPOYMTATh HJH 3anucaTb Jio6oe 4ucao GaHToB.
O6LIYHO 3TO YHCIO PABHO HJM 1, UTO O3HAuaeT MNOJHTEpHYyIO nepeaauy «Ges
6ydepusauun», HIH uemy-HuOynb Bpose 1024 waw 4096, COOTBETCTBYIOLIHX
pa3mepy H3HUYECKOro 6Ji0Ka BHelHero yCTpPOHCTBA. AddexkTuBHEee OOMEHH-
BATHCH OOJNBIIMM UYHKCJAOM G6aliToB, IOCKOJAbKY MpH 3TOM TpebyeTcsi MeHbLue
CHCTEMHBIX BBI30BOB. McCnoap3ys mnosydeHHble CBeAEHHs, Mbl MOXEM Hamucarb
NpPOCTYIO MPOrpamMMy, KOMHPYIOLLYI0 CBOH BBOA Ha CBOH BHIBOJA, 3KBHBA/NEHTHYIO
nporpaMMme KONHPOBaHWs (aitna, omucanHo# B ri. 1. [lpu nomomu 3TOH
NpOrpaMMbl MOXHO KOMHPOBAaTb OTKYAa YFOAHO H Kylda YrOAHO, TNOCKOJAbKY
BCEeraa CYILECTBYeT BO3MOXHOCTbL Me€peHaNnpaBHTh BBOA-BHIBOA Ha Jgwboi  daitn
HJA¥ YCTPOHCTBO.
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#include "syscalls.h"
main() /* xonuporaHue BBOZA Ha BHEBOL */

{ char buf[BUFSIZI;
int n;
while ((n = read(0, buf, BUFSIZ)) > 0)
write(1l, buf, n};
) return O;

[potoTunsl ¢yHkuHi#, ofecrneynBaloliHe CHCTEMHblE BbI30BbI, Mbl co6pasu
B (afire syscalls.h, yro nossossier HaM BKJIOYaTb €ro B IPOrpaMMbl 3TOH
rnaBel. OnHAKO HMA AAHHOrO ¢aina He 3aUKCHPOBAHO CTAHZADTOM.

[Mapamerp BUFSIZ Ttakxe omnpenenen B <syscalls.h>; B kaxpoil KoH-
KPEeTHOH cHCTeMe OH HMeeT CBOe 3HaueHHe. Ecam pa3mep daiina He kparen
BUFSIZ, T0 xakasa-TO onepauHs UYTEHHS BepHET 3HAUeHHe MeHbllee, YeM
BUFSIZ, a cnenylomee of6pauieHdHe K read mact B KaueCcTBe De3yabTaTa HYJb.

- Ilonesno paccmorperh, Kak Hcnoab3yloTcsi read u write npum Hamuca-
HHH mnporpamMm ©Oojee BBICOKOrO ypoBHs — Ttuna getchar, putchar u 1.1
Bor, k npumepy, Bepcus mnporpammbl getchar, xoropas ocyuectsisier HeGy-

depu30BaHHBIA BBOJ, 4YHTAass 0O OLHOM JiHTepe H3 CTAHAAPTHOIO BXOIHOTO
IOTOKA.

#include "syscalls.h"
/* getchar: HeGyfepuzoBaHHH{I BBOJL ORHOH JMTEpH *
int getchar(void)
{
char c;
return (read(0, &c, 1) == 1) ? (unsigned char) c : EOQF;
}

[epemennass ¢ pomkHa ObITb onucaHa kKak char, nockoabky read Ttpe-
6yer ykasarenb Ha char. [lpueemenne ¢ k unsigned char mnepen TeMm, kaxk
BEePHYTb €€ B KauyeCcTBe pe3yJbTaTa, HCKAOYAeT KakHe-NH60 mpoGieMHl,
CBSI3aHHBIE C Pa3MHOXEHHEM 3HAaKa.

Bropas Bepcusa getchar ocymwecTBasier BBOA GOJBLLIMMH KYCKaMH, HO
NpH KaXIOM OGpAallueHHU BHIAAET TOJLKO OIHY JIHTEpY.

#include "syscalls.h"
/* getchar: npocras Bepcus c Oydepuzauueir */
int getchar(void)
{
static char buf(BUFSIZI];
static char *bufp = buf;
static int n = 0;
if (n == 0) { /* Gydep nyct */
n = read(0, buf, sizeof buf);
bufp = buf;
}
return (--n >= 0) ? (unsigned char) *bufp++ : EOF;
}

Ecnau npuBenennnie Bepcun ¢yHxkuuu getchar kommuaupyiorcs ¢ BKIloue-
HHeM rojoBHOro daina <stdio.h> u B 3tom ronosHom ¢aiiie getchar onpe-
JeJIeHa K3aK MakKpoC, TO HYXHO 3aaate cTpoky #undef ¢ umenem getchar
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8.3. CHUCTEMHbBIE Bbl3OBbl OPEN, CREAT, CLOSE, UNLINK

B ortsvude ot craHmapTHeIX ¢aili0B BBOAZ, BBIBOAA H OWIHGOK, KOTO-
pble OTKPBLITE N0 YMONTYaHHIO, OCTafbHble Galabl HYXHO OTKpHIBaTh siBHO. [l
3TOr0 eCThb ABAa CHCTEMHBIX BBLI30Ba: Open u creat.
dyukuus open noutd cosnagaer ¢ fopen, pacCMOTpeHHOM B Ta. 7.
PasHuua Mmexay HHMH B TOM, YTO NepBas BO3BpallaeT He ¢aliyioBuil yKasa-
TeJb, a HAeCKpHnTOp ¢afina Tuna int. Tlpu nw6oii owmnbke open Bo3Bpawaer
-1.
#include <fcntl.h>
int fd;
int open(char *name, int flags, int perms);
fd = open(name, flags, perms);

Kak u B fopen, aprymeHT name - 3TO CTPHHI, colepxawuil ums daitaa.
Bropo#t apryment, flags, umeeT uejablH THOD M crnenudHUMpyeT, Kakum o6pa-
30M JOJDKEeH OBITb OTKPHIT ¢aiti. Ero OCHOBHHIMH 3HAUEHHSIMH SIBJSAIOTCS:

O_RDONLY OTKPHITb TOJNIBLKO Ha YTEHHE
O_WRONLY OTKPBITb TOJILKO Ha 3aNHuChb
O_RDWR OTKPbITb M Ha YTEHHE, H Ha 3aNHCh

B cucremax System V UNIX 3tu koHcranthl onpesesenst B <fentl.h>, a B
sepcusix Berkley (BCD) — B <sys/file.h>.
Yr106bl OTKPBHITL CylleCcTBYOLMHA dais HAa 4yTeHHe, MOXHO HAMHCATHb

fd = open{name, O_RDONLY, 0);

llanee Besme, roe Mbl Hoab3yemcsi (yHKUHEH Opel, ee apryMeHT DErms pa-
BEH HYJIIO.

[lonbiTKa OTKPBHITH HECYINECTBYIOWHH (a1 cyuraercs owubkoid. Cosnanue
HOBOro afiyia HJAH 1nepe3anucb CcTaporo obecrneyuBaeT CHCTEMHBIH BHI30B
creat. Hanpumep,

int creat(char *name, int perms};
fd = creat(name, perms);

®yukuus creat Bosspawaer peckpuntop ¢aiaa, ecam Qaia cosgaH, H -1,
€CJIM MO KakHM-AH60 npuynHam ¢aisn cos3paTe He yaansoch. Ecam dain yxe
cyulecTsyer, creat «ofGpexeT» ero [0 HyJeBOH [JHHE, YTO pPaBHOCHJALHO
BHIOpACHBAHHIO MpPeNbIAYHIETO COLEPKHMOrO NAaHHOrO Qaiia; co3naHHe yxe Cy-
1eCTBYIOLEro ¢aina He ABIAETCA OLWHOKOMH.

Ecan- ctpourcsi mefcTBHTeNbHO HOBHIE ¢ala, To creat ero cosmact ¢
npaBaMu A0CTyma, CHeuHdHLUHPOBAHHBIMH B aprymeHte perms. B cucreme
UNIX ¢ kaxabiM ¢aitioM acCOUHHpPOBaHbBl A€BSITb OMT, COAEpXKAlIHE HHOOPMALHIO
0 mHpaBax MOJb30BAaThCA 3TUM (al/IOM AN YTEHHS, 3aNHCH H HCHOJHEHHS
JHHAM Tpex KaTeropwi: COOGCTBEHHHKY (palsia, oOnpeneseHHOH HM rpynme
JHI, M BCeM OcCTanbHbIM. TakuMm o06pa3oM, npaBa nocTyna yao6HO cneuudu-
UMPOBaTh C MOMOWILIO Tpex BoCcbMepHuHblX uudp. Hanpumep, 0755 cneunduuu-
pyeT uTeHHe, 3aNHCh M MNpaBO HCMOJHEHHA COGCTBEHHHKY dafiia, a Takxe
YTEHHE H TpaBO HCIOJIHEHHS Ipynne H BCEM OCTaJbHbLIM.

Jas misloCTpalHK NpHBENEM YNpPOLIEHHYI0 BEPCHIO NIPOrpaMMBbl CP CHCTEMBbI
UNIX, xortopas komupyer oaHH ¢alin B apyrofi. B Hawei Bepcuu Komupyercs
TOJILKO OZMH paij, HE MO3BOJSIETCS BO BTOPOM AapryMmMeHTe YKa3nlBaTb AHpe-
KTOpHH# (KaTajsor) W 1npaBa [AOCTyNa He KONHPYIOTCSl, a 3afaloTCA KOHCTAaH-
To#l.

#include <stdio.h>
#include <fentl.h>
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#include "syscalls.h"
#define PERMS 0666 /* RW mns COGCTBEHHMKA, CPYNIH M OCT-X */
void error(char *, ...});

/* cp: xonuporanue fl B f2 */
main(int argc, char *argvll)

¢ int f1, 2, n;
char bufl[BUFSIZ];
if (argc '= 3)
error ("OGpawenne: cp OTKyZa Kyma");
if ((f1 = open(argv(1]l, O_RDONLY, 0)) == -1)
error{"cp: He mory oTKpuTb Jaitm %s", argvill);
if ((f2 = creat(argv(2], PERMS)) == -1)
error("cp: He mory cosgaTb (aitnm %s, pexum %030",
argvi2], PERMS);
while ((n = read(f1, buf, BUFSIZ)) > 0)
if (write(f2, buf, n) !'= n)
error("cp: ommcka mnpu 3amucu B $aitn %s", argv(Z2i);
) return 0;

Jlaunas nporpamma cosnaeT ¢aiy BbiBOAAa ¢ (UKCHPOBAHHBIMH INpaBaMK JOCTY-
na, onpenensieMeiMu xomoM 0666. Tlpu mnomowmn cuctemHoro sbidoBa stat, ko-
TOphH 6GygeT omucaH B pa3f. 8.6, MH MOXeM ONpeleJHTh PEXHM HCIOJBL3O-
BAHHS CyllecTBylowero daina W 3aiaTb TOT XK€ PeXHUM MJIsi KONHH

3aMeTHM, uTO (YHKUHsi €rror, Boi3biBaeMmas C pa3/]HYHBIM YHCJIOM apry-
MEHTOB, BO MHOroM mnoxoxa Ha printf. Peanusauusa error H/JIOCTpHpYeET,
KaK TNOJb30BAaTbCA APYFHMHM nporpammamu cemeiictea printf. BuGanoreuynas
dyukuus vprintf aunanornuna printf, c To# Juwb OroBOpKOH, HTO mepe-
MEHHas 4acThb CIHMCKA apryMeHTOB 3aMeHeHa B HeHl ONHHM apryMeHTOM, HHH-
uHanu3npyemMeiM  makpocom va_start. Ilogo6ubim ke 06pa3om COOTHOCATCS
¢ynxuun vfprinf c fprinf u vsprintf ¢ sprintf.

#include <stdio.h>
#include <stdarg.h>

/% error: nevaTaeT coollieHHe 06 omnGKe ¥ ymupaeT */
void error{char *fmt, ...}

¢ va_list args;

va_start(args, fmt);
fprintf(stderr, "owudka: "};
vfprintf(stderr, fmt, args);
fprintf(stderr, "\n");
va_end(args);

) exit(1});

HMeeTcs OrpaHHuYeHHMe HA KOJHYECTBO OJHOBPEMEHHO OTKPHITHX B INPOT-
pamme @Qaitnos. (O6muHO nx uucao koneGnerca oxoso 20.) TMostomy .amoGas
nporpamMma, KOTOpasi HamepeBaetcsi pa6oTaTh C OOJBLIAM KOJHYECTBOM dait-
JI0B, [OJOKHA GbITh TOTOBA MNOBTOPHO HCHO/Nb30BaTh HX JECKPHNTOPH. QYHK-
uus close(int fd) paspwiBaer cBsi3b Mexay ¢(aijOBBIM [JECKPHIITOPOM H OT-
KPHITHIM ¢aliioM # ocBoGOXKAaeT NECKPHNTOp [Jsi ero NpHMEHEHHA C APYTHM
daitiom. Ona ananornuna 6ubanoTteynoit gynkuuu fclose ¢ Tem JHIUL pasuu-
yMeM, UTO HUKAKOTO BLITAJKMBaHHs Oydepa He pejaeT. 3aBeplI€HHE IpoOr-
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paMMbl npH nomMowH exit uam return B rnaBHOM nporpaMme 3akphIBaeT BCe
OTKpBITHE ¢albl.

®dynkuua unlink(char *name) ynanser uma ¢aina us dainoBoi cucre-
mbpl. OHa COOTBETCTBYeT (PYHKIUHMH I'€MOVEe CTaHAApTHOH OHOJHOTEKH.

Ynpaxuenuue 8.1. Ilepenumurte nporpammy cat u3 ri. 7, HCHOAb3ys QYHKIHH
read, write, open u close. 3aMeHHTe HMH COOTBETCTBYWOIUHE (YHKIHH
CTaHAapTHOH GuOAHOTEKH. [losKCHepHMEHTHpPYHTE, YTOGBl CpPaBHHTb GBICTPO-
neHcTBHe OBYX BepCHH.

8.4. CNYYAHHbI® JQOCTYN (LSEEK)

Bsoa-BubiBOA OOLIYHO OBIBaeT nOCJAEA0OBATENbHBIM, T.€. KaxJAas HoBas
onmepanusi YTEHHsI-3anKCcH OOpaGaThiBaeT MO3uuHio ¢aiia, chaedyiolylo 3a 006-
paGoraHHol B mnpeabiayulell omnepauuu (uTeHHsi-3anucu). [lpn kesnanuu, OnHa-
KO, (paiisi MOXHO 4YHTAaTh B MNpPOH3BONbHOM nopsinke. CHCTeMHBIH BbI30B lseek
npenocTapisieT Croco6 nepeABUraTbCsi NnO alay, He uHTasi H He 3aNHChIBast
nanusle. Tak, GyHKUHS C NPOTOTHIIOM

long lseek(int fd, long offset, int origin);

B taitne ¢ peckpuntopom fd ycranaBsHBaeT Tekyllylo NO3HUMIO, CMellas ee
Ha BeanunHy offset orHocuresbHO MecTa, 3amaBaeMOro 3HaueHHeM origin.
3nauenuss napamerpa origin 0, 1 wam 2 o3HavawT, 4YTO HA BEJHYHHY
offset orcTynmaloT COOTBETCTBEHHO OT Hadaja, TEKYyUIeH MO3MIMH HJH KOHIlA
taina. Ecam Tpebyercs mo6aBHTh 4TO-1M60 B aihn (koraa, Hanpumep, B
KoMauaHom uHTepnpertatope shell cucrempt UNIX BBOA nepenanpasseH omne-
patopom >> B ali1 uam koraa B fopen 3agman aprymedT."a"), TO mnpexne
4yeM 4TO-AMGO 3aMHCHIBATH MPH MOMOILH BbI30BA (DYHKIHH

1seek(fd, OL, 2);

Heo6Xx04MMO HaiTH KoHew ¢aiina. Uro6bl BepHYTbCS Hasaa, B Hauaao daiaa,
Haa0 BBIMOJHHTH

1seek(fd, OL, 0);

Cnenyer ofpatutb BHHMaHHe Ha aprymeHT OL: Bmecto OL MOXHO 6BLIO 6HI
Hanucatb (long) O wuau, ecaum ¢dyskuuss 1seek poykHbBIM 06pa3oMm JeKjaapH-
posana, npocto 0.

Baaromapsi lseek ¢ ¢aftiaMmu MoOxHO paboTaTb Tak, Kak OyATO 370
60JbLIHE MAacCCHBBI, MpaBaa, C 3ameqJeHHbIM aocTynoM. Hanpumep, caeayrwomas
¢yHKuus uuTaeT moboe uucao GaHToB M3 Jsob6oro Mecra daina. Ona BO3Bpa-
IaeT YHCJAO MPOYMTAHHbIX OaiiToB AW —1, B Csayuae OUIMOKH.

#include "syscalls.h"

/* get: uuTaeT n GafiT U3 moO3ULMU POS */
int get(int fd, long pos, char *buf, int n)

¢ if (lseek(fd, pos, 0) >= 0) /* ycTaHOBRKa MO3ULUU */
return read(fd, buf, n);
else
) return -1;

Boappamaemoe ¢yHkuneit lseek 3psaueHne uMeer THN lONDE M ABISIETCH HOBOH

nosuuuedl B ¢adisie uau, B Ciayuae OwmwHOkH, paBHo —1. @Dyukuus fseek wus

CTaHAapTHOH OuOGMHOTEKH AaHalOrH4YHa lSeek; OT mnocaenHedl OHA OT/AHYAETCs
L]
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TeM, YTO B CJydyae OWIMGKH BO3BpallaeT HEKOTOPOe HeHyJieBOe 3HaueHHue, a
ee nepBblil aprymeHT HMmeeT THn FILE *.

8.5. NMPUMEP. PEANIM3ALMUS dYHKUMHA FOPEN U GETC

Teneppr Ha npumepe dynkuuit fopen u getc mus CTaHJapTHOH OGuBJHOTE-
KH IIOKaXeM, KaK ONHCAHHbi€ BBbIIIE YACTH COIJACYIOTCA APYr C APYroMm.

HanomuuM, 4To Gaitibi B CTAaHAAPTHOH GHOMHOTEKE OMHCHIBAIOTCH (aiyio-
BHIMH yKasaTeJsIMH, a He [eCKPHNTOpaMH. YkasaTelb ¢aina — 3TO yKasarelb
HA CTPYKTYpY, COAepxkailylo HHpopMmauuio o Qaie: ykasaTenb Ha 6ydep, mo-
3BOJISIIOIIAE YHTATh (hailJ GOJbUIMMH KYCKaMu; YHCJIO He3aHsTbix 6aiToB Gyde-
pa; ykasaTeab H4 CJeAyIOllylo To3uuuio B Gydepe; AECKPHNTOP daiaa;, daax-
KH, OMHCLIBAIOLIHE pexXHM (uTeHHe/3anuchb), OWHOGOYHBIE COCTOSHMA H T.I.

CTpykTypa AaHHBIX, ONHCHIBAaOWlast (ais, COREPKHTCH B <stdio.h>, ko-
TOpHIH HEO6XOAMMO BkJlodaTb (mpu mnomown #include) B n1060H HMCXOOHBIA
daitn, ecad B HEM OCYLIECTBJsIETCsl CTAHAAPTHBIH BBOI-BbIBOL. 3TOoT XKE TO-
JIOBHOH (aiil BKJIOYEH M B HCXONHbIE TEKCTbl OHONMOTEKH BBONA-BHIBOAA.

B crenylomeM ¢parMenTe, THIHYHOM s Qaiina <stdio.h>, wnmena, uc-
MOJib3yeMble TONBKO B GHOJIHOTEUHBIX (YHKUHMSIX, HAYHHAOTCH C MNOAYEPKHBA-
HHS. DTO CHeJaHo [jas TOoro, utoGbl OHH CJy4YallHO He COBMNAJH C HMMEHaMH,
GHrypHpYIOUIHMH B Nporpamme nosab3opatens. Takoe corsamesde cobaofaercs
BO BCeX NpOrpaMMax CTAHAapTHOH GHOJIHOTEKH

#define NULL 0

#define EOF (-1

#define BUFSIZ 1024

#define OPEN_MAX 20 /% Makc. YMCNO OZHOBD. OTKPHTHX (alnoB*/
typedef struct _iobuf {

int cnt; /* KOJNMY. OCTaBUHUXCS IUTep */
char *ptr; /* To3uuUusA clepyoweit nuTeps */
char *base; /* anpec Oygepa */
int flag; /* pexuM jJocTyma */
int fd; /* peckpunTtop Qaiina */

y FILE;

extern FILE _iob{OPEN_MAX];
#define stdin (&_iob{01)
ftdefine stdout (&_iobl1])
#define stderr (&_iobl(21])
enum _flag {

_READ = 01, /* Qailml OTKDHT Ha YTeHUe */

_WRITE = 02, /% Qailn OTKPHT Ha 3aluchk */

_UNBUF = 04, /* (aiin He Oydepuzsyercs */

_EOF = 010, /% B puaHHOM (Qaitne BcTpeTuncsa EOF */
_ERR = 020 /% B paHHOM (aiine BCcTpeTunach owrka*/

)5
int _fillbuf(FILE *);
int _flushbuf(int, FILE *);

#define feof(p) (((p)->flag & _EOF) != 0)
#define ferror(p) (((p)->flag & _ERR) t= 0)
#define fileno(p) ({(p)->fd)

#define getc(p) (--(p)-»>cnt >= 0 \
? (unsigned char) *(p)->ptr++ : _fillbuf(p))
#define putc(x,p) (--(p)->cnt -= 0\

:
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? *(p)->ptr++ = (x) : _flushbuf((x),p))
#define getchar() getc(stdin)
#define putchar(x) putc((x), stdout)

Makpoc getc 06BIYHO yMeHbIlaeT CYETYHK YHCJAA JIHTED, HAXOASLIMXCS
Ha Oydepe, W BO3BpallaeT JHTEPY C MOCJEAYIOIHM TNPOABHXKEHHEM YKa3aTeJs.
(Hanomnum, 4to maunuble #define npu nomouwn o6paTHON HAKJIOHHOK uYepTH
MOXKHO TNPONAOJXKHTb Ha CJefyloliux CcTpokax.) Korma 3uayeHme cyeTynka cra-
HOBHTCH OTpruaTenbHuM, getc BoidwiBaer _fillbuf, uyTo6e CHOBa 3amOTHHTHL
Oydep, HHHUHANH3HPOBATH CONEPKHMOE CTPYKTYPbl M BBIAATH JHTepy. THII
BO3BpALlaEMbIX JIMTEp MNPHBOASATC K UNSigned; 3To rapaHTHpyeT, 4TO BCe
OHH OYAYT NOJIOXKHTENbHBIMH.

Xotsi B [HeTtansix BBOA-BHIBOA 31€Ch HE paCcCMATpUBAeTCs, MHl BCE Xe
npuBead noanoe omnpegenedde putc. Cpenano 370, YTO6L ° NOKA3aTb, 4YTO
OHA [EeHCTBYyeT BO MHOrOM TakK (e, Kak M getc, Bu3biBag (QYHKUHIO
_flushbuf, korna Gydep noson. B TexcTe HMEIOTCS MAKpOCHI, NO3BOJSAIOIINE
noJyyaTb AOCTYN XK (raxkkam OwWHOKH ¥ KOHua ¢aija, a TakXe K €ro [ec-
KPUIITODPY

Tenepr Moxuo Hamncarb ¢ynkuuio fopen. Bénpmas yacTe HHCTpYKUHH
fopen OTHOCHTCA K OTKpPHITHIO ¢alina, COOTBETCTBYIOIIEMY €ro IMO3HIHOHHPO-
BaHHMIO H YCTAaHOBKe (HJIAXKKOBBIX OHTOB, NpelAHA3HAYEHHBIX [IJS HHAHKAUHH Te-
kymero coctosnus. Cama fopen wue orsomur mecra misi Gydepa;, 3TO Aesaaer
_fillbuf npu nepBom urenuu ¢aiiaa.

#include <fcntl.h>

#include "syscalls.h"

#define PERMS 0666 /* RW mnns coGcTBeHHMKa, TPYNOH M OCT-X */
/* fopen: oTkphBaeT (ailn, pos3BpamaeT falNoBHil yKazaTenb */
FILE *fopen(char *name, char *mode) '

¢ int fd;
FILE *fp;
if (*mode '= ’r’ && *mode != ’w’ && *mode != ’a’)
return NULL;
for (fp = _iob; fp < _iob + OPEN_MAX; fp++)
if ((fp->flag & (_READ i _WRITE)) == 0)
break; /* HafileHo CROG. MeCTO INsl onucaTens */
if (fp >= _iob + OPEN_MAX) /* HeT MmecTa INs omnucaTens */
return NULL;

if (*mode == "W’}
fd = creat(name, PERMS);
else if (*mode == ’a’) {
if ((fd = open(name, O_RDONLY, 0)) == -1)

fd = creat(name, PERMS);
lseek(fd, OL, 2);

} else
fd = open(name, O_RDONLY, 0);

if (fd == -1) /¥ He BO3MOXEH JOCTYIl IO MMEHH hame */
return NULL;

fp->fd = fd;

fp->cnt = 0;

fp->base = NULL;

fp->flag = (*mode == ’r’) ? _READ : _WRITE;

return fp;
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Mpusenennass Bepcusi fOpen He peaJnsyeT BCe PEXHMbl N0CTYIE, OTOBOpEH-
Hble CTAHAAPTOM; HO, MBIl [yMaeM, HX peajH3alHus B MNOJHOM ofbeMe He Ha-
MHOTO YBEJHYMT AJHHY nporpammbl. Haia fopen He pacnosHaeT OYKBH «by,
CHrHAJH3HpYIoUled O GHHAPHOM BBOIE-BBIBOAE (nockonbky B cHcremax UNIX
370 HE HMEeT CMBICJA), W 3HAKa «+», YKAa3blBaiOLlero Ha BO3MOXHOCTL OLHO-
BpPeMEHHO YHTAaTb H MHCATH.

Jlas ao6oro daitia B MOMEHT NepBOro OCpAllleHHs K HeMy C MOMOIIBIO
makposbizoBa getc cuerunmk cnt pasen HyJIO. CnencrBueM 3TOro Oyner Bbi~
30 _fillbuf. Ecau BmIiCHHTCH, UYTO (haill Ha UTEHHE HE OTKPHIT, TO byHK-
s _fillbuf nememienno Bozsparut EOF. B npoTHBHOM Cjydae OHA TMOMBI-
TaeTcsi 3alpoCHTL NaMsTh A1a Oydepa (eCH UTEHHE LOJKHO 6biTh ¢ Oyde-
pu3ayuen). v

Mocse noayuenuss obnacTn namatu anst Gydepa _fillbuf o6pamaerca k
read, uto6b ero HamoJHHTb, YyCTaHaBJHMBaeT CUETYHK H YKasaTelId H
BO3BpallaeT neppyio sauTepy Oydepa. B cuenyiomiux obpawennsix _fillbuf o6-
HAPYXHT, YTO NaMaATb AJs Oydepa yxe BblieneHA.

#include "syscalls.h"

/% _fillbuf: sampoc namaTH U 3anoiHeHue Oydepa */
int _fillbuf(FILE *fp)

{ int bufsize;
if ((fp->flag&(_READ!_EOF:_ERR)) != _READ)
return EOF;
bufsize = (fp->flag & _UNBUF) ? 1 : BUFSIZ;
if (fp->base == NULL) /* Gyepa ele HET */
if ((fp->base = (char *) malloc(bufsize)) == NULL)
return EOF; /* Henb3a MONyuuTh Oyfep */
fp->ptr = fp->base;
fp->cnt = read(fp->fd, fp->ptr, bufsize);
if (--fp->cnt < 0) {
if (fp->cnt == -1)
fp->flag i= _EOF;
else
fp->flag i= _ERR;
fp->cnt = 0O;
return EOF;
return (unsigned char) *fp->ptr++;
EAMHCTBEHHOE, YTO OCTA/J0Ch HEBbIICHEHHbLIM, — 3TO KakuM 06pasom

opraHn3oBaTh Hauano cuera. Caenyer TaK ONpENEJIHTb W MHHUHATHIHPO-
BATL MACCHB _ioOb, uTOGHI B HeM, Iepel TeM Kak NporpaMma HauHer paGo-
TaTh, yxe Oblia HHpopMmauus © daiiax stdin, stdout u stderr

FILE _iobIOPEN_MAX1 = { /* stdin, stdout, stderr: */
{ 0, (char *) 0, (char *) 0, _READ, 0},

{ 0, (char *) 0, (char *) 0, _WRITE, 1},

{ 0, (char *) 0, (char *) 0, _WRITE i _UNBUF, 2}

};
WMununanusauust flag kak vacTH CTPYKTYpbl TNOKa3biBaeT, UTO stdin
oTKpnIT Ha urenue, stdout - wna 3anucp, a stderr - ua 3anucbh Ges Gyode-

pH3alHH

Yanpaxnenue 8.2. Ilepenumute pynkunu fopen u _fillbuf, paboras ¢ daax-
KAMH KAK C MOJMSIMH, A HE TIPH NOMOLIM sBHbIX NOGHTOBRIX omnepaunit. CpaBHH-
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Te pa3Mepbl H CKODOCTH ABYX BApHaHTOB NPOrpaMM.

Ynpaxuenune 8.3. PaspaGotailte n Hanuwute ¢Pynkuun _flushbuf, fflush wu
fclose.

Ynpaxuenue 8.4. PyHKUHA CTAHIAPTHOH OHOJIHOTEKH
int fseek(FILE *fp, long offset, int origin)

HAeHTHYHa ¢yHKUHK lseek ¢ TemHu, onmHako, OT/IHuYHsAMH, 4TO fp — 3TO Cait-
JOBBIH yKa3zaTesb, a He JeCKpPHNTOP, H BO3BpaulaeT OHA 3HaueHHe int,
yKaspiBawliee Ha cocTosinue ¢aiia, a He mno3uuuio B Hem. Hanumure cpoio
epcuio fseek. Obecneubre, uToOB pabora Bawed fseek no OGydepusaunu

6u1a corsacoBana c Gydepusauueil, HCnoab3yeMOH APYruMH (yHKUHsIMH 6GHO-
JIHOTEKH.

8.6. MPUMEP. MEYATb KATANOroB -

[Ipn pasHoro pona B3auMmMoaelcTBHAX ¢ (¢aHJOBOH CHCTEMOH HHOrAa
Tpe6yeTcss MOJNYUYHTb TOA6KO HHpOpMauHio 0 ailsie, a He €ro Comepxumoe.
Takass noTpeGHOCTL BO3HHKAaeT, Hanpumep, B [porpaMMme TMNeyaTH KaTaJora
¢daisos, pabortalomeil no Tuny komauael 1S cucremb UNIX. Ona neuaraer
WMeHa ¢aHJOB KaTajora H 10 JKEJAHHIO IO0Jb30BaTe s APYTyl JONOJHHTENb-
Hyl0o HHGOpMAUHIO (pa3Mephl, NpaBa AOCTYNa H T.[A.). AHAJNOTHYHOH KOMaHAOH
B MS-DOS sapasiercss dir.

Tak kak B cucreme UNIX karajgor — 310 TOXe daitn, d¢ynkuun 1s,
4yTO66 A06paThCsi A0 MMeH (aiJoB, HYXHO TOJbKO ero npounrtarb. Ho, uro-
6bl MosyyuTh Apyrylo uudopmauuio o daiise (Hanpumep, y3HaTb €ro pasmep),
Heo6X0JHMO BBINOJHHTb CHCTEMHBIH BBI30B. B apyrux cucremax (B MS-DOS,
HallpHMep) CHCTEMHBIM BLI30BOM IDHXOAHTCH MOJb30BaTbCs AaXe [Jsl Mojyue-
HHS [OCTYna K HMeHaM ¢aiios. Hawa uenb — oGeCneydTh AOCTYNH K HHQOp-
MalHH MO BO3MOXHOCTH CHCTEMHO-HE3aBHCHMBIM CHOCOG0M HECMOTpPA Ha TO,
4TO peajH3alHs MOXeT ObITb CYHUIECTBEHHO CHCTEMHO-3aBHCHMA.

[MponanmiocTpupyeM CKasaHHOe HanucanHeMm mnporpaMmbl fsize. ®Pydkuus
fsize - wvacTHBIM cayuali nporpammbl 1S; oHa mnewaraeT pa3Mepsl BCeX
¢alinoB, TEPEYHCAEHHBIX B KOMaHOHOH cTpoke. Ecnm kakoh-su60 u3 ¢ainos
CaM SIBJSIETCSl KaTrajJoroM, TO, 4YTOOB MNOJAy4YuThb HHbOpMauHio o Hem, fsize
ob6pamaercsi cama k cebe. Ecanm aprymMeHTOB B KOMAHAHOH CTpPOKE HeT, TO
o0paGaTbiBaeTCsd TEKYLIMH KaTaJior.

Jlns Hauana BCMOMHHM CTPYKTypy ¢aisosoit cuctems B UNIXe. Kara-
202 — 370 ¢ailn, comepKalmuh CnHCOK MMeH (GaHNoB M HEKOTOPYI HH(OPMAHHIO
O TOM, Tle OHH pacCnoJIOXKeHb. «MeCcTo pacnoyoXeHHs» — 3TO HHAeKC, obec-
NeyuBalOWHU OOCTYNn B APYrylo TabJHLY, Ha3biBAEMYIO «CIHCKOM Y3J0B
inode». Jns kaxnoro dalina umeercss cBod inode, rne cobpaHa BCA HHOODP-
MauHs o (aitje, 3a HWCK/AlOUeHHeM ero HMeHH. KaXabiH 3JeMeHT Karanora co-
CTOMT M3 ABYX uyacTeil: U3 uMmeHH ¢afina u HoMmepa inode.

K coxanaendio, ¢opMaT H TOUYHOE COJEPKHMMOE KaTrajsora He OJHHAKOBH
BO BCeX BepCHsiX cHcTembl. [losToMy, uTOOHI NEpeHOCHMYIO KOMIIOHEHTY OTAe-
JIHTb OT HeNepeHOCHMOH, pa3o6beM Hawly 3alayy Ha OBe. Baeurnu#t ypoBenb
onpenessieT  CTPYyKTypy, HasBanHyio Dirent, u TpH noamporpaMmel —
opendir, readdir u closedir; B pesyabrate o6ecnie4HBaeTCsi CHCTEMHO-
He3aBHCHMBIA MOCTYl K HMeHH MW HOMepy Yy3ja inode Kaxaoro 3JjeMeHTa Ka-
tanora. Mnul Gynem mnucarts nporpammy fsize, paccyuTbiBasi Ha TAKOH MHTep-
deHc, a 3aTeM MOKa)XeM, KaK peaju30BaTh YKasaHHbie GYHKUHHM U1 CHCTEM, -
HCTOMIBL3YIOMWMX Ty e CTPYKTYpy Karajora, 4To M cuctemel Version 7 u
System V UNIX. JIpyrue BapuasdThl OCTaBHM AJSI YIPAXKHEHHH.
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Crpykrypa Dirent comepxur nomep inode u umsa. MakcuManbHas AJMHA
umenH ¢aiaa ecte NAME_MAX - 3savenue, siBasiolileecsi CHCTEMHO-3aBHCHMBIM.
®yukuua opendir BosBpaiiaeT ykasaTesnb Ha CTPYKTYpy, Hassanayl DIR (mo
ananoruu ¢ FILE), kotopasi ucnonbayercss ¢yukuusimp readdir u closedir.
Jta uHpOpMaUHs COCpelOTOYEHA B TOJIOBHOM dailise dirent.h.

#define NAME_MAX 14  /* makcuManbHas LIMHa WUMeHu Qaina; */

/% CHCTEeMHO~3aBUCHMasg BelHYHHA */
typedef struct { /* yHuBepc. cTpykTypa ®ieMeHTa KaTalora: */
long ino; /% Homep inode */
char name[NAME_MAX+1]; /% uma + *\0’° */
} Dirent;
typedef struct { /* munumanvuuit DIR: Gez Gydep-uuum u T. 5. */
int fd; /% $alnoBHil IeCKpUNTOp KaTanora */
Dirent d; " /* 3JeMeHT KaTaiora */
} DIR;

DIR *opendir(char *dirname);
Dirent *readdir(DIR *dfd);
void closedir(DIR *dfd);

Cuctemnblit BbI30B stat nosnyuaer umsi daiina ¥ BO3Bpawaer MNOJHYIO ©
HeM HHdopManHio, copepxamyocs B inode, uau —1, B cayuae omnbxu. Tak,

char *name;

struct stat stbuf;

int stat(char *, struct stat *);
stat (name, &stbuf);

3anogHsieT CTpykTtypy sStbuf wuundpopmauueir us inode o ¢ailse ¢ umenem
name. CTpykTypa, ONHChIBaoudasi BoO3Bpauiaemoe ¢yukuueir stat 3snayenwe,
HaxoauTcsl B <sys/stat.h> u Buirasiaur npumepHo Tak:

struct stat { /* ungopmaumsa uz inode, Bos3BpamaeMas stat */

dev_t st _dev; /* ycTpoficTBO */
ino_t st_ino; /* HoOMep inode */
short st _mode; /% DeXMMHHE OUTH */
short st_nlink; /* uucno cmazseft ¢ Qaitnom */
short st_uid; /* UMS MOJNB30BATENA-COOCTBEHHUKA */
short st_gid; /% UMS CpPyIIOe COGCTBEHHHUKA */
s dev_t st_rdev; /* N8 crneuvanbHHX $aiinors */
off_t st_size; /* pasmep ¢aitma B nuTepax */

time_t st_atime; /* BpeMa nocneiHero HCHONL3OBAHUSA */
time_t st_mtime; /* Bpems nocrnezHe#t Mogudukauuum */
. time_t st_ctime; /* Bpemsa mocremHero usMeHenus inode */
’

BO/MIbIIMHCTBO 3THX 3HaueHHH OODBSICHAETCS B KOMMEHTApHAX. THOBI, NOAOGHBIE
dev_t u ino_t, onpenenenn B daine <sys/types.h>.

dnement st_mode comepxuT HaGop (JIAXKKOB, COCTABJSIOUIMX NOMOJHH-
TeJbHYI0 HHbpOpmauuio o ¢aitne. OnpeneneHus ¢aaKOB TaKXKe COAEpXKATCS B
<sys/stat.h>; mnam nmnorpe6yercsi TOJILKO Ta €ro uyacTb, KOTOpas HMeeT
eJ10 ¢ THNOM (patiaa:

#define S_IFMT 0160000 /* Tun gaftna */

#define S_IFDIR 0040000 /* xaTtanor */

#define S_IFCHR 0020000 /* CHUMBOJIBHO - ODUEHTHD. */
#define S_IFBLK 0060000 /* OJIOYHO -ODUEHTHUp. */

#define S_IFREG 0100000 /* OGHUHLIL */
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Tenepb Mbl TOTOBH MPHCTYNHTb K Hanmucauuio nporpammbl fsize. Ecan
pexxuMHble 6uThl (St_mode), monyuenhble or stat, ykasbiBaioT, 4TO (aia He
SBJASICTC KATAJOroM, TO MOXHO B3sATb ero pa3mep (st_size) wu naneva-
ratb. QnHako ecau Gais — Kartanor, TO Mbl AOJXKHH ©00paGoTaTbh BCE €ro
¢ailabi, KaXAbli H3 KOTOPBIX B CBOIO Ouepellb MOXKET ObITb KaTajoroMm. O6pa-
60TKa KaTajgora — MpOLECC PeKYPCHBHBIH.

Mporpamma main npocmarpuBaeT mnapameTpbl KOMaHIHOH CTPOKH, Iiepe-
gapas Kaxiabld apryment ¢yskunu fsize.

#include <stdio.h>
#include <string.h>
#include "syscalls.h"

#include <fcntl.h> /* Praxxyd UTEHHS U 3anucu */
#include <sys/types.h> /% onpeneleHus] TUNOB */
#include <sys/stat.h> /* CTpyKTypa, BoO3BpallaeMas stat */

#include “"dirent.h"
void fsize(char *);

/* meuaTtaeT pasMeph faiinos */
main(int argc, char **argv)

if (argc == 1) /* 1o yMOnuyaHUL GepeTcs TeKyuuid kaTanor */
fsize(".");
else
while (--argc > 0)
fsize(*++argv);
} return 0;
OGyukuust fsize mnevaraer pasmep daiina. Oanako, ecin aia — Kara-

JIOr, OHa cHauaja Bui3biBaeT dirwalk, uyro6wl o6paBoraTh BCe €ro QanJni.
O6paThTe BHHMaHHE Ha TO, Kak HCNOJb3ylOTCs HMeHa ¢iaxkos S_IFMT n
S_IFDIR wuas <sys/stat.h> npu nposepke, siBasiercss JH a1  Karajaorom.
31ech HyXHbl CKOGKH, IOCKOJbKY IIPHOpHTET ornepatopa & HHXe nNpHOpuTETa
oneparopa ==.

int stat(char *, struct stat *);

void dirwalk(char *, void (*fcn)(char *));

/* fsize: neuvaTaer pasMmep (aiina c umeHeMm "name" */
void fsize(char *name)

¢ struct stat stbuf;
if (stat(name, &stbuf) == -1) {
fprintf(stderr, "fsize: HeT zocTyma k %s\n", name);
) return;
if ((stbuf.st_mode & S_IFMT) == S_IFDIR)
dirwalk(name, fsize);
} printf("%81d %s\n, stbuf.st_size, name);

®yukuus dirwalk — 3T0 ynuBepcasbHas Nporpamma, NPHMEHSIOIAs He-
KoTOpylo GYHKUHIO K Kaxiaomy ¢alsay karanora. OHa OTKpbIBAeT Karasor, ¢
NOMOILIbIO LUHKJA mepefupaer cojaepxallyecss B HeM Gal/ibl, NMPpUMEHsis K Kax[a0-
My H3 HHUX YyKa3aHHYIO (YHKUMIO, 3aT€M 3aKphIBAET Kara/ior M OCYyLeCTBJaSeT
posppaT. Tak kak fsize swsmBaer dirwalk Ha xaxagom karasnore, B 3THX
ABYX (DYHKLHSIX 3a/0)K€Ha KOCBEHHas pPeKypCHusi




176 : T'rasa 8

#define MAX_PATH 1024

/* dirwalk: npumenser fcn ko Bcem (aitnam uzs dir */
void dirwalk(char *dir, void (*fcn)(char *))

{ char namelMAX_PATHI;
Dirent *dp;
DIR *dfd;
if ((dfd = opendir(dir)) == NULL) {
fprintf(stderr, "dirwalk: He Mmory oTkp.%s\n", dir};

return;
while ((dp = readdir(dfd)) != NULL) {
if (strcmp(dp->name, ".") == 0
i1 strcmp(dp->name, "..") == 0) :

continue; /* nponyCTUTb cels ¥ POJUTENA */
if (strlen(dir)+strlen(dp->name)+2 > sizeof(name))
fprintf(stderr,"dirwalk: caumx. znMH. UM %s/%s\n",
dir, dp->name);
else {
sprintf (name, "%s/%s", dir, dp->name);
(*fcn) (name);

}
closedir(dfd);

Kaxawii Bh30B readdir pgaer B pesysabTaTe ykKas3aTelb Ha HHOOPMALHIO O
caenywouieM ¢aiae uau NULL, ecau Bce ¢aitnni obpaboranbl. Jlo6oH karasor
BCErga XpaHHT B cebGe uHbopmauuio o cebe caMOM NOL HMEHEM «.» H O CBO-
€M pOJHTeNE MO HMEHEM «..», HX HYXHO MpPONYCTHTb, HHAa4ye MNPOrpamma
sauukauTcss. O6paTHTe BHHUMaHWe: KOL NpPOrpaMMbl 3TOTO YPOBHA HE 3aBHCHT
OT TOro, Kak (opmaTupoBanbl kartajord. ChnenyioliHHd mar — NpeicTaBHTb MH-
HuMaabHbie Bepcuu opendir, readdir u closedir ans HeKOTOpO# "KOHKpeT-
HOH CHCTeMBl. 31ech TNpHBEAEHb NporpamMmel ajsi cucrem Version 7 u System
V UNIX. Ouu ucnosnsywoT undopMmauHio O KaTajore, XpaHsLYIOCS B TOJOBHOM
¢aiine <sys/dir.h>, koTopolil BHIFISOHT CaelyloUlMM 06pa3om:

#ifndef DIRSIZ
#define DIRSIZ 14
fendif

struct direct /* BJeMeHT KaTajnora */

ino_t d_ino; /* HoMep inode */
char d_namel(DIRSIZI; /* INVHHOEe UMS He HMeeT ’\(’ */
b
HeKOTOpble BEPCHH CHCTEMbI AONYCKAIOT foJiee QJIHHHbIE HMeHAa H HMEIOT 60Jiee
CIOXHYIO CTPYKTYpPY KaraJjora.

Tun ino_t 3aman npu nomowu typedef W onuchiBaeTr HHAEKC CHHCKA
inode. B cucreme, KoTOpOH nosb3yeMcss Mbl, 3TOT THN eCTb unsigned
short, HO Ha ApYrHX CHCTEMaXx OH MOXeT ObITb HHBIM, [O3TOMY €ro Jyuilie
onpenensitb uepez typedef. [lonHvlli Ha6op «CHCTEMHBIX» THNOB HAXOAHTCA B
<sys/types.h>.

Odynkuust opendir ortkpeiBaeT KataJor, TMpoBepser, ABJAETCH JH OH
D,El‘:iCTBHTEJIbHO KaTaJorom (B OJAaHHOM cJay4yae 3TO jeJjaercsa npu noMoumH CH-
cremHoro Bhi3oBa fstat, koropmiit ananornuen stat, HO npumensiercas k ne-
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ckpunTtopy ¢aiia), 3anpaiiuBaeT NPOCTPAHCTBO IV  CTPYKTYphl Karajaora H
3anucuiBaeT HMHMOpMAUHIO.

int fstat(int fd, struct stat *);

/* opendir: oTkphBaeT kKaTanor AJs BH3OBOB readdir */
DIR *opendir{(char *dirname)

{ int fd;
struct stat stbuf;
DIR *dp; .
if ((fd = open(dirname, O_RDONLY, 0)) == -1

{1 fstat(fd, &stbuf) == -
't (stbuf.st_mode & S_IFMT) != S_IFDIR
't (dp = (DIR *) malloc(sizeof(DIR))) == NULL)
return NULL;
dp->fd = fd;
return dp;

dyukuns closedir sakpeiBaer Karajor H 0cB060OXaaeT NPOCTPAHCTBO.

/* closedir: saxphBaeT KaTajor, OTKPHTHE opendir */
void closedir(DIR *dp)

if (dp) |
close(dp->fd);
free(dp);

}

Hakonen, readdir ¢ momombio read uHTaeT KaxAbiH 3/1€MEHT Karajora.
Eciau Hexuii 5j€MeHT Karanora B [aHHBIH MOMEHT He HCIOJb3yeTcs (coorBe-
TCTBYIOWKH eMy (aitn Obll ynajieH), TO HOMep inode y Hero paBeH HYJI0, H
fnaHHas NO3MUHs TpomyckaeTcs. B npoTHBHOM cCaydae HOMep inode u HMs
pasmemalotcss B static-ctpyktype, ® ykasaTeib Ha Hee BLIAACTCA B Kauec-
TBe peaysabraTa. [lpu KaxaoM creayiolleM ofpaleHHH HOBas HHGOpPMANHA 3a-
HHMAaeT MecTO Npelblaylled.

#include <sys/dir.h> /* MecTo pacnoiox. CTPyKTyphl KaTaynora */

/*readdir: uuTaeT mocieloBaTeNbLHO 3JEMEHTH KaTajora */
Dirent *readdir(DIR *dp)

struct direct dirbuf; /* cTpykTypa KaTajora Ha
IaHHOM cucTeMme */
static Dirent d; /* BO3BpallaeT YHHGUUUPOBAHHYD
CTPYKTYpPY */
while (read(dp->fd, (char *) &dirbuf, sizeof (dirbuf))
== gizeof (dirbuf)) { .
if (dirbuf.d_ino == 0) /* mycTol BJ-T He HCMOJNbL3. */
continue;
d.ino = dirbuf.d_ino;
strncpy(d.name, dirbuf.d_name, DIRSIZ);
d.namel[DIRSIZ] = >\0’; /* 3aBepliapliaf JUTEpa 'N\O’ */
return &d;

} .
return NULL;
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Xotss nporpamma fsSize — [0BOJBHO CHEUHANM3HPOBAHHAS, OHA HJLIIOC-
TPHPYeT ABA BaXHBIX (akTa. [lepBhlli, MHOrHe NpPOrpaMMbl He SBJSIIOTCH «CHC-
TEMHHMH»;, OHH TIPOCTO HCNOJbL3YIOT HH(MOPMALHIO, KOTOPYI0 HOALEPKHUBAET
onepanMoHHaA CHcTeMa. [lisi TakHX NporpaMMm CYLWECTBEHHO TO, YTO Tpel-
CT4aBJICHHE HHGPOPDMALHH COCPENOTOYEHO MCKJIIOUHTENBHO B CTAHAAPTHHIX [O-
JOBHHX ¢a#tnax. Onu BxAIOYAOT 3TH aiinel, a He AepKar OEKJApAUMH TNpH
ceGe. Bropoe wuabiioneHHe 3aKJAIOYAETCS B TOM, YTO TNPH CTAPaHHH CHCTEM-
HO-3aBHCHMHM OGBEKTAM MOXHO CO31aTh HHTepdeHCH, KOTOphe caMu He Oy-
AYT CHCTEMHO-3aBHCHMBIMH. XOpOlUME TOMY NpHMepbl — (QYHKLUHH CTaHAApPTHOH
O6HOTHOTEKH.

Ynpaxnenue 8.5. Moaugpuuupyiite fsize takum 06pasom, 4TO6B MOMXKHO GLLIO
- me4yaraTth OCTaJbHYI0 HHpopMmauuio, coaepxamylocs B inode.

8.7. NPUMEP. PACNPEOENUTEND NAMATH

B ra. 5 6bl1 omHcaH NpocTOH paCnpeAesnTeNb NaMSITH, OCHOBAHHBIM Ha
npuHuune creka. Bepcusa, xoTopyio MBI Hanuliem 3aeCh, He HMeeT OTpaHHue-
Huit: BHI30BH Malloc m free moryr BminmosmaTbes B Jio6om nopsanke, malloc
AesaeTr 3anpoc B ONepauHOHHYIO CHCTEMY ‘Ha Bbhil€JI€EHHEe MNaM#ATH TOraa, Kor-
na oHa TpeGyeTcs. ITH NPOrpaMMbl HJTIOCTPHUPYIOT NPHEMBI, NOIBOJSIOLLHE IO-
Jiy4aTb MAalIHHHO-3aBHCHMBIH KOJ CPaBHHTENbHO MAUWIHHHO-HE3aBHCHMBIM CIIOCO-
GOM, M, KpPOME TOrO, OHHM MOTYT CJYXHTb peaJbHbIM NPHMEPOM [pPHMEHEHHUS
TaKHX CPeACTB sI3HIKA, KaK CTPYKTYpHl, oO6benuHeHus H typedef.

Hukakoro panee CKOMNHJIHPOBAHHOrO MacCHBa (HKCHPOBAHHOIO pa3Me-
pa, H3 KOTOPOrO BHIAEJSAIOTCS KYCKH mnaMaTH, He Oyner. Pynkuus malloc
3anpamiMBaeT MNaMsATb Yy OMEpPallHOHHOH CHCTeMBl 1O Mepe HagoBHocTH. [lo-
CKOJIbKY H [pYrue NeHCTBHS NPOrpaMMbl MOTYT BBHI3bIBATH 3aMpOCHl IMAMSTH,
KOTOpLIE€ YAOBJIETBOPSIIOTCS HE3aBHCHMO OT 3TOTO paclpenejuTeNsi NaMATH,
NpOCTPAHCTBO, KOTOpPhIM 3aseayetr malloc, He ofs3aTenbHO npeacTaBasieT
co60# CBA3HBIH Kycok mnaMaTH. [lo3tomy cBoGOgHAsI NMAMAITL XPAHHTCH B BHAE
cnucka 6a0koB. Kaxabii 610K CONepKHT pa3Mmep, yKasaredb HA CJAEAYIOUMM
610K H caMO NpOCTpaHCTBO. DBJIOKH B CHHCKe XpaHATCS B NOpsJKe BO3pac-
TaHHS aApeCcOB NAMSATH, MNPH 3ITOM MOCJAEAHHH O6JOK (C caMbiM OOJbILIHM aj-
pecoM) CCHLIAeTCsT HA MepBHIH.

g:ggognoms]_l J'
' 1 1 11 1

il IR
3aH .

cBO6OAHO € NPOCTPAHCTB O, HAXOASIWEeCs B
pacnopsxe HHH (yHkuun mal loc

BoieseHH oe GyHkuueit malloc npocTpaHcTBO
( 3aHsATO)

m NpOCTPAaH C TBO, HE HAXO ASILEECS B PACNOPSNKEHHH
¢yukuun malloc

[lpy BO3HMKHOBEHWH 3ampoca Ha NaMsATb NPOCMATPHBAETCS CIHCOK CBO-
6onHbix 6JIOKOB, 10KAa He OOHApyXHTCs [0CTATOYHO 6Goabwol 6gok. Takol
aJITOPHTM Ha3bIBAGTCS «MNOHCKOM MNEpPBOr0 MNOAXOASINEro» B OTJHYHE OT ajaro-

l 3aH 3aH
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PHTMA «IOHCKA HAMJYYIUEro MOAXOASILIEros, KOTODbI HINET HaHMeHbIMH G6JIOK

. M3 4YHCJA YHOBJETBOpsiOWHMX 3ampocy. Ecaum 670K oOkasancs B TOYHOCTH Tpe-
GyemMoro pasMepa, TO OH OTUEMIAETCSs OT CNHCKA M OTAAETC B TNOJb30Ba-
aue. Ecam pasmep 6soka Goabwe, uem TpeGyercs, OT HEro OTpe3aeTcs
HyXHasi 4acTb — OHa OTAAeTCs IIOJNb30BATeN0, & HEHYXKHas OCTaBjisieTcst B
cnucke cpoGomdbix 6JokoB. Ecanm 6J0ka [10CTAaTOYHOrO pasMepa He OKasa-
JOCb, TO y ONEPALUHMOHHOM CHCTeMHI 3aNpallHBAeTCs elle OAHH OOJbLIOH KYCOK
NaMsTH, KOTOPBIK TPHCOEAUHSIETCS K CHHCKY CBOOGOAHLIX GJIOKOB.

[lpouenypa OCBOGOXIAEHHs CONPsSIXKEHA C XOXIEHHEM IO CIIHCKY CBo6oa-
HBIX GJIOKOB, TMOCKOJbKY HYXHO HAailTH NOAXOHdsIIEe MECTO /st OCBOGOXKA4eMO-
ro 6aoka. Ecam noasiexamui OCBOGOXKAEHHIO GJOK INpPHMBIKAeT C KaKOH-TO
CTODOHE K OHHOMY H3 CBOGOJAHBIX OJIOKOB, TO OH OODbEAHHAETCA ¢ HHM B
ofiMH 670K O6Jbulero pasmepa, 4TOGH [0 BO3MOXHOCTH YMEHBIIHTb pPasapob-
JIEHHOCTb TaMsTH. BumosHeHue NpOBEpKH, NPHMBIKAIOT JH OJIOKH ApPYT K ApYy-
ry, He COCTaBisieT TpyJa, MOCKONbKY CHOHCOK CBOGOAHKEIX GJOKOB BCeraa
ynopsiloyed NO BO3PAaCTAHHIO a4pPeCOB.

CyuiectsyeT mpoGiema, O KOTOPOH MBl YyXKe YNOMHHAJIH B TJ. 5, COCTO-
das B TOM, 4YTO MaMsATb, BhiAaBaemasi ¢yHkuueir malloc, mosxHa ObITH CO-
OTBETCTBYIOIUHM O6pa3OM BHIPOBHEHA C Y4YeTOM OGBEKTOB, KOTOpHie B Heh Oy-
AYT XpaHHTbCs. XOTsi MAUIMHB H OTJHMYAlOTCA IAPYr OT Apyra, HO A KaxIOH
H3 HHX CYLIECTBYET THI, NPeLbABIAIONHH camble Gojiblive TpeGOBaHMS HA BHI-
paBHHMBaHHe, M, €CJAH MO HEKOeMY aipecy [AONYCKaeTCs pasMelleHHe OObeKTa
3TOr0 THHA, TO 110 HEMY MOXHO pa3sMeCTHTb H OOBEeKTH BCEeX APYTHX THUIOB.
Ha nekoTOpbiX MalMHAX TAKMM CaMbiM «TpeGOBaTEJbHBIM» THIOM SIBJSETCS
double, ua agpyrux —~ 3TO MoOxeT ObTh int nau long.

CBo6GOAHBIH 6JIOK CONEPKHMT yKasaTeJb Ha CJeAYIOWHA OJOK B CIHCKe,
CBOH pa3mep H COOGCTBEHHO CBOGOAHOE INPOCTPAHCTBO.

———————> YyKa3aresjb Ha CJelyIOWHH CBOOOAHBIH O6J0K

as-
€p

— anpec, Bosspamaemuﬁ NOoJb30BAaTEJIO

Yxasareab M pasMmep npeicTaBisiioT coGOH ynpasisiiollylo HHbOpMauHio H 06pa-
3YIOT TaK Ha3blBAeMbIfl «3aroJioBOK». UTOOGB YyHNPOCTHTL BbipaBHHBaHHE, BCe
6JOKH CO31al0TCSl KPATHBIMM pa3Mepy 3aroJIoBKa, & 3arojOBOK COOTBETCTBY-
oumHM 06pasoM BbIpaBHHBAETCA. JTOr0 MOXKHO JHOCTHYb, CKOHCTPYHPOBaB OOh-
efiMHEHHe, KoTopoe OyHeT CcOAepXaTh COOTBETCTBYIOMIYIO 3aroJIOBKY CTPYKTY-
py H caMbiii TpeGoBaTelbHbIH B OTHOIUEHHWH BbIDAaBHHBAHHA THN. [ KOHKpeT-
HOCTH MBI BbIGpajH THO long.

typedef long Align; /* Insi BHpPaBHUBaHMA No rpaHuue long */
union header { /* 3aroJoBoK ONoKa: */
struct { . . .
union header *ptr; /* Ha cnex.dnok B cnucke cCBoS. */
unsigned size; /* pasMmep 3Toro Gnoka */
} s;
. Align x; /% pna TNPUHYLUT. BHPaABHUBAHUA OJioKa */

typedef union header Header;

[lone Align HHrae He HCHOJAB3YeTCs; OHO HeOGXOOHMO TOJbBKO AN TOrO,
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4TOOB KaXAHWH 3arojioBOK Obi1 BHIPOBHEH MO CaMOMY «XYy[UIeMy» BapHaHTY
TpPaHHIbI.
3arpe60BaHHOE YHCJO JIHTEp OKpyrasercs B malloc mo wuesoro umucaa

€IHHHIl NaMATH pasMepOM B 3arojOBOK (MMEHHO 3TO YHCJO H 3aNHCHBAETCS
B moje Size (pasmep) B 3arojioBke); KpoMe TOro, B OJIOK BXOOHMT elle O[-
Ha €IMHHLA NaMATH — CaM 3aroJIoBOK. YKasaresab, BO3BpaiiaeMbiii ¢yHKuueh
malloc, yka3swiBaeT Ha CBOOOAHOE MPOCTPAHCTBO, a He Ha 3arosioBoK. Co
CBOGOJHBIM NPOCTPAHCTBOM [M0JIb30BaTe/b MOXeET JeaTb YTO YrOAHO, HO,
ectn OH Oyler MHCAaTb 4YTO-JHOO 3a €ro MpeleJaMH, TO, BEPOSTHO, CIIHCOK
G6yner paspyweH. [lockonpky mnamsith, ynpasiasieMass ¢yukuueir malloc, me
of/sianaeT CBSI3HOCTBIO, pa3Mepnl GJOKOB HeNb3s BBLIYHCJAHTH IO YKasaTessM,
H no3toMy 6e3 moJisi, XpaHsLIero pa3Mep, HaM He OGOHTHCHL

- Jlna opraHusanuu Hauaja paGOThl HCnoJib3yercs nepemeHHass base. Ec-
an freep ecrp NULL (kak 3To ObiBaeT npu mnepBoM of6paiieHHH kK malloc),
CO3JaeTCs1 «BBLIPOXKAEHHBIH® CIHCOK CBOOOAHOrO MNpPOCTPAHCTBA; OH COAEPXHT
onMH O6JIOK HYJIeBOrO pasMepa C yxasaTeJeM Ha camoro ce6s. [lonck cBo-
6oaHOrO 6JI0Ka NOAXOASILEro pa3Mepa HayHHAETCss C 3TOTO  yKasartes
(freep), T.e. ¢ nmnocienHero HaliaeHsoro G6J0Ka, Takas CTpaTerus I0OMOra-
€T MNOAAEPXHBATb CMHCOK OJHOPOAHBIM. Ecau HafiaeHHbli G6JOK OKaXeTcs
CJAHIIKOM O6O/bIIHM, MOJBb30BaTeN0 OyneT OTAaHA €ro XBOCTOBAasi 4acTb;, MNpH
9TOM MNOTpe6yeTcsi TOJbBKO B  3aroJOBKe HaliZeHHoro cBoGoxHoro G6Juoka
YTOUHHTb €ro pasmep. B mio60M cJayuyae BO3BpalaeMbili NOJIB30BATeNI0 YyKasa-
TeAb SABJAETCA aApecoM CBOOOZHOrO NpPOCTPAHCTBA, pPa3MeIAOUErocss B
6/10Ke HeNoCpeJCTBEHHO 3a 3aroJIOBKOM. :

static Header base; /* nycToil cnucoK ANA Hay., 3amycka */
static Header *freep = NULL; /* Hayalo B CIHC. CBOO. O1. */

/* malloc: yHUBepcanbHHt paclHpeleluTesib MaMATH */
void *malloc(unsigned nbytes)
{

Header *p, *prevp;

Header *morecore(unsigned);

unsigned nunits;

nunits = (nbytes+sizeof (Header)-1)/sizeof (Header) + i;

if ((prevp = freep) == NULL) { /* cnuc. cBoG. nam. elie HeT*/
base.s.ptr = freep = prevp = &base;
base.s.size = 0;

}

for (p = prevp->s.ptr; ; prevp = p, p = p->s.ptr) {
if (p->s.size >= nunits) { /* gocTaTouyHo GonbuoH */

if (p->s.size == nunits) /* TouHo Takoro pasm. */
prevp->s.ptr = p->s.ptr;

else { /* oTpe3aeM XBOCTOBYL 4acTb */
p->s.size -= nunits; .

p += p->s.size;
p->s.size = nunits;
} )
freep = prevp;
return (void *)(p+1);
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if (p == freep) /% TpOWNM MOJHHA UMKN MO cﬁrcxy*/
if ((p = morecore(nunits)) == NULL)
return NULL; /* HeT Golbue NaMATH */

}

dyuKuHsa MOrecore mnoJjyyaer namsite OT onepauMOHHOH cHcTeMHl. [lera-
AH TOr0, Kak 3TO JeNaeTcsi, MOTYT He COBMajaTb B pPa3JHYHBIX CHCTEMaX.
Tak Kak 3anpoc TAMSTH Y CHCTeMbl — CPABHHTEJIbHO [0pOras OnepauHs, Mbl
6b1 He XOTeJH MJsl 3TOr0 KaxIAbli pa3 ofpamiarscd K malloc. [lostomy mc-
nonb3yercss (yHKuMss MOrecore, KorTopas sanpamuBaer - He Menee NALLOC
eIHHHI TaMsATH; 3TOT OO/MbIIMH KyCOK NamsiTH OyleT <«Hape3aTbCA» MOTOM o
mepe HamobHocTH. [locne ycTaHoBkM B noje  pasmepa COOTBETCTBYIOLLETO
3HayeHusl PyHKIMs MOreCOre BbI3biBaeT QYHKIHUIO free u Tem caMblM BKJIOYaeT
NOJYYeHHBH KYCOK B CIIHCOK CBOGOAHBIX 06JacTeH MNaMSTH.

#define NALLOC 1024  /* MUHUM. YUCNO e]. NaMATH ILisd zanpoca*/

/% morecore: 3anpaliiBaeT y CUCTEMbl KOMONHUTENBbHYL NaMATb */
static Header *morecore(unsigned nu)
{

char *cp, *sbrk(int);

Header *up;

if (nu < NALLOC) .
nu = NALLOC;

cp = sbrk(nu * sizeof (Header));

if (cp == (char *) -1) /* HeT Gonblle MaMATH */
return NULL;

up = (Header *) cp;

up->s.size = nu;

free((void *)(up+1));

return freep;

}

Cucremuniit BoizoB sbrk{(n) B UNIXe Bo3sspaumaer ykasateqb Ha I GaiT
namMsiTH HaH —1, ecan Tpe6yeMoro MNpOCTPAHCTBA He OKa3anoCp, XOTH 6HlJ10
6bl ayuule, ecan Gbl B MOC/AEAHEM CJyuae OH BO3Bpallal NULL. Koucranty -1
Heo6xonumo npuBecTH K THmy char *, uToGbl ee MOXHO 6bl10 CPaBHHTH C
BO3BpAlllaeMBIM 3HaYeHHeM. DTO ewe OAWH NpHMEp TOro, 4TO Onepaus MpH-
BeleHHsl THna fenaeT ¢GYHKUHIO OTHOCHTEJNBHO He3aBHCHMOH OT KOHKDETHOTO
NpeACTABJEHHs] YyKasaTeJed Ha pas/MyHbIX MaUIHHaX. Ecth, oOmHaKO, OOHA
«HEKOPPEKTHOCTb», ~COCTOSIIAsi B TOM, UTO CpaBHMBAIOTCA YKasaTeqd Ha
pasqHuHBe GJOKH, BblIaBaeMble (YHKUHEH sbrk. Takoe cpaBHeHHe He rapas-
THPOBAaHO CTAaHAAapTOM, KOTOpbIHi TO3BOJISET CPABHMBATL yKasaTeu JHIIL B
npenenax Maccupa. Takum 06pasoM, 3Ta BEpPCHs malloc BepHa TOJNbKO Ha
Tex MallWHAX, B KOTOPHIX AOMYCKAeTCsi CpaBHEHHE JIOOBIX YKa3saTeseH.

B sakmouenne paccMoTpuM ¢yHkumio free. Ona npocMaTpuBaeT CIHCOK
cBOGOMHO} naMmsiTH, Hauuunas ¢ freep, urto6b NOABICKATL MECTO A BCTaB-
seMoro 6/0ka. MckoMOe MeCTO MOXKeT OKa3aTbCsi WJH Mexiay GJOKaMH, HJH
B Hayaje CHOHCKA, HJH B ero koHue. B mioGom cayuae, eCin NOoJIeXKailHH
0CBOGOXKIEHHIO G/0OK NMPHMBIKAET K COCenHeMy OJOKy, OH OOBelMHAETCS C HHM
B onuH Gaok. O ueM elle OCTANOCh N03aGOTHTBCH, - TaK 3TO O TOM, 4TOOL
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CCBIJIKM YKa3biBaJjH B HYXXHbl€é MeCTa H pasMmephnl 6/710k0B GHITH NPpAaBAJIbHBIMH.

/* free: BKNOYaeT GNOK B CIUCOK CBOGOLHOM MaMATH */
void free(void *ap)

{
Header *bp, *p;
bp = (Header *)ap - 1; /¥ yka3s. Ha 3aronoBok Gloxa */
for (p = freep; !'(bp > p & bp < p->s.ptr); p = p->s.ptr)
if (p >= p->s.ptr && (bp > p !! bp < p->s.ptr))
break; /* ocBoGoxH. Gnox B Havale MM B KOHlle */
if (bp + bp->s.size == p->s.ptr) { /* cmuth c BEDXHUM */
bp->s.size += p->s.ptr->s.size; /# cocenoM */
bp->s.ptr = p->s.ptr->s.ptr;
} else
bp->s.ptr = p->s.ptr;
if (p + p->s.size == bp) { /* CIUTb C HUXHUM COCELOM */
p->s.size += bp->s.size;
p->s.ptr = bp->s.ptr;
} else
p->s.ptr = bp;
freep = p;
}
XoTst pacnpeneneHHe naMsiTH N0  CBOeM CYTH — MAalLIMHHO-3aBHCHMas

npo6jema, ¢ HeH MOKHO CHNpPaBHTbCH, 4YTO H HJIIOCTPUPYET MpHBEAEHHAS
IpoTpaMMa, B KOTOPOH MAWIHHHAS 3aBHCHMOCTh YNpPSITAHA B OYEHb MAaJEHbKON
ee yacTH. YTo kacaercs npoGiieMH BLIPABHHBAHHS, TO Mhl pa3pelIMiH ee npH
momown typedef u union (mpeanonaraercst, uro sbrk gaer HOPMAJbHBIH B
CMbpIC/JI€ BbIDABHHBAHHSA yKasaTenab). Onepauud NPHBENCHHS THIOB MO3BOJISIOT
HaM CIe]1aTh SBHBIMH NPeO6pPa30BaHHA THIOB H [aXe CHOPABHTBCS C ILJIOXO
CIPOCKTHPOBAHHBLIM HHTepdelicom cncTembl. HecmoTps Ha T0 uyTOo Hamm pac-
CYXJI€HH: KacaluCb pacCnpelleieHHst NaMsiTH, 3TOT OGIIHA NOAXOA NPHMEHHM H
B IPYTHX CHTYAIHSX.

YnpaxHenne 8.6. Cranpapthas ¢ynkuus calloc(n, size) BO3BpalllaeT yKa-
3aTelb Ha N 5JEMEHTOB NaMSATH pa3Mmepa Size, 3amo/HeHHBIX HyasaMH. Hanu-
wuTe CBOM BapuauT calloc, nosb3ysich ¢yukunedr malloc uam MOIH(PHUHPYS
HNOCJIEAHIOIO. :

Ynpaxuenue 8.7. ®yukuus malloc nomyckaer J060# paamep, HHKaK He Mpo-
BepsAs €ro Ha npasaomonoGHe; free npeanmosaraer, uYTO pasMep OCBOGOXKAA-
eMoro GJIOKAa — MNpaBHJbHBIA. YCOBepUIEHCTBYHTE 5TH NpOrpaMMbl TakHM o6pa-
30M, 4TOGHl OHM GOJiee TUIATENBHO KOHTPOJHPOBAIH OLIHGKH.

Ynpaxuenne 8.8. Hanuwwure nporpammy bfree(p,n), OCBOGOXKAAIOUIYIO POH3-
BOJIbHBIA GJIOK D, COCTOSIIHA H3 N JHTep, NYTeM BKJIOYEHHS €ro B CIHCOK
CBOGOAHOH NaMsATH, NOAZepXHBaeMblit GyHkunsamu malloc u free. Ipr nomouru
bfree nosnb3oBaTenb NOJKEH HMeTb BO3MOXKHOCTL B JK06Oe BpeMst N0GaBHTH
CTAaTHYECKMH HMJIH BHEILHHH MaCCHB B CIIHCOK CBOGOZHOM NaMSITH.

— .




neunoxedmue A. CIMIPABOYHOE PYKOBOACTBO

A1. BBEAEHME

Jlannoe pyKOBOACTBO $IBJSIETCSl OMHCAHHMEM s3bIKA NPOrpaMMHpPOBAHUS
CH, ONpeleNeHHOr0 B COOTBETCTBHH C NpPOEKTOM, YyTBepxiaeHHbim B ANSI B
KayecTBe AMEDHKAHCKOr0 HAllMOHAJBbHOTO CTaHaapTa s HHQOPMAUHOHHBIX
cucrem: S3bik nporpammupoBands Cu, X3.159-1989 («American National
Standard for Information Systems - Programming Language C, X3.159-
1989»). Dro onucaHue — JIHWDb HEKOTOPbIH BApHAHT IpPEeNJIaraeMoro CTaH-
JapTa, a He C¢aM CTaHAapt, OJHAKO MBI ClelHaJbHO 3aCOTHJIHCL O TOM,
4yTOGB OHO OBIIO HAAEKHBIM PYKOBOACTBOM MO SI3bIKY.

Hacrosimuit n0KyMeHT B OCHOBHOM cJleiyeT o6uled Cxeme ONHCAHHS,
NPUHATOH B cTaHgapre (ny6JHKallHs KOTOPOTO B CBOW Odepelb OCHOBHIBA-
Jach Ha 1NepBOM H3[JAHHUK 3TOH KHHUIH), OAHAKO B OPrdHH3aUHOHHOM [JaHe
ecTb pasjHuusi. Eciad  He cuuTaTh OTKJOHEHHH B HAa3BAHHAX HECKOJbKHX
npoayKUMH M OTCYTCTBHSL (DOPMAJIbHEIX ONpPEIeJEeHHH JIEKCEM M MNpenpouecco-
pa, TPaMMaTHKH $I3blKa 3[€Ch W B CTaHAAPTE 3KBHBAJIEHTHBL

HNanee BCwoay npHMeyaHus (Kak H 3TO) HaOHPAOTCA C OTCTYNOM
OT JIeBOro xpasi CTpaHWubl. B OCHOBHOM 3TH npHMeuaHHs Kkaca-
I0TCS OTJHMYMI CTaHaapra OT BEpPCHU s3bIKA, ONHCAHHOW B Iep-
BOM HM3[AAHWHM 3TOH KHHIH,- M OT TOCJEAyIOLHX HOBOBBEAEHHH B
pa3JIMUHBIX KOMITHAATOPAX. :

A2. COMNAWEHMA O NEKCHUKE

[lporpaMma COCTOHT H3 ONHOU HJIM HECKOJbKHX KOMNOHEHT TPAHCAAYUU,
xpansimuxcss B BHAe ¢ainos. Kaxias Takas KOMIOHEHTa MPOXOAMT psia ¢a3
TpaHCAAUKH, onucaHHbix B Al2. HauanbHbie ¢aspi OCYLIECTBJASIOT JIEKCHYEC-
KHe TNpeo6pasOBaHMsi HHIKHErO YDOBHs, BHINOJHSIIOT [AHPEKTHBBI, 331aBAEMbi€ B
mporpamMme CTPOKAMH, HauMHAKOIIHMHCA €O 3Haka ¥, o6pabaTbiBalT MaKpoON-
pelleleHHst M TOJy4alT Makpopaciiupenus. [lo 3aBepilueHHio npenpoieccuposa-

uust (A12) nporpamma n[peACTaBNAETCA B BHAE [OC/JEJ0BATENbHOCTH  Ji€K-
ceM.

A2.1. HNexcemnl

CylecTBYIOT ECTb KJA4CCOB JEKCEM: -MIEHTH(HKATOPH, KJIOYEBblE CJO-
Ba, KOHCTAHTbl, CTPHHIOBHIE JIHTepa/ili, ONEpATOpbl # NpPOYHe pa3leHTesH.
flpo6entl, TrOpU3OHTANbHBIE H BEPTHK:IbHbIe TAOYJNSLHK, HOBBIE-CTPOKH, me-
PEBOABI-CTPAHHILL H KOMMEHTApHH (uMewoulHe ofulee Ha3BaHHe «npoGenbHble
JIMTEPHI») PACCMATPHBAIOTCA KOMIHJAATOPOM TOJIBKO KaK pa3feNHTeNH JeKCeMm
H B OCTa/lbHOM HA pe3yJbTaT TPAHCJsILHH BiHsiHuA He okasbiBawoT. Jliobas u3
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npOGe/bHBIX  JIATEP TOAWTCA, 4YTOGBl OTHEJNHTb APYr OT JAPYra COCeJHHE
HAEHTH()HKATOPBI, KJIOUEBblE CJ0BA M KOHCTAHTHI.

Ecau npeanonoxurb, 4TO - BXOAHOH NOTOK yxe A0 HEKOTOPOH JIHTEpHI
Pa3GHT HA JIEKCeMbl, TO CjefyioweH JiekceMoi OydeT Camblit AJMHHBIH CTPHHT,
KOTOPbIH BOOGILIE MOXeT GbITh JIEKCEMOH.

A2.2. Kommentapui

Jlutepet /* OTKpHIBAIOT KOMMEHTApHH, a JHTEpPH */ 3aKpbIBAIOT €ro.
KommenTapun Henb3s BKJAaABBaTb APYr B Jpyra, HX Heab3s [OMeuaTh
BHYTPb CTPHHIOB HJIH TE€KCTOBBLIX JIHTEPAJOB.

A2.3. Hpentuduxartopnl

Muentuduxkarop — nocnenoBatensHOCTs GYyKB H uudp. Ilepsoit aurtepoit
momxHa OblTb OyKBa, 3HAK TNOMYEPKHBAHHA _ CUNTaeTcs O6YKBOH. DByKBel
HHXKHETO0 H BEDPXHEr0 PErucTpoB pasaHyaoTca. HiaeHTHOHKATOPH MOTYT HMeTb
Mo6yI0 AMHY; A5l BHYTPEHHHX HIACHTHOHKATOPOB 3HAYHUMBIMH SIBASIOTCS Mep-
Basi 31 JHTepa; B HEKOTOPBIX peajH3aUUsIX NPHHSTO OO/blIee YHUCAO 3HAUH-
MbIX JIHTED. K BHYTpPEHHHM HIEHTHOHKATOPAM OTHOCATCA HMEHa MaKpOCOB H
BC€ /pyrue HMeHa, He HMellHe BHewHHX cssized (Al11.2). Ha wnaentHpuka-
TOpbl C BHEUIHHMH CBSI3SIMH MOTYT HAaKJaAblBaTbCsl GOJbLIHE OrpaHHUYEHHS!
HHOT1a BOCHPHHHMAIOTCS He GoJiee IIeCTH MHepBbIX JHTED H/HJIH HEe pas/uua-
10TCs1 GyKBbl BEPXHEI0 H HHXXHErO pPerucTpoB.

A2.4. Kmouesbie cnosa

Crenyomue HICHTHOHKATOPBl 33ape3epBUPOBAHBl B  KAYeCTBE KJIOYEBHIX
CJI0OB U B APYTrOM CMBIC/IE HCIIOJIb30BATLCSI HE MOTYT:

auto double int struct
break else long switch
case - enum register typedef
) char extern return union
e const float short unsigned
Y continue for signed void
default goto sizeof volatile
do if static while

B HekOTOpBIX peanH3auHAX pe3epBHpYIOTCA Takxe cjosa fortran u asm.

Kaiouesbie ciioa const, signed u volatile snepsble mosiBHauCh
B crannapre ANSL; enum u void — HOBble NO OTHOWEHHIO K nep-
BOMY H3IAaHHIO, HO YyXe€ HCNOJb30BaJMHCh, paHee 3ape3epBHDPO-
BaHHOE entry wurae He HCIOBL30BANOCH M NO3TOMY 60Jee He
pe3epBUpYeTCH.

A2.5. Koncrantsr

CyuiecTByeT HeCKOJIbKO BHAOB KOHCTaHT. Kaxaasi HMeeT CBOH THN naH-
HbIX; 6a3oBble THNBI paccMaTpuBawTes B A4.2.

KORCTAHTA:
UCAAR-KONCTAHKTA
AUTEPHASI-KOHCTAHTA
C-NAQAB-TOHKOU-KOHCTANTA
NePeHuUCAUMAR-KOHCTARTA




Cnpasounoe pyxoeodéreo 185

A2.5.1. lleavie KoHcTaurol

Llenass KOHCTAaHTa, COCTOSIAs M3 [OCJAENOBATe]bHOCTH uudp, BOCNpPH-
HHMaeTCsi KaK BOCbMepHYHasi, ecau oOHa HayuHaercss ¢ O (undpst HyJb), H
KaK J[JeCSTHUHAasa B MPOTHBHOM cJjayyae. Bocbmepuunasi KOHCTaHTa He COlep-
xut unpp 8 u 9. I[locaenosatenbHOCTb WMGP, nepex KOTOpoi cTosaT 0X HiH
0X, paccmaTpuBaeTCs Kak lIeCTHaAUATHPHYHOe uenoe. B mecTHaguaTupHuHbIe
uuppbl BKJAOUeHH OykBbl OT @ (uau A) po f (uam F) co 3suauenmamu ot 10
no 15.

Llenasn koncTanTa MoOxeT ObiThb 3anucaHa ¢ OykBOoH-CydpdHKCOM U (HaH
U) mas cneundHkalnHH ee Kak Ge33HakoBod KOHCTaHTh. OHa TaKke MOXeT
6uTh ¢ OGykBoi-cyddukcoM 1 (uaum L) Ans ykasaHusi, 4YTO OHA MMEET THIN
long.

Tun nenoH KOHCTAHTHI 34aBHCHT OT ee BHAa, 3nHavdeHus W cydoukca. (O
tumax cM. A4.) Ecau KoHCTaHTa — HJecATHUHass M He HMeeT cyddHKCa, TO
OHAa MpPHHHUMAET [epBLIl H3 CJeAyIOIHX THMNOB, KOTOPBLIK FOAHTCA [JA Ipen-
cTaBiaeHust ee 3nauenusi: int, long int » unsigned long int. Bocbmepuu-
Hasi WJIH 1eCTHAALATHPHUYHASL KOHCTAHTA 0e3 Cyd@HKCA MNpHHUMAET NepBbIH
BO3MOXHBIN H3 thunos int, unsigned int, long int » unsigned long int.
Ecan koucraura wumeer cydpduxc u wam U, TO OHA npHHHMaeT TNepBBHIH
BO3MOXHBIH M3 THnoB unsigned int u unsigned long int. Ecau koncraHTa
umeer cydpoukc 1 wam L, 1O OHa npHHHMaeT nepBhiH BO3MOXHbLIA H3 THIOB
long int u unsigned long int.

Tunbl  uedblX KOHCTAHT TNOJYUHJAHM CYLIeCTBEHHOE pa3BHTHE B
CpaBHeHMM C NepBOH pejpakuued, B KOTOpPOH 6oJblliHe LeJible
umeaun npocto tun long. Cyddukcsl U H U BBeleHbl BREpBLIE.

A2.5.2. Jlutepnbie KOHCTQHTOL

JluTepHast KOHCTaHTa — NOC/AEAOBATE/NbBHOCTb H3 ONHOH HJIM HECKOJbKHX
JINTEP, 3aKJMIOYeHHAass B OJHHOYHHBE KaBbluku (Hanpumep, ’X’). Ecau suytpu
ONHHOUHBIX KaBblUEK pAClOJIOXKEeHa O/HAa JINTepa, 3HAYEHHEM KOHCTAHThl SIBJS-
€TCS UMCJIOBOE 3HAYeHHe 3TOH JIMTeps B KOAMPOBKe, NPHHATOH Ha JAaHHOH
MalivHe. 3HAaueHHe KOHCTAHTHl C HECKOJbKHMH JIHTEPAMH 34BUCHT OT peaju-
3a1HH.

JluTepHasi KOHCTAHTa He MOXeT cojepxaTb B cefe OQMHOYHYIO KaBBLIUKY
«'» HWJIH JHTEPYy HOBAasi-CTPOKA, 4TOOH H300pasuTb HMX H HEKOTOpbIe IpyrHe
JUTEpLl, MOTYT ObITh HCNOJNb30BAHbI 3CKEHI-NOC/EL0BATENbHOCTH!

HoBasi-cTpoka (newline, linefeed) NL (LF) \n
ropus-ta6 (horisontal tab) HT \t
sept-Tab (vertical tab) VT \v
BO3Bpar-Ha-war {(backspace) BS \b
Bo3Bpar-kapeTkn (carriage return) CR \r
nepepoa-crpanuus (formfeed) FF N P
curnan-3poHok (audible alert, bell) BEL \a
obpartHasi-Hak/aoHHas-uepra (backslash) \ \\ g
3nak-ponpoca (question mark) ? \7?
onHHOYHAs-KaBhiuka (single quote) ’ \’
nBoiHas-kaBbiuka (double quote) " \"
BoCbMepHuHbIi-koa (octal number) 000 \ooo
miecTHaAuaTHpHuHbiii-xon (hex number) hh \xhh

ScKeHN-NoCaef0BATENLHOCTb \00O COCTOMT M3 OOpaTHOH HAKJOHHOH YepThl,
3a KOTOPOH CJEAYIOT OfHA, [Be MJM TPH BOCbMEPHUHbIE LHQPH, Crneunduun-
pyloline 3HaueHHe kejaeMoll suTeppl. HanGosee 4acTelM TPHMEDOM TaKOH KOH-
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CTpykuun sasercs \0 (3a kortopoit He caeayer uudpa); oua cneunpHUHpY-
er null-nutepy. Sckeiin-nocnenoBaTenbHocTb  \XAA COCTOHT U3 o6paTHO#
HAKJIOHHOH uepThl ¢ OYkBOH X, 3a KOTOPBIMH CJeAYIOT WIeCTHAaAUATHPHYHBIE
UHGPH, CcnenHdHUHPYIOIUHE 3HAUEHHE KeJaeMoN auTeprl. Ha xonuuectso umndpp
HET OrpaHHYeHHH, HO pesysnbTaT OydeT He ONpedeseH, €CAH 3HAYEHHE 10
JYUEHHOH JINTEpbl NPEBLICHT 3HAUEHHe CaMOll «BOJbINOH» M3 NONMYCTHMBIX JIH-
tep. Ecam B nanuoi# peanusaumu Tan char TPaKTYeTCsl KakK YHCJIO €O 3Ha-
KOM, TO 3Ha4YeHHE H B BOCbMEPHYHOH, M B IIECTHARUATHPHYHOH 3SCKeHT-no-
CICAOBATE/IBHOCTH NOJy4aeTCsi NPU TNOMOLLH «PA3MHOXKEHHS 3HAKA», KAK eCJH
Gbl  BBIMOJIHAIACL  ONMEpalMsi NpPHBELEHHS K THny char. Pesyabrar He
ONMpeNeJeH, eCJM 33 \ He CJelyeT HH ONHA M3 NEPEYHC/IEHHBIX BhILIe JIHTEP.

B HekoTOphIX peanusaunsx Hmeercs paclIHMpeHHbIH Habop JIKTEp, KOTO-
ppii He MOXeT GOHIThb oxBauen Tumom char. KOHCTaHTa s TAKOro Habopa
numercs ¢ GykBoH L Bnepemu (manpumep, L’X’) u uaswiBaercs «wupokoi»
JIHTEPHOW KOHCTAaHTOH. Takas KOHCTAHTA HMeeT THII wchar _t (uesnouncaen-
HbIH THI, ONpeie/seHHBIi B CTAHAAPTHOM TOJOBHOM taiine <stddef.h>). Kak
H B Caydae OGHIUHBIX JIMTEPHBIX KOHCTAHT, 31€Ch TAKXKEe BO3MOMKHDI BOCbMEpH-
YHBIE H  IIGCTHAALUATHPHUYHbBIE 5CKEHMN-NOCJAENOBATENLHOCTH;  pe3yJbTaT 6yner
HE OMpeneseH, €CaH CreuHpHUHPOBAHHOE 3HAYEHHE NPEBLICHT THN Wchar t.

Hexortoprle u3 npusegenubix 3CKEHN-NOCIeI0BATENLHOCTEH  HO-
Bble (IWICCTHAAUATHDHYHBIE B y4acTHOCTH). HOBMIM siBasiercs  u
PaClWIMPEHHBIH THN A sutep. HaGopam nuTep, OGBIUHO HCIOMb-
3yembiM B Amepuke u 3ananHoii EBpome, nOAXOAMT THMN char, a
Tan Wchar_t 6uis po6aBjeH, raaBHBIM 06pasoM IAsi TOrO, 4TOGHI
YAOBJIETBODHTb a3HATCKHE S3LIKH.

A2.5.3. Koncranter ¢ naasawweil toukoi (naasarowue xoncranror)

[nasarowas koncranta cocTour u3s wmesoft 4acTH, [AECSITHYHOM TOYKH,
ApOGHO# uwacTH, € uau E u npesoro (BO3MOXHO, €O 3HAKOM), NpeACTaBJsIO-
Lero.  3KCNOHEHTY, H, BO3MOXHO, THNa-cy¢pdukca, 3anaBaeMoro OAHOH H3
6yke: f, F, 1 wau L. WU wenasn, u ApoCHAsT 4aCTh MNPEACTABAAIOT COBOH mo-
C/1€N0BaTe/NbHOCTE uugpp. JIu6o wuenas wacth, aHGO ApoGHasg yvacTb (HO He
00e BMeCTe) MOIYT OTCYTCTBOBATb, TaKKe MOLYT OTCYTCTBOBATb J€CSITHY-
Hasg Touka HJaH E ¢ 3kcnonenTtoll (HO He ofe onxospemenno). Tun onpene-
aAsercs cybdukcom; F ouin f onpemensior tun float, L wuam 1 — THn long
double; npu orcyTcrBHE Cybdukca noapasymesaercs tun double.

Cyddukenl anst niaaBaoumx KOHCTAHT ABASIOTCS HOBOBBEEHHEM.
A2.5.4. Ilepequcaumoie Koncranro

Hnentnodukaropsl, o6bsiB/eHHbIE KAK  3/1€MEHTH nepeuncnenuss (A8.4),
ABJAIOTCH KOHCTAHTAMH THma int.

.A2.6. Crpunrossie nurepansi

CrpuHroBbt suTepan, KOTOpBI TaKXe Ha3blBAIOT CTPHHTOBOH KOHCTAH-
TOH, — 3TO MOCJEN0BATEABLHOCTD JIHTEDP, 3aKJIOUEHHAss B JABOHHEIE KAaBBIYKH
(Hanpumep, "..."). CTPHHT HMeeT THI «MacCHB JIUTEP> M MNaMATb KJacca
static (A4), «koropas HHHUMAHIHPYETCH 3alaHHBIMM JHTepamu. [lpeacras-
JSIOTCH M OQMHAKOBLIE CTPMHTOBBIE JIMTEPANibl ONHOW KOMWeH Wiu HECKOJbKH-~

MH, 3aBUCHT OT peanusanuu. [loBeseHHe NporpaMmbl, NHITAOWEHCH HIMEHUTH
CTPHHTOBLI# JIMTepas, He OnpepeseHo.
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PsizoM mnanucaHsble CTPHHTOBBIE JIHTepajibl OGbEAMHSIOTCS (KOHKATEHHpY-
I0TCS) B OMHMH  CTPHHT. [locae /11060# KOHKATEHAUMH K CTPHHTY A0GaBJISieTCs
null-Gait (\0), wuTO mno3BOAsIET npOrpamMme, MPOCMATPHBAIOWIeH CTPHHT,
HailTd ero koneu. CTpPUHTOBbLIE JIHTEpanbw HE MOTYT cogepxatb B cebe
HOBYIO-CTDOKY MJIH IBOHHYIO KaBbIUKY; B HHX HYXHO HCNOJbL30BATH T€ XK€
3CKEHN-NOC/eJOBATEIbHOCTH, YTO H B JIHTEPHLIX KOHCTAHTAX.

Kak ®u B cayyae ¢ J/MTepHBIMH KOHCTAHTAMH, CTPHHTOBBIN JHTEpal ¢
JIATEPAMH H3 pPaCHIHPEHHOTO HA0Opa [O/KeH HayuHaTbCsl ¢ GykBol L (Hanpu-
mep, L"..."). CrpuHrosbif JsHTepan M3 pacIIHPEHHOrO Habopa HMeeT THT
«MaccuB M3 wchar_t». KonkaTenauus OGBIUHBIX H «PACUIHPEHHBIX» CTPHHTOBBIX
JINTEpaNoB APYT C APYyroMm He onpejeseHa.

To, uTO cTpuHroBble sHTepasbl He 0653aTeNbHO NPEACTABAAIOTCS
Pa3HLIMH KONHSIMH, 3anpeT Ha HX MOAM(DHKAUMIO, a4 TaKXKe KOHKa-
TEHAUHs COCENAHHX CTPHHIOBBIX JIHTEPAJOB NBJASAIOTCH HOBOBBEje-
HusMn ANSl-cranpapra. «Pacuiupennsies CTpuHrOBble JHTepassl
TaKXe OOBSBJEHbl BIEPBBHIE,

A3. HOTALIMA CMHTAKCUCA

B HOTauuu cHHTAaKCHCa, HCNO/B3yeMOH B 3TOM pPYKOBOACTBE, CHHTAK-
CHYECKHe INOHSITHA HAOHpPAlOTCA KypCHBOM, a CJOBa M JIMTEPHI, BOCIPHHHMae-
Mble GYKBaJbHO, OObIYHBIM WIPHATOM. AJIbTEPHATHBHBIE KOHCTPYKUHH OGBIYHO
MePeUHCIAIOTCA B CTONOHK (Kaaasi ajbTepHATHBA HA OTHEJNBHOH CTPOKe); B
pedKHX CJayyasX MJIMHHBIE CNUCKH HeOONbIIHX 10 pasMepy ajbTepHATHB pac-
noJjaralTcsi B ONHOH CTpPOKe, TOMEYEHHON CJ0BAMHM «OOMH H3». Heobsi3a-
TEJbHBIH TePMHHAJbHBIE H/AM HETEPMHHANbLHLI CHMBOJ CHaGXAaeTCs HHAEKCOM
«Heob». Tak, 3anucob ' '

{ soipadcenue, , o }

0603HayaeT BbIpaXKEHHE, 3aKMIOUEHHOE B (QHIypHble CKOGKH, KOTOpoe B 0OfLieM
ciyyae MOXeT OTCYTCTBOBATb. [losiHbli nepeyeHb CHHTAKCHYECKHX KOHCTPYK-
uui npusesed B Al3.

B orauune ot rpaMMaTHKH, JaHHOH B NEPBOM H3JAHHH 3TOH
KHHTH, NpHBEACHHAsa 31€Cbhb TrpamMMaTHKa CTapUIHHCTBO H TNOpPSAAOK
BBITTIOJIHEHH S onepaum“d B BBIpaXE€HHAX OIHCHIBAET SIBHO.

A4. HTO OBO3HAYAIOT UOAEHTUDUKATOPHI

CywecTsyer pan Bewed, Ha KOTOpble CCHIMAOTCH MPH NOMOIUH HAEHTH(H-
KaTopoB, HJIH HMEH; 3TO — (QYHKUHH, Terd CTPYKTyp, OOBEAMHEHHH M me-
peyHC/eHHit; uJeHBbl CTPYKTYp HaH ofbveannenuit; typedef-umena u o6bexTo.
O6GbekTOM (Ha3blBaeMbIM HHOTAA NepPeMeHHOH) SABASETCS YacTh NAMATH, HH-
TeprnpeTauust KOTOPOH 3aBHCHT OT J[ABYX [VIABHLIX XapaKTePMCTHK: KAQcCCa
namatu W ee Tuna. Knacc namsati coofiaer 0 BpeMeHW XKH3HH MaMSTH, CBSi-
3aHHOH ¢ HMAeHTHOUUMDYeMbIM OGBEKTOM; THII OmNpeaessieT, KAKOro pona 3Ha-
uyeHHs HaxomsaTcst B oObekTe. C  JI0GBIM HMEHEM ACCOUHMHPYETCS CBOS  06-
J1aCTb MEHCTBHS (T.€. TOT YYacCTOK NpPOrpaMMbl, [I€ 3TO HMS «BHAHMO») H
aTpHOYT CBS3M, ONpene/sIOUlHi, CCHIIAETCH JH 3TO MM B Apyrom daitae Ha
TOT Xe camblii 06bekT HaAM ¢yHkuuio. O6ractb DeRACTBUA M aTpHOYT CBSI3H
obcyxnatorcs B All
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Ad.1. Knacc namsaru

CyliecTBYIOT ABa Kksacca NaMsTH: aBTOMATHYECKHH M cCTaTHueckuii. He-
CKOJIbKO KJIIOYEBBIX CJIOB B COBOKYNHOCTH C KOHTEKCTOM [EKJAapalHii O6bek-
TOB CNEUHOHUHPYIOT KJIACC NaMATH A4 3THX OGDBEKTOB. ABTOMaTHUYECKHe
OGbeKTBl JIOKaNM30BaHbl B 6Gaoke (A9.3), OHH «HCYE3AIOT» NpH BHIXOAE U3
Hero. Jleknapauusi, 3anaHuas BHYTPU 6J10Ka, €CAH B Hedl OTCYTCTBYeT CIle-
UHGHKAUUSA KJacCa MNaMsITH MM  yKas3aH cneuudpukarop auto, cospaer asTo-
MaTHYeCKHH O6BbeKT. OGBbEKT, NOMEUeHHBLINH B nekaapauHu cjaosoMm register,
ABJACTCA aBTOMATHYECKMM M pa3MeIlaeTCsi NO BO3MOXKHOCTH B pPErHCTpe Ma-
LWHHBI ~ :
CraTnueckue OGBEKTH MOLYT OBITh JIOKANH3OBAHbBI B GJIOKE WM pacno-
JlaraTthCst BHE G6J0KOB, HO B O60HX CJy4YasX HMX  3HAYECHHS COXPaHSIOTCA IOC-
J€ BHXOAAa H3 G6/I0KA (MAH (YHKUHMH) A0 NOBTOPHOTO B HEr0 BXO/a. BuyTpu
6i0ka (B TOM uYHCJIe H B 6J0Ke, ofpasyiouteM Te10 GYHKUHH) CTaTHUECKHE
O0bEKTH B JeKJapalUsix NOMeyalTcst cjosoMm Static. O6bexTHl, neknapupy-
€Mble BHe BCex G/IOKOB HAa OAHOM YpPOBHE C ONpede/eHHsAMH ¢yHKUHH, Bceraa
cratuyeckue. [Ipu nmomomu kaiouesoro cnosa static Hx MOXHO JOKANH30BATH
B lpejesnax TPAHCAHMPYEMOH KOMIOHEHTH (B 3TOM CJydae OHH MOJYYAOT aT-
PHOYT 8HyTpenuetl 643u), W OHM CTAHOBATCH [VIOGAJAbHBIMH U BCelt npor-
paMMBbl, €CJH ONnyCTHTb $IBHOE YyKa3aHHE KJacca NaMsATH HJH HCINOJIb30BATH

KJ1ioueBoe cq0BO extern (B 3ToM cayuae oum NONYyYaKT aTpUOyT 8Hewrel
c8a3u).

A4.2. Bazosbie THRbL.

CyumecTByeT HECKOJNbKO 6a30BBHIX THIOB. CranaapTHbli  roN0BHOH oaita
<limits.h>, onucanubliél B npuaoxeHuu B, onpepenser camoe Gosablice u ca-
MO€ Majoe 3HAYEHHs [JIA KaXAOro THNA B JaHHOH KOHKDETHOH peajH3auuy.
B npunoxenun B npuBeseHB MHHHMA/NbHO BO3MOMXHBIE BeJHYHHBL

Pasmep 006bekToB, pgeksapupyembix Kak JIMTEpH, MO3BOJISET XPpaHHTb
J06yl0 JMUTEPYy M3 HaGopa JHTep, MNPHHSTOr0 B MauuHe. ECAH O6beXT THIA
char pnefcTBUTeNBHO XpaHUT JHTepy H3 [aHHOrO Habopa, TO €ro 3HayeHHeM
ABJNSETCSl KON 3TOH JIMTEPHl, T.€. HEKOTOpOe HeoTpHuaTeabHOe nesnoe. [le-
PeMeHHBE THNMAa Char MOryT XpaHHTb M JApyrHe 3HAYeHHs, HO TOTAA AHANA-
30H HMX 3HAYEHHH H OCOGEHHO BONPOC O TOM, 3HAKOBbIE 3TH 3HAYEHUS MJH
Ge33HAKOBLIE, 3aBHCHT OT peajH3alMH.

Bessnakosbie JimTepbl, neknapupyemble NpH  NOMOWH  CJIOB unsigned
char, HMeIOT Ty )Xe paspAmHOCTb, 4TO U OGBLIYHBIE JIUTEPH, HO NPEACTABJAAIOT
HEOTPHLATE/IbHLIE 3HAYEHHS, NPH NOMOIK cjoB Signed char MoxHO sBHO me-

KJIapHpOBATL JIMTEPbl CO 3HAKOM, KOTOpbie 3AHHMAKOT CTOJNBKO K€ MeCTa, Kak
H OGbIYHBIE JHTEpHI.

Tun unsigned char e ynomumancs s NepBOH peakUHH, HO
BCeMH HcnoJsb3oBancs. Tun signed char — woBwii.

[lomumo char cpeanm wueNQUHC/HEHHBIX THIOB MOTYT ObiTb UeJble Tpex
pasmepos: short int, int u long int. O6biunbie int-o6bekThl MMewoT ec-
TECTBEHHBIH pasMep, NPUHATHIH B apXHTEKTYpe NAHHOH MAIIMHEL, Apyrue pas-
MEpBl [IpeNHA3HAYeHbl U1 CHEUHAJbHBIX HYXA. DoJjiee [AJHHHBIE Leable Mo
KpailHel. Mepe NOKPhIBAIOT BCe 3HAuYeHHs 6oJee KODOTKHX UeJbIX, OAHAKO B
HEKOTOPLIX pealu3auMsiX OOLIUHbIE Uesble MOTYT GbiTh IKBHBAJIEHTHBI KOPOTKHM
(short) wuam anuuueM (long) uensim. Bce Tune int NpPeACTaBASIOT 3HAYEHHS
CO 3HAKOM, €eCJIM He OrOBOPEHO NPOTHBHOe.

Hnasi 6€33HaKOBBIX LEJbIX B AeKJapauusix HCNIOIb3YeTCH KJIOUeBOE CJI0BO
unsigned. Takue uesnble MOAYMHSIOTCA apHbMETHKE M0 Moaynw 2" rme n —
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yucao OuT B MOpPEACTABJEHHH 4YHCJA, M, CJei0BaTeJbHO, B apHpMeETHKe C
6€33HAKOBLIMH UEJbIMH HHKOr1a He ObiBaeT rnepenosiHeHusi. MHOXeCTBO HeoT-
pHLATEJbHBIX 3HAauYeHH#l, KOTOpbIE MOTYT XPAHHTBCS B 3HAKOBHIX OOBEKTaX,
SIBJISIETCA MOAMHOXECTBOM 3HA4Y€HHUH, KOTOpble MOryT XPaHHTbCH B COOTBETC-
TBYIOWHX OGe€33HAaKOBbIX OOBEKTAX; 3HAKOBOE U 0e33HAKOBOE MpeACTABJEHHS
KaXIOr0 TAaKOro 3HayeHHs COBMNAJAloT.

Jliobbie nBa H3 NJABAWIUKMX THMOB: ¢ oaMHapHOM TouHocThio (float), ¢
ABoiHOH TOuHOCThIo (double) W ¢ mnoBbiwennoft Ttounocteio (long double)
MOryT OBITh CHHOHHMAMH, HO KaXKABH CJAEAYIOWHH THN 3TOr0 CHHCKA OOJXKeH
no xpaHHeHd Mepe 06eCNeYHBATb TOUHOCTb HpeblAYLIErO.

long double - HoBHIK THn. B nepBoil penakuuu CHHOHHMOM IS

double 6nin long float, tenepbr nocaeauuit H3BAT U3 obpaite-
HHS.

ITepeuucrenus - eIMHCTBEHHBIE B CBOEM pOJE THIBI, KOTOPBLIM - AaeTcs
MOJIHBIH NepeYyeHb 3HAYEHHH; € KAXKABIM [EpPEeYHCJIEHHEM CBI3LIBAETCH MHOXKEC-
TBO HMEHOBaHHbIX KOHCTaHT (A8.4). [lepeuncsnenuss BeayT cebsi Hanogobue
UeJBIX, HO KOMIHJSATOp OOBLIYHO BhIZAET MNpeaylpexaaiollee COOGLIeHHe, eCJH
O00BEKTY HEKOTOPOro TNEpPeYHCAHMOr0 THNA MNPHCBAHBAETCS HEYTO, OTIHYHOE
OT ero KOHCTaHTbl, HJIH BbIPaXKeHHE HE 3TOr0 MepeuyHCJHMOro THIA.

[TockoabKy OGBEKTH MEpedHCJAUMBIX THIIOB MOXHO pacCMaTpHBATh Kak
UHCJA, NEepeyHCIeHHe OTHOCAT K apupmeruweckomy TtHny. Tunwei char wu int
BCEX pPa3MepoB, KaX[Abl H3 KOTOpPbIX MOXeT ObiThb CO 3HAKOM HJM 0e3 3Haka,
& TaKxXe MepevyHC/iMMble THNbl HA3bIBAIOT yeaouucaenmoimu. Tunwe float, double
H long double uasmBawTCS niasaruiumu.

Tun void cneunduuupyer nycroe muOxecTBO 3HaueHHi. OH HCHOJB3Y-
€TCA KaK «THNl BO3BpallaeMoro GyHkuHe#l 3HaueHMsi» B TOM CJyuae, KOrjia
OHA HE TEHEPHUPYET HHKAKOrO pPe3yJIbTHPYIOULEr0 3HAUEHHS.

A4.3. Buisogumsie THnbI

[ToMumO 6a30BbIX THIOB CYLIECTBYeT [PAKTHYECKH OGECKOHEUHBIH KJacce
BLIBOJIUMBIX THIIOB, KOTOpble (OPMHPYIOTCS M3 yXKe€ CYIIECTBYIOIHX H KOTOpHIE
ONMHCHIBAIOT CJEAYIOUlHE KOHCTPYKUHH:

+ Maccuso, OGBEKTOB 3aJaHHOrO THIE;
» (PyHKyuu, BO3BpAlLAIOLINE OGBEKTH 3aJAHHOTO THINA;
o yKkasareiu Ha OGDBEKTHl 33JaHHOTO THMA,

« CTPYKTYpbL,  COOEpXKAllHEe IIOC/JeN0BATENbHOCTb OGBEKTOB, BO3MOXHO,
Pa3/IHYHDbBIX 3aAaHHbIX THIIOB,

. obBedunenusn, Kaxaoe H3 KOTOPHIX MOXET COAepXKaTb OAHH H3 Hec-
KOJIbKHX OOBEeKTOB pa3JHUHBLIX 3aJaHHbLIX THIOB.

B ofwem csayyae npuBeneHHbie MeTOAB KOHCTPYHPOBAHUS OGBEKTOB MOTYT
MPHMEHSITBCA PEKYPCHBHO.

Ad.4. Ksanudpukaropsi Tunos

Tun ob6bekta Moxer cHaGxarbcsi kBanHdukatopom. J[exkaapauusi o6bek-
Ta C KBaJH(QUKATOPOM CONSt ykasbiBaeT Ha TO, UYTO €ro 3HAUEHHEe JaJjiee He
OydeT H3MeHSTbCs; OO0BABAAA 06beKT kak volatile (uamenuuBblii, Hemo-
CTOSIHHLIH (QHeAa.)) MBI yKasbiBaeM Ha ero ocofble CBOHCTBA B OTHOLIEHHH
ONTHMH3AUMH, BBINOJHSIEMOH KOMIHAsATOpOoM. HH o@HH M3 KBanH(pHKATOPOB He
BJIMSIET HA L[Mana3OoHbl 3HAaueHHHd H  apudMeTHYECKHe CBOHCTBA OGBHEKTOB.
Ksanudukatopel o6cyxnaiotces B A8.2.
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A5. OBBEKTbl U L-3HAYEHMA

O6vekT — 3TO HEKOTOpasi MMEHOBaHHAas O6/aCTb NaMATH, l-3nauenue —
BbIpDAXEHHE, CChNAoeecss HA O6beKT. OueBHAHBIM NpPHMEpPOM |-3HAYEHHUA siB-
JISI€TC MAEHTHQHKATOP C COOTBETCTBYIOLIMM THIOM H KjaaccoMm namsTtd. Cyue-
CTBYIOT ON€pauuu, Nopoxaamouue |-3navenusi. Hanpumep, ecan E - BLIpaxke-
HHE THIIAa yKasaTesJb, TO *E ecTb Bblpakenwe A/ |-3HAYeHHs, CCHIIAIOILErO-
Csi Ha OODBEKT, Ha KOTOpHi ykasmBaeT E. TepMuu «l-3nauenuer npoH301IesN
OT 3anucu npuceawsanuss El = EZ, B kortopoit seswiit (leit — seBmi
(anea. ), orciona u 6ykea 1) onmepaua E1 nomxken 6wiThb BbIpakeHHeMm 1-3Ha-
ueHusi. OnuCHIBAs KaXAbIH Onepatop, Mul coofuiaeM, OXHA4eT JH OH l-3ua-
UCHHS B KAYECTBE ONEPAHIOB M BLIAAET JAM |-3HaueHHe B Ka4yeCTBe pe3yJib-
TarTa.

A6. NMPEOBPA3OBAHMUA

HekoTopble onepaTopel B 3aBHCHMOCTH OT CBOMX ONE€paHIOB MOTYT BbI-
3BIBaTb Npeo0pa3soBaHHE MX 3HAYEHHH H3 OZHOMO0 THNA B apyroi. B a3tom
pasgesne OOBSICHSIETCA, YTO CJEAyeT OXHAATb OT TAKHX npeo6pa3oBanuii. B
A6.5 dopmynupyloTcss npaBuaa, N0 KOTOPHIM BBINOJHSIIOTCS npeo6pa3oBaHus
Al GOJIBIIMHCTBA OCBLIYHBIX ONEPATOPOB. ITH MpaBHIA MOTYT YTOUHSTHCS npu
PaCCMOTPEHHH KaX[I0TO OTAEJILHOrO ONepaTopa.

Ab6.1. Mosbiwenue yenouucneHHoro Tuna

OGBbeKT nepeyHcaHMOro THNA, JMTEPa, KOPOTKOE Le0e, Lefoe B [oJe
GUT — BCe OHHM CO 3HAKOM WJIH 6€3 MOTYyT HCIO/NB30BATHLCH B BhIDaXXeHHH
TaMm, Trie BO3MOXHO mnpuMmeHnenve wuesoro. Ecau tun int nospossier «oxsa-
THTb> BCE€ 3HAUEHHA HCXOAHOTO THNA ONEpaHia, TO ONEepaHd NPHBOLUTCH K
int, B npoTuBHOM caywae on npuBoauTcs k unsigned int. 3ra npoueaypa
Ha3bIBAETCS] NOBbLUIEHUEM LEeAOUUCACHHOCTH.

A6.2. Uenouucnennoie npeobpasosanus

Jlio6oe 1ues0e NMPHBOAHTCH K HEKOTOPOMY 3a]aHHOMY (€33HaKOBOMY THIY
IyTe€M TOHCKA KOHTPYEHTHOrO (T.€. HMEIOIIero TO )K€ [BOMYHOE MPeNCTAB-
JIEHHE) HAMMEHBIUEr0 HEOTPHUATENbHOrO 3HAYEHHS! H B3ATHA €ro 1o MOAYNIO
nmax+l, rge nmax — Haubosbluee YHCJIO B 3TOM GE33HAKOBOM THIIE. Has
ABOHYHOrO TPENCTABJEHHS B JOMOJHHTEJSBLHOM KOJe 3TO O3HAyaeT JHGO BhI-
OpacbiBaHHEe JIHIIHHX CTApUIMX Pa3psaloB, €CJAH Ge33HAaKOBBIA THII «YHE» HCXO-
AHOTO THNA, JIHGO 3aMOJIHEHHE HENOCTAKOUIMX CTApWIMX PA3PHAOB HYJAMH (415
3HaueHust 6e3 3HaKa) MM DPAa3MHOXKEHHBIM 3HAKOM (4Js1 3HAYEHHA CO 3Ha-
KOM), ecnu Ge33HaKOBBLIH THN «IIHpe» HCXOLHOTO.

B pesynbrate npusemenus M060ro wesoro x 3HAKOBOMY THNY npeobpa-
3yeMO€ 3HAUEHHE HE MEHsIeTCs, eCJH OHO MNPeACTABHMO B HOBOM THOE, B
NPOTHBHOM CJlyyae pe3y/bTaT 3aBUCHT OT peaNH3alHH.

A6.3. Uenvie u nnasaowme

Ilpn npeobpasoBamnn M3 n/aBalOWero THNAa B ueAbll ApoGHAas yacTh
3HaYeHHst OTOPACHIBAETCHA; €CJH (IOJY4EHHOE TIPH 3TOM 3HAYEHHEe HeJb3sl
NpeACTABHTL B 3a/aHHOM [E€JOM THME, TO pe3ysabTaT He onpenejed. B yac-
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THOCTH, He OnpelesieH pe3ysabTaT MNpeoOpa3oBaHUs OTPHUATEJbHBIX MJABalo-
IMX 3HAYEHHH B 6€33HAKOBbLIE LEJble.

Ecin sHauenne mnpeoGpasyercst M3 weNOrO B BeJHYHHY C [JIaBaioliell
TOYKOH H OHAa HAXONHTCA B [ONYCTHMOM [MANAa30He, HO MPEACTABJSETCS B
HOBOM THIE€ HETOYHO, TO pe3yJbTaTOM O6ydeT OAHO H3 /[ABYX 3HAUEHHH HOBO-
ro tuma, GanxaHwero k wucxogHomy. Ecau pesyabTaT BBIXOAMT 3a rpaHHLBI
O1ana3oHa MOMYCTHMBIX 3HAYEHHH, MOBeJeHHe NMpPOrpaMMbl He OMNpefeseHo.

A6.4. TMnasaowme THOLI

[lpn npeo6pasoBaHuH M3 NJABA0IIEr0 THNA C MEHbLEH TOYHOCTBIO B
NJIaBAUWHA THIO ¢ GOJbHIed TOYHOCTbIO 3HA4YEeHHE He H3MeHsieTcs. Ecau, Hao-
60poT, mnepexol OCYLIECTBJASIETCSs OT OOJblIed TOYHOCTH K MeHblie#l M 3Ha-
YEHHE OCTaeTCsi B JOMYCTHMBbIX [MpeAesax HOBOTO THNA, TO pe3ynbTaToM 6y-
AeT ONHO W3 ABYX OJiMKafliMX 3Ha4eHHH HOBOTO THna. Ec/iu pe3yabTaT Bbi-
XONMT 3a TpaHHUbl [HANA30HA [OTYCTHMbIX 3HAYEHHH, I[OBeJeHHe NPOTPaMMBbI
HE OIpeJeJsieHo. :

Ab6.5. Apudmertnueckue npeoSpasosanus

Bo Mmuorux onepaumsix npeoGpasoBaHHe THNOB ONEPaHIOB H onpenesne-
HHE THMA pe3yabTaTa OCYWIECTBJSIOTCA NO OAHHM H TeM Xe npasujaM. OHH
COCTOAT B TOM, 4TO OMEpaHAbl MPHBOASTCA K HEKOTOPOMY OOILUEMY THIY,
KOTOPHIl TaKXe sIBJSETCA M THIOM pe3yabTaTa. STH NpaBHJAA HA3LIBAIOTCS
obsiunbimu apugmeruneckumi npeobpasosanusmu.

« Ecnn xakoii-nu6o us omepannos umeer tun long double, To apyrou
npusBoaurca kK long double. :

. B nporuBHOM cuyuyae, ecam Kako#-au60 ‘K3 ONnepaHI0OB HMEET THII
double, to mpyro#i mpumomurcs k double.

« B npotuBHOM cuayyae, ecau KakoH-su60 3 OnepaHIOB HMEeT THII
float, to ampyro#t mpusoautcs k float.

« B nporusrOoM cnyyae aas 06onX ONMepanMOB OCYILECTBASETCS MOBBIILEHHE
UCJOYHCIEHHOCTH; 3aTeM, €CJH ORHH U3 ONepaHdOB HMeeT THN Un-
signed long int, To u apyroit npeopasyercs B unsigned long int.

« B nporusnom cnyuae, ecqinm oaumH M3 onepaHIOB MpHHALNEXHT THITY
long int, a apyroi — unsigned int, To pe3yJabTaT 3aBHCHT OT
TOro, mnoxpeiBaer su long int Bce 3nauenns unsigned int, u ecan
370 Tak, TO unsigned int npusoautcs k long int, ecam Her, TO
06a omepanaa mpeoGpasywTcs B unsigned long int.

« B nporuBHoM cayuae, ecau oaun u3 onepaHinoB HmeeT THn long int,
TO Apyro# npuBoauTcss K long int.

- B nmporuBHOM ciiyyae, ecqiM OZHH M3 OmepaHAOB — unsigned int, To
ApYro#i npHBOAMTCS K Unsigned int.

« B mpotuBHOM cayuae o6a omepanma umeioT Tun int.

3nech mBa H3MeHeHHs. Bo-nepsbix, apudmernka ¢ float-onepa-
HIAMH Tenepb MOXET ObITh C OJMHADHOW TOUYHOCTBIO, 4 HE TOJIb-
KO ¢ [BOHHOH, B NepBOH pemaKkUHH BCS MJAaBaKOWAN apudMeTHKA
6bla C ABOHHOM TOUHOCTbIO. Bo-BTOPBIX, GoJee KODOTKUH Ge3-
3HAKOBBIH THN B KOMGHHAUHM C 6oJiee NJHHHBLIM 3HAKOBBIM THIOM
HE pacnpoCTpaHsieT CBOHCTBO G€33HAKOBOCTH HAa THI pe3yJbTa-
Ta; B MEpBO# pelaKuHu Oe33HaKOBLIH TUN BCeraa JOMHHHPOBAJ.
Hosbie npaBuia nemuoro caoxuee, Ho g0 HEKOTOPO#l CTeneHu
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YMEHBINAIOT BEPOSITHOCTb MOSIBJEHHS HEOXHAAHHBIX 3(PQeKToB B
KOMOMHALHSX 3HAKOBBIX M Oe33HakOBHX BenHuHH. [Ipn cpaBHenuu
6e33HAKOBOTO BbipaXK€HWsi CO 3HAKOBHIM TOTO K€ pa3Mepa BCE xe
MOXET BO3HHKHYTb HEOXHAAHHBLIH De3yJbTar.

Ab.6. Yxazarenu m yenvie

K ykasarenio MOXHO mnpu6aBaATb (M BBLIYHTATb H3 HEr0) BBIPaX(EHHE ILle-
JIOYHCJIEHHOI'O0 THNA; NOCJA€AHEe B 3TOM CJyyae InO[ABepraercs Mpeol6pas3osa-
HHIO, OmHCaHHOMY B A7.7 mnpu pacCMOTpeHHH ONeparopa CJOXEHHs.

K nByM ykasatessM Ha 06beKTbl OLHOTO THMA, NDPHHALJEXKALUIHE OLHOMY
MacCHBY, MOXE€T NPHMEHATbCS Onepauus BbIUHTAHHSA; Ppe3yJabTaT TNPHBOAHTCSA
K UEeJOMYy I[OCpeACTBOM mnpeobpa3oBaHusi, ONHCaHHoro B A7.7 mnpH paccMmort-
pPEHHH OMepaTopa BBIUHTAHHA.

llenouncnennoe KOHCTaHTHOE BbIpa)keHHe cO 3HayeHneM 0 WM OHO Xe,
HO mnpuBeaeHHoe K Tuny vold *, moxer O6wIThb npeo6pa3oBaHO B YyKasartesb
n1060ro0  THHA OnepaTopamMu MNpHBEAEHHs, NPHCBAHBAaHHA M CpaBHeHHs. Pesy-
apraroM Oyaetr null-ykasartesnb, KoTopblii paBeH Jio6oMmy apyromy null-yka-
3aTeJI0 TOr0 e THIIAd, HO HE paBeH HHKAKOMY YKasaTesaw, CChJIALIEeMyCs Ha
peanbHBIE OOBEKT HJH (GYHKULHIO.

JlonyckaioTcs H ApyrHe npeo6pa3oBaHMs [Js yKasaTteaeHd, HO B CBsI3H
C HHMH BO3HHKaeT mnpoG/jemMa 3aBHCHMOCTH pe3y/jbTata OT peajH3alHH. ITH
npeoGpa3oBaHusl AOJKHBI ObITb CHeUHGHIHPOBAHB SBHBIM ONepaTtopom mnpeobpa-
30BaHHs THNA HJH Oneparopom npusenenus (A7.5 u A8.8). .

YKasaTeJb MOMXKHO NPHBECTH K NOCTATOUHO GOJBLIOMY [JSI €ro XpaHeHHs
HEeJIOUHCIEHHOMY THNY; TpeGyeMbli pa3Mep 3aBHCHT OT peanu3auud. PyHkuus
npeo6pa3oBaHHsA TaKxe 3aBHCHT OT peasu3allHy.

O6GbeKT 1EJOYHCJEHHOTO THIa MOXHO SIBHO npeo6pa3oBaTh B YKasa-
tenb. Ecnu nenoe mnosyuyeHo M3 ykaszatesnsi W HMeeT JOCTAaTOYHO 6OJbLIOH
pa3mep, 3TO npeoGpa3oBaHHEe [acT TOT e YKa3aTeJb; B TPOTHBHOM CJyuae
pe3yJbTaT 32BHCHT OT peasiH3alHH.

Yka3atesb Ha OAMH THII MOXHO npeo06pa3oBaTh B yKa3aTeJb Ha ApYroi
THn. Ecam ucxomHsl ykasaTtesib ccbliaeTcss Ha OOBeKT, AOJIKHBIM 06pas3oMm He
BLIDOBHEHHBI#i NO TpaHHLAM CJOB NaMATH, TO B pe3yJbTaTe MOXeT IMOJYYHTb-
Csl yKasaresb, anpecyioluil K «HCKJIIOUEHHOMY» ¢parmenty. Ecan TtpeboBanus
Ha BHIpABHHBaHHE y HOBOTO THINA MEHbIUE HJH COBNAanalT ¢ TpeOOBaHHSIMH Ha
BHIpABHHBAHHE NEPBOHAYAJNBHOrO THMA, TO TapaHTHPYeTCs, UTO npeofpaso-
BaHHe YyKa3aTeJs B Apyrofl THn H OOpPaTHO ero He H3MEHHUT, MOHATHE «BBI-
paBHHBaHHE» peau3aUHOHHO-3aBHCHMO, OJHaKO B JI060H peanu3aunH 0o6bek-
Thl THNa char npeabsiBASIIOT MHHHMajabHBle TpeOOBaHHA Ha BhipaBHHBaHHe. Kak
onucaHo B A6.8, ykasartenp MOXeT Takxe mnpeoOpasoBriBaTbcst B void * u
o6paTHO, 3HAauyeHHe yKasaTens INDH 3TOM He H3MEHsAeTCs.

Yxa3atesp MoxeT ObITb nNpeobpa3soBaH B JApPYroit ykKasaTelb TOTO e
THna ¢ pao6GaBjeHHeM HJH yaajeHHeMm kKBaaudukatopos (A4.4, A8.2) Toro
THNa OO6beKTa, Ha KOTOpHIHi 3ITOT YykasaTenb Cchnaercs. HoBwb#  ykasatedb,
noJqyuyeHHBIH ao6aBieHHeM KBanugpHKaTOpa, HMEET TO JKe 3HayeHue, HO C
JNOTOJIHATENILHEIMH  OTPaHHYEHUSIMH, BHECEHHBIMH HOBBIMH KBaJu(UKATOPaMH.
Onepauns mno ypaneHnHio kpanudukaropa y o6beKTa MPHBOJHT X TOMY, YTO
BOCCTAHABJHBAETCSl [JEHCTBHE ero HayaJdbHbIX KBaJH(pHKATOPOB, 3aJaHHBIX B
eKJapaluyi 3TOro o6heKTa.

HakoHen, ykasatesb Ha (GyHKUHIO MOXeT ObITb NpeoOpa3oBaH B YyKasa-
TeJib Ha (GYHKUHIO ApYyroro THna. Bei3oB ¢yHKUHH 1O npeo6pa3soBaHHOMY yKa-
3aTesl0 3aBHCHT OT peajH3alllH; OIHAKO, €eCJH YyKasateab elle pa3 npeol-
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pasoBaThb K €ro MCXOQHOMY THIY, pe3yabTaT OyneT HAEHTHYEH BBI30BY 110
IIepBOHAUAJBLHOMY YKa3aTeJio.

A6.7. Tun void

3HaueHHe (HecywlecTByloliee) o6bekta Tuna void HHKaKk Heab3sa HC-
MOJb30BaTh, €ro TAKXe HeAb3s SfBHO HJH HEABHO NPHBECTH K THINY OTJHY-
nomy ot void. T[lockoabky Bbipaxenue THna void o603HAYaeT OTCYTCTBHE
3HAYEHHs, ero0 MOXHO TNpPUMEHSITb TOJbKO TaMm, rae He TpeOyeTCsi 3HAUYEHHS,
HanpuMep, B KauecTBe BhHIPAKEHHSA-HHCTPYKuHH (A9.2) wnau JeBOro omnepas-
na y omepatopa «3amsatasi» (A7.18).

BhipaxkeHne MOXHO NpHBECTH K TNy void onepauvel NpHBeNeHHs THOa.
Hanpumep, NpUMEHHTEJbHO K BbI30BY (DYHKUHH, HCIOJb3yeMOMY B POJIH BhHIpa-
KEHHA-HHCTPYKUHH, ONepauust NpuBeleHHs K void sBHBIM 06pasoM NOAYEPKH-
BaeT TOT (pakT, YTO pe3yabTaT QYHKHHH OTOpachBaeTcs.

Tun void He durypupoBan B NEPBOM H3NAHHH 3TOH KHHIH, OA-
HAKO 3a npoueguiee BpeMsi CTajs 0OOueyNOTpeSHTEIbHBIM.

A6.8. Ykasatrenu na void

Jlio6o#t ykazatesb Ha OOBEKT MOXHO TNPHBECTH K THNy void * 6e3 mo-
tepu uHpopmauud. Ecaum pesyabtar noaBeprHyte oOpaTHOMY npeobpa3oBa-
HHIO, TO Mbl MOJyUMM TpexHHH ykasaTenb. B oravune 0T mnpeo6pa3oBaHHM
yKa3aTeib-B-yKaslaTteib (paccMOTpeHHbiXx B A6.6), KoTopnle TpebylT SBHBIX
ONepaTopoB [PHBENEHHSt K THIY, B NPUCBAMBAHHUSAX H CPAaBHEHHSIX yKa3aTesb
A0060ro0 THMA MOXeT BHICTYNAaTh B nape ¢ ykasartejeMm Ttuma void * 6e3 ka-
KUX-11B0 NpenBapuTesbHbIX NpeoBpa3oBaHHR THNA.

Takass nHTepnpeTauus ykasatesei volid * — "HOBas; paHee pOJb
06OOILEHHOrO yKa3aTest OTBOJAMJIACH YyKa3aTeqlo THNa char *,
Cranpapt ANSI oduunanpbHo paspemraeTr HCIO/Nb3OBaHHE YKasaTe-
Jei void * COBMECTHO ¢ yKasareJsIMH JpyrHXx THIOB B
NPHCBAHBAHHAX Y CPaBHEHMsIX; B HMHBIX KOMOHHALHAX YyKasaTeseH
cTaHgapT TpebyeT SABHLIX NMpeo6pa3oBaHUM THIA.

A7. BbIPAYKEHWSA

[IpHOPHTETH ONMHCHLIBAEMBIX ONEPaTOPOB HMEIOT TOT e MOPSAOK, YTO H
nojpasnensl JaHHoro mnaparpada (oT BeICIIMX K Hu3wuM). Hanpumep, nns
oneparopa +, ONHCaHHOTO B A7.7, TEepMHH «ONepaHAbl» O3HayaeT «Bbipaxe-
Husi, onpexeneHHsle B A7.1 — A7.6». B kaxnaom noxapasjesie ONHCHBAKTCA
ONEepaTophl, HMEKIIHe OJMHAKOBLIH MPHOPHTET, H YKa3blBaeTC HX acCOLHa-
THBHOCTb (JieBasi ujau TnpaBasi). [lpuopurersl H acCCOUHATHBHOCTb BCEX Ofe-
paToOpoB OTpa)KeHbl B rpamMMaTtHKe, NpuBegeHHOH B Al3.

[IpHopuTeTH ¥ acCOUMATHBHOCTbL MOJHOCTbIO ONpeaeseHbl, a BOT INOps-
NOK BBLIUMCJIEHHS! BbIDAXXEHHS He ONpejfeseH 3a HEeKOTOPhIM HCKJIOUEHHEM jaxe
IJ1s1 AOJABHLIpAXXeHHH C NOGOYHBIM 3(dekTOoM. DTO 3HAYHT, YTO €CJH B Ompene-
JIEHHH OllepaTtopa MO0CJel0BATeNbHOCTL BBIUMCJEHHS ero ONepaHAOB CIeUH-
4JbHO HE OroBapHBAETCs, TO B peaNH3allHH MOXHO CBOGOJHO BBIOHMpPATH JIO-
60i NMOpsSilOK BBIYHCJAEHHH W fa)ke nepemexaTb NpPaBHH H JEBHIH NOPANOK OI-
HoBpemenHo. OnHako J60H OmepaTtop HCNOJb3yeT 3HAYEHHA CBOHX OMNEpaH-
IOB B TOUHOM COOTBETCTBHH C TpaMMaTHUeCKHM pa3bopoM BLIDAXXeHHsl, B KO-
TODOM OH BCTpeYaercs.

7. 3akas Ne 13
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JT0 npaBHJO OTMEHsieT paHee MNPeAOCTABAABIIYIOCS CBOGOAY B
BhIOOpe MNOpsiiKAa BLIMOJHEHHS Onepauui, KOTOpbie MaTeMaTHUYeCKH
KOMMYTATHBHBl H aCCOLHATHBHB, HO KOTOpble B INpOLecce BBbIYH-
CJIEHHH MOTYT TaKOBBIMH He€ O0Ka3aTbCA. ITO H3MEeHeHHe 3aTpa-
rMBaeT TOJbKO BBIYHCJAEHHS C [IJ1aBaIOIed TOUYKOH, BHIMOJHSIOLME-
CA «Ha TPaHH TOUHOCTH», H CHTyalHH, KOTAA BO3MOXHO MeEpe-
TOJIHEHHE,

KOHTpOJ]b 3a nepernoJHeHHueM, JelieHdeM Ha HyJib W ApPYrUHMHU HCKJIOUH-
TEJbHbIMH CHTYAUHSMH, BO3HHKAIOUIMMH TNpPH BHIUMCJEHHH BBIPAXEHHS, B S3bi-
K€ He omnpeneseH. B GosblmHHCTBE CylIeCTBYIOWMHX peanusdauuit Cd 0OpH BBIYHC-
JIEHHH 3HAKOBBIX UEJOYHC/EHHbIX BBLIDAXKeHHH W MPHCBAHUBAHUH MNepenoJHEeHHE
HTHOPHPYETCA, HO pe3y/JbTaT TaKUX BHIUHCJAeHHH He onpenesaed. TpakTOBKH
JeJIeHHs1 Ha HYJb H BCeX HCKJ/IOUHTENbHBIX CHTyauM#, CBSA3aHHBIX C I1J1aBaio-
1IleH TOYKOH, MOTYT He COBNajaTbh B pa3HbIX peajH3allUsix; HHOraa mjast 06-
pabOTKH HCKJIOYHTEJNbHBIX CHTyaUW#d MNpefoCTaB/sieTcsi HecTaHaapTHas Oub/u-
OTe€YHass (YHKUHSA.

A7.1. Tenepauyms ykazarens

Ecnu pas Hekoroporo tuna- I THI BbIpaKeHHs] HJIM MOABBLIPAXEHHS €CThb
«MaccuB M3 T», TO 3HAYeHHEM 3TOr0 BbipaXkKeHHsi SIBJISIETCS YyKasaTelb Ha
NepBelfl 3JE€MEHT MaCCHBA, KM THI TaKOr0 BBIDAXKEHHS 34MEHSIeTCSl Ha THN
«yKasareab Ha T». Takasa 3ameHa THNa He [eJa€TCsA, €CJH . BHIPAXKEHHE SIB-
JS€TCS  OMNepaHfoOM yHApHOTO onepatopa &, HJAH ONepaHIOM ONEpaluil ++,
--, sizeof, unau JeBbiM OnepaHAOM MNPUCBAHBAHHS, HJH ONEPAHAOM OMNEpaTo-
pa «.». AHaAnOrHUHO BbIpa)KeHHE THNA «hYHKUHs, Bo3Bpawawas T», HCKJIO-
yasi CcJyyad, KOrjga OHO SBJASeTCS OnepaHaoM Aas &, npeofipasyeTcss B THI
«yKasaTeJb Ha (YHKUHIO, BO3BpAIAWOIYID T».

A7.2. TMepBuuHbie BbipakeHua

[leppHyHble BBIDAXKEHHS — 3TO HAEHTHOHKATOPH, KOHCTAHTHI, CTPHHTH H
BbIDA)K€HHs1 B CKOOKax.

nepsu4HOe-8oLPANEHUE:
udentuduxarop
KOHCTANTQ
cTpune
( sotpascenue )

Wnentudukarop, ecnau o Oblsi LOJKHBIM 0OpasoOM [eKJapHpOBaH (O TOM,
KaK 3TO [eJaeTcs, pedyb MNOHAeT HHXKe), — [epBUUHOE BhIpakeHHe. THN HAeH-
THHKATOpA crneunpuuHpyeTcs B ero aeksapaunu. Huaentudukartop ecTs
1-3nauenne, ecan oH o0603Hauaer O6beKT (A5) apHBMETHUECKOrO THIA JHE0
OOBEKT THNA «CTPYKTYpa», «OCbEAMHEHHE» HJH «yKa3aTeJbs.

Koncranta — nepsuunoe Bhipakenwe. Ee THN 3aBHCHT OT (OPMHI 3amH-
CH, KOTOpast 6blia paccMoTpeHa B A2.5.
CTpHHIOBEII JIHTepan — nepBHUYHOEe BhLIpaxeHue. ManayanbHo ero rtun —

«MaccHB H3 chars («maccup w3 Wchar_t» masi cTpuara sauTep paciIHpeHHOro
Habopa), HO B COOTBETCTBHHM C MpaBHJIOM, NpHBedeHHbIM B A7.1, yKasaHHBIH
THIL  OCBIYHO mNpeBpallaeTcs B «yKasaTedb Ha char» («ykasatenp Ha
wchar_t») ¢ pesyabTHpyloulnM 3HaueHHeM «yKasaTedb HAa [EPBYI0 JHTEpY
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CTpHHra». J[lasi HEKOTOpHIX HHHMIHKANH3aTOPOB TaKas 3aMeHa THIA He jJeJa-
ercs. (Cm. A8.7.)

BoipaxeHue B CckOOKAaX — MEpBHUHOE BbIpaX<€HHE, THI H 3HAYEHHE KOTO-
pOro HAEHTHYHBL THIIY H 3HAYEHHMIO 3TOrO Ke BbIpa)ceHHs 0e3 ckoGok. Hasnu-
YHe HJIH OTCYTCTBHEe CKOBOK He BAHSeT Ha TO, SBJAAETCH JH [aHHOE Bbipa-
XeHHE 1-3HaueHHeM HJIM HeT. '

A7.3. NoctgpuKcHbIe BbIpaKeHHs

B mocTduKCHBIX BBLIPAXKEHHSIX ONEpaTOPbl BHIMOJHSIOTCA CA€BA HAMpPaBo.

NOCTPUKCHOE-BbLPANENHUE:
nepau4roe-8oLpANCEHIE
nocrukcroe-gotpancenue | soipaxcenue )
nocTPuUKCHOE-8oLpaNCENRUE ( CRUCOK-AP2YMENTOB 8oLPANEHUU
nocrukcnoe-supascenue o« udentupurarop
nocrukcroe-soLpascenue —> UOeHTUPUKATOP
nocTgukcnoe-sbipascenue ++

Heob )

nocTuKcHoe-8oLpaYCEHUE ——

CNUCOK-AP2YMEHTOB-BbIPAKECHUU
BbLPANECHUL-NPUCBAUBAHUE
CRUCOK-AP2YMEHTOB-BBLPANEHUL | BHIPANKEHUE-NPUCBAUBAHUE

A7.3.1. Ccbiaku HA 34eMEeHTbL MACCUBQ

[MoctdukcHoe BbipakeHHe, 3a KOTOPLIM CJelyeT BbipaxKeHHe B KBajapaT-
HbBIX CKOGKaX, €CTb NOCTQHKCHOE BbIpaieHHe, 0603HAYAlOLEe CCHIJIKY B HH-
gekcupyeMbl MaccuB. . OZHO H3 3THX JABYX BBIDAXKEHHH [OJKHO HMMETb THI
«ykazateab Ha T», rge T — HEKOTOpbI THN, a Jpyroe — [pHHAANEKATb Le-
JIOUHCAEHHOMY THIY; THII pe3yJabTaTa HHIAEKCUpOBaHMst ecTb 1. Boipaxenue
E1[E2] no onpepesnenuio uaeHTHuHO Beipaxennio * ((E1)+(E2)). [loapo6HocTu
cM. B A8.6.2.

A7.3.2. Bot3os hynkyuun

BLizoB ¢yHKIMU €CTb HOCT(HPHKCHOE BbIpaXKeHHe (OHO HA3BLIBAETCS HMEHO-
BaTejeM (yHKUHH), 34 KOTODBIM CJeAYIOT CKOOKH, coaep:auine (BO3MOXHO,
NyCTOH) CHIHCOK Ppa3feseHHbIX 3ansiTbiMH BbIpaXKEHHH-NpUCBauBaHui (A7.17),
NpeacTaBAAIOWHX COBOH aprymeHThl 3To#l (yHkuuu. Ecaum noctdukcHoe Bhipa-
KCHHE — HIACHTH(HKATODP, HE ONHCAHHLIH B TeKylled 06JacTH [AEeACTBHS, TO
CYUHTAETCsA, 4YTO 3TOT HACHTH(HHUKATOpP Kak Obl ONUCAH AeKJapaliHeH

extern int wdenrudpuxarop ( )

MOMEIEHHOH B CaMOM BHYyTpeHliem 0JI0Ke, CO/lepsKallleM BLI30B COOTBETCTBYIO-
weit dyHkuMH. [locTdHkCHOE BhIpa)keHHe (mocJje, BO3MOXHO, HESBHOrO OIlHCa-
HHSl W TeHepauuu ykasatesas, cM. A7.1) [101XKHO HMETb THI «yKasaTeab Ha
dyHkuuo, Bo3Bpamawiiyw I'», rae T — TuUn BO3BpAlaeMOro 3HAYEHHSI.

B nepsoM wu3ganuum aas uMeHoBaTenst GYHKUHH AOMYyCKAaJCs TOJb-
KO THN «(pyHKUHA», H, 4YTOOB BBI3BATL (QYHKLHIO Uepe3 Yykasa-
Tesab, Tpebosancs saABHbM onepatop *. ANSI-cranmapt nooumpser
MPAKTHKY HEKOTOPLIX CYIIECTBYIOLINX. KOMIHJASTOPOB, paspeillaiolnx

‘7*



196 [Ipurosxcenue A

HMETb OJHHAKOBbIH CHHTAKCHC /151 OOpalleHHs NPOCTO K (YHKUHH
H o0palleHHss K ¢YyHKUHH, CNeUHHLUHPOBAaHHOH ykalaTtenem. Bos-
MOXHOCTb NPHMEHEHHS CTAPOTO CUHTAKCHCA OCTAETCS.

Tepmun apeymenr ucnonb3yercsi Msl BHIPAXEHHs, 3a0aBAEMOTC B BHI30-
Be (YHKUMH, TepPMHH napamerp — LIS OOO3HAYEHHUS B ONpPENENEHHH HJH ONH-
CaHHH OGYHKUHMKH [OJy4aemMoro ewp o6bekTa (MM ero HIeHTHdHKaTopa). Bmec-
TO 3THX TMOHSITHH HHOTAA BCTPEYAIOTCH TePMHHBl «()aKTHUECKHH apryMent
(napameTtp)» H «dOpMaNbHBIH apryMmMeHT (RnapaMeTp)», HMEIOLIHE Te€ Xe CMBIC-
JIOBLIE DA3JIHUHA.

[Tpu BBI3OBE GYHKUHMH KOMHPYeTCs KaX/Ibli ee apryMmeHT; mepejaya ap-
TYMEHTOB OCYIUECTBJAAETCA CTPOro 4Yepes HX 3HauyeHHs. QPyHKUHH paspelnaer-
Csl M3MEHSITb 3HAUYeHHs] CBOHX MapaMeTpoB, KOTOpPHIE SIBJASIOTCH JHIIb KOMHSMH
apryMeHTOB-BLIPAXEHHH, HO 3TH HM3MEHEHHS He MOTYT MOBJIMATL HA 3HAYEHHSA
camMux aprymedtoB. ONHAaKO MOXHO MepelaTh yKasaresab, uTOOK OaTb BO3-
MOXHOCTb (YHKUHH H3MEHHTb 3HayeHHe OOGDBEKTa, HA KOTOpHI# CCHIJIAETCSH
3TOT YyKasaTesb.

Hmeotest nBa cnocoba peknapupoBaHusi ¢GyHKuUMH. B HOBOM crnocobe Tu-
Nbl NapaMeTPOB 3a0al0TCA SBHO H ABJASIOTCA 4YacTbl0 THMA (YHKUHM, Takas
NeK/Japaudsi Ha3biBaeTcssi nporoTHnoM ¢yukuuu. Ilpu crapom cnocofe THIbI
napameTpoB He YKasbiBaioTCA. Cnocobbl AeK/J1apHpOBaHHS GYHKUHE O6CYXAa0T-
¢ B A8.6.3 u A10.1.

Ecnu BbI30B HaxomHTCst B 0G1acTH ACHCTBHSL [eKJapalMH, HANHCAHHOH
NO-CTAPOMY, KaXIblH €ro apryMmMeHT [OABEpraercsi ONepauuH MOBLIIUEHHS TH-
na: [Jsi UEJNOYHCJIEHHBIX apryMEHTOB OCYUIECTBJSIETCS [IOBbILIEHHE LEJOUYHC-
JeHdoctn (A6.1), a nns float-aprymentoB  — mnpeobpasosanne B double.
PesysbTaT paGoThi BHI30BA HE ONpeLesNeH, €CJAH YHCJIO apryMEHTOB He COOT-
BETCTBYET KOJHUYECTBY MapaMeTpoB B onpejeleHHd (QYHKUHH HWJAH €CJAH THIBI
4pTyMEHTOB MOCJI€ TMNOBLIUIEHHS ~ HE COMJacyloTCss € THIAMH COOTBETCTBYIOLIHX
napamerpoB. KpuTepuit cornacoBaHHOCTH THIOB 3aBHCHT OT cnocoba (cTa-
poro MJH HOBOTO) onpeneneHus GyHKUHH. [lpH crapom cnocoSe CpaBHHBAIOT-
Csl NMOBBIWEHHBI THI aPTYMEHTA B BbI30BE M MOBBILUIEHHBIH THN COOTBETCTBYIO-
HIero napameTpa; Npd HOBOM Crnocofe NOBBIWIEHHBIH THN aprymedTa W THO na-
pamerpa (6e3 €ro NOBBIMEHHST) AOMKHB! GbITb OJNHHAKOBHIMH.

Ecnn BbI30B HaxomuTcs B 06sacTH AeHCTBHS OeKJapaldH, HANHCAHHON
NO-HOBOMY, AapryMeHTBl NpeobpasyloTcs, Kak ecid Obl OHH NpPHCBAMBAJIHCh
NEPEMEHHDbIM, HMEIOLHM THIIB COOTBETCTBYIOLIHX NapamMeTpoB npoToTHna. Yucio
apryMeHTOB AOJIKHO COBNAaTb C YHCJAOM $BHO ONHCAHHBIX NAPAMETPOB, €CJIH
TOJIBKO CNIUCOK NapaMeTpoB He 34KaHYHBAeTcss MHOroroyuem (, ...). B
NPOTHBHOM CJlyyae YHCJIO apPryMEHTOB JOMKHO ObITh 6GOJblIE UHCAA napamer-
POB MJIH paBHO eMy; «CKpbIBAIOUMECH» MNOL MHOTOTOYHEM apryMeHThl NOABep-
raoTCst ONEpalHH INOBBLIMIEHHsI THNA (Tax, Kak 3TO ObLIO ONHCAHO B Ipeabi-
nymem a6saue). Ecau onpenenende ¢yHKuMH 3amaHO NoO-CTApoOMy, TO THIb
napaMeTpoB B INPOTOTHNE, KOTOPbl€ HESBHO MNPHCYTCTBYIOT B BBI30BE, [OJIKHbI
COOTBETCTBOBATb THIIAM MNaPaMeTPOB B ONpeneJeHHH GYHKIHH [0CJe HX IOo-
BBIIIEHHS.

OTH npaBuia OCOGEHHO YCJOMHHIHCH HM3-38 TOTO, YTO OHH IpH-
3BaHbl O0CJAYyXHBaTb CMeWaHHLIH C€roco6 (CTAporo ¢ HOBLIM) 3a-
naHuA ¢GyHkuuit. [1o BO3MOXHOCTH ero cjeayeT H3berars.

[Topsinok BBIYHC/IEHHSI aPryMEeHTOB He ONpENeNsieTcs, B pa3HbIX KOMIH-
JASATOpax OH pasnuyed. ONHAKO rapaHTHPYeTCsi, YTO apryMesThl H HMMEHOBa-
TeJNb (GYHKUHH BHIUHCASIOTCS MOJHOCTbIO (BKJIOYAst H [OGOYHbBIE spdexTn) 10
BXxoaa B Hee. JlioGas ¢yHKUHS 0ONYCKaeT peKypCHBHOe obpauleHue.
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A7.3.3. Ccotaku Ha 4aemer CTPYKTYpoL

[locTdukcnoe Bbipaxenke, 3a KOTOPHIM CTOHT TOYKA C NOCJEIYIOUIHM
HACHTHQHKATOPOM, SIBJASETCH TNOCTHHKCHBLIM BhipaXKeHHeM. Bbipaxenue nepporo
onepaHaa AOJMKHO ObITb CTPYKTYypPOH HJIH OObedMHEHHeM, a HIAEHTHhHKATOp —
HMEHEM 4JeHa CTPYKTYyphl HJAH OObeAHHEHHs. 3HayeHHe — HMEHOBAHHBIH YJIeH
CTPYKTYPHI HJIH OGbEIHHEHHsl, @ THN 3HAYEHHS — THI YeHa CTPYKTYypbl HJH
ob6benHHeHns. Bbipaxenue sBasiercst 1-3HAaYeHHeM, €CJH MEPBOE BhIpAXKEHHE —
1-3HaueHHe H eC/IH THI BTOPOTO BLIPAXMEHHS] — HE «MACCHB».

[locThukcHOe BBIpaXkeHHe, 3a KOTOPBIM YKAa3aHAa CTpeJKa (COCTABJIEHHAS
M3 3HAKOB — M >) C MOC/AEAYIOUIMM HAEHTHHHKATOPOM, SBJSETCH NOCTHHKCHBIM
BhIpaxKeHHeM. BblpaxeHue nepsoro onepanaa NOMKHO ObITb yKalaTeJeM Ha

CTPYKTYpY (00beauHeHHe), a HACHTHOUKATOD — HMEHEM uJieHa CTPYKTYPHI
(o6benunenns). PesysibTar — HMEHOBAHHbI UJeH CTPYKTYpbl (o6 bennHeHns),
Ha KOTOpYI0 CCHIIA€TCA yKasaTeslb, d THI 3HAYEHHS — THI WJeHa CTPYKTYphl

(o6benuHEeHHs); pe3yJbTAT — l-3HaueHHe, eCJU THN He ecTb «MACCHB.
Takum o6pasom, Bblpaxenue E1->MOS osmauaer TO e camoe, 4TO H
Boipaxenne (*E1).MOS. CrpykTypel u o6bennuends paccmaTpuBawTcs B AS8.3.

B nepBoM u3naHWM KHHTH yXe ObIIO NPHBEAEHO NpPABHAO, MO KO-
TOPOMY HMsl 4JieHd NOJIKHO NPHHALIEXKATb CTPYKTYpe HJAH O6be-
JHHEHHUIO, YIOMAHYTOMY B MOCTQUKCHOM BbipaieHHH. TaM, oxHa-
KO, OrOBapHBalOCh, 4TO OHO He SBJSETCA CTPOro 06s3aTesb-
ubiM. Tlocaeanune xkomnuiasitopst u ANSI genaioT ero o6si3aTesb-
HBIM.

A7.3.4. IlocTpukcnbie unkpementuposaniue u OexpemenTupoSanUe

[locThukcHOe BHIpaXKeHHe, 3a KOTOPLIM CJeNyeT ++ WJH --, eCTb NOCT-
¢bukcHOe Buipaxenue. 3HAUCHHEM TAKOTO BLIPAXKEHHS SIBJSIETCS 3HAYGHHE ero
onepaHga. [locne Toro kak 3nauende GblIO B3TO, ONepaH] YBeSHUHBACT-
cst (++) uan ymenbwaercs (--) Ha 1. Onepana m0/KeH ObiTb l-3HaueHHewM;
HHpOpMaUHsi 06 OrpaHHuYEHHUAX, HaK/JIaAbIBAEMbIX HA ONepaHd, H [eTadsiX ofe-
pauni comepxurcsi B A7.7, rae oGCYXIAlOTCH ANANHTHBHLIE ONEpaTopbl, H B
A7.17, rme paccMaTpMBaeTCs  NpHCBaWBaHHe.  Pesysbrar HHKDEMEHTHPOBa-
HUSI MJIM [€KPEMEHTHDOBAHHS He eCTb l-3HauyeHue.

A7.4. YwWaphneie oneparopsl

BbipaxenHs ¢ yHapHbIMH ONEpaTOpamMH BHIMOJHSIOTCA CNpaBa HAaJeBo.

YHAPHOE-B6LPANEHUE:
nocr@ukcroe-goipaxcenue
++  ynapHoe-selpaxcerue
——  YHapHOe-gbLpaNCEHUE
YHAPHOLL-0NepaTOp  BHLPAHEHUE-NPUBLOEHHOC-K-TURY
sizeof  ynaproe-ssipascenue )
sizeof ( wms-runa )

YHAPHOLI-ONEPATOP: ORHH K3
& * + - ~ {

A7.4.1. llpedukcuoie unkpementuposanue u OeKkpemenTUPOBARUE

’

YHapHOe BblpaxeHue, Mepel KOTOPBIM CTOHT ++ HAM --, eCTb yHApHOe
Bbipaxcenne. Onepana  ysenHuupaetcsi (++) uaAM  ymeHbluaetca (--) Ha 1.
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3HayeHHeM BBIPAXEHHS ABJACTCS 3HAUEHHE €r0 ONepaHaa MocJe YBelHdYeHHs
(ymenbennst). Onepana Bcerna — 1-3HaueHue; MHGOPMALUHS 06 OrpaHHYEHU-
fIX HAa ONEepaHi H JeTansix onepauuH coaepxurcs B A7.7, rae ofcyxaaiorcs
aAnMTHBHBIE onepaTopsl, W B A7.17, rae paccMaTpHBEETCS NPHCBAHBAHHe.
Pe3ysbTat MHKpEMEHTHPOBAHHS H EKPEMEHTHPOBAHHS He eCTh l-3HAuyeHHe.

A7.4.2. Oneparop noayuenus adpeca

YHapumit oneparop & 0603HayaeT OMEPALMIO MOJYYEHHS aApeca CBOErO
onepanaa. Onepans noJxeH GuiTb JHGO l-3nayenHHeM, HE CCHJIAIOWAMCH HH Ha
noJjie 6GHTOB, HH HA OOBEKT, OGDBABJIEHHBIH Kak register, au6o umerb THN
«pyHKuHs». Pesyabratr - ykasatenp Ha OGBEKT (MAH (YHKIUHIO), aapecyembiit
3THM l-3nauennem. Ecaum Ttun onepanga ecrs T, TO THnoM pesysibTara sB-
JIIeTCSl «yKasaresab Ha T».

A7.4.3. Oneparop koceennocTu

YuapHblii onepatop * 0603HayaeT oONepalUHid KOCBEHHOCTH (packpbITHS
yKasaTesist), BO3Bpallaiollyio OGBEKT (HJH (YHKLUHIO), HAa KOTOpHIM yKasblBaer

ee omepaHa. Pesysnbrar ecTh 1-3HaueHue, ecqH oOmepaHs - ykazaTeab Ha
00beKT apHOMETHYECKOrO THNA HJH HAa OGBEKT THna «CTPYKTypa», «06be-
OMHEHHE» HJIH «yKasatesab». Ecam THn Beipaxenus — «ykasatenbp Ha T», TO

THN pe3dyabtata — T.

A7.4.4. Oneparop yuapusii nawoc

Onepana yHapHOro + [OJOKeH HMeTh apu@MeTHYeCKHH TH, pesysabtar —
3HavyeHHe onepanaa. llemouncienubii onepaHa nNoOZBepraeTCs NOBBILEHHIO Iie-
JIOYMCIEHHOCTH. THNOM pesynbTaTa sIB/ISIETCSl NOBBLIILEHHBIH THI OlepaHia.

Yuapubfi + Obi1 106aBJEH JS CHMMETPHH C YHApHBIM -,

A7.4.5. Oneparop ynapueii munyc

Onepana [/si yHApHOrO = JO/IKEH HMETh apUpMeTHYeCKHH THN, pe3y-
JbTAT — 3HAYEHHE ONepaHaa C MPOTHBONOJOXKHBIM 3HAakoM. Llesounc/eHHbll
ONlepaHA [MOABEPraeTCs MOBBIUEHHIO LEJOUHCAEHHOCTH. OTpHLATENbHOE 3Haue-
HHE OT Ge33HAKOBOH BeJHUHHbl BBIYUHC/IAETCA BBIUMTAHHEM NpPHBEIEHHOrO K
NOBLIIIEHHOMY THMY ONepaHJa H3 MaKCHMa/JbHOTO YHCJIA NOBHIIIEHHOrO THIIA,
YBEJMYEHHOrO Ha 1, OLHAKO MHMHYC Hy/Jb €CTb HyJb. THnOM pesysbrara
fyneT NMOBHILIEHHBIH THO ONepaHia.

A7.4.6. Oneparop obpawjenus paspsdos

Onepann onepatopa ~ LOJKeH HMeTb LEJOYHC/ICHHBIH THII, pesyabrar —
[ONOJHEHHE OlNlepaHia A0 €AHHHLI MO BCEM pa3psigaM. BBINOAHSETCS NOBLILIe-
HHE UEJOYHC/JEHHOCTH THNa onepaHaa. Ecan onepans G6Ge33HakoBwiit, To pe-
3y/NbTAT [OJy4yaeTCsl BHIUHTAHHEM €ro 3HAYeHHS M3 CaMoro GOJbIIOrO wYHCAa
NOBLIIEHHOTO THNA. Ecan onepana 3HakoBbIN, TO pe3yabTaT BHIYHCASETCS
MOCPEACTBOM  NMPHUBEAEHHS «MOBLILIEHHOTO ONEPAaHAa» K Ge33HAKOBOMY THIY,
BBINOJIHRHHST OlNepauHH ~ W OGpaTHOrO NpHBELEHHS €ro K 3HAKOBOMY THIY.
Tun pesynbrata — noBblwenHBI THN omepania.

A7.4.7. Oneparop ioeuuecko2c orpuyanus

Onepann onepatopa | [0JKeH HMeTb ApHOMETHYECKHE THN HJIH GbiTh
ykasareseMm. PeayabTar pasen 1, ecau cpaBHende onenanna c 0 nast  ure

|
|
|
|
|
j
|
|
1
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THHY, # paBeH 0 B mpotuBHOM cJayuae. Tun pesynbrara — int.

A7.4.8. Oneparop onpedeaenusn pa3mepa sizeof

Oneparop sizeof paer uwmciao 6GaiiToB, TpeGyemoe .Jsi XpaHeHHs OOb-
€KTa TOr0 THNA, KOTOpLIM HMeeT ero onepana. OnepaHg — Ju60O BhipaxKeHHe
(koTOpOE He BhiYMCAsETCS), MO0 HMA THNA, 3aNHCaHHOe B ckob6kax. [lIpu-
MeHeHHbIi K char onepatop sizeof paer 1. [Ins maccuBa pesysibTaT paBHSA-
ercsi oflleMy KOAMuyecTBY 6aHTOB B MaccHBe, [/ CTPYKTYPhl HJH OGbEHHE-
HHE — uucay GaiTOB B OODBEKTE, BKJIOYas H GaHThI-3aNOJHHTENH, KOTOPHIE
NOHAfOGHAHChL Obl, €CJH Obl H3 3JEMEHTOB COCTaBJIAJCS MacCHB. Paamep
MacCHBa M3 N 3JEMEHTOB BCeraa paBHAETCS N, NOMHOXEHHOMY Ha pa3mep
OTAEJBHOrO €ro ssieMenTa. [laHHBIA OnepaTop HeJb3si NPHMEHATb K OMEpaHIy
THNA <«(QYHKUMSI», K HE3aBePIIEHHOMY THNY H K NOJI0 GHTOB. Pesyabrar -
Ge3s3HakoBasi LEJOUHC/ICHHAs KOHCTAHTA, KOHKPETHHIH €€ THO 3aBHCHT OT
peannsaund. B cramnapraom rosnosnom ¢aiine <stddef.h> (cm. IIpHJIOXKEHHE
B) sror Tun onpenesnsierca nom umenem size_t.

A7.5. Onepartop npusegesus Tuna

Ums THNA, 3anuCaHHOe nepen YHapHbIM BbIpaX€HHEM B CKO6KaX, BbI3bI-
BaeT NpHBEAEHHE 3HAYEHHSA 3TOro BBIpAXKEHHST K YKa3aHHOMY THY.

ssLpaKenue-npusedeNHOe-K-TuNY:
YHAPHOE-BbLpANKENUE
( ums-tuna ) ewvipasxcenue-npusedennoe-k-Tuny

Hannasi KOHCTPYKUHsI Ha3biBaeTcsi- npusedenues. ViMesa THnos gmaubl B AS8.8.
Pesynbrat npeo6GpasoBannit omucan B A6. Bripaxenue ¢ NpHBEAEHHEM THIA
He sBJseTCsl 1-3HaueHuem.

A7.6. MynbTunnukaTHeHbie onepatophi

MysnbTuninkatnuBabie onepatopsi *, / M % BHINOMHSIOTCS CJeBa Hampaso.

MYALTUNAUKATUBHOC-BOLPANKEHUE:
86LPANECHUE-NPUBLOEHHOE-K-TUNY
MYALTUNAUKATUBHOC-BLIPANCEHUE * BLLPANCEHUE NPUBLOEHHOE-K-TUNY
MYRLTUNAUKATUBHOE-BOLPANERUE /  8bLPANEHUE-NPUEEIEHHOE-K-TUNY
MYALTUNRAUKATUBHOE-BbIpaNCERUE Y, Boipadcenue-npusedennOe-K-Tuny

Onepannbl onepaTopoB * W / [OMXKHB ObiTb apHOMETHUECKOTO THIA,
omepatopa % — ueJOYHCJEHHOTO THna. Hap omepawaamm ocylecTBasioTCA
OGBIYHbIE apH(MeTHYECKHE MPeOoGpPA30BAHHS, KOTOPHIE NPHBOAAT HX 3HAUEHHS
K THNy pe3y/bTaTta.

Bunapubiit onepatop * o6o3nadaer yMHOMEHHe.

Bunapubiii omeparop / nosyyaerT uyacTHOe, a % — OCTATOK OT JeJeHHs
NEpBOro ON€panaa Ha BTOPOH; ecju BTOpPOH onepana ecth 0, TO pesyabTaT
He omnpenejed. B  npoTHBHOM csyyae Bcerna  BHLINOJIHSIETCH  COOTHOLIEHHE:
(a/b)*b + a’%b pasusiercs a. Ecau ofa onepansa He OTpHUATEJbHbLIE, TO
OCTATOK HE OTpPHUATe/NbHBIH W MeHblIe [e]HTeNs; B NPOTHBHOM CJyyae rapa-
HTHPYETCA TOJILKO, 4YTO abCOJIIOTHOE 3HAYEHHe OCTATKA MeHblle aGCOMIOTHOTO
SHAYEHHS [eJHTEJs.
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A7.7. ApputHBHbBIEe onepaTopht

ANIHTHBHEIE ONepaTopel + M ~ BHIIOJHSIOTCS cJjeBa Hanpaso. Ecau ome-
PaHIbl MMEIT apH(@MeTHYeCKHil THI, TO OCYLIECTBJSIOTCA OOBLIYHBIE apuMeru-
yeckue npeobpazoBanusi. [Hast kaxaoro onepatopa CYUECTBYET ellle HeCKOJb-
KO OOMOJHHTENbHbIX COYeTaHHH THIIOB.

addutuanoe-ssipanenue:
MYAGTURAUKATUBHOE-BbLPAYCEHUE
aOOUTUBHOE-BLPANCERUE + MYABTUNAUKATUBHOE-BbLPAINCEHUE
aB0UTUBROE-BOLPANENUE — MYABTUNAUKATUBHOE-BbLPAICEHUE

PeaysnibraT BHINOJIHEHHs OnepaTtopa + e€CTb CyMMa ero OnepaHjoB. Yka-
3aTesib Ha OGBEKT B MACCHBE MOXHO CKJAAbIBATH C LEJOUHC/EHHBIM 3HAYEHH-
em. [Ipu 3TOoM nociaeanee npeoGpasyeTcs B AaApecHOE CMELIEHHE MOCPEeACTBOM
YMHOXEHHs] €ro Ha pa3Mep OOBEKTa, Ha KOTODbIH CCHIJIAeTCA  yKa3aTedb.
Cymma siBasieTcsl yKasaTesieM Ha OOBEKT TOro0 e THNA;, TOJbKO CChlIaeTcs
3TOT yKasaTesJb Ha ApYroid OODBEKT TOr0 JX€ MAacCHBa, OTCTOAUIMH OT mnep-
BOHAUaJbHOIO COOTBETCTBEHHO BHIUHCJAEHHOMY cMmeulennto. Tak, ecan P -
yKasaTeJqb Ha OOBLeKT B maccuBe, To P+1 — ykasaTelb Ha €ro CJeLylOUIH#
o6bekT. Ecau mnosyuyeHnnii B pesysbpraTe CYMMHPOBAHHsl yKa3aTesb BBIBOAHT
3a CpAHHIbBl MAacCHBA, TO 33 MCKJIOYEHHEM CJydas, KOrJa OH CCbIJaeTcst Ha
MECTO, HaxoAsiuleeCsi HEMOCPEeJCTBEHHO 33 KOHLUOM  MAacCHBa,  pe3yJabTaT
6yneT HeonpejeseHHbIM.

Bo3MOXHOCTL [Jisi yKasaTesnst CCBIIATBCH Ha TOYKY, PacnojokeH-
HYI0 Cpasy 3a KOHLOM Maccusa, siBjsieTcss HOBOH. OHa y3akOHH-
BaeT OOILENpPHUHSITYIO MPAKTHKY OPraHH3alHH LHKJIHYECKOrO Iepe-
6opa 3/71€MEHTOB MacCHBa.

PeaynbraT BBINOJIHEHHs1 OnepaTtopa - e€cTb pasHOCTb onepanaoB. Hs
yKasaressi MOMXHO BHIYHTATb 3HauyeHHe JI000r0 LEJOYHCJIEHHOr0 THNA C TEMH
Ke 1peoO0pa3OBAHHSAMH H INIPH TeX K€ YCJOBHSX, YTO H B CJIONKEHHH.

Ecnn Kk aByM ykasaTenasM Ha OODBEKTbl OIHOTO H TOr0 )Ke THNAa MpHMe-
HUTb ONEpaTOp BHLIYMTAHHUS, TO B pe3y/abTare MOJYYHTCH UEJOUHCJIEHHOE
3Ha4YeHHe CO 3HAKOM, MpejacTaBjsiiouiee CO60H pacCTOsiHHE Mexay OODEKTaMH,
HA KOTOpBHIE CCBHIJAIOTCS 3TH YKasarTesid, yka3aTeJb Ha CJeAYIOIHH OODBEKT Ha
1 Gonpiue ykasaTtesss Ha npeablayuinii o6bvexkT. TuUn pe3ynbTata 3aBHCHT OT
peaqu3alMH, B CTaHxapTHoMm rojopuoM daiine <stddef.h> on onpenenen non
umenem ptrdiff_t. 3nauenpe He onpeneseHo, ecaH ykasaTeJdH CCbUIAIOTCS
Ha O6DbEKTbl HE OJHOTO H TOrLO JKEG MacCHBa;, OJHAKO ecJH P ykaswiBaeT Ha
nocaenHH# 3JeMeHT maccua, 10 (P+1)-P umeer 3nauenue, pasHoe 1.

A7.8. Onepatopwm cpeura

OnepaTtopnl caBura << W >> BHNOJHSWOTCA CJeBa Hanpaso. [as o6oux
ONepaToOpOB KaXK[AblH OMepaHi A0JXeH HMeTb UEJOYHCJAEHHBIH THO, M KaXIblH
H3 HHX [0/(Bepraercsi [IOBBIUIEHWIO [EJOYHCACHHOCTH. THN pe3y/abTata COB-
najaer C INOBBLIIIEHHBIM THNOM JeBOro onepaHaa. PesyanbTaT He onpenedew,
€CJM NpaBbiii onepaHA OTpHUATEJEH HJH €ro 3HauyeHHe NDEeBLIIIAeT YHCJI0 OH-
TOB B THIIE JIEBOI'O BLIPa*X€HHsl HJH DABHO eMmy.

co8uez080€-8bIpadNCEHUE:
a0OuTUBHOE-BLIPANCEHUE
c0suz060e-goipadcenue >> a00UTUBHOE-BbIPANCEHUE
cOauzogoe-goipancenue << ad0uTuBHOE-BbIPANCEHUE
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3uauenne E1 << E2 paBuo 3rauenuio E1 (paccmMaTpHBAaeMOMY KaK LENOYKa
6HTOB), CcABHHYTOMY BJeBO Ha E2 OuT, npH OTCYTCTBHH NEPENONHEHHS Ta-
Kasi onepauus 3KBHBaZeHTHa yMmHOXeHHio Ha 2FE2. 3navenue E1 >> E2 pPaBHO
3Havennio E1, caBuuyromy Bnpaso na E2 6urtoBnie nosuumu. Ecam E1 6Ges-
3HAKOBOE HJIH HMeeT HEOTPHLATeJbHOe 3HAueHHe, TO TNpaBBIi CABHI 3KBHUBA-

JIEHTEH [eJIeHHI0 Ha 2 , B TMPOTHBHOM CJiyyae€ pe3yJabTaT 3aBUCHT OT pea-
JIN3AalHuH.

A7.9. Oneparopbl oTHOWeHHS

OnepaTopbl OTHOIIEHHS! BBIMOJIHSIOTCS CJeBa HANpPaBO, OJAHAKO 3TO CBOMH-
CTBO €IBa JIH MOXET OKa3aThCsl MOJIE3HBIM;, COMVIACHO rpaMMaTHKe $I3blKa BbI-
paxenue a<b<c TpakTyercsi Tak e, kax (a<b)<c, a peaynbTaT BBIUHCJE-
s a<b Bcerpa ectb 0 uam 1.

BHLPANEHUE-OTHOWEHUS:
cd8u2080¢-8bLpANKEHUE
8LLPANCEHUE-OTHOWEHUS < CO8UZ0B0E-8bLPANEHUE
8bIPANCEHUE-OTHOWENUSR > COBU2080E-BbLPANENUE
BbIPANCEHUE-OTHOWEHUR <= COBUZ0G0E-BbLPANEHUE
BLIPANCEHUE-OTHOUEHUR >= (08U2080€-BbLPANEHUE

Onepatopei: < (meHblie), > (Gonbuie), <= (MeHblle WJH pPABHO) H >= (60Jb-
e uWaK paBHO) — Bce BbgawT 0, ecau crneunbHUUPYEMOE OTHOLUEHHE JIOXHO,
H 1, ecan owo wucrtunHo. Tun pesyaprata — int. Haa apudmernueckummu
OllepaHJaMH BLIMOJNHAKTCA OObIUHbBIC apHdMeTHuecKHe npeobpasoBanusi. MOKHO
CpPaBHHBATh YKa3aTeJH Ha OOBEKTH OJHOr0 H TOro e (6e3 yuera KBaju-
¢bHuKaToOpOB) THNA, pe3yabTaT OYAeT 3aBHCETb OT KX OTHOCHTEJBHOTO pac-
NoJIOXeHns1 B naMsaTH. [lomyckaercs, OJHaxKo, CpaBHeHHe YykKaszaresie#dl Ha
pasHble 4aCTH OJHOrO H TOro e OObeKTa: ecJdd /Ba yKa3laTelss CChUIAKTCH
Ha OMHMH H TOT JKe NpPOCTOH OODBEKT, TO OHH paBHBI, €CJAH OHH CCHLIAIOTCH Ha
4JeHbl OAHOHW CTPYKTYpBHl, TO YyKas3aTeb Ha uJeH ¢ Oojiee Mo3aHed [eksaapa-
UHe’ B CTPYyKType OOJbIIe, €CJAH YyKasaresu CCHIJIAIOTCH HA YJeHB OJHOTO H .
TOTO e OODBENHHEHHs, TO OHH PaBHbl, €CJH YKAa3aTeJd CChHUIAIOTCH Ha 3Je-
MEHTHl HEKOTOPOro MACCHBA, TO CpaBHEHHE 3STHX YyKa3aresaeil 3KBHBAJEHTHO
CpaBHEHHIO HX HHaekcoB. Ecau P ykaspiBaer Ha n0OC/A€aHHH 3J€MEHT MacCH-
Ba, To P+1 Gosbuwe, uyeMm P, xoTs P+1 «BBIBOAWT» HAC 3a rpaHHubl MACCHBA.
B ocranbHBIX Cayyasix pe3y/ibTaT CpaBHEHHUsl He OllpejeeH.

OTH npaBHAa HECKOJbKO OCAa6H/IH OrpaHHUYEeHHsi, YCTAHOBJIEHHBIE
B MNEpBOH pefakuuu s3bika. OHH [O3BOJSIOT CPAaBHUBATH yKa3a-
TeJH Ha pa3jIHuYHbIE 4YJEeHbl CTPYKTYPbl H OGDbEAHMHEHHH H JIETajH-
3yI0OT CpaBHEHHe C YyKasaTteseM, CCHUJIAIWHMCS HAa MeCTO, KOTO-
poe pacroJIOXKEHO HENOCPEeACTBEHHO 3a KOHIOM MAacCHBa.

A7.10. Onepatopbl paseHcrsa

sbLpaMe U e-PABEHCTEA!
BLLPANCEHUL-OTHOWEHU S

BHPAIEHRUL-PABEHLTBA == BbLIPANECHUE-OTHOWECHUS

sblpaxcesue-pagencTea 1= BHLPANCECHUE-OTHOWEHU R
Oneparopsl == (paBHO) M != (He paBHO) HABJSAIOTCS AaHAJOTAMH OMNEPATOPODB
OTHOLIEHHs C TOH JIHUIL pa3HHUUEH, UTO OHH HMEKT GOjiee HH3KHH NPHODUTET.
(Takum ofpaszom, a<b == c¢<d ectb 1 TOrma H TOJBKO TOrAa, KOTLAa OTHO-

weHHs a<b u c<d o6a OLHOBPEMEHHO HCTHHHBI HJH JIOXHBI )
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OnepaTopsl paBeHCTBA MOAUHMHSIIOTCS TeM e NpaBHJAM, YTO M Oleparo-
pBl OTHOWEHHA. M Kkpome Toro, OHH HAIOT BO3MOXHOCTbL CpaBHUBATH yKa3sa-
T€Ib € LEJNOUHCJCHHBIM KOHCTAHTHBIM BblpaXKEHHEM, 3HaueHHe KOTOPOro paBHO
HyJ0, H ¢ ykasareieM Ha void. (CM. A6.6.)

A7.11. Oneparop no6urosoro MU

H-sotpancenve:
ebtpawceuue—paeeucraa
H-soipascenue & soipascenue-pasencrsa

Brinonusiioress o6biunble apupmeTHuyeckHe npeo6pa3OBAHHS: pe3ynbTar -~ noGu-
ToBoe M omepannoB. OnepaTop uUpHMEHSIETCH TOJIbKO K LeJIOYHCJIEHHBIM Olle-
paHaam.

A7.12. Onepatop no6urosoro uckmovalwouero UMK

uckaovaouee-HJIH-soipascenue:
H-seipascenue
uckaowawowee-HJ1H-aoipancenue ~ H-ssipamenue

Boinosnsiiores o6erunble apudmernueckue NpeoGpa3oBaHHUs; pe3yabTaT — MNO6H-
ToBOC HCKJIOuaouee WJIM onepannos. Oneparop NPHMEHSIETCA TOJIBKO K LeJ0-
YHCJIEHHBIM OllePAH/aM.

A7.13. Oneparop no6urosoro UMK

HJIIH-sotpascenue:
uckmosaowee-UJ1H-goipancenue

HJIH-soipancenue | ucknovarowee-HJ1H-soipascenue

Beinosnsioress o6s1unble apHpMeTHUECKHE [1PEO6PA30BAHHUS; pe3ysabrat — no6u-
rosoe WJIM onepannos. Onepatop [IPHMEHSAIETCH TOJBKO K LEJOUHCJCHHBIM
ONepaH/am.

A7.14. Onepatop noruuecxoro M

20euqeckoe-H-gopascenue:
HJIH-sbipascenue
n02uneckoe-H-gotpasenue && HJIH-saipanenue

Onepatopbl && BLINOMHSIOTCS cJleBa Hanpaso. Omneparop && sbigaeT 1, ecan
o6a omepanga He paBHB HyJo, H 0 B NpOTHBHOM cJjyuae. B oranyne ot &,
&& rapaHTHpyeT, uTO BBIUHCJEHHSN OyAyT MpOBOAMTBLCH CJ€BA HAMpPaBo: Bbi-
UHCJACTCS NepBbLIH ONMepaHa CO BCEMH NOBOYHBIMH shdpekTamu; ecau OH pa-
BeH 0, TO 3HaueHue Bbipaxenus ecTp 0. B NPOTHBHOM C/yyae BHIUHCJSIETCS
NpaBbli ONEpaHi, H, ecad oH pasen 0, TO 3HAYeHHe Bblpa)keHHust ects 0, B
NPOTHRHOM CJlyyae OHO paBHO 1.

Onepanasl Moryr npunaniexars Pa3HBIM THIIAM, HO JHGO OlepaHx aoJ-

HKEH HMeTb apHdMEeTHUeCKHH THMN, Aub60 ObITb ykasaresaeMm. Tun pesysabrata —
int.

A7.15. Onepartop noruueckoro MIH

ao0euweckoe-HJ]H-sotpascenue:
a0euqeckoe-H-aoipaxenue

noewaecxkoe- U/ H supamernue noeuqeckoe-H-soipaxcenue
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Onepatopsl ! BHIOAHRIOTCS cjeBa nanpaBo. Onepatop ii BblAaeT 1, ecau
no KpalHed Mepe ONMH W3 ONEPaHNOB He paBeH Hyaw, W 0 B MPOTHBHOM
cayyae. B orauuue oT 1, oneparop i rapaHTHpyer, YTO BHIYHCJIEHHS 6y-

AYT TNpPOBOAHTLCA CJeBa HANpaBO: BHIYHC/IAETCS MEPBbIA ONepaHi, BKJKYas
BCe mno6GoyHnle 3(deKkThbl; ecad OH He paBeH 0, TO 3HAueHHE BHIPAXKEHHA €CTb
1. B npoTuBHOM Ciyuae BBIUHCJSETCS NpaBblil ONEpPaHA, H, €CJIH OH He pa-
Ben 0, TO 3HauyeHHEe BLIpAXKEHHs €CTb 1, B MPOTHBHOM cJjyuyae OHO paBHO 0.

Ouepanabl MOTYT NpPHHALNEKATb pPasHbIM THIAM, HO JHG0 OnepaHa AOJ-
KeH HMeTh apudMeTHueckdi THN, Ju60 OhTh yKasatenem. Tun pesynaprata —
int. :

A7.16. YcnosHbin onepatop

YCA0BHOE-BbLPANCERUE:
noeuveckoe-HJIH-soipancenue
aozuweckoe-UJIH-soipasenue ? soipanenue | ycao8HOE-BoLPANCEHUE

Buiykcasiercsa nepeoe BbIpakeHHe, BKJUasi BCe 1060UHble 3QQEKTH;, €CJAH OHO
He paBHo 0, TO pe3yabTaT €CTb 3HAUEHHE BTOPOrO BLIPAXEHHs, B IPOTHB-
HOM CJiyyae — 3HAYEHHE TPEeTbero BbIpa)KeHHs. BoiuucasieTcsds TOABKO OAHH M3
ABYX TOCJENHHX OnepaHaoB: BTOpOH Hau tpetdl. Ecau BTOpol u Tperuit
onepanbl apu(METHYECKHE, TO BHINONHAIOTCA OObIYHbIE apHdMeTHYECKHEe Npeos-
pa3oBaHusi, NPHBOAALIHE K HEKOTOPOMY ofuleMy Tuny, KOTOpHH W OyaeT Tu-
nom pesysibtata. Ecauw o6a onepamsa umeior tun void, uam sBasores cTpy-
KTypamMH WiH OCBEAMHEHHSIMH OJHOIO M TOFO K€ THMA, HJH NpPeACTABJASIOT
Co6OH yKaszaTelH Ha OGBEKTH OLHOTO H TOTO K€ THNd, TO pe3yabTaT 6yaer
MMETb TOT XK€ THIN, 4TO H Onepanibl. Ecad OAWH M3 ONepaHAOB HMMeET THI
«YyKasarejb», a Apyrod sipasiercst KouctanToit 0, 10 O npUBOAMTCS K THIY
«yKasaTedib», ITOT e Tun OyaeT HMeTb H pesysabTaT. ECAM OAMH onepaHn
ABJSIETCA yKasaTejsem Ha Vvoid, a BTopoft — ykasateap [pyroro THNa, TO
nociegHui npeoGpasyercst B ykasaTenb Ha vold, xortopwifi u Gyner THnOM
pe3yJbTara.

Ilpn cpaBHennn THNOB ykasaTejell KkpajgHdHKaTopsl THHOB (A8.2) 06b-
€KTOB, HAa KOTOpble YyKa3aTeaH CCblIalTCs, BO BHUMaHHE He MPHHHMAIOTCH,
HO THN pe3yJbTaTa HacJejyeT KBaJlHGHKATOPE OOEHX BeTBEH YCJOBHOIO BLI-
PaXKeHHsI.

A7.17. BuipakeHws npucBamsaHus

CyliecTByeT HECKOJIbKO ONEpAaTOpOB INPHCBAWBAHHS;, OHH BBLINOJHSIOTCH
CnpaBa HaJeBo.

BbLPANECHUE-NPUCBAUBAHUA:
YCAOBHOE-8bLPANCENILE
YHAPHOE-BHLPANCEHUE ONEPATOP-NPUCBAUBAHUS BbIPANEHUL-NPUCBAUBAHUSR

oneparop-npucsau8arus: OAWH H3
= = /= %: += — <<= >>= &= = =

OnepaTopel npHCBaWBaHHA B KauecTBe JeBOro onepanaa TpebyorT 1-3nage-
HHUsl, TNpHYEM MOAH(PHUMPYEMOro; 3TO 3HAYHUT, YTO OHO He MOXeT OLITb Mac-
CHBOM, HJIK HMETh He3aBepUIeHHBIH THN, HJAH ObTh GyHKuHe#. Tun sesoro
onepanja, KpoMe TOro, HC MOXeT HMeTb KBaiaubukatop const; u, ecaum OH
ABJAAETCA CTPYKTYpPOH HJAM OOBbeJHHEHHEM, B HHX HE [OJKHO OBITb YJIEHOB
HJIH TMOAYJIEHOB (JUIsi BJIOXKEHHBIX CTPYKTYp HJAH OOBeJHHEHHH) ¢ KBaJuduka-
Topamu const. Tun Bripaxenus npucBaMBaHHsT — THI €ro JIEBOrO ONEpaH[a,



204 Ilpunoxcenue A

a4 3HaYeHHE — 3HAYEHHE €ro JIeBOr0 ONepaH]a [O0CJe 3aBepLIeHHs MPHCBAH-
BaHHs.

B rmpocTom npucsauBamHE ¢ OnepaTopoM = 3HAUEHHe BLIPAXKEHHST 3aMe-
maer OObEeKT, Ha KOTOphIH CChinaeTcsi l-3sHauenue. [IpH 3TOM [OMKHO BHINOJ-
HATBCS OAHO M3 CJAENYIOIHX YCJOBHHA: 00a OnepaHia HMMET apHhMeTHYeCKHil
THN (eC/IH THNBl ONEPAHAOB pa3Hble, MpaBblil ONEpaHA NPHBOLHTCA K THIY
JIeBOTO onepaHja); o6a onepaHaa €CTb CTPYKTYPbl HJH OGDbeNMHEHHS OLHOTO
H TOr0 XK€ THINA, ONHH ONepaHld eCTb yKasaTesab, a APYrod — ykasarenb Ha
void; JsieBHlli omepaHin — ykasaTeslb, a NpaBblii — KOHCTaHTHOE BLIpaXKeHHe CO
sHayeHnem 0; ofa onepanga — ykasaTend Ha (YHKUHH HJIH OGBEKTH, HMEIO-
ulHe ONHHAKOBBIH THI (32 MCKJIOYEHHEM BO3MOXHOTO OTCYTCTBHS const wum
volatile y npasoro onepanna).

Buipaxenne E1 op = E2 skBuBanenTHo Bhpaxenuio E1 = E1 op (E2) ¢
ONHHM HCKJO4MeHHeM: E1 Berumcnsiercst TOnbkO oaMH pas.

A7.18. Onepartop 3ansrtas

solpaxcerue:
BbHLPAMCECHUC-NPUCBAUBAHUSA
sblpascerue B8bLPANMCEHUC-NPUCBAUBAHUA

HBa BhHIpaxeHHsi, pa3leJeHHble 3aNsiTOH, BBIUHCISIOTCS CJ€Ba Hanpaeo, H
SHauUeHHe JIEBOTO BblpaxceHHsi orCpackiBaetcs. Tun M 3HayeHHe pe3yJsibTaTa
COBHAjalT ¢ THNOM H 3HAYEHHEM IMpaBOro oOnepaHga. Boluuéaenne BCex no-
GOUYHBIX 3(P(PEKTOB JIEBOrO ONepaHia 3aBeplIAeTCH Mepei HAYAIOM ' BBIYHCACHHS
npaBoro omepanga. B KOHTekcTe, B KOTOPOM 3amsiTas MMeeT CHeLHaNbHOe
SHAY€HWE, HANpPHUMED B CNHCKaxX aprymeHTos ¢yHkuuii (A7.3.2) uam B cmuc-
Kax HHHOHaAn3aTopoB (A8.7) (3mecb B KAauecTBE CHHTAKCHUECKHX eIHHHL
(GHIYPHPYIOT BBIPAXKEHHS NPHCBAUBAHHSA), ONEPATOP 3aNsTast MOMXKET MNOSBHTbCS
TOJIBKO B Ipynmupynomux ckobkax. Hanpumep, B

fla, (t=3, t+2), c)

TPH apryMeHTa, H3 KOTOPbIX BTOPO# HMeEeT 3HaueHHe 5.

A7.19. KoucrantHbie BbipakeHus

CHHTaKCHLleCKH, KOHCTAHTHO€ BbIpa>X€HHEe — 3ITO BblIpa)€HHE€ C OrpaHH-
YE€HHBIM NOAMHOX>KECTBOM OnepaTopoB:

KOHCTAKTHOE-8bLPAdCEHUE!
Yycrogroe-golpaNcenue

Ilpy ykasaHuH caSe-MeTOK B mepekJiouarese, 3aAaHHH TpaHHIl MacCHBOB H
AJMMH nojefl GMUTOB, HA MeCTe 3HAYEHHH NEPeYHCAMMBIX KOHCTAHT M HHHLMA-
JIH3aTOPOB, a TaKXe B HEKOTOPBIX BBLIPAXEHHWAX s MPENPOleccopa TpebyloT-
Cs1 BBIPAXKEHHS, BBIYHCJEHHE KOTOPHIX NPHBOAHT K KOHCTAHTE.

KoHcTanTHbie BhIpaXeHHsi He MOTYT cojepxaTh NpHCBAWBAHHE, oneparo-
POB HMHKPEMEHTMPOBAHHMsA M [E€KPEMEHTHDPOBAHHHA, BLI3OBOB (YHKUMH M onepa-
TOpOB-3aNATHLIX; TNepeYyuC/eHHble OrPaHWUYCHHS] HE pACNPOCTPAHAIOTCH HA OIlle-
paun sizeof. Ecau rtpefyercs mOJYUHTh LENOUHCJIEHHOE KOHCTAHTHOE BbIpa-
KEHHE, TO €ero ONepaHAbl [OJIKHLI COCTOSITb M3 ULeJbIX, NEPEeYHCAHMBIX, JH-
TEPHBIX H NJIABAIOIUMX KOHCTAHT, ONEPAauHH MpPHBEACHHS NOJKHBI CHEUH HIHPO-
BaTb LEJOUHCJCHHBIA TUN, a J06as naaBaollas KOHCTAHTA — NPHBOAWTHLCH K
uesiomy. M3 3TOro cregyer, uTO B KOHCTAHTHOM BLIDAXKEHHH HE MOXET ObITb
MacCHBOB, OllepalMil pPACKPLITHS yKasaTessi, [MOJydYeHHs] ajpeca H OOCTyna K
nosnsmM CTpyktyphl. (OnHako ans sizeof Bosmoxnbl omepananl 060ro BHAA.)

~
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Jinsi KOHCTAHTHBIX BLIPAXEHHMH B MHMLMAJK3aTOpax Honyckaercs GOabluas
cBofona; OmepaHAaMH MOTYT ObiTb KOHCTAHThl JIOGOr0 THIA, & K BHEIIHHM
HJIH CTATHYeCKHM OODbEeKTaM M BHEUIHMM MW CTaTHUECKHM MAaCCHBAaM, HHIEKCH- .
pYEMBIM KOHCTAHTHBIMH BbIPaXKEHHSMH, BO3MOXHO NPHMEHSITb YHApHBIH OnepaTop
& YunapHbifi onepaTop & MOXeT TaKXe HeABHO «IPUCYTCTBOBAaTb» 'NpPH HCIO-
Ab30BAHHM MaccuBa 6e3 HHAeKCa WM ¢(yHkunu Ge3 cmHcka aprymeHToB. Bmo-
YHCJIEHHE HHHUHAJN3ATOpa [AOJKHO [aBaTbh KOHCTAHTY HJH ajapec paHee Jek-
JIApUPOBAHHOIO BHEUIHETO MJH CTATHYECKOTO OO6BEKTAa NJIOC-MHHYC  KOHC-
TaHTa.

Menbuiasi ¢cBo6OJa AOMYCKAeTCS A LEJOYHUCJIEHHBIX KOHCTAHTHBIX BbI-
paXeHHuit, HCHoib3yeMbix mnocse #if: wHe paspewarorcs sizeof-Beipaxenus,
nepeyuc/MMble KOHCTAHTHl W OnepauWu npusenexus TtuHma. (Cm. Al12.5.)

A8. OEKNAPAUMM

To, Kakum 06pa3OM HHTEPNPETHPYETCA KaXKABH HIACHTH(OHKATOpP, CIENH-
GHUUPYETCs [OeKJapaldsiMH; OHH He BCeria pe3epBHPYIOT NaMsiTb AJsl ONHCHI-
BA€MBIX MMM HAeHTHdUKATOpOoB. Jlek/japauHH, pe3epBHPYIOLIHE NaMsAThb, HAa3H-
BAIOTCH onpedeseHusmu W HMEIOT CJCAYIOWHKHH BHI

dexkrapayus:

cneyudukaropet-Gexrapayuu cnucox-unuuvaexﬂaparopoaﬂeoﬁ;

[exnapaTophl B CHHCOK-HHHU-AEKJIAPATOPOB COAepKaT JeK/JapHpyeMble HIAEH- -
THOHKATOPL, CHeyH@HKATOPLI-AeKNapallHd  NpPeACTaBASIOT COGOH  nocJjenoBa-
TEJbHOCTH, COCTOsIlIHE M3 CNEeUH(dHKATOPOB THMA M KJacca HNaMsTH.

cneyupurkaropsi-Oexaapayuu:
cneyupukaTop-kaacca-namaTy cneyudukaTopsi-dexaapayuy
cnequurarop-runa cneyuuxaropsi-oexrapayuu
kearupuxarop-runa cneyudukaropsi-dexaapayuu

Heob
1eob
Heob

CNUCOK-UHUY-0eKAAPATOPOS:

unuy-dexaaparop

CRUCOK-URUY-0EKAAPATOPOE , UHUY-0eKaaparop
unuY-0eKaaparop:

dexkraparop

dexaaparop = UHUYUAAU3ATOP

JleknapaTophsl COAepXAaT MNOJexKallde ONHCaHHIO HMeHAa. Mel paccMOTpuM ux
nosxe, B A8.5. JluGo mekJapauust AO/DKHA HMeTb MO KpaHHeH Mepe OIHH
nekjgapatop, Ju6o ee crneuMHKATOP THNA [OJDKEH ONPENensiTb Ter CTPYKTY-
pol uJH oO6beadHexHsi, JHOO — 3a[aBaTh 4YJEHb IepPEYUCJIEHHA; MNyCTas AeK-
Japanusi He3aKOHHA.

A8.1. Cneunduxaropbl Knacca namsru

Ksace namsaTu cnenudHIUpyeTcsi caenylouum obpasom:

CReyuPUKATOP-KAACCA-NAMATUY:
auto
register
static
extern
typedef

CMBICA KJACCOB naMsiTH obcyxpaancs B A4
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Crneuucdukatopsl auto u register nawr aekJapupyemMbiM OGBeKTaM KJace
aBTOMaTHYEeCKOH NaMmsaATH, M 3TH CHeUH(HKATOPH MOXKHO TPHMEHSTb TOJBKO
BHYTpH ¢yukunil. [eknapaunn ¢ auto u register onHOBpeMeHHO SABASIOTCH
ONpeNe/ieHHsIMH H Dpe3epBHPYIOT mamsite. Cneuuduxarop register sksupanen-
TeH auto, HO COREPXHT NOACKA3Ky, COOOIWAOWYI, YTO B NPOrpaMMe AeKJa-
pHpyeMble MM OGBEKTH HCNOJB3YIOTCS HHTEHCHBHO. Ha perucrpax MoxeT GbiTb
pasMelleHo JiMlIb HeGO/IbLIOe YHC/I0 OGBEKTOB, NpPHYEM ONPENeSEHHOrO THIA,
yKa3aHHble OIpPaHHYEHHs1 3aBHCAT OT peasusaudHd. B nw6om cayyae k regis-
ter-o6bexTy Helb3s NPHMEHSITh (SIBHO WJIH HESBHO) YHApHbIN onepatop &.

HoBmim ABJAECTCA NpPaBHIO, COIJACHO KOTOpOMy BLIYHCIATL anpec
ob6bexrta xsaacca register nesnbssi, a kaacca auto MoxHO.

Cnenudukarop static paer ngeksapupyemMbiM 0OGBbEKTaM KJAacC CTAaTHUeC-
KOH MaMsTH, OH MOXET HCIOJb30BATHCS M BHYTPH, H BHE (YHKLHH. BuyTpu
GyHKUHH STOT CneundHKaToOp BLI3LIBACT BbIAEJIEHHE MAMATH W CJAYKHT ONpese-
JIGHHEM; ero poJib BHe (yHKUHH Oyaer obbsicHena B Al11.2.

Hexnapauns co cneundukaropom external, ucnosbsyemas BHYTPH ¢yH-
KUHH, OOBABJASIET, UTO [/ [AEKJIAPHPYEMOTo OGbeKTa Trae-TO BbigeJeHa [fa-
MATh; O €€ poJH BHe (GyHKUHH Oyner ckazaxHo B Al1.2.

Cnenucurarop typedef He pesepBHpyeT HHKakKOH naMaTH M  Ha3BaH
CHEeUH(HKATOPOM KJacca NaMATH H3 COOOpakeHui CTAHAAPTHOCTH CHHTAKCH-
ca; peyb 06 3TOM crneundukarope noiigzer B A8.9.

Jleknapaunss Moxer comepkarb He (oJiee OAHOTO CreuHbHKATOpA KJjac-
ca mamatd. Ecnu oH B neknapauMu OTCYTCTBYET, TO AEHCTBYIOT CJeAYIOLLHe
NpaBusia: CUHTAETCsl, 4YTO OGBEKTHI, AeKJAApHpyeMble BHYTPH (QYHKUHI, HMET
knacc auto; ¢yHKuUMH, dekjgapupyemble BHYTPH ¢ynkuuit, — xsacc extern;
_OOBeKTH H (QyHKUMH, IeKIapupyemble BHe (DYHKUHEH, — CTATHYECKHE H HMEIOT
BHeurnve cBasu (A10, Atl).

A8.2. Cneuucpukaropsl Tuna

CreundukaTopel THNA ONpelessioTCst CJAEAYIOUHM 06pa3oM:
Cneyuduxarop-tuna:
void
char
short
int
long
float
double
signed
unsigned
CTPYKT-uau-obved-cneyuurarop
enum-cneyupuxarop
typedef-ums

Bmecte ¢ int ponmyckaercs ucnosbsoBanue eie KakOro-TO OHOrO CJI0BA —
long wuam short; npuuem coueranne long int umeer ToT e CMBICJI, UTO H
npocto long; awasnoruyno short int - To xe camoe, yto u short. Ciogo
long moxer ymorpebasitbcsi BmecTe ¢ double. C int u APYTHMH €ro MOJH-
¢ukauusimu (short, long wuam char) paspewaercs ynoTpebasiTh OLHO H3
cnoB signed wunum unsigned. Jlio6oe H3 MOCAENAHHX MOXET HCIOAb3OBATLCS
CaMOCTOATENbHO, B 3TOM  Cjayyae mnoapadymesaercs int.  Cneuuduxarop
signed O6biBaeT mnosesen, koraa TpeGyeTcs OGeCHeYHTb, UTOGH Char-06bex-
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TBl WMeNH 3HaK, €ero MOXHO TpPHMEHATb W K [IPYrHM UEJOYHCJEHHBIM THNAM,
HO B 3THX CJydasix OH H30OLITOUEH.

3a HCKJIOYEHHEM ONHCAHHBIX BBILIE CJy4YyaeB AeKJapalksi He MOXEeT CO-
aepxartb Oosee ogHOro cnenudukaropa tuna. Eciam B gexkjgapauMu HeT Hu
OJHOro crneuHdHKaropa THNA, TO HMMeeTcs B BHAY THH int.

Jnsa  ykazanHs OCOObIX CBOHCTB OEKJapHpyeMblX OOBEKTOB INpeaHa3Ha-
4alTCA KBaJHOHKATOPLE:

KeaaupukaTop-Tuna:
const
volatile

KBanugukatopsl THMA MOryT yHnOTpebJsiTbCS C JIOObIM Cneun@uKaTopoM THIA.
const-o6vekT pa3spewaercs HHHUHANH3HPOBATh, OJHAKO [MpPHCBAHBATb €My
yTo-1160 B JAasbHeHuleM 3anpewaercsa. Cmbica kBanuguxkaropa volatile 3za-
BHCHT OT DeasIH3allHH.

CpeactBa const u volatile (u3amenuuBwiii) BBegennl ANSI-cTan-
naproMm. Kpanudukatop const mnpumeHsieTcs, 4TOOB pPa3MeCTHTb
O0bexKTsl B NAaMATH, OTKPBITOH TOJBKO Ha UTEHHe, HJIH YTOGH
CHOCOOCTBOBATL BO3MOXHOH ONTHMH3auMH. Hasnauenuwe xBanudu-
katopa volatile — mnosaBuTh ONTHMH3aUHIO, KOoTOopas 6e3 3TOro
yKasaHusi morjaa Obl BO3HHKHYTb. Hanpumep, B Mawmusax, rae
ajgpeca perucTpOB BBOJAa-BbIBONA OTOOpaXkeHbBl HA aapecHoe Mpo-
CTPAHCTBO MNAaMSATH, YyKasaTeJb Ha PerHCTP HEKOTOPOro YCTpoOil-
c¢tBa MOr Obl OblTb aeksaapHposaH kak volatile, wuro6ur 3ampe-
THTb KOMIHJATOPY 3IKOHOMHTb OUEBHIHO H3OBLITOYHYIO CCHIJIKY uYe-
pe3 ykasareib. KOMOHJIATOp MOXKeT HIHODHPOBATb YKa3aHHBIE
KBaJH(DHKATOPL, OJHAKO OOf3aH CHTHAJHM3HPOBATH O SBHBIX MIO-
NBITKAX H3MEHHTb 3HayeHUe COoNnst-o6bekTOB.

A8.3. [exnapauum cTpyktyp u obveguHenun

CprKTypa - 3TO O6"b€KT, COCTOSIIIKH W3 TMOCJeJ0BATE/NbHOCTH HMEHO-
BAHHBIX 4YJ/IEHOB pa3jHuHbIX THNOB. OObenHHeHHe — OODBEKT, KOTOPHIH B KaX-
IlbI]:'I MOMEHT BpPEME€HH COAEPXHT OAHH M3 HECKOJbKHX YJEHOB PA3JHUYHbLIX TH-
nos. Jleknapauuu CTPYKTYp H OOBEOHHEHHWH HMEIOT OAHH H TOT K€ BH/.

cTpyKT-uru-obeed-cneyupurkarop:
CTPpyYKT-uAu-06v€e0 uden'ruti)uxaropHeOd { cnucox-cTpyxr-dexnapayui }
cTpyxT-usu-066e0 udenrudurarop

CTPYKT-uAu-060e0:

struct
union

CHHCOK-CprKT‘HeK.HaPa[lHl‘;{ ABJAAECTCSA nocJjie10BaTeJbHOCTbLIO ue}(napaum'r'l yje-
HOB CTPYKTYPbl HJIH OGbEeNHHEHHs:
CRUCOK-CTPpYKT-Oekrapayud:
CTPYKT-OeKAapayus
CRUCOK-CTPYKT-0eKaapayut CTPpYKT-0ekaapayus
CTPYKT-0eKAaApayuUs:
CRUCOK-CneyuduKaTopos-k8aAuLPuUKATOPO8 CNUCOK-CTPYKT-0KAAPATOPOS,
cnucok-cneyupukaropos-keasupurkaropos:

cnequukarop-Tuna cnucok-cnequdu Karopoe«sa/zu¢>w<aropoaueoé

Ksaaupurkarop-runa CRUCOK-CneyuPUKATOPOB-KBAAL PUKATOPOE, 40
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CNUCOK-CTPYKT-0eKaapaTopos:
CTpyKT-Oexaaparop
CRUCOK-CTPYKT-0eKAAPATOPO8 , CTPYKT-0eKAAPATOP

OGBIYHO CTPYKT-HEKJI3paTop — 3TO NMpPOCTO [eKNapaTop 4JeHa CTPYKTYPBl HJIH
O0beAHHEHHs. YJIEHOM CTPYKTYph MOXeT OBITb TaKKe HEeKOTOpas MOC/Jea0Ba-
TeJBHOCTL GHTOB 3alaHHON [JAHHBL. TakOH uJeH Ha3bLIBAETCST nosem-6uT HIH

IpoOCTO noaem; yKasarteab €ro [AJHHbl OTHEJNAETCs] OT AeKJapaTtopa HMEHH
MMOJist IBOETOUHEM.

CTPYKT-Oexaaparop:
dekaaparop
dex/zapa'ropueoﬁ . KOHCTQHTHOE-8bLpANCEHUE

CneundHuKaTop THNA, HMEWIHH BHA
CTpyKT-uau-0beed ulentupukarop { cnucok-cTpykr-Oexsapayud }

LeK1apHpYeT uOEeHTU(PUKATOP KAK Te2 CTPYKTYph (OODbeNHHeHHs), 3amaBae-
Mbil cnuckoMm. [locsenyowue neknapanun B TOH Ke MAH 6osee BHYTpEHHe#H
06/1aCTH NeHCTBHSI MOTYT CCHIATbCA B CHEHNHHKATOPE HA 3TOT THN OpH 10-
Moy Tera (6e3 cnucka):

CTPYKT-uau-06ved wdentudurarop

Ecnu cneundukatop ¢ rterom Ge3 cnucka o6GHAapyXeH B TOT MOMEHT, KOria
Ter eue He [EKJIADHPOBAH, TO CUHTAETCs,, UTO CHEUHPHUUHPOBAK He3asep-
wennotd Tun. Ha 06bekT ¢ He3aBepUIEHHBIM THIIOM CTPYKTYpbl (06benHHeHwHs )
MOXHO CCHIJIATBCSI ‘B KOHTEKCTE, TH€ HE HYXeH ero pasMep, HampuMmep, B
HexnapauHsXx (HO He B ONpefeNeHHsiX), B CleundHKAUHH YKA3ATeasi HIHU npH
sajannu typedef, HoO HHM B Kkakux Apyrux cayuasx. Tun CTaHOBHTCSH 3aBep-
LIEHHBIM TIpH MNOSIBJICHHH CHEUH(PKKATOPA C TeroM CTPYKTYPHl HJH OObELUHE-
HHs, CONEpXKAWEro CIHCOK fnekJapaudH. Ho u B cneundukaropax co CRHCKOM
ONnpenesieMble HMH THIbBl BHYTPM CHMCKA OCTAIOTCS HE3aBEPIUEHHBLIMH A0 Tex
IIOp, IIOKA HE BCTPETHTCS 3aBepluamllas CneunGHKaTop (UTYypHAas CKOOGKa.

B crpykTypy He MOryT BXOAHTb usieHbl C He3aBepuieHHbIM THIOM. Cie-
AOBATE/NbHO, HEIb3st [EKJAPHPOBATH CTPYKTYpPYy (OOGbeanHeHHe), COLEpXKaulyio
camy cebs. OgHako, NMOMHMO TOTO YTO TErH SABASIOTCH HMEHAMH THIIOB CTpy-
KTYp HJH OOGDbeIHHEHHH, OHH MO3BOJSIOT ONpENeasATb CTPYKTYpH (OGbemHHe-
HHUsl), CChUIAlOUIMECs caMH Ha cebs; CTPyKTypa (oGbeanHeHHE) MOXET coaep-
KaTb yKasaTteJqb Ha OOBEKT 3TOH e CTPYKTYyphl (OGbeRuHeHHst), MOCKOJIBLKY
yKasaTesin C He3aBepLIeHHbIMH THNAMH JEKJapHPOBATL pPa3peLieHO.

B oTHowenuu aekmapauuii muga

CTPYKT-uau-06ve0 udenrudurarop

KOTOpBlE OODBABJAAIOT CTPYKTYPY HJH OGBEJHHEHWE, ONHAKO He HMEIOT HH CIU-
CKa, HH [EKJaparopoB, MAEHCTBYET CreuHanbHOe NpaBHAO. Jlaxe €CaH 3TOT
HIGHTHQHKATOP Yyxe Obll  [IeKJapHpOBaH BO BHeWHEeH O06JacTH JeHCTBHS
(A11.1) B xauecTBe Tera CTPYKTYyph HJH OOGBEAHHEHHS, B Texyule#t obaac-
TH [EHCTBHA yKasaHHasi [exJapauus fejaeT ero TeroM HOBOTO He3aBeplleH-
HOTO THNA IJAA CTPYKTYpbl HJAH OGBEAHHEHHUS.

D10 «HesACHOe» npasuio BBeneHo ANSI-cranmaprom. OHO 103BO-
JieT BO BHYTpeHHe# 006JacTH [eHCTBHsL [POTPaMMbl CO3ZABATb
«B3aHMHO-DEKYPCHBHbI€» [eKJapalllH CTPYKTYp C TeraMmH, KOTO-
pble yX€ MOIJIH ObIThb OObsIBJEHB BO BHEUIHEH OOJACTH AEHCTBHSA.

Cneundukarop CTPyKTypbl H/H OOBLEAHHEHHSI CO CIHCKOM, HO 63 Te-
ra, InpeacTaBisieT CO60H YHHMKaNbHBIE THI; Ha HEr0 MOXHO COCJATBCA TOJb-
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KO B TOH AEeKJapauHHy, 4acTblo KOTOpOﬁ OH sBJSETCA.

Muena unenoB n T1eros He «KOHDAHKTYIOT» HH Mexay coGOH, HH C HMe-
HaMHvoﬁquHX nepemenHbix. MMa unena wenpas YNOTpeSHTbL ABaXAB B OAHOM
H TOH Xe CprKType HJIH OG'be,lIHHEHHH, HO OOHO H TO Xe HMsT MOXHO HC-
noJbL30BAThL B PAa3J/IHYHBIX CprKTyan H O6"be].IHHeHHHX.

B nepsoM wu3ganuu 370l KuurM umena YJEHOB He OBbLJIM JIOKAJMH30-
BAHBI B CBOEH CTPYKType WJIH OGbeauHeHHH. OxHako Takast Jioka-

JIM3aLHA  CTaja obueynoTpeGHTeNbHOR eule j10 npunsaTtst  ANSI-
crangapra gas Cu.

Hnen (ne nose) moxer 6uith 06bekToM mo6oro THna. [lose (koTopoe
MOXET M HE HMeTb AeKJapatopa H, CJaeJ0BATeNbHO, GHITb Gea HMEHH) HuMeeT
tun int, unsigned int wau signed int wu HHTEDNPETHPYETCH KaK OOBeKT
UEJIOYHCICHHOTO THOA C 3aJaHHBIM YHCJIOM GHTOB: paccMaTpuBaeTCs JM  noje
Tana int kak 3unakosoe, aaBucur ot peanusaunuu. TakKe OT peanausanuu
38BHCHT CNOCOG M MNOPANOK «YNAKOBKH» COCeNHMX noseli B mnamsiTi. Eoau
noJe, cjenymwiee 3a APYrHM MnoJeM, He TNOMEldeTCsl B YaCTHYHO 3AanOJHEeH-
HOH siueilke NaMATH, TO JHO0 OHO Oynmer pa3pe3aHO Ha YacTH, KOTOpHIE MO-
nanyT B pasHble AUYelikH, JHOO B CTPYKTYpe BO3HHKHYT NPONYCKH H3 HEHC-
noab3yembix paspsinoB. [lose 6es umeHn aiuubl 0 npegnucbiBaeT NPONYCTHTD
OCTaBIUHECs pa3psafbl H CJAedYIOUlee IOJie PACIOJOKHTb € Hayada sueliku ma-
MSITH.

B cpaBHenun ¢ nepBuIM wu3zaHuem ANSI-ctaunapt ycranaeamBaer
euwe GObLUIYIO 3aBHCHMOCTL NOJiell OT peanH3alHH. Pazymuo npa-
BHJIA 53bIK4, KacalOlUlMeCsi pasMelleHHs noJei GHTOB, paccMaTpH-
BaTb (€3 KaKHX-JIHGO OrOBOPOK KAK  «PeaiH3aluOHHO-3aBHCU-
mule>. CTPDYKTYpH C HOJIAMH OHTOB MNOJIE3HB H Kak YHHBEpCalb-
HbIH CHOCO0 MHMHHMHM3ALHH [0aMsTH, TpeGyeMol Mo CTPYKTYpHI,
BO3MOXHO, 3a CYET YBEJHUEHHS KOJHYECTBA KOMAHA H 3aMmene-
HHST [0CTyna K NOJAM, H XKaK Cnocof ONmHCaHHst NOGHTOBOrO pac-
NOJOXKEHHst HHpOpmauuu. Bo BTOpoMm cayuae HeOOGXOAMMO 3HATH
OCOGEHHOCTH KOHKPETHOH peanH3aiuHH.

Ynenel CTpyKTyphl HMMeIOT ajpeca, BO3pacTaloUlHe B IOPSIAKE HAMHCAHHS
HX fekjaapauud. YseH CTpyKTypbl (He Mose) BLIPABHHUBAETCS HO anpecyeMbIM
TpaHHLaM CJOB B COOTBETCTBHM CO CBOHM THIIOM; CJeEJIOBAaTeNBbHO, B CTPYK-
Type MOTYT BO3HHKATh Oe3bIMsIHHBIE «Jbipbl». EciaM ykasaTenb Ha CTPYKTYDPY
NpHBECTH K THUNY yKasaTe/ls Ha ee MepBbIH YJeH, TO B pe3yJbTaTe MOJY-
YHTCAl yKasaTeb Ha NEPBbIA 4l€H CTPYKTYpBHL

O6bennHeHHe MOXHO CYUHTAThb Kak Obl CTPYKTYpOH, BCe UJEHbI KOTOpOH
HMeloT cmemedde 0 OT ee Havana, M KOTOpas O0/adaeT AOCTATOYHBIM pasMme-
poM, 4TOOb BMewaTb JOOOH H3 CBOMX UJEHOB. B KaXIBH OTAebHBII MOMEHT
00be/lHHEHHE MOMeT XDAaHHTb 3HAYeHHE TOJLKO OJHOFO CBOero usena. FEciu
yKasaresib Ha OObEAHHEHHE IPHBECTH K THOY KAaKOrO-TO H3 €ro 4YJeHOB, TO
B pe3yabTaTe NOJYUHTCS yKa3aTeab Ha 3TOT 4YJEH.

Bot npoctoli npumep meknapaudM CTPYKTYpbl, KOTOpas COMNEPXHUT Mac-
cuB u3 20 JIHTep, 1e€0e H [ABE CCBHIIKH HA TAKHE Ke CTPYKTYPHI.

struct tnode {
char twordi20];
int count;
struct tnode *left;
struct tnode *right;
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Ecau nocne ykasaHHOH dekJapauMH [OMECTHThb 3amMHCh
struct tnode s, *sp;

TO oHa GyaeT onpeiessiTb S Kak CTPYKTYpy 3a0aHHOrO BHA4, & SP — Kak
yKkasaTeJb Ha Takyl CTpyKTypy. COr/aacHO NpPHBEAECHHBIM ONpEAEeSEeHHsIM Bbi-
paxeHue

sp->count

€CTb CCbIJIKA Ha 4JIEH count B CTPYKTYpe€, Ha KOTOPYHO YKa3nlBaeT Sp;
s.left

— yKasaTeJb Ha JeBO€ NOAAEPeBO B CTPYKType S; a
s.right->twordl[0]

ecThb nepBasi JuTepa H3 tword — ujeHa mpaBoro MnoajaepeBa s

Boofue rosopsi, HeT cnocofa MNpOKOETPOJHPOBATb, HCIHNOJAbL3YeTCH  TOT
JH ujeH OObeAHHEHHss, KOTOPOMY TMOC/JeAHHH Ppa3 NPHCBAHBAJOCH 3HAYEHHE
OnHako rapaHTHpyeTCsi BBINOJIHEHHE mnpasusaa, o6Jerdampiero paGotTy ¢ uJe-
HaMH OObeOWHEHUs: ecau OOBbeJHHEHHE COLEPXKHT HECKONbKO CTPYKTYp, Ha-
YHHAKWHKXCA ¢ ofmied M HHX MOCJeJ0BAaTeNbHOCTH [NAHHBIX, H ecjgd o0ben-
HEHHE B TEKYMIHH MOMEHT COLEPXHT OJHY H3 3THX CTPYKTyp, TO Ha oO0ulyIio
4yacTh [OaHHBIX pa3pelaercss CCbLIATBCA dYeped Ja0OOYI0 H3 YKA3aHHBIX CTPYK-
Typ. Tak, npaBomepen ciaenylomiudl ¢GparMeHT TNPOrpaMMmbl:

union {
struct {
int type;

} n;
struct {
int type;
int intnode;
} ni;
struct {
int type;
float floatnode;
} nf;
}ou;

u.nf.type = FLOAT;
u.nf.floatnode = 3.14;

if'(u.n.type == FLOAT)
sin(u.nf.floatnode)

A8.4. MNepeuncnenus

[lepeunciennst — 3TO YHHKAJbHbIH THII, 3HAYEHHS KOTOPOrO MOKPLIBAIOT-
Csl MHOXECTBOM HMEHOBAHHBIX KOHCTAHT, HA3bIBAEMbIX MEPEeYHCAHTeNsasMH. Bupa
cnenuguKaTopa NnepeyrucJeHHsi IAUMCTBOBAH Y CTPYKTYp H OObeJHHEHHH

nepey-cnequpurarop:
enum udeuwd)ummopi,eoﬁ { cnucok-nepewucaurenred )
:
enum wdentugukarop
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CRUCOK-NeperucauTered:
nepequcaurens

CRUCOK-nepeuciuTeseld , NepevucauTens
nepeducauTens:

udentupurarop

udenrudpurarop = KOHCTAHTHOE-8bIPAN EHUE

Upentuoukatopn, BXoasimine B CHNHCOK nepevyucanTenet, OO6bABASIOTCH KOHC-
TauTamu THna int uw wmoryr ynorpe6asithcs Besme, rie TpefyeTcsi KOHCTaH-

ta. Ecaum B 3TOM CIIHCKE HEeT HH OJHOro NEPEUYHCJINTEST CO 3HAKOM =, TO
3HaY€HHs1 KOHCTAHT HauyuHawTed ¢ 0 u yBCJIHYHBAKTCA HA 1 mo Me€pe 4YTeHud
ACKJIAapallHH CJieBa Hanpano. ﬂepe'{ncmneﬂb CO 3HAKOM = faetr COOTBeTC-

TBYOIIEMY HILGHTH(i)HKaTOpy 3HAYEHHE; nocJjenywouiue H[[eHTH(i)HKaTOpr HpOllOJI-
KaloT NpOrpecCHI0 OT 3aJaHHOTO 3HAYEHHS.

Vimena nepeuncnuresnct, wucnosb3yembie B 0gHOH 06gaCTH neHCTBHS,

OOJIXKHBl OTJIHYATLCS Apyr oT aApyra H OT HMeH OOBIYHBIX NMEPEMEHHBIX, OAHA4-
KO HX 3HAUeHHsH MOIyT M COBII4aAaThb.

Poab wuaeHtudukaropa B nepeu-creuvPpUKATOpe aHaJOMHUHA pOJH  Tera
CTPYKTYPbl B CTPYKT-CHEUH(HKATOPE: OH SBJASETCH HMeHeM HEKOTOPOTO KOH-
KpeTHOro mnepevucsaenust. llpaBuma nas cHuckos wu nepey-crneuHdUKATOPOB (C
TeramMmuM K 0e3) Te ke, YTO H A5 CNenHdHKATOPOB CTPYKTYP HIAH OGbedH-
HEHWH, C TOH JHIIb OrOBODKOI, UTO 3JeMEHTHI nepeyucyseHni He ObIBAIOT He-
3aBeDUIEHHOrO0  THNA; Ter mnepeu-cnelHdUkatopa 6e3 Cnucka NepeyHCInTe-
JIeH [I0JUKeH OTChlNaThb B Npejenax OGJACTH [eHCTBHS Ha CMeuHHKATOp CO
CIIHCKOM.

B nepsom wusnawmm sswka nepeuncienuit He ‘6bL10, HO OHH yxe
HECKOJBKO JIeT MPHMEHSAIOTCH.

A8.5. [Neknapartopsl

Jlexnaparopbi HMeIOT CAENYIOWHHA CHHTAKCHC:

Oexnaparop:
yrasareas , s COOCT8EHNO-Oexaaparop

cobcrgenno-Oex aaparop:

udentupuxarop

( dexaaparop )

cobersenno-dexaaparop | KONCTanTROe-BoLpaNcente, , o |

coberaenno-dexaaparop  cnucox-runos-napamerpos

cobersenno-dexaaparop | cnucok-udenTuduraropos, , s )
yxasarens:

* cnucoxﬁcsaﬂudmxaroposfmna
* Cnucox»xsa/md)uxaropoa-runa

Heob

Heob ykasareas

CRUCOK-K8aAUPUKATOPOB-TUNG:
Kearupukarop-runa

CRUCOK-KBAAUPUKATOPOS-TURA Ksarupukarop-tuna

Y CTPYKTYpHl [€KJ1ApaToOpa MHOTO CXOAHBIX YepPT CO CTPYKTYPOH NOABBIpaxKe-
HHH, TNOCKO/NIBKY B [1eKJ1apaTope, Kak H B NOABBIPAXKEHUH, JONYCKAIOTCH Ore-

PaUHH DACKDLITHS yKasaTess, OOpalleHHsi K OYHKUHH H MOJyY4eHHS 3JeMeHTa
MacCHBa (C TeM Xe NOPSIAKOM NpHMEeHeHHs:)



212 [Ipunosenue A

AB.6. Yro o3naualoT peknapatopsl

COHCOK  /1eKJapaToOpOB  pacnosiaraeTcsi Cpasdy MNocje  CreuudHKaTopos
THNIAa H YyKasaresas kJjacca namsaTtd. [naBubifi 3jeMeHT /060ro neksnaparopa -
3TO OODBSBJISIEMBIH HM HIEHTH()HKATOP; B NpPOCTEHLIEM CJydyae [AeKJIapaToOp H3
OQHOTO €ro H COCTOMT, YTO OTPaXEHO B MNEpPBOH CTPOKE NPOAYKUHH TpaMma-
THKH C HMeHeM cobcTsenno-Oexaaparop. CrneunduKaTOpbl Kjacca NaMsTH OT-
HOCSITCSI HENOCPeACTBEHHO K MIAEHTHOHKATOPY, a €ero THN 3aBHCHT OT BHAA
nexJjaparopa. [lexksapaTop cJeAyeT BOCIDHHHMATb Kak yTBEpXKAEHHe eCJH B
BbIDaXX€HHH HACHTHOHKATOP MOSIBJISETCHA B TOM XKe KOHTEKCTE, 4YTO H B Jek-
JapaTtope, TO OH 00603HauaeT OOBEKT CNeUHPHUUPYEMOrO THMA.

Ecin  coennnnTh creuudukaTopel AeK/apalHH, OTHOCALIMECS K  THIY
(A8.2), W HeKOTOpHH KOHKDETHbIH [AeK/J1apatop, TO AEKJapalHsi NpPUMET CJle-
aywwnid Bum: «T D», roe T — tun, a D - pexknapatop. OTa 3amHCh ONKCHI-
BaeT THI ISl HAEHTH(PHKATOpPA JIO6OTO AEKIApPaTOpa HHAYKTHBHO.

B nmexnapauuun T D, rae D — npocto WaeHTHdHKATOpP, THN HAEHTHdHKA-
Topa ecTb T.

B nexnapaunn T D, rme D umeer BHA

( D1

THI HpeHTHHKaTopa B D1 ToT ke, uro u B D. Cko6kH He H3MEHSIOT THII,
HO MOTYT MOBJIMSATL Ha pe3yJbTaThl €ro «IPHBSI3KH» K HAEHTHQHKATOpaM B
CJIOXHBIX HEKJIAPaTOpaXx.

A8.6.1. Hexaaparoper yrkasareseii

B nexnapauun T D, rpe D umeer BUA

* CNUCOK-KB8AAUDUKATOPOB-TUNG D1

Heob

a THn uneHTHoukatopa aexkaapauun I D1 ects «modugpurkarop-runa T, Tun
HaeHTHuKartopa D ecTb «modudukarop-runa cnucok-kearuukaropos Tuna
ykasaTenb Ha T». Ksanudukartopel, cieayioune 3a *, OTHOCATC K CamMOMy
ykasarenio, a He K OGBEeKTYy, Ha KOTOPbIH OH YKa3blBaerT.

PaccMOTpHM, HanpuMep, OekJapalxio

int *apl];

3necy apll wrpaer poab D1; geknapaunio «int apll» cjenyeTr pacumugpo-
BaTh (CM. HHXKe) KaK «MaccuB H3 int»; CHOHCOK KBATUGUKATOPOB THNA
3leCb NYCT, a MOAM(MHKATOD THNA €CTb «MacCHB u3». CleNOBaTeNbHO, Ha
CcaMoM JeJse NeK/1apauusi ap IVIACHT. «MacCHB M3 ykasaTesei Ha ints.

Bot ewe npumepnl nekaapanuii: '

int i, *pi, *const cpi = &i;
const int ci = 3, *pci;

B Hnx ofbsBasiorcs uenoe i u ykasaTenr Ha uesoe pi. 3uauenue yKasare-
A3 cpl Heuwsmenno;, cpi Bcerma GymeT ykasbiBaTb B OIHO H TO KE MECTO,
HaXe €eCJH 3HayeHHe, Ha KOTOpPOe OH CChijiaeTcsi, cTaHeT uHHM. Lllegoe ci
€CTb KOHCTAHT4, OHO H3MEHHTBHCH HE MOMXeT (XOTS MOXET HHHUHAIH3HPOBA-
TBCA, Kak B JaHHOM cayuae). Tunm ykasatens pCi NpPOH3HOCHTCS KaK «yKa-
3atenr Ha const int»; cam ykasareqb BO3MOXKHO H3MEHHTb, NPH 3TOM OH
OyxeT CCbIIATLCA HA [PYroe MeCTO, HO 3HAyeHHe, HAa KOTOpOe OH Oyner
yKa3blBaTh, MOCPEACTBOM PCi1 HU3MEHMTb Heab3d.
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A8.6.2. Hexaaparope. maccusos

B neknapauun T D, rme D umeer BHA

D1 I KOKCTaHTHOe-8bipascenue,,, . |

M Tle THNl uaeHTHHKaTOopa nekaapauuun T D1 ecTs «mobugpurarop-runa T»,
THI HAeHTHQHKaTtopa D ecTh «MOOuuKaTop-Tuna Maccus uz Ts. Eciau xoHe-
TAHTHOE BBIDAXEHHE NPHCYTCTBYET, TO OHO JOJIKHO ObITb LEJNOYHCIEHHBIM H
Gonbwe 0. Ecan koucTanTHoe BEIDAXEHHE, cCreundHuHpyIOlee KOMHYeCTBO
SJEMEHTOB B MaCCHBE, OTCYTCTBYeT, TO MacCHB HMEET He3aBepUIEHHBIH THIL.

Maccus  moxuo KOHCTPYHDPOBATL H3 OOBEKTOB apHQMETHYECKOr0 THIA
yKasaresiel, CTPykTyp H OGbenHHEHHH, a Taxxke ApPYTrHX MacCHBOB (reHe-
PHDYsl HPH 3TOM MHOromepHele maccusel). Jhio6o#t Tun, u3 KOTOpOro KOHCTpY-
HPYETCA MAacCCHB, [OJIKEeH G6bITb SABEPLICHHBIM, OH HE MOXeT OhiTb, Hanpumep,
CTPYKTYPOH HJIH MacCHBOM HE3aBepIleHHOro THma. 3To 3HauuT, vyrO st
MHOTOMEPHOTO MacCHBa NycTOM MOXeT 6uiTh TOILKO  NepBas pasMepHOCTD.
Hesasepwennntt tun maccnpa NOJy4yaeT CBOe 3aBeplieHHe JAHG0 B ApYyTOH je-
Kaapaunn  storo  maccksa (A10.2), sau6o fpH ero  uHHuManuzauun (A8.7).
Hanpumep, sanucs

float fall17], *afp[17];

A€K7apHpyeT MaccHB M3 float-unmces u maccus M3 yKaszaresed Ha float-
4HCaa. AHalOTHYHO

static int x3dI3115117];

ACKJIADHPYET CTATHYECKHH TpeXMepHBII MacCuBp HeJblx pasMmepa 3x5x7. Ha
CamoMm nese, ecnu OuITh TOuHBIMH, X3d sBssercs MacCHBOM H3 Tpex 3jeMeH-
TOB, KaXAblH H3 KOTOPHIX €CTb MAacCHB H3 maTH 3JIEMEHTOB, COAEpXAallHX Mo
7 nenwmx. :

Onepauus HHACKCHpOBaHust E1[E2] onpepenena TaK, YTO OHAa HAEHTHY-

Ha onepauun *(E1+E2). Cnenosartenbuo, HECMOTPSA HA AaCCHMETPHYHOCTB 3a-
HCH, HHAEKCHPOBaHHE — KOMMYTATHBHas OnepauHs. YuuTHBas npasu/a npe-
006pa3oBaHus, NpHMEHseMbie st onepatopa + W MacCHBOB (A6.6, A7,
A7.7), moxwuo CKasaTb, 410 ecqau E1 - maccus, a E2 - wenoe, 1o E1[E2]

o6o3HavaeT E2-H sjpement maccuBa E1.

Tak, X3dl111jlTk] osnauaer TO XKe caMmoe, YTO H *(x3dlilljl + k).
Meproe NoaBbipaxenue, x3dlillj], cornacho A7.1 NPHBOAUTCA K  THOY
«yKasaTenb Ha MAacCHB Ue/bIX», 1o A7.7 C/IOXEHHe BKJIOYAeT YMHOMXEHHE Ha
pasmep o6vekta THna int. M3 stux ke IIpaBHJl CJI€QyeT, YTO MacCuBBl 3a-
TIOMHHAIOTCS  «MOCTPOYHO» (MOCJenHHe HHICKCHl MEHSIIOTCA vyaume) H yTo nep-
Basg PpasMEPHOCTb B [HeKk/JapalHH noMoraer ONpPELENHTL KOJHYECTBO NaMsiTH,
3aHMMaEeMOH MacCHBOM, OZHAKO B BLIUMC/IEHHH aJpeca 3,eMEHTA MacCHBa
Y4acTHsi He IpHHHMAET.

A8.6.3. NMexaaparops Pynrxyuii
[Ipu HoBOM crmOCOGE Aeknapaunst ¢ynkuun T D, rme D umeer BHA
D1( cnucok-tTunos-napamerpos)

W THN HAeHTHQHKATOpa nexknapauun T D1 €CTb «modutpukarop-rung T», Tun
HAEHTHGHKAaTOpa B D  ecrn «modupuxarop-runa GbyHkuus ¢ .ApryMeHTamu
CRUCOK-TUNO6-napameTpos, BO3Bpawaomasn Ts.

[Napamerper nmeror CJAECAYIOIIHA CHHTAKCHC:
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CNUCOK-TUNOB-NAPAMETPOS:
CRUCOK-napameTpos
CRucCoK-napameTpos ,

CRUCOK-NAPAMETPOS:
dekaapayus-napameTpa
CnucoKk-napameTpos , 0eKiapayus-napamerpa
dekaapayus-napaserpa:
cneyudukaropsi-Oexrapayuu Oexaaparop
cneyuduraropsi-dexrapayuu abeTpakTrotd-Oexaaparop, , e

[lpu HoBOM cmoco6e onucanusi (YHKUME CHHCOK NapamMeTpoB cneunduunpyer
HX THIOBl, & €Cad (YHKUHs BOOGHIE He HMeEeT NapameTpoB, HA MeCTe CIIHCKA
THIOB YKa3biBaeTCsi OAHO Cya0BO — void. Ecau cnucok THNCB napameTpos
3aKaHYHBACTCS! MHOTOTOUYHEM &, ...», TO (YHKIUHS MOXKET HMETb GOsblie ap-
TyMEHTOB, 4eM YHCJIO SIBHO OonucanHbix napamerpos. (Cm. A7.3.2.)

Tunel napameTpoB, SIBASIIOUIHXCS MACCHBAMH M (YHKLUHSIMH, 3aMEHSIOTCH
Ha yKalaTeJH B COOTBETCTBHH C IpaBHJIAMH TNpeo6pa3oBaHHs NapaMeTpoB
(A10.1). EnuHcTBenHblH crneundbuKatop kjaacca NaMmsiTH, KOTODbH pa3spelieH B
AeK/apallHH napamerpa, — 3910 register, onHako ou urHopHpyercs, ecau
OeK1apaTop (GYHKUMH He SBJAETCH 3aroJiOBKOM ee OnpejeeHHs. AHaJOoruu-
HO, €CJIH [EKJApaTopbl B [EKJApallHsIX NapaMeTpoB COAEPXKAT HAEHTHPHKATO-
PBl, @ [eK/JapaTop (YHKUMH HE SIBJSETCH 3arOJOBKOM OIpefeseHHs (hYyHK-
UHH, TO 5TH HAEHTHHHKATOPH TOTUAC KKe BBIBOASITCS M3 TeKylued o6sacT
JEeHCTBHS.

[Ipn crapom crnocofe aeksnapauns Gyukuuu T D, rme D umeer Bux

Di(cnucok-udenruguraropos,,, )

H THN uaeHTHOHKaTopa aekaapauun T D1 ects «modugpuxarop-runa T», tun
niaeHTHoukaropa B D ecTb «modupuxarop-runa ¢yHKUES OT HeCHeUH(pHUH-
POBAHHBIX apryMeHToB, BoO3Bpamiaiomasi I». Ilapamerpnl, eciM OHH €CTb, HMe-
10T CJEeNYIOWHUH BHI

cnucok-udenTudukaropos:
udenTudurarop
cnucok-udentuduraropos , udentudurarop

[Ipn crapom cnocofe, eciH jekaapaTop (GyHKUHH He HCIOJAb3yeTcsi B Kadec-
TBe 3arosioBka omnpenesenuss ¢yukuunu (A10.1), cnucox wuneHTHdukaTopos
OOJ/KeH OTCYTCTBOBaTb. HHKako#i HHGOpMauWH O THNAX napaMeTpoB B AeKJa-
palUH# HE COLEPKHTCS.

Hanpumep, nexnapauus

int £(), *fpi(), (*pfi)();

onuceiBaeT gyHkuvio f, Bosspamaloomyio uenoe, ¢ynkuxio fpi, Bo3Bpamawmyw
ykasatejb Ha ueJjoe, u ykasareabp Pfl Ha ¢yHKIHIO, BO3BpaAIOUYIO LEJOE.
Hu anst onHOM (GYyHKUHMH B [eKJapauuu He YyKa3aHbl THIB NapaMeTpoB; BCe
(GYHKUHH ONHCAHBI CTapbiM CHOCOGOM.

BoT kak BHITJISIAHT NekAapauusi B HOBOH 3aNHCH:

int strcpy(char *dest, const char *source), rand(void);

3necs strcpy - ¢yHkuMsi € OBYMS apryMeHTaMH, BO3Bpaulaionias 3HAayeHHe
tina int; nepBu#i aprymesT — ykalareab Ha 3HaueHwe TtHna char, a BTo-
poOH — ykasaTenb Ha HeW3MeHsiiolleecss 3HaueHwe tuna char. Vimena napamer-
pPOB HIPAIOT poOJb XOpOWUX KomMmeHTapueB. Bropas ¢ynkuus, rand, aprymen-
TOB HE WMeeT W BO3Bpauiaer int.



Cnpasounoe pyxosodcrso 215

[Tporotunm AeKNapaTopoB (GyHKUMH C mnapameTpamu - HauGosee
BaxHoe HosoBBeaenHe ANSI-cranmapra. B cpaBhenunm co CTapbiM
CIIOCOGOM, NPHHSATHIM B TEPBOH penaKLHH SI3bIK4, OHH I[03BOJAIOT
UPOBEPATE H NPHBOAHTL K HYXHOMY THIY .4pPTYME@HTHl BO BCex
BbI30Bax. CJ/IENyeT OAHAKO OTMETHTb, YTO HX BBELEHHe NpHBHE-
CJIO B ASBIK HEKOTOPYI) CYMSATHUY H HEOGXOAHMOCTb COL1ACOBA-
HHsL 00enx ¢opm. Urobum o6ecneunTp COBMECTHMOCTb, TOTpe6Oo-
BATHCh  HEKOTOpBIE «CHHTAKCHUYECKHE ypOoACTBAa» THma void aas
AABHOTO yKa3aHHA HAa OTCYTCTBHE [1apaMeTpos.

Muorotoune «, ...» npumenuTenbHO K GYHKUMAM C  Bapbu-
PYEMbIM 4YHCJOM apryMeHTOB — TakXe HOBHHKA, KOTOpasi BMeCTe
CO CTaHAApPTHLIM TOJIOBHBIM (alOM MaKpoCOB <stdarg.h> ¢opma-
JIH3YeT HEO(PHUHANBLHO HCNONb3yeMblH, HO OhHUHANBHO 3anpelleH-
Hbl B NepBOH pPeNaKUHH MeXaHH3M.

YKasaHHble Cnoco6bl 3aMHCH 3aMMCTBOBAHDBI M3 fA3biKa CH++.

A8.7. Muuymanmzayus

Ilpn  nomowwu HHHU-ACKIADATOPA MOXHO yKa3aTh HA4YalbHOE 3HAYCHHe
AeKJapupyemoro oGwekta. Hunumanusartopy, npencrasasiomleMy co6oi  Bblpa-
KEHHE HJM CIOHCOK MHHLHAJNM3ATOPOB, S3aK/JAIOUEHHBIH B GUrypHble CKOGKH,
NpEAMECTBYET 3HAK =. 3TOT CIHCOK MOXeT 3aBepUIATLCH  3aNATOH;, ee Has-
HaYeHHE — caenaTb GOpMaTHpOBaHHE GOJIee YETKHM.

URUYUAAU3ATOP:
8LLPANCCHUL-NPUCBAUBAHUS
{ cnucor-unuyuarusaropos }
{ CAUCOK-UNUYUarU3aTOPOS |, }

cnucox-uuuuua/tuaaroposf
uuuuua/zusa‘rop
cnucomuuuuua/msaropoa N UHH({UG/[UB(I'I]OP

B unuumannsarope cratuueckoro o6bekta MM MaCCHUBa BCE BbIpaXKeHHsI
LOJIKHBL OBITb KOHCTAHTHBIMH (A7.19). Ecamu MHUUHKAMH3aTOp auto- u regis-
ter-o6bekra uam maccusa HAaXONHUTCs1 B CIIHCKE, 3aKJUEHHOM B (HrypHBIE
CK06KH, TO BXOASIILHE B Hero BBIpAXEHHS TaKXe AOJKHbI ObITh KOHCTAHTHBIMH.
O}.IHaKO B cnyqae ABTOMATHYECKOr0o o6bekTa C OIHHM BbIpaXX€HHEM HHHUHANH-
3aTOp He 006s13aH ObITb KOHCTAHTHLIM BBIDAXKEHHEM, OH NpOCTO [OJXKEH HMETh
THII, COOTBETCTBYIOIHH OGBEKTY.

B nepsoi pemakuuu ne paspemlasachb HHHUHAJH3ALHS ABTOMATH-
HECKHX  CTPYKTYp, OOBCIMHEHHH W  MACCHBOB. ANSI-cranpapr
TIOSBOJISICT  3TO; ONHAKO, €CJH WHHUHATH3ATOP He MOMXKeT G6hiTh
MPEACTABICH ONHHM NPOCTHIM BHIDAXKEHHEM, HHHLHATH3ALHS MOMNET
GBITh BHINOJHEHA TONBLKO IPH MOMOMIH KOHCTAHTHD(X KOHCTPYKLHH.

CraTHueckuit ofbexr, HHHUHAMU3AlMA  KOTOPOrO ABHO He yKasaHa,
HHHUHATH3UPYETC TaK, KaK €CJAH Obl eMy (WaH ero YJ€HaM) MNpPHCBAMBANACH
Koncranta 0. HayanbHoe 3HaueHHe aBTOMATUYECKOrO 06beKTa, SIBHBIM 06pa-
30M HE HHMIHANH3HPOBAHHOTO, HE ONpeResCHO.

Hunuuannsatop ykasartens uam oGbexra apH(PMETHUECKOTO THNA — 3TO
CAHHHYHOE BLIPAXKEHHE (BO3MOXHO, 3aKJIOUEHHOE B burypHsle cko6ku), KOTO-
po€ npucBaHBaeTCSt OOBEKTY.

Hununanusarop CTPYKTYPbl — 3TO JHOGO BHIDAXKEHHE TOro xe CTPYKTYp-
HOro THITAa, JHOO 3aK/I0uYeHHbIE B (HrypHble CKOGKH HHHUHANIM3ATOPLl €€ 4.je-
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HOB, 3aJaHHbIe 0O TNOpsAKYy. De3biMsiHHBIE NOJA OHTOB HTHOPHPYIOTCH H He
HEHUKMAJA3upyloTCsi. EcsaM MHHUHAAM3AaTOPOB B CHHCKE MeHble, YeM 4JIEHOB,
TO OCTABIIHECS] UJIeHbl HHUUHMAJH3HPYIOTCsi HyJeM. MHHUHANH3AaTOPOB HE JOJXK-
HO ObITb 60JIblIE YHCJIA YJIEHOB.

WHHUMAAH3aTOp MACCHBA — 3TO CNHCOK HMHHUHAIH3aTOPOB €ro 4JEHOB,
3aKJIOUCHHBIH B (¢urypusie CckoO6ku. Ecan pasmep MaccuBa He H3BECTeH, TO
OH CYHTaeTCsl pPABHBIM WYHCJY HHHLIHAJH34TOPOB, IMpPH 3TOM THI €ro CTaHo-
BHTCSl 3aBeplleHHBbIM. ECJAH pa3Mep MacCHBa HM3BECTEH, TO YHCJIO HHHIHAIH-
3aTOPOB HEe [OJIXKHO [peBHIIaTb UYHCJA €ro YJeHOB; €CJH HHHIHAIH3aTOpOB
MeHbllIe, OCTaBUIHeCH YJEHBI oéuynmoTCﬂ

Kak ocofblit BbifeseH cayuyali HHMLHANH3AUKAKM MaccuBa Jautep. [locaen-
HHE MOXHO HMHHLMAJH3HPOBATL MpPH MOMOILH CTPHHTOBOTO JIHTEPAJNA; JIHTEDBI
HHHUMANH3MPYIOT 4YJEHb MacCHBa B TOM TOpsilKe, B K3aKOM OHH 3aJaHbl B
CTPHHIOBOM JuTepaje. TOUHO Tak Ke, INIpH TNOMOIIM JHTepaja H3 pacCulu-
pensoro Hatopa JHTep (A2.6), MOXHO HHHUHAJIH3HPOBATb MACCHB THNA
wchar_t. Ecau pasmep maccuBa He H3BECTeH, TO OH OINpenessieTcss 4HCJIOM
JHTep CTPHHIA, BKJWYAIOIWIAM M 3aBepwawnoulylo Null-nutepy; ecau pasmep
MacCHBA M3BeCTEH, TO 4YMCJO JHTep CTPHHTa, HE CUHTas 3aBepiiamolled
null-suTepsl, He MOJKHO INpEeBbLIIIATL €r0 pasMepa.

HHHUHANH3aTOPOM OOGBefHHEHHsT MOXeT ObITb JHOO Bblpa)KeHHE TOTO Xe
THNA, - JH60 3aKJUYeHHbE B (UrypHble CKOOKH HHHLMAAH3aTOp €ro TepBoro
YJeHa. :

B nepsoit pesakuuu He M03BOJISIIOCH HHHLHANH3HPOBATH OODBEdH-
HeHus. [IpaBHAO <«NepBOro ujeHa» He OTJIHUYAETCsl H3SLIECTBOM,
onHako He TpeGyer Hosoro cuHtakcHca. Crampapr ANSI nposc-
HSieT ellle H CEMAHTHKY He HHHUIHaJH3UPYeMbIX SIBHO OGbelHHEHWH.

BBemeM O/ CTPYKTyphl H Macchpa oGoGueHHOe HMA: aepeear. Ecau ar-
perar CONEPXHT UJIeHHl arperatHoro THHA, TO MpaBH/Ia HHHLUHAJH3AUHMA TPH-
MEHSIIOTCSI peKypCHBHO. ODHrypHBIe CKOOKH B HEKOTOPBIX CJy4asiX HHHUHAIH3A-
UMM MOXHO ONyCKaTb. FECJM HHHUMANM3AaTOp 4YJEeHA arperara, KOTOpPHIH cam
SIBNSIETCS arperaToM, HA4YMHAeTCss ¢ JeBOH (UrypHOK CKOOKH, TO 3TOT MNOA-
arperaT MHHUHMAIH3HPYeETCs INOC/AEAYIOWIHM CIHCKOM Da3feIeHHbIX 3ansiThiMH
HHHIHAJIH3AaTOPOB; CUHMTAETCS OWIHOKOH, €CJH KOJHYECTBO HHHUMAIH3ATOPOB
nojarperata - NpeBBLILIAET UYKCJO “€ro wieHoB. EcaH, OfHAKo, HHHUHAIH3ATOP
nojarperata He HauyMHAeTCsi C JeBOH (GUrypHOH CKOOKHM, TO, 4TOObl €ro HHH-
UMAJU3HPOBATh, HYXHO OTCYHTATb COOTBETCTBYIOUIEE YHCJ/IO 3JIEMEHTOB H3
COHUCKA; TPH 3TOM OCTAJbHble YJEHbI HHHUMAIH3UPYIOTCH CJEAYIOMIHMH HHHIHA-
JM3aTOPAMH arperara, OJs KOTOPOrO [aHHBIA MOAArperaTt siBAsieTCs 4acThio.

Hanpumep,

int xI{1 ={ 1, 3, 5 };

JeKJapHpyeT M HHHUHUHAJIH3HDpYeT X Kak O[IHOMCPHin:i MA4CCHB C TpeMms 4JIeHa-
MH, TOCKOJIbKY pasmepa YyKa3aHO He 6bl/s10, a CNHCOK COCTOMT H3 TpEX HHH-
H{HAJU3aTOPOB.

float yi(41(3 {

’ ’ ’
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NpeiCTaB/isieT COOOH HHHUKAIH3AUMIO C MOJMHBIM HAb0pOM (HTYpHBIX CK060K
1, 3 ¥ 5 WHHUMANM3KPYIOT mNepBylo CIpoky B maccuse yl[Ol, T.e y[01[0],
y[01111 w yl[01[2]. AHa/JOrHYHO HHHUHAJH3HUPYIOTCA CJELYIOIHE [BE CTPOKH:
y[11 » yl2]. MuuumanusatopoB He XBAaTHIO Ha BeCb MACCHB, MO3TOMY 3Je-
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MeHTHl CTpOoKH Y[3] 6ynyr HyxneBbimu. B ToynocTu TOT Xe pe3ysabratr Obis Gl
JOCTHFHYT NPH TOMOWUH Cjaefyiollel aexJapalku:

float yl41{3]1 = {
. 1, 3, 5, 2, 4, 6, 3, 5, 7

Hununanusarop asis y HaduHaeTcss ¢ JieBoit GUrypHoH ckoGkd, HO aas yl[O]
CKOOKH HET, INO3TOMY H3 Chucka OyayT B3sIThl TPH 3JeMeHTa. AHANOTHYHO
Ho TpH 3jeMeHTa 6ynyT B3sATH s ylll, a zarem uw ona yl[2]. B

float yl[41i3] = {
oty L2y, £3), {4
HHHUHAJH3UPYeTCsT MepBbIH CcTON6el MaTpHUB Yy, BCe XK€ [APyrHe 3JeMEHTHI
OCTAaTCA HyJIeBbIMH.
Haxkonen,

char msgl] = "CuHTakcuyeckas oumCxka B CTpoKe %s\n";

npeacTaB/sieT COOOH npHMep MacCHBa JIHTEp, 4YJEHBl KOTODOTO HHHUMAJH3H-

PYIOTCA TpPH MNMOMOWIM CTPHHFA; B €ro pa3Mepe YYHTBHIBAETCSI M 3aBepilaiollas
null-nurepa.

A8.8. Umena TtunoB

B psge canyvaeB Bo3HMKaeT nOTPeGHOCTb B TNPHMEHEHHH HMEHH THIA
HAaHHBIX (HanpuMep, MNpH SIBHOM IIPHBEJEHHH K THIY, B YKa3aHHH THIOB na-
pameTpoB BHYTPH [exJapauuii ¢yHkuui, B aprymente omeparopa Sizeof).
Jta nOTpe6HOCTL peatin3yeTcsi NPH NOMOWIH WUMEHL Tuna, ONpeleJeHHe KOTO-
poro CHHTAKCHYECKH TIOYTH COBNAAAeT C JekJjapailiedl o6bekTa TOro e TH-
na. OHO OT/IHYAeTCH OT MOC/EAHEeH JHMIIb TEeM, YTO HEe COAEPXKHT HMEHH O6h-
eKTa.

ums-Tuna:
cnucok-cneyupukaropos-ksarupuraropos adc'rpaK'ruota-dex/lapa'ropueoﬁ

aberpakThbii-Oexaaparop:
yKkasareas
yKasareas,,, s COBCTEEHHO-ABCTPAKT HOL-0KAAPATOP

coﬁcraeHno—aﬁcrﬁaxmbza—dexnaparop:
( aberpaxtneii-Oexaaparop )
codcrseumra6C'rpaxmbuz-dex/zaparopﬂeoﬁ [ KOHCTAHTHOE-8bLpadeHUE, , o ]
coécraeuuo—aécrpamubta-dexﬂaparopHeoé { CMUCOK-TUNOB-NAPAMETPOB, , < )

MoxHO ykasaTb OAHO-€IMHCTBEHHOe MeCTO B aGCTPAKTHOM [eKJ1apaTope, TIue
MOr Gbl OKasaTbCsl HAEHTHGHKATOp, ecau Obl NpHBedeHHAs KOHCTPYKUMs G6blia
NOJHOUEHHBIM feKJapaTopoM. MMeHoBaHHBIE THO CcOBHagaeT ¢ THIOM 3TOrO
«HEBHIHMOTO HAeHTHHKaTopa». Hanpuwmep, :

int

int *

int *[3]

int (*)[]

int *()

int (*[1)(void)

COOTBETCTBEHHO 0603H8‘«I§IOT THNbl  «HEJ0EC», «YyKa3aTeJb Ha I1eJJoe», «Mac-
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CHB H3 Tpex yxaaareneﬁ Ha lieJjioe», «yKa3aTe/lb Ha MAacCHB H3 HEH3BeCT-
HOro KOJIHYeCTBa UeJIbIX», (dﬁ)yHKuHﬁ HEH3BECTHOrO KOJIHYeCTBA MNapaMeTpoB,
BO3Bpaliamuas ykasaTeJlb Ha UeJ0e», «MAacCHB HEH3BECTHOrO KOJIHYeCTBa

yKasaTeled Ha OyHKUHH 6e3 mapaMeTpoB, KaXAas M3 KOTOPHIX BO3Bpalllaer
nenoey.

A8.9. [Lexnapaumus typedef

eknapaunu, B KOTOpHIX CrNeUH(HKATOp Kjaacca naMsaTH ecTh typedef,
He NeKJapHPYIOT OGBEKTH — OHH ONpPeNe/ISIOT HAEHTH(OHUKATODH, MNpeACTaBJAIO-
mHe co6OH HMeHa THNOB. ITH HAEHTHHKATOPH HasbiBaloTcs typedef-umena-

MH
typedef-umsa:

udentugurarop

Heknapauusi typedef npunuchiBaeT THI KaXAOMY HMEHH CBOEro [eKJapaTopa
o6bluHbIM  cnocobom. (Cm. A8.6.) C storo momenta typedef-mmsi CHHTaKCH-
YECKH 3KBHBAJIEHTHO KJIOYEBOMY CJOBY CreuHdHKaTopa THma, 0GO3HAyaolleMy
CBSI3aHHBIH ¢ HUM THn. Hanpumep, mocie

typedef long Blockno, *Blockptr;
typedef struct ( double r, theta; } Complex;

‘AOMYCTHMBI CJI€AYIOLIHE AEKJAPAlLHH:

Blockno b;
extern Blockptr bp;
Complex z, *zp;

Tun b ectv long, Thn bp - «ykasaTenb Ha longs, THm Z — CTpyKTypa 3a-
NAHHOrO BHIA, a ZP -~ YKasaTeJb HAa TAKYD CTPYKTYpY.

Hexnapauusi typedef He BBOOHT HOBBIX THIIOB, OHA TONbLKO HA€T HMEHA
THIaM, KOTOpble MOTJIM Gbl ObITh CMeUH(PHUHPOBAHBI H APYrMM cnocoGom. Ha-
npumep, b umeer TOT XKe THH, uTO M J060% Apyroil long-o6mbekr.

Typedef-umena Moryr ObiTb MepeKpbiThl APYTHMH ONpedeJieHHSIMH  BO
BHYTpeHHel 06JaCTH [NEHCTBHsS, HO NpH YCJIOBHH, 4TO B HHX NpPHCYTCTBYET
yKasanue THna. Hanpuwmep,

extern Blockno;
He mepeonpeneasier Blockno, a ot
extern int Blockno;
nepeonpesesier.

A8.10. DKBMBanNEeHTHOCTL THNOB

IlBa cnHcka crneundHKaTOPOB THINA 3KBHBANEHTHB, €CJH OHH COAEpXKaT
OAHHAKOBHH HX HabOp C y4eTOM CHHOHHMHYHOCTH Ha3Bauhi (Hanpumep, long
u int long cunraloTcs onMHAKOBLIMH THNamu). CTPYKTYphl, OGBEIHHEHHS H
NepeYHCJAEHHsT C DAa3HBLIMH TeraMH CYHTAKOTCS pa3HbIMH, & Ka/Joe 6e3Teropoe
OObEAHHEHHE, CTPYKTypa HJIH TNepedyHc/eHHe MNpeACTaB/isieT CO6Oi YHHKA/b-
HbIH THIL

IBa THna CYMTAIOTCA COBMANAIOIUHMH, €CJHM HX aGCTpaKTHbiE AEKJIapaTo-
pel (A8.8) mocne 3amennt Bcex typedef-umen wux THmamMH H BLIGpAcHIBAHHS
HMeH MapamerpoB (GYHKUHH COCTaBAT 3KBHBAJEHTHHE CHHCKH CHeUudpHKATOpPOB
TUnoB. [IpH CpaBHeHHHM YUMTHBAIOTCS pa3Mepbl MaCCHBOB M THNbl NMapaMeTpoB
byHKuHi.
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AS. UMHCTPYKUMH

3a MCKJIOUEHHeM OrOBOPEHHBIX CJlyuyaeB HHCTPYKIHH BBLINOJHSIOTCS B TOM
nopsiike, Kak OHH HanHcaHbl. MHCTpyKuMH He HMeEIOT 3HAYEHHH H BBINOJHSIOT-
¢, 4yTOoGb MPOHU3BECTH ONpeNeJeHHble NeHCTBHS. Bce BHAB HHCTPYKUME MOXK-
HO pa3bHTb HA HECKOJBbKO Tpyni:

UNCTPYKYUA:
NOMEUERHAR-UNCTPYKYUS
UHCTpYKYUR-8bIpadCEHUE
COCTABHAR-UNCTPYKYUS
UHCTpYKYus-8otbopa
YUKAUHECKAR-UHCTPYKYUSR
UHCTpYKYUR-nepexooa

A9.1. TMomeueHHble HHCTPYKUHUM
HMHCTPYKLHH MOXeT MNpeallecTBOBATL METKA.

NOMEHEHHASR-UHCTPYKYUS'
ulenTuuKarop : UHCTPYKUUS
CaSE KOMCTAHTHOE-8LIPANEHUE | UNCTPYKYUS
default : wncrpycyus

Mertka, cocTosllas H3 HAEHTHPHKATOPA, ONHOBPEMEHHO CJIYXKHT M JAeKJ/apalu-
efi 3roro wuaeHtudukaropa. EnMHCTBeHHOe HasHayeHHe MAEHTHQHKATOpPA-MeT-
KM — YyKa3aTb MecTo nepexopga anasi goto. O6aactbio nedcTBHS HAaeHTHdHKA-
TOpa-METKH fIBJASIETCA TeKywass ¢yHkuusi. Tak Kak MeTKH HMeIT CBoe co6c-
TBEHHOE IPOCTPAHCTBO HMEH, OHH He «KOHGJHKTYIOT» C APYTHMH HIAEHTHOH-
KaropamMu M He MOTYT 6GbiThb mepekpoiThl. (Cm. All.1.)

Case-merkn W default-meTkn Hcnmoab3yloTcsi B HHCTPYKHHH SWitch
(A9.4). KOHCTaHTHOE BBLIpaXEHHE B CASE HOJIKHO GHIThb LEJIOUHCJIEHHBIM.

Camu no cebe MeETKH He H3MEHSIIOT NOpsiIKa BBIYHCJIEHHH.

A9.2. Uucrpykymua-sbipakenmne

Han6Gosee ynoTpe6uTesibHBIN BHA HMHCTPYKUHH — 3TO HHCTPYKUHS-BHIpA-
XKeHHe.

UNCTPYKYUA-BbIPAIKEHUE:

ebtpawceuueueo6 3

Llau_le BCCrO0 HHCTPYKUHA-BBIPAXKCHHE — 3TO IpHCBaHBaAHHE HJIH BbI3OB Cl)yHK-
uuu. Bce meiicTBHs, peann3ymomue nob6ouHbiH 3D@PeKT BbIPAXKEHHS, 3aBEpIIAIOT-
Csl, NpexAe YeM HAuYMHAaeT BLINOJHATBHCHA CJjeayioliast HHCTpykuusi. Ecau BbIpa-
XKeHHe B HHCTPYKUHH ONYINEHO, TO OHAa HAa3blBaeTCAd MNYCTOH, NyCTasd HHC-
TPYKLIHSI 4acTO HCMOJb3yeTcss [Jsi O0O3HAueHHA TMYCTOro TeJa LHKJIHYECKOH
HHCTPYKUHH HJH B KayeCTBe MeCTa AJs METKH.

A9.3. CocrasHaa uHCTpPyKUMA

Tak kak B Mecrax, rge N0 CHHTAaKCHCY NOJaraeTcs OAHAa HHCTPYKILHS,
HHOTlAa BO3HHKAET HEOOXOAMMOCTb BHIMOJHHTL HECKOJbKO, NpelyCMaTpHBaeT-
Cs BO3MOXHOCTb 3aJaHHs1 COCTAaBHOH HHCTPYKUHH (KOTOPYIO TaKKe Ha3blBaloT
6sokom). Teno onpenenenust GyHKUHH €CTb COCTaBHAA HHCTPYKUHA:

COCTABHAR-UNCTPYKYUR:

cnucok-8ekaapayuil CRUCOK-UHCTPYKYUL
6 PYKY

Heo Heob }



220 Ilpunroxenue A

cnucok-0ekaapayud:
dekaapayus
cnucok-Oexnapayui  dexrapayus

CRUCOK-UHCTPYKYUL:
UNCTPpYKYUR
CRUCOK-UNCTPYKUUL  UHCTPYKYUSR

Ecan npentudukatop H3 cnucka nekaapaudit HaxOQHJACH B 06JacTH AEHCTBHS
ofbemalomero 610ka, TO AelCTBHe BHEWHeH [EKJapaluHH TpU BXOAe BHYTpb
NaHHoro G6uoka npuocranaBiauBaercs (Al11.1), a nocje Brixoga u©3 Hero
BO30GHOB/sAETCS. BHyTpu G6s0Ka HIGHTHOHUKATOD MOXKeT ObITb [eKJapHpPOBaH
TOJIbKO OAHH pa3. [las Kaxkmoro OTAENbHOrO HPOCTPAHCTBA HMEH 3TH MpAaBH-
Ja [eHCTBYIOT He3aBHCHMO (A1l), uIeHTHHKATOpPbHl H3 pasHBIX NPOCTPAHCTB
HMeH BCerja pas3JiHuHBb.

MHHUMaNH3alHs aBTOMATHUECKHX OGBEKTOB OCYUIECTBJASETCH MNPH KaXAOM
BXo4e B OJIOK H NPONOJUKAETCH MO Mepe NpPOABHMKEHHS 10 jAekaapatopam. [Ipu
neperaye ynpapJeHHsI BHYTpb 6/10KAa HHHUHAJH3ALHH He BLINOJHAWOTCS. HMHu-
IHA/H3aUKHH CTATHYECKHX OGBEKTOB OCYLIECTBJSIOTCS TOJBKO ONMH pa3 mnepex
3allyCKOM MpOrpaMMbl.

A9.4. HMuctpykuymm sbibopa ' .

MucTpykuun BpI6Opa OCYWIECTBASIOT OT6Op OAHOH H3 HECKOJNBKHX Allb-
TEPHATHB, OMNpPENeJSIOWHX NOPALOK BLINOJHEHHS HHCTPYKUHH.

UHCTpYKYyus-golb0opa:
it ( setpaocenue ) uncrpyxyus
if ( seipaocenue ) unctpykyus else uncrpykyus
switch ( swpascenue ) uncrpyryus

O6a Buna if-HHCTpYKUHME cOfepXaT BHIpaXKEHHE, KOTOPOE [OJIKHO HMETb
apupMeTHyecKHH THN MM THN ykasaresist. CHayala BHYMCJSIETCS BhIpaXKeHHe
CO BCeMH ero noGO4HbIMH 3(pdeKxTamH, pe3yabTaT cpaBHHBaercs ¢ 0. B cay-
yae HecoBnagenus ¢ 0 BomONHAETCA mepBas MNOAHHCTPYKuMa. B cayvae cos-
nagedust ¢ 0 pas Broporo THma if BeinosHseTCSs BTOpask MONHHCTPYKIHS.
CpsizanHast CO CJIOBOM €lSe HeoAHO3HAUHOCTb pa3pemiaeTCs TeM, YTO CJOBO
else cooTHocsT C mocsenHedt He wuMmelowel else if-uHCcTpykumeid, pacrnoJo-
XEHHOH B OAHOM ¢ 3THM else 6JOKE H HA OLHOM YPOBHE BJIOXKEHHOCTH O6JO-
KOB.

Muctpykuuss switch Bmi3wiBaer nepenauy ynpasiesus Ha OQHY M3 Hec-
KOJbKHX HHCTPYKUHH B 3aBHCHMOCTH OT 3HAYEHHs] BhIDAXKEHHs, KOTOpOe MAOJ-
XKHO HMETb UEJOYHCJEHHBIH THI. Ynpasisiemass npH NOMOILH SWitch mnoaumc-
TPYKUHsT OObIYHO cocTaBHas. Jliobass HHCTPYKUHS BHYTPH 3TOH MOAMHCTPYK-
UMM MOXeT ObiTb MOMEYEHA OAHOH HJIM HECKOJbKHMH case-meTkamu (A9.1).
Ynpasasiiomee BelpakeHHE MOABEPraeTcsl LEJNOYHCJACHHOMY MNOBHIIEHHIO (A6.1),
a8 CaSe-KOHCTAHThl MNPHUBOAATCA K NOBbIIeHHOMY Tuny. [locae  Ttakoro
npeo6pa3oBaHHsA HHKAaKHe [Be CAaSe-KOHCTAHTH B OAHOH HHCTPyKuMH Switch
HEe [OJUKHbl HMMETh OAHHAaKOBHIX 3HaueHHH. Co switch-uncrpykumedr moxer
6biTb CBA3aHO He Gosee onnoit default-merkn. Kouctpykuun switch momyc-
KaeTcs BKJaabiBaTb Apyr B apyra;, case u default-merku ortuocsites x ca-
MOH BHyTpeHHeH SWitch-mHCTpyKuMH M3 Tex, KOTOpHIE HX COOEpKaT.

Huctpykuusa switch swinmonusiercss caenyiouum o6pa3om. Boiuncasercs
BbIDa)XEHHE CO BCEMH MNOOCOUHbIMH 3(deKTaMH, W pe3yabTaT CpaBHHBAETCA C
KaXAO0H CasSe-kOHCTaHTOH. LEcAH ogHAa M3 CaSe-KOHCTAHT paBHA 3HAUCHHIO
BHIDAXEHHs, YNPABJCHHE TNepexOJHT Ha HHCTPYKLUHIO C COOTBETCTBYIOWIEH
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case-meTkoi. Ecinm HH C OAHOM H3 CAaSE-KOHCTAHT HeT COBNALEHHS, ynpas-
JIEHHE TepenaeTcs Ha MHCTPyKuHio ¢ default-merkoit, ecau Takas wumeercs,
B NMpPOTHBHOM CJ/y4ae HH O[HA M3 MOAMHCTPYKUHEA SWitch He BbImoaHsIeTCS.

B nepsoit penakuuu Tpe6oBanoch, UYTOGH BbIpA)XKEHHE H case-
KOHCTAaHTH B SWitch 6wisH wesnoro Ttuma,

A9.5. Lluknuueckme MHCTPYKLMM

Uuknnueckne mHCTpYKUHH CHEUHDHLUHPYIOT UHKJBI.

YUKAUHECKAR-UHCTPYKYUS!
while ( sopascenue ) uncrpykyus
do uncrpyxkyus while ( awpascenue )
for ( BOLPAKENUL, , 6 | BOLpAKENUE, , o sbLpaKcenue, , o ) UHCTPYKyus

B unctpykumsix while u do Bunosnenue NOAHHCTPYKUHH [OBTOpSETCS
A0 TEX INOp, NOKA 3HAYEHHE BHIPAXEHHS HE CTAHET HYJIeM. Brpaxenue aos-
HO HMETb ApHPMETHYECKHH THN WM THN YykasaTeas. B while BbIUHCIEHHE
BBIPAXKEHH CO BCEMH NOGOUHBLIMH 3ddekTaMH H nposepka OCYIIeCTBJSIOTCS
I€pe/l KaxIbiM BBINOJHEHHEM HHCTPYKHMH, a B dO - mocJje.

B unctpykumu for nepsoe Bhipakenue BbIuMCIsieTCS OlHH pa3, TeM ca-
MBEIM OCYLIECTBASETCS HWHHUHAAH3AUMSi UMKIA. Ha Tun 3Toro Beipaxenus Huka-
KHE OrpaHHYCHHS HE€ HaK/IalbBalTCA. BTopoe BhlpakeHHe [OMKHO HMeTH
apu(pMEeTHUYEeCKHH THN HJH Tun yKkasaress, OHO BBIYHCJSACTCS mOepel KaxaoH
Hrepauned. Kax ToNbKO ero 3Hauedue cCTaHOBUTCH paBueiM 0, for mpekpa-
aetr cBoio paboty. Tperbe BbipaXKeHHE BBLIYHCATETCS NOC/E KaX[I0H uTepauHH
M, CJENOBATENbLHO, BHIMOJHSET MOBTOPHYI0 WHHUHAMH3AUHI0 UHKAA. HHKaKHX
OrpaHHYeHUH Ha ero Tun HeT. [loGouyHble 3QEKTH BCEX Tpex BHIPAXKEHHH 3a-
KaHYHBAIOTCA MO 3aBEPIUEHHH MX BBLIYHCJAEHHH. Ecuu HNOAHHCTPYKIHA He Co-
JepXHuT B ceGe continue, To

for ( sopamenuel ; soparenue? ; soipaxcenued ) uncTpykyus
3KBHBA/NIEHTHA KOHCTPYKIIHH

soipaxcenuel

while ( seipaxenue? ) {

UHCTPYKUUS

) soipaxcenued
Jlio60e M3 Tpex BhIpaXeHHH LHKAA MOXET G6bITh onyweno. CuyHraercs,

4TO OTCYTCTBHE BTOPOrO BBIPAXEHHS] DPABHOCHJIBLHO CpPABHEHHIO ¢ HeHYJIeBOH

KOHCTEHTOH. :

A9.6. Uncrpykumm nepexopa

WncTpykuun nepexoma ocymectsasior Ge3yC/I0BHYIO mnepenady ympasie-
HHA.
UNCTpYKyusA-nepexoda:
goto wdentudpuxkarop
continue ;
break ;

return golpaxenue, , o |

B goto-uncrpykunu HIEHTH(OHKATOP [OJKEeH ObITb MEeTKOM (A9.1), pac-
NOJIOKEHHOH B TeKylleh GyHKuuM. Ynpasaenue NepenaeTcss Ha MNOMEYEHHYIO
HHCTPYKIHIO.
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Muctpykuuio continue moxHo pacmonaraTh TONbKO BHYTpH wuukjaa. OHna
BHI3bIBAET MEPEXOA K CJeAylolleil HTepallkH ¢aMOTO BHYTPEHHEro COLEpXKallero
ee uHKaa. [oBopsa GoJsiee TOYHO, IJIst Ka)KAOH H3 KOHCTPYKUHH

while (...) { do { for (...) {
contih; ; coﬁ.t,'in: ; contiﬁ; . ;
} } while (...); }

HHCTPYKIHA continue, ecau OHa He «norpyxeHa» B elle 00Jee BHYTPEHHHH
HHKJ, AesaeT TO Ke camoe, uTo H goto contin.

Huctpykuus break Berpeyaercst B UMKJIHUECKOH wju B SWitch-muer-
PYKIHH, H TOABKO B HHX. OHa 3aBepwaer pafoTy CaMmOil BHYTPEHHeH LHKJIH-
yeckolt MaH Switch-mHcTpykuuu, cogepxaieii break, mnocse uero ympasJe-
HHE MNEepexOAMT K CJeAyloled HHCTPYKIHH.

lNpn nomomu return ¢ysxkuvs BO3Bpall@eT yNpaBjieHHe B TNPOrpammy,
oTKyna oxa Gbiia BeI3Bama. Ecau 3a return cneayer BbipaXeHHe, TO ero
3HAUYeHHEe BO3BpAIAETCs BHI3BABIIEH 3Ty (YHKUHIO Nporpamme. 3HAYEHHE BhI-
paxeHMsi NPHBOAHMTCH K THIY TakK, KakK ecad Obl OHO NPHCBaMBANOCh IIepe-
MEHHOH, MMeWLeH TOT e THI, UTO H (QYHKUHSA.

Cutyauusi, KOTAa «NyTb» BbIYHCJIEGHHH MPHBOAKT B KOHEW QYH!IUHH
(T.e. HA TMOCJEHHIOI 3aKPBLIBAKUIYIO GHUIYPHYIO CKOOKY), PaBHOCH/IbHA BHIMOJ-
HEeHHI0 return-unctpykuun 6e3 BblpaxeHusi. B nocnenuem ciyuyae, a Takke B
ciydae $IBHOrO 3aganusi return 6es BbIpakeHHsl BO3BpallaeMoOe 3HAUeHHE He
OTpeleJIeHO.

A10. BHELWUHME OEKNAPALUH

To, 4TO NOArOTOBJEHO B KayecTBe BBoAa aasi CH-KOMIHJIATOpA, HA3bI-
BA€TCS KOMIOHEHTOM TpaHc/asuud. OHa COCTOMT H3  NOCJAeL0BATENbHOCTH
BHEWIHMX JEK/Japaluil, Kaxnas H3 KOTOPHX TpeacTasjser cofod .nbo nexna-
pauunio, Ju6o onpeneneHHe QyHKIMH.

KOMNONENTA-TPAHCARYUU:
BHEUWHAR-0EKAAPAKUSR
KOMNOHEHTA-TPAHCARYUU — BHEWHAR-0eKAapaAyUs

BHEWHAR-0EKAAPAYUA:
onpedenenue-Pynkyuu
dekrapayus

O6aacTb AeHCTBHS BHEINHHX OeKJapalluéi INIPOCTHPAeTCss A0 KOHLA KOM-
NOHEHTHl TPAHCJASILUH, B KOTOPOH OHH [J€KJAPHPOBAHBI, TOUHO TaK Xe, Kak
06JacTb [NeHCTBHA [exJapauuid B OJ0Ke pacnpoCTpaHsAeTcs [0 KOHUA 3TOTO
610Kka. CHHTAKCHC BHeEUIHeHd [eKJapaudd He OTJHuYaeTCsl OT CHHTAKCHCa JIo-
Goit Opyroil HekJapaluHH 3a OJHHM HCKJIOUEHHEM: KOA (YHKUHH MOXHO OIpe-
JEJATh TOJbKO NPH TNOMOULH BHEUIHEeH AeK/JapalHH.

A10.1. Onpepenense GyHKLKM

Onpenesnenve QyHKIHH HMeeT CJEAYIOWHH BHA

onpedeaenue-Pynkyuu:

cneyuuraropel-0eKAapayuU, , s dexaaparop

cnucox-0exaapayud  , o COCTABNAS-UHCTPYKYUS

HEO
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M3 crneundukatopoB kmaacca namsith B CreunduKaTOpax-1eKJapaiud BO3MOKHbI
TONbKO extern u static; pasamuus mexny nocneanumu paccMaTpuBalTCs B
Al11.2.

Tunom BO3BpamiaeMoro (yHKIHe# 3HAUEHHS MOXET GbiTb apHdMeTHUYECKHH
THN, CTPYKTypa, OO0beAHHeHHE, yKazaTeabr H void, HO He «DYHKLUHSI» ¥ He
«MaccuB». JleknapaTop B AeknapauM¥ (QYHKUHH LOJKEH $IBHO YKasblBaThb Ha
TO, UTO ONHCBIBAEMBbIH HM HAEHTHOUKATOD HMeeT THI «QYyHKLHsI», T.e. OH
HOJIKEH HMETb OIHY H3 CJIeAYIOWHX ABYX ¢opm (A8.6.3):

cobersenno-dexnaparop ( CNUCOK-TUNOB-NAPAMETPOE )
cobcreenno-dexaaparop cnucox»udenrud)uxaropoeﬂeoé )

rae  COGCTBEHHO-IEK/NapaTop  ecTh HACHTHOHKATOP MM HIEHTH(HKATOP,
3aK/JIOUEHHBIH B CKOGKH. 3aMeTHM, 4TO Ha THN «DYHKLUHS» [OOCPEACTBOM
typedef cchinathes Henbss.

IlepBas ¢opma coortsetcTByeT Omnpenenenuio GYHKUMH HOBHIM Cnoco6om,
A5 KOTOPOrO  XapakTepHO [EKJ4PHPOBAHHE NAPAMETPOB B  CIIHCKe-THIIOB-
NapaME€TpOB BMECTE C HX THNAMH, CHIHCOK-IeK/Japauu#, pacnosaraemuii 3a
OEK/IApaTOpOM, [AOJKEH OTCYTCTBOBAaThb. Ecau CITHCOK-THIOB-NAapaMeTpoB  He
COCTOMT H3 O[HOTO-€NMHCTBEHHOTO cJioBa void, nNOKa3bIBAWLIETO, UTO napa-
METPOB Yy (YHKIHH HET, TO B KaXAOM [eKJapaTope B CIIHCKEe-THNOB-NIapa-
MeTpOB 0053aH NPHCYTCTBOBATH upentuoukarop. Ecau  cnucok-tunos-napa-
METPOB 3aKAHYHBAETCA 3HAKAMH «, ...», TO BbI30B (DYHKLUHH MOXET HMeTb
4apryMeHTOB GOJblle, YeM [ApaMeTpPoB, B TAKOM cyaydyae, 4YTOOBl CCHIJIATLCSA
Ha JNONMOJIHMUTE/NbHBIE aApPryMEHTbl, CJEAYET MOJb30BATLCS MEXaHH3MOM Makpoca
va_arg Hu3 rojoBHoro ¢ansna <stdarg.h>, onucanoro B NpHJIOXKEHHH B.
DyHKILHH C NEepeMeHHBIM YHCJIOM apryMeHTOB JIO/KHH HMEThb IO KpaHHel Mepe
ONHH HMMEHOBAHHBIH mnapamerp. _

Bropas * dopma — onpenenenue GbyHKuMH crapeiM  cnoco6om. CIHCOK-
HAEHTH(QHKATOPOB COAEPXKHT HMEHa MapaMeTpoB, a CIIUCOK-IEKJapaluii MNpH-
MHCBHIBAET WM THNB. B cnucke-neksapauuit paspeueno NEKJapHpOBaTb TOJbKO
HMMCHOBAHHbIE NapaMeTpbl, WHHUHKAJH3ALHKS 34ANpEllaeTcsi, H H3 cneuuduKaTo-
POB k/1acca namsiTH BO3SMOXEH TOJIbKO register.

M B toM u apyrom crocofe onpenesieHHst (QYHKUHH MBICAHTCS, UYTO BCE
napaMeTpel Kak Obl [1eKJapHpOBAHBI B CaMOM Hauaje COCTaBHOH HHCTPYKIHH,
obpasyioulell Ten0 (GYHKUHH, H COBNAZAIOUIHE C HHMH HMeHa 3[€eCb OEKJapupo-
BaTbCSl HE MAOJIXKHBI (XOTsl, Kak H J106bie HAEHTH(QHKATOPH, HX MOXHO nepeon-
penenuts B 6oJiee BHYTPEHHHX 6J0Kax). lleknapauuio napamerpa «Maccup H3
Tun» MOXHO TpPaKTOBaThb, KaK «yKa3aTeJb HA TuM», A4HAJOTHUYHO IneKaapa-
UHI0 nmapaMeTpa «(YHKUHS, BO3BpallalOIiasi Tun» — Kak «yKasaTeqb Ha (QYHK-
uuio, BO3Bpawiamulylo run». B moment BH30Ba OyHKuHY ee 4pryMeHTBl COOT-

BETCTBYIOIMM 0Gpa3oM npeo6pa3yloTCsi M NpHCBAHBAIOTCS napamerpam. (Cwm.
A7.3.2.).

Hoselii  cnoco6 onpegenenus ¢ynkunit Beesen ANSI-ctanmapTom.
Ectb Takxe HeGO/bIUHE H3MeHEHHS B ONEpPALHH NOBBIIEHHS THNa,;
B MepBOH peiakuuu mnapameTpnl THna float caegoBano YHTaTL
kak double. Pasnuune mexny float u double cranoBHiochH 3a-
METHbIM, JHUIL KOTAa BHYTPH (YHKUHH TFeHepHPOBACA YKas3aTelb
Ha napamerp.

Huxe npusenen npumep onpenesnenns GYHKUHH HOBBIM CHOCOGOM:

int max(int a, int b, int c)

{
int m;
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m=+(a>b)?a: b;
return (m > c) ? m: C;

3gech int — cneundukaTopbi-aekaapaunu; max(int a, int b, int ¢) -
nexkaapatop ¢yukuuu, a { ... } — OJOK, zagaioliui ee kox. OnpeneseHue
cTaphiM CnocoGoM TOH e (YHKUHH BHIMVIAAMT CJEAYIOLIAM o6pa3oM:

int max(a, b, c)
int a, b, c;

{
VA SR V4
}
rme max(a, b, c¢) - neknaparop, a int a, b, ¢ - CNHCOK-eKJapanui Aas
napameTpos.

A10.2. Buewnue Aexnapayum '

BHellHKEe [AEKAApalHH CHeUHdHUHPYIOT XapaKTepHCTHKH 06beKTOB, (PYHK~
uMii M Apyrux uAeHTHOHKATOpoB. TepMuH «BHEIIHM» 30eCh HCIOJNb3YyeTCs,
yTo6bl MOAYEPKHYTH TOT (AKT, UTO [AeK/NapalHH pacnoNOKeHbl BHE GhYHKUHH;
BIPSIMYIO € KJIOUEBbIM CJOBOM extern («BHEWHHH») OH He cBA3aH. Kuoacc na-
MSTH AJ151 OObekTa ¢ BHeELIHeH [eKJapauuen au6o Boobiie He yKa3plBaercs,
Au60 crneuuduuupyerca kak extern uam static.

B O#HOH KOMIOHEHTe TPAHCJSLUMA IS ONHOTO HAEHTHQHKATOPA MOXET
COZEPKATLCS HECKOJbKO BHEIIHHX [IeK/Japauui, eCiu OHM CORIacyloTCs Apyr
¢ ApYroM MO THNY M CrnocoGy CBA3M H €CaIH s 3TOro uaeHTUdHKATOpPA CY-
HeCTBYeT He 00Jiee OAHOTO ONpejeseHHs.

Jlpe nexknapauuu OGbEKTa WM (QYHKUHH CUMTAIOTCS COTJIaCOBAaHHHIMH 10
THIy B COOTBETCTBHH C TNpaBW/IaMHK, DPacCMOTPEHHBIMH B A8.10. Kpome TOTO,
eC/IM [eKJapaluHH OTJMYAlOTCS JHWIb TeM, YTO B OQHOH M3 HHX THI CTPYKTy-
pbl, OODbENMHEHHs HJH TIepPeYHC/eHUs He3aBeplIeH (A8.3), a B apyro#
COOTBETCTBYIOLIMH €My THI C TeM JKe TeroM 3aBeplied, TO TaKHe THIb CHH-
TAIOTCS COrIacoBaHHBIMH. Ecau OBa Tuna maccHsa (8.6.2) oranualorcs JHIIb
TeM, uTO OLHMH 3aBepLIEHHBIH, a APYrofl He3aBepIUEHHbIH, TO TaKHE THIIBI
raKxe CUHTAIOTCH COMJIACOBAHHbIMH. HakoHel, €CiM OfMH THN CreUHGHUHDPYET
QYHKIHIO CTapbiM Crocofom, a ApYyroi — Ty xe (YHKUHMIO HOBBIM crocobom (¢
LEKJapauHsMH NapaMeTpoB), TO TakHe THNBEl TaKXe CUYHTAIOTCA COTJIacoBaH-
HBIMH.

Ecnu nepBasi BHEWHsis fAekjaapauusi YHKUHH MM OGbeKTa rOMeueHa
cnenugpukaropom static, To y naeknapupyemoro HACHTH(OHKATOPA — BHYTPEH-
HAA 6536, B IPOTHBHOM CJyuae y HEro — BHEWHAR (6A3b. Cnoco6wl  cBase
obcyxaaorcs B All.2.

Buemmnsisi fekaapauusi OGbeKTa CUHTAeTCs ONpefeneHHeM, eCjau  OHa
MMeeT HWHHUMANM3aTOp. DHeuwHsi [Aek/Japauus, B KOTOPOH HET HHHLHAIH3ATO-
pa H Her crneuupHkaropa extern, cunTaercs npobuoim onpedesenuen.. Ecnn
B KOMIOHEHTE TPAHC/ASALMM TORBUTCH Onpejenenue oGbexkta, TO BCE €ro
npoGHbIEe ONpENeJIEHHsi MPOCTO CTAHYT H3OBITOUHBIMH [€KIapAUHAMH. Ecau Hu-
KAKOro OnpejeJeHHsi s 3TOro o0beKkTa B KOMNOHEHTE TPaHCJALHH HE 06-
HAPYXKHTCS, TO BCE €ro NpoGHBIE onpeneneHns OyAyT TpakTOBAaTbCH Kak OA-
HO ompeneneHue ¢ WHHUHManuzaTopom 0.

Kaabii O6beKT HOJMKEH HMETb DOBHO OAHO ompenesnenue. [lis oGbekra
C BHYTpeHHeH CBA3bI0 3TO NPABHJIO OTHOCHTCH K Kax[I0# OTOeJNbHOH KOMIO-
HeHTE TPAHCJANMH, TOCKOJbKY OOBEKTH C BHYTDEHHHMH CBS3SIMH B KaXAoH
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KOMIOHEHTE YHWKANbHb. B ciyyae O6BEKTOB ¢ BHEWHHMH CBA3AMH yKa3aH-
HOE NpaBHJ/IO OAEHCTBYEeT B OTHOLIEHHH BCEH NPOTPAMMbl B LEJIOM.

XoTsl NpaBUJO OHOTO ONpeleseHHsi (OPMYJIHDPYETCS HECKOIbKO
MHa4Ye 10 CpaBHEHHI0 C TNEPBOM peAakuWed, 1O CYUECTBY OHO
coBmanaer ¢ mnpexHUM. Hekorophle peasH3auuu ero ocjabasior,
Gojlee IHPOKO TPAKTYs MOHATHE NPOGHOro OnpenesneHusi. B apy-
TOM BApHAHTE YKA3aHHOIO TNpAaBHJA, KOTOPHIH pACIPOCTpPAaHEH B
cucremax UNIX u npuswan kak OGLieNpHHSITOEe paclIHpeHHe CTaH-
aapra, BCe nNpoOHBIE  ONpefesieHHsT OOBEKTOB ¢  BHEIUHHMH
CBSI3SIMH M3 BCeX TPAHCJIHPYEMBIX KOMIIOHEHT MPOrpaMMbl paccMa-
TPHBAIOTCA BMECTE, & He OTAEGNBHO B Ka)KAOH KoMmoHeHTe. Ecuau
TAe-TO B MporpamMme OCHAPYXKHBAETCS OINpENEsNEHHE, TO INpPOGHbIE
OTpene/ieHHss CTAaHOBSATCA MNDPOCTO JeKJapalMsMH, HO, €CJH HH-
KaKOro ONpefie/leHHst He BCTPETHJIOCh, TO BCe NpPOGHHIE Onpege-
JIEHHA CTAHOBSITCST OAHHM-€IHHCTBEHHbIM OIlIpeNe/JeHHEM C HHHUH-
anusaropom 0.

A11. OBNACTb LEMCTBMSt U CBA3M

Kaxawiii pas kOMOHJIHPOBATbL BCIO MPOTpPaMMY LENHKOM HET HEOGXOZHMOC-
TH. MCXCAubifi TEKCT MOXKHO XPaHHWTb B HECKOJILKHX (hailniax, NpeRCcTaBAAIIIHX
COGOH KOMIIOHEHTHl TPAHC/SUKH. Panee CKOMNHIHPOBAaHHBIE MPOrPaMMBl  MOTYT
3arpyXarbCsi U3 OHOGAHOTeK. CBsI3W Mex1y GYHKUHSMH MPOTPAMMBI MOTYT OCY-
IECTBJASITLCS 4Yepe3 BLI30BbLI H BHEIIHHE [JaHHEBIe.

CrnepoBartenbHO, CyHIECTBYIOT ABa BHAA 06JacTell JeHCTBHS: nepsass —
3T0  sekcudeckas o00aacTo WAeHTHdHKATOpa: T.e. 061aCTb B TEKCTe [pPOI-
pamMbl, TJ€ HMEIOT CMBIC BCE €ro xapakTepHCTHKH, BTOpas 06JacTb — 3TO
06s1acTb, accouuupyemasi ¢ OGBEKTAMH H (QYHKUHSAMH, HMEIOLIHMH BHEIIHHe
CBSI3M, YCTAHABJHBAEMble MEXIY HIACHTHPHKATOPAMHM M3 pa3feJbHO KOMIHJH-
PYEMBIX KOMIIOHEHT TPaHCJSIHU.

A11.1. INexcuueckas oBGnactb gelcTBMS

Kaxnabi¥f HAeHTHHKATOp MnonagaeT B OZHO M3 HECKOJbKHX NpPOCTPAHCTB
HMeH. JTH NpPOCTPAHCTBA HHKAK He CBsI3aHBl APYr ¢ apyrom. OAHH H TOT Xe
HIEHTH(HHKATOD MOXET HCIOJb30BATLCS B PAa3HBIX CMbLICJAAX AAXKE B ONHOH 06-
JlaCTH [NEHCTBUsl, €CJIH OH TNPHHALIEXKHT PasHbIM NpPOCTpPAHCTBAM HMeH. Huxe
Hepe3 TOYKY C 3aNATOH [EPeYHCAEeHbl KAACCH OOGBEKTOB, HMeHa KOTOPHIX
NpEACTaBAAIOT COGOH OTAeNbHblE HE3ABHCHMble MPOCTPAHCTBA: OGDBEKTH, GYH-
KuuH, typedef-umena W enum-kOHCTAHTB, METKM WHCTPYKLHH;, Teru CTPYK-
TYp, OObEeAMHEHHH M NepeyuCJeHHH; uYJeHbl KaXAOH OTAEJbHOH CTPYKTYDhbl
H/IK O6beNHHEHHS.

CoopmynupoBannble MpaBH/Ia HECKONbKO OTJHYAIOTCS OT MpPEXHHX,
OMUCAHHBIX B MEPBOM M3AaHHH. MeTKM HHCTPYKUMH He HMeJH
paHblie COGCTBEHHOTO NPOCTPAHCTBA; TerH CTPYKTYp H  Terwu
o6beAnHEHHH (a4 B HEKOTOPHIX peajH3auusX H TErH nepeyucJe-
HH#) HMeNH OTAeJbHblE TNPOCTPAHCTBA. Pa3MelleHHe Teros CTpy-
KTyp, OObelHHEHHH M NEpeyHCJEHHH B OHHOM OGIIEM NpOCTpaH-
CTBE — 5TO JOMNOJHHUTEJbHOE OrpaHHUYEHHE, KOTOPOrO0 paHblle He
Obito. HauGosee cymecTseHHOe OTKJIOHEHHE OT NepBOH peAaKUuU
B TOM, 4TO Kaxjas OTAeNbHAs CTPYKTypa (MM OGbEAHHEHHE)
Co37aeT CBOE COOCTBEHHOe NPOCTPAHCTBO HMEH ee uJeHOB. Ta-
KM 06pasoM, OJHO H TO e HMs MOXET HCIOJNb30BATbCA B HeEC-

8. 3akas Ne 13
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KONIbKHX PAa3JIHYHbIX CTPYKTYpaXx. 3ITO NpaBHJO IIHPOKO MNPHMEHS-
€TCsl yXe HECKOJbKO JeT.

Jlekcuueckass 061aCTb AEHCTBHS HAeHTUdHKaTOpa oO6bekTa (MAH (QyHK-
nuu), OODBABJEHHOTO BO BHEUIHEH [eKJapallid, HayHHaeTCs C MecTa, Tae
3aKAHYHBAETCSl €ro JAeKJapatop, W T[NpPOCTHPAETCst [0 KOHIA KOMNOHEHTHI
TPAHCJASAILMK, B KOTOpOH OH Aeknapupopad. O6sacTb AeHCTBHA mnapamerpa B
OnpefesieHHH (QYHKLUHH HAYHHAeTCA C Hayana G6/OKa, NpeacTaBisiolero coboi
Teqo (QYHKLUHH, M PaCHpPOCTpaHsieTCss Ha BCIO (QYHKUHIO;, 0061acTh [AeHCTBHA
napamMerpa B ONUCAaHHH (YHKIHH 33KaHUMBAETCS B KOHIE 3TOFO OINHCAHHS.
O6sacTb meHCTBHA MOECHTH(PUKATOpA, JAeKJapHpyemMoro B Hadaje O6J0ka, Ha-
YHHAeTCsl OT MeCTa, T[e 3aKaHUMBAeTCs erc MAeKJaparop, H [OpOLOJIXKAeTCs
10 KoHHA 3Toro 6so0xa. O6nacTbio NEeHCTBHUS METKH SBJSETCS BCSA (QYHKIHA,
roe 3ra MeTka BcTpedaercs. O6JacTb HeHCTBHS Tera CTPYKTyphl, OObenn-
HEHHSl WJIK TMEPEUHCJIeHHsl HAYMHAETCsl OT €ro MNOABJEHHS B cheud@uHKarope
THIA W TpPOAOIKAETCA [0 KOHHA KOMIIOHEHTbl TPAHCJAAUMH IS [eKJapalHu
BHEIIHEr0 YpPOBHsI M N0 KOHLUA 6J0Ka A/d [eK/J1apaudd BHYTPH (QYHKUHH.

Ecau nOeRTH(HKATOp SBHO [EKJAapHPOBAH B HayaJe HEKOTOporo 6JioKa
(B TOoM uucsae Tena ¢yHKUMH), TO JoGas N€KJapauus TOro e HAEHTHOHKa-
TOpa, HAXOAAWASCH CHApYXH 3ITOro O6JjOKa, BPEMEHHO Iepectaer [AeHCTBO-
BaTb BIJIOTb AO KOHLA 6Ji0Ka.

A11.2. Cesasn

Ecnu BCTpeyaeTCst HECKOJIBKO [eK/aapalHi, HMelUulHX OIMHAKOBBLIH HAEH-
THOHKATOP H ONUCHLIBAIOIIKX OODBEKT (MM (QYHKUHIO), TO BCE 3TH JEKJIAPALHH
B CJyyae BHeUIHeH CBsI3H OTHOCATCS K OXHOMY O00beKkTy (DYHKUHMH) — YHH-
KaAbHOMY IJif BCEH NpOrpaMMbl; €CJH »Ke CBf3b BHYTPEHHsS, TO CBOHCTBO
YHHKaJIbHOCTH PAacCHpOCTPAHAECTCH TOMNBKO HA KOMIIOHEHTY TPaHC/SAUHH.

Kak rosopusocs B Al10.2, ecau nepBasi BHEIUHsisl [eKJapalis HMeeT
cneundukatop static, To oua onuceiBaer HAGHTHOHKATOP C BHYTPEHHEH
CBSI3bI0, €CJH TAKOro crnenudHKaropa Her, TO ¢ BHewHel CBA3bl. Ecau
JeKJapanusi HaXOOWTCsi BHYTpPH OJIOKa M He CcojepXHT eXtern, To COOTBeTC-
TBYIOWIHH HOEHTHGHHKATOP HH C ueM He CBs3aH H YHHKAIEeH A JAHHOH (yHK-
uud. Ecaun nekaapauus comepxut extern u GaOK HaxoAMTCA B 06JAcTH AeH-
CTBHMsSI BHEUIHEH JekJapaluuy 3TOro HAeHTH(hOHKATOpa, TO MNOCJAEAHHH HMeeT Ty
XKe CBAA3b H CChdeTcsi Ha TOT- ke o0bexT (dyHkuuio). OnHAKO, €CJHH HH
ONHOK BHEWIHEH pAeKJapauMH [Jisi 3TOr0 HAEHTH(DHKATOpPA HET, TO OH HMeEeT
BHEINHIOI CBS3b.

A12. NPEMNPOLLECCHPOBAHME

[Mpenpoueccop BHINOJHSET MAaKpPOMOJACTAHOBKY, YCJOBHYIO KOMIIHJSLHIO,
BKJIOUEHHE HMEHOBaHHHIX ¢aitnoB. CTpOKH, HauMHaKIIHeCst cO 3Haka # (mepen
KOTOPbIM BO3MOXHbI TpPOGENbHble JIHTEDH), YCTAHABJHBAIOT CBA3b € MNpenpo-
yeccopoMm. HMx CHHTAKCHC He 3aBHCHT OT OCTalbHOH YacTH $A3biKa, OHH MO-
ryT [OSBJAATLCS TIJ€ YrOXHO H OKa3blBaTb BJHAHHE (HE3aBHCHMO OT o6nac-
TH [eHCTBHSI) BIJIOTb [0 KOHLA TPAHCJAHPYEMOH KOMIOHEHTH. [paHHUBI CTPOK
NPUHHMAIOTCA BO BHHMAaHHE;, KaxJAasi CTPOKA AaHAJIH3HPYeTCs OTAeaLio (0aHa-
KO eCTb BO3MOXHOCTb «CKJE€HBaTb» CTpOKH, cM. Al12.2). Jlexcemamn mas
Npenpoueccopa sBJARIOTCA BCE JeEKCeMbl dA3bika H [10CJe10BaTETbHOCTH JHTED,
3ajgamomiue HMeHa ¢alaoB, Kak, Hanpurep, B LHpek.dHBe #include (A12.4).
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Kpome Toro, aibass surepa, He oOnpegeseHHas KakKHM-JAMGO OPYrHM CHOCO-

60M, BOCMPHHHMAaeTCS KaK JekceMa. BiusHue npoGesbHBEIX JIHTEp, OTAHYAIO-

IWHXCA OT NpobeJoB M. TOPU3OHTAAbHHIX TAaOyAAUMH, BHYTPH CTPOK MNpEnpo-

neccopa He OMNpeneseHo.

CamM0 npenpouecCHpOBaHHE MPOHCTEKAET B HECKOJBKHX JIOTHYECKH MO-
crefoBatelbHbX (azax. B oTnesNpHBIX peanu3auusix HEKOTOpHE (Pasbl OObemH-
HEHBI.

1. Tpex3anakoBble [OC/JIEN0BATENbHOCTH, ONHCaHHble B Al12.1, 3amensoTcs
HX 5KBHBAJIEHTaMH. Mexay CTPOKaMH BCTABJSIIOTCH JIHTEPHl HOBASA-CTPO-
Ka, €CJH TOoro TpeGyeT ONEPAaLUMOHHAsA CHCTEMA.

2. BuGpacrBaloTcss mapul sMTep, COCTOsIIME M3 OGPaTHOH HAKJIOHHOH uep-
Thl C HOCJEAYIOWEH JINTEPOH HOBAA-CTPOKA; TE€M CAMBIM OCYILECTBJASETCS
«CKJeHBaHHe» CTpok (Al12.2).

3. [Iporpamma pasbuBaerTcsi Ha JieKCeMBbl, pas3leNeHHble JHTepaMH MpoInyc-
koB. KoMmMeHTapuu 3aMeHSIOTCS Ha EeNMHHUYHbE NpoGenbl. 3aTeM BbiIOJ-
HAIOTCA  [HPEKTHBH  MIpenpoueccopa W MakponoactaHoBkk  (A12.3-
A12.10).

4. JCKeHN-NOCIe10BaTeIbLHOCTH B JIHTEPHBIX  KOHCTAHTAX H  CTPHHIOBBIX
autepanax (A2.5.2, A2.6) 3ameHsI0OTCS Ha JHTepLl, KOTOpHE OHH 060~
3HayaioT. CoCe/lHHE CTPHHIOBBIE JIHTEPATb KOHKATEHHPVIOTCH.

5. Pesysnbrat Tpancaupyercsa. 3arem ycTaHaBAMBAKTCS CBA3H C  APYIHMH
nporpaMmmamMu H OHONHOTEKAMH NOCPEACTBOM cOopa HeEOOXOIMMBIX npor-
paMM H [JaHHBIX H COEJHHEHHS! CCBHIJIOK Ha BHELIHHe (DVHKLUHH H OGBEKTh
C HX OmnpeleJIeHHsIMH.

- A12.1. TpexsHakosble NOCNEROBATENLHOCTH

MHOXeCTBO JMTEp, H3 KOTOPbIX HAGHPAIOTC HexoaHbie CH-NpOrpaMMbl,
ocHoBaHO Ha cemuOutoBOM ASCll-kome. OgHaKo OH lWHpe, yYeM HHBAPHAHTHHIH
koa Jutep ISO 646-1983 (ISO 646-1983 Invariant Code Set). Urto6w . gath
BO3MOXHOCTB [M0JIb30BATbCH COKPALEHHBIM HAGOpOM JIMTEp, BCE YKa33HHbIE
HH)K€ TPEX3HAKOBble TMOCJENQBATEAbHOCTH 3aMEHSIOTCH HA COOTBETCTBYIOLIHE
HM €JHHHUYHbIE JIMTEPbl. 3aMeHa OCYLIECTBJASETCS L0 JIOGOK MHOR 06paBOTKH.

7= # 77 [ ?9< {
??/ \ ??) ] P }
Y ~ ?71 ' ?Y- ~

Hukakue apyrue 3ameHbl, KpOMe yKa3saHHBIX, He JeJAl0TCH.

Tpexsnakosbie nocsenosaTesbHOCTH BBeaeHbl ANSI-ctammapTom.

A12.2. CkneusaHme cTpok

Crpoka, 3aKaHYMBAIOWAACS OGDATHOH HAKJOHHOH uYepTOl, COeIHHAETCS
€O cCJjeAylueH, NOCKOIbKY JauTepa \ M Ccjelyiolas 3a Helt JuTepa HOBas-
CTPOKa BLIOpACHIBAIOTCA. IJTO [ejaeTcsi Nepel «pa3OHeHHeM» TeKCTa Ha JiekK-
CeMHI.

A12.3. MakpoonpegeneHue u MaKkpopacuiHpeHme

Ynpasasioiwas <rpcka BHAA

# define wlentuduxarop nociedosarensnocre-ackcem
8*
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34CTaB/ISIET  MPEMPOLECCOP  3aMEHATb  HAEHTHPUKATOD HAa  MOCJEed0BATE]b-
HOCTb JIeKCeM; npoGesbHbIE JIATEPHl B Hauajle M B KOHLE IOCJIeIOBATENbHOC-
TH JekceMm BbiOpacwiBalorcs. [loBropras crtpoka #define ¢ Tem xe HAeHTHDH-
KaTOpPOM CYHTAeTCSl OIIMOKOH, €CJH [OC/AeN0BATEJbHOCTH JIEKCEM HEeHACHTHY-
Hbl (HECOBNAJEHHA B Pa3NeJsOUIMX NpPOGeabHbIX JIUTEPAX TPH CpaBHEHHH BO
BHHMAaHHe He TPHHHMAIOTCS).

Crpoka BHAa

# define wdenrugpurarop( CnUCOK-uBenTUDUKATOPO8 ) NnOC2EI0BATEALNOCTE-AEKCEM

TA€ MEeXNY NEPBbIM HAEHTH(PUKATOPOM H 3HAKOM ( He NOJ/IKHO GHITb HH ONHON
npoGenbHOM JIMTEPHl, NpeacTaBasieT Cco60i MaKpoonpejejeHne ¢ napamerpa-
MH, 3a/1aBaCMbIMH CHOHCKOM HAeHTH(HKaTOpoB. Kak u B mnepsom Bapuanre,
npoGeJibHbE JIHTEPE B Hayajle M B KOHUE [OCJeLOBATEJbHOCTH JEKCeM BhG.
pacChliBAalOTCsl, M MAaKpOC MOXeT ObiTb NOBTOPHO ONpeAeseH TOJNBKO C TeM e
CIIHCKOM MMAapaMeTpPOB H TOH K€ MOCJEAOBATEIbHOCTBIO JIEKCEM.

Ynpasasiowas cTpoka BHAaa

# undef wdenrugpurarop

NPEAMHCHIBACT MPENpPOUECCOPY  «3a0biTb» ONpe/eeHHe, NAHHOE M eHTH(HKA-
Topy. [lpumenenne #undef «k HeussecTHOMY HAEHTHHUKATOPY OLIMGKOH He
CUHTaeTCs.

Ecnu  makpoonmpenenenne 6bo 3apaHo BTOpHIM  Cnoco6om, TO TeKCTY-
a/lbHAasA  [OCJENOBATE/NbHOCTb, COCTOSAWAs H3 €ro HIAEHTHOHKATOpa C, BO3-
MOXHO, CJIEAYIOUIMMH 3@ HHM NpPOOeJNbHbLIMH JHTEpaMH, 3Haka (, CHHCKA JeK-
CeM, pAa3NeJieHHBIX 3aNATHIMH, H 3HaKa ), MNpPeACTaBJasieT COGOH FH30B Mak-
poca. ApryMeHTamMH BHI30Ba Makpoca SIBJSIOTCS JIEKCEMbI, passenenssle 3ans-
THIMH (3aMSTHIE, «3aKPHLITHIE»> KABLIYKAMH HJH BJOXKEHHBIMH CKOOKAMH, B pas-
ACJIEHHH APryMEHTOB HE YYaCTBYIOT). ApPryMEHTH IIpDH HX BbLAEJENHH MaKpo-
pacllWpenusiM He noasepralorcsi. KosMuecTBO aprymMeHToB B BHI30 ‘€ Makpoca
AOJDKHO COOTBETCTBOBATb KOJHUECTBY paMeTpoB Mmakpoonpeaenerusi. Ilocse
BblIIC/ICHHST apryMEHTOB OKpyXalollHe WX NpoGesbHble JHTEPH BHIO[ 1CHIBAIOTCS.
3ateM B 3aMmewamluell NOC/JeAOBATENBHOCTH JEKCEM MakKpoca HIEHTH(HHKATOPHI-
napameTpel (€CJH OHH He OKPYXEHbl KaBLIYKAMH) 3aMEHSIIOTCS H.  COOTBETC-
TBYIOIUHE MM aprymenThl. Eciu B 3amemamiiefi nocienoBaTeqbHOCTEH nepen ma-
PAMETPOM He CTOHT 3HAaK # M HM Mepel HHM, HH MOCJEe Hero Her 3Haka Hi,
TO JIEKCEMBI apryMeHTa MpOBEpAIOTCS: HE COAepXaT JH OHH B cef¢ MAaKpOBbI-
SOBa, H €CIH 3TO TaK, TO Npexae YeM aprymeHT OyjleT MOACTABJEH, Mpo-
H3BOAUTCST COOTBETCTBYIOIIEE €MY MAKDPODPACIIHpPeHHe. o

Ha npomecc noacTaHOBKH BJAHAIOT [Ba CHEUHAIbHbIX oneparopa. [lep-
Bbli — 3TO omepatop ¥, KOTOpbIA CTaBHTCA Nepen napamerpom. On Tpebyer,
yTo0Bl MOACTABASIEMBIl BMECTO napameTpa M 3Haka # (nmepen HUM) TeKCT 6blu
3aK/I04€H B ABOHHBE KaBbluku. [lpn 3TOM B aprymenTe B CTPHHIOBBIX JHTe-
panax H JIMTEPHBIX KOHCTAHTAaX Mepel KaxAOW ABOHHON KaBHYKOH " (BKJIO-
yasi ¥ OOpaMm/sliOllMe CTPUHT), a TaKXe Nepem KaaoH 0o6paTHO# HAKJIOHHOH
4epTo# \ BCTaBJsieTcs \.

Bropo#i omepatop 3anucwiBaercsi kak ##. FEcau  mocsenoBaTesqbHOCTH
JIEKCeM B JII0GOr0 BHIAA MAaKpOONpeleNeHHH COAEPXKHT omeparop ##, TO cpa3sy
MOC/i€ NMOACTAHOBKH IMapaMeTpOB OH BMECTE C OKPYXAIOLWHMH €ro NpoGesbHBIMH
JIHTEPaMH BHOpachiBaercs, GJarofaps ueMy «CKJIEHBAIOTCS» COCENHHE JeKce-
Mbl, 00pasysi TeM CaMbiM HOBYIO JekceMy. Pe3yabTar He omnpegenes IpH
NONYyYE€HHH HENPABHJIbHHIX JIEKCEM HJH KOTAA TIEeHEDUPYEMBbIH TEeKCT 3aBHCHT
OT NOpsiiKa npuMeHeHusi onepatopor ##. Kpome Ttoro, ## He MOXeT CTOSITDH
HH B Haua/e, HH B KOHLE 3aMelaiouled NOCJeI0BATEIbHOCTH JIEKCEM.
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B makpocax ofoumx BHAOB 3aMellaioiuas MOC/ELOBATENbHOCTb JIEKCEM IO-
BTOPHO MpPOCMATpPHBAETCsl HA mnpeaMeT oOHapyxeHusi Tam HOBoIX define-umen.
Onnako, ecnu HEKOTOpbIH HACHTHOHKATOP yXKe GblJ 3aMeHEH B JAHHOM pacuiu-
PEHMH, TMOBTOPHOE MOABJEHHE TAKOTO HICHTH(HKATOpPA HE BLI3OBET €ro 3a-
MEHHBI.

Ecaun nonyyennoe pacuimpenve HauHHaeTCsi €O 3Haka #, OHO He 6yner
BOCIMPHHATO KaK JHPEKTHBA IpPENpOLECCopa.

ANSI-cranpapr  omuchiBaeT npouecc  MakpopacIIMpeHus — Gosee
TOYHO, YeM mepBoe H3ganue. Haubosee BakHble H3MeHeHHsT Ka-
CalTCA BBeAeHHs1 oneparopoB # u ##, KOTOpbie HpPeNOCTABJSIOT
BO3MOXHOCTb  OCYIUECTBJIATh DACUIHPEHHS BHYTPH CTPHHIOB X
KOHKaTeHalHIo JeKceM. HekoTophie M3 HOBBIX NpaBHJ, OCOBGEHHO
Kacamoluuecs = KOHKaTeHaUHH, MOTyT  NOKa3aTbCst  HECKOJbKO
CTpaHHBLIMH. (CM. NpHBeICHHbIE HHXE NPHMEpHI. )

OnucanHble BO3MOXKHOCTH MOXHO HCIOJB30BATH s MOKA3a CMBICJOBOM
CYLUHOCTH KOHCTAHT, KakK, Hanpumep, B
#define TABSIZE 100
int tablelTABSIZEI;

Onpenenenne
#define ABSDIFF(a, b} ((a)>(b) ? (a)-(b) : (b)-{a))

3ala€T MakpoC, BO3BpAaWAOIIHi a6COMIOTHOE 3HAYeHHE DAa3HOCTH €ro apry-
MeHTOB. B oTinune oT ¢dynkumu, nenalowell TO ke Camoe, 4PryMEHTHl W BO3-
Bpallaemoe. 3HaYeHHe 34eChb MOTYT HMETb JI000H apHdMeTHuYecKkui Tun H JaXKe
ObiTh yKa3aTeasiMu. Kpome TOro, aprymMeHThl, KaXablif H3 KOTOPBIX MOXKET
HMeTb NOGOUHLIH 3(QeKT, BHIYHCJSIOTCH ABAXKAB: OZHH Pa3 — MPH NpPOBEpKe,
LPYrod pa3 —~ NPH BBIYHCJIEHHH pPe3yJbTara.

Ecnn umeercss onpenenenue

#define tempfile(dir) #dir "/hs"
TO MakpoBni3oB tempfile(/usr/tmp) mact B peaynbrare

"/usr/tmp" "“/%s"

Hanee 3Tu aBa CTPHHra NpeBpaTATCs B OAMH CTpHHT. [lo Makpocy
#define cat(x, y) X # y

Bbi30oB cat(var, 123) crenwepupyer varl23. Opnako cat(cat(1,2),3) ne
AaCT KENaeMmoro, Tak Kak omeparop ## BOCHpeNATCTBYeT MOJNYYEHHIO Npa-
BH/JIbHBIX apTyMEHTOB MJIsI BHEIWHEro Bm30Ba cat. B pesyabrare Gymer Boina-
Ha Cjelyollas lUenoyka JeKCeM:

cat ( 1 s 2 )3

rae )3 (pesynbTaT «CKJEHBAHHsI» MOCJAENHEH JEKCEeMbl NepBOro aprymeHTa ¢
NepBOH JIEKCEMOH BTOPOTO apryMeHTa) He SIBJAETCH NPABHJIbHOH JIEKCEMOI.
Ecan Bropoili ypoBens MmakpoonpeneneHusi 3agaH B BUZe

#define xcat(x,y) cat(x,y)

TO HHKAaKHX KOJJIM3MH 31eCh He BO3HMKaeT, Xxcat(xcat(1,2),3) B wurore
nact 123, mockosnbky cam xcat we Henosb3yeT H##.

Anasnoruuno cpaBortaetr u ABSDIFF(ABSDIFF(a,b),c), u wmu NOJIYYHM
NpPaBHJBHBIA Pe3yJbTar.
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A12.4. Bknwuenue carna

Yupasaswouas CTpokKa
% include <umsa-cgpatira>

3aMeHsieTcsl Ha Colepxumoe ¢aitna ¢ uMeHeMm umA-¢patiaa. Cpeau JHTEp, COC-
TaBASIOIUHX UMs-patiza, HE [OMKHO ObiTb 3HAKa > M JHTEpbl HOBas-CTpOKa.
PesynbTar He onpenesieH, €CIH uUmA-gaiaa COACPKHT mobyo u3 autep ", 7,
\ wau napy Jutep /*. [lopsimox moucka ykasaHHoro aisia 3aBHCHT OT
peasu3auHH.

TMopo6ubiM e 06pa3oM BHINOJHSAETCS YNpaBAfOLasd CTpoKa
# include "umsa-¢adaa®

CHayasla NMOMCK OCYILECTBJISIETCSl IO TeM »Ke IIpaBHjiaM, IO KaKHM KOMIHJIATOD
HUIET NEepBOHAYANBHBEIH HCXONHBIH ¢aflin (MEeXaHH3M 3TOTO IMOHCKA 3aBHUCHT OT
peanusalHu), a B CJydyae HeydayH OCYIIeCTBJISETCH METOAOM MOHCKA, TpH-
HaTeiM B #include nepsoro Tuna. Pe3ysbTaT o0CTaeTCs HEONPEAEJICHHBIM,
ecin HMsi ¢daiina comepXuT ', \ HaM /*; HCIO/Mb30BaHHE 3HaKa > paspeuma-
eTcs. '

Hakouneu, aupextHsa

# include nociedosaresbHOCTb-AEKCEM

He COBNAafaUas HM C OJAHOH W3 MpeablAyuiHX ¢opMm, paccCMaTpHBaeT NOCJieN0-
BATEJBHOCTL JIEKCEM KaK TEKCT, KOTOpHI B pe3yabTaTe BCEX MaKpONOACTa-
HOBOK mosiked martb #include ¢ <...> uam ¢ "...". CresepupoBaHHasi Ta-
KHM 06pa3oM [HpeKTdHBa jajee OGyaeT HHTEPIPETHPOBATLCA B COOTBETCTBUM
¢ mnoayuyeHHOH ¢OpMOH.

daitnn, BeTaBnsembie npd nomowu #include, camm moryTt coaepxarb B
ce6e aupexkTush #include.

A12.5. YcnosHas komnunsauus

UacTH NpOrpaMMhl MOTYT KOMIHJIHPOBATBCA YCJAOBHO, €CJAH OHH OGOpM-
JieHbl B COOTBETCTBHH CO CJeAYIIIHM CX€MATHYHO H306pa)K€HHbIM CHHTAKCH~-
coMm:

YCAOBHAA-KORCTPYKYUR-NPENPOYELCCOPA:

if-ctpoxa Tekct elif-wacru else-uacrs #endif

Heob
if-ctpoka:

# {[ KOWCTaWTHOe-sblpaCEHUE

# jidef woenrugpuxarop

# ifndel wdenrugpuxarop

elif-wacru:
elif-ctpoka Texcr
elif-wacru, ., 6
elif-ctpoka:
# elif koncrauTHOE-BOIpANEHUE

else-+acre:
else-(TpOKA TEKCT

else-crpoka:
# else

Kaxnass u3 aupektus (if-ctpoka, elif-crpoka u #endif) sanuceiBaercst Ha
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oTaenpHOH cTpoke. KoHncranTHble Bbipaxennss B #if u nocaenyiowux #elif-
CTPOKAaX BBIYUCASIOTCA MO MOPSAAKY, NOKAa He OOHAPYXHTCH Bhipa€HHe C He-
HYJEBLIM 3HAYEHHEM; TEeKCT, CJeAyOLHH 3a CTPOKOH C HYJEBBIM 3HAYCHHEM,
BoiOpacriBaeTcsi. TeKCT, pacroJIoXeHHbI} 33 QUPEKTHBOM C HEHYJeBHM 3Haye-
HHeM, oOfpabaTniBaeTcsi OObIYHBIM 06Gpasom. [lox CJ/0BOM «TeKCT» 3mech HMe-
ercsi B BHAY Jw06as MNOC/AENOBATEJNLHOCTb CTPOK, BKJIOYasi CTPOKH Ipenpo-
eccopa, KOTOpble HE HABJAIOTCH 4YaCThlO YCJAOBHOH CTPYKTYPBI; TEKCT MOXeT
OLITh H NyCTHIM. Ecau #if unu #elif-ctpoka ¢ HeHy/neBbIM 3HAueHHEM BhIpa-
XKEHHSl HahleHa M ee TeKCT o6paboraH, TO nocneayiomue #elif u #else-
CTPOKH BMeCTE€ CO CBOHMH TekCTamu BhiOpaceiBaioTcs. Ecin Bce Bbipaxenus
HMEIOT HYJIeBBIE 3HAYEHHS H NPHCYTCTBYyeT CTpoKa #else, rto caemywowmmuit 3a
HeH TeKCT o6pabaThiBaeTCst OOGBIYHBEIM 06pa3om. TeKCTh «HEaKTHBHBIX» BeTBei
YCJIOBHBIX KOHCTPYKUHH, 33 HCKJIOYEHHEM TeX, KOTOphle 3aBEAYIOT BJIOXEH-
HOCTbIO YCJIOBHBIX KOHCTPYKIHH, HTHODHUPYIOTCS. ’

KoucranTHbie Bbipaxenuss B #if u #elif sasasiores o6bektamm aJis
OGLIYHOH MaKpOMOACTAaHOBKH. Dosee TOro, mnpexme uyem npocMaTpuBaTh BhIpa-
XeHHs BHIA

defined udentugpuxarop
defined ( wdenrugpuxarop )

Ha npeaMeT HaJHYHMsA B HHX MaKpOBBI30BA, OHH 3aMmeHs0TCA Ha 1L uam OL B
3aBHCHMOCTH OT TOrO, OblJl HJM He OblJ ONpefeseH IpPenpoUeccOpOM YKa3aH-
HeIH B HHX HIeHTHdHKATOp. Bce unaenTHdHkaTopr, OCTaBLIHECS MOCJe Makpo-
pacuiupenus, 3amensiiorca Ha OL. Hakoseu, npeanosaraercsi, uto Jobas ue-
Jlasi KOHCTaHTa Bceraa HmeeT cybddukce L, T.e. Bcsi apudMeTHKa HMeeT AeJo
C omepaHaamH TOAbKO THna long unu unsigned long.

Koncranthoe Buipaxenue (A7.19) 3mech HCOONb3yeTcss € OrpaHHYEHH-
SIMH! OHO [JO/KHO OBIThb UEJOYHC/IEHHBIM, HE MOXeT COAepXaTb B cebe mepe-
YHCUMBIX KOHCTAHT, Npeo6Gpas3oBaHHil THIIA M ONEPATOPOB 51zeof‘

YnpasasiiouHe CTPOKH

Rifdef udenruguxarop
#ifndef wudenrugpuxarop

3KBHBAJIEHTHbl COOTBETCTBEHHO CTpOKaM

# if defined udenrugpuxarop
# if ! defined udenrugpurarop

Crpoku #elif wue 6unu10 B nepBoii penmakuMH, XOTS OHa M HC-
NoNb30BaNaCh B HEKOTOPHIX mnpenpoueccopax. Onepatop npenpo-
neccopa defined — rtakxe HOBHIH.

A12.6. Hymepauus crpok

Ias yno6cTsa pabOTBl € APYrHMH MPENpOLECCOPaMH, TeHEPHPYIOLHMH
CH-npOrpaMMbl, MOXHO HCMOJNb30BAThb OLHY M3 CJEAYIOUIHX IHPEKTHB:

# line xoncrawra "udenrugpuxarop”
# line xoncranra

KOTOpasi MNpeANHCHIBAeT KOMMHJAATOPY «CYHTATb», 4YTO YyKa3aHHbie JeCATHY-
HOE nejoe H HACHTHQHKATOD SABJAIOTCA HOMEPOM CJIeNYIOLleH CTPOKH H HMeHeM
Tekyiuero aisia coorserctBenno. Ecim umst dailia orcyTcTByer, TO panee
3aNOMHEHHOE HMsS He H3MeHseTCsl. Pacminpenust MaxkpoBpi30BOB B line-nupex-
THBE€ BBINOJHSIOTCA A0 HHTEPNPEeTAUHH MNOCAenHeH.
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A12.7. Tenepauyus coobujexun o6 ownbre
Crpoka mpenpoueccopa BHAA
# error nocaedo8arenbHOCTL-AEKCEM, 06

npHKasbplBaeT €My BbLLIATH NHArHoCTHUYECKOE coobuieHHe, BKJIOYalollee
3aJaHHYIO NOCJJe10BaTE/IbHOCTDb JIEKCEM.

A12.8. MNparma
Ynpapasiomwas c¢Tpoka BHAA
# pragma n0c1e008aTeAbROCTo-ALKCEM 406

NpH3BIBAET TPENPOLECCOP BHIMOJHHTL 3aBHCAIIME OT pealH3aluH AeACTBHS.
Heono3naHHasi nparMa HIHOPHPYeTCs.

A12.9. Mycras aupexTMBa

CTpoKka npenpoueccopa BHIA
#
He BLI3LIBAET HHKAKHX IeHCTBHH.

A12.10. 3apaHee onpepeneHHble HMMeHa

[Mpenpoueccop «MOHHMAeT» HECKOJNbKO 3apaHee OMPENEEHHBIX HIACHTH-
¢$HUKaTOPOB; HX OH 3aMeHseT crequanpHOH MHpopmauued. OTH HAEHTHHKA-
topsl (n omepatop npempoueccopa defined B ToM YyHcJle) Heb3s ITOBTODHO
mepeonpenessiTb, K HHM HeJb3sl TaKXe NPHMEHSTb [HPEKTHBY #undef. 3ro
caeqylolne MACHTHPHKATOPEL

__LINE__. Homep TexkyueH CTPOKH HCXOZHOr0 TEKCTa, [ECATHYHAA KOHC-
TaHTa.

__FILE_._ HWms komnuaupyemoro ¢aisna, CTPHHT.

__DATE__  Jlata xoMnuasunu B Buge "MmM aa rrrr, CTPHHI.

__TIME__  BpeMs KOMOHJAUMH B BHIE "4d:MM:CC", CTPHHT.

_.STDC__ Koncrauta 1. [lpemnonaraercsi, YTO 3TOT MAEHTH(HKATOD OMpe-
geseH Kak 1 TOJABKO B TEX DpeanH3auMsiX, KOTOpbie CJeAYyioT
CTaHJapTYy.

Crpoku #error u #pragma BnepBbie BBEIEHbI ANSI-cranpapTom.
3apaHee ONpefejeHHble MaKpOChl Npenpoueccopa Takxe MO CHX
MOp He ONHCHIBANHCb, XOTH M HCIOJNbB30BAIHCE B  HEKOTOPHIX
peanH3auHax.

A13. TPAMMATHKA

Huxe npuseneHbl CBeJeHHBI€ BOGAMHO TpaMMaTHYeCKHe MNpaBHJId, ONH-
caHHBeEe B NaHHOM npujoxeHudn. OHH HMEIOT TO e COAepXaHHe, HO JAaHH B
HHOM NOpSAKE.

3nech He NPHBOAATCA ONpelesieHHs CAeAYIOUIHX TEPMHHAJIbHBIX CHMBO-
JIOB.  Y{enas-KOHCTAHTA, AUTEPHAA-KOHCTARTA, C-nAQB-TOYKOU-KOKCTANTA,
uleHTUGUKATOP, CTPUHZ WU NepeviCAUMAS-KOHCTAARTA. Cnosa, HalpaHHBbIE
O6bIUHBIM JIATHHCKHM LIPH(TOM, H 3HAKH PACCMATPHBAIOTCSH KaK TepMHHAIbHBIE
CHMBONB M HMCIONb3YIOTCS OYKBaJAbHO B TOM BHIe, Kak 3anucanbl. JlaHmyio
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TPAMMATHKY MOXHO MeXaHHUeCKH TPAHC(OPMHPOBATb B TEKCT, MOHSTHBIH CHC-
TeMe aBTOMATHUECKOH TreHepallMM TpaMMaTHYeCKOro pacnosnasatens. s
3TOr0 INOMHMO [06aBJEHHS HEKOTOPHIX CHHTAKCHYECKHX I[IOMETOK, IIpelHa3Ha-
YeHHBIX MJI5 YKA3aHWS anbTePHATHBHBIX NPOAYKIHH, noTpefyerTcsi paciHdpos-
Ka KOHCTPYKLIMH CO CJOBAMH «ONHH H3» H 1yGiHpOBaHHE KaXKAOM MNPOAYKUHH,
HCIOJAL3YiOlIEH CHMBOJ C HHAEKCOM Heo6, NpHYeM OJHH BapHAHT MNPOAYKIHH
HOJKeH ObiTh HamuCan C 3THM CHMBOJOM, a apyro#t — Ges Hero. C oaHuM
M3MeHeHHeM, a HMMEHHO YyaajeHHeM TpOAyKuuu typedef-uma: udentuguka-
Top W OoObsiBaeHHeM typedef-uma TEPMHHANbHBIM CHMBOJIOM, JAHHAsg TrpaMMa-
THKa O6ydeT MOHSATHA TreHepaTopy TIPaMMATHUYECKOr0 pacrno3HaBaTeNs YACC.
E#f npucywe J/db OAHO NPOTHBOpEYHE, BbI3bIBa€MOE HEONHO3HAYHOCTBLIO if-
else-KOHCTPYKUHKH.

KOMNOMEHTA-TPAHCARYUY:
BHEWHAR-0CKAAPAUUR
KOMNOHEHTA-TPARCASYUY BHEUHNSA-0LKAAPAYUS

GHEWHAR-0EKAAPAYUR:
onpedererue-pynkyuu
dexaapayus

onpedesenue QynKyuU:
cneyu@uraTops-0eKk2apayUU, , c 0EKAAPATOP
Cnucok-0exaapayud, , 6 COCTABHAS UHCTPYKUUA

dekaapayus:
cneyupuraropoi-0eKAQPAYUL  CRUCOK-UNUY-0eKAAPATOPOS, , 6

cnucok-Gexaapayuil:
dexaapayus
cnucok-8exrapayuld  Oekaapayus

cneyuukaropsi-dexaapayuu: .
cnequukarop-kaacca-namsTy  cnequduraropoi-Oekrapayuu
cnequgurarop-tuna  cneyuuxaropsi-Oexaapayuu
keaauurkarop-runa  cneyuduraropsi-Gexsapayuu

Heob
Heob
Heob
cneyupuxkarop-kaacca-namMaTU: OAHH U3

auto register static extern typedef

cneyudukarop-runa: OaUH U3
void char short int long float double signed wunsigned
cTpykT-uru-0bved-cneyugurarop  enum-cneyudukarop  typedef-ums

Ksa/zutﬁmca'rop"runa: OAHH H3
const  wvolatile

cTpyxT-uau-ob6ved-cneyudukarop:
cTpyKT-uau-06ved udentupurarop, , e { cnucok-cTpykT-0ekaapayut }
CTpyKT-uau-o6eed udenTupukarop

cTpykT-uau-obved: OAHH H3
struct  union

CnuCoK-CTpyKT-0ekaapayui:

CTPYKT-Oexrapayus

CRUCOK-CTPYKT-0eKAQPAUUL CTPYKT-0eKAGPaAyUR
CNUCOK-UHUY-0eKAapaTopOs:

uHuy-0exaaparop

CnuCOK-uUHUY-0eKAapPaATOPO8 , UHUY-0eKAapaTop
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uRuYy-dexaaparop:

dexaaparop

0exaaparop = uNuyUAAU3ATOP
CTpYKT-Oexrapayus.:

CRUCOK-CneyuPuKaTopos-K6asupukaropos cnucok-cTpykT-0exaaparopos ;
CRUCOK-CneyuBuKaTopos-k8auPukaropos:

cnequpurarop-runa cnucox—cneuud)uxaropoe—xsa/tud)uxa'ropoeﬂeoﬁ

kaaauuxarop-runa cnucox-cnequdJuKa'ropoe—xsaﬂudmxa'ropoeH 206
CRUCOK-CTPYKT-0eKAapaATOPOS:

CTpYKT-Oekaaparop

CRUCOK-CTPYKT-0eKAapaATOPO8 , CTPYyK-0exaaparop
cTpyKT-Oexraparop:

dexaaparop

Oexraparop, , s  KOKCTARTHOE-BbLPAdNCEHILE
nepey-cneyupurarop:

enum udeu-rutbuxaropﬂeod { cnucok-nepequcaurenred )

enum udenTugurarop

cnucok-nepevucaurenrel:
nepewucautens
cnucok-nepequcaurenet , nepeduUCAUTens

nepeducaAuTe Ab;
ulentuduxarop
uOeHTUPUKATOP = KOHCTAHTHOE-BbLPAKEHUE

dekraparop:
ykasareao, , o COGCTEEHNO-OEKAAPATOP

cO6CT8RHO-OeK2apPaATOP:
udenTuuxarop
( dexaraparop )
cobcreenno-0exaaparop [ KOHCTARTHOE-8bLPAKENRUE  , e ]
cobeTsenno-Oexaaparop ( cnucok-runos-napamerpos )

cobcreenno-dexnaparop ( cnucox—udeuruti)uxa’ropoaﬂeoﬁ )

yKasareas:
* cnucok-ksaruukaropoe-runa
* CRUCOK-KB8AAUDUKATOPOG-TUNA

Heob

neof yrasareas

cnucox-ksarupuxaropos-runa:
Ksaaugukarop-runa
cnucok-keaaupukaropos-runa  Kearupuxarop-runa

CNUCOK-TUNOB-NAPAMETPOS:
CnuUCoK-napamerpos
CRUCOK-NApamMeTpos

CnUCOK-NAPAMETPOS:

dexrapayus-napanxerpa

CRuCOK-NAPAMETPOS , OeKAAPAUUS-NAPAMETPa
dekrapayus-napamerpa:

cneyuuraropsi-dexrapayuu Jdexaaparop

cneyugukaropei-Oexrapayuu a6c1pa;<'rubtd-dexfzapa'ropﬂeoé
cnucok-udenruduraropos:

udenrudukarop

cnucoxk-ulentuuxaropos , udentuduxarop
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URUYUAAU3ATOP:
BLLPANEHUE-NPUCBAUBAHUR
{ cnucox-unuyuaarusaropos }
{ cnucoxk-unuyuaausaropos , }

CRUCOK-UHU U aau3aTopos:
unuyuaausarop
CRUCOK-UHU{UAAUIATOPO8 |, UHUUUAAU3ATOP

umMA-TUNA:
cnucok-cneyuduraropos-keasupuraropos aberpaxthoul-Oexaaparop, , o

abCTPaKTHBII-0eKAAPATOP:
yKasareas

ykasarens, , o cobcTaeHHO-aBCTpakTHbLG-0ek aaparop

Heo
cobcTaenHO-abCTPaKTHOLL-0eKAAPATOpP:
( abcTpakTheii-dekraparop )
coberaenno-abeTpakTrei-Oexaaparop,, , e { KOHCTAHTHOE-BbLPAKCEHLE, , o ]
coﬁc-rsenuo—aﬁcrpaxmud—dexﬂaparopﬂeoé { CRUCOK-TUROB-NAPAMETPOB, , o )

typedef-ums:
ulentuuxarop

UHCTPYKYUS.
NOMEYEHHAA-UHCTPYKYUS
UHCTPYKYUR-BOLDANEHUE
COCTABHAA-UNCTPYKYUR
uHCTpYKyus-estbopa
UUKAUYECKAR-UNCTPYKUYUR
UNCTpYKYUs-nepexooaq

NOMEUEHHAR-UNCTPYKYLS:
uCeHTUPUKATOP | UHCTPYKYUS
Case KOWCTANTHOE-BbLPAINCEHUE & UNCTPYKUUR
default : uwcrpyxyus

UHCTPYKYUR-BBLDANCHUE:

abtpamceuueueoﬁ N

COCTABNAR-UHCTPYKYUSL:

{ cnucox—dermapauuu”eoé CRUCOR-UHCTPYKYUL oo )

CNUCOK-UHCTPYKYUL:
UNCTPYKYUSR
CRUCOK-UHCTPYKYUU  UHCTPYKYUS

UHCTpYKYus-sbbopa:
if ( estpamenue ) uncrpykyus
il ( eopascenue ) uncrpykyus else uncrpyxyus
switch ( ssipamenue ) uncrpyxyus

YUKAUHECKAR-UHCTPYKYLUA:
while ( esipascenue ) unctpyxyus
do unctpykyus while ( setpasxenue )
for ( seipasxcenue soLpasicerue

souiparxceque UNRCTPpYKYuUS

Heob Heob Heob )
UHCTpYKYUS-nepexoda:

goto udentupuxarop ;

continue ;

break ;

return soipaxenue, . o
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soLpaKcenue:
86LPANCENUE-NPUCBAUBANUS
86LPANCEHUE , BbLPANEHUE-NPUCBAUBANUS

BOLPANEHUE-NQUCBAUBAHUR:
YCAOBHOE-86LDANCEHUE
YHAPHOE-BLIPANCEHUE ONEPATOP-NPUCBAUBANUR BOLPANKENUE-NPUCBAUBAHUSR

oneparop-npucsausarus: OAHH H3
= *= /= %: 4= — <<= >>= &= =

>

YCROBHOE-8bLPANCEHUE:
nozuqeckoe-HJIH-svipaxcenue
noeuuecxoe-HJIU-soipanenue ? soipasenue : ycrosnoe-soipaxenue

KOHCTAHTHOC-8bLpANCEHUE:
YCAOBHOC-BbLPANCCHUE

aozuyeckoe-UJTH-soipascenue:
nozuqeckoe-U-soipancenue
nozuueckoe-HJIH-soipaoenue |1 aoeuqeckoe-H-soipascenue

noeuqeckoe-HU-soipasicerue:
HJIH-soipascenue
aozuueckoe-H-suopascenue && HJIH-soipasicenue

HJIH-sbiparcenue:
uckrovaowee-HJ1U-sotpascenue
HJIH-sotpascenue | ucknowawowee-HJIH-soipancenue

ucknmouarowee-HJTH-soipascenue:
H-soipascenue
uckaowaowee-UJ1H-soipanenue

* H-ssipascenue
H-sstpascenue:

8bIPANCEHUE-PABENCTEA

H-soipancenue & soipascenue-pasencrea

BLLPANCCHUE-PABECHCTBA:
B6LPANCCHUEC-OTHOWEHUS
BbLPAKECHUE-PABEHCTEA == BbIPAMECHUE-OTHOWEHUS
BOLPANCEHUL-PABLHCTRA = BbIPANCCHUE-OTHOWEHUR

BHLPANEHUEL-OTHOWEHUS:
cOsuzo80e-8bLpANCEHUE
8b6LPANCNUE-OTHOWEHUS < C(O0BU2080€-86LPANKENHUE
8bLPANCEHUE-OTHOWEHUR > €O8U2080€-8bLDANCEHUE
86IPANCEHUE-OTHOWERUR <= (08U2080€-8bIPANCEHUE
B6LPANCEHUE-OTHOWEHUS >= (08u2080¢e-8bLpANCEHUE

cosuz080e-8bLpANCEHLE:
adduTuBHOe-8bLpANCEHUE
cOsuzogoe-sopancenue >> adduTusnoe-evipasicenue
c08uz0B0e-gbIpaNceHUE << aOOUTUBHOE-gbIpANCEHUE

addurusroe-aoipascenue:;
MYABTURAUKOTUBHOE-BbLPANCEHUE
A00UTUBHOE-BLIPANENUE + MYASTUNAUKATUBHOE-BOLPANEHUE
a00UTUEBROEC-BLLPANCERILE — MYABTUNAUKATUBNOE-B6LPANCEHLE
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MYALTURAUKATUBHOC-BHLPANECHUE!
8bLpadkenue-npusedeHNOe-K-TURY
MYALTUNAUKATUBHOE-BbLPANCEHUE * BbIPANCEHUE-NPUBEOEHHOE-K-TUNY
MYABTUNAUKATUBHOE-BbIpAINCENUE / 8bIpANEHUE-NPUBLOEHHOE-K-TUNY
MYABTUNAUKATUBHOE-BbIpANEHUE Y, abipaxcenue-npusedennOe-k-Tuny

8oLpAdCEHUE-NPUBEOEHNOE-K-TUNY:
YHAPHOE-8bLPANEHUE
( wumsa-tuna ) ssipasicenue-npusedennoe-k-Tuny

YNAPHOE-8bLPANCEHUE:
nocTuKkcroe-sbipadcenue
++  yHaproOe-suipadceHrue
——  YNApHOe-8bLpANCEHUE
YHOPHOLE-ONEPATOP BbLPANCEHUE-NPUBEOEHHOE-K-TUNY
sizeof  ywaproe-ssipasenue
sizeof ( wms-Tuna )

YHAPHbLLE-OnepaTop: OIWUH U3
& * + — ~ !

nocrduxcroe-sotpancenue:
nepau«HOe-8oLPAMEHUE
nocrgurcroe-goipancenue [ soipaxenue |
nocrTukcroe-goipancenue { CRUCOK-AP2YMENTOB-8oLpANCEHUL
nocruxkcroe-soipaxcenue . udentTupukarop
nocr@urcHoe-gstpancernue —> udentupurarop
nocTuKcHOe-8bLPANEHUE ++

Heob )

nocrukcHoe-soipaxenue ——
nepsuLHOe-BbIPANKENUE:

udentuduxarop

KOHCTANTA

CTpuKe

( soipascenue )

CRUCOK-APEYMEHTOB-BLLPANEHU L
BOLPAINEHUL-NPUCBAUBANUSR
CNUCOK-APeYMEHTOB-BELDANEHUE |, BHLPANKEHUL-NPUCBAUBARUS

KOHCTAHTA!
Yenas-KOHCTaANTA -
/lu'repuaﬂ—xoncrau’ra
C-NAAB-TOLKOU-KOHCTAHTA
nepevucAuMas-KOHCTARTA

[pammaTHKa s3pika mnpenponeccopa MPHBOAHTCS B BHJAE MNEPEUHH CTPYK-
TYp YNpaBJASIIOIMKHX CTPOK. Jliifi MeXaiuueCKOro NOJy4eHHsl NPOrpamMbl IpaMma-
THYECKOro pasbopa oOHA HE TIOAH.csl. [paMMAarTHKa BKJIOYUAET CHMBOJ TeKCT,
KOTOPBIH 03HAYaeT TeKCT OOBm.f0f NpOrpaMMbl, HEYCJOBHblE YHpPABASIOLIHE
CTPOKH NPENnpoueccopa H €ro 3aKOHYeHHble YCJOBHbIE KOHCTPYKIHH.

Ynpasaf oW an-cTpoKa;
# define udentugpuxarop nocaedosareabHOCTb-aeKCceM
# define udenrupuxarop( udewrudpuxarop , ... , udewrugpuxarop )
nocaedos8aTeAbHOCTo-AEKCEM
# undef wlenrtupuxarop
include <umsa-¢adra>
# include "umsa-dadra”

#
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include nocaedosaressnocTe-aexcem
line xoncranra “udentugpuxarop”

line xowncranta

error nocaed08aTeA6HOCTL-ACKCEM Heob
pragma nomedoaa're/zbuocn-nexceu”eoé

# # # # # #

YCAOBHARA-KOHCTPYKYUSR-NPENRPOLECCOPa

YCAOBRA[-KOHCTPYKYUS-NPenpoyeccopa:

if-crpoka reker elif-wacru else-wacre, , o # endif

€o
if-crpoka:

#* if kowcranTnoe-svipascenue

# ifdef wulenruduxarop

# ifndef wdenrugurarop

elif-wacru:
elif-crpoka Texcr

elif-wacru, , -

elif-ctpoka:

# elif xouncranrnoe-soipasmenue
else-wacre:

else-ctpoka Texcr

else-cTpoka:
# else



npunoxeHue . CTAHOAPTHAS BUBJTUOTEKA

Hactosiiiee npuaoxenue mnpeacrasssieT CO60H KpaTKoe H3J0xkeHHe OHE-
JIHOTEKH, yTBepXaeHHOH B kauectBe ANSI-cranmapra. Cama no cebe 6u6-
JIHOTEKA He SBJSETCs 4YacThi0 sI3bIKA, OJHAKO 3aJOXEHHbIH B Heid Hab0p nek-
Japauui ¢GYHKUHE, a TakXxe ONpejejeHHH THIOB H MAakKpOCOE COCTaBJsIeT
CHCTEMHYIO Cpely, Nnoajepxupawooulylo cranaapt Cu. Mbl He NPHBOIKHM HECKOJb-
KO (YHKUMH C OrpaHHueHHOH 06J1aCTbl0 NPHMEHEHHSI — T, KOTOphI€ JIErKo
CHHTE3HDPYIOTCSt M3 APYrHX (YHKUHH, a TakXe BCe TO, 4YTO KacdeTCsi MHOTO-
6aHTOBHIX JIHTEP M Crneuu¢pHkH, OOYCJIOBJEHHOH S3BIKOM, HALHOHAJbHOCTHIO H
KYyJbTYypOH.

DYHKUAHK, THOB M MaKpOChl AEKJAPHPYIOTCA B CJELYIOUHX 20408HbLX (haii-

aax <agsert.h> <float.h> <math.h> <stdarg.h> <stdlib.h>

<ctype.h> <limits.h> <setjmp.h> <stddef.h> <string.h>
<errno.h> <locale.h> <signal.h> <stdio.h> <time.h>

Joctyn K rojloBHOMY halily OCYIIECTBJSIETCH MPHU IMOMOLIM CTPOKH INpenpouec-
copa
#include <ezoaosrob-gainr>

lonoBHble Gailaibl MOXHO BKJAKOUYATh B JIOOOM MOpPSAAKE H CKOJLKO YrOJAHO pas.
Crpoka #include ue poskHa OBITb BHYTPH BHEIIHEH A€KJAapallHH HJH OMNpele-
JIEHHs1 H JIOJXKHA BCTPETHTbCS paHblile, uYeM YTO-HHO6yAb OyaeT BOCTPeGOBAHO
H3 BKJIOYAeMOro TroJIOBHOro (hailia. B KOHKPeTHOH peajH3alHd TOJIOBHOH
¢dailnn MOXeT W He OBbITb HCXOAHBIM (haHJoM.

[ust ucnonp3oBaHus B OGHOIHOTEKE 3ape3epBHPOBAHbLI BHELIHME MIEHTH-
(DUKATOPHI, HAYMHAIOUIHECS CO 3HAaKa NOJYeDKHBAHHA, a TaKXe BCe JApYyrue
HAEHTH(HHUKATOPH, HAYHHAIOMIHECA ¢ JBYX 3HAKOB NOAYEPKHBAHHSA HJH C TNOO-
YepKHUBAHUS M 3arjlaBHOH OYKBHL.

B1. BBOA-BbIBOA: <STDIO.H>

Onpenenendple B <stdio.h> d¢yskunu BBOAZ-BBIBOAA, A& TaKXKe THIbI H
MaxpoChl COCTABJASIOT NPUOMH3HTENBHO TpeTb GHOJHOTEKH.

Ilorox — 3TO MCTOYHHK HJH MOJYYaTeslb AAHHBIX; €70 MOMXHO CBA3aTh C
JHCKOM MJH C KaKHM-TO [OpYrHM BHewlHuM ycTpolicTBoM. BuGruorexa nonnep-
XKHBaeT [Ba BHAA TOTOKOB: TEKCTOBbIH H GHHADHBIH, XOTA HA HEKOTOPbIX
cuctemax, B yvactuoctH B UNIXe, onn ue pasauuawrcsi. TeKCTOBbIH NOTOK —
3T0 TOCJEIOBATEJBbHOCTb CTPOK; Kaxkaas CTpOKa HMeeT HyJab Han OGojee
JATEP M 3akanduBaelcss JuTepodt ' \n’. OnepcuHOHHAs Cpela MOXKeT MHoTpe-
6CczaTh KODPCKUMM FCKCTOBOrO 10.0Ka (HamnpHmep, depesoga ~\N° B JHTepH
BO2BpAT-KApPeTKH W NEepeBOA-CTPOKH).

Bupaprw¥ ROTOK — 3TO MOCTPIOBATET-HOCTb HCIpCGipasdyembix 6alToB,
NPeCTaBITIOWKX 060 HEKOTODbE MPOMAXYTOUHbE NaHHble, KOTOphie ofaana-
10T TeM CBOHCTBAM, UYTO, €CJM HX 3a7ucarb, a 3aTeM TpoYecThL TOH Ke
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CHCTEMOH BBOAA-BHIBOAA, TO MBI MOJYyYUM HHGOPMALHIO, COBNAAAOYyld C HC-
XOIHOH.

[MoTtox coenuHsieTcsas € ¢alJoOM HJIM YCTPOHCTBOM HOCpPEACTBOM €ro or-
KpoiTUA, YKa3aHHAs CBsi3b pa3pbiBaeTCsi NYTeM 3GKPbITUA TOTOKA. OTkpbiTHE
¢aitna BO3Bpamaer ykasareab Ha o6bekt Tuna FILE, KOTOphIA COAEPXHT BCIO
UHGOPMALHIO, HeOGXOAMMYIO L5l YNPaBJEHHs 3THM MNOTOKOM. EciM He BO3HH-
KaeT ABYCMbICJAEHHOCTH, Mbl OYI€M MNOJIb30BATHCA TepMHHAMH «(ah/OBbIf YKa-
3aTejby» M «IOTOK» KAaK PABHO3HAUYHBIMH.

Korpa nporpamma HauunaeT paGoOTy, YK€ OTKpbITHl TPH NOTOKa: stdin,
stdout u stderr.

B1.1. Onepayuu Hag Parinamu

Huxe nepeuuciensl GYHKUKH, onepupywoumue ¢ daitamu. Tun size t -
6e33HAKOBHIH LEJOYHCJEHHBIH THI, HCHOJb3yeMbIH [J51 ONHCAHHS pe3y/abTaTa
oneparopa sizeof.

FILE *fopen(const char *filename, const char *mode)
fopen oTkpbiBaeT (aily ¢ 3a4aHHBLIM HMEHEM H BO3BpallaeT NOTOK HJIH
NULL, ecnu mOmMbITKA OTKPHITHA OKasaiacbh HeynauHoH. Pexum mode no-
NyCKaeT CJeAylollHe 3HAYEHHS!

r TEKCTOBHIH (ahn  oTKpbiBaeTcst 1isi  uTenus (OT read
(aHry.) — 4YHTaTh)

W TEeKCTOBBIM (haitsi Cco3maeTcss AMA 3amuCH; CTapoe COALep-
KuMmoe (ecam’ OHO Oblio) BhiGpackiBaetcs (ot write
(aHra.) — mnucartb)

“a" TeKCTOBLIH (haflsl OTKDHIBAEGTCSl HJHM CO3A4eTCs AJ/IA  3alu-
cu B KoHel ¢aitna (orT append (aHrn.) — AOGaBJAATH)

"r+" TEKCTOBbIH a1 OTKpHIBAeTCst /1A HCOpaBJeHust (T.e.
I YTEHHS W [JIs1 3aIHCH)

"+t TEeKCTOBLIM (daitan co3paetcss [Jsi HCNpaBjeHHsi; CTapoe
cozepxumoe (écsiu OHO ObiJO) BhHIOpachiBaercs

"a+" TeKCTOBLIH ¢alJ OTKPEIBAETCA MJIM CO3JaeTcs A HC-

NpaB/eHHs YyXKe CYLIECTBYIUeH HHbOpMaunu W aoGasie-
HHSL HOBOM B KOHell da#na

PexuM «HCNpaBjeHHsi» MO3BOJseT UYHTaTb M NHCaTb B OJHH H TOT XKe
¢ail; npd Tepexomax OT Onepaunil UYTEHHsA K OMEpaUHsiM 3anucCH H 06-
paTHO [AOJUKHBI OCYLIECTBJTHLCA OOpalleHus K fflush wau kK GyHKuHH
NO3HIHOHHpPOBanus ¢aiya. Ecau ykasarenb pexuma [ONOJHHTHL GYyKBO#
b (manpumep, "rb" wuam "w+b"), TO 37O Oymer O3HayaTp, HTO tdaina
Gusapupii. OrpaHuyeHHe Ha JUIHHY HMeHH aiia 3anano KOHCTaHTOH
FILENAME_MAX. FOPEN_MAX orpandunBaeT 4YHCJ0 OLHOBPEMEHHO OTKpHI-
THIX ($ahoB.

FILE *freopen(const char #*filename, const char *mode,
FILE *stream)
freopen oTkpeiBaeT Gais ¢ YKa3aHHbLIM DEXHMOM H CBfSBIBAET €ro C
notokom stream. Ona Bo3ppauiaer stream ujiu, B cJayyae OIIHMOKH,
NULL. O6muno freopen HCHOAL3YyeTCH AJS 3aMeHbl (aHjoB, CBSI3AHHBIX
¢ stdin, stdout uau stderr, mpyrumu daiaamu.

int fflush(FILE *stream)
[Ipumensiemass K norToky BhiBoaa filush nponsBOAMT [033aNHUCH BCeX OC-
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TaBIKXCs Ha Gydepe (ewle He 3aNMHCAHHBIX) [AHHBIX; AJs MOTOKA BBOAA
31a OGyHKuMs He onpeneiena. Bosspawaer EOF B cJjayuae BO3HHKUIEH
npH 3anuCH OWHOKH HJH HyJ1b B NPOTHBHOM CJyHae. O6pauwenne BHAA
f£f1ush(NULL) BBIMOJHSIET YKa3aHHbIE OMEpPAaLHH [Js BCeX MOTOKOB BhI-
BOZA.

int fclose(FILE *stream)
fclose npOM3BOAMT [03aMHCh €Lle He3anHCaHHBIX 6ydepH30BaHHBIX AaH-
HbIX, cGpachiBaeT HEUHTAHHBIH 6ydepusoBaHHbN BBOA, OCBOGOXIaeT BCe
aBTCMATH4YECKH 3anpomeHHble Oydepa, [MOCJe UYEro 3aKpelBaeT MNOTOK.
Boa -panaer EOF B cayyae OmHOKY ¥ HyJb B IIPOTHBHOM CJy4ae.

int remove(const char *filename)
remove ynajser ¢ala ¢ YKasaHHHIM HMEHEM; NOCJeNylollas NONbITKA
OTKpHITH ¢Hala C 3THM HMEHEM BbI3OBET omu6ky. Bosspalulaer HeHyJieBoe
3HaUEeHUe B c.nyqae Hana‘-lHOl:I NONBITKH.

int rename(const char *oldname, const char *newname)
rename 3aMeHsieT HMHA @aﬁna; BO3Ban.laET HEHleeBoe 3Ha4yeHue B CJ'ly-
yae, €CJIH IIONBITKA H3MEHHUTb HM$ 0Ka3aJjgach Heynalmoﬁ. ﬂepsuﬁ na-
paMmeTp 3ajaer CTapoe HMMs, BTOpPO#i — HOBOE.

FILE *tmpfile(void)
tmpfile cospaer BpemeHHblHi (ailj ¢ pexHMOM 10CTyna "wb+", xoTOphiff
ABTOMATHUECKH YIANeTCs MPH €ro 3aKPLiTHH HJH OGHIYHOM 3aBEPLICHHH
nporpaMmoi cBoe#l paGoTh. ITa (YHKUMA BO3BpalllaeT MOTOK HJH, €CJIH
OHa He cMorja co3naTh ¢aiis, NULL.

char *tmpnam(char s[L_tmpnam]) .
tmpnam(NULL) co3gaeT CTpHHr, KOTOpbIH HE COBHanaeT HH C OJHHM
¥3 WMeH CYILECTBYIOWHX (affa0B, ¥ BO3BpAllAeT YyKa3aTelb HA BHYTPEH-
HWY CTaTHUECKH# MaccuB. tmpnam(s) 3anoMHHaeT CTPHHT B S H BO3-
BpallaeT ero B KauecTBe 3HaueHHs GYHKUHH; JIMHA S JOJIXKHA 6LITH He
mesee L_tmpnam. Tlpn xaxinoM Bbi30Be tmpnam reHepupyercs HOBOe
MMsl, TpPH 3TOM TFapaHTHpyeTCsi He GoJee TMP_MAX pa3auuHbiX HMEH 3a
OfMH CeaHC pabOThi MPOrpaMMbl. 3aMeTHM, UTO tmpnam co3paer uMm4,
HO He daiin.

int setvbuf(FILE *stream, char *buf, int mode, size_t size)
setvbuf ynpasaser Gypepu3aumeit noToka, K He# cuenyer o6pallaTbCs
npexne, ueMm OyleT BHIMOMHATbCS UTEHHE, 3aNMHCh  HJIH Kakasi-Jin6o
apyras omepauus. Pexum mode cO 3Ha4YEHHEM _IOFBF Bbl3bIBa€T MNOJHYIO

6ydepusaunio, ¢ _IOLBF - «nocrpounyio» 6ydepH3auuio TEKCTOBOrO
paiina, a pexum _IONBF orTmenser BCAKYIO G6ydepusaunto. Ecau mnapa-
merp buf He ectp NULL, To ero 3Hauenne — ykasarelb Ha 6ydep, B

npotuBHOM cayuae non Gydep OyneT 3anpallnBaTbCs NAMSTD. [Mapamerp
size sapjaer pasmep Oydepa. ®ynxuus setvbuf B cayuae OIIHOKH BHI-
JaeT HeHyJeBoe 3HayeHHe.

void setbuf (FILE *stream, char *buf)
Ecan buf ects NULL, To nns notoka stream Oygepusaunus BbiK/aiOYaer-
cs. B nporuBHoM ciyuae Bhi30oB setbuf npusemer k Tem xe neficTBu-
siM, uTo u BHI30B (void) setvbuf(stream, buf, _IOFBF, BUFSIZ).

9. 3akas Ne 13
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B1.2. dopmarHuiii BrLiBOj

®dyukuuu printf OCYHIECTB/ISIOT BLIBOA HHMPOpPMALHH Mo ¢dopmary.

int fprintf(FILE *stream, const char *format, ...)
fprintf npeo6pasyer m nuwer BmBox B notok stream nox ynpasnenn-
em format. Bosspamaemoe 3snauenne — wneso 3aNHCAHHBIX JIHTEP HJAH, B

Cayyae OWHOKH, OTPHUATEJbHOE 3HAYEHHE.

dopmMaTHLIH CTpPUHT COAEPXHUT OBAa BHAA OGDBEKTOB: O6BIYHBIE JIHTEpHI,
KOIHpyeMble B BLIBOAHOH MNOTOK, H CreUH(HKALHH npeo6pa3cBaHus, KOTOpBIE
BBI3LIBAIOT Mpeo6pa3oBaHHe H Me4aTb OCTATbHBIX apryMeHTOB B TOM NOpSAKe,
Kak OHH mnepeuncyenbl. Kaxnas cneundukanus npeo6pa3oBaHisi HAuMHAETCS ¢
4 H 3aKaHyHBaeTCs JINTePOH-CIeH(HKATOPOM npeo6pa3oBanus. Mexay % u
JIHTEPOR-CIeHH(DHKATOPOM B IOpsilke, B KOTOPOM OHHM 3/1eCb MepPeYHCJEeHbI,
MOTYT OBITH pPaCHOJIOXeHbl CJeNylOUIHe 3JEMEHTH HHGMOPMALHU:

o ®unaru (B si06omM NOpsiAKe), MOAHGHUHpYIOLIHE CeuHPHKALHIO;

- YKA3bIBAET HA TO, UTO NpPeo6pazoBaAHHBIH ApPryMeHT JOJIXKeH
ObITb MPHXKAT K JIEBOMY Kpalo MoJsi.

+ NPEANHCEIBAET NMEYATATb YHCJIO BCEIAA CO 3HAKOM.

npoGes ecin mneppas JIMTEPA ~ HE 3HAK, TO YHCIY [OJIKEH npei-
WecTBOBaTL npobes.

0 YKa3blBa€T, UTO YHUCJA AOJKHBI AOMOJHATHLCS BEAYWHMH HYy-
JIAMH [0 BCeH WIHPHHBLI NOJS.

# YKa3bIBAET HA ONHY M3 CJENYIIUHX ¢OPM BBIBOAA: s O

NepBOH uHdpPoOi ao/ken 6biTh 0; mas X wau X HEHYJIeBOMY
PE3YJ/IbTATY AOJUKHBI npeawectsoBaTb 0X wau OX; ais e, E,
f, g u G BoBOR mOMkeH Bcerna ConepxarTb NECATHYHYIO
TOUKY, Anst g M G XBOCTOBEBIE Hy/JM He OTGpPACHIBAIOTCS.

+ Hucso, cneunduunpyiomee MHHHMA/IbHYIO IWHPHHY mosis. [1peo6pasosantubiii
aprymedT OyIeT Hameuatan B noJe, pasMep KOTOPOrO He MeHblIe yKa-
3aHHOH LUMDHHEL, a ecJH norpefyercsi, B noJe GOJbLIEro pasmépa. Ec-
/I UHCJI0 JlMTep npeoGpasoBaHHOTO apryMeHTAa MeHbLie UIHDHHBL [OJIA,
TO mnone Gyaer OONOJHEHO CJeBa (nnm cnpaBa, ecam uucao HpHXHMa-
€TCsi K JeBOMY Kpaw). OGHIYHO TNOJIE [OMOJHSIETCSs npoGesamu (unu Hy-
JISIMH, €CJIH NPHCYTCTBYET (hJlar AONOJHEHHS HyJasiMHu).

. Touxa, oTae A0 as YKasarenab WHPHHBLI MOJA OT YKa3saTtesass TOUHOCTH.

+ Uucsno, sanaomee TounocTs, KOTOpOE CNEeUH(PHUHHPYET MAKCHMAaJbHOEe
KOJIMYECTBO JIMTEP, NEYATAEMBIX M3 CTPHHIA, WAH  KONHYECTBO uudp
OC/Ie  NeCATHYHOA TOukM B mnpeobpasoBanusix e, E unm f, wnan xonu-
UECTBO 3SHAYAKX UMPP ANt g mam G-npeoGpaszoBaHus, wumau MHHUMaJb-
HOE KOJHMYECTBO UM(P NPH MEYATH UEJOr0 (0 HEOBXOAMMORN WHPHHBL
N0 YHCIO NONOJIHSETCS BEAYIUHMH HYASIMH).

»  Moaudukaropu h, 1 (6ykpa 3sib) uaum L. <h» YKasblBalOT, YTO COOT-
BETCTBYIOLIHH apryMeHT NOJKeH meuartaTbcsi Kak Short I unsigned
short; «l» coobwaer, uto ApryMeHT HmeeT THH long wuaum unsigned
long; «L» HHpOpMHDYeET, yrO apryMeHT MpHHALJIeXHT THny long
double.

Wupuna, waum rtounocts, Han o6e XapAKTEPHCTHKH MOTYT OBITb CEeUHGHUHPO-
BAHLL NIpH NOMOWIH *; B 5TOM CAYy4Yaé HeoGXOZMMOe UYHCJ/IO «H3BJIEKAETCS» K3
CJICAYIOINErO aprymeHTa, KOTODHIH [OJKEH HMeTh tHo int (B cayuae IBYX
3BE€30YEK HCMONBIYIOTCH ABa aprymenra).
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TABJIMUA B.1. TIPEOBPA3OBAHMS PRINTF

JIUTEPA TUI APTYMEHTA;, BW/ TEYATH

d, i int; 3uHakoBasi AeCATHYHAas 3amHCh.

0 int; Ge3ssakoBass BOCbMepHYHasi 3anmuch (Ge3 BelyILEro 0).

X, X | int; 6e33nakoBas lECTHAALATHPHYHAA 3allHCh (6es  Beaymmx O0X
wan 0X), B kauectse uudpp or 10 mo 15 wucnonnsyworcs abcdef
ans x u ABCDEF npas X.

u int; 6Ge3snakoBoe AEeCATHYHOE LEJIOE.

o int; enWHW4Has JuTepa Nocje NpeoGpasoBaHHs B unsigned char.

s char *; JuTepbl CTpHHIa IeYaTalOTCs, MOKa HE BCTPETHTCA ’\0’
WM HE HCUepIaeTCst KOJMYECTBO JIUTEp, YKa3aHHOE TOUHOCTBIO.

f double; necsiTHyHas 3anuch BHAA [-1mmm.ddd, rape xKoauuecTBo d

crenuduuupyercs TouHocTbio. [0 yMON4aHMIO TOYHOCTL  paBHa 6;
HyJIEBaﬂ TOYHOCTb [MOAABJIAET Ie4YaTb ﬂeCﬂTH‘{HOﬁ TOUYKH.

e, E double; paecsiTHYHAasi 3anuCb BHIA [-1m.dddddde*xx uad 3anuchb
pana [-1m.ddddddEtxx, rhe xoanuecTBO d CrneuHpHUHpPYeTCs TOu-
HocTbio. [l0 yMOMYAaHHIO TOYHOCTb paBHa 6; HyJeBas TOYHOCTb MO-
gaB/seT nedaTb AECATHYHOH TOUKH.

g, G double; ucnonbayercsa %e u %E, ecad IKCMOHEHTA MEHbIIE —4
WM 6O/iblile HJH paBHAa TOUHOCTH; B NPOTHBHOM Cjydae HCOOJb3Y-
erca %f. XBocTOBHIE HYJHM H TOYKA B KOHIE HE MeYaTaroTCs.

p void *; mevaraer B Buae yKasaTeas (MpeACTaBJEHHE 3aBHCHT OT
peaNn3alHtH).
n int *; uucao JuTep, HANeYaTaHHbIX K [aHHOMY MOMEHTY [aHHBIM

poizoBom printf, 3anuceteaerca 8 apryMeHT. Huxakue npyrue ap-
TyMeHTH He npeoGpasyrorcs. ‘
A HHKAKHe apryMeHTH He npeofpasylorTcs; Nedaraercs %.

JluTephl-CleHPHKATOPE M pasbsCHEHHEe HX CMbiC/a MPHBELEHBl B Tabi.
B.1. Ecau 3a % HeT mNpaBH/bHOH JHTepbl-CreundHKaTOpa, pe3y/abTaT HE Ofl-
pedeJsieH.

int printf(const char *format, L)
printf(...) nNONHOCTHIO 3KBHBATEHTHA fprintf(stdout, ...)

int sprintf(char *s, const char *format, ...)
sprinf pefictByeT Tak Xe, Kak H printf, ToJBKO BBIBOA OCYILECTBJIA-
eT B CTPHHT S, 3aBepuias ero JIHTepOH *\0’. Crpuur S JOOMKeH OhITb
N0CTATOUHO GOJIbIIMM, 4TOOB BMellATh pe3y/abTaT BHBOAA. Bosspauiaer
KOJIMUeCTBO 3afNUCaHHbIX JIWTEp, B UMCJIO KOTOpPbIX JIHTEpa "\0’ He
BXOIHT.

vprintf(const char *format, va_list arg)

viprintf (FILE *stream, const char *format, va_list arg)

vsprintf(char *s, const char *»format, va_list arg)
dyukuun vprintf, vfprintf u vsprintf sxBHBa/NEHTHbI COOTBETCTBY-
owumM printf-dbyskunsam ¢ TO# JHUIB pasHulel, 4TO MepeMeHHbIH CIHCOK
ApPryMEeHTOB TpEeNCTaBJEH MapaMeTpoM arg, HHHLUHATUIHPOBAHHLIM Mak-
pocoM va_start wu, BO3MOXHO, BBI30OBaMH Va_arg. (Cm. B B7 onucauue
<stdarg.h>.)
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B1.3. MopmatHbiN BBOA

®yukuun scanf umeloT meno ¢ ¢opMaTHbIM Npeobpa3oBaHHEM IMpPH BBOJE.

int fscanf(FILE *stream, const char *format, ...)

fscanf uwwuraer paHHele H3 noroka stream noa ynpaesnennem format wu
npeoGpa3oBaHHbLe BEJHUYHHB NPHCBAHBAET MO TNOPSAAKY AapryMeHTaM, Kaxooil
u3 xoropoix Odoaxen O6iTo yxa3aresem. 3aBepliaeT paGoTy, €CJIH HCUEpNaiCs
¢dopmat. Bruigaer EOF no mucuepnanuum da#ina uau nepea mio6niM npeofpa3osa-
HHEeM, €CJIH BO3HHKJAa OWHOKA; B OCTaAbHBIX CJydasgx OHaA BO3BpalllaeT KOJH-
4eCTBO NMpeo6pa3OBAHHBIX H BBENEHHBIX 3JIEMEHTOB.

dopMaTHH CTPHHI OGBLIYHO CONEDKHT cnenudHKaUHH Npeobpa3oBaHHS,
KOTOpble HMCIOJBL3YIOTCH IJIS YNpaBJeHHs BBOJOM. B ¢opmarHBIi CTpUHr MOTYT
BXOIHTb!

o [IlpoGenbl u TabynsluH, KOTOpble HTHOPHPYIOTCH.

« O6bluHbie JHTEPbl (HO He %), KOTOpble OXHAAITCA B IOTOKE BBOJA Cpe-
OH JIHTED, OTJHYHBLIX OT HpOﬁeJIbelX.

o Chneundpukaunn npeofpas3oBaHus, COCTOALIHE H3 #4; HeoOsd3aTeNbHOrO
3HaKa *, TMOAABJSAIOIIEr0 INPHCBaHBaHHe;, HeOO6s3aTeNbHOIG 4YHCIa, Cle-
uMQUUHPYIOUIET0 MAaKCHMAJBHYIO WHPUHY NOJs; Heobsa3aTeqabHBIX h, 1 uanu
L, ykasbiBalOIIHX pa3Mep MpPHCBAHBAEMOrO 3HAYEHHSA, H JIHTEPBI-CIELH-
¢ukaTopa npeoGpa3oBaHHS.

Cneundukauuss npeo6pa3oBanusi onpenesasieT npeo6pa3oBaHHe CJeaylolle-
ro noas ssoga. O6GLIYHO pe3yabTAaT pa3MelllaeTcss B INepeMeHHOH, Ha KOTOpPYIO
yKa3niBaeT COOTBETCTBYIOUWIHI aprymenT. OJHAKO eC/H INpHCBAHBaHHE IOJaB-
JsieTCsl NMpPH TNOMOIWIH *, Kak, HanpuMep, B %*S, TO MOJe BBOAA MNPOCTO MNpo-
yCKaeTCs, W HHUKAKOro MNpHCBauBaHHA He mnpoucxoaut. [lose BBoma ompene-
JSIeTCSl KaK CTPHHI HenpoOenbHBIX JIMTep; MNPH 3TOM BBOA CTPHHra mnpekpa-
HaeTC MNpPH BHINOJHEHHH JI060r0 H3 ABYX YCJOBHH: €CJH BCTpeTHJAach Hpo-
GesbHAasi JMTEpA HJH €CJAH LIMpHHA noJas (B CJAydae, KOraa OHa ykKas3aHa)
ucuepnana. H3 srtoro csemyer, 4TO nNpH mepexomge K CJAEAYIOIEMY NOJIO
scanf MOXeT «llepellarHBaTb» Yepe3 TpPAaHHUBI CTPOK, MOCKOJBKY JHTEpa HO-
Basi-CTpoka sBJasiercss npobespHoit. ([Tog mnpoGeNbHEIMH NOHHMAIOTCS JIHTEPH
npo6eJa, TabysLHH, HOBOHN-CTPOKH, BO3BPAaTa-KapeTKH, BEPTHKAJbHOMU-
TabyJAUHH H CMEHBI-CTPAHHUEL. ) ‘

Jlutepa-cneundukatop ykasbiBaeT Ha CHoco6 HHTEPNpeTaUHH MOJas BBO-
na. COOTBETCTBYIOIUHH apryMeHT AOJKeH ObiTb ykasateseM. CHHCOK AOMYCTH-
MBIX JIHTEp-CNenHdHKAaTOPOB NPHBOAHTCA B Tabs. B.2.

Jlutepam-cneuucdukaropam d, i, n, 0, U H X MOXET MNPeAlIeCTBOBATHL
h, ecau aprymeHT ecTb ykasateab Ha short (a He int) wuam 1 (6yxea
3Jb), €CJH AapryMeHT eCTb YyKa3ateJab Ha long. Jlurepam-cneuudukaropam
e, f u g Moxer npeswecrBoBaTh 1, ecnH aprymeHT — ykasareab Ha double
(a He float) nau L, ecnn aprymenT — ykasatenp na long double.

int scanf(const char *format, ...)
scanf(...) nenaer to xe, uro u fscanf(stdin, ...).

int sscanf(char *s, const char *format, ...)
sscanf(s,...) penaer to ke, uto u scanf(...), TONBLKO BBOX JAHTEp
OCYIEeCTBJIAET H3 CTPHHTA S.
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TABJIMLIA B.2. MPEOBPA3OBAHMSA SCANF

JIUTEPA

JAHHBLIE HA BBOJE; THIT APTYMEHTA

x o O

e,f,g

HgecsATHYHOe uesoe, int *.

nesoe;, int *. Llenoe MoOXeT GbiTb BOCBMEPHYHBIM (C BEAYLWIHM  HYy-
JeM) HJH IIECTHAAUATHPHYHBIM (¢ Beayuwnmu O0X HiH 0X).
BOCbMEpHUYHOE Lenoe (C BelyLWIHM HyJeM HJH Ge3 Hero), int =*.
6e33HaKoBOe MecsiTHYHOe Lesoe, unsigned int *.
mwecTHauaTHpHuHoe uenoe (¢ Beaywum Ox uau OX uan  Ge3);
int *.

autepbl; char *. Jlutephl BBOAA DAa3MEILAlOTCA B YKA3aHHOM MacCH-
Be B KOJHYeCTBe, 3aJaHHOM WIMPHHOH mNOJsA; MO  YMOJYaHHIO
st0 koauuectBo pasxo 1. Jlutepa ’\0’ He po6asasercs. [lpo-
GenbHbIE JIHTEpH 3[eCb pacCMaTpHBAIOTCH KaK OOGbIYHBIE JIHTEpHl H
NOCTYNAloT B apryMeHT. UToGbl MpOYeCTb CJAEAYIOILYI0 HenpoGesbHYyio
JAUTEpYy, HcnoabsyiiTe %1s.

CTPHHI  HempobesqbHbIX  JHTep  (3anucwiBaercst  Ge3 KaBbIYeK);
char *, yka3plBalOMMA Ha MAacCHB pasMmepa AOCTATOYHOTrO, YTOOBI
BMECTHTb CTPHHT H 06aBasieMylo K Hemy jutepy '\0’.

yuesao ¢ muasampoliedl Toukoil; float *. dopmar Beoma ans  float
COCTOMT H3 Heo6s3aTeNbHOIO 3HAKA, CTPHHra WHHQpP, BO3MOKHO, ¢
NECATHYHOH TOUKOH M HeOOA3aTEAbHOH 3IKCIOHEHTH, COCTOslEd H3
E uav € u 1eyoro, BO3MOXHO, CO 3HAKOM.

3HAUEHHME YKa3aTeJsd B BHAE, B KOTOPOM printf("%p") ero wuane-
yaraer; void *.

3anUCHIBAeT B AprYMEHT YHCJO JIUTep, [POYMTAHHBIX K 3TOMY  MO-
MeHdTy B 3TOoM Bhi3oBe; int *. Hukakoro ureHHs BBOAA HE MPOHC-
xonuT. CUYeTYHMK YHCJa BBEJEHHbIX 3JIEMEHTOB HE YBeJHUHBAETCH.
BbIGHpaeT M3 BBOJA CaMblil JJIHHHBIH HENyCcTOd CTDHHT, COCTOSILUKHH
M3 JMTep, 3aJaHHBIX B KBaApaTHHX CKoOkax; char *. B kouen
crpuura po6asasercs '\0’. Cneuudukatop suia [1...1 Bkawuaet
] B 3amaBaeMOe MHOXECTBO JIHTED.

BHIGHpAET M3 BBOAA CaMblil MVIMHHBIA HENyCTOH CTPHHT, COCTOSIUIHH
U3 JETEp, He 8X00AWuX B 3aJaHHOe B CKOOKax MHOXeCTBO. B xo-
ney nobasasiercss '\0’. Crneundukatop Buaa [71...]1 Bkaouaer |
B 3ajaBaeMOe MHOXECTBO JIHTep.

o6blYHasl JHTEpa %, NPHCBAHBAHHE He [eJaercd.

B1.4. MyHKuuM BBORA-BLIBORA nuTEp

int fgetc(FILE *stream)
fgetc BoaBpamaer cJelyloUlylo JHTepy u3 TNOTOoKa stream B Buie
unsigned char (nepesemennyio B int) wuam EQF, ecan wucuepnau da#n
uJaH o6Hapy)XeHa OUIHOKa.

char *fgets(char *s, int n, FILE *stream)
fgets wuwuraer He Gosee n-1 suTep B MAacCHB S, NpeKpawias 4YTEHHE,
ecJH BCTPETHJACh JIHTEPA HOBAs-CTPOKA, KOTOpas BKJ/OYAeTCA B Mac-

CHB;

Kpome TOro, 3amucwiBaetr B Maccus ’\0’. fgets Bosspamaer S

WM, €CAM Hcuepnal ¢aia uaum obHapyxexa own6ka, NULL.
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int fputc(int c, FILE *stream)
fputc numer anrtepy ¢ (nepeBeenHyio B unsigned char) B streanm.
Bosspamaer 3anmucannyio jautepy uau EOF B cayuae omwu6xw.

int fputs(const char *s, FILE *stream)
fputs numer cTpuHr S (KOTOpHIA MOXeT He HMeThb '\n’) B stream;
BO3BpalllaeT HeOoTpHUaTeJabHOe Hesoe uaH EOF B ciyyae OmuGKH.

int getc(FILE *stream)
getc pnenaer 10 Xe, uro m fgetc, HO B OTIMYHE OT nocaenHel, ecau
OHAa - Mmakpoc, stream moxer GbiTh BHIYHCJIEH 60Jsiee OLHOrO pasa.

int getchar(void)
getchar() nenaer to xe, uro getc(stdin).

char *gets(char *s)
gets duraer cueayiomyio CTPOKY BBOAA B MAacCHB S, 3aMEHAs JHTepy
HoBasi-cTpoka Ha ’'\0’. Bosppamaer S HJH, ecau ucuepnav ¢aia HIH
obHapyxeHa owubka, NULL.

int putc(int c, FILE *stream)
putc nenaer to ke, uto u fpulc, HO B OTIHuUHe OT mocaenHel, ecJH
OHAa — Mmakpoc, stream moxer GHITh BbluHCiaeH GoJiee OXHOrO pasa.

int putchar(int c)
putchar(c) nenaer to xe, utro putc(c, stdout).

int puts(const char *s)
puts nuwer cTpuHr S H JHTepy HOBas-cTpoka B stdout. Boaspamaer
EOF, B cayuyae OwWHGKH, uJIM HEOTPHUATENbHOE 3HAYEHHE, €CJH 3amHCh
NpOLLJia HOPMAaJIbHO.

int ungetc(int c, FILE *stream)
ungetc ornpasaser amTepy C (nepeBeneHHyilo B unsigned char) o6-
patHo B stream; npm cienymomeM uTeHuu Hu3 stream oma Gyger mosay-
4yeHa CHOBA. [lif KaXAOro MOTOKA BEPHYTb MOXHO He GoJee OOHOH JH-
tepel. Heab3s Bosspamate EOF. B kauectBe pesyabtata ungetc Bhiaa-
€T OTNpaBJEHHYI0 Ha3ad JIHTepy HJH, B ciaydae owuGku, EOQF.

B1.5. ®yuxyuu npamoro ssopa-smizoga

size_t fread(void *ptr, size_t size, size_t nobj, FILE *stream)
fread uurtaer u3 notoka stream B maccus ptr me Gosee nobj o6mek-
TOB pasmepa Size. OHa BO3BpamiaeT KOJHYECTBO NPOYHTAHHBEIX OGBEK-
TOB, KOTOpOe MOXeT ObiTb MeHbuie 3asiBjJeHHOro. Jlis HHOHKALUHH Ccoc-
TOSTHMSl TI0CJIe YTEHHs cJjeayeT ucnoJsb3loeatb feof u ferror.

size_t fwrite(const void *ptr, size_t size, size_t nobj,
FILE *stream)
fwrite nuwer us wmaccupa ptr B stream nobj o6bekToB paamepa
size; BO3BpallaeT 4YHCJO 3aMHCAHHBIX Oﬁ’beKTOB, KOTOpO€ B cCjayyae
OWHKOKH MeHblle nobj.
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B1.6. Dynkijuu noawyunoHMpoBaHus akina

int fseek(FILE *stream, long offset, int origin)

fseek ycranaBauBaeT mo3nuHMio Aia stream; nocseayiouee 4TeHHE HIH
3anucb GyJAeT NpPOM3BOAMTLCS C 3Tol mosuuun. B cayuae 6HHapHOTO
¢dafila NO3WUHS YCTAHABJIHBAETCH CO CMEIIECHHEM offset — orHoCcHTENB-
HO wuavana, ecau origin pasen SEEK_SET; ornocurenbho TeKyllel no-
suunu, ecad origin pasen SEEK_CUR; u oTHOCHTeIRHO KOHUA datina,
ecnu origin pasenm SEEK_END. [last Ttekctosoro daitna offset nomxen
6LITH HYJEM HJIH 3HAYEHHeM, MOJYYEHHbLIM MPH MOMOLLH Bbi30BA (YHKUHH
ftell. Tlpu pabote ¢ TekCTOBbIM ¢aiiom origin Bcersa mosxeH OBITh
paBen SEEK_SET.

long ftell(FILE *stream)
ftell BosBpamaeT Tekyllylo no3WuHio notoka stream wam -1L, B cay-
yae OMHOKH.

void rewind(FILE *stream)
rewind(fp) onmemaer TO XKe, UTO H fseek(fp, OL, SEEK SET);

clearerr(fp).

int fgetpos(FILE *stream, fpos_t *ptr)
fgetpos samuchiBaeT Tekyulylo MO3HuMIO moToka stream B *ptr ans mo-
caeayioumero Mcnosnbpsobanus ee B fsetpos. Tun fpos_t mossoaser
XpaHHTb TaKOro pOxa 3HadeHus. B cayuae owHOKH fgetpos Bo3Bpaila-
eT HeHyJeBOe 3HAUEHHE.

int fsetpos(FILE *stream, const fpos_t *ptr)
fsetpos ycramasiuBaer mnosuuxio B stream, uurtas ee u3 *ptr, kynaa
OHa Omhsia 3anucaHa paHee npu nomowu fgetpos. B cayuae ownGKu
fsetpos Bo3Bpaliaer HeHyJ/IeBOE 3HauyeHMe.

B1.7. ®dynkywn obpaborku ownbok

Muorne GyHKuHH GHEIMOTEKM B Cjyuae OWHKOKM HJH KOHUA Qaina ycra-
HABJHBAIOT HHAHKATOPBH COCTOSIHHSI. ODTH HHOMKATOPBl MOXHO TpPOBEPSITD H H3-
MensTb. Kpome TOro, uenoe BbipaxeHHe errno  (/1eknapHpoOBaHHOE B
<errno.h>) MoOMeT COmepXaTb HOMep OWIKOKH, KOTOPHIH [aeT NOMOJHHTENbHYIO
HHOOPMALMIO O NOC/EAHeH H3 OGHApYXKEHHbIX OUIHOOK.

void clearerr(FILE *stream)
clearerr ouxmaer HHAMKATOPH KOHua ¢aina u owubku motoka stream.

int feof (FILE #*stream)
feof BO3BpallaeT HeHysJeBOe 3HayeHMe, €CAM 1A MNoToka stream yc-
TAHOBJEH HHAMKATOp KOHuLA o¢akJa.

int ferror(FILE *stream)
ferror Bo3BpallaeT HeHyJeBOE 3HAYEHHE, eCaH /A NOTOKa stream
YCTAHOBNEH HHAHKATOD OWHOKH.
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void perror(const char *s)
perror(s) nmeyataer S H peajK3allHOHHO-3aBHCHMOe coobuieHne 06
oumdxe, COOTBETCTBYIOLIEE 1L€JOMY 3HA4Y€HHIO B €rrno, T.e. neJaetr TO
xKe, 410 H obpauenue k ¢yukuuu fprintf suana
fprintf(stderr, "%s: %s\n", s, "coobujenue o6 owubge")
CMm. strerror B pa3a. B3.

\
B2. NPOBEPKU KINACCA NHUTEPbI: <CTYPE.H>

lonosroit daiin  <ctype.h> neksapupyer ¢yHKuHH, TpenHA3HAYEHHBIE
IOJIsi TpOBEpOK JHTep. ApryMeHT Kaxaoi H3 HHX HMeer THn int u ponxen
au6o mnpeacrasianTe co6o#t EOF, su6o O6uiThb 3HaueHuem unsigned char,
npuBeseHHHM K int; Bo3Bpamiaemoe 3HavyeHHe Toxe HMeer THN int. Pynkuuu
BO3BpALIAlOT HEHYJeBOe 3HAauyeHHe («HCTHHA»), KOrJa apryMeHT C YOOBJET-
BODSIeT ONMHCAHHOMY YCJIOBHIO HJIH MNPHHAAJIEXHT YKa3aHHOMY KJaccy JHTep, H
HyJlb B NPOTHBHOM CJjyuae.

isalnum(c) isalpha(c) unwm isdigit(c) ectp ucruna

isalpha(c) isupper(c) uaum islower(c) ecTb HCTHHA

iscntrl(c) ynpapJasiiomas JuTepa

isdigit(c) IecsiTHUHAst uugpa

isgraph(c) neyataeMasl Jintepa Kpome npobesa

islower(c) = OykBa HHXXHEro peructpa

isprint(c) nevyartaeMasli JIATepa, BKJIo4as npoben

ispunct(c) neyartaemasi Jiitepa Kpome npoGesna, OYKBbl HJAH LHQPHI

isspace(c) npobeu, CMeHa-CTPaHHILBI, HOBAas-CTPOKa, BO3Bpar-
KapeTku, Taby/siiusi, BepTHKaJbHas-TabyJsiluus

isupper(c) 6ykBa BEpPXHEro perucTpa

isxdigit(c) LmeCTHaAUATHPHYHAs UHGpa

B na6ope cemn6utopbix ASCll-nuTtep neuyaraemble JHTEPbl HAXOAATCA B JAMa-
naszone ot 0x20 (° ') mo Ox7E (’~’); ynpasaswuse autepsl — or 0 (NUL)
po O0x1F (US) u Ox7F (DEL).

[loMuMO nepeuHcCseHHBIX eCThb [ABe (PYHKLUHH, MNPHBOASILIHE GYKBB K OXHO-
MY H3 DPErHCTpOB:

int tolower(int c) NepeBOJMT C Ha HHXHHH perHcTp

int toupper(int c) NepeBOAUT C Ha BEPXHHH perucrp
Ecnin ¢ — 6ykBa Ha BepxHem peructpe, 1O tolower(c) BmpacT 3Ty .6yKBY
Ha HHIXKHEM perncTpe; B NPOTHBHOM CJiyyae oHa BepHerT C. Ecau ¢ — 6ykea

Ha HHXHeM peructpe, To toupper(c) BmAacT 3Ty 6yKBy Ha BepXHEM peruc-
Tpe;, B NPOTHBHOM CJlydae OHa BepHeT C.

B3. ®YHKUMUHM, ONEPUPYIOLLME CO CTPUHTAMMU: <STRING.H>

HmeoTcss aBe rpynnbl ¢yHKUHE, onepHpylomux co ctpuHramu. OHH ompe-
IeJseHs B roJioBHoM cafine <string.h>. Hmena ¢ysxuuit neppoii rpynnml Ha-
yHHaoTCA ¢ Str, BTOpoit — ¢ mem. Ecam xonupoBaHHe HMeeT Aesn0 € OObBEK-
TaMH, IEepeKpbIBAIOIIHMHCA IO NaMsiTH, TO, 33 HCKJIKUEHHEM mMemmove, mNoBe-
neHne GYHKUHH He omnpenesneHo. QPyHKUHH CpaBHEHHs pacCMaTpHBAIOT apry-
MEHTBI KaK MAacCHBBI 3jieMeHTOB THna unsigned char.

B crnenywome#t Tabnuue nepeMeHHole S H U npuHamsexar Ttuny char *,
cs nu ct — rtHny const char *, n - tuny size_t, a ¢ — 3HaueHHe THDNa
int, npueemennoe x Thuny char.
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char *strcpy(s,ct) KONHpyeT CTpHHr Ct B CTpuHr S, Bkiawouas '\0’;
, BO3BpallaeT S. :

char *strncpy(s,ct,n) «konupyer He Gosee n Jaurtep ctpunHra ct B s
Bo3ppauiaer S. JlomosHsieT pe3ysabTaT JIMTEpaMHu
*’\0’, ecau Jautep B Ct MeHblle n.

char *strcat(s,ct) KOHKaTeHHpyeT Ct Kk S; BO3Bpaulaer Ss.

char *strncat(s,ct,n) koHkareHupyer He Gosee n autep ct k s, 3amep-
masi s Jautepoit '\0’; Bo3Bpauiaer S.

char strcmp(cs,st) cpaBHuBaeT ¢S c ct; Boaspamaer <0, ecau cs<ct,
0, ecau cs==ct, u >0, ecau cs>ct.
char strncmp(cs,ct) cpaBHHBaer He Gojee n Jutep CS H ct;

Bo3ppautaer <0, ecaun cs<ct, 0, ecaum cs==ct, wu
>0, ecan cs>ct.

char *strchr(cs,c) BO3BpalllaeT yKa3aTesJb Ha IepBOe BXOXIEHHe C B
CS HJH, €CJH TakKoBOTro He oKa3zaJjoch, NULL.
char *strrchr(cs,c) BO3BpallaeT yKasaTelb Ha MOCJeAHee BXOXIEHHE C

B CS HJH, €CJH TaKOBOro He oka3sajochb, NULL.

size_t strspn(cs,ct) BO3BpallaeT JIJHHY Hauyana CS, COCTOSIIIEr0 H3 JIH-
Tep, BXOASIIHX B CTPHHT Ct.

size_t strcspn(cs,ct) Bo3Bpawaer ajMHYy Hauyajaa CS, COCTOSIUIErO H3 JIH-
Tep, He BXOAALIMX B CcTpuHr ct.

char *strpbrk(cs,ct) BO3BpalllaeT YKasaTeJab B CS Ha IIepBYIO JIHTepY,
KOTOpasi COBMasa ¢ ONHOH H3 JIHTEpP, BXOLSIIHX B
ct, uau, ecqau taxkoil He okasajaocb, NULL.

char *strstr(cs,ct) BO3BpAlllaeT yKa3aTeslb Ha IepBoe BXOxiaeHHe ct B
CS HJH, €CJH TaKoBOro He okasajnocb, NULL.

size_t strlen(cs) BO3BpallaeT AJHHY CS.

char *strerror(n) BO3BpalllaeT yKa3aTe/b Ha peanH3aUHOHHO-3aBHCH-
MbIH CTPHHT, COOTBETCTBYIOLUHH HOMepYy OWIHOKH N.

char *strtok(s,ct) strtok wmer B S JsekceMy, OrpaHHYeHHYWO JUTeEpa-

M H3 ct; (6onee noxpoBHoe omucaHue 3TO# QyH-
KLUHH CM. HHXe).

IMocnenosartenbuble BBI30BH Strtok pas6uBaloT CTPUHT S Ha JeKCEMBL
OrpaHHuHTe/NeM JIeKCeMbl MOXeT ObITb Jo6as JHTepa H3 YHCAA BXOASIIHX B
ct. B mnepsom BH30Be yxasarenb S He ectb NULL. @OyuKuusi HaxogHT B
CTpPHHTE S TIEPBYIO JIEKCEMY, COCTOALIYID H3 JHTep, He BXOAsSWIHX B Cl; ee
paboTa 3aKaHYHMBAETCA TEM, UTO NOBepxX cJjenaywolued autepsr nuumercs ’\0’ wu
BO3BpAILAeTCs] yKasaTe/b Ha Jekcemy. Kaxabi# nocseayioudd BbI30B, B KOTO-
poMm ykasareab S pasedn NULL, Bhigaer ykasaTeib Ha CJELYIOLIYIO JEKCEMY,
KOTOPYI0 QYyHKUHsI OyaeT HCKaTb Cpa3y 3a KOHUOM mnpeabiayiied. PyHruus
strtok Bosspamaer NULL, ecnn panee HHKAKOH JieKCeMbl He OGHAPYKEHO.
[Tapamerp €t OT BBI30BA K BHI30BY MOXKET BAapbUPOBATHCS.

OyHKUHH mem... mnpeAHa3HAaueHbl QIS MAHUNYJMPOBAHHUS € OOBLEKTAMH
KaKk C MaCCHBaMH JIHTED;, HMX HA3HAYEHHE — TMOJYUYHUTb HHTepdelch K 3ddek-
THBHBIM nporpammam. B npupenenuoit umxe tabnuue S u t npuramsexar tuny
void *; cs u ct — const void *; n — size_t; a ¢ — 3nauewue THna int,
npHBeleHHOe K THmy char.

void *memcpy(s,ct,n) Konupyer n sautep u3 ct B S M BO3Bpamaer S.

void *memmove(s,ct,n) pmemaer TO XKe camoe, uYTO W MEMCPY, HO paboTa-
€T U B CJydae «NEPEKPLIBAIOWHXCH» 06'bEKTOB.

int memcmp(cs,ct,n) CpaBHHBaeT HepBHe N JHTep CS H ct; Bogaer
TOT Xe€ pe3ynbTaTt, 4TO H ¢yHKuHs strcmp.
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void *memchr{cs,c,n) BO3BpalllaeT YyKa3aTeJb Ha MepBO€ BXOXIACHHE JIH-
Tepsl C B CS HJH, €CJAH CPelH NepBHX N JuTep C
He BcTperusaach, NULL.

void *memset(s,c,n) pa3melljaeT JATEPY C B MEPBHIX N MO3HUHSAX CTPHH-
ra S W BO3BpailaeT S.

B4. MATEMATHUYECKME DYHKLIUU: <MATH.H>

B ronosnom daitsie <math.h> onuceiBaloTcsl MaTeMaTH4YeCKHEe (QYHKUHH H
ONMpeaessiioTC MaKpOChI.

Maxkpocst EDOM u ERANGE (naxomsimmecss B <errno.h>) 3anaioT OTIHYHBIE
OT HyJAs UEJOYHCJEHHBIE KOHCTAHTBl, HCMOJNb3yeMble A (QHKCAUMH OWHOKH
ob6sacTh u owu6kn auanasona, HUGE_VAL onpeneseHa Kax MNOJIOXKHTENbHOE
double-snauenne. QOuwubka obracTu BO3HHKAET, €CJAH apPryMeHT BBIXOAHT 3a
o6nacTb 3HAUeHHH, AN KOTOpOH omnpelneneHa GYHKUHA. PHKcanusi OWIHOKH
obnacTH ocyliecTBasiercs ycraHopkoi EDOM B errno; Bo3Bpainaemoe 3Haue-
HHe 3aBHCHT OT peanusauud. Quubka Juana3ona BO3HHKAET B TOM CJjyyae,
Korga pesynbTarT (GYHKUHH He MoOxeT ObiTb mnpeacrasied B Buae double. B
cayuyae nepenosneHust ¢yHkuus sosspamaer HUGE VAL ¢ npaBuibHBIM 3HAKOM
H B errno ycrauaesausaer ERANGE. [Ipn ncuesHOBeHMH mnopsiaka (YHKUHA
BO3BpallaeT HYyJb, 4 YyCTAHABJWBAaeTCsl JH B 3TOM cjyuae B errno ERANGE,
3aBMCHT OT peaJIH3auHH.

Janee x u y umeior tun double, n — tun int, u Bce QyHkuHH BO3B-
pawamT 3HaueHHss tuna double. Yrael B TPUTOHOMETPHYECKHX (YHKUHAX
3ajal0TCsl B pajHaHax. :

sin(x) CHHYC X

cos(x) KOCHHYC X

tan(x) TAHTEHC X

asin(x) apkCHHyC x B axanaszoxe [-n/2, «/21, x € [-1,1]

acos(Xx) apkkoCcHHyC x B auanasone [0, «l, x € (-1, 1]

atan(x) apKTaHureHc x B puanasone [-«/2, w/2]

atan2(y,x) apkraHredc y/x B auanazoHe [-w, al

sinh(x) THIEepOONHYCCKHH CHHYC X

cosh(x) runep6OJHYECKHH KOCHHYC X

tanh(x) runep6oJHUeCKHH TAHTeHC X

exp(x) © 3KCMOHEHUMANbHAs (QYHKUHA e*

log(x) HaTypajbHbli JorapudMm In(x), x>0

logl0(x) BecsiTHYHbIH Jorapudm logy(x), x>0

pow(x,y) x¥. Ownbxa o6aactu, ecad X=0 u y=0 uau xX<0 n y —
He 1eJoe

sqrt(x) vx, x=0

ceil(x) HaHMeHbluee penoe B Buae double, koropoe 2X

floor(x) Haubonbiiee uenoce B Buae double, xoropoe =x

fabs(x) a6CoJIIOTHOE 3HAYeHHEe |X|

ldexp(x,n) x-27

frexp(x, int *exp)
pas6uBaeT X Ha IBa COMHOXHTENs, NEpPBBIH M3 KOTOPHIX
~ HOpManu3oBaHHas ApoGb B HHTepeane [1/2, 1),
KOTOpasi BO3BpalllaeTcsi, a BTOPOH — CTeNeHb [ABOHKH,
noKasaTeqab KOTOpo# 3amomuuaercs B *exp. Ecaum x -
HyJb, TO 00€ uyacTd pe3ynbTaTa paBHbL HYJIO.
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modf (x, double *ip)
X pa3buBaeTcsi Ha LeJYi0O B JAPOOHYIO 4YacTH, 06e HMET
TOT Xe 3HaK, 4T0 H X. llenas yacTp 3anoMuHaercs B
*ip, mpo6GHas wacTb BHAAETCA KakK pe3y/abTar.

fmod(x,y) OCTATOK OT HeJIeHMs1 X Ha Yy B BHIAe YHCJA C IJaBalolued
TOUKOH. 3Hak pesyJbTaTa COBNajaeT CcO 3HAKOM X.
Ilpu y = 0, peaysnbTaT 3aBHCHT OT peanH3allHH.

B5. ®YHKUMU OBWIErO HA3HAYEHMSA: <STDLIB.H>

TFonopuod ¢aitn <stdlib.h> peknapupyer ¢yHKUHH, mnpenHa3HAYEHHBbIe
Aas npeoGpa3oBaHus UHCeJ, 3anpoca NMaMATH H APYrHX 3aiad.

double atof(const char *s)
atof mepesoaut s B double; skBuBasentHa strtod(s, (char**)NULL).

int atoil(const char *s)
nepesoautT S B int; 3skeuBasentHa (int)strtol(s, (char**)NULL, 10).

int atol(const char *s)
nepesoauT S B long; sksBuBajentHa strtol(s, (char**)NULL, 10).

double strtod(const char *s, char **endp)
strtod npeo6pasyer nepseoie Jautepnl S B double, wurHopupys HauasabHbIe
npoGesibHblE JMTEPbl, 3aMOMHHAeT YyKasaTelb Ha HenpeoOpa3oBaHHBIH KO-
Hen B *endp (econ endp ne NULL). B cnyuae nepenonHeHHsi OHa Bblaaer
HUGE_VAL ¢ cOOTBeTCTBYIOIIMM 3HAKOM, B CJyyae HCYE3HOBEHHs MNOpsijika
— 0; B ofoux cayuasix B errno ycranasiaxpaercsi ERANGE.

long strtol(const char *s, char **endp, int base)

strtol npeo6pasyer mnepBbie JsHTepsl S B 10NE, HTHOPDHpPYS HauyajbHbIE
npoGe/ibHble JIMTEPHl; 3aNOMHHAeT yKasaTeJb Ha HenpeoO6pasoBaHHBIH KO-
Heu B *endp (ecau endp ne NULL). Ecnu base HaxoauTcss B [HanasoHe
or 2 po 36, TO0 npeo6pasoBaHHe [e]aeTCs B MNPEANOJOXEHHH, 4YTO Ha
BXO[Ee — 3alHCb YHCJAA NO OCHOBaHHI0 base. Ecnu base pasen HyJdi0, TO
OCHOBaHWeM uHcaa cuutaercs 8, 10 uam 16; yucsao, HaydHHaloleecs ¢
uudppet 0, cunrtaerca BOCbMEpHUHBIM, a ¢ 0x mam OX — IwecTHaauUATHpHY-
HoiM. [lHdper oT 10 mo base-1 zanuceiBaoTCs HAyalbHBIMH OYKBAMH JIATHH-
ckoro aJndasura B Jwo60oM peructpe. B cayuae ocnopanmusi 16 B Havase
yHcaa paspewaercs nomewmatb 0X wuau 0X. Tlpu nepenosiHeHHH GyHKUHS
Bo3Bpawaer LONG_MAX wuam LONG_MIN (B 3aBucHMOCTH OT 3HakKa), a B
errno ycraHasausaetcsi ERANGE.

unsigned long strtoul(const char *s, char #**endp, int base)
strtoul pa6otaer Tak ke, kak M strtol, ¢ Toi TONBLKO pasHHlIeEH, UTO

BbilaeT pe3ysabrar TuHna unsigned long, a B cJiyyae nNepenoOJIHEHHA —
ULONG_MAX.

int rand(void)
rand BbiaaeT nceepocayvaiiHoe uyncjo B auanasoHe ot 0 po RAND_MAX;
RAND_MAX He MeHbuie 32767.

void srand(unsigned int seed)
srand wucnoabsyer Seed B KauecTBe «3aTPaBKH» [Jsi HOBOH TOCJEAOBa-
TENbHOCTH MNCeBAOCAydailubix uuces. MaHauyanpHO nmapamerp seed pasen 1.
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void *calloc(size_t nobj, size_t size)
calloc Bo3sBpamaer ykasareJb Ha MeCTO B TNaMsiTH, OTBEACHHOE [
maccuBa nobj O6beKTOB, KaXAbH H3 KOTODHIX pa3mepa size, nJH, eciH
namsiTi 3anpamusaemoro of6bema Her, NULL. Bbinenennas ofsacth nams-
TH o6HyJs€TCH.

void *malloc(size_t size)
malloc BO3BpamlaeT ykasaTeab Ha MeCTO B NaMsATH A4si OObekTa pasmepa
size wau, ecau namsTH 3anpamwuBaemoro o6vema Her, NULL. Briaenen-
Hasi 00/1aCTb MaMSITH He MHHUIIHAJH3HUpYeTCs.

void *realloc(void *p, size_t size)
realloc 3amensieT pa3mep OO6beKTa, Ha KOTOPHI YKasbiBaeT D, Ha size.
Nisi wacTH, pa3mep KOTOpO# paBeH HaMMEHblUeMy H3 CTaporo M HOBOTO
pasMepoB, COZepKUMOe He Hu3MeHsiercs. Ecau HOBbIA pasmep 6oablue CTa-
poro, [ONMOJHHTENbHOE TNPOCTPAHCTBO HE HHHUHMANH3HpYeTCA. realloc
BO3BpalllaeT yKasaTelb Ha HOBOE MECTO TaMATH HJHM, €CJH TpeGOBaHHA
He MOTYT 6biTb ynosinetBopenbl, NULL (*p npu 3TOM He H3meHsieTCs).

void free(void *p)
free ocpoGoxpaeT 06JacTb NaMATH, Ha KOTOPYIC YKasbiBaeT Pp; 3Ta ¢QyH-
KUK Huyero He pgenaer, ecan p ects NULL. B p nmoaxen CTosiTh
ykasarteJb Ha 06JacTb [4MSITH, paHee BbIACJECHHYIO ONHOH H3 GYHKUHH:
calloc, malloc nau realloc.

void abort(void *p)
abort Bbi3biBaeT aBapHiHOE 3aBeplI€HHe MpPOTPAaMMBbl, €e [eHCTBHS 3KBH-
BaJenTHb BbI30By raise(SIGABRT).

void exit(int status)

exit BbI3bIBaeT HOpMaibHOE 3aBepliieHHe nporpammbl. @DYHKIHH, 3aperucr-
pupoBaHHble npu nomoun atexit, BemonHsATCA B TOpsiike, OGPaTHOM HX
perucTpanuu. [IpousBOAMTCH BHTankuBaHHe OydepoB OTKPHITHIX (aiiios,
OTKPLITHIE [IOTOKH 3aKpblBAalOTCA, H yNpaBJeHHe BO3Bpallaercss B cCpeay,
M3 KOTOpOi OBl NpOH3BEeAEH 3anyck mnporpamMmbl. 3navenne status,
nepeaapaeMoe B Cpely, 3aBHCHT OT pean3alMlM, OAHAKO NpH YCHEUIHOM
3aBepllieHHH TpPOrpaMMbl 3TO BCeraa HyJdb. MOXHO TaKXe HCMOJIb30BATD
anagenust EXIT_SUCCESS (B  cayuyae  yCIELIHOrO - 3aBepIUNEHHS) H
EXIT_FAILURE (B cayuae ownO6KH).

int atexit(void (xfcn)(void))
atexit perunctpupyer fcn B KauecTBe (YHKUHH, KOTOpasi OyAeT BBI3bl-
BaTbCS NpPH HODMAJbHOM 3aBeplIeHHM TPOrpaMMbl; BO3BpallaeT HEHYJeBOe
3HaueHHe, €CJM perucTpaunsa He MOXxeT ObITb ClHenaHa.

int system(const char *s)
system nepemaeT CTpPHHI S ONEpaUMOHHOM cpene ANs BhinoaHeHusi. Eciu
s ectb NULL wu cymecTsyer kOMaHAHBIH mnpoueccop, To system sosspaia-
er wHenysesoe 3Hauenne. Ecin s ne NULL, TO BO3BpaulaeMOe 3HauYEHHE
3aBHCHT OT peaslM3alHH.

char *getenv(const char *name)
getenv BosppaumlaeT CTPHHT Cpelbl, CBA3aHHBIA C Name, HJH, eCJH HHKa-
xOr0 Cipunia e cyimectsyer, NULL. [letaju 3aBuCAT OT peasn3alHH.
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void *bsearch(const void *key, const void *base,

size_t n, size_t size,

int (*cmp)(const void *keyval, const void *datum))
bsearch cpeau basel0]...baseln-1] wHwer 3/eMBHT C NOAXOASLIHM KJIO-
yoM *key. Dyukuus Cmp CpaBHHBaeT NepBbI apryMeHT (KJIOU NOHCKa) CO
CBOMM BTOPbHIM apryMeHTOM (3HAayeHHeM KJioo4a B Tabjaxle) ¥ B 3aBHCH-
MOCTH OT pe3yJbTaTa CpaBHEHHS] BbIJAeT OTPHUATEIbHOE UHCJO, HYJb
HJAH TIOJIOXKHTEJNbHOE 3HaueHHe. I/eMeHTH MacCHBa base R[OoJKHB OBITh
YyNOpsifOYeHBl B BO3pacraiollleM Mopsinke. bsearch Bo3ppaulaeT ykasaTesb

Ha 3JEeMEHT C MNOAXOASIIHM KJIOUOM HJIH, €CJH TaKOro He 0Kasanochb,
NULL.

void gsort(void *base, size_t n, size_t size,
int (*cmp)(const void *, const void *))
gsort coprupyer maccus baselO]...baseln-1] o6bektoB pasmepa size
B BoO3pacraplieM mnopsinke. MPyHKUHA CPABHEHHS CMP — Takas e, YTO H B
bsearch.

int abs(int n)
abs Bosppamaer a6conioTHOe 3HauyeHWe int-aprymenta.

long labs(long n)
labs BosBpawaer aGcosoTHOe 3HayeHHe 1ONg-apryMmeHTa.

div_t div(int num, int denom)
div BHIUHCJASIET YaCTHOE M OCTATOK OT [ejeHHs num Ha denom. Pesynb-
TaThl 3anoMuHaloTcs B int-usenax quot u rem crpykrypn div_t.

ldiv_t 1ldiv(long num, long denom)
1div BHIYHCASIET YACTHOE M OCTATOK OT AejaeHus num Ha denom. Peayab-
TaThl 3aNOMHHAIOTCS B long-ujenax quot u rem crpykrtypn ldiv_t.

B6. OAMATHOCTHKA: <ASSERT.H>

Makpoc assert wucmoaws3yercss Ansl BKJOYEHHS B NpPOrpaMMy IHArHOCTH-
YeCKHX COOOUIEeHHH.

void assert(int sapaocenue)
Ecnu seipascenue ecTb HyJb, TO
assert(sapascenue)
naneuaraer B stderr coofmenne cJenylollero Buaa:
Assertion failed: sewpascenue, file uma-¢atina, line nnn

nocje uero Gymer Bbi3BaHa ¢GYHKIHA abort, koTopasi 3aBepIIHT BHIYHCJEHHS.
Umst ucxopguoro daiaa ¥ HoMep CTPOKH Gynyt B3siThl H3 Makpocos __FILE__
u __LINE__.

Ecan B MOMeHT BKJIoueHHs d¢aksa <assert.h> Ownsno onpeneseHc ums
NDEBUG, To makpoc assert wurrnopupyercs.
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B7. CNUCKKU APTYMEHTOB MEPEMEHHOM AOJIKHbI: <STDARG.H>

Tonopro daitn <stdarg.h> mnpepocrapisieT CpeacTsa A nepe6opa
apryMeHTOB GYHKIHH, KOJHYECTBO H THIBl KOTOPLIX 3apaHee He H3BECTHBHL

Iyctb nocaape — nocneAHHH MMeHOBaHHb mnapamerp Qynkuud f c nmepe-
MEHHBIM uMcaOM aprymentoB. Buytpu f neksnapupyercs nepeMeHHasm ap rtdna
va_list, npenHasHaueHHas [Jisi XpaHEHHs yKasaTeJs Ha ouepeqHOH apry-
MEHT:

va_list ap;

[pexne uem Oyxer BO3MOXEH HOCTyN K Ge3LIMSHHBIM AaprymeHTaM, Heo6Xxo-
JHMO ONMH pa3 HHHUMANW3MPOBaTh ap, OGPAaTHBIUIHCH K MaKpocy va_start:

va_start(va_list ap, nocaape);
C 3TOr0 MOMEHTa Kaxaoe ofpailerHe K Makpocy:
run va_arg(va_list ap, rTun);

Gynetr naBaTh 3HAYEHHe OYEPEHOTO 6e3LIMSIHHOrO apryMeHTa  YKa3aHHOro
THNma, W Kaxaoe Takoe obpaiueHne OyieT BbI3biBATDH ABTOMATHYECKOE MPOJBH-
XEHHe yKasaTeast ap, 4ToGhl nocjaeAHuil 6b1 TOTOB K Bbigaye CJaEYIOUIEro
aprymenta. OpuH pa3 mnocae nepe6opa aprymeHToB, HO [0 BbIXoda H3 f
Heo6xoauMO OGpaTHUTLCA K MAaKpocy

void va_end(va_list ap);

B8. OAJIEKWE MEPEXOAbI: <SETJMP. H>

Ilexnapaunu B <setjmp.h> npeaocraBasior cnoco6 OTKJOHHTBCS  OT
O6BIYHOH TNOCJA€A0BaATeJNbHOCTH «BBLI3OB — BO3BpaT»; THIHYHA CHTyauuss -—
HEO6XOAUMOCTb BEPHYThCH M3  «IJIyOOKO BJIOXKEHHOrO»  BHI30BA ¢GhYHKUKH Ha
BepXHHIl YPOBEHb, MHHYSl NMPOMEXYTOUHbBIC BO3BPATEI.

int set jmp(jmp_buf env)

Makpoc set jmp coxpaHsieT TeKYLLYIO MH(pOpMALMIO O BbI30Bax B €NV N1
[OC/eQYIOUero ee HWCNoJgb30BAHHA B longjmp. Bosppauwiaer Hy/ab, €CaIH
BO3BpAaT OCYMIECTBJAETCS HENOCPEACTBEHHO H3 set jmp, ® He HYyJb, €CHH -—
OT mocJeayoLero Bbizosa longjmp. O6paulenve K setjmp BO3MOXHO TOJbLKO B
Ompe/ieJleHHbIX KOHTEKCTax; B OCHOBHOM  3TO nposepkn B 1if, switch
LHKJAX, NpPHYEM TOJBKO B MPOCTHIX BBIPAXKEHHFAX OTHOLIECHHA

if (setjmp() == 0) ‘
/* mocle MpsMOro BozBpaTa */
else
/* mocie Bo3BpaTa U3 longjmp */

void longjmp(jmp_buf env, int val)

long jmp BOCCTaHABJHBAEET HH(OpMALHIO, COXPaHEHHYIO B CaMOM nocaeJHEM
spizoBe set jmp, no wuHbOpMaUMH H3 €NV CHeT BO30OHOBJISIETCH, KakK e€C-
au 6b pynkuusi setjmp ToJNBKO UTO oTpaGorana M BepHYJa HEHY/EBOC
aHauenue val. Pesyabrar OyleT HenpeickasyeMbiM, €CJH B MOMEHT obpa-
menust K longjmp ¢yHKuus, cojepxawas BBI3OB set jmp, yxe «oTpaboTa-
na»> H ocyliecTsuia Bosspatr. JlocTynHble el O6BEeKTbl HMMEIT Te 3Haye-
HHSl, KOTOpblE OHH HMMEJH B MOMEHT o6pamenns k longjmp; setjmp He
COXpaHfieT 3HAuYeHHil.
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B9. CUIHAJIDbI: <SIGNAL.H>

TosoBuoit  ¢aitn <signal.h> npenocrasasier cpeactsa s 06paGOTKH
HCKJIIOYHTEJbHBIX CHTYAlHH, BO3HUKAIOIIHX BO BPEeMsl BHIIIOJHEHHs IIPOrPaMMBL,
TaKHX, KaK TMpepbiBaHHE, BHI3BAHHOE BHEIIHHM HCTOUHHKOM HJM OLIKGKOH B
BbIYHCJIEHHSX.

void (*signal(int sig, void (*handler)(int)))(int)

signal ycranaBniuBaer, Kak OyAyT 0oO6paBaThiBATbCsl MOCJEAYIOLHE CHI-
Haael. Ecam napamerp handler umeer 3uauenne SIG_DFL, TO HCmoab3yercs
peasu3ailHOHHO-3aBHCHMAss  «o6paGOoTKa MO yMOJYAHHIO»,  €CJH  3HauyeHHe
handler paBHo SIG_IGN, TO cCHrHaa HrHOpHpYeTCsi; B OCTaJbHHIX CJ/ydasx
6ydeT BLINOJHEHO OfpalleHHe K GYHKUHMH, Ha KOTOpylo yka3mBaerT handler c¢
THIOM CMTHaJa B KaueCTBe aprymMedTta. B uyucn0 AONyCTHMBIX BH/IOB CHIHa-
JIOB BXOASAT:

SIGABRT aBapuiiHOe 3aBepiieHHe, Hampumep, oT abort

SIGFPE  apugmeruueckasi ouru6ka: geneHde Ha 0 uaM nepenoJiHeHue
SIGILL  ueBepHbli KO& (yHKuHH (HEAOMYCTHMasi KOMaHna)

SIGINT  3ampoc Ha B3aHMOACHCTBHE, HAlpHMeED, IpepbIBaHHE
SIGSEGV ueBepHblH NOCTYN K NaMsTH, HalNpHMep, BbIXOA 33 TpaHHUbI
SIGTERM Ttpe6oBanue 3aBeplleHHs, MOCJAHHOE B NpPOTpaMmy

signal Bosspamaer mnpeasiayiiee 3HadyeHde handler — B caywae cnenudpuuu-
poBanHOro curHana, win SIGERR — B ciyuae BOSHHKHOBEHHSI OUIMOKH. ’

Korga B panbHelmueM nosipisieTcss curHan sig, cHavana BOCCTaHAaBJH-
BAeTCSl TOTOBHOCTb IOBEJEHHS «NO YMOJYAHHIO», [OCJE 4Yero BbI3bIBAETCSI
¢$yHKuUHMs, 3agaHHasi B napamerpe handler, T.e. kak Gbl BbLINOJIHSETCH BbI30B
(*handler)(sig). Ecan handler-byskuus BepHeT Hasalx ynpaBJji€HHE, TO
BHIUHCJEHHS] BO30OGHOBATCSI C TOFO MeCTa, B KAKOM 3acTajJ MpOrpaMMy [pH-
eI KN CHrHaJ.

HauanbHoe COCTOsiHHE CHTHAJOB 3aBHCHT OT peasjH3alHuH.

int raise(int sig)
raise mnoceuiaer curdan sig B nporpammy. B cayyae Heynauum BO3Bpa-
IaeT HEHyJIeBOC€ 3HAYEHHE.

B10. ®YHKUMM LOATbl M BPEMEHK: <TIME.H>

FonosHo#i ¢aitn <time.h> npeknapupyer THnbl M (QYHKIUHH, CBSI3aHHBIE C
natoii u BpeMeHeM. HekoTopeie GYHKUHH HMEIOT €10 C MECTHOIM BPEMEHEM,
KOTOpPOE MOXET OTJHYaTbCsl OT KaJeHAapHOro, HamnpuMep, B CBA3M C 30HH-
poBanuem Bpemend. Tunsl clock_t u time_t - apudmernueckue tunbl Ans
npeactasjeHuss BpemenH, a struct tm conepXHT KOMIOHEHTH KaJieHAapHOro
BpPEMEHH:

int tm_sec; CeKyHAH OT Hayasna MHHYTH (0, 61)
int tm_min; MHHYTH OT Hawasna uyaca (0, 59)
int tm_hour; yacel ot noqyunouu (0, 23)

int tm_mday; yucao mecsiua (1, 31)

int tm_mon; mecsinibt nocae sinBapsa (0, 11)

int tm_year; roant nocse 1900

int tm_wday; IHH nocje Bockpecedbs (0, 6)

int tm_yday; auu nocae 1 siusapsi (0, 365)

int tm_isdst; NpH3HaK CBETJOr0 BpPEMEHH
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3Hayenne tm_isdst — mNOJOXHTEJIbHOE, €CJH BpeMs NPHXOXHTCA Ha CBETJYIO
yacTb CYTOK, HyJb B NpPOTHBHOM CJy4yae H OTpDHUATeJIbHOE, €CJH nHpopMa-
IMsi He OOCTYINHA. . :
clock_t clock(void)
clock BosBpamaer BpeMsl, (QHKCHpyemOe MNPOLECCOPOM OT Hayaaa cuera
nporpamMMmbl, HAM —1, eCaH OHO He H3BeCTHO. [lisi BEIpAMEHHs 3TOro Bpe-
MEHH B CEeKyHIaX NpHMeHseTcs ¢opmysa clock()/CLOCKS_PER_SEC.

time_t time(time_t *tp)
time BosBpamaer TeKyllee Ka/JeHAapHOe BPEMA HJH -1, ecau BpeMs He
u3ectHo. Ecam tp He NULL, To BO3Bpaulaemoe 3HAUYEHHE 3AMHCHIBAETCH
u B *tp. :

double difftime(time_t time2, time_t timel)
difftime Boaspamaer pasHocTb time2-timel, BbIpaxeHHYH B CEKYHAAX.

time_t mktime(struct tm *tp)
mktime mnpeo6pasyeT MeCTHOe BpeMs, 3aJaHHOE CTPYKTYpOH *tp, B Ka-
JeHJapHOe, BbillaBasi €ro B TOM e BHAE, UTO H (YHKUHSA time. Komno-
HeHTbl GYAYT HMeThb 3HayeHHs B YKA3aHHBIX AHANa3o0HAX. dynkuus mktime
BO3BpalaeT KaneHAapHOe BpeMsi MM —1, €Cjiu OHO He MpenCTaBHMO.

Cnenmyioline deThipe (QYHKUHH BO3BpALIAOT YKa3aTelH Ha CTaTHYeCKHe
06BEKTH, KaXIABIH H3 KOTOPbIX MOXeT ObiThb H3MEHEH ADYrHMH BbI30BaMH.

char *asctime(const struct tm *tp)
asctime mepeBoauT BpeMst B CTPYKType *ip B CTPHHI BHAA

Sun Jan 3 15:14:13 1988\n\0

char *ctime(const time_t *tp)
ctime NepeBOaHT KaJjieHaapHoe BpeMsi B MECTHOE, 4yTO 3KBHBAJIEHTHO
BBLINOJIHEHH IO

asctime(localtime(tp))

struct tm *gmtime(const time_t *tp)
gntime nepeBomuT KaneHmapHoe BpeMsi BO BceMmHpHOe KOOpAMHMPOBAHHOE
ppemsi (Coordinated Universal Time - UTC). Beinaer NULL, ecaun UIC
He wussecTHo. Hms artol ¢ynxkuuu, gmtime, npoucxomut ot Greenwich
Mean Time (cpenHee Bpemst MO ['PHHBHUCKOMY MEPHAHAHY).

struct tm *localtime(const time_t *tp)
localtime mepeBoaMT kajiieHZapHOe BpeMms *Lp B MecCTHOe.

size_t strftime(char *s, size_t smax, const char *fmt,
const struct tm *tp)
strftime ¢opmatupyer undopMauuio O naTe H BpeMEHH H3 *tp B CTpHHT
s coraacHo ¢opmary fmt, KOTOpHIH HMeeT MHOro OOWHX uepT C ¢dopma-
ToM, 3anaBaeMbiM B GYHKuMM printf. OGbluHbIE JHTEpHl (BKJKOYas H 3a-
Bepmaoiylo autepy '\0’) konupylorca B S. Kaxnas mapa, COCTOAWAA H3
% u OYKBbl, 3aMEHsIeTCsl, KAaK MOKAa3aHO HHXKE, C HCHO/Nb30BAHHEM 3Ha-
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yeHHH 1O (OpMe, COOTBETCTBYIOUIEH JoOKanbHO# cpene. B s pasmemaercs

He O6oJjiee SmMax JHTEp

strftime Bosppamaer uuciao JutTep 6e3 yuera

"\O’ HJH HY/Nb, €CJH YHCJO CreHepHPOBAHHLIX JHTep GOJblUe SMAX.

%a
%A
%b
%B
%c
%d
%H
%1
%J
%m
%M
%p
%S
%U

W
%W

%X
%X
hy
%Y
%2
%%

COKpallleHHOe Ha3BaHHEe HeleJiH.

NOJIHOE HA3BaHHE HEIeJH.

COKpallleHHOe Ha3BaHHe Mecsua.

MOJHOEe HA3BAHHE MeCsAla.

JIOKAJbHOE Mpe/iCTaBJeHHe AaTbl H BPEMEHH.
nenp Mecsina (01-31).

yac (24-yacosoe Bpems) (00-23).

yac (12-uacosoe Bpems) (01-12).

neub roga (001-366).

mecsay (01-12).
munyra (00-59).

JokanbHoe npeactasnenne AM u PM (10 u mocse noayams).

cexyupa (00-61).
Helenasi IO

cuery OT

Hayana roga (BockpeceHpbe ~— 1-if

aenb Hepeau) (00-53).
nenp Hepean (0-6, nomep BockpeceHbsi ecTb 0).

Henesist

no cuery OT

wauasna roga (moHemeqbHHK — 1-H

nens nenmenau) (00-53).

JIOKa/IbHOE TNpelCTaBJeHHE NaTH.
JIOKaJbHOE MNpPEACTaBJEeHHE BPEMEHH.

rog 6e3 ykasanusi sexa (00-99).

rog C yKasaHHeM Beka.

Ha3BaHWe BPEMEHHOH 30HbI, eCJiM OHO €eCTb.

%.

B11. PEANTU3ALUMOHHO-3ABMCUMBIE MNMPEQENDI: <LIMITS.H> U <FLOAT.H>

TosoBHoit ¢aitn <limits.h> onpenensier KOHCTaHTHI [Vs1 Pa3sMepoB Ue-
JIOYHCJAEHHBIX THOOB. HuXKe nepeunc/ieHb! MHHHMAaJbHbIE NpHeMJeMble BEJHYHHBL,
HO B KOHKPETHBIX Pealu3alusix MOTYT HCMOJIb30BATbCst M GOJbLIME 3HAUEHHS.

CHAR_BIT
CHAR_MAX

CHAR_MIN
INT_MAX
INT_MIN
LONG_MAX
LONG_MIN
SCHAR_MAX
SCHAR_MIN
SHRT_MAX
SHRT_MIN
UCHAR_MAX
UINT_MAX
ULONG_MAX
USHRT_MAX

Wmena, npuBeleHHble B cjieaylomed Tabauue,
JSIIOTCS KOHCTAHTAMH,

UCHAR_MAX wuau

8

SCHAR_MAX

0 wau SCHAR_MIN
+32767
-32767
+2147483647
-2147483647
+127

-127

+32767
-32767

255

65535
4294967295
65535

6uT B 3HayeHuu char

MaKCHMasibHOE 3HaueHHe char
MHHHMAaJbEOE 3HayeHHe char
MaKCHMajibHOe 3HaueHue int
MHHHMaJbHOE 3HaweHue int
MakCHManbHOe 3HaueHue long
MHHHMAaJbHOE 3HAaueHHe long
MakcHMaJsbHOe 3HaueHue signed char
MUHKHMa/lbHOe 3HadyeHHe signed char
MakcHMaJqpHOe 3HaueHue short
MHMHHMalbHOE 3HauyeHHe short
MakcHManbHoe 3HaueHHe unsigned char
MakcuMmaJbHOe 3nauenné unsigned int
MaKCHMa/lbHOe 3Hauenune unsigned long
MakCHManbHOoe 3HaueHwe unsigned short

B3sTel u3 <float.h> u sas-

MMEIOLIMMH OTHOLIEHHE K apHpMeTHKe ¢ IJaBalolleH
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TOYKON. 3HaueHHsi (€CJIH OHH €CThb) MNPEACTABJASIIOT CO60OH MHHHMAaJbHBIE 3HA-

YeHHHA AJ COOTBETCTBYIOUIHX BEJHYHH.
10TC5s1 CBOH 3HA4YE€HHSA.

FLT_RADIX
FLT_ROUNDS
FLT_DIG
FLT_EPSILON
FLT_MANT_DIG

FLT_MAX
FLT_MAX_EXP

FLT_MIN
FLT_MIN_EXP
DBL_DIG
DBL_EPSILON
DBL_MANT_DIG
DBL_MAX
DBL_MAX_EXP
DBL_MIN
DBL_MIN_EXP

1E+37

1E-37

10
1E-9

1E+37

1E-37

B kaxiao# peajH3anHH yCTaHaBJHBa-

OCHOBAaHHME [MpeaCTaBjeHHsi SKCINOHEHTH:  Ha-
npumep, 2, 16

cnoco6 OKpYIVIEHHA TPpH CJOXEHHH 4YHceJ ¢
nJasamplleii TOYKOH

KOJIMUECTBO BEPHBIX HAECATHUYHBIX UHPP
MHHHMaJbHOe x, Takoe, uto 1.0 + x # 1.0
konuvectBo uudp no ocuosanuio FLT_RADIX B
MaHTHCCE

MAKCHMaJbHOE YHCJO ¢ IJaBalled TOUuKOH
MakcumanbHoe n, Ttakoe, uyto FLT_RADIX"-1
NpeACTaABHMO

MHMHHMAaJbHOE HOpPMAa/JH30BAHHOE YHCJAO C MJIa-
BaOLIEd TOUKOMH

MHHHMaJbHOE n, Takoe, 410 10" mnpeacraBuMo
B BU/[€ HOPMAJTM30BAHHOTO YHCJA

KOJIMYECTBO BepHbLIX AeCATHYHBIX uudp Aas
tuna double
MHHHUMaJbHOe X, Takoe, uyrto 1.0 + x # 1.0,

rae x npuHamsiexut tany double

KosuuecTBO uuepp no ocHosanuio FLT_RADIX s
MaHTHCCe AJsi uuces tuna double
MAKCHMaJIbHOE 4YHCJO C MJaBaioled TOYKOH TH-
na double

MakcHManbHoe n, Takoe, urto FLT_RADIX"-1
npeACTaBHMO B BHOe uucaa tina double
MHHHMAaJbHOE HOPMaJH30BAHHOE YHCJAO C MJa-
Baoliei# Toykoi tHma double

MHHHMaJbHOE n, Takoe, u4ro 10" mnpeacraBuMO
B BHAE HOpMasu3oBanHoro uucja rtuna double

;
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nPunoeHue ¢. NMEPEMEHb U3MEHEHUHA

C MOMeHTa nNyGIHKAUWH TNepBOr0 H3AaHHs STOH KHHIH ONpeAe/ieHHe
sismka CH npereprneso u3meHeHus. [loutn Bce HOBOBBEAEHHSt — 3TO pacCluupe-
HMS MCXOZHOH BEpPCHH sI3bIKA, BLINOJHEHHbIE TaK, yTO6H COXpaHHJach COBME-
CTHMOCTb C CYUIECTBYIOI[HMH INpPOrpaMMaMH; HEKOTOpbl€ H3MEHEHHH KaCAloTCs
yCTpaHeHHsi ABYCMBIC/IEHHOCTeH NepBOHAYANbLHOrO  ONMHCaHHdA, A HEKOTOphIE
NpeacTaB/siioT CO60H MOAH(HUKALHH, NPHBHECEHHBIE CYLIECTBYIOLIeH NPaKTHKOH.
MHOrHE H3 HOBBLIX BO3MOXHOCTEH, BIOCJEACTBHHM MPHHATBIE NpYrHMH paspa-
60TYHKAMH CH-KOMIHJSTOPOB, OblJIM MEPBOHAYANbHO OGBsIBIEHBl B LOKyMEH-
Tax, NpHJaraeMblXx X KOMIHJATOPaM. Komuter ANSI, noarorasjiHBas CTaH-
JapT sI3blKa, BKJIOYMJ OOJbIIHHCTBO 3THX H3MEHeHHH, a TakXe BBeJ [pyrue
aHauHTeJAbHble MOAH(HKauuu. Hekoropeie KOMMepuyeCKH€ KOMIHJSITOPHI peastn-
30Ba/iM MX ewe 4O BHOyCKa oduuuaibroro Cu-CTaHAapTa.

B 3TOM NpHJOXKEHHH CBeJEHBl BOELHHO DAa3JIHUMs MEXIYy SI3bIKOM, Ompe-
JdeJEHHBIM B NepBOi €ro pelakiuH, H TOH ero BepCuH, KOTOpas MNpHHATA B
KauecTBe CTAHAApTa. 3[4eCb pacCMaTPUBAETCSi TOJBKO CaM  s3bIK, BONPOCEHL,
OTHOCSILIMECS K €ro OKPYyXeHHio H O6ubjuOTeKe, HE 3aTParHBaloTCs. XoTtst
HOC/AeNHHEe U SBJASIOTCH BAXHOK 4aCTblo CTAHAAPTA, HO, MOCKOJIBKY B IEPBOM
H3IAHHH He [eJajioCh TNOMNBITKH ONHCATb OKPYXEHHE H 6u6JHOTEKY, CPaBHHTH
MX C COOTBETCTBYIOUIMMH CTaHAAPTHBIMH 3JIeMEHTAMH OKa3blBA€TCS HEBO3MOXK-
HBIM.

. B cranpapre G6oJsiee TIIATE/NLHO, MO CpaBHEHWIO C TEpPBHIM HM3NAHHMEM,
ONmpeesieH0 M  PaCUIMPeHO TpenpoLecCHpoBaHHWe: B €ro  OCHOBY SIBHO
[OJIO)KEHBl JIEKCeMbl, BBEIEHbl HOBble ONepaTopbl 1A «CKJIEHBAHHA» JIEK-
cem (##) u cospanua crtpunros (#), a Takxe HOBbHE yNPABJIAIOUIHE
crpokn Tuna #elif wu #pragma; paspeweHo MOBTOPHOE omnpenesieHHe
Makpoca C TOH JKe [OCJENOBATENbHOCTbIO JIEKCEM; OTMEHeHa MNOACTa-
HOBKA4 NapaMeTpoB BHYTPH CTPHHIOB. Pa3spemieHo «CK/€HBaHHE» CTPOK
npu nomowd \ B Jio60M MecTe, HO TOJbKO HE B CTPHHTAX H MakKpoor-
peleseHHsAX.

. MHHUMATbHOE YHCJO 3HAYMMBIX JIHTEp BCEX BHYTPEHHMX HIEHTHQHKATO-
poB goseseHo n0 31; ans HAEHTH(HHKATOPOB C BHEIIHEH CBA3bID OHO
OCTaeTCsi paBHHIM 6 C HEpas/HYHMOCTbIO OyKB HAa HHXKHEM H BEpXHEM
peructpax. (MHOrHe peanH3auHH [OMYCKAIOT 66abliee YHCJAO 3HAUHMBIX
JATED.)

. s 3nakos ¥\"[1{}!~, KOTOpEIX MOXeT He GbITb B HEKOTOPBHIX Ha6opax
JMTEp, BBedeHbl  TPEX3HAKOBbIE MOCJENOBATEJbHOCTH, HauMHAIOIIKECH C
?? (Cm. A12.1). Cneayer 3aMeTHTb, WYTO BBEAEHHE TPEX3HAKOBHIX
1OCJIeOBATE/NILHOCTEH MOXET «HCHOPTHTb» 3HAUEHHS CTPHHIOB, B KO-
TOpHX cozepxarca ??.

. Beemenn HOBbie kmaiouesnie cjosa {(void, const, volatile, signed,
enum), a MepTBOPOXKIEHHOe CjoBO entry u3 ofpalleHus H3BSATO.

. Jlasi JWTepaibHbBIX KOHCTAHT W CTPHHIOBHIX JIHTEpANOB OMpede/eHbl HO-
Bhle 3cKeln-mocjenoparesbHOCTH. OODBABAEHO, 4YTO TOABJEHHE 32 \
«HeMpaBHJbHLIX» JIHTED [NPUBOAHT K HEMpeACKasyeMoMy pe3yJbTaTy.
(Cm. A2.5.2))

.  V34KOHEHO NOMIOOGHBIIEECS BCEM TPHBHA/bHOE H3MeHenue: 8 ¥ 9 He sB-
JIAIOTC BOCbMEPHUHBIMH LUHGbDaMH.
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IIpunromenue C

Beenen pacmupenHblf HaGop CYhQOHKCOB /sl SIBHOrO yKa3aHHs THIOB
koHcTaHT: U u L — ana weanix u F u L — ana naabawouux. Yrtounenn
TaKXK€ NpaBHJa ONpelejieHHs THNA AJs1 KOHCTaHT 6e3 cydodpukcos (A2.5).

Oﬁ’bHBJIeHO, UYTO COCE€AHHE€ CTPHHIH KOHKATEHHPYIOTCH.-

[lpemoctaBienbl CpeACTBa, MNO3BOJSION(HE 3aNHCHIBATL CTPHHTOBHIE JIHTe-
panbl H JIMTepHBHle KOHCTAHTH H3 pacCll¥peHHOro Ha6opa Jutep (A2.6).

O61bektT THna char (kak M OGBEKT IPYroro THMA) MOXHO CHEeUHGHLHPO-
BaTb SIBHO CO 3HAaKOM HJaM 6e3 3Haka. Hckawouaercs ucnosab3aosanue
caopocouetanusi long float B cmmbicie double, no BBOZMTCS THn long
double amnst umcen ¢ nJaBawlEed TOUKOH NOBBILIEHHOH TOYHOCTH.

C mHexotophx nop pocryneH tHn unsigned char. Crauaapr BBOAHT
KJloueBoe CJOBO Signed asns s#BHOro ykKasaHHs 3HaKoBOCTH char
APYTHX LEJOYHCJIEHHBIX OGBEKTOB.

Yxe HeCcKosbKO JjeT B OOJbLIMHCTBE peaju3aundil AOCTyneH Tum void.
Cranpapr BBOOHT Void * B KauecTBe THna OGOGLIEHHOrO yKasaTess,
panblie A 3TOH LeJH HCMOoab30BasH char *. OQHOBpeMEHHO BCTYNAKOT
B CHJY MpaBHJa, MO KOTOPbIM 3anpewiaercst 6e3 npeo6pa3oBaHUA THNA
«CMELUHBATDL> YKa3aTteJii H LeJible HJIH YKa3aTeJH pa3HbIX THIIOB.

CranzapT ycTaHaB/AHBAaeT MHHHMAaJbHbBE MOpeRe/ibl AHANA30HOB apH¢pMeTH-
YeCKHX THIIOB, NpelyCMaTDHBaeT TrOJOBHble ¢akan <limits.h> wu
<float.h>, B KOTOpPHIX NOMELIAIOTCS 3TH XapAKTEPHCTHKH [JIs1 KaxAOH
KOHKPETHOH peaJiH3alHH.

[lepeuncsienne — HOBBIH THI, KOTOPOr0 He OLIIO B MEPBOH . peNaKLHH.

Cranpapr s3aumctByer H3 CH++ cnoco6 3anucu KBajudHuKaropa THNA,
B 4aCTHOCTH KBaJupHkaTopa const (A8.2).

BeoauTcs 3anpeT Ha MOAHGHKAUMIO CTPHHIOB, 3TO 3HAUYHT, UYTO HX
paspeiraeTcsi pasMmelllaTb B MAaMSATH, AOCTYNHOH TOJIbKO HAa YTEHHE.

HMsmenenbl «oGblyHble apHBMeTHUeckHe Npeo6pa3oOBaHusi», MO CYLIECTBY,
OCYIIECTBJIEH Tepexol OT «AJAA UeJblX BCeraa npesajaupyer unsigned,
IJIsl MJaBalpolledl TOUKH Bcerga ucmnoabsyercst double» K «mOBHIUIEHHIO X0
MHHHMaJIbHOTO [JOCTAaTOYHO BMeCTHMOro THma». (CM. A6.5.)

OrMeHeHBbl cTapbie omepaToOpel NMpHCBaWBaHMs THOA =+ Kaxawit oneparop
IIPHCBAHBAHHA TelNepb MNpeACTaBJAsieTCss OJHOH OTAeJbHO#U Jekcemol. B
NEPBOM M3[aHHH ONEpaTOp INPHCBAHBAHHS MOTI H306paxaTbCsl mapod Ju-
TEp, BO3MOXKHO, pa3fieJIeHHBIX NPOGENbHLIMH JIMTEPAMH.

KomnuaaTtopam GoJiee He paspellaeTcsi TPAaKTOBATb MATEMATHYECKYIO ac-
COLHATHBHOCTb ONEpaTOPOB KaK BBIYHCAHTENbHYIO ACCOUHATHBHOCTD.

BBenen yHapHBIfi omepaTop + MJSI CHMMETPHH C YHADHBIM —.

PaspelieHo HCnosb30BaTh yKasaTelb Ha (YHKIMIO B KAa4eCTBE €€ HMe-
HOBaTess1 6e3 sBHOro omepartopa *. (Cm. A7.3.2.)

Co CTpykTypaMu paspelleHO ONepHpOBaTb KAK C LEJBIMH OGbLEKTAMH INpH
NPHUCBAMBAHHAX, [epenayax HX B KayecTBe apryMeHTOB (QYHKUHSM H
AOJYYeHHH HX B KayeCcTBe pe3y/jbTata OT (QYHKIHH.

Paspemeno npumensTb onepatop nNoJsydeHHst aapeca & K MacCHBY, pe-
3ynptatoM OyleT ykasaTesNlb Ha MacCHB.

B nepsolt penmakuuu pesyabrar Sizeof-onepaumun umen tHn int; Bo
MHOTHX peajH3aunax OH 3aMeHed Ha unsigned. CranagapT OgHUHANBHO
06bABAACT €r0 pPRAJH3ALUHOHHO-3aBHCHMBIM, HO TpeGyeT, 4iGOni Od Obij
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onpeneneH B ToJOBHOM  ¢ailie <stddef.h> mnoa wumenem size_t.
AHaJOTHYHOE H3MeHeHHe OBLJIO CAeJaHO B OTHOIIEHHWH THNA pa3HOCTH
yKkasateJei, KOTOpHH Temepb BEICTYNaeT INOA HMEHEM ptrdiff_t. (Cm.
A7.4.8 u A7.7.)

. 3anpemweHo NPHMEHATb ONepaTop NOJYuYEHHs anpeca & k register-
06beKTy Jaxe TOTAa, KOTAA MAAHHBI KOMNHJATOp HE pacnosaraer ero
Ha perucTpe.

. TunoMm pe3yabTata OnepalHH CIBHTA SIBASICTCS THI €€ JIEBOrO OnepaH-
Aa, THI TpaBOro ONepaHa HAa MOBblLIEHHe THNA pe3yJbTaTa BJIHSHHA
He okasmiBaeT. (Cm. A7.8.)

. CrangapT paspeuiaerT anpecOBaThCsi MNPH NOMOLIK yKasaTeJeH Ha MeCTo,
Aexaliee Cpasy 3a MNOC/JEIHKM 3JE€MEHTOM MacCHBa, u MO3BOJIAET oOmne-
PHpOBATb C TAKMMH YKa3aTeNsiMH, KaK C OGbIYHBIMH, CM. A7.7.

. Crangapt BBORMT (3aWMCTBOBaHHbIH H3 CH++) cnocof 3amHCH NpPOTOTH-
na beHKlIPlH C BKJIOYEHHEM B Hero THIIOB MMapamMeTpoB H ABHOIO YykKasa-
HHSI O BapbHPYEMOCTH HX uHCJAa K (OpMANH3yeT MeTon paboTel C mepe-
MeHHLIM crHCkoM aprymentoB. (Cm. A7.3.2, A8.6.3, B7.) C nekoro-
PHIMH OTPAHHYEHHSIMH JIOCTYTIEH CTapbiit cnocof 3anucH.

. CrangapToM 3anpeuleHbl TNyCThie [eKJapalHH, T.e. Takue, B KOTOpbIX
HeT [eKnapaTopoB M He [JeKJapHpyeTCss HH OLHOH CTDPYKTYPHI, oGbeaH-
HeHusi uau nepeuncjenus. OZHAako [exkJjapauns C OAHHM TeroM CTpyK-
Typel (Man OGBENMHEHHs) TEpeNeK/IapHpPyeT ee JAaxe B TOM Caydae,
ec/lH OHa Opuia OGBsBJEHA BO BHewHeH 067aCTH NEHCTBHS.

. 3anpellleHbl AeK/JapalHH BHELIHWX NAHHBIX, HE HMMEIOLHE crnenu¢puKaTOpOB
¥ KBalHduKaTOpoB (T.€. J[eKnapaudH C OLHHM <«TOJBIM»  JleKJapaTo-
pom). »

. B HekoToprle peannsauusix, koraa extern-gek/apauus pacnojiokeHa BO
BHYTpeHHeM GJIOKe, e€e [eACTBHE pacnpoCTpaHseTcss Ha OCTAJIbHYIO
yacte @aiaa. CraHaapT BHOCHT SICHOCTb B 3Ty CHTyallHIO H 00bABJISA-
eT, 4To 06.aacTh NEHCTBHSA TAKOH [€KjapallH OrpanHyeHa 6J10KOM.

. O6nacTb HeHCTBHA NapaMeTpOB «BCTABJSETCSi» B COCTABHYIO HHCTPYK-
LHIO, MpeAcTaBAsouylo CO60H Teno (YHKUMH, TaK UTO N€K/JapalHH Ha
BepPXHEM YpOBHE (QYHKUHH HE MOTYT WX «3aTEHHTb>.

. HeCKONbKO H3MEHEHbl HMEHHbie TNpOCTpAaHCTBA HAeHTHhHKAaTOpOB. Beem
TeraM CTPYKTYp, OObeIHHEHHH H TNepeuHCJ/ieHHH CTaHAapT BbIAGJACT
ONHO HMEHHOE [POCTPAHCTBO; MJsi METOK HHCTPYKUHH BBOAMTCS OT-
AesbHOE WMeHHOe mpocTpaHcTBo; cM. All.l. Kpome Toro, umeHa une-
HOB CBSI3aHbl CO CTPYKTYPOH HJH OObelHHEHHEM, 4HaCThbIO KOTOpPOH OHH
siBasiioTcsi. (C HEKOTOPBIX MOP 3TO OOLIeNpHHATasA NpaKTHKa.)

. JlonmyckaeTcsi HHHUHA/NH3AUHs OOBLEAHHEHHS, WHHUHATH3ATOp OTHOCHTCH
K TepBOMY uJieHy OODbeduHeHHs.

. Paspemaercss HHHUHKAIH3aLHs aBTOMATHYECKHX CTPYKTYP, o6 beIHHEHHH
H MacCHBOB, XOT W C HEKOTODLIMH OrpaHHYEHHSIMH.

. Paspemaercs uHMUMANH3AUMA MacCUBa JHTEP NpH MOMOLIH CTPHHIOBOTO
JMTepasa MO TOYHOMY KOJIHUECTBY YKasaHHbix JHTep (Ge3 \D).

. Ynpamjsilolllee BblpaXKeHHe H CASE-METKH B switch moryr umerb nio6oi
LEJOYHCAEHHBIH THIL



NMPEAMETHbIA YKA3ATEND

A

aprymentbl KoMaHAHoll crtpoku 113-117

6eckoueyHblit uuka for(;;
6ubAHOTEYHAS DYHKUHA

abort

abs 253

acos 250
asctime 256
asin 250
atan,atan2 163,250
atof 251

atoi 251

atol 251
bsearch 253
calloc 162, 252
ceil

clearerr 247
clock

cos 163, 250

difftime 256
div 253
exit 158, 252
, 250
fabs 163, 250
iclose 158, 241
feof 159, 247
ferror 247
fflush 240
fgetc 245
getpos 247
ets 16015345
tleco
floor 5%0
fmod 251
open 156, 240
printi 157,242
pute 246
puts 160, 246
fread 246
ree 252
reopen_240
rexp 250
scanf 157, 244
fseek
fsetpos 247

getc 157, 246
getchar 147,157,26
getenv 252

gets 246

gmtime 256
1salnum 162, 248
isalpha 161, 248
iscntrl 248
isdigit 162, 248
isgraph

islower 161, 248
isprint 248
ispunct 248
isspace 162, 248
isupper 161, 248
isxdigit 248

labs 253

ldexp 250

65, 91
6, 71, 82, 256

1div 253
localtime 256
log, logl0 163,25
lonﬁjmp 254
malloc 139,162,25
memchr 250
memcmp 249
memcpy 249
memmove 249
memset 250
mktime 256
modf 251

perror 248

pow 163, 250

gsort 253

raise 255

rand 251
realloc 252
remove 241
rename 241
rewind 247
scanf 152, 245
setbuf 241
setjmp 254
setvbuf 241
signal 255

sin 163, 250
sinh 250
sprintf 151, 243
sqrt 163, 250
srand 251
sscanf 244
strcat 161, 249
strchr 161, 249
stremp 161,249
strepy 161
strespn 249
strerror 249
stritime 256
strlen 161, 249
strncat 161, 249
strnemp 161, 249
strncpy 161, 249
strpbrk 249
strrehr 161, 249
strs{m 2

strstr 249
strtod 251
strtok 249
strtol 251
strtoul 251
?ystem 252

tmpfile 241
tmpnam 241
tolower 162, 248
toupper 162, 248
ungetc 246
viprintf 168, 243
vprintf 168, 243
vsprinti 168, 243
texit 252
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e33Hakosast 50, 188
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