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IIVBJINYHALA JINITEH3M A

Yuebnoe nocobue Amnapesst Bukroposuua CrossipoBa «IIporpammuposanue:
BBeJleHHEe B IPOGECCU0» B TPEX TOMAX, paHee IIyOJUKOBABIIEECS] B U3IATE]Ib-
crBe MAKC TIlpecc B 2016-2021 rr., a Takxke B m3mareabcrse MK Ilpecc B
2021 r., HasepiBaeMoe gajee «l[IpousBemeHneM», 3alUIIEHO IEHCTBYOIMIUM POC-
CUICKUM ¥ MEXKJLYHAPOIHBIM aBTOPCKO-IIPABOBBIM 3aKOHOIATEILCTBOM. Bee mpa-
Ba Ha [lpousBejieHne, mpejycMOTPEHHBIE 3aKOHOM, KaK UMYIIECTBEHHBIE, TAK U
HEUMYIIECTBEHHDIE, IIPUHA/JIEYKAT €r0 aBTODY.

Hacrosimast Jlutien3us ycraHaBIuBaeT CIIOCOOBI UCIIOJIb30BAHUS JIEKTPOHHOMN
Bepcuu [IponsBeienusi, IpaBo Ha KOTOPBIE IIPEJOCTABIEHO AaBTOPOM 1 IIPaBo0dIa-
JlaTesieM HEOTPAHUYIEHHOMY KPYTY JIUIL, IPU YCJIOBUU HE30TOBOPOYHOTO IPUHSITHS
TUMU JINIIAME BCEX yCI0Buit manuoii JIunensun. Jlroboe ucrnospzopanne [Ipousse-
JIEHUsI, HE COOTBETCTBYIOIIEE YCIOBUSM JTIaHHOM JIUIeHIM, & PABHO U UCIIOJIb30Ba-
HUe HpOI/ISBe,Z[eHI/IH JIMITaMU, HE COIJIaCHBIMU C YCJIOBUAMU J_[I/ILLGHSI/H/I7 BO3MOZKHO
TOJIBKO [PU HAJMYUH [THUCHbMEHHOI'O PAa3peIeHus aBTopa U IPaBoodsIaiaTesis, a
IIPU OTCYTCTBHUH TaKOI'O pa3pelleHusd ABJJIACTCA IIPOTUBO3aKOHHBIM U IIpecjieyeT-
Cs B paMKax I'PaXK/IaHCKOI0, a/IMIHUCTPATHBHOTO U YT'OJOBHOT'O IIPABA.

ABTOp M mpaBoObJIASATE/Ih HACTOSIINM Pa3periaeT CJelyolne BUAJIbl HUC-
[I0JIb30BaHUs JAHHOTO daiijia, SBJILAIONIErOCHd SJIEKTPOHHBIM IIPEJICTABIEHUEM
[Ipousseienus, 6e3 yBeJOMIIEHNS TPABOOOIAIATE I U O€3 BBIILJIATHI ABTOPCKOTO
BO3HAI'PaXKI€HUSI:

1) Bocupoussenenue Ilponssesennst (IOJHOCTHIO WIM YAaCTUYHO) Ha Oymare IIy-
TEM paCIeYaTKH C [IOMOIIBIO IIPUHTEPA B OJIHOM IK3EMILISPE JIJIs yJI0BJIETBO-
PEHMsI JINYHBIX OBITOBBIX WM y4eOHBLIX MoTpebHOCTEl, Oe3 mpaBa meperatin
BOCIPOU3BEIEHHOTO SK3EMILISAPA JIPYTUM JIUIAM;

2) KONMPOBAHUE U PACHPOCTPAHEHHE JAHHOTO (bailia B 9JIeKTPOHHOM BHUJIE, B TOM
quciie MyTéM 3ammucu Ha (pU3nIecKue HOCUTEJU U IIyTEM IMepeladn M0 KOM-
IBIOTEPHBIM CeTsIM, ¢ COOJIIOIeHreM ceytomux yeaosuii: (1) Bce Bocmpo-
U3BENEHHbIE U IlepeJaBaeMble JIIOOBIM JIMIAM K3eMIIApbI daiiia
SABJISIIOTCH TOYHBIMU KONUSIMU OpUrnHaJjibHOro daiisa B hopmare PDF,
[IpU KOMUPOBAHUN HE IPOU3BOJINTCH HUKAKUX U3bATUN, COKPAIIEHUH, JIOIIOJIHE-
HUil, UCKaXKeHui u JIIOObIX APYyruX U3MEHEHUuil, BK/IIoUas n3MeHenue opmara
npe/crasienns daiira; (2) pacnpocTpaneHue u rnepejgada KOl Jpyrum
JUIAM MPOU3BOIUTCS UCKJIIOYUTEJIBHO HEecn.aamto, TO ecTb IIpu me-
pelade He B3MMaeTCsd HMKAKOe BO3HArpak/JeHrue HU B KakKoii dopme,
B TOM umciie B (popMe IIPOCMOTPa PEKJIAMbI, B (DOpME ILJIAThI 32 HOCUTEIb UJIN
3a caM aKT KOIMPOBAHUA U IEPEIAdu, Ja’Ke €CJIM TaKas IJIaTa OKA3bIBAeTCs
3HAYUTEIFHO MEHbIIEe (DAKTUICCKON CTOMMOCTH WJIH Ce0ECTONMOCTUA HOCUTEJIS,
aKTa KOMUPOBAHUS U T. II.

JItobble 1pyrue crocoObl pacipocTpaHeHnsI JAHHOTO aiiia Ipu OTCY TCTBUU IINACh-
MEHHOTO pa3pelleHnsl aBTopa 3allpelienbl. B dacTHocTn, 3ampernaercs: BHece-
HHe KaKuX-JIMO0 M3MEHEHHI B JHaHHBIA (paiii, co3daHre U PaCIPOCTPAHEHHE HC-
KaKEHHBIX 9K3EMILISIPOB, B TOM UHC/IE IK3EMILISIPOB, COIEPXKAIIIX KaKYI0-Tu00
4acTh IIPOU3BEJAECHUsI; paclIpocTpanenue gannoro gaitia B Cern MaTepHeT depes
BeO-CAlThI, OKA3BIBAIOIINE IIJIATHBIE YCJIYTH, Yepe3 CalThl KOMMEPIECKHX KOMITa-
HUIT ¥ MHIUBY/LYAJbHBIX IpeAnpuHuMaTesieii (Bkiovast (ailsiooOMeHHbIe U JTI00bIe
JIpyrue cepBuUCHl, opranu3opannbie B Cern MHTEpHET KOMMEPUYECKUMEI KOMITAHY-
sIMH, B TOM dYHCJIe OECIUIATHBIE), a TaKXkKe Yepe3 CaiThl, coleprKaliue pe-
KJIaMy JIFOO0ro poja; rnpojaaska n 0oMeH PU3NIECKUX HOCUTEEl, ComepKalimx
JAHHBIN baila, Jake ecii BO3HArPaXKIEHWE 3HAYUTE/IHHO MEHBIIe ceOecTOMMO-
CTU HOCHUTEJIST; BKJIOYEHNe JTaHHOTO (hailia B cocTaB KaKnX-J1M060 MHGMOPMAINOH-
HBIX W UHBIX IIPOJIYKTOB; PACIPOCTpaHeHNEe JAHHOrO (bafijaa B cocTaBe KaKoi-1ub0
IUIATHOM YCJIyrM WK B JIONOJIHEHUE K Takoil yciayre. C Apyroif cTopoHbI, pas-
pemaercst japenne (GeciiaTHasl mepejiada) HOCHTeJel, ColepKallux JIaHHbI
daiiy, becriaTHas 3alMCh JAHHOrO Qailjia Ha HOCHTEH, IPUHAILICKAIINE APY-
UM ITOJIb30BATEJISIM, PACIIPOCTPaHeHHe JJaHHOTO (haiiyia depes3 OecIlIaTHbIE JIeTeH-
TpaJu3oBaHHbIe (haitmooomentbie P2P-cern u 1. 1. Cebliku Ha sk3eMILiap daiia,
PACIIOJIOKEHHBIN Ha OUInaIbHOM caiiTe aBTOpa, pas3penieHbl 6e3 orpaHuIeHHi.

A. B. CrossipoB 3anpeuwaem Poccuiickomy aBTOPCKOMY OOIIIECTBY U
JOOBIM IPYTAM OPraHU3alsiM HPOU3BO/IUTH JIIOGOTO Po/ia JIMIEH3UPO-
BaHMe JIFOOBIX ero MpouM3BeleHuil U OCYHIeCTBJISITh B MHTEpecaxXx aBTO-
pa Kakyro Obl TO HI OBLIO MHYIO CBA3AaHHYIO C aBTOPCKAMM IIpaBaMu
JIesITeJIbHOCTh 0€3 ero MMChbMEHHOTO pa3pelreHus.
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YHactp 9

IlapagurmMbl B MbIILJIEHUN
IIPOrpPaMMMUCTA

9.1. 3araJlo9HOE CJIOBO «IIapaJaurma

C moMoIbIo MEPBBIX JABYX TOMOB Halllefi KHUI'M YUTATE/]b, MOXKHO HAJIEATh-
cs1, OCBOMJI a3bl IIPOIrPAMMUPOBaHUsT Ha npuMepe llackasist, co3jgaHue mporpaMm
Ha yPOBHE MAIMHHBIX KOMaHT (Ha si3bIKe acceMbiepa), y3Hau si3bik Cu 1, HAKo-
HeIl, HayYUJICAd B3aMMOJIECTBOBATh C OIEPAIIMOHHON CUCTEMOI Ha yPOBHE CUCTEM-
HBIX BBI30BOB. Hacrajo BpeMsl Ipu3HaTh, UTO JI0 Ceil MOPHI MBI PacCMaTpPUBAJIN
IPOrPaAMMUPOBAHUE JIUIIb C OTHOW CTOPOHBI — «CHU3Y».

NcTopuyaeckn «si3bIKAMU BBICOKOTO YPOBHSI» HA3LIBAJIMCH JIIOOBIE SI3BIKHU ITPO-
rpaMMHUPOBaHUsI, OTJIMYHbIE OT #A3bIKa acceMOjiepa, TO eCcTh He Tpebylolue pa-
fboraTh Ha YpOBHE MAIIMHHBIX KOMaHZ. Te BpemeHa napHO mpouuin. f3eik Cu,
[MOSIBUBIIHUICSI, KaK Mbl 3HAEM, B KadeCTBe aJIbTePHATHUBBI sI3bIKaM acceMoOJepa,
IIO3BOJIZAET KOHTPOJIMPOBATH KOMIIBIOTED IMPAKTHUYCCKU CTOJIb 2Ke )KéCTKO7 KaK "
sIBHOE 3a/IaHue II0CIeI0BATE/IbHOCTE MAIMHHBIX KOMAHI, & JJIsi COBCEM CIIEIU-
duvecKkux ciryuaeB Bpojie TOUEK CONPUKOCHOBeHUsT MexX 1y siipoM OC u 1mosib30Ba-
TeabcKuMu mporpaMMmaMu CH IOMyCcKaeT KOMIIOHOBKY ITPOIPAMMBI C MOJLYJ/ISIMH,
HAIMMCAHHBIMU <«HAa accembjiepe», U acceMOJIepHble BCTABKU HEIIOCPEJICTBEHHO B
TekcT Ha camoM Cu. Bue Besikoro comuenust si3bik Cr 110 CBOe# CyIITHOCTH HAMHO-
ro O6/mKe K acceMbjiepaM, HEeXKEeJTH KO BCEBOBMOXKHBIM sI3bIKAM, CKPBIBAIOIIAM OT
IPOrPaMMUCTa YCTPONCTBO KOMIIBIOTEpA, TAKUM KaK XacKejb min jgaxke J[:xasa,
C+# u Go; nporpammupoBanre Ha ducToM CH cieflyeT CUuTaTh HU3KOYPOBHEBBIM,
Kak 1 paboTy Ha st3bIKax acceMbsiepa — CH JIMIIb CHIXKAET TPYA0EMKOCTD, HO He
BO3BOJIUT HUKAKHX IIPEMATCTBUN MEXK LY IIPOrPAMMICTOM U MAIIMHOM, TaK YTO OH,
KaK MbI 00CY2KJIaJid, HE MPOCTO TOMUTCS JJIsi CO3JAHUS SIIEP OIEPAITMOHHBIX CH-
CTEeM W TPOIIMBOK MUKPOKOHTPOJIEPOB (TAK HA3BIBAEMOI'O <«IIPOIDAMMUPOBAHIS
Ha I'OJIOM KeJie3es ), HO U OCTaéTCsi B 3TOi 00JIaCTH eJIMHCTBEHHOl ajbTepHATUBOI
acceMOJIEpDHOMY ITPOrPAMMUPOBAHUIO. EC/n »Ke TOBOPUTH O CO3MaHUN IIPOrPAMM,
[peIHA3HAUEHHBIX Jisi paboTel oy yupasjieduemM OC (a Mbl 3aHUMAJIUCH U CO-
Oupaemcs Jafbllle 3aHUMAaThCS TOJHKO STUM, HAINCAHUE HOBOW OIEPAIMOHKH B
HAIIU IJIAHBI HE BXOJUT) — TO 3JIECh «B CAMOM HU3Y» OKA3bIBAETCsI yPOBEHb CH-
CTEMHBIX BBI30BOB $IJIpa, HEBO3MOXKHO OIYCTUTHCs «ellé Hukey. CreaoBaTenbHoO,
BCE, YeM Mbl 3aHHUMAJIACh, OCBauBasl BO BTOPOM TOME MaTepHaJ 4acTeil ¢ IsIToit
110 CEeIbMYIO, TOYXKE€ OTHOCUTCS K HU3KOYPOBHEBOMY IIPOTPAMMHUPOBAHUIO, HY a B
BOCBHMOI1 9aCTH, TOCBANIEHHON BHY TPEHHEMY YCTPOMCTBY siJipa, MbI HE IIPOrPaMMU-
POBaJIH, HO M3YyUaJIH IIPU 9TOM, KaK paboTaeT siipo — IPOrpaMMa, HIXKe KOTOPOil
TOJILKO caM KoMIbioTep. Ilosydaercss, 94To 0 MEHBIIEH Mepe ¢ TpeTbeill 4acTu
HaIlleli KHUT'W U JI0 KOHIA BTOPOr'O TOMa MBI JIaKe He IbITAJIMCh pacCMaTpUuBaTh
[IPOrpaMMHUPOBAHIE B APYTOH €ro MIIOCTACH — BBICOKOYPOBHEBOE.

YyThk ciaoxkHEe CUTyaIns ¢ sI3bIKoM 1 lackasnb, Ha IpuMepe KOTOPOT'O MbI ITPOMJI-
JIFOCTPUPOBaJIA Oa30BbIe TPUHIIUIILI CO3MaHus TporpamM; [Tackab Bcerma canrali-
s SI3BIKOM BBICOKOT'O YPOBHSI, HO U TIPU paboTe Ha 3TOM si3bIKE MBI TOYHO 3HAEM,
HaIlpuMep, 9TO IepeMeHHasl eCTh He ITO UHOe, KaK 00JIaCThb HaMsITH, HAM JTOCTYII-
Ha IpsiMasi paboTa ¢ yKa3aTeJsIMU, YTO TOXKE II0Apa3yMeBaeT HAJIu4Ine HaMsITH B
bomnneiiManOBCKOM CMBICTIE, 1a U Takas (HbIHE yzKe COBCEM IPUBBIYHAS TUTATE-
JIO) Belllb, KAK IPUCBANBAHKE, €CJIU IPULJISIIETHCs, 00YCJIOBICHA UCIOIb30BAHUEM
Mammuubl o Heiimana kak 6a30BOTO BBIYUC/IUTEIA.

HuskoypoBHeBoe IporpaMMUPOBAHNE MIOAPA3YMEBAET, 9TO B IIPOIECCE CO3IaA~
HUd OIpOorpaMMbl Mbl HE TOJIBKO IIOMHHM, KaK YyCTPOE€H KOMIIBIOTED, HO U aKTUB-
HO WCIIOJIB3YEM 9TO 3HaHWe, ITOOBI CIIeJIaTh IporpaMMy p@eKTUBHEE U Pac-
MAPUTH €€ BO3MOYXKHOCTU. KCJIM TOBOPUTH O «CHUCTEMHOM IIPOIPAMMUDPOBAHUNY,
TO OOBIYHO IO TAKOBBIM ITOIPA3yMEBAIOT CO3/AHUE IIPOrPaMM, KOTOPBIE OyIyT
006C/IyKMBaTh JIpyrue IporpaMMbl. Hade roopsi, cucTeMHBIE IPOrpPaMMbl Ha-
MPSIMYIO HE TPEeIHA3HAYEHDI IS PEIeHnsT IPOoDJIeM, UMEIOIMUXC Y KOHEIHOTO
[I0JIb30BaTeE I, TO €CTh TAaKUX IIPOOJIEM, KOTOPBIE CaMu 110 cebe He CBSI3aHbI C KOM-
MIBIOTEPOM; IIPEeIHA3HAYMEHNE CUCTEMHBIX IIPOrPpaMM CKOPee B TOM, UTOOBI yIIPO-
CTUTDH >KHU3Hb IMPOIPAMMMCTAM U IIPOYMM KOMIIBIOTEPHBIM ITPOMECCHOHATIaM — C
UX TOMOIIBIO 00CAYHCUBAIOM OPY2UE NPOPAMMDL U CAMU KOMINBIOMEDDL.

31ech ciieayer OTMETUTD JIBa MOMEHTa. Bo-epBbIX, mporpaMMbl, 00CTyKIBa-
Io1npe KOMIIBIOTED, B 6OJ'[bHII/IHCTBe CJIy4daeB JTOJIZKHBI 6bITb HaIIUCaHbI C yqéTOI\/[
TOr0, KaK 3TOT KOMITBIOTEP yCTPOoeH. Bo-BTOPBIX, OT TOro, HACKOJIBKO 3 PeKTrB-
HO HallCaHa CHCTEeMHad IIporpamMmMa, MO2KET 3aBHCETH Ka1deCTBO pa6OTI)I MHOI'uUxX
MIPUKJIAHBIX ITPOrPpaMM, & WHOIJIA U BOOOIE 6cer — KaK B CJIydae C dJPOM Olle-
PAIMOHHO# CHCTEMBI, KOTOPOE, KOHEUHO, TOXKE IIPEJICTaBJIsIeT COOOU CUCTEMHYIO
IPOrpaMMy; HY a J0OUTHCS BBICOKON 3((PEKTUBHOCTH, HE YIUTHIBAS YCTPOWCTBO
KOMIIbIOTEPA, IPAKTHIECKH HEBO3MOXKHO. IlosTOMy dYallle Bcero CUCTEMHOE IIPO-
rpaMMHUPOBAHUE TIOIPA3YMEBAET, 9TO paboTa OyIeT IPOXOINTh Ha HU3KOM YPOBHE.

B obsractu npuxaadrnozo npozpammuposarus Bcé He Tak kéctko. [Ipu
CO3JIAHUY TPUKJIAIHBIX IIPOrPAMM 3a9aCTyI0 3 PHEKTUBHOCTD TPOIPAMMBI — CKO-
pocTb €€ paboThl /WM KOJMYECTBO 3aHUMAEMON €10 MaMSTH — OKA3bIBAETCsI
Cba,KTOpOl\l HE CTOJIb BazKHbIM, KaK TPYJI03aTpaTbl Ha CO3JaHUE IIPOI'PaMMbI UJIN,
CKaykKeM, BpeMsi, KOTOpOe IIPOXOIUT OT Hadaja pa3pabOTKU [0 IOsIBJIEHUS] TOTO-
BOI'O MHCTPyMeHTa. BoJibiiie Toro, B psie ciydaeB 3pdHEeKTUBHOCTD 110 BPEMEHH
BBIIIOJTHEHUsT BOOOIIE HUKOT'O HE BOJIHYET: HAIIPUMED, IPOrpaMMa, BEIyINas JIha-
JIOT C IIOJIb30BaTeIeM, OOBLIYHO HE MOXKET «II€PETOPMO3UTDL» ITOJIb30BATEIS, JIAXKe
ecJIM OHA HANMCAHA KakK ITONaJo (BIIPOYEM, 9TO COBEPIIEHHO HE MOBOJ[ IHCATDH
IPOrpaMMbl KaK HOIAJIO).

Tak wian mHAYe, B IPUKIATIHOM IpOrpaMMUpPOBaHuUN TpeboBaHMs K 3hdek-
TUBHOCTH IPOI'PAMM B CpPEIHEM HE CTOJIb KECTKHE, KaK B IIPOrPaMMIPOBAHII
CHUCTE€MHOM, TaK YTO IIPOrpaMMHNCT MO2KET ITO3BOJINTH Ce6e OTBJIEUbLCA OT MbICJE
006 ycTpoiicTBE KOMIILIOTEPA, ITOOBI COCPEIOTOUNTLCA Ha TOM, KaK IIPOIIe, KOPO-
e nIn IMOHdATHEe BOIIJIOTUTHL B BUJE IIPOI'PaMMbI CBOE npeJjacTraBJIeHue, 9T1d ITA
porpaMMa JI0JIZKHA JIeJ1aTh. MBIILIeHe BRIPHIBAETCSI Ha CBODOIY M3 TEXHOJIOIHU-
YeCKOil KJIeTKHU, TIOCTPOEHHOI 13 ocobeHHOCTel MarmuHbl (hoH Helimana, n Bckope
IIOCJIE 9TOTO MBI C YIUBJIEHHEM 00HAPYKUBAEM, UYTO O IPOTPAMME MOXKHO JyMams
no-dpyzomy.

Becwb Tpermit (I/I HocneﬂHm‘/’I) TOM HAaIlleil KHUTH Oy/IeT MOCBAIIEH TaK HAa3bIBae-
MBIM NaPadu2mam NPospamMMupo8aHUSs,, HATMHAS C THIIEPIIONY/IsiDHOTO HBIH-
qe 068eKMHO-0PUEHTUPOBAHHO20 NPOPAMMUPOSAHUS U 3aKAHINBAT Ta-
KMMHI 9K30THUYECKMMU MOJEJISIME, B KOTOPBIX, HAIIPUMED, IPUBLIYHBIE HAM I€pe-
MEHHBIE HE NMEIOT HUYETrO onero C O6J'[aCTHI\/H/I IIaMdATU, & TO U BOBCE Ky/I1a-TO
MCYe3ai0T; Mbl YBUINM, UTO IIPOrPaMMHPOBATL MOXKHO 0Oe3 IpucBamBaHuii, 6e3
[MKJIOB, & caMa IIPorpaMMa COBEPIINEHHO He 00s3aHa ObITH MTOCIEI0BATEIHHOCTHIO
IIPUKA30B, K Y€MYy MbI YK€ YCIIeJIN MPUBBIKHY Th.

Boi1o 6b1 ommbKOM 3asBUTH, YTO MHOrooOpasne mapaaurM IIPOrpPaMMHUpPOBa-
HHUSI MOXKET CyIIEeCTBOBATDH JIUIb B IMPUKJIAIHOM IIPOrpaMMHUpOBaHuu. Panee Mbl
aKTUBHO HCIOJJIb30BAJIN PEKYPCHIO, KOTOpasi IpecTaBisieT coboi XpecToMaTHi-
HBIH IPUMEP YaCTHON mapaanrMbl. M3ydas KOMIIbIOTEpHBIE CETH, MBI TP CO3/1a~
nnn TCP-cepBepa CTONKHYJINCH C COOBIMUTHO-YNPABAAEMBIM NPO2PAMMU-
posaHueM U TPOTPAMMUPOBAHNEM B TEPMUHAX ABHBIX COCTOSHUI; 9TO TOXKE Ia-
paJaurMbl, HO Gojiee 0bIIMeE, CIIOCOOHBIE OXBATUTH BCIO IIPOIPAMMy, & He KaKOH-To
eé ormenbHbI PpparMeHT. OTAEIBHYI0 YACTh HAIIEll KHUT'U MbI ITOCBSITHJIA T1G-
PAAAEABHOMY TLPOPAMMUPOSAHUIO; XOTsI MbI U IBITAINCH YOETUTh IUTATEIST
OTHECTHCH K COOTBETCTBYIOIIMM WHCTPYMEHTaM C OCTOPOXKHOCTBIO M BOODOIIE T10
BO3MOKHOCTH HE€ MPUMEHSITh UX, IPUXOAUTCHA MMPU3HATH, 9TO, HAIIPUMED, B SII-
pe OIepaImOHHON CUCTEMBI TIapaJIIeIbHOE IIPOrPAMMUPOBAHNE COBEPITEHHO HEN3-
0eXKHO — U, KCTATH, MMEHHO 10 9TON MPUYINHE MBI PACCMATPUBAJIA €0 CTOJIb IO~
JPOOHO, TIPezK/Jie YeM mepeiiTu K OIMUCAHUIO BHYTPEHHET0 yCTPoiicTBa sapa. Mex-
JIy TeM TapaJijieIbHOe TPOrPAMMUPOBAHNE — 9TO TOXKE, HECOMHEHHO, apaIurMa,
BeJIb OHO TPebyeT COBEPIIEHHO 0COOOTO CTHUJIST MBIILICHUS.

Kak ™Mbl yBuIuM 9yTh MMO3Ke, JarKe TaKue MOXOXKWE JIPYT Ha JIPyra s3bIKQ
nporpamMupoBanust, Kak Ilackaas u Cu, Ha caMOM jiejie BO MHOIOM PE3KO OT-
JIM9Ial0TCdA JPpyTr OT ApyTra CBOUM BJIMAHUEM Ha MBINIJIEHUE IIPOTrPDaMMUCTA. TeM
He MeHee B CHUCTEMHOM IIPOIrPaMMHPOBAHUU BHIOOD IapanrM BCE YK€ OrpaHu-
YeH TPeDOBAHUSIMU, MPEAbIBIIeMbIMU K Iporpammam. lIpukiannbie 3a1adu B
9TOM ILJIaHE HAMHOI'O M#Arde, a IPUMEHEHHe SK30THIECKUX MapaIurM U sI3bIKOB
[IPOTPAMMUPOBAHKS B HEKOTOPBIX CJIyUYastX CIOCOOHO JOBOJIBHO 3aMETHO CHU3UTH
TPY/I03aTPATHI.

Kpowme Toro, msydenue ajibT€PHATUBHLIX CTHUJIEH MBINLJIEHUS CIIOCOOCTBYET
Pa3BUTUIO MO3Ta B HY2KHOM HAITPABJIEHUN W HOBBIMIAET OOIIYI0 TMOKOCTH WHTEJI-
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JIEKTYAJILHOI'O allllapaTa, 4TO IEHHO CaMo IO cebe, Jayke ecju odepeiHasl OCBO-
€HHas MapajurmMa He OyIeT IPUMEHAThCA Ha NpakTuke. Tak Win mHade, yMEHUE
OCMBICJIMBATD OIHY U Ty K€ IPo0JIeMy PasHbIMHU CIOCODAMH OKA3LIBAETCS OUYEHb
IIOJIE3HO U TIOBBIIIAET OOIILYIO IIEHHOCTH CIIEIUAINCTA eJIBa JIM He B JI000i obJracTH,
a B IIPOrPaAMMUPOBAHIY, [TOXKAJIYii, 0COOEHHO.

9.1.1. TepmuHOJIOTMYECKUE TPY/THOCTU

C TepMUHOM <«IapaUrMa MporpaMMUPOBAHUSI> MBI y2Ke BCTpedIanch. Brep-
BbIE 9TO CJIOBOCOYETAHNE TIOSBUJIOCH €IIE BO BBOJHON wacTh (cM.T. 1,§1.3.7); Tam
2Ke OBLIIN YIIOMSIHYThI (PYHKUUOHAABHOE TLPO2PAMMUPOSAEHUE , JeKAAPAMUB-
HASA CEMAHMUKG, 00BEeKIMHO-0PUEHMUPOBAHHOE NPO2PAMMUPOBAHUE T,
HaKOHEIl, UMNEPAMUBHOE NPOPAMMUPOSAHUE, KOTOPHIM MbI, COOCTBEHHO I'O-
BOps, N0 Ceil NOPbI U 3aHUMAJINCD.

Vaxe Bo BTOpoM ToMe, obcyxkas B §5.1.5 dunocoduio Unix, Mbl yIIoMsHYIH
«YHUBEPCAJBHYIO ITapaurmy “Bcé ecTh HOTOK 0aitToB > ; BiipoueM, n Unix-way Kak
11eJI0€, U OTJIeJIbHBIE €r0 COCTABJISIONINE TOXKE BIIOJIHE MOXKHO PAaCCMaTPUBATh KaK
MapaIurMbl, XOTsI U HE BCETJIa UMEHHO KaK TapaJIurCMbl Npo2pamMMUupO8aHULL, — TaK,
MIPUHITATT «KazKasl TPOrPaMMa JOJKHA PeIIaTh OJHY 3aJ1a4y, U PEIIaTh €€ X0po-
II0» OTHOCHUTCSI CKOPee K MPOEKTUPOBAHUIO IIPOIPAMMHBIX KOMILIEKCOB, HEXKEJIN
K IIPOIECCY CO3IAHUS CAMUX IIPOTPAMM.

N3 cocrapisitonux nonsitust Unix-way cTouT OCOOEHHO BBIIEJIUTDH IIPUHITHIL
«BCEé ecTb TeKcT». CBOMCTBA Mekcmoeo2o MpeICTaBIeHus] IIPOU3BOIBLHON HHEMOD-
Mallid U KOHIIENTyaJbHbIE OTJUYHMSA 9TOrO IPEICTABIEHUsS] OT BCEX OCTAIbHBIX
(6bunaprvir) MBI paccMarpuBasn emé Bo BBogHoN dactu (cm. §1.4.6). TToxkasnyit,
CcTpeMJIEHNE IIPEICTABISITEL B BUAJIE TEKCTA JIFOOYI0 HHPOPMAIINIO, 38 NCKIIOUEHIEM
TAKOI, JjIsi KOTOPOI 9TO IpeJICTaBIeHIe COBEPIIIEHHO HGECCMBICIIEHHO (IIOCKOJIbKY
BCE paBHO He caejaeT (POPMAT IMPUIOIHBIM JJIsi 9ejIOBeKa; 9TO OonndpoBaHHAS
aHaJoropast nHMoOpMalus Bpojae doTorpaduil, ayamno n BUILO, a TAK>Ke MAIIMH-
HBII KOJI, C2KaThle JaHHble U 3amudpoBaHHas HHMOPMAIIUs ), TOXKE CJIAyeT CUu-
TaTh MaPaIUrMOil, XOTsI M HE COBCEM IApaJIUTIMOil ITporpaMMupoBanusi. Eein Tak
MOKHO BBIPA3UThCS, TEKCTOBBIE JaHHBIE — 9TO 0c0o0ast B CBOEM POJIe ITapaurma
KOMIILIOTEPHOI'O IIPEeACTAB/ICHU NH(MOPMAIUH.

[Tosnmee, B §6.4.7, TepMHUH <«IapajurmMa» ObLI MPUMEHEH K cobOwbimudi-
HO-YNPABAAEMOMY CIIOCODY TOCTPOEHUsS IPOrPAMMBbI, IIPA KOTOPOM, KaK MbI
[IOMHHUM, B IPOIPAMME MMEETCs] 2AG8HbIU UUKA, OHA €0 UTepalus COOTBET-
CTBYeT HACTYILIEHUIO HEKOEI'O COOBITHS M3 OIPEeAeIEHHOIO MHOYXKECTBA, & Bce Jeii-
CTBUA IPOrpaMMBbI IMIOCTPOEHBI KaK peakKIud Ha CO6bITI/Ie; caM IJIaBHBINI ITNKJI
(TouHee, €ro TeJI0) JIEJUTCS HA JIBE CTAINU: 8bl00pKa cobvimus u obpabomxa
cobvimus.

Best wacrs VII mameit kauru 6pl1a mocBsIeHa NAPAALEABHOMY NPO2PAM-
MUPOBAHUIO, XOTS C €70 JIEMEHTAMHU MbI CTOJIKHYJINCH PAHBINE — IIPU U3y YCHUH
yipasjierns mporeccamu. [lapasiiebHoe MporpaMMUPOBaHIE TOXKE OOBITHO CUH-
TaeTcs MapajurMoi, XOTs BO BTOPOM TOME MbI 9TOTO HE CKAa3aJjii; B KadeCTBe
OTJEIBHOM HapaurMbl MOXKHO YIIOMSIHYTB U PabOTy C pPa3deasembimu 0aHHbL-
MU — U 9TO MMEHHO OTHEJbHasl MMapajurMa, XOTd W CBA3aHHAasl C Iapajiieiib-
HBIM IIporpaMMmupoBanueM. /lesio B ToM, 9TO mapaJiiebHOe MPOrpaMMUPOBAHIE
KaK TaKOBOE MOXKET IIPOMCXOMUTh U 0e3 pas3iesdeMbIX JaHHBIX — HaIPUMEp, eC-
JII TIporpaMMa 3allyCTUT HECKOJIBKO MapaJlIesIbHBIX ITPOIECCOB, KOTOPhIE OYIYT
TPYAUTHCS HAJL OTHON 3a1adeil, HO OOIIATHCS IIPU 9TOM CTAHYT Y€pPe3 COKETDHI HJIN
KAHAJIBI; B sI3bIKEe DPJIAHT MAapaJsijieJIbHOE IPOTPAMMUPOBAHIE CIUTAETCS OCHOBHOIM
apaurMoil, HO Pas3/Ie/IgseMbIX JAHHBIX TaM HET W ObITh HE MOYKET, IIOCKOJIbKY HET
rI00aIbHBIX TIepeMeHHbIX. C JIpyTroil CTOPOHBI, €C/IN pas3jiesisieMble JTaHHble HAXO-
JISITCS HEe B ITaMsATH, a B ¢aiiylax Ha JUCKe, U JTOCTYII K HUM UMEIOT He HECKOJIbKO
IIPOIECCOB, OTHOCAIIUXCSI K OJIHON MporpaMme, a HECKOJbKO HE3ABUCUMbBIX ITPO-
rpaMM — TO HE O KaKO# IapajanrMe MapasiieIbHOTO MPOrPAMMUPOBAHUSA Pedn
yke He nAeT. Takmm obpas3oM, 9T JBe HapajurMbl — IapaJlIeJbHOEe IIPOrpaM-
MUPOBaHIe U pa3jesseMble TaHHbIE — BIIOJIHE CIIOCOOHBI CYIECTBOBATH JPYT Oe3
apyTa.

MoxkHo emié mob6aBUTh, YTO HEOIHOKPATHO UCIIOJIb30BABIIAsICA HAMU PeKYyp-
CUs, — 9TO TOXKE MMapaaurMa, X0Ts U HECKOJIBKO JPYTOro copTa; IpobJieMa B TOM,
YTO BCE 9TO HE CJIUIIKOM MPUOJMKAET HAC K OTBETY HAa OIUH IIPOCTOH BOIIPOC:
a WMo maxoe, COOCMBEHHO 2060PA, «NAPAOULMA NPOPAMMUPOSaHUL»T 3 KoH-
TEKCTOB, B KOTOPBIX MBI paHee YIIOMUHAJM STOT 3araJ0IHbIil TEPMUH, MOYXKHO JO-
raJIaThbCsl, 9TO IPU HAJMYUN TPUHINIHAJILHO PA3HBIX CIIOCOOOB PEITeHUsT OIHOMN
U TOH 2Ke 3aJa4uu TJe-TO PSIOM C 9THMHU CIIOCODAMHU KaK pa3 U PACIOIArarTCst
MapaaurMbl; OOJIBIIIE TOTO, CYHMIECTBYIOT SI3BIKH ITPOIPAMMUPOBAHUS, COBCEM HE
[IOXOXKHE Ha Te, YTO MBI PACCMATPUBAJIN JI0 CHX IIOP, ¥ OHU TO JIU CTUMYJIUPY-
IOT UHbIE CHOCO6BI MBIIIJICHU A, TO JIN Tpe6yIOT OT IIporpaMMucCTa yME€Tb MbBICJINTDH
WHaYe, U 9TO TOXKE MMeeT OTHOIIEHNE K mapaaurMaM. Bcé 3To Tak U ecTh, HO KOJIb
CKOPO MBI cOOMpaeMcsi Ha HEKOTOpOe BpeMsl (/[0 KOHIa KHUIHM) CJeaTh Napa-
JUTMBI IIPOrPAMMUPOBAHNS IIPEIMETOM U3y YEHUsI, CTOUT, [T0-BUINMOMY, BCE-TAKU
IIOHATD, 9T1d K€ 3TO 34 apeaMeT, 1 CMyTHBbI€ OHUIYIICHUA N3 CEPpUN <«TAe-TO TaM
PsIIOM» HaC HE yCTPOST.

PaccmarpuBast TepMuH «IIapajurMma IporpaMMUpPOBaHusy 0oJiee BHUMATEIb-
HO, MBI MOXKeM OOHapy?KUThb, ITO JarKe CPEeId aBTOPOB, IMOCBATUBIINX IaPaINT-
MaM ITPOrPAMMUPOBAHUS CTATBU U MOHOT'PAMUU, HET YBEPEHHOI'O COTJIACHST B TOM,
9TO CYNTATH MapaIuTrMaMi, a 9TO He cuuTarh. lak, Pobepr PDmoiim B cpoeit
JIEKIMK |2| HA3BIBAET B KauecTBe IPUMEPA MapaJUrMbl XOPOIIO U3BECTHOE HaM
cmpykmyproe npoepammuposanue (cm.T. 1, §2.4.1); npu 3TOM Apyrue aBTOpbI
(cm., Hapumep, [4]) npeanoYnTAIOT CIUTATH, UTO CTPYKTYPHOE MPOrPAMMUPOBa-
HUE K YUCJIy MMapajurM IPOrpaMMUPOBAHUs HE OTHOCUTCHA. FICHO, UTO O cmpozom
onpedeseHuu TAKOTO TEPMUHA U PEYH ObITH HE MOYKET, XOTS MHOTHE aBTOPbI TAKIE
OIIpeIeJIeHUsT aBaTh MBITAINCEH. [1oyIuIoch, IpsMo cKaXkeM, Tak cebe: olpeie-
JIEHWSI, B3sIThIe U3 PA3HBIX paboT, IPOTUBOpEYaT JAPYT APYTY, U BIOOABOK MOHSITH
nx (HpaKTI/I‘{eCKI/I BCQ) MO2KHO pa3Be€ 4YTO y2Ke 3Had, 9TO TaKoe ITapa/urMa.

Yacro (1 OTHIONb HE TOJIBKO B MPOrPAMMUPOBAHUN) PEIIUTH TPOOJIEMY II0-
MOTaeT OOCYKJIeHIE, OTKY/Ia OHa B3sJIaCh U 3a4em €€ HY»KHO pelraTb, TO eCTb
9TO MBI MOJIYIUM, PEIuB pobJIeMy, Un Ke, K IIPUMEPY, ITO HaM MeIIaeT OCTa-
BUTBH IIpobjeMy 0e3 perienusi. I[lompobyeM Tak MOCTYINTD W MbI: IOIBITAEMCS JJIsT
Ha4daJla IIOHATDH, II0 KaKUM TaKHM IIPpUYUHaM MBI HE MOXKEM J1aJiee O60ﬁTHCb 663
3araJ0IHOrO CJIOBA «IapaJurMay U 9TO OHO HAM IACT.

9.1.2. ITapagurMmbl BHE IIPOrpaMMUPOBAHMS

CJ0BO «IapajurMas 3auMCTBOBAHO M3 IPEUECKOTO sI3bIKA; OPUTHHAIBHOE I'pe-
YeCcKoe TaPQdELY i MOYKHO TIEPEBECTH KaK npumep WIn Modeib, HO HU TOT, HU
JIPYTOii MepeBoj| He MepesiaéT HACTOSAIIErO CMbIC/A (YTO W MOHSITHO: WHAYE 3a-
JeM HaM I[OTpebOBajIoCh Obl CJIOBO «IIapaJurMa» B PYCCKUX TEKCTaxX, & PaBHO
u B aHrniickux). CBOUM COBPEMEHHBIM 3HAYEHUEM B HAYIHO-TEXHUYECKOM KOH-
TEKCTe TEPMUH <«IapajnrMas obs3aH, mo-suaumomy, Tomacy Kymy m ero kmmre
«CTpyKTypa HaydHBIX peBOJIIONUil» [5], Te mapajurMamMu Ha3bIBAJUCh yCTOSIB-
MITHeCsT CUCTEMBI HAYYHBIX B3TVISIOB, B pAMKaX KOTOPBIX BEIYTCS MUCCJICTOBAHUSI.
Cornacuo KyHy, B miporiecce pasBuThsi Hay9IHOM JIMCIUTIIAHBI MOYKET TPOU30HTH
3aMeHa OJTHOH MapaUTMbI Ha PYTYIO — KaK, HAITPUMEp, TeOIeHTPIIecKast Hebec-
Has MexaHuka [ITojeMest CMEHIIIACH TeJTMOTIEHTpUYIecKoii cucremoiit Komepruka, a
Teopust (PJIOTHCTOHA YCTYIIUJIA MECTO COBPEMEHHON HEOPIaHUIECKON XUMEH, OCHO-
BaHHON HA OKUC/UTENBHBIX U BOCCTAHOBUTEIBHBIX PEAKITUAX, — IIPU 3TOM CTapast
apaurMa mpoJjIoJzKaeT eI HeKOTOPOe BpeMsi CyIIEeCTBOBATE U JaXKe Pa3BUBATH-
Cs1, TIOCKOJIBKY €6 CTOPOHHUKM T10 T€M WJTM UHBIM MPUIMHAM HE MOTYT WU HE XOTSIT
epecTpanBaThes JJist paboThl B APYroi mapaurMe.

JlocTaTouHo MOMYISIPHO COBO «IMApaJnTMay U Y TYMAHUTAPUEB, B OCOOEHHO-
CTU y TeX, KTO PACCYKJAET O UeTOBEUECKOM OOIIECTBE U MPOIEccax B HEM: TUTA-
TeJIb HABEPHSIKA CMOYKET MPUIOMHUTD, UTO CJIOBOCOYETAHWE «CMEHA TTapaIUTM»
B NPUMEHEHUU K COIUAIBLHO-TIOJUTUYECKUM SIBJIEHUSM €My He Pa3 IMOMaIaioCh.
OTMeTnM, ITO OPATOPBI, 3aABIAIONINE C PAZHOOOPA3HBIX TPUOYH O «HA3PEBIIEit
HEOOXOJIUMOCTH CMEHBI TIAPaJINTM», JAJEKO He BCErjia CaMU MOTYT OObSICHUTH, O
16M, COOCTBEHHO T'OBODsI, UIET PEYb.

BuuMaTeIbHO paccMOTPEB BCEBO3MOXKHBIE KOHTEKCTDI, B KOTOPBIX aBTOPHI Ca-
MBIX Pa3HBIX TEKCTOB YIOTPEOJAIOT CJIOBO <«IAPAJNIMa», Mbl MOKEM 3aMETHUTD,
9TO pedb B OOJBITMHCTBE CIYYIAeB UIET HE O KAKUX-TO OOBEKTUBHBIX SIBJICHU-
SIX, & O PASAUMHHIE CNOCOOAT BOCHPUAMUAL HEA0BEKOM (A100bMU) 00H020 U 020
oce agaenua. CMeHa HAyIHBIX TapaaurM mo KyHy — 9T0 MOCTemeHHbIi mepexo;t
0T OJHOTO NO/X0Ja (0ObsICHEHUsI OOBEKTUBHO CYIIECTBYIOMIErO BJICHUSI) K JPY-
TOMY TIOJIXO/LY, OOBSICHSIONIEMY MO JiCE Camoe AGAenue, HO Aywwie (B TOM WJIH
UHOM cMbicsie). Korya ke Mbl CJIBIIIM O «CMEHe MAPAIUrM» OT MOJUTHKOB, 00-
MMECTBOBE/IOB U M2Ke C HUMHU, Pedb, KaK MPABUJIO, AT O TOM, ITO HY?KHO KaK-TO
TO-HOBOMY OCMBICJIUTD MPOUCXO/IsIee B OOINECTBE, MOJBEPTHYTH PEBU3UU CBOU
(mosmruyaeckue nim dbusocodekue) B3IIsAAbl Ha COIMUATBLHO-9KOHOMUYECKUE Pea-
JIMH, TOCKOJIBKY CTAPBI BAPDUAHT MBIILJICHUS HAC (MM «UX», UK €I¢ KOro-To)
110 TOW MJIM APYTOH IIpUYMHE YCTPAUBaTh IIEPECTAal.

Kak MBI yBrauM mo3aHee, MOHMMAHHUE <PA3JIMYHBIX MAPAIUTM» KaK pa3Auy-
HOLT NOOT0J06 K OCMBICAEHUIO (YeA08EKOM) 00HO20 U MO0 dHCe ABAEHUA TPAKTH-
YeCKM MIEATBHO MOIXOMNT K CIYUIAi0 WHTEPECYIOMNUX HAC Napaduzm npo2pammu-
POBAHUA, TAK YTO UMEHHO TOT BAPUAHT OOBSICHEHUSI CMBICJIA CJIOBA <«IapPaJINAT-
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May MbI 1 3aPUKCUPYyEM B PO/ pabodero; HO, IPeK /e YeM BEPHYTHCI K HAIIEMY
MPEIMETY — IIPOrPAMMUPOBAHUIO — IONBITAEMCS JJIs1 O0JIbINEl SICHOCTH IPUBECTH
HECKOJILKO OTBJIEYEHHBIX MIPUMEPOB MTapaurM, He UMEOIMNX K IIPOrPaMMUAPOBa-
HUIO HUKAKOT'O OTHOIIICHUSI.

[lepBoliit mpuMep HaBEpHsSIKA XOPOIIO 3HAKOM BCEM YNUTATEJIAM STONW KHUTH:
B €ro POJIM BBICTYIHUT <«IIKOJbHAs» (T.e. 3jieMeHTapHasi) reomerpust. V3BecTHo,
9TO TOYKH, MPIMbIE W IIJIOCKOCTA — IEPBUYIHBIE O0BEKTHI TPAIUIIMOHHON €BKJIU-
JOBOI T€OMETPUH — IIPEIACTABIIAIOT CODOI OTBJICUEHHBIE aOCTPAKIIUNHT, HE NMEIOIIIe
HUKAKOIO OTHOIIIEHUSI KO BCEBO3MOXKHBIM PHUCYHKaM, 9ePTeXKaM U IPOIUM BU3Y-
AAU3AUUAM, KAK T HA0OOOPOT: KaK ObI MBI HA CTapaJIUCh N300pa3UTh «TOYKY» Ha
Oymare, JIOCKe WJIM JPYroM HoOcHUTejie rpadudeckoit nadopMaIum, moayIuTcs y
HaC HUKaKasl He TOYKa, & IsITHO, IPUTOM BCErJa MOXKHO I1000paTh JOCTATOIHYIO
CTEIICHDb YBEJIUUIEHUsI, YTOOBI 9TO ISITHO 0KA3a/I0Ch UMEIOIINM COBEPIIIEHHO HEeIpa-
BUJIbHYIO, TPyOyI0 POPMY; C IPSIMBIMHE JI€JI0 OOCTOUT €IME Xy2Ke, Bellb N300pa3uTh
OECKOHEUYHYIO INPsAMYIO Mbl HUKAK HE MOXKEM, KOTJIa 2Ke JIEJI0 JTOXOIUT IO ILIOC-
KOCTeit, JIIOObIe MJITIOCTPAIMA CTAHOBSTCS €Ié 0oJiee YCIAOBHBIMHE, II0JIArasiCh Ha
BooDOpazkeHue 3puTesis. 1aK Win mHavde, JIOKA3bIBaTh TEOPEMBI U PEeIIaTh 3aJ1adu
110 TEOMETPUM MOKHO, BOOOIIe TOBOPs, He npuberast HU K KAKUM PUCYHKAM, IJIsI
9TOrO JJOCTATOYHO UMETH (DOPMYJIHPOBKU AKCHOM U YMETH IOJIHL30BATHCS IIPaBUIa-
MM JIOTUKH; PUCYHKHU HY?KHBI JIUIIb JJIsT 00JIerIeHusT TOHUMAHUS ITPOUCXOISIIETO.
Berpeuarorcest, XOTsI 1 peJiKoO, JIIOIH, BOCIPUHIMAIOIINE T€OMETPUIO TOIHO TaK Ke,
KakK ajredbpy u MHOTHE JIPyTUe Pa3Ie/bl MATEMATUKH, B BUJIEe YTBEPK IeHuit u pop-
My — U 6e3 BCAKHX PUCYHKOB. II0CKOJIBKY pedb Ha caMoM Jiejie UAET 00 OIHOM
U TOM K€ IIPeMEeTe, MOXKHO CMEJIO 3adBUTh, IYTO paboTa ¢ 00bEKTAMU ITKOJILHOM
reoMeTpun 0e3 MPUMEHEHHsSI PUCYHKOB — 9TO HE 9TO WHOE, KaK napaduzma, Kax,
BIIPOYEM, [MAPAIUTCMON CJIEJIyeT CUUTATb U TPAMUITUOHHBIN MOIXO0M K T€OMETPUH,
MIPEITIOJIATAONINI UCIIOIH30BaHNE MILTIOCTPATHBHBIX U€PTEXKel U 9CKU30B.

[Ipu 60s1€€ BHUMATEIHLHOM B3TJIAIE HA BCE TY 2Ke MIKOJIbHYIO T€OMETPUIO MOXK-
HO OOHAPYKUTH, UYTO U C BU3yajusarmeil e€ oObeKTOB BCE HE TaK IMPOCTO, KaK
KaXKeTCsI: TOUYKH, IPSAMbBIE U IJIOCKOCTH KaXKAbII 9eJI0BEK Ha CAMOM JIeJIe IIPeICTaB-
JisteT Jts cebs mo-ceoemy. Tak, aBTOPY 9TUX CTPOK MPsSIMbIE BCETIa KA3AJIICh 9Ta-
KMMU IIOJBEIIeHHBIMIA B IIPOCTPAHCTBE «IIPYTHKAMU» KOPUUHEB020 UBEMA; IPU-
YUHOI TOMY CTaJjl UCIOJIb30BaBINuiica B 1mKose B 1980-e rojibl y4eOHUK reoMeTpHUH
[ToropenoBa, B KOTOPOM HJLIIOCTPAIIMH ObLIM HAlle9aTaHbl KOPHIHEBON KPaCKOI.
[TostygaeTcs, ITO KaXKAbIH, KTO UMEET JIeJI0 C 3JIeMEHTAPHOI reoMeTpueli, UCIIOo b
3yeT JIJIst 9TOTO, CTPOr0 FOBOPS, CBOIO COOCTBEHHYIO IMapaurmy. To ke caMmoe MOK-
HO CKa3aTh PO MHOTHE JIPYTHe TpeIMeTHbIe 00/IacTH; B3ATh XOTs Obl yKa3damenu,
Ha KOTOPBIE MBI TIOTPATHJIN TEJIYIO IVIaBy mepBoro toma (cm. T. 1, 1. §2.10).

Kak npasusio, mpu u3yvueHun Oo4epeHOr0 HETPUBUAIBLHOIO IPEIMETa YIeHU-
KaM IPUXOIUTCS CAMOCTOSITEIbHO M300PEeTaTh il HEr0 CBOIO CODCTBEHHYIO IIa-
pagurmy. B 60JbIIuHCTBE CiydaeB IIPU 9TOM HU CAMU YUYCHUKHU, HU UX YIUTEJIsI
TOJIKOM HE OCO3HAIOT, ITO Pedb 3/eCh U ceiiuac uaéT 0 POPMUPOBAHUU B MO3TY
06yJaeMOro HOBOM IapaJIUIrMbl, TAK 9TO YCIIEX 9TOrO IPOIECcca sl YIeHNKa OKa-
3bIBAETCs B OOJILIION CTEIEHU MPOAYKTOM BE3EHUSI, YIUTEIb K€ YIIOH00/IeTC s
JIEPeHIAPHOMY MHCTPYKTOPY II0 ILIaBaHuio u3 gApeBHeil CrapThl: 6epéM yUIeHnKa
U KHJaeM B BOJY, BBIILJIBIBET — MOJIOZEI, I€Jb JOCTUTHYTa, HY & YTOHET — U
9épT ¢ HUM. PUCKHEM 3asBUTDH, YTO XOPOIIUH yINTEb B OCHOBHOM OTJINYIAETCS OT
ILJIOXOI'0 UMEHHO CBOE CIIOCOOHOCTBIO OKA3aTh yUEHUKY JEeHCTBEHHYIO IOMOIIL B
GOPMUPOBAHUT TOIXOIAIIEN TTAPa AT MBI.

CrenaeM Tenepb HEOXKUJIAHHBIN (PUHT U 0OpATUMCS K ODJIACTH COBEPIIEHHO
WHOW, BOBCE HUKAK HE CBA3AHHOI HU C IIPOTPAMMUPOBAHUEM, HU C MaTEMaTUKON,
HU Jlayke (Ha [epBblii B3IJIs]) BOOOIIE ¢ HAYKOW — KATAHUIO HA TOPHBIX JIBIKAX;
KaK MBI CeiiIac yBUIUM, [Tapa UMbl — PEaJIbHOCTD BE3ECYIIasi, TOUHEee, OHU eCTh
Be3Je, Ille eCTh PeaibHOe sIBJIEHNE, KOTOPOE JIFOAU BBIHY>K/IEHBI OCMBICIUBATD.

Ecnu BHEUMaTE/NBHO [OCMOTpPETh Ha JIOJEH, 3aIllOJHUBIINX CKJIOH Ha
KaKOM-HUOY/Ib TOPHOJIBIZKHOM KypOpPTe, MOYKHO JOCTATOYHO JIETKO BBIJICJIUTD TEX,
KTO XOPOIIIO yMeeT KATaTbCd — MX CTONKA BBIVISIUT KPACUBO U HEIPUHYKIEH-
HO, KOJIEHI PACIIOJIOXKEHBI PSIJIOM, OTCYTCTBYIOT HEHYYKHBbIE IPOMO3IKUE TBUZKE-
HUSI BCEM KOPIIYCOM, IIPUCYIIUE, VBB, OOJILIMTUHCTBY T'OPHOJIBIXKHUKOB-/TI00UTE e
13-3a HEJIOCTATKA TEXHUIECKON moaroToBku. OCTaBUB B IMTOKOE CIIOPTCMEHOB U IIPO-
CTO OIBITHBIX TOPHOJIBIXKHUKOB, MBI MOYXKEM OOPATUTH BHUMAHUE, UYTO CPEIU BCEX
OCTAJIbHBIX, KATAIONINXCS «HEIPABUIbHO» U UMEHYEMbBIX B IIPOCTOPEYNN «IaiiHU-
KaMU», PE3KO BBIIEISIIOTCS T€, KTO HE IIPOCTO «HEIPABUIBLHO KATAETCA», & COBCEM
HE yMeeT 3TOro jiesiaTh. Jleno TyT jgake He B HAIIPSIKEHHON («ICPEBSIHHOI» ) T10-
3¢ U He B CYJOPOXKHBIX JBHUKEHHUSIX, XOTsI BCE 9T0 XopoIno 3amerHo. CyIecTByeT
OIMH TPUBHAJIBHBIN MPU3HAK, 10 KOTOPOMY MOXKHO OT/IHYIUTH COBEPIIEHHO 3€/16-
HOT'O HOBHYKA OT YEJIOBEKA, KOTOPBIA, XOTd U HE MMEET CepbE3HON MOJIrOTOBKU,
BCE K€ BCTAJI Ha, JILDKU JIAJIEKO He B 1epBbiit pa3. [Tompobyem ¢ aTuM pa3odpaThes.

[Ipu ciycke ¢ TOpBI Ha TOPHBIX JIBIZKAX €/1Ba JIM HE CAMOE BayKHOE — COXPAHITH
KOHTPOJIb 33 CKOPOCTbIO. Eciin HATpaBuUTh JILIKU BHU3 10 CKJIOHY U HE IIPEIIIPU-
HUMATb HUKAKUX JEeHCTBUN JJIsT TOPMOXKEHUs, JazKe Ha JOCTATOYHO MOJOTUX TOp-
KaX JIBRKHUK CTAHET OUYeHb OBICTPO Pa3TOHATHCH U YK€ Yepe3 HECKOJIbKO CeKYH]T
JIOCTUTHET TAKOW CKOPOCTH, MPHU KOTOPOHl HE CMOXKET COXPAHUTH CTabMIBLHOCTH
CBOErO JBMXKEHMS, IIE€pBasi »Ke caMasl He3HAYMTEe/IbHasd HEPOBHOCTb IPUBEIAET K
BeCbMa, 3PEJIUIHOMY MAJIeHUI0 ¢ (POHTAHOM CHEra, Pas3/IeTAONUMUCA B PA3HBIE
CTOPOHBI JIBIKAME M IIPOYNMH crerndddexkTamu.

N36exxaTh HEKOHTPOJIUPYEMOTO PA3TOHa, MOYKHO, €CJIU CITYCKATHCS 110 M3BUJIN-
CTOI TPaeKTOPHUH, Yepeys IpaBble U JIeBble BUPAXKU — 3TO IO3BOJIAET IIPUTOP-
MO3UTH U COPOCUTH U3JUIIEK CKOpocTu. I BOT TyT Mbl Kak pa3 mnoadbupaemcs K
TOMY, PaJH 9ero 3aTestin Bcé obcyxkaeHne. Konedno, HeoOXOAUMOCTD JBUKEHUST
3Ur3aroM CTAHOBUTCS SICHA KaKJIOMY, KTO BCTAJI Ha TOPHbBIE JIbDKHU, O€3 9TOTO CITy-
CTUTBCS C TOPBI BOOOIE HEBO3MOXKHO. 1Ipr 9TOM OT/IMYINTE «3€JIEHOTO HOBHUIKA»
OT IYCTb U <«YailHUKa», HO UyTh OOJiee MCKYIIEHHOTO B ITPOUCXOJIAIIEM, MOYKHO
N0 HANPABAEHUI 68324400 HOBUIOK BCETIa CMOTPUT TY/a ¥Ke, KyJa HallpaBJIeHb!
HOCKH €r0 JIbIXK, TOI/Ia KaK TOPHOJIBI)KHUK, YCIIEIITHO ITPEOJIOJIEBIINN CTaINIO TIep-
BOPa3HUKa, HALPABJISIET B3MVIS Ty/a, Kyda Touem nonacms — OOBIMHO BHU3 IO
CKJIOHY, & B ODIIEM C/Iydae Tya, Kyda OH ABUXKETCA Oe3 y4éma BUparKeil, Hy KHbIX
I oATOpMazkuBanus. HecoKHO 00HAPYKUTH, 9TO 3/1eCh TOXKE MMEET MECTO
cmena napaduemol: TIEPBOPA3HUK CUNTAET, YTO JIBUMKETCS «3MeHKO», Torga Kak
0oJiee ONBITHBIN JIBIRKHUK BOCIPUHUMAET BUPAXKUA BIPABO-BJIEBO KAK HEYUTO BCIIO-
MoOraTejbHOE, HE BJIAAIOIIEe Ha OCHOBHYIO TPAEKTOPHIO JIBUXKEHUST — IIPSIMYIO,
BEJIYIIYIO K IIEJIM, WIN IJIABHYIO KPUBYIO, OTHOAIONIYIO MPENITCTBULA. SICHO, 9TO
00 bEKTUBHOE SIBJIEHNE — CIIYCK C TOPBI — y JABYX PacCMaTPUBAEMBbIX CyOBHEKTOB
obIree, 1 OT CMEHBI HAIIPABJICHUS B3IVIIIA MELAHUYECKY BPOJE ObI HUYEro He Me-
HAETCS; OJJHAKO Ha CaMOM JIejie JIbIKHUK, N3MEHUB HAIIPABJIEHNE CBOETO B3TJIsIIA,
13 BCell MMEIOIIENCsI CKOPOCTH HAYMHAET BOCIIPUHUMATE B KAYECTBE «CBOEH» JINIIh
€6 TPOEKIINIO Ha BOOOPaXKaeMyIo TPAEKTOPUIO — BEIAYIIYIO IPIMO K €/ JTUHUIO,
BJIOJIb KOTOPOIl KaK pa3 W HaIpaBjeH B3I Kak HE CTpaHHO, KOHTPOJIUPOBATH
CKOPOCTH IIPU 9TOM CTAHOBUTCSA HAMHOIO IIPOIIE, & 320/lHO BMECTO MeJIbTEIICHUS
dbparmenToB OKpyKaroIero nefizaxka (HeM36eXKHBIX IPU MOCTOSTHHONW CMeHe Ha-
IpaBJIeHNs] B3IJIs/[a) JILIKHUK BUJIUT OOJiee-MeHee TIOCTOSIHHY 0 KAPTHHY CO BCEMU
[IPENSITCTBUSMH, KOTOPBbIE BCKOPE IPEIOCTOUT 00bE3XKaTh, W 9TO 100ABISIET €ro
JEUCTBUSAM CTOJIb BayKHOW yBEPEHHOCTH.

B 1mesom ropHbIE JIBIKE MOTYT CJIYy?KUTH IPEKPACHBIM IIPUMEPOM TOTr0, Kak
HebOoJIbIasT CO3HATEIbHAs MOMMUKAIIUST UCIIOIb3YeMOl apajurMbl («s ey He
3WI3aroM, a MpsIMO BOH TY/IA, & BHPAYKH TYT YHUCTO BCIIOMOIATEJILHBIEY ) MOXKET
06JIErYUTh >KU3Hb U HOBBICUTH 3(MPEKTUBHOCTD HAIIMX JAeHcTBUA. 3a0IHO MOXK-
HO IPOWJLIIOCTPUPOBATDL PA3HUIYY MEXKJIy OOBIYHBIM WHCTPYKTOPOM U TOPOULUM
UHCTPYKTOpoM. Ppasdy «B3IJIsiJ[ HAIIPABJIECH B JIOJUHY, IJIEYU Pa3BEPHYTHI BHU3
[0 CKJIOHY», Pa3yMeeTcs, MPOU3HECET 1000 MHCTPYKTOP, €CJIU OH XOTh UTO-TO
co0oii TIpeicTaBIIsIeET; HO PEJKUIl MHCTPYKTOP IIPU 9TOM €I U OOBSICHUT, 3auem
9TO HYXKHO — U €CJIU BaM JOCTAJICSI MMEHHO TaKOW MHCTPYKTOP, MOYKETe CIUTATD,
9TO BaM OYeHb KPYITHO ITOBE3JIO.

Bepuémcs k HamreMmy mnpeamery. TepMuH <IapajurMa IIporpaMMUIPOBAHIS»,
CylIisi IO BceMy, mepBBIM BBET Pobepr DJioii B yxKe yIIOMUHABIIEHCsT BBIIIE JIEK-
mun [2]. Cebutasice Ha Tomaca Kywna, @uoiin ormedaer, 4ro siBjeHue, 1mo700HOE
KYHOBCKOI CMeHe HayJHBIX MMapajurM, MOKHO WHOT/a HaOJIIOMATh U B IIPOrPaM-
MHUPOBAHUH, HO B OCHOBHOM ITapaJINT'MbI IIPOI'PAMMUPOBAHUS HE UCKJIFOUAIOT OTHA
JPYTYIO; HAIIPOTUB, OHU MOTYT COUETATHCs, 000TAIAsl THCTPYMEHTAPUN ITPOTrpaM-
MHUCTa: «Fcau npozpecc uckyccmea npozpammuposatii 6 Uesom mpedbyem nocmo-
AHHO20 UB0OPEMEHUA U YCOBEPWEHCTMB0B8AHUA Nnapaduem, — tuiner Do, — mo
COBEPUWEHCTBOBAHUE UCKYCCTNEA 0MIEALHO20 NPODAMMUCTIG MPebyem, wmobvl
OH PACWUPAN CEOT PENEPMYAD NAPAOULM>.

MoHO cYATATh, YTO HAIl TPETUH TOM, KOTOPBI# BBI ceiffdac yuTaere, IMeJIMKOM
MIOCBSIIIEH UMEHHO 9TOMY pacwuperuto penepmyapa. Octaéresi, BIpOvIeM, OMH BO-
IIPOC, Ha KOTOPBIA MBI HE CMOXKEM JATh OTBETA: €CJIM HAOOp HMapaurM, KOTOPBIMHI
BJIAJICET OTIEIbHO B3SATLIM MPOIPAMMIUCT, JOCTATOYHO IMUPOK, TO KaK BHIOPATH
HanboJiee TMOAXOISAILYIO TapaIurMy IJisi KOHKpeTHOH 3aaaun? OObeKTUBHOIO pe-
IIeHUsI 3/IeCh HET, BO MHOI'OM HCIIOJIb30BaHME TO, a He JAPYroil mapajgurMbl 3aBU-
CUT OT JIMYHBIX BKyCOB IporpaMmucra. C yBEpeHHOCTHIO MOXKHO CKa3aTh TOJIBKO
OJIHO: YeM JIydIlle Bbl OyjeTe yMeTh IepeKJII09aTh COOCTBEHHBIN MO3T C OJHOI MO-
JIeJIU Ha APYTYIo, ueM OOJIbIeil rTtOKOCThIo OyneT 00/1aJaTh BAIlle MBIIIJICHUE, TEeM
BBIIIIE BAIX IIAHCHI BHIOPATDH OINTUMAJIBLHBIN IIyTh peleHust J11s1 J1I000il BecTaBIeit
[epe/i BAMU TEXHUIECKON ITPOOIEMBI.
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9.1.3. O630p OCHOBHBIX CTHJIEli

Bce si3bikm mporpaMMupoBaHuUsi, ¢ KOTOPBIMI MBI UMEJIN JIeJI0 70 Cefl mophl,
OTHOCSITCSI K OOJIBITION IPYIIIe SI3bIKOB, HA3BIBAEMbBIX UMNnepamustuimu. Cosa-
Bas IPOTPAMMY Ha TaKOM SI3bIKE, Mbl OOBITHO IMIPEJICTABsIEM cebe e BBIIOTHEHNe
B HEKOIl «cpejie», B KOTOPYIO BKJIIOYAEM UMEIONINECs IepeMeHHbIe ¢ UX 3HAUYEHU-
siMu (MHAYe TOBOPsl, ONIEPATUBHYIO MAMsITh, TOUYHEE — €€ YacCTh, HAXOJSILYIOCS
B PACIOPsI?KEHUU HAIell TPOrPaMMBbI), & TAKKe BHEIHHE 110 OTHOIIEHHUIO K IIPO-
rpamMMe CYIIHOCTH, TaKhe KaK ITOTOKU BBOJA-BBIBOJIA, JIPYTUE BBIIOJIHSIONIAECS
porpamMMbl (IIPOIECCHI), 1@ U BOOOIIE BCE, HA YTO HAIA IPOIDAMMA MOXKET I10-
BJIUATH W 9TO MOXKET MOBJUATH Ha HeE; TaK, JJis IPOrPaAMMbI, BEIYIIEl UAJIOT C
MMOJIb30BATEJIEM, B COCTAB «CPEJIbI BBITIOJTHEHUS » TIOTAIA€T W CAM TOJTb30BATENb,
BeJIb BBITIOJIHSIIONIASICS ITPOTPAMMa, BO3IEHCTBYeT Ha HEro, BbIJaBasi COOOIIEHMUSI,
a TOJIb30BaTENb, B CBOIO OYEPE/Ib, OKA3BIBAET BINAHUE Ha BBITIOJTHEHUE ITPOTPAM-
MBI, BBOJIsI MH(OPMAIINIO C KJIABHATYPDI, HayKMMasl KHOIIKM U COBEPIasl JIPYyIHe
JeficTBUsI, KOTOpbIE HAIla MPOrpaMMa MOXKeT OOHapyKuTh. Korma mporpamma
yIIpaBJIsieT KaKUM-TO BHEITHUM OOOPYIOBaHUEM — Jia XOTb Obl JarKe M OCBEIEHU-
€M B KOMHATe€ — TO YaCTbIO CPE/bl BBLIIOJHEHUsI CTAHOBHUTCS 9TO 00OPYI0BAHUE
(B3aMMHOE BJIUSIHUE TYT OYEBUIIHO), U T. JI.

OupenesionumM Jijist KMIEPATUBHOTO IIPOrPaMMUIPOBAHUS OKA3BIBAETCSI HE Ca-
Ma 10 cebe cpejia BBINOJIHEHUs (B KOHIE KOHIIOB, OHA €CThb 6ce2dd, B KAKOM Obl
CTHJIe Mbl HU MHUCAJU [IPOIPAMMY), a CKOpee HEKOTOpbIe CBOHCTBA ITON CPEIbI.
[Tpex e Bcero, cpeda 6binosrerus Npopammvs 004a0aem COCTMOSHUEM, KOMOPoe
USMEHAEMCA C MeveHuem epemeny. BoT 3TO BOT U3MEHEHUE C TeUEeHUEM BpeMe-
HE MOXKET Ka3aTbCsl HAM cefidac (¢ BBICOTBI yKe MMEIOIIErocs OmbiTa) (hakToOpOM
OYEBUJIHBIM, TPUBUAJIBHBIM U JIaXKe He 3aC/Iy>KUBAIOIIUM BHUMAHUS, HO, KAK MbI
BCKOPE€ YBUINM, 9TO JIUIIb CUJIa MPUBLIYKH. BCIIOMHUM, 9TO IIPOTPaMMa BCETIa
peaju3yeT HEeKHil a.n20pumm, a aJI'OPUTM €CTh He UTO MHOE, KaK npeodpasosarue
UHPOPMAYUY, — U, TOBOPST CTPOKE, KAKMM-TO KOHCTPYKTUBHBIM 00pa30M 3a/1aH-
HOoe oTobparkeHue (B MATEMaTHYECKOM CMBICJIE) U3 MHOXKECTBA CJIOB HAJ| HEKHUM
36 PAHHBIM aJ(haBUTOM B CAMO 9TO MHOKecTBO . I1e 3/1eCh KaKIe-TO «I3MEHEHMUs
¢ TegerneM Bpemenns ! [Iporpammupys wa Ilackane, Cu un s3bike accembiiepa, MbI
qacTO 3a0bIBa€M O MATEMATUYECKON CYITHOCTU AJTOPUTMA, HO, KaK MOYKET yIKe
J0TaIaThCA YATATEN b, HE BCE A3bIKA TPOIPAMMUPOBAHUS UMIIEPATHBHBI — IIPOCTO
MBI TIOKa UTO JPYTUX HE BUIEJIN.

BosBpamasich K M3MEHEHHWIO COCTOSIHHsSI C TE€UYEHHEM BPEMEHH, MbI ODHAPY-
JKUBaeM, UTO OCHOBHAs YaCTh MHTEPECYIOMMNX HAC IPU HAITUCAHUU ITPOTPAMMBI
M3MEHEHHU IMPOUCXOIUT, UTO BIIOJHE OXKMJIAEMO, B pe3ysbrare delicmseutl caMoil
IIpOrpaMMbl — TO €CTb IIPOI'PAMMA, BBIOJIHSSICh, IIPOU3BOIUT JEHCTBUS, KOTO-
pble 4TO-TO TJie-TO (Ha CAMOM JieJie — KaK pa3 B CPeJie BBIIOJIHEHNs!) UMEHAIOM.
KirogeBoe cimoBo TyT — deticmeue; ecau Ke BCIIOMHHUTH, 9TO IIPOrPaMMa CaMa
cebsl BBINIOJIHATH HE YMEET, €€ BBIIOJIHAET TOT WJIH UHON UCNOoAHUmMers (B Caydae
KOMITHJIUPYEMBIX SI3BIKOB — I€HTPAJIbHBIN ITPOIECCOP, B C/IyYae HHTEPIPETAINT —
UHTEPIIPETATOP) — TO BMECTO JeHCTBHIH IIPOrPAMMBI Mbl OOHAPY KUBAEM JeHCTBHS
WCIIOJTHATEJIST, & CaMa IIPOrpaMMa OKa3bIBaeTCst HAOOPOM YKa3aHull, KAKNe MMEHHO
JefCTBUSL JIOJIZKHBI BBIIOJHATHCsI. COOCTBEHHO T'OBOPsI, UMEHHO KOHIIEIIINS NpPo-
2PAMMDL KAK HGOOPA, YKa3aHUT, NOOAEHCAULUT UCTLOAHEHUIO, TAET HASBAHIE BCEMY
CTHUJTIO: CJIOBO «UMIIEPATUB» MOXKHO CUUTATH CUHOHUMOM CJIOBA «IIPUKA3».

«IIpukaser» 9TH, KAK MBI 3HAEM, OBIBAIOT OYE€Hb PA3HBIMU: BBOJ, U BBIBOJ, MH-
dopMalny, BCEBO3MOXKHBIE CUTI'HAJIBI, YCTAHOBJIEHUE U PA3PbIB COeINHEHNI — Yero
TOJILKO PabOTAIOIIHIE TPOrPAMMBI HE JEeJIaI0T C TeM, ITO X OKPY2KaeT; HO, IT0XKa-
JIy#l, caMBbIM TPOCTBIM, OYEBUHBIM U IIPU STOM CAMBIM YaCTO BCTPEYAIONIUMCS
JeficTBIEM B MMIIEPATUBHBIX IIPOrpaMMaX OCTAETCA NPUCBAUBAHUE: €CTH HEKAasl
[IepeMeHHasi, B Heil HAXOIUTCs KAKOoe-TO 3HadeHue (BO3MOXKHO, HEOIpeIeIeHHOE,
ec/IM IepeMeHHasl TOJIBKO YTO IOSIBIJIACH), HO IIporpaMMa He obpalnaer Ha 5TO
3HaYEHNE HUKAKOIO BHUMAHUS, & BMECTO 3TOTO 3AHOCUM 8 MEPEMEHHYIO HOBOE
3Hauenue, TOIYTHO, padyMeercs, crupas (paspylias) crapoe. Ecam 3amarbcest
eJIbI0 OTHhICKATh O/IHY «CaMYIO IJIaBHYIO» OCOOEHHOCTH MMIEpPaTUBHO-
ro IIporpaMMHUpPOBaHUs, TO, HECOMHEHHO, 3TOIl 0CODEHHOCTBIO OKaXKeTCs
npucBanBaHUeE.

[TporpaMMucThl, KaK HaYUHAIOIINE, TaK U ONBITHBIE, YACTO HEJIOOIECHUBAIOT
[IPUCBAMBAHNE, BOCIIPUHUMAS €r0 KaK HEITO caMO CODO# pasyMeroIneecs; MexK Iy
TE€M MMEHHO 9TO MOHSITHE OKA3bIBAETCs MEPBBIM (U JIazKe, BOBMOYKHO, CAMBIM Ce-
PBE3HBIM ) BXOJIHBIM 6apbepOM Ha Iy TH HOBUYKA, PENIUBIIEr0 HAY YUThCsI IPOTPAM-
MHPOBATDH. BOJIBIIMHCTBO IPOTPAMMUCTOB IIPEOLIBAET B UCKPEHHEM HEIOYMEHUM,
KaK 3TO BO3MOXKHO — He IIOHSITh, UTO TaKOe IepeMeHHasI 1 UTO TaKoe IIPUCBANBa-
HUE; aBTOP 3THUX CTPOK HA OCHOBAHUU CBOETO ITPENO/IABATEIHCKOTO OMBITa I'OTOB
3aCBUJETEJILCTBOBATD, UTO 9TO JelicmeumenbHo O9€Hb TPYIHO HOHSITh YeJI0BEKY,
HE MMEIONEMY CKJIOHHOCTH K IIpOrpaMMupoBanmuio. MoXKHO mgaxke caenaTb 6ojee
CHJTbHOE YTBEpPKJIEHUE: OTJAEJBbHO B3SThII HOBUYOK JIMOO MOHUMAET IepeMeHHbIe
U IPUCBAWBAHUS CPa3y 2Ke, 6€3 KaKnux-aub0 00bsiCHeHUit, OO He MOHUMAET WX
BOBCE, BILIOTDH J0 IOJIHOW HEBO3ZMOXKHOCTH €MY 9TO-JIHO0 Ha 9Ty TeMY OObICHUTD.
[TpomerxkyTOUHBINT BapUaHT BUJA «CHAYAJA HE HOHSI, IOTOM OOBSICHUIN, U 5 I10-
HSLJT» BCTPEYAETCS HACTOJBKO PEIKO, YTO BIOPY YCOMHHUTBCS B €r0 BO3MOXKHOCTH:
HEMHOTOYHUC/IEHHDBIE CJIyIal TAKOTO PO/ MOYXKHO CIIMCATh HA TO, 9TO JUOO YIEHUK
OTBJIEKCS HA YTO-TO IIOCTOPOHHEE, KOTJIa €My PaCCKa3bIBAJIM PO IPUCBANBAHUE,
aubo yuuresb (WM KTO TaM BMeCTO Hero) GblI coBceM He B (hopMe — Kopoue
rOBOPsI, HA TO, YTO MOHUMAHNE C IIEPBOIO 00bsICHEHNS HE OBLIO JIOCTUTHYTO IUCTO
CJIyYaifHO, ¥ 3TO He ObLIO 00YCIOBJIEHO 0COOEHHOCTSIMU MBIIILIEHUS 00y IaeMOTO.

Kak mpaBumo, Korja BOBHUKAIOT CJIOXKHOCTH C TIOHUMAHWEM IIPUCBANBAHUS
(maxke ecii B UTOre OOBSICHUTH €r0 BCE-TaKU YIAETCs1), JAJbIIe TAKOMY YYEHU-
Ky OKa3bIBAETCs] HEBOBMOXKHO OObSICHUTD ITUKJIbI, 0COOEHHO BJIOXKeHHbIe. CyIst 110
BCEMy, TAaKHUM YYEHHKAM IIOIIPOCTY HE XBATAET BOOOPArKEHMsI, YTOOBI KAK-TO BHYT-
PEHHe BU3YaJM3UPOBATD NI CE0ST 8uINOAHEHUE NPOPAMMDL C TEYEHUEM BPEMEHU.
[IyTh B mporpaMMUpOBaHHE 3TUM JIIOJIAM, YBbI, 3aKa3aH.

BcemmoMmaNM Temeps, UTO mepeMeHHass — 9TO He UTO WHOe, KaK 00J1acTh MaMsITH,
BO BesikoM cityuae B [lackase u Cu (u, 106aBuM, B JIpYTUX UMIIEPATHBHBIX A3BIKAX
TOXKE), Hy a MaMsITh B TOM BH/JIE, B KOTOPOM MbI €€ 3HaeM — C siuefikaMu u ajpeca-
MM — OJIHa& U3 OCHOBHBIX OCOOEHHOCTEH KOHIIEIIINH, U3BECTHON KaK «MaIlnHa (DOH
Heiimanas. VMiiepaTuBHOE TPOrpaMMUPOBAHME YACTO MOITOMY HA3BIBAIOT (HOH-
HeUMAHOBCKUM; TICPBLIM (N, BO BCSIKOM CJIydae, OJHUM U3 IEPBBIX) TaKyIO
repMunosioruto npumenus Jxou Bakye [1].

Ctporo roeopsi, kKnaccuy4ecknii hoHHEMMaHOBCKUN CTU/Ib JOCTaTOYHO CUJIBHO OTNMYaET-
Cs1 OT COBPEMEHHOro. Tak, BObLUMHCTBO PpaHHNX BbIYUCAUTENbHBIX MALLMH HE NOALEP>KNBAIO
KocBeHHyto agpecaumto (cm. T. 1, §3.2.5); obpatueHue K anemMeHTaM MaccuBa Ha Takux Maluu-
HaX peasn30BbiBaNOCh CI'IOCO6OM, KpaﬁHe HEMPUBbIYHO BbIrNA4AWNM C COBpeMeHHOI7I TO4YKN
3pEHMs: NPOrpaMMa U3MEHS1a a4PEC ONEPAHAA B MALLNHHOM KOAE OAHOV U3 CBOMX CODCTBEH-
HbIX KOMaHJ, Nocje 4ero nepefasasna Ha 3Ty KOMaHAay ynpasieHue. [losTomy nporpamma,
KOTOpasi NPsSIMO BO BPEMSsI UCMOJIHEHMSI N3MEHSIET cama cebsi, Ha 3ape KOMMbIOTEPHON 3pbl
Oblna BNoAHe ODbIYHBIM SBIEHWEM, TOr4a Kak ceivac Mbl Obl HMYero nogobHoro caenaTb
HE CMOran, faxe ecnn 6b| XoTenu: npn pa60Te noA ynpaBiaeHMeM MysibTU3aAadHblX onepa-
LIMOHHBIX CUCTEM MaLUVHHBIN KO NpoLecca XpaHuTcs B 0bnacTv naMsaTu, KOTOPYHO MpoLecc
MOXET 4YNTaTb, HO HE N3MEHATL. MO)KHO OTbICKaTb N Apyrune Cepbé3Hb|e KOHUENTYyaNbHbIE
OT/INYUS, U B STOM HET HUYEro YANBMTESBHOIO: NPOrpaMMUPOBaHME KaK MPaKTMYECKast LUC-
LMNVHA CyLWecTBYeT yxxe bosiblie BOCbMUAECATH JIET, C TPUALATLIX FOA0B MPOLLJIOrO BEKa.

HensmeHHbiM B (DOHHEMAHOBCKOM MPOrpaMMUPOBaHNUKN OCTAETCSl OCHOBA: MEPEMEHHbIE 1
npucBamMBaHue.

JIoBOIbHO 9aCTO MOXKHO BCTPETUTH YIIOMUHAHUS NPOUEIYPHO20 NPO2PAM-
MUPOBAHUS, TPUIEM HEKOTOPbIE aBTOPLI YTBEPXKJAIOT, YTO HUMIIEPATUBHOE U
IIPOTIelyPHOE TPOIPAMMHUPOBAHUE — ITO TOMPOCTY OJIHO U TO Ke. Takoe yTBep-
2KJIEHUE JIETKO OObSICHUTh: UMIIEPATUBHBIE S3BIKU, HE MPEIII0ATafoIe MOIIpO-
rpaMm, 6JIarOTOIYIHO BEIMEDJIA, TAK YTO CETOIHS HAM CJI0YKHO ITPEJICTABUTH, KAK
9TO TaK — HMIEPATUBHOE IPOIpaMMUPOBaHNIE 03 BO3MOXKHOCTH 000CODJIEHUSI
OTIEeNbHBIX YacTeil mporpaMMbl. TeM He MeHee TaKoe UacTO BCTPEYasioCh B Te
BpeMeHa, «KOI/a KOMIILIOTEPHI ObLIN OOJIBIIIMU, & IPOrPAMMbl — MaJIeHbKIMES.

Tak, B cBOé Bpemst (BnaoTb o Havana 1990-x) 6bin oveHb nonynsipeH s3bik beiicuk, a
nofd, HUM B Te€ BpeMeHa MOHMMANOCh [JOBOJILHO CTPAHHOE COOPYXEHUE, B KOTOPOM B Havane
Kaxgos CTPOKW nporpaMmbl cTaBuan eé Homep. Pabota ¢ nHTepnpetatopom beiicuka He
TpeboBana u He Npeanoaarana MCNOJb30BaHWUE BHELIHErO PefakTOPa TEKCTOB; NOJb30BaTESb
BBOZLMJ1 CTPOKY, @ MHTEPMPETATOP 3TY CTPOKY TYT XKE BbINOJIHS, HO NPY 3TOM «BbINOJHEHUE >
CTPOKM, HaunHatowwelcst ¢ 4ucna (HoMepa) COCTOsI0 B TOM, HTO 3Ta CTPOKAa BCTaB/sNach B
TekcT nporpammbl. Ecnn B nporpamme yxxe Gbiia cTpoka C TakuM HOMEPOM, OHA 3aMEHs-
Nacb; 4151 YOAJNEHUS CTPOKM B HEKOTOPbIX WHTEPMPETATOPAX MOXHO OblIo BBECTU €€ HOMEp
6e3 panbHelilero COAEpXKMMOro, B Apyrnx 3To MCMOb30BaIOCh, YTODbI BbI3BaTb CTPOKY Ha
PeAaKkTUpPOBaHUE, a yAaleHue Aenanoch cneymansHoli komangoii. Celivac CnoxHo npeacTa-
BUTb, 3a4eM Takoe MOr0 NoTpeboBaThCs; HO Ha NpoTsxeHun 1980-x rofoB n faxke B Havane
1990-x BbIIN AOCTAaTOYHO MOMYNAPHbLI AOMALLHUE KOMMLIOTEPbI, UCMOJIb30BABLUNE B KAYECTBE
€AVNHCTBEHHOTrO BHELLHEro 3arnoMUHAIOLLEro YCTPONCTBA KACCETHbIA MarHuTogoH. B nams-
TN KOMMbIOTEPA MOF1a HAXOAUTLCS TONBLKO Of4HA Mporpamma, a 4tobbl 3anycTuTb APYryto,
Ha HaXOXJEHUWe HY>XXHOFO MEeCTa Ha KaCcCeTe U CYUTbIBAHWE MPOrpaMMbl B MaMsTb YXOAUSIO
HECKOJIbKO MUHYT, NPUY4€M NepeMaThiBaTb KacCETY B MOWCKAxX Havasa 3anncu HY>KHOW npo-

19710 Mer 06cyxmamm BT. 1, §1.3.5; cTporo roBops, AITOPUTM caM MO cebe He eCTh TAKOe
npeobpa3oBaHue, IpaBuiibHee OYJIET CKa3aTh, 9TO AA20PUMM PEasu3yem npeobpa3osaHnue B TOM
CMBICJIe, 9TO OJJHO M TO Ke IpeobpasoBaHue (Kak MareMarndeckas yHKIHsSI) MOXKET ObITb pe-
aJIM30BAHO PA3HBIMU AJTOPUTMAMU, U TAKUX AJTOPUTMOB — CUETHAasT OECKOHEYHOCTD IS KayK-
JIOTO KOHCTPYKTHBHOIO IPEOOPA30BAHU; B TO K€ CaMOe BpEeMsl CYIeCTByeT (MaTeMaTHIeCKH )
MHOYKECTBO MPeobpa30BaHmii, UMEOIee MOITHOCTb KOHTUHYYM, JIJisi KOTOPBIX aJrOPUTMa HE Cy-
MIECTBYET — XOT#A Obl MOTOMY, UTO TAKHUX MPe0OPA30BaHUNl KOHTUHYYM, TOTJA KAK MHOMKECTBO
BCEX aJI'OPUTMOB — He 6oJjiee YeM CUETHOeE.
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rpammbl MPUXOLMUIOCH, ECTECTBEHHO, BPYUHYHO. B Takux ycnoBusix npusbiyHbIli Ham pabounii
LUK «PeAaKTop, TPAHCASATOP, 3aMyCK» OPraHn30BaTb, MATKO FOBOPS, 3aTPYAHUTENbBHO.

Kpome ynpaBneHusi BBOLOM, HOMEpPa CTPOK MCMONb30BAUCh EWE U B POSAU METOK AN
onepaTopoe GOTO, koTopble B Belicuke BcTpevanuch B n30bunum — Hanpumep, 4Tobbl no-
CTPOUTL NPUBLIYHOE Ham BeTBJieHue no cxeme if-then-else, npuxogunoce 3apeiicteoBath g8a
onepatopa GOTO nogobHo ToMy, Kak, paboTasi Ha A3bike accembriepa, Mbl NCMONL30BANMN LS
TOWi Xe Lein ABa Mepexofa — CHavana no NpOTMBOMOSIOKHOMY YCAOBUIO, HTODbLI MPbIrHYTH
Ha Hayaso BeTKu else, a noToM be3ycnoBHbIl, HTODLI nepenpbirHyTs Hepes BeTKy else nocne
BbinosiHeHust BeTkn then. ObbiuHO B Belicuke CTpokn nporpammel npy BBOAE HYMEPOBAINCH
«4epes [ecATKY», YTODbl MOXKHO Oblso BCTaBUTL HOBYKO CTPOKY MEXZy YXKe MMeloLuMu-
CS; KOrAa OYepefHyo CTPOKY BCTaBMUThb OKa3blBaNOCh HEKYAA, AABaj KOMaHAY <«MNepeHyme-
poBaHusi» (RESEQ), u nHTepnpeTaTop CHOBa pacCTaBisil HOMEpPa CTPOK «Hepe3 LEeCSTKY >,
ABTOMATNYECKN 3aMeHSSA CTapble HOMEPA HA COOTBETCTBYOLWME HOBblE B onepaTopax GOTO.

Ctpoka B 3TOoM BapuaHTe belicuka Gblna egUHCTBEHHOW CTPYKTYpHOW eAnHULER npo-
rpammbl. Hekne 3a4aTtku nognporpamm BCE >xe NpucyTCTBOBaaW B Buge onepatopos GOSUB
n RETURN: nepBblii genan nepexof Ha 33a[aHHYIO CTPOKY C 3aMOMWHaHUEM HOMEpA CTPOKMU
[Nsi BO3BpaTa, BTOPOI BO3BpaLLan ynpassieHue obpaTHO; pacCMaTpuBaTh 3TO KaK MOJIHOLEH-
HbI€ MOANPOrpaMMbl ObIIO HEBO3MOXXHO, MOCKOJIbKY S3bIK HE MPEAYCMAaTPUBaA HN IOKaNbHbIX
NepemMeHHbIX, HN nepeaadn napameTpoB (X NPUXOAUIIOCh NEPefaBaTh Yepes3 NepeMeHHbIe, a
BCe nepemeHHble bbuin rnobansHeiMu). CobcTBEHHO roBOps, A3bIK BOObLUE HE NpesycMaTpu-
Basl HU4ero ans 0bocobsieHnsi pparMmeHTa NporpaMmel, OCTaBAsAs 3Ty paboTy BoobparkeHunto
nporpaMmmucTa.

B ocHoBe miporie/iypHOTro NporpaMMIPOBAHUS JICXKUT CaM IIPUHITUATT BBIJIEICHUST
1o/3a1a49 B 000Co0JIEHHBIE YaCTH TPOrPAMMbI, Ha3blBaeMble npouedypamu, (wmim
noanporpammamu, uin GyHkusaMu, kKak B Cn) — Tak, 9TO BbI3bIBAIONIEMY HET
HUKAKOTO JIeJIa JI0 BHYTPEHHErO YCTPOICTBA BBI3BIBAEMOIO, a BBI3bIBAEMOMY —
JI0 yCTpOiicTBa, Ieeil U 3a/1a4 BbI3BIBAIOIIEr0. Takoe obocobiieHne, Ha3bIBAEMOE
dexomnoauyuet, MO3BOJISET, KK Mbl 3HaeM, 3(p(EKTUBHO GOPOTHCS ¢ Hapac-
TaloMel CJI0YKHOCTBIO IIPOrPAMMBI: MBI BOCIIPUHUMAEM CKOJIb YTOJHO CJIOXKHOE
pellieHe HEKOTOPOW IOJ3aJ[a4l KaK OJINH OIIEPATOD BbI30Ba IIPOIEIYPHI, I0JI-
HOCTBIO BBIKHHYB U3 T'OJIOBBI TO, KAk 3Ta IPOIEIypa JeaaeT CBOE Iesio; U, Ha-
pOTHUB, perasi (B BUJe IPOIEAyPbl) YACTHYIO MO/3a/a4y, Mbl MOXKEM BPEMEHHO
3a0bITh, 3a9eM 3Ta [0/3a]ada HaAM MOTpebOBajach W KaK HAIa MOAIPOrpaMMa
Oy/IeT UCIOJIb30BaHA B BBIZBIBAIOIIEH ITPOrpaMME.

[TostHoNEHHOE 0O0CODJIEHNE HEMBICIUMO 6€3 JIOKAJbHBIX IIEPEMEHHBIX U IIepe-
Ja4qd mapaMeTpoB — B IPOTUBHOM CJIydae HaM IIPUJETCH BCE BpeMs IOMHUTD,
KaKue U3 UMEIOIUXC IIePEeMEHHbIX 3a/IefiCTBOBAHbl B KaXK/J0M KOHKPETHON IOJI-
IIporpamMme. HOC.HG OsABJIEHU A JIOKAJIbHBIX II€PpEMEHHbIX CJ'Ie,ILyIOH_H/Iﬁ €CTeCTBEH-
HBI Iar — 3HAKOMasi HaM peaJIin3alus JOKAJIbHBIX [IEPEMEHHBIX YePe3 CTEKOBLIE
dpeiiMbl, AearIast MoANPOIPAMMBL 1081TMOPHOBLOHBIMU, U PEEHIMNEPG-
beavrbimu (or anruiickoro reenterability) n MO3BOJISIONIAST UCIIOJIL30BAHUE De-
kypcuu. CUuTaTh JU PEKYPCUI0 HEOT'bEMJIEMON YaCThIO IPOIELYPHOTO ITPOTrPaM-
MUPOBaHUA WU 2KE €ero pa3dBUTHUEM — J1€JI0 BKYCa, XOTd aBTOPY HNPUXOJINJIOCH
BUJETb KOMIUIATOPHI llackasis, 1Mo yMOJMaHUIO pa3MEIIABIINE JIOKAJbHBIE IIe-
pPeMeHHbIe IIOAIIpOorpaMM B CEIrMEHTE JJaHHBbIX (HpI/II\/IepHO TaK, KaK KOMITUJIATOPD
Cu pasmernaer JIoKaJbHbIE [IepeMeHHbIE, OMMCAHHBIE CO CJIOBOM static); moampo-
rpaMMBbI, TIPEIOIaralolie NCIOJIb30BaHNe PEKYPCUN, B 9TUX Bepcusix llackasis
TpebOBAIOCH TIOMETUTH OCOOBIM CJIOBOM.

BcemomuuB s13b1K acceMmbiiepa, Mbl MOYKEM 3aMETUTH, IYTO TaM IPOIELYPhI TOXKE
CYIIECTBYIOT JIMIb B HalleM Boobparkenuu. Vcrosb3oBaTh CTEK i pa3Meliie-
HUSI JIOKAJIbHBIX TIEPEMEHHBIX MBI BPOJie Obl HAYUIUJINUCH, HO IIPU 3TOM IIPEKPACHO
IIOMHUM, YTO HUKAKOIl IOIEPKKNA CO CTOPOHBI acceMObJiepa Jjisd 9TOro He IIpeJry-
CMOTPEHO: JlayKe JTATh JIOKAJbHBIM IIEPEMEHHBIM UMEHA MbI MOTJIA OBbI Pa3Be 4To C
MTOMOIIILIO MaKporporieccopa. MoxKHO cKa3aTh, YTO accembJIep Mo CBOeil CyTH nM-
[IEPATUBEH, ITOCKOJIbKY BCE UMIIEPATUBHOE IIPOrPAMMUPOBaHUE 00yC/IOBIEHO (DOH-
HEMAHOBCKUMU MIPUHITATIAME PAOOTHI IIPOIIECCOPA; IPU STOM IIPOIEYPHBIM IIPO-
rPAMMHUPOBAHUEM Ha sA3bIKE acceMbjiepa 3aHUMATLCS 603MO2ICHO, HO HE B CUILY
CBOMCTB 3bIKa, & TOJIHKO O/1aromaps KBaJuUKaIUA IPOrPAMMHUCTA.

Tax win wHaYe, MPOIE/LyPHOE TPOIPAMMHUPOBAHAE — ITO, HECOMHEHHO, Pa3-
HOBUJHOCTDL IIPOI'PAMMUPOBaHNsA UMIIEPATUBHOI'O, HO 93TU JABa ITOHATHA JaJIEKO HE
TOXKJIECTBEHHDI.

Ob6cyx1ast IMIEPATUBHOE TPOTPAMMUPOBAHEE, HEJIb3s HE YIIOMSIHYThH €Ilé O/l
HY €T0 Pa3HOBUIHOCTH — MPOTPAMMUPOBAHIE KOMAHIHO-CKPUNMOBOE, C KOTO-
PBIM MBI y2K€ BCTPEUYAJIMCH B IIEPBOM TOME IPU OOCY?KJIEHUU CKPUIITOB HA SI3bI-
Ke KOMaHJHOro uHTeprperaropa (cMm.§1.2.15). Droit mapajurye Mbl MOCBSITUM
HECKOJIBKO TJIAB IIOCJEeIHel YacTu Halllefl KHUTM, [MOKa K€ OTMETUM HECKOJIb-
KO KJIFOYEBBIX OCO6€HHOCT€I/UI KOMaH/JIHO-CKPUIITOBBIX fA3bIKOB. Hpemﬂe BCEro cJjie-
JIYET CKa3aTh, YTO STHU SI3BIKH “UCMO unmepnpemupyemovie. Bropas nx ocoben-
HOCTb — MEKCMOBAA CMPOKA KAK YHUBEPCAABHOE NPEICNABAEHUE KAK NPO2DAM-
Mbl, MmaK U darnsiz. B dacTHOCTH, ITepeMeHHble B KOMAaH/HO-CKPHUIITOBBIX S3bI-
KaX I/I,HeHTI/I(bI/IL[I/IpyIOTCH X nMMEHaMnu — " 6OJIee HUKaK, TO €CTb HeT HHUKaKUX
yKazaTejeil, aJgpecoB W T.II., HO, C JPYro#l CTOPOHBI, OOBIYHO BO3MOXKHO Xpa-
HUATH UM OJIHON TepeMeHHON B JPYroil ImepeMeHHOW U 110 UMEHU OOpaIaTbCst
K 3HAYEHUIO; BPsJ JIU KOMY-HUOY/Ib IPUJIET B FOJIOBY 3asBUTH, YTO IEPEMEHHBIE B
KOMAH/THO-CKPHUIITOBBIX SI3BIKAX — 9TO «O0JIACTHU MaMSITH», BeJib HIKAKUX BO3MOXK-
HOCTEl, 00YCIOBIEHHBIX (DOHHEHMAHOBCKUM ITOHSITHEM IMAMSITH, B 9TUX S3bIKAX
HeT. MOXKHO CcKa3aTb, 9TO KOMaHHO-CKPHUIITOBOE MPOTPAMMUPOBAHNE SIBJISETCS
UMIIEPATUBHBIM, HO HE SBJIACTCH (DOHHEHMAHOBCKUM.

[TonHOI TPOTUBOIOJIOKHOCTBIO HUMIIEPATUBHOTO IIO/IX0J/Ia MOXKHO CUYUTATD
dyHnKyuOHAABHOE NPOZPAMMUPOBAHUE, B KOTOPOM, €CJIN PACCMATPUBATD €TI0
«YUCTBIM», NpUCBauBaHus HeT BooOIe. Bosiee Toro, dmcroe (yHKIMOHAIBLHOE
IporpaMMUpOBaHr€ B IIPUHIHIIE HE IIPpeAliojiaracT HUKaKUX «U3MeHeHUl ¢ Te-
YeHUeM BPEMEHU» U, KaK CJIEJICTBUE, HUKAKUX <«MOIUMDUIINDYIONUX IeHCTBUI».
B ciyuasix, Korja B (DyHKIIMOHAJBHBIN SI3BIK MPOTPAMMUPOBAHUS BBIHYKJIEH-
HO BKJIIOYAIOTCS [IOCTOPOHHUE JIjIs HEr0 MOJMMUIMPYIONHE BO3MOXKHOCTHU, JIJIsI
HUX JIa2Ke UCIOJIB3YETCs APYroil TepMuH: padpywarousue deticmeus. Tepmun
BIIOJIHE OIIPAB/AH: B CAMOM Jiejie, €CJIM B IEPEMEHHYIO 3aHEeCTH HOBOE 3Hade-
HUe (TO eCTh BBINOJHUTH IPUBBIYHOE HAM IPUCBAUBAHKE), CTApOe 3HAYCHUE [IPU
3TOM OyzeT yTpadeHo — pa3pyuiero. Boobine roBopsi, TepMUHBI «MOIUMDUIUDY-
foree JeificTBrey W «pas3pyliaioliee JIeiCTBUE» SKBUBAJEHTHBI, HO BTOPOil mpu
9TOM UMEET OYEBHUIHYIO OTPUIATENbHYI0 KOHHOTAIIMIO, 9TO COOTBETCTBYET OOIIIe-
My OTHOIIEHUIO CTOPOHHUKOB (DYHKIIMOHAJHLHOIO MPOrPAMMUPOBAHUS K JIIOOBIM
MO,[LI/I(i)I/IKaL[I/IﬂM CpeJbl BBIIIOJIHEHUA.

[Tepemennbie B byHKIMOHAIHHOM IPOrPAMMUPOBAHUN OOBITHO BCE YK€ UCIIOJIb-
3YIOTCsI (XOTsI CYIIECTBYIOT U $I3bIKM 6€3 IIEPEMEHHBIX, BO BCSIKOM CJIy4Yae, B IIPHU-
BBITHOM HAM CMBICJIE), HO CBOE 3HAYEHHE [IePEeMEHHAs MOy IaeT IIPU €6 CO3IaHIN
U HE MEHsSIET €r0 B Te€UEHHUE BCEro CPOKa CBOel ku3Hu. Jaire Bcero mepeMeHHbIe
HCIIOJIb3YIOTCS B pOJin (POPMAJIBHBIX MTapamMeTpoB (OYHKINI: IpU BbI30Be (DYyHK-
A TaKue MepeMEeHHbIE MOJIyYaloT 3HAYEHUS, COOTBETCTBYIOIHE (DAKTUICCKUM
mapamMerpaM, 4, 9YTO BIIOJIHE OXKUJAEMO, CBOMX 3HAUEHHUI He MEHSIIOT, IIoKa pado-
Ta, DYHKIIMH HE 3aBEPIIUTCS — a IIOCJIe ITOTO UCUYE3AI0T, KAK U BCE JIOKAJIbHDBIE
cymrHocTu. Kpome TOro, mpu mporpaMMupOBaHUN HA (DYHKIIMOHAJIBHBIX S3bIKAX
9aCcTO NMPUMEHHAIOTCSH JIOKAJIbHBIE TIEPEMEHHbIe, BBOJIMMbIE OOJIbINE JIJIsi y100CTBa,
I{TO6I)I IIOMMEHOBAaThb 3Ha4YeHUE TOI'O MJIM MHOT'O BBIYHUCJIEHHOI'O BBbIDparKE€HUA (Ha—
IpUMep, €CJIM 9TO 3HAYEHHE HYKHO HCIOJB30BATH HECKOJIBKO pa3). YMeCTHO Oy-
JeT HAIOMHUTH, UYTO UHUUUAAUIAUUS TIEPEMEHHONW — 3TO COBEPIIEHHO HE TO
JKe caMoe, 9TO NPuceausaHue, U C STUM IPUHIMIHAILHBIM PAa3/IMIHeM Mbl y2Ke
BCTpevasuch (cM., Hanpumep, T. 2, §4.3.17). eso B TOM, 4TO0, HHUIIMAJIU3UDYSI T1€-
PEMEHHYIO, MBI 33/1aéM €l HaUaAbHOE 3HANEHUE, TO €CTh CO3aEM 3HATEHHE TaM,
rJie paHbIlle HUKAKOrO 3HAUYEHUsI He ObLIO — Bejlb IIEPEMEHHAs-TO KaK pa3 ceifaac
coznaércst. CrieIoBaTe/IbHO, MHUIIUAJIN3AIUS, B OTJINYNE OT MPUCBANBAHUSI,
pas3pymiaoiieii oneparnmeil He sIBJISI€TCH — €if HeYero pa3pyIaTh.

Bupodem, orcyrcTBue paspymiaionux AefiCTBUI — 39TO [AJIEKO He TJIaBHAs
0CcOBEHHOCTD (PYHKIIMOHAJIBHOI'O TPOrpaMMUpOBaHus. B ocHOBe 3T0il mapaurmbl
JIe2KaT, KaK MO2KHO J0oraJaTbCd N3 Ha3BaHUI, ¢y'H,'K§'U,u'U, oporpaMmMa COCTOUT U3
dyHKIN, €€ BBIIOJHEHNE 3aKIIOYAETCH B 8B UCAEHUY, ITUX (PYHKIINAN, & CAMU
GYHKITUY TIPEJICTABISIOT OO0, KaK 9TO OOBIYHO 3asIBJISICTCS B JINTEPATYPE, «00b-
eKTBI [IEPBOr0 KJIacCa» B TOM CMBIC/IE, ITO (PYHKIUS cama 10 cebe MOKeT OBbITh
3HAYEHUEM [IEPEMEHHOI, €€ MOXKHO IIepelaBaTh B Apyrue (byHKIUA KAK apr'yMeHT,
BO3BpAIATh 13 PYHKINN B KATECTBE 3HATEHUS, ILJIFOC K TOMY OOJIBIITHHCTBO (DY HK-
[MOHAJIbHBIX $I3bIKOB IPOrPAMMUPOBAHUs [O3BOJIsIET co3jaBaTh (yHKIMU (ecsm
YrojiHO, (DYHKIIMOHAIbHBIE OOBEKTHI) BO BPEMsl BBIIIOJIHEHUS.

MokHO 3aMeTHTh, YTO BCE IEPEUYNCICHHOE (33 MCKIIIOYEHHEM pa3Be uTo CO-
31aHus (DYHKIUI «HA JIETY» ) JJIsi HAC He HOBOCTB: B XOPOIIO y7Ke 3HAKOMOM HaM
s3bike CH TpOrpaMMbl TOXKe COCTOAT U3 (PYyHKITU, BBIIOJHEHNE IPOTPAMMBI €CTh
daxTuveckn BbluucjieHne (pyHKINU main, a ykasareau Ha QYHKIUH TO3BOJISIOT
MaHUILYJINPOBATH UMHU KaK 00 beKTaMu. BosibIlie Toro, ecjiv IpuBJiedb CpecTBa, JIn-
HAMUYECKOT'O CBSI3BIBAHMSI, IIPEIOCTABIISEMBIC OHEPAIIOHHBIME CHCTEMAMU, M/
Jlayke MPOCTO 3HAKOMBI HaM BBI30B mmap CO CPABHUTEJIHLHO HECJIOXKHON «0DBec-
KOIf», TO CTaHET BO3MOXKHO BO BpeMsi PabOTHI MOAIPY3UTh U3 BHEMTHUX (DailjioB
byHKINN, KOTOPBIX B HAIEH TporpamMMe He ObLIO Ha MOMEHT €€ Hamucanus. Ecym
B JIONIOJTHEHUE K ITOMY IIPEJIIOJIOKUATh, 9TO B CUCTEME YCTAHOBJIEH KOMIIAJISITOD
Cu, T0 (BO BCSKOM CJIydae, TeOPETUIECKH ) TIOSIBUTCSI BO3MOYKHOCTH [IPOIPAMMHOTO
CO3JIaHNS HOBBIX (DYHKITUI C TOCIEYIOIIMM UX UCIIOJTHEHHEM B TOH Ke Iporpam-

21\/IBI HE CTaJii pacCMaTpuUuBaThb JUHAMHUYICCKUE OubsmoTeKu u CBfAIBAHHYIO C HUMH MEXaHUKY,
IIOCKOJIBKY OT HUX OOBIYHO CyImeCTBEHHO 0oJIbIIIe Bpeaa, 9€M II0JIb3bl; HO 3TO HE 3HAYHUT, YTO UX
HEeT.
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Me. Ho Bcé s1o me npenaer sa3bik Cu (pyHKIMOHAIBHBIM: JIOTHKA €I'0 HMOCTPOECHMS
dakTUUeCKn MPUHYKIAET TPOTPAMMUCTA K HCIOJIH30BAHUIO MOIUMUIIAPYIOITIX
geiicrBuit, a dyukiun Cu B OOIBITUHCTBE CJIYUIAEB IPEJCTABIAIOT 000N OOBIKHO-
BEHHbBIE TIOIIPOIPAMMBI, COCTOSIIIAE U3 UMIIEPATUBHBIX MHCTPYKIINAN, 38 IAF0IINX
MOIUpUIUPYIONNe AefiCTBUS; B PYHKIMOHAIHLHOM K€ ITPOrPAMMUPOBAHIY TTOHSI-
THe (PYHKIMU TPUOIUZKAETCI K CBOEMY MATEMaTUYECKOMY AHAJIOIY: OTOOpaXKe-
HUIO U3 00JIACTHU OIpejiesieHns B 00IacTh 3HadeHuit. OyHKIINA, YUCmas B CMBICTIE
PYHKIINOHAJIHHOTO IIPOrPAMMIPOBAHIMSI, BCErIa BEPHET OJHO U TO Ke 3HAYEHHUE,
ecjii e€ MPUMEHUTDH K OJTHOMY M TOMY K€ HaOOpy 3HAYEHUI apTyMEHTOB, 8 HIIEro
MHOI'0, KpOME BBIYUC/IEHUS CBOErO 3HAYeHHsI, dnCTasi (DYHKINA He JeaeT; Ha-
[puUMep, TPpUMEHEHUe Takoi (DyHKIIUN K KOPTEXKY U3 KOHCTAHT MOYKHO IOITPOCTY
3aMeHUMB COOTBETCTBYIONINM 3HAYCHUEM, I HUYErO He M3MEHUTCs (KpoMe pas3Be
9YTO BPEMEHU BBIIIOJIHEHUSI [TPOTPAMMBI, KOTOPOE, OUEBHJIHO, COKPATUTCs). SICHO,
9T0 (DYHKIIMH, C KOTOPBIMEI MBI IMeeM JeJ10 B mporpammax Ha Cu, B OOJILITHHCTBE
CBOEM J1axke OJIM3KO He IOXOXKU Ha 3TOT «(PYHKITMOHAJIBLHBIN UIEAT».

WNurepecno, aro, xorst Cu u He gBIgeTCS PYHKITNOHAIBHBIM SI3bIKOM, Ha 9TOM
sI3bIKE BITOJTHE MOXKHO IpU OOJIBIIIOM JKEeJAHUU 3aHUMATHCS (DYHKIIMOHAJBHBIM
IporpaMMupOBaHueM. [[jIs 3TOro mpuaéTcst 3aIpeTuTh cebe MCIOJIb30BAHIE BCEX
€ro MOAUMUIIMPYIONINX ONEPAIMil — MPUCBAUBAHUN M HPUMKHYBIINX K HUM HH-
KPEMEHTOB U JIEKPEMEHTOB, a TaKKe BCeX OMOIMOTEIHBIX (PYHKIUI, KOTOPLIE e~
JIAIOT YTO-TO KPOME BBIUUCJIEHUSI CBOErO 3HAa4YeHUus (T.e. UMeT nobouHwull ag-
¢dexm). C reopeTnvecKoii TOUKN 3pEHHsT Mbl 3/1eCh HE JIOJIZKHBI HIYEr0 MOTePsITh:
s3bIK CH IIPU 9TOM OCTAHETCS AA20PUMMUYECKY TOAHIM B TOM CMBIC/IE, YTO Ha
HEM MOXKHO OyJieT peasn3oBarh MarmuHy Teropusra (uiu sr06oii gpyroit uz dop-
MaJIn3MOB, 3aMEHSIIONNX HEYJTOBUMBIA OOBEKT IO/ HA3BAHUEM <«AJTOPUTM» B Ma-
TEeMATHIECKUX TEOPUSIX, CBSIBAHHBIX C KOHCTPYKTUBHON BBIYUCIUMOCTBIO; CM. T. 1,
§1.3.5) — u, Kak ciezcTBre, (DOPMATBLHO MOYKHO Peasn30BaTh BOOOIIE 000 aJl-
FOPUTM U3 YHUCJIA U3BECTHBIX U€JOBEYECTBY HA HACTOSIIUN MOMEHT, BEJb TE3UC
Toropunra moka 9To HUKTO He onpoBepr. Ha mpakTuke, Kak BOJUTCS, BCE HE TaK
[IPOCTO, U YUTATE/Ib HABEPHSKA Y2Ke YCIIeJI TOIyBCTBOBATDH 3/16Ch KAKON-TO OIBOX.
[TocmoTpuM, 1ero Mbl Ha CaMOM JieJie JTUIUMCst, yopas u3 Cu Momguduimpyonme
JleiicTBUS.

JL1s1 Havas1a COBEPIIEHHO OYEBUIHO, UTO II00AIbHbBIE IEPEMEHHBIE CTAHOBATCS
0OeCCMBICTIEHHBIME, HO 3Ta IOTEPsi, NMPAMO CKarKeM, He CJAUIIKOM Be/JHKa: paHee
MbI HEOJHOKPATHO yYIIOMUHAJIHU, ITO IJI00AJbHBIE TIEPEMEHHbIE — 3JI0 U UX JIyUIlle
He WCIIOJIb30BaTh. BTOPOI MOMEHT MOYKET IT0Ka3aThCA He CTOJIb OYEBHIHLIM: B
OTCYTCTBHUE MOJIUMDUIUPYIOMUX JTeHCTBUN CTAHOBATCS OECCMBICICHHBIMU UUKADL —
BCe Cpa3y, TaK CKa3aThb, ONTOM. B caMoOM jeje, eCjd IPHU BBIIOJTHEHUN ITUKJIA
HUYEro He MEHSIETCs OT UTEePAIMU K uTepanuu (& B OTCYyTCTBUE MOJAUMUIUPY IOIIIX
olepaIuii HUYIero u He MOYKeT HOMEHSITHCS ), TO BBIIOJIHSTH TEJI0 TAKOTO IUKJIA Pa3
3a Pa3soM OYEBUIHBIM 00pa30M OECCMBICIEHHO, HAM C T€M YK€ YCIEXOM XBATHJIO ObI
u ojxHOro pasa. Ho m 910, Kak HE CTpaHHO, cOBCeM He (haTasIbHO: BMECTO IUKJIOB
BCeria MOKHO BOCIIOJIB30BAThCsI peKypcueil. IlycTh HaMm, K mpuMepy, Hy>KHO HAATH
B CTPOKE 3aJaHHBLIN CUMBOJI M BEPHYTH €ro ajpec. BMmecTo pyHKIUHU C IUKJIOM,
HaIIpUMep, TaKOii:

const char *strchar(const char *s, char c)

{
const char *p;
for(p = s; *p; p++)
if(xp == ¢)
return p;
return NULL;
X

MOXKHO HAIIUCATh PEKYPCUBHYIO (DYHKIIUIO — BOT TaK:

const char *strchar(const char *s, char c)

{
if (1*s)
return NULL;
if(*s == ¢)
return s;
return strchar(s+1, c);
}

NJIN JazKe BOT TaK:

const char *strchar(const char *s, char c)

{
return !*s ? NULL : *s == ¢ 7 s : strchar(s+1l, c);
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QyuKInii B IporpamMMe, KOHEYHO, CTAHET HAMHOI'O 0O0JIbIle, BE/Ib ITUKJI MbI BBIHO-
CUTHb B OTHEJbHYIO (DYHKIMIO He OOSI3aHbBI, TOT/Ia KaK JJjIsd PEKYpPCUU CBOsT (DYHK-
st TpebyeTcsi 00sA3aTeIbHO; HO HAC BPOJe ObI HUKTO HE OTPAHUYNBAET B KOJIU-
9eCcTBE HAINCAHHBIX (DYHKIHI, Hayke HA000OPOT — MbI 3HAEM, UTO JTEKOMITO3UITUST
IIporpamMMbl Ha OOJ/IbIIIEE YUCIIO TOAIPOTPAMM CHUXKAET €€ CJIOXKHOCTb.
Boobuue-To, koHeYHO, yTBEp)KAeHME, YTO BMECTO LKA BCErga noAonaér pekypcus, ca-
MO ro cebe Ha rpaHu ¢ona, BeAb UnKbl ObIBAOT AOATUMU 1 Jarke DECKOHEYHbIMU, a CTeK
He pe3nHoBbIil. «HacTosimey sA3bIKM DYHKLMOHANBEHOrO NPOrpaMMupoBaHns 0bbIYHO Npu-
GeraloT K Tak Ha3blBaeMoli ORTUMMU3ALMM OCTATOYHOI pexypcum®, Gnarosapsi KOTOpoi
CTEK PaCXOLYETCS CYLLECTBEHHO MEHbLUE, @ B HEKOTOPbIX C/IyHasiX MOXET He PacXOA0BaTb-
cs BoBce. Ecnn pesynbTupyowum 3HaveHnem Tekyleli hyHKLMUN JOMKHO CTaTb 3HAYeHUe,
BbIUMC/IEHHOE KaKO-TO ApYroii pyHKLmMeldi — HanpruMep, BOT B Takol cuTyaumu:

int f(int x)

{
int y;
/* ... HeKWe BHYUCJIEHHUS ... */
return g(y);

}

— TO, OMEBUAHO, CTEKOBbLINA ¢hbperim, co3panHblii ana pabotsl dpyHkumm £, nocne nepegayu
ynpasieHusi pyHKLUN g y>xe He ByneT cofepxaTb HUYEro MOJIE3HOTO, U ero MOXKHO JINKBU-
OMpOBaTh 4O BbI30Ba g, a He nocne. MIMeHHo Tak «HacTosiwme» (byHKUNOHANbHbIE A3bIKA 1
NOCTYNaloT, YTO MO3BONSIET faxke BeCKOHeYHble LKLl 3aMeHATb pekypcueli be3 pucka uc-
yepnaTb ctek. VHoii Bonpoc, 4to komnuasitopsl Cn Takoro obbi4HO He ymetoT. Kpome Toro,
ocTaércs Bonpoc 3heKTUBHOCTN: LKLl HacTo paboTatoT 3aMeTHO BbiCcTpee, Yem pekyp-
cusi. TpaHcnsTopbl OyHKUMOHANBHBIX S3bIKOB 4aCTUYHO CNPABASIOTCA U C 3Tol npobiemoii,
NOCKOJIbKY CMeumnasbHO pacimMTaHbl HA MacCMPOBAHHOE WUCNOJb30BaHme pekypcuu, Ho oT Cn
TaKoro »X/JaTb HE NPUXOANTCA.

Bnpoyem, korga peyb naéT 0 MaTeMaTUYECKOM MOHATUW anropuTMa, HaM B Jitobom cny-
Yae NMPUXOANTCS KaK-TO MPEOAOSEBATb Pa3HULY MEXAY KOHEYHbIM KOMMbIOTEPOM U Hecko-
HEYHOU NIEHTOI MaluHbl TbIOpYHra, U Yalle BCEro Mbl A4Jist 3TOrO MOMNPOCTy npeHebperaem
OrpaHNYEHNAMMU, 33BN YTO-TO BPOAE «AOMNYCTUM, NaMATb HALLEro KOMMNbloTepa beckoHeu-
Ha». B npuHunne, HNYTO He MELLAET C TEM XKE YCNEXOM 3asiBUTb, YTO B HaLLEM PaCMOPsKEHN
MMeeTCs DECKOHEUHbII CTEK.

Nrak, 6e3 nuk/ioB u TeMm Oojiee 6e3 1yI06aIbHBIX TEPEMEHHBIX Mbl KaK-HUOY/Ib
nepebbEMCsl, HO BOT KaK OBbITh ¢ BBOJIOM-BbIBOJOM? B camoM jieiie, Jjioboe jeii-
CTBHE I10 BBIBOILY MH(MOPMAIMH 32 [IPEJIE/Ibl UCIIOJHSIONIECsT TPOrPAMMBI, KaK U
Jiioboe JieficTBre 110 BBOAY MHMOPMAIUN U3BHE, OUEBUIHLIM 00PA30M U3MeHAEM
cpedy BHLINOAMEHUA NPOLPAMMDL: TIE-TO TaM, 3a MPEJeJaMyu €€ MaMSITH, UCIE3AET
nndopmarug u3 6ydepoB BBoZa, a B Oydepax BBIBOIA, HAIIPOTUB, IOSBJISETCS,
[PUYEM U TO, U JIPYTOe MOXKET IOBJIEYb 3a CODOM TOCIEJCTBUS, O KOTOPLIX HaIlla
IporpamMMma, Jaxe He JIOraIbIBAeTCs.

Bormpoc ¢ BBOJIOM-BBIBOJIOM OCTAETCsi TOJIOBHO# OOJIBIO JIJIsi CTOPOHHUKOB
«HEpa3pyIIAIONUX» TaPAJIUTrM IIPOrPAMMUPOBAHUS, B TOM YHCJAE U (QYHKIMO-
HaJIBIIUKOB. B OOJIBIINHCTBE C/IydaeB HPUXOJUTCHA MUJITH HA KOMIIPOMUCC U JIO-
IIyCKaTh CyIIecTBOBaHue (PyHKIHU ¢ TOO0THBIM 3DDEKTOM — KaK MUHUMYM JIJIsT
BBO/Ia~-BLIBO/IA, HO YACTO JIEJIO 9TUM HE OTPAHUYINBAETCH, 110 IIPUHITAILY «yBsA3 KOTO-
TOK — BCeil ITHYKe MPONACTb»: KAK Mbl YBUIUM I03J/iHee, B TAKUX (sIKOObI (DyHK-
IIMOHATBLHEIX) A3BIKAX, Kak Jlucn n Scheme?, mpucyrcTsytor n npucsamsanus, u
ryi0babHBIE [IEPEMEHHBIe, U Jake MUKJbl. CIpaBUTbCS C BBOJOM-BBIBOJIOM, HE
[IO2KEPTBOBAB YUCTOTON KOHIICIIINHU, YIAETCS JIUIh B CPABHUTE/ILHO PEJIKUX SI3bI-
KaX MpPOrpaMMUPOBAHUS, OCHOBAHHBIX HA MPUHINIE AEHUBBIT B8blUUCAeHUU,
IpU KOTOPBIX YaCTh BbluucjeHuit pyHkimii (mpeobpa3oBaHuii u3 BbIpayKeHUsI, CO-
JIEPIKAIEro BbI30B (DYyHKIINHU, B BbIPAaXKEHHE, COOTBETCTBYIOIIEE BBIYUCIEHHOMY
3HAYEHUIO) He MPOUCXOJUT JI0 TEeX IOp, [OKa 3HaYeHue He 1OTpebyercsi B Jpy-
I'UX BBIYUCJIEHUSX; KAK MBI YBUIUM II03/IHEE, 9TO O3BOJIAET PabOTaTh C YCIOBHO
OECKOHEYHBIMU CTPYKTYPaMU JAHHBIX: HAIIPUMED, OT MOCTPOEHHOTO «OEeCKOHETHO-
ro» CIMCKA B ITAMSATH MOXKHO XPAaHUTH JIUIIL T€ 9JEMEHTBI, KOTOPbIE YK€ KTO-TO
3aTpeboBaJl, a 0CTaTOK (KOTOPBIi, COOCTBEHHO TOBOPSI, U 3aK/II0UaeT B cebe «bec-
KOHEYHOCTB» ) IIPEJICTABIISATH B BHJIE HEBBIUUCJIEHHOTO (10K €Ié He BBIIUCIIEHHO-
ro!) Beipaxkenust. [IoToKu BBO/Ia IPU 9TOM MOYKHO MPEJICTABUTH B BHJIE TAKUX BOT

3OpuruHAIbHBIA AHIMIMIACKIN TepMUH 31ech — tail recursion optimization; IpsMOii mepe-
BOJI, 9TOI'0 TEPMHUHA <«OINTUMHU3AIUS XBOCTOBON PEKYPCUH» HJIN IPOCTO «XBOCTOBAasl PEKYPCHSI»
JOBOJILHO YaCTO IONAJAETCS B PYCCKOA3BITHBIX TEKCTaX.

TIpoussocures: « Ckum»; 10 Cell MOPHI HAZBAHMUSI SI3BIKOB POIPAMMHIPOBAHUS MBI OGBITHO
MUCaJIU MO-PYCCKU, HO 3/1€Ch MIPUIETCSA OTCTYIUTH OT HaIlell Tpaauiun — ciaoBodopma « CKum»
CMOTPHUTCS CJIAIIKOM K30TUYHO, & JIOBOJIBHO PAaCIPOCTPAHEHHOE CPEJIA PYCCKOS3BIYHBIX IIPO-
rpaMMucTOB HanMeHoBaHne «CxemMa» — OTKPOBEHHO KAPrOHHOE.



12 [TapajiurMbl B MBITIJIEHUN TTPOTPAMMUCTA,

«BECKOHEUHBIX» TIOC/IEI0BATEILHOCTEN; PE3YILTATOM YTEHUS M3 MMOTOKA CTAHO-
BUTCsI T1apa U3 IIPOYUTAHHOIO 3HAYEHUs U CAMOTO MOTOKA (AHAJIOTUIHO TOMY, KAk
PEe3yABTATOM JIEKOMITO3UITUE OECKOHETHOTO CIIMCKA, CTAHOBUTCS TIapa, COCTOSIIIAS
U3 U3BJIEYEHHOTO U3 CIIMCKA SJIEMEHTA U CAMOTO CIIUCKA, TOTHEe, CTPOsIIIEl ero Bbi-
YHCAUTEIBHOI Tporieypbl). C BBIBOIOM CHTYAIWsI CJIOKHEEe: HAIIPUMED, B SI3BIKE
Xoyn (Hope) MOXKHO HOCTPOUTD IVIABHYIO (DYHKIMIO IPOIPAMMBI KAK IIOCTEIIeH-
HO BBIYHCJISIIOILYIO 9JIEMEHTHI HEKOEro CIHCKa (BO3MOXKHO, GECKOHEYHOIO, HO He
00s13aT€IbHO) U C MOMOIIBIO CIIENUAJIBHO TPEJHAZHAYEHHON JIJIsi 9TOrO JIMPEKTHU-
BBl YK&3aTh, YTO 3JIEMEHTHI CIIUCKA CJIEYeT 110 Mepe X BHIYUC/IEHUST HAIIPABJISITD
B CTaHJAPTHBIN MOTOK BbIBOmA. OdopMIEHHBIE TAKUM CIIOCOOOM ITPOrPaMMBbI OY-
JIYyT COBEPIIIEHHO YHCTHI B IIJIaHe TTOO0UHBIX 3(P(PEKTOB, BOT TOJIBKO IMIOTOK BBIBOA
371eCh MOYKET OBITH POBHO OJTHH.

Asbik Xackenb (Haskell) — noxanyil, caMblii MOMyJISIDHBIN CErofHsI Cpen
«JICHUBBIX» SI3BIKOB MPOTPAMMUPOBAHUS — UCTIOJIL3YeT OoJee CAOXKHBIN MOTXO/,
OCHOBAHHBLII Ha TaK Ha3bIBAEMBIX MoOHadax, a TouyHee — Ha MoHaje 10. Bzau-
MoIeficTBIEe TTPOTpaMMBI Ha, XacKese ¢ MOTOKAMU BBOJIA-BBIBO/IA, MOXKHO TTPUMED-
HO OIUCATH TaK: IVIaBHAsi (PYHKIUsI, BBIUUCIISISICh, TTOPOXKJIAET B KAIECTBE CBOETO
3HAYEHWsT MOHAJIY, KOTOpas 3aK/II0YaeT B cebe MHCTPYKIINU, KOTJA UTO OTKY/IA
[IPOYUTATh U KOTJA UTO Kyja 3amnucarhb. Ha camom neste Garomapst «JI€HUBOCTH»
BCE BBINTOJTHEHME MTPOI'PAMMbl U €CTh TOPOXK/IEHHE ITOW MOHAJBI, OHA CTPOUTCSI

GYHKIUSIME [IPOIPAMMBI 110 MEPE MCIIOJIHb30BAHMUSI.

K aToMy MOMeHTY y 4nTaTenss HaBepHsKa BO3HUK BMOJIHE 3aKOHHbI/ BOMPOC: a 4TO Ta-
Koe, COBCTBEHHO roBOpsl, «MOHaAa» ! ABTOPY 3TUX CTPOK OAMH 3HAKOMbIA XaCKENINCT KaK-TO
pa3 (npmqéM [laBHO, B CAMOM Ha4ane 2000—x) CKa3aJl, YTO eC/IN OH NPUAYMAET, KakK obbsic-
HATb HOBUYKAM, 4YTO TaKoe MOHaZA, OH YXK To4HO nepesepHET mup. Cyas no Tomy, 4To Mup
C Tex NOp TaK W He MEepeBEPHY/ICS, YAOBIETBOPUTENBHOIO Cnocoba ObbsACHUTL, YTO Takoe
MOHaAa, He MOsABUAOCh. VIHTepecHO, 4TO MOHaja MMeeT CTPOroe MaTeMaTMYecKoe onpeae-
JIEHNE, N3 KOTOPOrO COBEPLUEHHO HEBO3MOXHO MOHSTbL, Ha Koi Y4EpT DTO HyKHO 1 Kak um
NoJIb30BaThLCA.

Cam Balw MOKOPHLIA cnyra B TedeHne 6e3 Manoro ABafLaTu NeT PyKOBOAWUN Creucemm-
HapoMm «[lapagurmbl nporpaMMupoBaHus», Kyga LOCTaTOYHO HACTO MPUXOAUAU CTYAEHTbI,
3Hatowme Xackesb 1 ymetowme Ha Hém nucaTb. OfHO BpeMsi Ha CeEMMHape efiBa /N HE KaXk-
[blii TOZA OYepefHOR 3HTY3MACT U3 YUCIa CTYLEHTOB-XAaCKeNNCTOB Aenan LOoKNag Ha TeMy
«YTO TaKOE MOHaAbly; HUKAKNE ABA JOKNAJA U3 NPUMEPHO MONYLIOMUHBI 3aC/YLUAHHbIX He
ObIM NOXOXKW ApYr HAa APYra, W, Y4TO BMOJIHE €CTECTBEHHO, HU OAMH M3 3TUX OKNAAOB HE
nokasas cnocoba, Kak »e BCE-TaKy NPaBWJiIbHO 3TOT CTPaHHbIA NpeAMeT pPas3bsCHATb.

ABTOp KHUMM NpegnodTET He BpaTbcs 3a 3a4ady, KOTOpasl EMY He Mo cuiam, U BO3aep-
XKUTCSI OT MOMbITKU OOBSCHUTL, YTO >XE TaKOe MOHaAbl B XacKesie 1 Kak C HUMun bopoTbest —
KakK, BMPO4YeM, 1 OT pacckasa o0 caMoM Xackese.

Bosppamasics K s3biky Cu, momnpobyeM IOHSITH, KaK YK€ BCE-TaKd HAIICATD
Ha HEM MPOrpaMMy B YUCTOM (PYHKIMOHAJLHOM cruje. /[y Hadaga 3aMeTum,
YTO OIEpaIlii BBOJA HaM HE TaK YK W HYKHBI: BCE, UYTO Tpebyercs st pabOThI
IIPOrPaMMBbl, MOXKHO (II0 KpafiHell Mepe, TeOpeTHYECKU — €CJIM CUUTATh, YTO MBI
JOJIZKHBI pean30BaTh HEKHI aJITOPUTM, TO €CTh KOHCTPYKTHBHOE IIPeodpa3oBaHne
13 BXOJHOI MH(MOPMAINKE B BBIXOJHY0) MEPEJIaTh Yepe3 apryMeHThl KOMaHIHOMN
crpokn. C BBIBOJIOM BCE HECKOJIBKO CJIOKHEE — €CJIM OTKA3aTbCs OT TPAIUITNOH-
HBIX OIEPAIUil BBIBO/IA, TO BCE, UTO CMOXKET CHEJIATb «UUCTO (PYHKIIUOHATHLHAS»
nporpaMMa — 3TO BEPHYTHb OIIEPAIlMOHHON cucTeme ducao oT 0 mo 255 — xopo-
1110 3HAKOMBIT HAM KOJI 3aBEPIEHUs MIPOIECCa; OYEBUIHO, STONO HUKAK HE MOXKET
OBITH JOCTATOYHO IS PeAJTU3aIlUN BCel MOJTHOTHI BO3MOXKHBIX aJITOPUTMOB.

Mo2KHO OITH 110 Iy TH OOJIBIMUHCTBA, (DYHKIMOHAIBHBIX SI3LIKOB U CIEIaTh HC-
KJIFOUeHNe 13 0DIIEro MpaBuila: PaspelInTh UCIOJIb30BaHNe KaKIX-HUOyIb (KOHed-
HO, He Bcex) (yHKIMi BBOJa-BbIBOJIA, HO [IPH 9TOM HOMHUTb, YTO OOJIbIIE HUKA-
Kre PYHKIUU ¢ TOOOIHBIMU 3 heKTaMu UCIOIb30BATD HEJIb3sl. EC/in Ipu 3TOM He
OrPaHUYIUBATHCA TOJTBKO BBIBOJOM, TO €CTh Pa3PENIUTh U ONEePAIlUU BBOJIa, TO B Ta-
KOM BHJI€ MOXKHO OyJIeT IepernucaTb BooOIIe MPaKTUIeCKN JIO0YIO IIPOrpaMMy Ha
Cu; pasBe 9TO B HEKOTOPBIX CJIyYasiX, YAUTBIBasl OTCYTCTBUAE ONMTUMU3AIINN OCTa~
TOYHON PEKypCHUH, MIPUIETCS BOCIOIb30BATHCS KOHCTPYKIINEeil OECKOHETHOIO K-
Jta Bpoze for (;;), HO 9Ta KOHCTPYKIIASA caMa 1Mo ¢ebe InCTOTHI PYyHKITNOHATHHOTO
CTUJIsT HE HApyIIaeT — B OTJINYHUE, YBhI, OT Ollepaluii BBOJIA-BBIBO/IA.

Bupodem, HammM WIIOCTPATUBHBIM IEJISIM JIYYIEe COOTBETCTBYET IPYTOMH
HOJIXOJ[: MOXKHO CHABIUTH [IPOrpaMMy HEKOTOPOIl «OCHOBHOI» dyHKuueih (He
main), Koropas Ha BXOJ| B KadeCTBEe apryMEHTOB IOJIy4UT KOMAHJHYIO CTPOKY
[IPsIMO B TOM BHJIE, B KOTOPOM OHa IepeJaHa (DyHKIIMK main, a B KA4eCTBE CBOETO
3HAaYEHUs] BEPHET CIHUCOK CTPOK, KOTOPBIE HY?KHO BBILIATH B CTAHIAPTHBIN BBIBOJI,
3a caM BBIBOJ OyzieT oTBedarh (pyHKIN main. [lockoabKy npuBbIdHAst HaM OHO-
JsmoredHas PpyHKIMS malloc ToKe HUKAK HE MOYKET CUNTAThCA YUCTOMN, CO3IaHNe
HOBOI'O 3JIEMEHTa CIIICKA JIYUIle TOXKE€ BBIHECTH B OTIEJbHYIO (DYHKIINIO, KOTO-
past XoTst ObI CHApPY2KHU OyJIeT BBITJIAIETh MOX0XKel Ha YncTyio. [loayunTes 9To-T1o
BPOJIE CJIEYIOINIETO:

#include <stdio.h>
#include <stdlib.h>

struct str_item {
char *str;
struct str_item *next;

};

struct str_item *mkitem(const char *s, struct str_item *tail)
{

struct str_item *p = malloc(sizeof (*p));

p->str = malloc(strlen(s)+1);

strcpy (p->str, s);

p->next = tail;

return p;

}
struct str_item *main_func(int argc, char **argv);

int main(int argc, char *xargv)

{
struct str_item *p, *tmp;
p = main_func(argc, argv);
for(tmp = p; tmp; tmp = tmp->next)
fputs(tmp->str, stdout);
return O;
}

31ech IpeaoaaraeTcsa, YTo BC peasin3aliisl TOro aJropuTMa, pajad KOTOPOTO MbI
IIUIIIeM IIporpaMMmy, IoMelneHa B yHKIuo main_func u apyrue (GyHKINANA, BbI-
3pIBaeMble U3 He€. B mporpamMme, IOCTPOEHHONW TAKUM CIOCOOOM, (DYHKIIMHM main
u mkitem MOryT (KOHEYHO, MPH COBJIFOJIEHUN JIOJPKHON aKKyPATHOCTH) OCTATHCS
€JTMHCTBEHHBIMU, TJIe MMPUMEHSIOTCS pa3pyIIalonye JefCTBUs, a BCSA OCTaJbHas
[porpamMma, OyIeT IOJIHOCTHIO COOTBETCTBOBATHL IPUHIMIIAM YUCTOrO (DyHKIMO-
HaJLHOTO MpPOrpaMMupoBaHusa. KoHEUHO, 4100y10 npozpammy MBI TaK He Iepe-
[IMIIEM: HaM He yAacTca oPOPMUTH B TAKOM BHJIE HHM MWHTEPAKTUBHYIO IIPOrpaM-
My, HH IIPOrpaMMmy, paboTaionyio ¢ ¢aiijaMu, HI CETEBOW CEPBEP WU KJIMEHT.
Ho ecim 3amaga mpeamosaraer mpeobpasosarue 00HOUT unGopmayuy 6 dpyeiyio,
TO B TAKOM BHJE TOJIYIUTCS HAIKUCATH JII000E Ipeodpa3oBaHue, eCIu TOJbKO OHO
AJTOPUTMHUYECKU PA3PEITUMO.

Cnegyet oTMeTuTb, 4TO € hbOpManbHOW TOYKM 3peHust nobas nporpamma npous-
BOAWT npeobpa3oBaHune opHoii nHopmaumn B apyryio n bonblie HUYEro He aenaer.
BceBo3MoXHbIe ynpaBasiolme BO3LEACTBNS BPOAE XOPOLIO 3HAKOMbIX HAM CUCTEMHbIX Bbl-
30BOB BMOJIHE MOXXHO PaCCMaTPUBaTh Kak HacTb BbIXOLHOrO (pe3ynsTMPYIOLWero) ciosa, npu-
OYMaB COOTBETCTBYIOLLYIO CUCTEMY KOAUPOBAHMS; Ntobble BHEWHME CODLITUS TOYHO TaK e
MOXXHO CHUTaTb 4acTblo BxOAHOro cnosa. EgmHcTBeHHoe, 4To He yaaércs «3arHatb» B
Mogesnib TEOPUM aNropMTMOB — 3TO BbIMOJSIHEHME C YHETOM TEYEHUsi BPEMEHM; Cob-
CTBEHHO rOBOPSl, TEYEHMEM BPEMEHN MOXHO Oblno bbl npeHebpedb, ecnu bbl OKpyxeHue, B
KOTOPOM BbIMOJIHSETCS NporpaMMa, He 0bnagano cnocobHOCTLIO, BO-MEPBLIX, U3MEHSTLCS C
TeyeHnem BpeMmeHU camo no cebe (Hanpumep, Noa LeliCTBUEM MOMb30BATENs, APYrUX Mpo-
rpamMM, Kaknx-To rU3NYECKUX NPOLECCOB W T.M.), W, BO-BTOPbIX, PearnpoBaTb Ha AeCTBUs
nporpamMmbi.

Ecnun nonbiTaTecs copMynmpoBaTh npoucxogsiiee B TEPMUHAX TPAAULMOHHON Teopun
aNropuTMOB, Y HaC MOJYHUTCSA, Y4TO HA MOMEHT CTapTa NporpamMmbl B obLIEM Clydae Cyuye-
CTBYET He BCE BXOLHOE C/IOBO, a TOJIbKO KaKasi-TO €ro 4actb (CKOJIbKO-TO NEPBLIX CUMBOJIOB,
BO3MOXHO, [AXXE€ HU OLHOT0), OCTaNIbHYIO XK€ YaCTb FeHEepUPYET HEKWA BHELUHWIA MO OTHO-
WEHWNIO K aNrOPUTMy «HEpHbIN SWMK> (T.e. HEYTO Takoe, BHYyTPeHHee YCTPONCTBO Yero He
MOXET BbITb U3yHeEHO), NPUYEM STOT HEpPHBIN AWK cam no cebe He 0bsizaH BbITL ncnonHUTE-
JIEM KaKoro-imbo anroputMa, OH BMNOJIHE MOXET ObITh, B YaCTHOCTU, HEAETEPMUHUPOBAHHBIM,
a rnaBHOe — OH paboTaer C TeYeHUeM BPEMEHN B TOM, HANPUMEP, CMbIC/IE, HTO OYepPesHYIO
NOPLMIO BXOZHOIO C/I0BA OH MOXET «3a)KaTb W JOJIro He oTAaeaTby. Ho camoe, noxanyii,
3aHATHOE CBOCTBO HALLEro WCTOYHMKA BXOLHOrO C/I0OBA COCTOWT B TOM, YTO BOT 3TO BOT
«JOJITO» MOXET 3aBUCETb OT CODCTBEHHbIX AENCTBMIA HALIEro anroputMa: B NpocTeiiem
C/ly4ae HaM MOTyT He OTHABaTb OYEPEAHYHO MOPLMIO BXOLHOIO CA0BA A0 TeX Nop, noka Mmbi
CaMmn He CreHepupyem onpefenéHHblii dparmMeHT cnoBa BbixogHoro. VimeHHo 3ToT acnekT
OT/INYAET T XKE UHTEPAKTUBHbLIE NPOrPaMMbl OT aJIFOPUTMOB B KJIACCUYECKOM CMbICAE U He
nossonsiet (oOnATb-Taky B 0bLEM Ciyyae) npeHebperaTb TeHEHNEM BPEMEHN MPU PAaCcCMOTpe-
HUW BbINOJIHEHUS NporpaMM. Mexay npo4nMm, n3-3a YyBCTBUTENLHOCTM Cpeabl K AeliCTBUSIM
HaLLER NPOrpamMmbl MOXET MOJTYHMTLCS 3HAKOMbIT HAM TYMMK: €Civ Hala nporpamma byger
XKOaTb OYEPESHOW MOPLUM BXOGHOTO CJOBA, a €€ OKPYXKEHNE OKAXKETCS YCTPOEHO TakK, YTO
OIS TeHepauuu 3Tol mopunmn emy BygeT HyKHO NOJMyYnUTb YTO-TO OT Haleli NporpaMmbl,
TO CUCTEMA «MPOrpaMMa-+oKpyXeHne» 6aaronosy4Ho 3aBUCHET; TEOPUS aAropUTMOB TaKUX
BELLE He mpegnonaraert.
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Crenyromas mapajnurMa U3 9ucjia OCHOBHBIX, OOBIYHO YIOMUHAEMBIX B JIUTE-
PaTYPHBIX UCTOYHUKAX IIPU MOIBITKE MEPEUUC/IUTD HapaIATMbl — 9TO TaK HA3bI-
BaeMoe f02UuMeCKOe npo2pammuposarue. IIporpamma 3j1ech hopmyaupyercs
B BHUJe HaOOpa JIOTHYECKUX [IPABUJI, OIUCHLIBAIONINX HEKYIO IIPEIMETHYIO 00J1aCTh,
a MCIOJTHEHNE TPOrPAMMBI COCTOUT B HOIBITKE JOKA3aTh YTBEPKACHIE (N, eCoin
y2K COBCEM TOYHO, B IMONBITKE 10/I00paTh KOHTPIPUMEPHI K OMPUUAHUIO YTBED-
JKJICHYS ).

Haunbosiee u3BeCTHBIM SI3BIKOM JIOTUYECKOT'O ITPOTPAMMUPOBAHUS MOYKHO CUHU-
TaTh a3bIK [Iposior; Hajo npusHaTh, YTo eciu o IIposiore Bce, KTO UMeeT OTHO-
IeHUE K MPOIPAMMUPOBAHUIO, XOTs ObI CJIBIIIAIN, TO O CYIIECTBOBAHUN JIPYTUX
JIOTUYIECKUX SI3bIKOB OOJIBITMHCTBO MPOrPAMMIECTOB, Cy/Id IO BCEMY, JarKe He I10-
Jo3peBaeT. Brupodem, npu GJIM3KOM 3HAKOMCTBE C 9TUM S3BIKOM (KOTOpOE y HacC
BIIEPE/) MOXKHO C YJAUBJICHHEM OOHADPYZXKHUTb, YTO OCTATKH €0 <«JIOMMIHOCTH»
KYy/Ia-TO WCIAPUJIUCH, & IIPOJIOT-PEIIaTe/ib — IIPOrPAMMHBIN MEXaHU3M, JesIaio-
K BHIBOJIBI HA OCHOBE 33JIAHHBIX (DAKTOB U IMPABUJI — BHE3AITHO IPEBPATUJICS B
MAIIUIHKY JJIs1 TYTOro (WMJIH, BO3MOXKHO, COBCEM JlakKe U He TYIOoro) mepebopa Ba-
puanToB. eyio TyT, KaK BOIUTCS, B HEJOCTATOYHOM YMEHHUU JTyMaTb MO-Pa3HOMY
00 OJIHOM U TOM K€ SIBJIEHUU — JIIOJIsIM, IIPUBBIKIITUM K UMIIEDATUBHBIM I1POIPaM-
MaM, TOIPOCTY JAe2%€ AyMaTh O BBIIOJIHEHNN ITporpaMMbl Ha [Iposiore B Tepmumaax
[TOCJIEIOBATEILHOCTH JEHCTBUMN, BBIIOTHIEMbIX pernareaeM. BipodueM, maxe B po-
JIn MAIMUHKY Jj1s iepebopa [Iposior, HeCOMHEHHO, CTOUT BPEMEHH, TOTPAIEHHOTO
HA €ro M3y4YeHue: KOIjia Ha IIPAKTUKE BCTpedaeTcs 3ajada, CBA3aHHAs C 1epebo-
POM BapHaHTOB, JIyUIlle BCErO C HEil CIPAaBJISIOTCS (IIPUTOM HE3ABUCUMO OT TOTO,
KaKOli [PUMEHSIETCs SI3bIK IIPOrPAMMUPOBAHUST) HPOIPAMMHUCTBI, UMEOIIIe XOTsI
Ob1 HEOOIBITON OonbIT paboTs! ¢ [Tposorom.

Ecnu dyHKIIMOHAJIBHBIM ITPOrPAMMUPOBAHUEM MbI MOXKEM IIPU YKEJTAHUM 3a-
HAMAaThCH HA #A3bIKaX, He MPEHA3HAYEHHBIX [JIsI 9TOTO — XOTs Obl HA TOM XK€
Cu — TO ¢ JIOTMYEeCKUM ITPOrPAMMUPOBAHMEM STOT HOMED He ITPOXOJIUT, TOCKOJIb-
Ky /U BBIIOJIHEHUS JIOTMYECKUX IPOrPDAMM HEOOXO/UM peNIaTelib, YCTPOHCTBO
KOTOPOT'O CJIUIITKOM CJIOYKHO, ITOOBI IIPOCTO B3sITh U PEAN30BATH €ro. MOoxKHO
CKa3aTh, YTO B OCHOBE (PYHKIMOHAJIBHOI'O IIPOIPAMMUPOBAHUS JIE2KUT OMKG3 OT
HCIIOJTb30BAHUST IaCTU BO3MOXKHOCTEH S3BIKA, TOTJIA KAK JIOTHIECKOe [TPOrPaMMU-
poBaHue, HAIIPOTUB, TPeOyeT MHCTPYMEHTOB, KOTOPLIX B OOJIBIIIUHCTBE SI3LIKOB HE
npejrycMorpeno. Paccyxiasi o GyHKITMOHAIEHOM IPOTPAMMUPOBAHIE, MBI CMOTJIH
COCTaBUTH O HEM IIEPBOE BII€YATJIEHUE, TIOJIb3YSCh JIJIsl 3TOI'0 TOJIBKO PaCCMOTPEH-
HbIME panee sa3blkaMu. C JIOrmdecKuM ITPOrPDAMMHUPOBAHUEM TaK He IMOJIYUUTCS,
[I09TOMY TIpUBEIEM HEDOJILINON dhparMenT mporpammbl Ha [Iposiore.

Daxmor B Iposior-porpaMmax (1 BOOOIIIE JTOITHIECKOM TPOrPAMMIPOBAHIH )
BBITJISIIIST TPUMEPHO TaK:

parent (mary, ann).
parent (mary, john).
parent (george, john).
male (george) .
male(john) .
female(mary) .
female(ann).

3aech MBI cOOOIIIIN TIPOJIOr-peraresio, 9ro Jykopk n [IXKoH — My’KYnHBI,
Mbspu u DHH — KEHIIUHBI, Ipr 3ToM M»3pu mpuxoauTcs: poauresieM DHH u J[xKo-
uy, a Jxop/pk npuxomurcs pogmreseM J[KoHy (KTO BTOpOil ponuTens DHH —
He yrounsiercs). Ha ocHOBe 9T0ro MOXKHO ¢HOPMyYJIMPOBATH PEIIATENIO IPOCTeli-
IIMe BOIIPOCHI BPOJIE «KTO SIBJIAETCS POANTENsMU DHH» (parent (X, ann)) min
«riepeuncyn (u3BeCTHBIX Tebe) Myxkunt» (male (X)), HO, KOHEYHO, CyTh JIOIHe-
CKOT'0 IIPOIPaMMEPOBAHUs He B 9TOM. Kpome (hakToB, B IporpamMye MOTYT TaKxKe
[PUCYTCTBOBATH NPABUAG 8bLE800G:

father(X, Y) :- parent(X, Y), male(X).
mother (X, Y) :- parent(X, Y), female(X).
brother(X, Y) :- parent(T, X), parent(T, Y), male(X).

Tenepb MOXKHO HOIIPOCUTH peliaTesb HaiiTu Gpata JuH (brother (B, ann)); pe-
MIATEb OTBETHUT, UYTO TAKOBBIM sABJsteTCs [I2KOH, MOCKOJBKY MOXKHO IOJ00PATh
TaKre 3HAYEHUS MEPEMEHHBIX, YTO BCE YCJIOBHS B IPAaBOil YACTU COOTBETCTBYIO-
IIETrO NPaBHJIa OKAaXKyTCs BhINOIHEHbI (X=john, Y=ann, T=mary). Ormernm, 4TO
3aJaHHbIC B IIPOTPAMME OTHOIICHUS MEXKIy 00beKTaMU — HEBaXKHO, 3aIaHbI JIU
oHH B Bujle (PaKTOB WU IPABUJI — HA3BIBAIOT NpeduKamamu; B HAIIEM IIPU-
Mepe DUrypupyIoT IecThb IpeInKaTos: parent, male, female, father, mother u
brother.

JlobaBuB B mporpaMmy (hakTbl, KacaIOIIHecs BO3PacTa M JAPYTIUX AHKETHBLIX
JIAHHBIX PACCMATPUBAEMBIX JIIO/IEH, MbI CMOYKEM 3aCTABUTH PEIIATENb CIPABIIATH-
cst ¢ 6oJtee CJIOKHBIMU 3aIlIPOCAMU BPOJIE «HANU HAM MY2KYHUHY, Y KOTOPOTO €CTh
MJIAINAN OpaT U cTapiiasg cecrpa, a caM OH IIPH ITOM BJjajeeT (ppaHIly3CKUM
sI3BIKOM, 110 0Dpa30BaHUI0 XUMUK, HO paboTaer mporpaMMmuctom». C mMOMOIIBIO
MIPAaBUJI BBIBOJIA MOXKHO OYIIE€T OIKUCATh HOBLIE IIPEIUKATEI, HAIIPUMED, I TTOUCKA
OJIM3KUX POJICTBEHHUKOB B 38 IAHHON BO3PACTHO I'pyIIIe U T. II.

Ecnu BocnpuHUMATD TPOJIOT-TIPOTPAMMY NPABUALHO, TO €CTh B IAPAIUTME JIO-
HYECKOT0 POrPAMMUPOBAHUS, MOXKET BOSHUKHYTH OILyIeHHe (3aMeTUM, OUCHb
[OJIE3HOE, PAJIU HErO BCE U JIEJIAETCsI ), UTO MbI 3a/1a6M CBOICTBA HY?KHOTO HAM pPe-
IIEHUS, & PEIaTe/b «KAK-TO TaM» HAXOIUT HMOJXOIAIINN 00BEKT, U HAM IIPU STOM
COBEPIIIEHHO BCE PABHO, KAK UMEHHO OH 3TO jiesiaeT. TaKyro TOUKY 3peHus Ha UMe-
IONUICST MHCTPYMEHT, KOrJa Mbl 33J1aéM (dekaapupyem), 4mo XOTHM IOJIYydUTh,
HO He O0ObSICHSIEM, KK, HA3BIBAIOT 0EKAGPAMUBHBIM TPO2PAMMUPOBEGHUEM.

[exnapaTueHoe NporpaMMunpoBaHMe He BCErfa CBS3aHO C formdeckum. B Haweii kHu-
re Mbl HE pPaccMaTpUBaNU CUCTEMbI ynpasieHns 6a3aMu JaHHbLIX, NOCKOJbKY HEBO3MOXHO
O6'b9|Tb HeO6'bFITHoe; HO Ons ‘-II/ITaTeJ'Ieﬁ, NOHNUMAKLWNX, O YEM VIAéT peyb, OTMETUM, 4TO
a3bikn 3anpocoB k CYB/[, B Tom uucne HebesbizeecTHbin SQL, kak pas sBnstoTcs gekna-
paTMBHbLIMU, NPU 3TOM TOT Xe SQL HukonM 0bpa3om He OTHOCUTCS K A3bIKaM JIOrMYECKOro
NpOrpaMMUpOBaHMSI.

Konb ckopo pedb 3awwna o 6asax faHHbIX, CTOUT 3aMETUTb, YTO MPeaMKaT — 3To, cob-
CTBEHHO, TO XK€ CaMOe, 4TO B Teopun 6a3 AaHHbLIX Ha3bIBalOT oTHOWeHuem (aHrn. relation),
a Ha npakTuke — nonpocTty Tabsmues; aHanornuYHbiM obpa3soM OfHY U Ty Xe CYLWHOCTb
OMUCHLIBAIOT TEPMUHBI «PAKT», KKOPTEX>»> U «CTpoKa Tabauubiy. Becb Habop umetoLmxcs B
nposior-nporpamMme hakToB TaK 1 Ha3biBatoT 6a30i AaHHbIX, U Bonble Toro, Mponor nosso-
nsieT BO BpeMsi paboTbl nporpamMmMbl f06aBNsATh B HEE HOBbIE PaKTbl 1 U3bIMATL UMEIOLLMECS,
TO eCTb 6a3sy AaHHbIX MOXXHO AMHAMUYECKN U3MEHNTh (C NpaBuaamMu Tak NOCTyNaTh Hesb3s).

|/|p,e9| NMPUMEHEHNA NOTMHYECKOro NporpaMmMmnpoBaHnAa ans pa6OTb| C 6a3aMVI AAHHbIX BO-
obLue BbIMISAUT OYEHb ECTECTBEHHON, HO, K coxaneHmto, SQL «ycnen nepebiM>», 3aHsIB HU-
wy sikobbl «CTaHZAPTHOrO» s3blka 3anpocoe. B VHTepHeTe MOXHO HaliT LOBONLHO MHOrO
MPOEKTOB, NPUMEHSIIOWNX JIOMMYECKOe NporpaMMuUpoBaHmne B obnactu ynpasneHus 6asamu
JaHHbIX, 4acTb U3 3TUX NMPOEKTOB OCHOBaHa Ha [lposore, 4acTb — Ha CTPOro JIOrNYECKOM
a3bike Jatitanor (Datalog), Ho 4TOBbI 3TU NPOEKTHI OBHAPYXKUTb, HY>KHO TOYHO 3HaTb, YTO
MMEHHO Bbl XOTUTE HANTWN.

B Ilposiore momyckaroTcst HpeuKaThl, BLIYUCIECHUE KOTOPLIX HMEET TNo-
6ounuti agpperxm. BerpoeHHBIE TPEIUKATHI TAKOTO POJA MPUMEHSIOTCS ISt
BBO/Ia-BBIBOJIA, IS JMHAMIYECKOro j0baBiieHns u yjuajeHus (HakToB, a emg —
JJIs fIBHOTO YIIPABJICHUsI ITPOIECCOM BBIMHC/ICHUN; BCE 9TO OTHIONbL HE CIIOCOD-
CTBYET MBIIJIEHUIO B TEPMUHAX JIOTUYIECKOH napaaurMbl. Kak Mbl yBUINM 103Ke
B miaBe, nocssménnoit [Iposory, mobounbiMu addekTamu Jej0 He OrpaHunInBa-
eTCsl, JIOTUYIECKYI0 CEeMaHTHUKy yOmBaer Takas Oe300umHasi Bpoje Obl BEIlb, KaK
apudMeTHKa, IUIIOC K TOMY HEOXKHJIAHHO <«HEJIOTUYHBIM» OKa3bIBAETCS ITPOCTOE
oTpuIlanue, u Tak fajee. Tak main mHAYE, TPUCTYIAs K MPOIPAMMUPOBAHUIO HA
[Iposore, caemayer OBITH TOTOBBIM K TOMY, UYTO OJIHUM U3 OCHOBHBIX HHCTPYMEHTOB
MIOCTPOEHUs ITPOTPAMMBI OKA3bIBAETCA XOPOIINO y2Ke 3HAKOMasi HaM PEKYpPCHsd, a
riepeMenHbie B [IpoJjiore ciry»KaT UCKIIIOYUTETBHO JIJIsi 0003HAYEHUS HEU3BECTHBIX
BEJIMYUH B IIPABUJIAX, OHU BCETJA JIOKAJILHBI B OTJIE€/ILHOM IIPEJJIOXKEHUN IIPOrPaM-
MBI; aHajora nprucsanBanuio B IIposore zer (x0Tst 6bLIO OB ONMIMOKON 3asBUTH,
YTO IepeMeHHAas He MOXKEeT MEHATbCS CO BPEMEHEeM, HO TO, KaK IepeMEHHbIE B
[Iposiore MeHSIOT CBOE 3HAYEHUE, HIYErO ODIIEro ¢ UMIIEPATUBHBIM IIOJXO/IOM HE
umeer).

[Ipu pabore ma Ilposore mMbl B psige ciaydaeB BCE K€ BBIHYKIEHDLI JIyMaThb
B TEPMUHAX MOCJIEOBATEIbHOCTHU JIEHiCTBUIl, BBIIOJHIEMBIX periareaeM (Tak Ha-
3BIBAEMOIT MPOUEIYPHOT CEMAHMUKU); HEKOTOPBIE JIDYTHE A3bIKU JIOTHIECKO-
ro IPOrpaMMHUPOBAHUs, B TOM YHCJIE YIIOMUHABIIHUiics Bbiite /[[sfiTasor, sToro
HEJIOCTATKA JIUIIICHBI U UMEIOT CEMaHTHKY, HOJHOCTHIO OTBEYAIONIYIO MPaBUIAM
MaTeMaTUIeCKON JIOTUKU.

Ham  o0630p «Gosjbmmxs  mapajurm — ocrajcd Obl  HENOJHBIM  06e3
003EeKMHO-0PUEHMUPOBAHHO20 TUPOPAMMUPOSAHUS (WK, 1JisI KDATKOCTH,
OOII), koropoe, noxaJsyil, MOXKHO HA3BaTh CAMOW MOILYJISIPHON mapaaurMoii B
MUpE, €CJIU CYUTATDH 110 yIOMUHAHUAM — B juTeparype, B HTepHeTE, IPOCTO B
pasroBopax; KOHEYHO, UMIIEPATUBHBIM ITPOIPAMMUPOBAHUEM JIFOMIN TO-TIPEKHEMY
MOJIL3YIOTCSA Yallle, U 9TO BPSJ JIM U3MEHUTCs, HO HE BCe, KTO IHUIIET WMIIepPa-
TUBHBIE ITPOTPAMMBI, TIOMHSIT CAM TEPMUH «UMIIEPATUBHOE IIPOIPAMMHUPOBAHUE,
TOrJla KAaK KaXKIbIif, KOMYy IPHUIILIO B TOJIOBY BOCIIOJb30BATHLCI KJIACCAMH U
obbekTaMu, ropmao 3aspiser, dyro 3anumaercs OOII. IIpu stom mHa Bompoc,
9Té 2Ke Takoe, coOCTBEHHO roBopsi, 310 Bare OOII, 0ObIYHO MOXKHO YCJ/IBIIIATH
[IPOM3HOCUMBIE € HEBOOOPA3UMBIM YpOBHEM Tadoca CJIOBa <«UHKAICYJISIUSY,
«HACJIEJIOBAHUEY», <IOJUMOP(PU3M», HO OODBSICHATHL ITU CJOBA JIIOAU OOBIYHO
oTKasbiBaioTcs. [lompobyeM pazobparbesi, YTO 37eCh K IeMy.
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[TocrostHHO pacTyliue pa3Mepbl IPOrPaAMM BCEIA 3aCTABJIAIA TPOIPAMMU-
CTOB HMCKATH IIYTH JJIT ODOPHOBI CO CI0XKHOCTHIO. [IepBbIM I1arom B 3TOoit 60pbOE
cTajia XOPOIIO W3BECTHAs HAM Pa30deaAbHas MPAHCAAUUA MOOYAeT; NMEeHa, CKPbI-
ThI€ B OTACJIbHBIX MOIAYJIAX, IO3BOJIAIOT HUYEI'O O HUX HE€ 3HaTb IIpU pa60Te Ha /I
JAPYTHEMU MOJIYJISIME, 9TO PE3KO CHUXKAET 00Iee KOJINIeCTBO NHMOPMAaIUN, KOTO-
PYIO IPOTPAMMUCT B Ka K IbIif MOMEHT BPEMEHU BBIHYKJEH ITPUHUMATH BO BHIMA-
HHE. DTOT IPOCTON (PAKT IIOKA3BIBAET HAM, UYTO HACTOSIIUM IIPEIMETOM OOPLObI
3/1eCh OKA3bIBAETCA JayKe He CTOJIBKO CJI0XKHOCTH IPOIPaMM KaK MX COOCTBEHHOE
CBOﬁCTBO, CKOJIBKO CJIO2KHOCTDL MX BOCHPUATUA YEJIOBEKOM — Yy2KE KaK CBOMCTBO
9€JIOBEYECKOT'O MBIIIIEHUSA.

CokpriTre jierajieil peajus3alid TOH WM MHON IOJCUCTEMbBI IIPOIrPAMMBI OT
JAPYTHUX €€ MOJCUCTEM — 9TO M €CThb, CODCTBEHHO T'OBOPSA, UHKANCYAAUUS. [1pn-
MeEpaMU UHKAIICYJIAIINN MOTYT CJIIY?KUTDH JIOKaJIbHBIE IIEPEMEHHBIE B IIO/AIIPpOrpaM-
Max, & TakzKe nMeHa (MOAIIPOrpaMM, THIIOB, TJIODATBHBIX IEPEMEHHBIX ), BUAUMBIE
TOJIBKO BHYTPHU MOJYyJICH, IJIe OHU BBEJCHDbI, U HEJAOCTYIIHbIC U3 JIPYIUX MOIYJIEen.

O4eBUIHO, YTO UHKAICY/ISIUs OBIBAET HE TOJBKO B 00bEKTHO-OPUEHTHPOBAH-
HOM MpPOIpaMMUPOBaHUU: MbI BeTpedanun eé u B llackame, u B Cu, u jgaxe
npu pabore Ha s13bIKe accembiiepa. C Ipyroil CTOPOHBI, MOYXKHO CKa3aTh, UTO
00 bEKTHO-OPUEHTHPOBAHHOE IIPOIPAMMUPOBaHIE BHIBOAUT MHKAIICYJIAIMIO Ha Ka-
YeCTBEHHO HOBBIN YPOBEHD. OCI\JLIC.HI/IBa.H CBOIO IIpOorpaMMy B COOTBETCTBUU C
00 bEKTHO-OPUEHTHPOBAHHON MAPAIMIMOI, MBI IIPEXKIE BCETO IPEJICTABIJIAEM JIaH-
HbI€ B BUJIE HEKOTOPBIX 00BEKIM08 — <«UEpHBIX SIUKOB». BHyTpeHnHee ycTpoii-
CTBO 00bEKTa M3BHE HEJOCTYITHO, & B PsAJie CIyYaeB MOXKET ObITh IIPOCTO HEM3-
BECTHO — HAIIPUMED, €CJIN JTaHHBIN O0BEKT PEaIM30BaH APYTUM ITPOTPAMMUCTOM.
Bcé, uro MoxKHO caesraTh ¢ OOBbEKTOM — 9TO IOCJATh €My COOOINEHHEe U ITOJIy-
quTh oTBeT. Tak, omepanus «2 + 3» B TepMHUHAX OOBHEKTHO-OPUEHTUPOBAHHOIO
IIPOTPAMMUPOBAHNSI BBITJISIANT KaK «MBI IOCHLIAEM JIBOIKe coolIeHne “IpubaBb
K cebe Tpoiiky”, a oHa oTBedaeT HaM, 9TO IIOJIYIUI0Ch 5». BIiojne Bo3MOXKHO, 9TO,
MIOJTyIUB COODIeHNE, OOBEKT IIPOU3BEIET KAKHEe-TO JeHCTBUAST, CMEHUT CBOE BHYT-
pEHHee COCTOsIHME WJIM IONLIET COOOIeHne APYyroMy OObeKTy, HO BCE 9TO OCTa-
8TCsl HAa ero yCMOTPEHHE; MOChLIast 00BEKTY COODIEHNe, MBIl He JIOJI?KHBI JeJ1aTh
HUKAKWX TIPEJIIOJIOKEHUT 0 TOM, KaK UMEHHO yCTpPOeHa (peasin30BaHa) peakIust
00DbeKTa Ha JAHHOE COODIIEHHUE.

Henocrymaocrs nmerasieit peasnsaiiun 00beKTa 3a IpeIeaMid €ro OINMMCAHUs
KakK pa3 u O6’b5{CHHeT7 IIO9YEeMYy HUHKAIICYJIAIUIO CTOJIb HaCTONYNBO Ha3BIBAIOT OI-
M 13 «Tpéx kuroBy OOIl. Koneuno, mHKAICY/IAIUS €CTh HE TOJIBKO B A3bIKaX,
noggepxuBaommx OOIL, HO ec B IPYrux si3bIKaxX OCHOBHOM e€IUHUIIEN MHKAII-
CyaAnUA OOBITHO sABJIsTETCT MOOJYAb, To B OOIl MBI mcmomb3yeM WHKAICYIISIIAIO
Ha YPOBHE OTJEIbHBIX O0BEKTOB, UTO B Psijie CJAYIAEB MTO3BOJISIET PE3KO CHU3UTH
ODIIYI0 BUAUMYIO CJIO?KHOCTH CAMUX MOJLYJIei.

OO6beKThI, BHYTPEHHEE YCTPONCTBO KOTOPBIX OJMHAKOBO, 00pa3yioT K.AGCCDHL.
B mparmMaTnieckoM CMBIC/IE KJIaCC — 3TO OIUCAHNE BHYTPEHHErO YCTPOCTBa 00b-
€KTa; IPU CO3JAHUU HOBOI'O OOBEKTa yKa3bIBAeTCs, K KAKOMY KJACCy OH IIpH-
Ha 1eKUT (00BEKTOM KAaKoro Kjacca oH Oyzer). mest onucanue Kiacca, MOXKHO
CO3MATH HPOU3BOJILHOE KOJIHMYECTBO? 0OBEKTOB 9TOrO Kjacca. Bosee TOro, MOkK-
HO B3$ITh MMEOIINNCS KJIACC M Ha €ro OCHOBE CO3JaTh HOBBIH KJacc, B UEM-TO
TIOXO2KWI Ha CTapblil M MPOSIBJISIONINI €ro CBOICTBA, HO MPU 3TOM BCE-TAKU OT-
JIMYAOIIUICS OT HEro, KAk MPaBHUJIO, B CTOPOHY YCJIOKHEHUsI (XOTsl U HE BCErJIa).
DTa BO3MOXKHOCTH HA3LIBAETCS HACAEI08AHUEM.

YacTo 6ObIBaeT TaK, YTO HECKOJBKO Pa3/IMIHBIX KJACCOB CIIOCOOHBI 0Opa-
OaTbIBaTh HEKOTOPBIM OOIuit /It HUX BCeX HabOp coobmenuii. B Ttakom ciry-
Yae FOBOPSIT, YTO STH KJACCHI HOIEP:KUBAIOT 00Nl uHmepgetic; BO MHOIHUX
00 BEKTHO-OPUEHTHPOBAHHBIX A3bIKAX ITPOTPAMMUPOBAHUS HHTEPQEHCh OIINCHIBA~
IOTCSI B BHJIE KJIACCOB CIIEIIUAJIHLHOIO BHJIA.

Ocraérest noceHuit u3 «TpEX KUTOB» — mMoaumopPhudm. CTporo ropops,
MOJTUMOP@U3M TOXKE HUKOUM 00pa30M HE HOBOCTD: 9TO CIOCOOHOCTH OJMHAKOBBIX
KOHCTPYKIUIT si3blKa (4allle BCero BbIParKeHHil, XOTsi U He 00si3aTesIbHO) 0003Ha~
9aTh pa3/ndHble JeHCTBUA B 3aBUCHMOCTH OT MUN0E 3aJefiCTBOBAHHBIX II€pe-
MEHHBIX 1 3Hadenuii. Hanpumep, Boipaxkenue «a+by» B [lackaie moxkeT o3HaYATD
CJIOYKEHUE JIBYX TEJIBIX THCEIT, CJIOXKEHUE JIBYX UHCes ¢ IIaBaloleit TOukoil (u3y-
YKMB S3bIK acceMbjiepa, Mbl TOYHO 3HAEM, YTO TO COBCEM JIpyrasl Ollepalusi), a
MOXKET ¥ BOBCE 0D03HAYATH KOHKATEHAIWIO ABYX CTpPOK. M3ydast Cu, MBI CTOJIK-
HYJIUCH C Te€M, UTO BbIpaxkeHue Buja «t[i] [j]» MOXKeT BBIMHUCISATHCS COBEPIIEH-
HO ITO-PA3HOMY: OJHO JI€JI0, €CJIM t MPEJCTABJSIeT COOON yKa3aTejb Ha yKa3a-
TeJIb, U COBCEM JIPYroe — €CJIH t sIBJISeTCsl UMEHEM JIByMepHOro maccusa (6o,
970 (PaKTUIECKH TO YK€ CaMoe, 3HAUEHHEM MO3TOIPOOUTEILHOTO THIIA <«yKa3a-
Tesib HAa MaccuBy ). Hamo ckazars, uro k OOII 310 BCcé He mMeeT COBEPIIEHHO
HUKAKOI'O OTHOIIIEHNU .

B a3bike Cu++, U3y4ueHUI0 KOTOPOI'O MbI HOCBATUM BCIO CJIEIYIONLYIO YaCTh
Halei KHUTH, IIPOrpaMMHUCT MO2KET CaM BBOJIUTDL /Jisdd CBOUX THIIOB OIl€epaliuu,
BBITVIAISINE TaK K€, KaK BCTPOCHHBIE ONEPAITMU HaJl BCTPOCHHBIMHM THUIIAMU —
TO €CTb, 110 CYyTH, YIPABJIATH MOJUMOP(MHOCTHIO OMEpaIiil, BCTPOEHHBIX B SI3bIK;
HO U 3TO, KakK HU cTpaHHo, He mMeeT orHomrenns: K OOIIl. Korma cimoo «moJiu-
MOpduU3M» yIoOTpedIsieTcs B cocTaBe HadOCHON TPHUaIbl — BMECTE CO CJIOBAMHU
KUHKAIICYJIAIUA» U «HaCJI€JOBaHUE» — HUMEIOTCA B BUJAY TaKHUE€ BUJILI ITOJIUMOP-
duszMa, KOTOpble BO3ZHUKAIOT IIPU HACIEIOBAHUU KJIACCOB: C OOBEKTOM JIIOOOIO
KJIacCa-HACIeTHIKA MOXKHO 00OpaIlaThbCs TaK 2Ke, KaK ¢ 00beKTOM KJIacCa~-IIPeIKa,
UTHOPHUPYS TOT PaKT, 9TO OOBEKT BOODIIE-TO MMeEET JPYTOil THUIL; IIPU STOM CaM
00BEKT Ha TaKOe ODpAIleHIe BIIOJIHE MOYKET OTPEArnpOBATDH HE TaK, KAK pearupyer
ero npeaok. K 9ToMy BOIpocy Mbl BEpHEMCS [TPH U3y I€HUH COOTBETCTBYIOIIIX BO3-
MoxkHOCTE CHu++-, TIOKa YK€ OTMETUM, UTO U3 «TPEX KUTOBY» JIUIIb OJINH — HACJIe-
IoBaHIEe — OKa3bIBaeTCsI (GUPMEHHON 0COOEHHOCTHIO 00 BEKTHO-OPUEHTUPOBAHHOTO
porpaMMupoBaHusi. KcraTu, BCTpeUaroTCst I3bIKU ITPOrPAMMUPOBAHUS, TTOIJIED-
JKUBaIOIne paboTy ¢ KJIacCaMu U OObLEKTaMU, HO He MO/AEePXKUBAIOININAE TIPU ITOM
HacJae0BaHne; MHOIAA TaKOi BapHaHT «OObEKTHOH HAJICTPOMKH» Ha3bIBACTCSI
object-based programming (B orimaume ot object-oriented).

C 06bEeKTHO-OPHEHTUPOBAHHBIM POrPAMMUPOBAHIEM 4YacTo (M 6Ge30CHOBA-
TEeJIbHO) CMEIIUBAIOT JIPYIYIO NapaJurMy IPOrpaMMUPOBAHNS — GOCMPAKMHBLE
munst daHHBLT . Abcmparxmmvim HA3BIBAIOT TAKOH THUI JAHHBIX, JJIsI KOTOPOTO
HEU3BECTHA ero BHYTPEHHsIsl OpTaHW3allusl, a U3BECTEeH JIMIIb HeKuil Habop Oa30-
BBIX Ollepalvil; UMEHHO TaK Mbl BOCIIpUHUMAaeM, HalpuMmep, Tull FILE, BBoauMbIi
craHapTHON 6ubsmorekoit Cu Jijisi BEBICOKOYPOBHEBOI pabOThI ¢ (haitjiaMu — MbI
3HaEM, YTO MOYKHO OIMCATH repeMeHHyIo Tuiia FILE* (T.e. ykasaresb na FILE),
YTO C Hell MOXKHO paboTaTh, UcHosab3ys gynkiun fopen, fclose, fputc, fgetc
7 T.1., HO IIPA 9TOM HaC HEe WHTepecyeT, YTO B JeHCTBUTEILHOCTH ITPEICTABJIsI-
er coboit Tunt FILE. Ecau nogyMarh, MOXKHO OOHAPYKUTb, UTO K aDCTPAKTHBIM
OTHOCSITCS BCTPOEHHBIE TUIBI si3blka Cu it 00pabOTKU YUCEe] C ILIABAIOEi
Toukoit — float, double u long double, MOCKO/IBKY B si3bike CH HET HUKAKUX
CPeACTB, 3aBUCAIINX OT KOHKPETHOT'O ITPpEJACTaB/JICHUA «IIJIABYIUX» YUCEJL. B TO 2Ke
BpeMsI IIeJI0YHNCIeHHbIE TUIIBI OTHECTH K aOCTPAKTHBIM HE IOJIYyYIUTCsI, BEIb JIJIsI
HUX SI3BIK [IPEIOCTaBJISIET IIOONTOBBIE OIEPAINH, TO €CTh BHyTPEHHEe YCTPOHCTBO
I[IeJIBIX YMCeJI Ha YPOBHE sI3bIKa 3a(pUKCHPOBAHO M JIOCTYITHO.

[Myranrure mexay OOIl u ATII, HecOMHEHHO, CIIOCOOCTBYeT Hajum4ue B 0be-
X TapanTMax HEKNX TPeOOBaHUN «3aKPBITOCTA BHYTPEHHEIO yCTPONCTBay, HO
CXOJICTBO Ha 9TOM 3akaHuIuBaeTcs. [Ipu pabore ¢ abCTPaKTHBIMU THIIAMU JTAHHBIX
He WAET HUKAKOW pedn H 00 «oOMeHe COODIEHUsIMIY, HU O «BHYTPEHHEM COCTOsI-
HUU», HU TeM 0oJiee 0 HACIEOBAHUN WM 3araJO9HOM <«IojuMopdusmes. B 6071b-
muHCTBe ciy4daes npuMmenenne ATJI He NPUBOIUT K CephESHBIM U3MEHEHUSIM CTH-
JIS MBIIJIEHHUsI, TOCIIOACTBYIONAas Mapa urMa OCTaéTcs TPaIUIMOHHON — MMIIe-
paTWBHOI, Torma Kak npaBuibHb noaxoa K OOIl zacrapiser mporpaMMucTa
ITOJTHOCTHIO TIOMEHSATHL 00pa3 MBICIEH.

Kirrouepoe pazimunane mexx ity oobekTamu B cMmbicsie OOIl u abcTpakTHBIME JTaH-
HBIMHU MOXKHO ITPOMJLTIOCTPUPOBATH TeM (PAKTOM, ITO aOCTPAKTHBIE TUIIBI JAHHBIX
MOZKHO HpI/ICBaI/IBaTI)6 1 93TO HUKaK HE IIPOTUBOPEYIUT I/I36paHHOﬁ MOJIeJIN MBbIIILJIe-
nus, Toraa Kak B «auctoM» OOII mpucBanBanme oKa3bIBaeTCsl Y€M-TO Iy 2KEePO/I-
HBIM. B camowm pere, 0Ob19HbIX mtepeMeHHbIX «anctoe OOIl» He mpemycmaTpuBaer,
TaM CYIIECTBYIOT TOJBKO OOBEKTHI; IpucBanBanue (6€30THOCHTEIHHO KOHKPETHO-
ro si3bIKa IPOrPAMMUPOBAHUS) €CTh HE YTO MHOE, KaK yKasaHUe CJeJiaTh OJUH
00BEKT TAKUM 2Ke, KAK HEKHUil JIPYroil, TO €CTh, IPUCBOUB OJUH OOBEKT JAPyTrOMY,
MBI OyJIeM TOYHO 3HaTh, YTO TEIEePh BHYTPEHHEE COCTOSHME ITUX JIBYX OOBHEKTOB
onuaakoBo, HO Begb OOII 3anpermaer kKakne-aIub0 TPEIIIOIOKEHNS O BHY TPEHHEM
COCTOSTHMH OOLEKTOB!

Mexk 1y mpodmM, BOT 3Ta BOT 4yKepojHocTb npucBauBanust st OOIl mos-
BOJISIET OIPOBEPTHYTDH JOBOJIBHO YACTO BCTPEUAIONIEECT yTBEPKIEHNE, UTO SIKO-
661 OOIl — 3710 TO JiM PA3HOBUIHOCTH UMIIEPATUBHOIO MTPOrPAMMUPOBAHUS, TO
JIM HOBBIM 9Tall €ro pa3BUTHUsI, TO JIU €IIE KAKUM-TO 00pa30M C UMIIEPATHBHBIM
IpOrpaMMHUPOBaHUEM CBst3aHO. B jeiictBurenbrocTr, KoHeuHo ke, OOIl — sro
ITOJTHOCTBIO CAMOCTOSITEIbHAST TapaUrMa, a € BOCIPHUSITHE «B CBI3Ke» C UMIIepa-
TUBHBIM OOYCJIOBJIEHO JIUIITh COBOKYITHOM TIOIYJISSPHOCTBIO UMIIEPATUBHBIX SI3BIKOB

5Crporo ToBopsi, MHOI/IA MOXKHO BCTPETHTE KJIACC, 0OEKT KOTOPOTO MOXKET CYIIECTBOBATD
TOJIBKO B €IWHCTBEHHOM SK3EMILIsIpe, W JlayKe TaKWe KJIACCHI, JIJIs KOTOPBIX BOOOIE HEIb3s
CO3/1aBaTh OOBEKTHI, HO 9TO CKOPee MUCKJIIOUYEHNE U3 IIPABUII.

5113 sroro mpasmma Toxe ecTh mckmiodenusi. Hampumep, baiiioBble IepeMeHHBIE S3BIKA
[Tackasp He TPUCBAMBAIOTCS; BIPOYEM, OCTAETCH OTKPBITHIM BOIMPOC, MOYKHO JIH CIUTATH ITY
CYITHOCTH a0CTPAKTHBIM TUIIOM JTAHHBIX.
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IPOrPAMMUPOBAHUST C OOBEKTHO-OPUEHTUPOBAHHBIMU HAICTPONKAMU, TAKUX KaK
Cu-++, xasa, C#, Go u Tomy 107100HBIX; HO uacToe nosiBjieane OOIl B ogHOM
SI3BIKE C UMTIEPATHBHBIM TIPOTPAMMUPOBAHIEM OBLITO 6BI HETPABUILHO PACCMATPH-
BaTb KaK OCHOBaHUe JIJIs1 JaJIEKO UAYIIUX BBIBOJIOB O HKO6I)I «HUCXOIHO UMIIEepaTUuB-
noit» mpupome OOII, mpuanna 3/1eCh CKOpee WHasT: UMIIEPATHBHOE TTPOTPAMMUPO-
BaHUe HamboJiee MOIYJISTPHO U3-3a cBoell Osim3ocTu K MmarnuHe phon Heiimana; kak
CJIeICTBYE, MMEHHO OHO JIEYKUT B OCHOBE OOJIBITMHCTBA WHIYCTPUATBHBIX S3BIKOB
IPOrPAMMUPOBAHUSI, HY a MOsIBJICHHE B 3TUX sI3bIKaX O0BEKTHON HAJICTPONKHU OTBE-
JaeT Ha BIOJIHE OOBEKTUBHYIO MOTPEOHOCTD IMPAKTUIECKOTO ITPOrPAMMUPOBAHMS
B COOTBETCTBYIONMINX BO3MOXKHOCTsIX: ucnojibzoBarue OOII maxke 3a caér omHOi
TOJILKO UHKAIICYJIATNH CIIOCOOHO U3PSATHO CHUBUTD TPYIOEMKOCTD IIpH pa3paboTke
KPYITHBIX TPOTPAMM.

Hano mpusHaTh, BIpoUeM, UTO HaxKe B TaKNX OOBEKTHO-OPUEHTHUPOBAHHBIX
JIo Mo3ra Kocreil s3bikax, kak Smalltalk u Eiffel, npucsanBanune Bcé ke mpucyr-
CTByeT; KpoMe Toro, y mmieparuaoro mnporpammupoBanus u OOIl ecrs omna
BecbMa, (pyHIaAMEHTATbHAST 00Iast 0COOEHHOCTD: COCMOAHUE, KOMOPOE USMEHACT-
CA € MeYeHueM 8pement, XoTs paboTa ¢ COCTOSTHIEM OPraHU30BaHA B 3TUX JIBYX
mapajurMax COBEPIIEHHO TO-PA3HOMY.

Crmcok napajurM IporpaMMUPOBaHUsl, KOHEYHO Ke, He OrPaHUIUBAETCS I1e-
PEYUCIEHHBIMIA OCHOBHBIMU CTHIAMU. HalmoMHUM, YTO mapaJurmMa — 3TO TO, KaK
9eJIOBEK IIPEJIIOYNTaeT (3/1eCh U ceffuac) JyMaTb O KAKOM-TO SIBJIEHU; JOCTa-
TOYHO OYEBHUJHO, YTO U IIPU HAIUCAHUW WMIIEPATUBHON HPOTPAMMBI, I B paM-
KaX (PYHKIIMOHAJHHOTO, JJOTUYECKOT0 UK OO0 bEKTHO-OPUEHTUPOBAHHOI'O CTUJIS BCE
emé 0oCTaéTCsd JOCTATOYHO CBODOILI MaHEBpPA I PA3HOOOPA3HBIX HMHTEJIEKTY-
AJIbHBIX YIIPAaXKHEHUH, CBA3aHHDBIX C PA3JIUYHBIMU CIIOCOOAMY OCMBICJICHUS OITHOTO
U TOTO XK€ TpejMeTa. 3asiBUB, UYTO MBI-J¢ 3aHUMAaeMCsi PYHKIIMOHATBHBIM (UK
KaKUM-HUOY/Ib ele) IporpaMMUPOBAHIEM, MbI, PA3yMeeTCsl, He CMOXKeM 3abUKCH-
poBaTh Pa30M BECh 00pa3 MbICJIEN TPOIPAMMHUCTA; ITO BOOOIIE BPsiJL JIU BO3MOXKHO,
OCODEHHO €CJIN YIeCTh, UTO MBIIIJICHIE KaXK/IOT'0 YeJIOBEKa yHUKAIBHO.

KakoBa 0b1 Hu ObLIa «OCHOBHAsT» MAPaIUIMa, B pAMKaX KOTOPOW MBI PEITUIN
paboTaThb, BCerja OCTAHETCS MECTO JJIsi MHOTOOOpa3ust CIIoCOO0B MBIIIJIEHUS — 10~
IIPOCTY TOBOPsI, B PaMKax JII000H mapajurMbl MOXKHO HAUTH APYTHe MapaIurMbl,
KOTOPBIe MOTYT MeHAThcA. OYHKITNN U MPOIeyPhl, IPUCBANBAHUS U CBI3bIBAHUS,
[IUKJIbl PA3HBIX BUJIOB, PEKYPCUS — BCE 9TO OKA3BIBAET BJIMSIHUE HA BOCIPUATHE.
B nasbHeiiniem TekcTe MbI TOCTapaeMcs MOKa3aTh MHOT00OPa3nue BO3MOYXKHBIX T1a-
pamurM Ha mpuMepax. ¥YMecTHO OyjeT cpa3y 2Ke OTMETHTDL, UTO HaIlleil IeJIbio
pu 3TOM OYJIET OTHIO/Ib HE OCBOEHUE TeX UJIU MHBIX IIPUEMOB NPO2PAMMUPOBH-
Hus (XOTsl 9TO TOXKE IMOJIE3HO); TJIABHOE, Yero MbI 371eCh XOTUM JOOUTHCS — 3TO
YMEHUS JdyMamb no-pa3dHomy, TEPEKITI0IaTh COOCTBEHHBII MO3T, €CJIN TaK MOYKHO
BBIPA3UTDLCs, U3 OJTHOTO PEKUMA B JIPYTOil.

9.2. Pekypcus kak nmpumep mapaJurmbl

B 3aBucumMocTn oT TOro, Ha KAKOM sI3bIKE IPOTPAMMHUPOBAaHUs MbI paboTaeM,
Halla IOTPeOHOCTD B IPUMEHEHNH PEKYPCHH MOXKET CHJIBHO MEHSITHCA: B IIPOrPaM-
Mme na I[Iposrore unu Xoyme 6e3 Heé He 000#iTHCH, B IporpamMmMe Ha JIucie o6oiTuchH
0e3 peKypcuu Bpole ObI MOXKHO, HO Pe3YJIbTaT OyIeT BLIMVIAAETh HCKJIIOUHTE b
HO KOPsIBO; B mporpammax Ha llackaie mim Cu pekypcusi ocTaércst Ha yCMOTpe-
HU€e IPOrPaMMUCTa, PEIleHre O €€ MPUMEHEHUH IPUHUMAETCS UCXOIs U3 JIMIHBIX
[IPEJITOYTEHHUIT; B TPOTPaMMe Ha si3bIKe acceMOJjiepa MPUMEHSITh PEKYPCUI0 — YIIeJ
CHUJIBHBIX JIyXOM; B CKpHITe, HamumcanunoM Ha Bourne Shell, paboratomas pexyp-
cusl BbI3BaJia Obl yJIMBJIEHNE U — IOYTH HABEPHSIKA — JPYKECKUil cOBeT OOJIBITE
Tak He JeJlaTh; HAKOHEIl, eCJIM HaM YIACTCs HAWTH PabOTAIOIINN WHTEPIIPETATOD
craporo beiicuka ¢ HyMepOBaHHBIME CTPOKAMHE U 9K30THIECKOT0 si3bika PoKall,
TO TaM MPUMEHUTDH PEKYPCHUIO y HAC ObI BOOOIIE He MOy YUIOCh BBUJLY OTCYTCTBUSI
obJtacTeil BUINMOCTH, JIOKAJIBHBIX IIEPEMEHHBIX U II€PEIadn IapaMeTPOB.

B 310it ry1aBe MBI IONBITAEMCS [TOKA3aTh, YTO PEKYPCHUsI IPEICTaBIIseT CODOi
CaMOCTOATENILHYIO HapaIurMy IpOrpPaMMUPOBAHUSI, & ¢ HEKOTOPBLIX TOYEK 3pe-
HUdA — JlarKe IeJIblil KOMIJIEKC ITapajurM; 3a0/{HO MBI IIOIbITACMCA — HapsIy C
OCBOEHUEM PEKYPCHH KaK «XUTPOro MPUEMYMKA» — OCO3HATH, UYTO CYIIECTBYET U
TaKoe siBJIEHUE, KaK PEKYPCUBHOE MbIULAEHUE, U TIOHSITh, B YEM OHO 3aKJIIOUAETCSI.

9.2.1. IIpumep c obxoagoM JepeBa

s pasMUHKHA PACCMOTPHUM XOPOIIIO HAM U3BECTHBIN IpUMep — 00XO0J1 IBOUY-
HOT'O JiepeBa [oucKa. DTy 3ajady Mbl y2Ke pemnasu u Ha [lackasne (em. . 1, §2.11.5),
u Ha Cu (1.2,84.5.4), npuuém Ha Cu MBI pacCMOTpeNI KaK PEKypPCHBHOE pelle-
HUe, TaK U pernteHne 6e3 pekypcuu. HamoMunM, 910 peKypCUBHOE peIlieHHe O9€Hb
npocroe. Eciu y3es jepeBa ONUCHIBAETCS CTPYKTYPOil

struct node {

int val;

struct node *left, *right;
};

1 HaM HY2KHO HalledaTaTb BCE YHC/Ia, XPpaHANINECdA B y3JiaX Ji€epe€Ba, TO C/Ae/IaTb
9TO MOXKHO TaK:

void int_bin_tree_print_rec(const struct node *r)

{
if('r)
return;
int_bin_tree_print_rec(r->left);
printf("%d ", r->val);
int_bin_tree_print_rec(r->right);
}

CrioBecHOe olrcaHue MPUHIUIA PEIIeHUs] TOXKE JIETKO MMOHSITh: €CJIU JIEPEBO ITy-
cToe, TO JejaTh HUYEro He HaJo (Kak mosaraercs, 6asuc pPeKypcuu BbIOHpaeM
caMblil TPUBUAJIBHBII U3 BCEX BOBMOXKHBIX ), €CJIH YK€ B JIEPEBE €CTh XOTsI Obl OJIMH
(Tekymmuii) 9JeMEHT, TO CHA4YaJa [EeYaTaeM JIeBOe MOJJIEPEBO, TMOTOM TEeKYIITHii
3JIEMEHT, TIOTOM IIpaBO€ MOJIEPEBO.

NreparuBublii BapraHT OKa3bIBAETCS HAMHOIO CJoXxHee. BoT on:

void int_bin_tree_print_loop(const struct node *r) /* bintree.c */
{
enum state { start, left_visited, completed };
struct backpath {
const struct node *p;
enum state st;
struct backpath *next;
};
struct backpath *bp, *t;
bp = malloc(sizeof (*xbp));
bp->p = r;
bp->st = start;
bp->next = NULL;
while(bp) {
switch(bp->st) {
case start:
bp->st = left_visited;
if (bp->p->left) {
t = malloc(sizeof (xt));
t->p = bp->p->left;
t->st = start;
t->next = bp;
bp = t;
continue;
}
/* no break here */
case left_visited:
printf("%d ", bp->p->val);
bp->st = completed;
if (bp->p->right) {
t = malloc(sizeof (xt));
t->p = bp->p->right;
t->st = start;
t->next = bp;
bp = t;
continue;
}
/* no break here */
case completed:

t = bp;
bp = bp->next;
free(t);

B sToT pa3 mbr geiicTByeM (BO BCAKOM CiIydae, Ha IIE€PBBIA B3IVIsi]) COBCEM HHA-
ve. [Ipexxne Bcero, HaM HYKHO ITOMHHUTDL, KAKUM IIYTEM BO3BPAIIATHCS HA3A, K
y3JaM-IIpeIKaM, KOIjia Mbl 3aBepIiuin 06xo nojyepesa. st aToro Mol co3maém
OJIHOCBSI3HBII CITMCOK y3JI0B, SIBJISTFOIIUXCS IIPEJKAMU TeKyInero yajia. CaMm TeKy-
muit y3es (TodHee, yKa3aTeab HA HEr0) TOXKE BKJIOYAETCS B 9TOT CIHUCOK, ITOOBI
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npu paboTre B IOMJIEPEBbSIX, UCXOMIANUX M3 TOIO y3Jia, Mbl 3HAJM, KAK B HErO
BEPHYTbHC.

Kpowme azpeca, 17151 KaxKI0T0 U3 y3JI0B OT TEKYIIIETO 10 KOPHEBOT'O HAM HYXKHO
emé IIOMHUTDH, Ha 9EM MBI C DTHUM yY3/JI0OM OCTaHOBUJIUCH. B,ZLer BO3MOXKHBI TpHU
BapruaHTa!

e start: MBI TOJIBKO YTO y3HAJU O CYIIECTBOBAHUU 3TOrO y3J1a, BHEC/IH €r0 B
CIUCOK (3TO IPOU3OIIIO IPU PACCMOTPEHNUHN ero y3Ja-IIPeJIKa), HO II0Ka UTo
HUYEro ¢ HUM He JIeJIaId, TO eCTh HaM OCTAETCs elé paCCMOTPETDh €ro JIEBOE
IIOJIAEPEBO, HalledaTaTb YMCIIO U3 CaAMOr'0 3TOrO y3ja, IOTOM DaCCMOTPEThb
IIpaBoe MOJIIePEBO;

e left_visited: MBI y2Ke paCCMOTPEJIN JIEBOE IIOJJICPEBO U BEPHYJINCH K TEKY-
IeMy y3J1y, TaK 9TO HaJO TOJbKO HalledaTaTh YUCJIO U3 HErO N PACCMOTPETh
IIpaBoe MOAIEPEBO;

e completed: MBI BEpHYJINCH K TEKYIIEMY Y3JIy IIOCJIE PACCMOTPEHUSA €ro IIpa-
BOTO TMOJIJIEpPeBa, TaK 9TO HY2KHO 3aBEPIIUTH €er0 PacCMOTpeHue, T. €. yopaThb
€ro u3 CINCKA, YTOObI TEKYIIUM CHOBA CTAJI €0 IPEJIOK.

B magasie paboThl Mbl (DOPMHUPYEM CITUCOK U3 OJHOTO y3J1a — KOPHEBOI'O, OTMETUB,
9TO JIJIst HErO ellé HUYero He ciesano. Jlasbiie Mbl 3aIlycKaeM IMKJI, Ha KaxKJI0i
UTEPAITUU KOTOPOr0 CMOTPUM, KaK OOCTOST Jejia ¢ TeKYIIUM y3JI0M JepeBa. Ec-
JIX C HUM elI¢ HUYero He IIPOMCXOJUJIO, TO Y HAC eCThb JiBa BapUaHTa: €CJIU JIEBOE
IIOJIJIEPEBO HE IIYCTO, J00ABJ/ISEM B CIIHUCOK y3€JI, sIBJISIOIIUIACS JIEBBIM [TOTOMKOM
TeKyIero ysjia (OH B pesyjbrare OyJeT TEeKYIMM y3JIOM Ha CJIEYIOIeil nrepa-
MU TIUKJIA); €CJIU ZKe JIeBOe IOJJIEPEBO IIyCTO, TO PACCMATPHUBATH €r0 HE HYXKHO
1 CIIICOK Mbl HE U3MECHACM. B O6OI/IX ClIyvdadX, IMpezKJae 9eM IIPOJOJIZKUTH BBIIIOJI-
HEHNE IUKJa, MBIl IIOMeJaeM, 9TO JJId TEKYIIeTro y3Jla PAaCCMOTPEHUE €ro JIeBOTO
IOAIEPEeBa COCTOAIOCD.

Ecin jyis1 Tekytmero yssa ero jgeBoe MOAIEPeBO (HEBaXKHO, IyCTOE WM HET)
yKe 00paboTaHO, MBI IIeYaTaeM UUCJIO U3 TEKYIIEro y3Jja, a JaJblle, KaK U JJIsd
JIEBOTO HOJJIEPeBa, JIubO0 JieJIaeM [IPaBoro MOTOMKa TEKYIUM y3710M, Jubo (ecsm
€ro Her) — He JIeJIaeM, HO B JIIOOOM CJlydae 3allOMHHAEM, U4TO € TEKYIIUM y3JI0M
JiesiaTh 0OJIbIlle HUYEero He HAJIO.

Hakownery, eciu jijist TekyIiero y3ia 0oJibIlie HUYEro JiejiaTh He TPeOyeTcsi, Mbl
HCKJII09aeM €ro U3 CIIMCKa, TaK 9TO TEKYIIUM CTaHOBUTCHA €ro IpeJoK. ECJ’[I/I opu
9TOM TEKYIUM ObLJI KOPHEBOH y3eJI JIepeBa, CIIMCOK OIIyCTEET; 3TO 00CTOSATEIHCTBO
MBI HCIIOJIb3yeM B Ka4ecTBe YCJIOBHS IUKJIA — IIPOJIOJIZKaeM paboTy, II0Ka CIIMCOK

HE IYCT.

YutaTtenb MOXeT 3aMeTUTb B TEKCTE HALLErO NprMepa HEDObLUYIO ONTUMU3ALMIO: eCN
JIEBOE UM NPaBOe MOALEPEBO MYCTO, TO CMYCKATHCS B HEMO HY)XKAbl HET, KaK HET HYXKAbl U B
JINLIHER nTepauun UMKNA: MOXHO Cpasy nepelitu K cneaytowein ctagnm obpaboTkm Toro xe
CaMOro TeKYyLLero y3fia, YTo Mbl 1 AeflaeM, He MocTaBuB break B KOHLE COOTBETCTBYHOLLEN
BeTBW onepaTopa Bbibopa. Ecau ero Tam Bcé xe noctasutsb, pabotats yHKLMs ByaeT TOHHO
TaK >e, NPOCTO YyTb-4yTb MeAJIeHHee — UMEHHO YYTb-4yTb, Mbl 34€Cb HE CMOXXEM 3aMEeTUTb
pasHuuy B bbicTpogeiicTBun. KoHuenTyasbHo peweHue 6e3 3Toli ONTUMWU3AUUU, KOHEYHO,
YuLle; aBTOP BbIHY>XXAEH MpPU3HaTb, YTO BO BpeMsi paboTbl Hajg BTOPbIM TOMOM He CMOT OT
3TOro Xaka yepXaTbCsi: KOraa O4eBMAHO, 4TO ByfeT AenaThcs nepexoq Ha crienytowuii one-
paTop B Tesie case, AefaTb 3TOT NEPEXOf Yepe3 BO3BPaT B 0DBEMIOLWMI LMK U NOBTOPHOE
BbINOJIHEHME BbIOOPa BETKN case KaXXeTCsl BapBapCTBOM, MYCTb AaXKE 3TO M1OYTY HUYErO He
cTouT.

CroJb opobHOE OIMCaHNEe PEIIEHHS ¢ ITIOMOIIBIO IIUKJIa MbI IIPUBEJIH, ITOOBI
IIOAYEPKHYTDH €ro OTJINYINe OT KOPOTKOI'O U fACHOT'O PEKYPCUBHOT'O PEIIICHUA. Ka3a—
JIOCH OBbI, OHM HE UMEIOT MEXKIy cODOil Hu4Yero obImero; Ho He OyAeM TOPOIUTHCS.
[Ipexxie BCero 3aMeTuM, UTO HAII CIIMCOK Y3JIOB, BBIOJIHSIIONUN pOJIb HUTH Apu-
aJHBbI IIPU BO3BPAIIEHUH U3 TVIyOUH JepeBa, paboTaeT M0 MPUHIUIY CTEKA: Y3JIbI
N3bIMaIOTCA U3 HEr'o B IIOPsAIKE, O6paTHOM X 3aHECEHUIO. AKTI/IBHbIe ,HeﬁCTBI/IH
MBI IIPOU3BOIUM TOJIBKO C Y3JIOM, aPeC KOTOPOr0 HAXOAUTCS B IEPBOM JIEMEHTE
CIUCKA — Ha BEPIIUHE CTEKa; IPHU 9TOM B KaXKJOM 3JIEMEHTE CTEKa Mbl XPAHUM
JIBE BEINN: aIpec TEKYIIEro y3J/a  TO, Ha KAKO# CTaIni HAXOIUTC ero 06padboTKa.

Bepuémcst Teniepb K peKypcuBHOMY pelnernio. O4eBuIHO, 9YTO Y3JIbl JepeBa Mbl
3/1eCb 0OXOJIMM CTPOTO B TOM K€ IMOPsiIKe — cjeBa Hampapo. Korma mama QyHK-
M BBI3BAHA, JJIsl OIPEJIEIEHHOIO y3/Ia, 9TOT y3€eJI CJIEAYeT CIUTATh TEKYIIUM, €r0
aJpec XpaHUTCd B napaMerpe pyHKIUE — B epeMenHoit r. BcnoMuuB MaTepualt
nepBoro Toma (cM. §3.3.6), MbI MOYKEM 3aMETUTh, UTO T HH(MOPMAIUS PACIIOIA-
raeTcst 8 cmexe, IPOCTO Ha 3TOT pa3 CTEK HUCIOJb3YeTCs AIMapaTHBIN, TOT, Iie
XpaHsTCs aJpeca BO3BpaTa U JOKAJIbHbBIE IepeMeHHble. Ho 9T0 co BTOPOi 1acTbio
nHMOPMAITNHT, UCIIOIB30BABIIEHCSI B UTEPATUBHOM aJrOPUTME — C TE€M, Ha KAKO
CTa U HAXOIUTCA 00paboTKa JaHHOrO y3ja? B pekypcuBHOM pereHun 3Ta WH-
dopmarus npesicTaBaeHa mexywet noduyueti ucnosnerus tena Gyaknun. Muage
roBOPs, ITOKa (DYHKIINS 3aHATa 00pabOTKOMN JTAHHOIO y3J1a, CTaIns ero 00padboTKu
3a/1a6TCcs 3HAYEHHeM perucrpa cuérdanka koManj (EIP B apXuTekType, KOTOPYIO
MBI U3y4YaJl B IEPBOM TOME), KOIJla »Ke 00paboTKa y3/1a OTKJIAIBIBAETCS, YTOObI
060ITH ero JieBoe UJId IPaBoe MOAJIEPEBO, Ta ¥Ke NHMOPMaIUst O CTaIUN OKa3bIBa-
eTCsl IPEJICTABIEHA adPecoM 6038PaMa, KOTOPBIA, PA3YMEETCsI, TOHCE 3AHOCUMCA
6 cmex!

Nrak, npu pekypcuBHOM 0DXOJIE JIepeBa Y HAC UMEETCsST CTeK U3 3aluceil, Kax-
Jasl 3aliCh COOTBETCTBYET Y3/Iy JepeBa Te-TO Ha IIyTH OT KOPHEBOTO y3Ja 10
TEKYIIEro, 3allUCh B CTEKE CO3/aETCsl, KOTJIa Mbl HAUMHAEM OOXOJ] HEITyCTOrO IO/l
JepeBa, U JUKBUIUPYETCsI, KOTJIa MBI 9TOT OOXOJI 3aBeplaeM, B KarKI0i 3ammcu
XPAHATCST 4JIPEC COOTBETCTBYIOIIETO y3ja JepeBa u mHMOpMAIUs O CTaJaun 00-
paborku 3TorO y37a. IIpo nreparuBHOE perrenne MOXKHO CKa3aTh, OUEBUIHO, 6CE
MO JHCE CAMOE; COBEPIIIEHHO HEOXKUJAHHO Mbl ODHAPYKUBAEM, UYTO PEKYPCUBHOE U
UTEPATUBHOE PEIIEeHUsT Ie/IaI0T OJHO U TO Ke.

31ech, 04EBUIHO, MOYKHO BO3PA3UTh, YTO allllapATHBLIA CTEK — 9TO COBEPIIEH-
HO HE TO K€ CaMoe, UTO CTeK Ha 6a3e OJJHOCBSIZHOIO CIHCKa. B camMoM feite, Halle
ATepaTUBHOE perieHne Oymer paboTaTh ropas3o MejjeHHee PEeKYpPCHUBHOTO M3-3a
oreparuit ¢ IUHAMUYECKOH MaMAThIO, HO C 3TOH MPOOJIEMOI MOXKHO YACTUIHO
CIIPABUTBHCsI, Peajin30BaB CTEK HEe B BHJE CIHCKA, & B BUIE MACCHBA, KOTOPDI
IpU HEOOXOIMMOCTH YBEJIMIUBAETCSI B pa3Mepax; MOCe 9TOro pa3Huia B 3 dek-
TUBHOCTH M€KLY UTEPATUBHBIM U PEKYPCUBHBIM 00XOJIOM JI€PEBa CTAHET HE CTOJIb
3HAYNTebHA. BIipoueM, MOXKHO OTMETUTH U emié ofquH MoMeHT. [Ipu pabore Ha Cu
mn [Tackase BbI30BBI OANIPOrpaMM — (QaKTUIECKN eTUHCTBEHHDBIN nHTepdeiic K
aImapaTHOMY CTEKY, HO BeJib IIPOI'PAMMEUPOBATH MOXKHO U Ha si3bIKe acceMbiiepa,
7 TaM HaM HUKTO He IIOMEITaeT BOCIIOIb30BAThLCS AIITaPATHBIM CTEKOM JIJIsI XPaHe-
HHsE 0OpaTHOIO IIYTH 110 y3JIaM JIEPEBa IIPH PeaIu3allii HTePaTUBHOIO aJI'OPUTMA.
[Tpu TakoMm momxome paboTa peKypPCHBHOIO PEIIeHNs OYIET OTINIaThCI OT pabOThI
€ro UTEepaTUBHOIO «OJM3HENay JINIIb POPMATOM IIPEJACTABICHUA MHPOPMAIUA O
crajauu o0pabOTKM OT/IE/IHLHOTO Y3J1a JIepeBa.

Bepuémcs 4yTh Ha3ad U MOCMOTPHUM Ha CJIOBECHBIE OIMCAHUS ITUX JIBYX aJl-
ropuTMoB (ozHa ¢pasa JiIsi PEKyPCUBHOIO, Iiejiasi CTPAHUIA JJIsl HTePATHBHOIO)
U TEKCT WX peajusanuu (OATh CTPOK IpoTuB copoka). Koab ckopo B jeiicTBu-
TEeJIbHOCTH PEYb UIAET 00 OJHUX U TEX YKe JEHCTBUSIX MAIIUHBI, B I6M YK€ COCTOUT
OTJINYWE, U3-38 KOTOPOTO U ONUCAHUs, M PEAJTU3AINH IO CBOEH CJIOXKHOCTHU Pa3Jin-
YAOTCS B HECKOJIBKO pa3? Bo3bMéMm Ha cebst CMeIoCTh YTBEPK AT, 9TO OCHOBHOE
OTJINYUE TYT B 80CNPUAMUU NPOUCTOOAUEL0 YENOBEKOM, B TOM, €CJIU YTOIHO, O
KaKUM YIJIOM 3PEeHHsI IPOrPaMMUCT PacCMaTPUBAET peIleHre TOCTABIeHHON 3a,/1a-
qu. [Tapagurma nmporpaMMupoBaHus — He B KOMITBIOTEPE, OHA B TOJIOBE
mporpaMMHCTA.

9.2.2. Buapl pekypcuu

B 6oabmuHaCTBE y1eOHUKOB B KaUeCTBE IIPOCTOTO IIPUMEPa PEKYPCUH PACCMaT-
PUBAIOT BBIYUC/IEHNAE (DAKTOPHAA. DTOT IPUMEP TPYIHO HA3BATHL YIAIHBIM, I10-
CKOJIBKY B IEHCTBUTEIHLHOCTA (DAKTOPUAJIBI HUKOTIA HE BBITUCIISIIOTCA BO BPEMs
BBINOJIHEHUS IIporpaMmM. B camom gedte, unciio 21! He nomemniaercst B 64-6uTHOe 1ie-
JIOE, TO €CTh B OOJILIITMHCTBE A3BIKOB IIPOIPAMMUPOBAHUS U CPEJ| BLIITOJHEHUST HE
MOXKET OBITH IIPE/ICTaB/IEHO, TAK ITO U BBIYUCIEHUN C YIACTHEM ITOTO UNCJIa IIPO-
M3BOJINUTDH HEJIb3s; YTO KacaeTcs 3HadeHuil (pakropuaa st gucesa or 1 go 20, To
X, OYEBUJIHO, MPOIMe OyIeT BLIYUC/IUTD 3apaHee U PACIOJIOKUTH B KOHCTAHTHOM
MAaCCHUBE, HEYKEJIM CUUTATh KaXKJIbIil pa3 3aHOBO.

Ecau Bam notpebosanock yncnenHoe 3HadeHue hakToprana gas YUCIa, NPeBbILIAoLLE-
ro 10, To Bbl, KaK NpaBwUo, feslaeTe YTO-TO He Tak. Hanpumep, B nprknagHbix 3agayax cpas-
HUTEJIBHO 4acTO MOTyT NoTpeboBaTbCst BUHOMMaNbHbIE KO3DULMEHTBI, (DOPMYY KOTOPbIX
(Ck = ﬁlk),) Mbl BbIBOAVAM BO BBOAHON 4actu nepeoro Toma (cm.§1.3.1). Beruucnsts
ux «B 10b6» no stoli hopMyne — MOMNPOCTY ryno n B BONLLIMHCTBE CAYyYaes gjst STOro
HEe XBaTUT PaspsifHOCTU B XOLE MPOMEXYTOYHbLIX BbIMUCIEHNIA; ONUCaHHLIA B TON e rnase
nepsoro Toma TpeyrosnbHuk [lackans, ocHoBawHbIii Ha cooTHowennn CK . = CF=1 4+ Ck,
no3seosisieT 0bOATUCH AN STOrO OLHUMU TOJIBKO CIIOKEHUSIMU, MPU STOM MPOMEXYTOUHbIE
pe3yNbTaTbl HUKOTAA HE MPEBLICAT BblHMCasieMoro koadduumenta. Hanprumep, ¢ nomousio
TpeyronbHuka Mackans He coctaensiet npobnem eoiancants Ci3 = 86493225, Torpa Kak
BblYMC/IEHNE TOro Xe koadbuumneHTa no copmysie ¢ cpakTopranamm notpebosano bbl Tak
Ha3bIBAaEMOW «ANMHHOR apudMeTnKm>.

Tak unu uHayve, YnUC/EHHble 3Ha4YeHUst PaKTOpUasoB — HE TO, HTO MOXET peasibHO
noTpeboBaTLCA BLIYUCAATL B NPUKIAGHON 3a4ade.

OTKa3aBMINCh PEKYPCUBHO CINTATEH PaKTOPHUAJI, OCTAHOBUMCS HA JPYTOM IIPO-
CTOM IIpUMeEpE: MOIPOOyeM PEKYPCUBHO PEAJTU30BATDH MOIACUYET CyMMBI 3JIEMEHTOB
I[IeJIOYNCJIEHHOTO MaccuBa. B KadgecTBe 6a3uca peKypcun BbIOepeM CaMbIil TPOCTOi
cirydail, Korjia BIMUCICHUs BOOOIE He HYKHBI — MaCCUB, HE COJIEPKAIIMI HI O
HOT'O 9JIEMEHTA; CYMMa 9JIEMEHTOB TAKOTO MACCHUBa, OYEBU/IHO, PaBHA HYJIO. FKcn



9.2. Pekypcus Kax mpuMep mapaiurMbl 17

2Ke MacCUB He IIyCT, TO €r0 CyMMa €CTb CyMMa MaCCHBa, COCTABJIEHHOI'O U3 BCEX
3JIEMEHTOB UCXOIHOTO, KPOME CAMOI0 IIEePBOT'0, K KOTOPOIi pubaBJIeH MePBLIi dJ1e-
MEHT; CyMMY MACCHBa MOYKHO BBIYHCJIUTH C IIOMOIIBIO caMoil (DYHKIMH, KOTOPast
ceftuac nurrercs. [lorydaercss mpuMepHO Tak:

int array_sum(const int arr[], int len)

{
if(len <= 0)
return O;
return arr[0] + array_sum(&(arr[1]), len - 1);
}

I(OHG‘IHO7 «HaCTOsANINE CUIITHUKW» HAIIUIIYT TO 2Ke€ CaMO€ nHa4de, IPUMEPHO TakK:

int array_sum(const int *arr, int len)
{
return len <= 0 ? O : *arr + array_sum(arr+l, len-1);

3

Brupouem, MammHHBIH KO M3 3TUX JABYX BapUaHTOB IIOJIYIUTCS, CKOPEE BCErO,
OJWH 1 TOT 2K€; paSHUIla 31€Cb, KaK BOAUTCA, B BOCIPDUATHUN. OCHOBHI)IX OTJINYNI
MOZKHO OTMETHUTDH JIBa: UCIIOJIb30BaHNE Pa3bIMEHOBaHHA BMECTO MHICKCHUPOBAaHUI
" YCJIOBHOE€ BbIpazK€HHE BMECTO YyCJIOBHOI'O OIllepaTopa; €CJ/IN IIePBOE — 3TO CBOETO
poJia BU3UTHAsT KapToUuKa si3bika CH € ero ajipecHoit apudMeTHKOil, TO BTOpoe, Kak
HH CTPAHHO, IIPEBPAIIACT PEATU3AIIIO U3 UMIIEPATUBHON B PYHKITMOHAIBHYIO.
Tak wau mHadve, 37eCb MBI UMEEM JI€JIO C NPocmol pexypcueli: OyHKIUs
BBI3bIBAET caMa cebd POBHO OJWH pPas. CXGM&TI/I‘IGCKI/I 9TO MOZKHO IIOKa3aTh TaK:

fO{ ... £O ... }

CyImecTBy0T U JApyTHe BUILI PEKYPCUHU, KOTOPBIE MBI CefIac MOMBITAEMCS pac-
cMoTpeTh. Eciu DyHKIMS BBI3BIBAET APYIYIO (DYHKIWIO, Ta, BOSMOXKHO, TPETHIO
U TaK jaJjee, HO B KAKOW-TO MOMEHT CHOBA BBI3BIBAETCS MEPBasi, TOBOPAT O 83a-
umHnot pexypcuu. C TakuMm BapuanToM (IIpaBia, BCEro Jist IBYyX (DYHKIUIT) MbI
BCTpedasnch B T. 2, Koria pemayn Ha Cu 3a7a9y O COIOCTaBJIEHUN CTPOKHU C 00-
pasiom (cM. §4.3.22). CxemaTudecku OOIIMii BUJ B3AUMHON PEKYPCUU BBITJISIAT
TaK:

£f10 { ... £20 ... }
20 { ... £30 ... }

fn() { ... £10 ... }
a JJI MPOCTEHINero ciaydas u3 AByX (pYHKIUH — Tak:

fO{ ... g0 ... %
gO { ... £O ... }

B curyamun, xorma (pyHKIUS 3a OIHO BLIOJHEHUE MOYXKET BBI3BAThH cama ceOs
0OJIBIIIE OJHOTO pa3a, HO BCE 3TU BHI30OBBI BBIIOIHSIIOTCS TaK, YTO HU OJWH U3 HUX
HE 3aBUCUT OT PE3YJILTATOB PAOOTHI JPYroro, Mbl UMEEM JEJI0 C NaAPaAseAbHol
pexypcueti. HazBanue onpaBabiBaeTCst T€M, YTO MPU HAJIAIHEA OOJIee 4eM OJIHO-
'O TIPOIECCOPa OTIEIbHBIE PEKYPCUBHBIE BBI3OBHI MOTYT OBITH OTPAOOTAHBI OJI-
HOBpeMeHHO (mapasuiesibao). CxeMaTHaecKn mapasiieabHas PEeKypPCHs BBITISIIAT
TaK:

£O{ .. gl £O, <o £O, ..o ) L.}

31ech g — 3T0 He 00si3aTeIbHO (DYHKIHUS, 9TO MOXKET OBITh, HAIpUMED, apud-
MEeTHIEeCKOe BBhIpayKeHHe, IJIsl BBIUUCIEHUSI KOTOPOro HYXKHBI BCE €TI0 OllepaH/IbI,
HO KOTOPOMY IIPH 9TOM BCE PABHO, B KAKOM IIOPSIJIKE 3TU ONEPAH/Ibl BHIUYUCJIEHBI.
B wacTHOCTH, eciin ObI HAM HYKHO ObLIO 00OHTH TBOMYHOE JIEPEBO HE i pac-
MEYATKN €r0 9JEMEHTOB, KaK MBI 3TO JieJadu B MpeabLIyIeM maparpade, a s
BBIUUC/IEHUs] €M0 CYyMMBI, ¥ HAC TOJIYYIUIOCH OBl 9TO-TO BPOJIE CJIETYIOIIEro:

int treesum(const struct node *r)

{
return r 7 treesum(r->left) + r->val + treesum(r->right) : O;

3

B ponun dyukimm g 3/1ech BbICTYIIAET OOBIMHOE CIIOKEHHE.

Kak ornmenbHbBIN B PEKYPCAN MHOT/IA PACCMATPUBAIOT PEKYPCUI0 8blcuLe-
20 nopadka’, korga QYHKIMS MOKET BBI3BATH caMa cebsi GOJIbINe OHOIO pasa,
IPUYEM OJIMH BBI3OB 3aBHCHT OT Pe3yJIbTaTa JIPYroro BbI30Ba:

fO { ... £C.. £O ..0) o0}

B kauecTse npumMepa Takoii pekypcun obbI4HO NPUBOAST OyHKLMIO AKKEPMaHa, KOTOPYHO Mbl
yxe ynomuHanu B nepsom Ttome (cMm. §1.3.6). Onpegenetne eé TakoBo:

n+1, m = 0;
A(m,n) =< A(m —1,1), m > 0,n=0;
A(m—1,A(m,n—1)), m>0,n>0.

B Teopun BblYMCAUMOCTN 3Ta PYHKUMS UrPaeT YPE3BbIYARHO BaXKHYIO POJib — OHA CJYXKUT
NPOCTENLLNM NPUMEPOM HAaCTUYHO-PEKYPCUBHO PYHKLMUN, KOTOPasi Npyu 3TOM HE SIBASIETCS
NMPUMUTUBHO-PEKYPCUBHOI; HO, KOJIb CKOPO Mbl 3aHWMAEMCS MPAKTUYECKUM MPOrpaMmMmpo-
BaHNEM, HWKAKOW MOJb3bl OT (PyHKLMU AKKepMaHa Mbl, CKOpee BCero, He noayuqum. Jdaxke
ecnn bbl OHa Ham BAPYr MoHagobwnach, TO Mbl Obl BCE paBHO He CTanu €€ BblYUCAATL C
NOMOLLbIO peKkypcuu, noBTopsitoweii onpegenedune. Jeno B Tom, yto gas m € {0,...,3}
CYLLECTBYIOT JOCTaTOYHO MPOCTLIE HEPEKYPCUBHbIE hopMybl Bblducnenus A(m,n), a npu
m > 3 dyHkuna AkkepMaHa pacTéT CTO/Ib CTPEMUTENIbHO, HTO €€ 3Ha4YeHus BCE paBHO
HUKY4A HE MOMECTATCS, MPUYEM HAC TOJIKOM He CMacéT Aake ANMHHAs apudMeTuka: ass
xpaHeHusi yncna A(4,3) = 227" _ 3 ecnm 661 Mbl MONBITAMNCE YECTHO NpeAcCTaBuTb ero
B Buge butoBoii CTPOKW, He XBaTu0 6b1 hU3NYeCKo MaMATN BCEX KOMMBIOTEPOB MUpa, HY
a A(4,4) = 22260036 — 3 cogepxut bonblue geonyHbIX uudp, HYem BceneHnas — aTomos.
Mpn m > 4 pns 3anucu 3HadeHuii yHKuMM AkKepmaHa npuxoguTcs npuberatb K HeTpa-
OVUMOHHBIM MaTEMATUYECKUM 0DO3HAYEHNSAM BPOAE «CTPENOYHON HoTaunn KHyTay, HO aTo
YXKe K NPaKTU4eCKOMY NPOrpaMMunpoOBaHNIO HUKAKOrO OTHOLUEHNA HE NMEET. ABTOpy KHUrn
HE YAaNnoCh NPUAYMaTh CKONbKO-HUBYAbL NPaKTUYHBIA, KOPOTKUN 1 Npy 3TOM ybeanTenbHbIi
NpUMep PeKypcumn BbICLLINX NOPALKOB.

9.2.3. Peayknus (cBépTKa) mocseqoBaTeIbHOCTEM

Tepmunst pedyruus n c8EPMKA — ecin, KOHETHO, PACCMATPUBATE TTPEIMET-
HYI0 00JIaCTh, CBSI3AHHYIO ¢ 00PabOTKOM TMOCIEI0BATE/IBHOCTEN — TPEICTABIISIOT
co00#l CMHOHUMBI; HAJIO0 CKa3aTb, 9TO U B aHIVIMHCKOW JUTepaType Ijs 0bo3Ha-
YEHUS ITOrO MPUEMa MCIIOJIB3YIOTCS JiBa Pas3HbIX TepMmuba — reduce u fold. CyTb
PEIyKIME B TOM, 9TO OJIHA M Ta ke (QyHKIus (OT JIBYX apryMeHTOB) MOCJIEI0-
BaTEJbHO MTPUMEHSETCsS K [IEPBOMY 3JIEMEHTY II0CJIe0BATE/IbHOCTH, 3aTeM K II0-
JIYIEHHOMY Pe3YyJIbTaTy W BTOPOMY 3JIEMEHTY, 3aTe€M K IIOJIyIeHHOMY pe3yJibTaTy
U TPeThEMYy 3JIEMEHTY W TakK jajee. Ha camMoMm TepBOM Immare, TO eCTb KOTJa Y
HAC HET Pe3yJ/IbTaTa MPeIbIIYIIEro Mara, BMECTO HEro UCIOJIb3YeTCs HEKOe 3Hade-
Hue, Ha3bIBaeMoe 3ampaeroti. Hanmpumep, ecin y HaC eCTh MOCTIETOBATETHHOCTD
{a1,ag,...,an}, 3aTpaBKa v U QyHKIWS IBYX apryMeHTOB f, TO (hOpPMATIBHO MOKHO
pPacCMATPUBATH PEAYKIINIO KaK MOCIEI0BATEILHOCTD BHITUCIEHUT

= f((ll,’l)),
ro = f(az,m1),
r3 = f(as,ra),

Tn = f(a/'rla 7177,—1)7

njm, ecJji 1OoJIO2ZKUTb Tg = U, TO:

v, n = 0;
flan,rn-1), n>0.

Ty =

[Mocsieuuii oty YeHHbIH pe3ybTaT (B JJAHHOM CJIydae ry,) PACCMATPUBAETCS KAk
pesysbrar Beeil pepyknuu. Hanpumep, ecim B posm f GyJIeT BBICTYIIATH IPOCTOE
cioxenue (f(x,y) = x +y), a B posin 3arpaku — 0, PEJAYKIMsl JACT HAM CYMMY
[OCJIE/IOBATEJILHOCTH; €CJIN YKe B KadecTBe f B3ATb ymHOXKeHue (f(z,y) = xy), a
3aTPaBKOI CJIeJIaTh eJIMHHILY, MbI 0Ty 9iM Iponsseaenue. Oupeaenus f Kak Mak-
cumyM cBoux aprymentos (f(x,y) = maz(x,y)), MOKHO HajiTn HAMOOIBIIHIT SJ1e-
MEHT II0CJIeIOBATEILHOCTH, HO NMPHUIETCS B KAYECTBE 3aTPABKU B3ATh €6 IIePBBIi
9JIEMEHT.

" Auru. higher-order recursion. Kak BoguTCs, 311€Ch €CTh TPYIHOCTH C IIEPEBOIOM: (POPMATIb-
HO higher — 9TO CpaBHHTeJIbHAs CTEIIEHD, a He IIPEBOCXOHAsI, TAK UTO HIPSIMOI II€PEBO/T 3By Yl
OBbI KaK «peKypcus boaee 8b.c0K020 NOPAJKA», HO B PYCCKOM sI3bIKE TPUMEHEHHE CPABHUTEIHLHOMN
CTeIeHN HeMEJJIEHHO BJIEYET BOIIPOC BPOJE «b0Jiee BBICOKOIO, YeM YTO?», M OTCYTCTBHE IIPSIMOLO
OTBETa Ha 9TOT BOMPOC B OJIMZKAMNIIIEM KOHTEKCTE BBI3BIBAET OIILYIIEHNE CEMaHTHIECKON OMMUOKY.
[TepeBos C7TOBOM «BBICIIHiT» 3/I€CH MPEJICTABISAECT COOOM JTOBOJBHO HEIMPHUSTHBIA KOMIIPOMUCC,
IIOCKOJIbKY, Pa3yMeeTCs, IIOPSIOK», €CJIN TaK MOXKHO BBIPA3UTHCS, MOXKET OBITH «€IIl€ BBIIIE».
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Penyknuro MOXKHO TPOBOJINTHL HE ¢ HadaJsa, a ¢ KOHIA 3aJaHHON TocjeI0Ba-
TE€JIbHOCTH:

Tn = f(an,v),

Tn—1 = f(an—larn)v

T2 = f((lg,?"3),
r1 = f(ai,m2).

Pesynabrarom 3geck Oyaer r1. IlepBblil BapuaHT Ha3bIBAIOT €801 pedykuuet,
BTOPOil — Mpasoti pedyrkuueli; HA3BAHNE OIPABIBIBACTCS TEM, C KAK020 KOHUG
MIOCJIEJOBATEILHOCTH €€ HAaMHAIOT 00pabaThiBaTh. BhIenpuBe IEHHBIE COOTHOIITE-
HHS MOXKHO 3aIICaTh 0€3 HCIO0IHL30BAHUS IIPOMEXKYTOYHBIX ITIEPEMEHHBIX, U 00bIY-
HO TaK U IIOCTYIIaI0T, ME€HAA JJId HATJIATHOCT MECTaMU apTyMEHTDI d)yHKL[HH JJIA
caydas JIEBOM peLyKIH:

Tleft = f(f(f(f(vv al)a a2)"'7 anfl)ﬂ an)
Tright = f(ah f(a2a ) f(anfla f(anvv))»

B aspikax GyHKIIMOHAJIBHOTO ITPOrPAMMHUPOBAHUS ODBITHO €CTH OUOIHMOTEUHAS
byHKIUs, peaJu3yoolias oba BapuaHTa peayKiuu; pyHKIUsS f IpH 3TOM Iepe-
JaéTcsl KaK OJMH m3 mapameTpoB. [Ipumevare/ibHO, UTO B HETHUIU3UPOBAHHDLIX
sA3bIikax Bpojie Jlucma 1o MOxkKeT OBbITh JeHCTBUTENHHO (YHKUUA, TOTTA KAK B
A3BIKAX TUITU3UPOBAHHBIX IS PELYKIIMU UCIIOJIb3YETCs HEUTO 0000UEHHOE B TOM
CMBICJIE, 9TO HPUMEHSITH ITO «HEYTO» MOYXKHO K PA3HBIM THIIAM IJIEMEHTOB IIO-
CJIeZI0BATE/IBHOCTH, PA3HBIM TUIIAM BO3BPAIAEMOT0 3HaUYeHUs 1yt GyHKIun [ u
pasHBIM BHJIAM [I0CJI€JI0BATEIIbHOCTE (MacCuB, CIMCOK min jiazke daiiin). Mex ity
[IPOYHUM, B OOIIEM CJIydae THII JIeMEeHTa [T0C/Ie/I0BATEIbHOCTU HE COBIIAIAET C TU-
oM 3HadeHust pyukinun. Hampumep, ¢ IOMOIIBIO PEAYKIIMU MOXKHO YIaJUTh U3
CIIUCKA 3JIEMEHTBI, YJIOBJETBOPSIOIINE OMPEJICJIEHHOMY YCJIOBUIO; B 9TOM CJIydae,
KaKOB ObI HU OBLJI THIT 3JIeMeHTa CITICKa, PyHKIus f 1o/KHA Oy1eT BO3BpAIaTh
CNUCOK, a B POJIX 3aTPaBKU OY/IET, OUEBUJIHO, IIYCTOM CIUCOK.

Nurepec g HAC TIPEACTABISIET PEKYPCUBHAS PEATU3AIUS PEIYyKIIUA — COD-
CTBEHHO T'OBODsi, TaK €€ BCerja u peaysn3yior. JIeByio pejyKIuio Ipu 2KeJaHu
MOXKHO Peajin30BaTh MPOCTBIM IUKJIOM, HO MpaBas JOIYCKAET 3TO JIUIIh JJIs I10-
CJIe/I0BATEJILHOCTEN, 110 KOTOPBIM MOXKHO JIBUTATHCH CIIPpaBa HAJIEBO — HAIIPUMED,
JIJIST MACCUBOB WJIA JIBYCBSI3HBIX CITUCKOB. K¢ HaM TPHUAET B TOJIOBY PEAJIA30-
BATh MUKJIOM MPABYIO PEIYKIIAIO JIjIsI OJHOCBIA3HOIO CIHUCKA, IMPUIETCS 3aBECTH
BCIIOMOTATEJIbHBIN CIIUCOK — (PAKTUYIECKHU IMOJIYIUTCs, ITO MbI CHAYAJA [TOCTPO-
UM «II€PEeBEPHYTHIN» CIIMCOK 9JIEMEHTOB, a IIOTOM yKe OyJIeM IIPUMEHSITh f K ero
ajieMeHTaM. Tak win nHade, UTePATUBHAS PEAJIM3aIUs PEIyKIINU — KaK IIPaBOii,
TaK U JIEBON — BBIIVISIUT HECKOJILKO NPOMUBOECMECMEEHHO.

K coxasrennio, si3bik Cu cumkoM OeeH, YTOObI Ha HEM MOXKHO OBLIO ITOKa-
3aTh PEIYKIIUIO MTOCTEI0BATEILHOCTEH BO BCEM €€ BEJIMKOJIEIINU; TaKyIlO JTE€MOH-
CTPAIUIO MBI OTJIOKUM JIO IMOSIBJICHUS B HalleM Oararke 0oJiee MOJIXOJSIIIX JIJIst
sroro mHCTpyMeHTOB. Ceifuac yKe OrpaHUIUMCsT PACCMOTPEHUEM CITUCKOB TIEJIBIX

YrceJI, COCTOAIMNX N3 3BECHLBEB TaKOI'O TI/IH&8I

struct item {
int val;
struct item *next;

};

u QYHKINN, TPOU3BOISIINX aprudMeTHnIecKne TeHCTBUA, TO €CTh TPUHUMAIOIIIX
Ha BXOJ JIBa IIapaMeTpa TUIIa int U BO3BpaIlaomuX Toxke int. OmuineM TUIl 1Jjist
yKasaTessd Ha TaKyio QyHKIINIO:

typedef int (*intfunptr) (int, int);
QyHKIINA, TPOU3BOISAINAS JIEBYIO PEIYKITUIO CIIUCKA, Oy/IeT BBITVIAIETH TaK:

int intlist_reduce_l(intfunptr f, int i, struct item *1s)
{
return ls ? intlist_reduce_1(f, f(i, 1ls->val), ls->next) : i;

}

IIpaBast peyKIius JieaeTcsi Tak:

int intlist_reduce_r(intfunptr f, int i, struct item *1s)
{
return 1ls ? f(ls->val, intlist_reduce_r(f, i, ls->next)) : 1i;

}

HecmoTps Ha cxoxKecTh pelraeMbIxX 3aJad, OYEBHIHOE MMOJ00ue pelreHuit u Jia-
JKe OJIMHAKOBBIN 6A3MC PeKypCHH (IIPH IIyCTOM CIIHCKE PE3YIILTATOM O0bSIBIISIETCS
3aTpaBKa), 9T JBe MYyHKIMHI paboTal0T COBEPIIEHHO To-pa3HoMy. [lpu JieBoii pe-
JIYKIIAA MBI CHavaJsia obpalnaeMcst K QYHKIH f, MoJydaeM pe3yJsibTar, U 3ajada
CBOIUTCS K IPEIBIIYINEl, TOJBKO B POJIU 3aTPABKU TENEePh BHICTYIIAET 3TOT TOJIb-
KO YTO IIOJIyYEHHBII pPe3yJbTaT, & OT CIHUCKA y HAC OCTAJOCh HA OJUH JIEMEHT
MEHbBIIIE; OCTAETCS TOJIBKO OOPATUTHCA K TOM (DYHKITUH, KOTOPYIO MBI ITHIIIEM, 9TO-
ObI, KaK I10/IaraeTCsl IIPU KUCIIOJH30BAHUN PEKYPCHUH, PEIIUTb Ty K€ 3aJa4dy st
qyTh-4yTh 00JIiee IPOCTOrO CJIyvas.

C mpaBoit peiyKitueit BCE HECKOJIBKO cjioxkHee. ObpaTuThest cpasy ke K (pyHK-
nun f MBI HE MOXKEM, [TOCKOJIbKY 3HAEM TOJIbKO OJUH U3 HapaMeTPOB JJIsi STOTO
obpalreHnsi — MEPBLIil 3JIEMEHT CIIICKA; HO BTOPBIM €€ ImapaMeTpPOM JIOJI2KEH CTaTh
pe3yIbTaT PeIYKIINN BCETO OCTAIBLHOIO CIMCKA, KAKOBOM HaIlla peajn3alis U Bbl-
YUCJISIeT, PEKYPCUBHO BbI3BaB caMa ceOsi, U JIUIIb 1ocje 3Toro Bei3biBaeT f. Ec-
JIX BBl 3allyTaJIMCh, ONPOOyiiTe pazodparTh CJIEIYIONYIO 3alUCh TEX KE CaMbIX
pelieHunii:

int intlist_reduce_l(intfunptr f, int i, struct item *1s)
{
int new_i;
if(!1s)
return i;
new_i = £f(i, ls->val);
return intlist_reduce_1(f, new_i, ls->next);

int intlist_reduce_r(intfunptr f, int i, struct item *1s)

int rest_res;
if(!'1s)
return i;
rest_res = intlist_reduce_r(f, i, ls->next);
return f(1s->val, rest_res);

}

3aberasi Bnepéa, otMeTuM, 4To intlist_reduce_l nogAaércs oNTMMM3auUKy OCTAaTOYHO
pekypcuun, a intlist_reduce_r — HET, NOCKONbKY MOCJE PEKYPCUBHOrO BbI30Ba AenaeT
YTO-TO €€, B JAHHOM Cly4yae — Bbi3biBaeT yHKuuto f.

Y1006kl morpoboBaTh HAILY PEIYKIUIO B Jiejie, HaM HoTpeOyoTcs (OyHKITHH,
KOTOpbIE MOXKHO HCIIOJIb30BaTh B posu f. Hamuimem HeCKOJIBKO Takux (hyHKITHIL:

int int_plus(int x, int y) { return x + y; }

int int_mul(int x, int y) { return x * y; }

int int_max(int x, int y) { return x >y 7 x : y; }

int int_zcnt_left(int n, int x) { return x==0 ? n+1 : n; }
int int_zcnt_right(int x, int n) { return x==0 7 n+l1 : n; }

Temnepnb, ecu y HAC €CTh CIHMCOK, HAa KOTOPBIN YKAa3bIBAeT yKa3aTesb list, To
IIOCYNATATh CYMMY W IIPDOU3BEJICHUE €r0 3JIEMEHTOB MBI MOXKEM TaK:

sum = intlist_reduce_l(int_plus, 0, list);
prod = intlist_reduce_1l(int_mul, 1, list);

Haittu MmakcuMaabHBIA 3JIEMEHT B CHUCKE MOXKHO TaK:
max = intlist_reduce_l(int_max, list->val, list->next);

g cymMMbl U TPOU3BEJEHUS MOXKHO C TEM 2K€ YCIIEXOM HCIIOJIb30BATD
intlist_reduce_r, jjig HOUCKA MaKCUMyMa, B IIPUHIOUIIE, TOXKE, XOTdA IIOUCK
1pu 3ToM OyJieT BBIIIOJIHEH B HECKOJIBKO CTPAHHO II0CJIE0BATEHLHOCTH: CHAYA-
Jia, TIEPBBII 3jIeMeHT Oy/eT TPUHSAT 38 MAKCUMAJbHBINA, a MOTOM CITHCOK OyIeT
IIPOCMOTPEH C KOHIIA JI0 BTOPOTO 3JIEMEHTA.

Qynukryuy int_zcnt_left m int_zcnt_right mo3BosgOT IOCYNTATH B CIIACKE
KOJINYECTBO 3JIEMEHTOB, PaBHbLIX HYJIIO, IIPUYEM IlepBas IIpeHa3HadeHa Jj1sl JIeBOi
pesyKIu, Bropasi — Jjid rnpaBoii. [lapamerp x y srux dyHKIul — odepeiHoe
YNCJIO, KOTOPOE HYXKHO CPaBHUTH C HYJIEM, a IIapaMeTp N — KOJIMIECTBO paHee
0OHAPYKEHHBIX HYJIEH; ec/ii X paBeH HYJI0, (DYyHKIUS BO3BPAIAET Ha €JIUHUILY
OoJibIlie, Y€M N, B IIPOTUBHOM CJIydae — IpocTo n. /IBe pa3ubie PyHKIUHU TIOTPE-
OOBAJIICH U3-3a TOrO, 9TO intlist_reduce_l mepemaéT 9/1eMEHTHI CIIUCKA B (DyHK-
nuio f emopuvim TapaMeTrpoM, a intlist_reduce_r — nepgvim. COOTBETCTBYIONIHE
BBI3OBBI OY/IyT BBIIVISIETH TAK:

8TIpuBenénnbIe 3/16Ch U jajee B 9ToM naparpade GpparMeHTsl KoJa Bbl HAIETe B apXuBe
npuMepoB B daitie reduce_ls.c.
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zero_count = intlist_reduce_1l(int_zcnt_left, 0, list);
zZero_count intlist_reduce_r(int_zcnt_right, 0, list);

OTtmetnm ewg oanH MomeHT. Bce npumepsbl aToro naparpada HOCAT CKopee WNOCTPaTUB-
HbIli, HEXeNN NpakTU4ecknii xapakTtep. B pelicTBuTensHOCTU Bpsify M KOMY-TO MPUAET B
rofIoBY MPUMEHATL PeAyKUUIO B HacTosiwmx nporpammax Ha Cu. Hanpumep, Ta xe cymma
CMNCKa, peann3oBaHHas Yepes pefykuuto, OyseT paboTaTb pa3s B AeCiTb MeAfieHHee, YeM
NMpoCToe CYMMUVPOBaHNE 31EMEHTOB LIMKJOM, HYy a Takue Ciyyaun pefyKuun, Korga oHa pe-
anbHo nonesHa, Ha Cu He caenatb. Mol 0bsizaTenbHO BEpHEMCS K pedyKuun nosgHee, npw
PacCMOTPEHNIN TaKNX A3bIKOB MPOrPaMMUPOBAHUS, F4e OHA BbIFNSANT HAMHOIO eCTECTBEHHEE.

9.2.4. OctaTo4yHasi peKypcus

Paccmorpum emé omun npocroit npumep. IlycTs y Hac nMeeTcs CIUCOK EJIbIX
qHCes1, TAKOl JKe, KAKON Mbl UCIIOJIL30BAJIM paHee (3BeHbsl ¢ moJisiMu val u next),
U HaM HY>KHO HafTU II€PBBI JIEMEHT C 3a/[@HHBIM 3HadeHueM. Eciu s1eMeHT
HallJleH, cieayeT BEpHYTh €ero ajpec, a eClIu 3JIeMeHTa ¢ TaKUM 3HadeHneM HeT —
BepHyTh NULL. Briosise ectecTBeHHBIM Oy/IeT PEKYPCUBHOE PEIleHHe: €CJIN CIUCOK
nyct, BepuyTb NULL, eciin OH He IIyCT U IEePBBIA 3JIEMEHT COAEPXKUT HYKHOE HaM
3HAYCHUE — BEPHYTH aJIpeC 3TOr'0 JIEMEHTA, B OCTAJIbHBIX CJIy4YadX IIOIBITATbCH
[OMCKATD 3JIeMeHT B XBocTe crucka. OyHknus Oyier BhINISIETh TaK:

const struct item *find_value(const struct item *1st, int val)

{
if (11st)
return NULL;
if (1st->val == val)
return 1lst;
return find_value(lst->next, val);

31ech mpuMedaTesieH TOT (DAKT, UTO IOC/IE 3aBepIIeHUs] PEKYPCUBHOIO BBI30BA
3HAYCHUE, BO3BPAIIEHHOE BBI3BAHHOI (<«BJIOKEHHOM» ) UIOCTACHIO Hareil (yHK-
W, HEMEJJIEHHO CTAHOBUTCS 3HAYEHWEM, BO3BPAIAEMbIM M3 TEKYIIETO BBI30BA
dyHKIINA, a e€ BBINOJHEHHE HA 9TOM 3aBepinaercs. MHade roBopsi, peKypCUBHBIII
BBI30B — €CJIN, KOHEYHO, BBIIIOJTHEHUE TTOIILI0O UMEHHO TI0 9TOI BETKE — CTAHOBUTCH
nocaednum AeHCTBIEM, BBIIOIHEMBIM (DyHKIMel (Ha JAaHHOM YPOBHE BJIOYKEHHO-
cti), GOJIbIIIE HUYErOo JleslaTh He Hajo. Kak ciejcTBue, cTeKOBbIi dhpeiim, coor-
BETCTBYIONINN TEKYIIEMY BBIIMOTHEHUIO (DYHKIIUU, CTAHOBUTCH HE HYIHCEH B TOT
MOMEHT, KOTJIa yIIPABJIEHUE IEePEJIAH0 BJIOXKEHHOMY 3K3eMILisipy. OQueBuiHast ori-
TUMU3AIIAs COCTOUT B TOM, YTOOBI CTEKOBBIN DpeiiM [1J1si PEKYPCUBHO BHI3BAHHOT'O
pOroHa (PYHKIINU CO3/IABAJICS HE TaK, KAK 3TO OOBITHO JIe/IAeTCS — CBEPXY B CTEKE
HaJ TeKyIuM dpeiiMoM — a noeepr TeKyIero dpeiiMa, 3aTupas ero; peKypCcuB-
Hasl UIIOCTACh HaIlell (DYHKITUU B 9TOM CJIydae JIOJKHA BEPHYTH YIIPABJICHUE CPA3y
TYyJa, OTKY/Ia U3HAYAJIHLHO Obljla BbI3BaHA HaIllla (OYHKITHSI.

K obbsacuennio MoxkHO 110J101TH nHade. [Ipu peKypCcuBHOM BBI3OBE yIIpaBJie-
HIe, OYEBHUJIHO, IMepeJaéTcsi Ha HaJajao Toi »Ke camoil Harmreil dynkiun. Ecinm
BBI3OBBI PEAJIN30BAHBI «9E€CTHO», TO €CTh 0e3 ONTUMHU3AIuU, TO IIPU TAKOi Iepe-
Jate yrupaBjeHus OyJeT cO37aH HOBBIM CTEKOBBIH (bpeiiM, cojepzKammuil B Kade-
CTBe aJipeca Bo3BpaTa KoHell YHKINNA, U KOTJa PEKYPCUus JOUJET JI0 OJIHOTO U3
6a30BbIX CJIyYaeB, 3a STUM MOCJIEJyeT HEeloYKa BO3BPATOB (63 Kakux-ubo eme
JleficTBUiT), TAK YTO yIPAaBJIEHHE B WTOTe BEPHETCS K TOMY, KTO HAC BBI3BAT —
HO He cpa3y, CHadaJjia BCe CO3aHHBIE CTEKOBbIE (DPEMbl OY/IyT JIMKBUIUPOBAHBI
o ojgHOoMYy. OUeBUIHO, TEX K€ PE3YJIbTATOB MOXKHO JIOCTUYb, HE CO3/1aBasi HOBbIE
dpeiivMbr u He 700aBJIsAs B CTEK HOBBIE ajIpeca BO3BpaTa: JOCTATOYHO IEPEIncaTh
COJIEPKUMOE CYIIECTBYIOIIET0 CTEKOBOIrO (peiiMa, OCTaBUB aJIpec BO3BpaTa KakK
ecTb. [IpomutocTpupyeM cKazaHHOE, IepernncaB Halry (PyHKIIUIO ¢ TPUMEHEHUEM
3aIpeNEHHOTo IpruéMa — goto Ha3al:

const struct item *find_value(const struct item *1st, int val)
{
begin:
if (11st)
return NULL;
if (1st->val == val)
return lst;
1lst = 1lst->next;
goto begin;

Ha Besakwmit caywait mogdepkaéM: OUCaTh TaK He HAIO!

EcTecTBeHHo, TO Xe camoe MOXHO cfienaTb 1 be3 goto, NPoOcTo HyTb MEHee HarAsAgHO —
340eCb Yy>Xe TpyAHee 3aMe€TUTb, YTO pelleHne nony4eHo I'IyTéM OonNTUMUN3aunn pekypcuBHOro
BapuaHTa:

const struct item *find_value(const struct item *1st, int wval)
{
for(;;) {
if (11st)
return NULL;
if (1st->val == val)
return lst;
1lst = 1lst->next;

Taxoit BapuaHT ONTUMMBAIUH C IIEPEXOJOM Ha HAYAJIO BMECTO PEKYPCUBHOTO BbI-
30B& BO3MOXKEH TOJIBKO JJIsl CJIydasl IIPOCTON peKypcuu, Korga (pyHKIIHAsST HEIo-
CPEJICTBEHHO BBIBBIBAET cama CeDsi; OIHAKO CUTYAIUsl C XOJIOCTBIM PaCcXOJIOBAHU-
€M CTeKa BO3MOXKHa W B 00Jiee CIOXKHBIX CJIydasix — HaIlpUMep, IpU B3aUMHOI
PEKYPCHH.

HpOI/I.H.HIOCTpI/Ipyel\A 9TO YK€ 3HAaKOMBIM HaM IIPUMEPOM COIIOCTaBJI€EHUA CTPO-
KU ¢ 00pasloM, B KOTOPOM CHUMBOJI «?» COOTBETCTBYET JIHOOOMY CHUMBOJIY CTPO-
KM, CUMBOJI «¥» COLOCTAaBJISIETCS C IPOU3BOJIBHON 4enoukold (B TOM 4HUCJIe IIy-
CTOi1), & OCTAaJIbHbIE CHMBOJIBI 0003HAYAIOT caMu cebst U TOJBKO C CAMUME OO0
COTTOCTABJISIOTCS. 38 OCHOBY BO3bMEM periienne Ha CH, cocTosiiee u3 AByX (PyHK-
it (eMm. 1. 2, 8§4.3.22), u cierka MOAuMUIMPYEM €ro; B 9aCTHOCTH, N30aBUMCS OT
[UKJIa, 3aMeHUB ero pekypcueil. [losyunrest y Hac BOT 94T0:

/* match_rec.c */
int starmatch(const char *str, const char *pat);
int match(const char *str, const char *pat)

{
switch(*pat) {
case O:
return *str == 0;
case ’x’:
return starmatch(str, pat+1);
default:
if(t*str || (xstr != *pat && *pat != ’7’))
return O;
return match(str+1l, pat+l);
}
}
int starmatch(const char *str, const char *pat)
{
if (match(str, pat))
return 1;
if (Y*str)
return O;
return starmatch(str+1l, pat);
}

OcHoBHast peKypcust 371ech (B dhyHKImNI match) crponTcest o yobIBaHUIO 06pasIa —
OT Hero mo Mepe oOpabOTKU OTIEIJISIOTCS CUMBOJIBI CJIeBa. BasmcoM CJIy»KuT
TPUBHAJILHBIH CJIydail MycTOro 0bpasia: TaKoil obpas3err yCIeIHo COMOCTABIISIETCST
TOJIBKO C IIyCTON CTPOKOI, eC/Ii YKe CTPOKa He IycTa — (PUKCUPYETCsT HeyCleX, HO
B 000ouX ciaydasax 6ojiee HUKAKUX JeHCTBUI He Tpebyercs.

Korma ocrarok obpasiia He IIyCT U ero MepBbIil CUMBOJI — He 3BE3JI0YKA, CJie-
JyeT cHadaja MPOBEPUTH, HE CTAHET JIM STOT MEPBBIA CUMBOJ MPUYIUHON HEyIa-
YU COIOCTABJIEHUS: 9TO MPOU30UJIET, €CJIU OCTATOK COTIOCTABJISIEMON CTPOKH IIYCT,
a TaKyXKe eCJU CUMBOJI 0Opa3lia He COBMAJaeT C CHMBOJIOM CTPOKH W TIPU ITOM
He {BJISIETCs 3HAKOM BOIlpoca. Fcjim Heyaaduum Ha TeKyIIeM Iare He MPOU3OIILIO,
ocTaércst, OTOPOCHUB TEPBBIE (TOIBKO 9TO 00pabOTAHHBIE) CHMBOJIBI, COIIOCTABUTD
OCTATOK CTPOKH C OCTATKOM 00pasla, a CIeJaTh 9TO MOXKHO C ITOMOIIbIO TOI 2Ke
dbyHKIWMH, KOTOPYIO MBI nunieM (match), T.e. BBIIOJHUB PEKYPCUBHBIN BBI3OB.

Hawnbosee unTepecen ciydaii, Korya mepBbIM CHMBOJIOM OCTATKa 0bpasiia oKa-
3a/1ach 3BE3JI0YKA. DTOT ciydail obpabarbiBaeTcs (pyHKIHeH starmatch, xoTo-
poit TiepeIaéTcst BCA OCTABINASICS JJIsS COMIOCTABJIEHUST CTPOKA, & TaK¥Ke OCTATOK
0bpasma — HO yxke 0e3 TekyIei 3BE3I0UKH.

Co 3BE310YKOI MOXKHO COIIOCTABUTD IIOJICTPOKY IIPOU3BOJILHON JJINHBI, B TOM
YUCIe W IIYCTYH; UMEHHO C 9TOr0 CJydasli HAUUHAET PACCMOTPEHHE CUTYAIUH
yHKIMA starmatch — B IPEATONIOKEHIH, 9TO TEKYIAs 3BE3I0TKA COOTBETCTBY-
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€T IIyCTOM IOJICTPOKE, eif 0CTaéTCsl IPOBEPUTD, COIIOCTABUTCS JIX IIPU 9TOM OCTATOK
CTPOKHU C OCTATKOM 00pa3Iia, a 9Ta 3ajia4da, eCTECTBEHHO, PEIIIACTCS C TIOMOIIBIO BbI-
30Ba (pyHKIIHN match; MOCKOJIbLKY paHee caMa QPYyHKIUS starmatch Obla BbI3BaHA
u3 match, 371eCh UMeeT MECTO KOCBEHHAs PEKYPCHS.

Ecnu comocrasiienre 0cTaTKOB MPOIIIO YCIIEITHO, MOXKHO (PUKCHPOBATD YCITEX
BCET'0 COIOCTABJIEHUS IEJIMKOM; HO €CJIM COIOCTaBJICHUE HE YIAJI0Ch, 3TO CAMO II0
cebe O3HAYAET JININD, YTO TEKYyIIel 3BE3[M0YKEe He IMOJIYyIUI0Ch MMOCTABUTH B CO-
OTBETCTBUE MyCTYIO cTPOoKy. Ho Ko/Ib CKOPO B COIOCTABJISIEMOII CTPOKE €CTh eIlé
CHMBOJIbI, MOKHO TIOIPOOOBATH TEKYIEell 3BE3/I0UKE MOCTABUTH B COOTBETCTBUE
Ha OJWH CUMBOJI OOJIbIIIE M ITOCMOTPETH, HE IPONIET JIM COIMOCTABJIEHHE B TAKOM
BUJIE — U IIPOJIOJI?KATH 9TO, MOKA B CTPOKE HE UCUEPIAIOTCH CUMBOJBI. DyHKIIHS
starmatch opraau3yer 9TOT IPoIecc IPod 1 OMNOOK PEKYPCUBHO, BLI3LIBASI CAMA
cebst ¢ TeM 2Ke OCTATKOM 00pa3lia M ¢ YKOPOUEHHOI Ha MePBbI CUMBOJI CTPOKOI;
repes, TeM, KaK YKOPadWBaTh CTPOKY, HYKHO YJIOCTOBEPUTBHCsI, UTO €€ eCTh KY-
Ja YKOpaduBaTh, U CJIydaii, KOrJla CTPOKA OIyCTeJIa U YKOPAUUBATL €€ JAJIbIIe
yKe HeIb3sl, CAYKUT 0a3MCOM PEKyPCHUU: B 9TOM CJIydae HMPUXOIUTCS IPU3HATH
COTIOCTABJICHUE HEYCIIEITHBIM.

CraenaeM odeHb BaykHOe 3amedanne. CTeKoBble (peilMbl B HAIIEM peIIeHHUH
CIIy>KaT JJI XPAHEHNS Pa3BUJIOK, 00pa3yIOIINXCsl IIPH PACCMOTPEHUN 3BE3I0YEK
B 00pasIie: 3/1ech HY2KHO ITOIIPOOOBAThH COMOCTABUTDL OCTATKH, KAK €C/TH Obl 3BE3-
JIOYKa COOTBETCTBOBAJIA IIYCTOM CTPOKE, €CJIA YK€ 9TO He IOJIYIUJIOCh — BEPHYThb-
¢ K pas3BUJIKe, OTOPOCUTH MEPBBI CHUMBOJI CTPOKH U MOMPOOOBAThH CHOBa. Ecim
TOBOPHUTH COBCEM CTPOI'O, CTEKOBBII (bpeiiM PyHKIMN starmatch HyKeH, YTOOLI
MIOMHUTDb COCTOSTHIE PACCMOTPeHUs ouepeiHoit 38é310uku. Ho Bo Bcex ocTaibHBIX
CUTYAIUSIX TIOC/IE TOTO, KaK JII0bast U3 JIBYX HAMNX (DYHKIINN BBI3BIBAET caMa ceOst
WK BTOPYIO (DYHKIINIO, €€ CTEKOBBIH (ppeiiM CTAHOBUTCH HE HYXKEH, U 3TO BUJIHO
110 X KOJIY: BCE BBI3OBBI, KPOME OJTHOTO, IPOU3BOISITCS HEIIOCPEICTBEHHO U3 Olle-
paropa return, NpudéM BO3BpAIAETCI MMEHHO TO 3HAYEHUE, KOTOPOE BEpHYJIa
BBI3bIBaeMast (DYHKITHA.

WNurepecno, 4ro dpeiiM, XpaHaInii pa3sBUJIKY, CTAHOBUTCS He HyKeH, KOIJa
HAYATO PACCMOTPEHUE TIOC/IETHET0 BO3MOXKHOIO I JTAHHOW Pa3BUJIKU CJIydas —
a UMEHHO, KOTJIa YKOPaunBaTh CTPOKY y2Ke HEKYA, IIOCKOJIbKY OHa orycTesia. Bol-
MIEIPUBEIEHHOE PEIIeHNEe STOTO He YINTHIBAET, HO 9TO MOYKHO UCIIPABUTDH, CJIETKA
nepernncas QYHKINO starmatch:

int starmatch(const char *str, const char *pat)

{
if (Y*str)
return match("", pat);
if (match(str, pat))
return 1;
return starmatch(str+1l, pat);
}

BroizoBoB match 31ech crajo aBa, IpUIEM IIEPBBIA, COOTBETCTBYIONINN 6A3UCHOMY
CJIydaio MyCTOH CTPOKU, TEepb OYIET 0CMamMoO¥HblM — TO €CTb TaKUM, IPH
KOTOPOM CTEKOBBII (peiiM BbI3bIBatomieil (pyHKINKM OOJIbITe HUYIEro IOJe3HOTO B
cebe He COIEPIKUT.

Komvmuasaropsr Cu 06BITHO HE MOTYT OIITUMHU3UPOBATH OCTATOIHYIO PEKYPCHIO,
00 KaK MaKCUMYM ONPaHUIUBAIOTCS TPUBUAJIBHBIM CJIyYIaeM BbI30Ba PyHKIIHEH
caMoit cebsI ¢ HOBBIMU 3HAYEHUSIMHU ITAPAMETPOB, KOTOPBIN 3KBUBAJEHTEH Iepe-
X0Jly Ha HavaJio Tesia dyHkuu (cM. crp. 19). Baanmuasi pexypcusi, Takasi, Kak B
HaIreM ciaydae, KomnuiasropaMm Cu He 1o 3ybam. OmgHAaKO ecyi ObI KOMITHJISITOPBI
Cu onTUMU3UPOBAJIN KaKIbIii OCTATOYHBINA BBI30B, B OYKBaJIbHOM CMBIC/IE JIMKBH-
JUPys CTEKOBBIN bpeiiM TekyIeit QyHKINY epe rnepegadeil yipaBieHus BbI3bl-
BaeMoii (YTO TeXHUYECKHU BIOJHE BO3MOXKHO), TO HAIle COMOCTABJIEHIE UCIIOJIB30-
BaJIO OBI CTOJIBKO CTEKOBBIX (DPEMOB, CKOJIBKO B KasKIbIif MOMEHT BPEMEHU €CTh
OCTaBIIIUXCSI TTO3a]IM 3BE3JIOUEK, JIJIsi KOTOPBIX €Ié eCTh HepacCMOTPEHHbBIE BO3-
MOKHOCTHU. B 9acTHOCTH, COIOCTaB/IeHne ¢ 00pa3IioM, He COMEPKAIUM HU OJIHOM
3BE3M0YKH, MPOXOIUIO ObI BOOOIIE Oe3 pacxoJI0BaHUs CTEKa.

Ha Bcsknii cnyyail npefoctepexxém 4uTaTenst oT YPe3MEPHOro ONTUMU3MA MO MOBOAY
ONTMMU3ALMKN OCTATOYHON pekypcumn u Boobuue ocTaTouHbIx Bbi3oBoB. Komnuasitopsl Cu He
AENaT Takoii onTUMN3aunnm He NOTOMY, HTO UX CO3AATeENN CIANLWIKOM NIEHUBbLI UNW TAynbl;
HanpoOTMB, COBPEMEHHbLIE ONTUMMU3ATOPbI KOAA, BKJOYaeMble B cocTaB komnuastopos Cu,
NpeacTaBastoT coboii 0gHy M3 CaMbIX UHTENNEKTOEMKIMX 0BAaCTel NporpaMMiupoBaHus.

PeanbHasi npuynHa TyT B TOM, 4TO ONTUMWU3aUWS OCTATOYHbLIX BbI3OBOB CHU3MA Obl
BbICTpoAelicTBIE NOYHaEMOro MalLMHHOro Koga. B camom fene, 3HadeHuns napaMeTpoB Ans
BbI3bIBAEMON (DYHKLMU NPULLNOCL Obl B TekyLyem bpesime BbICTPOUTL TaK, Kak 3TOro OXu-
JaeT Bbi3blBaeMasi (DYHKLUMSI, N 3TO NPU TOM, HTO 3Ha4eHMs 3TuX (HOBbIX) NapaMeTpoB MOryT
3aBUCETb OT 3HAYEHMIA, XPAHSLLUUXCS B JIOKAJIbHbLIX NMEPEMEHHbIX, T. €. B camoM dpeiime. Bbi-
CTPOUTL MOC/EAOBATENBHOCTD BbIYUC/IEHUIA HOBLIX MAapaMETPOB Tak, 4YTODbI HUrge He Obina
3aTépTa JIoKaJibHas NepeMeHHasl, KOTopasl BCE eLLE Hy)KHa — 3ajadva HeTpPUBMAJIbHAS, OCO-
beHHO ecnu nbiTaTbCa pewaTtb €€ B obliem Buae, Hy a TPUBMAJILHOE pelleHne — cHavana
BCE BbIMUC/INTb, PACMONOXKUTL Kak Hago (B cBobogHoii obnactu dpeiima), u yxxe noTom cko-
NMpoBaTb B Ha4yaNo dpeiima NoBepx CYLLECTBYIOLUX MEPEMEHHBIX, KOTOPbLIE TEMEPb-TO YXK
TOYHO HE HY>XHbl — OYEBMAHO MPUBOAUT K JIVLLHEMY KOMMPOBAHUIO.

Cosgatenn onTuMunsaTopoB 0bObIYHO CTaBAT nepeg coboii 3ajady NPOTUBOMOIOXKHYHO:
NOBLICUTL BbICTPOAECTBME AaXKEe LEHOI yBenndeHus pacxoga namsatu. Kpome Toro, Cu go-
NYCKaeT NCNONIb30BaHNE PEKYPCUKN, HO K HNCIY OCHOBHbIX WHCTPYMEHTOB OHa 34€Cb HE OT-
HOCWUTCS; B 3TOW 4acTu KHUruM Mbl ucnonbsyem Cu Anst UANKOCTpauuii, NPoCTo 4TObbI He
PacCcKa3sbiBaTb A1 3TUX LENE KaKO-TO eLé A3bIK.

Bax#o monmmaTh, UTO BbI30B (DYHKIIUM JOJKEH OBITHL UMEHHO CAMbM NO-
cAedHuM, YMmo HYaHCHO cleaams 6 meae GyHKuUuU, THAYE OH yKe He CMOXKeT ObITh
ocTaToYHbIM. HaumHarorme 9acTo MyTATCsT C 3TUM YCJIOBHEM, TIOITOMY yMECT-
HO OyJIeT MPUBECTH I WIJIIOCTPAIUN TPUMED, KOI/Ia ONTHMHU3AINs OCTATOTHON
pekypcuu HeBo3MoxKHa. Harummem (yHKIHIO, ONPEeIesIONyo JJINHY CIIMCKA:

int list_length(const struct item *1st)

{
if (11st)
return O;
return list_length(lst->next) + 1;
}

WU, 9TO TO K€ caMoe,

int list_length(const struct item *1st)

{
return lst 7 list_length(lst->next) + 1 : O;
}

31ech TOCe PEeKypCUBHOIO BBI30BA, MPEXKJE UeM BEPHYTh 3HAUeHHe, (DyHKITHSI
BBIIIOJTHSIET eINE OJIHO JIefiCTBHE: MPUOABJIAET ANHUILY K TOMY, UTO eif BepHyJ/Ia eé
«PEKYPCUBHASI UIIOCTAChY. DTO NPUOABJIEHNE €IMHUTIBI ITPOUCXO/IAT, €CTECTBEHHO,
B CTEKOBOM (ppeiiMe BBI3BIBAIOIIET0 IK3EMILIAPA, TO eCTh (ppeiiM erré morpedyercst
IIOCJIe BO3BPATA U3 PEKYPCUU — U, KAK CJIEJCTBUE, €T0 HEJIH3s YHUUTOXKUTD PAHb-
11e, 9eM PEKYPCUBHBII BBI30B 3aBEPIIHAT CBOIO paboTy. MOKHO TOCMOTPETH Ha 9TO
U C IPYTOil TOYKU 3PEHUsI: PE3YJIBTATOM TEKYIIEro IPOorona pyHKINU OyJIeT HE TO
YHCJIO, KOTOPOE BEPHET PEKYPCUBHBIN BBI30B, TAK UTO IIPOU3BECTH BO3BPAT yIIPaB-
JIEHUSI CPa3y HAIlleMY BbI3BIBAIOIIEMY HEJIb3s — CHAYaJa MBI JIOJZKHBL 3aBEPITUTH
cBOIO paboTy, NPpUOABUB €IMHUILY.

WNuTepecHo, 9T0 BO MHOIHX HOJOOHBIX CJIydasX MOXKHO IIPeodpasoBaThb pe-
KypPCHIO B OCTATOUHYIO, IPHMEHHB Hakanausarowuti napamemp®. Ilepemnu-
meM Halry (byHKIHIO, CHAOAUB €€ BTOPBIM IMapaMeTPOM, KOTOPBIA OyIeT XpaHuTh
OAUHY, HAKONAEHHYIO K HACTNOAWEMY MOMEHMY; B TAKOM Bujie (PYHKIIUS, J1€JIast
BCIO (paKTUIECKyIO paboTy, OyJAeT UrpaTh BCIOMOTATEIbHYIO POJIb, TO9TOMY MBI
repenMenyeM e€ B 1ist_length_do, a dynknusa list_length OyjieT €€ BbI3BIBATE:!

int list_length_do(const struct item *1st, int count)
{
if (11st)
return count;
return list_length_do(lst->next, count+1);

}
int list_length(const struct item *1st)
{
return list_length_do(lst, 0);
}

AHaIOruIHBIM 06PA30M MOXKHO HEpPernucars (hyHKIUIO, HOACINTHIBAIONLYIO CYMMY
9JIEMEHTOB MaccuBa (CM. cTp. 17):

int array_sum_do(int *arr, int len, int sum)

{

if(len <= 0)

return sum;

return array_sum_do(arr+l, len-1, *arr + sum);
}
int array_sum(int *arr, int len)
{

return array_sum_do(arr, len, 0);
}

9B aHIIOSI3LIYHOI JIUTEpATYPE IIPUMEHsIETCs] TepMUH accumulator, HO, B OTJNYHE OT HEKO-
TOPBIX APYTHUX CIyYaeB, PYCCKUAM CJIOBOM «aKKYMYJISTODP» 3TO OOBIYHO HE IIEPEBOJIAT.



9.2. Pekypcus Kax mpuMep mapaiurMbl 21

Ob6sacTb MpUMEHEHUsI TEXHUKHA HAKAILUIMBAIONIErO IIapaMeTpa He OrpaHuINBaeT-
¢Sl IPUBEICHUEM PEKYPCHHU K OCTATOYHOMY Buiy. llycTb, HampumMep, HaM HYKHO
pPa3BEPHYTDH OJIHOCBS3HBIN CIIMCOK, PACIIOJIOYKUB €r0 3JIEMEHTHI B 00PATHOM MTOPS/I-
ke. C IOMOIIBI0 HAKAIJIMBAOIIETO TapaMeTpa 9Ta 3a/1ada PeIaeTcsi COBEPIIIEHHO
3JIEMEHTApHO — JOCTATOYHO Ha KaXKJOM YPOBHE PEKYPCHH OTIIEIISATH OT HCXOJI-
HOT'O CIIMCKA II0 OJTHOMY 3JIEMEHTY U JI0DABJISTL OTIICIIEHHBIE 3JIEMEHTHI B Ha-
9aJI0 CIMCKA, TOMArOBO (DOPMUPYIONIETOCS BO BTOpoM mapamerpe. Co3maBaeMblil
CIIMCOK, €CTECTBEHHO, M3HAYAIBHO CJIEIYeT CIeJaTh IIYCThIM:

struct item *reverse_list_do(struct item *1st, struct item *res)
{

struct item *list_rest;

if (11st)

return res;

list_rest = lst->next;

lst->next = res;

return reverse_list_do(list_rest, 1lst);

}
struct item *reverse_list(struct item *1st)
{
return reverse_list_do(1lst, NULL);
}

[TonbiTaThest permmuTh 3Ty 3a/a4y 0e3 HAKAIJIUBAIOIIErO MapaMeTpa MPEeJJIOKIM
YUTATEJIO B Ka4ecTBe NUIIH JJIsT PA3MbBIIJIEHUs; YITUTE TOJbKO, 4TO «OYEBUJI-
HOe» pellleHne — <«IIePEeBEPHYTb» XBOCT CIMCKA PEKYPCHUBHLIM BbI30BOM, a II€p-
BRI 3JIeMEHT TPUOABUTH B KOHEI[ — HUKYJA HE TOIUTCS, MOCKOJIBKY MOTpebyeT
KOJIMYECTBa JIefiCTBUIl, IPOIOPIMOHAIBLHOIO K6adpamy JUINHBI CIUCKA (Bejb J10-
OaBJieHHE 3JIEMEHTA B KOHEIL TOTPEOYET IPOCMOTPETh BECh CIIUCOK, U TaK KaXKJIbIi
pas), Torja KakK BBIIIENPUBEJIEHHOE PellleHre paboTaer 3a JIMHeHHOe BpeMsl.

C apyroii cTOPOHBI, KOHEYHO K€, HAKAILJINBAIOIINE TapaMeTPhl — He MAaHAIEs;
OTHIO/b HE JIIOOYIO PEKYPCUI0 MOXKHO IIPUBECTH K OCTATOYHOMY BUILY, U OCOOEHHO
HaIVISTHO 3TO BHUJIHO Ha TPHUMepe MapajiiefbHoi pekypcun. lIpnmenss makam-
JIMBAIOTIINI MMapaMeTp IPHU yKe 3HAKOMOM HAM BBIYUCJIEHUU CYMMBI 3JIEMEHTOB
JBOUYHOT'O JilepeBa, MbI IIOJIyIUM YTO-TO BPO/ie CJIEIYIOIEro:

int tree_sum_do(const struct node *r, int sum)

{
if('r)
return sum;
sum = tree_sum_do(r->left, sum);
return tree_sum_do(r—>right, sum + r->val);
}

DopMaTbHO TOBOPS, 37€Ch JaXKe UMEET MECTO OCTATOYHAST PEKYPCUSI — HO TOJIb-
KO JIJIsi OJTHOTO M3 JBYX PEKYPCHBHBIX BBI30BOB. Kciin 3a/1aThbCs 1EIBIO JTOBECTH
9TO TTPeOOPA30BAHTE JI0 KJIACCHYIECKON OCTATOYHON peKypcuu 410001 4enotl, TO B
UTOTE MBI, KOHETHO, CMOYKEM ITO MPOJEeIaTh — MO TeM Ke MPUYNHAM, TT0 KOTO-
PBIM JIIOOYIO PEKYPCUIO MOYXKHO «Pa3BEPHYTH» B IUKJI; HO JIJIT 3TOTO HAM IIOTPE-
OyeTcst TOTIOTHUTENBHBIN mapaMeTp, KOTOPBIit 6y/IeT TOMHUTDL BCE Y3JIbI JIEPEBA,
OTKYy/Jla MBI eIé He MPOoDOBAJIM XOJUTh BIIPABO, W JIJI UX XPAHEHUs TMOTPe0yeTcst
B IIPOCTEHiIIeM cIydae CIHUCOK, B 6oJee CJI0KHOM (HAIPUMED, Pajy MOBBIIICHUS
s dekTuBHOCTH) — MaccuB, cHAOKEHHBIH uHpOpPMAaIHeil 0 ero pasmepe u KO-
JINTIeCTBE 3a/1eICTBOBAHHBIX yeMeHTOB. Cremyer obpaTuTh BHUMAHWE, 9TO TIPU
MIOTIBITKE PA3BEPHYTH 00XO/I JIEPEBA B IIUKJI MbI TOXKE BCTPEYAJUCH C IEM-TO [TOXO-
2KHM, TOJIBKO TaM 6bIJI CIIMCOK Yy3JIOB JIJIsI BO3BPaIlleHUd K KOPHIO. HOXO}KI/I APYyT Ha
JIpyTa U OIPUYUHBI BOSHUKHOBEHUS TAKON BCIIOMOTIATEJBHONW CTPYKTYPHI JAHHBIX:
B IIPOCTOM PEKYPCHUBHOM PENIEHUN COOTBETCTBYIONIAs NHMOPMAIUS PA3MEIACTCs
B CTEKOBBIX (peifiMax, HO eCIl MBI TPUMEHsIEM ITUKJI, TO HUKAKuX (ppeiiMoB co-
3/IaBaTb HE MO2KEM, 1 TOYHO TaK 2K€, €CJIM1 Mbl XOTHUM CJe/IaThb PEKYPCUIO «YUCTO
OCTATOTIHO», MBI BBIHY2KJIEHBI 1T03a00TUTHCSI, ITOOBI BO (bpeliMax He 0CTaBajIoCh
HUYEro MOJIE3HOTO.

9.2.5. PekypcuBHO€e MBbIIJIEHUE

The determined Real Programmer can write
FORTRAN programs in any language.

Ed Post

MoxkHo nncars Ha Poprpane, rIaBHOE — He
aymaTh Ha Poprpane.

HeU3BECTHBIH aBTop

ITockompKy ceifdac MBI pacCMaTpUBaeM PEKYPCHIO B KOHTEKCTE pa3roBopa O
rapajurmMax, yMecTHO Oy/IeT OTMETHTDL, YTO PEKYPCHUIO0 KAaK MPUEM IIPOTrPAMMU-
POBaHUSI MOYXKHO HCIIOJIH30BATH, MPOJIOJIKAS IIPH ITOM JymMamd TaK Ke, KakK U
0e3 peKypcuu — B TPJUIIUOHHBIX TEPMUHAX JEHCTBUN M UX IOC/IEI0BATEILHO-
cTeil; MEXJy TeM PEKypPCHs IPeJCTaBJIseT CODON CaMOCTOSTENLHYIO MapaIurmy
IPOrPAMMUPOBAHUSI, TO €CTh IPEJIOJAraeT CBOW COOCTBEHHBIN CTHUJIb MBIIILIE-
HUs, U 9TUM CTUJIEM YPE3BLIYANHO IOJIE3HO BjiaieTh. MHade roBopst, Majgo OCBO-
UTHb PEKYPCHUIO KaK IPUEM MPOIPAMMHUPOBAHUS — HYXKHO Hay4YUTbCd JAyMaTb B

COOTBETCTBUU C HE.

JUtst MILTIOCTpAIil 3TOrO (BOBMO)KHO, Ha 1IePBbIA B3IV, CTpaHHoro) yTBep-
JKJEHUsI PAaCCMOTPUM €IEé pa3 Hallly IPOCTEHbKYI0 (DYHKIHIO IOACYETa JIJTHHBI
CIIICKa.:

int list_length(const struct item *1st)

{
if(!1st)
return O;
return list_length(lst->next) + 1;
3

Paboty sroit HyHKITME MOXKHO OIKUCATH TaK:

Ecau cnucox nycm, cuumaem e2o dauny pasrot nyato. B npomus-
HOM CAYHAE CHAYUAAA BVMUCAUM OAUNY TEOCMA CNUCKG, NPUMEHUG
OAs IMO20 PEKYPCUBHBLT 661308, 4 3amem NPubasuM euHUYY, U Jes0
cderano.

31echb, COOCTBEHHO TOBOPs, MbI ¥ HAOJ/IIOIAEM UMIIEPATUBHOE MBIIIJIEHIE B IPUMe-
HeHun K pexkypcuun. [lonmpobyeM cpaBHUTL 3TO OIUCAHUE C JPYTUM:

Jlauna nycmozo cnucka pagua HyAa10, & OAUHG 1106020 0pYy2020 CRUCKG
HG eOUHUYY 6oAbWE, YeM OAURG €20 TEOCMNG.

Eciin BaM KakeTcs, YTO U3 BTOPOI'O HY2KHO 00513aT€/IbHO CHavYaJIa CJieJ1aTh I1ePBOE,
IpeBpPaTUB HEKWI «IPUHIINAMY B <«aJTOPUTM», a IOTOM yKe TO, YITO IOJIYIHUTCS,
PpeaJIm30BbIBATh — 3HAYUT, PEKYPCUBHOE MBIIIJIEHUE BaM ITIOKa YTO HE IIOKOPUJIOCH.
B jeficTBUTEIBHOCTH BTOPOE OIMCAHME — ITO TOXKE ONUCAHHUE AJITOPUTMA, HPU-
4EM KOHCMPYKMUBHOE, TO €CTh HEIIOCPEJICTBEHHO IPUI'0JIHOE JIJIs peasIn3alliu, U
HUKAKOT'O IIPEJIBAPUTEBHOIO IIEPEBOA B JIPYTYIO OPMY JIJIsi HETO He TpebyeTcs.

Emé 6ojiee MHTEPECHBIM TPUMEPOM PEKYPCUBHOT'O MBIIIJICHUS B ITPOTHBOBEC
UMIIEPATUBHOMY OCMBICJIEHUIO PEKYPCUU MOTYT CJAYKUTH (DOPMYJIbI, KOTOPBIMU
MBI TOSICHSJIN CBEPTKY ciucKoB B §9.2.3. IlpuBeiénnbie TaM COOTHOIIEHUS

Tleft = f(f(f(f(vv al)a (12)..-, a’nfl)ﬂ an)
Tright = f(alvf(a2a ) f(anflvf(anvv))”'»

COOTBETCTBYIOT PEKYPCUBHOMY MBINLJICHUIO U, O60jiee TOro, B JAeHCTBUTEILHOCTH
MMEHHO OHH JIEMOHCTPHUPYIOT MOJJIMHHYIO CyTh olepanun cBEpTKU. llpusenén-
HbIe IyTh PaHbINE (DOPMYJIbI JIJIs MOCIEIOBATEILHOIO BBIYUCIECHUAL 171,79 U T. 1.
(cm. cTp. 17) oTparkaloT MMIEPATHBHOE BOCIPUSATHE CBEPTKU; OOJBIINHCTBY YHU-
Tarejieil OHM MOTYT IIOKA3aThCsl sicHee (IOITOMY Mbl UX ¥ IIPUBEJIH), HO IIPU-
quHA ITON «SICHOCTH» HA CAMOM J€jie JIUIIb B yKe YCHEeBINX ChOpMUPOBATHCS
AMIEPATUBHBIX IIPUBBIYKaX.

K coxamnenuro, Ham cpa3y ke IPUIAETCA NMPU3HATDH, YTO PEKYPCUBHOE MBIIII-
JieHne 1pu pabore ¢ peKypcueil roauTcsi He Beerja (yBbl, 9TO TaK, HECMOTDsI HA
BCIO KasKyIILyIOCs HEJICIIOCTh TaKOI'o yTBepm;LeHHH). Tak, HaKaIIMBAIOIINE Tapa-
MEeTpPBI, PACCMOTPEHHbIE B IPEIbIAyINeM Haparpade, B peKypCUBHOE MBbIILICHHE
HE YKJIQ/IbIBAOTCA — .HIO6bIe IIOIIBITKU JTaTh «PEKYPCUBHOE» OIIMCAaHUE PEHICHU C
HaKOIUTEIEM OYIyT BBITVIAAETH BHIMYIEHHBIMU U HEIIOHATHBIMHE.

Emgé xyxke obcTosiT niejia ¢ npamMbim U 00pamHvimM To00M pekypcul.
BrepBbie cToNKHYBIMCH ¢ peKypceueii emé B mepBoM Tome (cM. §2.3.7), MbI pu-
MEHSITA TIPAMOIl U 0OPATHBIN X0/, IYTOOBI PACCTABUTHL B HYKHOM ITOPSIJIKE JIECsI-
TUYIHble MUMPBl 3a1aHHOTO Ynciaa. [IpuBeaém emé oguH mpuMep — pean3yem
PEKYPCHUBHO CO3JaHHE KOIUU 3aJIaHHON CTPOKU B IMHAMUYIECKON IAMSITIH:
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/* strdup_rec.c */
char *strdup_rec_do(const char *str, int depth)

{
char *res;
if (xstr)
res = strdup_rec_do(str+1l, depth+1);
else
res = malloc(depth+1);
res[depth] = *str;
return res;
}
char *strdup_rec(const char *str)
{
return strdup_rec_do(str, 0);
}

BCHONIOFaTeHbHyIO (byHKI_[I/IIO MO2KHO peaJiIn30BaThb U KOpOYe:

char *strdup_rec_do(const char *str, int depth)

{
char *res =
*str 7 strdup_rec_do(str+1, depth+1l) : malloc(depth+1);
res[depth] = *str;
return res;
}

Paboraer Bcé sTo Tak. CHavyasa Mbl, IIOIPY2KasiCh BO BJIOYKEHHBIE BBI3OBbI, IIPO-
XOJIUM CTPOKY CJIEBa HAIPaBO, YTOOBLI ONPEIE/UTh €€ JJIMHY; MPU ITOM KazK ias
«HTOCTACh» (PYHKIMU strdup_rec_do MOMHHUT CBOIO TIO3UINIO B CTPOKE — HA ITY
MTO3UITMIO yKa3biBaeT napamerp str. Kpome Toro, KaxKjiplii BJIOXKEHHBII BBI30B
GYHKINM 3HAET U MO3UIIHIO CBOETO CHMBOJIA B CTPOKE, KOTOPAst CTAHET KOTHeH —
9Ta MO3UIUS paBHA IJIyOWHE BJIOXKEHHOCTH BBIZOBOB, XPaHSIIEHCS B IapamMeTpe
depth. Korjia KoHel| cTpOKH JIOCTUTHYT, cpabaThIBAET BeTKa, CJIyKallasi 0a3ucom
PEKYPCHE: TIOJ, KOO CTPOKHU BBIJEIAETCS HY>KHOE KOJUIECTBO TMaMsITh. Ampec
BbIJIEJIEHHOM [IaMsITH (TO eCTh, B UTOe, aJpec Co37aBaeMoiil KOIUM, pajiu KOTOPOii
BCE U 3aTEBAJIOCh) BO3BPAINAETCs] B KadecTBe 3HaYeHUst (DYHKIMH; OH Tak U Oy-
€T BO3BPaIllaThCid U3 KazK/I0T'O0 PEKYPCUBHOI'O BbI3OBa, IIOKa OHU HE KOHYaTCA, HO
peXKjie 9eM BEpHYThb YIIpaBjeHne, Halla (pyHKIHMs Ha KaXKJI0OM U3 CBOUX YPOBHEH
BJIO’KEHHOCTH 3aHOCHT B CBOIO IIO3MIMIO KOIIMKM CTPOKU COOTBETCTBYIONIHI (CBOiH)
CUMBOJT U3 OPUTHHAJBHOM CTPOKM.

Kak BummM, ommcaHue MoJIydmjioch HACKBO3b UMIIEPATUBHBIM: MBI MTOIIPOOHO
MIePEUNCININ, UITO, KaK U B KAKOM IOPSIIKE JAeIaeTcst B xome paborwl. [Ipobiaema B
TOM, UTO WHAYE U HE TOJIyIUTCS: N0CAeJ08aAMEALHOCTD deticmeutl 30ect 8axcHa —
BO BCSIKOM CJIydae, KOMMPOBAHNE CHMBOJIOB 0OSI3aHO TPOUCXOINTH NOCAE BBIIEIIE-
HUs TaMsiTh. B KakKoM mopsijike Oy/yT CKOIUPOBAHBI CAMU CUMBOJIBI, B IPUHITAIIE,
HEBaYKHO, HO 9TO JIUIIb OCOOEHHOCTDH HAHHON KOHKPETHOM 3a1aduin; OBIBAIOT U Ta-
KUE 33/1a"1, B KOTOPBIX HEKasl [TOCJIEI0BATEIbHOCTD JIEHCTBUI JOJXKHA IPOU30NTH
CTPOTO 3ePKAJIbHO 10 OTHOIIEHHO K JIPYTO IMOC/Ie0BaTe/IbHOCTH, W 3TO JOCTUATA-
€TCsI UCTIOJIb30BAHIEM O0PATHOIO XOJIa PEKYPCHHU (BBIMIEYIOMSIHY THIH [TPUMeD U3
[IEPBOI'O TOMa IIPEKPACHO 3TOT MOMEHT HJLIFOCTPUPYET).

Crenyer 1moHUMATh, YTO 9TO HE XOPOIIO U HE IIOXO — 3TO MPOCTO PEAJb-
HOCTBb: TPHU I[PUMEHEHUN PEKypPCHU KaK IIPOrPAMMECTCKOTO MPHUEMa PEKYPCUB-
HOE MBITJIEHNE B OJHUX CAydYasx OaHATLHO HE pPaboOTaeT, HO B JPYIUX OKa3bI-
BaeTCs KpaiiHe I0JIE3HO, TaK UTO ero YKeJIaTeJIbHO OCBOUTH, & 3a0/HO HAYyIUTbCsI
PA3INIaTh CHTYAINH, KOT/Ia OHO HYKHO M KOT/Ia — HEe OYEHbD.

CkazaHHOe MT03BOJISIET OTIEIUTH CYIHOCTh, 0003HATAEMYIO CJIOBOM <«I1aPa/JIUT-
Ma», OT BCEBO3MOXKHBIX <«IIPUEMOBY», «METOJIOB», «TEXHUK», <IIOJIXOJIOB» M T.II.
Hecomuenno, pekypcusi — 9T0 IpexK/Jie BCEro TEXHUIECKU il IPUEM 1, CKOpee, 1ie-
JIBIH PsiJ] TAKUX TPUEMOB, OOBEJIMHEHHBIX TEM, YTO HOJIPOrpaMMa, JOJKHA, (Ipsi-
MO WJIM KOCBEHHO) BBI3BaTh cama cebs. Pekypcusi cranoBurcs napaduzmoti
JUIIb B CJy4Yae, €CJW Mbl NPUMEHsieM PEKYPCUBHOE MBIILIJIEHUE, UTO,
BIIPOYEM, HUKOMM OOPa30M He 00eCIIeHMBAET PEKYPCHUIO KaK CYyry0O TeXHUIECKHUit
HaBBIK — B 9TOM IIPOSIBJIEHUU OHA TOXKE HYXKHA U TOJIE3HA.

9.3. Ilapagurmbl U A3bIKU POTPAMMUPOBAHUS

9.3.1. O poJiz s3bIKa MIPOTrPAaMMUPOBAHUS

MHorue aBTOpPbI OTMEYAIOT KJIOYEBYIO POJb SI3bIKa IPOIrPAMMHUPOBAHHS B
dopMUPOBAHNN MBIILIEHNsT TporpaMmucTa. Tak, HeitB Bappon B cBoéMm «Bae-
JICHUU B $3BIKY [IPOrPaAMMUPOBaHusi» [6] yTBepKIaer:

... Z3BIK MporpaMMupoOBaHus — HEYTO OOJIbIIIee, YeM MIPOCTO CPEJACTBO
OIIMCAHUs AJITOPUTMOB: OH HECET B cebe CUCTEeMY HOHSTHI, Ha OCHOBE
KOTOPBIX YeJIOBEK MOXKET OOIyMBbIBATH CBOM 3aJa4d, W HOTAIUIO, C
ITOMOIIIHIO KOTOPO# OH MOXKET BBIPA3UTH CBOU COODPAYKEHUS 110 TIOBOLY
pelleHus 3a/ia9u.

Ducrep Jeiikerpa B cBoeil Jieknuu jaypeara npemun ThIOpUHTa, 03arJIaBJIeHHOI
«CwmupenHsblit iporpammucts [3|, genaer emg Gosiee KareropuaHoe 3asiBJICHUE:

NucTpyMeHTDbI, KOTOPhIE MBI IIBITAEMCsT UCIIOJIb30BaTh, & TaKXKe SI3BbIK
win 0603HAYEHUS, ITPUMEHSIEMbIe HAMU JIjIs BBIPDAXKEHUS WUJIU 3aIUCH
HAIUX MBICJICH, SIBJISIOTC TJIABHBIMU (DAKTOPAMU, OIPEIE/ISAIONIIMI
HAIITY CIIOCODHOCTH XOTh UTO-TO JIyMATh W BBIPAYKATH!

OmpenessIioNtyo poJib BEIOOPA sI3BIKA TPOTPAMMHUPOBAHUST TPEKPACHO HJLTIOCTPHU-
pyer npumep, npuseiéHubii Tumoru Bajggom B kuure [7]. B sToM npumepe nasa
MIPOrPAMMUCTA PEITAIOT 33/1ady, CBI3aHHy0 ¢ anaym3oM 1ernodek JIHK: B mocra-
TOUHO GOJIBIIOM MaccuBe'Y TIe/IBIX YncesT Hy’KHO BBLICIUTH IIOBTOPSIONINECs II0-
CJIe/IOBATEJIbHOCTHI, UMEIOIIHe JJINHY He MeHee 3aJlaHHOi (HeGOIbIIOol, IsTh nin
nrecTsb 3jeMerToB). [lepserit mporpammvuct (B npumepe Bajiia) perraer 3aj1a4dy Ha
DopTpane, H3BECTHOM CBOEil BBICOKOM 3D HEKTUBHOCTHIO, HO JEJIAET ITO «B JIOO»,
C TMOMOIIBIO TPEX BJIOKEHHBIX IMUKJIOB: HEPBBIH IUKJ IPOCMATPUBAET MACCUB OT
HavaJia JI0 KOHIA, BTOPOU IIPOCMATPUBAET TOT K€ MAaCCUB OT TEKYIIel MO3UITUu
[IEPBOr'O IUKJIA JI0 KOHIIA, MacCUBa, TPETUH MOCJIEI0BATEILHO CPABHUBAET SJIEMEH-
THI MaCCHBa, HAYMHAs OT TEKYIUX MO3UIUH IePBOr0 U BTOPOro IMukJIoB. Poprpan
MBI He mpoxoamin, a Ha Cu TO Ke caMoe BBIIVISAIESI0 Obl IPUMEPHO Tak (Ipero-
JlaraeTcsi, ITO arr — MACCUB, len — JJINHA MACCUBa, Min — HAWMEHbIAs JIIMHA
110CJIe/I0BATEHLHOCTH, CIIOCOOHAST HAC 3aUHTEPECOBATH ):

int i, j, k, found;
for(i=0; i<len-min-1; i++) {
for(j=i+1l; j<len-min; j++) {
found = 1;
for(k=0; k<min; k++) {
if (arr[i+k] !'= arr[j+k]) {

found = 0;
break;

}
}
if (found) {

/* 1! 3mech QURCHpPyeTCHA COBIALEHUE

LeNOYeK, HA4YWHASA C HO3WUIWE i m j */

}

EcrecTBenno, npu mocTaTOYHO OOJIBIIUX BEIMYMHAX len Takasd IMPOrpaMma 3a
IpueMJIeMOe BPeMsI HIYero He CJIeIaeT.

Bropoit mporpammuct B npuMmepe baja paboraer Ha s3bike APL, KoTophrii,
B orsimyue ot Poprpamna, MperoaraeT THTEPIPETUPYEMOE HCIIOJHEHHE U, KaK
caencTBue, 3aBeioMo MeHee s derTuBen. OIHAKO B 9TOM SI3bIKE €CTh OJIHA, BaXK-
Hasl BO3MOYKHOCTb: BCTPOEHHBIE B SI3BIK CPEJICTBA ITO3BOJISIIOT OMCOPMUPOSAND
00'BEKTHI TPOU3BOJILHON ITPUPOIBI IO TTPOU3BoJibHOMY Kputepuio. Cortacao baji-
a1y, caM bakT HaJaudus 97Ol Bo3MOXKHOCTH HaBojuT APL-nporpaMmMucra Ha mpa-
BIJIbHYIO MBICAB''. JIs permenns 3aja4um JOCTATOYHO CO3JATh MATPHIL (IBY-
MepHBbIii MaccuB) pasmepHoctu (len-min) X (min+1) (len-min cTpok, min+1 ss1e-
MEHTOB B KaKJIO CTPOKE), B CTPOKY € HOMEPOM O 3aHECTH 3JIEMEHTBI HCXOIHOIO
MaccuBa ¢ ugjaekcamu ¢ 0 mo min-1, B CJIEAYIONIYIO CTPOKY — 3JIEMEHTHI ¢ 1 110
min, ¥ Tak Jiajee, T. €. Kaxjiasd CTPOKA C MHIEKCOM K OyIeT co/lepKarh 3JIeMEHTh
HUCXOHOI'0 MaCCUBa, UMeEIoIe UHAEKCH OT k 10 k+min-1; npu 3ToM 3a1eiicTBy-
FOTCST BCE CTOJIONBI MATPUIIBI, KpoMe TocjieHero. B mocaenamnit croaber Kax ot
CTPOKU 3aHOCUTCsI HOMeD (UHJIEKC) camoii 3roii crpoku. [Tocsie aroro marpuria cop-

0B e BpeMeHa, K KOTOPBIM, TTO-BEAMMOMY, OTHOCHTCS PACCKA3AHHAS BaIIoM HCTOPUS, IO
«JIOCTATOYHO OOJIBIITUM MAaCCHBOM» B 3TOM IPHUMepPEe MOXKHO OBLIO IOAPa3yMeBaTh MAaCCUB, CO-
JepKAIIii HECKOJIBKO JIECSITKOB ThICSIY CTPOK. COBpEMEHHBIE KOMITBLIOTEPHI PAOOTAIOT HAMHOIO
OBICTpee, HO €CJIN MACCUB OKAXKeTCsI JJINHON B MUJIIMOH JIEMEHTOB, «JI000BOe» peleHne Oymer
HEIIPUEeMJIEMO M€ IJIEHHBIM — JI0XKJAThCs PE3YJIbTaTa MOYXKHO OYyIEeT Pa3Be UTO €CJIU €0 3alyCTUTh
Ha CyIEepKOMIIBIOTEpE, IPe/IBAPUTEIBHO PaclIapaJliesuB.

13 1ech MBI HEMHOIO OTCTYIHMM OT OPUTHHAJBHOTO PEINEHHs, OMMCAHHOIO B KHHre Basia,
TIOCKOJIbKY OHO HE COBCEM BEpPHO.
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TUPYETC 10 CTPOKAM, UTO, KAK M3BECTHO, MOXKeT ObITh cjesiano 3a ¢ - N - log N
neficrBuii, rme N — JJIMHA MacCUBa, a ¢ — HEKNI IMOCTOSHHBIA K03(DdUITHEHT.
Hastee jocrarodnHo 3a odur npoxrod BBISCHUTH, €CTh JIU B IOJYyYEHHOU MaTpH-
e CTPOKHU, B KOTOPBIX BCE 3JIEMEHTBI, KPOME MOCJIETHErO (XPAHSIIIEro UCXOAHYTO
MOBUINIO KazKJO0il CTPOKM), COBNAIAIOT. Ecn Takme cTpoKH OOHAPYZKEHBI, TO U3
WX TOCJIETHUX JIEMEHTOB MOYXKHO B3ATh MO3UIMHU MCXOJHOI'O MAaCCUBa, C KOTOPBHIX
HaYMHAIOTCSI MHTEPECYIONIIe HAaC IeOYKH.

Hecmorpst Ha 1o, uto APL siByisieTcst SI3BIKOM HHTEPIPETUPYEMBIM, TAKOE pe-
meHue OyerT paboTarh Ha HECKOALKO NOPAJK0S bbicmpee U 3aBEPINNATCS 32 IPUEM-
JieMoe BpeMs JlaxKe JIJIsl MCXOIHOTO MACCHBA, COJMIEPIKAIEr0 JEeCATKN MUJIINOHOB
3JIeMEHTOB. Baji1 3a0cTpsieT BHUMaHNE YATATE/sS HA TOM, KAK HAJMINE IACTHON
BCTPOEHHOI BO3MOXKHOCTH (B JJAHHOM CJIy9ae — COPTHPOBKH MAaCCHBOB IIPOU3-
BOJILHO# TIPUPOJIBI) MOXKET HATOJKHYTH MPOrPAMMUCTA Ha GoJiee U3SAIIHOE perle-
Hue npobseMbl. BaKHO MOHUMATD, YTO YCTPOUTH COPTHUPOBKY MATPHUIILI 110 CTPO-
kam 3a Bpems O(N log N) moxHO, pasymeercsi, u Ha Qoprpane, HO B 9TOM si3bl-
Ke HeT 6CMpoeHHotli BO3MOXKHOCTH IJIsT TAKOM COPTUPOBKH, M MO3TOMY IEPBBIi
MIPOrPaMMUCT TPABUJILHOE PEeIleHre MPOTJISIe.

C BeiBoglaMu Bajiia MOXKHO He coryiacuThbest (IIPeJIOKUM IUTATEN0 OTHICKATD
KOHTPAPI'YMEHTBI CAMOCTOSITEJIHO), HO B IIEJIOM BJIMSIHHE HCIOJIb3yEeMOIO si3bl-
Ka IPOrPAMMHUPOBAHUS HA MBIIIJIEHUE TPOrPAMMUCTa HECOMHEHHO. BoJibItie Toro,
KaXKJIplil aKTUBHO MCIIOJIb3YEMbIil $I3bIK CO BpeMEHeM 00pacTaeT OIpeie/iéHHbI-
MU TPRIUITUSIMU U CO3JACT CrenudpuIecKyio CyOKyIbTYPY, a B HEKOTOPBIX CJIyda-
X — U He oJiHy. Ecau mapagurma mMIepaTuBHOTO MPOrPaMMUPOBAHUS PA3BUIACH
01, BJIUsIHUEM apxuTeKTypbl ¢pon Heiimana, To Bce ocTasibHbIE CYIIECTBYIOIINE
1apaJInr'Mbl CBOMM BO3HUKHOBEHHEM OOS3aHbI S3bIKAM [TPOrPAMMUDPOBAHMS.

Opnuo Bpemsi B Bukurieun B CTaTbsX, MOCBSIIEHHBIX S3bIKAM ITPOIPAMMU-
pPOBaHUS, MBITAJNCH YKA3bIBATD <«IIAPAJIUTMYy», K KOTOPOH JIAHHBIN A3BIK KOOI
oTHOCcuTCA. Kak BOJIUTCS, XKUBOE SBJICHUE, KAKUM SIBJISIOTCS S3BIKU ITPOTPAMMU-
pOBaHUsI, HE MOXKEJIAJIO BIUCHIBATHCSA B PAMKH YIIPOIIEHHON K/IacCUMUKAIIAN: 110~
CTENEeHHO 0oJiee «IIPOJBUHYTHIE» ABTOPBI CTaTell HAYAN OTMEYaTh, YTO TOT WJIH
UHOH $I3BIK ITO3BOJISIET MCIIOJIH30BATH OOJIbIIIE OIHON MapaIurMbl, TAKUE ITapaIur-
MBI HAYaJIM ITBITATHCS MEPEYNCINTD, HA3bIBasl MIPU 3TOM CaM fA3BIK <«MYJIbTUIIA-
paaurMaibHbBIM». B UTOTE «MyJIbTHIAPAIUTMAJILHBIMIY OKA3aJIUCh MPAKTHICCKU
BCe A3BIKU. B IefiCTBUTENLHOCTH BOIPOC, K KaKOW MapaJiurMe OTHOCUTCS TOT WJIH
UHOM SI3BIK, JIMIIEH CMBIC/IA: SI3BIKA HE OMHOCAMCA K MapaurMaM, sI3bIKH (hop-
MUPYIOM TTAPAJUTMBI, IIPUIEM KaXKJIbIH S3BIK MOYXKET CIHOCOOCTBOBATH CTAHOBJIE-
HUIO TIeJIOT0 psijia TMapaJUrM, a e/IBa JIM He KayKJasl IapajiurMa o0s3aHa CBOUM
CYIIECTBOBAHNEM HECKOJBKUM (MHOT/IA OYEHb PA3HBIM) S3BIKAM.

BoJiee muTEpEeCHBIM OKA3BIBAETCS BOIPOC O TOM, 8 KAKOM COOMMHOULEHUU MO-
2KeT HaXOIUTHCS KOHKPETHBIHN S3BIK MPOrPaMMUPOBAHUSI ¢ KOHKPETHOH mapaInr-
Moit. OUueBUIHO, ITOT BOIPOC HE TPA3JHBIN: JayKe €CJIM PAcCMaTpPUBATH BCE Ty
K€ PEeKypCHUIO, MOXKHO HAWTHU SI3BIKU, B KOTOPBIX 0e3 Heé He 000HTHUCH, U sA3DI-
KU, B KOTOPBIX IIPUMEHEHHE PEKYPCUH HEBO3MOXKHO (K CYACThIO, TAKUX SI3bIKOB
[IOYTH HE OCTAJIOCh — HO MIHOPUPOBATH UX CYyIIECTBOBAHUE HeJb3sl). MbI MOIbBI-
TaeMCs BBIJEJIUTb CEMb BO3MOXKHBIX «yPOBHEH COBMECTUMOCTH» MEXK/y SI3BIKOM
u napanurmoii. Mtak, sa3blK MpOrpaMMUPOBAHIS MOYKET:

e HABA3BIBATDH II[PUMEHEHUE APAUTMBI, Jiejiast IIPOrpaMMUpoBaHue 6e3 3Toi

apaurMbl HEBO3MOXKHBIM;
® IIOHYXK/JIATH K [IPUMEHEHUIO [TaPa UMbl — 00 3TOM CJIEJyeT TOBOPUTH, €CJIN
[IporpaMMHUPOBAHNE Ha JTAHHOM S3bIKe 0€3 IPUMEHEHUsI TAaHHOH mapaIurmMbl
BO3MOKHO, HO KpaiiHe HeyI00HO;

® IIOOMIPSATH IPUMEHEHUE MAPAIUTMbI: IPOI'PAMMEIPOBAHUE 63 HEE BO3MOXK-
HO U Jlake yJI0O0HO, HO eCJIN BCE-TaK!U HAYATD €€ IPUMEHSTDH, 9TO IPUBEIET K
OIIYyTUMOMY BBIUTDHINTY (B BO3MOXKHOCTSIX, B TPYI0EMKOCTH, B 3bdekTus-
HOCTH U T.1L);

® IIOJJEP>KUBATD IAPAUTIMY; B I3bIK MOI'YT OBITh BKJIIOUEHBI CIEIHAJIbHBIE
Cpe/ICTBa, TOJJIEPKUBAIOIIIE PAOOTY C UCIOIb30BAHNEM KOHKPETHOM! mapa-
JUTMBI 71 TeX, KTO YKeJIaeT €€ HNCIO0JIb30BaTh, HO IIPU 9TOM MOYKET He BO3-
HUKATh HUKAKON OIIYTUMON BBITOBI OT €€ MCIIOJIb30BAHUS, a B HEKOTOPBIX
cIIyvasx JayKe MOTYT MOSBIATHCS JUIMTHAE TPYIHOCTH;
® JIOIIyCKATh IapajurMy B TOM CMBICJE, UTO HUKAKOH CIeNUaJIbHON IOf-
JEPKKH NI Heé B SI3BIK He BKJIIOYUEHO, HO €CJIM IIPOrPAMMUCT TOTHO 3HAET,
Yero XO4eT, TO OH BCE-TaKU CMOXKET 3Ty MapaJurMy MPUMEHUTDH, HE UCIbI-
TBIBasI CYIECTBEHHDBIX HEYIOOCTB;
® IPEeNnsATCTBOBATH NPUMEHEHUIO APAIUTMbI; B 3TOM CJIyYae IPOTPAMMUCT,
MIPUBLIKINNN K KOHKPETHOH apaiurMe, BO3MOXKHO, I CMOXKET €€ IIPUMEHUTh
B paboTe Ha JAHHOM $I3BIKE, HO 3TO OYIET CONPS2KEHO C HEyJ00CTBaMU, KO-
TOpbIE, CKOPEEe BCEro, 3aCTaBAT PAHO WM IO3HO OT JAHHON MapaJIurmbl
OTKAa3aThCs;

e 3amperaTh MapajgurMy, Jejas eé UCIOJIb30BAHUE TOJIHOCTHIO HEBO3MOXK-

HBIM.

YacTuyHo 3aberast Bnepéa, a B HEKOTOPLIX C/y4asix CCbINAsSICb HAa MaTepuas, KOTOpbIi B Ha-
Wy KHUFY BOOBLLE He MAaHMPYETCS BKAOYATb, Mbl CMOXEM MPUBECTU KOHKPETHbIE NPUMEpbI
L1151 BCEX CeMun nepeducierHbix yposHeii. Tak, SmallTalk oueBugHeiM obpasom HaBssbiBaeT
00 BEKTHO-OPMEHTUPOBAHHOE NPOrPaMMUPOBaHUE, a, ckaxxeM, PopTpaH HaBA3bIBAET NprcCBa-
nBaHus; JIncn n ero poACTBEHHUKN MOHYXAAIOT K UCMOMb30BaHMIO pekypcuu, a lNackanb —
K UCnonb3oBaHuto npucsansanus (fa, Ha [ackane mMoxHo nucaTe 6e3 npucsamsaHuii, HO
BONBLIMHCTBY NtOfel Takoe 1 B roOf0BY He NMPUAET).

Azbik Cn++, KOTOPBIA Mbl PacCCMOTPUM B CHefYHOWEl 4acTu, NoowpsieT UCNosib30Ba-
HME BCEX BO3MOXHOCTEN, KOTOpble OTAMYatoT ero oT Yuctoro Cu, a 3170 1 abcTpakTHble TuMbI
JaHHbIX, N ODBEKTHO-OPNEHTUPOBAHHOE NPOrpaMMUpPOBaHUNe, U 0bOBLEHHOE NpOrpaMMupo-
BaHue (wabnoHbl), n obpaboTka uckntodeHunii. Kaxzgas 13 nepevmcieHHbiX BO3MOXHOCTEV
TpebyeT 0cobOro CTU/ISt MbILIEHUS U, KaK CNEeACTBME, SBNSETCS Napaaurmoii, n 6es ioboii
n3 Hux Ha Cu++ MoxHO pabotaTb — paxe be3 Bcex cpasy (3TO MpakTWYecKM NpespaTuT
Cn++ B uncrtoiii Cu, Ho Begb Ha Cu MoxHO nporpammupoBath). [pu 3ToM ocBoeHune nto-
60oii Takoi BO3MOXHOCTU 1 MPUCYLLErO €l CTUJIS MbILLJIEHUS OLLYTUMO MOBbILIAET KOMOPT U
CHNXXAET TPYAOEMKOCTb paboTsl. Ha 3Ty TeMy MOXXHO NpMBECTW NMPUMEpP U U3 COBCEM APYroii
obnactn — dyHKUMOHANLHOrO NporpaMmmMupoBaHus. Ecin paccmaTpusaTh yHKUUU BbICO-
KNX MOPSILKOB B COYETaHMN C Be3bIMsiHHbIMU PyHKUMSAMU («1sMBAaMU> ) KaK OTAESbHYO
napagurmy (4TO B LEJIOM NpaBuibHO), TO, Hanpumep, Jlucn 3Ty napagurmy npekpacHo nog-
[LEPXXUBAET N €€ NCMOJb30BaHUE E/AeT XU3Hb MPOrpaMMmMCTa NpUSITHEE, HO HaYMHatOLWMe
0DbIYHO MOJOJTY «CO3PEBAIOTY, NPEXAE YEM HaYaTb NCMOJSIL30BATb TOT XKE mapcar.

Jlucn BkatovaeT cpeactsa Ans opraHusaumu umknos, Cu++ BKAOYAET NOALEPXKKY
AN Makpocos, duncTbili Cn nopaepxmeaet pekypcuio (B Ka4ecTBe Takol MOLAEPXKKU Clie-
[yeT pacCMaTpuBaTh JIOKANU3aLMI0 NepeMeHHbIX B (DYHKUUSAX U MOBTOPHOBXOZUMOCTb
(peenrepabenbHocTb) yHKUNiA, focTUraemyto 6e3 ycuanmii Co CTOPOHbLI NPOrpaMMmUCTa).
Bo Bcex Tpéx cay4dasix, HECMOTpPsi Ha Ha/sMyUe NOAAEPXKKYN, Apyrue OCODEHHOCTH Si3blKa Cro-
cobcTBYIOT TOMY, 4TODbI AaHHasi NapajMrMa He NCMoJib30BaNach; OCODEHHO 3TO 3aMETHO A5
cny4yas uuknos B Jlucne.

MpakTrnyeckn ntoboii A3bIK, B KOTOPOM €CTb OYHKLMUN 1 TOKAbHbIE NEPEMEHHbIE, JOMyC-
KaeT UCMo/Ib30BaHme napagurmol OyHKLMOHANLHOrO NPOrpaMMUPOBaHUS; BbILLE Mbl 0OCYX-
Janu, Kak MOXHO bb110 bbl HanucaTb OyHKLMOHaNbHYO nporpammy Ha Cu, 1 BnosiHe o4eBns-
HO, 4TO Ha [Nackane 3To ToXe BO3MOXKHO, HO TPEDYeTCst TOYHO 3HaTb, HEro Mbl XOTUM, U NPU-
NOXUTb K 3TOMY OonpefenéHHble ycunus. Bnpoyem, sToT nprMep He CANLLIKOM XU3HEHHBIA;
HO ANS BapuaHTa «sA3bIK AOMYCKAET UCMOJb30BaHNE NAPagUrMbl» MOXHO MPUBECTU MPUMEp
bonee yem npaktnyeckunii. Kak nssectro, sgpo OC Linux HanucaHo Ha 4yuctom Cu, B KOTOPOM
HET U HE MPEABUAMUTCS MOAAEPXKKN A/t 0OBEKTHO-OPUEHTUPOBAHHOMO MPOrPaMMUPOBAHUS.
HecmoTpsi Ha 370, MHOrMe NOACUCTEMbI siAPaA UCMO/Ib3YIOT OOBEKTHO-OPUEHTUPOBAHHYIO ap-
XUTEKTYPY; OCODEHHO SIBHO ODBEKTHO-OPUEHTUPOBAHHbIE CBOWCTBA MPOSIBASIET BMPTyasibHas
cpatinosas cuctema (VFS). B ponu obbekToB BbICTynaoT CTPYKTYpbl, B PO METOLOB —
yHKUMM, NoNyvaloWwme yKasaTelb Ha TaKylo CTPYKTYpPYy CBOMM MEPBLIM MapamMeTpoM; BME-
CTO HacnefoBaHusi obliast cTpykTypa (NMpemok) BK/IKOHAETCS B HACTHYIO B KavecTse MoJs;
Tabnnupl BUPTyasbHbIX (OYHKUUA CO3AAIOTCS B BUAE CTPYKTYP, BCE MOJS KOTOPbIX Mpesg-
cTaBnstoT coboii ykasatenm Ha dyHkuun. VIHTepecHo, 4To 3Tn nonsi gake B opuLMaibHON
JOKYMEHTaLMN Ha3blBatoT MeTopamu'2.

Mprumepom, korga s3bIk NPENsATCTBYET NMPUMEHEHUIO MAPAaAUTMbl, MOXHO CHMTaTb Mo-
NbITKN NpuMeHeHnst 06obLwéHHoro nporpaMmmMupoBatus Ha Yuctom Cn. HecomHeHHO, MOXHO
HanucaTb WabioH A5 PyHKLMM, UCMOMb3Ysh MHOFOCTPOYHbIE MaKpOChl, U MHCTAHLNUPOBATH
3TOT WabyioH, NPUMEHMB MaKPOBLI3OB, HO KaXKAbll, KTO XOTsi Obl pa3 npobosan Tak no-
CTYNUTb, 3HAET, HACKOJIbKO 3TO Ha CaMOM Aefne HeynobHo n npotusHo. BTopoii npumep Ha
3Ty Temy Toxe byger cesizaH ¢ yncteiM Cu. Vicnonbsys bubnuoTednble dyHKunmM setjmp v
longjmp'®, MOXKHO NpPU HEKOTOPOM CTapaHMM OpraHu3oBaTb 06paboTky nckaoderuii. Ecan
Bbl 3HaeTe, 0 Y4EM MAET pedb, N Npy 3TOM BaM KaXETCs, 4TO 3TO NPOCTO — MmonpobyiiTe.

HakoHew, npocTeiiuivmM npumepomM NOJHOMO 3anpeTa Ha MapagurMy MOryT CyXKUTb 53bl-
KW, B KOTOPbIX HET MOAMPOrpaMM C JIOKaibHbIMU NEpPeMeEHHbIMUN — BCE Te e Pokan u cTapblii
Belicuk. O4eBMAHO, 4TO 3aHUMATLCS (DYHKLMOHABbHBLIM NPOrPaMMUPOBAHNEM HA STUX Si3bl-
Kax He noay4mTcs; bonee Toro, He BLIAET faXKe OPraHU30BaTh pekypcuio. ABTOpP 3TUX CTPOK
NPUBbLIK CHUTATb, YTO APYrM NMPUMEPOM MOJHOA HECOBMECTUMOCTY 3bIKa U Napagurmbl Bbl-
crynaet napa ns OOl n Bourne Shell (s3bIk TpaguumMoHHOro MHTEpNpeTaTOpa KOMaHAHOINA
ctpoku Unix), HO Kak-To pa3 BCTpeTun Ntogel, yTBEPKAAoWmMX, YTO npu BobLIOM XenaHun
3T0 BO3MOXHO. K coxkaneHuto, aBTOp Tak W HE MOHS, KaK WMEHHO OHU cobupanuchb 3To
[enaTh, U NPOAO/KAET MOAO3PEBATL, YTO HUYErO HE MOJYHYUTCS.

9.3.2. KonnenryanbHoe orsmmune Cu ot Ilackans

Panee Mbr HEOTHOKpATHO TIOAIEPKUBaAIH, YTO Mexk 1y [lackamem u Cu GostbIie
CXOJICTBA, €M Pa3JIuunii, ¥ BO MHOTOM 3TO IEHCTBUTEIBHO TakK. B oboux a3bI-
Kax eCcTb IlepeMeHHble U TUIIbl, IIPUCBAUBaHUsA, COCTABHOI OllepaTop, OllepaTOpPhl
BETBJICHUS W IUKJIOB, NMPUYEM B ODOMX SA3BIKAX IUKJIOB TPU — C IPEIYyCJOBU-
em, ¢ mocrycyioBueM u for (mpasma, B [lackase 910 decTHblil apudmeTnaecKmii

'2Cur. daitn Documentation/filesystems/vEs.txt B JepeBe MCXOTHEIX TEKCTOB sIpA.
13C sTuMu DyHKIMSIME MBI BCTPEYAINCH BO BTOPOM TOMe, cM. §8.2.3.
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1uKJI, Torjga Kak B Cu — yHuBepcabHAs KOHCTPYKITUs, 00 UCXOTHOM IIpeTHA3HA-
YEeHUM KOTOPOIl 9acTo 3a0bIBAIOT); B 0OOUX sI3BIKAX €CTh MOIPOIPAMMBIL, B 060MX
sI3bIKAX €CTh yKazaTeju u T.Ji. KoHedHo, ecTh U Pa3/intiusi, HO 3/IeCh CJIEIYeT 10~
HUMAaTh, YTO JOCTONHO BHUMAHWS, a ITO — HeT. Tak, 3aMeHa KJIIOUYEBBIX CJIOB
begin u end dburypunsiMu CKOOKaMU, 3HaKa :=, 0003HAYAIOIIETO IIPUCBANBAHUE,
OOBIYHBIM 3HAKOM DPABEHCTBA, a CJIOBa and CUMBOJIOM && IO CyIIEeCTBY HE MEHSIET
8000ULe HUME20 — COCTABHOI OIIEPATOP OCTAETCH COCTABHBIM OIIEPATOPOM, Ollepa-
TOPHBIE CKOOKHM — OIIEpATOPHBIMU CKOOKAMU, MPUCBAUBAHUE — MPUCBAUBAHUEM,
orepars JOIUIECKOI'0 «H» UMEET TOT YK€ CMBICJ — U He BCE JIM PaBHO, KAKUMUI
3aKOpIOYKaMu BcE 910 obozHadaeTcst! K cMmene ob6o3HaveHM 4€I0BEK TTOTHOCTHIO
AJAITUPYETCS Jdaca 3a MOJITOPA — U MEPECTAET UX 3aMEYATh.

MoxkHo Ha3BaTDH TEsbIH psijl, Oosiee cepbe3nbix ormauit Cu ot [lackamns: oT-
cyrcreue B CH MOHATHUSI «IJIABHOW MIPOTPpAMMBI» U, KaK CJIEJICTBUE, PABHOIIPABHE
€JINHUTL TPAHCJISIIIUN, BO3MOXKHOCTD OIUCHIBATDH JIOKAJILHBIE IIEPEMEHHBIE B JTIOOOM
COCTABHOM OIIEPATOpE, & He TOJIBKO B OTIEBHBIX IOJIIPOrPAMMAX, OTCYTCTBHUE
PA3ININs MEXKYy CHMBOJIOM W €T0 KOJIOM U TIpodvee B TakoM ayxe. OTcyTcTBHE B
Cu uHBIX C1IOCODOOB ITEpEeIadn ITAPAMETPOB, HEXKEJTH [TepeJIatia M0 3HAUEHUIO, MOYKET
OKa3aTh JIOBOJILHO UyBCTBUTENBHOE BIWsIHUE Ha BocmpuaTHe. Brpodem, u B Cu
€CTh HEMAJIO TAKOTo, Uero Her B [lackajie — B34Th X0Tsi ObI aJIpeCcHYI0 apudMeTh-
Ky. IlycTb nayke B3aMeH MPUXOIUTCS TOKEPTBOBATH MACCUBAMU KAK OTIEIbHBIME
cymHoCcTsIMH, 3aT0 B CH MBI MOXKEM pPaCCMATPUBATH JIFOOYIO YacTh JIFOOOrO Mac-
CHBa KaK CAMOCTOSITE/ILHBIN MaccuB. Y TOOBI MOHITH, HACKOJIBKO 9TO MOXKET OBITD
BayKHO, JOCTATOYHO CPABHUTDH IIPUBOJIMBIIIUECS B MIEPBBIX TOMAX PEIICHUs 3a/[a9H
0 CONOCTABJIEHUH CTPOKH ¢ oOpasmoM (cM. §2.11.3 u §4.3.22); rpomosjikoe macka-
JIEBCKOE DEIIEHUE C ero JOMOJTHUTEIbHBIMY TapaMeTpPaMu JJis Iepe/iad IPaHuIl
U BCIIOMOTATEeJIbHON MOIPOrPaMMOil, KOTOpasi 9TH HapaMeTPhl yCTaHABIUBAET,
sIBHO IIPOUTPBIBAET SICHOMY U U3SIIHOMY KOJy, Hanucannomy Ha Cu.

Emgé omHo BarkHOE M, HECOMHEHHO, nosuTuBHoe otymane Cu or Ilackams co-
CTOHUT B Y6TKOM PA3rPAHIMYEHNN BO3MOXKHOCTEIl cAMOro s3bIKa (TOro, 9TO 3HAET O
sI3bIKE KOMITHJISITOP) U BO3MOXKHOCTel 6ubsmoreku. Kak Mbl uMein BO3MOKHOCTD
yoenuThbest, ycrex Cu BO MHONOM OOYCJIOBJIEH UMEHHO 9THM.

Tax win nHade, BCe NEPEUUCTCHHBIE PA3JIMYMS HOCAT CKOPEE TEXHUYIECKUIl,
HEYKeJIM KOHIIENTYAJIBHBII XapakTep. Jlake macka/eBCKasi HEYETKOCTh TPAHUILBI
MEXK/Iy S3BIKOM U OMOJIMOTEKONW MOXKET OBITH JIErKO CKOPPEKTHUPOBAaHA, €CJIU HAM
IpUAET B TOJIOBY HamucaTh cBoit kommuiaTop [lackans. B camom mene, [Tackasb
He nepectareT ObITh Ilackasiem, eciim O BCEBO3MOXKHBIX writeln, abs u mpodem
B TAKOM JIyXe KOMIIJISATOD OyJeT y3HaBaTb U3 OMOIMOTEK, BMECTO TOI'O UTOOBI
[OJTb30BATHCSI CBOMMU COOCTBEHHBIMU 3HAHUSIME 00 9TUX (HBIHE BCTPOEHHBIX ) IIPO-
neaypax u pyHrnusax. Jlaxke Haguame 0ocoboro CMHTAKCUCA st write, writeln
1 Str ¥ BapUaJUYHOCTb MHOIUX BCTPOEHHBIX IIPOIEYD BIIOJHE MOXKHO IIPEOJIO-
JIETh, HALIPUMED, IIPEYCMOTPEB U3HAYATLHO OTCYTCTBYyOmue B [Tackase Makpochl
(MX MOXKHO CJIeJIaTh BAPUAIMIECKUME 0€3 N3MEHEeHNs] KOHBEHIIUH [Iepe/Iavn Iapa-
METPOB B HOJIIPOrPAMMBI) ¥ KAKHE-HUOY b «IOTOJIHSIIONINE» U «YTOIHSIONIIE»
apaMeTpbl, 3alliChIBAEMbIe TIPU BBI30BE U€pe3 JIBOETOUYNE OT OCHOBHOIO. UTO Ka-
caeTcs aJipecHol apudMeTHKe, To, Kak rmokasbiBaer npumep Delphi, eé B [Tackasib
y2Ke YIAJI0Ch 3aTAIllUTh, IIPUTOM 0e3 0COOBIX MPObhIEM.

[Ipu obcyzxieHnn mapajurM IpOrpaMMUPOBAHNs OKA3BIBAETCS CYIECTBEHHO
MHTEpPECHee JAPYroe pa3indue MexK Iy STUME JABYMsl SI3bIKAMEI, KOTOPOe HEM3MEHHO
YIIyCKAIOT U3 BUJLy aBTOPBI BCEBO3MOXKHBIX 0030pOB 1 cpaBHeHuil. OHO U MOHAT-
HO, B€JIb B YCJIOBUSIX MHOTOJIETHET'O MOCIIOJICTBA «CU-TIOJIOOHBIX» sI3BIKOB ITPOTIPaM-
MUCTCKas ODIIECTBEHHOCTh HAYMHAET 3a0bIBATH CMBICJ TEPMUHA, KJIOYEBOIO JIJIs
OOHAPYKEHUS TOTO PA3JIUYUs, & U CaM TEPMHUH IOTUXOHBKY 3a0bIBaeTCs TO-
ke, Ho B Hameil KHUre HYXKHBIM TEePMHUH YIIOMUHAJICSI U B MPEIUCIOBUSX, U B
wacry, nocssneHHoil IlacKaso, n, KOHEUHO e, B yacTH, nocsameénnoit Cul?; uu
TaTe/b, HECOMHEHHO, JIOTaIajICsd, UYTO PEUb UIET O CJOBOCOUYECTAHUM «T0O0YHBLL
agppexm».

Kak MbI HEOTHOKDPATHO MOMIEPKUBAJIM, CPEIU TeX, KTO BCE-TAKU ITOMHHUT O
CYIIIECTBOBAHUU ITOTO TEPMHUHA, KpaliHe MOoIyJssipeH MUud O TOM, YTO <«I10D0dY-
HbIM 3 PEKTOM» ClIeyeT Ha3bIBaTh BOOOIIE JI000e JeficTBIe, N3MEHSIONIEEe XOTh
9TO-HUOY/b B CPEJie BBIMOJHEHUST IIPOrPaMMbl — JIF000i1 BBOJ-BBIBOJ (1 BOOOIIE
JII000e BJIMSIHUE Ha BHEIIHUIT MUD, TAKOE KaK OTIPABKa CHI'HAJIA), [IPUCBAUBAHUE,
a B HEKOTODBIX S3bIKaX U OoJiee CIoKHble n XuTphle Jeiicrsusg. Ha camom nese
«06049HbIT 3ddeKT> n «MoamuduIMPyOIiee AeiicTBUe» — 3TO COBEP-
IMIEHHO He OJTHO U TO YKe; CTPOro TOBOPsi, HOOOTHEIH 3hdeKT ecTh YaCTHBIN CITy-
“ait MonuUIUPYIOIIEro JeficTBrs, HO He DoJiee TOT0; HY a COBIAJIATH ITH TOHATHS
HAYMHAIOT, BO-IIEPBBIX, B (PYHKIIMOHAIBHOM IIPOIPAMMUPOBAHUN, U, BO-BTOPHIX, B
«CHU-TIOJOOHBIX» S3BIKAX, & TOUYHEE — B TAKUX S3bIKAX, [JIe HET MPOIE/IYD, & €CTh
TOJIBKO (DYHKIMH, U TJi€ IPUCBAMBAHNE MOXKET BXOJIUTH B BBIPAYKEHMUSI.

ITo-nacTositiieMy mo6o4Hblii 3¢ HEKT MOXKET BOSHUKHYTh TOJbKO HIPU
BBIYMCJEHUU BBIPAXKEHUS, I 3TO OYE€Hb BaXKHO: MOOOUHBIN 3P PeKT — 3TO Mpo-
MU3BOJIBHOE M3MEHEHUEe, KOTOPOEe ITPOUCXO/IUT IIPU BBIYUCJIEHUN BBIPAYKEHUsI U MO-
2KeT OBITH 1037Ke KaKIM-TO 00pa3oM obHapyKeHO. Ecin euHCTBEHHOE, UTO TIPO-
HCXOJUT IPU BBIYUCACHUN BBIPAYKEHHsT — 9TO IMOJIyYeHHE ero pesysbraTa (3Ha-
YeHUs1), TOBOPSIT, YTO TAKOE BbIpaykeHue (TOYHee, ero BbIUUC/IEHHE) TTOOOYHBIX
3 PEKTOB HE NMEET.

B wacrtHoCcTH, npucBanBaHue B s3bike CH — 3TO 0nepayus, KOTOpas MOXKET
BXOJIUTH B 00Jiee C/IOXKHBIE BLIPAXKEHUS; BEIPDAXKEHHE «X = 7» UMeeT 3HaueHue 7,
a TO, YTO IPHU €r0 BHMUCACHUY MEHSETCS TEKyllee 3HaUeHNe IIePEMEHHON X — 3TO
KakK pa3 u ecTh n0004HBII 3derT. Kak Mbl 00Cy2k1a/1u 1pu nsydennn sizbika Cu,
€CJIM HaM HY»KHO UMEHHO M3MEHHUTDb IIePEMEHHYIO M OOJIbIIe HUYEro, Mbl MOXKEM
PEBPATUTH BbIPDAYKEHUE TIPUCBAMBAaHUs B onepamop (statement), 106aBUB K HEMY
TOYKY C 3allgTOM:

x =17,

DT0 Tak HA3BIBAEMBIN ONEPAMOP SIMUCAEHUA BBIPANCEHUA PaIU N06OUH020 fider-
ma. 3HaYeHNe BBIPDAYKEHUS 3J1€Ch, KaK Mbl TOMHUM, HTHOPUPYETCS.

[IpuBBIKHYB K TAKOMY ITOJIOXKEHUIO BeIleil, MporpaMMICThI, paboTaroIue Ha
Cu, 9acTo MOJIAraloT, YTO IPUCBAMBAHIE BOODIIE BCETa eCTh MO0O0UHBIN 3 deKT,
u B Cu 3T0 JefCTBUTEIHLHO TaK — HO 3TO COBEPIIEHHO He Tak i IlackaJis.
B ITackaJjie npucBanBaHUe — 3TO OIEPATOP, a HE OHepPAallis; IIOCKOJIbKY
ITaCKaJIeBCKOe IIpucBanBaHmne (LeJIMKOM) He IpeJicTaBiisier coboii apud-
METHUYECKOI'0 BBIPDAXKEHHs, HU 0 KAKOM M0604YHOM 3¢ (peKkTe pedu 371eCh
UJITA HE MOXKET, BeJlb Y OIIepaTOPOB BOODIIE — I10 ONPEJIEJICHUIO — HET HUKAKIX
MOOOYHBIX 9PPEKTOB, OHI YKE HE SIBJISIOTCS BBIPAYKEHUSIMA.

Koneuno, B cocTap mackajeBCKOro OlepaTopa IMPUCBANBAHUST MOXKET BXOIUTD
apuMeTHIECKOe BhIPAXKEHUE MPOU3BOILHON CJIOKHOCTH, MPUIEM KaK CIPaBa OT
3HaKa [PUCBAUBAHW, TaK U CjleBa (HAIpUMEp, B MHIEKCE MACCUBA), U 9TO BbIPa-
JKEHUE BIIOJIHE MOXKET ITPOM3BOAUTDL 1obouHbIe 3dpdekThl. Hampumep, Mbl MOXKeM
narnucarh Ha [lackase pyHKIUIO OT IEJ0UUCIEHHOTO apr'yMeHTa, KOTopas 0yi1eT
BO3BpAIllaTh KBaJpaT CBOEr0 apryMeHTa, HO MPHU 3TOM OyjeT 3HaYeHHe CBOEro
apryMeHTa BBIBOJIUTH B [OTOK CTAHJAPTHOIO BBIBOJIA («HA IKPAH» ):

function f(x: integer) : integer;

begin
writeln(x);
f :=x *%xx
end;

OyHKIME, KAK MBI 3HAEM, BBI3BIBAIOTCA M3 apU(PMETHUECKUX BBIPAXKEHU, Tak
910 J1I000e BbIpakeHue, Cojiepzkalinee BbI30B 3To# dyukiuu f, Oymzer obragarh
1060IHBIM 3 dEKTOM — TedaraTh 3HavUeHne aprymenTa ¢gyukiuu. [losromy, Ha-
npumMep, Ho00IHBIH 3(hdEKT BOZHUKHET IIPU BLIITOJIHEHUN CJIEIYIONINX OIIePATOPOB
[IPUCBANBAHUS:

a := f(15) + 2;
m[f(5) - 3] :=7;

HO — H 3TO CJIeAyeT IETKO MOHUMATh — MOOOYHBIM 3(PPEKTOM TYT 00aTaI0T He
caM# OIEPATOPBI, & BXOJSIUE B UX COCTAB BBIPAXKEHUs: B IIEPBOM CJIydae 3TO
£(15) + 2, Bo Bropom — f(5) - 3. 3asgBasiTh, 9TO MOOGOIHBIM IPPEKTOM TYT
OyzeT 00J1a/1aTh 0Nepamop NPucausaHUs, ObLIO ObI HECKOJBKO CTPAHHO: MBI BeJlh
HE TOBOPUM, UTO y TOTO ke omneparopa while MoxkeT ObIThb MOOOUHBIN 3D deKT,
Jlayke eCI B €ro 3aroJioBke (He roBOpsi yzKe PO TeJI0) OKAYKETCsl BBIPDAKEHUE C
060YHBIM (P HEKTOM.

[Tockosbky caMm 10 cebe BBI30B (DYHKIIUN — ITO TOKE apuPMETHIECKOE BhIPa-
JKeHUe, BIIOJIHE TPABOMEPHO OyJIeT CKa3aTh, ITO Pynkyus f umeem nobounvil sgp-
exm, u Tak HAecTBUTENHHO ToBOpAT. Ho BoT y mpotieaypsl B ToM ke Ilacka-
Jie HUKAKOoro nobo4vHoro 3ddexkTa ObITh He MOXKET, 4Té Obl OHA HU JIeJ1aJ1a,
BeJib €€ BBI3OB — 3TO HUKOUM 0Opa30M He BbIPAXKEHUe, ITO OTJEIbHBIN OllepaTop,
KOTOPBIN TaK U HA3BIBAECTCS «OIEpaTOP OOPAIEHHS K IIPOIEyPe» WA <OIePATOD
BBI30Ba IIPOIELYyPbI». 3/1€Ch YMECTHO Oy/IeT OTMETHTD, UYTO B M3HAYAJIHLHOM Bapu-
ante [lackajss — B TOM ero Bujie, B KOTOPOM 3TOT S3bIK ObLT mpejyioykern Huriray-
com Buprom — BbI3BaTh yHKINIO paju m1ob60uHOro adderra (MpourHopupoBan

1B nepBoM TOME CM. <IIPEIMCIOBHE BTOPOE, METOJMYECKOe», cTp. 14, n §2.3.6; BO BTOpOM
Tome — §4.8.3.
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eé BO3BpalllaeMoe 3HavYeHne) ObLIO HeJib3s. DTO «HeymobHOe» OrpaHudeHue Obl-
Jio ycrpaneno cosnarenamu Turbo Pascal; yBbI, 9Tu sironu, 04e€BUIHO, TPUBBIKIN
nporpamMmMupoBaTh Ha CH, & 0 KaKOH-TO TaM <«JIOI'MKE MOCTPOEHUS HA3bIKa» HWJIN
«UUCTOTE CEMAHTHUKHU» MOIMPOCTY HE 331y MbIBAJIACH.

Ecin BepayTbhes Tenepb K s3biKy CH, MOXKHO BCIIOMHHUTDL, YTO B HEM HET He
TOJIBKO OIIEPATOPA IPUCBAMBAHNS, HO U HUKAKOT'O OIEPATOPA BBI30BA MIPOIIEJLY PHI,
Jla ¥ caMuX TIpotieryp Toxke HeT. Ha 9ToMm Mecte nctunnbie mountarenn Cu 0ObIt-
HO HAYUHAIOT BO3MYIIATHCSI U HAIIOMUHATH PO (DYHKIMN, UMeFoIe void B Kade-
CTBe THUIIA BO3BpalaeMoro 3uadenus. JleiicrBurenbHo, mernuvecku (Ha ypoBHe
MAIIIMHHOIO KOJla) MacKajeBcKas mporienaypa u void-dyskims u3 Cu — 910 01HO
U TO Ke, HO JIEJIO BeJIb He B TOM, KAKOil U3 HaIlleil ITPOrpaMMbl Oy IUTCST MAIITAH-
HBII KOJI; KOT/1a ITPOrPAMMUCT IHUIIIET TPOrPAMMY HA «COBCEM BBICOKOYPOBHEBBIX»
sI3BIKAX, OH OOBITHO BOBCE HE 3a/[yMBIBAETCSI, KAK KOMITHJISTOD OyIeT yIPABJISITHCSI
C TIEPEBOJIOM €r0o IIPOrpaMMbl Ha #A3BIK Iporeccopa. Kosb ¢ckopo MbI 00CyK/1aeM
mapaJIniMbl, HAM BaXXHee He TO, UYTO M3 HaIllell IPOrpaMMbl ITOJIYIUTCS MTOC/Ie e
00paboOTKU TPAHCISITOPOM, & TO, KAK MbI CAMHU BOCIPUHUMAEM IIPOI'DAMMY, KOT/a
IHATIEM €€.

PopmaabHO ceMaHTHKa (YyHKITNN TrTia void onuckiBaeTcs (ppa3oii Bpoie «ITo
dyHKIIM, Beerga BbI3biBaeMasi paju mobodHoro 3ddekray mim «OyHKIHS, BO3-
BpalllaeMoe 3HAUEeHNEe KOTOPO Beerja UrHopupyercss». OyHKIMs TP 3TOM OCTa-
ércs uMeHHO (DYHKIMEH, TO eCThb €€ BBI30B €CTb HO-IIPEXKHEMY YACTHBIN CJIydail
aprMeTHIeCKOr0 BEIPAYKEHNsI, a BBISBIBAETCSI OHA, KaK U Jitobast pyHKIims B Cu,
C TOMOIIBIO BCE TOTO KE ONEPAMOPA GBIMUCAEHUS BVPANCENUS PAOU 106041020
agipexma. Xyxke TOro — KaK MbI y2Ke oocyxkaajn, B Cu BoobIe jroboe jieiicTere
OKa3bIBAETCs TODOIHBIM 3D dPEKTOM, a MOCKOJIBKY si3blK CH M3HAYAJILHO UMIIEpa-
TuBHBIH ((bOHHEHMAHOBCKUIT), TO €CTh BBIIOJHEHUE POrPAMMBI, HAIIMCAHHO HAa
9TOM S3BIKE, COCTOUT B IIOCJIEI0BATEHLHOM BBIIIOJTHEHIH OIIPEIeIEHHBIX JIEHCTBUA,
MBI TIOJIyYaeM CBOEr0 pPOJia KBUHTAICCEHIIUIO «CHUIITHOTO» MBIILJIEHUS: 8INOAHEHUE
npozpammo. (6 mepmunaxr sazwvka Cu) cocrmoum us nobounur afdexmos — 1o
ecTh B riporpamme Ha Cu BOODIIE HET HUYErO APYTOro, OJHU T0O0THBIE 3(DDEKTHI.
B makmx ycJaOBHSIX COBEPIEHHO HEBO3MOXKHO COXPAHUTH aJIeKBATHOE BOCIIPUSI-
THe M000YHOTO 3 (dheKTa KaK Iero-T0 HENHCEAUMEALHO20 — JJIAK, UEro J1006poro,
HEeXKeJIaTe/IbHOI cTaHeT Bcsi mporpamma. MHade rosopsi, ceMaHTHKa s3bika Cu
HEeN30eKHO IMPUBOJINT K BOCIPHUSITHIO IIOOOIHOIO 3hdeKTa KaK Iero-ro He IPoCTo
«JIOIYCTUMOTO», &, JIydllle OyIeT cKa3aTb, caMo cODOi Pa3yMeroIerocs.

[Ipumep ¢ KonmMpoBaHUEM CTPOKHU IUKJIOM, 3aIUCAHHBIM B OJHY CTPOYKY, HAM
y2Ke MO M3PSITHO MOJHA0ECTh, STOT IIPUMepP IPUBEJIEH U B IPEIUCIOBUSX, U B
qacTu, TOCBAMEHHON Cu, HO BCE K€ PUCKHEM MTOBTOPHUTH €r0 — BEJb, HMOKAIYIA,
9TO caMasl OJINO3HAasI U3 BCEX CTPOUYEK KOJa, KOTJa-nbo Hanucanubix Ha Cu:

while((*dest++ = *src++));
[Ipenio:keHne HAIMCATH BMECTO TOTO, HAIIPUMED, TaK:

while(*src) {
*dest = *src;

src++;
dest++;
¥
*dest = 0;

3a9aCTYIO BBI3BIBAET KECTKUII OTIIOPp — MOJI, TaK »Ke JJIMHHee, a 4eM OHO IIPHU
sroM Jyuire? [IpaBuiibHBIA OTBET Ha BOIPOC O HEJOCTATKAX IIEPBOIO BapHAHTA
COCTOMT B TOM, YTO TaM B YCJIOBHOM BBLIPAXKEHUH IIEJIBIX TPU IMOOOYHBIX 3D deKTa,
9TO, HECOMHEHHO, MpeBpaiiaer Kol B pebyc. BoT TOJBKO 3TOT apryMeHT MOXKET
COBCEM He IIOBJIMSATDH Ha YeJIOBEKa, IPUBBLIKINEro K peajnaM CHu: OH HaM OTBETHT,
UTO 8 HOBOM 6APUAHME K00a NOOOYHBLL IPHErMos PO6HO CMOALKO dHce — U C
dopMaJIbHOM TOYKM 3peHusi OH Oymer npaB. AHAJOIMYHBIA IUKJI, 3aIIMCAHHDBINA
ma [lackase!®
nejio — Cu.
Curyalust OCJIOXKHSIETCSI €IE U TeM, UTO 6 HEKOMOPLIL CAYHAAL TTOOOTHBIN
3P dEKT B YCIOBHOM BLIPAXKEHUU OKA3bIBAETCS SIBJEHUEM CKOPEE IIOJIOXKHUTEIb-
HBIM, YeM HaobopoT. Hampumep, eciin HaM 1OTpeOyeTCsl MPOYUTATh OC/IeI0BA-
TEeJIbHOCTh YHCEJl M3 TEKCTOBOro haiijia MM APYroro IOTOKa 0 HACTYILIECHUS
curyaruu «koHer aiiiay, Ha Cu MbI, CKOpee BCero, NIPUMEHUM CJIELYIOMINIA KOJI:

, He cojiepzkaJi Obl HU oHOrO mmobouHOro sddexTa; coBceM apyroe

while(1 == fscanf(stream, "%d", &n)) {
/* 3mech obpabaThHBaeTCs HUUCIO N */

}

PaByMeeTCH, 9TO MO2KHO HalIMCaTb MHa4e:

res = fscanf(stream, "%d4d", &n);
while(res == 1) {
/* 3pech obpabaTHBaeTCS HYUCIO N */
res = fscanf(stream, "%d4d", &n);

}

[To6ounoro adderTa B yCJIOBHOM BBIPAXKEHUU 37€Ch yrKe HEeT, 3aTO IOSIBUIOCH
aybnupoBanne Kojga. UTo Jytine — moO0YHbINH 9)@PEKT B YCJIOBHOM BBIPAYKEHUN
win jayosaupoBanue Koja? MOXKHO CKOJIBKO YTOJHO JIOMATh KOIbsi B IOJIb3Y TO-
0 WM WHOTO OTBeTa Ha ITOT BOIPOC, HO MpaBUbHee OyleT IpuU3HaATh JOBOJIBHO
OYEBHIHBIN (haxT: Ha camom dese u mo, u dpyeoe — naoxro. VIcrounuk mpobiie-
MBI MBI TIOJIPOOHO 0OCY2K/1a/I BO BTOPOM TOME — CHAYAJIa B YACTHU, IOCBSIIIEHHOMN
Cu (eMm. 1.2, cTp.68), Mbl orMeTmyin caMm (aKT BOZHUKHOBEHUSI MOTPEOHOCTH B
ITOCTPOEHUN ITUKJIA TI0 CXeMe «BBIOOpPKa—IIPOBEpKa—00paboTKay, a Mo3xKe, J00paB-
IIACH JI0 COOBIMUTHO-YNPABAAEMO20 NPOPAMMUPOBAHUS, YIHAIN, ITO 32
9TOI CXEMOIi, ecjid 10 Hell MOCTPOUTH 2/4a8HBLU UUKA TTPOIPAMMBI, CTOUT IIeJIasd
napajurma (cM. 1. 2,§6.4.3).

Takoe mocTpoeHme IUKJIOB HE YKJAJIbIBAETCS B KAHOHBI CTPYKTYPHOTO IIPO-
rPaMMHUPOBAHUS, JOITYCKAIOIIErO JIUIIh ITUKJIBI C IIPEIYCIOBUEM U C IIOCTYCIOBUAEM;
HO B peajIbHOU >KN3HU B HporpaMMax OYeHb d4acTo Tpebyercda MMEeHHO
TaKOil MUKJI «C YCJIOBHEM IIOCEPEIMHE», IIPU 3TOM CYIIECTBYIOIIUE SI3bIKI
[IPOrPAMMMPOBAHMSI TAKOH KOHCTPYKIMH HE IPEIOCTABIISIOT. 3J€Ch €CTh HEKOe
MPOTUBOPEYNE MEXKY HPAKTUIECKUMHU TOTPEOHOCTIMU IIPOrPAMMECTOB C OIHOM
CTOPOHBI U CBOMCTBaAMH JIOCTYIIHBIX MHCTPYMEHTOB — C JIPYIOif; OTCIO/a K€ BbI-
TeKaeT U OTKPpOBEHHasd «KPpHUBU3HaA» O6OI/IX PacCCMOTPEHHBIX HaAMM TOJIBKO YTO pe-
[IeHNU — TO JIK yOJIUPOBaTh KO, 8b00pKU, TO JIM 3aIHATD 6bl60PKY B 3ar0JIOBOK
[IUKJIa B KadecTBe MOO0IHOro 3dpdekTa yCJIOBHOIO BhIpaxKeHus. JacTo BCTpeda-
eTCs TaKKe W TPEeTUl BaphUaHT — CJIe/IaTh MUK «OeCKOHEIHBIMY, & BBIXOAUTH U3
HEro onepaTopoM break mim ero aHaJIOroM, IIPDUMEPHO TaK:

for(;;) {
res = fscanf(stream, "%d4d", &n);
if(res '= 1)
break;
/* 3pech obpabaTHBaeTCS HYHCIO N */

}

3aMerum, s TJIABHOTO IUKJIA B COOBITHITHO-YIIPABJISIEMbIX IIPOrpaMMax Hanbo-
Jlee TUIUYEH MMEHHO 3TOT IOAXoA. ABTOpPY, BIPOYEM, JOBOAUIOCH BHIETH IIPO-
rpammbl Ha Cu, B KOoTOphIX «for(;;)» BBICTYIA BOOOINE €JIMHCTBEHHBIM BapU-
AHTOM 3aroJIOBKa INKJIA; He JejaiiTe Tak, 9uTaTh TakKoe Kpaiitne Tsaxkeso. Ho ecom
TAKUMU «SIKOOBI-OECKOHEUHBIMU» IUKJIAMH HE 3JIOYHOTPEO/IATh, 8 IPUMEHATh UX
TOJBKO JIJISI PEATU3aIlnN CXEeMbI «BBIOOpKa—IpoBepKa—00paboTKa», B IEJIOM HU-
Yero CTPAIIHOIrO He cayduTcst. KoHEeYHO, 3TO pelleHne nMeeT CBOM cOOCTBEHHBIM
HEJIOCTATOK: OOBIYHO OT KOHCTPYKIINN OECKOHEYTHOIO ITUKJIa IUTATEIb ITPOTrPAMMBI
OXKHUJIAET, YTO STOT IIMKJI OKAXKETCsI JIefiCTBUTE/IbHO OECKOHEYHBIM, TO €CTh OyIeT
paboraTh 10 TeX MOP, IMOKA IPOrpaMMy HE 3aBEpINaT MPUHYIUTEIbHO BHEITHUM
BO3JIeficTBIEM, JTNOO TI0 KpaiiHeil Mepe He CIyIUTCsa KaKoi-HUOyIb (POopC-Mazkop
Bpojie dhaTasibHo ommbku. K ToMy 2Ke ycjioBre BBIXOIA, IPUTOM BBIXOJIA WiIMamM-
1020 — TAKOr0, KOTOPBII IMPUMEHAETCA B OOBIYHBIX YCJIOBHUSIX, & HE B KAKHUX-TO
PEIKUX OCOOBIX CJIydasx — OKA3bIBAETCs CIPSTAHO TJe-TO B HEJIPaX TeJia ITUKJIA,
TJIe ero eme Hy>KHO CyMeTh 3aMEeTUTb. PacOKyCHpPOBaHHBIM B3IISIOM TAKOe HE
noiimarh, if /break COJBETCS ¢ OKPYZKAIONIMM KOJIOM, M B UTOIe YUTATEJIIO OyjIeT
Tpy/iHEE COOOPA3UTD, JJI I€r0 BOODIIE STOT IIUKJ/I HAIMCAH U ITO OH JeJIAeT.

Kakoe m3 Tpéx pereHnii BHIOPATH — BO MHOI'OM BOIIPOC JIMYHBIX IPUCTPa-
CTUil, BaXKHO JIPYroe: MblI 37eCh MMEEM BHSITHO CHOPMYJIMPOBAHHYIO MPOLJIEMY
(kaK mpaBUJILHO OOPMHUTH IUKJI, €CIM O CMBICY OH JIOJIZKEH COCTOSITH U3 BbI-
GopKHU, IPOBEPKH 1 00PabOTKIM), OJJHAKO HE MOXKEM YKa3aTh HU OJHOTO DEIleHHs,
MTOJTHOCTBIO CBOOOIHOTO OT HetocTaTKOB. Crie0BaTeIbHO, B 9TOM CUTyaIun mobod-
HBII 3(PPEKT B YCIOBHOM BBIPAXKEHUU UCIIOJIB3YETCS N0 Jeay U HUKOUM 00Pa3oM
HE MOYKET CBHJIETEJHCTBOBATL O 6e3a71a0epHOCTH TPOrPAMMIECTa, — TOJIBKO (Kak
MAKCHMYyM) O €ro BKyCax, U HeJIb3sl CKa3aTh OJJHO3HAUHO, UTO TAKHE BKYChI YEM-TO
IJIOXY, BEJIb ABa JIPYTUX PEIICHUS TOXKE HE CJIIMIIKOM XOPOIIH.

BaxX#o mOMHUTH, UTO IUKJI C IPOBEPKOI TOCEpeIMHE — 3TO crenuduie-
CKUW YaCTHBIN COydail, KOTOPLII HUKAK He MOYKET OIPABIATH A100bie MPUMEHe-

153 1ech TPUXOIUTCS MPE/IIOIOMKHATE, ITO IGO0 3TO KAKOH-TO AaieKT llackass ¢ agpecHoit
apudMeTHKOI, MO0 BMECTO yKa3aTeseil NCHOJIb3yIOTCsS NHIEKCHI.
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HUsT TTOOOYHBIX 3(PPEKTOB, 0COOEHHO B YIIPABJISIIONINX YCIOBHBIX BBIPAXKEHUAX,
To ecrb HU B if’e, HH B IWKIe ¢ nocryciaoBueM (do-while) mpuMeHeHHe Io-
6ounoro 3d@ekTa B yCIOBHOM BHIPAXKEHUHN HE MOMKET PacCMaTPUBATLCST KaK XO-
polias npakTHuka, Jia U B IMUKJIAX C IpejycjoBueM — while m for — HYKHO
JUI Hadasa yOemuTbCs, 9TO UMEET MECTO HMMEHHO IIOCTPOEHUE IHKJa IO CXe-
M€ «BBIOOPKa—IIPOBEPKa—00paboTKa», U JINIIb II0CIE 3TOT0, OOPEYEHHO B3I0XHYB,
BCTaBJIATH B ycjaoBue mobounbril addext. Hampumep, B mporpamMmMax, yrpaBJsiio-
mux mporeccaMi'® B cucremax cemeiicrsa Unix, MOXKHO BCTPETUTDH CJIELYIOILYIO

KOHCTPYKIUIO:

while(wait (NULL) != -1)
{3

Mezxmy mpoduM, «0coO0 MPOJABUHYTHIE» TOBAPUIIU yXUTPAIOTCI HAIUCATH BOT
Tak: «while(“wait(NULL));». DT0oT pebyc (KOTOpBLIi, KAaK HU CTPAHHO, JIEJIaeT
POBHO TO K€) HPEJJIOKUM YUTATENIO PA3raJIaTh CAMOCTOSTEHHO.

Ha miepBbrIit B31UIsi MOXKET TIOKA3aThCsl, IYTO TyT (Hy, 10 KpaiiHeil Mepe B mep-
BOM BapHaHTe) BCE HOPMAJILHO: [IOKA Y HAC €CTh MPOIECChI-IOTOMKH, Wait 1mo mepe
UX 3aBEpIEeHNs, IPEBPAIEHNs] B «30MON» M OKOHYATEJIFHOTO yIajeHust OyIeT BO3-
Bpalarh uX pid’el, a KOIJia MOTOMKOB HE OCTAHETCS — BEPHET MUHYC-€/IMHUILY,
[IOCJIe Y€ro IUKJI 3aBEPIIUTC; IIOUYeMy Obl U He C/Ie/IaTh TaK, €CJIM 3a9e€M-TO HYK-
HO JIOXKJIAThCs 3aBEpIIeHNs] BCceX HAIMX HOTOMKOB? Ho TopommTbesi HE CTOUT:
IBITasICh HATSIHYTH HA 9TOT IIUKJI CXEMY «BBIOOPKA—IIPOBEpPKa—00pPaboTKa», MbI HE
HaitIéM OHOTO U3 3BEHBEB — TPETHEr0, TO €CTh BOODIIE-TO OCTAIOTCS TOJIBKO «BbI-
6opka» (TO ecTb HEKOe JeHCTBUE) U «IPOBEPKa» (pe3ysbrara ITOro JelicTBusd),
a 9TO, OYEBUJIHO, IUKJI C MTOCTYCJOBHEM KaK OH €CTb, M HAIlMCaTh, Pa3yMeeTcsd,
CJIEJTIOBAJIO UHAYE:

do {
pid = wait (NULL);
} while(pid != -1);
38,MeTI/IM7 9TO €CJu TeJIO HMCXOJHOr'o NHHUKJIa BJPYTI CTaHET HEIYCTbIM — Ha-

[puMep, HoTpedyercss BbIJaBaThb KaKHe-HUOYyIb COOOIIEHUsI, KOLJa OYepeIHOi
[POIECC-TIOTOMOK 3aBEPINUIICS — MOXKHO (M Jlaxke HYKHO) OyeT BEPHYTbCS K
cxeMe ¢ HODOYHBIM 3(PPEKTOM B 3arojioBKe IMKJIA; HO CHAYasa TeJJIO JOJIXKHO
epecTarhb ObITH ITYCTHIM.

BceBosMOXKHBIM KOHCTPYKIUSM Bpoge «a[i++]=b», npeamnonaraomuM 60Jb-
e OJHOTO MOO0YHOTO 3ddeKTa B OTHOM BBIPAXKEHNM, TOXKEe HEBO3MOXKHO II0-
nobparh ompaplaHue. Korma-To JaBHO ¢ MX IIOMOIIBIO MOXKHO OBLIO IOBBICUTD
OBLICTPOJECTBIE, HO CO BPEMEHHU IIOSIBJICHHSI ONTHMHU3UPYIOMINX KOMIIIISTOPOB
TOJOOHBINA KOJI OKOHUYATEILHO IMIEPEIIE] B KATErOPUI0 HEYMECTHBIX TPIOKOB. BCé,

YTO OHU JEJAI0T — 3TO 3aMPYOHAIOM BOCIPUITHE TEKCTa MPOTPAMMBI, IIYCTb
U HE3HAYUTEJILHO; HO HAIla IeJIb [PU HAIMMCAHUU TEKCTa JOJIKHA ObITh IPAMO
IIPOTUBOIIOJIOZKHOIA.

OTmenpHOTO BHUMAHUS 3aCTyKUBAIOT (DYHKIIUU, KOTOPLIE HA CAMOM JIeJIe
(10 CMBICILY) JOJZKHBI OBITH TIPOIE/yPAMHU, TO €CTh HAIMMCAHBI PAJU HOGOIHOTO
addexTa, HO IPU ITOM UMO-Mmo 6o038pawarom. Korma <«uporeaype», HaIUCAH-
wvoit Ha Cu, ecTb 4TO COODIIUTH BBI3BIBAIOIIEMY — XOTs ObI IIPOCTO OTUYUTATHCS
00 YCIIEITHOCTU WJIM HEYCIEITHOCTH CBOell paboThl — 5TO MPAKTUIECKHU BCEra
JleJiaeTcsl depe3 Bo3BpaliaeMoe 3Havenune GpyHkinu. CeMaHTUUIECKast HEJIEIOCThb
3TOr0 IMOJX0Ja CTAHOBUTCH $ICHA, KAK TOJILKO U3 IOJANPOrpaMMbl TpedyeTcs Io-
JIy9uTh OOJIBbIIE OJIHOIO 3HAYEHUS; BO BTOPOM TOME MbI ITOCBATUJINA ITOH 1pobire-
Me Tiesibiil maparpad (cm. § 4.8.4). Ha Ilackase o6braHO 1porierypbl 0hbOpMIISIOT
B Buje «@dYHKIMA» PaJI BOBMOXKHOCTH BEPHYTH 3HAYEHHE TOJBKO MPOTrPaMMU-
CTBI, IIPUBBIKIINE K CH-IOZO0OHBIM SI3BIKAM' ', a JIIO/M, He UMEIOIIIe TAKIX CJIOK-
HOCTell, cKopee CHAOIAT MPOIEAYPY HapaMeTPOM-IIEDEMEHHOM, YeM IePEeJIEIAI0T
eé B (DYHKIMIO; XOPOIIUM MPUMEPOM TAKUX IPOIE/ILYP BBICTYIIAIOT BCTPOECHHBIE
BlockRead u BlockWrite (cm.§2.9.4), HO ecTh U 1IIOXOi puMep — «DyHKILHsI»
ReadKey u3 mojyssi crt (cm. §2.8.3). Eciin monbiTaThest mepeHecTH 9TO MPABIIO
Ha Cu, IpeJrosiarasi, 9T0 aHAJIOTOM IIPOIEIYP MOXKHO CUUTaTh vOid-(DyHKINH, TO
HPUJIETCS IEPEIUCATH BCIO CTAHIAPTHYIO OUOJIMOTEKY, BKJIIOYas ODEPTKU CUCTEM-
HBIX BBI3BOBOB; TO €CTh B 9TOM IlJIaHE CUTYyallusd C CI/I7 CKazKeM 9eCTHO, COBEPIIIEHHO
6e3HaIEKHA, OT/EJUTD IPOIELYyPhl OT (DYHKIUN He MOJIydaeTcsd HUKAK.

Nrak, mobounbie 3¢pdeKTH — 3TO Bpoze ObI HEXOPOIIO, HO MOJHOCTHIO 3aIlpe-
aTh UX HUKAK HEJb3sI, IUKJI ¢ BBIOOPKOIL, TpOBEPKOil 1 06paboTKOM MOKET HaM
OTpebOBATHCSI BHE 3aBUCUMOCTH OT TOIO, HA KAKOM $I3bIKE MbI IIHUIIEM, B TOM
qncye n Ha [lackase, Hy a eciim MBI K ToMy ke murieM Ha Cu, TO He 3alperaTh
JK€ BECb ITOT SI3bIK IEJUKOM — aJIeKBATHON 3aMEHBbI €My, KaK Mbl 3HAEM, HET U
He npeasuauTces. CremoBaTeIbHO, Hy»KHA KaKasi-TO WHCTPYKIHSI, II0 BO3MOXKHO-
CTU JIAKOHWYHAs U sICHAs, O TOM, KOTJIa U KakK 1mobo4uHbie 3((HeKThl TPUMEHSITD
MO2KHO, a KOrjja — H€ CTOHUT. B TepMnHax HaCKa.HH TaKad MHCTPYKIUA BbITJIAIUT
OYeHb IPOCTO: N06OUHBLE IPPeKmvl NPUMEHAMD He CAedYem, 3G UCKAIOYEHUEM
caywas, xoeda 8 sude nobouHo20 apdexma GyHKUUL 0PopMasEMCA 8LOOPKA NPU
NOCMPOEHUYU YUKAL NO CTEME «EbOOPKA-NPOBEPKA-00DAOOMKQ .

B wactu, nocesiménnoil 136Ky Cu, MBI HONBITAIUCH C(HOPMYIUPOBATE aHA-
JIOTHYHYIO MHCTPYKITUIO JIJIs 9TOrO S3bIKa M O0HApYyKuJu, 9To ceManTtuka Cu u
TPAJIUAIIAN IOCTPOEHUS €10 CTAHIAPTHOM OUOIMOTEKN OKA3bIBAIOT HAM BEChMAa J0-
croitHoe corporuBsenue. s Havas a mnepej; HAMU BCTaET BO BeCh POCT Ipobuie-
Ma [IPUCBaUBaHUs; HO 3J1€Ch XOTs ObI MOXKHO TOTPeOOBaTh, YTOOBI IPUCBAUBAHUE
BCeTIa [eaa0Ch paau moO0THOro 3 deKTa, TO eCTh 3aIPETUTh UCIIOIb30BATH €TI0
3HAYEHUE — a 3HAYUT, 3AIPETUTh BOOOIIE BKJIIOYATD [IPUCBanBaHue B Hojiee CII0XK-
Hble Beipazkerus. C yHKIusaMu Xyxke. OUeBUIHBIN BAPUAHT — €CJIA 110 CMBICITY
TOM WM WHOHM (DyHKIHMH 3TO Ha CAMOM JeJje IPOIeaypa, TO €CTh €€ MODOTHBIN
3ddeKT — 3TO TO, paju Yero OHa HAIKCAHA, TOTPEOOBATDL BBI3HIBATH €€ KaK IPO-
LIE/Ly Py, He UCIIOJIb3ys BO3BPAIAeMOe 3HAUYEHNE; HO MbI y2Ke IIPU3HAJU, YTO TAKUX
paJMKaJbHBIX M3MEHEHU TpeboBaTh DECIIOIE3HO.

TekcT mHCTPYKIIMU, KOTOPBI MBI BO BTOPOM TOME BCE K€ CMOTIJIM KOe-KakK
cocrpsinarh (cM.T. 2, crp. 69), B7MecTe ¢ npuMepamu (a 6e3 HEUX Tam BOOOIIE HU-
KaK) 3aHsI OOJIbIIE CTPAHUIBI, HO 9TO HE CAMOE CTPAIHOEe. XyKe TO, UTO OHA,
cKOpee BCero, Oy/IeT IOHsITHA JIUIIb JIOJsIM, 3HaomuM llackaibp uianm Kakou-To
JIPYTOii SI3BIK, B KOTOPOM €CTh ITACKAJIENON00HbIE MPOIELYPhI; €CJIA YKe TeJIOBEK
U3 UMIIEPATUBHBIX sI3BIKOB BUJE TOIbKO CH, ¢ XOpOoIIeil BEpOATHOCTHIO OH dJIe-
MEHTApHO He NotmEm, 0 “ém B 3TOU MHCTPYKIUHA UJEM peub M OTKYIA B3SIACDH
Takue TpeboBanus. MBI IPOCTO HE CMOXKEM O0bsICHUTH TAKOMY Y€JIOBEKY, TJI€ I'Da-
HUIA MEXKJTY JOIMYCTUMBIMU U HEAOIYCTUMBIMU TOO0UHBIME 3 deKkTaMu, HaM JIJIsT
9TOr0 HEe XBATHUT TAKUX CJIOB, KOTOPBIE ObLIN Obl eMy MOHATHBI. Kciin 2ke MbI 11po-
JOJKUM HACTauBaTh Ha COOJIIOIeHUN TpebOBaHUil, Tak U HE OObLICHUB IPUIUHY
WX YCTAHOBJIEHUs, TO B OTBET IOJIYYUM, CKOPEE BCErO, TOJBKO MOTOK HEraTHUBa,
KaK 3TO ObIBAeT BCErjia, KOIJA YeJIOBEK BBIHYKJIEH WUCIIOJIHSTH HEIMOHSITHBIE JIJIsi
HEro MHCTPYKIUN.

IlpeBpaTuB nmpucBamBaHue U3 OIEPATOPA B OMEPAII0 U OTKAa3aB-
MINCH OT NPOIEAYP KaK CAMOCTOSITEJIbHON CyIiHOCTHU, co3aaresim Cu Tem
CaMbIM BBINMACAJIM MHOTUM HOKOJIEHUSIM HPOrPaAMMHCTOB yHUBEPCAJIb-
HYIO UHAYJIbIe€HIINIO HA HUYEeM He OrPaHUYEeHHOE U HU4YeM He OIIpaB/IaH-
HOe MpUMeHeHne N000YHbIX 3P PEKTOB K MecTy U He K MecTy. f3bik Cu
npogoyupyem IPOrpaMMUCTA HA IPUMEHEHUE TODOTHBIX 3(DPEKTOB, MaAKCUMAIb-
HO TakKoe IPUMEHEHHE YIPOINas U IIPU STOM 3aTPY/IHsSA, HACKOJIBKO BO3MOXKHO,
JIIO6bIe 06'])5{CH8HI/I5{7 moieMy TakK JdeJjiaTb HEe CTOUT. B 9TOM M COCTOUT KOHIICIITY-
aJIbHOE WJIU, €CJIN YTOMHO, mapanurmMarudeckoe orinyane Cu ot Ilackass, a 3a0/-
HO IIPUYUHA COBEPIIEHHO KaTacTpodudeckoro Biausaus Cu Ha HEOKPEIIITHEe MO3IU
HaYMHAIOIUX.

ABTOp BbIHY>XEH NPU3HATb, 4TO eu_l,e COBCEM HENABHO HE OCO3HABAJ1 3TOro — XOTA BCeraa
yTBEPXKAAN, HYTO A3bIK CVI KaNe4YnT MblWNEHNE, HO TEM HE MEHEeEe HE MOI AaTb KPAaTKOro u
TO4YHOrO OTBETA Ha BOMNPOC, KaK N HEM MMEHHO Kane4duT. Terlepb TaKol OTBeT €CTb, N, KCTAaTN,
MMEHHO €ro nosABAEHNEM O6yCJ'IOBJ'I€Ha bonbluas 4acTb OTANYMI TeKcTa BTOPOro n3naHums
3Toi KHuru, Bblweawero B 2021 r., oT nepeoro, nybamkKaumsi KOTOPOro Havafnacb Ha MsTb
neT paHblue (1 nMeHHo Toraa, B 2016 r., BbILLAN NepBble ABa TOMA, COAEPXKABLUNE N YacTb
o Mackane, n yactb o Cu).

N3 namero paccyk/ieHust MOYXKHO CJejIaTh JOCTATOYHO BarKHBIH BBIBOJI. Biiu-
sIHUE SI3BIKa ITPOrPAMMUPOBAHUS HA MBIIIJIEHIE YACTO HEJIOOINEHUBACTCSI, U HEJ0-
OIIEHMBAETCsI COBEPIIIEHHO HaIpacHo. Jlaxke JBa CTOJb MOXOXKHUX JPYI' Ha JIpyra
sizbika, Kak Cu u [lackajib, OKa3bIBAIOTCS DU BHUMATE/HBHOM PACCMOTPEHUU CO-
BEPITIEHHO PA3HBIMU B TIaHe mapaanrM, TpuaéM Cu, ecyii He TPUHATH CePhE3HBIX
Mep HPEJOCTOPOKHOCTH, CIIOCOOEH MBINIJIEHNE TTPOrPAMMUCTA HEOOPATUMO HUCKAa-
JIEIYUTDH, a €CJIN €ro U3yvIaTh B Ka41eCTBE II€PBOI'O B 2KU3HU A3blKa, TO HUKAKNE Me-
pbI He oMoryT. [lo-BuiumoMy, K BEIOOPY SI3BIKOB IIPOIPAMMUPOBAHUS, TPUIEM HE
TOJILKO B HAYAJIbHOM OOYYEHUH, HO U B IIPAKTUIECKO paboTe, C/Ie/IyeT MOIX0IUTh
¢ KyIa Kak OOJIbINell TIATEIbHOCTBIO, HEYKEJIM 9TO B HAIIK JIHA IIPUHSTO.

Konb ckopo mMbr obcyx)jaem ImapajurMbl IIPOrPAMMUPOBAHUS, CTOUT IPU-
3HaTh, 9TO 1O604YHBIN 3ddeKT (byHKIMU, BbIpa*keHUus U T.I.) — 3TO,
HECOMHEHHO, TOXK€ IMapaJiurMa, T.e. [IpUMeHeHne MODOUHBIX 3(DPEKTOB Tpe-

°Ecu BB He IOMHHTE, 9TO JeaeT BLI30B Wait, ImepednTaiiTe BO BTopoM ToMme §5.3.7.

1"Bo Bpemst IIOIrOTOBKY MEPBOr0 M3JAHMs KHUIU ABTOP, K €r0 OIPOMHOMY COYKAJIEHHIO, CaM
BXOJHUJI B UX YHCJIO, U IPEOJOJIETh 3TOT POCTOK CHIIHOCTH MO3Ta €My CTOMJIO OIPeIeJIEHHOIO
TPpy/Za, B TOM 9HCJIE€ CyTyOO TEXHUYIECKOTO: KO BTOPOMY U3/IAHUIO B IMACKAJIEBCKON YaCTH KHUTH
MIPUIILIOCH II€PEIENIBIBATE €/1BA JIX He IIOJIOBUHY IIPUMEDOB.
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OyeT 0cobOTO MOIX0/1a K OCMBICJIEHUIO ITPOUCXOisAIero. Il poumocTpupoBats 310T
MOMEHT JOBOJBHO IpocTo. Emé cpaBHUTENbHO HeaaBHO Ha dakyiabrere BMK
MI'Y, rye aBTOp 9TUX CTPOK IIpOpaboTa OOJIBIIE JIBA/IIATH JIET, 3a9ETHBIE KOMIUC-
CHU IO IPOrPAMMUPOBAHUIO (MEpPONpPUSITHE JJIsT CTYJEHTOB, 3296Ta HEe UMEIOIIUX,
T. €., Tpy0O TOBOPS, /JIst JIBOCYHIKOB) IIPOBO/IIINCH B (DOPME MUCHMEHHON PAOOTHI.
[Tpu mpoBepke Takux paboOT HEOTHOKPATHO IMONAIAIOCH, HAIIPUMED, CJIEIYIOIIee:

fork();
if(fork() == 0) {
/x ... %/

VMcTBEHHBIE CITOCOOHOCTHU CTYIEHTOB, MUIITYIIUX I0I00HOe, 06CYKIaTh He OyIeM;
ropas/io MHTepeCHee IOIBbITAThCA IOHATD, YTO K€ TBOPUTCA y aBTOpa TaKOH pa-
0OTBHI B TojlIoBe — 1 10 Kakoil mpuunne. OTMeTuM I Hadaja OYEBHIHOE: CTY-
JIeHT, HAIMCABIINN MOI00HBIN (DparMeHT Koja, KOHIENue modoIHoro 3ddexTa
He BJIAJEET, B IPOTUBHOM CJIydae OH Obl MOHMMAaJI, 9To fork y Hero orpaboraer
JBaXKbl (a TOUHEe — B OOIIEH CJIOKHOCTH TPHUZK/IbI, HO 9TO YK€ OCODEHHOCTH
camoro fork). Hecmorpst Ha 910, fork B 3arosoBke if’a y HEro moueMmy-to €CTh.
OTBer HA TO «IOYEMY» Ha CAMOM Jiejie TPUBHAJIEH: OH 8UJEA, YIMO MaAK NUWYM
npenodasamenu. Ilpu 3TOoM, ¢ OJHONE CTOPOHBI, KOHIENIMS I0O0YHOro 3ddeKTa
Yy 9TOr0 CTYIEHTa B IOJIOBE HE YKJIAJIBIBAETCSI, TO €CTh OH HE MOXKET IOHSITH, YTO
deticmeue (B JAHHOM cilydae IMOPOXKJIEHHE HPOIECca) MOXKeT HPOU30HTH B XO-
Jie BBIYMCJIEHHUSI YCJIOBHOI'O BBIPpaKEHUsI — BeIb TaM Ke Npocmo cpasHerue 06Yr
yucea! C Apyroit cTOPOHBI, OH TOYHO 3HAET, YTO IOPOXKJEHUE IpoIecca, Tpedy-
IoIeecs B 3aJ1a4e, JIeJ1aeTCsi CHCTEMHBIM BbI30BOM fork (3ToT (akT, yBbI, IPOCTO
3a3y6OpeH ).
NTak, B MO3ry HECYACTHOTO 00YyYIaEMOIr0 CTAJKUBAIOTCS TPU ITOCTYJIATA;

® HAJO IMOPOAWUTDH IPOIECC, & Ha JIEKIIUAX TOBOPUIN, UTO I ITOTO HYKHO
BoI3BaTh fork;

e majo0 obs3aTenpHo HanucaTh «if (fork() == 0) {», moromy uTO mpemoa-
BaTeIU BCErJa TaK IIUCAJIH, ¥, 3HAYUT, 3TO TOYHO IIPABUJIHHO;

® YCJIOBHOE BBIPAXKEHNE — ITO IIPOCTO CPABHEHUE, OHO, PA3YMEEMCHA, HE MOXKET
HUYEro CJIeJIaTh, B TOM YUCJIE MOPOJUTD MPOIECe (3TY MBIC/Ib 00yYaeMblii He
obJIeKaeT B CJI0Ba, O'PAHUYEHNE 3/1eCh CYyIybo MOJCO3HATEILHOE).

Ha BbIXO/IE MMeeM TO, uTO UMeeM. BuHoBar jin B 3TOM caMm cryaenT?! HecomueH-
uo! Ecm Ha 3aHATHIX YTO-TO HEMOHSITHO, HAJIO Pas3obpaThCsi, 3aJ1aTh BOIPOCH!
MPEIOABATEIIO0 WU B KpaflHeM cjaydae APYTUM CTYJIEeHTaM, XOTh TYIIKOH, XOTb
qy9esIOM — HO JOOUThCS MOHUMAHUS ITPOUCKOJIAIIETO, & He JI0KUIATHCHA 3a9E6THON
KOMUCCHUU TIO TIPUHIIAITY «aBOCh MpopBéMcs». Ho, ¢ mpyroit cTOpOHBI, KTO MEIAeT
[IPEIOIABATESAM HAIUCATD

pid = fork(Q);
if(pid == 0) { /* child */
/* ... x/

— TeM CaMbIM PE3KO IMOBBICUB IIAHCHI OTCTAIONINX CTYAEHTOB MOHATH, O 96M HUJIET
pedb M KakK 3TO BcE paboraer?

Mexk 1y mpovdnM, BOIPOC HE CTOJIb PUTOPUIECKUHN, KAK MOXKET IOKA3aThCI —
0CcODEHHO B KOHTEKCTe 00Cy 2K ieHns napaaurm. s npenomasareseil, pasymeercs,
KOHIIeHIus 110009YHOr0 3pdekTa — dapbep JaBHO MPOMICHHBIN U 3a0bITHIH, TPU-
TOM JIJisi OOJIBIIIMHCTBA U3 HUX — MPONIEHHBII He3aMedeHHbIM. Jl0 KOrHUTHBHBIX
Ipo0JIeM, BO3HUKAIONINX Y CTYJIEHTOB, IPEIOJABATEIN HE CHUCXOMAT, TIOCKOJIBKY
HE NOHUMGIOM, YMO MU NPOOAEMDL 6000ULE MORYM CYUWECTNE08GMD: HY B CAMOM
zese, da wmo mym mooicem 6vimb nenonammozo? Kacaercst 9To, BOpodeM, OT-
HIO/Ib HE TOJIbKO IIPerojiaBaTesieil NporpaMMUPOBAHUS; IPEOIABATENN JAPYTUX
IIPEJIMETOB TOXKE B OOJIBIIIMHCTBE CBOEM HE CUYUTAIOT HYXKHBIM Pa300paTbCsi, UTO
IIPOUCXOIUT B T'OJIOBAX CTYIEHTOB, KOTOPBIE HE IOHSIIA OObsICHEHHE C IIEePBOIrO
pasa.

Yro ke KacaeTcs NPOrpaMMHUPOBAHUS, TO TYT aBTOP C IHPUCKOPOWEM BbI-
HYKJIeH KOHCTATUPOBATH KpaiiHe HeImpUATHBIN (akT, emeé OoJibiine ycyryoJisiio-
muit mpobeMy: MHOTHE IPENoIaBATEIN CAMHU CTPAJAIOT MPECJIOBYTON <«CHIITHO-
CTHIO TOJIOBHOTO MO3Tay, TAK YTO UX yUEHUKH JUOO HUYEro He MOHUMAIOT, JTHOO
B pe3ysbrare oOyueHus IMOMOJTHSAIOT Psilibl «UCTUHHBIX CHUIMTHUKOB». Kak wucrpa-
BUTDH CJIO2KUBIIIYIOCS CUTYAIIUIO U BO3MOXKHO JI BOODIIE €€ MCIPABUTH — BOIIPOC
OTKPBITBIA.

9.3.3. /IBa moaxoJia K CpaBHEHHIO SI3BIKOB

KonnaecTBo sI3bIKOB TPOrpaMMUPOBAHNS, TIPUIYMAHHBIX 38 BPEMsI CYIIECTBO-
BaHMsSI KOMIILIOTEPOB, UCUYUCJIAETCA HECATKAMM TBICSY, HO «JIy4IIero» Cpey HUX
TaK W HE IOSBUJIOCH; OOJIbIIIE TOrO, IMPHU MECCHMUCTHYIHOM B3IJIsSI€ HA IIPOUC-
XOJISAIIEee MOXKHO 3asBUThH — KM He 0e3 OCHOBAHMII — YTO B MHpE BOOOIIE HET
TOPOWUT A3BIKOB, BCE MMEIONINECH A3BIKM OTBPATUTEJIbHBI, IIPOCTO HEKOTOPBIE
OTBPATUTEIbHBI 9yTh MEHBIIE JIPYTHX.

Tak wan nHave, A3bIKA TPOrPAMMUPOBAHUS IIPUXOIUTCI CPAGHUBAMD MEXKITY
coboif, 1 B TOM, KaK MMEHHO JIIOJM UX CPABHUBAIOT, BHE3AIIHO OOHAPYKUBAIOTCS
JBa B3aMMOHCKJIIOYAIOIINX II0/IX0/Ia, KOTOpBIC, B IPUHIUIE, TOXKE MOXKHO CYU-
TaTh MMapaJUrMaMU, ITIOCKOJBKY 9TH HOIXObI B AHCTBATEILHOCTH BBLITEKAIOT U3
CyObEKTUBHOI'O BOCIPUATHS SI3BIKA IIPOIPAMMUPOBAHNS KAK SIBJICHUSI.

S3BIK MpPOrpaMMUPOBAHUS MOXKHO BOCIIPUHHUMATL KaK WHCTPYMEHT, TO3BOJISA-
OIMi OObSICHUTD KOMIIBLIOTEDPY — WU JIaKe MIAPE, GbluUCAUMENbHOT cucmeme,
BKJIIOYAIOIIEH KOMIILIOTED, OIEPAINOHKY U, BO3MOYKHO, YaCTh CHCTEMHOIO U IPHU-
KJIAIHOI'O IIPOI'PAMMHOI0 00ECIIeYeHNsT — 9TO U KaK JIOJ?KHO OBITH CIIeJIaHO0, YTOODI
nocraBjieHHast (11epejt IIPOrpaMMUCTOM) 3ajada okasasachk penieHa. OObIYHO npu
9TOM SI3BIK PACCMATPHUBAETCS KaK eIUHOE IIEJI0e C €ro peain3aliueil — TpaHC/Is-
TOPOM M BCE€BO3MOXKHBIMHU JTIOIIOJTHUTEJIbHBIMU IIPOT'PaMMaMMt — B KaY€CTBE 9TaKO-
r0 CpPeJICTBA JOCTABKU HYKHOW (DYHKIIMOHAIBLHOCTH Ha KOMIIBIOTED (B CHCTEMY)
KOHETHOT'O II0JIb30BaTe/Isl, MOKPBIBAIONIEIO BCE ITAIBI TAKOW JIOCTABKHU, OT HAIIU-
CAHHUSI TPOTPAMMBI, €€ OTJIAJKNA U MOJATOTOBKHU K Iepeiade KOHEIHOMY I0JIb30Ba-
TeJTF0 — JI0 UHCTAJUISIINNA HA MaIllHe KOHETHOTO I0JIb30BATEJIsI, IKCILJIyATAIlUA 1
JTaKe TOJIyIeHusT OOPATHON CBA3M BPOjIe COODIMEHNH O MPOU3BOIIEIIITNX Y HOJIH30-
BaTessl OIMUOKAaX; HO KJIIOYEBBIM TYT OCTAETCS BOCIPHUSATHE SI3bIKA M €0 peaJiu-
3al KaK 9ero-TO TaKOI'0, UTO HO3BOJISIET 3ACMASUMb KOMNLIOMED 0eAamsd mo,
YMO HYIAHCHO, WU, CKAZKEM, ONUCAMb, KAK B03MONCHOCTIU KOMNBLIOMEPG JONHCHDL
O6vimMBb 300€CmME08aHbL OAA PEWEHUA NOCMABACHHOT 30004,

Ho MoxkHO TOIONTH K sI3BIKY IIPOrPAMMHPOBAHMSI COBCEM ITO-ApyroMy. MmHo-
rve mMporpaMMHuUCTBI CKJIOHHBI pacCMaTpUBaTh A3bIK HCKJIIOYUTE/IBHO KaK 3HaKO-
BYIO CUCTEMY, TI03BOJISIIONILY IO C(OOPMYTHUPOBATH (€C/IN YTOHO, IIPEJICTABUTH B 00b-
eKTUBHOI (hopMe) uX 3HAHME WJIM [OHMMAHHUE, B YéM COCTOUT PEIleHUe MOCTaB-
JIEHHOW 3aJ1a9M; OT IPEIbIAYINEro BapHAHTA TOT OTIMYAETCA TEM, 9TO BCSIKUE
TaM KOMIILIOTEPHI, OIEPAIMOHHBIE CUCTEMBbI, BHEIITHIE IIPOrPaMMbI U IIpoYee B Ta-
KOM JIyX€ W3 PacCMOTPEHMsS MCKJIIOYAETCA KaK HedTO HecylmecTBernHoe. Kak Oy-
JIeT BBINJIAJETh UX [POrPAMMa B CHCTEME I0JIb30BaTelist (He TO, KaK BBIIJISIIUT
eé T0/Ib30BaTE/IbCKUNl UHTEPdEiiC, a TO, KaK BBIIVISINT OHA caMa — HaIpuMep,
KOTJIa €€ YCTaHOBUJIM, HO eIé He 3aIlyCTHJIN), KaK MMEHHO OHa OyJIeT 3allyCKaTh-
CsI U BBIIIOJIHATHCA — BCE TO HEBAXKHO U BOO6H.[€ He OTHOCUTCA K JeATeJIbHOCTU
[IPOrPAMMMCTA, IIYCTH 00 9TOM MMO3a00TUTCSA KTO-HUOYIb €IIé.

[Tepsblii mar K TAKOMY BOCHPHUSITHIO S3bIKa, IPOrPAMMUPOBAHUS JEIACTCS OJI-
HOBDEMEHHO C 3asiBJIEHHEM, 9TO BBICOKOYPOBHEBBIE F3BIKH ITO3BOJISIIOT abCTparu-
pOBaTbCsl OT yCTPOWCTBA KOMIIBIOTEPA, MMEPECTATh O HEM JyMaTb U COCPEIOTO-
9UTHC Ha PEIICHUN 33189, ¥ 9TO IPABUJIHHO, TOCKOJIbKY PEIIeHre 339U CaMO
1o cebe jocraroddo TpyaHo. Cireyomuil «JIOrMYHbId Al OKa3bIBAETCHA IIOYTH
HE3aMEeTHBIM, U OTTOTO MPAKTUIECKN HEM30EXKEH: MPUHIIAI «JJIs PEIeHUsT 3318~
qu He 00s3aTe/IbHO JIyMaThb O TOM, KAK YCTPOEH KOMIIBIOTED» IOJIMEHSIETCS CHA-
qajia Ha «HE 00S3aTebHO 3HAMb, KAK YyCTPOEH KOMIIBIOTEP», IyTh IO32Ke — Ha
«He Tpebyercs MOHMMAaTh, Kak paboraer KoMmibioreps. [loydeHHblii TpuHIuI —
OIIATDH 2Ke€ ITPpaKTUIeCKH HeI/I36e)KHO — IIEePpEeHOCUTCdA Ha IIPOIeCC 06yquI/15{ HOBBIX
[IPOrPaMMMCTOB, B pe3yjbTare 4ero obpasyercsd odepesHoil KOHBeHep 0 MmMpous-
BOJICTBY TOPE-CIIEIUAIICTOR, He MOHUMAIOIINX, ITO JIEJA0T; TAKUX <CIEeIOB»> B
IIPOCTOPEYNN YACTO HA3BIBAIOT «MAaKaKAMUI.

O BoOCIIpUSITHH SI3BIKA MPOI'PAMMEIPOBAHUS UCKJIIOUNTEHHO KAK CHCTEMBI 000-
3HaYEHUl CBUJIETEILCTBYET, HAIPUMED, ONUCAHWE IOCTOMHCTB TOTO WM HHOTO
A3BIKA (bpa3aMI/I BU/la «CMOTpUTE, KaK Ha 9TOM A3bIKE JIETKO HalluCaTb TO-TO U
TO-TO»; JIOTUYHOE IPOJIOIZKEHNE BPOJIE «a Ha BaIlleM SI3bIKE TO K€ CaMoe IIPUXO-
JUTCS IACATh HAMHOI'O JIOJIBIIE U CJIOXKHEe» He BCErila IPOM3HOCUTCSI, HO IPAKTH-
9eCKHM BCer/ia mojapasymenBaercs. HemoyMEHHOE «MUHYTOYKY, & BeIb TBOM SI3bIK —
MHTEPIPETUPYEMBIi, & MO — KOMIIMJIUPYEMBbI» PacIIHOAeTCsI O IyIyHHOE «HY U
9TO»; B JIyUIIEM CJIydae HaM eIé 3asBAT, 9T0, MOJI, 110 3(PHEKTUBHOCTH HAII 3a-
MedaTe/JbHbIN SI3bIK IOYTH He IIPOUTPBIBAET ITUM BalllUM KOMIUIAPYEMBIM, XOTSI
po 3¢ dheKTUBHOCTE Bpojie ObI HUKTO HE CIpalluBaj. ABTOpPY JOBOIMIOCH BU-
JeTh JIIO/Iel, YBEPEHHBIX, UTO OIEPAIMOHHYIO CHCTEMY MOXKHO HAIMCATH Ha IEM
yromuo — xoTh Ha Jlucre, xoth Ha [luTOHE; BOIpOC, OTKYy/Ia HA «TOJIOM KEJIe3e»
BO3bMETCH mHTepuperarop IluTona, sTux Joeit He 6ECITOKOMII.

Pa,S.HI/I‘{I/Ie MeKAYy JABYM¢ OIIMCaHHBIMU ITOJXOJaMMU MOXKHO OIIHMCaTb eme Ipo-
me, ecau CGOPMYINPOBATH CBOETO POJA XaPAKTEPUCTHUIECKOE YTBEDIKICHUE:
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SI3BIK OOIIEero HA3HAYEHUs He J0JI2KE€H HABSI3bIBATH HUYEro TaKOTO, YUTO
OyAeT BUIHO KOHEYHOMY IOJIb30BaTEJII0. BbIOOD s3biKa (1, FOBOPS IITUPE, UH-
CMPYMEHMOE) — FTO JIO ONPEJIEIEHHON CTEIEHN JIMIHOE JIEJI0 TPOrPAMMICTA, I
€CJTM BBIOPAHHBI SI3BIK ITO-TO HABA3BIBAET CAMOMY NPOZPAMMUCTLY — TO HUKOTO
JIPYTOTO 9TO He KacaeTcst; HO 9TO BEPHO JIUITH 70 TeX MOP, TTOKa Cre HUKAK He BJIU-
sieT HA KOHEYHBIN Pe3yJibTaT — IIPOrpaMMy, [epeaBaeMyo MoJib3oBaTeso. Kean
’Ke, BBIOpAB MHCTPYMEHT, yKe CaM MPOTPAMMUCT HAYMHAET UTO-TO HABSI3BIBATD
[TOJTb30BATEI0 — HAIPUMED, «BCErO JIMIb» YCTAHOBKY MHTEPIIPETATOPA HA KOM-
[BIOTEP — TO S3BIK, IO-BUIMMOMY, BEIOPAH HEIIPABUJIBHO U Ha POJIb SI3BIKA ODIIEro
Ha3HAYEHUsS HE TOJUTCHA. Tak BOT, TPUBEPIKEHITHI «HHCTPYMEHTAJIBHOTO» BOCIIPU-
SITHST SI3BIKA C 9THM yTBEPIKJIEHUEM, CKOPEE BCEr0, COTJIACSITCS, UJIN KAK MUHUMYM
Oy/IyT TOTOBBI €r0 OOCYXKIATh, MPUKUILIBATH BBITOJBI W U3JEpXKKU u T.1. Ha-
[POTUB, UHIUBUJIBI, JJIsT KOTOPBIX SI3BIK JIUIIh CUCTEMAa 3HAKOB, OT YTBEPIKIEHMUIT
MOTOOHOTO POJia MOTYT TOJBKO OTMaXMUBATHCSI — BEJIb WX BOCIPHUATHE MPEITIOa-
raer, 9To OCODEHHOCTSIMU ITEJIEBOI CHUCTEMBI MOYKHO NpeHedpeyd, TPUMEPHO Kak
COTIPOTUBJICHUEM BO3/yXa B IMIKOJBHBIX (dnTail — GECCMBICIEHHBIX) 3aa9ax IO
dusuke.

K paccMOTpeHUIO MHTEpIpEeTAIny U KOMIWJISAINNA B Kav1eCTBEe OCOOBIX Tapa-
JIUTM ITPOTPAMMUPOBAHUST MBI BEDHEMCSI B ITOCJIEIHEN 9aCTU HAIEH KHUTH, & ITOKa
[IPOCTO YITHUTE, YTO BOCIPHUSITHE sI3bIKA IPOrPAMMUPOBAHNS KaK 3HAKOBOH CHCTe-
MBI B OTPBIBE OT Peasin3alliid UHOT/IA, KAK HU CTPAHHO, BIIOJIHE JIOIIYCTUMO — HO
OTHIOJIb HE BCETJA.

9.4. IIpuMepbl YaCTHBIX HapaaurM

Ciaydaercst, 9T0 MbI IMEEM JeJIO ¢ YaCTHON TapaurMoii, COBEPIIEHHO 00 3TOM
He 33/ [yMbIBasich. Hampumep, B Ko/ie HAIMHAIOIIINX ITPOTPAMMUCTOB MOYKHO BCTPE-
TUTB YTO-TO BPO/IE CJIETYIOIETrO:

if(a == b)
return 1;
else
return O;

ABTOpY 3THX CTPOK HEOTHOKPATHO BCTPEUAJCH CTY/IEHTHI, U3 UbEro KO/a o100~
Hasd KOHCTPYKIIMS HUKAK HE MOXKET MCUE3HYTh Jarke I10cJje TOIro, KakK UM HeoJl-
HOKPATHO OBLIO CKA3aHO, MMOKA3aHO U O0BbSICHEHO, YTO BMECTO STUX CTPAHHBIX
YeTBIPEX CTPOK CJIeAyeT, pa3dyMeeTcsl, HallucaTb OJUH OIlepaTop:

return a == b;

[Ipuunna 3TOrO yIopcTBa, Cy/is 110 BCEMY, OY€Hb IIPOCTA: YEJIOBEK, HMUIIYIUH BOT
Takue BOT if’bl, HA YPOBHE IOJCO3HAHUS HE 6AGJEEM KOHUENUUET A02UNECKO-
20 6bLIPANHCEHUA, TO €CTh OH HE MOXKET yOeauThb cam cebsi B TOM, UTO «YCJIOBHEY,
durypupyroriee BO BCTIECKUX BETBJICHUAX U IUKJIAX — 9TO TaKOe yKe apudMeTn-
YeCKOE BBIPAXKEHUE, OHO BbMUCAAEMCA, TaBasd 3navenue. 1o 9To#l ke npuunne B

nporpammax Ha ITackane!® gacro MoxHO yBHIETH YTO-TO BpOJIE

if flag = true then

— 9TO O3HAYAET, 9TO ABTOP MPOrPAMMbBI HE MOYKET 3aCTABUTDL CeOsi BOCIIPHHUMATH
YCJIOBHE KaK UTO-TO MHOE, HeXKeju OMHapHOe OTHOIIEHUE BPOJIEe PABEHCTBA WJIU
HEPABEHCTBA. BBIHECTH BBIYHCIICHHE CIOXKHOTO (MHOT/IA B MATBH-IIIECTH CTPOK, a
TO U JIJIMHHEE) YCJIOBUsI B OTJEJIbHYIO (DYHKIMIO TaKue IPOIrPAMMUCTBI TOXKE He
MOT'YT, UM 3TO IIPOCTO HE NPUXOAUT B I'OJIOBY.

Urak, mapaJurMoil, IpuTOM CaMOCTOSITEJbHOI (Bejb MOJ00HbIE CTPAHHOCTU
MOTYT BCTPETHTHCS He TOJBKO B MMIIEPATHBHBIX [IPOrPAMMAaX) OKa3bIBAETCS Jla-
2Ke CTOJIb MPOCTON IMpeaMeT, KaK JIOTMIEeCKOe BhIpaXKeHre — TOYHee JaXkKe He CaMo
10 cebe «BBIPAXKEHUE», & CKOPEee «YCJOBUE KAK BBIYHUC/IgEMOE 3HaUeHue». [1ombl-
TaeMcsd IPUIOMHUATH COJePKAHUE MPEeAbIAYIIUX TOMOB Hallleli KHUT'd U OTMETUM
eI1é HECKOJIBKO CJIyYaeB, KOTJ/ia Mbl B JA€HCTBUTEIbLHOCTH UMEJIN JIeJI0 C YACTHBIMU
rapajurMaMu, HO 006 9TOM He 331y MbIBAJIUCD.

9.4.1. Callback-dynKiuu

Paccmarpusast B0 Bropom Tome (cm.§4.9.2) ykaszaresn Ha (DyHKIUH, MBI B
Ka4decTBe OJHOU M3 MJLIIOCTPAIM UX TI0JE€3HOCTH IIPUBEJIN TaK Ha3biBaeMble call-
back-dynruyuu, nm Gyrryuy 06pamHo20 6b306a. DTOT IPUEM MOXKET ObITH IIPU-
MEHEH, KOIJIa OJ[HA IOJCUCTEMA HPOIPAMMbI (HAIPUMED, MOJIYJIb), Ha3blBaeMasi
B JIAHHOM CJIyYae CepeepoM, MPEOCTABJIsAeT APYTUM HOjCUcTeMaM (KAUEHMaM)
HEKHUE yCJIYTU, KOTOPBIE 110 KAKUM-TO MPUIMHAM HEBO3MOXKHO MJIM HEXKEJIATETHHO
OKa3bIBATH HEIIOCPEJICTBEHHO B TOUYKE BhI30BA COOTBETCTBYIOIEH dyHKIHU. VcKo-
MbI€ YCJIYI'H MOTYT OBbITh OTJIOXKEHBI 110 BPEMeHH (eC/in, CKayKeM, YCIyra COCTOUT
B TOM, YTOOBI MOJYIUTH KaKyI0-TO HH(MOPMAINIO OT YJIaJ6HHOTO cepBepa), WJIn
OHH JIOJIZKHBI OBITH OKa3aHBI [MOCJIE JJIMHHOM IEIOYKH BBI30BOB PA3HOOODPA3HBIX
byHKIIN, WM Ha OSHO OOpalleHne MOXKET OBITh OKa3aHO 00Abwe 001020 IK3EM-
nAApPa yeayru (HampuMep, MOXKeT ObITh HAiiIeHO HECKOJIBKO 9K3EMILISIPOB OJIHO-
TUIHBIX OOBEKTOB B IIAMSITH ), HO IIPY 9TOM 110 KAKUM-TO IIPUINHAM HEXKEJIATETbHO
UCIIO/Tb30BAHNE TUHAMUIECKUX CTPYKTYP JAaHHBIX JJIsI IIepeIadn Pe3yIbTATOB.

Cytp callback-dyukiuit coctonT B TOM, 9TO KJIHEHT, 0OpaIlasich K CEepBEpPY
3a YCJIyTOi, IPEIOCTABISIET CePBEPY HEKYIO (DYHKIINIO, KOTOPYIO TOT JOJI?KEH BbI-
3BaTh, KOTJia OY/IET TOTOB OKa3aTh ycayry. Hanpumep, ecsin ycsyra COCTOUT B TOM,
9TOOBI TOJIYIUTh JAHHBIE Yepe3 KOMIIBIOTEPHYIO CETh, IOJCUCTEMA-CEPBED JIO-
JKJIETCST MOMEHTA, KOTJIA JIaHHbIE OyIyT MOJHOCTHIO TOTOBBI, M YK€ TOT/Ia BBI30BET
GYHKIINIO, TOJIYIEHHYIO OT IOJICUCTEMbI-KJINEHTA, [IEPEJIaB eil 9TH JIaHHbIE Yepe3
napamerp. Ecim ke yciiyra, HallpuMep, COCTOUT B TIOUCKE TeX UJIU HHBIX 00bEKTOB
JIAHHBIX B KAKOW-HUOY/Ib CJIO2KHON CTPYKTYpPe BPOJE JiepeBa WU XeIIl-TabJInIIb,
1 3TUX OOBEKTOB MOXKET OBITh HaiijleHO OOJIbINe OJHOIO, TO MOJACUCTEMA-KJIMEHT
BoI3oBeT callback-dyHKIno Mo ogHOMy pasy st KazKI0ro HailIeHHOro 00bheKTa,
repefaBas depe3 mapaMeTphl 3TOT 00beKT. Kak mpaBuio, BO BCAKOM Cliydae Ipu
pabotre Ha sizbike Cu, callback-yHKINIO CHAOXKAIOT JTOTOJHATEIBHBIM IapaMeT-
POM, OOBIMHO UMEIOIIUM THUIl VOoid*, KOTOPBII HA3BIBAETCH YKA3AMENAEM HA TOAD-
308aMeNbCKUE JaHHYe W TIO3BOJISIET KJINEHTY OPTraHn30BaTh U3HYTPU OOPATHBIX
BBI3OBOB JIOCTYII K IIPOU3BOJILHBIM JIAHHBIM, TPEOYIOIUMCS IIPU PEIIIEHUH 3a,/a%U;
B §4.9.2 MBI IPUBOJIUJIN IIPUMEDP HMCIIOJIB30BAHUST TAKOTO ITapaMerpa.

HekoTopbie mporpaMMuCThI ITPEJIIOYUTAIOT HE HCIOJb30BaTh MexaHnusM call-
back-dyukiuit n3-3a BOSHUKAIONIErO ONIyIIeHUs HeyBepeHHocTu. [leo TyT B TOM,
9TO B TPAJUIMOHHYIO UMIIEPATUBHYIO MOJIEJb MBIIIJIEHUS ITOT MPUEM HE yKJa-
JIBIBAETCSI: TIPU Peau3allii MOICUCTEMBI-KJIMEHTa MBI IMEEM JIEJI0 C HeKUMU Jeti-
CMBUAMU, KOTOPbIE JIOJIKHBI IIPOM30UTH B HAIlell Cpeje UCHOJIHEHUs, HO IIPO
KOTOpBIE MBI TOYHO HE 3HAEM, KOTJla, B KaKOH IOCJIeI0BATEIbHOCTU U JlaXKe B
KAKOM KOJIMYECTBE 9TU JeficTBus mpon3oiiryT. s desoBeKka, NPUBBIKIIETO MbIC-
JINTh UMIIEPATUBHBIMU KATETOPUSIMU, TaKas CUTyallus HEIPUBBIUYHA U BBI3bIBAET
OIpeIeIEHHBIN TMCKOMMOPT.

Cremyer nOIepKHYTh, ITO BECh 9TOT JUCKOMMOPT — JIUIIb CJIEJICTBAE HEJIO-
CTATOYHON MMOKOCTU MBIIIICHUsI. Y HPOrPAMMUCTOB, UMEIOIIUX OIBIT PAbOTHI C
GYHKIIMOHAJILHBIME si3bIKaMu, Texauka callback-dbyHKITuit 0OBITHO HUKAKUX TTPO-
OJj1eM He BBI3bIBaeT. BIipodyeM, IPUBBIKHYTH K HYKHOMY CIIOCOOY MBIIIJIEHUS] MOXK-
HO 1 06e3 TaKOI'o OIbITa, 9TO BOIPOC MPAKTUKH; TJIABHOE — He 3aIMK/JINBATHCS HA
TPAIUIIMOHHOM <ITOCJIEIOBATETEHOM» MUMIIEPATUBHOM BOCHPHUSITUNA ITPOTPAMM.

CrenaeM Ba)kHOE 3aMevYaHMe: YTOOBI MOSICHUTH, B YEM 3aKJII0YAETCS TEXHU-
ka callback-dyuknuit, HamMm TPUNLIOCH TPUBJIEYDb TEPMUHBI «CEPBEP» U «KJIUCHTS.
B camowm neste, mpu ncnosib3oBanuu callback-dyuknmit 3ageficTByercs emeé ojHa
JacTHasd MapaJIirMa, ¢ KOTOPO#l MbI CTAJKUBAJINCH PaHEe — KAUEHM-CEPBEPHAS,
Mmodeas. B ponn KimenTa u cepBepa B JAHHOM CJIyYae BBICTYIAIOT Pa3HbIE TACTH
OJIHOH ITPOrPAMMBI, YTO HUKOUM 0OPa30M HE OTMEHSIET UX OCMBICJIEHUS B KAUECTBE
«JIEfICTBYIOIETO JIUIA, OKA3BIBAIOIIEr0 YCJIYTU II0 3AIPOCY» M <«JIEHCTBYIOIIETO
Jiita, OOPAIAIOIIEroCs 38, YCAYTaMUI».

9.4.2. IlporpaMmmMupoBaHe B TEPMUHAX SIBHBIX COCTOSTHUI

Brirte MbI HECKOJIBKO pa3 YIOMHHAIN COOBIMUUHO-YNPABAAEMOE NPO-
2PaMMUPOBAHUE, C KOTOPBIM BIIEPBBIE CTOJIKHY/INCH BO BTOPOM TOME, paccMaT-
puBasi BapUaHThI IOCTPOCHUS CETEBOrO cepBepa. UTO COOBITUHHO-YIIPABJISIEMOE
[IPOrPAaMMHUPOBAHEE CAMO 10 cebe SBJIAETCA MapaaurMOil — HECOMHEHHO; 0O0JIb-
e TOTO, HEKOTOpble OMOJMOTEKHU, MpeJIHA3HAUEHHBIE /I CO3/aHus T'padude-
CKUX TI0JIb30BATEIbCKIX WHTEP(ENCOB, YCIEITHO CKPBIBAIOT (aKT CyIeCTBOBa-
HUS TJIABHOTO NUKJIA, B PE3YJILTATE YEro B BOCIHPUSTHUHU ITPOTPAMMUCTA, BBIIOJI-
HEHUE IIPOTpaMMBbl U3 €JWHON ITOCJIEAOBATEIbHOCTA JIEUCTBUIT NpEBpAIaeTCd B
HedTO (pparMeHTapHOE — BBIIOJIHEHHE OTACIbHBIX HOIIPOrpaMM-00paboTInKOB.
Ho nmaxke mpm mcmoib30BaHUM TaKWX OMOJIMOTEK HTPOTPAMMUCT BCE-TAKH MO-

18Cpasrenne ¢ myném B mporpammax Ha Cu, B orumrame or Ilackass, He o6sI3aTEIBHO CBH-
JIETEIbCTBYET O TOM K€ CaMOM, BeZb HOJMb B Cu O3HAYaeT HE TOJBKO JIOTUYECKYIO JIOXKb, HO
u apudMeTHIeCKoe 3HAYEHNEe; B YaCTHOCTHU, UCIIOJIb30BATh Pe3yJbraT (DyHKIMN strcmp B poin
JIOTUIECKOTrO 3HAUYEHUsI HACTOSITE/IbHO HE PEKOMEHIYETCsI, TIOCKOJIBKY OHO TAKOBBIM HE SIBJISIETCSI,
¥ €CJTH HYKHO CPABHUTH JB€ CTPOKM HA PABEHCTBO, TO JIydIlle HAINCATH UMEHHO CPABHEHHE C
HYJIEM, & He JIOTUYECKOe OTPUIIaHUE.
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otcem TIOMHUTH O CYIIECTBOBAHMM IJIABHOI'O IHUKJIA, IYCTh U CKPBITOIO OT HErO,
n TOTJZa O IIpOorpaMMe€ MO2KHO IIPDOJOJIZKAaThb JAyMaTb B TPaAUIMAOHHBIX HMIIEpa-
TUBHBIX TEPMUHAX; €CJIM BCIOMHHUTHL O callback-yHknmsx, To okaxkercs, 9TO B
COOBITHITHO-yIIPABJIIEMOi MOJIe/IN (DAKTUIECKHU UCIIOIB3YEeTCs STOT IPUEM: B POJIK
cepBepa BBICTYITAET Pean3allis TJIABHOTO IUKJIA, & 00PabOTINKH COOBITHH OKa-
3bIBalOTCs Kak pas callback-yHKIUsIMEU, KOTOpBIE TVIABHBIN ITUKJI BBI3BIBAET IIPU
HACTYIJIEHUN COOBITHS; B KAYECTBE OKA3bIBAEMOI YCJIYTU CJIE/lyeT PACCMATPUBATH
8bL00PKY COOBIMUT.

Ecnu meramopd 036l BOCHpusTHS HA 9TOM 3aKOHYATCH, PE3y/AbTaT Ha BBIXOJIE
MIOJIY YU TCS HECKOJIBKO TtevuaibHbIi. [[porpamma ¢ rpadudeckum natepdeiicom 6y-
J€T COBEPIICHHO HEOXKNJIAHHO JIJIs ITI0JIb30BaTEA «YXOAUTH B Ce6$1>> Ha OIIly TUMBbIE
[POMEXKYTKH BPEMEHHU, HU Ha YTO HE Pearupysi U BbI3bIBasi Pas3JiparkKeHue; cep-
BepHAas IPOrpaMma, 3aJIepKuBasd PaboTy ¢ KJIMEHTAMHU, MOYXKET BbI3BATh Pa3pbIB
COCJIMHEHUH 110 TaliM-ayTy U, KaK CJIeJICTBUE, 0Ka3aTbhbCHd HEYAOBJIETBOPUTEILHON
B CMBICJIE Haﬂé)KHOCTI/I. EC.HI/I cepBepHbie IIPpOrpaMMbl CTOJIb HU3KOT'O KadeCTBa
BCTPEYAIOTCH JIOCTATOYHO PEIKO, TO B IPOrpAMMAaX, rJie COOBITUHHO-OPHEHTUPO-
BaHHAasl MOJEJIb MCIO0JIb30BaHa i nocrpoenns GUI, cus nedasibHass 0cobeHHOCTh
[IPOSIBJISETCS B HAINM JIHM HAMHOT'O 4allle, 4eM XoTesoch Obl. [lob3oBarenn nava-
JIA yKE NPUuBukams K pas3apakaloniuM CBOMMHI 3aMUPAHUSIME IIPOI'PaMMaM, Kak
K I€MY-TO HEn30Ee2KHOMY, a KOPIIOPAIIUU, TOPTYIONINe UM POBLIME «KeIe3TKaAMU»
(B ocobenHOCTH CMapTdOHAMH), BEChMa I'PAMOTHO HCIOJIb3YIOT CJAOXKUBIILYIOCS CU-
TyaIuio, 9To0bI MMPOJI0/KATH BTIOXUBATDL IIyOJInKe BCE Oojiee u Oojiee «MOIITHBIE»
YCTPOMCTBA: KOOI Y€M MOIITHEE MPOIECCop, TeM Jiydiie OyiyT paborars Ha HEM
[IPOTPaMMBI U TEM MEHBIIIe OHU OYyT TOPMO3UTD. «DBOJIOIHS> CMAapT(OHOB J0-
IILJI& JIO TOTO, 9TO BCTPOEHHBIE aKKYyMYJISTOPBI HE CIIOCOOHBI 0OECIIEYNTD TUTAHUE
nporieccopa (a To U HECKOJIBLKHX IIPOIECCOPOB — TaKue CMapT(OHbBI YKe TOXKE Cy-
[IECTBYIOT) JIa’Ke B TEUEHUE OJHOTO JTHS — CKOPOCTH BBIYHUCJICHHI ITPOCTO TaK He
BBIPACTET, 38 HEE IPUXOJUTCS PACILIATUBATHCS MIOJIOTPEBOM OKPYKAIOIIEi CPEe/Ibl.
[TorpaTus Ky4y JieHer Ha 3aBeJIOMO HeaIEKBATHOE CBOMM (DYHKITUAM TEXHUIECKOE
YCTPOMCTBO — (DAKTHUIECKH CYHEPKOMITBIOTED B KOpPIIyce TejieOHA — I0Ib30Ba-
TeJb B JOBEPINEHNE BCErO BBIHYKJIEH TACKATH ¢ cO0O#l 3apsiHOe yCTPOWCTBO U
BHEITHUN aKKyMYJISITOD, U, 9TO €I XYXKe, HUuKmMo ne 3amedaem abcypinocmu
npoucTrodauLe2o.

[Ipu sTOM JTarke HE BCe MPOTPAMMUCTBI TOHUMAIOT, 9TO, KOIJIa IIPOrPAMMa TO
U JIeJIO TIOJIBUCAET, IpobyieMa-To He B HEeJIOCTAaTKe MOIHOCTH Iporeccopa. [Ipocto
[IpU HAITMCAHUU IPOrPAMM UX aBTOPBI HAYUCTO 3a0BIBAIOT O BarKHelieM TpeboBa-
HUW, HAKJIAIbIBAEMOM Ha, 00paboTunKu cOOLITHl: MporpaMMa He MMeeT IIpaBa
3aep>KUBaThCsd B 00paboTumke HagoJiro. Bo Bropom Tome MBI 00CyK1a-
JI, 9TO 3TO <«HAJIOJTO» MOXKET B 3aBHCUMOCTH OT 3aJIa9¥M O3HAYATH JOBOJIHLHO
pasHble KOJIMYECTBEHHbIC OIPAHIYEHH ), HO HECOMHEHHO OJIHO: GJIOKMPYIOIIe
CHCTEMHbBbIE BbI3OBbI B 00paboTYnKe COOBITHII HEOOIIyCTUMbI KaTeropu-
yecKu. Ecian 06 3ToM 3a0bITh, HIKaKasi CKOPOCTH IIPOITECCOPA TOPIO HE IIOMOYKET —
JJTATEJIBHOCTD OJIOKUPOBOK OT HEE He 3aBUCHT.

HetorryctumocTh 6JIOKUPOBOK BJIEYET 3a cODOIL €IIE OJIHY IapaJiurMy, 006Cy K-
JICHUIO KOTOPOW MBI BO BTOPOM TOME IMOCBATHJIN Iiejblii maparpad (§6.4.5) —
NPO2PAMMUPOBAHUE 8 MEPMUHATL ABHBIL COCMOAHUL, THOTIA HA3LIBAEMOE
TaKXKe aA8MOMAMHBIM NPO2PAMMUPOBAHUEM, TTOCKOJIBKY HEOOXOMUMBIH Tpu
9TOM CTUJIb MBIIIJIEHUA OYEHDb IIOXOXK Ha TOT, 9YTO IIPUXOJAUTCA IIPUMEHATH IIPU
pabore ¢ HOpMATBHBIMI aBTOMATAMEI — IPOCTHIMU KOHewHbiMmy (auri. FSM —
finite state machine) u GoJiee CIOXKHBIME, TAKUME Kak MariuHa ThbiOpUHIa, aBTO-
MaTbhl C MAra3uHHON MAMATHIO U T. 1I.

Hano ckazaTh, 9T0 5TOT CTHIH BCTPEIAELTCS HE TOJBKO B COOBITUHHO-OPUEHTHU-
poBaHHBIX ITporpaMmax. CoBceM HeEJIaBHO, PACCMATPUBAsI UTEPATUBHOE PeIeHne
IS 3a1a9u 00X0/[a JIBOMYHOIO JiepeBa (cM. cTp. 15) 1 cpaBHUBas €ro ¢ peleHneM
PEKYPCUBHBLIM, Mbl OTM€4YaJIkd, 9YTO B UTEPATUBHOM DPEIIECHUN HaM IIPUNIJIOCH A6-
HHLM 06PA30M BBIICTIUTH NHMOPMAIIIIO O MeKYWeM COCMoanuY 06xoda depesa, To-
/18 KaK PEKYPCUBHOE PEIeHHe UCIIOIB30BAJIO MY 2Ce CaMmyro THPOPMAIIHIO, ITPE/I-
CTABJICHHYIO HESIBHO — B hopMe mekyuied no3uyuy, NCIoJHeHns B (DYHKIIAAX, Ha
HACTOSAIINI MOMEHT BBI3BAHHBIX, HO €I¢ HE 3aBEPIIEHHBIX.

MokHO cKa3aTh, YTO «aBTOMATHOE» IIPOrPAMMHPOBAHUE KAK Pa3 U COCTOUT B
9TOM IEPEXOJI€ OT HESIBHBIX COCTABJISIIOIIMX COCTOSTHUS BBITIOJTHEHUST TPOTPAMMBI
K UX SIBHOMY YKa3aHWIO B BUJie 3HAYeHnll 1lepeMenubix. B npumMepe ¢ 06xomoM Jie-
peBa SIBHOE COCTOsIHUE OBLIIO TIPEJICTABIEHO OJHOCBA3HBIM CIIUCKOM, COIIEPIKAIIIM,
BO-IIEPBBIX, YKa3aTeJIU Ha KOPHEBBIEC y3JIbl HOJIEPEBbEB, PACCMOTPEHNE KOTOPBIX
HA4YaJI0Ch, HO €I¢ He 3aKOHIUJIOCH, U, BO-BTOPBIX, IEPEMEHHBIE, [TOKA3BIBAIOIINE,
9TG yIKe CIIEJIAHO U Yero eIé He CJIeJIAHO C JJAHHBIM KOHKPETHBIM Y3JI0M (He c/iesia-
HO eIlé HU4Iero; Hayat obX0/1 JIEBOT'O MOJJIEPEBa, TaK UTO [IOC/Ie BO3BPATA K STOMY
y3J1y OCTaéTCsi PacCMOTPETH 3HAUEHHE M3 CAMOIO 9TOr0 y3ja U 0DOWTH IpaBoe
[IOJIJIEPEBO; HadaT 00XO0J1 IIPABOro MOJEePEBa, TaK UTO IIOC/Ie BO3BPATa K JIAHHOMY
Y3JIy CJIeJyeT 3aBEpIUTb ero pacCMOTPEHUE, BBIOPOCUB €ro u3 CIUCKa paccMar-
pPHBAaEMBIX y3J0B). B PEeKypCHBHOM peIieHHN KakK pa3 BOT 9TO COCTOSHUE JIeJT C
TEKYIIUM y3JIOM IIPEJCTABJISIETCs] HESIBHO B BUJE TEKYIIEH MMO3UITUU UCIIOTHEHUST
B (QDYHKIME, BBI3BAHHON Jj1sT 0OPAbOTKN JAHHOTO y3Jia C €r0 MOIEPEBbIMHU.

QopmasibHO TOBOPsI, perrenue, odcyxkaasiieecst B §9.2.1, He BIOJIHE COOTBET-
CTBYET aBTOMAaTHO IIapajJaurme, n BUHOMN TOMY He6OHbH_IaH OIITUMMU3AI A, Ha KO-
TOPYIO MbI OOpATU/IN BHUMAaHUE YUTATE/si B KOMMEHTApUU Ha CTp. 16: momMeHsB
COCTOsIHUE Ha CJIEIYIOIIee, MbI ITO3BOIUIN cebe He 3aBepIlaTh Ha 3TOM 00pabOTKY
wWaza a8momama, a cpaly MepexoJuTb K paboTe CO CJEIYIONUM COCTOSTHUEM —
JJIsl 9TOr0 B omeparope switch orcyrcrBoBasu npuBbidHbie break’n. Eciiu Bep-
HyTh 3TU break’m 0o0paTHO — Tyia, I'Jle BMECTO HUX B TEKCTE DPEIIEeHUs] CTOST
KOMMEHTapuu «no break here» — MBI OKOHYATEJHbHO NPUBEIEM DPEIEHUE B CO-
OTBETCTBHUE MOJIEJIN IIPOrPAMMUPOBAHNST B TEPMUHAX SIBHBIX COCTOSIHUIT (KAK MBI
yZKe OTMeUasIu, B JJAHHOM CJIydae Pe3ysibTaTbl paboThl OT 3TOrO HE U3MEHSITCS).

[TombITaeMcst HECKOBKO (hOpPMAaIM30BaTh TPeOOBAHMS, TIPYW BLIIIOJHEHNN KO-
TOPBIX MOXKHO CKa3aTh, 9TO B JAHHON mporpaMme win eé gpparMeHTe mpuMeHeHO
MIPOrPAMMUPOBAHNE B ABHBIX COCTOSHUAX. [Ipexkie Bcero npusHaeMm, 9To BCE ITO
He 6oJiee YeM YaCTHBIN CJIyvuail IMIEePATHBHOTO TPOrPAMMUPOBAHUS, TO €CTh PO~
I'paMMUPOBaHNsA, OCHOBAHHOI'O Ha IVIOILI/ICbI/IKaH‘I/IHX — HO BMECTO pPacCIlJIBIBIaTBhIX
«MOJTUDUKAIUN CPEJIbI BBIMOTHEHUS» MbI 3/I€Ch TOBOPUM 00 U3MEHEHUAL COCMO-
AHUA POPMANLHO20 GEMOMAMA, TIPUIEM ITOT «aBTOMAT» MOYKET CYIIECTBOBATH
TOJIbKO B HAIlleM BOOODaXKEHWH, OH, CKOPee BCero, MPUJyMaH CIENHaIbHO JIJIst
KOHKPETHOM 3aJa9i U MBI Jaxke He IMOTPYAUIUCH JaTh eMy (hopMaibHOE OINca-
HUe, HO BCE 9TO HE OTMEHsieT aBToMara Kak 6a30Boil abcrpakiuu. Iloguepkuém
emé pas, 9To POpMAJbHBIN aBTOMAT — 3TO abCTpaKIus Oojee oOIasi, HEXKeJn
«KOHEYHBIN aBromMaT» (Ta ke MarmmHa ThIOpHHIra He SIBJISIeTCS KOHEYHBIM aB-
TOMATOM, HO, GECCIIOPHO, SIBJISIETCsI ABTOMATOM (hOPMAJIBHBIM ); (haKTUIECKH MbI
MOKEM TOBOPHUTH 00 oduepeaHoM (hOpMaJIbHOM aBTOMAaTe BCSIKUM pas3, KOTIA MbI
MOXKEM YKa3aTh, U3 Y€r0 COCTOUT U YE€M OIPEJIESETCS €r0 COCTOSHUE U 110 KAKUM
3aKOHAM 3TO COCTOSHUE OYJIeT U3MEHSATHCS.

Cocrosine aBTOMaTa JOJIXKHO OMNUCHBIBATHCA HEKOTOPOu edurot
CTPYKTYPOM JAHHBIX — OT IPOCTOI EJI0UNCIEHHOMN TIeEpeMEeHHOI (ec/in HaM J11st
HAINX [eJIeil XBATaeT BO3MOXKHOCTEH MPOCTOr0 KOHEYHOIO ABTOMATA) /10 CKOJIb
YT'OAHO CJIOZKHBIX CUCTEM B3aMMOCBA3aAHHBIX O6'])€KTOB B ITaMATHU; OIIPEIe/IAI0ONTUM
TYT OCTAaETCH eduHCME0 BCEX ITUX OOBEKTOB B IPEICTABJIEHUH IIPOIDAMMIUCTA,
1eM OBl TAKOe <«EJIMHCTBO» HU OBLIO Ha caMoM Jeje. Hampumep, mporpaMMucT
BIIOJIHE MOKET 3asBUTH, YTO COCTOSIHUE €r0 aBTOMATA OIIPEJIEIISIETCS «BOT STHUMHU
BOT CEMbIO JIOKAJIbHBIMU HIEPEMEHHBIMI», KOJIb CKOPO IIEPEMEHHBIE PACIIOJIOXKEHBI
PAJIOM M MX B3aUMOCBS3b OYEBHJHA U3 TEKCTa IIPOI'PAMMBI — XOTs JIydIlle ObLIO
ObI, HABEpHOE, O0BEMHUTH MEPEeMEHHBIE B €IUHYIO CTPYKTYpPY, HO 3TO He 00si-
3aTeJIbHO; C JIPYTOil CTOPOHBI, 3asIBJISITh, UTO COCTOSIHUE OIIPEJIE/ISIeTCS] HaDOPOM
[EPEMEHHBIX, OIMMCAHHBIX B PA3HBIX MeCTaX, ObLIO Obl y2Ke HECKOJIbKO CTPAHHO.
Koneuno, 3/1ech C/I0KHO TIPOBECTH (POPMAJIBHYIO TPAHUILY JOIIYCTUMOTO, HO TIPH
OIHCAHUU “EAOBEYECKO20 MbIULLEHUSA BOOOIIE CJIO2KHO TOBOPUTH O (POPMAJIBHO-
CTX, & MBI BeJb OOCY2KJaeM IapaJurMbl IPOrPAMMUPOBAHNSI, TO €CTb UMEHHO
OCODEHHOCTHU MBIULLEHUSA TTPOIPAMMHUCTA.

Pabora aBToMara /10/12kHa OBITH PA30UTA HA SICHO pPa3/ieJIEHHbIE MeXK-
oy coboit waau. Oduepe HON TIAT BBIMOJTHAETCS TPU HACTYILICHUH KAKOTO-TO
COOBITUSI, BHEIITHErO 110 OTHOIIEHWIO K ABTOMATY. 1AKUM COOBITHMEM MOYKET
CTaTh YTEHUE OYEPETHOrO0 CHMBOJIA U3 [TOTOKA, HACTYILIIEHHUE OIIPEJIEJIEHHOIO Bpe-
MEHHOTO MOMEHTA HJIU YTO-TO eI, BKJIIOUAs, Pa3yMeeTcsl, BBIOOPKY COOBITUS B
COOBITUIHO-yIIPABJISIEMOll IIporpaMmMe; 60jiee TOTO, MpOrpaMMa, HCIIOJIb3YOIasT
aBTOMAT, MOXKET BOODIIE MOTPebOBATh OT ABTOMATA BBIIOJHEHUS €0 IMaroB, He
pacmoJsiaragd Ajigd 3TOI'0 HUKaKUMU CO6bITI/IHMI/I — 9TO HEBa2KHO, C TOYKH 3pPEHUI
aBTOMAaTa COOBITHEM OyIeT caMm (bakT 9TOro BHEITHero TpeboBanus. B Harem ap-
TOMAaTEe, OOXO/IMBIIIEM JTBOUIHOE JEPEBO, BCE MMEHHO TaK U OBLJIO — €ro Iaru BbI-
[TOJTHSIJTUCH TIOJIPSiJT B IIUKJIe, KOTOPBI HUKAKUX COOBITHI He K JaJ1. Keim, ckaxem,
HaM IPUIET B TOJIOBY HAITMCATH SMYJIATODP MAINMUHBL THIOPUHTA WU APYTOiL 110100~
HOil MOJIeIU, MBI, CKOPDee BCEro, peajim3yeM e€ B aBTOMATHOM CTHJIE, HO HUKAKUX
BHEIITHUX COOBITHI y HAC, OISTH-TaKHU, 3/1eCh HE OyJIET.

Beririonuss odepe iHoii mar, aBToMaT MOXKeT KaK MEHSTb COOCTBEHHOE COCTOSI-
HUE, TaK U IIPOU3BOJIUTH KAKUE-TO BHEIIHUE JICHCTBUsI, HO 3JIeCh UMEETCsI CePbE3-
HO€e OTpaHUYeHNe: JII0ObIe AeficTBUs, KOTOPbIE BBIIIOJIHIET aBTOMAT, KpoMe

YBupouem, B nporpamme ¢ GUI 3a npoBeséHHyI0 B 06paboTUNKe ONHY NECATYIO CEKYHIbI
aBTOPa 9TOro 00pPabOTYIUKA CJeIyeT 10 MEHbINEl Mepe 06paboTaTh KaHIEAIOPOM.
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U3MEHEHUsI COOCTBEHHOT'O COCTOSIHUSI, HE JIOJI2KHbI OKa3bIBATh HUKAKOTO
BJIMSTHUS Ha paboTy caMoro aBToMaTa. B 4acTHOCTHU, HEJIb3s U3 OIHOTO Iara
ABTOMATA [IEPEXOJIUTH B IPYTOIl €ro 1mar, TpeboBaTh MOBTOPEHMs mara (BbI3bIBATH
[Iar u3 Hero caMoro), Wiu KaKuM Obl TO HU ObLIO 0OPA30M HBITATHCS YIPABJIATH
IIOTOKOM BHENIHUX COOBITUI, B OTBET HA KOTOPbIE POUCXOAAT maru. Mnatde roso-
psi, aBTOMAT HE MOXKeT peliaTh, KOrJa eMy JiejlaTh OYepeJIHOM I1ar, OH
JIMIIB PEIaeT, 9TO JIO0JIKHO OBITH CeIaHO B pAMKax Iara, ecau (KOorma) OT Hero
orpeboBasu ¢ieaTh mar. Hanpumep, eciiv ¢ moMotipio hopMabHOTO AaBTOMATA
MBI aHAJTU3UPYEM IEIIOYKY CHMBOJIOB, TO aBTOMAT HE MOXKET CaM TIUTATH CUMBO-
JIBI, TO €CTh BBIMIOJIHATH OIEPAIUIO YTEHUS WU BHIDOPKU CUMBOJIA U3HYTPHU CBOUX
IAroB — 00sI3aTEeIbHO JIOJIZKEH OBITh KTO-TO BHEITHUM, KTO «CKaAPMJIMBAET» aBTO-
MaTy 9TU CUMBOJIbI OJMH 3a JIPYTUM, 3aCTaBJIsAsd aBTOMAT MPOE/IaTh O9€PE/HOMN
CBOII mIar Jiuist 06pabOTKU KaxKJI0T0 U3 CUMBOJIOB.

[IpunsTie periennsi, 970 KOHKPETHO JOJ2KHO OBITH CJIEJIAHO 3a OYepE/IHOM
mar, MoxeT ObITb OCHOBAHO TOJILKO HA JIBYX BeIaxX: HAa COOCTBEHHOM COCTOSHUU
aBTOMAaTa U Ha HACTYIUBIIEM COOLITHH, B OTBET HA KOTOPOE IIPOU3BOIUTCS IIIar —
€CcJid, KOHEYHO, 9TU COOBITUS YE€M-TO JAPYT OT APYra OTJIUIAIOTCH.

OTMmernM ermé ofWH HeOYeBUAHBIN MOMEHT. [Iporpamme, ncnomb3ytomeii as-
TOMAT, COBEPIIEHHO He 00s13aTeIbHO 00pamaTbes K HeMy (MHUIUUPOBATH BBIIOJI-
HEHMe ero I1aroB) B IUKJIE, XOTsl BO MHOIHUX CJIydasX MMEHHO TaK ¥ JIeJIaeTCsl.
[TpencraBbre cebe, 4TO y BAC B HEKOTOPOIi CJIOXKHON CTPYKTYpE JAHHBIX (HAIIPH-
Mep, B JIepeBe) XPaHsITCs 3HAUYEHUsI, KOTOpbIe Ballleil IporpaMme I0TpeboBaInCh
n0 00HOMY — HAIIPUMED, ITO KaKHe-HUOY/b OJTHOPA30BbIe KJIIOUN, KOTOPhIE HY K-
HO II€pe/laBaTh K/IMEHTAM, CBI3aBIIUMCI C BAMHU Yepe3 KOMITLIOTEPHYIO CEThb, IO
OJIHOMY B KaXKJIOM CeaHce CBs3U. B 3ToM ciiydyae GECCMBICJIEHHO PEaJjIn30BbIBATH
006X0/1 IepeBa eUHOM MIPOIIeIypoil — XOTh PEKYPCUBHOM, XOTh Iukndeckoit. [Ipo-
1e/lypa 00xo/1a BBIJIACT BaM Cpa3y 6ce 3HAYEHUS U3 JIEPEBA, & BAM TAaKOe 3HAYEHUE
HYKHO 0010, IPUYIEM KaxKJIbIil pa3 HOoBoe (Ouepe[HOe BLIOpAHHOE U3 JepeBa UJIn
9TO y Bac Tam). B Takoil cuTyalmm y Bac OCTaETCs eBa JIM He eJIUHCTBeHHBII
BBIXOJI — peajM30BaTh ABTOMAT, KOTOPBI Ha KaXKJIOM CBOEM miare OYJEeT BbIJa-
BaTh OvY€peIHOE HYKHOE 3HadeHne. Kaxkapiil pa3, Korma BaM TpebyeTcs 3HATEeHIe
(B HaIlleM TpuMepe — KOIJIa OYePEeJIHON CeTeBON KJIMEHT OT BaC TAKOBOE 3aIlPO-
CuI1), BBl OOpaIaeTech K aBTOMATY, 3aCTaBJIsAsl €10 CIIeJIATh OJMH IIIar, U [OJIydaeTe
HUCKOMOE; 3/IeCh HU CaM aBTOMAT, HU JaXKe TOT, KTO €0 BBI3bIBaeT, He OyJieT 3HATh,
KOIJIa CIIYYNATCs CJICAYIONIUHA 1ar.

9.4.3. MeTanporpaMMupoBaHue

[IpucraBka Mmema- B OJHOM M3 CBOMX 3HAYEHUI COOTBETCTBYET, €CJIU MOXKHO
TaK BbIPDa3UTLCHA, IIPUMEHEHUIO Yero-To K HeMYy 2Ke CaMOMYy, WJIM, I'OBOP#A CTPO-
JKe, TPUMEHEHe TEPMUHA, K sIBJIEHUIO, KOTOPOE ITOT TEPMUH UCXOTHO 0B03HATAET;
TaK, eCJIA TaJJaKTUKA — 9TO CKOILJIEHNE 3BE3] U IPYTUX KOCMIUIECKUX 00 bEKTOB, TO
MeTaraJlakTHKa — CKOIUIEHHE CKOIJICHUiT (ralakTHKa TaJaKTHK ); MEeTaJaHHbIe —
9TO JAHHBIE O JIAHHBIX, METASI3bIK — SI3bIK JIJIsl OIUCAHUS JPYTUX S3BIKOB U T. II.
C y48TOM 9TOTO MOXKHO JOTaJAThCsI, ITO MO METMaAnpPo2PaMMUPOSaAHUEM TI0-
HUMAETCs HAITMCAHUE MMPOIPAMMHOIO KOJA, PE3YJIbTATOM BBIMOJHEHUS KOTOPOTO
OyeT MpOrpaMMHBIH KO,

Haubosee oueBUIHBIM BApUAHTOM 3J1€Ch OyJIeT HAIIUCATH HEKYIO ITPOIDAMMY,
KOTOpasl CPeHEPUPYET U BBLJIACT B CBOIO 04Yepe (b HporpaMmy (BO3MOXKHO, HA JIPY-
IOM $I3bIKE, & MOXKET OBbIThb, U HA TOM YK€ CAMOM), U y»Ke 9Ta CreHepUPOBAHHAs
mnporpamMma, Oyaydu UCIIOJHEHHOM!, TO3BOJIUT MOy IUTh PE3YJIbTAThI, KOTOPhIE U3~
HAYAJIBHO ObLIN HYXKHBI. Tak JeficTBUTENBHO WHOT/IA JeTaioT, XOTsS W CPaBHU-
TEJILHO PEJIKO; HAMHOTO allle TeHEPUPYETCs He Tiesiast TPorpaMMa, a Kakasa-To eé
9aCTh, HAITPUMEDP, OT/AETbHBIN MOy Th. TaKyio BOZMOXKHOCTE CJI€/IyeT KaK MUHU-
MyM IPUHUMATH BO BHUMAHUE.

B mpumepax, KOTOpble MBI PACCMATPUBAJIN B HAIEH KHUTE, TOKA HUYIETO TO-
JIOOHOT'O HE MMPUMEHSLJIOCh, HO ¢ METAIIPOrPAMMUPOBAHUEM KaK sIBJICHIEM MBI yIKe
CTAJIKUBAJINCh, U He pa3. Pedb B MaHHOM ciiydae WIET O MAGKPOCATL W MaKpPO-
nporeccupoBanuu. Tejo Makpoca MpeJCTaBsgeT cOOOU KOJ, ITPEBPAINAIOIIIIICS
BO (bpparMeHT TeKCcTa IPOrpaMMbl B XOJIe MaKPOPACIIUPEHUSI, TO €CTh MAaKPOOII-
pesieJieHre — 9TO W €CTh METaKO/I, & €ro HAIMCAHNE — MeTalporpaMMUPOBaHME.
Koneuno, npuMuTuBHBII Makporporeccop sizbika Cu Ha CepbE3HBIN HHCTPYMEHT
MAaKpOTPOTPaAMMHUPOBAHMNST, K&K TOBOPHUTCS, He TSHET; HO BOT PACCMATPUBABIITANHCS
BO BTOPOM TOME MAaKPOIIPOIECCOp, BCTpoeHHbIH B accembiiep NASM, moszBosisieT
3aHNMATBCS METATIPOTPAMMHUPOBAHUEM TTOJTHOTIEHHO — GJIaromapst aJrOpUTMUYIe-
CKOIl TIOJTHOTE, 00eCTIeTNBAEMOil MAKPOIIOBTOPEHUSIMU U APYTUMUA BOZMOXKHOCTSIMU
9TOTO MaKPOIIPOIECCOPA.

B ciretytonux 9acTsx KHUTH MBI €I1I¢ MHOT'O Pa3 BCTPETUMCSI C PA3HOOOPA3HbI-
MU [TPOSIBJIEHUSIMU MeTamporpaMmMupoBanus. Tak, BCKOpe HaM IMIPEJICTOUT U3y IaTh
maboubl Cu-++-, KOTOpBIE B OIPEJIEIEHHOM CMBIC/IE TOYXKE SIBJIIOT OO0 Makpo-
CbI; KaK MBbI y6eILHMCH no3aHee, B UHTEPIPETUPYEMbIX f3bIKaX IIPpOrpaMMUpOBa-
HUSI CTIEKTP BOZMOYKHOCTEH METAIIPOrPAMMUPOBAHUST CYIIECTBEHHO PACIITHPSIETCS.
Ho Bcé a10 mesio OyyImnero; moka CTOUT OTMETHUTD, UTO METAIPOIPAMMUPOBaHUE,
HECOMHEHHO, IIPeCTaB/IsieT coboit mapaaurmy. UToObl mpeacTaBuTh cebe He TOThb-
KO TO, KaK Oy/eT BBITIOJHSITHCS CaM METaKO/I, HO M TO, Kak OyaeT BecTu cebsi KO,
CTABIIAHN €r0 pe3ysIbTaToOM, TPeOyeTCst OMpee/IEHHOe NHTEIEKTYATbHOE YCUITHE
U MBIIIJIEHIE, OTIHIAOINIEECs: OT OOBITHOTO.
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Azpik Cu+-+, OOII u AT/I

DTa YacTh HaIllell KHUTU OYJIET IeJIMKOM IOCBsIIeHa U3y IeHuo a3bika Cu++
U MapajurM IporpaMMUIPOBaHUs, KOTOPbIE B HEM MOJJIEPKUBAIOTCA. 3BIK OBLIT
npeyioyked BeépaoM CrpaycTpylioM B Hadaje BOCBMUIECATHIX T'OJOB IIPOIIIE/I-
Iero CTOJIETUsT B KA4eCTBE OTBETA Ha HA3PEBIIYIO MOTPEOHOCTH B MHIYCTPHUATIH-
HOM OOBbEKTHO-OPUEHTHUPOBAHHOM SI3bIKE M MU3HAYAJBHO IIOCTPOEH KaK pacIlupe-
HEe (XOTs ¥ HE COBCEM CTPOroe, KaK MbI YBUJIUM Iy Th [O37Ke) XOPOIIO 3HAKOMOTO
HaMm sizbika Cu; mo0aBjIeHHBIE B SI3BIK MHCTPYMEHTBI O0ECIIEUUBAIOT MOJIEPIKKY
KakK O0bEKTHO-OPUEHTHPOBAHHOTO MPOTPAMMUPOBAHUSI, TaK ¥ TEJIOTO PSIa JIPY-
IUX MapajurM — abCTPaKTHBIX TUIIOB JIAHHBIX, 000OIIEHHOTO ITPOrPAMMHUPOBAHUSI,
06pabOTKN UCKIIOUYUTEIBHBIX CUTYaIIni 1 T. 1.

[Tapagurmy 06bEKTHO-OPHEHTHPOBAHHOTO TPOTPAMMUPOBAHUS MBI yKe HAUU-
HaJIn 00CYXKIaTh B IIPeIbLIyIIel 9acTu (cM. ¢Tp. 14); TaM yKe Mbl YIOMSIHYJ/IH eII[é
OJIHY BarKHYIO TIAPAIUTMY — abCMPAKmHvLe Munvs 0aHHvlT.

B sswike Cu++ mpencrasiienbl cpejcrsa Kak it OOII, Tak m i cozia-
aust AT/, mpuaém cIoKHO cKa3aTh, KaKas U3 9TUX JIBYX MapajJurM Mo IeprKaHa
JIydIney. 3alyTaHHOe TTOJIOKEHUE YCYTyOJIsIeTCsI 1€ U TeM, UTO JIJIsT 00eCIIe e st
«3akpbITOCcTH> (Kak 06bekToB, Tak 1 AT/]) Cu-+-+ BBOAUT eMHBIH WHCTPYMEHT,
TaK Ha3bIBAEMYIO 3GULUMY, U BJODABOK HA ITPOUCXO/IsIIIEe HAKJIAIbIBAET 3aMETHBII
OTIIEYATOK UCXO/HAs uMIieparuBHas cyiHocts ducrtoro Cu. K romy ke OOII u
AT]l He ncuepnbIBaIOT HOBIIECTB, BBEJIEHHBIX B CH-++ 110 CPABHEHUIO C UUCTHIM
Cu; Tak, obpabomxa uckarouwerut Boobine Hukakoro orHorrenns Kk OOII He ume-
€T, ¥ Y MHOTHX IIPOTPAMMUCTOB 3TOT (DAKT BBI3BIBAET HEJIOBEPUUBOE YIUBJIEHUE,
oCKOBKY B CH++ MCKITIOUEHHST TECHO CBSI3aHBI ¢ OOBEKTAMH U HACIECIOBAHUEM.
Mexay OOII u «Bcem ocranbHbIM» si3bIK Cu+-+ cam 1o cebe HUKaKOH 9ETKOI
IPAHUIBI HEe ITPOBOANT. BeTpedaroTcst MporpaMMUCTBI, BOOOINEe HE YMEOIINe HC-
nosib3oBaTh OO, HO 11py 3TOM yBEpeHusbie, 4TO TO, 4TO OHHU JiesiaioT — 310 OOII
U eCTh.

Mpr mocTapaeMcst CBOEBPEMEHHO HAITOMUHATDH YUTATENI0, 9TO B JEHCTBUTETh-
HOCTH abCcTpakTHbIe Tulibl Jauabix — 370 ermé He OOIL. Cpasy ke oroBopumcsi,
49TO abCTPaKTHBIE THUIBI JAHHBIX CAMHU TIO ceHe JIOCTATOYHO MOJIE3HBI, M 9TA TOJTh-
3a HE CTAHET MEHBIIE OT TOr0, YTO UX MyTAIOT C OOBEKTAME; HO YMEHUE MBICJIUTH
B TEPMUHAX OOBEKTOB M COOOITEHWH, TO €CTh MMEHHO TO, 9TO COCTABJISIET CyTh
00'bEKTHO-OPUEHTUPOBAHHOTO [IPOTPAMMUPOBAHES, TOXKE OU€Hb BayKHO, B OCODEH-
HOCTHU IIPU CO3JAHUHU OOJIBIIUX U CJIOKHBIX ITPOrPAMMHBIX cucTeM. IlosTomy Oy-
JIET YMECTHO TOCOBETOBATH YUTATENIO PEryJISIPHO BCIOMUHATH MPO OOBLEKTHI U
COOOITEHNST, TIOKA MBIIIJIEHIE B 3TUX TEPMUHAX HE CTAHET IS HErO IPUBBITHBIM
JIEJTOM.

Paccmorpes uHeTpyMenThI, uMmeronuecst B Cu+-, Mbl 00s13aTe/IbHO emé pas
BEepHEMCST K BOIIPOCY O MAPaIUTMax, TO €CTh O TOM, KaK, TPUMEHsIsT BOSMOXKHOCTH
sI3bIKA, MOXKHO OCMBICJIUBATE CBOIO IPOTPAMMY Pa3IUIHBIMHU CHOCOOAME. DTOT
BOIIPOC OY€Hb BaXKeH, MMOCKOJIbKY BCE, UTO €CTh (M MOXKET OBITh) B sI3BIKE IIPO-
rpaMMUPOBAHUST — JIUIIb HEKAs MEeTHUYECKAA TOIJIEPXKKA MapajiurM, TOrIa Kak
caMU TTapaIUTMbl CYIECTBYIOT JIUITh B MBIIJIEHUN TTPOTPAMMUCTA.

10.1. Or Cu ¥k Cu-++

Kak mbr yxe ynomunasnu, Cu+-+ mnocrpoen kak paciupenune Cu, HO B CHITY
oeJsoro pdaa UCTOPUYECKHUX IIPUYHNH HE ABJIAeTCdAd €ro CTPOruM Ha/IMHOXKECTBOM.
[Tporpammbl, Hamucannble Ha dncToM Cu, B OOJILIMUHCTBE CIydaeB OYIyT KOp-
PEKTHBI ¢ TOUKHU 3penust sizbika Cu+-+, Ho He Beerja. Tak, B Cu++ mpucyrcrBy-
eT IeJIBI PsiJl KJUYEBBIX CJI0B, KOTOPBIX He ObL1o B Cu. IlosTomy, Hampumep,
[IPOIPAMMY, COAEPXKAIILYIO TAKOE OIIMCAHUE:

int try;

tpaHcaaTop Cu++ coITéT OmmbOYIHOMN, Benb CI0BO try — kiotueBoe B Cu++-.
Kpome Toro, B sizbike Cu-+-+ HeT OTIAEJILHOIO IIPOCTPAHCTBA HMEH IJIsi TEroB
CTPYKTYD; OIHCaHUE

struct mystruct {
int a, b;

};

B mporpamme Ha Cu++ SBJISETCS OMUCAHUEM MOJHOIEHHOTO Muna mystruct, To-
rja Kak Ha Cu Takoe Ke OIUCAHNE 03HAYAJIO ObI JIUIIL BBEJIECHUE Me2a CMpPYyKmy-
poi. Unadge roBopst, B Cu+-+ MBI MOYXKEM OIUCATH MEPEMEHHYIO THIIA MysStruct:

mystruct si;

a B yncroM Cu HaM IPUXOIUJJIOCH HUCIIOJIB30BAaTHL 9TO-TO BPO/IE

struct mystruct si;

(Bupouem, Cu++ noiimér u rakoe). C Apyroii CTOPOHBI, YACTO BCTPEYAIONINECS B
cTapbix mporpammMax #Ha Cu omucaHus BHIA

typedef struct mystruct {
int a, b;
} mystruct;

B nporpamme Ha Cru-+-+ BBI3OBYT OMIMOKY U3-32 BOSHUKAIONIETO KOHMDIINKTA UMEH;
B st3bike Cu TaKOro KOH(MJINKTA He BO3HUKAJIO, T. K. TEIU CTPYKTYP U UMEHA TUIIOB
OTHOCUJIUCH K PA3JIMYHBIM ITPOCTPAHCTBAM MMEH.

B psine curyanuit kommmisitop Cu+-+ BeséT cebst cTpoxke, YeM KOMITUISTOP
qucroro Cu, BbIIaBasi, HAIIpUMep, OmMuOKy TaM, riae B Cu BOZHUKJIO OBl KAK MaK-
CUMyM Tpenynpexxjaenne. K TakuM CUTyalsM OTHOCHATCS, BO-TIEPBLIX, BBI3OBBI
HeOObsiBIeHHBIX (hyHKIUi: B CH 9Ta CUTyaIus CINTAETCsT «HEXOPOIIe, HO JIOITy-
CTUMOI1», TaK ITO, €CJIN 3a0bITh MOAKIIOUYNTD KaKOW-HUOY/Ib 3ar0JIOBOTHBIN (ailr,
porpamMMa MOYXKET OJIAroIOJIyIHO OTTPAHCIUPOBATHLCS, XOTd U C MPEILYIIPeXkKIe-
nusivu. B Cu+-+ 10T HOMED He IPOXOAUT: ecjin PYHKIUs He OIHMCaHa, €€ BbI30B
paccMaTpuBaeTcs Kak omuoka. Bo-BTophix, omubkoit OyieT HessBHOE Tpeodpas3o-
BaHUe a/PECHBIX BbIPaKE€HUII HECOBMECTUMBIX THUIIOB: HalIpUMeD, IIpUCBauBaHUE
BBIpayKeHUsI TUIA int* nmepeMeHHoi Tua double* Ber3oBer omubky B Cu++, TO-
raa Kak B uncToM CH BBIIABAJIOCH TOJBKO npenynpexaenaue. Ommubkoir B Cu++
Oy/leT U HesiBHOE TPeoOPA30BAHNE BhIPAYKEHUS TUIA VOid* B BhIDAXKEHHE JIPYTrOTro
aJIPECHOTO THUIIA, B TO BpeMsl KakK KOMIIATOp ductoro Cu He BBIIAET B TAKOI
CUTYyaIlH JlaKe IPeIyIpeKIeHn.

B gucrom Cu jyist 0603HAUEHUST «HYJIEBONO YKa3aTesisi», T.€. CIEIUAJbHOTO
aJIPECHOI0 3HAYEHUS, 3aB€J/IOMO HE COOTBETCTBYIOIIEr0 HUKAKOMY aJIpecy B ollepa-
TUBHOM naMsTH, ucnoyb3yercs Makpoc NULL. B Cu++ Ha ypoBHe crienmdpukauii
3aKPEIUIEHO, YTO IeJI0UUCIeHHasi KOHCTaHTa 0 UCHOJIB3YeTCs Kak Jijisi obo3Hade-
HUS 1I€J0T0 YUCTIa «HOJb», TaK U JIJISI «HYJIEBOI'O YKa3aTeJsdy, IPUIEM BHE BCIKOM
3aBUCUMOCTH OT TOTO, KAKOBO Ha JIAHHON MAIMHE COOTBETCTBYIOINEe <«apudnme-
TU4Yeckoe» 3Hadenue ajpeca. Koneuno, makpoc NULL mCIosib30BaTh HUKTO HE 3a-
uperaer (xorss 661 U3 coobpaxkenuit copmectumoctu ¢ Cu); npasusibHee OyJer
CKa3aTh, YTO UCIIOJIb30BATb €0 He NPUHAMO.

B cpaBrenun ¢ guctbiMm Cu si3bik Cu-+-+ mMeeT psifi JIOTOJHUTEIBHBIX BO3-
MOKHOCTEH, KOTOpble MOXKHO 3aMETUTDh €Il JO BBEJEHUS CPEJICTB, MMEIOIINX
orrotmenne K OOII uin AT/I. OTmMeruM HEKOTOpBIE U3 HUX.

st mormaeckux 3Hadennit B Cu++ BBEJAEH clienmuaJibHBINA THII bool, cocTo-
damuit u3 nByxX 3uadenuit: false u true. Koneuno, 1esble 1uucia mo-mpezKHEMY
MO2KHO HCIIOJIb30BATH B POJIM JIOTUYECKUX 3HAYEHUI; Hojiee TOro, MejoMy MOXKHO
IPUCBOUTL 3Ha4YeHue Tuma bool, npu sroM false npesparurca B 0, a true — B 1.

CumMBoJIBHBIE JTUTEpaJbl Bpoae *a’ mwan 7’ B Cu++ cumTaioTcss KOHCTAHTA-
Mu Tuna char, Torga Kak B ancroM Cu OHU CUNTAJUCh KOHCTAHTAMM THIA int.
B gucrom Cu 9Ty 0COBEHHOCTH CEMAHTHUKHN BITOJIHE MOYKHO HE 3aMETHTH, & BOT B
Cu++, KaK MBI YBUJUM T103Ke, KOHKPETHBI! THII KOHCTAHTHI ObIBAET BAXKEH.

Ouncanue (nepeMeHHbIX 1 TUIIOB) crasio B Cu-++ onepamopom, 4To 1103B0JIsier
BCTABJIATH €0 B IIPOU3BOJILHOE MECTO IIPOTPAMMBI, & HE TOJILKO B HAYAJIO OJIOKA;
HAIIOMHUM, 970 B uucToM CH HeJIb3sl ONMCATh IMEPEMEHHYIO I0CJIE TOrO, KakK B
6J10Ke BCTpeTmiicsd XoTsi Obl ojuH omneparop. Bojee toro, B Cu++ repeMeHHyIO
MOZKHO OIIUCaTb 6 3G20406Ke YukAa for, IPUMEPHO TaK:

for (int i = 0; i < 10; ++i)
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Hapﬂﬂy C IIPUBBIYHBIMHA 6HO‘IHBIMI/I KOMMEHTapuAMU, KOTOPbIE 3aKJ/IIOYal0TCA B
3HaKU «/*» u «*/», B Cu+-+ BBeIEHBI CMPOUHDBLE KOMMEHMAPUY, 0DO3HATA-
eMble 3HAKOM «//»; KOMIIWJISITOP IPOUTHOPUPYET BECh TEKCT, HAIMCAHHBIN TOCJIE
TaKOI'0 3HAKA, BILJIOTH J0 OJIMXKAMIIEro cuMBoJIa epesoia crpoku. Ecth u apyrue
OTJINYIHNA, O KOTOPBIX BbI IIOCTEIICEHHO Y3HaeETeE.

10.2. O BBIOOpPE ogMHOXKecTBa Cu++

Azbik Cu++ — 37O OAWMH M3 CaMbiX MOMYASAPHLIX UHCTPYMEHTOB COBPEMEHHOIO MpPO-
heccrnoHanbHOro NPOrpamMMUpPOBaHUst, 1 3TO ODCTOATENLCTBO HAKAAALIBAET 3aMETHbIN OT-
MEeYaTOK KaK Ha CaM s3blK, TaK U HAa BO3HUKLUYHO BOKPYI HEr0 MPOrpaMMUCTCKYK KYJbTy-
py. BONBLWMHCTBO HbIHEWHNX NPOrPaMMUCTOB He MbICAUT ucnonb3oBaHus Cu++ B oTpbige
OT cTaHaapTHoii bubnuotekn wabnoros (STL); kpome Toro, cam s3bik NOA BO3LENCTBU-
€M CTaH4apTU3aLMOHHOrO KOMUTETA U KPYMHbIX PUryp nMporpaMMUCTCKOrO CEKTOpa ycnen
U3PSALHO PaCnyxHYTb 1N NOTEPSTb KOHLENTYaNbHYHO LeNoCTHOCTb. [onHoe onucaHue Bcex BO3-
MOXKHOCTEI A3blka 1 ero CTaHgapTHol bubnmotekn npeacraenisieT coboli KHUMY Takoro obb-
€Ma, 4TO €0 BMOJIHE MOXXHO MPU XKEJAHUM BOCMOJIL30BATHCS B KAYECTBE OPYXKUS MPOTUB
BparoB (B CMbIC/IE HUCTO MEXaHUYECKOM); Mpu 3ToM obbEM MaTepnana, Kak HW CTPaHHO,
ewg He camasi bonbwas npobnema npu usydeHun Cu++. K coxanenuto, TpaguLnoHHON
HblHE CTafla Cxema, Korja B CaMOM Hadasie Kypca B Mpumepax WCMOJb3YHOTCS 3K30Tu4e-
CKMe BO3MOXHOCTN BUBINOTEKMN, HO HE FOBOPUTCS, Kak BCE 3TO YCTPOEHO; B UTOrE TEPSIETCS
OLLLLIEHNE TPaHNLIbI MEXY BO3MOXHOCTSIMI 53bIKa U BO3MOXXHOCTAMU 6ubnnotekn'. Ecan
Nnpy 3TOM YYeCTb HEXBATKy y4ebHOro BpEMEHMW, MOJy4aeTcsi, Y4TO A0 U3NIOXKEHUs AeACTBU-
TESIbHO WHTEPECHBIX KOHLenuuii, umeHHo Toro, Yem Cn—++ OTnM4aeTcs OT BCEX OCTaslbHbIX
CYLLECTBYIOLLNX SA3bIKOB, A0 MOMPOCTY HE AOXOAUT.

B 1997 rogy Bbiwio B CBET TpeTbe n3gaHue KHurm astopa sizbika Cn++ Boépha Crpa-
yCTpyna, KOTOpasi Tak 1 Ha3blBaeTCs «A3bik nporpammuposanns Cn++». B atom usganun
Crpayctpyn Bnepsble BBoguT STL 1 ¢ camMoro Havana KHUMM NOJAL3YETCA B NPpUMepax KOH-
TeAiHEepHbIMM LWabnoHaMm, NpU 3TOM Pacckas o WabNoHaxX KakK TaKOBbIX PACMOJIOKEH B KHUE
6mxe Kk koHuy. B 1999 rogy kHura Bbiwna B pycckom nepesoge. ABTOPY 3TUX CTPOK MpPUXo-
AUNOCh COTpyaHUYaThL (B TOM Yncie paboTaTb B OQHOM MPOEKTE) Kak C MPOrpamMucTami,
nsydaswumu Cn++ A0 BbIXOAA BbILLEYNOMSIHYTOrO TPETHErO W3AaHUs, Tak U C TEMU, KTO
n3yyan s3blk nosgHee. MOXXHO C yBEPEHHOCTbIO CKa3aTb, 4TO BocnpusTue sizbika Cu++ y
OfLHUX N Y APYrMX COBEPLUEHHO PA3HOE, MPUYEM NPOrpaMMUCTbl «CTAPOI 3aKBACKM» yMetoT
paboTaTb ¢ STL, HO MOryT u 0bxoguTbcst 6e3 Hero, HanpuMep, pagn BoMrpbiwa B 3hdekTns-
HOCTU, TOrfAa Kak, He NoDOKCH 3TOMO C/I0BA, XEPTBbI TPETHEFO U3AHNUS NOMNPOCTY HE MbICAAT
Cu++ B otpbiBe ot STL u, Kk BefinyaiilieMy CoXXaneHuto, 4aCcToO COBEPLUEHHO HE 3aJyMblIBa-
FOTCS, 4TO XKE MPOUCXOAUT BHYTPU KOHTelHEepHbIX KnaccoB. Bonee Toro, mHorvne He ymeroT
MoNb30BaTLCS MEXaHN3MOM WaboHoB, nockonbky STL BbisbiBaeT owwyueHne (owmnboqHoe!),
4TO BCE WabMOHbI AABHO HaMUCaHbI.

TekcT aToii YacTu paHee UsgaBancs oTaeNbHON KHUXXKo — B 2008 roagy Bbiwwo €é nepsoe
n3ganue, B 2011 n 2012 rr. oHa Nnepen3paBanach; YeTBEPTOE N3JaHNeE BbIWAO Toabko B 2018
rogy — KOrAa CTaso siCHO, Y4TO C YeTBEPTLIM TOMOM Hawero « Beegeruns B npodeccuio» aeno
3aTArnBaeTcs. 3a WeCTb JeT, NPOLEALNX MEeXAY TPETbUM U YETBEPTLIM U34AHNEM KHVKKN
no Cn++, MUp HECKOIBKO U3MEHWCS: TPYNNa MeXAYHapOLHbIX TEPPOPUCTOB, MO HEAOPaA3Y-
MEHWIO HA3bIBAIOLLNXCA KOMUTETOM Mo cTaHgapTusaumn Cu++, passepHyna BecbMa bypHyto
1 3PEKTUBHYIO AEATENLHOCTb MO OKOHYATENLHOMY YHUHTOXEHUIO 3TOro s3blka. Bbiwes-
wue nocnegosaTenbHo «ctaHgaptoly C++411, C++414 u, nakoney, C++17 He nepectaBanu
yANBASTL NyBAMKY: KaxAblid pa3 Ka3anocb, 4To Hosee MpayHoro n HesymHoro msspale-
HUSI NPUAYMATb YXKE HENb3s1, U KaXKAbIA pa3 BbIXO4 OYEPEAHOro «CTaHaapTay ybesutensHo
LEMOHCTPUPOBa, HTO BCE BO3MOXHO; nosisusLuuiics HegasHo C++20 kak byaro cneunans-
HO 3afyMaH Kak HarfsifHoe NOATBEPXKAEHME, YTO Mpefesia STOMY MPOLECCY HET, pa3Be YTo
Cu++ Bcé-taku okouyputcs. Ecam nog «sssikom Cu++» nonumate C++17 nau tem na-
ye C++420, TO O NPUMEHEHUUN TAKOrO WHCTPYMEHTA Ha MPaKTUKE HE MOXET BbITb HMUKaKOMN
peun, T.e. ¢ a3bikom Cu++ cnegyer nonpowlaThcs, yCTPOUTL TOPXKECTBEHHbLIE MOXOPOHbLI 1
NONCKaTb asibTEPHATUBY; BNPOYEM, TO XKE CaMOe MOXHO CKa3aTb MPO BCE €ro «CTaHZapThbly,
HadMHasi C camoro nepeoro, npuHsToro B 1998 rogy — crtporo roeops, s3bik Cu++ kak
YHUKaNbHOE SIBIEHNE Dbl YHNUYTOXKEH UMEHHO TOrga.

Mpobnema, K COXXaneHnto, B TOM, YTO a/IbTEPHATIBLI NOSIBASATLCS He crnewat. Henb3s cka-
3aTb, YTO B MUpe BOODLLE HE CO3[aOTCA HOBbIE SI3bIKM NPOrPaMMIUPOBaHUS, HO MO KAKUM-TO
HEBEAOMbIM NMPUHMHAM HU OLUH N3 STUX HOBbLIX SI3bIKOB MPOCTO B CUJ1Y CBOErO UCXOZAHOMO Au-
3aliHa HE MOXXET NpeTeHaoBaTh Ha posb 3aMeHnTenss Cu++ un tem bonee yucroro Cu. Mpn
S5TOM pBEHUE, C KaKUM «CTaHAApTU3aTOpbl» MOCAEfOBAaTENbHO YOUBAOT MMEHHO 3TW ABa
sI3bIKa NMPOrpaMMNpPOBaHKsl, 3aCTaBNASIET NOAO3PeEBaTh, 4TO B | T-uHAYCTprn 3apaBblii CMbICH
KaK SIBIEHNE OKOHYATENILHO yMep.

MpumedaTensHo 3a4ech, Nnoxanyit, BOT 4To. ABTOpPY 3TUX CTPOK NPeACTaBASETCS OYeBU -
HbIM, 4TO A3bIK Cn (4ncTbil Cn) cMor cTaTh TEM, HEM OH CTaJl, 1 3aHSATb CBOK HbIHELLHIOW
HULWY bnarofaps 4BYM O4YeBUAHbLIM CBONCTBaM: BO-MEPBbIX, ICHON N XKECTKOW FpaHULLE MeXay
CaMnM $I3bIKOM U ero brubinoTekoii, ckoab Obl «CTaHAAPTHON» OHa HU Dblia, 1, BO-BTOPLIX,
LOCTVKUMOCTHU Zero runtime, T. €. BO3MOXHOCTMN UCMOJIb30BaHUS CO34aHHBIX KOMMUISATOPOM
0bBEKTHBIX Moayneli b6e3 Noafep KN CO CTOPOHbLI MOCTABASIEMbIX C KOMAUASTOPOM brubnmo-
Tek. B otcyTcTBrE n1060ro n3 3TUx CBOACTB 5i3bIK MPOrpaMMMPOBaHUST OKa3bIBAETCS Henpu-
MEHUM AJ151 NPOrPaMMUPOBAHUS HA «TFOJIOM XKee3e», T.e. A/is sAep OnepauroHHbIX CUCTEM
U AJ151 NPOLUNBOK MUKPOKOHTPOJINIEPOB, U, KaK CIEACTBUE, HE MOXET MPETeHA0BaTb HA YHU-
BEPCaJIbHOCTb. €M yAuBUTESIbHEE, CKOJIb YMOPHO CO3LATENN «CTAaHLAPTOBY» YHUYTOXAIOT
oba 3Tux cBoiicTea, npu4ém kak B Cu++, Tak u B 4nctom Cu.

MopaensioLee BONLLINHCTBO « COBPEMEHHbLIX NPOrPaMMUCTOBY PEaibHO HE BUASAT NPUH-
unnuansHoii pasHuubl Mexay Cu++ u, Kk npumepy, Tem xe [lNutoHom wan [xasoii, a
BCE «HOBble TexHOMOrMNU» (BK/OYAs U HOBbIE «CTaHAAPTLI») NPeAnoYUTAOT BCTpeyvaThb
C KaKNM-TO HE3ZOPOBLIM BOCTOPIrOM, MOJIHOCTbIO OTKJIKOHUB CMOCOOHOCTU K KPUTWUHECKOMY
MbiwneHnio. K cyacTbio, Kpome 3Toro BOMbLIMHCTBA, CYLUECTBYET TakXXE N MEHbLUMHCTEO,
LyMaTb MOKa He pa3y4unBLIEECs, B MPOTUBHOM ciiyHae muposasi | T-nHaycTpus, ckopee Bcero,
y>e AaBHO nepecTana bbl NPUHOCUTL XOTb Kakyto-To nonb3y. Ceilvac, cnycTs gBa gecaTka
net nocnie nonyderus STL'eM «odrymanbHOro ctatycay, B YUCE TeX, KTO €ro NpuHLunnu-
aNIbHO HE MNCMOJIb3YET, MOXXHO ODHapPYXXUTb, HAaNPUMEP, TaKOrO MOHCTPA, Kak npoekT Qt; Ho,
noxanyii, nHtepecHee Bbirnsgut bubnnoteka FLTK, B TekcTe KOTOpOI MpUHLMMNMANBHO He
NPUMEHSIIOTCS HE TONIbKO BO3MOXXHOCTU CTaHgapTHol bubnnotekn Cn++, Ho v wabnoHsl Kak
TakoBble, 1 0OpaboTka uckitoYeHUl, U faxe NPocTpaHCTBa UMEH (namespaces), He roBOps
yXKe O «BO3MOXHOCTSIX» U3 HOBOMOLHbIX «CTaHLAPTOBY.

Cyas no Bcemy, B ycnosusix, korga si3sik Cu+-+ n3yBedeH cTaHgapTusaTopaMm, afexksat-
HbIX aflbTEPHATUB He NPEABUANTCS, a NMPOrpaMMMpPOBaTh Ha H4EM-TO BCE XKE HYXHO, CO3Ha-
TEIbHOE NCMOJIb30BAHNE TAaKMX YCEHEHHBIX MOLMHOXECTB OCTAETCS NOCAEAHUM N €AUHCTBEH-
HbIM BapUaHTOM [AJist TeX, KTO COXpaHsieT pa3bopunBoCTb B BbibOpe MHCTpymMeHTOB. ABTOpY
OCTaéTCs /INlWb NOXEeNaTh YNTATENsIM YCMEXOB Ha 3TOM HeTpusuanbHoMm nytu. Kak STL,
Tak N «BO3MOXHOCTUY, MPULLEALINE U3 TaK HA3bIBAEMbIX «CTAaHAAPTOBY», B HALUEA KHUre
CO3HATENbHO UTHOPUPYHOTCS.

10.3. MeToabl, 0OObEKTHI 1 3aIUTA

B 3TOH IJIaBe€ MbI HONbITaeMCd MOKa3aThb YUTATEJIIO IIyThb IIOCTEIIEHHOTI'O IIe-
pexo/ila OT TPaJIUIMUOHHOTO MMIIEPATHUBHOI'O CTHUJIA MBIINIJIEHUA K MBIIIJICHUIO B
TepMUHaX O6'beKTOB n MeTOI0B. ﬂﬂﬂ 9TOI'0 MbI, OTTaJIKUBasdAChb OT y>Ke n3BECT-
HBIX 9YUTATE/JIIO CPeIACTB YUCTOI'O CI/I, oIar 3a Irarom 6y,£(el\l ,ZLO6E%BJIHTI) IIOHATUA U
CPeJICTBA, MPUIIEIITNE U3 00J1aCTU 00 bEKTHO-OPUEHTUPOBAHHOI'O ITPOTPAMMUPO-
BaHUA, [IOKa HE NMPUIEM K ITOJHOIEHHOMY KAGCCY, UMEIOIEMY KOHCIMPYKIMOP,
decmpyxmop u memodot.

10.3.1. ®yHKiMu-4aeHbl (MEeTOIbI)

st mojmepkKKn 00 beKTHO-OPUEHTHPOBAHHOIO porpaMyupoBanus B Cu++
BBOJIATCS TIOHATHS PYHKUUU-UAEHO08 U Kaacco8. O KiiaccaX MbI PACCKaKeM
IIosaHee, a ImoKa IIOIIbITaeMCA IOHATH, YTO K€ TaKoe «(byHKHI/IH-“IHeH».

HyCTb HaM HOTpe6OBaJIaCI) CTPYKTYPpa Jisd IpeJcTaB/JI€eHN A KOMIIJIEKCHOT'O YUC-
JIa 9epe3 ,ILefICTBHTe.HbHyIO 1 MHUMYIO 9aCTH:

struct str_complex {
double re, im;

};

BBeném Temnephb omeparuio BBIMUACIEHUS MOJYJIsST KOMILIEKCHOTO unciaa. Ha s3bike
Cu HaM IPHUILIOCH ObI OMUCATH TPUMEPHO TAKYI0 (PYHKIIHIO:

double magnitude(struct str_complex *c)
{
return sqrt(c->rexc->re + c->im*c->im);

}

Aspik Cu++ HO3BOJISIET ClIeJIaTh TO YK€ CaMO€ HECKOJIBKO 00Jjiee 9JIeraHTHO, IO-
YEepPKHYB HENOCPEICTBEHHOE OTHOIIeHNe (DYHKIMN magnitude K CYNIHOCTH KOM-
IUIEKCHOrO gucya. OyHKINIO MBI BHECEM 6HYMPb CTPYKTYPHI, CAEIaB KaK OyITO
ObI €€ 9acThIO:

struct str_complex {
double re, im;
double magnitude() { return sqrt(rexre + im*im); }

};

ObparuTe BHUMaHWE, YTO B Teje (DYHKIUU BCTPETAIOTCS OOpAIEeHUs] K IIOJISIM
CTPYKTYPBI [IPSIMO IO MMeHaM, 6e3 yTOYHEHUs, OTKY/Ia TakKoe UMsi DepeTcs, Kak
ecii OBbI 9TO OBLIN IPOCTHIE IEPEMEHHBIE, & He M0JIsd. Termepb Mbl MOYKEM HaINCATh,
HAIIpUMep, TaKOU KOJI:

str_complex z;
double mod;

z.re = 2.7;

3.8;

mod = z.magnitude();

z.im

! JTrobuTeasiM rPOMKIX 3asBICHMH O HEOTAEIIMOCTH CTAHIAPTHON GHOIMOTEKH OT S3BIKA MBI
MPEJIJIOYKUM IIOMCKATh CTAHIAPTHYIO0 6ubimoreky uucroro Cu, Hanpumep, B sape Linux.
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Oyukius magnitude HazbBaeTcsd GYHKUUETU-UAEHOM UTH MEMOJOM CTPYK-
Typbl str_complex. MHorma peusb uiaér o memode obsexma (B JTaHHOM Cilydae —
00beKTa Z), IPU ITOM MMEETCs B BUJY METOJ| TOIO THIIA, K KOTOPOMY IPUHAJIIE-
KT 00bekT. Kak BUHO U3 mpuMepa, MeTOJ BBI3bIBAETCS HE caM 10 cebe, a das
KOHKpeMH020 00sexma, U KaK pa3 U3 3Toro obbekTa 6epyTCs MoJisl, KOraa B Teje
MEeTO/Ia UMeeT MeCTO obpallleHre K TOJII0 CTPYKTYPHI 110 uMeHu. B nanHoM ciytae
METO/T BBI3BAH JJisi 00bEKTa Z, TaK UTO B €r0 TeJie YIIOMUHAHUS UIeHTH(MUKATOPOB
re 1 im OyIyT COOTBETCTBOBATDH IIOJISIM Z.re W Z.im.

Bo130B MeTOIa — 9TO MMEHHO TO, UTO B TEOPUH OOBEKTHO-OPUEHTHPOBAHHOTO
[IPOrpaMMHUPOBAHEST ITIOHUMAETCsI IO, omnpaskoti coobwerus obsexmy. Nnade ro-
BOpsi, TEPMUHBI «BBI3OB METOJA» M <«IlepeJaada COOOINEeHUs» SBISTIOTCS
CUHOHMMAaMMU. MbI MOXKeM, CJIeJI0BATEIbHO, CKa3aTh, YTO B IOCJEIHEN CTPOY-
Ke BBIIIENPUBEIEHHOIO (parMeHTa Koja MbI nepedaat obsexmy z coobujerue
magnitude, O3HAYAIOIIEE «IIOCUYUTAN CBON MOIY/Ib»; 00BEKT OTBETUII Ha HAIIE CO-
obienue, MPUIEM B OTBETE COAEPKAJIOCH uncyio Tunia double, paBHOE UCKOMOMY
MO/TYJTIO; TIOJIyYWB 3TOT OTBET, Mbl IPUCBOWJIN €TI0 IIeEpeMeHHOIT mod.

10.3.2. HesBHubIIT yKa3aTejb HA OObEKT

Ha camowm jiesie BbI30B pyHKIMU-4ieHa (MeTo/1a) 06'beKTa ¢ TOUKHM 3PEHUsT pe-
aanM3aIny IPeICTaBsieT coboi abCOTIOTHO TO YKe CaMOe, YTO W BBI30B OOBITHOM
¢yHKIINU, IEPBBIM TApAMETPOM KOTOPOIi mepeaérest ajpec obbekTa. B 1acTHO-
CTU, B HIPEIBIAYINEM Iaparpade Mbl 3aMEHUJIM BHENIHIOW (DYHKIMIO magnitude,
MOJIyYaBIIYIO aJIpec CTPYKTYPHI, Ha MeTo/ I magnitude, onncaHHbBII BHYTPU CTPYK-
TYpPBI, & BBI30B C SIBHOH Iepegadeil ajpeca — Ha BBI30B METOHA Jjisd 00HEKTa;
[IPU 3TOM HG YPOSHE MAWUHHO20 K00G HUKAKUT U3MeHeHUT He npousouto. oBo-
PAT, 9TO GYHKUUAM-YACHAM NPU BVI306€ UL OAHA 00Bexma nepedaémes HeseHbL
napamemp — ajipec 00bEKTa, JJisd KOTOPOro (hyHKIUs BBI3HIBAETCS.

K sTomy mapamerpy mpu keJaHuM MOYKHO OOPATUTHCS SIBHO; UMEHEM €My CJIy-
2KUT K/TI09eBOoe ¢JI0BO this. MoxKHO BocmpuHIMATh this Kak JIOKAIbHYIO0 KOHCTaH-
Ty, IMEIONITYIO THI A%, Tjie A — UM onucbIBaeMoli cTpyKTypbl. Hanpumep, onucan-
HYIO B IIPeIbLIyIeM naparpade BEPCUIO CTPYKTYPbI MOXKHO ObLIO ObI IIEPENUCATH
TaK:

struct str_complex {
double re, im;
double magnitude() {
return sqrt(this->re*this->re + this->im*this->im);
}
3

B maHHOM KOHKDETHOM Cllydae TO HE UMEET OCODOr0 CMBIC/A, OJHAKO OBIBAIOT
TaKWe CHUTYyalllW, B KOTOPBIX MCIOJb30BaHne this OKa3bIiBaeTCs HEOOXOIUMBIM;
JOCTATOYHO IIPEJICTABUTE cebe, YTO U3 METO/Ia Hy?KHO BbI3BATH KaKyIo-Iu00 (pyHK-
1o (OOBIYHYIO UJIM METO/ APYTOro 00beKTa ), apryMEeHTOM KOTOPOIi IOJIZKeH CTaTh
KaK pa3 Halll COOCTBEHHBIN 00BLEKT, TOT, JJjisi KOTOPOI'O HAC BBHI3BAJIM.

10.3.3. Bamura. IlonssTne KOHCTPYKTOpa

Yr00bl CTATH MOJHOIEHHBIM O0BLEKTOM, HAIell CTPYKType He XBATAeT CBOM-
CcTBa 3akKpbITOCTH. B camom jiesie, 1mojig re m im JOCTYyHHBI U3 JIFOOOTO MecTa
B Iporpamme, Tjie JOCTyIIHA caMma CTPYKTypa str_complex. s Toro, 4robObnI
CKDPBITDH JIeTaJN peajn3anuu obbekTa, B a3bike Cu++ BBEJIEH MEXaHU3M 3QULU-
MbL, KOTOPBIH MMO3BOJIIET 3aIPETUTH JOCTYI K HEKOTOPBIM YaCTAM CTPYKTYPHI
(KaK 1moJisiM, Tak 1 PYHKIMSIM-METOIaM) U3 JIIOOBIX MECT IPOrPaMMbI, KPOME TeJT
QYHKIINH-METOIOB.

g mojjep:KaHus 9TOr0 MeXaHU3Ma B #A3bIK BBEJIEHBI KJIIOUEBBIE CJIOBA
public u private, KOTOPBIMHU B OIMUCAHUN CTPYKTYPhI MOT'YT OBITH IIOMEUEHBI 110~
JISl U METOJIbl, JIOCTYIIHbIe U3BHE CTPYKTYpPHI (public:) u, HAOGOPOT, JOCTYIIHBIE
TONBKO W3 Tesl pyHKIuit-MeTonoB (private:)?. ITombiTaeMca mepenncarh Hamry
CTPYKTYPY C HUCIOJIH30BAHUEM ITUX KJIOYEBBIX CJIOB:

struct str_complex {
private:
double re, im;
public:
double magnitude() { return sqrt(rexre + im*im); }

};

Teneps 1nosg re m im JIOCTYIHBI TOJIBKO M3 Teja MeTosa magnitude. Jlerko 3a-
METUTh, OJHAKO, YTO IOJIb30BATbCA TAKOU CTPYKTYPOU MBI HE CMOXKEM, BeIb B
Hell He IPeJIlyCMOTPEHO HUKAKUX CPEJICTB JJIs 3a/laHus 3HAUYEHUN 1oJIeid re u im.
Taxk, ¢pparmenT Koma, IPUBEIEHHDIN Ha CTP. 33, MOIPOCTY Oy/IeT OTBEPIHYT KOM-
HUIATOPOM, Beb II0JId Tellepb HEJOCTYIHBI, B TOM YHUCJE U JJIs IIPUCBAUBAHUSL.
Pemuts mpobieMmy MOXKHO, BBe/sI COOTBETCTBYIONINIM METOJ, JJIsT 33/ IaHUs 3HAYE-
Huit noJieit. Onncanue Haleil CTPYKTYPbl MOIJIO ObI BBITVISIIETH B 9TOM CJIydae,
HalpUMep, Tak:

struct str_complex {
private:
double re, im;
public:
void set(double a_re, double a_im)
{ re = a_re; im = a_im; }
double magnitude ()
{ return sqrt(re*re + im*im); }

};
a IIpUMEP HCIIOJIb30BaHUA O6']:€KTa MBI TEIEPDH IEPEIINUIIEM TaK:

str_complex z;
double mod;

z.set (2.7, 3.8);
mod = z.magnitude();

YV 3TO0ro perieHust ecTb HEJIOCTATOK, IIPUTOM HACTOJIBKO CEPhE3HBINA, ITO KOMIIU-
JIATOPBI OOBIYHO BBIIAIOT IPEAYIIPEXKICHNE IIPU TONBITKE KOMIIMIAIMH TaKOTO
00bsIBIICHUST CTPYKTYPHI. Jle10 B TOM, 9TO ¢ MOMEHTa OO'bSIBJICHHSI [IEPEMEHHON Z
J10 BBI30Ba (DYHKINHN set Haml 00bEeKT (IepeMeHHast Z) OKa3bIBAeTCsS B Heonpede-
AEHHOM COCTOSIHUH, T. €. IMOILITKK €ro UCI0Ib30BaTh OyILyT 3aBEIOMO OIIUOOYHBL.
[Tporpammuct g0/mKeH OyaeT 006 TOM HOMHUTH, YTO, IIOMUMO IIPOYEro, MPOTHBO-
peunt 6azoBomy npuniuiny OOIl: BHe 06beKkTa He clieayeT CTPOUTD IIPEIII0I0Ke-
HHUA O ero BHyTpeHHeM COCTOAHUNU, 1 JIJIA «HeOHpe,ZLeJIéHHOFO» COCTOAHNS BPAI JIX
CTOUT JejiaTh ncKJodenne. O4eBuaHO, OBLIO ObI JIydllle IPOU3BECTH MHUIUAIH-
3amuio 00beKTa HEIIOCPEJICTBEHHO B MOMEHT €ro CO3JIaHus. bojiee Toro, ObLI0 ObI
JIOTUYIHO 3GMPemumb CO3IaHne 00beKTa B 00X0 MHUAIMAIA3AIINN.

Aspik Cu-++ 103BOJIET 3a/1aBaTh KOMIIUJISITOPY YETKHE WHCTPYKIIMH OTHO-
CUTEJIBHO JIefiCTBUil, HEOOXOMUMBIX (B TOM 4HCJEe W B GYKBAJILHOM CMBICJIE — TO
€CTh TAKHUX, KOTOPBIE HeAb3A 060Umu) Npu MHUIMAIn3anu oobekTa. s sroro
BBOJIUTCSI €IIIEé OJHO BaKHOE IMOHATHE — KOHCMPYykmop obsexma. Koncrpyk-
TOp — 3T0 PYHKIUI-METOJ CIEIUAJILHOIO BHIA, KOTOPas MOXKET, KaK 1 OObIYHAasI
byHKIN, IMETh apaMeTpbl WM He UMETb UX; TeJO dTON (PYHKIUHU KaK pa3 u
[IpeCcTaBIsieT cobOoi MOPSIIOK JIeHCTBHIl, KOTOPhIE HEOOXOINMO BBLIITOJHUTDH BCsi-
KMl pa3, KOrja Cco3MaéTcs 00beKT OmuchbiBaeMoro tuma. HammcaB KOHCTPYyKTOD,
MBI TEM CAMBIM «O0bSICHIEM»> KOMIIMIATOPY, KAK — B COOTBETCTBUU C KAKOM MH-
CTPYKIUEH — CcO3/1aBATh HOBBIIl OOBEKT JAHHOT'O TUIA, KAKUE TTAPAMETPHI JI0JIKHbI
OBITH JJIsI 9TOTO 3aIaHbl M KaK BOCIOJIB30BATHCA 3HAYEHUSIMU STUX [TapPaMETPOB.

KOMHI/IHHTOp oT/In9aeT KOHCTPYKTOPBI OT O6bI‘{HbIX METOI0B 11O MMEHU, KO-
TOpOE COBIAJACT C UMEHEM OIMCHLIBAEGMOrO THINA (B JAHHOM CIydae CTPYKTYPHI).
ITocko/IbKY KOHCTPYKTOP HIPAeT CIENUAJbHYIO0 POJIb U B SBHOM BHIE OOLIYHO
He BBI3BIBAETCSS, TUII BO3BPAIIAEMOr0 3HAYEHMS sl KOHCTPYKTOPA yKa3bIBATH
HeJIb3sI, OH He BO3BPAIlaeT HUKAKUX 3HAYEHUI; B KAKOM-TO CMbICJIE PE3YJILTATOM
paboOThl KOHCTPYKTOPA SIBJIAETCA CaM OOBEKT, JJIsi KOTOPOT'O €r0 BhI3BAJIN.

[IpounocTpupyem ckazaHHOE, MEPENNCcaB CTPYKTYPY str_complex:

struct str_complex {
private:
double re, im;
public:
str_complex(double a_re, double a_im)
{ re =a_re; im = a_im; }
double magnitude()
{ return sqrt(re*re + im*im); }

2HecKoJIbKO 1037Ke MBI BBEJEM eIé U KJIF0UeBOe CJIOBO protected.

3Ha camom gese Cu-++ IIO3BOJISIET BEI3BATH KOHCTPYKTOP SBHBIM 06Pa30M, HO €CJIH BAM 9TO
mOTPebOBAJIOCH — CKOPEe BCEro, BBI JIEJIAETE YTO-TO OYE€Hb CTPAHHOE; MBI PACCMATPUBATH ITY
BO3MOXKOCTH He OyZeM.
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Beessi koncrpykTop (byHKIMIO-METO ¢ MMeHeM str_complex), Mbl COOOIIIIN
KOMITUJIATOPY, 9TO JJIsi CO3JaHus O0beKTa TUIa Str_complex HYXKHO 3HATDH JIBA
qucia Tuna double, u 3a1aan HAOOP JAEHCTBHUI, MOAIEKAIINX BBIITIOJTHEHUIO TTPU
CO3/IAHUM TaKOro 00bekTa. B 3roMm Habope AeficTBUil TOBOPUTCS B TOM UHUCJIE U
0 TOM, KaK BOCIIOJIb30BaThCs 33JaHHBIMUA YuUCcJIaMU TUlla double: IepBoe U3 HUX
HUCIOJIB30BaTh B Ka4eCTBe JICHCTBUTEIBHON 4acTU, BTOPOE — B KadeCTBe MHUMOM

JaCTU CO3JaBAEMOr0 KOMILJIEKCHOIO JHUC/IA.

Boobue B cemanTuke Cu++ ntobas nepemeHHas coctaBHOro (CTPYKTYpHOro) Tuna co-
302ETCA C NOMOLLbIO KOHCTPYKTOpa. Bo MHOIrMX Ccinyyvasix KOMNUASITOP CHUTAET KOHCTPYKTOP
cywecTBytoWwnM («HESIBHO» ), HECMOTPS Ha TO, YTO B MPOrPaMMe KOHCTPYKTOP HE OMMCaH.

KO;[ BbIMUCJIEHUA MOAYJISA TEIIEPb MO2KHO IIE€PEInCaTh BOT TakK:

str_complex z(2.7, 3.8);
double mod;
mod = z.magnitude();

Bonee Toro, ans Takoii onepaunmn Ham He 0BS3aTENIBHO ONMCHIBATL NEPEMEHHYIO, VMEIOLLYHO
umsa. Mbl mornm 66l HanucaTh U Tak:

double mod = str_complex(2.7, 3.8).magnitude();

34eck Mbl CO38aM aHOHUMHYIO MEPEMEHHYIO Tuna str_complex v ANisl STOR NepeMeHHOR
BbI3Ba/AM MeTog magnitude. AHOHWMHBIM MEPEMEHHBIM Mbl MO3)Ke MOCBATUM OTAENbHbI
naparpad.

Crenaem BaxkHOe 3aMedanue. [locse BBeIeHNsT KOHCTPYKTOPA, UMEIOIIETO Ia-
paMeTpbl, KOMITMJISITOP OTKAYXKETCsT CO3/1aBaTh 00bEKT TUIa str_complex 6e3 yka-
3aHus TpeOyeMbIX KOHCTPYKTOPOM JIBYX 3HAYUEHUN, TO €CTh HPEIbLIYIIAT BEPCUSI
KOJIa, COJEprKaBINasi OMUCAHUE

str_complex z;

KOMITHJIMPOBATHCsT 601bIIe He Oymer. Ecim 310 co3maér HeymobcTBa, MOXKHO 3aCTa-
BUTH KOMIIMJIATOP CHOBa CHUTATHL TaKHe O6'I)5IBJI€HI/15{ KOPPEKTHBIMH; O TOM, KaK
9TO jestaeTcs, Mbl y3uaem u3 §10.4.3.

CuHTakcuc co3jlaHus MepeMeHHON 110 3aJaHHOMY HapaMeTpy JIOIMYyCTHM B
Cu++ u 77151 IepeMeHHBIX BCTPOEHHBIX TUTOB. TaK, ommcanme

int v(7);

O3Ha4YaeT abCOJIFOTHO TO YK€ CaMoe, YTO W IPHUBBIYHOe 10 si3biKy Cu omnucaHue
[IEPEMEHHON € UHUUUAAUSATOPOM

int v = 7;

HamoMunM Ha Beskwmii ciiydail, 9T0 UHUUUAAU3AUUS — ITO COBCEM HE TO Ke
camoe, 410 mpuceausarue’. B umcrom Cn MHHNHAIM3AIMS U IPUCBAUBAHIE
00603HATAIOTCS OJHUM W TE€M K€ CHMBOJIOM — 3HAKOM PABEHCTBA, HO Pa3HUIA
MEXKIy HUMM CTAHOBUTCS OYEBHUIHON, €C/IM BCIIOMHHUTH, YTO MBI MOXKEM, HAIIPH-
Mep, 338/1aTh HaYaIbHOE 3HAYEHNUE JJIsT MaCCHBa, TOT/Ia KaK NPUCEAUCGIND MACCUBBI
Hesib3s. KpoMe Toro, cTouT 3aMeTHTb, 9TO Jjisl IJIOOAIbHBIX IIEPEMEHHBIX HHU-
nuam3aIus He TpedyeT HUKAKUX JAefiCTBUil, BBIIOJIHIEMBIX ITPOIIECCOPOM, BEIb
[IPH CTapTe HpPOrpaMMbl B IaMAThL 3arpPyrKaeTcs obpas, yKe COIeprKallnii HyK-
HbIE 3HAYEHNS; IPUCBAMBAHUE K€, OUEBUIHO, BCETIA IIPEICTABISIET COOON NMMEHHO
IeiicTBHE.

B Cu+-+ pasHuna Mex 1y MHUIHAIH3AIIEN U MpUCBauBaHUEM eIllé boJjiee Cy-
[IIeCTBEHHA, ¥ MBI B 9TOM HEOJHOKPATHO yOemaumMcs. B gacTHOCTH, BaKHO ITOHU-
MaTb, 9TO KOHCTPYKTOPDLI UCIIOJIB3YIOTCA IIPpU MHUIUAJIN3aI 1 HE UMEIOT HUKa-
KOT'O OTHOIIIEHNUsT K IpucBanBannio. Kak Mbl y3HAeM U3 JabHEHIIero n3IoXKeHus,
Cu+-+ 1mo3BoJIsieT B34Th IOJ KOHTPOJIb HE TOJBKO MHUIUAIU3AINIO 00beKTa, HO U
MIPUCBaNBaHNE €My 3HAUEHN, HO JIJIsI 9TOTO IPEyCMOTPEHBI OT/eIbHBIE CPEJICTBA,
KOHCTPYKTOPBI TYT HU IIPUA IEM.

Bosepamasice K 00CyKIEHUIO 3aIUTHl, OTMETUM eIl¢ OIUH HEMAaJIOBaXKHDIN
momenT. Enuauneit 3ammrel B Cu++ siBjisieTcst He 00beKT, a Tun (B JaH-
HOM CJIy4ae CTPYKTYpPa) LEJUKOM. JTO O3HAUAET, YTO M3 TeJl METOJOB MBI
MOZKEM ODPAIATHCST K 3aKPBITHIM IOJISIM HE TOJIBKO «CBOEro» 00beKTa (Toro, Jjist
KOTOPOI'0 BBI3BAH METOJ[), HO U BOOOIIE J060ro 06beKTa TOro yKe THUIIA.

10.3.4. 3ayeMm HY>KHa 3aIATA

CMBICT MEXaHU3Ma, 3aIUTHl YACTO OKA3BIBAETCS HEIOHSTEH TPOrPAMMUCTAM,
HAYMHAIOIINM OCBAaUBATH OOBLEKTHO-OPUEHTUPOBAHHOE IIporpammupoBanue. llo-
Ipo0yeM IOsICHUTH €r0, OCHOBBIBASICH HA HAIIEM ITPUMEDE.

[IpencraBum cebe, uTo HAIIA CTPYKTypa Str_complex UCIOJIL3YyeTCSd B OO0JIb-
II0¥1 IIporpaMMe, aKTHBHO paboTalolieil ¢ KoMILUIeKCHbIMU duciamu. Moxker ciry-
YUTHCS TaK, UYTO B IporpaMMme OyIeT OUeHb YacTO TPeDOBATHCH BBIYUCICHUE MO-
JiyJieil KOMIIJIEKCHBIX 4YuceJl. boJiee TOro, MOXKET OKa3aTbCs M TaK, YTO UMEHHO
MO/LyJ/Th KOMILIEKCHOT'O YHCJIa TPEDYyeTCs HaM JaXKe Jallle, YeM €ro JeHCTBUTE b
Has ¥ MHAMAas YacTU. B Takoil cuTyalnu Halla IporpaMma OyaeT MPOBOIUTD
3HAYUTE/ILHYIO YACTh BPEMEHU CBOEIO BBINIOJIHEHUS B BBIYUC/IEHUSAX Moysieit. O6-
HaPY>KUB 9TO, MBI MOXKEM NPHUITH K BBIBO/IY, UTO B JaHHON KOHKPETHOU 3aj1ade
y/i00Hee XpaHUTh KOMILJIEKCHBIE YUCJIA B MMOJISTPHBIX KOOP/IMHATAX, & HE B JIEKAPTO-
BBIX, TO €CTb B BHJIE MOJLYJ/I U APT'YMEHTa, a He B BUJIE JIeHCTBUTE/ILHON U MHUMOIX
qacTein.

Ecnu Mbl HE HpUMEHSIIA 3aIUTY, TO, CKOPEE BCEro, BCE MOJYJIU HAIlel ITpo-
rpaMMbl, B KOTOPBIX HCIOJb3YIOTCS KOMILJIEKCHBIE YUCJIA, COIEPXKAT OOpaIeHust
K mojisiM re u im. Eciim B Takoil mporpamMMe M3MEHUTH CIIOCOD XpaHEHUd KOM-
IUIEKCHOTO YHcJia, yOpaB I0Jis re W im M BBEJSI BMECTO HUX, CKaXkeM, 110Jis mod
U arg Jisd XpaHeHUsl MOJLYJIsl U apryMeHTa (T.e. IOJISIPHBIX KOODJMHAT), TO BCe
YACTH [POTrPAMMBI, UCIIOJIH30BABINNE HAILY CTPYKTYDPY, IePeCTaHyT KOMIIHIUPO-
BAThCA U HAM IPUIETCH UX UCIPABIATH. Kcjim mporpaMMa J0CTATOYHO OOJIbIIAs
(a cOBpeMEeHHBIE IIPOIPAMMHBIE IIPOEKTBI YaCTO COCTOSIT M3 MHOIHUX COTEH U Ja-
JKe ThICSY MOJLyJI€ll ), TaKoe PeJIAKTHPOBAHUE MOXKET IOTPEOOBATH CYIECTBEHHBIX
TPY/I03aTPAT, IPUBEIET K BHECEHUIO B IIPOrPAMMY HOBBIX OIMUOOK U T. IT., TAK UTO,
BIIOJIHE BO3MOXKHO, HaM IMPUJETCH OTKA3aTbCsd OT M3MEHEHMi, HECMOTPs Ha BCIO
UX TI0JIE3HOCTb.

JorycTuM Ternepb, 9TO MbI HCIIOJIb30BAJIM 3AIMATY U CIEJAJN BCE MOJIS HEJO0-
CTYIHBIMU OTKY/Ia ObI TO HU OBLIO, KPOME METOIOB HaIleil cTpyKTyphl. Konewno,
[IPUA UCIOJIb30BAHIYN KOMILIEKCHBIX YUCEJI YacTO ObIBAeT HYKHO y3HATH OTJIEsIb-
HO JIENCTBUTEIbHYIO U MHUMYIO YacCTH YUCJIA, HO JIJIT 3TOT'O MOYKHO BBECTH CIIe-
[UAJIbHBIE METOJIbI; JJIsl IOJHOTHI KAPTUHBI BBEIEM 3a0/1HO (DYHKITUIO BBIUHCJIE-
HUsI ApTYMEHTa, KOTopas OyJIeT UCIOIb30BAThH CTAHIAPTHYIO (DYHKIUIO atan2 Jijist
OIIpEJIe/IEHNsT COOTBETCTBYIOIIEIO apKTAHTCHCA:

struct str_complex {
private:
double re, im;
public:
str_complex(double a_re, double a_im)
{ re =a_re; im = a_im; }
double get_re() { return re; }
double get_im() { return im; }
double magnitude() { return sqrt(re*re + im*im); }
double argument() { return atan2(im, re); }

};

K mosistm re u im Tenepsb He MOTYT 00paIATHCSI HUKAKUE YaCTHA IIPOrPAMMBI, KPO-
M€ METOJOB CTPYKTYPhI, TAK UTO IPHU MEPEXOJIE OT XPAHEHUs JACHCTBUTEILHON U
MHUMOI 9aCTu K XPaHEeHUIO IMOJAPHBIX KOOPpAUHAT HpI/I,ZLéTCH nepenucoiBaTb TOJIb-
KO HAIIIA COOCTBEHHDBIE METO/IBI, & BECh OCTAJILHON TEKCT IIPOrPAMMBI, U3 CKOJILKUX
OBbI MOJTyJIEll OH HU COCTOSLI U ITO ObI HU JEJIaJI ¢ KOMILICKCHBIMU IUC/IaMU, COXPa-
Hutcs 6e3 uaMeHeHuil u Oyjer paborarh Kak pamnbiine. KoHedHO, METOJIbI get_re
u get_im Teneppb CTaHyT ropa3jo CJIOXKHee, YeM ObLIN, 32TO YIIPOCTATCS METO/IbI
magnitude u argument:

struct str_complex {
private:
double mod, arg;
public:
str_complex(double re, double im) {
mod = sqrt(rexre + im*im);
arg = atan2(im, re);
}
double get_re() { return mod * cos(arg); }
double get_im() { return mod * sin(arg); }
double magnitude() { return mod; }
double argument() { return arg; }

4Cm. paccyxnenue Ha crp. 10.
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B Takoil curyanun MblI gazke MOXKEM MOAAEPKUBATH JBE PEATU3AINNI CTPYKTYPBI
str_complex, MEXKIy KOTOPHIMU BBIOOD OCYIIECTBIIACTCS TUPEKTUBAMU YCJIOBHOMN
koM. MoxkHo Oyjier, He MeHsisi TEKCTa [POrPaMMBbl, OTKOMITUJIUPOBATH
€€ C WCIOJIb30BAHUEM OJHOM pean3alliil, U3MEPUTHL OBICTPOIEHCTBUE, OTKOMIIU-
JIMPOBATH IIPOI'PAMMY C HUCIOJIb30BaHUEM JAPYroil peajnu3allid, CHOBa U3MEPUTh
OBICTPOJIEIiCTBIE, CPABHUTH PE3Y/ITATHI U3MEPEHUN U MPUHSITH PEIeHne, KAKyI0
peasm3anuio 3a/ieiictBoBaTh. Kcim ncrosb3yeMbie B IPOrpaMMe ajJropuTMbl U3Me-
HSATCS U HaM CHOBA CTQHET BBIMOJHO XPAHUTH KOMILJIEKCHBIE YHUCTIa B JIEKAPTOBBIX
KOOpJMHATaX, TO /I BO3BpaTa K CTapoil MOJe/Jn BOODIIE HE MPUAETCS HUYIEro
PEIAKTUPOBATD.

Bosiee Toro, Mbl MOXKeM B HEKWII MOMEHT PEIIUTH, 9TO W T€, U JIPYTUE Bbl-
YHUCJIEHUS [IPOU3BOJUTD JOBOJIBHO HAKJIAIHO, a IaMATH HaM He »KaJIKO, U HadaTb
XPaHUTh B 00bEKTE KaK JIEKAPTOBO, TAK U IOJISIPHOE IPEJICTABJICHUE UUCIIA:

struct str_complex {
private:
double re, im, mod, arg;
public:
str_complex(double a_re, double a_im) {
re = a_re; im = a_im;
mod = sqrt(rexre + im*im);
arg = atan2(im, re);
}
double get_re() { return re; }
double get_im() { return im; }
double magnitude() { return mod; }
double argument() { return arg; }

};

Temepn B HaIIeM 00bEKTE YETHIPE TOJIfA, MIPUIEM KAXKIYIO U3 IBYX I1ap MOXKHO BbI-
YUCJUTD, MOJIL3YsICh 3HAYEHUSIMU JIBYX JIDYTUX, TO €CTh 3HAYEHUS HAIUX TOJIEi
HE MOI'yT 6BITI) IIPOU3BOJIBHBIMH, a JOJIZKHBI BCEr/lTa HaXO/UTHCA B HEKOTOPOM CO-
OTHOIIIEHNUH: B JAHHOM CJIydae Tmaphl (re, im) u (mod, arg) MOKHBI 3a/1aBaTh OHO
U TO YK€ KOMILJIEKCHOE UUCJI0, XOTs U Pa3HbIMU criocobaMu. B Takux cirydastx roBo-
pAaT, uTO Xpanumas nadopmalus u3bvmowHa; B STOM HET COBEPIIEHHO HUYETO
CTPAIIHOTO, €CJU TOJBKO MBI MOXKEM ODECIEIUTH UEeA0CMHOCTNS NUHMOPMAIIIH,
TO €CTh rapaHTHUPOBATL, YTO B Halen IporpaMMe 3Ha9YCHHA pacCMaTPUBaEeMbIX I10-
Jieit Beeryia Oy/IyT HaXOJUThC B 3aUKCUPOBAHHOM [IJIsi HUX cOOTHOIeHuu. Jljist
06BbIYHOl (OTKPBITOI) CTPYKTYPBI HAM OBbLIO ObI TSYKEJIO 9TO TapaHTUPOBATD, 110
CKOJIbKY B JIIOOOM MeCTEe ITPOrPAMMBI MOT' ObI TIOSBUTHCS OIIEPATOD, U3MEHSIOIIHI
TOJIBKO HEKOTOPbIEC U3 B3aMMOCBA3aHHBIX 3HAUEHUI U He I/IBMGHHIOH_H/II;’I Apyrue;
€CJIM TPOrpaMMa MMeeT CYIIECTBEHHDLIH 00bEM, U B OCOOEHHOCTU €CJIU HaJl Heil
paboTaT HECKOJIBKO ITPOrPAMMUCTOB, YCJIEIUTD 38 MPABUWIBHOCTHIO HCIIOIB30Ba-
HUsI TAKOH CTPYKTYPBbI MOXKET OKazaTbcsi mpobsiemarudno. Korga ke Bce mosist
3aKPBITHI, JOCTYIl K HUM UMEIOT TOJIBKO METO/IbI OIIMCHIBAEMOI CTPYKTYPhI, OOBIU-
HO HAXOSTINECS B PAMKaX OTHOTO MOy Ist. O6BHEM TAKOTO MOJIY/IsI, KAK TIPABUIIO,
HEBEJINK B CPABHEHUU CO BCEH MPOrpaMMOi, Hy a JPYyrue MpOrpaMMUCTBI JIHOO
BOBCE HE CTaHyT PEIAKTUPOBATDL <«IyKOW» MOIYJb, JIUDO, €Cau Takas HeoOXO-
JIIMOCTh BCE K€ BO3HUKHET, JIjIs HadaJa pasdepyTcs, KAK 3TOT MOJYJb JIOJ?KEH
GYHKITMOHUPOBATD.

Ouenb BaXXHO MOHSATH, YTO 3amuUTa B s13bIKe Cu+-+ mnpeHa3zHaAYEHA
He JIJI9 TOr0, 94TOOhI 3AIUINATE HAC OT BPAroB, HO UCKJIIOYUTEIBHO JIs
3alUThBI HAC OT caMuX cebsi, OT COOCTBEHHBIX OIIMOOK. Eciu 3amarbes
I1EJIBIO0 ODOMTH MEXAHU3M 3AIUTHI, TO MOYXKHO CIEJIATh 0e3 0COOBIX TPobJIeM Iy TEM
Ipeobpa30BaHus TUIIOB yKa3aTeJel Wn IPYTUMH ciiocobaMu. 3arura paboTaeT
TOJIBKO B CJIydae, €CJU IPOrPAMMUCTBI He TPEIIIPUHUMAIOT TIeJIEHAITPABICHHBIX
nefictuit o e€ 00xomy. Ho 0OBIHO MpOrpaMMECTBI 9TOTO HE JIEJIAI0T, IIOCKOJILKY
TOHUMAIOT ITOJIE3HOCTb MEXaHW3Ma 3AIUThI U BBITOJBI OT €r0 UCIIOJIb30BAHUS, a
TaK»K€ W TO, UTO IONBITKU ero ODONTH, CKOpee BCEro, MPUBEIYyT K BHECEHUIO B
IPOTrPaMMYy OIITUOOK.

10.3.5. Kuaccel

[TockosbKy OOMBITMHCTBO BHY TPEHHUX TT0JIeil 00 BEKTOB OOBITHO 3aKPBITHI, JJTsT
orucanusi 00beKTOB B Cu++ UCIOJIB3YIOT CIeNUaIbHO BBEICHHBIN JIJIsT 9TOMN 1eIn
THII COCTABHBIX IIEPEMEHHBIX, Ha3blBaeMblil K.aaccom. Kitacc — 910 Tui nepemen-
HOIi, HATIOMUHAIONIHH 3aKCh (CTPYKTYPY), HO OTIIMYAIONIUICA T€M, YTO K MOJISIM
(wreHaM) KJacca JOCTYII 110 yMOJYAHUIO €CTh TOJIBKO M3 METOJIOB CAMOIO ITOrO
KJIACCA.

[TepernuiniemM HaIly peaiu3aIiio KOMIIJIEKCHOTO YHCJIa B BUJE KJlacca:

class Complex {
double re, im;
public:
Complex(double a_re, double a_im)
{ re =a_re; im = a_im; }
double GetRe() { return re; }
double GetIm() { return im; }
double Magnitude() { return sqrt(re*re + im*im); }
double Argument() { return atan2(im, re); }

};

Bcé, uro ommcano B Kjacce J10 cjaoBa public:, KOMIWJISATOD PacCMaTPUBAET KaK
JEeTaJIl peajn3allid KJacca M 3alpeliaeT JOCTYII K HUM OTOBCIOLY, KPOME TeJl
yHKIME-1IEHOB TaHHOro Kjacca. CjioBo public: MeHsieT PEXKUM 3allUThl C 3a-
KPBITOTO Ha OTKPBITHIH, T. €. BCE, UTO ONUCAHO II0CJIe STOrO CJIOBA (B JAHHOM CJIy-
gyae 910 yHKImu-4aeHbl Complex, Magnitude u ap.) GyJer JOCTYIIHO BO BCEM
TEKCTe ITPOrPaAMMBI.

BaxXHo MOMHUTD, YTO MO/1€JIb 3aIUThI, BKJIOUaeMas 110 yMOJJIYIAHUIO —
9TO € AUHCTBEHHOE OTJINYNE KJIACCOB OT CTPYKTYP. BoJibIlie onu Hudem apyr
OT JIpyra He OTJINYAIOTCs, [0 KpaiiHeil Mepe, ¢ TOYKHU 3peHUs] KOMIHUIITOpa. Tem
HE MeHee OOBIYHO MPOIPAMMUCTBI UCHOJIL3YIOT KJIIOUEBOE CJIOBO struct mjis mo-
CTPOEHUS OOBIYHBIX OTKPBITBIX CTPYKTYD JIAHHBIX — TAKUX K€, KAKHe [IPUMEHs-
forcst B unctoM Cu; eciin e 3a/1eficTByeTcss 9T0-T0 13 Toro, yeM Cu-++ oranda-
ercst or Cu — obsexm B CMbICTIE 00BEKTHO-OPUEHTHPOBAHHOTO TPOIPAMMUPOBA-
HUsl WM HEKUH abCTPaKTHBIA TUI JAHHBIX, OTHOCANuics K napaaurme AT —
TO NPUMEHAIOT KJIACCHI, YTOOBI IIOKA3aTh YUTATEJIO IIPOI'PAMMBI, YTO UMEETCH B
BUTY.

10.3.6. decTpyKTOpBHBI

Hapsizy ¢ KOHCTpYKTOpaM#, KOHTPOJUPYIOIUMHU MPOIece co3darus (MHUIAA-
J3aImn) 00beKTOB, B si3bike Cu++ IPEyCMOTPEHbI TaKKe JIECTPYKTOPBI, IPE/I-
Ha3HAYeHHbIE JIJII KOHTPOJIS HAJI IPOIECCOM YHUUMONCEHUA OO BHEKTA.

[IpeicraBum cebe, 9T0 OOBEKT B XOIE CBOEH JIesITe/IbHOCTH 3aXBaThHIBAET HEKUIT
pecypc — HallpuMep, OTKPbIBaeT (hailsl, BbIIEISIeT INHAMUYECKYIO TaMATh U T. II.,
npuaéM 00 3TOM U3BECTHO TOJBKO CAMOMY OOBEKTY, T.€. Ha 3aXBadeHHBIN pe-
CyPC CCBLIAIOTCS TOJBKO 3aKPBIThIe 10JIsi 00beKTa (B npuMepe ¢ hailjioM 310 Mo-
JKET 03HAYATDb, YTO JECKPUITOP OTKPBITOTO (ailjia XPaHUTCS B 3aKPBITOM II0OJIE
06beKTa). 3aMeTuM Tenepb, 9To 0ObEKT MOXKET B JI0O0I MOMEHT (HEeOXKHIaHHO
Jist cebst) MPeKpaTUTh CyIecTBoBaHue. Tak, ecjanm 0ObeKT — OObIYHAS JIOKAJIb-
Hasl epeMeHHas B (PYHKIIUU, TO OHA UCYE3HET IIPU BO3BPATE YIIPABJICHUS U3 ITOM
dyHKINY; ecau co3/aTh 0ObEKT B JUHAMUYECKON IMaMsiTH, TO OH IIEPECTAHET CY-
IECTBOBATH MPU OCBODOXKIEHUU TOU TAMATH; JlaXKe ecjii 00bEKT Ce/aTh IJIo-
baJIbHOMN TIepeMEeHHOH, TO 3aBepIeHne TPOrPAMMBI TOYXKE HUKTO HE OTMEHSsJI, IPU
9TOM HM3PEJIKa BCTPEUAIOTCS U TAKHe PECYPChI, KOTOPBIE HE OCBODOXKIAIOTCS aBTO-
MaTHUYeCKH, JlaKe KOTJ[a 3aBepIIaeTcs IIporpaMma, 3axparusiias ux. Ho Beab o
TOM, 9TO HAIl OOBEKT YTO-TO TaM 3aXBaTUJI, HUKMO, kpome ne2o, ne anaem! Kax
CJIEJICTBUE, TOJILKO CaM O0OBEKT MOYXKET OCBOOOIUTH BCE, UTO OH cebe 3abpaJi, Tak
YTO €My YKU3HEHHO HeOOXOIMMa BO3MOXKHOCTH «IIPUBECTU CBOM JIEJIA B MOPSIIOK
mepel nCYe3HOBeHuEeM, KOora 6I)I " 110 KaK1UM 6]:>I IpUuYIrMHaM 3TO NCYE3HOBEHUE HU
CJIy 9UJIOCh.

NmeHHO 1711 3TOrO IIpeIHA3HAYAIOTCS JeCTPYKTOPhL. Jlecmpykmop — 310
METOJ KJIACCa, BBI30OB KOTOPOIO aBTOMATUYECKU BCTABJISAETCH KOMIIMJISITOPOM
B KOJ B JiI00O# cuTyanuu, Korja OOBEKT IpeKpalaer cyiecTBoBaHue. st
dbyHKIMH-IecTpyKTOpa 00pa3yeTcs M3 MMEHH ONMCHIBAEMOTO THIA (KJIacca N
CTPYKTYPBI) J00aBIeHneM cliepein 3Haka ~ (TUJIbJA); HAIpUMep, Jyisl Kjiacca A
JecTpyKTop OyzeT HasbiBaThbest ~A. Cmcok mapamMeTpoB (DyHKIUH-IECTPYKTOPA,
BCErJia MyCT, T. K. B I3bIKE OTCYTCTBYIOT CPEJICTBA IIEPEIadn [TapaMeTPOB JIeCTPYK-
Topy. JlecTpyKTOop Mrpaer CHeruaJbHyI0 POJb M, KAK U KOHCTPYKTOD, B SIBHOM
BHJIe OOBIYHO HE BBI3LIBACTCA®; THI BO3BPAINAEMOrO 3HAUCHHS JIJIs JCCTPYKTODA
He yKa3bIBaeTCs — JAEeCTPYKTOP HUKOLJIa HEe BO3BPAIaeT HUKAKUX 3HAYCHUIL.

[TpousurocTpupyeM MOHATHE JeCTPYKTOPa Ha IpuMepe Kjacca File, mHKaI-
cyupylomero geckpuirop daiinal:

5B crocke 3 Ha crp. 33 MbI ynomuHamd, 9o CH4+ [MO3BOJISIET BHI3BATH KOHCTPYKTOD SIBHO,
HO JIeJIaTh 3TOro He Ha 0. To »Ke caMoe OTHOCHUTCS M K JeCTPYKTOPaM.

53nech, Kak U B IPEIBIIYIAX YACTAX KHUIH, MBI CHAGKAEM TIPUMEPHI TPOTPAMMHOTO TEKCTA
KOMMEHTapHUsIMHU Ha PYCCKOM si3bIKe. B y4eGHOM moCcOOMHM MbI MOXKEM cebe MO3BOJIUTH TaKYIO
BOJIBHOCTB, HO ITOMHHUTE, 9TO B TE€KCTaX peajIbHbIX IMPOrpaMM JOMYCTUM TOJBKO OJUH
SI3BIK — AHIJIMNCKWIL, a pycCKue OYyKBbI, KaK U BOOOIIIE JIIOObIe CUMBOJIBI, HE BXOJAIINE B HAOOD
ASCII, B nporpammax BCTpeYaThbCsl HE JOJIKHBI, 1 K KOMMEHTapHUSIM 9TO TOXKE OTHOCHUTCS.
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class File {
int fd; // JeckpumTop -1 o3HadaeT, 4TO (aily He OTKPHT
public:
File() { fd = -1; }
// Ha MOMeHT co3gmaHus o6bEKTa Mb emé HAYEro He OTKPHUIX

bool OpenRO(const char *name) {
fd = open(name, O_RDONLY);
return fd !'= -1;
} // MeTog mmTaeTcs OTKpHTBL Gailn Ha dYTeHWe,
// BO3BpamaeT true B ciydae ycmexa,
// false B caydae Heymauu

// ... MeToms paboTh c ¢ailmoM

“File() { if(fd '= -1) close(fd); }
// DecTpykKTop 3akpHBaeT Qaili, eCiIm OH OTKPHT

};

IectpykTop OyzeT BhI3BaH B JIIOOOH cuTyarun, Korjaa o0bekT Tumna File nmpekpa-
maer cyiiectBoBanue. Harpumep, eciin o0beKT ObLI ONMCAH KaK JIOKAJILHBIN B
dbyHKIWMH, TO Hpu Bo3Bpare U3 MYHKIMU (B TOM YHCIIE U JJOCPOIHOM BBI30BE OIle-
paropa return) Jist 3Toro 00bekTa orpaboraer Jectpykrop. Boobuie mpu co-
3/IaHUU 0O bEKTA POBHO O/IMH Pa3 oTpabaTbiBaeT KOHCTPYKTOP, IPU YyHU-
YTOXKEHUHN OObEKTA POBHO OJUH pa3 OTPadaThIBAET JECTPYKTOP. 3a Bbi-
MTOJTHEHUEM 9TOrO MPABUJIA CJIETUT KOMITUJISITOP.

10.4. AbcTpakTHble THIIBI JaHHBIX B Cu+-+

3ammra BMeCTe ¢ KOHCTPYKTOPAMHU U JIECTPYKTOPAMU, KOTOPbIE MBI PACCMOT-
pesum B IpeJbLIyIieil TyiaBe, UCIOJIb3yeTcsd KaK JJIsi CO3JaHusl 006eKmo6 B Tep-
MHUHAX 00bEKTHO-OPUEHTUPOBAHHOTO ITPOTrPAMMUPOBAHUS, TAK U JIjIsI CUHTE3a ab-
CTPAKTHBIX THIIOB JAHHBIX; YTO Kacaercs MeTonoB ((QyHKIMHA-YIEHOB), TO JJIst
OOII onu obsizaTeIbHBI, TOIA KaK JJjisi aOCTPAKTHBIX TUIIOB JAHHBIX 3TO JIUIIb
OJIH U3 BO3MOXKHBIX CIIOCOOOB olrcaHus Habopa oreparuii Ha | BBOJUMBIM TUIIOM.

B s70it riiaBe MbI pacCMOTPHUM CPEJICTBA, KOTOPBIE BOOOIIE HE MMEIOT HIUKAKO-
IO OTHOIIEHUS K IapajiurMe 00beKTHO-OPUEHTHPOBAHHOIO IIPOrPAMMHUPOBAHUS,
HO 9TO He JIeJIAaeT UX MeHee BaXKHbIMU. BO3MOYXKHOCTH BBECTH CBOU BEpCHU apud-
METUYIECKUAX OIEPAITUH JJIs MMOJIb30BATEIbCKIX TUIIOB JAHHBIX, KOHTPOJIb 00bEeK-
TOB 3a COOCTBEHHBIM CO3/IAHUEM, KOTUPOBAHUEM, IIPUCBANBAHUEM U JINKBHUIAIINEH,
YHUKaJbHAas KOHIEIINS TUIIA-CCBUIKN, II03BOJIAIONIAs BBIHECTH B CUCTEMY THUIIOB
MOHATHUE AEG000NYCTNUMOL0 GHLPAAHCEHUA — BCE DTO MPAKTHUIECKU € CAMOTO HAYAJIA
CTAJIO BU3UTHOM KapTOUKOil sizbika Cru++.

PaccmaTprBast Bce 3T HHCTPYMEHTHI € IMHBIM KOMILJIEKCOM, MBI MOYKEM 3aMe-
TUTH, YTO IVIABHBINA JJOCTUIHYTBI Pe3y/bTaT 3/1eCh — 3TO BO3MOXKHOCTD JIJId IIPO-
IPAMMUCTa BBECTU CKOJIb YIOJIHO CJIO2KHYIO aOCTpakIuio u paboTarh ¢ Heil Tak
JKe, KAK MBI [IPUBBIKJIM PADOTATH C 3JIEMEHTAPHBIMU BCTPOEHHBIMU TUIIAMU, DU
JKeJIAHUH TTOJTHOCTBIO UTHOPUPYS AeTaan peanusdanun. Umetomuecs: B Cu+-+ cpe-
CTBa CO3/IaHUs aDCTPAKTHBIX THUIIOB JAHHBIX 00J/IaIAI0T BBIPA3UTEIBHON MOIIBIO,
OJIM3KOM K MPUHITUIIAAILHO BO3MOXKHOMY MAKCHMYMY.

[Ipn mpaBuABLHOI OpraHW3aIllud MPOTPAMMBI TPYIOEMKOCTL €€ HalUCaHUs Ha
Cu-++ MOXkKeT oKasaTbCsi B pa3bl HUXKE, YeM CO3/IaHhe TaKOH »Ke ITPOrpaMMbI
Ha guctoM CH, U OCHOBHOI BBIUIDBINI 10 TPY/A03aTpPaTaM 37eCh Jal0T UMEHHO
CpeJICTBa reHepaluu abCTPAKTHBIX TUIIOB JAHHBIX, PACCMATPUBAEMbIe HUXKE.

10.4.1. Ileperpy3ka nmén byHKIMI; JeKOPUPOBaHUE

JList TOHUMAaHUS 1EeJI0T0 Psiia BO3MOXKHOCTEH, KOTOPBIE Mbl Oy/IeM IIOCTeIeH-
HO BBOJIMTDH B CJIEAYIONIUX MTaparpadax, Hy?KHO UMEThb IIPEJCTAB/IEHNE O CBOMCTBE
sizbika, Cu+-+, HasbiBaeMOM mepezpy3kolti umén Pynryut. Cpasy oropopum-
Cs1, UTO 3Ta BO3MOXKHOCTH He nMeeT HUKakoro orHornenus Hu K OOIIL, au k AT/
u BOOOINE K KaKUM OBl TO HHU OBLIO MapajJurmMaM; 3TO Cyrybdo TEXHHUYIECKOe pe-
IITeHre, MMO3BOJIUBIIEE CHATh HEKOTOPBIE MPOOJIEMBI, KOTOPBIX BOOOIIE-TO MOXKHO
ObLI0 M3HAYAJILHO HE JIOIyCKaTh; KAK Mbl BCKOpPE YBHJIUM, Ieperpyska (pyHKIIi
caMa MOPOXK/IAeT JTOCTATOTHO OIY TUMbIE TEXHUIECKUE TPODJIEMBI.

Ileperpyska MMEH COCTOMT B TOM, YTO B pPaMKax OJHOI 00JIACTH BHUIUMOCTHU
Cu-++ 1mMo3BOJISIET BBECTU HECKOALKO PA3IUIHBIX (DYHKITHI, MMEIOIIUX OJHO UMSI,
HO IPEJIIOJIAraONMX Pa3HOe KOJUYECTBO U /MK TUIb HapamerpoB. Hampuwmep,
OyIieT BIIOJTHE KOPPEKTEH CJICAYIOIIII KO

void print(int n) { printf("/d\n", n); }
void print(const char *s) { printf("%s\n", s); }
void print() { printf("Hello world\n"); }

[Tpu obpaboTke BBI30OBa (PYHKIIUU KOMIIUISITOP OIPEIEIAeT, KaKyio (PYHKIUIO C
TaKUM MMeHEeM CJIeJyeT BBI3BaTh, UCIOJIB3Ysl KOJMIECTBO U TUIBI (DAKTHIECKUAX
mapameTpoB. Hampumep:

print (50); // BH3BBaeTrcs print(int)
print("Have a nice day"); // BusmnBaeTcsa print(const charx)
print(); // Bepcus 6e3 mapaMeTpOB

JHpa Trma, OTIHYIAIOMUXCS TOJHBKO HAJUIHEM WJIN OTCYTCTBHEM MOIMMUKATOPA
const, C TOUKN 3peHNsT MeEXaHN3Ma MMEPETrPy3KN BCE-TAKN CIUTAIOTCS PA3INIHBIMU,
TaK 9TO KOMITUJISITOP IO3BOJISIET B OJHON 00JIaCTH BUJIMMOCTH BBECTH, HAIIPUMED,
CJIeTYTOIIEE:

void func(int *p) { /* ... */ }
void func(const int *p) { /* ... */ }

Nms pyHKImm BMEcTe ¢ THIIAME BCEX €€ MapaMeTpoOB HA3BIBAIOT Mpogunem
dynxyuu. BozaMoKHOCTD meperpy3kn UMEH (QyHKIW O3HAYAECT, 9TO B A3bI-
ke Cu-++, B owmune ot dncroro Cu, dbyHKIuU uaeHTUDUIAPYIOTCS HE
nMeHamu, a npodwiamu. CTONT UMEeTh B BUIY, IYTO THUIl BO3BPAIa€MOTO
3HAYEHUsI HE CUUTAETCH YaCThi0 Mpoduisa (PYyHKIUU, T.€. HeJIb3s BBECTH
JiBe (DYHKIMH, 3ar0JIOBKHA KOTOPBIX PAa3JIMIAI0OTCs TOJBKO THIIOM BO3BPAIIAEMOIO
sHavenus. [Ipu sToM meperpy>keHHbie (pyHKIIMN MOTYT BO3BpAIlaTh 3Ha-
YeHusl PAa3HbIX TUIOB, 9T0 HUYEMY He MPOTHBOPEYNT; TEXHUIECKNA BO3MOXKHO,
HAITPUMED, COTBOPUTH UTO-HUOYIH BPOJIE

int plus5(int x) { return x + 5; }
void plus5(int *x) { *x += 5; }

— ecJn, KOHEYHO, BbI CMOXKETe O0bSICHUTD XOTsI ObI caMu cebe, 3adeM 3TO 1eIaTh.
BBesienne neperpy:keHHbIX (DYHKIMI MOYKET IPUBECTH K COBEPIIEHHO HEOXKI-
JAHHBIM TIOCJIEICTBUAM. TaK, CAeIyIomuil Koa caM 1o cebe KOPPEKTeH:

void f(const char *str)

{
printf ("This is a string: %s\n", str 7 str : "(null)");
}
void f(float f)
{
printf ("This is a floating point number: %f\n", £);
¥

Kowmrmuisitop Briosiae cupaButcst ¢ BoizoBamu f ("string") u £(2.5), HOCKOIBKY
HUKAKUX Pa3HOUYTEHWI TyT He BO3HHUKaeT. Bojee Toro, maxke Bbi3oB f (1) Oymer
YCIIENITHO OTKOMITMJINPOBAH, TaK KaK I€JI0€ MOXKHO HEsIBHO 11Peo0pa30oBaTh K TUILY
float, HO He K Tuiy const char*. OguHako Ber30B f(0) OyaeT pacieHéH KOMITU-
JIATOPOM KaK ONIMOOYHBIH, IMOCKOJIbKY KOMIIUJISTOD C COBEPIIEHHO OJMHAKOBBIM
YCIIEXOM MOKET paccMarpuBaTh O M KaK KOHCTaHTY Tuna float, U Kak aJpecHyIo
KOHCTQHTY («HyﬂeBofx’I yKazaTesb» ), a OCHOBaHUil BLIOPATH TOT, a HE WHOI Bapu-
aHT y Hero HeT. Mex 1y TeM, ecju ObI B IpOrpaMMe IPUCY TCTBOBAJIA TOJBKO OJIHA
U3 JBYX Bblleonucanubix dbynknuii £ (mobas!), Borzos £(0) 6bur GbI 3aBELOMO
KOPPEKTEH.

OrmernM ofuH HHTEPECHBIH Kasyc. PopMabHO TOBOPS, TEPErPy3Ka (PYHKITHIT
€CTh OJ[HO U3 IPOSIBJICHUN CMAMUYECKO20 NOAUMOPPHUIMGE, IPUIEM, B OTJIN-
qre OT CJIydaeB, KOTOPbIE MbI YIIOMUHAJN Ha CTP. 14, 37eChb Mbl UMEEM ITOJIMMOD-
¢du3M, BBOJIUMBIIT [TOJIH30BATENIEM, & HE BCTPOEHHBIN B 3bIK. U TeM He MeHee HU
K 00bEKTHO-OPUEHTUPOBAHHOMY MIPOTPAMMUPOBAHUIO, HM K A0CTPAKTHBIM TUITAM
JIAHHBIX [I€PErPY3Ka MPSAMOrO0 OTHOIIEHUS HE UMEET.

Hano ckasarb, uro mneperpyska (GpyHKIUE B 00IEM CIydae — BO3MOXKHOCTB,
MSITKO FOBOPsl, COMHHUTE IbHASA. B 00BIYHBIX 00CTOATENLCTBAX HET HUKAKOI'O CMbBIC-
Jla, «3KOHOMUTB» UJIEHTU(DUKATOPHI; €CJIM HAM 3a9eM-TO MOTPEOOBAJIOCH BBECTH
TPHU <«POJCTBEHHBIE» (MYHKIUU JJIsI IedaTH, KaK B IPUMEpe BbIIe, HUKTO He
MeITaeT CIesIaTh 3TO 0€3 BCAKOW Meperpy3Ku, HAIIPUMED, TaK:

void print_int(int n) { printf("%d\n", n); }
void print_str(const char *s) { printf("%s\n", s); }
void print_hello() { printf("Hello world\n"); }
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B Cu++ neperpyska ObLiia BBeJieHa, KAK TOBOPST B TAKUX CJIydasX, ad hoc, 9ToObI
CIIPABUTBCS C JIByMsl BIIOJIHE KOHKPETHBIME IIPOOJIeMaMu, TPUIEéM 0be 3TU MPO-
6JieMbl BO3HUKJ/IM (& €CJIM HA3bIBATH BEIM CBOMMU MMEHAMU — OblAu c030aHbL)
MIPAKTUYIECKN Ha POBHOM MecTe. IIpo oHY M3 HUX YUTaTe/ b, BOSMOXKHO, y2Ke J10-
ragasicsa. B §10.3.3 Mbl BBeJIn OHATHE KOHCMPYKIMOPEG, YKA3aB, ITO ITO METOJ
CIENAIbHOIO BUJIA, 3aJIAIOMINA UHCMpyKyulo, xax cozdasams obsexmo, 0aHH020
MUNG; TaM K€ Mbl OTMETHUJIN, ITO KOMIIUJISTOP OT/INIAeT KOHCTPYKTOPHI OT OOBIY-
HBIX METOJO0B 110 UMEHU, KOTOPOE COBIAJIAET C MMEHEM OIMChIBaeMoro tuma. Ho
9TO ecan OOBEKT OJHOTO THUIA HAM 3aX0YeTCsl B 3aBUCHMOCTH OT ODOCTOSITEIHCTB
CO3/1aBaTh PasHBIMU crocobamu?! MexaHM3M Ieperpys3KH I103BOJISIET BBECTH JIJIs
OJTHOTO TUITa, HECKOJIBKO PA3HBIX KOHCTPYKTOPOB, OTIMYAIONINXCS MTPUHUMAEMBI-
MH IapaMeTpaMu, W, KaK Mbl YBUAUM 9yThb mo3:ke, B Cu++ 3Ta BO3MOXKHOCTD
SKCIIYaTUPYETCsS B XBOCT U B T'PUBY.

Bropas npuunna BBeieHNs eperpy3ku PyHKINN — TOUHEee, IIPodaeMay, KO-
TOPYIO BBEJICHUE IePerpy3KH IMO03BOJIMJIO CHATH — CTAHET sICHA M3 TEKCTa CJie-
JyIomero maparpada, B KOTOPOM MBI PAaCCMOTPUM II€PEOIpeIeeHne CUMBOJIOB
apuPMETHIECKIX OIEpaIiil JJjisi TUIIOB, BBEJICHHBLIX IoJb3oBareneM. B Cu++
JIJIsI TAKOT'O II€PEOIpeIeIeHnsT B IIPOrpaMMe OIMHUCHIBAIOTCS (DYHKIMU ¢ MMEHAMHI
CIIEITUAJBHOTO BHUJIA, KOTOPBIE IPUXOAUTCS PA3JIMIaATh 110 TUIIAM aplyMEHTOB.

Puckuém 3asBuTh, 9T0 06€ pPobIeMBbI IIPOoIIe OBLIO H3HAYAILHO HE CO3TaBATh,
0CODEHHO € YYETOM TOTO, K KAKHM HECYPA3HO TSKEBIM IIOCJIEACTBUSIM B UTOIE
[IPUBEJIO BBeJieHne 1eperpy3ku. J1o onpeaeiéHHOrO0 MOMEHTa Ha TU IOCJIEICTBUS
(siBJIEHVIE, HA3BIBAEMOE «JIEKOPDHPOBAHUEM MMEH» N «MAHIJIMHIOM» ) MOYKHO He
obpalraTh BHUMAHUS, TaK 9TO UX OIMUCAHUE, UIYIee HUXKE, HAOPaHO YMEHBIIEH-
meiM mpudToM. Ho mperxite maauM 9uTaTesio OHY BIOJIHE YHUBEPCAIbHYIO pe-
KOMEHJAIN0: OybTe TOTOBBI K TOMY, YTO Ieperpy3kKa BCTPETUTCA BaM B
4y>KOM KOJe, HO CAaMU HUKOTIA He IIPUMEHHNTe €€ Jist OOBIYHbIX DYyHK-
muii. Ciiydan KOHCTPYKTOPOB U IIEPEOIPEIEIEHHBIX OllePalil He OCTABJIAIOT HHO-
ro BeIOOPA; BO BCEX OCTAJBLHBIX CATYaIldsaX HEPErpy3Ka UMEH He HyKHA U TOJBKO
3aTPYIHSIET BOCIPUSTHE ITPOTPAMMEBI.

MosieneHne B Cu++ neperpyskn nMeH byHKUNA BEAET K ONPeAenéHHbIM TPYLHOCTSM
Mpn KOMMOHOBKE MPOrpamMm U3 MOAY/NEN, HAMUCAHHbBIX HA Pa3HbIX A3bIKaX — WJW, €CU FOBO-
PUTb YECTHO, MPU UCMONb30BAHNIN B OLHOI Mporpamme Mogyneli, HanncaHHbix Ha Cu++, Ha
unctom Cu n (ropasgo pexe) Ha s3bike accembnepa’. Ecnm B Bawm nnaHbl He BXoANT nC-
NOoNb30BaHNE OTAENbHbLIX Mop.yne|7| Ha YNCTOM CVI, MOXXETE NpPoNyCTUTb OCTATOK 3TOro napa-
rpacha — HO AyyLue NpoYuTaiiTe, 4TOBbI XOTS Bbl MPUMEPHO 3HATb, r4e BaC MOTYT NOLKUAATH
o4yepeaHble rpabsn.

Kak Mmbl 3Haem (cMm. T. 1, §3.7.3), obbekTHble haiinbl, noNyHatownecs B pe3ynsraTe KOM-
nnnaunn N3 oTAeNbHbIX Mop,yne|7|, coaepxxat 06pa3b| O6}'IaCTeI7I namMmsitTn, NOMeEYEHHbIE MET-
KamMu, N yKasaHusa Ana pefakTopa CBs3eld, Y4TO B OnpefAes€HHblE MECTA HY>XXHO MOACTaBUTb
WTOroBble afpeca, KOTOpble MOJIyHaTCsl U3 METOK, COOEPXALLMXCA B APYrux Mogynsix. Pe-
0AKTOp CBA3EA MO CyTW NPUMUTMBEH, OH HE 3HAET HUYErO HE TOJNLKO O MEPErpy3Ke WMEH
pyHKLMIE, HO U BOODLLE O hYHKUUSIX, A5t HEro hyHKLUUS — 3TO NpocTo obpas obnactu na-
MATN. KOMI'IVIJ'I;ITOpr HYNCTOoro CVI B Ka4eCTBE METKWN AN KOAA beHKLI.I/II/I O6b|‘-|HO NCNONb3YyHOT
nms 3Tol pyHkuumM (a Ans rnobanbHLIX NEPEMEHHBIX — WMEHA STUX MEPEMEHHbIX); KOMMN-
nstop Cu++ noctynaer Tak »e ¢ rnobasbHBIMU NEPEMEHHBIMU, HO He C byHKLUAMU, Befb
«bnarogaps» neperpyske UMEH B NporpaMme MOXET OKasaTbCsl bonblue ogHol yHKUMM C
3aZaHHBIM VIMEHEM.

34ech Ha cueHe TMOSIBNSETCS OYEepenHOil MOHCTP, KOTOPbIA MO-aHMMIACKM Ha3biBa-
eTca name mangling; Hanbonee 4acTo 3TO NEPEBOAUTCS Ha PYCCKUIA CNOBOCOYETAHUEM
«AeKkopuposaHne UMEH>», KOTOPOe, YBbl, COBEPLLUEHHO He OTpaxkaeT cyTu. Mexay npoyum,
cnoeo mangling npasunbHee BbI1O Bbl NEPEBECTU KaK «KOBEPKAHbE» — WMEHHO TaK OHO
nepeBoanTCs B Apyrux (HENporpaMMUCTCKNX) KOHTekcTax. [lporpammucTsl, pasymeercs, B
MOBCELHEBHOW Peyu UCMOMb3YIOT TPAHCAUTEPALMIO K MAHIJIUHT >, W TPYAHOMPOU3HOCUMOCTb
3TOro C/I0Ba UX HE OCTaHAB/INBAET.

KaK 6b| Mbl HN Ha3bIBanwn 3TO ABJEHNE, CyTb €ro B TOM, 4TO ONA O603Ha‘-IeHV|ﬂ d:)yHKLI.VII/I
B 0bbekTHOM haiifie KOMNUASTOP NCMOMB3YET He €€ UMsI, a HEKOe HeyaoboBapnmoe YEpT-Te
YTO, cofepxKalliee 3aKoANpoBaHHYIO nHdopmaunto 0bo Bcém npodune pyHKLMM, TO eCTb O
€€ uMeHn n Tunax Bcex eé napametpos. Hanpumep, ums dyHkumn

double foo(double a, int b);

Haw KoMNuAATop g++ npeepatut B « _Z3foodiy; 3aecb _Z — 3TO «BOJILIEDHBIA» npedukc,
0bo3HavatoWMii « [EKOPNPOBAHHOEY MMS1, 3aTEM CNEAYET AeCATUYHOE YKCno, obo3HavatoLee
AJIIHY UCXOAHOTO nMeHn pyHKLuMM (B HalLeM ciiydae 3, NOCKOJIbKY UMst £00 COCTOUT U3 TPéx
ByKB), NOTOM MAET COBCTBEHHO MMSI, @ 33 HUM — 3aKOAMPOBAHHbIE TUMbI NapameTpos. [ns
BCTPOEHHbIX TUMOB BCE [LOBOJILHO NPOCTO — Kak Mbl Buaum, double npespaTunocs B byksy d,
int — B i; C NONbL30BAaTENLCKUMU TUNAMU KOMNUAATOPY NPUXOANTCA N3BOPAYMNBATLCSA CUb-
Hee — HampuMep, napameTp Tuna const struct stri* npespaTtusncs bbl B «PK4strly. 3a-
beras Brepén, OTMETUM, HTO LEKOPMPOBAHHOE NMS (PYHKLMM, NapamMeTpaMin KOTOPOIA Cry»xaT
TUMbI, MHCTAHLUUPOBAHHbIE N3 LWABNOHOB, ODLIYHO OYEHb XOYETCS Pa3BUAETD.

MukaHTHOCTU cnTyauumn AobaBASIET eWE 1 TO, YTO pasHble KOMMUAATOPLI (a B HEKOTOPbIX
0CODO MaTONOrNYECKNX CyHasix — [LAXKE Pa3Hble BEPCUN OLHOMO KOMMUIATOPA) MOryT WC-
Nosb30BaTb Pa3/in4HblE AATOPUTMbI AEKOPUPOBAHUSA — PA3YMEETCs, HECOBMECTHMbIE MEXAY
coboii. Bnpouem, B 3TOM nnaHe B nociegHne roabl HAMETUIICS ONPefeNnéHHbIA nporpecc —
BO BCAKOM C/ly4ae, g+ He MEHSeT CXeMy AeKOpUpOBaHMs, HaduHas ¢ Bepcuii 3.%, n Ty xe
CaMy0 CXEMY WCMOJb3YIOT HECKOBbKO ApYrUX KOMMUASITOPOB, BKtOYasi, Hanpumep, clang.
Tak unn nHave, 6bAnoOTEKN, Hanucanubie Ha Cu++, MOXHO nepeBogUTL B 00 BLEKT-
HbIi KOZ, TOJIbKO A1 UCNOJIb30BaHUSI C TEM >XE€ KOMMUASTOPOM, COBMECTUMOCTMN C
APYrUMUN KOMMUASTOPAMMN HUKTO NoobeLiaTb He MOXKET (XOTsi MHOrLA OHA U eCTb). DTa npo-
6nema HUKaK He 3aTparuBaeT Tex (HECOMHEHHO Pa3yMHbIX) JIOAEN, KOTOpbIE NCMOMb3YLOT
N PacnpoCTpaHstoT GUBAMOTEKN UCKNIOHNTENBHO B (DOPME MCXOAHOTO KOAA, Hy a Tex (He
OYeHb XOpoLWunX) fitogell, KTO MO KaKUM-TO MPUHYMHAM WCXOLHbIE TEKCTbl CBOUX Bubnmotek
PacnpoCTPaHsTL He XOYET, 3acTaB/isieT cobupaTb ODBEKTHblE BapumaHTbl CBOUX OubamoTek
NoA KaXKAblli KOMNUAATOP; CNeAYeT MPU3HATb, YTO U B 3TOM HUYErO CJULLKOM TPYLHOrO HET,
Beab komnunaTopos Cu++ He Tak MHOrO.

Xyxe ppyroe: BUAS OAMH U TOT )K€ 3arosioBok ¢pyHkyuu, komnunstopbl Cu n Cu++
NCMONB3YIOT PasHble NMEHA A/ist OOBLEKTHOro koaa 3Toli pyHkuuun. Ecan 34T Mogynb, Ha-
nucaHHblii Ha Yuctom Cu 1 copepxalnii hyHKLMIO Bpoge npuseaéHHol Bolwe foo, oTKoMMu-
NMpoBaThb ero kKomnuasTopoMm Yucroro Cu, a ero 3aronoBoYHbIl haiis, cogepxalynii 3arono-
BOK TOWi K& CaMOii PyHKLMM, NOAKMOUYNTE C NOMOLWbIo #include N3 MOAYAs, HANMMCAHHOTO
Ha Cn++, komnuanpyemoro komnunstopom Cu++ u npu aTom comepxatyero obpauieHue K
dyHkuun foo, nTorosasi nporpamma He npoiiaétT KOMNoHOBKY. B camom gene, B 06bekTHOM
Mogyse, nojy4eHHoMm komnunstopom vucrtoro Cu, dyHkums byaeT HasbiBaTbCA npocTo foo,
Torga kak komnuasTtop Cu++ nocrponT obpatierue K Heli depe3 nms _Z3foodi; pegakTtop
CBsI3€ii NOMbITAETCS HaiTM B MPefoCTaBieHHbIX eMy palifax Takyl METKY, HO, MOHATHOe
NENo, He HalAET.

K cuacteio, Cn++ npegycmatpusaer pewenune ans 3Toil npobnembl. Ecnn 3aronosku
HEKOTOPLIX (hYHKLUI 3aKIOHYUTL B TENO ANPEKTUBLI extern "C" npumepHoO Tak:

extern "C" {

/] ...

double foo(double a, int b);
/...

}

— TO 415 3TUX PYHKLUIA KOMNUAATOP OyLeT NprMeHsTL cornallerus, xapakrepHole gas Cu;
Ha CaMOM fiefle KOHKPETHbIN 513blK 33Ja€TCS CTPOKOBLIM JINTEPAsIOM MOC/ie C/loBa extern,
B 4aHHOM cniydae "C"; Bnpo4yeM, BONbLIMHCTBO KOMMUASITOPOB NOAAEPKMNBAET TOJILKO OAMH
Takoli «BHewHMii» a3bik — Cu. JekoprpoBaHue UMEH ans 3Tux hyHKUUii ByaeT OTKIOHEHO.
OTmeTnM, 4TO Teno AUPeKTUBLI extern ODbIYHO He CHAbXatoT CTPYKTYPHbIM OTCTYMOM,
MOCKOJIbKY BO MHOFMX C/ly4asix 3TO Tel0 OXBATbIBAET BECb 3aro/I0BOYHbIN haii.

OcHoBHbIX cnocobos NpuMeHeHNs AnpekTuBbl extern "C" gsa. Ecin aBTop mMogyns, Ha-
nucanHoro Ha Cu, o Hac He no3aboTuncs, npoule Bcero byaeTt 3ako4uTh B extern "C" camy
AnpekTuBy #include, NOAKNOHAIOLLYIO 3ar0N0BOYHbIN halin, Tak YTO B pe3y/ibTaTe KOMMu-
NIATOP YBUAMT BCE €ro COAepXUMOe yxke BHyTpu extern "C". Bbirnagut 3To npumMepHo
Tak:

extern "C" {
#include "foo.h"

}

Ecnu e mbl nuwem moaynb Ha uynctom Cun, HO UCXOQHO NpeanonaraeM, 4To OH Oyger
MCNOJIb30BaTbCS B MporpaMmax, HanucaHHbix kak Ha Cu, Tak n Ha Cu++, Oyper BnosHe
OCMbIC/IEHHO B Hayaje N B KOHLE 3arofloBOHHOro haiina pasMecTuTb HAYasao U OKOHYaHUE
aupektuebl extern "C". EctecTBeHHO, HY)KHO NM03ab6OTNTHCS O TOM, HTODbBI UX BULEN TONBKO
komnunsitop Cu++, a komnunstop vucroro Cu He Bugen — B Yuctom Cu Takoil fUpeKTu-
Bbl, CODCTBEHHO roBopsi, HeT. Ho n 3ToT Bonpoc nerko peluaeTcs bnarogaps MakpocumBoOay
__cplusplus, KOTOpbI/i BCeraa onpefenéH, korga ncnoabsyercs komnuastop Cu++. 3a-
ronoBoYHbIi aiin foo.h ¢ y4&ToM 3aWwmTbl OT NOBTOPHOrO BKAtOYeHUs (cMm.T.2,8§4.7.4)
MOXXET BbIMNAAeTb MPUMEPHO TakK:

#ifndef FOO_H_SENTRY
#define FOO_H_SENTRY

#ifdef cplusplus

extern "C" {
#endif

//
double foo(double a, int b);
//

#ifdef __cplusplus

"TOBOpSIT, MHOIJ[A B CMENIAHHLIX IIPOEKTAX IIPUMEHSIIOTCS €IIE moaynu na Poprpame, HO
aBTOP KHUATHM TAaKOI'O HE BCTpedaul.
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}
#endif

#endif

K #ekopupoBaHuto UMEH KOMMUASTOP BbIHYXAEH npuberaTb He TOAbLKO U3-3a Neperpysku
pyHKLMIA, HO U U3-32 UMEH, BJIOXKEHHbIX B 06/1aCTU BUAUMOCTY; TO3XKE Mbl YBULUM, HTO
TakuMun obnacTsIMN SIBASIOTCS, HANPUMEP, KJACChl N CTPYKTYPbI: UX Y1€Hbl UMEIOT CIOXKHYHO
dopmy nmén. OgHako ¢ 3Toi Npobnemoii MOXHO Bbifo Bbl CNPaBUTLCS, HE JIOMasi COBME-
ctumocTb ¢ Cu, korga pedb uaéTt o npocTeix ¢yHkyusix (He metopax knaccos). Hanpumep,
meTog £ n3 knacca C Mor 6bl Ha ypoBHe 06bEKTHOMO Koga MeTb nMst CORE nnm gake npocTo
C::f, ec/im IMHKEp AOMYyCKaeT ABOETOYME B MMeHaxX MeToK (BnpoyemM, obblYHO 3TO He TakK).

Meperpyska UMEH hyHKLWIE B 3TOM MiaHe KaXKeTCs JOBOJLHO HeyaadHoii ugeeid. Kak
Mbl Y>K€ OTMEYau Bbille, BBEAEHA OHAa B OCHOBHOM MO ABYM MPUYMHAM: BO-MEPBbIX, 4TOOLI
MMETb BO3MOXHOCTb OMUCaTb B OLHOM KJIacCe WN CTPYKTYPE HECKOJIbKO KOHCTPYKTOPOB,
a BO-BTOpbIX, KaK Mbl byaem obcyxgaTb MO3xe, YTODbl MOXHO DOblIO Meperpy»xaTb CUM-
BOJIbI CTAaHAAPTHbIX ONEpaLnii ANs TUNOB, BBEAEHHbLIX MOJb30BATENEM, AJ51 HEro noTpebo-
BaJIOCb MO3BOJINTb HECKOJILKAM Pa3HbiM (DYHKUNSIM UMETb OLHO N TO XXE UMSI, Hanpumep,
operator+. Ho obe 3Tu npobnembl Mornu 6b1 6bITh pelueHbl 6e3 BBegeHUSI NEPerpysKu: HUKTO
He MeLuaeT (TEOpeTNYecKn) 4aBaTb KOHCTPYKTOPAM pa3Hble MMEHa, HanpuMep, NpocTo noMe-
Yasl X CneumanbHbIM CNOBOM constructor (Min KakuM-Hnbyab ewgé), a hyHKLum-onepaLnm
Bpoge operator+ Morin Obl ObITb He OYHKLUSAMM, @ HEM-TO BPOAE MAaKPOCOB MW Creunaib-
HbIX AVPEKTUB, IMBO MOXKHO BbIIO BbI NOTPeboBaTL, YTODLI PYHKLWUM C UMEHaMU TaKoro BuAaa
Bcerga bbinn «noacTaensieMbiMuy (inline) u He Bbin Bbl, Kak CNEACTBUE, BUAHbLI JINHKE-
py; €C/in onepauunst NpeanosaraeT CIOKHYI0 peanu3auunto, eé MoXXHO bbino bbl BEINONHNTL B
PyHKUMUN C ODbIYHBIM MMEHEM, a N3 operator+ €€ NMpoCTO BbI3BaTh.

Mbl B ouepefHoii pa3s BuguM, 4to s3blk Cu++ He ufeaneH; yBbl, [OCTOWHAs anbTep-
HaTMBa eMy He CMEeLWNT NOSBAATLCA. Tak unm uHade, ypoku 3noxu Cr++ MoXXHO Obiio Obl
YHECTb NPU CO34aHUN HOBOTO $i3blKa NPOrPaMMUPOBAHNS — XOTs1, CYAsi MO NPOUCXOASALLEMY B
mupe IT (ocoberHo no HoBbiM «cTaHgapTamy» Cu—++), paccHnTbiBaTb Ha 3TO B bavxaiive
rofbl He NPUXOANTCS.

10.4.2. IlepeornpesiesieHNe CUMBOJIOB CTaHJAPTHBIX ONeparmii

Bepuémca k mamemy npuMepy — KJIACCY, OMICHIBAIONIEMY KOMIIJIEKCHOE HHC-
Jio. B peanbHOil 3a/1a1e MbI BT JTU 3aXOTUM OI'PDAHUIUTHCS TOJILKO OIEPAITASIMUI
B3SATHs MOJLYJIsSI ¥ PA3JIOXKEHUST HA KOMIOHEHTHI (JIefICTBUTEIbHYIO 1 MHUMYIO Ya-
ctu, Mojyib u apryment). Ckopee Bcero, HaM HOTPEOYIOTCSI TAK¥Ke CJIOXKEHHe,
BbIUUTaHUE, YMHOXKEHHUE U JleJICHUe.

Azbik Cu++ mpemocTaB/isieT BOBMOXKHOCTH 3allCH TAKUX JEHCTBHUI ¢ TIOMO-
IO IPUBBIYHBIX CUMBOJIOB apudmMerndecKkux oneparuii. Kpome Toro, JIormaHo
IPeyCMOTPeTh BO3MOXKHOCTb Y3HATh JEMCTBUTEJIbHYI0O U MHHUMYIO YaCTH KOM-
IUIEKCHOT'O YUCJIA, €CJU BJAPYT HAM 3TO MOHAI00UTCH. Jljist 9TOTO JAOMOTHIM HAI
KJIACC eMé HECKOJbKUME (DYyHKIUIMU-UJIeHAMU, UMEHa KOTOPBIX Oy/yT BBITJIS-
JIETh JOBOJIBHO HEOOBIHO. DTU (PYHKIUU KaK pa3 U OYIAyT OIMUCHIBATE IeHCTBUSI,
KOTOPBIE JIOJIZKEH, 10 HAIIIEMY 3aMBbIC/IY, O3HAYATH CUMBOJI TOI WU MHOU apudme-
THYIeCcKo# omneparuu. OTMETHM, 9TO METO/BI B 9TOM IpuMepe OyiyT oOpalmaTbest
K 3aKPBITBIM IOJISIM HE TOJIBKO «CBOEr0» OOBEKTa, HO U OOBHEKTA, MEPEJAHHOTO
KakK [apaMerp. JTO He HapyllaeT 3alluTy: KaK y»Ke TOBOPUJIOCH Ha cTp. 34, eu-
HUTIEN 3aIUThI SBJIsieTCsd He O0bEeKT, a KJIACC WIH CTPYKTypa Kak TakoBble. VTak,
MUIIEeM:

class Complex {
double re, im;
public:

Complex(double a_re, double a_im)
{re =a_re; im = a_im; }

double Magnitude() { return sqrt(re*re + im*im); }

double Argument() { return atan2(im, re); }

double GetRe() { return re; }

double GetIm() { return im; }

Complex operator+(Complex op2) {
Complex res(re + op2.re, im + op2.im);
return res;

}

Complex operator-(Complex op2) {
Complex res(re - op2.re, im - op2.im);
return res;

}

Complex operator*(Complex op2) {
Complex res(re*op2.re - im*op2.im,

re*xop2.im + im*op2.re);

return res;

}

Complex operator/(Complex op2) {
double dvs = op2.re*op2.re+op2.im¥op2.im;
Complex res((rexop2.re + im*op2.im)/dvs,

(im*op2.re - rexop2.im)/dvs);

return res;

};

[MosicanM, 9TO CJIOBO operator sIBJISIeTCs 3ape3ePBUPOBAHHBIM (KJIIOYEBBIM) CJIO-
BoM sizbika Cu++-. Crosimue mopsiy JiBe JIEKCEMbI operator u + o0pa3yioT uMsA
PyHKUUU, KOTOPYIO MOYXKHO BBI3BaTh U KaK OOBITHYIO (DYHKIIHAIO:

a = b.operator+(c);

— OJIHAKO, B OTJINYME OT OOBIYHOU (DYHKITUH, HOsiBJIeHNE (DYHKIIUA-OIIEPAIUHT 103~
BOJISIET 3aIUCATL TO K€ caMoe B 60Jiee IIPUBBITHOM JIjIsi MATEMATUKA BU/IE:

a=>b+ c;

Tenepb MBI MOXKEM, K IIPUMEDY, Y3HATH, KAKOB OYyIEeT MOJY/Ib CyMMBbI JIBYX KOM-
IUIEKCHBIX YUCET:

Complex c1(2.7, 3.8);
Complex c2(1.15, -7.1);
double m = (cl+c2).Magnitude();

Kak MbI yBUIUM 11032K€, aHAJOTUIHBIM 00pa3oM B sizbike Cu+-+ MOXKHO Iiepe-
OIIPEJIEJINTH CUMBOJIBI JIIOOBIX ONEPAIUil, BKIIIOUas IPUCBANBAHNS, WHIEKCUPOBa-
HIe, BbI30B (PYHKINM M HPOUYIO «3K30THUKY». CYIIECTBYIOT TOJILKO JBeS olepa-
M, KOTOPBIE HEJIb3sI IIEPEOIPEIE/INTh: 9TO TEePHAPHAA YCAOBHAS ONEPAUUS
(a ? b : ¢) u oneparusi BBIOGOPKH T10JIsl U3 CTPYKTYPbl WM KJjacca (TOUYKa).
WurepecHo, aTo oneparysi BBIOOPKH TIOJIsI 110 YKa3aTeo («CTpesikay ) mepeornpe-
JleJisieMa, XOTsl M HEeCKOJIbKO CTPaHHBIM criocoboM. Ko BceM 3THM BOIIPOCAM MbI
BEPHEMCS ITO37KE.

HecomHueHHO, BOBMOYXKHOCTD BBOJIUTH ApUMOMETHIECKUE OIEPAITUH JJIsT TI0JIB30-
BaTEJIbCKUX THUIIOB — 9TO €IE OJIHO MPOSIBJIEHIE CMAMUYECKO20 TLOAUMOPPU3-
M@, KaK 1 pacCMOTPEHHAasl B IPeAbLIyIeM aparpade mneperpyska GyHKimit. Mbr
y2Ke yIOMHMHAJIU, 9TO (PYHKIINU, UMsI KOTOPBIX COJEPKUT CJIOBO operator, craju
OJIHOII M3 MpUYHH, 10 KOTOPeIM B Cu-+-+ BOOOIIe HMOABHJIACH HEPErpy3Ka MMEH
dbyHKIN; KaK MBI YBUIUM 11032Ke, Takue (DYHKIINNA HEe BCEra BBOIITCI KAaK Me-
TOJBI KJIACCOB, OObIYHAs (PYHKIUS TOXKE MOXKET MMETh TaKOe «CTPAHHOE» WMsI U
BBOJIUTD IIOJIb30BATEILCKUI CMBICIT TSI apudMeTUIECKON Olepaliun; pa3andaTh
ollepaIlii, UMEIOIIe OJHO M TO Ke obo3HadeHue (HAmpuMep, +), KOMIIMISTOD
BBIHY2KJIEH 1[I0 MUNAM GP2YMEHMOE — TO €CTh eMy NPUXOIUTCsI HA OCHOBaHUU
nHMOPMAIUN O TUMAX BBIOMPATL OJHY W3 MHOIUX (PYHKIHI, a 9TO U eCTb, cob-
CTBEHHO T'OBOps, meperpyska. Ho ecin mpo meperpysky (yHKIM B 00IIeM BHE
MBI TOBOPHJIN, YTO OHA HE MMeeT HUKAKOTO OTHOIIEHUST K MHTEPECYIONNM HaC ITa-
pajurmam (4 BooOIIe K KaKuM Obl TO HU OBLIO HAPaJUrMaM), TO MePerpy3Ka CHM-
BOJIOB CTaH/JAPTHBIX OIepalliii — 3TO BeChbMa CYIIECTBEHHBII 3JIEMEHT TIOJJIEPYKKU

MIOJIb30BaTEILCKUX a0CTPAKTHBIX TUIIOB JAHHBIX.

[loBONILHO HENpUSTHAs TEPMUHONOTMYECKas MyTaHMLA® BO3HWKAeT W3-33 aHrANACKOro
ClioBa operator, KOTOpPOe TaK N XO4YeTCA NEPEBECTN HA PYCCKUI KaK «OnepaTop», Npo4yu-
TaB €ro «Kak HammcaHo». YBbl, AefiaTb 3TOr0 HeJib3sl, Befb PYCCKOE CJIOBO «OMEpaTop» B
NPOrpaMMNpPOBaHNN NMEET COBEPLUEHHO MHOE 3HA4eHMe: TaK Mbl HA3blBAEM 3aKOHYEHHbIE
CTPYKTYpHblE eMHULbI TEKCTA NPOrpaMMbl, TakMe Kak onepatop BeTBieHus (if), onepato-
pbl uuknos (for, while, do-while) n gpyrue ynpasnsiowme KoHcTpykuumu. Hanomuum, 4to
B Cu (u B Cn++, ecTecTBeHHO, TOXKE) MOXHO NPeBpaTUTL B OMEPATOP NPOU3BOJbHOE apud-
METUYECKOE BblpaXkeHne, [oDaBMB K HEMY TOYKY C 3ansiToii; Takoil onepaTop Ha3blBaeTCs
«OMNEepaTopoM BbIYUC/IEHNS BblpaXkeHusi pagu noboyHoro adppektay. B wactHocTm, korga
Mbl Bbli3blBaeM (hYHKLUIO, UTHOPUPYS! NPy 3TOM €€ BO3BPALLaeMOe 3HaYeHMe, Mbl MPUMEHSIEM
MMEHHO 3TOT onepaTop.

AHrniickoe cnoBo operator 0DO3HA4aEeT CYLLHOCTb COBEPLUEHHO UHYHO — TO, HTO Mbl
No-pyccky obbl4HO Ha3bIBaEM «OMEPALMSIMUY: BCEBO3MOXHbIE apudmeTnyeckmne AelicTBus
(cnoxeHue, BblYMTaHWE 1 T.M.), ONEPALMN CPABHEHUS, MOBNTOBLIE 1 JIOFNYECKIE ONEPALN,
onepauumn C agpecaMmu 1 ykasartensimu, a ecau pedb ugét o Cu n ero notomMmkax — TO ewwé
1 onepaunn npuceausaHus. lHave rosops, no-aHrnniickn operator — 3TO HEYTO TaKoeE, HTO
MOXXET BCTPEYATLCS B BbIPAXKEHWUMN HAPSLY C KOHCTAHTaMu, NMEPEMEHHBIMU 1 CKODKamu.

8HekoTOpEIe aBTOPHI BKJIIOYAIOT B STOT CIIHCOK €INE U <OMNEPAIMIo> DPACKPBITHS 0BIACTH
BUMMOCTH; 9TO HE BIIOJIHE KOPPEKTHO, TIOCKOJBKY PACKPBITHE 0OJIACTA BUIUMOCTU HE ABAAETNCA
onepayueti. K stomy Bonpocy Mbl Bepuémcst B §10.4.13.

906 9TOM MBI TIpEIYIPEsK AN €IE B IIEPBOM TOME, KOT/[a BIEPBEIE CTOJIKHYIIHICH CO CIOBOM
«oneparop» npu udydenun [lackans (cm. T. 1, crp. 78); BOT MBI U 10GPAIUCH IO CUTYAIIUH, KOTIA
CJIOBO «OIIEPATODP» B KadeCTBe IIEPEBO/IA TepMUHA «statements HaduMHAET OTKPOBEHHO MEINATh.
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Hunuero yaneuTensHOro B UMEHHO TakOM UCMO/IL30BaHUN CoBa operator HeT. YuTtaTens,
3HAKOMBbIIi C BbICLLIEA MaTEMATUKOW, HECOMHEHHO, BCTPeYa Takne TEPMUHbI, KaK < JIMHElHbI
onepatop», «onepaTtop auddepeHunpoBaHns» 1 T.M., KOTOpbIMU 0bbIYHO 0bO3HaYatoTCS
0OTODpaXkeHNsl N3 HEKOTOPOro MPOCTPAHCTBA B HErO CaMo, T. €. MOMNPOCTY (PyHKLUM, UMEIOLLNE
HEKOEe paccMaTpuBaemMoe MpOCTPaHCTBO OQHOBPEMEHHO B KadecTBe obnacTu onpeaeneHus un
obnactu 3HayeHnii. Korga pedb uaét o Takmx BOT — MaTeMaTUYECKUX — <«OMepaTopaxy,
COOTBETCTBYIOLMM aHIIMACKM TEPMUHOM OKaXKeTCs Kak pa3s cnoso operator. Hy a apudp-
METUYECKNE OnepaLuu, NOHSTHOE AeNo, C 3TUMK operator'amMmu COCTOSIT B CaMoOM 6sin3Kom
poACTBe, Tak 4TO Ansi obosHaveHust (B MaTeMaTuKe) CUMBOJIOB BPOAE MJOCA, MUHYCA WA
JeNeHNsl aHroroBopsLLne MaTEMATUKN UCNOMb3YIOT TOT XK€ CaMblii TEPMUH; €CTECTBEHHO,
nepeHsiin 3TOT TEPMUH U NPOrPaMMUCTbI.

YTo >xe KacaeTcs CTPYKTYPHbIX eAnHWL, NPOrpaMMHOro TeKCTa, Ha3biBaeMbIX MO-PYCCKU
«onepaTopamMmy, TO 3TOI CYLLHOCTU COOTBETCTBYET COBEPLUEHHO WHOW aHTINMACKNA TEPMUH:
statement (6yKBaano NepeBoOANTCA Kak <<yTBep>Kp,eH|/|e>>). Kak Tak noay4usiocb, 4To aH-
rnninckoe statement nepeBOAAT HA PYCCKUIA CIOBOM «OMepaTop», KTO 3TO NEPBbLIM NpuayMan,
CO34aB AN TPAAYLUNX NOKOJEHNA PYCCKOSI3bIYHbIX MPOrPaMMUCTOB HEMPUATHYIO TEPMUHO-
JIOrnYeckyto npobaemy — BOMpPOC, KOHEYHO, MHTEPECHbIN; K COXAJIEHUNIO, CAENATb YXKE HNYEro
HeNb35, TEPMUH KONEpPaTop» HaMePTBO BPOC B PYCCKYIO NMPOrPaMMUCTCKYHO JTEKCUKY UMEHHO
B 3TOM COBEPLLUEHHO HENIOTMYHOM AJI1Si HErO 3HAYEHUN.

10.4.3. KoHcTpykTOp yMoJsdaHusi. MaccuBbl 00 beKTOB

Bosspamasics kK naremy kiaccy Complex, HamoMHUM (CcM. cTp. 34), 9TO Omu-
caThb nepeMeHHyo Tuira Complex NPUBBITHBIM HAM 00pa30M, 6e3 BCSIKUX apaMeT-
DOB, HeJb3d, T. K. JIJIsl €IMHCTBEHHOTO KOHCTPYKTOpa Kiacca Complex Tpebyrorcs
JiBa napamerpa. Tak, cieayromniuii Ko 6y/1eT HEKOPPEKTEH:

Complex sum; // OWWBKA - HeT mapaMeTpOB AJf KOHCTPYKTOpa
sum = cl+c2;

Kpome Toro, y Hac BOSHUKHYT CJIOKHOCTH IIPU CO3JAHHH MACCHBOB KOMILIEKC-
HBIX YHCEJT; OOBIMHBII MAaCCHB 3apaHee 3aJaHHOTO pasMepa MbI CO3/IaTh CMOMKEM,
HO TOJIBKO IPHU yKA3aHUH HHUIUAIL3ATOPA, UMEIOIIEr0 BECbMa HETPUBHAJILHBII
CHHTAKCHC; 3a0erast BIEPEI, OTMETUM, 9TO JUHAMUHECKULT MACCUB KOMILIEKCHBIX
4rCea MBI CO3/IaTh HE CMOXKEM BOOOIIE HHUKAK, HOCKOJBLKY CHHTAKCHC A3BLIKA HE
[I03BOJIET 3aJaTh IIapaMeTpPhl JJis KOHCTPYKTOPOB KasKJOI0 3JIEMEHTa MaCCHBA.

CHATH BOBHEKIIHME MPOOJIEMBI IIO3BOJISIET BBEICHUE CHIE OQHOIO KOHCTPYKTO-
pa. HamoMHuM, 9T0 KOMIUISTOP CUATAET KOHCTPYKTOPOM (PYHKIIUIO-UJIEH KJIACCA
(MM CTPYKTYPBI), MMsT KOTOPOil COBIIQJIAET ¢ MMEHEM Kjacca (MU CTPYKTYPHI).
Buaromapsa csoiictsy neperpysku dpynknuii 8 Cu+-+ MBI MOXKEM BBECTH B OJIHOI
00J1aCcTH BUAMMOCTH HECKOJIBKO (DYHKITHIL C OJHUM M TE€M K€ UMEHEM; 9TO OTHOCHT-
cs, pasyMeercs, 1 K KOHCTpyKTopaM. Hy»KHO TOJIBKO, 9TOObI (DyHKITUH, HMEIOIIIE
OJIMHAKOBBbIE UMeHa (B JIAHHOM CJIydae — KOHCTPYKTOPBI), PA3/InIaJicCh KOJIude-
CTBOM M/WIM TUIOM mapaMeTpoB. Vrak, mobaBuM B Kiacc Complex emié ofuH
KOHCTPYKTOP:

class Complex {
double re, im;
public:
Complex(double a_re, double a_im)
{ re =a_re; im = a_im; }
Complex() { re = 0; im = 0; }
//

Teneps MbI MOKEM OIKCHIBATDH IlepeMenHble Tuila Complex, He 3ajaBas HUKAKUX
mapamMeTpoB. 1loaToMy KOHCTPYKTOP, UMEIOIINH IIyCTO CIICOK ITapaMeTpoB, Ha-
3bIBAIOT KOHCMPYKMOPOM 10 YmoawaHuro. Ero Hamn4ne jiejaeT BO3MOXKHbI-
MU, B HaCTHOCTHU, CJIEJIYIOIINE OIIMCAHUA:

Complex z3; // WCHoOnB3yeM KOHCTPYKTOP IO YMOJIYAHMUIO
Complex v[50]; // xomcTpyrTop 6ymer BH3Bad 50 pas,
// T.e. IONa KaxXOoro 3JeMeHTa

10.4.4. KoHCcTpYKTOpPHI Tpeobpa3zoBaHUs

[Ipu cozmanum mporpamMM Ha sSI3bIKaxX, 0018 JA0MNX TUIIN3AIUE, HEPEIKO BO3-
HUKaeT HOTpe6HOCTb HCIIOJIb30BaTh 3HAaYCHUE OJHOI'0 THUIla TaM, e II0 CMBICJTY
[IpemoJaraeTcs 3Hadenne apyroro tuma. OIuH W3 TPOCTEHINNX TPUMEPOB Ta-
KOii curyanuu — cjioxkeHue (Wam Jpyras apudmerndeckasi oleparysi) 4ucia ¢
IJTABAIOIIEH TOYKOM U TesIoro dncia. B a3bike Cu B MOJOOHBIX CJIydasix MPOU3-
BOJIUTCS TaK Ha3bIBAEMOE HeAsHoe npeobpadosarue munos. Tak, ecam Mbl OIU-
IIIeM IIepEMEHHYIO a KaK IeJIOYHNCIeHHYIO, & [TEPEMEeHHYIO0 b KaK MMEIOILYIO0 THII
float, u mocje 3TOro UCIOJIbL3yeM B IIPOrPaMMe BbIpakKeHue a + b, KOMIMJIATOP
HeAGHO TIpeobpas3yeT 3HaUeHNe IepeMeHHON a K Tuiy float, u TOJIBKO IOCTIe ITO-
IO BBIIIOJIHAT CJjIOyKeHne. TOYHO TakK »Ke, €CJIM B IpOorpaMMe OIHMCaHa (OyHKIUS
void f(float), Mbl MOXxkKeM 3amucaTb BbI30B f(25), U KOMIMIATOP COYTET Ta-
KOI KOJI, KODPEKTHBIM, T.K. «3HA€T», KAKUM 00pa30oM M3 IIeJ0r0 YHUCIa CACTIATD
YUCJIO C IIJIABAOIIEH TOYKOM; mHade TOBOPsi, B sidbike CU MPUCYTCTBYET ITPABUJIO
peobpa30BaHust 3HaYeHU Tuna int B 3Havenus Tumna float. EcrecTBenno, 361K
Cu+-+ Tak:ke MO3BOJISIET [IPOU3BOJIUTL IIOJ00HbBIE HEsIBHBIE IPeoOpa30BaHus, HO,
IIOMHUMO 9TOTO, B HEM €CTh CPEJICTBA YKa3aHUS ITPABUJ IPEOOPA3OBAHUS IJIsT MU-
n06 daHHIT, 86EIEHHLIT Nosb3osamenem. OTHUM U3 TAKUX CPEJICTB SIBJISIOTCS
KOHCMPYKIMOPDL NPEOOPA308AHUA.

OdeBUIHO, 9TO 3aJ1aTh MIPABUJIO IpeoOpa30BaHUs 3HAYEHUI THIla A B 3HAYE-
HUsI TAIa B — 3T0 TO Ke camoe, 9TO 3aJaTh WHCTPYKIIUIO [0 CO3/IaHUI0 00bEKTa
Tuna B 1o nMeromemMycs 3Hadenuio Tuia A. B camoM jieie, B pa3oOpaHHOM BBIIIE
[IpUMepe KOMIIUJISITOP CHaJYaja CTPOUJI 3HadeHne Tuia float, UCIoIb3ysl B Kade-
CTBE OTIPABHON TOYKN UMEIOIIeecs 3HaYeHNe THIIa int; pasyMeercs, KOMIIIISTO-
Py JJIsl 3TONO HEOOXOIMMO «3HAThy, Kak 9T0 Henarhk. Kak ormedasocs B §10.3.3,
nHCTPYKImn KoMuuiaaTopy Cu+-+ 1o co3ganuio o0beKTOB KJacca Ha OCHOBE 3a-
JIAHHBIX I1apaMeTPOB JIAIOTCA IIyTEM OIMCAHUS KOHCTPYKTOPOB C COOTBETCTBYIO-
IMAMH apaMerpaMu. TakuMm o6pa3oM, ecin BBECTH B KJlacce B KOHCTPYKTOP, IO-
JIYIAIOIINI MapaMerp TUlia A, 5T0 Kak pa3 U OyIeT UHCTPYKIUs 10 CO3ITaHUIO
obbekTa THIa B 1o mMmeromeMycs 3uadennto tuma A. Ilpencrasiserca mosTomy
BIIOJIHE JIOTUYHBIM HUCIOJIb30BATH TAKUE UHCTPYKIIUU JJIST BbNOAHEHUA HEABHO20
npeobpa3osaruas Munos.

Nrak, KOHCTPYKTOpP, KOTOPBIii IOJIydaeT Ha BXOJ, POBHO OJMH IIapaMeTp, NMe-
IOIUI TUII, OTJIMYHBIA OT OIIMCBHIBAEMOI'O, HA3BIBACTCI KOHCMPYKIMOPOM npe-
obpaszosarus'’ 1 uCHOIB3YETCS KOMIMISTOPOM HE TOJIBKO B CIIydae SIBHOIO CO-
3/1aHUsl 00bEKTA, HO W JJIsi IIPOBEJEHUsI HEIBHOTO IIpeobpasoBanust TUIoB. I1po-
WUTIOCTPUPYEM CKa3aHHOE Ha IPUMepEe BBEJIEHHOrO paHee Kjacca Complex. fc-
HO, YTO IO CMBICJIY KOMILIEKCHBIX UUCEJI JII000E TeHCTBUTEIHHOE YUCIO0 MOYKET
OBITH ITPe0OpPa30BaAHO K KOMILJIEKCHOMY JH00aBIeHNEM HYJI€BO MHIMOI 9aCTH TOY-
HO TaK Ke, KaK IeJI0e YUC/I0 Tpeobpa3yercst K 9uCly ¢ ILUIABAIOIIel TOYKOM J10-
OapjieHreM HyJI€BOH IpOoOHON wacTu. UTOOBI BBIPA3UTL 9TO COOTHOIIEHHE MEK-
JIy JIeCTBUTEIbHBIMYU W KOMIIJIEKCHBIMU YUCJIAME, JTOMOJTHUM KJIACC CJIELYIONUM
KOHCTPYKTOPOM:

Complex(double a) { re = a; im = 0; }

C oiHO# CTOPOHBI, 3TOT KOHCTPYKTOP ITO3BOJISET HAM OIHCHIBATH KOMILIEKCHBIE
YHCa C YKa3aHUEM OJHOTO JIEHCTBUTE/IHFHOIO apaMeTpa, HAIlPUMeED:

Complex c(9.7);
C Jpyroii CTOPOHBI, €C/IA B IPOrpaMMe MMeeTCsT (PyHKITUST
void f(Complex a);
— MBI MOKEM BBI3BATDH €€ JJIsI JefCTBUTEIHHOTO TTapaMeTpa:
£(2.7);

Bnaromaps nanmmanio B kiaacce Complex KOHCTPYKTOpa TMPEOOPA30BAHUS KOMITH-
JISITOP yCIIEITHO 06paboTaeT TaKoi BBI3OB; JIJIsi TOIO ¢ MOMOIIBI0 KOHCTPYKTOPA
peobpazoBanus OyIeT co3/iaH epemeHHbill 06sexm tuia Complex, KOTOPBIH U
Oyzer ImojaH Ha BXoJ QpyHKIWMHU f.

10.4.5. Ccpluakn

[TousiTnEe CCBIAKU, KOTOPOMY ITOCBSIIEH TOT Haparpad, OKas3bIBaeTCs KJIIO-
YEeBBIM JJTsi TIOHUMAHWs JajibHeiinero Mmarepuaa. MexK Ity TeM, HIIero moxoxKero
Her HU B yncroM Cu, HU B JIPYIrUX sI3bIKAX IIPOrPDAMMHUPOBAHUSI, TAK YTO CCHLI-
KI 9acTO BBI3BIBAIOT Y HAYMHAIONINX ONpeeséHnble TpyaHoctr. [locrapaiitecnh
[IO9TOMY TIOJIOWTH K M3y9EHHUIO ITOro mnaparpada 0COOEHHO BHUMATEIHHO, a IPU
BO3HUKHOBEHUH BOIIPOCOB 0OSI3ATEIHHO 3a/IaiiTe UX BAIEMY IIPEIOIABATEIIO UK
KOMY-TO eIl[¢, KTO CMOYKET BaM OObSICHUTH [IPOMCXOJISIIIIEE.

Ccepnka B Cu++ — 970 0coOBI# BT 00BEKTOB JTAHHBIX, PEATN3YEMBIH TTyTEM
XpaHeHHsI aJipeca KaKoi-To IepeMeHHOIl, HO, B OTJIMYHE OT YKa3aTessd, CChIIKA Ce-

YFcam TompKo crenuasbHOE 3HAMEHHME TAKOIO KOHCTDYKTODA HE OTMEHHTh JHPEKTHBOM
explicit. IlonpobGHO MBI 3Ty AUPEKTHUBY PAcCMaTPHBATH He OyaeM, HO IOMHUTHL O €€ Cylie-
CTBOBAHUU IIOJIE3HO.
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MaHTHYIECKU KBUBAJIEHTHA TOH ITEepEMEHHOI, Ha KOTOPYIO OHa cchbliaeTcs. Vnade
TOBOPsI, JIFOOBIE OIIEPAIU HaJT CChIJIKOI OY/IyT Ha CAMOM Jiejie TPOU3BOIUTHCS HAJl
TOH MepeMeHHO, aJipec KOTOPO COJIEPKUTCA B cChLIKe. Haao oTMETHTh, 94TO 3TO
OTHOCHUTCA M K IIpUCBaMBaHUAM, U K B3ATHIO aJpeca — BOO6H_Ie KO BCeM oOIllepa-
UM, KaKhe MOTYT OBbITh; CAMy CCBLIKY, TAKHM 00pa30M, BOODOIINE HEBO3MOXKHO
U3MEHUTD, eé 3HaueHue (IepeMeHHasl, Ha KOTOPYI OHA CChLIAETCsl) 3aaéTCsl B
MOMEHT CO3JAHWS CCHIJIKA W OCTAETCAd HEM3MEHHBIM B TeUYeHHE BCEro CPOKa eé
CyIIECTBOBAHHUS.

CI/IHTaKCI/IquKI/I THUII JTAHHBIX «CCBLJIKa» OIIMCBIBACTCA aHAJIOTUIHO YKa3aTeJIto,
TOJILKO BMECTO CHMBOJIA «*» HCIOJBb3yeTcss cuMBos «&» 1!, IIpomsmocTpupyem
CKa3aHHOE IIPOCTBIM ITPUMEPOM:

int 1i; // memoducleHHAas NepeMeHHas
int *p = &i; // ykasaTenb Ha IEepeMEHHyDL i
int &r = i; // cchuka Ha mepeMeHHyDL i

i++; // yBemwuurb i Ha 1
(*p)++; // TO Xe camoe dUepe3 yKasaTelb
T++; // TO Xe caMmoe IIO CCHUIKE

OOGBIYHO TOBOPST O <«IIEPEMEHHBIX CCHLJIOYHOI'O THIIA» HapaBHE C IEPEMEHHBLIMU
JPYTUX THUIIOB, XOTH CCBIJIKNA HE BIOJHE KOPPEKTHO HA3BIBATD <«IIE€PEMEHHBIME,
IIOCKOJIBKY M3MEHUTH 3HAYEHUE Camol CCbiAKYy HEIb3sl: BCE, YTO MBI C HEH IOIbI-
TaeMcsl CIeIaTh, Ha CaMOM Jejie OyIeT CIe/IaHO ¢ TOU IepeMeHHOH, Ha KOTOPYIO
CCBLIIKA CCHLIAETCH.

N3-3a HEM3MEHHOCTH CCBHIIOK II€PEMEHHYIO CCBhIJIOYHOIO THIIa HEeJIb3d
ornucarh 0e3 MHUINAIN3AIUN, TO €CTh 0e3 3aJaHusl HAYAJIbLHOTO 3HAYe-
Husi. Takoe onucanmne ObLIO OBI 3aBEIOMO DECCMBICIEHHBIM, BeIb €CJIM He 33/1aTh
3HaYEHNE CCBLIKHU C CAMOI'0 HadaJia, TO MIOTOM Mbl HUKAKUM CIIOCOOOM OCMBIC/IEH-
HOE 3HAYEHUE B CChUIKY y2Ke He 3anecéM. [lonb3ysich ciiydaeM, HAITOMHUM EITE
pa3, 9To WHUIUAJIM3AINAA U IPUCBANBAHNE — 9TO COBEPIINEHHO Pa3HbIE CYIIHOCTH.

OmmcaB B HAIEM TIPUMEpE CCBIIKY HA MTEPEMEHHYIO 1, Mbl (DAKTUIECKH BBE-
JIM CUHOHUM UMEHU 1 — mMs r, 0O03HAYAOINIEE TOT Ke CaMbIil OObEKT JAHHBIX.
Takoe MCMOTH30BAHME CCHLIOK MOXKET MOKA3aThCsT OECCMBICTIEHHBIM U JeHCTBH-
TEeJIbHO BCTPEYAETCS OYeHb PejiKo. llo-HacTosIeMy BO3MOYXKHOCTH CCBIIOYHOTO
tuna B Cu-++ packpbIBaIOTCs IIpU II€pejiade CChLIOK B (DYHKIUU U BO3BpaTe UX
n3 GYyHKIMIT B KadecTBe 3HadeHus. Tak, Ojaromaps CCbIOYHOMY THITY B HAIIEM
PACIIOPSI?KEHUN OKA3BIBAETCSI OTCYTCTBOBABIIN B si3bike Cu MeXaHU3M Iepeadn
mapaMeTpoB 10 ccelike!?. JlomycTiM, HaM HyKHO HalmcaTh (byHKIIHIO, HAXOH-
IIYyF0 MAKCUMAaJIbHBIA 1 MUHUMAJIBHBIN 5JIEMEHTHI 33/ JAHHOTO MACCUBA YUCEJT THUIIA
float. Ha gncrom Cu sra dyHkIius BoIirjisgiesa Obl Tak:

void max_min(float *arr, int len, float *min, float *max)
{
int 1i;
*min = arr[0];
*max = arr[0];
for(i=1; i<len; i++) {
if (*min>arr[i])
*min = arr[i];
if (*max<arr[i])
*max = arr[il;

a e€ BBI30B — HAIIPUMeED, TaK:

float a[500];
float min, max;

/o

max_min(a, 500, &min, &max);

[TockonbKy n3 QYHKIUU HYKHO BEPHYTH OOJIbIIIE OJIHOTO 3HAYECHUS, IPUXOIUTCS
HCII0JIB30BaTh BO3BpaT depe3 mapameTpbl. Mex iy TeM B sizbike Cu Bce apamer-
PBI LIepeJAIOTCA 10 3HAYEHUN0, TaK ITO MBI BBIHY2KJIEHBI BDYYHYIO UMUMUPOSGLITLS
BBIXOJIHBIE TIapaMeTPHI, IepejlaBas 3HaAYEHUE aJipeca IePEeMEeHHOH, IoJIeXKaIlei
MO/IDUKAINN; TPU BbI30BE (DYHKIIUU MbI BBIHY 2K I€HBI IPUMEHSITH OIEPAIIAIO B35
Tust azgpeca («&»). B camoii dbyHKIMH BMECTO MMEHH NEPEMEHHON MPUXOUTCS
HCI0JIb30BaTh JIEBOJIOIIyCTUMOE BbIparkKeHue Pa3bIMEHOBAaHUdA, T.€. CTABUTH liepe]]
UAEHTH(UKATOPAME Min W max CHUMBOJI ONEPAIMY PA3BIMEHOBAHUS «*», UTOOBI
peobpPa3oBaTh aJIpec MeEPEMEHHOM B caMy IepEMEHHYIO.

C npuMeHeHneM CChUIOK U KOJ (DYHKINH, U €€ BbI30B MOXKHO HAIIUCATH SICHEE:

void max_min(float *arr, int len, float &min, float &max)

{

int 1i;
min = arr[0];
max = arr[0];

for(i=1; i<len; i++) {
if (min>arr[i])
min = arr[i];
if (max<arr[i])
max = arr[il;

/7

max_min(a, 500, min, max);

[Tapamerpnl min u max, oObSIBJICHHBIE HA Ceii pa3 KaK CCHLIKUA, CEMAHTUIECKH
MIPEICTABISIOT cOOOl CHHOHMMBI HEKHX IIepeMeHHbIX Tuia float, Tak 9TO BCe
olepal, KOTOpbIe IIPOU3BOJIATCA HAJ Min M max, Ha caMOM JeJjle IIPOUCXOAAT
HaJ TEMU I[€EPEMEHHLIMU, Ha KOTOPbIe 3TU HapaMeTpbl ccbliaiorcs. [Ipu BbI3o-
Be (YHKIMKU MBI He NMPUMEHSEM HUKAKUX OMNEPAIMil B3STHS aJPeca, MOCKOJbKY
(c ceMaHTHYECKOH TOYKU 3DEHUs) HAM JJIsi OCTPOEHMs] CUHOHMMA HYyXKHa cama
repeMeHHasl, a He eé aJpec.

Emé 6osiee naTEepecHble BOBMOXKHOCTH OTKPBIBAET UCIIOJIb30BAHUE CCHLIOTHO-
ro THIla KAaK THIlA BO3BPAIAEeMOro 3HadeHust MyHKImu. JlomycTum, HAM HY2KHO
IIPOU3BECTU IIOUCK IEJIOYUCIICHHON NMEePEeMEHHON B COCTaBe CJIOXKHON CTPYKTYPBI
JIAHHBIX (HAIPUMED, NCKOMasi [IePEMEHHAs! SIBJISIeTCs [I0JIEM CTPYKTYDbI, KOTOpasi,
B CBOIO OY€pPe/ib, SIBJISIETCsI 9JIEMEHTOM MAaCChBa U T.1I1.), & 3aTeM JIHOO UCIOJIb30-
BaThb 3HAYEHME HAWIECHHOHN ITepeMeHHOM, 0O BBIMOJHUTL HAJ HEl TO WM WHOE
npucBamBaHue. B Takoil cUTyalnuu MOUCK TIEPEMEHHON MOYXKHO BBIJIEIUTH B OT-
JIeJIbHYTI0 (DYHKITIIO, BO3BPAIIAIONLYIO CCBUIKY Ha HalJleHHYyI0 epeMmennyio. Ecin
3aroJIOBOK TaKoil (PYHKIIUA UMEET BU/L

int &find_var(/*params*/);
— TO JOIIYCTUMBI OYAyT, HAIpUMEp, TaKue NeficTBUS:

int x = find_var(/*...*/) + 5;
find_var(/*...x/) = 3;
find_var(/*...x/) *= 10;
find_var(/*...x/)++;

int y = ++find_var(/*...*/);

10.4.6. CchLiIKM HA KOHCTAHTHI

Moudukarop const yxke 3HAKOM HaM 10 si3bIKy Cu, XOTsI M3HAYATBHO OH
nosiuiics uMeHHo B Cu++, a B ducreiit Cu IPOHUK TO3/(HEE, IPUIEM TaK U HE
ObLT NpU3HAH aBTOpaMu sA3biKa. HaloMHMM, 9TO TPU ONUCAHUU AJPECHBIX THU-
110B MO/inbUKATOP CONst MO3BOJIAET YKA3aTh, YTO 0OJIACTD MTAMSATU, HA KOTOPYIO
YKAa3bIBAET OIMCHIBAEMbBIN yKa3aTesb, He MOojIeKuT n3Mmenenuio. Hanpumep:

const char *p;

// p yKasbnBaeT Ha HEeW3MEHSEMyH OOIACTh IaMITH
p = "A string";

// BCé& B mopsnKe, IepeMeHHas p MOXET U3MEHATHLCH
*p = ’a’;

// OUIMBKA! Henb3s MeHATH 06JACTh NIaMATH,

// Ha KOTOpyb yKas3hHBaeT p
pl5] = ’b?; // 9To Taxxe OIUBKA

Ilomuepkuém emé pas, ITO const char *p — 3TO UMEHHO YKaA3GMEAL HA KOH-
cmanmy, a He KOHCMAaHMHLY Yra3amens. ITobbI onucaTh KOHCTAHTY aJPECHOTO
THIIA, HEOOXOIUMO PACIIOJIOKUTH KJIIOYEBbIE CJIOBA B JPYI'OM IOPSIJIKE:

" BakHO MOHMMATH, YTO B JAHHOM CJIydae CHMBOJ «&» HE HMEeT HHYUero obIIero C ore-
panueii B3atusa anpecal! ITouemy aprop sizbika Cu++ B.Crpaycrpyn BeIOpas HMEHHO Takoe
o603HaUeHNEe — BOIIPOC OTKPBITHI.

2Tlepenada mapamMeTpoB II0 CCHIIKE THTATETIO y7Ke 3HAKOMA: B fA3bIKe IlacKa/b Takue mapa-
MeTpbI Ha3bIBAIOTCsl lapaMeTpaMu-IiepeMeHHbIMU (var-parameters), cm. 1. 1, §2.3.4.
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char buf[20];

char * const p = buf+b;
// p - KOHCTaHTa-yKasaTelb, yKa3hBawolas Ha
// mectoit amemenT MaccuBa buf (buf[5])

pt+; // OUVBKA, 3HadeHuwe p He MOXeT OHTb WM3MEHEHO
*p = ’a’; // BC& B mopsizke, u3MeHAeM 3HadeHue buf [5]
pls] = °b’; // Bcé B mopszke, u3MeHsdeM 3HadeHme buf [5+5]

AHAJIOrMYHO CO CCBUIOYHBLIMH THIIAMMU:

int i;

const int &r = i; // cchika Ha KOHCTAHTY

int x = r+5; // BCé B mopsamke

i=17; // Toxe BC& B mopsmKe

r 12; // OIIMBKA, 3HadYeHWe IO CCHJKE T HENIb3sS MEHATH

const int j = 5;
int &jr = j; // OULMBKA, Henp3d CCHIATHCSH

// Ha KOHCTaHTy OGHYHOH CCHIIKOH
const int &jcr = j; // Bcé B mopsamke

CchUIKM HA KOHCTAHTBI 9aCTO HA3BIBAIOT IIPOCTO KOHCMAHIMHBIMU CCOIAKGMLU, XOTST
9TO HE BIIOJIHE IIPABUJIBHO; HO IIOCKOJIbKY CaMa CChLIKa KakK TaKoBas B IIPUHIIAIIE
HE MOXKET MEHATBLCS B CIJIY CBOEH HMPUPOJIbI, HU K KaKO IIyTAHUIE ITO OOLITHO
HE [IPUBOJIUT.

Ccputkn, cHaOXKEHHBIE MOAU(MUKATOPOM const, MO3BOJISIIOT IIepe/laBaTh B
dyHKIINM B KadecTBe MapaMerpa aJipec IepPeMeHHOH BMeCTO KOIUPOBAHUs 3Ha-
YeHUs, IPU ITOM He TO3BOJIAA ITY MEPEMEHHYIO MEHSITh, KAK U IPU OOBITHOIN
mepejiate Mo 3HAYEHUI0. DTO MOXKET OBIThH TOJIE3HO, KOTa TepeaBaeMoe 3Hade-
Hue (OOBIYHO ITO OOBEKT KJIACCA WM CTPYKTYPBI) UMEET pasMep, CyIIeCTBEHHO
[pEBBINAIONINN pa3Mep ajipeca. Tak, ecjiu B paHee onrcaHHOM Kjacce Complex
BMECTO

Complex operator+(Complex op2)
{ return Complex(ret+op2.re, im+op2.im); }

HalIlCaTb

Complex operator+(const Complex &op2)
{ return Complex(re+op2.re, imtop2.im); }

— CeMaHTUKa KOJ[a He M3MEHUTCsl, HO (dbusndecku (Ha ypOBHE MAIIMHHOIO KO-
J1a) BMECTO KOIIMPOBaHUsI JIByX moJieil Tunia double Gy/ieT MPOMCXOAUTD mepeiada
aJipeca CyIIeCTBYIOIIEH IepeMeHHON U obpallleHHe 10 STOMY aJIpecy.

10.4.7. CchuiKu KaK ceMaHTU4YecKuii (peHoMeH

He cnemyer memooreHnBaTh BaykKHOCTH CCHIIOK KaK CEMAHTHIECKOTO M300pe-
TeHus. B ompesiesIEHHOM CMBICJIE UMEHHO CCBIJIKA MOXKHO CUHUTATH CAMBIM BaK-
HBIM HOBINECTBOM $13bIKa CH-++-; BCE OCTAJIbHOE, YTO COJIEPXKUT ITOT A3BIK, PaHee
BCTpEYAJIOCh B JIPYIUX sA3bIKaX. BBegeHne cChLIOK OTKPBIBAET OYEHb MHTEPECHBIE
MIEPCIIEKTUBBI, U CeIac MBI MOIMBITAEMCS 3TU MEPCIIEKTUBBI 0O03HATNTD.

IIpu onucamnu s3bika, Cu OOBIYHO BBOIUTCS IOHATHE A€8000MYCNMUMO20
evipasrcenus (anri. lvalue; cm. .2, §4.3.16), usHavaibHO OOO3HAUABIIEE BCe-
BO3MOXKHBIE BBIDAXKEHUsI, JOIMYCTUMBIE CA€6G OT 3HAKa MPHCBaWBaHus (OTCIOIA
Ha3BaHue). Pe3ysibrar BBIUNCIEHUs] TAKOTO BBIPAYKEHUSI HE [IPOCTO [IPECTAaBIIsIeT
coboi 3Hadenne, a WACHTUMUINPYET HEKYIO 00/IaCTh MaMATH, B KOTOPOW pPacIo-
Jlaraercs 3uadenue. [IpocTefinmum mpuMepoM JIeBOJIOIYCTUMOI'O BhIPAXKEHUS CJIy-
KAT UMSA Nepemennoti, HO ITUM, KOHEIHO Ke, JeJ0 He OrpaHuYInBaercd. Tax,
ec/in p — HeKHil yKazaTesb THUIla, OTJUYHOIO OT void, TO *p — JIEBOJIOIYCTUMOE
BbIpayKeHHe; €CM v — HeKnii MaccuB (mim, onsaTh ke, ajpec), To v[i] Oyzxer
JIEBOJIOIIYCTUMBIM; €CJIU q — aJpec CTPYKTYPhI, cojepzxkaiieii nose £, To q->f —
JIEBOJIOIIYCTUMOE BBIpaXkeHue, 1 Tak jaJjee. OOl IPUHIUI TYT TaKOH: Pe3ysIbTa-
TOM BBIYHCJIEHUSI JIEBOJIOILYCTUMOI'O BbIPaXKeHHsI B JHCTBUTEILHOCTH CTAHOBUTCSI
HEKasg 064aCMB® NAMAMU, U €CJIU OT BhIPaXKeHus TpedyeTcs 3HAYEHUE, TO OHO
Oepércs n3 3To# 001aCTH TMAMSITH; KOT/a JIEBOAOIIYCTUMOE BhIparkKeHne CTOUT CJie-
Ba OT IPUCBAaWBaHUs, 3HAUEHNE OT HEro He Tpedbyercs, a Tpebyercs cama 00JIaCTb
MaMsaTH KaK TaKoBasg, 9TOObI 3aHECTH B HeE€ HOBoe 3HadeHme. Korma jeBomorry-
CTUMOE€ BBIDaKCHUE OKAa3bIBACTCH OIIEPAHJIOM TAKMX Ollepalldil, Kak += Wil ++,
COOTBETCTBYIOIIAsT 00JACTb MAMSTH HCIIOJb3YeTCsI M KaK WCTOYHWK 3HAYEHUS], U
MECTO JIJIsI Pa3MEIEHUs Pe3y/IbTaTa.

B uncrom Cu J1eBOIONYCTHMOCTD — CBOWCTBO KOHKDPETHOI'O BBIPAYKEHUsI, He
THUIIA, HE IIEPEMEHHOI, He (PYHKIUMU, a UMEHHO BbIpaxkeHust. CCBHLIKH, KOTOPbIE
Crpayctpyn npumymai aias Cu-+-+, 3aMedaTeNbHBl TEM, 9TO TO3BOJISIOT OIepH-
pOBaTh IMOHSTHEM JIEBOJIOIYCTUMOCTH Ha YPOBHE CHCTEMBI THIOB. [ljs1 3T0T0 110-
CTATOYHO CUYUTATDH, IYTO UIECHTU(PUKATOP MIEPEMEHHOM, NMEIOIIeil, HalpUMe]p, TUIL
int, caMm 1o cebe mpeICTaB/IsSIET BhIpakeHne He TUIa int, a TUIA cCbLaka Ha 1nt,
U TO XK€ CaMO€ CKa3aTh PO OCTAJbHDLIE CIyYal JIEBOIOIYCTUMBIX BBIPAYKEHUN:
€cJIM p UMeeT THI int*, To *p — 9T0 He int, a int& (ccpuika Ha int), ecom £ —
IIoJIe CTPYKTYphI, nMmeromiee tuil double, To s.f nnn q->f — BbIpakenus THUIIA
double&, ecn str — MacCUB 9JIEMEHTOB TuMa char, To str[i] nmmeer Tun charg
1 T. 1.

Ecnu npuHATH TaKyo TEPMUHOJOTHIO, MOTPEOHOCTH B OT/IEJILHOM OHATUN
«JIEBOJIOIYCTUMOI'O BBIPAYKEHUs» OTIAJIAET: BMECTO STOI0 MOXKHO T'OBOPUTDH, YTO
cJIeBa OT MPUCBAUBAHUs, & PABHO U B JIPYTUX «MOTUMDUIUPYIONINX» CAYIAAX MO-
I'yT IPUMEHSITHCSI CCBLJIKM 1 TOJIBKO OHM, €CJIN YK€ CCBLIKa, IIPUMEHSIETCS B BhIpazKe-
HUU, B KOTOPOM TPeOyeTCst 3HayueHue, TO CChLIKA aBTOMATUIECKU Tpeodpa3yeTcs K
CBOEMY 3HAYEHUIO (T. €. BBIIOJIHSIETCs U3BJICUCHIE 3HAUCHUSI U3 TIAMSITH, H3BECTHOE
TakxKe KaKk obpauterue K nepemerHoli).

Hepr,D.HO BUAETb, 4TO HAJIN4NE€ KOHCTAHTHbIX CCbIJIOK MNO3BOJIAET OTPA3UTb pa3HuUy
mexay npecnosyTeiMu modifiable lvalues w non-modifiable lvalues: nepsbiM cooTBeTCTBYIOT
0BbIYHbIE CCbIAKN, BTOPbIM — KOHCTaHTHble, OCTaéTca Anwb COXaneTb, 4TO CTOAb NpocTas
W CTPOliHasl CEMaHTMYeCKas KOHUEeNnuusi He Bblna 3amedeHa co3faTensiMn «CTaHAAPTOB»
Cu++: BMecTo TOro, 4Tobbl M36aBUTLCS OT CTpaHHbIX TepMuHoe lvalue n rvalue, 3amenns
UX CCbIIKaMu, CTaHgapTu3aTopsl, HaobopoT, Beenn ewé prvalues, xvalues n BoobLue Hanpo4b
3anyTanm onucaHue a3bika. ViHTepecHo, 4To, Hanpumep, aBTOpbI KOMAUASATOPA gcc, Cyasa no
BbI4aBAaEMOA 3TUM KOMMUASTOPOM AUArHOCTUKE (MMeHHO — Mo cooblieHusiM 06 owmbkax
npyu noucke noaxoasiteli yHKLNUM), NOTEHUMAN CCbIIOK B POiM 3aMeHbl noHsTus lvalue
3aMEeTUIN N BOCNOJNIb30BaJINCb UM.

Ha cayuait, eciin BCE M3JI02KEHHOE BBIIIE PO «CEMAHTUIECKN (DEHOMEH» I10-
Ka3aJI0Ch YUTATEI0 YeM-TO BPOJEe OTBJIEUCHHON dusiocodun, MPUBEAEM OJIUH
Hebe3bIHTepecHbIl TpuMep. IlycTh y HAC ecTh JABe IE/JTOYNCIEeHHbIE II€pEMEHHBIE
X U y U HaM MOHA00MIOCH TIPUCBOUTH KAKOE-TO 3HAUEHHE (CKaXKeM, HAXOAIIEEeCs
B IIEPEMEHHON Z) TOIf U3 HUX, 3HAYEHNE KOTOPOH B HACTOAIIMN MOMEHT MEHBIIIE.
Koneuno, 370 MOXKHO ce1aTh ¢ ITOMOIIbI0 0ObIIHOTO 1f:

if(x < y)
X = z;
else
y =2z

B Cu-++ 6iraromapst cChbLIKaM MOXKHO CJIe/IaTh TaK:
x<y?7x:y) =2z

B uncrom Cu Takoe He TTPOXOIUT, TOCKOIBKY UMEHA X U ¥ B YCJIOBHOM BBIPAYKEHUN
COOTBETCTBYIOT 3HAYEHUAM ITUX MEPEMEHHBIX, & HE UM CAMUM. AHAJOTTIHYIO
KOHCTPYKITUIO C/IeJIaTh BCE Ke MOYKHO, HO TPY/THEE:

*(x <y 7?7 &x : &y) = z;

10.4.8. KoHcTaHTHBIE METO/bI

[IpencraBum cebe, 9TO Mbl OnuUcau HeKuii Kjacc (MyCTb OH HA3bIBAETCs A),
[I0CJIe 9€ero co3aasan pyHKIINIO, Oy Aoy 0 TapaMETPOM aJIpec 00bEKTa TAKOTO
KJracca, CHaOKEHHBIN MOIU(UKATOPOM const:

void f(const A* ptr)
{

//
}

Buyrpu dyHKIIN 00BHEKT, Ha KOTOPBIN yKa3bIBAET ptr, OYIAET KOHCMAHMHbLM, TO
ecTb ero OyJieT HeJIb3s N3MEeHITh. Fc/iu Kj1ace A OIMChIBAET MOJTHOIEHHBIN 00 bHEKT,
TO BCE €0 I0JIsI CKPBITHI, TO €CTh B3auMOeiCTBIE ¢ 06 BEKTOM BO3MOXKHO TOJIBKO
qgepe3 MeTO/IbI. B TO K€ BpeMd METOJ MOXKET, BOO6H.[€ T'OBOp«d, USMEHUTDH BHYT-
peHHee cocTosiHUE (TO eCTh 3HAYEHMsI CKPBITBIX I0JIei) 00beKTa, HAPYIIUB Tpe-
bosamHme o ero HemaMeHHOCTH. [lo3TOMY 17151 OOECIIeUeHnsT HEN3MEHHOCTU 00BbEeKTa,
KOMIIHJISITOD BBIHYZKIEH 3alpellaTh BHI30BLI METOIOB.

Takast ke cuTyalisi BOSHUKHET, €CTECTBEHHO, IIPH IIepeiatie MmapaMeTpoM KoH-
CMAaHMHOT CCLAKU, TIPU BO3ZBPATE aIPEeCcOB U CCHLIOK Ha KOHCTAHTHI 13 (DyHKIIUIA,
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a PaBHO U B CIy4Yae, eclId [IepeMeHHasg-00beKT caMa 10 cebe N3HAYAILHO OIUCAHA
¢ MozudUKaTOPOM const (XOTsl [OCJIe/IHEe UCIIOIb3YeTCsl CPABHUTEIBHO PEJIKO).
Nrak, 06beKT Bpoie ObI €CThb, HO BCE, UTO MBI MOXKEM C HUM JIeJIaTh — 9TO BBI3bI-
BaTb €r0 METO/IbI, a ITIOCKOJIbKY METOI MO2KET U3MEHUTDH O6’]3€KT7 KOMITUJIATOP HaM
BBI3BIBATH METOMBI He TO3BOJIUT. Ilotydaercs:, 910 ¢ TaKUM 0OBEKTOM MBI BOODIIIE
HHMKaK He CMOKeM paboTaTb, €CJIM He HMPEAIPUMEM CIIeNaIbHBIX Mep.

Jst paboThl ¢ KOHCTAHTHBIME OObeKTaMu B sizbike CH-+-+ IIperyCcMOTPEHbI
KoHCcMmaHmMmoble Memoodv.. KOHCTAaHTHBIM CUYATAETCS METOJ, IIOCJIE 3aroJIOBKa
KOTOPOro (HO neped TeoM, eciii TaKOBOe HPUCYTCTBYET) MOCTABIEH MOudUKa-
TOp const:

class C1 {
/] ...
void Method(int a, int b) const
{/x ... %/}
//
}s

B tesie Takoro meTojia 1moJist 00bEKTA JIOCTYIHBI, HO 3AIPENIEHbI IeHCTBUS, U3Me-
HSIOIME UX WJIU CIIOCOOHDbIE TIPUBECTU K UX U3MEHEHUIO, B TOM HHCJIe IPUCBANBA-
HUE I10JIAM HOBBIX 3Ha4YEHUIl, IPUCBAUBAHUE aJIPECOB ITUX I0JIeil HEKOHCTAHTHBIM
yKazaTesisM, rmepegata ux B (PyHKIUK 110 HEKOHCTAHTHBIM CChIJIKaM U T. 1. Hate
rOBOp#, OTHOCUTEJIbHO KOHCTAHTHOI'O METOJA M3BECTHO, YTO OH 3aBEJOMO HE MO-
JKET U3MEHUTDb COCTOsiHME 00beKTa (3HavYeHus ero noJei). [TosTomy KoHCTaHTHBIE
METOJIbI MOYKHO 0€3 OITaCKHU BBI3bIBATD JIJIsi 00bEKTOB, KOTOPbIE HEJIb3s U3MEHSTh.
Hanpumep, Takoit Ko

void f(const MyClass *p)

{
p->MyMethod () ;
}

OyZieT KOPPEKTHBIM TOJIBKO B CjIydae, eciin B Kiacce MyClass meroj MyMethod
00'bSIBJIEH KAK KOHCTAHTHBII.

[Ipr Hamucanum porpamMM PEKOMEHJyeTCs BCe€ MEeTObl, KOTOpbIE IO
CBOEMY CMBICJIYy He JIOJI>KHbI U3MEHSATH COCTOSIHIE 00 bEeKTa, 0013aTEJIbHO
nmoMedaTh KakK KOHCTAHTHBbIE, TEM CaMbIM pa3pelas BbI3bIBATh UX JIs
KOHCTAHTHBIX 00beKTOB. B 1yacTHocTH, B onncannoMm panee Kjacce Complex Bce
METOJIbI, KPOME KOHCTPYKTOPOB, HUKAKUX U3MEHEHWIl B IOJIsl KJIacCa HE BHOCST.
Yrobnl ¢ obbekTamu Tuna Complex ObLIO ymobuee paboTarh, CeyeT HOMETUTD
BCE METOJIBI KJIACCA MOJIM(PUKATOPOM const:

class Complex {
double re, im;
public:
Complex(double a_re, double a_im)

{ re =a_re; im = a_im; }
Complex(double a_re)

{ re =a_re; im = 0; }
Complex() { re = 0; im = 0; }
double Magnitude() const

{ return sqrt(re*re + im*im); }
double Argument() const

{ return atan2(im, re); }
double GetRe() const { return re; }
double GetIm() const { return im; }

Complex operator+(const Complex &op2) const

{ return Complex(retop2.re, imt+op2.im); }

//
s

B Tene xkoHCTAaHTHOTO METOMA HEIb3s JJIs TOrO K€ 00beKTa BBI3BIBATH METOIbI,
He SIBJIAIOIINECsT KOHCTAHTHBIME. [IpuvanHa TaKOro orpaHndeHusl OUeBUIHA: HEKOH-
CTAHTHBII METOJI MOXKET M3MEHHUTh OOBEKT, a 9TO BHYTPU KOHCTAHTHOT'O METOJIA
JeaTh 3alpeIneHo. JTO MOXKHO OObsICHUTL U MHade. BHyTpuM KOHCTAaHTHOIO
MeTOoa NPOU3BOJIBHOI'O KJjlacca UJu CTPYKTYpbI C yKa3aTeJb this mme-
eT TUM const C *, a He MpocTO C *; BbI30B HEKOHCTAHTHOI'O METO/Ia O3HAYAJ
ObI, 9TO MBI IepeaéM KaK HEKOHCTAHTHBIN mapaMerp 3HadeHue, KOTOpoe y Hac
caMUX KOHCTAHTHOE, TO €CThb MBI CHHUMAaeM MOJMMpUKATOP const, a 3TO JeaTb
KOMIIMJISITOP 3allpEIaeT.

10.4.9. Onepanuu paboOThI C JJUHAMUYECKOU MaMATHIO

Kaxk mbr momamM, 361k Cu cam 110 cebe He BKJII0YAeT CPEJICTB PADOTHI C JIMHA-
MHUYECKOMI IMaMATBHIO; CO3JaHNE U YHUYITO2KCHUE JTUHAMUYIECCKUX CTPYKTYD JaHHbIX
BBIHECEHO B OMOJIMOTEKY U IMPOU3BOMUTCSI OOBIYHO C MOMOIIBIO GyHKIMI malloc,
calloc, realloc u free. B s3pike Cu-++ CTpyKTypHBIE OOBEKTHI MOT'YT ObOJIa-
JIaTh KOHCTPYKTOPAMH U JIECTPYKTOPAMU; IIPU CO3JAHUNA U YHUITOKEHUH TAKUX
O6T)€KTOB HY>KHO HE€ IIPOCTO BBIJACJIUTHL HJIN OCBO60,ZLI/IT]) IHaMdATb, HO U BbI3BaTb
COOTBETCTBEHHO KOHCTPYKTOD U JlecTpykKTop. Kpome Toro, npu cozjpanuu JguHa-
MUYECKUX O0BEKTOB C MOMOIIBIO KOHCTPYKTOPa WHOTO, HEXKEJU KOHCTPYKTOP II0
YMOITYAHUIO, HEOOXOIMMa BO3MOXKHOCTh yKa3aHUs apaMeTPOB KOHCTPYKTODA.

Oyukiun malloc u free HUYEro HE 3HAIOT O KOHCTPYKTOPAX, JAECTPYKTOPAX
U TIapaMerpax, MOITOMY IJIsi CO3JAHUs U YIaJeHusi 00beKTOB OHU HEIIPUTO/IHBI.
Bostee Toro, nadopmarmeit 0 KOHCTPYKTOpax U JECTPYKTOPax 00JIaIaeT TOJbKO
KOMITHJIATOD, TI09TOMY B st3bike Cu-+-+ BOOOIE HEBO3MOXKHO BBIHECTH PabOTy C
JIMTHAMUYECKOI [TaMSTBIO U3 s3bIKa B OUOJIMOTEKY 6e3 BBEJICHUS JOIMOTHUTETbHBIX
CPEJICTB.

Astop sa3bika Cu++ Buépu CrpaycTpymn perrit moiitn 60j1ee TPOCTHIM Ty TEM
n BHéC B fA3BIK COOTBETCTBYIOIIIUE CUHTAKCUIECCKHNE KOHCTPYKIUU JIJIgd CO3AaHUA U
yaanaeHus oobekToB. st co3ianus B AMHAMUYECKON aMATH OJIMHOYHOTO 00beK-
Ta ([epeMeHHOll pOou3BOJIbHOrO Tuia) B si3bike CU--+ UCIOJIB3yeTcsi olepaliust
new, B KOTOPO HY»KHO yKa3aThb UMs THIIA co3jaBaeMoro obbekrTa. Hampumep:

int *p;
p = new int;

Ecnu coznmaBaeMblit 00bEKT IMPUHAJJIEXKUT K THUILY, UMEIOIIEMY KOHCTPYKTOD, U
BO3HHUKAaeT HEOOXOJMMOCTD IIepelaTh KOHCTPYKTOPY HapaMeTpBl, TO 9TU IapaMeT-
PBI YKa3bIBAIOTCA B CKOOKaX IIOCIe UMEHHU THIla. Tax, co3maHue o0beKTa OIUCAH-
Horo pamee tuma Complex (cm. §10.3.5) ¢ ykasamnueM JefiCTBUTETBHON U MHIMOIL
JacTeil MOXKET BBIIVIAJETDb TaK:

Complex *p;
p = new Complex(2.4, 7.12);

st ynaneHust ucnoab3yercs oreparus delete:
delete p;

Jlist co3maHus M yAaJIeHus TUHAMUYEeCKNX MACCHBOB HCIIOJIB3YIOTCS CIEIAIb-
HBIE 8eKMOpPHbLEe PopMmbv, oniepalinii new u delete, CHHTAKCHIECKH OTJIMIAIOITHECST
HaJIMYUeM KBaJIPATHBIX CKODOK:

int *p = new int[200]; // maccuB m3 200 mesbx YuCel
delete[] p; // ymameHume Maccusa

91 (HOPMBI OTJIMIAIOTCST TEM, UYTO COOTBETCTBYIOIIME KOHCTPYKTOPHI U JIECTPYK-
TOPBI BBI3BIBAIOTCS JJIST Ka21c0020 anemenma maccua. CTOUT 3aMETUTD, ITO BEK-
TopHas dopMa OIepaIli New He UMeeT CUHTAKCUYIECKUX CPEJCTB JIJIs Iepeaadn
mapaMeTpoB KOHCTPYKTOPaM, TIOSTOMY JJIs CO3JAHUSI MacCHBa SJIEMEHTOB THUIIA
KJIACC UJIH CTPYKTYPA HEOOLOOUMO HAAUMUE Y IMO20 MUNG KOHCMPYKMOPE 1O
ymonuaruro (cm. §10.4.3).

BaxxHO MOMHHUTB, 9TO OOBEKTHI B JUHAMUYECKON IMaMSATH, CO3/IAHHbIE
C TIOMOIIbIO BEKTOPHOU (hpOpMbI Olepalnum new, HeJIb3s yAaJddaThb C MO-
MOIIbIO 00bIYHOI ¢opMmbl omnepanuu delete m Haobopot. [lemo B ToM,
qTO peaJin3aliigd MEHeI2Kepa ,ZLI/IHa.MI/ILIeCKOI';'I IIaMATU BIIpaBe€ BBIACIATH ITaMATH
oJT OOBIYHDBIE TIEPEMEHHBIE W TIOJ, MACCUBBLI U3 PA3HBIX 00JacTell TUHAMUIECKON
MaMSITH, UMEIOIINX, BO3MOXKHO, PA3JIUIHYI0 OPTaHU3AINIO CIyKEOHBIX CTPYKTYP
JIAHHBIX. TakyKe He ClIeAyeT yAaasTh ¢ MOMOIbIo delete OOBEKTHI, CO3TAHHDIE

dyuxkiumeit malloc, a 0ObEKTHI, CO3/IAHHbIE OIEPAIUIMA NeW — C IOMOIIbIO free.

Ckopee BCero, Ball KOMMUAATOP U NpUiaratoLLascs K Hemy bnbanoreka nocTpoeHbl Tak,
YTO CMeLLEeHNe pa3HbiX CMNOCODOB BbigENEHUS 1 OCBODOXKAEHMS NAaMSITU HUKAKNX HEraTUBHbIX
nocneAcTBUil He NOBAEYET. ITO, OAHAKO, He MOBOA TaK AenaTb: NPU NepEXofe Ha ApPYroli KoM-
MUAATOP AN JaXKe HA APYryto BEPCUIO TOMO »K& CaMOro KOMMUISTOPa BCE MOXET BHe3amnHo
CQIOMaTbCA.
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10.4.10. KoHCTPYKTOpP KONNPOBAHUS

Paccmorpum criemyroryto curyanuio. B peasmsannm HeKOTOpOro kiacca (Ha-
30BéM ero Clsl) HaM 1OTPeGOBAJICS JIUHAMUYECKUH MACCUB, KOTOPbIH Mbl CO3/1a~
€M B TeJle KOHCTPYKTOpa KJIACcCa; eECTECTBEHHO, B JIECTPYKTOP CJelyeT ITIOMECTUTH
onepaTop JJId YHUYTOXKEHUS 3TOI'0 MaCcCUBa:

class Clsl {
int *p;
public:
Cls1() { p = new int[20]; }
~Cls1() { delete[] p; }
//
};

Tenepsb TPEAIIOIOKUM, ITO KTO-TO CO3/IAET B MIPOIPAMMe KOINI0 00bEeKTa KJiacca
Clsl. Takoe MOXKeT IIPOU3OUTHU, €C/IN OOBEKT OKAXKETCS IePeIaH No 3HaAUeHUI0 B
KavuecTBe napamMerpa (DyHKIUU, HAIIPUMED:

void f(Clsl x)

{
//
}
int main()
{
/...
Clsi c;
f(c);
/...
}

[Tpoanau3upyemM MPOUCXOILIINEE CO CTPYKTYPaMU JAHHBIX IPU BbI30BE (DYHK-
muu . JIokajgbHast epeMeHHasi X ABJsieTcsl Kommeil oobekTa c¢. Komus jroboro
00beKTa JAHHBIX CO3JAETCs IIyTeM ODBITHOIO TOOUTOBOIO KOTTMPOBAHUS, €CJIN HE
ykazaTb uHOro. CJieoBaTesibHO, IIPU KOIMPOBAHMM 00bekTa Kjacca Clsl cko-
[IMPOBAH OKAaXKeTCsl yKa3amead Ha JIUHAMHYIECKHI MaCcCHUB; MHAYe T'OBOPsI, y HAC
IIOABATCHA IBa O6’beKTa., I/ICHOJIBSyIOH_[I/Ie OJIMH 1 TOT 2K€ 9K3EMILJIAD JUHAMNIIECCKOI'O
MacCHBa: OPUTIHHAJ O0ObEKTa C U €ro JOKaJbHAasl KOIMS X. BOSHUKIIAST CHUTYaIIMST
nokasana Ha puc. 10.1.

o ¥

[}

Puc. 10.1. Cxema cTpyKTYpBI JAHHBIX MOCJEe TOOUTOBOIO KOIMPOBAHUSI OO BEKTA

Haxke ecim Takoe pasjesieHne He NPUBEJIET K HEMEJJIEHHBIM oImmuOKam (Ha-
npumMep, GYHKIHUS f MOXKET U3MEHUTH OOBEKT X, UTO OTPA3UTCS HA BHYTPEHHEM
COCTOSTHUM OO'BEKTA C, Yero Mbl MOIJIM U HE OXKUJIATh), B JIFOOOM CJIydae MPH Bbi-
xoze u3 GyHKIuK £ oTpadoTaeT AeCTPYKTOP MJist 0ObEKTa X, KOTOPBIA YHUITOXKHIT
JUHAMUYECKUI MaCCUB, B PE3YJIbTaTe 9ero O0bEKT C OKAXKETCHA B 3aBEIOMO OIIIN-
OOYHOM COCTOSIHUH, ITOCKOJIBKY OyIeT COAep:KaThb yKas3aTe/b Ha yHUITOXKEHHBII
MaccuB. K BOZHMKHOBEHMIO OIIMOKU Telepb HMPUBEIET JII000e JIeiicTBrE ¢ 00beK-
TOM C, €CJIA K€ HUKAKHUX JIeHCTBUI HEe HPEeIIPUHUMATL, TO OIMINOKA BO3ZHUKHET
[IpU YHUYTOXKEHUU O00BEKTA C, KO JeCTPYKTOP IONBITAETCS BHOBL OCBOOOIUTH
y2Ke OCBODOXKJIEHHYIO ITaMSITh, KOTOPYIO PaHee 3aHUMAJ MaCCHB.

OgeBuHO, 9TO J171s1 00BbEKTOB Kitacca Clsl mobuToBoe KOMMPOBAHNE HE TOIUT-
CsI; HYy2KHO O0bSICHUTD KOMITMJIATOPY, KaK CO3/1aBaTh KOIIUU ITUX O0BbEKTOB, ITOObI
BCE 0CTaBaJIOCh KOPpeKTHO. B s3bike Cu-++4 11 9TOr0 mpeaycMOTPEeH CIeIua b
HBIIl BapUAHT KOHCTPYKTOpA, HA3BIBAEMbI KOHCMPYKMOPOM KONUDPOBAHUS .
KoHcTpyKTOp KONMMpPOBaHUSI UMEET POBHO OIUH IIapaMeTp, IPUIEM THUII 3TOrO IIa-
pamerpa mpeJjcTaBjsieT coboil cevaky Ha 00sekm dannozo (onucweaemozo) mu-
na — KAGCCA UAU CMPYKMYPoL; B OONBITHHCTBE CJIYIaeB 9Ty CCHLIKY CHAOXKAIOT
MOAM(MUKATOPOM COnst, YTOOLI IOKA3aTh, UTO IPU CO3JAHMM KOIIMH HCXOIHBIHA
00beKT He M3MEHUTCsI. 1I0CKOIbKY BCAKMIT KOHCTPYKTOP €CTh, KAK Mbl 3HAEM, HUH-
CTPYKIMS KOMIIIISITOPY, KaK CO3/1aTh OObEKT JAHHOIO THUIIA, MMesl 3HAUYCHU I1a-
pPaMeTpoB, MOCTOJIbKY KOHCTPYKTOD KOIUPOBAaHUs CO CBOEHl CCHLIKON Ha OOBEKT
TOrO K€ THIIa OKA3LIBAETCS HHCTPYKIMeH, KakK co3JaThb OOBLEKT JAHHOIO THIIA,
y2Ke UMesi OJIUH TaKOoi 00bEKT — TO €CTh, ITOIPOCTY TOBOPSI, KAk CO30amMb KONUK
umeroulezocs obsexma. CHADINM KOHCTPYKTOPOM KOIMPOBaHMs Hall Kjacc Clsi:

class Clsl {
int *p;
public:
Cls1() { p = new int[20]; }
Clsi(const Clsi& a) {
p = new int[20];
for(int i=0; i<20; i++)
plil = a.plil;
}
~Cls1() { deletel] p; }
//
}s

Teneps curyanust npu BbizoBe GyHKIMU £ OYJIET BBINVISIETh TAK, KAK [TOKA3AHO
ua puc. 10.2 — y kaxkaoro obbekTa OyaeT CBOH 9K3EMILIsID MacCUBa p.

Ormerum, uro B Cu+-+ 3amperneHo onuchiBaTh KOHCTPYKTOD, TPUHUMAIOIIHI
€JINHCTBEHHBIM IIapaMeTpoM OOBbEKT TOro Ke KJIacca 110 3HAYEHUIO, & He 110 CChLI-
Ke, 1 TOMY eCTh o4eBujiHas npuydnna. [lo cMbIcty Takoi KOHCTPYKTOD TOXKe ObLT
OBl KOHCTPYKTOPOM KOIMPOBaHUSI, BEJ[b OH MTOKA3BIBAELT, KAK HAJO CO3/aBaTh 00b-
€KT, UMesi OObEKT TOrO Ke THIIA; HO IOCKOJIbKY OObEeKT OH IPUHUMAET 110 3Hade-
HUIO, 9TOT OOBEKT IIPU BBI30BE TAKOI'O KOHCTPYKTOPA JIOJIKEH OBITH CKONUPOSGH,
TaK 9TO IOJIYy9aeTCs, YTO, 9TOObI BBI3BATH TAKOW KOHCTPYKTOD, HAJO CHAYTAJIA
OPUMEHUTD €20 oice JUIst epefadn (eMy camomy) mapamerpa. [losromy ecsu Gb
KOHCTPYKTOD Takoi (pOpMbI He ObLI 3aIpeIéH, BhI3BATH €ro BCE PABHO OBLIO ObI
HEBO3MOYKHO.

10.4.11. BpemeHHbIE 1 aHOHUMHBIE OO BEKTHI

C aHOHUMHBIME U BPEMEHHBIME OO'bEKTAMU MBI YK€ BCTPEUAIHCH paHee (CM.
§10.3.3, cTp. 34; §10.4.4, cp. 39). AHOHUMHBLE 00BEKMBL OOBITHO TIPUMEHSIIOT-
csI, KOTIa OOBEKT CO3/MaéTCsl, YTOOBI OBITh MCIOJIBL30BAHHBIM JIAIID OAUH Pa3; Kak
IIpaBUJIoO, B TaKoi CUTyallul JaBaTb O6’beKTy nMs HE XOYeTCd, K TOMY 2KE€ KO/
C UCIIOJIB3OBaAHUEM AHOHHUMHOI'O O6'b€KTa OKa3bIBAECTCA 6OJIee JIAKOHUYHBIM U Ha-
TJIAJHBIM. ,HJIH BBEJIECHUsA B BbIpaK€HHE aHOHHMHOTI'O O6’beKTa HCIIOJIB3YIOT MM
€ro KOHCTPYKTOPA, CHAOKEHHOE CIUCKOM (haKTUIECKUX HapaMeTpoOB (BO3MOKHO,
nycrbiM). [lycrs, Hanpumep, y HAC ecTb 00bEKTHI t U z Kiacca Complex u HaM
Hy)KHO 3aHECTU B HepeMeHHon t 3HayeHue Z, IOMHO2KE€HHO€ Ha NIHHMyIO GILI/IHI/IHy
Mozkno ceJjiaTb 3TO TaK:

Complex imag_1(0, 1);
t =z * imag_1;

a MOKHO CO3JIaTh aHOHUMHBIM OOBEKT, 9TO 3HAYUTEIHLHO YI00Hee
t = z * Complex(0, 1);

C spemerHvimu 06BeKMaMU CUTYaIUs HECKOJIBKO CI0KHee. B ormyinyane ot aHo-
HUMHBIX O6’beKTOB7 KOTOpLBIE IIPOTrpaMMHCT BBO/IUT B BbIpaK€HUe B ABHOM BHJIE,
00BEKThI BPEMEHHBIE KOMITHJIATOD IMTOPOXKIAET CAMOCTOSTEIbHO, 6€3 UX SBHOTO
YIIOMUHaHUA, XOTd Mbl 1 MO2KEM B 6OJIbH_II/IHCTBe CJIy1a€B OAHO3HAYHO IPeICKa-
3aTh MOsiBJIEHIE BPEMEHHOTO 00bekTa. CaMblil IPOCTOi ciiydail TaKoro ImosiBJie-
HUS — TIepejata napaMerpa B (QyHKINWIO ¢ UCIOJb30BAHUEM KOHCTPYKTOPA IIpe-
obpaszoBanus. Tak, B npumMepe Ha cTp. 39 Mbl Bbi3bIBasu QyHKIUIO £, 1peroa-
raortyro napamerp tumna Complex, a pakTHUECKUil apryMeHT IPEICTABILI OO0t
OOBITHOE YUCJIO C IIABAIONIENH TOYKOM; MCIIOJb3ysl BBEIEHHBI HAMHU KOHCTPYK-
TOp TIpPeobpa30BaHus, KOMITUJISTOP CO3MAJT epementoiti obsexm turna Complex,
KOTOPBIi 1 ObLT B uTOre nepejan B pyHKmuio £.

PaccMoTpumM He CTOJIb OYEBUIHBIN CIydail MOSBIEHUS BPEMEHHOI'O OObEKTA.
IIycTth y Hac uMmeloTcd IepeMeHHble a, b u ¢, uMmeromniue Tun Complex, W MbI
IIBITaEeMCS BBIYHUCIATL UX CYMMYy, HaIlpUMeD, TaK:

]

Puc. 10.2. Cxema cTpyKTypbI JAHHBIX [10CJIe TPUMEHEHHUST KOHCTPYKTOPa KOIHPO-
BaHUS
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t=a+b+c;

Omepanuu CjI0yKeHUsT B 9TOM OIlepaTope OYIyT BBIMOJHITHCs, KaK OOBITHO, CJIeBa
HaIIpPaBo, IPUIEM BTOPOE CJIOYKEHHE B KAaUeCTBE CBOETO <«JEBOTO» ApryMEHTa IIO-
JIVIUT PE3YJIbTAT IEPBOrO CJIOXKEHUs, KOTOPBI, 09eBUIHO, uMeeT Tuil Complex,
TO €CTh AsAfsemcA obsexmom muna Complez. flcHo, 4TO 3Ty CyMMy a U b KOMIIU-
JIATOP JOJI2KEH IPEJICTaBUTh B BIEe 00bEKTa, YTOOBI 044 He20 BBI3BATH OIEPAIIIIO
CJIOYKEeHWsI, TIepesiaB OObEKT C B KadecTBe mapamerpa. Kak BbI y»Ke J0raJlaJinch,
KOMIIIJISITOP CO3HaET JIjIsi 9TOTO BPEMEHHBIN OOBEKT. DTOT MPUMEP JEMOHCTPH-
pyeT YacTHBIN cjydail Oojiee oOIIell cUTyaluu, KOrJa KOMIUJISTOP BBIHY2KICH
[TOPOXKIATH BPEMEHHBIE O0BEKTHI, & UMEHHO — IIPH UCIIOJIb30BAHIN B BHIPAYKEHUU
BBI30Ba HEKOTOPOI (DYyHKIINM, KOTOPasi BO3BPAIAeT 3HAUEHNE THIA 00HEKT, IPU-
9éM BO3BpAT MTPOM3BOUTCS MMEHHO 10 3HAYEHUIO (a He, HAIPUMED, 110 CCHLIKE).
B mamHOM ciydae B poJin Takoil (pyHKIIMK BBICTYIIAET operator+.

HecMmoTpst Ha odeBHUIHOE pas3nvne, aHOHUMHBIE I BpEMEHHbIE OObEKTHI NMe-
IOT MeXKJIy OO0l MHOIO OOIIEro; aHOHUMHbBIE OOBEKTHI MOYKHO CUUTATL YACTHLIM
ciaydaeM BpeMenHBIX 3. B IIEPBYIO O4Yepeb OTMETUM 6PeMA IHCU3HU BPEMEHHBIX 1
AHOHMMHBIX OObEKTOB: OHHU CYIIECTBYIOT IO MOMEHTA OKOHYAHUS BHIUYNC/IEHNUS BbI-
ParKeHUsI, COMEP>KAIEro UX, MOCJIe Yero YHUITOXKAIOTCS; HAIPUMED, B OIIEPaTope
BBIUKCJICHUs BLIPasKeHUsI pady I060IHOro 3pdeKkTa BpeMeHHbIe 00beKThI IIPOCY-
IIECTBYIOT JIO OKOHYaHM A BBIIIOJTHCHUSA OIlepaTopa — <« 10 TOYKHU C 3aIISATOI ». EC.HI/I
COOTBETCTBYIONINI KJIACC UMEET JIECTPYKTOP, 3TOT JECTPYKTOp OyaeT Bbi3BaH. M3
9TOr'0 IIpaBUJia €CTh O/JJHO MCKJ/II0OYEeHUEe: eCJIn BpeMeHHbII';I NI aHOHUMHBINI O6’beKT
OBbLT UCITOJIb30BAH B KA4eCTBE MHUINAIN3ATOPA CCBLIKH, TO TAaKOH 00LEeKT OymeT
CYIIECTBOBATH JI0 TEX IOP, [TOKA CYIIECTBYET CCHLIKA.

Bropoe npasuiio, KOTopoe HEOOXOAUMO 3HATH U YyUUTHIBATH, COCTOUT B TOM,
YTO HA BPEMEHHBIA WJIM AHOHUMHBIN OObEKT HEJb3sl CChLIATHCA HEKOH-
CTAaHTHOM CCBIJIKOM. DTO OrpaHuveHne OCOOEHHO 3aMeTHO IIpH Iepejade Ia-
paMeTpoB B (PYHKIUN: ecjau (DYHKINUA IPUHUMAET IapaMerp THIa <O00beKTs
110 BHAQYEHUIO HUJIM IIO CCbLJIKE Ha KOHCTAHTY, TO B Ka4deCTBE€ TaKOI'0 ITapaMeTpa
MOXKET OBLITHb MCIIOJIL30BAH BPEMEHHBIA WM AHOHUMHLIA OOBEKT, TOrIa KaK ec-
JI TIapaMeTp TeperaéTcs 0 HeKOHCTAHTHON CChIJIKE, TO BPeMeHHbIe M AHOHUM-
Hble O0BEKTHI JIJIsT TAKOI'O HapaMeTpa He MOIXOIAT. DTO MPABUIO IpHU OJIMKaii-
nieM paCcCMOTPEHHHN OKa3bIBaeTCd BIIOJIHE JIOTHUYIHBIM. B CaMOM JeJjie, HaJIn41ue
rmapaMeTpa-CChbLIKM, €CJIH 3Ta CChLIKa He 0DO3HAUeHa KaK KOHCTAHTHAs, OOBIU-
HO IOJIpa3yMeBaeT, 9TO COOTBETCTBYIOIIUI MapaMeTp HCIOJIb3yeTCsl KaK 6br00-
HOTl, TO €CTb IPEIIIOJAaraeTCsi, 9TO Yepe3 STOT mapaMerp (pYHKIIUS 6036PAULAEM,
Hekoropyio nudopMamuio. [loMmemars Takyio nHGOPMAIUIO BO BPEMEHHBIH 00b-
eKT KpaliHe CTPaHHO, BeJb OH UCYE3HET PaHbIe, YeM HH(MOPMAIN CMOXKET ObITh
HCIIOJIb30BAaHA.

HamnparmuBaercst IpocToif METOIOJIOTMIECKU BBIBOJ: MCIOJAb3yHTE MOIM-
dukarop const aJ BCeX CChLIOK, MJisi KOTOPBIX 3TO BO3MOXKHO. Hekon-
CTaHTHBIE CCBUIKU B KadeCTBe MapaMeTpoB (DYHKINH CiiedyeT UCIIOIb30BaTh TO-
IJa U TOJIBKO TOIJIa, KOorjaa (byHKIUsS 3aBEIOMO JOJXKHA MOAU(UIIMPOBATh IIepe-
MEHHYIO, IIePEJAHHyI0 Yepe3 TaKOW IIapaMeTp, TO €CThb IapaMeTp HCIOJIL3YeTCs
IS Tepenadn uHGopManun 13 (hyHKIUN K BBI3BIBAIONIEMY — HAIIPUMED, KOLa
yHKIIUS JOJKHA, BO3BPATUTH OOJIBINE OJTHOTO 3HAUCHUSI.

10.4.12. 3HaveHus mapaMeTpoB MO YMOJJTYAHUIO

Aspik Cu-+-+ nosBosisier pu 00bsiBIeHNN QYHKIMA (T.€. B TOM MeCTe €/i-
HUIIbI TPAHC/ISAIUY, TJie BIEPBble (DUrypupyer IpoToTull (hOyHKIMN) 3a1aTh s
HEKOTOPBIX WJIM BCEX €€ apaMEeTPOB 3HAUEHUSL MO YMOAYAHUIO, B PE3YIbTATE
9ero IpHU BbI30Be (DYHKIMH MOXKHO OyIIeT yKa3aTh MEHbIIee KOJIUIECTBO IapaMeT-
poB. Hemocrarorue napaMeTpbl KOMIIIATOP HOACTABUAT caMm. Harmpumep, omurinem

CHeAYIONYI0 (PyHKIUIO:

void f(int a = 3, const char *b = "string", int c = 5);
Terepb BO3MOXKHBI TaKH€E BBI3OBBI:

£(5, "name", 10);

£f(5, "name"); // To xe, uto f(5, "name", 5);
£(5); // To xe, urto f(5, "string", 5);
£0O; // To xe, uro f(3, "string", 5);

Ha 3natenus 1o yMoT4aHUIO HAK/IAIBIBAIOTCS OIIPE/Ie/IEHHbIE OrpaHnaenus. Moxk-
HO YKa3aTh 3HaAYEeHHE 110 YMOJYAHUIO JJIs JII0O0T0 KOJIMIECTBA TIapaMeTPOB (PyHK-
MU, HO IIPU TOM BCe mapamMeTpbl PYHKIUHU, CJIEAYIOINE B CIIMCKE Iia-
paMeTpoB 3a HepBbIM, UMEIOHIMM 3HAaYeHHUE II0 YMOJIYAHUIO, TOJIXKHBI
TaK>Ke MMeThb 3HadeHWe 110 yMoJriaHuio. Hanpumep, ciemyioniue onmucanus
KOPPEKTHBI:

void f(int a = 0, int b = 10, int c = 20);
void f(int a, int b = 10, int c = 20);
void f(int a, int b, int c = 20);

a cjaeayronime — HEKOPPEKTHDI:

void f(int a = 0, int b, int c = 20); // OILUBKA
void f(int a = 0, int b = 0, int c); // OIMBKA
void f(int a = 0, int b, int c); // OIMBKA
// b ¥ Cc DOMXHH KHMETb yMoJYaHWe, T.K. €ro MMeeT a

void f(int a, int b = 10, int c); // OLIBKA
// c OONXeH MMeTh yMONYaHWe, T.K. er0 UMeeT b

DTO OrpaHUYeHUE BBEJIEHO B SI3BIK, YTOOBI YIIPOCTUTH KOMIIMJISITOPY HOUCK TIOJIXO0-
nsedt pyukmuu. Eemu npu BbI3oBe ykKazaHo n (paKTUUECKUX ITapaMeTpPOB, KOM-
[MJISATOP CONOCTABJISIET UX C N NEPBuMU (POPMAILHBIME ITapaMeTpaMu (pyHKIUH.
Tak, ecu 3aaHa QYHKIAST

int f(int a, const char *str = "name", int *p = 0);
TO ciepyronuit (pparmenT OyseT ommubOUIeH:

int x;
£(5, &x);

ITOCKOJIBKY (PaKTUIECKUI MapaMeTp &X MMeeT THI int *, a COIOCTaBJIEH OH OymeT
CTPOT'O CO BTOPBIM MapameTpoM GyHKIuU f, KOTOpBIt mMeeT TUll const char .

Kpowme Toro, Beipazkenue, 3a/ao1iee 3HAIEHIE IO YMOTIAHUIO, TAKYKE MOYKET
cTaTh IPUYMHON OMUOKH, a IPaBUIa, CBI3aHHBIE C 9TUM, IPOMO3IKHI U HEOUEBUI-
HbI. ﬂque BcCer/la 3a/laBaTh YMOJTYaHNA KOHCTaHTaMU BPEMEHU KOMITUJIAIINN, V2K
¢ HUMU-TO TOYHO IIPobJIeM He OyJier.

B snmreparype BcTpedaeTcs yTBEPXKIEHHUE, UTO IMAPAMETPHI II0 YMOJIIAHUIO
MPEJICTABJISIIOT CODOI €Ié OIHO IPOSIBJIEHHE CTATUIECKOro mojumMmopdmisMa. Ha
caMOM JIeJIe 9TO YTBEPKICHUE COMHUTE/ILHO, TTOCKOJIbKY HUKAKOTO OTHOIIEHUS K
DASAUNHDIM TMUTLGM GP2YMEHIMO0E ITOT MEXaHU3M He MMEeEeT; BIIPOYEM, BOIIPOC TYT,
KaK BOJUTCA, TepthHOHOFquCKHﬁ, a TepMHWHBI MO2KHO OIIpEJIC/IATH IIO-Pa3HOMY.

BBeenne nmapamMeTrpoB Mo yMOTIAHHUIO IPUBOAAT K HEOOXOIMMOCTHU Y TOUHEHUST
GOPMYJIMPOBOK, CBA3AHHBIX ¢ KOHCTPYKTOpaMU criennajbHbX BujoB. B §§10.4.3,
10.4.4 n 10.4.10 MBI paccMaTpuBaH crenuduIecKne KOHCTPYKTOPDI, TOBOPSI, UTO:

® KOHCTPYKTOp 0e3 mapaMeTpoB BOCIPUHUMACTCS KOMIIMISITOPOM KaK KOH-
CMPYKMOP MO YMOALAHUIO;

® KOHCTPYKTOP C OJIHUM IIapaMeTPOM, UMEIOIIUM THUIl, OTJINYHBII OT OIHUCHI-
BaeMOTr0, BOCIPUHUMAETCS KOMITUJISTOPOM KaK KOHCMPYKMOpP npeobpa-
308aHUS;

® KOHCTPYKTOD C OJJHUM NapaMeTpOM, MMEIOIIAM THII «CCBLJIKa Ha OINCHIBA-
eMBblil KJlacC WJIM CTPYKTYDPY», BOCHPUHUMaeTCsl KOMIUIATOPOM KaK KOH-
CMPYKMOP KONUPOBAHUSA.

VaurbiBasg BO3MOXKHOCTD 3aJaHUsI 3HAUCHUN TapaMEeTPOB II0 YMOJIAHUIO, CJIE/Iy-
€T TOBOPUTDH, YTO KOMIMJISITOP BOCHIPUMET KaK KOHCTPYKTOP CIEUAJIHLHOTO BUJIA
TaKOil KOHCTPYKTOP, KOTOPBII donyckaem €20 6306 ¢ COOTBETCTBYIOIIMME ITapa-
Merpamu. Tak, Mbl Mo Obl B Kjacce Complex OnUCATH BCErO OJUH KOHCTPYK-
TOp, KOTOPBIH ObI CJAYXKUJI U KOHCTPYKTOPOM TI0 YMOJIYAHUIO, U KOHCTPYKTOPOM
Ipeobpa30BaHust, 1 OOBIYHBIM KOHCTPYKTOPOM OT JBYX apryMEHTOB:

Complex(double a_re = 0, double a_im = 0)
{ re =a_re; im = a_im; }

B camom pesie, Takoit KOHCTPYKTOP MOXKET OBIThH BbhI3BAH U 6€3 mapaMeTpoB, TO
€CTh KaK KOHCTPYKTOP 10 YMOJYaHUIO, ¥ C OJHUM IapamMeTpoM Tuiia double, To
€CTh KaK KOHCTPYKTOp IipeobpazoBanus u3 double B Complex.

B3Bouee Toro, CrpaycTpym B CBOMX KHHUTaX BOOOIIE HE JIEJIACT MEXK Yy HIMU SIBHOTO PA3JINYdns,
Ha3bIBas «BPEMEHHBIMH OObeKTaMU» 00e pacCMaTPUBaEMBbIE CYIIHOCTHU.
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10.4.13. Onucanme meroaa BHe KJacca. O6JacTn BUANMOCTH

Jlo cux mop Bce ONMMCHIBAEMbIE HAMH METOILI COCTOSIIA U3 OJHOW-IBYX CTPOK
koj1a. KoHeuHO, Tak moJtydaeTcs JaJIeKo He BCErJia, a pa3Mep Tejia MeToa, BOobIe
TOBOpsI, HE OI'PaHU'IEH, KaK He OIPAHUYIeH U pasMep Tejia OObIIHOM (PYHKIMH. DTO,
BIpOYEM, HE O3HAYAET, UYTO HAIIMCAHNE I'POMO3IKUX (DYHKIINIA B 46M-TO IPaBUIb-
HO; KaK Mbl 00CYZK /1 emié B nepBoM ToMe (cM. §2.4.4), ujeasbHasi IOIPOrpaM-
Ma, JIOJKHA YKJIIBIBATHCS B 25 CTPOK WM B KpaifHeM cjydae ObITb UyTh-UyTb
bosbIrre.

1t MeToI0B, Tesia KOTOPBIX OIKUCAHBI B 3ar0JIOBKE (OIMCAHUN) KJIacca, Orpa-
HUYeHusd, HaJlaracMbI€ 3JIpaBbIM CMBICJIOM (He KOI\JHI/IJ'[HTOpOM!)7 OKa3bIBAKTCA
naMHOro xkécrue. Onncanme KJjacca TP HAJAIAM B HEM HECKOJIBKHX METOIOB
CKOJIbKO-HUOY/[b 3aMETHOrO 00bEMa MOYKET CTaTh (B CHJIy CBOUX Pa3MEpOB) CO-
BEPINEHHO HEIOCTYIHBIM /I MOHUMAHWSA. Jalle BCEro MPOrPaMMUCTBI UUTAIOT
OIMCAHUs KJIACCOB, YTOOBI MOHSTH, KAK paboTaTh ¢ 0ObEKTAMHU ITOrO KjIacca, a
JI7ISI 9TOTO0 HYKHO 3HATH HAOOp ero myOsmaHbIX MeToq10B. Iloka onmcanue Kjac-
ca IEJIMKOM yMEIAeTCcsI Ha 9KpaHe, CIICOK €r0 METOJI0B MOXKHO OXBATHUTH OIHUM
B3IJISIZIOM; €CJIN YK€ B KJIACCEe OIMMCAHBI METOJIbI ¢ TPOMO3IKMME TEJIAMHE, IS O3HAa-
KOMJIEHHS C 3ar0JIOBKAMH METOOB MOXKET IOTPebOBAThCS JOJIT0E IIEPEIMCThIBA-
HUE KOJIa TyJa U 0OpaTHO, MPUUIEM B IMPOIECCE MOUCKA 3arojIOBKa OJIHOIO MeTO-
JIa IPOTPAMMUCT MOXKET YCIIeThb 3a0bITh PO JApPyrue, TaK 9TO M3ydeHUe KJiacca
CTaHOBUTCHA 3aHATHUEM HOJIT'MM U YyTOMHUTE/IbHBIM.

Ectb u emé omama nmpobiiema ¢ TeIaMU METOJIOB, KOTOPast BOSHUKAET IIPU HAIIH-
CAHUU MHOTOMOJIYJIbHBIX TporpamM. B s3bike Cu MbI HOMEIIAJIN OIUCAHUST CTPYK-
TYP, HeoOX0ouMBbIe OoJIee IeM B OJHOM MOJIYJ/Ie, B 3arojioBoYHbIe (aitibl. B Cu++
C KJacCaM¥M M CTPYKTYPaMU CUTYalldsi COBEPIIEHHO TaKasi YKe: €CJIM MBI XOTHUM
HCIIOJIb30BATh HEKOTOPBIN KJIACC WX CTPYKTYPY B HECKOJBKUX MOIYJISIX, CJIEIY-
€T IIOMECTHUTL OIUCAHHE 9TOr0 KJIAcCa WU CTPYKTYPhI B 3aroJIOBOYHBIN haiia
U BKJIIOYUTDH 3TOT dailyi qupekTuBoil #include "..." BO BCe HYKHbBIE MOJLYJIU.
Eciu npu 9TOM KjIacc mim CTPpyKTypa COAEP:KHUT Tejia METOOB, 3TO OyIeT o3Ha-
YaTh, ITO KOJI, COCTABJISTIONINI UX Tejia, OKAXKeTCsl OTKOMITUJIUPOBAH B KaxHCIOM U3
MoyJieit. B uroroBom ucrosHsieMoM gaiiie MOKET OKa3aThCsd 3HATUTEHLHOE KO-
JITIECTBO JAyOJIUPYEMOro KOJa: KaXK Iblii U3 MOJIyJIell, UCIOJIB3YONINX HaIll KJIACC,
MIPUHECET B UCIIOJIHAEMBIH (Daiil CBOIO KOIHUIO KOJIa €r0 METOJ/IOB.

O6e 1pobjeMbl — IPOMO3IKOCTDL OIMCAHUs KJIACCa U JyOJIMpoBaHuE 00bEKT-
HOT'O KOJIa, METOJIOB — PEIIAIOTCs BBIHECEHUEM TeJI METOOB 3a IPEeIe/bl OIICa-
HUs Kjacca (HA3BIBAEMOTO TaK¥kKe 3a20M08K0M Kaacca). IIpu 3ToM B 3arojioBke
KJIACCa OCTABJISIETCSI TOJIBKO ITPOTOTHUI (3ar0JI0BOK ) (DYHKIIUI-METO/[a, TO €CTh THII
BO3BPAIIAEMOr0 3HAYEHsI, UMsI METO/IA, CIIMCOK (POPMAJIbHBIX TapaMeTpoB u (BO3-
MOXKHO) MOAUMUKATOP const, MOCJE 9ero BMECTO TeIa METOJA CTABUTCS TOYKA
C 3aIATOH, KaK M IO0CJIe OOBITHOIO IPOTOTUIIA PYHKIUN. Tes0 DyHKIINI-MeTOIa
[P 3TOM OIUCHIBAETCS B JIPYIOM MeCTe, 3a MpeJiejlaMi 3aroJioBKa Kjacca, BO3-
MOXKHO Jlazke, 9TO B JPYyroM daiijie — OOBIYHO TaK CJIy9daeTCsd, eCJIU 3aroJI0BOK
KJIACCa BBIHECEH B 3ar0JIOBOYHBIN (hailj; Tejia METOJOB IIPU 9TOM OIUCHIBAIOTCSI
B (railsie peasn3aIuu COOTBETCTBYIOIIETO MOYJIsA, TAK ITO IPU TPAHCIISIIIAN MO-
JIyIeit, 8KAYAI0UUL ITOT 3ar0JIOBOTHIK, KOMITIJISTOD BUIUT 3ar0JIOBOK KJIACCa,
HO He BUIAT PEeaM3alliio ero MeTOJIOB.

[Ipu onmcannu QyHKITUU-METO/IA 38 IPeeIaMU 3ar0JIOBKA KJIACCA HYyKHO yKa-
3aTh KOMIIUJISTOPY, YTO PeUb UJIET UMEHHO O METOE OIPEILTEHHOTO KIacca, a He
0 TPOCTON (DYHKIUH. DTO JEJAETCS C IIOMOIIBI0 CUMBOAG PACKPBLIMUSL 00AG-
cmu sudumocmu, B posin KOToporo B Cu-++ BBICTYIAET JIBa JBOETOUUS <: :»
(MHOTIA TPOrPAMMECTBI HA3BIBAIOT ITOT CHMBOJI «4eTBeporodneM» ). Hampumep,
ecJi MBI OIMCBhIBaeM HekMil Kjlacc C1 U B HEM €CTb KOHCTPYKTOP 110 YMOJIYaHUIO
U HEKOTOpbIe MeTOJbl £ U g, BbIHECEHHE OIUCAHUS METONOB 3a MPEJEsIbl KJIacca
MOZKET BBLITVIAJCTH TaK:

class C1 {
//
public:
C10;
void f(int a, int b);
int g(const char *str) const;

3
/] ]
C1::C10
{
// Temo KOHCTpyKTOpa
}
void Ci::f(int a, int b)
{
// Temo MeTtoma f
}
int Cl::g(const char *str) const
{
// Temo MeToma g
}

CMBICTT «pPACKPBITHST 00JIACTU BUIUMOCTH» MOYKHO TMOSICHUTD CJIETYIONUM 06pa-
3oMm. Vmena mosteit m METOIOB JIOKATHM30BAHDBI B KJIACCE: €CJIN B KJIACCe €CTh METOI
c mMeHeM f, TO BHe KJIacca MbI MOXKEM HCIOIL30BaTh uiaeHTudUKaTop £ 11 apy-
rux IeJieii Jimbo BOBCE HE MCIIOJIB30BATH €ro; IMOsiBjIeHne ujieHTudukaropa f BHe
KJIACCa He MMeeT HUKAKOTO OTHOIIEHHUST K METOTy £, OIMCaHHOMY B Kjacce. Bmecrte
C T€M B HEKOTOPBIX CJIydasix UMs MeToj1a T BCE Ke TOsIBJISIETCsI BHE KJIaCCa UMEHHO
KaK UMsI 9TOT0 METO/Ia — HAIIPUMED, TIPU BBI30BE €r0 JJIsT O0HEKTa KTacca. TakmM
00pa3oM, B OTJIMYHE OT, HAIIPUMED, JIOKAJBbHBIX [IEPEMEHHBIX B (DYHKIUAX, UMEHA
YIEHOB KJacca docmynis, BHE Kaacca (KOHETHO, €CIM OHU He 3aKPBITHI MEXaHU3-
MOM 3AalllAThI), HO TOJBKO €CJIM UMEIOTCS YKa3aHUs Ha TO, 4TO TPeOyeTcsi UMs 13
KJIACCA; TIPHU BBI30BE METOA 044 005eKMma TAKUM YKa3aHUEM CINTAETCS TUI ITOTO
06beKTA.

ToBopsiT 1109TOMY, 4TO Kiace (MM CTPYKTYpa) IIpeJcTaBisieT coboil obaacms
sudumocmu (WK, eciid yTOJHO, MPOCMPAHCINEO UMEH — STH TEPMUHBI CINTA~
I0TCsI B IPOIPAMMUPOBAHUN CHHOHUMAMH), B KOTOPOH MOI'YT CYIIECTBOBATH CBOU
(mpuHa IeKaIye eit) uMeHa, He KOH(MJINKTYIONIE ¢ UMEHAMI BHE €€ JazKe Mpu
COBIIaJICHU M I/I,HeHTI/I(bI/IKaTOpOB. I/IIVIGHH,, JIOKAJIN30BaHHbIE B O6.HaCTI/I BUIHUMOCTH,
OT 9TOTO HE CTAHOBATCsI, BOOOITE TOBOPSI, HEJOCTYITHBL; OHU JIOCTYITHDBI, HO TOJIhb-
KO TIPU HAJIMYIUU YKa3aHUil Ha 06yiacTb BuguMmocTu. CUMBOJI pacKphITUs 00J1aCTH
BUJINMOCTH KaK pa3 U MPEIHA3HAYECH [T TAKUX yKazaHuit. MOXKHO cKa3aTh, ITO
OJIMH U TOT YK€ METOJ UMeeT BHyTpu Kjacca Cl (To ecTb B Tejax ero MeToJoB)
nMs f, a BHe kiylacca — uMg Cl::f.

CuMBOJI pacKpbITHsT 00JIACTA BUJIAUMOCTUA HMPUMEHSIETCS HE TOJIBKO JIJIs OIU-
CaHMsA METOJO0B BHE 3al'0OJIOBKa KJlaccCa. ECJ'H/I OIIYCTUTDH UM O6.HaCTI/I BUJIMMOCTHU
CJIeBa OT CHMBOJIA «: :», TIOJIPA3YMEBAETCS 2400a.4bHGA ODIACTH BUIAMOCTH; Ha-
IIpUMep, ecju B BallleM KJjacce ecTb MeTos, func u npu 3ToM B Ballleit IporpamMme
eCcTb 00BbITHAas (PYHKIHUS C TAKAM K€ MMEHEeM, Bbl MOXKeTe K Hell 00paTuThCa u3
METOJIOB Balllero Kjacca, Hazsap €€ ::func. C ApyruMu CjydasiMu ITPUMEHEHUST
CHMBOJIA «::» MBI CTOJTKHEMCSI TIO37KE€ TIPU PACCMOTPEHUN CTATHIECKUX TIOJIeH U
METOJIOB.

C,u,enaeM eu.l,e OOHO Ba)>XHOE€ 3aMeEYHaHUue. Hacto MoXXHO CTONKHYTbCA C YTBEPXXAOEHNEM,
4TO «4eTBepoTOo4HMe» — 3TO SAKOBbI onepayuns (VI, B 4aCTHOCTWU, €€ BKJIIOYAOT B CMUCOK
onepau,mﬁ, KOTOpPbI€ HENb3A nepeonpep,enﬂTb). Y10bbI ONPOBEPrHYyTb 3TO yTBEPXKAEHNE, [O-
CTATO4YHO 3aMETUTb, YTO HWN CJZIEBA, HN CNpaBa OT CMMBOJIA «: :» HE MOXET CTOATb HUKaAKOE
BblIpaXxeHne: HN Nms O6J'IaCTVI BUAWUMOCTU, HN NMSA NONAA UAN MeTOoAa HE MOryT 6b|Tb Bbl-
HNcseHbl, NX MOXXHO YKa3blBaTb TOJIbKO B ABHOM BUeE. Ecan cuntatb «::» onepau,l/le|7|, OHa
OKa>KETCA «Hyﬂb-apHOﬁ», TO €CTb onepau,l/le|7| be3 onepaHaoB; Masao TOro, BO MHOrmx cny-
4aAaX OHa eu.l,e N He umeeT 3HayveHus. Ho rnasxoe Aa>Xe He 3TO. KOHCprKLI,VIVI C CAMBOJIOM
«::» 4H4aCTO BCTPEHAKOTCA B TAaKNX KOHTEKCTAX, rae npoCto HE MOXET 6b|Tb HNYEro noxoxe-
ro Ha apmd)meTw-leCKoe Bblpa>X€HNE€ — HanpumMep, B 3arosioBkax d:)yHKU'VII‘/’I nanm B onNnnNCaHmsAX
nepeMeHHbIX. Jlorn4xee CHNTATb, YTO CUMBOJ1 € : ! >» HUKAKOIro OTHOLWEHNA K onepaynsam He
NMEET, 3TO NPOCTO CUMBOJI.

10.4.14. «IToacraBisiembies dyuknuu (inline)

K HbiHenmHeMy MOMEHTY y YHTATENsl MOIVIO CJIOYXKUTHCHA OIILYIIEHUE, YTO
00bEKTHO-OPUEHTUPOBAHHOE ITPOrPAMMUPOBAHUE BMECTE C aOCTPAKTHBIMUA TUIIA-
MU JIAHHBIX — 3TO KYTKO HedM EKTUBHO U3-38 TOrO, 9TO K 3aKPBITHIM IOJISAM
KJIACCOB U CTPYKTYP HPUXOJUTCS OOpamaTbcd depe3 (DyHKIIUU-METOJIbl, a BEJlb
BbI30B (DYHKIUH [IPE/IIOIAraeT IIOMEIIEHNE B CTEeK eé mapaMeTpoB (KaK MUHUMYM
yKazaress this), co3janue u mocseIyomlyo JTUKBUIAIMIO CTeKOBOro (hpeiima u
BCE Takoe mpodee. i Maio-MaIbCKU HETPUBUAJIBHBIX (DYHKIIMI BCE 9TO HE CO-
31a6T npobJieM, TOCKOJIBKY OIEPAIlnd, CBSI3aHHBIC ¢ TEXHUIECKUM HCIIOJHEHUEM
BbI30Ba (DYHKIIMKM U BO3BpaTa u3 HEE, OOBIYHO OTHUMAIOT HUITOXKHOE BpPEMS B
CpPaBHEHWU C BBIIIOJIHEHUEM TeJia (DYHKIUH; HO BEJb Mbl HEOJHOKPATHO BHUJIE/IH B
npuMepax pyHKIIU-METOIbI, TOIIPOCTY BO3BPAIIAIONINE 3HAUEHUE TI0JIs 00bEKTA,
a CKOIIMPOBATH II0JIE U3 3aJaHHON 00JIaCTH IMaMsTH MOYKHO OIHOM KOMaHI0i mov!

HeiticTBuTeIbHO, €ciau Obl KOMIHUJISTOP OMOPMJIsI BCE BBI3OBHI METOJNOB
«II0-9E€CTHOMY », 9TO MOIJIO OBl IIPUBECTU K OILYTUMBIM IIOTEPSM, HO, K CYACTHIO,
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BCE He Tak 11oxo. Jemo B ToM, 9To KoMmuiasaTop Cu-++4 HeKoTopble (DyHKIINH
CUUTAET «IIOJICTABIISIEMBIMI» (AHIVL. inline; BCTpeYaeTcsl TaKXkKe PYCCKUI IepeBojl
«BcTpanBaembies ). Korma B TeKcTe mporpaMMbl BCTpEYaeTcs 0OpalieHne K TaKoi
PYHKIINY, KOMIIMIATOP BMECTO OOBITHOI'O BBI30BA NOJCTNABAAEM MAWUHHBLT K00
mena pynryuu. Ilocie aToro onTuMm3aTop, paboTaIONN Ha YyPOBHE MAITHHHBIX
KOMAH/I, BEIKUBIBAET BCE JIUIITHEE, TAK UTO UTOIOBbBIH KOJ CTAHOBUTCSI HUIYTh HE
MeHee 3P PEKTUBHBIM, TeM eCJIN ObI MbI 0OOPAIAINCh K ITOJIsIM 00beKTa 6e3 BCIKIX
BBI30BOB METOIOB — COOCTBEHHO I'OBOPsi, HAa YPOBHE MAIIMHHOIO KO/ HUKAKHX
BBISOBOB M HE ITPOUCXOIUT.

Koneuno, Takoe nMeeT CMBICI JIUIID JJist (DYHKIUI ¢ O9eHb KOPOTKHM TEJIOM.
Bcenomuum Ternepnb, 9T6 Mbl 00CY K10 B IPEAbLAYIIeM naparpade: TOJIbKO 0UeHb
KOPOTKHE TeJIa METOJIOB CTOUT OCTAaBJ/ISATL B 3aI0JIOBKE KJIACCA, & BCE IPOYME BbI-
HOCHUTBH 3a €ero IpeiaeJsibl. COHOCT&BHB OTHO C APYT'YM, Mbl CMOZKEM JIYyYIIlE€ IIOHATH
JIOTUKY, CTOAIILYIO 38 CJIEAYIONUM corjamnenuem: KomnuiasaTop Cu+ -+ mnbiTa-
ercsa oOpabarbIiBaTh KaK <«IOACTABJISEMbIE» BCE€ METO/bl, Te€JIa KOTOPBIX
OIMCAHBbI HEIOCPEJICTBEHHO B 3aroJIOBKe KJiacca.

MBI MOYXKeM TIPeJIOKUTH KOMITUISITOPY 00pabaThiBaTh B KAYECTBE MO/ICTABJISI-
eMoit JTI00y10 (PYHKIIHIO, I STOIO JOCTATOYHO Iepes €€ ONMUCAHueM IIOCTABUTH
KJII0YeBOe CJIOBO inline:

inline int f(int x)
{

//
}

EcrecrBenno, ciesarh 9T0 MOYXKHO U ¢ METOJIOM, TEJI0 KOTOPOI'O MbI PEIIUJIN BbI-
HECTHU 3a IIPEJIEJIbl 3ar0JI0BKa KJIacCa, HAIPUMED, YTOObI He 3arpOMOK/IATh ITOT
3aroJI0BOK.

C inline-dyHKnusMyu CBS3aHO HECKOJbKO HHTEPECHBIX MOMEHTOB, KOTODBIE
cTOUT TMOHUMAaTh. [Ipexkie Bcero oTMeTHM, UTO HU ONUCAHWE TeJia METO/a B 3a-
TOJIOBKE KJacca, HU Jlayke SIBHBIM 00pa3soM yKasaHHas IUPEKTHBa inline B jeii-
CTBUTEJILHOCTU HU K Y€MYy KOMITHJISTOD He ODsI3BIBAIOT: €CJIA 110 TeM UJIA WHBIM
MIPUYUHAM OH CUHUTAET, YTO (PYHKIIUIO C TaKuM TejoM OyreT sddexTuBHee odbpa-
OaThBaTh KaK OOBIYHYIO BBI3bIBAEMYIO (DYHKIIMIO, & HE KAK IOJCTABISIEMYIO, TO
NMEHHO TaK OH C Hell u IIOCTYIHUT.

Bropoit MmomeHT He cTOJIb OueBHjicH. Kciin B OMHOM M3 BAIUX MOJYJEi BBO-
autcs inline-pyHKIMsI, KOTOPYIO BBl XOTUTE CIIEJIATH JOCTYITHON IJIsT IPYTUX MO-
JIyseit, To e€ onucanue — IOJHOCTBIO, BMECTE C TeJIOM — CJIEJLyeT BBIHECTU B 3a-
rOJIOBOYHBIH (paityi. YTOOBI MOHATH, ITOYEMY 9TO TaK, JOCTATOUYHO BCIIOMHUTH, YTO
pellakTop cBsidefl npu cOOpKe MPOrpaMMbl U3 OOBEKTHBIX MOJLYJIEN PACCTABIISET
ajipeca, 110 KOTOPbIM MOJLY/TH OOPAIalTcst K 06beKkTaM (IlepeMeHHbIM U (byHKITH-
sIM, WJIH, TOBOPS IIHPE, 00JIACTAM HaMSATH ), BBEJIEHHBIM B JIDYTUX MOJLYJISX; OO0JTh-
e HIKaKUX M3MEHEHUN B KOJl PEJAKTOD CBsA3€il BHECTU HE MOXKET, B TOM UHCJIE,
€CTEeCTBEHHO, He MOXKET OH U II0JICTABUTH BMECTO BbI30Ba (DYHKIIUU KAKOW-TO TaM
dparmeHT Koma, 6yIb OH XOTh TPHKJIBI TeJIOM 3Toil dyHknuu. CienoBaTebHO,
[MOJICTAHOBKY Kofa inline-pyHKIWHU T0O/7KEH BBIMOJHUTL KOMIITUJISITOP BO BPEMs
KOMITUJISIINH, HO BE/Ib IPU KOMIIMJISAIIANA OJTHOTO MOJIYJIs KOMITHJIATOD HE BUJIAT
TEKCTa JPYTUX MOJYyJeil — COOCTBEHHO MOBOPsi, B 9TOM U COCTOUT CYTh pPa30eAb-
1ol mpancasayuu. Be€, 9T0 3HAET KOMIUISITOP O JAPYTUX MOJYJISIX — 3TO TO, 9TO
HaICAHO B ITOJKJIIOUEHHBIX 3ar0JIOBOUYHBIX (hailiax, OHM KakK pas3 JJjIsi 9TOTO U
COB/IAIOTCS; TAK UTO, KOJIb CKOPO KOMITUJISATOPY JIJIs [T0/ICTAaHOBKY inline-dyHkimn
HY?KHO, OYEBUJIHO, 3HATH €€ TeJI0, TO ITO TEJIO CJEYeT BHIHECTU B 3ar0JIOBOYHUK.

JII00OIIBITHO, YTO KOMIIUJISITOP MOXKET CO31aTh KaK OOBIYHYIO, TAK W ITOJICTAB-
JISIEMYIO BEPCHIO JIJTsi OJHOU U TOil ke hyHKImu. Hanpumep, KOMIUISITOP MTOIPO-
CTYy BBIHY?K/IEH T€eHEPUPOBATh O0BIYHYIO (BBI3BIBAEMYIO) MOIIPOrPAMMY B CJIydae,
€CJIU TJIe-TO B BaIlleil TporpaMme OT 3TOH HOAIPOrpaMMBbl OEPyT ajpec U 3aHOCAT
€ro B yKasarejb Ha QyHKINO. Brpodem, H1 9TO, HU BO3MOXKHDIN OTKa3 KOMIIUJIsI-
TOpa paccMaTpUBATh (DYHKITUIO KAK «IIOJCTABISEMYIO» B JIIODOM CJIydae HE MOYKET
IIOBJIUATH Ha CEMaHTUKY NTOI'OBOI IporpaMMbl — TOJIBKO Ha pa3Mep MalllnHHOI'O
KOJIa U CKOPOCTDH BBITIOJHEHUSI.

Tak nmnn unade, 06 inline-pyHKIUAX CTOUT TOMHUTH XOTs OBI JJIsl TOr0, YTOOLI
He 60SIThCA MOTEPITh IPHEKTUBHOCTD U3-38 BHI30OBOB KOPOTKHX METOJIOB.

10.4.15. aunuaan3anus 4J1€HOB KJiacca B KOHCTPYKTOpe

o cux mop Mbl 3a/1aBaJId 3HAYCHUS T10JIei 00bEKTa C TIOMOIIBIO OOBIKHOBEHHO-
IO NIPUCBaUBaHUs B Teje KOHCTPYKTopa. Takoil crocob MOXKeT OKa3aThCs HEllpU-
eMJIEMBIM; IefICTBUTE/ILHO, HUKTO HEe MeIaeT 0ObIBUTH B KJIacce I0Jie, UMeIOIee,
B CBOIO O4Y€pe/Ib, TUII KJIACC, IPUYEM 0€3 KOHCTPYKTOpa 110 ymoJrdanuio. Pacemor-
pum 3Ty curyaruio nojapoduee. Ilyctb A — Kjacc, €IMHCTBEHHBIN KOHCTPYKTOD
KOTOPOro TpedyeT Ha BXOJ JBa apaMeTpa THUIa int:

class A {
//

public:
A(int x, int y) { /*...%x/ }
/...

};

Omnumem Terepsb Kjace B, B KOTOpoM ecTh moJjie tuna A. JIjis mpocToThl KAapTHHEI
Oy/ZieM cauTaTh, 9TO B KJacce B HaM Hy»KEeH TOJIbKO KOHCTPYKTOD O yMOJIIaHUIO
(JU1st IPYTUX KOHCTPYKTOPOB CUTYAIHs OY/IeT OJTHOCTHIO aHAJOIUIHA):

class B {
A a;
public:
B(O);
/] ...
};

Paccmorpum resio korcrpyKkTopa B. B HéM (TO ecTb Bo Bpemst ero paboTsl) yorce 10~
CTYIIHO TIOJIE &, & JIJIS 9TOT0, KAK MBI 3HAEM, JIOJI2KEH ObLIT 0TpaboTaTh KOHCTPYKTOP
kjacca A. Ho Besib eIMHCTBEHHBINT KOHCTPYKTOP KJjacca A Tpebyer mapameTpos!
Kaxk ke ux emy mepemarh?

YTo0B!I peruTh BO3HUKINYIO 1mpobsieMmy, B Cu+-+ BBEIEH CIENUabHBIA CHH-
TaKCHC IS UHUUUGAU3AUUY noaeli obsexma. Ilpu onucannu KOHCTPYKTO-
pa MeXK/Jly ero 3aroJOBKOM U HAYaJIoOM Tejia (OTKpbIBatoniel burypHoii ckobKoii)
MOYKHO ITOCTaBUTH JIBOETOUHE, ITOCTIE KOTOPOTO Yepe3 3aMTYIO IePETNCINTD BBI30-
BBl KOHCTPYKTOPOB JIJIsT HEKOTOPBLIX WJIM BCeX MOoJiel Kaacca. B paccMaTpuBaeMom
mpuMepe 3TO OyJIeT BBIIVISIETH TaK:

B::B() : a(2, 3) { /*...x/ }

Bﬂ‘ecb MbI YKa3bIBa€M KOMIIWJIATOPY, YTO IIOJI€ a CJIeyeT HNHUINAJIN3UPOBATh
(«CKOHCTPYHPOBATH» ) € MOMOINBIO KOHCTPYKTOPa OT JIBYX mapaMerpoB (2 u 3).
Ob6HApYXKUB TaKOH KOJ, KOMIHUJISTOP BCTABUT BBI30B COOTBETCTBYIOIIETO KOH-
CTPYKTOpa KJiacca A B camoe Havajio Tejia KOHCTpyKTopa B. OTMmeTum, 410 Tak
MOKHO WHHUIIMAJU3UPOBATE JIIOOBIE T0JIsI, & He TOJLKO II0JIsi THIIa Kjacc. B Jacr-
HOCTH, JIJIst Hatero Tuna Complex KOHCTPYKTOPBI MOTJIA Obl BBITVISJIETH U TAK:

class Complex {
double re, im;
public:
Complex(double a_re, double a_im) : re(a_re), im(a_im) {3}
Complex(double a_re) : re(a_re), im(0) {}
Complex() : re(0), im(0) {}
//

Crenaem emé ommo BaxkKHoe 3amedanne. UHUUAIN3AaTOPHI HOJIEil JOJIKHbBI
CJIEJOBATHh B CIIMCKE II0CJIE JBOETOYMS B TOM K€ MOpsiJKe, B KOTOPOM ca-
MM TI0JIsI OIIMCAHBI B KJiacce. 11oe, hopMaibHO TOBOPs, HE sIBJISIETCST OIMMTUOKOM,
HO XOPOIIN KOMITHJIATOD 00513aTEIbHO BBIJIACT IPEIYIIPEXK/IEHNUE.

10.4.16. Ileperpy3ka onepaiuii IIpocTbIMu (PYHKIUSIMU

B xnacce Complex MBI meperpy2Kajid CUMBOJIbI apUMMETUIECKUX OIEPAIil B
Bue DYHKIMI-MeTo0B. Biiarogaps Haan4uio B KJjacce KOHCTPYKTOpa rpeobpa-
30BaHUs BO3MOYXKHO, HAIIPUMED, TPUOABUTH K KOMILIEKCHOMY YHUCIY JAeHCTBUTE/ -
HOE:

Complex z, t;
/] ...
z =1t + 0.5;

(pu 3TOM KoHCTaHTa 0.5 Gyjer npeobpa3oBana K 00bekTy Complex ¢ MOMOIIBIO
KOHCTPYKTOPa IIpeobpa3oBanust). B To ke BpeMst cJie/IyIommast orneparnst OKazKeTCst
OIIMOOYHOM:

z = 0.5+ t; // oumubra!
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Ilesio TyT B TOM, YTO METOJI operator+ MOXKeT ObITh BbI3BAH TOJIBKO [IJIsi OObeKTa
kJiacca Complex, a koHcTaunTa 0.5 TAKOBBIM He SABJIAETCA. B oT/iM4dme OT apry-
MEHTOB (PYHKIUN 006eKmot, /I KOTOPBIX BBI3BIBAIOTCA METOJIbI, KOMITIIATOD He
mpeobpazyer.

Curyamuio J0BOJIBHO JIETKO ucnpaBuThb. Hemo B Tom, uro B Cu++ omepa-
A0 CJIOXKEHUsI JIBYX OOBbEKTOB MOXKHO IIPEICTABUTDH HE TOJBKO KaK METOJ CAMOTO
obbekTa (C OIHUM MapaMeTpoM, MO HPUHIMIY «IpubaBb K cebe 9TOT mapamerp
U CKaXKM, 9TO TMOJIyIUTCs» ), HO U KaK CTOPOHHIOK (DYHKIIUIO, KOTOPAasl 1O JIBYM
3a/IaHHBIM 00bEKTAM CTPOUT HOBBII 00beKT. VTak, ybepéM operator+ u3 Kiacca
Complex, a BHE KJIACCA HAIUIIEM CJIEIYIOIIEE:

Complex operator+(const Complex& a, const Complex& b)

{
return Complex(a.GetRe() + b.GetRe(), a.GetIm() + b.GetIm());
}

Tenepb MBI MOZKEM HallllCaThb:

Complex z, t;
/] ...

z =1t + 0.5;
z 0.5 + t;

M HUKAKHUX OIIMOOK 3TO He BBIZOBET. MOXKHO CUUTaTh, 9YTO BbIpaXkeHHe a + b
KOMIIMJIATOP IbITaCTCdA MPEBPATUTh B OJHO U3 JABYX CJICAYIOIINUX Bpra)KeHHfII

a.operator+(b)
operator+(a, b)

U TO K€ CaMOe CIIPABEJJINBO IOUTH JJIsi BCEX OMHAPHBIX OlEepallnil; C YHAPHBIMU
orepanusaMu CUTyaIusl aHAJOTUIHA, HAIIPUMED, ~a IPEeBPAIaeTCsl B OTHO U3

a.operator~()
operator™(a)

WHTepecHO 3aMeTUTD, UTO IPUOPUTETA HU TOT, HU JAPYroil BapHAHT He HUMEIOT;
€CJI BBI IPEyCMOTPUTE B Ballleil IporpaMMe U METOJI, ¥ BHEITHIO (DYHKITUIO st
OJTHOIA 1 TOIf 7Ke orepanuu (U JJIs OHUX U TeX YK€ TUIIOB OMEPAH/IOB), KOMIIUJISTOD
OTKazKeTCd Je/IaTb BbI60p ME2K/1y HUMU U IIPU ITOIIBITKE UCIIO/JIb30BaTh OII€epalluio
B WHQPUKCHOI pOpMe BBIIACT OITUOKY.

Ileperpyska cUMBOJIOB CTaHIAPTHBIX OIEpaIldil B BUJE OTIEJbHBIX (OYHKIIUN
(a HEe METOJIOB B KJIaccax) MOXKET OKa3aTbCs IMOJIE3HOIl TakyKe M B TOM CIIydae,
ec/in HaM HeOOXOIUMO BBECTH OIEPAIUIO JJjisd OObEKTOB HEKOTOPOrO KJIacca, KO-
TOprf/i MBI II0 TeM WJIM WHBIM IIPpUYHHaM HE€ MOXKEM HU3MCEHHUTDL; HallpuMep, 3TOT
KJIACC MOKET OBLIThL YACTBIO OMOJIMOTEKM, CO3JAHHON APYyIUM IIPOIPAMMUCTCKIM
KOJIJIEKTUBOM, U OT Heé y HaC MOXKET He 6bITb HNCXOAHBIX TEKCTOB (K cozxKaJie-
HUIO, HECMOTPs Ha ycrexu apuzkernst Open Source, Takue CUTYaIldd [I0OKa YTO He
PEAKOCTD).

10.4.17. Ipy>kecTBeHHble (DyHKIINU U KJIACCHI

B HekoTOpBIX cilyuasix ObIBAET IOJIE3HO C/IEJATh UCKJIOUEHUs U3 3aIPEeTOB,
HaJIaraeMbIX MEXaHU3MOM 3aInThL. B si3bike Cu+-+ KJ1acc Win CTPyKTypa, HMero-
[ue 3alumeéHHYI0 9acTh, MOI'YT OObIBUTDH Ty WM UHYIO (PYHKIIUIO CBOMM <JIPY-
rom» (friend); B a3TOM cilydae u3 Tejia Takol Opyotcecmeennol PyHKUUY BCe
JIeTaJIu pPeajin3allii KJacca WIH CTPYKTYPBI OyayT HOCTyIHBI. MO0XKHO 00bsIBUTD
«JIPY?KECTBEHHBIM» TaK>Ke IEeJIbII KJIacC WU CTPYKTYPY; 3P dEKT OT 3TOr0 OyIeT
TaKOH Ke, KaK eCJjin Obl Mbl OObSABUIIN JPYKECTBEHHBIMU BCe X MeToibl. MHatue
TOBOpsI, €CJIU B Kjiacce A OyJIeT 3asBJIEHO, UTO KJIACC B SIBISeTCs /It HErO JpyKe-
CTBEHHBIM, TO BO BCEX METOJAaX KJIAacCa B OYIyT [OCTYITHBI BCE JETAN PEATH3AIIAN
KJacca A.

[IpuMeHsaTs MeXaHU3M JIPY2KECTBEHHBIX (DYHKIUN U KJIACCOB CJIEIYyeT C OCTO-
poxkHocTbio. Mbr 0bcyx)namm B §10.3.4, uTo 3amura geTajieil peajn3anui KJac-
ca — MEXaHU3M OY€HDL II0JIC3HbIH; HeOO yMAaHHbIC UCKJIIOUYCHUS U3 IPABUII, YCTa-
HOBJIEHHBIX 3aIUTOH, MOTYT BCE UCHOPTUTH. CTOUT MOMHUTH, 4TO DYHKIUAM U
KJIACCaM, KOTOPBIX MBI «I00aBUJIN B JIPY3bsy, HUKTO HE 3AIIPEIAeT PACIOIaraTbCst
rJie yroHo, B TOM YHUCJe B JPYIUX eIMHUIAX TPAHCISINN; 'PybO roBOps, IUPEK-
TuBO# friend MbI 3asBJIsIEM TPAHCISTOPY, UTO HAIKUM JIPYTOM OyJIeT HEe KAKasi-TO
KOHKpeTHast QYHKIUS NN KAKOH-TO KOHKPETHBIN KJIACC, a 410000 Kaacc, KOmopuii
80M, MAKX HA3BIBAEMCA, U 4100048 PYHKYUA, umeruas makold npoPuars. B Takux
YCJIOBUSX JIETKO BOOOIIE MOTEPSATH KOHTPOJIb 3 ITPOUCKOISIIITIM.

Mexanusm JIpy>KECTBEHHBIX (DYHKIUI YaCcTO HMPUMEHSIOT [PU BBIHOCE IIE€pe-
KPBITBIX CUMBOJIOB CTaAHJAPTHBIX Olepanuil 3a IIpeJiesibl Kilacca, KaK 3TO IIpeJja-
rajochb B mpejbiyiieM naparpade. B Tene dyHKnum operator+ Mbl ObLIN BbI-
HY2KJICHBI TTOJIb30BaThca MeTojaMu GetRe m GetIm, MOCKOJIBKY U3 (PYHKIUU, HE
sABJIsIONENcs (opMabHO MeTOJIoM Kjacca Complex, MPsIMOTO JIOCTYIIA K ITOJISIM
re u im Her. OIHAKO UCIIOIB30BAHME METOJIOB JIOCTYIA (TaK HA3BIBAEMbIX GKCEC-
€opos) He Bcerja yaobHO, K TOMY YK€ UX MOXKET IIOIMPOCTY He OBITh; HEKOTOPBIE
JieTajiu peajiu3allui He CJIeJIyeT JIeJiaTh JOCTYITHBIME JIaXKe dYepe3 MeTOJl. 3J1eCh
KaK pa3 U OKa3bIBAETCH I0JIE3EH MEXAHU3M JIPYKECTBEHHBIX (DYHKIIHIA.

Jlns Havyasia B 3arojioBoK KJjiacca Complex BcTaBuM AupeKTuBy friend, oOb-
sABUB (PYHKIMIO operator+ Jpy»KecTBeHHOH. st 9TOro Hy»KHO 3alucaTh IPOTO-
THUII JPY>KECTBEHHON (DYHKIINK, IIPEeIBAPUB €ro JupeKTrBoil friend:

class Complex {
friend Complex operator+(const Complex&, const Complex&);

//

Teneps MbI MOXKeM I1eperucaTh PYHKINIO operator+, UCIOJb3ys HAIPSIMYIO [10JIs
CKJIaJIbIBAEMBIX OOBEKTOB 0e3 obpareHust K MmerogaMm GetRe m GetIm:

Complex operator+(const Complex& a, const Complex& b)
{

return Complex(a.re + b.re, a.im + b.im);

}

CpaBHETE 9TO OIUCAHKE C TEM, KOTOPOE MbI IIPUBOIUIN Ha CTP. 47.
Koneuno, apykecTBeHHON MOXKET OBITH 1 OObIdHAsT (DYHKITHS:

class Cls1l {
friend void f(int, const char *);

//
};
void f(int, const char *)
{
// 3mech MOXHO KCIONb30BaTh 3akphThe mois Clsi
}

YTobbI caenaTh JPYXKECTBEHHBIM CpPa3y IEeJbli KJacc, CJIeyeT II0CJe CJI0Ba
friend manmucarp «class umay:

class A {
friend class B;
//

};

Ucrnionp3oBarh Tako#l BapuaHT «JIPyKObI» CJIEIyeT ¢ 0COOEHHOU OCTOPOXKHOCTBHIO
U TOJBKO KOT/Ia TIOHSITHUsI, ONUCHIBAEMbIe 00OMMU KJIACCAMM, TECHO CBA3AHBI MEXK-
Iy coboii; »KeJaTeJbHO CHadaJa 3a7aThb cebe BOIPOC, HEJb3sl Jn 00OHTHCHL Oe3
friend. BésbiumM 3710M, YeM UCIOJIB30BAHNE JIPYKECTBEHHBIX OTHOIIEHUH, MOXK-
HO CYUTATH Pa3Be YTO CHATHE 3AIIUTHI C BHYTPEHHUX IOJIel Wi BBeJleHue Iyd-
JIMIHBIX METOJIOB JIOCTYIIA K JIETAJIAM, KOTOPBIE TI0 CMBICJIY JOXKHBI OBITH CKPbI-
TBI: SICHO, 9TO JIPY?KECTBEHHOCTb BCE-TAKU OI'DAHUYUBAET 00BHEM KOJia, KOTOPBII
IPUAETCSI TPOCMOTPETH IIPU U3MEHEHUN PEAIM3AINY KJIACCa, TAK YTO UCIIOJIb30Ba-
nue friend npeanoYTUTEILHEE TIOJIHOTO OTKA3a OT 3aIuThl. [lo3ke MbI paccMoT-
pUM I[PUMEPBI, B KOTOPBIX MPUMEHEHHE JIPY?KECTBEHHBIX KJIACCOB OKA3BIBAETCS
OIIPAB/IAHHDBIM.

B zaksouenne obcy»kieHust JUPEKTUBbL friend OTMETUM OJIUH JOBOJIBHO I10-
MyJISIPHBIN MHU@; U3 TEKCTa HEKOTOPBIX PACIPOCTPAHEHHBIX mocobmii mo Cu+-+
UX YUTATEJIN JIETAIOT BBIBOJ, UTO (SIKOOBI) CHMBOJIBI OLEPAITHil JJIsi KJIacca MOYK-
HO [IEPEOIIPEIEATH 00 PyHKIME-11eHOM (MeTo0M ), 00 hyHKIHEH-PyToM.
He Bepore! @Pynkims, He ABJISIONIASICS METOAOM KJIacca M Iepeoripejie-
JISIFOIIast 4Jisi OO bEKTOB KJIACCA CUMBOJI CTAHIAPTHOM onepanun (To ecThb
IIOMMEHOBAaHHAsI C MCIIOJIb30BAHMEM CJIOBA operator), HUKOUM 06pa3oM
He 006s13aHa ObITH KJIACCy APYroM mjam Kem-To emié. [Ipocro Takue dyHK-
[N CPABHUTEIHHO YACTO OOBABIISLIOT JIPYKECTBEHHBIMU KJIACCY U3 COOOPaKeHUit
yI00CTBA UX HAIUCAHUSI; HO 9TO COBEPIIEHHO HE 00si3aTe/IhHO.
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10.4.18. Ilepeonpenesenne onepanuii IprucBanBaHUSI

Kak y»xke roBopuioch Bbime, B CHu++ MOMXKHO IEPEONPEIETUTh (<«IIeperpy-
3UTh» ) CUMBOJI JIIOOOH OIepaIiu, yIacTBYIONIEH B BBIPAKEHUSIX, 38 UCKJIOUCHUEM
olepaluy BBIOOPKY TI0JisI (TOYKA) M TEpHAPHOW yCaoBHOI omeparmn. [Tpm srom
HEKOTOPBIE OIEepPAIlUU IIPU UX Ieperpy3ke UMEKT OIPEJIe/IEHHbIE OCOOEHHOCTH,
KOTOPbIe HEOOXOINMO YIUTHIBATD.

Hauném ¢ nepeonpesesienns: oneparuit npucsanBanus. Hamomanm, 9To npu-
cBamBaHue cunrtaercst B si3bikax Cu u Cut-+ onepayueti, a He OIEPATOPOM, KaK B
[Tackase u OOJIBIIMHCTBE JAPYTUX SI3bIKOB: 3AIMCH BUJIA <& = GOIPAJICEHUE» CAMA
110 Ce6e ABJIFETCA BbIpazK€HUEM, UMCIOIINUM 3HaY€HNe, 1 MO2KET BXOJAUTH B COCTaB
Jpyrux Beipakenuii. To ke caMoe MO2KHO CKa3aTh U PO OIlePAIUU ITPUCBANBAHUS,
COBMEIIEHHBIE C apU(PMETHIECKUMU JIEHCTBUSIMU, TaKNe KaK +=, -=, <<=, |=u T.1I.
Omneparuu TpUCBAMBAHHS, KAK U JPYTHE OTEPAINN, MOTYT OBITH TIEPEOTIPEIeIEHDI
JIJIST KJIACCOB M CTPYKTYP, BBEIEHHBIX [TOJIb30BATE/IEM, HO HA HUX JICHCTBYET Orpa-
HUYEHUE: ONlePaly IIPUCBAaNBaHUA MOXKHO II€epeoNpeieIaTh TOJbKO KaK
MEeTO/IbI KJIACCA UJIN CTPYKTYPbI, & OIPEJIEJISITh UX B BUJIE OOBIYHBIX (DYHKITHIT
HEJIb3S.

OOGBIYHO TIPU TEPEOIIPEIETIEHUN OIEPAINil TPUCBANBAHUS yIUTHIBAIOT, UTO
MIPOCTOE TPUCBAUBAHNE BO3BPAINAET 3HAUEHUE, KOTOPOE TOJIBKO UTO OBLIO MPH-
cBoeHo. U3 stux coobparkeHuii u3 olepaluu MPUCBAUBAHUS BO3BPAIIAIOT JTHOO
KOIIMIO 00bekTa, 60 (UT0 HpealoYTuTesbHee) KOHCTAHTHYIO CCBLIKY Ha 00b-
€KT, JIJIsI KOTOPOT'O Ollepalins Obliia BbI3BAHA. DTO, OJHAKO, HE 0OSI3ATEIHHO: SI3BIK
Cu-++ He Tpebyer nMeHHO TakKoro oopMIIeHUs orepaluii npucsanBanusi. Mox-
HO, B 9aCTHOCTH, C/IeJIaTh OIEPAIINIO IPUCBanBanns PyHKIHEH THIIa void, TO eCTh
He BO3BpaIaoleil Hnkakoro 3uadenus. Hampumep, s mnamero kiracca Complex
MBI MOIJIN ObI BBECTU TAKWE OIIEPAIUU:

class Complex {
/]
const Complex& operator=(const Complex& c)
{ re = c.re; im = c.im; return *this; }
const Complex& operator+=(const Complex& c)
{ re += c.re; im += c.im; return *this; }
//
3

njn, ecjin HaC HE CJIMITKOM BOJIHYIOT CEMaHTHUYCCKUe TPpaJIullui, MO2KHO OBLIO OBI
HaIlnCaThb 1 TakK:

class Complex {
/]

void operator=(const Complex& c)
{re=c.re; im = c.im; }
void operator+=(const Complex& c)

{ re += c.re; im += c.im; }

//

s

31ech CTOUT OTBETUTH HA OJMH BOIIPOC, 9aCTO BOZHUKAIIUI y cTyaerToB. Onepa-
WH +=, -= U APyTUe MMOM00HbIE UM SIBJISIIOTCA C TOYKH 3peHns sa3bika Cu-+-+ moJ-
HOCTBIO CAMOCTOATEJIbHBIMU, TO €CTh, HAIIPUMEP, Ollepaliud += HUKAK He CBA3aHa
HU C oIlepaliieil =, Hu ¢ omepaimeii +. Kcam Mbl onuimeM B HEKOTOPOM KJIacce oIle-
paIuy = 1 +, 9T0 caMo 10 cebe He JaCT HaM BO3MOXKHOCTHU IIPUMEHSTDH K 00bEKTaM
3TOTO KJIAcCa OIEPAIldio +=, OHa JOJIKHA OBITH OIHCAHA OTIEJHLHO. B mpuHIMIe
el HUKTO He MeIIaeT JeJ1aTh YTO-TO COBEPIIEHHO MHOE, HeXKEJIN 110CJIe/I0BATEIbHO
HpI/IMeHéHHbIe +u =, Be/[b KOMIIMJIATOD HHMKaK HE€ MOXKeT IIPOBEePUTH COOTBET-
CTBUE OJHOTO M APYIOro; HO JIyUIle OT TAKUX TPIOKOB BO3IEPKATHCsI, YTOOLI He
CO3/1aBATh B IIPOrPaMMe JIUITHUX PEOYCOB IJIsi PA3TaILIBAHUSI.

AprymMeHT onepanuu IpUCBAMBAaHUs HE O0s3aH HMETh TOT K€ THII, YTO U
OIINCBIBAEMBIII KJIACC. TaK, JJId KOMIIJIEKCHBIX YHCeJI Mbl MOIJIX 6bI OolIpeae/inTb
IprUCBaNBaHNEe KOMILJIEKCHOW MEPEMEHHON ACCTBUTEILHOTO YMCJIA!

class Complex {
/] ...
void operator=(double x) { re = x; im = 0; }
//

};

Onepaunsa npruceamBaHusl, apryMeHT KOTOPOIA MpefcTaBfisieT ObbekT TOro e Kjaacca uin
CCbINIKY Ha TaKoil OObEKT, KakK B NMpeablayLLeM npuMepe, UMeET OAHY Ba>KHYO OCODEHHOCTL:
Takasi Onepauusi reHepupyeTcsl HESIBHO, eCin €€ He onucaTb. HesiBHble MeTogbl Mbl NOAPOBHO
obcyaum B cnegytowem naparpade.

10.4.19. MeTo/1b1, BO3HUKAIOIINE HESIBHO

Ecmu onmcars B nmporpamme #Ha Cu++ CTPpYKTYpYy WIM JaxKe KJacc, HE CO-
JepKaruit (o Kpaiimeii Mepe Ha HepBbIit B3I‘JIH,ZL> HUKAKUX KOHCTPYKTOPOB, TO
[IepEMEHHYIO0 TaKOI'0 THUIIa BCE K€ OKAXKeTCA BO3MOXKHBIM CO3JaTh. DTO BIIOJIHE
MIOHSITHO € TO3UIINAN 3IPABOI0 CMBIC/IA: Beb CTPYKTYpbl B CH+-+ 9aCcTO UCIOJIB3Y-
IOTCSI B MX MCXOIHON poJin, mpuieameii u3 ga3bika Cu, To eCTh B KA4eCTBE OOBITHOM
CTPYKTYPBI JIaHHBIX, 6630 BCIKUX MeTOI0B. MexK 1y TeM ceMaHTuKa sizbika Cu+-+
O/IPA3yMEBAEeT, ITO KarXK bl 9K3EMILIADP CTPYKTYPbI WK KJIACCa SIBJISTETCT 00beK-
TOM, a JJIs KayKJI0ro 00beKTa IIPHU ero CO3JAHNU BbI3bIBAETCS KOHCTPYKTOp. Bos-
HUKAIOIee IIPOTUBOPEYNE PellaeTCsd BBEJICHUEM HOHATHA HEABH020 KOHCMPYK-
mopa.

HegaBubllt KOHCTPYKTOP — 3TO KOHCTPYKTOP, KOTOPBI Te€HEPUPYeTCs KOM-
HUAJIATOPOM aBTOMATUYECKH, HECMOTPs Ha OTCYTCTBUE COOTBETCTBYIOIIEIO KOH-
CTPYKTOpa B KOJIE, OMMCHIBAIOIIEM KJace win cTpyKTypy. Kommuasrop Cu++
HESBHO I'€HEPUPYET TOJILKO JIB& BUJIa KOHCTPYKTOPOB: KOHCTPYKTOPBI 110 YMOJI-
JaHUIO (TO €CTh KOHCTPYKTOPBI 6€3 [apaMeTpoB) U KOHCTPYKTOPBI KOIMPOBAHHUSI.
[Ipu 5TOM KOHCTPYKTOP KONMMPOBAHUA HEABHO IreHEepUpyeTcs AJs JII000ro
KJIacca WId CTPYKTYPhbI, B KOTOPbIX IPOrPaMMUCT HE ONMNCAJI KOHCTPYK-
TOP KOIIMPOBAHUSA ABHO, TO €CTb MOJy4aeTCs, YTO KOHCTPYKTOP KOIUPOBAHUSA
Ha CaAMOM JieJie TIPUCYTCTBYeT (SIBHO MJIM HESIBHO) BOOOIIE B JIIOOOM KJIAcce MM
cTpykType. HessBHBINT KOHCTPYKTOP KOIMMMPOBAHUS ITPOU3BOIUT KOIMMMPOBAHNE HAU-
0oJ1ee 0YEBUIHBIM CITOCOOOM: TIOJIsI, KOTOPhIE CAMU UMEIOT KOHCTPYKTOPHI KOTIHPO-
BaHMSsI, KOMUPYIOTCS C IIOMOIIBIO 9TUX KOHCTPYKTOPOB, IIPOYNE TOJISI — IOOUTOBBIM
KOIIMPOBAHUEM.

C KOHCTPYKTOPOM II0 YMOJIYAHHUIO CUTYaIlls] IyTh CJIOXKHEe: OH TeHepu-
pPyeTcsa HesIBHO, €CJIM IIPOrPaMMUCT HE ONHCAJI B CTPYKTYpP€E WU KJac-
ce BOOOIIle HU OJTHOTO KOHCTpYKTopa. Ecium B Kjacce minm CTpyKType sIBHO
OIHCATH XOTsi ObI OJMH KOHCTPYKTOP (JF000i1), KOMIMIATOP He GyJerT reHepupo-
BaTh HESBHBINl KOHCTPYKTODP IO YMOJIYAHUIO, ITOCKOJIBKY COYTET, YTO IIpOrpaM-
MHCT B35/ 3a00Ty O KOHCTPYUPOBAHUM B CBOM PYKH. VIMEHHO IO3TOMY B IIpPH-
Mepax, KOTopble paccMarpuajinch B §10.3.3, MBI MOTJIN OIUCHIBATH IT€PEMEHHBIE
TANa str_complex «MO-CUITHOMY», IIOK& HE BBEJIM IEPBBIIl KOHCTPYKTOD, IIOCJIE
Yero BO3MOXKHOCTH OITUCAHUsT TIEPEMEHHBIX 9TOr0 TUIla 6e3 yKa3aHus IapaMeTpPOB
Hamu OblTa yTpadeHa JI0 TeX MOp, MokKa MblI (yzKe caMi, siBHO) He OIPE/IeJIUIIN
KOHCTPYKTOP IO YMOJTYaHUIO.

Hegprast Bepcust KOHCTPYKTOpa MO YMOJIYAHHUIO UCIOJIb3YeT JJIsT WHUAIHAJIN-
3aluu IoJIefl Kjacca, B CBOIO O4Yepellb, KOHCTPYKTOPBI 110 YMOJIYaHUIO, Ollpee-
JIEHHBIE JJIsi COOTBETCTBYIONUX THUIOB. MOXKHO CYMTATDH, YTO I BCTPOEHHBIX
TUIIOB, TAKUX KAaK YUCJAa WIA YKa3aTe/IM, KOHCTPYKTOPBI 10 YMOJYAHUIO TOXKE
€CTh, IIPOCTO OHU HUYErO HE JIEJIAIOT.

Anajoruuno obcrosaT gena u ¢ gecrpykropaMu. CUpTaercs, 9To JIeCTPYKTOP
ecThb B JIIOOOM KJjacce U JII00OH CTPYKTYpe, JaXKe €CJIU MbI €r0 TaM HE OIUCAJIN:
B 9TOM C/Iydae KOMIWJIATOP CO3JACT €ro HessBHO. B mpocreifiieM ciydae Takoi
HESIBHBIN JIeCTPyKTOp He OyaeT aesaTh HUYEro, HO €C/JIM B HAIlleM KJacce WJIN
CTPYKTYPE€ €CThb I0JIsl, UMEIOIe HeTPUBUAJIBHBIC JICCTPYKTOPBI, TO HAIIl HEABHBIA
JECTPYKTOP OyJ/IeT COMEepKaTh UX BBI3SOBHI.

[Tocmennuit MeTonm, reHepUPYEMBIii HESIBHO — JTO OIEPAIls MPUCBANBAHUS
00BEKTY TOrO K€ THUIIA. JTO BIIOJHE IOHSITHO, Beab B yucToM CH MOXKHO Obl-
JIO TIPUCBAMBaTh MEXKJIy COOO#l ImepeMeHHbIe, UMeIOIue OJUH CTPYKTYPHBIA THII,
U 9Ta BO3MOXKHOCTb ObLia yHacjaenoBana B Cu+-+. Tounee, eciim B HEKOTOPOM
KJIacce A He onmncaTh ABHBIM OOpa30M oHepalvio IIPUCBAaNBAHUS C ITapa-
METPOM, UMEIOLINM TOT K€ TUII A WJIN CChUIKY HA HEro, T0 KOMIIUJIATOD
HEsIBHO CO3AaCT OIIePaIUI0 CO CJIEAYIONINM OnpoduiieM:

class A {
// .
const A& operator=(const A& other);
//

}s

Takast HeIBHBIM 00PA30M BO3HUKIMAs Olepalins Oy/IeT HUCIIOJIb30BATE I KO-
POBaHUsI COAEPKUMOI0 KaXKIOTO IIOJIA ONPEIETEHHYIO JJIg 9TOrO II0JIsl €ero cob-
CTBEHHYIO OIIEPAITUIO IPUCBAMBAHUS, €CJIU OHA y HEro ectb. MuTepecHo, uaTo mjis
HEKOTOPBIX IOJIell OIepalii IIPUCBANBAHUA MOYKET He HANTHCh — HAIpUMEp, ec-
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JIV T10JIe UM€eEeT CCHIJIOYHBIN THI MJIK OO'bSIBJIEHO KaK KOHCTAHTHOE. B 9ToM cirydae
KOMIINJIATOP HE CMOZKET CIeHEPUPOBATh HEABHYIO OIIEPAallUiO IIPUCBANBAHUI.

Cremaem emé omHO BaxkHOe 3aMedanne. [[0CKOIbKY KOHCTPYKTOP KOITHPOBa-
HUSI MOXKET OBITh CreHEePUPOBAH HESIBHO, OTCYTCTBUE FBHO OIMCAHHOIO KOHCTPYK-
TOpa KOIMPOBaHUs HEe 03HAYAET HEBO3MOXKHOCTH CO3JaHudA Kormmu obobekTa. Cy-
IIIECTBYET, OJHAKO, CIIOCO0 3alpeTuTh KOIMMPOBaHNE 00 bEeKTOB HEKOTOPOIO
KJIacca: I 9TOrO JOCTATOYHO OIMMCATh KOHCTPYKTOP KOMUPOBAHUS SIBHO,
HO ¢JieJIaTh 9TO B IMIPUBATHOM YacTu KJacca. Takoit mpuéM JacTo NPUMEHSIOT
I KJIaCCOB, O6'beKTbI KOTOPbBIX II0 CMBIC/IY KOIIMPOBATHLCA HE JOJI2KHDBI, LITO6BI
HCKJIIOYUTD CIyvaifHble OIMMOKHU, CBA3aHHbIE, HAIIPUMED, C Ilepeaadeil nx 1o 3Ha-
JeHUi0. SICHO, 9TO OOBEKT, JJISI KOTOPOrO KONMHWPOBAHUE 3aIIPeIeH0, He MOXKEeT
OLITh HU IepeJaH 10 3HAYEeHWIO B (DYHKIWIO, HM BO3BPAINEH M3 (DYHKIIUH, TO
HE UCKJIIOYAET, pa3yMeeTcs, Iepellavn Mo cchlike. VIHTepecHO, YTO IPUMEHEHUE
00beKTa, KOMMPOBAaHIE KOTOPOI'O 3AIIPEIEHO, B POJIH 044 APYToro 00beKkTa clie-
JIaeT HEBO3MOXKHOM I'eHepaIlnio HesIBHOIO KOHCTPYKTOPA KOITUPOBAHUS JJIsT STOTO
BTOPOTO OOBEKTa, TaK UTO €ro KOIHWpOBaHWEe OyIeT 3allPelieH0 aBTOMATUIECKH;
BIIPOYEM, 3TO HE MEIIAET CO3JaTh KOHCTPYKTOP KOIMPOBAHUS FBHO. AHAJIOIMY-
HBIM MPUEM MOXKHO IIPUMEHUTH U JIJIsi 3aIlPeIleHns] IPUCBanBaHnsa 00 bEeKTOB: J10-
CTATOYHO OIKCATDH OIEPAIIIO IPUCBANBAHUS C API'YMEHTOM «KOHCTAHTHASI CChLIKA
Ha 00BEKT OMUCHIBAEMOIO KJIACCAY» 6 NPUSAMMHOU 4aCmU KAACCH:

class A {
//

private:
A(const A& ref) {} // no copying
void operator=(const A& ref) {} // no assignments

};

WNHorma B mpUBATHYIO YacThb KJjacca yOMPAT HECTPYKTOP; 3TOMY IPHUEMY MBI
nocsituM §10.6.11.

10.4.20. llepeonpesiesienne onepanuu NHAEKCUPOBAHUS

Omnepanust U3BJIeYeHUsT 9JIEMEHTa U3 MAaCCHBa, ODO3HAYaeMas KBaIPaTHBIMU
CKOOKaMU, KaK U3BECTHO, SIBJISIETCSI apupMETHIECKON orepalieil Ha i yKa3aTejeMm
7 TeJabIM 9ucyioM; B s3bike Cu BbIpakenue a[b] MOJHOCTHIO SKBUBAJIECHTHO BbI-
paxkenuto *(a+b), UTO JUITHUN pa3 NOTIEPKUBAET apPU(PMETHIECKYIO CYITHOCTH
nnjiekcuposanus. B s3pike Cu++ oneparuio HHAEKCUPOBAHUS MOXKHO II€PEOIIpe-
JIEJINTD JIJIsi OOBEKTOB KJIACCa WU CTPYKTYDPhI, TEM CaMbIM 3aCTaBUB OOBEKT B
HEKOTOPBIX CJIyYasiX BBITJIAJACTH CHHTAKCUIECKH ITOXOXKUM Ha OOBIYHBIN MACCHUB
WIK JIaXKe IIPOCTO HUCIOJIHSTH POJib MaccuBa. 110106HO omeparusiM IIpUCBanuBa-
HUsl, ollepals WHIEKCUPOBAHUSI MOXKET ObITh IepeonpejejeHa TOJIbBKO
KaK MeTOJ, KJiacca UJIN CTPYKTYPBHI.

Jlst mpuMepa OIuIleM KJacC, Peajin3yIoNuil MAcCUB IeJIbIX UHUCeJI C 3apa-
Hee HeM3BECTHBIM Pa3MepOM, KOTODBIN IIpH OOPAIEHNH K HECYIIECTBYIONIM (I10-
Ka) QJIEMEHTaM aBTOMAaTHYECKHU YyBeJIMINBaCTCd B pasMepax. XpaHI/ITb QJIEMEHTBI
«MaccuBay OyJeM B JIMHAMHYECKH CO3/[aBAEMOM MaCcCHBE (HACTOSIIEM ), CKPBITOM
B IIPUBATHON JacTu Kjacca. VIcXomHo co3aanmM MacCuB pa3MepoM 16 371eMeHTOB,
a IpYM BO3HUKHOBEHWM TAaKOW HEOOXOAMMOCTHU OyIeM yIBaWBAThL €r0 PasMepbl 0
TeX I0p, IOKa HyKHBI HaM MHJIEKC HE CTaHET JIOIyCTUMbIM.

ITpu mombITKE KOMMPOBAHUSI OOBEKTa TAKOIO KJIACCA BOSHUKHET MpobIeMa ¢
pas3iejeHueM OJIHOIO M TOrO K€ MACCHBa B JUHAMUYECKOH ITaMATH MEXIy IBY-
Msi OObeKTaMHi KJjiacca; HoApoOHO sTa mpobisema onucana B §10.4.10. B narmei
VIIPOIIEHHON BEPCUU MBI IIPOCTO 3aIlIPETUM IPHCBAMBAHUE M KOIMPOBAHHUE, OIIH-
caB (PUKTUBHBIE KOHCTPYKTOP KOIUPOBAHUSI W OIEPAIUIO IPUCBAUBAHUS B IPU-
BarHOI dacTtu. Onucanne MOJHOIEHHOTO KOHCTPYKTOPa KOIHUPOBAHUSA U ITOJIHO-
L[eHHOﬁ ollepalnuu IIpucBarBaHUdA OCTaBUM YHTATEJ/IIO B KadeCTBE YIIPpaKHCHHA.
st Hagasia HAITAIIIEM 3aIr0JIOBOK KJIACCa:

class IntArray {

int *p; // yKasaTemb Ha XPaHWINILE
unsigned int size; // Texymmil pasMep XpaHWIHIA
public:

IntArray() {
size = 16;
p = new int[size];
}
“IntArray() { deletel] p; }
int& operator[] (unsigned int idx);
private:
void Resize(unsigned int required_index);
// 3ampeTuM KONMpOBaHWE ¥ NpPHCBAWBAHUE
void operator=(const IntArray& ref) {}
IntArray(const IntArray& ref) {3}
;5

Tena KOHCTPYKTOpa W JECTPYKTOpa MMEIOT CPaBHUTEIHLHO HEOOJBINON pa3mep,
IIO3TOMY MBI COBEPIIEHHO CIHOKOMHO MOXKEM OCTaBUTh UX BHYTpPH 3aroJjioBKa KJiacC-
ca. Teno omeparmu wHAEKCUPOBAHNUsI, HATPOTUB, OYJIET COCTOSTH W3 HECKOJIHKUX
CTPOK, TIO9TOMY MBI OIIUIIIEM €10 OTIAebHO. JJist Ty dineit SsICHOCTH ero peasin3alinm
MBI TIPETyCMOTPENIN TaK¥Ke BCIIOMOTATENbHYI0 (PYyHKINIO Resize, KoTopas 6ymer
OCYIIECTBJIATH U3MEHEHHe pa3Mepa MaccuBa. [[ockoIbKY 9Ta DYyHKIINS, O9€BHUTHO,
SIBJISICTCS JIETAJIBIO pean3alii U He IpeJHa3HaAueHA J1JIsl TT0JIb30BATENs (C TOUKH
3peHMsl TIOJIb30BATEsI HAIl MACCUB MPEJICTABIISIETCs GECKOHEYHBIM ), Mbl CKPBLIH
3Ty QYHKIMIO B IPUBATHOM YacTu Kjacca

Yuraresib, BO3MOXKHO, 00paTuji BHUMaHUE Ha THUI BO3BPAIIAEMOrO 3HAYCHUS
oneparun uHekcupopanus. Oyukius operator [1 Bo3BpalaeTr ccuoaky Ha COOT-
BETCTBYIONINI 9JIEMEHT MacCHBa, YTOOBI CJIETATH BO3MOYKHBIM KaK BEIOOPKY 3HaUe-
HUA U3 MacCCHhBa, TaK U IIpUCBaBaHUE €TI0 dJIeMeHTaM HOBBIX 3HAYEHUI. OHI/H_HGIVI
Ternephb TeJIO OTIePAIY WHIEKCUPOBAHMNS:

int& IntArray::operator[] (unsigned int idx)

{
if (idx >= size)
Resize(idx);
return p[idx];
}

Hawm ocrasocs onucars GyHKImio Resize:

void IntArray::Resize(unsigned int required_index)

{
unsigned int new_size = size;
while(new_size <= required_index)
new_size *= 2;
int *new_array = new int[new_size];
for(unsigned int i = 0; i < size; i++)
new_array[i] = p[il;
delete[] p;
p = new_array;
size = new_size;
}

Temepb MBI MOXKEM B IIpOrpaMMe HCIIOJIb30BaTh, HAIIPUMED, TaKue KOHCTPYKITUN:

IntArray arr;

arr[500] = 15;
arr[1000] = 30;

arr[10] = arr[500] + 1;
arr[10]++;

Omeparust WHAEKCUPOBAHHUS JTOJIPKHA UMETh POBHO OJUH MApaMeTp, HO STOT Ma-
pameTp, BOOOIIE NOBOPsi, MOYXKET OBITH JIIOOOTO THIIA. DTO MO3BOJISET CO3/aBaTh
«MaCCHUBBI», UCIIOJB3YIONNE B KaYeCcTBE WHJEKCA TEKCTOBBIE CTPOKU WJIN JIayKe
OOBEKTHI JIPYTUX KJIACCOB. XPAHUTDH IJEMEHTHI MACCHBA MBI TAKXKE MOYKEM JIO-
ObIM yI00HBIM HAM CIIOCOOOM, HAIIPUMED, B BUJIE CIMCKA (B HEKOTOPBIX CJIyJasx
9TO MOXKET OBITH OlpaBAaHHO). MOXKHO OpraHn30BaTh 0O'bEKT, BBITJISISIII KAk
MaCCUB, HO XPAaHAIINAN CBOU 3JIEMEHTHI B (pailjie HA JUCKe, TAK YTO OIEPAITUs WH-
JIEKCUPOBAHUS PEAJIHHO OYJIET IIPEJICTABIISATEH CODOI OMEPAIUIO YTEHUS UJIA 3AIUCH
B ail; BCTpevyaroTes U APYTrue MPUMEHEHU.

3aMeTnM Tenepb, 9TO 00bEKTHI HAIIET'O KJIACCA He MOJISITCS i PADOThI B KOH-
CTAHTHOM BapuaHTe. Kcm Takoil 06bekT nepegars B (DyHKIUIO Yepe3 yKa3aTe/ib
WINA CCBUIKY C MOJIUMUKATOPOM CONst, Mbl HEMEJJIEHHO OOHAPYKUM, YTO BHYTPHU
GYHKIINK HE MOXKEM C 3TUM O0BEKTOM CJIEJIATH 6000Ue HUYE20: €INHCTBEHHBIN Me-
TOJI, 9epe3 KOTOPBIii ¢ 00bEKTOM CTPOUTCS BCE B3amMOJIECTBHE, MOTU(PUKATOPA
const He UMeeT U, KaK CJAeJCTBUE, He MOXKET OBbITh BBI3BAH [IJIsi 00bEKTa, KOTOPBII
3ampereHo u3MeHsITh. [Ipu 9ToM BIIOJIHE OYEBUIHO, UTO IIPOCTO B3ATH U HABECUTH
const Ha HAIly ONEePAINIO WHIEKCUPOBAHNUS HE MOJIYUUTCS: BO-IIEPBBLIX, U3 €€ Te-
Jia BbI3bIBaeTCs MeTol Resize, KOTOPBIN IMPOU3BOAUT MOTUMPUKAINAIO 00bHEKTa B
CUJTy CBOEl IPUPOMIBI, & BO-BTOPBIX, BO3BPAIIAET OHA HEKOHCTAHTHYIO CCHIJIKY Ha
sHYMPEHHOCMU OOBEKTA, TAK UTO UePe3 3TY CCHLIKY OOBEKT IMOTOM MOXKET OBITh
U3MEHEH.
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Camoe Bpems IPHUIOMHHATBH 3aMedaHue, Koropoe Mbl ciaenaiu B §10.4.1 npu
0obCy2KJIeHIN TIeperpy3ku (PYHKINN: 1Ba TUIA, PA3IUIAIONINECS TOJbKO HAJIUIU-
€M WJIM OTCYTCTBHEM CONSt, CUYUTAIOTCH PA3HBIMHU, B TOM 4HCJIE U C TOYKHU 3pe-
HUSI MEXaHU3Ma Ieperpy3ku. YToObl NOHATH, KAKOEe OTHOIIEHUE 3TO UMEET K Ha-
mIeil cuTyaluu ¢ ouepanueil HHIeKCUPOBaHU, CTOUT BCIIOMHUTD O CYIIIECTBOBAHUHI
HesIBHOI'O ITapaMmeTpa this; mocJe 3Toro, BO3MOXKHO, /JijIsl HaC HE CTaHET CIOPIpPU-
3oM, aT0 CH+-+ JOMyCcKaeT B OMTHOM KJIACCE WM CTPYKTYPE CYNECTBOBAHUE JBYX
Pa3HBIX METOJIOB, OTIMYAIONINXCS TOJIBKO CJIOBOM const B KOHIIE 3ar0JIOBKA: JIjIsI
HEKOHCTAHTHBIX O00BEKTOB KOMITIJIATOP OYJIET B TAKOM C/Iy9ae BbI3bIBATH METOJ
6e3 const, JjIsT KOHCTAHTHBIX — €T'0 K€ COnst-Bepcuio.

DT0 MO3BOJISIET HAM HAIIUCATH OTJIEJIBHYIO BEPCUIO OMEPAINH UHIEKCUPOBAHUSI,
KOTOpas OyJeT IPUMEHSIThCs K TaKnuM oO0bekTaMm IntArray, u3MeHeHHe KOTOPbBIX
3amperrieHo. Bo3BpalliaTh B TaKOl CUTyallny, KOHEYHO, CJIEIYeT yKe He CChLIKY Ha
JIEMEHT MacCHUBa, a ero 3HadyeHue, TaKk 4YTO KOMIIMJIATOP He IO3BOJIUT K Pe3yJ/IbTa-
Ty BBI30Ba HAIIIET'O0 METOJA IPUMEHUTH IPUCBAUBAHNE UJIN IPYTYIO MOAUMDUIIUDY-
1onyio oreparnuio. Kpome Toro, B 3ToM BapuaHTe HE CJIeYeT, OYeBUIHO, IIBITATHCS
MEHSITh pa3Mep MAaCCUBa, €CJIU 3aTPeOOBAHHBIN MHJIEKC OKA3AJICS CJIUIIKOM OOJTb-
IIUM; B CaAaMOM Jlejie, MbI BeJb BOOOIIE HE JOJKHBI HAUYEr0 MEHHATH B OOBLEKTE,
TaKOBBI ycaoBus. Ocraérest BOIPOC, KAKOe 3HAUYEHNE BEPHYTh B TAKOM CJIydae. 3a
HEeMMEHHeM JIYYITel njiern Mbl BEDHEM HOJIb, XOTS B 3aBUCUMOCTU OT KOHKPETHOM
3a/la4i BO3MOKHBI JIDYTU€ PEIIeHNs.

Urak, B 3aro0BoK Kjacca j1o0baBiisieM (1epejt IUpeKTuBoii private) ciemyio-

YO CTPOKY:
int operator[] (unsigned int idx) const;
Peanuzamus HoBoIT Bepcun MeTona OYIeT Takoii:

int IntArray::operator[] (unsigned int idx) const

{
if (idx >= size)
return O;
return p[idx];
}

Teneps, MoOyYnB B CBOE pacropsizKeHne o0beKT Kiaacca IntArray, He mojTeKa-
Uit MOIMPUKAIIAN, MBI BCE YK€ CMOXKEM C HUM PabOTATh, HEJIB3sT OyJIeT TOJIBKO
MTOMEHSITH €r0 COCTOSTHUE.

Koneuno, Takast «meperpyska 1o const» BO3MOXKHA JJIsi JTFOOBIX METOJIOB, He
TOJIBKO JIJIsT OTIEPAINE WHICKCUPOBAHHUSI, TIPOCTO B APYTUX CAydasX OHA OOBITHO
He nyoscHa. BpodyeM, Ha TPAKTHKE BCTPEYAETCS U TaKOe, XOTS U PEJIKO.

B zaBepirienne 06CyKIEHUS HAIETO TCEBIOMACCHBA PUCKHEM MTPEIOCTEPEUD
YUTATEIS OT MPAKTUIECKOTO MPUMEHEHUs! MOIOOHBIX KJIACCOB U OOBEKTOB — Ta-
KUX, KOTOPBbIE HE MPOCTO <«BBIMVISIIISITS IOXOXKMMHU HA MACCHBBI, HO W JeHCTBU-
TEJILHO Pean3yioT (OYHKIMOHAIHHOCTS OOBIKHOBEHHOTO MacCHBa. Takne O6beKThI
OOBIYHO HA3BIBAIOT KOHMelHepamu. Bo-1iepBbIX, TPy/103aTpaThl HA MOAAEP-
>KaHMWe CaMOro KOHTeHepa, HA TACKAHWEe ero peaju3anuu 3a coboii n3
MpOeKTa B IMPOEKT M T.II. CBOAUT HA HET JIIOOble BBITOJLI OT €ro IpUMEHe-
HUsI, & HeMm36eKHO BO3ZPACTAIONIAST CJIOKHOCTD OTIAJKI U COMPOBOKICHUS MOYKET
[IPUBECTU K HAKJIAIHBIM PACXOJaM, HG NOPAJKY TPEBBIMIAIINM KOMECTHYIO KO-
HOMWIO BPEMEHU Ha, CTAJNU KOIMPOBAHUs. BO-BTOPHIX, camMa uAesl UCIOJIb30-
BaThb 3aKPBITHI 00BLEKT KaK XPAHUJIAIINE HEKUX IJIEMEHTOB M3HAYATIHHO
yuiep6Ha: xpanuiuiile (Takoe, HAIPUMED, KaK OObIUHBII MACCHUB) JIOJXKHO ObITH
NPoO3paswHo IS CBOETO BJIAJICJIBIA, TOTJA KaK OOBEKT (HEBarKHO, M3 KaKOH OH
npumén napagurmbl — OOIT nau ATJT) o6si3an ObITH HATVIYXO 3aKPBITHIM.

10.4.21. llepeonpesesienue onepanuii ++ u --

[lepeonpenesienne onepanuii HHKPEMEHTa U JEKPEMEHTa UMeeT CBOM O0CODEH-
HOCTH, OOycjoBienHble TeM, uTo B Cu u Cu++ Kaxkiast w3 omneparnuii ++ um --
JroryckaeT JBe hopMbl: pedukcHyio (++1i) u mocrdukcuyio (i++). Crporo roso-
psi, 3TU 1aBe (POPMBI IIPEJACTABIILAIOT COOOI pasauvhsie oneparuu. FKeau Ob1 He 3TO,
MOKHO OBLIIO OBbI TIEPEOIPEIEIsITh NHKPEMEHT U JIEKPEMEHT KaK OOBIYHbIE yHAD-
HBIE OIIepaIlii, TO €CTh BHE KJIACCOB B BUJE (PYHKIIUU OT OJIHOI'O apr'yMeHTa, JINOO
B KJIacce/CTPYKType B BUJe MeTo/a 0e3 mapaMeTpos.

Yro6bI OT/IMYATh APYT OT JApyra IepeonpeieacHne TpeduKCHON U TOCTMUKC-
Hoit dpopmbl, B Cu+-+ IPUHSATO COIVIAIIEHUE, BBILJISISINEE JOBOILHO HEOXKUIAH-
no. IlockonbKy mnpedukcHast ¢popma 6ojiee TPaJUIIMOHHA JjIsI YHAPHBIX OIllepa-
i, OOBIYHBIM CIIOCODOM IIEPEoIIpeeIgeTCs UMEHHO OHa. VIHate TroBops, ecin
MBI TIEPEOIIpeIesIsieM COOTBETCTBYIONINE OIEPallny BBEACHHEM METOHa B KJlacce
WA CTPYKTYPE, TO METOJI C UMEeHeM operator++ mim operator-- 6e3 mapamMeTpoB
ompeiesisier npegurcryro GoOpMy COOTBETCTBYIOIIEH ormeparyu (HampuMep, ++1i);
riobasbHast GyHKIUs (He MeroJ[), MMerolasi uMsi operator++ (operator--) u
00uH TIapaMeTp, TOXKE COOTBETCTBYeET MpedUuKCHON opMe oneparun HHKPEMEHTa,
(JlekpemeHTa).

Yro kacaercs nocm@purcHoti GpOPMBI, TO OHa IHEpeolpeessieTcss (DyHKIrei
C TeM Ke UMeHeM operator++ (operator--), HO HUMEOIIEHl JOMOJIHUTEIbHBIN
(duxrusHbi) mapamerp Tuna int. Hajmdme napamerpa Giarojapst meperpys-
Ke UMEH (PYHKIHUI MO3BOJIIET UMETH JiBe (DYHKIMH C OJHUM U TEM YK€ UMEHEM;
3HAUEHUE [TapaMeTpa, BBEIEHHOTO UCKJIIOUATEHFHO PAIN 3TON0 PA3JININs, Peasib-
HO HUKOTJIA He MCIoJib3yercd. st mepeonpeenenns mocT@UuKCHOH (hopMbl ome-
paIu MHKpPEMEHTa WU JIEKPEMEHTa MBI MOXKEM BOCIIOJIb30BATbCsI JINOO MeTO-
JIOM KJIACCa/CTPYKTYPHI C MMEHEeM operator++ (operator--) u odnum mapamer-
pom (bukTUBHBIM), 6O TI06ATBHO (DYHKIMEH ¢ TAKUM Ke MMEHEM, UMEIOIel
dsa mapametpa (Bropoit n3 HuX GuKTHBHBIA). Hanpmvep, mycrs kirace A onmcan
CJIETYIONIM 00pa30M:

class A {

public:
void operator++() { printf("first\n"); }
void operator--() { printf("second\n"); }
void operator++(int) { printf("third\n"); }
void operator--(int) { printf("fourth\n"); }

+;

Paccmorpum tenepb bparMeHT Kojia:

A a;

++a; // first
at+; // third
--a; // second
a--; // fourth

B pesynbrare BbINOIHEHUsT 3TOTO bparmMeHTa OyIyT HaledaraHbl (B CTOJIOUK)
ciaoBa first, third, second u fourth — UMeHHO B TaKOM IOPSIJIKE.

B paccMmorpeHHOM IpuMepe HaIlli OIepaliy HUYero He BO3BPAIIAJIH; MEXK-
JIy TeM UCXOJHO NpedUKCHAT U HOCT(PUKCHAS (POPMBI ITUX OIEepaIuii pasmda-
IOTCSI UMEHHO BO3BpalllaeMbIM 3HadeHueM. IIpm sToM omepariusi B npeduKkcHOi
dopMe BO3BpaIllaeT HoG0e 3HAUEHHUE I[TePEeMEHHOM, K KOTOPOW OHa NpUMeHEHa,
9TO TO3BOJISET BBIAEPXKATH CEMAHTHUKY STON OIEpaIlii, BEPHYB caM OOBEKT N
(Jy1st onTMMU3AIMN) KOHCTAHTHYIO CChUIKY Ha Hero. C omepanueil B moctdukc-
Hoit popme jiesia 0OCTOAT HECKOJBKO Xy?Ke: COIVIACHO KJIACCHIECKON CeMaHTHKe
OHA JIOJKHA BEPHYTH CMapoe 3HAYUEHUE, B TO BPEMsI KaK OOBEKT yKe UMEeT HO-
6oe 3nadeHne. YTobbl BLIIEPKATH CEMAHTUKY B 9TOH (hopMe, IPUXOIUTCA B TEJIe
dbyukuun operator++(int) coszmaBaTh BpeMeHHYO (JIOKAJbHYIO) KOIUIO OObEK-
Ta, & BO3BPAIAThL 3HAYEHNE, COXPAHEHHOE B 9TON KOIMH, IIPUXOIUTCST 00S3aTeTHHO
N0 3HAYEHUIO, BEb BO3BPAINATH CCHLIKY Ha JIOKAJLHYIO KOIHUIO OBLIO ObI OIIHO-
KOM: KOIIUSI UCUE3HET B MOMEHT 3aBepIeHusl paboThl PYHKIINKA, TO €CTb J0 Mmo-
20, KAK BVI3BIEAIOWGSA PYHKUUL YCTLEET, BOCTLOAL30BAMNBCA B036PAULEHHBIM DE3YND-
mamom. TlpousrocTpupyeM cKa3aHHOe Ha MPUMeEpEe Olepalinii MHKPEeMeHTa, JJIsT
KJIACCA, MHKAIICYJIUPYIONIEro IeJ0YNCAeHHYIO TePEMEHHYIO0 U ITOBTOPAIOIIETo eé
CEMAHTUKY:

class MyInt {
int i;
public:
MyInt(int x) : i(x) {}
const MyInt& operator++() { i++; return *this; }
MyInt operator++(int)
{ MyInt tmp(*this); i++; return tmp; }
//

B sroMm npumepe 0O0beKT Kiacca 3aHUMAET CTOJIBKO Ke IMaMATH, CKOJIbKO U 0ObIY-
Hasl [EJIOYUC/ICHHAs] TIePEMEHHasl, TaK 9TO JBOiiHOe KomupoBaHue oObekTa (1pu
CO3JIAHNU TIEPEMEHHOM tmp ¥ P BO3BpaTe 3HAYEHMUsI) HE IIPUBOJUT K CYIIECTBEH-
HbIM morepsaM. OpHako i 6oJiee CIIOXKHBIX KJIACCOB HEJAHTHUIHOE CJIEI0BAHUE
KJIACCHIECKON ceMaHTHKe IS MOCTUKCHBIX OIepanuii ++ 1 -- MOXKeT 000UTHCH
HEOIIPaB/IaHHO J0POro.



10.4. A6crpakTHble THIBI JTaHHEBIX B Cu-++ ol

10.4.22. Ilepeonpenesenne onepanum ->

Omepartust -> TepeonpeiesisieTcs, TOXKaIy, Hanbosee SK30TUIECKUM CIIOCO-
6om. Hanmomumm, aro sTa onepamus B s3bike Cu 03HAYaeT BBIOOPKY IOJIS U3
CTPYKTYPBI, HA KOTOPYIO YKa3bIBAET 3aMaHHbIl ampec. B Cu++ oHa o3Havaer
MPAKTHYECKH TO JKE CAMOE; ECTECTBEHHO, C €€ TIOMOIIHI0 MOYKHO TaK¥Ke 0OpaIaTh-
¢ M K MeToJlaM, a paboTaTh OHa MOXKET KaK CO CTPYKTYpaMH, TaK U C KJacca-
mu. [leperpyska 3Toit onepanuu 06bI9HO TPEOYETCS HAM, €CJU MBI XOTHM CO3/IaTh
00BbEKT, BeayIuii cebsi mo00HO yKa3aTe/i0, HO MPU TOM BBIIOJIHSIIONNN HEKHe
JIOTIOJTHUTEIHHBIE TeHCTBUS.

HanomuanMm Jiytst Hagasia OJInH HEOUEBUIHBIN (DAKT, C KOTOPBIM MBI YK€ BCTpe-
gasuch npu u3ydennn gucroro Cu (cm. .2, §4.5.1). Oneparus ->, HeCMOTpsL Ha
€€ BHEIHUIl BUJ, CIUTAETCS YHAPHOU, TOCKOJbKY HMMeeT BCErO OJIMH apryMeHT
(yrazaresn). JleficTBUTEIBHO, IyCTh ¥ HAC ONMUCAHA CTPYKTYpPa

struct sl {
int a, b;

};
U UMeeTCsI yKa3aTes b Ha He€:
sl *p = new si;

Teneps obpartierne K MO0 a OyIeT BBITVISAETh Tak: p->a. 37eCh Kak OyIaTo OBl
JBa OTEpaHja, p U a; HO Beb & — 3TO UMA NOAA, KOTOPOEe HUKOUM 00pa30oM He
SABJISIETCS] CAMOCTOSITE/IbHBIM BhIparkKeHUEM, He UMEeeT HU Tulla, Hu 3uadenus! Mua-
Ye TOBOPsi, HA MECTe a He MOXKET CTOATh HUYEero, KpoMe MMEHH I0Jis. ZI3bIK He
COIEPXKUT HUKAKUX BBIPAYKEHUH, 8uUUCAANOUUTCA B SHATEHNE, CIIOCODHOE 3aMe-
HATb UMS$ TOJIA. EINHCTBEHHBIM TOJIHONEHHBIM OMEPAHIOM B BBIPAXKEHHUH p->a
ocTaéTcs aJpec, MPeJICTABICHHbBIN yKa3aTe/leM p: B OTJIMYUE OT a, HA MECTE P MO-
2KET CTOSATH BhIparkKeHne MIPOU3BOIbHOM CJIOKHOCTHU, BEIYUCIISIONIEEe 3HaYEeHUE TUITa,
s1* (axpec cTpykTypsl s1). UTak, Mbl ©MeeM JIEJIO ¢ YHapHoT Ollepalueil, MOTHbIM
IMEHEM KOTOPOH MOYKHO CUMTATh ->a (omeparus BBIOOPKH HoJist a). MoxkHO mpu
JKeJJaHUU CUUTATh, YTO CUMBOJI -> 3aJaET IeJI0e CEMEHCTBO Oolepalnii — CTOJIBKO
JKe, CKOJIBKO B CTPYKTYyDe ecThb mosteii (a juist Cu++ — emgé u meronos). Bupouewm,
OyIydn ceMaHTHYeCKH Oe3ylpedHbIM, Ha IIPAKTHKE TAKOe PAcCMOTpPEHME HaM He
TOHAIOOUTCST; 3/1Ch MBI IIPUBOINM €r0 TOJBKO JIJISI MJITIOCTPAITUN CKA3aHHOTO.

Bepuémcsa k Bompocy o mepeornpesesieHnu orneparuu ->. Hapsay ¢ MHOruMm
JAPYTHEMHU OIEPAIUAMHI -> TEPEONPEIeIeT s UCKIIOUINTEIbHO METOJaMU KJ1acca
WA CTPYKTYPBI, TO €CTh HE MOXKET OBITH IIepeolpe/iesieHa OTAebHON dyHKIHU-
etr. Urobnr n3bekaTh pyTUHHON PaOOTHI IO IIEPEOIPEIeIeHUI0 OTIEIbHBIX Olle-
paruii jj1 BEIOOPKU KaxK0ro 11ojist, B Cu++ MPUHATO HEOUEBHUIHOE, HO BIIOJIHE
paboTaroliiee coryalieHne: onepalnus —-> OIpeIesseTcs METOJIOM operator->, He
HIMEIOIINM TTapaMeTpoB (Kak U OObIYHBIE YHAPHBIC OIEPAINH), HO IIPH ITOM Me-
TOJ, 00sI3aH BO3BpAIATh JIMOO adpec Hexotl Ipy2ot cmpyKkmypvl Uil KAGCCa, TAOO
00beKT (UM CCBIIKY HA OOBEKT), JJis KOTOPOrO, B CBOIO OYepejib, olepanus ->
repeorpeiesieHa Kak MeTos. [Ipu ncrnob30BaHUN TIEperpy»kKeHHOoi onepanun ->
KOMITHJIATOD BCTaBJIAET B KOJ| IOCJIE0BATEIHLHO BBI3OBBI METOJIOB operator->,
[IOK& OYEPEIHON MeTOJ, He OKarkKeTCsl BO3BPAIIAIONIUM OOBIYHBIN ajpec CTPYKTY-
PBI WJIN KJIacca; UMEHHO 10 9TOMY aJpecy U IPOU3BOIUTCS B UTOTe BHIOOPKA 3a-
JAHHOTO ToJIsA. BrrpodeM, 1are Bcero operator-> cpa3y ke BO3BpaIaeT MPOCTOi
aJpec, TaK UTO HUKAKUX II0C/I€/I0BATEIbHOCTEN BBI30BOB HE TpebyeTcs.

[Torpobyem TpoOMJIIIOCTPUPOBATEL CKa3aHHOe Ha mnpuMmepe. IlycTh y Hac ecrb
CTPYKTypa sl M HaM HYXKeH KJiacC, OOBbEKTbI KOTOPOro OyIyT BecTH cebsi Kak
yKazaTesan Ha s1, HO IIpU MCYE3HOBEHUN TAKOTO «yKaszaTesist» (HAampuMep, Ipu 3a-
BepiieHnn (BYHKIUK, B KOTOPOIi OH OIMCAH KaK JIOKAJIbHAsI [IepEeMeHHast) 00beKT,
Ha KOTOPBIN OH YKa3bIBaeT, OyAeT yHHITOKAThbCsd. Hauném ommcanme Kiacca:

class Pointer_s1 {
sl *p;
public:

Bynem npesnosarars, 9To XpaHSAMUics BHyTpU 00bEKTa MIPOCTON yKa3aTe b Ha
s1 MOXKeT OBITH HYJIEBBIM, UTO CJIEIyeT PACIICHUBATHL KAK OTCYTCTBUE OODHEKTA;
€CTEeCTBEHHO, B 3TOM C/Iydae YJaJsaTh Hudero ne Oyiaem. OumineM Ternepb KOH-
CTPYKTOP U JECTPYKTOP:

Pointer_s1(sl *ptr = 0) : p(ptr) {}
“Pointer_s1() { if(p) delete p; }

Itst ymobeTBa paboThl BBEIEM OIEPAIIAIO IPUCBANBAHNST OOBITHOIO a/Ipeca:

s1* operator=(sl *ptr) {
if (p)
delete p;

p = ptr;
return p;

3

3ameruM, 9TO MOOMTOBOE KOIUPOBAaHWE W IIPUCBAWBaHWE OOBEKTOB KJlacca
Pointer_s1 3aBeJOMO IPUBEIET K OMIUOKAM, TAK KAK OJIMH U TOT K€ OOBLEKT THU-
na sl B 9TuX caydasax OyneT yAaidaThbCs ABaXKIbl. Bo n30ekanme 3Toro 3aipeTum
[IpUCBaMBaHUEe W KONMMPOBaHUE OOBLEKTOB Kjacca Pointer_sl, ybpaB KOHCTDPYK-
TOp KOIMPOBAHUS M COOTBETCTBYIOILYIO OMEPAINIO IIPUCBANBAHUS B IIPUBATHYIO
qacTh:

private:
Pointer_s1(const Pointer_si1&) {} // no copying
void operator=(const Pointer_s1&) {} // no assignments

Omnmumem Teneph onepanyy, KOTOPbIe IIPEBPATAT O0BLEKTHI HAIIErO KJacca B IO-
nobue ykasaresst Ha S1, a UMEHHO Olepalui pasbIMEHOBaHUsI (YHAPHYIO *) U
BBIOODKH 11071 (->), ¥ 3aBEPIINM OIHCAHUE KJIacca:

public:
s1& operator*() const { return *p; }
s1* operator->() const { return p; }

};

Takoit kyracc yoOHO KCIIOIB30BAThH, HAllpUMep, BHyTpHu yHKIui. Tak, eciu B
Havaje HEKOTOPOoil DYHKINN onrcaTh 00beKT Kjacca Pointer_sl1, To eMy MOXHO
OyJleT NpUCBaMBaThL aJIpeca HOBBIX SK3EMILISAPOB Sl, IpU 3TOM OH OyIeT KaxK-
JBI pa3 ymaJisaThb CTapblil 9K3EMILIAP, a KOorjaa padora (DYHKIUNA 3aBEPIITUTCSI,
aBTOMATUYCCKU YIAAJUT IIOCACAHUN U3 3K3EMILIAPOB s1:

int £O

{
Pointer_si1 p;
P = new si;

p->a = 25;
p->b = p->a + 36;
/]

// npm 3aBepumernnu f mamaTe 6yZeT ocBoboxIeHa

10.4.23. Tlepeonpe/iesieHne onepanun BbI30Ba PYyHKIIAU

Onepauus 6v13068a GYHKUUY, CUHTAKCUIECCKHU IIPEICTABILAONAS CODO
HOCTMUKCHYIO OIIEPAIio, CUMBOJIOM KOTOPOI CJIy?KaT KPyTJible CKOOKH (BO3MOXK-
HO, COJIepXKAIlUe CIHUCOK MAapaMeTPOB), MOXKET ObIThb, KaK U JIDYIHe OIEpAIliH,
nepeotnpeeiena. [[oCKOIbKY BbI30B (DYHKIUU 0003HAYAETCS KPYIJIBIMU CKOOKa-
MU, UMsi DYHKITUH, [T€PEOIIPEIEIISIONIEH 9Ty OlepaInio, OYIeT COCTOATh U3 CJIOBA
operator M KPyIJIbIX CKODOK; KaK OOBITHO, TIOC/IC UMEHU (DYHKITUU 3aIACHIBACTCS
cinucok GopMasIbHBIX TapaMerpoB. Hampumep, omneparus Bbr3oBa MyHKIHH 0Oe3
ImapaMeTpoOB 3AlMCHIBAETCST TaK:

void operator() () { /* Temo */ }

[Tomobuo omeparusiM pUCBAUBAHUS U WHICKCUPOBAHUS, BbI30B (DYyHKIUHU IIepe-
olpe/iessieTcsl TOIbKO MeTOA0M KJIacca.

st mpuMepa onumeM Kjacc Fun, B KOTOPOM IepeolpeieieHbl OTIEPAITIH BhI-
3o0Ba GyHKIMU 0€3 IMapaMeTpoB, & TAKXKe C OIHUM W JBYMS IEJOYUCTEHHBIMU
IapaMeTpaMu:

class Fun {
public:
void operator() ()
{ printf("funO\n"); 2}
void operator() (int a)
{ printf("funl: %d\n", a); }
void operator() (int a, int b)
{ printf("fun2: %d %d\n", a, b); }
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Teneps MbI MOXKEM HAIUCATH CJIEIYIONHUI (DPArMeHT KOJia:

Fun f;
£(); £(100); £(25, 36);

B pesyabrare BhImosiHeHus 3TOTO (bparmMenTa OyaeT HAIEIaTAHO:

funO
funl: 100
fun2: 25 36

Kiaccnl, aj1s1 KOTOPBIX OIpeie/ieHa Olepalis BhI30Ba PYHKIMU — UHAYe TOBOPS,
KJIACCHI, O0BEKTHI KOTOPBIX MOXKHO HCIIOJIB30BATH OI00HO mMeHAM (DYHKIIA —
9acTO HA3bIBAIOT PYHKIMOPAMU.

10.4.24. IlepeornpeiesieHue onepaluy IIpeoopa3oBaHus TUIIA

Paccmorpum ciienyromuii pparmenT Komga:

int 1i;
double d;
/]
i=4d;

B crpouke, comepxkaineii mprcBanBanue, 3ajeiicTBoBaHa (HESBHO) OMepavus
npeobpPa3osaHUs MUNG BBLPAHCEHUS,, TTO3BOJISIIONAA B JAHHOM CJIydae II0-
CTPOUTH 3HaYEHUE THUIIA int Ha OCHOBE MMEIOIIErocsd 3HadeHus Tuia double. Ana-
JIOTUIHYO0 BO3MOXKHOCTh HESIBHOT'O ITPE0OPA30BAHUST MOXKHO ITPELYCMOTPETD U JIJIsI
KJIACCOB, BBEIEHHBIX IporpammucToM. OauH crocob MbI y»Ke 3HaeM — 9TO KOH-
crpyKTop npeobpaszoBanusi (cM.§10.4.4); HO B HEKOTOPBIX CJIydasiX HPUMEHUTH
KOHCTPYKTOD IIpeoOpa3oBanus He yIaéTcsa. B 9acTHOCTH, KOHCTPYKTOPOM MOXKHO
3aJaTh Ipeobpa3oBanue n3 6a30BOr0 TUIIA B THUII, OMCAHHBINA II0JIb30BaTEIEM, HO
He HaobopoT. Kpome Toro, mHOTIA OBIBAET MO KAKUM-TO IPUIUHAM HEBO3MOXKHO
U3MEHHUTDH OIMCaHNe HEKOTOPOro KJIacca, HO B IIporpaMMe Hy>KHO IIpeobpa3oBaHme
1306%eKTb13T0r01§Hacca.anﬁﬂOTLIgpere(AOBOHLHOSKBOTquCKHe)CHTyauHH,
KOT/Ia MBI HE MOXKEM 3aJaTh CIIOCOD Ipeodpas3oBaHusA IIYTEM MOMUMUKAIINNA TO-
ro TUMA, K KOMOPOMY MPOU3BOIUTCI IIpeoOpa30BaHUe, HO IIPU ITOM Y HAC €CTh
BO3MOXKHOCTh M3MEHUTH (JIOTMOJHUTH) ONUCAHUE TOTO THUIA, 3HAUEHUA KOMOPO-
20 nodaestcam npeobpazosanuto. B Takux cydasX MPUMEHSIIOT [IEPEOIIPEIe/IeHIe
omeparuu Ipeodpa30BaHNUs THUIIA.

Omnepalys HeSIBHOIO IIpeobpa30BaHusI THUIIOB OIIPEIEISAeTCI METOI0M, UMsI KO-
TOPOT'O COCTOUT M3 CJIOBA Operator M MMEHU THUIlla, K KOTOPOMY Oy/IET IIPOUCXO-
IUTh Ipeobpaszopanue. THUIl BO3BpaIIacMOro 3HAYEHHsI JJIsi Takoil (hyHKIMH He
YKa3bIBACTCHA, TAK KaK OH ompejesaerca nmeneM. Hampumep:

class A {
//
public:
/]
operator int() const { /* ... x/ }

};

Hamuune B Kitacce A omneparun mpeodpa3oBaHUsT K int jejiaeT BO3SMOXKHBIM, Ha-
puMep, TAKOA KOJI:

A a;
int x;
//

X = a;

EcrecTBenno, omepanust mpeobpa3zoBaHusl MOXKET OBITH HEPEONpPeIeeHa TOTbKO
KaK MeToJ], KJIacca U CTPYKTYPHI.

Yarure, 9TO Ype3MEPHOE YBJIEUEHUE [IEPEOITPE/IEIEHUSIMU OTIepaIiuu peodbpa-
30BaHUA 9aCTO IPUBOJUT K TOMY, YTO KOMIIUJIATOP HAXOJAUT 6OJIbH_Ie OJIHOI'O CIIO-
coba Tpeobpa3oBaHus OT OJHOTO THIIA K JIPYTOMY U B PE3YJIbTATEe HE IPUMEHSIET HU
OJTHOTO U3 HUX, BbIJaBasd omudOKy. [losToMy Ha mpakTHUKe Iepeolpe/ie/ieHre ore-
paruu peobpa30BaHUsI TUIA MOYTH HE UCIOJIb3YETCs; JJIsi Oy YeHUsT 3HATCHUI
HY2>KHOI'O TUlla U3 O6’beKTOB KJIaCCOB WJIN CTPYKTYD O6bI‘IHO IIPUMEHAIOT CIIeIu-
AJBHO JIJIST 9TOTO BBOJUMBIE MeTO/IbI (OOBIKHOBEHHBIE, O€3 CI0Ba operator), BbI-
3pIBaeMble siBHO. [IpuMep KpaitHe peikoit cuTyalnu, KOrjaa orepaliis mpeodpaso-
BaHUS THUIIA OKA3bIBAETCS JIEHICTBUTELHO HYKHA, Mbl PACCMOTPHAM B CJIETYIOIIEM

maparpade.

10.4.25. IIpumep: pa3zpe>keHHBIII MaccuB

[Tox paspestcernHvimM MacCCUBOM TIOHUMAETCS KPYIHBIH (HAIPUMED, COCTO-
SIIUi U3 HECKOJIBKUX MUJIJTMOHOB 3JIEMEHTOB) MaCCHB, OOJIBITHMHCTBO 3JIEMEHTOB
KOTOPOT'O PABHBI OJHOMY M TOMY K€ 3HAUEHUIO, Jallle BCEro HYJIIO, U JIMIIb HEKO-
TOpPBIE 3JIEMEHTBI, KOJMYECTBO KOTOPBIX OYEHbL MaJjio B CPABHEHHUH C Pa3MEpPOM
MacCCuBa, OT 9TOI'0 3HAYCHUA OTINIAIOTC. E}CTeCTBeHHO7 B TaKoOM CUTyaluuu 1meJsie-
COOOPaA3HO XPaHUTH B MAMSTH JIMIIL T€ 3JEMEHTHI MACCHBA, 3HAYEHHSI KOTOPBHIX
OTJIMYHBI OT HyJIsA (MU JPYTOro OONIEro 3HAUEHMUS ).

[Tonpobyem wamnucars Ha Cu-++ Takoil KJacc, KOTOPbIl BeJIET cedst Kak IeJio-
YHCJICHHBI MACCHB [HOTEHIHAIBLHO GECKOHETHOTO pa3Mepal? B ToM cMmbIcie, 4To K
00BEKTY ITOrO KJIacca MPUMEHNMA Ollepalinst MHICKCHPOBaHus (KBapaTHbIe CKOO-
KH), OJIHAKO OOBbEKT pPeasibHO XPAHUT TOJBKO Te JIEMEHTHI, 3HAYEHUsT KOTOPbIX
oTamyaloTcs oT Hyss. Hazosém sror kiacc SparseArrayInt. /s npocroTsl kap-
TUHBI OyJIEM CUATATH, YTO KOJUIECTBO HEHYJIEBBIX 3JIEMEHTOB MAaCCUBA HACTOJIBKO
HE3HAYUTE/ILHO, UTO JlaKe JIMHEWHBIH MOMCK CPeIN HUX MOYKET HAC YCTPOUTH I10
OBICTPOAEHCTBUIO. DTO IMO3BOJIUT XPAHUTH HEHYJIEBBIE 9JIEMEHTHI MacCUBa B BHUJIIE
CIIMCKa I1ap «HHﬂeKC/SHa“IeHHe». BCG JAeTaIn peaJiu3allur, BKJII0Y9ad U CTPYKTY-
Py, IIPEACTABJISIONIYIO 3BEHO CIIMCKa, CKPOEM B IPUBATHON YaCTH KJ1acca, 9TOObI B
OyytieM MOXKHO ObLIO 6€300/1€3HEHHO CMEHUTh Peain3aIuio Ha 0oJiee CI0KHYIO.

Cpazy ke npurnomuauM ckazanaoe B §10.4.20 HacuéT BO3MOKHOCTU PabOTHI C
KOHCTAHTHBIMU OO'bEKTAMHU H JIOTOBOPUMCSI, 9TO B HAIlleM KJjacce OyIyT peasiu-
30BaHbI J[Ba BapUaHTa OIEPAINA WHICKCHPOBAHUS: OOLIYHAS M <«KOHCTAHTHAIY,
JIOITyCKAOIIAST BBI3OB JJIsi KOHCTAHTHBIX 00beKTOB. C Bepcueil Jjisi KOHCTAHTHBIX
00BEKTOB BCE MPOCTO: HYKHO TPOOEKATHCST TI0 UMEIOIIEMYCsl CITUCKY TIap, U €CJIu
TaM HaNJIETCsl HyKHbBII MHJIEKC — BEPHYTH COOTBETCTBYIOIIEE 3HAYECHHE, €CJINA K€
MBI IIPOIILINA BECh CIUCOK M MCKOMOI'O WHJIEKCa He OOHAPYXKWJIN — BEPHYTH HaIIle
«obIree 3HaYeHne» (B HAIleM IIPUMEPe 9TO Beerja OyieT HOJIb).

OcHoBHast pobJieMa TIPU Pean3alii Pa3pPerKeHHOT0 MACCHBa BO3HUKAET B
CBSA3H C TIOBEIEHUEM OIepAIliU WHICKCUPOBAHUA, Jonyckarouseti MOTUPUKAIIIIO
obbekTa. Beipaxkenne «3/71eMeHT MACCUBay MOXKET BCTPEYATHCS KAK B IIPABOil, TaK
U B JIEBOI JaCcTH NMPUCBAUBAHUN, 1 B 0O0UX CIydasxX UCIOJIb3YEeTCs OIHA U Ta XKe
dyuknug-meron kiaacca SparseArrayInt — operator[], nmpuuém, ecim TOJIBKO
caM 00bLEKT He KOHCTAHTHBIH, KOMIIMJIITOP B 000MX CJIy4asiXx BbIOEpEeT TOT
BapUaHT MeETOOa, KOTOPIi 6e3 cjoBa const. Eciu Ob1 Bce 3/1eMeHThI MacCH-
Ba XPAHWINCH B MAMSTH, Kak 3T0 Ob110 B mpuMepe u3 §10.4.20, MOKHO OBLIO OBbI
IIPOCTO BO3BPATHUTDH CCHLIKY HA MECTO B IMAMSITHU, TJ/I€ XPAHUTCS IJIEMEHT, COOTBET-
CTByOIINIA 3amaHHOMY UHIeKCY. C pa3peKeHHBIM MacCUBOM TaK JIeHCTBOBATH HeE
[OJIy YUTCSA, TTOCKOJIBKY B OOJIBIIUHCTBE CJIy9YaeB JIEMEHT B HAMSITH HE XPAHHUTCS.
[Tpu sToM 1pocTo Bo3BpaIarh 3HaueHne (6e3 BCSIKOI CCBLIKU) TOXKE He TOJUTCS,
BeJb TOrIa BbIparkKeHHe, COoJeprKalllee HaIly OIepalldio WHIEKCUPOBAHUSA, OyIeT
HEJIb3d IIPUMEHATH B JIEBOII YacTu IIpruCBannBaHUA.

Nrak, 910 Ke 1e/1aTh B CIydae, eCJIM OlepPAaIlis NHIEKCUPOBAHUs BbISBAHA, JIJTsT
UHJIEKCA, JJIs KOTOPOTO 3JIEMEHT B IAMsITH He XPaHUTCsI, IOCKOJIBKY PABEH HYJTIO?
Op1HO U3 BO3MOXKHBIX PEIeHUl — 3aBECTH B MAMATH COOTBETCTBYIOIINI 9JIEMEHT,
IIYCTb JaKe 1 C HYJIEBBIM 3Ha4Y€HHNEM, 1 BEPDHYTH CCBIJIKY Ha HETO. STO7 KOHEYHO,
[TO3BOJINT BBLIMTOJIHSATE IIPUCBANBAHUS, HO IPUBEIET K TOMY, UTO IIPHU KaxKI0M 00-
pAIEHUU K HYJIEBBIM dJIeMeHTaM (B TOM YHCJIe HA YTEHUE, a He Ha 3allNCh) TaKue
3JIEMEHTBI Oy/IyT 3aBOAUTHLCS B ITAMSTH, I BCKOPE OKAXKETCsI, UYTO U3PSITHOE KOJIU-
YeCTBO MAaMATH 3aHSITO TEMHU CAMBIMU HYJIEBBIMU 3HAYEHUSIMU, XPAHEHIS KOTOPHIX
TpeboBaIoCh N30eKaTh.

CxeMy MOXKHO HECKOJIBKO YCOBEPIIEHCTBOBAaTH, €CJIN KaXKJbIil pa3 MpPU BHI30-
Be onepanun MHACKCUPOBaHUA COXPaHATH B HpI/IBaTHOﬁ qaCTu O6'beKT3, 3HAQ4YEeHNue
WHJIEKCa WA JIaKe aJIpec 3aBOAMMOrO 3BEHA CIHCKa. 1oraa mpu CIeIyIOmeM BbI-
30B€ MOXKHO Oy/IeT IPOBEPUTH, XPAHUT JIU 3AIUCDH, 3aBEIEHHAS TP PEIbITYIIEM
BBI30BE, YNCJIO, OTJIUIHOE OT HYJIA, U €CJU HET, TO yIAJUTDb €€, OCBOOOINB aMSITh.
YV Takoro BapMaHTa PEAJIU3alliy €CTh, OJIHAKO, CBOI HEJOCTATOK: HA 3aBejeHNe U
yIaJIeHre 3JIEMEHTOB OyIeT PacxoI0BaThCs 3aMETHOE BPEMH.

B unease xoresiock 661 IMETH BO3MOXKHOCTD BBI3bIBATH pa3HbIe (PYHKIIUUA-Me-
TOJIBI JIjIsI CJIy9a€eB, KOT/[a IPOUCXOIUT OOpaIleHne K 9JIEMEHTYy MacCHBa Ha ITEHNE
1 KOTJIa, UHIEKCUPOBaHUE UCIOIb3YEeTCs JJIsl IPUCBAMBAHUS 9JIEMEHTY HOBOI'O 3Ha~
qeHus. B mepBoM ciiydae MOXKHO OBLIO OBl TOI/Ia BO3BPAIATH IPOCTO 3HAUECHUE
9JIEMEHTa WM HOJIb, €CJIU 3JIEMEHTa B IIaMSTH HET; BO BTOPOM CJIydae MOXKHO

14 .

Ha camom nesie MbI OyzieM MCONB30BaTh B KaYeCTBe WHJIEKCA TUI int, HAJEsIChb, YTO €ro
Pa3psSIHOCTH XBAaTUT; MOMEHSITh €ro Ha KaKOW-HuOyab long long — €10 TEXHUKU, & €CJIM He
XBaTUT U 3TOTO, TO BBI, CKOpee BCero, AejiaeTe 4TO-TO He TO.
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Ob1710 ObI 6€3 0COOBIX TPOOJIEM CO37aBATh HOBBIA 3JIEMEHT W BO3BPAIIATH CCBHLIKY
Ha TI0JIe, XPAaHMIIee 3HAUEHNE; 9TO, BIPOUEM, HE UCKIIOUIaeT HEOOXOIUMOCTU MPO-
BEPKH IPU CJIEJYIONIEM BbI30BE, He ObLI JIM MPEJIbIIYINEMY 3JIEMEHTY MPUCBOEH
HOJIb (B TOM YHCJIe Jijisl CJIy4aeB, KOTJa JeMeHT yxke cyriecrBoBad). K coxase-
HUIO0, BO3MOXKHOCTU BBEJIEHUS PA3HBIX METOJIOB UHJIEKCUPOBAHUS JIJIsI STUX JIBYX
caydaeB B Cu-++ HeT, KaK HET U BO3MOXKHOCTH OIPEJIEJIUTh U3 TeJIa ONEePAIlUN UH-
JIEKCUPOBAHNSI, BLI3BAHA OHA U3 JIEBON YACTH MPUCBANBAHUS WJIN HET. DTO BIIOJIHE
MOXKHO CYHUTATh HeIOCTATKOM Cu-+-f.

BrpoueM, Takoii MeXaHU3M MOXKHO CMOJEAUPOBAMY; UMEHHO TaK Mbl M IIO-
crynuM. HuUKTO He Melaer HaM ONMCATH HEOOJIBIION BCIIOMOTATENBHBIN KJIacc,
00BEKTHI KOTOPOr'0 KakK pa3 u Oy/eT BO3BPAIATh HAINA OMEPAIUs WHICKCUPOBa-
Husi. OObEeKT 3TOro Kjiacca Oy/eT TPOCTO XPAHUTH BCIO UMEIOIIYIO OTHOIIEHUE
K Jeny wH@OpPMAIUIO, & B HAIIEM CIydae TaKod MHMOPMAIUN HEMHOT'O: aJIpec
[JIABHOTO 06beKTa (TO ecTh 00BEKTa PA3PEKEHHOI0 MACCHBA), ¢ KOTOPBIM HY K-
HO paboTaTh, U 3HAYEHUE UHJIECKCA, IePEeJaHHOe B KavueCcTBe IapaMeTpa Olepaluu
WMHJIEKCUPOBAHUS.

Nwmest 5Ty mHbOpMAINIO U JIOCTYI K OOBEKTY MaCCHBA, HAII BCIIOMOTATEIhb-
HbIIl 00BEKT B 3aBUCUMOCTU OT CUTYAIlUd MOYKET IIPOU3BECTH JIIOObIE IeiiCTBUS,
KOTOpBbIe TOTpebytoTcss. UTo 2Ke KacaeTcsi OIpPeJIeJIeHUs], KaKas M3 BO3MOXKHBIX
CUTyaIuil IMEeT MeCTO, TO y BCIOMOTATEeILHOr0 00BLEKTa JIjIs 9TOr0 €CTh CyIIe-
CTBEHHO OOJIbINIE BO3MOXKHOCTEM, UeM ObLIO B TeJjie ONepalluid UHIEKCUPOBAHUS:
Beb BCE Ollepalluu, IIPUMEHAEMbIE K PE3YJIbTATY Ollepalliuil NHICKCUPOBaHUsA, KaK
pa3 u OyJyT Ha caMOM Jiejie IPUMEHEHBI K 3ToMy o0bekTy. Hampumep, pocrarod-
HO OIIPEJICJIUTD JIJIS HAIEro BCIIOMOTaTeJIbHOIO KJIacca OIepallly IIpeodpa3oBa-
HUsl K THUIY int ¥ IPUCBAWBAHUs, YTODBI CJIeJIATH BO3MOXKHBIM M KOPPEKTHBIM
CJAEYIOIUIA KOJI:

SparseArrayInt arr;

int x;

/...

x = arr([500]; // d4Tenume

arr [300] 50; // zamuch (BO3MOXHO CO3IaHHE DJIEMEHTa)
arr [200] 0; // yDameHme sieMeHTa, eCiIu TAKOBOH e€CTb

K coxamnenuro, HemoctaTok ecTb U y Takoil peanuzaruu. [Ipobiema B ToM, 9TO
OOBIYHOE IPUCBAUBAHUE — ITO JAJEKO HE €JUHCTBEHHAs OIEpaIlys, CIIOCOOHAs
N3MEHHNTHb 3HAYECHUE HeﬂO‘{HCﬂeHHOﬁ IIepeMeHHOﬁ. HOﬂbSOBaTeJIb BIIOJIHE MOXKET
[IOTBITATHCA UCIOJIB30BATh, HAIIPUMED, TAKUE BHIPAKEHUST:

arr[15] += 100;
x = arr[200]++;
y = --arr[200];

YT0o6bI BCce IOMOOHBIE OepaInn padboTa i, HaM MPUIAETCS sl HAIIEr0 BCIOMOTa-
TEJILHOIO 00BEKTA OIPEIE/INTD UX BCE IBHBIM 00pa30M, UTO IOTPedyeT U3PSIIHOTO
06béma paborsr: s3biku Cu u Cu++ MoJIep:KUBaOT JIeCsiTh Olepaluil MprcBa-
MBAHUs, COBMENIEHHBIX € apUMDMETHICCKUME JeHCTBHAME (+=, -=, <<= H T.1IL.),
IJIIOC K TOMY 9YeThbIpe Ollepallu HHKpeMeHTa / JeKpeMenTa (++ u -- B npedUuKCHOI
u nocrdukcHoii hopme). B HalleM npumepe Mbl OIPAHUUUMCS OIICAHUEM Ollepa-
muu += u aByx ¢dopwm omepanun ++. OcTajbHbIe Olepalny duTaTeIb 0e3 TpyIa
OIIUIIET CAMOCTOSTEIBHO 110 AHAJIOTUH.

st yiobcTBa peanu3alimi BCeX MOAUMUITNPYIONINX OIepalnii 1eaecoobpas3Ho
B KJIaCCe BCIIOMOTI'aTeJIbHOIO 0O'beKTa BBECTH JiBe BHyTpeHHne pyHKImn. OyHKITIs
Provide Oyaer OTBHICKMBATD B CIIMCKE JIEMEHT, COOTBETCTBYIONIUI 3aIaHHOMY B
00beKTE UHIEKCY, U BO3BPAIIATH CCHLIKY HA I10JIe, COJepKAIIee 3HATECHUE; €CJU CO-
OTBETCTBYIOIIErO 9/IEMEHTa B CIIUCKE HET, PYHKIMs OyIeT ero co3aaBaTh. Bropast
dyuxkius, Remove, OyneT yIaasaTh U3 CIUCKA JIEMEHT C UHIEKCOM, XPAHSIITUMC B
006bEKTE, eCJIN TAKOBOM B CIIUCKE ITPUCYTCTBYET. BeroMoraTeIbHBIH Kace HA30BEM
Interm or auriuiickoro intermediate

OrMmeruM, 9TO  KONHUPOBATH W  IPHUCBAMBATh  OOBEKTHI  KJIacca
SparseArrayInt — wujes BpsJ JIM [IPaBUIbHAs; CKODEE BCEro, €CJd HYTO-TO
TaKOe IIPOUCXOIUT, TO 3TO OIMUOKA — HAIPUMED, II0Jb30BATEb CJIyIalHO

nepesia 00beKT Kiacca B (DYyHKIUIO 10 3HAYEHUIO, & He 10 ccblake. [loaromy
MBI 3allpeTUM KOIMPOBAHWE U TPUCBaWBaHHe OOBEKTOB HAIIEro KJjacca, yopas
COOTBETCTBYIOIIUE METOJIbl B HPHUBATHYIO dYacTh. C y4éTOM 3TOro 3aroJioBOK
KJ1acca OYIEeT BBITVISIETh TaK:

class SparseArrayInt {

struct Item {
int index;
int value;
Item *next;

;5

Item *first;

public:

SparseArrayInt() : first(0) {}

“SparseArrayInt();

class Interm {
friend class SparseArraylnt;
SparseArrayInt *master;
int index;
Interm(SparseArrayInt *a_master, int ind)

master(a_master), index(ind) {}

int& Provide();
void Remove();

public:
operator int();
int operator=(int x);
int operator+=(int x);
int operator++();
int operator++(int);

+;

friend class Interm;

Interm operator[] (int idx)
{ return Interm(this, idx); }
int operator[](int idx) const;
private:
SparseArrayInt (const SparseArrayInt&) {}
void operator=(const SparseArrayInt&) {}
3

B camom kiacce SparseArrayInt, Kak MOXKHO 3aMETUThb, OKA3bIBAETCA HE TaK
MHOTO DYHKIU: 66/IbIIas 9acTh Pean3alul OKa3bIBAETCS BHITECHEHA B METOJIbI
BCIIOMOTaTEJILHOTO KJacca. BHe 3aroJIoBKa KJacca MbI OIUIIEM TOJIBKO JECTPYK-
TOP W «KOHCTAHTHYIO» BEPCHUIO OTIEPAIINY WHJIEKCHPOBAHUS:

SparseArrayInt::~SparseArrayInt ()

{
while(first) {
Item *tmp = first;
first = first->next;
delete tmp;
}
}
int SparseArraylInt::operator[](int idx) const
{
Item* tmp;
for(tmp = first; tmp; tmp = tmp->next)
if (tmp->index == idx)
return tmp->value;
return O;
}

OmurieM Tenepb METOMIBI Kitacca SparseArrayInt: : Interm, B KOTOPBIX U 3aKJTIO-
YeHa, OCHOBHasI (PyHKIMOHAILHOCTE HAIIErO Pa3peskKeHHOI'0 MacCUBa:

int SparseArrayInt::Interm::operator=(int x)

{
if(x == 0)
Remove () ;
else
Provide() = x;
return Xx;
}

int SparseArrayInt::Interm::operator+=(int x)

int& location = Provide();
location += x;
int res = location;
if(res == 0)
Remove () ;
return res;
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int SparseArraylInt::Interm::operator++()

{
int& location = Provide();
locationt+;
int res = location;
if (location == 0)
Remove () ;
return res;
}
int SparseArrayInt::Interm::operator++(int)
{
int& location = Provide();
int res = location;
locationt+;
if (location == 0)
Remove() ;
return res;
}
SparseArrayInt::Interm: :operator int()
{
Item* tmp;
for(tmp = master->first; tmp; tmp = tmp->next)
if (tmp->index == index)
return tmp->value;
return O;
}

Ocrasoch ommcarh BermoMoraTebubie hyHKnun Provide n Remove:

int& SparseArrayInt::Interm::Provide()
{
Item* tmp;
for(tmp = master->first; tmp; tmp = tmp->next)
if (tmp->index == index)
return tmp->value;
tmp = new Item;
tmp->index = index;
tmp->next = master->first;
master->first = tmp;
return tmp->value;

}

void SparseArraylInt::Interm::Remove()
{
Item** tmp;
for(tmp = &(master->first); *tmp; tmp = &(*tmp)->next) {
if ((*tmp) ->index == index) {
Item *to_delete = *tmp;
*tmp = (*tmp)->next;
delete to_delete;
return;

10.4.26. CraTuveckue MoJjisi 1 METOAbI

Nuorna ObIBaOT MOJIE3HBI IIEPEMEHHBIE U METOJIbI, KOTOPbIE, C OJIHOI CTOPOHHI,
JIOCTYITHBI TOJIBKO M3 KJIACCA U /MJIN BOCIIPHHUMAIOTCS KaK €ro 9acTh, HO, C IPYTOii
CTOPOHBI, HE IIPUBA3aHbI HU K KaKOMY U3 O6’beKTOB 1 MOT'YT UCIIOJIB30BaTbLCA Ta2Ke
TOr/Ia, KOTJIa HA OJHOI0 00bEKTa JAHHOTO KJIacca He cyliecTByeT. B a3bike Cu++
TaKUe WICHBI KJIACCa HA3BIBAIOTCI CMAMUYeCcCKUMY 1 0603HATAIOTCA KJTIOUEBBIM
cioBoM static!?.

Cmamuueckoe noae Kaacca pejcTapisier coboil, 0 cyTH, OOBIYHYIO Ie-
PEMEHHYIO, BpeMsl 2KU3HU KOTOPOU COBIIaJaeT C BPEMEHEM BBIIIOJIHEHUS IIPOrPaM-
MBI — KaK y IVI0DaJIbHBIX TlepeMeHHbIX. [Ipr 9ToM npaBm/ia BUAUMOCTH JjIst CTATH-
YECKOI'0 IIOJIA KJIaCCa TOYHO TaKHe 2Ke, KaK U JIJIgd O6bI‘{HbIX IoJiefi: craTudecKoe
oJjie BXOJUT B 00JIACTH BHJIUMOCTH KJIACCA, TAK YTO MPU YIOMUHAHUU CTaTHUYE-
CKOT'0 TI0JII BHE METOJIOB KJjIacca TpeOyeTcs UCII0Ib30BaTh CUMBOJI PACKPBITHAS 00-
JacTH BUAUMOCTH «: :» (cM.§10.4.13). Ha crarmdeckoe moJie pacnpocTpaHsiioTcst
O6bI‘{HbIe IIpaBuJia 3alllUTBI: €CJIN er'0 PacCIlOJIOZKUTL B IIpI/IBaTHOfI JaCTHu KJiacca,
JIOCTYI K TAKOMY IOJIIO OyJIeT BO3MOXKEH TOJIBKO M3 METOJIOB Kjacca U Jpy3ei
KJIACCA, €CJIU YK€ CTATHYECKOE I10JI€ OCTABUTH B IIYOJUYHON HaCTH, MBI OJIYIUM
[IPOCTO IVIODABHYIO TIEPEMEHHYIO ¢ HEOOBIYHO BBITVISIIAIIIM UMEHEM.

CyIIHOCTD CTATUIECKUX TOJIEH KJIACCa MOYXKHO MOSICHUTh ¥ MHAYE: CTATUICCKOE
[10JIE — TO TAKOE «XUTPOEe» I110Jie, KOTOPOE CYIIECTBYET B OJIHOM IK3IEMILISAPE JJIs
BCEro KJIacca, BHE 3aBUCUMOCTH OT KOJIMIECTBA OObEKTOB 3TOI0 KJIACCA; JAXKe eCIn
HI OJHOTO O0bEKTa HET, CTATUIECKOE TI0JIe BCE PABHO CYIIECTBYET, KOJIb CKOPO OHO
ommcaHo B kJiacce. [loyaaercst, 9To crarudeckoe 1oJie, B OTJIMIHE OT OOBITHOIO,
HE SIBJISIETCSI COCTAaBHOW YACTBIO 008eKkma U NPUHAIJIEKUT KAACCY KAK €TUHOMY
IIeJIOMY.

Craruyeckoe 1oJjie 00bSIBJISIETCS B KJIACCE TOYHO TaK YKe, KaK U 0OBITHOE I0JIe
KJacca, TOJIBKO ¢ Jo0aBIeHneM CIepeau caoBa static:

class A {
/] ...
static int the_static_field;
//

}s

Hy>xHo y4JecTh 0OYeHb BaXKHOE OTJINYME CTATHIECKOrO I10JisT OT OOBIYHOIO: €CJIH
00bsiBJIEHIE OOBIYHOTO IIOJISI CaMO IO cebe yrKe 03HAYAET, 9TO B 0ObEKTE IO 9TO
mojie OyJeT BBIJIEJIEHO MECTO, TO O0bsIBJCHUE CTATHIECKOrO IOJig — ITO UMEHHO
00bsIBIIEHTE, CAMO I10 cebe OHO He IPEIOIaraeT BbIIeJICHHUS IaMSITH; CTATHIECKOe
oJIe TPeOYeTCsI eIé onucams B OJHOM U3 MOJLYJIEH.

rlpVII'IOMHVIB A3bIK CI/I, MO>XHO 3aMe€TUTb 34€eCb NPAMYIO aHanormnto c O6'b9|BJ'IeHVIeM rno-
HanbHbIX NepeMeHHbIX C ANPeKTNBOI extern (cm. T.2, §4.7.2). YTobbl noHsTL, novemy obb-
SABJIEHNE CTaTU4YECKOro MoJjsi B KJNAcCe CYUTAETCA WMEHHO OObSIBNIEHMEM, a He OMuUCaHuEM,
noAymaiite, 4To ByaeT, eCny 3arosOBOK KJ1acCa BbIHECTW B 3aroJIOBOYHbINA haiin, a cam 3ToT
dalin — BKNOYNTL U3 HECKOJILKUX MOAYNENA.

MT&K, 4TOObI 3aBEPUINTDH CO3JaHNEC CTATUYIECKOI'O II0JIdA, HYy2KHO 68HE 3020406KaA
Kaacca IIOMECTUThb €ero OllmCaHHe:

int A::the_static_field = O;

OOBIYHO OmpeJie/IeHnsT CTATUIEeCKUX IoJiefl cHabKaoT WHUIMAIA3aInell, KaKk B
HaIlleM [IPUMepEe, XOTsI 9TO U He 00si3aTeibHo. OOpaTnuTe BHUMAHUE, ITO €CJTU BAIIIE
OIIMCAHNE KJACCa BHIHECEHO B 3ar0JIOBOYHBIN (Daiiyl, TO OMUCAHUSA CTATUYIECKUX
moJieii cjaeayer ob6g3aTeJIbHO IOMECTUTh B ¢aiijl peajim3aiuy OJHOrO U3
MO/yJieii, HI B KOeM CJIydae He B 3aroJIOBOTHUK!

[ToBTOpPHUM, 9TO BBEIEHHOE TAKIM 00pPa30M CTATHIECKOE II0JIE OYIeT CYyIIeCTBO-
BaTb B IIporpaMMe B €JMHCTBEHHOM 3K3eMILIsSIpe U B Te€YEeHHe BCero Bpe-
MEHM BBIIIOJITHEHUS [IPOrpPaMMBbI BHE BCSIKON 3aBHCHMOCTH OT TOT'O, OYJyT Jid B
Balleil mporpaMme 3aBOJUTLCS OOBEKTHI KJjacca A 1 B KaKuxX KoJimdecTBax. Ecim
[IOMECTUTL OODBSIBICHIE CTATHYECKOrO II0JIsI B IPUBATHON YacTu KJjacca, TO COOT-
BETCTBYIOIEE UM OYIIeT JOCTYITHO TOJHKO B METOIAX KJIACCA U B APy KECTBEHHBIX
dyukiusax. OObsBIeHNE MOXKHO TIOMECTUTh U B OTKPBITYIO 9acTh KJIAcCa, TOTIA
OHO OyJIeT JJOCTYITHO OTOBCIONY, & 0OpATUTHCST K HEMY MOXKHO OyIeT Kak depes Cy-
IIIECTBYIONIN O0OBEKT, TaK U 0€3 BCIKOI0 OOBEKTa C ITOMOIIBIO IBHOTO PACKPBITHUSI
00J1aCTH BUIUMOCTH:

A a;
a.the_static_field = 15; // mpaBmibHO
A::the_static_field = 15; // Toxe IpaBHIBLHO

CraTudecKne I0JIs CXOXKHM C IVIOOAJIBLHBIMHU [IEPEMEHHBIMA B TOM YHCJIE U TEM,
9TO B HUX MPOIPAMMa MOXKET HAKANAUSAMb 2A000A5HOE COCOAHUE, B PE3YIIb-
TaTe Yero JJjisi CTOPOHHETrO HaOJIoIATEsIsT MTOBeJeHNe OJHUX M TeX Ke (PYHKIIHI
OKaYKeTCsT U3MEHATOIIUMCSI 10 HEOUEBUTHBIM 3aKOHaM. KpoMe Toro, crarmdeckKue
II0JIsl MOT'YT CyIIECTBEHHO 3aTPYIHUTH MacIITabUpoBaHKue IporpaMMbl. Tak, ecn
BaM 3a9€M-TO ITOHAI00UJICS CIIMCOK OOBEKTOB OIPEIEJIEHHOIO KJIACCA U BBl BBEJIU
JUTIST 3TOU TeJIM CTATUYEeCKUil yKa3aTeab Ha TEPBLII 3JIEMEHT TAKOr'O CITMCKA, TO
3TO O3HAYAET, UTO B IIPOrPAMMeE TaKOH CIMCOK MOXKET OBITH TOJIBKO OINH, & €CJIN
KOTJIa-HUOY/Ib MMOHATOOUTCS JIBa, TAKUX CIUCKA (U3 OOBEKTOB OJHOTO U TOTO ¥Ke
THUIIA), IPOrPAMMY IIPHJIETCS CYIIECTBEHHO Iepe/IeJIaTh.

[TosToMy ucIIOJIb30BaHWE CTATHUYECKHUX II0JIeli peKOMeH/IyeTca B OJl-
HOM M TOJIbKO OJHOU CHUTyalMu: KOTrJa TaKoe IoJie HpecTaBJigeT Co-

15He myraiiTe UX ¢ JOKAIBHBIME [EPEMEHHBIME ¥ (DYHKIMSAME MOZIYJIEl, a TAKIKE C JIOKAb-
HBIMHU TIEPEMEHHBIMU (DYHKITHI, KOTOpbIe COXPAHSIIOT CBOE 3HAYEHWE MPU MMOBTOPHOM BXOJE B
byHKIMo; Kak u B s3bike Cu, B Cu++ 9T CyIHOCTH TOXKe 0003HAYAIOTCHA CJIOBOM static, HO
MPAKTUIECKN HUYEro OOIIero He MMEIOT CO CTATUYECKHUMU YJIEHAMU KJIACCA.
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60ii KOHCTAHTYy, TO €CTh €ro 3Ha4YeHNe HUKOTrJa He U3MeHSeTCs BO Bpe-
Md paboTbl nporpaMmbl. Hamnpumep, cTaruieckKuM 1MoJieM MOXKHO MTPEJICTABUTD
KaKOM-HUOY[b KPYIHBII MAaCCUB, COJEPXKAINMUNA Heu3MeHHbie JTaHHble, HeoOX0 u-
Mble [T pabOTBI OOBEKTOB JIAHHOTO KJIACCA, HO HE TPEOYIOIHecs HUTJE 3a €ro
npenenamu. [Ipumepom Takoro MaccuBa MOTYT CJIY2KUTb, HAIIPUMED, TAOIHUIA T1e-
DPEXOJIOB MEXK/Iy COCTOSTHUSIMEU KOHEYTHOI'O aBTOMATa B KJIACCe, PEATU3YIONIEM STOT
KOHEYHBIIl aBTOMAT; MAaCCUB CTPOK C BO3MOXKHBIMU JIMATHOCTUYECKUMU COODIIIEe-
HUSAME; TabJIMIA COOTBETCTBHSI OJIb30BATEILCKUX KOMAHI (CTPOK) BbI3bIBAEMBIM
byHKIUAM, 1 T. II.

Cmamuueckuti Memod — 370 0coObIN BUT (DYHKITUU-METO/IA, KOTOPAasi, B~
JISISICH METOJIOM KJIacCa W MMesl JOCTYII K ero 3aKPBIThIM JIETAJISIM peaju3alliu,
[[PU 3TOM BBI3BIBAETCS HE3aBUCHMO OT 00bEeKTOB KJjacca. [lepBonadasbho
CTATUYIECKIE METO/bI IPEIHAZHATAIUCE JIJIT PAOOTHI CO CTATHIECKUME ITOJISIMH,
HO MTOJIY YMBIITHIICSH MEXAHU3M HAIIEN B UTOT'e CYIECTBEHHO O0jiee ITMPOKUI CIIEKTP
npumenennii. OObsIB/IEHNE CTATHIECKOTO METOJIa AHAJIOTUIHO O0O'bSIBJIEHUIO OOBIU-
HOT'O METOJIa, HO IIePE]i HUM CTaBUTCs KJIIOUYEBOE CJI0BO static, Kak B CJIELYIONIEM
puMepe:

class Cls {
/...
static int TheStaticMethod(int a, int b);
//

};

OTMeruM, 9TO IpHU BBIHOCE TeJIa CTATHYECKOIO0 METOa 38 IPEJesbl 3ar0jI0BKa
KJIacca CJIOBO static B €ro ONMCAHMM HE HCIIOJIb3YeTCsl, KOMIIMJIATOPY XBaTaeT
csioBa static, HOCTABJIEHHOIO B OObsIBJIEHUH (3ar0JIOBKE) METO/IA B KJIacce.

Ob6paliieHne K CTAaTHIECKOMY METOY, KaK M K CTATHIECKOMY IT0JII0, BO3MOYKHO
KakK depe3 00beKT KJjacca, TaK U 63 TaAKOBOIr'o, C IIOMOILIO CUMBOJIA PACKPBITHUSI
00J1aCTH BUUMOCTH:

Cls::TheStaticMethod(5, 15); // BC& mpaBmiIbHO
Cls c;
c.TheStaticMethod(5, 15); // Tak ToXe MOXHO

ITockosbKy craTuyeckas QyHKIUsI-METO MOXKET ObITh BbI3BaHa 6e3 00bekTa, y
HeE, KaK CJIeJICTBHE, OTCYTCTBYeT HesBHBII napamerp this (cm. §10.3.2). Kpowme
BCEro IpPOYEero 9TO O3HAYaeT, YTO TakKas (PYHKIMSI He MOYKET IIPOCTO TaK obpa-
MAThCA, KaK JAPYTHe METObl, K MOJIsIM 00beKTa, Belb 00bekTa y Heé HeT. Boi3bl-
BaTh HeCTAaTHYIECKHEe (DYHKIINHU-METOIbI CTaTUIeCKasd (DYHKIMS TOXKE IIPOCTO TaK
HE MOXKeT, HOCKOﬂbe HeCTaTUu4IeCKUue MeTOIbI JOJI2KHBI BBISbIBATbHCS JIJIsI KOHKPET-
Horo oobekTa. CHuTyannsa KapAuHAJILHO MEHSIETCSI, €CJIU CTaTHIecKas PyHKIUS
TEeM WM WHBIM CIIOCOOOM BCE-TAaKH IOJIydYaeT JOCTYI K OOBEKTY CBOEro KJacca.
Takoe BIo/tHE MOXKET MMPOU30ATH U HUKOUM 00pPa30M HE IMIPOTHBOPEYUT OIIpeesie-
HMIO CTATHUYECKOI'O0 METOMA: JeHCTBUTE/]ILHO, HUKTO HE MEIIaeT IepeaaTh 00beKT
qepe3 OJNH U3 sIBHO ODO3HAYEHHBIX IMapaMEeTPOB; BIOJHE BO3MOXKHO IOJIYIUTh
JOCTYII K OOBEKTY CBOEI0 KJIacca 4depe3 IJIo0ajIbHbIe ITepEMEHHBbIE HJIM C IIOMO-
IIIBIO TVIOOAJIBHBIX (DYHKINIT; HAKOHEIl, CTaTUYecKast PYHKITUs BIIOJHE MOXKET
co3JaTh OObEKT caMa.

Nrak, HECMOTPsI Ha OTCYTCTBUE YKa3aHWUil HA KOHKPETHBIM O0BLEKT MPHU BHI30-
BE CTATUIECKON (DYHKIMH, OHA B HEKOTOPBIX CJIydasX MOYKET IOJIYyIUTh JOCTYII
K 00beKTy cBoero kjacca. M Torma crarmyeckas PyHKIUsI, KaK U JIFODOIi
MeTOo/, KJjIacca, MOXKeT 00paIarbCcs K 3aKPbITHIM (IPUBATHBIM) MOJISIM U
MeToaamM obbeKTa (JeficTBUTEIbHO, KaK YK€ TOBOPUJIOCH PaHee, eJuHUIeH 3a-
muTel B Cu+-+ siBiisiercst He 00BEKT, a KJIAacC Wil CTPYKTypa rejaunkoMm). Hammane
B Cu+-+ crarmyecKux METOJIOB IIO3BOJISIET B PsAJIE CIyYaeB IPUMEHSITH BEChbMa
U34AIIHBIE MPUEMBI ITPOrpaMMUpOBanus. Hampumep, Mbl BIIOJHE MOXKeM yOpaTh
B 3aKPBITYIO 9aCTh KJIACCA BCE KOHCTPYKTOPBI, 3alPETUB TAKUM 0OPa30M CO31a-
HITe 00BbEKTOB JTAHHOTO KJIACCA U3BHE €r0 CAMOTO, U MOPYUUTDb CO3JaHne 00 bEKTOB
CTATUIECKOMY METOY, KOTOPBIA MOXKHO BBbI3BaTh, HE MMesI HU OJHOIO OOLEKTA.
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ITpesxme uem HaTaTh pacckas 06 obpaboTke mckoueHnii B Cu+4, MBI JOJIK-
HBI IIPEJOCTEPEUb YUTATE/Isi OT BO3MOXKHBIX TOCJEJICTBUI HEKPUTHUIECKOTO BOC-
npusgThs 3Toro nHcTpyMenTa. OOImas uaes UCKITIOIUTETLHBIX CUTYAIINN, KaK BbI
YBUJIUTE UyTh [TO32KE, IPE3BBIYANHO MOJIE3HA, HO TO, KAK 9TOT WHCTPYMEHT IIPE/I-
craBjieH B sizbike Cu-+-+, BBI3BIBAET OIPe e/ IEHHOE HeJoyMeHne. IToObl peain3o-
BaTh Iepeady yIpaBjIeHus B CTPOrOM COOTBETCTBHUU co crernudukarmeit Cu++,
KOMIINJIATOP BBIHY2K/I€H UJ/ITU Ha HEOYEBUAHDBIC 1 JTOPOT'OCTOLAIIE TPIOKU — BCTaB-
JISITh B IPOrpaMMy DOJIBINOE KOJTMIECTBO TPAKTUIECKH OECII0JIE3HOIO MAITUHHOTO
KO/Ia, UCII0JIb30BATH I'POMO3JIKYIO «HEBUIAUMYIO» OUOJIMOTEIHYIO MOMJICPXKKY, CHU-
2KaTh OBICTPOJEICTBUE; KOJIb CKOPO MbI YIIOMSIHYJIN OBICTPOJIENCTBUE, OTMETHUM,
YTO eCJTM YK Ballla MporpaMMa Mepernia B COCTOSTHHE 00PaOOTKH MCKJTFOUNTE b
HO#l CHUTyaIuu, TO HPOUCXOJIUTH 3TO OYJIET 110 KOMIILIOTEPHBIM MEPKaM IIPOCTO
6e3yMHO MeIJIEHHO.

MHorne mporpaMMUCTHI, Jake He OTHOCSIINe cebst K KOHcepBaTopaM, momg00-
HBIM aBTOPY 3TUX CTPOK, CIUTAIOT UCIOJIL30BAHUE UCKTIOUYCHUN HETOIMYCTUMBIM;
60.HBH_II/IHCTBO KOMITNJIATOPOB CH++ IIO3BOJIAET ITOJTHOCTBIO OTKJ/IIOYUTH 3TOT MeE-
xaHu3M. BO3MOXKHO, IIPU MUHUMAJIUCTUIECKOM TIOJXO0/IE, KOTOPBI MbI IPUHSINA B
Hameit Kaure B orHomeHun Cu-++, jjorndnee ObI10 OB BOODIIE HE PACCKA3bIBATH
00 UCKJIIOYEHUSX, U TAKOl BADUAHT, CMEEM BaC 3aBEPUTH, PACCMATPHUBAJICI BECh-
Ma CepbE3HO, HO, HECMOTPsI Ha BCE CKA3aHHOE, 9Ta IJIaBa B KHUTE COXPAHWIACH, U
TOMY €CTb IeJIbIil Pl IPUYHH.

[Ipexxie Bcero ciiejyeT OTMETUTH, YTO HUCIOJIB30BaHUE WCKJIIOUEHUN CyIIe-
CTBEHHO CHHKAET TPYAOEMKOCTH HAIIMCAHUS IIPOI'PAMM, BO BCSIKOM CJIydae, eCJIu
CPaBHUBATH C IIPOrPAMMAMU, B KOTOPBIX, HECMOTPSI HA OTCYTCTBHE MEXaAHU3MA, UC-
KJIIOYEHU, BCe BOZHUKAIONINE ONINOOYHBIE CUTYAIUN CKPYIIYJIE3HO IIPOBEPSIOTCS
u obpabarbiBatoTcsi. MOYKHO JIM PaJiii TAKOT'O BBIUTPHIIIA B TPYI0EMKOCTH MTOXKEPT-
BOBaTh 3(PHEKTUBHOCTHIO — BOIIPOC, HA KOTOPBINA CJAEIyeT OTBEYATD, MCXOIs U3
0cobeHHOCTell KOHKPETHOH pelraeMoil 3a1adm.

Ho ectsb 31ech u apyroit MoMeHT, nmoxkaJsiyii, maxke 6osee Baxkubiit. Hemgocrar-
KU, IIPUCYIIUE MEXaHU3MYy UCKJIoUeHnil s3bika Cu-+-+, 00yCIOB/IEHBI HE TOJIBKO U
HEe CTOJIBKO CaMOf Maeeil MCKIIOYEHU, CKOJIbKO JOBOJBLHO CTPAHHBIM IOAXOIOM,
KOTOpBI u3bpaJ s Bomtonienus 3roit ujgen brépu Crpaycrpyn. O6paboTka nc-
KJIFOUEHUIT KaK TaKoBas CyIIecTByeT He TOJbKO B Cu++, U Jajieko He BCerja oHa
CTOJIb 2Ke youiicTBeHHa 1711 9(PHEKTUBHOCTH MOJYIEHHON MpOorpamMMbl. MOXKHO
JIETKO TIPEJICTABUTH cebe JPyroil MojXo/l, KOTOPbIl HUYyTh HE CHU3UJ Obl BbIpa-
3UTEJILHONW MOIINU UCKJIOYEHUH, HO IIPU 9TOM He 3aCTaBJisiJl Obl IIPOrPAMMUCTOB

JIOMATh KOIbs M0 TOBOAY JOIMYCTUMOCTHU €r0 TPUMEHEHUS.

Ons untaTeneid, KOTOpbie 3HAIOT, O Y4EM MAET peyb, MOSICHUM: eCn Obl KOHKPETHas NC-
KJKOUUTENbHAsA CUTyauns naentuduuymposanacs B Cu++ He Tunom obbekTa, Kak 3To caena-
HO celiyac, a agpecom MepeMeHHON NPON3BOJILHOrO TUNa, rnobanbHol, AMHAMUYECKOl K
[laXKe CTEKOBOIA, ANl KOTOPOiA NMPOrpaMMuCT 0bsi3aH rapaHTUpoOBaThb, YTO OHA HE NepecTaHeTr
CyLLeCTBOBaTb HU K MOMEHTY BO3DY>XAEHUSI NCKIIIOYEHUS!, HU K MOMEHTY ero obpaboTku, 1o
0bpaboTka ncktoHeHNA He TsiHyna bbl 3a CODOV ANHAMUYECKOrO MOHCTPA, UMEHYEMOrO Ci-
cremoii ugenTuchukayum Tunos Bo spems ucrnonHenns (RTTI), a nomeTka u pasmoTka cTeka
morau bl pabotaTb npoue n buicTpee.

C yd4€ToM BCEro 5TOro MOXKHO CKa3aTh, 9TO 3HAKOMCTBO ¢ 0OpabOTKON muc-
KJIFOUeHUit OyIeT IuTaTe o MOJIe3HO, JlaXKe eC/IU OH IPUMET i cebs pellleHue
HUKOTJ[a HE UCIO0JIB30BaTh €€ B mporpammax Ha Cu++. CyIiecTByIOT Ipyrue s3bi-
KU, IPeyCMaTPUBAIOIIIe aHAJIOTHIHBIE CPEICTBA; B IOCIEYIOMNX YACTIX HaIle
KHUATY MBI TO3HAKOMUMCS C HECKOJIbKUME M3 3TUX s3bIKOB. Kpome Toro, B 6y1y-
IEM BO3MOXKHO (M, MOXKAJIYH, HEM30EXKHO) IOSBJIEHUE KAKOIO-TO HOBOI'O SI3bIKA
[IPOrPaMMHUPOBaHUst; OY/eM HaJeATbCsd, 9TO B HEM BCE-TAKU YUTYT HEraTHBHBIN
otbiT Cu++-.

Cpasy xoTesoch ObI OTMETHUTDL €I€ OJMH MOMEHT. ECan BBl BCE Ke PeIrruTe
HCIIO/Th30BATh UCKJIIOYEHUsI B CBOUX IIpOTpaMMax, TO, [0 KpailHeil Mepe, HUKO-
rja He NPUMeHSTe MEeXaHU3M OOpabOTKM MCKITIOYNUTEJIbHBIX CUTYyaluii
JJIS IITATHOTO BBIXO/1A U3 BJIO2KEHHBIX YITPABJISIOIAX KOHCTPYKIUH 1IN
rIyboKUX IenoYeK BbI3OBOB (yHKIuii. Kormna B Baimeil mporpamme BO3HUK-
Jla Ta WM WHas OIMMOKAa, BaM y2Ke ODOBIYHO BCE PABHO, CKOJIbKO BPEMEHH YHIET
Ha eé 0OpabOTKY: B OOJIBIITMHCTBE CJAYyYaeB BLIXOJ U3 IOJIOXKeHUsi TpebyeT BMme-
[IaTeILCTBA [OJIb30BaTe sl (YeI0BEKA), & €ro «IIePETOPMO3UTh» HAJIO eIE MCXUT-
putbest. CoBceM JIpyToe J1eJ10, ecjii HUKakKoil omubku Het. Vckrouerust paboTaroT
ME/IJIEHHO JI0 TAKO# CTeleHu, YTO MPOrpaMMa, UCIOIL3YIONasd UX JJIs IITATHO-
0 BO3BpATa YIPaBJEHUsI U3 BJIOXKEHHOTO BBIYUCIUTEIBHOI'O KOHTEKCTA, MOYKET
(;terko!) mpoBo/UTH B 06pabOTKE MCKIIIOYEHHIT MPOreHTOB STaKk 90 Bcero cBoero
BpeMeHu pabOThI: KOJUIETH PAaCCKa3bIBAJM ABTOPY IIPO PeajibHBIE CJIydan, KOrja
ObICTPO/IeHiCTBIE IPOrPaMMBbI TIOBBIIIAJIOCH 60JIee YeM Ha MOPsiIOK (KOHKPETHO —
B CEMHAJIIATh Pa3) U3-3a 3aMEHbI BBIXOJIA 110 MCKJIIOYEHUIO HA IIPOCTON return u
HECKOJILKO TJIODATBHBIX (PJIAYKKOB.

Kak roBoputcsi, KTO MpELyHPEXRIEH — TOT BOOPYKEH.
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10.5.1. OmmboYHbIE CUTYyAIIUU U ITPOOJIEMBI UX 00pabOTKMI

JI106ast CKOJIbKO-HUOY/Ib HETPUBHAJIbHAS IIPOrPAMMa COAEPXKUT (HPPArMeHTHI,
KOTOpBIE B HEKOTOPBIX OOCTOSITEJILCTBAX HE MOTYT OTpaboTarh KOppekTHO. Ha-
[IpUMep, IporpaMMa, aHaJU3UPYIOIas COAEepKUMOe 3ajiaHHoro daiijia, He CMOo-
KeT paboTarh, HE CYMeB OTKPBITH (Dailyi Ha UTEHWE; [IporpaMMa, paboTaroIast
10 KOMIILIOTEPHOI CeTH, He CMOXKET PabOTaTh, eC/Iu He paboTaeT CeThb UJIN €CJIH
HEJIOCTYIIEH HYXKHBII cepBep; (DYHKIMS, TPOU3BOJISINAS CIOXKHBIC BBIMHUCJICHUS,
HE MOXKET KOPPEKTHO UX 3aBEPIIUTH, €CJIU B XOJE€ BBIYHUC/ICHUN MOTPeOOBAJIOCDH
JieJIeHWEe Ha HOJIb WM, HAIIPUMEp, BBIUUCJEHHUE Jiorapudma [0 eJIMHUIHOMY OC-
HoBaHUIO, U T.1. [logo0HbIE cUTyalMy HA3BIBAIOT OITUOOYUHBIME, OTHAKO K€ 3TO
COBEPIIEHHO He 00s13aTe/ILbHO O3HAYAET, YTO OMUOCS ITPOrPAMMUCT, ITUCABIINAN TTPO-
rpamMmy. B caydae ¢ daitiom BUHOBAT B BOSHUKHOBEHHH OIIMOOYHON CUTYAIINH,
CKODEee BCEero, MOJIb30BATEIb, B CJIyUIae C CETHIO — 0DCJIYyKUBAIOIIUI [IEPCOHATT CETH
WA CepBepa; JieJIEHNe Ha HOJIb MOYXKET OBITh CJIEJICTBUEM OITHMOKHU IIPOIPAMMUCTA,
HO MOKET CTaTh TaKKe U Pe3yIbTaTOM HEKOPPEKTHBIX MCXOIHBIX JaHHBIX. VHate
TOBOpsi, MBI [P HAIMMCAHUU IIPOI'PAMM YaCTO CTAJIKUBAEMCS CO CJIydasiMU, KOT/a
yCHenrHas paboTa HaIeil MporpaMMbl 3aBHCUAT OT BHEITHUX YCJIOBHUI, KOTOPBIE
MBI CaMU TapaHTHPOBAHHO 0DECIIEUNTh He MOXKEM. B Takux cjydasix MpUXOIUTCS
[IPEIyCMaTPUBATL B IIPOrpaMMe 0bpabomry owubox.

[IpoBepuTrh BCe Hy2KHBIE yCJIOBUsI OOBITHO HECJI0KHO. CyIIEeCTBEHHO CJIOYKHEE
MOXKET OKa3aTbCsl CJCAYIONIUil BOIPOC: & UTO K€ JIe/IaTh, €CJIU YCJIOBHUS OKa3a-
JINCh HEYJIOBJIETBOPUTEJIbHBI — HE OTKPLUICH (hailyl, He yCTAaHOBHUJIOCH COEJIUHE-
HUe, B JIeJINTEIe OKA3aJICs HOJIb, — TO €CTh BO3HUKJA Ta CaMad OIMMOOYHAsS CHU-
ryanus! MHorue CTyJIeHTBI MOCTYHAIOT MPOCTO, JEIIEBO W CEPJUTO: IIe9IaTAIOT
Kakoe-HUOY b coobiienne (09eHb gacTo npocto "ERROR") 1 3aBepIIAIOT BBIIOJIHE-
HHe IPOorpaMMbl, HAIIpUMED, BBI30BOM exit. B peasbHOI »KM3HN Takoil BapUaHT
OOBITHO HEJOIYCTUM. UTOOBI MOHSATH IPUIUHBL 9TOH HEJIOIYCTUMOCTH, IPEICTABD-
Te cebe, ITO BBl JOJITO HAOUPAJIH TEKCT B KAKOM-HHOY/Ih TEKCTOBOM DPEIAKTOPE,
IIOTOM TPU COXPAHEHUU CAYYGUHO BBEJIU HENPABUJIBHOE UMs JUPEKTOPUHU WJIH,
HaIpUMep, MONBITAJUCEH 3arncaTh aiia Ha 3aIuIeHHbI HocuTe b, Ecm Obl aB-
TOp TEKCTOBOTO PeIakTopa 00pabaTbiBajl OIMUOKH <«IIO-CTYIACHIECKH», IPOrpaM-
Ma pelaKkTopa Obl HEMEJJIEHHO 3aBEPIINIACh, YHUUTOXKUB BCE PE3YJILTATHI BaIlIeil
paboTbl. MajoBeposiTHO, YTO TaKOe MOIJIO ObI BAM ITOHPABUTHCS.

Bojsiee Toro, me Bcera m He Be3le MOXKHO TaK BOT IIPOCTO <«HAIEYATATH
coobmenue». Hampumep, mpu mporpaMMHPOBAHUN OKOHHOI'O ITPUJIOMKEHHUS ITOJ
MS Windows HIKAKOTO TIOTOKA CTAHIAPTHOI'O BBIBOJA B PACIIOPSIYKEHUN [TPOTPaM-
MHUCTa HET, TAK YTO BMECTO IEYATH IIPUXOUTCH CO3aBaTh MOJAJIBHBIN JHAJIOL C
coorBercTBytonuM TekcToM u KHonkamu. [Tog OC Unix Bcé He Tak IJI0X0, MIOTOK
CTAHJAPTHOI'O BBIBOJA €CTh BCEIJIA, €CTh JlarkKe CIeIUAJIbHDBIN MOTOK JIjIs BHIBOJIA
coobrreHuit 06 omubKax; mpobeMa TOJBKO B TOM, UTO JIAJIEKO He BCErIa Pe3yIbTa-
TBI BBIBOJIA B 9TH IOTOKHU KTO-TO YUTAET, U B HEKOTOPBIX CJIyUasTX CJIEIyeT BMECTO
HUX TI0JIb30BaTbCs CUCTEMOl KypHajau3anun. Kciu »Ke HAIUCAHHBIA HAMH KOJ
paboTaeT B gpe OIepaIrmoHHO CUCTEMbI UJIN 9TO MPOIIUBKA, /I KAKOr0-HUOY b
MHUKPOKOHTPOJIJIEPA, TO BO3MOXKHOCTb <«BBIJIATh COODINEHHE 00 OINOKE» MOXKET
IIOIPOCTY OTCYTCTBOBATHL KaK SIBJICHHUE.

Kpowme Toro, ne Bce ommbodunbie curyarun gpaTaabHbl. B BBIMIEYTOMSIHYTOM
[IpuUMepe C PeIaKTOPOM TEKCTOB B OIUOKE, JOIYIIEHHOW MOJIb30BaTeJIeM, BOBCE
HET HUYEro CTPAIIHOrO: HY?KHO IMPOCTO KOHCTATUPOBATH (PAKT OMIUOKHU U IOIPO-
CUTH TOJIb30BATENIsI BBECTU JIpyroe uMsi paitia. TouHO Tak ke MOXKeT He OBbITb
daranbHO OMUOKa, CBA3aHHASA C YCTAHOBJICHUEM CETEBOIO COEIMHEHUS, BEJIb BO
MHOI'MX CJIydasx MOYKHO oOpaTHThCs K cepBepy-ay6iépy'®. azke menenne ma
HOJIb B HEKOTOPBIX CJIyYasdX MOYKET OKA3aThCs JIEJIOM MOMPABUMBIM, KaK, HAIPHU-
Mep, IPU UCCJIEIOBAHUU HEKOTOPHIX HEKOPPEKTHO IOCTABJIECHHBIX 3aJa9: OOBIYHO
B 9THUX CJIydasx TOJIOBHAs MMPOrpaMMa 3HAeT, KaK MOXKHO CKOPPEKTHUPOBATH UC-
XOJ[HbIE JIAHHDBIE, YTOOBI M30eKaTh JEeJIeHUA Ha HOJIb, U HYXKHYI0O KOMOWHAIUIO
HITeT MeToaoM Ipobd u ormmbok. HakowHer, oiMH # TOT »Ke KOJI MOXKET HUCIOJIb30-
BAThCA B COBEPIIEHHO PA3HBIX [IPOrPAMMaXxX, IPUYIEM JIJIs OJTHUX OMIHOKA MOYKET
oKa3aThCs (aTaJbHON, JJIsi JIPYIUX — HEe CTOsINEel Jlaxke yrnomuHanus. Hamnpu-
Mep, MHOI'UE HPOIPAMMBbI BBIIOJHAIOT MIOUCK HYKHOrO hailia B Pa3HBIX JIUPEK-
TOPUSIX, ITPOCTO TBITASICh €r0 OTKPBITH U MPOMIOJIXKAS TTOUCK JAJIBIIE [TOCJE KaXK-
JIOf Hey/Iadu; B 9TOM CJydae OITHOKa BoODIIe mepectaéT OBITH OITHOKON, TOTIa
KaK B KaKOU-HUOY/b JPYroil mporpamMmme OImuOKa Ipu OTKPBITUU haiiia jesraer
JaJIbHEIIee BLITOJHEHNE OECCMBICICHHBIM.

N3 Bcero BhIIECKA3aHHOTO MOYKHO CJI€JIATH OJUH OY€Hb CEPhE3HbBIN U BaXKHBIH
BBIBOJI; MPUHUMATH PeEIleHne O TOM, YTO [AeJIaTh IIPU BO3HUKHOBEHUU
OHIMOOYHOI CHUTyalMu — STO HPEeporaTuBa T'OJOBHOII HpOrpaMmbl. 3a-
BEPINATh MIPOrPAMMY, & TaKXKe U BBINOJHATL TEM WJIA UHBIM CIIOCOOOM BBIIATY
COODIIEHMIT MOXKET TOJBKO (PYHKIUS main M Te W3 BBI3BLIBAEMBIX €10 (DYHKITHH,
KOTODBIE JJIsl 3TOT'O CIENUAJIbLHO MIpeJHa3HadeHbl. dTo 2Ke KacaeTcs KoJa, He I0-
[ABIIET0 B 9TY KaTEropuio, TO €ro Jeji0 B CIy4ae BO3HUKHOBEHUS OINMUOKU —
OIIOBECTUTH 00 3TOM T'OJIOBHYIO IIPOrpaMMy, u He OoJiee TOro.

3BYYHUT 3TO JOCTATOYHO IIPOCTO, OJIHAKO BCE, KTO MMeEeT OIIbIT HAIMCAHUS Jia-
JKe He 0YeHb CJIOYKHBIX IIPOIPaMM, 3HAIOT, ¢ KAKUM TPYIOM 3TO BOILIOIIAETCS HAa
mpakTuke. B MpoCThIX sI3pIKaX MporpaMMupoBanusi, Takux kak Cu mwiun Ilackasib,
HPUXOIUTCS U3 IMOIIPOIPAMM B CJIyUae BO3HUKHOBEHUS OIMUOOK BO3BPAIIATD CIIe-
rajbHbIe 3HAUCHUSI, & B TOUYKE BbI30Ba IOIIIPOrPAMMbI IPOBEPATD, HE BEPHYJIA JIX
OHAa 3HAYEHUE, COOTBETCTBYIONIEE OInbKe. B GOIBITMHCTBE CJIy4uaeB IPU STOM Bbi-
3BaBIIIasl MOJIIPOrPaAMMa TOXKE BBLIHYZKJIEHA BO3BPAIATL TPU3HAK OIIUOKU U T. 1.
[TpencraBbre cebe Temepnb, aTo Mbl nuineMm Ha Cu u y Hac dynkmusa £1 Bor3Basa
dyuknuo £2, Ta B cBOI0O ovepeib — (yHKIWO £3 U T. 1., a B QYHKIINU, CKAYXKeM,
£10 BO3BMOXKHO BO3HUKHOBEHWE OIMUOOYIHON cuTyaruu. Torma HyKHO IIPeIyCMOT-
perh 3HadeHne, BozBpaiaemoe £10 B cirydae 3Toit omubKu, B GyHKIMN £9 caenars
MPOBEPKY U B CJIydae OIMUOKU TOXKE BO3BPATUTH CIEIUAIbHOE 3HATEHNE — U TaK
BO BCeX (DYHKIIUSAX.

TeopeTuveckun UMEHHO TaK BCE U JIOJIZKHO JI€JIATHCS, BCE BOZMOXKHBIE OO0~
HBIE CUTYAIIUU JIOJIKHBI IPOBEPATHCS U T. JI., HO Ha IPAKTUKE aKKypaTHOE CODJIIO-
nenue TpeboBaHUil Mo 00pabOTKE OMIMOOK MOXKET OKA3aThCd HACTOJIBKO TPYIO-
EMKHUM, ITO IPOTPAMMUCTBI IPUOETAIOT K U3BECTHOMY «AJITOPUTMY PEIIeHUT BCEX
upobiieM», a nMeHHO — (1) MOoJHSATH BBEPX HPaBYIo PYKY U (2) PE3KO MaXHyTh €I0,
OHOBPEMEHHO ITPOU3HOCA ITO-TO BPOJE «a, IaIHO». ECTh mazke myTodHast ppasa
Ha 9Ty TEMY: «HUKOTJA HE MPOBEpsiiTe HA ONMOKU, KOTOPBLIE BhI HE 3HAETE, KAK
obpaborarb». Pazymeercsi, Takoe 0OBITHO JapoM He mpoxoanT. OmubKa, KOTOPYIO
He cTajim 06pabaTbiBaTh B HAJEXK/JIE, 9TO OHA HUKOTJA HE MPOU3OUIET, IPOSBUT-
Cd B CAMbINl HEITOIXOMANINI MOMEHT, IPUIEM 9eM JIAJIbINe HAaXOIUTCI 3aKA3IUK U
1eM OOJIbIe JieHer OH 3allJIATUJI, TEM BBINE BEPOSITHOCTH, YTO HAIa [IPOrpaMMa
CJIOMAETCsI UMEHHO y HEero.

[IprTasich CHATH OCTPOTY HPOOJIEMBI, CO3/IATE/N S3BIKOB MPOTPAMMUPOBAHUS
[PEIyCMaTPUBAIOT CIIENIUAIbHBIE BO3MOYXKHOCTU JIJii 00pabOTKH OMIUOOYUHBIX CH-
ryanuii. B a3pike Cu++ coOTBeTCTByOMNN MEXaHI3M Ha3bIlBaeTCs 0b6pabomroii
uckarowerudi (auri. exception handling).

10.5.2. Obmiag naesas MexaHN3Ma NUCKJIIOYEHU

OTmMeTnM ermé OIH HeJOCTATOK NCTIOIL30BAHUS CIEINATBHBIX BOZBPAIIAEMbIX
3HAYEHUN st UHIAUKAIUK OMKuOKYU. B HEKOTOPBIX ciiyvasX Cpe/in BCeX 3HAYEHUH
BO3BpAaIaeMoro (byHKIHeH THITa TTPOCTO HET HU OHOTO HEMCIIOIB3YEeMOT0; OTIN -
HBIIl TIpuMep 3TOro — (YHKIUs atoi, MepeBoJIsInas CTPOKOBOE IIPEJICTAB/IEHUE
IeJIOT0 JHCjia B 3HaUeHme Tuia int. BosBpamaer ona, eCTECTBEHHO, YUCIO TH-
ma int, a TMOCKOJIBKY JIO60€ TaKoe UHCI0 UMEET CTPOKOBOE MPEJICTABJIEHUE, TO
U BEpHYTHb (IIPU OTCYTCTBUU KAKUX-JIMOO OMIMOOK) OHA MOXKET, BOOOIIE IOBODs,
Joboe 3HavYeHMe THUMa int. B TO Ke BpeMsi BO3MOXKHO, UTO B CTPOKE, MOJAHHOM
atoi Ha BXOJI, COIEPXKUTCS TEKCT, He SIBJISTIOIIUICS PEeICTABIEHIEM KAKOTO-JIu00
qucsa (Hanpumep, cocrosimuii u3 O0yks, a He u3 mudp). Pazpaboranku dyHkmn
pemunan B TaKoi CUTyallun 3a HEMMCHUEM JIydHIECTO BO3BPallaTh HOJIb, HO 3TO
He peraer mpobjeMy, BeIb MOJIYYIaeTCs, 9TO (DYHKIMST BO3BpAIIaeT OHO U TO
2Ke U JIJIsi CTPOKHU, cojiepKalieit 6eaubepay, u st crpoku "0", KoTopas BIIOJIHE
KOPPEKTHA. DTO MPUBOJUT HAC K UJEE UCKANOUEHUS, KOTOPOE MPEICTABISIET CO-
0oit 0cobuitl cnocob 3asepuieHus GYHKUUL: €CJIA B sI3bIKAX, HE IOJIEP>KIBAIOIIIX
MEXaHU3M HCKJIIOUCHI, QYHKIMS MOTJIa TOJBKO BEPHYTH OJHO U3 BO3MOYKHBIX
3HAYEHUH, TO B A3BIKAX, MOJJIEPKUBAIONTINX UCKIIOUYEHUsI, (DYHKITUST MOXKET JTHOO
BEPHYTH 3HaUeHUE, JJUO0 8036YdUMb UCKAOUEHUE.

Hanomuum (MBI yzKe yHOMHHATH 9TO Ha CTP. 31), YTO HCKJIIOYEHUSI BOBCE
HE SIBJISTFOTCST COCTABHOM YACTBIO MapaJnTrMbl 00bEKTHO-OPUEHTUPOBAHHOTO IIPO-
rPaMMHUPOBAHUS, KAK ITO TIOYEMY-TO 9aCTO yTBEPK JaeTcs. HampoTus, oHE cKopee
OTHOCSITCSI K (HYHKUUOHAAOHOMY NPOPAMMUPOSAHUIND; TTO3THEE IPHU 0OCYKIEHUN
sA3bIka, Scheme Mbl paccMoTpuM DYHKIHIO call/cc U MeXaHU3M KOHMUHYAUUT,
KOTOPBIN TIpejcTaBiIsieT coboit 060bwerue MexaHn3Ma UCKrodernit; B Common
Lisp, a Takske B s13pikax IIpomor m Tcl, ¢ KOTOpBIMI MBI TOKE BCKOPE MO3HAKO-
MUMCsl, KOHTUHYAIUH HE [TOJ[JIEPYKUBAIOTCS, HO IIPU 9TOM [IPEJICTABICHBI MEXAHU3-
MBI, TTO CMBICJTy AHAJIOTHIHBIE CpefcTBaM 0bpaboTku nckmodennit Cu++-. Bosbre
TOTO, B Scheme MCKJIIOYEHUsT TOXKE €CTh — GE30THOCUTETHHO KOHTUHYAITHI.

Takoe BO3MOXKHO NpH OOPAIIEHUSIX K CHCTEME JIOMEHHBIX HMEH (DNS), a B HEKOTOPBIX
cllydasiX — U IPHU OTIPABKE JIEKTPOHHON IOYTHI, U B JPYTUX CUTYAIUSIX TOXKE.



10.5. O6paboTKa UCKIIOYNTEIBHBIX CUTYAINH o7

[Ipu Bo3OyXKAEHNN MCKIIOYEHNS IIPOTPaMMa IEPEXOIUT B 0CO00E COCTOSTHUE,
B KOTOPOM BC€ aKTHUBHBIC Ha TeKyH_LI/Iﬁ MOMEHT (byHKHI/H/I JOCPOYHO 3aBEPIIIAarOTCA
OJTHA 3a JIPYTOil, TTOKa He HailIETCa TaKasi, KOTOPas MOYKET CIPABUTHCS C JAHHBIM
TUIIOM UCKJIOUATEJbHBIX cuTyaruii. YToObl OHATH, O YéM UIET pedb, BCIIOMHUM
IpuMep, IPUBEAEHHDBIN B IIpeablayineM naparpade: dyukmus £1 Bbi3Baia QyHK-
nuio £2, £2 Be3BaJia pyHkmmio £3 u T. 1. BIIoTh 0 £10, roe u BO3HUKaEeT OImb-
Ka. [Ipm 3TOM HaM COBEPINEHHO He 00sI3aTEIbHO Je/IaTh KaKue-Iubo MPOBEPKU B
dyuknusax £9, £8 u T. 11., BIIOJHE JOCTATOTHO IOMETUTD, HAIpuMep, (yHkImio 1
KaK yMEIOIYIO CIPaBJJIATHCA C JaHHBIM THUIIOM OH_II/I6OK. TOF,ZLa. IIP1 BOSHUKHOBE-
HHMH OIMUOKHW BO BpeM« ucrosHenns £10 Oymer 3aBepliieHa JOCPOYHO M OHA caMa,
u BbI3BaBINag eé dyukius £9, u £8, u Tak BiioTh 10 £1, KoTOpas u obpaboTaer
ommbOKy. Vnade roBopsi, eciiu Hekas PYHKIUS g BbI3bIBAET JAPYTyI0 DYHKIHIO h, a
3Ta 1ocjIeIH:AS BO30YXKIaeT UCKIIIOYEHHE, I KOTOPOro B g HET 00paboTYnKa, TO
9TO SKBUBAJEHTHO TOMY, KaK ecyin Obl (DyHKIUS g cama BO3OYyJIHIa TO YKE CAMOe
UCKJTFOYEHNE.

NHuorma Bcio 0OpaboTKy OmMOOK menaioT B yHKIuE main. OHa IJjIs 3TOro
y/100Ha, TIOCKOJIBKY OCTAGTCs] aKTUBHON BCE BPEMs MCIIOJHEHHS HPOTPAMMBL' 1
KaK CJIeJICTBUE, MOXKeT 00paboTaTh MCKJIIOYeHne, BO30YKIEHHOE MPAKTHIECKN B
JII0OOI 9aCTH IIPOrpaMMbI.

I

10.5.3. Bo30y>k1eHne NCKJIIOYEeHUI

[Ipu BO3BHMKHOBEHWH CHUTYyallM¥, TPAKTyeMON KakK OITHOOYHAs W TPeOyIoIast
00paboTKU B KAYECTBE UCKJIIOUUTEILHOM, CJIE/yeT 6030Ydums UCKAOUEHUE C TIO-
MOIIBIO oreparopa throw (anri. 6pocums). Y 3TOro oleparopa UMeEeTCs OJIUH
rapaMerp, B KauecTBe KOTOPOr0 MOXKET BBICTYIATH BhIPAXKEHHUE MOYTH YTO IIPO-
us3BOIbLHOrO'® THIA, B TOM Wmcie Kak smoboro 6azosoro (int, float, ...), Tax
1 TPOU3BOMHOTO (yKasaTeiab U T.II.), & PABHO W ONPEJEJIEHHOTO MOIb30BATEIEM,
BKJIIOYAsl, YTO HEMAJIOBAXKHO, KJIACCHI U CTPYKTypbl. TUl BbIpakeHust B orepa-
Tope throw Oy/ileM HA3bIBATD MUNOM UCKAOUEHUS, & 3HAUECHUE BHIPAKEHUST —
3HAYEHUEM UCKAIOUEHUS.

st npumepa paceMoTpuM (DYHKIHIO, KOTOPasi IIPUHUMAET Ha BXOJL UMsl (TeK-
cToBOroO) ailia, a BO3BPAIIAET KOJUYECTBO CTPOK (T. €. CUMBOJIOB [IEPEBOJIA CTPO-
ki) B aToM daite. Curyanust, Korja daiis He yIaaoch OTKPBITh, /715 TAKOi (hyHK-
[N OKA3bIBAETCS 3aBEJIOMO HCKJIIOUUTEJILHOW; B 9TOM ciydae B s3bike Cu Ham
IPUIIOCH OBl BO3BPAIIATH ClielnabHOe 3HaYeHre (Hapumep, -1), a npu BbI30Be
[IPOBEPSATD, He ero Jjin Bepuysia dyakius. B Cu++ 310 MOXKHO ¢JIe/1aTh IPOIIIE:

unsigned int line_count_in_file(const char *file_name)
{
FILE *f = fopen(file_name, "r");
if(1f)
throw "couldn’t open the file";
int n = 0;
int ¢ = 0;
while((c = fgetc(f)) != EOF)
if(c == ’\n’)
n++;
fclose(f);
return n;

[

3

B sroMm mpumepe MbI B KauecTBe MCKJIIOYEHHsT OPOCHIIN CTPOKY (To4uHee, ajpec eé
HauaJa, T.e. 3HaYeHue Tuia const char*). Mbl Moryiu 661 GPOCUTH BBIpAsKEHHE
JIDYTOro THIIA; HAIIPUMED, CJIEIYIONUil onepaTop OpocaeT UCKI/II0YeHne TUIa int:

throw 27;

Yarre, 0JIHAKO, B POJIU UCKJIIOUEHUN BBICTYIIAIOT OOBEKTHI CIIEIUAIBHO BBEJIEHHBIX
JIJISI TOH MeJTH KJIaCCOB; PA3roBOP 00 3TOM BIIEPEJIH.

10.5.4. O6paboTKa UCKJITIOYEHUIA

Ob6paboTKy HUCKIIOYUTEBHBIX CUTYAIUN CJIEJyeT IpPelyCMaTPUBATD, €CTe-
CTBEHHO, TOJIBKO B T€X MeCTaxX, B KOTOPBIX MbI MOYKEM C TaKOil cUTyalmeil cipa-
BuThca. K nmpumepy, ecim JajbHelas pabora 1mocje 00Hapy»KeHnsT OIMTIOKN Tpe-
OyeT obpallieHusI K IOJIb30BATEN0, TO 00PAOOTKY 9TOM OIMIUOKU CJIeyeT BCTABUTH
B ofiHy u3 (QYHKIINN, HAJEJIEHHBIX IPABOM BECTH JUAJIOT C IoJib3oBaTesaeMm. Kak
y2Ke TOBOPHUJIOCH, YacTO 0OpabOTUNK MOMEIIAT B (DYHKIINIO main, HO, KOHETHO,
He BCerja.

OO6mmuit TPUHIUI OpraHu3au 00pPabOTKN MCKJIIOUYEeHn TakoB. 13 mporpam-
MBI BBIJIEJISIETCS] HEKOTOPBIH OJIOK KO/1a, UCIIOJTHEHIE KOTOPOI'O NPednof0HCUIment-
1O MOYKET IPUBECTU K BOZHUKHOBEHHUIO UCKJIOUUTEHLHBIX CUTyaIruil. 10T OJIOK
3aKJII0UAETCS B CIENUaJbHOE CHHTAKCUIECKOe ODpaMJIeHne W CHAOXKAETCsT OJIHOM
I HECKOJIbKUMU HHCTPYKITUSIMU, KaK CJIeYyeT JIeHCTBOBATE IPU BO3HUKHOBEHUH
UCKJIIOYEHUs] TOrO WJIM WHOTO Tuia. lIpum 3TOM Takme MHCTPYKIMH JEHCTBYIOT B
OTHOIIIEHUU MCKJIIOYEHHI COOTBETCTBYIONIUX THUIIOB, BOSHUKIIINX B IpOrpaMMe
C MOMEHTA BXO0/Ia B OMEYEHHbII OJIOK M IO MOMEHTa BbIXO/A U3 HErO,
B TOM 9HCJe B (DYHKIINAX, BHI3BAHHBIX U3 OJIOKA MPSIMO MJIM KOCBEHHO. [UryOmma
BBI3OBOB B JIAHHOM CJIYYa€ POJIM HE UTDAET.

JLst moMeTKH OJI0Ka € TeJIBI0 00PabOTKH NCKJIIOUATEIbHBIX cuTyamuii B Cu+-+
UCIIOJIB3YETCsl KJII0YEBOE CJIOBO try (aHIVI. Nonwsimambves), 3a KOTOPBIM CJIeLy-
eT coOCTBEHHO OJIOK, TO €CTh ITOCJIeI0BATENILHOCTD OIEPATOPOB, 3AK/IIOUEHHAS B
durypubie ckobku. Cpagy nocse try-6Ji0Ka MOMEIAT OJuH Uiau OoJbile 06pa-
b6omuuxos uckatouerHuti. O6pabOTINK UCKIIIOYEHUH CUHTAKCUIECKH HECKOIBKO
HAIIOMUHAET (DYHKIUIO C OJIHUM [TaPAMETPOM, XOTsI 3TO TOJBKO BHEITHEE CXOICTBO;
Ha CaMOM Jiejie 06paboTUYnK HAYMHAETCs C KJF0YeBOro cjoBa catch (aHri. not-
MaMb), Cpasdy IMOCJe HEro CTABATCS KPYTJIble CKOOKM, BHYTPH KOTOPBIX — OIIW-
canne (HOPMAJIBHOIO napaMerpa (TOYHO TaK, KaK 9TO JIeJIaeTCsi [PU OIUCAHUH
dbyuknun ¢ ogaum mapamerpom). Tun mapamerpa 3amaér T 06pabaTbIBACMO-
IO UCKJIIOUEHUs], a [0 UMEHH MapaMeTpa MOXKHO HOJYUIUTh JIOCTYI K 3HAYCHUIO
UCKJIIOYEHUS.

Jlns nmpuMepa TpUIIOMHUM (DYHKITHIO U3 MIPEIBLIYIIero naparpada, moiacau-
TBHIBAIOIIYIO0 KOJIMIECTBO CTPOK B pailjie, 1 Ha OCHOBE ITOH (PYHKIUU HAITHIIIEM
porpaMmy meJinkoM. Bynem caurars, uro dyHKIius line_count_in_file Haxo-
JIUTCS B OTIEIBHOM MOJyJIEe, TaK UTO B IpOrpamMMe HaM ITOTPeOYETCsT TOJIBKO eé
[POTOTHII.

#include <stdio.h>
unsigned int line_count_in_file(const char *file_name) ;

int main(int argc, char **argv)

{
if(arge < 2) {
fprintf (stderr, "No file name\n");
return 1;
}
try {
int res = line_count_in_file(argv[1]);
printf("The file %s contains %d lines\n",
argv[1], res);
}
catch(const char *exception) {
fprintf (stderr, "Exception (string): %s\n",
exception);
return 2;
}
return O;
}

DTa mporpamma, ecjim BCE OyJIeT B MOPsiJIKe, HalledaTaeT UMsl (baitia U KOJTmIecTBO
CTPOK B HEM; €CJIN YK€ OTKPBITDH (baili He ymacres, dyHKIus line_count_in_file
1epeBeIET MPOrpaMMy B COCTOSHUE MUCK/IIOUYUTEIbHON CUTYaIlMU, & COOTBETCTBY-
omuii obpaborumk Oymer Hafinen B dyakiun main. Hu ocrtarox dynxmun
line_count_in_file, HU ocTATOK try-0/IOKA B 3TOM CJIyYae BBIIOJHITHCA HE
Oy/1yT, ylIpaBJIeHIe OKayKeTCsl cpa3y IepejlaHo B 06paborunk (catch-610K).

B srom mpumepe uckJ/iogeHne MoyKeT BOSHUKHYTh B (DYHKITUH, HEITOCPEICTBEH-
HO BBI3BaHHOI u3 try-0JioKa, HO HA CaMOM JieJle 3TO He BayKHO: C TaKUM JKe
YCIEXOM OHO MOTJIO BOBHUKHYTDH B (DYHKIINN, BbI3BAHHON 13 1ine_count_in_file
[PSMO UJIM KOCBEHHO Ha JIIOOYIO TVIyOUHY.

Ob6parure BHUMaHWE, YTO MbI B JIAHHOM CJIyYae JIOBUM HUCKJIIOYEHHUE
const char*, a He IPOCTO char*, MOCKOJbKY UMEHHO TakKoil Tl (a/pec KOHCTaH-
7ol Tna char) umeer B Cu u Cu++ CTPOKOBBI JInTepas — CTPOKA, 3aKII0IEHHAST
B JIBOiHBIE KaBbIYKU. Eciim ybparh MoaudukaTop const, UCKIJIIOUEHNE TOWMAHO
He Oyer.

" Crporo roBopsi, 9TO He COBCEM TakK, MOCKOJILKY €CTh eINé KOHCTPYKTOPHI U JECTPYKTOPbI
r7100AJIBHBIX OOBEKTOB, KOTOPhle OTpabaTHIBAIOT 10 U HOCae (DYyHKINUA main, HO B HEKOTOPOM
NPUOTUKEHUN MOXKHO STUM MPEHeOPEYbD.

8B pos 06beKTa UCKIIIOUEHNS] HE MOI'YT BBICTYIIATH THIIbI, JIJIsl KOTOPBIX HEJOCTYIIHbI KOH-
CTPYKTOP KONUPOBAHUS U/UJIM JAECTPYKTOD; IOYEMy 9TO TaK, CTAHET IIOHSITHO II03/(Hee



58 Azpik Cu++, OOIT u AT/

B paccMoTpenHOM TIpEMepe MBI MPEIyCMOTPEIN BCETO OJUH 06paboTunK nc-
KJIOUeHust, XOTst si3bIK Cu-+-+ JI0IIyCKaeT IPOU3BOJIbHOE X KOJUIECTBO (HE MeHee
ozuoro). Ecm 661 n3 Hatmero try-6s10ka BbI3bIBAIOCH 0OJIbIe (DYHKIU{T 1 TTOTEH-
IIHaJILHO OHM MOIVIM 6bI IPUBECTU K UCKJIIOYUTEJIbHBIM CUTYalludAM JPYTUX TUIIOB,
MOKHO OBIJIO OBbI HAIIMCATH ITO-TO BPOJIE CJIEIYIOIIErO:

try {
//
}

catch(const char *x) {
// ...

}

catch(int x) {
//

}

31ech BaXKHO MTOHMMATh HECKOJIBKO IPOCTHIX IpaBuil. Bo-11epBhix, 00paboTduku
(catch-6y10KM) paccMaTPUBAIOTCS O MOPSAKY, OJUH 3a APYTUM, IIPUIEM
cpaboTaTh MOXKET TOJIbKO OAWH W3 HUX WJIM HU OJHOTO. DTO 3HAUHUT, B
YACTHOCTH, YTO MUCATH JIBA 00PabOTYMKA OJHOTO THIIA WJIM TUIIOB, CBOIUMBIX
OJIUH K JAPYyroMy, HET HUKaKOT'O CMBbIC/JIA.

MpaBuna npeobpaszoBaHust TUNOB Npu 0BPabOTKE MCKAOYEHNA HECKOJIBKO OT/INYAOTCS
OT NpaBua, NPpUMEHAEMbIX Npn BbI3OBE beHKLI|I/II7I; Mbl PaCCMOTPUM 3TW NpaBuJia B O4HOM N3
cnefyowmx naparpadoe.

Bo-BTophix, 0O0paboTYNK MOXKeT MoMaTh TOJbKO HCKJIIOYEeHUEe, BO3-
HUKIIIee BO BpeMs paboThI COOTBETCTBYIOMIEro try-bJsioka. B gacrtmocTH,
00paboTINK He MOYKET HOWMAaTh UCK/II0UYeHNe, KOTOPOe BBIOPOCHII OJUH U3 IIPE/I-
HIECTBYIONUX 00PaOOTINKOB, OTHOCSIINXCS K TOMY Ke try-0JI0KY.

Haxkomnerr, ecyin uckJjioyenne He NOMAaHO HU OOHUM 13 0OPaAbOTUYNKOB,
OHO BbIOpackIBaeTcs JaJibllie, Kak ecjin Obl (pparMeHT Koaa, B KOTOPOM
WCKJIIOYeHNe BO3HUKJIO, BOBCE He ObljJl 00paMJIEH HUKAKUM try-OJIOKOM.
Ha myTn oyHOro MCKIIIOueHnsl MOXKET OKa3aThCsd HECKOJIBKO try-OJIOKOB, KakK Obl
BJIOKEHHBIX JIPYT B ApyTa (BO BCSIKOM CJIydae, B CMBIC/IE BDEMEHHBIX [IEPUOJIOB UC-
[IOJIHEHUST ), U B HEKOTOPBIX U3 HUX MOXKET He OKA3aThCsl MOIXO/ISIIEro o6paboTdu-
Ka. B TakoM ciydae JJOCPOYHOE 3aBepIlieHne aKTUBHBIX (DYHKITUI U yHUITOXKEHUE
CTEKOBBIX (PPENMOB IPOJIOJIKAETCS JIAJIbIlle, [T0Ka He OyaeT HailjleH try-0Jj0K C
MMOIXOISIIINM 0OPAOOTIUKOM.

B obpaboTunkax MCKJIFOYEHUN MOXKHO HCIIOJIB30BATh omepaTop throw 6e3 ma-
pameTrpoB. B Takoit popme oH OpocaeT TO UCKIIIOUEHNE, KOTOPOE TOJBKO ITO OBLIO
noitmano. Tak JeaoT B ciIydasx, KOTJa MOJHOCTBIO CIIPABUTHCS C BOZHUKIIIEH Ch-
Tyalueil B JIJAHHOM MeCTe IIPOrpaMMbl HEBO3MOXKHO, HO IIPEXKJe 4eM OPOCUTH HC-
KJIFOYEHUE JTAJIbIIe, Hy?KHO MPOU3BECTH eI¢ Kakue-To jeiictBust. [Ipumepsr Takux
CUTYyaIlnii pacCMaTPUBAIOTCS B CJIEIYIOIEM maparpade.

10.5.5. O6paboTYNK C MHOTOTOYHEM

B HeKoTOpPBIX cilyvasx OKa3bIBAETCS OCMBICIEHHBIM 00pabOTUUK, CIIOCOOHDIH
MOMMATH NPOU3BOALHOE UCKAIOUEHUE HEZABUCUMO OM e20 muna. Takoit odbpaboT-
YUK 3AIUCHIBACTCI TaK K€, KaK W OOBIMHBIH, TOJIBKO BMECTO THUIIA, HCKIIOUCHUSI
U UMeHH IlapaMeTpa B CKODKax yKasbiBaeTcs MHororouyue. Konedno, 3nadeHue
UCKJTIOYUEHUS B 9TOM CJIydae UCIOIHL30BAHO OBITH HE MOYKET, HO B HEKOTODPBIX CJIy-
qasgxX 9TO U He BaxKHO. J[omycTuM, MbI ITOJK/IIOYaeM K Halllell IporpaMMe MOJLYJIH,
HaIlUCAHHBIE IPYTUMU MPOIPAMMUCTAMHU, U HE YBEPEHBI, UTO 3HAEM BCE THUIIbI UC-
KJIIOYEHU, TeHepupyeMble STUMU MOJyJIsiMUA. B TakoM ciydae HpaBUJIbHO OBLIO
OBl PACIIONIOKUTH B (DYHKITUU main IPUMEPHO TaKoi try-O0JI0K:

int main()

{
try {
// 3mech mumeM BeCb KOZ TJIABHOM GYHKIUK
return O;
}
catch(const char *x) {
fprintf (stderr, "Exception (string): %s\n", x);
}
catch(int x) {
fprintf (stderr, "Exception (int): %d\n", x);
}
catch(...) {
fprintf (stderr, "Something strange caught\n");
}
return 1;
}

O6paboTUnKKM ¢ MHOIOTOYMEM JEeJIAal0T OCOOEHHO aKTyaJbHOI (popmy throw Ges
[apaMeTpoB; €€ HCIIOIb30BaHIe IO3BOJISIET [TOMATH UCKIIIOUEHNE IIPOU3BOILHOIO
THUIIa, BBIIIOJIHUTH KaKHWe-TO ,ZLeI'?'ICTBI/ISL II0CJIE Y€ero 6pOCI/ITb HNCKJIIOYeHHEe JaJIbIIIe.
DTO MOXKET 0Ka3aTbCsl TOJIE3HBIM, €CJIH B HAIEM KOJIE JIOKAJIbHO 3aXBAThIBAIOTCS
T€ WJIM MHBbIE PECYPChI (BBIIEISAETCSI AMSITh, OTKPBIBAIOTC (Dalljibl ¥ T.1.) U UX
cJeslyeT OCBODOIUTD, MpeXKae deM (DYHKIMS OKarkeTcs 3aBepiineHa. PaccMoTpum
s IpuMepa PYHKIUIO, B KOTOPOI BBIIE/SIETCS JIUHAMUYIECKUI MACCHB IEJIBIX
TUCEJT:

void f(int n)

{
int *p = new int[n];
// Bech oCTambHON KOZ GyHKIUK
delete[] p;

}

Ecnm Bo BpeMmst BBITTOTHEHUS KOJIa, HAXOSIIErocsd MeXK Ty new n delete, BO3HUK-
HeT UCKJ/oYeHne, To delete He Oy/ieT BBIIOJHEH U MAaCCUB, HA KOTOPBI yKa3bI-
BaJI p, OyJIeT MpoJIoJIKaTh 3aHUMATh HAMATh, TO €CTh cTaHeT MmycopoMm. [Ipobiiema
CHUMAETCs, €CJIM BECh 9TOT KOJI 3aKJIIOUUTh B try-0JI0K, IIOCe KOTOPOI'O eCTh 00-
pabOTUINK JIJIsd UCKJIIOYEHHIT IIPOU3BOILHOTO TUIIA, KOTOPLIH, IIPEXK/Ie YeM OPOCUTh
UCKJTIOYUEHUE JAJIbINe, OCBODOXKIAET MaMsITh:

void f(int n)
{
int *p = new int[n];
try {
// Becb ocTambHON KOZ PyHKIHUU

}

catch(...) {
delete[] p;
throw;

}
deletel[] p;

10.5.6. O0BbeKT KJjiacca B pOJIiN UCKJIIOUYEHUS

OOBIYHO TpH OOHAPYKEHWHM HCKIIOYUTETbHON CHTYAIUH KeJIaTebHO Iepe-
JIaTh 00pabOTINKY MAaKCUMyM HHGMOPMAIMKA O BO3SHUKIIUX TPYIHOCTSAX. Berpoen-
HBbIE TUIBI JAHHBIX IJIOXO MPUTOIHBI JJIA 3TOro. JleficTBUTEIbHO, B PACCMOTPEH-
HOM BBIIIIE IIpUMepe ObLIO ObI HEIJIOXO ITepeaTh 00pabOTINKY He TOJIBKO TEKCTO-
Boe coobmenue couldn’t open the file, Ho u um« daiiia, u 3HATEHHUE ITEPEMEH-
HOil errno cpa3y IOCJe BbINOJIHEHUS fopen, KOTOpOe MOXKET IIOMOYb B aHAJIA3€
pobsiemMbl. Mbl, 0JIHAKO, OIPAHUYUJINCH B IPUMEPE OJHOI CTPOKOBON KOHCTAHTOI,
9T00bI HEe (POPMUPOBATH CTPOKY, COJEPXKAIIYIO BCIO MEPEUNCTEHHYIO HH(pOPMa-
A0 — BeJb 9TO MOTPEOOBAJIO Obl 3HAUUTEILHOTO YBEJIUIEHUS KOJA U CO3IAJI0 ObI
OIIPeIeJIEHHBIE TPYJIHOCTU C OCBOOOXKJIEHUEM ITAMSITH OT TAKOW CTPOKH, IIOCKOJIBKY
caMy CTPOKY HPHUIIIOCH OBl CO3/IaBAThH TUHAMUIECKU.

Kpowme Toro, ects u emé omgua mpobsema. [IporpamMma MoxkKeT MCIIOIB30BATH
HECKOJIBKO OUOJIMOTEK, TPUIEM U3TOTOBJIEHHBIX PA3HBIMU ITPOU3BOIUTEISIMU; TAK-
JKe MporpaMMa MOXKET OBITh pasjiejieHa Ha HECKOJIBKO TOICHCTEM, CO3/IaBAEMbBIX
boJiee WM MeHee He3aBHUCHMO. Becbma KejaTeJbHO MMETh HEKHil YHUBEpPCasIb-
HBIN c11oco0 pas/ie/leHns UCKJIIOUYeHUH 110 IPU3HAKY UX BOSHUKHOBEHUS B TOH MK
MHOII 1ojicucTeMe porpaMMbl uin Oubsmoreke. Berpoermbie THITBL JJIs 9TOTO He
IIOAXOAAT COBCEM, ITOCKOJIBKY HJeEd HCIIOJIb30BaHUA TEX 2Ke TEKCTOBLIX CTPOK B
Ka4vecTBe HMCKJIIOYEHUH MOXKET OJHOBPEMEHHO IMPUUTH B TOJIOBY aBTOPaM Cpa3y
BCEX HUCIOJIb3yeMbIX HAME OUOJMOTEK ¥ ITOJIOBUHBI HAIUX ITOJCUCTEM.

Nmenno osToMy Hallle BCero B Ka4ecTBe THIA UCKIIIOYEHUS BBICTYTIAeT CIIEIH-
AJILHO JIJIsI 9TOM T1eJTu OucaHHbIN Kitacc. C OHON CTOPOHBI, B O0BEKT KJIACCa MOXK-
HO IIOMECTUTH BCHO I/IH(bOprIaJ_H/HO7 KaKad HaM TOJIBKO MOXKET ITIOKa3aThCd II0JIE3-
HO#T Jiy1st 06paboTUINKa; NeCTBUTE/IFHO, HUKTO BE/lb HE MENIAECT OIUCATh B KJIACCE
CTOJIBKO IT10JIel, CKOJIBKO HaM 3axodercsi. C JIpyroil CTOPOHBI, KaXKasl MOJICACTe-
Ma U KaxKjias 6uOJImoTeKa B 9TOM CUTyalluu, CKOpee BCero, BBeJIET CBOM COOCTBEH-
HBIE KJIACCHI I IPEeICTABICHUsT NCKIOUeHn. B ro/IoBHOHI mporpaMMe MbI CMO-
KeM 00pabaTbiBaTh TaKUE KJIACCHI OT/IEJIbHBIME 00pabOTIYNKAMU, UTO ITO3BOJIAT
pasaesnTbh 06pabOTKy HCKJIOUYEHU, CreHEPUPOBAHHBIX B Pa3HBIX MOICHCTEMAX
IPOTPAMMBL.
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OrMeTuM OIMH OYeHb BayKHBI MOMeHT. Kak mpaBmiio, BbIOpachbIBaeMbIil B
KavdecTBe MCKJIIOUYEHNS O0BbEKT CO3IAETCsI JIOKAIBHO. JIoKa/bHbIE OOBEKTHI, eCTe-
CTBEHHO, UCYE3aI0T BMECTE CO CTEKOBBIM (ppeiiMOoM co3maBireil nx (MyHKIUN; KaK
CJIeJICTBUE, TOT O0BEKT, KOTOPBIH HoifiMaeTcs B 00pabOTINKe UCKIIOUEHUsI, 3aBe-
JIOMO HEe MOXKET OBITh TeM K€ IK3EMILISIPOM 00beKTa, KOTOPBIil (bUrypupoBas B
ornepaTope throw, m sgBjsieTcsI, KaK HETPYJHO Jorajarbcd, ero komwueil. [losro-
My IIPAaKTUYEeCKM BCerja B KJjlacce, MCHOJIb3yeMOM [Jisi MCKJIIOYEeHUi,
OITUCHIBAIOT KOHCTPYKTOP KOITMPOBAHUS.

st mpuMepa omuieM Kjacc, 00beKT KOTOpOro ObLI0 ObI yA00HO HCIIOIB30-
BaTh B KaueCTBE MCKJIIOYCHUs B Harlell dyHkiun line_count_in_file. O6bekT
Kjacca OyJ/ier XpaHuTh uMst (aiijia, TeKCTOBbIII KOMMEHTApuil (9TOT KOMMEHTa-
pHil TIOMOYKET TIOHSITh, B KAKOM MeCTe IPOrpaMMbl MPOM30ILIa omubKa) u Oymer
3aIIOMUHATL 3HAYCHUE IVT00AIbHON TIEPEMEHHON errno Ha MOMEHT CO3JaHus 00b-
eKkTa. 19 KomupoBaHus CTPOK MBI OIIUIIIEM B TPUBATHON YaCTU KJIacca BCIIOMOTa-
TeabHYI0 QYyHKINIO strdup, KoTopas OyJIeT MOJIHOCTHIO AHAJIOTUYIHA, OJHOMMEHHOMN
dbyuiun n3 oudamorekn yucrtoro Cu, HO MAMITh OyIeT BBIAEIATH C ITOMOIIBIO
new[], a He malloc. IlockoybKy JOCTYII K OOBEKTY 3TOM (DYHKIMU HE HYKEH,
omuireM eé ¢ KpaanmdukaTopoMm static.

class FileException {
int err_code;
char *filename;
char *comment;
public:
FileException(const char *fn, const char *cmt);
FileException(const FileException& other);
“FileException();
const char *GetName() const { return filename; }
const char *GetComment() const { return comment; }
int GetErrno() const { return err_code; }
private:
static char *strdup(const char *str);

};

Ornucannst KOHCTPYKTOPOB, JIECTPYKTOPa U (DYHKINHU strdup BEIHECEM 32 [IPEJIEIbI
3aroJIOBKa KJIacca:

FileException: :FileException(const char *fn, const char *cmt)

{

err_code = errno;

filename = strdup(fn);

comment = strdup(cmt);
}
FileException: :FileException(const FileException& other)
{

err_code = other.err_code;

filename = strdup(other.filename);

comment = strdup(other.comment) ;

}
FileException:: “FileException()
{
delete[] filename;
delete[] comment;
}
char* FileException::strdup(const char *str)
{
char *res = new char[strlen(str)+1];
strcpy(res, str);
return res;
}

Tenepb MbI MOXKEM U3MEHUTH Havaso dbyHKmu line_count_in_file (cm. crp. 57)
Ha CJeJyIolee:

unsigned int line_count_in_file(const char *file_name)

{
FILE *f = fopen(file_name, "r");
if(1f)
throw FileException(file_name,
"couldn’t open for line counting");

//

O6paborunk (catch-6J10K) JiJIs TAKOTO UCKIIIOYEHUsI MOYKET ObITh, HAIIPHUMED, Ta-
KUM:

catch(const FileException &ex) {
fprintf (stderr, "File exception: %s (%s): %s\n",
ex.GetName(), ex.GetComment(),
strerror(ex.GetErrno()));
return 1;

10.5.7. ABTOMaTHn4ecKasd O4YUCTKA

B npumepe, paccMOTpeHHOM Ha CTP. 58, Mbl OLLIN BBIHYXKIEHBI IIEPEXBATHI-
BaTh W IOTOM 3aHOBO BBIOPACHIBATH MCKIIOYEHUST IMPOM3BOJIBLHOIO BHIA, ITOOBLI
0becIIednTh KOPPEKTHOE YIAJEHHE JIOKAJIHLHO BBIIEIEHHON IUHAMUYECKON ITaMsi-
. K cuacThio, Tak IPUXOANTCS HeificTBOBaTh He Bcerma. Pabora ¢ MCKIIIOUEHU-
SIMH U3PSIAHO 00JIErdaercs TeM, 9T0 KOMIOUJISITOP TapaHTUPYET BBI3OB Jie-
CTPYKTOPOB [JIs BCEX JIOKAJIbHBbIX 00bEKTOB, ¥ KOTOPbBIX IECTPYKTOPLI
ecTb, npexkae YeM (PYHKHUS 3aBEPIIATCA — I10 UCKJIOYEHUO JIN WJIU
OOBIYHBIM MYTEM.

[Iycrs, HAIpHIMED, MeETCsT KJIace A, CHAGKEHHBII 1eCTPYKTOPOM (HEIyCThIM,
MHAa4Ye He UHTEPECHO), U ONUCaHa (DYHKIUS

void f£()

{
A a;
/] ...
g
/...

}

B momenT 3aBepiienust paboTel pyHKIMU T J171st 00 beKTa a OyJIeT BhI3BaH JIeCTPYK-
TOP, TPUYIEM ITPOU3OIIET I3TO BHE 3aBUCUMOCTH OT TOTO, KaK UMeHHO f 3aBepIInT-
¢t — B TOM YHUCJIE U ecJin (PYHKIUs g BBIOPOCUT UCKJIFOYEHNE U UMEHHO OHO CTAHET
npuvnHOM 3aBepiienus . 910 cBoiicTBO Cu++ HA3BIBAETCS ABMOMAMUECKOU
ouucmroy.

10.5.8. IIpeobpazoBaHusi TUMIOB MCKJIIOYEHUIA

Tun uckioueHns, ykazaHHblii B obpaborunke (catch-6Ji0ke), He Beerya To4-
HO COBIIJIAET C TUIIOM BBIPAXKEHUsI, UCIIOJIb30BAHHOIO B OllepaTope throw, 0HAKO
IIpaBuJia Ipeodpa30BaHusa TUIOB B JAHHOM CJIyYae OTJIMIAIOTCS OT MPABUII, Heii-
CTByIOIUX 1IpU Bbi30Be dyHKIMA. OJHO U3 OCHOBHBIX OTVIMYHIl TYT B TOM, YTO
[EJIOUMC/IEHHBIE THUIBI TP 00paboTKe HCKII0UYEHUI He MpeodpasyoTrcs JIpyr K
JIPYTY, TO €CTh, HAIIpUMepP, 0OpabOTUNK C YKA3aHHBIM THUIIOM UCKJIIOYEHUS int He
nofiMaeT UCKAIOYeHue tuna char ninu long.

JomycruMmble mpeobpa3oBaHus Ipole OyIeT sIBHO IePeInC/JInTb. Bo-I1epBhIX,
JII00OI THIT MOKET OBITH TPEOOPA3OBAH K CCBLIKE Ha 3TOT THII, TO €CTh €CJIU Ollepa-
TOp throw UCIOJIb3yeT BhIPAXKeHue TUIa A, TO TaKOe UCKJIIOUEHNEe MOXKeT ObITh 00-
paborano catch-610koM Buja catch(A &ref). Bo-BTopbIX, HEKOHCTAHTHBIE YKa-
3aTe/In U CCHIJIKU MOTYT OBITh IIPeodpPa30BaHbI K KOHCTAHTHLIM, TO €CTh, HAIIPU-
Mep, €CJIn Mbl OPOCUM HCKJIIOUEHHE TUIla char*, TO OHO MOXKeT OBbITh HMOWMAaHO He
TOJMBKO KaK char*, HO m Kak const char*. B obpaTHyo cTopoHy mnpeobpasoBa-
HIIE 3aPEIIEHo, TaK 9To 06paboTdnk Tuna char* (6e3 Mmomudukaropa const) He
MOXKET TMOWMAaTh BbIpaXkeHue Tuma const char* u, B YaCTHOCTH, HE MOXKeET 00-
paboTarh MCKJIIOYEHNE, BHIOPOIIEHHOE C MCIIOJIb30BAHUEM CTPOKOBOI'O JIUTEPAJIA,
HAIIPUMEDP TAKOE:

throw "I can’t work";

[Mocnenuuit (1, BO3MOXKHO, CAMBIi BasKHBI) BHJI IPeO0OpPA30BAHUI UMEET OTHOIIIE-
HUE K HACJIeJIOBAHMIO U nosimMopdusmy. K obcyK1eHnio 310l TeMbl Mbl BEDHEMCS
IIocjIe paccKkasa O HacJ/IeIOBaHUH.
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Puc. 10.3. YHnacisiejoBaHHas CTPYKTYPa JaHHBIX

10.6. HacsienmoBarme n moanmMopusm

Bonbmas gacts BosamoxkHOCTEH CH++, PACCMOTPEHHBIX HAMHE BBIIIIE, HE UMe-
€T, KaK 3TO HEOIHOKPATHO IOJIEPKUBAJIOCH, IIPSIMOTO OTHOIIEHUS K OOBEKT-
HO-OPpUEHTUPOBaAHHOMY IIPOI'PAMMMUPOBAHUIO — KPOME pa3Be€ YTO METOI0B, BbISOB
KOTOPBIX PACCMATPUBAETCS KAK « TEXHUUIECKAS PEAJIUBAINS> TIePEIad COOOICHUST
00'bEKTY; HO, KAK Mbl OTMETUJIN €Ilé B IpeIblLayIei actu (cM. crp. 14), ecam st
MTOJIJIEPYKKU OOBEKTOB OIPAHUIUTHCS TOJTHBKO METOMAMU U WHKAIICYJ/IAINEH, TOJTy-
yuTCcsd He BHoJiHe moJiHoneHHb BapuanT OOII, KoTopblil 4acTo JarKe Ha3bIBAIOT
unade — object-based programming (a He object-oriented).

Hacraja mopa nosaakoMuTbest ¢ pupmenHoit ocobennoctbio OOl — wacae-
dosanuem, a 3a0/THO U C TEMU BAPUAHTAMH TOJTUMOPMU3MA, KOTOPBIE HMEIOTCST B
Buly npu nepednciaennn «rpéx kuros OOIl» (B ormune, onsTh XKe, OT cTaTHYe-
CKOr'0 10JIMMOPdU3Ma, ¢ KOTOPHIM Mbl HEOJHOKPATHO CTAJKUBAJIUCH U KOTODBIi
nukakoro ornomenust K OOIT ne nmeer).

10.6.1. Mepapxudeckue npeaMeTHbIe 00JIacTHU

Ouenb 1acTo, 1 0COGEHHO B OoJiee-MeHee KPYITHBIX KOMITBIOTEPHBIX IIPOrpaM-
Max, 0ObEKTHI IIPEIMETHON 001aCTH MOXKHO €CTECTBEHHBIM 00pa3oM OObeIUHHUTD
B HEKUE KaTErOPUH, MPUIEM 0OBEKTHI KaXKI0H KATErOPUH MOTYT IOAPa3ACIIThCS
Ha TOJIKATErOPUHU H T. .., 00pa3ysd TaKUM 00pasoM Uepapruto munoe obsex-
moas. Hanpumep, B mporpaMme, MOJEIUPYIONICH TOPOKHOE IBUXKEHIE, MOTYT PaC-
CMaTPUBATHCA O0BLEKTHI KATETOPUH «YIACTHUK JTOPOZKHOTO JIBUKEHUS», TPUIEM
9Ta KaTeropusi MoIpa3/Ie/sieTCsl Ha MOJIKATETOPUHU <IIEIIEeX0/Ibl» U « TPAHCIIOPTHBIE
CpeIICTBaY ; TPAHCIIOPTHBIE CPEICTBA, B CBOIO OYEPEb, MEJISITCS HA «BEIOCUIIEIBI,
«T'yXKEBbIe TIOBO3KU» U <«MEXaHUIECKHE TPAHCIOPTHBIE CPEJICTBA», ITU IOCJIE]I-
HWe — Ha TPaMBaH, TPOJLIEHOYChl U aBTOMOOM/IN, aBTOMOOM/II — HA TPy30BbIE U
JIETKOBBIE U T. II.

B rakoit nepapxun kKaxkigas KaTeropusi 0ObeKTOB, B TOM YHC/Ie U TaKas, KO-
TOpasi caMa MOApa3iessieTcs Ha KaTeropuu, 06/1a1aeT HEKOTOPbIMEA CBOMCTBaMH,
criennGUIHBIMY JJII JAHHONW KATErOPUH, IPUIEM STHUMU YK€ CBOMCTBaMu 00J1a/1a-
IOT ¥ BCe OOBEKTHI €€ mojkaTeropuii. Tak, Bce aBTOMOOUIN UMEIOT, [T0-BUINMOMY,
XapaKTEPUCTUKU «O0DbEM JIBUTATEJIsI», «TUIM TOILIUBAY, «0O0BEM TOILIMBHOTO Oa-
Ka» W <«KOJUYIECTBO TOILUIMBA B Oake», y HUX MOXKET 3aKaHIUBATHCA TOILINBO,
HaJI HUMU JIOJI2KHA, OBITH OIIpeesieHa OIlepalysl <«3alpaBKa TOILIMBay. Bce aTu
XapaKTEePUCTUKN He NMEIOT HUKAKOIO CMBIC/IA JJIsT OObEKTOB, HE BXOISIINX B Ka-
TEropuIo «aBTOMOOWINY — HU J[JIst TPAMBAEB, HU JIJIsl BEJIOCUIIE/IOB, HU TeM DoJiee
it rerexonoB. C Apyroil CTOPOHBI, ¥ IPY30BBIX aBTOMOOHJIEH eCTh XapaKTepu-
CTHKa «00BbEM Ky30Ba» H OIEPAlH <IIOI'Py3Kay M «pas3srPy3Kay, KOTOPBHIX HET
y aBTOMOOUJIEl, HE SABJISIIONINXCA I'PY30BbIMU. HakoHel, Takne XapaKTepPUCTUKH,
KaK TeKyIasi CKOPOCTh U HalpaBJ/IeHUE ABUYKEHNA, OY€BUIHO, IPUCYIIN KAXKIOMY
00BEKTY paccMaTpUBAEMON MepapXuid, BILIOTH JI0 ITEIIEX0I0B.

Kak BuanM, y Hac BOSHUKAIOT CTPYKTYPBI JaHHBIX, NMEIOIIIe, C OJHON CTOPO-
HBI, PA3JIMYHBIN HAOOD MoJiell u obpabaThiBalomux (QyHKIM, HO, ¢ APYTroi CTO-
POHBI, UMEIOIINEe W HEKOTOPbIE OOIUE TOJIs, U ONPEIeIEHHbIE OOIINe OIepaIlii.
Cy1miecTBy0T BeCbMa Pa3JIMIHbIE MOJIXOAbI K PEIIEHU0 BOZHUKIIETO TPOTUBOPE-
aus. [Ipu pabore Ha a3bike Cu valle BCErO BBIXOAAT U3 IOJIOXKEHUS OIMUCAHIEM
CTPYKTYD JAHHBIX, ¥ KOTOPBIX IEPBbIE HECKOJIBKO IMOJIEH COBIAJIAIOT; MPU ITOM
MIPUXOJUTCS TO W JEJI0 M3MEHSTh THUIIbI yKa3aTesei, a 9T0, KaK Mbl 3HAEM, Be-
IET K TPYIHOOOHAPYKUMBIM OImHOKaM. OO beKTHO-OPUEHTHPOBAHHbBIE A3BIKH IIPO-
rPaMMUPOBAHUS MPEIaraloT 0oJjiee KOPPEKTHBIN MOIX0/, HA3BIBAEMBIH OOLITHO
HACAEAOBAGHUEM.

OO6bsICHUTDL HAC/IEIOBAHME KaK TEXHUYECKH IpUEM He TaK IIPOCTO; MBI II0-
IBITAEMCSI IIPUMEHUTD HE BIIOJIHE TPAIUITMOHHBIA IMOAXO0, HAUaB C paCCMOTPEHMS
06beKTa Kak IIPOCTO CTPYKTYPHI JaHHBIX (KAKOBOII OH Ha CaMOM Jiejle U sIBJIsi-
€TCsl, MPOCTO MBI 06 9TOM He BCerja HOMHUM). MeTombl MbI MOIKIIOYNM K JIETY
IIOTOM.

10.6.2. HaciaenoBaHue CTPYKTYP ¥ MOJuMOpPdU3M aJIPECOB

W neostornyeckn HacjegOBaHUE pacCMaTpUBAaeTCsd KakK Iepexoj] OT 00-
MIETr0 K YaCTHOMY, & B YaCTHBIX CJIyJasgX ¢ 00BEKTOM OOBITHO MOXKHO CBSI3aTh
boavwe nHGOPMAIINH, HEXKEJIH B CIydae ODIIEM.

B TepMmuHax CTPyKTYp JAHHBIX, PACIOJIOXKEHHBIX B IaMsTH, HACJEIOBaHUE
pescTaBsieT coboil mrobaBIeHne HOBBIX MOJIEH TAHHBIX K PaHee OMMMCAHHON CTPYK-
Type C HeJbI0 ymovwhehus CBeldeHuit o6 ommcbiBaeMoM obbekTe. Ilycrh, Hampu-
Mep, Y HaC MMeeTcCsi CTPYKTypa JaHHBIX, OIHUCHIBAIOIAaLd HepCOHy’(quOBeKa) u
cojiepzKalrias MoJs JIsd UMeHHU, II0JIa U I'oJla POXKICHUI:

struct person {
char name[64];
char sex; // ’m’> or ’f’
int year_of_birth;

};

[TycTh Tenephb HaM MOHAAOOMIACH CTPYKTYPA JAHHBIX, OIMCHIBAIOIIAA CNYJeHMa
(qacTHBI caydaii nepconbl). OTHOCHTENILHO CTY/IEHTa HAC MOYKET UHTEPECOBATh
KOJI, CIIEIUAJLHOCTH, HOMEP KypCa M MOKA3aTe/b yCIeBAeMOCTH (cpeauuii GaJw).
BMeCTe C TeéM, HECOMHEHHO, CTy;LeHT — 9TO TOZKe YeJIOBEK, TaK 9ITO eMy HpI/ICyH_[I/I
1 CBOMCTBa, 00IIMe Il BCEX MEPCOH: UM, TI0JI U T'OJ, POZKJICHUST; WHAaIe MOBOPS,
MBI MOXKEM IiepefiTu or obiero (1epcoHa) K 4acTHOMY (CTYIeHT), dobasué yTod-
HSIOIINE CBEJECHUS, U CIEJATh 3TO MOYKHO € MOMOIIBIO MEXaHU3Ma HAC/IEI0BAHUS.
Ha Cu++ 3710 3ammceiBaeTcst Tax:

struct student : person {
int code;
int year; // ®ypc
float average;

};

Ecnu reneps onucarh nmepemenuyio Tuma student, ona OyJaeT mMeTh BCe CBOHCTBA
CTPYKTYPbI person ILIIOC JIOIOJHUTEIbHbBIE OJIS:

student s1;

strcpy(sl.name, "John Doe");
sl.sex = ’m’;
sl.year_of_birth = 1989;
sl.code = 51311;

sl.year = 2;

sl.average = 4.75;

CTpyKTypa person B JAaHHOM CJIydae Ha3bIBaeTCs 6a30680U win podumenbekoti,
a CTpyKTypa student — yHacaedo8arHoU niiv NOPOHCOEHHOU, MHOT 18, dowep-
Hetdi. Takke ynorpebsioTcs TEpMUHBL <IIPEJIOK» U «IIOTOMOK» (B JIAHHOM CJIydae
COOTBETCTBEHHO JIjisi person u student).

Pacrosioxkenne mosteit nepementoit s1 B nmamsaTu nokasano Ha puc. 10.3. Cro-
HT CHEIUAJIbLHO OTMETUTD, UTO I0JIsI, OTHOCSIIUECT K YaCTU CTPYKTYPHI student,
YHACJIEIOBAHHON OT person, PAcIoJIAaraloTcsl Ha TeX Ke Mecrax (110 TeM Ke CMe-
[IEHUSIM OTHOCUTEJILHO HAaYasIa), IJie OHU PACIIOIAraJNCh Obl B CTPYKTYPE person.
[Tomyuaercsi, 9T0 MBI MOXKEM IIPH HEOOXOIMMOCTH PaboTaTh ¢ repeMeHHoi s1 ToU-
HO Tak, KaK ecju Obl OHa OblLjia IepeMeHHOW Tuila person, a He Tuia student.
BaxkHO moHMMAaTh, 9TO 0OOPATHOE HEBEPHO: B CTPYKTYPE Person OTCyTCTBYIOT IIO-
JIsT, KOTOPBIE OXKUIAINCH OBl OT CTPYKTYpbI student. B c¢Basu ¢ stum Cu-++ pas-
pelraeT HesIBHOE IIpeoOpa3oBaHHE aapeca IIepeMeHHOUN MOPOXKIEHHOTO
THUIIA B aJpec 00beKTa pPOAUTEILCKOTO THUIIA, B HAaIlleM IpuMepe student* B
person*. CooTBeTCTByOMINE MPeoOpPa30BAHUS PA3PEIeHbl KaK JIjIs yKa3aTesiei,
TakK ¥ JJIsl CCBLJIOK. HampuMmep, cjeaymomime CTPOKK ITOJTHOCTHIO KOPPEKTHBI:

student si;
person *p;

p = &si;

person &ref = si;
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Eciin B mporpamme onucana (yHKIUs, TPUHAMAIOIIAS TapaMETPOM yKa3aTeJib
WM CCBIIKY Ha OOBEKT TUIA person, eil 6e3 Kakux-aubo CJIO0KHOCTEH MOXKHO
IepeJIaTh COOTBETCTBEHHO yKAa3aTeIb UJIU CChUIKY Ha 00beKT Tuila student:

void f(person &pers) { ... }
/..

student s1;
/] ...
f(s1); // woppekTHO!

DTO CBOMCTBO MPEJIKOB, IIOTOMKOB U UX a/]PECOB HA3BIBACTCH NOAUMOPHUIMOM
adpecos (pexe — NoAUMOPHUIMOM CCHLAOK); B OTIHINE OT PACCMOTPEHHBIX PaHee
[IPOSABJICHUH TTOJIMMOPGU3Ma, STOT HOBBIN €ro BUJI UMeeT K 00beKTHO-OPUEHTUPO-
BaHHOMY IPOI'PAMMUPOBAHUIO caMoOe TIPsIMoe oTHOIeHne. Pa3perénroe B 00beKT-
HO-OPUEHTHPOBAHHBIX A3bIKAX HESIBHOE IIpeobpa3oBaHue ajpecos (ykasareseil) u
CCBLJIOK OT THUIA-IIOTOMKA K TUITY-TIPEJIKY MbI OyIeM Ha3bIBATh NPEobpa3osaH-

em 1o 3aKOHY NOAUMODPUIMG.

Mbl nogpasymesaem, 4To noaumopdusm, kKakoli bbl €ro BUA Mbl HU paccMaTpuBanu,
COCTOMT B TOM, 4TO onepauus uam aelicTene, obo3HaAYaeMble OLHUM U TEM XKe CUMBOJIOM,
KOPPEKTHO BLIMOJHAIOTCS AN ONepaHAO0B WK NapamMeTpoB pasfinyHbix Tunos. YacTto sBcTpe-
YaeTcs HEeMHOro MHoe MoHWMaHue noauMopdUsma: YTO OAHO U TO >ke obo3HayeHue uc-
NoNb3yeTca ANS pasHbiX AeiCTBUN, BblbMpaeMbix B 3aBMCMMOCTM OT TWMOB MapaMeTpoB.
Ecnn nonnmopdunsm noHnmaTe Tak, TO Haw «noanMopdunsm afpecoB» nepecTaHeT ObiThb,
CObCTBEHHO FOBOPSI, NONMMOPU3MOM, BEfb 3LECh, HANPOTUB, AEACTBUS (TEXHUYECKN) BbI-
NOJIHAKOTCA COBEPLUEHHO OANHAKOBbIE BHE 3aBUCUMOCTM OT TUMA; NpYU 3TOM PaCCMOTPEHHbIE
paHee BUAbl NOAMMOPdU3IMA TakOMy MOHMMAHMIO BMOJIHE COOTBETCTBYIOT. Tak WauM nHade,
NPUMeHSIEMas TEPMUHOOIMSA MOXET Pa3NnyaThCa OT UCTOYHNKA K UCTOYHMUKY.

10.6.3. MeToapl 1 3amiuTa Ipu HACJIEIOBAHUN

ITockosbKy HacJIe/IOBaHNE, HECOMHEHHO, SIBJISETCS COCTaBHOM 4aCThIO OObEKT-
HO-OPUEHTHUPOBAHHOI'O IIPOrPAMMHUPOBAHUS, Hallle BCEI'O OHO HPUMEHSIETCS JIJIst
TUIOB, UMEIOIUX (DYHKIMUA-UJIEHbI (METO/IbI), U B POJIM TAKUX TUIIOB KJIACCHI BbI-
CTYHAIOT HAMHOI'O Yallle, YeM CTPYKTYPbI. TeXHUYECKH 3TO HUKOUM 0Opa30M He
TpeboBaHue, BeJlb CTPYKTYPBI OT KJIACCOB, KaK MbI y2Ke 3HaeM (cm. §10.3.5), omin-
YaI0TCS TOJIBKO MO/JIEIBIO 3AIIUTHI 110 YMOJTYaHUIO — U OoJiee HUYeM. EcTecTBeHHO,
Hac/IeJ0BaHNe BO3MOXKHO KaK JJIsi CTPYKTYD, TaK U JIJIsl KJIACCOB, IIPUIEM KJIACCHI
MOXKHO HACJIeJIOBaTh OT CTPYKTYDP U HA00OPOT; IPOCTO, KAK Mbl OTMeYaJi paHee,
Jutst onucanust 00bekToB B cMbicie OOIl mporpaMMucThI cTapaioTcss UCIIOIb30-
BaThb MMEHHO KJIACChbl, & HE€ CTPYKTYDhbI, LITO6bI IIOKa3aThb, YTO 3/1eCb UMeEeTCd B
BHJIy UMEHHO 3Ta mnapaaurma. B §9.1.3 Mbl oTMedasu, 9T0 CaMO CJIOBO KAQCC W3-
HavaJbHO oTHOCUTC K TepMuHosiorun OOIl — 310 MHOXKECTBO 00bEKTOB, YCTPO-
€HHBIX OJINHAKOBO, & C IMParMaTUuvecKOl TOYKH 3PEHHs — OINCAHUE YyCTPOHCTBA
00bekTa; B TAKOIl TPAKTOBKE, JazKe ec/iu Jjis cozanus oobekta (B cmbicie OOTI)
MBI BOCIIOJIb3yeMCsl CTPYKTY PO, IOy YeHHBII THII CJIEJyeT CIUTATh MMEHHO KJIAC-
coM — ecyii He B TepmuHax s3bika Cu++, 1o B Tepmunax OOIL. B nanbreitem
U3JI0KEHUU MBI OyJIEM HCIIOJIB30BATH CJIOBO «KJACC» sl 0D03HAYEHHUs BCEX THU-
0B OOBEKTOB, eciu TaKoBble oTHOCATCs K napagurme OOl #He yrouHsisi, 9T0 3TO
(B Tepmunax Cu-+-+) MOXKeT ObITh KaK KJIacC, TaK U CTPYKTYpA.

Cunraercsi, 9T0 TOCTPOEHUE KJIACCA-IIOTOMKA Ha OCHOBE HA30BOI0 KJIACCA MO-
orcem Ovimsb (XOTst U He 00sI3aHO, U B OOJIBITMHCTBE CJIYYAEB HE SIBJISIETCS) 4aCHOT
demaavio peasudanyuu, O KOTOPOH OKPY2KAIOIINi MUD 3HATH HE JOJLKEH. B cBs-
su ¢ stuM B Cu-++ pasimyaror HacjegoBaHue OTKpbITOe (public) m 3aKphITOE
(private). Mozeb 3amuThl 11T KOHKPETHOTO CJIydasi HACJICIOBAHUS yKa3bIBa-
€Tcsl B 3ar'0JIOBKE KJIacCca HEIOCPE/ICTBEHHO IIepPe;T Ha3BaHUEM KJIacCa-IIPeJIKa, Ha-
[pUMep:

class B : public A {
VE RV
s

njimn

class C : private A {
VAV
3

Ecsn B mepBoM citydae Bce cBoiicTBa Kjacca A (€ro OTKPBITBIE METOJBI U IOJI,
€CJIM TAKOBbIE B HEM €CTh) OyJLyT JOCTYIIHBI JIjisi 00BEKTOB KJIacca B 0TOBCIO/Y, TO
BO BTOPOM CJIy9ae — TOJIbKO M3 METOJIOB Kiiacca C, a BCS OCTaJIbHAsT IPOIPAMMAa
BoObIIIe He Oy/IeT 3HaTh, YTO Kjaacc C yHacaemoBan or A. Bcé sTo paboraer u mjist
CTPYKTYP.

Monenb 3aIuThl JUIS HACJIEIOBAHUS MOYKHO HE yKa3bIBaTh, KAK MbI 9TO Jie-
Jianu B ipumepe Ha ctp. 60. B aToMm ciy4dae OyayT mgeficTBOBATDL yMOTUAHUS: IJIsT
CTPYKTYpPBI HaCJIEIOBAHUE IO yMOJYAHUIO OTKPBITOE, s KJAacCa — 3aKPBITOE.
B peanbHOIT >KU3HM TOTPEOHOCTh B 3aKPBHITOM HACJIEJOBAHUN BO3HUKA-
eT KpaiiHe peaKo, I09TOMY IIPU OIMUCAHNH HACIEIYEMbIX KJIACCOB OOBIYHO yKa-
3bIBAIOT public, a Ipu ONMUCAHUM HAC/IEIYEMbBIX CTPYKTYD HE YKa3bIBAIOT HUYETO,
oJIarasiCh Ha, YMOJTIaHUS.

3aMeTuM Tenepb, UYTO i DA30BOTO KJIACCA MOPOXKIEHHBI KJIacC HUIYTH He
«JIydInes Bceil OCTaJIbHOI IMPOrpaMMBbl U, KaK U JII000H HeJIpYKeCTBEHHDIN (par-
MEHT KOJa, He JOJKEH MMETh JIOCTYIAa K JeTassiM peajusanun Kjaacca. [losro-
MY, OYEeBUJIHO, 3aKPBITHIE TOJIT U METOIALI 0A30BOr0 KJiacca He Oy/IyT JOCTYITHBI
ITOPOXKJIEHHBIM KJIACCAM.

B peanbubIX 3a/adax 9acTO BO3HUKAET MOTPEOHOCTH B TAKUX JETAJSIX WH-
Tepdeiica Kjacca, KOTOPbIE IPEIHA3HAYEHBI TOJHKO U HUCKJIIOYUTEIHLHO JJIs €ro
noToMKOB. Jlyist Takux ciydaeB Hapsly ¢ pexuMamu public u private BBOJuUT-
sl eIIé M TPeTHil PesKUM 3aInThl, protected (3awuwénnnd). [Toas u merosl,
[OMEeYEHHBIE CJIOBOM protected, Oy/yT JIOCTYIHBI B CAMOM KJlacce (TO eCThb B €ro
MeTOJIaX ), B JIPY’KECTBEHHBIX (DYHKIHSX, & TAaKXKe B METOJaX IOTOMKOB JAHHOTO
kiaccal?; Bo Beeil ocTaIbHOIT IpOrpaMMe JOCTYI K HUM Gy/IeT 3aIIpeléH.

Baxkio nmoHuMaTh, 9TO M0JIs U METO/IbI, UMEIOIINEe PEXKUM 3alUTHI protected,
HE MOT'YT CUUTATBCS B IIOJJHOM CMBICJIE CJIOBA, JIETAJISIMU PEAJTU3AIUN, KOTOPbIEe He
KaCaloTCsl HUKOI'0, KPOMe JIAHHOIO KJIacca. PasHuiia 3/1eCh JJOCTATOYHO ITPUHITAITI-
ajbHa. /leTasn, MOMeIEHHbIE B 3aKPBITYIO YacTh KJIacca, MOXKHO 0e30071e3HEHHO
UBMEHSATD, UCIIPABJIsisI IIPU 9TOM TOJBKO METOBI CAMOTO KJIACCa U APYKECTBEHHBIE
GYHKINN, KOTOPbIE ONATbL-TAKNA IEPEYNCJIEHBI B sIBHOM BHUJIE€ B 3ar0JIOBKE KJlac-
ca. Mnade roBopsi, mepeiesibiBas IPUBATHYIO 9aCTh KJIACCA, MBI BCETJIa 3HAEM, TIe
[IPOXOIUT IPAHUIIA KOJIA, KOTOPBIA MOYKET P 9TOM «CJIOMAThCA» W KOTOPBIN HaM,
BOBMOXKHO, IIPUJIETCS UCIPABIATH. HanpoTrus, ocoOEHHOCTH peasin3aiun KJiacca,
roMeYeHHble KaK protected, MOIYyT UCIOJIB30BATHCH B CAMBIX HEOXKUJIAHHBIX Ya-
CTAX TPOTPAMMBI: JOCTATOYHO KOMY-TO TJIe-TO OIUCATD €IE OJHOTO IMTOTOMKA Ha-
IIIero KJjacca, 0 KOTOPOM MbI He 1oj103peBaeM. [loaToMy, B oT/indne OT IPUBATHBIX
moJie#l 1 METOJIOB, TOJIst U METOJBI ¢ PEXKUMOM protected JOJKHBI 00s3aTEIHLHO
JIOKYMEHTHUPOBATHCS, & K UX U3MEHEHUIO CJIEIYET MOJIXOIUTL CTOJb YKe OCTOPOXK-
HO, KaK U K MU3MEHEHUIO OTKPBITON (IybsimaHoit) yacTu Kiaacca. MoXKHO cKa3aTh,
41O protected — 3TO XOTh U OCOOBIi, HO BCE 2KE BUJ OMKPLIMBIX OCOOEHHOCTEIH
KJIacca.

Ecau mbr paboTaeM ¢ 00 bEKTOM-IIOTOMKOM, B €TI0 KJIaCCe-IIPeJIKe BBEIEH HEKIIT
METOJI ¥ HaM 3TOT METOJ, JOCTYIEH, TO €CTh He CKPBHIT OT HAC 3alllUTON, MBI MO-
2KE€M BBI3BIBATH TAKOW METOJM, JJjisi OObEKTa-MOTOMKA TOYHO TaK Ke, KaK W s
00 beKTa~-TIPeIKa, IPUIEM, €CJIN HE TIPEANPUHATD CIIENNAIbHBIX Mep, METO/IbI IIPE/I-
Ka He OyIyT HUYEro 3HATHL O TOM, YTO MX BBI3BIBAIOT IJIsI 00BHEKTA-TIOTOMKA, TO
ecThb OyayT paboTaTh Tak ¥Ke, Kak 1 g 00beKToB 6a30Boro Kjaacca. Hampumep,
€CJIU MBI CJIeJIaeM KJIACC «aBTOMOOWJIb» U IPEILYCMOTPUM JIJisi HErO OIEPAaIldio
«3alpaBKa OEH3UHOM>», & MIOTOM IOPOJUM OT HEro KJIACC «TPY30BHK» C JIOMOJIHU-
TeJbHBIMI CBOMCTBAMU, TO ONEPAIsI «3allpaBKa OEH3MHOM» OyHeT IOCTYIIHa U
JJISI TPY30BUKA, IPUYIEM peasin3alius 9TOH orepaiuu He OyJIeT HUYero 3HaTh PO
0CODEHHOCTH I'PYy30BUKOB U OyzieT paboTaTh ¢ 0ObEKTOM THUIIA «I'PYy30BUK» TOYHO
TaK »Ke, KaK 1 ¢ 00beKTOM THUIIa «aBTOMOOWIb .

3/ech paboTaeT OIMUCAHHBIN B MPEIBIIYINEM maparpade ajIpecHbIil ToJIuMOp-
busm B npumvenenny K napamverpy this (em. §10.3.2). B camowm zeste, mycrsb Kiace
B ynacsenoBaH oT kjacca A, B koropom ectb dynkuus (meron) f. Torma yka-
3aresib this B MeTone f mmeer Tun A* (I/IJ‘II/I const A%, ecjud MeTOJ| KOHCTAHT-
Hblﬁ). [Tpu BBI3OBE f 77151 0OBEKTA KjIacca B ykasaresb this J0KeH UMEThb THID
B*, HO, KAK MBI 3HAeM, B* pas3perieHo HessBHO 1MpeoOpa30BbIBATH B A 110 3aKOHY
moInMOpduU3Ma.

B repmunax OOII 310 o3Ha"aer, 9TO MOTOMOK yMeeT OTBeYaTh Ha BCE BUJIBI
COODIIIEeHU, TTPeyCMOTPEHHBIE [IJI €r0 MPEIKOB; YTOObI 00BEKTY MOXKHO OBLIO
OTIIPABUTHL TakKoe COOOIIeHre (T.e. BbI3BATh METOJ IPEJKa), JOCTATOYHO MMETh
JOCTYII K 9TOMY METOY, TO €CTh 4T00bI OH He ObLI CKPBIT 3amuToil. nade roso-
psi, ¢ OOBEKTOM-HACIETHUKOM MOYKHO IIPH KEJIAHUU pabOTaTh TOYHO TaK Ke, KaK
¢ 00BEKTOM-TIPEJIKOM, BOODIIE He 0Opallas BHUMAHUS Ha, TOT (PaKT, YTO Mbl UMEEM

19 T71s1 HemOCpeACTBEHHEIX TOTOMKOB 3TO BEPHO BCETJA; €C/IM K€ PeUb WIET O NOMOMKE No-
momKa WA O emgé 6ojiee JaJbHEM <«POICTBE», MOXKET OKa3aTbCsl TaK, UTO B IENOYKE HACJIE-
HUKOB BCTPETHUJIOCH HACJIEIOBAHUE 3aKPBITOE, M TOT/IA ITOTOMOK MOXKET BOODIIEe He 3HATh, YTO
€ro MpeJIoK MOCTPOEH Ha OCHOBE JIPYTOro KJIACCA; eCTECTBEHHO, TAKOW MMOTOMOK He Oy/IeT MMeTh
JOCTYTIa HU K KAKUM WIEHAM <«3aCEKPEUEHHOTO» MAJIbHErO MpeKa, JaXKe K IMyOJIUIHbBIM — U K
SAIUIIEHHBIM TOXKE.
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JIeJIO ¢ O0BEKTOM APYroro Tuia. JacTo MOKHO JarKe BCTPETUTb Y TBEPKICHUE, ITO
00BbEKT KJjIacca-IIOTOMKA sIBJISIETCS TaK2ke M O0bEKTOM KJacca-IIpeaKa;
YUIUTBIBasl, YTO Ha UIEOJOTHMIECKOM YPOBHE, KAK MBI YK€ OTMevasid, Hac/IeI0Ba-
HUE eCTh IIePEX0J] OT ODIIEro K 9aCTHOMY, OObEKT-ITOTOMOK OKA3bIBAETCS YGCTIHbLM
cayvaem Kilacca-ipeaka. B caMoM Jiejie, pasBe IPY30BUK He SIBJISIETCST YaCTHBIM
cIy4aeM aBTOMOOMJIA !

C ppyroii cTopoHbl, kak BugHo u3 puc. 10.3, 06beKT NOpOXKAEHHOTO KNacca COAEPKUT B
cebe 0bbekT 6a30BOro Knacca B Ka4ecTse CBoein Yactu. Hukakoro npotmsopeqns TyT HET, 3TO
NPOCTO ABE pa3Hble MOAENN BOCNPUATUA (MO)KHO Aa>XKe CKa3aTb, YTO 3TO pa3Hble napap,mrMbl)
nnun, ecCanm yrogHo, pasHble TOYHKW 3pPEHNA: O4HA BO3HUKAET NpPU peannsauunmn cpeactB A3blKa
(peannzaTopckasi CeMaHTMKa), BTOPasi BbITEKAET U3 JIOTUKM MPOEKTUPOBAHUS MPOrpaMMmbl
(nonb3oBaTenbckas cemanTuka). K aTomy BOnpocy Mbl ewwé BepHEMCS.

10.6.4. KoHcTpyupoBaHue U JIeCTPYKIUSA HACJIeTHUKA

KoncTpyKTOpBI 1 1eCTPYKTOPBI 3aCIyKUBAIOT 0COOOT0 YIIOMUHAHUS IIPH I10-
sIBJIEHUN HacJjiejoBaHus B mporpamme. C Kakoil Obl TOUKHU 3pEHUsT MBI HU PACCMAaT-
PUBAJIN MOPOXKJAEHHBIN 00BEKT, OIEBUIHO, UYTO B MOMEHT €0 CO3/IaHUs TAKXKe CO-
371a6TCst U 00BbEKT 0A30BOTO KJIACCA, MIPUIEM HEBAYKHO, CUUTAEM MBI €10 4acmbio
MOPOXKIEHHOI0 00bEeKTa WJIN Ke ero dpyzoti unocmacvro. Takum »Ke TOIHO 06-
pPa30M MpU yHUUITONKEHUU TOPOXKJIEHHOTO 00beKTa UcYe3aeT U H6a30BbIH OObEKT.
CieroBaTeIbHO, TIPU CO3MAHIN OOBEKTA TOPOXKIEHHOTO KJIACCa TOTKEH 0Tpabo-
TaThb U KOHCTPYKTOP 0a30BOTO KJjIacca, a IPU YHUYTOXKEHUH TAKOI'o 00beKTa —
JecTpykTop 6azoBoro Kjacca. [Ipum sToMm, oueBHIHO, B TejaX KOHCTPYKTOpa U
JIECTPYKTOPA TOPOXKJIEHHOTO KJIACCA JIOJIKHBI OBITH JOCTYIIHBI BCE YaCTU OObEK-
Ta, JijIs KOTOPOI'O OHU BBI3BIBAIOTC. Ba30BBIil 00beKT, TaKUM 00pa30M, JIOJIZKEH
OBITH MHUIUAJTU3UPOBAH PAHbLWE, & YHUITOXKEH — N032#CE 00BEKTA TOPOKIEHHO-
ro. Ilonmygaercs, 910 BpeMsi CyIIecTBOBaHUS OOBEKTA KJIACCA-HACJIEIHUKA B €TI0
«0a30BOi» UIOCTACU KAK OBl IyTh-49yTh DOJIBINE, I€M BPEMsi CYIIECTBOBAHUS €0
JKe B KadecTBe 00'beKTa CBOEro COOCTBEHHOTO THUIIA.

C mecTpyKTOpoM mejia 00CTOST JOCTATOTHO MTPOCTO: KOMITUJISITOP ABTOMATH-
YEeCKU BCTaBJIsieT B KOJ| JIECTPYKTOPA IOPOXKJIEHHOIO KJiacca (B caMblii ero Ko-
HeI) BBI30B JIECTPYKTOPa 6A30BOrO KJlAcca, TaK YTO CHadajda OTpaboTaer Tejso
JIECTPYKTOPA MOPOKIEHHOTO KJIACCA, & 3aTeM — TeJIO JeCTPYKTOpa 6a30BOT0 KJrac-
ca. C KOHCTPYKTOPOM BCE TOXKe MOIJIO ObI ObITH IIPOCTO (CHAYAJA BBI3BATH TEJIO
KOHCTPYKTOpa 6a30BOIo KJiacca, IOTOM TeJIO KOHCTPYKTOPa KJIacca MOPOXKIEHHO-
ro), ecju Obl He TO OOCTOSATEIHLCTBO, UTO KOHCTPYKTOPHI (B 00IIEM cjiydae) MOryT
TpebOBATH BXOMHBIX mapamMeTpoB. C moxoxkelt mpobIeMoil MBI yKe CTATKUBAJINCD
IpU PACCMOTPEHHHU KJIACCOB, MMEIONIHX 10Jist Tuta Kiace (em. §10.4.15). Pemaercs
npobJjieMa B JAHHOM CJIy9ae COBEPIIEHHO aHAJOTHMIHO: B ONMMCAHUNA KOHCTPYKTOPA
ITOPOXKJIEHHOTO KJIACCA MEXKJLY 3arOJIOBKOM U TEJIOM BCTABJISETCH CIUCOK UHUIIU-
aJIM3aTOPOB, HAUNHAOIIUIICS ¢ MHUIUAIN3aTOPa 6a30BOro Kiacca (0603HaIaeMO-
ro B JIAHHOM CJlydae MMEHEM KJIAcca) ¢ YKa3aHHeM BCeX HYKHBIX [apaMeTpOB
koHCTpyKkTOpa. Tak, eciu A — 6a30BbIil KJIACC, KOHCTPYKTOPY KOTOPOTO Tpedy-
IOTCsI Ba IapaMeTpa TUlla int, B — KJracc, yHAC/IeI0BaHHBIN OT A, CHAOXKEHHBII
KOHCTPYKTOPOM IO YMOJTYAHUIO U UMEKNIUi noJie int 1i:

class A {
//

public:
A(int p, int @) { /* ... %/ }
/]

+;

class B : public A {
int i;

public:
BO;
/]

};
— TO OllucaHme ero KOHCprKTOpa MO2KeET BbII‘.HH,ZLeTb TaK:

B::B() : A(2, 3), i(4)
{

/x ... %/
}

rme 2 u 3 — mapaMeTpbl I KOHCTPYKTOpa 0a30BOro KJjacca, 4 — HadaIbHOe
3HaQYEHHUE MHOoJIsT 1.

10.6.5. Bupryanbubie pyHKITUT

Jlo cux mop MBI MPEIoIaraiu, 9T0 00bEeKT-IOTOMOK OYIET pearnpoBaTh Ha
COODITIEHN S, OIIPEIeJIEHHbBIE JIJIS €r0 NIPEJIKa, MOuHO Mak dice, KaK Ha HUX Pearu-
poBaJi OBl 0OBLEKT-TIPEJIOK. B psijie caydaeB 3TO He OTBEYAET MOTPEOHOCTIM MO-
JeUpyeMoii mpeaMeTHoO obyracTu: ObIBaeT Tak, YTO Ha T€ WU WHBIE COODIEHUSI
[MOTOMKY 2K€JIATeJIbHO PearupoBaTh WMHaYE, KAKUM-TO CBOUM CODCTBEHHBIM CIIO-
coboM. JloCTHYh 9TOTO MO3BOISAET MEXAHU3M B8UPMYAALHBIL PYHKUU; ¢ ero
IIOMOIIBIO aBTOP KJIACCA-IIPEJIKA MOXKET IPEIOCTABUTH MOTOMKAM BO3MOXKHOCTH
MOJIM(DUKAINN TTIOBEJIEHUsT OTIEIbHBIX METOJIOB, MPUIEM KaK IOJIHOM, Tak 1 Ja-
ctuaHOil. YTOOBI MOHATH, KAK 9TO IIPOUCXOJUT U 3a9eM BCE 3TO HYKHO, MBI JIJIs
HavaJa PACCMOTPHUM IIPUMED, a 3aTEM IOSICHUM, KAK COOTBETCTBYIOIIII MEXaHI3M
YCTPOEH.

Nrak, pomycTumM, ITO mepej; HAMHU CTOUT 3344, CBI3aHHAS C KOMITBIOTEPHOA
rpaduKoil, ¥ Hy?KHO ONMUCATH CIeHy (To ecTh HAbOp rpaduIecKux 3JIeMEHTOB) B
BHJIE HEKOErO CIIMCKA UJIU MACCHBA OOBEKTOB, 33JIAI0NIUX IpaduiecKue 00bEeKThI
Pa3IMIHOrO THIIA, HAIPUMED, OTIEIbHBIE TUKCE/IN, JUHUNA, OKPY>KHOCTH U T. II.
s Havyasia OMUIIEM KJIACC, 00bEKThI KOTOPOI'O OVJIYT IIPEJICTABJISATh B HAIIEH
criene mpocTeifime rpaduvdeckne TPUMUTHBL — OTIETbHbBIE MHKCETN. SCHO, ITO
y HHKCEJIsi UMEIOTCS JIB€ KOODIMHATHI (MX OOBIYHO 3aJal0T YHCJIAMHU C ILIaBAIO-
nieit Toukoit) u nser (1eso0e uncao). Bygem cauTaTh, 9TO OCHOBHBIE JEHCTBUS C
rpaduuecKkuM 00bEKTOM, B TOM HHCJIE U C HMUKCEJISMH — 9TO IOKAa3aTh OOHEKT
Ha 9KpaHe (Mbl 0003HAUYUM 3T0 jeiicTBue dyHKImeil Show), yopars ero ¢ sKpaHa
(Hide) m mepemecTuThb ero B HOBYIO mosunuio (Move).

class Pixel {
double x, y;
int color;
public:
Pixel(double ax, double ay, int acolor)
x(ax), y(ay), color(acolor) {}
void Show();
void Hide();
void Move(double nx, double ny);
};

Kounkperuka onucanus ten dpyukiuit Show u Hide 3aBucuT oT UCHOJIbL3yeMOit rpa-
dutueckoit 6uOIMOTEKN, TTPABUJI IEPECIETa KOOPANHAT U T.II.; MBI Ha 3TOM OCTa-
HAaBJIUBATHCS HE OYIEM, IIPOCTO MPEJIITOJIOKUM, IYTO 9TH (DYHKIUH [JIe-TO OIMUCAHBI.
Ucnonb3yst nx, Mbl O9eHDb JIETKO MOXKEM onucarh (pyHkmuio Move, Belb mepeme-
[IIEHWE COCTOUT B TOM, 4TO OOBEKT CHadaja yOMpPaioT ¢ S5KpaHa, IIOTOM MEHSIIOT
€ro KOOD/IMHATHI U HAKOHEI CHOBA, TIOKA3BIBAIOT:

void Pixel::Move(double nx, double ny)

{
Hide();
X = nx;
y = ny;
Show () ;
}

[Ipeamonokum Tenepb, 9T0 HAM HY2KEH TaKKe 00bEKT «OKPY2KHOCTL». [lomsaTHo,
9TO Takoil 00bEKT 00J1a/IaeT TeMU Ke CBOHWCTBAMU (KOODIMHATHI U 1IBET) U B JIO-
[IOJTHEHNEe K HUM XapakTepusyercs einé pajauycoM. 11loaToMy MbI BOCIOIb3yeMCst
y2Ke uMerommumed KjiaccoM Pixel B KadecTse 6a3030r020, a KJjacc Circle or Hero
ynacaedyem. Koneano, merosam Kiacca Circle morpebyercst 3HATH KOOPMHATHI
U IBeT, XOTsi ObI JJisi TOro, YTOOBI yMETh PHUCOBATH 3aJ[AHHYI0 OKPY2KHOCTH Ha
9KpaHe. B Halmem mpumepe Mbl PEIIUM BOIPOC JIOCTYIIA CAMBIM IIPOCTBIM (XOTsI
U He CaMbIM JIy9IIIM) CIIOCOOOM: CliestaeM IoJist 6a30BOro Kjacca 3alluIleHHbIMI
(protected), a He 3aKpBITHIMU; JIsi STONO BCTABUM B CAMOE HAYAJIO OIMCAHMUSI
KJlacca Pixel mupekTuBy protected:

class Pixel {
protected:
double x;

!/

Temepnp MBI MOXKeEM TMepeiiTu K onmcanuio kjacca Circle m Jyid HadajIa OMUIIEM
11oJie, KOTOPOTO HaM HE XBaTAaeT, 9TOOBI IPEBPATUTH TOUYKY B OKPY?KHOCTD:

QOBI[QCI) MBbI HECKOJIBKO HapyHiaeM IIPUHIIUIIbL O6’beKTHO—OpI/IeHTI/IpOBaHHOFO OPOEKTUPOBa-
HUA, IIOCKOJIBKY OKPY2>KHOCTb, OY€BHUHO, HE ABJIACTCA JaCTHBIM CJIy4vaeM TOYKU. Mur HUCIIPpaBUM
9TY OIJIOIIHOCTH B OJTHOM U3 CJIEAYIOIINX Haparpa(bOB.
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class Circle : public Pixel {
double radius;
public:

Ormumiem Terepb KOHCTPYKTOP Jisi Kjacca Circle. Ilpu sroM Ham npuaércs npu-
HATDH Ha OJUH ITapaMeTp OOJIbIe, YeM B KOHCTPYKTOpe Kitacca Pixel. Kpome Toro,
ITOCKOJIBKY €JIMHCTBEHHBI!I KOHCTPYKTOP 0a30BOro Kjacca TpedyeT yKazaHus TPEX
rapaMeTpoB, HY>KHO OyJleT 3a/laTh [1apaMeTPbl /i BhI30Ba KOHCTPYyKTOpa 06a30-
BOI'O KJIACCa, KaK 3TO 00CyKIa10ch Ha cTp. 62. OKOHYATETBHO OIUCAHUE BBIHIET
TaKUM:

Circle(double x, double y, double rad, int color)
Pixel(x, y, color), radius(rad) {}

Pazymeercsa, B obbekTe Heobxoaumo onucaTh yukinum Show u Hide, mpemna-
3HAYEHHDIE JIJI PUCOBAHUS U CTUPAHUS C SKPaHA OKPYKHOCTH, KOTOPbIE OYy/IyT
OTJINYATHCS OT (PYHKIINIA, IPETHASHATEHHBIX JIJIsi OJUHOYHOTO ITUKCEJIs; MbI, KaK
U IIpY pacCMOTpeHuU KJacca Pixel, BO3AepKUMCS OT OIUCAHUS KOHKPETHBIX TeJl
9TUX PYHKIUN, OPPAHUIUBIIICH UX 3aN0JIOBKAMHU:

void Show();
void Hide();

HerepuesmBplit untaTesb MOXKET MPEJIIIONOXKUTH, YTO ceifuac Mbl OyIeM OIHCHI-
BaTh (pyHKINO Move, aHAJIOTUYIHYIO TO#, UYTO OIUCAHA BBIIIE s Kiacca Pixel.
BwmecTo 9TOrO MBI MPEIOKIM HEMHOTO MOIYyMAaTh. JIeTKO 3aMeTUTDb, 9TO (hyHk-
yua Move daa HOB020 KAGCCA OKANCEMCA AOCOMOMHO MAKOUT dHCE, KAK U OAA KAACCH
00306020, TO €CTb HaAM MOTPEOYETCs HAIKUCATH HE TOJBKO TOYHO TAKOH 2Ke 3aro-
JIOBOK, HO W TOYHO TaKOe YK€, C TOUHOCTHIO JI0 TOCeiHell OYKBbI, Teo hyHKIIH!
DTO U HEYJMBUTEJIBHO, BEJIb BHE BCSKOM 3aBUCHMOCTH OT (DOPMBI IpadUIecKoil
durypsl e€ nepemerrenne 1Mo SKPany MpOU3BOJIUTC aOCOIOTHO OJUHAKOBO, B TPH
mara: cTepeTh, U3MEHNTh KOOPJAWHATHI, HAPUCOBATh B HOBOM MeCTe.

Bosnukaer ecrecTBeHHBINI BOIPOC — HEJIb3s JIM KCIOJIL30BATH JJIs KJIACCA
Circle Ty ke camyio GyHKIHIO Move, KOTOpas yKe onucaHa s Kjaacca Pixel,
He co3/1aBasi HOBOM Bepcun 91oil dyuknuu mist Circle. Jlerko 3ameruts, aro (ec-
JII He NPHUHSTH CIENUATbHBIX Mep) IPOCTON BbI30B (hyHKIuu Move jijist 00beKTa
kiracca Circle, KOHEUHO, BOBMOXKEH (Be/Ib 9TO Ke IybsmaHast GyHKIA 6a30BOro
KJIacca, a HacJeJ0BaHue MPOM3BEJICHO 10 MIYOJUIHON CXeMe), HO He npusedém &k
HYACHDIM HAM DE3YALMAMaAM, U BOT mtodeMy. Bo Bpems TpaHcadun Teia PpyHK-
nun Pixel: :Move KOMOMJIATOP MOXKET HUYErO HE 3HATH O CYIECTBOBAHUN ITOTOM-
KOB y KJjiacca Pixel, KOTOpbIe K TOMY K€ BBOIAT CBOU Bepcuu (PyHKIUN Show u
Hide. IlosTOMy KOMIMIATOP, €CTECTBEHHO, BCTABJIAET B MAIUHHBIA KO (DyHK-
nun Pixel: :Move oObrdHBbIC BBI30BBI (yHKIN Pixel: :Show u Pixel: :Hide, To
ecTb MHCTpyKIuu CALL ¢ 2KECTKO 3aJaHHBIMU HCIIOJHUTEIbHBIMU aJpecaMu, He
o/Ipa3yMeBalolie HUKaKUX U3MEeHEHUIt.

Ecnu Terreps BbI3BaThL (byHKIMIO Move iist o6bekTa Kiacca Circle, oHa Jiist
CTUpaHUs ¢ 9KpaHa 00bekTa BbizoBeT (pyHKIMIO Hide B TOit €€ Bepcuu, B KOTOPOIA
OHa OIHCaHa JIs Kyracca Pixel. Dra hyHKIUS BBIIOJIHUT JEHCTBHS 10 CTUPAHUIO
¢ 9KpaHa 00'bEeKTa-TOUKHU, TOIJ[A KAK CTEPETh Ha CAMOM JIeJIe HYy?KHO OKPY2KHOCTbD.
To ke camoe npousoiAET ¢ dpyukimeil Show: BMECTO OKPY?KHOCTHA B HOBOM TO3U-
MU Ha dKpaHe OyIeT OTPUCOBAHA TOYKA. YICHO, UTO 3TO COBCEM HE TO, UTO HAM
HY2?KHO.

Tem He MeHee KaKeTCsl CTPAHHBIM W HENIPABUJIBHBIM OIUCHIBATH I KJIacca
Circle QyHKIHUIO, CJIOBO B CJIOBO MTOBTOPSIONIYIO APYTYIO, KOTOPas y2Ke NMeeTCs
B 6azoBoM Kjacce. U 371ech HAM Ha TOMOIIH IPUXOIUT MEXAHU3M 8UPTNYAALHBIL
dynxyud. Kparko rosopsi, BupryajibHas pyHKIMsE (UM BUPTYaJIbHBIA METOJT) —
9T0 (DYHKIUS, OMUCHIBAIOINIAS TAKOe JeficTBAE HaJl 00bEKTOM, OTHOCUTEIHLHO KOTO-
POTO IIPEJIIOJIATaeTCsl, YTO AHAJOTUIHOE JIefiCTBIE OYIeT OIpeIesieHo U Jijisi 00b-
€KTOB KJIACCOB-IIOTOMKOB, HO, BO3MOKHO, JIJIS IOTOMKOB OHO Oy/IeT BBIITOJTHATHCS
nHade, YeM 11t 6a30Boro kjiacca. B repmunax Teopun OOII moxxHO cKazarh, 4TO
BUPTYA/JbHBIM METOJOM 3aJIaéTCs peakis O0beKTa KJacca Ha HEKOTOPBIH THIl
COODITIEHUIT B CJlydae, eciu:

® IIPE/INOJIAraeTCs, YTO ¥ JTAHHOTO KJacca OyIyT KJIACChI-IIOTOMKH;

® 00DBEKTHI KJIACCOB-TIOTOMKOB OyIyT CIIOCOOHBI TIOJIyIaTh COODIIEHN TOTO 2Ke

TUIA,;

® 00DLEKTBl HEKOTOPBIX MJIM BCEX ITOTOMKOB OYIyT pearupoBaTh Ha 3TH COOD-

IIIEHNsT UHAYE, YeM ITO JIeJIaeT 0OBHEKT KJIAaCCA-TIPEIKa.
HAspik Cu++ mo3Bosisier O0bABUTH B KadeCTBE BUPTYAJILHON JOOYIO (YHK-
[UIO-METOJ], KPOMe KOHCTPYKTOPOB M CTATUYECKMX MeTOIoB. st 3TOro mepen
3aroJIOBKOM (YHKIINN CTABUTCS KJII0YeBOe CJI0BO virtual. B otymdue oT BbI30BOB
OOBIYHBIX (DYHKITUH, BBI30BBI (DYHKITUI BUPTYAIbHBIX 00PabATHIBAIOTCS KOMITHJIS-
TOPOM B IIPEIOJIOKEHUN, 9TO TUIl 00BEKTa, Jjisd KOTOPOT'O BBI3BIBACTCH (DyHK-
[Usi, MOYXKET OTJIMYATbCS OT 0A30BOTO KJIACCA, M UTO JJI 9TOTO OOBEKTa MOYKET
OTPe0OBATHCST BBI3OB COBCEM JPYTroil (DYHKIIMM, HEXKEJH Jjis 0A30BOr0 KJIACCA.
B gactHOCTH, ecniu B Kjacce Pixel moctaBuTh cI0BO virtual mepen KaxkJIoi n3
dyuxkiuit Show u Hide, To mpu kKoMuuisanun Tejia GyHKImu Move KOMIUIsTop Oy-
JIeT 3HaTh, 9TO OOBEKT, Ha KOTOPBLIN YKa3bIBaeT mapaMerp this, MoxkeT ObITh Kak
006beKTOM caMoro kjiacca Pixel, Tak M 00bEKTOM KaKOTO-HUOYIb €ro KJacca-Io-
TOMKA, IIPUYEM JIJIsI TAKOTO 00HEKTa MOYKET OTPEOOBATHCH BBI3OB Ipy2ur 8epcull
dyuknuit Show u Hide, BBEIEHHBIX B COOTBETCTBYyIOIIEM OTOMKe. Ko, crene-
PUPOBAHHBI KOMIHUJISATOPOM B TaKOW CUTyallld, OYJET HECKOJBKO CJIOXKHEE, YeM
JIJIst OOBIMHOT'O BBI30Ba, (DYHKIIUH, HO 3aTO OH OyJIeT BBI3BIBATH UMEHHO (DYHKITHIO,
COOTBETCTBYIOIIYIO TUITY OOBEKTA.

[TorpobyeMm moHsATH, Kak (TEXHUYECKH) 9TO JOCTUraeTcst. Ecan B Kiacce omnu-
cana xoTd Obl O/HA BUPTyaJjbHas (DYHKIUs, TO KOMIJIATOP BCTAaBJsSIET BO BCe
00BEKTHI 9TOTO KJIACCa HEBUJIUMOE T0JI€, HA3bIBAEMOE YKA3AMENEM HA TNAOAU-
Uy supmyanrvhbi memodos (anri. virtual method table pointer, vmtp). st
BCEro KJjacca co3MaéTcst (B OIHOM 9K3eMIUIsipe) Hem3MeHsieMasi mabauua eup-
MYaAAbHBLL Memodos8, cofeprKaliast yKa3aTean Ha KaXKJIylo U3 OIMCAHHLIX B
KJlacce BUPTYaJbHBIX byHkIiuit. Korma KoMIuasTop BcTpedaeT BbI30B BUPTYaslb-
HOIl (pyHKITUHU, OH BCTaBJIsIeT B OOBEKTHBIN KOJ[ IPOrPAMMBbI HHCTPYKIIAIO U3BJIETh
n3 00beKTa 3HAYEeHHE I10JIs vintp, 3aTeM OOPATUTLCH 110 MOJIYYEHHOMY aJIpecy K
TabJINIEe BUPTYaJbHBIX METOJOB U M3 HEE B3sTh aJIPEC HYKHOM (DYHKIUH, TOC/IE
1ero o0paTUTHCHA K (PYHKIUU, UCIOIb3YS aIpec.

OOBEKT KJIACCA-TIOTOMKA COJEPKHUT, KAK MbI 3HAEM, BCE IIOJIsA, MPUCYIIHE
KJIACCY-TIPEJIKY. DTO KACAeTCs U HEBUIUMOTO TIOJIsi VItp, TPUIEM OOBEKTHI KJIAC-
Ca-IIOTOMKA MUMEIOT B 9TOM II0JI€ NHOE 3HAYEHUE, HeXKeJIn OObEKThI KJIacCa-TIPeIKa.
JIJ1st KasK 1010 KJIacca-moToOMKa KOMITUJISITOP CO3JMAET (OIATb-TAKA B €MHCTBEH-
HOM 9K3eMILISIPE) CBOIO COOCTBEHHYIO TabJINILy BUPTYAIBHBIX METOJOB, COJIEpIKa-
IIYI0 aJpeca COOTBETCTBYIONIUX BEPCUN BUPTYAJIbHBIX (DYHKINN; UMEHHO aJpec
9TON TaOJUIBI 3aHOCUTCS B I0Jie vintp. 3a MHUIMAIU3AINIO VIitp OTBEeYaeT KOH-
CTPYKTOP KJIacCa, B Ha4aJIO KOTOPOI'0 KOMIIMJIATOP BCTaBJseT COOTBETCTBYIOIINE
KOMaH/IbI.

Nrak, 06bsiBuM Metospl Show u Hide BUpTyasibHBIME B 6a30BOM KJIACCE:

class Pixel {
/...
virtual void Show();
virtual void Hide();
//

};

DTO0 MO3BOJIAT UCIOJIH30BAThH (PYHKIINIO Move st JTI000r0 U3 KJIACCOB, YHACIEIO-
BaHHBIX OT Pixel, eclim TOJBKO JIJI 9TUX KJIACCOB OMMCAHBI COOCTBEHHBIE (Hpa—
BUJIBHO pabotraromiue) dyukiyu Show u Hide.

[Ipex e wem 3aBepIuTh onucanue Kjaaccos Pixel u Circle, orMeTuM, ITO B
KJIACCEe, B KOTOPOM MMEeTCsI XOTd Obl O/IHa BUPTYyaabHas (DYyHKIHMS, PEKOMEHIyeT-
Cs1 BCETJIa sIBHO OIHCBIBATH JIECTPYKTODP M OOBSIBISTH €r0 BUPTYaJbHBIM. 3adeM
9TO HYXKHO, MBI pacckaxkeM B §10.6.9. Ceiliqac mpocTo cieraeM 910, 9T00bI KOMIITH-
JISSTOP He BbIjIaBaJl npeaynpexkjieaus. OKOHIATEIbHO 3ar0JIOBKU HAINX KJIACCOB
OPUMYT CJIEIYIOIMUI B!

class Pixel {
protected:
double x, y;
int color;
public:
Pixel(double ax, double ay, int acolor)
x(ax), y(ay), color(acolor) {}
virtual “Pixel() {}
virtual void Show();
virtual void Hide();
void Move(double nx, double ny);

};

class Circle : public Pixel {
double radius;
public:
Circle(double x, double y, double rad, int color)
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Pixel(x, y, color), radius(rad) {}
virtual ~Circle() {}
virtual void Show();
virtual void Hide();

};

OrmeTnM, 9TO B onrcanuu Kiacca Circle cjioBo virtual MOXKHO OIYCTUTE; (DyHK-
WY, COBIAIAOININE IO TPOMUIIIO ¢ BUPTYAIbHBIMU (DYHKINAMEI 6a30BOTO KJIacca,
O00BABIISIIOTCH BUPTYAJIHHBIMU aBTOMATUIECKHU.

Bupryaabuabie byHKIINYT MOYXKHO BBI3BIBATH HE TOJILKO U3 IPYTUX METOIOB TOT'O
ZKe KJIaCCa, KaK B HallleM IIpUMepe; KOMIMJIATOP CreHEpUPYET KOJ, JJIS BBI30Ba
qepe3 TabJInIy BUPTYaJbHBIX METOJIOB HPHU A1000M OOPAINEHUN K BUPTYAJIbHOM
byHKINN, ec/ii TUTI 00BEKTA, JIJIT KOTOPOTO €€ BBI3BIBAIOT, XOTsI ObI TEOPETUIECKH
MOZKeT MeHsIThCa2! . Koneuno, Koria o6beKT OIUCcaH B BUJIC OOBITHON HepeMeHHOI
THUIA KJIACC U MbI 00paImaeMcs K ero MeTO/Y, IIyCTh U BUPTYAJbLHOMY, HAIIPAMYIO
qepe3 UMs 3TOH IepeMeHHONW M TOYKY, TO €CThb B IIpOrpaMMe HAIMCaHO YTO-TO

BpOJIE

A a;

/] ...

a.func(); // Bcerma Bu3HBaeTcsa A::func; MexaHU3M
// BUPTyaJIbHOCTH He 3aJelCTBOBAH

— TO Taxkoe oOpallleHrne, OYeBUIHO, OECCMBICIICHHO PEAJIM30BbIBATDL UEPE3 BUPTY-
aJIbHOCTD, B€JIb TUI IIEPEMEHHON U3BECTEH BO BpeMs KOMINIAIINNA U CTATh JIPYTAM
He MoxkeT. VIHoe niesto, eciin obpallieHne K BUPTYaJbHOW (DYHKIMU 3aIIMCAHO Ue-
pe3 aapec 00beKTa (CCBUIKY MJIN YKAa3aTesb). DTO KAacaeTcsl B TOM YUCJIe BBI30BOB
METO/JIOB U3 TeJI APYTUX METOJIOB, IJle 00BHEKT, KAK Mbl 3HAEM, UJIEHTUPUITUPYETCS
ykaszarejieM this — HO ®e o2paruvu6aemcs METOJLAMU.

Tak, ecanm paccMaTpuBaTh KJIACCHI M3 HAIErO MIPUMepa, TO Tjie ObI y HAacC B
[IporpaMMe HH IOSIBHJICS KaKOW-HHOy/Ib yKasarTeab Tuma Pixel* wmam Circlex,
BBI3OBBI Uepe3 Takoil ykazaresb (yHkiuit Show u Hide kommmisitop odopMut
KaK BUPTYaJibHBbIE, IIDEAIIojIarasgd, 9TO yKa3aTeJb BO BpeMA UCIIOJTHEHUSA MO2KET
COJIepP2KaTh aJIpec He TOJILKO 00beKTa 6a30BOI0 KJiacca, HO U KAKOTO-HUOY/b €ro
IIOTOMKa, B TOM YHUCJI€ TAKOT'O, O KOTOPOM KOMIINJIATOPY Ha MOMEHT KOMIIUJIAIINN
HUYEro He M3BECTHO; TO Ke& caMoe KacaeTcsl CChbLIOK Tuna Pixel& m Circle&.
CkaxkeM, ecJii MbI TTUIIEM KaKyi-HUOY/Ib (DYHKITUIO, UMEOIIYIO [TapaMeTp p TUIIA
Pixel*, TO, peIINB IOKA3aTh IEPEIAHHBLIN HaM OOBLEKT Ha IKPaHe, Mbl MOXKEM
BBIIIOJTHUTH

p->Show() ;

1 He BOJIHOBATLCS O TOM, aJpec 00beKTa KAKOrOo THIIa HaM IepeJad — Belb
BBI3BAH B JIIOOOM cjiydae OyIeT MeTOJI Hy»KHOT'O KJjacca.

10.6.6. Yucro BuUpTyaJIbHbIE METOJIbI M aOCTPAKTHBIE KJIACCHI

Kak ormeuasoch B cHOcKe Ha cTp. 62, HacaeIoBaHUE KJIACCA «OKPYXKHOCTH»
OT KJIACCa «TOYKa» HAPYIIAET IPUHIUIIBI 00 bEKTHO-OPUEHTUPOBAHHOIO IIPOEKTHU-
pPOBaHMUSI, TIOCKOJBbKY OKPY2KHOCTH HE SIBJISIETCS YACTHBIM cjiydaeM Toduku. [lompo-
OyeM MCIPaBUTHL CUTyaIuio. /[jist 9TOro 3aMeTnuM, 9TO U TOYKA, M OKPY?KHOCTH —
YACTHBIE CJIyYal 2€0MEMPUMECKUL Pueyp, IPUIEM MOXKHO CUUTATH, 9TO KaXK 1asl
reomeTpudeckas purypa obsiaiaeT IIBETOM U UMEET KOOPAUHATHI MOYKU NPUBA3-
xu. st OOBIYHOM TOYKM B KAUeCTBE TOYKU MPUBA3KU BBICTYIIACT OHA CaMa, JJIs
OKPY?KHOCTH TOYKOI MpUBA3KU OyaeT e€ mnenTp. s apyrux Gpuryp Touky mpu-
BSI3KM MOYKHO BbIOpATh PA3HBIMU CIIOCOOAMU; TaK, I KAKOIO-HUOY/Ib MPSMO-
YTOJIBHUKA 3TO MOXKET OBITH JINOO IEHTP IepecedeHns: JuaroHaJeii, mbo ojaHa u3
BepINUH, U T.1I.

Takoe mnpejscraBiaeHne 06 abOCTPAKTHOM MOHATUM T'€OMETPUUECKOH Urypo
[IO3BOJISIET HAM YKA3aTh €JINHbII JJIs BCeX (PUTYD aJITOPUTM epeBuzKeHnst hury-
PBI 110 9KpaHy: cTepeTh (pUrypy ¢ SKpaHa, U3MEHUTH KOOPIAUHATHI TOUKU [TPUBSI3-
KU, OTPUCOBaTh (PUTrypy B HOBOM MecTe. C 3TUM aJIOPUTMOM MbI yKe 3HAKOMBI,
oH ObLT peasim30BaH B pyHKIUM Move Ha cTp. 62.

Temephb sicHO, KaK HY?KHO H3MEHUTDH APXUTEKTYPY Halllei OubJIMOTEeKN KJIaCCOB,
9TOOBI IPUBECTH €€ B COOTBETCTBUE C OCHOBHBIMU IIPUHITUIIAMEA O0bEKTHO-OPUEH-
THPOBAHHOTO MTPOrpaMMHUpPOBaHusi. [IOHSATHST «TOYUKA» U «OKPYKHOCTh» HE sIBJISI-
IOTCsl YaCTHBIMU CJIYUYAsMU JPYT JpyTra, HO 002 OHM SBJISIIOTCS YaCTHBIM CJIyda-
eM TIOHSITUsI «TeoMeTpuyecKkas purypas. [losromy, ecjin Mbl onuieM KJacc st
MIpeICTaBIeHNsT AOCTPAKTHON reOMeTpUTIecKoil (PUTyphbl U OT HEro yHacaemayeM 00a
kiacca Pixel m Circle, Takasd apXUTEKTypa OYIET MOJHOCTLIO YJIOBJIETBOPATH
TpebOBaHUAM TEOPHUH OO0BEKTHO-OPUEHTUPOBAHHOI'O IIPOEKTUPOBAHUS.

[Ipexte ueM TpUCTyHaTh K OMUCAHUIO KJIACCA, MPEJCTABJISIONIEN0 NeOMETPH-
YeCKYI0 (DUTYypPY, OTMETUM eIé OIUH BaKHbI MoMmeHT. OIHUCBIBasi B IIPeIbIIy-
meM aparpade KJIacchl JIJisi TOYeK U OKPYKHOCTEl, Mbl He MUCAJIA KOHKPETHBIX
Tes1 ayst MeTonoB Show n Hide, HO mpemmoaraan mpu 9TOM, UTO B pabodeil mpo-
rpaMMe Tejia ITUX METOJIOB Oy/yT OMMCAHBI (C yI6TOM KOHKPETHOI miaardopmbl
pas3paboTKu, UCHOJIb3yeMoii rpaduaeckoii bubanorekn u T.1.). Ho mis aberpakt-
HOIT TeoMeTpruIecKoil purypol Tesra MeTomnoB Show n Hide ommcarhb He803MOMHCHO;
JefICTBUTE/ILHO, KAK MOYXKHO HAPHUCOBATL Ha dKpaHe (PUIypy, HE 3HasI, KAK OHA
BBITIAIAT? !

Hecmotpst Ha 310, MBI TOYHO 3HAEM, KaK HalncaTh (pyHKIuio Move B mpemio-
JIOZKEHUU, 9TO JIJII KJIACCOB-IIOTOMKOB OyJIyT IPABUJILHO OIKUCAHBI METONBI Show
u Hide. MHate TOBOPsi, MBI 3HAEM, UTO BCE OOBEKTHI KJIACCOB-TIOTOMKOB JAHHOTO
KJIACCA JIOJIZKHBI YMETh M0JIyIaTh COODIIEHNS OPeIeIEHHOTO TUIA, HO MBI HE MO-
JKEeM IIpU OIUCAHUN 0A30BOTO KJIACCA OIMCATh KaKyio Obl TO HU OBLIO PEAKIINIO HA
9THU COOOIEHNs, TOCKOJIbKY TaKas PEaKIlns MMOJHOCTHIO 3aBUCUT OT THUIIA HAIIETO
noToMka. IIpu sroM jiist onmcaHust HEKOTOPBIX Jpyrux (6osee o6IUX) METO0B
06a30BOro KJIacca HaM TpedyeTcs 3HAHUE O TOM, ITO PEAKIUs HA COOTBETCTBYIOIINE
cooDlITIeHns OYIeT IPeyCMOTPEHa BO BCEX HAIUX [TOTOMKAX.

CrernmaibHo 1t Takux ciay4daes B Cu-++4 BBeJEHBI TaK HA3bIBaeMble YUCTLO
supmyaavrvie dynkyuy (anri. pure virtual functions). OmnmceiBas B Kiacce
YUCTO BUPTYAJIBHYIO (DYHKIIUIO, TPOTPAMMUCT HHMOPMUPYET KOMITUJISTOP, YTO
dyuKIUI ¢ TaKuM TpoduiieM OyIeT CyIecTBOBATH BO BCEX KJIACCAX-ITOTOMKAX,
YTO IOJT HEE HYKHO 3ape3epPBUPOBATH MO3UIUIO B TAOJIUIE BUPTYaJIbHBIX (DYHK-
nuii, HO 1pu 9TOM cama GyHKIus (eé Teso) s 6a30BOro KJIACCa OIUCHIBATHCS He
Oy/eT, TaK YTO 3HAYEHHUE aJIpeca 3TOi (DYHKIUHU B TaOJIUIE BUPTYAJIbHBIX (DYHKITHI
caeayer ocTaBUTh HysaeBbIM. CHHTAKCHC OIMMCAHWS YUCTO BUPTYaJbHON (DYHKITIH

TaKOB:
class A {
/...
virtual void f() = 0;
//
}s

Buns na mecre Tena GyHKIUM CHEMUATBHYIO JTEKCUIECKYIO ITOCJIEI0BATETBHOCTD
«= 0;», KOMIIIJISITOP BOCIPUHUMAET (DYHKIINIO KAK YUCTO BUPTYaJIbHYIO.

Takoii CHTaKCUC TPYAHO Ha3BaTb YAAYHbIM, OCODEHHO ECAN YHECTb, HTO HUKAKOE YNCIO,
KPOME HyJIsl, UCMOJIb30BaTbCA 3/ECh HE MOXET; TEM He MeHee CMHTaKcucC B sidbike Cn++
MMeHHO Takoii. Bonpoc o npnynHax atoro cnegosano bbl 3agaTe AnyHo Beépry CtpaycTtpyny,
HO, CKOpEe BCEro, OH Ha Hero He OTBETUT.

Kiacc, B KOTOpOM eCcThb XOTsI ObI OJIHA YHUCTO BUPTYyasIbHast (DYHKINS, HA3bIBa-
ercst abecmparxmmvim Kaaccom. 11one3no O6yaeT 3alI0MHUTD, 9TO KOMITUJISITOP
He II03BOJISIET CO3aBaTh OObEKTHl aOCTPAKTHBIX KJIAcCOB. EiuHCcTBEHHOE
Ha3HadeHrne abCTPAKTHOI'O KJIacca — CJIy?KUTh OA3MCOM I TIOPOXKJIEHUS JIPYTUX
KJIACCOB, B KOTODBIX BCE YHCTO BUPTYAJIbHBIE QYHKIINH OyJyT KOHKDETH3NPOBa-
Hbl. ECM B NMOPOXKIEHHOM KJIacCe HE OIUCHIBAETCS XOTdA Obl ofHa M3 (DyHKITHI,
00bsIBJIEHHBIX B 0a30BOM KJjlacCe KaK YHCTO BHPTYyaJbHblE, KOMIINJISTOD CUUTa-
eT, 9T0 (bYHKITUST OCTAJIACH YUCTO BUPTYATBHON; TAKOH KIaCC-TIOTOMOK CIUTAETCS
abCTPaKTHBIM, KaK U €ro IIPeJIOK.

[lompITOKMM  HAIM  PACCYKJieHUsT. UTOOBI COOTBETCTBOBATH ITPHHITAIIAM
00'bEKTHO-OPHUEHTUPOBAHHOI'O [IPOI'PAMMUPOBAHUS, HAM CJIEJyeT OIHMCATh KJIACC,
[IPEJICTABJISIONNN aO0CTPAKTHYIO FeOMETPUIECKYI0 PUrypy, 00IaIAI0YIO IIBETOM
U KOOp/IMHATAMU TOYKU IIPUBA3KM, HO He 00J1aIaf0IyI0 KOHKPETHO! (hopMoil; Ha-
30BéM 3TOT Kjacc GraphObject. Knaccol Pixel m Circle HYKHO IepemnucaTh,
yHacJiesoBaB oT GraphObject. B kiacce GraphObject merosbl Show u Hide Mbl
00bsIBUM KaK YUCTO BUPTYyasIbHbIE, TAK 9TO CAM 3TOT KJjacc OyJieT abCTpaKTHBIM:

class GraphObject {
protected:
double x, y;
int color;
public:
GraphObject (double ax, double ay, int acolor)
x(ax), y(ay), color(acolor) {}
virtual “GraphObject() {}
virtual void Show() = 0;
virtual void Hide() = 0;
void Move(double nx, double ny);
};
21'Ha, caMOM JieJIe U3 9TOr0 HPABIIIA €CTh OJHO BAXKHOE HCKIIIOYEHHE, KOTOPOE MbI PACCMOTPHM
nosxke B §10.6.13.
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Omnucanne by Move Mbl He IPUBOJUM, [TOCKOJIBKY OHO CJIOBO B CJIOBO ITOBTO-
psieT ommcanne Merona Pixel::Move Ha ctp. 62. Hamomuum, uto B Teme HyHK-
muu Move BbI3bIBatoTC GyHKIMu Show m Hide. To, 9To Tena mjas tux (QyHK-
nuii HaMu He 33JIaHbl, He CO3JAET HUKAKUX ITPOOJIEM, MOCKOJIBbKY I JII0OOTO
KJIACCA-TTOTOMKa, O0OBEKTHI KOTOPOTO MOXKHO OyIeT co31aBaTb, TabJINIla BHPTY-
aJIbHBIX METOJIOB OYyJIeT COJEepPXKATh aJpeca KOHKPETHBIX (DYHKIIHI, ONMMCAHHBIX B
39TOM KJIACCE-TIOTOMKE.
3aroJioBku KjaaccoB Pixel u Circle OymayT Teneph BBIMVIAIETH TAK:

class Pixel : public GraphObject {
public:
Pixel(double x, double y, int col)
GraphObject(x, y, col) {}
virtual ~Pixel() {}
virtual void Show();
virtual void Hide();
};
class Circle : public GraphObject {
double radius;
public:
Circle(double x, double y, int color, double rad)
GraphObject(x, y, color), radius(rad) {}
virtual ~Circle() {}
virtual void Show();
virtual void Hide();

};

st 9THX KJIaccoB, B oTaHYMe oT Kjacca GraphObject, HeoOXoquMO ONuUCATD
KOHKpPETHBIe Tesja MeToaoB Show m Hide, mHade mporpaMma He TPOMIET dTAIl
JIMHKOBKU.

10.6.7. BupTyaJbHOCTh B KOHCTPYKTOPaX U AeCTPYKTOpax

Br13oB BuUpTya/sbHBIX (DYHKIINI B TeaX KOHCTPYKTOPOB U JECTPYKTOPOB CO-
NPsIZKEH ¢ OTHON HOCTATOYHO HETPUBUAJIBLHONW OCODEHHOCTBHIO, CBSI3AHHOW C KOH-
CTPYHUPOBAHUEM U TOCIEIYIONIAM JeCTPYKTUPOBAHUEM B HAIlleM O0beKTe HeBU -
MOT'O TI0JIsi, COJIEPIKAIIErO aJpec TaOIUIbl BUPTyaJbHbIX DyHKIWi. KcrecTtBenno,
3TO IOJIE 3aIl0JIHAECT KOHCTPYKTOP; HO, KaK HECJIOXKHO J0raJaThbCs, OH JIeJIaeT 3TO
nocae Mo20, KaK 0CMAAbHbE N0J0OBEKMBL HAWE20 00BEKMA YIHCE CKOHCMPYUPOBQ-
Hbl, B TOM YHUCJI€ CKOHCTPYUPOBAH U TPEIOK. MexXKay TeM KOHCTPYKTOP IpeaKa
TOXKE, €eCTECTBEHHO, COJIEPYKUT KOJI, MHUIMAJN3UPYIONINI yKa3aTejb Ha TabJuIly
BAPTYAJIbHBIX METOJO0B, & IIOCKOJIbKY IIPO IIOTOMKOB OH HHYEro He 3HaeT, B II0JIe
vmtp OH 3aHECET ajpec ceoell TabIHUIbI.

[Tonygaercst, 9T0, KOJIb CKOPO B KJacce BOOOINE UMEIOTCS BUPTYaJbHBIE Me-
TOJIbI, BO BPEMd BBIIIOJIHEHUS TeJIa KOHCTPYKTOPA BBLI3LIBAIOTCA T€ BUP-
TyasjbHble (DYHKIMN, KOTOPbIE OIMCAHbI AJif JJAHHOTO KJjacca, BHE 3a-
BUCHMOCTHU OT TOT'0, OOBbEKT KaKOro KJjlacca Ha caMOM /iejie KOHCTPYWU-
pyetcs. /s cumMerpun aHaJorngHbIl 3D@MEKT MPUCYTCTBYET TAKXKE U B TejIax
JECTPYKTOPOB; IIOCJIE 3aBEPIICHUA CBOECI'O TeJad JICCTPYKTOD «ACUHUIUAJIU3UPY-
€Ty yKasaTesb Ha BUPTYaJbHYyIO Tabynily — PU3NIECKN 9TO O3HAYAET, UYTO B II0JIE
vmtp 3aIUChIBAETCS aJIpec TabJIUIBl BUPTYAJIBHBIX METOJOB IIPEJIKA.

B wacrHOCTH, U3 KOHCTPYKTOPOB M JECTPYKTOPOB BOOOIIE HEJIb3s BBI3bIBATD
METO/IbI, OIIUCAHHBIE B JIAHHOM OObEKTE KaK YMCTO BUPTYAJIbHBIC: BBI3BIBATE OyIeT
monpocTy Hekoro. He cTrouT, Kak MbI BUJINM, YIIOBATH U HA TO, YTO OOHLEKT-IIOTO-
MOK CMOXKET KaK-TO CKOPPEKTHPOBATh JEHCTBUA HAIEro KOHCTPYKTODPa WU Jie-
CTPYKTODPa HyTéM nepeolipeje/IeHnd BbI3bIBAECMbIX U3 HUX BUPTYaJIbHBIX METO/I0B.
[Ipu Bo3HUKHOBEHUN JIFOOBIX COMHEHUI HA TOT CUET JIydIlie BOODIIE BO3IEPIKATD-
¢t OT oDOpaIleHust K BUPTYaJbHBIM METOJAM U3 KOHCTPYKTOPOB U JIECTPYKTOPOB.

10.6.8. HacienoBaHue pajiu KOHCTPYKTOpa

B mpakTuwyeckoM IpOrpaMMUPOBAHUN YACTO TPUMEHSIOT OJUH YIPOIIEHHBII
CJydJail HacJIeI0BaHudd, IPU KOTOPOM KJIaCC-IIOTOMOK OTJIMYA€TCs OT IPEJKA TOJIb-
KO HabOOPOM KOHCTPYKTOPOB, TO €CTh OH HE BBOJAUT HU HOBBIX METOMIOB, HU HOBBIX
rosieit. OOBbEKTHI TAKOI'0 KJIACCa CO3JAI0OTCS M3 COOOParKeHUii SKOHOMUKM 00bEMa
KOJIa, ITOOBI HE MOBTOPSTH OJHU U Te K€ HeHCTBUsI IPU KOHCTPYUPOBAHUU O/
HOTHIHBIX 00BbEeKTOB. UTOOBI MPOMIIOCTPUPOBATL CKa3aHHOE Ha IIpUMeEpPEe, st
HayaJjla MbI BBEJIEM €lI€ OJIMH KJIacC-1IOTOMOK KJjlacca GraphObject, npejcrabiis-
IOIIMI JIOMAHYIO JIMHUIO, & 3aTeM OIMIIEM I'papUIeCKUil OOBEKT «KBAIPaT» KakK
YaCTHBII cily4ail JIOMaHOI JIMHUU.

HamomunmM, 9ro Kaxkjass reoMeTpudeckas (purypa B Hallleil CHCTEME MMEET
TOYKY HPUBA3KHU; JIOMaHYIO IIpU 3TOM IIPOHIE BCEI'O XPaHUTH B BUJIE CIIMCKa KOOP-
JUHATHBIX 11ap, 3a/a0IUX CMEIleHne KaKJI0U BepIINHbI JIOMAHON OTHOCUTEIbHO
TOYKU ITPUBA3KH. ILHS{ Opranmu3anuu TakKoro CIIMCKa MbI B BaKprTOﬁ JaCTHu KJiac-
ca OIUINEM CTPYKTYPY, 3aJalOILyI0 3JIeMeHT crucka. Vlcxomno OymeMm co3aaBaTh
JIOMaHY0, He UMEIOILYI0 HUA OJIHON BEPIIUHBI, a JJisi J00aBJIeH!sT HOBBIX BEPIINH
OyIeM HUCIOIb30BAThH METOJI, KOTOPbI Ha30BéM AddVertex. DTo Jiydlie, 9eM IIbl-
TaThCs TEM WJIM WHBIM CIIOCOOOM IIE€peliaTh KOOPAMHATHI BEPIIUH B KOHCTPYKTOD,
IIOCKOJIBKY MBI He 3HaeM 3apaHee KOJMYECTBO BEPIINH, TaK YTO JUIA Ilepefadn ux
B Ka4ecTBe IapaMeTrpa KOHCTPYKTOPa IPHIILIOCH Obl B TOM MECTE, I'JIe CO31aéTCsl
00beKT, POPMUPOBATD HeKyK)ﬂHHaMHHECKyH)CprKTypy’ﬂaHHbD((MHCCHB Jbo
CIIUCOK), YTO TOTPeGOBAJIO ObI JIONMOTHUTEIbHBIX yeuiuii. Hamumem 3arosioBok
KJlacca:

class PolygonalChain : public GraphObject {
struct Vertex {
double dx, dy;
Vertex *next;
};
Vertex *first;
public:
PolygonalChain(double x, double y, int color)
GraphObject(x, y, color), first(0) {}
virtual “PolygonalChain();
void AddVertex(double adx, double ady);
virtual void Show();
virtual void Hide();

};

Oyukiys AddVertex Oymer (/711 SKOHOMUU YCHIINiT) J00ABIATH HOBYIO BEPIIIHY
B HAYAJIO CIIMCKA, & HE B KOHEIL; JUHUS IIPU 3TOM OyJIeT n300pazkaTbCsd Ha SKPAHE
B 00paTHOM IIOPSAJIKE, HO 3TO, €CTECTBEHHO, HUYEr0 HE M3MEHUT:

void PolygonalChain: :AddVertex(double ax, double ay)

{
Vertex *tmp = new Vertex;
tmp->dx = ax;
tmp->dy = ay;
tmp->next = first;
first = tmp;
3

HOCKO.HI)Ky Halll O6'beKT HUCIIOJIB3YyEeT IUHAMUYECKYIO ITaMATb, €My HYXKEH Ie-
crpykTop. Hamumewm ero:

PolygonalChain: : “PolygonalChain()

{
while(first) {
Vertex *tmp = first;
first = first->next;
delete tmp;
}
}

Kak u panbIiie, Mbl BO3Iep2KUMCs OT Hanucanus tesa pyukiuit Show u Hide, mo
OyZIeM MPEJIIoJIAraTh, YTO ITO CIEIAHO.

IIycTh Terepb HaM HyzKE€H KJIacC JIJIs IIPEJICTaBJIEHNs] KBaIpaTa, CTOPOHBI KO-
TOPOT'O IapaJljIeIbHbI OCAM KOODJUHAT, & JJINHA CTOPOHBI 33JIa€TCsd I1apaMeTpPOM
KOHCTPYKTOpa. #IlcHO, 4TO TaKoil KBaJpaT IIPeJCTaB/IseT coOO0i YacTHBIN ciIydail
JIOMAHOM, onuckiBaeMoit Kiaccom PolygonalChain. Ecin B kKadecTBe TOYKM 1IpU-
BA3KHU BBIOpATH JIEBYIO HU2KHIOIO BEPITUHY KBaJApaTa, a JJIMHY CTOPOHBI KBaIpaTa
0603Ha4NTh OYKBOW @, TO JOMaHAas JIOJKHA HAYATHCS B TOYKE HPUBI3KHU (UTO
coorsercrByer BekTopy (0,0)), npoiitu uepes touku (a,0), (a,a), (0,a) u Bep-
HyThcst B Touky (0,0); Bcero, Takum o6pa3oM, joMaHasi OyJeT CojepKaThb ST
BEPIINH, TPUIEM TIepBasi U MOCJETHSIA Oy T COBIAIATE, YTOOBI CAEIATH JJOMAHYIO
3aMKHYTOM.

Y10o0bI HE MPUXOIUIOCH KAaXKJbIH pa3 JJis [IPEJICTABICHUS KBaJIpaTa IH1CATh
HIeCTh CTPOK Koja (OJHy Jyisi onucanusi obbekra PolygonalChain, ocrajbHble
JIst 100aBJIeHNsT BEPIINH), MOYXKHO ONHCATh KjacCc (Mbl Ha30BéM ero Square),
KOTOpBIil OyneT yHaciaenoBaH orT PolygonalChain, a oryimyarbcs GysieT TOJIBKO
KOHCTPYKTOPOM:
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class Square : public PolygonalChain {
public:
Square(double x, double y, int color, double a)
PolygonalChain(x, y, color)

{
AddVertex (0, 0);
AddVertex(0, a);
AddVertex(a, a);
AddVertex(a, 0);
AddVertex (0, 0);
}

};

[TomggepkuéM ermié pas, 9To OOJIBINE HUYEro ONMUCHIBATD JIJIsT KBaJapaTa He HYXKHO,
BCE OCTAJIbHOE CIIEJIal0T METObI 0A30BOT0O KJIacca.

10.6.9. BupTyasabHblii 1eCTPYKTOP

Panee npu obcyxkeHnn BUPTYaJbHBIX (DYHKIHH HA CTp. 63 MBI OTMETHJIH,
YTO B KJIACCE, MMEIONIEM XOTd OBbl OHY BUPTYaJbHYIO (DYHKIIMIO, JECTPYKTOP
TOXKE CJIeJlyeT cesiaTh (00bsSIBUTH) BUPTYAJbHBIM, HO HE OODBSICHUIN IPUYUHBL.
[Torrpobyem crenaTh 3TO ceifuac.

[Ipur aKTHBHOM HCIIOTHE30BAHUU TTOJUMOPGU3MA 9ACTO TPUXOIUTCH TPUMEHATD
delete K yKasaTe/o, UMEIOIIEMY THUIl «yKa3aTe/b HA 0Aa30BbI KJIACC», IPUTOM
9TO YKa3bIBATb OH MOXKET W Ha O0BEeKT IMOTOMKa. B 3Toit curyarum TpebOyer-
Csl, €CTECTBEHHO, BBI3BATH JECTPYKTOP, COOTBETCTBYIOIIUN THUITY YHUITOXKAEMO-
ro obbekTa, a He ykazaressd. Tax, JOIYCTUM, Mbl OIUCAJN YKa3aTelb Ha KJACC
GraphObject:

GraphObject *ptr;
BriostHe KOppeKTHBIM OyIeT Takoe IPUCBANBAHUE:

ptr = new Square(27.3, 37.7, 0xff0000, 10.0);

Kak Bujinm, ptr umeer Tun «ykasaresb Ha GraphObject», HO peajibHO yKa3bIBAET
Ha 00bekT Kjacca Square. Ecim Terepb noTpebyeTcsi YHHUTOXKHUTE 3TOT O0bEKT,
MBI MOXKEM 0€3 BCSIKIX OIACEHUl BBIITOJHUTD

delete ptr;

[Tockonbky ykazaresb wumeer Ttun GraphObject*, a JecTpyKTOp KJjiacca
GraphObject BUpPTyaJbHBIH, KOMIMISATOD IPOU3BEJIET BbI3OB JECTPYKTOPA Yepe3
Tab/IUIly BUPTYAJIbHBIX METOOB YHHYTOXKaeMoro obbekTa. B pesyiabrare sToro
OyJleT BBI3BAH HESBHBIN JIECTPYKTOD JJjIs KJacca Square, KOTODBIN BBI30BET Jie-
CTPYKTOD KJiacca PolygonalChain, a TOT B CBOIO O4Yepelib — AECTPYKTOP KJIACCA
GraphObject. Eciau 66l MBI He OODBSIBUIIN JeCTPYKTOpP Kjacca GraphObject kak
BUPTYAJ/JIbHBIN, KOMIIUISITOP IIPOU3BEN ObI XKECTKUI BBHIZ0OB JECTPYKTOPA 10 THILY
yKazaTejs, TO eCTh ObLI Obl BBI3BAH TOJIBKO JECTPYKTOp Kiacca GraphObject.
Mexky TeM yHHUYTOXKaeMbIil O0bEKT Kjacca Square IOpPOXKJIAeT U HCIOIb3yeT
CIIMCOK B JWHAMHWYECKON MaMATH, W €CJU JeCTPYKTOp Kiacca PolygonalChain
He OyJeT BBI3BaH, TO TH JIEMEHTBHI INIPEBPATATCHI B <«MYCOP», TO €CTb OYIYyT
MO-TIPEZKHEMY 3aHUMATh aMAThb, HE IIPUHOCA HUKAKOHN ITOJIb3EI.

OObsiBIeHEE JIECTPYKTOPA KAK BUPTYAJBHOTO HMPAKTUYECKH HE IPUBOJIUT K
pacxojy maMsiTH: TabJIMIa BUPTYaJIbHBIX METOJIOB YBEJUYNBAETCS HA OJIUH CJIOT,
3aHMMAasi HECKOJIBKO JIMIIHUX OANTOB Ha KaxKJblil HOBBIH kaacc (He oObekT!). [Tpu
9TOM CaM CbaKT HaJIM49UdA B KJIaCCE€ BUPTYaJIbHbIX (byHKI_LI/Iﬁ YKa3bIBa€T Ha TO, 9TO
pu pabore ¢ 00beKTaMU Kjacca Oy/IeT aKTUBHO HCIIOJIBb30BATHCS MOJUMOPMU3M.
IIpu onmcanuu kjacca B OOJBIIMHCTBE CIyYaeB TPYJIHO IPEJCKA3aTh, OYIyT JIH
00'bEKTHI TOTOMKOB TAKOTO KJIACCA YHUUTOXKATHCs oriepaTopoM delete, npumMeHsi-
€MbIM K yKa3aTeJlo, UMEIOIIEeMYy THIT «yKa3aTeJb Ha IIPeIKa». PeHlI/IB7 9TO TaKoe
ylajeHne HaM He IMOHaJIOOUTCs, Mbl PUCKYEM B JajibHelneM 3a0bITh 00 9TOM U
MOJIy AT TPYAHYIO JIJI OOHAPY2KeHus omuoKy. VIMEHHO ITO3TOMY CUMTAeTCH, YTO
JEeCTPYKTOP JII00Oro KJjiacca, MMEIOIIEro XoTs Obl O/IHy BUPTYaJIbHYIO
dbyHKIMIO, cleayeT O00bsBJISATh KAK BUPTYaJIbHBIN, HE 3a/[yMbIBAasCh O
TOM, IIOHAJIOOMTCHA 3TO B IIpOrpaMMe HJIM HET; MHOTHE KOMIINJISATOPBI
BBIJAIOT IIpeAyNpeXKJeHne, €CJIu 3TOr0 He CAellaTh.

10.6.10. Emé o nmosimmopdusme

[TpuBeném ermié oquu npuMep UCHOIB30BaHUs moauMopdusma. Ilycts Mbl co-
3/1a6M TPadIIECKYIO CIEHY>2, COCTOSINYIO U3 PA3HBIX I'PapUIeCKHX 00BEKTOB —
TOYEK, OKPYKHOCTEH, MHOI'OYI'OJIbHUKOB U, BO3MOXKHO, KAKHUX-TO JIPYTUX 3JIE€MEH-
TOB, IPEJICTABIISAEMbIX O0BEKTAMH KJIACCOB, yHacJ/egoBaHHbIX oT GraphObject.
IIpu 5TOM Ha MOMEHT HAIMCAHUSA IIPOrPAMMbBI MbI HE 3HAEM, CKOJBKO U KAKHX
UMEHHO O0BEeKTOB OyIeT B CIieHe; TaK ObIBaeT, €Cu ONUCAHUE CIEHBI HY?KHO IT0-
JIYYUTH U3 BHEIIHErO UCTOYHUKA (HAIPHMED, MPOYUTaTh U3 daiia), aubo ecsm
CIIeHA TeHePUPYETCst BO BPEMsl MCIIOJHEHHsI IPOrPaMMbl (HAIIPUMED, CJIydailHbIM
00pa3zoM, YTO YACTO UCHOJIL3YETCsl BO BCEBO3BMOXKHBIX CKPUHCEBepax).

JlomycTuM, B HEKUT MOMEHT BBITIOJIHEHUS IIPOTrPAMMbI BCE YK€ CTAHOBUTCS U3-
BECTHO, CKOJIBKO OOBEKTOB OYyIeT CO/EpPKATh CIIeHA. DTO MO3BOJIUT UCIOIb30BaTh
JUIsl XpaHeHUsl BCEH CIleHbl JMHAMUYECKHN CO3/IaBaeMbIii MAaCCUB yKaz3aTeslell Ha
00beKThl TOTOMKOB GraphObject. IlycTh, Hanpumep, KoJu4decTBO 00bEKTOB CIie-
HBI OyJIeT XpAHUTBHCS B IEPEMEHHON scene_length, a ykazaresib HA caM MaCCHB
MBI HA30BEM IIPOCTO SCene:

int scene_length;
GraphObject **scene;

Korma nepemennasi scene_length TeM mJid UHBIM CIIOCOOOM TIOJIyYIUT 3HAYEHUE
(Hanpumep, oHO OyjeT npounTaHo u3 Qaiiia), MOXKHO OyJIeT 3aBECTH MACCUB:

scene = new GraphObject*[scene_length];

Tenepb Guraromapsi HOINMOPGU3MY OKA3bIBAIOTCsI KOPPEKTHBI, HAIIPUMED, CJie-
Jylolue IpucBauBaHust (IPU  YCJIOBHM, KOHEYHO, YTO 1 HE IIPEBBIIACT
scene_length):

scene[i] = new Pixel(1.25, 15.75, 0xff0000);

/...

scene[i] = new Circle(20.9, 7.25, 0x005500, 3.5);
// .

scene[i] = new Square(55.0, 30.5, 0x008080, 10.0);
//

U TOMy M0JI0OHBIE. Y HAC IMOJIYYHJICS MacCUB yKazaresieil Tura GraphObject*,
KaXKJIplil U3 KOTOPBIX HA CAMOM Jiejie YKa3bIBAeT Ha HEKOTOPBIA OO0BEKT KAuC-
ca-nomomra. Ham MoxkerT BoBce HUKOIa 60Jbllle HE NOTPEOOBATHCS 3HATH, HA
00'BEKTHI KAKOI'O THIIA YKA3bIBAIOT KOHKPETHBIE yKa3aTeJM B HAIlIEM MaccuBe. Bue
3aBUCUMOCTH OT KOHKDPETHBIX THUIIOB MbI BIIOJIHE MOXKEM II€PEMEIIATh 00 BEKTHI 110
9KpaHy, FraCUTh UX U CHOBA OTPHUCOBBIBATH, Belb MeToabl Show, Hide u Move 1mo-
CTYIHBI Jj1d KJ1acca GraphObject, a 3HAYUT, MOI'YT OBITH BBI3BAHBI 110 yKa3aTeJIIO
tuna GraphObject* 6e3 yrounenus Tuiia oobekTa. TouHO TakuM 2Ke obpazom OJia-
rojiapsl HaJUYUIO BUPTYAJIbHOI'O JIECTPYKTOPA MOXKHO YHUYTOXKHUTBH BCE OOBEKTHI
CIICHBI, & IIOTOM M CaMy CIIEHY:

for(int i = 0; i < scene_length; i++)
delete scenelil;
delete[] scene;

[TonobHbBIE cUTyaInu 9aCcTO BO3HUKAIOT B OoJIee-MeHee CI0KHBIX IporpaMmax. 1lo-
CKOJIBKY KOHKPETHBIE METOJIbI, KOTOPhIE HY?KHO BBI3BIBATH, CTAHOBATCS] M3BECTHBI
TOJILKO BO BPEMs UCIIOJTHEHUsI ITPOrPAMMBI, TAKOW BHUJ MOJUMOp(U3Ma HA3LIBA-
ercsd QUHAMUNECKUM NOAUMOPPHUIMOM; OH CTAHOBUTCS BO3MOXKEH OJ1aromapst
MEXaHU3MY BUPTYaJIbHbIX beHKIlI/II'?I n ABJIFETCA B KOHEYHOM HUTOI'€ UX IIpeJHa3Ha-
JeHUEM.

10.6.11. IIpuBaTHbIE U 3AUIUIIEHHBIE JIECTPYKTOPHI

Youpasi 1eCTpyKTOp M3 IyOJHMYHOTO JIOCTYIIA, MBI MOYKEM IIOJIYYUTh CBOEOO-
pazubie 3 @EKThI, THOTIA JTOBOJBLHO IOJIE3HbIE HA MpaKTHKe. e mecTpykTop
OIHCaTh B CEKIMM private:, 5T0 Oy/JeT O3HAYATH, UTO YHUUITOXKEHHE OObEKTa
HAIIero KJ/acCa BO3MOXKHO TOJIBKO B €0 MEeTOJ[aX U JAPYKECTBEHHBIX (PYHKITU-
sIX; JIECTPYKTOD B CEKIMHU protected: J00ABUT K 3TOMY €€ MOTOMKOB HAIIETO
KJIacca.

OO6bekT KJtacca, UMEIOIIEro MPUBATHBIA JeCTPYKTOP, 3a Ipeae/laMi €ro Me-
TOJIOB U «JIpy3eil» Heavss 6ydem cozdamuv 6 sude npocmoti (A0KANHOT UAU 240~
banv101l) nepemernotl, BeJib MPH 9TOM KOMIIAISTOP J0JZKEH OY/IeT BCTABUTH B KOJI
BbI30B JIECTPYKTOPA (JIs1 JIOKAJIBHBIX IEPEMEHHBIX — IIPU 3aBepIieHn: (hyHKIIH,

2?HanoMHAM, UTO IIOL CLEHOH B KOMIIBIOTEPHOIH rpaduke OBBIMHO MOHUMAETCH BECh HABOD
rpadudeckux 00bEKTOB, BUJIUMBIX OJIHOBPEMEHHO
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JUUIST TJIOOAJIBHBIX — [PU 3aBEPIIEeHUN BBIIOJIHEHUsI IPOIPAMMBI), HO MBI €My 9TO
Je1aTh 3alIpeTUIn. DToT 3P@PEKT UHOIA UCIOIb3YIOT, YTOOBI CO3/aTh TUII 00b-
€KTa, BCErja Pa3MelaeMoro B JJMHAMUYIECKONW MaMsaATH; OOBIYHO TaKhe OOBHEKTHI
IIPU TeX WU UHBIX OOCTOSTEIbCTBAX VHAJISIOT cebsi caMu — HaIPUMepP, MOXKHO
MIPEIYyCMOTPETD JIJISI 9TOTO B KJIACCE CIEIUaIbHBI METO, ITO-TO BPOIe

class A {

“A() {} // no destruction, dectructor is private
public:

/]

void Disappear() { delete this; }
3

OrMeTnM, 9TO MPUBATHBIA AECTPYKTOP MOJHOCTHIO MCKJIIOYAET BO3MOXK-
HOCThb HAaCJIeJOBAHUsI OT TAKOI'O KJIACCA, €CJIM TOJLKO 3apaHee He OIUCATD
BCeX HAC/IeTHUKOB B KadecTBe Apy3eil. Hamporus, 3amuiménubrit (protected) Ie-
CTPYKTOP SIBHBIM OOpa30M YKa3bIBaeT Ha, TO, YTO HaIll KJAcC 3aJyMaH KaK 3a-
OTOBKA JIJIsT CO3JI@HMST HACJIEJHUKOB M UTO HCIOJIb30BAHME €ro CaMoro 1o cebe
He IIPEJIIoJIaraercs; KaK IMOKa3bIBAeT IPaKTHKa, 9TO HeficTByeT HaJExKHee, deM
COOTBETCTBYIOIIAs (ppa3a B JOKYMEHTAIUH.

Ecnu Bce HacaemHUKM HAITEro KJacca TOXKe OyIyT BBOIWTH CBOM JECTPYKTO-
PBI B BaIUIIEHHON YaCTH, MBI TMOJYUNM eIy TOJUMOPQHYIO HEPAPXUI0 KJiac-
COB, O0OBEKTBI KOTOPBIX MOI'YT CYIIECTBOBATL HMCKJ/IIOUYATEILHO B JUHAMUYIECKOM
[IaMSTH.

ITpuBecTn mpuMep, KOTga ITO-TO MOJ0OHOE MOYKET IOTPebOBaThCsI, HE TaK MPO-
CTO — JJIsl 3TOrO HYXKHO IOJAPOOHO OIKCATh JOBOJBLHO CJIOXKHYIO IPEIMETHYIO
obstacth. [lesaTs 9TOr0 MBI He OyaeM, OrPAHUYIUBIIUCH 3aMEIAHUEM, 9TO aBTOPY
KHHUI'H TaKHe CUTYallnd BCTPEYA/INCh, 1 HEOJHOKPATHO; II0JIE3HO UMETh B BUJLY CAM
dakT CyIecTBOBAHUS MOJAOOHBIX BO3MOXKHOCTEH, 9TOOBI CYMETb BOCIIOIb30BATH-
cs UMM, KOTIa Ballla MpaKTHIeCKas JIedTeIbHOCTb HOAOPOCUT BaM ITOAXOJIAIILY IO
3a/1a9y.

10.6.12. Tleperpy3ka (byHKIHNII U COKPBITUE UMEH

JorycTuM, MbI Oluca/im KJjiace A, OT HEro yHacJjeI0BaIu Kjaacc B u mpu sroMm
6 000UT KAACCAX €CTH MOJI WJIM METO/Ibl, HA3BaAHHBIE OJHUM U TEM K€ UAeHTUdu-
KaTOpOM (HAIpuMep, x). BoobIe-To Tak mucarh B GOIBITMHCTBE CIy9IacB He HAJ0
(kpoMe ciryuast epeorpe/ieieHusi BUPTYAJIbHON (DYHKIMNI), HO €CJIU Bbl BCE-TAKK
9TO HAIUCAJIN, TTOJIE3HO OYIEeT IOMHUATH OJIHO BayKHOE IPABUJIO g3bika Cu++: BBe-
JIeHUEe MOJIsI NJINM MEeTOAa C UMEHEM X B MOPOKIAEHHOM KJIacce CKPbleaem
JIIO6BIe TOJIsl MJIA METObI 6a30BBIX KJIACCOB, MMEIOIIEe TaKOe »Ke MM,
Eciin pedup unér B 0boux ciaydasix 00 UMEHU IMOJIS WK O (PYHKIIUSIX-METOJAX C
OJIMHAKOBBIM TIpouiieM (T. €. OIMHAKOBBIM KOJIMYECTBOM M TUIIAMU I1aPAMETPOB),
[IPABUJIO COKPBITUSI OKA3bIBAETCS JOCTATOYHO OUYeBUIHBIM. OUeBUIHO OHO U JIJIst
ciydas, KOria B 6a30BOM KJjacce nMeeTcs (PYHKIU C IMEHEM X, & B TOPOKICHHOM
BBOJIUTCS T10JI€ X, UJIU HA0DOPOT — BeJib JiJist UMEH noJieit B Cu+-+ meperpyska He
npeycmorpena. Hampumep:

class A { // ...
public:
void f(int a, int b);
};
class B : public A {
double f; // metorm f(int, int) Temepp CKpHT

};
ECJII/I Tenepb co31aTb O6’beKT KJIaCCa B, BbI3BaTb METO/, f MBI C XO/ly HEe CMOXKeM:

B b;
b.f(2, 3); // OWUBKA!!! Meron f CKpHT

OpHAKO «CKpPBIT» HE 3HAUUT «HEIOCTYIIEH» — B KJIacce B MO-TIpesKHEMY IPUCYT-
CcTByeT MeTo/l £, yHaC/IeJIOBAaHHBIN OT KJlacca A, IPOCTO ero BbI30B HYKHO BBIIIOJI-
HATDH C SIBHBIM YKa3aHUEeM 00/IaCTH BUINMOCTH:

b.A::f(2, 3); // BC& B mopsamxe

[Tonauasry Takast KOHCTPYKIUS CO3JAET XKYTKOBATOE BIIeYaTIEHUE, HO 9TO OBICTPO
POIET; B IEJIOM 3/1eCh BCE BIIOJIHE JIOTUTHO, BEJlb, KAK Mbl oTMeuasu B §10.4.13,
A::f — 5T0 He YTO MHOE, KAaK UMA PYHKUUL.

Haubosiee HEOUEBUIHBIM TTPOSIBJIEHUEM OIMCAHHOIO IIPABUJIA CTAHOBUTCS TO,
YTO MOABUBIIASCS B MTOPOXKICHHOM KJjacce (DyHKIUI-METO/T C TeM 2Ke IMEHEM, 9TO
u MeToJ; 0Aa30BOr0 KJjacca, CKpbIBAeT MeToJ[ 0a30BOTO KJiacca, JIakKe ecJiu
oHUu pazjmyaroTcs: mpoduiaem. [leperpyska dyHKIM HAC B 9TOM C/Iydae He

CIIacCaeT.
class A {
//
public:
void f(int a, int b);
};
class B : public A {
public:
double f(const char *str); // merom f(int, int) cxpsT
};
B b;
double t = b.f("abrakadabra"); // Bcé B mopsamke
b.f(2, 3); // OIBKA!!!
b.A::£(2, 3); // BC& B mopsazmke

Bcé 3T0 MOXKHO BBIPA3UTH OJHUM IPOCTHIM IIPABUJIOM: IEeperpy3ka HNMEH
dbyHKIMit JeificTByeT TOJIBKO B PaMKax OJHOI 00J1acTU BUIMMOCTH, €CJIH
JKe UMEHa BBEJIEHBI B PA3JINYHBIX (IIyCTh U II€PECEKAIONTUXCs) 00IaCTIX BUIUMO-
CTH, IPUHITNAIIBI TTIEPErPY3KN Ha HUX He PaACIPOCTPAHSIOTCS.

10.6.13. Bpi3oB B 00x0/; MeEXaHU3Ma BUPTYaJIbHOCTH

dBHOE ykazaHue 006/iacTU BUAMMOCTH (MMEHH KJIACCA), MCIIOJIb30BABIIEECs B
HpebLyIeM naparpade Jjis obpaiienns K nuMenaM, KOTopble KOMITUJISITOP OT HaC
ckpbL1, uMeeT B Cu++ emé omgma 3hdeKT, TOBOJBHO HEOXKUIAHHBIN Ha IIEPBBIil
B3LJISAT: NPU 6HI306E GUPMYGAALHOZ0 MEMOJA C ABHIM YKAZGHUEM UMEHU KAAC-
€4 OMEMOUGEMCA METAHUSM GUPMYAALHOCMY; DYHKIUS-METO] BbI3bIBACTCS W3
TOrO KJlacca, UMsl KOTOPOI'O YKa3aHO IIPU €€ BbI30Be, 0e3 OIVIsJKu Ha TabJiuily
BUPTYAJIbHBIX METOJ0B. PaccMoTpuM Jiist TpuMepa CJIeIyIoNIne KJIacchl:

class A {
public:
virtual void f() { printf("first\n"); }
void gO { £O; } /* BhH3HBaeTca MeTon f B 3aBHCHMOCTH

oT dakTWYeCKOro Tuma obberTa */
void h() { A::f(); } /* Bcerma Bm3mHBaeTca f u3 Kimacca A */

3
class B : public A {
public:
virtual void f() { printf("second\n"); }
};

[IpounsmocrpupoBars pazuuity Mmexay £ () u A: : () momoxkeT cieyrormii ppar-
MEHT KOJIA:

B b;

b.gO; /* medaTaeTrca "second" */
b.h(); /* meuaTtaercs "first" */
b.f0O; /* meuaTaeTcs "second" x/
b.A::fQ); /* medaTtaeTrca "first" x/
A xpa = &b;

pa->fQ); /* meuaTtaeTrca "second" */

pa->A::£(); /* mewataerca "first" */

DTa BOZMOXKHOCTH TPEOYETCsT CPAaBHUTEILHO PEIKO, HO MHOIA OKA3BIBAETCHA BECh-
Ma, TI0JIE3HO; Hambojiee YacCThiil BAPUAHT €€ MCIIOJIb30BaHUS — KOIJa U3 HOBOI
BEPCUU BUPTYAJbHOTO METOJIa, BBEJIEHHON KJIACCOM-IIOTOMKOM, HY?KHO BBI3BATH
CTapyI0 BEPCUIO, OIMCAHHYIO JIJIS KJIacCa-TIPEIKA.

25MbI He pacCMATPHBAEM B Hallleil KHATe MHOMKECTBEHHOE HAC/IEIOBAHNE, HO HA BCSIKUA CIIy-
Yaif OTMETHM, UTO €CJIU IOJIsi WU METOJbI C OJIMHAKOBBIMU WMEHAMU IMOSIBUJINCH B JIBYX Oa-
30BBIX KJIACCAX OJIHOIO IMOPOXKIEHHOI'O KJIACCA, TO B TAKOM IOPOXKJIEHHOM KJIACCE€ COKPBITHIO
TIOZBEPTHYTCS UMEHA U3 060ux 6A30BBIX KJIACCOB.
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10.6.14. Onepanuu npuBeaeHUs TUIIA

Bcerpeuatorcs curyarnn, Korjia TO WM WHOE 3HAYEHHE MeHseT cBoil Tui. Ya-
e BCErO 3TO MPOUCXOJIUT HEAGHO, KAK IPU BBIIOJHEHUU apU(PMETHIECKUX Jeii-
CTBUY HAJT YUCTAMU PA3HON Pa3PsTHOCTU WJIM HAJ IIEJIBIM U JPOOHBIM, HO MHOTIA
(HanpuMep, pU U3MEHEHUH THUIA yKa3aTesisl) IPUXOIUTCS U3MEHSITh THII SIBHO C
IIOMOIIBIO CliennajbHOM onepamuu. B quctom Cu 711 9TOT0 IpeyCMOTpEHa one-
pauus npeobpalzosaHUs Muna — yHapHas ollepaliis, obo3HadaeMas UMEHEM
TUIA, 3aKJI0OYEHHBIM B KPYTJIble CKOOKH, IIPUMEPHO TaK:

int x;
char #*p = (char*)&x;

31ech 3HAYEHNE BBIPAXKEHHUS &X, MMeEIOIIee TUIl int*, IPUBOAUTCS K THUIy chark.
Omnepatust IpUBEIEHUS THIIA ONACHG B TOM CMBICJIE, UYTO €€ IPUMEHEHUE TI03BOJIsI-
eT IpHU KeJIAaHUN OOOUTHU JIoOble OrpaHNYeHNsI, BBOJUMbIE CUCTEMOM THUITHM3AIINH,
BKJTIOYAsI, HAIIPUMED, 3aIlIPeThl Ha 3aIliCh B KOHCTAHTHBIE OOJIACTH MTAMATH 1 JarKe
3allUTy JaHHBIX B Kjaccax. HeobmyMaHHOe IpuMeHEHHEe Ipeodbpa3oBaHus THIIOB
MPUBOJIAT K 3aIlyTHIBAHUIO IIPOTPAMMBI U K OITUOKAaM, KOTOPhIE TPY/IHO HAWTH.

JlJ1st CHY2KEeHMST HeraTUBHOIO 3(bdeKTa olepalinn IPUBeIeHns THIIOB, & TaKKe
JJIs TOJJIEPXKKH IOJIMMOPQHOr0 IporpaMMUpOBaHus B sA3bike Cu-+-+ BBOISTCS
9eThIpe JIOMOJHATEIbHBIE OePaIlNy, ITpeTHAa3HadeHHbIe JIJIs TPeodPa30BaHUsT TH-
18, BBIpaXKeHUs. DTU OIEePAlMU NUMEIOT JIOCTATOYHO HETPUBHUAJILHBIA CHHTAKCHC:
CHaJaJla 3aIlMCBIBACTCS KJIIOYEBOE CJIOBO, 3aJalolllee Ollepallnio (static_cast,
dynamic_cast, const_cast mwiu reinterpret_cast), 3aTE€M B yIJIOBBIX CKOOKax
CTABUTCS WMsI HOBOT'O THUIIA, IIOCJIE Yer0 B KPYIJIBIX CKOOKAX 3aIllChIBAETCS CAMO
BBIpaKeHue, TUII KOTOPOTo HY>KHO U3MEHUTDL, HAIIpUMED:

Square *sp = static_cast<Square*>(scenel[i]);

B orimune or onepamun npuBeeHnsl TUIOB B A3biKe CH, KOTOpas IPUMEHIACDH
JJIs1 JIIOOBIX CJIyYaeB «PYyJIHOTO» (HBHOFO) U3MEHEeHUd TUIla, KaxK/ias U3 oleparuii
Cu+-+ mnpennasnadeHa jisg cBoero ciaydas. Tak, omepaliusi const_cast I03BO-
JIZET CHATBH WU, HA00OPOT, YCTAHOBUTL CKOJIBKO YT'OJHO MOAMMUKATOPOB const
u volatile24; MTOIIBITKA, CIIE/IaTh C €€ TMOMOIIBIO JII000e IPYyroe m3MeHeHne THUIIa
BbI3OBET OLHI/I6Ky IprU KOMITUJIAIIAN:

int *p;
const int *q;
const char *s;

/..

q = p; // MoxHO 6e3 mpeobpazoBaHUA
p = q; // OUWUBKA! cuarme const

p = const_cast<int*>(q); // mpaBumbHO
p = const_cast<int*>(s); // OLMBKA!

OTMernM, 9TO HAJIMYNE B S3bIKE OIEPAIMU const_cast He OTMEHSEeT OIMaCHOCTU
TaKoro npeobpasoBanus. PeajibHas OTpeOHOCTL B 00X0/€ KOHCTAHTHON 3aIlAThI
BOBHUKAET KpaiiHe peiKo; IpexKie UYeM IPUMEHThH peobpa3oBaHue, [ToLyMaiire,
BCE JIM BBl IPaABUJILHO JiejIaeTe, He 3a0bLIM JIM BbI, HAIPUMED, IIOMETUTHL CJIO-
BOM const (PYHKIHMIO-METO, He M3MEHSIOINIYI0 COCTOsHNEe O00beKTa, u T. 1. s
NpUMEeHEHHsl oIepanuu const_cast HY>KHbI OY€Hb BeCKUE IIPUYUHbI, 1
cakpaMeHTaJibHOe «b0e3 Heé He paboTaeT» TaKOil NPUYUHOU CUATATH
HeJIb3d. B HEKOTOPBIX MPOrPAMMUCTCKUX KOJUIEKTUBAX Ha KarK10e IPUMEHEHHE
const_cast HY»KHO IOJIyIUTh JITTHOE pa3penieHne PyKOBOIUTEIsT Pa3pabOTKH.

Onepanus static_cast npeanasHadena st paboThl C HACIEILYEMBIME 00bEK-
TaMI 1 IIO3BOJILAET Hpeo6pa30BaTb yKaSaTeJIb nJjim CCbI.HKy B HallpaBJIEHUU, IIPO-
THBOIIOJIO?KHOM 3aKOHY IOJUMOpPQU3Ma, T.€. 0T 0a30BOr0O KJacca K IOPOXKIEH-
Homy. IlombITKa mpomssecTn Jioboe JIpyroe MpeodpasoBaHUE BHI3OBET OIIUOKY.
[IpuBeném npuMeps:

class A { /x ... %/ };
class B : public A { /x ... %/ };
class C { /*x ... x/ };
/o
A *ap;
B *bp;
C *cp;
//

ap = bp; // moxzo 6e3 mpeobpasoBaHuS

bp = ap; // ommbxa!

bp = static_cast<Bx>(ap); // momycTtumo

cp = static_cast<Cx>(ap); // ommbra, A u C He POLCTBEHHH

EcrecrBenHo, meaTh 3TO CJIEAYET TOJIBKO KOTJa MbI deticmeumenbHo yBEPEHBI,
YTO IO JAHHOMY aJPEeCy PacIoIOXKeH 00beKT UMEHHO TOI'O THIIA, K KOTOPOMY MbI
HaMePEeHbI TPeo0Pa30BhIBATE; MHOE B OOJILIMMHCTBE C/IyIaeB IPUBEIET K OITHOKAM,
OpUYEM YaCTO K TaKUM, Ha JIOKAJIU3AIUIO KOTOPBIX YXOJIUT MHOI'O BPEMEHU.

Omneparust reinterpret_cast mospoJisieT pou3BecTn Jir0b0e mpeobpasoBaHue
(qero YIrOAHO BO 4YTO YI‘O,ZLHO), €CJIA TOJILKO KOMIUWJIATOP IIOHUMAET, KaK 3TO Cle-
JaThb (B YaCTHOCTH, MPeoOpa30BaTh OOBLEKTHI CTPYKTYDP Pa3HBIX THUIIOB JAPYT K
JPYTY He MOJIYIUTCs, MMOCKOJIbKY HEIMOHSITHO, KaK TaKoe IpeoOpa30oBaHre TPOU3-
Bo,zu/ITb), T. €. 9Ta Ollepallds [TOYTH SKBUBAJEHTHA onepamnuu sizbika Cu, KoTopasi
0603HATAETCS UMEHEM THUIIA, B3SITBIM B KPyTJIble CKOOKM. EanncrBennoe orrmane
COCTOUT B TOM, 9TO reinterpret_cast He ymMeeT CHUMATb MOJIU(PUKATOD CONst
(,ZLe.HaTb TO, JIJISI Yero IpeaHasHadeH const_cast). Pexomenayercs B jiroboMm ciry-
Jae IIpUMeHATh const_cast, static_cast u reinterpret_cast, a He oneparnuio
Cu, OCKOJIBKY Takue IpeobpasoBaHmst TPeOYIOT 0coOOOr0 BHUMAHUSI, & BbIpayke-
HUE C HUCIIOJIL30BAHUEM _cast Jiydllne 3aMeTHO B TEKCTE NpPOrpaMMbI, YeM HMsI
THUIIa B CKODKAX.

Heckosibko ocoboe mecto 3anumaet oneparus dynamic_cast. Tpu omnepariuu,
KOTOPBIE MBI PACCMOTPEJIN BBIIIE, CIY2KaT JJId YIPABJICHUA CUCTEMON KOHTPOJIS
TUIIOB, T. €. JJId YIIPaBJICHUA KOMINJIATOPOM, U HE IIOPOXKIAIOT JICHCTBUM, BBIIIOJI-
HSIEMBIX BO BpeMsi pabOThI HpOI‘paMMbI25. Omneparust dynamic_cast, HAIPOTHUB,
IpearoaaraeT IpoBeJeHne HeTPUBUAJIBHON IIPOBEPKU 60 6PEMA UCTLOAHEHUA TPO-
epammat. [Tonobmo oneparuu static_cast, oneparus dynamic_cast npegHasHa-
qeHa JJTsl IpeodpPa30BaHUsI 3/ IPEcOB OOBHLEKTOB B HAITPABJIEHUH, TPOTUBOIIOJIOXKHOM
3aKOHY IoJauMopdu3Ma, T.e. OT aJpeca MpeaKa K aJpecy IIOTOMKa. B ciaydae co
static_cast OTBETCTBEHHOCTH 3a KOPPEKTHOCTH TAKOW ONEpaIli BO3JIaracTcs Ha
[IPOrPaMMMCTa; KIMEHHO IIPOrPAMMUCT TEM MJIM MHBIM CIIOCOOOM I0JI2KEH yOeIuThb-
¢, 9TO IIpeodbpa3yeMbIil ajpec (6y;Lb TO yKa3aresb WM CChIIKA) yKa3blBaeT Ha
00beKT Hy2KHOTO Tuna. Ecin xke npuMmennTh dynamic_cast, To OHa caMa [IPOBEIET
MIPOBEPKY U B CJIy4ae, €CJIU Mpeodpa3oBaHne HEKOPPEKTHO (To €CTb II0 3aJaHHOMY
aJpecy B MaMsTH He HAXOIUTCS OOBEKT HY>KHOIO TI/IHa), BEPHET HYJIEBOI yKa3a-
Tesb. Ha MOMEHT HalMcaHUs IIPOrpaMMBbl B OOIIIEM cJiydae TUII 00beKTa Hen3Be-
CTEH, TaK YTO MMPOBEPKa IMPOBOMWTCS BO BPEMsI HCIOJHEHUS, T.€. JUHAMUYECKU,
OTCIO/Ia Ha3BaHUE Ollepaliu.

[IpoBepka THIa MIPOU3BOANTCS HA OCHOBAHUY 3HAYUEHNS yKA3aTe/IsT Ha TaOIUILY
BUPTYaJIbHBIX PYHKIIUN; I€JI0 B TOM, YTO TaKas TaOJINIa YHIKAJILHA I KaXKI0T0
KJIACCa, UMEIOIIEro BUPTYaJIbHbIE METOMIBI, T. €. €€ aJpec OJHO3HATHO UIEHTU(U-
nupyet kjacc obbekTa. Kak ciejicreue, dynamic_cast MoxeT paboTaThb TOJIBKO
¢ KJgaccamu (Uu CprKTypaMH), AMEIOIMU BUPTyasbHble ¢yuiuu. B Hexo-
TOPBIX UCTOYHUKAX TAaKHe KJIACCHI HASBIBAIOT TLOAUMOPPHHBIMU, ITO HE COBCEM
KOPPEKTHO: KaK MbI BUIEIN, IOJUMOP(MOU3M B OIPEIETIEHHOM CMbBICTE paboTaeT u
JIJISI KJIACCOB, HE MMEIOIINX BUPTYAJIbHBIX PYHKITAIA.

OrMeruM emé oOnuH HeMaJoBaXKHbIA MoMeHT. OObIYHO — peasd3aIuy
dynamic_cast Becbma Hedh@EKTUBHBI 110 BPEMEHH HCIIOJHEHUS — IOIPOCTY
roBOpsi, paboOTAIOT OYeHb MeJIeHHO. [1oaToMy 3JI0yTIOTPedIsITh 9TOM omneparueit

He ciaeayer. B meficrBurenbHocTn OyaeT Jiydine BooOIe 6e3 Heé 000NTHUCE.

MNpeobpaszoBaHne dynamic_cast ymeeT paboTaTb He TONIBKO C yKasaTensiMu, HO U CO
CCblIKaMW; NMpPpU 3TOM NOHATUA <(HyﬂeBOI7I CCblNKN>» B Npupoae He CyLLI.eCTByeT, I'IO3TOMy npmn
OTpMLATENBHOM pe3ysbTaTe NpoBepku Takoli dynamic_cast BbibOpacbiBaeT Hekoe «CTaH-
LapTHoe nckatoderHney. Yrobbl obpaboTaTs ero, NnpuagTcst NOAKIOYNTL 3arofIOBOYHbIA dhaiin
CTaHgapTHOl bnubnnoTtekn, a ganblue, KaK rOBOPSIT, KOFOTOK YBSI3 — BCEA NTUYKE MPOnacTb.
B peiicTBUTENbHOCTU HET HUKAakMX MPUYMH NPUMEHSTb dynamic_cast K CCblKaM: ecnu y
BaC CCblJIKa, a He yka3aTesib, NPUMEHNTE K Heli onepauuio B3ATWS ajpeca, NpeBpaTUB e€
TEM caMbiM B ODbIYHbIN yKa3aTesnb, BbinonHuTe dynamic_cast, npoBepbTe pe3ynbTaT Ha
HEPaABEHCTBO HYJIIO U pa3biMeHyiiTe ero obpaTHo.

10.6.15. Vepapxuu UCKJIIOYEHU

[Ipu obcyxaenun npeoOpa3oBaHMil TUIIOB BBIPAXKEHU B 00PAOOTIMKAX KC-
KJIIOUUTEIbHBIX CUTyaruit (cM. cTp. 59) MBI OTMETHJIM, YTO OJHUM W3 HamboJee
BaKHBIX BUJOB ITpe0OpA30BaHUS sIBJISIETCS IPe0Opa30BaHUe 110 3aKOHY MOJIMMOD-
duzMa, 0aHAKO TMOAPOOHOE OOCYKICHNE STOIO OTIOKWIN, TOCKOJIBKY Ha TOT MO-
MEHT eII€ He ObLJIO BBEJIEHO MOHSTHUE HACIEIOBAHUS.

24C volatile MBI BCTPEUAJMCH BO BTOPOM TOME IIPU OGCYKJEHUH CUTHAJIOB, cM. §5.3.14.

25Kpome mpeobpasoBaHust MKy IEJBIME YUCIAMU U YUCIAME C IIABAIOMIEH TOUKOH, 4TO
TpebyeT HEKUX JeWCTBUI; WHOT/A KOMIUJISITOPY MPUXOJIUTCS W3MEHUTb U JYHUCIEHHOE 3HAJYe-
HHE yKa3aTeJssd, HO B HAIeil KHUTe HE PACCMATPHUBAIOTCS MEXAHU3MBbI, MOPOXKIAOININE TAKYIO
HEOOXOUMOCTb.
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Bosparasch K 3ToMy BOIPOCY, 3aMETHUM, UTO TPETHUH U MOCIeTHUN BU, JOILY-
CTUMBIX ITPEOOPA30BaHUIl OT THUIIA BHIPAYKEHU B oliepaTope throw K TUily, ykasaH-
HOMY B 3aroJioBKe catch — 910 npeobpasoBanue ajapeca (T. €. yKa3aTeJsi Ui CChLI-
KH) 00BEKTA-II0OTOMKA K COOTBETCTBYIOIIEMY &JPECHOMY THILY OObEKTa-IPEIKA.
Ecisiz MbI onuiiem fiBa Kacca, yHACIEI0BAB OJUH OT JIPYTOro:

class A { /* ... x/ };
class B : public A { /% ... */ };

— TO 0OPabOTYUK BHUIA

catch(const A% ex) { /*x ... *x/ }

CMOKET JIOBUThL HCKJIOYEHHsl 000ux THIOB, T.e. pe3y/abTaT KaK Olleparopa
«throw A(...);», Tak u «throw B(...);».

DTO CBOICTBO UCIIOIL3YETCS AJIS CO3IAHIS UEPAPTUL UCKAIOUNUMENHBIT CUTNY-
ayuti. Hammpumep, MbI MOXKEM MOJEJINTDH BCE OMMOKHU, BOSHUKAIOIINAE B KAKOH-JIM00
IporpaMMe Wi OUOJIMOTEKe, Ha CAeAYIONe KATerOPUL:

o OIHI/I6KI/I, BOSHHUKaIOIIE II0 BUHE IIOJIB30BaTEJIA:

— CHHTAKCHYECKHE OMMOKHU TP BBOJIE (HAIpUMED, OYKBbLI TaM, IJIe OKH-
JIAeTCsT IHUCIIO);

— HENpaBWJIBHO yKasaHo ums daiina;

— HENpPaBUIBHO BBEJEH MApPOJIb;

— HeJIONyCTHMas KOMOMHAIMsT TpebOBaHMil (HAIpEMED, OJTHOBPEMEHHOE
TpeboBaHUe YIOPSI0UUBAHUSA [0 BO3PACTAHUIO U 110 YOBIBAHUIO);

e ommbKM, 0OYCIOBIEHHBIE CPEIOIl BBITTOJTHEHUS:

— orcyTcTBHue (hailjioB, Hy?KHBIX JJIsT PAOOTHI;
— IEepeloJIHEHUE JTUCKA;

— I[poYre OIMOKHU OIepalnii BBOJAA-BBIBOIA,;
— HexXBaTKa OLEPATUBHON IIaMsTH;

— omubKu Ipu paboTe C CeThIO;

— U T.IL

e ommbKU B caMoii porpamme, Tpedyomue eé UCupaBIeHns (HalpuMep, Te-
peMeHHasl IPUHUMAET 3HAUYEHKEe, KOTOPOe BPOoJIe Obl IPUHUMATH He JI0JIZKHA).

OnumieM Ternepb KjacCc Error, COOTBETCTBYIOIIUI IOHATHUIO <«JI0Hasi OMIIOKay.
B momHOM cooTBeTCTBHM C TPUHITAIIAMHU OOBEKTHO-OPUEHTHPOBAHHOIO IIPOTPAM-
MHUPOBaHMS TepefiéM oT OoOIero K YacTHOMY, yHACJIeJOoBaB OT KJjacca Error
nojikJyiacesl UserError, ExternalError m Bug /i 0003HA4YEHUs] COOTBETCTBEH-
HO IIOJIb30BATEIbCKUX OIMMOOK, BHEIIHHX OIMHOOK M OIMMOOK B IIPOTPaMMe.
Ot kmacca UserError ymacieayeM Kjacchl IncorrectInput, WrongFileName,
IncorrectPassword u T. 1. Ilocsie sToro obpabordnk Bua

catch(const IncorrectPassword& ex) { /* ... *x/ }

OyaeT obpabaThiBaTh TOJIBKO UCKIIOUEHNSI, CBSI3aHHbBIE C HEIIPABUJILHBIM [IAPOJIEM,
TOrJa Kak 0OpabOTYMK BHIA

catch(const UserError& ex) { /* ... %/ }

Oyzer pearmpoBaTh Ha JIIOOble OIMMUOKHU II0JIH30BATEsI, 9TO K€ KacaeTcs odpaboT-
qYUKA

catch(const Error& ex) { /* ... %/ }

TO OH CMOXKET IIOMMAaTh BOOOIIE JI000e HCKIIOUATEIbHOE COOBITHE W3 HAIIEeH
nepapxuu. ITomuepkuém, 4To TaKoe mmpeobpas3oBaHne paboTaeT TOJbKO IJIs
a,[[l)eCOB7 a He IJId O6'])€KTOB KaK TaKOBbIX; UMEHHO IIO9TOMY MBI B 3ar0JIOBKaX
catch KCIOJIb30BAJIA CCHLIKMA.

10.7. ITTaboHBI

B mporpamMmmupoBaHuur 9acTO BO3HUKAIOT CUTYAIUU, B KOTOPBIX IIPOCTEHIITNM
U OYEBHUHBIM DeIeHUeM OKa3bIBAETCS HAIUCAHUE HECKOJbKUX IOUYTH OJMHAKO-
BbIX (& MHOIJIA U COBCEM OJIMHAKOBBIX) (hparMeHToB Koja. V3BecTHO, 9TO B Ta-
KUX CJAydasx IMOUTH «OYEeBUIHBIM» IIyTEM — UJesd Kpaiine HeyJadHasl, Belb TeK-
CTBI TIPOrPAMM MPUXOIUTCS U3MEHSITh, UCIPABJISTH OMMOKHU, J00AB/ISATH HOBBIE
BO3MOYKHOCTH, U €CJIM HeKuil pparMeHT Koja Oyaer CyIecTBOBaTh Oojiee IeM B
OJTHOM SK3eMILJIsipe, BHOCUTh U3MEHEHUs TPUIETCS CUHXPOHHO B KaXKIIbIl M3 K-
3eMILIIPOB. [IpakTuKa MOKa3bIBAET, YTO PAHO WU IMO3/IHO MBI PO KaKOW-HUOY/Ih
U3 9K3EMILISPOB 3a0yleM, UCIPABUB BCE, KPOME HEro; BIIPOYEM, HaXKe eCJIu Obl
HE 9TO, MeXaHU1IeCKH ,[Ly6.HI/IpOBa.Tb OJHUN 1 Te 2Ke IIPpaBKU B HECKOJIBKHUX MeCTaX
[IPOTPAMMBbI OKA3bIBAECTCS JIEJIOM YTOMUTEJIHHBIM U HEIIPUSITHBIM.

Ecnu dpparmenTs, KOTOpble X0UeTCsl HAIIMCATH Jjisd OBICTPOIrO PEIeHUst BO3-
HUKITEH 38181, PA3InIalOTCs TOJIBKO HEKOTOPBIMU 3HaeHUAMY (M HE Pa3JId-
JarTCs BOBCE), DOPOThCsl € JyOJUPOBAHUEM KOJIA JIETKO: JIOCTATOYHO O(OPMUTH
Takoil pparmMenT B Bue MYHKINH, 1 BMECTO HECKOJIBKUX IIOYTH OJIMHAKOBBIX KYC-
KOB KOJIa, B HaIllel IPOrpaMMe TOSIBSITCSI BBI3OBBI 3TOM (DYHKIINN; PA3/INIATbCS OHI
Oy/lyT 3HAYEHUSMHU IapAMETPOB, IPUIEM 3aMETUTD OTJIUYUS IPU YTEHUU TAKOTO
KoJ1a OyJeT, pa3yMeeTcsi, ropa3io MpoIIe, YeM eCIu Obl IPUXOIUIOCHh KaXK bl pa3
cBepsITH GOJIbINIE pparMeHThl. AHAJOIHIHBIM 00pa30M OOCTOSAT JIeJIa IIPHU PA3JIn-
YUU 10 UMEHAM MIEPEMEHHBIX: Mbl MOYXKEM B TAKOM CJIydae HAIMCATH (DYHKIHIO, B
KOTOPYIO Oy/ZleT meperaBaThbCs aIpec COOTBETCTBYIOINIEH mepeMeHHOii.

Ho uro nenars, ecm HaM 1oTpebOBAIMCH MOYTH OJUHAKOBBIE (DpArMEHTHI,
pasmIms MeXKJy KOTOPBIMH HE CBOISTCS K 3HaueHusm evipastcenuti? Cambrit
IIPOCTOI ¥ YaCTO BCTPEYAIONIUICH IIPUMEDP TAKOTO POJIa — PA3IUIUE MUNOG IIe-
PEMEHHBIX U1 Bpra)KeHI/II';I; KaK IIOCTYIIUTb, €CJIN HaM HOTpe6OBaHOCb BBIIIOJIHUTH
OJIHM U T€ Ke JIEHCTBUS, HO B OJHOM CJy4yae — HaJ| [IepEMEHHBIMI THIIa int, a B
Jpyrom — HaJ epeMeHHbiMEu Tuiia double? B si3pike Cu B Takux cjIydasix IMpu-
XOJIUTCS TpUbOEraTh K OIPEJIEJIEHNI0 MAKPOCOB, IIPUYEM YaCTO — MHOTOCTPOYHBIX.
Kaxkprit mporpaMMucT, HaIUCABINNA XOTsI ObI OIUH MHOTOCTPOYHBIN MaKpOC Ha
Cu, 3HaeT, KaKoe 3TO YyTOMHUTEIbHOEe U HebJiaromapHoe 3aHsaTue. Eciu B onpee-
JIEHHE MaKpOca BKpaJiach OIMUOKA, HAWTH €€ Oy/eT HEmpOCTO, IPUIEM Jlayke He
Cpa3y CTAHOBUTCS IMOHSITHO, UTO OMIMOKa KPOETCsl TIe-TO B MaKpPOCe, MOCKOJIBKY
KOMITIJIATOP B cOODIeHnn 06 OImubKe yKa3blBaeT HE Ha TeJI0 MaKpoca, a Ha TO
MeCTO, IJIe MAKpOC BhI3BaH. Boobie Makponporeccop si3bika Cu, 13 coobparKeHnii
COBMECTUMOCTH BKJIIOUEHHBIN 1 B Cu++, mpejictaBiser coboil cpesicTBO OMACHOE
B IPUMEHEHUN U KPaliHe HeyT00HOe, YTO MHOTOKPATHO OTMEYAIOT MHOTHUE ABTOPHI,
Bryiovas Crpaycrpyna. OJHaKo Bpel OT JAyOJupOBaHMUS KOJ/Ia OKA3bIBAETCS €Ié
boJibirie, Tak uTO 1pu pabore Ha Cu B psijie CIyIaeB HWHOTO BBIXOJA HE OCTAETCS.

B s3pike Cu++ u3 OOJIBIIMHCTBA TAKUX [TOJIOXKEHUNH MOXKHO BBIHTH, UCIOJIb-
3y WaAOAOHDBL, KOTOPHIE NEJISITCS HA wWabaoHb, GyHKUUl U wWabi0Hb, KAGCCOS.
Obrmast maest TeX W APYTUX COCTOUT B TOM, 9TO MBI MHIIEM KakK Obl 3aTOTOBKY
Jtst (DYHKITUU WIIA KJIACca, KOTOpast IPU KOHKPETU3AIUN HEKOTOPBIX [apaMeTpOB
MOXKET MPEBPATUTHCS B HACTOSIIYIO (DYHKITHIO U1K, COOTBETCTBEHHO, KJacc. B Ka-
YeCTBE MAPaMETPOB IMAabJIOHA Yallle BCEr0 BBICTYITAIOT UMEHA THUIIOB BhIPAXKEHHUIT,
HO 9TO MOr'yT 6bITb 1 3HaYC€HMU I1eJIOr0 TUIla, a B HEKOTOPBIX CHeL[I/ICbI/IquKI/IX CJIy-
JasX U aJIpecHble BbIpaxkeHusi. Pazymeercs, ofquH 1abjI0H MOYKHO HCIIOJIH30BATH
JJIS CO3JIaHUs HECKOJIBKUX PA3HBIX (DYHKIUN WM KJIACCOB, OTIUIAIONIUXC JIPYT
OT JIpyra TOJIbKO 3HAYEHUSMU HEKOTOPBIX MapaMeTpoB. BarKHO MOHUMATb, UTO
n1abJIOH — 3TO eIlé He KO/, 3TO JIUIIb 3aroToBKa /Jisi Koaa. BrioyiHe mgorry-
CTUMO BOCHPHUSATHE MAOJIOHOB KaK 9TAKUX «YMHBIX MaKPOCOB» — KaK MUHUMYM B
TOM CMBICJIE, ITO ITO (PPArMEHTHI TEKCTa ITPOIPAMMBI, U3 KOTOPBIX HEKUM IIPEe0d-
pazoBaHueM (C MOJCTAHOBKOI [IapAMeTPOB) MOJIYYaroTCst JIpyrue hparMeHThbl TeK-
€Ta IIPOrpaMMbl, KOTOPbBIE YK€ KOMITUJIUPYIOTCS Kak 00brano. Hajto ckazars, 9To
CrpaycTpyll TIIaTeIbHO OTPUIAET CBsI3b IMIabJIOHOB ¢ MAKPOCaAMU — HO, BHIUMO,
OH I0JT MAKPOCAMU TIOHUMAET TOJIBKO TO CTPAHHOE HeJI0/e/IaHHOE HEUTO, KOTOPOe
MbI UMeeM B yncroM Cu, Toria Kak B JefCTBUTEILHOCTH MaKpPOIIPOIECCHPOBAHKE
KaK siBJIEHIE HAMHOI'O CJIOYKHEeE.

MoxKHO cUuTaTh, 9TO IIAOJIOHBI IPEJICTABJISIOT CODOIi e1é oauH BU/JI I10-
aumopdusMa — Tak Ha3blBaeMblil napamempuveckuti nosumoppudm. Ilo-
CKOJIbKY 3TOT BT IIOJTUMOPMDU3MA Pean3yeTcsi Ha, CTAINA KOMITUISIIIUU, €r0 CJIe-
JIYET PAacCMATPUBAThL KAaK YACTHBIN CIydail cTaTudecKoro nojmMopdusma, 1, Kak
U IpyTHUe cjiydan crarudeckoro nojuMmopdusma, Kk OOIl or HIKAKOro OTHOIEHUST
He UMEET, YTO, KOHEYHO 2Ke, He JIEJIAeT €ro MeHee BasKHbIM.

Kpowme toro, mabaoHbl MOXKHO (M HY?KHO) CYMTATH IPOSIBJIEHHEM MEManpo-
epammuposarus (cm.§9.4.3), BeJb cam mabiIoH — eI He OKOHYATEJbHbII KO/,
OH JIUIIb OIMCAHKNE TOTO, KAK 9TOT OKOHYATEIbHBIN KOJI JOJIKEH BBITJIsiIeTh. Kak
MbI YBUJUM 9YTb IIO32KE, BO3MOXKHOCTU H_Ia,6.HOHOB HaMHOI'O OInpe, HeXKeJIn TpU-
BHAJIbHBIE MMOJCTAHOBKHU OJTHOTO BMECTO JIDYTOr0, M B HEKOTOPBIX CJIyYasX OKOH-
JaTeJbHBbIN KOJI Oy/IeT BBIMJIAIETh COBCEM He TaK, KaK BBIIIsaes 1mabson. Ho —
060 BCEM II0 TTOPSIIKY.
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Paccmorpum myist ipumepa pYHKITUIO, COPTUPYIONIYI0 MACCUB IEJIBIX UHUCET
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void sort_int(int *array, int len)

{
for(int start=0; ; start++) {
bool done = true;
for(int i=len-2; i>=start; i--)
if(array[i+1] < arrayl[i]) {
int tmp = arrayl[il;
array[i] = array[i+1];
array[i+1] = tmp;
done = false;
}
if (done)
break;
}
}

IIycrs Tereph HaMm morpeboBaIach Takas ke (pyHKIHS JIjIsI COPTHPOBKU MACCHBA
u3 uucesn tura double. Mcnomp3oBaTs mMmerontyocst GyHKITUIO MbI, TIOHITHOE e~
JIO, HE CMOYKEM: YHUCJIa C IJIABAIONIENl TOYKOI COBEPINIEHHO MHAaUe CPABHUBAIOTCS U
UMEIOT JApyroi pasmep. Ecian xke mbl Bcé-Taku Hamuimem QyHkinio sort_double,
OHa OyJeT OTIMYaTbCs OT sort_int Bcero B JABYX MeCTax: B THIIE IapaMeTpa
array M B TUIIe BDEMEHHOII lepeMeHHOi1 tmp, Gouibiite Hure. ITockosbky j1ybsmpo-
BaTb KOJI TAKUM 00pa30M COBEPIIEHHO HEIOIYCTHMO, IPUXOJUTCS KaK-TO BBIKPY-
quBaThCsi. B si3pike Cu [j1st 9TOr0 TPHUIILIOCH ObI CO3/IaTh ¢ TOMOIIBIO TUPEKTUBI
#define MHOTOCTPOYHBIN MaKpOC C OJHUM IIapaMeTpPOM, 3a/JIal0IUM KaK pa3 THUll
JIEMEHTOB COPTUPYEMOI'0O MaCCUBa U, COOTBETCTBEHHO, THUII IIEPEMEHHOI tmp.

B Cu-++ npobJieMbl, Og00HBIE BBIIIEOIHUCAHHOM, MOYXKHO PEIIUTH ¢ ITOMOIIBIO
wabaornos. Kak yxKe roBopujioch, mabJIOH — 9TO CBOETO POJa 3a20moeka sl
dyukiun; cam 1o cebe 1maboH HYHKIUEH HE SBJISETCA, HO MOXKET OBITh B HEE
IIPEBPAIIEH, €C/IU YKa3aTh 3HAUEHUS ITapaMeTpoB. B JaHHOM ciiydae mapamMeTpoM
mabJIoHa OyIeT TUIl 3JIeMeHTOB MaccuBa. OTMuIneM 5TOT abJIoH:

template <class T>
void sort(T *array, int len)

{
for(int start=0; ; start++) {
bool done = true;
for(int i=len-2; i>=start; i--)
if(array[i+1] < arrayl[i]) {
T tmp = arrayl[il;
array[i] = array[i+1];
array[i+1] = tmp;
done = false;

}
if (done)
break;

Knroueroe citoBo template coolIaeT KOMIUISITOPY, UTO Jajiee MOCaeayeT mab-
JIOH. 3aTeM B YIVIOBBIX CKOOKaX IMEPEUNCIISIIOTCS NAPAMEMPBL UWAOAOHE, TPUIEM
c70BO class O3HAYAET HA CAMOM JIEJIe NPOU3BOALHbIT TUN, a He TOJIBKO KJIACC.
B namem npumepe mabiion umeeT ofuH napaMerp (¢ mMeneM T), B KadecTBe KO-
TOPOTO OXKHJIAETCs yKa3aHue Hekoero tuia. Jlasiee ciiesryer tesio OyHKINH, B KO-
TopoM ujeHTHGUKATOp T UCIOIB3yeTCs B KadecTBe TUIA. YICHO, YTO TaKoe Tejio
HEBO3MOYXKHO OTKOMIIMJIMPOBATH B OOBEKTHBIN KOJI, MOCKOJbKY HEU3BECTHO, Ka-
KOU THUI 0003HAYAeTCsi UMeHeM T, KaK BBINOJIHSITE UHJICKCUPOBAHUE B MAaCCHUBE
13 TAKUX 9JIEMEHTOB (BeJb pa3Mep 3JIeMEeHTa TOKe HEM3BECTEH ), KaK BBIITOIHATD
IprcBauBaHue U cpaBHeHne. Ho KOMIMINPOBATH HAIIMCAHHOE MBI U HE CODMpPaeM-
Cs — B€JIb MBI K€ JIOMOBOPUJIUCH, YTO IuileM He (PYHKIHUIO, a JIUIIb 3ar0TOBKY
JIst Heé. Dra 3aroToBKa (I1abJIOH) UMeeT UMsl SOort.

Yro0bI Ternepsb 3aCTaBUTh KOMIIUJISITODP ITOCTPOUTEH (DYHKIIAIO HA OCHOBE Imad-
JIOHA, JOCTATOYHO YKa3aTh KOHKPETHBIA THII, KOTOPBI OyJIeT WCIIOIb30BATH-
cst BMecTO T. DTO JeslaeTcss TOXKE € IMOMOIIMBI0 YIVIOBBIX CKODOK; BBIPasKeHHUE
sort<int> obo3HavaeT PYHKIUIO JJIsi CODTUPOBKU MEJIOUNCTEHHBIX MACCHBOB, 110~
JIyYEHHYIO U3 IabJIoHa SOrt C HCIIOJIb30BAHMEM THUIIA int B KadecTBe 3HAYEHUS
napamMerpa T:

int a[30];
// ...

sort<int>(a, 30);

Takum ke TouHO 06pa3oM sort<double> obo3HadyaeT (PYHKIINIO I COPTUPOBKH
MaccuBoB u3 unces tuma double. Bosiee Toro, mabion roguTcs Ijisi COPTUPOBKH
MaCCHUBOB U3 JIEMEHTOB ITPOU3BOJIBHOTO THUIIA, HY?KHO TOJIBKO, YTOOBI JJIs 3TOTO
Tura ObLT JIOCTYIIEH KOHCTPYKTOP KOIMPOBaHUs (IIOCKOJIbKY IIepeMeHHast tmp co-
3/1a6TCs1 C €ro MOMOIIBIO), OBLIH ONPE/IEJIeHBI OIepaliys <, UCIOJIb3yeMas B HAIeM
mabJioHe Jjisi CPABHEHUsI, U OlePaIlds [IPUCBANBAHUSI.

[Tonyuenne dyHKImr n3 mab/ioHA HA3LIBAETCI UHCMAHUUAUUET TTTAOIOHA.
Kommujisitop mHCTAHIIUUPYET KAkl (PYyHKIUIO TOJIBKO OJUH pa3, T.€. €CJIU B
HaIlleM MOJIyJIe TPUXKJIbI BCTPETUTCA BbI30B MYHKINN sort<int>, Kom mjs Heé
OyJIeT CreHEpUPOBAH JIUIIb €TUHOXK b

NuTepecto, 4T0 B psifie CaydaeB WHCTAHIIMUPOBAHHYIO (PYHKIIUIO MOYKHO BbI-
3BaTh, HE yKa3bIBas IapaMeTphl MabJ/I0Ha; TaK, BHI30OB

sort(a, 30);

Oymer BIIOJTHE KOPpPeKTHBIM. [lo Tumy mapamMerpa a KOMIHISITOP <«I0TaIaeTCsy,
9TO MMeeTCd B BHUJY MMEHHO sort<int>. STO Ha3bIBaeTCd asmomamuiecrum
8b5L8000M ap2Yymermos wabaora; 3aderasi BIIEPE, OTMETAM, UTO JJIsi 11a0,/10-
HOB KJIaCCOB TAKO BO3MOXKHOCTH HET.

10.7.2. ITTab/10HBI KJIACCOB

YT0o0B!I TIOHSITh, 3aU€M HYXKHBI Ma0JIOHBI KJIACCOB, BCIIOMHUM IIPUMED, KOTO-
pblit Mbl ipuBoun B §10.4.25. HamoMHNM, 9T0 MBI pACCMATPUBAJY PA3PEHCEH-
Hu Mmaccus ueavixr wucea. Ilpm arom Mbl Hammcaiu kjaacc SparseArrayInt u
MOIUHEHHDBIN emy Kiace Interm. Ecim mam morpebyercs Temepb pa3perKeHHbIHN
MAaCCHUB 4HCeJ JPYTroro THUIla WM, CKaykKeM, Pa3perKeHHBINI MacCHB CHMBOJIBHBIX
CTPOK, TO KOJI Kj1acca SparseArrayInt npujiércs ayOaupoBaTh ¢ MUHUMAJIbHBIME
U3MEHEHUSIMU, YTO, KaK Mbl y2Ke€ TNOBOPHWJIH, HeIormycTuMo. CyIIecTBEHHO IIpa-
BUJIbHEE OYIeT MPEeBPaTUTh CYIIECTBYIONINN KOJI JIJIs 1IeJIOYUUC/IEHHONO MACCUBa B
abJIOH MACCHUBA ITPOU3BOJILHOIO THUIIA.

Koneuno, Taxoii mepexoji OT KOHKPETHOIO TUMA int K THUILY, KOTOPOrO MBbI
3apamee He 3HaeM, OOIIYI0 KAPTUHY HECKOJIBKO YCJIOXKHUT. Tak, B METO/IaxX Kjiacca
SparseArrayInt MBI Jjid YIPOIIEHUS CHACTIATH «OOIUM 3HAUYEHUM» OUEBUJIHBIMN
B 3TO#l posu O, HO JJId Heu3eecmHo20 TUIA TOT HOMep He IPONUJET; B CaMOM
JeJie, He BCAKUI TN IpeaycMaTpuBaeT 3HadeHUe 0, U He KO BCAKOMY THIIY 3TO
3HaYeHnEe MOXKHO IPeodpa30BaTh, a OTPAHUIUBATHLCA TOJIBKO 00pabOTKO# THUIIOB,
Takoe 3HaueHne (MM XOTsi Obl TaKoe IMpeobpa3oBaHMe) JOIYCKAIOIMINX, ObLIO ObI
HECKOJILKO cTpHaHHO. [ToaToMy KJracchl, HHCTAHITUUPYEMbIE U3 HAIIETO Ia0JI0HA,
Oy/lyT MOJIydaTh «0DIee 3HAYECHUE» Yepe3 IMapaMeTp KOHCTPYKTOpPa M COXPAHSITH
B CIIEIMAJILHOM TI0JIe 00beKTa, KOTOpoe Mbl HazoBéM defval.

Bropoit meTpuBHaIbHBII MOMEHT KacaeTcs Habopa orepaluii HaJl SJIeMeH-
TaMl MaCCHBa KaK TaKOBbIMHI (B oT/yimine OT HX 3H&‘I€HI/II71). OIII/ICbIBaH KJI1acC
SparseArraylInt, MBI BOCHOJIB30BAJINCh TEM, YTO JJI TUIIA int CyIIecTBYeT Orpa-
HUYEHHBI U BIIOJIHE 0003pUMBIH HAOOD omneparyii, BLIIOJIHIEMbBIX HAJ Nepemet-
HOTU KaK MaKosoti: 3T0 OOBIYHOE IIPUCBANBAHUE, JIECATH OLEPAINN IPUCBANBAHUS,
COBMEIIEHHOTO ¢ apudMeTHIeCKUM JieficTBrHeM (BpOJe +=) U 4eTbIpe Olleparuu
MHKpEMeHTa W JekpeMenTa. [IaTHamIaTe omeparuii — 3TO HE TaK MHOIO, TaK
9TO JUIA OOBEKTa «KJIACCa-IIOCPEeIHUKA», BO3BPAIAEMOr0 OlepaIueil NHIeKCHPO-
BaHUsI, MOXKHO onucarh ux Bce. CoBceM Jpyroe Jej0, Koraa 0 KOHKpeTHOM Habope
oreparuit Mbl MOYKEM TOJIBKO JIOTaJIbIBATHCs, ITIOCKOJIBKY BOOOIIE-TO HE 3HAEM THII,
paboTy ¢ KOTOPBIM HaM MPEJACTOUT STAKUM CIIOCOOOM UMUTUPOBATH. MbI BepHEM-
¢ K 3TOMY BOIPOCY IIO32Ke, a ITOKa 3& HEMMEHWEM JIYUIIero OrPaHuINMCs OJTHOMN
TOJIBKO Ollepallyieil TpoCTOro IpUCBaBaHUs.

Hy u emé omna serasb: ecju Ipo TUI int MBI TOYHO 3HAEM, YTO €ro Iepejia-
Ya [0 3HAYEHHUIO U JIMIITHee KONUPOBAHMUE NMPAKTUYECKM HUYEro He CTOUT, TO s
IPOM3BOJILHOTO (3apatee HEM3BECTHOIO) TUIA MBI O 9éM-TO MOXKEM TOJIBKO JI0Ta-
aeiBaThest. [loaTomy Ha BeSKuUil crydail HAIT METOJBI OYIyT MOy IaTh SHAYCHUS
9TOro TUIla I1I0 KOHCTaHTHBIM CCBIJIKAM.

VuaTd BCcé ckazaHHOe, IIEPEUIeM 3aroJI0BOK KJIacca, IPUBEIEHHDLIN Ha CTP. H3,
B BHJe IabJIoHa:

2

SKoneuno, sTor MeTos Hea(bPEKTHBEH 1T MACCHBOB 3aMETHOIO pa3Mepa, HO JJIs IIPUMepa.
OH BIIOJIHE TOJOMIET, M K TOMY K€ Ha MACCHBaX M3 JECATKA JIEMEHTOB HUIEro 3hdEKTUBHEES
IPOCTOTO «Iy3bIPbKa» IIOKa YTO HE IIPUIYyMaHO.
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template<class T>
class SparseArray {
struct Item {
int index;
T value;
Item *next;
};
Item *first;
T defval;
public:
SparseArray(const T &dv) : first(0), defval(dv) {}
~SparseArray() ;
class Interm {
friend class SparseArray<T>;
SparseArray<T> *master;
int index;
Interm(SparseArray<T> *a_master, int ind)
master(a_master), index(ind) {}
T& Provide();
void Remove();
public:
operator T();
T operator=(const T &x);
+;

friend class Interm;

Interm operator[] (int idx)
{ return Interm(this, idx); }
T operator[](int idx) const;

int NonzeroCount() const;

private:
SparseArray(const SparseArray<T>&) {}
void operator=(const SparseArray<T>&) {}

};

Ob6parure BHUMaHUE, YTO Be3Je K CJIOBY SparseArray Mbl jobaBjisieM mapa-
Merp <T>, 3a HMCKJIIOYEHUEM MMEHU KJlacca U MMEH KOHCTPYKTOPOB M JIECTPYK-
TOopoB. [lesio TyT B TOM, U4TO OTHOCUTEILHO CaMOro KJjacca (T.e. mabsioHa) KOM-
HUJISITOP M TaK 3HAET, YTO OIMCHIBAETCH Ia0JIOH, U TO K€ CaMOe MOXKHO CKa3aThb
PO KOHCTPYKTOPBI U JIECTPYKTOPBI; KOIJIA K€ Pedb HJACT O TUIAX IapaMeTpPOB
B QYHKINAX, O TUIIAX yKa3aTeJjel, W, HAaKOHEeI, 0 KOHKPETHOM IPYKECTBEHHOM
KJIACCE — TO TEOPETUYECKU B KAYECTBE TAKOBBIX MOT'YT BBICTYIATH JIIOOBIE KJIAC-
CBbI, B TOM YHCJI€ CO3JaHHbBIE U3 ITOrO 2Ke IM1ab/I0Ha, HO C TaPAMETPOM, OTJIUIHBIM
ot T. ITosToMy THII IPUXOINTCS YKA3BIBATH MOJTHOCTHIO. D yHKIINU-METO/IBI HAIIIETO
mabJioHa KJ1acca TOXKe IPUJIETCA ONMUCHIBATh Kak 1mabsionbl. Hampumep, onucanue
JIECTPYKTOpA IIPUMET CJIEIYIONTUI BU/I:

template <class T>
SparseArray<T>::~SparseArray ()

{
while(first) {
Item *tmp = first;
first = first->next;
delete tmp;
}
}

a IpucBauBaHue Ul Kjaacca Interm Hy:KHO OYJIET ONUCATDH TaK:

template <class T>
T SparseArray<T>::Interm::operator=(T x)

{
if (x == master->defval)
Remove () ;
else
Provide() = x;
return Xx;
}

[Ipu packpbiTuu 00JIACTH BHJIUMOCTH HAM TOXK€, KaK BUJUM, HPUXOIUTCH SBHO
yKasblBaTh, Kakoil kaacc (a He 1mabJIoH KJacca) Mbl IMEEeM B BHJLY, TO €CThb IIH-
caTb SparseArray<T>, a He nMpocTo SparseArray. DTO U MOHATHO: COOTBETCTBY-
oMU MeTo/T Oy/IeT TPUCYTCTBOBATh B KarKJIOM KJIACCE, IOCTPOEHHOM I10 HAIIIEMY
mabJIoHy, HO BeJlb 9TO OYIAYT pasHvie METObI, XOTs M ITOCTPOEHHDIE 110 OIHOMY
u TOMy 2Ke wabaony merona. Boobie, Be3se, riie IO CMBICIY IIPEOIIoJia-
raercsi UMs TUIIA, MbI JOJI>KHbBI IIPU WCIIOJIb30BaHUYU MIA0JIOHA yKa3aThb
3HaAYeHUs OJid [IapaMeTpPOB IabJIOHA, YTOOBI IOJYYATh TUIl; UMsI IHa0-
JIOHa KJacca 6e3 yIJIOBBIX CKODOK M MapaMeTPOB MCHOJb3YETCH TOJIBKO
B TPEX ciyd4asix: B Hadaje omnmcanus mabigona (korga, coGCTBEHHO ro-
BOpsi, 3adaémcs umsi MIAOJIOHA), IPU ONMCAHUYN KOHCTPYKTOPA M IPU
OIINICAaHMM JIeCTPYKTOpAa.

Ormucanust OCTAJIBHBIX METOIOB MbI HE TIPUBOIM; [IPH YKeJTAHIH TUTATEb HA-
JIET TIOJIHOE olucanue madjiona SparseArray BMecTe ¢ HEOOJIBIIIMMHU TECTOBBLIMU
[IprMepaMu B apxuBe IIPUMEPOB K KHUre B daiijie sparse_t.cpp.

Bepuémcs Tereps k 1mpobsieMaM, KOTOPbIE BO3HHKAIOT B CUJIYy HEU3BECMHO-
cmu tuma T. Mbl OTKa3aJICh OT OIMCAHUS <«BCEX» BO3MOXKHBIX OI€paIluil Ha/l
9JIEMEHTOM MaccuBa (KaK TAaKOBBIM, B OTJIMYME OT €ro 3HAYCHWs1); B KJjacce
SparseArrayInt MBI MOIVIM TakK CJIeJIaTh, TOCKOJBKY 3HAJU, UTO UMEEM JIeJIO C
OOBIYHBIMU TIE€JIOYUCJIEHHBIMU [IEPEMEHHBIMY, HO JIJI TUIA HAIlEPE]] HEU3BECTHOTO
TaKOM IMTOJXOJ, YBBI, HE TOIUTCS.

B neiicTBuTEIBHOCTH MBI BIIOJTHE MOIVIM ObI OIIMCATh JJId Kjlacca Interm u 3Tu
orepaluu, u Jiooblie JIpyrue, IOCKOJbKY MEeTOAbI IIabJ/I0HA KJIacca MHCTAHIIU-
MPYIOTCS TOJIBKO IIPU X MCIOJIb30BAHUM; HHAYE I'OBOPsI, MHCTAHIIMUPOBAHUE
mabJIoHa KJIacca He IPUBOJUT K MOSIBJIEHUIO B IIPOIPAMMe CPa3y BCEX OIMUCAHHBIX
MeTo10B. Mbl Morin Gbl, HanpuMep, CHaOAUTh Mab/IoH onepanuel <<= (mpucsa-
UBaHMEe, COBMEIEHHOE C MOOUTOBBIM CJBHUIOM BJIEBO); JJIS 9TOrO B IIyOJUIHYIO
YacThb 3aroJIOBKa Kjacca Interm HY>KHO /106aBUTH CTPOKY BpOJie

T operator<<=(int n);

(Ha BesKUil cyrydaii HAIIOMHUM, 9TO [PABBIA OIEPAHJ OIEPAIMU CJBUra 3a/a6T
KOAUYECTN60 HUMO6, TAK UTO OH TI0 CMBICITY TeJIOYUCIEHHBIN; XOTs, KOHETHO, KOM-
UJISTOP HE CTAHET HAC 3aCTABJIATH COOIIONATD UCXOTHYIO CEMAHTHUKY OIEPAITUil —
HU 9TOii, HE 1106011 npyroii). [TosHoe onmcanme MeToma MOXKeT ObITH, HAIPUMED,
TaKUM:

template <class T>
T SparseArray<T>::Interm: :operator<<=(int n)
{

T& location = Provide();

location <<= n;

T res = location;

if (res == master->defval)

Remove () ;
return res;

}

Takoe Teno MeToma mpeanoJaraeT, 4TO IE€peMeHHble Tuma T MOAIepPXKUBa-
IOT onepanuio <<= — HNMEHHO 3Ta OIlepallud IMPHUMEHEHa BO BTOPOIl CTPOYKE
(location <<= n), HO Ja)ke e€cJM MbI B KadecTBe Iapamerpa MmiaboHa
T yKakeM TUII, COOTBETCTBYIOIIEl ollepaliuy He NMeEIoIuii, HUKAKOU
OITNOKM He ITPOU30MAET A0 TeX IMOP, MOKA MBI HE MONBbITAEMCS PEATHBHO
3a/eiicTBOBaTh OIlepalio B HalieM Koze. Hampmmep, MBI BIIOJTHE MOXKeM
OIucaTh mepeMeHHyIo Tumna SparseArray<Complex> u paboTaTh ¢ PA3PEKEHHBIM
MAaCCHUBOM KOMIIJICKCHBIX YHCETT; Y KOMIIMIATOPA HEe BOSHUKHET BO3ParKCHUN, €CIn
TOJIBKO MbI HE IOIBITAEMCS KOMIIJIEKCHOE YUCJIO TOOUTOBO CIABUHYTH.

DTO TO3BOJITET TPHU OOJIBIIIOM JKEJTAHUW BEPHYTHCS K W€ OMUCAHUS JIJIsT
Interm «Bcex» BO3MOXKHBIX ON€epalldil HaJl «3JeMEHTOM MAaCCUBa KaK TaKOBBIMY,
¢ TeM YTODOBI IIOTOM IIPOCTO HE KCIIOJb30BATH T€ M3 HUX, KOTOPbIE KOHKPETHBIM
THUIIOM 3JIEMEHTOB HE MPEYCMOTPEHBI. BOT TOJIBKO TPOBJIEMBI 9TO TOJIKOM HE pe-
muT. B ponm meussecmmozo THIA MOXKET BLICTYIATH KJIACC WJIM CTPYKTYpPa CO
CBOMMMU TIOJIAMU U METOJaMH, U 3TO, MATKO T'OBOPH, NO6bLULAEM KOJIUIECTBO OIle-
paruii, BOSMOXKHBIX (M TI0Jpa3yMeBaeMbIX) HaJ| IEPEMEHHOl KaK TaKOBOI; CJIOBO
«IIOBBIMIAET» MBI HE CIyYailHO BBLIEJIWIN, OHO TYT MOXKET HCIIOJIb30BATBHCA CKO-
pee B IIEPEHOCHOM CMBICJIE, TIOCKOJIbKY Pedb B JIEMCTBUTEIBHOCTH UJET O PA3HUIIE
MEK/ly TATHAJIIATHIO U3BECTHBIMU OIEPAIUAMHU U, HA MUHYTOYKY, OeCKOHeuHO-
cmwro. B wactHOCTH, ectu B posin T OyjieT BBICTYIIATH TPUBUAJIBHAS CTPYKTYpa
str_complex 6e3 BCIKUX METOMIOB, ¢ KOTOpoit Mbl Hadaan §10.3.1, To oT mepemen-
HOiT Turma SparseArray<str_complex> KTO-TO MOT Obl Obl OXKWJIATH IOJJIEPKKI
1ero-TO BPOJIE

double w = arrayl[idx].re;
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— HO TAKOI'O MbI ODECIIEYUTH HEe MOXKEM: B CaMOM JieJie, OllepaIlis BbIOOPDKH —
BOT 3Ta BOT Touka — B Cu+-+ He meperpyxkaercs. To9HO Tak ke st «MacCuBay,
OIHMCAaHHOTO Kak SparseArray<Complex>, MbI HE CMOXKEM JOOUTHCS BOZMOXKHOCTH

double x = arrayl[idx].GetRe();

3acTaBuTh MOMOOHBIE KOHCTPYKIHUKU paboTaTh MOYXKHO TOJIBKO IIyTEM BO3BpaTa
CCBHIJIKA Ha PEaJIbHO CYIIECTBYIONIYIO ITePpeMEHHYIO0 COOTBETCTBYIONIETO THIIA, HO
™Mbl erié B §10.4.25 BBISICHWIN, 9TO JIjIsT PA3PEKEHHBIX MACCUBOB 9TOT BAPUAHT HE
TTOTXOJTUT.

3abaBHo, 4TO B Hawwmx Aekopauusix oba 3Tu npuceavBaHus byayT npekpacHo paborarts,
ecnn O6'beKT MaCCMBA KOHCTAHTHbIA — Hanpumep, ecnm CioBO array B AeVICTBVITeﬂbHOCTVI
He NMs ODBEKTA, @ MMSI KOHCTAHTHOW CCbIJIKM Ha Hero (Hampumep, Ham €ro Tak nepeganu
yepes napametp dyHkuum). Jns Tuna spoge Complex 3TO MOXET AaXe [0 OnpenenéHHol
CTEMEHU MOKa3aTbCsl PeLLeHneM npobnieMbl, HO 3TO JILWb NOTOMY, 4TO B knacce Complex —
B TOM BUAE, KaK OH ONNCaH B rnaBe 10.4 — nouTtn BCe METOAbl KOHCTAHTHbIE, N3MEHUTb O6'b—
€KT MOXHO TOJIbKO npucBamsaHmem. [11s obbEKTOB, NMEOWUX MOANDNLUPYIOLLNE METOAbI,
npobieMa OKaXeTCst AaXKe XYXKE: EC/IN UMsl array OKaXKeTCst KOHCTaHTHOM CCbINKol uan (4To
HECKOJIbKO 3K30TUHHO 1 B ODLIYHOMN KU3HM He BCTPEYAETCS) MEHEM KOHCTAHTHOrO 0bBbeKTa,
TO KOMMUASITOP MOJIYa MPOrJIOTUT YTO-HNOYAb BpoAe

array[idx] .SetMyProperty(my_value) ;

— W1 nocne 3Toro Mbl Aoaro 6yp,eM NCKaTb, A€ OKa3aJINCb HEMpPaBbl; B OTJlaA4YNKe BCE 6y—
AET BbIrNAOETD, 6yp|TO CTpO4Ka Kofa Bpoae 6b| BbINOJIHAETCA, N Aa>XE€ METOA BbI3blBAE€TCA,
YTO-TO TaM [ENaeT, BOT TOJIbKO 3JIEMEHT «MaCCMBa» BCIO dTa ABUXKYXY Harlo UrHopupyert
n BoObLLe HUKAK He MeHsieTcs. [eno TyT B ToMm, uyto Cn++ npunexHo 3anpewaer nepega-
BaTb BPEMEHHblE U AaHOHUMHble OBBEKTLI MO HEKOHCTAHTHLIM ccbinkam (cm.§10.4.11), Ho B
TO X€ BPEMA NOYEMY-TO pa3pellaeT ANA TaKuX O6'beKTOB BbI30Bbl HEKOHCTAHTHbIX METOAO0B.
Ecnu 3a 3anpetom nepefayn BpemMeHHbIX OOBEKTOB MO HEKOHCTAHTHOW CCbIIKE Mbl NPU3Ha-
NN ONpPefenéHHyIo JIOTUKY, AaXke, HAJO CKa3aTb, BPEMeHaMM BeCbMa YAO0DHY0, TO 34eChb Mbl
BbIHY>KEHbI 3as1BUTb, YTO OTCYTCTBUE aHANOrMYHOro 3anpeTa 4J/1s BbI30Ba METOAOB BCIO 3TY
noruky eapebesru pacwimbaer.

ABTOpY KHWIM Napy pa3 JOBENOCh HACTYNUTb Ha 3ab0TIMBO pa3noxeHHble BépHom ceeT
Hawum CrpaycTpynom rpabau, CBsi3aHHble C HaNMYMEM B OLHOM KJlaCCe KOHCTAHTHON u
HEKOHCTAHTHOI Bepcuy onepauumn NHAEKCUPOBAHUS; €CNIM TaKOW NCEeBLOMACCUB NepenaBaTb
B HeKYIo PYHKLMIO MO 0BbIYHON CCbINKe, BHYTPU (DYHKLUN BbI3bIBATL KakoW-TO MOanuLmn-
PYIOLLNIA METOZ, a MOTOM B KaKOW-TO MOMEHT MOMEHSITL TUM napameTtpa, fobaBuB K Hemy
const, nMporpaMMa Mno-npexxHemy OyAeT MpOXOANTL KOMMUASILMIO, BOT TOJILKO KOPPEKTHO
paboTaTb nepecTaHeT, U 3TO BMNOJIHE MOXXHO HE 3aMETUTb.

B geiictBuTensHocTn aTa npobnema LOBONLHO NPOCTO CHUMAETCS: €CNKY B BAaLLEM Kilac-
ce ecTb ABe BEpCMW Onepauuvmv MHAEKCUPOBAHUSA, Pa3/IN4aloMeECcsl CBOER KOHCTaHT-
HOCTbIO, M HEKOHCTAHTHAasl BO3BPALLAET CCblIKY Ha OGBEKT, MMelownii MeToabl, TO
KOHCTaHTHasi BEpCUs1 J0J/1)KHA BO3BPaLLaTb KOHCTAHTHYIO CCbIJIKY, @ HE NPOCTOE 3Ha-
YeHue, KaK 3TO Bpoae Dbbl kaXkeTcs nornydHbiM. VHaye roeopsi, BOT Takoro

MyElement &operator[] (int idx);
MyElement operator[](int idx) const;

B BalleM KJfacce ObiTb He AO/KHO, ecin Tonbko 3ToT MyElement He npepcrasnsier coboit
KaKoWi-HNbyAb NpoCTOl 4YMCNOBOMA TUN UM ykasaTenb. [1paBunbHO feiicTBoBaThL BOT Tak:

MyElement &operator[] (int idx);
const MyElement &operator[](int idx) const;

— [AaXKe eCcnn 3TO BO MHOIrmx cay4dasax Heyp,o6Ho. B AGVICTBVITGJ’H:HOCTVI WMEHHO TaK CTOuIO
NOCTYNNTb U B HawleM wabnoxe No NMeHN SparseArray; npnaymaTb, 4TO BO3BpaWaTb ANnA
CNnydas HECYLWECTBYHOLWEro 3JIEMEHTA, NPEANIOKNM HUTATENO CaMOCTOATENIbHO.

Bosspamasice K Borpocy 006 orneparysix, KOTopble CTOUT (MM HE CTOWT) OIH-
CBIBATH B Kjacce SparseArray<T>::Interm ¢ Tem, 9TOOBI UX MOXKHO OBLIO TIPH-
MEHATH HEIIOCPEACTBEHHO K dJIEMEHTaM HallleT'o IICEBJIOMaCCUBa, Mbl BBIHY2K/ICHHO
COTJIACUMCSI, ITO O0BSITH HEOObSITHOE, TTO-BUINMOMY, He ToTyauTcst. HecmoTpst Ha
9TO, PUCKHEM JATh JJIsl TOJOOHBIX CJIyYaeB OHY PEKOMEHIAINIO: Ha CIydail, ecn
B poJin Tuma T 6y/1eT BHICTYATh YKa3aTe/ b Ha KJIacC WIN CTPYKTYPY, CTOUT TIPeJTy-
cMorperhb oneparuioo -> (cM. §10.4.22). Uudopmaimu 0 TOM, Kak 3TO CJe/aTh,
JIAHO yKe JOCTATOTHO, TaK YTO OCTABUM 5TO UUTATEIIO B KAYECTBE YIPaXKHEHHUS.

OrMmeTuM ermé oJluH MOMEHT, JIOCTATOYHO XapaKTePHbIl JJisi MAa0JIOHOB: daae-
KO HE BCAKUL MUN MOACEM, NOCAYHCUMD HAWEMY WADAOHY NAPAMEMPOM, TAZKE
€CJT MBI HE CTAHEM IBITAThCS FBHO MPUMEHHUTH K €ro 00beKTaM HeCyIIeCTBYIO-
e omeparnu. B wactHoCTH, t1ab10H SparseArray HANNUCAH B TIPEJIITOIOXKEHIH,
970 JIJ1sT 00BEKTOB TUTA T JOCTYIHBI BO3MOXKHOCTH OMMUCHIBATH TIEPEMEHHBIE ITOTO
Tuia 6e3 yKazaHUs TapaMeTpOB KOHCTPYKTOPa, a TaK»Ke IMPUCBAWBAHUE, KOITHPO-
BaHUe U onepanust cpaBuernst (==). ljist BCTPOGHHBIX THUIIOB U yKa3aTeseil Bce 3Tu
YCJIOBUsI HUKOTIA HE HAPYIIAIOTCs, HO, KaK MbI 3HAEM, C aOCTPAKTHBIMU THUIIAMHI
JIAHHBIX, Kakne MOxKHO BBectu B Cut+ (a ecam monpocty — ¢ o6beKTaMn) BCE
JaJieKO He TaK PaJiy?KHO: Mbl y2Ke 3HaeM, Kak JJIsd KJacca UJId CTPYKTYPbI 3alpe-
TUTH JIIOObIE W3 MTEPEYMCIEeHHBIX BO3MOXKHOCTEH miam jake Bce cpasy. Hy a 6e3
Jio0oit n3 HuX SparseArray st TAKOTO TUIA PadOTaTh yKe He OyJer.

B 1menom mabmoHBI ¢ 0OO0BEKTAMH THIIOB, 3aJaHHBIX ITapaMeTpPOM, TOMb
ymo-wubyds, 1o desarom, a Cu+-+ MO3BOJISIET JJIst OOBEKTA OTIEIBHO B3SITOIO TH-
ITa 3allpeTUTDH €/1Ba JIN HEe YTO YI'OJHO, TaK YTO HHUKAKOT'O «PEIICHUA HpO6ﬂelVH:)I>>
TYT TPEJIOKUTH B JIIOOOM C/Iydae HeJTb3s. BrpodeM, mpob/ieMbl KaK TAKOBOH TYT
u ueT. [IpocTo Hy2KHO TOMHUTD, 4TO J11000#1 1M1abJ/I0H CBOEl peasm3alineil HaK1aIbl-
BaeT OrpaHUYEHUsT HA THUIIBI, UCTOJb3yeMbIe B POJIM MAPAMETPOB, U JKeJIaTeTbHO
TaKHe€ OI'PaHUYICHUA OTPazKaTb B JIOKYyMEHTAIIUN.

10.7.3. CrnenuaJan3anusa nabdbJIOHOB

Aspik Cu+-+ mo3BosisieT 3a7aTh CBOM (OTJIMYHBIN OT 06IIEro) Buj IMmabJoHA
JIJIsl YaCTHBIX CJIYYaeB ero IMapaMeTpPOB — IIOIPOCTY MOBOPS, IPABUJIO BIJIA «B Ta-
KOM CJIydae TeHepUPOBaTh BOT TAaK, BO BCEX OCTAJIBLHBIX CJIyIasix — B COOTBETCTBUU
¢ OOIIIM TIaDJIOHOM.

JlomycTuM, HaM 3aX0TeJIOCh HUCIOJIB30BATL IMAOOH (DYHKIIMH COPTUPOBKH,
npuBeAEHHBIH Ha cTp. 70, 1Jisi COPTHPOBKU MAaccuBa yKasareseil Ha cTpoku (yKa-
3aTesiel TUIa char*), 9TOOBI PACIIOJIOXKUTEH COOTBETCTBYIOIINE CTPOKH B JIEKCUKO-
rpadudeckoMm (asdasuraom) nopsiyike. IIpobiema B ToM, 4TO MAaGIOH B TOH €ro
BEpPCUH, KOTOPad HAMHU PaCCMaTpPUBAJIACh, UCIOJIBb3YET JIJId CPABHEHUS 3JIEMEHTOB
OIIEPAITNIO «<», & 3Ta OIEPAIUs XOTsd M OIpeeseHa s yKa3aTeael, HO HIKAKOTO
OTHOITIEHU K a/ipaBUTHOMY MOPSAIKY CTPOK He mMeeT. Perienne, oHaKO, OKa3bI-
BAeTCA JIOCTATOYHO MPOCTBIM. JljIs Havdaja 3aMEeHUM 3HAK <«MEHbBINE» Ha BBI30B
GYHKIINN, KOTOPYIO HA30BEM, HalpUMep, sort_less:

template <class T>
void sort(T *array, int len)

{
for(int start=0; ; start++) {
bool done = true;
for(int i=len-2; i>=start; i--)
if (sort_less(array[i+1], array[i])) {

T tmp = arrayl[il;
array[i] = arrayl[i+1];
array[i+1] = tmp;
done = false;

}
if (done)
break;

Camy dyHKIHMIO sort_less ONMINEM TOXKE C OMOIIBIO MAbIOHA:

template <class T>
bool sort_less(T a, T b)
{

return a < b;

}

B pesymbraTe mj1a BceX THIOB, Jijisi KOTOPBIX UMEETCS OIEPAINs «MEHBIIEey, T1ad-
JIOH Sort OyIeT mpoao/kKaTh paboTaTh Tak »Ke, KaK paboTaJl 10 epeIesIKe; (DyHK-
o sort_less KOMIMJIATOP OYIET KaXKJbIl pa3 reHepUpOBATH aBTOMATUIECKH
KakK 00braHoe cpaBHenue. HaM ocTasioch TOJIBKO HPEIyCMOTPETH OCOOBIH Cirydail
JJIsl CDaBHEHWSI 9JIEMEHTOB THUIla char*, u TyT Mbl KaK pa3 u npuberueM K A68HOU
CNeuUaIU3AUU .

Ornmcanue cirydasi SBHOH CIIeNUAIM3aIUINd HAUUHAETCsI, KAK OOBITHO, CO CJIOBA
template, HO yIVIOBblE CKOOKH IIOCJIE HET'O OCTABJIAIOTCS IYCTBIMU, 9TOOBI TOKAa-
3aThb, YTO ITO, C OJIHON CTOPOHBI, MIAOJIOH, HO, C JAPYIOil CTOPOHBI, 2mMom IabJIOH
MUTITETCS JIJI 9aCTHOTO CJIydasi, He 3aBUCSIIETO OT JTOIOJTHUTE/IHHBIX [TaPaMeTPOB.
Ilastee 3anucbiBaeTcst uMst 1abJIOHHON (DYHKIUN, MIPUIEM B HEKOTOPBIX CJIYUAAX
TpebyeTcst BMeCcTe ¢ UMEeHeM YKa3aThb Bce IapaMeTpsl mabsiona. B mamem ciydae
9T0 He 00s3aTe/IbHO, MOCKOJbKY €IUHCTBEHHBIN MapaMeTp IabJI0Ha BBIBOIUTCS
U3 TUIA [TapaMeTpPOB (PYHKIUHU, TaK YTO MapamMeTp IabjoHa B UMEHU (DYHKIIUN
MOXKHO OITyCTUTB; HO B CJIydae, KOrJla rapaMmerp ImabjioHa ¢ TUIIAMHU HapaMeT-
PoB OYHKIIMM HE COBIAIAET, YKa3aTh €ro NpuIeTcs obszarenbHo. Brpouem, mjs
HAIJISIIHOCTU MbI €10 BCE PABHO yKaxKeM. Bcé BMecTe BBITVISIUT TaK:
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template<>
bool sort_less<const char*>(const char *a, const char *b)

{
return strcmp(a, b) < 0;

3

JLJtst KOMITMIATOPA 9TO O3HAYAET IIPUMEPHO cJieyiomniee: «Bymnb jobe3en, mabd/ion
sort_less jyis ciaydas sort_less<const char*> obpabaTbiBail B COOTBETCTBUN
C BOT 9TUM TEKCTOM ITIa0JIOHA, & HE ¢ KAKUM-THO0 MHBIM>.

[[Tabson kKIacca ToXKe MOXKHO IMOIBEPIHYTH criennaan3anuu. Hamnpumep, eciu
HaM TOTPeOYeTCs Pa3PEeKEHHBII MACCHUB JIEMEHTOB THIa bool, MBI MOXKEM, KO-
HEYHO, BOCIOJIE30BaThCA IabsoroM n3 §10.7.2, HO, KaK JIETKO 3aMETUTh, TaKasi
peasu3alus OKayKeTCsl HeCKOJILKO CTPAHHO: Be/lb THII bool MMeeT BCero JiBa 3Ha-
YeHUsl, a JJId PA3PEKEeHHOr0 MaCCUBa 9TO 3HAYUT, YTO €CJIU JIEMEHT BOODIIE Xpa-
HUTCs B 0ObEKTE, TO 3TOT JIEMEHT UMeeT 3HaueHne true (MOCKOJIBbKY ec/ii Obl OH
umest 3Hadenne false, oH Obl B 0ObeKTe He XPAHUJICS: MACCUB-TO PA3PEKEHHbII ).
CrenoBaTeibHO, 9JIEMEHTHI CIIMCKA 1tem Jjist 9TOr0 CJIydasi JIOTUIHO Obl CJIe/IaTh
COCTOSIIIIUMHU U3 JIBYX, & HE U3 TPEX MOJIell — XPAHUTb HOMED JIEMEHTA U YKa3aTeJ b
Ha CJIeTYIONINN 3JIeMEeHT, a 3HaUeHe He XPAHUTDh, TOCKOJIbKY OHO U TaK M3BECTHO.
BoutbItie Toro, MHOXKECTBO IEJIBIX YHUCEJ HAM MOXKET ITOKa3aThCsl yI00Hee XPAHUTD
B MacCHUBe, a He B CIUCKe, U T. 7. MexaHn3M crenuaan3aluil mo3BoJIsIeT Co3/1aTh
OT/IeIbHOE OIHMCaHUe IMabsoHa SparseArray jms ciaydasd T == bool:

template <>
class SparseArray<bool> {
// ... peamusanus 6yIeBCKOTO pa3peXeHHOI'O MacCCHUBa

};

Jlast mabnoHoB kaaccos s3blk Cu-+-+ TpeLycMaTPUBACT YACMUYHYNO CNEUU-
aAuU3aUUI0, IPU KOTOPOH CHEeIUaJu3upyIONuii BapraHT Iab/IoHa caM II0 Ce-
Oe TOyKe 3aBHUCHUT OT MapaMeTpoB. Takoil CHeruaJn3aTop HAYMHAETCSI CO CJIOBA
template, 1ocje KOTOPOro CJIeyeT Henycmot CIIUCOK MapaMeTpPOB Ma0JIoHa; TPU
9TOM IapaMeTpbl B 3aroJjioBke IrabjioHa, BOOOIIEe TOBOPsi, MOT'YT HE COBIIAJATh
(nm coBIAATH HE TIOJHOCTBIO) € ITApAMETPAMHU OIMHICHIBAEMOTro mabIoHa; hakTu-
JeCKue rnmapamMeTpbl H_Ia,6.HOHa, YKa3bIBaIlOTCA B YIVIOBBIX CKO6KaX II0CJIE €TI0 UMEHU.
B mpocreiiiem ciaydae 0 YaCTHYHON CIIENUAIU3AINANA Pedb HUJAET, eCiau 3a1aéT-
¢l KOHKPETHOE 3HaYeHMe OHOI0 WM HECKOJBKUX — HO He 6CEr — MapaMeTpoB
mabsiona. Tak, ecan y Hac nMeercs mab/i0H Cls, 3aBUCAIINI OT JIBYX ITapaMeTpPOB:

template <class A, class B>
class Cls {

/% . x/
};

TO MOXKHO 33JaTh CIICIIUAIN3UPOBAHHBIA BapUAHT, HAIIPUMED, JJIsl CJLydas, KOrIa
napamMmerp B ectb T int:

template <class X>

class Cls<X, int> {
/x . x/

};

Bonee cioxxubIil ciydail 9acTUIHON CIIENUAIN3AIINA BO3HUKAET, KOIJa B 3ar0JI0B-
Ke 1mabJioHa ykasbiBaeTcst Hekuii Tun (class T), a B OIMCBIBAEMOM THIIE MCIIOJIb-
3yeTcd yKas3aTesb WA CChblIKa Ha T, Hanpumep:

template <class Z>
class Foo {
/* obmas peanmsanus mabnoHa Foo */

};

template <class T>
class Foo<T*> {
/* crnenuanpHas peanumsanua Foo mnd ykasaTened */

};

B srom cirydae MBI HHCTPYKTHPYeM KOMIIHJIATOD, YTO mabJioH Foo ciemyer uH-
CTAQHI[MMPOBATDH CIEIHAJBbHBIM CIIOCOOOM, €CJIM B KadecTBe ero IapaMeTpa 3aJ1aH
THI-yKa3aTeJb, 1 OOBIYHBIM CIOCOOOM — €CJIH 33JIaHHBIN IIapaMeTp yKa3aTeaeM
He SIBJISETCH.

OrmernM, 9To 4151 11a6JI0OHOB DYHKIMI (B OT/IHIHe OT MabIOHOB KJIACCOB)
JacTUYHAsA CIIeINAIN3aUs 3AaIIPeIeHa, II0CKOJIbKY B COUeTaHUNU C IIeperpys-
KOI1 IIPUBOJIUT K HEKeJIATebHBIM IOCJIeACTBUSIM. Eié onnH HeMaloBasKHbI MO-
MEHT COCTOUT B TOM, YTO B TEKCTE IPOIPAMMBI CIEIUATU3UPOBAHHBIN ([I0JTHOCTHIO
WJIN aCTUYHO) BapHAHT Ia0JIOHA BCEr/ia JOIZKeH HAXOIUThCA NocAe ODIIero.

10.7.4. Ilpumep: cBEpPTKA ITOCJIEIOBATEIBHOCTEN

PaccmarpuBasi B §9.2.3 ¢BEPTKY MOC/I€/10BATEIBHOCTEN, MBI BBIHYKJIEHBI ObI-
JI NIPU3HATDL, YTO HPUMEPHI Ha sA3bike CH BBIVIANAT HE CJIUIIKOM yOeInuTebHO.
Nzyuns Cu++ u MOJIyIUB B CBOE PACIOPSI2KEHUE MAOJIOHBI, Mbl MOYKEM [IPUBECTH
boJiee MHTEPECHBIE TTPUMEDPHI IPUMEHEHUS CBEPTKH.

Jlns Hagasia monbiTaeMcst O0OOIIUTD TTOHATHE [TOC/IEIOBATEIBHOCTH, HACKO/Ib-
KO 5T0 BO3MOKHO. COOCTBEHHO TOBOPSI, YCJIOBHIA MPUJIETCST HAJIOXKUTH TOJIBKO JIBA.
Bo-1iepBbix, 3HaUECHUS, BXOMAIINE B [TOCJIEIOBATEIBHOCTD, OJXKHBI ObITH OJTHOTO
TUIA — BeJb IIPOIECC CBEPTKHU MOJIPA3YyMEBACT BBI3OB OJHON U TOM ke pyHKITHUN
JUISE KaXKJI0T0 U3 WIEHOB Tocje0oBaTebHocTH, a Cu+-+ 1MoKa eIné TUIM3npOBaH-
HBII A3BIK.

Bo-BTOpBIX, MOCTEI0BATENBHOCTD AOJKHA JTOMYCKATh CYIEeCTBOBAHME HEKOU
urdopMaIun, HACHTUOUIIPYIOMEH Mmekywyro no3uyu0 — TaK, ITOOI, UMesd ITY
nudOPMAIUIO, MOYXKHO OBLIO MOJYYUTb TEKYIIUIl 9JIEMEHT, & TaKXKe CJIBUHYTbCS
HA CJIEJIYIONLYIO MO3UIMIO B IIOC/IE0BATEILHOCTU (T. €. MOJyduTh HH(MOPMAIIKIO,
UACHTUDUIUPYIOIIYIO CIIE/IYIONLYI0 HO3UIHIO), 1 ITOOBI HEKOE CIIEIHaIbHOe 3Ha-
YeHne TeKyIell MO3UITNN yKa3bIBAJIO, UTO MOCIET0BATEIHLHOCTh KOHIMIACh. TaK,
J71s1 OOBITHOTO OJTHOCBSI3HOT'O CIIUCKA B POJIM TaKOW «UH(MOPMAIMH O TEKYIIei m0-
3UMANU» MOXKET BBICTYIIATh OOBIKHOBEHHBIN yKa3aTe b HA TEKYIee 3BEHO CIIUCKA,
[pU 9TOM TEKYIIUH IJIEMEHT U UJICHTU(DUKATODP CJACIYIONEHl TO3UIMU MBI ITOJTY-
UM C HOMOIIBIO Olepanuy BbIOOpKHU moJist (Hanpumep, ->val u ->next), a Ha
UCYEpIIaHUE CIIUCKA YKAXKET HYJIEBOE 3HAYUEHUE yKa3aTeJIsl.

C maccuBoM OyJ1eT HECKOJIBKO CJIOXKHEE: TEKYIIYIO MO3UIMIO MOXKHO OBLIO ObI
uIeHTU(UIUPOBATL yKa3aTe/JeM Ha TEKYIIUN 3JIEMEHT, UCIOIb3Yys sl IOJIyve-
HUsl 3JIEMEHTA U CJIeIYIONIEN MO3UIUU OTlePAIUi PAa3bIMEHOBAHUS U TPUOABJIEHUS
€JINHUTIBI, HO Y3HATH, YTO MACCUB KOHUYMJICS, MBI IIPU 9TOM He cMmoxkeM. CjieioBa-
TeJIBHO, JJIs1 MACCUBA MPUAETCS XPAHUTH €II€ M KOJINIEeCTBO OCTABIINXCS dJIeMeH-
TOB.

Hwuaro He Memraer paccMOTpeThb MOCJIEI0BATEILHOCTH COBEPIIIEHHO MHOW MPU-
pPOJIbI — HAIlpUMep, 3HAUYCHUs, YnTaemMble u3 dailja, win, HAIPOTUB, 3HAUCHUSI,
BBIYHCJIsIEMBIE TI0 MePe UX UCIHOJIb30BaHusl (Takue Kak [CeBJIOCIIy YailHble Yucia),
JIAIIb OBl 9TU 3JIEMEHTHI OBLJIA OJIHOI'O THIIA, U IO [TOCJIEI0BATETbHOCTUA MOXKHO ObI-
JIO JIBUTaThCs (B OJTHOM HalpasiieHun). Beé 9To jornvHo npuBoauT Hac K pabore
C TIOCJIEI0BATEILHOCTBIO Yepe3 HEKOTOPBIH abcmparmmoil mun 0aHHbIE, NICHTH-
unupyromuii TeKyny mo3uiui. llockoimbky Mbr paboraem Ha Cu+-+, Oygem
[IPE/IIOIATaTh, YTO JIJIs 9TOTO Y HAC NMEeTCs HEKHUit 00beKT (HeBazKHO, KJIACC TN
CTPYKTYypa), CHAOKEHHBIH MeToaMu

T Get() const;
Pos Next() const;
bool Empty() const;

rme T — Tum 3/IeMeHTa MTOCIe0BATEILHOCTH, Pos — Tum o0bekTa TeKyIeil mo-
sunuu (COOCTBEHHO TOrO 00bEKTA, K KOTOPOMY OTHOCATCs 31U Tpu Merona). O6-
paTuM BHUMaHHEe, 9TO MeToJ Next BO3BpallaeT 3HAYCHUE CHEAYIONIECH MO3UIAN
N0 3HAYEHUIO; THOE B ODIIEM CJIydae MOXKET OKa3aThCA HEJOCTUYKUMBIM, BE/Ib 9Ta
«CJIGILYIOH.L&H IIO3UNHA» MOZKET BbIYHUCJIATHCA BHyTpI/I caMOIr'o MeTo/1a Next, a JIO-
KaJIbHO BBIYUCJICHHOE 3HAUYCHUE HUKAK WHAYe BEPHYTH He IoJyduTcs. Kak cies-
CTBUE, HAM HPUJACTCSA MPEIIIOJI0XKUTD, 9TO 00BLEKTHI TUIla POs KOPPEKTHO TOI/1a-
I0TCA KOIMPOBAHUIO; 3TO IPENOJIOKEHNAE 320/ IHO HECKOJIBKO YIIPOCTUT IOCJIELy-
IOLIYIO PEAJIN3AINIO.

ITycTh B posmn mocie10BaTeTbHOCTH BBICTYITAET OJTHOCBA3HBIN CITUCOK, MTPUIEM
3BEHO 3TOT'0 CIIUCKA IIPEJICTABIIAET COOON OTKPBITYIO CTPYKTYPY, YKa3aTe b Ha CJie-
JyIolliee 3BEHO Ha3bIBAETCS Next, a 3HAUYEHWe, TTOMEIEHHOE B CINUCOK, XPaHUTCH
B nojie ¢ uMeneM data. YroObl HamucaTh KJIAcC, yIOBJIETBOPSIOMNA cPOpPMYJIU-
POBaHHBIM YCJIOBUSM I UACHTHMDUKAIINN TEKyIeil mo3uiuu, HaM moTpedyercst
3HATH eIle TUN ToJid data, a Tak»Ke THUIl CAMOI'0 3BE€Ha CIIMCKA, HO €CJId THU JIBA
THUIIa 3HaTh, TO B OCTaJIBHOM KJIACCBI JIJIsI Pa3HBIX CIIMCKOB OKa}KyTCH COBEPIIIEHHO
OMHAKOBBIMH. Bocosib3yeMcst mab/IoHOM, NMEIOIIUM JIBa IIapaMeTpa-Tula: item

GyeT 0603HAYAT THII 3BeHA, elem — THII XPAHIMOH B CIICKe MHMDOPMAIAN? :

2T351ech u jasee — dparmenTs! u3 daiina reduce. cpp.
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template <class item, class elem>
class ListPosition {
item *p;
public:
ListPosition(item *1st) : p(lst) {}
“ListPosition() {}
ListPosition<item, elem> Next() const
{ return ListPosition(p->next); }
bool Empty() const { return !p; }
const elem &Get() const { return p->data; }

};

Jlist MaccuBa JIOCTATOYHO 3HATHL TOJILKO THII JIEMEHTA, B OCTAJLHOM BCE OyneT
OJTMHAKOBO JIJTsT JIIOOBIX MACCHBOB: KaK y2K€ TOBOPUJIOCH, IIPUIETCS XPAHUTD aIPec
TEKYIIEro 3JIEMEHTA 1 KOJUIECTBO OCTABIIUXCSI 9JIEMEHTOB (MCXO/IHO PABHOE JIJINHE
maccuBa). CHOBa BOCIHOJIb3yeMCsT IMAbJIOHOM KJacca, HO Ha 9TOT pa3 mapameTp
OyIeT TOJILKO OJWH — THII 3JIEMEHTa, II0CJIEI0BATEILHOCTH:

template <class elem>
class ArrayPosition {

elem *p;
int rest_size;
public:

ArrayPosition(elem *a, int len) : p(a), rest_size(len) {}
~ArrayPosition() {}
ArrayPosition<elem> Next() const
{ return ArrayPosition(p+1, rest_size-1); }
bool Empty() const { return rest_size < 1; }
const elem &Get() const { return *p; }

};

Tenepb caMoe UHTEPECHOE — HAM MPEJICTOUT HAIMCATH caMy (DyHKIUH PELyUpPO-
Bauust. EcrecrBenno, s1o GyayT (crporo roopsi) He dbyHKIUU — MabIOH CTAHO-
BUTCsA (DYHKIUEH TOJTBKO TOCIE NHCTAHIIMUPOBaHKsl. TeKCT NIabIOHOB MOy 9aeTCst
HA, Y/IUBJICHAE JIAKOHUIHDBIM:

template <class Pos, class Elem, class Res>
Res reduce_right(Res (*func)(Elem, Res), Pos pos, Res init)
{
return pos.Empty() 7 init
func(pos.Get (), reduce_right(func, pos.Next(), init));

template <class Pos, class Elem, class Res>
Res reduce_left(Res (*func)(Elem, Res), Pos pos, Res init)
{
return pos.Empty() 7 init
reduce_left (func, pos.Next(), func(pos.Get(), init));

[Tab10HBI UMEIOT TpU HapaMeTpa: Pos — THUII KJIacca, CHMBOJIN3UPYIOIIErO TEKY-
IIyIO TTO3UIAIO U Y/IOBJIETBOPSIOINIEr0 HAIlel crienupuKaimm, TO eCTb HMEIOIIero
MeToibl Get, Next m Empty; Elem — Tun sjieMeHTa IIOC/IeJOBATEJBHOCTH; Res —
Tun pe3yibrara. HamoMuuM, 4T0 Ipu peyKInu MOCIeI0BATEILHOCTEN TTOC/IeTHIe
JIBa THIIa MOTYT COBIIQJIATh, U JayKe JJOCTATOYHO YaCTO COBIAJAIOT — HO B OOIIEM
cJlydae MOI'yT U He COBIAJATh, U HAIIH IIa0JI0HBI 3TO 1103B0JIstI0T. CToUT 00paTUTh
BHUMAaHNE, ITO B HAIMUX ITabJIOHAX KAK JJIs JIEBOM, TaK U JJIsl IIPABOM PELyKITHN
GYHKIMsI, 10 KOTOPOl IPOM3BOAMTCS PEAyIAPOBaHNE, IPUHUMAET IIEPBBLIM IIa-
paMeTpoOM OYeEPETHOMN IJIEMEHT IOCTIEIOBATENHHOCTH, & PE3YAbTAT MPEIBITYIIErO
mara peyKInd TPUHUMAET BTOPBIM ITapaMeTPOM.

Termeph MOXKHO, HAIMCAB COOTBETCTBYIONINE (DYHKIIMH, IOIMPODOBATDL PELyK-
muo B Jiesie. HauHEM ¢ caMBIX MPOCTBIX BApUAHTOB: CYMMBI M IIPOU3BEJICHUS
3JIEMEHTOB TocjeoBareibHOCTH. CoOTBETCTBYIONME (DYHKIIAN, ITOOBI JIOJITO HE
BOBUTBCS, ClIeJIaeM IIa0TOHHBIMIT:

template <class t>
t sum(t x, t y)
{

return x + y;

}

template <class t>
t prod(t x, t y)
{

return x * y;

}

st Havasa mornpobyeM mopaboTaTh ¢ MACCHBOM — BBEIEM, HAIIPUMED, TAKOM
IPOCTEHbKUI MaCCHUB:

int array(10] = { 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 };

[Tocuurars CyMMy U IIPOU3BEIEHUE €r0 JIEMEHTOB MOYKHO C ITOMOIIBIO KaK IIpa-
BOM, TaK U JICBOI peAyKIN:

int resl =

reduce_left(sum<int>, ArrayPosition<int>(array, 10), 0);
int res2 =

reduce_right (sum<int>, ArrayPosition<int>(array, 10), 0);
int res3 =

reduce_left(prod<int>, ArrayPosition<int>(array, 10), 1);
int resd =

reduce_right (prod<int>, ArrayPosition<int>(array, 10), 1);

B pesyabraTe mepemennbie resl n res2 mosyvar 3HadeHue 55, a res3 u resd —
3Havyenne 3628800.

PaccmorpumM nmpumep mocyiozkHee: ¢ TOMOIIBIO PEAyKIINU TIOCTPOUM CRUCOK U3
3JIEMEHTOB 33IaHHOTO MaccuBa. CIMCOK Oy/IeT COCTOSATH U3 3BEHHBEB TAKOTO THUIIA:

struct int_item {
int data;
struct int_item *next;

};
i1t co3mannst 9JIEMEHTa, CIUCKa [IPELYCMOTPUM TaKyio (DyHKIIHMIO:
struct int_item *make_il(int d, struct int_item *rest)

{

struct int_item *p = new int_item;

p->data = d;
p->next = rest;
return p;

U 110 Hell IPOBEJIEM IIPABYIO PEJLYKIIMIO MacCUBa:

struct int_item *list =
reduce_right (make_il, ArrayPosition<int>(array, 10),
(int_itemx)0);

3/ech cTOUT OOpPATUTH BHUMAHWME HA TO, 9TO THII TOCJTIECIHErO apryMeHTa HaM
[PUINLJIOCH BHBIM 00pa30M MPUBECTU K int_item*, nHadve KOMIIUJISATOD HE CMOL
OBI BBIBECTU TPETUI apaMeTp IabioHa reduce_right.

PesynabraToMm Karkj0ro Imara peayKIUHA 3/IeCh CTAHOBUTCS OYEPEHOE 3BEHO
cuucka, 0ba TOJisi KOTOPOro yrKe 3alloJHEHbI: data — 3HAYEHUEM U3 OYepEHO-
o 3JIEMEHTa MAacCCHUBa, NexXt — aJpecoOM <«XBOCTa» CIIMCKA, IOCTPOCHHOTO B XO-
Je TIPEJILIAYINNX IaroB peayKinuu. HamoMamM, 9TO mpaBas peLyKIHs O3HAYAET
npuMeHeHne GYHKIUU K JIEMEHTAM ITOCJIeI0BATEIbHOCTU CIIPaBa HAJIEBO.

Nrak, ykazarenb list y Hac Temeph YKa3bIBaeT Ha HAYAJO CIHCKA, COJMEp-
kamero dnciia or 1 10 10. 970 1mo3BOJIsIeT HaM OMpOoOOBATh HAIM (DYHKIUN
PEAYKIINM Ha CIIMCKE; JIJId HadaJla IIOCYNTaeM IIPOU3BEICHAE C TIOMOIIBIO JICBOIT pe-
JyKIun (Ha CyMMy ¥ [IPABYIO PEJLYKIMIO BPEMsl TPATUTD He OY/IeM, OHU JIEIAI0TCs
COBEPIIIEHHO AHAJIOTHYHO):

int resb =
reduce_left(prod<int>, ListPosition<int_item, int>(list), 1);

[Tepemennas resb moayduT y2Ke 3HakoMoe HaM 3HadeHne 3628800; npumevdaTe/b-
HO 3/1€Ch, MMOXKAJIY, TO, 9TO HAM He IPHUIILIOCH N300peTaTh HOBYIO (DYHKIIUIO, MbI
BOCITOJIb30BaJINCh TOiI ke (pyHKImeit prod<int>, ¥To u /st MaccuBoB. B neficTBu-
TEJLHOCTH HAIIUM (DYHKIHMAM, 10 KOTOPHIM MBI IIPOBOAUM PEIyKIIAIO, BOOOIIE
0e3paz/InIHO, KAKOBa, IIPUPOJIA TIOCJICI0BATEILHOCTH.

Temepb mo3Bo MM cebe HEOOJBIMYIO BOJIBHOCTD U CIEJIAeM TO, Uero (yHKIIIO-
HAJIBIIUKN OOBITHO HE JIEJIAI0T — IPUMEHUM PEYKIUI0 K (DYHKIUU ¢ TTOOOIHBIM
apdexTom. PyHKINS OYAET TaKas:
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struct int_item *print_il(int d, struct int_item *rest)

{
printf("%d ", d);
return O;

3

OrmeTnM, 9TO TaKOH THIT BO3BPAIAeMOr0 3HAYEHNST BBIOPAH 3/1€Ch NCKJIIOUNTE b
HO 110 TOW IpPHUYUHE, UTO OH JIOJKEH COBI&JIATHb C TUIIOM BTOPOIO IapaMeTpa
dbyHKIMI, KaK BUIUM, BCerna Bo3Bpariaer 0 — 3a HenMenueM Jjydrieii uaen. Te-
1ephb JieBas PeIyKIINs MO3BOJIUT PacledaraTb 9JIeMEHTbI CIIUCKa B IIPSIMOM ITOPSII-
Ke, a ImpaBasi — B 00paTHOM:

reduce_left(print_il, ListPosition<int_item, int>(list),
(int_item*)0);
printf("\n");

reduce_right(print_il, ListPosition<int_item, int>(list),
(int_item*)O0) ;
printf ("\n");

BosMoKHOCTH peyKIm Ha 3TOM HE MCYEPILIBAIOTCA. JIOBOJIBHO OYEBUIHO, KAk
IPUMEHUTH €€ /IS CO3aHNsT KOIMK CIICKA, TIPU 3TOM IIpaBas PelyKIUsa CO3/1aCT
OOBIYHYIO KOIIUIO, & JieBasl (C MCIOIb30BAHMEM TOM Ke (DYHKINM) — HePEeBEPHY-
TYI0; MOKHO IIPU KONMPOBAHWUH CIIUCKA BBIOPOCHTH M3 HETO HEKOTOPBIE 3JIEMEHTHI,
MOYKHO HOJBEPIHYTH 3JIEMEHTBI KAKOMY-HUOYIbL IPeobpa3oBaHuio U Tak jaJee.

Yurareab MOMKET CIPABEJJIMBO 3aMETHTh, YTO II€PEYUCAEHHBIE 3aa91 JIeT-
KO pemaiorcss 6e3 BCSAKOH peAyKIMH, NPUIEM B OOJILIIMHCTBE CIYyYaeB pelieHue
HOJIydnuTCs U Kopoue, u 3ddexkrusree. COrIACUBINUCH C 9TUM, Mbl BCE YK€ OTBe-
THM, 9TO B 9TOM Maparpade MpoJIeMOHCTPUPOBAJIH, ¢ OJHONH CTOPOHBI, TEXHUKY
PELYKIMA MOCIEI0BATEIBHOCTEH, KOTOPYIO OOBIMHO CIMTAIOT SKCKJIIO3UBHON MTPH-
HA/JIEXKHOCTBIO (DYHKIIMOHAJIBHBIX A3bIKOB, & C JAPYTOil — BBIPA3UTEIHHYIO MOIIb
Mexaau3Ma maba0H0B Cu++-; ¥ TO, 1 APYroe CTOUT IOTPAIEHHOIO BPEMEHH, JTaKe
€CJIM Ha NPAKTHUKE PENIeHHs, TOJ00HBIE TPUBEIEHHBIM BBIIIE, IIPUMEHSATHCS He Oy-
nyT. B KOHIIE KOHIIOB, HAIII OCHOBHOM IIpeMeT 00CyzKIeHUs ceiiaac — mapaJurmbl
POrPaMMHUPOBAHUS.

10.7.5. KoHCcTaHTBHI B POJIM MapaMeTpPOB HIabJIOHA

[Tapamerpamu 11abJIOHOB MOTYT OBITH HE TOJIBKO THIIBI, HO U OOBIYHBIE KOH-
CTaHTHBIE BBIPAXKEHU, Jallle BCEro IeaoIncaennbe. Muorue aBTopbl WIOCTPHU-
PYIOT 3Ty BO3MOXKHOCTh Ha IpUMepe 3aJaHusi TPAHUI] MACCHUBOB; TaK, Mbl MOTJIN
Obl B HammeM IabJIOHe I COPTUPOBKM CAEIATh PasMep MACCHBA IapaMeTPOM
wabaona, a He pyHKIIN:

template <class T, int len>
void sort(T *array)
{

/* peanusanus COPTUPOBKE */

}

— BOT TOJIBKO HE COBCEM IIOHSATHO, 3a4€M 3TO JIeaTh. FCin, CKaXKeM, y HacC nMe-
IOTCsl JIBa TIEJIOUUCJIEHHBIX MACcCHUBa Pa3HOro pasmepa (Hampumep, 10 sjiemeHTOB
u 15) U MBI IPUMEHUM JIJISE UX COPTUPOBKU TAKOW BOT IIAOJIOH, TO KOMIIAJISITOD
creHepupyer dee pasmvie QyHKIUN: sort<int, 10> u sort<int, 15>, u stu PyHK-
Uy OyIyT HPEJCTaBIATh cOO0il abCOIIOTHO OJIMHAKOBbIE (PPpArMEHTHI UCIIOJIHSIE-
MOT'O KOJIa, OTJIMYAIONTNECT TOJBKO OJHONW KOHCTAHTOH, TOT/Ia KaK €CJId IpUMe-
HSITH ITIA0JIOH B TOM BHJIE, B KOTOPOM MBI €T'0 IIHCaJIn paHee, (byHKIUs Oy1er odHa
(sort<int>).

Cy1ecTBeHHO MHTEpecHee (XOTsi U HAMHOI'O CJIOXKHee) OyjeT Jpyroil npumep.
3a/1a M TIeJIBI0 CO3/1aTh O0bEeKT, peaausyomuii N-MepHble MACCUBDI JIJIS TTPO-
U3BOJIbHBIX 3Ha4YeHuit [N, KOTOpble K TOMY Ke OyJyT aBTOMATUYECKH M3MEHATh
CBOM Pa3Mephl 110 JII000MY U3 U3MEPEHUil, 110/ I00HO TOMY, KaK U3MEHSIT CBOIO JIJIU-
Hy MmaccuB IntArray, paccmorpensbrii Hamu B §10.4.20. IlockosibKy HaM MOryT
IOHa100UThCsA [N-MepHbIE MaCCUBBI 9JIEMEHTOB PAa3HBbIX TUIIOB, PEAJM3IYEM HAIILY
3aJIyMKy B BuJe IabJioHa KJlacca ¢ TpeMs IapaMeTpaMu: IepBbIil mapameTp Oy-
JIeT 33J[aBaTh TUIl JIEMEHTOB MAacCHBa, BTOPOii mapamerp (MMeoImuii THIl, COB-
Ao ¢ THIIOM 3JIEMEHTA) YKarKeT, KAKOe MCXOJHOe 3HAYCHUE MPUCBANBATD
JIeMEHTaM MaCCUBa IIPU UX CO3JaHUU, W, HAKOHEIl, TPETUU MmapaMeTp — BbIpa-
JKeHue THuia int — OyeT 3ajaBarTh KoAuuecmeo uamepenuti maccusa. [1labion
OyJleT ONUCHIBATH OIEPAIUIO0 MHIEKCUPOBAHUS, KOTOPas BO3BPAIACT CCHLIKY Ha
00BbEKT, 33 IAHHBIN TAKUM YK€ ITabJIOHOM C TeMHU Ke (PAKTUIEeCKHMU ITapamMeTpa-
MH, TOJBKO C YMEHBIIIEHHBIM Ha, €JUHUIY KOJUYIEeCTBOM u3MepeHuil. fcuo, 4To
TaKOoil BAPMAHT HE TOJIXOUT [T OJHOMEPHOTO MaccuBa (He MOYKET ¥Ke OH, B ca-
MOM JleJie, BO3BPAIaTh HOJb-MEPHBIi MacCHB, BE/lb TAKOI'O He ObIBAET), HO 3/16Ch
HaM ITOMOXKET JacTUIHAs CIEeNNanu3alrys: JJIsl cIydasl KOJIMTIecTBa M3MepPeHNUit,
PABHOT'O OJHOMY, MbI OIUIIIEM CIEIUAJIbHBINA CJIyUail HAIero mabJ/ioHa, B KOTOPOM
olepanust HHJIEKCUPOBaHUs Oy/leT BO3BPAIIIATH CCBUIKY Ha IIPOCTOM 9JIeMeHT (THUll
KOTOPOT'O 3aJIaH MEPBBIM [apaMeTPOM IIa0JIOHA).

C peanmzanueil 0JHOMEPHOTO Caydas BCE Doee-MeHee MOHITHO, JTOCTATOTHO
B3dTh yKe 3HAKOMbIl HaMm IntArray u nepejesaTb ero B 1mabyioH. Uro kaca-
€TCs BCeX MHOI'OMEPHBIX CJIy4aeB, TO CaMbIil IIPOCTO# CIOCO0 MX peaIu3aluum —
B3ATHh BCE TOT K€ TWHAMHUYECKH PACIIUPSIEMbBIII MacCHB, dJIeMEHTaMU KOTOPOTO
Ha ceil pa3 OyayT BBICTYNATh YKaG3a4MeEAU Ha O0BEKTHI, IPEJICTABIISIONINE MaCCHB
Ha eJMHUILy MEeHbIIEeHl pa3MepHOCTH: JABYMEPHBIII MaccuB Oy/IeT peasim30BaH Kak
MaCCHUB yKa3aTejieil Ha 00beKThI OJITHOMEPHBIX MACCUBOB, TPEXMEPHBIN — KaK MaC-
CUB yKaszaTeJjeil Ha JIByMepHBIE U T. 1. [l SKOHOMUY MaMsaTH yKa3aTeIu UCXO/THO
Oy/LyT HyJIEeBBIMU; COOTBETCTBYOIME 00beKThI (N — 1)-MepHBIX MAcCUBOB Gy/IyT
CO3/1aBATHCS TOJIBKO IIPHU IEPBOM ODPAIIEHUHN K HIIM.

Urak, B ocHOBe 060MX CJlydaeB HAIEro MaccuBa (KakK OJHOMEDHOTO, TaK U
JIBYMEPHOT'0) OKa3bIBAETCs OJIHOMEPHBIN MACCUB, AaBTOMATUIECKH PACIIUPSIIOIIUTi-
¢S IpU HEOOXOUMOCTH. JIBazK/Ibl PEain30BbIBATD Ty CYIIHOCTb COBEPIIIEHHO HU
K 4YeMy, TeM 0oJjiee UTO B HAIEM PACIOPSIKEHUN UMEETCH MEXAHU3M IMab/IOHOB.
HaunéMm ¢ peanmsanum THHAMITIECKN PACIIUPSIONIETOCT MACCUBA C IIPON3BOJIHLHBIM
TUIIOM 3JIEMEHTOB:

template <class T>
class Array {
T *p;
T init;
unsigned int size;
public:
Array(T in) : p(0), init(in), size(0) {}
“Array() { if(p) delete[l p; }
T& operator[] (unsigned int idx) {
if (idx >= size)
Resize(idx);
return p[idx];
}
const T& operator[] (unsigned int idx) const {
return idx >= size 7 init : pl[idx];
}
int Size() const { return size; }
private:
void Resize(unsigned int required_index) {
unsigned int new_size = size==0 7 8 : size;
while(new_size <= required_index)
new_size *= 2;
T *new_array = new T[new_size];
for(unsigned int i = 0; i < new_size; i++)
new_array[i] = i < size 7 p[i] : init;
if (p)
delete[] p;
p = new_array;
size = new_size;
}

// 3ampeTuM KONMpOBAaHWE K NPUCBAWBaHUE
void operator=(const Array<T>& ref) {}
Array(const Array<T>& ref) {}

3

[TonpobHO KOMMEHTHPOBATH 3TOT MIAOJIOH MBI HE OYIEM, ITOCKOJIbKY peanu3alins
MOYTH JIOCJOBHO MOBTOPSAET pean3anuio Kiaacca IntArray, ocTaHOBAMCA TOJIBKO
Ha OTJIn4usiX. Bo-11epBhIX, MbI J06aBUIIN 3/IeCh TI0JI€ init, 3HAMEHHE KOTOPOro, 3a-
JlaBAeMOe B KOHCTPYKTODE, [IPUCBAUBAETCS HOBBIM (HE CYIIECTBOBABIINM DaHee)
3JIEMEHTAaM MaCCHBa IIPU ero paciiupeHnn. Bo-BTopbIX, pa3zMep MaccuBa UCXOIHO
[pUHUMaeTCs HyJieBOl, a He 16, Kak B IntArray. Kpome Toro, koncranTHast Bep-
CHsl ollepalliy NHICKCUPOBAaHUs c/leJIaHa BO3BPAIAIoNiell KOHCTAHTHYIO CCBUIKY, &
He 3HavYeHMe, Kak B IntArray (cMm. 3amedanue Ha ctp. 72). Hy u, KoneuHo, kiacc
peobpa30BaH B MAOJIOH, YTO TOXKE CYIIECTBEHHO. VIMest 9TOT mab/I0H, MBI MOXKEM
JIETKO peajn30BaTh OOIINii cIyvail HaIllero MHOroMepHoro MaccuBa. HoBbrit 1mab-
JIOH MBI Ha30BEM MultiMatrix; HAIIOMHMM, 9TO OH JOJI2KEH PabOTaTh sl JII0OOTO
KOJIUYIECTBA U3MepeHuil, 6GJIbIero eIuHUIbI, & OJIHOMEPHBIH CjIydail Mbl IIOTOM
OIUIIIEM TIYTEM CITEeTTNaJTN3AIIAN.

R
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template <class T, T init_val, int dim>
class MultiMatrix {
Array<MultiMatrix<T, init_val, dim-1>*> arr;
public:
MultiMatrix() : arr(0) {}
“MultiMatrix() {
for(int i=0; i < arr.Size(); i++)
if (arr[il)
delete arr[il;
}
MultiMatrix<T, init_val, dim-1>&
operator[] (unsigned int idx) {
if (larr[idx])
arr[idx] = new MultiMatrix<T, init_val, dim-1>;
return *arr[idx];

}

const MultiMatrix<T, init_val, dim-1>&

operator[] (unsigned int idx) const {
static MultiMatrix<T, init_val, dim-1> dummy;
return arr[idx] 7 *arr[idx] : dummy;

};

MpbI BOCIIOJIB30BAIUCH 3/1€Ch ITAOJIOHOM Array Jijis IIOCTPOEHUS] MACCUBA YKaA3a-
meaeti Ha d7eMenTbl Tuna «(N — 1)-MepHBI MaccuB»; caM 3TOT THIl 33JAETCsI
qepe3 caM ke mabjoH MultiMatrix, mpuuéM ¢ TeMH Ke IapaMeTpaMu, 9TO U y
UCXOJHOT'O T1abJIoOHa, OTJIMIAETCS JIUIIb TPETUH ImapaMeTp, 3aal0nuil KOJIUIeCTBO
usmepenuii. [lomyaaercs, uro onucanne mabdisona MultiMatrix B omnpeie/iéHHOM
CMBICJIE PEKYDPCHUBHO.

O06bexkT MaccuBa yKasareseil Mbl Ha3BaM arr. HamoMHUM, 9TO KJIacChl, IO-
CTPOEHHBIE 10 MAa0JIoHy Array, HIPUHUMAIOT B Ka4ecTBe IapaMeTpa KOHCTPYKTO-
pa HavdaJIbHOE 3HAUYEHUE, NCXO/IHO IPUCBaBaeMoe 3JIeMeHTaM MacCUBa; B JIAHHOM
cJiydae 3TOT IapaMeTp — KOHCTaHTa 0, UTO O3HAaYaeT HYJIeBOi ykazaresb. Mcxom-
HO BCe 3JIEMEHTHI MaCCUBa HYJIEBBIE, U TOJILKO IIPU IIEPBOM OOPAIEHUN K COOTBET-
CTBYIOIIEMY 3JeMeHTY co3aércst oobekT (N — 1)-mepHoro maccuBa (CM. onepa-
Top if B Tese oneparyu uHjekcupoBanusi). CrouT oOpaTUTh BHUMAHUE, YTO HAM
3/1eCh IPUILIOCH ONMUCATH HETPUBHAJILHBIN secTpyKTop. Jlemo B ToMm, 91O 00H-
€KT KJlacca, THCTAaHIIMMPOBAHHOI'O U3 Array, HU4Yero He 3HaeT O IIPUPO/Ie dJIeMEH-
TOB, KOTOPbIE XPAHUT; CBOI BHYTPEHHUII MACCUB, B KOTOPOM XPaHATCH YKa3aTeIu,
00BEKT arr YHUITOXKUT B CBOEM COOCTBEHHOM JIECTPYKTOpE, HO 00 00bEKTax, Ha
KOMopvle YKA3BIBAIOT yKA3aTe/l, XPAHUMbIE B arr, HaM IPUXOIUTCH 3a00TUTHCS
CaMOCTOSITEJIHHO.

JIOBOJILHO CTPAHHON MOXKET MOKa3aThCsI HA MEPBBIN B3IV pean3aliis KOH-
CTAaHTHOI BEPCUU OIlepAIlNN WHIEKCUPOBAHUSI; HO BO3BPAIATH B KAUeCTBE CCHUIIKU
Pa3bIMEHOBAHHBII HYJIEeBOIl yKa3aTeb — COBCEM HHUKY/a He MOJUTCS, 3TO 3aBe0-
MO TPUBEJET K onubkam. B To ke BpeMs 00bEKT, OIUCAHHBIN 110/1 UMeHeM dummy,
Oyer (Ha BceX YPOBHSIX) IPEJCTABIISITH COOON MACCHUB, He COJEPKAIIUI HU OJJHOTO
3JIEMEHTa — CCBUIKY Ha POBHO TAKOH 2Ke 00BLEKT BO3BPAIAET W HEKOHCTAHTHASI
BepCHsl OIEPAIUH, TOJIBKO B €€ CIydae 3TOT 0ObEKT TOJBKO UTO CO3JAH U MOYKET
OBITh U3MEHEH; 00BEKT, KOTOPBII BO3BpAIAET KOHCTAHTHAS BEPCUST OIIEPAIUH, U3~
MEHHUTH BCE PABHO HeJIb3sl (€C/M TOJBKO He ODOWTH 3aIluTy, MPEeIOCTABICHHYIO
Mo UKaTOpOM const, HO TOrJA 9TO yzKe OyJLyT He HaIlK IPOOIIEMBbI).

OrnumieM Teriepb 6A3UCHBIN CJIy4dail — OJHOMEPHBIN MacCUB, TO €CTh CIelHa-
JIM3UPOBAHHBIN BapraHT mradgoHa MultiMatrix st caydvasi, KOrjaa TpeTuil mapa-
MeTp IabJI0Ha PaBeH eIMHUIE. DTO MOXKHO CIeJaTh TOpa30 MPOIIE, TOCKOIbKY
HOBBIH KJiacc (hAKTUUECKH IPEJICTaBIIET CO00N ODEPTKY BOKPYT COOTBETCTBYIO-
mero obbekTa Array (oH, Kak W paHblie, HasbBaercst arr). Cam oObeKT Kiacca
Array MOXKHO cejaTh NPUBATHBIM I0JIeM; 0OEPTKA BBEIET OMEPAIUU WHJIEKCHU-
pOBaHUs, pPeaJTU30BAHHBIE UYe€pPe3 TAKHe Ke OIEePAINI0 00 bEeKTa-MaCCUBa, U 38aCT
apryMeHT ero KOHCTPYKTOPY, OOJIbIlle OT He€ HUYEero He Tpedyercs:

template <class T, T init_val>
class MultiMatrix<T, init_val, 1> {
Array<T> arr;
public:
MultiMatrix() : arr(init_val) {}
T& operator[] (unsigned int idx) {
return arr[idx];
}
const T& operator[] (unsigned int idx) const {
return arr[idx];
}
3

Omneparopsl return B 00enx BepCHSX OIEPAIMH HH/IEKCHPOBAHUS BBIIIAIAT ab-
COJIIOTHO OJIMHAKOBO, HO IIepBas BbI30BET HEKOHCTAHTHBIA BaApUAHT Ollepalliy WH-
JIEKCHPOBAHUsI U3 00BbEKTa arr, a BTOpas — KOHCTAHTHBIN; B caMOM JieJle, IIOJIsI
JIIO00r0 00BEKTA CUUTAIOTCSI KOHCTAHTHBIMU (HE MOJJIEXKAINUME U3MEHEHWIO) B
KOHCTaHTHBIX MeTOJaX 3TOI'O O6’]36KTa7 n II0JId arr IIpu O6paHLeHHH K HEMYy u3
KOHCTAQHTHOI BEpCHU Ollepallii UHACKCUPOBAHHUSA 3TO TOXKE KaCaeTCH.

MOoKHO TIOCTYIHUTD €MMIE JIyUIe — yHacAedo8amd HAIT YaCTHBIN CIydail oT
Array<T>, Torja u olepalnyuu UHICKCUPOBAHUS OIUCHIBATH HE IIPUJIETCA:

template <class T, T init_val>
class MultiMatrix<T, init_val, 1> : public Array<T> {
public:
MultiMatrix() : Array<T>(init_val) {}
;5

K coxaneHunto, Takoil ynpowEHHbI BapuaHT MOAXOAUT TOSIbKO AJ1st HALLEro 4acTHOro Ciy-
Yasi — TOro, npu KoTopom wabsoH MultiMatrix npeBpaliaeTcss B NPOCTOA OLHOMEPHBIi
MaccuB, copepxalinii snemenTbl Trna T. [Jeno B ToM, 4TO BO BCEX OCTa/bHbIX CJyHasiX —
T.e. Koraa napametp dim npesbiwaer 1 — maccus, noayvaemblii n3 wabnoHa Array, xpa-
HUT yKazaTeay Ha obbekTbl MultiMatrix c dim, yMeHbLUEHHbIM Ha eAuHULY, TOrga Kak
onepaummn WHAEKCUPOBAHUS AOJDKHbI HAa 3TU >Ke OOBEKTbl BO3BPaLLaTb CCbUIKY, AJiSi YEro
K BblpaxkeHuto arr[idx] Tam npumensieTcsi pasbimeHoBaHue (Bo3Bpalwaercs *arr [idx]).
MNonbiTka HanNucaTb 4TO-TO BpoAe

template <class T, T iv, int dim>
class MultiMatrix : public Array<MultiMatrix<T, iv, dim-1> > {
public:
MultiMatrix() {3}
}s

NPOBaJINTCS B TOM CMbICJIE, 4TO HaM BCE PaBHO NPUAETCSA ONUCaTh 3[4EeCh CBOWU CODCTBEHHbIE
onepauun NHAEKCMPOBAHMNS, TOIbKO BMECTO KOMMAKTHOrO 1 MOHATHONO MMEHN NOAS arr npu
BbI30BE Onepauuii UHAEKCUPOBaHuUs 13 6a30BOro kiacca NpuAETcs 3TOT KAAacC YNOMUHATH
AABHO — a 3TO, HAa MUHYTO4YKY, Array<MultiMatrix<T, init_val, dim-1> >, BOT npsimo
TaK, LUEeNKOM.

MoxeT nokasaTbCsi JIOrMYHON UAes XpaHUTb B MacCUBAX HE yKasaTesn, a NpsMO < Ki-
BbEM>» 0ObekThl Tex e MultiMatrix'os ¢ cooTeeTcTBytOWMM dim, HO 3Ta UAes TOXE He
npoxoauT. Y7o Takoli 0bbekT cam no cebe, Aa)ke KOrga He COAEPXKMUT DJEMEHTOB, BCE Xe
no pasmepy UspsigHo bonblue ykasaTens — 3To ewg nonbegbl. YTo ass co3gaHns MacCMBOB
3TUX 0OBEKTOB NOTPebYeTCst KOHCTPYKTOP MO YMONYaHUIO — ToXe He npobnema. Xyxe, 4To
B MeToae Resize aneMeHTbl MAaCCUBOB MpMCBanNBarOTCs, TaK YTO MPU TAaKOM peLleHun npu-
LETCsl onepaumio NpUCBanBaHus, KOTOPYK Mbl HAMEPEHHO 3anpeTuiu, paspewwnTs obpaTHO
N He MPOCTO Pa3peLlnTb, @ KOPPEKTHO Peasin30BaTh; CNEACTBUEM 3TOrO CTAHET KOMUPOBAHNE
BCEX MOAYMHEHHBIX CTPYKTYP LaHHbLIX MPU Ka>KAOM W3MEHEHUMN pa3Mepa MacCUBA, HTO YXKe
BooOLLe HUKyAa HE roguTCs.

[Tosry4gennblii mabJ/I0H MOYKHO IPOBEPUTD, HAIIPUMED, C ITOMOIIBIO TAKOH (pyHK-

MY main:

int main()
{
MultiMatrix<int, -1, 5> mm;
mm[3] [4] [6][2] [7] = 193;
mm[2] [2] [2] [2] [2] = 251;
printf("%d %d %d %d\n",
mm [3] [4] [5] [2] [7], mm[2] [2] [2] [2] [2],
mm [0] [1] [2]1 [3]1[4], mm[1] [2][3]1[2]1[11);

return 0O;

[Tporpamma marmedaraer cTpoky «193 251 -1 -1». TexkcT 3TOrO mpumepa dnTa-
Tesib HARJMET B daiijie multimatrix.cpp U3 apxuBa IPUMEPOB K KHUTE.
[Tapamerpom 1m1abioHa MOXKET OBITH KOHCTAHTA, JTI0O0TO IIeJI0T0 TUIIA, M3BECT-
Hasg HA MOMEHT KOMIIWJIAIWH, HO IEJBIMU YHCJIaMHA BO3MOXKHOCTH ITapaMeTPOB
mabJIOHOB He UCYEPIbIBAIOTCA. B posn mapaMerpa mabJioHa MOryT BBICTYIIATD a/l-
pecHble BbIpazkeHus (yKas3aTesin), HO 3/1eCh JAeHCTBYeT IEJIbIi Psiji OrPAHUICHIA.
DakTUIECKNM 3HAYEHUEM aJIPECHOTO ITapaMeTpa IadoHa MOXKET ObIThb TOJIBKO
aJIpec TII06AJIBHOI IepeMeHHOf nan GYHKIINZS, IPIIEM TOJIBKO B (bopMe &var,
&f wim upocto £, rae var — uMms riobasbHON nepeMennoit, f — umsa QyHKIIN.
Hetonyctumo uCosb30BaTh CHOXKHBIE &JIPECHDBIE BbIPAYKEHUS, HEIb3sl HCIIOJIb-

28EHJ;é MOYKHO HMCIIOJIb30BaTh TaK Ha3bIBaeMbIit YKa3aTe/Ib Ha YJIEH KJjiacCa, HO MbI 9Ty CYIII-
HOCTb HE pacCMaTpUBaEM.
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30BaTh ajpeca JIOKAJIbHBIX MEPEMEHHBIX (YTO W IOHSTHO, BEJb WX HEBO3MOXKHO
OIIPEJIE/IUTL BO BPEMsl KOMITUJISIUU, KOT/A ITPOUCXOIUT UHCTAHIIAAIUS I1ab/I0-
HOB), HEJIb3s1 UCIOIB30BATh CTPOKOBBIE JIUTEPAJIbI (CTPOKH B JIBOWHBIX KABBIUKAX;
9TO TOXKE MOYKHO MOHSATH, BeJlb Y JBYX OJIMHAKOBLIX CTPOKOBBIX JINTEPAJIOB COBEP-
IIEHHO He 00si3aH COBIAJIATH AJIPEC, & €CJIM OHU MOABUJINCH B PA3HDLIX €IUHUIAX
TPAHCJISIIUN, TO UX aJpeca HaBepHsiKa OyiyT pasHbiMu). BrpodeM, B peasbHOI
JKU3HU OYeHb PEJIKO IIPUMEHSIETCs 9TO-J1u00, KPOME THUIIOB; JIa2Ke 11eJI0YNCIIeHHbIE
mapaMeTphbl MabJIOHOB — 9TO CKOPEe IK30TUKA.

Paccmorpes MultiMatrix Bo Beex MOJPOOHOCTSX, B 3aK/IIOUEHIE OTMETUM, ITO
y HaC CHOBa MOJIYUMWJICS KOHMeUHED, TPUIEM B STOT pa3 emié u 0606us,éHHBLT B
TOM CMBICJIe, 9TO OJHa (II1abJIOHHAsI) peasn3alus crocobHa paboraTh ¢ MUPOKUM
CIIEKTPOM THIIOB XPAHUMBbIX 3HAYEHUI (CJIOBO «O0OOIIEHHBI» B JJAHHOM KOHTEK-
CTeé COOTBETCTBYET AHIVIMACKOMY TEpMUHY generic). Mbl y»Ke roBOpUjM 3TO Ha
cTp. b0, HO Ha BCAKHUI Caydail MOBTOPUM elé pa3: HUKOrAa He IpUMeHdANTe
KOHTeIHephl HA MPAKTUKE, B 0COOEHHOCTH BOT Takue «0000ménubiey. Ecim
BaM KaKeTCs, YTO KaKOe-TO IOJ00HOe COOPYKEHUE CIIOCOOHO COIKOHOMUTH BAIIle
BpeMs U TPYA03aTPaThl, TO 3TO BaM TOJbKO KaXKeTCs, ¥ COBEPIIEHHO HEBaXKHO,
caM¥ Bbl HAIIUIIIETE OYEPE/IHOM KOHTEWHED MM €r0 KTO-TO 38 BAC YK€ HAIIMCAJ: B
JOJITOCPOYHON MEPCIIEKTUBE U TO, U JIDYTOe BBLILETCA B COBEPIIEHHO HECYPa3HbIE
[TOTEPU.

10.8. CHoBa o mapaaurmax

Mpur paccmorpenu Bce Bo3aMOKHOCTH CH+-+, KOTOpBIE IJIAHUPOBAJINA, U CEi-
qac caMoe BpeMsd IIPUBECTH B IIOPHAJIOK IIOJIy4YEHHbIC 3HAHUS U IOHSATDL, KyJla MbI
IIPUIILIA.

10.8.1. Cnekrp napaagurm B Cu-+-+

B §9.3.1 MBI mepevuncInan ceMb BO3MOXKHBIX YPOBHEH COBMECTHMOCTU MEXKILY
sI3BIKOM IIPOIPAMMMPOBAHMS U 3aJlaHHOM mapajaurmoii. [lomnpobyeM HmOHATH, Kak
C Pa3/IMYHLIMA HapajurMamMu cooTHocuTcess Cu+-+.

[Toxkastyit, MOXKHO C HEKOTOPO#l HATSIXKKOI cKa3aTb, 4T0 CH-++ HUKAKHX Ia-
PaIUrM HEe Ha8A36GEM — BO BCAKOM CJIyUIae B TOM CMBIC]IE, B KOTOPOM 3TO CJIOBO
ncrob3oBaochk B §9.3.1. B camom nese, B Cu+-+ MoxkHO 000#iTHCH J1axke 6e3 nM-
[IEPATUBHOTO IIPOrPAMMUPOBAHUS, XOTs BpsL u Oyaer koMmdpopTHO. ECTh TOIBKO
omuH MoMeHT: Cu+-+ — SI3BIK, TPEITOIArAIONII KOMINISIIAIO, TAK ITO €CJTH Pac-
CMaTPUBaATh KOMIUJIUPYEMYIO MOJIEJb KCIIOJHEHUS MIPOrPAMMbI KaK HapPaJIUTMy
(a MBI 6/TI2Ke K KOHILy KHUTH TAKOE€ PACCMOTPEHUE IIPOBEEM ), TO Ty ITAPATUTMy
MOXKHO CUNTATh HaBsi3aHHON, nHOe B Cru-++ HEBO3MOXKHO.

Bosmoxkuo, Cu++ HUYIEro He HaBSI3bIBAET, HO NoHYydcdaem OH K IPUMEHEHHIO
[IeJIOrO psijia MapaurM, U IPeKe BCEro — UMIIEPATUBHOIO IIPOrPAMMIPOBAHMSI.
Bes npucpauBanust B Cu+-+ oboiituck ¢ popMabHON TOUKYM 3pEHUs] BO3MOXKHO,
HO B PEAJBHOCTH 9TO IPEBPATHUT IIPOIECC IPOTPAMMUPOBAHUS B a1,

Nurepecuee Bcero 6ymaeT BLITISIETH CIIMCOK HAPAIUTM, IPUMEHEHNE KOTOPLIX
Cu+-+ noowpsem, To ecTb €3 HUX MOYKHO OOXOIUTHCsI, HO €CJIM HAYATDh UX IPUMe-
HSATH, TO 9TO HEMEJJICHHO JACT OIIyTUMBIN BoIUTphII. [Ipexk e Bcero ato, KoHed-
HO, OObEKTHO-OPUEHTUPOBAHHOE MPOIPAMMUPOBAHNIE U aOCTPAKTHBIE THIILI JIaH-
HBIX; UM MbI IIOCBSITUM OTAeJbHBIN naparpad. Kpome Toro, K moormpsieMbIM I1a-
paaurMaM 37ech OTHOCATCS 0OpabOTKa UCKJIIOUYEHUN u 0606uéHHoe npozpam-
muposarue (generic programming), NPeJCTABJIEHHOE MEXAHU3MOM IIa0JIOHOB.

K moppep:kuBaeMbIM, HO He mootpsieMbiM B Cu+-+ MOXKHO OTHECTH Pa3Be UTO
MaKPOIPOIECCUPOBAHKE KaK TAKOBOE (eC/IM He CUUTATh MAGJOHBI MAKPOCAMH).

[TepeuncauThy mapaaurMel, donyckaemovie ss3bikom Cu+-+, moxkasyil, HEBO3-
MOXKHO — IIPOCTO IOTOMY, UTO B IPHUPOJE HE BCTPEYAETCsI CIIMCKOB IMApaIurM,
KOTOpPBIe MOTLJIK OBbI BCEPHE3 MpeTeH0BaTh Ha moaHoTy. Kakyio Obl mapaaurmy
MBI HI PaCCMaTPUBAJIM, CKOPEE BCETO, IIPU HEKOTOPOM CTAPAHUM €€ IIpUMeHEeHUe B
Cu-++ okaxkeTcst BOSMOXKHO, B OCOOEHHOCTH €CJIA TaKOe IPUMEHEHUE O/ JIEPXKATh
KaKOH-HUOY/Ib CITENUAJILHO I 9TOrO Py MAHHON ONOJIHMOTEKOI.

Yro KacaeTcsd JBYX OCTABIIUXCS YPOBHEH — TO MAPAIUTrM, IPUMEHEHUIO KOTO-
peix Cu-++ OBl BCepbé3 npenamcmeosas Wim TeM Oojee HAMUCTO 3anpewian, aB-
TOPY C XONIy NPUAYMATh HE yJIajoCh. BrpoueM, Bps U KTO-TO PUCKHET BCEPhE3
YTBEPK/IaTh, YTO TAKUX HET.

10.8.2. OOII u ATJI

Kak y»ke rosopusioch, 3Tu JBe MapaJUrMbl JIOIU YACTO U OE30CHOBATEIIb-
HO IyTaloT. lIpuHIUNNANbHBIE DPa3/IMYus MEXKJy HUMU MBI y2Ke O0CYXKiajiu
(cm. cp. 14); momnbiTaeMcst OHSITh, IJie IPAHUIBI MOJJIEPIKKHE OJIHOIO U JPYIrOro
B sa3bike Cu+-+.

B npunnune Bcé, uro B Cu+-+ MOXKHO JiejiaTh C KJIACCAMHU U CTPYKTypaMu
TaKoro, 9To He ObLIO HpejycMoTpeHo B umcroMm Cu, orHOcuTest jimbo K OOl
aubo x ATJI, mmbo n K ToMy, u K japyromy. Camblii O4eBUIHBLIN TTpuMep Ba-
pHaHTa «U K TOMY, U K TOMY» — MEXaHU3M 3aIlUTBI, IPEICTABJICHHBIN KIIOUe-
BbIMU cjioBaMu public, private, protected u friend; on ke BbICTyIIaeT IJIaB-
HOI TPUYIMHON ITyTaHUITLI. TakKe K MOJIJIep:KKe 00erX MapaJiuii'M MOYKHO OTHECTHU
KOHCTPYKTOPBI U JIECTPYKTOPHI (cam baKT mX CyIiecTBoBaHUs). B To 2Ke Bpe-
Msi MHOTOOOpas3ue BHUJIOB KOHCTPYKTOPOB — KOHCTPYKTOPBI 110 yMOJIYaHUI), KOH-
CTPYKTODBI [IPe00Pa30BaHUs U KOIUPOBAHUSA — HE UMEET HUKAKOI'O OTHOIIIEHHUS K
00'bEKTHO-OPUEHTUPOBAHHOMY ITPOIPAMMHUPOBAHUIO, 3TO CyI'yOO MHCTPYMEHT KOH-
TPOJIST 33 IOBEJEHNEM K3EMILISIPOB aOCTPAKTHOIO THIIA JAHHBIX (HO HIPH 3TOM
HHCTPYMEHT, HAJI0 CKa3aTh, MOIIHEHNH 1 oyeHb yuo0ublii). To ke camoe MOK-
HO CKa3aTh U [P0 MEPEOIpeIeIeHIe CUMBOJIOB oneparuii ((byHKIUKM U METOJBI CO
CJIOBOM operator B HA3BaHUN); HAJIMYUE 9TOr0 MEXaHHU3Ma JIeJIaeT abCTPaKTHBIE
THUIIBI JTAHHBIX [TOJTHOIEHHBIMU, BBIBOJUT UX Ha ofuH ypoeHb ¢ ATJI, BBeIEHHBI-
MU CAMHM $I3BIKOM, TaK 9TO BO3MOXKHOCTD IPUMEHEHUs] HH(PUKCHBIX Oleparuii K
[0JTb30BATE/ILCKUM JIAHHBIM OY€Hb BayKHA (M COBEPIIEHHO HAIPACHO HEKOTOPbIE
[IPOTPAMMICTBI 3Ty BO3MOXKHOCTH HEJIOOICHUBAIOT ), HO, OISATb-TAKN, HIKAKOTO OT-
HOIIIEHUSI K OO bEKTHO-OPUEHTUPOBAHHOMY IIPOI'PAMMUPOBAHUIO IIEPEOIIPE I/ IEHUE
orepanuii He UMeer.

Yro ke, B TakoM ciydae, octaércs Ha moio OOII? Tlpexkie Bcero, kKak HE
CTPaHHO, Memodbl, TO €CThb caMa BO3MOXKHOCTH CIe/aTh (DYHKIIUIO COCTABHON da-
CTBIO TUNA JAHHBIX. J[J1s1 abCTPaKTHBIX TUIIOB JIAHHBIX HAJTMYIHE METOJO0B He 00si3a-
TEeJbHO, BIIOJIHE XBaTWI0 Obl aupekTuBbl friend s obo3Hatdenus: pyHKIHUH, KO-
TOPBIM Pa3PEINIeH JOCTYI K BHYTPEHHEMY YCTPOMCTBY THIIA; TOYHO TaK K€ BHEIII-
HUMU (DYHKIUAMU (HE METOJAMU) MOIIU Obl OBITH KOHCTPYKTOPBI U JIECTPYKTO-
pet. Ho eciim mpu mocTpoennn abCcTpakKTHOTO THIA JTAHHBIX MOYKHO O0DOUTHCH Oe3
METOJ/I0B, TO BOCIIpUHUMAThH HEeUTO Kak 00bekT B cMmbiciae OOIl, e mmes mero-
JIOB, MOXKHO JIMIIb [IPH HAJIMIHE y2Ke COPMUPOBABIIUXCH YCTOWIUBBIX HABBIKOB
00'bEKTHO-OPUEHTUPOBAHHOTO MBIIIJIEHUS. ABTOD 3TUX CTPOK, UMesl 38 ILIedaMu
JIBA JIECATKA JIET IIPENo/iaBaHus, BCE-TAKM He B3sJICH OBl Yuumb KOro-HUOYIb
00'bEKTHO-OPUEHTUPOBAHHOMY TPOTPAMMUPOBAHUIO HA IIPUMEpPE si3bIKa, He I0/I-
JEPAKHUBAIOIIETO METO/IbI.

Bupouewm, meTonbl camu 110 cebe — 9T0, KaK ObLIO CKa3aHo Ha cTP. 14, ermmié He
coecem OOLII; Bo Beell moTHOTE 3Ta MApaJUrMa pacKPhIBAETCsI JIUIIb C BBEIEHUEM
HACJIEJIOBAHUS — U, €CTECTBEHHO, BUPTYAJbHBIX (DYHKIINN, BJIEKYIUX 3a CODOil
AuHaAMIYIeCKUil mosmMopdusM. J1jist 00 beKTHO-OPUEeHTHPOBAHHOIO IIPOrPAMMUPO-
BaHUs BCE, YTO CBA3AHO C HACJIEIOBAHIUEM — BO3MOXKHOCTH KJIIOYEBBIE, TOT/IA KaK
K ATl nHacienoBanue BoobIle HUKAKHUM 00Opa30M HE OTHOCHTCSI.

10.8.3. Ilostumopdusm 6e3 MUCTUKH

Kak ormewasioch panee (cm.KoMmMeHTapuii Ha crp.61), B Jureparype MOXK-
HO BCTPETUTH pa3/IUYHble TPAKTOBKU TEPMUHA <«NOAUMOPHUIM>. JlocTaToaHO
9acTO MOJTUMOPMU3M YKECTKO CBA3BIBAIOT C MUNGMU, & HE OIePAIUsIMU, KAK 3TO
Jiesiau Mbl. B npuHImie 3To jiesio BKyca; B JIIOOOM ciiydae, Kak Obl HE (hopmy-
JITPOBAJIOCH «OIpeJIe/IeHNEy MOIUMOPGU3Ma, B MOSICHSIONINX TPUMEPaxX TYT Ke
BO3HUKAIOT omnepanun — (QYHKIUMH, METOJbI, apudMeTuIecKue CUMBOJIBI — IIO-
CKOJIbKY 0€3 HUX HOJTUMOP(U3M «IIPOSIBUTH> HEBO3MOXKHO. FKcjm Bcé-Taku roBo-
puTh 00 orepaIusx, TO MOJIUMOPMU3M MOKHO TOHUMATH B TOM CMBICJIE, YTO 00Ha
u ma oice onepavua Koppexmmo pabomaem ¢ 06sexmamu?® pasaunHLLT MUN0E, HO
MO2KHO TIOHUMATb U UHAYE: UTO OJIHO U TO K€ 0003HAYEHUE ONEPALuL, COOTBETCTBY-
eT PA3AUNHBIM OTICPAITUSM, CPEJIU KOTOPBIX BHIOOP IIPOU3BOJIUTCHA B 3aBUCUMOCTHU
OT THUIIOB OIEPAH/IOB.

Hano mpusHarh, 9TO BTOPOI BapuMaHT BBINISIUAT JIOTHYHee. B camoMm Je-
Jie, eCJIn y HAC €CTb CHMBOJI <«+», 00O3HAYAIONINN CJIOXKEHUE IIeJIbIX YHCEeJI, CJIO-
JKEHWe YHCeJI C IIABAIONell TOYKOH, CI0KEeHNE