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ITIVBJIMYHAL JINITEH3M A

VYuebuoe mocobue Annpest Bukroposuua Cromnsiposa «IIporpammupoBanme: BBefeHHE B IPO-
deccuro» B Tpéx ToMmMax, onybsmkopanHoe B usgareiabcrBe MAKC IIpecc B 2021 roay, Ha3bI-
BaeMoe najiee «lIpomsBeneHmeM», 3AIMUIEHO ACHCTBYIOMMM POCCHHCKMM W MEXKJIYHaPOIHBIM
aBTOPCKO-IIPABOBBIM 3aKOHOAATENILCTBOM. Bcee mpasa Ha [IponsBenenune, mpemsycMOTpeHHBIE 3a-
KOHOM, KaK MMYIIECTBEHHbBIC, TAK U HEUMYIIECTBEHHBIE, IPUHAJJIEXKAT €ro aBTopY.

Hacrosamas JIumnensus ycTaHaBINBaET CIIOCOOBI UCIIOJIL30BAHUS 3JIEKTPOHHON Bepcuu IIpons-
BeJICHHs, NIPABO HA KOTOPBIE MPEIOCTABJIEHO aBTOPOM U MPAaBOOOJIAIATEIEM HEOTPDAHUICHHOMY
KpyTy JINILI, DU yCJIOBUK GE30rOBOPOYHOIO IPHUHSITUS STUMHU JINIIAMYU BCEX yCJIOBHI maHHON JIu-
uensuu. JIo6oe ucnosbzoBanue [Ipoussenenusi, He COOTBETCTBYIOIIEE YCJIOBHAM NaHHON Jlumen-
nuu, a paBHO U HCIOIb3oBanue [IponsBenenus sumamMu, He COIVIACHBIMU C yCJIOBHAMH JInnensun,
BO3MOXKHO TOJIBKO IIPU HAJUYUU MMHCHMEHHOI'O Pa3peIIeHHs] aBTOpa U IPaBoodamaTess, a Ipu
OTCYTCTBUU TAKOTO Pa3PENICHUs SABJISAETCS MPOTUBO3AKOHHBIM M MPECJIEIYETCA B PAMKAX IDaXK-
JAHCKOrO, aIMUHICTPATHBHOIO M YI'OJIOBHOT'O IIPaBa.

ABTOD U IpaBoObJIAIATE/b HACTOAIIMM PA3PELIAET CJeIYOIINe BUIAbl NCIOIb30BAHNUS JTAHHO-
ro daiisia, sIBJISAIONIErocsI JIEKTPOHHBIM IIpeacTasiieHneM [Iponssenenust, 6e3 yBeIJOMIICHHS IIpa-
BooOsIa1aTesist 1 6e3 BBIILIATHI ABTOPCKOTO BO3ZHATDAXKICHUS:

1) Bocupoussenenue ITpoussesienust (IIOJHOCTHIO MM YACTUYIHO) Ha GyMare MyTEM PACIedaTKH C
IIOMOIIBIO IPUHTEPA B OJHOM IK3EMILISIPE JJIsSl YAOBJIETBOPEHUS JINIHBIX OBITOBBIX WJIH y4e0-
HBIX NOTpebHOCTEHN, 6e3 mpaBa Iepeadn BOCIPOU3BEIEHHOTO SK3EMILISAPA JIPYTUM JIHIIAM;

2) KONHMPOBAaHME M PacIpPOCTPaHEHWe JAaHHOTO (baila B 9JIEKTPOHHOM BHJE, B TOM YHCJE IIyTEM
3anucu Ha (QUIUUECKHE HOCUTEIU U IMyTEM Iepefadd IO KOMIBIOTEDHBIM CETSM, C COOJIO-
JleHueM cilefytonmx yciosuii: (1) Bce BocmpousBeAEHHBIE U IepefaBaeMble JIIOObIM
JIMLAM SK3EMIISIPbI (paiijia sIBJISIIOTCS TOYHBIMU KOIMSIMU OPHUTHMHAJIBHOTO haii-
ga B ¢popmare PDF, npu xonmmpoBaHuy He NMPOU3BOAUTCS HUKAKUX U3bATHN, COKPAIICHUI,
JIOIIOJIHEHUH, MCKayKEHUi 1 JIIOObIX JPYTUX W3MEHEHUil, BKIlo4das u3MeHeHue opMarTa Ipel-
crasienus daiina; (2) pacnpocTpaHeHne U nepejadya KONuii APyrUuM JIMLAM [IPOU3BO-
JAUTCH UCKJIIOYUTEJIBHO Hecn.aammo, TO eCThb IIPU IlepeJade He B3MMAETCH HUKAKOe
BO3Harpa>kJeHue HU B KakKoil dopMe, B TOM ducCIe B POpMe IPOCMOTPa PEKIAMEL, B (DOp-
Me IIJIAThI 33 HOCHUTEJIb HJIM 33 CaM aKT KOIMPOBAaHUS W Ilepeladd, Jarke eC/IM TakKas IJaTa
OKa3bIBAETCsI 3HAYUTEJIBHO MeHbIe (PAKTUYECKOH CTOMMOCTH UM Ce0eCTOMMOCTH HOCHTEJIH,
aKTa KOIMPOBAHUS U T. II.

JIrobbre npyrue crocoGbl PacIpOCTPAHEHUSI NAHHOrO (aiija IPH OTCYTCTBUH IMCHMEHHOIO pa3-
pellleHNsT aBTOpa 3allpelleHbl. B 4acTHOCTH, 3alpelaeTcsi: BHECEHNE KaKUX-Inb0 N3MEHEHUil B
JaHHBIA ailyl, co3jaHne U PacCHpOCTPaHEHWE MCKAXKEHHBIX SK3EMIUISPOB, B TOM HYHCJIE SK3eM-
IJISIPOB, COJEPrKallX KaKylo-JIH0O YacTh IMPOU3BEIEHHUsI; PacIpoCTpaHeHne JaHHOro daiina B
Ceru naTepHeT yepe3 BeO-caiiThbl, OKa3bIBAIOIIME IIJIATHBIE YCJLyTH, Yepe3 caiiThl KOMMEPYECKUX
KOMITAHU M MHIMBH/LyaJbHBIX [IpeJnpuHuMaresieil (Briodas dailiooOMeHHbIe U J06ble Apyrue
cepBuchl, oprann3osanuble B Ceru VHTepHET KOMMEPYECKMME KOMIIAHUSIMH, B TOM 4YHCJIE Oec-
IJTATHBIE), & TAKKE Yepe3 cafiThl, CoAepXKallue peKJaaMy JII060ro poaa; npojaxa u oOMeH
busnYeCKNX HOCUTEIEN, CONEPAKAIIUX JAHHBIH (hailil, JarXke eCiIi BO3HATIDaXK/IeHHe 3HAYNTEIBHO
MeHbIIIe Ce6eCTONMMOCTH HOCHUTEJIST; BKJIIOUEHNE JAHHOrO ¢aiijia B COCTaB KaKUX-Iub0 HHOpMa-
IIMOHHBIX M UHBIX IIPOJAYKTOB; PACIPOCTPAaHEHHE JaHHOrO (ailja B cocraBe KaKoil-nbo MIaTHOM
YCJIYTU WM B JIONOJHEeHUe K Takoil yciayre. C npyroi croponbl, paspermaercs: gapenue (Gec-
IJIaTHAs TIepeada) HoCUTeNei, CoaepKaIUX JaHHbIi (daiis, GecriyiaTHas 3anuch JaHHOro (aitia
Ha HOCHUTEJIH, IIPUHA/JIEXKAIINE JPYTUM II0JIb30BATEJIsIM, PACIPOCTPaHeHue JaHHOro daiiia de-
pe3 GecriaTHbIE AeleHTpan30BaHlble (daitnooomenabie P2P-cern u 1. 1. CChLIKM HA SK3EMILISIP
daiia, pacosozkeHHbI Ha oUINAILHOM CaliTe aBTOPa, Pa3pPelIeHbl 0e3 OrpaHuYeHui.

A. B. CroasipoB 3anpeuiaem Poccuiickomy aBTOPCKOMY OOIIeCTBY U JIIOObIM OpPY-
r'MM OPraHMU3aLusIM IIPOU3BOAUTH JIIOOOro poJa JUILEH3MPOBaHUE JIIOObIX €ro Npons3Be-
JEHUI U OCYILECTBJISITH B MHTEPECaX aBTOpa KakKylo Obl TO HU OBLIIO UHYIO CBSI3AHHYIO
C aBTOPCKMMM IIPaBaMHU [I€ATEJIbHOCTh 6e3 ero NucCbMEHHOI'O pa3pelleHns.



A.B.CTOJIAPOB

ITPOI'PAMMMWPOBAHUE

BBEJIEHUNE B ITPO®PECCHUIO
n3aHNEe BTOPOE

B TPEX TOMax

Towm III: ITAPAJINT'MBI

MAKC @npscc

Mocksa — 2021




YK 519.6834-004.2-+004.45
BBK 32.97
C81

Cronsapos, Axjapeii Buktoposuu.
C81 IlporpammupoBamnme: BBemenne B mpodeccuio. — 3. 2-e, ncnp. n
mou. : B 3 romax / A. B. Crosspos. — Mocksa : MAKC Ilpecc, 2021.
ISBN 978-5-317-06573-7.
ToMm IIT : ITapagurmer. — 704 c. : mir.
ISBN 978-5-317-06576-8.
DOI 10.29003,/m1984.978-5-317-06576-8

Tperuit Tom yuedbnuka «IIporpammupoBanue: BBeJeHUE B IIPO-
deccuio» TOCBAIEH BEICOKOYPOBHEEOMY IIPOTPAMMUPOBAHUIO B BO3-
MOXKHBIM IIOIXO/JaM K OCMBICJIEHHIO IIPOIPAMMbI M €€ MCIIOJIHEHUSI,
M3BECTHBIM KaK IapaJurMbl IpOrpaMMHUpoBanus. PaccmarpuBaioT-
cs sa3biku Cu++, Jlucm, Scheme, IIposior, Xoyn u Tcl; momosHn-
TEJbHO TOKA3aHO CO3/aHne IpadUUeCKUX II0JIh30BATEJIBCKAX WH-
TepdeiicoB ¢ momompio 6ubamoreku FLTK nma Cu++ u dpeiiv-
Bopka Tcl/Tk.

1711 IMKOIBHUKOB, CTYACHTOB, IPEIoIaBaTe e I BCeX, KTO HH-
TEpPECYeTCs IIPOrPAMMUPOBAHUAEM.

VIK 519.683+004.2+004.45
BBK 32.97

© Cronsipos A. B., 2020
ISBN 978-5-317-06576-8 (. I1I) © Cronspos A.B., 2021,
ISBN 978-5-317-06573-7 C U3MEHEHUSIMU



OrJjiaB/ieHue

9. [TapagurmMbl B MBINIJIEHUN ITPOrPAMMUCTA
9.1. 3araflouHOE CJIOBO «IMAPAUTMAS . . . « « o « o« o o o o o . .
9.2. Pekypcus Kak mpuMep HAPaIUTMBbl . . . . . . . . . . . . . . .
9.3. IlapaurmMpl u S3bIKM IPOTPAMMUAPOBAHUS . . . . . . . . . . .
9.4. [IpuMepbl YaCTHBIX TMAPAIUTM . . « . o « o o o o o o e o o o

10. Ad3pik Cu++4, OOII u AT/
101. Ot Cux Cu++ . . . . . o oo
10.2. O Beibope moamuokecTBa Cu++ . . . . . .. ...
10.3. MeToabl, OOBEKTHI M 3AIMUTA . . . « + « « o o v o o e oo
10.4. A6crpakTHble Tub gaHHEbIX B Cu++ . . . . L L L L L L
10.5. O6paboTKa UCKIFOUUTEIbHBIX CUTYAIMA . . . . . . . . . . .
10.6. HaciremoBanue u moauMOpU3M . . . . . . ... .. L.
10.7. HIaBMOHBL . . .« . v v v vt et e
10.8. CHOBA O TAPAIUTMAX + .« « « « o« o oo v e oo e e e e o
10.9. Ocobennoctu odopmiienus kogaa Ha Cu++ . . . . . . . ..
10.10. Ilpumep: TCP-cepBep . . . . . . . . . . . . o o oo ..
10.11. O rpadwudeckux mHTEpdEHCaX MOJB30BATEST . . . . . . . .
Cu+-+: 9TO JATBIIME . .« v v v v e v e e e e e e e e e

11. Hepaspyimaroiue rmapajaurMbl
11.1. d3wix JIucho u ero S-BBIpAXKEHUST . . . . . . . . . . . . . ..
11.2. Scheme: Jluctm, HO HE COBCEM . . . . . . . . . . . .. .. ..
11.3. O6 odopmiieHnn KOIa Ha JUCIOMOIO0HBIX sI3bIKAX . . . . .
11.4. Jloruvueckoe u JeKIapaTUBHOE MPOIPAMMHUPOBAHUE . . . . .
11.5. JIeHUBDBIE BBITUCIEHUISA . . . « « « « o o o o ot e e e o e

12. KoMmnwiisinusi, MHTEPIIPETAIs, CKPUIITUHT
12.1. XapakTepHble 0COOEHHOCTH CKPHUIITOBBIX SI3BIKOB . . . . . .
12.2. dzeix Tel ..o 000 oo
12.3. Unurepnperatop Tel mw s3pixk Cur . . . 0 o o o 0 0 L 0L L L
12.4. T'pacduueckue unrepdeiicer va Tel/Tk . . . . ... ... ..
12.5. Crparerun BBINIOJIHEHUS KaK MapaJUrMbl . . . . . . . . . .

[Tpuioxenne 5. CpaBHeHne (ailjioB U HAJIOXKEHUE U3MEHEHUN . .
ITpunoxenne 6. CucreMbl KOHTPOJIST BEPCUA . . . . . . . . . . . .

SAKIIIOYCHHIE . o v v v v v e e e e e e e e e

CHHCOK JIUTEPATYDBL « « o v o v v v e e i e e e e e e e e e e e
IIpenMeTHBIN YKA3ATETb . . . . . . o v v o v o e



Conepzkanue

9. ITapaaurmMel B MBINIJIEHUN ITPOrPaMMUCTA

9.1. 3araJj09HOe CJIOBO «IAPAIUIMAS . . . « + « « o« o o o o o . .
9.1.1. TepMUHOTIOTUYIECKUE TPYAHOCTH . . . . . « « o « . . .
9.1.2. ITapagurMbl BHE TPOTPAMMUPOBAHUST . . . . . . . . .
9.1.3. O630p OCHOBHBIX CTHJIEH . . . . . o v v v v v v . .

9.2. Pekypcust Kak IpuMep MaAPAIUTMBbL . . . . . . . . . . . . . . .
9.2.1. Ilpumep c 0OXOMOM HEPEBA . . . « « o« o o v v oo
9.2.2. BUJBI PEKYPCHHI . . « v o v v e e e e e e e e
9.2.3. Penykuust (cBEPTKA) MOCIEI0BATEIBHOCTEH . . . . . .
9.2.4. OcraTodHast PEKYPCUST . « = « o« o o o v oo e
9.2.5. PeKypCUBHOE MBITIITIEHAE . . . . « « . « o « o o o . . .

9.3. ITapaaurmMbl u S3BIKM IPOTPAMMUPOBAHUS . . . . . . . . . . .
9.3.1. O poJnt s13bIKA TPOrPAMMUPOBAHUSA . . . . . . . . . .
9.3.2. Konrnenryasasuoe ommare Cu or Ilackamsa . . . . . .
9.3.3. /Ipa moaxojia K CPaBHEHUIO SI3BIKOB . . . . . . . . . .

9.4. [IpuMepbl YaCTHBIX MAPAIATM . . . . « .« « o o o o o o o o o
9.4.1. Callback-bysrmum . . . . . . . ...
9.4.2. IIporpaMMupoOBaHie B TEPMUHAX ABHBIX COCTOSHUN
9.4.3. MeTallpOrpaMMHUPOBAHIE . . . . « « « « o o« o o o o . .

10. Ad3pik Cu++, OOII u AT/,

101. Ot Cu g Cu++ . . . . . o oo

10.2. O Beibope moamuokecTBa Cu++ . . . . . . . ... L

10.3. MeToabl, OOBEKTBI U BAIMATA .« .« « « « « « o o o o o o o o o
10.3.1. OyHKIUE-TIEHBL (METOMBI) . . « « « o o o v o o
10.3.2. HeaBHblit yKa3aTeab HA OOBEKT . . . . . . . . . . .
10.3.3. Bamura. [Tousitne KoHCTPYKTOPA . . . . . . . . . .
10.3.4. BadeMm HyKHA BAIMATA . . . . « . . . . o o o o oo . .
10.3.5. Kuracenr . . . . . oL oo
10.3.6. JIECTPYKTOPBI  « « v v v v v v e v e e e e e e

10.4. A6crpakTHble Tunb gaHHbiXx B Cu++ . . . .. L L L L L
10.4.1. Tleperpyska numMéH (QyHKIWIT; 1eKOPUPOBAHNE

10.4.2. Ilepeonpesiesienre CHUMBOJIOB CTAHIAPTHBIX oneparuit 113

10.4.3. Koucrpykrop ymosdanus. MaccuBbl 00beKTOB

10.4.4. KoHCTpYKTOPBI IPEOOPA3OBAHUS . . . . . . . . . . .
10.4.5. CCBIIKH . . . v v v v v v e e e e e e e e e e
10.4.6. KOHCTAHTHBIE CCBIIIKHA . . . « + « « « o v v v oo o .

116
117



Coneprxanne

10.5.

10.6.

10.4.7. Ccpuiku Kak ceMaHTUYeCKuil (peHOMEH . . . . . . .
10.4.8. KOHCTAHTHBIE METOJIBIL . . . . © « « « o v v v oo o .
10.4.9. Omeparuu paboThI ¢ JUHAMIYECKON MaMATHIO
10.4.10. KoHCTPpYKTOp KOIMPOBAHUS . . . . . « . . . . . . .
10.4.11. Bpemennbie 1 aHOHUMHBIE OOBEKTBI . . . . . . . .
10.4.12. 3navyeHust mapaMeTpoB MO yMOJYAHUKD . . . . . . .
10.4.13. Omucanue meToma BHe Kiacca. O6acTi BUIAUMOCTH
10.4.14. «IloacraBnsiembles dyukun (inline) . . . . . . ..
10.4.15. Naunuanu3anus 4I€HOB KJIAcCa B KOHCTPYKTODE
10.4.16. Ileperpyska oneparuii TPOCTHIMU (DYHKIAAMA
10.4.17. IpyxecTBeHHbIe DYHKIINA U KJIACCHI . . . . . . . .
10.4.18. Ilepeonpeienienne ornepaliiii TpUCBANBAHUS
10.4.19. MeToapl, BOSHUKAIONINE HEABHO . . . . . . . . . . .
10.4.20. Tlepeonpenesenne onepanuu UHICKCUPOBAHUS . . .
10.4.21. Tlepeonpenesenne onepanuit ++ u -- . . . . . . . .
10.4.22. TlepeornipesieieHre OMEPAITAN —> . . . . . . . . . . .
10.4.23. Tlepeompeeienne onepanuy BbI30Ba (pyHKIUN
10.4.24. Tlepeomnpenenenne omepanun Ipeobpa3oBaHUsT TUIIA
10.4.25. Ilpumep: pa3pexKeHHBI MACCUB . . . . . . . . . . .
10.4.26. CraTudecKue mojisd U METOIBI . . . . . . . . . . . .
O6pabOTKa UCKJIIOYUTEJBHBIX CATYAIdNA . . . . . . . . . . .
10.5.1. Omubounble cuTyanuu U MpobdJIeMbl UX 00PabOTKY
10.5.2. O6mast uges MexaHn3Ma UCKJIIOYeHHH . . . . . . . .
10.5.3. Bo30OyxaeHme UCKIIOUIEHANR . . . . . . . . . . . . . .
10.5.4. ObpaboTKa UCKIIO9EHAT . . . . . . . . . . . . . ..
10.5.5. O6pabOTUNKK ¢ MHOTOTOYUEM . . . . . . . . . . . .
10.5.6. O6bekT Kjlacca B POJIM UCKJIIOUEHUST . . . . . . . . .
10.5.7. ABromaTnueckasi OUUCTKA . . . . . . . . . . . . . .
10.5.8. IIpeobpazoBanusi TUIIOB UCKIIOYEHWA . . . . . . . .
Hacnenosanme u mosmumopduam . . . . . . . ..o
10.6.1. Uepapxuyeckue npeaMeTHbe 06acTu . . . . . . . .
10.6.2. HaciemoBanue CTPYKTYp U TMOJTUMOPMUIM aJIPECOB .
10.6.3. MeTosbl 1 3amuTa IpU HACAEJOBAHUU . . . . . . . .
10.6.4. KoncrpyupoBanue 1 JeCTPYKIUS HACJIETHITKA
10.6.5. Bupryaspuble GYHKITHI . . . . . . . . oo ..
10.6.6. Yucro BupTyasbHbIE METOABI U AOCTPAKTHBIE KJIACCHI
10.6.7. BupTyaJbHOCTh B KOHCTPYKTOPAX U JECTPYKTOPAX .
10.6.8. HaciemoBanme pajii KOHCTPYKTOPA . « . . . . . . .
10.6.9. BUpTyaJIbHBIN JECTPYKTOD .+ « « « « v v v v v o v
10.6.10. Emé o mosmumopduame . . . ..o oL L L
10.6.11. IIpuBaTHbIe U 3aIUINEHHBIE JECTPYKTOPBL . . . . .
10.6.12. Ileperpy3ka dbyHKIMI 1 COKPbITAE UMEH . . . . . .
10.6.13. Boi3oB B 00x0/1 MeXaHIU3Ma BUPTYAJbHOCTH



10.6.14. Oneparuu npuBeAeHUS TUIIA . . . . . . . . . . . .
10.6.15. Uepapxun UCKJIIOYEHUANR . . . . . . . o . .« o . . .
10.7. HIaBIOHBL . . .« . v v v vt et e
10.7.1. Ilabnousr dyHKIMH . . . . . . . . . . ...
10.7.2. IIIaBIOHBI KJAACCOB  « « « « v o v o e e e e e e e e
10.7.3. Cuenmaymsanus MabJIOHOB . . . . . . . . . . . . ..
10.7.4. Ilpumep: cBEépTKa mocjae0BaTeIbHOCTEH . . . . . . .
10.7.5. KoucraunTs! B posin mapamMeTpoB mabioHa . . . . . .
10.8. CHOBA O MAPAIUTMAX + .« « « « o o oo v e oo e e e e o
10.8.1. Cuexrp nmapajgurm B Cu++ . . . . . . . . ... ...
10.8.2. OOIT w ATIT . . . . . . . . . . ..
10.8.3. Ilomumopdusm 6e3 MUCTUKH . . . . . . . . . . . . .
10.8.4. HacnemoBanme Kak Cy’KeHHE MHOXKECTBA . . . . . . .
10.9. Ocobennoctu odopmienns koga va Cu++ . . . . . . . ..
10.9.1. CorrammeHust 00 UMEHAX . . « « . « o« v o o o o o . .
10.9.2. ®opmaTupoBaHme 3aroJ0BKOB KJIaCCOB . . . . . . .
10.9.3. ®opmaTupoBaHue 3arojJoBKa KOHCTPYKTOPA, . . . . .
10.9.4. Tena dyHKIWMit B 3ar0I0BKe KJIaCCA . . . . . . . . .
10.10. Ilpumep: TCP-cepBep . . . . . . . . . . . . . oo ..
10.11. O rpaduueckux naTepdeiicax mOaL30BATEST . . . . . . . .
10.11.1. 3uakomumcs ¢ 6ubsmorekoit FLTK . . . . . . . ..
10.11.2. IIpocThble KHONIKM U pEAKIUs HA HUX . . . . . . . .
10.11.3. JIpyrme BUABI KHOIOK . . . . . . . . . . . . . . ..
10.11.4. BumkeTs!l A1 BBOOA TEKCTA, . . . . . . . . . . . . .
10.11.5. OGpaMiIeHIE U METKH . . « « « « « o o o o o o o . .
10.11.6. BuzKeTbl JJId BBIBOIA, « « « v v v v v e e e e e e .
10.11.7. OxHna, momyckamolnue n3MeHeHne pasMepa . . . . .
10.11.8. O6paborKa aprymMeHTOB KOMaHIHOW CTPOKHU
10.11.9. O630p HEpacCMOTPEHHBIX BO3MOXKHOCTEH . . . . . .
10.11.10. FLTK u mapagurma OOIT . . . . . . . . . . . ..
10.11.11. (*) Ecsin Hy>KeH CBOM IVIaBHBIA UK . . . . . . .
CHut-: 9TO JATBIIE . . . v v v v e e e e e e e e e

11. Hepaspymiamoiiue napaaurmMbl

11.1. A3wix Jluco u ero S-BBIpaXKEHUST . . . . . . . . . ... ...
11.1.1. HEMHOTO MCTOPHH . .« .« « v v v v e e e e e e e e
11.1.2. SBCL, GCLw ECL . . . ... ... ... .. ....
11.1.3. S-BeIpaskeHus: reTePOreHHasl MOJIEIb JAHHBIX . . . .
11.1.4. Beruucjienue S-BBIDAXKEHUM . . . . . . . . . . . . . .
11.1.5. ITonb3oBaTenbekne OYHKIAT . . . . . . . . . . . . .
11.1.6. Pazpymarorue byskmum . . . . .. ... L.
11.1.7. Oyuxmmst eval . . . . . . ..o
11.1.8. OyuKIMT KaK 00bHEKTBI OOPAOOTKA . . . . . . . . . .
11.1.9. ®ynapr-npobieMa 1 JIEKCUIECKOe CBSI3bIBAHUE



Conepxanue 7

11.3.
11.4.

11.5.

11.1.10. O dynapr-npobjieme B APYrux A3bIKAX . . . . . . . 360
11.1.11. PenyKmust CIUCKOB . . . . . « « o o v v v v o v v 367
11.1.12. T'pys ycrapeBImmx mapagurMm . . . . . . . . . . . . 370
11.1.13. BosmoxkHOCTH, KOTOPBIX Jydine Obl HE ObLIO . . . . 372
11.1.14. BBOI-BBIBOZL . . . v v v v v v v e e e e e 375
11.1.15. HeyremmuresbHoe 3aKIIOYEHUE . . . . . . . . . . . 390
. Scheme: Jlucm, HO HE COBCEM . . . . . . . . v v v v v v . .. 391
11.2.1. Chicken Scheme . . . .. .. ... ... . ...... 391
11.2.2. Bugumbre ormmynsg Scheme ot obbranoro Jlucma . . 395
11.2.3. Beog-BbIBOA B Scheme . . . . . . . ... .. ... .. 400
11.2.4. Konrunyaiun (OPOJOJIKEHUS) . « « o . o o o o o . . 405
11.2.5. (*) Continuation-passing style . . ... . ... ... 414
06 odopmaeHNN KOJIa HA JINCIOMOAOOHBIX S3BIKAX . . . . . 415
Jlormyeckoe u JeK/IapATHBHOE IPOTPAMMUADOBAHUAE . . . . . 419
11.4.1. d3wik IIposior u ero ucropust . . . . . . . . . . . .. 420
11.4.2. SWI-Prolog . . . . . ... . .. .. ... ... 422
11.4.3. Mogens mansbix B [Iposore . . . . . . . . . . .. .. 429
11.4.4. Onepanust yHUpUKAIIAA TEPMOB . . . . . . . . . . . 437
11.4.5. OrHomreHus, TpeuKaThl U GAKTBL . . . . . . . . . . 439
11.4.6. IlpaBusa 1 TPOMEIYPBL . « « « o « o v e v o v v v . 444
11.4.7. Ob6paienust K IpoleLypaM, IPOTOTHIILI U HHBepcust 448
11.4.8. Orpurianue u orcedenue: yOURIbI JOrUKA . . . . . . 457
11.4.9. Apucbmeruka . . . . . ... 465
11.4.10. BBOI-BBIBOZL . « « v v v v v v e e e e e e 470
11.4.11. AHajiu3 aTOMOB ¥ TEPMOB . . . . . « . o « « . . . . 479
11.4.12. Cuucku pemeHuit . . . . . . . . ... 481
11.4.13. Pabora ¢ 6a30it JTAHHBIX . . . . . « « o o« « o . . . 483
11.4.14. Ocopmienne koga Ha [Ipogore . . . . . . . . . .. 486
JICHUBBIE BBIUUCTIEHUST . . « .« o o o o v v e e e e e e o oo 488
11.5.1. /IBe BO3MOXKHBIE CTPATErUN BBIYUCJICHUS Bbhiparkenuii 488
11.5.2. Xoym u Apyrue «JI€HUBBIE» FA3BIKH . . . . . . . . . . 491
11.5.3. Unrepuperarop Hopeless . . . . . . . .. .. .. .. 492
11.5.4. Jlekcuka 1 CHHTaKCUC A3bIKA XOYI . . . . . . . . . . 495
11.5.5. Mojiesib JIaHHBIX U CUCTEMA TUIOB . . . . . . . . . . 496
11.5.6. Oyskmum B XOyIme . . . .« o v oo 501
11.5.7. Omeparuu if mlet . . . . . . . .. ... ... ... 503
11.5.8. Ilomumopduble PyHKIIAA . . . . . . . . . . .. ... 507
11.5.9. Besbimannble GyHKIMKM U QYyHKIMOHATIBL . . . . . . 509
11.5.10. Onepamus letrec . . . . . . . . . . .. ... ... 512
11.5.11. Pemykius CIIUCKOB . . . . .« . o o v oo oo o o 514
11.5.12. Beckoneunsie cTpyKTyphl manubix. [lpumepsr . . . 517
11.5.13. BBOA-BBIBOZ B XOYTIE . . . . « v v v v v v v o 521

11.5.14. Kappuar . . . . . . . o o 525



11.5.15. KoMObuHATOp HEMOABUKHOM TOYKH . . . . . . . . .

12. KoMmnuisinusi, MHTEPIIPETALUsi, CKPDUITUHT
12.1. XapaxTepHble OCOOEHHOCTH CKPUIITOBBIX A3BIKOB . . . . . .
122, Azeix Tel . oo 000 oo
12.2.1. uTepuperaTop u mpocTeiiime TporpaMMbl . . . . .
12.2.2. Tlepemennwie B Tel . . . . . . .. ... ... ... ..
12.2.3. BerBiieHus, MUKJIBL... T CTPOKHA . . . . « . . « . . . .
12.2.4. TIporeypsbl U BUAMMOCTD TEPEMEHHBIX . . . . . . .
12.2.5. O6paboTKa 0COOBIX CUTYAIHI . . . . . . . . . . . ..
12.2.6. Daityibl, MOTOKKA U BHEITHUE KOMAHIBI . . . . . . . .
12.2.7. AcconmaTuBHBIE MACCUBBL . . . . . . o« « o . . . . .
12.2.8. Eciu cpaBauts Tcl ¢ Jlucnmom . . . . . . . ... L.
12.3. Unurepuperatop Tel w36k Cur . . . 0 o o 0 0 0 L 0 oL L
12.3.1. BerpauBaemsrit Tel . . . o . 0oL o L
12.3.2. Pacmupenne nabopa komau tclsh . . . . . . . ...
12.4. Tpaduueckne uarepdeiicer va Tcl/Tk . . . . . . ... . ..
12.4.1. Bubnunoreka Tk u marepnperarop wish . . . . . . .
12.4.2. BsanmomeiicTBue ¢ OKOHHBIM MEHEIKEPOM . . . . .
12.4.3. OCHOBHBIE BUIZKETBL . . . + « « v o v v v e e e o v .
12.4.4. TlonoKeHME U PABMEPBL .« .« « « « o o v v v v e o
12.4.5. YupaBiienne mpuddTaMmAz . . . . . . .o ou .o
12.4.6. O6paboTKa COOBITUI . . . . . . . . . . o o oo o ...
12.4.7. «Pecypcobi» u pycudbukamusas . . . ..o .
12.5. Crpareruu BLITIOJIHEHUST KAK MAPAJIUTMBL . . . . . . . . . .
12.5.1. U BCE ke — UTO TAKOE CKPUNT . . . . . . . . . . . .
12.5.2. JIuxoromusi Oycrepxayra u €6 IPOTUBHUKA . . . . .
12.5.3. U BCE ke 9TO TaKOe «MHTepIperanus»? . . . . . . .
12.5.4. Unrepnperarus KaK MapajurMa . . . . . . . . . . .
12.5.5. 3aBUCUMOCTH U CAMOIOCTATOYHOCTD . . . . . . . . .
12.5.6. Mud o mepenocumocter . . . . ... ... L.
12.5.7. Korya muTepmpeTarus BCE Ke JTOMyCTUMA, . . . . . .
12.5.8. (*) PasmbliuleHns: 0 YUCTONH KOMIMIAIMA . . . . .

[Tpunoxenne 5. CpaBuenue (ailjioB u HAJOXKEHUE U3MEHEHUN . .
ITpunoxenne 6. CucreMbl KOHTPOJIS BEPCHA . . . . . . . . . . . .
Cucrema CVS . . . . . .. o e

CucreMa git . . . . . ..o
SAKIIIOUCHHIE . o v v v v v e e e e e e e e e

CIHCOK JTUTEPATYPBL « .« « v o v v e v e et e e e e e e e e o
IIpeIMeTHBIN YKABATEID .« « . « v v v v e e e e e e e e e e



YHactp 9

IlapaanrmMbl B MbIINLJIEHUN
IIPOrPaMMMUCTA

9.1. 3arago4Hoe CJIOBO «IIapaaurMa

C mOMOIIBIO TEPBBIX ABYX TOMOB HAIEHl KHUTU YATATEIb, MOYKHO Ha-
JIesIThCsI, OCBOMJI a3bl TporpaMMupoBanus Ha npuMepe [lackams, cozmamnue
[IpOrpaMM Ha yPOBHE MAIIMHHBIX KOMaHJ (Ha si3blKe acceMbiepa), y3HAJ
s13bIK CHU 1, HAKOHEII, Hay YUJICS B3AUMOEHCTBOBATE C OIEPAIIMOHHOM CUCTe-
MOi1 Ha, ypOBHE CUCTEMHBIX BbI30BOB. HacTajio BpeMsi Ipu3HaTh, YTO JI0 Ceil
MIOPBI MBI PACCMATPUBAJIA TPOrPAMMUPOBAHUE JIAIIb C OIHOW CTOPOHBI —
«CHUBY».

Vcropuuecku «sI3bIKAME BHICOKOI'O YPOBHSI» HA3LIBAJIMCH JIFOOBIE SI3BIKU
[IPOrPaMMUPOBAHMS, OTJIMYHBIE OT SI3bIKA acceMbiiepa, TO eCTh He TPeOyro-
e paboTarh Ha yPOBHE MAIIMHHBIX KOMAaHI. e BpeMeHa JaBHO IIPOIILIH.
Aszpik Cu, OSIBUBIIIHIACS, KAK MBI 3HAEM, B KAYE€CTBE AJIbTEPHATUBBI S3bIKAM
acceM0Jiepa, MO3BOJISIET KOHTPOJIMPOBATH KOMITBIOTED MPAKTUIECKU CTOJIb
JKe KECTKO, KaK U SIBHOE 3aJIaHMe MOCJIeI0BATEIbHOCTEH MAITUHHBIX KO-
MaH/I, & JJIsI COBCeM cHenuuIecKuX CJIyIaeB BPOJE TOUYEK COIPUKOCHOBE-
Hust Mexkty sprpoM OC u nosib3oBaTebckuMu rporpamMvamu Cu goIycKaer
KOMIIOHOBKY ITPOIPAMMBI C MOJYJISIMU, HAIIMCAHHBIMU «HA acceMOJjepes, 1
acceMbJIepHBbIE BCTABKHM HEIOCPEICTBEHHO B TeKcT Ha camoMm Cu. Bme Bcsa-
KOro coMHeHust s3bK CH 10 CBOEil CyIIHOCTH HAMHOTO OJInKe K accembJie-
paM, HeXKeJIl KO BCEBO3MOYKHBIM 3bIKAM, CKPBIBAIOIUM OT IIPOIPAMMUCTA
YCTPOICTBO KOMITBIOTEPA, TAKUM KaK Xacke b min jaxe Ixxasa, C# u Go;
nporpaMMupoBanue Ha yuctom Cu cjiellyer cauTarTh HU3KOYPOBHEBBIM, KaK
u paboTy Ha s3bIKax accembsiepa — Cu JIAIIb CHUXKAET TPYIOEMKOCTD, HO
HE BO3BOJUT HUKAKUX MPENSITCTBUN MEXKy IPOTPAMMEICTOM U MAIAHOM,
TaK 9YTO OH, KAK MbI OOCYKJIAJH, He IPOCTO TOJUTCS JIJIsi CO3JAHUS siiep
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OIIEPAIMOHHBIX CUCTEM U IIPOIIUBOK MUKPOKOHTPOJLIEPOB (TaK HA3LIBAEMO-
IO «IIPOrPAMMUPOBAHMsI HA TOJIOM KeJIe3e» ), HO U OCTaéTCd B 3TOi obaacTu
€/INHCTBEHHO! AJbTEePHATUBON acceMOJIEPHOMY IIPOrPaMMUPOBAHIIO. Kcin
JKe TOBOPUTH O CO3JaHUM IIPOrpaMM, MpPEeTHA3HAYEHHBIX JIJIsT PADOTHI 10T
yupasnernem OC (a MBI 3aHMMAJINCh U COOUPAEMCS JAJIBIIE 3aHUMATHCS
TOJIBKO 9TUM, HAIIMCAHNE HOBOH OIIEPAIMOHKH B HAIIM TJIAHBI HE BXOJIUT) —
TO 3/IeCh «B CAMOM HHU3Y» OKA3bIBAETCS YPOBEHb CHCTEMHBIX BBIZOBOB sij-
pa, HEBO3MOYKHO OIYCTUTHCSI «elié Hukes. ClieloBaTebHO, BCE, YeM MBI
3aHUMAJIACH, OCBAUBAasi BO BTOPOM TOME MATEPUAJ YaCTel ¢ TMATON 10 Celib-
MYIO, TOYXKE€ OTHOCHTCSI K HU3KOYPOBHEBOMY IIPOTDAMMUPOBAHUIO, HY a B
BOCBMOI1 YaCTH, IOCBAIIEHHOI BHYTPEHHEMY YCTPONCTBY sJIpa, MbI HE IIPO-
rPaMMUPOBAJIN, HO U3YJaJd IPU ITOM, KaK paboTaeT sijipo — MporpamMma,
HI2KEe KOTOPOil TOJIBKO caM KoMmibioTep. [losrydaercs, 9To o MeHbIIeil Me-
pe ¢ Tpereit YacTu HAIIeil KHUTH W JIO KOHIA BTOPOrO TOMa MbI JaXKe He
MBITAJINCH PACCMATPHUBATD MPOIPAMMUPOBAHUE B JIPYTOl €ro MIocTacu —
BBICOKOYPOBHEBOE.

YyTh ciiozkHEe CUTyaIus ¢ sI3bIKOM lacKkalib, Ha IIpuMepe KOTOPOI'o MbI
MIPOUJITIOCTPUPOBAIM 0A30Bble TPUHITUILI CO37aHusi mporpamM; [lackasb
BCErJ[a CINTAJICS SI3BIKOM BBICOKOT'O YPOBHSI, HO U IIPU PAbOTE HA ITOM HA3bI-
Ke MBI TOYHO 3HaeM, HAIPHUMEp, YTO MepeMeHHAasl eCTh He YTO WHOe, KakK
00J1aCTh TAMSITH, HAM JIOCTYIIHA HIpsiMas paboTa ¢ yKa3aTesIsIMU, ITO TOXKE
oJ/ipa3yMeBaeT HaJIU4Ine MaMATH B (DOHHEHMaHOBCKOM CMBICJIE, JIa U TaKasl
(HBIHE yKe COBCEM IPUBBIYHAS YUTATEIIO) BElllb, KAK IPUCBAUBAHUE, €CJIH
MIPUTTISIAEThCs, 00YC/IOB/IEHA UCIIOJIb30BaHneM Marmuabl hox Helimana kak
6a30BOr0 BBIYUCIUTEII.

HuskoypoBHEBOE MpOrpaMMHUPOBAHUE MOJIPA3YMEBAET, 9TO B IMIPOIIECCEe
CO3JIaHMs ITPOrPaAMMbl MBI HE TOJIBKO IIOMHHMM, KaK YCTPOEH KOMIIBIOTED,
HO U aKTHUBHO UCIOJIB3YEM 9TO 3HAHWE, 9TOOBI CIIEJIATh MporpaMmy 3ddek-
TUBHEE WJIM PACIIUPUTH €€ BO3MOXKHOCTU. EC/M roBOpUTH O «CHUCTEMHOM
MIPOTrPAMMUPOBAHUI», TO OOBIYHO IO/ TAKOBBIM TOAPA3YMEBAIOT CO3/IAHUE
porpaMM, KOTOpbIe OyayT oOCIy:KUBAThL JApyrue mporpaMmmbl. uade ro-
BOPsl, CHCTEMHBIE IIPOIrPAMMBI HAIPSIMYIO He IIpeIHA3HAYEHbl JJIs pelle-
HUsT IPOOJIEM, UMEOIIUXCsT Y KOHEYHOIO TI0JIb30BATEJIsI, TO €CTh TAKUX IIPO-
6J1eM, KOTOPBIE CAMHE TI0 cebe He CBSI3aHbI C KOMIIBIOTEPOM; IIPeTHA3ZHAUECHUE
CHCTEMHBIX MPOrPAMM CKOpDEEe B TOM, YTOOBI YIPOCTUTH >KU3Hb MTPOTPAM-
MHCTAM ¥ TPOYUM KOMIIBIOTEPHBIM MPO(ECCHOHATIAM — € WX IOMOIIBIO
obcayorcusarom dpyaue npozpamMmv, U CGMU KOMNBIOMEPDL.

3ech ciiejlyeT OTMETUTH J[Ba, MOMEHTa. BO-TlepBbIX, MpOrpaMMbi, 00-
CJIyKUBAOIINE KOMIBIOTED, B OOJIBIITMHCTBE CJIy4aeB JOJKHbBI ObITh HAIIU-
CaHBI C yYETOM TOrO, KaK 9TOT KOMIIBIOTED YCTPOEH. Bo-BTOPBIX, OT TOrO,
HACKOJIBKO 3P (MEKTUBHO HAIUCAHA CHCTEMHAs] MPOrPAMMA, MOXKET 3aBH-
ceTh KavecTBO pabOThl MHOIMX MPUKJAIHBIX TPOrPAMM, & WHOT/IA U BOOD-
e 6cer — KakK B CJIydae C si[pOM OIEPAIMOHHON CHUCTEMBI, KOTOPOE, KO-



§9.1. Barajjo9HOE CJIOBO «IIAPAIATMA» 11

HEYHO, TOXKE IPEJICTABJIsIeT CODON CHCTEMHYIO IPOrpaMMy; HY & JOOUThCs
BBICOKOH 3D (DEKTUBHOCTH, HE YIUTHIBAsT YCTPONCTBO KOMIILIOTEPA, IIPAKTH-
qeckn HeBO3MOXKHO. [losToMmy ware Bcero cumcreMHOe MPOrpaMMHUPOBAHUE
IO/IPa3yMeBaeT, YTO paboTa OYAeT MPOXOAUTH Ha HU3KOM YPOBHE.

B obiuractu npuxaadnozo npozpammuposarusi BCE He TaK YKECTKO.
[Ipn cosmanny TPHUKJIQIHBIX [MPOTPAMM 3a9acTyio 3MD(MEKTUBHOCTH IIPO-
rpaMMBbl — CKOpPOCTb €€ pabOThl W/WIM KOJIUIECTBO 3aHUMAEMO €10 ma-
MSATH — OKa3bIBaeTCd (DAKTOPOM HE CTOJIb BAayKHBIM, KaK TPYI03aTPATHI
Ha CO3/IAHME IIPOrPAMMBI HJIH, CKayKeM, BPEMs, KOTOPOE MPOXOIUT OT Ha-
qaja pa3pabOTKH JO MOSBJIEHUS MOTOBOI'O MHCTPYMEHTa. BoubIlle TOro, B
pszne ciaydaeB 3pHEKTUBHOCTH IO BPEMEHU BBIMOJHEHHUsT BOODIE HUKOIO
HE BOJIHyeT: HAIPHMEp, [IporpaMMa, BeAyIlias JUajor C II0JIb30BaTENIeM,
OOBIYHO HE MOYKET «IIEPETOPMO3UTH» IOJb30BATEJIS, TaXKe eCJI OHA, HAIIU-
caHa Kak I[OIAJ0 (BIIPOYEM, 3TO COBEPIIEHHO HE IIOBOJ IUCATH [IPOrPAMMBL
KaK I0IIAJI0).

Tak wim nHAYe, B MPUKJIAIHOM IPOIPAMMUPOBAHIY TPeOOBAHUS K (-
deKTUBHOCTH NPOrpaMM B CPEJHEM HE CTOJIb KECTKHE, KaK B IIPOrDaM-
MUPOBAHUHU CUCTEMHOM, TaK UTO IIPOTPAMMECT MOYKET ITO3BOJIUTDH cebe OT-
BJIEYBbCA OT MBICJIEHl 00 yCTPOICTBE KOMIIBIOTEPA, ITOOBI COCPEIOTOIUTHCS
Ha TOM, KaK IIPOIE, KOPOUe UJIN IOHsTHEe BOIUIOTHUTbL B BUJIE IIPOrPaM-
MBI CBOE IIpeJiCTaBJIeHne, 4T 3Ta [IPOrpaMMa JIOJKHA AenaThb. Meblrienne
BBIPBIBAETCST HA CBODOJLY M3 TEXHOJIOTUIECKOH KJIETKH, TOCTPOEHHON U3 0CO-
6ennocreit manmubl hon Hefimana, 1 BCKOpe IIOCJIE 9TOTO MBI C Y/IUBJICHIEM
0OHAPYKUBAEM, ITO O TPOTPAMME MOKHO 0YMambd no-0pyzomy.

Beco rperuit (1 nocjennuit) ToM Hanieil KHUIE GyJeT HOCBIIIEH TAK Ha-
3bIBAEMBIM Tapadu2mam NPo2PaMMUPOSEHUS,, HATNHAS ¢ THIIEPIIOINY-
JISIPHOT'O HBIHYE 003eKMHO-0PUEHMUPOBAHHO20 NLPO2PAMMUPOBAHUSL
¥ 3aKaHYMBas TAKAMU YK30THUECKUMU MOJIEISIMU, B KOTOPBIX, HAIIPUMED,
MPUBBLIYHBIE HAM [I€PEMEHHBbIE HE MMEIOT HUYIEro OOIIEero ¢ 00JIaCTsIMU Ia-
MSTH, & TO U BOBCE KYIa-TO MUCIE3AI0T; Mbl YBUIMM, ITO IPOrPAMMUPOBATH
MO2KHO 0€e3 IprcBanBaHuii, 6e3 MUKJIOB, a caMa [IPOrpaMMa COBEPIIEHHO He
00s13aHa OBITH IIOCJIEIOBATEIFHOCTHIO IIPUKA30B, K Y€MYy MBI YK€ YCIIeJH
[IPUBBIKHY Th.

Briio 661 omubKol 3asBUTH, 9YTO MHOrOOOpa3me MapaJurM IIPOrpaM-
MUPOBaHUS MOXKET CYIECTBOBATH JIUIb B MIPHUKJIAIHOM IIPOTPAMMUPO-
BaHnu. Panee Mbl aKTHBHO WCIIOJIB30BAJIA PEKYPCHUIO, KOTOPAs Ipe-
cTaBJIsIeT cOOO¥ XPEecTOMATUHHBIN TpUMep YacTHON mapaaurmbl. V3ydas
KOMIBIOTepHBIE ceTH, Mbl npu coszgannn TCP-cepBepa CTOJKHYIHCH €
COOBIMUTHO-YNPABAAEMBIM TEPOPAMMUPOBAHUEM U ITPOIPAMMUPO-
BaHUEM B TE€PMUHAX SBHBIX COCTOSHUI; 9TO TOXKE HapaurMbl, HO Oojiee
o0Irue, CrIocOOHBIE OXBATUTH BCIO MIPOTPAMMY, & HE KAKOW-TO €€ OTIe/Ib-
vbiii dparment. OTIeNBHYI0 9aCTh HAIIEH KHUTH MBI [TOCBSITUJIN NAPAA-
AEABHOMY NPO2PAMMUPOSAHUIO; XOTS MBI U IBITAJINCH yOEIUTh YnuTa-
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TeJisi OTHECTHCh K COOTBETCTBYOIIUM HWHCTPYMEHTAM C OCTOPOXKHOCTBIO U
BOODIIE MO BO3MOXKHOCTH HE MPUMEHSTH WX, IPUXOINTCA MPU3HATDL, UTO,
HAIIpUMED, B SIApe OMEPAIMOHHON CHCTEMBI MapaJsIebHOe ITPOrPaMMUPO-
BaHUE COBEPIIEHHO HEM30eXKHO — U, KCTATU, MIMEHHO 110 3TO IPUYNHE MBI
paccMaTpHUBaJIA €ro CTOJIb IOAPOOHO, MPEeXKJie YeM IEPEfTH K ONUCAHUIO
BHYTPEHHEr0 yCTPOUCTBa sipa. Mex 1y TeM mapaJuie/ibHOe TPOrpaMMUPO-
BaHUE — 9TO TOYXKe, HECOMHEHHO, [TapaJInTMa, Belb OHO TPeOyeT COBEPIIIEHHO
0c000ro CTUJIS MBIILIEHUS.

Kak Mbl yBUAMM 4YyTh II03XKe, JarKe TaKue IIOXOXKHe APyl Ha Jpyra
SA3BIKYU [IpOrpaMMupoBaHusd, Kak [lackaias u Cu, Ha caMoM Jjiejie BO MHOI'OM
PE3KO OTJIMYATCsI JPyT OT JIPyra CBOUM BJIMSIHMEM Ha MBIIIJIEHHE [IPO-
rpaMMucTa. TeM He MeHee B CHCTEMHOM IIPOrpaMMHPOBAHUHN BBIOOD Mapa-
JIUTM BCE 2Ke OrpaHruvIeH TPeOOBAHUSIMIE, IPEIbIBIIEMBIMA K IIPOTPAMMAM.
[Tpukaambie 381241 B 9TOM TIJIaHE HAMHOTO MATYe, a TPUMEHEHNE 9K30TH-
YeCKUX HapaIurM U S3bIKOB IIPOrPAMMUPOBAHUS B Psijle CIydaeB CIIOCOOHO
B pasbl (!) CHU3UTH TPYIO3aTPATHL.

Kpome Toro, msydenue ajibTepHATHBHBIX CTUJIEH MBIILIEHUs] CIIOCOO-
CTBYET PA3BUTHUIO MO3Ta B HY?KHOM HAIPABJIEHUN U TOBBIIIAET OOIIYO THO-
KOCTh MHTEJJIEKTYAJBHOTO allapaTra, 9TO IEHHO caMo 1o cebe, JaxKe ec-
JI OYepeHasi OCBOEHHasI apaIurMma He O6y1eT IPUMEHIThCS Ha IPaKTUKE.
Taxk wim uHavYe, yMEHHE OCMBICJIUBATD OJHY U Ty XK€ MpPo0JieMy PasHbIMU
crrocobaMu OKa3bIBAETCsI OUYEHB MTOJIE3HO U IOBBIIIAeT OOIIYI0 IIEHHOCTD CIIe-
[UaJIuCTa eJBa, I He B JII00I 001acTh, a B IPOrpaMMUPOBAHNUN, TIOXKAJIYIA,
0CODEHHO.

9.1.1. TepMuHOMIOTUYECKNE TPYAHOCTHU

C TepMHHOM <«IapaJurMa [POrPDAMMUDOBAHUS> Mbl yKe BCTpe-
qajuch. DBrepBble 3TO CJIOBOCOYETAHHME MOSIBUJIOCH €IE BO BBOJ-
Ho#t wactm (cm.T. 1,§1.3.7); Tam ke ObUIM YHOMSIHYTHI PYHKUU-
OHAABHOE NPO2PAMMUPOBAHUE, OEKAGPATNUBHAS CEMAHMUKQ,
063eKMHO-0PUEHMUPOBAHHOE NPOPAMMUPOBAHUE T, HAKOHET], UM-
nepamueHoe NPo2pPaMMUPo8aHUe, KOTOPHIM MbI, COOCTBEHHO TOBODS,
IO Celf MOPbl U 3aHUMAJIUCD.

V:ke Bo BTopoM ToMe, 0bcyk/aast B §5.1.5 dumocoduio Unix, Mbl yromsi-
HYJIN «YHUBEPCAJIBHYIO MapaJurMy “BCE eCTb IMOTOK OAaWTOB”»; BIPOUEM, U
Unix-way Kak I1eJI0e, I OTJeJIbHBIE €70 COCTABJIAIONINE TOXKE BIIOJTHE MOYKHO
paccMaTpuBaTh KaK MapaJurMbl, XOTS U He BCErJa MMEHHO KaK ITapajiur-
MBI NPOZPAMMUPOSAHUSA — TaK, IMPUHIAI <«KaXKIas IPOrpaMMa JI0JIKHA
peniaTh OJHY 3aJady, U pellaTh €€ XOPOIIO» OTHOCUTCS CKOpee K IIPOeKTH-
POBaHUIO IPOrPAMMHBIX KOMIIJIEKCOB, HEXKEJIN K IIPOIIECCY CO3AHMUA CAMUX
IIPOrPaMM.

W3 cocrapistonux mousTust Unix-way cTOUT OCOOEHHO BBIIEIUTD IIPUH-
UM «BCE ecTh TeKCT». CBOUCTBA MeKcmo6020 TPEJICTABIEHUST TPOU3BOJIb-
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HOI MH@OPMAIMA ¥ KOHIENTYaJ bHbIE OTJIMYHMS ITOrO IIPEJICTABJIEHUS OT
BCEX OCTAJIBHBLIX (6UHAPHHIZ) MBI PACCMATPUBAJIM €I BO BBOJHON dYacTu
(cM. §1.4.6). Tloxkauyii, cTpeMsieHHEe IPEJCTABIATDL B BUJE TEKCTA JIOOYIO
nHGOPMAIIIO, 38 MCKJIIOYEHHEM TaKOH, /I KOTOPOI 3TO IpejcTaBIeHne
COBEPIIIEHHO GECCMBICIIEHHO (IIOCKOJIBKY BCE PABHO He ¢iiestaeT (popMaT mpu-
TOJIHBIM JIJIsI J€JIOBEKA; ITO Ol pOBaHHAsI aHAJIOTOBast HH(MOPMAIHS BPO-
e dororpaduii, aymo U BUIEO, a TAKXKe MAIIUHHBIA KOJ, CXKAThle IaH-
Hple u 3amudpoBanHad UHMOPMAIUS), TOXKE CJIEAYEeT CUIATATH MAPAIHI-
MOIf, XOTs U HE COBCEM TapaIUrMOil IporpaMMupoBanust. Kcjm Tak MOXKHO
BBIPA3UTHCsI, TEKCTOBBIE JIAHHBIE — 3TO 0C00asi B CBOEM DOjie Tapaurma
KOMIIBIOTEPHOTO IIPEJICTABIEHUS] MH(OPMAIUH.

ITozanee, B §6.4.7, TepMuH «mapajgurmMay ObLT IPUMEHEH K COObIMUTI-
HO-YNPABAAEMOMY CIIOCODY TTIOCTPOCHUS TIPOTPAMMBI, TIPU KOTOPOM, KaK
MBI TIOMHUM, B IIPOIPAMME UMEETCSI 2AG6HbIU, UUKA, OTHA €r0 UTEPAIHs
COOTBETCTBYET HACTYIICHUIO HEKOErO COOBITHSI U3 OIPEIEJIEHHOIO MHOYKE-
CTBa, & BCe JENCTBUsS NPOrPaMMBbI IIOCTPOEHBI KaK peakIusl Ha COOBITHE;
caM TJIaBHBIA UK (TOYHEE, €ro TeJIo) JeJUTCS Ha JIBE CTaJUN: 6bl60pKa
cobvimus 1 obpabomxka cobvIMUS.

Besa wacts VII mameit kauru 6b11a MOCBSIEHA NAPAAAEADHOMY TLPO-
2PAMMUPOBAHUIO, XOTSI C €r0 JIEMEHTAMHU MBI CTOJKHYJIUCH PaHbIIe —
[IpU U3yUeHWN yIpaByieHus mporeccamu. [lapasesbHoe mporpaMMupOBa-
HUEe TOKe OOBITHO CUUTAETCS NapaUrMOi, XOTs BO BTOPOM TOME MbI 3TOTO
HE CKa3aJI; B KA9eCTBe OT/EJIbHON MapaJurMbl MOXKHO YIIOMSHYTh U Pabo-
Ty ¢ pa3ddeasemuvimi, 0GHHBLMU — U STO UMEHHO OTJe/IbHAs TapaJInrMa,
XOTsI U CBSI3aHHAS C TAPAJIEILHBIM ITpOrpaMMupoBanueM. Jlesto B Tom, 910
rapaJiiesibHOe MPOTPAMMHPOBAHNE KaK TAKOBOE MOXKET ITPOUCXOUTD 1 6e3
pa3ziesisieMbIX JAHHBIX — HAIPUMEp, €CJIU [IPOrpPaMMa, 3aIlyCTUT HECKOJIb-
KO TAapaJIjIeIbHBIX ITPOIECCOB, KOTOPbIe OyIyT TPYAUTHCS HAJ OIHOM 3a/1a-
4eil, HO O0IATHCS TPU 3TOM CTAHYT Y€PE3 COKETHI MU KAHAJbI; B A3bIKE
DpJiaHr HapaJuIeIbHOE ITPOrPAMMIPOBAHAE CIUTAECTCS OCHOBHOM Mapa/iur-
MOIf, HO pa3esieMbIX JAHHBIX TAM HeT U ObITh HE MOXKET, HOCKOJIbKY HET
rJ106aJIbHBIX ITepeMeHHbIX. C JIpyroil CTOPOHBI, €CJIH pa3JielisieMble JIaHHbIe
HaXOJ[sITCsl He B IaMsITH, a B Qailjax Ha JIUCKe, W JOCTYI K HAM HUMEIT
HE HECKOJIbKO IIPOIIECCOB, OTHOCAIIUXCS K OJHOI IIporpamme, a HeCKOJIb-
KO HE3aBUCUMBIX IIPOIPAMM — TO HU O KaKOH Mmapajurme MapaiiebHOro
[IPOTPAMMUPOBAHUSI PeUn y»Ke He WieT. Takum o6pa3om, 9TH JiBe mapa-
JIUTMBI — TapaJuleJIbHOE MIPOIPAMMUPOBAHUE U pa3jiesisieMble JTaHHbIE —
BIIOJIHE CITOCOOHBI CYIIIECTBOBATH JIPyT 0e3 Japyra.

MozxHO ermig 100aBUTh, YTO HEOMHOKPATHO UCIIOJIb30BABIIASICS HAMU Pe-
KYPCUSL, — STO TOXKE MAPAJUIMA, XOTs U HECKOJLKO JIPYTrOro COpTa; Mpo-
GsieMa B TOM, 9TO BCE 9TO HE CJIUINKOM MPUOJIMKAET HAC K OTBETY HA OJIUH
IPOCTOH BOIIPOC: G %MO Makoe, cO6CMEEHHO 2080PA, «NaAPadu2ma npoepam-
Mmuposaruss? VI3 KOHTEKCTOB, B KOTOPBIX MBI paHee YIIOMUHAJIM TOT 3a-
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raJIOYHBIA TEPMUH, MOXKHO JIOTaJaThCsl, YTO IIPYU HAJMYUY TPUHIUITAAb-
HO PAa3HBIX CIIOCOOOB PEIIEHUs OJHOW W TOW K€ 3aJa9d TIe-TO PSIOM C
STUMHU CIOCO0AMM KaK Pa3 W PACIOJIATAIOTCS MAPAJUTMbL; OOJIbIIE TOTO,
CYIIECTBYIOT sI3BIKM MPOIrPAMMUPOBAHUS, COBCEM HE TOXOXKHE Ha Te, 9TO
MBI PACCMATPUBAJIH JIO CUX IOP, U OHU TO JI CTUMYJIUPYIOT WHBIE CIIOCOODLI
MBIIIJIEHNSI, TO JIX TPEOYIOT OT MPOrPaMMUCTa YMeTh MBICJUTH WHAYe, U
9TO TOXKE MMeeT OTHOIIEeHME K mapaaurMaM. Bcé 310 Tak U ecTb, HO KOJIb
CKOPO Mbl COOMPAEMCs Ha HEKOTOPOe BpeMs (10 KOHIa, KHUI'H) CIEJIATH I1a-
PaJUTMBbI TPOrPAMMUPOBAHUS IPEIMETOM U3YUEHUsI, CTOUT, [TO-BUIUMOMY,
BCE-TaKM TOHATH, 9TG YKe ITO 3a MPEJMET, U CMyTHBIE OILYIIEHUs U3 CEPUU
«IJIe-TO TaM PAJIOM» HAC HE YCTPOST.

PaccmarpuBast TepMuH «mapaaurMa IIporpaMMEUpPOBaHUs» 0ojiee BHU-
MAaTeJbHO, MBI MOXKEM OOHADPYZKUTH, 9TO JIaXKe CPEJIU ABTOPOB, MOCBSITUB-
[IUX MapajurMaM TporpaMMUIPOBAHNS CTATHH U MOHOTDAUN, HET YBEPEH-
HOI'O COIJIACHSI B TOM, YTO CUUTATDH MAPAJUTMAMU, & YTO HE CIUTATH. 1aK,
PoGepr ®@uoiiy B cBoeii siekuu (2] HasbIBaeT B KauecTBe IpUMepa T1apa-
JIUTMBI XOPOIIIO U3BECTHOE HAM CIMPYKIMYpHoe npozpammuposanue (M. T. 1,
§2.4.1); upu sToM Apyrue aBTOpbI (CM., Hanpumep, [4]) npegunodnTaror cun-
TaTh, YTO CTPYKTYPHOE MPOrPAMMUPOBAHUE K UUCIY HMapaurM IPOrpaM-
MHUPOBaHUS HE OTHOCUTCS. SICHO, ITO O cmpozom onpedesenul, TAKOTO Tep-
MHUHA U pedn ObITh HE MOXKET, XOTs MHOI'HE aBTOPBI TAKUE OIIPE/IeJIeHUsI
JIaBaTh IBITAJIUCH. 110JIyInMIOCh, MPSIMO CKayKeM, Tak cebe: OIpeje/ieHus,
B35Thle U3 PA3HBIX PA0OT, TPOTUBOPEYAT JAPYT APYTY, U BIOOABOK MOHSITH
ux (IPAKTHYECKH BCE) MOXKHO Pa3Be 4TO YKe 3Hasl, YTO TAKOE HapaUrMa.

Yacro (1 OTHIOAH HE TOJILKO B IPOIPAMMUPOBAHNUN) PENIUTh IIPOOJIEMY
moMoraer o0Cy»KJeHrne, OTKy/Jla OHAa B3sJIaCh U 3aueM €€ HYXKHO PeIaTh,
TO €CTh YTO MbI IOJIYYUM, PEIIUB [IPODJIEMY, UJIH YKe, K IIPUMEPY, ITO HaM
MeIaeT OCTaBUTH Ipobjemy Oe3 pernenns. [lompobyeM Tax MOCTYyHUTH U
MBI: TIOIBITAEMCS JIJIs HAYAJIa IMOHSTh, IO KAKAM TAaKUM IIPUYAHAM MBI HE
MOXKeM Jlajiee ODONTHCH 0Oe3 3araIoYHOro CJI0Ba «IIAPaJUrMay M 9TO OHO
HAM JIACT.

9.1.2. Ilapaagurmbl BHE IpOorpaMMUPOBAHUSA

Ci0BO «l1apajuryMay 3auMCTBOBAHO M3 I'PDEYECKOTO SI3BIKA; OPUTHMHAJIb-
HOE T'DEYECKOe Tapad€eLypr MOXKHO IEPEBECTH KaK Npumep WIN MO0enb,
HO HU TOT, HU JPYroO#i IepeBoj| He MepefaéT HACTOAIIEr0 CMbICaa (9TO
¥ TMOHSTHO: MHAYE 3a4eM HAM HOTPEOOBAJIOCH OBI CJIOBO «IIApPaJUrMas B
DPYCCKHX TEKCTaX, & PaBHO U B aHIMICKHUX). CBOMM COBPDEMEHHBIM 3Ha-
YeHHEM B HAYYHO-TEXHUYECKOM KOHTEKCTe TEPMUH <«Iapajurmas o0sA3aH,
no-euumomy, Tomacy Kyny u ero kuure «CTpyKTypa HaydHBIX PEBOJIIO-
uit> [5], rue mapaJurMaMu Ha3bIBAJINCH YCTOSIBIIMECS CHCTEMbI HAYYIHBIX
B3IVISIZIOB, B paMKax KOTOPBIX BeaytTcst ucciemoBanus. Cormacuao Kywny, B
IpoIecce pa3BUTUA HAYYHON JUCIUAIIINHBI MOXKET IIPOU30UTH 3aMeHa OTHOIT
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mapaJurMbl Ha JIPYryl0 — Kak, HAIPUMED, TeOIleHTpUIecKast HebecHasT Me-
xannka IlTonmemes cmeHmIach requorneHTpUYecKoil cucremoit Komepnuka,
a Teopusi QJIOTUCTOHA YCTYIIMIA MECTO COBPEMEHHON HEOPTraHWIeCKONW Xu-
MHHU, OCHOBAHHOIl Ha OKHUC/IUTEJIbHBIX U BOCCTAaHOBUTEJHHBIX PEAKIUAX, —
IIpU 9TOM cTapasl IapaJurMma IIPoJ0JzKaeT ellé HeKOTOpOoe BpeMsI CYIIeCTBO-
BaTh M JIaXKe Pa3BUBATBHCH, IIOCKOJIBKY €€ CTOPOHHHUKHU II0 T€M WJIN WHBIM
MIpUYWHAM HE MOTLYT WA He XOTST [IePeCTPANBATHCS JJIsi pabOThI B APYToit
apaJiurme.

ocTaToIHO MOIMYISIPHO CIOBO «MApaJurMay W Y TYMaHUTAPHBIX MBIC-
JIATeNel, B OCODEHHOCTH Y T€X, KTO PACCYKIAeT O YeJIOBEYECKOM OOIINeCTBE
U IIpolieccax B HEM: YUTATE/b HABEPHAKA CMOXKET IIPUIIOMHHUTH, YTO CJIOBO-
COYETaHHUE «CMEHa IMapaJurM» B IPUMEHEHUHN K COIUAJIbHO-TIOJIUTHIECKIM
SABJIGHUSIM €My He pa3 monaaajocb. OTMeTHM, 9TO OpPaTOPBI, 3asBJISIO-
e ¢ pasHoOOPA3HBIX TPUOYH O «HA3PEBIIEH HEOOXOAMMOCTH CMEHBI ITa-
pagurmM», MaJeKOo He BCEerja CaMU MOLYT OObSCHUTH, O UéM, COOCTBEHHO
rOBODsI, UJIET PeUb.

BuumaTtebHO paccMOTpPEB BCEBO3MOXKHBIE KOHTEKCTBI, B KOTOPBIX aBTO-
PBI CaMBIX PA3HBIX TEKCTOB YIOTPEOJISIOT CJIOBO «IAPAIUTMasy, MBI MOYXKEM
3aMETUTh, 9TO PE€Yb B OOJIBITUHCTBE CJIyIA€B UIET HE O KAKUX-TO OO bEKTHUB-
HBIX SIBJIEHUSIX, & O PAAUNHHIL CNOCOOAT BOCTPUANUSA YEAOBEKOM (A100bMU)
001020 U Mo20 dice asaenus. CMeHa HaydHBIX Hapagurm mo Kyny — sto
MOCTENEHHBIH IIePexXo] OT OIHOTO MOAX0/a (00bICHEHU 0OBEKTUBHO CYIIIEe-
CTBYIOILErO $BJIEHUS) K JIPYTOMY IIOJXOZY, OObLSICHSAIOIEMY MO e CaMoe
Agaenue, Ho ayywe (B TOM WM UHOM cMbicse). Korga ke Mbl CJIBIIIUM O
«CMeHe TapaJurM» OT IMOJIMTUKOB, ODIIECTBOBEJIOB M MXKE€ C HAMH, PEUb,
KaK IIPaBUJIO, UIAET O TOM, UTO HY?KHO KaK-TO II0-HOBOMY OCMBICJIUTDH IIPO-
ucxojisiiee B OBIIECTBE, MOJBEPIHYTh PEBU3UU CBOM (HOJUTHIECKUE WJIH
dunocodekue) BITAAILI HA COMUATLHO-I9KOHOMUYIECKHIE PEAJTUH, TOCKOJIb-
KY CTapblii BAPUAHT MBIILIeHUs] HAC (MU «UX», UK €[I¢é KOro-TO) 110 TOMH
WUJIN JIpDYTOH NIPUYMHE yCTpanuBaTh IIepecTadl.

Kak Mbl yBUAUM TO3/HEE, TOHUMAHIE «PA3IUIHBIX TAPATUTM» KaK Pa3-
AUNHBIT NOOT000S K OCMBICAERUIO (HEAOBEKOM) 00H020 U MO0 HCE ABNEHUA
MIPAKTUYECKHU UJIEAJIBHO IMOJIXOUT K CJIyYal0 UHTEPECYIOINX HAC napaduzm
NPOZPAMMUPOSAHUA, TAK ITO UMEHHO TOT BAPUAHT OObSICHEHUsI CMBICJIA
CJIOBA «IIAPAIUTMay MbI 1 3aDUKCHPYEM B POIU PADOTIEro; HO, IIPEXKIE IeM
BEPHYTbLCH K HaIleMy IIPEJIMETY — IIPOI'PAMMUPOBAHUIO — IIONBITAEMCH JJI
6oJIbIIell ICHOCTY IIPUBECTH HECKOJIBKO OTBJIEYEHHBIX IIPUMEPOB IIaAPAJIUTM,
HEe UMEMIINX K IPOrPaMMHUPOBAHUIO0 HUKAKOTO OTHOIIIEHUS.

IIepBblit mpuMep HABEPHSIKA XOPOIIO 3HAKOM BCEM YUTATEJIAM dTON KHU-
I'U: B €0 POJIM BBICTYIIUT <IIKOJbHAs» (T.e. dJIeMEeHTapHas) I'eOMEeTPUSL.
W3BecTHO, 9TO TOYKHU, IPsIMBIE U ILUIOCKOCTH — [E€PBUYHBIE OOBEKTHI TPa-
JTATINOHHOM €BKJIMIOBOM T€OMETPUN — TPEICTABIISIIOT COOOM OTBIIEUEHHBIE
abCTpaKIu, He UMEIOIIe HUKAKOTIO OTHOIIEHUsT KO BCEBO3MOXKHBIM PHUCYH-
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KaM, JeprexkaM U MPOYUM BU3YAAU3GUUAM, KAK U HA0DOPOT: KAK OBl MBI
HU CTapaJjiuch M300pa3uTh «TOUKY» Ha OyMare, JOCKE WJIA JIPYTOM HOCHU-
Teste rpadudeckoil nHGOPMAINY, MOJIYIATCS Y HAC HUKAKAas HE TOYKA, &
MIATHO, TPUTOM BCET/Ia MOXKHO HOJ00PATh JOCTATOYHYIO CTEIEHDb yBeJIntie-
HUsI, YTOOBI 9TO ISTHO OKA3aJIOCh MMEIOIINM COBEPIIEHHO HEIPABUJILHYIO,
rpy6yo opMy; ¢ HIPSMBIMHU JI€JI0 0OCTOUT €I XyXKe, Bellb W300pa3uTh
OECKOHEUYHYIO TIPSAMYI0 Mbl HUKAK HE MOYKEM, KOTJa Ke JeJI0 JIOXOIUT JI0
ILUTOCKOCTEH, JIT00ble WTIOCTPAIINN CTAHOBATCH eIié 0ojiee YCIOBHBIMU, MO~
JlarasiCb Ha BOOODAasKeHHe 3PUTeJA. 1aK WM WHAYe, [MOKA3BIBATH T€OPEMBI
U PEemaTh 3349y 10 TeOMETPHH MOYKHO, BOOOIIEe TOBOPsI, He Ipuderas HA
K KaKUM PUCYHKAM, I 3TOTO JOCTATOYHO UMETh (DOPMYJIMPOBKU AKCU-
OM U yMETbH MOJIb30BATHCS MPABUIAMU JIOTUKU; PUCYHKN HYKHBI JIUIIH JIJTsT
obJIerYe st IOHUMAHUS ITPOUCXOISIIEro. BerpedaoTes, XOTs U PEIKO, JIE0-
I, BOCOPUHUMAIOIINE T€OMETPUI0 TOYHO TaK 2Ke, KaK ajaredpy u MHOTHe
Apyrue pas3fiefbl MaTeMaTHKH, B BuJe yTBepx)IeHuit u dhopmyn — u 6e3
BCAKHUX PUCYHKOB. IloCKOJIbKY pedb Ha caMoM jeje UIET 00 OTHOM M TOM
2Ke IMpeJIMeTe, MOXKHO CMeJIO 3asBUTh, 9TO PaboTa ¢ OObeKTaMU IITKOJIbHOM
reoMeTpuu 6e3 IPUMEHEeHNsT PUCYHKOB — 9TO HE 9TO WHOE, KaK napaduzma,
KaK, BIPOYEM, IApaJIUTMON CIeyeT CUNTATh U TPAJIUIMOHHBIN ITOIX0M K
TeOMETPHUH, IIPEIOIATAIONINIl NCIIOIb30BAHNE NIIJIIOCTPATUBHBIX UepTeKet
U 3CKU30B.

ITpu Gojtee BHUMATEILHOM B3TJIsile Ha BCE TY Ke IIKOJbHYIO IeOMeT-
PUIO MOXKHO OOHAPYZKHUTH, YTO U C BU3yaJn3alnueil €€ 00beKTOB BCE He TaK
MIPOCTO, KaK KayKeTCsl: TOUKU, TPAMbIe U ILIOCKOCTH KarKJIbI TIeJTOBEK Ha
CaMOM Jiejie TPECTaBJIsAeT Jjisd cebsi mo-cBoeMy. Tak, aBTOPYy 9THX CTPOK
NpsIMbIE BCETJla Ka3aJ/IiCh STAKUMU IOJIBENIEHHBIMU B IPOCTPAHCTBE <IIPY-
TUKAMU» KOPUUHEB020 UGEMA; TPUINHON TOMY CTaJ UCIOJIH30BABIIAIC B
mkojie B 1980-e roabr yuebHuk reomerpun IloropesioBa, B KOTOPOM HJLTIO-
cTparuu ObLIN HAlledaTaHbl KOPUIHEBOI Kpackoii. [losygaercs, 4To Kax-
IBI, KTO IMEeT JIeJI0 C 3JIEMEHTapHOI TeoOMeTpueil, NCIOIb3yeT I 3TOTO,
CTPOT'O T'OBOPs, CBOIO COOCTBEHHYIO mapajurmy. 1o ke camoe MOXKHO CKa-
3aTh PO MHOTHUE JIPYTUE IPeIMeTHBIE 00JIACTH; B3ITh XOTs ObI yka3amenu,
Ha KOTOPbIE MbI OTPATHIIIA TIEIYIO IaBy IepBoro toma (cm. T. 1, ri1. §2.10).

Kak mpaBwiio, pu M3y4YeHUW OYEPETHOTO HETPUBUAJIHHOTO IIPEIMETA
YI€HUKAM IMPUXOIUTCS CAMOCTOSTEIbHO M300peTaTh Jjis HEero CBOI COO-
CTBEHHYIO Iapaaurmy. B OOJIbIIMHCTBE CIIydaeB P 9TOM HU CAMH yI€HU-
KU, HI UX YYUTeJs TOJIKOM HE OCO3HAIOT, YTO PeYb 3/eCh U celdac UJIET
0 dopMUpOBaHUM B MO3ry 00ydYaeMOro HOBOW MapaJIurMbl, TAK YTO YCIIEX
9TOrO MpoIecca JJjisl YIEHNKA OKA3bIBAETCHA B OOJIBIION CTEIIEHH TPOJLYKTOM
BE3€HUsl, YIUTEJIb K€ YIOJI00/ISIeTCs JIETEHIAPHOMY WHCTPYKTOPY IO ILIa-
BaHUIO U3 JapeHell CapThl: 6epéM yUIeHNKA U KUJIAEM B BOJLY, BBIIIbIBET —
MOJIOIET, 1IeJIb JJOCTUTHYTa, HY & YTOHET — U Y€pT ¢ HUM. PUCKHEM 3asABUTS,
YTO XOPOIIUN YIUTEIb B OCHOBHOM OTJIUYIAETCS OT IIJIOXOTO MMEHHO CBOEit
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CIIOCOOHOCTBIO OKA3aTh YUYEHUKY JEHCTBEHHYIO IIOMOIINb B (POPMUPOBAHUN
TIO/IXOISATIEH APaIUTMBbI.

CrenaeM Ternepb HEOXKUIAHHBIN (DUHT U 0OpATHUMCH K 0DJIACTH COBEp-
IIEHHO WHOH, BOBCE HUKAK HE CBA3AHHON HU C IPOrPAMMUPOBAHHUEM, HU C
MaTEMAaTUKOU, HU JlazKe (Ha IIePBBIA B3MHLL) BOODIIE ¢ HAYKON — KaTaHUIO
Ha TOPHBIX JIbIXKaX; KaK MBI Ceiiuac YBUJIUM, [TapaJUrMbl — PeabHOCTD
Be3JecyIiasi, TOYHee, OHU €CTh Be3Jie, TJIe eCTh PeasIbHOE siBJIEHNE, KOTOPOe
JIFOJTA BBIHYKJIEHBI OCMBICJIUBATD.

Eciu BHEMATEIHHO MOCMOTPETH Ha JIIO/EN, 3AIOTHUBIINX CKJIOH HA
KaKOM-HUOYb TOPHOJIBIKHOM KypODPTE, MOXKHO JOCTATOYHO JIET'KO BBIJIE-
JINTH T€X, KTO XOPOIIO YMeeT KATaThCsl — UX CTONWKA BBIIVISJMT KPacUBO
¥ HEIPUHYXKJIEHHO, KOJIEHW PACIOJIOXKEHBI PSIOM, OTCYTCTBYIOT HEHYK-
HBI€ TPDOMO3JKHUE JIBUXKEHUSI BCEM KOPILYCOM, MPUCYIIHUE, YBbI, OOJIBIITNH-
CTBY TOPHOJIBDKHUKOB-JIIOOUTE el M3-3a HEJOCTATKA TEXHUYIECKOH MOITO-
ToBKU. OCTABUB B ITOKOE CIIOPTCMEHOB U ITPOCTO OIMBITHBIX TOPHOIBIZKHUKOB,
MBI MOKeM OOpaTUTh BHUMAHME, YTO CPEIU BCEX OCTAJIBHBIX, KATAIOIIUXCS
«HEIPABUJIbHO» M MMEHYEMbBIX B IIPOCTOPEUNN «JIaWHUKAMUY, PE3KO BbIJIE-
JISTIOTCsT T€, KTO HE MPOCTO <«HEIPABUJIBLHO KATAETCS», & COBCEM HE yMeeT
9TOro Jeiarhb. J1eso TyT jgaxKe He B HAIPSKEHHON («IePEBAHHON» ) 103€ U
HE B CYJIOPOXKHBIX JBUKEHUSIX, XOTS BCE 9TO XOporio 3ameTHo. CyIecTByer
O/IMH TPUBUAJIBHBII IIPU3HAK, 10 KOTOPOMY MOYKHO OTJIMYUTH COBEPIIEHHO
3€JIEHOI0 HOBUYKA OT YeJIOBEKA, KOTOPBIi, XOTsI U HEe UMeeT CePbE3HOI oI
TOTOBKU, BCE K€ BCTaJI Ha JIBIXKU JAJIEKO He B 1epsblil pa3. [lompobyem c
3TUM Pa300paThCs.

IIpu cmycke ¢ ropbl Ha TOPHBIX JIBDKAX €BA JIA HE CaMO€ BarXKHOE —
COXPaHATHh KOHTPOJIb 38 CKOPOCTHIO. Eciin HaIpaBUTh JIBI2KYM BHU3 IO CKJIO-
HY U He IpEeIIPUHAMATb HUKAKWX JEHCTBUIl JIJIsi TOPMOXKEHUSI, JIaXKe Ha
JIOCTATOYHO TOJIOTHX TOPKaX JIBIXKHUK CTaHET OYeHb OBICTPO PA3TOHATH-
Cd W y2XKe Yepe3 HECKOJIbKO CEKYH]I JIOCTUTHET TAKOH CKOPOCTH, IIPHU KO-
TOPO#l HE CMOXKET COXPAHUTH CTAOMIBHOCTH CBOETO JBUXKEHUS; IIePBasi Ke
caMasi HE3HAUUTEJIbHAsI HEPOBHOCTH IPUBEIET K BECHMa 3PEJIUIIHOMY IIa-
JIeHNI0 ¢ (POHTAHOM CHETra, Pas3JIeTAIONIUMUCS B PA3HBIE CTOPOHBI JIBIXKAMUI
u pounmMu crerdderTamu.

N36exkaTh HEKOHTPOJIMPYEMOTO PA3TOHA MOYXKHO, €CJIM CIIYyCKATHCS II0
U3BUJINCTON TPAEKTOPUH, Y€PEys IIPABbIE U JI€BbIE BUPAXKUA — ITO IO3BO-
JIIeT MPUTOPMO3UTH U COPOCUTH M3JUINEK CKopocTu. VI BOT TyT MBI Kak
pa3 mogbupaeMcs K TOMY, Pajd dero 3aTesin BCE obcyxkaenne. Konedno,
HEOOXOIMMOCTD JIBUYKEHUS 3UT'3aI0M CTAHOBUTCS SICHA KaXKIOMY, KTO BCTAJI
Ha TOPHBIE JIBIXKHU, 63 9TOr0 CIIyCTUTHCs ¢ TOPBI BOOOITE HEBO3MOXKHO. [Ipu
9TOM OTJIUYNTH «3€JIEHOrO HOBUYKA» OT MYCTh U «YafiHUKa», HO 1yTh bojiee
HUCKYMIEHHOTO B MIPOUCXOSAIIEM, MOYXKHO 10 HANPABAEHUIO 6324400: HOBUIOK
BCerja CMOTDHUT TyJa Ke, KyJda HaIlpaBJIE€HbI HOCKH €ro JIbIK, TOTJA KaK
TOPHOJIBIXKHUK, YCIEIIHO IIPEOOJIEBIINN CTAJIMI0 IePBOPA3HUKA, HAIIPAB-
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JITeT B3IJIA Ty, Kyda Touem nonacmsd — OOBIYHO BHU3 II0 CKJIOHY, a B
o0ITIeM CIydae Ty, Ky/1a OH JIBUKETCs 0e3 yuéma BUPAXKel, HyKHBIX IIJIs
noaTopMazkuBaHus. HecIoKHO OOHAPYKUTH, UTO 3/I€Ch TOXKE MMEET Me-
CTO CMEHA NapPadu2movl: TIEPBOPA3HUK CUUTAET, YTO JIBUKETCS «3MEHKOii»,
TOrJIa KaK 00Jiee OMBITHBIN JIBIKHUK BOCITPUHUMAET BUPAXKU BIIPABO-BJIEBO
KaK HEUYTO BCIIOMOTATE/ILHOE, HE BJIUAIONIEE Ha OCHOBHYIO TPAEKTOPUIO JBU-
JKEHUsI — MPSIMYI0, BEAYIIYO K IeJIM, WK [LUIABHYI KPUBYIO, OTHOAIOILY IO
MPensITCTBUA. ZICHO, 9TO 0OBEKTUBHOE ABJIEHNE — CIIYCK C TOPBI — V JBYX
paccMaTpuBaeMbIX CyOHLEKTOB 00Iee, U OT CMEHBI HAIIPABJICHUS BITJISIA
MeTaHuvecky Bpoje ObI HUYIero He MEHSETCs; OJTHAKO Ha CAMOM Jiejie JIbIK-
HUK, U3MEHUB HAIIPABJICHUE CBOETO B3IVISIA, U3 BCEH MMEIOIENCs CKOPOCTH
HAYNHACT BOCIPUHHMATH B Ka9eCTBE <«CBOEU» JIMINB €€ MPOEKIIUIO Ha BO-
00pakaeMy TPaeKTOPHUIO — BEAYIYIO MPSIMO K IEJIU JIMHUIO, BIOJb KO-
TOpOf KaK pa3 W HampaBJeH B3MISA. Kak HE CTpaHHO, KOHTPOJIHPOBATD
CKOPOCTH TIPH 3TOM CTAHOBUTCH HAMHOTO IIPOIIE, & 3a0/lHO BMECTO MeEJIb-
TeneHns (DPArMEHTOB OKPYIKAIOIIero Inefizaxa (HeM36eKHBIX IPH MOCTO-
SIHHOJI CMEeHe HAaIlPaBJIEHUs! B3IVIsJa) JIBDKHUK BUINUT GoJiee-MeHee MOCTO-
JHHYIO KApPTUHY CO BCEMH TPENSITCTBHUSIMHU, KOTOPBIE BCKOPE MPETOCTOUT
00be3KaTh, U 9TO J00ABJISIET €r0 JIEHCTBUSM CTOJIb BayKHOW YBEPEHHOCTH.

B 1estoM ropHBIE JBIKU MOTYT CJIY?KUTH MPEKPACHBIM ITPUMEPOM TOTO,
KaK HeOOJIbINasi CO3HATEIbHAs MOAMMUKAINS HUCIOIb3YeMON MapaurMbl
(«s1 ey He 3Ur3arom, a IpPsSIMO BOH TY/IA, & BUPAXKU TYT YUCTO BCIOMOTa-
TEJIbHBIE» ) MOYKET ODJIEIYUTh YKU3Hb U MOBBICUTH dPDEKTUBHOCTD HAIIUX
HeficTBuit. 3a0IHO MOXKHO TMPOWJIIIOCTPUPOBATH PA3HUILY MEXKIY OOBITHBIM
WHCTPYKTOPOM U ZOPOUWUM UHCTPYKTOpOoM. Ppasy «B3TJIsd HAIPABICH B
JIOJIUHY, TIJIeYW Pa3BEPHYTHI BHU3 II0 CKJIOHY», Pa3yMeEeTCs, ITPOU3HECET
JIIOO60fT MHCTPYKTOP, €CJAU OH XOThb YTO-TO COOO# MpEJCTABISET; HO Pel-
KWif MTHCTPYKTOP IPHU ITOM eIné U OObSICHUT, 3a44eM ITO HYXKHO — U €CJII
BaM JIOCTAJICSI IMEHHO TaKOH MHCTPYKTOP, MOYXKETe CUATATh, YTO BaM OUEHD
KPYITHO TIOBE3JI0.

Bepuémcest ¥ narmemy mpeamMery. TepMuH «mapaanrma TporpaMMUApPOBa-
HUsI», CyJisd IO BceMy, nepBbIM BBEN Pobepr Piroiiy B y2Ke ynoMuHaBIIE-
cst oune siekrun [2]. Cepinasice Ha Tomaca Kyna, ®uoii ormeuaer, 9to
sIBJIEHHE, MOJ0OHOE KYHOBCKOU CMEHE HAyJIHBIX IMapaJiirM, MOYXKHO WHOTIA
HaOIIOAATH U B IPOTPAMMUPOBAHNN, HO B OCHOBHOM MapaIUTMbl TTPOIPAM-
MHUPOBaHUS HE UCKJIIOYAIOT OJIHA JIPYTYIO; HAIIPOTUB, OHU MOTYT COYETATh-
cs1, oborarast ”HCTpyMeHTapuil mporpaMMucTa: « Feau npozpece uckycemaea
NPOZPAMMUPOBULHUS 8 UCAOM MPEOYEM NOCTNOAHHO020 US0OPEMEHUA U YCO-
gepuLeHcmeosaHus napaduem, — rnumer Dot — mo cosepuencmeosanue
UCKYCCMBA 0MIEALHO20 NPOPAMMUCTIG MPEdbYem, wmobvb, OH PACUUPAN
€801 penepmyap napaduzim».

MoxkHO cYnuTaTh, 9TO HAII TPETUH TOM, KOTOPBIM BBI Cefitac dnuTaeTe,
[EJIUKOM TIOCBSIIIEH UMEHHO 3TOMY pacwuperuto penepmyapa. Ocragres,
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BIIPOYEM, OJIMH BOIIPOC, HA KOTOPBIII MBI HE CMOXKEM JaTh OTBETA: €CJIA
Ha0OP mapaurM, KOTOPHIMEU BJIAIEET OTMIEIbHO B3STHIN MPOrPAMMUCT, J10-
CTATOYHO IITUPOK, TO KAK BHIOPATH HANOOJIEE MOIXOMSAINLYIO MAPAIUTMY JIJIs
KOHKpeTHO# 3amaun? OObEeKTUBHOIO PEIeHusT 37eCh HET, BO MHOI'OM HC-
[I0JIb30BaHUEe TOH, a He APYroil IapaJurMbl 3aBHCUT OT JIMIHBIX BKYCOB
nporpammucta. C yBEpEeHHOCTHIO MOXKHO CKa3aTh TOJIBKO OHO: YeM JIyUIIe
BBI OyJIeTe YMeThb [IEPEKII0YIATH COOCTBEHHBIN MO3T C OMHON MOJIEIN HA JIPY-
ryio, YeM O6JIbInelt THOKOCTHIO Oy1eT 00J1a1aTh BAIE MBIILIEHAE, TEM BbIIIE
BAIIN IIIAHCHI BHIOPATH ONTUMAJBHBIN Ty Th PEIIeHus JJIsT JTI000H BCTaBIIeH
repeJi BAMH TEXHUYECKOH TPODJIeMBI.

9.1.3. O630p OCHOBHBIX CTUJIEMH

Bcee sa3biku mporpaMMupoBaHus, ¢ KOTOPBIMUA MbI UMEJHU JEJIO JIO Cei
MIOPBI, OTHOCSTCS K OOJIBINON IPYIINE sI3bIKOB, HA3IBAEMbBIX UMNEPATNUG-
HotMmu. Co3maBas TPOrpaMMy Ha TAKOM sI3bIKE, Mbl OOBITHO IIPE/ICTABIISIEM
cebe e€ BLIMIOJIHEHUE B HEKOH «Cpejey, B KOTOPYIO BKJIIOYAEM HUMEIONTHECS
[IepeMeHHble ¢ UX 3HaYeHUsIMU (MHAYe [OBOPs, OLEPATUBHYIO IIAMITh, TOY-
Hee — €€ JacTh, HAXOJSIILYIOCS] B PACIOPSI’KEHUN HAIllel [IPOrPaMMBI), a
TaK>Ke BHEITHUE 110 OTHOIIEHUIO K IIPOrpaMMe CYIIHOCTU, TaKhe KaK II0TO-
KU BBOJIa-BBIBOJIA, JIPYI'HE BBIIOJHAIOIIMECs IPOrpaMMbl ([IPOLECCHI), JIa U
BOOOITE BCE, HA UTO HAINA IPOrPAMMA MOXKET IIOBJIMATH U 9TO MOXKET II0-
BJINATDH Ha HeE; TakK, /I IIPOrPpaMMBbI, BeJIyIell IUAJIOT C IOJIH30BATEIEM,
B COCTaB «CpeJbl BBIIIOJHEHHUs» IIONAJaeT U caM I0JIb30BaTe/b, Be/b Bbl-
MIOJTHSTFOITASICST TPOTPaMMa, BO3JIEICTBYeT Ha HEro, BbIJaBasl COODIIEHUs, a
[I0JIb30BaTENb, B CBOIO OYePE/lb, OKA3bIBACT BJIMSHUE HA BBIIIOJHEHUE ITPO-
rpaMMbl, BBOJS WH(MOPMAINIO C KJIABHATYPbHI, HAYXKUMasd KHOIKI U COBEP-
mas Apyrue JIefCTBHs, KOTOPble HAIlla IIPOrPaMMa MOXKeT OOHAPYKUTh.
Korma nporpamma ympaBiseT KaKHM-TO BHEIIHUM OOOPY/IOBAHUEM — I3
XOTb OBI JIayKe U OCBEIEHUEM B KOMHATE — TO YaCTBIO CPEJIbI BBHITTOTHEHUS
CTAHOBUTCS 3TO 000pyA0BaHUe (B3aMMHOE BJIMSIHUE TYT OYEBUJHO), U T. 1.

OrpeIearonumM JIjisi UMIIEPATHBHOTO IIPOrPAMMIPOBAHUS OKA3BIBAET-
csl He caMa 110 cebe cpefia BBINOJHeHHs (B KOHIE KOHIIOB, OHA €CTh 8ce2da,
B KAKOM OBl CTUJIe MBI HU [UCAJIU IPOrPAMMY ), & CKOpee HEKOTOPbIe CBOii-
cTBa 310i cpepl. [Ipexie Bcero, cpeda 6vinoanenus npozpammos obaadaem
cocMoAHUEM, KOMOPOE USMEHAELTCA C Mevenuem epemeny. Bor aTo BoT
U3MEHEHNE C TeYCHHEeM BDEMEHH MOXKET Ka3aThCsl HaM cefidac (¢ BBICOTHI
y2Ke MMEIOIIErocs OmbITa) GakTOpOM OYEeBUIHBIM, TPUBHAJBLHBIM K JIAXKe
He 3aCIyKUBaIOIIIM BHUMaHUs, HO, KAK MBI BCKOPE YBUJIUM, 9TO JIUIIb CH-
Jia IPUBBIYKU. BCIIOMHUM, YTO IporpaMma BCEr/ia peaju3yeT HEKUil a.n20-
pUMM, & aJITOPUTM €CTh He UTO NHOE, KaK npeobpasosarue urh@opmayuy —
WK, TOBOPS CTPOYKE, KAKUM-TO KOHCTPYKTUBHBIM 00pPa30M 3aIaHHOe 0TO0-
paxenue (B MATeMaTHYECKOM CMBICJIE) U3 MHOXKECTBA CJIOB HAJ| HEKUM M3~
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GpanHbIM a1aBATOM B CAMO 3TO MHOKeCTBO . IJie 37ech KaKme-TO «H3-
MeHeHHs ¢ TedenneM BpeMenu» ! I[Iporpammvupys na [lackase, Cu n s3pike
acceM0Jiepa, MbI 9aCTO 3a0BIBAEM O MATEMATHIECKON CYIIHOCTH AJITOPUTMA,
HO, KaK MOXKET yzKe JI0I'a/IaThCd YATaTeb, He BCe A3BbIKU IIPOrPaAMMUPOBa-
HUS UMIIEPATUBHBI — IIPOCTO MBI II0Ka YTO JIPYTUX HE BUJEJIU.

Bozsparasace K U3MEHEHHIO COCTOSIHUS C T€YEeHMEM BPEMEHHU, MBI 00-
HApy2KUBacM, 9YTO OCHOBHAA YaCTb MHTEPECYIONINX HAC IPU HAINCAHUN
IPOTrpaMMbl U3MEHEHUH ITPOUCXOIUT, YTO BIOJIHE 0XKI/IA€MO, B PE3yJIbTaTe
deticmeutl caMoil IPOrPaMMBbl — TO €CTh IIPOTPAMMA, BBIIOJIHSASICH, TPO-
U3BOJUT AEHCTBUS, KOTOPBIE Y4TO-TO Iie-TO (Ha caMOM Jiejie — KaK pa3 B
cpejie BBIIOJIHEHUsI) usmenstom. Kirodesoe cioBo TYyT — deticieue; ecau
2Ke BCIIOMHHUTD, UTO IIPOrpamMMa caMa cedbst BBIIOTIHSITH HE YMEET, €€ BBIIIOJI-
HSET TOT WU UHOU ucnoanumend (B Cllydae KOMIWIAPYEMbBIX A3BIKOB —
[EHTPAJIbHBI [IPOLECCOD, B CJIydYae UHTEPIPETAlU — UHTEPIPETATOD) —
TO BMECTO JefiCTBHUil TpOrpaMMbl MBI OOHAPYKHBaeM JAEHCTBUS HCIOJTHU-
TeJss, a caMa IIporpaMMa OKa3bIBaeTCs HaDOPOM yka3aHul, KaKue NMEeHHO
JeHCTBUS JTOJIKHBI BBIIOJIHATHCsI. COOCTBEHHO rOBOPs, MIMEHHO KOHIIEIIITHS
nPOPAMMDL KK HAOOPA YKA3GHUT, NOONEAHCAUUT UCTLOAHEHUIO, TACT HA3Ba-
HHE BCEMY CTHUJIIO: CJIOBO «AMIIEPATUB» MOYKHO CUUTATh CUHOHMMOM CJIOBA
«IIPUKA3».

«IIpuka3pl» 3TH, KAK MBI 3HaeM, OBIBAIOT OY€Hb PA3HBIMI: BBOJI U BBIBOJL
nHGOPMAIIH, BCEBO3MOXKHBIE CUTHAJIBI, YCTAHOBJIEHNE U PA3PBIB COEJINHE-
HUH — Yero TOJbKO paboTalolnue IIPOrpaMMbl HE JIEJAIOT € TeM, UTO HX
OKPY2KaeT; HO, ITOXKaJIY#, CaMBIM ITPOCTBIM, OUYE€BUTHBIM U IIPU 3TOM CaMbIM
YaCTO BCTPEYAIONINMCS NeMCTBUEM B MMIIEDATHUBHBIX IIPOIDAMMAaX OCTAET-
cd nmpuceausarue: ecTb HeKad llepeMeHHas, B Heil HaxoJUTCs KaKoe-TO
3HaueHue (BO3MOXKHO, HEOIIPEIENEHHOE, eCIIM IEPEMEHHAs TOJIBKO UTO I10-
SIBUJIACH ), HO [IpOrpaMMa He o0palaeT Ha 9TO 3HAYCHUE HUKAKOIO BHUMA-
HHUs, & BMECTO 3TOI'0 3GHOCUM 6 NepemenHylo HOB0E 3Hauenue, TOILYTHO,
pasyMeercst, crupas (paspyas) crapoe. Eciim 3aaTbest HeJIbo OTbIC-
KaTh OJHY «CaMYIO IJIaBHYIO» OCOOEHHOCTH MMIIEPATUBHOIO IIPO-
rpaMMUPOBaHNsA, TO, HECOMHEHHO, 3TOIl 0CODEHHOCTBIO OKa>KeTCs
NpuCBauBaHUE.

IIporpaMMuCTBI, KaK HAYHHAIOIINE, TaK W ONBITHBIE, YaCTO HEIO0OIle-
HUBAIOT IPUCBAMBAHNE, BOCIPUHUMAS €ro KaK HEYTO caMo coDoil pasyme-
I0Ieecsl; MEXKJy TeM MMEHHO 9TO IIOHATHE OKa3blBAETCs IEPBBIM (U Ja-

13710 MBI 06Cy)mamu BT. 1, §1.3.5; cTporo roBopsi, airOpuTM caM 10 cebe He eCThb
Takoe mpeoOpasoBaHue, IpaBUIbHEE OYAET CKa3aTb, UTO AA20PUMM PEAAU3YEM NPeob-
pa3oéarue B TOM CMBICJIE, YTO OJHO WU TO »Ke NpeobpasoBaHMe (Kak MaTeMaTHYecKasl
byHKIUA) MOKET GBITh PEaM30BAHO PA3HBIMH AJIOPUTMAMH, U TAKHX AJTOPUTMOB —
cuéTHAast GECKOHETHOCTD JIJIS KarKJ0r0 KOHCTPYKTHBHOI'O IIPE06pa30BaHusl; B TO YK€ CAMOE
BpeMsI CYIIEeCTBYeT (MaTeMaTUIeCKH) MHOXKECTBO IIPeobpa30BaHuii, UMEIOIIEe MOITHOCTD
KOHTHHYYM, IJIsI KOTOPBIX AJIFOPUTMa HE CYIIECTBYET — XOTsI OBI IIOTOMY, ITO TaKHX
npeobpa30BaHUil KOHTUHYYM, TOIJa KaK MHOXKECTBO BCEX aJI'OPUTMOB — He GoJjiee dem
CYETHOE.
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JK€, BO3MOXKHO, CAMBIM CEPbE3HBIM) BXOAHBIM 0apbepoM Ha IIyTH HOBHUY-
K&, PEIUBIIEr0 HAYIAThCS TPOTPAMMUPOBATE. BOJIBITMHCTBO ITPOrPAMMU-
CTOB IPeOBbIBAET B MCKPEHHEM HEIOYMEHHM, KaK 3TO BO3MOXKHO — HE IIO-
HATH, YTO TAKOE IEPEMEHHAS M YTO TAKOe IPUCBANBAHUE; ABTOP ITUX CTPOK
HA OCHOBAHHMH CBOET'O IIPEIOJIABATEIHCKOIO OIBITA I'OTOB 3aCBUIETEIHCTBO-
BaTh, 4TO 3TO OJeUCMEUMEAbHO OYEHb TPY/HO IOHSITH YeJIOBEKY, HE MMe-
OIEMY CKJIOHHOCTH K IporpammupoBanuio. MoxHO jaxke crenars Oojiee
CUJIbHOE yTBEPK/IEHUE: OTIEIbHO B3ATHI HOBHYIOK JINOO MMOHUMAET IIe€pe-
MEHHbBIE U TTPUCBAUBAHUS CPa3y ke, 63 KaKux-a1nbo 00bsacHeHnl, b0 He
IIOHUMAeT UX BOBCE, BIJIOTH JI0 IIOJIHOW HEBO3MOXKHOCTHU €My YTO-JIN00 Ha
9Ty TeMy OObsICHUTD. [[pOMeKyTOUHBII BapuaHT BUJA «CHAYAJIa He ITOHSLI,
MOTOM OOBSICHUJIA U $ TIOHSIT» BCTPEYAETCS HACTOJBKO PEIKO, UTO BIIOPY
YCOMHUTBCS B €r0 BO3MOXKHOCTHU: HEMHOT'OYMCJIEHHBIE CJIyIal TAKOrO POJIA
MOXKHO CIUCATH HA TO, YTO JUOO yUEHUK OTBJIEKCS HA YTO-TO IOCTOPOHHEE,
KOIJIa eMy PaCCKa3bIBAJIM 1IPO [IPUCBAUBAHUE, JIUbO0 yIUTesb (MM KTO TaM
BMECTO Hero) GbLI COBceM He B (pOpMe — KOpOUe TOBOPsl, HA TO, UTO MOHU-
MaHUe C IePBOro 00bsICHeHNsT He OBLIO JOCTUTHYTO YUCTO CJIYYANHO, U 3TO
He OBLIO 00YCJIOBJIEHO OCOOEHHOCTSIMU MBIIIJIEHHUST 00y IaeMOoro.

Kak mpaBuiio, Korjja BO3HUKAKOT CJIO2KHOCTH € TIOHUMAHUEM [TPUCBANBA~
HU (J1a2Ke eCiId B UTOre OObICHUTD €r0 BCE-TaKU YIAETCs ), JAJIbIIE TAKOMY
YUIEHUKY OKa3bIBAE€TCS HEBO3MOXKHO OOBSCHUTDH IIUKJIBI, OCOOEHHO BJIOXKEH-
uble. CyIsl 10 BceMy, TAKMM YYeHUKaM IIOIPOCTY HE XBATAET BOOOPaXKEHMSI,
9TOOBI KAK-TO BHYTPEHHE BU3YAJIM3UPOBATD JJIsi CEDST 8bINOAHEHUE TPO2PAM-
Mol ¢ mevenuem epemeny. 1lyThb B mporpaMMupOBaHUE ITUM JIIO/IAM, YBHI,
3aKa3aH.

BcnoMuuM Temnepn, 4TO IepeMeHHas — 9TO HE YTO WHOe, KakK 00JiacThb
naMsiTH, BO BesikoM citydae B [lackase u Cu (1, 106aBuM, B IPyTUX UMIIEPa-
TUBHBIX S3bIKAX TOXKE), HY & AMATh B TOM BHJE, B KOTOPOM MbI €6 3HAeM —
¢ sfuefikaMi W aJpecaMu — OJHA W3 OCHOBHBIX OCODEHHOCTEN KOHIICIINH,
W3BECTHON Kak «MarruHa ¢ou Helimanay. VMmeparuBHoe mporpaMMupo-
BaHMe YaCTO [I09TOMY HA3bIBAIOT POHHEUMAHOBCKUM; IIEPBBIM (UM, BO
BCSIKOM CJIydae, OJIHUM U3 IIEPBBIX) TAKYIO0 TEPMIHOJIOIHIO IPUMeHNT JIyKoH
Bakye [1].

CTPOFO roBops, KJlaccu4yecknii CbOHHeﬁMaHOBCKMﬁ CTUNb JOCTAaTOYHO CUNJIBHO OT-
JINHAETCA OT COBPEMEHHOrO. TaK, BONbLINHCTBO PaHHUX BbIYNCANTENbHbIX MALLWNH HE
NOAAEPXKNBANO KOCBEHHYO agpecauyunto (cm.T.1,§3.2.5); obpalueHne k anemeHTam
MaCCMBa Ha TaKUX MalWlMHAX peasin30BbiBanoChb CI'IOCO6OM, KpaﬁHe HENPUBbLIYHO Bbl-
rNASALWNM C COBPEMEHHOI TOYKIM 3pPEHUs: NPOrpaMMa U3MEHsI/Ia agpec onepaHaa B
MaLUVHHOM KOZE OAHOU U3 CBOMX COBCTBEHHbLIX KOMaHL, Noc/ie Yero nepegasana Ha
3TY KOMaHAy ynpaBJi€HUnE. nO3TOMy nporpamMmma, KOTopas NpsAMO BO BPEMA MNCNoa-
HEHUS N3MEHSET cama cebsi, Ha 3ape KOMMbLIOTEPHON 3pbl bbina BrOJHE OBLIYHBLIM
SABNEHNEM, TOrAa Kak ceii4ac mbl 6b| HNU4ero n0p,06H0ro cOenaTb HE CMOran, faxke
ecnn bbl xotenu: npun pa60Te noa ynpasaeHMeM MynbTun3adadHbiX onepaunoHHbIX
CMCTEM MaLLWHHbIY KOL MPOLECcCa XpaHUTCA B 0bnacTy namsiTi, KOTOPYO Npouecc
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MOXET 4UTaTb, HO HE U3MEHATDb. MO)KHO OTbICKaTb U Apyrue Cepbé3HbIe KOHLUEeN-
TyaJibHble OT/INYUS, U B STOM HET HMWYEro YANBUTESbHOrO: NPOrpamMMUpoBaHne Kak
npakTuyeckast GUCLUMINHA CYLLECTBYET y>ke DosbLie BOCBMUAECSTYN NEeT, C TpuaLa-
TbIX FOAOB MPOLWNOro Beka. HenameHHbIM B (POHHERMAHOBCKOM MPOrpamMMupoBaHum
OCTaéTCsl OCHOBA: MepeMeHHble U NpUCBanBaHUE.

JIOBOIBHO 9aCTO MOYKHO BCTPETUTH YIOMUHAHUS NPOUEIYPHO20 NPOo-
2PAMMUPOBAHUSA , TPUIEM HEKOTOPBIE aBTOPHI yTBEPKJAIOT, YTO UMIIEpa-
THUBHOE U IIPOLE/yPHOE IIPOrPAMMUPOBAHUAE — ITO ILIOIPOCTY OJHO U TO 2Ke.
Takoe yTBep:KJIeHUE JIETKO O0bSICHUTH: UMIIEPATUBHBIE SI3bIKM, HE ITPEJIIO-
Jraraforiye MOAIIPOrPaMM, OJIATOIOIYIHO BBIMEDJIM, TAK UTO CETOIHS HAM
CJIOZKHO IIPEJICTAaBUTDH, KaK 9TO TaK — HMIICPATUBHOE IIPOIPAMMHUPOBAHUE
6e3 BO3MOXKHOCTH 00O0CODOJIEHWST OTAETbHBIX YacTell MporpaMMbl. Tem He
MeHee TaKOe JaCTO BCTPEUAJIOCh B T€ BPEMEHA, «KOTJIa, KOMIIBIOTEPHI ObLIN
OOJIBIIMMY, & TPOrPAMMBI — MaJIEHbKUAMIUS.

Tak, B cBoé Bpemsi (BMIOTb A0 Havana 1990-x) GbLn OuveHb MOMy/sSipeH s3bIK
Belicuk, a nog HUM B Te BpeMeHa MOHMMAOCh AOBOJIBHO CTPAHHOE COOPY>KeHue, B
KOTOPOM B Havane Kaxzoi CTPOKWN NporpaMmbl cTaBuan eé Homep. PaboTa ¢ untep-
nperatopom beiicuka He TpeboBana u He mpegnosarana MCMONbL30OBAHUE BHELLHErO
pefaKTopa TEKCTOB; MOJIb30BaTeNlb BBOAW/ CTPOKY, @ MHTEPNpeTaTop 3Ty CTPOKY TyT
>KE BbIMOJIHS, HO MPN 3TOM <« BbLIMOJIHEHUE» CTPOKM, HadMHatowelics ¢ Yncna (Ho-
Mepa) COCTOsIIO B TOM, HTO 3Ta CTPOKa BCTaBAs/Iacb B TEKCT nporpammsl. Ecan B
nporpamme yxe Oblna CTPoOKa C TaKMM HOMEPOM, OHAa 3aMeHsIach; A5 YAAIEHUS
CTPOKN B HEKOTOPbIX MHTEPMPETAaTOpPax MOXHO Oblno BBECTW €é HOoMep Oe3 panb-
HEALLEro CoAep>XXNMOro, B APYrux 3TO MCMOJIb30BaNOCh, YTODLI Bbi3BaTb CTPOKY Ha
pefakTMpOBaHVE, a yhajeHue Lenanocb creunansHoii komaHgoii. Ceiivac cnoxHo
NpeacTaBnTb, 3a4eM Takoe MOrJIO NoTPeboBaThLCS; HO Ha npoTsikeHun 1980-x rogos
1 faxke B Havase 1990-x OblAM J4OCTAaTOYHO MONYASIPHBI AOMALLHNE KOMMbIOTEPbI, NC-
NoJib30BaBLUME B Ka4yeCTBE €JMHCTBEHHOrO BHELUHEro 3arnoMUHAIOLLEro yCTpoiicTea
KacCeTHbINi MarHuTogoH. B namsTn komnbloTepa MOrna HaxogUTbCst TOJSIbKO OAHA
nporpamMma, a 4Tobbl 3anycTuTb APYrytO, Ha HAXOXKAEHME HY)KHOTO MECTa Ha KacceTe
N CHNTbIBAHNE NPOrpamMmbl B NAaMATb YXOAUIO HECKOJIbKO MUHYT, l'lpl/l'-iéM nepema-
TbIBaTb KacceTy B MOMCKaX Hayasa 3anuncy Hy>KHOW NporpamMmbl NPUXOANIOCH, ecTe-
CTBEHHO, BPY4HYlo. B Takux ycnoBusix npuBbIiYHbIf HaM pabounii LKA «pemakTop,
TPaAHCAATOP, 3aNyCK» OpPraHnM30BaThb, MSAMKO FOBOPS, 3aTPYyAHUTENbHO.

Kpome ynpasneHusi BBOJOM, HOMepa CTPOK MCMOb30BAINCh ELLE 1 B POJIN METOK
ans onepatopoe GOTO, koTopble B Beiicuke BcTpedanuce B n3obnamm — Hanpumep,
4TObbI NOCTPONTL NPUBLIYHOE HaM BeTBeHME no cxeme if-then-else, npuxognnock 3a-
neiictBoBaTb 4Ba onepatopa GOTO nogobHo Tomy, Kak, paboTas Ha si3bike accembie-
pa, Mbl NCMONb30BaNN AJ1S TOW XKe Lienn ABa Nepexofa — CHavasa no npoTuBOMNOJIOXK-
HOMY YCJIOBUIO, HTODbI NPbIFHYTh Ha HaYaso BeTKu else, a noTom be3ycnoBHbIl, 4TObbI
nepenpbirHyTs 4epe3 BeTKy else nocne BbinosHeHus setkn then. Obbivno B Beiicu-
Ke CTPOKW NpOorpammebl Npu BBOAE HYMEPOBAJINCL «Yepe3 AECATKY>», 4TODbl MOXHO
6b110 BCTaBUTL HOBYIO CTPOKY MEXAY YXKE NMEIOLLMMUICS; KOTAA OHEPESHYIO CTPOKY
BCTaBUTb OKa3blBajoOCh HEKyfa, 4aBajiu KOMaHgy «nepeHymepoBaHusi» (RESEQ), un
VHTEPNPEeTAaTOp CHOBA PAcCTaBJIsi/l HOMEPA CTPOK «Yepes AeCATKY», aBTOMATNHeCKU
3aMeHAsA CTapble HOMeEpPa Ha COOTBETCTBYIOLWME HOBble B onepaTopax GOTO.
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Crpoka B 3ToM BapuanTe Beiicuka bbina eqUHCTBEHHON CTPYKTYPHOR eanHuLel
nporpammsl. Hekne 3a4aTku nognporpamm BCé >xe NpucyTCTBOBaAU B BUAE OnepaTo-
poB GOSUB n RETURN: nepBblii fenan nepexof Ha 3aflaHHYIO CTPOKY C 3anoMUHaHUEM
HOMepa CTPOKW ANsi BO3BpaTa, BTOPOl BO3Bpalyan ynpasneHune obpaTHO; paccmaT-
pVBaTb 3TO KaK MOJHOLEHHbIE NOANPOrpaMMebl BbIIO HEBO3MOXHO, MOCKOJLKY Si3bIK
He NPpeAyCMaTpuBaN HU JIOKANbHBIX NEPEMEHHbIX, HU Nepeayn napameTpos (ux npu-
XOLUSIOCh MEpefaBaTh YEPE3 MepeMeHHble, a BCe nepemMeHHble Bbiin rnobanbHbimMu).
CobcTeeHHO roBopsi, si3blk BoODLEe He mpefycMmaTpuBan Huyero ansi obocobnenus
dparmMeHTa nporpaMMbl, OCTaBAsAs 3Ty paboTy BOODpaXkeHWNo NporpaMMucTa.

B ocHoBe miporie/lypHOTO IPOrpaMMUPOBAHUS JIEZKUT CaM ITPUHITUAT BbI-
JIeJIEHUsT TI03a1a9 B 000CODJIEHHBIE YaCTH IIPOrPAMMBI, HA3BIBAEMbIE NPO-
uedypamu (wiu noxuporpammamu, win ¢ynkuuamu, kKak B Cu) — rak,
YTO BBI3BIBAIOIIEMY HET HUKAKOIO Jiejia JO BHYTPEHHETO YCTPONCTBa BbI-
3BIBAEMOI'O, 8 BBI3BIBAEMOMY — JIO YCTPOWCTBA, IeJiell U 3389 BBbI3bIBAIO-
mero. Takoe o6ocobiieHne, Ha3bIBaeMoe JeKoMNO3UUUE, TIO3BOJISIET, KaK
MBI 3HaeM, 3(PPEKTUBHO ODOPOTHCS ¢ HAPACTAIOMIEH CJI0KHOCTHIO IIPOrpaM-
MBI: MBI BOCHPUHUMAEM CKOJIb YTOJHO CJIOYKHOE pellleHre HEKOTOPOH IMoj-
3a/1a9M KaK OJIMH OIEPATOP BBI3OBA IIPOIEYPbhI, TOJHOCTHIO BHIKUHYB U3
TOJIOBBI TO, KaK 3Ta IPOIEIypa JIEJAET CBOE JIEJI0; W, HAIPOTUB, PeInast
(B BUJe IIPOIEYPBHI) YACTHYIO MOA33JaTy, Mbl MOYKEM BDEMEHHO 3a0bITh,
3a4YeM 39Ta Mo3a/a4ua HaM MoTpeboBaIach M KaK Hallla IoAIporpaMmMa 6yaer
HCIIOJIb30BaHA B BBI3BIBAIOIIEH IMporpaMme.

ITosmHomnennoe 060cobIEHE HEMBICIAMO 6€3 JOKAJIbLHBIX TEPEMEHHBIX
¥ TepeJlayu IapaMeTpOB — B IIPOTHBHOM CJjydae HaM HPHJIETCH BCE Bpe-
MS TOMHHTH, KaKWe U3 UMEIOIIUXCS IePEMEHHBIX 3a/IefiCTBOBAHbI B KaXK-
JIol KOHKPeTHO# mojporpamme. Ilocse mosBiieHus JIOKAJIbHBIX TIePeMeH-
HBIX CJIEJIYIONUI €CTECTBEHHBIN IMar — 3HAKOMas HaM PeaJIn3alius Jio-
KaJbHBIX MEPEMEHHBIX Uepe3 CTEKOBBbIE (DPEUMBI, JeIAIOas MOIIPOrPaM-
Mbl HOBMOPHOBLOOHBIMUY, I PeeHmepabesbrbimy (0T AHIIUHACKOrO
reenterability) v 1103BoJIsIIOIAs UCHOJIb30BaHUe peKypcuu. CuauTaTh 1 pe-
KYPCUIO HEOTHEMJIEMOH JaCTHIO MPOITEYPHOTO TPOrPAMMUPOBAHUS UJTH 2K
€ro pa3BUTHUEM — JIEJIO BKYCa, XOTs aBTOPY MPUXOJIUIOCH BUJIETH KOMITHU-
aaTopsl [lackasis, o yMOJTYaHUIO Pa3MeNIaBIIre JOKAIbHbIE TIepeMEeHHbIe
[OZIPOrPAMM B CEIMEHTE JIAHHBIX (IPUMEPHO Tak, Kak KoMmumisTop Cu
pasMelnaeT JOKaJbHble [IepEeMeHHbIe, OLICAHHbBIE CO CJOBOM static); moj-
[IPOrPaMMBbI, IIPEJIIIOJIATraONINe UCIIOJIH30BAHNE PEKYPCUHU, B ITUX BEPCHUIX
ITackasst TpebOBAIOCH TIOMETUTEL OCOOBIM CJIOBOM.

BcernomuuB si3bIK acceMbiiepa, Mbl MO2KEM 3aMETHTh, YTO TaM IIPOIEILY Phl
TOYKE CYIIECTBYIOT JIUIIbL B HAIIEM BooOpaskeHnu. Vcmoap30BaTh cTEK T
pa3Merenns JIOKAJIbHBIX MTEPEMEHHBIX MBI Bpojie Obl HAyUIMJINCh, HO IPU
TOM TIPEKPACHO MOMHHMM, ITO HUKAKON MO/IEPKKHU CO CTOPOHBI acceMoOie-
pa JJTst 3TOTO He IPEIyCMOTPEHO: JaXKe JATh JIOKAJbHBIM IIePEMEHHBIM UMe-
Ha, MBI MOTVIH OBI Pa3Be UTO C IIOMOIIBIO Makporporeccopa. MoXKXHO cKa3aTh,
970 acceMOJIep 1Mo CBOE CYyTH MMIIEPATUBEH, ITIOCKOJIBKY BCE NMIIEPATUBHOE
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MIpOrpaMMHUPOBaHUe 00yCJIOB/IEHO (DOHHENMAHOBCKAMHU ITPUHIIAIIAMEI Pabo-
THI MPOIECCOPA; IIPUA TOM IIPOIEAYPHBIM ITPOrPAMMHUPOBAHUEM HA S3BIKE
acceM0JIepa 3aHUMATHCS 603MO#CHO, HO HE B CIJTY CBONCTB #A3bIKA, & TOJIBKO
barogapst KBaIn(UKAIIMN TPOTPAMMHUCTA.

Tax nian mHAYE, MPOIELyPHOE IPOTPAMMUPOBAHIE — ITO, HECOMHEHHO,
Pa3HOBUIHOCTD ITPOIPAMMUPOBAHUS UMIIEPATUBHOIO, HO 9TH JIBA ITOHSTHSI
JAJIEKO HE TOYKJIECTBEHHBI.

Ob6cyxast UMIIEpATHBHOE TIPOrPAMMUPOBAHUE, HEJIb3sl HE YIOMSAHYTh
emnié OJIHy €ro pasHOBUIHOCTH — IIPOTPAMMUPOBAHUE KOMAHIHO-CKPUTL-
Mo80e, C KOTOPBIM MBI YK€ BCTPEYAJINCh B IIEPBOM TOME IIPU 0OCYKIEHUN
CKPHUIITOB Ha sI3bIKe KOMaHHOrO nHTepnperaropa (eMm. §1.2.15). Droit mapa-
JIUTMe MbI TIOCBSITUM HECKOJIBKO IJIaB TOCJIeIHel YacT Hallleil KHUTH, TTOKa,
K€ OTMETUM HECKOJIBKO KJIFOYEBBIX OCOOEHHOCTEH KOMAaHIHO-CKPUITOBBIX
a3bIKOB. [Ipexkie BCero ciemyer CKasaTb, 9TO ITU S3BIKA YUCTO UHMED-
npemupyemvie. BTopasi mX OCODEHHOCTb — MEKCMOBAA CMPOKG KAK YHU-
gepcanvroe npedcmasaerue Kax npozpammovl, mak u danwkoir. B dacTHO-
CTH, TIePeMEHHbIE B KOMAHJHO-CKPHUIITOBBIX SI3bIKAX HICHTU(MDUIMPYIOTCS
WX UMEHaMu — ¥ 0oJiee HUKAaK, TO €CTh HET HUKAKWX yKasaTeseil, ajape-
COB W T.II., HO, C JAPYTO#l CTOPOHBI, OOBITHO BO3MOXKHO XPAHUTH UMA O
HOM TTepEeMeHHOM B JPYTroil mepeMeHHOoit U M0 UMEHM O0paIaThCsa K 3HaUe-
HUIO; BPSJl JIM KOMY-HUOYIb IPHUIET B TOJIOBY 3asABUTh, YTO IIEDEMEHHbBIE B
KOMAaHTHO-CKPUTITOBBIX SI3bIKAX — 3TO «OOJIACTH MTaMATU», BEJIb HUKAKUX
BO3MOXKHOCTEH, 00yC/IOBJIEHHBIX (DOHHEHAMAHOBCKAM IMTOHSTUEM IIAMSITH, B
9TUX sA3bIKaX HeT. MOXKHO CKa3aTh, YTO KOMAHIHO-CKPUIITOBOE MIPOTrPaM-
MUPOBAHUE SBJISETCS UMIIEPATHBHBIM, HO HE sIBJIAETCS (DOHHEMAHOBCKUM.

ITosnHOI MPOTHUBOIIOIOKHOCTHIO UMIIEPATHBHOIO IIOJX0/Ia MOXKHO CHH-
TaTh GYHKUUOHAADBHOE TNPOZPAMMUPOBAHUE, B KOTOPOM, €CJIU Pac-
CMATPUBATh €r0 «IUCTHIM», IIPUCBAaNBaHUsI HeT BooOIe. BoJtee Toro, yncroe
byHKIIMOHAIBHOE TPOTPAMMUPOBAHNE B IIPUHIIATIE HE IPEJIIIOIATaeT HIUKa-
KUX <«U3MEHEHHUI C TeUYeHMEeM BPEeMEHW» U, KaK CJEJICTBUE, HUKAKUX <«MO-
AuDUIUPYIONX JeficTBuil». B ciaydaax, Korjga B OYHKIIMOHAJIBHBIN A3bIK
MIPOrPAMMUPOBAHUS BBIHYK/IEHHO BKJIIOYAIOTCS IOCTOPOHHUE JIJIsT HETO MO-
JUDUIUPYIOITIe BO3MOXKHOCTH, JJIsl HUX JIaXKe UCIIOJIb3YeTCs JIPYTroi Tep-
MUH: pa3pywarowue delicmeus. TepMuH BIOJHE ONpaBIaH: B CAMOM
JleJie, ecJii B IIEPEMEHHYIO 3aHECTU HOBOE 3HavYeHue (TO €CTh BBINOJHUTH
[PUBBIYHOE HAM [IPUCBAUBAHKE), CTApOe 3HAYEHUE IIPH ITOM Oyler yTpa-
qeHO — paspyuiero. BoobIe roBopsi, TepMUHBI «MOmUMUIIPYIOIee Jeii-
CTBHE» U «Pa3pylIaollee JAeiiCTBUe» SKBUBAJEHTHBI, HO BTOPOIl IIPU ITOM
WMeeT OYEBUIHYIO OTPUIATE/FHYI KOHHOTAIIUI, YTO COOTBETCTBYET 00-
MEMY OTHOIIIEHUIO CTOPOHHUKOB (DYHKITMOHAIBHOTO IPOIrPAMMUPOBAHUS K
JIIOOBIM MOJUMUKAIIAM CPEIbI BHIIIOTHEHUS.

Ilepemennbie B DyHKIIMOHATHLHOM ITPOrPAMMUPOBAHUN OOBITHO BCE Ke
HCIIOJIB3YIOTCsT (XOTSI CYIIECTBYIOT M sI3BIKU 0€3 MePEeMEeHHBIX, BO BCSIKOM
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cJlydae, B IIPUBBIYHOM HaM CMBICJIE), HO CBOE 3HAYECHUE II€PEMEHHAs TI0JIy-
qaeT IpH €€ CO3IAHUN U HE MEHSIET €r0 B TEUEHHE BCETO CPOKA CBOEH YKU3HHU.
Yarme Bcero nepeMeHHbIe UCIOIB3YIOTCS B POJIH (DOPMAJIBHBIX TAPAMETPOB
dyHuKIMit: TpU BbI30Be (DYHKIMKA TAKUE TIEPEMEHHBIE [TOJIYYIAlOT 3HAYEHUS,
cooTBeTCTBYIONMME (PaKTUIECKUM [IapaMeTpaM, U, ITO BIOJHE OXKHIIAEMO,
CBOMX 3HAYEHUIl HE MEHSIOT, OKa pabora (PYHKIMKM HE 3aBEPIIUTCS — &
[I0CJIE ITOTO MCYE3aI0T, KAK U BCE JIOKaJIbHbIE cynHocTu. Kpome Toro, npu
MPOrPAMMUPOBAHUY Ha (DYHKITHOHATBHBIX SI3bIKAX YACTO MPUMEHSIIOTCS JIO-
KaJIbHBIE [TePEMEHHbIE, BBOIUMbIE OOJIbIe JJist yA06CTBa, 9TOObI TIOMMEHO-
BATh 3HAUEHUE TOrO WM WHOTO BBIYUCJIEHHOTO BhIparkeHUsl (HATIPUMED, eC-
JII 3TO 3HAYEHHME HYYKHO MCIIOJb30BATh HECKOJBKO pa3). YMecTHO Oymier
HAIIOMHHUTH, 9TO UHUUUGAUIGUUA TTEPEMEHHON — 3TO COBEPIICHHO HE TO
JKe caMoe, 9TO NPUCBAUBEHUE, U C ITUM TPUHIAIUAIBHBIM PA3JIMIUEM MbI
yKe BeTpedasnuch (cM., Hanpumep, T.2,84.3.17). ejgo B TOM, 4TO, MHU-
[UAJU3UPYs [EPEMEHHYIO, Mbl 33JIaéM el HaAuaAbHOe 3HAUEeHUE, TO eCTb
cO3/1aéM 3HAYEHME TaM, IJle PaHbIlle HUKAKOTO 3HAYEHUsI He OBLIO — BeJb
[epeMeHHas-TO KakK pa3 ceifdac coznaércest. CremoBaTesibHO, MHAIMATIN3a-
s, B OTJINYWE OT IIPUCBAWBaHUsI, pa3pyialieii omnepailueii He
SIBJISIETCS — €l HeUero paspyInarh.

Bupodem, orcyTcTBIE PA3pyHIIAIONIIX JIEHCTBAN — 9TO JAJIEKO He TJIaB-
Hast 0cOOEHHOCTh (PYHKITMOHAJIHLHOTO MpOTrpaMMupoBaHus. B ocHoBe 3Toit
apaJInrMbl JIEXKAT, KAK MOYKHO JIOTaJIaThCsl U3 Ha3BaHUs, PYHKUUU: IIPO-
rpaMmMa COCTOUT u3 (PYHKIHIA, €€ BLIIOJHEHNE 3aK/II0YAETCA B 8blHUCAE-
HUU STX QYHKIWIA, a camMu OYHKITUH [IPEICTABIISIOT COOOIt, KAK 9TO 00BIU-
HO 3asIBJISIETCS B JINTEPATYPE, «OOBEKTHI IEPBOIO KJACCA» B TOM CMBICJIE,
qT0 DYHKINS caMma o cedbe MOXKeT ObITh 3HAUEHUEM TePEeMEHHO, € MOXK-
HO IlepejlaBarh B Jpyrue (pyHKIUU KaK apryMeHT, BO3BpaIlaTh U3 (PyHK-
uit B Ka4ecTBe 3HAYEHUsl, ILIIOC K TOMY OOJIBIIMHCTBO (DYHKITMOHAIBHBIX
SI3BIKOB IPOrPAMMUPOBAHHUSI IO3BOJIAET CO3aBaTh (DYHKIMK (€CH YTOHO,
dyHKIMOHAIbHBIE 00BEKTBI) BO BPeMsl BBIIOJHEHHUS.

MozKHO 3aMeTUTh, YTO BCE IIEPEYUCIEHHOE (3a UCKJIIOUEHUEM Pa3Be ITo
cosmanust GYHKIUIE «Ha JIeTy» ) JJIsl HAC He HOBOCTh: B XOPOIIIO YKe 3HAKO-
MOM HaMm st3biKe CH IIPOrpaMMbl TOXKE COCTOAT U3 (DYyHKIUIL, BBITOJTHEHNE
MIPOrpaMMbl €CTh (DAKTUIECKH BbIYUC/€HHNE (DYHKIMU main, a yKa3aTejn
Ha (QYHKIUMH [TO3BOJIAIOT MAHUIYJIMPOBATH UMH KakK OObekTamu. Bosbiine
TOrO, €CJIN TPUBJIEYb CPEJCTBA JUHAMUYECKOTO CBSA3BIBAHUS, IIPEIOCTAB-
JIIeMbIe ONePAITMOHHBLIME CHCTEMAaMUZ, WM J[a’Ke IIPOCTO 3HAKOMBI HaM
BBI30B MmMap CO CPABHUTEJLHO HECJIOXKHOI «0OBECKOIT», TO CTAHET BO3MOXK-
HO BO BpeMsi pabOThI OAIPY3UTh U3 BHEIIHUX (DAIOB (DYHKITUN, KOTOPBIX
B HaIeil mporpaMme He ObLIO HA MOMEHT €€ Hamucanus. Fcju B gonosiHe-
HUE K 9TOMY MPEJIOJIOXKAThL, 9TO B CHUCTeMe ycTaHoBjeH KoMmuaarop Cu,

21\/[1)1 He CTaJId pacCMaTpuBaTh AWHaAMHNYECKHE 6ubsmoreKku u CBA3aHHYIO C HUMU
MEXaHUKY, IIOCKOJIBKY OT HHUX OOBIYHO CYLIECTBEHHO 6oJIbIIIEe Bpeaa, 9eM II0JIb3bl; HO 3TO
HE 3HAQYUT, 9YTO UX HET.
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TO (BO BCAKOM CJIydae, TEOPETUUECKH) HOABATCS BOZMOXKHOCTD IIPOIPAMM-
HOTO CO3/IaHUs HOBBIX (DYHKINN C TOCIEIYIOIINM WX WCIIOJTHEHHEM B TOH
ke mporpamme. Ho Bcé aro He memaer sa3bik Cu DyHKIMOHAIBHBIM: JIOTU-
Ka ero mocrpoenusi (haKTUIECKH MPUHYKIAET MPOTPAMMUCTA K HCIIOJb-
30BaHUI0 MOJMMUIUpyOMUX AeiictBuii, a ¢GpyHkuuu Cu B OOJIBIINHCTBE
CJIy9aeB MPEeJCTaBISIOT CODOl OOBIKHOBEHHBIE MOITPOIrPAMMBI, COCTOSIIIIHE
73 UMIIEPATUBHBIX WHCTPYKIUH, 3aa0MnUX MOAUMUIUPYIOIIAE JTeHCTBUS;
B (DYHKIMOHAJBHOM YK€ MPOrPaMMUPOBAHUN MOHITHE (DYHKIUU TPUOIIH-
JKAETCS K CBOEMY MATEeMATHYECKOMY AHAJIOTY: OTOOParKEHHUIO u3 00JIacTh
ompeiesienns B obacTb 3uadennit. OyHKIWMs, wucmas B cMbICae PYyHKITH-
OHAJIBHOI'O MPOrPAMMMPOBaHUSI, BCET/a BEPHET OJHO U TO K& 3HAYEHUe,
ecjin eé IPUMEHUTD K OJHOMY M TOMY 2Ke HaDOpy 3HAYEHUIl apryMeHTOB, a
HUYEr0 WHOTO, KPOME BLIUUCJICHUSI CBOEIO 3HAYEHUsI, YUCTasd (PYHKIUSI HE
JIeJIAeT; HAIpUMEp, IPUMEHEHNE TaKoi (DYHKIMH K KOPTEXKY U3 KOHCTAHT
MOYKHO TIOIIPOCTY 3GMEHUMD COOTBETCTBYIONTUM 3HAYEHUEM, U HUYEro He
U3MeHNUTCsl (KPOMe Pa3Be UTO BPEMEHHN BBINOJIHEHHsI TIPOIPAMMBbl, KOTOPOE,
OYEBHIHO, COKPATUTCH). ZICHO, 9TO DYHKIMHU, ¢ KOTOPBIMU MBI UMEEM JIEJI0
B mporpammax Ha Cu, B OOJBITUHCTBE CBOEM J1aXKe OJIM3KO He IMOXOXKHU Ha
9TOT «(DYHKIMOHAJIBHBIN HIeass.

WNurepecno, uro, xors Cu u He ABIsgeTCsS (YyHKIMOHATHHBIM SI3BIKOM,
HA 9TOM sI3BIKE BIIOJIHE MOXKHO TIPH HOJIBIIIOM YKEJIAHUU 3aHUMATHCS (DYHK-
[MOHAJIBHBIM [TPOrpaMMUpOBaHueM. [ljist 3TOro mpuiagércst 3alpeTuTb cebe
WCITOJTb30BAHUE BCEX €ro MOIUMUIMPYIONUX OMEPAIii — PUCBANBAHMI
¥ IPUMKHYBIIUX K HAM WHKPEMEHTOB U JEKPEMEHTOB, a TaKKe BceX Oub-
JIMOTEYHBIX (DYHKIU, KOTOPBIE JEJIAI0T YTO-TO KPOME BBIUMCJEHUS CBOE-
ro 3uaveHus (T.e. UMeT nobounull apgerm). C reopeTniecKoil TOUKN
3peHUs MbI 3/IeCh HE JIOJIXKHBI HUYETO HOTepsiTh: 36K CU IIPU 3TOM OCTa-
HETCST GA20PUMMUMECKU NOAHbBLM B TOM CMBICJIE, IYTO Ha HEM MOXKHO OyJeT
peasinzoBaTh Maruny Tbhropunra (umu Jiio6oii apyroii u3 HhopMaaIn3MoB, 3a-
MEHSIIOIIUX HEYJIOBUMBIH OOBEKT TIO/ HA3BAHUEM <«AJTOPUTM» B MATEMATH-
YeCKHUX TEOPUSIX, CBA3AHHBIX ¢ KOHCTPYKTHUBHON BBIYMCIUMOCTHIO; CM. T. 1,
§1.3.5) — u, Kax cyezacTBHE, HOPMATBLHO MOKHO PEATM30BATH BOOBIIE JIFO-
0Ol AJITOPUTM U3 YHCJIA U3BECTHBIX YeJIOBEYECTBY HA HACTOSIINI MOMEHT,
Benbh Te3uc ThIOpHMHTA [MOKa YTO HUKTO He ompoBepr. Ha mpakTuke, Kak
BOJMTCsI, BCE HE TaK MPOCTO, U IUTATE]b HABEPHSKA YXKE YCIeJ TMOIYB-
CTBOBATH 3JI6Ch KAKON-TO TOABOX. [locMOTpHM, 9ero Mbl HA CAMOM JeJie
smmMest, yopas u3 Cu monudunupyromme J1eficTBus.

st HavasIa COBEPIIEHHO OYEBU/IHO, YTO IVI00AIbHBIE IIEPEMEHHbIE CTa-
HOBSITCSI OECCMBICJIEHHBIMU, HO 9Ta MOTEPsl, MPSIMO CKAXKEM, HE CJIMIIKOM
BeJINKA: paHee Mbl HEOJHOKPATHO YIIOMUHAJM, YTO TJIODAIbHBIE TIEePEMEH-
Hble — 3JI0 U WX JIy4Ille He WCIO0JIb30BaTh. BTOPOIl MOMEHT MOXKET IOKa-
3aThCsl HE CTOJIb OYEBUJHBIM: B OTCYTCTBHE MOIUMUIUPYIONUX JTeHCTBHIMA
CTAHOBATCS OECCMBICIEHHBIME UUKAb, — BCE CPa3y, TaK CKa3aTb, OIITOM.
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B camowm pnejte, ecyiv Ipy BBITIOJTHEHUH 1TUKJIa HUYErO0 HE MEHSIETCS OT WTe-
paruu K urepanuu (a B OTCYTCTBAE MOAUMDUIUPYIONHUX ONEPAIUii HUIEro
U He MOXKET IIOMEHATHC ), TO BBIIOJHATH TEJI0 TAKOIO IUKJa Pa3 3a Pa30M
OYEBUIHBIM 00pa30M 6€CCMBICIEHHO, HAM C T€M YK€ yCIIeXOM XBATUJIO OBbI 1
onmoro pa3za. Ho u 910, Kak HI CTPAHHO, COBCEM He (DATAIBHO: BMECTO UK~
JIOB BCErJla MOXKHO BOCIIOJIB30BaTbCsi pekypceueil. [lycTts HaM, K mpumepy,
HY>KHO HATH B CTPOKE 3aJIaHHBI CUMBOJI U BEPHYTH €ro ajpec. Bmecto
bYHKIINA ¢ IUKJIOM, HAIIPUMED, TAKOA:

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

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

MOXKHO HallCaTh PEKYPCUBHYIO (byHKI_[I/IIO — BOT TakK:

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

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

nJIM JazkKe BOT TaK:

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

{
return !'*s ? NULL : *s == ¢ ? s : strchar(s+1, c);

}

QyHKIUi B TporpaMMe, KOHEIHO, CTAHEeT HAMHOTO OOJIbINe, BeIhb ITUKJI MbI
BBIHOCUTDH B OT/EIbHYIO (DYHKITUIO HE 00sI3aHBI, TOTJA KAK JJIs PEKYPCUN
cBost (PyHKIMs TpebyeTcs: 00s13aTe/IbHO; HO HAC BPOJie Obl HUKTO HE OTPaHu-
9UBAET B KOJUIECTBE HAIIMCAHHBIX (DYHKIHIA, Jake Ha00OPOT — MBI 3HAEM,
9TO JEKOMIIO3UIIS TIPOTPAMMBI Ha OOJIBINIEe IUCIIO TTOAIPOTPAMM CHUZKAET
€€ CJIO’KHOCTD.

Boobuye-To, KOHEYHO, yTBEPXKAEHNE, YTO BMECTO LMKIA BCErga Nnogoiaét pekyp-
cnsa, cCamMmo no ce6e Ha rpaHun d)ona, BE€Ab UNKNbI 6I:-IBafOT AONTUMWN N OaXKe 6eCKOHe‘-I—
HbIMU, @ CTEK He pe3nHoBbIil. « HacTosiwmesy A3bIkKK PyHKLMOHANBHOrO NPOrpaMmm-
poBaHust 0bbIYHO NpuberaloT K Tak Ha3biBaeMOl ONTUMU3aLNN OCTaTOYHON PeKyp-
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cun®, Bnaropapsi KOTOPOU CTEK PACXOAYETCS CYLLECTBEHHO MEHBLUE, @ B HEKOTOPLIX
Cnyvasix MOXET He pacxofoBaTbcsi BoBce. Ecnum pesynbTupytowmm 3HauyeHnem Teky-
el hyHKLMIN JOSIXKHO CTaTb 3HAYEHNE, BbIYNCIEHHOE KaKO-TO apyroi dyHKumeld —
Hanpumep, BOT B TaKoli cuTyauuu:

int f(int x)

{
int y;
/* ... HeKue BHYHUCJICHUL ... */
return g(y);

}

— TO, OYEBUAHO, CTEKOBbIN hperim, co3paHHblii ansi pabotel dyHkuunu £, nocne
nepeaaYn ynpaesieHusi yHKLUN g yxxe He Byfger cofepxaTb HUHEro MOJSIE3HOrO, U
€ro MOXHO NIMKBUAMPOBaTb O BbI30BA g, a He nocne. VIMeHHO Tak «HacToswme»
(byHKLMOHAIbHbIE SI3BIKM W MOCTYNAloT, YTO NO3BONSET Aae BecKoHeYHble LUKIIbI
3amMeHATb pekypcueil 6es pucka mcuepnatb cTek. VIHoli BOnpoc, 4To KOMAMASTOpPbI
Cu Takoro obbiuHO He ymetoT. Kpome Toro, octaércs Bonpoc apheKTUBHOCTI: LK~
Abl 4acTo paboTatoT 3amMeTHO bbiCTpee, YeM pekypcus. TpaHcnsTopbl hyHKLMOHAb-
HbIX A3bIKOB HaCTU4YHO CNpPaB/AOTCA N C 3TO |'|p06f|eMO|7|, NOCKOJIbKY CneumnaabHO
pacuMTaHbl Ha MacCUpOBaHHOE UCMONb30BaHMe pekypcum, Ho oT Cn Takoro Xaathb
He NPUXO[NTCS.

BI'IpO‘-IeM, KOrga peyb VI,qéT O MaTEMATUHECKOM MOHATUN aropuTMa, HaMm B JitO-
6oM cnydae NPUXO[UTCS KAK-TO MPEOAOEBaTh Pa3HULY MEXAY KOHEYHBIM KOMMbIO-
TepoM 1 BecKOHeYHON JIEHTON MallnHbl ThIOPUHIa, U Halue BCEro Mbl AJfisi 3TOro
NOMpPOCTy npeHebperaem OrpaHUYeHnsIMU, 3asiBsi YTO-TO BPOAE «AOMYCTUM, na-
MSATb Halero KomnbtoTepa beckoHedHa». B npuHumMne, HUYTO He MeLLaeT C TeM xe
YCNEXOM 3asiBUTb, HTO B HALLEM PACMOPSKEHUN UMEETCst BECKOHEUHbIN CTeK.

WNrak, 6e3 mukiaoB u TeM 6ojiee 0e3 T1UI0OAIBHBIX II€PEMEHHBIX MBI
Kak-HUOY/Ib 11epebbEMCst, HO BOT KakK OBITh C BBOJOM-BBIBOJIOM? B camom Jie-
Jie, j00oe JieficTBHE 110 BBIBOLY MH(MOPMAIUH 34 IIPEJIEIbI HCIIOJIHSIOIEN st
[IPOrPAaMMBbI, KaK W JII00oe JieficTBUE 110 BBOJY MH(OPMAIMH H3BHE, Ote-
BUTHBIM 00DA30M USMEHAEM CPEDY BLINONHEHUA NPOZDAMMDYL: TIE-TO TaM,
3a TIpejielaMu €€ MmaMATH, ucde3aeT nHdopmarusa u3 6ydepoB BBOIA, a
B Oydepax BBIBOJA, HAIPOTUB, MOSBISETCS, MPUIEM U TO, U JIPYroe Mo-
JKeT IOBJIeYb 3a COOOM IOCJIE/ICTBUS, O KOTOPBIX HAIla IIPOrpamMMa JiarKe
HE JIOTa,/IbIBAETCS.

Bonpoc ¢ BB0O/IOM-BBIBOJIOM OCTAETCsI TOJIOBHO# OOJIBIO J1JIst CTODOHHUKOB
«HEPa3PYIIAINIUX» IIapaJUurM IIPOrPAMMUPOBAHUSI, B TOM YHC/IE U QPyHK-
[UOHAJIBITUKOB. B GOJIBINMNHCTBE CJIyYaeB IPUXOJAUTCS UIATH HA KOMIIPO-
MHUCC ¥ JIOIYCKATh CYyIIecTBOBaHme (QyHKIHNA ¢ 11000IHBIM 3dderToMm —
KaK MHUHHUMYM Il BBOJ@-BBIBOJA, HO HYaCTO JIEJIO 3THM HE OTPDAHUYNBa-
ercsi, 110 IPHUHIUIY <«YBSI3 KONOTOK — BCeH ITHYKE IIPOIACTb»: KaK MbI
YBUJIUM II03/IHee, B TaKUX (fKOObI (DyHKIMOHAJIBHBIX) s3blKaX, Kak Jluci

3QpurnHATBLHbIH AHTIHICKII TepMUH 37ech — tail Tecursion optimization; mpsMoit
[IEPEBOJ] 9TOrO TEPMUHA «OITUMHU3AIMS XBOCTOBON PEKYPCHHM» WJIHM IIPOCTO «XBOCTOBASI
PEKypCHusi» TOBOJIBHO YaCTO MOMAJACTCS B PYCCKOS3BITHBIX TEKCTaX.
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u Scheme?, IpUCyTCTBYIOT U IPUCBANBAHMS, U IVIOOAIBHEIE IEPEMEHHEIE, 1
nake UKJIbl. CIpaBUTHCsI C BBOJIOM-BBIBOJIOM, HE ITOXKEPTBOBAB YHCTOTOMN
KOHIIETIIIAN, YAAETCS JIUIIb B CPABHUTEJHHO PEIKUX S3BIKAX IPOIPAMMUPO-
BaHUsl, OCHOBAHHBIX HA IPUHITUIE AEHUBHIL 8bLYUCAEHU, TIPH KOTOPBIX
JaCTh BBIUUCJIeHUH byHKIMH (MIpeobpasoBaHuil U3 BBIPAYKEHUs, COIEPIKa-
IEr0 BBI30B (DYHKIMK, B BBIPAXKEHUE, COOTBETCTBYIOIIEE BBIUMUCIEHHOMY
3HAYEHUIO) HE IIPOUCXOAUT JIO TEX IIOpP, IIOKa 3HAYEeHHE He MoTpedyercs B
IPYTUX BBIYACICHUSX; KAK MBI YBUIIM HO3/IHEE, ITO TO3BOJIAET PabOTATH C
YCJIOBHO O€CKOHEYHBIMU CTPYKTYPAMU JAHHBIX: HAIIPUMED, OT IIOCTPOEHHO-
ro «beCKOHEYHOIO» CIIMCKA B ITAMSATU MOYKHO XPAHUThH JIUIIb T€ SJIEMEHTHI,
KOTODBIE YK€ KTO-TO 3aTpeboBaJl, a 0CTaTOK (KOTOPHI, COBCTBEHHO rOBODSI,
U 3aKJIIOYAET B cebe «BeCKOHEUHOCTDY ) IPEACTAB/IATD B BUJIE HEBBIYUCIICH-
Horo (HoKa emié He BhIYUCJIEHHOro!) Boipaxkenus. [IoTOKM BBOZA IPU ITOM
MOXKHO IIPEJICTABATH B BUJIE TAKAX BOT «OECKOHEUHBIX» IIOCJIEI0BATEIbHO-
cTeil; pe3yJbTaTOM YTEHUs U3 [MOTOKA CTAHOBHUTCS IIapa U3 IPOYUTAHHOIO
3HAYEHNsI M CAMOTO MOTOKA (AHAJOIMIHO TOMY, KAK PE3YJIbTATOM JIEKOM-
O3UIUN GECKOHEYHOrO CIIMCKA CTAHOBHUTCH I1apa, COCTOSINAS U3 U3BJICUEH-
HOT'O M3 CIIMCKA JIEMEHTa W CAMOT'O CIIMCKA, TOYHEE, CTPOSIIEil ero BbI-
YUCAUTEIBHON 1poneypbl). C BBIBOJOM CUTYAllUs CJIOKHEe: HAIPUMED, B
a3bike Xoyn (Hope) M0KHO IOCTPOUTS IVIABHYIO (DYHKIIUIO IPOIPAMMBI KAk
[OCTETIEHHO BBIYUCIISIONLYIO SJIEMEHTHI HEKOETrO CIMCKA (BO3MOXKHO, GeCKO-
HEYHOI'0, HO He 00s13aTeJIbHO) U € IOMOIIBIO CIIENUAIbHO IPEHA3HAUCHHOM
JIJISl 9TOTO JUPEKTHUBBI YKa3aTh, YTO JIEMEHTHI CIIUCKA CJIE/IyeT IO Mepe UX
BBIYNCJIEHNsT HAIPABJISITh B CTAHIAPTHBIN MOTOK BbIBOma. OdopmiteHHBIE
TAKUM CIIOCODOM TTPOTrPaMMBI OYIYT COBEPIITEHHO UNCTHI B IJIAHE TIOOOTHBIX
3bdPEKTOB, BOT TOJHKO MOTOK BBIBOJA 3/1€Ch MOYKET OBITH POBHO OJIUH.

A3k Haskell — moxkastyit, caMmbIil TOMYIIPHDBINA CETOJIHS CPEJIA «JICHU-
BBIX» S3BIKOB IIPOrPAMMUPOBAHUS — HCIOJIb3yeT 00jiee CJIOXKHBIH MOJIXO/T,
OCHOBaHHBII Ha TaK HAa3bIBAEMBIX MOHAJAX, a TOUHee — Ha MoHase 10.
Bzanmoeiicrere nporpammbr Ha Haskell’e ¢ moTokamm BBOIa-BBIBOIA MOXK-
HO IPUMEPHO OIMCATh TAaK: IVIABHAS (DYHKIWS, BBIYUC/IAACH, TIOPOXKIAET
B Ka4YeCTBe CBOEI'0 3HAYEHUsI MOHA/TY, KOTOpas 3aK/II049aeT B cebe MHCTPYK-
WK, KOTJ@ 9TO OTKY/a IPOYMTATh W KOIJa 4YTO KyJa 3amucarb. Ha ca-
MOM JieJie OJ1aro/Iapst «JIEHUBOCTH» BCE BBIIOIHEHNE IPOIPAMMBI B €CTh I10-
pOXKJIeHrEe 9TON MOHAJIbI, OHA CTPOUTCH (DYHKIMSAMHU IPOTPAMMBI 110 MEpe
HCITOJTb30BAHUSI.

K 3TOMy MOMEHTY y 4nTaTesnsi HaBEPHsIKA BO3HWK BMOJIHE 3aKOHHbIV BOMPOC: a
4TO TakKoe, cobcTBeHHO roBops, K MOHagAa ))? ABTOpy 3TUX CTPOK OoAunH 3HaKOMbIi Xac-
KeIMCT Kak-To pas (npuuém pasHo, B camom Havane 2000-x) ckasan, 4TO ecnu OH
npunaymMmaeTt, Kak O6'b$|CHHTb HOBNYKaM, H4TO TaKO€ MOHaAda, OH Y>X TO4YHO nepeBepHéT

4TIpoussocurcs: « Ckum»; [0 Cell IOPbI HAZBAHUS S3BIKOB IIPOrPAMMUDPOBAHUS MBI
OOBIYHO MICAJIHN II0-PYCCKHU, HO 3/1€Ch IPUAETCS OTCTYIIUTH OT HAIIeH TPAIUIUA — CJIOBO-
dopma «CKUM» CMOTPUTCS CJIUIIKOM SK30THIHO, a JOBOJIBHO PACIPOCTPAHEHHOE CPEIU
PYCCKOSA3BIMHBIX IPOrPaMMUCTOB HamMeHoBaHue «CxeMa» — OTKPOBEHHO >KAPTOHHOE.
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mup. Cyas no TOMy, 4TO MUp C Tex MOP TaK U HE MEPEBEPHY/ICS, YLOBNETBOPU-
TenbHoro crnocoba O6'bF|CHI/ITb, 4YTO TaKOE€ MOHapga, HE MOoABUNOCDH. VIHTepeCHO, 4TO
MOHafa MMeEeT CTPOroe MaTeMaTMHeCKOe OrnpefefieHne, U3 KOTOPOro COBEPLUEHHO
HEBO3MOXXHO MOHsITb, Ha Kol 4€pT DTO HYXXHO U Kak UM NOJIb30BATLCS.

ABTOp STUX CTPOK Ha NPOTAXEHUN pAda NET PyYKOBOAUT CneyceMnHapoM « I'Iapa—
ANTMbl TPOrPaMMUPOBAHNAY, KyAad AOCTATOYHO H4aCTO NPUXOOAT CTYAEHTbI, 3HaoWmne
Xackenb n ymerowime Ha Hém nucaTb. OgHO BpeMsi Ha ceMuUHape efBa Jin He KaXKAblii
ron oqepe,quVl SHTY3MaCT U3 HUCNa CTYAEHTOB Ae€Nanl AOoKNah Ha TEMY K4HTO TaKoe
MOHaAbl»; HUKaKNE ABa OO0KMaAad U3 NPUMEPHO NONYAIOXKNHbI 3aCNYLWAHHbIX HE 6b|f|V|
NOXOXN APYyr Ha Apyra, KU, 4TO BNOJZIHE €CTECTBEHHO, HN OAWH N3 3TUX AO0KNAAOB He
nokKasan cnoco6a, KakK »Xe BCE-TaKun NPaBUIbHO 3TOT CTpaHHblﬁ npeaMET pPa3bACHATb.

Cam aBTop npeanodTéT He OpaTbCcs 3a 3afady, KOTopas eMy He Mo cuiam, u
BO34EPXKUNTCA OT NOMNbITKN 06'b5|CHVITb, 4HTO XK€ TaKOE€ MOHaabl B XaCKene N Kak C
HUNMUN 60pOTbCﬂ — KakK, BMNpPO4eM, N OT pacCKasa O CaMOM Xackene.

Bossparmasics K s3biky Cu, monpobGyeM MOHsITh, KaK YK€ BCE-TaKM HaIlk-
caTh Ha HEM IpOrpamMMy B 4YHCTOM (YHKIMOHAJIBHOM cTuie. /s nHadasa
3aMeTHM, YTO OIEpAIly BBOJA HAM He TaK YK U HYXKHBI: BCE, YTO TpeOy-
eTcsl 11 pabOThI IIPOrPAMMbI, MOXKHO (10 KpaiiHeil Mepe, TeOpeTuIecKu —
€CJIN CYUTATh, YTO MBI JOJIKHBI DEAJM30BATh HEKWil aJrOPUTM, TO €CTh
KOHCTPYKTHBHOE [IPeo0pa3oBaHue U3 BXOAHOH HHGMOPMAIMU B BBIXOAHYIO)
repesiaTh Yepe3 apryMeHThl KOMaHHON cTpoKu. C BBIBOJIOM BCE HECKOIBKO
CJIO’KHEE — €CJIU OTKA3aTbCsl OT TPAJIUIIMOHHBIX Ollepalluii BHIBOIA, TO BCE,
9TO CMOYKET CJEJIATh «IUCTO (PYHKIIMOHAIbHAS > TPOTPAMMa, — 3TO BEPHYTh
ONEPAIMOHHON cucTeMe 4ucjio oT 0 g0 255 — XOpOoIIo 3HAKOMBIIA HAM KOJI
3aBEPINEHNs [IPOIECCa; OYEBUIHO, STOI0 HUKAK HE MOYXKET ObITh JOCTATOYHO
JJIsT PeaJIn3aIiy BCell OJIHOTHI BO3SMOXKHBIX aJITOPUTMOB.

MozkHO TOWTH 10 IIyTH OOJIBIMTUHCTBA (DYHKIIMOHAJBHBIX SI3BIKOB U
clesiaTh WCKJIFOYeHHe u3 OOIero mpaBuja: PaspeliuTh HCIOJIb30BaHME
Kakux-Huby b (KOHEYHO, He BeeX) (DYHKIMI BBOJA-BBIBOJA, HO IIPU ITOM
IIOMHUTH, 9TO OOJIbIlle HUKaKne (PYHKIUU ¢ HOOOYHBIMEU 3 derTamMu uc-
[I0JIb30BATH HeJb3sA. Eciin Ipu 3TOM He OrpaHuIUBATHCS TOJBKO BBIBOJOM,
TO €CTbh Pa3pEIIuTh U OIIePAIlii BBOJA, TO B TAKOM BHJIE MOXKHO OyJ1eT repe-
nrcaTh BOOOIIE IIPaKTHIecKy Jito0yo mporpammy Ha Cu; pasBe 4To B HEKO-
TOPBIX CIydYasiX, YIUTbIBas OTCYTCTBHE ONTHMU3AINN OCTATOYHON PEKyp-
cuu, TPUAETCA BOCIOJIb30BATHCS KOHCTPYKITHEH OECKOHETHOTO IIUKJIa BPOJIE
for(;;), HO 3Ta KOHCTPYKINS cama 1O cebe INCTOTHI (PYHKITMOHATHLHOTO
CTWJIS He HapyNIaeT — B OTJINYWE, YBBI, OT OII€PAIldil BBOJA-BBIBOA.

BupoueM, HalmmM HLIIOCTPATUBHBIM EJISIM JIyYIlle COOTBETCTBYET JIPY-
rO# ITOJIXOT: MOYKHO CHAOIUTD IPOTPAMMYy HEKOTOPO#l «OCHOBHOIT» (byHKITH-
eif (He main), KoTOpas HA BXOJ B KAYeCTBE apryMEHTOB [OJIYIUT KOMAHI-
HYIO CTPOKY IIPSIMO B TOM BHJE, B KOTOPOM OHa Iepefiana (pyHKINN main,
a B KA4ecTBe CBOEr0 3HAYEHUs BEPHET CIUCOK CTPOK, KOTOPbIE HY2KHO BbI-
JIaTh B CTAHJIAPTHBINA BBIBOJ; 38 CaM BBIBOJL Oy/IeT OTBeYaTh (DYHKIIMs main.
[TockonbKy mpuBbIYHAs HaM OubmoTedHast pyHKIUs malloc TOKe HUKAK
HE MOXKET CUATATHCSI UUCTOH, CO3JAHWE HOBOI'O JIEMEHTA CIIMCKA JIYUIe
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TOYXKE BBIHECTH B OTJIEJIbHYIO (DYHKIIUIO, KOTOPasi XOTsi Obl CHApyKu Oyier
BBITVISIETh MOX0XKel Ha JucTyio. [loydauTcs 9To-To BpoJie CiIeIyIonero:

#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 **argv)

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

3/1eCh IIPEJIIIOJIAraeTCsi, YTO BCsl PEAJIU3AIMS TOr0 AJITOPUTMa, Palud KOTO-
POro MBI IIUIEM IIPOIPAMMYy, IIOMeINeHa B pyHKIMO main_func u apyrue
dyHKIIMA, BBI3bIBaeMbIe U3 HeE. B mporpamme, moCTpOEHHOM TAKUM CITOCO-
6oM, byHknuy main u mkitem MOryT (KOHEYHO, IPH COOJIIOAEHUU JTOJIZKHON
AKKYDPATHOCTH) OCTATbCS €JMHCTBEHHBIMU, [JI€ IPUMEHSIIOTCH DPa3pylIaio-
II¥e JIERCTBYsI, a BCSI OCTAJbHAS IIPOTPAMMa Oy/IeT HOJHOCTHIO COOTBETCTBO-
BaTh IPUHIIAIIAM YUCTOrO (PYHKIMOHAJIBLHOIO IIPOrpaMMupoBanusi. KoHneu-
HO, 4100Y10 NPo2pammy Mbl TAK HE TIEPEITUIIeM: HaM He YIacTCs O(DOPMUTH B
TaKOM BUJIe HU WHTEPAKTUBHYIO MIPOTPAMMY, HU IPOrpamMmy, paboOTAIOILY O
¢ daitamu, HE ceTeBoll cepBep wim KimeHT. Ho eciu 3aj1a4da npenosiaraer
npeobpasosarue 00HOT UHPOPMAUUY 6 IPY2yto, TO B TAKOM BUJIE TIOJIY IUT-
csl HaIucaTh JI0O0Oe IIpeobpa30oBaHue, €CJIM TOJBKO OHO aJIlOPUTMUYECKU
pa3pentumo.

Cnegyet oTMeTUTh, 4TO € hopmanbHOi ToUKM 3peHus nbas nporpamma npo-
u3BoguT npeobpasoBaHue ofHoli MHdopMaLum B Apyryto n Bosblie HUYEro He ge-
JNlaeT. BCeBO3MO)KHbIe ynpasnsawowmne BO3AeFICTBMﬂ BpOAE XOPOLO 3HAKOMbIX HaM CU-
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CTEMHbIX Bbl30OBOB BMOJIHE MOXXHO paCCManVIBaTb KaK 4aCTb BbIXOOHOIo (pe3ynb—
TUPYIOLLEro) CNOBa, NMPUAYMaB COOTBETCTBYIOLLYIO CUCTEMY KOAMPOBaHUS; Ntobble
BHELLHNE CODLITUSI TOYHO TaK XXe& MOXHO CHMTaTb 4acCTblo BXOLHOrO cnosa. Eguh-
CTBEHHOE, 4TO He yaaéTcs «3arHaTb» B MOAesb TEOPUU airOPUTMOB — 3TO BbIMNOJI-
HeHune C Y4ETOM TeYeHUs BpemMeHM; COBCTBEHHO rOBOPSi, TEYEHNEM BPEMEHU MOXXHO
6b110 bl NpeHebpeyb, ecnn Bbl OKPY>KEHNE, B KOTOPOM BbIMOJIHSETCA NPOrpamma,
He 0bnagano cnocobHOCTbLIO, BO-MNEPBbLIX, N3MEHATHLCS C TEYEHMEM BPEMEHU CaMo Mo
cebe (Hanpumep, nog AelicTBMEM MOABL3OBATENS, APYrUX MPOrPaAMM, KaKUX-TO hunsn-
YECKMX MPOLECCOB U T.M.), 1, BO-BTOPbIX, pearnposaTb Ha AeliCTBUS NPOrpaMMbi.

Ecnn nonbiTaThes cchopmynmpoBaTh nNponcxogsiiee B TEPMUHAX TPaLULMOHHON
TEOpUMN aNrOpUTMOB, Y HaC MOAYYNTCS, YTO HA MOMEHT CTapTa NporpaMMbl B obuiem
CNlyHae CyLLEeCTBYET He BCE BXOAHOE CJI0BO, a TOJILKO KaKasi-TO ero 4acTb (CKObKO-TO
NEPBbIX CUMBOJIOB, BO3MOXXHO, Oa>X€ HU OAHOFO), OCTaﬂbHyIO Ke 4acCTb reHepMpyeT
HEKWI BHELLUHWA MO OTHOLIEHWIO K aAropuTMy «4€pHbIll SWUKy (T.€. HEYTO Takoe,
BHYTPEHHEE YCTPOWCTBO YEro He MOXET BbiTb N3Y4EHO), NPUHEM 3TOT HEPHbIN ALK
cam no cebe He 0bsi3aH BbITb UCNONHWUTENEM KaKOro-nnbo anropuTma, OH BrOJHE
MOXET bblTb, B YaCTHOCTW, HEAETEPMUHUPOBAHHBLIM, a raBHOE — OH paboTaer ¢
TEYEHWEM BPEMEHN B TOM, HanpuMep, CMbICE, HYTO OYEPESHYIO MOPLUIO BXOAHOrO
C/I0Ba OH MOXET «3aXkaTb W JO/Aro He oTaasaTb». Ho camoe, noxanyii, 3aHsTHOe
CBOMCTBO HALLEro UCTOYHMKA BXOAHOrO C/0BA COCTOUT B TOM, Y4TO BOT 3TO BOT «A0A-
ro» MOXET 3aBMCETb OT COBCTBEHHbIX AEACTBNI HALEro aaropuTma: B nNpocTeiiem
C/ly4ae HaM MOryT HE OTAaBaTb OYEPEHYIO NOPLUIO BXOAHOIO C/A0BA O TeX nop, no-
Ka Mbl CaMu HE CreHepupyem OnpefenéHHblii hparMeHT cnosa BbixogHoro. VimeHHo
OTOT aCNeKT OTJINYaEeT TeE >XKe VIHTepaKTVIBHbIe nporpaMMbl oT aJ'IrOpI/ITMOB B KJjacC-
CMYECKOM CMbIC/E N He nossonsieT (onsTb-Taknm B obLiem cinydae) npeHebperaTb
TEYEHWEM BPEMEHM MpPU PACcCCMOTPEHUM BbINOSHEHUs nporpamMm. Mexay npo4unm,
N3-3a 4yBCTBUTENLHOCTU CPefbl K AeCTBMAM Hallell NporpamMMbl MOXKET NOJYyYUTb-
Cst 3HaKOMbIi HaM TYnMK: eciin Hawa nporpaMmma bygeT xpaTbh odepeaHoli nopumm
BXO[HOMO C/I0Ba, a €€ OKPY)XXEHUE OKAXKETCSI YCTPOEHO TaK, YTO AJIst reHepauuu 3Tol
nopuum emy BygeT Hy>KHO NOJYH4UTb YTO-TO OT Haweli NporpaMMbl, TO CUCTEMA K MPO-
rpamMma-+okpyeHue» 61aronoNyyHO 3aBUCHET; TEOPUS aArOPUTMOB TaKUX BELLEN He
npegnonaraer.

Creaymomas napajurmMa u3 4ucja OCHOBHBIX, OOBIYHO YIIOMUHAEMbIX B
JINTEPATYPHBIX UCTOUHUKAX TIPH IMOMBITKE MEPEUUCIUTD TapaUrMbl — 3TO
TaK HA3bIBAEMOE f02UYECKOoe npozpammuposaHue. [Iporpamma 31ech
dopmysmpyercs B Bue HabOpa JIOTMIeCKUX ITPABUIL, OIIUCHIBAIONINX HEKYIO
IpeIMEeTHYIO 00JIaCTh, 8 WCIOJHEHNE MPOTPAMMBI COCTOUT B TOIMBITKE J10-
Ka3aTh yTBepzKJeHue (Wi, eciii y»K COBCEM TOYHO, B IIOIBITKE 11006paTh
KOHTDIIPUMEDPBI K 0OMPUUGHUI YTBEPIKICHUST ).

Hawnb6osiee n3BeCTHBIM SI3BIKOM JIOTHYECKOIO MIPOrPAMMUPOBAHNS MOXKHO
cunTaTh sI3bIK [IpoJior; Ha 1o Tpu3HaTh, 9TO ecau o [Iposore Bce, KTO nMeeT
OTHOIIIEHNE K MTPOIrPAMMUPOBAHUIO, XOTS OBI CJBIMIAIN, TO O CYIIECTBOBA-
HUH JIPYTUX JIOTUIECKUX SI3BIKOB OOJIBITMHCTBO MPOTPAMMUCTOB, CYIs TIO
BCeMYy, JlaKe He 10jI03peBaeT. BripodueM, mpu OJU3KOM 3HAKOMCTBE C 3TUM
SI3BIKOM (KOTOpOE y HAC BIIEDPEJM) MOYKHO C YJMBJIEHHEM OOHADYKUTh, ITO
OCTATKU €r0 <«JIOTUYHOCTU» KYJa-TO HCIIAPUJINCH, & IIPOJIOT-PEIaTe/ b —
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MIPOrPAMMHBIN MEXaHW3M, JEeJIAONIUil BHIBOJIBI Ha OCHOBE 3aJaHHBIX (haK-
TOB M IPABWJ — BHE3AIHO MPEBPATUJICA B MAIIMHKY JJisi TYHOro (Wju,
BO3MOXKHO, COBCEM JlazKe U He TYHoro) rnepebopa BapuanTos. [leso TyT, Kak
BOJMTCsI, B HEJIOCTATOYHOM YMEHUHU JyMATh MO-PA3HOMY 00 OJHOM U TOM
JKe SIBJICHUN — JIIOJISIM, TPUBBIKIIAM K MMIIEDATHBHBIM IIPOrPAMMAM, I10-
MPOCTY Je2%e JIyMaTh O BBIIOJHEHUU ITporpaMMbl Ha [Iposiore B TepMuHax
[IOCJIeIOBATEILHOCTU JefiCTBUIA, BBIMOJHIEMBIX pernaresieM. Brpodem, ma-
2K€ B POJIM MAIMUHKHA Jjist epebopa [Ipostor, HecoMHEeHHO, CTOUT BpeMeHH,
MOTPAYEHHOI0 HA €ro M3ydeHue: KOTJa Ha MPAKTHKE BCTPEUYACTCS 3aJ1a4a,
CBsA3aHHAS C 11epebOPOM BAPHAHTOB, JIydIIle BCETO C Hell CIPaBJISIOTCs (IIpH-
TOM HE3aBHCHMO OT TOTO, KAKOI MPUMEHsIETCsl sI3bIK IIPOrPAMMUPOBAHMS )
MIPOrPAMMMUCTBI, UMEIOIIIE XOTs ObI HeOOJIBINONH onbIT paboThl ¢ [Iposorom.

Ecin dyHKIMOHAIBHBIM TPOrPAMMUPOBAHIEM MbI MOXKEM DU 2KeJIa-
HAW 33aHUMATHCS HA S3BIKAX, HE MIPEIHA3HAYEHHBIX [IJIsI 9TOIO — XOTs OBbI
Ha ToM ke CH — TO C JIOTMYeCKMM IIPOrPAMMUPOBAHUEM 3TOT HOMED He
IIPOXOJIUT, TIOCKOJIBKY JIJIsl BBITIOJHEHUSI JIOTHIECKUX IIPOIPaMM HEOOXOIUM
pelareib, yCTPOMCTBO KOTOPOI'O CJIMIIKOM CJIOYKHO, YTOOBI ITPOCTO B3SITh
7 peasm30BaTh ero. MoKHO CKa3aTh, YTO B OCHOBE (DYHKIIMOHAJIBHOTO IIPO-
rPAMMHUPOBAHUS JIEZKUT OMKG3 OT WCIOJIB30BAHUS YACTH BO3MOXKHOCTEH
SI3BIKA, TOTJIa KaK JIOTHIEeCKOoe ITPOrpaMMUPOBaHNEe, HAIIPOTUB, TpebyeT WH-
CTPYMEHTOB, KOTOPBIX B BOJIBINIUHCTBE SI3bIKOB HE IIPEIyCMOTpeHo. Paccyx-
Jasi 0 (PyHKITMOHAIBHOM IIPOrPAMMUPOBAHUY, MBI CMOTJIA COCTABUTH O HEM
[epBOE BIIEYATIIEHUE, TI0JIb3YSICh JIJIs 9TOI'0 TOJIHKO PACCMOTPEHHBIMU PaHEe
sa3bikaMu. C JIOTMIecKUM TPOrPaAMMUPOBAHIEM TaK HE MOJIY IATCS, TIOITOMY
mpuBeIEM HeOOMBION pparMenT mporpaMmMbl Ha IIpostore.

Daxmot B IIpoJIOr-IiporpaMMax (1 BooOIIe JIOTHIECKOM [IPOrPaMMUPO-
BAHWU) BBIMVIAIAT IPUMEPHO TaK:

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

female (mary) .
female(ann) .

31ech MBI COODIIIIIN TIPOJIOT-perarestio, 9to Jxopmk u I:koH — My»K4n-
Hbl, Mapu u DHH — KEHIUHBI, TPU 5TOM M>3pU IPUXOIUTCI POAUATEEM
Ouu u Jxony, a JDKop/pk npuxogutcs poguresneM JzKoHy (KTO BTOpOi
poauTesib DHH — He yTouHsiercd). Ha ocHoBe 3m0oro MoxkHO chopMyIin-
pOBaTh PEIIATEeNI0 TPOCTEHIINE BOIIPOCHL BPOME <KTO SIBJISETCS POIUTE-
JggMu JuH» (parent (X, ann)) win «uepeduciau (U3BECTHBIX TeOE) MYyK-
qnH» (male (X)), HO, KOHEUHO, CYyTh JIOTHIECKOTO MIPOrPAMMUPOBAHUS HE B
srom. Kpome haxkToB, B mporpaMmMe MOT'YT TaKKe IIPUCYTCTBOBATH NPABU-
AQ 6bL1800a:
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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).

Tenepp MOXKHO HOIPOCUTH pemiaTesb Hajitu Gpara DuH (brother (B,
ann) ); pernaTesb OTBETUT, YTO TAKOBBIM siBJIsieTcsi JIKOH, MOCKOJIbKY MOZK-
HO T0JI00paTh TaKKe 3HAYEHUsI IePEMEeHHbBIX, YTO BCE YCJIOBUs B IIPABOIl Ja-
CTH COOTBETCTBYIOIIErO IIPABUJIA OKAXKYTCH BbINOJIHEHbI (X=john, Y=ann,
T=mary). OT™Merum, 4T0 3aJaHHBbIE B IIPOIPAMME OTHOIIEHHS MEXKIy 00b-
eKTaMU — HEBaKHO, 33/IaHbI JI OHU B Bujie (PaKTOB UJIU IIPABUJ — HA3bIBa-
0T npedukamamu; B HaIlleM IIpuMepe (DUTYPUPYIOT MIECTh IPEINKATOB:
parent, male, female, father, mother u brother.

HobaBus B mporpammy (GakThl, KACAIOIINECS BO3PACTA U JIPYTUX AHKET-
HBIX JAHHBIX PACCMATPUBAEMBIX JIIO/IEH, MBI CMOYKEM 3aCTABUTH PEIIaTe b
CHPABJIATHCH C OOJIee CIOKHBIMU 3aIPOCAMHU BPOJIE «HANIN HAM My>KIHU-
HY, ¥ KOTOPOT'O €CTh MJIQ N OpaT U cTapIias CeCTPa, a caM OH IIPU ITOM
BJIaJieeT (PPAHILY3CKUM SI3BIKOM, 110 00PA30BaHUIO XUMUK, HO paboTaeT mpo-
rpammMucToMy. C TOMOIIBIO MIPABUJI BBIBOJA MOXKHO OyJIeT OIUCATH HOBBIE
[IPEINKATHI, HAIIPUMED, JJIs [MOUCKaA OJIM3KUX POJICTBEHHUKOB B 3aaHHOM
BO3PACTHOIT I'pynIie 1 T.II.

Ecsiin BocupmHHMATEH IPOJIOr-IIPOrPAMMY NPABUALHO, TO €CTh B Iapa-
JIUTME JIOTHIECKOTO MPOrPAMMUPOBAHUSI, MOYKET BO3HUKHYTDH OIILYIIEHIE
(3aMeruM, OYEHDb II0JIE3HOE, PAJU HEro BCE U JIEJIAETCH), 9TO Mbl 33a8M
CBOICTBa HYKHOT'O HAM PEIEHUS, & PEMIATEh «KAK-TO TaM» HAXOIUT O~
XOASAMIMI OOBEKT, U HAM IIPU STOM COBEPIIEHHO BCE PABHO, KAK WMEHHO
OH 3TO JiejiaeT. Takyio TOYKY 3PEHHs HA UMEIONUIICA MHCTPYMEHT, KOT/Ia
MBI 3a/1a8M (dekaapupyem), ¥mo XOTUM TIOJIYINTh, HO He OObsICHSIEM, KAk,
HA3bIBAIOT JEKAGPATNUBHBIM NPOSPAMMUPOBEHUEM.

[eknapaTneHoe NporpaMMuUpoBaHME He BCeraa CBA3aHO C noruyeckum. B wa-
LWl KHUre Mbl HE PacCMaTpUBann CUCTEMbI YNpaBaeHnst 6asamn JaHHbIX, NOCKOIb-
KY HEBO3MOXHO 0bBbATL HEODBSATHOE; HO A5t YnTaTeneli, NOHUMAOWUX, O H4EM NAET
peyb, OTMeTUM, 4TO A3bikn 3anpocos k CYB/, B Tom uncne nebesbizsectHbili SQL,
KaK pa3 sIBASIOTCA AeKNapaTMBHbIMM, Npu 3ToM ToT ke SQL Hukoum obpasom He
OTHOCUTCA K A3bIKaM J1IOFN4Y€CKOro nporpaMmmMmmnpoBaHuns.

Konb ckopo peub 3awna o 6a3ax gaHHbIX, CTONT 3aMETUTb, Y4TO NPeAUKaT — 3TO,
COBCTBEHHO, TO XK€ CaMOe, HTO B Teopun 6a3 [aHHbIX HA3bIBAlOT OTHOLWEHUEM (aHrA.
relation), a Ha NpakTuke — NONpocTy Tabsinyeil; aHanorn4HbIM obpas’om ogHy u Ty
XKE CYLLHOCTb OMMUCHIBAIOT TEPMUHBI «DaKT», KKOPTEX» U «CTpoKa Tabauubi». Becob
Habop MMetowmxcs B nponor-nporpamme (hakToB Tak M Ha3biBalOT 6azoii AaHHbIX,
n bonblue Toro, Mposior no3sonsieT Bo BpeMsi paboTbl nporpammbl fobaBATb B Heé
HoOBble haKTbl U N3bIMaTb UMEIOLLNECS, TO eCTb 6a3y AaHHbIX MOXKHO AMHAMUYECKU
n3MeHsThb (C NpaBuiamu Tak NOCTynaTh Henb3s).

|/|p,e;| APNMEHEHNA NOrNYECKOro NporpaMMmnpoBaHnAa ons pa60Tb| Cc 6a3aMV| AaH-
HbIX BOODLLE BLIFIALMT OYeHb eCTECTBEHHON, HO, K coxaneHuto, SQL «ycnen nep-
BbIM>», 33aHSB HULY SIKODbl «CTAaHAAPTHOro» si3blka 3anpocos. B ViHTepHeTe moxHo
HaWTN [OBOJSILHO MHOrO MPOEKTOB, MPUMEHSIOLLNX JIOFMYECKOE MPOrpaMMMpoBaHue
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B O6J'IaCTVI ynpaBneHuns 6a3aMVI AaHHbIX, HaCTb U3 3TUX NPOEKTOB OCHOBAHA Ha |_|po—
nore, 4acTb — Ha cTporo norudeckom sisbike Halitanor (Datalog), Ho 4Tobbl 3Tu
NPOEKTbl OBHAPYXUTb, HY>XXHO TOYHO 3HATb, YTO MWMEHHO Bbl XOTUTE HaTW.

B IIpoJiore jomyckaroTcs IpeIuKaThl, BHIYUCIEHNEe KOTOPhIX UMeeT 70-
60unviti appexm. BerpoeHHble mpearKaThl TAKOTO POIA MPUMEHSIIOTCS
JIJIsT BBOJIA-BBIBOJIA, JIJIsS JIMHAMUYIECKOrO JOOABICHUS U yaajieHus (hbakTos,
a eImé — JJIsl IBHOTO YIIPABJIEHUsT ITPOIIECCOM BBIUHMCICHUIT; BCE 9TO OTHIOH
He CIIOCOOCTBYET MBINIJIEHUIO B TEPMUHAX JIOTHIECKON TapaurMbl. Kak Mbr
YBHJIMM II032Ke B IviaBe, nocBAniénHoit [Iposory, nobounsivmu addexramu
JIeJI0 HE OUPAHUIUBAETCS, JIOTUIECKYIO CEMaHTUKY yOuBaeT Takas 6e300u/1-
Hasl Bpojie ObI Bellb, KaK apudPMeTHKa, IIF0C K TOMY HEOXKUJIAHHO «HEJIO-
TUYHBIM» OKA3bIBAETCS [IPOCTOE OTPHUIAHKE, W Tak Jajee. Tak WU WHA-
4e, IPUCTYIIas K mporpaMMupoBanuio Ha [Iposore, ciegyer 6bITH TOTOBBIM
K TOMY, 9TO OJIHAM M3 OCHOBHBIX MHCTPYMEHTOB ITOCTPOEHUs ITPOrPAMMBI
OKAa3bIBAETCSI XOPOIIIO yrKe 3HAKOMAasi HaM peKypcusi, a nepemennbie B [Ipo-
JIoTe CJIy?KaT HUCKJIIOUYUTEJIHHO [ 0003HAUEHUs] HEM3BECTHLIX BEJIUYIHH B
MIpaBUJIaX, OHU BCET/IA JIOKAJIbHBI B OTIEIBHOM IIPE/JIOZKEHUN TTPOTPAMMBI;
aHaJiora npucBauBanuio B [Iposiore Her (x0Tsi Ob110 6bI ONIMOKON 3a5BUTD,
9TO MepeMeHHasl He MOXKET MEHSIThCS CO BpEMEHeM, HO TO, Kak IepeMeH-
uble B [Iposiore MeHsIIOT CBOE 3HaYeHMe, HUIero ODOIIEro ¢ MMIEPATUBHBIM
MIOZIXOJIOM HE MMEeT).

[Ipu pabore na IIposore Mbl B psijie CIyIaeB BCE Ke BLIHYKIECHBI JIy-
MaTh B TEPMUHAX MTOCJIE0BATEIHLHOCTH JIEHCTBUN, BBITIOIHIEMbIX DeIraTe-
JeM (Tak Ha3bIBaeMOil MPouedypHoll CEMAHMUKU); HEKOTOPBIE JIPYTrHe
A3BIKU JIOTUYIECKOI'O TIPOTrpaMMUPOBaHUAd, B TOM YHCJIE yIIOI\/II/IHaBIHI/II';ICH BbI-
mie JlpitTasor, 3Toro HeI0CTATKA JIUINEHBl M IMEIOT CEMAHTHUKY, IIOJTHOCTHIO
OTBEYAIOIIYIO [IPABUJIAM MaTEMATHIECKON JIOT UK.

Hamr 0630p <«OoOJbIMUX» MapaJurM OCTaJICsI OBl HEImOJHBIM 0e3
003EeKMHO-0PUEHMUPOBAHHO20 NPOZPAMMUPOSGHUS (WU, LI
kparkocru, OOII), koropoe, noxaJyil, MOXKHO Ha3BaThb CAMOM IOILYIIAD-
HOI TIapaurmMoii B MUpe, eCjid CIUTATh 110 YIIOMUHAHUSIM — B JINTEPATyPe,
B UHTepHeTe, MpOCTO B PasroBopax; KOHEYHO, MMIEPATHUBHBIM IIPOrPaM-
MUPOBAHUEM JIIOJU MO-IIPEXKHEMY TOJB3YIOTCS Yalle, W 3TO BPS JIK
U3MEHWTCsI, HO He BCe, KTO IMHUIINET UMIEPATUBHBIE MPOrPAMMBI, TOMHST
caM TEePMUH <«HUMIIEPATUBHOE IIPOTIPAMMUDOBAHUE», TOIJA KAaK KaXKJbIi,
KOMY IPHIILIO B TOJIOBY BOCIIOJIB30BATHCS KJIACCAMU M O0BEKTaMU, FOPIO
zagsiisiet, qro 3anumaercs OOIL Ilpu sTom Ha BoOmpoc, 4Té 2Ke Takoe,
cobcrBenHO ToBOps, 910 Bare OOIl, 00BIYHO MOXKHO YCJIBINATEH ITPOU3-
HOCHMBIE C HEBOOOPa3WMBIM YpOBHEM madoca CJIOBa <«UHKAIICYJISIIIAT,
«HACJIEIOBAHUEY, «IIOJUMOPMU3M», HO OODBACHATD ITU CJIOBA, JIIOIN OOBITHO
oTKa3biBaioTcs. [lompobyem pazobpaThes, ITO 3/7eCh K IeMy.

[TocrostHHO pacTyInue pa3Mepbl IPOrpaMM BCETJa 3aCTABJISLIIN IIPOTPaM-
MHCTOB UCKATh IIyTH It O0PBOBI CO CIOXKHOCTHIO. IlepBbIM 11arom B 910
6opbbe cTaja XOPOIIO U3BECTHAS HAM PA30eAbHas MPAHCAAUUL MOOYael;
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UMEHa, CKPBITBIE B OTJE/JIbHBIX MOJYJIAX, IIO3BOJIAIOT HIYEro 0 HUX He 3HATh
npu pabore HaJ APYTUMH MOJIYJISIMH, UTO PE3KO CHUXKAeT o0Iee KOJIu-
9ecTBO HH(MOPMAINH, KOTOPYIO MPOTPAMMUCT B KaKIbIiI MOMEHT BpeMe-
HU BBIHYKJEH NPUHUMATH BO BHUMAHHE. DTOT MPOCTON (DAKT MOKA3bI-
BaeT HaM, YTO HACTOAIIUM IIPEIMETOM OOpPLOBI 3/1eCh OKa3bIBAETCS J1arKe
HE CTOJILKO CJIO?KHOCTB ITPOTPAMM KaK UX COOCTBEHHOE CBOWCTBO, CKOJIBKO
CJIOZKHOCTb UX BOCIIPUATHS YEJOBEKOM — y2Ke€ KaK CBOHCTBO YeJIOBEUYECKO-
T'O MBIIIJICHUS.

CokpbiTHe fetajieil peaau3anyuy TONH MJIX WHON MOJCHCTEMBI ITPOTPaM-

MBI OT JPYTHX €€ MOJCUCTEM — 3TO M €CThb, COOCTBEHHO I'OBODsI, UHKANCY-
asyus. [IpuMepaMy HHKAIICYISIMNA MOTYT CJIY2KUTD JIOKAJIHHBIE [I€PEMEH-
HbIE B IIOJIIPOrPAMMAaX, a TaKkKe MMeHa (IIOIIIPOrpaMM, TUIIOB, TJI0OA/b-
HBIX IIEPEMEHHBIX ), BUJUMbBIE TOJIBKO BHYTPH MOJIYJIel, I OHU BBEJEHbI, U
HEJIOCTYIIHbIE U3 IAPYTUX MOJYJIEA.

OueBUIHO, YTO UHKAIICYJIAINs OBIBAET HE TOJIBKO B 00bEKTHO-OPUEHTH-
POBaHHOM IIPOrPaMMUPOBAaHWM: Mbl BcTpedasu eé u B [lackane, u B Cu, u
nake npu pabore Ha sizbike acceMbOsiepa. C Apyroil CTOPOHBI, MOYXKHO CKa-
3aTh, YTO OOBEKTHO-OPUEHTUPOBAHHOE MPOTPAMMUPOBAHUE BBIBOJUT WH-
KAIICYJIAINIO HA KAYECTBEHHO HOBLII ypoBeHb. OCMBIC/INBas CBOIO IIPOrPaM-
MY B COOTBETCTBHM C OObEKTHO-OPUEHTHUPOBAHHON HapaIurMOil, MbI IIPEXK-
Jie BCero IpeJiCcTaBJIsieM JIaHHbIe B BUJIe HEKOTOPBIX 003eKmM068 — «IEPHBIX
SIIIUKOB>. BHYTpeHHee yCTPONCTBO OObEKTa W3BHE HEJOCTYIIHO, a B psi-
JIe CJIy9aeB MOXKET OBITh IIPOCTO HEM3BECTHO — HAIPUMED, €CJIU IAHHBII
0OBEKT peaM30BaH APYTHM IPOrpaMMUCTOM. BCE, 94TO MOXKHO CIeJaTh C
00BEKTOM — 3TO TOC/TIATH €My COODINEHNEe U MOJYINTh OTBET. Tak, omepa-
nus «243» B TepMUHAX 00bEKTHO-OPUEHTUPOBAHHOIO ITPOIPAMMUPOBAHUS
BBITVISIIUT KaK «MbI IIOCBLJIaeM JIBOIKe cooOIeHne “npudaBb K cebe TPOii-
Ky’, a OHa OTBeYaeT HaM, UTO IOJIYyYWJIOCh H». BrojHe BO3MOXKHO, UTO,
MOJIYYUB COOOIIEHNE, O0HEKT TPOU3BEAET KAKUE-TO JIEHCTBUS, CMEHUT CBOE
BHYTPEHHEe COCTOSIHUE WJIU IOILIET COODIIEHNE IPYroMy OOBbEKTY, HO BCE
9TO OCTAETCsI HA ero yCMOTPEHHUE; IOChbLIast O0bEKTY COOOIIeHre, Mbl HE
JIOJIZKHBI J1eJIaTh HUKAKUX MPEIIIOJIOKEHNH 0 TOM, KaK UMEHHO yCTPOEHA
(peasmzoBaHa) peakiys OObEKTa Ha JIAHHOE COODIIEHNE.

HemocrymHocTs merasieil peajusanun 0o0beKTa 3a MPEIEIAMEI €r0 OIIM-
CaHMd KaK pa3 U O0bsICHSET, [I0YeMy HHKAICYJISIUIO CTOJIb HACTONYIMBO
Ha3bIBatoT OfHUM u3 «Tpéx kuroB» OOIIl. KoHeuHo, MHKAICYISIUS €CTh
HE TOJIBKO B sizbikax, nojiepxkupatomux OOIl, Ho eciim B Apyrux si3bIKax
OCHOBHOI eMHUIEl MHKAICYJISIIIUN OOBIYHO sIBJIsieTCst M0dyab, To B OOII
MBI UCIIOJIb3YeM MHKAICYJISAINIO Ha YPOBHE OTIEIBHBIX 00HEKTOB, 4TO B Psi-
Jie CIydaeB IO3BOJIIeT PE3KO CHU3UTH OOINYI0 BUAMMYIO CJI0KHOCTH CAMUX
MOJLYJICIA.

OObeKkThI, BHYTPEHHEE YCTPOWCTBO KOTOPBIX OIUHAKOBO, OOpPa3ymoOT
KAaccoH. B mparMarudeckoM CMBIC/IE KJIACC — 9TO OIUCAHUE BHYTPEHHETO
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YCTPOICTBA 00BEKTA; IIPU CO3JAHUNA HOBOI'O OObEKTa YKA3BIBAETCs, K KAKO-
My KJIACCY OH NPHHAIIEKUT (0O0BHEKTOM KaKoro kjacca oH Oyner). Vmes
onmcaHme KJAcca, MOMKHO CO3JATh IIPOM3BOJILHOE KOIHIECTBO® O0BLEKTOB
9TOro KJacca. bosiee TOro, MOXKHO B3ATh UMEIOIMINNCS KJIACC U HA €r0 OCHO-
BE CO3JIaTh HOBBIN KJIACC, B YEM-TO IOXOXKHMIl Ha CTapPbIil U MPOSABJISIONINI
€ro CBOICTBa, HO IIPU ITOM BCE-TAKH OTJIMUIAIOIIMIACS OT HEro, KaK MIPaBUIIO,
B CTOPOHY YCJIOXKHEHUs (XOTsl ¥ HE BCETJA). DTa BO3MOXKHOCTH HA3BIBAETCH
HaACAEJOB8AHUEM.

Yacro ObIBaeT Tak, 9TO HECKOJHKO PA3IUIHBIX KJIACCOB CIOCOOHBI 00-
pabaTbsiBaTh HEKOTOPBIN OOINit /IJisT HUX BceX Habop coobiiennit. B Takom
CJIydae TOBOPSIT, YTO 3TU KJIACCHI MTOJJIEPKUBAIOT 00Imiit unmepgetic; Bo
MHOTHX OOBbEKTHO-OPUEHTUPOBAHHBIX S3BIKAX ITPOIPAMMUPOBAHUSI MHTEP-
delichl OMUCHIBAIOTCS B BHUJIE KJIACCOB CIIEIIUAIHLHOTO BHUJIA.

Ocraércs nmocaegauii u3 «TPEX KUTOB» — Noaumopphuam. Ctporo ro-
BOpsI, TTOIUMOPGMU3M TOXKE HUKOUM O0OPAa30M HE HOBOCTH: 9TO CIIOCOOHOCTH
OJINHAKOBBIX KOHCTPYKIIMIA SI3bIKa (Ualle BCero BHIPaXKeHUH, X0Tsl 1 He 06s1-
3aTeJIbHO) 0003HAYATD PA3IMYHbIE JIEACTBUS B 3aBUCUMOCTH OT MUNOG 3a-
JefICTBOBAHHBIX MepEeMeHHBbIX u 3Hadenwit. HampuMmep, Boipaxkenne «a+bs»
B [Tackasie MOxkeT 03HAYATDH CJIOYKEHHE IABYX IEJIbIX UUCEJI, CJIOKEHNE IBYX
4HCeII C IUIABAIONIEHl TOYKON (U3yUMB s3BIK acceMbiiepa, Mbl TOYHO 3HAEM,
YTO ITO COBCEM JpPyTasl Olepalus), a MOXKET U BOBCe 0003HAYATH KOHKA-
TeHAIUo JIBYX CTpoK. M3yuass Cu, MBI CTOJIKHYJIUCH C TE€M, 9TO BbIpaXKe-
nue Buga «t[i] [j1» MOXKeT BBIYHCIATHCS COBEPIIEHHO II0-PA3HOMY: OJl-
HO JIeJI0, eCJI t TPEJCTaBIsgeT cODON yKa3aTeab Ha YKA3aTeIb, U COBCEM
JIPyroe — ecJiu t $BJISIeTCs UMEHEM JIByMEPHOro MaccuBa, (Jinbo, 4To dhak-
THYECKH TO K€ CaMoOe, 3HAYEHHEM MO3TO/IPOOUTEHFHOIO TUIA «yKa3aTesb
Ha MaccuBy ). Hano ckasarb, aro k OOII 310 BCE HE mUMeeT COBEPIIEHHO
HUKAKOTO OTHOIIIEHUSI.

B azwike Cu++, u3y94eHn0 KOTOPOTO MBI IOCBATHM BCIO CJIEYOILYIO
9aCTh HAIllell KHUTY, TPOTPAMMUCT MOYKET CaM BBOJUTH JJIsi CBOMX THIIOB
OIepAaIny, BBIMVISAIAINE TaK Ke, KaK BCTPOEHHBbIE OIepaIldyd HaJ BCTPO-
E€HHBIMU TUIIAMU — TO €CTb, [0 CYTH, YIPABJSThH ITOJIUMOPMOHOCTHIO Olle-
paruii, BCTDOEHHBIX B SI3BIK; HO U 39TO, KAK HU CTPAHHO, HE MMEEeT OTHO-
menus k OOIL. Korma cioBo «mosmmopdusms yrnoTpedsisieTcss B COCTaBe
madOCHON TPUAIBI — BMECTE CO CJIOBAME «UHKAIICYJIAIAS> U «HACIEIOBA~
HEE» — UMEIOTCS B BUJLY TaKHe BUJbI HOJUMOPdU3Ma, KOTOPbIE BO3HUKAIOT
IIPU HACJIEIOBAHUH KJIACCOB: C 0OBEKTOM JII0O0I0 KJIACCa-HACIIEITHUKA MOXK-
HO 00paInarTbcsi Tak »Ke, KaK ¢ 00bEKTOM KJIACCa-IIPejKa, UTHOPUPYsl TOT
dakT, 9T0 0OBEKT BOODIIE-TO WMEET JPYTrOil THIl;, IIPU ITOM CaAM OOBEKT
Ha Takoe O0pAIlleHNe BIIOJIHE MOXKET OTPEArHpPOBATH HE TaK, KAK PEArupy-
er ero npenok. K 3ToMy BONPOCY MBI BEPHEMCS IPU U3YUEHUU COOTBET-

5CTpOI‘O rOBOPsi, MHOTJIa MOYKHO BCTPETUTBH KJIACC, OOBEKT KOTOPOTO MOXKET CYIIe-
CTBOBaTb TOJBKO B €IMHCTBEHHOM 3JK3EMIUISAPE, M JayKe TaKHUe KJIACCHI, JJIs KOTOPBIX
BOOOIIE HEJIB3SI CO3aBATh OOBEKTHI, HO 9TO CKOPEe UCKJIIOUCHUE U3 IIPABHUIL.
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CTBYIOIUX BO3MOXKHOCTEN CH++, IIOKa YK€ OTMETUM, UTO U3 «TPEX KUTOB»
JINIIIb OfIMH — HACJIEIOBAHUE — OKa3bIBAETCS (PUPMEHHO! OCOOEHHOCTHIO
00'bEKTHO-OPUEHTHPOBAHHOIO IPOrpaMMUpOBaHus. Kcraru, BeTpedarTcs
A3BIKU IPOI'PAMMUPOBAHUS, [IO/JIEPKUBAIOIIIE PAOOTY € KjIaccaMéd U 00b-
eKTaMH, HO He IOJJEePKUBAIOIINE IIPU 9TOM HACJIEIOBAHNE; UHOIIA TAKOI
BapUaHT «O0BEKTHON HAJCTPOKN» HazbiBaeTcs: object-based programming
(B owtume or object-oriented).

C 00bEKTHO-OPUEHTUPOBAHHBIM [IPOrPAMMUPOBAHIEM JacTo (u 6e30c-
HOBATEJIbHO) CMENIUBAIOT JAPYIYIO0 MAPAJUrMy [IPOrpaMMUPOBAHUT — GO-
CMPaKmMHsLE MUNBL 0AHHBLE . AOcmparmmvim HA3BIBAIOT TAKON THIT JAH-
HBIX, JIjI KOTOPOT'O HEM3BECTHA €r0 BHYTPEHHSIS OPraHW3allisl, 8 U3BeCTeH
JINIIb HEKU HAOOp 0Aa30BBIX OMEpaIlWil; MMEHHO TAK MbI BOCIPHUHUMAEM,
manpumep, Tun FILE, BBomguMbIi crangapTHOil Oubsmorekoit Cu jijist BbI-
COKOYPOBHEBO# paboThI ¢ daitjlaMi — MBI 3HAEM, YTO MOXKHO OIACATD IIe-
pemennyio Tuna FILE* (T.e. ykasaresp Ha FILE), 9T0O ¢ Hell MOXKHO pa-
6oraTh, ncnosb3ys dynkimu fopen, fclose, fputc, fgetc u 1. 1., HO IpH
9TOM HAC HE MHTEPECYET, 9T B JEeHCTBUTEILHOCTH IIPEICTABIISIET COOOM THIT
FILE. Eciu mogymMaTsh, MOXKHO OOHAPYKHUTH, YTO K aOCTPAKTHBIM OTHOCST-
cs BcTpoeHHbIe TUMbI 3biKa Cu 1j1s 00pabOTKA Iuces C ILUIABAIOMEH TOY-
kot — float, double u long double, MOCKOJBKY B si3bike CH HET HUKAKHUX
CPEJCTB, 3aBUCAIINAX OT KOHKPETHOI'O IIPEJICTABIIEHUS <«ILJIABYYUX> YHCEJI.
B 10 ke Bpewms I1eJI0YNC/IEHHBIE TUIIBI OTHECTH K aOCTPAKTHBIM He TIO0JIy-
9UTCsI, BeMlb ISl HUX sI3bIK IPEIOCTABJISIeT TOOUTOBBIE OMEPAIIAN, TO €CTh
BHYTPEHHEE YCTPONCTBO IEJIBIX YHCEJI HA YPOBHE S3bIKA 3a(OUKCUPOBAHO 1
IOCTYIIHO.

[Tyranune mexay OOIT u ATII, HecOMHEHHO, CIIOCOOCTBYET HAJINYNE B
obenx mapajgurMax HeKuX TpeOOBaHUIl «3aKPBITOCTH BHYTPEHHErO YCTPOIi-
CTBa», HO CXOJICTBO Ha 9TOM 3akKaHUIMBaeTcsd. [Ipu pabore ¢ abCTpaKTHBIMI
TUNAMHU JJAHHBIX HE UIET HUKAKON pedn HU 00 «00OMEeHe COODIIEHUSIMU», HU O
«BHYTPEHHEM COCTOSIHUI», HA TeM 00Jiee O HACJIEIOBAHUN UJIU 3ara/I0THOM
«rosmuMmopdusmes. B bosibimmHacTBe ciry4yaes npuMmenenue AT/ He mpuBoauT
K CepbE3HBIM M3MEHEHUsIM CTHJISI MBIIIJIEHNUS], TOCIIOACTBYIOIIAsT IAPaIUTMa
0OCTaéTCsl TPAJUITMOHHON — UMIIEDATUBHOI, TOI/1a KaK IPABUJILHBIN ITOIXO]
K OOII 3acTaBiser IporpaMMICTa TOJHOCTHIO IIOMEHSITh 00pa3 MBIC/IE.

Knrouesoe pazmumuane mexmy oobektamu B cmbicae OOIl u aberpakt-
HBIMH JJAHHBIMHA MOXKHO IIPOMJIIIOCTPUPOBATH TeM (baKTOM, 9TO aOCTPAKT-
HbIE TUITBI JAHHBIX MOYKHO IIPHCBAMBATLS M 3TO HUKAK HE IMPOTHBOPEYNT
n30paHHOIl MOJIe/IN MBIILIEHUSsI, Tora Kak B «auctoMm» OOII npucsansa-
HIE OKa3bIBAETCsl YEM-TO UyKEePOIHBIM. B camMoM 1ejie, OOBIYHBIX I€pe-
menubix «gucroe OOIl» He mpeaycmarpuBaer, TaM CyIIECTBYIOT TOJIBKO
00beKTBI; IpucBauBanue (6e30THOCUTENHHO KOHKPETHOI'O S3bIKa, [IPOrPaM-

613 sToro mpasmia Toxke ecTh uCKoueHusi. Hampumep, daiioBee mepeMeHHbIe
aA3bIKa [lackasb He IPHCBAMBAIOTCH; BIPOYEM, OCTAETCH OTKPBITBHIM BOIIPOC, MOYKHO JIH
CUHUTATH 9Ty CYIIHOCTH A0CTPAKTHBIM TUIIOM JAHHBIX.
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MUPOBaHUs) €CTh HE YTO MHOE, KAK YKa3aHWe CAeJaThb OJUH OObEKT Ta-
KHM Ke, KaK HeKWil JPyToil, TO eCTh, IPUCBOUB OJWH O0BEKT JIPYTOMY, MBI
OyIeM TOYHO 3HATH, 9TO TEIEPh BHYTPEHHEE COCTOSHNE dTUX JIBYX 00DhEK-
TOB oauHaKoBo, HO Beab OOII 3ampemaer Kakue-aub0 MPEIIOJIOKEHUS O
BHYTPEHHEM COCTOSTHUEU OO'beKTOB!

Me 1y mpovunM, BOT 9Ta BOT UyxKepoiaHocTh npucBamBanus st OOIT
[IO3BOJISIET ONPOBEPIHYTH JIOBOJIBHO YaCTO BCTPEUAIOINIEECS YTBEDPKICHIUE,
qro gko0br OOIl — 3710 TO Ji PAZHOBUIHOCTH MMIIEPATUBHOIO MIPOTPAM-
MHUPOBAHWS, TO JIM HOBBII TAIl €r0 Pa3BUTHUsI, TO JIU €IE KAKUM-TO 00-
pa3oM ¢ MMIIEpATUBHBIM MPOTPAMMUPOBAHUEM CBsA3aHO. B jeiicTBUTE/ -
HocTHu, KoHedHO ke, OOIl — 3T0 MOJHOCTBIO CaMOCTOSITEIbHASI ITaPaJIUT-
Ma, a €€ BOCIPHUSTHE «B CBI3Ke» C MMIEPATHUBHBIM OOYCJIOBJIEHO JIUIIb CO-
BOKYITHOI MOILYJISPHOCTHIO MMIIEPATUBHBIX SI3BIKOB ITPOIDAMMUPOBAHUS C
00'bEKTHO-OPMEHTUPOBAHHBIMU HaACcTpoiikaMu, Takux Kak Cu+-+, Ixxasa,
C#, Go u Tomy 1107106HbIX; HO dacToe nosiByierre OOII B ofHOM s13BIKE € MM-
[IEPATUBHBIM IIPOrPAMMUPOBAHUEM OBbIJIO ObI HEITPABUJIBHO PacCMATPUBATH
KaK OCHOBaHUE JJIsl JIAJIEKO UYIIAX BBIBOIOB O SIKOOBI «UCXOJHO MMIIEpa-
tuBHO» npupome OOIl, npuunna 371€Ch CKOpEe MHAs: UMIIEPATUBHOE IIPO-
rpaMMUpOBaHUEe HAnOOJIee OMYISPHO U3-3a CBOEl Ouim30ocTu K Mammmuae (hoH
Heitmana; kax ciiecTBHE, MMEHHO OHO JIE?KUT B OCHOBE OOJILITTHCTBA WHTY-
CTPHAJIBHBIX SI3LIKOB ITPOTPAMMUPOBAHUsI, HY & TOSBJIEHUE B 9TUX SA3BIKAX
OO'BEKTHOM HAJCTPOMKKN OTBEYAET Ha BIIOJIHE OOBEKTUBHYIO MMOTPEOHOCTH
MMPaKTUYIECKOrO MIPOrPAMMUPOBAHUS B COOTBETCTBYIONIUX BO3MOXKHOCTSIX:
ucnosbzoBanne OOIT mazke 3a cIET OMHON TOJIHKO HHKAIICYJISAIIAN CIIOCOOHO
U3PSITHO CHU3UTH TPYIAOEMKOCTH TPU PA3pabOTKE KPYITHBIX ITPOIPAMM.

Hano mpusmarth, BIpodueM, UTO JarKe B TaKUX OODBEKTHO-OPUEHTUPO-
BaHHBIX JI0 MO3ra Kocreii sizbikax, Kak Smalltalk u Eiffel, npucsansanne
BCE 2Ke IPUCYTCTBYET; KPOME TOr0, Y MMIIEPATUBHOIO MIPOrPAMMUPOBAHUS
u OOII ecTb onna BechMa dyHIAMEHTATIBHAST 00IIAas OCODEHHOCTD: COCIMO-
ARUE, KOMOPOE USMEHAEMNCA C MEYEHUEM BPEMEHU, XOTS pabOTa ¢ COCTOSI-
HEEM OPraHU30BaHa B 9TUX JABYX MapaJUrMaX COBEPIITEHHO IO-PA3HOMY.

Crmcox mapajurM porpaMMUPOBAHUSI, KOHEYHO K€, He OUDAHUIUBA-
eTcsl TePEYNC/IEHHBIMI OCHOBHBIMU cTuiasaMu. HamomumM, WTo mapasur-
Ma — 3TO TO, KaK 4YeJOBEeK npeinountaer (31ech u ceiffuac) IyMarb O
KAKOM-TO $IBJIEHHH; JIOCTATOYHO OYEBHJIHO, UYTO U IIPH HAIMCAHUU HMIIE-
paTUBHOI IIPOrPAMMBI, ¥ B paMKaX (DYHKIMOHAJIBHOI'O, JIOTUYECKOI'O HJIN
00'bEKTHO-OPHEHTHPOBAHHOI'O CTUJISI BCE €€ OCTAETCH JIOCTATOYHO CBODOO-
bl MaHEBpa JJIsi Pa3HOOOPA3HBIX MHTEJUIEKTYAJbHBIX YIIPAaXKHEHUil, CBs-
3aHHBIX C PA3JUIHBIMU CIOCOOAMHI OCMBICJIEHIST OJTHOTO M TOTO YKe IIPeJIMe-
Ta. 3asgBUB, 4TO MbI-JIe 3aHUMAaeMCsl PYHKIMOHAIBHBIM (MJI1 KAKUM-HUOY/ b
elg) IPOrpaMMHUPOBAHUEM, Mbl, PA3yMeeTcs, He CMOXKeM 3a(HUKCUPOBATH
pa3oM Bech 00pa3 MbICJIel IPOrPAMMMUCTA; ITO BOOOIIE BPsiJ] JIM BO3MOXKHO,
0CODEHHO €CJIM Y4YeCTb, YTO MBIIIJIEHHE KaKJIOT0 YeJIOBEKa YHUKAJIHHO.
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KakoBa Obl HE OblLIa «OCHOBHasi» IapaJuIMa, B PaMKaX KOTOPOM MbI
peruin padoTaTh, BCET/Ia OCTAHETCS MECTO JJjIs MHOrooOpaswsi CIocobOB
MBINIIJIEHUS] — MOIPOCTY TOBOPSI, B PAMKAaX JII0OOH MapaJurMbl MOXKHO Haii-
TH Jpyrue MapajurMbl, KOTOPbIe MOTYT MEHAThCsA. DYHKIUE U IIPOTIETy-
pbl, IPUCBANBAHNS M CBSI3bIBAHMUS, IIUKJIbI PA3HBIX BUIOB, PEKypCUs — BCE
9TO OKa3bIBAET BJIMsIHUE Ha BOCIpHUsTHE. B JajibHeileM TeKCTe MbI I10-
crapaemcs OKa3aTh MHOIOOOpa3ue BO3MOXKHBIX MapaulrM Ha [IPUMEpax.
VYmecTHO OyIeT cpa3y Ke OTMETUTD, YTO HAIe IeJIbI0 IPU ITOM OyIeT OT-
HIOJ[b HE OCBOEHHE TeX WM UHBIX HPUEMOB NPOPAMMUPOEarUs (XOTs ITO
TOXKe TIOJIE3HO); TJIABHOE, Yero MbI 3/16Ch XOTHM JOOUTHCSI — 3TO yMEHUS
dYyMamsv no-pazHomy, TEPEKII0IaTh COOCTBEHHBIH MO3T, €CJIH TaK MOXKHO
BBIPA3UTHCsI, U3 OJIHOTO PEXKUMA B IPYTOil.

9.2. Pekypcus kak nmpuMep mapajurMbl

B 3aBucuMocT OT TOro, Ha KaKOM sI3bIKe IIPOIPAMMHUPOBAHUSI MBI pa-
bGoraem, Halla MOTPEOHOCTh B NMPUMEHEHUU PEKYPCHUU MOXKET CHUJIBHO Me-
HAThCs: B mporpamme Ha [Iposore mim Xoyme 6e3 Heé He 000UTUCH, B IPO-
rpamme Ha Jlucme oboiiTuck 6e3 pekypcuu Bpojie ObI MOXKHO, HO Pe3yJib-
TaT Oy/eT BBINVISIIETh UCKJIIOYUTEIHLHO KOPSIBO; B TporpaMmax Ha [lackasre
uiu Cu pekypcusi OCTaéTcsi Ha YCMOTPEHHE IIPOIPaMMECTa, PEIeHrne O eé
[IPUMEHEHUY [IPUHUMAETCS UCXO/(sl U3 JIMYHBIX IIPEIIOYTEHU; B IIPOrpam-
Me Ha sA3bIKe acceMOjiepa MPUMEHSTh PEKYPCUI0 — VIAEJ CHJIBHBIX IYXOM;
B ckpuire, HanmcanaoM Ha Bourne Shell, paboraromas pekypcust BbI3BaJIa
OBl yIUBJIEHIE U — IIOYTH HABEPHSKA — JIPYKECKUil COBET OOJIbINE TaK He
JIeJIaTh; HAKOHEI[, eCJIM HAM YJACTCA HANTH paboTaronuii WHTepIpeTaTop
craporo Beiicuka ¢ HyMepOBaHHBIMU CTPOKAME WJIM IK30TUUECKOTO SI3BIKA
®Doxaji, TO TaM IPUMEHUTH PEKYPCUIO y HAC ObI BOOOIIE HE IMOJIy IUI0Ch BBU-
Iy OTCyTCTBHUs 00J1acTeil BUINMOCTH, JIOKAJBbHBIX TIEPEMEHHBIX U [T€PEIaIn
apamMeTpoB.

B 3r0it ry1aBe MBI TIONBITAEMCS TIOKA3aTh, ITO PEKYPCHUSI TIPEJICTABIISIET
coDOi CaMOCTOSITEILHYIO IMAPaJIUTrMy IPOI'PAMMHUPOBAHUSI, & C HEKOTOPBIX
TOYEK 3PEHMsT — JiaKe IEeJIbI KOMILIEKC MapajurM; 3a0/[HO Mbl IOIbITA~
eMCsl — HAPSY C OCBOGHUEM PEKYPCHH KAK «XUTPOTO MPUEMUUKAS — OCO-
3HATH, YTO CYIIECTBYET W TAKOE SIBJIEHUE, KAK PEKYPCUBHOE MblUAEHUE, T
[IOHSITH, B Y6M OHO 3aKJIIOYAETCH.

9.2.1. IIpumep ¢ obxogoM JepeBa

1 pa3sMUHKH PacCMOTPUM XOPOIIO HAM M3BECTHBIN IpuMep — 00X/
JIBOMYHOTO JIEPEBA IOMCKA. DTy 3ajady Mbl yxKe permmaau u Ha Ilackase
(em.m. 1, §2.11.5), u wa Cu (1.2,8§4.5.4), nupuuém na Cu Mbl paccMoTpe-
JI1 KaK PEKypPCUBHOE peIleHne, Tak W pemenue 6e3 pexkypcnu. Hamomumm,
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9TO PEKYyPCHBHOE PelleHne OUeHb IIpocToe. Ecim y3esr 1epeBa onuchIBaeTcs
CTPYKTYPOii

struct node {
int val;
struct node *left, *right;

};

¥ HaM HY’KHO HalledaTaThb BCe 4YHCJIa, XPaHAIHUECd B y3Jax JepeBa, TO
clieJ1aThb 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);
}

Ci1oBecHOe omMcaHne TPUHITUIIA PEIEHUsT TOXKE JIETKO TOHSITh: €CJIN JIEPEBO
IIyCTOe, TO JIeJIaTh HUYEro He Hajo (Kak IoJsiaraercs, 6a3uc PeKypCuu Bbl-
GupaeM caMblil TPUBHAJIBHBIA U3 BCEX BO3MOXKHBIX ), CJIH YK€ B Je€PeBe eCTh
x0Ts1 OBl OmH (TeKyIuii) 3JIeMEHT, TO CHAYAJIA TIeIaTaeM JIeBOe MOJJIEPERO,
IIOTOM TEKYIIN 3JIEMEHT, II0OTOM IIPaBOE IOJJIEPEBO.

UrepaTuBHBIi BapUaHT OKA3bIBAETCS HAMHOTO CJ0KHee. BoT omH:

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 (*t));
t->p = bp->p->left;
t->st = start;
t->next = bp;
bp = t;
continue;
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}
/* no break here */
case left_visited:

printf("%d ", bp->p->val);

bp->st = completed;

if (bp->p->right) {
t = malloc(sizeof (*t));
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 Mbl JeficTByeM (BO BCSKOM CJIydae, Ha IEPBBIN B3IVIsII) COBCEM
unade. [Ipexkne Bcero, HaM HYy2KHO IMTIOMHUTDH, KAKUM I[yTEM BO3BPAIATHCS
Ha3aJ, K y3JAM-TIPEIKaM, KOI[Ja Mbl 3aBepIIUIn 00xo momajgepena. Jlis
9TOr0 MBI CO3/Ia€M OJHOCBSI3HBIN CIIMCOK Y3JIOB, SIBJISIONIMXCS IIPEIKaMU
rekymero y3ma. Cam Tekyumit y3es (TouHee, yKa3aTesb Ha HEro) TOXKe
BKJIIOYAETCS B 9TOT CIIMCOK, YTOOBI IIPU pabOTe B MOMIEPEBbIX, UCXOJIATIAX
U3 3TOr'0 y3Jla, MbL 3HaJIU, KaK B HEr'O BEPHYTHLC.

Kpowme agpeca, 1i1s1 KazKI0ro U3 y3JI0B OT TEKYIIETO O KOPHEBOTO HAM
HY?KHO €II¢ TIOMHUTD, Ha, 96M MBI C 3THM y3JIOM OCTAHOBUJIMChH. 3J1€CH BO3-
MOXKHBI TPU BapHUaHTa:

e start: MbI TOJILKO YTO Y3HAJN O CYIIECTBOBAHUN 3TOrO y3JjIa, BHECJIU

€ro B CIIUCOK (3TO IPOU3OILIO IIPU PACCMOTPEHHHU €r0 Y3JIa-IIPEeJIKa),
HO IIOKa YTO HUYETO C HUM He JIeJIa/Ii, TO €CTh HaM OCTa€TCH eIlé pac-
CMOTPETDH €ro JIeBOe IIOALEePEeBO, HalledaTaTb YUCJIO U3 CaMOI'0 3TOr'0
y3Ja, IIOTOM PacCMOTPEeTh IIPaBoe MOIIEPEBO;

e left_visited: MBI y2Ke pacCMOTPEJIH JIEBOE II0JIePEeBO U BEPHYJIUCH
K TEKyIIeMy y3Jy, TaK 4TO HaJI0 TOJILKO HalledaTaTb YUCJIO U3 HEro
1 PacCMOTPeTh IpaBoe II0JIePeBo;

e completed: MBI BEepHYJMCh K TEKYyIIEeMYy Yy3JIy IIOCJI€ PacCCMOTDEHUSA
€ro IIPaBoOro IOAAEPeBa, TAK YTO HYKHO 3aBEPIIUTbL €ro PacCMOT-
penne, T.e. yOpaTh €ro m3 CHUCKA, YTOOBI TEKYIIMM CHOBA CTaJl €ro
IIPEIOK.

B magaje paborsl Mbl (bOPMUpPYEM CIHUCOK W3 OJHOIO y3Jia — KOPHEBOIO,
OTMETHUB, YTO JJId HEro em¢ HUIero He ciejiano. Jlaapine Mbl 3aIrycKaeM
[UKJI, HA KaXKJION UTEPAIUnd KOTOPOI'O CMOTPUM, KaK OOCTOSAT JIe1a C TEeKY-
UM Y3JI0M JiepeBa. Eciin ¢ HuM emné Hu4ero He MPOUCXOINIIO, TO Y HAC €CTh
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JIBa BapHAHTA: €CJIH JIEBOE MOJJIEPEBO HE IIYCTO, J00ABIISEM B CIIHCOK y3el,
SIBJIAIONIUICS JIEBBIM OTOMKOM TEKYIIEro y3Ja (OH B pesyJibrare Oyer Te-
KYIIUM Y3JI0M Ha CJIE/YIONIeil nTepanuy [UKJIA); eCJIU YKe JIEBOE MOIEePEBO
IIyCTO, TO PACCMATPHUBATH €r0 He HY»KHO U CIIUCOK MBI He n3MeHsieM. B 060-
UX CIIydasx, MPeKJe 9eM MIPOJIOJIKUTH BBIIOTHEHNE [UKJIA, MBI IOMEYaeM,
9TO ISl TEKYIIEro y3Ja PACCMOTPEHHE €ro JIEBOTrO IOJJIEPEBa COCTOSLIOCH.

Ecyin pjig Tekymero ysJia ero JieBoe IoaaepeBo (HeBayKHO, IyCTOe WU
Her) yxke o6paboTaHo, Mbl Ile4aTaeM YUCJIO U3 TEKYIIEro y3ja, a Jajblie,
Kak W JJIsl JIEBOTO TOJJIepeBa, JUOO J1eJIaeM MPAaBOTO IMOTOMKA TEKYIIUM
y3JI0M, JI60 (ecJiu ero HeT) — He JieJIaeM, HO B JIFODOM CJIydae 3allOMUHAEM,
YTO C TEKYIIUM Y3JI0OM JIeJIaTh OOJIbIIEe HUYero He HaJo.

Haxkoner, ecin jj1s1 TeKyIiero y3siaa 0OOJbIle HUYEro Jiejarh He TpeOy-
€TCsi, Mbl HUCKJIIOYAEM €ro M3 CINCKA, TaK YTO TEKYIIUM CTAHOBUTCS €ro
npeoK. Ecan npu 9ToM TeKytuM ObLT KOPHEBO y3€JI IepeBa, CIIMCOK OITy-
CTeeT; 3TO 0DCTOSATEIHCTBO MBI UCIOJIB3YEM B KAa4eCTBE YCJIOBUS IMKJIA —
MPOJI0JIZKaeM paboTy, ITOKA CIIMCOK He IYCT.

YuTtaTenb MOXET 3aMeTUTb B TEKCTE Hallero npmnmepa He60}'|bl.l.lyl0 onTuMun3a-
UMK ecnn neBoe Nan npaeoe nognepeBo NYCTO, TO CANYCKATbCA B HEro Hy>X[Abl HET,
KaK HET HY>XX[bl N B JINLHENA NTEPALUMN LUKNA: MOXHO CPa3y MepeiTun K cieaytoLuei
CTagnn O6pa6OTK|/| TOro XXe& CaMOoro TeKyLllero yssa, 4To Mbl U AenaeM, He NoCTaBuB
break B KOHLE COOTBETCTBYIOLLEN BETBM OnepaTopa Bbibopa. Ecnu ero Tam Bcé xe no-
CTaBUTb, paboTaTb yHKLUs ByaeT TOYHO TaK XKe, MPOCTO YyTb-4yTb MeAJiIeHHee —
WMEHHO 4YyTb-4YyTb, Mbl 34€Cb HE CMOXEM 3aME€TUTb pa3HuLy B 6b|CTpOAeI7ICTBI/II/I.
KoHuenTyanbHo pewenune 6e3 3Toli ONTUMU3ALUN, KOHEYHO, YULLE; aBTOP BbIHY>XAEH
NPpU3HaTb, 4TO BO BpeMA pa6OTbI Haj BTOPbIM TOMOM HE€ CMOI OT 3TOro Xaka yaep-
XKaTbCA:. KOrga o4eBnaHoO, 4TO 6y,£|,eT A€NaTbCA nepexon Ha CJ'Iep'yIOLLI,I/Iﬁ onepaTop B
Tene case, AesnaTb 3TOT MNepexo] Yepe3 BO3BpaT B OObEMOWMIA LUKA 1 NOBTOP-
HO€ BbIMOJIHEHNE Bb|60pa BETKN cCcase Ka>XeTCsA BaPBaApPCTBOM, NMYCTb Aa>Xe 3TO Nno4YTu
HN4Yero He CTouT.

Crostb TOAPOOHOE ONUCAHUE PENTEHUs C TOMOIIBIO ITUKJIa MbI IIPUBEJIH,
9TO0OBI TOMYEPKHYTh €0 OTJINYHE OT KOPOTKOIO U SICHOIO PEKYPCHUBHOTO
pemrenusi. Kazaigoch ObI, OHE HE MMEIOT MEXKJIy COOOI HUYIero oO0Iero; Ho
He OygeMm ToponuThesi. [Ipexkiie Bcero 3aMeTuM, UTO HAII CIUCOK y3JI0B,
BBIMOJIHSIIOIIMN POJIb HUTH ApHUajHbl IPU BO3BPAINECHUN U3 TJIyOUH Jiepe-
Ba, paboTaeT M0 MPUHIUILY CTEKA: Y3JIbl M3BIMAIOTCS U3 HErO B MOPSIKE,
00paTHOM WX 3aHECEHWI0. AKTHBHbBIE JIEHCTBUS MBI IIPOM3BOIMM TOJIBKO C
Y3JI0M, aJIpec KOTOPOT'0 HAXOIUTCS B IIEPBOM JIEMEHTE CIIUCKA — Ha BEp-
[IIIHE CTEeKa; [IPU ITOM B KayKJOM JIEMEHTE CTeKa Mbl XPAHUM J[BE BEIIU:
aJIpec TEKYIIEro y3ja U TO, Ha KAKOW CTaJ iy HAXOIUTCS ero o0paboTKa.

Bepuémcst Tenieph K pekypcuBHOMY pertennto. O9UeBUIHO, ITO y3JIbI Je-
peBa MBI 371eCh OOXOIMM CTPOTO B TOM YKe MOpsiKe — cJieBa Hampaso. Ko-
rya Hama (DyHKINs BBI3BAHA JJIs ONIPEJEJIEHHOTO y3J1a, 9TOT y3€eJI CJeyeT
CYNTATh TEKYIIUM, €ro ajpec XPaHUTCs B Iapamerpe (pyHKIUU — B IIe-
pemennoii r. Benomuus marepuas mepsoro Toma (cM. §3.3.6), Mbl MoxkeM
3aMETUTh, YTO 3Ta WHAMOPMAIUS PACIOJIAraeTCs 6 cmeke, IPOCTO HA ITOT
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pa3 CTeK HUCIOJIb3YeTCs alllapaTHBIN, TOT, TJe XPAHSITCs ajpeca BO3BpaTa
¥ JIOKaJIbHBIE mTepeMeHHble. Ho 9T0 €O BTOpOi 9acThio MHMOPMAIAH, UC-
[IOJIb30BABIIENCS B UTEPATABHOM aJITOPUTME — C TE€M, HA KAKOWU CTauu
HaXOIMUTCs 00paboTKa JaHHOro y3ja? B pekypcuBHOM pellleHuH 3Ta WH-
dopmMmanus npepcTaBieHa mekyuietd no3uyuet ucnoaHerus Tejaa OyHKINN.
WNuadge roBopsi, 1oka (pyHKIUsT 3aHATa 00PAbOTKON JAHHOTO y3Jia, CTaJIHsT
ero o0paboTKH 331a8TCs 3HAYEHUEM PerucTpa cuérauka komany (EIP B ap-
XUTEKTYPe, KOTOPYIO Mbl U3yJajld BO BTOPOM TOME), KOIJIa ¥Ke 06paboTKa
Y3718 OTKJIAIBIBAETCS, 9TOOBI OOOUTH €ro JIeBOe WJIK IIPABOE IOJJIEPEBO, Ta
JKe MHMOPMAIIUST O CTaJINN OKA3bIBAECTCS MIPEJICTABIICHA GJPECOM 6036DAMA,
KOTODBIil, pPa3yMeeTCsl, Mooice 3aHOCUMCH 6 cmek!

Wrak, mpu peKypCcuBHOM 00XOJI€ JIepeBa y HaC UMEeTCsi CTEK U3 3aIiCe,
KaxKJiasl 3aliuCh COOTBETCTBYET Y3JIy JepeBa Ie-TO Ha IIyTH OT KOPHEBOTO
y3J1a JI0 TEKYIIEero, 3alich B CTEKE CO3JAETCsI, KOra Mbl HAYNHAEM OOXOZ
HEILyCTOr0 IOJJePeBa, U JUKBUINPYETCs, KOTJA MbI 3TOT 00XO[I 3aBepIla-
eM, B KayKJION 3alliCh XPAHATCs ajpec COOTBETCTBYIOIIErO y3J1a JepeBa U
nHpOpMaIms 0 crajaun 0dbpaboTku 3Toro ysia. IIpo mreparuBHOE pere-
HIEe MOXKHO CKa3aTh, OUEBUIHO, 6CE MO 2iCE CAMOE; COBEPIIEHHO HEOXKW TaH-
HO MBI ODHAPY2KUBAEM, UYTO PEKYPCHUBHOE M UTEPATUBHOE PEIICHUS JIEIAI0T
OJIHO U TO 2Ke€.

311ech, 0UEBUIHO, MOYKHO BO3PA3UTh, U9TO AIMAPATHBIA CTEK — 3TO CO-
BEPIIIEHHO He TO YK€ CaMoe, YTO CTEK Ha, 6a3e OIHOCBSI3HOIO CIHUCKa. B camoMm
JieJie, HaIlle UTEPATUBHOE pelieHne OyaeT paboTarh ropas3io MejjIeHHee pe-
KYPCUBHOTO U3-3a OIEPAIuil ¢ IMHAMIIECKON TaMATHIO, HO C 9TOi mpodJte-
MOl MOXKHO YACTHYHO CIIPABUTHCH, PEATN30BaB CTEK HE B BUJE CIUCKA, & B
BHJIE MACCHBa, KOTOPBII IPH HEOOXOIUMOCTH YBEJIUIMBAETCA B pa3Mepax;
[10CJIe 9TOr0 pasHuIla B 3P HEKTUBHOCTU MEXK [y UTEPATUBHBIM U PEKYPCHUB-
HBIM OOXOJIOM JlepeBa CTAHeT He CTOJIb 3HAUUTEeJIbHA. BIpodeM, MOXKHO OT-
MeTuTh U emé onua MomeHT. [Ipu pabore Ha Cu min [lackase BBI30OBBI TIOJI-
nporpaMMm — (AKTHIECKN eIUHCTBEHHDBIN HHTEePdENC K almapaTHOMYy CTe-
Ky, HO BeJlb IIPOI'PAMMUPOBATh MOXKHO U Ha fA3bIKe accembiiepa, U TaM HaM
HUKTO HE MOMEIAeT BOCIIOJIb30BaThCsl allllaPATHBIM CTEKOM JIJIsi XPAHEHUsT
00paTHOIO IyTH I10 y3JIaM JiepeBa IIPU Peajn3allii NTePATUBHOIO aJINOPUT-
wma. [Ipu TakoMm mosxo/ie pabora peKypCUBHOIO peIeHus Oy1eT OTINIATHCS
OT PabOTHI €r0 UTEPATUBHOTO «OJIM3HENA» JINIIb (DOPMATOM IIPEICTABICHUS
nrdopMaIun o craaun 00paboOTKM OTAETLHOTO Y3J1a JAepeBa.

Bepuémcs uyTh Ha3a/1 1 TOCMOTPHUM Ha CJIOBECHBIE OIMCAHUS STUX JIBYX
aaropuTMoB (ofHa (pasa s PeKypPCUBHOIO, Ie/iag CTPAHULQ JJIs UTe-
PATUBHOIO) M TEKCT MX peajusanuu (IaTh CTPOK IIPOTUB Copoka). Koub
CKOPO B JEHCTBUTEILHOCTH PEYb UJIET 00 OMHUX W TEX K€ JIEHCTBUAX Ma-
MIUHBI, B 9€M K€ COCTOUT OTJIMYWE, M3-33 KOTOPOrO U OIMCAHUS, U Dea-
JIN3AIUU 10 CBOEH CJIOXKHOCTH PA3JUIAIOTCS B HECKOJBKO pa3? Bo3bpmém
Ha cebsl CMeJIOCTh YTBEPIKJIATh, YTO OCHOBHOE OTJIMYUE TYT B 80CNPUATIUL
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NPOUCTO0AULE20 UEAOBEKOM, B TOM, €CJIU YTOJHO, HOJ| KaKUM YIJIOM 3pe-
HUS IIPOrPAMMICT PACCMaTPUBAET PEIleHne mocTaBiiennoi 3amaqn. Ilapa-
JurMa ODporpaMMHPOBaHHsI — He B KOMIIbIOTEpe, OHa B I0OJIOBe
IIpOrpaMMUCTA.

9.2.2. Buabsl pekypcuu

B GosbimutcTBe yI€OHUKOB B KAYeCTBE MIPOCTOrO IPUMEpPa PEKYPCUM
paccMaTpUBAIOT BbIYUC/IEHNE (DaKTOpUaja. DTOT IPUMEP TPYIHO HA3BATH
VIa9IHBIM, ITOCKOJIBKY B JIEHCTBUTEIBHOCTH (PAKTOPHUAJIBI HUKOT/A HE BbI-
YHCJIAIOTCS BO BPeMsl BBIIOJIHEHHS IIporpaMM. B camom zeste, uncio 21! e
nomernaercs B 64-0uTHOE 11e/10€, TO €CTh B OOJIBIITUHCTBE SI3BIKOB TTPOTPAM-
MUPOBAHUS W CPEJI BHITIOJTHEHUS He MOYKET OBITH MPEJICTABICHO, TaK UTO U
BBIYUCJICHUN C YIaCTUEM ITOTO UHUC/Ia IIPOU3BOJUTDH HEJIH3sl; UTO KACAETCs
3HadeHnit pakTopuaia mjis guces or 1 go 20, To ux, 09€BUIHO, MPOIIe Oy-
JIeT BBIYKCJIUTD 3apaHee U PaCIIOJIOKUTh B KOHCTAHTHOM MaCCUBE, HEXKEJTH
CYATATH KaXKJIBI pPa3 3aHOBO.

Ecnun Bam notpeboBanoch YncneHHoe 3HaveHme dakTopuana Aas HUCNa, NpeBbi-
watowero 10, To BbI, Kak NpPaBUoO, genaeTe 4To-To He Tak. Hanpumep, B npuknagHbix
3aja4ax CPaBHUTENBLHO YacTO MOryT noTpeboBaThbCsi BUHOMMANbHbIE KO3DMUmMeH-
Tbl, hopMyNly KOTOPbIX (C,’f = #Lk),) Mbl BbIBOAWIN BO BBOAHOW 4acTW MepBOro
Toma (cm. §1.3.1). Bbiuucnste ux «B 106> no 3Toii hopmyse — nonpocTty rayno
1 B BOABLIMHCTBE CAy4YaeB AN 3TOMO HE XBAaTUT PaspsAHOCTU B XOAE MPOMEXYTOu-
HbIX BbIYNCNEHWIA; ONMCaHHbIN B TOl XKe rNaBe NepBoro ToMa TpeyroabHuk lackans,
OCHOBAHHbIA Ha COOTHOLUEHWUN C’fiH = CF! 4+ CF, nossonsier oboiitucy ans ato-
rO OAHUMU TONLKO CNOXKEHUSIMU, NPU 3TOM MNPOMEXYTOUYHbIE pe3yibTaTbl HUKOrAA
He NpeBbICAT Bbluncnsiemoro koaddurumneHTa. Hanpumep, ¢ noMoLbio TpeyroibHUKa
Mackanst He coctaensieT npobnem Bbiuncants Cas = 86493225, Torga Kak BblUYNC-
neHne Toro xe koddduumnenta no dopmyne ¢ cakTopuanamu notpebosano bbl Tak
Ha3bIBaEMON «AJINHHON apuMETUKI>.

Tak uau nHave, HYUCAEHHbIE 3Ha4YeHNs1 (DAKTOPMAJIOB — HE TO, YTO MOXET peasib-
HO NOTPebOoBaTLCA BLIYUCAATL B NPUKAAAHON 3agade.

OTKa3aBIINCh PEKYPCUBHO CIUTATH (paKTOpUas, OCTAHOBUMCS Ha IpY-
TOM IIPOCTOM TIpUMepe: TTOTPOOyeM PEKYPCUBHO PEATM30BATE MOACIET CYM-
MBI 9JIEMEHTOB TI€JIOYUHNCIEHHOTO MacCUBa. B KadecTBe 6a3nca peKypPCU Bbl-
OepeM cambIil MPOCTON CJIydail, KOTJia BBLIYUCJIEHHUS BOOOIIE HE HYKHBI —
MAaCCHUB, HE COJEPKAIUNl HA OJHOrO JIEMEHTA; CyMMa, 3JIEMEHTOB TAKOI'O
MAacCCHBa, OYEBHUIHO, paBHa HyII0. Ecim yKe MaccuB He MyCT, TO €ro CyMMa
€CTh CyMMa, MaCCUBa, COCTABJIEHHOTO U3 BCEX IJIEMEHTOB MCXOTHOTO, KPOME
CaMOTro0 MEPBOro, K KOTOPO# MpuOaB/IEH MEPBLIN 3JIEMEHT; CYMMY MaCCHBa
MOYKHO BBIYUCJIUTD C IIOMOIIBIO caMOoit (DYHKITNN, KOTOpas ceiivac MUIIeTCs.
[TosrywaeTcsa mpuMepHO Tax:

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

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

}

I{OHG“IHO7 «HACTOAIIIE CUITHUKN» HAIIUIIYT TO 2K€ CaMO€ MHa4e, IIPpUMEPHO
TaK:

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

}

BupoueMm, mMamuHHBIN KO M3 3THUX JBYX BAPUAHTOB IIOJIYUHUTCH, CKODee
BCEro, OJIMH W TOT Ke; Pa3HUIA 371eCh, KaK BOAWTCs, B Bocupustun. Oc-
HOBHBIX OTJIUYMII MOYKHO OTMETHTH JIBA: WCIIOJIH30BAHUE PA3bIMEHOBAHUS
BMECTO WHJIEKCUDOBAHMS U YCJOBHOE BBIPAXKEHUE BMECTO YCJIOBHOI'O OIle-
paTopa; ecyid mepBoe — ITO CBOErO POJia BU3UTHAs KapTodka si3bika Cu
C ero ajpecHoil apudMeTHKOil, TO BTOpoe, KaK HU CTPAHHO, IIPEBPAIIAET
peaIM3aIuio 13 UMIIEPATUBHON B OYHKIIMOHAJIBHYIO.

Tak nin mHaATe, 3/716Ch MBI IMEEM JIEJIO ¢ NPOCMol pexypcueti: GyHK-
IIUsI BBI3bIBAET caMa cebst poBHO ofuH pa3. CXeMaTuIecKn 3TO MOXKHO IO-
Ka3aTh TaK:

tO{ ... £O ... }

CyIecTByOT U Jpyrue BUALI PEKYPCUH, KOTOPBIE Mbl CEYaC MOMBITAEMCS
paccvoTpeTh. Eciin pyHKIMS BBI3BIBAET APYTYIO DYHKIINIO, Ta, BO3MOXKHO,
TPETHIO U TaK Jajee, HO B KAKOH-TO MOMEHT CHOBA BBI3BIBAETCS IE€PBasi,
roBopsAT 0 83aumHol pexypcuu. C TakuM BapraHTOM (IpPaB/a, BCETO
JUig ABYX (DyHKIuUi) MBIl BCTpeda uch B T. 2, korja pemasu Ha Cu 3amady
0 comocTaBjieHuu CTPOKK ¢ obpasuoM (cM. §4.3.22). Cxemarudecku oOmmit
BU/JI, B3AUMHOU PEKYPCHUU BBITJISIIUT TAK:

f10 { ... £20 ... }
220 { ... £30 ... }

fn() { ... £f10 ... }
a JiJId IIPOCTEHIIero cilyvdad U3 AByX cbyHKuI/Iﬁ — TakK:

fO{...g0 ... }
gO { ... £O ... %

B curyanum, xorma GyHKINS 38 OHO BBITOJTHEHNE MOYKET BBI3BATDL CaMa
cebst 60JIBIIIE OJHOI'O Pa3a, HO BCE 3TU BBI30BBI BBIIMOJIHSAIOTCS TaK, YTO HU
OJIVH U3 HUX HE 3aBUCUT OT PE3YJITATOB PAOOTHI APYTOr0, Mbl UMEEM JIEJIO
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¢ napasteavHoll pexypcueti. Hazsanue ompapibiBaeTCs Te€M, YTO IPU
HaJIN49un 60.)'[66 9eM OJHOI'0 mponeccopa OTJAEJTbHBbIC PEKYPCUBHBIEC BBI3O-
BBl MOI'YT OBITH OTPA0OTAHBI OJHOBPEMEHHO (napaJsuiesibao). CxeMarundecku
napaJuiejibHasd PeKypCUs BBIIVIAAUAT TaK:

fO{ ... gC... £O, ... £O, ... ) ... }

31ech g — 3T0 He 00513aTesIbHO (DYHKINS, 3TO MOXKET ObITh, HAIPUMED,
apudMeTHIECKOe BBIpaXKeHNe, I BHIUYUCICHUS KOTOPOTO HY>KHBI BCE €T0
OIePaHIbl, HO KOTOPOMY IIPU 3TOM BCE PABHO, B KAKOM IIOPSJIKE 3TH OllepaH-
JIbI BBIYHCIEHBI. B acTHOCTH, ecyii ObI HAM HYKHO ObLIO 000TH JBOUTHOE
JIEPEBO He JIJIsl PACIIEYATKU €0 3JIEMEHTOB, KAK MBI 9TO JeJIaji B IIPeJIbl-
ayieM naparpade, a Jijisi BBIYUCJIEHUs] €70 CYMMbI, Y HAC IOJIYYUJIOCH ObI
9TO-TO BPOJE CJIEIYIOIIEro:

int treesum(const struct node *r)

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

}

B ponn dysKINEN g 3/1€Ch BBICTYIIAET OOBIYHOE CJIOYKEHMUE.

Kak ormesbHblli BUJ, PEKyPCUHM HMHOTIA PACCMATPHUBAIOT PEKYDPCUIO
evicuLe20 nopadka’, Korja (DYHKINS MOMKET BLI3BATL caMa, cebs 6oJIbIe
OJIHOTO pa3a, MPUIEM OJIUH BBI30B 3aBUCUT OT PE3YJIbTaTa JPYroro BLI30BA:

fO { ... £C... £O ...) ...}

B kauvectBe nprmepa Takoii pekypcum obbl4HO NpUBOAAT yHKLMIO AKKEPMaHa, KO-
TOPYIO Mbl yXXe ynoMuHanu B nepsom Tome (cMm. §1.3.6). Onpepenetune eé Takoso:

n+1, m = 0;
A(m,n) = ¢ A(m —1,1), m > 0,n = 0;
A(mf laA(mvnf 1))7 m > 0,17, > 0.

B Teopuu BbIUMCAMMOCTN 3Ta PyHKLMS UFPaeT Ype3BblHYaliHO BaXKHYIO pPOJib — OHa
CNYXXUT NPOCTENINM NPUMEPOM HaCTUHHO-PEKYPCUBHON byHKLMK, KOTOpasi npu
OTOM He ABJISAETCHA HpMMMTMBHO—peKprMBHOﬁ; HO, KOJIb CKOPO Mbl 3aHNMaeMCsA Mpak-
TNYECKUM NPOrpaMMMPOBAHUEM, HUKAKOM NOAb3bl OT pyHKLMU AKKEPMaHa Mbl, CKO-
pee Bcero, He nony4um. [laxe ecnu 6ol oHa HaMm BApPYr nMoHagobunack, TO Mbl Obl
BCE PaBHO HEe CTasin €€ BbIYUCASTH C NMOMOLLIO PEKYPCUUN, MOBTOPSItOLLE onpeaene-

7 Aurn. higher-order recursion. Kak BoauTCs, 3/16Ch €CTh TPYIHOCTH C TIEPEBOIOM:
dopmasibHO higher — 3TO CpaBHUTEIbHAs! CTEIIEHb, a HE NIPEBOCXOHAsI, TaK YTO IIPsi-
MO IIepeBoJ, 3By UaJI ObL KaK «pexypcus bosee 6bicok020 Nopadkay, HO B PYCCKOM SI3bIKE
NIpUMEHEHNE CPaBHHUTEILHOM CTEIleHN HEMEIJIEHHO BJIEYET BOIPOC Bpone «bosiee BBICO-
KOr'0, 4eM 4TO?», ¥ OTCYTCTBHE IIPSIMOIO OTBETA Ha STOT BOIIPOC B OJMrKaiillieM KOHTEK-
CTe BBI3LIBAET OIIyIlleHne ceMaHTudecKkoi ommubku. [lepeBoz ciioBoM «BBICIIHN» 34€CH
NpeCTaBIsieT COO0i JOBOJILHO HENIPUSTHBIA KOMIIPOMUCC, IIOCKOJIBKY, Pa3yMeeTCsl, «II0-
PSIIOK», €CIIN TAK MOYKHO BBIPA3UTHCS, MOYKET OBIThH «€IIE BBIIIES.
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Hue. [eno B Tom, uto gt m € {0, ..., 3} CylWecTBylOT AOCTaTOYHO MPOCTbIE Hepe-
KypcueHble copmynbl BbluncaeHnss A(m,n), a npu m > 3 dyHkyus AkkepmaHna
PacTET CTOJIb CTPEMUTE/IBHO, YTO €€ 3Ha4YeHUs BCE PaBHO HUKyAa HE NMOMECTSATCH,
NPUYEM HaC TOJIKOM He CMacéT Jaxke AJAUHHAs apudpMeTnKa: ANs XPaHeHus Ynucna
A4,3) = 92%%%% _ 3, ecnn Bbl Mbl MOMLITANINCh HECTHO MPEACTAaBUTL €ro B BUAE
6utoBoli CTpoKM, He XBaTUI0 6bl hu3myeckoli NamsAT BCEX KOMMBLIOTEPOB MMPa,
Hy a A(4,4) = 92* — 3 conepXuT bonblue gBonYHbIX undp, yem Bcenennas —
atomos. [pun m > 4 ans 3anucn 3HadeHuii pyHKuMu AkkepMmaHa npuxogutcs npube-
raTb K HETPAAULMOHHBIM MAaTEMATUYECKUM ODO3HAYEHUSIM BPOAE «CTPENOHHOI HO-
Taunn KHyTa», HO 3TO y>Ke K NPaKTUYECKOMY MPOrpaMMNpPOBAHMNIO HNKAKOrO OTHOLLIE-
HUA He nmeeT. ABTOPY KHUMA HE YAanock NpuAyMaTh CKOJAbKO-HUBYAbL NPakTUYHBbIMA,
KOPOTKWiA N Npu 3TOM ybeanTeNbHbI NPUMEpP PeKypCun BbICLLINX MOPSIAKOB.

9.2.3. Peaykuus (cBEpTKa) mocjenoBaTeIbHOCTEM

Tepymunbl pedyxuyus u ce€pmra — eciid, KOHEIHO, PACCMATPUBATH
[IPEJIMETHYIO 00JIACTh, CBA3AHHYIO ¢ 0OPAbOTKON MOCIIET0BATEIBHOCTEH —
[IPEJICTABJISIIOT CODOIl CHHOHMMBI, HAJI0 CKa3aTh, YTO U B aHIJIMIICKOI JIu-
Teparype st 0003HAYEHNST ITOTO MPUEMA UCIIOJIb3YIOTCS IBA PA3HBIX TEP-
vuna — reduce u fold. CyTh peayknum B TOM, UTO OIHA W Ta 2Ke (DyHK-
1y (0T ABYX apryMeHTOB) IIOCJIE0BATEIbHO IPUMEHSIETCS K IEPBOMY JIe-
MEHTY MOCJIEeJ0BATELHOCTH, 3aT€M K IIOJIYIeHHOMY PEe3YJIbTaTy U BTOPO-
My JIEMEHTY, 3aT€M K IIOJIyYeHHOMY Pe3YJIbTATy U TPEThEeMY DJIEMEHTY U
Tak JaJsiee. Ha camMoMm mepBoM Imare, TO €CTb KOIJIa y HAC HET Pe3yJbTa-
Ta TPEIBIAYIErO Iara, BMECTO HErO MCIIOJIb3YeTCsl HEKOe 3HAJYeHWe, Ha-
3pIBaeMoe 3ampaskol. Hanpumep, ecim y HAC €CTh MOCIEI0BATEIHHOCTD
{a1,as,...,a,}, 3aTpaBKa v 1 QYHKIMS JIBYX apryMeHTOB f, TO (hOpMATBbHO
MOXKHO PacCMaTPUBATh PEAYKIMIO KaK IOC/IeI0BATEIbHOCTh BHIYUC/IEHUI

r1 = f(a1,v),
ro = f(az,r1),
r3 = (a3,7~2),

Tn = f(anyrn—l)7

WU, €CJIU TOJIOZKUTh 79 = ¥, TO:

v, n =0;

Tn =
f(a/naTn—l)v n > 0.

[Mocsennuii mosryyeHusliit pesyiabrar (B JAHHOM CJIydae T,) pacCMaTpUBa-
eTcsl KaK pe3yabTaT Beeil pemykium. Hampumep, ecium B posm [ Gymer
BBICTYIIATh IIpocToe cioxkenue (f(x,y) = = + y), a B pOJH 3aTPaBKU —
0, peAyKIys JacT HaM CYMMY IIOCJIEJIOBATEJILHOCTH; €CJIA YKe B KadeCTBe
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f B3arb ymuoxenue (f(x,y) = zy), a 3aTPABKOH CIEJATH €JUHUILY, MBI
nosyanmM npoussesenne. Onpesenns f Kak MAKCUMYM CBOMX apr'yMEHTOB
(f(z,y) = max(z,y)), MOXKHO HAWTH HAHOOJBIINII JIEMEHT HOCJE/0BA-
TEJIbHOCTH, HO TIPUJETCS B KAYECTBE 3aTPABKY B3SITh €€ TIEPBbIl 3JIEMEHT.

PeyKimmo MOXKHO ITPOBOJUTE He ¢ HAYAJNA, & C KOHIA 3a/IaHHOMN TOCTIe-
JIOBATEJILHOCTH:

Tn = f(af’rmv)v

Tn—1 = f(an717 rn)7

T2 = f(a277"3)7
Ty = f(al,’l“g).

PesysnbraToMm 31ech Oyzer 1. [lepBblil BapuanT Ha3bIBAIOT e80T pedyx-
yuedi, BTopoit — npaeoti pedyxuyuedi; Ha3BaHWe OMPABIBIBACTCSI TEM, C
KAK020 KOHUA TIOCIETOBATEILHOCTH €€ HAYMHAIOT 00padaThiBaTh. BbIrie-
IIpI/IBeJ:LéHHbIe COOTHONICHUA MOXKHO 3allrCaThb 6e3 HCIIOJIb30BaHUA IIPOME-
JKYTOYHBIX [EPEMEHHBIX, ¥ OOBIMHO TAK U IIOCTYIIAIOT, MEHsIsI JIJIsI HATJISII-
HOCTH MECTaMH apryMeHTbl (DYHKIUN JJIsl CJIydast JIEBOH PeJLyKITHH:

Tete = f(f(..f(f(v,a1),a2)...,an_1),an)
Tright = f(a1, f(az, ..., f(an—1, f(an,v))...))

B sa3pikax QyHKIIMOHAJIHLHOTO MPOrPAMMUPOBAHUS ODOBIYHO €CThb OuOJIMO-
TedHasi PYHKIN, peaan3ylomasi 00a BapuaHTa peryKiun; GyHKims [ mpu
9TOM IepeIaéTCst Kak OJMH U3 HapaMeTpoB. [IpuMedaresibHO, 9TO B HETUIIH-
3UPOBAHHBIX sI3bIKAX Bpojie JIucma 310 MOXKeT ObITh JAeUCTBUTENHHO (hyHK-
YU, TOTJIa KAK B sI3bIKAX TUITM3UPOBAHHBIX JIJIsI PEIYKIIUU HUCIIOIb3YeTCsI
HEUYTO 0000wWEHHOE B TOM CMBICJIE, YTO MPUMEHSTh 9TO «HEYTO» MOXKHO K
PA3HBIM THITAM 3JIEMEHTOB [TOCJIE0BATEILHOCTH, PA3HBIM THITAM BO3BPAIIa-
eMoro 3HavdeHus it GyHKIuA f ¥ pa3HBIM BHJAM IOCJIEI0BATEILHOCTEH
(maccuB, cnmcok wim gaxke daitn). Mex ity nmpounm, B 00IIeM CiIydae THII
3JIEMEHTA TI0CJIEJI0BATE/IbHOCTH He COBIIQIAeT C TUIIOM 3HaYeHUs (DyHKIIH.
Hampumep, ¢ moMOIIpIo peyKIuu MOXKHO VIAAJUTh U3 CIIACKA JIEMEHTHI,
YJIOBJIETBOPSIIOIIUE ONMPEIEIEHHOMY YCIOBHIO; B 9TOM CJIydae, KAKOB Obl HI
OBLJI TUII 3JIEMEHTa CIucKa, (pyHKIus f I102KHA OyIeT BO3BPAIIATh CNUCOK,
a B POJIU 3aTPaBKU Oy/eT, 09€BUJIHO, IIyCTON CIUCOK.

Wurepec 115t HAC IPeJICTaB/IsieT PEKYPCUBHAS Peajin3alius PeLyKIun —
cOOCTBEHHO I'OBOPsI, TAaK €€ BCerjia u peajn3yoT. JIeByro peyKIuio npu xe-
JIAHUM MOYKHO PEAJU30BATH MPOCTBIM IMKJIOM, HO MpaBas JIOMYyCKAeT 3TO
JINITh JIJTsI TTOCJIEJIOBATEIHHOCTE, TT0 KOTOPBIM MOXKHO JIBUTATHCS CIIPABA
HAJIEBO — HAIIPUMED, JJIs MACCHBOB WJIU JIBYCBI3HBIX CIHUCKOB. Ecim HaM
HPUJET B TOJIOBY PEAN30BATH IIUKJIOM [PABYIO PELYKIHIO JIJIsT OJHOCBSI3-
HOTI'O CIIMCKAa, ITPUJIETCS 3aBECTU BCIIOMOTATE/IBHBIN CIIMCOK — (DAKTUIECKH
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[OJIyIUTCs, 9TO Mbl CHaYaJIa IIOCTPOUM <IIEPEBEPHYTHIN» CIUCOK 3JIEMEH-
TOB, a MOTOM y2Ke Oy/ieM HMpUMEHsITh f K ero 3jieMeHTaM. Tak WjIu WHa-
e, UTepaTUBHAS peaJu3alisa PeIyKINnd — KakK MPaBoi, TaK W JIEBOH —
BBITVISIUT HECKOIBKO NPOMUBOECTNECMBEHHO.

K coxanennio, sa3bik Cu cmmkoM OefeH, 9ToObl Ha HEM MOXKHO OBLIO
[IOKa3aTh PEIYKIIUIO TIOCIeI0BaTE/IbHOCTEN BO BCEM €€ BEJTUKOJIEITNH; TAKY IO
JEMOHCTPAIIAIO MBI OTJIOXKUM JI0 MOSIBJICHISI B HallleM barazke 06oJiee oIX0-
JSITITAX JIJI 9TOTO MHCTPpYMeHTOB. Ceifuac ke OrpaHnInMcs PaCCMOTPEHTEM
CIIFICKOB IIEJIBIX HHCEN, COCTOSIINX U3 3BEHbEB TAKOrO THUIAS:

struct item {

int val;
struct item *next;

};

u GYHKINN, TPOU3BOAAMNX apudMeTHIeCKe IeHCTBHUs, TO €CTh IPUHU-
MalOIIUX Ha BXOJ, JBa IlapaMeTpa TUlla int ¥ BO3BpalaloONUX TOxKe int.
OrnumeM TUI 1 yKa3aTe/ s Ha TaKyio (PYHKIIUO:

typedef int (*intfunptr) (int, int);
DyHKIWST, TPOU3BOJIAIIAS JIEBYIO PEILYKIIUIO CIIUCKA, OYIET BBITJISIETh TAK:

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

}
[IpaBas penyKius negaeTcs: Tak:

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

}

HecmoTpst Ha cX0XKeCTh penaeMbixX 3a/1ad, O9€BUIHOE IO00Me PeIleHnii u
JlazKe OJIMHAKOBBI 6a3uc pekypcuu (IPH MyCTOM CHUCKE PE3YJIbTaTOM 00b-
SIBJISIETCS 3aTPABKA), 9TH JiBe MyHKIMU PAGOTAIOT COBEPIIIEHHO I10-PA3HOMY.
[Ipu jeBoii peayKuuu Mbl CHadaja obpalnaeMcs K (pyHKIMH f, mHoIydaeM
pe3yJibraT, U 3aja4a CBOIUTCS K IPEIBIIYIel, TOJbKO B POJI 3aTPABKU
Ternepb BBICTYIIAET STOT TOJBKO UTO IMOJIYUEHHBIN PE3YJIbTAT, & OT CIIHCKA
Yy HAC OCTAJIOCH HA OJINH DJIEMEHT MEHBIIE; OCTAETCsT TOJBKO O0PATUTHCS K
TOl (DYHKIIUN, KOTOPYIO MbI ITUIIEM, YTOOBI, KAK MOJATAETCS MPU HCIIOJb-
30BaHUM PEKYPCHUH, PEIATh Ty YKe 3aJa9y JJIsl IyTh-9yTh 00jiee IPOCTOro
CITyvasi.

8TIpuBeéHubIe 37€Ch U Jajee B 3ToM maparpade dbparMenTsl Koja Bbl HaiaéTe B
apxuBe IpUMepoB B (aiine reduce_ls.c.



§9.2. Pexypcust Kak mpuMep HapajurMbl 51

C mpaBoii pejyKiueil BCé HECKOJIBKO cjioykHee. OOpaTuThbCs cpasy ke K
dbyuKIMKU f MBI HE MOYXKEM, ITOCKOJIbKY 3HAEM TOJIBKO OJINH U3 MapaMeTpPOB
JIJIS 9TOTO OOPAIEHNsT — MEPBBI 9JIEMEHT CIUCKA; HO BTOPBIM €€ IapaMeT-
POM JIOJIZKEH CTATh PE3YJIbTAT PeAYKIINN BCENO OCTAIBHOIO CINCKA, KAaKOBOU
HaIlla PeaJIn3alysl U BBIYHUCIAET, PEKYPCUBHO BBI3BAB cama cedsd, U JIUIIb
mocjie 3Toro BhI3bIBaeT f. Fcam BBl 3amyTasmch, nornpobyiiTe pa3obparhb
CJIETYIONIYIO 3aIUCh TEX YK€ CaMBbIX DEeIleHUit:

int intlist_reduce_l(intfunptr f, int i, struct item *1s)
{
int new_i;
if (11s)
return i;
new_i = £f(i, 1ls->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 (11s)
return i;
rest_res = intlist_reduce_r(f, i, ls->next);
return f(ls->val, rest_res);

}

3aberas Bnepén, oTtMeTuM, 4TO intlist_reduce_l noggaércs onTumMm3aumm ocTa-
TOYHOW pekypcum, a intlist_reduce_r — HeT, NOCKOJIbKY MOC/e PeKYpPCUBHOro
BbI30Ba Je/aeT YTO-TO e, B AaHHOM CJiyHae — Bbl3blBaeT pyHkuuio f.

Y0661 TOMTPOOOBATE HAITY PEAYKIMIO B Je1e, HAM TOTPeOYIoTCs (PyHK-
LMK, KOTOPbIE MOXKHO KCIIOJIL30BaTh B poJiu f. Hamuiem HECKOIBKO TaKuX

byHKITIIT:

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

Tenepn, ecyt y HAC €CTh CIUCOK, HAa KOTOPBIN yKa3bIBAET yKa3aTeab list,
TO IIOCYUTATH CYMMY U IIPOU3BEIACHUE €0 3JIEMEHTOB MbI MOXKEM TaK:

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

Haiitu MakcuMaJIbHBII 97IeMEHT B CIIICKE MOXKHO TaK:

max = intlist_reduce_l(int_max, list->val, list->next);
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s cyMMBI M IIPDOM3BENEHUS MOXKHO C TeM K€ YCIIEXOM HCIIOIb30BaTh
intlist_reduce_r, njig IOUCKa MAaKCUMyMa, B IIPUHIIAIIE, TOXKE, XOTd II10-
WCK TIpU 9TOM OyJIeT BBIIOJHEH B HECKOJILKO CTPAHHOU IOCJIeI0BATEIbHO-
CTU: CHAYAJIA NEPBBIA 3/1eMeHT Oy/IeT MPUHAT 38 MAKCHMAJIbHBIH, a IOTOM
ciucok OyJ/ieT IPOCMOTPEH C KOHIIA 10 BTOPOIO dJIEMEHTA.

Qyuknun int_zcnt_left m int_zcnt_right mo3BosAIOT IOCYUTATH B
CIIICKE KOJIUYECTBO 3JIEMEHTOB, PABHBIX HYJIIO, IIDUYEM IlepBasd IIpeHa3Ha-
qeHa NI JIEBOU PEeIyKIMM, BTOpas — iy mpasoii. [lapamerp x y aTmx
dbyHKIMT — OYepeHOe UUCTI0, KOTOPOe HY2KHO CPAaBHUTH C HYJIEM, a Ia-
paMeTp n — KOJITYeCTBO paHee OOHApPYKEHHBIX HYJIEll; eciii X PaBeH Hy-
J0, GYHKINS BO3BPAIAET HA €IUHUILY OOJIbINE, YeM N, B IIPOTHUBHOM CJIy-
qae — npocto n. JIBe pasubie GYHKIMH MOTPEOOBAINCH U3-3a TOTO, UTO
intlist_reduce_l mepenaér 3JIeMEHTHI CIIUCKA B DYHKIWIO f 6Mopuim Ta-
pamerpoMm, a intlist_reduce_r — nepsovim. COOTBETCTBYIONIME BBI3OBbI
OYyT BBIIVIAIETH TaK:

zero_count = intlist_reduce_1l(int_zcnt_left, 0, list);
zero_count = intlist_reduce_r(int_zcnt_right, 0, list);

OTtmeTum ewg oguH mMomeHT. Bce npumepbl 3Toro naparpacpa HoOcAT ckopee uii-
JIIOCTPATVBHbIN, HEXeNu npakTudeckuii xapaktep. B gelictBntensHoctn Bpsg v
KOMY-TO MPUAET B roJIoBY MPUMEHSATH PEAYKLUIO B HacTosiwux nporpammax Ha Cu.
Hanpuwmep, Ta e cymma cnucka, peanusoBaHHas depes pegykuuto, byget pabo-
TaTb pa3 B AeCATb MeAJiIeHHee, 4eM MPOCTOe CYMMWPOBAHUE /1IEMEHTOB LIMKIIOM,
Hy a Takue Clyyau pefyKuumu, KOorga oHa peasbHo nosesHa, Ha Cu He cpenaTb.
Mbi 0bsizaTenbHO BEpHEMCS K pefyKuuu No3fHee, Npy PaCCMOTPEHUUN TaKNX S3bIKOB
NporpaMmMmnpoBaHuns, rae oHa BbIrNAANT HAMHOIO €CTECTBEHHEE.

9.2.4. OcTaTouyHada peKypcus

Paccmorpum emé onuna mpocroit npumep. IlycTs y Hac mMmeeTcst CIUCOK
IEJIBIX YUCEJI, TAKOM JKe, KAKO MbI UCIIOJIH30BAJU PaHee (3BeHbs € IIOJISIMU
val u next), ¥ HAM HY?KHO HANTHU [EPBbIi JIEMEHT C 3a/IAaHHBIM 3HAYCHU-
eM. Ecnu ssemenT HafineH, cieayeT BEPHYTDh €0 aJIpec, & eCJIM JIEMEHTA C
TaKUM 3HaUYeHHeM HeT — BepHyTb NULL. BrosimHe ecTecTBeHHBIM OyeT pe-
KyPCHUBHOE peIIeHUe: €CJIU CHUCOK IIycT, BepuyThb NULL, eciiu oH He IIyCT U
MIEPBBII 3JIEMEHT CONEPXKUT Hy2KHOe HaM 3HaUeHHe — BEPHYTHb aJipec 3TOro
3JIEMEHTa, B OCTAJIbHBIX CJIyYadX MOIBITATHCA IMOMCKATH JJIEMEHT B XBOCTE
crircka. Oyukims O6yAeT BBINISIETh TaK:

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

}

31ech mpuMedaTesieH TOT (DAKT, UTO [TOC/Ie 3aBEPIIeHNs PEKYPCUBHOIO BbI-
30Ba 3HAUEHUE, BO3BPAILIEHHOE BBHI3BAHHON (<«BJIOXKEHHOI» ) HIOCTACHIO Ha-
el pyHKIUN, HEMEJIEHHO CTAHOBUTCS 3HAYEHUEM, BO3BPAIIAEMBIM U3 Te-
KYIIEro BbI30Ba (DYHKINM, & €€ BBIIOJTHEHIE HA 9TOM 3aBepirnaercs. xade
rOBOp#, PEKYPCUBHBIN BbI30B — €CJIM, KOHEYHO, BBIIIOJIHEHHE IIOIIJI0 UMEHHO
10 9TOI BETKEe — CTAHOBUTCS MOCACOHUM TEACTBUAEM, BBIIOJIHSIEMbIM (DyHK-
nueil (Ha JAHHOM YPOBHE BJIOKEHHOCTH ), GOJIbIIE HUYEro JejIaTh He HaJlo.
Kak ciencrBue, cTekoBbIil peiiM, COOTBETCTBYIOIINI TEKYIIEMY BBIIOJIHE-
HUAIO (DYHKIIANA, CTAHOBUTCS HE HYJCeH B TOT MOMEHT, KOIJ/Ia YIIPABJICHUE
epeiaHo BJIOKEHHOMY 3K3eMIuIsipy. O4ueBuiHAsT ONTHMHU3AIN COCTOUT B
TOM, 9TOOBI CTEKOBBIH (DpeiiM J1jisi peKyPCUBHO BBI3BAHHOI'O IIPOIOHA, (DyHK-
WU CO3/IaBAaJICsl HE TaK, KAK 3TO OOBIYHO JIeJIAeTCS — CBEPXY B CTEKe HaJ
TeKymuM (ppeiiMom — a nogepr TeKyIero gppeiiMa, 3aTUpasi ero; peKypCuB-
Hasl UII0CTACh HAIel PYHKIIUN B ITOM CJIydae JOJKHA BEPHYTH YIIPABICHUE
cpa3y Ty/Ia, OTKY/a N3HAYAJIHHO ObljIa BbI3BaHA HAIa (DYHKIHA.

K obbsacuennio mMoxkHO monmoitTu wHatde. [Ipum peKypcUBHOM BBI3OBE
yIIpaBJIeHe, OYeBUIHO, TePeJaéTCsl Ha HAYaJI0 TOM ¥Ke caMoil Hateil (pyHK-
nuu. Kcm BBI30BBI peasin30BaHBI «IE€CTHOY, TO €CTh 0€3 ONTUMU3AIUU, TO
[IpU TAKOW Iepejiade yrupaBieHus OyIeT CO3JaH HOBBIN CTEKOBBII (peiim,
COJIep2KaInii B KA9eCTBE a/Ipeca BO3BpaTa KoHell (DYHKIINN, U KOTJa PEKYP-
cus JOMAET 710 OJHOrO U3 6a30BBIX CJIYyYaeB, 33 ITUM IOCJEIyeT IEI0YKa
BO3BpaTOB (6e3 Kakux-ubo emg NeficTBuii), TaK YTO YIIpABJIEHHE B UTOre
BEPHETC K TOMY, KTO HaC BbI3BaJI — HO HE Cpaly, CHa4aJjla BCe CO3/[aHHbIE
cTeKkoBbIe (DpeiiMbl OyIyT JUKBUIUPOBAHBI 0 omHOMY. O4UeBHIHO, TEX XKe
pe3yJIbTaTOB MOXKHO JOCTHYb, HE CO3/[aBas HOBble (ppeiiMbl U He 100aB-
JifIsl B CTEK HOBBIE aJipeca BO3BpaTa: JIOCTATOYHO IIepelucaThb CONEPKUMOe
CYIIECTBYIOIIETO CTEKOBOro peiiMa, OCTaBUB aJipeCc BO3BpaTa KaK €CTh.
[IponsutrocTpupyem cKazaHHOE, TIEPENCcaB HAITY (DYHKITUIO C IPUMEHEHUEM
3alpelEéHHOro IpuéMa — goto Hazal:

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

Ha Beskwmit cirygait mogaepkHéM: MUCATh TaK He HAIO!

2
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EctecTBeHHO, TO XKe camMoe MOXHO caenaTb n 6e3 goto, NPOCTO HyTb MeHee Ha-
rASAAHO — 34€eCh Y)XXe TPyAHEE 3aMeTUTh, YTO PeLleHe NOAYYEHO NYTEM ONTUMMU3aL MK
PEKYpPCUBHOro BapuaHTa:

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

}

Taxkoit BapraHT OITUMUBAIMY C IEPEX0/IOM Ha HAYAJO BMECTO PEKYPCUBHO-
IO BBI30BA BO3MOXKEH TOJIBKO JIJIsl CJIydasi IPOCTON PEKypPCUH, KOrJa (pyHK-
[IUsI HETIOCPE/ICTBEHHO BBI3bIBAET caMa cebsl; OJHAKO CUTYAIHsS C XOJIOCTHIM
PACXoIOBAHUEM CTEKa BO3MOXKHA U B 60JIee CJIOKHBIX CJIydasX — HAIPUMep,
IIpU B3aUMHOH PEKYyPCHUU.

[IpounsutrocTpupyem 9T0 yKe 3HAKOMBIM HAM IIPUMEPOM COITOCTABJIEHUST
CTPOKU ¢ 06PA3IOM, B KOTOPOM CUMBOJI «?7» COOTBETCTBYET JIIOOOMY CHMBO-
JIy CTPOKHU, CUMBOJI «*» COIIOCTABJISETCSI C IPOU3BOJIBHON 4enoywkol (B TOM
quC/Ie IIyCTOM), & OCTAaJIbHbIE CUMBOJIBI 0003HAYAIOT caMu €e0sl U TOJILKO C
caMUMU CODO COTIOCTABJISIIOTCS. 38 OCHOBY BO3bMEM perrerne na Cu, co-
crostimee u3 nByx QyHKIWiA (cM. T. 2,§4.3.22), u cierka MmogudumpyeM ero;
B YaCTHOCTH, n30aBUMCsI OT IUKJIa, 3aMEHUB ero pekypcueil. Ilosyunrcs y
HaC BOT 4TO:

/* 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 || (*str != *pat && *pat != ’7%))
return O;
return match(str+l, pat+1);
}
}
int starmatch(const char *str, const char *pat)
{

if (match(str, pat))
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return 1;
if (1*str)
return O;
return starmatch(str+1, pat);

}

OcunoBHag pekypcus 31ech (B dyHKIuu match) crpourcsd 1o yObIBAHUIO
obpasma — OT Hero mo Mepe 06pabOTKU OTIIENJISIOTCS CHMBOJIBI CJIEBA.
Bazucom citykKuT TpUBHAJBHBINA CJIydail IIycTOro obpasiia: Takoil obpaserr
YCIIENITHO COTIOCTABJISETCS TOJIBKO C IIYCTOIH CTPOKOIA, €CJIN 2Ke CTPOKA He ITy-
cTa — PUKCUpyeTcs HeyCIeX, HO B 000UX CIytvasx 0ojiee HUKAKUX AefCTBIit
HE TpebyeTcs.

Korna ocraTok obpa3sia He IIyCcT U ero HePBbIil CUMBOJI — He 3BE3/I0YKA,
CJIeyeT CHadasa MPOBEPUTH, HE CTAHET JIM 3TOT HEePBBII CHMBOJI TPUINHON
HEy/Iaq9y COIIOCTABJIEHUs: TO HPOU3OMIET, €CJI OCTATOK COIMOCTABIIAEMOT
CTPOKH IIYCT, & TAKKe €CJId CHMBOJI 00paslia He COBIAJAeT C CHMBOJIOM
CTPOKM M IIPA ITOM HE sIBJIsIETCsSI 3HAKOM BoIpoca. Eciu Heyaadu Ha Te-
KYIIEM IIare He IIPOM3O0IILI0, OCTAETC, OTOPOCUB TIE€PBBIE (TOJLKO 9TO 06-
paboTaHHbIe) CUMBOJIbI, COIIOCTABATH OCTATOK CTPOKHU C OCTATKOM 00pasIia,
a ceIaTh 9TO MOXKHO C ITOMOIIBIO TOH Ke (DYHKIINN, KOTOPYIO MBI IIHIIEM
(match), T.e. BBINIOJHUB PEKYPCUBHBIN BBI3OB.

Haubonee mHTepeceH ciydaii, Korja IEepBBIM CHMBOJIOM OCTaTKa 00-
pasiia okazajach 3BE3J0UKA. DTOT Ciydail obpabarbiBaercs (QyHKIHEH
starmatch, KOTOpOIi mepeIaéTCst BC OCTABITIASICS JJIsi COTIOCTABJIEHUS CTPO-
Ka, a TaKKe OCTATOK 0Opasiia — HO yKe 0e3 TeKyImeil 3BE3I0UKMT.

Co 3BE3/10YKOI MOXKHO COMOCTABUTH TOJICTPOKY IIPOU3BOJIHLHON JIJIMHBI,
B TOM YHCJIE U IIYCTYIO; MMEHHO C 3TOrO CJIydasl HaYMHAET PACCMOTDEHHE
curyanuud QyHKIMs starmatch — B IPEJIIIOJIOKEHUN, ITO TEKyIlas 3BE3-
JOYKa COOTBETCTBYET IIyCTO MOJICTPOKE, el 0CTaéTCs MPOBEPUTEH, COIIOCTA-
BUTCS JIX [IPA STOM OCTATOK CTPOKHM C OCTATKOM 00pasia, a 9Ta 3a7ada,
€CTEeCTBEHHO, PEIIaeTCs ¢ HOMOIIBIO BbI30Ba (PYHKINK match; mMOCKOIbKY
pamee cama dyHKusa starmatch Oblia BbI3BaHA W3 match, 37eCh MMeeT
MEeCTO KOCBEHHAasl PEKYPCHsI.

Eciu conocrasiienne oCTaTKOB IIPOIILJIO YCIIEITHO, MOYKHO (DUKCHPOBATH
yCIIEX BCETO COIOCTABJICHUS IIEJTUKOM; HO €CJIM COIIOCTABJICHNE HE YIajIoCh,
9TO caMo 110 cebe 03HAYAET JIUIh, YTO TEKYIel 3BE3I0UKE HE MOJIYIUIOChH
IIOCTABUTH B COOTBETCTBHUE IIYCTYIO CTPOKY. Ho KOJIb CKOpPO B comocTasiis-
eMOil CTPOKe eCThb eIlé CHMBOJIbI, MOXKHO ITOIIPOOOBATH TEKYINel 3BE310Y-
Ke [OCTaBUTh B COOTBETCTBUE Ha OJUH CHMBOJI OOJIBIIIE W IIOCMOTPETH, HE
MPONAET JIM COMOCTABJICHUE B TAKOM BHJIE — W IIPOJOJIKATH ITO, MOKA B
CTPOKe He mcuepnaiorca cuMBoJibl. OyHKINs starmatch opranmsyer 3TOT
mporiecc mpob n ommnbOOK PEKYPCUBHO, BHI3BIBAS caMa cebsl ¢ TeM Ke OCTaT-
KOM 00pasIia 1 ¢ YKOPOUIEHHON Ha MePBbIii CUMBOJI CTPOKOIT; TIepej] TeM, KaK
YKOpPauUBaTh CTPOKY, HY?KHO YJIOCTOBEPUTHCS, UTO €€ eCTh Ky/a yKOpadu-
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BaTb, U CJIydail, KOrJa CTPOKa OIyCTesla U YKOPAauMBaTh €€ JaJblle yIKe
HEJIb3s1, CJIY2KUT 0A3UCOM PEKYPCHUU: B ITOM CJIydae MPUXOINTCS MPU3HATD
COIIOCTABJIEHNE HEYCIIEITHBIM.

CrenaeMm oueHb BaxkHoe 3aMedanue. CTekoBbie (hpeiiMbl B HAIIIEM pelTie-
HUU CJIyKAT JJIs XPAHEHHUs] PA3BUJIOK, 00PA3YIONMXCs IPU PACCMOTPEHUN
3BE3/I04UEK B 00pa3slie: 3/1eCh HYKHO IOIPOOOBATH COMOCTABUTH OCTATKU,
KakK ecyii Obl 3BE3109Ka COOTBETCTBOBAJIA I[yCTOW CTPOKE, €CJIU K€ TO He
MIOJIy9IUJIOCh — BEPHYTHCHA K PA3BUIIKE, OTOPOCUTH EPBBIIl CHMBOJI CTPOKH
¥ TOMPOOOBATHL CHOBA. KCIM TOBOPHUTL COBCEM CTPOrO, CTEKOBBIN (hpeiim
dyukIMKM starmatch HyKeH, 9TOOBI IOMHHUTH COCTOSIHUE DPACCMOTPEHUsI
oyepeiHON 3BE3109KN. HO BO BCEX OCTAJIBHBIX CUTYaIlUsIX IIOCJIE TOTO, KaK
Jrobast U3 IByX HammuxX (DYHKIWIA BBI3bIBaET cama cebsl Wi BTOPYIO (DyHK-
U0, €€ CTEKOBBIN (hpeiiM CTAHOBUTCS HE HYKEH, M 9TO BUIHO 10 UX KOIY:
BCE BBI3OBBI, KPOME OJIHOTO, TIPOM3BOJIATCS HEIMOCPEJICTBEHHO U3 OMEPATO-
pa return, npudéM BO3BPAINAETCS UMEHHO TO 3HAYEHHE, KOTOPOe BEPHYJIA
BbI3bIBaeMasi (DyHKIHSI.

WurepecHo, aro dpeiiM, XpaHsImii pasBUIKy, CTAHOBATCSI He HYXKEH,
KOI'/Ia HAYaTO PACCMOTPEHNE TIOCJIE/IHET0 BO3MOYKHOTO JIJIsT JIAHHON Pa3BUII-
KU CJIydas — a UMEHHO, KOIJ[a YKOPAdNBATh CTPOKY y2Ke HEKY/a, TOCKOJIb-
Ky OHa OIlyCTeJia. BhilenpuBe8HHOE pellieHre 3TOr0 He YIUTHIBAET, HO 3TO
MOKHO UCIIPABHUTh, CJIeTKa Iepenucan (pyHKIuio starmatch:

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

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

BoizoBoB match 3mech cTasio Ba, TPUTIEM MEPBbIH, COOTBETCTBYIONINN Oa-
3UCHOMY CJIy4alo IIyCTOH CTPOKH, Telephb OYIAeT OCTamMoOYHbLM — TO €CThb
TaKuM, IIPY KOTOPOM CTEKOBBIN bpeiiM BbI3bIBatoleil (pyHKIUU GOJIbIIe
HUYEro MOJIE3HOI'O B cebe He COJIEPIKUT.

Kommusitropsr Cu 00BIYHO HE MOTYT ONTAMHU3UPOBATH OCTATOIHYIO Pe-
KYPCHIO, JTHO0 KaK MAKCUMYM OFPAHUYNBAIOTCS TPUBHAJIBHBIM CIyIaeM BbI-
30Ba (pyHKIHeH caMoil cebsi ¢ HOBBIMU 3HAYMEHUSIMHU TapaMeTPOB, KOTOPbI
9KBUBAJIEHTEH II€PEX0Jly Ha Hauaso resta GyHkimu (cM. crp. 53). BaanMmuast
peKkypcusi, Takasi, Kak B HaieMm ciydae, komruiagTopam Cu He 1o 3ybam.
Opnako eciau 6b1 KoMmuaATOpbl CH ONTUMHU3NPOBAIN KaXKIbIi OCTATOY-
HBIIl BBI30B, B OyKBaJbHOM CMbBICJIE JIUKBUIUPYS CTEKOBBIN (bpeiiM Teky-
melt GYHKIMHU Tiepes| epeiaveli yrpaBIeHnst BhI3bIBAeMON (UTO TeXHUIe-
CKU BIIOJIHE BO3MOYKHO), TO HAIIE COMOCTABJIEHNE UCIIOJIb30BAJIO ObI CTOJIBKO
CTEKOBBIX (PPENMOB, CKOJIBKO B KaXK[bIil MOMEHT BPEMEHU €CTh OCTABIIIXCS
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03a/ii 3BE3JI0UEK, JIjIsi KOTOPBIX eIlé eCThb HepPacCMOTPEHHBIE BO3MOXKHO-
cru. B gacTHOCTH, COMOCTAaBIEHHE ¢ 0OPA3IOM, HE COMEPIKAIINM HU OIHOMN
3BE3M0YKH, TIPOXOIUIO ObI BOOOIE Oe3 pacxoJoBaHusa CTEKA.

Ha Bcsikunii cny4aii npefoctepexxém 4ntaTenst oT 4Ype3MepHOro onTuMm3mMa no no-
BOAY ONTUMM3aLMUN OCTaTOYHOW pekypcun 1 BoobLue ocTaTo4HbIX BbI30BOB. Komnu-
NATOPbI CVI HE fenaroT Takol OoONTUMN3aunn HE NOTOMY, HTO UX CO3J4aTeENN CIANLLKOM
JIEHNBbI UK Taynbl; HANPOTUB, COBPEMEHHbIE ONTUMN3ATOPbl KOAQ, BKIOYHAEMbIE B
COCTaB KOMNUNATOPOB CI/I, npeancTaBnsAOT C060ﬁ OAHY U3 CaMbIX I/IHTeJ'IJ'IeKTOéMKI/IX
obnacTeli NporpaMMupoOBaHMs.

Peaanaﬂ npu4YnHa TYT B TOM, 4TO ONTUMUN3aALNA OCTATOYHbIX BbI3OBOB CHU3U-
JNa 6b| 6bICTp0p,eI7ICTBI/Ie nony4aeMoro MalmHHOro Koga, BeAb 3Ha4€HNA NapamMmeTpoB
ana BbI3bIBAEMOIA beHKLI,I/II/I npnwnocb 6b| KonupoBaTb B Ha4Yano O6J'IaCTI/| namMmsaTn,
3aHMMaemoli Tekywum chpeliMom, nepes BbINOJIHEHWEM OCTaTo4HOro Bbizosa. Co-
34aTenn oNnTUMM3aToOpPOB O6b|‘-IHO CTaBAT nepeg CO6OI7I 3a4a4y NPOTUBONONIOXKHYIO!
NMOBbLICUTb 6bICTpOA€ﬁCTBV|e Aake Ll,eHOVI YBENNHEHNA pacXoda NaMATN. KpOMe TOro,
Cun ponyckaeT MCnosib30BaHWe PEKYPCUN, HO K HUCIY OCHOBHbLIX WHCTPYMEHTOB OHA
34€Cb HE OTHOCUTCA, B 3TOI 4acTu KHUTU Mbl ncnonbsyem CI/I ansa I/IJ'IJ'IIOCTpaLI,I/Iﬁ,
NPOCTO YTOBLI He paccKasbiBaTb AJ1s1 STUX LeNel KaKoli-To eLé A3bIK.

Baxxuo monumaTh, IYTO BBI30B (PYHKITUU JOKEH OBITH UMEHHO CGMbIM
NOCACOHUM, UWMO HYHCHO COeAaMd 68 mese PYHKYUY, THAYE OH YKe He CMO-
KeT ObITh OCTAaTOYHBIM. HaduHarome 4acTo myTaTCsl ¢ 9TUM YCJIOBHEM,
IIO3TOMY YMECTHO Oy/IeT IPUBECTH JIJIsi WITIOCTPAIUU TPUMED, KOTa OIITHU-
MM3aIlis OCTATOYHON peKypcum HeBo3MOxKHa. Hamwmmrem dyHKIIIO, ompe-
JIETISTIONTYTO JIJTUHY CIUCKA:

int list_length(const struct item *1lst)

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

njm, 9TO TO 2Ke CcaMoe,

int list_length(const struct item *1lst)

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

3J1eCh TIOCJIe PEKYPCUBHOIO BBI30BA, IIPEXKJIE UM BEPHYTH 3HaYeHUe, (DYHK-
IUsT BBITIOJTHSIET €IE OJTHO JIefiCTBUE: MTPUOABJISIET €JINHUILY K TOMY, UTO €if
BEpHYJIa €€ «PEKypPCUBHAS UIIOCTAChY. JTO MPUOABJIEHNE €IMHUITHI IPOUCXO0-
JIUT, €CTECTBEHHO, B CTEKOBOM (DpeiiMe BBI3BIBAIOIIETO IK3IEMILISIPA, TO €CTh
dpeiim emé morpedyercs moce BO3BPATa U3 PEKyPCUU — U, KAK CJIEJICTBHE,
€ro HeJIb3d YHUYTOXKUTD PaHbIlle, YeM PEKYPCUBHBII BBI30B 3aBEPIINUT CBOIO
padoTy. MoKHO TOCMOTPETDh Ha 3TO U C JPYTO# TOUKU 3PEHUS: PE3YILTATOM
TEKYIIEro MporoHa (pyHKIUU OyJIeT He TO YUCI0, KOTOPOe BEPHET peKyp-
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CUBHBIIl BBI30B, TAK YTO IIPOM3BECTH BO3BPAT YIIPABJIEHUs CPA3y HAIIEMy
BBI3BIBAIOIIEMY HEJIb3s — CHaYaJa MbI JOJ’KHBI 3aBEPIIATH CBOIO PabOTy,
npubaBUB €IUHUILY.

WNuTtepecno, 9TO BO MHOTUX TOJOOHBIX CJIyUasaX MOXKHO Mpeodpa3oBaTh
PEKYPCHIO B OCTATOYHYIO, IPHUMEHUB Haxanausaowut napamemp®. Ile-
penuiieM Harry (GyHKIUO, CHAOIUB €€ BTOPBIM IapaMeTpOM, KOTOPbIil Oy-
JIeT XPAHUTD OAUHY, HAKONAEHHYIO K HACTNOAUEMY MOMEHMY; B TAKOM BHUJIE
dyukus, aemas BCO GakTUIecKyio paboTy, OyIeT UrpaTh BCIIOMOTATEb-
HYIO POJIb, IIO3TOMY MbI IepenmenyeM e€é B list_length_do, a dyHkIus
list_length Oyner eé BBI3BIBATE:

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

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

AnanmormaasiM 06pa30M MOXKHO MEPENUCATh (PyHKIUIO, TTOICIATHIBAIONLYIO
CyMMYy 3JIEMEHTOB MaccuBa (cM. crp. 46):

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);
}

Obs1acTh NMpUMeEHEeHWs TEXHUKU HAKAILIMBAOIIErO IIapaMeTpa He OrDaHM-
YUBAETCS NIPUBEJIEHUEM PEKYPCHH K ocTaTodHOMY Buy. [IycTh, Hampumep,
HaM HYKHO Pa3BepPHYTHb OJHOCBA3HBIN CIMCOK, PACIOJIOXKUB €r0 JIEMEHTHI
B obpaTHOM Topsiike. C IOMOIIBIO0 HAKATIMBAIOIIErO apaMeTpa ITa 3a1a9a
pelraeTcs: COBEPIIEHHO 3JIEMEHTApHO — JIOCTATOYHO Ha KarK/IOM YPOBHE pe-
KYPCUU OTIIEIIATH OT UCXOJIHOTO CIIMCKA IT0 OJHOMY 3JIEMEHTY U JOOABJIATH
OTINENJIEHHBIE DJIEMEHTHI B HAYAJIO CIIHCKA, IOMIArOBO (DOPMUPYIOMIErOCs

9B aHMIOA3BITHOlM TUTEpAType TPUMEHSIETCS TepMuH accumulator, HO, B OTIIHYIHE OT
HEKOTOPBIX APYTHX CJIydIaeB, PYCCKHUM CJIOBOM <«aKKyMYJISTOD» 3TO OOBIMHO HE IIEPEBO-
AT
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BO BTOpOM mapamerpe. Co3maBaeMblil CIIMCOK, €CTECTBEHHO, M3HAYAIBLHO
CJIEJTYEeT CAEJATDH MyCTBIM:

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

struct item *list_rest;

if (11st)

return res;

list_rest = lst->next;

1lst->next = res;

return reverse_list_do(list_rest, 1lst);

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

[TonbiTaTbest pemuTh 3Ty 3a7a4y 06e3 HAKAIJIMBAIOIIEro IIapaMeTpa Ipes-
JIOKMM YHUTATEI0 B KadeCTBE IHUIU JIjIs Pa3MBIIIJIEHNUS]; YIYTUTE TOJIBKO,
YTO «OYEBHUJHOE» PEIIeHUE — <II€PEBEPHYTH» XBOCT CINCKA PEKYPCUBHBIM
BBI30OBOM, a IIEPBBII 3JIEMEHT MPUOABUTH B KOHEI[ — HUKY/JA HE TOIUTCH,
TOCKOJIbKY MOTPEOYeT KOJMYIeCTBa JIeHCTBUI, TPOIIOPIIHOHAIBHOTIO K8adpa-
My IUIMHBL ciiucKa (Beapb jo0aBjieHMe 3JIeMEHTa B KOHeI[ [oTpebyeT mpo-
CMOTPETh BECh CIIMCOK, M TaK KasKJbIH pa3), TOrJa KaK BBIMIEIPUBEIEHHOE
perierre paboTaeT 3a JUHEHHOe BpeMs.

C apyroii CTOpOHBI, KOHEYHO K€, HAKAIIMBAIOIIAE [TApaMeTpbl — HE
rmaHalesi; OTHIOAb He JIIOOYIO PEKYPCHIO MOXKHO IIPUBECTH K OCTATOYHOMY
BH/IY, I OCOOEHHO HAIJISIHO 9TO BHIHO HA IIPUMepEe IapaJsjieIbHON PeKyp-
cun. [IpuMensst HAKATIINBAIOMINI TTapaMeTp IPU y2Ke 3HAKOMOM HaM BbI-
YHUCJIEHUU CyMMBI 3JIEMEHTOB JIBOMYHOI'O JIEPEBA, MbI IIOJIyYUM YTO-TO BPOJIE
CJIe1yIOIero:

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);
}

PopmasIbHO TOBODH, 37€Ch JlaXKe UMEET MECTO OCTATOYHAsI PEKypCus — HO
TOJILKO JIJIsl OJTHOTO U3 JIBYX PEKYPCUBHBIX BbI30BOB. Kcjn 3a1aThCs 1EJIBIO
JIOBECTH 9TO IIPe0Opa30BaHue JI0 KIACCUYIECKONH OCTATOYHON PEKYPCUH /10~
001 ueHOoT, TO B UTOTe MBI, KOHEYHO, CMOXKEM 3TO IIPOJEIATh — II0 TEM K€
MIPUYUHAM, [I0 KOTOPBIM JIIOOYI0 PEKYPCUIO MOXKHO «PA3BEPHYTH» B IHKJI;
HO /It 9TOr0 HaM MOTpebyeTcs JOIOIHUTEIbHBIN IapaMeTp, KOTOPbIi Oy-
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JIeT TIOMHUTB BCE Y3JIbI JepeBa, OTKYIa MBI elllé He IMpobOBaJIM XOIUTh BIIPa-
BO, U JIJII MX XPAHEHUs TOTpeOyeTcsi B IpOCTeiIeM ¢iiydae CIUCOK, B bojee
CJIOKHOM (Harpumep, paju HoBbiieHns 3GQHEKTUBHOCTH) — MaCCUB, CHAD-
JKEHHBIN nHMOpMaImeit 0 ero pa3zmMepe U KOJNIeCTBE 38/1eCTBOBAHHBIX I~
menToB. Ciresryer oOparuTh BHUMAHUE, YTO IPU IMONBITKE PA3BEPHYTH 06-
XOJI JIepeBa, B IIUKJI MbI TOXKE BCTPEUYAJIUCH C YEM-TO IOXOXKUM, TOJIBKO TaM
OBLI CIIMCOK Y3JIOB Ijis BO3BpallleHns K KopHo. [loxoxwu japyr Ha apyra
¥ MPUYWHBI BO3HUKHOBEHUS TAKOW BCIIOMOTATEIBHON CTPYKTYPBI JAHHBIX:
B IIPOCTOM PEKYPCUBHOM PEIIEHUH COOTBETCTBYIOIIAsS HH(MOPMAINS Pa3Me-
II[A€TCd B CTEKOBBIX (ppeiiMax, HO €CJIM MBI IIPUMEHSIEM ITUKJI, TO HUKAKIX
dpeiiMoB co3/1aBATh HE MOYKEM, M TOYHO TaK K€, €CJIU Mbl XOTHM CJIEJIaTh
PEKYPCHUIO «9HUCTO OCTATOYHO», MBI BBIHY2KJIEHBI TI03a00TUTHCsI, YTOOBI BO
dpeiiMax He 0CTABAJIOCH HIYErO MTOJIE3HOTO.

9.2.5. PekxypcuBHOe MbIILJIeHUE

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

Ed Post

Moxkno mucars na Poprpane, raaBHOE — HE
aymaTh nHa Poprpamne.

HEU3BEeCTHBIH aBTOD

ITockonbKy ceifyac MBI paccMaTpUBaeM PEKYPCHIO B KOHTEKCTE Pa3ro-
BOpa O HapajurMax, yMeCTHO OYJeT OTMETHTh, YTO PEKYPCHUIO KaK IPUEM
MIPOrPAMMUPOBAHUS MOXKHO HCIIOJIb30BATD, IIPOJIOJIZKAS [IPUA ITOM JYMATMH
Tak ke, Kak 1 0e3 PeKypPCUH — B TPAJMIIMOHHBIX TEPMUHAX JAEHCTBUAN U UX
[IOCJIEIOBATEILHOCTE; MEXKIY TEM PEKYDPCHs IIPEJICTABISAET COOOH camo-
CTOATEJIbHYIO ITapaJIiI'My IIPOI'PaAaMMUPOBaHUA, TO €CTh IIPe/IoJiaraeT CBOit
COOCTBEHHBIN CTUIb MBIIIIJIEHUS, U STUM CTUJIEM IPE3BBIYANHO ITOJIE3HO BJIa-
JeThb. nade roBopsi, Maj0 OCBOUTH PEKYPCUIO KaK MPUEM MPOrPAMMUPO-
BaHUA — HY2KHO HAy4YUTHCH JyMaThb B COOTBETCTBUU C HEIl.

Jist miutrocrpanuu 3roro (BO3MOXKHO, Ha [EPBbI B3IVIsi) CTPAHHOIO)
YTBEPKJIEHUST PACCMOTPHUM €I1¢ pa3 HAILY MTPOCTEHbKYIO (PYHKITUIO ITOICIE-
Ta JIJIMHBI CITUCKA:

int list_length(const struct item *1lst)

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

Pabory sToit hyHKIME MOXKHO OIUCATH TaK:
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Ecau cnucox nycm, cuumaem e2o dauny pasnoti nyato. B npo-
MUBHOM CAYUAE CHAYAAG BLIMUCAUM OAUNHY TE0CTA CNUCKG,
NPUMEHUB OAA IMO20 PEKYPCUBHBIT 6bl308, 4 3amem Npubasum
eduruyy, u deao cleaaHo.

31ech, COOCTBEHHO TOBOPsi, Mbl W HAOJIIOJa€M UMIIEDATUBHOE MBIILIEHUE B
npuMeHeHnn K pekypcun. [lonmpobyem cpaBHUTH 9TO OMUCAHUE C JIPYTHUM:

Jlauna nycmozo cnucka pasha myao, a diuna 4106020 0py2020
CcnucKa Ha eduruyy 6oavwe, wem OAUHG €20 TEOCMA.

Ecsiz Bam KaxkeTcs, 9TO U3 BTOPOTO HYKHO 00s3aTeJIbHO CHAYAJA CIIEJIATh
[IEPBOE, IIPEBPATUB HEKUU «IIPUHIUIIS B <AJTOPUTM», & IIOTOM y2Ke TO, 9TO
TOJIYIUTCS, PEAN30BbIBATh — 3HAYNUT, PEKYPCUBHOE MBIIIJIEHNE BaM ITOKA
9TO HE MOKOPUJIOCh. B JefCTBUTELHOCTH BTOPOE OMUCAHUE — ITO TOKE
OIHUCAHUE AJTOPUTMA, IPUIEM KOHCMPYKMUBHOE, TO €CTh HEIIOCPEICTBEHHO
[IPUTO/IHOE JIJIsI PEAJIM3allii, U HUKAKOIO IIPEIBAPUTEILHOIO IIEPEBOIA B
JPYTYIO hOpMy JJIst HETO He TPeOyeTcs.

Em¢é 6osiee mHTEpECHBIM TPUMEPOM PEKYPCUBHOIO MBINMIIEHUS B IMPO-
TUBOBEC MMIIEPATUBHOMY OCMBICJIEHUIO PEKYPCHH MOTYT CJIYKUTH (hOPMY-
JIBI, KOTOPBIMU MbI TOSICHJIA CBEPTKY ciuckoB B §9.2.3. IIpuBenénnbie Tam
COOTHOIIIEHUST

Tleft = f(f(f(f(vv a1)7 02)..., anfl)aan)
Tright = f(a17 f(a27 ceey f(an—h f(an,’l)))))

COOTBETCTBYIOT PEKYPCUBHOMY MBIILIEHUIO U, O0OJIee TOro, B JAeHCTBUTE/b-
HOCTU WMEHHO OHM JIEMOHCTPHUDPYIOT MOJJINHHYIO CYTh OIIEPAIlNU CBEPTKH.
[IpuBenénnbie 9yTh paHbIie (GOPMYJIbI JJIs [IOCJIEI0BATEILHOTO BBIUNCIE-
HUS 71, 7'y U T. 1. (CM. ¢Tp. 48) OTParKalOT MMIEPATUBHOE BOCIIPUATHE CBEPT-
K1; OOJIBIIMHCTBY ddTaTe]eldl OHU MOIYT HOKA3aThCsl sicHee (LO3TOMY Mbl
UX U [PUBEJIN), HO IPUIMHA ITON «SICHOCTH» HA CAMOM Jiejie JIMIIb B yiKe
ycreBIIX chOPMUPOBATHCA UMIIEPATHBHBIX IIPUBBIIKAX.

K coxasienuto, HaM cpa3dy »Ke HIPUIETCS MPU3HATH, YTO PEKYPCHUBHOE
MBIILICHHE 1Ipu pafoTe ¢ pekypcueil rogurces He Beerga (yBBI, 3TO Tak,
HECMOTPsI Ha BCIO KAXKYIILyIOCd HEJIETIOCTh TAKOTO yTBepzKaeHus ). Tak, Ha-
KAIIMBAIOININE TTAPAMETPBI, PACCMOTPEHHbBIE B MIPEIbIAYIEM maparpade, B
PEKyPCUBHOE MBIIJIEHIE HE YKJIAIbIBAIOTCS — JIIOObIE TOMBITKA JATh «Pe-
KyPCHBHO€E» OIIMCAHNE PEIIeHUs C HAKOIHUTeJeM Oy/IyT BBIIVISIETh BBIMY-
YEeHHBIMU U HEITOHSTHBIMU.

Emé xyx)e obcrosdT sesia ¢ npamsvim u 06pamHvim rodom pexyp-
cuu. BriepBble CTONKHYBIINCH ¢ peKypcueii ermé B mepBoM ToMe (M. §2.3.7),
MBI [PUMEHSIJIN IPSMON U OOPATHBIA XOJ, YTOOBI PACCTABUTDL B HY2KHOM
MOPsAJIKE eCATUIHbIE TP 33JJaHHOr0 Ynciaa. [IpuBeném emé onun npu-
Mep — peajim3yeM PEeKypPCHUBHO CO3JaHWe KOIUU 3aJaHHON CTPOKH B JIMHA-
MUYECKON TTaMsTH:
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/* strdup_rec.c */
char *strdup_rec_do(const char *str, int depth)

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

Bcenomorarenbayo (hyHKITHIO MOYXKHO PEAIN30BATH U KOPOUE:

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 sT0 Tak. CHavasa MbI, HOIPY2KasICh BO BJIOYKEHHBIE BBI3OBHI,
[IPOXOJIUM CTPOKY CJI€Ba HAIIPABO, YTOOBI OLPEIEJUTD €€ JJIHHY; IIPU ITOM
KayKJasi «UI0CTachy GyHKIMH strdup_rec_do MOMHUT CBOIO TO3UIMIO B
CTPOKE — Ha 3Ty MO3UIMIO yKa3bIiBaeT mapamerp str. Kpome Toro, xax-
JIBIi BJIOYKEHHBIH BBI30B (DYHKIINN 3HAET U [TO3UIUIO CBOETO CHMBOJIA B CTPO-
Ke, KOTOpasi CTaHeT KOIHUeil — 9Ta MO3UIUs PaBHA TJIyOHHE BJIOXKEHHOCTHU
BBI30BOB, XpaHsineiicss B mapamerpe depth. Korma komHer cTpoku jgocTur-
HYT, cpabaTbiBaeT BETKa, CJIyzKalas 6a3ucoM PeKyPCUU: TI0JT, KOITHIO CTPOKU
BBIJIEJISAETCS HY?KHOE KOJMYECTBO IaMsaTH. AJIPec BbIICJIEHHON aMaTu (To
€CTb, B UTOr'e, 4JIPeC CO3/1aBaeMOil KOIIMU, PaJid KOTOPOIl BCE 1 3aTeBaJIOCh)
BO3BPAIAETCS B KAYeCTBE 3HAUEHUsT QYHKINN; OH TaK U OyIeT BO3BPAIIaTh-
Csl U3 KayKJI0r0 PEKYPCHUBHOI'O BBI30BA, [OKA OHU HE KOHYATCSI, HO HIPEXKJIe
9eM BEpPHYTHb ylpaBjeHue, Hama (GYyHKIHS Ha KaXK/JI0M U3 CBOMX YPOBHEM
BJIOXKEHHOCTHU 3aHOCHUT B CBOIO MO3UIUIO KOMUU CTPOKU COOTBETCTBYIOIIUIA
(cBOI1) CMMBOJI U3 OPUI'MHAJIBHOl CTPOKH.

Kaxk Bujum, onmcanne HoJydnsioch HACKBO3b MMIIEPATHBHBIM: MbI I10-
JPOOHO TEPEYHCINIIN, UTO, KAaK U B KAKOM IODSIJIKE JIEJIAeTCs B XOJE Pa-
6otol. [Ipobiema B ToM, YTO MHAYE U HE IOJIYUUTCS: NOCAEI08AMENHOCTID
deticmeutl 3dect 6aotCHA — BO BCSIKOM CJIydae, KOMMMPOBAHNE CHMBOJIOB 00si-
3aHO MTPOUCXOJUTD NOCAE BBIJIEJICHNS TaMsITH. B KAKOM MOpsijiKe OYIyT CKO-
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MUPOBAaHBI CAMHU CHMBOJIbI, B IIPUHIUIE, HEBAXKHO, HO 9TO JIUIIL O0COOEH-
HOCTBb JIAHHON KOHKDPETHOW 3a/1a49M; OBIBAIOT W TAKWe 33J1a9l, B KOTOPBIX
HeKasd MOCIeN0BATEIBHOCTD AeUCTBHAI NOIKHA IIPOU30UTH CTPOrO 3epPKaJlb-
HO II0 OTHONIEHWIO K JPYTOU IOCJIE/I0BATETBHOCTH, U 9TO JIOCTUTAETCS HC-
[OJIb30BAHUEM OGPATHOTO XOJa PEKYPCHHU (BBINIEYIOMSHYTHI TIpUMED U3
[IEPBOr0 TOM& IIPEKPACHO ITOT MOMEHT WJLIIOCTPUPYET).

Citetyer HOHUMATH, 9TO ITO HE XOPOIIO U HE IIJIOXO — ITO IIPOCTO PeasIb-
HOCTB: IPU MPUMEHEHNN PEKYPCHH KaK IPOTPAMMHUCTCKOTO IPUEMA PEKYP-
CHUBHOE MBIIIEHNE B OJHUX C/IydasX OaHajbHO HEe PabOTaer, HO B JIPYTHUX
OKa3bIBaeTCs KpaifHe II0JI€3HO, TaK UTO €ro KeJlaTeJIbHO OCBOUTD, & 3a0/THO
HAYYIUThCSA PA3JINIaTh CUTYAIlNH, KOT/Ia OHO HYKHO U KOTJIa — HE OYEHb.

CkazaHHOE TIO3BOJISIET OT/CJIUTH CYIIHOCTH, 0003HAYAEMYIO CJIOBOM <IIa-
paJurMasy, OT BCEBO3MOXKHBIX <«IIPUEMOB», «METOIOBY», «TEXHUKY, <IIOIXO-
noBy» u T. 1. HecoMHEHHO, PEKypPCHsi — 9TO MPEXK /1€ BCETO TEXHUIECKUIT TPU-
éM MM, CKopee, TIEJIBbIH Pl TAKUX MPUEMOB, O0bEeINHEHHBIX TEM, ITO MOJI-
porpamMma JIoJKHa (IIPsIMO MJTH KOCBEHHO) BBI3BATh caMma, cebsi. Pekypcust
CTAaHOBUTCS NaAPadu2mol JIUIIb B CJIy4Yae, €CJu Mbl NPUMEHSEM
PEeKypPCUBHOE MBbIIIJIEHUE, UTO, BIIPOYEM, HUKOUM 0Dpa3oM He obecrie-
HUBAET PEKYPCHUIO KaK CyrybO TEXHUYECKUN HABBIK — B 9TOM IIPOABJICHUHN
OHA TOXKe HY»KHAa U IOJIE3HA.

9.3. ITapasurmbl U A3bIKU IPOTPaAMMUPOBAHUS

9.3.1. O poJsin ga3bIKa IPOrPaAaMMUPOBAHUS

MHorue aBTOPbI OTMEUYAIOT KJIIOUEBYIO POJIh S3bIKA ITPOTPAMMHUPOBAHIUST
B (opmMupoBanum MbIIeHns mporpammucta. Tak, eits Bappon B cBoém
«BBejieHNN B sI3BIKHM IIPOrPAMMUPOBaHusi» [6] yTBepKIaer:

... fI3BIK TIpOrpaMMUpOBaHUs — HEYTO OOJIbITEe, €M ITPOCTO
CPEJICTBO OIMCAHUSI aJTOPUTMOB: OH HECET B cebe CHCTEMY I10-
HSTHIl, HA OCHOBE KOTOPBIX YEJIOBEK MOXKET OOyMBbIBATH CBOU
3aJ1a9¥, ¥ HOTAIIUIO, C TIOMOIIBI0 KOTOPOl OH MOXKET BBIPDA3UTH
CBOM COOOPArKEHUSI O TIOBOJLY PEIIeHUsT 3aa4H.

Qncrep JeitkeTpa B cBoeil JIeKIUK JaypeaTa npeMun ThLIOPHHTa, 03aryiaB-
seHHoi «CMUpPEHHBIN nporpammucts [3], mesaer emé Gojiee KATeropuaHoe
3adBJICHUEC:

MHCTpYMEHTBI, KOTOPBIE MBI IBITAEMCS UCIOJIB30BaTh, & TaK-
JKe A3bIK WM ODO3HAMEHUSs, IPUMEHsIEMble HAMU JIJIST BhIParKe-
HUSI UJIM 3aIMCU HAIMX MBICJIEH, SIBJISTFOTCS TJIABHBIME (DAKTO-
PaMM, OIPeIeJIIONIMA HAILY CIIOCOOHOCTDH XOTh YTO-TO JIyMAaTh
U BBIPaXKaTh!



64 ITapaaurmMbl B MBIIIJIEHUA TPOrPAMMUCTA

OrpeiesISIoniyo pojib BIOOpa si3bIKa ITPOrPAMMUPOBAHUS IIPEKPACHO HJI-
JHOCTpHUpYeT npuMep, npuBeaéuubii Tumoru Baggom B xuure [7]. B arom
IIpuMepe [1Ba MIPOTPAMMUCTA PEIaioT 3a/1ady, CBI3aHHYIO C aHAJIIM30M IIe-
nouex JJHK: B gocrarouno Gosbimom maccuse'? mesibIx dmces HY?KHO BBI-
JIEJIUTDH TIOBTOPSIOIIHNECS IOCIE0BATEILHOCTH, UMEIOIINEe JIJINHY HE MeHee
3a/1aHHON (HEGOJIBINOM, IATh WM WIECTh 3JeMeHTOB). IlepBbIit mporpam-
mucr (B npumepe Bajyia) pemaer 3amaday na Poprpane, U3BECTHOM CBOEH
BBICOKOI 3(b(HEKTUBHOCTHIO, HO JEIAET ITO «B JI0O», C MOMOIIBIO TPEX BJIO-
2KEHHBIX ITUKJIOB: MEPBBII IUKJI TPOCMATPUBAET MACCUB OT HAYAJIA [0 KOH-
11a, BTOPOi MPOCMATPUBAET TOT YK€ MACCUB OT TEKYIIEH ITO3UIUH IIEPBOTO
[UKJIa JI0 KOHIIA MAaCCUBa, TPETUH HOCIEIOBATEIBHO CPABHIUBAET SJIEMEHTI
MaCCHBa, HAUMHAsT OT TEKYIIUX MO3UIUN TIePBOr0 U BTOPOro 1muk,joB. op-
TpaH MbI He Ipoxoauiid, a Ha CH TO 2Ke caMoe BBITJISIEI0 Obl TPUMEPHO TaK
(upeamosiaraercs, 4ro arr — MacCUB, len — JIMHA MACCUBA, Min — Hau-
MEHbIIIas JJIMHA, [[0CJIeI0BATEIbHOCTH, CIIOCODHAST HAC 3aMHTEPECOBATD ):

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

found = 0;
break;

}
}
if (found) {

/* 11! 3nech QUKCHpPyeTCsS COBIAZEHHE

LenovYeK, HA4UWHAA C HO3WIUH i m j */

}

}

EcrecrBenHo, mpu J0CTATOYHO OOJIBIINX BeJIMYMHAX len Takasl IIPOrpaMma
3a [IPUEMJIEMOE BPEMsl HUUIETO He CIIeJIaerT.

Bropoii mporpammuct B npumepe banga paboraer na sasvike APL, koTo-
poiii, B ommmane or @oprpana, npejmoaaraeT HHTEPIPETUPYEMOE UCIOJTHE-
HUE U, KaK CJIeJICTBUE, 3aBeJIoMO MeHee addexktuBen. OHAKO B 9TOM sA3bI-
Ke eCTh OJ[Ha Ba)XHasi BOSMOXKHOCTh: BCTPOEHHbBIE B SI3bIK CPEJICTBA II03BO-
JISIIOT OMCOPMUPOBAMb O0BEKTHI TPOU3BOJILHOM MPUPOJIBI 110 [TPOU3BOJIb-

10B te Bpemena, K KOTOPBIM, IIO-BHIAMOMY, OTHOCHTCS PacCKa3aHHas Baiom wc-
TOPUSs, [OJ, «IJOCTATOYHO OOJIBIINM MAaCCHBOM» B TOM IIPUMEpPE MOXKHO OBLIO IOJpa-
3yMeBaTh MaCCUB, COAEPIKAIINA HECKOJIBKO JIECATKOB ThICAY cTpOK. COBpeMeHHbIE KOM-
IbIOTEPHI PabOTAIOT HAMHOI'O OBICTPEe, HO €CJIM MACCHUB OKAaXkeTCs JJIMHON B MUJIJIMOH
3JIEMEHTOB, «JIOOOBOE» pereHne Oy/1eT HeIPUEMJIEMO MEJJIEHHBIM — JIOXKIAThCsI PE3YJib-
TaTa MOXKHO OYJET pa3Be YTO €CJIH €ro 3allyCTUTD Ha CyIIEPKOMIIBIOTEPE, IIPEIBAPUTEIEHO
pacnapaJenuB.
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womy kpureputo. CorsacHo Bamy, cam dakt Haaudusi 3TOM BO3MOXKHO-
ctu mHapomuT APL-mporpaMMucTa Ha TpaBUILHYIO MBICAL!!. Jl1a perrenmsa
3a/1a49 JIOCTATOYHO CO3JATh MATPUIY (ABYMEDHBI MACCUB) Pa3MEPHOCTU
(len-min) X (min+1) (len-min cTpok, min+1l 3j1€MEHTOB B KaXKJOil CTpO-
Ke), B CTPOKY C HOMEPOM O 3aHECTH JIEMEHTHI UCXOJHOTO MACCHBA C WH-
nekcamu ¢ O 1o min-1, B CJIEIYIONLYI0 CTPOKY — 3JIEMEHTHI ¢ 1 10 min, u
Tak jajee, T. €. KayKJIas CTPOKA C MHIEKCOM K OYJIEeT COIep:KaTh 3JIeMEHThI
HCXOJHOT'O MaCCUBa, UMEIONIUEe NHAEKCHI OT k 710 k+min-1; ipu sToM 3ajeii-
CTBYIOTCS BCE CTOJIOIBI MATPUIIBI, KPOME IocJeaHero. B mocsenuuii cTo-
Gert, KasK 10l CTPOKM 3aHOCUTCs HOMep (MHJIEKC) camoii 3Toit ecrpoku. ITocue
9TOr0 MATPHUIA COPTUPYETCS IO CTPOKAM, 4TO, KAK M3BECTHO, MOYKET OBITH
cnenano 3a ¢ - N -log N nmeiicreuii, rme N — JJIiHA MacCHBA, & ¢ — HEKUH
nocTostHHBIN Koad durment. [lamee qoctatodno 3a 00ur nporod BHISCHUTD,
€CTh JIM B MIOJIYYEHHON MATPUIE CTPOKHU, B KOTOPBIX BCE JIEMEHTHI, KPOME
rocsieiHero (XpaHsIero NCXOAHY 0 O3UIHMIO KaXK 10l CTPOKH ), COBIAJIAIOT.
Eciin Takume crpoku oOHApyKeHBI, TO U3 MX IOCJIEIHUX 3JIEMEHTOB MOXKHO
B34Th IO3UIUU UCXOHOI'O MAaCCUBa, C KOTOPBIX HAUMHAKTCSI HHTEPECYIOIIIe
HAC MEMOYKH.

Hecmorps na 1o, ato APL siBiisieTcst sI3pIKOM UHTEPIPETUPYEMBIM, Ta-
KOe peltienne Oyaer paboTaTh Ha HECKOAbKO NOPAJKos bbicmpee W 3aBep-
IIUTCS 33 IPUEMJIEMOe BPeMs JIaKe JJIs UCXOJHOIO MaCCUBa, COJEPKAIIErO
JIECSITKA MUJIJTHOHOB 3JIEMEHTOB. Bajij] 3a0CTpsieT BHUMAaHUE YUTaTe sl Ha
TOM, KaK HAJUIUE YACTHONH BCTPOCHHON BO3MOXKHOCTH (B JIAHHOM CJIydae —
COPTUPOBKH MACCHUBOB IIPOU3BOJILHON IPUPOJIbI) MOXKET HATOJKHYTDH HPO-
rpaMMHCTa Ha 00J1ee U3AIMIHOoe pernrenne mpobieMbl. BaXKHO TOHMMATD, UTO
YCTPOUTH COPTUPOBKY MATPHIILI 110 cTpokaM 3a BpeMst O(N log N') moxHO,
pasymeercsi, u Ha PopTpaHe, HO B 9TOM SI3bIKE HET 6CMPOEHHOT, BO3MOXKHO-
CTHU JIJIsl TAKOM COPTUPOBKM, U ITO3TOMY IIEPBBIil IPOrPAMMUCT TPABUIHLHOE
peIlieHe TPOTIsiIE.

C BoBozamu Bajina MOXKHO He COMIACUTBCH (IIPEIJIOKUM UUTATEIIIO
OTBICKATH KOHTDPAPIYMEHTBI CAMOCTOSITEJIBHO), HO B II€JIOM BJIUSIHUE HC-
[I0JIb3YEMOTO  SI3BIKa IPOTPAMMUPOBAHMS Ha MBIILJIEHAE ITPOrPAMMUCTA
HECOMHEHHO. BoJibite TOro, KaxX[plif aKTUBHO HCIIOJIb3yEeMblii SI3bIK CO Bpe-
MeHeM 00pacTaeT OMpeIeIEHHBIMY TPAIUIIASIMA U CO3IAET CHEeIN(pPUIecKyo
CyOKyJIBTYDY, & B HEKOTOPBIX CJIy4YasxX — W He OfHy. Kcim mapamurma mm-
[IEPATUBHOIO IPOIPAMMHUPOBAHUS PA3BWJIACH IIOJ BIUSHUEM APXUTEKTY-
pol don Heiimana, To Bce ocTajibHBIE CYIIECTBYIOIINE [1aPAUTMbl CBOUM
BO3HUKHOBEHMEM O0sI3aHBI si3bIKAM ITPOIPAMMUPOBAHUSI.

OpnHo BpeMst B Bukuneauu B cTaTbsiX, MOCBSIIEHHBIX si3bIKAM IIPOTIPaM-
MUPOBAHUS, TBITAJINCH YKA3BIBATH «IAPAIUIMY», K KOTOPOH JIAHHBIN sI3BIK
AKODOBI oTHOCUTCS. Kak BOAWUTCs, KUBOE SIBJICHHE, KAKAM SBJISIIOTCS HA3bI-
KU IIPOrPAMMUPOBAHUS, HE [I0KEJIAJI0 BIUCHIBATHCA B PAMKH yIPOIIEHHON

113 1ech MBI HEMHOTO OTCTYIIMM OT OPUIMHAJILHOIO DPEIIEHUs, OMMCAHHOIO B KHHIE
Bagza, mockosbKy OHO HE COBCEM BEPHO.
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KJtaccu(UKAIUU: IOCTEIIEHHO OoJiee «IIPOIBUHYTHIE» aBTOPBI CTaTell Hava-
JIL OTMEYATh, YTO TOT WM WHON S3BIK MO3BOJISET HCIOJIb30BATH OOJIBIIE
OZTHOH mapaJurMsbl, TaKue IIapaJurMbl HAUaJX IbITATHCA IIEPEUNCIATD, Ha-
3bIBas IIPU ITOM CaM A3BIK «MYJIbTUIAPAIUIMAIBHBIM». B ntore «MysibTu-
apaJurMaJbHbIMI» OKA3aJ/IMCh IIPAKTHUYECKU BCE S3BIKU. B JeficTBUTENb-
HOCTH BOIIPOC, K KaKOU mapajurMe OTHOCHUTCA TOT WM WHOU SA3BIK, JIU-
MEH CMBICIA: SI3BIKK HE OMMOCAMCA K TAPAIUrMaM, A3bIKH Hopmupyrom
MapaInTMbl, TPAIEM KaXKJIBII sI3bIK MOYKET CIOCOOCTBOBATH CTAHOBJICHHUIO
[EJIOTO PsA/ia TapPAJUrM, a €IBa JIM He KaXKJas IIapaJurMa 00si3aHa CBOUM
CYTIECTBOBAHNEM HECKOJBKUM (MHOTJA OY€Hb PA3HBIM) sI3bIKAM.

BoJstee mHTEpeCHBIM OKa3bIBAETCA BOIIPOC O TOM, 68 KAKOM COOMMHOULE-
HUY MOZKET HaXOJIUThCA KOHKPETHBII A3BbIK IPOrPaMMUPOBAHUSA C KOHKPET-
HO#l mapasurmoii. OueBUIHO, STOT BOIPOC HE MPA3IHBIN: JIaXKe eCJId Pac-
CMATPUBATHL BCE Ty K€ PEKYDPCHIO, MOXKHO HAWTHU $S3bIKH, B KOTOPBIX 0e3
Heé He ODOUTHCH, U SI3BIKM, B KOTOPBIX IPUMEHEHHE PEKYPCUU HEBO3MOXK-
HO (K CYACTBIO, TAKUX SI3bIKOB MOYTH HE OCTAJIOCh — HO UTHOPUPOBATH
UX CYIIECTBOBaHUE HEJb3si). MBI [OIBITAEMCs BBIJIEJIUTH CEMb BO3MOYKHBIX
«YPOBHE#l COBMECTUMOCTH» MEXKJy I3bIKOM W Tmapaaurmoil. VTax, sa3bIK
IIPOTPAMMHUPOBAHUSA MOXKET:

e HABA3BIBATH IIpUMEHEHUe IapaJIUI'Mbl, jejas IIporpaMMUpPOBaHUe

6e3 3TOoi mapaurMbl HEBO3MOXKHBIM;

® MOHYXK/IATh K IPUMEHEHUIO TAPaJIUTMbl — 00 3TOM CJIeIyeT TOBO-
pUTH, ec/ii IPOrPaMMUPOBAHNME HA JAHHOM si3bIKe 0e3 IpUMeHEeHUs
JAHHON TapaJurMbl BO3MOXKHO, HO KpaiiHe HeymI00HO;

® IIOOMIPSTH NPUMEHEHHE I[apaJInrMbl: [IPOrpaMMUpOBaHne 0e3 Heé
BO3MOXKHO U JIaKe YJ00HO, HO eCJIM BCE-TaK! HA4YaTh €€ IPUMEHSATD,
9TO IPUBEIST K OILyTUMOMY BBIUTPBINLY (B BO3MOXKHOCTSIX, B TPYJIO-
émroctH, B 93 OEKTUBHOCTH U T. 11.);

® TIOAAEP>KUBATH APAJUTMY; B I3bIK MOT'YT OBITH BKJIFOUEHBI CIIEIIN-
AJIbHBIE CPEJICTBA, [TOJIEPKUBAIOIIIE PAbOTy C MCIOIL30BAHNEM KOH-
KPETHOI HapaJIurMbl JIJIsI TeX, KTO XKeJlaeT €€ MUCI0Ib30BaTh, HO IIpH
9TOM MOKEeT He BO3HUKATh HUKAKOI OILYTUMO BBITOJIBI OT €€ UCIIOJIb-
30BaHUsl, & B HEKOTOPBIX CJIydadX JlazKe MOTYT IMOABJISATHCA JIUIITHUE
TPYIHOCTH;

e JIOIIyCKATh IIAPaJATrMy B TOM CMBICJIE, YTO HHKAKOHU CIeIHaJJIbHOI
TIOJJIEPKKN JIJIsI He€é B f3BIK He BKJIIOUYEHO, HO €CJIH IIPOTPAMMUCT
TOYHO 3HAaeT, Yero XOYeT, TO OH BCE-TaKU CMOXKET ITY IapaJIurMy
MIPUMEHUTD, HE UCHBITHIBAS CYNIECTBEHHBIX HEYIOOCTB;

e IIPENATCTBOBATDb IIPUMEHEHUIO IIapaJUrMbl; B 3TOM CJydae IIpO-
TPaAMMHUCT, IPUBBIKIINN K KOHKPETHON apaurMe, BO3MOXKHO, M CMO-
JKeT e€ MPUMEHUTHh B paboTe Ha JJAHHOM SI3BIKE, HO ITO OyJIeT COIpsi-
JKEHO € Hey100CTBaMM, KOTOPBIE, CKOPee BCEro, 3aCTaBAT PAHO WJIH
MO3JHO OT JAHHOH ITapaJurMbl OTKA3aThCs;
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e 3ampeniaTh IapajurMy, Jejas e€ UCI0Ib30BaHue OJTHOCTHIO HEBO3-
MOXKHBIM.

YacTtnyHo 3aberasi Bnepéa, a B HEKOTOPbLIX C/y4asiX CCbINAsSiCb HAa MaTepuas, Ko-
TOPbIii B Haly KHUTY BOODLLE He NIAHMPYETCS BK/OYaTb, Mbl CMOXEM MPUBECTYU
KOHKPETHbIE MPUMEepPbI A1l BCEX CEMU NepeduncneHHbix yposHeii. Tak, SmallTalk oue-
BUAHLIM 0BPa30M HaBsA3bIBa€T OBLEKTHO-OPUEHTNPOBAHHOE NPOrpaMMUPOBaHMeE, a,
ckaxkem, PopTpaH HaBs3blBaeT npucBanmBaHus; JINCN U ero poLCTBEHHUKMN MOHY>X-
[aloT K UCNoNb30BaHMIo pekypcun, a lMNackanb — K MCNonAb30BaHMIO NpUCBanNBaHUSA
(ma, na Mackane MoxHO nucaTb 6e3 npucBanBaHuii, HO BONBLLUNHCTBY NtOAEH Takoe
U B rONIOBY HE NPUAET).

Azbik Cu++, KOTOpbIi Mbl PacCMOTPUM B Crefyloweil YacTu, NOoLwpsieT uc-
MOJIb30BaHNE BCEX BO3MOXHOCTEN, KOTOpble oTanyatoT ero ot yuctoro Cu, a ato u
abCTpaKTHbIE TUMbI JaHHBIX, N OOBEKTHO-OPUEHTUPOBAHHOE NPOrPaMMUPOBaHNE, 1
0606wWéHHoe nporpammuposatue (wabnoxbl), n obpaboTka nckntouveruii. Kaxaas
13 NEPEYNCIEHHbIX BO3MOXHOCTEN TpebyeT 0coboro CTuas MbILNEHUS U, KaK Cleq-
CTBMe, SIBASIETCS napagurmoii, u 6es noboit ns Hux Ha Cu++ moxHo pabotaTb —
paxe bes Bcex cpasy (31o npaktuyeckn npespatut Cu++ B uuctbili Cu, Ho Begb
Ha Cu moxHo mporpammuposath). lMpu 3Tom ocsoeHune 06O Takol BO3MOXKHO-
CTU 1 NPUCYLLErO €l CTUAS MbILLIEHUS OLYTUMO MOBbLILLAET KOMOPT 1 CHUXKAET
TPYAOEMKOCTb paboTbl. Ha 3Ty TeMy MOXHO NpMBECTU NpUMEpP U U3 COBCEM ApYroi
obnactun — yHKUMOHanLHOro nporpamMmmuposanusi. Ecnum paccmaTpusaTs hyHKumm
BbICOKUX MOPSIAKOB B COHeTaHnU ¢ BesbiMsiHHbIMI dyHKUnsMK («asmbaamu» ) Kak
oTAenbHyo napagurmy (4To B LENOM NpaBuiibHO), To, Hanpumep, Jlncn 3Ty napa-
LUIMY MPEKPacHO NOAAEPXKMBAET N €€ MCNOSb30BaHNE AeNAET XKU3Hb NPOrpaMmMuncTa
NpUsiTHEE, HO HaYuHaloWme OBbIYHO MOJOATY «CO3PEBAIOT», NPEXAE HEM Ha4vaTb
MCNoNb30BaTh TOT XKe mapcar.

Jlucn Bkntovaer cpepcTea ans opravmsaumun umknos, Cu++ BkAtovaeT nog-
OEPXKKY ANst Makpocos, ducTbili Cu nopfepxnBaeT pekypcuto (B KadecTBe Takoi
NOAAEPKKN CReAyeT paccMaTpuBaTh JOKaIN3aLNIO NEPEMEHHBIX B (DYHKLUAX U M10B-
TOpHOBXOAUMOCTb (peeHTepabenbHOCTb) yHKumi, focTuraemyto 6e3 ycunnii co
CTOpOHbI nporpammucta). Bo Becex Tpéx ciyyasix, HECMOTPS Ha HaMHME MOAAEPK-
K1, Apyrue ocobeHHOCTN sizblka CNOCOBCTBYIOT TOMY, 4TObbI AaHHAs napagurma He
1CroJIb30BaNack; 0COBEHHO 3TO 3aMeTHO Asis ciyyast unknos B Jlucne.

MpakTuyeckn 06O A3bIK, B KOTOPOM €CTb (PYHKLUN 1 IOKAJIbHBIE NEPEMEHHbIE,
[ONycKaeT UCNob30BaHMe napagurmel OyHKLUOHAIBHOrO NPOrpaMMUPOBaHIS; Bbi-
we Mbl 0b6CyXAanu, Kak MOXXHO 6b110 Bbl HanMcaTb hYHKUMOHABHYIO NporpaMMy
Ha Cun, n BnonHe o4yeBnaHo, 4To Ha [lackane 3To Toxe BO3MOXHO, HO Tpebyetcs
TOYHO 3HaTb, YEro Mbl XOTUM, U NPUIOKMUTL K STOMY onpeaenérHble ycunus. Bnpo-
YeM, 3TOT NPUMEP HE CIIMLLKOM XKN3HEHHBII; HO ANl BapUaHTa «sA3bIK JOMYCKaeT nc-
NoJIb30BaHNE NapagMrMbl» MOXHO NpuBecTu npumMep bonee yem npaktudeckuii. Kak
nseectHo, ssapo OC Linux HanucaHo Ha Yuctom Cu, B KOTOPOM HET U HE NPeaBUANT-
CSl NOAAEPXKKN ANst 0OBEKTHO-OPNEHTUPOBAHHOIO NporpaMMunposanusi. HecmoTpsi Ha
3TO, MHOrMe MOACUCTEMBI SAPa UCMOJb3YIOT OObEKTHO-OPMEHTMPOBAHHYIO apXMTeEK-
TYpy; 0COBEHHO SIBHO OBBEKTHO-OPUEHTUPOBAHHbLIE CBOWCTBA NPOSIBASIET BUPTYyasb-
Has cpaiinosasi cuctema (VFS). B ponn obbekToB BbICTYNaloT CTPYKTYpbl, B ponu
METOAOB — (PyHKLMM, NOSyHalOWME YKa3aTeb Ha TaKylo CTPYKTYPYy CBOUM NepBbIM
napaMeTpoMm; BMeCTO HaciefoBaHusi obLas cTpykTypa (Npefok) BKIOYaeTCs B 4acT-
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HYIO B KQ4eCTBe noAsi; Tabnuubl BUPTYanbHbIX (DYHKLUI CO3LAOTCS B BUAE CTPYKTYP,
BCE MOJSi KOTOPbIX NpeAcTaBaAstoT coboil ykaszaTenn Ha cyHkuuu. VntepecHo, yTo
5TV Nons gaxe B OPULMANBHON JOKYMEHTALMN HA3bLIBAIOT MeTogamu 2.

Mpumepom, Korga si3bik NPenATCTBYET NPYMEHEHUIO NAPAAMIMbl, MOXKHO CHUTaTb
NonbITKU NpuMeHeHunsi 0606LWwEHHOro nporpammupoBanus Ha 4Yuctom Cu. HecomHen-
HO, MOXHO HanucaTb WabnoH Ans yHKLNM, NCNONb3Ys MHOTOCTPOYHBIE MaKpOCHI,
N NHCTaHUUNpoBaTb 3TOT LIJa6J'IOH, APUMEHNB MaKpPOBbI3OB, HO Ka)Kp'bII\/‘I, KTO XOTA
661 pa3 npoboBan Tak NOCTYNUTb, 3HAET, HACKOJIbKO 3TO Ha CaMOM fese HeyaobHo 1
npoTusHo. BTopoii npumep Ha 3Ty Temy Toxe byget cesizaH ¢ yncteim Cu. Vicnons-
3ys 6ubnuoTedHsle hyHkuuyu setjmp u longjmp'>, MOXKHO NP HEKOTOPOM CTapaHuy
opraHusoBaTb 06paboTky uckatodeHui. Ecnu Bbl 3HaeTe, 0 4éM MAET pedb, 1 npu
3TOM BaM KaXKeTCsi, 4TO 3TO NpoCcTo — nonpobyiiTe.

HakoHeu, npocTeiilimum npumMepomM MOJIHOMO 3ampeTa Ha MapagurMy MOryT Ciy-
XKUTb A3bIKW, B KOTOPbIX HET MOAMNPOrpaMM C JIOKAJbHLIMU NEPEMEHHBIMUN — BCE Te
xe Pokan un crapblii Belicuk. O4eBngHO, 4TO 3aHUMaTLCA (DYHKLUOHANBHBIM NPO-
rpaMMUNpPOBaHUEM Ha STUX si3blkax HE MoJyHmMTCs; bonee Toro, He BbIAET faxke op-
raHW30BaTb pekypcuto. ABTOP 3TUX CTPOK MPUBLIK CHUTATb, YTO APYrMM MPUMEPOM
MOJIHO HECOBMECTUMOCTHU S3blka 1 napagurmbl BeictynaeT napa n3 OOI n Bourne
Shell (s13bIk TpaanumoHHOro MHTepnpeTaTopa komaHAHol cTpoku Unix), HO Kak-To
pa3s BCTPeTUN Nofei, YTBEPXKAAIOWMX, YTO NpU BONBLLLIOM >XKENAHUN 3TO BO3MOXHO.
K coxaneHunto, aBTop Tak 1 HE MOHSJ, KaK UMEHHO OHM CObUpanuch 3TO AenaTtb, 1
NPOAOJKaeT NOJO3PEBaTb, YTO HUYEro HE MOJYYUTCS.

9.3.2. Konnenryasbuoe otnudne Cu ot Ilackans

Panee mb1 HeomHOKpaTHO MOMUépKUBan, 9To Mexay llackagem u Cu
6oJIbIIIe CXOJCTBA, YEM DPA3JIUYIUN, 1 BO MHOIOM 3TO IEHCTBATE/ILHO TaK.
B oboux g3bIKax ecTh IepeMeHHbIe U THIIbI, IIPUCBANBAHNS, COCTABHOI Olle-
paTop, OlepaTopbl BETBJIEHHWS W IUKJIOB, IPUYEM B ODOUX sI3bIKAX ITUK-
JIOB TpU — C IpeJycjioBueM, ¢ nocryciosueM u for (mpasmaa, B Ilackase
9TO 4YeCTHBIN apudmeTndecKuii nuki, Torga kak B Cu — yHEUBepcabHas
KOHCTPYKIUs, 00 UCXOJHOM IIPEIHAZHAYEHUU KOTOPOi 4acTo 3abbIBAIOT);
B 000OMX 3BIKaX €CTh IIOJIIPOIPAMMBbI, B 0DOMX $I3bIKAX €CTh yKa3arTeJn
u T mIO. I{OHe“IHO7 €CTb U pal3/in4iud, HO 3/1eChb Cjie/lyeT IMOHUMaTb, 9TO 10-
CTOWHO BHUMAaHUsI, a 9T0 — HeT. Tak, 3aMeHa KJIIOUeBbIX CJIOB begin n end
durypHbIMu CKOOKaMU, 3HAKa :=, 00O03HAYAONIErO MPUCBANBAHUE, OOBIU-
HBIM 3HAKOM PaBEHCTBA, & CJI0Ba and CHMBOJIOM && IO CyIIeCTBY HE MEHAET
8000WEe HU%E20 — COCTABHOI OMEPATODP OCTAETCS COCTABHBIM OIIEPATOPOM,
OIlepaTOPHbIE CKOOKH — OIEPATOPHBIMU CKOOKaMU, IIPUCBAMBAHNIE — IIPU-
CBaWBaHMEM, Ollepallisl JIOTMIECKOr0 «U» UMEET TOT K€ CMBICJ — U He BCE
JII PABHO, KAKUMHU 3aKOPIOYKaMu Bcé 310 obozuadaercst! K cmene ob6o3Ha-
9eHUl YeJI0BEK IOJHOCTBIO aIAlITUPYETCs Jaca 33 IMOJITOPa — U IIePeCcTaéT
X 3aME€YATH.

12Cm. aitsn Documentation/filesystems/vEs.txt B JepeBe UCXOHBIX TEKCTOB s/IPa.
13C sTrMu DyHKIMAME MBI BCTPEYAIACh BO BTOPOM TOMe, CM. §8.2.3.
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MozxHO Ha3BaTh 1eJIbII psif OoJtee cepbé3nbix oranunii Cu or [lackaJst:
orcyrcrBue B Cu MOHATHUS «TJIABHON TPOTPAMMBI» UM, KAK CJIEJCTBUE, PAB-
HOIIPABUE €INHUIL TPAHC/IAINY, BO3MOXKHOCTD OIUCHIBATH JIOKAJIbHBIE IT€Pe-
MEHHBIE B JIIOOOM COCTABHOM OIIEPATOPE, & HE TOJBKO B OTIEJBHBIX MTOIITPO-
rpaMMax, OTCYTCTBHE PA3JIUIHS MEXKJy CUMBOJIOM U €r0 KOJIOM U IIpodee
B TakoM jyxe. OrcyrcrBue B Cu MHBIX CIIOCOOOB Tepesiavy MapaMerposB,
HEXKeJIU IIepejiada [0 3HAYMEHHUIO, MOXKET OKa3aTb JIOBOJILHO TyBCTBHUTENb-
HOe BJHUsSHUE Ha BocrpusTue. Bupodem, n B Cu €CTh HEMAJIO TAKOTO, I€Tr0
et B Ilackase — B3aTH X0Ts OBI a/pecHy0 apudmeTnuky. IlycTh maxke B3a-
M€H MPUXOJIATCS MMOKEPTBOBATH MACCUBAMU KAK OTJEIHHBIMU CYITHOCTSI-
Mu, 3210 B Cu MBI MOXKEM pPaCCMaTPUBATH JIIOOYIO YacThb JIFOOOI0 MaCCHBa
KaK CAMOCTOSITEJIbHBIN MaccuB. YTOOBI IOHSITH, HACKOJBKO 9TO MOYKET OBIThH
BaYKHO, JOCTATOYHO CPABHUTH MPUBOJUBIINECS B MEPBBIX TOMAX PEIICHUsT
3a7la49U O COIOCTaBJIeHUH CTPOKH ¢ obpasnom (cm. §2.11.3 u §4.3.22); rpo-
MO3/IKOE TIACKAJIEBCKOE DPEeIlleHHe C €ro JOTOJHUTELHBIMU [TapaMeTpaMu
JIJIS TIepejiady TPAHUIl U BCIOMOIaTe/IbHON MOAIPOrpaMMOil, KOTopasl 3TU
rmapaMerpbl YyCTAHABJIMBAET, SIBHO IIPOUTDBIBAET SICHOMY WM U3SIIHOMY KOZY,
nanucannomy Ha Cu.

Emé oxmo Bazknoe un, Hecomuenno, nosutuHoe orymane Cu ot [lackass
COCTOUT B YETKOM Pa3rPAHUYEHUN BO3MOXKHOCTEI caMOro si3blKa, (TOro, 9To
3HAET O SI3bIKE KOMITIJISITOD) U BO3MOXKHOCTel 6ubimorekn. Kak Mbr nmesn
BO3MOXKHOCTh yOeauThest, yerex Cu BO MHOTOM OOYCJIOBJIEH MMEHHO STUM.

Tax wau uHAdYe, BCe IEPEUNC/EHHBIE PA3JINUUsi HOCSIT CKOpee TEeXHU-
9ecKUil, HeXKeJIM KOHIENTYaJbHbI xapakTep. Jlaxke mackajeBcKas HEIET-
KOCTHb TPAHUITBI MEXKIY SI3BIKOM U OMOJIMOTEKONH MOXKET OBITH JIETKO CKOP-
PEKTHpOBaHa, eCJIN HaM IPHUJIET B NOJIOBY HAIMCATH CBOI KoMmmrsiTop [lac-
kasst. B camom niene, Ilackass ve nepecraner ObiTh [lackasem, eciau o Bce-
BO3MOXKHBIX writeln, abs u mpoYeM B TAKOM JIyXe KOMITIISTOD Oy/ter y3Ha-
BaTh U3 OMOJIMOTEK, BMECTO TOIO YTOOBI IOJIB30BATHCSI CBOUMU CODOCTBEH-
HBIMHU 3HAHUAMU 00 TuX (HbIHE BCTPOEHHBIX) MPONEAypaxX U (bYHKIUIX.
Haxxe magutme ocobOTo CMHTAKCHCA i write, writeln m str u Bapua-
JIMYHOCTH MHOT'MX BCTPOEHHBIX IMPOIELYP BIIOJHE MOXKHO IIPEO0JIETh, Ha-
[pUMep, MPEeLyCMOTPERB U3HAYAJIBHO OTCyTCTBYMONUE B [lackae Makpochk
(MX MOXKHO CIIeJIATh BapuaJuIecKuMu 0e3 U3MEHEHMs] KOHBEHIMU T1ePe/ia-
YU [apaMeTpPOB B HOJANPOrPAMMBI) M KaKue-HUOY b «IOHOJIHSIONIUE> UJIU
«YTOYHSIIOIIE» TTapaMeTPhl, 3aIUChIBAEMbIE IIPU BBI30BE Yepe3 JBOETOYUNE
ot ocHoBHOrO. UTO KacaeTcs ajipecHoit apudMeTHKN, TO, KaK MOKA3bIBAET
npumep Delphi, e€ B IlackaJib yKe y1aioch 3aTaliuThb, IPUTOM 6€3 0COObIX
mpobIeM.

[Ipu obcyzkaeHnn mapajurM MpOrpAMMUPOBAHUST OKA3BIBACTCS CYIIE-
CTBEHHO MHTEPECHEE JIPYroe PA3ININe MEeXKJIy ITHUMU JBYMS SI3bIKAMHU, KO-
TOpPOE HEM3MEHHO YIIYCKAIOT W3 BHJIY ABTOPHI BCEBO3MOXKHBIX 0030POB U
cpapHenuii. OHO U IIOHSITHO, BEJb B YCJOBUSIX MHOI'OJIETHEI'O TI'OCIIOJICTBA
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«CH-TIOJIOOHBIX» SI3BIKOB IIPOTPAMMUCTCKasl OOIECTBEHHOCTh HAYNHAET 3a-
OBIBATH CMBICJI TEPMUHA, KJIFOYEBOTO JJIsi OOHAPYKEHUS TOr0 PA3IUINUS, J1a
¥ caM TEPMUH ITOTUXOHBKY 3a0biBaeTcst ToxKe. Ho B Halleil KHUre HyKHBII
TepMUH YIIOMHUHAJICS W B IIPEJUCJIOBUSIX, U B 9acTH, mocaménnoil [lacka-
JTO, ¥, KOHEYHO ¥Ke, B 4acTu, nocssameénnoi Cu'?; unrarens, HecoMuenHo,
JIOTaJIAJICsI, 9TO Pedb UIET O CJIOBOCOYETAHUU «TNOOOUHBLU adderm ».

Kak MBI HEOIIHOKPATHO MOMYEPKUBAJIN, CPEIU TeX, KTO BCE-TAKHU IIOM-
HUT O CYIIECTBOBAHWU 3ITOrO TEPMHHA, KpaiHe MOmyJsipeH Mud O TOM,
970 «ITOOOTHBIM 3D PEKTOM» ClIeIyeT Ha3bIBAaTh BOODIIE JTI000e IeiicTBre,
U3MEHSIONIEe XOTh YTO-HUOY/Ib B CPEJie BBIMIOJIHEHUSI TPOrPAMMBbI — JIFO00
BBOJI-BBIBOJL (M BOOOIIE JIFOOOE BIIMSIHUE HA BHEIIHUII MUD, TAKOE KAK OT-
[IPaBKa CUIHAJIA), IIPUCBAUBAHUE, & B HEKOTOPBIX SI3bIKAX U 00JIeE CIIOKHBIE
u xutpble Aeiicreus. Ha camom mesie «moGovHBIN 3P PEKT» U «MO-
nudunupyoiiee qeficTBue» — 3TO COBEPIIIEHHO HE OJHO U TO 2K€;
CTPOTrO TOBOPsI, TOOOUHDIN IPPEKT €CTh TACTHBIN CIydait MOIUMUITUPYIO-
mero JieficTBusi, HO He OoJiee TOrO; Hy & COBIAJATD ITH IIOHSATHS HAYNHA-
FOT, BO-IIEPBBIX, B (DYHKIIMOHAJBHOM IIPOrPAMMUPOBAHUN, U, BO-BTOPBIX, B
«CH-TIOJOOHBIX» A3bIKAX, & TOYHEE — B TAKUX S3BIKAX, IJe HeT MPOIELyp, a
€CTh TOJBKO (DYHKIUU, U TJIe TPUCBANBAHNE MOYKET BXOIUTH B BHIDAYKCHMUSI.

Ilo-HacTosiriieMy MO604YHBIN 3¢ HEKT MOKET BOSHUKHYTH TOJIb-
KO IIPY BBIYUCJIEHUU BBIPA>KEHUSI, U 9TO OY€Hb BaXKHO: TOOOIHBIN -
deKkT — 3TO MpPOU3BOJILHOE M3MEHEHHE, KOTOPOE IIPOUCKOJINT IPH BbITHC-
JIEHUU BBIPAXKEHUsI ¥ MOXKET OBITh I037Ke KAKUM-TO 00pa30M OOHAPYKEHO.
Ecnu equrcTBeHHOE, YTO TTPOUCXOUT TIPU BBIYUCIEHUN BBIPAYKEHUS — 3TO
[IOJIyYeHHe ero pes3ysbrara (3HadYeHHs ), TOBOPLAT, YTO TAKOe BbIparKeHUe
(Tounee, ero BbruncieHne) MOGOIHBIX 3bMEKTOB HE UMEET.

B wacrtHOoCcTH, TpucBanBanue B s13bike CU — 3TO 0onepayus, KOTOpas MO-
JKEeT BXOIUTH B 00Jiee CIIOXKHBIE BBIPAYKEHUSI; BBIDAYKEHNE «X = 7» HMMeeT
3Hauenue 7, a To, 9TO MPU €r0 8LHUCACHUY MEHSIETCS TEKYIIee 3HAUCHUE e~
PeMeHHO# X — 9TO KaK pa3 1 ecTh mobounbiit 3ddekT. Kak MbI 06Cy K 1ammn
npu uzyueHnn a3bika Cu, ecjin HaM Hy>KHO UMEHHO U3MEHUTH [IePEMEHHY IO
u OOJIbIIIE HUYEro, MBI MOXKEM IPEBPATHUTH BbIpaKeHHE [PUCBAaWBaHUs B
onepamop (statement), 10GABUB K HEMY TOUKY C 3allsITOMH:

x =17;

DTO TAK HA3BIBAEMBIN 0NEPAmMop 6ublUUCAEHUA BHPAACEHUS PAdU NOOOYHO20
afpperma. 3HaUeHUE BHIPAYKEHUS 3/1€Ch, KAK Mbl IIOMHIM, UTHOPUPYETCS.
[TpuBBIKHYB K TAKOMY IIOJIO?KEHUIO BEIIEil, IIPOrPaMMUCThI, PabOTaI0-
e #Ha CH, 9aCcTO MOJIATAIOT, YTO IIPUCBAMBAHME BOOOIIE BCETJA €CTh I10-
6ounbiit 3 dekt, 1 B Cu 9T0 AeCTBATEIFHO TaK — HO TO COBEPIIEHHO HE
tak mia [lackans. B Ilackasie mpucBanBaHue — 3TO oIllepaTop, a He

14B mepBOM TOME CM. <IIPEIUCJIOBHE BTOPOE, METONUYECKOE», CTp.31, u §2.3.6; BO
BTOpPOM TOMe — §4.8.3.
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omepalysi; [OCKOJIbKY NAaCKaJIEBCKOe IIpucBanBaHue (IEJIMKOM) He
npeacTaBisieT coboii apudMeTUIeCKOro BbIPa>kKeHunsI, HI 0 KaKOM
mo6ouyHoM 3¢ ekTe pedn 3/1eCh UATU HE MOXKET, BeJlb y OlepPaToOpOB
BOODIIE — TIO OTIPeIeIeHUI0 — HET HUKAKUX MOOOYHBIX 9(DPDEKTOB, OHHU XKe
HE SIBJISIIOTCST BBIPAYKEHUSIMH.

Koneuno, B cocraB macKaJIeBCKOI'O OIEPATOpPa IPUCBAUBAHUS MOXKET
BXOJIUTH apuPMETHIECKOE BbIPAXKEHUE TPOU3BOJIBHON CJIO2KHOCTH, IIPUIEM
KaK CIpaBa OT 3HAKA IIPUCBAMBAHUSA, TAK U CJIeBa (HAIPUMED, B UHIEKCE
MAaCCHUBa), U 9TO BbIPA’KEHME BIIOJHE MOYKET HPOU3BOAUTEH 110G0UYHBIE (-
dexTol. Hampumep, Mbl MoxkeMm Hamucarh Ha [lackasie MyHKIINIO OT 1€710-
UCJIEHHOT'O apTyMeHTa, KOTOpast OyJIeT BO3BPAIIaTh KBaJIPaT CBOETO apry-
MEHTa, HO IIPU 9TOM Oy/IeT 3HAYEHUE CBOETO apr'yMEHTa BBIBOAUTH B ITOTOK
CTaHJAPTHOIO BBIBOJA («HA IKPAH» ):

function f(x: integer) : integer;

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

DyHKINN, KAK Mbl 3HAEM, BBI3BIBAIOTCH U3 apU(PMETUIECCKUX BbIPAYKEHMUIA,
Tak 49TO JI0D0E BBIpaXKeHWe, COIepIKallee BhI30B 3Tol (yHKIuu f, Oymer
06/1a1aTh MOOOIHBIM IPPEKTOM — TeUaTaTh 3HATEHNE apryMeHTa (PyHK-
mwu. [losTomy, HATpUMeEp, TTOOOUHBIH 3P HEKT BOZHUKHET MIPU BHITTOJTHEHUN
CJIEJLIOIINX OIIEPATOPOB IPUCBANBAHUS:

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

HO — H 3TO CJIeyeT UE€TKO MOHUMATh — MOOOYHBIM 3 dekToM TyT 0b/1a-
JIAIOT HE CAMU OIIEPATOPBI, a BXOSIINE B UX COCTAB BBIPAXKEHUS: B IEPBOM
caydae sro f£(15) + 2, Bo Bropom — f(5) - 3. 3agBisATh, 4TO MOOOY-
HBIM 3P PEKTOM TYT OyIeT 00JIaaTh ONEepamop NPuceausaHus, ObLIO ObI
HECKOJIbKO CTPAHHO: MBI B€/Ib HE TOBOPUM, 4TO y TOr'O K€ olleparopa while
MOxKeT ObITh 110604HBIH 3 deEKT, 1axe eciu B €ro 3arojoBke (He roBops
y¥Ke TIPO TeJI0) OKAYKETCsT BhIpayKeHNne ¢ MO0OUHBIM 3D HEKTOM.
[TockouibKy cam 110 cebe BBI30B (DYHKIINU — 9TO TOXKE apupPMeTHIecKoe
BBIpaXKEHMe, BIOJHE IIPABOMEPHO Oy/IeT CKazaTb, 9TO Pyrkuyus f umeem
nobounwvli apexm, nu Tak meficTBuTeIbHO roBopsit. Ho BoT y mpoueny-
ppl B Tom ke Ilackasie Hukakoro mobodyHoro sadpdekTa ObITH He
MO2KeT, 4Té Obl OHa HU JiejIajia, BeJb €€ BbI30B — ITO HUKOMM 00pa3oM He
BBIpayKEHUE, 9TO OT/IEJbHBII OITePATOP, KOTOPHII TaK U HA3BIBAETCS «OIIE€Pa-
TOp OOpAIIEHus K IIPOIIE/LyPe» MK «OIIEPATOP BBI30BA IIPOIE/LYPhI». 3/1eCh
YMECTHO OyeT OTMETHUTH, 9TO B W3HAYAILHOM Bapuante [lackaas — B ToMm
€ro BHUIE, B KOTOPOM 3TOT sA3bIK OBbLI mpemoxken Hukaaycom Buprom —
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BbI3BaTh (DYHKIMIO paju 11060uHoro 3ddexra (IPOUrHOPUPOBAB €€ BO3-
BpaIaeMoe 3HadeHue) ObLIO HeIb3sl. DTO «HEeyI0OHOe» OrpaHuYeHHe ObLIO
ycrpaneno cozgaresnsmu Turbo Pascal; yBbr, st sromm, ovueBmmno, mpu-
BBIKJIN TIporpaMMupoBaTh Ha CH, & 0 KaKO#-TO TaM <«JIOTUKE TTOCTPOCHUS
SA3BIKA» WM «IHCTOTE CEMAHTHUKN» IOIMPOCTY He 33y MbIBAJIHICD.

Ecin BepHyThCst Tenepb K si3biky CH, MOXKHO BCIIOMHHUTB, 9TO B HEM
HET HEe TOJIBKO OIleparopa IMPUCBAMBAHUS, HO W HUKAKOIO OIeparopa Bbl-
30Ba TMPOIEIYPHI, J1a W CAMUX TPOIEeayp Toxke HeT. Ha 3arom Mmecre wmc-
TuHHBIE ounTaresin Cu OOBIYHO HAYMHAIOT BO3MYIIATHCS M HAITOMHHATD
po MYHKIUN, UMeoIne void B Ka4eCTBe THUIIA BO3BPAIIAEMOr0 3HAYMCHMUS.
HeficTBuresnbHO, mexnuuecky (Ha ypOBHE MAIIMHHOIO KOJIA) MACKAJIEBCKAsI
nporeaypa u void-gyukius n3 Cu — 3TO OHO U TO e, HO JIeJIO BEJIb HE B
TOM, KAKOH M3 HAIIell MPOrpAMMbI TOJYYUTCS MAITUHHBIA KOJI; KOTJA IPO-
IPAMMUCT THUIIET TPOrPaAMMY Ha «COBCEM BBICOKOYDOBHEBBIX» SI3BIKAX, OH
OOBIMHO BOBCE HE 33J[yMBIBAETCS, KAK KOMIUJISTOD OyJET YIpaBJIATHCS C
[IEPEBOJIOM €ro IIPOrpaMMbl Ha I3BIK IIpolieccopa. KoJjib CKopo MbI 06Cy K-
JIaeM MapaJIuCMbl, HAM BaKHee He TO, TG U3 HaIllel IMPOrpaMMbl Oy IUT-
cst mocJte e€ 00pabOTKM TPAHCISITOPOM, & TO, KAK MBI CAMU BOCIIPUHIMAEM
MIPOrPaMMYy, KOTJ[a MHIIEM €.

QopMaabHO CceMaHTHKa (QYHKIUN TuHa void omuchbiBaeTca (pasoit
BpOJie «3TO (DYHKIINs, BCET/a BBI3bIBaeMas paju MoO0IHOro 3dpdexTas
i «(pYHKIMS, BO3BpalllaeMoe 3HaUeHe KOTOPOil BCerja UTHOPUPYETCS».
DyHKIUS IPU 9TOM OCTAETCsI UMEHHO (DyHKIHEi, TO eCThb €€ BBI30B €CThb
MO-TIPEXKHEMY YACTHBIN CJIydail apruMeTHIeCKOTO BEIPDAYKEHUsI, & BbI3bIBa-
ercs OHa, Kak u Jiobas dyukims B Cu, ¢ TOMOIIBIO BCE TOTO XKe 0Nnepamopa
BUVNUCAEHUS BBIPANHCEHUA PadU N0O0UH020 Pderma. XyrKe TOro — KaK MbI
yake obcyxgau, B Cu BooOIe Jjiroboe JeificTBre OKA3BIBAETCS TOOOTHBIM
apdekToM, a MoCKOIbKY s3biK Cu n3HAYAIBHO UMIIEpaTUBHBIH ((boHHEMA-
HOBCKUI1), TO €CTh BBIIIOJHEHHUE IIPOIPAMMbI, HAIIMCAHHON HA 3TOM SI3bIKE,
COCTOUT B IOCJIEOBATEILHOM BBIITOJTHEHUN OIPEIEIEHHBIX JTEACTBUI, MBI
[IOJIy9aeM CBOEro POJa KBUHTICCEHIMIO «CHUIIHOIO» MBIIIJIEHUS: 6bIN0AHE-
Hue npoepammuvi (6 mepmunar asvka Cu) cocmoum us nobowHvr sdder-
mo6 — TO ecTh B porpamme Ha Cu BooOIlle HET HUYEero JApPyroro, OJHU I0-
6ounbie 3 dekThl. B TaKUX yCIOBUSX COBEPIIEHHO HEBO3MOXKHO COXPAHUTD
aJeKBaTHOE BOCIIPUATHE TOOOTHOTO 3P (PeKTa KAK TETO-TO HEHCEAAMENDHO-
20 — 3MaK, Jero J06poro, HEXKEJATEJIbHOM cTaHeT Bes nporpammva. Muade
rOBODsI, ceMaHTHKa si3bika CU Hem30e:KHO MPUBOJIUT K BOCHPHUATHIO TT000Y-
HOro 3p@deKTa KaK Yero-To He IPOCTO <«JIOIYyCTUMOIO», a, Jiydlle Oyier
CKa3aTh, caMo CODOI Pa3yMerOIIerocs.

[Ipumep ¢ KOUPOBAHUEM CTPOKH IUKJIOM, 3AIUCAHHBIM B OJ[HY CTPOUKY,
HAM y2Ke MOT U3PSIJIHO [TOTHAI0ECTD, ITOT IPUMEp IIPUBEJIEH U B IIPEIUCIIO-
BUSIX, U B 4acTH, HOCBAMEHHONW Cu, HO BCE K€ PUCKHEM ITOBTOPUTH €ro —
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Bellb, HOXKAJIyil, 9TO caMasl OJMO3Hasl U3 BCEX CTPOYEK KOJa, KOoria-janbo
nanucanuplx Ha Cu:

while((*dest++ = *src++));
IIpenioxkenne HATIUCATH BMECTO 3TOTO, HAIPUMED, TaK:

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

src++;
dest++;
}
*dest = 0;

3a9aCTyI0 BBI3bIBAET YKECTKUI OTIIOp — MOJI, TaK »Ke JIJINHHEee, a 9eM OHO
npu 3toMm Jryurie? [IpaBuyibHBIN OTBET Ha BOIPOC O HEJIOCTATKAX IIEPBOTO
BapHaHTa COCTOUT B TOM, YTO TaM B YCJIOBHOM BBIPAYKEHUU IEJIBIX TPU I[10-
6ounbIx 3 dexTa, ITO, HECOMHEHHO, IIPEeBPaIaeT Ko B pedyc. Bor Toabko
9TOT apryMeHT MOYKET COBCEM He TOBJIUITH Ha IeJI0BEKA, MPUBBIKIIETO K
peasinsgm Cu: OH HAM OTBETHT, 9TO 8 HOBOM 6APUGHME K00d NOOOYHBIT -
pexmos poeHo cmoavko oice — U ¢ GOPMATIHHON TOYKH 3PEHUsT OH OyeT
npaB. AHaJIOrMYHBII IMKJI, 3anucaHHblii Ha Ilackanel®, He comeprkai GbI
HE 0ftHOTO 110609HOrO 3 derTa; coBceMm apyroe meno — Cu.

Curyarusi OCJIOXKHSIETCS €IE U TEM, 9TO 8 HEKOMOPHIL CAYHAAT TO-
6049HBI 9DPEKT B YCTOBHOM BBIPAYKEHNN OKA3BbIBAETCS SIBJIEHUEM CKOpEe
[IOJIOYKUTEJIbHBIM, YeM Haobopor. Hanpumep, ecin Ham morpebyercs: mpo-
9UTATH MOCJIEOBATEILHOCTh YHUCEJT U3 TEKCTOBOTO (ailjia UjIn JIPyroro mo-
TOKa, JI0 HACTYILIEHUSI CUTYalun «kouer daitias, Ha Cu MbI, CKOpee BCero,
MPUMEHUM CJIeLY IO KO/T:

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

}
Pazymeercst, 9T0 MOYXKHO HalmcaThb HHAYE:

res = fscanf(stream, "%d4d", &n);
while(res == 1) {
/* 3mech obpabaThHBaeTCs HYUCIO n */
res = fscanf(stream, "%d", &n);

}

[Tobounoro addexTa B yCIOBHOM BBIPAYKEHWM 3/I€Ch YK€ HET, 3aTO II0-
SABUJIOCH JTyOJMpOBaHME KOMa. UTO Jjydiine — moO0IHbI 3D dEKT B yCI0B-
HOM BBIpaXKeHUU ujn jyosmpoBanue Koja? MoXKHO CKOJIBKO YIOJHO JIO-

153 1ech IPUXOMUTCS TIPEAIOIOKATE, UTO JHUBO 3TO KaKo#i-To muasexT llackass c
aapecHOil apudMeTHKOit, THO0 BMECTO yKa3aTesel UCIOIb3YIOTCH MHIEKCHI.

@
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MaTbhb KOIIbsl B II0JIb3Y TOIO WJIM WHOI'O OTBETa HAa TOT BOIPOC, HO Ipa-
BUJIbHEE OyJeT NPW3HATH JOBOJIBHO OYEBHIHBIA (hakT: Ha camom dene
u mo, u dpyeoe — naoro. VcTOYHUK TPOOIEMBI MBI IIOAPOOHO 0OCYK-
@ BO BTOPOM TOME — CHa4daja B dacru, nocBdaméHaoil Cu (cMm.T. 2,
crp. 206), Mbl oTMeTHIIN caM (DAKT BO3HUKHOBEHHs HOTPEOHOCTU B [IOCTPO-
€HUH IUKJIA [10 CXeMe «BBIOOpKa—IIpoBepKa—00paboTKay, a Mmo3xKe, 100paB-
[IUCh JI0 COOLIMUTHO-YNPABAAEMO20 NPOSPAMMUPOBAHUS, YIHAI,
9TO 3a ITOU CXEMOI, €CJIH 1O Hell TIOCTPOUTD 2AA8HBLT UUKA TTPOTPAMMBI,
crout Iesas napajgurma (cM.T. 2,§6.4.3).

Takoe mocTpoeHMe NUKJIOB HE YKJIAJIBIBAETCA B KAHOHBI CTPYKTYPHO-
o IIPOrPAMMUPOBAHUS, JIOIYCKAIIETO JIUIIb [HUKJIBI C IIPEILYyCJIOBUEM U
C TOCTYCJIOBHEM; HO B PeaJIbHOW >XW3HU B IIPOrpaMMax O4YeHb dYa-
cTO TpebyeTcss MMEHHO TaKOl IUKJI «C YCJIOBUEM MOCEpPEIUHE>,
[IPU 9TOM CYIIECTBYIOIIHE SI3BIKU TPOTPAMMUPOBAHIS TAKONH KOHCTPYKITIHI
HE MPEJIOCTABJISIOT. 3/1eCh €CTh HEKOe MTPOTUBOPEYINe MEXKJIY MPAKTHIeCKH-
MU TOTPEOHOCTSIME IIPOIPAMMKCTOB C OJIHOW CTOPOHBI U CBOWCTBAME JIO-
CTYIIHBIX UHCTPYMEHTOB — C JPYIrOil; OTCIO/A YK€ BBITEKAET U OTKPOBEHHAS
«KpUBHU3HA» ODOMX PACCMOTPEHHBIX HAMHU TOJIBKO UTO PEIIeHUil — TO JIU
IybIMpoBaTh KO, 8b00pKU, TO JIM 3aTHATH 8b00PKY B 3ar0JIOBOK IUKJIA B
KadecTBe TTOO0THOTO 3 PeKTa YCIOBHOTO BhIpaykeHus. JacTo BCTPEeIaeTCs
TaK)Ke U TPETUil BAPUAHT — CJIEJIATH IUKJI «OECKOHEYHBIM, & BHIXOIUTD U3
HETO OIepaTOpOM break MJIM €ro aHAJOrOM, IPUMEPHO TaK:

for(;;) {
res = fscanf(stream, "%d", &n);
if(res != 1)
break;
/* 3Oech obpabaThHBaeTCd HYHCIO n */

}

3ameTuM, JIsi TJIABHOTO MUKJA B COOBITUIHHO-YIIPABISEMBIX MTPOrPAMMAX
HanboJiee TUINWYEH UMEHHO JTOT IOJIXOM. ABTODY, BIPOYEM, JOBOJIMIOCH
BujieTh nnporpaMMbl Ha Cu, B KOTOPBIX «for (;;)» BBICTYIIATI BOOOIIE eI1H-
CTBEHHBIM BapHAHTOM 3aroJIOBKa IUKJA. KOHEYHO, 9TO peIleHne UMeeT
CBOIl COOCTBEHHBIIl HEJIOCTATOK: OOLITHO OT KOHCTPYKIUU OECKOHEYHOI'O
[UKJIa 9ATATE]b IPOrPAMMBI O2KHJIAET, YTO ITOT IIUKJI OKAXKETCs IefCTBU-
TeIbHO OECKOHEYHBIM, TO €CTh Oy/meT paboTaThb 0 TeX IOp, MOKa Ipo-
rpaMMy He 3aBepIIaT HPUHYJIUTEJHHO BHENIHUM BO3JEHCTBHEM, JUOO IO
KpaiiHell Mepe 9TO TaKOU IIUKJI, [1Jjid KOTOPOI'0 YCJIOBUE 3aBEPIICHU HEBO3-
MOXKHO IIPEJICTABUTH JIOCTATOYHO IPOCTHIM BBIPAKEHHEM. Upe3MepHO [a-
CTOe TMPUMEHEHNE KOHCTPYKIMKU OECKOHETHOTO IIUKJIa OYEBUIHBIM 00pa30oM
3aTPY/IHSAET BOCIPUATUE ITPOIPAMMBIL.

Kakoe u3 Tpéx perennit BbIOpaTh — BO MHOIOM BOIIPOC JIUYHBIX IIPH-
CTPACTHUil, BaXKHO JIPyroe: Mbl 37eCh UMeeM BHSITHO CHOPMYJIUPOBAHHYIO
npobyiemy (Kak 1paBuibHO 0OPMUTH MUKJI, €CJIA 10 CMBICILY OH JIOJIZKEH
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COCTOSITH M3 BBIOODKHU, IIPOBEPKH U 0OPabOTKH), OJHAKO HE MOXKEM yKa-
3aTh PEIIeHNs, TOJTHOCTHIO CBOOOIHOTO OT HemocTaTkoB. CremoBaTebHO, B
9TOi cuTyaruu moO0YIHBIN 9DdEKT B yCIOBHOM BBIPDAYKEHUN UCIIOJIB3YETCS
no deay W HUKOUM 0Opa30M HE MOXKET CBHJIETEJILCTBOBATH O Oe3asiabep-
HOCTH IIPOIPAMMUCTa — TOJBKO (KAK MAKCUMYM) O €ro BKYyCaX, U HeJb3s
CKa3aTh OJIHO3HAYHO, YTO TaKWe BKYChl YE€M-TO ILJIOXH, BEIb JIBA JIPYIHUX
pelleHnsT TOXKe He CJUIIKOM XOPOIIIH.

BaxHO OMHUTH, 9TO IUKJI C TIPOBEPKOI ITOCEPENHE — ITO CIIerndu-
9eCKMil YACTHBIN C/Iydail, KOTOPBIi HUKAK HE MOXKET OIpPaBIATH A100ble
MPUMEHEHUsT TTOOOIHBIX 3(P(HEKTOB, 0COOEHHO B YIIPABJISIONINX YCIOBHBIX
BBIDaXKeHUsIX, TO eCTh HU B if’e, HU B 1ukie ¢ nocrycaosueM (do-while)
NpuMeHeHre O00YHOTO (PGEKTa B YCJTOBHOM BBIPAYKEHUU HE MOXKET Pac-
CMATPUBATHCsT KAK XOPOIast MPAKTUKA, J1a U B IUKJIAX C [IPEJyCJTOBAEM
while u for — HyXHO i Hadajga yOEIUTHCH, 9TO UMEET MECTO MMEH-
HO TIOCTPOEHIME UK IO CXeMe «BbIOOPKA—IIPOBEPKa—00pabOTKA», U JIUIIID
MIOCJIe 9TOTr0, OOPEUEHHO B3/0XHYB, BCTABJATH B YCIOBUE MOOOYUHBIN -
dexr. Hanpumep, B mporpaMmax, yIpasJsionux nporeccamu'® B cucremax
cemeiictBa Unix, MOKHO BCTPETUTH CJIEIYIONLYIO KOHCTPYKIIUIO:

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

Mexk 1y podnM, «0CoHO0 MPOABUHYTHIE» TOBAPHUINU YXUTPSAIOTCS HAIMCATH
BOT Tak: «while("wait (NULL)) ;». 9Tor pebyc (KOTODBIii, KAK HU CTPAHHO,
JIeJIa€T POBHO TO 2Ke) IPEJIOKUM YUTATEIO0 PA3raIaTh CAMOCTOITEIBHO.

Ha nepBblil B3I MOXKET [IOKa3aThCsd, 9To TYT (Hy, 110 KpaiiHeil Mepe
B [I€EDBOM BapUaHTe) BCE HOPMAJILHO: [IOKA ¥ HAC €CTh IIPOLECCHI-IOTOMKH,
wait 1o Mepe uX 3aBepIeHs, IPEBPAIECHUS B «30MOU» M OKOHYATEIHLHOIO
yaasienust 6yeT Bo3Bpalnarh uxX pid’pl, a KOTJa IIOTOMKOB HE OCTAHETCSH —
BEPHET MUHYC-EJIUHUILY, MOCJE Yero IMUKJ 3aBEPIIUTCS; MoYeMy Obl U He
CJIeJIATh TaK, €CJIU 3a9€M-TO HYKHO JIOXKJIATHCS 3aBEPIINEHUs] BCeX HAIINX
oToMkoB? HO TOpONIATHCST HE CTOUT: TBITASICh HATSAHYTh HA 9TOT IUKJI CXe-
My <«BBIOOPKa-TIPOBEPKa—00pabOTKa», Mbl He HANAEM OJHOIO U3 3BEHHEB —
TPETHEro, TO €CTh BOOOIIE-TO OCTAIOTCS TOJLKO «BBIGOPKay (TO €CTh HEKOE
JeficTBue) U «mpoBepKay (pe3ysbrara 3TOro JeHCTBHs), & ITO, OYEBUIHO,
[IUKJI C TIOCTYCJOBUEM KAaK OH €CTh, U HAINCATH, PA3yMEETCs, CJIE0BATIO
nHaYe:

do {
pid = wait(NULL);
} while(pid !'= -1);

3aMeTuM, YTO €CJIM TeJIO MCXOMHOIO IUKJIA BJPYT CTAHET HEILyCThIM — Ha-
npuMep, MOTpedyeTcsi BBIIABATh KaKue-HUOYIb COOOIIEeHNs, KOTIa OUepel-

16 Eciti BBI He MOMHUTE, 9TO JeIaeT BBI30B Wait, mepednTaiiTe BO BTOPOM ToMe §5.3.7.

R
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HOI IIPOIIECC-IIOTOMOK 3aBEPIIUJICA — MOXKHO (U Jarke HyKHO) OyueT Bep-
HyThCHA K CXeMe C TODOYHBIM 3(DPEKTOM B 3arojIOBKE ITUKJIA; HO CHAYAJIA
TEJIO JOJIKHO [IEPECTATH OBITH IIYCTHIM.

BceBo3zMoxKHBIM KOHCTPYKITUAM Bpoze «al[i++]=b», npenmonaraomnimm
6oJtbITlie OTHOTO MOOOYHOTO 3P PEKTa B OTHOM BBIPAXKEHUM, TOXKE HEBO3-
MOXKHO TI0J100paTh ompasjanue. Korma-to JaBHO C UX MOMOIIBI0 MOYKHO
OBLIO MOBBICUTH OBICTPOJIENCTBYE, HO CO BPEMEHU IIOSIBJIEHUS] ONTUMU3U-
PYIOIUX KOMIIUJISTOPOB MOJ0OHBIN KOJI OKOHYATEIbHO TEPEIIe B KATEro-
PHUIO HEYMECTHBIX TPIOKOB. BCE, 94TO OHU JIEJIAI0T — 3TO 3ampyoHAom BOC-
NIPUATHE TEKCTa IPOrPAMMBI, IIyCTh M HE3HAYUTEIHHO; HO HAIA IEJIb IIPH
HaIMCAHUU TEKCTa JIOJI?KHA OBITH IPSIMO ITPOTHBOIIOJIOXKHOIA.

O1/e/IbHOTO BHUMAHUST 3aC Ty KUBAIOT (PYHKIIUU, KOTOPBIE Ha CAMOM JIe-
Jie (110 CMBICITY) JOJIZKHBI ObITH IPOLE/LyPAMU, TO €CTh HAIIUCAHBI PAJIU 1O~
6ourOro 3dpdexTa, HO TPU ITOM 4MO-Mo 8038pawatom. Korma «mporemry-
pe», nanucanuoi #Ha Cu, €CTb 9TO COOOIIUTE BBI3BIBAIOIIEMY — XOTsI OBI IIPO-
CTO OTYUTATHCSI 00 YCIEITHOCTU WJIM HEYCIEITHOCTU CBOEH paboOTBI — 3TO
MIPaKTUYECKU BCErJa JIeJIaeTCs Jepe3 BO3BpallaeMoe 3HaUeHue (QyHKIIH.
CemaHTHYeCKasT HEJIEIIOCTb TOTO TOAXO/Ia CTAHOBUTCH SICHA, KAK TOJIBKO
73 TOIIPOrPAMMBI TPEOYETCS MOy IUTh OOJIbIIE OHOTO 3HAYEHUST; BO BTO-
POM TOME MBI MOCBATUIM 3TOi npobsieme mesbiii naparpad (cm.§ 4.8.4).
Ha ITackase 00bIMHO TpONEAypPhl 0DOPMIIAIOT B Buie «GyHKIUi» paan
BO3MOYKHOCTH BEPHYTh 3HAYEHWE TOJIBKO MPOIPAMMHUCTBI, MPUBBIKIINE K
CH-TIO/IOOHBIM SI3BIKAM' ', 2 JIFOJIH, He UMEIONIHe TAKHX CJIOXKHOCTeil, CKO-
pee cHAOIAT TPOIETYPY MAapaMeTPOM-TIEPEMEHHOM, 9eM IepeesialoT €€ B
bYHKIINIO; XOPOIIUM IPUMEPOM TAKUX IPOIELYDP BBICTYHIAIOT BCTPOEHHBIE
BlockRead u BlockWrite (cMm. §2.9.4), Ho ecTb u mutoxoii npumep — «hyHK-
1usi» ReadKey u3 Mozyist crt (em. §2.8.3). Ecsin nonbitaTsbest IepeHecT 3To
npaBwio Ha Cwu, mpejmosiarasi, YTO aHAJOTOM IIPOIEILYP MOXKHO CUATATH
void-yHKIUH, TO TPUIAETCA TEPENUCATh BCIO CTAHIAPTHYIO OMOJIHOTEKY,
BKJII0Yasi OOEPTKU CHCTEMHBIX BBI30BOB; TO €CTh B 9TOM ILJIAHE CHTYAI[US
¢ Cu, ckaykeM 9ecTHO, COBEPIEHHO Oe3HaIEKHA, OTIEIUTh TPOIEIYPhl OT
GYHKIMI HE MMOJIyIaeTCs HUKAK.

Wrak, mobounbie 3¢pdeKTh — 3T0 Bpojie ObI HEXOPOIIIO, HO IOJHOCTHIO
3aIpeniaTh X HUKAK HeJIb3sl, IUKJI C BEIDOPKOIi, MPOBEPKO 1 00pabOTKOM
MOXKET HaM IMOTPeOOBATHCS BHE 3aBUCUMOCTH OT TOTO, HA KAKOM $sI3bIKE MBI
nuiieM, B ToMm uncie u Ha [Tackase, Hy a eciin MbI K ToMy 2Ke tiuieM Ha Cu,
TO He 3aIPeIaTh YKe BECh ITOT S3bIK IIEJIMKOM — aJ/IEKBATHON 3aMeHbBI €My,
KaK Mbl 3HaeM, HeT u He upeisuaurcs. Cjie/oBaTe/ibHO, HY>KHA KaKasi-TO
WHCTPYKINS, 10 BO3MOXKHOCTH JIAKOHUYHAsT U SICHAsI, O TOM, KOI[JIa U KaK
1mobo4HbIe 3P DHEKTHI MTPUMEHITH MOYKHO, 8 KOI[a — He CTOUT. B TepMumHax

17Bo BpeMsi IIOATOTOBKY IIEPBOrO U3JAHUSI KHUTH ABTOP, K €I OI'PDOMHOMY COKaJle-
HHIO, CAM BXOJWUJI B UX YHCJIO, U IIPEOJOJETh 3TOT POCTOK CHUITHOCTH MO3Ta €My CTOU-
JIO ONIPEeNENIEHHOIO TPy/Ja, B TOM YHCJIE CYT'yOO TEXHHYECKOIO: KO BTOPOMY H3JIaHUIO B
TIaCKaJIEBCKOM YaCTH KHUTH IIPUIJIOCH IIepeIesIbIBaTh €4Ba JIU He IIOJIOBUHY IIPUMEPOB.
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[Tackass Takast MHCTPYKIUSI BBITJISIIUT OYeHb IIPOCTO: N0O0UHBIE IPPhermovt
NPUMEHAMY HE CACOYEMm, 30 UCKAIOYEHUEM CAYYAA, Ko2da 6 sude nobouHo-
20 appexma Pynxyuu opopmasemes 6vbOPKa NPU NOCMPOEHUY, YUKAL TLO
CTEME <BBIOOPKA-NPOBEPKA-00PAOOMKGS.

B wacru, nocssaménuoit si3piky Cu, MBI HOIBITAINCH CHOPMYIUPOBATH
AHAJIOTUYHYIO WHCTPYKITUIO JJIsl 3TOTO si3bIKa M OOHAPY KU, ITO CEMAHTH-
ka Cu u Tpaaunuy MOCTPOEHMSI €r0 CTAHAAPTHON OMOJIMOTEKN OKA3BIBAIOT
HaM BeChbMa JIOCTOMHOe comporuBieHue. s Hadaga mepesn HAMU BCTAET
BO BECHh POCT Tpob/ieMa MPUCBANBAHNA; HO 3/I€Ch XOTsI ObI MOYKHO TOTPebOo-
BaTh, YTOOLI IPUCBANBAHIE BCET/IA, JIEIAJI0CH PAIu MOO0IHOTO 3ddekTa, TO
€CTh 3alIPeTUTh UCII0JIb30BATh €0 3HAUEHNE — a 3HAYUT, 3allPEeTUTh BOOOIIe
BKJIIOYATH IPUCBaMBaHMe B 60jiee CI0KHbIe BhipakeHns. C QyHKIUSIMEI Xy-
ke. OueBUIHBII BADUAHT — €CJIU IO CMBICJTY TOM WJIN WHOH (DYHKIMH 9TO HA
CaMOM JieJie TIPOIEyPa, TO €CTh €€ Mo00UHbIH 3PdEKT — 9TO TO, paju e-
ro OHa HAIHUCaHA, TOTPEOOBATH BBI3BIBATD €€ KAaK IIPOIEYPY, HE HCIIOJIb3Ys
BO3BpAalllaeMoe 3HaYeHHe; HO Mbl y2Ke MPU3HAJN, UTO TAKUX PaIAKAJIBHBIX
u3MeHeHuil TpeboBaTh HECIIOIE3HO.

TekcT WHCTPYKIMM, KOTOPBII MBI BO BTOPOM TOME BCE K€ CMOTJIA
KOe-Kak cocrpanarh (cu. .2, crp.207), Bmecre ¢ npumepamu (a 6e3 Hux
TaM BOOOIIe HUKAK) 3aHsAJ OOJIbIE CTPAHUIIBI, HO 9TO HE CaMOe CTPAIIHOE.
XyKe TO, UYTO OHA, CKOpee BCero, OyJeT MOHSTHA JIUIIb JIO/AM, 3HAIOIIAM
[Tackaap man Kakoif-To JAPYroil si3bIK, B KOTOPOM €CTh IacKaJeroI00HbIe
MPOIEYPHI; €CJU K€ YeJIOBEK M3 MMIEPATUBHBIX SI3BIKOB BUJIE TOJBKO
Cu, ¢ xoporreii BEpOSTHOCTBIO OH JIEMEHTAPHO He NOUMEM, 0 4EM B ITON
WHCTPYKIUU ©dém pews W OTKYa B3sUIMCh Takue TpeboBaHus. Mbl IpocTo
HE CMOYKEM OObSICHUTH TAKOMY YEJIOBEKY, IJe TPAHUIIA MEXK/LY JOIYCTUMBbI-
MU U HEJIOIYCTUMBIMU TOOOIHBIME I DEKTAME, HAM JIJIsT 9TOTO HE XBATUT
TaKuX CJIOB, KOTOpbIe ObLIN ObI €My TOHSITHBI. KC/IM YKe MBI ITPOJIOJIZKUAM
HaCTaWBaTh Ha COOJIIOIeHNN TPeOOBAHMIL, TAK U HE OObSICHUB MIPUINHY UX
YCTAHOBJICHHUSI, TO B OTBET IOJIYIUM, CKOPEEe BCErO, TOJIBKO IIOTOK HETATHBA,
KaK 9TO OBbIBaeT BCErJia, KOTJIA YeJOBEK BBhIHYKJIEH UCIIOIHATEH HETIOHATHBIE
JIJISI HEI'O WHCTPYKITUH.

IIpeBpaTuB nmpucBamBaHUe U3 ONEpPaTOPa B OIEPAIUI0 U OTKA-
3aBIIUCH OT MPOIE/YyP KAK CAMOCTOSTEIbLHOUN CYI[HOCTH, CO3/IaTe-
au Cu TeM caMbIM BBIIIMCAJIN MHOTMM ITOKOJIEHHSIM IPOTrpPaMMU-
CTOB YHUBEPCAJIbHYIO WHAYJIBI€HIIUIO HA HUYEM HE OrpaHUYEHHOE
U HUYEeM He OIPaBJAaHHOE IIpMMeHeHWe MOGOYHBIX 3(pPEeKTOB K
MecTy m He K mecty. A3pik Cu nposoyupyem nporpaMMmucTa Ha IIpHU-
MeHeHne MOOOYHBIX (P DEKTOB, MAKCUMAJIBHO TAKOe IPUMEHEHUE YIIPOIIas
U TIPU 3TOM 3aTPY/IHSS, HACKOJIBKO BO3MOXKHO, JIIOObIE OObICHEHUS, TIOYe-
My Tak JIeJIATh He CTOWT. B 9TOM M COCTOUT KOHIENTYAJIHHOE WJIU, €CJIN
yrojguo, mapajurmarndeckoe oriaumane Cu ot Ilackass, a 3a0mHO TpUIH-
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Ha, COBEpINEHHO KaracTpodudeckoro BiusiHusg Cu Ha HEOKpPEIIne MO3IH
HAYMHAIOIIX.

ABTOp BblHY)XAEH NPU3HATb, 4TO eu.l,e COBCEM HEOABHO HE OCO3HaBas 3TOro —
XOTA BCe€rga yreepxnas, 4Tto A3blK CI/I KaneynT MblillsieHne, HO TeM HE MEHee HeE MOr
AaTb KPATKOro M TOYHOrNo OTBETA HA BOMPOC, KaK N YHEM MMEHHO Kane4durT. Tenepb
Takoli OTBET €CTb, N 3TUM 0ObycnoeseHa bonbliasi 4acTb OT/INYMIA TEKCTa BTOPOro
n3gaHuns Hallel KHUrm ot nepBoro.

W3 Hamero paccy»kieHusi MOXKHO CJIIEJIATh JOCTATOYHO BaYKHBIN BBIBO/I.
Binstaue s3pIKa TpOrpaMMUPOBAHUST HA, MBIIIIJICHIE YACTO HEIOOIEHUBACT-
Csl, U HEJOOIEHIMBAETCsI COBEPIIEHHO HAIPACHO. Jlake Ba CTOIb MOXOXKIX
Apyr Ha npyra s3bika, kKak Cu u [lackaib, OKa3bIBAIOTCS TPU BHUMATE b
HOM PACCMOTPEHUU COBEPIIIEHHO Pa3HBbIMU B ILJIaHe HapaaurM, npuuém Cu,
€CJIN He IIPUHSITH CEPbE3HBIX MEP IIPEI0CTOPOXKHOCTH, CIIOCOOEH MBIIIJIEHUE
MIPOrPaAMMUCTa, HEOOPATUMO WMCKAJIEIUTh, & €CJIM €ro U3ydaTb B KadeCTBE
IIePBOr0 B KU3HU $3bIKA, TO HUKaKWe Mepbl He moMoryt. Ilo-Buammonmy,
K BBIOODY SI3BIKOB IIPOIPAMMHUPOBAHUS, IPUIEM HE TOJHKO B HAYAIHLHOM
0o0y4eHNN, HO U B IIPAKTUYECKOi paboTe, CJie/lyeT MOAXOIUTH C KyJa Kak
OG4JIBIIEl TINATEFHOCTHIO, HEXKEJIN 3TO B HAIIU JHU IIPUHSATO.

Kosb ckopo Mbl 00CyXKgaeM TapaJurMbl IPOTPAMMUPOBAHUS, CTOUT
[PU3HATD, 4TO IT0G0UHBIN 3 deKT (PyHKIUN, BBIDAXKEHUS U T. I1.) —
9TO, HECOMHEHHO, TOXK€ MapaJgurMa, T.e. IPUMeHeHne T0DOYHBIX -
dekToB TpebyeT 0cobOTro MOAXOMa K OCMBICTICHHUIO Mpoucxomsiero. [Ipo-
WJLIFOCTPUPOBATh 9TOT MOMEHT JOBOJIBHO IpocTo. Emmé HemaBHO Ha da-
kynbrere BMK MI'V, rne mmeer decth paboTaTh aBTOP ITHX CTPOK, 3a-
YETHbIE KOMUCCUM 10 IIPOIPAMMUPOBAHUIO (MEPONPUITHE JJisi CTYIEHTOB,
3auéra He UMEIOIIUX, T.€., IPy6o rOBODs, /I JIBOCYHUKOB) [IPOBOJMUIKNCH
B dopme nuchbMeHHO# paboTwl. [Ipu mpoBepke Takux pabOT HEOTHOKPATHO
[IOTIaJIAJIOCH, HAIIPUMED, CJIeIYIOIIee:

fork();
if (fork() == 0) {
VA T Vi

VMCTBEHHBIE CIIOCODHOCTHU CTYJIEHTOB, IUIILYIIUX OI00HOE, 0O6CYXKIATh He
OyzeM; Topa3/10 WHTEPECHEee TMOMBITAThCS TOHATD, 9TO XK€ TBOPUTCS Y aBTO-
pa Takoif paboThI B roJIOBe — U 10 Kakoi mpudnne. OTMeTuM Jijist Hadasa
OYEBHJIHOE: CTYIEHT, HAITUCABIIUI MOIO0HBIN (hDparMeHT Koja, KOHIIEIIH-
eit mobouHOTO 3hdeKTa He BIaJIeeT, B IPOTUBHOM CJIydae OH ObI IIOHUMAJT,
gro fork y Hero orpaforaer mBaXK/Ibl (a TOUHee — B O0MIEl CJIOXKHOCTH
TPUKIBI, HO 3TO yKe ocobenHocTh camoro fork). Hecmorpa Ha 310, fork
B 3aroJjioBke if’a y Hero moueMy-To ecTb. OTBET Ha 9TO «IIOYEMYy» HA Ca-
MOM Jiejie TPUBHUAJIEH: 0H guden, 4mo max nuwym npenodasamenu. Ipu
3TOM, C OJTHOM CTOPOHBI, KOHIIEMIUSI TOOOTHOTO 3P HEKTa Y ITOTO CTY/IEHTA
B T'OJIOBE HE YKJIAJBIBAETCS, TO €CTh OH HE MOXKET IIOHATh, 4TO delicmeue
(B maHHOM CJiy4yae IOPOXKJEHUE MPOIECCa) MOXKET IIPOU30UTH B XOJE BbI-
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YHUCJIEHUS YCJIOBHOTO BBIPAXKEHUST — BEIb TAM YK€ NPOCINO CPAGHEHUE 068YL
wucea! C Ipyroif CTOPOHBI, OH TOYHO 3HAET, UTO MOPOKICHUE IPOIECCa,
Tpebylomnieecst B 3aja4e, JIeJAeTCs CUCTeMHBIM BbI3oBoM fork (aror dakr,
YBBI, IIPOCTO 3a3yOpeH).

Tak, B MO3TYy HECYACTHOIO OOYYAEMOr0 CTAJIKMBAIOTCS TPH MOCTYJIATA;

® HaJI0 IOPOJIUTHL IPOIECC, & Ha JIEKIUSX TOBOPHJIM, UTO JIJIsi ITOTO
HY2KHO BbI3BaThb fork;

e mamo obssarenbHo HammcaTh <«if (fork() == 0) {», moTromy wTO
IIPEIIo/IaBATEN BCET 1A TaK [IACAJIM, U, 3HAYUT, ITO TOYHO IPABUIHHO;

® YCJIOBHOE BBIPAyKEHUE — 9TO IIPOCTO CPABHEHHE, OHO, PA3YMEEMCH, HE
MOKET HUYEro CAEJaTh, B TOM YHUC/Ie IIOPOAUTD IIPOUECC (ITy MBIC/Ib
o0yJaeMblil He 00JIEKAeT B CJI0Ba, OTPAHUYEHUE 37eCh Cyrybo MmMomico-
3HATEJIHHOE).

Ha Brixojie umeem To, 9yT0o uMeeM. Bunosat Jjin B 9TroM cam crygert? Heco-
muerHo! Ecjin Ha 3aHATHSX YTO-TO HEIIOHATHO, HAJIO PAa300paThCs, 3aJaTh
BOIIPOCHI IIPETIOJIaBaTENI0 UM B KpaifHEM cilydae JPYTUM CTYJeHTaM, XOThb
TYIIKOW, XOTh 9y4YeJOM — HO JOOUTHCS MOHUMAHUS [TPOUCXOJISAINETO, a He
JOXKUJIATHCS 389€THON KOMUCCHHY I10 IIPUHITUILY «aBOCh IpopBéMmcsy. Ho, ¢
JIPYTOif CTOPOHBI, KTO MEIIAeT IIPENo/IaBaTesIsIM HAIINCATh

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

— TeM CAMBIM PE3KO MTOBBICUB ITAHCHI OTCTAIOIINX CTYIEHTOB IIOHATDh, O €M
UJIET pedyb U Kak 3TOo BcE paboraer?

Me 1y po4muM, BOIIPOC He CTOJIb PATOPUYECKHIT, KAK MOYXKET ITOKA3aTh-
cs1 — 0CODEHHO B KOHTEKCTE 00CY2KIeHus napajaurM. Jlis npernogaBaresei,
pa3yMeercsi, KOHIENIus M000IHOrO 3ddekra — bapbep MaBHO IPOIIEH-
HBIN U 3a0BITBII, TPUTOM JJIst OOJIBIIIMHCTBA M3 HUX — IIPONIEHHBIN He3a-
MeueHHBIM. JI0 KOrHUTHUBHBIX IPOOJIEM, BOZHHUKAIOIINX Y CTYIEHTOB, IIpe-
I10/IaBATEIN HE CHUCXOMAT, IOCKOJIBKY HE NOHUMAI0M, YMo 9Mmu npobaemvl
68000 MORYM, CYWECTMBOBGMDb: HY B CAMOM Jiejie, 0a “mo mym ModHcem
ovms Henonammozo? Kacaercss 9To, BIpovueM, OTHIOH HE TOJBKO IIPETIO-
JaBaTesieil IporpaMMIPOBAHNUS; [IPEIIOIABATEIN APYTUX MIPEIMETOB TOXKE
B OOJIBIIIUHCTBE CBOEM HE CUUTAIOT HY2KHBIM Pa300PATHCs, YTO ITPOUCXOIAT
B I'OJIOBaX CTYJIEHTOB, KOTOPbIE HE IIOHAIN 00bsCHEHNE C IIEPBOIO Pasa.

Yo ke KacaeTcs MpOrpaMMUPOBaHUsI, TO TYT aBTOP C IPUCKOPOUEM BbI-
HY?KJIeH KOHCTATUPOBATh KpaitHe HEIPUSTHBIN (hakT, emé OoJbIne ycyryo-
JIATONTUI TTPOOJIEMY: MHOTHE IIPEMOIaBaTEIN CAMA CTPAJAIOT IIPECTOBYTOM
«CHIITHOCTBIO TOJIOBHOIO MO3Tay», TAK UTO UX YIEHUKU JIUOO HUYIErOo He I0-
HUMAIOT, JIN0O B pe3yJibTaTe 00yUeHUs MOIOJHAOT PAIbl «UCTUHHBIX CHII-
HUKOB». KakK MCIIpaBUTH CJIOKUBIIYIOCS CUTYaIUI0 U BO3MOXKHO JIX BOOOIIE
€8 UCIPaBUTh — BOIPOC OTKPBITHIH.
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9.3.3. /IBa moaxosa K CpaBHEHUIO A3BIKOB

KomuaecTBo S36IKOB TPOrpaMMUPOBAHUsI, IPUIYMAHHBIX 338 BPEMS Cy-
IeCTBOBAHUS KOMIIBIOTEPOB, UCUUCIISAETCS JIECATKAMU THICSY, HO «JIydIIe-
ro» CpeJy HUX TaK U He IOSBUJIOCH; DOJIBIIIE TOT'O, IIPU IIECCUMUCTHIHOM
B3IJIsIIe Ha IIPOUCXO/IsIIIIee MOYKHO 3asIBUTh — U HE Oe3 OCHOBaHUN — 4TO B
MUpe BOODIIE HET TOPOWUT A3BIKOB, BCE MMEIOIIHNECs] sI3bIKM OTBPATUTE b
HBI, IPOCTO HEKOTOPBIE OTBPATUTEJILHBI YyTh MEHbIIE JIPDYTHUX.

Tak win nHade, A3bIKA IPOTPAMMUPOBAHUS IIPUXOIUTCH CPABHUBAMD
MezK/ly cOoDOM, 1 B TOM, KAK UMEHHO JIIOJN UX CPABHUBAIOT, BHE3AIIHO OOHA-
PY?KUBAIOTCS JIBa B3aUMOUCKJIIOYAIONINX I10JIX0/Ia, KOTOPbIE, B IIPUHITUIIE,
TO2KE€ MOXKHO CUHUTATh IM1apaJINT'MaMM, ITOCKOJIbKY 3TH IOJIXOJIbl B J€HCTBH-
TEJILHOCTH BBITEKAIOT U3 CyObEKTUBHOTO BOCIPHUSITUS S3bIKA ITPOrDAMMU-
POBaHUSA KaK SIBJIEHUSI.

A3pIK nporpaMMUpPOBAaHUS MOXKHO BOCHPUHUMATH KaK HHCTPYMEHT,
TTO3BOJISIONINN OOBSICHUTH KOMIIBIOTEPY — WU JAaXKe IIHAPe, Bbl%UCAU-
menavrol cucmeme, BKIIOUaloNeil KOMIIBIOTED, OIIEPAllUOHKY U, BO3MOXKHO,
9aCTh CHCTEMHOTO W MPHUKJIAIHOTO ITPOrPAMMHOIO ODECIeYeHUs — UTO U
KaK JIOJI2KHO OBITh CIIeJIaH0, 9TOOBI IIOCTaB/IeHHas (1iepe]| IIPOrPaMMUCTOM )
3a/1a9a oKazaaachk pernena. OOBITHO IPU 9TOM SI3BIK PACCMATPUBAETCS KAK
e/INHOE IIeJI0e C €T0 peasin3aliieil — TPAHCISITOPOM U BCEBO3MOXKHBIMU [10-
MIOJTHUTEJIbHBIMU IIPOrpaMMaM# — B Ka4eCTBE 3TAKOI'0 CPEJICTBa JIOCTaBKU
HY2KHOM (DyHKITMOHAJIBLHOCTU HA KOMIBIOTED (B CUCTEMY) KOHEIHOTO I0JIb-
30BaTeJIsA, TIOKPBIBAIONIETO BCE ITAIBI TAKOW JTOCTABKHU, OT HAIMCAHUS TIPO-
TpaMMBbl, €€ OTJIAJIKA W IOJATOTOBKH K Ilepejade KOHETHOMY II0JIb30BaTe-
JIFO — JI0 MHCTAJUIAIINHN Ha MaIliHe KOHEYHOT'O II0JIb30BaTelIsl, SKCIIyaTa-
WU U JlaKe TOJIy9IeHUs] OOPATHON CBSI3M BPOJE COOOIIEHUI O IMPOU3OIIE -
MUX Yy TOJIb30BaTeIsl OIMMOKAX; HO KJIFOYEBBIM TYT OCTAETCsI BOCIPHUATHE
A3bIKa U €ro peaju3allud KaK 4ero-To TaKOI'o, YTO IO3BOJLAeT 3acmasumb
Komnwvlomep 0eaams Mo, 4mo HYHCHO, WIIH, CKAXKEM, ONUCAMDb, KaK 603-
MOIAHCHOCTNY KOMNDBIOMEPG Q0NNHCHDL ObiMb 3a0etUCmMB08aHYL OAf PEUCHUS
nOCMABAEHHOT 3a0a4U.

Ho MoxkHO 1I0JIONTH K S3BIKY TPOTPAMMUPOBAHUS COBCEM IIO-JIPYTOMY.
Muorue mporpaMMUCTBI CKJIOHHBI PACCMATPUBATH SI3BIK HCKIIOYATETHHO
KaK 3HAKOBYIO CHCTEMY, HO3BOJISIONIYIO CHOPMYJIUPOBATH (€CJH yrOHO,
[IPEJICTABUTh B OOBEKTUBHOW (DOpMe) UX 3HAHWME WM HOHUMAHHE, B UEM
COCTOUT pellleHre IIOCTaBJIEHHON 3a/a4n; OT MPEIbIIYIIero BapuaHTa 3TOT
OTJIMYaEeTCd TE€M, YTO BCAKNE TaM KOMIIBIOTEDHI, OIIEPAIIMOHHBIE CUCTEMBI,
BHEIIIHUE IIPOIPAMMBbI U IIpoYee B TAKOM JyXe U3 PACCMOTPEHUS UCKJII0Ya-
ercsi KaK HeYTO HecymecTBenHoe. Kak OyeT BBIMVISIIETh UX MPOrpaMMa B
cucTeMe [0JIb30BaTe s (He TO, KAK BBINVISAIUT €€ 0JIb30BATEIbCKUN HHTEP-
detic, a TO, KaK BBIIVISIUT OHA caMa — HAIPUMED, KOI/ia €€ YCTAHOBUJIN, HO
eINé He 3aIlyCTUIIN ), KaK UMEHHO OHA OYJIET 3aIlyCKATHCSI U BBIIOJHATHCS —
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BCE 9TO HEBAaXKHO U BOOOIIE HE OTHOCUTCH K JEATEIHHOCTH IIPOIPAMMUCTA,
IycTh 00 3TOM 1103a00TUTCS KTO-HUOY/Ib €IliE.

IlepBeiit mar Kk TAKOMY BOCHPHUSTHIO A3bIKA IPOTPAMMUDOBAHUS J1€J1a~
€TCsl OJTHOBPEMEHHO C 3asIBJIEHUEM, UTO BBICOKOYPOBHEBBIE SI3BIKH ITO3BO-
JIIIOT abCTPAarupoBaThcst OT YCTPONCTBA KOMITBIOTEpA, MEPECTATh O HEM
JIYMaTh U COCPEJIOTOYNTHCS Ha PEIICHUU 3aJadi, ¥ 9TO MPABUJIBHO, IO-
CKOJIBKY PeIlIeHue 33/1a9u caMo 110 cebe joctarodno TpyaHo. Ciemyromuit
«JIOTMIHBI» IMar OKA3bIBAETCHA MOYTH HE3aMETHBIM, U OTTOrO IPAKTUIE-
CKU Hen30eXKEH: TMPUHIINI «JIJIs PEIIeHns 3aa9l He 00sI3aTebHO JIyMATh
0 TOM, KaK YCTPOEH KOMIIHIOTEP» TIOAMEHSIETCsT CHAYAJIA Ha «HE 00s3aTe b
HO 3HAMb, KAK YCTPOEH KOMIIBIOTED», UyTh IO3KEe — Ha «He TpedyeTcs
[IOHUMAaTh, KaK paboraeT KoMuIbioTep». [loyueHHBI NPUHIUIT — OUSATH
JKe MPAKTUIECKH HEeM30e:KHO — MEPEHOCUTCS Ha MPOIECC 00yUeHUsI HOBBIX
MIPOrPaAMMHUCTOB, B PE3yJIbTaTe 4ero obpas3yeTcs OvYeperHoil KOHBeiep 1o
[IPOU3BOJICTBY TOPE-CIEIUAJINCTOB, HE IMOHUMAIOIINX, YTO JIEJIAIOT; TAKUX
«CHEINOB» B IIPOCTOPEYNHU YaCTO HA3BIBAIOT «MaKAKAMU».

O BoOCIIPHUSATHUH #3BIKA [IPOIPAMMUPOBAHUST UCKIIOUATEHHO KAaK CHCTe-
MBI 0003HAYMEHU CBUJETEILCTBYET, HAIIPUMED, OINCAHUE JIOCTOMHCTB TOr'O
WM WHOTO si3bIKa (ppa3aMu BUIa «CMOTPHUTE, KAK Ha ITOM S3bIKE JIETKO Ha-
MMACATH TO-TO W TO-TO» ; JIOTUIHOE MIPOJIOJIZKEHIE BPOJIE «a HA BAIEM SI3bIKEe
TO K€ CaMoOe MPUXOJIUTCS MACATH HAMHOTO JIOJIbINE U CJIOXKHEee» He BCeria
[IPOU3HOCUTCS, HO MPAKTUYIECKN BCerya mojapasyMmeBaercs. Hemoyménmoe
«MUHYTOUKY, JIa BEJlb TBOI A3BIK — WHTEPIPETHUPYEMbIN, & MO — KOMIIH-
JINPYEMbIil» pACITHOAeTCsS 0 YyTYHHOE «HY W UTO»; B JIYUIIEM CJIydIae HaMm
emig 3asgBAT, 9YTO, MOJI, 10 IMDMEKTUBHOCTH HAII 3aMEYATEJLHBIN SI3BIK 110~
9TH He TIPOUTPHIBAET ITUM BaIllUM KOMITHIADYEMBIM, XOTs PO 3P HEKTUB-
HOCTB BpO/ie ObI HUKTO HE CIpamuBaji. ABTOPY JOBOJAMIOCH BUAETH JIIOMEH,
YBEPEHHBIX, ITO ONEPAIMOHHYIO CHCTEMY MOXKHO HAIMCATH HA UEM YIOI-
HO — XOTb Ha Jlucme, xorh Ha [IuTOHE; BOIIPOC, OTKYyIA HA «TOJIOM KeJie3e»
BO3bMETCH mHTepperarop [Iurona, sTux Jrozeit He OECIIOKOUIT.

Paznuaue Mexx Tty AByMsT OMUCAHHBIMU [TOJIXO/IAME MOYKHO OIUCATH €IIé
mporre, ecian chOpPMYIHPOBATE CBOETO POJIA XapaKTEPUCTHIECKOE YTBep-
JKJIeHIE: SI3BIK ODIIero Ha3HAUYeHUs He JOJI>KE€H HaBsI3bIBATh HUYIETro
TAKOT'0, UTO OyeT BUAHO KOHEYHOMY IMOJIb30BATEJI0. BOOp sA3bI-
ka (4, rOBOps IUPE, UHCMPYMEHMOE) — ITO JO OIPEIEJIEHHON CTelneHn
JIMIHOE JIEJIO TIPOrPAMMUCTA, W €CJIN BBIOPAHHBIN SI3BIK UTO-TO HABSI3bIBA-
eT CaMOMY NPOPAMMUCMY — TO HUKOTO JPYTOro 3TO HE KACAETCs; HO ITO
BEPHO JINIIB JI0 TeX I0p, IIOKa CHe HUKAK HEe BJIASIET HA KOHEYHBIN pe-
3yJIbTAT — [POrpaMMy, [e€peaBaeMylo I0JIb30BaTes 0. Kcim ke, BbIOpaB
WHCTPYMEHT, yKe CaM IPOrPAMMUCT HAYMHAET UTO-TO HABHA3BIBATD IOJIb-
30BaTEJII0 — HAIIPUMED, «BCETO JIUIb» YCTAHOBKY MHTEPIIPETATOPA HA KOM-
MBIOTEP — TO SI3BIK, IIO-BUJIMMOMY, BRIODAH HEIIPABUJILHO U HA POJIb SI3bIKA
00I1ero Ha3HAYEHUsT HEe TONTCs. TaK BOT, IPUBEPXKEHITBI «HHCTPYMEHTAb-
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HOT'0» BOCIIPUSITHUSI I3bIKA C 9TUM YTBEPXKIEHUEM, CKOPEe BCero, COrJIacsTCsl,
WM KaK MAHAMYM Oy/IyT TOTOBBI €10 00CY2K/IaTh, IPUKHUIBIBATE BHIIO/BI U
M3JEPXKKA U T. 1. HanpoTus, MHAMBUIBL, )1 KOTOPBIX S3BIK JIUIIb CHCTEMA
3HAKOB, OT YTBEPKJECHUI I00GHOI0 POJA MOIYT TOJBKO OTMAXUBATHCA —
BEJb UX BOCIPHSTHE LIPEIIOJIAraeT, YT0 OCOOCHHOCTAMN IIEJIeBON CUCTEMBI
MOXKHO npenefpenb, IPUMEPHO KaK CONPOTUBIEHUEM BO3/yXa B IMIKOJbHBIX
(unrail — GecCMBICIIEHHBIX) 3a/a4aX 10 (u3KKe.

K paccMOTpeHHIO MHTEpIIpeTanu ¥ KOMIWIAINE B KadeCTBEe OCODBIX
HAPAJUTM NPOrPAMMHUPOBAHMS MBI BEDHEMCS B IIOCJEHEH 9acTH HAIIeH
KHWI'H, & [I0Ka IPOCTO yITHUTE, ITO BOCUPUATHE SI3BIKA IIPOrPAMMAPOBAHNAA
KaK 3HAKOBOI CHCTEMBI B OTPBIBE OT PEAJIM3AIMA UHOT/A, KAK HU CTPAHHO,
BIIOJIHE JIOIYCTHMO — HO OTHIOJb He BCEIJIA.

9.4. ITpumepbl YaCTHBIX NaPaIUTM

Ciydaercst, 9T0 MBI UMEEM JI€JI0 C YACTHOHN MapajurMoii, COBEPIIEHHO
00 9TOM He 3a/IyMbIBasich. Hampumep, B Ko/ie HAYMHAIONNX IPOI'PAMMUICTOB
MOZKHO BCTPETHUTb YTO-TO BPOJE CJIE/yIOIIero:

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

ABTOpY 3THX CTPOK HEOJHOKPATHO BCTPEUAJHCH CTYJEHTBI, U3 9bero Koja
o00HAasT KOHCTPYKIIAS HUKAK HE MOYKET MCUE3HYTDH JIaXKe IOC/Ie TOro, KaK
WM HEOJHOKPATHO OBLIO CKAa3aHO, IIOKA3aHO U 00bICHEHO, YTO BMECTO ITUX
CTPAHHBIX YETBIPEX CTPOK CJIEIYET, PA3yMeeTCsd, HAlluCaTh OJUH OIIePaTOP:

return a == b;

[Ipuvnna 3TOrO ymopcrsa, CyJisl MO BCEMY, OY€Hb IIPOCTa: YeJIOBEK, ITHIILY-
muif BOT Takue BOT if’bl, Ha ypOBHE MOACO3HAHUS He saadeem Kohyenyued
N02UYECKO20 BLIPANCEHUA, TO €CTh OH HE MOXKET yOeInTh caMm ceds B TOM,
YTO «ycCJIOBUE», (DUI'YPUPYIOIIEe BO BCAYECKUX BETBJIEHUSAX U IIUKJIAX —
9TO TaKoe Ke apuMETHIECKOE BBIPAXKEHIE, OHO 8blUUCAACTNCA, TABAST 3HA-
wenue. Ilo aToit ke mpuumuEe B mporpaMmax Ha Ilackane!® wacro MoxkHO
YBUJIETH YTO-TO BPOJE

if flag = true then

18 Cpasuenue ¢ myrém B mporpammax Ha Cu, B orimane ot Ilackass, He 06g3aTeIbHO
CBUJIETEJILCTBYET O TOM K€ CaMOM, BeJlb HOJIb B CH O3HAYaeT He TOJIBKO JIOTUYECKYIO
JIOXKb, HO U apudMETUIECKOE 3HAUEHHE; B YACTHOCTH, UCIIOIL30BATD PE3YIbTAT (DYHKITUU
strcmp B pOJIH JIOTHYECKOIO 3HAUEHHSI HACTOATEIBHO HE PEKOMEHYETCsI, [IOCKOIBKY OHO
TAKOBBIM HE SIBJISIETCS, U €CJIM HYKHO CPABHUTH JBE CTPOKU HA PABEHCTBO, TO JIydYIIE
HAIKCATh UMEHHO CDaBHEHUE C HyJIEM, a He JIOTUYEeCKOe OTPHUIAHUE.
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— 9TO O3HAYaeT, 4TO aBTOP MPOrPaMMbI HE MOXKET 3aCTaBUTh cebsi BOC-
MPUHUMATH YCJIOBUE KAK UTO-TO MHOE, HEXKeJIM OMHAPHOE OTHOIIIEHNE BPOE
DPABEHCTBA UJIM HEPABEHCTBA. BBIHECTH BBIYUC/IEHUE CJIOKHOIO (MHOTIA B
[ATh-IIECTh CTPOK, & TO U JIJIMHHEE) YCJIOBHs B OTJAEIBHYIO (DYHKIIUIO TAKIe
IIPOrPaMMHUCTBI TOXKE€ HE MOT'YT, UM 3TO IIPOCTO HE IIPUXOJUT B I'OJIOBY.

Wrak, mapaJurMoii, IpUTOM CaMOCTOATENbHOH (Beib MOM00HbIE CTPaH-
HOCTH MOTYT BCTPETUTHCs HE TOJBKO B UMIIEPATUBHBIX IPOrPAMMAX) OKa-
3bIBAETCA JaXke CTOJIb IIPOCTOI NpeaMeT, KaK JIOTMYeCKOe BbIparkKeHue —
TOYHEe JaXKe He caMo 10 cebe «BBbIPaXKEHHEe», a CKOPee «YCJIOBHE KaK BbI-
quciisieMoe 3HadeHue». [lonbpiTaeMcss IPUIOMHUATE COJEPKAHUE IIPEJIBIITY-
X TOMOB HaIlleil KHUT'M U OTMETUM €Il€ HECKOJIBKO CJIy4YaeB, KOTJIa Mbl B
JEeCTBATEIHHOCTH UMEJTA JIEJI0 C 9aCTHBIMU HapaJurMaMu, HO 00 9TOM He
3a/1yMBIBAJIACh.

9.4.1. Callback-dynkiunu

Paccmarpusas Bo Bropom Tome (cum. §4.9.2) ykazaresu Ha DYHKIUH, MbI
B Ka4eCTBe OJIHOM M3 WJLTIOCTPAIUil MX MOJIE3HOCTH IPUBEJN TaK HA3BIBA-
emble callback-dpynruuu, nmm Gyrkuuy 06pamHo20 6613068a. DTOT IIPUEM
MOXKeT OBITb HPUMEHEH, KOIJIa OJHa IIOJCUCTEMA, IIPOIPAMMBbI (HAIIPUMED,
MOJIYJIb), Ha3blBaeMasl B JAHHOM CJIYUae CePEePOM, IPEIOCTABIISIET IPYIUM
nozgcucreMaM (KAUEHMAM) HEKHE YCIYI'H, KOTODBIE [0 KAKUM-TO IIPUYU-
HaAM HEBO3MOXKHO WMJIU HEXKEJIATETHbHO OKA3bIBATEH HEITIOCPEICTBEHHO B TOUKE
BBI30Ba COOTBETCTBYyIOIIEeH dyHKIMU. VIcKOMbIE yCIyr MOTYT OBITH OTJIO-
JKEHBI 110 BpeMeHN (eCJI, CKaXKeM, YCIyra COCTOUT B TOM, YTOOBI TOJIYIUTh
KaKyI0-TO MH(MOPMAIMIO OT YAAJEHHOTO CEPBEpa), WM OHU JOJIKHBI ObITh
OKAa3aHbI [TOCJIE JIJIMHHON IIEMTOYKH BBI30BOB PA3HOOOPA3HBIX (DYHKIINIA, WIIH
Ha, OJIHO 00palleHue MOXKET ObITh OKA3aHO 00AbWE 00H020 IK3EMNAAPA YCITY-
ru (HampuMmep, MOXKET ObITh HAHJIEHO HECKOJBKO IK3EMIUISPOB OJJHOTHUII-
HBIX OOBEKTOB B IIAMSTH), HO IIPH 9TOM [0 KAKAM-TO NPUIMHAM HeKeJa-
TEeJILHO WCIOJIb30BAHUE JUHAMUYECKUX CTPYKTYD MaHHBIX JJIS HepeIadn
pe3yJIbTaToB.

Cyrb callback-dyukiuit cocrouT B TOM, 9TO KJIHMEHT, OOpaIiasch K
cepBepy 3a YCJIyTroi, IPEeJIOCTaBIISIET CepBepPY HEKYIo (DYHKIUIO, KOTOPYIO
TOT JIOJIZKEH BbI3BATh, KOTJA Oy/eT roToB oKasaThb yciayry. Hampumep, ec-
JIM YCJyTa COCTOUT B TOM, UTOOBI IOJIy9UTb JIAHHBIE Y€pe3 KOMIIbIOTEpP-
HYIO CE€Tb, IOICUCTEMAa-CepBep IOXKIETCS MOMEHTa, KOTJ/a JIaHHBIE OyIyT
MIOJTHOCTBIO TOTOBBI, W Yy K€ TOTJA BBI30BET (DYHKIIUIO, MOJYyIEHHYIO OT
[IOJICUCTEMBI-KJINEHTA, TIEPEJIaB eif 9TH JaHHbIe depe3 napamerp. Ecian xe
yciiyra, HAIPUMep, COCTOUT B MOUCKE TeX MU UHBIX OObLEKTOB JIAHHBIX B
KaKOW-HUOY b CJIOXKHOI CTPYKTYPe BPO/IE JIepeBa WK Xelll-TabJIUIbI, U ITUX
00BEKTOB MOXKET OBITH HANIEHO OOJIBbIIIE OIHOIO, TO IOJCUCTEMA~KJIMEHT
Ber3oBer callback-dynkimio mo ogHOMY pasy Ay KaxKI0ro HalIeHHOTO
00beKTa, ImepegaBas depe3 mapaMeTpsl 3TOT 00bekT. Kak mpasmiio, BoO BCs-
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KOM cjiydae mpu pabote Ha si3bike Cu, callback-dyHkimio cHabxkaroT 101m0J1-
HUTEJBHBIM MapaMeTpoM, OOBITHO MMEIOIUM TUIl Void*, KOTOPBIH HA3bI-
BAETCS YKA3AMeENEM HG NOAB30BAMEAbCKUE JaHHble W TIO3BOJISIET KIUEHTY
OPraHn30BaTh U3HYTPU OOPATHBIX BBI30BOB JIOCTYII K ITPOU3BOJILHBIM JIaH-
HBIM, TPEOYIOIIIMCS IIPU PelreHnn 3a1a49u; B §4.9.2 MbI IPUBOINIIN IIPUMED
WCITOJTb30BAHUs TAKOTO MapaMeTpa.

Hekoropble TporpaMMUCTBI PEAIIOYUTAIOT HE UCIIOIH30BATH MEXAHU3M
callback-dyHKImit n3-32 BO3HUKAIOINIETO OIIYIeHNs HeyBepeHHoCTH. Jleso
TYT B TOM, 9TO B TPAUIMOHHYIO UMIIEDATHBHYIO MOJIE/Ib MBIIIJIEHUS ITOT
NpUéM He YKJIQJIBIBAETCS: MIPU PeaM3aliy OCUCTEMbI-KJINEHTa Mbl UMe-
eM JIeJIO ¢ HeKUMU JelicmeuAMU, KOTOPbIe JOJKHBI IPOU30NTH B HAIIEH
cpejle MCIOJIHEHNUsI, HO IIPO KOTOPBIE MBI TOYHO He 3HAEM, KOIJa, B KaKOU
MOCJIEZIOBATEILHOCTH U JayKe B KAKOM KOJIMYECTBE ITH JEHCTBUS TPOU30ii-
JyT. JJist destoBeKka, MPUBBIKIIETO MBICJUTH UMIIEPATHBHBIMY KATETOPUSIMI,
TaKasl CUTyalldsl HEOPUBBIYHA U BBI3BIBAET OINPEIEJIEHHBIN JUCKOMMOPT.

Citetyer O9ePKHYTh, ITO BECh ITOT JINCKOMMDOPT — JIHIID CJIEJCTBUE
HEJOCTATOYHON M'MOKOCTU MBINLJICHHUs. Y MPOrPAMMUCTOB, UMEIOIIUX OIBIT
paboThl ¢ pyHKIMOHATBHBIMI si3bIKaMu, Texauka callback-pyrkimit 06br4-
HO HHUKAKUX MpOOJIeM He BBI3BIBAET. BIpodeM, MPUBBLIKHYTH K HYYKHOMY
€rocoby MBIIMIJIEHAsT MOYKHO U 0e3 TaKOro OIbITa, 9TO BOIPOC MPAKTUKH;
[JIABHOE — He 3alUKJINBATHCS HA TPATUIHOHHOM <IIOCJIEIOBATEIBHOMY M-
MIEPATUBHOM BOCIIPUATUN ITIPOTPAMM.

CrenaeM BazKHOE 3aMedaHue: YTOOBI IIOSICHUTD, B YEM 3aK/TFOUAETCS TeX-
nuka callback-dyukiuit, HaM TPUNLIOCH MPUBIEYh TEPMUHBI «CEPBEP» U
«kaueHTs. B camom gese, mpu ucnosb3oBannu callback-dyukimit 3ameii-
CTBYeTCs eITé OJIHA YACTHAsI MapajurMa, ¢ KOTOPOil MbI CTAJIKUBAJINCH Pa-
Hee — KAUEHM-cepeepHas Modeas. B posui KiuenTa u cepBepa B JJAHHOM
CJIydae BBICTYTAIOT Pa3HbIe YACTH OJIHOM MPOIPaMMBbI, UTO HUKOMM 0Opa30M
HE OTMEHSIET X OCMBICJIEHUS B KAYECTBE «JIEHCTBYIOIIErO JINIA, OKa3bIBa-
FOINEro YCJIYTH TI0 3alPOCy» U «JIEHCTBYIOIIETrO JIUIA, 00PAIIAIONIerocs 3a
YCIIyTaMU».

9.4.2. IIporpamMupoBaHe B TEPMUHAX SIBHBIX
COCTOSAHU

Boitie MBI HECKOJIBKO pa3 YIOMUHAINA COOBIMUUHO-YNPABAIEMOE
NPOZPAMMUPOBAHUE, C KOTOPBIM BIEPBBIE CTOJKHYJINCh BO BTOPOM
TOME, paccMaTpuBasi BapUAHTBI IIOCTPOEHUsSI CETEBOrO cepBepa. dTo
COOBITUIHO-YTIPABIIIEMOE TPOTPAMMUPOBAHNE CAMO NO Cebe SBJISETCs Ia-
pagurMoii — HECOMHEHHO; OOJIbIITe TOTO, HEKOTOPhIe OMOJINOTEKY, IPEIHA-
3HAYEHHDIE JJIsl CO3MAaHMs IPaphUIECKUX MOJIH30BATEIbCKUX UHTEPGENCOB,
VCIIEIITHO CKPBIBAIOT (DAKT CYIIECTBOBAHUS TJIABHOI'O IMKJA, B Pe3yJibTa-
Te Yero B BOCIPHUATHUH IIPOIPAMMICTA, BBIIIOJHEHUE IPOI'PAMMBI U3 €IUHOM
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[IOCJIeIOBATEILHOCTHU JIefCTBUN IIPEBPAIAETCs B HEUTO (pparMeHTapHOe —
BBITIOJIHEHUE OTMEIbHBIX MOAIpOorpaMM-obpaborunkoB. Ho maxke mpum uc-
MMOJIb30BAHUN TAKUX OUOIUOTEK MPOIPAMMUCT BCE-TAKHM MOMCEM TIOMHUTD
O CyIIECTBOBAHUU TJIABHOTO IWKJIA, IYCTh W CKPBITONO OT HErO, W TOTJA
O IporpaMMe MOXKHO MPOJOJIKATH JyMaThb B TPAIUIHOHHBIX MMIIEPATHB-
HBIX TEPMUHAX; €CJIU BCIIOMHUTH O callback-dyHKIusx, To okaykeTcst, 9T0 B
COOBITUIHO-YTIPAB/IIEMON MOJIEN (DAKTUIECKH HUCIIOIH3YETCsS ITOT IIPUEM:
B POJIA CepBepa BBICTYMAET peajiu3aliydsl IJIABHOIO IHMKJIA, a 00paboTdu-
KM COOBITHIT OKa3bIBaloTCs Kak pa3 callback-dpyukimusvu, KoTopbie TiaB-
HBIH I[UKJI BBI3BIBAET IIPU HACTYIICHUN COOBITHS; B KAYECTBE OKA3bIBAEMO
YCIIyTH CJIe/lyeT PacCMaTpUBATh 8blO0PKY cobwvimuii.

Ecim meramMopo3bl BoCHpUsSTHsT HA ITOM 3aKOHYATCs, PE3YJIbTAT HA
BBIXOJI€ TOJIyYUTCS HECKOJBKO TedasbHblil. [Iporpamma ¢ rpadudyeckum
naTepdeiicoM OyIeT COBEPIIEHHO HEOXKMJIAHHO JJI TOJIB30BATENA «YXO-
JUTH B cebsi» Ha ONLyTUMBbIE NMPOMEXKYTKH BDEMEHW, HU Ha 9TO HE pea-
IrUpysl U BbI3BIBasl Pa3JIparkKeHue; cepBepHas MIporpaMMa, 3alepKuBasi pa-
00Ty C KJIMEHTaMU, MOXKET BbI3BATh PA3PbIB COEIMHEHMI 110 TaiiM-ayTy W,
KaK CJIeCTBUE, OKA3aThCs HEYIOBIETBOPUTEIBHON B CMBIC/IE HATEKHOCTH.
Ecou cepBepibie TporpaMMBbl CTOJTb HU3KOT'O KAYECTBA BCTPEUIAIOTCS JTOCTa-
TOYHO PEJIKO, TO B IIPOrpaMMax, TJie COOBITUHHO-OPUEHTHPOBAHHAS MOJIEID
ucnoJib3oBaHa i nmocrpoernss GUI, cust nmevyasibHasi 0COOEHHOCTD IIPOSIB-
JIsleTCsl B HAIIM JIHM HAMHOTO 4Yallle, YeM XorTejoch Obl. Ilosp3oBaresn Ha-
qaJld YKe Npusbikams K pa3aparKaroiuM CBOMME 3aMUPAHUSIMU IIPOTPaM-
MaM, KaK K 9eMy-TO Hen30eXKHOMY, & KOPITOPAIMH, TOPTYIOINIHe UMD POBBIMI
«KejiezsgKaMu» (B 0COOEHHOCTH cMapT(OHAMHU), BECbMa IPAMOTHO UCIIOJIb-
3YIOT CJIOXKUBIIIYIOCSI CUTYAIMIO, ITOOBI MMPOJIOJKATH BTIOXUBATH IyOJIHKe
BCcé OoJiee u HOJiee «MOIIHBIE» YCTPONCTBA: SIKOOBI Y€M MOIIHEE IIPOIEC-
cop, TeM Jydiie OyayT paboTarh Ha HEM IMPOIPAMMBI U TE€M MEHbIe OHU
OYIyT TOPMO3UTH. «IBOJIOINHUs» CMAPT(OHOB QI 10 TOTO, YTO BCTPO-
€HHbIE aKKyMYJIATOPBI HE CIIOCOOHBI 06€CIIeYnTh IIUTaHKe IIporeccopa (a To
U HECKOJIbKUX IIPOIECCOPOB — Takue cMapT(OHbI yiKe TOXKe CyIIECTBYIOT)
JlayKe B T€UEHUE OJIHOTO JHSI — CKOPOCTb BBIYHMCJIEHMI IIPOCTO TaK HE BbI-
pacrer, 3a Heé IPUXOJIUTCS PACILIAYNBATHCS IOJ0IPEBOM OKPYKAIOIIEi cpe-
net. [TorpatuB Kydy meHer Ha 3aBeJOMO HEAJIEKBATHOE CBOUM (DYHKITUSIM
TEXHUYIECKOE YCTPOWCTBO — (PaKTUIECKH CYMEPKOMIBIOTED B KOPILyCE Te-
sechoHa — TOJIB30BATENb B JIOBEPINEHNE BCETO BBIHYXKJIEH TaCKaTh ¢ CODOI
3apsiIHOE YCTPOMCTBO M BHEIIHUN aKKYMYJISITOD, U, 9TO €IE XyKe, HUKMO
HE 3aMeUAem abCYpOHOCTIU NPOUCTOOAULE20.

IIpu sTOM make He BCe MPOrPAMMECTBHI ITOHUMAIOT, YTO, KOTJA IIPO-
rpaMMa TO W JeJIO TIOJIBUCAeT, MpobjeMa~-TO He B HEJIOCTATKE MOITHOCTH
nporieccopa. [IpocTo mpu HAMCAHUU TPOIPAMM MX aBTOPBI HAYUCTO 3a0bI-
BAIOT O BayKHEHIIeM TpeOOBAHWY, HAKJIAIHIBAEMOM Ha 00PAOOTINKH COOBI-
THil: MpOorpaMMa He MMeeT MpaBa 33epP>KUBaAThCI B 06paboTumnke
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HaAoJIro. Bo BTopoM TOMe MBI 0OCY2KJIaJ/IH, YTO ITO «HAJO0JI0» MOXKET B
3aBUCUMOCTH OT 3aJ[a9U1 03HAYATH JOBOJIBHO PA3HBIE KOJTMIECTBEHHBIE OTPa~
Hudenns' Y, HoO HeCOMHEHHO OJIHO: GJIOKMPYIOIUe CUCTEMHBIE BHI3OBLI B
obpaboTyuKe coOBITHII HEJIOMYCTUMbBI KaTeropudecku. Ecii 06 sTom
3a0bITh, HIKaKas CKOPOCTB IIPOIECCOPA I'OPIO HE TIOMOXKET — JJIUTEIbHOCTD
OJIOKUPOBOK OT HeE He 3aBUCHUT.

Hemonycrumocts 6JIOKHPOBOK BJIeYET 3a cODOU €Ié OJHY Napajur-
My, OOCYKIEHWIO KOTOPOIl MBI BO BTOPOM TOME IOCBSATHJIN IMEJIBIH mapa-
rpad (§6.4.5) — npozpammuposaHue 8 MEPMUHAL ABHBLL COCTNOA-
HUU, THOTJIA HA3BIBAEMOE TAKXKE GB8MOMATMHBIM TPO2PAMMUPOBAHU-
eM, TIOCKOJIbKY HeOOXO/MMBIi [P 3TOM CTHJIb MBIIIJIEHHS OYeHb IIOX0XK Ha
TOT, YTO IPUXOUTCSI IPUMEHSITH IIPU pabore ¢ hOPMATHLHBIMIA ABTOMATA~
MH — OPOCTHIMU KOHewHbtMmy (anri. FSM — finite state machine) u 6o-
Jiee CJIOKHBIMM, TAKUME KaK MalnHa ThIOpUHTa, aBTOMATHI ¢ MATa3uHHOMN
MaMsAThIO U T.II.

Hamo ckazarh, 9TO 3TOT CTUJIb BCTPEYAETCS HE TOJBKO B COOBI-
TUIHO-OPUEHTUPOBAHHBLIX IporpaMMax. CoBceM HeIaBHO, pacCMaTpUBast
UTEPATUBHOE PEINEHUE Jisl 3a/1a91 00X0/Ia JBOUIHOrO jepeBa (CM. cTp. 42)
¥ CPABHUBAs €ro C PElIeHuEeM PEKYPCHUBHBIM, Mbl OTMEYAJId, ITO B UTEPa-
THUBHOM PEIIeHNH HaM IIPUIILIOCH A6HbIM 00Pa30M BBIIEIUTH UH(MOPMAIIIIO
0 MeKyuem cocmosnuy, 0bxoda depesa, TOrma KakK PEKypPCUBHOE DeIeHUe
HCITOJTB30BAJIO Y #CE CaMyto WHMOPMAIUIO, IPEJICTABIEHHY0 HESBHO —
B opMe mekywett no3uyuy UCIOJHEeHUs B (DYHKIUAX, Ha, HACTOSIIUI MO-
MEHT BLI3BAHHBLIX, HO €€ HE 3aBEPIICHHBIX.

MoKHO CcKa3aTh, YTO «aBTOMATHOE» TPOrPAMMHUPOBAHME KAK pa3 U Co-
CTOUT B 9TOM IIEPEXO/IE OT HEABHBIX COCTABJISIIONINX COCTOSHUS BBIITOJTHEHUS
[IPOrPaMMBbl K UX sIBHOMY YKa3aHUIO B BUJE 3HAUEHUIT IepeMeHHbIX. B 1ipu-
Mepe ¢ 00XOIIOM JlepeBa sIBHOE COCTOsSIHUE OBLIO IPeCTABJIEHO OJHOCBSI3-
HBIM CIICKOM, COJIEPXKAINM, BO-TIEPBBIX, YKA3ATEJIN HA KOPHEBBIE y3JIbI
MIOJI/IEPEBBEB, PACCMOTPEHNE KOTOPBIX HAYAJIOCH, HO €I He 3aKOHIUJIOCD,
U, BO-BTODBIX, IIePEMEHHDIE, I0KA3bIBAIONINE, YTO Y2Ke CIEJIAHO U Yero e
He CJIeJIAHO C JIAHHBIM KOHKDETHBIM Y3JI0M (HE CJIeIaHO elné HUIero; Hauar
00X0/1, JIEBOT'O TOJJIEPEBA, TaK YTO IIOCJIE BO3BPATa K ITOMY y3JIy OCTAETCs
paccMOTpeTh 3HAYEHUE U3 CAMOI0 TOrO y3Jia U 0D0NTH IMpaBoe TOJIIEPEBO;
HavaT 00XO0J1 IIPABOIO MOJJIEPEBa, TAK YTO MOCIE BO3BPATA K TAHHOMY Y3JIy
CJIeyeT 3aBePINUTH €er0 PACCMOTPEHHE, BHIOPOCUB €ro M3 CIINCKA PACCMAT-
PHBaEMbIX y3J10B). B peKypCHBHOM pellleHNn Kak pa3 BOT TO COCTOSHUE
JIeJI C TEKYIIUM Y3JIOM IIPEJICTABJISIETCsl HESIBHO B BUJE TEKYIEH MO3UIUN
WCITOJTHEHNS B (DYHKIINHU, BBI3BAHHOM [1jisi 0OpabOTKHU JIAHHOTO y3Jia C ero
IOJ1/IEPEBBSIMU.

DopmasibHO TOBODsI, pelenne, obcyxkaasieecs B §9.2.1, He BIOJIHE CO-
OTBETCTBYET aBTOMATHOW IapajurMe, U BHHOH TOMY HeOOJIbINAS OITHMU-

19Bupouem, B nporpamme ¢ GUI 3a npoBeséunyio B 06paboTdnKe OIHY IECATYIO Ce-
KYH/BI aBTOPa 3TOro 06paboTINKa CJIeyeT IO MeHbIIel Mmepe 06paboTaTh KaHAeII0pPOM.
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3alys, Ha KOTOPYIO Mbl OOpATU/IN BHUMaHUE YATATE/IsI B KOMMEHTAPUY Ha
cTp. 43: TIOMEHSIB COCTOSIHIE Ha CJIEMIYIONIEe, Mbl TIO3BOJIUIN cebe He 3aBep-
raTh Ha 9TOM OOpabOTKY waza a8momama, a Cpa3y MepexoanTh K pabore
CO CJIEJTIYTONUM COCTOSTHIEM — JIJIst 9TOTO B olleparope switch orcyTcTBoBa-
Jii TpuBbIYHBIE break’n. Eciiu BepHyTh 3TN break’m obpaTHo — Tyaa, r/e
BMECTO HUX B TEKCTE PEIlleHHs] CTOSIT KOMMEHTapuu «no break here» —
MbI OKOHYATEJIbHO [IPUBEIEM PEIIeHIe B COOTBETCTBUE MOJIEIU ITPOrDAMMU-
POBaHMs B TEDMUHAX SBHBIX COCTOAHUI (KAK MBI y2K€ OTMEYaJH, B JAHHOM
cjlydae pe3ysibrarbl PabOThl OT ITONO HE U3MEHSITCS ).

ITombiTaeMcest HECKOBKO (HOpMAIN30BAThL TPeOOBAHUSI, TPU BBITOTHE-
HUM KOTOPBIX MOYXKHO CKa3aTh, YTO B JAHHOI IIporpaMme min eé (pparmente
MPUMEHEHO ITPOrPaMMUPOBaHNE B sIBHBIX COCTOsiHUsIX. [Ipexkie Bcero mpu-
3HAaEM, 9TO BCE 9TO He 0ojiee 9eM YACTHBIN CIydail MMIEPATHBHOTO IMIPO-
rPpaMMUPOBAHUS, TO €CTh ITPOrPAMMUPOBAHUSI, OCHOBAHHOIO Ha MOIH(U-
KAIUSX — HO BMECTO PACIUIBIBYATHIX «MOIUMUKAIUN CPEJIbI BHIIOJTHEHMS»
MBI 3/1eCh TOBOPHM 00 U3MEHEHUATL COCOAHUA HOPMANLHOZ0 AGTNOMGMA,
MPUYIEM ITOT «aBTOMAT» MOXKET CYIIECTBOBATH TOJILKO B HAIIIEM BOOOpazKe-
HUW, OH, CKOPEee BCEro, MPUIYMaH CIeNUaJbHO JJIsi KOHKPETHON 3a1adnl 1
MBI JaKe He IMOTPY/AWINCH JaTh eMy (POPMAJIBFHOE OIUCAHUE, HO BCE 3TO HE
OTMeHsIeT aBTOMAaTa KakK 6a30Boi abcTpakimu. [logaepkuém emé pa3, 9To
dbopMaNIbHDBINT aBTOMAT — 3TO abCTpaKIUs OoJjiee OOIAst, HEXKEJN «KOHEU-
HBIT aBTOMAT» (Ta Ke MamHa ThIOPUHTa He SIBJISETCs] KOHEIHBIM aBTOMa~
TOM, HO, 6ECCIIOPHO, ABJISIETCA ABTOMATOM (DOPMAJILHBIM ); (DAKTUIECKH MbI
MOKEM TOBOPUTH 00 04epeHOM (HhOPMATHLHOM aBTOMATE BCAKUN pas3, KOTIa
MBI MOYKEM yKa3aTh, U3 YE€r0 COCTOUT M U€M OIPEJIEJISIETCS €r0 COCTOSTHUE
7 TI0 KAKUM 3aKOHAM 9TO COCTOsIHUE OyJIeT M3MEHSIThCS.

CocrosiHne aBTOMAaTa JOJIXKHO OINCHLIBATHCA HEKOTOPOH eduroti
CTPYKTYPOH JAHHBIX — OT IPOCTOH HEJOYUCICHHON TIepeMeHHoi (ecin
HaM JJIsi HAINMAX IeJeil XBATAeT BO3MOXKHOCTEH IPOCTOrO0 KOHEYHOTO aB-
TOMATa) JI0 CKOJIb YIOAHO CJIOKHBIX CHCTEM B3aMMOCBSA3AHHBIX OObEKTOB
B MAMSTH; OIPEIENIAIONIM TYT OCTAETCs eJUHCME0 BCEX ITUX OOBEKTOB
B IIPeJICTABJIEHUN IIPOIPAMMUCTA, YeM OBl TAaKOe «EIUHCTBO» HH OBLIO HA
camoM jiejie. Harpumep, IporpaMMUCT BIIOJIHE MOYKET 3asiBUTh, YTO COCTO-
sIH€ €r0 aBTOMATa OMPEIEsISIeTCs] «BOT STUMU BOT CEMBIO JIOKAJIBHBIMU IT€-
PEMEHHBIMI», KOJIb CKOPO ITEPEMEHHBIE PACIIOJIOXKEHBI PSI/IOM U UX B3AUMO-
CBsI3b OYEBUJIHA U3 TEKCTA MPOrPAMMBI — XOTsI JIydIle ObLIo ObI, HABEPHOE,
00'bE/IMHUTD [IEPEMEHHBIE B €JIMHYIO0 CTPYKTYPY, HO 9TO He 00sI3aTeJIbHO; C
JIPYTO#l CTOPOHBI, 3asIBJISITh, YTO COCTOSIHHE OIpeJesisieTcss HabopoM Iiepe-
MEHHBIX, OIIMCAHHBIX B PA3HBIX MeCTaX, ObLIO OBl y2Ke HECKOJIBKO CTPAHHO.
Koneuno, 3mech ciioxkaO mpoBecTrn (GOPMAIBHYIO TPAHUILY JIOMYyCTHMOLO,
HO TIPU OIUCAHUU %EA0BEUECK020 MbilUAeHUS BOODINE CIIOXKHO TOBOPUTH O
dopMaTBbHOCTSIX, & MBI Be/lb 0DOCYK/IaeM MapaJurMbl IIPOrPAMMIPOBAHNSI,
TO €CTh UMEHHO OCOOEHHOCTH MbIUAEHUSA TTPOTPAMMUCTA..
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Pabora aBTOMarTa qoJi2kHa ObITH pa3buTa Ha SICHO pa3/e/IEHHbIE
Mexkay coboii waezu. Ouepe HON IIar BBIMOJIHIETCS [IPU HACTYILICHUN
KAKOTO-TO COOBITHSA, BHEITHErO 0 OTHOIIEHWIO K aBTOMATy. 1akuM cOObI-
THEM MOXKET CTaTh YTEHHE OYePeTHOrO CHMBOJIA U3 MOTOKA, HACTYILJICHUE
OTIPEJIEJIEHHOTO0 BPEMEHHOIO MOMEHTA WJIM ITO-TO eINE, BKJIIOYasi, pa3yMe-
eTCsl, BEIDOPKY COOBITUsI B COOBITUITHO-YIIPABJIIEMOIl ITporpamMme; boJiee To-
ro, TPOrpamMMa, MCIOJIb3YIOIIasi aBTOMAT, MOXKeT BOOOIe moTpedboBaTh OT
ABTOMATA BBITIOJHEHUSI €T0 IaroB, He PACIoIaras JIJIs 3TOr0 HUKAKUMU CO-
OBITHSIMU — 9TO HEBaYKHO, C TOUKN 3PEHUsT aBTOMAaTa COOLITHEM OyIeT cam
dakT aTOTO BHEIHEr0 TpeboBanus. B HareM aBroMare, 0OXOTUBIIEM JTBO-
WYHOE JIEPEBO, BCE MMEHHO TaK U OBLIO — €ro IIarv BBIIOJIHSIJIUCH TTOIPSI
B IIUKJIe, KOTOPBIl HUKAKUX COOBITHIT He »K1aJjl. Fciu, ckaXkeMm, HAM MPUJIET
B T'OJIOBY HAIMCATH SMYJISITOP MaIluHbl THIOpUHTA WM APYTOi 1OIMO0OHOM
MOJIEJIH, MBI, CKOPEe BCEr0, pean3yeM €€ B AaBTOMATHOM CTHJIE, HO HUKAKUX
BHEIITHUX COOBITHI y HAC, OMATHL-TAKU, 3/1eCh HE OYIeT.

BerimosiHsist 09epeHOI miar, aBTOMAT MOXKET KaK MEHSITh COOCTBEHHOE
COCTOSIHVIE, TaK ¥ IPOU3BOJINTH KAKUE-TO BHEIIHUE JIefCTBUsI, HO 3]1eCh NMe-
eTCsl CepbE3HOE OrpPaHUYIEHNE: JIFOObIe NeficTBUS, KOTOPbIE BBHIMOJIHSIET
aBTOMAT, KpOMe M3MEHEeHUsI COOCTBEHHOT'O COCTOSIHUSI, HE JI0JIXK-
HbI OKa3bIBaTh HUKAKOrO BJIMSHUS HAa paboTy caMoro asBTomara.
B uwacTtHOCTH, HEJIB3sT U3 OJJHOTO IIAra aBTOMATa [EPEXOJUTH B JIPYTOil ero
mar, Tpe6oBaTh MOBTOPEHHUs mara (BBI3bIBATH 1Al U3 HEro CaMmoro), MiIH
KakuM ObI TO HA OBLIO 00PA30M MBITATHCS YIPABJISATH MOTOKOM BHEITHUX
COOBITHI, B OTBET Ha KOTOPBIE MPOUCXOMAT Imaru. uade roBopsi, aBTO-
MaT He MOXKeT pellaTh, KOrJa eMy AejlaTh OYepeaHO# Iar, ox
JIMIIb PEIIaeT, YTO OJKHO OBITH CIIEJAHO B PAMKAX Irara, ecau (Korja)
OT Hero noTpeboBaJin ¢iesiarh mar. Hampumep, eciid ¢ HOMOIIBI0 (hOPMaJib-
HOT'O aBTOMATA Mbl aHAJU3UPYEM IIEIIOYKY CUMBOJIOB, TO aBTOMAT HEe MOYXKET
€aM YUTATH CUMBOJIBI, TO €CTh BBIOJIHSITH OMEPAIMIO YTEHUST WJIA BHIOOPKH
CHMBOJIA U3HYTPU CBOUX IAT0OB — OOSI3ATENIHHO JIOJIXKEH OBITH KTO-TO BHEIII-
HUIl, KTO «CKAPMJIMBAET» ABTOMATY 3TH CUMBOJIBI OJINH 33 JIPYTUM, 3aCTaB-
JIsisl aBTOMAT IIPOJIEJIaTh OYePeTHON CBOM Imar Jijisi 06paboTKU KaxKI0ro U3
CUMBOJIOB.

[Ipunsitue pertennsi, 970 KOHKPETHO JOJIZKHO OBITH CIEJIAHO 32 0Yepe]l-
HOIi mar, MOyKeT ObIThH OCHOBAHO TOJILKO Ha JBYX BeIax: Ha COOCTBEHHOM
COCTOSTHMM aBTOMATa W HA HACTYMUBIIEM COOBITUU, B OTBET HA KOTOPOE
[IPOU3BOJIUTCS IIAT — €CJId, KOHEYHO, 9TU COOBITHSI YeM-TO JIPYT OT Jpyra
OTJINYAIOTCS.

OrmernmM errg o HeOYeBH IHbIM MOMeHT. [IporpaMme, ncmosib3yomeit
ABTOMAT, COBEPINEHHO He 00s3aTe/IbHO 00pamaThes K HeMy (MHUIMUPOBATH
BBIIIOJIHEHNE €0 IIArOB) B IMKJE, XOTs BO MHOIMX CJIydasiX MMEHHO Tak
u nenaercsa. IIpeacraBbre cebe, ITO y BaC B HEKOTOPOIl CJIOXKHOU CTPYK-
Type JaHHBIX (HAIIpUMED, B JIEpeBe) XPaHSTCs 3HAUEHUsl, KOTOpbIe Balledi
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[IporpaMMe MoTPebOBAJINCH N0 00HOMY — HAIIPUMED, ITO KaKne-HUOYIb Ol
HOPa30Bble KJIIOYM, KOTOPble HY?KHO IIepe/laBaTh KJIUEHTaM, CBA3aBIINMCS
C BaMHU 4epe3 KOMIIBIOTEPHYIO CETh, 110 OJHOMY B KaXKJOM CeaHCe CBSA3U.
B sToMm ciydae 6ecCMBICTEHHO Pean30BBIBATDL 00OXO/T IepeBa €IUHOM TPo-
1eIypoii — XOTh PEKYPCUBHOM, XOTh IuKJndIeckoit. [Iporeaypa o6xo/1a BbI-
JacT BaM cpa3y 6ce 3HAYCHUA U3 JIepeBa, a BaM TaKoe 3HAa4YCHUE HY2KHO
0010, IPUIEM KaxKplil pa3 HOBoe (OUepesHOe BLIOPAHHOE U3 JIePEBa UK
4TO y Bac TaM). B Takoil cuTyanuun y Bac ocTaéres ejBa Jii He €JMHCTBEH-
HBII BBIXOJ] — peau30BaTh aBTOMAT, KOTOPBII Ha KarKJOM CBOEM IIare
OyZeT BBIIABATH O4YepeSIHOe HyKHOe 3HadeHme. KakIpIil pa3, KOrjma BaM
Tpebyercs 3HadeHue (B HAIIEM IIPUMEPE — KOTJa OYEPEeIHON CeTeBoi K-
€HT OT BAaC TaKOBOE 3aIPOCHJI), BbI 00pAaIlaeTech K aBTOMATY, 3aCTaBJIsId
€ro cjejaTh OJWH IIar, U IOoJIydaeTe MCKOMOE; 37eCh HU caM aBTOMAT, HU
Jayke TOT, KTO €r0 BBI3BIBAET, He Oy/IeT 3HATH, KOIA CJIyIUTCS CJIELYIONUi
Iar.

9.4.3. MeTanporpaMMupoOBaHIe

[IpucraBka Mmema- B OJHOM M3 CBOUX 3HAYEHUN COOTBETCTBYET, €CJIU
MOXKHO TaK BBIPA3UTbHCsI, IIPUMEHEHUIO Yero-TO0 K HeMy K€ CaMOMy, WJIH,
TOBOps CTPOXKE, IPUMEHEHUE TEPMUHA K SIBJIEHUIO, KOTOPOE 3TOT TEPMUH
HCXOIHO 0003HAYAET; TAK, €CJIN TAJAKTHKA — ITO CKOILIEHUE 3BE3 U IPYTUX
KOCMHUYECKUX O0OBEKTOB, TO MeTarajakKTUKa — CKOILUIEHUE CKOILIeHUil (ra-
JIAKTHKA TAJAKTHK); MeTaJaHHble — 9TO JAHHBIE O JAHHBIX, METAs3bIK —
SI3BIK JIJISI OIUCAHUSI JPYTUX SI3BIKOB U T.1. C y46TOM 3TOr0 MOXKHO JIO-
raJlaTbCsl, YTO IOJ[ MEMANPOSPAMMUPOBAGHUEM ITOHIMAETCS HAIMCA-
HIE TPOTPAMMHOTO KO, PE3YJIbTATOM BBIMIOJHEHUsT KOTOPOTo Oy/1eT mpo-
I'PAMMHBIA KOJI.

Hawubosiee oueBUIHBIM BapraHTOM 3/1€Ch Oy/leT HAIKMCATh HEKYIO MPO-
rpaMMy, KOTOpas CreHEPUPYET M BBIIACT B CBOIO OYEPEb IIPOrpaMmy (BO3-
MOXKHO, Ha JIDYIOM #A3BIKE, 8 MOXKET OBITh, U Ha TOM YK€ CAMOM ), U y¥Ke 9Ta
CreHepUpOBaHHAS [TPOTpaMMa, OYIydrd MCIOTHEHHON, MO3BOJIAT ITOJIY9AThH
Pe3yJIbTaThl, KOTOPbIE N3HAYAJIHLHO ObLIN HY2KHBI. 1aK JefICTBUTEIHLHO HHO-
I Je/1al0T, XOTs U CPABHUTEIHHO PEJIKO; HAMHOI'O 4allle TeHepUpyeTcs He
1eJjiasi IporpamMMa, a Kakas-TO €€ 4aCThb, HAIPUMEp, OTIEJIbHBI MOIYJIb.
Takyo BO3MOXKHOCTH CJIeJlyeT KaK MUHMMYM IIPUHUMATh BO BHUMAaHUE.

B mpumepax, KoTopble MBI PACCMATPUBAJIN B HAIEH KHUTe, TTIOKA HIIEro
OOOHOTO HE MPUMEHSIIIOCH, HO ¢ METAIIPOrPAMMHUPOBAHUEM KaK SBJICHIEM
MBI y2Ke CTAJIKUBAJINCH, U He pa3. Pedb B MaHHOM Ciiydae UIET O MAKPO-
caxr W MaKpOIIPOIIECCUPOBAHUM. €10 MaKpoca IpeCcTaBsieT co0Oi KO,
[IPEBPAIAOIIUIICA BO (pparMeHT TeKCTa IPOrPAMMBI B X0JI€ MAKPOPACIIIHU-
pPEeHHsI, TO €CTh MaKPOOIIpe/eJIeHIHe — 9TO U €CTh METaKOJ, a ero Hallrca-
HIE — MeTaIporpaMMupoBanue. KoHeTHO, IPUMUTHBHBIN MaKpPOIIPOIECCOD
sa3pika CH HA CepBE3HBIN MHCTPYMEHT MaKpOIPOIPDAMMUDOBAHUS, KAK TO-
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BOPUTCsI, HE TSIHET; HO BOT PACCMATPUBABIIUICS BO BTOPOM TOME MAKPO-
[IPOIECCOP, BCTPoeHHLIH B accembiiep NASM, mo3Bo/IgeT 3aHUMATHLCS Me-
TAIIPOrPAMMUPOBAHUEM ITOJTHOIIEHHO — OJIaroiapsi aJrOPUTMUIECKON MMOJI-
HOTE, 00eCIeInBaeMOil MAKPOIIOBTOPEHUSIMA U JIPYTHMH BO3MOXKHOCTSIMU
9TOTr0 MaKPOIIPOIIECCOPA.

B cremyromux 4acTsix KHUTH MBI €IE MHOI'O pa3 BCTPETHMCS C pas3-
HOOOPA3HBIMU IIPOSIBJICHUSIMU METAIIPOTPaMMUPOBaHus. TakK, BCKOpe HaM
npeacTonT udydarh 1mabionbl Cu++, KOTOpbIe B ONPEIEIEHHOM CMBICTIE
TOXKE SABJIAIOT CODOI MAaKPOCHI; KAK MbI yOEIUMCs TIO3/Hee, B UHTEPIPETH-
PYEMBIX sI3bIKAX MPOrPAMMUPOBAHUS CIEKTDP BO3MOYKHOCTEH MeTaporpam-
MUPOBaHUS CYIIECTBEHHO paciupsiercs. Ho Bcé 310 mesio GymyInero; moka
CTOUT OTMETHUTH, YTO METaIPpOrPAMMUPOBAHNE, HECOMHEHHO, MIPEICTABIIsI-
er coboit mapamgurmy. Yrobbl peacTaBuTh cebe He TOJBKO TO, Kak Oyier
BBITTOJIHSITHCST CAM METaKO/I, HO U TO, Kak Oy/eT BecTu cebsi KOJ, CTABINUIL
€ro pesyJsibTaToM, TPeOyeTCsi ONpeesIEHHOe MHTEJUIEKTYAIbHOe YCUJIHe U
MBIIIJIEHIE, OTIMYAOIIEECS] OT OOBITHOIO.



YHacts 10

Azpik Cu++, OOII u AT/I

OTa YacTh HaIlell KHUTH Oy[eT MEJTUKOM IIOCBSIIEHA U3YICHHUIO sI3bl-
ka Cu++ u mapajgurMm mporpaMMUDPOBAHUS, KOTOPBIE B HEM IOJIepyKUBa~
forcst. Z3bIK 66T npemioxked brépaom CrpaycTpylioM B HadaJjie BOCHMU-
JIECATBIX TOJOB IMPOIIEIIEro CTOJIETUsI B KAYECTBE OTBETA HA HA3PEBIILYIO
MOTPEOHOCTD B MHJIYCTPUATHLHOM O0bEKTHO-OPUEHTUPOBAHHOM $I3bIKE U U3~
HAYAJbHO IIOCTPOEH KAK PaCIHIMpeHne (XOTs U He COBCEM CTPOroe, KaK MbI
YBUJUM 49yTh II037KE) XOPOIIO 3HAKOMOro HaMm si3bika Cu; jobaBiieHHBIE B
SI3BIK UHCTPYMEHTBI 06ECIIEUNBAIOT MOJIEPKKY KAK 00bEKTHO-OPUEHTHPO-
BaHHOI'O ITPOrPAMMUPOBAHUSI, TAK U €00 Psifia JPYyTIUX HapajurM — ad-
CTPAKTHBIX THUIIOB JAHHBIX, OOOOIEHHOTO MTPOrPAMMUPOBAHNS, 00PAbOTKI
HUCKJTIOUUTENIbHBIX CATYaIli u T. JI.

[Tapagurmy 06bEKTHO-OPHEHTUPOBAHHOTO TPOTPAMMUPOBAHUS MBI yKe
HaYMHAIN 00CY?KIATh B IpeAbLLyIel yacTu (cM. cTp. 36); TaMm 2Ke Mbl yIO-
MSIHYJTA €MIE OJHY BayKHYIO MAPAJUTMy — aOCMParmmvie munvs 0aHHvL.

B sa3wike Cu+-+ mpejcrasiensl cpegcrBa kak i OOIL, tak m mjist
cozmanus ATJL, mpuaéMm CJI0KHO CKa3aTh, KaKasl U3 9TUX JIBYX HAPAIUTM
MOJIIEPIKAHA «JIyUIliey. 3allyTaHHOe TOJIOXKEHNE YCyryOsercs eme u TeM,
9TO Jijisi 00ECHEeYeHUs «3aKPBhITOCTH» (KaK 00bekToB, Tak u ATIT) Cut+
BBOJIMT €JIMHBI WHCTPYMEHT, TaK Ha3bIBAEMYIO 3GUjumy, U BIOOABOK Ha
MTPOUCXO/ISIIEE HAKJIAIBIBAET 3AMETHBIN OTIIEYATOK WCXO/HAS MMITEPATHB-
Has cymuocth uucroro Cu. K tomy ke OOIl u ATJI He ucuepubiBaioT
HOBIIIECTB, BBeEHHBIX B Cu++ 1o cpaBHenuto ¢ uuctbiM Cu; Tak, o6pa-
bomxa uckmouenuti Boodbie Hukakoro oruomerus K OOIIl we umeer, u y
MHOTUX IPOTPAMMUCTOB 3TOT (PAKT BBI3BIBACT HEIOBEPUUBOE VIWBJICHUE,
1ocKoJibKy B CH+-+ HCKJIIOYEHHSI TECHO CBsI3aHBI ¢ OObEKTaMHU W HaCJIe-
nosanueM. Mexxay OOII u «Bcem ocrasibHbIM» sA3bIK Cu+-+ cam 10 cebe
HUKAKON YETKOIN IpaHuIlbl He MPOBOAUT. BCTpedaoTcst MpOrpaMMUCThI, BO-
obre #He ymerorue ucnosb3oBark OOII, HO Ipu 3TOM yBepeHHBIE, YTO TO,
uro ouu genaior — 310 OOII u ecTn.
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Mpbl mocTapaeMcsi CBOEBPEMEHHO HAIIOMUHATL YUTATEIIO, UTO B Jeii-
CTBUTEJILHOCTU a0CTpakTHBbIe THUILI jaHHbIX — 310 emé He OOIL. Cpasy
JKe OTOBOPUMCS, ITO abCTPAKTHBIE THUIIBI JAHHBIX CAMHU 10 cebe JOCTAaTOU-
HO TIOJIE3HBI, W 9Ta I0JIb3a HE CTAHET MEHBIIE OT TOr0, YTO UX IIYTAIOT C
00 beKTaMI; HO yYMEHUE MBICJUThL B TEPMHUHAX OOBEKTOB M COODINEHUIT, TO
€CTh MMEHHO TO, UTO COCTABJSET CYTh OOBLEKTHO-OPHEHTHPOBAHHOTO TIPO-
rPaMMUPOBAHUsI, TOXKE OYeHb BAaXKHO, B OCOOEHHOCTHU IIPU CO3JIAHUMN OOJIb-
MIUX U CJIOYKHBIX MPOrPAMMHBIX cucTeM. [loaTomy OyaeT ymMecTHO mocoBe-
TOBATH YUTATEJIO PETYJISIPHO BCIOMUHATH PO OOEKTHI U COODIIEHMS, TIOKA,
MBIIIJIEHUE B 9TUX TEPMUHAX HE CTAHET JIJIs HErO MPUBLIYHBIM JIEJIOM.

Paccmorpes uncTpyMeHTBI, nMetonuecss B Cu++, Mbl 00s13aT€JILHO €116
pa3 BepHEMCsI K BOIIPOCY O TMapaJUrmMax, TO eCThb O TOM, KaK, [IPUMEHsIsI
BO3MOXKHOCTH $I3bIKa, MOYKHO OCMBICJUBATE CBOIO MIPOIPAMMY PA3IHIHBIMU
criocobamMu. TOT BOIPOC OUEHb BaYKEH, IIOCKOJIbKY BCE, UTO eCTh (M MOXKeT
ObITH) B sI3bIKE IPOIPAMMUPOBAHIS — JIUIIb HEKAs MeTHUYECKAH TTOIePIK-
Ka TapaJInrM, TOr/Ia KaK CaMu IMapaurMbl CYIECTBYIOT JIUIIb B MBIITIJIEHUN
[IPOTrPAMMUCTA.

10.1. Or Cu ¥k Cu++

Kaxk wmbr yxke ynomunasn, Cu++ mnocrpoer kak pacimupenune Cu, HO B
CHJLy TIEJIOTO Psifia UCTOPUYECKHUX MPUYIUH HE SIBJISETCS €r0 CTPOTUM HAJI-
mHO)KecTBOM. lIporpamwmer, namucamnubie Ha dnctoM Cu, B OOJBIIAHCTBE
caydaeB Oy/IyT KOPPEKTHBI C TOYKHU 3peHusi si3bika Cu++, HO HE BCerja.
Tak, B Cu+- IpUCYTCTBYET MEJIbIH PsIJT KJIIOUEBIX CJI0B, KOTOPBIX HE OBLIO
B Cu. [Toaromy, Hammpumep, MporpaMmy, COJEPZKAILYI0 TAKOE OIMCAHUE:

int try;

rpaHcyaaTop Cu++ courér ommbOYHOMN, BeJb CJIOBO try — KJIOYEBOE B
Cu+-+. Kpome Toro, B sizbike Cu+- HeT OTJEIBHOIO MPOCTPAHCTBA UMEH
IIJId TerOB CTPYKTYP; OIICaHne

struct mystruct {
int a, b;

};

B mporpamme Ha Cu++ 4gBIsieTCS ONUCAHWEM MOJHOIEHHOTO MUNG
mystruct, Torga Kak Ha Cu Takoe XKe OIUCAHHE O3HAYAJIO ObI JIUINb BBE-
nenne meza cmpykmyps. WNaade roBopst, B Cu+-+ MBI MOXKEM OIHCATDH
IIepeMEeHHYIO Tula mystruct:

mystruct si;

a B yncroM Cu Ham IIPUXOINJIOCH UCIIOJIB30BATh 9YTO-TO BPO/IE
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struct mystruct si;

(Bupouem, Cu++ noiimMér u Takoe). C ApyToil CTOPOHBI, YACTO BCTPEYUAIO-
myecsl B cTapbIxX nporpaMMax Ha Cu omucaHust B

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

B nporpamme Ha Cu-++ BBI30BYT OIIMOKY M3-3a BO3HUKAOIIETO KOH(MIUKTA
nMéH; B a3bike Cr Takoro KOH(JIMKTA He BO3HUKAJIO, T.K. TErH CTPYKTYD
U UMeHa THUIIOB OTHOCUJIACH K PAa3/IMYHBIM IIPOCTPAHCTBAM HMEH.

B psine curyanmit kommmiisitop Cu++ Benér cebst CTpoXKe, IeM KOMITH-
sgsirop amcroro Cu, BblIaBasi, HAIpUMep, omubky TaMm, rje B Cu BO3HUK-
JI0 OBl KAK MAaKCHUMyM Mpeaymnpexaenne. K TakuM cuTyarusM OTHOCSTCH,
BO-IIEPBBIX, BBI3OBBI HEOObsiBJIeHHbIX (yHKIWi:: B Cu 9Ta curyamnust cIu-
TAeTCsI «HEXOPOIIeil, HO JOIMYCTUMOIT», TaK YTO, €CIU 3a0bITh ITOIKIIOYUTD
KaKOM-HUOYIb 3aroJIOBOYHBIN (baiiyn, mporpaMMa MOXKET OJIArOMoJIyIHO OT-
TPAHCIUPOBATHLCS, XOTsd U ¢ npeaynpexgeausmu. B Cu+-+ stor HOMED
HE IIPOXOJIUT: ecy (DYHKIMS He OICAaHA, €€ BBI30B PACCMATPUBAETCA KaK
ommbKa. Bo-BTOpHIX, ommbKo#t OyaeT HedaBHOE TpeoOpa30BaHMe aIPECHBIX
BBIPaKeHNI HECOBMECTUMBIX THUIIOB: HAIIpAMep, IPUCBAaNBaHUE BBIPAKCHU A
THIa int* nepemeHHoilt Tua double* Bb3oBeT OMUOKY B Cu+-+, TOrMa Kak
B unctoM CH BBIIABAJIOCH TOJIHKO mpeynpexaenne. Omuokoii B Cu+-+ Gy-
JIeT U HesIBHOE Ipeo0pa30BaHme BhIPAXKEHUs TUIIA VOid* B BEIpAXKEHUE JIPy-
roro aJIPecHOro THIA, B TO BpeMs KaK KOMIUIITOp uuctoro Cu He BbLIAET
B TAKOU CUTyaIluM JazKe IIPEeIyIPerKICeHUs.

B ancrom Cu jy1st 0603HAUEHNS «HYJIEBOTO YKA3ATESI», T. €. CHEIHAJIb-
HOT'O a/IPeCHOT'0 3HAUYEHUs, 3aBE€JOMO He COOTBETCTBYIOIIEI'0 HUKAKOMY aJl-
pecy B omeparwBHON mamsiTd, ucroJb3yercs makpoc NULL. B Cu++ nHa
YPOBHE crenuduKaIuil 3aKpeIIeHo, 9TO IeJIOUNCIeHHAasT KOHCTanTa 0 uc-
TOJIB3YETCs KaK JijIs 0O03HAYMEHUsI IEJIOT0 YUCJIa, <HOJbY», TaK U JIJI «HY-
JIEBOTO yKa3aTeJIsl», IPUIEM BHE BCAKON 3aBHCHMOCTH OT TOI'0, KAKOBO Ha
JTAHHOW MAIIIHE COOTBETCTBYIOIIEE «apUPMETHIECKOe» 3HAYCHUE aIpeca.
Koneuno, makpoc NULL MCHOJIb30BaTh HUKTO HE 3aITpeIaer (XOTH OBl 13
coobpazkenuii copmectumocT ¢ Cu); npaBuibHee OyieT CKa3arb, 9TO UC-
HOJIB30BATb €r0 He NPUHAMO.

B cpaaennn ¢ ynctbim Cu sizbik Cu++ uMeeT psifi JOTOJTHUTETBHBIX
BO3MOXKHOCTEM, KOTOPBbIE MOYKHO 3aMETUTD €IlIE JI0 BBEJIEHUS CPEJICTB, NMe-
forux orHoterre K OOIT wim AT, OrMeTnM HEKOTODPBIE U3 HUX.

Mg nmorngeckux 3uadenuii B Cu++ BBEAEH cleNUaJbHBIA THI bool,
cocTodAmnit 3 JByX 3HadeHwmit: false m true. Komeuno, mesble dmcia
[IO-TIPE’KHEMY MO2KHO KCIIOJIb30BATh B POJIU JIOTMYECKUX 3HAYEHU; Oosiee
TOrO, IIeJOMY MOXKHO IIDHUCBOUTH 3HadYeHHe THUIla bool, mpum sTtom false
npeBpaTturcd B 0, a true — B 1.
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CumMBoJtbHBIE JTUTEpasbl Bpojae ’a’ wian 7’ B Cu+-+ cuuTarorcs KOH-
craHTaMn Tuna char, Torga Kak B anctoM CH OHU CUATAIMCH KOHCTAHTA-
Mu tuna int. B uncrom Cu 3Ty 0COGEHHOCTH CEMAHTHKH BIIOJHE MOYKHO
He 3aMeTuTb, a BOT B Cu+-+, KaK MBI yBUJIUM I1032K€, KOHKDETHBIN THI
KOHCTAHTBI ObIBAET BasKeH.

Ounucanue (mepeMeHHBIX U TUNOB) cTaso B Cu++ onepamopom, 9ro 1mo3-
BOJISIET BCTABJISITH €r0 B IIPOU3BOIBHOE MECTO IPOrPAMMBbI, & HE TOJIBKO B
Ha4vaJ10 6.HOKa; HaIIOMHUM, 9TO B YUCTOM CI/I HEJIb34d OIINCaTh IIEePEMEHHYIO
TOCJIe TOTO, KaK B OJIOKe BCTPETHUJICS XOTs ObI oanH omepatop. bosee Toro,
B Cu++ mepeMeHHyio MOXKHO OIIMCATH 6 3420406Ke UUuKAG for, IPUMEPHO
TaK:

for (int i = 0; i < 10; ++i)

Hapsiny ¢ npuBbraabiME OJI09HBIME KOMMEHTAPUSIMU, KOTOPBIE 3aKJIIO9a-
OTCS B 3HaKM «/*» u «*/» B Cu++ BBEIEHBI CMPOUHbBIE KOMMEH-
mapuy, obo3HataeMble 3HAKOM <«//»; KOMIUISITOP MPOUTHOPUPYET BECH
TEKCT, HAIINCAHHBINA IIOCJIE TaKOI'O 3HaKa, BIIJIOTH J0 6JIH}KE%I7HII€I‘O CHUMBO-
Jla 11epeBo/la CTPOKH. ECTI) n apyrue oTjin4dud, O KOTOPbIX Bbl IIOCTECIICHHO
y3HaeTe.

10.2. O BBIOOpPEe moamHOKecTBa Cu++

Azbik Cu++ — 3To 0gMH M3 CaMbIX NONYSIPHLIX UHCTPYMEHTOB COBPEMEHHO-
ro nNpoeccmoHanLHOro MpPOrpaMMupoBaHnsl, U 3TO ODCTOSTENLCTBO HaKnagbiBaeT
3aMETHbI OTNEYATOK Kak Ha CaM sA3blK, TaK 1 HAa BO3HUKLUYIO BOKPYr HEro nporpam-
MUCTCKYIO KyabTypy. BONBLWNHCTBO HbIHELWHUX NPOrpaMMUCTOB He MbICAUT UCMOJb-
30BaHust Cn++ B oTpbIBE OT cTaHAapTHol bubanotekn wabnoxos (STL); kpome To-
ro, Cam si3blK Nog BO3A4eNCTBUEM CTaHAAPTM3ALNOHHOIO KOMUTETA 1 KPYMHbIX churyp
NMPOrpaMMUCTCKOro CEKTOPA YCMesn U3PSILHO PacnyxHYyTb M MOTEPSiTb KOHLENTYyasb-
HytO LenocTHocTb. [NonHoe onuncaHue Bcex BOSMOXHOCTENR si3bIKa 1 €r0 CTaHAaPTHOIA
6ubnunoTekn npefcTaBasieT coboil KHUMY Takoro obbEMA, HTO €0 BMOJIHE MOXHO Mpu
XKE/aHMN BOCMOJIb30BATLCS B KAYECTBE OPYXKWS NPOTUB BParos (B CMbIC/IE HUCTO Me-
XaHUYECKOM); NpN 3ToM 06BEM MaTepunana, Kak H1 CTPaHHO, ewwé He camas bonblias
npobnema npu nsydenun Cu++. K coxaneHnto, TpagnMuUNOHHON HbIHE CTana Cxema,
KOra B CaMOM Hadasie Kypca B NpuMepax MCMoJb3YHTCS SK30TUHECKNE BO3MOXHO-
CTn BubAMOTEKM, HO HE FOBOPUTCS, KaK BCE 3TO YCTPOEHO; B MTOre TEPSIETCS OLUyLile-
HIe rPaHNLbl MEX/Y BO3MOXHOCTSIMU 53bIKA 1 BO3MOXHOCTSIMI GubnunoTekn’ . Ecan
MPpMY 3TOM Y4eCTb HEXBATKY y4ebHOro BpeMeHU, NOJy4aeTcsl, 4TO 4O U3JOXKeHUS Aeli-
CTBUTENIbHO UHTEPECHBIX KOHLENUMii, umeHHo Toro, Yem Cu++ oTnnyaercs oT BCex
OCTasIbHbIX CYLLECTBYIOLLUX S3bIKOB, AE0 MOMPOCTY HE AOXOAWT.

B 1997 rogy Bblwno B CBET TpeTbe M3faHue KHUrM aBTopa ssbika Cu++ Bbép-
Ha CrpaycTpyna, KoTopasi Tak 1 HasbiBaeTcsl «J3bik nporpammupoBanus Cu++».

L Troburessiv TPOMKHX 3asBJICHHIT O HEOTIETMMOCTH CTAHJAPTHONH GUOIMOTEKH OT
sA3BIKa MBI [IPEJJIOKUM IIOUCKATh CTaHIAPTHYIO 6ubimoreky uucroro Cu, HapuUMep, B
sanpe Linux.
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B stom nsganun Crpayctpyn Bnepsbie BBoguT STL 1 ¢ camMoro Hadana KHUMM NoJib-
3yeTcs B NpuMepax KOHTelHepHbiMu wabnoHamu, npy 3TOM pacckas o wabnoHax
KaK TaKOBbIX PacCrosioXeH B KHure bamxe k koHuy. B 1999 rogy kHwura Bblwna B
pycckoM nepeBoge. ABTOPY 3TUX CTPOK MPUXOAUIOCH COTPYAHUYaTb (B TOM 4ucie
paboTaTb B O4HOM NpoeKTe) Kak C nporpammuctamu, nsydaswmumn Cu++ o Bbixo-
[a BblLLIEYNOMSIHYTOrO TPETLErO U34aHUS, TaK U C TEMU, KTO U3yHas si3blK MO3AHEE.
Mo»Ho C yBepeHHOCTbIO CKa3aTb, 4TO BocnpusitTue sidbika Cn++ y ofHUX 1y apyrux
COBEpLUEHHO Pa3HOE, MPUYEM MPOrpaMMUCTbl «CTapoii 3aKBacKM» yMeIT paboTaTb
c STL, Ho moryT n obxoanTtbcsi 6e3 Hero, HanpuMmep, pagn BolMrpbiwa B 3pdeKTrB-
HOCTW, TOrAa Kak, He NoBOKOCh 3TOro CA0BA, XEPTBLI TPETHErO N34aHMs NONPOCTY He
MbicnsT Cu++ B otpeige oT STL u, kK BenuyaiiLieMy coxaneHuto, 4acTo COBEPLUEHHO
He 3a4yMbIBAOTCS], HTO XKE MPONCXOAUT BHYTPU KOHTEHEPHbIX knaccos. Bonee Toro,
MHOIMe HE YMEIOT MOoJIb30BaTbCsA MexaHM3MOM wabnoHos, nockonbky STL Bbi3biBaeT
owyuerune (owmnboyHoe!), 4To BCe WabnoHbl 4AaBHO HaNMCaHbI.

TekcT 3TOl YacTu paHee m3gaBancs otaenbHol KHkkoii — B 2008 rogy Bbiwo
eé nepsoe usgaHue, B 2011 n 2012 rr. oHa nepenspasanacb; 4eTBEPTOE M3JaHue
BbILAO Tonbko B 2018 rogy — korga crtano siCHO, YTO C YETBEPTHLIM TOMOM Hallero
«BeegeHnus B npodeccnio» peno 3aTsarneaercs. 3a WECTb JIET, MPOLUEALLINX MEXIY
TPETbUM N 4eTBEPTbIM n3aaHnem KHuKkn no Cu++, MUP HECKONBKO U3MEHUNCS:
rpynna mexayHapoAHbIX TEpPPOPUCTOB, MO HEAOPA3YMEHNIO Ha3bIBAIOLUUXCS KOMU-
TeTom no craHgapTtusauun Cu-++, passepHyna Becbma BypHyto u adbdeKTuBHYO
[EeATENBHOCTb MO OKOHYATENIbHOMY YHUUTOXEHWNIO 3TOrO si3bika. Bhiweplwine nocne-
poatenbHo «ctaHgaptoly C++11, C++14 u, HakoHeuy, C++17 He nepecTaBanu
YAUBNATL Nybnuky: KaxAaplii pa3s kasanocb, 4To bonee mpavHoro n 6esymHoro uns-
BpaLLeHNs NpUAYyMaTb Y)Ke HEMb3sl, U KaXKAbIA pa3 BbIXOA O4EPEAHOro «CTaHAapTa»
Harnsi4HO AEMOHCTPUPOBAJ, HTO BCE BO3MOXHO; nosiuBLumniics HegasHo C++420 kak
OynTO CneumanbHO 3afymMaH Kak HarisifHOe MOATBEPXKAEHMWE, YTO npejena 3TOMY
npoueccy Her, pa3se 4To Cu++ Bcé-Taku okouyputcs. Ecam nog «sisbikom Cu++>»
noHnmate C++17 nnm tem nade C++20, To O NPUMEHEHNIN TAaKOrO WHCTPYMEHTA
Ha NMpaKTUKe He MOXET BbbITb HUKaKol pedu, T.e. ¢ s3bikom Cu++ cnegyert nonpo-
LWaTbCsl, YCTPOUTL TOPXKECTBEHHbLIE MOXOPOHbI 1 MOUCKAaTb aJibTEPHATUBY; BMPOHEM,
TO >Ke CaMOe€ MOXXHO CKa3aTb MPO BCE €ro «CTaHAAPTbI», HAYMHas C CAaMOro MepBo-
ro, npuxsaToro B 1998 rogy — crporo roeopsi, si3bik Cn++ Kak yHMKasbHOEe siBeHne
OblN1 YHUYTOXKEH UMEHHO TOrAa.

Mpobnema, K coxaneHuto, B TOM, HTO a/ibTEPHATMBbLI MNOSIBAATHCA HE ChewlarT.
Henb3s ckazaTb, 4To B Mupe BoobLie He CO34alOTCsi HOBbLIE SA3bIKM NPOrpPaMMUPOBa-
HUSI, HO MO KaKNM-TO HEBELOMbIM NPUYNHAM HU OOUH U3 STUX HOBbLIX I3bIKOB MPOCTO
B CUJIly CBOEro WCXOAHOrO AM3aiiHa HE MOXKET MPEeTeHAOBaTb HAa POJib 3aMeHUTENS
Cu++ un Tem 6onee uuctoro Cu. lpu 3Tom pBeHue, C KaKMM «CTaHAAPTU3ATOPbI»
nociefoBaTenbHO yoMBaoT UMEHHO 3TW ABa A3blKa NPOrpaMMUpPOBaHUs, 3acCTaBJIs-
eT nogospesaTb, 4TO B I T-MHAYCTpUN 34paBblii CMbICA Kak siBJIEHME OKOHYaTeNbHO
ymep.

[MpumevaTensHo 3aeck, noxkanyii, BOT 4To. ABTOpPY 3TUX CTPOK NpeAcCTaBAseTCs
oueBngHbIM, 41O s3blk Cu (4nctbiii Cn) cmor cTaTh Tem, Y4em OH CTaln, M 3aHsTb
CBOIO HbIHELIHIOW HULWY Brarogaps ABYM O4YEBUAHLIM CBOWCTBAaM: BO-NEPBbIX, SCHOM
1 >XKECTKOW FpaHnLe MeXay CaMUM si3bIKOM 1 ero 6ubanoTekoii, ckonb bbl «cTaHaapT-
HOW» OHa HU Oblia, 1, BO-BTOPbIX, AOCTVXXMUMOCTM Zero runtime, T.e. BOSMOXXHOCTU
MCMOJIb30BaHMSI CO34aHHBIX KOMMNUASITOPOM OBBEKTHBIX Mogyneli 6e3 noaaepXkn co
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CTOpOHbI NOCTaBAAEMbIX C KOMI'II/IJ'IFITOPOM 6VI6J'IVIOTeK. B OTCyTCTBI/Ie J'IIO6OFO n3 3TNX
CBOMCTB A3bIK I'IpOrpaMMI/IpOBaHI/Iﬂ OKa3blBaETCA HeI'IpI/IMeHI/IM ans nporpaMMMpOBa—
HUSt Ha «TOJIOM >Kene3sey, T.e. ONs SAep ONEpauVOHHbIX CUCTEM M 4SSt MPOLUNBOK
MUKPOKOHTPOJINIEPOB, 1, KaK CIEACTBUE, HE MOXET MPETeHAOBaTb HAa YHMUBEpPCasb-
HOCTb. Tem yauBuUTENbHee, CKOJb YNOPHO CO3JaTeNn «CTaH4APTOBY» YHUHTOXKAtOT
oba aTux ceoiictea, npuyém kak B Cu++, Tak u B yuctom Cu.

Mogasnsitowee 6ONBLNHCTBO « COBPEMEHHbLIX MPOrPaMMUCTOB» PeasibHO He BuU-
OST npuHuUnuansHoii pasHuubl mexay Cu++ u, k npumepy, Tem xe NutoHom nan
[>xaBoii, a Bce «HOBble TEXHOMOMMMY (BKAIOYHAsi N HOBbIE «CTaHAAPTLI») MpPeano-
YUTAIOT BCTPEYaATb C KAKUM-TO HE3A0POBbIM BOCTOPIroOM, NOJIHOCTLIO OTK/IOYNE CMO-
COBHOCTN K KpUTUHeCcKOMY Mbllwnerunto. K cHacTbio, KpoMe 3Toro 6osbLWNHCTBA, Cy-
LLIECTBYET TaKXXe I MEHbLUNHCTBO, AyMaTb MOKa He pa3y4unBLUEECs, B MPOTUBHOM Cy-
Yae mupoBsasi I T-uHgycTpusi, Ckopee BCEro, y>Ke AaBHO nepecTtasia bbl NPUHOCUTL XOTb
kakyto-To nonb3y. Ceiivac, cnycts aBa gecsiTka et nocse nonydverus STL'em «odu-
LMaNbHOrO CTaTycay, B YUCNE TeX, KTO €ro NpuHUUMNMaIbHO HE UCMOMb3YET, MOXHO
0BHapy>XNTb, HaNpUMep, TaKoro MOHCTPA, Kak npoekT Qt; Ho, noxanyli, nHTepecHee
BbIrNAaNT 6ubnnoteka FLTK, B TekcTe koTOpoli NPUMHUWNUANBHO HE NPUMEHSIOTCS
He TONIbKO BO3MOXHOCTM CTaHAapTHON bubanotekn Cn—++, HO 1 WabnoHbl Kak Ta-
KoBble, 1 0bpaboTKa UCK/IOYEHMIi, N faXke NPOcTpaHCcTBa MMEH (namespaces), He
rOBOPs YXKE O « BO3MOXHOCTSIX» N3 HOBOMOAHbIX «CTaHAApTOB>.

Cyns no Bcemy, B ycnosusix, koraa sidblk Cu++ nsyBedeH cTaHgapTusaTopamu,
afleKBaATHbIX a/IbTEPHATMB He MPeABUAMTCS, a NPOrpamMMIMpPOBaTh Ha YEM-TO BCE e
HY>XHO, CO3HaTE/IbHOE MCMOJIb30BaHNE TaKNX YCEYEHHBIX MOLMHOXECTB OCTA&TCs Mno-
CNeAHVM U €4NHCTBEHHLIM BapuUaHTOM AJ1si TeX, KTO COXpaHsieT pasbopymBocTb B
BbIbOpe MHCTPYMeHTOB. ABTOpPY OCTaéTcst /iNlib NOXenaTb YUTaTeNsiM YCrnexoB Ha
3TOM HeTpI/IBI/IaJ'IbHOM nyTw. KaK STL, TaK N KBO3MOXHOCTU>», npmuep,Lume n3 TakK
Ha3blBaeMbIX «CTAaHLAPTOBY», B HalUeli KHUIe CO3HATENbHO UTHOPUPYIOTCS.

10.3. MeToapl, 0ObEKTHI 1 3AMIUTA

B 5T0it Ty1aBe MBI TOMBITAEMCSI TOKA3aTh YUTATEIO IYTh TOCTEITeHHOIO
mepexojia OT TPAIUIMOHHOTO UMIIEPATUBHOTO CTUJIS MBINIJICHUST K MBIITLIE-
HUIO B TEPMUHAX OOBEKTOB U METOJOB. /LIt 3TOro Mbl, OTTAJIKUBASICH OT
y)Ke U3BECTHBIX YUTATEJIIO CpeZLCTB qUuCTOoro CI/I, IIIar 3a Hmarom 6yﬂel\l 10-
OaBJISATH MOHATHUS U CPEJICTBA, IPUIIIEIINE U3 00IaCTH 00 bEKTHO-OPUEHTH-
POBAHHOIO IIPOIPAMMUPOBAHUSI, IIOKA HE TPUIEM K IIOJTHOIIEHHOMY KAACCY,
HUMEIOIIEMY KOHCTMPYKMOP, 0eCmpPpyKmop u Memodsvt.

10.3.1. ®yukuu-4ieHsl (MeTo/IbI)

it moiep:KK 0O beKTHO-OPUEHTHPOBAHHOTO MIPOIPAMMUPOBAHUS B
Cu++ BBOgdATCS TOHSATHSA AYHKUUT-wAeH08 U Kaaccos. O Kjaccax
MBI pacCCKazKeM IIO3/Hee, a IIOKa IIOIbITaeMCA IIOHATH, YTO 2K€ TaKOoe
«DYHKIHISA-ITIEH>.

HyCTb HaM HOTpe6OBaJIa.CL CTPYKTYpa JJisdd IpeJacTaB/JIeHud KOMIIJIEKC-
HOT'O 9HCJIa 9epe3 ﬂeﬁCTBHTeﬂbHyIO 1 MHUMYIO 9aCTH:
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struct str_complex {
double re, im;

};

Beeném Termepnb omepanuio BBIYUCIEHUS MOIY/IS KOMILIEKCHOTO 4dncia. Ha
si3bike CU HaM IPUILIOCH ObI OIMUCATH IPUMEPHO TaKy (DyHKITUIO:

double modulo(struct str_complex *c)

{
return sqrt(c->rexc->re + c->im*c->im);

}

f3bik Cru++ HO3BOJISIET CIEJIATH TO YK€ CAMO€e HECKOJIBKO 00JIee 3JIeranTHoO,
HOYEPKHYB HENOCPEJICTBEHHOEe OTHOIIEHnEe (BbyHKIMU modulo K CyIIHOCTH
KOMILIEKCHOIO dncsia. OYHKIUIO MBI BHECEM 6HYMPb CIPYKTYDBI, CIeJiaB
Kak OyJTo ObI €€ JacTbhio:

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

};

Ob6paruTe BHUMaHUE, 9TO B Tejie PYHKIUN BCTPEIAIOTCH OOPAIIEHNS K 10~
JISIM CTPYKTYPBI IIPSIMO 110 UMeHaM, 0e3 yTOUHEeHMs, OTKY/Ia TaKoe uMsi Oe-
péTcs, Kak ecsin ObI 9TO OBLIU IPOCTHIE TEPEMEHHBIE, & He TOJIs. Ternephb MbI
MOKEeM HAIIUCATH, HAIPUMED, TAKOH KOJI:

str_complex z;

double mod;
z.re = 2.7;
z.im = 3.8;

mod = z.modulo();

Oyuknusg modulo Ha3bBaeTcs AYHKUUETU-YAEHOM WIA MEMOIOM
CTPYKTYpHI str_complex. MHorma peub uadr o memode obsexma (B maH-
HOM cJjlydae — OObeKTa z), IPU ITOM UMEETCsl B BHIY METOJ TOIO THIIA,
K KOTOPOMY TPUHAJIEKUT 00beKT. Kak BUIHO U3 MpHMepa, METO/T BBI3bI-
BaeTcs He caM 10 cebe, a daa KoHKpemmo20 0bsexma, U Kak pa3 U3 3TOro
0bbeKkTa OGepyTcs MoJs, KOrga B Teje MEeTOHa MMeeT MEeCTO obpalleHnune K
[OJII0 CTPYKTYPHI TI0 UMEHU. B JAHHOM CJIydae MEeTO[[ BBI3BAH JJis 00bEK-
Ta z, TaK 9TO B €0 Teje YIOMUHAHUS HIeHTU(MUKATOPOB re u im OyayT
COOTBETCTBOBATH IOJISIM Z.Ye W Z.im.

BbI30B MeTOa — 9TO MMEHHO TO, YTO B T€OPUU O0BEKTHO-OPHUEHTHPO-
BaHHOI'O [IPOrPAMMUPOBAHUST IOHUMAETCS TI0JT, OMNPAsKol coobuwenus 06s-
exmy. Vlnade ToBOpsl, TEDMUHBI «BBI30B METOJAa» U «Ilepeaada co-
OGIIeHUsT» SIBJISIOTCS CHHOHUMAaMU. Mbl MOXKeM, CJI€JI0BATEIHLHO, CKa-
3aTh, YTO B IIOCJIE/IHEIl CTPOYKE BBLIMICIIPUBEAEHHOIO (DparMenTa KoJ/ia Mbl
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nepedaau 0bsexmy z coobwerue modulo, O3HAYAIOIIEE «ITOCUUTAIl CBOI MO-
Jy/by»; 00BEKT OTBETHJI Ha HAIlle COOOIEeHne, TPUIEM B OTBETE COIEPIKa-
JIOCh 4mCJIO Tulla double, paBHOE HCKOMOMY MOJYJIIO; IIOJIY9IUB 3TOT OTBET,
MBI TIPUCBOUJIN €TI0 TIE€PEMEHHON mod.

10.3.2. HesaBHbIiT yKa3aTeyib HA O0bEKT

Ha camowm zesie Bbi3oB dyHkimu-4ieHa (Meroja) o6beKTa ¢ TOUKH 3pe-
HUsl PeAJIN3aIUH [IPEICTABIISIET cOO0i aOCOIIOTHO TO K€ CaMoe, ITO 1 BbI30B
OOBITHON (DYHKITNHN, TIEPBBIM TapaMeTPOM KOTOPO# TepeTaéTcst aapec 00b-
ekta. B wactHOCTH, B mpempiayiieM maparpade Mbl 3aMEHUIH BHEITHIOI
dyukmo modulo, MOIyYaBIIYIO aJpec CTPYKTYPbI, Ha MeTo/ modulo, onu-
CAHHBIA BHYTPU CTPYKTYPBHI, & BBI3OB C ABHOU liepesiadeil aapeca — Ha Bbl-
30B METOJIa JIJIsi O0BEKTA; TIPU 9TOM HA YPOBHE MAWUNHH020 KOG HUKAKUL
udmeneruli ne npousowno. ToBopsT, 9T0 GYHKYUAM-YAEHAM NPU BbL306E
uxr oas 0bsexma mepedaémcs HeseHul napamemp — ajapec o0ObeKTa,
ISt KOTOPOTO (DYHKIIWS BBI3HIBAETCH.

K sromy mapamerpy Ipu KeJJaHHUM MOXKHO OOPATUTLCS SIBHO; MMEHEM
eMy CJIy?KUT KJIodeBoe cjIoBo this. MoxkHo BocupuHEMaTh this Kak Jo-
KaJIbHYIO KOHCTAHTY, UMEIOIILYIO TUIl A%, rjie A — UMs OIUCBIBAEMOI CTPYK-
Typbl. Hanmpumep, ommcanHyo B mpemplayineM naparpade BEPCHIO CTPYK-
TYPBbI MOXKHO OBITIO OBbI IIEPENncaTh TaK:

struct str_complex {
double re, im;
double modulo() {
return sqrt(this->re*xthis->re + this->im*this->im);

};

B maHHOM KOHKDETHOM CIIydae 9TO HE MMeeT 0CODOro CMBIC/Ia, OJHAKO ObI-
BAIOT TaKWe CUTYAIUU, B KOTOPBIX UCIIO/Ib30BaHue this oka3biBaeTcst He0O-
XOJMMBIM; JIOCTATOYHO IIPEJICTABUTH cebe, ITO U3 METOJ[a HY?KHO BBI3BAThH
KaKy[0-1160 GyHKIHO (OOBIYHYIO UM METOJ, JIPYIOro OObEKTa), apryMeH-
TOM KOTOPOH JIOJI?KEH CTaTh KaK pa3 HaIll COOCTBEHHBIN OOBEKT, TOT, JJIs
KOTOPOT'O HAC BBI3BAJIH.

10.3.3. 3amura. ITousTne KoHCcTpyKTOpa

Yr0o0bI CcTATH IOJHOIEHHBIM O0bEKTOM, HAIlleil CTPYKTYpe He XBaTaeT
cBOfiCTBa 3aKPBHITOCTH. B caMoMm jieste, 110Jisd re U im JOCTYIHBI U3 JIIOOOrO
MecTa B IpOrpaMme, Ijie IOCTYIIHA caMa CTPyKTypa str_complex. [lisa
TOr0, YTOOBI CKPBITH JETaJIN peaan3anud 00bekTa, B sidbike Cu++ BBeIEH
MEXaHU3M 3GULUIMbL, KOTOPBII MO3BOJISIET 3AIIPETUTH JIOCTYI K HEKOTOPBIM
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YACTAM CTPYKTYPBI (KaK IMOJIAM, TaK U (DYHKIUAM-METOJAM) U3 JIHOObIX
MECT IPOrpaMMBbl, KpOMe TeJl (DYHKITHiI-MeTO/IOB.

Jly1st Io/i/IepKAHUS STOTO MEXAHI3MA B S3bIK BBEIECHBI KJIIOUEBBIE CJIOBA
public u private, KOTOPBIME B OIUCAHUU CTPYKTYPBI MOT'YT OBITH TIOMEYe-
HBI TIOJIsl 1 METOJIBI, OCTYTIHBIE U3BHE CTPYKTYPHI (public:) u, HAOGOPOT,
JOCTYIHBIE TOJIBKO U3 TeJ (DYHKIHII-MeTOI0B (private:)z. [TonbrTaemcs
epennucaTh Hally CTPYKTYPY C UCIOJIb30BAaHUEM 3THUX KJIOUYEBBIX CJIOB:

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

};

Teneps mosist re u im JOCTYIHBI TOJBKO U3 Tesia MeToma modulo. Jlerko 3a-
MEeTHUTb, OJHAKO, 9TO II0JIb30BAaThCA TAKOU CTPYKTYPOU MBI HE CMOXKEM, Belb
B Hell He IPeyCMOTPEHO HUKAKHUX CPEJICTB JJId 3aJ[aHUs 3HAUYEeHUi 1moJieit
re u im. Tak, dparmeHT Koaa, npuBeAEHHBIH HA CTP. 97, mOIpoCTy OyIer
OTBEPrHyT KOMIMJIATOPOM, Beb MOJd Tellepb HEJIOCTYIHBI, B TOM YHCJe U
JI7Isl TIpUCBauBaHus. PemuTh mpobeMy MOXKHO, BBEJsI COOTBETCTBYIONIMIA
METO/T JIJIs 3a/iaHus 3HadeHuil moseir. Onucanue HaIIel CTPYKTYPbI MOTJIO
OBI BBITVISZETH B 9TOM CJIydae, HAIIPUMED, TAK:

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

};
a IIpuMep HUCIIOJIb30BaHUA O6’b€KTa MBI TEellepb IIepeIunIneM TaK:

str_complex z;
double mod;

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

Y 3TOrO pemreHns €CTh HENOCTATOK, IIPUTOM HACTOJIBKO CEPBE3HBIHN, YTO
KOMITUJISTOPBI OOBITHO BBIIAIOT MPEIYIPEXKICHNE IPU OMBITKE KOMITUJIs-
UK TAKOTO O0bsIBJIEHUs CTPYKTYPHI. /lej10 B TOM, 9TO ¢ MOMEHTa O0'bsIBJIE-
HUsI TIEPEMEHHON Z 710 Bhi3oBa DyHKIMHN set HAm 00beKT (IepeMeHHas Z)
OKa3bIBAETCS B HEONPEIEAEHHOM COCTOSHUM, T.€. HOIBITKH €r0 HCIOJIb30-

2HecKoMbKO TI037Ke MBI BBEJISM €I§ M KJTIOYeBoe CJIOBO protected.
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BaTh OyAyT 3aBeIOMO OmUOOYHBI. IIporpammucT 1ojKeH Oyzaer 0O 3TOM
[MOMHHTB, ITO, TOMUMO TIPOYero, nporuBopednt 6azosomy npuanumy OOIT:
BHE 00'bEKTA HE CJIE/yeT CTPOUTH IIPEIIOJIOXKEHNUI O €r0 BHYTPEHHEM COCTO-
STHUU, U JIJIsl <HEOIIPEIEJIEHHOT0 COCTOSIHUS BPSIJ| JIU CTOUT JEJIaTh UCKJIO-
yenne. Q4ueBUIHO, OBLIO OBI JIyYIlle TPOU3BECTH MHUIMAIU3AINI0 0ObEKTA
HEITOCPE/ICTBEHHO B MOMEHT €ro co3maHus. Bojee Toro, 66110 ObI JJOrUIHO
aanpemums CO3JaHue 00bEKTa B 00XOM, MHUIUATA3AII.

Azpik Cu++ mo3BosisierT 3a7aBaTh KOMIUJIATOPY YETKHE HHCTPYKIINHU
OTHOCHUTEJIbHO JEHCTBUil, HEOOXOAUMBbIX (B TOM 4YHC/IE U B OYKBAJILHOM
CMBICJIE — TO €CTh TaKUX, KOTOPBIE HeAb3sA 060Umu) IPU MHUNUAIA3AIAN
obbekTa. I 3TOro BBOIUTCS €€ OJIHO BaKHOE IMOHATHE — KOHCTNPYK-
mop obsexma. KoHcTpyKTOp — 3T0 (DyHKIMSA-METO, CIIEINaaIbHOTO BHU-
J1a, KOTOpas MOXKET, KaK U O0bIYHAasi (PYHKIUsI, UMETh apaMeTPbl W He
WMEeTh UX; TeJIO IToi (PYHKIMHM KaK pa3 U IpejcTaBjisgeT coOOil MOPsiIOK
JeficTBuit, KOTOpbIe HEOOXOANMO BBITIOJHATH BCAKHUI pa3, KOTJaa CO3Ia6TCs
00'BEKT OMMCHIBAEMOro Tula. Hammcas KOHCTPYKTOP, MBIl T€M CAMBIM «00b-
SICHSIEM» KOMIIMJISITOPY, KAK — B COOTBETCTBHM C KaKOW MHCTPYKIIHMEH —
CO3/IaBATH HOBBIII O0BEKT JAHHOIO THIIA, KAKHE apaMeTPhI JI0JIKHBI OBITH
JIJIS 9TOTO 33/aHBbI U KAK BOCIIOIH30BATHCH 3HAUCHUSME STUX aPAMETPOB.

KomMmmnuiisitop omyimdaer KOHCTPYKTOPBI OT OOBIYHBIX METOJIOB 110 UMEHH,
KOTOPOE COBIIAIA€T C UMEHEM OIIMCHIBAEMOro TUIIA (B JAHHOM CJIydae CTPYK-
Typbl). IT0CKOJIbKY KOHCTPYKTOD UIPAET CHElUAIbHYIO POJIb U B IBHOM BU-
Jle OOBIYHO He BEI3LIBACTCS’, THII BO3BPAIIAEMOrO 3HAUCHHS I KOHCTPYK-
TOpa yKa3bIBaTh HEJIb3¢, OH HE BO3BPAIIAeT HUKAKNX 3HAUEHHIl; B KAKOM-TO
CMBICJIE PE3YIbTATOM PAbOTHI KOHCTPYKTOPA SABJISETCs CaM OODBEKT, I
KOTOPOT'O €r0 BBI3BAJIU.

[IpomutiocTpupyem cka3aHHOE, [TEPeNnucaB 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 modulo()
{ return sqrt(rexre + im*im); }

};

Beens korcrpykTop (byHKIMIO-METOJ ¢ IMeHeM Str_complex), Mbl CO00-
I KOMITAJISITOPY, 9TO JIJTst CO3JaHns O0bEeKTa TUIa Str_complex Hy>KHO
3HATH JBa 4ncjia Tuia double, u 3aja/i1 HAOOP JEHCTBUA, MTOJJIEXKAIITIX
BBITIOJTHEHHUIO TIPU CO3/IAHUN TAKOro oObekTa. B aTom mHabope meitcTBmit T0-
BOPHUTCSI B TOM YHCJIE U O TOM, KAK BOCIIOJIb30BATHCS 38 IAHHBIMI INCIAMEI

3Ha camom gmeme Cu-+-+ MO3BOJIsIET BEI3BATH KOHCTPYKTOD SIBHBIM OOpa3OM, HO €C-
JIM BaM 3TO ITOTPeOOBaJIOCh — CKOPEe BCEro, BbI JEJIaeTe YTO-TO OYEeHb CTPAHHOE; MbI
paccMaTpuBaTh 3TY BO3MOXKOCTb HE Oy/1eM.
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Tuna double: nepBoe M3 HUX HKCIOJIL30BATh B KadeCcTBE JefCTBUTEIbHONR
4acTU, BTOPOe — B KadyeCTBE MHUMOHU YaCTHU CO3/1aBaeMOI'0 KOMILJIEKCHOI'O
YHCaA.

Boobuwe B cemantuke Cu++ niobas nepemerHasi cocTaBHOro (CTPyKTypHOro)
Thna co3AaéTcsl C MOMOLLbIO KOHCTPYKTOpa. Bo MHorux cnyvasx komnunsatop cyu-
TaeT KOHCTPYKTOP CYLLECTBYIOWNM («HESIBHO» ), HECMOTPSI Ha TO, YTO B NPOrpamme
KOHCTPYKTOpP HE OnucaH.

Kon Beraumcienns Mojyns Tenepb MOYXKHO IEPENNCcaTh BOT TaK:

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

Bonee TOro, gns TaKom onepaunmn Ham He obszaTeNIbHO ONUCHLIBATL NEPEMEHHYIO,
NMELWYO UMs. Mbl Mornm 6bl HanucaTb U Tak:

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

3pecb Mbl CO34aN @aHOHUMHYIO NEPEMEHHYI0O Tuna str_complex U ANs 3TOi ne-
pemeHHoIi BbI3Baan MeTog modulo. AHOHUMHBLIM NEPEMEHHBLIM Mbl MO3XKE MOCBATAM
oTAeNbHbIl naparpad.

Crenaem BakHOe 3amedanue. llocjie BBejeHHsT KOHCTPYKTOpa, WMe-
IOIEr0 IIapaMeTPhl, KOMIIMJIATOP OTKaXKeTCsl CO3/[aBaThb OOBEKT THUIIA
str_complex 6e3 ykasaHus TPeOyeMBbIX KOHCTPYKTOPOM JBYX 3HAYEHUI,
TO €CThb IIPEJIBLIYINAas BepCcus KOJia, COAePKaBIas OINNCaHNe

str_complex z;

KOMITHJTIPOBATHCsT O0JTbITe He OymaeT. Ecan 310 co3maér HeymobcTBa, MOXKHO
3aCTaBUTH KOMIIUJISTOP CHOBA CUMTATH TaKWe OObSBJIEHUS] KOPPEKTHBIMM;
0 TOM, KaK 9TO JieJIaeTcs, Mbl y3Haem u3 §10.4.3.

CHHTaKCHUC CO3/IaHNs IEPEMEHHOM TI0 3a/JAHHOMY [TapaMeTpy JIOIYCTUM
B Cu++ u Jts IepeMeHHBIX BCTPOEHHBIX TUIOB. Tak, omucanme

int v(7);

0O3Ha4YaeT abCOJIIOTHO TO YKe CaMoe, UTO U IPUBLIYHOE 110 A3bIKy Cu ommca-
HI€ TIEPEMEHHON C UHUYUAAUSAMOPOM

int v = 7;

HamoMuum Ha Begkuit ciydail, 9TO UHUUUAAUIAUUS — ITO COBCEM HE
TO 3Ke caMoe, uTo npuceausarue’. B uncrom CH HHUITUAIN3AINS U TIPHU-
cBamBaHWe ODO3HAYAIOTCS OJHAM W TEM K€ CHMBOJIOM — 3HAKOM DaBEH-
CTBa, HO pa3HUIA MEXKJy HUMU CTAHOBUTCI OYECBUJIHON, €CJIM BCIIOMHUTD,
YTO MBI MOXKEeM, HaIlpUMep, 331aTh HadaJIbHOE 3HAYCHUe I MacCuBa, TO-

4Cwm. paccyxmenne Ha crp. 25.
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rIa Kak npucéauéams MacCUBBI HEIb3s. KpoMe TOro, CTOUT 3aMETUTDh, UTO
JI7IsT T/I00AIBHBIX TTEPEMEHHBIX MHUITHAJIU3AINS He TpeOyeT HUKAKUX Jeii-
CTBUI, BBITIOJIHAEMBIX ITPOIECCOPOM, BEIb IIPU CTAPTE MPOTrPAMMBI B ITAMSITH
3arpyzkaercs obpas, y»Ke CcojeprKallluii HyKHble 3HaYeHUsl; IPUCBauBaHUE
2Ke, OYEeBU/IHO, BCETJIA TIPEJICTABISIET COOOM MMEHHO JIeliCTBHE.

B Cu++ pasHunna MexXy MHUIUAIM3aIMeil 1 nprucBauBaHueM eme 60-
Jiee CyIIEeCTBEHHa, U Mbl B 3TOM HEOIHOKPATHO ybemumcsi. B gactHOCTH,
Ba>KHO IIOHI/IMaTb7 9To KOHCprKTOpr I/ICIIO.HI)SYIOTCE{ IIpI/I MHUITUAJIN3 Al
W He MMEIOT HUKAKOI'O OTHOIIEHHWS K MPHCBAMBaHUO. Kak Mbl y3HAeM u3
nasbHelnero najoxennst, Cu-++ MO3BOJISIET B3sITh 10/l KOHTPOJIb HE TOJIb-
KO MHUIAJA3AINI0 00beKTa, HO U IPUCBAMBAHKUE €My 3HAYEHUI, HO JJIst
3TOrO TPEAYCMOTPEHBI OTAETbHBIE CPEJICTBA, KOHCTPYKTOPHI TYT HHU TIPU
9EM.

Boszspaiiasich K 00CY2KIEHUIO 3AIUTHI, OTMETHM €IIE OJIUH HEMAJIOBAYK-
ueiit MoMeHnT. Enuaunieit 3anutbl B Cu++ sBJIsieTcss He O0bEKT, a
Tun (B JAHHOM CJy4dae CTPYKTYpPa) LEJUKOM. DTO 03HAYAET, 4TO U3
TeJI METOJIOB MbI MOXKEM 00paIaThCsl K 3aKPBITHIM MOJISIM HE TOJBKO «CBO-
ero» obbekTa (TOro, Jyisi KOTOPOIO BBI3BAH METO/), HO U B0ooOIIEe 106010
00'BbEKTa TOrO K€ THUIIA.

10.3.4. 3ayeM HY>KHa 3allUTa

CMBICT MeXaHU3Ma 3aIUThl 9aCTO OKA3bIBAETCS HEMOHSITEH ITPOrDaM-
MECTaM, HAYMHAIOIIM OCBAMBATH OOBEKTHO-OPUEHTHPOBAHHOE IIPOrDaAM-
MupoBanue. [TonpobyeM IOSICHUTB €ro, OCHOBBIBAsICh Ha HAIIEM IIPUMEPE.

IIpencraBum cebe, uTO Hama CTPYKTypa str_complex HUCIOIB3YeTCS B
6OJIBIIIOI TTporpamMMe, aKTUBHO PAbOTAIONIE ¢ KOMIIJIEKCHBIMU YHCIAMH.
MozkeT CIIydnuThCs TaK, YTO B IPOrpaMmMe OyIeT OYeHb JacTO TPeOOBAThCS
BBIYUCJIEHNE MOJYJIeil KOMIIJIEKCHBIX 4Yncesl. Bosiee TOro, MOXKeT 0Ka3aThCs
¥ TaK, 9TO MMEHHO MO/IyJIb KOMIIJIEKCHOTO 9nCJia TpeOyeTcss HaM JaKe da-
e, YeM ero JIefiCTBUTEe/IbHAS U MHUMAas YacTU. B Takoil cuTyaluu Hara
nporpamMMa OyJieT IPOBOAUTH 3HAYUTEIBHYIO YacTh BPEMEHH CBOErO BbI-
[MOJIHEHUSI B BBIUUCICHUSAX MOysei. OOHAPYKUB 9TO, MBI MOYKEM MTPUATH
K BBIBOJLy, 9YTO B JIAHHOW KOHKDPETHON 3ajiade yJI00Hee XPAHUTh KOMILIEKC-
Hble YHCJIa B IIOJISIPHBIX KOOPJMHATAaX, a He B JIEKAPTOBBIX, TO €CTh B BUJE
MOJLYJId U apryMeHTa, & He B BHUJIC JCHCTBUTEJIbHON U MHUMON JacTell.

Ecim Mbl He TpUMeHSIN 3aIUTY, TO, CKOPee BCEro, BCe MOJIYIN HAIIeH
MIPOrPaMMBbI, B KOTOPBIX UCIOJIB3YIOTCS KOMILJIEKCHBIE TUCTIA, COJAEPKAT 00-
parmienus K nojsiM re u im. Ecim B Takoil mporpamme M3MEHUTH CIIOCOO
XpaHeHNsT KOMILJIEKCHOT'O 9HC/Ia, yOpaB IMoJisd re U im u BBeIs BMECTO HUX,
cKaXKkeM, T10JIs1 mod U arg Jis XPaHeHWs! MOJLYJisl U apryMeHTa (T. €. TI0JIsIp-
HBIX KOODJIMHAT), TO BCE YaCTU IIPOIPAMMBI, UCIIOJIb30BABIIINE HAILY CTPYK-
TYPY, IEPECTAHYT KOMIIMJINPOBATHCS M HAM IPUAECTCS UX UCIPABJISTH. Kean
[IPOrpamMMa, JIOCTATOIHO GOJIbIIast (a4 COBPEMEHHbIE ITPOrPAMMHBIE IIPOEKTHI
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YACTO COCTOAT M3 MHOTUX COTEH U JIAYKe ThICAY MOJLYJIEH), TaKOe pelaK-
THUPOBAHNE MOXKET HOTPEOOBATH CYIECTBEHHBIX TPY/I03aTPAT, IPUBEIET K
BHECEHUIO B IIPOIrPAMMY HOBBIX OIMUOOK U T. II., TAK 9TO, BIIOJIHE BO3MOYXKHO,
HaM IPUJETCS OTKA3aThCs OT M3MEHEHU, HECMOTPS Ha BCIO UX ITOJIE3HOCTb.

HorycTuM Tenepb, YTO Mbl UCIOJIB30BAIN 3AIIUTY U CJIEJAJIH BCE IO-
JIsT HEJIOCTYIHBIMA OTKY/1a ObI TO HU OBLIO, KPOME METOJIOB HAIEH CTPYK-
Typbl. KOHEYHO, IpU UCIOJIB30BAHUK KOMILIEKCHBIX YHCE 9acTO ObIBAET
HY2KHO y3HaTh OTJ/IEJIbHO JIENCTBUTEIbHYIO 1 MHUMYIO YaCTU YUCJIA, HO JIJIsI
9TOr0 MOYKHO BBECTH CIEIaIbHBIE METOJIBI; JIJIS MTOJTHOTHI KapTUHBI BBeE-
JEM 3a0{HO (DYHKITUIO BBIYUCJICHUS apryMeHTa, KOTOpas OyJeT UCIOIb30-
BATh CTAHJIAPTHYIO (DYHKIUIO atan2 Jjisd ONpeJIeJIeHIsI COOTBETCTBYIOIIETO
apKTaHTeHCa:

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 modulo() { return sqrt(re*re + im*im); }
double argument() { return atan2(im, re); }

};

K mosisim re u im Teneps He MOTyT 0OpAIATHCA HUKAKUE YaCTU IIPOI'PAMMBI,
KpOMe METOIO0B CTPYKTYPbI, TaK YTO IIPU II€peXo/ie OT XpPaHeHUd JeiCTBH-
TeJIbHOI 1 MHUMON YaCTH K XPAHEHUIO TOJISIPHBIX KOOD/IMHAT ITPUIETCS T1e-
PeIuChIBATh TOJIBKO HAINKA COOCTBEHHBIE METObI, & BECH OCTAJIHBHONW TEKCT
MIPOrPaMMBbI, U3 CKOJIBKUX ObI MOJyJI€il OH HU COCTOSJI U UTO ObI HU JI€JIAJ
C KOMILJIEKCHBIMY YHCJIAMHU, COXPAHUTCsI Oe3 m3MeHeHud u Oyger paboTaTh
Kak panbIie. Konedno, MeTonsl get_re u get_im Temepb CTaHYT ropasio
CJIO)KHEE, 9eM ObLIN, 3aT0 yIpocTATCa MeTonbl modulo u argument:

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



104 Azpik Cu++, OOIT u AT/T

B Takoit cutyanuu MbI J1ayke MOYKEM TOJIJIEPKUBATD JIBE PEAJIU3AINN CTPYK-
Typbl str_complex, MeXKJy KOTOPBIMU BBIOOD OCYIIECTBJISETCH TUPEKTHU-
BaM# yCJIOBHO# kommumiasruu. MoxKHO Oyzmer, He MeHsisi TEKCTa IPOrpaM-
MbI, OTKOMIIMJIIPOBATH €€ C UCIOJIb30BAHUEM OJTHOI peain3aliun, I3MePUTh
OBICTPO/IEiiCTBIE, OTKOMINJINPOBATE IIPOIPAMMY C UCIIOJIH30BAHUEM APYTO
peajim3aiuu, CHOBa U3MEPUTh OBICTPOJIEIICTBIE, CPABHUTD PE3yJILTATHI U3~
MepeHUil U MPUHATH peIleHrne, KaKylo Peaim3aluio 3ajeiicTBoBaTh. Ecmn
HCIOJIb3YEMbIE B IIPOIpAMMe AJTOPUTMbI M3MEHSATCS U HaM CHOBA CTAHET
BBII'OJHO XPAHUTDH KOMILJIEKCHBIE YHCIa B JIEKAPTOBBIX KOOP/IMHATAX, TO JIJId
BO3BpaTa K CTapoil MOJIEU BOODIE He IPUIETCS HUIEro PeIakKTUPOBaTh.

Bosee Toro, Mbr MOXKeM B HEKHUit MOMEHT PEIIUTH, UTO U T€, U JIPYTHE
BBIYMCJIEHUS IIPOU3BOIUTD JIOBOJIBHO HAKJIA/HO, & IIaMATH HaM He YKaJIKO, 1
HaYaTh XPAHUTH B 00BEKTE KAK JEKAPTOBO, TAK U MOJISPHOE IIPE/ICTABICHUE
quca;

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(re*xre + im*im);
arg = atan2(im, re);

}

double get_re() { return re; }
double get_im() { return im; }
double modulo() { return mod; }
double argument() { return arg; }

};

Tenepr B HameM 06beKTe HYeTHIPE IOJIs, IPUYEM KaXKJIYI0 U3 JABYX Iap
MOXKHO BBIYHCJIATD, IMOJIb3YACh 3HAYEHUSIME JIBYX JAPYTHUX, TO €CTh 3HAUE-
HUs HAIUX TI0JIEH He MOT'YT OBITH ITPOM3BOJIBHBIMU, a JIOJ>KHBI BCETIa Ha-
XOJIUTHCsI B HEKOTOPOM COOTHOIIEHWH: B JAHHOM Cjlyuae Taphl (re,im) u
(mod, arg) IOJ/KHBL 33]]aBaTh OJHO U TO Ke€ KOMILIEKCHOE YHCJIO, XOTs U
pa3HbIME criocobamu. B Takmx ciiydasix TOBOPSAT, YTO XpaHUMAas HHQOP-
Manust u36bMOoYHa; B 3TOM HET COBEPIIEHHO HUYErO CTPAIIHOTO, €CJIU
TOJIBKO MBI MOYKEM ODECHIEYUTH UeAOCTNHOCT S NHMOOPMAIUN, TO €CTh T'a-
paHTHUPOBATH, UTO B HAIE#l MporpaMMe 3HAYEHUS PACCMATPUBAEMBIX I10-
Jieit Bcerga OyyT HAXOAWTHCS B 3a(pUKCHPOBAHHOM JIjIsi HUX COOTHOIIIE-
uun. Jjist 06b1HO (OTKPBITON) CTPYKTYPBI HaM OBLIO ObI TS2KEJI0 9TO ra-
PaHTUPOBATH, TOCKOJBKY B JIIOOOM MECTE MPOTPAMMBI MOT OBl MTOSIBUTHCS
oIepaTop, U3MEHSIONIUN TOJHKO HEKOTOPhIE U3 B3aUMOCBSI3aHHBIX 3HAUE-
HUIl 1 He U3MEHAIOIUNA Jpyrue; ecjiu IIiporpaMMa HMeeT CYIleCTBEHHDII
00bEM, U B OCOOEHHOCTH €CJIM HaJl Heil PabOTAI0T HECKOJIBKO ITPOrDAMMU-
CTOB, yCJIEIUTH 33 MPABUJIBHOCTHIO UCIIOJIb30BAHUS TAKOU CTPYKTYPBI MO-
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2KET OKa3aThCsl IMpobjieMarudHo. Kormga 2Ke Bce 1OJist 3aKPBIThI, JOCTYII K
HUM UMEIOT TOJIBKO METO/IbI OMUCHIBAEMON CTPYKTYPbI, OOBITHO HAXOJIATIH-
ecst B paMKax ofHOro Moaysisti. O6bEM TAaKOro MOYJIsd, KaK [PABUIO, HEBE-
JINK B CPABHEHUU CO BCeil MporpaMMoil, Hy a JApyrue IpOorpaMMUCThI JTuO0
BOBCE HE CTAHYT PEJAKTUPOBATH «IyKOM» MOIYilh, JTHOO, €CJIN TaKas Heob-
XOJIMMOCTB BCE K€ BO3HUKHET, JjIs Hadasa pasddepyTcs, KaK ITOT MOIYJIb
IoJIKeH (DYHKIMOHUPOBATD.

OdyeHb BaXXKHO MOHSATH, YTO 3amuTa B a3bike Cu+-+ nmpegHasHa-
4eHa He JJIsl TOro, YTOOhI 3AIUIATh HAC OT BParoB, HO UCKJIIOYHU-
TEeJbHO [JIs 3aIAThI HAC OT caMuX cebsi, OT COOCTBEHHBIX OIIMNOOK.
Eciin 3a7aThes 11€1610 000MTH MEXaHU3M 3aIUAThI, 9TO MOXKHO ClejiaTh 0e3
0COOBIX TPoOJIEM TTYTEM TIpeoOpa30BaHMs TUMIOB yKa3aTe el Wi APyTUMA
crocobamu. 3amuTa paboTaeT TOJBKO B CJIyYae, €CJIU IMPOrPAMMUCTHI HE
[PEIITPUHUMAIOT TleJIeHaIIPaBJIeHHbIX JleficTBuil 110 eé 06xomy. Ho obbrano
[IPOTPAMMHUCTBI TOrO HE JIEJAIOT, IMOCKOJbKY MOHUMAIOT MOJE3HOCTH Me-
XAHU3Ma 3aIUThl U BBITOIBI OT €r0 WCIOJIH30BAHUsI, & TAKXKE W TO, ITO
MOIBITKA €ro O0OWTH, CKOpee BCEro, MPUBENYT K BHECEHUIO B IIPOIDAMMY
OIINOOK.

10.3.5. Kiaccolr

[TockobKy GOMBITUHCTBO BHY TPEHHUX MMOJIEil 0O BEKTOB OOBITHO 3aKPhI-
ThI, JJjIsi OnucaHuss 06beKTOB B CH-++ HCIOJIB3YIOT CIIEIUAJBHO BBEIEH-
HBII1 /114 9TOI IeJIM TUIl COCTABHBIX II€PEMEHHBIX, HA3bIBAEMBII KAQCCOM.
Kiacc — 910 TUN nepeMeHHON, HAIOMUHAIONMN 3a1UCh (CTPYKTYDPY), HO
OTJINYAIOIIUHCS T€M, UTO K NOJIAM (UIeHaM) KJacca JOCTYII IO YMOTIAHUIO
€CTh TOJIbKO U3 METOIO0B CaMOI'0 3TOr0 KJiacca.

Ilepernuiiem Hallly peaJim3aliuio KOMIIJIEKCHOTO YUCJIa B BUJIE KJIACCA:

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 Modulo() { return sqrt(rex*re + im*im); }
double Argument() { return atan2(im, re); }

};

Bcé, uro onucano B kj1acce 10 ¢j10Ba public:, KOMIHISTOP PACCMATPUBAET
KaK JeTaJIl peaan3aliii KjIacca 1 3allpeniaeT JOCTY K HUM OTOBCIONY, KPO-
Me Tej1 PYHKIUR-IIeHOB JaHHOrO Kjacca. CaoBo public: MeHsieT pexkKuM
3alIUTHI ¢ 38KPBITOTO HA OTKPBITHI, T. €. BCE, UTO OIMCAHO II0CJIE ITOTO CJIO-
Ba (B JaHHOM cjiydae 310 (yHKiuu-wiensl Complex, Modulo u ap.) Gymer
JIOCTYITHO BO BCEM TEKCTE IPOI'PAMMBI.
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BaxkHO MOMHHTB, 4TO MO/I€JIb 3aIUThI, BKJIIOYaeMas [0 yMOJI4a-
HUIO — 3TO €JUHCTBEHHOE OTJINYUE KJIACCOB OT CTPYKTYp. BoJib-
e OHM HUYeM JIPYT OT JIpyra He OTJIUYAIOTC, [0 KpailHell Mepe, ¢ TOYKH
3peHHusl KOMIUJISATOpa. TeM He MeHee OOBIYHO IPOTPAMMECTBI UCIOJIb3Y-
IOT KJIFOYEBOe CJIOBO Struct /i MOCTPOEHUsT OOBIYHBIX OTKPBITBIX CTPYK-
Typ JAHHBIX — TaKWX JKe, KaKue MpuMeHsorcss B umcrtoM Cu; eciam ke
3a/ieiicTByeTcst 9T0-T0 u3 Toro, deM Cu++ ornmmaaercs ot Cu — obsexm B
CMBICJIE O0bEKTHO-OPNEHTUPOBAHHOI'O ITPOrPAMMUPOBAHNS WJIM HEKUil a0-
CTPAKTHBIA THI JAHHBIX, OTHOCAHMICA K tapagurme AT — To npumeHsioT
KJIACCHI, YTOOBI IOKA3ATH YUTATEJIIO IIPOTPAMMBI, YT UMEETCsI B BU/LY.

10.3.6. decTpykTOpbI

Hapsimy ¢ KOHCTpyKTOpamu, KOHTPOJUPYIOMIUMU TPOIECC CO30aAHUSA
(vaunuanuzanun) 00bekToB, B a3bike Cu-+-+ OPEIYCMOTPEHBI TAKXKE JIe-
CTPYKTOPBI, IIPeIHA3HAYEHHBIE JIJIsI KOHTPOJIS HAJI IIPOIIECCOM YHUYIM O E-
HUA OODBEKTA.

IIpeacraBum cebe, 9TO 0OBEKT B XOME€ CBOEH JIeATETHHOCTH 3aXBaThI-
BaeT HEKUIl pecypc — HAIpUMep, OTKPbIBaeT (bailjl, BbJEJIsIeT IUHAMUYIE-
CKYIO MAMSATH U T.II., IPUIEM 00 3TOM H3BECTHO TOJBKO CAMOMY OOBEKTY,
T. €. HA 3aXBAYEHHBIN PECYPC CCHLIAIOTCSA TOJBKO 3aKPBITHIE MOJIs 00HEKTA
(B pumepe ¢ GailsioM 3TO0 MOXKET 0O3HAYATH, UTO JECKPUITOP OTKPHITOIO
dailyia XxpaHUTCH B 3aKPBITOM 1I0JI€ 00BEKTA). 3aMETHM TelepPb, 9T0 00'bEKT
MOXKeT B JIt000# MOMEHT (HEOXKMIAHHO it cebsl) HPEKPATUTH CYIIECTBO-
BaHue. Tak, ecjim 00beKT — OOBIYHAs JIOKAJIbHAsI TIepeMeHHast B (DYHKIWH,
TO OHA WCYE3HET IPU BO3BpATE YIPABJICHWUs] U3 ITOU (DYHKIMU; €CJIU CO-
31aTh OOBEKT B JUHAMUYECKON MaMsITH, TO OH IEpPeCTaHeT CyIIeCTBOBATDH
[IpU OCBOOOXKIEHUY 9TOI MAMSITH; JIaXKe eCJii OObEeKT CIeJaTh IJI00aIbHOM
[IEPEMEHHOM, TO 3aBepIleHue IIPOrPAMMbBI TOXKE HHUKTO HE OTMEHSLI, IIPU
9TOM M3PEJIKA BCTPEYAIOTCSI U TAKUE PECYPChI, KOTOPBIE HE OCBODOXK TATOTCST
aBTOMATUYECKH, JA2Ke KOTJA 3aBEPIIAETCsl IIPOrpaMMa, 3aXBATUBINAS UX.
Ho Besib 0 TOM, UTO HAIl OGBEKT YTO-TO TAM 3aXBATUII, HUKMO, KPOME HE20,
ne snaem! Kax ciieicreue, TOJIBKO caM 00bEKT MOXKET OCBOOOIUTE BCE, UTO
oH cebe 3abpaJi, TaK 9TO €My YKU3HEHHO HeOOXOJMMa BO3MOXKHOCTH «IIPHU-
BECTH CBOW JI€JIa B IOPSIIOK» IIepe/l MCUe3HOBEHNEM, KOTIa Obl M 110 KaKUM
ObI TPUYUHAM 3TO UCUYE3HOBEHUE HU CJIYUHIIOCD.

WmenHO U151 9TOTO MPEIHA3HAYAIOTCS IeCTPYKTOPHL. Jecmpyxkmop —
9TO METOJ KJIACCA, BBI30B KOTOPOI'0 ABTOMATHUYECKH BCTABJISIETCS KOMIIU-
JIITOPOM B KOJT B JIIOOO# CUTyaIuu, KOrjia O0beKT MPEKPAIaeT CyIIeCTBO-
Banue. VMst dyHKIUA-IeCTPYyKTOPa 00pa3yercss U3 UMEHH OIUCHIBAEMOrO
Tuna (KIacca WM CTPYKTYPHI) JoGaBIeHHeM cliepen 3Haka ~ (TUiIbJa);
HAIpuUMep, Ui Kjacca A mectpykrop Oyzer HaszbiBarTbes ~A. Crmcok ma-
paMerpoB (hyHKIUU-AECTPYKTOPA BCETMA MYCT, T. K. B A3BIKE OTCYTCTBYIOT
CpeJICTBa IMepeJladn apaMeTpoB JlecTpyKTopy. JlecTpyKTop urpaer cremu-
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aJIbHYI0 POJIb M, KAK U KOHCTPYKTOP, B SIBHOM BHJe OOBIYHO HE BbI3bIBa-
ercs’; THI BO3BPAMIAEMOro 3HAUEHNS JJIs JIeCTPYKTOPa He yKa3hIBAETCS —
JEeCTPYKTOD HUKOI/IA HE BO3BpalllaeT HUKAKNX 3HAYCHMUII.

IIponnmiocTpupyeM MOHATHE JIECTPYKTOpa Ha IpuMmepe Kjacca File,
MHKAIICYJIHPYIONIEro jeckpurntop daitna’:

class File {
int fd; // HOeckpuntop. -1 o3HawaeT, 4TO dain He OTKPHT
public:
File() { fd = -1; }
// Ha MOMeHT co3paHus O6beKTa M €lé HUYEerO He OTKPHUIK

bool OpenRO(const char *name) {
fd = open(name, O_RDONLY);
return (fd !'= -1);
} // meron mmTaeTca OTKpHTHL Qailnm Ha UYTeHme,
// BO3BpamaeT true B ciydae yciexa,
// false B cmydae HeyZauu

// ... MeToms paboTh c daitmoM

“File() { if(fd!=-1) close(fd); }
// DecTpyKTop 3akphBaeT (aiisl, €Cium OH OTKPHT

};

HecTpykTop OymeT BbI3BaH B JI00O# cuTyanuu, Korga obbekT Tuma File
Ipekpaiaer cyliecrsoBanne. Hampumep, ecian oObeKT OBbLI OIMCAH KakK
JIOKQJIbHBIA B (DYHKIMH, TO IpU Bo3Bpare u3 GyHKIUUA (B TOM 4UCIE U
JIOCPOYHOM BBI30BE OLEPATOpPa return) JJisd 3Toro 00bekTa orpaboTaer je-
cTpykTop. Boobie ipu co3mannu obbekTa pOBHO OMH pa3 oTpaba-
ThIBAET KOHCTPYKTOP, TP yHUYTOXKEHNN 00 beKTa POBHO OJANH pa3
oTpabaTbhIBaeT AECTPYKTOP. 3a BLIIOJIHEHHEM 3TOrO IIPABUJIA CJIEIUT
KOMIIAJISITOP.

10.4. AbcTpaKkTHble THUIIBI JaHHBIX B Cu+-+

SammTa BMeCcTe ¢ KOHCTPYKTOPAMH W JIECTPYKTOPAME, KOTOPBIE MBI
paccMOTpesi B IpeJpLaylneil IviaBe, HCIOJIb3YyeTCs KakK JJjIsd CO3JaHUS
00BeKxmo8 B TEPMUHAX O0BEKTHO-OPUEHTUPOBAHHOI'O IIPOIPAMMIPOBAHUS,

5B crocke 3 ma crp. 100 MbI ymomunau, uro Cu-++ M03BOJISET BEI3BATH KOHCTPYKTOD
SIBHO, HO JIeJIaTh 9TOrO He HaJo. 1o Ke caMOe OTHOCHUTCS U K JeCTPYKTOPaM.

631ech, Kak ¥ B IPEIBIAYINMX YACTAX KHHUTU, Mbl CHAGXKAEM IIPHMEPHI IIPOTDAMM-
HOI'O TEKCTa KOMMEHTAPHSIMHU Ha PYCCKOM sI3bIKe. B yueOHOM mocobum MbI MoxkeM cebe
O3BOJIUTH TaKyIO BOJIBHOCTb, HO IIOMHUTE, YTO B TEKCTAX PEAJIbHBIX IIPOrpaMM J10-
IIYyCTUM TOJIBKO OAWH sI3bIK — aHIVIMNCKUIA, a pycCKue OYKBBI, KaK U BOOOIIIE JIIO0bIe
cuMBoOJIBI, He Bxoggmue B Ha6op ASCII, B nporpammax BCTpedaTbCs HE JOJKHBI, U K
KOMMEHTAPHUAM ITO TOXKE OTHOCHTCH.
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TaK W Jjis CHHTe3a abCTPAKTHBIX TUIIOB JAHHBIX; YTO KACAETCH METOIOB
(bynkunit-anenos), To mast OOII onn 06s3aTENBHBI, TOTAA Kak [Jyist ab-
CTPAaKTHBIX TUIIOB JAHHBIX 9TO JIAIIb OIMH U3 BO3MOXKHBIX CIIOCODOB OIH-
caHUsl HAbOpa oreparuii HaJi BBOJAUMBIM THIIOM.

B sToit ryiaBe MBI paccMOTPHUM CPEJICTBA, KOTOPBIE BOOOINE HE MUMEIOT
HUKAKOT'O OTHOIIIEHHUs K TTapaIirMe 00 beKTHO-OPUEHTUPOBAHHOTO TIPOTPAM-
MUPOBaHUsI, HO 9TO HE JIeJIaeT UX MeHee BayKHbIMU. BO3MOXKHOCTH BBECTH
CBOM BepcHHU apuMMETUIECKUX OIePaInil Jijis MOJb30BATEIbCKIX THUIIOB
JIAHHBIX, KOHTPOJIb OObEKTOB 338 COOCTBEHHBIM CO3J/IAHUEM, KOIIMPOBAHUEM,
[IPUCBaWBaHUEM W JIMKBUJAINENH, YHUKAJbHAS KOHIEIIUS THUIA-CChLIKH,
[IO3BOJISIFOINAsT BBIHECTH B CHCTEMY THUIIOB IOHATHE AE6000NYCMUMO20 6bi-
pastcenus — BCE ITO MPAKTUIECKN C CAMOTO Havaja CTaj0 BU3UTHON Kap-
Toukoit s3bika Cu++.

PaccmarpuBast Bce 3TH MHCTPYMEHTBI €JIMHBIM KOMILJIEKCOM, MbI MOXKEM
3aMETHUTh, YTO TVIABHBIN JOCTUTHYTHIH PE3yJIbTaT 371eCh — 3TO BO3MOXK-
HOCTB JIjIsi IPOTPAMMUCTA BBECTH CKOJIb YTOJHO CJIOXKHYIO abCTPAKIIAIO 1
paborarh C Heil Tak e, KaK Mbl IPUBBIKJINA PA0OTATh C 3JIEMEHTAPHBIMU
BCTPOEHHBIMU TUIIAMU, IPH KEJAHUU TOJTHOCTHIO UTHOPUPYSI JAETajId pea-
smsarmu. Uwmerormuecst 8 Cu++ cpencrsa co3mannsi aOCTPAKTHBIX THUIIOB
JAHHBIX 00JI3JIAI0T BBIPA3UTE/IBHONW MOIIbIO, OJIM3KON K PUHIUIIHAIBHO
BO3MOXKHOMY MAaKCHMYMY.

IIpu npaBuabHOM OpraHU3anyUy TPOrPAMMBI TPYIOEMKOCTH €€ HAIICA-
Hust Ha Cu-++ MOXKeT OKa3aThCd B Pa3bl HUXKE, UM CO3JaHUE TAKOW Ke
porpaMMbl Ha 9uctoM Cu, 1 OCHOBHOI BBIUTPBIII 10 TPYA03aTPATAM 3/1€Ch
JIAIOT UMEHHO CPEJICTBa TeHepalri abCTPAKTHBIX THIIOB JIAHHBIX, PACCMAaT-
pUBaeMble HIXKE.

10.4.1. Ileperpy3ka nmén dyHKINIT; JeKOPUPOBaHUE

st IOHMMAHUS TIEJIOT0 Psijia BO3MOXKHOCTEH, KOTOPBIE MBI OyJIeM To-
CTEIeHHO BBOJIUTH B CJEIYIOMMX Maparpadax, Hy>KHO UMETb IIPEICTaBIIE-
Hue o cpoiicTBe s3biKa Cu-+-+, Ha3bIBAEMOM NEPEe2PY3Kot uMEH HyHK-
yuti. Cpa3y OroBOpHMCsI, 9TO T4 BO3MOXKHOCTH HE MMEET HUKAKOTO OT-
womeruss Hu K OOIL, vu k¥ ATJI u BoOOIIE K KaKuM ObI TO HU OBLIO Ma-
pagurmMaM; 310 cyrybo TeXHUYECKOe pellleHre, [MO3BOJIUBINee CHATH HEKO-
TOpBIe TPOOJIEMBI, KOTOPBIX BOOOIIE-TO MOXKHO OBIIO M3HAYAJIBLHO HE J10-
MyCKaTh; KAK MBI BCKOPE YBUIUM, Teperpy3ka (byHKIHUN cama mOpoXKIaeT
JIOCTATOYHO OIILYTHMbIE TEXHUYIECKUE MTPOOJIEMBI.

[Teperpy3ka mMEH COCTOMT B TOM, 9TO B pAMKax OJHON obJiacTH BH-
aumoctu Cu++ MO3BOJISIET BBECTH HECKOALKO PA3JIUIHBIX (DYHKITHHA, UMe-
IOIIUX OJHO MMsl, HO IIPEIIOJIArAONIMX PA3HOE KOJMYECTBO /MU THUIIBL
mapameTpoB. Hampumep, Oymer BIIoJiHe KOPPEKTEH CJIeIy IO KO/T:

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

[Ipu o6paboTke BBI30Ba (DYHKIINKA KOMIIHIATOD OIPEIEIISIET, KAaKy (DyHK-
U0 C TAKUM UMEHEM CJIeJIyET BbI3BaTh, HCIIOJIb3ys KOJMIECTBO U THIIBI
daxkTudecknx mapamerpon. Hampumep:

print (50) ; // BH3HBaeTcs print(int)
print("Have a nice day"); // BusmBaeTcs print(const charx)
printQ); // Bepcus 6e3 mapaMeTpoOB

Brenenne meperpy:KeHHbIX (QYHKIUN MOYXKET IPUBECTH K COBEPIIEHHO
HEOXKUIAHHBIM TOCTeACTBUASIM. TaK, CIeIyIommii Ko caM Mo cebe KOPPEeK-
TEeH:

void f(const char *str)

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

Kommmrsitop Bnosine crpasutcs ¢ Bbizoamu f ("string") u £(2.5), mo-
CKOJIPKY HUKAKHUX PA3HOUYTEHUI TyT He BOHUKAET. BoJiee TOro, j1aKe BHI30B
f (1) OymeT yCHemnrHo OTKOMIMINPOBAH, TaK KaK I1E€/10e MOXKHO HESBHO IIpe-
obpazosath K Tuny float, Ho He K Tuly const char*. Onaxo Bb30B £ (0)
OyeT pacIieHEH KOMIIIISATOPOM KaK ONMUOOYHBIH, TOCKOJIbKY KOMITHJISITOD
C COBEPIIIEHHO OJIMHAKOBBIM YCIEXOM MOYKEeT paccMaTpuBaTh 0 M KaK KOH-
cranTy Tuna float, u Kak aJpecHyi0 KOHCTaHTY («HyJIEBOI yKazaTesby ), a
OCHOBaHUI BBIOPATH TOT, & He MHOI BapuaHT y Hero HeT. Mex 1y Tem, ecym
OBl B IpOrpaMMe IIPUCYTCTBOBAJIA TOJIBKO OJIHA U3 JABYX BBIIIEOINCAHHBIX
dyukuuit £ (mobas!), Ber3os £(0) GbLI ObI 3aBEIOMO KOPPEKTEH.

OrmeruM oJiuH WHTEpECHBI Kazyc. POpMajibHO T'OBOps, IEeperpys3ka
yHKIMIT eCTh OJIHO U3 MPOSIBICHUN CMAMUYECK020 NoAUMOpPHuIma,
MpU4IEM, B OTJINYINE OT CJIYIAEB, KOTOPBIE MBI YIIOMUHAJIN HA CTP. 37, 3/1eCh
MBI UMEEM TOJIMMOP(U3M, BBOIUMBINA [TOJIH30BATE/IEM, & HE BCTPOEHHBIN B
a3bIK. Il TeM He MeHee HU K 00 beKTHO-OPUEHTUPOBAHHOMY IIPOI'PDAMMIPOBa-
HUIO, HA K aOCTPAKTHBIM THUIAM JAHHBIX IE€PErpy3Ka IPAMOrO OTHOIIEHUS
HE UMEeT.

MNosienenune B Cu++ neperpyskn nmMén pyHKUNA BEAET K ONpPeAenEéHHbIM TPYA-
HOCTSIM MPY KOMMOHOBKE NPOrPaMM 13 MOZY/EN, HaNNCaHHbIX HA Pa3HbIX A3blKax —
WAW, eCIN FOBOPUTL YECTHO, NP NCMONBb30BAHUM B OGHOA NporpamMme mMogyneli, Ha-
nucaHHbix Ha Cu++, Ha dnctom Cu n (ropasgo pexke) Ha sisbike accembnepa’. Ecnum
B BalWlWn NjaHbl HE BXOOAUT MNCNOJIb30BaAHNE OTAENbHbIX MO,D'yﬂeﬁ Ha 4YNCTOM CI/I, MO-

"ToBOpST, MHOI/[A B CMEIIAHHBIX IPOEKTaX IPUMEHSIIOTCS erné Momyiu Ha Poprpane,
HO aBTOP KHUTH TaKOTO HE BCTPEYaI.
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XKEeTe NPonyCTUTbL OCTAaTOK 3TOro naparpada — HO Jiydwe npovuTaiite, 4Tobbl XOTs
Obl NPUMEPHO 3HaTb, FAe BaC MOryT NOAXUAATb ovepesHbie rpabnau.

Kak Mbi 3Haem (cm. T. 1, §3.7.3), obbekTHbIe haiinibl, NosyHatoLmnecs: B pesysbTa-
Te KOMMUAALNM N3 OTAENbHLIX Mogyneli, cogepxaT obpasbl obnacTeli naMmaTu, nome-
YEHHbIE METKaMM, N YKa3aHus AN pefakTopa CBA3el, Y4TO B OnpeaenéHHble MecTa
HY>KHO MOACTaBUTb NTOrOBbIE afpeca, KOTOPbIE MOYHaTCs U3 METOK, COLEPXKaLLNXCS
B APYrux mogynsx. Pefaktop cBsizeii No CyTu NMPUMUTUBEH, OH HE 3HAET HUYEro He
TONBLKO O MepPerpyske NUMEH PyHKLMi, HO 1 BooOLLe O pyHKLMAX, ONS HEro hyHK-
umMs — 370 npocto obpas obnactu namsaTun. Komnunstopsl unctoro Cu B KavecTse
MeTKU /151 KoAa PyHKLMM 0bbIYHO NCnob3yoT nmsi 3Toll oyHkumn (a gns rnobans-
HbIX MEPEMEHHbBIX — WMEHa 3TUX NnepemeHHbixX); komnunstop Cn++ nocrtynaer Tak
e € rnobanbHbIMU NEPEMEHHBIMU, HO He C PyHKLUMsiMU, Beab «bnaropapsi» nepe-
rpy3ke UMEH B NPOrpaMMe MOXET OKa3aTbCs 6osiblue ofHON hyHKUNMM C 3ajaHHbIM
MMEHEM.

3peck Ha cueHe MOSIBNSIETCS OYepefHOW MOHCTP, KOTOPbIV NO-aHMANACKN Ha3bl-
BaeTcss name mangling; Hanbonee 4acTO 3TO NEPeBOAUTCS HA PYCCKWIA CIIOBOCOYE-
TaHUEM <« /€KOPUPOBaHWE NUMEH», KOTOPOE, YBbl, COBEPLUEHHO He OTPa)kaeT CyTu.
Mexgy npouum, cnoso mangling npaeunbHee bbino bbl NEPEBECTN KaK «KOBEPKa-
HbE» — MMEHHO TaK OHO MEPeBOAMTCS B APYrux (HEMPOrpaMMMCTCKNX) KOHTEKCTaX.
MporpaMMucTbl, pasymeeTcsi, B NOBCEAHEBHOW peyvn NCMOMb3YIOT TPaHCAUTEPaLUIO
KM3HIJINHT >, U TPYAHOMPOU3HOCMMOCTb 3TOrO C/1I0BA WX HE OCTaHaBJ/INBAET.

Kak Bbl Mbl HU Ha3bIBanu 3TO sIBNEHUE, CyTb €ro B TOM, 4TO Assi 0bo3Ha4eHus
byHKUUN B 06BEKTHOM halinie KOMMNUASTOP UCMOJIb3YET He €€ NMSI, a HEKOe Heyaobo-
BapuMoe 4€pT-Te YTO, COAEpKaLlee 3aKOAMPOBaHHYIO nHdOopMaLmio 060 BCEM npo-
drne dyHKLMU, TO ecTb 0 €€ nMeHn 1 Tunax Bcex eé napametpos. Hanpumep, nms

dyHKLUN
double foo(double a, int b);

Haw komnunsaTop g+-+ npespatut B «_Z3foodiy; 3aecb _Z — 3TO «BOLWEBHbIA»
npedukc, 0bo3HavaoWNi « LEKOPMPOBAHHOEY UMSI, 3aTeM CiefyeT AeCATUYHOE YnC-
N0, obo3sHavatoLee JJIMHY UCXO[HOrO MMeHU pyHKLMM (B Halem ciyqae 3, NOCKOJIb-
Ky uMs £00 cOCTONT 13 TPEx ByKB), NOTOM MAET COBCTBEHHO MMSI, @ 33 HUM — 3aKO-
OVPOBaHHbIE TWMbI NapaMeTpoB. [si BCTPOEHHbIX TUMNOB BCE [OBOJILHO NPOCTO — Kak
Mbl BUAMM, double npeepaTuiock B BykBy d, int — B i; C NOAL30BATENLCKAMU TU-
namum KOMMUASITOPY MPUXOANTCS N3BOPA4YMBATLCS CUJSIbHEE — Hanpumep, napameTp
Tuna const struct stril* npespatuics Obl B «PK4strly». 3aberasi Bnepég, oT-
METUM, YTO LEKOPUPOBAHHOE UMsI hYyHKL MU, NapaMeTpaMiy KOTOPOI Cay>KaT Tunbl,
MHCTaHUMMPOBaHHbIe U3 LWABIIOHOB, OOLIYHO OYeHb XOYETCsl Pa3BUAETb.
MukaHTHOCTM cuTyaumn JobasisieT ewé n To, 4TO pasHble KoMnuasTopbl (a B
HEKOTOPbIX 0CODO MaTONOrMHECKUX CyHasix — [aXKe pa3Hble BEPCUN OLHOrO KOM-
NUASITOpPa) MOTYyT NCMOJBb30BaTb Pa3fiNyHble arOPUTMbl AEKOPUPOBAHIS — pasyme-
eTCsl, HECOBMECTUMbIE Mexay coboii. Bnpoyem, B 3TOM nnaHe B nocnefHue rogbl
HaMeTUICst onpefenéHHblli Mporpecc — BO BCAKOM Ciy4vae, g+ He MeHseT cxemy
[LEKOPNPOBAHUS, HaYMHas C Bepcuii 3.%, 1 Ty XKe camyto CXeMy NCMOAb3YIOT HECKOSb-
KO APYruX KOMMUASTOPOB, BKAtoYasi, Hanpumep, clang. Tak unu nnave, Gubnuortekn,
HanucaHHble Ha Cu++, MOXXHO NepeBoanTb B 0O BEKTHbBIN KOA, TOJIbKO 4SSt UCMOJIb-
30BaHMSl C TeM XK€ KOMNUAATOPOM, COBMECTMMOCTM C APYrMMW KOMNUAATOpPamMu
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HUKTO NoobeLaTb He MOXeT (XOTsi MHOTAA OHA U ecTb). JTa npobniema HUKaK He
3aTparnBaeTt Tex (HeCOMHeHHo pa3yMHbIX) Ntofeld, KoTopble UCMOJIb3YIOT 1 Pacnpo-
CTPaHSIOT BUBNNOTEKN NCKITIOUNTENBHO B (hOPME NCXOLHOMO KOAA, HY a Tex (He o4eHb
XOPOLUMX) JIOAENA, KTO MO KaKNM-TO MPUYNHAM UCXOLHbIE TEKCTbI CBOUX brubnnorek
pacnpoCTpaHsiTL He XO4eT, 3acTaBisieT cobnpaTb 0bbeKTHbIe BapmaHTbl cBOUX 61b-
JINOTEK Nnopa Ka)Kp,bIVI KOMMUAATOP; cneayeTt npn3HaTb, HTO U B 3TOM HNYEroO CANLLIKOM
TPyaHOro Het, Beab koMmnuasitopos Cn—+-+ He Tak MHOrO.

Xyxe gpyroe: BUAS O4UH U TOT XK€ 3arosioBok pyHkyum, komnunsTtopel Cu n
Cu++ ncnonb3yoT pasHbie NMeHa Ansi O6BEKTHOrO Koaa 3Toii pyHkuun. Ecnn B3sTH
MOAy/b, HanucaHHblii Ha Ynctom Cu u copaepxawuii PyHKLUIO BPOAe NpUBEAEHHOIA
BblLLe fOO, OTKOMMNUNINPOBATb €ro KOMMNUAATOPOM 4HUCTOro CVI, a €ro 3arozioBo4y-
HbIl haiin, copeprkalinli 3arofloBOK TOl >Xe caMoli PyHKLUW, NOAKAHYUTL C No-
mMowbto #include u3 mogyns, HanucanHoro Ha Cu++, KoMnuIMpyemMoro kommu-
natopom Cu++ un npu aToM cogepxalero obpaiiermne K dyHkumm foo, utorosas
nporpaMma He npoiigét KoMnoHoBky. B camom gene, B obbekTHOM Mogyne, nony-
4YeHHOM KomnunsiTopom quctoro Cu, pyHkumMs BygeT HasbiBaTbCs NpocTo foo, Toraa
kak komnunstop Cu++ noctpout obpalueHne K Heir yepes nmsa _Z3foodi; pepak-
TOp CBsA3ell MONbITAETCS HAlTU B MPefoOCTaB/IEHHbIX eMy haiifax Takyl METKY, HO,
NMOHATHOE feNlo, He HAWAET.

K cuactbio, Cu++ npepgycmatpusaet pewenue gnsi 3toii npobnemsi. Ecnu 3aro-
JIOBKN HEKOTOPbIX (OYHKUWIA 3aKNO4YNTL B TENO AUPEKTUBLI extern "C" npumepHo
Tak:

extern "C" {

// ...

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

}

— TO ANt 3TNX PYHKUNT KOMMNUASITOP OyAeT NpUMEHSTL COralleHus, XapaKTepHble
anst Cu; Ha caMOM fefle KOHKPETHbIA si3blK 3a4aETCs CTPOKOBLIM JINTEPAOM Nocsie
cnoBa extern, B faHHOM ciydae "C"; Bnpo4em, BObUINHCTBO KOMNUISATOPOB MoA-
LEP>XXUBAET TONLKO OAUH Takoi «BHewHuii» s3bik — Cu. JekoprpoBaHue umEH ansi
3Tux pyHKumii Bygetr oTkntoveHo. OTMETUM, YTO TENo AMPEKTUBbI extern oObbIy-
HO HE CHabXXalOT CTPYKTYPHbLIM OTCTYMOM, MOCKOJIbKY BO MHOMUX Ciy4asix 3TO Tesio
OXBaTbIBAaET BECb 3aroJIOBOYHbINA haii.

OcHoBHbIX cnocoboB npuMeHeHusi AnpekTuBbl extern "C" asa. Ecnu asTop mo-
ayns, Hanucannoro Ha Cu, o Hac He no3aboTuacs, npowe Bcero ByaeT 3akAOYUTL B
extern "C" camy gupexkTusy #include, NOAKNIOYAIOLLYIO 3ar0N0BOYHbIN chalin, Tak
4YTO B pe3y/ibTaTe KOMMNUAATOP YBUAUT BCE €ro COAepXKNMOe y>ke BHYTpu extern "C".
BbirnsaguT a1o npumepHo Tak:

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

}

Ecnan e mbl nuwem mogynb Ha uuctom Cu, HO MCXOQHO Mpeanofiaraem, 4TO OH
OyneT ncnonb3oBaTbCst B NporpamMmax, HanucaHHbix kak Ha Cu, Tak u Ha Cu++,
OyneT BnoJiHe OCMBIC/IEHHO B Havalfie U B KOHLE 3arosioBOYHOro chaiina pasmectuTb
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Hayano U OKoH4YaHue aupekTuebl extern "C". EctecTseHHo, HyXHO nozaboTutbcs
0 TOM, 4TObblI ux Bugen Tonbko komnunatop Cn++, a komnunatop uuctoro Cu
He Bngen — B 4nctom Cu Takoil gupekTuBbl, cobcTBeHHO roeopsi, HeT. Ho u aToT
BOMPOC JIerko peliaetcst bnarogaps makpocumsosy __cplusplus, KOTOpbIA Bcerga
onpegenéH, korga ncnonbsyercs komnunstop Cu++. 3aronosounsliii caiin foo.h
C Y4€TOM 3alWuTbl OT MOBTOPHOrO BKOHeHUst (CM.T.2,84.7.4) MOXeT BbIMNSAETb
NPYMEPHO TaK:

#ifndef FOO_H_SENTRY
#define FOO_H_SENTRY

extern "C" {
#endif

#ifdef cplusplus

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

#ifdef __cplusplus
}
#endif

#endif

K aekopnpoBaHuio MMEH KOMMUAATOP BbIHY)KAEH NpuberaTbh He TOJIbKO M3-3a nepe-
rpysku dyHKLU, HO 1 13-33 UMEH, BJIOXKEHHbLIX B 001aCTV BUAUMOCTY; NO3XKE Mbl
YBUAUM, 4TO TakMMu OBNacTsaMu SIBASIOTCS, HanpuMep, KAacChl U CTPYKTYpbl: UX
YJIEHbl UMEIOT CNOXHYIO hopmy nMéEH. OgHako ¢ 3Toii NpobieMoii MOXKHO 6bino Bbl
CnpaBuTbCsi, He somas coBmecTumocTb ¢ Cu, korga pedb MAET O MPOCThbIX PYHK-
yusix (He metopax knaccos). Hanpumep, metog £ us knacca C mor bbl Ha ypoBHe
06BbEKTHOrO Koga umeTb ums CORE mnm gaxke npocto C: : £, eciiv ANHKEP JOMYCKaeT
LBOETOHME B MMEHAX MeTOK (Bnpoyem, obbI4HO 3TO He Tak).

Meperpyska UMEH cbyHKLMI B 3TOM MAaHE KaXKETCS AOBOJBLHO HEyAaudHol uae-
eii. BeegeHa oHa B OCHOBHOM MO [ABYM NPUYMHAM: BO-MEPBbIX, 4TODObLI UMeETb BO3-
MOXXHOCTb OMMCaTb B OAHOM KJacCe WW CTPYKTYpe HECKOJIbKO KOHCTPYKTOPOB, a
BO-BTOPbIX, KaK Mbl Bygem obcyxpaTb Mo3sxe, 4TOObI MOXHO OblIO neperpyaTb
CUMBOJIbI CTaHAAPTHbLIX ONepaunii ANs TUNOB, BBEAEHHbLIX NOJIb30BATENEM, ANS YErO
noTpeboBanoCch NO3BONNTL HECKOLKAM Pa3HbiM (PYHKLMSM UMETb OAHO U TO XKe
UMsi, Hanpumep, operator+. Ho obe 3Tu npobnembl mornu 6bl 6bITb peleHbl be3
BBEAEHUS MEPErpy3KU: HUKTO He MeluaeT (TEOpPeTWYECKM) AaBaTb KOHCTPYKTOpam
pasHble MMeHa, HanpuMep, NPOCTO NOMEYas UX CMeLnanbHbIM CI0OBOM constructor,
a cyHKUMU-onepaunmn Bpoge operator+ mornu 6bl 6bITh He PYHKUMAMYN, 3 Y4EM-TO
BpPOAE MaKpocoB, Anbo MoxHO 6bino Bbl noTpeboBaTh, 4TOOLI hyHKLUM C MMeHa-
MW Takoro Bupaa Bcerpa Obian «noacTasnsiembiMuy (inline) u He Bbuin bbl, Kak
CNeACTBUE, BUAHBI JIMHKEPY; €C/IN Onepauns NpeanosiaraeT CNOXHYIO peannsauuio,



§10.4. AGcrpakTHble TUIBL JaHHBIX B Cu++ 113

€€ MOXHO Ob110 Bbl BBINONHNTL B PYHKLMU C OObIYHBIM MMEHEM, a N3 operator+ eé
NpOCTO BbI3BaTh.

Mol B ouyepegHoii pa3s Bugum, 4to si3bik Cn++ He upeaneH; yBbl, JOCTONHAs
afibTEpHaTVBA €My He CrewmnT MOsBAATLCSA. Tak wau uHade, ypoku snoxum Cn++
MOXXHO Bb1f10 Bbl YHeCTb Npu CO34aHNN HOBOTO s13blKa MPOrpaMMUPOBaHUS — XOTSI,
cyas no npomcxopsiwemy B mupe IT (ocobeHHo no HoBbiM «cTaHgapTam» Cu-++),
paccynTLIBaTL Ha 3TO B BAMIKAliLLIME FOAbI HE MPUXOANTCS.

10.4.2. IlepeonpenesieHne CUMBOJIOB CTaHAAPTHBIX
omepaiuii

Bepuémcs k namemy npumMepy — KJIACCY, OMUACHIBAIONIEMY KOMIIJIEKCHOE
qncyao. B peanbHOI 3a/1a8€ MBI BPSJT JTH 3aXOTHM OTPAHUIUATHCS TOTBKO OTIe-
PaAlUAMY B3ATUS MOJLYJIA M PA3/IOXKEHUs Ha KOMIIOHEHTBI (JeHCTBUTEIbHYIO
U MHUMYIO 4acTH, MOAy/Ib 1 apryment). CKopee Bcero, HaM HOTPeBYyIOTCs
TaKKe CJIOyKEHUe, BBITUTAHNe, YMHOYKEHIE U JeJIeHue.

Aspik Cu++ mpemocTaBisieT BO3MOXKHOCTHU 3allMCH TAKUX JIEHCTBUIL C
IIOMOIIBIO IPUBBIYHBIX CUMBOJIOB apudmeTnyeckux omnepanuii. Kpome Toro,
JIOTUIHO TPEyCMOTPETH BO3MOYKHOCTD Y3HATH JeHCTBATEILHYIO I MHIMYIO
9aCTU KOMILIEKCHOI'O YHCJIa, €CJIM BIAPYI HaM 3TO moHamoburcs. st aro-
IO JIOIIOJTHUM HAIIl KJIACC eIé HECKOJIbKAMH (DYHKIUSIMU-IJI€HAMHU, UMEHa
KOTOPBIX OyJIyT BBITVISIETH JOBOJBHO HEOOBIYHO. DTH (DYHKIINA KAK Pa3 U
Oy/yT OIUCHIBATH JIEACTBUS, KOTOPHIE JIOJI?KEH, 110 HAIIEMY 3aMbICJTy, O3Ha~
YaTh CAMBOJI TOW MJiM MHON apudmerndeckoil omeparuu. OTMETHM, UTO
METOZBI B 9TOM IpUMepe OyIyT 00paIaThCa K 3aKPBITHIM IOJISIM HE TOJIb-
KO «CBOE€ro» 00beKTa, HO M 00bEKTa, [EPEJIAHHOIO KaK MapaMerp. ITo He
HapyIIaeT 3aIllUTy: KaK y2Ke roBopmjioch Ha cTp. 102, eauHuieil 3amuThbl
ABJIAETCS He OODBEKT, a KJIACC WK CTPYKTypa Kak TakoBble. VTak, murmem:

class Complex {
double re, im;
public:
Complex(double a_re, double a_im)
{ re = a_re; im = a_im; }
double Modulo() { 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;
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Complex operator*(Complex op2) {
Complex res(re*op2.re - im*op2.im,
rexop2.im + imxop2.re);
return res;
}
Complex operator/(Complex op2) {
double dvs = op2.re*op2.re+op2.im*op2.im;
Complex res((re*op2.re + im*op2.im)/dvs,
(im*op2.re - rexop2.im)/dvs);
return res;

};

IMosicHuM, 9TO CJIOBO operator sBJISETCS 3ape3ePBUPOBAHHBIM (KJIHOUe-
BbIM) CJI0BOM st3blKa, Cu++. Crosiiiue moipsiy jiBe JIeKCeMbl operator u
+ 00pa3yoT uMA GYHKUUU, KOTOPYIO MOYKHO BBI3BATH M KaK OOLITHYIO

dyHuKIIIO:

a = b.operator+(c);

— OJIHAKO, B OTJIMYHE OT OOBIYHOU (DYHKINH, MOABJIEHIE (DYHKIII-OIePa-
[WU TIO3BOJISIET 3aIUCATH TO YKe caMoe B 60jiee TPUBBIYHOM JIJIsT MATEMATHKA,
BU/IE:

a=>b+ c;

Tenepsb MBI MO2KEM, K IIPUMEPY, Y3HATH, KAKOB OYJET MOIYJIb CyMMBI IBYX
KOMILJIEKCHBIX YHCEJI:

Complex c1(2.7, 3.8);
Complex c2(1.15, -7.1);
double m = (cl1+c2).Modulo();

Kax Mbl yBUIMM II03Ke, aHAJOIMYHBIM 00pa3oM B f3blke Cut+ MOXK-
HO IePEOIPEIESIUTH CUMBOJIBI JIIO0OBIX OIIEPAINil, BKJIIOYAs IPHCBANBAHNS,
MHJIEKCHPOBAHNE, BBI30B (DYHKIMHA W MPOUYIO <«IK30THKY». CyIecTByoT
TOJILKO JiBe® Oleparnum, KOTopble HeJlb3sl TIepeoIpeIe/InTh: 9TO TepHAPHAs
ycaosHas onepayust (2 7 b : ¢) u onepanus BEIOOPKH I10Jis U3 CTPYK-
Typbl uin Kjacca (rouka). MarepecHo, 4ro onepaiys BbIOOPKU IOJIS 10
yKazaresro («CTpesikas) HepeorpejiesisieMa, X0Tst ¥ HECKOJBKO CTPAHHBIM
criocobom. Ko Bcem 3TuM BompocaM MbI BEPHEMCH II03KeE.

Hecomuenno, BO3MOKHOCTh BBOAWTH apU(PMETHIECKHE OMEPAITIH [T
IIOJIb30BATEIbCKUX THUIOB — 3TO €IIE OJHO IPOABJIEHHE CMAMU4EcKo20
noaumopPuama, Kak U PacCMOTPeHHAsI B IPeJbLIyIneM Iaparpade me-

8 HekoTOpbIe aBTOPBI BKJIFOYAIOT B STOT CIHCOK €IIE ¥ «OHNEPAI[HIO»> PACKPLITHS 00-
JIaCTU BUJMMOCTH; TO HE BIIOJIHE KOPPEKTHO, ITOCKOJIBKY CHUMBOJI DACKPBITHsI 00JIACTH
BUJIMMOCTHU He asasemcs onepayuet. K aTromy Borpocy mbl Beprémcs B §10.4.13.
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perpyska ¢yHKuii. Mpl y:Ke yHoMUHA U, 9TO (DYHKIMH, UMsi KOTOPBIX
COJIEPKUT CJIOBO operator, CTAJIM OJIHOM U3 MIPUIUH, IO KOTOPbIM B Cu++
BOOOIIIE TTOABUIACEH [TEPErPY3Ka UMEH PYHKITNN; KAK MbI YBUIUM I03Ke, Ta-
Kre (PYHKIUU He BCErJa BBOISTCS KAK METObI KJIACCOB, OObITHAS (DY HKITHS
TOXKE MOXKET MMEThb TAaKOe «CTPaHHOE» HUMsl U BBOIUTH I10JIb30BATE/IbCKUIA
CMBICJI JIJTsT apUMETUIECKOI OIepaInu; pa3andarh ONePAIlud, MMEIOIIe
OJIHO U TO Ke obo3HaueHre (HAIPUMED, +), KOMIIMJISTODP BBIHYZKIEH 110 M-
nam aP2YMeHMOE8 — TO eCTh eMy IPUXOJIUTCA Ha OCHOBAHWM MHMOpMAIUU
0 THUIaxX BBIOMPATL ONHY M3 MHOTUX (DYHKIINA, 8 9TO U €CTh, COOCTBEHHO
roBopsi, reperpy3ska. Ho ecsin mpo meperpy3sky dbyHKImit B O0IIEM BHUIE MbI
FOBOPUJIM, YTO OHA HE MMEET HUKAKOIO OTHOIIEHUsS] K MHTEPECYIOIMM HAC
napagurmMaM (1 Boobrie K KaKuM Obl TO HU OBLIO IIAPAIUrMaM), TO [epe-
rpy3Ka CHMBOJIOB CTAHIAPTHBIX OMEPAINil — 9TO BECbMa CyIIEeCTBEHHBIN
3JIEMEHT MOJ[JIEPKKH [I0JIb30BATEILCKUX a0CTPAKTHBIX THUIIOB JIAHHBIX.

[10BONLHO HEMPUSITHAS TEPMUHOIOrMYECKast MyTanHnLa’ BOHWKAET 13-3a aHrNii-
CKOro C/IoBa operator, KOTOPOe TaK 1 XOYETCs NEepeBecTV Ha PYCCKWIi Kak «onepa-
TOP>», NPO4YUTAB €ro «KakK HanncaHo». VBbI, AE€NaTb 3TOro HENb3sA, BEAb PYCCKOe
CNOBO «KOnepaTop>» B NpOorpaMMunpoBaHUnN NMEET COBEPLUEHHO MHOE 3HAYEHUE! TaK
Mbl Ha3blBa€M 3aKOHYE€HHbIE€ CTPYKTYPHbIE €4NHNLbI TEKCTA NPOrpaMMbl, TaKNE Kak
onepaTop BeTBnenus (if), onepatopsl umknos (for, while, do-while) u gpyrue
ynpasnsitowme KoHcTpykumn. Hanomuum, 4to 8 Cn (n 8 Cu++, ecrectseHHo, To-
»Ke) MOXHO NpeBpaTUTb B ONEpaTop NPOU3BOJbHOE apuMETNYECKOE BbIpaXkeHue,
[0baBMB K HEMY TOYKY C 3ansiTOl; Takoli ONepaTop Ha3bIBAETCs «OMNEepaTOpPOM Bbi-
HUNCNEHNA BbIPa>XeHUA pagun r|o6o'-|Horo 3de)eKTa)>. B H4aCTHOCTW, KOrga Mbl Bbi3bl-
BaeM PyHKLWIO, UTHOPMPYS MpU 3TOM €€ BO3BPaLLaeMOe 3HAYEHNE, Mbl NPUMEHSIEM
WMEHHO 3TOT onepaTop.

AHrnuviickoe cnoso operator obosHayvaeT CYLWHOCTb COBEPLUEHHO NHYHKO — TO, 4YTO
Mbl NO-pPyCcCKU O6b|‘-|HO Ha3blBa€M «onepaunsamMmmn» . BCEBO3MOXXHbIE apl/ld)MeTVlHeCKVle
AeIZCTBMﬂ (CﬂO)KeHI/Ie, BblHNTaHNE N T. n.), onepaunnm CpaBHEHUA, rIO6I/ITOBb|e n norn-
Yeckume onepauumu, onepauny ¢ agpecamu n ykasatensmu, a ecnm peds ngér o Cu n
€ro NOTOMKax — TO eu.l,e n onepaunnm NpuceBanBaHuA. Nnave roBops, No-aHrINIACKN
operator — 3TO HEYTO TaKoe, H4TO MOXET BCTPEHaTbCA B BbIpa)>XeHUN Hapsaay C
KOHCTaHTaMu, NepemMeHHbIMU N CK06KaMVI.

HI/I‘-|erO YANBUTENBHOIO B UMEHHO TaKOM NCMOJIb30BAaHNN CNOBa operator HET. l‘lVI—
TaTeNb, 3HAKOMbIiA C BbICLLIE MAaTEeMaTUKOW, HECOMHEHHO, BCTPEeYas Takne TEPMUHBI,
KaK «JIMHeliHbIVi onepaTopy, «onepaTtop AnddepeHunpoBaHnst» 1 T.N., KOTOPbIMU
obblyHO 0bBo3HavatoTCA OTO6pa)KeHI/|$| N3 HEKOTOPOro NpoCTpPaHCTBa B HEro Camo,
T.€. NOMPOCTY (hyHKUMM, NMEIOLLNE HEKOE PAaCcCMaTPUBAEMOE MPOCTPAHCTBO OAHO-
BPEMEHHO B KadecTee obnacTu onpeaeneHns n obnactun sHadennin. Korga pedb ngér
O TAaKUX BOT — MATEMATUHECKNX — LKOMNEPATOPAX», COOTBETCTBYOLWNM AHIINACKUM
TEPMUMNHOM OKaXETCA KaK pa3 CJ10BO operator. Hy a apVId)MeTI/I‘-IeCKVIe onepauun, no-
HATHOE O€eNno, C 3TuMn operator'aMVl COCTOAT B CaMOM 6J'II/|3KOM pPoACTBE, TaK 4TO
Anst obosHauveHnst (B MaTeMaTMKe) CUMBOJIOB BPOAE MJtOCa, MUHYCA WAW AeNeHUs

906 3TOM MBI TIpeJlyNperKIaan emg B IepBOM TOMe, KOT/a BIIEPBbIE CTOJKHYJIUCEH
CO CJIOBOM «omeparops npu usydenun Ilackasst (cMm.T. 1, crp.240); BoT MBI 1 Jo6pa-
JINCH JO CUTYalllH, KOTJla CJIOBO «OII€EpaTOp» B KadeCTBe II€PEBO/a TEPMUHA «statement»
HA4YMHAET OTKPOBEHHO MEIIATH.
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QHrIOroBopsiLLie MaTEMATUKM UCMONb3YIOT TOT »Xe CaMblii TEPMUH; eCTECTBEHHO,
MEPEHSANIN 3TOT TEPMUH 1 NMPOrPaMMUCTbI.

YTo ke KacaeTcs CTPYKTYpHbIX €AWHUL, NMPOrpaMMHOro TeKCTa, Ha3blBaeMbIX
No-pycCKn «onepaTtopamuy, TO 3TOI CYLHOCTN COOTBETCTBYET COBEPLUEHHO NHOW aH-
rMNACKNA TepmunH: statement (6yKBaJ1bH0 nepeBoanTCSA Kak <<yTBep>K,u,eH|/|e>>). Kak
Tak NoNy4mnsaocCk, 4TO aHINNCKoe statement nepeBoAsT Ha PYCCKUiA CIOBOM «onepa-
TOp», KTO 3TO NepBbIM NPUAYMas, Co3aB AN MPAAYLUNX MOKOJEHWNA PYCCKOSI3bIYHbBIX
NMPOrpaMMIUCTOB HEMPUATHYIO TEPMUHOJIOMMYECKYIO NMpobiemMy — BOMPOC, KOHEYHO
VNHTEPECHBIN; K COXXANEHUIO, CAENATb YXKe€ HUYEro Heb3si, TEPMUH KOMepaTop» Ha-
MEPTBO BPOC B PYCCKYH MPOrpaMMUCTCKYHO JIEKCUKY MMEHHO B 3TOM COBEpPLUEHHO
HEJIOTMYHOM [OJ1S1 HEFO 3HAaYeHunu.

10.4.3. KoHcTpykTOop yMoJdanusi. MaccuBbl 00 bEKTOB

Bosspamasics K Hamemy kiaccy Complex, nanomuuM (cm. crp. 101), aro
omnmucarh rnepeMeHHyio Tuna Complex NMPUBBIYHBIM HaM 00pa3oM, Oe3 BCsi-
KUX [1apaMeTPOB, HeJb3s, T.K. JJIs €JUHCTBEHHOTO KOHCTPYKTOPA KJIACCa
Complex Tpebyforcs aBa mapamerpa. Tak, ciemyromuii Kox Oy1eT HEeKOp-
PEKTeH:

Complex sum; // OWMBKA - HeT mapaMeTpoB Iis KOHCTPYKTOpa
sum = cl+c2;

Kpowme Toro, y Hac BO3HHKHYT CJIOKHOCTH IIPU CO3JAHUU MACCHBOB KOM-
IJIEKCHBIX YHCEs; OOBIYHBIMN MACCHB 3apaHee 33aJJaHHOTO pa3Mepa MBI CO-
3/1aTh CMOXKEM, HO TOJIbKO IIPU YKa3aHUU WHUIUAJIU3ATOPA, UMEIOIIEro
BeChbMa HETPUBUAJIBHBIN CHUHTAKCUC; 3a0erast BIIEPEI, OTMETHM, UTO JUuHA-
MUMECKUT MACCAB KOMILJIEKCHBIX UHCEJ MbI CO3IaTh HE CMOYKEM BOODIIe
HUKAaK, [IOCKOJIbKY CHHTAKCUC A3bIKa HE II03BOJIAET 33/1aTh IlapaMeTphl JIJId
KOHCTPYKTOPOB KazKJIOT'O 3JIeMEHTa MacCHBA.

CHSITh BO3HHKINZE IIPOOJIEMBI TIO3BOJISIET BBEJEHHUE eINE OJHOIO KOH-
crpykropa. HamoMHuM, 9T0 KOMIUJIATOP CYUTAET KOHCTPYKTOPOM (DyHK-
[UIO-WIEH KJjacca (UM CTPYKTYDbI), UMs KOTODOI COBIIQJIAET C UMEHEM
kjacca (W CTPyKTypbl). Biarogapst cBoiicTBy neperpysku (byHKIMA B
Cu-++ MBI MOXKEM BBECTH B OJIHOI 00JIaCTH BUJIUMOCTU HECKOJBKO (DYHK-
1yt ¢ OJTHUM U TeM »Ke UMEHeM; 9TO OTHOCUTCH, Pa3yMeeTcd, U K KOHCTPYK-
ropaM. HyKHO TOIbKO, 4T00bI (DYHKIMM, UMEIOIIUe OJMHAKOBbIE nMeHa (B
JIAHHOM CJIyuae — KOHCTPYKTODBI), PA3JIMIaINCh KOJMIECTBOM ¥/ U TH-
oM tapameTpos. Urak, nobasum B Kiracc Complex eré ouH KOHCTPYKTOD:

class Complex {
double re, im;
public:
Complex(double a_re, double a_im)
{ re =a_re; im = a_im; }
Complex() { re = 0; im = 0; }
/] ...
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Tenepb MBI MOXKEM OINMCHIBATH II€pEMEHHbBIE Tuia Complex, He 33 1aBas HU-
KakKnx napameTpoB. 1103ToMy KOHCTPYKTOD, UMEIONIHIl IIyCTO# CIIMCOK Ia-
paMeTpOB, HA3BIBAIOT KOHCMPYKMOPOM N0 yYymoauaruro. Ero naamane
JieJaeT BO3MOYKHBIMU, B YACTHOCTHU, CJICJIYIONIAE OTTUCAHMS:

Complex z3; // HCHOmB3yeM KOHCTPYKTOP IO YMOIYAHU
Complex v[50]; // womcTpykTop 6ynmer Bm3Ban 50 pas,
// T.e. INE KaxXIoro 3JIEMeHTa

10.4.4. KoHCTPYKTOPHBI IIpeodpa3oBaHus

[Tpu cosmannm mporpaMmM Ha I3bIKaxX, 00JIAJAIONINX TUTH3AIINEH, HEPeI-
KO BO3HHUKAET IOTPEOHOCTH HCIIOJIb30BATH 3HAYEHHNE OJHOI'O THUIIA TaM, IJie
[0 CMBICJTY TPEJIIToIaraeTcs 3uadenne japyroro tuma. OuH u3 mpocreii-
HIMX IIPUMEPOB TAKOW cUTyaluu — cjaoxkeHue (Wi apyras apudMerude-
CKasl OIepalus) 9uc/a ¢ IIaBalolel Toukoii u nesoro dncia. B assike Cu
B IOJOOHBIX CJIydasX [POM3BOJIUTCS TAK HA3BIBAEMOE HeA8HOE Npeobpaso-
sarue munos. Tak, ecim MbI OIUIIIEM TEPEMEHHYIO a KaK IEJI0YNCIEHHYTO,
a nepemMeHHymno b kak umeroniyro Tun float, u mociae 3TOro UCHOAb3yeM B
IporpaMMe BbIpakeHre a + b, KOMIHMIATOD HeA6HO IIPeodpasyeT 3Hate-
HUE IIepeMeHHOI a K Tuity float, W TOJIBKO IIOCJIe 3TOr'O BBIIIOJIHUAT CJIOXKE-
ure. TOUHO Tak ke, ecyin B IporpamMe onucana pyakmus void f(float),
MbI MOYKEM 3aIucaTh BbI30B f(25), 1 KOMIMJIATOP COUTET TAKOH KO KOp-
PEKTHBIM, T.K. «3HAET», KAKMM 00pPa30M U3 IEJOr0 YUCJA CIAEJIATh THUCJIO
C IUTaBAIONIEHl TOYKOIl; nHade TOBOps, B s13blke CH IIPUCYTCTBYET IIPABUIIO
npeobpa3oBaHus 3Ha4YeHUil Turna int B 3HaveHusd tuna float. EcrecrBen-
HO, s3bIK CH++ TakKe MO3BOJISIET MPOU3BOUTDH TOI00HBIE HESIBHBIE IPE-
obpa3oBaHus, HO, IOMUMO 3TOr0, B HEM €CTh CPEJICTBA YKA3aHUS IPaBUJI
Ipeobpa3oBaHust JJIS MUnog JdaHHT, 66eEHHbLL noavzosamenem. OTHIM
U3 TAKAX CPEJICTB SABJISIOTCH KOHCMPYKMOPHL NPEOOPA30SAHUA.

OueBuiHO, YTO 3a/aTh MPABUJIO NMpeoOpa30BaHMs 3HAYEHUN THa A B
3Ha4YeHus THUIA B — 9TO TO 2Ke camoe, 4TO 3aJaTh MHCTPYKIIAIO 110 CO3/1a-
HUIO 00beKTa TUNa B 1o nMmeromeMycs 3nadennio tuna A. B camoMm gere, B
pa300paHHOM BBIIIE TPUMEPE KOMITMJIATOD CHAaYaja CTPOMJI 3HAYEHUE THU-
na float, ucnonab3ysa B KadecTBe OTIPABHON TOYKHN MMEIOINeecsd 3HaYeHue
THNA int; pasyMeeTcs, KOMIMIATOPY I 3TONO0 HEOOXOIUMO «3HATH», KaK
sro genarb. Kak ormedasnocs B §10.3.3, uncrpykiun komnuasgropy Cu++
10 CO3/IAHMI0 OOBEKTOB KJIACCA HA OCHOBE 33JIAHHBIX [1apAMETPOB JIAI0T-
Cd IIyTEeM OIINCAHUA KOHCTPYKTOPOB C COOTBETCTBYIOIIUMU IIapaMETDPaMU.
Taxum 06pa3oM, eciu BBeCTH B KJIacce B KOHCTPYKTOD, HOJTyJaIOMnil mapa-
MeTp THIIA A, 3TO Kak pa3 u OyJIeT HHCTPYKIUS 110 CO3TaHUIO 0ObEKTa TUIIA
B o mmeroremycst 3nadenuio tuna A. IIpencrasiisiercs 1moIToMy BIIOJIHE
JIOTUYHBIM HCHOJIb30BATh TaKWe WHCTPYKIUU IJIA 6BINOAHEHUA HEASH020
npeobpa3osarUs MUNos.
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Wrak, KOHCTPYKTOP, KOTOPBIii IIOJydaeT Ha BXOJ, POBHO OJIMH IIAPAMETD,
AMEIOIINY TUIl, OTJUIHBINA OT OIMUCHIBAEMOTO, HA3BIBAETCI KOHCMPYKIMO-
pom npeobpasosarua'’ u mcHoab3yeTcs KOMIMISTOPOM HE TOIBKO B
cIydae SIBHOTO CO3JIaHUs O0BEKTa, HO W JIJIs IIPOBEJIECHUS HESBHOIO IIPe-
obpazoBanus TUIIOB. [IpomsuTiocTpupyeM CKa3aHHOE Ha IPUMepe BBEJIEH-
HOrO panee kjacca Complex. ICHO, 9TO 10 CMBIC/TY KOMILTEKCHBIX YHCENT
JII000€ IeHCTBUTEIBHOE YUCIO0 MOYKET OBITh IIPeoOpPa30BaHO K KOMILIEKCHO-
My J00aBJIeHIEM HYJIEBOII MHUMOIl 9aCTH TOYHO TaK Ke, KaK IeJI0e YUCJTIO
mpeobpas3yeTcs K IUCIY C IIaBAIOIIEe TOUKOM qo0aBIeHreM Hy/I€BOH Tpo0-
HOI JacTu. UTOOBI BHIPA3UTH 9TO COOTHOINEHHE MEXKIy JAeHCTBUTEbHBIMU
U KOMILJIEKCHBIMU IUCJIAMH, JIOTIOJTHUM KJIACC CJIEYIONUM KOHCTPYKTOPOM:

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

C omHOIl CTOPOHBI, TOT KOHCTPYKTOP ITO3BOJISIET HAM OIUCHIBATH KOM-
IJIEKCHBIE YUCJIa C YKa3aHUEM OJIHOT'O JIEMCTBUTEJIBHOI'O IIapaMeTpa, Ha-
apuMep:

Complex c(9.7);
C Jipyroii CTOpOHBI, €CJIU B IIPOrPaMMe UMeeTCs (DYHKITHS
void f(Complex a);
— MBI MOXKEM BBI3BATb €€ JIjIsd JefCTBUTEILHOTO ITapaMeTpa:
£(2.7);

Braromapst masmanio B kiacce Complex KOHCTPYKTOpa IpeoOpa30BaHUst
KOMITUJISTOP YCIIEITHO 00paboTaeT TaKOW BBI30OB; JJIs STOTO C ITOMOIIBIO
KOHCTPYKTOpPa I1peobpazoBanust OyJIeT Co3/aH 8pemeHHbili obsexm Tuia
Complex, KOTODBII U Oy/ieT mojan Ha BXxo/ (pyHKIuN f.

10.4.5. Ccpuakn

[lonarve ccviaru, KOTOPOMY HOCBSIIIEH TOT naparpad, OKa3bIBaeTCs
KJTIOUEBBIM J[JIsI TIOHUMAHUS JaJdbHelero Mmarepuasia. Mexmy tem, HI4ero
moxozkero Her HU B ynctoMm Cu, HU B APYIUX si3bIKAX ITPOTPAMMUPOBAHIS,
TaK YTO CCBIJIKHA YaCTO BBI3BIBAIOT y HAUWHAIOIINX OIIPeJeJIEHHbIe TPYIHO-
ctu. IlocrapaiiTech mOSTOMY MOIONTH K M3yUEHHUIO ITOTO maparpada oco-
OEeHHO BHUMATEJIBHO, & TPU BOSHUKHOBEHUHU BOIIPOCOB 00sI3aTE/IbHO 3aaiiTe
HX BallleMy IIpeIIoJaBaTe/it0 NJIn KOMY-TO em'é7 KTO CMOZKeT BaM O61>5{CHI/ITI)
TIPONUCXOIAIIEE.

Ccpuika B Cu++ — 310 0co0BIil BUJT 0ObEKTOB JTAHHBIX, PeaTu3yeMblil
IIyTEM XpaHEHUs aJpeca KaKOH-TO IlepeMEeHHO, HO, B OTJIMYHE OT yKa3a-

10Ecn TobKO CrienuaibHoe 3HAMEHHE TAKOTO KOHCTPYKTOPA He OTMEHUTD JTHPEeKTH-
BO#l explicit.
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TeJisl, CCBIIIKA CEMAHTUYECKN SKBUBAJIEHTHA TOIl IEPEMEHHOI, HA KOTOPYIO
oHa ccobliaercd. Vnade roBopsi, JitoOble onepainu HaJ CChLIKON OyIyT Ha
caMOM Jiesie IIPOU3BOAUTBCA HAJ| TOU NMEpEeMEHHOMN, aapec KOTOPOH couep-
JKUTCs B ccbliike. Hato OTMETHTD, YTO 3TO OTHOCUTCS U K [IPUCBANBAHUSAM,
U K B3ATHIO aJipeca — BOOOIIE KO BCEM ONepAIysiM, KAKAe MOTYT OBbITh; Ca-
MY CCBUIKY, TAaKMM OOpa3oM, BOODIE HEBO3MOXKHO U3MEHWUTH, €€ 3HAYCHUE
(mepemeHHasi, Ha KOTOPYIO OHA CCHLIAETCH) 33AETCA B MOMEHT CO3JaHUS
CCBIJIKU M OCTAETCSI HEU3MEHHBIM B TE€UEHUE BCEI'O CPOKA €€ CYIIeCTBOBAHNUSI.

CHHTAKCHYIECKH THIT JAHHBIX «CCBHLIKA» OIMMCHIBAETCS AHAJIOTMYHO YKa-
3aTeJT0, TOJILKO BMECTO CHMBOJIA «*» HCIOb3yeTcs: cCUMBOJ «&» L. TIpom-
JIIOCTPUPYEM CKA3aHHOE ITPOCTHIM IIPUMEPOM:

int i; // LenovWCIeHHas IepeMeHHas
int *p = &i; // ykasaTemb Ha mepeMeHHYD i

int &r = i; // ccmuka Ha mepeMeHHyDL i

it++; // yBemumuurh i Ha 1

(xp)++; // To Xe caMoe depe3 yKasaTelb
r++; // To Xe caMoe IO CCHIIKE

OOBIYHO TOBOPAT O «IIEPEMEHHBIX CCHLJIOYHOTO THUIIA» HAPABHE C IIEPEMeH-
HBIME JPYTUX THUIOB, XOTsl CCBLIKU HE BIIOJHE KOPPEKTHO HA3BIBATL <«IIe-
PEMEHHBIMU», MTOCKOJbKY U3MEHUTH 3HAYEHUE CAMOU CCHbLAKYU HETh3sT: BCE,
9TO MBI C Heil TIOIbITaeMCsl C/IeIaTh, Ha CaMOM Jiejie OyIeT CesiaHo ¢ TOi
[IEPEMEHHOM, Ha KOTOPYIO CCHIIKA CChLIAETCS.

N3-3a HEM3MEHHOCTH CCHIIOK IEPEMEHHY IO CCHIJIOYHOTO TUMA HEJIb-
35 onucaTh 0€3 MHUIUAIN3AIuA, TO €CTh 0€3 3aJaHNs HAYaJIbHOTIO
3HaveHus. Takoe onucanue ObLIO ObI 3aBEIOMO ODECCMBIC/IEHHBIM, BEJlb €C-
JIM He 33J1aTh 3HAYEHWEe CCBUIKHU C CAMOTO Hadvaja, TO MOTOM Mbl HUKAKAM
cr1oco0OM OCMBICJIEHHOE 3HAYEHWE B CCHLIKY y2Ke He 3anecéM. lloib3ysich
CJIydaeM, HAIIOMHUM €I pa3, YTO WHUINAJIM3AIUs U [IPUCBANBAHAE — 3TO
COBEPIIIEHHO PAa3HbIE CYIIHOCTH.

OrmmcaB B HaIlIeM IIPUMEPE CCHUIKY Ha MEPEMEHHYIO i, Mbl (haKTUIECKU
BBEJIM CUHOHUM UMEHH 1 — uMs r, 0003HAYAIONIEEe TOT YK€ CAMbIll 00BEKT
JaHHBIX. Takoe WCIIOJIb30BAHUE CCHIJIOK MOYKET TOKa3aThCs OecCMbICIIEH-
HBIM U JIeHCTBUTEIHHO BCTPEIAETCs OU€Hb PeaKo. [lo-HacTosrmemMy BO3MOK-
HOCTH CChLIOYHOTO THIa B CHu-+-+ PacKpbIBAIOTCs IPH [I€pejade CChLIOK B
byHKINN 1 BO3BpaTe nx u3 MYHKINN B KadecTBe 3HaUYeHHs. Tak, O1aroaa-
Psi CCBUIOYHOMY THILY B HAIIEM PACHOPSI’KEHUN OKA3bIBAETCSI OTCYTCTBOBAB-
mmit B a361Ke CH MEXaHI3M TIepe Ity ITapaMeTPOB II0 cehlake 2. JlomycTmn,
HaM HY>KHO HAIUCATH QYHKIMIO, HAXOISILYI0 MAKCUMAJILHBIN 1 MUHUMAJIb-

11]38‘)I(HO IIOHUMAaTh, YTO B JaHHOM CJjIydae CHMBOJI «&» He mMeeT HUYEro O6IH6FO C
onepanueii B3sTust agpecal ITouemy aBrop sizeika Cu++ B. Crpaycrpyn BeIGpas HMEHHO
Takoe 0O03HAYEHNE — BOIPOC OTKPBITHIM.

12Tlepenada mapaMeTpoB MO CChIIKE YUTATEIIO yKe 3HAKOMA: B A3bike IlacKaab Takue
apaMeTphl Ha3bIBAIOTCS apaMeTpaMu-iepeMeHHbIMu (var-parameters), cm. 1. 1, §2.3.4.
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HBII 9JIeMEeHThI 33 [aHHOTr0 MaccuBa unces tuna float. Ha uncrom Cu sra
bYHKITHS BBITJIsIIEa ObI TaK:

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

}
a e€ BbI30B — HAIIpUMeD, TaK:

float a[500];
float min, max;
/] ...

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

[TockombKy U3 DYHKIIUN HYKHO BEPHYTH OOJIbIIE OJIHOTO 3HAYEHUS, MIPU-
XOJUTCS WMCIIOJIb30BATH BO3BPAT depe3 mapamerpol. Mexkay TeM B s3bIKe
Cu Bce mapaMerpbl MEPEIJAIOTCS N0 3HAYEHUNO, TAK UTO MbI BBIHYKJICHBI
BPYYHYIO UMUMUPOBAMb BBIXOIHBIE ITADAMETPBI, [Iepe/iaBas 3HAUCHIE a/l-
peca TepeMeHHO, moJyIexKaIeit MoIndUKAINT; TP BbI30Be (DYHKITUH MbI
BBIHY2K/ICHbI IPUMEHATH OllePaINio B3saTusd ajpeca («&»). B camoit GyHk-
UM BMECTO MMEHU IePEeMEHHOI MPUXOUTCS KUCIIOIb30BaTh JIEBOIOITYCTHU-
MO€ BBbIpayKeHUe PA3bIMEHOBAHUs, T. €. CTABUTD HePe]T HIeHTU(MUKATOPAMI
min u max CHMBOJI OIEPAIUU PA3BIMEHOBAHUS «*», YTOOBI TPEOOPaA30BATH
aJipec IIepeMeHHOIl B caMy ITepEeMEHHYO.

C mpuMeHeHneM CChUIOK U KO, (YHKINH, U €€ BBI30B MOYKHO HAIMCATH
sICHee:

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

{

int i;
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[i];
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}

/...

max_min(a, 500, min, max);

[Tapamerpsl min u max, 0ObABICHHBIE Ha Ceil pa3 KaK CCHIIKU, CEMAHTU-
YEeCKM TPEICTABISIOT COOONW CHHOHMMBI HEKHX IEJTOYUCICHHBIX ITepeMeH-
HBIX, TAK YTO BCe OIllepalluy, KOTOpbIe IIPOU3BOJIATCS HAJ| Min M max, Ha
CaMOM JieJIe IIPOUCXOAAT HaJ TeMHU IIepEeMEHHBIMH, Ha KOTOpbIE 3THU Ilapa-
MeTpbI cchlaioTcst. [Ipu BeI30Be PYHKIINN MBI He IIPUMEHSIEM HUKAKUX OIIe-
panuii B3sTUsSI aJpeca, MOCKOIbKY (C CeMAHTHYECKON TOUKM 3PEHUs) HAM
JUUTS TIOCTPOEHUSI CHHOHUMA HY2KHA caMa IlepeMeHHast, a He eé aJpec.

Emgé 6osee naTepecuble BO3MOXKHOCTH OTKPBLIBACT HUCITOJIb30BAHNE CChHI-
JIOYHOI'O THUITa KaK TUITA BO3BpaIaeMoro 3Hadenust GpyHknuu. omycrum,
HaM HY?KHO IIPOU3BECTU IIOMCK IEJIOYMCJICEHHON IIEPEMEHHON B cocTase
CJIOXKHOM CTPYKTYPBI JIAHHBIX (HAIIPUMED, UCKOMasl IePEMEHHAsl ABJISETCS
0JIEM CTPYKTYPBI, KOTOPasd, B CBOIO O4YepeAb, ABJIAETCA 3JIEMEHTOM MaCCHU-
Ba U T. H.), a 3aTeM JIMOO MCIIOb30BATH 3HAUEHNE HANIEHHON TIepeMeHHOi,
OO0 BBITTOJIHATEL HAJT HEl TO WM WHOE NMpHUcBamBamme. B Takoit curyarmn
IIOUCK TIEPEMEHHON MOXKHO BBIJIEJUTH B OTIEIbHYIO (PYHKIIUIO, BO3BpAIla-
IOIYIO CCBHIIKY Ha HaMJeHHYIO mepeMeHHyio. Ecimu Takas OYHKINAST UMEET
mpoduIb

int &find_var(/*params*/) ;
TO JIOIYCTUMBI OyJIyT, HAIIPUMED, TaKue JeHCTBUS:

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

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

10.4.6. KoHcTaHTHBIE CCBLIKN

MoucdukaTop const y»ke 3HAKOM HaM 110 136Ky CH, XOTsI U3HATATIHHO
on mosiBmwiicsa nMmenno B Cu++, a B unctoiit Cu IpOHUK MO3/HEE, IPUIEM
Tak W He ObLI MPW3HAH aBTOPAMU si3bIKa. HallOMHMM, 9TO NIpHU ONUCAHWHN
aJIPECHBIX THUIIOB MOAMMUKATOP const IO3BOJILET yKa3aThb, 4TO 00JIACTH
aMATH, Ha KOTOPYIO YKa3bIBaeT OIUCHIBAEMBIN yKa3aTesb, He MOIJIeKUT
u3MmeHenuio. Hampumep:

const char *p;

// p ykashHBaeT Ha HEM3MEHAEMyl O6IACTh NaMATH
p = "A string";

// BC& B mopsAnKe, NepeMeHHAas P MOXET M3MEHATHLCH
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*p = a’;
// OWUABKA! Henp3s MeHATH 06JaCTh IaMaTH,
// Ha ROTOpyb yKa3HBaeT p

pl5] = ’b?; // 3To Takxe OMIBKA

IloguepkuéM emé pa3d, 4To const char *p — 3TO UMEHHO YKa3ameab Ha
KOHCMaKrmy, a HEe KOHCMAHMHLG yKa3damens. dToObI ONUCATbh KOHCTAH-
Ty aJIPECHOTO THIIA, HEOOXOINMO PACIIOJIOKATH KII0YEBbIE CJI0BA B IPYTOM
TOPSIJIKE:

char buf[20];

char * const p = buf+5;
// P - KOHCTaHTa-ykKasaTelb, yKashBaomas Ha
// mecToit snemenT MaccuBa buf (buf[5])

pt+; // OLVBKA, 3HadeHHe p He MOXeT OHTH M3MEHEHO
*p = ’a’; // BC& B mopsmke, u3MeHseM 3HadeHue buf [5]
pl5] = °b’; // Bcé B mopsnmke, usMeHsdeM 3HadeHwe buf [5+5]

AHaJIOrMYHO CO CCBIJIOYHBIMU TUIIAMU:
int i;
const int &r = i; // ccmika Ha KOHCTaHTY
int x = r+5; // Bcé B mopsaznke
i=17; // Toxe BCE B mopsanKe
r = 12; // OLUBKA, 3HayeHWe IIO CCHUIKE I HeJb3s MEHSTb

const int j = 5;
int &jr = j; // OIMBKA, Hemb3s CCHIATHCS

// Ha KOHCTaHTy OGHYHO# CCHIKOMH
const int &jcr = j; // BCé B mopamke

KoncTanTHBIE CCBIIKU TO3BOJISIOT IEpeIaBaTh B (DYHKINNA B KAYECTBE Ia-
paMeTpa ajpec IIepeMeHHO BMECTO KOIIMPOBAaHUsI 3HAYEHUS, [IPU STOM He
[TO3BOJISIST ATY TIEPEMEHHYIO MEHSITh, KaK U IIPU OOBITHOM Hepe/iatie mo 3Ha-
9eHUI0. JTO MOXKET OBbITh TOJIE3HO, €CJU MapaMerp IIPeiCcTaBsgeT coboit
KJIACC WA CTPYKTYDY, pa3Mep KOTOPOi CYIIEeCTBEHHO MPEBBINIAET Pa3Mep
anpeca. Tak, eciin B paHee onmucanHoM Kjacce Complex BMeCTO

Complex operator+(Complex op2)
{ return Complex(re+op2.re, im+top2.im); }

HaIlluCaTb

Complex operator+(const Complex &op2)
{ return Complex(re+op2.re, im+top2.im); }

CeMaHTHKa KOJIa He U3MEHUTCs, HO (bu3ndeckn (Ha yPOBHE MAIIUHHOTO KO-
J1a) BMECTO KOIIMPOBaHUs JIBYX HoJieil Tuiia double Gy1eT NPOUCXOIUTD I1e-
peJiata ajpeca CynecTBYIONei mepeMeHHON 1 OOpAIIeHNE 110 9TOMY &JIPECY.
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10.4.7. Cchliiku Kak ceMaHTUYecKuii (peHoMeH

He cnenyer HemoorieHMBATHL BAXKHOCTH CCHLIOK KaK CEMAaHTHUIECKOTO
n300perenus. B ompesesléHHOM CMBIC/IE UMEHHO CCHIIKH MOYKHO CUUTATDH
CaMbIM BaXXHBIM HOBIIECTBOM s3bIKa Cr-++; BCE OCTAIBHOE, 9TO CONEPIKUT
9TOT SA3BIK, PaHee BCTPEYAJOCh B JPYTHUX S3bIKaX. BBeJleHNE CCBLIOK OT-
KPbIBaeT OUeHb MHTEPECHbIE IIE€PCIEKTUBBI, U Cef9ac MBI IIOIBITAEMCS ITU
MIEPCIIEKTUBBI 0003HATUTD.

IIpu onucanum sizbika Cu OOBIYHO BBOJMTCS IOHSITHE A€68000NYCMuU-
M020 evipadicerus (auri. lvalue; M. 1.2, §4.3.16), nsHavanbHO 0603HA-
JaBIllee BCEBO3MOYKHBIE BBIPAYKEHNUs, JIOIYCTUMBIE CA€6a OT 3HAKA IIPHUCBa-
uBanus (0TCIOa HasBanue). Pe3yibTaT BEIYUCICHUS TAKOIO BHIPAXKEHUS HE
IIPOCTO TIPEJICTABSIET COOO 3HAUEHNE, a UACHTUMUIINPYET HEKYIO 00/1aCTh
maMsTH, B KOTOPOU pacmosiaraercs 3uadenue. [Ipocreiimum mpumepoM Jre-
BOJIOITYCTUMOT'O BBIPAYKEHUS CIIYKUT UMSA NEePEMEHHOT, HO STUM, KOHETHO
2Ke, JIeJI0O He orpaHnynBaeTcs. Tak, ecam p — HEKHUil yKa3arTesb THIIA, OT-
JIMYHOI'O OT Void, TO *p — JIEBOJOIYCTUMOE BBIPDAXKCHUE; €CAN V — HEKHIl
MaccuB (WM, OUATH Ke, ajpec), T0 v[i] OymeT JIeBOMOIYCTUMBIM; €Cjiu
q — aJapec CTPYKTYDBHI, cojgepzkaleil none £, to g->f — Jgesogomycrumoe
BbIpazkeHue, n Tak Jjajee. OOl TPUHIUIT TYT TAKON: PE3yJIbTaATOM BbI-
YHUCJEHUS JIEBOJOIYCTUMOTO BBIPAYKEHUS B JAEHCTBUTEIHHOCTA CTAHOBUTCS
HeKasi 064aCcmMb NAMAMU, U €CJIU OT BbIpaXKeHUsI TpebyeTcs: 3HAUYEHMUE,
TO OHO OepéTcst U3 ITOI 0OJIACTH TAMATH; KOTJIA JIEBOJOIYCTUMOE BBIPa-
JKEHUE CTOUT CJIEBa OT NPUCBAaWMBaHUsI, 3HAYCHUE OT HEro He Tpedyercs, a
TpedyeTcs cama 06JIaCTh TAMSITH KaK TaKOBasl, B KOTOPYIO 3aHOCUTCSI HOBOE
3nadenne. Korma jgeBoomnycTruMoe BbIparkKeHre OKa3bIBAETCs OLIEPAH/IOM Ta-
KHUX Ollepalnii, KaKk += WIn ++, OHO HCIOJIb3YeTCsl W KaK 3HaUeHne, W KaK
00J1aCTh TAMSITH.

B uncrom Cu Jj1€BOIONMyCTUMOCTE — CBONCTBO KOHKDPETHOT'O BBIpAXKe-
HUs, HEe TUIA, HE TIePEMEHHOi, He DYHKINM, & UMEeHHO BbipaxkeHusi. CchbL-
ku, kotopble Crpaycrpyn npugyman 1yt Cu++, 3amMedaresibHbI TEM, YTO
IIO3BOJISIIOT OIIEPUPOBATH IOHSITHAEM JIEBOJIOILYyCTUMOCTH Ha YPOBHE CUCTEMBI
TUHOB. /{1t 9TOr0 OCTATOYHO CIUTATH, UITO UAEHTHMUKATOD IEPEMEHHOI,
WMeEOIEil, HAlpuMep, TUII int, caMm mo cebe MpeCcTaB/IsieT BhIpAXKEHNEe He
TUIIa int, a TUIIa ccvaka Ha int, U TO 2Ke caMoe CKa3aTb IIPO OCTAJIbHbIE
cIydam JIEBOJOIYCTUMBIX BBIDasKeHUI: €CJIM p MMeeT THIl int*, TO *p —
9TO He int, a int& (ccpuika Ha int), eciu £ — moJIE CTPYKTYPBI, UMEIOIIEe
Tunl double, To s.f wim q->f — BEIpaxKenusa tuna double&, ecom str —
MAaCCHB 3JIEMEHTOB TuIlla char, To str[i] umeer tumn char& u T. 1.

Ecin npuHsTh TaKyl TEPMUHOJIOTUIO, TOTPEOHOCTH B OTMEJBHOM IT0-
HATUU <JIEBOJOITYCTUMOTO BBIPAYKEHUS» OTIIAJIAET: BMECTO ITOrO MOXKHO
TOBOPUTH, UTO CJI€Ba OT IPUCBAMBAHUSA, & PABHO U B JAPYTHUX «MOIUMUII-
PYIOIIUX» CAyYasxX MOTYT MPUMEHSATHCA CCBUIKH W TOJTHLKO OHH, €CJIH 2Ke
CCBLJIKA TPUMEHSIETCS B BBIPAXKEHUHU, B KOTOPOM TPEOyeTCs 3HAUEHUE, TO
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CCBIJIKA ABTOMATHYECKHU IPeobpasyercsi K CBOEMY 3HAUEHUIO (T. €. BBIIIOJIHSI-
eTcs U3BJIeUYeHrEe 3HAYEHN U3 NAMSITH, U3BECTHOE TaKKe Kak obpauerue
K nepemerHoll).

HeTpysnHo BnAeTb, YTO HaNMYME KOHCTAHTHBIX CChIIOK MO3BOMSIET OTPa3UTb pas-
HULy Mexay npecnosyTeimu modifiable Ivalues w non-modifiable Ivalues: nepsbim
COOTBETCTBYIOT ODbIYHbIE CCbIJIKN, BTOPbIM — KOHCTaHTHble. OCTaéTcs mwb coxa-
NIeTb, 4TO CTOJIb NPOCTAs U CTPOIHAS CEMaHTNYeCKasi KOHLENLUMs He Bbina 3amedeHa
cozgaTensmu «ctangaptoe» Cu++: BMecTo Toro, 4Tobbl N36aBUTHCS OT CTPaHHbIX
TepmuHoB lvalue v rvalue, 3ameHnB nx ccblikamu, CTaHAAPTU3aTOPLI, HA0bOPOT, BBE-
nn ewg prvalues, xvalues n Boobuie Hanpo4b 3anyTanu onucaHue s3bika. HTepecHo,
YTO, HaMpUMep, aBTOPbI KOMMUISTOPA gcc, CyAst MO BbIAABAEMOV STUM KOMMUJIs-
TOpPOM AnarHocTuke (MMeHHO — Mo coobLueHnsiIM 06 oWMbKax NpPU MOMCKE MOAXO-
AsiLeii pyHKUMM), NOTEHLMAN CCbINOK B POJIM 3aMeHbl NoHsTus Ivalue 3ametunu un
BOCMOJIb30BaINCh M.

Ha ciyuaii, eciim BCE M3JI02KEHHOE BBIIIE IIPO «CEMAHTHYECKUN (peHo-
M€H» IIOKA3aJI0Ch YATATEJIO IeM-TO BPOJIE OTBJIEIEHHOM drtocodun, mpu-
BeIEM ofH HeOe3bIHTepeCcHBIN puMep. IlycTs y HAC ecThb Be 1eI09nC/IeH-
HBIE TIePEMEHHBIE X U ¥ U HaM IIOHAI00MJIOCh IPUCBOUTH KAKOe-TO 3HAYECHHE
(ckazkeM, HaxOsIIeeCs B IEPEMEHHOI z) TON U3 HUX, 3HAUYEHUE KOTOPOIl B
HACTOSIINH MOMEHT MeHbITe. KOHEeYHO, 9TO MOXKHO C/IeJIaTh C MOMOIIBIO
ob6braHOro if:

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

B Cu++ 6aromapsi cChbLIKAM MOXKHO CJIEJIATH TaK:
x<y?x:y) =2z

B uncrom Cu Takoe He MPOXOIUT, MOCKOJBKY MMEHA X U y B YCJIOBHOM
BBIPaKEHUHU COOTBETCTBYIOT 3HAYEHUAM ITUX IIEPEMEHHBIX, & HE UM CaAMUM.
AHAJIOTHYIHYI0 KOHCTPYKITHIO CIEJIATh BCE YKe MOXKHO, HO TpY/IHEe:

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

10.4.8. KoHCTaHTHBIE METOIbI

IMpeacraBum cebe, 9T0 MBI Onucagu HeKuil Kjiacc (IycTb OH HA3bIBa-
erTcs A), mocsie wero coznanu (GyHKIMIO, MOIYIAMILYI0 TTapAMEeTPOM KOoH-
cmanmubll agpec 00beKTa TAKOrO KJIACCA:

void f(const A* ptr)
{

//
}
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BuayTpu dyHKIMNH 06bEKT, Ha KOTOPBI YKa3blBaeT ptr, OYIeT KOoHCMaHM-
HbLM, TO €CTh ero Oy/IeT HeJIb3sl U3MEHATH. K/ KJace A ONMCBHIBAET TOJI-
HOIIEHHBIII OOBEKT, TO BCE €ro IMOJis CKPBITHI, TO €CTh B3aUMOJAEHCTBUE C
00'BEKTOM BO3MOXKHO TOJIBKO 9epe3 MeTOJbl. B TO 2Ke BpeMs MeTOJl MO-
JKeT, BOOOIIE TOBOPsI, N3MEHUTh BHYTPEHHEE COCTOsIHUE (TO eCTh 3HAYEHUST
CKPBITBIX 10JIell) 06beKTa, HApyIIuB TpeboBaHue O ero HeusMeHHOCTH. [1o-
ITOMY /i ODecredeHnsi HEU3MEHHOCTH OOBbEKTa KOMITMISITOD BBIHYXKIEH
3allpelaTbh BBISOBBI ME€TOJ/I0B.

Takasi ke cuTyarysi BOSHUKHET, €CTECTBEHHO, IIPU Mepeiade mapaMer-
POM KOHCMAHMHOU CCHLAKU, IIPA BO3BPaTe KOHCTAHTHBIX 8/IPECOB U CCHIIIOK
u3 OYHKIU, a paBHO U B CJIydae, eCJIl MePEeMEeHHas-00beKT caMa 10 cebe
U3HAYAJIBHO OLKCAHA ¢ MOIU(MUKATOPOM const (XOTs II0C/Ie[HEE UCIIOIb3Y-
€TCsl CPABHUTEJLHO pesiko). VTak, o6bekT Bpoje Obl eCTh, HO BCE, 4TO Mbl
MOXKEM C HUM JIeJIaTh — 9TO BBI3bIBATH €r0 METOJBI, & IOCKOJBbKY METOI
MOKeT U3MEHUTHh O0BEKT, KOMIMJISITOP HAM BBI3BIBATH METOJLI HE TO3BO-
smt. [losygaercst, 9o ¢ TaKUM OOBEKTOM MbI BOOOIE HUKAK HE CMOXKEM
paboTarh, ecjii He MPEeIIPUMEM CIEeIUAIbHBIX Mep.

s paboThl ¢ KOHCTAHTHBIMU 00beKTaMu B s3bike Cu-+- mpeLycMoT-
peHbl KoHcmaHmHble Memodsv,. KOHCTAHTHBIM CIATAETCH METOJ, TIOCTe
3aroJIoBKa KOTOPOro (HO neped TEJIOM, €CJU TAKOBOE HPUCYTCTBYET) MO-
cTaBJIeH MOJIN(PUKATOp const:

class C1 {
// ...
void method(int a, int b) const
{/x .... %/}
//
};

B Tesne Takoro merosa 1moJist 00beKTa JOCTYIIHDI, HO 3alPeIeHbl IefCTBIs,
U3MEHSIONIEe UX WJIM CIOCOOHBIE IIPUBECTH K HX U3MEHEHHUIO, B TOM UHC-
Jle TIpUCBaWBaHUE II0JIAM HOBBIX 3HA4Y€HU, IPUCBaMBaHHUE a/IPECOB ITUX
[oJiefl HEKOHCTAHTHBIM YKa3aTeJisIM, Iepejada UX B (DYHKIUH 110 HEKOH-
CTAHTHBIM CCBUIKaM H T. II. VlHaYe roBopsi, OTHOCUTEIFHO KOHCTAHTHOT'O Me-
TOJ@ W3BECTHO, YTO OH 3aBEIOMO HE MOYKET M3MEHUTL COCTOsiHUE O0bEKTa
(3mauenus ero noJeit). [To9TOMy KOHCTAHTHBIE METOILI MOXKHO 0€3 OIIACKH
BBI3BIBATH JJI OOBEKTOB, KOTOpbIE HeJIb3sd M3MeHATh. Hampumep, Takoit
KOJ;:

void f(const Myclass *p)
{

p->my_method () ;
}

OyZeT KODPEeKTHBIM TOJIBKO B cilydae, eclI B Kiacce Myclass Meron
my_method 00bsIB/IEH KAK KOHCTAHTHBIN.
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[Ipn HammcaHun TporpaMM PEKOMEH/IyeTCsl BCE METOAbl, KOTOPbhIE
II0 CBOEMY CMBICJIy HE JOJI>KHBI U3MEHATh COCTOAHHE OObEKTa,
00s13aTEJIbHO ITOMEeYaTh KaK KOHCTAHTHBIE, TEM CAMbIM pa3pelias
BBI3BIBATh UX JJIsI KOHCTAHTHBIX O0bEKTOB. B yacTHOCTH, B OIUCaH-
HOM pamHee Kyacce Complex Bce METOMBI, KDOME KOHCTPYKTOPOB, HUKAKHAX
U3MEHEHUi B II0JIsl KJIacca He BHOCAT. UToOBI ¢ oObekTamMu Tuna Complex
ObLI0 y/10OHEEe paboTaTh, ClIe/lyeT MMOMETUTHh BCE METOMbI KJIacca Momudu-
KaTopoM 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 Modulo() const
{ return sqrt(rexre + 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(ret+op2.re, imtop2.im); }
//
};

B Tejie KOHCTAaHTHOTO METO/1a HEJIB3S JIJIsl TOTO 2Ke 00'beKTa BBI3BATH METO/I,
He SIBJIATONINNCT KOHCTAHTHBIMY. [IpuinHa Takoro orpaHnyeHns OIeBU/IHA:
HEKOHCTAHTHBIN METOJ, MOYXKET U3MEHUTb OOBEKT, 8 3TO BHYTPU KOHCTAHT-
HOT'O METOJIa JeJIaTh 3allPEIeH0. DTO MOXKHO OObsSCHUTH U nHade. BHYyT-
P KOHCTAHTHOI'O MeTOJa IIPOU3BOJILHOIO KJacCca MJHM CTPYKTY-
pbI C yKa3zareJsb this umeer Tumn const C *, a He IpocTo C *; BBHI30B
HEKOHCTAHTHOT'O METOJa O3HaYaJl Obl, YTO MbI HepeJaéM KaK HEKOHCTAHT-
HBI ITapaMeTp 3HadeHue, KOTOPoe y Hac CaMUX KOHCTAHTHOE, TO €CTh MBbI
CHUMAEM MOJMMUKATOP COnst, a 3TO JAejaTh KOMIUISTOD 3aIPEaeT.

10.4.9. Oneparuu paboThbl ¢ JUMHAMUYIECKON ITaMIThIO

Kaxk mbr momuanM, s36ik Cu cam 110 cebe He BKJIIOYAET CPEJICTB paboTh ¢
JIUHAMAYECKON MaMsThIO; CO3/IaHNE U YHUITOXKEHNE TUHAMIUIECKAX CTPYK-
TYP JAHHBIX BBIHECEHO B OUOJIMOTEKY U IIPOU3BOIMUTCS OOBIYHO C ITIOMOIIBIO
dyukmmit malloc, calloc, realloc u free. B sa3pike Cu-++ cTpyKTyp-
Hble OOBEKTHI MOTYT 00JIAJAaTh KOHCTPYKTOPAMH U JE€CTPYKTOPAMU; TP
CO3/IAaHNM M YHUUYTOXKEHUU TAKUX OOBEKTOB HYXKHO HE IPOCTO BBIIEJIUTH
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Wik OCBOOOJUTH MAaMSTh, HO U BBI3BATH COOTBETCTBEHHO KOHCTPYKTOP ¥
nectpykTop. Kpome Toro, npu co3fgannu JHHAMAYECKUX 00BbEKTOB C IIOMO-
MBI0 KOHCTPYKTOPA MHOTO, HEXKEJIM KOHCTPYKTOD IO yMOJIIaHUIO, HEOOXO-
JIIMa BO3MOXKHOCTh YKA3aHUS [apaMeTPOB KOHCTPYKTOPA.

Oyuknun malloc u free HUYEro HE 3HAIOT O KOHCTPYKTOPAX, JTECTPYK-
TOpax U IapaMmerpax, MOITOMY [IJisi CO3IAHUs U yAaJeHus OO0bEKTOB OHHI
HenpuroHbl. Bosiee Toro, madopMaImeil 0 KOHCTPYKTOPaxX U JECTPYKTOPax
00J18/12€T TOJILKO KOMITHJIATOP, T03TOMY B si3bIKe Cr++ BOODIIE HEBO3ZMOXK-
HO BBIHECTH PabOTy € IMHAMHUIECKON MaMATHIO U3 A3bIKa B ONOINOTEKY 6e3
BBEJIEHUS JIOTIOJIHUTE/IBHBIX CPEICTB.

Aprop si3bika Cu-++ Brépu Crpaycrpyn pemiu noiitu 6oJiee poCThIM
I[yTe€M U BHEC B A3BIK COOTBETCTBYIONINE CHHTAKCHIECKE KOHCTDPYKITUH JJIsT
co3/aHus u yhajeHus o0bekToB. s co3manns B JUHAMWYECKON MMaMsITH
OJIMHOYHOTO 0ObeKTa (IIepeMeHHOH MPOU3BOJIBHOrO THna) B sisbike Cu--+
HCIIOJIB3YETCs OlEPAINs New, B KOTOPOil Hy»KHO yKa3aTh UMs TUIA CO3/1a-
BaeMoro oobnexkTa. Hampumep:

int *p;
P = new int;

Eciu coznasaeMblii 00BbEKT NPUHAJJIEXKAT K THILY, IMEIOMIEMY KOHCTPYK-
TOp, U BOZHHKAET HEOOXOIUMOCTD IIepelaTh KOHCTPYKTOPY HapaMeTphbl, TO
3TH HapaMeTpPbl yKa3blBaIOTCs B CKOOKax IIOC/Ie MMEHHM THIa. 1ak, co3ia-
Hue obbekTa onucanHoro paxee Tuiia Complex (cm. §10.3.5) ¢ ykasanuem
JEACTBUTENLHON U MHAMOI 9aCTeil MOXKET BBITVIAIETH TaK:

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

s ymamenust ncroab3yercs: oneparns delete:
delete p;

st co3nanust u yaaJieHusl TUHAMUYECKUX MACCUBOB HCIOJIB3YIOTCS CITe-
UajbHbIE BeKMOopHble Popmbl onepanuii new u delete, CHHTAKCUYECKH
OTJIMYAIONIAECH HAJIMINEM KBaJIPATHBIX CKODOK:

int *p = new int[200]; // maccuB m3 200 memmx dHCeX
delete [] p; // yBZaneHnue MaccuBa

Dtu HOPMBI OTIIMYAIOTCS TEM, 9TO COOTBETCTBYIONINE KOHCTPYKTOPBI U
JEeCTPYKTOPBI BBI3BIBAIOTCH I Kaotcdoz0 saemenma maccuea. Ctout 3a-
METHTBb, YTO BEKTOPHas (popMa OlEpallid New He MMeeT CHHTAKCUIECKUX
CPEJICTB JJIsI IlepeJladll IIapaMeTPOB KOHCTPYKTOPaM, IIO3TOMY JIJIsl CO37a~
HISI MACCHBA, JIEMEHTOB THIIA KJIACC WIA CTPYKTYPA HE0OT00UMO HAAUNUE
Y 9Mo20 Mmuna Koxempyxkmopa no ymoswaruro (cum. §10.4.3).
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BakHO IOMHUTE, YTO OOBEKTHI B AUHAMUYECKON [TaMsITH, CO3JaH-
HbI€ C IIOMOIIBIO BEKTOPHOII (pOopMBI omnepanyuu new, HeJb3d yJa-
JISITh C TIOMOIIbIO OOBIYHOM (popMbI orepalinu delete m HAOOOPOT.
Heno B TOM, UTO peasu3aliusl MEHE/KePa JINHAMUYECKONW MTaMsTH BIPa-
B€ BBLIEJISATH MAMSATh 0] OOBbIYHBIE ITIEDEMEHHBIE U 107, MACCHBBI U3 Pa3-
HBIX 00JIaCTell IMHAMUYIECKON MaMSTH, UMEIONINX, BO3MOYXKHO, PA3IHIHYIO
OPraHU3aIUIO CJIYKEOHBIX CTPYKTYD JaHHBIX. Tak»Ke He CleayeT yIassTh
¢ nomornipio delete 0O0beKTHI, co3/lanuble DyHKIMEH malloc, a 0ObEKTHI,
CO3/IAHHbBIE OIIEPAINAME NeW — C IOMOINbIO free.

CKopee BCEro, Bawl KOMMOUAATOP N Npuiararoanca K Hemy bubnnoTeka noCTpoO-
€Hbl TaK, 4TO CMELUEHNE pPa3HbIX CI'IOC06OB BblOENEHNA 1N OCBO60)Kp,eHI/Iﬂ namMAaTn
HUKAKNX HEraTWBHbLIX MOCNEACTBUIA He NMOBAEYET. ITO, OAHAKO, HE NOBOA Tak AenaTth
npu Nepexofe Ha APYroi KOMNUAATOP AN AAaXKe HA APYTYHO BEPCUIO TOTO XKE CaMOoro
KOMMNAATOPa BCE MOXET BHE3aMHO C/IOMaTbCA.

10.4.10. KoHCTPpYKTOpP KONWMPOBaHUA

Paccmorpum cilenyiomyio curyanyio. B peajmzannuu HEKOTOPOIO KJIac-
ca (HazoBéMm ero Clsl) mam HOTPeOOBAJICI JUHAMUYECKUI MACCHUB, KOTO-
PBIi MBI CO3JaEM B TeJIe KOHCTPYKTOPa KJIACCa; €CTECTBEHHO, B JECTPYKTOD
cjieyeT IoMeCTUTDh onepaTop JJjisd YHUYITO2KEHUsA 3TOI'O0 MaCCHUBa:

class Clsi {
int *p;

public:
Cls1() { p = new int[20]; }
“C1s1() { delete []1 p; }
//

3

Tenepsb MpeIoIOKUM, YTO KTO-TO CO3JAET B IIPOrpamMMe KO 0ObEKTa
kJstacca Clsl. Takoe MOXKeT TPOU3ONTH, €C/TH OOHEKT OKAXKETCsT IepeIaH no
3HaYEeHUI0 B KAIeCTBe mapaMerpa OYHKINN, HAITPUMED:

void f(Clsl x)

{
//

}

int main()

{
/...
Clsl c;
f(c);
//...
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[Ipoananu3upyeM MIPOUCXOJSINEE CO CTPYKTYPAMU JIAHHBIX I[IPU BBI30BE
dbyukiun £. JlokanabHast mepeMentas X ABJIsieTcst Konueit oobekTa ¢. Komnns
JII000T0 00'bEKTA MAHHBIX CO3AETCS IIyTeM OOBIYHOIO MOOUTOBOTO KOIHMPO-
BaHUsI, €cJin He yKa3aTh HHOTo. CJie0BaTe/IbHO, IPU KOIMPOBAHIY 00bEKTA
Kjacca Clsl cKonupoBaH OKaxKeTcd yka3amendb Ha JUHAMUYCCKUN MaCCUB;
WHAaYe TOBOPsI, Y HAC HOSABATCS IBA 00BEKTA, UCIOJIB3YIONINE OJUH U TOT YKe
9K3EMILISIP JIMHAMUYIECKOTO MACCUBA: OPUTHHAJ OOBEKTa C U €r0 JIOKAJIbHA
komns x. Bo3nukiasa curyanus nokasasa Ha puc. 10.1.

o 1]

o

Puc. 10.1. Cxema CTPyKTYpbl [IaHHBIX ITOCJIE ITOOUTOBOIO KOIMPOBAHMUS
00bEeKTa

Haxke ecam Takoe pasielieHre He MPUBEAET K HEMEJICHHBIM OIMTUOKAM
(nanpumep, GyHKIWS £ MOXKET U3MEHUTH O0BEKT X, ITO OTPA3UTCSI Ha BHY T-
PEHHEM COCTOSHUU OObEKTa C, Yero Mbl MOIVIA U He OXKHIATbH), B JIOOOM
caydae Tpu BbIxose u3 GyHKIuu £ oTpaboraeT HeCTPYKTOP st OObEKTa
X, KOTOPBIH YHUYTOXKUT JMHAMUYIECKUI MaCCUB, B PE3YJIbTaTe 9ero 00beKkT
C OKaXKeTCs B 3aBEJOMO OIIMOOYHOM COCTOSHIH, IIOCKOJIBKY Oy/eT cozep-
2KATh yKa3aTeb HA yHUITOXKEHHBII MaccuB. K BOSHUKHOBEHUIO OMTHMOKHT Te-
epb IPUBEIET JiI000e JIEHCTBIE C 0OBEKTOM C, eCJIN XK€ HUKAKUX JIeHCTBU
He NPEeIPUHAMATD, TO OIIMOKA BOZHUKHET IPU YHUYTOXKEHUU 00bEKTa C,
KOTJIa JIECTPYKTOP IOIBITAETCS BHOBb OCBOOOIUTH YK€ OCBOOOKIEHHYIO
MaMsiTh, KOTOPYIO PaHee 3aHNMAaJl MACCHUB.

OueBuIHO, 9TO J1JIst 00BEKTOB KJjacca Cls1 mobUTOBOE KOIMPOBAHUE HAC
HE yCTPAMBAET U HEOOXOINMO OOBbSICHUTH KOMITIJISATOPY, KAK CO3/1aBaTh KO-
nuu 3TuX OOBEKTOB, YTOOBI BCE OCTABAJOCH KOPPeKTHO. B s3bike Cu++
JJI 9TOIr'O IIpelyCMOTpPEH CIIeI.[HaJIbeIﬁ BapuaHT KOHCTPYKTOpa, Ha3bIBae-
MBIl KOHCTPYKMOPOM KOnuposarHus. KoHCTPYyKTOP KOITMPOBAHMS NMe-
eT POBHO OJMH IapaMerp, MPUYEM THUIl ITOrO HapamMeTpa IpeCTaBIISTeT
coboM ceviaky Ha 00sexm 0arn020 (ONUCHIBAEMO20) MUNG — KAACCE UAL
CMPYKMYpPovl; B OOJBITUHCTBE CIyIaeB 3Ty CCHLIKY CHAOXKAIOT MOIUMpUKa-
TOPOM const, YTOOBI MOKA3ATh, YTO IIPU CO3TAHII KOIIMY UCXOIHBIN 00bEKT
He u3MeHUTCs. [I0CKOJIbKY BCSAKHIT KOHCTPYKTOD €CTh, KK Mbl 3HAeM, WH-
CTPYKINsI KOMIIMJIATOPY, KaK CO3JaTh OOBEKT JTAHHOTO THUIIA, UMes 3Hate-
HUS TAPAMETPOB, ITOCTOJIBKY KOHCTPYKTOD KOIMPOBAHUS CO CBOEI CCHLIKOM
Ha 00BEKT TOI'O YKe THIA OKA3bIBAETCS WHCTPYKIIMEH, KAK CO3JaTh O0bEKT
JAHHOTO TUIIA, y?Ke UMes OIUH TAaKOW 00BEKT — TO €CTh, IIOIPOCTY IOBO-
ps, xax cozdamdv xonulo umerowezocs obsexma. CHAOINM KOHCTPYKTOPOM
KOIIUPOBaHUs Hall kJjacc Clsl:
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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.pl[il;
}
“C1s1() { delete []1 p; }
//

};

Teneps curyanust pu Bbi3oBe GyHKIUU £ Oy/1eT BHITJISIIETH TaK, KaK TOKa-
3an0 Ha puc. 10.2 — y Kax/10ro oobekTa OyieT CBOI IK3EMILISP MAaCCUABA P.

o ]

P

Puc. 10.2. Cxema CTPyKTyphbl JAHHBIX IIOCJIe IPUMEHEHUsI KOHCTPYKTOPa
KOIIMPOBAHUS

Ormernm, aro B Cu++ 3amperieHo OmuchIBATh KOHCTPYKTOD, IPUHIMA-
IOIIUI € MHCTBEHHBIM [IapaMeTPOM OObEKT TOI'O K€ KJIACCa 110 3HAYEHWUIO,
a He II0 CCBhLJIKe, U TOMY eCTh O4YeBUiHas npuydnHa. 1lo cMbIciry Takoit KOH-
CTPYKTOP TOXKe OBbL ObI KOHCTPYKTOPOM KOIIMPOBAHUS, BE/Ib OH TIOKA3bIBa~
eT, KaK HaJI0 CO3/1aBaTh OObEKT, MMes OObEKT TOr0 YKe TUIIA; HO ITOCKOJIBKY
00BEKT OH IPUHUMAET 110 3HAYEHUIO, ITOT OOBEKT IIPU BHI30BE TAKOI'O KOH-
CTPYKTOPa JIOJIKEH OBITH CKONUPOSAH, TAK UTO IMOJIyIAETCH, 9TO, ITOOBI
BBI3BATh TAKOW KOHCTPYKTOP, HaJO CHa4dajla IPUMEHHUTH €0 Ke caM JJIs
rnepejladu IapaMerpa.

10.4.11. BpemeHnHble 1 aHOHUMHBIE OO0 BEKTHI

C aHOHMMHBIMU ¥ BPEMEHHBIMU O0'bEKTAMHU MBI y2K€ BCTPEUYaJINCh PaHee
(cm. §10.3.3, cTp. 101; §10.4.4, crp. 118). AHoHuMmHble 06BEKMbBL OOBII-
HO [IPUMEHSIOTCs, KOT/Ia OObEKT CO3/IAETCs, YTOOBI OBITH UCIIOIb30BAHHBIM
JINIIb OJIMH Pa3; KaK MPABUJIO, B TAKOW CUTYaIlUU JaBaTh OOBEKTY UMs HE
XOYeTCsl, K TOMY K€ KOJI C UCIIOJIb30BAHNEM AHOHUMHOTO OO'bEKTa OKa3bIBa-
ercs 6ojiee JTAKOHUYHBIM M HAIJIAIHBIM. [Ij1s1 BBeJIeHNsT B BhIpaXKeHUE AHO-
HUMHOI'O O0'bEKTa, UCIOJIb3YIOT UM €r0 KOHCTPYKTOPA, CHAOXKEHHOE CITHC-
KOM (DAKTUIECKHX MapaMeTpoB (BOBMOXKHO, IyCThIM ). IlycTh, HanpuMep, y
HAC eCTh OOBEKTHI t U Z KJacca Complex M HAM HYKHO 3aHECTH B TIEPEMEH-
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HYIO t 3Hayenue Z, IIOMHO2KCHHO€ Ha MHHMYIO €JINHUILY. Mozxno caesiaTb
9TO TaK:

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

a MOYKHO CO3JIaTh aHOHUMHBIH OO0BHEKT, ITO 3HAYUTEIHLHO yA00Hee:
t = z x Complex(0, 1);

C spemerHnbimu 00BEKMaAMU CATYAIINST HECKOJIBKO CJIoyKHee. B otymtane
OT aHOHUMHBIX OOBEKTOB, KOTOPBIE IIPOIPAMMICT BBOJIUT B BBIPDAXKEHUE B
SIBHOM BHJIE, OObEKTHI BDEMEHHBIE KOMITUIATOP OPOXKIAET CAMOCTOSATE b
HO, 6€3 UX IBHOTO YIIOMUHAHUS, XOTsI MbI I MOKEM B OOJILINMMHCTBE CJIYIa€B
OJIHO3HAYHO TPEJICKA3aTh IMOsIBJICHNEe BpeMeHHOro obbekTa. Camblii mpo-
CTOMl CcJIyvail TAKOIO IOSBJIEHUsS — Iepeada napaMeTpa B (DYHKIHIO C UC-
[MOJIb30BAHNEM KOHCTPYKTOpPa Ipeodbpaszopanusi. Tak, B mpumepe Ha cTp. 118
MBI BbI3bIBaJN yHKIHMIO f, mpeamnosaraomnlyio napamerp tumna Complex,
a (haKTUIECKUil apryMeHT MIPEICTABISAI COO0N OOBIYHOE UUCJIO C ILIABAIO-
el TOYKOW; UCHOJ/Ib3ysl BBEJAEHHBI HAMHU KOHCTPYKTOD IPEOoOpPa30BaHU,
KOMITHJIATOD CO3JAJI 8pemernvili obsexm Tuma Complex, KOTOPBIH 1 ObLI B
urore nepesian B GyHKInio £.

Paccmorpum He CTOJIB OYEBUIHBIN CJIyUail TOSB/IEHUsS] BDEMEHHOT'O 00'b-
exTa. [lycTh y Hac nMmeroTcst IepeMeHHbIE @, b u ¢, uMmeronie Tl Complex,
¥ MBI IIBITAEMCH BBIYUC/IUTDh UX CyMMYy, HallpUMep, TaK:

t=a+b+c;

Ormepariuu CJI0KEHUsI B 9TOM OIEPATOPE OY/YT BBIIOIHATHCS, KaK OOBIY-
HO, CJIeBa HAIIPaBO, IPUIEM BTOPOE CJIOZKEHHE B Ka4eCTBE CBOET'O <JIEBOT'O»
apryMeHTa IOJIYYUT Pe3yJbTaT IEPBOI0O CJIOXKEHWsI, KOTOPBIN, OYEBHUIHO,
umMmeer tun Complex, TO eCTb Asasemcsa obsexmom muna Complez. dcwo,
9TO 9Ty CYMMY & U b KOMIIWJISITOP JOJKEH IPEJCTABUTH B BUJIE OOBHEK-
Ta, 9TOOBI 0A% HE20 BBI3BATH OIEPAINIO CJIOXKEHUsI, IepeaB OObeKT C B
KaJyecTBe napamerpa. Kak BbI yKe JI0Ta/IaIuCh, KOMIIMIATOD CO3JAET JJIsd
9TOr0 BPEMEHHBIN O0BEKT. DTOT MPUMED JEMOHCTPUPYET FGaCTHBIN Cirydait
GoJtee OOIIEH CHUTyaluM, KOTJAa KOMIIUISITOP BBIHYXKJEH MOPOXKIATh Bpe-
MEeHHBbIE 0OBEKTHI, & UMEHHO — IIPHU HCIIOJIb30BAHNUN B BBIPAXKEHUU BBI30BA
HEKOTOPO# (DYHKINY, KOTOPast BO3BPAIIAET 3HAYCHIE TUIIA O0bEKT, IPUIEM
BO3BpAT IIPOU3BOUTCS UMEHHO 110 3HAYEHUIO (& He, HAIPUMED, 110 CChLIKE).
B nanHOM ciiydae B posu Takoil (pyHKIMU BBICTYIIaeT operator+.
Hecmorpsa na oueBmanoe paszyindve, aHOHUMHBIE U BPEMEHHBIE OODbEeK-
ThI UMEIOT MEXKJy CODOI MHOTIO ODOIIero; aHOHUMHBIE OObEKTHI MOXKHO CUHU-
TaTh UACTHBIM CJIyuaeM BpeMeHHBIX'?. B IepByIo ouepelph OTMETHM 6pe-

13BOH6€ TOTrO, CTpayCprH B CBOUX KHHUI'aX BOOGIJ_IB He nesjiaeT MeXXIAy HHUMU ABHOI'O
pa3/im4iugd, Ha3blBad «BPEMEHHBIMU obbekTamu» obe paccMaTpuBaeMble CyIIHOCTHU.
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MSA OHCU3HU BPEMEHHBIX M aHOHMMHBIX OOBbEKTOB: OHU CYIIECTBYIOT 0 MO-
MEHTa OKOHYAHUST BBIYUCJIEHUSI BBIPDAYKEHHUSI, COIEPAKAIIETO UX, [TOCJIE 9ero
YHUYITOXKAIOTCS; HAIIPUMED, B OIEPATOPE BBIYUC/ICHUS BBIPAXKEHUS DA
10609IHOrO 3 deKTa BpeMeHHbIe 00BEKThI TPOCYIIECTBYIOT 10 OKOHUAHUS
BBITIOJIHEHUST OTIEPATOPA — «JI0 TOUYKH C 3allsiToi». Eciu coorBeTcTByOmmit
KJIACC UMEET JIECTPYKTOP, ITOT IeCTPYKTOP Oy/eT Bbi3BaH. 113 sToro nmpasu-
JIa, €CTh OJTHO WCKJIFOUYEHME: eCJIM BPEMEHHbBIN UM aHOHUMHbBIA 00bEKT ObLT
UCIIOJIB30BaH B KaYeCTBE NHUIIUAJIM3ATOPA CCHLIKK, TO TaKO 00beKT Oy er
CYIIECTBOBATD JI0 TEX TOP, ITOKA CYIIECTBYET CCHLIKA.

Bropoe mpaBusio, KOTopoe HEOOXOIUMO 3HATH U yIUTHIBATH, COCTOUT B
TOM, YTO HA BPEMEHHBI! WJIM AaHOHUMHBIN 00bEKT HEJIb3s CChLIATh-
Csl HEKOHCTAHTHOM CCBIJIIKON. DTO orpaHudenne 0COGEHHO 3aMETHO MPU
repejiatie mapaMeTpoB B (DYHKIMHU: eCjid (PYHKIUs TPUHIMAET TapaMerp
THUIA «00bEKT» 110 3HAYEHUIO WJIH 110 CChIJIKE Ha KOHCTAHTY, TO B Ka4eCTBE
TaKOro TapaMeTpa MOXKET OBITh UCIOJb30BAH BPEMEHHBIN MJIN AHOHUMHBII
OO'BEKT, TOTJIa KAK €CJIU [TapaMeTp MePeaéTcs 0 HEKOHCTAHTHON CCBHLIKE,
TO BPEMEHHBIE U AHOHUMHBIE OO'BEKTHI JIJIsl TAKOTO ITapaMeTpa He TOIXOJIT.
DTO MPABUIIO TIPH OJIMKANIIEM PACCMOTPEHUN OKA3BIBAETCSI BIOJIHE JIOT Y-
HBIM. B camMoMm fere, Hamdme mapaMeTpa-CChLIKT, €CJIN 9Ta CChLIKA He 000-
3HAYEHA KaK KOHCTAHTHAsI, OOBIYHO IIOJPa3yMEBAET, YTO COOTBETCTBY FOIIHiT
rmapamMeTp HCIIOJIb3yeTcsl KaK 6620010, TO €CTh MPEJINoIaraeTcs, ITo ue-
pe3 aToT mapaMerp PYHKIUS 6038pauw,aem HEKOTOpyIo mHpopMarmio. 11o-
MeIATh TAKy0 HH(MOPMAIINIO BO BPEMEHHBIN 00bEKT KpaiiHe CTPAHHO, BEb
OH UCYE3HET paHblle, 9eM HH(MOPMAIUS CMOYXKET ObITH UCIOIH30BAHA.

HampamuBaercss mpocToit MeTOMOJIOTUYIECKUl BBIBO: UCHOJIb3YIiTe
Mo auduKaTop const JJI BCEX CCHLIOK, JIJISI KOTOPBIX 3TO BO3MOXK-
HO. HekoHCTaHTHBIE CCBLIKM B KadecTBe MapaMeTpoOB (DYHKIWI Cjemayer
WCIOJIb30BATh TOTJA W TOJIBKO TOrJa, Koria (DYHKIUS 3aBEJOMO JOJIKHA
MOIM(DUIIIPOBATH IEPEMEHHYIO, MEPEAHHYI0 Yepe3 TakOil mapaMmerp, TO
€CTh IapaMeTp MCIOJIb3yeTCsl JJisl Iepejadn nHdopManuu u3 QYHKIUA K
BBIZBIBAIOIIEMY — HAIPUMED, KOTia (OYHKIUS JTOJIZKHA BOZBPATHTE HOJIBIIE
OJIHOTO 3HAYEHUS.

10.4.12. 3uavyeHus mapaMeTpoB IO yMOJITYaHUIO

Asbik Cu++ 1nosBosisier npu 00bsiBiieHUM GYHKIMU (T.€. B TOM Me-
CTe eJMHUIIBI TPAHCJIAIMH, TJIe BIEPBble (DUI'YPUPYET UPOTOTHIL (DYHKITHN )
33/1aTh JJIf HEKOTOPBIX UJIH BCEX €€ IIapaMeTPOB 3HAYEHUSA TO YMOA-
YaHUt0, B pe3ysibTaTe 4ero IPpU BbI30Be (DYHKIMHM MOXKHO Oy/eT yKa3aTh
MeHbIIIee KOJIMUeCTBO apamerpoB. Heocratoimue mapaMeTpbl KOMIUISITOD
ojictaBuT caM. Harpumep, onurineM ciie/ryfontyio GyHKIHIO:

void f(int a = 3, const char *b = "string", int c = 5);

Tenepb BO3MO>KHbBI TaKH€ BbISOBLI:
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£f(5, "name", 10);

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

Ha 3mavenns mo yMOJYaHUIO HAKJIAIBIBAIOTCH OIPEIEIEHHbIE OIDAHUIE-
Husg. MoXKHO yKa3arTh 3HAYEHWE 10 YMOJIYAHUIO JJIsi JTFOOOTO KOJMIECTBA
mapaMerpoB (YHKIIUU, HO IIPU 3TOM BCe ImapamMeTrpbl PYHKIUU, CJie-
Jylollle B CIIMCKe IIapaMeTpPOB 3a IIePBBLIM, MMEIOIIUM 3HadeHue
10 YMOJIYaHUIO, JOJI?>KHBI TaK>Ke NMeTh 3Ha4YeHUe 110 yYMOJJIYaHUIO.
Hampumep, ciesmyiomniue onucanusi 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 cjlelyolye — HeKOPPEKTHBDL:

void f(int a = 0, int b, int ¢ = 20); // OIMBKA
void f(int a = 0, int b = 0, int c¢); // OIMBKA
void f(int a = 0, int b, int c); // OIUBKA
// buc AOJIXHE MMETBH yMOJIHaHue, T.K. €ro HMeeT a

void f(int a, int b = 10, int c); // OIMBKA
// ¢ DONXeH uMeThH yMONYaHWE, T.K. €0 UMeeT b

DTO OrpaHWYEHNE BBEJEHO B S3BIK, UTOOBI YIPOCTUTH KOMIUJISTOPY IIO-
WuCK moaxojsieit ¢gpyukiuu. Eciaum npu BeI30Be yKa3aHO 1 (PaKTUIECKUX
mapamMeTpoB, KOMIIAJISITOP COTIOCTABJISIET UX C 1 Nepeumu (POPMATbHBIMA
mapaMerpamu GyHKInu. Tak, ecan 3amana QyHKITIS

int f(int a, const char *str = "name", int *p = 0);
TO coeayiomuit pparMeHT OyaeT OmmboYeH:

int x;
£(5, &x);

IMOCKOJIbKY (DAKTHUYECKHil IapaMeTp &X MMeeT THUIl int *, a COIoCTaBjeH
oH OyJ/IeT CTPOTO CO BTOPBIM MTapamMeTpoM (GYHKIUU £, KOTOPBIH UMeeT THUII
const char *.

Kpowme Toro, BbIpazkenue, 3ajaoliee 3HAUEHAE IO YMOJIAHUIO, TAKKE
MOYKET CTaTh IPUIUHOMN OITUOKMY, a ITPaBU/Ia, CBI3aHHBIE C TUM, IPOMO3IKN
¥ HEOUeBUIHEI. JIydIe Bcerma 3a1aBaTh yMOTIAHUS KOHCTAHTAMI BPEMEHN
KOMITUJISIIINY, YK C HOUMUA-TO TOYHO ITpo0JieM He Oyer.

B mureparype BcTpedaeTcs yTBEpIKJICHHE, UTO TTapaMeTPhl 0 YMOJIIa-
HUIO MIPEJICTABJSIOT CODOM eImé OHO MPOABIECHNE CTATHICCKOTO TOJTIMOP-
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dusma. Ha camom jejie 310 yTBep:KI€HHE COMHUTEBHO, ITOCKOJIbKY HU-
KAKOT'O OTHOIIEHUS K PA3AUNHLLM MUNAM GP2YMEHMOE STOT MEXaHU3M He
WMeeT; BIPOYEM, BOIIPOC TYT, KAK BOJIUTCS, TEDMUHOJOTUIECKUN, a TePMU-
HBI MOXKHO OIIPEJIEJISITh TIO-PA3HOMY.

Beesenne mapamMerpoB 10 YMOJIYAHUIO IPUBOAUT K HEOOXOIUMOCTH
YTOUYHEHUsT (POPMYJIIUPOBOK, CBSA3AHHBIX C KOHCTPYKTOPAMH CIEIMATHHBIX
BugoB. B §§10.4.3, 10.4.4 u 10.4.10 MBI paccMaTpuBaju cHeruduIecKue
KOHCTPYKTOPBI, TOBOPSi, YTO:

® KOHCTPYKTOD 0e3 mapaMeTpOB BOCHPUHUMAETCS KOMIIMISITOPOM KakK
KOHCMPYKMOP NO YMOALAHUIO;

® KOHCTPYKTOpP C OJHUM IIapaMeTpoM, HUMEIOIIUM THII, OTJIUYHBINA OT
OIICBHIBAEMOT'0, BOCIIPHHUMAETCA KOMIMJIATOPOM KaK KOHCMPYK-
mop npeobpa3osarus;

® KOHCTPYKTOP C OJTHUM IIapaMeTpPOM, UMEIOIIUM THUIl «CCbLIKa Ha OIIN-
CBIBAEMBIil KJIaCC WU CTPYKTYPY», BOCHIPUHUMAETCS KOMIIMJIATOPOM
KaK KOHCMPYKMOP KONUPOBAHUSA.

VauTbiBasg BO3MOXKHOCTH 33/[AHHUS 3HAYEHUI IAPAMETPOB IO YMOIYAHUIO,
CJIeJTyeT TOBOPUTD, ITO KOMITIJIATOP BOCIPUMET KaK KOHCTPYKTOD CIIEIH-
aJIbHOI'O BHJIa TAKOW KOHCTPYKTOP, KOTOPBIA donyckaem €20 6vbi306 C COOT-
BETCTBYIOIUMHU IapameTrpamu. Tak, Mbl MOy ObI B Kyiacce Complex omnu-
CaTh BCETO OIWH KOHCTPYKTOD, KOTOPBIH OBl CIYKWUJI U KOHCTPYKTOPOM IIO
YMOJTYAHUIO, ¥ KOHCTPYKTOPOM IIPeo0pa30BaHusl, U OOBIYHBIM KOHCTPYKTO-
POM OT JIBYX apryMeHTOB:

0, double a_im = 0)
a_im; }

Complex(double a_re
{ re = a_re; im

B camowm jieste, Takoit KOHCTPYKTOP MOXKET OBITh BbI3BaH U O€3 MapaMerpos,
TO €CTb KaK KOHCTPYKTOD IIO0 YMOJYaHUIO, U C OJHUM IlapaMeTPOM THIIa
double, TO €CTh KAK KOHCTPYKTOpP IpeobpaszoBanus n3 double B Complex.

10.4.13. Onucanme MeToga BHe KJacca. ObJjacTu
BUIMMOCTHU

o cux mop BCe ONMUCHIBAEMbIE HAMU METOJbI COCTOSIIN U3 OIHOU-IBYX
cTpok koja. Koneuno, Tak mosrydaercst JajeKo He BCErJia, a pas3Mmep Teja
MEeTOJa, BOOOINEe rOBOpsi, HE OIPAHUYEH, KAK HE OIPAHUYEH U Pa3Mep TeJia
OOBIYHOI (DYHKIUK. DTO, BOPOUEM, HE O3HAUAET, 9TO HAIMCAHIE IPOMO3JI-
KuX QYHKIWIA B 9EM-TO ITPABUJIBHO; KAK MBI 00CY?KJIAJIH €IIIE B IEPBOM TOME
(cM. §2.4.4), uneasbHas HOAIPOrpaMMa. JIOJIZKHA YKIIAIBIBATHCA B 25 CTPOK
WK B KpaifHeM CJiydae ObITb 9yTh-4yTh OOJIBIIIE.

JlJ1st MeTOJIOB, Tesia KOTOPBIX ONUCAHBI B 3ar0JIOBKe (ONMCAHUM) KJIAC-
ca, OrpaHMYeHVs, HAJIaraeMble 3IPaBbIM CMBICJIOM (HE KOMIHJISATOPOM!),
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OKa3bIBAIOTCS HaMHOro kécrde. Onucanve Kjacca MPU HAJUYAA B HEM
HECKOJIbKMX METOJIOB CKOJIbKO-HHOY/Ib 3aMETHOI0 00bEMA MOXKET CTaTh
(B cuity CBOMX pa3MepOB) COBEPIIEHHO HEIOCTYIHBIM Jjisi HOHUMaHus. Ta-
e BCEro MPOrPAMMUCTHI YUTAIOT OIMMCAHUS KJIACCOB, YTOOBI MOHSATDH, KaK
paboraTh ¢ OOBEKTAMHU ITOrO KJIACCA, & JJIsi 9TOTO HYXKHO 3HATH HAbOP
ero myosm9IHBIX MeTOoIOB. 1loKa ommcanue Kjacca IMEJIMKOM YMEeIIaeTcs Ha
9KpaHe, CIIMCOK ero MeTOJ0OB MOYXKHO OXBATHUTBH OJHWM B3IJISIOM; €CJIU JKe
B KJIACCE OIMCAHBI METO/bI C TPOMO3JIKUMHK TEJIAMU, JJis O3HAKOMJIEHHUS C
3aroJI0OBKAMHU METO/IOB MOYKET IIOTPEOOBATHCS I0JITOE IEPEINCThIBAHNIE KO-
Jla Tyla 1 00paTHO, IPUIEM B IIPOIECCE MOUCKA 3ar0JIOBKA OJIHOTO METO/Ia
[IPOrPAMMUCT MOXKET YCIIETh 3a0BITh IIPO JIPYTUE, TaK UTO U3YUEeHUE KJIACCa
CTAHOBUTCS 3aHATHUEM JOJITUM U YTOMUTEIHHBIM.

Ectb u emgé omgna nmpobsiema ¢ TejiaMu METOIOB, KOTOPasi BO3HUKAET IIPU
HAIMCAHUU MHOIOMOJIYJIbHBIX IIporpaMm. B si3bike Cu MBI TOMEIAIu OIu-
CaHUusd CTPYKTYP, HeOOXOnuMble DoJiee YeM B OJHOM MOJYyJIE, B 3ar0JI0BOY-
weie daitiapl. B Cu++ ¢ kiraccamu u CTpyKTypaMy CATYAIs COBEPIIIEHHO
Takasi yKe: eCJIi Mbl XOTUM HCIIOJIb30BaTh HEKOTOPbI KJIACC WU CTPYK-
TYPY B HECKOJIBKUX MOJYJISIX, CJIE/IyeT IIOMECTUTH OIUCAHUE ITOIO KJIACCA
WIN CTPYKTYPBI B 3ar0jIOBOYHBIN (aill M BKIIOYUTH ITOT (haila JupeK-
TuBOH #include "..." BO Bce HyKHBbIe MoOayad. Eciam mpm 3TOM KJacc
WA CTPYKTYPa COJIEPXKUT TejIa MEeTOJO0B, 3TO Oy/IeT 03HAYATD, YTO KOJI, CO-
CTABJISIONINI UX TEJIA, OKAYKETCH OTKOMIIUINPOBAH B KaCIOM U3 MOJYJIE.
B urorosom ucnosiasiemoM baiisie MOXKET 0Ka3aThCsl 3HATUTEHHOE KOJTHIe-
CTBO AyOJIMPYEMOT0 KOJIa: KazK Il 13 MO/LyJIeil, MCIIOIb3YIOIIIX HAII KJIacc,
MIPUHECET B UCIOJIHSIEMBIN (Dailyi CBOIO KOIHIO KOJ[A €r0 METO/IOB.

O6e mpobJieMbl — TI'POMO3JKOCTH OIUCAHUs Kjacca U IyOJupoBaHUe
00bEKTHOTO KOJIa METOJIOB — DeIIAaloTCs BBIHECEHWEM TeJI METOJIOB 3a
[peJIeJibl ONUCAHUs KJacca (HA3BIBAEMOIO TaKXKe 3A20408KOM KAACCQA).
ITpu 3TOM B 3aroJIOBKe KJIACCA OCTABJISIETCS TOJILKO IIPOTOTHIL (3ar0JIOBOK )
dYHKIIMU-METO/Ia, TO €CTh THIl BO3BPAIAEMOr0 3HAYEHUs, UMsi METOJIA,
clucoK (hopMaJIbHBIX apaMeTpoB U (BO3MOXKHO) MoubHUKaTop const, 110-
CJIe 9ero BMECTO TeJjia METO/Ia CTABUTCS TOYKA C 3AIISITON, KAK U TOCJIe 00bIY-
HOro npororuria GpyHKIuu. Teyio GyHKIUU-METO/1a IIPA STOM OIMCHIBAETCS
B JIDYT'OM MeECTe, 3a IPeJIeJIaMy 3ar0JIOBKA KJIACCA, BO3MOXKHO JIaXKe, 9TO B
apyrom daitsie — 0OBIYHO TaK CJIy9IAeTCsl, €CJIU 3ar0JI0BOK KJIACCa BBIHECEH
B 3ar0JIOBOYHBIN (hailJT; Tejia MeTOIOB IIPH 3TOM OIUCHIBAIOTCS B (aiiie pe-
aJIM3AIIU COOTBETCTBYIOIIEr0 MOJLYJIS, TAK UTO IIPU TPAHCJISINI MOJIYJIe,
B8KAMOUAIOULUL ITOT 3arO0JJOBOTHUK, KOMIITUJISTODP BUIUT 3ar0JIOBOK KJIacca,
HO HE BUJIUT PEAJIM3AIUI0 ero MeTOOB.

IIpu onmcanum GpyHKIMH-METO/1a 32 IIPE/IeIaME 3ar0JI0BKa KJIacca Hy K-
HO YKa3aTh KOMIIMJISATOPY, YTO PeYb UIET MMEHHO O METO/IE OIPEIETEHHOTO
KJIacca, a He O IpOCTOi (YHKIMH. ITO JIETAETCA C IOMOIIBIO CUMBONA
packpvimus obaacmu sudumocmu, B posi KOToporo B Cu++ BBICTY-
naeT JBa JBOETOYMs <::» (MHOIJA IPOrPAMMUCTBI HA3BIBAIOT ITOT CHUM-
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BOJI «4eTBepoTouneM» ). Hanpumep, eciam Mbl onuceiBaeM Hekuil kiacce C1
U B HEM €CThb KOHCTPYKTOD II0 YMOJIYAHHUIO U HEKOTOpble MeTonnl f u g,
BbIHECEHUE OIMCAHUA METOJIOB 3a IIpe/esbl KJIacCa MOXKET BBIIVIAIETh TaK:

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

};
/] 1/
C1::C10)
{
// Temo ROHCTpPyKTOpa
}
void Cl::f(int a, int b)
{
// Teno MeToma f
}
int Cl::g(const char *str) const
{
// Temo meToma g
}

CMBICST «PACKPBITHST O0DJIACTH BUIUMOCTH» MOXKHO TIOSICHUTB CJIEJTYIOITUM
obpaszom. mena 1oJieit 1 METO/IOB JIOKAJIM30BAHBI B KJIACCE: €CJIM B KJIACCe
€CTb MEeTO/[ C UMEHEM f, TO BHE KJIaCCa MbI MO2KeM HCIIOJIb30BaTb MJICHTHU-
dukarop £ 15t ApyTrEX Teseit Tub0 BOBCE He UCIOJIbL30BATh €ro; MOSBICHNEe
unenTrduKaTopa f BHE KJIacca He UMeeT HUKAKOIO0 OTHOIIIEHUsI K MeTony T,
ONMCAHHOMY B KJjiacce. Bmecre ¢ TeM B HEKOTOPBIX CJIyYasxX HUMsl MeToja f
BCE JKe IMOsIBJISIETCS] BHE KJIACCA MMEHHO KaK MMsI 9TOTO METOJa — HAIPH-
Mep, IIPU BBI30BE €r0 /s 00beKTa Kjiacca. Takum 00pa3oM, B OTJINYHE OT,
HaIpUMEP, JIOKAJbHBIX [TEPEMEHHBIX B (DYHKIUSIX, UMEHa YJIEHOB KJIAcCa
docmynib: BHE Kiiacca (KOHEYHO, €CjId OHU He 3aKPBIThl MEXAHU3MOM 3a-
HIUTHI), HO TOJILKO €CJIU UMEIOTCsl YKA3aHUsl HA TO, 4TO TPeOyeTcs uMs U3
KJIACCa; IIPU BbI30BE METOJA 044 005eKmMa TaKUM yKa3aHUeM CINTAETCs TUIT
9TOro 0ObEKTA.

ToBopsT mosToMmy, 9T0 Kiace (HWIn CTPyKTypa) IpejcTaBiser coboit 06-
aacms sudumocmuy (WK, €CU YIOJHO, POCTPAHCINEO UMEH — STH
TEPMUHBI CYUTAIOTCS B IPOIPAMMHUPOBAHUM CHHOHMMAMHU), B KOTOPOW MO-
I'YT CyIIECTBOBATH CBOM (LIpUHAJIEXKAIIHE eii) uMeHa, He KOHMDIIUKTYIOIIIe
C UMEHaMU BHe e€ jjayke IIPU COBIaJeHUU ujeHTudGUKaTopos. Vmena, Jjio-
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KaJIM30BaHHBIE B 00JIACTU BUIMMOCTH, OT 3TOrO HE CTAHOBATCS, BOODIIE T0-
BOpsA, HEJIOCTYIIHBI; OHU JIOCTYIIHBI, HO TOJIBKO IIPU HAJIMYAM yKa3aHHUil Ha
obstacts BugumocTu. CHUMBOI PACKPBITHS OOJACTH BUIMMOCTH KaK pa3 u
IIpeTHa3HAYeH [T TaKUX ykKa3aHuil. MoxKHO cKasaTh, 9TO OJINH M TOT Ke
MeToJ nMeeT BHyTpu Kiacca Cl (To ecTh B Telax ero MeTojoB) ums f, a
BHe KJjlacca — uMd Cl::f.

CuMBOJI pacKpbITHA 00JIACTH BUAUMOCTU IIPUMEHSIETCS HE TOJBKO JIJIst
OIMCAaHUs METO/IOB BHE 3aroJioBKa KJjiacca. Eciam omycTuTh mMs 00J1acTH
BHIUMOCTH CJIEBA OT CHMBOJIA < : :», [IOIPA3YyMEBAETCS 2.400a.40HAA 00IACTD
BUJUMOCTH; HAIIpDUMED, €CJIA B BallleM KJjacce eCTb MeTol func u npu 3ToM
B Ballleil IporpaMMe ecTh 0ObIdHas (DYHKINSA C TAKUM 2Ke MMEHEM, BbI MO-
JKeTe K Heil 00paTUThbCs M3 METOMOB BAlllero Kjacca, Ha3Bas e€ ::func.
C apyrumu ciydasiMd MIPUMEHEHUsI CHMBOJIA «: :» MbI CTOJKHEMCS ITO32KE
IIPU PACCMOTPEHUU CTATUYECKUX II0JIefl U MeTO/I0B.

Cpenaem elwé ofHO BaXKHOE 3aMevaHne. HacTo MOXXHO CTOJIKHYTBCS C yTBEPXKAE-
HUEM, 4YTO K4E€TBEPOTOYMNE» — I3TO AKOBbI onepayuns (I/I, B 4aCTHOCTH, eé BKJoYatoT
B CMUCOK orepauuli, KOTopble Henb3sl nepeonpenensts). YTobbl onposeprHyTb 310
yTBEpXAeHNE, OCTATOYHO 3aMeTUTb, HTO HN CNeBa, HN CNpaBa OT CUMBOJIA K: :>» HE
MOXET CTOATb HNKAKOE BbIPa>XKEHUE: HN NMA 06}13CTI/I BUOANMOCTUN, HN NUMSA Noas nan
ME€TOoA4a HE MOryT 6bITh BblIHUCJ/IEHbI, X MOXXHO YKa3blBaTb TOJIbKO B ABHOM BUAE.
Ecnn cuntaTth «::» onepaumeii, OHa OKaXKeTCs «HYNb-apHOWM», TO €CTb onepauueii
be3 onepaHaoB; Maslo TOro, BO MHOIMx cay4asXx oHa eLLl,é N He nmeeT 3HadyeHus. Ho
rnaBHOE faXXe€ HE 3TO. KOHCprKLI,VIVI C CUMBOJIOM «::>» 4aCTO BCTPEHAKOTCA B Ta-
KNX KOHTEKCTaX, rae npocto He MOXET 6bITb HWYEro NOXoXero Ha apVICbMeTVI‘-ieCKOe
BblpaXkeHne — Hanpumep, B 3arofoBKax (PyHKUWUl WA B ONMCAHUSAX NEepPEMEHHbIX.
Jlornyxee CHNUTATb, HTO CUMBOJT K : :» HNKAKOIo OTHOLWIEHNA K onepaunsamM HE NMEET,
3TO NPOCTO CMMBOJ.

10.4.14. «ITogcraBnsiembie» dyukiuu (inline)

K HblHemHeMy MOMEHTY y YUTATENs MOIVIO CJIOXKHTBLCA OLLYINEHHE,
4TO 00BEKTHO-OPUEHTHPOBAHHOE IIPOIPAMMUPOBAHUE BMECTE C a0CTPAKT-
HBIMU THUIAMU JAHHBIX — 3TO KYTKO HEI(M@MEKTUBHO M3-3a TOrO, UTO K
3aKPBITHIM IIOJIM KJIACCOB W CTPYKTYDP NPUXOIUTCA OOpaIaThbes depes
PYHKIUI-METOABI, 8 BeIb BbI30B (DYHKIMH IPEIIoJaraeT IIOMEIIeHHe B
creK eé mapaMeTpoB (Kak MHUHUMYM yKasaressi this), coszanue u mo-
CJIEeIYIONYIO JIMKBUIAIMIO CTEKOBOro (peiiMa m Bcé Takoe mnpouee. s
MaJI0-MaJIbCKU HeTPUBHAJIBLHBIX (PYHKINI BCE 3TO HE CO3HAET IPODJIEM, 110~
CKOJIBKY OIlePaIiil, CBSI3aHHBIE ¢ TEXHUIECKUM UCIIOJHEHIEM BbI30Ba (DYHK-
MU W BO3BpaTa U3 HeE, OOBIYHO OTHUMAIOT HUYTOXKHOE BpEMs B CPaBHE-
HHUM C BBIIOJIHEHHMEM Teja (PYHKIUU; HO Belb Mbl HEOIHOKDPATHO BUIEJIHA
B IpuMepax (pyHKIUH-METO/IbI, TIOIPOCTY BO3BPAIIAIONINE 3HAYCHHUE [TOJIs
00bEKTA, a CKONMPOBATH II0JIe U3 3aJaHHOi 00JIaCTH ITaMITH MOYKHO OIHOMN
KOMAHIOH! mov!
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HeiicTBuTe IbHO, €/ ObI KOMITMIATOP OPOPMJISIII BCE BBI3OBBI METOOB
«II0-9E€CTHOMY », 9TO MOTJIO ObI IPUBECTU K OILYTUMBIM IIOTEPSIM, HO, K CHa-
CTBIO, BCE He Tak mioxo. [lemo B ToMm, uyro komuuiasaTop Cu+-+ HEKOTOpBIE
dyuknuu cuuraer <«mmoAcTraBageMbiMuy (AHI. inline; BCTPEYACTCI TAKIKe
PYCCKHIl IIepeBoJ| «BCTpanBaeMble» ). Koryia B TekcTe porpaMMbl BCTpeda-
eTcs obpalenne K TaKOi PYHKITNN, KOMITAISITOP BMECTO OOBITHOTO BHI30BA
nodcmaesasem mawurHul kK00 meaa Pynrxyuu. Iocte atoro onrumusarop,
paboTaromuii Ha YpOBHE MAINMMHHBIX KOMAH/I, BBIKHIBIBAET BCE JIMIITHEE, TAK
9TO MTOTOBBIN KOJI CTAHOBHUTCS HUYIYTh He MeHee dPPEKTUBHBIM, YEM €C-
Ji OBl MBI OOPAIIAJINCH K TIOJIsIM 00bEeKTa 0e3 BCSIKUX BBI30BOB METOJIOB —
CcODCTBEHHO I'OBOpsi, HA YPOBHE MAIIMHHOI'O KOJa HUKAKUX BBI3OBOB U HE
IIPOUCXOIUT.

Konegno, Takoe umeeT cMBIC JIUITH st DYHKINNR ¢ OYeHh KOPOTKUM
TesioM. BerioMHUM Teneph, 9Té Mbl 00CY2K /181U B IIPEJIbIIYIINeM naparpade:
TOJILKO OY€Hb KOPOTKHUE TeJIa METO/IOB CTOUT OCTABJISATH B 3ar0JIOBKE KJIac-
ca, a BCe IPOYNE BBIHOCUTDH 3a ero npemesbl. COmOCTaBUB ONHO C APYTUM,
MBI CMOKEM JIyUIlle TOHSITh JIOTUKY, CTOSIILYIO 38 CJIeIYIONIUM COTJIAIEHN-
em: KoMmouiadaTop Cu-+t-+ mbITaercsa odOpabaThiBaTh KaK <«IIOCTaB-
JsieMble» BC€ METObl, Te€JIa KOTOPBHIX OIMCAHbI HEMOCPEICTBEHHO
B 3aroJIOBKe KJiacca.

MpbI MOXKEM TIPEJIOKUTH KOMITUISITOPY 00pabaThIBATH B KATECTBE IO
CTaBJIIeMON JIIO0YI0 (DYHKITUIO, JIJTsI 9TOTO JOCTATOYIHO MEPE]] €€ OMUCAHUEM
IIOCTaBUTh KJIIOYEBOE CJIOBO inline:

inline int f(int x)
{

//. ..
}

EcrecTBenno, cienarh 3T0 MOXKHO U C METOJIOM, T€JIO KOTOPOT'O MBI PEITUIIN
BBIHECTH 3a IIPEJeJIbl 3ar0JI0BKa KJIaCcCa, HAIPUMED, YTOOLI HE 3arDOMOXK-
JaTh 3TOT 3ar0JI0BOK.

C inline-dpyHKIMSIMYU CBSI3aHO HECKOJIBKO MHTEPECHBIX MOMEHTOB, KO-
TOpbIE CTOUT HMOHMMATh. IIpekse Bcero orMeTnM, YTO HU ONKCAHUE TEeJIa
METOJ[a B 3ar0JIOBKE KJIACCA, HU JIaXKe fBHBIM 00PA30M yKa3aHHAs JTUPEK-
TuBa inline B HeHCTBUTEIBHOCTHA HU K Y€MY KOMITHJISITODP He OOSI3bIBAOT:
€CJIU 110 TeM MJIA MHBIM IIPUYNHAM OH CIUTAET, YTO (DYHKITHIO C TAKUM TEJIOM
Oymet apdekTuBHEE 0OPAOATHIBATDL KAK OOBITHYIO BBI3BIBAEMYIO (DYHKITAIO,
a He KaK IOJICTaBJIseMYyI0, TO IMEHHO TaK OH C Hell U IOCTYIIUT.

Bropoit MomeHT He cTosb O4yeBHIEeH. Ecim B 0IHOM U3 BAaIIUX MOIY-
Jieit BBommTCA inline-dyHKIus, KOTOPYIO BBl XOTHUTE CIIEJIATH JOCTYITHOMN
IJ1s APYTUX MoayJse#l, To eé onucaHue — IIOJHOCTbIO, BMECTE C TEJIOM —
CJIeJTyeT BBIHECTHU B 3ar0JIOBOUHBIH (aity. UTOObI OHSATD, TOYEMY 3TO TaK,
JOCTATOYHO BCIOMHUTD, YTO PEIAKTODP CBsA3eil 1pu cOOpPKe IIPOrpaMMbl U3
00BEKTHBIX MOJTyJIeil PACCTABIIAET aJIpeca, II0 KOTOPBIM MOJLYJIN 0OpAIaioT-
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¢l K 0OO0beKTaM (IepeMeHHBIM 1 (DYHKIMSIM, WU, FOBOPS IIUPE, 00JIACTIM
[IAM$ITH), BBEJACHHBIM B JIPYTUX MOJIYJISAX; OOJIbIIE HUKAKUX M3MEHEHUIl B
KO/T PeIaKTOP CBsI3€il BHECTU HE MOXKET, B TOM 9HCJIE, €CTECTBEHHO, HE MO-
2KET OH ¥ MOJICTABUTH BMECTO BBI30Ba (DYHKIMHN KAKOW-TO TaM (DparMeHT
KO/a, Oy/Ib OH XOTb TPUKJBI TeJIoM 310 dyukiuu. CiegoBaTesbHo, MO
CTAHOBKY KO/1a inline-yHKITUHU JOJ2KEH BBHIIOJHUTH KOMIIHIATOD BO Bpe-
Msl KOMITIJISIIIAN, HO B€Jb IMPU KOMIUJISIIIUU OJHOI'O MOJYJIsi KOMIIUJISITOP
HE BUJIUT TEKCTa JPYTUX MOJYJIeil — COOCTBEHHO I'OBOPsl, B 3TOM M COCTOUT
CYyTh pasdeavhoti mpancaayuu. Beé, 970 3HAET KOMIHIATOP O JPYTHX MO-
JIyJASX — 9TO TO, YTO HAIMCAHO B IIOJIKJIFOUEHHBIX 3ar0JIOBOYHBIX (dailiax,
OHHM KaK pa3 JJjIsl 9TOr0 U CO3JIA0TCS; TaK YTO, KOJIb CKOPO KOMIIUJISITOPY
JI7IsT TIOACTAHOBKY inline-pyHKIINN HY>KHO, OYEBUIHO, 3HATH €€ TeJIO, TO
9TO TEJIO CJIEIYeT BBIHECTU B 3arOJIOBOYHUK.

JIF00OIBITHO, YTO KOMIIUJISITOP MOXKET CO3/aTh KaK OOBIYHYIO, TakK U
[IOJ/ICTABJISIEMYIO BEPCHIO JIJIsI OJIHOM U Toi ke dbyuxnuu. Hanpumep, kommnu-
JIATOD HOIPOCTY BBIHYZKJEH I'€HEPUPOBATH OOBIYHYIO (BBI3bIBAEMYIO) IIOJI-
porpaMMy B CJIydae, eCJii IJe-TO B Ballleil mporpaMMe OT 3TOM MOIpo-
rpaMMbl O€pYT aJIpec U 3aHOCAT €ro B yKa3areab Ha PpyHKIHO. BripotueMm,
HU 9TO, HA BO3MOXKHBIN OTKA3 KOMIIMISITOPA PACCMATPUBATEH (DYHKIIUIO KAK
«IIOJICTABJISIEMYIO» B JIFOOOM CJlydae He MOXKET IIOBJIUSATH Ha CEMAHTUKY
UTOrOBOI IPOrPaMMBI — TOJIBKO Ha Pa3Mep MAIUHHOTO KOJIA.

Tax nnn nnade, 06 inline-OYHKIMAX CTOUT IOMHUTD XOTS OBI JIJIsT TO-
1o, 9TOOBI He DOSITHCs TTOTEPSTH IPMOEKTUBHOCTD U3-38 BBI30BOB KOPOTKUX
METOJIOB.

10.4.15. Naunmpanun3aiiys 4JI€HOB KJjlacca B
KOHCTPYKTOpe€e

o cux mop MBI 3a/1aBaIn 3HAYEHUS TOJIeH 00bEKTa, ¢ TOMOIIBIO OOBIK-
HOBEHHOT'O TIPUCBAWBAHUSI B Tejle KOHCTPYKTOpa. Takoii crmocod MOxKeT OKa-
3aTbCsl HEIPHeMJIEMbIM; JIeiCTBUTE/IBHO, HUKTO He MeIllaeT OObsIBUTH B
KJIacce II0Jie, MMEIOIee, B CBOIO OYepe/b, TUIl KJIACC, MPpUIEéM 0e3 KOH-
CTPYKTOpa 1o yMoJdanuio. PaccmorpuMm a1y curyarmio nogpodbuee. Ilycrs
A — xJIacc, eJIMHCTBEHHBIN KOHCTPYKTOP KOTOPOro Tpebyer Ha BXOJ JBa
napaMeTrpa Tula int:

class A {
//

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

3

Omumem Terepb Kjacc B, B KoropoM ecTh mojie tuma A. Jljisi mpocToTs
KapTHUHBI Oy/ieM CYUTaTh, YTO B KJIacCe B HaM HY?KeH TOJIbKO KOHCTPYKTOD
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[0 YMOJIYAHUIO (JUIsl IPYTUX KOHCTPYKTOPOB CUTYaIUsl OyJeT HOJHOCTHIO
AHAJIOTUYHA):

class B {
A a;
public:
BO;
/...
};

Paccmorpum Tesio koaerpykropa B. B HéMm (To ecTh BO BpeMmst ero paboThl)
yotce JTIOCTYIHO TIOJIe &, a JIJIsl 9TOT0, KaK MblI 3HAEM, JIOJIKEH OBLIT 0Tpabo-
TaTh KOHCTPYKTOp Kitacca A. Ho Beib € IMHCTBEHHBINT KOHCTPYKTOP KJIACCA
A tpebyer mapamerpos! Kak ke ux emy nepenars?

Yr00bI pemuTh BOZHUKIINYIO 1pobiieMy, B Cu-++ BBEIEH CleluasbHbBIN
CHHTAKCHUC I UHUUUaAU3auuU noaseti obsexma. Ilpu onncannm KoH-
CTPYKTOPa MEXKJLy ero 3ar0JIOBKOM U HAYAJIOM Tejia (OTKpbIBatomei dburyp-
HOM CKODKOI) MOYKHO IIOCTABUTBH JIBOETOUME, TIOC/IE€ KOTOPOIrO Yepes3 3allsi-
TYIO IEPEYUCTUTD BBI30BBI KOHCTPYKTOPOB JIJIsI HEKOTOPBIX HJIM BCEX TIOJIEi
Kitacca. B paccmarpuBaemoM mpumepe 310 Oy/IeT BBINJISAETh TaK:

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

31eChb MBI yKa3bIBaeM KOMIIMJISITOPY, UTO IOJE a CJIeAyeT WHUIMATIH3UPO-
BaTh («CKOHCTPYHPOBATHY) C [OMOIIBIO KOHCTPYKTOPA OT JIBYX IIApaMeT-
poB (2 u 3). O6HAPYKUB TAKO# KO, KOMIMJIATOP BCTABUT BHI30OB COOTBET-
CTBYIOIIEr0 KOHCTPYKTOPa Kjlacca A B caMoe HadaJjlo Tejla KOHCTPYKTopa B.
OrmeruM, 9TO TAK MOXKHO WHHUIIHAJU3UPOBATE JIIOOBIE TOJIsI, & HE TOJBKO
oJIsl TUTIA, Kytacc. B wactHocTH, mis namrero Tuna Complex KOHCTPYKTOPBI
MOTJTH ObI BBITVISIIETh U TaK:

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) {3}
//

Crenaem em@é oaHO BaykHOe 3amedanue. VIHMIIMaIM3aTOPbI IIOJIEi
JIOJI2KHBI CJIEJIOBATH B CITUCKE MOCJIE JIBOETOYNS B TOM K€ TTOpsiIKe,
B KOTOPOM CaMH IOJisI OIMUCAHBI B KJiacce. roe, popMaaIbHO TOBO-
psi, He SABJISIeTCs OIMMOKOI, HO XOPOIIN KOMIUISATOP 00sS3aTeIbHO BBIIACT
IpEIyTIPEK JICHUE.
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10.4.16. Ileperpy3ka ornepaiuii IpoCTbIMUA (PYHKIUIMU

B xnacce Complex MBI IIeperpy»kKaJjy CUMBOJIbI apU(PMETHIECKUAX Ollepa-
nuit B Buge QyHKIui-MeTo10B. Biaromapst HAJIMYIHIO B KJIacce KOHCTPYK-
TOpa peodpa3oBaHmsl BO3MOXKHO, HAIIPUMED, IPUOABUTH K KOMILJIEKCHOMY
YUCJIY JIENCTBUTEJIHHOE:

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

(mpu sTOM KOHCTaHTa 0.5 Oymer npeobpasoBaHa K 00bekTy Complex c
[IOMOIIBI0 KOHCTPYKTOPa [peobpasoBanus). B 1o ke BpeMs CJieiyroriasi
omneparus OKayKeTCs OMMOOTHON:

z =0.5 + t; // oumbra!

Jeno TyT B TOM, YTO METOJ operator+ MOKeT OBITh BBI3BAH TOJIBKO JIJIsSI
obbekTa Kiracca Complex, a koHcTanTa 0.5 TAKOBBIM He #ABJsSeTCHA. B oTin-
qpe OT apryMeHTOB (PYHKIWH 066ekmbl, JI7IsT KOTOPBIX BBI3BIBAIOTCS METO-
JIBbI, KOMITHJIATOD He IIpeodpasyer.

Curyanuio T0BOIBHO JIeTKO ucrnpasuthb. leso B ToMm, ¥to B Cu+t+ ome-
PAIMIO CJIOXKEHUST JIBYX OOBEKTOB MOXKHO IIPEJICTABUTH HE TOJILKO KaK Me-
TOZ, caMOT0 00bEeKTa (C OJIHUM TTApAMETPOM, 110 IPUHIUILY «Ipubasb K cebe
9TOT HapaMeTp M CKaXKH, YTO HOJIYIUTCHA» ), HO U KaK CTOPOHHIOI (DyHK-
[IMI0, KOTOPasi 10 JBYM 3a/[@HHBIM 00beKTaM CTPOUT HOBBIN 00bekT. MTak,
ybepém operator+ u3 kjacca Complex, a BHe KJIacca HAIIUIIEM CJIeIyIOIIee:

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

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

Tenepb MBI MOZKEM HallCaTb:

Complex z, t;

/...
z =1t + 0.5;
z =0.5 + t;

U HUKAKAX OMIMOOK 3TO He BbI30BeT. MOXKHO CYnMTATh, YTO BBIPAXKEHUE
a + b KOMIMIATOD NBITACTCA IIPEBPATUTh B OJHO U3 JABYX CJICAYIONINAX
BbIPaXKEHUM:

a.operator+(b)
operator+(a, b)
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¥ TO K€ CaMOe CIIPABEJINBO IIOYTH JIJIsi BCeX OMHAPHBIX OIE€PAIHii; C YHApP-
HBIMU OIlepaIusIMU CATyalllsl aHAJIOTUYHA, HAIIPUMED, ~a IpeBpalllaeTcs B
OTHO W3

a.operator™ ()
operator~(a)

WuTrepecHo 3aMeTUTD, YTO IPUOPUTETA HU TOT, HU JPYTOil BAPUAHT HE MMe-
f0T; €CJIM BbI MPEIYCMOTPUTE B Balleil mporpaMMe U METOJ, U BHEITHIOK
dbyHKIMIO 115 OHOM U TOl ¥Ke omeparyu (U IS OJHUX M TeX Ke TUIIOB
OIIEPAHJIOB ), KOMIHJISITOD OTKAXKeTCsl JIeJIATh BBIOOD MEXKJLy HUMH U DU
MIOIBITKE KCIIOJIB30BATH OMEPAINio B HHPUKCHON (hopMe BBIIACT OIMTUOKY.

ITeperpy3ka CUMBOJIOB CTaHIAPTHBIX OIEPAIWil B BUJE OTJEJBHBIX
dbyukmit (a He METOOB B KJaccax) MOXKET OKA3aThCs IIOJIE3HON TakiKe
U B TOM CJIy4ae, eCJi HaM HEOOXOJMMO BBECTH OIMEPAIUIO JiJisi OObEKTOB
HEKOTOPOTO KJIACCA, KOTOPBI MBI ITO TEM WM WHBIM IIPUYMHAM HE MOYKEM
U3MEHUTh; HAIIPUMED, ITOT KJIACC MOXKET ObITh YaCThI0 OMOIMOTEKM, CO-
3IAHHON JPYTUM ITPOrPAMMHUCTCKAM KOJIJIEKTHBOM, U OT HEE y HAC MOXKET
He ObITh MCXOIHBIX TEKCTOB (K COKAJEHUIO, HECMOTDS Ha, YCIIEXU JBUKEHU
Open Source, Takue CHUTyaluy IOKa YTO HE PEJIKOCTD).

10.4.17. dpy>kecTBeHHbIe (DyHKIUU U KJIACCHI

B HekoTOpBIX Ccilydasix OBIBAET IMOJIE3HO ClIeJIaTh WCKJ/IFOUEHUS W3 3a-
IIpeToB, HaJlara€MbIX MEXaHU3MOM 3alllUThbI. B A3BIKE CI/I++ KJIaCC HJIA
CTPYKTYypa, AMEIOIHE 3AIMUNIEHHYIO 9aCTh, MOTYT OObABUTH TY UJIU HHYIO
dyukuuio ceoum «zapyrom» (friend); B 3TOM cilydae u3 Teja Takoil 0py-
arcecmsennoli GyHKUUU BCE JIETAIN PeaH3alii KJIAcCa WU CTPYKTY-
pBl OyayT gocTynHbl. MOXKHO OOBSBUTH «JIPYKECTBEHHBIM» TaKKe IEJIbIH
KJIACC UJIU CTPYKTYPY; 3hdEKT OT 3TOro Oy/1eT TaKoil XKe, KaK eCJIu Obl MbI
OO'bSIBUJIN JIPY?KECTBEHHBIMU BCE METO/IbI JPY2KEeCTBEHHOI'O KJjacca. VHadye
rOBOpsI, ecJii B KJyiacce A OyJieT 3asiBJIEHO, YTO KJIACC B dABJIsIeTCs JJ1s HErO
JIPY2KECTBEHHBIM, TO BO BCEX METOJAaX Kjacca B OymyT mocTymHbL Bee AeTaan
peayim3alun KJjaacca A.

[IpumensTh MEXAHU3M JAPY2KECTBEHHBIX (DYHKIMI U KJIACCOB CJIELYET C
0oCcTOpOKHOCTBIO. MbI 06cyx)amm B §10.3.4, aTo 3amura getaieit peaan-
3aliy KJIacca — MeXaHW3M OYeHb II0JIE3HBII; HeoOyMaHHbIE UCKJIFOUEHST
n3 Hero MOryT BCE ucnoptuth. OJHa U3 CUTYaInil, B KOTOPBIX IPUMEHEHTe
MEXaHU3Ma JIPY?KECTBEeHHBIX (DYHKIMI MOYKHO CUMTATH MPAKTUIECKH Oe3-
OIACHBIM — 9TO BBIHOC IMEPEKPBITHIX CUMBOJIOB CTAHJIAPTHBIX OlepaIuii 3a
peJiesibl KIacca, KaK 9TO IPeJJIarajoch B IpeabyneM naparpade. B re-
Jie pyHKIMU operator+ Mbl ObLIN BBIHYKIEHBI ITOJIb30BATHCS METOIAME
GetRe u GetIm, MOCKOIBKY U3 (DYHKINN, HE SBJISIONIECs: (hOpMaIbHO Me-
TOIOM Kjacca Complex, MPsIMOTO JOCTyIa K HoJisiM re un im #er. OjHAKO
UCIIOJIB30BAHUE METOJOB JIOCTYIIA (TaK HA3BIBAEMbBIX AKCECCOPO8) He BCe-
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rJa yI0O6HO, K TOMY 2Ke MX MOXKET IIOIPOCTY He OBbIThb; HEKOTOPbIE JI€TAJIH
peajim3aIiuu He CJIeAyeT JejaTh JOCTYIHBIMU JTayKe depe3 MeTOJ.

Curyaruio MOYXKHO UCIIPABUTD C MOMOIIBI0O MEXAHU3MA JIPY2KECTBEHHBIX
dbyuknumit. Ing Havaia B 3arojoBoK Kjacca Complex BCTABUM JIUPEKTUBY
friend, o0bsaBUB dyHKIIMIO operator+ npykecTBeHHOH. [ 9TOro Hy>KHO
3amucaTh MPOTOTHUII APYKECTBEHHON (PYHKITNN, TPEIBAPUB €r0 JIUPEKTUBOM
friend:

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

/7. ..

Teneps MBI MOXKEM TepenucaTh (QYHKIUIO operator+, MCIOJb3ys HAIpsi-
MYIO TIOJIsSI CKJIaJIBIBAEMBIX 00BEKTOB 0e3 obparieHust K Merojam GetRe u
GetIm:

Complex operator+(const Complex& a, const Complex& b)
{
return Complex(a.re + b.re, a.im + b.im);

}

CpaBHHTE 9TO OIMUCAHWE C TEM, KOTOPOEe MBI IPUBOAWINA Ha cTp. 141.
Koneuno, npy»kecTBeHHOI MOYXKeT ObITH U OOBITHAST (DYHKITHST:

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

/...
};
void f(int, const char *)
{
// 3Aech MOXHO HCIONb30BATh 3aKphTHe mons Clsl
}

Y065 c1es1aTh ApyKECTBEHHBIM Cpa3y IEJbIN KJIacc, CaeyeT Mocje CJI0Ba
friend mammcaTrh «class umay:

class A {
friend class B;
//...

};

Wcnonb3oBaTh TaKoil BapuaHT «IpPYKOBI» CJIEIyeT ¢ OCOOEHHON OCTOPOXK-
HOCTBIO U TOJIBKO KOTJ[a TOHSITHS, OIMCHIBAEMbIE ODOMMUI KJIACCAMU, TECHO
CBsI3aHBI MEXKJ1y CcOOOIt; KeJaTeIbpHO CHadYaJa 33JaTh cebe BOIpOC, HeJlb-
3s gu oboiiTuch 6e3 friend. Béabmmm 370M, €M UCITOIL30BaHUE IPY-
JKECTBEHHBIX OTHOIIEHUN, MOXKHO CUYUTATh Pa3Be UTO CHSTHE 3AIUTHI C
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BHYTPEHHUX II0JIefi WU BBeJeHMe MMyOJIMYHBIX METOIOB JOCTYIa K JieTa-
JIIM, KOTOPBIE IO CMBICJY JIOJI2KHBI OBITH CKPBITBL: SICHO, YTO JIPYKECTBEH-
HOCTH BCE-TAKH OT'PAHHMYIUBAET O0BEM KOIA, KOTOPBIA MPUIAETCS TPOCMOT-
peTh IIpU U3MEHEHUHN Peau3allii KJacca, TaK ITO UCIojIb3oBanne friend
[IPEJIIIOYTUTESIbHEE IIOJIHOTO OTKa3a oT 3amuThl. [lo3ke MBI paccMoTpuM
MIPUMEPHI, B KOTOPBIX MIPUMEHEHNE IPY?KECTBEHHBIX KJIACCOB OKA3BIBAETCS
OIIPABIAHHBIM.

B zaxmouenne o6cy K ieHusT TUPEeKTUBbI friend OTMETUM OJIUH JIOBOJIb-
HO TOIYJIAPHBIA MU(D; U3 TEKCTa HEKOTOPBHIX PACHPOCTPAHEHHBIX ITOCOOMIT
o Cu++ ux durarenu JeIal0T BBIBOJ, 9TO (sIKOObI) CHUMBOJIBI OLEpAIUi
JUISL KJIACCA MOXKHO IIEpPeoIpeIessiTh b0 DyHKImeR-11eHoM (MeToIoM ),
Jmmbo dpyHKnmei-apyrom. He Bepbre! @yHKINS, HE SBJISIOMIASICS METO-
JIOM KJIacCa U MePeOoIpeaeisioniasi ajs 00beKTOB KJIacCa CUMBOJI
craHgapTHON onepanyu (TO €CTh MOMMEHOBAHHAsI C MCIOJIB30Ba-
HHUEM CJIOBA operator), HUKOUM 006pa3oM He obsi3aHa ObITH KJiaccy
OApYyroM wim keM-To emié. [Ipocro Takme DyHKIME CPABHUTEIHHO Ya-
CTO OOBSIBJISIIOT JIPYZKECTBEHHBIMH KJIACCY U3 COODpasKeHWil ya00CcTBa WX
HAINCAHUs; HO 9TO COBEPIIEHHO He 00g3aTeJIHHO.

10.4.18. Ilepeonipesiesienue orepaluii IpruCcBanBaHUSA

Kaxk yze rosopumiioch Bbimie, B Cu++ MOXKHO NepeonpeseuTs («Ie-
pPerpy3uTh» ) CHUMBOJI JI00O0 Ollepalliy, yIacTBYIOIIEH B BHIDAXKEHUSX, 32
UCKJIIOUEHUEM OlepaIiu BbIGOPKH [0 (TOYKA) M TEPHAPHOH yCJIOBHOMN
onepanuu. IIpu 3TOM HEKOTOPBIE OIEpAIMH [IPH UX HEPerpy3ke HMEOT
OTIpe/JIeIEHHBIE 0COOEHHOCTH, KOTOPbIE HEOOXOIMMO yUUTHIBATD.

Haunéwm ¢ mepeonpeiesienust omnepanuii npucBanBanus. HamoMauM, 910
npucBanBanue canraercs B a3bikax Cu u Cu++ onepayued, a He orneparo-
poM, Kak B IlackaJie 1 60JIBIIUHCTBE APYTHX sI3BIKOB: 3AIUCH BUJIA <& = 6bi-
pastcenue» cama 1o cebe sIBJISieTCsl BhIpaXKeHUeM, UMEIOIIUM 3Had9eHue, U
MOZKeT BXOJIUTDH B COCTaB JIPYTUX BhIparkeHuil. To ke caMoe MOYKHO CKa3aTh
U PO OIEPAINU [IPUCBAUBAHUS, COBMEIIEHHDBIE C apU(MMETHIECKUMU JIeii-
CTBUSIMU, TAKUE KaK +=, -=, <<= |= u 1. 1. Onepaiun IpuCcBanBaHusl, KaK 1
JpyTHe OLepaIi, MOI'yT ObITh IEPEOIPEeESIEHbI JJIsI KIIaCCOB U CTPYKTYD,
BBEJIEHHBIX TOJIB30BAaTEIEM, HO HAa HUX JEUCTBYeT OrpaHUYEHUE: oliepa-
AU [IPUCBANBAaHUS MOXKHO IIE€PEONPEIEJISITh TOJIBKO KAaK MeTOIbI
KJIACCA WJIA CTPYKTYPbI, a ONPEJEIATh UX B BUJE OOBIYHBIX (DYHKIIU
HEJIb3I.

OOBIYHO TIpU TIEPEOIIPEICJIEHIE OIIePAIUil TPUCBANBAHNS YINTHIBAIOT,
9TO MPOCTOE TPUCBANBAHUE BO3BPAIIACT 3HAYCHIE, KOTOPOE TOJBKO ITO ObI-
J10 IpUCBOEHO. VI3 9TnX coobparkeHuit U3 oneparyy IpUCBanBaHUs BO3BPa-
maioT Jubo Koo 06bekTa, Jubo (4To IpeAloYTHTe IbHee) KOHCTAHTHYIO
CCBIIKY Ha OOBEKT, JJIs KOTOPOrO olepalusi ObLia BbI3BaHA. IJTO, OIHA-
KO, He 00si3aTe/ibHO: a3bIK Cu-++ He TpedyeT UMEHHO TAKOTO O(hOPMJIEHUST
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omeparuit mpucBauBanus. Mo>KHO, B YaCTHOCTH, CIECJATH OIEPAINIO ITPU-
cBamBanus (GyHKIHE Tua void, TO eCTh He BO3BPAIIAIONIEH HUKAKOTO
suadennsi. Hanpumep, my1a Hamero kiacca Complex Mbl MOIVIM ObI BBECTH
TaKue Olepallin:

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; }
/7
};

WIN, €CJIM HAC HE CJIUIIKOM BOJIHYIOT CEMaHTUYECKUE TPAUIUU, MOXKHO
ObLI0 OBl HAIIMCATH U TAK:

class Complex {
/...
void operator=(const Complex& c)
{ re =c.re; im = c.im; }
void operator+=(const Complex& c)
{ re += c.re; im += c.im; }
/7
};

3/ech CTOMT OTBETUTH HA OJIMH BOIPOC, YaCTO BO3HUKAIONIMI y CTYJIEH-
toB. Onepanun +=, -= U Apyrue IMOJAOOHbIE UM SBJISIOTCA C TOYKU 3PEHUS
sa3bika Cu-++ HOJHOCTBIO CAMOCTOATEILHBIMI, TO €CTh, HAIIPUMEpP, Ollepa-
I¥sI += HUKAK He CBsI3aHa HU C ollepalireil =, Hu ¢ oneparueit +. Ecin mbl
OIUIIIEM B HEKOTOPOM KJIAacCe OIepalud = W +, ITO caMo 10 cebe He ITacT
HaM BO3MOYKHOCTH IMMPUMEHSITEH K 00beKTaM 9TOr0 KJIacca Olepalnio +=, OHa
JIOJI?KHA OBITH OIMCAHA OTJIeJIbHO. B IpUHIUIIEe eii HUKTO He MeIaeT JIejIaTh
YTO-TO COBEPIIIEHHO MHOE, HEXKEJIN TI0C/IEJIOBATEIHHO TPUMEHEHHbBIE + U =,
BeJlb KOMIUJIATOP HUKAK HE MOXKET IPOBEPUTH COOTBETCTBUE OJHOTO U JIPY-
roro; HO JIyYIlle OT TaKUX TPIOKOB BO3JIEPXKATHCsI, YTOOBI HE CO3/aBaThb B
mporpaMMe JIMITHIX pedyCcoB It Pa3TaIbIBaHUI.

AprymenT onepanuy IpUCBauBaHus He 00s3aH UMETh TOT K€ THII, ITO
U OIMCBIBAEMBIi Kjaacc. Tak, st KOMILIEKCHBIX IUCEI Mbl MOIJIH OBI OIIpe-
JIeJIATH IPUCBAUBaHUEe KOMIIJIEKCHON IIepeMEeHHO JIefICTBUTEIbHOIO YUCIA:

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

};
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Onepayuusi npucBanBaHUs, apryMeHT KOTOPOI NpeacTaBnsieT 06beKT TOro »e Kacca
WM CCbINKY Ha TaKoWi OBbBEKT, Kak B NpeablayLueM MpuMepe, UMeeT OfHY BaXkHYHO
OCODEHHOCTb: Takasi onepauusi reHepUpPyeTCsi HESIBHO, ecnun eé He onucatb. HesBHble
MeTOAbl Mbl NogpobHo obcyanm B cnegytoem naparpade.

10.4.19. MeToabl, BO3HUKAIOIIIE HESIBHO

Eciu ommcats B mporpamme Ha Cu-+-+ CTPYKTYpPY WJIH JIazKe KJIACC, HE
cozepxKammuii (10 KpaiiHeit Mepe Ha NEPBbIA B3IVIsJ) HUKAKUX KOHCTPYK-
TOPOB, TO TMEPEMEHHYIO TAKOTO THUIIA BCE KE€ OKAYKETCS BO3MOYKHBIM CO-
3/1aTh. DTO BIIOJIHE TIOHSATHO C MIO3UIINI 3/IpABOTO CMBICJIA: BEJIb CTPYKTY DI
B Cu++ 9acTo UCHOMB3YIOTCS B UX UCXOIMHON POJIH, IPUIIEIIEH U3 SI3bIKA
Cu, TO ecTh B Ka4ecTBe OOBIYHO CTPYKTYPHI JIAHHBIX, 6630 BCIKIX METOJIOB.
Mex 1y Tem cemaHTuKa s13bIKa, Cr+-+ HOApa3yMeBaeT, 9TO KayK bl 9K3eM-
ILUTAD CTPYKTYPBI WK KJIACCA SBJISETCH 0OBEKTOM, & JIJIsi KaXK/I0T0 00BbEKTa
IIPU €r'0 CO3/IAaHUU BBI3BIBAETCS KOHCTPYKTOP. BO3HUKATOIEe MPOTUBOpEYNe
pelaeTcs BBEJIEHUEM IOHATHS HEA8H020 KOHCMPYKMOPA.

HesaBHbIil KOHCTPYKTOP — 39TO KOHCTPYKTODP, KOTODPBI TI'€HEPUPYETCH
KOMITIJIITOPOM aBTOMATHUYECKH, HECMOTPSI HA OTCYTCTBHE COOTBETCTBYIO-
IEro KOHCTPYKTOPA B KOJIE, OIUCHIBAIONIEM KJIACC WU CTPYKTYpPY. Komrm-
sasitop Cu+-+ HesIBHO TeHEpUPYEeT TOJBKO J[Ba BUJIA KOHCTPYKTOPOB: KOH-
CTPYKTOPBI 110 YMOJYAHUIO (TO €CTh KOHCTPYKTOPBI 6€3 IapaMeTpPOB) U KOH-
CTPYKTOPHI KonupoBauusd. [Ipu 9ToM KOHCTPYKTOP KOMMPOBAHUS HEsIB-
HO TeHepupyeTcsd AJid JI000ro KJjacca Uiu CTPYKTyPbl, B KOTOPBIX
IPOrpPpaMMMUCT He OIHCaJl KOHCTPYKTOP KONMMUPOBAaHUS SIBHO, TO €CTh
MOJTYYaeTCs, YTO KOHCTPYKTOP KOIIMPOBAHUS HA CAMOM JIeJIe TIPUCYTCTBY-
eT (SIBHO WJIM HESIBHO) BOOOIIE B JIFOOOM KJacce Wim CTpyKType. HesBHBIH
KOHCTPYKTOD KOIMPOBAHUS POM3BOIUT KOIMPOBAHUE HAMOOJIEE OUEBUJI-
HBIM CIIOCODOM: ITI0JIsI, KOTOPhIE CAMU UMEIOT KOHCTPYKTOPBI KOIMPOBAHMUSI,
KOIIUPYIOTCS C IIOMOIIBIO 3TUX KOHCTPYKTOPOB, IIPOYHE MTOJI — MOOUTOBBIM
KONUPOBAHUEM.

C KOHCTPYKTOPOM II0 yMOJIYAHUIO CUTYAIUsI 9yTh CJIOYKHEE: OH T'e-
HepUpyeTCsi HEABHO, €CJIA ITPOTrPAMMMUCT HE OIMUCAJI B CTPYKType
WJIA KJIacCe BOOOIIe HU OJHOro KOHCTPYKTOpa. Eciau B kiacce mwin
CTPYKTYPE $BHO OIUACATH XOTdA Obl OJMH KOHCTPYKTOP (JII000it), KOMITHIs-
TOp He Oy/IeT TeHepUPOBATH HESBHBIH KOHCTPYKTOP MO YMOJIMAHUIO, IO-
CKOJIbKY COYTET, YTO IIPOIPAMMUCT B3sLI 3200TY O KOHCTPYUPOBAHUHU B CBOU
pyku. lmeHHO 1103TOMY B IIpuMepax, KOTOpble paccmarpuBamch B §10.3.3,
MBI MOIVIM OIIMCHIBATH II€PEMEHHBIE TUIa Str_compleX «IIO-CHUITHOMY», I1O-
Ka He BBEJIU IEePBBI KOHCTPYKTOD, IIOCJIE Yero BO3MOXKHOCTH OIMCAHMUSI
IIePEMEHHBIX ITOr0 THUIa 0e3 yKa3aHWs IIapaMeTpPOB HAMU ObLIa yTpadeHa
JI0 TeX TI0p, MOKa MbI (YK€ caMM, SIBHO) HE ONPEJeININ KOHCTPYKTOD [0
YMOJIIaHUIO.
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HesiBHast Bepcusi KOHCTPYKTOPA 10 yMOJIYAHUIO UCIIOJIb3YeT JJIsi MHUIIM-
U3 T0JIell Kacca, B CBOIO OY€pe/ib, KOHCTPYKTOPHI 110 YMOJTIAHUIO,
OIIpEeIe/IEHHBIE IS COOTBETCTBYIOMIUX TUMOB. MOXKHO cuMTaTh, ITO /I
BCTPOEHHBIX THUIIOB, TAKUX KaK YNCJIA WX YKa3aTeJd, KOHCTPYKTOPHI 110
YMOJTIaHUIO TOYXKE €CTh, IPOCTO OHU HUYErO He JIe/IAIOT.

Anajiornyno obcrodaT gesia U ¢ gecrpykropamu. Cuumraercs, UTo Ie-
CTPYKTOP €CTh B JIFOOOM KJIacce W JIFOOOH CTPYKType, JaXKe €CJIU MbI €ro
TaM HE OIUCAJIA: B 3TOM CJIydae KOMIIMJIATOP CO3JACT ero HesiBHO. B mpo-
CTeHIeM CciIydae TaKoil HEesIBHBIN JECTPYKTOp He OyaeT je/arh HUIero, Ho
€CJI B HAIIIEM KJIACCE WA CTPYKTYPE eCThb IOJIs, UMEIOINe HeTPUBUAIHHBIE
JIECTPYKTOPBI, TO HAIIl HESIBHBIN JIeCTPYKTOP OYIET CO/IeP?KATh UX BBI3OBHI.

ITocemamit MeToT, TEHEPUPYEMBIiT HESTBHO — 9TO OIIE€PAITUs TPUCBANBA~
HUST OOBEKTY TOTO YKe TUIA. JTO BIIOJHE TOHATHO, Belb B ancToM Cu MOXK-
HO OBLIIO NPHCBAaUBaTh MEXKJy COOOl IIepeMeHHbIe, UMEIOIIUE OJIUH CTPYK-
TYPHBIN THII, U 3Ta BO3MOXKHOCTb ObLIa yHacjemoBana B Cu++. Tounee,
ecJii B HEKOTOPOM KJiacce A He omucaTb IBHBIM 0Opa3oMm olepa-
U0 IPUCBAaMBaHUS C [IapaAMETPOM, MMEIOIINM TOT K€ THUII A njiau
CCBUJIKY HA HEro, TO KOMMOWJISITOP HEABHO CO3/IaCT OIepaIiuio COo
cJIe Ay oMM TpoduiieM:

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

3

Takast HesIBHBIM 00pPa30M BO3HUKINAsSI OIE€PAIs OyJIeT MCIIOJIb30BATh JIJIst
KOIIMPOBAHMUSI COJIEPZKAMOTO KazKJ0T'0 II0JIsI OIIPEEeIEHHYIO /IS STOTO 101
€ro COOCTBEHHYIO OIEPAINIO IIPUCBANBAaHUS, €CJIM OHA y HEro ecrb. Uu-
TEPECHO, YTO JjIsi HEKOTOPBIX II0JIeHl olepalii IIPUCBAaUBaHU MOXKET He
HalTACh — HAIPUMED, €CJIM II0JIe MMeeT CCHIJIOYHBIA THI WA 00bsIBJIEHO
KaK KOHCTaHTHOe. B 9TOoM ciydae KOMIUISATOP HE CMOXKET CreHePUPOBATDH
HESIBHYIO OIIE€PAIldiO IIPUCBaNBAHUS.

CrenaeM emé oHO BaxkHOe 3aMedaHue. [10CKOIbKY KOHCTPYKTOpP KO-
MUPOBAHUS MOYXKET OBITh Cr€HEPUPOBAH HEABHO, OTCYTCTBUE SBHO OIMCAH-
HOI'O KOHCTPYKTODa KOIUPOBAHUS HE O3HAYAET HEBO3MOXKHOCTH CO3/IaHUS
koruu oObekTa. CylecTByer, OJJHAKO, CIIOCOD 3aIIPEeTUTh KOIMPOBAHUE
00bEKTOB HEKOTOPOTrO KJIACCA: I 3TOr0 JOCTATOYHO OHMCATH KOH-
CTPYKTOP KONHPOBAHUS SBHO, HO CII€JAaTh 5TO B HNPUBATHOW YacTH
KJjacca. Tako#t nmpuéMm YacTo MPUMEHSIOT JJIsi KJIACCOB, OOBEKTHI KOTO-
PBIX IO CMBICJIY KOIUPOBATHCA HE JOJIKHBI, 9TOOBI UCKIIOYUTH CJIyIailHbIe
OmMOKY, CBI3aHHBIE, HAIIPUMED, C Mepeladeil uxX 1Mo 3Ha4eHno. ZCHO, 94To
00BEKT, JIJIsT KOTOPOT'O KOITMPOBAHUE 3aIPEIEH0, He MOXKET OBITH HU Tepe-
JIaH 10 3HAYEHUIO B (DYHKITIIO, HA BO3BPAINEH n3 MYHKIINN; STO HE UCKJIIO-
qaeT, pa3yMeeTcs, IepeJiadn 1Mo cchiike. MlHTepecHo, 9ro npuMenenne 00b-
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€KTa, KOIMPOBAHUE KOTOPOTO 3AIIPEINEHO, B POJIA NOAA JPYrOro o0bEKTa
clleJlaeT HEBO3MOXKHOM I'eHepaliio HesIBHOI'O KOHCTPYKTOPa KOIHMPOBAHUA
JIJISE 9TOTO BTOPOTO OOBEKTA, TAK UTO €ro KONMMPOBAHUE OyIET 3aIPEIeHO
aBTOMATHYECKH; BIIPOYEM, 3TO HE MENIaeT CO3/1aTh KOHCTPYKTOP KOIIHPO-
BaHWs SIBHO. AHAJIOTUYIHBIN TPUEM MOXKHO HMPUMEHUTH U JIJIsl 3aIIPEIeHUsT
MIPUCBANBAaHUS OOBLEKTOB: IOCTATOYHO OIMUCATH OMEPAIINIO TPUCBAMBAHUSA C
apryMeHTOM <«KOHCTAHTHAsl CCBLIKA Ha OOBEKT OIMCHIBAEMOTO KJIacca» 6
nPpUSAMHOU Yacmu KAacca:

class A {
//

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

};

Wnorjia B IpuBaTHYIO YacTh KJacca yOHPAIOT JeCTPYKTOD; STOMY HPHEMY
MbI rtocBaTuM §10.6.11.

10.4.20. Ilepeornpesesienne oliepaliuu NHAEKCUPOBAHUS

Omneparnust n3BjIeUeHUsT SJIEMEHTa U3 MACCHBa, 00O3HAYAaeMast KBaJIpaT-
HBIMU CKODKaMU, KaK U3BECTHO, SIBJISIETCS apU(pMeTHIeCKOii olepaliieil Ha
yKazaTeJeM U TeJbIM 9ucoM; B si3bike Cu BeIparkenue a[b] mosHOCTHIO 9K-
BUBAJICHTHO BBIPDAXKEHUIO * (a+b), ITO JUNIHMIT A3 MOMIEPKUBAET apudme-
THUYECKYIO CYIIHOCTb MHjeKcupoBaHusi. B si3pike Cu-++ omeparuo nHIEK-
CHPOBAHUS MOXKHO IIEPEOIPEIETUTD /I 00bEKTOB KJIACCA WM CTPYKTYPHI,
TeM CaMbIM 3aCTABUB OOBEKT B HEKOTOPBIX CJIyYasX BBITVISIETbH CHHTAKCHU-
YeCKU IOXOXKUM Ha OOBIYHBIA MACCUB WJIU JIaXKe IIPOCTO UCIOJIHATH POJIb
Maccusa. [1o06HO oneparusaM nprucBanBaHusi, olepannus NHIEeKCUPOBa-
HUsI MOXKET ObITh MepeoInpeiesieHa TOJIbKO KaK MeTO/I KJIacca U
CTPYKTYPBHI.

st mpuMepa OIUIeM KJIACC, Pean3yIoIuii MACCUB IEJIbIX YHCeJI C 3a-
paHee HEM3BECTHBIM Pa3MepPOM, KOTOPBIN IIPU OOPAIEHUN K HECYIIECTBYIO-
muM (II0KA) 3JIEMEHTaM aBTOMATHYECKH YBEJIMIMBAETCs B pasMepax. Xpa-
HUTH JIEMEHTBI «MAacCHBay» OyJleM B JIMHAMUYECKH CO3/1aBa€MOM MACCHBE
(HacTosIIeM), CKPBITOM B LIPUBATHON YacTu Kiacca. VIcXomHo co3maaium
MaccuB pazMepoM 16 371eMeHTOB, a TP BOSHUKHOBEHUN TAKOM HEOOXOIMMO-
ctu OyJieM yBaMBATh €r0 Pa3Mephl JI0 TEX I10P, [TOKa HYKHBI HaM UHIIEKC
HE CTAHET JOIyCTUMBIM.

SaMeTnM, 9TO IIpU TOMBITKE KOMMPOBaHUS 00bEKTa TAKOTO KJIacca BO3-
HUKHET [po0JieMa C pa3JieJIeHueM OJHOI0 U TOrO YKe MaCCHUBa B JIMHAMUYE-
CKOM TTAMSTH MEXJy JAByMs O0ObeKTaM’ KJjacca; MOApOOHO 3Ta mpobsema
onucana B §10.4.10). B mameii yupomg@HHoii Bepcuu MbI IPOCTO 3aIIPETHM
[IpUCBanuBaHUe W KOIMPOBAHUE, OIUCAB (DUKTUBHBIE KOHCTPYKTOP KOIHMPO-
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BaHUsI U OIEpaIuIo [IPUCBaNBaHus B puBaTHOH yacTtu. OuucaHue mMoJIHO-
IIEHHOT'0 KOHCTPYKTOpa KOIIMPOBaHUA U INOJIHOIIEHHOI Oollepalluil IIPUCBau-
BAHUsI OCTABUM UUTATEJIO B KA4eCTBe yrpaxKHenns. g Hadaa HaIuIeM
3aroJIOBOK KJjacca:

class IntArray {

int *p; // ykasaTenp Ha XpaHWIHIE
unsigned int size; // Texymm# pasMep xpaHWIHmA
public:

IntArray() {
size = 16;
p = new int[sizel;
}
“IntArray() { deletel] p; }
int& operator[] (unsigned int idx);
private:
void Resize(unsigned int required_index);
// 3ampeTuM KONWpOBaHWE X IPUCBAUBAHUE
void operator=(const IntArray& ref) {}
IntArray(const IntArray& ref) {}
};

Tena KOHCTPYKTOpA U IECTPYKTOPA UMEIOT CPABHUTEIHHO HEDOIBIION pa3-
Mep, IIO3TOMY MBI COBEPIIEHHO CIOKOIHO MOXKeM OCTaBUTBh UX BHYTpPHU 3a-
roJIoBKa Kitacca. Tesio onepariy NHIEKCUPOBAHNS, HAIIPOTUB, OYIET COCTO-
ATHh U3 HECKOJIBKUX CTPOK, IOITOMY MBI OIUIIEM €ro OTaeabHO. s yd-
el ICHOCTH €0 peasIn3alliy MBI IIPEIyCMOTPEJN TaK2Ke BCIIOMOTaTeJIbHY IO
dyuknuo Resize, koropas Oy/IeT OCYIIECTBIATh H3MEHEHNE pa3Mepa Mac-
cusa. [TockobKy 9Ta MYHKINS, OI€BU/IHO, ABJISIETCS JETAJIBIO PEaTN3allnn
U He IIpeJHA3HAYEHA NI HOJIb30BaTesd (C TOYKM 3PEHUS [OJIb30BATEIA
HAIl MACCUB IPEICTABIACTCA OECKOHETIHBIM ), Mbl CKPBLIU 3Ty (DYHKIUIO B
IPUBATHOI 4acTU KJIaccCa.

Yuraresib, BO3MOXKHO, 0OPATU/I BHUMAHIUE HA TUI BO3BPAIIAEMOT0 3HA-
qeHHusl onepanun uHAekcupoBanus. Dyukims operator[] Bossparmaer
CCOLAKY HA COOTBETCTBYIONIUI JIEMEHT MACCUBA, YTOOBI CJAEIATH BO3MOXK-
HBIM KaK BBIOODKY 3HAYEHUS M3 MACCUBA, TAK U IIPUCBANBAHUE €TI0 JIEMEH-
TaM HOBBIX 3HadeHmit. OuuineM Terepb TeJIO Olepalui WHIEKCHPOBAHUSI:

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

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

Hawm ocramoch onmcars pyuknmio Resize:
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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;

}

Teneppr MBI MOXKEM B IIpOrpaMMe HCIIOJb30BaTh, HAIIPUMED, TAKHe KOH-
CTPYKIIUH:

IntArray arr;

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

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

Ornepaliust WHIEKCHPOBAHUS JIOJKHA UMETH DOBHO OJMH [IApaMeTp, HO 9TOT
mapamMerp, BOOOIIe TOBOPsi, MOXKET OBIThH JIIOOOr0 THIA. JTO HMO3BOJISIET CO-
3/1aBaTh «MACCHBBI», UCIIOJIB3YIOIINE B KAUeCTBE UHIEKCA TEKCTOBBIE CTPO-
KU WJIN JIaKe OObEKThI JIPYTUX KJIACCOB. XPAHUTD DJIEMEHTHI MACCHBA MbI
TaKYKe MOXKEM JIOOBIM yIOOHBIM HaM CIIOCOOOM, HAIIPUMED, B BUJIE CIIHCKA
(B HEKOTOPBIX CJIyYasiX 9TO MOXKET ObITh ONPABIAHHO). MOXKHO Oprasuso-
BaThb O0OBEKT, BBIMVISIAIINA KAK MACCHUB, HO XPAHAIIUI CBOM 3JIEMEHTHI B
daiise Ha AUCKe, TAK ITO OMEPAINs WHIEKCHPOBAHUS PEAJHHO OyIeT mpe-
CTaBJISITH COOOM OIEpaIuio YTEeHHs WU 3anucu B daila; BCTpedaroTcs u
JIpyTue IpUMeHeHUs.

B 3aBepirnienne 06CyKI€HUsT HAIIIETO TICEBIOMACCHBA PUCKHEM MTPEI0CTE-
pedb YuTaTeNs OT IMPAKTUIECKOIO IIPUMEHEHHS HOJ0OHBIX KJIACCOB U 00b-
€KTOB — TaKHX, KOTOPbIE HE IIPOCTO <«BBITVISAATS MOXOXKUMHU Ha MaCCUBBI,
HO U JIEHICTBUTEIBLHO PEATH3yIOT (DYHKIIMOHAIBHOCTH OOBIKHOBEHHOI'O MAaC-
cuBa. Takue 0OBEKTHI OOBITHO HA3BIBAIOT KOHMelUHepamu. Bo-mepBbix,
TPY/I03aTPATHl HA MO/JIEPXKAHNIE CAMOTO KOHTEWHEPa, Ha TACKAHUE ero pea-
JIN3AIUN 38 cODOI M3 MTPOEKTA B MPOEKT U T. 1. CBOJUT HA HET JIIOObIE BHITO-
IIbI OT €r0 MPUMEHEHUsI, & HEM30€XKHO BO3PACTAIONIAS CJIOKHOCTD OTJIAIKI
U COIPOBOXKJIEHUSI MOXKET MPUBECTH K HAKJIAIHBIM PACXOJIAM, Ha NOPAJKU
[IPEBBIIIAIONTIM KOIEEIHYI0 SKOHOMUIO BPEMEHU Ha, CTA UM KOJUPOBAHMUSI.
Bo-BTOphIX, cama mies UCIOIb30BATh 3aKPBITHINT OOBEKT KAaK XPAHUJIUIIE
HEKUX 3JIeMEHTOB M3HAUAJIbHO yINepOHA: XpaHuwiuile (Takoe, HanpuMep,
KaK OOBIYHBI MACCHB) JOJIZKHO OBITH NPO3pawHo JJisi CBOETO BIIAJIEJIBIA,
Toryia Kak o0beKT (HeBaXKHO, U3 Kakoil oH npumén mapamurmbl — OOIL
uu ATJT) 06s13aH ObITH HATIYXO 3aKPBITHIM.
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10.4.21. Ilepeonipesiesienue ornepanuii ++ m --

[Tepeonpenenenne omneparuii HUHKPEMEHTA U JEKPEMEHTa WMEET CBOU
ocobernoctu, obycsoBienubie TeM, yto B Cu u Cu++ KaxKjgas u3 ornepa-
uii ++ u -- gomyckaer ase (opmbl: npedukcayio (++i) u mocrdurcuyo
(i++). Crporo rosopsi, 3tu jiBe (GOPMBI IIPEJCTABISIFOT COBOH pasausHbvie
omeparuu. Eciau 661 He 9TO, MOYKHO OBLIO OBI TIEpPEONPeIeaTh NHKPEMEHT
U JICKPEMEHT KaK OOBbIYHbIE yHAPHBIE ONEPAIH, TO €CTh BHE KJIACCOB B BUJIE
dyuknuu or oxHOro aprymenta, Jubo B Kjiacce/CTPYKType B BHIE METOIA
6e3 mapaMeTpoB.

Yro0bI OTIINYATE APYT OT APYTa IIE€PEOIpe iejieHne TPedUKCHON U TTOCT-
durcHoit dopmbl, B Cu++ HIPUHSTO COIJIAIIEHUE, BBITJISISIIEE JTOBOJIb-
o Heoxkumanuo. [lockobKy npedukcHas dpopma 6osee TPATUITNOHHA JIJTsT
YHAPHBIX OIeparyii, OObIYHBIM CIIOCOOOM TIEPEOIIPEIEIISIeTCs] UMEHHO OHA.
Wnatie roBopsi, €cyii MBI [I€PEOIpe/IesIseM COOTBETCTBYIOIINE OLIEPAINN BBe-
JIEHEeM MeTO/Ja B KJacCe WM CTPYKType, TO MeTO/] C UMeHEeM operator++
win operator-- 6e3 mapaMeTpoB ONpeJessieT npehurchyto HGOPMy COOT-
BETCTBYIONIEH onepaiu (Hanpumep, ++i); riobaibias dbyHxnus (He Me-
TOJ), UMeoIast uMsi operator++ (operator--) m odun mapaMeTp, TOXKe
coorBercTByeT pedUKCHON GopMe onepanuu HHKpeMeHTa (JeKPEMEHTa,).

Yro kacaercs nocm@urcroti GopMbI, TO OHA TepeorpeerseTcs HyHK-
uedi ¢ TeM Ke nMeHeM operator++ (operator--), HO UMerOIIEll JIOMOIHN-
TesbHbI (bUKTHBHBIN) mapaMerp Tuna int. Hamuuwme mapamerpa Gsaro-
Japsi Teperpys3Ke UMEH (DYHKIUI MO3BOJISIeT UMETD JBe (DYHKIIUU C OJHUM
7 TeM Ke NMEHeM; 3HaYeHre IapaMeTpa, BBEJIEHHOIO UCK/IIOUYATEIBHO pa-
JI 9TOTO Pa3JIndusl, PeAJbHO HHUKOLJA He UCHoJb3yercs. st mepeorpe-
JesieHnsi MOCT(MUKCHON (DOPMBI OIlE€pAINY WHKPEMEHTa WU JIeKPEMEHTa
MBI MOYKEM BOCIIOJIb30BAThCsI JINHO METOJIOM KJIacCa/CTPYKTYPhI ¢ HMEHEM
operator++ (operator--) u odhum napamerpom (PUKTUBHBIM ), JTUOO TII0-
GasibHOIl byHKIMEl ¢ TAKUM 2Ke uMeHeM, uMeoleil déa napamerpa (BTo-
poii u3 Hux dukrusHbi). Hampumep, mycTh Kaace A ONUCAH CJIELyIONIAM
obpazom:

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"); }

3

PaCCMOTthITeHepb(bpaFMeHT KOJIa:
A a;

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

B pesysbrare BbInoHEeHEs 3TOrO (bparMeHTa OyyT HaledaTaHbl (B CTOJI-
6uk) csoBa first, third, second u fourth — UMEHHO B TAKOM IIODSIJIKE.

B paccmorperHHOM IIprMepe HAIK OIEpaIuu HUYEro He BO3BPAIAJIN;
MEKJIy TeM UCXOJHO NMpepUKCHAS U MOCT(PUKCHAsT (POPMBI ITUX OIEPAIIU
pa3/IMYaloTCs UMEHHO BO3BpallaeMbIM 3HadeHueM. [Ipu sTom omeparus B
npeduKcHO dpopMe BO3BpaIlaeT HO60e 3HAUEHHE IEePEeMEHHO, K KOTOPOi
OHa IPHUMEHEHa, YTO IO3BOJISIET BBIIEP:KATh CEMAHTUKY ITOM OIlE€paIyH,
BEPHYB caM 00beKT MiIH (JjIsl ONTUMHU3AIAN ) KOHCTAHTHYIO CCBIIKY Ha HEro.
C omneparnueit B moctdurcHol (hopme j1e1a 00CTOSIT HECKOTIBKO XYKe: CO-
[JIACHO KJIACCUYIECKON CeMaHTHUKE OHA JIOJZKHA BEPHYTH CMapoe 3HAYEHUe,
B TO BpeMs KaK OOBEKT yKe MMeeT H060e 3HadeHume. UTOObI BBIIEPKATH
CEMAHTHUKY B 9TOH hopMe, IPUXOIUTCH B Teste DyHKIMN operator++(int)
CO3/IaBATh BPEMEHHYIO (JIOKAJIbHYIO) KOO OOBEKTa, 8 BO3BPAIIATH 3HAYE-
HUE, COXPAHEHHOE B 3TON KOIWM, IPUXOJUTCH O0SI3ATEIHHO N0 3HAUEHUIO,
Beb BO3BPAINATH CCBUIKY HA JIOKAJBHYIO KOIMWUIO OBLIO OBbI OIMHMOKOI: KO-
sl UCYE3HET B MOMEHT 3aBeplneHusi paboThl (DYHKIMHU, TO €CTb 00 mMo-
20, KOK 6bI3L6AN0ULGA PYHKUUA YCIEEM BOCTOABI0BAMBCA B036PDAULEHHBLM
pesyavmamom. llpoumocTpupyeM cCKa3aHHOE HA MPUMEPE OIEPAIl MH-
KpEMeHTa JJIsl KJIacca, NHKAICYJINPYIONIEro MEJOUUCIEHHYIO IIEPEMEHHYIO
U TIOBTOPSIIOIIETO €€ 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 sTom mpumepe 00bEKT Kiacca 3aHUMAET CTOJBKO YK€ MaMSTH, CKOJIBKO
U OOBIYHAS TEJOUHMCICHHAS TepeMeHHasl, TaK 9TO JABONHOE KOIMMPOBAHUE
o0beKTa (IpU CO3JAHWU [ePeMEHHON tmp M IIpH BO3BpaTe 3HAYEHHs) He
IPUBOJUT K CYIIECTBEHHBIM moTepsaM. OHAaKO s 6oJiee CII0KHBIX KJIac-
COB TIEIAHTUIHOE CJICTOBAHUE KJIACCUICCKON CEMAHTUKE I TTOCT(PUKCHBIX
omeparmit ++ 1 -- MOXKeT 00OMTHCH HEONPaBIaHHO JOPOTO.

10.4.22. Ilepeonipesiesienue onepanuu ->

Omneparust -> mepeonpeessercs, MoKaayil, Hanboiee SK30TUIECKUM
criocobom. HamomumM, 9To 3Ta onepaiust B si3bike Cu 03Ha9aeT BBIOOPKY
101 U3 CTPYKTYPBI, HA KOTOPYIO yKa3bIBaeT 3aMaHubli aapec. B Cu++ ona
03HAYAET MMPAKTHIECKH TO YK€ CAMOE; €CTECTBEHHO, C €€ IIOMOIIBI0 MOYKHO
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Tak»Ke 00paIlaThCs U K METOJIaM, a paboTaTh OHA MOXKET KaK CO CTPYKTY-
pamu, Tak u ¢ Kjaaccamu. [leperpyska 3Toit omepamuu 0OBITHO TpeOyeTcs
HaM, €CJII MBI XOTUM CO3JIaTh O0BEKT, BeAyIuil ceds moI00H0 yKA3ATEeIO,
HO IIPU 9TOM BBITIOJIHSIIONINI HEKWE JOMOJTHUTEIbHBIE TeCTBUS.
Hamomuum jytst Havasa OJuH HEOUEBUHBIN (HAKT, ¢ KOTOPBIM MBI yIKe
BeTpevasuch npu usydenuu gucroro Cu (cm. . 2, §4.5.1). Onepaiusa ->,
HECMOTPsI Ha €€ BHEITHWIA BU, CIUTAETCS YHAPHOT, TIOCKOJBKY UMEeT BCEro
oimH aprymenT (ykasaress). JleficTBUTEIbHO, IyCTh y HAC ONMUCAHA CTPYK-

Typa

struct sl {
int a, b;

};
U IMeeTCsl YKa3aTeIb Ha Hee:
sl *p = new si;

Teneps obpareHue K moJio a OyJeT BBINVIAIETh Tak: p->a. 3ech Kak Oy/i-
TO OBI JiBa OllEpaHa, P U &; HO BEJb & — 9TO UMA NOAA, KOTOPOE HUKOUM
00pa30M He SBJISIETCS CAMOCTOSTEILHBIM BBIDAYKEHNEM, HE UMeeT HU THUIIA,
Hu 3Hadenus! VlHade roBopsi, HA MeCTE a He MOYKET CTOSTb HUYEro, KpoMe
UMEHHU 0JIs1. SI3bIK He COEPKUT HUKAKUX BBIPAKEHUHN, 8bUUCAAOUUTCA B
3HAYEHNE, CIIOCOOHOE 3aMEHUTHh WMs T0Jsd. KINHCTBEHHBIM IOJIHOIEHHBIM
OIIEPAHJIOM B BBIPasKEHUHU p->a OCTAETCS AJIPeC, IPEJICTABICHHBIN yKa3a-
TeJleM p: B OTJIMYME OT @, Ha MECTe P MOXKET CTOSITh BBIPArKEHHUE TPOU3-
BOJIBHOI CJIOZKHOCTH, BBIYUCJISIONIee 3HaYeHne Tura sl* (agpec cTpykrTy-
pot s1). Urak, Mbl uMeeM €10 ¢ yHaprol onepaiueil, MOJHBIM UMEHEM
KOTOPO#i MOXKHO CUuTaTh ->a (oneparus BHIGOPKH 10Js a). MoxkHO 1pu
JKeJIAaHUKM CIUTATh, YTO CHUMBOJI -> 3aJIaéT TeJIoe CeMeHCTBO orepanuii —
CTOJIBKO K€, CKOJIbKO B CTPYKTYpe ecTh nojeil (a mig Cu++ — emé u me-
T0110B). Bripodem, Oyydn ceManTuIecKu 6e3yIIPEedHbIM, Ha IPAKTUKE TAKOE
paccMOTpeHne HaM He MOHAJIO0OUTCST; 371eCh MbI IIPUBOMM €r0 TOJIBKO JIJTst
WLTIOCTPAIAN CKA3aHHOTO.

Bepuémcst K Bomrpocy o mepeornpe/iesieHnn ornepanun ->. Hapsiay ¢ MuaO-
TUMH JPYTUMHU OMEPAIUSIMEI -> MEPEOIIPEIEIAETC UCKIIOIUTEIHHO METO-
JaMHA KJIaCCa WIN CTPYKTYPBI, TO €CTh HE MOYXKET OBITh ITEPEOIIPEIETIEHA OT-
nesibHOU pyHKIMe. YTo0bI n36e2KaTh pyTUHHON pabOTHI 110 TIepeolIpe e ie-
HUIO OTJIEJILHBIX OTePAInil JJIst BBIOOPKHU KarXKa0ro 1oJist, B Cu-+- IpuHATO
HEOYEBHUIHOE, HO BIIOJIHE PAOOTAIOIIEe COTJIAIIEHUE: OIepaIus > OIpeie-
JIAETCsl METOJIOM Operator->, He UMEIOIIUM IapaMeTpoB (KaK U OOBIYHbIE
YHapHBIE OIIEPAlli), HO LOPU ITOM MeTOx 00sd3aH BO3BpallaTh JHOO ad-
pec nexol dpyz0tl cmpPyKmypovL UAU KAGCCQ, TUO0 00bEKT (MU CCBUIKY HA
00bEKT), JIJIg KOTOPOro, B CBOIO OY€pe/lb, Ollepalus -> IIePEOlpeIeIeHa
kak Merosn. Ilpn mcnosp30BaHUM IEperpyzKeHHON Oonepanuu -> KOMIIUJIs-
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TOP BCTaBJIsIET B KOJ, [TOCJIEI0BATEILHO BBI30BBI METOJOB operator->, IoKa
OdYEpEeTHON MEeTOJT He OKAYKETCsI BO3BPAINAIONIAM OOBITHBIN apec CTPYKTY-
PBI WJIH KJIACCA; UMEHHO 110 9TOMY aJIPECy U IMIPOM3BOJIUTCS B UTOTE BBHIOOD-
Ka 33J]aHHOrO T0Jis. Bripodewm, dalme Bcero operator-> cpasy ke BO3Bpa-
AT MPOCTOH aJpec, TaK UTO HUKAKUX IOCJIEI0BATEILHOCTEH BHI30BOB HE
TpedyeTcs.

[Torrpobyem mpoM/LTIOCTPUPOBATH CKa3aHHOE Ha mnpumepe. [lycTs y Hac
eCThb CTPYKTypa sl um HaM HYKeH KJacC, 00bEKTHI KOTOPOTro OV/IyT BECTH
cebsl KaK yKas3aTeJu HA S1, HO IIPU MCIE3HOBEHUU TAKOIO «yKasaTessy (Ha-
puMep, TpHU 3aBeplieHnn (PyHKIUN, B KOTOPOI OH OIKCAH KaK JIOKAJIbHAS
HepeMeHHasl) OObEKT, Ha KOTODBIH OH yKa3bIBaeT, OyJeT yHHUTOXKATHCS.
Hauném ommcanue kiacca:

class Pointer_s1 {
sl *p;
public:

Bynem npenmnosnararh, 9TO XpaHSAIMANRCT BHYTPH O0bEKTa IIPOCTON yKa3a-
Testb Ha S1 MOXKeT OBITH HYJIEBBIM, UTO CJIEAYET PACIEHUBATH KAK OTCYT-
cTBHE ODOBEKTA; €CTECTBEHHO, B 3TOM CJIydae yJIaJIATh HUYEro He OyJieMm.
OrnurtieM Tenepb KOHCTPYKTOP U JECTPYKTOD:

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

st ymobcTBa paboThl BBEJIEM OIIEPAINIO IIPUCBANBAHNST OOBITHOTO ajpeca;

s1x operator=(sl *ptr) {
if (p)
delete p;
p = ptr;
return p;

}

3aMeTnM, 94TO IMOOUTOBOE KOIMMPOBAHUE M IPUCBAUBAaHNE OOBEKTOB KJIAacca,
Pointer_s1 3aBeoMO NIPUBEIET K OMMOKAM, TaK KaK OJUH U TOT Ke 00b-
eKT THMa s1 B 9TUX CAyvasX OyIeT yAaIaThCsa ABaxK I Ibl. Bo n3bexkaHme 3To-
IO 3alpeThM MIPUCBauBaHNEe U KOIMMPOBaHKe 00bEKTOB Kjacca Pointer_si,
yOpaB KOHCTPYKTOP KOIMUPOBAHUS U COOTBETCTBYIOIIYIO OIEPAIUIO TPUCBa-
WBAHUS B MPUBATHYIO IACTh:

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

Omnwmmiem Ternepb ONepaIyu, KOTOPBIE MPEBPATAT 00BHEKTHI HAIIETO KJIacca,
B nozobue ykazaressd Ha s1, & UMEHHO ollepanuu pa3biMeHoBanus (yHap-
HYIO *) U BBIOOPKU 1I0Jisi (->), U 3aBEPIIUM OIMCAHUE KJIACCa:
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public:
s1& operator*() const { return *p; }
sl* operator->() const { return p; }

};

Taxkoit k1acc ya00HO UCIIOIBL30BaTh, HAIIpUMED, BHYyTpH pyHKIwmit. Tak, ec-
JIM B HaYaJIe HEKOTOPO# (DyHKIINK OnMucarTh 00beKT Kiaacca Pointer_s1, To
eMy MOYKHO OyJIeT MprCBamBaTh aJpeca HOBBIX 9K3EMILISPOB s1, IpU 3TOM
oH OyJIeT KaXKIbIi pa3 yIaJsaTh CTaphlil 9K3EeMILIAP, a Koraa pabora dhyHK-
MW 3aBEPIINATCS, ABTOMATUYIECKHU YIAJIUT [TOCJIEIHAN U3 IKIEMILISIPOB s1:

int £Q)

{
Pointer_s1 p;
P = new sl;

p->a = 25;
p->b = p->a + 36;
/...

// npu 3aBepmeHunm f mamMaTb 6yLeT OCBOGOXTEHA

10.4.23. Ilepeonipesiesienue ornepanuu BbI3oBa QYyHKIIUHN

Onepayus 6v1308a GYHKUUU, CHHTAKCHIECKH TPEJICTABJIAIONIAS CO-
601t TOCT(OUKCHYIO OIIEPAITHNIO, CAMBOJIOM KOTOPO#l CJIyKaT KPYIJIble CKOOKM
(BO3MOKHO, COZIepIKalliie CIIUCOK IIaPaMETPOB), MOXKET OBITh, KAK U JpPY-
rue omeparmu, mepeomnpeaeaeHa. IIocKombKy BHI30B PYHKITUN 0003HAYTAETCS
KDPYIVIBIME CKOOKaMU, UMsi (DYHKINH, TEPEOIPEIE/ISIONIEl 3Ty OMEePAInIo,
Oy/IeT COCTOSITH U3 CJIOBA operator M KPYIVIbIX CKODOK; KaK OOBIMHO, ITOCJIE
nMeHn (PYHKIINNA 3aMUCHIBAETCS CIIIUCOK (pOopMaIbHBIX mapaMerpos. Hampu-
Mep, olepalins Bbi30Ba (DYHKIUU 0e3 mapaMeTpoB 3aIllUChIBACTCS TaK:

void operator() O { /* Temo */ }

[TomobHO omepalusiM MPUCBAUBAHUST U WHICKCUPOBAHUS, BBI30B (DYHKIIAN
Iepeonpe/iesiseTcsl TOJIbKO MeTOJO0M KJacca.

st mpuMmepa omuireM Kiacc Fun, B KOTOPOM IT€PEOIPE/IESIEHBI Ollepa-
nuu BbI30Ba yHKIMU O€3 mapaMeTpoB, a TAKXKe C OJHUM U JIBYMs IIeJIO-
YHUCJIEHHBIMU ITapaAMETPAMU:

class Fun {
public:
void operator() ()
{ printf("funO\n"); }
void operator() (int a)
{ printf("funl: %d\n", a); }
void operator() (int a, int b)
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{ printf("fun2: %d %d\n", a, b); }

};
Teneps MBI MOXKeM HAIMCATH CIELYIONMI (pparMeHT Koza

Fun f;
£(; £(100); £(25, 36);

B pesyabrare BhITIONIHEHNS 3TOTO (bparMenTa OyIeT HAIIETATAHO:

fun0
funl: 100
fun2: 25 36

Kiaccsr, a1 KOTOPBIX ompejiesieHa Omepalys BbI30Ba (DYHKIUH — WHAYTE
TOBOPsI, KJIACCHI, 00bEKTHI KOTOPBIX MOYKHO UCIIOJIB30BaTh IOJ00HO NMEHAM
GYHKIMIT — 9acTO HA3BIBAIOT GYyHKMOpamu.

10.4.24. Ilepeonipesiesienue orepanuu npeodbpa3oBaHUs
TUNA

Paccemorpum creyrommit hparmeHT Koma:

int i;
double d;
/...
i=d;

B crpouke, comeprKaineit mpuceanBaHue, 3a/1eicTBOBaHa (HEsIBHO) onepa-
yus npeobpa3osarHus MUNG 6BLPAHCEHUS, TTO3BOJIAIONAS B JIAHHOM
cJIydae TOCTPOUTH 3HAUEHNE TUIIA int Ha OCHOBE HMEIOIIErocs 3HAYEeHN TH-
na double. AHAJIOTHYIHYIO BO3MOXKHOCTD HESIBHOT'O TIPE0OPA30BaHMsT MOYKHO
IPELyCMOTPETD U JI7IST KJIACCOB, BBEJAEHHBIX IporpamMmmucToM. OauH crocod
MBI y2K€ 3HAEM — 3TO KOHCTPYKTOp Ipeobpasosanus (cMm.§10.4.10); wo B
HEKOTOPBIX CIyYasaxX IPUMEHUTH KOHCTPYKTOP IIPe00pPa30BaHU He yIaéTCH.
B wacTHOCTH, KOHCTPYKTOPOM MOXKHO 33JaTh Ipeobpa3oBanme u3 6a30BO-
ro THIIA B THII, OIIMCAHHBII [T0JIb30BaTeeM, HO He HaobopoT. Kpome Toro,
WHOT1a OBIBAET 10 KAKUM-TO IIPUYMHAM HEBO3MOXKHO M3MEHUTH OIIMCAHUE
HEKOTOPOT'O KJjlacca, HO B IIPOrpaMMe HYKHO 1IpeoOpasoBaHue B OOBbEKTHI
9TOro KJjiacca. BulBaloT u jpyrue (JI0BOJBLHO 9K30TUIECKUE) CUTYAIUH, KO-
rJIa MBI HE MOYKEM 3aJaTh CIOCOO Ipeodpa30BaHMs IIyTEM MOIMMDUKAIINN
TOI'O THUIIA, K KOMOPOMY IIPOM3BOJUTCS IIPe0OPA30BAHUE, HO IIPU STOM Yy
HAC €CThb BO3MOYKHOCTb U3MEHUTh (JOIIOJIHUTH) OMUCAHUE TOIO TUIIA, 3HAYe-
HUA KOMOPO20 nodaedicam npeobpa3osaruto. B Takux caydasx IPUMEHSIOT
IIEPEOIIPE/IeTIEHNE Ollepaliy IIpeodpa30BaHusl THUIIA.

Omneparyst HesIBHOTO IIPeoOPa30BaHUs THIIOB OIIPEJEISETCS METOIOM,
M3l KOTOPOT'O COCTOHUT U3 CJIOBA 0perator U NUMEHH THIIA, K KOTOpOMY Oy/ieT
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MIPOUCXOIUTH IIpeobpazoBanue. THUIl BOZBPAIAEMOro 3HAYEHUS JJIsl TAKOM
dyHKIINM He yKa3bIBaeTCsd, TaK KaK OH Olpefesserca nmeHeM. Hamnpumep:

class A {

/...
public:

/...

operator int() comnst { /* ... */ }
3

Hasmuue B kitacce A onepanuu npeobpa3oBanus K int jiejiaeT BOSMOXKHBIM,
HAIPUMED, TaKON KOJI:

A a;
int x;
//

X = a;

EcrectBento, omeparusi mpeobpa3oBanusi MOXKET OBITh IIepeorpeeseHa
TOJIBKO KaK MEeTOJ, KJIACCa WJIA CTPYKTYPHI.

Yarure, 4TO Upe3MepHOe YBJICUEHHE IIePeOIPeIe/IeHUsIMUA OlePallin
Ipeobpa30BaHUsT IACTO TPUBOIUT K TOMY, YTO KOMIITHJIATOP HAXOAUT GOJIb-
e OJHOro crocoba Mpeodpa30BaHUsl OT OJHOTO THIA K JIPYTOMY U B pe-
3yJibTaTe He MPUMEHsIET HU OJIHOTO W3 HUX, BhifaBas ommoOKy. [losTomy Ha
[IpaKTUKe IIepeolipeiesieHIe Ollepaliy Mpeodpa30BaHusl TUIA IOYTH He HC-
MIOJIB3YETCsT; IS TTOJTY IeHns 3HAYCHII HYKHOTO TUIA U3 00HEKTOB KJIACCOB
WIA CTPYKTYP OOBIYHO MPUMEHSIIOT CIIENUAIBLHO JJIsi TOTO BBOIUMBIE Me-
To71bl (OOBIKHOBEHHBIE, Be3 CI0Ba operator), BbI3bIBaeMble siBHO. IIpumep
KpaiiHe pejiKoil CUTyaluu, KOIJia Oleparys Mpeodpa3soBaHus TUIA OKA3bI-
BaeTCs JEHCTBUTEILHO HYKHA, Mbl PACCMOTPHUM B CJIEIyIONIEM maparpade.

10.4.25. Ilpumep: pasperkeHHbIII MacCUB

ITox paspestcerrvim MaACCUBOM TIOHUMAETCS MACCUB OTHOCHUTEJIHHO
6oJibIOr0 00bEMa, (HAIIPUMED, COCTOANIUN U3 HECKOJIbKUX MUJIJIMOHOB 3J1€-
MEHTOB), GOJIBIIMHCTBO JIEMEHTOB KOTOPOTO DABHBI OJHOMY U TOMY ¥Ke
3HAYEHUIO, Jallle BCEro HYJIO, U JIAIIb HEKOTOPbIE 3JIEMEHTBI, KOJIUIECTBO
KOTOPBIX OY€Hb MAJIO B CDABHEHUU C Pa3MEPOM MaCCHUBA, OT ITOrO 3HAUCHUS
oTIMYatoTCs. ECTecTBEHHO, B TAKOil CUTyaIuu 11e/1ecCO00Pa3HO XPAHUTH B
[MaMSITH JINIIb T€ 3JIeMEHThl MACCUBa, 3HAYEHUST KOTOPBIX OTJIMYHBI OT HYJIs
(nm rpyroro oBINero 3HaAUYEHNs).

ITorpobyem nammcars Ha Cu+-+ Takoii KJacc, KOTOPBIA BeléT cebdst
KaK I[€JIOUNCAeHHBII MACCHB IIOTEHIINAIBHO 6eCKOHeIHOro pa3mepal? B Tom
CMBICJIE, UTO K OOBEKTY 3TOr0 KJIACCA IPUMEHMMA OLEPALM UHICKCHUDPO-

14Ha camom meste MbI Oy/1leM HCIOJIb30BaTh B Ka4ecTBe MHJIEKca TUIl unsigned long;
3HAYEHHS ITOTO THIIA MOTYT JOCTHIaTh 252 — 1, T. €. 4yTh GOJIBINE YETHIPEX MIIIIAAPIOB.
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BaHug (KBAJPATHbIE CKOOKH), OJHAKO OOBEKT PEAIHHO XPAHUT TOJLKO TE
3JIEMEHTHI, 3HAYEHUs KOTOPBIX OTJIMYaioTcd oT Hyss. Hazosém sTor Kitacc
SparseArrayInt. /s mpocTOTHI KAPTUHBI OYIEM CINTATD, YTO KOJIMIECTBO
HEHYJIEBBIX 3JIEMEHTOB MaCCHBa HACTOJIBKO HE3HAYUTEBHO, UTO JaXKe JIu-
HENHBII TIOUCK CPeJ HUX MOXKET HAC YCTPOUTH 110 OBICTPOIEHCTBUIO. DTO
[TO3BOJINT XPAHUTDH HEHYJIEBBIE JIEMEHTHI MACCUBA B BHUJE CIIHCKA AP «UH-
JIeKC/3Hadenne». Bee jieTajm peajn3anuu, BKIIOYAg U CTPYKTYDY, [Ipell-
CTABJISIIOILYI0 3BEHO CIIMCKa, CKPOEM B IIPUBATHOI YaCTH KJacca, 4TOObI
B OyayIeM MOXKHO OBbLTO 0e300/I€3HEHHO CMEHUTDH Pean3alinio Ha OoJiee
CJIOYKHYIO.

OcHoBHas mpobJieMa TIpHU peasim3alii Pa3pesKeHHOTO MaCCUBa BO3-
HUKAeT B CBA3U C IIOBEJECHHMEM OIIEDPAIMH WHIEKCHPOBaHUs. BbIpakenue
«3JIEMEHT MACCHBa» MOYKET BCTPEUYAThCH KAK B IIPABOI, TaK M B JIEBOH
YaCTH I[PUCBAaUBaHUil, 1 B 00OMX CJIydYasiX HCIIOJb3YeTCs OJHA U Ta Ke
dyuknuga-meros kiacca SparseArrayInt — operator []. Eciu 651 Bce aite-
MEHTBI MACCHBA XPAHUINCH B TAMSTH, KaK 9T0 ObL10 B ipuMepe u3 §10.4.20,
MOXKHO OBILJIO OBbI POCTO BO3BPATHUTDH CCHLIKY HA MECTO B IIAMSITH, TJie Xpa-
HUTCS 9JIEMEHT, COOTBETCTBYIONHil 3aanaoMy umjiekcy. C paszpeKeHHbIM
MAaCCHBOM TaK JI€ACTBOBATH HE MOJIYIUTCS, TOCKOJbKY B OOJIBITUHCTBE CJTy-
qaeB 3JIEMEHT B IIaMsITH He XpaHUTCs. [Ipum 9TOM mpocTO BO3BpATUTH HY-
JieBoe 3HaveHue (6e3 BCAKOI CCBUIKK) HEJIb3sl, BE/lb TOIJa BbIPAsKEHHE, CO-
JepzKaliiee HAIy OMEPAINI0 WHIEKCHPOBAHUs, OyIeT Helb3s IPUMEHSTH B
JIEBOIT YaCTU TIPUCBAMBAHMUSI.

Wrak, 4To Ke nesiaTh B CJIy4ae, €CJIA OlEpalldsd WHIEKCUPOBAHUS BbI-
3BaHA I UHIEKCA, IJIs KOTOPOIO 3JIEMEHT B MAMSTH HE XPAHUTCS, I10-
CKOJIbKY paBeH HyJt0? OIHO U3 BO3MOXKHBIX PEIIEHUIN — 3aBECTH B MAMSITH
COOTBETCTBYIOIIUI JIEMEHT, IIyCTh JaXKe U C HyJIeBbIM 3HAYEHUEM, U BEp-
HYTbH CCBUIKY Ha HET0. JTO, KOHEYHO, TO3BOJIUT BBIIOJIHSTH IPUCBANBAHS,
HO MPUBEIET K TOMY, YTO MPU KaXKJIOM OOPAIEHUU K HYJIEBBIM SJIEMEHTAM
(B TOM uMCIIe HA UTEHNe, a He Ha 3alliCh) TAKHUe 9JIEMEHTHI OyIyT 3aBOIUTH-
CsI B IAMSTH, U BCKOPE OKAXKETCs, YTO U3PsITHOE KOJTMIECTBO ITAMATH 3aHsI-
TO TEMU CAMBIMH HYJIEBBIMU 3HAYEHUSIMU, XPAHEHUsT KOTOPBIX TPeOOBaJIOChH
n30exKaTh.

CxeMy MOXKHO HECKOJIBKO YCOBEPIIIEHCTBOBATH, €CJIU KAXKJIblil pa3 Ipu
BBI30BE OIE€PAINN WHIEKCUPOBAHUS COXPAHATH B IPUBATHON 9aCTU 00BHEK-
Ta 3HAYEHWE WHJEKCA W JaXKe aJIpec 3aBOJMMOIO 3BEHa CIHCKa. lorma
[IPU CJIEYIOIIEM BBI30OBE MOYKHO OYJEeT IPOBEPUTH, XPAHUT JIM 3aINCh, 3a-
BeCHHAS [PU IMIPEIBIIYINEM BBI30BE, UNUCJIO0, OTJIMIHOE OT HYJIs, W €CJIH
HET, TO YJIAJIUTh €€, OCBODOJMB IMaMsiTh. Y TAKOI'O BAPUAHTA PEAJIU3AIII
€CTh, OJHAKO, CBOIl HEIOCTATOK: HA 3aBEeJeHNE U y/IaJIeHIe dJIEMEHTOB Oy 1eT
PacxXoI0BaThCHA 3aMETHOE BPEMS.

B umeasre xoresioch 661 IMETh BO3MOXKHOCTD BBI3BIBATH pa3Hbie (DYHK-
IUU-METOBI JJIsl CIydaeB, KOTJIa IIPOUCXO/IUT OOpallleHue K JIEMEHTY Mac-
CUBa Ha YTEHUE U KOT/Ia WHIEKCUPOBAHNE UCIOIb3YEeTCH [IJIsi IPUCBANBAHUSA
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3JIEMEHTY HOBOI'O 3Ha4YeHWUsi. B mepBoM cjiydae MOXKHO ObLIO OBbI TOTIa BO3-
BpAIATH MIPOCTO 3HAYMEHNE 3JIEMEHTA WJIA HOJIb, €CJIU 3JIEMEHTA B HAMSITH
HET; BO BTOPOM CJIy4uae MOXKHO ObLIO ObI 0€3 0cOObIX MPOOJIEM CO3/1aBaThH
HOBBIIl 9JIEMEHT M BO3BpAIaTh CCHIIKY Ha I0Jie, XpaHsIee 3HAUYEHUe; ITO,
BIIPOYEM, HE HCKJIIOYAeT HEOOXOIMMOCTH IPOBEPKU MPHU CJEYIONEM Bbl-
30Be, He ObLI JIM [PEIbLIYIIEMY JEMEHTY [IPUCBOEH HOJIb (B TOM YHCJE
JUISL CJIy9aeB, KOTJa 3JIEMEHT y2Ke CyIecTBoBaJl). K coKaeHnIo, BO3MOXK-
HOCTH BBEJIEHUsI PA3HBIX METOJIOB UHIEKCUPOBAHUS JIJIsI ITUX JIBYX CJIyJaeB
B Cu++ HeT, Kak HeT W BO3MOXKHOCTH OIIPEJIC/IUTE U3 TeJIA OIEDAIUN WH-
JIeKCUPOBAaHUsI, BbI3BAHA OHA, U3 JIEBOI YaCTW MPUCBAWBAHUS WA HET. JTO
BIIOJIHE MOXKHO CUHMTATh HejocTtarkoM Cu-+-.

Bupodem, Takoit MEXaHU3M MOXKHO CMOJCAUPOBAMSb; UIMEHHO TaK MBI U
moctynuM. HUKTO He MemraeT HaM onucarh HEOOJIBINION BCIIOMOTATE/IBHBIH
KJIacC, 00BEKThI KOTOPOI'o Kak pa3 U OyJeT BO3BpAallaTh HAIla OIIEPAIlNsl
nrjekcnpoBaausi. OOBEKT ITOTO Kitacca GyJIeT MPOCTO XPAHUTH BCIO UMEIO-
IIyI0 OTHOIIEHUE K Jely MHMOPMAIUIO, & B HAIIEM CJIydae Takoil mHMOP-
MAIIIH HEMHOTO: aJIpec IVIABHOTO 00beKTa (TO eCTh 00bEKTA PA3PEKEHHOTO
MacCHuBa), ¢ KOTOPBIM HYXKHO paborarb, U 3HAYeHHe MHIEKCA, IIePeJaHHoe
B Ka4yeCTBe TapaMeTpa OlepaIlii WHICKCHPOBAHMWS.

Nmest a1y nHGOPMALIAIO U JOCTYII K O0BEKTY MAaCCUBa, HAII BCIIOMOTA~
TEJIbHBIIT OOBEKT B 3aBUCUMOCTU OT CHUTYAI[H MOYKET IIPOM3BECTH JIIOOBIE
JeiicTBUsI, KOTOpbIe mOTpebyoTes. UTo 2Ke KacaeTcs OnpeesieHIs, KaKasi
W3 BO3MOXKHBIX CUTYaIldil MMEeT MECTO, TO Yy BCIIOMOIraTeIbHOrO 00bEeKTa
JUIsT 9TOTO eCTh CYIECTBEHHO OOJIbIIIE BO3MOXKHOCTEM, ueM ObLIO B Teje
OmepaIuy WHIEKCUPOBAHUS: BEJIb BCE OMEPAINH, IPUMEHSIEMbIE K Pe3YJlb-
TaTy Oleparuu WHICKCHPOBAHUs, KAK pa3 W OyIyT Ha CAMOM Jejie IIPH-
MEHEHBbI K 9TOMy O0beKkTy. Hampumep, J0CTATOYHO OIIPEJE/IUTh JIJIsi Ha-
IIero BCIIOMOTaTeIbHOrO KJIacca olepalui mpeobpa3oBaHus K Ty int u
MIPUCBAaNBaHUsl, ITOOBI CIEIATh BO3MOXKHBIM M KOPPEKTHBIM CJIEITYFOITIit
KOJI:

SparseArrayInt arr;

int x;

//. ..

x = arr[500]; // uTenme

arr[300] = 50; // samucy (BO3MOXHO CO3IaHWE 3JIEMEHTa)

arr[200] = 0; // ymameHuwe sieMeHTa, €CIH TAKOBOH ecTb

K coxkaJstennto, HeOCTATOK eCTh U y Takoil peaym3amnuu. [Ipobiema B TOM,
9To O6BI‘{HOB IIpruCBaBaHUE — 9TO JaJIEKO HEe € JMHCTBECHHAasI OoIlepalusd, CI10-
cobHasi M3MEHNTHh 3HAYUEHUE IETOYNCTeHHoN mepementoit. Ilombp3oBaresn
BIIOJIHE MOZKET IIOIBITAaTHCA HCIIOJIb30BaTh, HAIIPUMED, TaAKUE BBIPAZKCHUA:

arr[15] += 100;
x = arr[200]++;
y --arr[200];
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Yr0o06bI Bee MOAOOHBIE OIIEpAlny PAOOTAJIM, HAM IIPUIETCS J1JIsl HAIIErO BCIIO-
MOTATEJBHOTO OOBEKTA OIPEJIETUTh UX BCE sIBHBIM 00pa30M, YTO IMOTpe-
byer u3psimHOro 00 béMa padorer: s3bikn Cu u Cu++ HOAIepKUBAIOT JTe-
CATH ONepaIuil MTPUCBANBAaHUsI, COBMEIIEHHBIX C apu(pMETHICCKUMHI Jeii-
crBusiMu (+=, -=, <<= U T.1IL.), IUIOC K TOMY YeThIpe OIEPAIN MHKPEMEH-
Ta/ekpeMenTa (++ u -- B nupedukcHoit u nocrdurcuoil opme). B namem
[pUMepe Mbl OTPAHUYIUMCS OIUCAHUEM OIepaIuu += U nByX (hOpM orepa-
uu ++. OcrajibHBIE Ollepaluu YuTaTe/ib 6€3 TPy OIUIIET CAMOCTOSATE b
HO 10 AHAJIOTUH.

st ymoberBa peanu3anuu BCeX MOAUMUITUPYIOMINX ONEPAInil TieJie-
co00pa3HO B KJIACCe BCIIOMOIaTe/IbHOIO OOBbeKTa BBECTHU JIB€ BHYTPEHHUE
dyukinn. Oyukims Provide OyaeT OTBICKHBATH B CIIUCKE IJEMEHT, COOT-
BETCTBYIONUI 33IAHHOMY B O0bEKTE WHJEKCY, U BO3BPAINATH CCHLIKY HA
roJie, cojieprKaliee 3HAYEHNE; €CJIU COOTBETCTBYIONIETO 3JIEMEHTa B CIIHC-
Ke HeT, QGyHKINUA OyIeT ero co3aaBaThb. Bropas dyukIms, Remove, Oyaer
VAAJIATH U3 CIIUCKA JIEMEHT ¢ WHJIEKCOM, XPAHAIUMCS B O0bEKTE, €CJIN Ta-
KOBOIl B CIIUCKE IPUCYTCTBYeT. BcroMoraTesbHBIN Kjiacc Ha30BEM Interm
oT aHrsuiickoro intermediate.

OrMeruM, d9TO KONMMPOBATH ¥ MPUCBAUBATH OOBEKTHI  KJacca
SparseArrayInt — wujes Bps JU [IPaBUIbHAs; CKOpeE BCEro, ecJu
9TO-TO TAKOE IPOWMCXOJUT, TO ITO OMMOKA — HAIPHUMEp, MOJb30BATEb
CaydJaiiHO mepenias OO0BbEKT Kiiacca B (DYHKIMIO [0 3HAYCHWIO, & HE IIO
ccpuike. [loaroMy MBI 3ampeTuM KOMUPOBAHWE W IIPUCBAMBAHNE OOBEKTOB
HAIIero KJacca, yoOpaB COOTBETCTBYIONIHE METONIbI B IIPUBATHYIO YaCTh.
C y9€TOM 3TOro 3arojioBOK KJjacca OyIeT BBITJISIeTh Tak:

class SparseArrayInt {

struct Item {
int index;
int value;
Item *next;

};

Item *first;

public:

SparseArrayInt() : first(0) {}

~SparseArrayInt();

class Interm {
friend class SparseArrayInt;
SparseArrayInt *master;
int index;
Interm(SparseArrayInt *a_master, int ind)

master(a_master), index(ind) {}

int& Provide();
void Remove();

public:
operator int();
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int operator=(int x);

int operator+=(int x);

int operator++();

int operator++(int);
3

friend class Interm;

Interm operator[] (int idx)
{ return Interm(this, idx); }
private:
SparseArrayInt (const SparseArrayInt&) {}
void operator=(const SparseArrayInt&) {}

};

B camowm kacce SparseArrayInt, Kak MOXKHO 3aMETHTb, OKa3bIBAETCS HE
TaK MHOTO (DYHKITHI: OO/IbINAS YACTh PEAIM3aINN OKA3hIBACTCS BHITECHEHA
B METO/IbI BCIIOMOTATEJILHOTO KJ1acca. EIMHCTBEHHBIM METOIOM OCHOBHOTO
KJlacca, TeJIO KOTOPOr'o B CUJIy Pa3MePOB He BKJIIOYEHO B 3ar'0JIOBOK KJIacca,
OyJileT JIeCTPYKTOP, KOTOPBINl JIOJIZKEH OCBOOOJUTH TMAMSITH OT JIEMEHTOB
CIIMCKA:

SparseArrayInt::~SparseArrayInt ()

{
while(first) {
Item *tmp = first;
first = first->next;
delete tmp;
}
}

OmnurieM Ternepb MeTObI Kiiacca SparseArrayInt: : Interm, B KOTOPBIX U
3aKJ/II0YeHa OCHOBHAS (DYHKITMOHAJIHLHOCTD HAIIETO PA3PEXKEHHOTO MAaCCUBA:

int SparseArrayInt::Interm::operator=(int x)

{
if(x == 0)
Remove() ;
else
Provide() = x;
return x;
}
int SparseArrayInt::Interm::operator+=(int x)
{

int& location = Provide();
location += x;
int res = location;
if(res == 0)
Remove() ;
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int

int

}

return res;
SparseArrayInt::Interm: :operator++()

int& location = Provide();

int res = ++location;
if (location == 0)
Remove() ;

return res;

SparseArrayInt::Interm: :operator++(int)

int& location = Provide();

int res = location+t+;
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;

OcraJoch onmcarh BeroMoraresibubie (byHKIN Provide u Remove:

int& SparseArrayInt::Interm::Provide()

{

}

Item* tmp;

for(tmp = master->first; tmp; tmp = tmp->next) {

if (tmp->index == index)
return tmp->value;

X
tmp = new Item;
tmp->index = index;
tmp->next = master->first;
master->first = tmp;
return tmp->value;

void SparseArrayInt::Interm::Remove()

{

Item** tmp;

for(tmp = &(master->first); *tmp; tmp = &(*tmp)->next) {



§10.4. AGcrpakTHble TUIBL JaHHBIX B Cu++ 163

if ((*tmp) ->index == index) {
Item *to_delete = *tmp;
*tmp = (*tmp)->next;
delete to_delete;
return;

10.4.26. Craruyeckue moJjisi 1 MeTOAbI

VHora GBIBAIOT IOJIE3HBI MEPEMEHHbIE W METONbI, KOTOPbIE, C OJIHOII
CTOPOHBI, JIOCTYIIHBI TOJLKO U3 KJACCA U/UJIH BOCHPUHUMAIOTCS KAaK €ro
JaCTh, HO, C APYTOlf CTOPOHEI, He IPHBI3AHEl HH K KAKOMY U3 00BLEKTOB
I MOTYT HCIOJIb30BATLCA JazKe TOIJA, KOIJa HH OJHOr0 OOLEKTa JIAHHOIO0
KJacca He cymecTByeT. B sasbike CH-+1 TaKkue 4IeHbI KJIACCa HA3bIBAIOTCS
cmamuveckumy 1 0603HAMAIOTCS KIIIOUEeBLIM CJIOBOM staticl®.

Cmamuneckoe noae KAGCCA TIPEICTABILCT OO0, IO CyTH, OOLIU-
HYIO IePEMEHHYIO, BpeMsl KU3HI KOTOPOil COBIAIAET C BPEMEHEM BBLIIIOJIHE-
HUA IPOIPAMMBI — KaK y TI00aJIbHBIX IePEeMEHHBIX. [Py 9TOM IpaBUIIa BH-
JIMMOCTH JIJII CTATHYIECKOTO TT0JIsI KJIAcca TOUHO TaKHe Ke, KaK ¥ JJIsT OOBIY-
HBIX II0JIeli: CTATHYECKOE II0JIe BXOAUT B OOJIACTH BHAMMOCTH KJIACCA, TAK
YTO IIPH YIHOMHUHAHUM CTATHYECKOrO IIOJIA BHE METOJOB KJacca TpebyeTcs
UCIOJIb30BATH CUMBOJI PACKPBITHS 06/1aCTH BUAUMOCTH «: :» (cM. §10.4.13).
Ha crarmdeckoe 1oJjie pacipoCcTPaHSIOTCS OOLIYHbIC IPABUIIA 3AIIUTEL: €CIIH
€T'0 PACIIOJIOKITH B IPUBATHON YaCTH KJIACCA, JOCTYI K TAKOMY IIOJIIO 6yIeT
BO3MOKEH TOJBLKO U3 METOIOB KJIacca W JIpy3eil Kjacca, e/l ¥Ke CTaTHde-
CKO€ T10JIe OCTABUTD B IIyOJIMYHON 9aCTH, MBI [TOJIyIHM IIPOCTO IVIOOAJIHHYIO
[IEPEMEHHYIO ¢ HEOOBIYHO BBITTIAIAIIIM NMEHEM.

CymHOCTh CTATHYECKNX II0JIell KJIacca MOXKHO IIOSCHATDL U HHAHe: CTa-
THYECKOE HOJIC — 3TO TAKOEe «XUTPOE» II0JIe, KOTOPOE CYIIECTBYET B OJIHOM
SK3EMILISpE JJIS BCETO KJIACCA, BHE 3aBHCHMOCTH OT KOJHYECTBA OObEK-
TOB 3TOT0 KJIACCA; Ja’Ke eCIM HU OJHOIO OObEKTa HET, CTATUYECKOE II0JIE
BCE paBHO CyIIECTBYET, KOJb CKOPO OHO OIMCAHO B Kjacce. llomydaercs,
YTO CTATHYECKOE HOJIC, B OTJIMYME OT OOBLIYHOIO, HE SABJISETCS COCTABHOIL
YaCThIO 0066eKMa U IPHHAJICIKAT KAGCCY KAK SJITHOMY IEJIOMY.

CraTndecKoe ToJIe 00bABISETCS B KIACCe TOYHO TaK JKe, KAK M OOBITHOE
[oJIe KJIACCa, TOJIbKO ¢ J00aBJIeHIEM cuepeay cjaoBa static:

class A {
//...

15He myraiiTe UX C JOKAJBHBIMH MEPEMEHHBIMU 1 (DYHKIMSMI MOJYJIEH, a TakKe C
JIOKJIbHBIMU [I€PEMEHHBIME (DYHKIINI, KOTOPBIE COXPAHSIOT CBOE 3HAYEHNE IIPU IIOBTOP-
HOM BXOz€e B pyHKIHIO; KaK U B #13blke Cu, B Cu+-+ 9TH CymHOCTH TOKe 0003HATAIOTCS
CJIOBOM static, HO IPaKTHYECKH HUYEro ODILIEr0 He MMEIOT CO CTATUYECKUMU UJIEHAME
KJ1acca.




164 Azpik Cu++, OOIT u AT/T

static int the_static_field;
//...
}

Hy:xHo0 ydecTh 04YeHBb BayKHOE OTJIMYME CTATUYECKOI'O II0JIS OT OOBIYHOIO:
ec/in 00bsABIEHNE OOBITHOTO TOJIsT CaMo o cebe yrKe 03HATAET, ITO B 00b-
eKTe IIOJ[ ITO TI0Jie OYJET BBIIEJEHO MECTO, TO O0bsBJIEHHE CTATHIECKOTO
MIOJIsT — 9TO UMEHHO OObABJIEHME, CaMO TI0 cebe OHO He IPEIoaraeT Bbl-
JeJIeHns TaMsTH; CTATUIEeCKOe I10JIe TPEDYETCs eImé onucambs B OHOM U3
MOJyJIei.

Mprnomuue si3bik C, MOXKHO 3aMETUTL 34ECH MPSIMYIO aHANIOTUIO C OO bSIBAEHU-
em rnobasibHbIX NepeMeHHbIX C ANPeKTUBONA extern (cm. T. 2, §4.7.2). YT10bbl noHATS,
noyemy obbsiBJIeHNE CTATUHECKOrO MO B KAcCe CYNTAETCS MMEHHO ObbsBAEHM-
eM, a He onucaHmeMm, nogymaiiTe, 4To OyfeT, ecin 3arofioBOK KAcCa BbIHECTU B
3aroJsIoBOYHbINA haiin, a caM 3TOT haiil — BKIOUUTL U3 HECKOJILKUX MOAYNEN.

Nrax, 9T00bI 3aBEPIIUTH CO3/IAHNE CTATUYIECKOTO TOJIsd, HY?KHO 8HE 3a-
20106K0, KAGCCG TIOMECTUTH €TI0 OIIMCaHUe:

int A::the_static_field = 0;

OOBIYHO OIpejleIeHnsI CTATUYECKUX IOJieil CHabXKAIT WHUIMAIU3AIAEH,
KaK B HAIlleM IIPUMepe, XOTs 3TO W He obsi3arenbHO. OOparnre BHUMA-
HIUE, 9TO €CJIM BAIle OIICAHNE KJIACCA BHIHECEHO B 3ar0JIOBOYHBIN (haitst, TO
ONUCAHUSI CTATUYECKUX MOJIEN cjeayer 00si3aTeIbHO IIOMECTUTh
B daiiy1 peasm3anu OJHOTO M3 MOMIYJIel, HU B KOeM cJiydae He B
3ar0JIOBOYHUK!

[ToBTOpPUM, YTO BBEJIEHHOE TAKUM 0DPA30M CTATHIECKOE I0JIe OYIeT cy-
[IECTBOBATH B IIPOIPpaMMe B €IMHCTBEHHOM K3€MILJISIDE U B TE€YECHUE
BCEro BpPEeMEHU BBIIIOJHEHUsI HPOrpPaMMBbI BHE BCSAKON 3aBUCHMOCTH
OoT TOro, OYIyT Jin B Balleil mporpaMMe 3aBOJIUTHCA OOBEKTHI Kjacca A u
B KaKUX KOJu4yecTBaxX. FKcji MoMecTuThb OObsIBIEHUE CTATUYECKOIO TI0JIsl B
MIPUBATHON YaCTU KJIACCa, TO COOTBETCTBYIOIIEE UMl OyJIET JOCTYITHO TOJb-
KO B METOJ[aX KJIACCa U B JAPY2KeCTBeHHBIX PyHKIMAX. OObsIBICHNE MOXKHO
IIOMECTUTHh U B OTKPBITYIO YaCTh KJIACCa, TOTJA OHO Oy/eT IOCTYIIHO OTO-
BCIOJTY, & OOPATUTHCS K HEMY MOXKHO Oy/IeT KaK depe3 CyIeCTBYIOmuil 00b-
€KT, TaK U 0e3 BCAKOTO OOBEKTa C IMOMOIIBIO sIBHOI'O PACKPBITUS 00JIACTH
BHJIMIMOCTH:

A a;
a.the_static_field = 15; // mpaBuinbHO
A::the_static_field = 15; // Toxe IpaBUIbHO

CraruyecKkue I0JIsl CXOXKU C IVI00aJILHBIMU IIepeMeHHbIMU B TOM 4YHUCJIE U
T€M, YTO B HUX IIpOI'PaMMa MOXKET HakanAueamb 2.400a.00H0€ cocmosarue, B
pe3ysibTaTre 9ero Jajd CTOPOHHETO Ha,6J'IIO,ZLaTeIIH IIoBeIcHNEe OJHUX N TeX 2Ke
(byHKLLI/Iﬁ OKazKeTCA U3MCHAIOIMUMCH 110 HEOYeBUJIHBIM 3aKOHaM. KpOMe TO-
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ro, CTATUYIECKHE IT0JI MOI'YT CYIIECTBEHHO 3aTPYIHUTH MACIITAOMPOBaHUE
nporpaMmbl. Tak, ecyii BaM 3a9€M-TO ITOHA00UICS CIIUCOK OOBHEKTOB OIIpe-
JEJIEHHOTO KJIACCA W BBl BBEJIU JJIsI 9TOM II€JIM CTATHYIECKUI yKa3aTeab Ha
MEPBbIiT 9JIEMEHT TaKOIO CIIMCKA, TO 9TO O3HAYAET, UYTO B IIPOrPAMMe TAKOH
CIIICOK MOXKET OBITh TOJIBKO OJINH, & €CJIN KOT/Ia-HUOYIb ITOHAI00UTCS JIBa
TAKUX COUCKA (13 O6BbEKTOB OJHOIO M TOIO YKe THUIIA), IPOrPaMMy IPUIETCH
CYIIECTBEHHO IIePEJIe/IaTh.

[TosTOoMy MCITOJIb30BaHUE CTATUYECKUX MOJIE PEeKOMEHIyeTcsd B
O/THOI U TOJIBKO OJTHOI CUTYyAaIlMu: KOTJa TaKoe II0JIe IIPEJICTABJISAET
co60ii KOHCTAHTYy, TO €CTh €ro 3HAaYeHWe HUKOI/Aa He U3MEHSETCs
BO BpeMsl paboThl mporpamMMbl. Hampumep, crarndeckKuM ojieM MOXK-
HO TIPEJICTABATH KAKON-HUOYIbL KPYITHBIA MACCUB, COMEPIKAIIAN Heu3MeH-
Hble TAHHBIE, HeoOXOAUMBbIE JJIsT paboThl 00BEKTOB JAHHOIO KJacca, HO He
TpeOyIoIIrecst HUTE 3a ero npejejaaMu. [IpuMepom Takoro MaccuBa MOTYT
CJIyKUTb, HAIIPUMED, TabJINIa TePEXOIOB MEXK/y COCTOSTHUSAMU KOHETHOIO
aBTOMATa B KJIACCe, PEaU3yIOIIeM 3TOT KOHEIHBI aBTOMAT; MACCUB CTPOK
C BO3MOXKHBIMH JUATHOCTHIECKAMU COODIIEHUSIMU; TAOJIUIA COOTBETCTBUS
[I0JIb30BATEIbCKUX KOMAH[ (CTPOK) BBI3BIBAEMbIM (DYHKIUAM, U T. IL.

Cmamuyeckutli mMemod — 3710 0coObIit B (hyHKIMU-METOA, KOTO-
pasi, SIBJIsIsiICh METOJOM KJIACCa M UMesl JOCTYII K €ro 3aKPBITHIM JI€TAJISM
peajim3aliy, Ipu 3TOM BBI3BIBAETCS HE3aBHCHMO OT OOBEKTOB KJlac-
ca. IlepBonagasbHO cTaTWYecKue METObI IIPEIHA3HAYAINCH JIJIsi PADOTHI
CO CTATUYECKUMU IOJISIMU, HO IOJIyIMBIIHUICS MEXaHU3M HAIIE B UTOTE
CYIIECTBEHHO OoJiee MIMPOKMIi creKTp npuMenennii. OO bsBIeHne craTude-
CKOT'O METOJ[a AHAJIOTMIHO OODBSBICHUIO OOBITHOTO METOJA, HO MePes] HUM
CTABUTCSI KJIFOUEBOE CJIOBO static, Kak B CJIEIYIOIIEM IIPUMeEpe:

class Cls {
//...
static int TheStaticMethod(int a, int b);
//...

}

OTMeTuM, 9TO IPU BLIHOCE TEJIa CTATHYECKOT0 METO/Ia 38 PEJIE/IbI 3ar0JI0B-
Ka KJIacca CJIOBO static B €ro ONMCaHWM He WCTOIB3YETCs, KOMIUISATODY
XBaTaer CJOBa static, MOCTABIEHHOrO B 00bABJICHUN (3ar0JI0BKE) METOIA
B KJIacce.

O6parmenne K CTATHIECKOMY METOJLY, KAK M K CTATHIECKOMY TTOJIO, BO3-
MOKHO KaK 9epe3 00bEKT KIIacca, TaK 1 6€3 TAKOBOTO, € MOMOIILI0 CHMBOJIA
PACKDLITUS OBJIACTH BUIUMOCTH:

Cls::TheStaticMethod(5, 15); // Bcé mpaBumbHO
Cls c;
c.TheStaticMethod (5, 15); // Tak ToXe MOXHO
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[TockonbKy craTuyueckasi (PYHKIHS-METOM, MOXKET ObITh BbI3BaHA 06e3 00b-
eKTa, y Heé, KaK CJIeJCTBHE, OTCYTCTBYeT HedBHBINI mapamerp this
(cMm. §10.3.2). Kpome Bcero mpodero 3ro 03HAdYaeT, 4TO Takasd (DyHKIUs
HE MOXKET IIPOCTO TaK 00paIaThCsi, KAK JPyTrUe MeTO/IbI, K MOJISIM O0beKTa,
Be/lb O0beKTa y Heé HeT. Boi3biBaTh HecTaTudeckne (byHKITUA-METO/IbI CTa~
THYeCcKasd DYHKITHS TOKE ITPOCTO TAK HE MOXKET, TOCKOJIBKY HECTATHIECKUE
METOJIbI JIOJI?KHBI BBI3BIBATHCS I KOHKPETHOro o0bekTa. CuTyarus Kap-
JIMHaJIbHO MEHAETCdA, €CJIN CTaThn4YeCKad d)yHKL[I/IH TEM UJIN NHBIM CIIOCO6OI\’I
BCE-TAKM IIOJIyIa€T JOCTYI K OOBEKTY CBOETO KJIacca. TaKoe BIIOJIHE MOXKET
MMPOU30iTH U HUKOUM OOpPa30M HE IIPOTHBOPEYUT ONPEIE/IEHUI0 CTATHIe-
CKOI'O MeTOJIa: JIeMCTBUTE/IbHO, HUKTO HE MeIaeT IepejaTh O0beKT dYepes
OJIVH U3 SIBHO 0D03HAYEHHBIX [IAPAMETPOB; BIIOJIHE BO3MOXKHO IOy YUTh J10-
CTYII K OOBEKTY CBOETO KJIACCA Uepe3 IJI00aIbHbIE TEPEMEHHBIE MIA C TIOMO-
B0 IJI00AJIbHBIX (DYHKIIUN; HAKOHEI], CTaTUuYecKas (PYHKIINS BIIOJIHE
MOXKET CO37JaTh OOBEKT caMa.

Wrak, HECMOTPsT HA OTCYTCTBHE yKa3aHUI HA KOHKDPETHBIN OOBEKT IIpu
BBI30BE CTATUYIECKOHN (DYHKIINN, OHA B HEKOTOPBIX CJIYUATX MOYKET [TOJIYIUTh
JIOCTYT K 00BEKTy cBoero kjacca. I Torma cratudeckass pyHKITUSI, KaK
u Jr060i MeTo[, KJlacca, MOXKeT obpamarbesi K 3aKpbIThIM (Ipu-
BaTHBIM) IIOJISIM M METOaM OOBbEKTa (JeHCTBUTENHHO, KAK y2Ke TOBO-
puIIoCh paHee, euHUIEH 3amuThl B CU++ sBJIsIeTCSA He 0OOBEKT, & KJIacC WIN
crpykrypa neaukoM). Hamuune B Cut+ craTudeckux METOIOB O3BOJIAET
B psijie CIyYaeB MPUMEHSITh BEChMa, U3AIIHbBIE TTPUEMBI IIPOI'PAMMUPOBAHUSI .
Hamnpumep, Mbl BriosiHe MozkeM yOpaTh B 3aKPBITYIO 9acTh KJIacca BCE KOH-
CTPYKTOPBI, 3alIPETUB TAKUM 00PA30M CO3/IaHIe OOBEKTOB JTAHHOTO KJIACCA
W3BHE €ro CaMoro, U IMOPYyYUTH CO3/aHUuE OOBEKTOB CTATHIECKOMY METO.Y,
KOTOPBIII MOYXKHO BBI3BaTh, HE UMeEsI HU OJHOTO OO'BEKTA.

10.5. O6paboTKa UCKIIOYNTEIbHBIX CUTYaITWIA

IIpexx e yeM HagaTh pacckas ob obpaboTke uckaodeHuii 8 Cu+-+, MbI
JIOJIZKHBI IIPEJIOCTEPEYDb YUTATENST OT BO3MOYKHBIX IIOCJIEJICTBUNA HEKPUTHU-
YECKOTO BOCIIPHUATHS ITOr0 mHCTpyMeHTa. OOImas maest NCKIIOINTETbHBIX
cuUTyanuii, KaK BBl YBUJWTE UyTh I033KE, UPE3BBIYAIHO I10JIE3HA, HO TO,
KaK 3TOT UHCTPYMEHT IIpejcTaBjieH B s3bike Cu-+-+, BbI3BIBAET OIPEIE/IEH-
HOe HemoyMenne. JToOBI peajn30BaTh MEpeaady YIPaBIeHHsT B CTPOTOM
coorBercTBUA CO crernupukanueit Cu+-+, KOMIMIATODP BBIHYK/IEH UJITH Ha
HEOYEBHU/HbIE U JIOPOI'OCTOAIINE TPIOKK — BCTABJISTH B IIPOrpaMMy 00Jib-
10e  KOJIUYIECTBO MPAKTUIECKN OECIIOIEe3HOT0 MAITUHHOTO KOJA, WCIIOJIb-
30BaTh I'POMO3IKYI0 «HEBHJIMMYIO» OUOJIMOTEUHYIO IMOIJIEPKKY, CHIKATH
OBICTPOJIEIiCTBIE; KOJIb CKOPO MbI YIIOMSIHYJIA OBICTPOIENACTBHE, OTMETUM,
9TO €CJTH y2K Ballla IPOorpaMMa MepeNLnIa B COCTOSHIE 00pabOTKH NCKITIOTH-
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TeJILHOM CUTYaIluu, TO IPOUCXOIUTH 9TO OYIET 10 KOMIIBIOTEPHBIM MEDKAM
MIPOCTO 6E3YMHO MEJIJIEHHO.

MHuorue mporpaMMUCTHI, j1aykKe HE OTHOCsIME cebs K KOHCEPBATOPAM,
MOIOOHBIM ABTOPY TUX CTPOK, CAMTAIT UCIOJIb30BaHUE UCKJIIOUEHUI He10-
IIyCTUMBIM; OOJIBITUHCTBO KOMIMISATOPOB CH++ [MO3BOJISIET MOJIHOCTHIO OT-
KJIIOYHUTDH 9TOT MEXaHU3M. BO3MOXKHO, TP MUHAMAJIUCTAIECKOM IOIXOJIE,
KOTODBIIf MBI IPUWHSIM B Harieii kaure B orHOmennn Cu+-+, Jormdxee
ObL7T0 OBI BOOOIIE HE pPacCKa3biBaTh 00 HCKJIIOUEHUSX, W TAKOW BapUAHT,
CMeeM BaC 3aBEPUTH, PACCMATPUBAJICS BECHMa CEPhE3HO, HO, HECMOTPS Ha
BCE CKa3aHHOE, 9Ta IJIaBa B KHUTE COXPAHUIACH, U TOMY €CTb IIEJIbII pPsiJT
[PUYNH.

IIpexk e Bcero ciemayer OTMETUTD, YTO UCIOJIH30BAHUE UCKIIOYEHUH Cy-
IIECTBEHHO CHUYKAET TPYIOEMKOCTb HAIMCAHUS [IPOTPAMM, BO BCSIKOM CJIy-
Jae, ecJii CPaBHUBATDL C MPOrpaMMaMU, B KOTOPBIX, HECMOTPSI HA OTCYT-
CTBHE MEXaHU3Ma UCKJIIOYEHUIl, BCe BO3HUKAIOIINE ONINOOYHBIE CUTYAIINN
CKPYILYJIE3HO TPOBEPSIOTCS U obpabarbiBaioTcs. MOXKHO Jin pajy Takoro
BBIUT'DHIINIA B TPYIOEMKOCTH ITOXKEPTBOBAThH 3(M(PEKTUBHOCTHIO — BOIIPOC,
Ha KOTOPBIN CJeayeT OTBEYATDh, MUCXOd U3 OCODEHHOCTEH KOHKPETHOH pe-
aeMoii 3a/1an.

Ho ects 371eCh 1 Apyroit MOMEHT, MOXKaJIyii, 1axKe 6osiee BaxkHbIi. Hemo-
CTATKU, TPUCYIIAe MEeXaHU3My HUCKJoueHui s3bika Cu-+-+, 06yCcIOBIeHbI
HE TOJBKO M HE CTOJIBKO CaMOW HIeeil MCKIIIOYeHNH, CKOJIBKO JIOBOJIBHO
CTPaHHBIM IOIXO0M, KOTOPbI W30paJI JIst BOILIOIIEHUs 3TOi ngen BbbépH
Crpaycrpyn. O6paboTka UCKIIOUEHUN KaK TaKOBasl CYIIECTBYET HE TOJIHKO
B Cu++, 1 J1ajIeKo He BCerjia OHa CTOJIh XKe youhicTBeHHa J1st 3(hhEKTUBHO-
CTH OJIy Y€HHOI TporpaMMbl. MOXKHO JIErKO MPeICTaBUTh cebe IPyToi oI-
X0/, KOTOPBIf HUIYTh HE CHU3WUI Obl BHIPA3UTEIHLHON MOIIN UCKJ/TIOUEHUH,
HO IIPU 9TOM HE 3aCTaBJIsI ObI MIPOrPAMMUCTOB JIOMATH KOIIbsI 110 ITOBOIY
JOIYCTUMOCTHU €TI0 TPUMEHEHUSI.

Ons qutateneid, KoTopble 3HALOT, O 4€M UAET pedb, MOSICHUM: €Cin Obl KOHKpPEeT-
Hasi UCKNOYMTENbHAA cuTyauns ngedtuduymposanace B Cnu++ He Tnom obbekTa,
KaK 3TO CAENIaHO ceiivac, a agpecom nepeMeHHOos NPON3BOLHOrO Tuna, rnobanbHoi,
,D,I/IHaMI/I‘-IeCKOﬁ nnn gaxe CTeKOBOI‘/’I, ansa KOTOpOﬁ nporpamMmmMmuncT obsizaH rapaHTunpo-
BaTb, 4TO OHa HE NEPECTaHET CyLeCTBOBATb HN K MOMEHTY BosGy)Kp,eva NCKNO-
YeHUs, HU K MOMEHTY ero obpaboTku, To 0bpaboTka ncktoHeHUl He TsHyna Gbl 3a
coboil ANHAMNYECKOTO MOHCTPA, UMEHYEMOrO CUCTEMOI UAEHTUPUKALNNA TUMOB BO
spemsi ucrionnenusi (RTTI), a nomeTka n pasmoTka cTeka Mornun 661 paboTats npolye
n buicTpee.

C y4éroM BCero 3Toro MOXKHO CKa3aTh, YTO 3HAKOMCTBO C 00pabOTKOI
HCKJIIOYEHN OyIeT YUTATEIO TI0JIE3HO, J1arKe eCJIU OH IIPUMeT JJIst cebsi pe-
[IEHUE HUKOTJIA HE MCIOJIb30BaTh €€ B mporpammax Ha Cu+-+. CymectByor
JpYTHE SI3bIKU, TPEyCMATPUBAIONINE AHAJIOTUYIHBIE CPEJICTBA; B MOCIIE/TY-
IOIUX YaCTAX HAIlell KHUTU MBI ITO3HAKOMUMCS C HECKOJBKHMH U3 ITHUX
s3b1K0B. Kpome Toro, B GyzyiemM BO3MOXKHO (U, IOKAJIYH, HEU3GEKHO) 1O~
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sIBJIEHHE KAaKOI'O-TO HOBOI'O sI3bIKA, [IPOrPAMMUPOBAHUST; OYJIeM HAIesAThCs,
9TO B HEM BCE-TAKWU yITYT HEraTUBHBIN onblT Cru++.

Cpagy xoresioch ObI OTMETHUTD €I OH MOMEHT. Eciin BbI BCE ke peru-
Te UCIOJIb30BATh MCKJ/IFOUEHNsS B CBOMX IIPOIPAMMax, TO, II0 KpaiiHeil Mepe,
HUKOT/Ia He IPUMEeHSTe MeXaHu3M O00paGoTKN MCKIIOYATEIbHBIX
curyanuii AJisi IITATHOTO BBIXO/IA U3 BJIOXKEHHBIX YITPABJISIONINX
KOHCTPYKIIUI MjIu riIyboKuxX 1emnodyek BbI30BOB dbyuknmii. Korma B
Ballleil IporpaMMe BO3HUKJIA Ta WM MHAs OIMNOKAa, BaM yzKe OOBIYHO BCE
PaBHO, CKOJILKO BpeMeHn YHIET Ha €€ 00paboTKy: B OOBITHHCTBE CJIYIa€B
BBIXOJI U3 IOJIOZKEHUsI TpeOyeT BMEImaTe/IbCTBa I0JIb30BaTe sl (9eI0BEKa),
& €ro «IIePEeTOPMO3UTh» HAJIO enié ncxurpurhbest. CoBceM JIpyroe J1eJ10, ecin
HUKaKo# omuOku Her. VIcKmiouenns paboTaloT MeIJIEHHO JI0 TaKO# cTere-
HU, YTO IIPOrPaMMa, UCIIOIb3YIOMIast UX JJjis IITATHONO BO3BPATA, YIIPABJIE-
HUsI U3 BJIOYKEHHOT'O BBIUHCJIMTENHLHOTO KOHTEKCTa, MOXKeT (Jierko!) nmposo-
JITH B 0OpabOTKe MCKJII0YeHn TPOIeHToB 3Tak 90 BCero cBoero Bpeme-
HI pabOTHI: KOJUIETH PACCKA3BIBAJIN ABTOPY IPO PEAJIbHBIE CJIyUIam, KOTIA
ObICTPOIECTBIE TPOrPAMMBI MIOBBIIIAIOCH (0JIee 4eM Ha HOPSIOK (KOH-
KPETHO — B CEMHAJIATH Pa3) M3-3a8 3aMeHbl BBIXOJA 110 UCKJIOYEHUIO HA
MIPOCTOI return M HeCKOJBKO IJI00AJbHBIX (DIIAKKOB.

Kak roBopurcsi, KTO IpeAyHPeRIEH — TOT BOOPYKEH.

10.5.1. Omubo4YHbIE CUTyaAIU U TPOOJIEMbI UX
obpaboTku

JIi0bast CKOJILKO-HUOY/Ib HETPUBHUAJIbHAS TPOTPAMMa COJEPKUT par-
MEHTBI, KOTOPbIE B HEKOTOPBIX OOCTOSTETHCTBAX HE MOT'YT OTPabOTATh KO-
pekrHo. Hanpumep, mporpamma, aHaTU3UPYOMAS COAEPKUMOE 33 JaHHOTO
daiina, He cMoKeT paboTaThb, HE CyMeEB OTKPBHITH (Daiiji HA YTEHHe; IIPO-
rpaMma, paboTaioriasi o KOMILIOTEPHON ceTH, He CMOXKET paboTaTh, ecin
He paboTaeT CeTh UJIU eCJIN HEeJOCTYIIeH HYKHbI cepBep; (DYHKITHS, TTPOU3-
BOJIAINIAS CJIOZKHBIE BBIYUC/IEHNS, HE MOYKET KOPPEKTHO UX 3aBEPIIUTh, €CJIN
B XOJI€ BBIYHUCJEHUH TOTPEOOBAJIOCH JIeJIeHe Ha, HOJIb WJIN, HAIIPUMED, BbI-
qucJIeHne JTorapudma o e JMHIIHOMY OCHOBaHUIO, U T. 1. [lomobubre cuTya-
MY HA3BIBAIOT ONIMOOYHBIME, OJHAKO YK€ 9TO COBEPIIEHHO He 00s3aTeIbHO
03HAYAET, YTO OmHUOCT TPOrPAMMUCT, MMUCABINUI mporpammy. B ciydae ¢
dailsioM BHHOBAT B BOZHUKHOBEHHH OIMUOOYHON CHUTyallnd, CKOpPEe BCero,
[I0JIB30BATEJb, B CIyYae C CETHIO — ODCJIyKUBAIOIIHI TE€PCOHAJ CETH HJIN
cepBepa; JieJIeHre Ha HOJIb MOXKET OBITh CJIEJCTBHEM OIMIMOKH ITPOTDAMMU-
CTa, HO MOYKET CTATh TAKXKE U PE3yJIbTATOM HEKOPPEKTHBIX MCXOIHBIX JTaH-
HbIX. lHaYe rOBOpsI, MbI I[P HAIIMCAHUU [IPOrPAMM YACTO CTAJIKUBAEMCS CO
CIIydasiMi, KOTJIa ycrernHast paboTa Halmeil MporpaMMbl 3aBUCHT OT BHEIII-
HUX yCJIOBUI, KOTOPBIE MBI CAMHU T'apPAHTHPOBAHHO OOECIEYUTH HE MOYKEM.
B Takux cirygasix mpuxoIuTCs MPeayCMaTpPUBAThL B IpOrpamMMe 06pabomxy
owWUb0K.
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IIpoBeputh BCe HyXKHBIE YCJIOBHSI OOBIYHO HECJIOKHO. CyIecTBEHHO
CJIOJKHEE MOYKET OKa3aTbCsl CJEIYIOIINN BOIPOC: a YTO JKe JIeJIaTh, €CJIA
YCJIOBHS OKA3aJIACh HEYIOBJIETBOPUTEILHBI — HE OTKPBLICs (daili, He ycra-
HOBHJIOCH COC/IMHEHUE, B JIEJUTEIEC OKA3aJICA HOJIb, — TO €CTh BO3HUKJIA Ta
camas ommbovuHasi curyarus! MHOrHe CTYJeHThl HOCTYIAIOT IPOCTO, JIE-
[IEBO U CEPIMUTO: II€YaTA0T KAKOe-HUOY/b cooblieHre (OYeHb YaCTO MPO-
cro "ERROR") 1 3aBEpHIAIOT BBIIOJHEHUE [IPOrPAMMBI, HAIIPUMED, BHI30BOM
exit. B peasibHOI »KW3HM TaKOil BapHAHT OOBIYHO HEJOIYCTUM. ITOOBI 110-
HATH NPUYUHBI 3TON HEOILYCTUMOCTH, IMIPEJICTABLTE cede, ITO BBI JOJIIO
HaOUPAJIM TEKCT B KAKOM-HUOY/Ih TEKCTOBOM PEIAKTOPE, ITOTOM IIPU COXPa-
HEHUU CAY4AUHO BBEJIM HEIPABUJIBHOE MMsl JIMPEKTOPUU WJIU, HAIIPUMED,
TIOTIBITAIACH 3aINCATh (DAl Ha BaMUIEHHBIN HOCUTEb. Ecim ObI aBTOP
TEKCTOBOT'O PeaKTOpa 00pabaThIBaJI OMUOKH «ITO-CTYAEHIECKU», TPOrPaAM-
Ma pellakTopa Obl HEMEJIEHHO 3aBEpIINJIaCh, YHUITOXKUB BCE PE3YJIbTaTh
Bareit paboTbl. MaoBeposTHO, ITO TaKOe MOTJIO ObI BAM IMOHPABUTHCS.

Boutee Toro, He Becerma u He Be3ze MOYXKHO TAK BOT IIPOCTO «HAIIEIATATH
coobrmernes. Hampumep, npu nporpaMMUpPOBaHUN OKOHHOI'O ITPHUJIOYKEHMUST
o MS Windows HMKakoro moToka CTAHIAPTHOTO BBIBOJA B PACIIOPSIZKE-
HAW TPOrPAMMIECTA HET, TAK YTO BMECTO II€YATU MPUXOJUTCH CO3/1aBATDH
MOJIAJIbHBIN JUAJIOI C COOTBETCTBYIOIUM TekcToM u KHomkamu. Ilom OC
Unix Bcé He Tak IIOXO, IIOTOK CTAHIAPTHOI'O BBIBOJIA €CTh BCErJIA, €CTh Jla-
2K€ CIIeIUAJIBHBIN IMOTOK Il BBIBOIA COOOIeHnit 00 ommoOKax; mpobema
TOJIBKO B TOM, UTO JAJIEKO HE BCEIJIa PE3YJIbTAThI BBIBOJA B ITH ITOTOKM
KTO-TO YUTAET, U B HEKOTOPBIX CJIy4YasgX CJeyeT BMECTO HHUX I0OJIb30BATh-
csl CUCTEMOM KypHaam3anuu. Ecn 2Ke HAMMCAHHBI HAMHI KOJI pabOTaeT B
sIJIpEe OIEPAIMOHHON CUCTEMBI UJIA ITO MIPOIIUBKA, JIJIsi KAKOTO-HUOY b MUK~
POKOHTPOJLIEPA, TO BO3MOXKHOCTD «BBIJIAThH COODIIEHNE 00 OMUOKE» MOXKET
[IOIPOCTY OTCYTCTBOBATDH KAaK SIBJICHUE.

Kpowme Toro, e Bce ommubouHble curyanun daraabHbL. B BhIIEymoMs-
HYTOM IIpUMEpE C PeJaKTOPOM TEKCTOB B OIMUOKE, JOIYIIEHHON I0JIb30-
BaTeJIeM, BOBCE HET HUYErO CTPAIIHOrO: HY?KHO IIPOCTO KOHCTATHPOBATDH
dakT OmmbKYU U MOMPOCUTH OJIF30BATE IsI BBECTH Apyroe nMs daiiia. Tod-
HO TaK Ke MOXKeT He ObITh (barajbHOIl OmuOKa, CBsI3aHHAsI C YCTAHOBJIE-
HUEM CETEBOI'0 COeJIMHEHUs, BeIb BO MHOTHUX CJIydasiX MOXKHO OOPATUTHCS
K ceppepy-my6épy!®. Iaxke memenme Ha HOJb B HEKOTOPBIX CIYIAIX MO-
JKET O0Ka3aTbhCsl JEJIOM ITOIPABUMbBIM, KaK, HAIPUMED, IIPU UCCJIEIOBAHUN
HEKOTOPBIX HEKOPPEKTHO IIOCTABJIEHHBIX 33J1a9: OOBIYHO B ITUX CJIydasix
TOJIOBHASI IIPOTPAMMa 3HAET, KAK MOXKHO CKOPPEKTHPOBATH MCXOJIHBIE JTaH-
Hble, YTOOBI M30€XKaTh JeJIeHns] HA HOJIb, U HYXKHYI KOMOWHAIMIO WIIET
MeTo/IoM TIpob u ormubok. Hakomer, ouH U TOT 2Ke KOJI MOYKET HCIIOJIb-
30BATHCS B COBEPIINEHHO PA3HBIX MPOrPAMMAX, IIPUIEM JJIsI OJHUX OMIAOKA
MOXKET OKa3aTbhCsi (paTabHOI, i IPYIUX — HE CTOSAIIEH /1aXke yIOMUHA-

16Takoe BO3MOXKHO IIpH OBPAIIEHUSIX K CHCTEME JOMEHHBIX MMEH (DNS), a B HEKOTO-
PBIX CJIydasX — W IIPHU OTIPAaBKE 3JE€KTPOHHOU MOYTHI, U B APYTUX CUTYAIUSAX TOXKE.
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Husi. Hanpumep, MHOTHE IPOrPaMMBbl BBITIOJIHSIIOT ITOMCK HY>KHOTO daiiia B
Pa3HBIX JUPEKTOPUSIX, IIPOCTO IBITASICH €r0 OTKPBITH U IIPOJIOJIZKAST TOUCK
JIAJIbIIIE TTOCJIe KAaXKI0N HEYAadn; B 9TOM C/Iydae OnmdKa BOOOIIe mepecTaéT
OBITH OIMUOKOIA, TOTA KaK B KAKOW-HUOYIb APYTOil MporpaMmMe OmmudKa, TP
OTKpBITHN (ailyia JleaeT JaabHellnee BbIIOTHeHne 6ECCMbICTEHHBIM.

U3 Bcero BBIMECKA3aHHOTO MOYKHO CJEJIaTh OJMH OYEHb CepbE3HBIN 1
BaKHBIIl BBIBOJ: IIPUHUMATH PEIIeHNEe O TOM, YTO JieJIaTh MPU BO3-
HUKHOBEHUU OIMUOOYHON CUTyaIuy — 3TO [IPEPOraTuBa roJIOBHOMN
IpOrpaMMbI. 3aBepIiaTh MPOrpPaMMy, & TAKYKE ¥ BBIIOJHSITH TEM WJIN
WHBIM CIIOCOOOM BBIZ@Yy COOOIIEHUN MOXKET TOJIbKO (DYHKIWsS main u Te
U3 BBI3BIBAEMbBIX €10 (PYHKIIMIA, KOTOPBIE JJIsi 9TOrO CIIENUaJIbHO IIpe/IHa-
3Ha4YeHbl. UTO Ke Kacaercs KoJa, He IOMABIIEro B 9Ty KATEropuio, TO €ro
JIeJIO B CJIy9Yae BOZHUKHOBEHUS OMIMOKN — OIOBECTUTH OO STOM TOJIOBHYIO
porpamMmy, u He 60Jjiee TOro.

3BydYUT 3TO JIOCTATOYHO MPOCTO, OJTHAKO BCE, KTO MMEET OIBIT HAIW-
caHusl JlasKe He OYEHDb CJIOXKHBIX MPOrpaMM, 3HAIOT, ¢ KAKUM TPYIOM 3TO
BOILJIOIIAETCsT Ha IMPAKTUKE. B MPOCTBIX si3bIKAX MMPOIPAMMHUPOBAHUSI, Ta-
kux Kak Cu min [Tackaiib, IpUXOAUTCS U3 MOAIPOTPAMM B CJIy4Yae BO3HUK-
HOBEHUs ONMMUOOK BO3BPAIATH CIEIUAJbHBIC 3HAYEHUSI, & B TOYKE BHI30BA
MOJIIPOIPAMMBI IIPOBEPsIThH, HE BEpHYJIa JIM OHA 3HAYEHMe, COOTBETCTBYIO-
1ee ormuobKe. B OONBITUHCTBE CIyYaeB MIPH 9TOM BBI3BABIAS MTOIIIPOTPAM-
Ma TOXKe BBIHYKJIEHA BO3BpAIlATh NpHU3HAK OMmmOKu u T. 1. IIpegcrasbre
cebe Terepb, uTo MbI numieM Ha Cu u y Hac dyukiua £1 Ber3pasa QyHK-
nuio £2; Ta B cBOIO odepesib — MyHKIUo £3 U T. /., & B PYHKIUU, CKaYKEM,
£10 BO3MOKHO BO3SHHKHOBEHIE OIMMMO0THOM cuTyarun. Torma HyKHO TpeTy-
CMOTpETh 3HaUeHne, Bo3pparmaemoe £ 10 B ciaydae 910t omubku, B GyHKIANA
f9 cmenaTh MPOBEPKY M B CJIydae OIMIHMOKU TOYXKE BO3BPATUTDH CIIEIHATBLHOE
3HAYEHWE — M TaK BO BCEX (DYHKIUSIX.

Teoperndeckn MMEHHO TakK BCE U JIOJIKHO JIE€JIATHCS, BCE BO3MOXKHBIE
OIMIMOOYHBIE CUTYAIUHA JOJIKHBI IIPOBEPSITHCS U T.J., HO HA IIPAKTUKE aK-
KypaTHOe COOTIofeHne TpeOOBaHni Mo 00pabOTKe ONMMMOOK MOXKET OKa3aTh-
¢Sl HACTOJIBKO TPY/IOEMKUM, YTO MPOIPAMMUCTDI MPUOEraloT K U3BECTHOMY
«QJITOPUTMY peIlleHnsl BCex Ipobiem», a uMeHHO — (1) HOIHTH BBEPX Npa-
BYIO DYKY 4 (2) pe3KO MaxHYTb €10, OJIHOBPEMEHHO [IPOM3HOCS YTO-TO BPOJIE
«a, 1ayiHo». Eerh maxke myrodnas ¢gppasa Ha aTy Temy: «Hukorma ne mpose-
psifiTe Ha OMMOKM, KOTOPhIE BBl HE 3HaeTe, KaK obpaborarsby. Pazymeercs,
Takoe OOBIYHO japoM He mnpoxoaut. Ommbka, KOTOpyo He crajaun obpaba-
TBIBATH B HAJIEXKJIE, YTO OHA HUKOTJA HE MIPOU3OUJIET, TIPOSIBUTCS B CAMBII
HEITOIXOSIIINI MOMEHT, IIPUYIEM UeM JIAJIbIIe HAXOJIUTCS 3aKA3YUK U €M
GOJIBIIE JIEHEr OH 3AIIJIATIII, TEM BBIIIE BEPOSITHOCTD, 9TO HAIIA IIPOTPAMMa
CJIOMAETCS UMEHHO y Hero. VIMEHHO TI03TOMY BO MHOTHUX SI3BIKAX MTPEYCMOT-
PEHBI CITeIUaJIbHbIE BO3MOXKHOCTH It OOPAabOTKM OIMUOOYHBIX CHUTYAIHA.
B s3bike Cu++ cOOTBETCTBYIONIUI MeXaHU3M Ha3bIBaeTCsd 00pabomkol
uckarouenudl (auri. exception handling).
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10.5.2. Ob61mag ngesda MexaHu3Ma UCKJIIOYCHUMA

OrmeTuM eré oJIuH HeJI0CTATOK UCIIOJIb30BAHUS CIEIUAJbHBIX BO3BPa-
MMAEMBIX 3HAYEHUH JJI WHAWKAINN OIMMUOKA. B HEKOTODPBIX CIydasx cpe-
JIM BCEX 3HAYEHUHN BO3BpAIaeMoro (pyHKIueil Thia mpocTo HET HU OJIHOTO
HEUCIIOJIB3YEeMOTr0; OTJIMYHBIN MPUMEpP 3TOro — (pyHKIUs atoi, mepeBos-
masi CTPOKOBOE IPEJICTABJIEHNE TIeJIOT0 JHCJa B 3HadeHue Tuna int. Bos-
BpalllaeT OHA, €CTECTBEHHO, YHUCJIO THUIA int, a MOCKOJbKY JI060e Takoe
YHUCI0 MMEET CTPOKOBOE IIPEJICTABJICHHE, TO U BEPHYTH (IIPH OTCYTCTBUU
Kakux-sinbo ommMbOK) OHA MOXKET, BOOOIIE IoBOps, JII0O0e 3HAYEHHME TUIIA
int. B To Ke Bpemsi BOBMOXKHO, 9TO B CTPOKE, IMOJAHHOI atoi Ha BXOI,
COJIEPKUTCS TEKCT, He SIBJISIFOIIUICS IIPeICTaB/IEHNEeM KaKOro-janubo Yuc/ia
(manpumep, cocrosmuii u3 6yks, a He u3 nudp). Pazpaborunkn dyHKIMNI
peIlmid B TAKOW CUTYyalliy 33 HEMMEHUEM JIydIero BO3BPAIATh HOJIb, HO
9TO HE perraeT mpobJIeMy, Beb Oy daeTcs, ITO (DYHKIMS BO3BPAIIAET O
HO W TO K€ U JIJIT CTPOKH, CojiepzKaleit oenndbepay, U i cTpoku "0,
KOTOpasl BIIOJIHE KOPPEKTHA. DTO MPUBOJUT HAC K UIEE UCKAIOUEHUSL, KO-
TOpPOE TPECTABJIAeT CODOI 0cobbill cnocob 3asepuierus GYHKUUL: €Cau B
sA3bIKAX, HE IOJJIEPKUBAIOIINX MEXaHU3M HCKJIFOUeHUil, (DyHKIUsS MOTLJIa
TOJIBKO BEPHYTH OJIHO U3 BO3MOXKHBIX 3HAYEHUil, TO B s3BIKAX, MOJJIEP-
JKUBAONIUX UCKTIOUeHNs, (DYHKIMS MOXKET MO0 BEPHYTH 3HAUEHUE, JTUOO
68030yduMb UCKAIOUEHUE.

Hanomuum (Mbl y2Ke yHOMHHAIM 3TO Ha ¢TP. 91), 4TO HCKIIIOYEeHUs BOBCE
HE SIBJISIOTCS COCTABHON YaCTHIO MAPaIUrMbl 0O'bEKTHO-OPUEHTUPOBAHHOTIO
MIPOrPaMMUPOBaHUS, KAK 9TO IIOYEMY-TO 9acTO yTBepKaercs. Hamporus,
OHH CKOPEE OTHOCATCS K (PYHKUUOHAALHOMY NPOPAMMUPOSAHUI0; TIOBITHEES
npu obcyxkaeHnn s3bika Scheme Mbr paccmoTpuM yHKIHIO call/cc u
MEeXaHU3M KOHMUHYGUUT, KOTOPBIA IIpeiCcTaBiser cobOi 0b6obuieHue Me-
xaHn3Ma nckJodennit; B Common Lisp, a Takxke B sizbikax [Iposor u Tcl,
€ KOTOPBIMU MBI TOXKE€ BCKOPE TMO3HAKOMUMCsI, KOHTHHYAIUH He TIOJ/IEPXKU-
BAIOTCsI, HO NP STOM IIPEJICTABJIEHBI MEXaHW3MbI, 10 CMbBICJIY AHAJOTUY-
Hble cpejcTBaM obpaborku uckirodennit Cu++. Bosibie Toro, B Scheme
WCKJTIOYEHUs] TOXKE €CTh — HE30THOCUTETBHO KOHTUHYAIIUIA.

[Tpu Bo30Y K I€HNY UCKJIIOUEHHUsI ITPOrPAMMA IIEPEXOIUT B 0CODOE COCTO-
AHHUEe, B KOTOPOM BC€ aKTHUBHBIEC Ha TeKyHII/Iﬁ MOMEHT (byHKL[I/H/I JAO0CPOYIHO
3aBEpINAIOTCS OJIHA 3a JIPYTOii, MOKa He HaiJIeTCs Takas, KOTOPas MOXKET
CIPABUTHCSI C JAHHBIM TUIOM MCKJIIOUUTETbHBIX cUTyaruii. YTo0bI MOHSTD,
0 4éM WJET pedb, BCIIOMHUM IIPUMED, IPUBEJIEHHBIN B IPEIbLIYIINEM Ia-
parpade: dyukmus f£1 Be3Baga Gyakiuo £2, £2 BbEBaga GyHKIMO £3
u T. 1. BILUIOTh ;0 £10, rime m Bo3HWKaeT ommubKa. [Ipum sToM HaMm coBep-
[IIEHHO He 00s13aTeJIbHO JieJIaTh KaKue-a1ubo mpoBepku B ¢yHKIusx £9, £8
U T. JI., BIIOJIHE JIOCTATOYHO TIOMETUTD, HApuMep, (hyHKnio £1 Kak yMero-
[YI0 CIPABJIATHCS C JIAHHBIM THIIOM OMIUOOK. Toriaa mpu BO3ZHUKHOBEHUU
ommbKu BO BpeMst uctioyiHenus: £10 Oyier 3aBepiiieHa JJOCPOYHO U OHA, caMa,
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u BbI3BaBINas e ¢gpyukius £9, u £8, u Tak BIIOTh j10 £1, KoTOpas U obpa-
6oraer ommobky. lHaue roBops, ecin HeKast PYHKINS g BBI3BIBAET JIPYTYIO
dyukmuo h, a sra mocseaHsIs BO30YXKIAET UCKIIOYEHNE, JJis KOTOPOro B
g HeT 00paboTunKa, TO 9TO IKBUBAJIEHTHO TOMY, KaK €CJIU Obl (OYHKIHUS g
cama BO30yIusIa TO Ke CaMOe MCKJIIOYeHUE.

Nuorga Beio 06paboTKy onmmbok jenaor B dhyuknuy main. Ona miist 970-
1o y100Ha, TOCKOJIBKY OCTAETCs aKTUBHON BCE BpeMsl HCITOJTHEHUS ITPOrPaM-
Mmbr!” B, KaK CiIe/ICTBHE, MOXKeT o6paboTaTh MCKJIOUEHHE, BO30YKISHHOE

MPAKTUYIECKU B JIIOOO0# 9aCTU MPOIPAMMBI.

10.5.3. Bo30y2k/1eHne NCKJIIOYeHUiA

IIpu BOBHUKHOBEHUHU CUTYAIMH, TPAKTYEMOIT KaK OITHO0THAS 1 TPEOYIO-
mas o0pabOTKM B KAYeCTBE MCKJIIOUUTEILHOM, ClIeayeT 6036y0ums uckato-
werue ¢ MOMOINBIO oneparopa throw (auri. Gpocums). Y 3TOro oneparopa
UMeeTCsl OJMH IapaMerp, B KaueCTBE KOTOPOIO MOXKET BBICTYIIATh BbIpa-
JKeHHe MOYTH YTO IPOU3BOJILHOTO'® THIa, B TOM wmHClIe Kak a060ro 6aso-
Boro (int, float, ...), TaK ¥ IPOU3BOAHOrO (yKazarejb W T.II.), & PABHO
7 OIPEJIEJIEHHOIO MTOJIHb30BATENIEM, BKIIIOUAsl, YTO HEMAJIOBAYKHO, KJIACCHI 1
cTpyKTypbl. Tuit BepakeHust B oriepatope throw Oy1eM HA3BIBATH MUNOM
UCKAIOUEHUS, 8 SHAICHIE BHIPAKEHUS — 3HAYEHUEM UCKAIOUEHUSL.

Jjist mpuMepa pacCMOTPUM (DYHKITUIO, KOTOPast IPUHUMAET Ha BXOJ HMSI
(rekcroBoro) daiiia, a BO3BpaIaeT KOJIUIeCTBO CTPOK (T. €. CHMBOJIOB IIe-
peBoga crpoku) B droM dadine. Curyanus, xorjga dailyl He yIagoch oT-
KPBITh, JJjIs TaKOil (DYHKIMKM OKa3bIBAETCS 3aBEJOMO HMCKJIIOUYUTEJIHLHOI; B
9TOM ciydae B s3bike CM HaM HPHUILIOCH ObI BO3BPAIATH CIIEIHAIBLHOE
3Havenne (Hapumep, -1), a IpU BBI30BE [IPOBEPLATH, HE €0 JIM BEPHYJIA
dyuknusi. B Cu++ 910 MOXKHO cJieJ1aTh [POIIE:

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);

17Crporo roBopsi, 9TO He COBCEM TaK, IIOCKOJIBKY €CTh €II€ KOHCTPYKTOPBI U JIeCTPYK-
TOPBI TVIOOAJIBHBIX OOBEKTOB, KOTOPhIE OTPAbATHIBAIOT JI0 U MOcje (PYHKIUN main, HO B
HEKOTOPOM IPHOJIM?KEHUN MOXKHO 3TUM IIpeHeOpeUb.

18B pom 06beKTa MCKIIOYEHNS] He MOTYT BEICTYIIATE THIIBI, JJIS KOTOPBIX HEJIOCTYII-
Hbl KOHCTPYKTOD KOIIMPOBAHUS U/WIKA AECTPYKTOP; [OYEMY ITO TaK, CTAHET IOHATHO
o3 Hee.
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return n;

}

B sroM npumepe MbI B KadecTBe UCKJIOYEHHs] OPOCUIIUM CTPOKY (TOdHee,
ajpec eé HavaJja, T.e. 3HaUYeHue Tuna const char*). Mbr morsu 661 6Gpo-
CUTH BBIPA2KEHNUE JPYTOro TUIIA; HAIIPUMED, CJIeIYIOMuil oneparop dpocaer
HUCKJIIOYEHUe Tulla int:

throw 27;

Yarre, oHaKO, B POJIA UCKJIIOYEHNAN BBICTYIAIOT OO BEKTHI CIIEIUAJILHO BBE-
JIGHHBIX JIJIsL 9TOM IIeJIU KJIACCOB; PA3roBOp 00 9TOM BIIEPEJIH.

10.5.4. O6paboTKa MCKJIIOYEHUIA

O6paboTKy WCKJIOYUTETHHBIX CHTYAIIUI CJIeyeT PeLyCMaTpPUBATD,
€CTEeCTBEHHO, TOJIbKO B T€X MECTaX, B KOTOPBIX MbI MOXKEM C TAKON CHUTyaIu-
eit cupasuThesi. K nipumepy, eciu fgajibHelimas paboTa 1mocjie 00HAPY KEHUST
ormubKu TpebyeT 0bpalleHnst K MOJIb30BATE0, TO 00pabOTKY 3TO# ommbKM
cJIeyeT BCTABUTH B OJHY U3 (DYHKIIWIA, HAJIEJTEHHBIX ITPABOM BECTH IUAJIOT
¢ moJib3oBaTeseM. Kak yKe rOBOPUJIOCH, YacTO 00pabOTUMK MTOMEIAIOT B
dyHKIMIO main, HO, KOHEYHO, HE BCETJIA.

OO6mumit TPUHITUIT OpraHu3anuu 06paboOTKN NCKJII0YeHni TakoB. 3 mpo-
rpaMMBbl BbIJIEJISIETCSI HEKOTOPBIil OJIOK KOJ1a, UCIOJIHEHUE KOTOPOTO mped-
NOAOAHCUMENDHO MOYKET TPUBECTH K BOSHUKHOBEHHIO UCKJIIOIUTEIHLHBIX CH-
Tyamnuii. 9ToT OGJI0K 3aK/II0YAETCS B CIENUAIbHOE CHHTAKCHIECKOe 0Opam-
JIEHUE W CHA0XKaeTCsl OJIHOM MJIM HECKOJIbKUMU UHCTPYKITUSIMU, KaK CJIeJTy-
eT JefiCTBOBATh IPYW BO3HUKHOBEHUW WMCKJIIOYEHUs] TOTO WJIM WHOTO THUIA.
[Ipu sTOM TaKme MHCTPYKIINU JEHCTBYIOT B OTHOIIEHNN MCKJIIOYEHUI COOT-
BETCTBYIOIIUX TUIIOB, BOSHUKINUX B IIPOrpPaMMe C MOMEHTA BXO/IA B
IOMEYEHHbII GJIOK M 40 MOMEHTAa BBIXOJAa U3 HEro, B TOM YHCJe B
byHKIMAX, BBI3BAHHBIX U3 OJI0KA MPSIMO WA KOCBEHHO. [UryOnHa BBI30BOB
B JIAHHOM CJIyYae POJIM He UI'DAeT.

st momeTku 6J10Ka € 11eIbI0 00PabOTKH UCKJIIOUUTE/THLHBIX CUTYaIlnii B
Cu+-+ ucnosb3yercs KII09eBoe CJIOBO try (aHIUI. NONsimambves), 3a KOTo-
PBIM CJlelyeT cOOCTBEHHO OJIOK, TO €CTh IIOCJIE0BATEILHOCTD OIIEPATOPOB,
3akJiiouéHHast B durypuele ckookn. Cpaldy mocie try-0Ji0Ka MOMEIaioT
onuH wim 60sbite 06pabomuukos uckaroweHuti. O6GpabOTINK HUCKITIO-
YeHUN CHHTAKCUIECKU HECKOJBKO HANOMHHAET (DYHKIMIO C OIHUM Iapa-
METPOM, XOTsI 3TO TOJIBKO BHEIIHEE CXOJCTBO; HA CAMOM Jiejie 06paboTInK
HAYMHAETCH C KJII0YeBOro cjioBa catch (aHri. notmams), cpa3y Hocie Hero
CTaBSATCA KPYTJIble CKOOKH, BHYTPY KOTOPBIX — Onucanue (hOpMabHOTO MMa-
pameTpa (TOYHO Tak, KaK 3TO JIEJNAeTCs TIPH ONUCAHUKM (DYHKIUH C OJJHUM
napamerpoM). Tun napamerpa 3anaér tun 06pabaTbIBAEMOro UCKJIIOYEHNUSI,
a 10 IMEHHU [TapaMeTpa MOYKHO ITOJIYIUTh JOCTYII K 3HAYECHUIO NCKTIOUCHS.
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Jist npuMepa OpUITOMHUM (DYHKIUMIO U3 IPEIbLIYyIIero naparpada,
IIO/ICYUTHIBAIONIYIO KOJIMYECTBO CTPOK B (aifije, n Ha OCHOBe 3TOW (DyHK-
U HANUIIEM [IPOrPaMMy IEJUKOM. DymeMm cYuTtarb, 49T0 QYHKIUS
line_count_in_file HaxoguTCA B OTIEJIBHOM MO/JIyJIe, TaK 9TO B IIPOTPaM-
Me HaM HOTpeOyeTcsi TOJIbKO €€ IPOTOTHII.

#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[i]);
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, ecqd BcE Oyler B TOpsiKe, HaredaTaeT uMs daiiia u
KOJIMYIECTBO CTPOK B HEM; €CJIU Ke OTKPBLITH (hailyl He ymacres, QyHKIHs
line_count_in_file mepeBeleT IpOrpaMMy B COCTOSIHHE HCKJIIOUUTEIb-
HOI CHUTyaIlny, & COOTBETCTBYIOMMI 00paboTamK OymeT HaiaeH B DYHKITNN
main. Hu ocratok dynxknuum line_count_in_file, Hu octarok try-6s0-
K& B 3TOM CJIy4Yae BBIIOJHATHCA He OY/yT, YIPaBJIEHHE OKaXKETCS Cpa3y
nepesano B o6paboryuk (catch-6J10K).

B srom mnpumepe nCKIOUEHNE MOXKET BO3HUKHYTH B (DYHKINU, HEIO-
CPEJICTBEHHO BBI3BAHHOI 13 try-0J/i0Ka, HO Ha CAMOM JieJle 9TO He BayKHO:
C TAKAM K€ yCIIEXOM OHO MOIVIO BO3HUKHYTH B (DYHKI[MH, BHI3BAHHON W3
line_count_in_file mpsiMO WM KOCBEHHO Ha JIIOOYIO TiyOuHY.

ObpaTtuTe BHUMaHWE, YTO MBI B JIAHHOM CJIydae JIOBUM HCKJIIOUEHUE
const char*, a He IPOCTO char*, IIOCKOJBKY UMEHHO TaKOil Tl (aJpec
koHcTanThl Tuna char) umeer B Cu u Cu++ CTPOKOBBIil JiUTEpa — CTPO-
Ka, 3aKJI0OYEHHAs B JIBOMHBIE KaBbIUKHU. Kcim ybpars Mogudukarop const,
HCKJIIOYeHNe TIOHMaHO He OyIeT.

B paccmorpennoM mpumepe MBI TPEIyCMOTPEIN BCEro OAWH 00paboT-
YUK UCKJIIOYeHUs, XOTd a3bIK CH-+-+ J0IyCKaeT IPOM3BOJIBLHOE MX KOJIH-
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4yecTBO (He MeHee ozHOro). Ecsmm 6bl u3 Hamiero try-6/0Ka BBI3BIBAJIOCH
6oJtbItie PYHKIUH U MTOTEHIUAJIHHO OHU MOTJIA Obl TPUBECTH K UCKJIIOTH-
TEJIbHBIM CATYAIIMAM JIPYTUX TUIIOB, MBI MOIJIH OBl HAIIMCATH YTO-TO BPOIE
CJIELYIOIIIErO:

try {
// ...

}

catch(const char *x) {
// ...

}

catch(int x) {
// ...

}

3/ech BaykKHO MOHUMATh HECKOJIBKO IIPOCTHIX MpaBuil. Bo-mepBbix, obOpa-
6orunku (catch-GJIOKM) paccMaTpUBAIOTCS IO IIOPSIAKY, OAUH 3a
APYyTuM, IPpUYEM cpaboTaTh MOXKET TOJIbKO OAWH U3 HUX WU HU
O/THOTrO. DTO 3HAYWT, B YACTHOCTHU, UTO MHCATH JBA 0OPabOTUYUKA OTHOIO
THIA MM THIIOB, CBOAMMBIX OJMH K Jpyromy'?, HeT HUKaKOro CMbICIIA.

Bo-BTopnix, 06paboTYMK MOXKeT IIOWMaTh TOJBKO WCKJIIOUYe-
HUe, BOSHUKIIIEe BO BpeMs paboThl COOTBETCTBYIOIIEro try-6Joka.
B wactHOCTH, 06pAbOTINK HE MOYXKET MOWMATH UCKJIOUEHUE, KOTOPOE BbI-
OpOCHJT OJIMH U3 TPEAIIEeCTBYIOMNX 00PAOOTINKOB, OTHOCSIIAXCS K TOMY
Ke try-0JI0Ky.

Hakomner, ecaam mckJirodeHne He HoMaHO HU OOHUM U3 obpa-
0OTYMKOB, OHO BBIOpacChIBaeTCs OAJIbIle, KAK ecJu Obl (pparMeHT
KO/Ia, B KOTOPOM HMCKJIIOYE€HNE BO3HUKJIO, BOBCE He ObLII 00pamMJIEH
HUKAKuUM try-6siokomM. Ha myTu ofHOro MCKIIIOUEHUST MOXKET OKa3aThCs
HECKOJIBKO tTy-0JIOKOB, KAK Obl BJIIOKEHHBIX JAPYT B JIpyra (BO BCSIKOM CJLy-
4ae, B CMbICJIE BPEMEHHBIX II€PUOJIOB UCIIOJTHEHHNsI ), U B HEKOTOPBIX U3 HUX
MOXKET He OKa3aThCsl ITOJIXOISINero oopaborunka. B TakoMm cirydae J10Ccpod-
HOE 3aBepIleHne aKTUBHBIX (DYHKIMIT U YHUITOXKEHNE CTEKOBBIX (hpeiiMoB
MIPOJIOJIYKAETCS TAJIbINE, TTOKa He OyIeT HaieH try-OJI0K C MOIXOISIIAM
00pPabOTINKOM.

B obpaboTunkax MCKIIOYEHUIT MOXKHO MCIIOJIb30BATH OmepaTop throw
6e3 mapameTpoB. B Takoit dopme OH OpocaerT TO HCKJIIOYEHHE, KOTOPOe
TOJIBKO 49TO ObLIO moliMano. Tak JesatorT B ciiydasix, KOTJA IOJIHOCTBIO
CIPABUTHCS C BO3HUKINEH CHUTyalueil B TAaHHOM MeCTe IIPOTPAMMbBI HEBO3-
MOXKHO, HO TIPEXKJIE YeM OPOCUTH UCKIIOUEHUE JAJIbINe, HY>KHO ITPOU3BECTH
emé Kakme-TO JeficTBust. [IpuMepsl TaKUX CUTyaIuil PacCMAaTPUBAIOTCS B
ceytorneM mmaparpade.

9Ipasuna mpeobpasoBanust TUIIOB MPH 06PABGOTKE MCKTIOUEHNH HECKOIBKO OTIHMa-
IOTCsl OT IIPABUJI, IPUMEHSIEMbBIX IIPHU BbI30Be (PYHKIU; Mbl PACCMOTPHUM 3THU IIPABHUJIA B
OIHOM U3 CJIELYIOIINX Iaparpados.
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10.5.5. O6paboTYnK; ¢ MHOTOTOYNEM

B HeKOTOpBIX Cilydasix OKa3bIBAETCsI OCMBICJIEHHBIM OOpPAOOTYMK, CIIO-
COOHBIN TONMATH NPOU3BOABHOE UCKAOYEHUE HE3ABUCUMO OM €20 MUNA.
Taxkoit 06pabOTYNK 3AIUCHIBAETCS TAK K€, KAK U OOBITHBIN, TOJHKO BMECTO
THUIA UCKJIIOUEHUsI U WUMEHU IapaMerpa B CKOOKaX yKa3bIBAETCsl MHOIOTO-
qne. KonevyHo, 3HaU€HNe UCKJIIOUEHUs B 9TOM CJIydae UCIOIH30BAHO OBIThH
HE MOXKET, HO B HEKOTOPBIX CIydasX 9TO U He BaxKHO. JlomycTrum, MBI TIOI-
KJIFOYaeM K Hallleil IporpaMMe MOJLYJIM, HAIIUCAHHBIE JPYTUME IIPOrDAMMU-
CTaMU, ¥ HE yBEPEHBI, YTO 3HAEM BCE THIIBI HCKJIIOYEHHIl, TeHePUPYEeMble
STUMHU MOIYJISMHU. B TakoMm ciiydyae MPaBWJIBHO OBLIO OBl PACIIONIOXKHUTD B
dyHKIMKM main npuMepHO TakKoil try-0JI0K:

int main()

{
try {
// 3mech mmmeM BeCh KOJI TJIaBHON (yHKIME
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;
}

O6pabOTINKK ¢ MHOTOTOYHMEM JEJIAI0T OCODEHHO aKTyaJbHOI dhopmy throw
6e3 mapaMeTpoB; €€ UCIOIH30BAHNE ITO3BOJISIET TOWMATh MUCKJIIOYEHHIE TIPO-
MU3BOJILHOTO THIIA, BBIIIOJHUTH KAKUE-TO JEHCTBHS, TI0CJI€ 9€r0 OPOCUTH UC-
KJTIOYEHUE JIAJIBITE. DTO MOYKET OKA3AThCs IOJIE3HBIM, €CJIU B HAIEM KOIE
JIOKAJIbHO 3aXBATHIBAIOTCA TE€ UM UHBIE PECYDPCHI (BBIIEJISETCS ITAMITh, OT-
KDbIBAIOTCsL (Dailyibl U T.11.) ¥ UX CJIeyeT OCBOOOAUTD, pexKie d4eM (DyHK-
WSl OKaXKeTcs 3aBepinena. PaceMoTpum i1t mpuMepa DYHKITIIO, B KOTOPOit
BBIJIEJISIETCS JIMHAMUYECKUIT MACCUB I[EJIBIX JTHCEJI:

void f(int n)

{
int *p = new int[n];
// Bech ocTambHOM KOZ (PyHRIUH
delete[] p;
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Eciu Bo BpeMs BBINOJIHEHHST KOJIA, HAXOJAIIErOcsd MexK Iy new u delete,
BOBHUKHET UCKJTIOUeHne, TO delete He Oy/IeT BBIMOIHEH M MACCUB, Ha, KOTO-
PBIii YKa3bIBAJI p, OyIeT IPOIOJIZKATH 3aHUMATD [TAMSTh, TO €CTh CTAHET MYy-
copoum. ITpobiiema cHEMAETCs, €CIM BECh TOT KOJI 3aKJII0UUTH B try-0JIOK,
IocJie KOTOPOTO eCTh 00pabOTUUK I MCKJIOYEHUI MPOU3BOJILHOTO TU-
ma, KOTOPBIH, MpexkKae deM OpPOCHTh MCKJIIOUEHUE TAJBINe, OCBOOOXKIAET
IaMsTh:

void f(int n)
{
int *p = new int[n];
try {
// Becwh oCTambHOH KOZ QyHRIUU

}

catch(...) {
delete[] p;
throw;

}
delete[] p;

10.5.6. O6beKT KJiacca B POJIM MCKJIIOYEHUS

OO6bIYHO TIpU OGHAPYKEHUH HUCKJIIOYUTETLHON CHTYAIMH YKEJATEHHO
epesiaTh 00pPabOTINKY MAKCUMYM HHMOPMAIIUU O BO3HUKIIUX TPYIHOCTSIX.
BCTpOQHHbIe TUIIbI JaHHBIX IIJIOXO IIPUTOJAHBI JIJIgd 9TOIO. ,Hef/'ICTBI/ITeJ'H)HO7
B PACCMOTPEHHOM BBIIIE TIPUMepe OBLIO OBl HEILIOXO HepeaaTh 00padboTIu-
Ky HEe TOJIbKO TeKCcToBoe coobmienne «couldn’t open the files, Ho u mms
daira, n 3HaveHNE EepEeMEHHOI errno cpa3sy mocJie BbimoHeHus: fopen,
KOTOPOe MOKeT [IOMOYb B aHaJn3e npobsembl. Mbl, 0HAKO, OrPAHUYMIIACD
B IIPUMEPE OJTHOM CTPOKOBOI KOHCTAHTOI, 9TOOBI He (DOPMUPOBATH CTPOKY,
COJIEPKAIILYIO BCIO [TEPEYUCIIEHHY0 MHMOPMAIINI0 — Beb 3TO IIOTPeboBajIo
OBl 3HAYUTEIHHOTO YBEJIUYIEHIS KO/Ia U CO3/IAJI0 ObI OIIPeIesIEHHBIE TPYIHO-
CTH C OCBODOXKJIEHMEM HAMATH OT TAKOW CTPOKH, ITOCKOJIBKY CaMy CTPOKY
[PUIILJIOCH OBbI CO3/1aBATh JTUHAMUIECKH.

Kpowme Toro, ects u emé oxma mpobisiema. IIporpamma MOXKeT MCIOJIb-
30BaTh HECKOJIBKO OMOJIMOTEK, MPUIEM U3TOTOBJIEHHBIX PA3HBIMUA ITPOU3BO-
JUTEJISIMU; TAKZKe IIPOrpaMMa MOXKEeT OBbITh pa3esieHa Ha HECKOJIBKO IO/l
CUCTEM, CO3/IaBaeMbIX O0Jiee I MeHee He3aBHCUMO. Becbma KeaTesbHO
VMeTh HEKWil YHUBEPCAJbHBINA CIIOCOD pa3fiesieHus NUCKIIYEHU [0 IpHU-
3HAKy WX BO3HUKHOBEHWS B TON WJIM WHOW IOJCHCTEME ITPOrPAMMbBI HJIH
o6ubmoTeke. BCTpoeHHbIE THITBI JIJIsT 9TOT0 HE TOJIXOIAT COBCEM, ITOCKO/Ib-
Ky H/Jiesi UCIIOJIb30BAHUS TE€X K€ TEKCTOBBIX CTPOK B KAYECTBE UCKIIOYCHIH
MOXKET OJTHOBPEMEHHO IPUITH B TOJIOBY aBTOPaM CPa3y BCEX UCIIOJIb3YEeMbIX
HaMMn 6I/I6JII/IOT6K 1 II0JIOBUHDBI HaIIIUX IIOJICHUCTEM.
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VmeHHO 1TO3TOMY dYalle BCEro B KAYeCTBe THUIIA MCKJIFOUEHUs] BBICTYIIAET
CIEIUAJIBHO JIJIsl 9TOM 11eJin OnucaHHbIi Kiaacc. C OIHO CTOPOHBI, B O0BEKT
KJIacCca MOYKHO ITOMECTUTH BCIO MH(MOPMAIUIO, KaKasi HAM TOJBKO MOXKET
MIOKA3aThCs ITOJIE3HOM i 00paboTuynka; JefCTBUTEIbHO, HUKTO Bejbh HE
MeIIaeT OMUCATH B KJIACCE CTOJBKO IMOJIel, CKOJIBKO HaM 3axodercs. C apy-
ro#f CTOPOHBI, KarXK7asi MOJCUCTeMa U KaXKjas OmbnoTeKka B 9TOU CHUTya-
[IMU, CKOpEee BCEro, BBEJET CBOU COOCTBEHHBIE KJIACCHI JIJIsI IIPEICTABICHUS
uckiao4deHnii. B rosoBHOIT mporpaMMe MBI CMOXKEM 00padaThIBATh TaKHe
KJIACCHI OTAEIbHBIMI 00pabOTIMKaMu, ITO TTO3BOJUT Pa3aeIuTh 00pabOTKYy
WCKJTIOYEHUH, CreHEPUPOBAHHBIX B PA3HBIX MOJCUCTEMAX ITPOIDAMMEBI.

OrmeTuM O/IMH OYeHb BayKHBINH MOMeHT. Kax 1mpaBuiio, BEIOpachiBaeMbIil
B Ka4ecTBe MCKJIIOUEHNSI OObEeKT CO3IaéTCs JIOKAJILHO. JIOKaabHbIE 00bEeK-
ThI, €CTECTBEHHO, UCYE3AI0T BMECTE CO CTEKOBBIM (DPEiMOM CO3aBIIeil nx
bYHKIMK; KAaK CJIEJCTBHE, TOT O0bEKT, KOTOPbIil MoiiMaercst B 06paboTyu-
K€ MCKJIIOYEHNUs], 3aBEJOMO HE MOYKET OBITh TE€M K€ IK3IEMILISIPOM OObEK-
Ta, KOTOPBIA (pUTypupOBaJI B orepaTope throw, u siBISeTCs, KAK HETPYI-
HO JIOTaJIaThCsi, ero Komumeil. [losTomy mpakTmyecku Bcerga B KJiac-
ce, WNCIIOJIb3YEMOM JJISI WCKJIIOYEHUil, ONNCHIBAIOT KOHCTPYKTOD
KOITUPOBAHUS.

st mpuMepa  OmuIieM KJjacc, OOBbEeKT KOTOPOro ObLIo ObI  yi100-
HO WCIOJIb30BaTh B KadeCTBE WCKJIOYEHHs B Hameil QYHKIIHI
line_count_in_file. OObekT kJjacca Oyger XpaHuTh uMms daiiia,
TEKCTOBBIH KOMMEHTApHUH (3TOT KOMMEHTAPHIl MOMOXKET HOHATH, B KAKOM
MecTe IIPOrPAMMBbI IIPOU30ILIA ONIMOKA) U OyJer 3allOMHHATL 3HAUEHHE
r100aJbHON TIEPEeMEHHON errno Ha MOMEHT CO3/IaHus o0bekTa. Jlis
KONMPOBAaHUS CTPOK MbI OIHUIIEM B IPUBATHON YaCTH KJIACCA BCIOMO-
raTeJpbHyI0 (GYHKIMIO strdup, KoTopasi OyJeT IIOJIHOCTHIO AHAJOTUIHA
onHonMEHHON hyHKIMn u3 6udbsmoreku dmcroro Cu, HO MaMATH OyJeT
BBIJIEJISATE ¢ oMoIbio new[], a ne malloc. ITockosbKy HoCTyIr K 00beKTy
9TOil (DYHKIMU He Hy»KeH, OIUIIEM eé ¢ KBaJaudHuKaTopoM 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);

};



§10.5. O6paboTKa MCKIIOYUTEbHBIX CUTYAIHi 179

Onucannst KOHCTPYKTOPOB, JeCTPYKTOpa U (PyHKIMH strdup BbIHECEM 33
IpeJiesibl 3aroJoBKa KJjacca:

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;
strdup (other.filename) ;
comment = strdup(other.comment) ;

filename

}
FileException::~“FileException()
{
delete[] filename;
delete[] comment;
}
char* FileException::strdup(const char *str)
{
char *res = new char[strlen(str)+1];
strcpy(res, str);
return res;
}

Temepp MBI MOXKEM HU3MEHHTL Hadaa0 (GYHKIHK line_count_in_file
(cm. crp. 172) Ha cremyoree:

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-6JI0K) /It TAKOrO HCKJIIOYEHUS MOXKET OBITh, HAIPH-
Mep, TAKUM:

catch(const FileException &ex) {
fprintf (stderr, "File exception: %s (%s): %s\n",
ex.GetName (), ex.GetComment(),
strerror(ex.GetErrno()));
return 1;
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10.5.7. ABTOoMaTuueckasgs O4YUCTKA

B npumepe, paccMoTpenHoM Ha cTp. 177, MBI ObLIN BBIHY?KJIEHBI TIE€pe-
XBaTBIBATH U IIOTOM 3aHOBO BBIOPACHIBATH UCKJ/IIOYEHHS IPON3BOJILHOTO BU-
J1a, 9T00BI 00eCIeInTh KOPPEKTHOE YIaJeHNe JJOKAJIHHO BBIJICJIEHHON quHA-
MHUYEeCKOit mamsaTu. K cYacTbio, TaK MPUXOIUTCI JEHCTBOBATHL HE BCET/IA.
Pabora ¢ uckmodeHusIMI U3PSIIHO 00IETIAETCSA TEM, YTO KOMIUJJISTOP ra-
PAHTUPYET BBI3OB JIECTPYKTOPOB JIsi BCEX JIOKAJIBHBIX OOHEKTOB,
Y KOTOPBIX JIECTPYKTOPHBI €CTh, IIpexK e 4yeM (PYHKIIUs 3aBepIInT-
Csl — MO UCKJIIOYEHUIO JIU WJIA OOBIYHBIM ITyTEM.

[Tycrs, HApUMEp, UMeeTCs KJIAcC A, CHAOKEHHBIN 1eCTPYKTOPOM (Hery-
CTBIM, UHAYE HE UHTEPECHO), U OIUCAHA (DYHKIUA

void £()
{
A a;
//..
g0
//..
}

B moment 3aBeprennst paboTel dpyHkiuu £ 11 00bekTa a OyIeT BbI3BAH
JEeCTPYKTOP, IPUIEM MPOU30UIET ITO BHE 3aBUCUMOCTHU OT TOTO, KAK NMEH-
HO f 3aBEPIIATCI — B TOM YHCJIE U ecJu (DPYHKIUs g BRIOPOCUT HCKJIIOUE-
HIE U UMEHHO OHO CTaHeT NPUYMHON 3aBepiierus f. 91o cBoiicrBo Cu++
Ha3bIBAETCH A8TMOMAMUYECKOT 0OHUCTIKOU.

10.5.8. IIpeobpa3oBanus TUNOB MUCKJTIOYEHUIA

Tun ucksrovenus, yKasanublii B obpaborduke (catch-6ji0ke), He Bee-
rJla TOYHO COBIIAJIAET C TUIIOM BBIPAXKEHUsI, UCIIOJIb30BAHHOTO B OIIEpATOPE
throw, oHAKO MpaBuJia MPeodPA30BAHNs TUIOB B JTAHHOM CJIydae OTJIMIa-
FOTCs OT IIPABUII, AEHCTBYOMMUX IpU Bbr3oBe dyHKImit. OIHO U3 OCHOBHBIX
OTJINYUIl TYT B TOM, YTO IEJOYKUC/IEHHbIE THUIIBI IIPH 00PabOTKE MUCKJIIIOUe-
HUil He TIpeobpa3yioTcss APYT K APYTY, TO €CThb, HAIpUMep, 0OpabOTInK C
YKa3aHHbIM THUIIOM KMCKJ/IIOYeHHd int He moiMaeT HCKJ/IodYeHue Tuma char
unu long.

Homyctumble 1peoOpa3oBaHuWs TPOINE OYAeT SBHO IEPEIUCTIUTD.
Bo-niepBbix, 10001 THI MOXKET OBITH TPEOOPA30BAH K CCHLJIKE HA ITOT THII,
TO €CTb €CJIN OIepaTop throw UCIOJIB3yeT BhIpakKeHre THUIla A, TO TaKoe Uc-
KJIIOUeHne MOKeT ObIThH obpaboTano catch-610koM Buga catch(A &ref).
Bo-BTOpBIX, HEKOHCTAHTHBIE YKA3ATEIN U CCHIJIKU MOTYT OBITH IIpeobpa3o-
BaHbI K KOHCTAHTHBIM, TO €CTh, HAIIPUMED, €CJIM Mbl OPOCHM UCKJIIOUEHUE
ThMa char*, To OHO MOXeT OBITh IMOWMAHO HE TOJIBKO Kak char*, HO u
Kak const char*. B obparHyio cropony mpeobpa3oBaHme 3aIperneHo, TaKk
qT0 06paborTyuk THuna char* (6e3 mMoguduKaTopa const) He MOXKeT NO¥i-
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MaTbhb BbIpakKeHHe THIla, const char* u, B 9aCTHOCTH, HE MOXKET 00pabo-
TaTh UCKJIIOUYEeHNE, BHIOPOIIIEHHOE C UCIIOJIb30BAHUEM CTPOKOBOIO JINTEPAJIA,
HaIIpUMEpP TaKoe:

throw "I can’t work";

Ilocnemnmit (I/I7 BO3MOXKHO, CaMBblil Ba)KHbII‘/’I) BU/I Ipeobpa30BaHuil mMeeT
OTHOIIEHNE K HACIEIOBAHUIO U TToTuMOpdu3My. K 00CyKIeHUTO 9TOM TeMbI
MBI BEPHEMCH TI0CJIE PacCKa3a O HaCJIeI0BAHUN.

10.6. HaciemoBanue u noimmMopdu3M

Bonpmas wacte BosmoxkuocTelt Cn-++, pacCMOTPEHHBIX HAMU BBIIIE,
HE UMeET, KaK 9TO HEOJHOKPATHO MOIUEPKUBAIIOCH, IPSIMOTO OTHOIIEHUST K
00 BEKTHO-OPUEHTUPOBAHHOMY ITPOIPAMMUPOBAHUIO — KPOME Pa3Be YTo Me-
TOJIOB, BBI30B KOTOPBIX PACCMATPUBAETCA KAK «TEXHUIECKAs PEATH3AITAST>
nepeiadn COOOIIeHNsT OOBEKTY; HO, KAK Mbl OTMETHUJIH €€ B IPeIbILIYIIei
qactu (eM. ¢Tp. 38), eciu IS MOIJIEPKKI OOBEKTOB OTPAHUIATHCST TOJITBKO
METOJAMY W WHKAICYJIAHEH, MOy IATCS He BIIOJIHE MTOJHOIEHHBIA BADUAHT
OOII, xoTopslit YacTo j1aXke HA3LIBAIOT WHAYe — object-based programming
(a me object-oriented).

Hacrana nopa mosnakomuthest ¢ dupMmeruoii ocobennoctpio OOIT —
HACAEI08AGHUEM, a 3A0JJHO U C TEMU BapPUAHTAMHU MOJUMOP(U3Ma, KOTO-
pBle IMEITCsl B Buy Tpu nepednciaennn «tpéx kutos OOIl» (B oriamume,
OIISATH K€, OT CTATUIECKOTO MOJUMOPMHU3MA, ¢ KOTOPBIM MbI HEOJIHOKPATHO
CTAJIKMBAJIUCH U KOTOPBIH Hukakoro orHomenusa Kk OOII ne umeer).

10.6.1. Nepapxuveckue npeaMeTHbIe 00J1acTh

Ouenb gacTo, 1 0COOEHHO B GoJiee-MeHee KPYITHBIX KOMITBIOTEPHBIX MTPO-
rpamMmax, O0ObeKThI IIPEIMETHON 00IACTH MOXKHO €CTECTBEHHBIM 00pa3oM
OObeIMHUTH B HEKKE KaTeropuu, IPUIEM OOBEKTHI KayKJI0i KATErOpUU MO-
YT MOAPA3JIEIATHCI Ha IOJKATErOPUH U T.JI., 00pa3yss TakKuM 00pazoM
uepapxruro munoe obsexmos. Hanpumep, B mporpamme, MOJIETHPYIO-
el JOpPOXKHOE JIBUYKEHHE, MOI'YT PACCMaTPUBATHCsI OOBEKTHhI KaTeropuu
«Y9IACTHUK JIOPOXKHOTO JIBUXKEHUST», IPUIEM 3Ta KATErOpUsl MOAPA3IEIs-
€TCs Ha MOJIKATENOPUU «IIENIEXO/bl» U «TPAHCIIOPTHBIE CPEJICTBAY; TPAHC-
[IOPTHBIE CPEJICTBA, B CBOIO OYEPEIb, JICJSITCA HA «BEJIOCUIEIBI», «I'YKEBbIE
MMOBO3KM» U «MEXaHUYIECKHWE TPAHCIIOPTHBIE CPEJCTBA», ITU MOCIETHIE —
Ha TpaMBa®, TOJLIEHOYChI MU aBTOMOOW/IN, aBTOMOOWIM — HA I'PY30BbIE U
JIETKOBBIE U T. 1.

B Takoit nepapxuu Kaxjas Kareropusi 0O0beKTOB, B TOM YUCJIE€ U TaKasl,
KOTOpasi caMa MOIPA3/IE/ISIeTCS Ha KATeropun, 00J1a/1aeT HEeKOTOPBIME CBOIi-
CTBaMMU, CHEIU(PUIHBIMUA JIJIsI JIAHHOW KATErOpHUH, MPUIEM STUMHU YKe CBOIi-
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cTBaMu 00JIQJIAI0T U BCe 00BbEKTHI e€ moakareropuii. Tak, Bce aBTOMOOMIIN
UMEIOT, TT0-BUIUMOMY, XapaKTEPUCTUKN «OOBEM JIBUTATEJIsI», «THII TOILIH-
Ba», «00DbEM TOILUIMBHOIO 0aka» M «KOJUYECTBO TOILINBA B Oakey, y HUX
MOXKET 3aKaHINBATHCsT TOILJINBO, HAJ| HUMU JIOJI?KHA OBITH OIPE/IE/IeHa Ole-
panusi «3anpaBKa TOIUIMBay. Bce 9T XapaKTepUCTUKN He NMEIOT HUKAKOIO
CMBICJIA JIJIT 00BEKTOB, He BXOJAININX B KATETOPUIO «aBTOMOOUIINY — HU JIJTsT
TpaMBa€eB, HU JJIs BEJIOCUIIEIO0B, HU TeM Oojiee mis memniexooB. C mapyroit
CTOPOHBI, Y I'PY30BBIX aBTOMOOMJIEHl €CTh XapaKTEPUCTUKA «O00bEM Ky30-
Ba» U OIEPAITUH «IIOI'PY3Kay» U «Pa3rpy3Ka», KOTOPBIX HET y ABTOMOOUJIEN,
He SIBJISIIOIUXCS IPy30BbiMu. HakoHeIl, Takne XapaKTePpUCTUKH, KaK TEeKY-
masi CKOPOCTHb W HAIIPABJIEHUE JIBUKEHMS, OUEBUIHO, IPUCYIIU KaXKIOMY
00bEKTY pacCMATPUBAEMON MEPAPXHH, BILIOTH /IO MEINeXO/I0B.

Kaxk BujguM, y HAC BO3HUKAIOT CTPYKTYPHI JAHHBIX, UMEIOIIHE, C OTHOMN
CTOPOHBI, Pa3JIUYHbI HAOOP moJiell u obpabaTbiBarONMX (DYHKINIA, HO, C
JIPYTOii CTOPOHBI, UMEIOIIEe ¥ HEKOTOPbIE 00IIKe TI0JIst, U OIPeIeIEHHbIE 00~
e oreparyn. CyIecTByIOT BeChbMa Pa3IUIHbIE ITOIX0IbI K PEIIEHUIO BO3-
HUKIIEro nporuBopeuns. [Ipu pabore Ha sizbike Cu galle BCEro BBIXOIAT U3
[TOJIOZKEHUsT OIMCAHUEM CTPYKTYDP JAHHBIX, Y KOTOPBIX IEPBbIE HECKOJIBLKO
moJiefl COBITAIAIOT; IIPU ITOM IPUXOIUTCS TO U JEJI0 U3MEHSITh TUIBI yKa-
3aTesieil, a 3TO, KaK Mbl 3HaeM, BEJIET K TPYIHOOOHAPYKUMBIM OITHOKAM.
O0OBEKTHO-OPUEHTHPOBAHHBIE SI3BIKM [TPOIPAMMUPOBAHUS IIpeJjiaraioT 6o-
Jiee KOPPEKTHBIH MOIX0/T, HA3bIBAEMbI OOBITHO HaC.Aed08aHUEM.

O0bsicHUTH HAC/IEIOBaHNE KAK TEXHUYECKU TIPUEM HE TaK IIPOCTO; MbI
MOIIBITAEMCsT IPUMEHUTH HE BIIOJIHE TPAJIMIIMOHHBIN HOX0/, HAYAB C pac-
cMOTpeHust 06'beKTa KaK IIPOCTON CTPYKTYPBI JAHHBIX (KAKOBOIl OH Ha ca-
MOM JIeJIe M SBJIFETCsl, IIPOCTO Mbl 00 9TOM He Beeria moMHuM). Merost
MBI TOJKJIIOYUM K JIeJIy TOTOM.

10.6.2. HacnenmoBaHue CTPYKTYpP M HOJIUMOPPU3IM
aJpecoB

W neostornveckn HacJieqOBaAaHUE PACCMATPUBAETCS KaK II€PEX0 OT
0o0IIIero K YaCTHOMY, a B YaCTHBIX CJIy9asix ¢ OOBbEKTOM OOBITHO MOYKHO
cBA3aTh 60oAbwe MHMOPMAIUN, HEXKEJIU B CIydae o0IeM.

B TepMuHax cTPYKTYp JAHHBIX, PACHIOJOKEHHBIX B TAMSTH, HACJIE0Ba~
HUE MIPEJICTaBsgeT co0oit To0aBIeHIe HOBBIX IOJIEH JAHHBIX K paHee OIu-
CAHHON CTPYKTyDE C IEJIbI0 YMouHeHUs CBEJCHUH 00 OMUCHIBAEMOM O0b-
ekre. Ilycrs, HampuMep, y HAC MMEETCsI CTPYKTYpa JIAHHBIX, OMUCHIBAIO-
nias 1epcoHy (UesoBeKa) U CojeprKalias HOJisl JJIs UMEHH, 110JIa U IOJa
POXKJIeHUsI:

struct person {
char name[64];
char sex; // ’m’ or ’f’
int year_of_birth;
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};

[TycTb Teneps HaM MOHAIOOMIIACH CTPYKTYPA TAHHBIX, OIUCHIBAIONIAL CIMY-
dernma (dacTHBIA ciydaii nepconsr). OTHOCUTENBHO CTYJEHTa HAC MOMKET
MHTEPecoBaTh KO/JI CIeNUaJIbHOCTH, HOMeD Kypca U II0Ka3aTesb yCclieBaeMo-
cru (cpenuuii Gajur). Bmecre ¢ TeM, HECCOMHEHHO, CTYJEHT — 9TO TOXKE YeJI0-
BEK, TaK 4TO eMy [IPUCYIIH U CBOMCTBA, OOIIUe JIJIsT BCEX IIEPCOH: UMS, [IOJI U
rOJI POXKJIEHNUST; UHAYE TOBODsI, MbI MOXKEM IepeiTu or obuiero (IepcoHa) K
qacTHOMY (CTyHeHT), d06a6u6 YTOUHSIONE CBEIEHUsT, U CAEJIATH 9TO MOXK-
HO C IIOMOINBIO MexaHu3Ma HacJjeaoBanusi. Ha Cu++ 3To 3ammceiBaeTcs
TaK:

struct student : person {
int code;
int year; // Kypc
float average;

};

Ecin temepp onmcars mepemennyio tuma student, oHa Oymer mMeThb BCe
CBOHCTBa CTPYKTYPBI person ILIIOC JOIOJHUTEIbHbIE I0JIs:

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;

Crpykrypa person B JIAHHOM CJydae Ha3blBaeTcs 6a3080U wiu poodu-
measvckoli, a CTpyKTypa student — yHacaedo8aHHOUT Wi MOPOHC-
0€nnotl, nnorna douwepreti. TakxKke yHnoTpebIsIIOTCS TEPMUHBI «IIPEIOK»
U «IIOTOMOK» (B JAHHOM CJIy4ae COOTBETCTBEHHO i person u student).

Pacnonoxkenne moJieit nepeMennoit s1 B mamMaTu mokasano Ha puc. 10.3.
Crour crenuajabHO OTMETHTD, UTO TOJIsI, OTHOCSIIUECS K IaCTU CTPYKTYPBI
student, yHaCJIeIOBAaHHOI OT person, PacCIOJATalOTCS HA TEX YKe MEeCTax
(o TeM 2Ke CMEIEHUsIM OTHOCUTEJIbHO HAJala), [Jie OHU PACIOJAraIiCh
6bI B cTPYKTYpe person. [lonydaercs, 4T0 MBI MOXKEM IIPH HEOOXOIUMOCTH
paboTarh ¢ mepeMeHHoit s1 TOYHO TaK, KaK ecju Obl OHA ObLIa IIepeMeHHOM
TUIa person, a He Tuna student. BaxkHo noHuMaTh, uro 06paTHOE HEBEP-
HO: B CTPYKTYPE€ person OTCYTCTBYIOT II0JIsI, KOTOPbIE OXKHJIAJIUCH ObI OT
cTpyKTyphl student. B cBasu ¢ atum Cu++ paspelmiaer HesiBHOE mpe-
obpa3oBaHue ajpeca MepeMEHHOUW MOPOXKAEHHOTO THUMIA B aJpec
00beKTa POAUTEIHCKOTO THUIIA, B HAIIEM ITpuMepe student* B person.
CoorBercrByomnue MpeobpazoBaHUsT pa3perieHbl KaK JJIs yKa3aTesei, TaKk
u Jyisi ccblToK. Hampumep, ciieiyroniue CTpOKHU MOJTHOCTHIO KOPPEKTHBI:
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_“x._“ name ) 1_

SEX

year_of_birth

student

code

year

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
% average

student si;
person *p;

p = &si;

person &ref = si;

Ecam B mporpamme onmcana QyHKINA, TPUHIMAIONIAS TapaAMETPOM yKa3a-
TeJIb WINA CCBLIKY HA OOBEKT THUIIA person, eif 6e3 KaKux-anbo CJI0KHOCTeH
MOKHO TIepeIaTh COOTBETCTBEHHO YKA3aTe/b WM CCHIIKY Ha OOBEKT THIIA
student:

void f(person &pers) { ... }
/...
student si;

/...
f£(s1); // woppexrTHO!

DTO CBOWCTBO TPEJIKOB, MOTOMKOB U UX aJ[PECOB HA3BIBAETCS NOAUMOD-
Pusmom adpecos (pexe — NOAUMOPPUIMOM CCHLAOK); B OTIAIUE OT
PACCMOTPEHHBIX PaHee MPOSBIEHNH moauMOopdu3Ma, STOT HOBBIA €ro BH/I
UMeET K 00bEKTHO-OPUEHTUPOBAHHOMY IIPOIPAMMUPOBAHUIO CAMOE TIPSIMOE
oTHoIIeHne. Paspeménnoe B 00 beKTHO-OPUEHTUPOBAHHBIX A3bIKAX HESIBHOE
peobpasoBanue ajpecoB (yKasaTeseil) U CCbUIOK OT THIA-IIOTOMKA K TH-
My-TIPEJIKY MBI Oy/IeM HA3bIBATH NPeodpPa3o6aHuUEM NO 3GKOHY NOAU-
MmopPhu3ma.

Mbi nogpasymeBaem, 4TO NOAMMOPU3M, Kakoli Obl ero BUA Mbl HU paccMaTpu-
Basin, COCTOUT B TOM, 4YTO onepauunsa nnun AeﬁCTBVIe, obo3HavaeMble OAHUM N TEM >XKe
CAMBOJIOM, KOPPEKTHO BbIMNONHAKOTCA A1 ONEPAaHAOB UM NAapaMETPOB Pa3INYHbIX
TNNOB. l‘laCTO BCTPEYHAETCA HEMHOIO NHOE NOHNMaHNE I'IO)'II/IMOpCbVI3Ma: 4TO O4HO N TO



§10.6. Hacnemosanue u nosmmmopdusm 185

ke 0bO3HaYeHNEe NCNOMb3YETCs ANS PasHbIX AeliCTBNIA, BbIOMPAEMbIX B 3aBUCUMOCTU
oT Tunos napameTpos. Ecnu nonumopcdusm noHumats Tak, To Haw «nonMmopdnsm
aApecoB» MepecTaHeT bbiTb, COBCTBEHHO rOBOPsi, NOANMOPGUIMOM, BeAb 34eCh, Ha-
npoTuBe, AecTBUs (TEXHUYECKN) BbINONHSAIOTCS COBEPLUEHHO OLMHAKOBbIE BHE 3aBU-
CUMOCTM OT TMMa; NPU 3TOM PaCCMOTPEHHbIE paHee BUAbI NOAUMOPPU3MA TaKOMy
MOHVMAHUIO BMOJIHE COOTBETCTBYIOT. TaK WAM MHAYe, NPUMEHSIEMast TEPMUHOIOT NS
MOXXET Pa3/IN4aThCA OT UCTOHHUKA K UCTOYHUKY.

10.6.3. MeToabl 1 3amuTa IpU HACJIEI0BAHUN

[TockouibKy HacsemoBaHne, HECOMHEHHO, SIBJISIETCSI COCTABHON YaCThIO
00'bEKTHO-OPUEHTUPOBAHHOTO IIPOTPAMMUPOBAHUSI, YAIIE BCEIO OHO ITPUME-
HSETCs JJI TUIIOB, UMEIOIUX (DYHKIMHU-1IEHbl (METO/bI), U B POJIA TAKUX
THIIOB KJIACCHI BBICTYIIAIOT HAMHOI'O dallle, YeM CTPYKTypbl. Texuumdeckn
9TO HUKOUM 0Opa30oM He TpebOBaHUe, Be/lb CTPYKTYPHI OT KJIACCOB, KAK MbI
yxe 3HaeM (cm. §10.3.5), 0TiIngaoTCst TOILKO MOJEJIBIO 3AllUThL 110 YMOJI-
qaHuio — u Oosiee HUYeM. EcTecTBeHHO, HAC/IEI0BAHNE BO3MOXKHO KaK JIJIst
CTPYKTYD, TaK W JIs KJIACCOB, NMPUIEM KJIACCHI MOXKHO HACJEJ0BATH OT
CTPYKTYp U HA0DOPOT; MPOCTO, KAK MbI OTMEYAJN paHee, JJis OIMCAHUS
00bexToB B cMbiciie OOII mporpaMMucTbl cTaparoTcs UCIOJIb30BATH NMEH-
HO KJIACCBI, & HE CTPYKTYPBI, 9TOOBI II0KA3aTh, ITO 3/I€Ch UMEETCS B BHUJLY
UMEHHO 9Ta mapajgurma. B §9.1.3 Mbl oTMeYaIH, 9TO CAMO CJIOBO KAGCC W3-
HagaabHO orTHOcUTCH K Tepmunosorun OOIl — 310 MHOXKECTBO 00BEKTOB,
YCTPOEHHBIX OJMHAKOBO, a C MPArMaTHIECKO! TOYKN 3DEHHs — OIMCAHUE
yCTpoiicTBa 06bEeKTa; B TAKO! TPAKTOBKE, JaXKe €CJIH JJIs CO3JaHus 00b-
ekra (B cmbiciae OOII) Mbl BOCHOJIb3yeMCsl CTPYKTYDPOH, IIOJIy9eHHBINA THIL
CJe/lyeT CUMTATh MMEHHO KJIACCOM — €CJIU He B TepMmuHaX s3bika Cu++,
to B repmurax OOII. B manbHeiinem nsjioskeHur Mbl OYIeM UCIIOJIb30BaTh
CJIOBO «KJIACC» JJIst ODO3HAYEHMS BCEX TUIIOB OOBEKTOB, €CJIU TAKOBBIE OT-
nocsarest Kk mapagurme OOTIL, we yroungs, uro 3ro (B Tepmunax Cu+-+)
MOKeT OBITh KakK KJIacC, TaK U CTPYKTYpa.

Cuwnraercs, 9TO MOCTPOEHUE KJIACCA-ITOTOMKA HA OCHOBE DA30BOT0 KJIac-
ca moorcem 6vims (xoTd 1 He 063aHO0, U B GOJILIIMHCTBE CIy9aeB He ABJIs-
eTCsl) 4acmHol 0emasvlo peasusdayuy, O KOTOPOil OKPY KaOUi MUp 3HATH
He jiokeH. B cBsasu ¢ stum B Cu+t+ pasiingaorT HACIEIOBAHUE OTKPBI-
Toe (public) u 3akpniroe (private). Mojenb 3aIUThI J1Jisi KOHKPETHOTO
CIIydasl HACJIEIOBAHUSI YKA3bIBAETCs B 3ar0JIOBKE KJIACCA HEIOCPEICTBEHHO
repeJi, HAa3BaHUEM KJIACCa-TIPeJIKa, HAIPUMED:

class B : public A {
/*...%/
};

nJIm
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class C : private A {
/*..0x/
};

Ecsin B nepBom cirydae Bce cBoiicTBa Kiacca A (ero OTKpBITBIE METOJBI 1
I0JIs1, €CJIM TAKOBble B HEM eCTb) OYIyT JOCTYNHBI /I OOBEKTOB KJIACCa
B oroBCIOYy, TO BO BTOPOM CJIy4ae — TOJBKO M3 METOHOB Kjacca C, a BCA
ocTajibHas IIporpaMma BooOIe He Oy/ieT 3HaTh, 4TO Kjacc C yHac/Ie/I0BaH
ot A. Bceé aTo paboTaer u Ui CTPYKTYP.

Mopenb 3aImUTHl JJIs HACJIEIOBAHUSA MOXKHO HeE yKa3bIBATH, KAaK MBI
9TO nenajiu B nipuMmepe Ha cTp. 183. B srtom ciaydae OyayT meficTBOBATDH
YMOJTYaHUA: JIJIg CTPYKTYPBI Hacje[0BaHue 10 yMOJIYaHUIO OTKPBITOE, JJI
KJIacca — 3akpbiToe. B peasibHON >KM3HU NMOTPEOHOCTH B 3aKPHITOM
HacJIeJOBAHNY BO3HUKAET KpaliHe PeJIKO, II03TOMY IIPM OIMCAHUN Ha-
CJIeyeMBIX KJIACCOB OOBIYHO YKAa3bIBAIOT public, a IpH ONUCAHUM HACJIe-
JIyeMbIX CTPYKTYP He yKa3bIBaIOT HHYEro, II0Jarasgch Ha YMOJIYaHUI.

SaMeTHM Tereph, 9TO s 0A30BOr0 Kjacca MOPOXKIEHHBIN KJIacC HU-
9yTh HE «JIydIlle» BCell OCTAaJbHON MpOrpaMMbl W, KaK U JII000# HeapyKe-
CTBEHHBII (DPArMEHT KOJa, HE JIOJIKEH MMETb JOCTYIA K JETAJSAM PeasIu-
3anuu Kiacca. 1109ToMy, 09eBHIHO, 3aKPBITHIE IIOJIsI U METO/bI 0a30BOr0O
KJ1acca He OyJIyT JOCTYIIHBI IOPOXKIEHHBIM KJIACCAM.

B peaspabIX 3a/a9ax 9ACTO BO3ZHUKAET IMOTPEOHOCTD B TAKHUX JIETAJISIX
nurepdeiica Kjacca, KOTOpbIe NPeHA3HAYEHBI TOJIBKO U MCKJIIOYUTEIHHO
JJIsE ero MOTOMKOB. /[yl Takmx ciiydaeB Hapsily ¢ pexXumamu public u
private BBOAWTCH el M TPETHil peXKUM 3allUThl, protected (3awjuwén-
woii). Tloasg u MeTosbl, HOMEYEeHHbIE CJIOBOM protected, OymyT mocTyn-
HBI B CAMOM KJiacce (TO eCThb B €ro MeTO/aX), B JAPY’KECTBEHHBIX (DYHKIIN-
AX, a TaKyKe B METOJaX HOTOMKOB JaHHOro Kjacca?’; Bo Bceil ocTasbHOlM
porpaMMe JOCTYII K HUM OYJIET 3aIlpericH.

Baxxno moHmMATDL, UTO TOJIST W METOJbI, MMEIONINE PEXKUM 3allUThI
protected, He MOI'yT CYHUTATHCdA B IIOJIHOM CMBICJIE CJIOBA JeTaJdAMU pe-
aJM3aIyy, KOTOpble He KacaloTCsd HUKOro, KpoMe JIaHHOTO KJjacca. Pas-
HUIA 3/IECh JIOCTATOYHO MPUHIUIINAIbHA. JleTasn, MmoMenénnble B 3aKPhI-
TYIO 9aCTh KJIAcCa, MOKHO 6€300JI€3HEHHO U3MEHSTD, UCIIPABJIA IIPU STOM
TOJIbKO METOIbI CAMOTrO KJIacCa W JIPYKeCTBEHHbIE (DYHKIMH, KOTOPBIE
OISITH-TAKU TIEPEINC/IEHBI B SIBHOM BHUJI€ B 3aroJioBke Kiiacca. uade ro-
BOpd, Ilepe/iesIblBasd NPUBATHYIO YacTh KJacca, Mbl BCer/ja 3HaeM, IJie Ipo-
XOIUT T'PAHUIIA KO/A, KOTOPBIIT MOXKET IIPH 3TOM <CJIOMAThCA» M KOTOPBIH
HaM, BO3MOXKHO, IIPHUJIETCS UCIPABIATh. HarpoTus, 0COGEHHOCTH peasn3a-

20 JT 7151 HEIIOCPEICTBEHHBIX IOTOMKOB 3TO BEPHO BCETIA; €C/IH YK€ PEUb UIAET O NOMOMKE
nomomka uin o eug 6osee TaIbHEM «POACTBE», MOXKET OKa3aThCS TaK, UTO B IEIIOYKE
HACJIEHUKOB BCTPETHUJIOCH HACJIEJOBAHHE 3aKPBITOE, M TOIJIa IIOTOMOK MOXKET BOOOIIE
He 3HaTh, YTO €ro IPeJIOK IIOCTPOEH Ha OCHOBE JAPYroro KJjacca; eCTeCTBEHHO, TaKoil
IOTOMOK He OyJeT MMeTh JOCTYIa HU K KaKUM dYjeHaM <«3aCEKPEYeHHOI'O» [aJIbHErO
mpeKa, J1aKe K MyOJIMYHBIM — U K 3al[UIIEHHBIM TOXE.
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MU KJIacca, IIOMeYEHHbIe KaK protected, MOryT HCIIOJIB30BATHCS B CAMBIX
HEOXKUJIAHHBIX YaCTAX MPOTPAMMBI: JOCTATOYHO KOMY-TO TJIe-TO OIIMCATH
ermé OIHOTO IMMOTOMKA HAIEro KJIacca, 0 KOTOPOM MbI He mopo3peBaem. [lo-
9TOMY, B OTJIMYME OT MPUBATHBIX IOJIE W METOJIOB, MOJIA U METOJBI C pe-
2KUMOM protected HO/KHBI 003aTEJBHO JOKYMEHTUPOBATHCS, & K UX U3~
MEHEHUIO CJIeAYeT HOIXOAUTH CTOJIb K€ OCTOPOXKHO, KAaK M K U3MEHEHHIO
OTKpBITOH (myGanuanoit) yacTu Kiaacca. MoxKHO cka3arh, uro protected —
9TO XOTHh M OCOOBIii, HO BCE 2Ke BUJI OMKEPHIMHLL OCOOEHHOCTEN KJIacCa.

Ecmu mb1 pabotaeM ¢ 00bEKTOM-TIOTOMKOM, B €r0 KJIacCe-TIPEIKe BBe-
JEH HEKWil MeTOJ W HaM 3TOT METO[I JIOCTYIeH, TO €CThb He CKPBIT OT HAC
3aIUTON, Mbl MOYXKEM BBI3BIBATH TAKON MeTOJ JJisi 00bEeKTa-I0TOMKA, TOY-
HO TaK 2Ke, KaK W JJIsg O0bEKTa-IPeIKa, MPUIEM, €CJIU He HIPEeIIPUHSITDH
CHEIUABHBIX MED, METOMBI MPEJIKa He OyyT HUYIEro 3HATH O TOM, UTO MX
BBI3BIBAIOT JIJIsi OOBEKTA-IIOTOMKA, TO €CTh OyJIlyT paboraTb Tak »Ke, KaK U
7151 00beKTOB 6a30BOro Kjaacca. Hampumep, ecin Mbl ¢iejlaeM KJIACC «aB-
TOMOOMJIbY> U MPEIyCMOTPUM JIJIsi HET'O OIEPAIUIO «3aIpaBKa OEH3UHOM», &
IIOTOM TIOPOJIUM OT HEro KJIACC «TPY30BUK» C JOMOJHUTEbHBIMU CBONCTBA~
MU, TO OIlEpalns «3amIpaBKa 6eH3uHOM> OyIeT JOCTYIIHA U JJIs [PY30BUKA,
MPUYIEM PEeATA3AIMA ITOM OIeparu He OyeT HUYIero 3HATh PO 0CODEH-
HOCTHU T'DY30BUKOB U OyeT paboTaTh ¢ 00bEKTOM THUIIA «IPYy30BUK» TOYHO
TaK 2Ke, KaK U ¢ 00bEKTOM THIIA «aBTOMOOUIIb>.

3rech paboTaeT ONMUCAHHBIN B MPEABIIyINeM maparpade aapecHbIil mo-
JiumopdusM B npuMenenuu K napamerpy this (cm. §10.3.2). B camom neie,
IyCThb KJacC B yHacseoBaH oT Kjacca A, B KOTOPOM eCTh (DYHKIWs (Me-
roz) £. Torma ykasarens this B Merozne f mMmeer Tun A* (uam const A,
ecsin MeToj|, KoncranTubiil). IIpu Bozose f g obbekTa Kiacca B ykasza-
Tesib this JI0JI2KeH nMeTh THII B¥, HO, KaK MbI 3HAeM, B* pasperieHo HesiBHO
IPeoOPa30BLIBATL B A* 110 3aKOHY HOJUMOPdU3MAa.

B Tepmunax OOII 310 03HAaYaeT, 9TO MOTOMOK yMeeT OTBeYaTh Ha BCE
BHJIbI COOOIIEHMIA, MIPEyCMOTPEHHBIE [IJIsi €0 IPEJIKOB; 4TOOBI OOBEKTY
MOKHO OBbLIO OTIPABUTH Takoe coobineHre (T.e. BbI3BATH METOJ HIPEIKa),
JOCTATOYHO UMETh JOCTYII K STOMY METOJLY, TO €CTh YTOOBI OH HE OBLI CKPBIT
samuroil. lHaye T1oBOPsi, ¢ 0O'bEKTOM-HACJIEIHUKOM MOYKHO IIPH YKEJIAHUH
paboTraTh TOYHO TaK Ke, KAK ¢ 00bEKTOM-TIPEIKOM, BOOOIIE He obpalast
BHUMAHHUA Ha TOT (DAKT, 9TO MbI UMEEM JIeJIO ¢ OOBEKTOM JIPYrOro THUIIA.
YacTo MOXKHO JlakKe BCTPETUTH YTBEPXKJIEHHE, 9TO OOBbEKT KJIacCa-mo-
TOMKA fIBJISIETCH TaK>Ke U 00beKTOM KJIacCa-IIpeaKa; yIuThIBas, YTO
Ha UJIE0JIOTTIECKOM YPOBHE, KAK MBI Y2K€ OTMEYaJIi, HACIeI0BAHIE €CTh I1e-
Ppexoz1 OT ODIIEro K YaCTHOMY, O0'bEKT-TIOTOMOK OKA3BIBAETCS YA CTHOIM CAY-
yaem Kaacca-Ipeaka. B camom nieste, pa3Be Ipy30BUK He SIBJISIETCS YaCTHBIM
CIIy9aeM aBTOMOOMIIA !

C ppyroii ctopoHbl, kak BugHo u3 puc. 10.3, obbekT nopoxxaEHHOro knacca co-
AepxuT B cebe 0bbekT Ha3oBOro kiacca B kadecTse cBoeli HacTn. Hukakoro npotu-
BOPeYNsi TYT HET, 3TO MPOCTO [ABE PasHble MOAENN BOCNPUATUS (MOXKHO JaXke CKa-
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3aTb, 4TO 3TO pasHble NAPAAUIMbl) WM, €C/IN YTOAHO, Pa3Hble TOHKN 3PEHNS: OAHA
BO3HWKAaET Npu peannsauunm CpeacTB si3bika (peannsaTopckasi CEeMaHTUKa), BTopast
BbITEKAET M3 BbITEKAET 13 JIOTVKM MPOEKTUPOBAHUS NpOrpamMmMbl (Mosib30BaTeNbCKas
cemaHTuka). K aTomy BOMpOCy Mbl eLgé BepHEMCS.

10.6.4. KoncTpyupoBaHue U JIeCTPYKIUS HaCJIeJTHUKA

KoHCTpyKTOpBI M JeCTPYKTOPBI 3aC/Iy?KABAIOT OCODOr0 YIIOMUHAHUS
[IpU TIOsIBJIEHUN HacjeqoBanusi B nporpamme. C kKakoit Obl TOYKHM 3pEHUS
MBI HI PACCMaTPUBAJIN OPOXKJIEHHDBIN 0O'bEKT, OUEBH/IHO, ITO B MOMEHT €I0
CO3/IaHMsI TaKYKe CO3MAETC U OOBEKT 6a30BOI0 KJIACCA, IPUYEM HEBAXKHO,
CYUTAEM MBI €T0 YACMbI0 MOPOKIAEHHOTO 00BEKTA UJIH YK€ €ro dpy20li uno-
cmacvio. TakuM ke TOYHO 06pa30M ITPU YHUITOXKEHUHU TTOPOXKIEHHOTO 00b-
eKTa ucuezaeT u 6a30BbIil 00beKT. Crie0BaTeIbHO, IPU CO3AHUN 00BEKTA
MTOPOXKIEHHOTO KJIACCA JOJIZKEH OTPAd0TATh 1 KOHCTPYKTOP 0a30BOr0 KJIac-
ca, a IpU YHUITOXKEHUH TAKOIO 00beKTa — JeCTPYKTOP 06A30BOTO KJIACCA.
[Ipu sTOM, OUEBUHO, B TeIaX KOHCTPYKTOPA U JECTPYKTOPA TOPOXK IEHHO-
0 KJIACCA JOJIKHBI OBITH JOCTYIIHBI BCE YACTH OOBEKTA, JJIsi KOTOPOTO OHH
BBI3BIBAIOTCs. Ba30BbIil 00bEKT, TAKUM 00pPa30M, JOJI?KEH ObITh WHUIAAJII-
3UPOBaH paHbwe, & YHUITOXKEH — no3oice 00beKTa MopoxkIEHHOro. loiy-
qaeTCs, 9TO BPEMsI CYIIIECTBOBAHMS 00bHEKTa KJlacCa-HACIEIHUKA B €ro «ba-
30BOIf» UIOCTACH KAK OBl UyTh-4yTh OOJIbIIIE, Y€M BPEMs CYIIECTBOBAHUS
€ro 2Ke B Ka4eCcTBe 00bEKTa CBOEr0 COOCTBEHHOI'O THUIA.

C JiecTpyKTOpPOM Jiejia 00CTOAT JTOCTATOYHO ITPOCTO: KOMITHJISATOD ABTO-
MATUIECKU BCTABJISET B KO JIECTPYKTOPA IIOPOKIEHHOIO KJIacca (B CaMblil
€ro KOHEIT) BBI30B JIeCTPYKTOpa 6a30BOr0 Kjacca, Tak 4To CHada/1a oTpabo-
TaeT TeJIO JECTPYKTOPa HOPOXKIEHHOI'O KJIACCA, a 3aTeM — TeJO JEeCTPYK-
Topa 6a30B0ro kjaacca. C KOHCTPYKTOPOM BCE TOXKe MOIJIO ObI OBITH IIPOCTO
(cHAuUAIA BBI3BATH TEJIO KOHCTPYKTOPA GA30BOTO KJIACCA, IIOTOM TEJIO KOH-
CTPYKTODa KJIACCA MOPOXKJIEHHOTO), eCcu Obl He TO OOCTOSTENHCTBO, UTO
KOHCTPYKTODBI (B 0011eM cjiydae) MOryT TpeGoBaTh BXOJIHBIX IIADAMETPOB.
C noxozkeit mpobsIeMoit MBI y2Ke CTAJKUBAJINCH IPU PACCMOTPEHUH KJIACCOB,
uMeromux mosst tuna Kiaace (em. §10.4.15). Permaercst mpobiiema B JAHHOM
CJIy9ae COBEPINEHHO aHAJOTUIHO: B OIMUCAHUU KOHCTPYKTOPA IMOPOXK IEHHO-
r'o KJIacca MezK/Iy 3ar0JIOBKOM U T€JIOM BCTABJISIETCS CIIMCOK MHUIUAJIN3ATO-
POB, HAYMHAIOMUIICA ¢ HHAIMAIN3ATOpa 6a30BOrO Kiacca (0603HAIAEMOro
B JIAHHOM CJIy4ae UMEHEeM KJIacca) ¢ YKa3aHUeM BCeX HYXKHBIX [1apaMeTpPOB
KOHCTpYKTOpa. Tak, eciim A — 6a30BBIf KJIacC, KOHCTPYKTOPY KOTOPOTO
TpedyIOTCS JiBa TapaMeTpa Tuma int, B — KJjacc, yHAC/IeOBaHHBIN OT A,
CHAOXKEHHDINT KOHCTPYKTOPOM TI0 YMOJTIAHUIO W UMW moJte int i:

class A {
//
public:
A(int p, int @) { /*x ... %/ }
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/7

};

class B : public A {
int i;

public:
BO;
//

};

— TO OIIMCaHHE €TI0 KOHCTPYKTOPa MOZKET BBIIVIAJAECTh TaK:

B::B() : A(2, 3), i(4)
{

/x .. %/
}

rae 2 u 3 — mapaMeTphl I KOHCTPYKTOPa 6a30BOro Kjaacca, 4 — HAYAIb-
HOE 3HaYCHUE II0JId 1.

10.6.5. Bupryanbpubie dyHKIIUN

o cux op MBI IIPEIITOIarajin, 9T0 00bEKT-TIOTOMOK OyIeT pearnpoBaTh
Ha COODINEHUSI, OIIPEICJIEHHBIE JIJIs €0 IPEJIKA, MOYH0 MaK JHce, KAK Ha HIX
pearupoBaj 661 00BLEKT-TIPEeOK. B psise caydaeB 3TO He OTBEYAET MOTPEO-
HOCTSIM MOJIEJTUPYEMOiil TIpeIMeTHON 00J1acTh: ObIBAET TaK, YTO HA Te WU
HHBbIE COOOINEHUST TOTOMKY 2KeJIaTeIbHO PearnpoBaTh HHAYE, KAKUM-TO CBO-
UM COOCTBEHHBIM CIIOCOOOM. /IOCTHYDL 9TOr0 MO3BOJIIET MEXaHU3M S8UPNY-
AAbHBT GYHKUUT; C ero TIOMOIIHI0 aBTOP KJIACCA-TIPEIKA MOXKET ITPEe0o-
CTABUTH MIOTOMKAM BO3MOXKHOCTH MOAU(DUKAIINN TTOBEIEHNS OTIEJIbHBIX Me-
TOJOB, IPUYEM KaK IIOJTHON, TaK M YacTHUIHON. UTOOBI IOHSTH, KaK 3TO
[IPOUCXOJIUT U 3a9eM BCE 9TO HYKHO, MBI JIJIs HA9aJIa PACCMOTPUM TIPUMEp,
a 3aTeM IIOsICHIM, KaK COOTBETCTBYIONIUI MEXaHU3M YCTPOEH.

Uraxk, gonyctuM, 9T0 mepejl HAMY CTOUT 33/1a49a, CBSI3aHHAS C KOMITBIO-
TepHOIl rpaduKoii, 1 HY?KHO OLKCATDH CIeHYy (TO ecTh HAOOD IpaduuecKux
9JIEMEHTOB) B BUJIE HEKOEI'O CIIMCKA WM MACCUBA O0BEKTOB, 33 IAI0IIUX IPa-
duaeckne 060HEKTHI PA3JINTHOIO THITA, HAIIPUMED, OT/EIbHBIE TUKCEIIH, JIV-
HUW, OKPYKHOCTH H T. 1. J[Jisi HaYasa omuimeM KJacc, 0ObeKThl KOTOPOro
OyyT IpeACTaBiAATh B HAIel ClieHe TpocTeiinme rpadudecKue TPUMATH-
BBl — OT/IeJIbHBIE ITUKCEJIU. SICHO, 9TO y MUKCEeJIst IMEIOTCSI JIBE KOOD/IUHATDI
(ux OBBITHO 38JATOT IMCJIAMY C TUIABAIOIIEH TOUKO#) 1 1BeT (1es10e Iucso).
Bymem cunrarh, 9T0 OCHOBHBIE JEHCTBUSA C TPADUIECKIM OOBEKTOM, B TOM
qHUC/Ie U ¢ MUKCEJSIMU — 9TO II0Ka3aTh 00HEKT Ha KpaHe (Mbl 0603HAYNM
910 Jeiicteue dbyuknueit Show), yopars ero ¢ sxkpana (Hide) u mepemectursb
ero B HOBYIO nosuimio (Move).
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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);

};

Konkpernka ommncanus ten dynknuit Show u Hide 3aBUCHT OT HUCIOIB3ye-
MOii rpaduyecKoit OuOINOTEK Y, TPABUJI IEPECYETA KOOPIUHAT U T. I1.; MbI HA
9TOM OCTAHABJIMBATHCA He OYyJIEM, IPOCTO IPEIIIOJIOXKUAM, 9TO 3TH DYHKIIH
re-TO Onucanbl. Vcmoib3ys ux, Mbl O9€Hb JIETKO MOYKEM OIUCATH (DYHKIIIO
Move, Beib IIepEMEIIEHNE COCTOUT B TOM, 4TO OOBEKT CHAJaJia yOUparT C
9KpaHa, IOTOM MEHHAIOT ero KOOPJUHATHI U HaKOHEI] CHOBA IIOKa3bIBAIOT:

void Pixel::Move(double nx, double ny)

{
Hide();
X = nx;
y = ny;
Show() ;
}

[IpenonoKum Terepb, 9To HaM HY2KEH TaK»Ke 00BEKT «OKPYKHOCTh». 11o-
HSATHO, YTO TakKoil 00bekT objajaer TeMu »Ke cBoiicrBaMu (KOOPAUHATHI
U OBET) U B JIONOJIHEHNE K HUM Xapakrepudyercd emné paauycoM. [Tosro-
My MBI BOCIIOJIb3YyEMCsI y2Ke MMEIoNuMcst KiraccoMm Pixel B KadecTBe 6a3o-
Boro?!, a kmacc Circle or Hero yracaedyem. KoHedHO, MeTOIaM KJiacca
Circle norpebyercsd 3HATH KOOPJAWHATHI U I[BET, XOTsI OBbI /IJIsi TOTO, 9TOOBI
YMETb PUCOBATDH 33,/ IAHHYIO OKPYKHOCTD Ha dKpaHe. B HaIreM npumMepe Mbl
PeIuM BOIIPOC JIOCTYIIA CAMBIM IIPOCTBIM (XOTsI M HE CAMBIM JIyUIINM) CIIO-
coboM: cresiaeM 1oJis 6a30BOr0 KJIACCa 3aluineHHbIME (protected), a He
3aKPBITBIMHE; JIJIsI 9TOIO BCTABUM B CAMOE HAYMAJIO OIMCAaHUs Kiacca Pixel

JAPEKTUBY protected:

class Pixel {
protected:
double x;

/7. ..

21351ech MBI HECKOIBKO HAPYIIAEM HIPHHIUIB 06HEKTHO-OPHEHTHPOBAHHOIO MPOEK-
TUPOBaHUA, IIOCKOJIbKY OKPY?KHOCTb, OY€BHU/IHO, HE ABJIAETCA YaCTHBIM CJIydaeM TOYKH.
MBI ucrpaBuM 3Ty OILUIOITHOCTb B OJHOM U3 CJIEIYIOIINX aparpados.
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Tenepb MbI MO2KeM TIepeiiTi K OMUCAHUIO Kiracca Circle u Jijist HAYaJIa, OIM-
IeM 1oJie, KOTOPOTo HaM He XBaTaeT, YTOOBI MPEBPATUTh TOUYKY B OKPY K-
HOCTb:

class Circle : public Pixel {
double radius;
public:

Ormumem Terepb KOHCTPYKTOP i Kiacca Circle. Ilpu srom mam npumér-
sl IPUHSITH Ha OIUH IapaMerp 0oJIbllle, YeM B KOHCTPYKTOpe Kjacca Pixel.
Kpome Toro, mockoabKy eqMHCTBEHHBIN KOHCTPYKTOP 0a30BOro KJracca Tpe-
OyeT yKa3aHus TPEX TAPAMETPOB, HY2KHO OyZeT 3aJaTh ITapaMeTPhI JIJIsi BbI-
30Ba KOHCTPYKTOpa 0a30BOro Kjacca, Kak 3TO 00Cyzk/ajoch Ha cTp. 189.
OKOHYATEJIHHO ONMCAHNE BBIAJIET TAKUM:

Circle(double x, double y, double rad, int color)
Pixel(x, y, color), radius(rad) {}

Pazymeercs, B 06bekTe HEOOX01MMO onucaTh byHKImn Show u Hide, nipej-
Ha3HAYEHHDbIE JIJ1s PUCOBAHUA U CTUPAHUA C 9KPaHa OKPY?KHOCTHU, KOTOPbIE
OyayT OTIMIATHCs OT (PYHKIUN, MPETHAZHAYEHHDBIX IJIs OJMHOYHOTO UK~
ceJisl; Mbl, KaK U IPpU pacCMOTpPEHUM KJjacca Pixel, BO3epKUMCs OT OIIHU-
CaHUs KOHKPETHBIX TeJI 3TUX (PYHKIUI, OTPAHUIUBIINACH UX 3ar0JIOBKAMU:

void Show();
void Hide();

HerepriesuBpiil dnTaTesb MOXKET IIPEJIIONIOKUTH, YTO ceffdac Mbl OyJjieM
onuchBaTh GYHKIUIO Move, aHAJOTHYIHYIO TOH, 9TO ONUCAHA BBIIIE IS
Knacca Pixel. BMecTo 3TOro MblI MpEJJIOKUM HEMHOTO MOAyMaTh. Jlerko
3aMETUTh, UTO (hyHkuus Move 0as H0B020 KAACCA OKAIHCEMCA AOCOMOMHO
maxotl oice, Kax U 0Af KAGcca 6a306020, TO €CTh HAM TOTPEOYeTCsS HAIU-
caTb HE TOJbKO TOYHO TAKOHN K€ 3ar0JIOBOK, HO W TOYHO TaKOE€ 2Ke, C TO4-
HOCTBIO JIO TIOCJIeIHel OYKBBI, TejI0 (byHKImu! 9T0 U HEYIUBUTEJBHO, BEIb
BHE BCSKO# 3aBUCUMOCTH OT (POPMBI Tpadudeckoit purypsl eé mepemerrie-
HUE I10 9KPaHy TPOU3BOAUTCH abCOIOTHO OMHAKOBO, B TPH IlIara: CTEPETh,
U3MEHUTHh KOOD/IMHATHI, HAPUCOBATHh B HOBOM MECTE.

Bozmukaer ecTecTBeHHBIN BOIIPOC — HEJIb3s1 JIH UCIIOIB30BATH JJIsT KJIac-
ca Circle Ty ke camyio OYHKIHIO Move, KOTOpast y»Ke OIUCAHA, JIJIsT KJIac-
ca Pixel, He co3maBasi HOBOil Bepcuu 3Toil dpyHkumu st Circle. Jler-
KO 3aMEeTUTh, YTO (ec/ld HE NPHUHATH CIEIHUAJLHBIX Mep) IIPOCTOil BBI30B
dyukuuu Move st obbekTa Kiiacca Circle, KOHEUHO, BOBMOXKEH (Beb 9T0
Ke nybsmaHas (GyHKIuS 6a30BOrO Kjacca, a HacJeJOBaHHUE IIPOM3BEJIEHO
o MyOINTIHON CXeMe), HO He Npusedém K HYMCHLIM HAM DE3YALIMAMAM,
u BOT moueMy. Bo Bpems Tpamcisiun tesia (yHkimn Pixel: :Move KOM-
NUJIATOP MOXKET HHYero He 3HATh O CYIIECTBOBAHMHU IIOTOMKOB y KJlacCa
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Pixel, KOTOpbIE K TOMY K€ BBOIST CBOM Bepcuu hyHKImii Show u Hide.
[TosToMy KOMIIMIATOD, €ECTECTBEHHO, BCTABJISIET B MAIIUHHBIN KO/ (DYHKIINN
Pixel: :Move oObIdHbBIE BBI3OBEI (pyHKIMit Pixel: : Show n Pixel: :Hide, TO
€CTb MHCTPYKINHU call ¢ KECTKO 3aJJAHHBIMU UCITOJTHATCTLHBIMU 8JIPECaMU,
He II0pa3yMeBaoIIe HIKAKUX NU3MEHEHU.

Ecnu reneps Bo3BaTh dOyHKINIO Move mis 00bekTa Kiaacca Circle, oHa
JJIs CTUpaHUsI C dKpaHa 00beKkTa BbI30BeT (yHKIuto Hide B TOi €€ Bep-
CHH, B KOTOPOI OHa omnmncaHa Jjisl Kjaacca Pixel. D9rta GyHKIMS BBIIOITHUT
IefCTBUs 10 CTUPAHUIO C 9KPaHAa O0BHEKTA-TOYKHU, TOTJA KAaK CTEPETH Ha
caMoM Jiejie Hy?KHO OKpY2KHOCTh. To Ke camoe mpom3oiiéT ¢ dyHKImel
Show: BMECTO OKPY?KHOCTH B HOBOI ITO3UIINN HA dKpaHe Oy/IeT OTpUCOBaHA
TOYKa. fICHO, 9TO 3TO COBCEM HE TO, YTO HAM HYXKHO.

Tem He MeHee KayKeTCs CTPAHHBIM U HEIPABUJIBHBIM OIUCHLIBATDH JIJIs
kJacca Circle pyHKIMIO, CJIOBO B CJIOBO HOBTOPSAIOIIYIO JAPYTYIO, KOTOPast
y2Ke nMmeercs B 6a30BoM KkJjacce. V1 37ech HaM Ha IOMOIIb IIPUXOIUT MeXa-
HU3M 8UPMYaAbHBE Gyrruyudi. KpaTtko ropopst, BupryasjbHas QyHKIUS
(nm BUPTYasbHBIH MeTOJ) — 970 DYHKIHS, ONUCHIBAIOIIAS TAKOE JefiCTBIEe
HaJ, 00BEKTOM, OTHOCUTEJIHHO KOTOPOTO IIPE/IIIOIAraeTC s, YTO AaHAJIOTTIHOE
neiicTBre OYAET ONPEIeSIeHO U Jjid O0bEKTOB KJIACCOB-TIOTOMKOB, HO, BO3-
MOXKHO, J[jIsl TIOTOMKOB OHO OYJeT BBIIIOJHATHCS MHAYe, YeM it 0a30BOro
kiacca. B repmunax reopun OOIT M0KHO cKa3aTh, 9TO BUPTYAJIHHBIM Me-
TOZIOM 33]a6TCsI PEAKINA 00bEKTa KJIACCa HA HEKOTODPBIM TUIT COODITEHUN B
cIydJae, ecyIu:

® IIPEIIOJIAraeTcsl, 9YTO y JAHHOIO KJlacca OYIYyT KJIaCChI-IIOTOMKH;

® 00BEKTHI KJIACCOB-TIOTOMKOB OYIyT CIOCOOHBI ITOJIy9aTh COOOIIEHUST

TOr'O 2Ke THIIA;
® 00BEKTHI HEKOTOPBIX WJIU BCEX MTOTOMKOB OV/IyT pearupoBaTh Ha 3TU
COODIIEHNsT MHAYE, €M ITO JEJAeT O0DBEKT KJIaCCa-TIPEIKa.
Azpik Cru++ 103BoJIsIET 00BIBUTH B KadeCTBE BUPTYAJIBHO JTI00yI0 DYyHK-
IIIIO-METOJ, KpOM€e KOHCTPYKTOPOB U CTATUIECKUX MeTOI0B. JIj1s1 3TOTO TIE-
Pe/t 3aroJIoBKOM (PYHKIINN CTABUTCH KJIIOUEBOe ¢I0BO virtual. B oriamune
OT BBI30BOB OOBIYHBIX (DYHKITUI, BBI30BBI (DYHKIMIT BUPTyaJbHBIX 00paba-
TBIBAIOTCS KOMITUJISITOPOM B IIPEIIONIOKEHUN, ITO TUIl O0bEKTA, JJIsi KOTO-
POro BbI3bIBaeTCs DYHKINS, MOYXKET OTJIMYATHLCs OT 6A30BOI0 KJiacca, H IYTO
JIJISE 9TOT0 0OBEKTa MOXKET OTPeOOBATHCs BBI3OB COBCEM APYTOil (DyHKINH,
HezKkesn 71 6a30Boro kiacca. B gactHocTH, econ B Kinacce Pixel mocra-
BUTH CJIOBO virtual mepes KaxKjao#t m3 ¢dyuxknumit Show m Hide, To mpm
KOMIIUJIATINY Teja (pyHKIn Move KOMIMIATODP OyJeT 3HATH, 9TO OOBEKT,
Ha, KOTOPBIN yKa3bIBaeT rnmapaMerp this, MoxKeT ObITh KaK OObEKTOM Ca-
Moro KJjacca Pixel, Tak m 00BbEKTOM KaKOTO-HUOYIb €ro KJacca-TIOTOMKA,
MPUYIEM TSI TAKOTO 00BEKTa MOXKET ITOTPEOOBATHCS BBI3OB dpy2ul eepcuti
dyuknumit Show u Hide, BBeIEHHBIX B COOTBETCTBYIOIIEM moromke. Ko, cre-
HEPUPOBAHHBIN KOMIIUJISTOPOM B TAKO#l CHUTyaIuu, OyJIeT HECKOJIBKO CJI0XK-
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Hee, YeM JJIsi OOBIYHOIO BBI30Ba, (PYHKIUU, HO 3aTO OH OyIeT BbI3bIBATH
UMEHHO (DYHKIINIO, COOTBETCTBYIOIIYIO TUITY 00bEKTA.

IToupoGyeM 1OHATH, KAK (TEXHUUECKH) ITO JgocTuraercs. Ecim B Kiacce
OmmMCcaHa XOTs Obl OJIHA BUPTyaJibHasl (DYHKIMS, TO KOMIUJISTOP BCTABJIsI-
eT BO BCe OOBEKTHI ITOrO KJlacca HEBUJIMMOE II0JIe, HA3LIBAEMOe YKa3a-
meaem HG MAbAULY BUPMYAALHBLT Memodos (auri. virtual method
table pointer, vmitp). g Bcero kiacca co3uaéres (B OMHOM IK3EMILIADE)
Hem3MeHsieMast mabauya 8UPMYAAbHBLL MEMOJ08, CONEPKAIIAsT YKa-
3aTeIM Ha KaXKIyI0 M3 OIHMCAHHBIX B KJacce BUPTyaabHbIX dyukimit. Ko-
@ KOMIUJISSTOP BCTPEYaeT BbI30B BUPTYAJbHON (DYHKIMM, OH BCTABJISET
B O0'bEKTHBIN KOJ[ IPOrPaMMbl HHCTPYKIIMIO U3BJIEYb U3 0ObEKTa 3HAUEHHE
oJist vmtp, 3aTeM OOPATUTHCS IO IOJIYYEHHOMY AJIPeCy K TabJIHIEe BUP-
TYaJIbHBIX METOJOB U W3 He€ B3ATb aJpec HyKHON (DYHKINH, [OCJIEe Iero
00paTUThCs K (DYHKIMK, UCIOJIB3Ysl aIpec.

OOBEKT KJIACCA-TIOTOMKA COJIEPXKUT, KAK MBI 3HAEM, BCE IOJIsl, IIPUCY-
7e KJIACCY-TPEJIKY. ITO KACACTCsI U HEBUIUMOTO TOJIst VIntp, IpuIéM 00b-
€KThI KJIACCA-IIOTOMKA MMEIT B 3TOM I10JIe WHOe 3HAYEHUe, HeXKeJu 00b-
eKTBhI KJacca-upeaka. s KaxKaoro Kiaacca-moTOMKa KOMITHIATOD CO3.1a-
ér (OUATb-TAKU B €JMHCTBEHHOM IK3€MILISPE) CBOIO COOCTBEHHYIO TabJIU-
Iy BUPTYaJIbHBIX METOJIOB, COIEPKAIILYI0 aJIpeca COOTBETCTBYIOIIUX BEPCHil
BUPTYaJIbHBIX (DYHKIIWI; UMEHHO aJipec TOH TabJIMIIbI 3aHOCHTCH B IOJIE
vmtp. 3a MHUNUAIN3ANNAI0 VIIEP OTBEYaeT KOHCTPYKTOP KJIacca, B HAYAIIO
KOTOPOT'O KOMIIUJISITOP BCTABJISIET COOTBETCTBYIOIINE KOMAH/THI.

Nrax, o6bsaBuM MeToabl Show u Hide BUPTya/IbHBIME B 6a30BOM KJIacce:

class Pixel {
// .

virtual void Show();
virtual void Hide();
//

}

DTO TO3BOJIUT UCIIOIB30BATh DyHKIMIO Move myist ir000ro u3 KJIaccoB, yHa-
CJIEIOBAHHBIX OT Pixel, eCJIM TOJBLKO JJIsl 9TUX KJIACCOB OIMUCAHBI COOCTBEH-
Hble (mpaBuiabHO paboraromue) GyHKiwn Show n Hide.

[Ipexkne gem 3aBepmuTh onucanune KiaaccoB Pixel u Circle, ormeTum,
9TO B KJIACCE, B KOTOPOM MMEETCsl XOTs Obl OJIHA BUPTYaJbHAsT (DYHKITHS,
PEKOMEH/IyeTCsl BCErJla SIBHO OIMCHIBATH JECTPYKTOP U OObABJIATH €r0 BUP-
TyaJIbHBIM. 3a4eM 3TO Hy>KHO, MbI pacckaxkem B §10.6.9. Ceituac mpocto
cesiaeM 310, YTOOBI KOMIIMJISITOP HE BbIIABAJ Hpeaynpexpenusi. OkoHIa-
TeJILHO 3ar0JIOBKU HAIMUX KJIACCOB IIPUMYT CJIeIYIONIUN BUI:

class Pixel {

protected:
double x, y;
int color;
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public:
Pixel(double ax, double ay, int acolor)
x(ax), y(ay), color(acolor) {}
virtual ~“Pixel() {3}
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)
Pixel(x, y, color), radius(rad) {}
virtual “Circle() {}
virtual void Show();
virtual void Hide();

};

OrmernM, uTo B onmcanuu Kiracca Circle coBo virtual MOXKHO OIIYCTUTH;
byHKIMY, COBIAJIAIONIIE TI0 MTPOMUIIIO ¢ BUPTyaJIbHBIMUA (DYHKITUSIMEU 6230~
BOTO KJIACCA, OODbABIISAIOTCS BUPTYAJIbHBIMI ABTOMATHIECKH.

Bupryasbabie pyHKIIMT MOYXKHO BBI3BIBATH HE TOJIBKO U3 APYTUX METO-
JIOB TOT'O K€ KJIacca, KaK B HAIlleM IpUMepPe; KOMIUISITOP CTeHEPUPYeT KOJ
JITsl BBI30BA depe3 TabJInIy BUPTYAJIbHBIX METOIOB [P A1060M OOpAIICHIN
K BUPTYaJIbHON (DYHKIUH, €CJIU THII 00bEKTa, JIJIsT KOTOPOTO €€ BBI3BIBAIOT,
XOTSI ObI TEOPETHIECKH MOYXKET MeHAThCA22. KoHewHo, Korna 00beKT OmiIcan
B BHU/Jle OOBIYHOI IIEpEMEHHON TUIIA KJIACC U MbI 0OpaIaeMcsi K ero MeTO.y,
[IyCTh ¥ BUPTYAJIHHOMY, HAIPAMYIO Yepe3 UMsl ITOH IIepEMEHHOM U TOUKY,
TO €CTh B IPOrPAMME HAIIMCAHO YTO-TO BPOJE

A a;

/] ...

a.func(); // Bcernma BH3mHBaeTca A::func; MexamusMm
// BEPTyambHOCTH He 3aLeliCTBOBaH

— TO Taxkoe oOpalleHne, OYeBUIHO, OECCMBICIIEHHO PeajIM30BbIBAThL Yepe3
BUPTYaJIbHOCTb, Belb THUIl IIePEMEHHOII U3BECTEH BO BpeMs KOMIIMJISIIUAN
U CcTaTb APYyruM He MoxKeT. IHoe nesio, ecim obpallieHue K BUPTYaJIbHOM
dyukuun 3anucano depes ajapec o0bekTa (CCBUIKY WM yKa3aTesb). DTO
KaCcaeTCcsl B TOM YHCJIE€ BBI30BOB METOJOB U3 TEJ JPYTUX METOJIOB, Ijie 00b-
€KT, KaK MBI 3HaeM, HIeHTUPUIUPYeTCcs yKasaTejaeM this — HO we ozpanu-
Yueaemcs MeTOJaMU.

Tax, eciu paccMaTpuBaTh KJIACCHI M3 HAINErO MPUMEpa, TO Tie Obl y
HAC B IPOI'PaMMe HH ITOsIBUJICS KaKOM-HUOYIb yKa3aTesb TUIa Pixel* min

22Ha camoM zejle U3 STOrO NPaBH/IA €CTh OJHO BaskKHOE HCKJIIOUEHHE, KOTOPOE MBI
paccmorpum nozxke B §10.6.13.
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Circle*, BBI30OBBI Yepe3 Takoil ykazareyib GyHKnuii Show n Hide xommu-
JATOP 0DOPMUT KaK BUPTyaJbHBIE, TIPE/IoIaras, 9To yKa3aTe b BO BpeMs
WCIIOJTHEHNST MOXKET COMEepP:KaTh aJapec He TOJIHKO 00beKTa 6a30BOro KJrac-
ca, HO W KAKOIO-HUOYIh €ro MOTOMKA, B TOM YHCJIE TAKOrO, O KOTOPOM
KOMIIUJIATOPY Ha MOMEHT KOMIIWJIALIMUA HUYErOo He U3BECTHO; TO K€ Ca-
MOe KacaeTcsl CChUIOK Tuma Pixel& u Circle&. Ckaxkem, eCjiU MbI [TUIIEM
KaKyo-HIOYIb (DYHKINIO, UMEIOILYIO MapaMerp p Tuna Pixel*, To, pemus
MTOKA3aTh MEePeIaHHbIN HaM O0BEKT Ha IKPaHE, Mbl MOYKEM BBITIOJHATD

p->Show () ;

W HE BOJHOBATHCA O TOM, aJpec O0ObEKTa KAKOTO THUIA HAM Iepesan —
Be€JIb BBI3BAH B JII0O0OM ciiydae OymeT MeTo | Hy?KHOT'O KJIacca.

10.6.6. YucTo BuUpTyaJbHbIE METOAbI N A0OCTPAKTHBIE
KJIaCCHhI

Kak ormedasocs B caocke Ha cTp. 190, HaciemoBanme KJjacca <OKPYK-
HOCTB» OT KJIACCA «TOYKa» HAPYIIAET IMIPUHIUITHI 00 bEKTHO-OPUEHTHPOBAH-
HOT'O IPOEKTUPOBAHISI, [IOCKOJIbKY OKPY?KHOCTh He sIBJISIETCsI YJACTHBIM CJTy-
qaeM TOYKHU. [lompobyem uctpaBuTh cutyarnuio. Jjist 3Toro 3aMeTnmM, IToO u
TOYKA, U OKPY2KHOCTb — YACTHBIE CIIyIad 2€0MEMPUYECKUT PUuyp, TIPUIEM
MOXKHO CUYUTATh, UYTO KaxKJjasl reoMerpudeckas: (purypa objajgaer 1BeTOM
U MMeEeT KOOPIMHATBI MoKy npusadku. ns oObIYHON TOYKH B KadecTBe
TOYKU MPUBS3KM BBICTYIAET OHA CaMa, JJIs OKPYKHOCTH TOYKOI HPUBI3-
Ku Oyzer eé nentp. s apyrux Guryp Todky NpUBSI3KH MOXKHO BBIODATH
Pa3HBIME CIIOCODAMU; TaK, JJIs KAKOI0-HHOY/Ib IPSIMOYTOJIbHUKA ITO MOXKET
OBITH JINOO IEHTD MepecedeHns TUArOHAJEH, MO0 O/IHA U3 BEPINWH, U T. II.

Taxoe npejcraBjenne 06 aOCTPAKTHOM IMOHSITAN T€OMETPUIECKOIT (pury-
PBI TTO3BOJISIET HAM YKa3aTh €JIUHBIN /I BCeX (PUTYD aJTOPUTM TIE€PE/IBUKE-
Husd DUTYPHI IO IKPAHY: CTEPETh PUTYPY C IKPAHA, U3MEHUTH KOOPIUHATHI
TOYKU MPUBS3KU, OTPUCOBATH urypy B HOBoM Mecte. C 3TUM ajropurMom
MBI y2K€ 3HaKOMBbI, OH ObLI peajin3oBaH B MyHKIME Move Ha crp. 190.

Temepb sICHO, KaK HYKHO WM3MEHUTh ApPXUTEKTypy HaIlei OmdmoTe-
KM KJIACCOB, YTOOBI IPUBECTH €€ B COOTBETCTBUE C OCHOBHBIMU IIPWHIIHAIIA~
MU 00 bEKTHO-OPUEHTUPOBAHHOIO IIpOrpaMMupoBanusi. [[oHATHs «TOYKay U
«OKPY2KHOCTDb» He SIBJISIOTCS YACTHBIMU CJIyYasiMU APYT APYTra, HO 00a OHI
SABJIAIOTCS YACTHBIM CJIy9aeM MOHATHUS «reoMeTpudeckas durypas. [losro-
My, €CJIM MbI OIUIIEM KJIACC JJIsl IPeJCTaB/IeHnsT aDCTPAKTHON reoMeTpu-
qecKoil purypsl m oT Hero yHaciemsyeMm oba Kjaacca Pixel m Circle, Ta-
Kas apXuTeKTypa OYyIeT MOJHOCTHIO Y/IOBIETBOPATH TPEDOBAHUSM TEOPUH
00'bEKTHO-OPHEHTUPOBAHHOTO ITPOEKTUPOBAHUSI.

IIpexne veM IpPUCTYyNATh K OMUCAHUIO KJIACCA, IIPEJICTABIISIONIETO Ie0-
MeTPUYeCcKyo (DUrypy, OTMETHAM €I OAUH BaxKHbI MoMeHT. OuuchiBas B
MpebLIyIeM naparpade KaacChl JJisi TOYeK M OKPY?KHOCTeH, Mbl He IIHu-
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caJll KOHKPEeTHBIX TeJs I MeToZoB Show um Hide, HO mpenmosiaraiu npu
9TOM, YTO B pabodeil mporpamMme TeJia ITUX METOIOB OY/IyT OIUCAHBI (¢ yué-
TOM KOHKPETHOH IIaTdOpMbl pa3pabOTKH, UCHOJB3YeMO IpadudecKoit
6ubauoreku u T.11.). Ho jyst aberpakTHOl reomerpudeckoil burypst Teia
MeTon0B Show u Hide onmcarb #e803M0924CHO; JEACTBUTEIBHO, KaK MOXKHO
HApUCOBATh Ha dKpaHe (DUTypy, He 3Hasl, KAK OHA BHITJISIAT?!

HecmoTpst Ha 3TO, MBI TOYHO 3HaeM, KaK HamucaTh (QyHKIWIO Move B
IpearnoJozKeHn, 9To JJjId KJIaCCOB-IIOTOMKOB 6y}lyT IpaBUJIbHO OIIMCaHBbI
MeToabl Show u Hide. MHawe TOBOpst, MBI 3HAEM, UTO BCE OOBEKTHI KJIAC-
COB-IIOTOMKOB JIAHHOT'O KJIACCA JIOJI?KHBI YMETh IOJIy9IaTh COOOIEHMS OIIpe-
JIEJIEHHOTO THIIA, HO MBI HE MOYKEM IIPU OMUCAHUU 0A30BOTO KJIACCA OIUCATD
KakKyio ObI TO HI OBLIO PEAKIINIO Ha STU COOOIEHNsI, TOCKOJBKY TaKas pe-
aKIWs [TOJTHOCTHIO 3aBUCUT OT THUIIA HAIIEro MOTOMKA. [Ipu sToM ajis onu-
CaHUsl HEKOTOPBIX Apyrux (6osiee oOIMUX) MeTOJI0B 6A30BOr0 KJIACCA HAM
TpeOyeTcsi 3HAHUE O TOM, YTO PEAaKI[Us Ha COOTBETCTBYIOIINE COOOIEHIS
OyZeT mpeaycMOTPeHa BO BCEX HAIIUX MTOTOMKAX.

CrenuanbHo 1 Takux ciaydaeB B Cu+-+ BBeJEHBI TaK Ha3bIBAEMbIE
yucmo supmyaavhsie dynryuy (aura. pure virtual functions). Onun-
ChIBas B KJIACCE YHCTO BUPTYAJbHYIO (DYHKIUIO, IPOrPAMMUCT HHGMOPMU-
pyeT KOMIIUJISTOP, 9TO (DYyHKIUS ¢ TAaKUM IIpoduiemM OyIeT CyIecTBOBATh
BO BCEX KJIACCAX-IIOTOMKAX, YTO II0JT He€ HY2KHO 3ape3ePBUPOBATH IO3UIINIO
B TabJinne BUPTYAJIbHBIX (DYHKIWIA, HO Ipu 9TOM caMa (dbyHKIms (€ Teso)
J171s1 6a30BOT0O KJIaCCa OMUCHIBATHCS He OY/IET, TaK ITO 3HAYEHUE apeca ITOM
dyHKIUU B TAOJIHUIE BUPTYAJIbHBIX (DYHKIHI CJI€/lyeT OCTaBUTH HYJIEBBIM.
CHHTAKCHUC OMUCAHUS YUCTO BUPTYATHHON (DYHKIIUU TAKOB:

class A {
// ...
virtual void f() = 0;
//

};

Bunsa na Mecre Tenma QYyHKIMM CHIEIHATBHYIO JIEKCHIECKYIO IIOCJIE/I0-
BaTEJIHLHOCTD «= 0;», KOMIWISTODP BOCIPHHUMAET (PYHKIMIO KaK YHCTO
BUPTYAJIbHYIO.

Takoii cuHTakcmc TPYAHO Ha3BaTb yAa4HbIM, ocobeHHO ecnn Y4€CTb, 4TO HUKaKoEe
HNCNO, KPOME HYNsA, NCNONb30BATbCA 34€Cb HE MOXET; TEM HE MEHEE CUHTAKCUC B
a3bike Cu++ nmenHo Takoii. Bonpoc o npuinHax sToro cneposano 66l 3agaTh ANHHO
BrépHy CtpaycTpyny, HO, CKOpee BCEro, OH Ha HEro He OTBETUT.

Knacc, B koropom ecTb XOTsi OBl O/IHA YHUCTO BUPTyaJbHas (QYHK-
Ui, HA3bIBAETC abcmparxmuuim Kaaccom. [lonesno Gyer 3a0MHUTD,
9TO KOMITUJISITOP HE II03BOJISIET CO3[aBaTh O0bEKTHI aOCTPAKTHBIX
KJ1accoB. Enuncreentoe HazHadeHne abCTPAKTHOIO KJIACCA — CIIY2KUTD Oa-
3UCOM JIJIsl IIOPOYKIIEHUSI JIPDYTUX KJIACCOB, B KOTOPBIX BCE YHCTO BUPTYAJIb-
Hble QYHKINE OYIyT KOHKPETU3UPOBAHbI. KC/in B MOPOXKAEHHOM KJIacce He



§10.6. Hacnemosanue u nosmmmopdusm 197

OIIMCBHIBAETCSI XOTs OBl oniHa U3 (DYHKIUH, 00bIBICHHBIX B Oa30BOM KJIac-
ce KaK YUCTO BUPTYaJbHbIE, KOMIIMJISATOD CYUTAET, YTO (DYHKIMS OCTAIACH
9HUCTO BUPTYAJbHON; TAKOH KJIACC-TIOTOMOK CYUTAETCs aOCTPAKTHBIM, KaK
7 €ro IpeJioK.

IloaprToxkum HaIKA paccykKaeHns. IUToObl COOTBETCTBOBATD ITPUHITATIAM
00'bEKTHO-OPUEHTHPOBAHHOIO TPOrPAMMUPOBAHNS, HAM CJIEIyeT OIHMCATD
KJIACC, MPEJCTABIISIONNA abCTPAKTHYIO reoMeTputdeckyio burypy, obsa-
JLAIOILYI0 IIBETOM M KOOpJAWHaTaMM TOYKHU IIPUBA3KMU, HO HE O6ﬂaﬂaIOHLyIO
KOHKpeTHO! (opMmoit; HazoBéM 3torT Kiacc GraphObject. Kiracesr Pixel
u Circle HyXKHO Hepenmucarb, yHaclenoBaB oT GraphObject. B xmacce
GraphObject Mmeronsl Show u Hide MBI 00BSBUM KaK YHCTO BUPTYAJIbHBIE,
TaK ITO CaM TOT KJacC OyaeT 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);

};

Omnucanue yHKImu Move Mbl He IPUBOJIAM, ITOCKOJIBKY OHO CJIOBO B CJIOBO
MOBTOPsIET ommcanne mMeTona Pixel::Move ma crtp. 190. Hamomumm, [rto
B Tesie pyHKIUMU Move BbI3bIBaioTCs ¢yukimun Show u Hide. To, uro Te-
Ja 17 9TuX QYHKIWI HAMA He 3a/IaHbl, HE CO3/IaéT HUKAKUX IIPODOJIEM,
[IOCKOJIbKY JIJIs JIIODOTO KJIAcCa-IOTOMKA, OOBEKTHI KOTOPOI'O MOXKHO Oy-
JeT CO3/1aBaTh, TabJINIA BUPTYaJIbHBIX METOIOB OyJIeT COIEPKATh ajpeca
KOHKPETHBIX (PYHKITU, OMMCAHHBIX B 9TOM KJIACCE-TIOTOMKE.
3arosoBku Kiaccos Pixel u Circle OyayT Tenepb BBIIVISIETH TaK:

class Pixel : public GraphObject {
public:
Pixel(double x, double y, int col)
GraphObject(x, y, col) {}
virtual “Pixel() {3}
virtual void Show();
virtual void Hide();
};
class Circle : public GraphObject {
double radius;
public:
Circle(double x, double y, int color, double rad)
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GraphObject(x, y, color), radius(rad) {}
virtual ~Circle() {}
virtual void Show();
virtual void Hide();

};

st 9TUX KJIACCOB, B oTiimune OT Kjacca GraphObject, HeoOX0IuMO OIu-
caTh KOHKpPEeTHbIe Tejla MeTOo10B Show u Hide, mHade mporpamMmMa He IPOMHJIET
3Tall JIMHKOBKU.

10.6.7. BupTtyaapbHOCTh B KOHCTPYKTOPax u
JAeCTPYKTopax

Bo130B BUpTyaabHBIX (DYHKIHI B TeIaX KOHCTPYKTOPOB U JIECTPYKTOPOB
COIIPSI?KEH € OIHOI JOCTATOYHO HETPUBUAJIBHONU OCOOEHHOCTHIO, CBSI3aHHON
C KOHCTPYMPOBAHUEM M IIOCJIEIYIONIUM JIECTPYKTUPOBAHUEM B HAIleM 00'b-
€KTe HEBHUJIUMOTO IIOJIsT, COJIEPKAIIETO aipec TabJIUIbl BUPTYAIbHBIX (PyHK-
nwmit. EcrecTBeHHO, 9TO TOJIE 3aIOJHIET KOHCTPYKTOP; HO, KAK HECJIOKHO
JIOTAJIATHCS, OH JIEJIAET 9TO NOCAE MO20, KAK 0CMAAbHBE N0J0OBEKMDL Ha-
wez0 00BeKMa Ysce CKOHCMPYuPo8aHvl, B TOM UHUCIIE CKOHCTPYUPOBAH W
npefok. Mexry TeM KOHCTPYKTOP MpEIKa TOYXKe, eCTECTBEHHO, COIEPIKUT
KOJI, MHUTINAIN3UPYIOMINN yKa3aTe b Ha TabJIUIy BUPTYaJbHBIX METOIOB,
a MMOCKOJIbKY PO MMOTOMKOB OH HUYEro He 3HAeT, B I[oJie VItp OH 3aHECET
ajgpec ceoetll TabJINIIbI.

[Tonywaercst, 4T0, KOJIb CKOPO B KJIACCE BOODIIE UMEIOTCsI BUPTYaJIbHbIE
METO/Ibl, BO BPeMsI BBIIIOJIHEHUS TeJIa KOHCTPYKTOPA BBI3BIBAIOTCS
Te BUpTyajabHble QPYHKIUN, KOTOPbIE OMUCAHBI JIJIT JAHHOTO KJIAC-
ca, BHE 3aBHUCUMOCTHU OT TOTO, OOBbEKT KaKOro KJacca Ha CaMOM
Jiejie KOHCTpyupyeTtcs. /s cuMmMeTpun aHAJIOrTIHbIH 3 deKT mpucyT-
CTBYeT TAKXKe W B TeJaX JAECTPYKTOPOB; IIOC/IE 3aBEPIINEHUsI CBOETO TEJa
JECTPYKTOD «JIEMHUINAIU3UPYET> YKA3aTe b Ha BUPTYaJbHYIO TabJIuIy —
duzuYIeckn 3TO 03HAYAET, YTO B I0JI€ VIILP 3AIUCHIBAETCS aIpeC TabJIAIIbI
BUPTYAJIBLHBIX METOJIOB MIPEJIKA.

B uacrHOCTH, M3 KOHCTPYKTOPOB U JECTPYKTOPOB BOODIIE HEJIb3si BbI-
3bIBaTh METOJIbI, OIUCAHHBIE B JAHHOM OOBEKTE KaK YHUCTO BUPTYaJIbHBIE:
BBI3BIBATH OyJIET TOMPOCTY HEKOro. He cTronT, Kak MBI BHJIMM, yIIOBATH U HA
TO, 9TO O6'BEKT-IIOTOMOK CMOYKET KAK-TO CKOPPEKTUPOBATH JIEHCTBUSI HAIIIE-
0 KOHCTPYKTOPa WJIM JECTPYKTOPA IIyTEM IIePeOIIPe Ie/IeHUs] BHI3bIBAEMbIX
73 HUX BUPTYaJbHBIX METOJOB. [Ipr BOZHMKHOBEHUU JIIOOBIX COMHEHUI HAa
9TOT CYET JIydIlle BOOOINE BO3IEPXKATHCS OT OOpAIEHUsS K BUPTYAJbHBIM
MeTOaM U3 KOHCTPYKTOPOB U JIECTPYKTOPOB.
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10.6.8. HaciemoBaHme paam KOHCTPYKTOpa

B npaxkTuteckoM mporpaMMUPOBAHUM YACTO MPUMEHSIOT OJIMH YIIPO-
IEHHBIN CIydail HacaeJOBaHUs, IPU KOTOPOM KJIACC-IIOTOMOK OT/IMIAETCS
OT IPEJKa TOJHKO HAODOPOM KOHCTPYKTOPOB, TO €CTh OH HEe BBOIWUT HU HO-
BBIX METOJOB, HU HOBBIX mOJei. OObEKTHI TAKOr0 KJIACCA CO3AIOTCA U3
COOOpaXKeHt IKOHOMHUHU 00bEMA KOJ1a, YTOOBI HE MOBTOPSITH OJHU U TE XKe
IefCTBUsT PA KOHCTPYUPOBAHUH OJHOTHUIHBIX OOBEKTOB. UTOOBI IPOMII-
JIIOCTPUPOBATH CKa3aHHOE Ha IIpuUMepe, JJjIs Hadajla Mbl BBEJIEM eIl€ OJUH
KJIaCC-IIOTOMOK KJiacca GraphObject, npeacraBidriomuil JOMaHy1O JIMHUIO,
a 3aTeM omumieM rpaduaeckuii 00bEKT «KBaJIpaTy KaK YACTHBIN CIrydail
JIOMAHOH JINHUU.

Hamomamm, 4o Kaxkjas reomerpudeckas durypa B Haleil cucreme
uMeeT TOYKY HPUBA3KH; JJOMAHYIO IIDX 3TOM IIPOIIE BCEro XPaHUTh B BHU/JIE
CIIMCKa KOOPDJAMHATHBIX ITap, 3aJalolUX CMEIICHUE KaXKJIO0H BEpIINHBI JIO-
MaHOII OTHOCHUTEJIbHO TOYKU IPpUBA3KH. ILHS{ OpraHu3allui TaKOI'O CIIMCKa
Mbl B 3aKpBITOIf 4acTHU KJlacCa OIHUIIEM CTPYKTYPY, 3aJal0olIlyi0 3JIEMEHT
crucka. Vexonno OyiemM co3iaBaTh JJOMaHyo, He UMEIOIyI0 HU OJ{HON Bep-
MIUHBI, & JUId JI0OaBJIEHUS HOBBIX BEPIHH OyJ/IeM HCIIOJIB30BATbH METO/I, KO-
TOphIit Ha30BéM AddVertex. DTo Jydine, 9eM MBITATHCA TEM WM HHBIM
crroco0OM TIepeiaTh KOOPAMHATHI BEPIIUMH B KOHCTPYKTOP, IMOCKOJIBKY MbI
HE 3HaeM 3apaHee KOJINYEeCTBO BEpIIWH, TaK 4TO I Iepe/ladld UX B Kade-
CTBe IapamMerpa KOHCTPYKTOPa HIPHUIIIOCH ObI B TOM MeECTe, I/l CO3/IaéTCs
00beKT, GOPMUPOBATH HEKYIO JIUHAMUIECKYIO CTPYKTYPY JAHHBIX (MACCUB
JubO CIMCOK), UTO NOTPeGOBaIo OBl JOMOJHATENBHBIX yensnit. Hanmrmem
3aroJI0BOK 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();

};

Oyukius AddVertex Oyzuer (11 SKOHOMUM yCUIIHi) 06ABIATH HOBYIO BED-
[IUHY B HAYAJIO CIIUCKA, 8 He B KOHEIT; JIMHUSI IIPU 3TOM Oy/1eT n300paskaThCs
Ha KpaHe B 0OpATHOM IOPsiJIKE, HO 9TO, ECTECTBEHHO, HUYEro He U3MEHUT:
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void PolygonalChain::AddVertex(double ax, double ay)
{

Vertex *tmp = new Vertex;

tmp->dx = ax;

tmp->dy = ay;

tmp->next = first;

first = tmp;
}

HOCKOJIBKy HaIl O0bLEKT UCIIOJIL3YET JTUHAMUYICCKYIO IMaMdATh, €eMy HYZKEH
JAECTPYKTOD. Hanmumewm ero:

PolygonalChain: : “PolygonalChain()

{
while(first) {
Vertex *tmp = first;
first = first->next;
delete tmp;
}
}

Kaxk u pambIie, MbI BO3/IEpKUMCsI OT Harmcanus Tes pyHkimit Show n Hide,
HO OyJIEM IIPEJIIOJIATaTh, YTO 9TO CAETIAHO.

IIycTn Tereph HAM HYKEH KJACC JJId IPECTABICHA KBaJIpaTa, CTOPO-
HBI KOTOPOTO I1apaJUIeIbHBI OCSIM KOOP/MHAT, a JJINHA CTOPOHBI 3aJIa€TCs
rmapaMeTpoM KOHCTPYKTOPa. fICHO, YTO TaKOil KBaIPAT IIPEICTABISIET COOO0
YaCTHBIN cIydail JoMaHOM, OMuChIBaeMoil Kitaccom PolygonalChain. Eciam
B KavdeCTBE TOYKH NPUBA3KUA BLIOPATDH JIEBYIO HUKHIOIO BEPIUHY KBaJPa-
Ta, a JJINHY CTOPOHBI KBa/IpaTa 0003HAYNTh OYKBOI @, TO JIOMaHAas JOJIKHA
HAYaTbhCd B TOYKe HpuBa3ku (d4ro coorsercrByer BekTopy (0,0)), mpoiitu
vyepe3 touku (a,0), (a,a), (0,a) u BepHyThCs B TOuky (0,0); BCero, Ta-
KM 00pa30oM, JIoMaHas OyIeT co/epKaTh ISITh BEPIINH, IPUIEM II€pBas U
oc/IeiHsAs Oy/IyT COBIAATD, ITOOBI CIEIATH JOMAHYIO 3aMKHYTOM.

Yr00bI He IPUXOAUIOCH KAXKIBIN pa3 JJIsl IIPeICTaBIeHNs] KBaIPATa, IIH-
CaTb IIECTb CTPOK KOIA (O,D;Hy st ommcaHusl oobekTa PolygonalChain,
oCTaJIbHBIE JJisl J100aBJIEHHs] BEPIIUH ), MOXKHO OIUCATH KJIACC (Mbl HA30BEM
ero Square% KOTODBIN Oyner yHaciemoBan or PolygonalChain, a oTiu-
4aTbCs OYJET TOJHKO KOHCTPYKTOPOM:

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);
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AddVertex(a, 0);
AddVertex (0, 0);

};

[Toguepkuém emié pas, 9To OOJIbINIE HUYErO ONUCHIBATH I KBaJpaTa He
HY?KHO, BCE OCTAJILHOE CJIEJIAI0T METO/IbI 0A30BOTO KJIacca.

10.6.9. BupTtyaabHblii 1eCTPyKTOD

Panee npu obcyxpennn BUPTyasabHBIX QyHKIUNA HA cTP. 193 MBI OT-
METHUJIU, YTO B KJIACCE, UMEIOIIEM XOTsi OBl OJIHY BUPTYaJbHYIO (DYHKIIHIO,
JIECTPYKTOP TOXKe CJeyeT cenarh (0ObsIBUTH) BUPTYAJIbHBIM, HO HE 00b-
scunn npuynnbl. [lompobyem caemaTh 9TO ceiivac.

[Tpu aK THBHOM HCIOJIB30BAHUY TOJTUMOP(MU3MA YACTO IIPUXOIUTCS IPH-
MeHATh delete K yKa3aTeJlo, MMEIOIEMY THI <«yKa3aTeJdb Ha 0a30BbIH
KJIACC», IPUTOM YTO YKA3bIBAaTh OH MOXKET U Ha OOBEKT IOTOMKa. B sToit
cutyanuu TpeOyeTcsi, eCTECTBEHHO, BBI3BATH JIECTPYKTOP, COOTBETCTBYIO-
Uil TUILYy YHUYTOXKAEMOro o0bekTa, a He yKazaressd. Tak, JOIyCTHM, MbI
onmcaJim ykKasareiab Ha Kiacc GraphObject:

GraphObject *ptr;
Briosire kKoppekTHBIM Oy1eT Takoe [pUCBanBaHUE:
ptr = new Square(27.3, 37.7, 0xf£f0000, 10.0);

Kak BuguMm, ptr umeer tum «ykasaresb Ha GraphObject», HO peajbHO yKa-
3pIBaeT Ha 00bEKT KJacca Square. Eciu renepb norpedbyeTcst yHUITOXKHUTD
9TOT OOBEKT, MBI MOXKEM 0€3 BCSIKHUX OHACEHW BBITOTHUTD

delete ptr;

ITockonbky ykazarenp mmeer Tuil GraphObject*, a HeCTPYKTOD KJjacca
GraphObject BUPTya/IbHBIA, KOMIMISATOP HIPOU3BEAET BBI3OB JECTPYKTO-
pa Uepe3 TabJnIy BUPTYAJIbHBIX METOJIOB YHHUTOKAEMOro o0bekTa. B pe-
3yJIbTaTe ITOro OyeT BBI3BAH HESABHBLIN JIECTPYKTOD JJIsd KJacca Square,
KOTODBIII BBI30BET AECTPYKTOP Kjaacca PolygonalChain, a TOT B CBOIO O4e-
pesib — JecTpyKTop Kiacca GraphObject. Ecin 6bI MBI HE 0OBABUIN Jle-
CTPYKTOp Kjacca GraphObject Kak BHUPTYaJIbHBINA, KOMIUIATOD IIPOU3-
BE OBl KECTKUI BBI3OB JECTPYKTOpA IO THUIy yKa3aTeJssd, TO €CTh OBbLI
OBl BBI3BAH TOJIBKO JIECTPYKTOp Kiacca GraphObject. Mexmy Tem yHu-
qTOXKaeMbIfl 00BEKT Kilacca Square MOPOXKIAET U UCIOIb3YeT CIHCOK B
JAHAMUYIECKON IaMsATH, W eCJU IeCTPYKTOp Kiacca PolygonalChain me
OyJeT BBI3BAH, TO 9TH 3JIEMEHTHI IIPEBPATSITCSI B «MYCOP», TO €CTb OYIyT
HO-IIPEKHEMY 3aHUMATb IIaMATb, He IPUHOCA HUKAKOM ITOJIL3bI.
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O0ObsiBjIeHNE IECTPYKTOPA KaK BUPTYAJBHOIO IIPAKTUIECKU HE IIPUBO-
JUT K PaCXOAy HaMsTH: TabJIUIa BUPTYaJIbHBIX METOJOB YBEJIHYUBAETCS
Ha ONIWH CJIOT, 3aHUMAasl HECKOJbKO JIUIMHUX OAfTOB HA KAaXKIIbIii HOBBIH
kaacc (me obbekt!). TIpu srom cam GakT HaIUIMsT B KJIACCE BUPTYAJIb-
HBIX (PYHKIUI yKa3blBaeT HA TO, ITO Upu pabore ¢ oObEKTaMU KJIacca
OyZeT aKTHBHO WCIIOJIH30BAThCA mosmMopdusm. [Ipu onucannm kiacca B
OOJIBIIMHCTBE CJIYIAEB TPYIHO MPEICKA3aTh, OYIyT JU OOBEKTHI IIOTOMKOB
TAKOI'o KJIACCA YHUUTOXKAThCs oreparopoM delete, NpuMeHsieMbIM K yKa-
3aTesI0, UMEIOIEMY THUIl «yKa3aTeslb HA IPeKay. Pemus, 9T0 Takoe yia-
JIEHUEe HAM He TOHAJIOOUTCsi, MBI PUCKYeM B JaJibHeiineM 3a0bITh 00 3TOM
U TOJIyYUTh TPYIHYIO JJIsi OOHapy»KeHusi omuoOKy. VIMEHHO 1103TOMY CYu-
TaeTCsI, 9TO JECTPYKTOP JI000ro Kjacca, MMEIOIIEro XoTs Obl OgHY
BUPTYaJIbHYIO (DYHKIIUIO, CJeayeT OObABJISITh KAK BUPTYAJIbHBIIH,
HEe 33JyMbIBasiCb O TOM, IIOHAIO0OUTCH 3TO B IMpPOrpaMMe WUJIN HET;
MHOrUe KOMIIWJISITOPHI BBIJJAIOT IIPEAYIIPEKIAEHNE, €CJIN 3TOTO He
caesiaTh.

10.6.10. Emié o nmosammopdusme

IIpuBemém emé oanH TpuUMeEp MCIOJb30BaHuA ToguMopdusma. IlycTs
MBI CO30aéM TrpadHUIecKyio CIeHy>S, COCTOSIIYI0 M3 pa3HLIX rpadmde-
CKuUX OOBEKTOB — TOYEK, OKPYKHOCTel, MHOI'OYTOJIbHUKOB M, BO3MOXKHO,
KaKNAX-TO JPYTUX JIEMEHTOB, IIPEJICTABIAEMbIX 00beKTaMU KJIACCOB, YHa-
creToBaHHbBIX OT GraphObject. IIpn sTOM HA MOMEHT HATMCAHUS TTPOTPAM-
MBI MBI HE 3HAEM, CKOJIbKO M KAKUX UMEHHO OOBEKTOB OYJIET B CIIEHE; TaK
OBIBAET, €CJIM OIMCAHME CIIEHBI HYXKHO IIOJIyYUTh U3 BHEIIHErO MCTOYHHUKA
(manpumep, npounTaTh U3 daiiia), Jubo ecin CleHa TeHEPUPYETC BO BPe-
Mg UCIIOJTHEHHMsI IIPOrPaMMbl (HAIIPUMED, CJIydaliHbIM 06Pa30M, U4TO YacTo
HCIIOJIb3YETCsT BO BCEBO3MOXKHBIX CKPUHCEHBEpax).

HotycTruM, B HEKAT MOMEHT BBITIOJIHEHUST TPOTPAMMBI BCE K€ CTAHOBUT-
Cs1 U3BECTHO, CKOJIBKO OOBEKTOB OY/IET COIEPAKATH CIIEHA. DTO ITO3BOJIUT HC-
II0JIb30BaTh JJId XPaHeHUsd Bceil CIIeHbl JUHAMUYeCKH CO3JaBaeMblil MacCuB
ykazareseit Ha 00beKThl TOTOMKOB GraphObject. IlycTs, Hanpumep, Koau-
9eCTBO OOBEKTOB CIIEHBI Oy/IeT XPAaHUTbCS B lIepeMeHHOi scene_length, a
yKa3aTe/b Ha caM MaCCHUB MBI Ha30BEM IIPOCTO Scene:

int scene_length;
GraphObject **scene;

Korga nepemennast scene_length TeM WM MHBIM CHOCODOM IMOJIYIUT 3HA-
veHne (HAIPEMED, OHO Oy/IeT mpounTaHo u3 (daiiia), MOKHO OyIeT 3aBeCTr
MACCHUB:

23HanoMHIM, 9TO IO CIIEHO# B KOMIIBIOTEPHOM rpaduke 0BBIYHO IOHUMAETCS BECH
Habop rpaduIeckux 00bEKTOB, BUJAUMBIX OJITHOBPEMEHHO.



§10.6. Hacnemosanue u nosmmmopdusm 203

scene = new GraphObject*[scene_length];

Tenepsb Gurarogapst moIUMOpGU3MY OKA3BIBAIOTCS KOPPEKTHBI, HALIPUMED,
CJIeJIYIOIIEe IPUCBanBaHusl (IPU YCJIOBUM, KOHEYHO, UTO i He IPEBBINIaeT
scene_length):

scene[i] = new Pixel(1.25, 15.75, 0x£ff0000);

/...

scene[i] = new Circle(20.9, 7.25, 0x005500, 3.5);
/] ...

scene[i] = new Square(55.0, 30.5, 0x008080, 10.0);
//

U TOMy TmOnOOHBle. Y HaC TOJIYYHJICS MACCUB yKa3aTesell TwHia
GraphObject*, Kakaplii 13 KOTOPBLIX Ha CaAMOM JieJie YKa3blBaeT Ha HEKO-
TOPBIIT O0ODBEKT kKaacca-nomomka. Ham Moxker BoBce HUKOTa OOJIbINE HE
oTPebOBaTHCS 3HATH, HA OOBEKTHI KAKOIO THUIIA YKA3BIBAIOT KOHKPETHBIE
yKa3aTeJIl B HallleM MaccuBe. BHe 3aBHCHMOCTH OT KOHKPETHBIX THUIIOB
MBI BIIOJIHE MOYKEM II€DEMEINIATh OObEKTHI II0 9KPaHy, TaCUTh X U CHO-
Ba OTPHUCOBBIBATH, BeJib MeTO/ibl Show, Hide m Move HOCTYIIHBI JUIs KJjlac-
ca GraphObject, a 3Ha4YUT, MOIyT OBITH BBI3BAHBI 110 yKAa3aTeJIO THUIA
GraphObject* 6e3 yrounenus Tumna o0bekTa. TOUHO TakuM ke 0Opa3oM
Gsrarosapst HAJIMYHUIO BUPTYAJIbHOIO JECTPYKTOPA MOYKHO YHUUTOXKUTH BCE
OOBEKTHI CIIEHBI, & IIOTOM U CAMy CIEHY:

for(int i=0; i<scene_length; i++)
delete scenel[i];
delete [] scene;

HO,HO6HI)I€ CUTyallull 9aCTO BO3HUKAIOT B 60JI€€—1\1€H€€ CJIOZKHBIX ITpOI'paM-
MaXx. HOCKOHBKy KOHKPETHBbIE METO/Ibl, KOTOPbI€ HY2?KHO BbISbIBaTb, CTaHO-
BATCA U3BECTHBI TOJIBKO BO BpeMA UCIIOJIHEHHA IIPOTPAMMBI, TaKOM BHLI II0-
JIMMOpGU3Ma HA3bIBAETCS JUHAMUYECKUM TOAUMOPPHUIMOM; OH CTa-
HOBHUTCS BO3MOXKEH OJ1arojiapst MeXaHn3My BUPTYAIbHBIX (DYHKIMH U sIBJIs-
€TCd B KOHEYHOM HUTOI€ X IIpEJHASHAYICHUEM.

10.6.11. ITpuBaTHBIE U 3AIMUNIEHHBIE JIECTPYKTOPHI

Youpasi AeCTPyKTOp U3 IIyOJUYHOIO AOCTYIA, MBI MOYXKEM IIOJIYIUTH
cBOeobpa3Hbie 3(hMEKTHI, HHOTJA TOBOJIHHO MMOJIE3HbIE HA TpakTuke. Kcim
JIECTPYKTOD OIUCATDH B CEKINK private:, 310 OyJeT 03HAYATD, YTO yHUITO-
JKeHre 00'beKTa HAIIEro KJIacca BO3MOYKHO TOJIBKO B €10 METOJIaX U JIPYIKe-
CTBEHHBIX (DYHKITUSX; IECTPYKTOP B CEKIUU protected: J06aBUT K 9TOMY
emié IOTOMKOB HAIIETO KJIACCA.

Ob6beKT Kiacca, IMEOIIEero IPUBATHBIN JeCTPYKTOD, 3a MPeJIelaMu ero
METOJIOB U «Jpy3eil» Heavss 6ydem cozdamsv 6 eude npocmot (AoKarbHol
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UAU 2206a4610T) nepemenioti, BeIb IPA 3TOM KOMIUJIATOP JOJZKEH Oyaer
BCTABUTH B KOJI BBI30B JIECTPYKTOPA (/7151 JIOKAJBHBIX [EPEMEHHBIX — IIPH
3aBeprineHnn OYHKINA, I TIIOOAJIBHBIX — IIPHU 3aBEPIIIEHUN BBIIIOTHEHUS
IPOrPAMMBI), HO MBI €My 3TO JeJaTh 3alpeTuin. JToT 3PdeKT MHOrIa
UCIOJIB3YIOT, YTOOBI CO3JIaTh THUII 0ObEKTa, BCErJa PAa3MeNaeMoro B JIMHA-
MIYECKOI TaMsaTH; OOBITHO TaKie OObEKTDHI IPU Te€X UJIU HHBIX OOCTOATE/ b
CTBaX yJIaJIsioT cebsi caMu — HAIIPUMED, MOXKHO IIPEyCMOTPETh JIJIsi 3TOrO
B KJIACCE CIENHNAJIBLHBII METOJI, YTO-TO BPOJIE

class A {

~“A() {} // no destruction, dectructor is private
public:

/...

void Disappear() { delete this; }

};

OrmeTnM, 9TO MPUBATHBINA JECTPYKTOP MOJTHOCTBHIO UCKJTIOYAET BO3-
MO>KHOCTh HACJIEJOBAHUSI OT TAKOTO KJIACCA, €CJIU TOJIHKO 3apaHee He
ONMCATh BCEX HACJEJHUKOB B KadecTBe Jpy3eil. HampoTus, 3amuimnéHHbii
(protected) AeCcTPYKTOD SBHBIM OOPA30M yKA3BIBAET HA TO, YTO HAIL KJIACC
3a/lyMaH KaK 3arOTOBKa JIJIsI CO3/IAHUs HACJIETHUKOB U UTO UCIIOJIH30BAHNE
€ro camMoro mo cebe He MPEeJIIOIAraeTcs; KaK MOKA3bIBAeT MPAKTUKA, ITO
JIeHCTBYeT HAJIEKHee, €M COOTBETCTBYIONMAas (ppa3a B JIOKYMEHTAIIH.

Eciu Bce HacieqHUKN HAIEro KJacca TOXKe OyIAyT BBOIUTL CBOU Jie-
CTPYKTOPBI B 3aIlUIIEHHOW YaCTH, MBI MOJIYIUM IEIYI0 MOJUMOPQMHYIO
MePAPXUIO KJIACCOB, 00BEKTHI KOTOPBIX MOT'YT CYIIECTBOBATH UCKJIIOUNTE b
HO B JIMHAMUYIECKON TTaMsITH.

IIpuBecTn mpuMep, KOrja 9TO-TO MOJOOHOE MOXKET MOTPEeOOBATHCS, HE
TaK MPOCTO — JIJIsl TOrO HYKHO TOAPOOHO OIMUCATH JITOBOJBHO CJIOXKHYIO
npeaMeTHy 00J1acTh. Jlenars 9Toro Mbl He Oy/1eM, OrPAHMIUBIINCH 3aMe-
YaHWeM, YTO aBTOPY KHUI'M TaKWe CUTYAIUA BCTPEYAJNCH, M HEOTHOKPAT-
HO; [TOJIE3HO UMETH B BHJY caM (aKT CYIIECTBOBAHUS MOJOOHBIX BO3ZMONK-
HOCTEH, 9TOOBI CyMeTh BOCIIOJb30BATHCS UMM, KOTJIA Ballla, MPAKTHIECKAs
JIesITeJIbHOCTD TOAOPOCUT BaM IMOAXOISIINYIO 3a1a4y.

10.6.12. Ileperpy3ka (pyHKIUiIT 1 COKPBITHE UMEH

HomycTumM, MBI ommcaJii KJjiace A, OT Hero yHacJIeIoBaJd Kjaacc B u mpu
9TOM 8 000UX KAGCCAT €CTh MOJIsl UM METOJIbI, Ha3BAHHBIE OJIHUM M TEM Ke
unenTudukaropoM (Hanpumep, x). Boobie-To Tak mmucarh B GOJIBIIMHCTBE
ciydaeB He Hauo (KpoMe Ciiydas HepeolpejlesieHnsl BUPTYaJIbHOH (DyHK-
(1), HO €CJM Bbl BCE-TAKM TO HAIUCAJIM, IOJIE3HO OyJeT MOMHUTH OIHO
BakHOe mpaBwio si3bika Cu++4: BBeleHUE MOJIsI WM METOo[a C uMe-
HEM X B HOPOKJAEHHOM KJIacCe CKpwuieaem Jobble MO NN METO-
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OBl 6a30BBIX KJIACCOB, MMeOIIe Takoe ke uMs??. Eciu peus umér
B 00oux ciydasgx o0 MMEHH TOJi WU O (PYHKIUSIX-METO/IaX C OJIMHAKO-
BbIM 1poduiieM (T. €. OJMHAKOBBIM KOJMYECTBOM U THUIIAMU IIADAMETDPOB),
MPaBUJIO COKPBITHST OKA3BIBAETCsI JIOCTATOYHO O4YeBUIHBIM. OUeBUIHO OHO
U IS ciIy4asi, KOorja B 0a30BOM KJjacce uMeeTcss PYHKIUS C IMEHEM X, & B
MMOPOXKIEHHOM BBOJIUTCS IIOJIE X, WX HAOOOPOT — BeIb I UMEH IOJIeil B
Cu-++ meperpyska He npeycMmorpena. Hampumep:

class A { // ...
public:
void f(int a, int b);
};
class B : public A {
double f; // meron f(int, int) Temeps CKpHT

};

Ecin Temeps cozmarh obbekT Kitacca B, BbI3BaThH MeTOm f MBI ¢ XOIy He
CMOZKEeM:

B b;
b.£(2, 3); // OIMBKA!!! Metoxm f CKpHT

OfHAKO «CKpBIT» HE 3HAYUT <«HEIOCTYIIEH» — B KJacce B Io-TipexkHemy
IPUCYTCTBYET MeToj f, yHacsieJoOBaHHBIN OT KJiacca A, IIPOCTO €ro BBI30B
HY2KHO BBITIOJTHATD C SIBHBIM YKa3aHUEeM 00JIACTH BUINMOCTH:

b.A::f(2, 3); // BCc& B mopsinke

[Tonagairy Takass KOHCTPYKITUS CO3/IAET 2KYTKOBATOE BIIEYAT/IEHHUE, HO ITO
OBICTPO TPOMUIET; B IEJIOM 3/1€Ch BCE BIIOJIHE JIOTUIHO, BE/Ib, KAK MBI OTMe-
qaygu B §10.4.13, A: :f — 3T0 He YTO WHOE, KAK UMA PYHKUUU.

Haubosnee HeoueBUIHBIM TTPOSIBJIEHUEM OIUCAHHOTO ITPABUJIA CTAHOBUT-
csl TO, UTO TOSIBUBIIASICA B TMOPOXKJIEHHOM KJiacce (PYHKITUSI-METOM, C TeM
2Ke MMEHeM, 9TO U MeTOn 0a30BOro Kjacca, CKPbIBAET MeTok 6a30BoO-
ro KJjacca, JaXKe ecJid OHU pasjmdvarorcs: nmpodmusiem. [leperpyska
byHKIHIT HAC B 9TOM CJIydae HE CIIacaeT:

class A { // ...
public:

void f(int a, int b);
};
class B : public A {
public:

24Mbr He paccMATPHUBAEM B HAIIEH KHHI'€ MHOYKECTBEHHOE HAC/IEJOBAHUE, HO Ha BCH-
KUl cirydaif OTMETHM, 9TO €CJIH HOJIsl NI METO/IBI C OAMHAKOBBIMY UMEHAMH [OSIBUJINCH B
JIByX 6a30BbIX KJIACCaX OJHOIO MOPOXKIEHHOTO KJIacCa, TO B TAKOM ITOPOXKIEHHOM KJIacce
COKPBITHIO IIOJBEPTHYTCS UMEHA U3 060ur 0a30BBIX KJIACCOB.
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double f(const char *str); // Meros f(int, int) ckphT

};

B b;

double t = b.f("abrakadabra"); // Bcé B mopsmxe
b.£(2, 3); // OLUBKA!!!
b.A::f(2, 3); // Bc& B mopsamke

Bcé 310 MOXKHO BBIpa3UTh OJHUM IIPOCTHIM IIPABUJIOM: IIEPErpy3Ka NMEH
dyHKIIM geficTByeT TOJBKO B paMKax OJHOI 06JiacTu BUAMMOCTH,
€CJIU Ke UMEHA BBEJIEHBI B PA3JIMYHBIX (ILyCTh U II€PECEKAIoNUXCs) obia-
CTSIX BUJIMMOCTH, [IPUHIIAIIBI TIePErPy3KHU Ha, HUX He PACIIPOCTPAHSAIOTCS.

10.6.13. Bbi3oB B 006x0/1 MeXaHU3Ma BUPTYAJIbHOCTU

SIBHOe ykazanme objacTH BUAUMOCTH (MMEHM KJIAcca), MCIIOJIb30BAB-
meecsi B NpeIbLayleM Haparpade s obpalleHusl K UMeHaM, KOTOpPbIe
KOMIIUJIATOP OT HAac CKpblLl, uMeeT B Cu+t+ emé oauu 3ddeKT, T0BOJIb-
HO HEOXKWJAHHBIM Ha NEPBBIH B3IVIAI: NPU 6bl306€ BUPMYAALHO20 MEMO-
04 ¢ ABHBIM YKA3GHUEM UMENHY KAGCCE OMKAOUGEMCA METAHUIM GUPMY-
aavrocmu; MYHKIUA-METOJ, BBI3BIBAETCS M3 TOrO KJIacca, MM KOTOPOTO
YKa3aHO IpHU €€ BBI30BE, 0€3 OIVIAIKU Ha TAaOJUIy BAUPTYAJIBHBIX METOIOB.
Paccmorpum g1 mpuMepa, cieayIonme KaacChl:

class A {
public:
virtual void £() { printf("first\n"); }
void g() { £0); } /* BH3HBaeTcs MeTon f B 3aBHCHUMOCTH

oT darTHIecKoro Tuma ob6berTa */
void h() { A::f(); } /* Bcerzma Bu3mBaeTca f u3 Kjacca A */

};
class B : public A {
public:
virtual void f£() { printf("second\n"); }
};

[IponmmiocrpuposBats pasuuity Mexkay £ () mA: : £ () moMoxKeT ceayIonmit
dparmesT Koma:

B b;

b.g(O; /* medvaTaeTrca "second" */
b.h(; /* meuaTaeTrca "first" */
b.£Q); /* mewaTaercs "second" */
b.A::f(); /* mevaTaerca "first" */
A *pa = &b;

pa->fQ0; /* mewataerca "second" */

pa->A::f(); /* mewartaerca "first" */
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DTa BO3MOXKHOCTH TPEOYETCsI CDABHUTEILHO PEIIKO, HO MHOIA OKA3bIBAETCS
BeCcbMa II0JIE3HOI; HanboJiee YacThIil BADHAHT €€ HCIIOJIb30BaHUsA — KOTJA
W3 HOBOM BEPCHH BUPTYAJIBLHOTO METOJA, BBEJIEHHON KJIACCOM-TIOTOMKOM,
HY?KHO BBI3BaTh CTApPYIO BEPCHUIO, ONUCAHHYIO JIJISI KJIACCA-IIPEIKA.

10.6.14. Oneparnuu MpuBeeHNs TUTA

B npormecce nporpaMMupoBaHUsl YaCTO IPUXOJNTCS U3MEHSITH TUI BbI-
paxkenusi. VIHOTI@ 9TO JieJIaeTCs HEAGHO, KAK, HAIPUMED, B CJIydae CJIO-
JKEHHs [EJIOYUCIEHHOTO 3HAYEHHs CO 3HAYEHNEM JPOOHBIM (C IJIaBaloueit
TouKolt). B mHBIX ciydyagx (Kak, HAIpUMEp, PU M3MEHEHUM THUNA YKa-
3aTesisl) IPUXOAUTCS ABHO YKA3bIBATH KOMIUJISTOPY HOBBIA THII BBIPAZKE-
Husi. B s3pike Cu 3TO J1€J1aJI0Ch C MOMOIIBI0 Onepauuy npeobpasosa-
HUS MUNGA, 3aIUCHIBAEMOl KaK YHAPHAs OIE€PAallisi, CHMBOJI KOTOPOii €CTh
M3l TUTIA, 3aKJIOYEHHOE B KPYIVIble CKOOKH, KaK, HAIIPUMED, B CJIEIYIONIEM
BBLIPasKeHNN:

int x;
char *p = (charx)&x;

31ech 3HaUYeHNEe BBIPAYKEHUS &X, WMeEIOIee TUI int*, MPUBOAUTCA K TH-
my charx. Oueparus TpUBEIEHUS] TUIA ONACHG B TOM CMBICJIE, 9TO €€
IpUMEHEHNEe TTO3BOJISIET TPU YKEJAHUU OOOUTHU JII0ObIe OIpAHHYEHUsI, BBO-
JIUMBbIE CUCTEMOI TUNN3aluy, BKJIIOYasd, HAIIPUMED, 3alpeThbl HA 3allUCh B
KOHCTaHTHBIE 00JIACTH MAMSTH U JIaXKe 3aIUTY JTaHHBIX B Kjaccax. Heob-
LLyMaHHOQ IIpI/IMeHeHI/Ie IIp€O6pa30BaHI/IH TUIIOB IIpI/IBOJI‘I/IT K SaIIyTbIBaHI/IIO
MIPOrpaMMbI U B KOHEYHOM CYETE K TPYTHOBBISIBIAEMBIM OITHOKAM.

s cHuKeHusT HeraTUBHOrO 3 @eKTa omepann TPUBEICHUsT THUIIOB,
a TakxXKe JUIA IOJJIEP:KKHU IMOJUMOP(MHOrO MPOrpaMMHUPOBAHUS B SI3BIKE
Cu++ BBOIATCS YETHIPE JOIOJHUTEJbHBIE OLEPALNN, IIPeJHa3HAYEHHbIE
JI7IsT TIpeoOpa30BaHus THUIA BBIPAXKEHHUsS. DTU OMEPAIlMd HMEIOT JT0CTa-
TOYHO HETPUBUAJILHBINI CUHTAKCUC: CHaYaJIa 3aIIUCHIBAETCS KJIOYEBOE CJIO-
BO, 3aJalolllee Olepaluio (static_cast, dynamic_cast, const_cast uian
reinterpret_cast), 3aTeM B YIVIOBBIX CKOOKAX CTABUTCHA MMsi HOBOI'O TH-
a1, HAKOHEI[, B KPYIJIbIX CKOOKAX 3AIMCHIBAETCS CAaMO BBIPAXKEHUE, THII
KOTOPOT'0 HEOOXOINMO U3MEHUTDH, HAIPUMED:

Square *sp = static_cast<Squarex>(scenel[i]);

B orsirane ot onepanuu mpuBeieHnst TUTIOB B si3bike CH, KOTOpast TPUMEHSI-
JIACh JJIs JIIOOBIX CJIyYaeB «PYYHOr0» (SBHOIO) M3MEHEHUs TUIA, KaXKIasd
u3 onepanuii Cu-+-+ npenHasHadeHa JJIsd CBOEro ciydas. Tak, omeparms
const_cast I03BOJIIET CHATH WM, HA0OOPOT, yCTAHOBUTH CKOJIBLKO YTOIHO
MOTEPHUKATOPOB const?’; MOMBITKA CAEIATH C eé IOMOIIBIO JI060€e Ipyroe
N3MEHEeHUuEe THUIla BBISOBET OH_H/I6Ky P KOMITUJIAIIUIN

25Takske sra onepamus paboraer ¢ MoAUpHUKATOPOM volatile, ¢ KOTOPBIM MbI BCTPe-
YaJICh BO BTOPOM TOME IIPU OOCY?KJIEHUM CUTHAJIOB, cM. §5.3.14.



208 Azpik Cu++, OOIT u AT/T

int *p;
const int *q;
const char *s;

/...

q = p; // MoxHO 6e3 mpeobpasoBaHHUT
p = q; // OIUBKA! cmsaTme const

p = const_cast<int*>(q); // mpaBunbHO
p = const_cast<int*>(s); // ONBKA!

OTrMeTnM, 9TO HAJIMYINE B sI3bIKE OlepaIiy const_cast He OTMeHsIeT orac-
HOCTH TaKOTO TIpeobpa3oBanusi. PeabHas TOTPEOHOCTH B 00X0/1€ KOHCTAHT-
HOH 3aIluThl BOSHUKAET KPailHe PEIKO; IMPexkK e YeM IPUMEHsITh Ipeodbpa-
30BaHUe, MOJyMaiiTe, BCE JIM BBl IIPABHJIHHO JlejlaeTe, He 3a0bLIN JIM BbI,
HaIpPUMEDP, IOMETHUTH CJIOBOM const (DYHKIMIO-METOJ, He U3MEHSIOILYIO
cocrosiare OObeKTa, u T.1. JlJisi mpuMeHeHus oliepanum const_cast
HY>XHbI O4Y€Hb BECKHE MNPUYUHBbI, 1 CaKpaMeHTajJIbHOe «De3 Heé
He paboTaeT» TaKOll IMPUYUHON CUNTATH HEJIb3s. B HEKOTOPBIX PO-
rPAMMHUCTCKUX KOJIEKTHBAX Ha KayKJ0€ MPUMEHEeHne const_cast Hy>KHO
[IOJIyYUTh JINYHOE Pa3pelleHre PyKOBOIUTEs Pa3pabOTKA.

Omneparnus static_cast npegHaszHadena Jjist paboThI ¢ HACJIEyeMbIMEI
00bEKTAMI U MTO3BOJISIET IIPEOOPA30BATH YKA3ATEb WU CChLIKY B HAIIPAB-
JIEHUU, TIPOTUBOITOJIOXKHOM 3aKOHY ITOJITUMOP(MU3MA, T. €. 0T 0A30BOr0 KJjIac-
ca K mopoxaéaHomy. IlombIiTKa mpon3secTn Jiroboe Ipyroe mpeodpa3soBaHme
BBI3OBeT ommoOKy. IIpuBenéM mpuMepnr:

class A { /* ... x/ };
class B : public A { /* ... */ };
class C { /* ... %/ };
// ...
A *ap;
B *bp;
C *cp;
//

ap = bp; // moxHO 6e3 mpeobpasoBaHUH

bp = ap; // ommbka!

bp = static_cast<B*>(ap); // momycTumo

cp = static_cast<Cx>(ap); // oumbra, A u C He pPOACTBEHHEH

EcrecTBenno, iejiath 310 CIEAyeT TOJBKO KOTJa MBI JelicmeumenvHo yBe-
PEHBI, UTO IO HAHHOMY aJPECy PACIIOJIOXKEH OOBEKT WMEHHO TOTO THUIA, K
KOTOPOMY MbI HaMEPEHbI TPe0OPA30BLIBATE; NHOE B OOJILINTUHCTBE CJIyYacB
MPUBENET K OIMIMOKAM, IPUIEM YACTO K TAKUAM, Ha JIOKAJIU3AIINIO KOTOPBIX
YXOJIUT MHOTO BPEMEHU.

Omneparnust reinterpret_cast HO3BOJISIET TPOU3BECTH JII0HOE Tpeodpa-
30BaHue (Yero yroiHo BO YTO YIOIHO), €CIIH TOJIBKO KOMIIMJISTOD IIOHUMAET,
KaK 9TO CIeJIaTh (B 4aCTHOCTH, IPE00Pa3oBaTh 0ObEKTHI CTPYKTYD PA3HBIX
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TUIOB JIPYT K JPYTYy He IOJYyUYUTCs, IIOCKOJIbKY HEIIOHSTHO, KaK TaKoe IIpe-
00paszoBaHKe IIPOU3BONUTD), T.€. 9Ta OlepPalis [OYTH SKBUBAJIEHTHA OIe-
parmun s3bika Cu, KoTopast 0003HAYAETCI UMEHEM THUITA, B3ATHIM B KPYIJIbIE
cKOOKM. EInHCTBEHHOE OT/IMYMe COCTOUT B TOM, 4TO reinterpret_cast He
yMeer cHuMaTh Moudukarop const (JejgaTh TO, JJId Y€ro IpeaHasHadeH
Const_cast). Pexkomenyercs B s1060M cilydae NMPUMEHATH const_cast,
static_cast u reinterpret_cast, a He omepanuto Cu, OCKOJIBKY Ta-
Kue [peobpa3oBaHus TPeOYIOT 0COO0I0 BHUMAHUA, a BbIPAXKEHUE C UCIIOJIb-
30BaHMEM _cast JIydllle 3aMETHO B TEKCTe IIPOrPDAMMBI, YeM HMs TUIIa B
CKOOKax.

Heckouibko ocoboe mecTo 3anuMaer orneparnus dynamic_cast. Tpu ome-
pamnuy, KOTOpbIe MBI PACCMOTPEJN BBIMIE, CHOyXKaT JJd YHOPaBJICHUA CHU-
CTEeMOIl KOHTDOJIA THUIIOB, T.e€. JUIS yIPaBJICHUsSI KOMIIAIATOPOM, U HE IIO-
POKJIAIOT JefiCTBUIL, BBIIOIHSIEMBIX BO BpeMs paboTh! mporpaMmbr2®. Ome-
pamnuga dynamic_cast, B OTJIM4YHe OT OCTAJIbHBIX, IIPEJIIOJaraeT IIPoBee-
HI€ HEeTPUBUAJIBHON IIPOBEPKU 60 8PEMA UCTLOAHEHUSA NPoepammbl. 110100~
HO omnepanuu static_cast, onepamua dynamic_cast npeaHasHadeHa Jijis
11peo0pa30BaHMs /IPeCOB OOHEKTOB B HAIIPABJIEHIH, [IPOTUBOIIOJIOZKHOM 3a-
KOHY mosimMopdu3Ma, T. €. OT ajpeca IpeaKa K aJIpecy IOToOMKa. B ciaydae
co static_cast OTBETCTBEHHOCTH 3a KOPPEKTHOCTH TaKOI OIlepalliyd BO3-
JaraeTrcd Ha IIPOrpaMMUCTa: UMEHHO IIPOrPAMMUCT TeM WJIN MHBIM CIIOCO-
6oM JosKeH ybequTbes, 4ro npeobpasyemblil ajgpec (Oylab TO yKaszaTesb
UM CCBLIKA) YKA3bIBaeT HA O0BHEKT HyKHOIO THUIa. FCaM ¥Ke MPUMEHUTH
dynamic_cast, To OHa cama IIPOBEIET IPOBEPKY U B CIIydae, €CJId IIPeod-
pa30oBaHUE HEKOPPEKTHO (TO €CTh 0 3aJIAHHOMY ajIpecy B [AMSTH He Ha-
XOIUTCA O0BEKT HYKHOIO THIIA), BEPHET HyJIeBOi ykasaresib. Ha MomenT
HAINCAHUS TPOTPAMMBI B OOIIIEM CJIydae TUTI 00bEKTa HEM3BECTEH, TaK UTO
[IPOBEpPKa IIPOBOJUTCS BO BPEMsI UCIIOJIHEHUS, T.€. JUHAMUNECKU, OTCIONA
Ha3BaHUE OIlePaIlnN.

IIpoBepka THIa MPOMU3BOAUTCA HA OCHOBAHUU 3HAUYCHUS YKA3aTeJIs
Ha TaOJUIy BUPTYAJIbHBIX (DYHKIWI; /€10 B TOM, UTO TakKas TabJIHIa
YHUKaJIbHA IS KaXKJOro KJacca, UMEIOIEro BUPTyaJIbHbIe MeTOABI, T.e€.
eé ajipec OJIHO3HAYHO WjeHTUdUIUPYeT Kjacc obbekTa. Kak ciieicrsue,
dynamic_cast MoxeT paborarb TOJIBKO € KjaccaMi (WM CTPYKTypa-
M), UMEIOIIUME BUPTYajibHbIe (DyHKIuKU. B HEKOTOPBIX HCTOUHUKAX TAKUE
KJIACCHI HA3BIBAIOT NOAUMOPHHBIMU, ITO HE COBCEM KOPPEKTHO: KAK MbI
BHJIEJIN, TIOJIUMOPMU3M B OIIPEJIEEHHOM CMBICJIE PAOOTAET U JIJIsi KJIACCOB,
HE UMEIOIIX BUPTYAJIbHBIX (DYHKIHIA.

OrmeruMm emé onuH HeMaJjoBaXKHbI MomeHT. OOBIYHO peaj3aIUu
dynamic_cast BecbMa HEI(MDPEKTUBHBI 10 BPEMEHN NCIIOJHEHUS — IOIPO-

26 K pome mpeobpazoBaHms MeXKIy HEIbIMI YHCIAME 1 YHCIAMHE C IJIABAIONIEH TOUKOI1,
910 TpebyeT HEKUX JEHCTBUI; NHOTIA KOMITUISTOPY MPUXOAUTCS U3MEHUTh U YUCJIEHHOE
3HaUEHME yKa3aTelisd, HO B HAIllell KHUT'e HE PACCMATPUBAIOTCA MEXAHU3MBbI, IOPOXK 10~
I¥ie TaKy HEOOXOIUMOCTb.
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CTy TOBOpsi, paboOTal0T O4YeHb MeJieHHO. [loaToMy 3710ymoTpeb/isiTh 3TOi
omeparueit He cieayet. B peiictBuTenbHOCTH OyIeT Jrytiie BooOIe 6e3 Heé
0OONTHUCE.

Mpeobpasosatne dynamic_cast ymeeT paboTaTb He TOJIbKO C YKa3aTensiMu, HO
N CO CCblIKaMW; Npu 3TOM NOHATUA (<HyﬂeBOI7I CCbIZIKN>» B Npunpoae He CyLleCTBYET,
MO3TOMY MpW OTPULATENBHOM pe3y/ibTaTe NPOBEpKM Takoi dynamic_cast Bbibpa-
CbIBAaET HEKOE «CTaHZAPTHOE ncKtodeHney. YTobbl obpaboTaTh ero, npuaércs nog-
KJOYMTb 3arofIoBOYHbINA haiin cTaHfapTHoli bubnnoTekn, a ganblue, Kak roBopsiT,
KOFOTOK YBA3 — BCEl NTU4kKe nponacThb. B rEl,eﬁCTBI/ITeﬂI:-HOCTI/I HET HUKaKnx npu-
4MH NpuMeHATb dynamic_cast K CCblIKaM: €CAu y BaC CCbIKA, a HE yKa3aTenb,
NPUMEHNTE K Heli onepauuio B3aTUS agpeca, NpeBpaTuB eé TeM CaMbiM B ODbIYHbINA
yKasaTtenb, BbINOAHUTe dynamic_cast, npoBepbTe pe3ynbTaT HAa HEPAaBEHCTBO HYJO
1 pasbliMeHyliTe ero obpaTHO.

10.6.15. Uepapxum UCKJIIOYEHUN

IIpu obcyxeHnn mpeobpa3oBaHnii TUIIOB BhIPAXKEHNH B 00pabOTINKAX
UCKJIIOUATEJNbHBIX cuTyanuii (cM. cTp. 181) Mbl OTMeTH/IN, YTO OJHUM W3
Hanbosiee BarKHBIX BHJIOB IIPEOOPA30BaHUS SIBJISETCS IIPeodPa30BaHUE 110
3aKOHY MOJIMMOP(MU3Ma, OJHAKO TTOPOOHOE 00CYKJIECHIE ITOTO OTIOXKWIIN,
[MOCKOJIbKY HA TOT MOMEHT €Il¢ He ObLJIO BBEJEHO MTOHSTHE HACJIETOBAHUS.

Boszspaiiasick K 3TOMy BOIIPOCY, 3aMETHM, 9TO TPETUI U TOCIETHUN BUT
JIOIyCTUMBIX IIPeobpa30BaHUil OT THIA BhIPAyKEHHsI B oleparope throw k
TUIY, yKA3aHHOMY B 3aroJIOBKe catch — 3ro npeobpazoBanue ajpeca (T.e.
yKazaTeJis WA CChLUIKK) 00beKTa~-IOTOMKA K COOTBETCTBYIONIEMY aJIPECHO-
My THUIly 00beKTa-1peiKa. Fcjii Mbl OmuieM JiBa KJ1acca, yHACIeI0BaB OJIUH
OT JIPYTOTO:

class A { /* ... x/ };
class B : public A { /x ... %/ };

— TO 00pPabOTYMK BHUIA
catch(const A& ex) { /* ... x/ }

CMOZKET JIOBUTH UCKJIIOUEHUsI 060UL THUIIOB, T.€. PE3YJIbTAT KaK OIeparopa
«throw A(...);» Tmak u «throw B(...);».

OT0 CBOMCTBO UCIOIL3YETCs sl CO3MAHUST UEPAPTUT UCKAMOUUMENOHBLT
cumyayut. Hampumep, Mbl MOXKEM TIOEIUTD BCE ONTUOKY, BOSHUKAIOIINE B
KaKOH-7mb0 mporpaMme uian 6ubInoTeKke, HA CJIEIYIONINEe KATETOPUH:

[ ] OH_II/I6KI/I, BOBHHUKAIOIINE 110 BUHE IIOJIb30BaTEJIA:

— CHHTAKCHYECKHE OMUOKY IIPH BBOJIE (HATIpUMED, GYKBBI TaM, TJe
OXKUJIAETCS TUCTIO);

— HENIPABUJILHO yKa3aHo mMs dailia;

— HENPaBUJILHO BBEJIEH IAPOJIb;
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— HeJoIycTUMas KOMOMHAIMs TpeboBaHuil (HAIPUMED, OJHOBDPE-
MeHHOe TpebOBaHMe YIOPAJOYUBAHMA 110 BO3PACTAHUIO M IO
yOBIBAHUIO);

e omubKU, 00YCJIOBJIEHHBIE CPENOil BBIIIOJIHEHNUSI:

— orcyrcTBue DailjoB, HyKHBIX JJIsT PAOOTHI;
— IIepeIoJIHEHNE JIUCKA,

— TpOYHe OIMHOKY OIepAaInil BBOJA-BbIBOJIA;
— HeXBaTKa OMEDPATHUBHON MaMsITH;

— omubKu 1pu paboTe ¢ CeThIO;

— W T.IL

e OmMOKKM B caMoii mporpaMmme, TpeGyolue eé NCHpaBieHus (HaIpu-
Mep, IepeMeHHasl IPUHAMAET 3HAUYeHne, KOTOPoe Bpoje Obl NPHUHU-
MaThb He JIOJIXKHA).

Ormumem Tenephb Kjiace Error, COOTBETCTBYOMINY TIOHITAIO «JTH0Oast Omuo-
Ka». B TOJIHOM COOTBETCTBHH C HPUHIUIAME OOBLEKTHO-OPUEHTUPOBAH-
HOTO TPOTPAMMHUPOBAHUS TEPEHIEM OT OOIIEro K YacTHOMY, YHACIIEIO-
BaB oT KJjacca Error moaknaccel UserError, ExternalError u Bug nia
00603HAYEHNST COOTBETCTBEHHO TOJIL30BATEILCKUX OIMMOOK, BHEITHUX OIITH-
6ok u ommbok B mporpamme. Or kiaacca UserError yHacjenyeM KJacChl
IncorrectInput, WrongFileName, IncorrectPassword u T. 1. Ilocse sToro
00paboTUYNK BHUJIA

catch(const IncorrectPassword& ex) { /* ... %/ }

Oymer 0OpabaTBIBATDL TOJHKO UCKJIIOYEHHUsSI, CBI3AaHHBIE C HEIPABUILHBIM
mapoJjieM, TOorja Kak o0paboTunK BUIa,

catch(const UserError& ex) { /* ... x/ }

OymeT pearmpoBaTh Ha JIIOObIE OIMMOKM IOJTH30BATE/A, UTO YK€ KacaeTCs
0bpaboTInKa

catch(const Error& ex) { /* ... */ }

TO OH CMOXKET IIOHMATH BOOOIIE JIF000€ NCKIIOYNTEIbHOE COObITHE U3 HAIIeH
nepapxuu. ITomuepkuém, 4To TaKoe npeobpa3zoBanne paboTaeT TOJIBLKO
IIJISI aAPEcoB, a He Jjisi OObEKTOB KAK TAKOBBIX; MMEHHO IIO9TOMY MBI B
3aroJIoBKax catch MCIOIb30BaIN CCHLIKMI.
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10.7. IITab10HBI

B mporpamMupoBaHME YACTO BO3HUKAIOT CUTYAIlUd, B KOTOPBLIX IIPO-
CTEHIITNM 1 O9E€BUIHBIM PEIIEHIEM OKA3bIBAETCS HAIIMCAHNE HECKOJIBKUX 10~
UTH OJJMHAKOBBIX (& MHOTJIA U COBCEM OJIMHAKOBBIX) dparMeHToB Kojia. 13-
BECTHO, YTO B TAKHMX CJIydasX HOUTH «OYEBUIHBIM» IIyTEM — HJesl KpaiiHe
Hey/ladHasl, Bellb TEKCTHI IPOIPAMM IPUXOIUTCS U3MEHSTh, UCIPABIISTDH
ommbKu, 106aBJIsiTh HOBbIE BO3MOXKHOCTHU, M €CJIU HEKWU (pparMeHT Koua
OyZeT CyIiecTBOBaTh O0Jiee YeM B OJHOM IK3EMILISPE, BHOCUTH U3MEHEHUS
MPUIETCS CHHXPOHHO B KAXKJIBI U3 9K3eMILTAPOB. [IpakTuka mokasbiBaer,
9TO paHO WX TO3JHO MbI PO KAKOW-HUOYIh M3 SK3EMILISPOB 3a0yieM,
UCIPABUB BCe, KPOMe HEro; BIPOYeM, JayKe ecjii Obl He ITO, MeXaHude-
CKHU IyOJIMPOBATH OJIHU M T€ K€ MPABKU B HECKOJBKUX MECTaX IMPOrPAMMBI
OKa3bIBAETCS JIEJIOM YTOMUTETHHBIM W HEIIPUSITHBIM.

Eciin dpparmMeHTBI, KOTOPBIE XOYETCsI HAIKCATD JIJIsi OBICTPOrO PEIIeHUsT
BO3HUKIIEl 33/1a4i, PA3/INYAIOTCS TOJIBKO HEKOTOPBIMU 3HAYEHUAMY (AU
HE Pa3JUdaloTcst BOBCE), 6OPOThCd ¢ JybmpoBaHreM KOJa JIETKO: JIOCTa-
TOYHO 0POPMUTH TAKOI (pparMeHT B Bujie (PYHKIINU, U BMECTO HECKOJIBKUX
[MOYTU OJIMHAKOBBIX KYCKOB KOJ[A B HAIIEH MIPOrPaMMe IOSIBATCS BBI30OBBI
910l DYHKINN; PA3IUIATHCS OHU OYIyT 3HAUECHUSIMU [IAPAMETPOB, IIPUIEM
3aMeTUTh OTJIUYHUs [IPU YTEHUU TAKOrO KOja OYIeT, pasyMeeTcs, TOPas3jio
poIIte, YeM ecjin Obl TPUXOIMIOCh KazK bl pa3 CBepsTh Oosbinue dpar-
MEHTBI. AHAJIOTHYHBIM 00pa30M OOCTOSAT JIeJa TPYU PA3IUIUNA 10 UMEHAM
[IEpEMEHHBIX: Mbl MOXKEM B TAKOM CJIydae HAIUCATh (PYHKIIUIO, B KOTOPYIO
OyzieT mepenaBaThCs aJIpeCc COOTBETCTBYIOINIEH TepeMEHHOM.

Ho uro mgenars, ecsin Ham moTpPeOOBAIACH TOYTH OJIMHAKOBBIE (DparMeH-
ThI, PA3/INYsT MEXKJIy KOTOPBIMU HE CBOJISTCS K 3HAYEHUAM BbPAHCEHUTT
CaMpblii IIPOCTOM ¥ YaCTO BCTPEYAIOIIUIICS IPUMED TaKOI'o pojia — pasJjiu-
qre MUnoe MEePEMEHHDBIX U BBIPAXKEHUH; KAK IMOCTYIIUTh, €CJIU HAM IIOTPE-
60BaJIOCH BBIMIOJIHUTEH OJIHA M T€ YK€ JIEWCTBUs, HO B OJHOM CJIydae — HaJ
[IepEMEHHBIMYU THIIA, int, a B JAPyroM — HaJl lepeMeHHbIMU Tuia double?
B s3pike Cu B TaKUX CIIydasix TPUXOAUTCS TPUOEraTh K OMPEIETIEHII0 MaK-
POCOB, NPUYEM YaCTO — MHOIOCTPOYHBIX. KaxKJplii MpOrpaMMUCT, HAIU-
CaBINMIT XOTsI ObI OJINH MHOTOCTPOYHBINH Makpoc Ha Cu, 3HaeT, KaKoe 3TO
yTOMUTEJbHOE U HebJaromapHoe 3aHsTHe. Kcim B ompesesienne Makpoca
BKpAaJIach OMIMOKa, HAWTH €€ OyIeT HEempoCTOo, MPUIEM Jake He Cpa3y CTa-
HOBUTCsI IIOHSAITHO, YTO OIIMUOKa KPOETCsl IJIe-TO B MaKpPOCe, ITOCKOJIBKY KOM-
MUJISITOP B COODINEHWH 00 OIMMOKE yKa3bIBaeT He Ha, TeJI0 MaKpoca, a Ha
TO MECTO, TJie MaKpOC BbI3BaH. Boobie makpomporeccop sizbika Cu, u3 co-
0OpaXkeHuii COBMeCTUMOCTH BKJIIOUEHHBIN 1 B Cu++, npejicraBisier coboit
CPEJCTBO OlacCHOe B IPUMEHEHHH U KpaifHe HeyJ00HOe, YTO MHOIOKPATHO
OTMEYAIOT MHOTHE aBTODPHI, BKIO4Yas Crpaycrpyna. OmgHako Bpea oT may0-
JINPOBaHUs KOJIa OKa3bIBaeTcs emé 60Jble, Tak dro npu pabore Ha Cu B
psijie CJIydaeB MHOTO BBIXOJIA HE OCTAETCS.
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B si3pike Cu+-+ u3 OOJIBIIMHCTBA TAKUX MTOJIOYKEHUI MOYKHO BBINTH, HC-
[OJIb3YS WABAOHBL, KOTOPBIE JEJIATC HA WabAoHb, GYHKUUT 1 WabA0oHDL
xaaccos. ObIIast ujest TeX U IPYTUX COCTOUT B TOM, UTO MBI IUAIIEM KaK Obl
3aroTOBKY /it (DYHKIMK WJIA KJIACCA, KOTOpas IIPU KOHKPETU3AIUN HEKO-
TOPBIX TTAPAMETPOB MOXKET ITPEBPATUTHCS B HACTOSIIY IO (DYHKITAIO UJIH, CO-
OTBETCTBEHHO, KJyiacc. B KadecTBe mapaMeTrpoB ITAO/IOHA YAIle BCETO BbI-
CTYIAIOT UMEHA TUIIOB BBIPAXKEHUI, HO 3TO MOT'YT OBITh U 3HAYEHUS IEJI0r0
THIA, & B HEKOTOPBIX CIIeNN(MUIECKUX CIIy4YasX U aJPEeCHbIe BbIPAYKEHUS.
Pazymeercst, oqum mab0H MOXKHO HCHOJIB30BATH JIJIsT CO3TAHUST HECKOJIb-
KHX PA3HBIX (PYHKINN WA KJIACCOB, OTJINYAIONIAXCS JPYT OT JIPYTra TOJBKO
3HAYEHUIMA HEKOTOPBIX IMapaMerpoB. BaXXHO MOHMMATh, YTO IIAGIOH —
9TO eIé He KOJ, 9TO JUIIb 3aroTOBKa MJis Koja. Brosme momycTn-
MO BOCIpHUsiTHE TTa0/IOHOB KaK ITAKUX «YMHBIX MAKPOCOB» — KaK MUHU-
MYM B TOM CMBICJIE, YTO 9TO (DPArMEHTHI TEKCTa IIPOI'PAMMBI, U3 KOTOPHIX
HEKUM 11peobpa3oBaHieM (C IIOJCTAHOBKON [IapaMeTPOB) HOJLyIalOTCs JIPY-
rue pparMeHThl TEKCTa MPOrPAMMBI, KOTOPBIE YK€ KOMIUJIUPYIOTCS KaK
obbrano. Hajio ckazars, uro CrpaycTpyll TIIATe/IbHO OTPUIAET CBSI3b MIa0-
JIOHOB C MaKpOCaMU — HO, BUJIUMO, OH IT0J MaKpPOCAMH MOHUMAET TOJIHLKO
TO CTPAHHOE HEJMIO/EIAHHOE HEYTO, KOTOpoe Mbl mMeeM B ductoMm Cu, Torma
KaK B JIEACTBUTE]BHOCTA MAaKPOIIPOIECCUPOBAHIE KaK sIBJIEHUE HAMHOI'O
CJTOXKHEe.

MoxKHO cYnUTaTh, 9TO IHAOJIOHBI MPEACTABISIOT CODOI eIié OauH
BuU, ImoJauMopdu3aMa — Tak Ha3bIBAEMBI napamempuueckudl noau-
mopgpuam. [TocKoIbKY 9TOT BUJI HOJUMOPGPU3MA Peain3yercst Ha CTaIun
KOMITUJISIINH, €r0 CJIeIyeT PAacCMATPHUBATH KAK YACTHDLIN Caydail craTmde-
cKOro mojmmMopdusMa, U, KaKk U JAPyTrHe CAydad CTATHIECKOTO IOJIUMOP-
dusma, k OOIl oH HUKAKOIO OTHOINEHHSI HE UMEET, 9TO, KOHEYHO 2Ke, He
JeJaeT ero MeHee BaXKHBIM.

Kpome Toro, mabaoHbl MOKHO (M Hy?KHO) CUATATL HPOSIBICHUEM ME-
manpoepammuposarus (cMm.§9.4.3), Benp cam mabaoH — emé He OKOH-
qaTebHBIA KOJ, OH JIUIIb OMUCAHWE TOTO, KAK TOT OKOHYATEJTHHBIN KO
JOJIPKeH BBITVISIEeTh. Kak Mbl YBUIUM 9yTh [T032K€, BO3MOXKHOCTHU IITa0JI0-
HOB HAMHOTO IIUPE, HEXKeJIM TPUBUAJIbHBIE IIOJCTAHOBKU OJIHOIO BMECTO
JIPYTOr0, U B HEKOTOPBIX CIIYIasiX OKOHUYATEILHBIN KOJ OYIeT BBITJIAICTD
COBCEM He Tak, Kak BbITsaes mabion. Ho — 060 BcéMm 1o mopsiaky.

10.7.1. IITabnoubl DYyHKINI

Paccmorpum sy mpuMepa DYHKIHIO, COPTUPYIONIYIO MACCUB IEJIBIX
YHCET METOIOM <IIy3bIPbKa» > :

void sort_int(int *array, int len)

2"Komneuno, sTor MeTos HedhheKTHBEH [Jisi MACCHBOB 3aMETHOTO Pa3Mepa, HO s
IIpUMepa OH BIIOJIHE HOJOUAET, M K TOMY K€ Ha MAaCCHBaX U3 JECATKA JIEMEHTOB HUYEro
3¢ deKTHBHEE IPOCTOrO «IIy3bIPHKa» [IOKA UTO HE IIPUIYMAHO.
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for(int start=0; ; start++) {
bool done = true;
for(int i=len-2; i>=start; i--)
if (array[i+1] < array[i]) {
int tmp = arrayl[il;
array[i] = arrayl[i+1];
array[i+1] = tmp;
done = false;

¥
if (done)
break;

}

[IycTb Teneps HaM HOTPeOOBAIACH Takasl »Ke (PYHKIUs JJisi COPTHUPOBKU
MaccuBa u3 unces tura double. Mcmonmb30BaTh UMEIONTYIOCT (DYHKITUIO MBI,
MIOHSTHOE JI€JI0, He CMOYKEM: JHCJIA C TIJIABAIOIIEH TOYKON COBEPITEHHO MHA~
9e CPAaBHUBAIOTCsI M UMEIOT JIPYToit pa3mep. Kcu ke Mbl BCE-TaKku HanuIeMm
dyukIimio sort_double, oHa OyeT OTINYIATHCA OT SOrt_int Bcero B JByX
MeCTax: B THUIE [TapaMeTpa array W B THIE BPEMEHHON IepPeMEeHHON tmp,
6osibire Hurge. [Tockoabky myOaupoBaTh KO, TAKUM 00Pa30M COBEPIIIEHHO
HEJOIIYCTUMO, IIPUXOJUTCHA KaK-TO BbIKPYYUBaTbHCA. B A3bIKE CI/I JJId 9TO-
IO TPHUILIOCH ObI CO3ATh C MOMOIIBIO JUPEKTHUBEI #define MHOrOCTpPOU-
HBII MAKpOC C OIHUM [apaMeTpOM, 3aJIA0NUM KaK pa3 THIl JIEMEHTOB
COPTHUPYEMOT0 MACCHBA M, COOTBETCTBEHHO, THII IEPEMEHHOM tmp.

B Cu++ mpobiiembl, 000HbBIE BBIIEONMUCAHHON, MOXKHO PEIUTh C IO~
MOMIBI0 wabaoros. Kak yxke roBopmioch, MabJOH — 3TO CBOETO PO
3a20mo6Ka JJisi (YHKIIUK; caM 110 cebe mabJjioH (DYHKIMeR He SBJISieTCs, HO
MO2KeT OBITH B HE€ IIPEBPAIIEH, €CJIN YKa3aTh 3HAYEHUs mapaMerpos. B nan-
HOM CJIyde apaMeTpOM IabjoHa Oyaer Tui 31eMeHToB MaccuBa. Onurmem
9TOT MIAbJIOH:

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] < array[i]) {
T tmp = arrayl[il;
array[i] = array[i+1];
array[i+1] = tmp;
done = false;
}
if (done)
break;
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}

}

KiioueBoe ciioBo template coobriaer KOMIMIATOPY, YTO JAJIEE TOCTIEIYET
mabJIo0H. 3aTeM B YIVIOBBIX CKOOKAX [TEPEUUCTISIOTCS NAPAMEempst utadbao-
H@, IPUIEM CJIOBO class O3HAYaeT Ha CAaMOM JIEJIE NPOU3BOALHLLY MuUn, a He
TOJIBKO KJ1acc. B HaieM npumMepe mabiion uMeeT oiuH HapaMeTp (¢ uMeHeM
T), B Ka4ecTBe KOTOPOIrO OXKUJIAETCsl yKazaHue Hekoero tuna. Jlasee ciemy-
er Tesio (PYHKIMK, B KOTOPOM UIeHTU(MUKATOP T MCIOIb3yeTCsi B Ka9eCTBe
THHA. YICHO, YTO TaKOe TeJI0 HEBO3MOXKHO OTKOMITMJINPOBATH B O0bEKTHBIIH
KO/I, TIOCKOJIbKY HEM3BEeCTHO, KaKOi THI 0003Ha4YaeTcss nuMeHeM T, KaK BbI-
[OJIHATH MHJEKCUPOBAHUE B MaCCHBE U3 TAKUX IJIEMEHTOB (BEIb pa3Mep
9JIEMEHTa TOXKE HEM3BECTEH), KAK BBIIOJHATH IPUCBAMBAHUE U CDABHEHUE.
Ho koMmmimpoBaTh Hammcannoe Mbl M He COOMpPAaEMCs — BEJIb MBI XK€ JI0-
FOBOPHJIMCH, YTO IHUIieM He (YHKIUIO, a JIAIIb 3arOTOBKY JJIsd He€. DTa
3aroToBKa (1I1AGJIOH) MMeEeT UM SOrt.

YTo6b! Temeph 3aCTABATH KOMITUISITOP TOCTPOUTD (DYHKITAIO HA OCHOBE
mabJIoHa, JJOCTATOYHO yKa3aTh KOHKPETHBINA THII, KOTOPBIA Oy/JeT MCIIOJIb-
30BaTbCst BMECTO T. DTO JiestaeTcst TOXKE C TIOMOIIBIO YIVIOBBIX CKOOOK; BBIPa-
Kenne sort<int> obo3HadaeT PYHKIUIO JjI COPTUPOBKH IEJTOUNCTEHHBIX
MAaCCHBOB, MTOJIy9E€HHYIO U3 mMab/i0oHa SOrt C MCIIOJIb30BAHMEM THUIA int B
KadecTBe 3HaYeHus napamerpa T:

int a[30];
// ...
sort<int>(a, 30);

Takum xe ToaHO 00pazom sort<double> ob6o3HaUAET PYHKIUIO ISt COPTHU-
POBKHU MacCHUBOB U3 wnces tuma double. Bosiee Toro, madion roguTces Jijist
COPTUPOBKH MAaCCHBOB M3 3JIEMEHTOB IIPOM3BOJILHOI'O THIIA, HYYKHO TOJIb-
KO, 9TOOBI JIjIs 3TOr0 THIA ObLI JOCTYIEH KOHCTPYKTOD KONUpoBaHus (1o-
CKOJIbKY TI€PEMEHHAasl tmp CO37aéTCsl ¢ ero MOMOIIBI0), OBIIN ONpeIesIeHbI
oneparus <, UCIOJb3yeMas B HaIlleM I1abJioHe /It CDABHEHUs], U OII€PAITHS
MIPUCBANBAHUA.

[Tonyyenwe QyHKIMU U3 MAOJIOHA HA3BIBAETCS UHCMAHUUGUUET
maboHa. KoMouiaTop MHCTAHIUUPYET KaXKIyI0 (DYHKIIMIO TOJIBKO OIUH
pa3, T.e. ecjim B HAIIEM MOJYyJe TPUXKIbI BCTPETUTCS BBI30B (DYHKITIHI
sort<int>, Koj /1 Heé OyJIeT CreHepUPOBAH JIUIb €TUHOXKTbI.

WurepecHo, 410 B pse C/IyIaeB NHCTAHIIMIPOBAHHYIO (DYHKITHIO MOYXKHO
BBI3BATH, HE YKA3bIBad MapaMeTphl MabiioHa; B YACTHOCTHU, BBI30B

sort(a, 30);

Oyzaer BrojHEe KOppeKTHBIM. [lo Tuiry mapamerpa a KOMIMJIATOD <«JI0Tajia-
€TCsi», YTO UMEeEeTCsI B BUJy UMEHHO sort<int>. DTa BO3MOXKHOCTH HA3bIBa-
eTCs A8MOMAMUYECKUM B8bl8000M apaymeHmos wabaona; 3aberas
BIEPE, OTMETUM, UTO Jijis MabJIOHOB KJIACCOB TAKOW BO3MOXKHOCTHU HET.
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10.7.2. IITab/s10HBI KJIACCOB

Y1066l IOHATDH, 3a4€M HYKHBI ITA0JIOHBI KJIACCOB, BCIIOMHUM ITPUMED,
KOTOpPBIHA Mbl npuBoamian B §10.4.25. HamomanM, 9T0 MBI paccMaTpuBa-
I Pa3pescenmnvili Maccus ueantr wucea. I1Ipm sToM MBI Hammca m Kjacc
SparseArrayInt u nogYnHEHHBIN eMy Kiaacc Interm. Ecian mHaMm nmoTpebyet-
CcsI Tellepb pa3peKeHHBIN MaCcCUB YHCeJI IPYTOro TUIIA WM, CKaXKeM, Pa3pe-
JKCHHBI MaCCHUB CHUMBOJIBHBIX CTPOK, TO KOJ Kjacca SparseArrayInt npnm-
JETCsT TOJIHOCTBIO JAyOIMPOBaTh C MUHUMAJIBHBIMU U3MEHEHUSIMU, ITO, KaK
MBI y2Ke TOBOpIJIH, HeJorycTuMO. CyIIEeCTBEHHO ITpaBUIbHee Oy/IeT IpeBpa-
TUTDH CYIIECTBYIOMMIA KO JIJIs [EJIOYNCIEHHOTO MaCCUBA B MIAOIOH MAaCCHU-
Ba MPOU3BOJILHOrO THIla. lepenuiem 3arojioBOK Kjacca, IPUBEASHHBIN Ha
ctp. 160, B Buje mabona:

template<class T>
class SparseArray {
struct Item {
int index;
T value;
Item *next;
1
Item *first;
public:
SparseArray() : first(0) {3}
~SparselArray() ;
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=(T x);
T operator+=(T x);
T operator++();
T operator++(int);
};

friend class Interm;

Interm operator[] (int idx)
{ return Interm(this, idx); }
private:
SparseArray(const SparseArray<T>&) {}
void operator=(const SparseArray<T>&) {}
};
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ObpaTuTe BHEMaHUE, YTO Be3/e K CJIOBY SparseArray Mbl J00aBiIseM Ia-
paMeTp <T>, 3a HCKJIIOUYEHHEM HMeHU KJjacca U UMEH KOHCTPYKTOPOB U
JecTpyKTopoB. les0 TyT B TOM, Y4TO OTHOCHUTEJILHO CAMOrO Kjacca (T.e.
n1abJIoHa) KOMIIUJIATODP U TAK 3HAET, YTO ONUCLIBACTCs MIADJIOH, U TO JKE
caMoe MOXKHO CKa3aTb IIPO KOHCTPYKTODBI U JIECTPYKTOPDI; KOIJa »Ke pedb
UAET O THUIAX MAapaMeTPOB B (DYHKIUSX, O THIAX yKa3aTeseil, u, HAKOHeII,
0 KOHKPETHOM JIPY?KECTBEHHOM KJIacCe — TO TEOPETUYECKH B KadeCTBE Ta-
KOBBIX MOTYT BBICTYIIATH JIIOObIE KJIACCHI, B TOM YHCJIe CO3/IAHHDBIE U3 STOTO
ke 11abJioHa, HO ¢ mapamerpoM, ormmaHbiM OT T. [losromy Tun npuxomurcs
YKa3bIBATh IOJHOCTHIO. DYHKIMI-METOIBI HAIIETO MAabIOHA KJIACCa TOXKE
IpUIETCS OMUCHIBATH KakK Imabsionbl. Hampumep, ommcanue mgecTpyKTOpa
IIPUMET CJIeLYIOmUil BUJL:

template <class T>
SparseArray<T>::~SparseArray ()

{
while(first) {
Item *tmp = first;
first = first->next;
delete tmp;
}
}

a OIlepaIiio MPUCBANBAHUS U3 Kjacca Interm Hy>KHO Oy/IeT ONmMcaTh Tak:

template <class T>
T SparseArray<T>::Interm: :operator=(T x)

{
if(x == 0)
Remove() ;
else
Provide() = x;
return Xx;
}

ObpaTuTe BHUMAHUE, YTO IPHU PACKPBITUUA OOJACTU BUJMMOCTH HAM IPU-
XOJIUTCsI B SIBHOM BHJIE YKA3bIBATh, KAKOIi KAacc (a He mab/IoH KJIacca) Mbl
uMeeM B BUJIY, TO €CThb ucaTh SparseArray<T>, a He IpocTo SparseArray.
DTO U MOHSTHO: COOTBETCTBYIOIIUIA METOJ OYIeT MPUCYTCTBOBATH B KaXK-
JIOM KJIacce, IIOCTPOEHHOM 110 HaleMmy 11abJIoHy, HO Bellb 9T0 OyIyT pasHbie
METOJIbl (XOTsl U IIOCTPOEHHBIE [0 OJHOMY U TOMY K€ WabA0HY METOJA).
Boobwe, sesde, 20e no cmovlcay npeonosazaemecsa ums muna, Mol 0OANCHDL
NPU UCTOABIOBAHUL ULGOAOHA YKA3AMb 3HAMEHUA OAA NAPAMEMPOS Wb~
AOHA, YMOOBL NOAYHUMD MUN; UMsI TTabJIOHA Kjacca 0e3 YIJIOBBIX CKOOOK
¥ ApaMeTPOB UCIOJIB3YETCsl TOJBKO B TPEX CIydYasax: B HAYAJeE OMMCAHUS
mrabsiona (Korjaa, cOGCTBEHHO rOBOPs, 3a0aémces UMsl NIa0JIOHA), IPH OIACA-
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HUU KOHCTPYKTOPpa 1 IIPU OIIMCAHUU JJECTPYKTOpPa. Onucars mabI0HbI JJI
OCTaJIbHBIX METO/I0B SparseArray npeaoCTaBUM YUTATE/II0 CaMOCTOATE/Ib-
HO B Ka4€CTBE YIIpaKHEHUA.

10.7.3. Crenmanu3aiuga niabJIoHOB

S3bik Cu++ 103BoJISIET 3a1aTh CBOI (OTJIMYHBINA OT 00IIero) BuJ, mab-
JIOHA JJIs YACTHBIX CJIYIAEB €ro MapaMeTpoB — IOMPOCTY TOBOPsi, Mpa-
BHUJIO BHJIa «B TAKOM CJIy4Yae IeHepHpoBaTbh BOT TaK, BO BCEX OCTAJIbHBIX
CIIyvIasX — B COOTBETCTBHUH C OOIINM ITaOJIOHOM».

HomycTtuM, HAM 3aXOTEJIOCh HUCIOJb30BATH IMAOIOH (DYHKIIUH COPTHU-
POBKU, TIpUBENEHHBINH Ha CTp.214, 1Jis COPTHPOBKH MAacCHBa yKasaTejei
Ha cTpokn (ykasaTeseil Tuma char), 4To6BI PACIOIOKATH COOTBETCTBYIO-
[ye CTPOKH B JieKcuKorpaduaeckoM (asdasurHoMm) nopsike. [Ipobiema B
TOM, 9TO I1abJIOH B TOH €ro Bepcuu, KOTOpasi HAMU PACCMATPUBAJIACD, UC-
[IOJIB3YeT JIJIsi CDABHEHUsI JIEMEHTOB OIEPAIINI0 «<», & 9Ta Ollepalis XOTs
U OIIpeJiesieHa JIJTsl YKa3aTeJseil, HO HUKAKOTO OTHOINEHUsT K aJihaBUTHOMY
MOPSAJIKY CTPOK He nMeeT. Pertenne, oqHAKO, OKA3bIBAETCS JJOCTATOYHO IIPO-
creiM. JIjIs Hagasia 3aMEeHUM 3HAK «MEHbIIIe» Ha BBI30B (DYHKIMK, KOTOPYIO
Ha30BEM, HAIIpuMep, 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 = array[i];
array[i] = array[i+1];
array[i+1] = tmp;
done = false;
}
if (done)
break;

}

Camy dbyHnKnuio sort_less OIMIIEM TOXKE ¢ IOMOIIBIO ITabJIOHA!

template <class T>
bool sort_less(T a, T b)
{

return a < b;

}
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B pesyibraTte 1151 BCcex TUIOB, Jjis KOTOPBIX MMEETCS OIEpPaIlds «MEHb-
ey, mabJion sort Oy/eT mpoaoKaTh PaboTaTh TaK »Ke, KaK paboTast 1o
nepeienkn; pyHKIUO sort_less KOMIWIATOD OyIeT KaXKIblii pa3 reHe-
pUpOBaTh ABTOMATUYECKH KaK OOBITHOE cpaBHeHHe. HaMm ocTajioch TOJBKO
IPEIyCMOTPETh OCOOBIit Cyuail Ji/isi CpaBHEHMS 3JIEMEHTOB THUIIa, char*, u
TYT MBI KaK pa3 W MPUOETHEM K A6HOU CNeuuasuU3auu.

Ornmcanue cirydasi SBHOM ClieluaIn3aIliul HAYUHAETCsI, KAK OOBITHO, CO
cjoBa template, HO yIVIOBbIe CKOOKH IIOCJI€ HET'O OCTABJIAIOTCSH IIyCTBIMH,
9TO0BI TTOKA3aTh, YTO ITO, C OIHON CTOPOHBI, MIAOIOH, HO, C APYTOi CTOPO-
HBI, 9MOom MAOJIOH IUIIEeTCsT s 9aCTHOTO CJIydasi, He 3aBUCSIIErO OT JI0-
MIOJTHATEJILHBIX TTapaMeTpoB. /lasiee 3ammceiBaeTcss uMs mabIoHHON PyHK-
U7, IPUIEM B HEKOTOPBIX CJIydasix TPeOyeTCss BMECTe C MMEHEM YKa3aTb
BCe mapaMeTpsbl mabioHa. B Harem citydae 3To He 00si3aTeIbHO, TOCKOJIBKY
€JINHCTBEHHbIH mapaMerp ab/IOHa BBIBOJIUTCS U3 TUIIA TAPAMETPOB (DyHK-
MU, TaK YTO mapamerp mabiioHa B uMeHn (DYHKIMHA MOXKHO OIIYCTUTH; HO B
caydae, KOrja mapaMerp mabJjioHa ¢ TUIIAMEU TapaMeTpOB (DYHKIIUNA HE COB-
MaJIaeT, YKa3aTh €ro MpUJIETcsa o0g3aTe/TbHO. BripotueM, Jjist HATJISITHOCTH
MBI €ro BCE PaBHO yKarkeM. Bcé BMecTe BBIIVISIUT TaK:

template<>
bool sort_less<const char*>(const char *a, const char *b)
{

return strcmp(a, b) < 0;

}

st KOMIUJIATOpa 9TO O3HAYAET NMPUMEPHO cieidyromee: «Byab mobesen,
mabJIoH sort_less Jyist ciaydas sort_less<const char*> obpabarbiBaiil B
COOTBETCTBUHU C BOT ITHM TEKCTOM II1abJIOHA, & HE ¢ KAKUM-JIHO0 MHBIM>».

[Tabsron KJ1acca TOXKe MOYXKHO [OJIBEPTHYTH crrernasm3aruu. Hampumep,
€cJIi HaM II0TpedyeTCst pa3peKeHHbIl MACCUB JIEMEHTOB THIIa bool, MbI MO-
K€M, KOHEYHO, BOCIIOJIb30BaThCsl MmabonoM u3 §10.7.2, HO, Kak JIErKO 3a-
METHTDb, TaKas peajn3anud OKarKeTCs HeCKOJIBKO CTPaHHOM: Beb THUII bool
HMeeT BCero /IBa 3HaUeHUd, a JIJIs Pa3peKeHHOI'0 MacCHBa 9TO 3HAYUT, YTO
€CJIU JIEMEHT BOODIIEe XPAHUTCA B 0ObEKTE, TO ITOT IJIEMEHT MMeeT 3Hate-
Hue true (HOCKOJIbKY ecim Obl OH uMesl 3HadeHue false, on Obl B 06beKTE
HE XPaHUJICS: MACCUB-TO pa3pexkeHubiii). Creq0BaTeIbHO, 9JIEMEHTBI CIIHC-
Ka Item JjIs 9TOrO CJIydas JIOTUYHO OBI CJEATh COCTOSNIMUMHU U3 JIBYX, &
He U3 TPEX MOoJiell — XPaHUTh HOMED JIEMEHTa W yKa3aTelb Ha CJIeHyIo-
Ui 3JIEMEHT, a 3HadeHUe He XPAHUTb, IIOCKOJIbKY OHO U TaK H3BECTHO.
BosbIte Toro, MHOXKECTBO ITIEJIBIX YHCEJ HAM MOYKET IMOKa3aTbCsd yIobHee
XPAHUTb B MaCCHBe, & HE B CIIHCKE, U T. . MexaHu3M crennaan3anuii mo3-
BOJISIET CO3IATh OTIEJbHOE Onncanue ImabiioHa SparseArray jyis cirydas
T == bool:

template <>
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class SparseArray<bool> {
// ... peanumsamnus 6yIeBCKOI'O Pa3SPeXeHHOI'0 MaCCHBa

};

st 1abs1oHoB kaacco6 s3biK Cu-+-+ MpelyCMaTpUBaeT YacmuvYHYyo cne-
UUAAU3AUUIO, TP KOTOPOH CHENUATU3UPYIONIANA BAPDUAHT MIA0I0HA CaM
110 cebe TOXKe 3aBUCUT OT IapaMeTpoB. Takoil creruaan3aTop HadHHACTCs
co cjioBa template, mocyie KOTOPOTO CJIEAYET HEnYcmol CIUCOK ITapaMeT-
POB 1rabJIoHa; IIPU STOM MTapaMeTPhl B 3ar0JIOBKE a0/ I0Ha, BOODIIE TOBOPS,
MOIYT HE COBIAJATH (MJIU COBIIAJATH HE MOJHOCTHIO) C HapaMeTPaMU O~
ChIBAEMOro Ia0JI0Ha; (paKTUIECKHe IIapaMeTphbl Mab/IOHa YKAa3bIBAIOTCSI B
VIVIOBBIX CKOOKaX IIOCJIe ero MMeHu. B mpocTeiiniieM ciydae O 9acTUYHOMN
CHEIUAA3AINA Pedb UIET, €CJu 3aaéTCsi KOHKPETHOE 3HAYEHUE OIHOIO
MM HECKOJIbKUX — HO He 6cexr — IapaMeTpoB ImadsoHa. Tak, ecian y Hac
umeercd madson Cls, 3aBUCAIINN OT ABYX HapaMeTPOB:

template <class A, class B>
class Cls {

VAT V4
};

TO MOXKHO 33JaTh CICIIAJU3NPOBAHHBII BapUaHT, HAIIpUMeD, JJId CIydasd,
Korja napamerp B ects Tum int:

template <class X>

class Cls<X, int> {
/x .. %/

};

Bonee cnoxsblit caydail 4aCTHYHON CHENMA/IM3AIAN BO3HUKAET, KOIJIa B
3aroJI0BKe MabJIoHa yKa3blBaeTcs Hekuit Tum (class T), a B OIMCBHIBAEMOM
THUIIE UCIOIL3yeTCd yKa3aTe/lb WIN CChbLIKa Ha T, Hanpumep:

template <class Z>
class Foo {
/* obmas peanmsaunus mabnoxa Foo */

};

template <class T>
class Foo<T*> {
/* cmenmanpHas peanmsanus Foo mis ykasaTeued */

};

B sT0oM citydae Mbl HHCTPYKTHPYEM KOMIUJISITOP, 9TO 1abyioH Foo ciemyer
MHCTAHIIMIPOBATD CIENUAILHBIM CIIOCOOOM, €CJIN B KAYECTBE €ro MapaMerpa
3a/1aH TUI-YKa3aTeJb, 1 OOBIYHBIM CIIOCOOOM — €CJIN 33 IaHHbBII TapaMerp
yKaz3aTeJeM He sBJIFeTCS.
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Ormernm, uro AJia mabaoHoB MYHKIUNA (B OT/iM4ue OT MabJIOHOB
KJIACCOB) YaCTUYHASI CHENUATN3AINs 3alPEIIeHa, TIOCKOIbKY B COTe-
TaHUM C LEePerpy3Koil IPHUBOAUT K HeyKeJIATeJbHBIM II0CAeACTBUSAM. Eié
OJINH HEMAJIOBAKHBIl MOMEHT COCTOUT B TOM, UTO B TEKCTE IPOIPAMMBI CIIe-
[UAIM3UPOBAHHBIH ([OJHOCTHIO WM YaCTUYHO) BAPHAHT IIAbJIOHA BCEr/a
JIOJI2KEH HaXOJIUTBHCS Nnocae OOIIETO.

10.7.4. IIpumep: cBEpPTKaA MOCJI€AO0BATEJIBHOCTEMN

Paccmarpupast B §9.2.3 CBEPTKY I0CJIE€I0OBATEILHOCTEM, MbI BBIHY XK J[€-
HBI OBLIN NMPU3HATH, ITO MpUMEPHI Ha A3bIKe CH BBITISAIAT HE CJIAITKOM
yoenurenpro. Nsyuns Cu+-+ U MOJydnB B CBOE paclOpsizKeHUe IabJIOHbI,
MbI MOYKEM IIPUBECTU 60Jiee MHTEPECHBIE TPUMEPHI TPUMEHEHUST CBEPTKH.

i Hava a mombITaeMcst 000OIUTD TOHSITHE TIOC/IEI0BATETLHOCTH, Ha-
CKOJIBKO 3TO BO3MOXKHO. COOCTBEHHO T'OBOpPsI, YCJOBUI HPUIETCS HAJO-
KUTH TOJBbKO JiBa. BO-TIEpBBIX, 3HAUYEHUs, BXOJAIINE B IIOCTIEI0BATE/b-
HOCTB, JOJI?KHBI OBITH OHOTO TUITA, — BE/Ib IIPOIECC CBEPTKU MOIPA3YMEBAECT
BBI30B OJHON U TOH 2Ke (DYHKIMK JJIsi KaXKJIOr0 U3 YJIEHOB MOC/IeI0BATE b
HoctH, a Cu+-+ HoKa elé TUIU3UPOBAHHBIN SI3BIK.

Bo-BTOpHBIX, MOCTEIOBATEIHHOCTD JOMKHA JOMYCKATH CYIIECTBOBAHIE
HEKOI HHMOPMAINH, UICHTUMOUIUPYIOMEH MeKywy1o no3utulo — TaK, ITO-
ObI, MMest 3Ty MHMOPMAIIUIO, MOXKHO OBLIO MOJYyYUTb TEKYIIUNA IJIEMEHT,
a TaKXKe CJIBUHYTHCS HA CJIEIYIONIYIO IO3UIUIO B II0CJIE0BATETHLHOCTU
(r.e. mosyunTh uHMGOPMANUIO, MICHTUMDUIUPYIOUIYIO CJIELYIONIYIO 103U~
I[MI0), U YTOOBI HEKOE CIEIUAJbHOE 3HAYEHHE TeKyIleil NO3UIUKN yKa3bl-
BaJIO, UITO IMOCEIOBATEIHLHOCTh KOHIMIACKH. TaK, /Ijiss OOBITHOTO OIHOCBSI3-
HOTO CIUCKA B POJIM TAKOH <«HH(MOPMAINK O TEKYIIeH MO3UIMH» MOMKET
BBICTYIIATH OOBIKHOBEHHBIN yKa3aTe/lb Ha TEKYIIee 3BEHO CIICKA, IIPU ITOM
TEKYTIIUH JIEMEHT U UJIACHTU(DUKATOP CJIEAYIONeHl MO3UIUU MbI MTOJTYIUM
C MOMOIMBIO OMEPAINY BBIOOPKY IIOJIsT (HaHpI/IMep7 ->val n —>next), a Ha
HCYepIIaHUE CIUCKa YKaXKeT HyJIeBOe 3HaYeHUEe YKa3aTesIs.

C MaccuBOM OyIeT HECKOJIBKO CJIOXKHEE: TEKYIILYIO HO3UIUI0 MOXKHO ObI-
JI0 OBl UIAeHTUPUINPOBATH yKa3aTeJaeM Ha TEKYIIHil 3JeMEHT, MCIOJIb3Ys
JUTSl TIOJIyYeHUs] 3JIEMEHTa U CJIeIYIOell O3UIUN Ollepalluil pa3bIMEHOBaA-
HUS W TPUOABJICHUS €UHUAILI, HO Y3HAThH, UTO MACCUB KOHYUMUJICS, MBI TIPU
3roM He cMoxkeM. CiieoBaTe/IbHO, JJIs MAaCCUBa MPUAETCH XPAHUTh el 1
KOJTMYIECTBO OCTABIITUXCS JIEMEHTOB.

Huwro He MermaeT pacCMOTPETD TOC/IEI0BATEIbHOCTIA COBEPIIIEHHO MHOM
MIPUPOIBI — HAIpUMeEpP, 3HAUCHWS, YuTaeMble u3 Qaiiia, MM, HAIPOTHUB,
3HAYEHUS, BLIYUCIIIEMbIE 110 MEPe MX KCIIOJIb30BaHMs (TaKue Kak ICEeBIO-
cayvaiiHble YHMCIIa), JUAMb Obl 9T 3JIEMEHTHI ObLIM OJJHOTO TUIIA U TI0 I0-
CJIEJIOBATENBHOCTH MOXKHO 6bLIO JBUraThecd (B OZHOM HalpasjeHuu). Beé
3TO JIOTUYIHO TIPUBOJUT HAC K paboTe ¢ MOCIeI0BaTEIHLHOCTHIO Yepe3 HEKO-
TOPBII abcmparxmmoili mun JaHHLLT, UIEHTHMOUIUPYIOMUA TEKYIILYI I10-
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sunmto. ITockosbky Mbl paboraem Ha Cu+-+, OymeM IIpero/ararb, 9To
JIJIST 9TOTO Y HAC MMEETCsT HeKHit 00heKT (HEeBasKHO, KJIACC WU CTPYKTYpa),
CHAOXKEHHBII MeToIaMu

T Get() const;
Pos Next() const;
bool Empty() const;

rae T — THII 3JIeMeHTa ITI0C/IeI0BATeILHOCTH, Pos — Tuil 00beKTa TeKy-
mieil nosuiuu (COGCTBEHHO TOrO OOBEKTA, K KOTOPOMY OTHOCHATCS ITU TPU
meroa). O6paruM BHUMaHKE, 9TO MeTo/ Next BO3BpalllaeT 3HAYEHUE CJIe-
JIYIONIEH MO3UIIE N0 3HA%EHUIO; THOE B ODIIEM CJIydae MOXKET OKa3aTh-
Csl HeJJOCTUKAMBIM, BEJb 9T «CJIEIYIOIIAs TO3UINA» MOYKET BBIUUCIISATHCH
BHYTPHU caMoOro meroja Next, a JIOKAJbHO BBLIYUC/IEHHOE 3HAUEHUE HUKAK
NHa4Y€e BEPHYTHb HE€ IIOJIyYIUTCH. Ka.K cJieZicTBue, HaM HpI/I,ZIéTCH npearrosIo-
JKUTh, 9TO O0BEKTHI THUIIA POS KOPPEKTHO IOJJIAIOTCS KOMUPOBAHUIO; ITO
[IPEJIIIOJIOXKEHUE 3a0/[HO HECKOJIBKO YIIPOCTHUT MTOCJIEYIONYIO PEaH3AINIO.

IIycTb B posin 1OC/I€/10BATEILHOCTH BBICTYIIAET OJHOCBSI3HBIN CIIUCOK,
NpU9IEM 3BEHO STOTO CIHUCKA IPEACTaBJsSeT COOOH OTKPBITYIO CTPYKTYDPY,
yKazaTeb Ha CJIEAYIOIIee 3BEHO HA3BIBAETCS next, a 3HaYeHUe, TOMEIEH-
HOe B CIIMCOK, XPAHUTCs B 1oJie ¢ uMeHeM data. UroObl HalMCaTh KJiacc,
VJIOBJIETBOPSIIONINI ¢(hOPMYJITMPOBAHHBIM YCJIOBUSM It UACHTH(DUKAIINN
TeKyIedl mo3unuu, HaM moTpedyeTcss 3HATH emé Tui 1mojs data, a Tak-
JKe THII CaMOr'o 3BEHa CIIMCKA, HO €CJIM 3THU J[Ba THUIIA 3HATH, TO B OCTAJIb-
HOM KJIACCHI JIJIsi PA3HBIX CHUCKOB OKAXKYTCsl COBEPIIEHHO OJMHAKOBBIMU.
Bocmosipsyemcest mabioHOM, UMEIOIUM J[Ba HapaMeTpa-Tuima: item Oyser

0603HaYATE TUII 3BeHA, elem — THII XPAHUMOII B CIMCKe HHMDOPMAIAIZS:

template <class item, class elem>
class ListPosition {
item *p;
public:
ListPosition(item *1st) : p(lst) {}
“ListPosition() {2}
ListPosition<item, elem> Next() const
{ return ListPosition(p->next); }
bool Empty() const { return !p; }
const elem &Get() const { return p->data; }

};

s MaccuBa JOCTATOYHO 3HATH TOJBKO THII JIEMEHTA, B OCTAJIHHOM BCE
OyZeT OTUHAKOBO JJIsl JIIOOBIX MACCHBOB: KaK YK€ TOBOPHUJIOCH, MPUIETCS
XPaHUTBh aJpec TeKyIIero 3JeMeHTa U KOJMYEeCTBO OCTABIIUXCS dJIEMEH-
ToB (MCxonHO paBHOe JymHe MaccuBa). CHOBa BOCIOJIB3YeMCsl IaGII0HOM
KJIacca, HO Ha ITOT Pa3 mapaMerp OyIeT TOJBKO OJUH — THII JJIEMEHTa
1I0CJIeJOBATE/IbHOCTU!

283 1ech w mastee — dparMenTs! u3 daiina reduce. cpp.
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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+1l, rest_size-1); }
bool Empty() const { return rest_size < 1; }
const elem &Get() const { return *p; }

};

Teneps camoe MHTEPECHOE — HAM MPEJCTOUT HAIKCATH CaMU (QPYHKIINA Pe-
nynupoBanus. EcrecrBenHo, 1o 6yayT (crporo rosops) He DyHKIUH —
mabJIOH CTAHOBUTCsT (PYHKIIUEN TOJIBKO TOCe MHCTAHIUUPOBaHUs. TeKcT
Ia0JIOHOB TI0JTyYaeTCsl Ha Y/UBJIEHIE JIAKOHIIHBIM:

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() ? init
reduce_left (func, pos.Next(), func(pos.Get(), init));
}

[TaboHBI MMEIOT TPHU MapamMeTpa: Pos — THUI KJIacca, CAMBOJIIM3UPYIOIIETO
TEKYILyI0 MO3UINI0 U YIOBJIETBOPSIONIEro HaIleil crenuduKaiuu, TO eCTh
nMeronero Merosbl Get, Next n Empty; Elem — Tun sseMenTa Iocjesno-
BaTEJILHOCTH; Res — Tum pe3yabraTa. HamoMHUM, ITO MPU PEAYKINHA IT0-
CJIeZIOBATEeIbHOCTEN MOCTIeTHIAE Ba TUIIa MOTYT COBIIQIaTh, U JlaxKe JNOCTa-
TOYHO YACTO COBIIQJIAIOT — HO B OOIEM CJydae MOT'YT U HE COBIAJATD,
¥ HaIIW IabJIOHBI 9T0 103BOJIsIOT. CTouT 00paTuTh BHUMAaHUE, YTO B Ha-
mux MmabJIoHax Kak MJIs JIEBOU, TaK M JJIst IIPAaBOM peayKInu (PYHKIUSI, IO
KOTOPOII TPOU3BOJUTCA PeayllMpOBaHne, IPUHUMAET IIePBBIM IIapaMeTpPOM
O4epeTHON 3JIeMEHT I10CJIe/I0BATEILHOCTH, & Pe3YJIbTaT IPEJIbLIYIIEro Iara
PEAYKINY TPUHUMAET BTOPHIM HapaMeTPOM.

Teneps MOXKHO, HAITUCAB COOTBETCTBYIOIIME (DYHKIMH, IIOIIPOOOBATH Pe-
aykimio B gese. HatwuéMm ¢ camMbIX TPOCTBHIX BapUaHTOB: CYMMBI M IIPO-
W3BEJEHUS JIEMEHTOB TocIemoBaTebHoCTH. CoOTBETCTBYIONE (DYHKITAM,
9TOOBI JOJITO HE BO3UTHCS, CACIAEM IabJIOHHBIMU:
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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 Hagana mompobyeMm mopaboTaTh ¢ MACCHBOM — BBEJEM, HAIIPUMED,
TaKOI IIPOCTEHBKNI MaCCUB:

int array[10] = { 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 };

[TocunTarh cymMMy U IPOU3BE/IEHUE €T0 JTEMEHTOB MOXKHO C IIOMOIIBIO KaK
IpaBoO#, TaK U JICBOU PELYKIIUN:

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 res4 =

reduce_right (prod<int>, ArrayPosition<int>(array, 10), 1);

B pesynbrare mepemennbie resl m res2 mosydar 3Hadenune 55, a res3 u
res4 — 3HadeHne 3628800.

Paccmorpum nnpumep mocsioXKHee: ¢ IOMOIIBIO PEAYKIINY IIOCTPOUM CNU-
COK W3 3JIEMEHTOB 33 JaHHOr0 MaccuBa. CIUCOK OYIeT COCTOSTH U3 3BEHDEB
TaKoro THIA:

struct int_item {
int data;
struct int_item *next;

};
JLJtst co3aHust 3JIEMEHTa, CIIUCKA ITIPEeIyCMOTPUM TaKyIo (DyHKIHIO:
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;
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¥ 1O Hell TPOBeAEM IIPaBYIO PELYKIMIO MacCUBa:

struct int_item *list =
reduce_right (make_il, ArrayPosition<int>(array, 10),
(int_item*)0);

31ech crouT OOpATUTH BHUMAHUE Ha TO, YTO THII MIOCJIEIHErO apryMeHTa
HaM IIPUIIJIOCH sIBHBIM 00PA30M IIPUBECTH K int_item*, mHaAYE KOMIIMIATOD
He CMOT ObI BBIBECTH TPeTHil mapamerp mabiona reduce_right.

PesynbraToM KaksIoro IIara peayKIUM 37eCh CTAHOBHUTCS OYEPETHOE
3BEHO CIIMCKa, 00a I0JIsT KOTOPOTo y2Ke 3aIoJIHeHBI: data — 3HaYeHneM W3
OYepeIHOI0 3JIEMEeHTa MacCuBa, next — aJIpecoM «XBOCTa» CIIMCKa, IIOCTPO-
€HHOT'O B XOJI€ TIPEJIBIIYINNUX ITaroB peaykKiuu. HanoMmuanM, 4To mpaBast pe-
JIYKITHsI O3HAYAET MpUMeHeHne (DYHKIINY K JIEMEHTaM TI0CJI€I0BATETbHOCTH
clIipaBa HaJIeBO.

Urak, yrkaszarensb list y Hac Tenepb yKa3blBaeT HA HAYAJO CIHCKA, CO-
aepxKarero gucaa or 1 o 10. DTo 1MO3BOJIIET HaM IOIMPOOOBATHL HAIIM
byHKIINY PETYKIIH Ha CIIICKE; I Ha9aJsIa IOCUNTaeM IIPOU3BEIeHE C 110~
MOIIIBIO JIEBO pejyKimu (Ha CyMMY U IPaBYIO PEILyKIUIO BpeMs TPATUTH
He OyJ1eM, OHU JIEJIAF0TCST COBEPIIEHHO AHAJIOTMYIHO):

int resb =
reduce_left(prod<int>, ListPosition<int_item, int>(list), 1);

Ilepemennas resb mosgydnT y»Ke 3HAKOMOe HaM 3HadeHHe 3628800; mpu-
MeYaTeJIbHO 3/€eChb, IIOXKaJyil, TO, YTO HAM He IPHUILIOCh H300peTaTh
HOBYIO (DYHKITHIO, MBI BOCIIOJIb30BAJINCH TOU 2Ke (yHKIWeH prod<int>,
9TO W JJIsi MAacCHBOB. B gmeficTBuTebHOCTH HAMUM (DYHKIASAM, IO KO-
TOPBIM MBI ITPOBOJMM PEIYKIIUIO, BOOOIIE Oe3pa3InTIHO, KaKoBa IIPUPOIA
110CJIeJOBATEeIbHOCTH.

Teneps mo3BomM cebe HEDOIBITYIO0 BOJBHOCTD W CAEIAEM TO, YEro
GYHKIMOHATBIUKA OOBIYHO HE JIEJAI0T — IPUMEHUM PEIyKIHUIo K (DyHK-
muu ¢ mob6oIHbIM dddexTom. OyHKIMI OYIET TaKast:

struct int_item *print_il(int d, struct int_item *rest)

{
printf("%d ", d);
return O;

}

OTrmeTnM, 9TO TAKOM TUIT BO3BPAIIAEMOTO 3HAYEHUS BBIOPAH 3/1€Ch MCKJTIO-
YUTEJbHO MO TOI IPUYUHE, YTO OH JIOJIKEH COBHAJATH C TUIIOM BTOPOI'O
mapamMerpa; pyHKIM, KaK BHIUM, BCeria Bo3BpariaeT 0 — 3a HEMMEHHEM
gy4rneit unen. Ternepb jieBas pefyKIns TO3BOJUAT PACIEIATATD IJIEMEHTHI
CIIUCKA B MPSIMOM TIOPSIJIKE, a IIpaBas — B 0OPaTHOM:
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reduce_left(print_il, ListPosition<int_item, int>(list),
(int_item*)0);
printf("\n");

reduce_right(print_il, ListPosition<int_item, int>(list),
(int_itemx*)0);
printf("\n");

BosMoXKHOCTH peiyKIIny Ha 3TOM He KCUePIbIBAIOTCs. JIOBOJIBHO OYeBUIHO,
KaK IMPUMEHUTD €€ JJIs CO3JaHUsT KON CIUCKA, [IPU 9TOM IIpaBas PeIyK-
[Usl CO3JACT OOBIYHYIO KOIMIO, a JieBas (C UCIOJIb30BaHUEM TOH 2Ke PyHK-
I[MU) — NEPeBEPHYTYI0; MOXKHO IIPH KONMPOBAHUM CIHCKA BBIOPOCUTH U3
HETr0 HEKOTOPBIE 3JIEMEHTBI, MOYKHO ITO/IBEPIHY Th JIEMEHTHI KAKOMY-HUOY/TH
IpeoOPA30BAHUIO U TAK JAJIEE.

Yurare/ib MOXKET CIPABEINBO 3aMETUTh, UTO IEPEedNCIeHHbIE 3a1a9n
JIETKO PeraloTcs 6e3 BCAKOU PEyKINU, TPUIEM B OOJIBITHHCTBE CJIYIAeB
pelienne moaydnuTcss U Kopode, n sddekruBrnee. COTIACUBIINCH C ITUM,
MBI BCE K€ OTBETHM, UTO B 9TOM Haparpade MpoJaeMOHCTPUPOBAIM, C OJ-
HOI CTOPOHBI, TEXHUKY PeJIYKIIUN II0CJIe10BaTE/IbHOCTEN, KOTOPYIO OOBIYHO
CUYUTAIOT KCKJIO3UBHON MPUHAJJIEXKHOCTHIO (DYHKIIMOHAJIBHBIX SI3BIKOB, a
C JIPYTOil — BBIPA3UTENIBHYIO MOIb MeXanu3Ma 1madionos Cu++; u 1o,
JIPyroe CTOUT IOTPavdeHHOI'0 BPEMEHHM, JaKe eCJId Ha [PAKTUKe PelleHus,
110/T00HbBIE TPUBEIEHHBIM BBIIIE, TPUMEHITHCS He Oy1yT. B KOHIE KOHIIOB,
HAIIl OCHOBHOI TIpejiMeT 06CY¥KIeHUs ceffuac — mapaurMbl IPOTPAMMEUPO-
BaHUSI.

10.7.5. KoHcTaHTBHI B poJin mapaMeTpoB I1abJyioHa

[Tapamerpamu mabI0HOB MOTYT OBITH HE TOJBKO THUIIBI, HO U OOBITHBIE
KOHCTAHTHDBIE BBIPAXKEHUs, JAIlle BCEro IEeJOYUCIeHHbIe. MHOrne aBTOpDI
WLTIOCTPUPYIOT 3TY BO3MOXKHOCTDb Ha IIpUMepe 3aJ[aHNs T'PAHUI] MacCCHBOB;
TakK, Mbl MOIVIU OBbI B HAIEM IIaOJIOHE Jjisi COPTUPOBKU MACCUBOB CJIEJIATH
pa3Mep MaccuBa apaMeTPOM wabA0Ha, & He PYHKITIH:

template <class T, int len>
void sort(T *array)

{
/* peammsamnus COPTUPOBKHU */

}

— BOT TOJIBKO HE COBCEM IIOHSTHO, 3a4eM 3TO Jenarhb. Ecim, ckaxem, y
HAC MMEIOTCsl JIBa [EJIOYUCICHHBIX MACCUBA PA3HOIO pasmepa (HalpuMep,
10 ssieMeHTOB 1 15) ¥ MBI IPUMEHHM JJIsi UX COPTUPOBKH TaKOil BOT miad-
JIOH, TO KOMIIUJIATOD CreHepUPYeT dee pasHuie MYHKIMEN: sort<int, 10> u
sort<int, 15>, u 9tu pyHKIIUN OYIyT IPEACTABIISTH COOO0I aDCOTIOTHO O/IH-
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HaKOBbIE€ (DPArMEHTHI UCIIOJHSIEMOTO KOJa, OTJIUYAIOIIAECT TOJBKO OJIHOM
KOHCTAHTOM, TOT/Ia KaK eCJU MPUMEHSATh MIabjoH B TOM BUJE, B KOTOPOM
MBI ero nucaju panee, byHkus Oyjaer odna (sort<int>).

CymuiecTBeHHO HHTEpecHee (XOTs W HAMHOIO CJIOXKHee) OyJer apyroii
mpuMep. 3aIaJUMCsI TIeJIbI0 CO3/IaTh O0bEKT, peasm3yonmii N-MepHbe
MaCCHUBBI JJIsT TPOU3BOJIBHBIX 3HaYeHU N, KOTOpbIE K TOMY Ke Oy/IyT aB-
TOMATUYIECKU U3MEHSITh CBOM Pa3MEPHI 110 JIFOOOMY U3 U3MEpEeHuit, To00HO
TOMY, KaK U3MEHsJI CBOIO JUIMHY MaccuB IntArray, pacCMOTPEHHbIM HaMU
B §10.4.20. ITockobKy HAM MOTYT MOHAOOUTHCsT [N-MEpPHBIE MACCUBBI JJIe-
MEHTOB Pa3HBIX THUIIOB, Peaju3yeM HaIly 3a/lyMKy B BHje Ma0JIOHa, KJIACCa
¢ TpeMs ImapaMeTpaMu: [IEPBBIN HapamMeTp OyJer 3a/aBaTh THUII 9JIEMEHTOB
MaccuBa, BTOPOil mapaMerp (MMeIOIuil THIl, COBIAJIAIOIINI ¢ TUIOM Jie-
MEHTA) YKaXKeT, KAKOe UCXOJHOE 3HAYEHUE IPUCBANBATD 3JIEMEHTAM MACCHU-
Ba [IpU UX CO3/IAHWM, U, HAKOHEIl, TPETUIl IapaMeTp — BBIPAXKEHUE THUIIA
int — Oyzer 3amaBaTh KoAuvecmeo uamepenuli MmaccuBa. 1labmon OymeT
OTHMCHIBATH OMEPAIUI0 WHIEKCUPOBAHNS, KOTOPasi BO3BPAIAET CCBLIKY Ha
OO'BEKT, 3a/IaHHBII TAKUM Ke MMAa0JIOHOM C TeMU Ke (haKTUIeCKUMU Mapa-
MeTPaMHU, TOJIBKO C YMEHBIIEHHBIM Ha €JIUHUILY KOJUIECTBOM HU3MEPEHUH.
$lcHo, 9TO TAKOW BAPUAHT HE IIOJIXOIUT JJisi OJHOMEPHOIO MaccuBa (He MO-
JKET 2Ke OH, B CAaMOM Jiejie, BO3BPAIATh HOJIb-MEPHBIl MACCUB, BEJlb TAKOT'O
He ObIBaeT), HO 3/IeCh HAM [OMOXKeT YaCTUIHA CHEIMAJIN3aIUs: J1Jisl CILy-
gasl KOJIMIECTBA M3MEPEHUl, PABHOIO OJIHOMY, MbI OIHIIEM CIEIHAILHBII
caydail HaIero madjioHa, B KOTOPOM OIepallisi WHJIEKCUPOBAaHUs OyJer
BO3BpALATh CCBHUIKY Ha [IPOCTOM 3jieMeHT (TUII KOTOPOrO 3aJaH IEePBBIM
apamMeTpoM IabJIoHa).

C peanmszanueil 0JJTHOMEPHOrO CiIydast BCE OoJiee-MeHee IOHSTHO, JTOCTa-
TOYHO B34Tb yKe 3HAKOMbBIN HaMm IntArray u mepejiesiaThb ero B MIabJIoH.
Yro KacaeTcst BCeX MHOTOMEPHBIX CJIydaeB, TO CAMBIN MPOCTOH CIOCob ux
peam3anuu — B3ATh BCE TOT YKe IMHAMUIECKH PACIIHPSIEMbI MACCUB, JJTe-
MEHTaMHU KOTOPOTO Ha ceil pa3 OyJIyT BBICTYIIATH yKa3ameau Ha OObEKTHI,
MIPEJICTABJISIIONINE MACCUB HA €JIMHUILY MEHBIIel pa3MEePHOCTH: JIBYMEPHBII
MaccuB Oyler peajn30BaH KaK MACCHB yKa3areseil Ha 00bEeKThI OJHOMED-
HBIX MaCCUBOB, TPEXMEPHBII — KaK MaCCHUB yKa3arejeil Ha JIByMepHbIE
u T. 7. J7g SKOHOMUHU MaMsTH yKa3aTeIu UCXOTHO OyJIyT HYJIEBBIMHU; CO-
orBercrByiomue 06beKTbl (N — 1)-MepHBIX MacCUBOB OyiyT CO3IABATHCH
TOJIBKO IIPU [IEPBOM OOpAIEHUN K HIIM.

Urak, B ocHOBe 060HX CJIy4aeB HAIIEro MacCuBa (KaK OJHOMEPHOI'O, TaK
U JIBYMEDPHOI'0) OKA3bIBAETCH OJHOMEDHBIN MACCUB, ABTOMATUIECKU PACIIU-
psitoruiicst pu HeobxoaumocTH. JIBaXK bl peajim30BbIBATH 3TY CYIIHOCTH
COBEPIINIEHHO HU K 4YeMy, TeM HoJjiee ITO B HAIEeM DPACIOPSI)KEHUN NMEeeTCst
mexanu3M mrabonos. Hauném ¢ peanusaruy JUHAMUYIECKH PACIITAPSIONIE-
rocsi MAaCCUBa, C TTPOU3BOJILHBIM THUIIOM 3JIEMEHTOB:
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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[] p; }
T& operator[] (unsigned int idx) {
if (idx >= size) Resize(idx);
return plidx];
}
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) deletel] p;
P = new_array;
size = new_size;

// 3amlpeTuM KOIUpOBaHWE U IPUCBAaWBaHUE
void operator=(const Array<T>& ref) {}
Array(const Array<T>& ref) {}

};

[ToapobHO KOMMEHTHPOBATH STOT IMAOJIOH MBI He Oy1eM, TTOCKOJIbKY Peasin-
3aIys MOYTH JTOCIOBHO NOBTOPSIET pean3aliio Kiacca IntArray, ocTaHo-
BUMCSI TOJIbKO HA OTJIMIUSX. Bo-TIepBbIX, MbI J00ABMIM 3/1eCh TOJIe init,
3HAaYEHNE KOTOPOro, 3a/I1aBAeMOe B KOHCTPYKTOPE, IPUCBAMBAETCS HOBBIM
(HE CyIIeCTBOBABIIUM paHee) JEMEHTAM MACCUBA IIPU €r0 DPACIIUPEHUHU.
Bo-BTOpBIX, pazMep MaccuBa MCXOJIHO ITPUHUMAETCS HYJIEBOMH, a He 16, Kak
B IntArray. Hy u, xoneuno, ksacc mpeobpa3oBaH B ITAOIOH, 9TO TOXKE Cy-
mecTBeHHO. VIMest 9TOT Kjtace, MBI MOXKEM JIETKO PEaJIM30BaTh OOl CiTy-
4Jaii HaIIero MHOroMepHoOro maccuba. Hazopém 3Tor mabsoH MultiMatrix
U HAIIOMHHUM, 9TO OH JOJI2KEH paboTarh i JII0OOro KOJUYIECTBa U3Mepe-
HUit, OGJIBIEr0 €IMHUTIBI, & OJHOMEDHBIN CJIydail Mbl IOTOM OIIHUIIIEM Iy TEM
CIIETTNAJTAZAITAN.

template <class T, T init_val, int dim>
class MultiMatrix {

Array<MultiMatrix<T, init_val, dim-1>*> arr;
public:
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MultiMatrix() : arr(0) {}
“MultiMatrix() {
for(int i=0; i < arr.Size(); i++)
if(arr[i]) delete arrl[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];

};

MbI BOCHOJIB30BAJIMCH 3/1eCh MIAOJIOHOM Array Jiisi HOCTPOEHHUSI MacCHUBa
yrasamened; Ha d1eMeHThl THIA «(N — 1)-MepHBI MaccuBy; caM 9TOT THUIL
3amaéres gepe3 cam ke mabdion MultiMatrix, npudéM ¢ TeMU 2Ke ImapaMeT-
paMu, 9TO U y UCXOJHOTO IabJIOHA, OTJINYAETCs JIUIIb TPETUil rmapaMerp,
3ajaronuii KosmmdecTBo u3Mmepennit. Ilonydaercs, uro omnmcanue mabdaoHa
MultiMatrix B ompeJiesIEHHOM CMBIC/IE PEKYPCUBHO.

Ob6bekT MaccuBa yKasareJseil Mbl Ha3Baju arr. HamoMHuM, 9TO KJjiac-
CBbI, IIOCTPOEHHBIE 110 IabJIOHY Array, IPUHUMAIOT B Ka4eCcTBe IIapaMeTpa
KOHCTPYKTOpa Hada/IbHOe 3Ha4YeHHe, UCXOJHO IIPUCBAUBAEMOE dJIeMEeHTaM
MaCCHBa; B JAHHOM cJjydae 3TOT IIapaMeTp — KoHcTaHTa 0, 4TO O3Ha-
JaeT HyJIeBO#l ykasaresb. VICXOIHO BCe 3jIeMEHTHI MacCHUBa HyJIEBbIE, U
TOJIBKO IIPHU IIEPBOM OOPAIEHUN K COOTBETCTBYIOIIEMY JIEMEHTY CO3/IaET-
cs1 o0bekT (N — 1)-meproro maccusa (cM. oneparop if B Tesie onepamuu
MHJICKCUPOBAHHNS ).

Hakomnern, omumrem 6a3ucHbIl CIydaii — OJHOMEPHBI MAaCCHUB, TO €CThb
CIeIMan3UPOBAHHbBIN BapuaHT Tabyiona MultiMatrix mjs caydas, Koraa
TpeTuil mapamMerp MabjIOHa PaBeH eIUHUIE. DTO MOXKHO CIejaTh IOPa3JIo
TIPOIITE, TOCKOJIBKY HOBBIN KJIacC (PaKTUIECKH MPEICTABIIIET COO0I 00EPTKY
BOKPYI' COOTBETCTBYIOMIEro 00bekTa Array (OH, KAK M PaHbIIE, HA3BIBAET-
ca arr). Cam 00beKT Kjacca Array MOXKHO CIEJATh IPUBATHBIM I0JIEM;
00EPTKA BBEMIET OIEPAIUIO HHIEKCUPOBAHUS, PEAIM30BAHHYIO Yepe3 TaAKYIO0
2Ke Omeparuio 00beKTa-MaCCuBa, U 3aJaCT apryMEHT ero KOHCTPYKTODY,
GoJbIle OT HeEé HUIEro He TpedyeTcs::

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];

}

};
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MOo2KHO MTOCTYIHTD €I JIydllle — YHACACJ084MS HAII YACTHBINA CJIydail oT
Array<T>, Torjia U OIEpAINIO NHJ/IEKCHPOBAHUS OIUCHIBATH HE NPUIETCS:

template <class T, T init_val>
class MultiMatrix<T, init_val, 1> : public Array<T> {
public:
MultiMatrix() : Array<T>(init_val) {}
};

ITony4uenusiit mabJIOH MOXKHO IIPOBEPHUTH, HAIIPUMED, C ITOMOIIBIO TAKON
dyHKIMY main:

int main()

{
MultiMatrix<int, -1, 5> mm;
mm[3] [4] [6]1 [2] [7] = 193;
mm[2] [2] [2] [2] [2] = 251;
printf("%d %d %d %d\n",
mm [3] [4]1 [6][2] [7], mm[2] [2] [2] [2][2],
mm[0] [1][2] [3]1[4], mm[1][2] [3]1[2][1]);
return O;
}

[Iporpamma mHamedaTaeT
193 251 -1 -1

[TapameTpoM miabyioHa MOXKeT OBITH KOHCTAHTa, JIIOOOTO IeJIOr0 TUIIA, H3-
BECTHAas HA MOMEHT KOMIIMJISIIUH; HO IEJBIMU YMCIAMH BO3MOXKHOCTH IIa-
paMeTpOB IAa0JIOHOB HE HCYEPIbIBAIOTCA. B posin mapamerpa mabiiona Mo-
I'YT BBICTYNATh &JPECHbIe BbIpayKeHus (yKazaTelu), HO 31eCh AeficTByer
1eJIblil psit orpanndennii. @akTHIeCKUM 3HAYEHUEM aJ[PECHOIO IIapaMeTpa
mrabJIoHa MOXKET OBITH TOJBKO apec TVIO0AJIHHON ImepeMeHHON Wi (PyHK-
mun??, mpuaéM TobKO B popMe &var, &f mmm mpocro f, TAe var — mMs
riobaJibHOI 1mepeMenHoi, f — umsa pyukuu. HegomycTumo ucoib30BaTh
CJIOYKHBIE aJ/IPECHBbIE BBIPAXKEHIS, HEJIb3s UCIIOJIb30BATE aPeca JOKAJIHHBIX
[IEPEMEHHBIX (YTO U IIOHATHO, BEJb UX HEBO3ZMOXKHO OLPEIEIUTH BO BDPE-
Ms1 KOMITUJISITIAY, KOTJIa ITPOUCKO/IUT WHCTAHIMAIMSI ITa0JIOHOB), HEJIb3sT 1C-
I[I0JIb30BaTh CTPOKOBBIE JINTEPAJIbI (CTPOKH B JABOMHBIX KABBIYKAX; 9TO TOXKE
MOXKHO TIOHSITh, Be/Ib ¥ ABYX OJIMHAKOBBIX CTPOKOBBIX JTUTEPAJIOB COBEPIIIEH-
HO He 00s13aH COBIIAJIATD &JIPEC, & €CJIM OHU TOSIBUJINCH B PA3HBIX €JIMHUIAX
TPaHCJISANUK, TO UX aJpeca HaBepHdAKa OyayT pasHbiMu). Brupouem, B pe-
AJIBHON KU3HU OYEHb PEJIKO MMPUMEHSETCS UTO-JTH00, KPOME THUIIOB; JIarKe
[EJIOYUCIIEHHBIE TTApAMETPBI MAOJIOHOB — 3TO CKOpee 9K30THKA.

29Fm§ MOXKHO HCIIOJIb30BATh TaK HA3BIBAEMBIIl YKa3aTe b Ha UJI€H KJIACCA, HO MBI 9TY
CYII[HOCTH HE PAcCMaTPUBAEM.
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10.8. CHoBa o mapaaurmax

Mpur paccmoTpesn Bce Bo3MOKHOCTH CH-+, KOTOPBIE TIAHUPOBAJN, U
cefigac camoe BpeMs IIPUBECTU B IIOPsAJIOK IOJy4YeHHBble 3HAHUS U HOHATD,
KyJla Mbl IIPHUIILIA.

10.8.1. CuekTp napaaurm B Cu—+-+

B §9.3.1 MBI mepevnc/nau ceMb BO3MOXKHBIX YPOBHEHl COBMECTHMOCTHU
MeK/1y sI3BIKOM IIPOIPAMMUPOBAaHUs U 3aJaHHON mapaaurmoii. [Torrpobyem
[MOHSATh, KAK C PA3JIMIHBIMU MapajurMamu coorHocuTcst Cu++-.

[Toxkasryit, MOXKHO ¢ HEKOTOPO# HATSI?KKOI cKa3aTh, 470 Cu-++ HUKAKUX
napajurM He HG6A3bl64EM — BO BCSIKOM CJIyUae B TOM CMBICJIE, B KOTOPOM
9TO CJIOBO UCHOJB30BaIOCh B §9.3.1. B camom seste, B Cu+-+ MOxKHO 000ii-
THUCH JaXKe 0e3 UMIIEPATHBHOTO MPOrPaAMMUPOBAHUS, XOTs Bpsi, JU OyJIeT
koMdopTHO. EcTb TOBKO 0f1rtH MOMeHT: Cu++ — SA3BIK, IPEII0IAraoInit
KOMIUJISTIAIO, TAK 9TO €CJIN PACCMATPHUBATDH KOMIIHJINDYEMYIO MOJEJNb HC-
[IOJIHEHHUsI IIPOIPAMMbI KaK I1apaIurMy (& Mbl OJIMKe K KOHILy KHUI'U TAKOEe
PACCMOTPEHHE TIPOBEEM ), TO ITY MAPATUIMY MOXKHO CIUTATH HABSI3AHHOI,
nnoe B Cu++ HEBO3MOXKHO.

Bosmoxkno, Cu+-+ HEHYero He HaBA3BIBAET, HO NOHYyscdaem OH K TPH-
MEHEHHIO I[eJIOT0 PsiJia HaPaIUrM, U IIPEXKIe BCEro — MMIIEPATHBHOIO IIPO-
rpamMMmupoBanusi. Be3 npucsauBanus B Cu++ 00OHTHCE ¢ POPMAIBHOMN
TOYKM 3PEHUsI BO3MOXKHO, HO B PEAJILHOCTU ITO MPEBPATHUT IPOIECC IIPO-
rPAMMUPOBAHUS B &I,

Wurepecuee Bcero 6yaeT BBIMISIETH CIIUCOK aPaIUrM, IPUMEHEHNE KO-
Topeix Cu+-+ noowpsem, To ecTb 6€3 HUX MOYKHO OOXOIUTHCS, HO €CJIN
HAYATh UX OPUMEHSITh, TO 3TO HEMEJJIEHHO JIACT OILYTUMbIA BBIMTDHIIIL.
[Ipex e BCero 3To, KOHEYHO, 00BEKTHO-OPHEHTHPOBAHHOE IIPOTPAMMHIPOBA-
Hue 1 abCTPAKTHBIE THUITBI JAHHBIX; UM MBI IOCBSITUM OTJIEJIBHBIN mTaparpad.
Kpowme Toro, x moorpseMbIM TTapaJIurMaM 3/1eCh OTHOCATCS 00paboTKa MC-
KJIOUeHni u 0606uEHHoe npozpammuposarue (generic programming),
[peJICTaBICHHOE MEXaHU3MOM IIa0I0HOB.

K nojepxkuBaeMbiM, HO He mooripsieMbiM B Cu+-+ MOXKHO OTHECTH pa3-
BE YTO MAKPOIIPOIECCUPOBAHUE KAK TAKOBOE (€C/IM He CYUTATH INabJIOHBL
MaKPOCAMH).

[Tepeuncanrs mapagurmel, donyckaemvie s3bIKOM Cu++, MTOXKAIYI,
HEBO3MOXKHO — IIPOCTO IIOTOMY, 9TO B IIPHUPOJI€ HE BCTPEUIAETCS CIIMCKOB
apajurM, KOTopble MOTJIN ObI BCEPhE3 IIPETEHI0BATH Ha HOJIHOTY. Kakyio
OB TAPAIUTMY MBI HU PACCMATPUBAJIN, CKOPEE BCETO, MPU HEKOTOPOM CTa-
pannn eé npumenenne B Cu++ OKakeTCs BO3MOXKHO, B OCOOCHHOCTH €C-
JIN TaKOe IIPUMEHEHHE IOJIJIEPXKATh KAKON-HUOY/Ib CIIEIUAIBHO JJIsS 9TOrO
MIPUIYMAHHOW OMOIHOTEKOM.
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Yro KacaeTcsd JIBYX OCTABIINXCA YPOBHEH — TO MapaJurM, IPUMEHEHUIO
KOTOpbIX Cu++ OBl BCepbE3 npenamcmeosas WIn TeM Dojiee HAMUCTO 3a-
npeua.n, aBTOPy € X0y IPUIYyMAaTh He YAAJIOCh. Bripodem, Bpsis i KTO-TO
PHUCKHET BCEPhE3 YTBEPXKIATD, UITO TAKUX HET.

10.8.2. OOII u AT/T

Kak yxe roBopmsiochk, 3Tu nBe mapajgurMbl JIIOAA JAaCTO U OE30CHOBA-
TeJILHO Iy TatoT. I puHIMIMaIbHbIe pa3/IMYms MKy HUMU MBI y2Ke 006Cy K-
namm (cM. eTp. 38); MOMBITAEMCS TIOHATD, Tl TPAHUIIBI TTOJIEPKKA OTHOTO
u gapyroro B s3bike Cu++.

B npunmune Bcé, yro B Cu+-+ MOXKHO Je/1aTh C KJIACCAMUA U CTPYKTY-
paM# TaKoro, YTo He ObLIO HpemycMOoTpeHo B unctoMm Cu, OTHOCHTCs OO
k OOII, m6o x ATJ, smbo u K Tomy, u K jgpyromy. Camblii OYeBUTHBII
[IpUMEp BapUaHTa <M K TOMY, M K TOMY» — MEXaHW3M 3allUThI, IPEICTAB-
JICHHBIN KJIIOYeBBIMU cjoBamu public, private, protected u friend; on
2K€ BBICTYIAET IVIABHOU MPUYMHON IIyTaHUIBI. TakKe K MOIIePKKe 0Denx
napajurM MOYKHO OTHECTH KOHCTPYKTODPBI U JeCTPYKTOpBI (caM (akT ux
CyIecTBOBaHUs). B TO 2Ke BpeMsi MHOT0OOOpa3ne BUJOB KOHCTPYKTOPOB —
KOHCTPYKTODBI 10 YMOJIYAHIIO, KOHCTPYKTOPBI IPE0OPA30BAHUS U KOIIUPO-
BAHUsI — HE MMeeT HUKAKOrO OTHOIIEHUsI K OObEKTHO-OPHEHTUPOBAHHOMY
[IPOrPAMMUPOBAHUIO, 3TO CyTI'yOO HHCTPYMEHT KOHTPOJISI 38 [IOBEJIEHUEM DK-
3eMIUISIPOB abCTPAKTHOIO THIA JAHHBIX (HO IIPU TOM MHCTPYMEHT, HAJ0
cKa3aTh, MOIIHeHui u oyeHb yuoOubit). To ke camoe MOXKHO CKa3aTh U
PO MEPEOIIPEICIEHIE CUMBOJIOB onepanuii ((hyHKIMI 1 METOIBI CO CJIOBOM
operator B Ha3BaHWM); HAJUYUE TOIO MEXAHU3MAa Jlejaer abCTpakTHbIe
TUIBI JAHHBIX TTOJTHOIEHHBIME, BBIBOAUT WX Ha onuH ypoenb ¢ ATJL BBe-
JEHHBIMY CAMUM SI3bIKOM, TaK 9TO BO3MOXKHOCTH ITPUMEHEHUsI MH(MOUKCHBIX
omepanuii K IoJb30BATENLCKAM JIAHHBIM OYeHb BasKHA (M COBEPIIEHHO Ha-
[IPACHO HEKOTOPBIE IIPOIPAMMUCTBL 9TY BO3MOYKHOCTD HEJOOIEHUBAIOT), HO,
ONSTb-TAKM, HAKAKOTO OTHOIIEHUS K OOBbEKTHO-OPUEHTUPOBAHHOMY IIPO-
rPAMMHUPOBAHUIO IIEPEONPEIe/IEHNE OlIEPAIIAl HE MMeeT.

Yro ke, B TakoM ciydae, ocraérca na gosio OOII? Ilpexne Bcero,
KaK HU CTPAHHO, MeMOJbl, TO €CTh CaMa BO3MOXKHOCTD CHIEJIATh (DYHKIINIO
COCTaBHOW YacCThbIO THIIA JAHHBIX. /[jisi abCTpaKTHBIX THUIIOB JIAaHHBIX Ha-
JIT9IUe METO/O0B He 00sg3aTe/IbHO, BIIOJHE XBATHUIO ObI AUPEeKTUBLI friend
Iyt 0bo3HaveHnst PYHKIUN, KOTOPHIM PAa3PENIéH JOCTYII K BHYTPEHHEMY
YCTPOHCTBY THIIA; TOYHO TAK K€ BHEIMHUMU (DYHKIUSME (HE METOIaMH)
MOV OBl OBITH KOHCTPYKTOPBI M JecTpyKTopbl. Ho ecim mpm mocTpoe-
HUM aOCTPaKTHOIO THIIA JAHHBIX MOXKHO ODONTHCH 6e3 MEeTOHIOB, TO BOC-
NIpUHUMATh HedTO Kak 00bekT B cmbiciie OOII, He mmest MeTOIOB, MOXK-
HO JIMIIb [IPA HAJIUYAHA yKe C(POPMUPOBABIIUAXCH YCTONIMBLIX HABLIKOB
00'bEKTHO-OPUEHTHPOBAHHOTO MBIIIJIEHUsI. ABTOP 9TUX CTPOK, UMesT 32 ILIe-
qaMU JIBa JIECATKA JIET IPEo/IaBaHusl, BCE-TAKU HE B3sUICA OBl Y4umo
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KOrO-HUOYJb OOBEKTHO-OPUEHTUPOBAHHOMY IIPOTPAMMUPOBAHUIO HA IIPHU-
Mepe sI3bIKa, He MOJIEPXKUBAIOIIEr0 METOJIbI.

Buopouem, merompr camm mo cebe — 3TO, Kak OBIJIO CKA3aHO HA
crp. 38, emé He coBcem OOII; Bo Bceil mosiHOTE 3Ta MapagurMa PacKpbl-
BaeTCs JIUIIb C BBEJIEHUEM HACJEJIOBAHUS — U, €CTECTBEHHO, BUPTYaJIb-
HBIX (DYHKINNA, BIEKYIIAX 3a co00il muHammdecknit mojaumopdusdm. s
00'bEKTHO-OPUEHTUPOBAHHOIO IIPOrPAMMUPOBAHUS BCE, UTO CBA3aHO C Ha-
cJIeJI0BaHUEM — BO3MOXKHOCTH KJItoueBble, Tora kak K ATJI HaciieioBanue
BOODIIE HUKAKUM 00pa30M HE OTHOCHUTCSI.

10.8.3. IToiumopdusm 6e3 MUCTUKHN

Kak ormeuasnoch panee (cMm.KoMMeHTapuii Ha cTp. 184), B suTepary-
pP€e MOXKHO BCTPETUTH PA3JIMIHBIE TPAKTOBKU TEPMUHA «TLOAUMOPHUIM >
Hocrarouno gacTo noauMopdu3M KECTKO CBSI3LIBAIOT C MUNGMU, a HE OIle-
pamusiMu, Kak 3TO Jiejlajli Mbl. B IpUHIUIIE, 9TO JEJ0 BKyCa; B JIFOOOM
caydae, Kak Obl HI (DOPMYJIMPOBAJIOCH «OMIpeeseHney moJauMopdusma, B
MOSICHSIFOIIUX TPUMepPax TYT YKe BO3HUKAIOT Olepanuu — (PYHKIUN, METO-
JIbI, apupMeTHIeCKue CUMBOJIBI — IIOCKOJIbKY 063 HUX IMOJIUMOPMU3M «IIPO-
SIBUTH» HEBO3MOXKHO. ey BCE-Taky roBOpUTH 00 OMEpaIusx, TO MOJTUMOP-
buU3M MOKHO HOHUMATH B TOM CMBICJIE, 9TO 00HA U MG JHCe ONEPausi Kop-
pexmmo pabomaem ¢ 06sexmamu’ pasiuMHLLT MUNOE, HO MOYKHO TOHUMATD
¥ MHAYe: 9TO OJIHO W TO YK€ 0003HaYeHUe ONePatul, COOTBETCTBYET PA3AUY-
HbLM OLIEPAITUSIM, CPEJIM KOTOPBIX BBIOOP MPOU3BOIUTCSA B 3aBUCAMOCTH OT
THUIIOB OIIEPaHIOB.

Hapno npusnarh, 910 BTOPOil BAPDUAHT BBINVISANAT JioTH4dHee. B camom
JieJie, eCJIn Y HAC €CTh CHUMBOJI «+», ODO3HAYAIONINH CJIOKEHUE TEJIbIX Uh-
CeJl, CJIOYKEHUE YHCesI ¢ IJIABAIONIEil TOUYKOMN, CJI0KEHHEe KOMILIEKCHBIX YH-
eI, CJIOXKEeHWEe KAKNX-HUOY/b (€CTECTBEHHO, BBEIEHHBIX I10JB30BATENIEM)
BEKTOPOB M MATPUIL U, B JOBEPIIIEHNE KAPTUHBI, KOHKATEHAIIIO TEKCTOBBIX
CTPOK — TO 3TO 00Ka OIlepalnsi, paboTAIOIIAsl TI0-PA3HOMY IS PA3HBIX TH-
0B, WU BCE-TAKH MH020 PA3HbIT 0nepayuti, 0003HAYEHHBIX OJHUM CHMBO-
siom? Bech HAI OMBIT TPEOYET CIUTATD, UTO 9TO UMEHHO PA3HBIE ONEPAUUL,
OHU BeJlb JlaK€ MOTLYT OBITH Peajn30BaHbI B PA3HBIX MECTaX: CJIOXKEHUE
qncesn (KaK IeJIbIX, TaK U «IIJIaBYUNX» ) BCTPOEHO B sI3bIK, KOHKATEHATUSI
CTPOK MOIJIA IPUATH U3 KaKOi-HUOYb 6ubmoreKku (B TOM 4UCIE «CTaH-
JAPTHOM», ecjlu He YIEpKATbCA M BCE-TaKU HAYATH €€ UCIOJIb30BAThH), &
JIJIsI BEKTOPOB C MATPUIIAME MbI OTIEPAITUIO CJIOXKEHHSI, CKOpee BCErO, BBEJIU
caMm.

Tak-To OHO Tak, HO ecTh ojHA TpobeMa. Eciau noamumopdusM cocTouT
B CIIOCOOHOCTH TPAHCJISITOPA K BLIOOPY (B 3aBUCHMOCTH OT THIIOB JAHHBIX)

30B nanmoM ciydae CIOBO «O6HEKT» HE MOAPa3yMeBaeT 06bEKTHO-OPUEHTHPOBAHHOTO
NIPOrpaMMHUPOBAaHUs; B AHIVIMICKOM JINTEepaType B TAKUX CJIydasAX UCIOIb3yeTCs TEPMHUH
entity.
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OJIHOII M3 MHOTHMX OIepallnii, IMEIINX OJNHAKOBOE 0DO3HAUYEHNE, TO TI0JTY-
9UTCS, 9TO CBOWCTBO IPUMEHUMOCTH BCEX OIMEPAITHil, TOCTYITHBIX JIJIst 6a30-
BOIO KJIACCA, K OOBEKTY KJIACCA-IIOTOMKA (IIPOSBJISIONIEECs, KAK Mbl 3HAEM,
6e3 BCAKOIM BUPTYaJbHOCTH, HPOCTO 3a CUCT COXPAHEHHS DPACIIOIOXKEHUS
nosielt) — moaMMOpGU3MOM He SIBJISETCS, Ja U BOODIIE MOIUMOPGU3MOM
nepectaér ObITh SBJIEHNE, KOTOPOE MBI HA3BIBAIN NOAUMOPPHPUIMOM a0-
pecos, cocTosiliee B TOM, UTO yKa3aTeslb WJIN CChUIKY Ha 00beKT-IIOTOMOK
MOYKHO HCIIOJIb30BaTh Be3fe, Iyie Tpebyercs yKa3arejb WU CChLIKA Ha
00bekT-pesiok. C 3THM MOYKHO OBLIO GBI TIPOCTO CMUPHUTHCSI, HO MOJIB30-
BAThCA TAKOW TepMUHOJIOTHEN Oy/ierT HEYT00HO, MbI BEIb MOTEPSieM 3a0]1-
HO TEPMUH «3aKOH IOJUMOP(U3May, O3HAYAOIINI JIOIYCTUMOCTD HESIBHO-
ro mpeobpa3oBaHusl aJPEecOB U CCHLUIOK OT THUIA TIOTOMKA K THITY MPEJIKa, a
9TOT TEPMHWH MBI JOBOJBHO aKTUBHO UCIIOJb30BAJIH.

Perienue jij1st 310 TEPMUHOJIOTMYECKON KOJUIM3UNA MOYKHO IIPEJJIOXKUTH
camoe mpocroe: Hy u wépm c¢ Hetd. HUKTO He Memmaer paccMaTpuBaTh 00a
BapUaHTa MOHUMAHUS MOJMMOP(MU3MA KAK JIOMYCTUMbIE, OJIAr0 U3 KOHTEK-
CTa BCErja MOXKHO IOHSATH, O YéM HJET pedb. B KOHIE KOHIIOB, HUKOIO
BEJ[b HE CMYINAIOT JIBA COBEPINEHHO PA3HBIX IMOHUMAHUS 66004-6b600a 1
IIB€ — ONATH Ke, abCOIIOTHO pa3Hble — WIIOCTACH (Patino6ot cucmembl
(cm.T.3,885.2.1 u 8.4.1).

VYBIEKIMNUCH pacCMOTPEHHEM TMOJUMOpdU3Ma B pa3HOOOPA3HLIX HOBO-
MOJIHBIX «JIMHAMUYIECKUX» (YUTAll — UHTEPIPETUPYEMBbIX) A3bIKAX, MHOI'HE
aBTOPBI 3a0bIBAIOT PO (DYHIAMEHTAJBHBIN (PaKTOp KIacCUPUKAIUUA €ro
[IPOSIBJIEHUI; HO TP paboTe Ha CTATUIECKU KOMITMJINDYEMOM sI3bIKe, KAKUM
siBiisiercst Cu++, MbI cebe Takoit 3a6bIBYUNBOCTH TIO3BOJINTH HE MOXKeM. [1po-
SIBJIGHUS TIOJIMMOP(U3Ma, CJIElyeT OTHOCUTDH K COBEPIIIEHHO PA3HBIM BUIAM
B 3aBUCHMOCTH OT TOTO, ¥02da (Ha KAKOM STalle YKU3HEHHOTO IMKJIA IIPO-
I'PaMMBI) IIPOUCXOUT BLIOOD MEXK/LYy PA3HBIMU BEPCHAME OJHOI ollepanuu
(u1 pasHBIMU OllepaUsAME, 0G03HAYEHHBIMU OJHUM CAUMBOJIOM ). Korya Ta-
KOIi BBIOOD KOMIIMJIATOD MOYKET CeJIaTh CaM BO BPeMsl KOMIIHJISAIMN, TOBO-
pAT O CMAMUMECKOM NOAUMOPPHUIME, €CITH YKE BO BpEeMsi KOMIUJIATINN
BBIOOD CZe/IaTh HEBO3MOXKHO U MPUXOJUTCS €r0 OTKJIAJIBIBATE [0 BPEMEHN
WCHOJHEHUS] IIPOTPAMMBI, Pedb UJAET O MOJNMOpOU3ME UHAMUUECKOM.

Huuamugeckuii mosmmmopdusm B Cru++ mpejcraBieH TOJIbKO OJTHIM WH-
CTPYMEHTOM — BHUPTYAJbHBIMU METOIAMU; UMEHHO IIPU WX BBI30BE IIPOUC-
XOJUT BBIOOD KOHKPETHOM peam3aiuu (GYHKIMH B 3aBUCHMOCTH OT JIeii-
CTBUTEJILHOTO THIA O0bEKTA, HAXOISAIIETOCS B MAMSTH 110 33J[AaHHOMY &/I-
pecy. Co BceMu OCTaIbHBIMU MTPOSABICHUAME IOJIAMOPMU3MA KOMIUISITOD
CIIPABJISIETCs] CaM, He MPUBJIEKas CPEJCTBa BPEMEHU HMCIIOJTHEHMUSI.

B wacTtHOCTH, K CTATHYECKOMY MTOJUMOP(MU3IMY OTHOCHTCS TIEPErpy3Ka
dbyHKINA, BaXKHBIM YaCTHBIM CjIydaeM KoTtopoir B Cu++ BeICTymaeT Ie-
peolpesiesieHIe CUMBOJIOB OLEPAIil JJIsI HOJIb30BATEICKUX THIIOB. DTOT
BHJI, TIOJIMMOPQU3Ma 4acTO HA3bIBAIOT noaumopPusmom ad hoc. Jla-
TUHCKOE CJI0BOcOUeTanne ad hoc OOBITHO MCIOIB3YEeTCs MJIs 0O03HATEHUST
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pelenuii, mpeJHa3HAYEHHBIX JJIsi OJHOM KOHKPETHO# IPODJIeMBbI, OIHOTO
YaCTHOTO CJIydasi, BpEMEHHBIX PEIIeHUi U T.II.; B IPIMEHEHUH K ITOJIMMOP-
dbu3My UCTIOTB30BAHNE ITOTO CJIOBOCOYETAHUS MOYKET OBITH OIPABJIAHO TEM,
9TO JJIsi OJHOTO KOHKPETHOrO0 O0O3HadeHWsl (DYHKIIUU WJIA OIEPAIUU SIB-
HBIM 00pPA30M OIUCHIBAETCS €€ Peasin3alius JJIsi KaXK/I0i BO3MOXKHOM KOM-
OMHAIINY OIEPAH/IOB, U TAKOE OIMCAHUE HE JOIYCKAeT OOOOIEeHWil: ecin
JJIS KaKOM-TO KOMOMHAIIMK TUIIOB OIEpalldsi HE OIKCAHA, TO OHA K ITOM
KOI\/I6I/IH8,I_U/II/I TUIIOB HEIIpUMEHHNMa.

Bropoit BayKHBI THUI CTATHYECKOTO TOJUMOPMU3MA MPEJICTABICH B
Cu++ mabsonamu (yHKIHUil; OOBIYHO €ro HA3bIBAIOT NAPAMEMPUUE-
ckum noaumopguamom. Takoe HA3BAHUE OCHOBAHO HA TOM, UTO HEKWIA
mun, ONPeIeJISIONIUil, KaKas oreparus (ecjiu yrojHo, Kakas peajin3alust
ornepaiun) GyJeT MPUMEHSITHCS, 3aJa8TCa Napamempom. JTo TOT CIydaii,
KOIJ[a TIOJIUMOP(MU3M JIeHCTBUTEIBHO XOUETCsl CBSI3aTh MIPEXK e BCEro ¢ THU-
[IOM, a He C oneparueii; Bupodem, moueMy Obl 1 HeT. KcraTn, eciin cpaBHUTD
noumopdusm ad hoc ¢ momuMopdu3zMoM TapaMeTPUIECKUM, CMBICI CJIO-
BocoueTaHus ad hoc MOXKET CTATh sICHEe: OYEBUJIHO, YTO IIPU apaMeTpuie-
CKOM TOTUMOPQU3ME MHOXKECTBO THUIIOB, K KOTOPBIM IIPUMEHUMA OTIEPAIIHST
(nmm, ecam yromHo, eé mabiioH, U3 KOTOPOro HOTOM IOJIYYIar0TCsd Pean3a-
1K), OCTAETCSA OTKPBLITHIM, HUKTO HE MEPEUYMC/IeT FBHO BCE BO3MOMKHBIE
ciiydan e€ IIpUMeHEHUS.

K crarnueckomy momumopdu3mMy OTHOCUTCSI, HECOMHEHHO, U BBEIEHHBII
HaMU MMOJTUMOP(MU3M aJpecoB BMeCTe ¢ IPeodpa30BaHUEM aPECOB 1O 3a-
KOHY MOJIUMOp(MU3Ma — €CJIM, KOHEYHO, BOODIE PacCMATPUBATHL 9TO KakK
o TUMOPMOU3M.

10.8.4. HacsiemoBaHMe KaK Cy>kKeHHE MHO>KeCTBa

Besikas cenénka — peiba, HO He BesiKast
pbiba — cenénka.

A. Hekpacos. Ilpuk/irouenusi KATUTAHA
BpyHnress.

Kaxk y2»ke roBopusioch, pu omucannu 06beKTHO-OPUEHTUPOBAHHOTO IIPO-
rPaMMUPOBAHNS MOXKHO HUCIIOJIb30BATH PA3JIMIHBIE BAPUAHTHI TEPMUHOJIO-
run. Tak, TEpMUH «BBI30B METOJa OObEKTa» IKBUBAJIEHTEH TEPMUHY <«OT-
[IpaBKa COODIEHNsT 0OBEKTY», TIPOCTO STU TEPMUHBI OTHOCATCS K PA3HBIM
TEPMUHOJIOTHIECKAM CHCTEMAM: O BBI30BAX METOJIOB MBI TOBOPHUM IIPU U3Y-
gennn npaktudeckoro npumenerus OOIL, Torga kak nepemada coobie-
HusT — TepMmuH, oTHocsImiics K Teopun OOIl u K Tem si3bIKaM mporpam-
MUPOBaHUs, KOTOPBIE IIOJHOCTBIO COOTBETCTBYIOT TOH Teopuu (K TaKUM
sI3bIKAM OTHOCHUTCH, HaupuMmep, Smalltalk).

Knacc ¢ Teopernteckoil TOUKM 3pEHUs MIPEJCTABISIET COOON MHOHCE-
€mMB0 OOBEKTOB, YIOBJIETBOPSIONINX OIPEIEJEHHBIM YCJIOBUSAM. B 3TOM
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CMBIC/IE TIOPOKIEHHBIN (HAC/IeLyeMblil, WU JOUYEPHUil) KJIACC MPEICTaBIs-
er coboit nodmroscecmeso. B camoM Jiesie, cOrIacHO 3aKOHY IOJIUMOPhU3-
Ma OODBEKT MOPOKIEHHOTO KJIACCA MOYKET OBITh HCIIOJB30BAH B KA4eCTBE
o0beKTa HAa30BOr0 KJIaCCa, TO €CTh, MMOMPOCTY TOBOPS, SIBJISIETCS OJIHOBPE-
MEHHO U O0BEKTOM IMOPOKIEHHOTO, 1 00bEKTOM 0Aa30BOr0 KJIACCA; B TO K€
BpeMs 00beKT 0a30BOro Kiiacca BOBCe He 00s3aH ObITh OOBEKTOM KJiacca
IIOPOZKIEHHOTO.

MozkHO TIpUiiTH K Te€M K€ BbIBOJIaM W nHade. HacjegoBanme mpeicTaB-
JsieT coboit ymouneHue CBOMCTB 0ObeKTa, WM, HHAYE NOBOPS, MEPEX0J], OT
00ITIero ciryvasi K 9acTHOMY. SICHO, ITO MHOXKECTBO YACTHBIX CJIYIAEB €CTh
[IOJIMHOXKECTBO MHOXKECTBa, cjiy4aes obmmux. [losyuaercsi, 4To0 B TepMUHAX
MHOKECTB HACJIeIOBAHUE OIMCHIBAETCs OTHOIIeHueM BKJouenus (A D B).
EcrecrBeHHBIM CjIeICTBAEM TAKOIO PACCMOTPEHUS SIBJISIETCS TEPMUH 7100-
xaacc (aHri. subclass) ayist 0603HAYEHUST NOPOXKIEHHOIO KJIacca U Tep-
MUH HadKaacc wiu cynepraacce (anri. superclass) — mis 0603HAUEHMST
6azoBoro.

Takast TepMUHOJIOTHSI CO3MAET Oonpeie/iéHHY0 myTanuiy. Jlejgo Tyt B
TOM, 9TO O0BEKT TOPOXKASHHOTO Kiacca (nodkaacca) MAJo TOTO, UTO TIa-
MSTH 3aHAMAET 3aBeJOMO He MeHblle (a Ipu JoOaBIEHUN HOBBIX I10Jefi —
COBEPIIIEHHO TOYHO GoJIbIle), Hexkesnn o0beKT Kiacca 6GazoBoro (cynepk-
Aacca), HO emg u codeporcum 6 cebe 0bsexm 6a306020 KAGCCA, T.€. OOBEKT
CyIepKJIacca OKa3bIlBaeTcs nodobsexmom oObekTa moakiiacca. llomygaaer-
Csl, 9TO MBI PACCMATPUBAEM OTHOBPEMEHHO JIBA OTHOIIEHUs BJIOXKEHHOCTH,
U OHM MAJIO TOTO YTO PA3HbIe, OHU OKA3BIBAIOTCS HANPABAEHDL NPOTMUBONO-
2001CH0: 00BEKT 0A30BOTO KJIACCA BJIOXKEH B OOBEKT MOPOKIEHHOTO KJIACCa
(4MCTO TEXHUYECKH), a BOT CAMH KJIACCHI (y’Ke KaK MHOXKeCTBa OOBEKTOB)
BJIOYKEHBI, HA0DOPOT, TTOPOXKICHHBIN B 6A30BBIi.

Bes ara myranuna obycsoB/ieHa TPUMEHEHUEM JIBYX Pa3HBIX TEPMHHO-
JIOTUIECKAX CUCTeM B ofgHoM Mecte. Korma pedb Ma€T o cymepkiaccax u
[OJIKJIACCAX — 9TO 3HAYUT, YTO HCIOJIB3YETCSI TEOPETUKO-MHOYKECTBEHHAST
Tepmunosiorusi. Korja ke pedb 3axouT 00 MCHOJIB3YyeMON TaMSTH U I10-
JIOObEKTAX — OYEBHJIHO, YTO PA3TOBOP UJIET B TEPMUHAX PEATU3ATOPCKOI
(mparmaTudHOM) TOUKM 3peHnst. Mbl y»Ke BCTPEYAsINCh ¢ 9TUM J[YaJIu3MOM
B §10.6.3 (cm. 3ameuanue Ha cTp. 187). O6e TepMUHOIOIUIECKUE CHCTEMBL
AKTUBHO UCIOJL3YIOTCS U UMEIOT MIPABO Ha CYIIECTBOBAHUE; BbI HA MPAK-
THKE MOXKETe CTOJIKHYThCS KaK C OJJHUM BApUAHTOM TEPMUHOJIOIMH, TaK W
C JIpDyT'MM, & B HEKOTOPBIX CJIydasX — U C UX CMEIIeHHEM, KaK B BbIIIIe-
NpuUBEIEHHOM TpuMepe. [L09ToMYy KeaTesbHO MOHUMATh, 9TO O3HAYAIOT
TEePMUHBI 00EUX CHCTEM.
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10.9. Ocobennoctu odopMIeHNs Koda HA

Cu++

10.9.1. Coruamnenuss o6 mMeHax

ITepBonagansao B Cu++ aeficTBOBaIM Te YKe COTJIAIIEHUsI 00 MMEHAX,
KOTOpPBIE MPUBBIYHBI ITporpaMMucTaM Ha ductom Cu: Makpochl MMeHOBa-
JIACH BOJIBITUME OYKBaMM, BCE OCTaIbHOE — MaJleHbKuME. CiieJibl TOH S1oxu
BCE €I1¢ COXPAHWINCH B UMEHOBAHUN THUTIOB U MIPOYUX CYIITHOCTEN CTAHIAPT-
HOIt OMOIMOTEKH: BCE CTAHIAPTHDIE KJIACCHI, IMAOIOHBI U T. II. IOUMEHOBAHBI
C UCTIOJIb30BanmeM OyKB HUKHero perucrpa. Co BpeMeHneM, 0JTHAKO, TPaJIu-
MY HECKOJIbKO M3MEHIINCh. UUTaTe/ b HABEPHIKa OOPATU/I BHUIMAHUE, 9TO,
e B §10.3.5 citoBo class, MBI HaYaJId B TEKCTE IPUMEPOB IIPUMEHSITh B
UJIEHTHDUKATOPAX «CMEMaHHbIi peructpy. CUMBOJIBI TOAIEPKUBAHUS [IPU
9TOM OKA3BIBAIOTCS He HYKHBI, IIOCKOJIbKY CJI0BA B COCTABE JIIMHHOTO UJIE€H-
TU(UKATOPA OTIEJISIIOTCS IPYT OT JIpyra Kak pa3 OoJipimmu 6ykBamu. Ta-
KHue nJIeHTHGUKATOPH B porpaMMax Ha CHu-+-+ 0OBIMHO UCHOIB3YIOT JJIst
UMEH, CBSI3aHHBIX ¢ HOBOBBegeHusiMu Cut-+ — KilaccaMu U UX METOJaMu
(byHKIHAME-UIeHAME).

Te cymmuoctu, Koropble He 3arparuBaior orin4uii Cu+-+ oT Yucroro
Cu — oObIuHBIE TIepeMeHHbIe, (DYHKIINU, KOTOPBIE HE SBJISIOTCS YJIEHAMUI
KJIACCOB | T.II. — IO-IIpeXKHEMY 0003Ha49aioT, Kak u B uyncrom Cu, uiaeHTH-
dbukaTopaMu, COCTOANNME U3 MAJECHbKUX OYKB U MOMIEPKUBAHNI, B HEKO-
TOPBIX CJIyYadX J00aBJIAI0T NUMPHI, HY & MaKPOChI — POBHO IO TEM K€
npuanHaM, 970 1 B Cu — MMEHYIOT HOJHOCTHIO OOIbIIUMA OYKBaMU, ITO-
ObI X OBLIO XopoIno BuaHo. Hao ckasarh, 4To Makpochl B Cu+-+ CHIbHO
HE B IIOYETe; eIMHCTBEHHOE HX HCIIOJIb30BaHUE, OT KOTOPOI'O HEBO3MOXK-
HO OTONTH — 3TO 3AIUTAa OT HOBTOPHOI'O BKJIFOUYEHUS 3ar0JIOBOYHBIX (haii-
JIOB U BOOOIIIE YCJIOBHAS KOMIIMJIAIMS B IIUPOKOM cMbIce (eM. T. 2, §§4.6.6,
4.7.4), BO BCEX Ke OCTAIBHBIX CIydasiX MOYKHO (M Hy»KHO!) HCIIOJIB30BaTh
mabJIOHbBI, KOHCTAHTHI, inline-byHKnum u npodyne BO3MOYXKHOCTH, HE 3aBsi-
3aHHbIe Ha Makpolporeccop. Jaxe /g 0oOo3HAYMeHNs] HYJIEBOTO yKa3aTe-
JIs, KaK y»Ke TOBOPHJIOCH B CAMOM HadaJlle, PEKOMEHIYeTCs MCIOJIb30BaTh
apudmernydeckuii 0, a He Mmakpoc NULL, kak B uncrom Cu.

Ocraércs, BIpOYeM, BOIIPOC, KAK UMEHHO HCIOJIB30BATH CMENIAHHbII
PerucTp, To eCTh KaKie KOHKDETHO OYKBBI JIeJIaTh 3arjIaBHBIMHU, a KaKue
OCTABJIATH CTPOYHbIMU. Tak, B u3BecTHO! KuHure ['pamu Byda [9] B mme-
HaX KAQCCO68 KayKJ0€ CJI0BO HAYMHAETCS C OOJIBIION OYKBBI, & JIajIbIlle Uy T
MaJjieHbKue, Haiupumep MyGoodClass, StrangeThing, Complex u T.1I., TO-
I8 KaK JjIsl IMEHOBaHUsL Memodos (DyHKIuii-4IeHOB) UCIIOIB3YeTCs 1y Th
boJtee CIOXKHAST HOTAIUST: MMsI METO/IA JIOJI)KHO COCTOSTH HE MEHEee 4eM U3
JIBYX CJIOB, IPUYEM IIE€PBOE CJIOBO IHUIIYT ITOJHOCTHIO MAaJIEHbKUMU OyKBa-
MM, & KaxXKJI0€e CJIe/Iyroliee — ¢ OOJbINoH OYKBbI, MPUMEPHO TakK: closeFile,
isReady, doSomethingUseful, gameScore, getXCoord, setColor... ITossa
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KJIACCOB U CTPYKTYD (WIEHBI-JaHHBIE) HO-IPEXKHEMY HA3BIBAIOT MAJIeHb-
KUMU OYKBaM# C MCIIOJIb30BAHUEM ITOYEPKUBAHUS [JIs PA3/IEJIEHUS CJIOB,
TOra KAK B MMEHAX KJIACCOB U METOJIOB IMOIIEPKUBAHUE HE UCIIOJIB3YETCS
BOOOIIIE.

EcrectBenno, Takoit cTuib — He €IUHCTBEHHBIH BO3MOXKHDBIH, K TOMY
2K€ MOYXKHO C XOJy Ha3BaTh OIPEIEJIEHHbIE HEIOCTATKHU, CBSI3AHHDBIE C HIM:
KOHCTPYKTOPBI U JECTPYKTOPHI KJIACCA TOXKE SIBJISIFOTCST METOJIaMU, HO Ha-
3bIBATHCsI OHU OOSI3AHBI TAK JKe, KAK U KJIACC, B PE3yJIbTaTe MOJIyYaeTCsl, YTO
He BCe METObI HA3BIBAIOTCs eanHo0Opa3Ho. Kpome Toro, He Becerma ymo0HO
HI2KHEE ONDAHMYEHNEe Ha KOJUIECTBO CJIOB B UMEHU: YACTO BO3HUKAET XKe-
JIaHWe Ha3BaTb METOJ 00HUM CAOB0M, HO CIEJIATh 9TOI'O HEJIb3sl, IOCKOJIBKY
XOTsI ObI OJIHA 3arjiaBHasi OyKBa B MMEHM JOJI’KHA MPUCYTCTBOBATHL. llo-
9TOMY YaCTO MOXKHO BCTPETUTh mporpammbl Ha Cu-++, rae corsameHue
«KaXKJI0e CJIOBO C DOJIBIION OYKBBI» UCIOJIB3YETCS KaK JjIsl KJIACCOB, TaK U
JJIsI METOJIOB; B HAINNX IIPUMePAX Mbl UMEHHO TaK U HOCTYIIAJIH.

10.9.2. ®opmaTupoBaHUEe 3ar0JIOBKOB KJIACCOB

ITpu odopmiernn Kaacco (a TakKe CTPYKTYD, UMEMOIIUX 3aKPHITYIO
YaCcTh, €CJIM y BAC TaKue [PeyCMOTPEHbI) Mbl CTAJKHBAEMCs C JIONOJIHU-
TEJBLHOI CI0XKHOCTBIO M3-3a NJUPEKTUB public:, private: u protected:.
BapuaHToB ¢ HUMHU POBHO JiBa: JIMOO CJIBUTATh UX HA JOMOJHUTEIbHBII pas-
Mep OTCTyIa, JuOO He CABUTATHL. B0oobIne ToBopsi, 00a cjaeayionmx dpar-
MEHTa BIIOJIHE KOPPEKTHBI U Oy CTAMBI:

class MyInteger { class MyInteger {
int x; int x;
public: public:
MyInteger(int ax = 0); MyInteger(int ax = 0);
operator int() const; operator int() const;
}; };

Tem re MeHee, IEPBbII BAPUAHT OOBITHO BCTPEYAETCS TOJBKO B IPOrPAMMaX
HAYMHAIOIINX, & IPOrPAMMUCTEI 00JIee OITBITHBIE UCIOJIB3YIOT BTOPO Bapu-
aHT, He TIPEJITOJIATAIONINI JTOTIOJIHUTEILHOTO ¢/iBura. B KadecTBe oHOM 13
pobJieM IePBOrO BapHMAHTA MOXKHO HA3BaTh TO, YTO ONUCAHUS, UILYIIUE
B HaYaJle 3arojIOBKa KJIacca, T.€. CPa3y IOoCje OTKPBIBAMOIIEH (urypHoi
CKOOKM, OKa3bIBAIOTCsI CABUHYTHI Ha J6a pa3Mepa OoTcTyna. HaunHarorue
WHOT/Ia MIBITAIOTCS OOPOTHCH C ITUM IPUMEPHO TaK:
class MyInteger {
int x;
public:
MyInteger(int ax = 0);
operator int() const;
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— HO BOT 3TO y2Ke COBCEM HUKY/Ia HE TOJUTCs, IOTOMY UTO OIUCAHUS 1JICHOB
KJIacca, KOTOPbIe MMEIOT, OUEBHUJIHO, 00UHAK06v( PAHT BIIOKEHHOCTH (BeIb
OHHU BJIOXKEHBI B KJacC U 60Jjiee HU BO 9TO), OKA3BIBAIOTCs CABUHYTHI HA
Pa3nwili pa3Mep CIBUTA.

10.9.3. PopmaTupoBaHue 3arojioOBKa KOHCTPYKTOpa

3arosl0BOK KOHCTPYKTOPA OTJINIAETCST OT 3ar0JI0OBKA OOBITHON (hyHKITNN
HaJIM9YUeM CIIICKa WHUIUAJIA3ATOPOB; €C/IU CIIIUCKA MHUIUAJA3ATOPOB HET,
TO HUKAKUX OCOOEHHOCTEHl KOHCTPYKTOP II0 CPABHEHWIO C JPYTUMU (PyHK-
nusivMu He nMeeT. Ho BOT eciim 9TOT CHOUCOK €CTh, BO3HUKAET, BO-IIEPBBIX,
BOIIPOC, KYy/Ia €ro MOMECTHUTb, W, BO-BTOPBIX, UTO JIeJIaTh, €CJIU OH He BJIE3
Ha OJHY CTPOKY.

[Ipex e Bcero oTMETHM, 9TO OOBIYHO CIIUCOK WHUIMAIU3ATOPOB CHOCST
HA OTJEJBHYIO CTPOKY (KpoMe ciiydasi, KOIJIa KOHCTPYKTOD OIUCHIBAETCH
HEMOCPE/ICTBEHHO B 3ar0JIOBKE KJIacca, HO 00 3TOM TI033Ke), IPUIEM Jallle
BCEr0 — BMECTE C JIBOETOUNEM. DCTETUIHEE CMOTPUTCS BAPUAHT CO CIBUTOM
9TOI CTPOKU Ha pas3Mep OTCTYIIa, HAIPUMED:

MyGoodClass: :MyGoodClass(int x, const char *s)
MyBaseClass(s), int_field(x)
{
// here the body comes
}

Ho MOXKHO, B IIpPUHIUIIE, HAIIUCATh U BOT TaK:

MyGoodClass: :MyGoodClass(int x, const char *s)
MyBaseClass(s), int_field(x)
{
// here the body comes
}

Wuorma BecTpedaeTcst M BOT Takoe (popMaTHpOBAHME:

MyGoodClass: :MyGoodClass(int x, const char *s)
MyBaseClass(s),
int_field(x)

{

Hamo ormeTnTh, ¥TO C pasMelneHneM IBOETOYNsT BO3HUKAIOT HamOoJIee
HeOJIHO3HaUHbIe Bapuanuu. M0oXKXHO BCTPETUTH U BOT TaKOe:

MyGoodClass: :MyGoodClass(int x, const char *s)
MyBaseClass(s),
int_field(x)
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1 BOT TaKoOe€:

MyGoodClass: :MyGoodClass(int x, const char *s)

MyBaseClass(s),
int_field(x)

1 BOT TaKoe:
MyGoodClass: :MyGoodClass(int x, const char *s)

MyBaseClass(s),
int_field(x)
{

Cpazy xoTesioch ObI MpeoCcTepedb YUTATEIs OT OJJHOTO BapHAaHTa, KOTO-
pbIit XOTst U onycTuM (KpoMe CJiydasl UCIIOIb30BaHUs TaOyJIsIuu JJIsd OT-
CTYTIOB), HO BCE YK€ He CJIMIIKOM IPABIJIEH, IIOTOMY ITO OUepeHasi CTPOKa
OKa3bIBaeTCs C/IBUHYTa Ha HEIOHATHO KaKOH ypOBEHb OTCTyIIa:

MyGoodClass: :MyGoodClass(int x, const char *s)
MyBaseClass(s),
int_field(x)

{

JIOBOJIBHO yIa9HBIM OKA3BIBAETCS PEIeHne, CTPAHHOBATO BBITJISAISINEE Ha
MEPBbIiT B3TJIsi], KO[IA 3aIlsITYIO0 CTABIT HE NOCAE HHUIUAIM3ATOPA, & neped
CAe0YOULUM, ITO TIO3BOJISIET IIPEJICTABUTH JBOETOYNE U 3aIISIThIe KAK CBOEIO
POMia CUMBOA HAUAAGL UHUYUUAAUSAMOPE U PACCTABATH UX B CTOJIOUK:

MyGoodClass: :MyGoodClass(int x, const char *s)
MyBaseClass(s)
, int_field(x)
, another_field(s)
{

OTnesbHOrO PaCcCMOTPEHUs 3AC/TyKUBAET CIydail, KOTqa PEIeHO WHUIIAA-
JIN3aTOPHI 3alIUChIBATh B CTPOYKY, HO IIPU 3TOM CIIHMCOK MHUIINAJIN3ATOPOB
He yMeIlnaeTcs Ha OfHOI cTpoke. JIIs 3TOro ciaydass MOYXKHO ITOPEKOMEHI0-
BATh PA30PBATH CTPOKY, ITO HEOOXOIMMOCTH B HECKOJIBKAX MECTAaX; BHIOPATH
KOHKPETHBIE MECTa, PAa3PbIBa MOXKHO JINOO U3 COOOParKeHU !l pABHOMEPHOCTH,
JbO MCXOMsl U3 HEKOH «I'PYIIIMPOBOYHON» JIOTUKK (HALIDPUMED, B IIEPBOi
CTPOKE 3aINcaTh WHUITNAIN3ATOPHI OA30BBIX KJIACCOB, a MWHUIINAIN3ATOPHI
oJtei CHeCTH Ha CJIEJYIONYIO CPOKY ). Hy»KHO TOJIBKO IIOMHHTB, 9TO MHH-
UAJIN3aTOPbI JOJKHBI IIePEYUC/IATLCA B TOM K€ IOpsJiKe, B KOTOPOM B
KJtacce OODbSBJIEHBI COOTBETCTBYIOIINE TMOJIs. PaCIoIOKUTh TaKue CTPOKH,
a TaKzKe 3HaK JBOEeTOYMs MOXKHO, HAIIpUMEpP, TaK:
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MyGoodClass: :MyGoodClass(int x, const char *s)
MyBaseClass(s), int_field(x), first(0), last(0),
sequence_counter(1), the_collection(0),
helper(new MyHelperClass(*this))

10.9.4. Tena pyHKOMiT B 3aroJIoBKe KJacca

Teno dbynKIUMU-41IeHa Kjacca MOXKHO BBIHECTH 3a MPEJIEJIbI 3ar0JIOBKA
KJIacca, HO MOXKHO HAIKMCATH M B CAMOM 3ar0JIOBKE; KOMITAJISTOD IOIBITA~
ercst (HO He 00s13aH) 06paboTaTh Takue (byHKINN KaK MHIAHHOBHIE.

IIpexkne Bcero orMermmM, 9TO MOJB30BATHCS ITOH BO3MOXKHOCTBIO CJIe-
JIyeT OYeHb OCTOPOXKHO. BarkHeiirmasi pojb ONUCAHWS KJIAacCa COCTOUT B
TOM, 9TOOBI IIpU B3IVIsiJIe HA HErO0 MOYKHO OBLIO IIOHSITh, KAK CJIEJyeT pa-
6oTaTh C 0OOBEKTAMHU TAKOI'O KJIAcCa, TO €CTh KAaKOB €ro Habop METO/IO0B I
KaK VMU CJIEJLyeT [0JIb30BaThCd. [ljist 9TOro KeaaresbHo (ecjau He CKa3aTh
HEOOXOMMO), ITOOBI OIUCAHUE KJIACCA OCTABAJIOCH KOMITAKTHBIM, TAKUM,
9TOOBI OXBATUTH €r0 MO2KHO OBIJIO OJHUM B3IVIAIOM. ZICHO, UTO HaIm4Ine
Ten QYHKIUI-9IEHOB OTHIONL HE CIIOCOOCTBYET JIAKOHMIHOCTU OIMCAHUS
kitacca. Kpome Toro, eciin KJjiacc He siBJISI€TCsI BHYTPEHHUM JIJIsi OTIEIBHO
B3ATOrO MOJYJs, TO €r0 3aroJIOBOK IIPUXOJIUTCS BBIHOCHUTH B 3ar0JI0BOY-
Hblil aiiy, KOTOpbIi ¢ MOMOIIBIO JupeKTuBbl #include (TO eCcTh TEKCTY-
aJbHO) OylleT BKJIIOYATHCA B JIPYIHE MOJLY/IM; KaK CJIeICTBUE, O0bHeKTHBII
KOJI BceX (DYHKIMII-UJIEHOB, TeJla KOTOPBIX OCTABJIEHBI B 3ar0JIOBKE KJIACCA,
OyZeT IPUCYTCTBOBATHL B KAXKJOM M3 TAKUX MOJYyJell, 9TO JAJIeKO He JIyd-
muM 06pa30M CKa3bIBaeTCs KaK Ha pa3Mepe HMCIOJIHSIeMOro (aiijia, Tak u
HA CKOPOCTH KOMIIMJISIIIUU IIPOEKTa. Bcé 3To 103BOsIseT cPOPMyINpPOBATH
JOBOJIBHO IIPOCTOE IPABHUJIO: B 3ar0JIOBKE KJIacCa MOTYT IPUCYTCTBO-
BaTh Tejia PYyHKIUIi-4JIEHOB, BECh KO/l KOTOPhIX COCTOUT U3 OAHOMN
CTPOKM, peXke — U3 IBYX, B NCKJIIOYUTEJIbHBIX CJIy4YasaX — U3 TPEX
CTPOK; Onmucanns (PyHKIUIA-17IeHOB OOIBIEro 00bEéMa ClIeIyeT BHIHOCUTH
3a MPEeJIESIbl OIMUCAHUS KIACCa.

Ocraércst Bopoc, Kak 0pOPMUTH TeJIO (DYHKIUU-UJIeHA, €CJIU ero BCEé
2K€ PEeIeHO OCTABUTH B 3ar0JIOBKE KJIaCCa. JIaKOHUYIHOCTD OIMCAHMS KJIACCA
KaK IIeJIOTO — 9TO CAMOCTOSTEIbHAS [1€JIb, PAIU JOCTUXKEHUS KOTOPOil nMe-
€T CMBICJI TI0YKePTBOBATh HEKOTOPBIMHU JIPYTUMM NpuHImnamMu. Tak, eciu
Tes0 (DYHKIMU COCTOUT U3 OJIHOM CTPOKH, TO YACTO TAKOE TEJIO 3AINCHIBa-
IOT HA OJIHOM CTPOKE ¢ €€ 3aroJIOBKOM (OCOBEHHO 9acTO TAKOe BCTPEYAeTCsd
JIJIS TAK HA3BIBAEMBIX aKCECCOPOB):

class Picture {
/...
int color;
public:
//
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int GetColor() comnst { return color; }
void SetColor(int col) { color = col; }
//

};

Bonee Toro, eciin pyuxmus-aaeH coctonT u3 60jee 4eM OJHOTO OIepaTopa,
HO BCE 9THU OIEPATOPHI CIIOCOOHBI YMECTUTHCS HA OJHONM CTPOKE, TPOTPaM-
MUCTBI 9aCTO UJYT U HA ITO, XOTs B OOBIYHBIX YCJIOBUSIX TAK IUCATH HU B
KOEM CJIydae He CJIeJIyer:

class FileStream {
/...
void SetFd(int f) { if (fd '= -1) close(fd); fd = f; }
//

};

Eciiz Testo HUKAK He KeJaeT MOMEINAThCs B OJHY CTPOKY C 3arOJIOBKOM,
€ro MOYKHO TIEJIMKOM CHECTHU Ha CJIEIYIOINLYIO CTPOKY, HO-TIPEKHEMY 3aIlUCAB
OHOM CTPOUKOiil. B aTOM cityvae oTKpBHIBAIONTYIO (DUTYPHYIO CKOOKY OOBITTHO
CIABUTAIOT HA PAa3Mep OTCTYIA, XOTS 9TO, CTPOrO TOBOPs, HE 00sI3ATEIHHO:

class Table {
/...

const char *GetNameById(int id) const
{ return ProvideRecordById(id)->GetName(); }
//

};

Eciu Bcé-Taku BBI permin, 9TO TeJIO Baleil byHKIUNA OyaeT JydIine CMOT-
perbes, Oyaydn PpacIUCAHHBIM HA HECKOJBKO CTPOK, TO OCTAETCs €IIé BO3-
MOKHOCTb COKOHOMHTB OJIHY CTPOKY, PA3MECTUB OTKPBIBAIOIILY IO (DUTYPHYIO
CKODKY Ha OJHON CTPOKE C 3aroJioBKOM (QyHKIUHU (9TO TOXKe crenuduka
cuTyanuud Tejaa (QYHKIMH B 3ar0JIOBKE KJIACCA; B MHBIX CIIydasX TaK He
JIeJIatoT):

class FileStream {

// ...
void SetFd(int f) {
if (£fd4 !'= -1)
close(fd);
fd = £;
}
//

};

Yero To4HO HE cjelyeT aejiaTb, TaK 3TO IIDUHOCUTD JIAKOHUYIHOCTDH 3ar0JIOB-
Ka KJlaCcCa B 2KE€PTBY CTHJIMCTHUYIECCKUM KaHOHaM. Ecan Teso MeTO/[a 3aHH-
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MaeT HECKOJIBKO CTPOK M «KOMKaTh» €ro He XO04eTcsi, U TeM HoJjiee ecjid OHO
IIPU 3TOM CTAHOBUTCS HEIIOHSATHBIM, OYIEeT HAMHOIO IPaBUJIbHEE BCE-TAKM
yOpaTh Takoe TeJI0 M3 3aroJOBKa Kiacca. [Ipm 9ToM BbI BCE emé MoxkeTe
OO'BbSICHUTH KOMITUJISITOPY, 9TO Balll METOJI YKEJATEeJHHO CAeaTh WHIIANHO-
BbIM, [IOCTABUB CJIOBO inline 1epes ero onucaHueM, KaK lepes] OluCcaHueM
0b6braHOM inline-pyHKINN.

10.10. IIpumep: TCP-cepBep

OO BEKTHO-OPHEHTHPOBAHHOE IPOTPAMMUPOBAHUE MOYKHO YCIIENTHO TIPH-
MEHUTH MPAKTUIECKU K JIFO00H CKOJIBKO-HUOY/Ib CJIOXKHOM 3ajate, HO eCTh
OJIHO CBOEODPA3HOE «CJIOBO-TPUITEPS, MOSIBJIEHUE KOTOPOT'O sICHO 0003Haa-
er, uro npurio Bpems st OOIL. DTo cioBo — «cobvimues; eciaum KTo-To
3arOBOPUJI O COOBITHSAX IIPU OOCY2KIEHUU Oy IyIeil IPOrpaMMbl, TO, CKOPEe
BCEro, 371eCh CTOUT MOIPOOOBATH OOBEKTHI.

OcHOBHBIX 0bJ1aCTEl, IKCILIYaATUPYIONNX COOBITHS, JIBE: MMUTAIHOHHOE
MOJIeJINpOBanue Bpoje yrnomuuasiieiics B §10.6.1 Mmomesin qOPOXKHOTO BU-
JKEHUsSI M XOPOINO 3HAKOMoe HaM 1o TperbeMy Tomy (o TCP-cepsepam)
CObBIMUTHO-YNPABASIEMOE TLPO2PAMMUPOBAHUE; ITOT BADUAHT MBI U
BoIOepem myist gemonctpariun OOII, kak roBopurces, B meficreun. B kagectse
Takoil JieMoHCTpaIuu Mbl Hanuiem npocrenbkuii TCP-cepBep, peasnsyto-
I 4am: OJIH30BATEJISIM, TOIKJIIOYUBIIIMCS K CEPBEPY € IMOMOIIBIO IIPO-
rpamMMbl telnet, OyZeT cHavYAIa MPEIJIATaThCA BBECTH CBOE MMs, a 3aTE€M
BCE CTPOKHU, KOTOPBIE MTOJIb30BATEIb [IEPEIAET CepBepY, OYIyT MepechlIaTh-
Cs1 BCEM II0JIb30BATEJISIM, ITOJIKJIFOUEHHBIM K CEPBEPY, C YKa3aHWEM HUMEHU
TOrO, KTO 3Ty CTPOKY IPUCJIAJ.

Y0601 COKpPaTUTb 0bBEM npnmMepa, Mbl HE CTaHEM PEANIN30BbIBbIBATb HMKaKuMe
KOMaHAbl BPOAE <KU3MEHUTb CBOé NMA>», KYy3HaATb, KTO ceiivac B yaTe», «BbIATU U3
4aTa» M T.MN., TaK YTO HaWl 4aT OKaXXeTCs COBCeEM Hey,D,OGHbIM B NCMNOJIb30OBaHNN.
Ham ceiivac BaxkHee nokasaTb obLMii NOAXOL K MOCTPOEHUIO MOXOXKUX MPOrpamMM C
NCNoJIb30BaHNEM OOH, OrpaHNHYMBLLINCDL NO BO3MOXXHOCTN MEHbLUINM KONNHECTBOM
nporpamMMHOro Koga. COBepLJJeHHO HE CJIOXKHO CAenaThb 4aT yp,o6Hee AnA nonb3oBa-
Teneii, NpeaycMOTPEB, HanpuMep, CTPOKW, HAYMHAOLIMECS C CMMBOMA «/», KOTO-
pble cepBep HMKOMY He NepechblslaeT, a PaCCMaTPUBAET Kak KOMaHAbl; €C/N YrogHo,
cpenalite 3To camu.

[IporpaMmy MbI TIOCTPOUM IO COOBITUIHHO-YIIPABISIEMOMY TPUHIUITY C
UCIOJIb30BAHNEM CHCTEMHOIO BbI30oBa select (cm.T. 2, §6.4.4), HO, B oTyIH-
qpe OT MPUMEPOB, KOTOPBIE Mbl IHCAJM BO BTOpOM Tome Ha ducrom Cu,
371€Ch 3a IIOCTPOEHUE TJIABHOIO IUKJIA (B TOM YUCJIE 33 OPraHU3AIUI0 6bl-
6opru cobvimui) Oyner 0TBeYaTh CO3JAHHDIH CIENUAIBHO JIJIS 3TOr0 00b-
exT. «Ilomyaarensamuy coOBITHI, OOHAPYKEHHBIX B XOJ€ BBIOOPKHU, OYIyT
Ipyrue oObeKThI; [AJI MX CO3MaHUs MbI TOXKE OIHINEM CIIEIUABHBIN KIIacC.

B mamem mpumepe MbI OrpaHMYMMCsT BHIOOPKO#M U 00pabOTKO# TOJBKO
JIBYX BHJIOB COOBITHIT — FOTOBHOCTH JECKPHUIITOPA K UTEHHUIO W K 3aIlUCH,
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MpUIEM BOCIIOJIB3YEMCS B UTOIe TOJIHKO TOTOBHOCTBIO K uTenuio. Jljist obpa-
60TKM 00OUX BUJIOB COOBITHUIT Oy/IeT MCIOIB30BATHCS OJUH U TOT 2Ke KJIace,
B 00bEKTE KOTOPOI'O COMEPKUTCsT (DAMIIOBBIN JECKPUIITOP.

Ecnn 661 Ham noTpebosanock obpabaTtbiBaTh Apyrue cobbIThs, KOTOPbIE MOX-
HO ODHapyXuTb C MOMOLLbIO Bbi30Ba select — ucTeveHne 3ajaHHOrO BPEMEHHOMO
nHTepBana (MNU HaCTyNJeHME YKAa3aHHOrO MOMEHTAa BPeMeHW) u/unu nocTyniaeHue
CUrHana — HaM Ans 3Toro npuiaioChb Obl BBECTHN Apyrne Knaccbl, a NOCKOJIbKY 3TUX
ABa Buaa cobbITnin CYyLECTBEHHO OT/INYAOTCA NO cBoen npupoae ot cobbITnii rotos-
HOCTN OECKPUNTOPOB, B3a|/|M0p,eI7ICTBI/Ie O6'beKTa, OTBEYAKOLIErNo 3a rnaBHbIN uwnkn, C
COOTBETCTBYIOWMMYN obbekTamu, obpabaTbiBatolwmMu cobbITuUst, BbIrsSAENo 6bl co-
BCEM He TaK, Kak B3aumMogelicTene c obpaboT4nkoM rotoBHOCTU geckpuntopa. OTHo-
CUTENBHO NPOCTLIM MPUMEPOM ODBEKTHO-OPNEHTUPOBAHHON BrbanoTekn, obpabaTel-
Ba}OLIJ,eI‘/‘I BCE€ BO3MOXXHbIE CO6bITI/I$I, O6Hapy)KV|BaeMble SeleCt,OM, MOXXET CNYXUTb
HanMcaHHaA aBTOPOM KHUIrn 6I/|6J'II/IOTeKa Sue, AOMallHAA CTPaHU4YKa KOTOpO|7| pacno-
NoxeHa no agpecy http://www.croco.net/software/sue/. O6bém €€ ncxopHoro
KOAA MOXHO CHUTaTb MU3EPHBIM, €CAN CPaBHUBATL C HEKOTOPLIMM ApyrumMun bubnamno-
TE€KaMN KlaCCoB, HO ANsA npumepa, NpueognMOro B ne4yaTHol KHWUre, OoH BCE-TaKM
CZINWLKOM BEJINK.

Ham gar mbr peasmsyem B aBa ciiost. [lepBriit ciioii Oymer cocTosTh U3
kJtacca FdHandler, 00beKTHI KOTOPOTO CofepKaT (hailjIoBbIi TeCKPUITOD U
00pabaThIBAIOT COOBITHS €ro TOTOBHOCTH, U KJiacca EventSelector, eaun-
CTBEHHBIII O0BEKT KOTOPOTO XPAHUT YKA3aTeJU Ha BCE aKTUBHBIE OObEKTHI
Kjacca FdHandler, a cuenuaJibHO IIPEeJHA3HAYEHHDI JIj1d 3TOro MeTo/; Run
COJIEP2KUT TJIABHBIH ITAKJI.

Bropoit citoit 6ymer cocTosiTh U3 KJIACCOB, OTPAYKAIOIINX TOHATUS «Cep-
Bepay W «ceanca paboTbly. B camom mepBoM IpUOJIMKEHUU CEpBEP — 3ITO
CJLyIIAIOIHI COKET, & CeaHc paboThl — COKET, CBA3AHHBII ¢ KJIMEHTOM (I10JIy-
YEeHHBIA U3 BbI30Ba accept); obe CYIIHOCTH 3aUHTEPECOBAHBI B COOBITHSIX
TOTOBHOCTU (DAMIOBOrO JIECKPUIITOPA, TaK YTO 00a KJIACCa BTOPOTO CJIOS
OynyT maciaemunkamu kiacca FdHandler. Komeuno, u ceamnc, u cepBep —
9TO HECKOJIBKO 0OJIBIIE, YeM MPOCTO (hailIOBRIi JTECKPUITOP; B 9aCTHOCTH,
JIJIs Hallell 3aJladu — JaT-cepBepa — OObEKThI CEAHCOB JIOJI?KHBI B3aMMO-
JeficTBOBATDL JAPYT C JAPYTOM, TepeaaBasd PEIINKKA KayKJIOro TOJIb30BaTe-
JIsT BCEM OCTaJIbHBIM KJIMEHTaM, ITOJK/IIOUEHHBIM K cepBepy. Beé aro Oymer
peaim30BaHO B METOJIaX KJACCOB CEPBEpa M CEAHCOB, HO 00 3TOM ITO3XKe.

Hawuném ¢ onmucanus kiaacca FdHandler. Kak oObIMHO B TaKUX CJIyvasX,
ocTapaeMcst 3a0bITh TIPO Pa3HOOOPa3HbIE ACIIEKTHI CTOAIIEH Mepes HaMu
3a/1a9l BO BCEM €€ BEJIMKOJIENIMH U COCPEIOTOYMMCS] HA TeX YaCTHBIX IPO-
6J1eMax, ¢ KOTOPbIMU JIOJI?KEH CIIPABJISITHCA ITOT 0MJeAbHO 83AMbill KIaCcC.
[Ipeanasuatdenne ero o6bHLEKTOB — pearupoBaTh Ha COOBITHSI, CBSI3aHHBIE
¢ BailJIOBBIM JIECKPUIITOPOM. ICHO, UTO Takas «peakiusi Paj PEaKIUus»
HUKOMY He HY2KHAa, TO €CTb B JefICTBUTE/ILHOCTA PEATHPOBATH Ha, COOBITUS
OyzeT 00bEKT KAKOTO-TO JAPYTOro KJIACCA, PEITAONIUI Ty U HHYIO Peaib-
HO BCTABIIYIO 3aJ[ady; [TO-BUIUMOMY, TaKO KJacc Oymer ynacaedo8aH OT
FdHandler.
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O cobbITHsIX O6BEKTHI HAIIETO KJIacca Oy1eT OOBemaTh HEKTO (Mbl 3Ha~
eM, UITO 3TO OyzeT o0beKT Kjaacca EventSelector, HO moka He OyIeM 3TO
3HAHUE IPUMEHSITh ), YMEIOIIWIi O TAKUX CODBITUSX Y3HABATH. EMy 11st 9T0-
ro moTpedyeTcst 3HATH, 33 KAKOM (DAIJIOBBIN JECKPUIITOD OTBEYAET HAIl 00b-
€KT U KaKue COOBITUS eMy UHTEPECHBI — FOTOBHOCTH K YTEHUIO, FOTOBHOCTD
K 3arucu win 06a. O4eBUIHO, ITO ¢ JECKPUIITOPOM TakzKe OyayT paboraTh
U MeTOIbl KJjacca-HacJIeJHUKa, He IPOCTO »Ke TaK ITOT JEeCKPUIITOD CYy-
IIecTByeT U K TOMY 2Ke IIOpOXKJlaeT COGBITI/IS{ — €My COOTBETCTBYET IIOTOK
BBO/1a-BbIBO/IA, U3 KOTOPOI'O HY?KHO YATATh JJaHHBIE, B KOTOPBIN HY>KHO 3a-
NUCHIBATHL JaHHBIE W T. 1. Kax ciaemcrBue, B 00bekTe Kiaacca FdHandler
JIOJIZKEH II0 MEHBbIIell Mepe XPaHUThCs 3TOT CaMblil JIECKPUIITOD, U €ro 3Ha-
YEeHHUEe JIOJKHO OBITH JIOCTYIIHO KaK sl JPYIuX OObeKTOB (XOTs Obl JIjis
TOr0, KOTOPBIi JiesiaeT BBIOOPKY COOBLITHIA), TAK U JJigd METOJ0B HACJIEIHU-
Ka. B To Ke BpeMs u3MeHAMb ITOT JECKPUIITOP, UTO HAZBIBACTCS, HG AEMY
HUKOMY II03BOJIATH HE CJIeJlyeT, IIOCKOJIbKY BPsAJ JIU K TAKOMY U3MEHEHUIO
GyJer roroB 00bEKT, peayn3youil TIaBHbL UK (IpejcraBbre cebe, 4To
B IJIABHOM IUKJIeé OOHAPY’KEHO COOBITHE, CBSI3aHHOE C JIECKPUIITOPOM 5, a
00BEKT, KOTOPBII TOJIBKO YTO BPOJiEe ObI 33 HEr0 OTBEYAJ, y2Ke COIEPIKUT
JeCKpunTop 17, u coOBITHS HA IMSITOM JECKPUIITOPE €ro OOJbIe He BOJI-
HYIOT; KOPPEKTHO BBIATH M3 Takoil curyaruu Oyger Herpocto). [osromy
IepeiaBaTh 00bEKTY JTECKPUIITOP MBI OyeM depe3 mapaMeTp KOHCTPYKTO-
pa, a JJid JIOCTyIla K HEMY IIPEeJlyCMOTPUM MeTO/I, BO3BPAIIAIONINil 3HaYeHIe
JIECKPUIITOPA, HO MeTOa JJjisl €r0 U3MEHEeHUsl y Hac He OyJer.

Ocraérest BOPOC, CUUTATD JIU JIECKPUIITOP COOCMBEHHOCTbIO 00 BEKTA.
OT 9TOr0 3aBUCHUT, CJIEYET JIU 3aKPBIBATH ITOT JIECKPUIITOP U3 JIECTPYKTO-
pa oObeKTa Ipu ero JukBuganuu. Kcim 3ameiictBoBaTh (hbaHTA3UI0, MOXKHO
TIPEJICTABUTH cebe 1 TaKue CrocoObl NCIIOb30BAHUS 00bEKTA, IIPU KOTOPHIX
npaBuibHee OYAeT CINTATH OOBEKT €IUHOJINIHBIM XO3SIHHOM JIECKPHUIITOPA,
W Takue, IPU KOTOPBIX, HA0DOPOT, MOTOK BBOJA-BBIBOJA OODBEKTY IIPEo-
CTaBJIEH BO BPEMEHHOE TIOJIb30BAHUE U MHUTD CeOs XO3MHOM JIECKPUTITOPA
eMy TOYHO He cjemyeT. Mbl IpelycMOTpUM 066 BapUAHTa, BBEIS IS STOTO
CrIerajbHoe OYyJIEBCKOE T0JIe, MOKA3BIBAIOIIEE, BIAIEET O0BEKT JTECKPUII-
TOPOM WJIN HET.

SanHTEepecOBAaHHOCTh OOBEKTA B KaXKJIOM U3 JIBYX BHJIOB T'OTOBHOCTH
JECKPUINITOPA — B ODOINEM CJIydae CYITHOCTb JMHAMUYIECKAs; €CJIU TOTOB-
HOCTb K YTEHHIO Hallle BCEro WM He MHTepecHa BooOIie (ecim MOTOK OT-
KDBIT TOJIbKO Ha BBIBOJL), MJIM HY?KHA BCELIa, TO TOTOBHOCTH K 3aIlUCH, €CJIN
OHA BOODIIE MMPOBEPSETCs, MHTEPECHA, JINIIb TOI/IA, KOTJA B PACIIOPSIKEHIHT
00beKTa MMEIOTCsl JIAHHbBIE, ITOJJIeXKAINe OTIPABKe, HO IIOKA HE OTIPAB-
sieHHble. UTOOBI HEe CO37aBaTh JIUIIHUX PAMOK, [IPEyCMOTPUM IS MHIIU-
KAI¥ 3aMHTEPECOBAHHOCTH O0BEKTA B TOTOBHOCTH K 3aIIUCH U UYTEHUIO JIBE
BUPTyaJibHbIe (DYHKINK, KOTOPble TaK W Ha30BEM WantRead m WantWrite.
ITo ymomuanuio nepsast 6y/eT BO3BpAIaATh UCTHHY (IOCKOJIbKY dallle BCe-
ro, eCJin JeCKPUIITOP BOOOIIEe meperaércs select’y, FOTOBHOCTDb K YTEHHUIO
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JIJIS HEIO OTCJIEXKUBATH TPEOYeTCsl ), & BTOPas 38 HEMMEHUEM JIydIero Oyaer
BO3BpAIATH JIOXKb; KJIACC-IIOTOMOK CMOXKET IIePEOIPEIeIUTD 3TH (PYHKIINN
B COOTBETCTBHUH CO CBOMMU HOTPEOHOCTSIMU, HA TO OHU W BUPTYAJIbHBIE.
Yro Kacaercss COOCTBEHHO U3BEIEHNS O HACTYIIUBIIEM COOBITHH, TO JIJIst
Hero Mbl npeaycMoTpuM dyHKIMO Handle ¢ AByMsl JIOTUYECKUMU I1apa-
MeTPaMu, COOTBETCTBYIOIIMMHI TOTOBHOCTH K YTEHUIO U 3AINCH; DYHKITUS
OyJeT YnCTO BUPTYAJIBHOM, IIOCKOJIBKY MBI HIKAK HE MOYXKEM 3HAaTh, 9YTO Oy-
JIET JIeJIATh C JJeCKPUIITOPOM TOT, KOMY peajbHO TpebyeTcss nHMOpMAaIus O
HACTYIUIEHMHA TOTOBHOCTH. DTO, KAK MbI IIOMHIM, CJIEJIAET KJIACC abCTPAKT-
HBIM — HO TaK U JIOJI?)KHO OBbITh, BeJlb PeajbHOM (PYHKIIMOHAJBHOCTA B HEM
HET, TOJIBKO 3arOTOBKA. 3aroJ0BOK HAIIEro KJIACCA, IMOJIYIaeTCsT TaKUM:

class FdHandler {

int fd;
bool own_£fd;
public:

FdHandler (int a_fd, bool own = true)
fd(a_fd), own_fd(own) {}
virtual “FdHandler();
virtual void Handle(bool r, bool w) = 0;
int GetFd() const { return fd; }
virtual bool WantRead() const { return true; }
virtual bool WantWrite() const { return false; }

};

Kak BujinM, € ITMHCTBEHHBIH METO/I, JIJIsI KOTOPOT'O B 3ar0JIOBKE OTCYTCTBYET
TEeJIO — 3TO JIECTPYKTOP; OCTAJIbHBIE METO/IbI HACTOJIBKO TPUBHUAJIBHBI, YTO
BBIHOCUTD WX TEJIa 33 MPeJesIbl 3ar0J0BKa He X09eTcs. BrpodueM, 1ecTpyK-
TOP TOXKE TOJIy4YaeTcs JIOBOJIBHO IIPOCTOi, BOT OH:

FdHandler: : “FdHandler ()
{
if (own_£fd)
close(fd);
}

3aiimMémcs Tenepb BTOPBIM KJIACCOM HUXKHETO CJIOsl HAIeH peasim3aiiu —
kiraccom EventSelector. B méM mo/KHBI OBITH METOJBI JJIst TOOABIICHUS
u ypajenus obbekToB Tuia FdHandler (Tounee — ykasarejeil Ha HUX);
9TH MeTOAbl MbI TaK 1 Ha30BEM Add u Remove. XpaHuUTb ajipeca 3aperu-
CTPUPOBAHHBIX O0BEKTOB Oy/ieM B MAacCHBe, HHIEKCHPYEMOM II0 HOMEDPaM
JIECKPHIITOPOB, YTOOBI HE TPATUTb BPEMsI Ha HOUCK HY>KHOI'O OObEKTa; Ia-
MATH IIOJT STOT MaCCHB H3HAYAJbHO BOOOIIE He OyJieM BBIIENIATH, CHesla-
€M 3TO TOJIbKO IPHU PEruCTPAIK IIepBOro obbekrta. Konedno, mpuiércs
IIOMHUTh, HA KAKOE KOJUIECTBO JIEMEHTOB BBIJE/IEHA MAMsITh, YTOOBI IIPU
HEOOXO/IMMOCTH yBEJIMYATH pa3Mep MaccuBa. Kpome Toro, 1ToObl KazKIbIil
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pas3 He BBIYMC/IATD MAKCUMAJIBHBIN jJecKpuirop (9ro Tpebyercs npu obpa-
IIEHUU K BBI30BY select), OyieM XpaHUTb 9TO 3HAYEHUE B II0JI€ OOBEKTA;
3a0HO 9TO IO3BOJIUT HE IPOCMATPUBATH BECh MAaCCHB, KOTJA €r0 pa3Mep
CYIIECTBEHHO 0OJIbIlle HY>KHOTO. JHAUEHUs IOJIeH, IIpeIHa3HAYEHHBIX JIJIs
XpaHeHUs JJINHBI MACCUBA ¥ MAKCUMAJIBHOTO JIECKPUIITOPA, Oy/IeM CUNTATh
HEBaJIUHBIMU, €CJIA MACCUBa HET (T. e. KOIJla yKa3aTesb Ha ero Hadaslo Beé
ené HyJIeBoil).

B cobbiTnitHo-ynpaBisgeMbIX IPOrpaMMax dacTO BO3HHUKAET CUTYaIlWd,
KOT/Ia U3HYTPHU 0OPabOTYINKA COOBITHST HY?KHO MPEKPATUTH BLITOJHEHNE
Bceit mporpaMMbl. MOXKHO, KOHEYHO, BBI3BATH €Xit, HO HAMHOIO KOPPEKT-
Hee B TaKOH CUTyalldd IPOCTO COODIIUTH IJIABHOMY IUKJY, YTO €My IIO-
pa 3asepmarbes. s sroro npemxycmorpum dirakok quit_flag, KOTOPBIi
KaXKJIplii pa3 ImepeJ] 3alyCKOM [JIABHOTO IUKJIA OyIeT cOpachiBaThbCsl; Me-
Tox, BreakLoop Oyzer 3toT djar B3BOJIUTH, & IUKJI B 9TOM ciydae Oy-
JIeT 3aBepIaThcsa. TakuM 00pa3oM KaxKIbIil, KOMY U3BECTEH aIpec 00bheK-
Ta EventSelector, cMOXKeT 3aCTaBUTh yrKe 3aIlyIEHHBII TVIABHBINA ITUKJI
OCTAHOBUTHCSI.

3aro/I0BoK KJjacca y HAC HOJIYy4daeTcs TaKOii:

class EventSelector {
FdHandler **fd_array;
int fd_array_len;
int max_fd;
bool quit_flag;
public:
EventSelector() : fd_array(0), quit_flag(false) {}
~“EventSelector();
void Add(FdHandler x*h);
bool Remove(FdHandler *h);
void BreakLoop() { quit_flag = true; }
void Run();

};

Hanumewm rtesra ocraBminxcs meroos. lIporme Bcero ¢ gecTpykTopoM —
HY?KHO TOJIBKO YJIaJIUTh MACCUB yKa3aTeJeil, ecjii OH eCTh:

EventSelector: : "EventSelector ()
{
if (fd_array)
delete[] fd_array;
}

B merone Add nam npuércst 06paboTaTh JABa OCOOBIX CJIydast: KOI/Ia MacCH-
Ba €I HeT U KOI/la OH €CTh, HO B HEM HET 3JIEMEHTa C HyKHBIM HOMEDOM.
[Ipu cosmanum maccuBa, ecyid JTECKPUITOD He mpeBbimaer 15, Oymem oT-
BOJIUTH TAMATH TOJ, 16 37IeMEHTOB; MOCKOJbKY 3TU YHUCJIA HU HA YUTO HE



248 Azpik Cu++, OOIT u AT/T

BJIMSIOT 3a IIPEJIeIaMu JIAHHOTO KOHKPETHOI'O MeToja, He OyJeM 3aMopa-
YMBATHCsI NMEHOBAHHBIMU KOHCTAHTAMM (B CAMOM JIEJIE, €CJIA MBI DEIInM
IPUHATE KAaKOH-TO APYyroil HaYaJIbHBIA pasMep, 3a IIpeaeiaMi Teaa MeToIa
Add B KOJIe HUYETrO MEHATH He PUAETCs ). TEKCT METO/IA [0y 9aeTCsl TAKIM:

void EventSelector::Add(FdHandler *h)

{

int i;

int fd = h->GetFd();

if (1fd_array) {
fd_array_len = fd > 15 7 fd + 1 : 16;
fd_array = new FdHandlerx*[fd_array_len];
for(i = 0; i < fd_array_len; i++)

fd_array[i] = 0;

max_fd = -1;

}

if (fd_array_len <= fd) {
FdHandler **tmp = new FdHandlerx*[fd+1];
for(i = 0; i <= fd ; i++)

tmp[i] = i < fd_array_len 7 fd_array[i] : O;

fd_array_len = fd + 1;
delete[] fd_array;
fd_array = tmp;

}

if (fd > max_fd)
max_fd = fd;

fd_array([fd] = h;

}

Merom Remove OKa3bIBAETCs HECKOJIBKO MPOITe. EInHCTBEeHHBIT HeTpUBU-
aJIbHBIIT MOMEHT B HEM — HEOOXOIMMOCTD IOJJIEPXKAHNST KOPPEKTHOI'O 3Ha~
yeHusd 1ot max_fd; ecsau ObLI yajaéH JEeCKPHUITOD, UMEBIINN MaKCUMAJIb-
HOe 3HAYEHNE, TO HYKHO HAWTHU, KAKOHM TECKPUITOP OYyAeT MaKCHMAJIbHBIM
IocJIe TaKOro yJaJIeHHsd, JUUIsT 9ero MAacCHB CJIeIyeT IIPOCMOTPETH CIIpaBa
HaJIeBO JI0 MEPBOrO HemycToro syeMmenTa. Ko 6yaeT Takum:

bool EventSelector::Remove(FdHandler *h)
{
int fd = h->GetFd();
if(fd >= fd_array_len || fd_array[fd] != h)
return false;
fd_array[fd] = 0;
if (fd == max_fd) {
while(max_fd >= 0 && !'fd_array[max_£d])
max_fd--;
}

return true;
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Ocrajicst caMblil JIMHHBIA 13 Hamux MeTo0B — Run. [logpobro KoMMeHTH-
poBaTh €ro MbI He OyJeM, IIOCTPOSHHIO IJIABHOIO IIUKJIA Ha OCHOBE BBI30BA
select 6bUIO yJIeJEHO JOCTATOYHO BHUMAaHUs BO BTopoM ToMme (cM. §6.4.4).
IIpocTo mokazkeM, UTO y HAC TOJYUUIOCH:

void EventSelector::Run()

{
quit_flag = false;
do {
int i;
fd_set rds, wrs;
FD_ZERO(&rds) ;
FD_ZERO (&wrs) ;
for(i = 0; i <= max_fd; i++) {
if (fd_array[i]) {
if (fd_array[i] ->WantRead())
FD_SET(i, &rds);
if (fd_array[i] ->WantWrite())
FD_SET(i, &wrs);
}
}
int res = select(max_fd+1, &rds, &wrs, 0, 0);
if(res < 0) {
if (errno == EINTR)
continue;
else
break;
}
if(res > 0) {
for(i = 0; i <= max_£fd; i++) {
if ('fd_array[i])
continue;
bool r = FD_ISSET(i, &rds);
bool w = FD_ISSET(i, &wrs);
if(r Il w)
fd_array[i]->Handle(r, w);
}
}
} while(!quit_flag);
}

Hwkuuit cioit Mbl 3aBEepIIUIN, MOYXKHO TPUCTYIATh K PEAU3aIUNd BEPX-
mero. 3jiech HaM moTpebyercs nBa Kiaacca — ChatServer u ChatSession.
O6mbekT k1acca ChatServer OymeT 0OC/IYKABATH CIYIIAIOININI COKET U IIPU
HACTYIJIEHUU Ha HEM I'OTOBHOCTH K YTEHUIO, IPUHSAB COEJIMHEHNE BBI30BOM
accept, co3maBaTh 00beKT Kjaacca ChatSession. Yrobb! ciieaTh BO3IMOXK-
HOHM PACCBHIIKY COODINEHUsT BCeM MOIKIIOUEHHBIM KineHTaMm, ChatServer
OyJieT XpaHUTh CIUCOK BCEX MOPOXKISHHBIX UM (U BCE €IIE CyNIeCTBYIONINX )
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00bekToB THra ChatSession. YuajasaTh 3TU OOBbEKTHI TOXKE OYIYT TOJBKO
MeTO/Ibl Kj1acca ChatServer; B 4aCTHOCTH, IOJIYYUB HA CBOEM JIECKPUIITO-
pe curyaruio «Kouer daitiay, 00beKT ceanca OyIeT 00pamaThcsa K CBOEMY
00BEKTY cepBepa ¢ IPOChOOi YIAIUTE ero.

Boob1ie MOXKHO 3aMeTUTH, YTO 6¢t0 pabory ¢ 00beKTaMu CeaHcoB (06b-
ekTaMu Kjacca ChatSession) GyyT BeCTH TOJILKO MeTO/IbI cepBepa. men-
HO CepBEp U IOPOXKJAET, U YJAJSAET CEAHCHI, 1 COODIIAeT UM, UTO HYKHO
YTO-TO OTIPABUTH KJINEHTY, & O0JIbIe, COOCTBEHHO I'OBOPSI, C 0O BEKTAMHU Ce-
aHCOB JleJIaTh HUYEro u He Hamo. Koneuno, o0bekT Kiracca EventSelector
Oyzer coobmarh O0ObEKTaM CEAHCOB O TOTOBHOCTUA WX JECKPHUIITOPOB K
ITEHUIO, HO C TOYKM 3peHusi EventSelector 310 OyayT 0OBEKTHI KJacca
FdHandler, on japyrux He 3HaeT. Kak ciieicTBrE, MOKHO BCE COMIEPIKIMOE
kiracca ChatSession caenaTs TpuBaTHBIM, a Kjaacc ChatServer oObsaBUTH
€ro JIpyroM.

Herpusnasbioe perenne ¢ nIprMeHEHHEM 3aIUThl HAIPAIIUBAETCA U
a7 Knacca cepBepa. Ilockonbky on yHacaenoBan or FdHandler, mrs co-
3/1aHNs €ro 00bEKTa HYKHO Yotce UMETh TOTOBBIN (hailjloBBIi JIECKPUIITOP.
Mexy TeM mpoIeAypy IMOATOTOBKHU CEPBEPA K PaboTe, KOTOPas BKIIIOYAET
obparenust K Bpi3oBaMm socket, bind u listen, XoTea0Ch OBl BCE-TaKU J10-
BEPUTH KJIACCY cepBepa. Biiaromapst crarmdecKuM MeTOIaM 9TO BO3MOXKHO:
KOHCTPYKTOD KJIacCa MBI ClieJIaeM IIPUBATHBIM, & HOJTOTOBKY U IIOCJIE/TY-
folee co3manme 00beKTa OymIeT MPOBOANUTEL CTaTHIeCKasd QPYHKIMsS Start;
€CJIM CepBep 3allyCTUTh HE yJIAJIOCh, OHA Oy/eT BO3BpAIlaThb HYJIEBOH aj-
pec, eciu Ke BCE IPOIIIO YCIIEITHO — aJIpec CO3JAaHHOI0 OObeKTa KJiacca
ChatServer.

O6mbexr ceanca Oymer XpaHuTb (B BUJE CTPOKH) UMsi, KOTOPBIM IPHU-
eI KJIMEHT TpejcTaBuiics. JIjist 3Toro B Kjacce IpeyCMOTPUM II0Jie
name, M3HAYATIHHO COJEPKAIIEE HYJIEBON aPEC; IIPU MOJIYIEHUN CTPOKH OT
KJIMEHTa OOBEKT OyIeT CYNUTATH Ty CTPOKY WMEHEM, €CJId B II0jie name
BCE eIMé HOJIb, B IIPOTUBHOM CJIydae CTPOKa OYJIET pacCMATPUBATHCI KaK
peIuIKa B YaTe W PACCHLIATHCA BceM KimeHTaMm. [locie mosmydenuns mme-
HU O0'bEKT Oy/IeT OTChLIATH CBOEMY KJIMEHTY IPHUBETCTBEHHOE COOOIIEHHE,
a BCEM OCTaJIbHBIM — COODIIEHUE O TOM, 4TO B YaT BOIIEJ HOBBIA ydacT-
HUK; IIDU BBIXOJIE YYACTHHUKA U3 4aTa BceM (KPOMe, eCTeCTBEHHO, YIIEIIEero
ydacTHHKA) OyJeT PACCHIIATHCS COODIIEHUE O ero yXOJIe.

JLjist pacchLIKU COOOIIEHNsT BCEM KJIMEHTaM (MU BCEM, KPOME OJ[HOrO) B
KJIacce cepBepa OyaeT mpeaycMoTper MeTon SendAll ¢ AByMs TapaMeTpa-
MU: TIEPBBI — CTPOKA, KOTOPYIO HY2KHO Pa30CaTh, BTOPO# — a/ipec 00bek-
Ta CeaHca, KJIMEeHTY KOTOPOI'o 3Ty CTPOKY IIOCHUIATH He HAJI0 (€CJIM 3TOT Ia-
paMerp OCTaBUTh HYJIEBBIM, COODIIEHNE pacchliaeTcs BeeM). s orupaBru
COODITEHNsT OIHOMY KJIMEHTY KJIACC ceanca OyleT CHaOKEH meToioM Send.

Cpagzy 2Ke IpelyCMOTPUM J[B€ KOHCTAHTHI, 33J[Af0IINe MaKCUMAJIbHO J0-
IYCTUMYIO JUINHY CTPOKHU (CTPOKM GOJIBINEH JIMHBI Oy T MTHOPHPOBATHCS )
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U pasMep O4epeJil HENPHHATBHIX 3allPOCOB Ha CoejuHeHue (BTOPON napa-
MeTp BbI30Ba listen):

enum {
max_line_length = 1023,
gqlen_for_listen = 16

};

Yrobsr MeTosr Handle B Kjacce ceaHca He PaCIyXaJsi, BbIHECEM YaCTh €ro
bYHKIIMOHAIBHOCTH B IOAIIPOrPAMMBI, KOTOpbIe Ha30BéM ReadAndIgnore
(BBILOJIHUTH OYEPEIHOE YTEHUE, IPOUIUTAHHOE UTHOPUPOBATD JI0 TIOJLY YCHUS
[IEPBOTO CUMBOJIA TIEPeBOsa cTpoKn), ReadAndCheck (BBIOJHUTH OUuepeI-
HOE YTeHue U 00paboTaTh II0JIy YeHHbIE CTPOKU, €CJIM OHU €CTh), CheckLines
(IpoBepUTH, HE NPHUIILIA JIU HEJUKOM CTPOKa, 00paboTaTh BCe TaKUe CTPOKH
II0 OJIHO¥, OCTaBUB B Oydepe TOJIBKO HAYAJIO HE3AKOHYEHHOI CTPOKH, €CJin
Takoe ecThb) u ProcessLine (o6paborars oimy crpoky). C yuérom 3roro
3aroJIOBKH KJIACCOB BEPXHEIO CJIOfA ITOJIyJalOTCA TaKAMU:

class ChatSession : FdHandler {
friend class ChatServer;
char buffer[max_line_length+1];
int buf_used;
bool ignoring;
char *name;
ChatServer *the_master;

ChatSession(ChatServer *a_master, int fd);
~ChatSession();

void Send(const char *msg) ;

virtual void Handle(bool r, bool w);

void ReadAndIgnore();

void ReadAndCheck();

void CheckLines();

void ProcessLine(const char *str);

};

class ChatServer : public FdHandler {
EventSelector *the_selector;
struct item {
ChatSession *s;
item *next;
};
item *first;
ChatServer (EventSelector *sel, int fd);
public:
~ChatServer();
static ChatServer *Start(EventSelector *sel, int port);
void RemoveSession(ChatSession *s);
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void SendAll(const char *msg, ChatSession *except = 0);
private:
virtual void Handle(bool r, bool w);

};

Hauném ¢ peammsanmu meronos cepiepa. Oynknms Start paboraer 6e3
00beKTa — OHA €ro CO3IAET, eciiu BCE B nopsake. [locienoBaTe/lbHOCTD Jeii-
CTBHIA T10 3AIIyCKY CepBepa He KOMMEHTHPYEM, OHa MOJAPOOHO PaCCMOTPEHA,
panee (cm.T.2,86.3.4). Tekcr dyukuuu BoT:

ChatServer *ChatServer::Start(EventSelector *sel, int port)
{
int 1ls, opt, res;
struct sockaddr_in addr;
1ls = socket (AF_INET, SOCK_STREAM, 0);
if(ls == -1)
return O;
opt = 1;
setsockopt(ls, SOL_SOCKET, SO_REUSEADDR, &opt, sizeof (opt));
addr.sin_family = AF_INET;
addr.sin_addr.s_addr = htonl (INADDR_ANY);
addr.sin_port = htons(port);
res = bind(ls, (struct sockaddr*) &addr, sizeof(addr));
if (res == -1)
return 0;
res = listen(ls, gqlen_for_listen);
if(res == -1)
return O;
return new ChatServer(sel, 1s);

}

C KOHCTPYKTOPOM U JIECTPYKTOPOM BCE CPaBHUTEHHO MIPOCTO:

ChatServer: :ChatServer (EventSelector *sel, int fd)
: FdHandler(fd, true), the_selector(sel), first(0)

{
the_selector->Add(this);
}
ChatServer: : “ChatServer ()
{

while(first) {
item *tmp = first;
first = first->next;
the_selector->Remove (tmp->s) ;
delete tmp->s;
delete tmp;

}

the_selector->Remove (this) ;
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[Ipu mosmydeHuu cooOIIEHUsI O TOTOBHOCTH CJIYHIAIONIETO COKETa HYKHO
IIPUHATH COeJMHEHNE BBI30BOM accept, CO3/IaTh U 3apPerucTpPUpPOBaTh 00b-
€KT CeaHca [jisi 9TOro coeaunuenus. Beé aro memaerca B dyuknun Handle:

void ChatServer::Handle(bool r, bool w)

{
if(!r) // must not happen
return;
int sd;
struct sockaddr_in addr;
socklen_t len = sizeof (addr);
sd = accept(GetFd(), (struct sockaddr*) &addr, &len);
if(sd == -1)
return;
item *p = new item;
p->next = first;
p->s = new ChatSession(this, sd);
first = p;
the_selector->Add(p->s);
}

B mameit ynipoménnoil peaau3anuy ajgpec MpUIIeIero KJIneHTa, 3aIucan-
HBbI B napaMeTp addr, HUKakK He UCIIOJb3YeTCs, HO B pPeajIbHOM cepBepe
ero cromsio Obl 3amucaThb B (Pailyl KypHAJIU3ANNA U, BO3MOXKHO, 3aIIOM-
HATH B 00bEKTE ceaHca, YTOObI, K IMPUMEPY, aIMUHUCTPATOP CepBepa MOT
IIOCMOTPETDH, U3 KAKOW CeTU MPUIIEST TOT WK MHON YYACTHUK YaTa.

Ocrarorcs emé Meroasl RemoveSession n SendAll, ux peajusainus B
eJIOM OYEBHJIHA:

void ChatServer: :RemoveSession(ChatSession *s)

{
the_selector->Remove(s);
item **p;
for(p = &first; *p; p = &((*p)->next)) {
if ((xp)->s == s) {
item *tmp = *p;
*p = tmp->next;
delete tmp->s;
delete tmp;
return;
}
}
}

void ChatServer::SendAll(const char *msg, ChatSession *except)
{

item *p;

for(p = first; p; p = p->next)
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if (p->s !'= except)
p->s->Send(msg) ;
}

Peanusyem renepb MeTosbl 00bekTa ceanca. CaMblit TPOCTON 3/1€Ch, BUJIN-
MO, MeTo[, Send:

void ChatSession::Send(const char *msg)
{

write(GetFd(), msg, strlen(msg));
}

KoncrpykTop Kjacca BOCIOJIB3yeTCs STHM METOJOM, YTOOLI CIIPOCHTDH Y
TIOJIb30BATENISL €10 UMH:

ChatSession: :ChatSession(ChatServer *a_master, int fd)
FdHandler(fd, true), buf_used(0), ignoring(false),
name(0), the_master(a_master)
{
Send("Your name please: ");

}

Bcé, uro HyKHO YIAIUTHh B JECTPYKTOPE — 3TO CTPOKY MMEHU IOJIH30Ba-
TeJss (ecm/I, KOHEYHO, OHa ycrejga cHOpMUPOBATHCS, UTO MPOUCKOIUT HE
BCera, Bedb II0Jb30BAaTEb MOT IMIPEPBATH CEAHC, TaK W HE TPEeICTaABUB-
mmch). ObparuTe BHUMAaHUE, 9TO B KOHCTPYKTOPE MbI [IEPEJAJIU KOHCTPYK-
TOpy 6a30BOT0O KJIAaCCa BTOPBIM ITapaMeTPOM 3HaYeHUe true, TaK UTO 00b-
ekT FdHandler cuuraer cebs BIAIEIBIEM JECKPUIITOPA — U, CJIEI0BATE b
HO, 3aKPOET €r0 M3 CBOEr0 JEeCTPYKTOpa, HaM ceiffgac 006 9TOM MOXKHO He
b6ecriokouThes. JleCTpyKTOP MOJTydaeTcs TaKUM:

ChatSession::~ChatSession()

{
if (name)
delete[] name;

}

Ocraércst peasin30BaTh PEAKINIO HA TOTOBHOCTb COKETa K UTEHUIO. 3/IeCh
BpOJie ObI HET HUYETO CJIOXKHOTO, HO KOJI TOJIyIaeTcs TpoMo3akuii. UToOn!
3HATDH, CKOJIbKO IAMSTH BBIIEIATDH IO KAXKJIOe MOCHLIAEMOe COODIEeHe,
OIIUIIIEM UCIIOJIB3YEMbIE CTPOKHU B BUJE KOHCTAHTHBIX MACCUBOB:

static const char welcome_msgl[] =

"Welcome to the chat, you are known as ";
static const char entered_msg[] = " has entered the chat";
static const char left_msg[] = " has left the chat";

Brimre mbr yiKe IIHhcaJid, 3a 9YTO OTB€YaCT KazKaad U3 IIOJIYIUBIIUXCA ITOI-
IIporpaMmM, TakK 9TO 3/1€Cb IIPOCTO HpI/IBe,ZLél\’I X KOJ:
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void ChatSession::Handle(bool r, bool w)

{
if(!r) // should never happen
return;
if (buf_used >= (int)sizeof (buffer)) {
buf_used = 0;
ignoring = true;
}
if (ignoring)
ReadAndIgnore();
else
ReadAndCheck() ;
}
void ChatSession::ReadAndIgnore()
{
int rc = read(GetFd(), buffer, sizeof (buffer));
if(rc < 1) {
the_master->RemoveSession(this);
return;
}
int 1i;
for(i = 0; i < rc; i++) {
if (buffer[i] == ’\n’) { // stop ignoring!
int rest = rc - i - 1;
if(rest > 0)
memmove (buffer, buffer + i + 1, rest);
buf_used = rest;
ignoring = 0;
CheckLines () ;
}
}
}
void ChatSession::ReadAndCheck()
{
int rc =
read(GetFd(), buffer+buf_used, sizeof (buffer)-buf_used);
if(rc < 1) {
if (name) {
int len = strlen(name);
char *1lmsg = new char[len + sizeof (left_msg) + 2];
sprintf (lmsg, "%s%s\n", name, left_msg);
the_master->SendAll(1msg, this);
delete[] 1lmsg;
}
the_master->RemoveSession(this);
return;
}

buf_used += rc;
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CheckLines () ;
}
void ChatSession::CheckLines()
{
if (buf_used <= 0)
return;
int i;
for(i = 0; i < buf_used; i++) {
if (buffer[i] == ’\n’) {
buffer[i] = 0;
if(i > 0 && buffer[i-1] == ’\r?)
buffer[i-1] = 0;
ProcessLine(buffer);
int rest = buf_used - i - 1;
memmove (buffer, buffer + i + 1, rest);
buf_used = rest;
CheckLines();
return;

}

void ChatSession::ProcessLine(const char *str)
{
int len = strlen(str);
if ('name) {
name = new char[len+1];
strcpy(name, str);
char *wmsg = new char[len + sizeof(welcome_msg) + 2];
sprintf (wmsg, "Vs%s\n", welcome_msg, name);
Send (wmsg) ;
delete[] wmsg;
char *emsg = new char[len + sizeof(entered_msg) + 2];
sprintf (emsg, "Vs%s\n", name, entered_msg);
the_master->SendAll (emsg, this);
delete[] emsg;
return;
}
int nl = strlen(name);
char *msg = new char[nl + len + 5];
sprintf (msg, "<%s> %s\n", name, str);
the_master->SendAll (msg) ;
delete[] msg;
¥

ITocse sTOro HaM OCTAETCsT TOJIBKO HAIUCATH (DYHKIMIO Main, KOTOPas I0-
JIyIaeTCsi IOBOJIbHO KOMITaKTHOM. JIjis 9KkOHOMUM MecTa MbI He Oyaem obpa-
0aThIBaThH MapaMeTpbl KOMAHHON CTPOKHU, €JIMHCTBEHHYIO «HEU3BECTHYIO



§10.11. O rpaduyeckux unrepdeiicax MOJb30BATEIS 257

BeJIMYUHY» — HOMED IIOpTa — IIPUKOJOTHUM K KOAY, KaK IIyTAT B TaKHNX
CJIydadX IIPpOrpaMMUCTDBI, P2KaBbIMU I'BO3IAMM:

static int port = 7777;

int main()
{
EventSelector *selector = new EventSelector;
ChatServer *serv = ChatServer::Start(selector, port);
if(!'serv) {
perror("server");
return 1;

}
selector->Run();
return O;

}

ITonHOCTBIO 3TA IpOrpamMMa IPUBEJEHA B APXUBE IIPUMEPOB B IIO/[JINPEKTO-
pun cpp_chat; Tam oHa pa3dbuTa Ha TPU MOIY/S U CHaOXKeHa (hailjioM st
make.

10.11. O rpadmueckunx mHTepdeiicax
I10JIb30BaTEJIS

B wmbiHEMHUX yCIOBUSX KOHEYHBIE IIOJIB30BATENHN OOBITHO OXKUIAIOT
oT JI00OI TTporpaMMbl HaJU4us Tpadudeckoro nHrepdeiica moJb30BaTe-
as (graphics user interface, GUI), a KOMaHIHYIO CTPOKY KaK II0Jb30Ba-
TeIbCKUi mHTEPdENC BOCIPUHIMATH KATETOPUIECKN OTKA3BIBAIOTCS; TAKOB
[eYaIbHBIA UTOT ITPOIATaHIMCTCKON IeaTeTbHOCTH CO(TBEPHBIX TUTAHTOB.
Koneuno, «uHTynTHBHas MOHATHOCTH» T'padudeckux MHTEpdEcoB — He
bostee deM Mud, UX, KaK U JIIOObIE CITIOCOOBI pAOOTHI ¢ KOMITHIOTEPOM, ITPH-
XOIUTCS U3Yy4amov, a padoTa ¢ HEUMHU, KaK MbI 3HaeM, HeabdEKTUBHA, HE
[IO/IJTAETCST ABTOMATU3AIMY U B [1€JIOM KOHTPIPOJYKTUBHA; HO MbI BPsIJ JIX
CMOXKeM OObSICHUTD 9TO BCeMY MUpY, TPoIHO nodceswemy na GUI, u maxe
GosibImUHCTBY crenuaaucToB B obyactu I'T — KoTopbIiM, Ka3ajaock ObI, BCE
JIOJI?KHO OBITH SICHO 1 0€3 O00'bsICHEeHUIA.

Tax wam mHAYE, TPOrPAMMUCT, €CJIA OH Y€ro-TO XOUeT JOOUTHCS, MPO-
cTO 00sI3aH yMeTh CHaOXKATh CBOM IPOTPAMMBI I'papuaecKuM UHTEpdEii-
COM, KOIJIa BO3HHMKAeT TaKas HeOOXOJMMOCTh. B [1eifiCTBUTEILHOCTH CO-
3/1aBaTh IPOrPaMMBbI ¢ I'padudeckuM uHHTepdEHCOM COBCEM HE CJIOXKHO,
HO MBI CO3HATEJbHO OTKIaAbBaian pasroop o GUI mo momxomsimero
MOMeHTa. MOXKHO cuMTaTh, YTO 3TOT MOMEHT HACTaJI: Mbl Telepb 3Ha-
KOMBI C COOBITHHHO-OPUEHTUPOBAHHON MOJIENHIO TPOTPAMMHON apXUTeK-
Typbl, 3HaeM #3blK Cu++ u, 9TO emé BakKHee, YMEEM HCIOJb30BAThH
00'bEKTHO-OPUEHTUPOBAHHOE ITPOIPAMMUPOBAHUE.
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Mex gy npouum, ecnu 3as8uthb, 410 GUI n OOM «cosgaHbl apyr ans apyra», mbl
OKa>XeMCA HeoaNEKN OT NCTUHBbI, |'|p|/|'-|éM B CaMOM 6yKBaJ'IbHOM CMbICJie C/1I0Ba. B Ka-
YecTBe MepPBOro B WCTOPUN OBBEKTHO-OPMEHTMPOBAHHOIO $i3blka YacTO Ha3blBalOT
Smalltalk (3abbisasi npn aTom npo si3bik Simula, 3 kotoporo Smalltalk 3aumcreosan
MHOrMe ngeu, BKIKYas HacaefoBaHMe); HO OCHOBHON Lenbto npoekta Smalltalk 6610
HE HOBbIA 53bIK MPOrPaMMUPOBAHUS, a NEPBbLIA B UCTOPUM OKOHHBIN rpachuyeckuii
uHTepdberic nonbsosatessi. VIMeHHO B 5TOM NpoeKTe NOSIBUANCL — NPAKTUYECKN B CO-
BPEMEHHOM UX BUAE — OKHA C 3aroJIoBKaMu, KOTOPblE MOXKHO MepeMeLLaTh Mo SKpaHy
U MEHSITb UX Pa3Mepbl, a TAKXKe NPUBbLIYHBIE HbIHE S/IEMEHTbI YNPaBAEHNs — BUAXKE-
b1 (aHrn. widgets) Bpoge KHOMOK, «ranodek>» (checkbuttons), «nepekntovateneii»
(radiobuttons) w T. n.

Teoperndeckn BO3MOYXKHO ITOCTPOUTH II0JIB30BATENbCKUN HHTEPdEIC cOo
BCEMH €r'0 JIEMEHTaMU, 00paIasich HAIIPAMYIO K rpadudeckoil mogcucreme,
B HameM ciaydae X Window (cm.t. 1,8§1.2.18, 7.2,§5.1.6). B camom zeue,
HUKTO BpPOJie ObI HE MeIaeT YCTAHOBUTH COEIMHEHUE C X-CepBEPOM, IIO-
IIPOCHUTH €r0 HAPUCOBATH OKHO, B OKHE M300pa3UTh BCE HYKHbIE KHOIIOYKH,
HAJIIUCH U IIPOYNe dJIeMeHThl HHTepdelica, 3aTeM OpraHn30BaTh 00paboT-
Ky COOOIIEeHMil 0 JefiCTBUAX II0JIb30BATEJsA, TAKUX KaK IIepEeMEIeHIe Mbl-
A 1 HaXKaTWs Ha €€ KHOIKH, HaYKaThs KJIABUII Ha KJIaBAAType U IPoUee;
[IpU TOM, HAIIPUMEP, 9TOOBI CO3JATH Yy IOJIH30BaTE sl BIEUYAT/IEHUE <HA-
KaThUsl KHOIKW», IPUJIETCS COOOPA3UTh, UTO M300parKeHue KHOIKHU B Ha-
2KaTOM TOJIOYKEHUU OTJIMYAETCS OT MCXOJHOTO PACIIOIOXKEHNEM TEHU BJIOJb
TPAHUIBI U300paXKeHUsI, TAK 9TO, KOTJA I0JIb30BATE b IIEJKHET MBIIIKOM
IO HAPUCOBAHHOW KHOIIKE, HY2KHO OyJIeT 3Ty T€Hb COOTBETCTBYIONIAM 00Pa-
30M IEPEPHUCOBATD, M AHAJIOIMIHBIM 00PA30M IIOCTYIATH B HY2KHbIE MOMEH-
THI CO BCEMU OCTAJILHBIMU 3jieMeHTaMu uHTepdetica. Kpome Toro, 10B0/H-
HO MHTEPECHBbIE TMPUKJIIOUEHUS TTOPKUJIAIOT HAC [IPU OTOOPAXKEHUY HaIITH-
ceit — 37ech HAM TPUJETCS 03a00TUTHCA BBIOOPOM TIpU@Ta, €ro pasmepa
W IPOYUX CBOMCTB; K cuacTbio, X Window xorst 661 ymeer oToOpakaTb
Ha/IUCh 3aJaHHBIM IPUEMTOM, UHAYE IPUIILIOCh ObI CAMUM YATATH (aii-
JIBI TIPUTOB, U3BJIEKATH OTTY/Ia M300paKeHusi CUMBOJIOB U COOOpaKaTh,
KaK HAJIOXKUTh WX HA UMEIOIIYIocsd KapTuHKY. [loxkajyit, B TaKOM pexu-
Me JlaXKe caMoe IIPOCTEHbKOE JUAJIOIOBOE OKHO OTHSIIO ObI HECKOJIBKO JIHEM
HAIPS?KEHHOTO IIPOI'PAMMUPOBAHUS.

K cuacrtpio, Bcst sra KpomoTiamBas paboTa MPAKTHYIECKH OINHAKOBA
s Beex mporpamm, momuepxkuBatormux GUI, u, pasymeercsi, 3a Hac eé
y2Ke JaBHO CJIeJIajii; HAM OCTAaETCsA TOJHKO BBIOPATH MOIXOISINYI0 Hub-
auomexry eudacemos. Takne GuOIMOTEKN CAMU YCTAHABIUBAIOT CBSI3b C
X-cepBepoMm (I/I.HI/I OOIAI0TCsT ¢ APYTroiil TpaduIecKoil MOACUCTEMON’; MpaK-
TUYIECKU BCE TMOMYJIsPHbIE OMOIMOTEKN BUJMKETOB MEPEHOCATCS MEXKLY
X Window, MS Windows u MacOS, mMHOrme TakXke JOIYyCKAIOT paboTy
nox, Android u ma apyrux mardopmax), caMu Kak HaJ0 PHUCYIOT 3Jie-
MEHTBI yIpaBJieHusi (Te camble BUJZKETHI), CAMHU DEAIM3YIOT PEakIiUio Ha
OOJIBINTYI0 9aCTh JIEWCTBUI [TOJIH30BATEsT — HAM OCTAETCH JIAIIb YKA3aTh,
KaKWe BUJKETHI MbI OyJ/IeM UCIIOJb30BATh U KAK UX PACIIOJIOXKUTH; JTAJIbIIE
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MBI CAMOCTOSITEJILHO 3aIIPOrPAMMUPYEM PEAKINIO Ha HauboJee CyIecTBeH-
Hble cOOBITUS (HALIPUMED, HET Hy Kbl PearupoBaTh Ha KarKI0e U3MEHEHIe
TEKCTa B II0JI€ BBOJA WJIM YCTAHOBKY U COPACHIBAHUE TAJIOYEK, JOCTATOYHO
BBITIOJIHUTh HEKYIO IIPOIEIyPY, KOra IMOJb30BATEIbh HAYKMET HAKOHEI[ Ha
Camyto nasayro KHonKy) — u mporpaMma roToBa.

10.11.1. 3rsakomumca ¢ 6udsmorekon FLTK

Bubyimorek BUIRKETOB JIOCTYIIHO JIOBOJIBHO MHOI'O, HO IO TEM UJIU WHBIM
npUInHaM OOJIBITUHCTBO U3 HUX HAM Ha POJIb yIeOHOTO TTOCOOUST He TTOXO0-
nat. Bupodem, Hay9IuBIuch 006paImaThCsi ¢ OMHON TaKOl OMOJIMOTEKOMN, BHI,
CcKOpee BCero, 6e3 0cobbIxX mpobjieM CMOXKeTe TepeiTu Ha JIFOOYI0 JIPYTyo.
Bubsmoreka, koTopyo Mbl paccmorpuM, HasbiBaercss FLTK (Fast Light
Toolkit); aro 6ubsmoreka kiaaccoB Cu++, no3Bossionas paboTaTb co BCe-
MU OCHOBHBIMU BHJIAMU BUJIZKETOB U CO3/IaBATH [TOJTHOIEHHBIE TIPOTPAMMBI C
rpadpudecKuM nHTEp@ECOM, HO IIPYU STOM He UCIIOJIb3YIOIasi HUIero u3 Tex
HOBOMOJTHBIX aciieKToB Cr++, 0T paccMOTPEHUsT KOTOPBIX MBI OTKA3AJIUCE.

Ha momeHT 11oIroToOBKHM BTOPOTO U3/ianus Kuuru B Hadaste 2021 rojia ak-
tyanbHoit ;i FLTK ocraBanack crabunbuast Bepcus 1.3.5. lntepecHo, 9To
MOTIBITKY CO3/iaHust 6osiee HOBbIX Bepcuii — 2.0.* u 3.0.* — KoHunmImMes B uTo-
re araeM: mpoekT cozmanusd FLTK 2.0 tuxo 3araynca B 2008 romy, mombITKa
00bEIMHUTH BOBMOXKHOCTHU 11epBoil n BTOpoii Bepcuit — FLTK 3.0 — mpo-
mommkanack ¢ 2010 1o 2012 roga u Toxke GJraromno yaHo 3araoxa. [lpu srom
crabunbHas Bepcus 1.3.* m skcnepuMmenTaabaas 1.4.% MpogomKaoT aKTHB-
HO pa3BuBaTbCsl: Bepcus 1.3.5, HA KOTOPYIO MBI OyJIeM OpPHUEHTHPOBATHCS,
BBIIIa B MapTre 2019 roxa.

Bubsmoreka Bxomur B OOJBIMIMHCTBO AUCTPUOYTHBOB Linux m MoOXKeT
OBITH yCTAHOBJIEHA U3 perno3uTopueB. B nucrpubyTtuBax cemeiicrBa Debian
JJIs yCTAaHOBKY (bailyioB, HEOOXOMUMBIX JJIsl IPOI'PAMMUPOBAHUS C HCIIOJIb-
zoBanneMm FLTK, myxno nmocraButs maker 1ibfltkl.3-dev. Brosme Boz-
MOXKHO, UTO IIPHU 3TOM OyJIeT YCTAHOBJIEHA HE caMasl TIOCJIeHsIST BEPCHsl, Ha-
npuMep, 1.3.4; 9TO He CTpAINHO, BCe HAIIX IIPUMEPHI OyIyT ¢ Hell OTJIMYIHO
paborarh. Ilpu KeraHnn MOXKHO CKaYaTh MCXOTHBIE TEKCTHI OMOJIMOTEKH C
eé obunmaabHoro cafita www.fltk.org u cobpars OunapHble (haiibl, cie-
Jlysl MHCTPYKIUK (B IIPOCTEHIIEM CIydae JOCTATOUHO PACKDPHITH apXUB U
JaTh KoMaH/y make B IIOJIyduBIIelcd JupekTopun). B najbHeilimem Tek-
cre MbI TipenosiaraeM, aro bubauoreka FLTK ycrarnosiena B cucreme, Tak
YTO KOMIIMJISITOP 3HAET, Ijie OpaTh 3arojioBoYHbIe (ailjibl u ¢ailab 6ubimo-
TEK; €CJIX BBl PENInjn OMOINOTEKY B CHCTEMHBIE JUPEKTOPUN HE YCTAHAB-
JINBATh — HAIPUMED, OCTABUTH €€ B CBOEHl JOMAIllHell TUPEKTOPUU — IIPHU
3allyCKe KOMIIUJISITOPa MIPUIETCSI OObSICHUTH MY, TJle UCKATh 3ar0JI0BOYHU-
K1 1 Oubsimoreku, ¢ nomonipio duaros -I u -L (cM. T. 2, upuioxenue 1;
HAIOMHUM, 9TO gcC U g++ — 910 (DUBMUIECKH OJ[HA U Ta YK€ IIPOIPAMMAa).
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Yrobbl 11peoiosieTh 6apbep BXOXKJIEHUsI, Mbl CefiYac HAIUIIEM OYEHb
mpocTyio mporpaMmmy ¢ ucnonb3oBanneM FLTK, cobepém eé u 3amycTum,
HO JIJIsl 9TOTO0 HAM HY>KHO OOCYJMTH OCHOBBI TepMuHOJOrHU. VTak, mpex-
JIe BCEro, OKHO — 3TO IPSIMOYTOJibHAasi 00JIACTh SKpaHa, OMUCHIBaEMAast
HEeKUM O0beKTOM rpaduuecKoil moJcucTeMsbl (B HAIlEM CJIydae — CHCTEMbI
X Window). Paznuuaior okna eepxrrezo yposhs u doueprue. OKHO
BepxHero yposHs (top level window) BBIDIZIUT Ha IKPAHE KAK CAMOCTO-
sITeJIbHAsI CYIIHOCTh, OOBIYHO CHaOXKaeTcsl 3aroJIOBKOM, PAMKOIl U BCEBO3-
MOYKHBIMH 3JIEMEHTaMU OOPMJIEHUSI, TTO3BOJISIIOIIUMHI EPEIBUTATH OKHO,
MEHSTh €ro pa3Mep, «BbITACKUBATHY €r0 MOBEpX JPYIUX OKOH WM, Ha00O-
POT, «YTaIIUBATh», YTOOBI JAPYrUe OKHA CTAJIA BUIHBI; KAK MbI 3HAEM, 32
BCe 31U jieMenThl oopmienus B X Window orBedaer okoHHbIU MeHe-
doicep. BHyTpu OKHA BEPXHEIO YPOBHS MOTYT PACIOAraThCs JOYEpPHUE
okHa (child windows nmm npocro children), IpuIéM OHM TOXKE MOTYT CO-
JepxKarb Japyrue okHa (dopmasbHO roBopst, Ha oy riayoumy). Hajo
CKa3aTh, 9TO OKOHHBIE MEHEKEPBI pabOTaiOT TOJHKO C OKHAMU BEPXHETrO
YPOBHSI, JOYE€PHUE OKHA OHU IIOJIHOCTHIO UTHOPUPYIOT, TAK UTO UX BHEITHUIA
BU/T TIOJTHOCTDBIO OIIPEJIEJISETCS TOPOIUBIIEHl X MporpamMmoit. B mpurmume
IPOrpaMMa MOYKET OTKPBITH CKOJIBKO YIOJHO OKOH BEPXHEr0 YPOBHS, U JI0-
BOJIBHO YaCTO IPOrPaMMBI TaK ¥ IOCTYIIAIOT; B YACTHOCTHU, Jua/A0208bile
oxHa dare Bcero oOpMIISIOTCST UMEHHO KaK OKHA BEPXHErO yPOBHS, XOTs
u He Bceryia. [IoHSATD, SIBJISeTCs i MOSIBUBIIEECS JTHAJTIOTOBOE OKHO OKHOM
BEPXHEr0 YPOBHS, OYEHb IIPOCTO: €CJIM OHO CHAOYKEHO TaKOi K€ PaMKOil 1
MPOYNMU dJeMeHTaMu 0OPMJIEHNUs], KAK U JIpyT'He OKHA, TO, 3HAYUT, €ro
odopMIIeHIEM 3aHUMAETCS OKOHHBIN MeHeKep, & OH paboTaer, KaK MbI
y2Ke OTMETHJIN, TOJIBKO C OKHAMM BEPXHErO YPOBHS.

Bropoit Baxxuefimmuit 1y1s Hac Tepmut — sudarcem (widget). Kak gacto
OBbIBAET B TAKUX CJIydasX, MBITATHCS TATh OIPE/IEJIEHNIEe 3TOr0 TepMUHA Hec-
MIOJIE3HO — BCE PABHO HUYEro aJeKBATHOTO He ToydnTcs. Ha naryntusHOM
YPOBHE BUIKET — 3TO HEKUI 060COOJIEHHBIN 3JIEMEHT IPaPUIECKOro HHTEP-
deeiica; K YUCITy BUIKETOB OTHOCATCSI BCEBO3MOXKHBIE KHOIIKHU, «TAJIOUKT»,
HAJITUACH, [IOJIsT BBOJA TEKCTA U T. 1. BUJZKEThI MOI'YT OBITH BJIOXKEHBI JPYT
B JIpyra; MpaKTUYecKu Jirobas CUCTeMa MPEelyCMaTPUBAET B TOM UJIU WHOM
BUJI€ BUJIZKET «TPYIIIa», KOTOPBINA CIEIUAIBHO MpeJIHA3HATEH, 9TOOBI CO-
JiepKaTh JIPYyTHe BUJKETHI, HO OBIBAIOT W JPYrue CJIydad — HalpuMmep,
6oJiee CJIOXKHBII BUJIZKET MOXKET WCIIOJIb30BATh 00Jiee MPOCThIE BUKETHI
KaK CBOHM COCTaBHbIe YacTu. MHOrre 6MOINOTEKN BU/IZKETOB IIPEIIOYATAIOT
KaXKJIbI BUJKET OGOPMIIATH KAK OKHO, YTO TO3BOJISIET U3PSTHYIO YaCTh
paboTHhI IO UX OTPUCOBKE, YIAJEHUIO C SKPAHa, IEPEMEIIEHNIO U T. II. [Tepe-
JIOXKUTH Ha rpadudeckyio mogcuctemy. FLTK npumensier mpoTuBOmoI0xK-
HBIH OXO;: OKHO 3/I€Ch CAUTAETCS 4ACTHbLM CAYYAEM BUAJZKETA, IPU ITOM
B OOJIBIIMHCTBE MPOrPAMM IIPUMEHSIIOTCSI TOJIBKO OKHA BEPXHErO YPOBHS.
Bubmnoreka mo3BosseT co31aBaTh JJ0UEpHIE OKHA, HO TpeOyeTcst 3TO peli-
KO — HaIpUMep, YTOOBI UCTIOIH30BATh BO3MOXKHOCTH 6ubmorekn OpenGL,
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JIJIsI KOTOPOIl HY2KHO OTJIeJIbHOE OKHO. UTO Kacaercss OOBIYHBIX BUIZKETOB,
TO BCE, YTO CBA3AHO C UX BHEIIHUM BHIOM, TO3UIIMOHUPOBAHNEM, HAJIOXKeE-
HueM npyr Ha apyra u T. 1., FLUTK nomanT 1 o6pabarsiBaeT caMOCTOATE b
HO; C TOYKH 3peHus: rpadudeckoii mogcucrembl Bumkersl FLTK ocrarorces
IpOCTO pparMeHTaMu n300pazkKeHus BHYTPU OIHOI'O OKHA, T.€. BUIZKETHI
FLTK He sBiasAOTCI OKHAMMU.

[Iporpamma, KOTOPOit MBI BOCIOJIB3YEMCs JJIsl IpUMepa, OyaeT paboTaTh
OYeHb IIPOCTO: HAPUCYET OKHO CO CJIOBOM «hello» B 3aroJIOBKE U HAIIMCHIO
«Hello, World!s» B camMoOM OKHE, IIOCJIE Uero MOXKIETCs HAXKATHA KJIaBU-
mu Escape u 3aBepmmrcst. YTo6b! peasm3oBaTs 310 ¢ momorsio FLTK, nam
oTpebyIoTCst 00BbEKTHI JBYX KJIACCOB, OMMCAHHBLIX B Oubmoreke. OObeKT
kiacca F1_Window Gyzer oTBedarb 3a IVIABHOE OKHO (3a €ro pa3Mepbl u
TEKCT 3ar0JI0BKA), a JIJIg OTOOPAYKEHUsI TEKCTa B CAMOM OKHE HaM IPUIETCH
CO3/IaTh COOTBETCTBYIOIIUHI BU2KET — 00beKT KJacca F1_Box. Kpome Toro,
JI7IsT 3aIlyCKa TJIABHOTO IHKJIA, KOTOphiilt 6ubamoreka FLTK mpenmounTta-
€T OpraHm30BLIBATEL caMa’!, HaM Hy»KHO OygeT oOpaTHThCA K CTATHIECKO-
My MeTony Kjacca F1, KoTopsiil 00beauHsier OGJIBIIYI0 YacTh TJI00AJIBHBIX
cymHocreil (repeMeHHbIX U (DYHKIUIT), BBOAUMBIX OHOJIMOTEKOI.

Kaxmerit 3 kmaccos F1, F1_Window um F1_Box ommcaH B OTIE/IHLHOM 3a-
rOJIOBOYHOM (haiijie, TaK ITO HAM IPHUIETCS IMOJAKIIOUUTD UX BCE. 3aT€M MbI
onuireM DYHKIMIO main, B Tejle KOTOPOil CO37aIuM OOBEKTHI /sl TJIaBHO-
0 OKHA U BJIO?KEHHOTO B HETO BUJIZKETA, IIPUKAXKEM OHOJIMOTEKe MOKA3aTh
(BBIBECTH Ha YKpaH) IJIABHOE OKHO UM 3AIlyCTUM TJIaBHbLH UK. [LoHOCTHIO
TEKCT IIPOrPaMMBI OyJIeT TAKWIM:

// fltk/hello.cpp
#include <FL/F1.H>
#include <FL/F1l_Window.H>
#include <FL/F1_Box.H>

int main(int argc, char **argv)

{
Fl_Window *win = new F1_Window(300, 100, "hello");
F1l_Box *b = new F1_Box(0, 0, 300, 100, "Hello, World!");
b->labelsize(36);
win->end();
win->show();
return Fl::run();

}

3J1eCch yMeCTHBI HEKOTOPBIE MosicHeHust. [lapaMeTpbl KOHCTPYKTOpa KJIacca
Fl_Window — pa3mMmep OKHa II0 TOPU3OHTAJIU, II0 BEPTUKAJIU U TEKCT IJIsd
3aroJIoBKa OKHa (IIOCJ/IeIHUIT TTapaMeTp He 06513aTeJI€H). Kiacc F1_Window
asisiercs B FLTK nacnennukom kiacca F1_Group; B HallleM IIpUMeEPE TO

31TToske MBI y3Haem, Kak oroGpars rasubii nukia y FLTK u oprammsoBars ero
caMuM, u3Belasi 6ubIMOTEKY O TeX COOBITHUSIX, KOTOPBIE €€ KaCaAITCsl.
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BasKHO, ITIOCKOJIBKY 00beKThI F1_Group 00/1aJIaf0T MHTEPECHBIM CBOMCTBOM:
HadYMHAs C MOMEHTa CO3JaHUs TAKOTO O0BEKTA BCE JIPYrUe CO3JaBaeMble
00'bEKTBI-BUIZKETHl ABTOMATHIECKU CTAHOBSITCSI €10 IO [IMHEHHBIMY (BKJIIO-
YAIOTCA B IPYIILY ), U HPOJOJIXKACTCS TO JI0 TEX IIOP, MIOKa He OYJIeT BhI3BAH
metosr end. Takum obpa3oMm, BuKeT Tuna F1_Box, KOTOPBIt MBI CO3/1aéM
CJIEYTONIEll CTPOKOI HaIllell IIPOrpaMMbl, Oy/IeT CUMTATHCHA BJIOYKEHHBIM B
IJIABHOE OKHO, YTO HaM, COOCTBEHHO, U TPeOyeTCsI.

ITapameTpsl KOHCTPYKTOPa Kjaacca F1_Box — KOOPIMHATHI BEPXHETO Jie-
BOIO yIVIA BUJZKETA OMHOCUMEADHO 0KHA, 8 Komopoe xodum eudsicem (0T-
MEeTHM, 4YTO 3JIeCh UMeeTCs B BUJY HMMEHHO OKHO, a He, HallpUMep, TaKOI
BuKeT Tuna F1_Group, KOTOPBI OKHOM He SIBJISIETCsI), PA3MePhl BUJ[KETA
¥ TEKCT HAJINCH, PAJIA KOTOPOil MbI, COOCTBEHHO, 3TOT Box n cozmaém. Kak
BUUM, HAII BUJKET Oy/IeT 3alO0JHATH CODON BCE MPOCTPAHCTBO TJIABHOTO
OKHa.

B cnenyromeit crpoke s BUJ2KETA C HAJINACHIO BBI3BIBAETCH METO/T
labelsize, KOTOPBIl yCTaHABAUBAECT pa3mep mpudra B 36 mukceseii, 4To-
OBbI HAJIIMUCH TIOJTYIUJIACh TTOKPYITHEE.

Hamee MBI coobImaeM 0ObEKTY TVIABHOTO OKHA, ITO OOJIBINE BUIKETOB B
Hero j100aBATh He cobupaeMcs (MeTo] end) U IPUKA3BIBAEM BBIBECTH OK-
HO Ha 3KpaH (Meros show). IMEHHO 3TOT METO, yCTAHOBUT COEIUHEHUE C
X-cepBepoM, TIOCKOJIbKY OHO elfé He ycraHosjeHo. [locaenusisa crpoka npo-
rpaMMBbI 3aITyCKAET TVIABHBIN IUKJI 00PAOOTKY COOBITHI, BHI3bIBAS CTATHIE-
CKHUiI MeToJ, run KJjacca F1; Bo3BpalljaeMoe 3TUM MeTOJOM 3HaUYeHHEe PAaBHO
HYJIIO, €CJIU BCE B IOPsJIKe, U OTINYAETCs OT HyJId, €CJIA YTO-TO IIOIJIO He
TaK; 9TO IO3BOJIAET HCIOJIb30BaTh Pe3yjbTaT MeTO/la run B KadecTBe KO-
Jla 3aBepIIeHus IIPOoIecca, 9YTO MBI U JleJ1aeM, IIOMECTUB €r0 BBI30B B TeJIO
orneparopa return.

Y106l OTKOMIUINPOBATH W COOPATH HAIILY IPOTPaMMYy, MOTpebyeTcs
IPUMEPHO TaKad KOMaHA:

g++ -Wall -g hello.cpp -1fltk -o hello

3alycTuB MPOrpaMmy, Kak OObITHO, KOMAHION «./helloy, MBI yBUJIUM OK-
HO, BBRITVIAIAIEE KaK HOKa3aHo 2 Ha puc. 10.4. YTo6LI 3aBepIINTh IPOTrpaM-
My, MoxkuO HaxkaTh Ctrl-C B TepMuHasie, rjue Mol €é 3amycTun (IIOmpocTy
roBops, npubums ed), mmbo HaxkaTh Escape B eé cobemeentom okae. Takyto
peakmuio Ha Escape 6ubimoreka FLTK mpemgycmarpuBaer mo yMoI4aHuio;

IIpu 2KeJITaHUN 3TO MO2KHO OTMEHUTD.

32TTomuure, uro B X Window 3a pucoBaHme paMKH U 3aroJIOBKa OKHA OTBEYAET HE
caMa OKOHHAas NPOrpamMMa, & OKOHHBIA MeHeIKep. ABTOp KHUTHM HUCIOJb3yeT fvwm2,
KOTOPBI MOYXXHO OBLJIO Ha3BaTh JOBOJILHO MOIYJISAPHBIM — JIET 3aK 25 Ha3a.l; [puBe-
NEHHBIE HA PUCYHKAX CKPUHINOTHI CEJAaHbl MMEHHO 1oj HuM. [IOoCKOIbKY BBI, CKOpee
BCEro, UCIOJIb3yeTe JIPYTrOil OKOHHBII MeHEe/2Kep, BHENIHUN B 0O(DOPMJIEHUSI OKOIIEK Yy
BAC MOJIyYUTCS HE TaKOW, Kak Ha pucyHkax. CoBmajarh OyIeT TOJIbKO BHJ BHYTPEHHEH
0b1acTH OKHA.
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[Es |
Hello, World!

Puc. 10.4. Hello, World na FLTK

OkHO HaIell TporpaMMbl 06JIaIaeT OJTHUM HECKOJBKO HEOXKUTAHHBIM
CBOMICTBOM: €r0 MOYKHO II€PEMEIIATH 110 IKPaHy, a BOT U3MEHUTDb €ro pa3Mep
He 1oJryunTcst. Jlejo TyT B TOM, 4TO €JIMHCTBEHHBIN BU/XKET B HAIlleM OKHE
“MeeT KECTKO 3aJaHHBIA pa3Mep U He IPeIyCMaTPUBAET €ro N3MEHEHUS.
K Bompocy 06 n3meHeHUN pa3MepoB OKOH MBI €II¢é BEPHEMCS.

IIporpamMma B TaKOM BHjie, B KOTOPOM MbI €€ BOCIIPOU3BE/IU, UMEET OJIUH
BeChbMa CEPbE3HBIN HEJIOUET B IJIaHE KaYecTBa KOJa: KOHCTaHThI 100, 300 n
36 B Hell 3amncaHbl SIBHBIM 00pa3oM, 6e3 BBeJeHus nMEH. IToToM MBI 0051-
3aTeJIbHO MCIPABUMCH, a ceiffdac HAC OOJIbIe MHTEPECOBasa HATJISIHOCTD
KOPOTKOI'O IIPUMEPA.

10.11.2. ITpocTble KHONIKM 1 peaKOus HA HUX

IIporpamma, paccMOTpeHHasI B IpeablIyIeM naparpade, hakTuaecKu
HUYEro He Je/ajia — €IMHCTBEHHBIM JIefICTBUEM I0JIb30BaTE s, HA KOTO-
poe oHa pearuposajia, 6bu10 HaxkaTue Escape (1is 3aBepinenus paboTbl),
Jla K TOMY 2Ke 9Ty peakiuio Ha Escape mpemaycMOTpesd He MBI, a aBTO-
pet FLTK. ExuncrBeHHbIM BUIKETOM, KOTOPBIM MbI 33/1€ICTBOBAJIN, OBLI
F1_Box, KOTOPBIl OTHOCUTCS K MACCUBHbIM BUIKETAM WIH 8UJHCEMAM
evieoda (output widgets) — TakuM, ¢ KOTOPBIME [I0JIb30BATE/ b OOBITHO HE
MOYKET HUYEro CJIe/1aTh, KOTOPhIE CaMu 10 cebe He 00pabaThIBAIOT HUKAKUIX
cobertuit. Ha camoMm mesre mx MOXKHO 3aCTaBUTh 9TO JEJIaTh — HAIPUMED,
€CJI TI0JIb30BATENIb BaM UeM-TO HE yTOJMJ U BbI IOCTaBUIN cebe Ieslb 3a-
rajjaTb eMy pedyc; HO B HOPMAJIbHBIX YCJIOBUSX BUJDKETHI BBIBOJIA TOJIb-
KO 0TOOParkKaioT Ty WU UHYIO HH(MOPMAIMIO, KOTOPas MOXKET OCTABATHCS
HEU3MEHHOM, & MOXKET MEHSIThCsI B XOJie PabOThI TPOIPAMMEBI.

B oramume or BUIKETOB BBIBOAA, 6uUdHcCemMb, 66004, WHOIA Ha3bI-
BaeMbIe TAKKE GKMUESHBLMUSS, IIPe/IIoIaraior, 9To IoI530BaTeIb GyIer
C HUMH 9TO-TO JEJIaTh — THIKATh B HUX MBIMIKON, HAXKUMATH KJIABUIIA HA

33CTrporo roBopsi, <aKTUBHBIHA BHKET» — 9TO TEPMHH, [IPE/IIOIATAIONIMI HE TPOCTO
803M02CHOCTNY JIJISI BUJZKETA 00pabaThIBATh COOBITHS], HO U TO, YTO JAHHBIA KOHKPETHBIH
BU/PKET HA 9KPaHe B HACTOSIIIMI MOMEHT JJIsl 9TOTO JOCTYIIEH. BIIKeThl BBIBO/IA AKTHB-
HBIMY He ObIBAIOT HUKOI/IA, HO M BUJZKET BBOJA He 00A3AMEALHO ABJISIETCS aKTUBHBIM —
ero MOXKHO JIEaKTUBUPOBATh, M OH TOIJa HUKaKue COObITUs 0O0pabaThIBATh He Oy/IeT, IIOKa
€ro CHOBa He aKTUBHUDPYIOT. Takue «JieaKTUBUPOBAHHBIE» BUJKETHI, IIO-aHIVIMHCKH Yalle
Ha3bIBaeMble CJIOBOM disabled, OOBIYHO OTPUCOBBIBAIOTCS KAKUM-HHUOYIb CEPBHIM IIBETOM
WM IPOCTO 60JIee TYCKJIBIM, YeM OOBIMHO, YTOOBI [IOKA3aTh MOJIL30BATEIIO, UTO IIPIMO
cefiuac JAHHBIA BHIXKET JJ1d B3aNMOJEHCTBUA HEJIOCTYIIEH.
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KJIaBUATyPe, Ha 9TO BUJZKET JO0JI?KEH KaK-TO pearupoBaTh. VI3yueHune Takux
BU/I2KETOB U UX B3aMMO/JIENICTBUS MBI HAYHEM C CAMOTO, IOXKAJIYil, IPUMU-
THUBHOTO U3 HUX — C IPOCTON KHOIKW, HAPUCOBAHHOW Ha YKPAHE U Pearu-
pyroIeil Ha KJIUK MBIIIH, €CJIM IIPU 3TOM MBIIMTAHBIN KyPCOP HAXOIUJICST HaJ
n300parkeHneM KHOIIKU.

Memp,y Apo4nMm, aBTOpP JINHHO BMAEN J'nop,eVl, HE MOHUMaLWNX, 4TO KKHOMKa»
Ha 3KpaHe€ Ha CaMOM pAesie BOBCE HE KHOMKA, YTO OHa HapucoBaHa — B ocobeHHoCTMN
KOorga pe4db VIAéT O CEHCOPHbIX 3KpaHaX, rae Ha KHOMKY Ha>XMatkoT He LWEeNHKOM Mbl-
wu, a npsiMo nanbueM. KoHeyHo, yntatens Haweli kKHUrn B nofobHoM nogospesaTthb
6b110 Bbl N0 MeHblUeli Mepe CTpaHHO, HO pedb He 06 aTom. [MpoekTupys ceoii rpa-
buyeckuii nHTepdpeiic, MOMHUTE, YTO BOCNPUATUE MOJL30BATENS MOXET KapauHab-
HO OT/ZIN4AaTbCA OT Ballero CO6CTB€HHOFO, NPUTOM 3a4acCTylo TPYAHO NMpPeacCTaBUTb,
HaCKOJ1bKO.

B 6ubnmorexke FLTK kmomka mpescrasiena kiaaccom F1_Button. Kak
HA CTPAHHO, IIapaMeTPhl KOHCTPYKTOPAa Yy HEr0 TOYHO TaKHE K€, KaK U
Yy 3HAKOMOIO HaM MO mpeabiayieMmy mnaparpady F1_Box: derwipe duncia,
3aJ1aK01I1e KOOP/MHATHI JIEBOI'O BEPXHEr0 yTIJia, UPUHY U BBICOTY, U CTPO-
Ka — TEeKCT, KOTOPBIil ciemyer moka3aTh. Boodme B FLTK takosnr mapa-
METpBI €d6a AU He 6Cer KOHCTPYKTOPOB KJIACCOB, MPEJICTABJISIONINX BHU-
JIPKeThI; UCKJIFoUeHusI Bpoje F1_Window peaxu u IOrojibl He jesatoT. Pas-
JITYAETCs Pa3Be UTO CIOCOO MHTEPIIPETAINH CTPOKHY, IIePeIaBaeMOil IIsIThIM
mapaMeTpoM.

Kak MbI mOHMMaeM, KHOIIKa — 9TO He IIPOCTO U300paskeHne Ha SKPAaHe;
€€ IpeTHABHAYEHUE — 4MO-MOo JeAamb, K020 NOAB306AMEAb N0 Hell WENK-
Hnem. UToOBbI MOIBb30BATEh OKOHYATEIBHO 3a0bLI, YTO UMEET 0 C Ha-
PUCOBAHHOT, KHOIKON, & He HACTOSIENl, OHA IPHU IIEJTYKe MBIIIHIO MEeHs-
eT CBOE mM300pazkeHune TakK, ITOOBI BBITJISAIETh HaXKATOMW; C 9TUM OHUOIHOTE-
Ka CIpaBJisieTcs cama, 0e3 Hamrero ydactus. Ho BeJap u HaIlla mporpamma
TOXKEe JIOJIZKHA, 9TO-TO CIEeJIaTh, KOIJA MOJb30BATE/Ib CBOUMHU JE€ACTBUSIMUI
aKTUBUPYET KHOIKY!

B o6ubtmmoreke FLTK mpunar m0BOIBHO HEOKUIAHHBIN MOIXOM K 3a-
JIAHUIO PEAKIMK Ha COOBITUsI, B YHMCJIO KOTOPBIX BXOJUT W HAXKATUE KHOII-
KHU: JJISE 9TOTO HCIOJIB3YIOTCA (DYyHKIMU 0OpaTHOrO BBI30BA, OOJIBINE U3-
BeCcTHBIE 107 HasBaunueM callback-gdyrxuuu, KoTropble Mbl 00CYKIaaU B
§9.4.1. Ecjiu IpUIOMHATE, KAKYIO0 TEPMAHOJIOTUIO MBI TaM BBEJIU, TO B POJIA
MIOJICHCTEMBI-CEpPBepa ¥ HaC oKaxkeTcs oubsmoreka FLTK, a B posin kinen-
Ta — TOJIOBHas porpamma, HamncanHas samu. Callback-dyukims noymkHa
UMETh TaKOW BHUJI;

void callback_func(Fl_Widget *w, void *user)
{

//
}

Ormerum, uro knacc F1_Widget B 6ubsimoreke FLTK sBistercs 6a30BbIM
JUIsl BCEX KJIACCOB, ONMCBHIBAIONIMX BUJKETDHI, TaK YITO, KAKOB ObI HU OBLI
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Say hello

Say goodbye
Quit

Puc. 10.5. OkHo nporpammbr speak

BAIIl BUJZKET, €r0 3/IPeC MOYKHO OYJIET B TAKYIO (DYHKITHIO IIEPEIATh IEPBBIM
napamMerpoM (IIOMHHUTE IIPO TPeoOpPA30BAHME AJPECOB 110 3aKOHY MOJIMMOP-
duszmal)

CozzaB 1 HACTPOHUB 00bEKT KHONKY (00beKT Kitacca F1_Button), MbI co-
obraeM emy ajpec Hatreil callback-dyHriym u 3HAYEHYE JJTsT €€ TapaMeTpa
user (mOCJI€IHEE TIO3BOJIsIET UCHIOIB30BATh OHY (DYHKIUIO JJIsl 06paBGOTKY
pasubix cobprruil). Korga nosb3oBaresb akTuBupyer KHOIKY Ha KpaHe,
00bexT F1_Button Ber3oser Hamry callback-dynkmuro, mepegas eil mepBbiM
apaMeTpoM ajpec 0O0beKTa-KHOIKH, & BTOPBIM — TO 3HA4YEHHE, KOTOPOe
MBI yKa3ajau npu peructpanuu callback’a.

715t mumiocTpayu paccMOTPUM Cyry0o HCKYCCTBEHHYIO IPOrpaMMy, KO-
TOpasl 10 HAXKATUI0 KHOIKHU OyJeT BblJaBaTh HEKHWE CTPOKU B CBOM CTaH-
JAPTHBINA TIOTOK BBIBOJIA — TO €CTh MBI YBHIUM T CTPOKU B TOM TEPMHUHA-
Jie, 13 KOTOPOro 3arycTum nporpammy. OOBIMHO TaK He JIEIAI0T; IIPE/IIoIa-
raercsi, 4TO IporpaMMa, uMermas rpadudeckuil nHTepdeiic, MOXKeT ObIThH
3aIIyIieHa TaK, 9ToO [0JIb30BaTeIb He Oy/IeT BUAETH €€ CTAHIaPTHBIE IIOTOKHI
(HampuMep, Yepe3 MEeHIO Ul UKOHOYHbIE (DailIoBble MEHE[KEPbI ), U [I09TO-
My BCIO HH(POPMAIHIO, IIPEIHAZHAYEHHYIO JIJIsI IOJIb30BATEsI, OHA JOJIKHA
BBIJIABATh 4epe3 cBoil rpaduuecknii maTepdeiic. Caesarb 3T0 HETPYIHO,
HO 37IeCh U ceff9ac HaM BaXKHee MPOUJIIIOCTPUPOBATH TEXHUKY 00pPabOTKM
HaXKaTHil HA HAPUCOBAHHBIE KHOIKU HG KAK MONCHO Oosee KOPOMKOT npo-
2pamame, a BBIBOJ B CTAHIAPTHBIN MOTOK (BMECTO MCIOIB30BAHUS JIJIsT 9TO-
IO CIEIUAIBHOTO BUJZKETA) MO3BOJIAT CIKOHOMUTH JECATOK CTPOK JJIMHBI
rpuMepa.

IIporpamma, KOTOPYIO MBI HAIIUIIIEM, OTOOPA3UT B CBOEM OKHE TPH KHOII-
Ku ¢ Haauucamu «Say hello», «Say goodbye» u «Quit» (cm. puc. 10.5).
[To maxkaTwio Ha IEpBBIE JBe U3 HUX MpOorpaMma OyaeT BbIJABATH B
CTAHJIAPTHBIN TTOTOK BBIBOJIA, COOTBETCTBEHHO (bpa3nl «Hello, world!» u
«Goodbye, world!y, a 110 HAXKATHUIO HA TPETHIO — 3aBepIIaThcsd. s sToro
HaM notpedytorcs gase callback-dyukiunu: oxaa Oymer megaraTb cooOIeH e,
aJipec KOTOPOro IepeJlaH dYepe3 IapaMeTp user, a BTOpasi — 3aBepIIaTh
IPOTrpPaMMy, UI'HOPUPYS CBOU I1apaMeTpsl. BrIryisaeTrs onn OyIayT Tak:
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static void say_callback(Fl_Widget *, void *user)

{
printf("%s\n", (const char*)user);
¥
static void exit_callback(Fl_Widget *, void *)
{
exit(0);
}

MozkHO, BIIpodeM, 3aBepIiaTh IPoOrpaMMy MeHee paInKaIbHBIM CIIOCOOOM.
Oyukiust Fl::run, peajmsylomniasi TJIABHBIN UK/, paboTaer 10 TexX Iop,
TOKa& XOTsI OBI OJTHO OKHO, CO3JIAHHOE HAIeil IPOrpaMMOii, OCTAETCSI B CO-
CTOAHUM BUJIUMOIO, KOIJIA K€ BHJMMBbIC OKHA KOHYWJINCH, OHA BO3Bpallla-
er ynpasjenne. OKHO y HaC BCEro OJHO, TaK YTO JOCTATOYHO €ro 3a-
KPBbITh — M JIEJIO CJeJIaHO. AJipec IJIABHONO OKHA MOYKHO OBLIO ObI Ilepe-
JaTh B exit_callback 4uepe3 BTOpOIT mapaMeTp, HO MOXKHO CHEJIaTh eIné
nporre. [lepBbIit mapaMeTp 37eCh €CTh BCET/Ia, U B JAHHOM CJIydae depes
Hero Oyjier nepejial ajpec o0beKTa KHONKK Quit. a Mbl TOYHO 3HAEM, UTO
3Ta KHOIIKA PACIIOJIOXKEHA HEIOCPEJICTBEHHO B INIABHOM OKHE, TO €CTb IJIaB-
HOE OKHO SABJISIETCS €€ podumenvckum BUIKETOM, TaK 9To exit_callback
MOXKET BBITVISIJIETh TaK:

static void exit_callback(Fl_Widget *w, void *)
{

w->parent () ->hide () ;
}

Y Takoro perieHusi €CTh OJMH CEPbE3HBIN HEIOCTATOK: OHO 3aBA3aHO HA
TOT (DAKT, YTO KHOIKA BLIXOJA HE BJIOKEHA HU BO 9TO, KPOME IJIABHOT'O
OKHA. DTO MOYKET He BCerja ObITb TaK — HaIpUMep, pajn 0oJiee 3CTeTud-
HOT'O BHU/JIa, OKHA WJIU C TEJIbI0 TOHKOM HACTPONKHU IIPOIecca CMEHbI pPa3Mepa
OKOH Mbl MOXKEM 3Ty KHOIIKY BJIOXKHUTHb B Ipyuily (Bumker F1_Group) wiu
KYy/Ia-TO €IME, MPUIEM PelTeHne 00 3TOM Mbl MOXKEM IIPUHSTH y2Ke MOCJIE TO-
ro, Kak pyHKIUs exit_callback Oyer HalMcaHa, U, KOHEYHO XKe, 3a0y1eM
eé n3MenuTh. [IpaBuiibiee OyeT Apyroe pelienue: IBUTATHCSI OT POIUTEIS
K POJIUTEJIIO JI0 TEX IOP, IOKa He HANIEM BUIKET, POIUTEISI HE MMEIOIIIi
(215t HEro parent BepHET HyJIEBOH yKa3aTesb) — 9TO U OyIeT IJIaBHOE OKHO.
B rakoMm BapmamnTe Hama GyHKINASA TIPUMET CJIELYIONNN BUI:

static void exit_callback(Fl_Widget *w, void *)
{
Fl_Widget *p;
do {
p = w->parent();
if (p)
W = p;
} while(p);
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w->hide () ;
}

Nmes obe callback-dpyHKImm, Mbl MOXKEM MPUCTYIUATH K (POPMUPOBAHUIO
HAIETo UAJIOTOBOr0 OkHa. OOBIMHO B TAKUX CJIydYasx TPYIHO 3apaHee
MIpeIyrajarTh, KAKOBBI JTOJI2KHBI OBITH PA3MEPHI BCEX HAIINX BUJI2KETOB, ITO-
OBl MOJIy9eHHOE OKHO CMOTPEJIOCH €CJIM He KPACHUBO, TO XOTsI ObI HE CJIUIII-
KOM YPOJIJINBO; MEXKJIy T€M HMMEHHO 3TOI0 — YKA3aHUs PACIIOJIOKEHUS U
pa3MepoB € TOYHOCTDHIO JI0 MHUKCEJIS — OT HAC TPEOYIOT KOHCTPYKTOPHI BU-
mxeroB FLTK. Kak npasuiio, mpeskie 4eM OKHO 0OPeTéT OKOHYATEILHBIH
BH/JI, IIPUXOJINTCS BHECTH HECKOJIbKO KODPPEKINil B BbIOpAHHBIE Pa3MeEPHI.
IIpu srom umcia, mepegaBaeMble KOHCTPYKTOPAM, 3aBHUCIT JIPYT OT JIPY-
ra; HampuMep, MbI cefigac cobmpaeMcst HApUCOBATH TPU KHOIKU OJHY HaJ
JIPYTOii, TAK YTO BEPTUKAJIBHOE PACIIOJIOXKEHNE KayK I0i 13 HUX, KPOMeE IIep-
BOI, Oy/1eT 3aBUCETH OT BBICOTHI IIPEABIILYIINX KHOIOK; IIJIFOC K TOMY CAMK
KHOIIKH, TIO-BUJIAMOMY, CTOUT CJeJIaTh OIMHAKOBOI'O pa3Mepa, HO yraJiaTh,
KaKOI'0 MMEHHO, TOXKE C IIEPBOI'0 pas3a He IOoJIyduTcs. 11o3ToMy MBI 1pu-
MEHUM CTapbIii JOOPBIH IPUHIIAIL: HUKAKNE YUCJa He JOJI’KHBI BCTPe-
4aThCsd B IpOrpaMMe B sIBHOM BHJI€, BCEM KOHCTAHTaM CJIEIyeT
maTe umeHa. KoncranT y Hac Oyjler derwipe: MIMPUHA KHOIKHU, BBICOTA
KHOIIKM, PACCTOSIHIE MEXK Iy KHOIIKAMM, & TAKXKe MeXK/Iy KHOIKON 1 KpaeM
okHa (BOODIIIE TOBODS, ITH JIBA PACCTOAHUS HE 00sI3aHbI COBLAJATH, HO JIJis
YIIPOIIEHUsT KAPTUHBI OYIeM CUUTATH UX OJMHAKOBBIMHU ), M pa3Mep mpudra

T Ha imuceit Ha kHomkax. Ilomywaaem cneaymmee“:

enum {
spacing = 5, // TpoMexyTK:
button_w = 200, // umprHA KHONKHA
button_h = 40, // BHCOTa KHOIKH
font_size = 20 // pasmep mpupTa
};

Yr06bI CO3AATH BCE TPU OOBEKTA KHOIIOK OJHUM IIMKJIOM, OIHUIIEM HAIIHACH
Ha KHOIIKaX B BHUJIE MaCCHBA:

static const char *msg[] = {
"Say hello", "Say goodbye", "Quit"
};

Temepp MOXKHO TIpUCTYHATh K Hanucanwio yuknuu main. Hauném eé ¢
CO3/IaHNsl 00BEKTA TVIABHOIO OKHA, HO IIPEIBAPUTEIHLHO OCIUTAEM, KAKO-
0 OHO JIOJIXKHO ObITh pa3mepa. [lo ropu3oHTa N y HAC MMOJIYyYAETCS OJTHA
KHOITKa ¥ JIBa IIPOMEXKYTKA — CJIEBA U CIIPaBa OT KHOIKH; 10 BEPTUKAJIN —
TPHU KHOIIKHU U YeThbIpe IMPOMeKyTKa. VIMeeM ciemyroree:

343,H6C]> IIOKa3aHbl OKOHYATEJ/IbHbIE pa3MePbl; OHU IIOJIYY€HbI METOIOM Hp06 ¥ OIINOOK
3a TpU UWJIN YE€ThIpEe IIOIIBITKU.
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int main(int argc, char **argv)
{
int win_w = button_w + spacing * 2;
int win_h button_h * 3 + spacing * 4;
Fl_Window *win = new Fl_Window(win_w, win_h, "buttons demo");

Teneps mopa co3maBaTh 00BEKTHI KHOMOK. [10CKOJIBKY TOTOM HYKHO Oy/1eT
emg ycranoputh uM callback-dyrkimn, ajpeca co3gaBaeMbix 00bEKTOB CO-
XPaHUM B MacCCHBE U3 TPEX yKasaTeJell; IPU CO3/IaHUN 0ObEKTOB MOPU30H-
TaJbHOE TOJIOXKEHUE, JJINHA U MIUPUHA OyIyT KaXKJblii pa3 Te 2Ke caMmble,
COODIIEHNST MBI BO3bMEM U3 MACCHBA MSE, a ITOJIOXKEHIE 110 BEPTUKAJIN JIJIst
TeKymieil KHOIKN Oy/eM XPaHUTb B IIEDEMEHHON y M Ka)KJbIil pa3 mocje
CO3/IaHVsT KHOIKH yBEJUINBATD:

F1_Button *b[3];
int i;
int y = spacing;
for(i = 0; i < 3; i++) {
b[i] = new F1_Button(spacing, y,
button_w, button_h, msgl[il);
b[i]->labelsize(font_size);
y += button_h + spacing;

}

[TockoabKy 6O0JBIIIE JOYEPHUX BUJIZKETOB HE IIPEIIIOJIATAETCs, COODIUM
[JIABHOMY OKHY, 9TO ¢ (DOPMHPOBAHUEM €r0 COJIEPXKUMOI0 MbI 3aKOHYUJIU:

win->end();
YcTaHOBUM PEAKITUIO Ha HaykKaThe KayKI0# M3 KHOIMOK:

b[0]->callback(say_callback, (void*)"Hello, world!");
b[1]->callback(say_callback, (voidx)"Goodbye, world!");
b[2]->callback(exit_callback, 0);

3/ech B KaXKJOH M3 CTpOYEK MepBbIii mapamerp Mmeroja callback, kak
MOXKHO JIOTQIaThCsl, 33/1a€T ajpec MYHKINNA, KOTOPYIO CJIeyeT BBI3bIBATH
P aKTUBAIMY KHOIKHU, a BTOPO — TO 3HaUYEHNE, KOTOPOE B BHIZBIBAEMYIO
dyukuuio 6yzer nepesaBaTbCs BTOPHIM apaMeTpoM (IapaMeTpoM user).

Bce BumKeTH TOTOBBI, OCTAETCA TOJHKO BBIBECTH TJIABHOE OKHO Ha
9KPaH U 3aIYCTUTDH UK 00PabOTKU COOBITHI:

win->show() ;
return Fl::run(Q);

}

[TonHOCTBIO 3TOT IpUMeEp YnUTaTENIHh HAWIET B (aitne f1tk/speak. cpp.
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10.11.3. /Ipyrue Buabl KHOIOK

Ilomumo obwrunbix KHOMOK, FLTK momaep:xkuBaer mesiblit psif BUIKe-
TOB, KJIACCBHI KOTOPBIX yHacJjJaegoBaHbl oT F1_Button, TO ecTh, CTpPOro ro-
BODs, TOXKE SIBJIAIOTCSH KHOIKAMU, HO dpyeumu. Bcé mx MHOroobpasme Mbl
paccMarpuBaTh He OyjieM, OrPaHUYUMCS JIBYMsI BUJAMU BHUJPKETOB, KOTO-
poie gacto npumensorcs B GUI BHe 3aBUCHMOCTH OT TOTO, KaKast JIJIst 9TOr0
HCITO/Ib3yeTCs ObubimoTeka.

IlepBoiit 3 HuX mno-aHIMiiCKH Ha3biBaeTcs checkbor u mpencraBiis-
eT coboit TOAMMCAHHDIM KBaJIPpATHK, B KOTOPLIH MOXKHO ITOCTABUTH Ta-
JI09Ky. I1oT B BuikeroB B Ombsmoreke FLTK peanmzoBan kiaaccom
F1_Check_Button. Paboraer checkbox ouenb mpocro: eciu mEIKHYTH 11O
HEMY, FaJIOYKa CTABUTCS, €CJIU MEIKHYTDH eIé pa3 — rajlodKa CHUMAaeTCsd
(ucueszaer).

Bropoit Buji KHOMOK, KOTOpbIE MBI PACCMOTPHUM B 9TOM maparpade,
00BITHO HA3BIBAIOT radio buttons. HazBanuwe mpoMCXoAUT OT CTAPBIX pa-
JUONPUEMHUKOB, HA KOTOPBIX OOBIMHO IPHUCYTCTBOBAJ IIEJIbI PsiJi KHOIIOK
JJIs. BBIOOpA HCIIOJIB3YEMOrO JIMAIA30Ha, IPUYEM IPU HAYKATUWU OJIHON U3
KHOIIOK OHa 3aJjIdIaJia, a €CJIM JI0 9TOro ObLIa HaXKaTa Jpyras — OHa OT-
CKAKNBaJja, TAK YTO B JIIOOOH MOMEHT OCTaBajaCh HAXKATOW TOJIBKO OIHA
W3 KHOMOK. B rpadudecknx Mobp30BaTEIbCKUX WHTEpPdeEcax Takue «pa-
JIMOKHOIIKKM» TPUMEHSIIOTCsI JIjIsi BBIOOpA M3 HECKOJIBKUX (DUKCUPOBAHHBIX
BapUAHTOB U BBIMVIAIAT OOBIYHO KaK PACIOJIO2KEHHBIE B CTOJIOUK KPY2KOU-
KU, B OJJHOM U3 KOTOPBIX MOXKET CTOATh OTMETKA, a cupasa (pexke — CJIeBa)
OT KPY?KOYKOB IIOMEIIAETCsI TEKCT, OMUCHIBAIOININI KaXK/IbIil U3 BapUAHTOB
BbIOOpa. Ecian mEIKHYTh 0 0/IHOM U3 «PAJMOKHOIIOK», BXOJSAIINX B €JIU-
HYIO TPYIILy, TO OHA CTAHOBHUTCH BBHIOPAHHON (IIOMETKa ¢ ITOr0 MOMEHTA
[OMEIIAETC B €€ KPY2KOUKe), a OCTa/IbHble PAJMOKHOIKH TOM YK€ TPYIIIBL
TEPLAIOT CTaTyC BHIOPAHHBIX.

Pagmoknonka mpusbranoro sam Buga B FLTK peanuzoBana wmaccom
F1_Radio_Round_Button. Ormerum, urto B FLTK ecrp Takke BumKer
F1_Radio_Button, HO dejilaeT OH He COBCEM TO: €r0 OOBbEKTBHI BBITJIAIST
KaK IIPOCThIE KHOIIKHU 0€3 BCAKNX KPYKOUKOB, IIPOCTO ITH KHOIIKA 00beIu-
HSIOTCsI B TPYIIILY, B KOTOPOl HayKaTasi KHOIKA 3aJIUIAET, & OCTAJbHBIE TIPHU
9TOM OTCKaKUBaIOT. Bpojie 661 3TO TOT Ke caMblif BBIOOP OHOTO BAPUAHTA
U3 HECKOJIBKUX, IPOCTO BBITVISIUT HEIPUBBITHO.

OueBHIHO, YTO OT/E/IbHBIE OOBEKTHI PAJUOKHOIOK HY2KHO KaK-TO 00b-
€JINHSITh B TPYIIIBI, U KaXXJblii U3 O0OBEKTOB JIOJKEH 3HATh, KaKue eIné
00BEKTHI BXOJIAT B Ty 2K€ TPYIIILY, 9TOOBI COOOIIUTH UM, YTO MOJIH30BATED
OCTAHOBUJI CBO BBIOOD HA HEM, TAK UTO OCTAJHHBIM HAJJIEXKUT IIEPEHTH B
HeBbIOpaHHOe cocTosinne. B FLTK npursSTO /10BOJIBHO IIPOCTOE pelleHune,
U3PSITHO SKOHOMSIIEE CUIIbI IIPOIPAMMHUCTA: PAJUOKHOIKH aBTOMATHIECKH
00'beIUHSTIOTCS B TPYIIILY, €CJIA Y HAX OJIMH POJINTE/ILCKUT BUKeT. B Harem
caydae B POJIM TAKOIO BUJXKeTa OyJIeT BBICTYIATh IVIABHOE OKHO; €CJIU ObI
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= ]
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O green
O blue

¥ show letter

Set! Quit

Puc. 10.6. IIporpamMmma ¢ paJIMOKHOIKAMH U TAJIOYKOMN

HAM HY2KHO OBLJIO CO3/IaTh HECKOJIBKO I'PYIII PAJHUOKHOIIOK, JOCTATOYHO ObI-
JIO OBl OIUCATH COOTBETCTBYIOINIEE KOJMIECTBO BUKeTOB Tuia F1_Group,
a caMM KHOIIKH pacliojlaraTh yzKe B HUX.

Harra gemoncTparmontast mporpaMMa 3a1eficCTByeT Bce TPHU BUJIA KHO-
[I0OK, KOTOPbIE MBI BKJIIOYHUJINA B PACCMOTPEHHE: OObIYHbIE KHOIIKH, pa-
JUOKHOIKK U Tayiouky (cM. puc. 10.6). IIpocrpancTBo okHa, cBOGOIHOE OT
KHOITOK, MBI 3aiiMéM BuIzKeTOoM Tura F1_Box, KOTOPBI Oy1eT MEHATh IIBET
cBoero oHa B 3aBHCHUMOCTH OT TOTO, KaKasi M3 TPEX PaIUOKHOIOK BHIOpa-
Ha; KPOME TOrO, 9TOT BHUKET Oy/IeT MOKA3bIBATH M CKPBIBATH OOJIBIIYIO
OyKBY «A» B 3aBHCUMOCTU OT TOTO, YCTAHOBJIEHA WJIU COPOIIEHA TAJIOYKA.
B mmxkueit yacTu OKHA MBI PACIIOJIOKHUM J[B€ KHOIIKH; HAXKATHE HA JIEBYIO
OymeT MpUBOAUTL BUIKET F1_BoX B COOTBETCTBUE C COCTOSTHUEM TaJIOUKN
¥ PAJIMOKHOIIOK, a IpaBasi KHOIKa OYJIeT 3aBepIiarTh PaboTy IPOrPAMMEI.

C peakiueii Ha HaXKaTHe TPABOY KHONKHU BCE MOHATHO, TOYHO TAKYTO XKe
KHONIKY MBI HCIOJIb30BaJIN B IPEJIBLIAYIIEM IIPUMEpPE, ITI03TOMY IPOCTO CKO-
nupyeMm u3 Hero (pyHKIMIO exit_callback (CM. crp. 265). Caoxuee Gyger
OpraHN30BaTh PEAKITNIO Ha JIEBYI0 KHOIKY. IIporpamma mnpu sToMm JoirKHA
U3MEHUTh HACTPOWKU Ookca (Buikera tuna F1_Box) — ero nser ¢dboHa u
0TOOpaXKaeMblii B HEM TEKCT — B COOTBETCTBUU C TeM, UTO IOJIb30BATE/Ib
cllesajl ¢ TaJIOYKOH M PaJIMOKHOIIKAMU, HO JJIs 3TOI'0 HYKHO UMETh JO-
CTYyT 1 K 00beKTaM KHOIOK, U K 00beKTy OoKca. B mpuHIume MOXKHO OBLIO
Obl CleJaTh BCe 9TU OObEKTHI (TOYHEe, YKa3aTeJu Ha HUX) TI00AIbHBIMU
IepEMEHHBIMU, HO MBI IPEKPACHO 3HAEM, UTO II0OAJbHBIE TIepEeMEHHbIE —
CYIIHOCTb BpeJHasd U JIydllle He IPUBBIKATbL HCIIOJIb30BATh UX IO ILyCTs-
kaMm. [TosTomMy MBI mOCTyIIUM WHAYE: ONUIIEM CTPYKTYPY, B KOTOPOii OyayT
peayCMOTPEHBI yKa3aTelu Ha BCe NHTepeCcyIoIe HAC BUIZKeThI, IlepeMeH-
HYIO THTIA 9TOH CTPYKTYPHI co3maauM B pyHknnu main, a B callback-pynk-
[WIO HAILy CTPYKTYPY IepeiaanM depe3 napamerp user. Cama cTpyKTypa
OyJIeT BBITVISIJICTh TaK:

struct controls {
F1_Radio_Round_Button *rb[3];
F1_Check_Button *cb;
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F1_Box *box;
};

IIpexnme dem IBUraThbCs JAJIbINE, CO3AJMM JIBA KOHCTAHTHBIX MACCHBA,
KaXKJIbII U3 TPEX JIEMEHTOB. B mepBOM pasMecTUM KOJBI IIBETOB, B KO-
TOpBIE CJIEJlyeT ITOKPACUTh DOKC IPU BBIOOPE PaIUOKHOIKHU C COOTBETCTBY-
IOIUM HOMEPOM, BO BTOPOM — TEKCT JIJIsi CAMUX PaIMOKHOIOK. [TocKombKy
OHU OYEBHJIHBIM 00PA30M CBI3aHBI MEXKTy COOOI, PACIIOIOKUAM UX B TEKCTE
MIPOrpPaMMBbl PSIJIOM, YTOOBI IPU U3MEHEHHUH JIFOOOr0 U3 HUX He 3a0BbITh IIPO
BTOPOIi.

static const int colors[] = { FL_RED, FL_GREEN, FL_BLUE };
static const char *const colnames[] =
{ ”red", "green", "blue" };

Yrobsr Hammucarh mnomxoasamtyio callback-dbyukimio, Hy:KHO 3HATDH, YTO
y BCeX OOBEKTOB-BUKETOB, HacJeayeMblXx oT F1_Button, ecThb MeTox
value, KOTOPBIl BO3BPAIIAET UCTUHY (EIMHUILY ), €CJIU KHOIKa HaxKaTa (pa-
JIMOKHOIIKA BBIOpaHa, TaJovuKa MOCTABJIEHA), U JOXKb (HOJIb) B IPOTHBHOM
caydae. [y m3Menenunii BHeIIHero Bujia OOKCA BOCIIOIB3yeMCs METOIAMU
color u label, KOTOpBIE yCTAHABJIMBAIOT COOTBETCTBEHHO IBeT (DOHA U
TEKCT HA/IIIICH; €CJTU TaJI0UKa COPOIIIeHa, B KAUECTBE TEKCTa OYIEeM UCIIO b
30BaTh MyCcTyIO0 CTPOKy. OcrayibHble mapamMeTpbl DOKCa — IIBET U pa3Mep
TEKCTa, BHUJI CAMOTO DOKCA — MBI YCTAHOBUM IIPHU €r0 CO3IAHUU B (DYHKITIN
main. Tekcr callback-dbyukiun momydaercss Takum:

static void set_callback(Fl_Widget *w, void *user)
{
controls *c = (controls*)user;
int i;
for(i = 0; i < 3; i++) {
if (c->rb[i]l->value()) {
c->box->color(colors[i]);
break;
}
}
c->box->label (c->cb->value() 7 "A" : "");

}

OrmeTnM, 9TO yKasaTejb C MbI 3/€Chb BBEJU UCKJIOYUTE]BHO JJIs KPAT-
KOCTH 3aIIUCH; ero 3HadeHne (usndecku, TO €CThb COAEPKUMOe OBJIacTH
[IAMSTH, 3aHATONH ITUM yKa3aTeseM) TOXKJECTBEHHO 3HAUEHHIO [apamerpa
user, ¢ OTINYaeTcd OT user ToJbKO TuroM. CKopee BCero, B MAITUHHOM
KOJIe yKa3aTejisi C y2Ke He OyjeT, ONTUMI3aTOpP €ro JUKBUIUPYET.

IIpexne 4yem mucaTh OYHKIWIO main, TpeayCMOTPUM KOHCTAHTBI JIJIdA
BCEX pa3MepoOB, OT KOTOPBIX 3aBUCHUT I10JIOYKEHNE BU?KETOB U pa3Mep IJIaB-
HOrO OKHa. KOHCTAHT B 9TOT pa3 MOJIyYaeTCs MIeCTh: IMUPUHA U BBICOTA JIJTs
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PaIMOKHOIIOK U YeKOOKCAa, IMUPUHA U BBICOTA JjIsi OOBIYHBIX KHOIIOK, PACIIO-
JIOXKEHHBIX BHU3Y OKHA, PA3Mep IIPOMEXKYTKa MEXKJy KHOMKAMU (M MeK Iy
KpaeM OKHA& U KHOIKOI) u pa3mep mpudra s 6yKBbl, 0TOOparKaeMoi B
GoKce cIipaBa IPU YCTAHOBJIEHHON TaJlovuKe:

enum {
spacing = 2,
button_w = 150,
button_h 40,
option_w 120,
option_h = 20,
letter_size = 90

};

QyHKINIO main HAYHEM C BBIYUC/IEHWS Pa3MEpPOB TJIABHOTO OKHA U COO-
CTBEHHO CO3JIaHUs 00bEKTa TJIABHOTO OKHA!

int main()
{
int win_w = button_w * 2 + spacing * 3;
int win_h = option_h * 4 + button_h + spacing * 7;
Fl_Window *win = new F1_Window(win_w, win_h, "buttons demo");

TbHepb CO3JaIUM B JIJMHAMUYECKON MaMATH CTPYKTYpPy controls:
controls *ctrl = new controls;

1 HAYHEM HAIIOJIHATH Hallle OKHO BHUJI2KEeTaMU. C pa‘ZLHOKHOIIKOﬁ " raJjioukKa-
MH BCé boJiee-MeHee IIOHATHO, OTMETUM TOJIBKO, YTO I'aJIOYKY MBI OTOABUHEM
II0 BEpTHKaJIX OT PaJUOKHOIIOK Ha ,HBOfIHOG paccTodgHue. KO,H TOJTYIUTCHA
TaKHM:

int i;
for(i = 0; i < 3; i++) {
int y = spacing * (i+1) + option_h * ij;
ctrl->rb[i] = new F1_Radio_Round_Button(spacing, 7y,
option_w, option_h, colnames[i]);
}
ctrl->cb =
new Fl_Check_Button(spacing, 5*spacing + 3*option_h,
option_w, option_h, "show letter");

Heckombko cioxkuee obcToaT aena ¢ 6okcoM. Ero pa3mepsl, B OT/IH<InE OT
pa3MepoB JIPYTUX BUAKETOB, HE 33IAI0TCS KOHCTAHTAMHI — OHU MTOJTHOCTHIO
OIIPEIJISIOTCST TeM, CKOJIbKO MeCTa 3aHMMAIOT JIpyrue BUKeThl. 11o Bep-
THKAJIA HAIl OGOKC OyJeT 3aHUMATh CTOJBKO Ke, CKOJbKO 3aHUMAIOT pa-
JUOKHOIKY W TAJI0YKa BMECTE C IPOMEXKYTKAMEI MEXKIy HUMH, a 10 TOPU-
30HTAJIA — CTOJIBKO, HACKOJIBKO PaMOKHOIIKY MEHbIIe, 9eM JiBe OObIYHbIE
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KHOIIKY ¥ ITpoMexKyToK. [locie co3manmst 60Kca Mbl y2Ke 3HAKOMBIM HaM Me-
TOJIOM labelsize yCTaHOBUM pa3Mep TEKCTa, 3aTeM MeTodoM labelcolor
ClIeJIaeM ITOT TEKCT OesIbIM (9TOT LBET JIydille BCEro CMOTPUTCS Ha BCEX
TpEX HAIMX BapuaHTax 1BeTa (oma). Kpome TOro, Mbl BOCIIOIB3yeMCs Me-
TOJIOM bOX, ITOOBI YCTAHOBUTH mun 6okca. Ecau sToro me cienarhb, OOKC
OCTAHETCS NPO3PAYHDBIM, TAK UTO BHIHO OYJIET TOJBKO €ro TeKCT (eciu Ta-
KOBOI ecThb), & caMoro 60Kca BHIHO HE OyJer, TO eCTh BCe HAINU YCHUJIUA
[0 yCTAHOBKe IBeTa (hOHa MPOIMAIYyT BIYCTyIO. B KadecTBe THIa MBI BbI-
6epem FL_FLAT_BOX — 3T0 mpoCTO# MpAMOYTOIbHUK. 1I0THOCTBIO KO, /115t
co3/ianmst OOKCa U ero IMepBUYHON HACTPOUKHU Oy/IeT TAKWM:

int box_x = 2 * spacing + option_w;

int box_w = 2 * button_w + spacing - option_w - spacing;
int box_h = 4 * option_h + 4 * spacing;

ctrl->box = new F1_Box(box_x, spacing, box_w, box_h);
ctrl->box->labelsize(letter_size);

ctrl->box->labelcolor (FL_WHITE) ;

ctrl->box->box (FL_FLAT_BOX) ;

Ocrarorcst emg KHOIKM, HO C 9THM IIPOIIE, BEJb C KHOIKAMH MbI YK€ pa-
OoTaJIN:

int buttons_y = 6 * spacing + 4 * option_h;
F1_Button *set_b =
new F1_Button(spacing,
buttons_y, button_w, button_h, "Set!");
set_b->callback(set_callback, (void*)ctrl);

F1_Button *close_b =
new F1_Button(2*spacing + button_w,
buttons_y, button_w, button_h, "Quit");
close_b->callback(exit_callback, 0);

Bcé, Bce BuIKETBI TOTOBBI, OCTAETCS COOOIMUTH 00 ITOM IVIABHOMY OKHY,
BBIBECTHU €r0 Ha 9KPAH U 3aIlyCTUTH [JIABHBINA ITUKJI:

win->end () ;
win->show() ;
return Fl::run();

}

[Tonusrit Koj 3TOrO NIpUMepa HaxouTca B daitne £1tk/options. cpp.

B nocnepHue roapl cpesn paspaboTHMKOB MOJIb30BATENLCKUX UHTEPEERCOB, B
0CcobeHHOCTN BEG-NPUNOXKEHNT, CTaNO MOLHO 0BXoauTbCs 63 KHOMKM, MO KOTOPOIA
BbIOpPaHHbIE NONBb30BaTENEM BapMaHTbl NPUBOASATCS B MCnonHeHme (B Halem cinyyae
B 3TOll ponu BbICTynaeT KHomnka Set!). Bmecto 3Toro Bce msmeneHus npomcxogsr
Cpasy, KakK TO/MbKO Mofb30BaTeNb XOTb YTO-TO M3MEHUT B Aunanore. Mbl Toxe Mor-
nn Bbl Tak cAenaTtb, 3TO OYeHb NPOCTO: KHOMKy Set! ybpaTsb, a callback-cbyHkuuto
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Type: IThis is a text to say..|

Say it! | Clear | Quit |

Puc. 10.7. IlemoHcTpanust 1moJjist BBOJIA

(cobcTBEHHO roBOPSI, Ty XKe CaMyto, KOTOPAsi y HAC YXKe eCTb) Ha3HAYNTb BCEM TPEM
PaAMOKHOMKAM 1 KHOMKe-rasoyvke, bnaro meton callback y HUX y BCEX €CTb 1 Ae-
NIaeT TO XKe CaMoe, 4TO 1 st OObIYHOW KHOMKW. Tak BOT, HE AesaiiTe 3Toro, n ecau
KTO-HUBYAb CKaXKeT BaM, 4TO Tak sikobbl ynobHee ans nonb3osaTtens — He obpawalite
BHUMAHNA Ha TaKNX COBETHUKOB.

10.11.4. BuakxeTnI aJig BBOJJa TEKCTa

Inst Toro, 4TOOBI JATh BO3MOXKHOCTH IIOJIB30BATEJIO BBOJUTH TEKCT,
FLTK npemocraBiseT TpyU OCHOBHBIX THIIA BUJKETOB: OJHOCTPOYHOE IIO-
Je BBoJa (kjaacc F1_Input), muorocrpognoe noje (F1_Multiline_Input)
n TekcToBbIit pefakTop (F1_Text_Editor).

Hauném ¢ ogHOCTpOYHOrO moJsid Kak caMoro Ipocroro. KoHcTpykTop
kiracca F1_Input, KaK U KOHCTPYKTOPBI OOJIBITAHCTBA BUJKETOB, IIPUHU-
MaeT NATh MapaMeTPOB — KOOPJIWHATHI, pa3Mepbl U TEKCT METKU, IIPUIEM
MTOCJIETHUH NapaMeTp MOXKHO He YKa3blBaTh. Ecim ero BCé-TakM yKasaTh,
TO CaMO II0JIE€ BBOJA CO3/IAETCS B COOTBETCTBUM C 33/IaHHBIMHI KOOD/IWHATA-
MM, a CJIeBa K HEMY T00aBJISIETCS €IE M TEKCT METKHU, YTO MOYKET OKA3aThCS
JIOBOJIBHO HEOXKUJAHHBIM. UTOOBI BCE BBIIVISIEIO «KAK HY?KHO», JIJIST METKH
NIPUXOUTCS OCTABJIATH 3allac; K TOMY 2Ke JlaJleKO He BCerjia €€ IOJIoKeHNe
CJIeBa OT TIOJIsT BBOJA YJIAYHO BIIUCHIBAETCSI B ODIIYIO KOHIIEIIIUIO TOCTPOE-
HHS JUAJIOTOBOTO OKHA. B ImpuHNuITEe NoJIoXKeHNne METKI MOYKHO U3MEHHUTh;
KaK 9TUM YIIPaBJIsiioT, Mbl pacckazkeMm B §10.11.5. Tem He meHee yacTo GbiBa-
et mpoie octaBuTh F1_Input 6e3 MeTKH, & BCe HYKHbBIE HAJIINCH BHIBECTH
C IIOMOITIBIO JIPYTUX BHJIZKETOB, XOTs ObI yKe 3HaKOMOro nam F1_Box.

Kunacc F1_Input cHa®xkén meronoMm value 6e3 mapameTpoB, KOTOPBIN
BO3BpAIllaeT 3HAUEHNE THIIa const char* — ajpec CTPOKH, COOTBETCTBYIO-
et TeKyIeMy TeKCTy, HabpaHHOMY B IoJie BBoJa. MeTos ¢ TakKuM Ke ume-
HeM, HO C [IapaMeTpOM THIa const char* (M HUYEro He BO3BpAIAIONINIL),
HCIIOJIB3YEeTCS JUIS U3MEHEeHUA TEKYIIETO TEKCTA.

CrenaeM 1t HagaJIa IPOCTERIITYIO JIEMOHCTPAIIMOHHYIO IIPOIPAMMY, KO-
TOpasl HapucyeT OKHO C OJHUM II0JIEM BBOJIa U TPeMsl KHOIIKAMU; I10 HaxKa-
THIO IIEPBOil U3 HUX CTPOKA U3 TI0JIsI BBO/A OYJET BBIIABATHCA B CTAHIAPT-
HBII TTIOTOK BBIBOJIA, HAYKATHE BTOPON KHOIIKH OYHCTHUT II0JI€ BBOJA, TPEThS
KHOIIKa, KaK 00bI4HO, OyzeT 3aBepmarh pabory (cm. puc. 10.7). st orpa-
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OOTKM HaKaTWii IEPBOIl U BTOPOil KHOIIKU IOTPedyeTCst JOCTYI K OObEKTy
BUJIZKETa TI0JIs1 BBOJIA, TAK UTO ero (TOuHee, ero ajipec) Mbl U TEPEIAIAM B
callback-yHknmm depes mapamMeTp user.

IIpex e vem nucarsb Teker callback-dyHKnmit, cienaeM emmeé oaHo 3ame-
yanue. Eciu Halla nmporpaMMa HCIOIb3yeT HECKOJIBKO aKTHBHBIX BUJIZKe-
TOB, B KaXKIbIil MOMEHT TOJIbKO OJIMH M3 HUX ODJIAJaeT TaK HA3BIBAEMBIM
doxrycom 6600a, TO eCTb SBJISIETCS IMOJIydaTeIeM BBOMA C KJIABUATYPHI.
HaLLO CKa3aTb, 9TO KJ/IaBUaTypPHbIC CO6bITI/I$I HY2KHBI HE TOJIBKO IIOJIIM BBO-
JIa TEKCTA; B YaCTHOCTH, OOBIKHOBEHHBIE KHOIIKHM TOXKE YMEIOT PEarunpoBaTh
HA KJIABUATYPHBI BBOJ — HAIPUMED, HAYKATH HA KHOIKY (& TaKXkKe I10CTa-
BUTH WJIM CHSITH T&JIOUKY, BBIODATH PAMOKHOIKY ) MOYKHO KJIABHIIEH IPO-
GeJta, TP YCJIOBUM, KOHEYHO, 9TO UMEHHO 9Ta KHOIIKA B HACTOSAIIUI MOMEHT
BaaieeT (POKyCOM BBOJIA. BBl MOXKeTe MOIKCIIEPUMEHTHPOBATH ¢ (POKYCOM
BBOJIa, 3aIlyCTUB JIFOOO0 U3 HAIIUX MPEJBIIYIIUX [IPUMEPOB; BUIKET, 00J1a-
Jaromuit GOKycoM BBOJA, OTMETAETCS €/1Ba 3aMETHONH MyHKTUPHON paMot-
KO, a nmepeMecTuTh GOKYC MOKHO HaxKaTHeM Ha Kijasuiry Tab (mpu srom
kombunarus Shift-Tab nepememaer dbokyc B 06paTHOM HAIIPABJIEHNUN).

IIpu akTuBanum 1100010 M3 BUJZKETOB MBIIIKOH — B TOM 9HCJIE IIPU
WCITOJTHEHHOM C TIOMOIIBIO MBIIIKN HAXKATUU HA HAPUCOBAHHYIO KHOIKY —
dOKyC 0OBIMHO OCTAETCs ¥ TOTO BUIXKETA, KOTOPBI ObLI aKTUBUPOBaH. Bo
BCEX IIPUMEPAX, PACCMOTPEHHBIX JIO CAX 0P, MBI HE 00OpaIaan Ha 3TO BHU-
MaHUs, TOCKOJIbKY BOODIIE He COOMPAINCh HIYIEr0 BBOIUTDH C KJIABUATYDHI,
HO KaK TOJIbKO y HAC TOSBJISIETCS TOJIE JJIs BBOJA TEKCTA, MOTEPsT STUM
rosieM (hOKyca BBOJIA CIIOCOOHA II0JIH30BATE ISl U3PSTHO J1€30PUEHTUPOBAT,
a 3aTeM U PA303JIUTh: BOT TOJIBKO UTO BPOJE ObI HOPMAJIBHO MOXKHO OBLIO
BBOJIUTH TEKCT C KJIABUATYPHI, a Telepb oYeMy-To Hudero He paboraer. Ko-
HEYHO, UCIIPABUTH CUTYAIUI0 OYeHb IPOCTO, JOCTATOYHO IMIEJKHYTH MBIIII-
KOiT B 0bjiacTu 1oJis BBOZA, U (DOKYC CHOBA OKAXKETCHA TaM — HO, XOTHUTE
BepbTe, XOTUTE HET, He KarK/IbII [0Jb30BaTEb JI0 9TOTO CPa3y J10/Ly MaeTCH.
[TosTOMY MBI IIOCTYIIMM BEXKJIMBO: B XOjle 00pabOTKU HAXKATUsI HA KHOIIKY
OyzeM TpUHYAUTEIHFHO BO3Bpamarh (okyc Bumkery F1_Input. lesraer-
Csl 9TO OYEHb IIPOCTO — BBI30BOM MeToza take_focus (6e3 mapamerpos).
B urore callback-dyHukiun nosydarcss TakuMu:

static void say_callback(Fl_Widget *w, void *user)
{
printf ("%s\n", ((Fl_Input*)user)->value());
((F1_Input*)user)->take_focus();
}
static void clear_callback(Fl_Widget *w, void *user)
{
((F1_Input*)user)->value("");
((F1_Input*)user)->take_focus();
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st mocTpoeHust IMaIoroBoro OKHa, MOKa3aHHOTO Ha PUCYHKE, HAM TOTpe-
60oBaJIUCh CJIeAyIONue KOHCTAHTHI:

enum {
spacing = 20,
input_h = 30, // BHCOTa molg BBOIA
label_w = 50, // umprHa MeTK: HONs BBOZA

button_w = 100,
button_h = 40
};

Tekcr dyHKIIMY main 1MeJIUKOM MBI IPUBOAUTD HE OyI€M, OTMETHM TOJIBKO,
4TO caMoO II0JIe BBOJA MBI CO3JAJIH TaK:

int inp_w = button_w * 3 + 2 * spacing - label_w;
Fl_Input *inp = new Fl_Input(spacing + label_w, spacing,
inp_w, input_h, "Type:");

a TIocJIe CO3JIaHus 00HEKTOB KHOMOK HasHaumau uM callback-dynkimun BoT
TaK:

say_b->callback(say_callback, (void*)inp);
clear_b->callback(clear_callback, (void*)inp);

Coznanre 0O0bEKTa IJIABHONO OKHA U OOBEKTOB KHOIIOK, BBIBOJ[ OKHA Ha
9KpaH U 3allyCK IVIABHOI'O IMKJA IIPOU3BOAATCA TOYHO TaK JKe, KaK BO
Bcex mpeabaymux npumepax. [ocsae sToro Bcé 3apaboraer, HO y mporpam-
MBI MOXKHO OyjieT OOHApYKUTh CyIIECTBEHHBIN HEJIOCTATOK: YTOOBI YTO-TO
cesaTh ¢ HaOpaHHBIM TEKCTOM, IPUXOIUTCHA TAHYTHCS K MBIIIKE, a BeJb
HabUPAIN-TO MBI TEKCT, OYEBUIHO, HA KJaBuarype. He Bce momusAT, 9TO
HaPHUCOBAHHYIO KHOIIKY MOXKHO HAXKaThb C KJIABUATYPBI C TOMOIBI0 Tab u
pobeJia, Jia ¥ BOOOIIE 9TO JIOJTO U HEYI00HO; BBl U CAMHU MOXKETE 3aMETUTh,
9TO HEOCO3HAHHO OXKH/IA€TE BO3MOXKHOCTH II0CJI€ BBOJIA HY2KHOT'O TEKCTA Ha~
2KaTh Ha Kjapuiny Enter, 9To0bI ¢ 9TMM TEKCTOM IIPOU3OIILIO TO, JIJIsi Iero
BBl €I'0 BBOJIVIIH.

3acraBuTh HAIly IIPOrpaMMy aJIeKBATHO pearupoBaTh Ha Enter mpore
rnpocroro. Bmxer F1_Input mooice ymeem ewvidvisams callback-dynruyuu;
cOOCTBEHHO rOBOPsI, 9TO yMeroT BooOIie Bce BukeThl FLTK, coorBeTcTBy-
omast GyHKIIMOHAIBHOCTD Peajn30BaHa MeTonaMu Kiacca F1_Widget, 6a-
30BOTO JjI BCEX BUIKETOB. 110 yMOTIAHUIO BUZKET II0JIsI BBO/IA BBI3BIBAET
cBoii callback, korna u3 Hero yxoaut (OKyC BBOJA W IIPU TOM BBOJIUMBIN
TEKCT ObLI M3MEHEH, HO 9TO HE COBCEM TO, YTO HAM HYKHO, [IO9TOMY MBI
3aJeiicTByeM MeTo I, when U cooOImmM BuIKeTy, 9To callback Hy»>KHO BBI3BI-
BaTh [pU HaxXaTuu Ha Enter, mpuuém j1ake B TOM CjIydae, €CJii TEKCT He
Menscsa. Uro Kacaercs camoii callback-dyHkiuu, To HaM BIIOTHE TOIOHIET
yke uMmerommasics say_callback. ltak, B TeKCT mporpaMMbl cpa3y MOCTe
coznanus o0bekTa F1_Input Mbl BCTABUM CJIEIYIOIIHME JBE CTPOKHU:
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inp->callback(say_callback, (void*)inp);
inp—>When(FL_WHEN_ENTER_KEY | FL_WHEN_NOT_CHANGED) ;

Daits1 ¢ TEKCTOM 3TOi IporpaMMbl Ha3biBaeTcst £1tk/say_it.cpp.

Kunacc F1_Input npegycMaTpuBaeT IeJIblii HADOP METOMNOB IS yIIPaB-
JIEHUsT TPOUCXOIAIIMM. 1aK, B KjacCe HMEETCS TPH METOAa C MMEHEeM
position: 6e3 mapaMerpoB, ¢ OIHUM IEJIOYUCIEHHBIM [TaPAMETPOM U JBY-
Msl; MeTo/1 €3 TapaMeTpOB BO3BPAIAET TEKYIILYIO TO3UIIUIO0 KyPCOPa, METO
C OJIHUM [APAMETPOM YCmanasausaem eé (Kypcop IPU TOM ePEMEIIAETCs
B YKa3aHHOE MECTO), METOJ C JBYMsl IIAPAMETPAMU yCTAHABJIUBAECT IIO3U-
LIUIO ISl KypCcopa U JijId IIPOTUBOIIOJIOZKHOIO KOHIIA BBIJICJIEHHOI'O TEKCTA.
DTOT TOCEHUI METOJT M30BITOYEH, MOCKOJIBKY MOIEPIKUBAIOTCS TaKKe
IBa MeToja mark — OJUH C IapaMeTpoM, Ipyroil 6e3; KaK MOXKHO JI0ra-
JaThCsl, MeTOo/T mark 6e3 mapamMeTpa BO3BPAIAECT IPAHUILY BBIJICIEHUSI, TIPO-
THBOIIOJIOKHYIO KypPCopy, a mark ¢ mapamMerpoMm ycranasimBaer eé. Korma
BBIJEJICHAS HET, 3Ta IO3UIU COBIIQJAeT C MO3Uluell Kypcopa.

Meton size 6e3 mapaMeTpOB BO3BPAIAET TEKYIILYIO JJIMHY TEKCTa, B
ojie BBOZa (TeKcTa, Bo3BpalaeMoro dyukuueil value). Takoe umeHoBa~
HUE He BIIOJIHE YJIA9HO, IIOCKOJIbKY METOJ, size € AByMd ITapaMeTpaMy —
HE TOJIBKO JIJIsl 9TOTO BUJIZKETa, a BOOOIIE /i BCeX — IpPeIHa3HAYEH JIJIsI
YIIpaBJICHUs HNIMPUHON U BBICOTOIl CaMOr'0 BHJZKETA.

Merox replace, UMEIOIIHIT 9€THIPE TAPAMETPA, U3 KOTOPHIX OOBITHO UC-
MOJIB3YIOTCSI TOJIBKO TPU IIEPBBIX, MTO3BOJISIET 3aMEHUTH JIIOOOH (pparMeHT
TEKCTa OT OJHOU 3a/JlaHHON O3UIUU 0 APYIOi (He BKJIIOYAas eé) Ha HOBYIO
CTPOKY; IIEPBBIE [IBA IMapaMeTrpa 3aJai0T TO3UINH, TPETHil — cTpoKy. Ecim
MO3UIINU COBIIQIAI0T, HUYEro He yIajsdeTcs, CTPOKa BCTaBJISeTCs Ilepe/] yKa-
3aHHOH IIO3UIUEH; eCc/IM CTPOKa IIyCTasd WU llepeJaH HyJeBOU yKasaTelb,
TEKCT MEXK/Iy 3aIaHHBIMU HMO3UIUSIMU [TPOCTO yaaJjsercs. /IBa merona, cie-
IaJIbHO IIpeJHa3HAUYEHHBIEe JJId y/IaJleHUs U BCTaBKA — cut U insert — Ha
caMOM JieJie IIPOCTO BBI3BIBAIOT replace ¢ COOTBETCTBYIONIUMU I1apaMeTpa-
vu. Hano ckazars, 9T0 U B X0OZe HOPMAJILHOI pabOThI, KOTIa [0JIH30BATEb
BBOJIUT WJIU YIAJISIET TEKCT, OKOHYATEIbHAS €ro MOIM(PUKAIINS TPOUCXO-
JUT Yepe3 MeToJ replace, 4TO MO3BOJISIET OOBEKTY BHJI2KETA ITOMHUTDH HC-
TOPHUIO PEAAKTUPOBAHMUA; BBIZOBOM METOJa undo MOXKHO IOC/IEI0BATEIBHO
OTMEHUTH (€CTECTBEHHO, B OOPATHOM IIOPSAJIKE) JIEHCTBUS, COXPAHEHHBIE B
HUCTOPUH.

B kiacce mpeycMOTpeHBI U JpyTHe MeTObI; IOAPOOHOCTH MBI OITyC-
KaeM, IX BCerjia MOXKHO HalTH B TEXHUYECKON ITOKyMEHTAllud Ha caiiTe
http://www.fltk.org.

Or «kiacca Fl_Input ynaciegoBaHbl —crHenuUIECKHe KJIACCHI
Fl_Int_Input um F1l_Float_Input, DnosBoJjiaiomue BBOIUTL COOTBET-
CTBEHHO TOJILKO IIeJIble 4Hcsa (COCTOsIIME U3 JECATUIHBIX udp amnbo
HIeCTHAAATEPUYHbIC, HAUNHAIOIINECA C Ox) U 49UCJa ¢ IJIaBaloIleit TOUKOoi
(B TOM umcie B nayuwol nHoramuu — ¢ OykBoii E wim e). Emé omun
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HaciaegHuk — F1l_Secret_Input — nOpu BBOJE BMECTO TEKCTa IIOKa3bI-
BaeT B 3aBUCHUMOCTH OT HCIOJIB3yeMOU CHCTEMBI TO JII 3BE3/I0YKH, TO
J KPYZKOYKH, TaK YTO €ro MOXKHO MCIOJIB30BaTh JJI BBOJA MapOJIei.
B ocranpHOM paboTa ¢ 3TUMU BUXKETAMHU CTPOUTCS TOYHO TaK YKe, KaK U
¢ camum F1_TInput.

Cpen  HACHEHUKOB Bbljeasercss Kiaacc F1_Multiline_Input; Kak
MOXKHO JIOraJlaThCd IO €r0 Ha3BaHUIO, OH IIO3BOJIAET BBOJUTH U DEJIAKTH-
pOBaTh TEKCT, COCTOAIINI Oojiee UeM M3 OJHOM CTPOKM — TOUHEee TOBOPH,
BBO/IUMBIH TEKCT C IIPOrPAMMHOM TOYKU 3PEHUA ITO-IIPeXKHEMY IIPe/ICTaBIeH
Kak cTpoka si3bika Cu, HO B 9TOIl CTPOKE MOTLYT IPUCYTCTBOBATH CHMBOJIBI
IIePEeBo/Ia CTPOKH, U BUJZKET OTOOPaKaeT TAKOil TEKCT B CBOEM OKOIIKE Pa3-
IEJIEHHBIM Ha OTIE/IbHbIE CTPOKH. B 0CTaIbHOM OH JI0BOJIBHO IPUMUTHBEH.
KosmaecTBo cTpOK, BUIMMBIX Ha 9KpaHe, OIPEE/IsSeTCs BBICOTOU BHIKETA
(CKOJIBKO MIOMECTUIIOCH, CTOJBKO ITOMECTUIIOCH ); TEKCT, He TIOMECTUBIIUHCS]
B OTBEJEHHOE II0JIe, YIIOI3aeT 32 IKPaH, KAK ITO OOBIYHO OBIBAET, HO IIpU
3TOM HU BEPTHKAJIBbHON, HU TOPHU30HTAJBHOU NOJIOCHI NPOKPYTKU HE IIO-
ABJISETCS, & JIOTaJIaThCsl, YTO ceifdyac BUJEH HE BeCh TEKCT, II0JIb30BATEJIIO
peJylaraeTcd caMoCTOATeIbHO, BUUMO, Ha OCHOBE IIECTOI'0 4yBCTBA.

Habop meTom0B y 9TOr0 BHiKeTa TOYHO Takoil ke, Kak y F1_Input,
Besib 9T0 ero 6a30BbIi Kitacc. OTMeTuM pa3Be UTO METOJ Wrap C OJHHUM Iie-
JIOYMCJIEHHBIM I1apaMEeTPOM; 9TOT IIapaMeTp, B AeHCTBUTEIbHOCTUA TPAKTY-
eMblil KaK JIOTHIeCcKoe 3HadeHue (MCTHHA/JI0XKb), OLPEIEISeT, KAK BHUJKET
OyJeT TOKa3bIBATh JJINHHBIE CTPOKY, He BJIE3AIOIINE B [10JIe BBOA [0 TOPU-
30HTaJIM: €CJIM IIapaMeTp 3a/JaTb UCTUHHBIM, T€M CaMbIM BKJIIOYUB PEXKUM
IepeHoca, CTPOKU OYIYT IePEHOCUTHCS 10 TPOOETHHBIM CHMBOJIAM, TAK ITO
HE BJIE3TH II0 I'OPU3OHTAJN TeIlepb MOXKET pa3Be YTO CJIMIIKOM JIJIMHHOE
CJIOBO, HY & €CJIM PEKUM BBIKJIIOUEH, TO KaXKJasl CTPOKA TEKCTa OTOOparKa-
€TCsl POBHO B OJIHY CTPOKY Ha 9KpaHe (IJIMHHbIE CTPOKU OTOOPAXKAIOTCS He
IEJTUKOM ).

Metky (mocsiepnuii mapaMeTp KOHCTPYKTOpA) JJIsi MHOTOCTPOYHBIX
noJsieii BBOJla JIy4Ille He YKa3blBaTb, IIOCKOJIBKY paclojaraercsd OHa
MO-IIPEKHEMY CJIeBa OT OKOIIKA U BBIMVISIUT 3TO JIOBOJILHO HEJIENO — IIpa-
BUJIbHEE OyJIeT pa3MeCTUTb HEKYI0 HAJIINCh CBEPXY OT II0Jisi BBOJA, BOC-
TOJI30BABIIIUCH 711 9TOr0 00bekToM F1_Box. Kpome Toro, mjs Takoro Bu-
JPKeTa JIydile He BKJIIOYaTh BbimosHenwe callback’a mo maxkarmro Enter,
KaK MBI 9TO JeJIaJId B IIPUMepPe ¢ OOBIYHBIM II0JIEM BBOJIA; 3/1€Ch KJIABHUIIA
Enter Bam mmoTpebyeTcsi, ITOOBI BBOAUTH TIEPEBO CTPOKM.

Astopbl FLTK B pokymeHTauum pekOMeHAYIOT WCMOAb30BaTb  Kacc
Fl_Text_Editor Bmecto F1l_Multiline_Input pns NobbIX cny4aeB, Kpome
CaMbIX MNPUMUTUBHbIX. 3TOT BUOXKET NpenyCcCMaTpMBaAET HE TOJIbKO CKPOMJINHIO-
Bble MOJIOCKM, HO W pa3HoobpasHble Apyrne BO3MOXHOCTM W, CyAsi MO BCEMY,
paccynMTaH Ha pefakTMpOBaHME TEKCTOB bonboro obvéma. B wactHocTh, cam
pe,u,aKTleyeMblﬁ TEKCT 34€Cb NPeACTABNSAETCA HE KaK TpaguuUWMOHHAA CTPOKaA, a Kak
0cobbIli 06bekT (Tuna F1_Text_Buffer), KOTOpbIli, NO-BUAVMOMY, KaXAYH CTPOHKY
PefaKTNPYeMOro TeKCTa XpaHuT oTaensHo. Bnpoyem, noayunTs U3 Hero Becb TekcT
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LennkoM npobnem He COCTaBAsIET, AJsi 3TOrO eCTb MeTog text, BO3BpaLLaloLmii
3HaveHne Tuna char* — ajpec WUCKOMOI CTPOKW, MPUYEM 3Ty CTPOKY METOL
opMuUpyeT B AMHAMWUYECKON NaMsiTW chneumasnbHO 4TObbl BEPHYTL Mo 3anpocy, u
BbI3bIBalOLWEMY Mpefnaraetcss eé ygaauTb CaMOCTOSITENIbHO C MOMOLUbIO hyHKL MM
free(), 4To BOOBLLE-TO HE canLKOM XapakTepHo anst Cu++ — HO B JOKyMeHTaumm
CKa3aHO WMEHHO 37O, u, no-suanmomy, astopsl FLTK ansa cospannsa sToii cTpokm
nosb3ytoTes To im malloc'om, To am calloc'om.
Mogrotoska obbekTa F1_Text_Editor kK paboTe BbIrAAUT NPUMEPHO TaK:

F1_Text_Buffer *buf = new F1l_Text_Buffer;
F1_Text_Editor *ed = new F1_Text_Editor(x, y, w, h);
ed->buffer (buf);

Ecnu 661 Ham NprLLIO B roIOBY C MOMOLLLIO 3TOrO BUAXKETA CO3AaTh AeMO, nofobHoe
paccmoTpeHHoMy Bbiwe anst F1_Input, To callback-dyHkunm gns Bbigaym tekcra B
CTaHAAPTHBIV BBIBOA M OYUCTKM TEKCTA MOrn 6bl BbITh TakuMu:

static void say_callback(Fl_Widget *w, void *user)
{
char *s = ((F1l_Text_Editor*)user)->buffer()->text();
fputs(s, stdout);
fflush(stdout);
free(s);
((F1_Text_Editor*)user)->take_focus();
}
static void clear_callback(Fl_Widget *w, void *user)
{
((F1_Text_Editor*)user)->buffer()->text("");
((F1_Text_Editor*)user)->take_focus();
}

B pokymeHTauuyn HeOQHOKPATHO NMOAYEPKUMBAETCS, YTO OAMH Bychep MOXHO Mcnosib-
30BaTb OHOBPEMEHHO HECKOJIbKUMU obbekTamum knacca F1_Text_Editor, a Takxe
ero basosoro knacca F1_Text_Display, npeAHa3sHa4€HHOro AJsi MPOCMOTPa TEKCTa
6e3 BO3MOXXHOCTN ero n3meHeHusi. BepHo 1 apyroe: MOXXHO 3aBECTU HECKOJIbKO Ta-
kux bychepos 1 nepeknoYaTh PeAaKTOP MeXAY HUMUK, UCNOAb3ys MeToa buffer —
HanpuMep, Npu OAHOBPEMEHHOM PEAAKTUPOBAHUN HECKONLKUX haiifos.

Bonee nogpobHo 3TOT BUAXKET Mbl paccMaTpuBaTb He ByaeM, NOCKONbKY HyXKeH
OH CPaBHUTENILHO PESKO, N eCNU BCE XK€ MOHAZobuTCs, A4St ero U3y4HeHUst MOXKHO
BOCMOJIb30BAaTbCS TEXHUYECKOW AOKYMEHTaLMENA.

10.11.5. ObpamiieHne U METKU

Kirace F1_Widget, 6a3oBbrii juist Becex BupkeroB FLTK, npemrycmaTrpu-

BaeT METOJIbI, 33/Ial0TIKe I[BeT (POHA U TEKCTa, CTUJID 06paMJ1eHI/I${35, a Tak-

2K€ TEKCT, PACIIOJIOZKEHNE, TapaMeTpbl mpudTa 1 HEKOTOPbIE IPYTHUe mapa-

5
35B opurumase — mpocTo box lype; IepeBeCTH STO KaK <«THII GOKCas (bOPMABHO
MOXKHO, HO HE XOYETCH.
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Puc. 10.8. Tumsr o6pamienus sumxeros FLTK?6

MeTpBI s memku. 1TocKoIbKy BCE 9TO peasm30BaHO B 06a30BOM KJlacce,
COOTBETCTBYOIIAMH BO3MOXKHOCTSIMU 00JIQIAI0T TPAKTUIECKU BCE BUJIKE-
ThI, peasu3oBanHble B FLTK — To4yHee, HEKOTOpPBIE BUJKETHI B CHJIy CBOEH
[PUPOJIBI YaCTh BO3MOXKHOCTEH urHopupyior (Hanpumep, F1_Window wuc-
[IOJIb3YET TOJBKO TEKCT METKU JIJIsl 3ar0JIOBKA OKHA ), HO JIjisi GOJIBINTHCTBA
BCsI 9Ta MEXaHUKa paboTaeT C BIOJIHE OxKulaeMbiMu 3¢ dexramu. [Ipu 3Tom
BuyzkeT F1_Box, ¢ KOTOPBIM MBI y2Ke Berpedasuch B §10.11.1, moavko amo
U MOXHCEM, TO €CTh OH CHEINAJBHO [IPETHAZHAYEH, YTOOBI HAPUCOBATD PaM-
Ky mian OOKC U, BO3MOXKHO, Pa3MECTHTb B 3TOU paMKe WM PSIIOM C Heit
HEKHIT TeKCT.

Hauném ¢ obpamsenus. 3yech y HAC JIB€ OCHOBHBIE BO3MOXKHOCTU BbI-
Gopa — dopma (Tun) pamku/Gokca u nser ¢dona. Merojpl, O3BOJISO-
Iye UX HACTPAaMBATh, HAM y2Ke 3HAKOMBI 110 npumepy fltk/options.cpp
(cMm.§10.11.3); B 9TOM HpUMEPE MbI YCTAHOBHJIU BUJZKETY KJacca F1_Box
Tun 60kca FL_FLAT_BOX ¢ mOMOIIBIO MeTOa box, a B Xome paboThl Tporpam-
MBI MEHsJIN ero (POHOBBIN IIBET C IOMOINBIO MeTona color. JocTynHbie B
FLTK tumnsr pamok un 60kcoB nmokazansl na puc. 10.8. Xorsa sToT pucyHoK
¥ 3aMMCTBOBaH HaMu u3 odunmaabaoil qokymentaruu mo FLTK, B Toit xxe
caMoil JJOKYMEHTAINH €CTh 3aMeYaHue, YTO JOCTYIHbIE THIIBI 0OpaMJIIeHUs
Ha PUCYHKE IIOKa3aHbI He BCe; BIIPOUYEM, MOXKAJIYU, TAKOI'O aCCOPTUMEHTa

36V umocTpanust U3 opHIUAILHOIL nokymenrtanuun FLTK, opurmnan maxoaurcs Ha
crpanunne https://www.fltk.org/doc-1.3/Enumerations_8H.html.
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paMoOt€eK BaM JIOJI?KHO XBATUTb. BOKCHI, KAK MOYKHO 3aMETUTD, OTJINIAIOT-
csI OT PaMOK TeM, UTO 3aKPAallNBaIOT BCE IPOCTPAHCTBO BUPKETA YCTAHOB-
JIEHHBIM JIJIst HerO (POHOBBIM I[BETOM, TOTA KAK PAMKH 3TOTO HE JeJIAl0T —
BHUJPKET, KOTOPOMY B KaJecTBe THUIIa 0(DOPMJIEHUsT BBIOPAJIN OJIHY U3 PAMOK,
UCIOJIB3YET I[BeT (DOHA TOJILKO IIPY PUCOBAHUU CAMOI PAMKH, & BHYTPEHHEe
IIPOCTPAHCTBO OCTAETCS UMEIOMNM (DOHOBBII IBET BBIIIIECTOSIIETO BUI2KETa
(mampumep, riaBHOro okHa). Mex iy npouum, Jjist Bugzkeros ¢ FL_NO_BOX
nBeT (oHa BOOOIIE HU HA UITO HE BJIUSIET — OH HUTJE HE MCIOJIH3YeTC .

Mertos color, ycTaHaBIUBAIONINI JJIsT BUIXKeTa (DOHOBBIH IIBET, CAM IO
cebe yCTPOEH MPOCTO — ero eIUHCTBEHHBIM apPryMEHTOM CJIyXKUT HEKU
KOJI IIBETA, U BCE; HECKOJILKO CJIOYKHEE CUTYalldsi C STUME BOT K0Jamu yse-
moe6 1 BOODIIE Mojiesibio paboTel ¢ mBeToMm 6ubamorekn FLTK. ITomxpobio
MBI BCIO 3Ty KOHCTPYKITHUIO OOCY?KJaTh HE CTaHEM, OTMETHUM TOJIBKO, UTO
JIJISI OCHOBHBIX I[BETOB UMeIOTCs 0bo3Hadyenust FL_WHITE (66JH:II7I), FL_BLACK
(uépuprit), FL_RED (kpacublii), FL_GREEN (3esi€ubiii), FL_YELLOW (:xéi-
roifi), FL_BLUE (cumnnii), FL_MAGENTA (mypuypubiii), FL_CYAN (Gupiozo-
Bbiii), FL_DARK_RED (rémHO-kpacHblii), FL_DARK_GREEN, FL_DARK_YELLQW,
FL_DARK_BLUE, FL_DARK_MAGENTA, FL_DARK_CYAN; HECKOJBKO CJIOJKHEE
¢ orreHkamu ceporo, HO FL_GRAY, ckopee Bcero, OKaXKeTCd TeM,
qaro Bam Tpebyercsi. Kpome Toro, Imsera, HUCIOJBb3yeMble [0 yMOJIYa-
HUIO, TOXKe uMeIoT obo3Hadenus: FL_FOREGROUND_COLOR (mBer Tekcra),
FL_BACKGROUND_COLOR (uer ona), FL_INACTIVE_COLOR (uBer Heak-
TUBHBIX / BBIK/IIOYEHHBIX BUKeTOB), FL_SELECTION_COLOR (1Ber Bblmesie-
HUsI TeKCTa W IIyHKTOB MEHI0). ECiaM THX IBETOB He XBATHJIO, MOYKHO
BMECTO KOJa IIBETA WCIIOJB30BATH PE3YJIbTAT, BO3BPAIAeMbIll (DyHKIHEH
f1_rgb_color; sra GyHKIMS IPUHUMAET TPU IMapaMeTpa — IEJbIX HC-
Jla, COOTBeTCTByIOIMX KoMmoneHTaM RGB (kpacHbiii, 3es16HbIH, cuHUIIL),
U BO3BpAaIllaeT YNCJIO0, HNOAXOJAIEe B KauyeCTBe apryMeHTa JJjd MeTOIOB,
HACTPaNBAIOIINX IIBETA.

OrMeTuM 3a0/(HO, YTO I[BET TEKCTA, UCIIOJIb3YEMBbIil [1Jisi 0TOOparKeHUsI
METKH, YyCTaHABJIUBAECTCA METOJIOM labelcolor.

C rekcrom metku B FLTK nmerorcst cBon xurpocru. Kak mbr yxke 3HA-
€M, 9TOT TEKCT MOYKeT ObIThb 33JIlaH dYepe3 IMapaMeTp KOHCTPYKTOpa IpH
cozliaHnu 00bEeKTa BUJKETA (€CJIHU €ro He yKa3aTh, METKHU y BUKeTa He Oy-
JIET), HO II032Ke TEKCT MOYKHO U3MEHUTH, BbI3BaB MeTon label. Kpome nero,
ecThb el MeTol, copy_label, NIpMHUMAIOIMINI TOYHO TaK 2Ke, Kak U label,
CTPOKY; Pa3HWIA MeXKJy HUMH B TOM, 9TO copy_label cosdaém xonuto
cmpoxu BHYTpU OOBEKTa BHUKETa, TOTJIa Kak label POCTO MPUCBANBAET
yKazaTejlb, IPeJIojaras, 9To epeJaHHas eMy CTPOKa Oy/1eT MpoI0/IKaTh
CYIIIeCTBOBATH B HEM3MEHHOM BH/JI€ BCE BpPeMs, [TI0Ka 0OHEKT BHUJI2KETA HE UC-
9e3HET WA €My He IOMEHSIOT TeKCT METKU. ZICHO, ITO IPU UCIIOJb30BAHII
JIJISL 9TUX TieJiell CTPOKOBOIO JINTepaJsia IejiecoobpasHee MPUMEHUTh METOT
label — cTPOKOBBIi uTepas (Kak 06JACTb MAMSITH), K&K U3BECTHO, BOOO-
e HeJIb3sI IIOMEHSTh BO BpeMsl pabOThl MIPOrPaAMMbI, TAK ITO KOIMHMPOBATD
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Puc. 10.9. IIukTorpaMmbl 11 TeKcToBLIX MeTok FLTK3?

€ro 3aBeJIOMO HET CMBbIC/Ia. ECiu yKe BbI XOTHTE, ITOOBI BHZKET OTOOPA3MII
B KaQ4eCcTBe METKH CTPOKY, CKOMIIOHOBAHHYIO BO BPeMsI pabOThI IIPOIPAMMBbI
(HampuMep, colepKalyo Kakue-HuOy/ b BHIYUCICHHDBIE PE3YJIbTAThI, CO00-
HIeHUs] W T.1L.), IIOKaJIyi, IIpoIIe OyJeT MONPOCATH BUIKET CO3/IAaTh KO-
IINIO, & CBOMM 3K3€MIIJISIPOM CTPOKH II0JIb30BATHCs 0€3 OIVISIAKH Ha HYZKJIbI
BUJI2KeTa.

OrmMmernM, 9TO CTPOKa, mepesiaBaeMasi B KadeCTBe TEKCTA MET-
KU 4Yepe3 KOHCTPYKTOP, He KOIHUPYEeTCH, TO €CTh C Heil 0ObeKT BHU-
JKeTa oOpalliaeTcsl Tak Ke, KAK M CO CTPOKOW, IepeJaHHON uepe3 MeTos
label — mpocTO 3allOMHUHAET €€ aJpec; KaK HU CTPaHHO, B JOKYMEHTAIUU
00 3TOM HET HHU CJIOBA, HO ITO JIETKO IOHATH M3 MCXOJIHBIX TEKCTOB KJIACCa
Fl_Widget.

Bropas XUTpPOCTH COCTOUT B TOM, YTO CHMBOJ @ B METKaX BHJIKETOB
urpaeT oco0yI pOJib, TaK ITO €CJIM BaM HYXKE€H caM 3TOT CUMBOJI, €ro IIPU-
JETCA «yIBOUTD»; HAIPUMED, a/Ipec 3JIeKTPOHHOI ITOYTHI CAeAyeT IepeIaTh
[IPUMEPHO B TaKOM Bujie: vasya@@example. com. CuMBOJI @ HCIIONIB3yeTCs B

3TV umocTpanust u3 odpunuaabHoil nokyMenTamun FLTK, opuruHas HaxOZUTCS HA
crpanune https://www.fltk.org/doc-1.3/common.html.
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TEKCTE METOK, YTOOBI BCTABJIATH B HUX [MUKTOIPAMMBI U3 IIPEJOIPEICIEH-
Horo Habopa (cm. puc. 10.9).

Habop mocTynubix muKTOrpamMM, KaK MO2KHO 3aMETHTD, [IOBOJIBHO CKPO-
ME€H; TP OOJIBIIIOM KEJIAHUN U €CJIN BBl He DOUTECH CJIOKHOCTEH, 9TOT HADOD
MOXKHO pacimuputh, u3yuns sxojgamue B FLTK dyakiun pucosanust (Tam
€CTh U TaKWe; BOODOIE TaM MHOTO 9€ro eCTb, HO MOJIHBIN HAOOP BO3MOXKHO-
creit FLTK B dopmar Halell KHUI'M HUKAK He BIUCLIBAETCs) U IIOCMOTPEB,
KaK CJ/leJIaHbl MMeIoInecs: MUKTOrpaMMbl, B daite src/fl_symbols.cxx
B HCXOJIHBIX TeKcTax Ombsimorekun. Ho m mmerormumecss muKTOrpamMMbl MO-
YT OKa3aTbCsl OY€Hb II0JIe3HbI, OCOOEHHO €CJIM yUeCTb, UTO JIOOYIO U3 HUX
MOYKHO TIOBEPHYTH Ha JII000ii yroJi, KpaTHbIil 1°, pa3BepHyTh BOKPYT rOpU-
30HTAJBHON WM BEPTUKAJIBHON OCH, YBEJMIUTH U YMEHDBIIATD.

ITocmorpum, Kak 310 Hemaercd. [yisi mpumepa paccMOTpUM 3HAYOK
OBICTPOIl TIEPEMOTKM BIIEPEJ, KOTOPBIN obo3Hadaercs @>>. Cpaldy mocse
3HaKa @ MOXKHO BCTABHUTH (B yKA3aHHOM IIODsIJIKe):

e mozpudukaTop pasmepa or -9 (camblii MajieHbKuil) g0 +9 (cambiii
GOJIBIION ); yuTUTE, YTO 3HAK (MUHYC WM ILIIOC) TYT 00s3aTesIeH;

e 3HaK $ (0BO3HAUAET «OTparkeHNe» BOKPYT BEPTUKAJIBHON ocu) min %
(BOKDYT' FOPU30HTAJIBHOI );

e onny udpy, OTJIMYHYIO OT HyJ1d (6€3 3HAKa MUHYCA UJIU ILJTIOCA) , JTUOO0
HOJIb, ITIOCJIE KOTOPOT'O €Ilé POBHO YeThIpe MU Pl — JJIsI 0003HATEHU ST
yTJIa TIOBOPOTA.

[Tocnennee HyKmaeTcs B HEKOTOPBIX MOSCHEHUSAX. KCIu yrosi, Ha KOTOPBIiA
BBl XOTHUTE TIOBEPHYTh MUKTOIpaMMy, KpaTeH 45°, rpaJychl MOXKHO HE BbI-
CYUTBHIBATH: YIOJI IIOBOPOTA 33/1a6TCs IndePKAMU B COOTBETCTBUAU C UX PAC-
[TOJIOYKEHNEM Ha JIOTIOJTHUTEIbHON KIaBUATYPE, IPUIEM 38 HOJIb IPUHAMA-
ercsi TPAIUINOHHOE HAIIPABJIEHUE 0 TOPU30HTAJM BIIPABO, TAaK 9TO M-
pa 6 Hukakoro saddekra He madr (kak n mudpa 5), mudpa 9 obozHauaeT
moBopoT Ha 45° mpoTuB YacoBoit crpesnku, mudpa 8§ — ma 90°, nudpa 7 —
wa 135°, mudpa 4 — ma 180°; MOBOPOTHI IO YACOBOIl CTPEJIKE 3aIAI0TCS
mudpamu 3, 2 u 1 — ma 45°, 90° u 135° coorBercTBeHHO. Ecau ke yrom
TpedyeTcst bojiee XUTPHI, HAIUCATD MPUIETCA POBHO MATH UM, TPUIEM
repBas U3 HAX JOJXKHA OBITH HYJIEM; BTOpasi, BIPOYEM, TOXKe, CKOpPee BCero,
OyeT HyJIEM, a BOT OCTABIIIMECS] TPH 33JAK0T YIOJI B Ipajiycax (OTKIa bIBa-
€MBbIli, OISATh-TaKH, IPOTUB YaCOBOI CTPEJIKA OT HAIIPABJIEHHUS BIIPABO, KAK
9TO OOBIYHO JIEIAETCS B MATEMATHUKE).

Hampumep, @8>> BbIIACT BCE TOT K€ CUMBOJI OBICTPON TIEPEMOTKH, HO
moBépHYTHIH Ha 90° IPOTHB YACOBOU CTPEJIKH, T.€. CMOTPSANIUN «B IOTO-
J0K». Toro ke adpderTa MOXKHO H0OUTHCS U CTPOKO @00090>>, a cTpOKM
©@2>> u @00270>> 3acTaBAT NMUKTOIPAMMY, HAODOPOT, CMOTPETH «B IIOJI».
Crpoka @+9>> BbIIACT IUKTOIPAMMY YBEIMYEHHOIO pa3mepa (IpUMEpPHO B
[OJTOPA pa3a) B OOBIYHOM II0JIOKEHUH, &, HAIIPUMED, CTPOKa 6+93>> — yBe-
JIMUEHHYIO MUKTOrPAMMY, CMOTPSIILYIO BIPABO-BHU3 (37€Ch +9 3a1aéT pas-



284

Azpik Cu++, OOIT u AT/T

» @>
F @2>>

Py @7>>

» @+9>>

£ @-200097>>

= @fileprint
B @xfileprint
4 @fileprint

g @+5Tileprint

| @-28fi‘Leprint< @+99DnArrow *@+99->|

[~ @DnArrow B @->|

| @$DnArrow W @-100345->
™ @00015DnArrow "W @00015->|

*@9->|

< @9DnArrow

Puc. 10.10. emouCcTpaIuss METOK C TUKTOTPAMMAMUI
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Puc. 10.11. KoncraaTs! 11t 0003HAYEHUST TTOJOKEHUST METKI

Mep, 3 — yrou oBopora). Crpouka @$--> nepeBepHET CTpeJIKy, 3aCTaBUB eé
CMOTPETH BJIEBO, a @) fileprint BBIJACT 3HAYOK IIPUHTEPA, IEPEBEPHY THIMA
BBEPX TOPMAIITKAMU.

Ha puc. 10.10 nokaszan eré psji IpIMEPOB TOrO, YTO MOYXKHO CeJIaTh C
STUMU MUKTOrpamMmamMu. VICXOMHBII TEKCT IIPOrpaMMbl, HAPUCOBABIIIEH 9TO
OKHO, HaxonuTcs B daityie f1tk/labelpics. cpp.

Pabora ¢ mukTorpaMmaMm B METKaxX HUMeET OJHY OCODEHHOCTH, O KO-
TOPO#i, ONATHL-TAKW, HU CJIOBA HE CKA3aHO B JOKYMEHTAINU: IIOCJIE/I0Ba-
TEeJIbHOCTH CHMBOJIOB, 000O3HAYAOMIasd MAKTOrPaMMY, /IOJI2KHA Ha-
XOOUTHCH JNOO B caMOM Hadvajie CTPOKU METKHU, JIMOO B caMOM eé
KoHIle. Eciin cumBo @ sBJIsieTcs 1€PBBIM CHMBOJIOM B CTPOKE, TO B Ka-
9ecTBe MMEHM MUKTOIPAMMBI PACCMATPUBAIOTCS BCE CHMBOJIBI CTPOKH JI0
nepBoro 1pobesia (WM 0 KOHIA CTPOKH, €CJM HeT HU OJHOrO Ipobesia);
€CJIn yKe CUMBOJI BCTpeUeH He B repBoil mo3unuu crpoku, To FLTK Bocnpn-
MeT BCe IOCJIE Y IOIIIe CUMBOJIBI CTPOKHU KAaK MMSsI MUKTOIPAMMBI, U HIKAKUE
pobeJIbl y2Ke He TOMOryYT. allle BCero 3To HAC yCTPauBaeT: MUKTOIPAMMA
BBIBOJUTCs OO OfHa, 6e3 TeKcTa, JIMOO BEeCh TEKCT METKH PACIIOIOXKEH
OT Heé C OJIHOM CTOPOHBI — cJieBa WU cipaBa. MoXKHO JlaXke BbLIATH JBE
[MUKTOIPAMMBI — OJ[HA OyIeT B HavaJie, Jpyrasl B KOHIE — a MEXKJy HUMU
KaKOM-HUOYIb TEKCT; €C/IM TEKCT BaM He HyXK€H, OCTaBbTE MEXKIy MUKTO-
rpaMMaMu XoTs Obl Tpu 1pobesia (1 He CHpammMBaiTe, IOYeMY ¢ MEHBITHM
UX KOJMYECTBOM HUYEro paborarh He Oyzer).
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3a pacroJiozkeHrne MeTKA OTHOCUTE/IBbHO IPAHUI] BUXKETa OTBEYAET Me-
TO align, apryMeHTOM KOTOPOMY CJIy»KaT KOHCTaHTHI, NMeIoIue IIpedukc
«FL_ALIGN_». OOBIYHO BH/KETHI 10 YMOJIYAHUIO YCTAHABJIMBAIOT 3TO 3HA~
YeHre B COOTBETCTBUU C COOCTBEHHON Mpuposioii: Tak, F1_Box u F1_Button
o yMosdaHuio ucnonb3yior FL_ALIGN_CENTER (MeTka pacrosaraercs B
reoMeTPUYECKOM IIeHTpe BHKeTa); F1_Input 1m0 yMOJYAHUIO UCHIOJIB3Y-
er FL_ALIGN_LEFT, 4TO, KaK MBI BHJEJU, COOTBETCTBYET PACIIOJIOXKEHUIO
MeTKHU CJIeBa OT BHU/IZKeTa.

Vkazanne KoHcTaHTbl FL_ALIGN_INSIDE 3a1aéT IOJIO’KEHHE MEeTKHU
6HYMPYU BUJKETA; C MPOYNMEU KOHCTAHTAMHU OHA KOMOWHHDYETCS depe3
oreparuio mobuToBoro uau. Hampumep,

wp->align(FL_ALIGN_INSIDE|FL_ALIGN_BOTTOM) ;

PACIIOJIOKUAT METKY OOBEKTa BUKETA *Wp BJOJIb €r0 HUXKHEW TDaHUITHI
¢ enympenned cmopons sudsicerna (T.e. nad HUXKHEN rpaHuneii), Torua
KaK

wp->align(FL_ALIGN_BOTTOM) ;

PACIIOJIOZKUT METKY 3G NPedesamu 6U0HCEME — HEIIOCPEJICTBEHHO Nod €ro
HUzKHel rpannneil. Bce ocHOBHBIE KOHCTAHTHI IOKa3aHb! Ha puc. 10.11: cie-
Ba — IIPU PACIIOJIO?KEHUM 3a IIpejieslaMu BUJzKeTa, CIIpaBa — IIPU PaclosIo-
JKEHIH BHYTpH BujkeTa (¢ ucnoab3osanueM FL_ALIGN_INSIDE). OGparu-
Te BHUMaHUe, uTo, HanpuMep, FL_ALIGN_LEFT_BOTTOM ¢ FL_ALIGN_INSIDE
coyeTaTh HeAb3d, HyKHO npuMeHuTh FL_ALIGN_BOTTOM_LEFT.

Emgé oxmna xomcranta, FL_ALIGN_WRAP, obo3HadaeT IMEepeHOC CTPOK, He
[TIOMECTUBIIUXCS B OTBEAGHHOE IO TOPU30HTA M MecTo. OOBITHO OHA WC-
[IOJIB3YETCsI TOJIBKO TIPU BHYTPEHHEM pPACIoyiozkeHnn MeTku. OTMeTnM, 910
MHO20CTPOUHYIO METKY MOXKHO C/IEJIATH U O€3 3TOr0 — JIOCTATOYHO B TEKCT
METKH BCTaBUTb CUMBOJIBI IIEPEBO/IA CTPOKU.

IIBer TekcTa METKH yCTAaHABIMBAECTCS METOIOM labelcolor, ¢ KOTOPBIM
MBI y2ke Berpedasnch B §10.11.3. AprymMeHTOM eMy CJIy?KUT KOJI, IIBETA TOrO
2Ke BHUJA, KaK JUI PACCMOTPEHHOrO BBIME MeTona color. Pa3mep Tekcra
MeTKH (BbICOTYy GYKB) MOXKHO M3MEHUTH C IIOMOIIBIO MeTozna labelsize,
KOTOPBIIT MBI TOXKE YK€ HEOJIHOKPDATHO BHJEJIM; OTMETHUM, YTO €IUHUIIA
U3MEPCHUA 3/1eCh — IIHKCEb.

IpudT, wcnomb3yeMbiii B TEKCTE€ METKH, TOXKE MOXKET OBITh H3Me-
HEH — C IIOMOINBIO, KaK MOXKHO JOraJarbcst, meroia labelfont. Oc-
HOBHBIE MOJepXKUBaeMble cemeiictBa mpudToB — Helvetica, Courier,
Times m Hekuit 3araJOvUHBIN Screen; 00O3HAYAIOTCSI OHU COOTBETCTBEH-
"o KoHcrtaHnTtamu FL_HELVETICA, FL_COURIER, FL_TIMES u FL_SCREEN.
Ko Bcem »TuM KOHCTaHTaM MOXKHO j00aBUTH (B 3TOT pa3 — C HO-
MOIIbIO MPOCTOI'O CJIOXKEHUsl, T.€. CUMBOJIOM ILIIOCA) KOHCTAHTY
FL_BOLD jij151 BKJIIOUEHUsI OKUPHEHUS, a KO BceM, KpoMme FL_SCREEN — ermé
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Helvetica Courier Times
Helvetica BOLD Courier BOLD Times BOLD
Helvetica ITALIC Courier ITALIC Times ITALIC
Helvetica B+I Courier B+I Times B+1

Puc. 10.12. Ocuosubre mpudtor FLTK

FL_ITALIC. IIpemycMmorpensl, BiipoieM, nuMmeHa Bpoje FL_HELVETICA_BOLD,
FL_COURIER_ITALIC, FL_TIMES_BOLD_ITALIC u T.1I.; HAIIpUMEpP, 3HAYCHUE
FL_TIMES_BOLD_ITALIC (Kak BOJMTCS, IEJOYHUCJICHHOE) B TOYHOCTH DAB-
HO cymme koucTanT FL_TIMES, FL_BOLD m FL_ITALIC. FLTK mpenxycmar-
puBaeT BO3MOXKHOCTD JTOOABJIEHUS JOMOJHATEILHBIX MIPUEMTOB, HO 00CY K-
JIeHrEe ITOI BO3MOXKHOCTHU MOTPEOOBAJIO OBl CHAYAJIA OIMMCATH BCIO MOJIE/h
yupasyenus mpudramu X Window; ijist Harieii KHUTH 9TO CJIMIITKOM JIOJITO.

Hamomuamm, uro Helvetica — aTo mipudt 6e3 3acedek, Times — mpudt ¢
3aceukamu, a Courier — monomupunsbit mpudT. Kak n3sectHo, Ha sKpane
JIydIlie BCero cMoTpsiTcs mpudThl 0e3 3acedek, Ha Oymare — MIPUTHI C
3acedKaMy, a MOHOIIHPUHHBIHN MpudT HyKeH /I BOCIIPOU3BeieHns dpar-
MEHTOB TeKCTa Ha (POPMAJBHLIX s3blKaxX (HAIPUMEDP, MCXOIHBIX TEKCTOB
nporpamm, TekctoB B popmare HTML u . 11.)

Ecnn BepnTb gokymenTtauum, wpudTt Screen Bpoge Obl AOMKEH NPeACTaBAsATbL
coboli MOHOLWMPUHHBIG WpndT, ncnonbayemblii (3gech u celivac) B OKHax aMynsTO-
pOB TepMuHana, HO, Kak MOKasbIBAaeT NpakTuKa, B LECTBUTENbHOCTM 3TOT wpudT
OKa3blBaeTCsl, Cefyst KIacCuKe, «UCKIOHMTENbHO YeM nonanoy». Ecan Bam HyxeH
MOHOLUMPUHHBINA WwpudT, ncnonssyiite Courier.

Kak 06v14H0 BBITJISIAT OCHOBHBIE JOCTYITHBIE MIPUMTHI, TOKA3aHO HA
puc. 10.12; mporpammy, AeMOHCTPUPYIOIIYIO 3TO, BbI Haijére B daiiae
fltk/fonts.cpp. K coxanenuto, HaM npugércs IpeaynpeInTh YUTATEs,
410 GubIMoTEKa NCoaB3yeT mpudTH, goctynabe n3 X Window (nim mpy-
roit rpadudecKoil MOJCUCTEMbI), TAK YTO UX BHEIIHUN BHJ MOXKET Da3Jid-
9aThCs OT MAIUHBI K MAaIlTMHE, OT CPEJIbI K CpeJie U T. II.

Ilocyieiauit 3 METOOB, BIUSIONINX HA BHEITHUN BUJT TEKCTA METKHU, Ha-
3bIBaeTcA labeltype; OH ITO3BOJIAECT IPUMEHUTD K TEKCTY METKNA HEKNA BU-
3yasibHBIN 3(PDEKT BPOJE «TEKCTa ¢ TEHBIO», «BBIIPABUPOBAHHOTO TEKCTA»
WU «TEKCTa OYTOPKOM»; KPOME TOT'O, OH K€ TTO3BOJISIET COCTABUTD «CJIOXK-
HYIO» METKY, cofiep:Kalryio n3obpaxkenue. [IoapobubIii pacckas 0 HEM MbI
OITyCKaeM.

HekoTopble BugeTsl, BkAtoyast F1_Input, UCMNOAbL3YIOT MEPEHNCTIEHHbIE BbILLE
BO3MOXXHOCTU AN AOCTUXKEHNSA CBOEro WWTAaTHONO BHELWLHEro Bnaa, l-|T06I:I MOHATbL, O
4YéM UAET pedb, nonpobyiiTe Kak-HMOYab NOMeHATL 06beKTY knacca F1_Input pamky
Ha Kakyto-Hubyab Bpoge FL_OFLAT_BOX u nontobyiitTecb pesynbTaTom, 0CobeHHO B
xofe pefakTuposaHus TekcTa. KoHeuHo, B «boeBbix» nporpammax, u Tem Gonee B
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nporpamMmax, npegHasHayeHHbIX 415 nepegayun ApyruM JHOAsSM, Takoro AenaTtb HU B
KOeM Clly4ae He clefyerT.

10.11.6. BumxeTnI JJig BbIBOJA

JI1obast mHTEpaKkTHBHAs ITporpaMma — a mnporpamMmsl ¢ GUI, ecrecTBen-
HO, IPYTUMHU OBITH HE MOT'YT — HY?KJ[A€TCsl B TOM, YTOOBI JJOHECTH JI0 HI0JIb-
30BaTeNIT NHMOOPMAIIIO O XOIe U pe3yabraTax paborol. Komedno, BeIBeCcTH
TEKCT Ha 3KPAH MOYKHO C IIOMOINLIO METOK, IIOJ[POOHO PACCMOTPEHHBIX B
npeapIayIeM naparpade, TpudéM, Kak MoxKHO 3ameTuTsh, FLTK nossoss-
€T 3/1eChb IefCTBOBATH JOCTATOYHO I'MOKO — IOIPOCTY T'OBOPsi, MBI MOXKEM
3aCTaBUTH BBIIABAEMbII TEKCT BBIMVIAIETh MPAKTUIECKH KAK Y200HO0, HAIIO
TOJIBKO He 3a0BIBATh IIPO PA3HUILy MeXKTy MeTomaMu label m copy_label
(cM. cTp. 281) — ju1s mHMOPMAIMH, KOTOPas TOJIBKO YTO CreHEpUPOBAHA,
OOBIYHO TIOJIXOJUT TOJIBKO BTOpOil BapuaHT. K coxanennto, y merok FLTK
eCTh OJIUH (DYHIAMEHTAJIbHBI HEI0CTATOK: TEKCT METKH HEBO3MOXKHO
BBIJEJINTHh MBIMNIKOH U CKOIIMPOBATh B JIpyroe OKHO. [[jisi MHOTHMX
CJIy9aeB BBIBOAUMOM mHMOpMAINH, TayKe, BO3MOXKHO, Ijis OOJIBIIIMHCTBA,
9TOT HEJIOCTATOK OKA3bIBAETCs (haATATBHBIM.

CozmaBasi BUIPKETDI, CIEIUAIbHO IIPEIHA3HAYEHHbBIE JJIsI BBIBOJIA U, B
OTJIMYne OT METOK, JIOIMYCKAoIue Bhifenenne Tekcra, aropbl FLTK mo-
[IJIY BeCbMa He3aMbIC/IOBATBIM IIyTEM: YHAC/IEI0BAIN UX OT 3HAKOMOI'O HaM
kjsacca F1_Input. Kirace F1_Output peasmsyeT MacCUBHBII BUIKET, IIPEI-
Ha3HAYEHHBIH JIJIST BBIBOJA TEKCTA B OJHY CTPOKY; IO CYTH 3TO IIPOCTO TO
JKe caMoe TI0Jie BBOJI, JJIs KOTOPOro 3a0JIOKMPOBAHBI COOCTBEHHO Ollepa-
muu BBOJA (penakruposanust Tekcra). OT Hero (MMEHHO OT Hero, a He OT
F1_Multiline_Input, Kak MOXKHO GbLIO Obl OXKHJIATDH) HACIELYETCs KJIACC
F1_Multiline_QOutput, nmo3BojdAmOmuili BEIBOAUTH MHOTIOCTPOYHBIN TEKCT.
Ecnu TekcT B BUKET He TOMEIIAETCs, €r0 MOXKHO ITPOJIUCTBIBATL CTPEJI-
KaMI KaK 10 TOPU30HTAIN, TaK U 110 BEPTUKAJIN; K COYKAJIEHUIO, CKPOJLIIH-
TOBBIX ITOJIOCOK 37IECh He MPETYCMOTPEHO TOYHO TaK Ke, KaK U B BUJZKETE
JJ1s1 BBOJA.

Bumxersr BbIBOJIA MOKHO CHAOAUTH METKAMM, YTOOBI, HATPUMED, MPO-
KOMMEHTHPOBATD, 9TO 33 WHGMOPMAIMS B HAX BBIAAETCSH, HO METKHU OYIyT
HEJIOCTYITHBI JIJIS BBIJIEJIEHUsI, KAK U METKU BCEX OCTAJbHBIX BUJZKETOB;
TEKCT, KOTOPBII MOXKHO Oy/I€T BBIIEIATD, 33/Ia6TCs He KaK METKA, & KaK 3Ha-
wenue — TeM ¥Ke MeTojIoM value, 9To u i 6a30B0ro Kiacca (CM. crp. 274).
IIpu sTOM 00BEKT Beera co3/1aéT KOIUIO CTPOKH, TIOTAHHON B KA4eCTBE ap-
TyMEHTa (aHanoquHo TOMY, KaK 39TO JeJsaeT MeTol copy_label mjia mer-
KH), TaK 9TO MOXKHO He GECHOKOUTHCH O COXPAHHOCTU OOJIACTH IIAMSITH,
B KOTODPO# pa3Melajiach CTPOKA, U HCIOJb30BaTh €€ B JaJbHEieM II0
CBOEMY YCMOTPEHHUIO, B TOM YHCJIE OCBOOOIUTE.

K memocrarkam 3THX BHIKETOB B CDABHEHHUH, HAIIPUMED, C IPUMEHEHI-
eMm F1_Box u €ro MeTKH MOXKHO OTHECTH HEBO3MOXKHOCTH BHIOOPa PACIIOJIO-
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2KEHUS TEKCTa: KAK U B OOBITHBIX IOJISIX BBOJIA, TEKCT BCETJIA PACIIOIATaeTCs
BJIOJIb JIEBOII TPAHUIBI BU/KeTa. EJIMHCTBEHHOE, YeM TYT MOYKHO YIIPaB-
JIATH — 3TO IIEPEHOCOM CTPOK, He IIOMEIIAIOMUXCA B BUJIZKET 110 TOPU30HTA-
JIN; KaK MOXKHO JOTaJaThbCsd, 3TO JeJaeTCd METOJIOM Wrap, 3HAKOMBIM HaM
1o Kjaccy F1_Multiline_Input (cm.crp.278); B 1eifiCTBUTEIBLHOCTH ITOT
MeTOJI, BBOJIUTCS eIé B abcTpakTHOM Kjacce F1_Input_, KOTOPBIH CIIyKUT
npeakoM kiaaccy F1_Input). Bumzkera, J01yCKaOIMIEro, HAIpUMeD, IEHTPU-
PpOBaHUeE BBIJIaBAEMOI'O TEKCTa MJIM €r'0 BbIPABHUBAHUE II0 IIPABOMY Kpalo,
HO TIPU 3TOM TO3BOJIAIONIETO BBIAEIATH TeKCT 1 Komuposarh ero, FLTK ne
peayCMaTpUBaeT.

Ilo ymosrganuio BHUJKETHI BBIBOJIA BBITVISAJIAT Ha SKpaHe TOYHO TaK
2Ke, KaK I0JIg BBO/A, YTO IIPOBOIUPYET II0JIb30BaTe s IbITAThCA PEeTaKTH-
pOBaTh WX COJEPKUMOE. DTO MOKHO CKOPPEKTHPOBATH, YCTAHOBUB JIPY-
rofi Tun obpamseHuss u 1BeT dona. Hampumep, MOXKHO clenaTb BU-
JI2KET <IUIOCKMM», IIOCTABUB C IIOMOINBIO MeToma box Tum odopMiieHus
FL_FLAT_BOX; 9TOro y»ke XBaTUT, 9TOOBbI HE BO3HUKAJIO KEJAHWS HAYATDH
PelaKTHPOBATh BBIJIAHHBIN TeKCT. Kcim 106aBUTH K 9TOMY BBI30B METO-
ma color (FL_BACKGROUND_COLOR), B pe3yJsibTaTe MOJIYIUTCS BUIXKET, TPa-
HUI, KOTOPOT'O HE BUJIHO, & TEKCT ITOSABJISAETCH KaK Oy/ITO MPSMO B TJIABHOM
okHe. Yero TOYHO HE CTOUT JeJaTh — 3TO ybuparb GoKe (ycTaHABJIMBATDH
tun oopmienust FL_NO_BOX) uin 3aMeHATH ero pamkoii. Jlesio B ToM, 9To
OYHMCTKY BAJAMOI'O COAEPXKUMOI'0O BCe HacjaeqHuKHn F1_Input_ Ipom3BOIAT
[IePEPUCOBBIBAHIEM CBOETro OOKCa, TAK UTO B OTCYTCTBHE DOKCA MpU U3Me-
HEHUAX TEKCTa WJIM, HAIIPUMED, IIPU ero IIPOKPYTKE Bbl YBUJAUTE CTPAHHbIC
apredakThl, HAJIO2KEHNE CTAPOr0 TEKCTAa HA HOBBIN U mpoune 3DQEKTHI,
KOTOPBIX HOpMaJIbHadA IPOrpaMMa IIPOABIIATE HE JOJIZKHA.

B Baweii 3agaqe MoxeT noTpeboBaTLCS BLIBECTM HA 3KPaH AJisi NpocMoTpa 60s1b-
Woli 0O6bEM TEKCTa C BOSMOXXHOCTbBIO €r0 NPOKPYTKM — HaNpuMep, CoaepXaHue Tek-
cToBoro chailina nam noTok coobueHnii o nponcxoaswmnx coboitusax. Mpu atom pabo-
TaTb 6e3 nosnoc MNPOKPYTKN MOXXET CTaTb COBCEM Heyp,oGHo, N NOABUTCA CMbICA Npu-
MeHuTb BuaxeT F1_Text_Display, koTopbli Mbl y>xe obcyxganu Ha cTp.279. Ha-
MOMHVM, YTO CaM TEKCT B 3TOM CJly4ae XpaHuTcs B obbekTe knacca F1_Text_Buffer;
N3MEHEHNSA TEKCTA B 3TOM <<6ycbepe>> HEMeONEHHO CTAaHOBATCA BUAHbI BO BCEX BU-
AXKETaX, KOTOpPbl€ C HNM CBA3aHbI. B 4aCTHOCTKN, METOL, append NO3BOJIAET ,D,O6aBI/ITb
TEKCT (CTpOKy) B KOHEL, UMEIOLLIErOCA B 6ycbepe TEKCTA, YTO OKa3bIBAETCA yp,06Ho npn
BbIBOJE MOC/AEN0BaTENbHbIX COOBLLEHNIA.

10.11.7. OkHa, golrycKaromniue n3MeHeHue pa3mepa

Bce paccmoTpenHble HAME 710 CHX TIODP IMPUMEPHI PUCOBAJIN HA SKPAHE
OKHa, He JIOIIyCKAIOIIe N3MEHEHNsI pa3Mepa. B OOJIBITHHCTBE CIyIaeB Tak
[Ipollie JijIs IporpaMMUCTa — He HY2KHO JIOMaTb T'OJIOBY HaJ| T€M, BO UTO
IIPEBPATUTCA BbIBEPECHHOE PACIIOJIOXKEHNE BU?KETOB, KOIJIa I10JIb30BATEIIIO
IPUJIET B TOJOBY CXBATUTBHCS 3a MBIIIb W HA4YaTh PACTATMBATH U CXKH-
MaTbhb OKOIIKO IIPOI'PaMMBbI; HO Ha NPAaKTUKe TaKUe IPOrpaMMbl BCTpeYaloT-
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cd KpaiiHe peJIKo, IIOTOMY YTO OKHa, He JIOIYCKaloIue U3MCHECHUS Pa3Mepa,
HeydooHv, das noavaosamens. Ecau ke MBI TO3BOJUM IOJH30BATEIIO Me-
HATH Pa3Mepbl OKHA (YTO B GOJIBIIMHCTBE CJIYUYAEB [OIPOCTY 00I3aTEsIbHO),
HaM BoJiefi-HeBOJIeH TPUIETCS 03a00THTHCA TEM, KaK IPH 3TOM JOJIKHbBI
U3MEHNUTHCsI (UM HE M3MEHUTHCS) PA3MEPhI KarXKJ0T0 M3 HAINX BHKETOB.

ITomxox, mpunasaTeiii K 3ToMy B 6bubsmoreke FLTK, camu aBropsr 6ub-
JINOTEKU PACHUCHIBAIOT KAK UCKJIIOYUTEFHO THOKUil, OY€Hb TPOCTON B IO~
HUMaHHUH, YHUBEPCAJIBHBII HACTOJIBKO, HACKOJIBKO 3TO BOOOIIE BO3MOXKHO,
u BOOOITE IPOCTO 3aMEYATEIbHBIN CO BCeX TOUYEK 3peHus. lIpaBpl oHu B
9TOM WJIM HE OYCHb, NPEJJIO?KAM YUTATEJIIO PACCYJUTHh CAMOCTOATEJIBHO 110
UTOraM IIPOYTEHHS ITOro rnaparpada.

3a BO3MOXKHOCTBIO/ HEBO3MOYKHOCTBIO JIIsi OTJEJIbHBIX BUJZKETOB Me-
HATH Pa3Mepbl [0 MOPU30HTAJU u/mian BepTukaau B oubsuoreke FLTK
ciaedaT o0beKThl Kiacca F1_Group; HaNOMHHMM, YTO 3TO BHJKET, 3a7a4a
KOTOPOT'O — COJIEPXKATH JIpyTrue BHURKeTHI. Kitacc, 00beKTH KOTOPOro Co-
OTBETCTBYIOT OKHaM — F1l_Window — aBiigerca naciaemaukoM F1_Group
U, KaK CJIeJICTBUE, 00agaeT Beeil (PyHKIMOHAIBHOCTBIO CBOETO POUTEII,
BKJ/IIOYas yMeHHUe yIIPaB/IATh U3MEHEHUEeM Pa3MepOB OT/IeIbHBIX BUJIZKETOB.

[TpuHIMI, MO KOTOPOMY OIpEe/seTcs, KAKAe BUJMZKETHI U BIOJb Ka-
KO# ocu (mm 06erx oceil) MOKHO PACTATUBATH U CXKUMATH, OIUCHIBAETCS
JIefCTBUTENHHO JOBOJILHO IIpocTo. Kaxk oMy o6bekTy F1_Group MOXKHO 3a-
JaTh 00UH BUIKET, JJisi KOTOPOI'O JOILyCKAETCsl U3MEHeHUe pa3mepa, (aHIJL.
resizable). Ilenaercs 3m0 MeTOOM Tresizable; mapaMeTpoM €My CJIyZKHUT
anpec obobekTa Tuna F1_Widget. B KadecTBe TaKOro BU/ZKETA MOXKET BbI-
CTYyIATD JIIO00H M3 BUIXKETOB, 6A0HCEHHHIT B JTAHHYIO I'DYIILY, a TAKXKe U
caM BHJZKET I'DYIIIBL.

B kavecTBe mapamMerpa MeTosa resizable MOXKHO yKa3aTh HOJIb, TOT/A
[aHHAA IPYIIIA He OyIeT JOIyCKAaTh N3MEHEHUs Pa3MePOB, IIOCKOJIBKY B HEll
He OyzieT BUIZKETa, JOIMYCKAIOIIEero n3MeHeHne pa3MepoB. Kciau resizable
JJIsl TPYIIBL OOBSIBUTE CaM 00GEKM, 2DYNibl, TO MEHITh pasMep (1 MoJIoxkKe-
Hue) Oy/iyT 6ce BXOAIUE B I'PYIIY BUIZKETHI — IPOIOPIUOHAIBHO TOMY,
HACKOJIBKO (TOYHEe, BO CKOJIbKO pa3) I0JIb30BATE/Ib CXKAJ W DACTIHYJI
OKHO; BEPTUKAJb U FOPU30HTAJb IPH STOM 00pabATHIBAIOTCS HE3ABHCUMO.

Hawubosiee nnrepecen ciy4ait, Korjaa mapaMeTpoM resizable BLICTYIaeT
HEKUl BUJRKET, 6xodawut B rpymiy. Torma rpymmna Oyaer criocobHa MEHSTh
pa3Mep, a C BUJZKETaMU BHYTPH HeE Oy/IeT MPOUCXOIUTh BOT 4TO. Buker,
yKa3aHHBI B KadecTBe resizable, OyaeT MEHATH U JJTUHY, W MIAPUHY; BU-
JIZKeTBI, IMeIoIie ¢ HUM HEIyCcToe IlepecedeHre 110 TOPU30HTAJIbHOI ocH,
OyyT PACTSITUBATHCSI U C2KUMATHCS TOJBKO 110 TOPU3OHTAJIN; BUZKETHI, T1e-
pecekarormecss ¢ TeM, KOTOPbIit resizable, 1Mo BepTHKAIBLHON OCH, OYIyT
MEHATH TOJBKO BEPTUKAJILHBIN pa3Mep. UTO KacaeTcs BUJZKETOB, HE MMe-
IOINUX ¢ resizable mepecevennda HU 1O TOPU30HTAJN, HA IO BEPTUKAJIN —
OHU CBOHU Pa3Mepbl MEHATH He OyIyT BOODIIE.
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Puc. 10.13. lemoncTpanus u3MeHeHUs Pa3MepOB OKHA U BUJZKETOB

Ha pwuc.10.13 mokazan npumMep, WIIIOCTPUPYIONUN STOT MPUHIIAL;
CIIpaBa BBEPXY PACIOJIOXKEHO OKHO IIPOIPAMMBI-IIPIMEPA B €0 OPUTUHAJIb-
HOM pa3Mepe, OCTaJIbHbIEe OKHA, ITOJIyY€HbI U3MEHEHNEM Pa3MEPOB UCXOTHOTO
OKHA C IOMOIIBIO MBIIMIKU. VICXONHBINA TEKCT NpuMepa HaXOAuTcs B daiine
fltk/resize.cpp. B ponu resizable 31ech BBICTYIIACT BUJIZKET, PACIIONO-
JKEHHBII 110 [EHTPY OKHa, OH momedeH Oykpoii R. Kak mMoxkHO 3aMeruTh,
BuKeThl C u G, He UMeIolye IIepecedeHnd ¢ R HU 110 rOpU30HTAIN, HUA 110
BEPTHUKAJIN, BO BCEX CIIydasX COXPAHSIOT CBOIl OPUIMHAJBHBIN pa3mep. Bu-
JekeTbl A, B u H MOTyT pacTaAruBaThbCs U C2KUMATHCA 110 TOPU30HTAJIN, HO
BBICOTY (pa3Mep MO BEPTHKAJM) COXPAHSIOT OJHY U TY K€ C BHIKETAMU
D, E u F curyanua cuMMeTpUYHAsA — OHHU MEHAIOT BBICOTY, HO COXPAHAIOT
HEU3MEHHYIO MIIPUHY.

Coznaresmn FLTK B jloKyMeHTAIUN YTBEPXKIAIOT, YTO C MCIIOJIb30BAHNU-
€M 9TOTr0 MEXaHM3Ma MOYKHO JII000! HADOP BUINMBIX BUJIZKETOB 3aCTABUTD
MEHSITh CBOU PA3MepPHI JTIOOBIM CIIOCOOOM, KAKOW HAM TOJBKO MOXKET IPUNATH
B I'OJIOBY — HY?KHO TOJIBKO IIPABUJIBHO ITIOCTPOUTH MEPAPXUIO BJIO2KEHHBIX
OPYT B Jpyra TPy U KOe-TJie, BO3MOXKHO, TO0ABUTHh HEBUINMbBIE BHUIKE-
Thl (06Br9HO 9710 F1_Box’el ¢ THmoM oOpamiienusi FL_NO_BOX u 6e3 mer-
ku). He Gynem yTBepKaTh, 4TO 9TO NeHCTBUTENHHO Tak (Kak He OyueM u
YTBEPXKIATH IIPOTUBOIOJIOKHOIO), OTMETHM JIMIIIb, YTO B HEKOTOPBIX CJIy-
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qasiX OKa3bIBAETCS JIOBOJIBHO CJIOXKHO COOOPA3UTh, KAK MMEHHO JIOOUTHCS
OT BHU/IZKETOB HYZKHOI'O IIOBEICHUA.

[Tose3no OymeT nMeTh B BUy HECKOJIBKO OCHOBHBIX IPUEMOB. TaK, 4TO-
OBl 3aCTABUTH HEKUI BUJI2KET BCETJIa COXPAHSITH pasMep, 9TO Obl HA TBOPH-
JIOCh BOKDYT, JJOCTATOYHO CO3/IaTh JJIsl HErO OTEJIbHYIO I'PYIILY, B KOTOPYIO
OyZeT BXOIUTH TOJIBKO OH CaM, U 3AlPETUTDH STOH I'PYyIe U3MEHEHUE Pa3-
MepOB, BbI3BaB resizable or Hy/ss. UTOOBI 3aJJaHHBIN BUKET 3aCTABUTH
MEHATBCA TOJIBKO IIO T'OPU30OHTAJIN, a BBICOTY COXPaHATH, MOXKHO CO3/1aTh
rpyniy, B KOTOPYIO OyaeT BXOIUTb 9TOT BU/KET U BMECTe C HUM HEBUIU-
Mbiii F1_Box, pacio/ioxKeHHbIl BbIllle WM HUXKe HaIllero BHKeTa (KCTa-
TH, MOYKHO €I'0 PAaCIIOJIOKUTH JIaxKe 3a IIPeJIeIaMi KOOP/IMHAT I'PYIIIbI, BCE
PABHO €ro He BHJHO), UMEIONIHH TaKyIO YK€, KaK OH, IIMPUHY, U IIPU ITOM
HYAEBYI0 BBICOTY; UMEHHO 3TOT F1_Box HYXKHO OODBSIBUTH resizable s
rpynnbl. AHAJOrMYHBIM 00PA30M MOXKHO CO3JaTh BUJKET, U3MEHSIFOIIMIA
TOJIBKO BBICOTY, HO HE IIIUPUHY.

Kosb cKOpO MBI CTONKHYJIUCH CO CIIydaem, TPeOyIOIMM IIOCTPOCHUS
MepapXuu TPYII BUJZKETOB, YMECTHO OYJIeT paccKa3aTh, KAK TaKUe uepap-
XUU CTPOATCH.

IIpexkne Bcero mamomumM, 4To Kjace Fl_Window yHacaemoBaH OT
F1_Group, TO eCThb OKHO £BJISI€TCS YACTHBIM CJIydaeM I'PYHIbl BAJIKETOB.
Kaxprit 00beKT-BUKET OOBIYHO TMPUHAJJIEKUT K TON WM WHON TPYyII-
e Jinb0O He NPUHAJJIEKUT HUA K KAKOI, HO MOCJeIHee NMEET CMBICJI TOJIb-
KO 1jig OKOH (06bekToB Tuia F1_Window), a ymoboii apyroii Bumker, He
Oynyun BKJIIOYEHHBIM B TPYIIIY, OKaxKeTcs Oecrosie3eH. ['pymmy, K KOTO-
POl IpPUHAJJIEIKUT BHUJKET, MOXKHO y3HATb, BbI3BaB MeTo| parent (6e3
[IAPAMETPOB).

Ciremytoliee, 9To Hy>KHO IIOMHUTD [IPU TIOCTPOEHUH UEPAPXUHU Py —
9TO 9TO B KAXK/IBIIf MOMEHT BPEMEHHU B HAIEl IIpOrpaMMe Jindo eCTb POBHO
OJlHA IPYIIa, HA3bIBaeMas TeKymeil (current), ubo TAKONH HET HU OJHOIL.
Ecnu Texkymas rpymma ecThb, BCe CO3/IaBa€Mble BU/ZKETHl aBTOMATUIECKU
[IOMEIIAIOTCA B 9TY IPYIIY (CTAHOBATCA €€ JlouepHUME Buizkeramu). [lpu
CO3/IAHUY HOBOM I'PYNIIBEI OHA ABTOMATUYIECKH CTAHOBUTCS TeKyeil. Kpome
TOrO, TPYIILy MOXKHO CZIeJIaTh TeKYIel, Bb3Bas (6e3 mapamMeTpoB) eé MeTo
begin. Muorokparno Bcrpedasiiuiicss HaM MeTo ] end B JefCTBUTEIHLHOCTH
JeJIaeT TEKYIIel TPYIILY, POIUTEIBCKYIO [IJIsi JAHHOM, JIMOO OCTABIISIET Ha-
Iy mTporpaMmy 0e3 TekyIeil TPYMIbl, eCJiu Y TOH T'PYIIbI, JJIsi KOTOPOit
€ro BBI3BAJIM, HET pojanTessd. MOXKHO JiUIs TEPEKIIOYEeHNs MeXK/y I'DyIIa-
MH BOCIIOJIb30BaThCA TaKzKe CTaTUIeCKAM MeTOoIoM F1_Group: :current —
cOoOCTBEHHO TOBODsi, begin mpocTo BbI3bIBaeT current(this), a end —
current (parent ()). Hakoner, MOXKHO BH/IZKET <«3arHaTb» B 3aJAHHYIO
IPyUILy HAIPAMYIO C IIOMOIIBIO MeToAa add.

Yarre BCcero mepapxuio Ipymnil HAYUHAIOT CTPOUTH C TJIABHOTO OKHA, a
cpasy Iociie CO3JaHusi 00beKTa IPYIIBI CO3/IAI0T BCE BHUJKETHI, KOTOPBIE
JIOJDKHBI B Heé BXOJWUTH (TOIJIa OHU OKA3BbIBAIOTCS B ITOI IDPYIIIE aBTO-
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MATHYECKH ), BBI3BIBAIOT JJIsi OOBEKTA TPYIIILI MeTO, end U IIPOJOJIKAIOT
GOpPMUPOBATH €€ POJIUTENHCKYIO IPYIIILY.

DxkcrepuMenTupys ¢ Jyr0boit mporpammoiit Ha FLTK, momyckaroreit n3-
MEHEHUE pa3MepPOB OKHA, MOYKHO C YIUBJIEHUEM 3aMETUTh, YTO OKHO YIIOPHO
He 2KeJIaeT CTAHOBUTBHCS MEHBIIIE OIIPEeJIeJIEHHOrO pa3Mepa. B gacTtHoCcTH, B
npuMepe Ha puc. 10.13 ucxomgabrii pa3mep KaxKJI0ro U3 «KBaJpPaTUKOB» CO-
crasyzan 100 x 100 mukceseit, a MPOMEKYTKIA MEXKJTy HUMU — D TUKCEJElt;
KaK CJIeJICTBUE, BUzKeT R umesn ucxoaubiit pasmep 205 x 205, Buker A —
205 x 100 u T. 1. Pazmep okHa, MOKa3aHHBII HA PUCYHKE B CEPEIIHE BEPXHE-
ro psijia, OKA3aJICsl Il HAIIEro MIPUMepPa HAMMEHBIITNM, OKHO OTKA3bIBAET-
Cs1 YMEHbIIIAThCs JaJIbllle; CPa3y »Ke OTMETHM, 4TO pa3Mmep BujpKera R mnpu
sToM cocTtaBul poBHO 100 X 100 mmkceseil, HO 3TO COBEPIIEHHO HE IIOTOMY,
9TO ApYTUe BUJKETHI MMEJIN TaKON MM «aHAJOTUIHBINY paszMep.

[Ipoucxoisitiee 0OYCIOBICHO OTHON OCOOEHHOCTHIO ITOBEIECHUS O00BHEK-
Ta OKHA, KOTOPOE€, XOTh U $ABJISETCs YaCTHBIM CJIy9daeM IDYIIbI, BCE Ke
peJicTaBiseT coboit ciryvaii BechMa crenudundecknii. B kiracce F1_Window
(umenHO B HéEM, a He B F1_Group) npeaycMOTpeH MeTos Size_range, MMe-
IOIIUNA axX CeMb I1apaMeTpOB:

size_range(int minw, int minh,
int maxw=0, int maxh=0,
int dw=0, int dh=0,
int aspect=0);

K cuacTbio, B OOJBIMUHCTBE C/IydaeB HYKHBI TOJILKO IEPBBIE IBa ITapa-
MeTpa, 33JIaloue MAHUMAJILHO JIOIMYCTUMbIE pa3Mepbl OKHA IO TOPU30H-
Taju u Beprukagu. Oba mapamerpa 00si3aHBI OBITH CTPOTO OOJIbINE HYJIS;
«BBIPOXKJICHHBIE» OKHA, UMEIOIIHEe HYJIEBYIO JJINHY /WM IIUPUHY, HE J0-
myckatoTcd. [lapameTpsl maxw m maxh 33/1a10T MAKCHMAJILHO BO3MOYKHDIN
pasMep OKHa (M eCJIM OH COBIAJAET ¢ COOTBETCTBYIONMM MUHUMYMOM, OK-
HO BOOOIIE HE MOXKET MEHATH pasMep II0 Toil ocu), napamerpol dw u dh
TO3BOJISIIOT YKA3aTh wWiae U3MEHEHUs pas3Mepa, T.e. JTI000e M3MEHeHne pa3-
Mepa Oy/IeT KPATHO 3aJJaHHOMY 9HCIy (HAIPEMED, 5TO MOYKET HPUTOUThH-
csl JIJTsT OKHA, TEPMHUHAJA, B KOTOPOM BCErJa JOJKHO OBITH IEJI0€ HHCJIO
sHakomect). IlapameTp aspect B JefiCTBHTEILHOCTH JIOTHICCKHIIT®S; eCi
€r0 3a/IaTh HEHYJIEBbIM (MCTUHHBIM), OKHY MOYKHO Oy/IeT U3MEHUTh PasMep
TOJIBKO C COXpAHEHUEM COOTHOIIEHUS JIIMHBI U ITUPUHBI.

Bosepamasich K cTpaHHOMY TOBEIEHHUIO HAIIEr0 ITPUMEpa, OTMETUM,
qaro B mporpamme fltk/resize.cpp MBI BOOOIE HE BBI3BIBAJIM METO]
size_range, a eciii ero He BBI3BIBATH, OOBEKT OKHA OYJET JIEMOHCTPUPO-
BaTh HEKOTOPOE NOGEJEHUE NO YMOAMAHUIO, 3ABUCSINEE OT MCXOMHBIX Pas-
MEepOB BUJZKETa, 00bIBJIEHHOTO Kak resizable. Kcim o ogHoMmy u3 uzme-

38Cozmaremn FLTK mpeAmoanTaior He MCMOMB30BATH THIT bool; aBTOpP KHUTH C OTIpe-
JI€JIEHHBIM yIOBJIETBOPEHHEM XOT€JI Obl 3aMETUTh, UTO B MHUPE CYIIECTBYIOT JIIOAU €Il
0oJjiee KOHCEPBATUBHBIE, YEM OH CaM.
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peHuil pasmep 3TOro BujzKera menvwe 100, To UIMEHHO STOT pa3Mep IPH-
HUMAeTCsd KaK MUHUMAJIbHBIHA (71 BUJKeTa, He JJIs BCero OKHa), eCJIM JKe
HUCXONHBIN pa3mep Hoavwe 100, TO 33 MUHUMAJIBHO JOIyCTUMBIN IPUHAMA~
ercst kak pa3 100. Yro, cobecrBerHO, MBI U HaO/0OfAa . VIHTEpECHO, 9TO
ecJii pa3Mep resizable 110 JJaHHOI OCH paBeH HYJIIO, TO 9TOT HOJIb IIPUHU-
MaeTcsl 320/[HO U 38 MAKCUMYM, TO €CTh IO 9TOI OCH OKHO BOOOIIE He OyeT
MEHSITh pa3Mep.

10.11.8. O6paboTka apryMeHTOB KOMaHIHO CTPOKU

IIporpammer, B3anmoeiictsyomue ¢ X Window, 06sraa0 06pabaTbiBa-
IOT LEJBIH psJi apryMEHTOB KOMAH/IHONW CTPOKH, BIULAIONINX HAa TO, K Ka-
KoMy X-cepBepy cjeayeT oOpaTHUThCH, OKHO KaKOI'o pa3Mepa CO3/aTh, B
KaKOM MeCTe dKpaHa ero pacmoyioKuTh u T. 1. bubanoreka FLTK comep-
KAT (PYHKINW, TO3BOJISIONIAE TPOAHAIN3NPOBATH KOMAHIHYIO CTPOKY ¥
06paboTaTh HOJITOpA JEeCATKA OMNINi, cpeln KOTOphIX -display, yKas3bl-
BaOIIasl, K KAKOMY U3 X-CepBepOB CJIyeT IOJKJIYaThCst (OOBIYHO ITa
undopmanust 6epércst u3 nepeMenHoil okpyxkenus DISPLAY); -geometry,
MO3BOJIAIONIASA 3aJaTh IIOJIOKEHHE W Pa3Mep IJIABHOTO OKHa (HalpuMep,
-geometry 200x300 o3HadaeT pa3dMep okHa 200 mmkceseit B mupuny, 300
B BBICOTY, -geometry 200x300+100+150 — OKHO TOTO K€ pa3Mepa, JICBLIA
BepxHuil yros Koroporo Gyzer pacunosararbest B Touke (100;150)); -bg, Ko-
TOpasi MEHsIeT OCHOBHOI 11BeT (oHa, u apyrue. [loyHblil ClinCcoK HAXOMUTCS
B IOKyMeHTanuu K dyaknun F1: :arg.

Ecyin Bamma mporpamma He HY2KIa€TCsI B CBOUX CODCTBEHHBIX ITapaMeT-
pax KOMaHJHOU CTPOKH, MOXKHO IIOUTH CaAMBIM IIPOCTBIM IIyTEM: II€PEeJAaTh
caKpaMeHTaJIbHble argc 1 argv rapaMeTpaMu MeTo Ly show IJIaBHOT'O OKHA;
B OTJIMYME OT OOBEKTOB JIPYruX BUzKeTOB, F1_Window mojjepKuBaer Bep-
CHUIO MeTo/1a show ¢ IByMd mapaMeTpaMu Kak pa3 Jjist 3Toi 1esn. Beirsaur
9TO BCE IPUMEPHO TaK:

int main(int argc, char *xargv)

{
Fl_Window *win = new F1l_Window( /* ... */ );
// ... IOATOTOBKa BUIXETOB
win->show(argc, argv);
return Fl::run();
}

NnMenHO TaK OCTYHAIOT ABTOPHI OOJIBIIMHCTBA IIPUMEPOB MIPOI'PAMM U3 J10-
kymentarnu Kk FLTK. K coxkaenuio, Kak pa3 Takoil BapuaHT Ipu Bceit ero
MPOCTOTE TTOYTH HUKOTA HEe TOJUTCs, BEJIb €CJIM Ballla IPOrpamMMa, BoODIIe
obpabaThIBaeT MapaMeTphl KOMAHIHONH CTPOKH, TO MMOYTH HABEPHAKA, CPEIN
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HUX OyIyT IapaMerpbl, OOYCJIOBJIEHHBIE pellaeMoil 3ajadeil U He MMEro-
e Hukakoro otHomrenns K FLTK u Boobme mojacucreme rpadutdeckoro
naTEepdeiica.

Komb ckopo Bamma mporpamma J0JKHA 00padaThiBaTh CBOU COOCTBEH-
HbIE TTapaMeTPbl KOMAHIHOM CTPOKHU, HO BbI IIpU 3TOM XOoTuTe, 4T00hr FLTK
0bpabarbiBajia MapaMerpbl, aPeCOBAHHBIE el (a BbI 9TOr0, HO-BUIAUMOMY,
XOTHUTE, YK BO BCAKOM cilydae -display u -geometry — 3TO ONINHU, HOM-
JIEP>KKU KOTOPBIX II0JIb30BATE/Ib OXKHUJIAET OT Jit00OW OKOHHOM Iporpam-
Mbl), y BaC €CThb J[B4 OCHOBHBIX BapUaHTa: OPraHU30BaTH HPOCMOTD iia-
rOB KOMAaH/HOW CTPOKHU CAMOCTOSITE/bHO, & T€ W3 HHUX, KOTODPbIE He pPac-
nosHaere, nepegaarb O6ubimoreke FLTK (st aroro cayxur dbyHKIms
Fl::arg), 1o JOBEPUTH OPraHU3AIMIO IPOCMOTPa OUbIHOTEKE, C TeM YTO-
OBI y2Ke 0oHa ODpaIagach K BaleMy KOy Il aHAJIM3a, [IaPAMETPOB, KOTO-
pble He cMorJIa pacno3Harh. s aToro ucnosibsyercs: dysknus F1: :args
C YeTHIPbMs MTapaMeTpaMi, OJHUM U3 KOTOPBIX MepeaéTcst ajpec Barieit
callback-¢pyukmnmm; eé-to FLTK u BbI30OBeT.

C paccMoTpeHHusI 3TOro crocoba Kak 60jee IMPOCTOro MBI M HAYHEM.
Oyukius F1: :args uMeer cieyiomuii 1poduib:

int Fl::args(int argc, char **xargv, int &i,
F1_Args_Handler cb = 0);

Unentudukaropom F1l_Args_Handler obo3HadeH Tun ajapeca (QYHKIUH,
UMeEIOIIEeN BUI

int func(int argc, char **argv, int &idx);

(kak eciu Ol MBI Hanucaau «int (*cb) (int, char**, int&)»). Hasua-
YeHMe TEePBBIX JBYX MapaMeTpoB dyHKIMH F1: :args 04eBUIHO: 3TO XOPO-
10 3HAKOMBIE HaM IIapaMeTphl (pyHKIUU main, 4epes3 KOTOpble Iepeaagrcs
KOMAaHJIHAs CTpoKa. Uepe3 cBoit Tperuit mapamerp (DYHKIMS BO3BPAIIAET
HaM HHJIEKC (HOMep) I1epBOro mapaMerpa KOMaH/HOW CTPOKH, KOTOPBI OHa
HE CMOLJIa UJIU He CTaJIa aHAJIM3UPOBATD; UCXOAHOE 3HAUEHHE [IepeIaBaeMoii
[IEPEMEHHO UTHOPUPYETCs. 1eTBEPTHIM IapaMeTPOM MbI, KAK MOYXKHO JI0-
raJlaThCsl, IepejaéM CBOI (DYHKIMIO, OTBEYAIOINIYIO 38 00pabOTKY HAIIMX
cOOCTBEHHBIX (PJIATOB.

B kauectBe htaroB aHa/M3aTOp PACCMATPUBAET TOJBKO ApTyMEHTHI,
HAYUHAIOIIUECS CO 3HAKa «-» WM COJEpKalllfe XOTs Obl eIlé OJUH CHUMBOJI.
Taxoif apryMeHT MOKET UMETh IapaMeTPhl, & MOXKET UX HE UMEeTh; B KaJe-
CTBE TMApPaMETPOB MOT'YT PACCMATPUBATLCS OIUH MJIM OOJIBINE apTryMEHTOB,
CJIEYIOINX B KOMaHHONW CTPOKE HEIOCPEeJICTBEHHO 3a (biarom. Berperus
apryMeHT, HAYMHAIOMUIICA ¢ «-», aHanu3arop chauasa (!) BbI3bIBaeT Ha-
1ty (bYHKITHIO, TIepeJAHHYI0 9eTBEPTHIM MapaMmeTpoMm. [lapaMmerpsl arge u
argv Haeil GyHKINY [epeIaloTcs 6e3 N3MEHEHU; Yepe3 TPeTuil mapamerp
(idx) mama YHKIMS NOJIYYAT CCHUIKY HA MEPEMEHHYI0, KOTOPYIO aHaJIH-
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3aTOp MCIOJIb3YeT KaK CUETYMK B IMKJE [IPOCMOTpa apryMeHToB. [lasee
y HAC €CTh JiBa BAPHAHTA: €CJIM Mbl HE 3HAEM M HE XOTUM 00pabaThIBaTh
Tekymuii apryment (Tor, KoTopbiil argv [idx] ), npocTo Bo3BpalaeM HOJIb;
€CcJIn ke MbI apryMeHT obpabaTbiBaeM, TO BO3BPAIIAEM KOJUUIECTBO apry-
MEHTOB KOMAH/IHON CTPOKH, KOTOPbIE «Cheu» (caM byiar U, BO3MOXKHO,
€ro IapaMeTpbl); TO Ke CaMoe YHUCJIO CjejlyeT NPUOaBUTH K [IEePEeMEHHON
idx. OTrMerum, 9TO TAKUM CIIOCOOOM MBI MOYXKEM BBECTU APryMEHTbI, UMe-
IOIle TaKue Ke MMeHa, Kak y obpabaTbiBaeMbIX OMOJIMOTEKON — y HaIeit
dyukun B JI000M CIydae IPUOPHUTET, €CJIM OHA BEPHYJIA HE HOJIb, TO 3TOT
apryMeHT aHaJIu3aTop y2Ke 00pabaTbiBaTh HE OyIIeT.

Anajmm3aTop npekpainaer paboTy B ciiydae, KOIjia Bce apryMeHThI [IPOo-
CMOTPEHBI, & TAK2KE €CJIM OH BCTPETUJI aPIyMEHT, He HAYNHAIOIIMICI C MU-
HyCa, JIOO COCTOSINNIA TOJIHFKO U3 HErO OIHOrO, MO0 HAYMHAOIUICS C MU-
HyCa, HO IIPU 3TOM He CheJIeHHbII Hallell pyHKIUEeN 1 He 3HAKOMBINA CaMOMY
anasmm3aTopy. Ilocmennss curyarusa cantaercsa omubodHol. Takke camra-
ercsi OIMMuOOYHON CUTyalnsi, KOr/ia B KOMAaHIHOW CTPOKE MOCAeJHUM CTOUT
utar, npeanosiaraoruii mapaMerp. [Ipu BO3HUKHOBeHUY OMUOKY (DYHKITHST
F1l::args BO3BpallaeT HOJIb, €CJIM ¥Ke BCE (C e6 TOUKM 3peHusi) B HOPsIKe,
BO3BpalllaeMO€e 3HAYCHUE COBIIQIAECT CO 3HAYeHUEeM idx.

[ToguepkHéM, 9TO, BCTPETUB IIEPBBII Ke apryMeHT KOMAaHJIHON CTpO-
KU, KOTODBINl CaM C MUHyCa HEe HAYMHAETCs U He dABJISEeTCd I1apaMeTPOM
JIJIsT TIPEIIIIECTBYIONIEr0 apTyMeHTa C MUHYCOM, F1: :args HeMe[JIEHHO BO3-
BpaIllaeT yIpaBjeHrne, TaK 4TO JaXxKe eCJU Jajibiie OyayT (Jard, oHa UX
obpabaTeiBaTh He cTaHeT, U mepemanuas et callback-byuknus mas sTux
rmapaMeTpoB BbI3BaHA HE OyIIET.

Kak MOXXHO 3aMeTuTh, OOBIYHOTO B TAKHX CIIydasX MapaMerpa i
noavsaosamenvckur dannoir 3mech callback-dyHskius He npeycMmarpuBa-
€T, TaK 9TO ODIATHCA C HEell MPUXOIUTCH Yepe3 IJI00AJILHBIE ITePEMEHHBIE.
DTO MOXKHO PACCMATPUBATH KAK BECOMBIH HEIOCTATOK IMOIXOIA C UCIIOJIb-
3oBanueM Fl::args. OHa u cama HCIOJB3YeT IJI00AJIbHBIE [IEPEMEHHBIE,
BeIb HAJO K€ TJIe-TO COXPAHUTH MH(MOPMAINIO, KACAIONLYIOCS OKOH U UX
00'BEKTOB, KOTOPBIX TIOKA EIIE HeT.

A Tternepnb camoe cTpaHHOE: TIOCJIE BCErO 3TOro Memod show das 2aa6H0-
20 OKHA BCE PABHO HYIHCHO BVI3BAMD € NAPAMEMPAMU GTYC U TGV, TPUIEM
HaJeXK/a HA TO, YTO AHAJN3 yKe IIPOU3BEIEH U ITOBTOPHO MPOBOAUTHCS
He OyJIeT, He OlpaBIbIBAETCS — METO[[ PeaJIbHO YTO-TO U3 ITUX IIapaMeT-
POB U3BJIEKAET, /1aTh €My BMECTO HAX KaKyIO-HHOY/b €pyH/y He ITOJIy9HT-
ca. Crnacubo XOTh OH HE PYraercs Ha «He CBOM» IapaMeTPbl — BUIUMO,
F1l::args Bcé-Taku BbICTaBJIsAET Kakue-ToO (piakku. Eciu show BeI3BAaThH 6€3
rmapaMeTrpoB, TO T€ U3 apI'yMEHTOB KOMAH/IHON CTPOKH, KOTOPBIE JIOKHBI
6b1TH 0OpaboTansl bubsmorekoit FLTK, obpaboranst ne OyayT u Ha padory
MIPOrPaMMBbI HE MOBJIUASIOT.

g upuMepa HaIUIIEM [IPOrpaMMy, IIOXOXKYyI0 Ha speak.cpp
(eM. cTp. 267). Ona Oymer oroOpaxKarb B CTOJOMK HECKOJBKO KHOIOK
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(o yMOJTIAHUMIO — TPH), KAXK/YIO CO CBOEH HA/IINCHIO, a IPU HAXKATHU HA
KHOIIKY Oy/IeT 9Ty HaJIIICh BbIaBaTh Ha CBOI CTAHIAPTHBII BbIBOA. Hagnm-
cu OyLyT 3a/1aBAThCS TapaMeTPaMi KOMaH [HOH CTPOKHI, PACIIOTIOKEHHBIMA
B €€ KOHIe (TO eCTh OCJIe apryMeHTOB, HAUMHAIOIIMXCs ¢ MuHYyca). Hara
IIporpaMMa OyJeT MOILIEePKIBATH BCEIO OJIMH COOCTBEHHBII KJII0Y KOMAH/I-
HOJ CTPOKH — «-county», mapaMeTp KOTOpOro OyIeT 3aaBaTh KOJIUIECTBO
KHOIOK. IIpy 3TOM OHA Gyner 06pabaThiBaTh CTAHJAPTHBIE KIIOUYH BPOJE
-display, -geometry mim -bg.

it Hagasa 33718/ 1MM KOHCTAHTBI, BIIUSIONIAE Ha Pa3sMep U PacIloJIoxkKe-
HUE BUJIZKETOB (COGCTBEHHO KHOIIOK):

enum { spacing = 5, button_w = 200, button_h = 40, fontsz = 20 };

[Tocko/bKY KOTUTECTBO PUCYEMBIX KHOTIOK Oy/IeT yCTaHaBIUBAThHCA u3 call-
back-dbyHkinn, He nmeromeit mapaMerpa Iy IepeIadn M0Ib30BATEbCKOM
wH(OpMAaIUH, JJIsi XPAHEHUs] STOT0 KOJUYECTBA MPUIETCS UCIOJb30BAThH
I00AJIBHYIO TEPEMEHHYTO:

static int buttons_count = 3;

Anamuz Toro aprymenTa KOMAaHJHOW CTPOKH, B KOTOPOM JIOJI?KHO OBIThH
YUCJI0, BBIHECEM JIJIs yJI00CTBa B OTIEIbHYIO (DYHKIUIO:

static void set_buttons_count(const char *arg)

{
char *errptr;
buttons_count = strtol(arg, &errptr, 10);
if (errptr == arg || *errptr) {
fprintf (stderr, "Invalid count %s\n", arg);
exit(1);
}
}

Temepsp MokHO HamucaTh QYHKIINIO, KOTOpas mocaykuT Ham callback’om
ns Fl::args. Paborars oma OymeT ovYeHb IPOCTO: €CJid TEKYIIHWil mapa-
MeTp — 3TO CTPOKa "-count", (DyHKIMS IPOBEPUT, 9TO TAPAMETPOB B KO-
MAHJTHON CTPOKE JIOCTATOUHO (JIOJIKEH CYIIECTBOBATH KAK MUHUMYM eIré
OlIMH mocsie "-count"), U «CbeCT» TEKYIIH [apaMerp U CJEAYIONHA 3a
HUM, YCTAHOBUB IIPU 9TOM HYKHOE 3HaJYeHNe [epeMeHHO buttons_count;
BO BCEX OCTAJIbHBIX CJIyYasiX OHa COOOIIUT BBI3bIBAIOIIEMY, YTO HUKAKHE
napaMmeTpbl He obpaborasa (HHYEro He CheJia), BEPHYB HOJIb:

static int cmdline_callback(int argc, char **argv, int &idx)
{
if (0 == strcmp(argv[idx], "-count")) {
if(arge < idx + 2) {
fprintf (stderr, "Count (number) expected\n");
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}

exit(1);
}
set_buttons_count (argv[idx+1]) ;
idx += 2;
return 2; /* "cbemm" Tekymuil mapaMeTp U Clenyomumi */
}
return O; /* pmpyrux ¢maroB M He 3HaeM */

B raBuoit dyHKIME MBI BbI30BeM F1: :args; oHa BePHET Yepe3 CBOI TpeTuit
napaMeTp HHJIEKC IIePBOT'O U3 apryMEHTOB KOMaHJHON CTPOKHU, He Hadu-
HaIOIIErocd ¢ MUHyCa U He fBJLAIONIerocsd IapaMeTPOM IIpeIIecTBYIONIEro
apryMeHTa, a B HaIlleM CjIydae 3TO O3HadaeT, 9TO HaM IOoNajlach IepBas
W3 CTPOK, KOTOPbBIE JOJIXKHBI CJIyKUTh MeTKaMu HamwmMm KHonkaMm. Ocra-

TOK MACCHBA argv MbI UCIOJb3yeM IIPOCTO KAK MACCHB TEKCTOBBIX METOK.
Boirasgaers 310 OymeT mpuMepHO Tak:

int main(int argc, char **xargv)

{

}

int arg_idx, res;
res = Fl::args(argc, argv, arg_idx, cmdline_callback);
if(lres) {
fprintf (stderr, "Malformed command line\n");
return 1;
}
int win_w = button_w + spacing * 2;
int win_h = (button_h + spacing) * buttons_count + spacing;
Fl_Window *win =
new Fl_Window(win_w, win_h, "command line demo");
int i;
int y = spacing;
for(i = 0; i < buttons_count; i++) {
const char *msg =
arg_idx + i < argc 7 argv[arg_idx + i] : "Not set";
F1_Button *b =
new F1_Button(spacing, y, button_w, button_h, msg);
b->labelsize(fontsz);
b->callback(say_callback, (void*)msg);
y += button_h + spacing;
}
win->end();
win->show(argc, argv);
return Fl::run();

Oyukiusa say_callback nMeeT TOYHO TaKOi Ke BHUJ, KAK U B IIPEJIbIIY-
mux npumepax. [losIHOCTBIO TeKeT Halmel TporpaMMBbl BbI HailETe B daiiae
fltk/cmdline.cpp.
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AtbTepHATHBON MCIOIB30BAHUIO F1: :args CIYKUT MOIXOJ, TIPU KOTO-
POM MBI CAMHU OPTaHU3yeM ITUKJI ITPOCMOTPA apaMeTPOB KOMAHIHON CTPO-
KU, B TeJie KOTOPOTo, OOHAPY?KUB HEM3BECTHBIN HAM KJII0Y, HAUMHAIOIUNCS
¢ MuHYyca, oTIaéM ero s obpaborku 6udbmoreke FLTK depes dpyukimto
Fl::arg (ofpaTuTe BHUMAHHUE HA OTCYTCTBUE OYKBHI S Ha KoHIle). [Ipoduib
9TOM (PYHKINNA TAKOB:

int Fl::arg(int argc, char **argv, int &idx);

C mepBbIME JBYMsl ITapaMeTpaMy BCE OYEBHJIHO, CIOJA IIePear0TCs HAIIN
argc u argv 0e3 m3MeHeHuit; napaMeTp idx — CChIIKA Ha CYETUUK, XPAHSI-
Uit MHJIEKC TEKYIIEero pacCMaTpuBaeMoro apryMmenTa. Paboraer dyHKIMsS
IPUMEPHO TaK Ke, KaK B MpeJbIaylneM npumMepe paboras Ham callback:
eciau 06pabaThiBaTh apryMeHT OHA HE CTajia, TO BO3BPAIaeMOe 3HAUEHUE
OyZeT paBHO HYJIIO, €CJIU YKe aprymMeHT oOpaboTaH, OHa BEpHET ducao 1
WK 2 B 3aBUCUMOCTH OT TOT'0, OJIVH WJIX J[Ba apryMeHTa KOMaHIHONW CTPOKH
OHa «yIoTpeduyiay, U Ha TaKOe K€ YUCJIO OyJeT YBEeJIMYEeHO 3HAYUEHUE IIe-
pemennoit idx. Hamo Toabko 06s13aTeIbHO TPOCIEINTh, ObLIA Jin DYHKITHS
F1l::arg BbI3BaHa XOTsI OBl OJMH pa3; TOrJa MeToJ show Oy/JeT 3HATH, YTO
aHaJIM3 KOMAHJIHOW CTPOKM IPOM3BEIEH TOJIOBHON mporpammoii. Ecau xe
HU OJHOTO TTapameTpa, OTHocsdmerocs K kommerennuu FLTK, obHapy»kKeHo
He OBLJIO, CJIeJIyeT STOT (DAKT 3AOMHUTH U IIOTOM BBI3BATh (DYHKIMIO show
6e3 mapaMeTpoB, UYTOOBI OHA HE PyTajach HA «HEHM3BECTHBIE» IapaMeTphl,
He 3Hasl, 9TO Bbl KOMAH/IHYIO CTPOKY y?Ke IPOAHAIU3UPOBAJIA.

Pasbupars npumMep Takoro aHajn3a KOMaHJIHOW CTPOKU MBI HE OygeM —
HaJIeeMCsI, ITO YUTATEb TEIephb CIPABUTCA CaM; HO Ha BCAKUN CIydail OT-
METHM, 9YTO IMPUMED, AHAJOTHYHBII MPEIbIAYIIEMY II0 CBOeil pabore, HO
peasin3oBaHHbIN depe3 Fl: :arg, npusesén B daityie f1tk/cmdline2. cpp.

10.11.9. O630p HepacCMOTPEHHBIX BO3MOXKHOCTeI

O06bEM KHUTH He TI03BOJIsIeT HaM paccMoTperh Bosmoxkuoctu FLTK mo-
ApobHee, YeM MBI 9TO y2Ke CJeJIali, HO Ha CJIydail, eCJIM YUTaTeJIo IoTpe-
OyeTcst YTO-TO U3 OCTABINIETOCS 32 KaJIPOM, TOIBITAEMCS ITPOBECTU KPATKUIA
0630p.

Iloxkauyit, ogHa M3 CaMBIX BayKHBIX CYIIHOCTEH, HE ITOMECTHUBIIAXCA B
HaIly KHUT'Y — 9TO IOJCUCTEeMa peakiuu Ha coObiTusi. C €€ MoMOIIbI0 MOXK-
HO IIepeXBaTUTH O0PAOOTKY HAXKATHUI Ha KJIABHUIINH KJIABAATYDPHI U KHOIIKH
MBIIH, IIepeMellleHre MBIIN B IIpeJiesiax OKHa Hallleil mporpaMMbl U MHO-
roe apyroe. Ecian 4To-TO 000HOE KasKeTCsI MOIXOIAIINM JJIs Balleil mpo-
rpaMMbl, HQUHUTE U3y4YeHUEe 3TOH IOJICUCTEMBI C KOHCTAHT IIePEeIUCIMMOI0
tuna F1_Event n dynknmit F1: :add_system_handler, F1::add_handler
u F1l::event_dispatch, a Tak:kKe BUPTyaJIbHOIO MeToja handle, oObsiB-
JeHHOTO B Kjacce F1_Widget.
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Kpome Toro, xorst 661 KPATKOTO YIIOMUHAHUS 3aC/Ly2KUBAET IEJIBIA Psil]
He 00CY’KJIABIINXCA HAMM BHJKETOB. Tak, Mbl HU Pa3y He IIOJIb30BAJIUCH
KJIACCHYECKAMU MEHIO, XOTS 9TO OY€Hb BAXKHBIN JIEMEHT IpadUIecKoro
unarepdeiica. B FLTK st co3manust MeHO peaycMoTpeH 0a30BbIil Kiiacc
F1_Menu_, oT KOTOPOr'0 yHacjeJOBaHO Tpu noToMka: F1_Menu_Bar — ro-
PHU30HTAJIBHOE MEHIO C BBINAJIAIONIMMA BHU3 ITOAMEHIO, F1_Menu_Button —
KHOIIKa, [IPU HaKaTUX Ha KOTOPYIO BHU3 BhbIIIa laeT MeHIO, 1 F1_Choice —
BUJ/I?KET, TIOXOXKUIl Ha TPEIbIAYIINANA, TPeIHA3HAMEHHBIH I BbIOOpa n3
HECKOJIBKUX JOCTYIIHBIX BapHaHTOB; TEKyINWIl BapHaHT IIOKA3bIBACTCA B
OKOIIIKe, CHAOXKEHHOM KHOIIKOI1, 10 KOTOPOU MOKA3BIBAETCS MEHIO CO CITUC-
KOM JIDYTUX JIOCTYIIHBIX BapUAHTOB. EIME OJUH JIOBOJBLHO ITIOJIE3HBIH BU-
ket — F1_Tree. 9T0 9TO-TO BPOJE MEHIO C JPEBOBUJIHON CTPYKTYPOIi 1
BO3MOXKHOCTBIO CKPBIBATh I PACKPBIBATH OTJICJIbHBIC BETKU.

Becbma maTepecen BujizkeT F1_Scroll, MO3BOJISIIONIUN CO3/1aTh HEKOE
BUPTYaJbHOE IIPOCTPAHCTBO, COJEPKAIllee BUJKETHI U CIOCOOHOE IIPO-
KPYy4UBaThCA II0 TOPU3OHTAJIN W BEPTHUKAJIN; BUIZKET HCIOJIb3YEeT II0JIO-
Cbl MPOKPYTKU, peajn30BaHHbIe KjgaccoM F1_Scrollbar. B coueranum c
F1_Scroll mosie3en BumkeT F1l_Pack, mpencTaB/siomnii coOO# TpyIILy,
T. €. SABJISIONINIICS MOTOMKOM Kjacca F1_Group. DTa BepcHs TPYIIIBI aB-
TOMATHYECKU pacliojlaraeT JO4YepHHUEe BUJKETbl B BEPTUKAJIbHBII WU I'O-
pusonTanbHLIN psajg. norma Bumker F1_Pack ObIBaeT MOJIE3€H W CAM TIO
cebe.

JIJ1st MHAUKAIIUT TIOCTEIEHHOTO UCITOJTHEHNS KAKUX-HUOY b JIJIMTETHHBIX
BBIYHUCJICHUII MOXKHO IOKAa3aTh II0JIb30BATEI0 COOTBETCTBYIOILYIO <«IIOJIOC-
Ky» (progress bar) ¢ nomompio BumKera F1_Progress.

Ecim BaM HyKHO, 9TOOBI TOJIB30BATE/b 3a/aJl 3HAUYEHUE C ILJIABAIO-
mel TOYKON (HampuMep, KakoW-HUOYb KOIMDMUIMEHT), ISl 9TOTO MOXK-
HO BOCIOJIB30BAaTbCA OJHUM U3 IIOJYyTOPa OECATKOB IOTOMKOB KJIacca
F1_Valuator; 3/1eCh OTKPBIBAECTCA JOBOJILHO ITUPOKUI MIPOCTOP I (haH-
Ta3UUd — IIOMUMO IPUBBIYHBIX CJIail/IepOB, MOXKHO HAPUCOBATh UTO-TO BPOJie
Kpyruioro rudepbiiaTta co CTPEIKON HIH TPEXMEPHOTO KOJIECUKA, U T. II.

Pacmonoxkuts nndopmaluio B Bue TabIuIbI moMmozkeT F1_Table; 31ech
TIPU 2KEJIAHUUA MOXKHO PACIOJIOXKHUTH 10 BUJZKETY B KaXKJOW KJIeTKe TabJIu-
[IBI, HO MOXKHO OIPAHUYUTHCS IPOCTBIM TeKCTOM. OT 3TOro KJacca 9acto
HACJIEAYIOT TIOTOMKOB, IIePEOIpeielissi B HUX BUPTyaJbHble (DYHKINA — B
JOKYMEHTAllU PEKOMEH/IOBAHO IIOCTYIIUTh UMEHHO TaK.

Knacc F1_Tile mo3BOJsSeT paCIOIOKNAThL B OKHE HECKOJIBKO BUJ?KETOB
(0bs3aTENBHO «BCTBIK», TO €CTb JOYEPHHUE BUJZKETHI JOJIKHBI PaCIOjia-
raThcs 6e3 NepeKphITuil 1 6e3 IyCTOro MecTa MEXKJy HUMHU) U IIPEeJI0CTa-
BUTD II0JIb30BaTEIII0 BO3MOXKHOCTb MEHATDH UX Pa3MepPhl, «TaCKasd» MBIIIKONI
TPaAHAIBI MEXKY BUIKETAMU.

Knacc F1_Tabs peanu3yeT NPUBBIYHOE MHOTUM IMOJb30BATENISIM «OKHO
¢ BKIaJgkaMm». Ha ka0l BKJIaJIKe pacioiaraeTcst CBoit coOOCTBEHHBIN Ha-
6op modepHUX BUIKeTOB. HECKOIBbKO MOX0K Ha Hero BupKeT F1_Wizard —
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TOJIBKO 3/1€Ch IOJIb30BaTEeJI0 HE IIPEJOCTABJISETCS BO3MOXKHOCTH II€PEKJIIO-
9aTh BKJIAJKHU, ITO JI€JIAETCH TOJIBKO IIPOI'PAMMHO; OOBIYHO OH HCIIOJIb3Y-
eTcs JIA OpraHU3allui «MHOTOCTYIIEHYAThIX» JUAJIOTOB C II0JIb30BaTeIeM,
KOTOPBIE HO-aHIJIMHCKU TaK OOBIYHO M Ha3bIBAIOTCA wizards (aJeKBaTHOrO
PYCCKOTO [1€PEBOJIA aBTOP 9TUX CTPOK HE BUIEI).

Kumacc F1_Tooltip, cocrosmuil TOJBKO U3 CTATUIECKUX PYHKIAN, 1103~
BOJISIET YIIPABJIATDL <«IOACKa3KaMu» (tooltips), KOTOPbIE MOSBJIAIOTCS HA
9KpaHe IIPU HaBeJIEeHUUN KYypCOpPa MbIIIN Ha BUJIZKET. Cal\/l TEKCT 3TUX IIO/-
CKa30K 33/1a€Tcs MeTomaMu Kiracca F1_Widget — tooltip m copy_tooltip.

FLTK npemxycmarpuBaer psiJi MpeIONpEIeIEHHBIX JIHAJIOTOBBIX OKOH,
MTO3BOJISIONINX OBICTPO 33JIaTh IMOJB30BATE/I0 TOT WU WHON BOIPOC WU
IPOCTO BBIJIATEH coobIenre. Bee 5T OKHA SABJIAIOTCS MOOJAABHBLMU, TO
€CTh Ha BpeMsl UX pabOThI BCe MIPOYNE BUKETHI BAIEl TPOrpaMMBbI OJIOKHU-
pytorcsi. OKHO BBIIAETCsI Ha SKPAH BBI30BOM COOTBETCTBYIOIIEH (DYHKINH;
TaK, /ISl BBIAAYH HHMOPMAIIMOHHOTO UJIU IIPEYIPEAK TAIOIIET0 COOOIEHS
ucronb3ytores dyukimn f1_message u £1_alert, mpu 3TOM I0JIH30BATEb
YBUJIUT JIHAJIOTOBOE OKHO C 33/ JaHHBIM TE€KCTOM N €JIMHCTBEHHOII KHOIIKOI
OKk; 1pe/1yCMOTPEHO HECKOJIBKO AJIbTEPHATHBHBIX BADUAHTOB [JIsI (DYHKIINT
fl_message, MO3BOJISIONUX CHAOINTH OKHO MKOHKOMN, OTKPBITH OKHO TaM,
rae ceffyac Kypcop Mbimu u T. 7. Pyuknus f1_ask BbIIAET OKHO C 3a/1aH-
HBIM TE€KCTOM U JAByMs KHOonkKamMu — Yes u No, m Bo3spamiaer 0 mian 1 B
3aBHCHMOCTHA OT TOr'0, KaKyl0 M3 KHOIIOK II0JIb30BaTe/Ib B HTOre HarKaJl.
Oyuknus £1_choice Mo3BossieT BHIBECTH 0 TPEX KHOMOK (Bo3BpamaeMoe
3HaYEHne, COOTBETCTBEHHO, Oy e ot 0 10 2). Bee nepeuncientbie dbyHKIUM
TIPEIIoIaraoT (POPMUPOBAHIE COOOIEHNST C TOMOIILI0 (DOPMATHON CTPOKM
¥ JIOTIOJTHUTE/IBHBIX apryMEHTOB MOI00OHO cTaHIapTHOU GyHKIMN printf.

Oyukrusa f1_input BRIAET JUAJIOTOBOE OKHO C ITOJIEM JIJIT BBOJA TEK-
cra; £1_password JesaeT TO K€ caMoOe, TOJBKO TEKCT BBOAUTCA BCJICIIYIO.
Oyukmun £1_file_chooser m £1_dir_chooser BBIIAIOT AUAJIOTOBOE OKHO,
IIpeJIIaraoIree moJjib30BaTes 0 BhIOpATh (haill nin IUPEKTOPHUIO Ha JIHCKE,
dyukims £1_color_chooser — BIOpaTh 1BeT. MeHssa 3HaYeHUE TTOOATH-
HBbIX IepeMeHHBbIX f1_yes, f1_no, f1_ok, f1_cancel u f1_close, BBl MO-
JKeTe N3MEHUTb TeKCThI KHOIIOK BO BCEX «CTAHJAPTHBIX» JHAJOrax (KpoMme
TeX, JJI KOTOPBIX TEKCT KHOIIOK 33J[aéTCs Imapamerpamu (hbOpMUPYIOIIeit
ux OyHKIWMK).

O1/ie/IbHOrO  YIIOMUHAHUST 3aC/Iy?KABaeT wuepapxus, CpOpPMUPOBAH-
Hasg abcTpakTHBIM KjaaccoM Fl_Image W €ro HOTOMKAMM, TAKUMHU Kak
F1_Bitmap, F1_PNG_Image u apyrumu. OObeKTH 9TUX KJIACCOB ITO3BOJISIOT
pa3MecTuTh B MAMSITH U300pakeHre B OJHOM M3 MOJJIePKUBAEMBbIX (hOpMa-
TOB; TaKoe M300pakeHne MOTOM MOYKHO HA3HAYUTH HPAKTUYIECKH JIOOOMY
BUJIZKETY — 3TO JIeJaeTCa MeTonaMu image u deimage.

Haxke ¢ yaéroMm Hatrero 0630pa Mbl He pACCMOTPEJIN U TSITOH YacTu Bee-
ro, uto ecth B bubanoreke FLTK. Kak Bcerma B Takux ciaydasx, mpejara-
€M YUTATEI0 CAMOCTOATEIHFHO OOPATUTHCS K TEXHIUIECKON JTOKYMEHTAIIH.
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10.11.10. FLTK mn mapagnrma OOII

ITockoIbKY HAIIMM OCHOBHBIM IIPEIMETOM PACCMOTPEHHUsI B 3TOM TOME
KHUATU OCTAIOTCS MAapaJUrMbl, MOCBATUM OT/IEJbHBIN maparpad obcyxk/ie-
mmio FLTK ¢ Toukn 3peHnst 00beKTHO-OPUEHTHPOBAHHOTO IIPOTPAMMUPO-
BaHUSI.

Hecmorpa ma 1o, uro FLTK — 3710 Oumbimorexka K/accoB s3bIKa
Cu++ u B Heil aKTUBHO HUCIOJB3YIOTCS UEPAPXUM HACJIEIOBAaHUS, €€ ap-
XUTEKTYpa CIPOEKTUPOBAHA, €CJIU MOYXKHO TaK BBIPA3UTHCs, «HE COBCEM
00'bEKTHO-OPHEHTHPOBAHHO. B 0JIb3y 9TOr0 CTPaHHOTO Ha IIEPBBI B3IV
YTBEP2K/IeHNsT MOYKHO IPUBECTH JBa OCHOBHBIX apryMeHTa. Bo-TepBbIX, B
FLTK ouens gacTo BCTpedaeTcsi CUTyallusi, Korja 0a30BbII KJiacC peajiu-
3yeT BCIO (DYHKIMOHAJIBHOCTH CBOMX OYIYIIUX ITIOTOMKOB, & CAMH IIOTOM-
KI TOJIBKO BBIOMPAIOT, KAKOW JaCTHIO 9TOH (PyHKIIMOHATILHOCTH BOCIOJIH30-
BarhCd. Tak, u3psiaHast J0Jisi BOSMOXKHOCTEH BCEX BUJ?KETOB Pean30BaHa B
6azoBoM Kitacce F1_Widget, npu TOM 9TO MHOI'HME U3 3THUX BO3MOXKHOCTEN B
3aMeTHOI YacTy BUJKETOB He Hy2KHBI (U Jaxke He j0cTynHbl). Emé cuibhee
9TO MPOSIBJISETCS € MOTOMKaMu Kjacca F1_Input_ — Tam B 6a30BOM KJiac-
ce peaiM30BaHO OyKBaJbHO BCE, BKJIIOYAs OJHOCTPOYHOCTH M MHOT'OCTPOY-
HOCTB, & IIOTOMKHU BOOOIIE HUYEr0 K Pean3anuy He JT00ABIISIOT, TOJBKO
BBIOMPAIOT PEXKUM PabOTHI.

Bropoit aprymeHT HecKOJIbKO ~ciioKHee. Jlejo B TOM, 4TO
callback-pynrxuuu, xoropele, Kak Mbl Buugead, B FLTK upuwme-
HAIOTCST HA KaXKJIOM IHary, JIOJsd OO0BbeKTHO-OPUEHTUPOBAHHOTO
OPOrPaAaMMUPOBAHUS — OPUEM UY>KIBIIA.

B camom meste, 00braHbII ciocob paboTs! ¢ callback-dyukiusamu cocTout
B TOM, UTO HEKOTOPOI «ODCIyKUBAIOIIEH» MOACUCTEME TIePeIaéTcsa aapec
GYHKIMM, KOTOPYIO HY?KHO BBI3BIBATH IIPU HACTYILJIEHUH OIPEIeIEHHOrO
coOBITHSI, U aJpec 0BJIACTH MAMSTH, COJEpIKAIIell noav3osamenvcrue dak-
note (darie Bcero — B Buje voidk), KOTODBIHA HY2KHO HepeiaTh (DyHKIUH
onHNM 3 napamMeTpoB mpu e€ Berzoe. Callback-dyuknust, 6yayun BbI3Ba-
Ha, caMa IIpeobpas3yeT aJpec THIA void* B TO, YeM OH TaM HA CaAMOM JeJie
SABJISETCs, U JeJIAeT CBOIO PabOTy, UMes HOCTYI KO BCEM HYXKHBIM JIAHHBIM.

Ucnons3yst cpesictBa 0OBEKTHO-OPHEHTUPOBAHHOTO TPOTPAMMUPOBA-
HUSI, MBI MOXKEM JIOOUTBCSI cO8epulerHo mozo oce afdexma, mnepenas 0b-
CIIy>KUBAIOIIeil mojgcucreMe adpec 00sexma, Y KOmMopo2o ecmyv SUPMYanb-
Has Pyrryus. Posib M0Ib30BaTEIBCKAX JAHHBIX B 9TOM CJIydae HCIOJIHUT
cam 00beKT, BMecTo callback-dpyHKiuu obcyKuBaomas mojcucTemMa 0y-
JIeT BbI3bIBaTH ero (00beKTa) BUPTYaJIbHBIA METO, KOTODBIA MbI MOXKEM
cesiaTh KAKUM YTOJTHO — JIJIsi 9TOTO JIOCTATOYHO YHACTIEIOBaTh OT 6a30-
BOro Kijacca (agpec 00beKTa KOTOPOro OT HAC OXKUJAIOT) CBOH COOCTBEH-
HBIM KJIACC-IIOTOMOK CO CBOEi COOCTBEHHO# Bepcuell BUPTyaJIbHON (DyHK-
nuu. CortacuTech, BBITJISIAT HAMHOIO €CTEeCTBEHHEE: BOT Tebe 00bEKT, KO-
@ 9TO-TO CJIyYHTCsi — coobrmu emy. U Benb, riiaBHOe, HUKAKUX OECTH-
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[OBBIX yKasaTesell U ABHBIX IpeobpazoBanmii Tumna ajgpecal Bmecro storo
paboraer npeobpazoBaHue aJpeca Mo 3aKOHy IosuMopdu3Ma (0T HOTOMKA
K IPEJIKY ), IPUIEM JJIsl HeAGH020 yKazaTels this, KOTODBIi IIpu XKeJlaHuu
MOXKHO BOOOITE BBIKMHYTH U3 T'OJIOBHI.

B npumenennn K HAMMM BHUIXKETAM BCE 3TO JOJI2KHO OBLITO ObI BBITJIS-
JeTh TaK: BMECTO TOTO, 9TOOBI ONMUCHIBATEH cTpaHHbIe callback-dymkmmm,
Kak Mbl 310 geaiau B §§10.11.2-10.11.4, mbI ObI co3maiun nopootcoEnmvil
KAGCC, YHACIEI0BAB €ro OT KJiacca OUOJIMOTEYHOIO BUJIZKETA, [IEPEOIIpe/ie-
S ObI HEKUit BUPTYAJIbHBI METOJI, KOTOPBII B KJacce-TpeIKe BLI3bIBa-
€TCsl IPU HACTYIIEHUU COOBITHsI (UM, BO3MOYKHO, HECKOJIBKO DA3HBIX Me-
TOJIOB, COOTBETCTBYIOIIAX PA3HBIM COOBITHSIM), & BCE CBOU II0JIb30BATENb-
CKUe JIaHHbIe XpaHUIu Obl B TOJISTX CBOEro obObekTa-Hacaeannka. VI Bcé —
nukakux callback’os.

Ha sroM MecTe MOXKHO €OOOpPa3uTh, 4TO BOOOIIE-TO HUKTO HE MEIIaeT
naMm moBepx nmeroruxcs B FLTK kjaccoB co3marh mpoMeXKyTOUHBIN CJIOIM,
KOTOpBIt 00ECIIeYnT UMEHHO TaKOU, KAK MbI XOTHM, IOAX0n K pabore. [To-
KaXkeM 9TO Ha TpUMepe KHOMOK — KJjacca F1_Button. Ba3zoswrilt kiacc,
KOTOPBIA MBI CO3/[3/IUM Ha €r0 OCHOBE, Oy/IeT IPeAIloaraTb CO3/IaHie Ha-
CJIEITHUKOB C IEJIBIO ITEPEOIIPEIEIEHNS BUPTYAJIbHBIX dbyHKImit. [lockombKy
9TOT KJIACC yKe He siBjisiercst dyacThio oubsmorekn FLTK, momumepkuBarh
TOT K€ CTHJIb UMEHOBaHHUS HAM He HY2KHO; IIPUMEM COIJIAIIEHUE, YTO UMe-
Ha BCEX KJIACCOB HAIIEr0 IIPOMEXKYTOUHOTO CJIOA OY/IyT HAYMHATHCS C Ipe-
durca «00FL» u He OyIyT cojep:KaThb CHMBOJIA TOIIEPKUBaHUS. B mpu-
Mepe MBI OIUIIEM TOJBKO OJMH TaKOW KJIACC, HO CMBICJ IIPOUCXOJSIIErO
WMEHHO B TOM, 9YTOOBI B «00€BOii» IIpOrpaMMe ONUCATh AHAJOTUIHBIE KJIac-
CBI JIJIS BCEX WCIIOJIb3yEeMbIX BUJIZKETOB; 9TU KJACCHI KAK pa3 U COCTABSIT
HUCKOMBIN TTPOMEXKYTOYHBIN cJioil. [Jjisi uMeHOBaHUsI METO/I0OB, BBOJIUMBIX B
HOBBIX KJIACCAX, MBI Oy/IeM IPUIEPKUBATHCA CTUJIS, KOTOPBIA UCIIOJIH30Ba-
Jgu mpu pacckase o Cu-+-+ — KaxKI0e CJIOBO, BXOJIAIIEe B UICHTUPUKATOD,
OyJeM HaYMHATH C 3arjIaBHON OyKBHI.

st mtiocTpanun cka3anHoro nepezenaem npumep fltk/speak. cpp,
KoTopbiit Mbl paszdbupasu B §10.11.2. HoBas Bepcus sroit mporpamMmbr Oy-
JIeT JieJiaTh abCOJIFOTHO TO YKe caMoe, HO C apXUTEKTYPHON TOYKU 3pEHUs:
(¥ B UIaHE UCHOJIb3yeMbIX IAPAIUIM) Mbl IIOCTPOUM €€ HECKOJIBKO MHAYE.

IIpexne Bcero namumiem kaacc 00FLButton, KOTOpbIit Oymer mpeacTas-
JIATh TOT Ke BUJIKeT, 4TO 1 KJjacc F1_Button, HO ¢ uHOII opranusaiueii pa-
6orbl. EcrecTBeHHO, Halll Kjiacc Mbl yHacaedyem or F1_Button. Koncrpyk-
TOD HAIETo KJjacca OyeT cpaly ke ycranaBausarh callback-dyukiuio, BbI-
3BaB MeToJi callback kijacca-tpejika; ycraHoejenHas callback-dymrkitus
OyeT BBI3BIBATL BUPTYAJbHBI MeETOJI, KOTOPBIiT Mbl Ha30BéM OnPress.
B kmacce O0FLButton sToT MeTon He OymeT JaeaaTbh HUIEro — MbI CHab-
JIIM €ro IyCTBIM TEeJIOM; IIOTOMKH HAIIero KJIacca Peajnu3yioT CBO (DPYyHK-
IMOHAJILHOCTD, Ilepeonpejiesns MeTos OnPress mo-cBoemy. Ilapamerpos



§10.11. O rpadmyeckux maTepdEiicax MOTB30BATEST 303

MeTOJ NPUHUMATh He OyJIerT — BCE, 4TO MOTpeOyeTcsi ero BepcusiM B
KJIACCAX-IIOTOMKAX, MOYKHO OyeT Pa3MeCTUTh B IIOJISAX O0ObEKTOB.

MoxkeT nokasaTbcsi, 4TO noruyHee 6110 6bl caenaTe Metog OnPress 4UCTO BUp-
TyanbHbIM. Ha camom Aene 3TO HE COBCEM Tak. K uuncrto BNPTYyaJibHbIM ME€TOAaM
Mbl npm6eraeM B CnydHasX, KOrga B npuHUuuUne He 3HAaeM N HE MOXXEM 3HaTb, Kak
Ham OTpearmpoBaTb Ha coobuyeHne (B AaHHOM Ciydae — Ha cooblieHne 0 HaxxaTum
KHOMKMW); HO 3TO He Haw cnywyaii. Vinorga BoiBaeT nonesHo co3aath KHOMKY, KoTopast
HWYEro He aenaeT, 1 NMEHHO TaKasA pe€aKuns — HN4YEro He OeN1aTb — OKa3blBaeTCA
BMNOJIHE NIOrNYHOI ansa 6asoBoro knacca.

Ocraércs permmuThb, Kak cienars callback-dyakmmio. OObIYHBIE METOIBI
KJlacca Jjld 9TOU IesIM He TOJAATCH U3-3a HaJu4usd y HUX HesgBHOI'O Ilapa-
Merpa this, a 0CTaBJIsATh 3Ty (DYHKIMIO BHEITHEH IO OTHOIIEHUIO K KJIACCY
He XOYeTCsl — OHa OYEBUJIHO IIPEJICTABISAET cODOH JleTalb peaan3alnn, Ko-
TOpasi He JIO/KHA OECIOKOUTh HUKOI'O, KPDOME HAIIero KJiacca. BhIxos u3
MIOJIOYKEHNS €CTh: Mbl MOXKEM HCITOJIb30BATh CMAMuUeckul MeTo KIac-
ca (cm.§10.4.26). Vkazaresns this y crarmyecKux METOJOB HET, TAK 9TO
dakTUIecKn 3TO IPOCThie (PYHKIUU C XUTPBIM UMEHEM U IIPABUJIAMU BU-
mumvoctn. Oyukmio Mbl HazoBéM CallbackFunction m ybepém B mpuBaT-
HYI0 4YacTh KJjacca. llapamerpsl 5To#l (DYHKIMM HAM TPUIETCHA CIEJIaTh
TOYHO Takwue Ke, KaK y obbraubix callback-oB, “TOOBI Ipu BBI3OBE METO-
ma callback He BO3HMKAJIO HECOOTBETCTBHUs THUIOB. lIpm sTOM mapamerp
user Mbl HCIIOJIH30BATh HE OyIeM — B POJIA MOJb30BATEIHCKUX TAHHBIX
IO HAINIEMY 3aMBICJTY JIOJI?KEH BBICTYIATh caM OOBEKT BUJIXKETA, TOUHEE —
nekuit macaequuk narero O0FLButton, a ero aapec m Tak OyAeT mepemsan
B CallbackFunction e€ nepBbIM IIapaMETPOM.

ITockobKy MBI BBOJUM HOBBIN BUPTYaJIbHBINT METOJ, HE JIUITHUM OYJIeT
OIHCATH ABHBIM 00PA30M BUPTYAJIBHBIH JECTPYKTOD, IIyCTh JaKe HAM B HEM
HEYero YNCTUTh, TaK UTO €ro TeJIO OKAayKeTCs IMyCThIM. B HarreM ciaydae 3To
HU Ha YTO He IOBJIUSIET, MMEHHO TaKO JeCTPYKTOP ObLI ObI CreHepUpPOBaH
unesiBHO. Ho B 00111eM cityyuae MbI MO2KEM HE 3HATH, ECTD JI B KJIACCE-IIPEJIKE
TabJInIla BUPTYaIbHBIX METOJOB; €CJIM €€ TaM HEeT, TO HET U BHPTYaJbHO-
ro JeCTPYKTOpa, & HaM OH, OYEeBHJHO, Hy?KE€H — KaK BCerjia B KJaccax,
UMEIOINX XOTs Obl OJMH BUPTYAJIbHBIN METO,.

[TosmocThio onmcanmne kinacca 00FLButton okazkeTcs HAMHOTO KOpOdUe,
4eM paccka3 o HEM. Teja BceX METOJOB 3/1eCh TPUBUAJIBHDBI, TAK UTO MBI
ocTaBJjIdeM UX B 3ar0JIOBKE KJjlacca:

class 00OFLButton : public F1_Button {
public:
O0OFLButton(int x, int y, int w, int h, const char *1b)
F1_Button(x, y, w, h, 1b)
{ callback(CallbackFunction, 0); }
virtual ~“00FLButton() {}
virtual void OnPress() {}
private:
static void CallbackFunction(Fl_Widget *w, void *user)
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{ static_cast<00FLButton*>(w)->0nPress(); }
};

DTOT KJIACC HE COJEPXKHUT HUKAKOM CIenuuKu, MPUBSI3aHHON K pernae-
MOi1 3a/1a1€; ero MOXKHO HCIIOJIb30BATh B JII000i Iporpamme, rje Tpedyercs
BHU/KET «KHOIKa». B HallleMm mpuMepe OH ONMCAH MPSMO B TVIABHOM daiiie
(IOCKOJIBKY 9TO eIMHCTBEHHBII (ailyl IporpaMmbl ), HO B PEATLHOM IIPOEKTE
110/T00HBIE KJIACCHI JIy4Ille BBIHOCUTH B OT/IEJIbHBIE MOJIYJIN.

Nmes B cBoéM pacnopsizkennn Kiracc 00FLButton, Mbl MOXKEM IIPUCTY-
MUTH K PEIIEHUIO MOCTABJICHHON 3ajaun. KHOMOK y HAC MPeIno/IaraeTcs
JBa BHUJA: Te, HAyKATHe HA KOTOPbIE IIPUBOJUT K II€YATH COODINEHNUs, U Ta,
KOTOpast IO HAaYKATHWIO 3aBepIaeT paboTy mporpaMmbl. KHONKH IepBOro
BUJIa2 MBI OIIMIIEM KJIacCOM SayButton, KHOIKY BTOPOrO BHJA — KJIACCOM
ExitButton (IOCKOJIBKY 9TO y2Ke KJIacChl, CHEIUMUIHbIE JUIs 3a/1a4H, Mbl
He OymeM cHaOXKaTh X nMmeHa mpedukcom 00FL, KOTOPBIA TOTOBOPUINCH
UCIIOJIB30BATH JIJI HAIIETO OObEKTHO-OPUEHTUPOBAHHOIO CJIOs ).

BcemomuuM, 9TO B MCXOMHOM MpUMEpPE MBI BCEM KHOIKAM HA3HATAJIM
pasmep mipudTa MeTKH, paBHBI KoHcTante font_size. /Iaa kpaTkocTn
IIPOTPaMMBbI CJIeJIaeM 9TO B KOHCTPYKTOPaX HaINX KJIACCOB, JJIS Yero OIH-
CaHMe enum’a, BBOJSINEr0 KOHCTAHTHI, IPUIAETCS OMECTUTh B IIPOIPaMMe
do ommcanust KiaaccoB SayButton n ExitButton. Kosb ckopo omny u3 atux
KOHCTAHT MbI BCE PABHO HCIIOJIb3yeM, MOXKHO 3aMETUTh, YTO BOODIIIE-TO 3a-
JefiCTBOBATh MX MOXKHO BCE, BEJ/Ib Yy BCEX TPEX HAIUX KHOIIOK COBIIQIA€T
IIUPHUHA, BBICOTA U T'OPU3OHTAJIbHAA KOODJAUHATA, MEHAIOTCA TOJIBKO KOOD-
JMHATA IO BEPTUKAJIN, TEKCT METKH, a /I KHOIIOK SayButton emié m TeKcT
BBIIaBaeMoro coobrnenus. VItak, BBeIEM KOHCTAHTHI:

enum { spacing = 5, button_w = 200, button_h = 40, fontsz = 20 };

Bce obmue cBoiicTBa HAIUX TPEX KHOIOK MBI 33JIaJIAM IIPOMEZKYTOIHBIM
KJIaCCOM, KOTOPBIit Ha30BéM ButtonCommon. CobcTBEHHO TOBOpsI, 9TO OymeT
[IpUMep <«HAaCJeI0BaHUs PaJi KOHCTPYKTOPa», KOTOPOMY MbI IIOCBSITHJIN

§10.6.8:

class ButtonCommon : public O0FLButton {
public:
ButtonCommon(int y, const char *1b)
O00FLButton(spacing, y, button_w, button_h, 1b)
{ labelsize(fontsz); }
3

Kiaccet SayButton u ExitButton Temepb OKaXKyTcs COBCEM MPOCTHIMU (Ha,
BCAKWI CIydail OTMETHM, ITO TEKCThI BBIJABAEMBIX COOOIEHUN B HAIIEi
nporpaMme Beerja 3aJal0TCsd CTPOKOBBIMH JIMTEpAJIaMU, TaK 4TO KOIHUPO-
BaTh UX HE TPEOYETCsl, MOXKHO OIPAHUYUATHCH 3AIOMUHAHUEM aJPECa):
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class SayButton : public ButtonCommon {
const char *msg;
public:
SayButton(int y, const char *lb, const char *amsg)
ButtonCommon(y, 1b), msg(amsg) {3}
virtual void OnPress() { printf("%s\n", msg); }
};
class ExitButton : public ButtonCommon {
public:
ExitButton(int y) : ButtonCommon(y, "Quit") {}
virtual void OnPress() { exit(0); }
};

Ot dyukiuu main, Kotopas B npumepe fltk/speak.cpp ObLIA JIOBOJIBHO
TPOMOB/IKOl, B HOBOIl BEPCHUH, MPSIMO CKAYXKEM, MAJIO 9TO OCTAJIOCH!

int main(int argc, char *xargv)

{
int win_w = button_w + spacing * 2;
int win_h = button_h * 3 + spacing * 4;
Fl_Window *win = new F1_Window(win_w, win_h, "buttons demo");
new SayButton(spacing, "Say hello", "Hello, world!");
new SayButton(2 * spacing + button_h,

"Say goodbye", "Goodbye, world!");
new ExitButton(3 * spacing + 2 * button_h);
win->end();
win->show();
return Fl::run();

}

[Tonublit TekcT npuMepa YuTaTE b HAWIET B daitre f1tk/oo_speak.cpp.
B cpaBuenun ¢ mcxoHOM Bepcueit dailyi cTtas JTMHHEE Ha BOCEMBb CTPOK,
HO TaKoe CpaBHEHHE He COBCceM KOppeKTHO: Kjacc 00FLButton mo cmbic-
Jly OUOIMOTEYHBIN, TAK YTO €ro ONHCAHME HEe JIOJKHO HAXOJUTHCH B TEK-
CTe HaIllell IIpOrpaMMbl — TaK JKe, KaK B HEM HeT KJaccoB OMOIMOTeKN
FLTK. Ecnn ke Bbrdects 11 CTpOK, 3aHSATHIX OIMUCAHUEM TOTO Kjacca, 1
IYCTYIO CTPOKY, OTJEJISIONLYIO €r0 OT OCTAJIHHOIN MPOTPAMMBI, MOy IUTCH,
9TO TEKCT CTaJjl KOPOYe, IMyCTh JayKe BCEro Ha YeThipe CTPOoUKH (pu obmieit
e 0KoJio 50 CTPOK 9T0 He Tak yK MaJsio). Hy a 4ro mporpamma cra-
Jia sicHee OjIarofiapsi JeKOMIIO3UIIAN — ITO BOOOIIE BHE BCIKOIO COMHEHUS.
Bo-niepBbix, Teso yHKINU main Temeph COCTOUT BCErO U3 JEBSTH CTPOK,
npoTuB 17 CTPOK KoJa M TPEX IYCTBHIX CTPOK (BBIHYXKJEHHO BCTABJIEHHLIX
JIJIsL SICHOCTH) B OPUTIMHAJIBHON Bepcuu. Bo-BTODBIX, Telepb HAM He HYK-
HO IlepeJlaBaTh JAHHBIE U3 OJIHOTO MeCTa IIPOrpaMMbl B JIpyroe, CHadaJa
npeodpas3yst X aJapec K TUILY void*, a IOTOM 0OPATHO K TUIU3UPOBAHHO-
My azapecy. B HeOOJBINON porpaMMe yCJIeInTh 38 KOPPEKTHOCTHIO TAKWUX
1peobpa30BaHUil HECTIOXKHO, HO €CJIM [IPOrDAMMa, IIEPEBAJIUT 338 HECKOJIBKO



306 Azpixk Cu++, OOII u AT/]

THICAY CTPOK (U 3TO, 3aMETHUM, COBCEM He TaK MHOTO), II0J00HBIE BOJLHOCTH
MOTYT CTaTh MPUINHON U3PSTHON TOJOBHOM OOJIH.

10.11.11. (*) Ecau Hy>keH CBOil IJIaBHBII IIUKJI

Kak n 6onbwmnHcteo 6bubnnotek suaxetos, FLTK cozgaHa B npegnonoxxenun,
4TO, KOJIb CKOPO B NPorpamMmme BoobLye ncnosb3yetcs rpaduyeckuii nHtepdeiic, Becb
MUP AOJ/KEH BPALLATBCS UCKJIIOHUTENbHO BOKPYT HETO; 3TO BbIPAXKAETCsl B HNCJIE MPO-
4ero B TOM, 4TO BrbnnoTeka cama opraHU3yeT r1aBHbIf LUK/ 1 He NpeaycMaTpuBaeT
LUTAaTHOM BO3MOXHOCTU OCTaBUTb €ro opraHm3auuto rosiosHoii nporpamme. OTkyaa
y pa3paboTunkoB 6ubnmortek Takas >xene3obeToHHast yBepeHHOCTb B abCONOTHO nc-
KJAHOYNTENBHOW Ba)XHOCTU MMEHHO MOACUCTEMBI rpadmyeckoro mHTepdpeiica — He
BMOJIHE MOHSATHO, BELb MOXHO JIEFKO MpPeAcTaBnTb cebe nporpammy, kotopasi BOOb-
e He BCerga 3anyckaert rpacpumyeckunii uHTepdeiic — Hanpumep, Aenaer 370 TOJIbKO
NPy yKasaHUu Kakoro-Hmbyab Kato4a B KOMaHAHOMR CTPOKe.

Tak unn wvHadve, 4TO genaTb, €CNM Bawa MPorpaMma akTuBHO paboTaeT c wuc-
TOYHMKAMM COBLITUI, OTNMYHBIMU OT rpadmyeckoii nogeuctembl? CRoXKHO, KOHEY-
Ho, npeactaButb cebe TCP-cepeep ¢ rpacpuyeckum nHTepdeiicom (xoTsi bbiBaeT un
Takoe), HO eCNu Balleil nMporpamMme MPUXOANTCS MHOrO paboTaTb C CeTbio B posu
KJMeHTa, TO 1 Aeno obpalyasick K pasHbIM CepBEPaM, BCKO €€ «COKETHYK» 4acTb
cnefyeTt, HECOMHEHHO, Peasin30BbIBaTb B CODLITUHO-YNPaBASIEMOM CTUNE, OCOBEHHO
ecnn oHa cHabxeHa el n rpacpuyeckumM nHTepdelicom.

B npuHuyune, moxHo cmuputbcs ¢ Tem, 410 FLTK y3sypnupoeana rnas-
Hbli uukn, 6Gnaro oHa npeaycMaTpuBaeT aHanu3 cobbiTWii Ha JgeckpunTopax,
yKasaHHbIX nosib3oBaTesiem (nporpamMMuctom), u pobasnieHne nonb30BaTeNbCKUX
TaliM-ayTOB; KOrja COOTBeTCTBylolee cobbiTme npousoiigér, FLTK Bbisoser yka-
3aHHyto Bamu callback-cbyHkuunio. Ecnu Takoii BapmaHT Bac ycTpausaeT, NOCMOTpU-
Te OOKYMEHTauMKo Ha cbyHKu,vwl Fl::add_fd, Fl::remove_fd, Fl::add_timeout,
Fl::remove_timeout u Fl::repeat_timeout.

K coxaneHuto, KOMNPOMUCChI FOASTCS OTHIOAL HE BCEraa; Aa u Boobuue, rnas-
HbIi LKA — 3a60Ta roNIOBHOM NPOrpaMMbl, N OPraHM30BaTb €ro MEHHO B FOJIOBHOV
nporpamme GyseT npasusibHee B WOERHOM MiaHe, 0CoBeHHO ecn Bbl 3T0 ymeeTte .
FLTK ne npepycmaTpusaeT wraTHoro (BOKyMeHTMpOBaHHOro) crnocoba B3anmogeii-
CTBUSI C M1aBHbIM LMKJIOM, MOCTPOEHHbIM BHE €€, HO, KaK OKa3afloCb Npu BHUMAa-
TENbHOM M3yYeHUU BONpoca, AobuTLCs KOPPEKTHON paboThl B Takoil koHurypauum
LOBOJIbHO MPOCTO.

Obwas unges TYyT B TOM, 4TOBbI CaMOCTOSITENILHO YCTaHOBUTbL CBSI3b C
X-cepBepoMm, nepeAath NOJTyYeHHbI 4ECKPUNTOP cokeTa BubnmnoTteke (yBbl, ecin nos-
BOJINTb €eli CBSA3aTbCsA C X-CEPBEPOM, KaK OHAa 3TO ODbIYHO fenaeT, 4ECKPUNTOp 13 Heé
NOTOM He JODbITh), B FIaBHOM LIKJIE OTC/IEXMBATh HAa 3TOM AECKPUNTOPE FOTOBHOCTb
K YTEHMIO, N €C/IN TakoBasi nosiBunack — Bbi3biBaTb MeTog FLTK, npegcrasnsitowmii
coboil Touky Bxoga B €€ gucneTtyep CobbITUIA.

WNtak, onucbiBaem ykasatens Tuna Display*, ucnonbsyembiii bubnunotekoii Xlib
(no ugee Ans 3TOro Hago bbl NOAKAOYNTL 3aroloBoYHNK <X11/X1ib>, HO ecnu Bbl
ucnonb3yete FLTK, To oH y Bac yxe nogk/ito4€H — KOCBEHHO, U3 3aroJIOBOYHbIX

39Komeuno, /15 Tex, KTO MaJaeT B OGMOPOK TIPH BHE BBI30Ba select, BO3MOXKHOCTE
CIIUXHYTb IIOCTPOEHHE IVIABHOI'O LIUKJIA Ha OHMOIMOTEKY — HECOMHEHHOe 6J1aro, HO Bpsif
JIA TaKO# IepCoHazK JIOUYUTaeT HaIly KHHUTY JO 3TOTO MecCTa.
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cpaiinos camoii FLTK) n ucnonbsyem dynkuuto XOpenDisplay Ansi COefUHEHUs C
X-cepepom:

Display *disp;
disp = XOpenDisplay(0);

ObsizaTensHo npoeepbTe, 4To XOpenDisplay BepHyfna HEHYNEBOW ajpec — HoOJb
3/ecb CBUAETENbCTBYET 06 owmbke, n Takasi owmnbka COBCEM He peAKoCTb (Hanpu-
Mep, MOXXHO C/y4aliHO MOMbITaTbCA 3anycTUTb rpachuHecKkyto NporpaMmMy Ha yga-
NEHHON MalunHe B ceaHce ssh, He MOAAEPXKMBAIOLWEM <MNPODPOC» COefUHEHUsT C
X-cepsepom). Ecnu BCE B nopsiike U coefiMHEHNE YCMIELIHO YCTAHOBIIEHO, Mbl MOXXEM
y3HaTb JEeCKPUNTOP €ro cokeTa:

int fd;
fd = ConnectionNumber (disp);

Coobuwaem bubnnoteke FLTK, 4to ¢ X-cepsepom Mbl y>e CBSi3anucb un eli 3TOro
AenaTh HE HYXKHO:

f1_open_display(disp);

Bcé, mbl rotoBbl k pabote. Tenepb pobasnsiem peckpuntop fd K MHOXECTBY Tex
[ECKPUNTOPOB, Ha KOTOPbIX Mbl OTCEXMBAEM TOTOBHOCTb K YTeHuto (Hanpumep,
B nporpamme, kotopyto Mbl paccmatpusanu B §10.10, mbl mornm 66l ans atoro
BOCMOJ/1b30BAaTbCA HACN€AHUKOM KJlacca FdHandler) M MpW HACTYNJIEHUN TaKoOW ro-
TOBHOCTW BbI3blBaeM byHKuUmMto F1::wait (0.0); napameTp 0.0 03Ha4aeT «BEpPHYTb
ynpaB/ieHNne HeMeLJIEHHO, He AOXMAAsiCb HU4ero» — B 3ToM ciydae FLTK obpa-
b6oTaeT cobbiTusi, KOTOpbIE yXKe npuwwu, bonblie HUYero fenaTb He CTaHET, U 3TO
MNMEHHO TO, 4To TpebyeTcs.

K coxxaneHuto, kak Bcerga npui NCMNoJib30BaHNUN HELOKYMEHTNPOBAHHbIX BO3MOX-
HOCTeli, He UCKJIIOHEHO, YTO U3JIOXKEHHOE B 3TOM naparpacpe He byget pabotatb co
cnepytownmu Bepcusmu FLTK; Ho, BO3MOXXHO, B HUX BCE-TaKU MOSIBUTCS NOALEPIKKA
paboTbl C BHEWHUM F1aBHBIM LUKJIOM.

Cu-+-+: aro maJjpiie

Mpur orpanuamncy, uzydenueM s3bika Cru+-+ Kak TaKOBOTO, MOJTHOCTHIO
[IPOUTHOPUPOBAB €r0 CTAHJIAPTHYIO OUOJMOTEKY, a caM A3bIK PACCMATPHU-
BaJI B TOM BHJI€, B KOTOPOM OH CYIIIECTBOBAJI JIO MOSIBJIEHUSI CTAHIAPTOB,
U Jlaxke Kjaccmaeckue BodMokHocTu Cu-+-+ paccMoTpesn He BCe: 3a paM-
KaMU KHUTU OCTAJINCH MHOYKECTBEHHOE HACJIEI0OBAHUE, IIPOCTPAHCTBA UMEH,
yKa3aTeJu Ha METOJIbI KJIACCOB M MHOTOE JIPYTOe.

Hecomuenno, npu npuéme mHa paboTy emBa Ju HE B JIIOOYIO KOMMEP-
YECKYIO OpraHu3alMio OT Bac Ha cobecenoBanuu norpebyior snanus STL.
ITporpamvupoBanue Ha Cu++ 6e3 STL He TOJBKO BO3MOXKHO, HO U II03-
BOJISIET TOJIy9aTh Oojiee 3(hDEKTUBHBIE U KAYECTBEHHBIE MTPOIPAMMBI, BOT
TOJILKO BaM Bp#AJl Jid yJacrca ybemursh Bamero paboromaress (Oymymiero
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HaYaJIbHUKA) OTKa3aTbea oT STL, IMOCKOJILKY OH, CKOpEe BCEro, OTHOCUTCS
K IHCIIy TporpaMMucToB, u3ydasiux Cu++ mocsre 1999 roga. Bosee Toro,
C HEIIOXOi BEPOATHOCTHIO OT BAC MOTPEOYyeTCs BJIAJIEHNE BO3MOXKHOCTSIMUA
Cu-++, KOTOpble MbI OCTABWIN 33 KAJPOM, B TOM YHUCJI€ COMHUTEIHbHBIMUI
HOBIIIECTBAMHU, KOTOPbIE BHEC/IM B SI3BIK [IPECJIOBYTHIE CTAHIAPTU3ATOPDI.

Ecsu Takoe cobecemoBamnne IpeacTOUT BaM B T€UEHUE OJIMKANIINX IBYX
HEJIEJIb, TO y BAC, OYE€BHUIHO, HET MHOTO BBIXOJA, KPOME KaK HEMEJJIEHHO 00-
pecru Hejoctaronue 3Hanust. st usydenuss STL MOKHO BOCIIOJIB30BaTh-
csl mpakTudecku Jio6oit kuuroii 1o Cu-+-+ (ecrb gazxe KHUTHU, CIEIUAILHO
nocssamganbie STL) 1, KOHEUHO, KOMIBIOTEPOM, IIOCKOJIbKY 0€3 IPaKTHYIe-
CKUX HaBBIKOB HUKAKW€ 3HAHWsI B 00JIACTH IPOI'PAMMHPOBaHUsI He OyryT
HHUYEro CTouTh. [Ipo BOZMOKHOCTH U3 «HOBBIX CTAHIAPTOB» TOXKE HE Hallu-
caJl pa3Be 9TO JIEHUBBIN; 371eCh CTOUT OTMETUTDb, YTO U€M HOBEe CTAHJIAPT,
TeM MEHbIIIE BEPOSITHOCTH, YTO OT BAC MOTPEOYIOT BJIAJEHHS BO3MOXKHO-
crsimu u3 Hero, Tak 970 C++11, BOBMOXKHO, CTOUT ITOCMOTPETH MOIPOOHO,
C++14 upobexarp «1o Bepxam», a C++17 u tem 60onee C++20 BooO-
IIle TPOUTHOPUPOBATDH; KCTaTH, eCcJid paboTomare/b MoTpedyeT MpUMEeHAThH
C-++17, crout mojlyMarh, Hy»KeH JIH BaM TaKOil paboTomaTeb.

Ecin xe mHemeyieHHO ycTpamBaThCs Ha pabOTy MPOrPAMMUCTOM B Ba-
U ILJIAHBI IOKA HE BXOJUT, OyJeT Jiydiine He Oparbes 3a usydenue STL u
HE HCIOJIb30BATH €r0 M0 KpalHeil Mepe JI0 TeX MOp, MMOKa Bbl He HAIUIIETE
na Cu++ onHy-IBe IPAKTHYIECKN [TPUMEHUMbIE ITPOTPAMMBI; O] TAKOBbI-
MU CJIeJIyeT MMOHMMATh IIPOrPAMMBI, KOTOPBIE PEAJBLHO UCIOJIb3yeT KTO-TO
KpoMe ux aBropa. Ilociie 3Toro MoxKHO Oy/IeT CKa3aTh, YTO OCHOBBI SI3BIKA
Cu++ Bbl 3Haere u K uzydennio STL momoiiére 0COBHAHHO U C JIOCTATOY-
HBIM JIJIsI 9TOTO OMBITOM. TO KacaeTcss HOBIIECTB OT CTAHIAPTU3AIMOHHOTO
KOMHTETA, TO HU OIHO M3 HUX HE CIEJIAJIO sI3bIK JIyYIlle — HO YTOOBI 3TO
OTIEHUTD, ONSATHL-TAKU HYKEH OIBIT pabOThl ¢ KJIACCUYECKUMU CPEJICTBAMUI
Cu++ um BoOOIIEe onbIT mporpamMMupoBanus. [loka y Bac ecTb Takas BO3-
MOXKHOCTb, He oDpalljaiiTe BHUMaHUs HA «CTAHIAPTHI». UeM I03/IHee BaM
MPUJETCST CTOJKHYThCsI ¢ 6e3yMHbIMEU cTangapTamu Cu++ u ero Kormmap-
HOH CTaHIApTHOI OMOJIMOTEKON, TeM IIeJIOCTHee Oy/eT Ballle BOCIPUATHE
IPOUCXOJISIIIIETO.

B kadecrBe JIOMOJHUTESHLHOTO YTEHUsI MOXKHO ITOCOBETOBATH KHUTY
Ixedda Dmmkepa, Koropas B opurnnHaje HazbiBaercs «C++ for real
programmerss, a B pyCCKOM IIEPeBO/Ie BBHIILIA B cepun «Bubsmoreka mpo-
rpammucTay mos 3aronoBkoM «Cu-++» [10]; Kyza nmpu mepesone menmch
OCTAJIbHBIE CJIOBA W3 OPUTMHAJBHOTO HA3BAHUS — BOIPOC K U3IATEJISIM.
Eciin BaM ymacTcst MOHSTH 3Ty KHHUTY, BAC OCTAHETCsl TOJIBKO IO3PABUTH:
BBl JEACTBATEILHO HOHsIH, 9TO Takoe Cu++. CTOUT OTMETUTH, 94TO JI-
mKep Hu cyioBoM He obmosBmiica po STL, xorst k Tomy Bpemernu STL yxe
CyIIIEeCTBOBAJI.




Yacto 11

Hepaspynialomniue
mapajurMbl

Bcee sa3bIkM TpOrpaMMUpOBaHusi, PACCMATPUBABIINECS] HAME PaHee, Tak
WIM WHAJYE IIPEIIOJIArajii CyIeCTBOBAHUE HEKOErO COCMOAHUA, KOTOPOe
UBMEHAECMCA C MEYCHUEM BPEMEHU B PE3YIbTaTe MOOUPUUUPYIoOWUT Jet-
cmeutl; mapaJurMbl, He TPEJIIOJATAIONIE MOIUMUKAIIMA COCTOSTHUS, — B
OCHOBHOM (DYHKITMOHAJIbHOE IIPOrPAMMUPOBAHIE — Mbl YIIOMUHAJIM U Jia-
JKe TMIPUBOJIAJIN IIPUMEDHI IIPOTPAMM, HAIIMCAHHBIX B (DYHKIIMOHAJIHHOM CTH-
Jie, HO JIeJIAJIM 3TO € MOMOIINBIO S3BIKOB, KOTOPBIE TaKOH TOJXOJ €C/id U
JIOIIyCKAIOT, TO HEOXOTHO.

9Ty JaCTb KHUI'YM MbI IIOJTHOCTBIO ITIOCBATHUM A3bIKaM IIPDOI'DaMMHPOBa-
HUsI, B KOTOPBIX MOJIUMDUIUPYIOIIHE AeHCTBUS B JIydIlleM CIydae «He B I0-
qérey, UX JIayKe HA3bIBAIOT HEe MOIUMUINPYOMIAMA, & PA3PYUAOULUMU .
BouJibire Toro, MoauduKauu cpeibl BBITOJHEHNS MOI'YT M BOBCE OKa3aTh-
cs HeBO3MOXKHGI. Tak, B Jlucie u ero 60siee MOJIOIOM JUAJIEKTE, KOTOPBIA
HaswpBaeTca Scheme!, IpUBBEIMHOE HAM IPHCBAWBAHIE CYIIECTBYET, HO €TO
OOBIYHO IPEIIOYNTAIOT HE MCIIOJIb30BaTh; B IIposiore u Xoyre npucsauBa-
Hue HadncTo orcyrcrByer. B Ilposiore BcE ke mpelyCMOTPEHBI pa3pylia-
forue JefCcTBUs B BUjie MOOOYHBIX 3(PDEKTOB MPU BBIYUCICHUAX — ITO,
BO-TIEPBBIX, BBOJ-BBIBOJI, U BO-BTOPBIX, Modudurayus 6a3v, darnoir. ITo
KacaeTcsi XOyIa, TO OH OTHOCHTCSI K HEMHOTOYHCJIEHHON KATErOphH /e-
HUBHIL A3bIKOG, B KOTOPBIX BBIPAYKEHUE BBIUUC/ISIETCS JIUITH TOTIA, KOTIA
KOMY-TO TOTPeOOBAJIOCh €ro 3HAYEHWe, W He PAHbINEe; B TAKUX YCJIOBUSIIX
1mo6ouHbIe 3(PDEKTHI BHIPAKEHNH 0KA3BIBAIOTCS BOOOIIE HEIOMYCTUMBI, TTO-
CKOJIbKY HeJIb3sl (HEBO3MOXKHO!) IPeJCKa3aTh, B KAKOU HOCJEI0BATEIHHO-
CTU OHU IIPOSIBSITCSI W IIPOSIBSITCS JIX BOOOIIIE.

Yr0o6bI TPOrpaMMUPOBATE HA ITUX SI3BIKAX, IPOTPAMMUCTY, TPUBBIKIIIE-
My K TPaJMIIMOHHON MMIIEDATHBHON MOJIEIN, TPUXOIUTCS OYKBaJIHHO BbI-

o mosoay masBamus s3pika Scheme cum. cHocky 4 Ha cTp. 29.
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BEPHYTh COOCTBEHHOE MBINLJIEHNE HAaU3HAHKY. KTO-TO mpeomosieBaer 3ToT
bGapbep JIeErKo, KTO-TO TSKeJIO, /I KOO-TO OH U BOBCE OKA3bIBAETCH CJIUIII-
KOM BBICOK. OJIHO MOYKHO CKa3aTh C YBEPEHHOCTBHIO: OOpETEHHAsI B UTOTE
rUOKOCTB MBIIIJIEHNS HE Pa3 COCTYKUT BaM CJIyKOY, TazKe eCJIA Bbl HUKOTIa,
He CTOJIKHETECH C «Hepa3pyIIAIONIMMNIy A3bIKaMU Ha IIPaKTHKE.

11.1. d3wik JIluco u ero S-BbIpakKeHUd

11.1.1. HemHoOro ncropuun

Szpik JIucn? OTHOCHTCSI K YHCIIY «PEIHKTOB> — 3TO OIWH N3 HEMHO-
IUX sI3BIKOB IIPOIPAMMUPOBaHUsi, nmosgBuBInuxcs eme B 1950-e romger. Cpe-
JIU SI3BIKOB, MCIOJIb3yeMbIX B HaIwm JIHU, cTapire Jlucna Tompko PoprpaH;
BIIpOYEeM, 00a s3bIKa 38 CBOIO JOJITYIO KU3HD, €CTECTBEHHO, MPETEPIeIn
CyIIeCTBEHHbIE U3MEHEHUS.

[oBonbHO MHTEpecHa uUCTOpUsi MOsIBNEHUst mepeoii paboTaroliell peannsaunu
Jncna. Ero astop — [>xon MakkapTun — Havan pasmbllsTb HaZ OCHOBHLIMU MPYH-
uunamn Bygyliero sisbika nporpamMmmupoBanunst B 1956 rogy B pamkax nccienoBatesb-
CKOrO MpoeKTa, MOCBALEHHOrO UCKYCCTBEHHOMY unHTennekTy. Lenbto Makkaptu bbi-
N1a BO3MOXHOCTb MaLUVHHOW 06paboTKM « CUMBOIMYECKNX BbIPaXKEHUIi», TakKUX Kak
MaTeMaTn4yeckme CbOpMy}'Ibl. |/|,qe|0 NCNONb30BaAaHNA CMUCKOB €My NOACKa3asl A3blK
IPL, paspabotantbiii A. Hbtoannom u I. CaiimoHom. Jletom 1958 roga Makkaptu
onpobosan crnuckn B gene, nonbiTaBwnce npumennts FLPL — peanusauyuio cnuc-
koB ansi PopTpaHa — K 3afaye CMMBOJILHOrO AnddepeHLMpoBaHns, T.e. B3sTUS
Npon3BOAHONA no 3agaHHoii opmyne byHkumu. Kak yteepxgaer cam MakkapTu,
«andbeperympytowas nporpaMma He bbina peann3oBaHa TeM NIETOM, MOCKOJbKY
FLPL He no3BO/ISIET HU YC/IOBHbIX BbIPaXKEHW, HU PEKYPCUBHOrO WCMOJb30BaHUS
noanporpamm> [11].

B ToMm e rogy 6bina obpasosaHa uccaegoBaTebCKas rpynmna nog pykoBOACTBOM
MakkapTu u Mapeuna MuHcku, Ho Jlucn ewé HekoTopoe BpeMsi ocTaBascs Habopom
Pa3pO3HEHHbIX MOANPOrpaMM, Peasn3oBaHHbIX Ha si3blke accembnepa A/si KOMMbLO-
Tepa IBM 704. Cnegytowee 3HauuTensHoe cobbitne B uctopum Jlncna notpebyet
HEKOTOPbIX MOSICHEHWIA.

B Teopuu anropuTMoB aKTUBHO 3KCMJyaTUpPYeTCsl MOHATUE YHUBEPCAsIbHONW Ma-
wmnbl Tetopunra (YMT) — 570 Takas MalwmHa TbloprHra, Ha JIEHTY KOTOPOii MOXHO
3anucatb B HEKOTOPOI HOTaLuu Apyryto (Mpou3BobHYO) MalwuHy TbetopuHra M u
HekoTopoe cnoso W, u pesynstaTtoM pabotel YMT craHeT pesynbTupytoLiee cio-
BO, KaK ecnn b6bl mawnHy M npumerunn k cnosy W B kadectse BxogHoro. VHbimu
cnosamun, YMT — 3710 uHTepnperatop mawunH TblopuHra, KOTOpblii cam HanucaH
B BUAE MalWuHbl TbtopuHra. VI3BecTHbl fOBOALHO kOMMakTHble peanusauuu YMT,
HO NX OOCTATOYHO TAXENO MOHATb; CJIOXKHOCTb TaM BbITECHEHA B HOTaUUIO: ‘-|T06b|
BOCMOJIb30BaTbCsl KOMMNaKTHol peanu3aunein YMT, Ty mawnny TbropuHra, kotopyto
HY>XHO WMHTEprNpeTupoBaTh, NPUAETCS ANA Hadvana NpefcTaBuTb B BULE BXOLHOIO
cnosa ans YMT, n nmeHHo aTo npegcrasnenne notpebyer bonbnx ycunuii. C ma-

2Aurn. Lisp or cios list processing, T.e. obpaGomxa cnuckos. Heckonbko 3a6aBHO,
YTO B AHIVIMHCKOM SI3BIKE €CTHb CJIOBO [iSp, OHO O3HAYAET <«IIEIEJISIBBIN».
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TEMaTNYECKOW TOYKU 3PEHUSI 3TO COBEPLUEHHO HE Ba)KHO, M1aBHOE — TOYHO 3HaTb,
4YTO COOTBETCTBYOLEE NpeobpasoBaHune CyLECTBYET, Befb PeasibHO BbIMOJHSATL €ro
LOJ151 CKOJIbKO-HMOYAb CepbE3HOI MalLmnHbl T bIOprHra BCE paBHO HUKOMY HE NMpuagTcs.

AHanornyHoe noHsTMe — «yHuUBepcasbHas PYHKLMSI»> — eCTb 1 B TEOPUM BblYNC-
nuMbIX pyHKuMii. MakkapTu B Kakoli-TO MOMEHT NoCTaBu nepeg coboii 3agady npo-
LEMOHCTPNPOBaTb BO3MOXXHOCTN pa3pabaTbiBaeMoli CUCTEMBI, Peasin30BaB yHUBEP-
canbHyto pyHKUMIO; a5t 3Toro notpeboBanack Hekast hopmanbHas HOTauWs, npeg-
cTaBasiowas Kak (B posim KOTOPbIX BbICTYMasn CAUCKK), Tak u dyHkumu. Mmerto
Torga MakkapTu npugyman ckobOUHbI CUHTAKCKUC, KOTOPbINA Celidac Kak pas n cHu-
TatoT «s3bikoM Jlncn». JloBonbHO nHTepeceH TOT hakT, 4TO peanu3oBbiBaTh Jlucn B
TaKOM BUJE Ha BbIYUCINTENbHBIX MALLUMHAX U NCMOb30BaTh €ro A peasibHoOro co-
3paHus nporpamm MakkapTu He cobnpancs — HOBYIO HOTALMIO OH CYMTA SBJIEHNEM
cyrybo TeopeTnyeckuM, BPOLE TOW >X€ MaliuHbl | blopuHra. Tak uiauM nHave, OCHO-
BbIBAsiCb Ha Y>Ke Peasin30BaHHbIX (PYHKLUSAX U UCMOJb3Ysi CMNCOYHOE NpefcTaBiaeHne
nporpammsl 1 AaHHbix, MakkapTn cmor HanucaTb (Ha Bymare, He Ha KoMMbloTepe)
dyHkuno EVAL.

Hanee Ctueen Paccen — oauH 13 CTygeHTOB, BXOAUBLUUX B UCC/IEA0BATENBCKYHO
rpynny — MpeasioxXusl NEPEBECTU 3Ty KTEOPETUHECKYIO» Peasn3aumio Ha A3blK ac-
cembnepa, Kak 3TO Lenanoch C APYrumMu OyHKUNAMU, C TEM YTODbI NONYHUTb peanu-
3aumio asbika Jlnen uennkom. MakkapTu oTHECCs K mpaee ckenTudeckm, Ho Paccena
3TO HE OCTAHOBWIO — OH EACTBUTESIbHO HANMCa TaKylo peaansauunto, Noay4ms nH-
Tepnperatop Jlucna, cTaBlmii, KCTaTW, NEPBbIM B UCTOPUMN WHTEPNPETATOPOM $3bl-
Ka MporpaMMupoBaHmMsi. 3a0AHO CKODOYHAsi HOTALMsi 3aMnUCU CMUCKOB, MPUAYMaH-
Hast MakkapTu Onsi TeopeTnyeckux Lenieil, oka3anacb 3apuKCUpPOBaHa B KavecTse
CMHTAKCMCa peasibHOro si3blka NMPOrpaMMUpPOBaHUS.

MpuunHoii ckencuca MakkapTu Bbin Kak pa3s 3TOT CUHTAKCUC — MOMPOCTY rOBO-
psi, MakkapTu He Bepul, 4TO KTO-TO CTaHET MOJIb30BATLCS TAaKMM CMHTAKCMCOM ANt
HanucaHms Hactosiwumx nporpamm. CrHTakcuc AeficTBUTENBHO BbIMISIAUT HECKOJIBKO
HeoxupaaHHo. B Jlucne Bcé — v nporpammbl, n gaHHble — COCTOWUT U3 CIIUCKOB, KOTO-
pble 3annCbIBAlOTCS B KPYr/biX CKODKax, a Nx 31eMeHTbl OTAENSOTC APYr OT Apyra
npobenamu. B Buge cnnckos 3annceiBatoTcst B TOM YuC/IE 1 0DpaLLeHns K PyHKLUSIM,
npu 3ToM nMsi OyHKLMN YKa3bIBAETCA NEPBLIM 3/1IEMEHTOM CMUCKA, @ OCTasIbHbIE €ro
3/IEMEHTbI 3a[at0T 3HayeHUst haKTUHECKUX NapaMeTpoB (KOTOpbIe eLg, BO3MOXHO,
npegcTout BbluncnuTs). Hanpumep, soipaxenne (+ (x 5 10) (- 55 5)) copep-
XKUT Tpn obpalLeHns K (DyHKLNUAM — YMHOXKEHUS, BbIYUTAHUS U CIIOXKEHUS!, @ PE3YJib-
TaToMm ero byget 4ncno 100, nonyuerHoe kak (5 x 10) + (55 — 5). Pyukunu B Jlncne
HE OrpaHNYMBaOTCA apUMETUKONA, C NX MOMOLLLIO AENAETCS NOYTN BCE; HanpuMep,
4TObLI HanevyaTaTb cakpaMeHTanbHyto dpasy «Hello, world!» u nepesectu ctpoky,
HY>XHO ByaeT BbluMCAUTb noapss ABa BblpaxeHus: (princ "Hello, world!") u
(terpri).

Ckencuc MakkapTy MOXKHO MOHsTb, HO MPaKTMKa MOKa3asa, YTo K 3TO 9K30TUKe
YeNoBeK ajanTupyeTcst odeHb bbicTpo. 3a wecTbaecaT neT ucropun B Jlncne mHoroe
MEHSIJIOCh, BPEMEHAMU OYeHb CUJIbHO, HO Da30BbIA NOAXOH K CMHTaKCUCYy — CMWC-
KN B CKODKax, Mexay 3/eMeHTamu npobesnbl, UMsi (PyHKLUN YKa3bIBAETCS NepBbIM
3/1IEMEHTOM CMMUCKa — TaK U OCTajCs TOT, YTO MNOALEPXKMBAJICA B MHTeprnperaTope
Crusena Paccena.

MNMogpobHoe n3noxxeHne NcTopun NosiBAEHNS N paHHero passutus JSlucna npuse-
neHo B ctaTbe [epbepra CrosiHa [13], TekcT koTopoit MoxHO HaiiTu B VHTepHeTe
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Yepes MonckoBble MalMHbl. Kpome TOro, MOXXHO NOCOBETOBaTL HepOpMasIbHYIO CTa-
Toto Mona Mpaxema «Revenge of the Nerds» [14], B koTopoii Toxe obcyxpatoTes
BbILLEONNCAaHHbIE CODLITUS.

Hayqnoii obmecTBerHOCTH HOBBIH s3bIK ObLT TpesacTaBieH B 1960 romy
B crarbe J[zxona Makkaptu «CuMBOIMYECKHE BBIPAXKEHUSI W UX BBIYUC-
JIEHWE ¢ TOMOIIBI0 MammHbl» [12]. 3a npomemmue ¢ Tex mop 6e3 Mamoro
MIECTBIECAT JIeT B MUPE MOSIBUJINCH IECATKU, €CJIA He COTHU PA3HOOOPA3HBIX
IuaJIeKTOB Jluciia, cymecTBoBaIn jlaXKe CIIEIUAJIN3NPOBAHHBIE KOMIIBIOTE-
pPBI s BBITTOTHEHUsT TporpaMM Ha, Jlucme. Kax wacTto ObiBaeT B TaKux
cIyvastX, Ha3bIBATh ceifdac «JImcmom» Kakoi-TO KOHKPETHBIN S3BIK OBLIO
OBl HENPABUJILHO, B HAIlle BPEMsl 9TO CKOpee CEMENCTBO S3BIKOB, MPUIEM
JIOBOJIBHO MHOT'OYNCJIEHHOE.

WsBecTHa mombiTKa co31aTh «oauH Jluch /j1d BcexX», KOTOPBI TaK U Ha-
3asit — Common Lisp; pabora 10 CO34aHUIO 9TOTO JINAJIEKTa HAYAJIACh B
1981 romy, a B 1994 3aBepruiack opuIMaIbHBIM IPUHATAEM U Iy OJINKAIIN-
eit craggapra ANSI. Ceituac, gepe3 4eTBepTh Beka, OoJiee-MeHee 09€BUTHO,
9TO OYepeIHOe KOMUTETCKOE W3JeJine, KaK BOIUTCS, IOJb3bl HE MPUHEC-
Jjio. C O/iHOIT CTOPOHBI, HaJIU4YUe O(PUITNAJIBHOIO CTAHJIAPTA, IIYCTh JayKe OH
HazpiBasics He rnpocro Jlucr, a mmenno Common Lisp, cozmano y mmpo-
KOr0O KpyTra IIPOrPAMMECTOB OIYIIEHNE, ITO TOJBKO 3TO BOT M €CTh SI3bIK
Jluct, a Bcé ocrasibHOe — 310 yKe He Jluchn. C npyroit CTOpOHBI, CIeIu-
dukarys, IpUHATas B KAY€CTBE CTAHIAPTa, O'POMHA 10 CBOEMY Pa3Mepy U
KOIIIMapPHO CJIOXKHA, HO IIPUA ITOM, PA3YMEETCs, HE B COCTOSTHUM YJIOBJIETBO-
PUTH TOTPEOHOCTU U «XOTEJIKA» IIOrOJIOBHO BCEX IOJIb30BaTEJIEd, TaK ITO
kakas peasmsanust Common Lisp cojiep:kuT emé u cBou COOCTBEHHBIE
pacmupenusi. [TosToMy MEPEHOCHMOCTH MCXOTHBIX TEKCTOB MEXK/Iy PA3HbI-
MU WHTEPIIPETATOPAMH — TO €CTh UMEHHO TOT'O, YeM XOTh KaK-TO MOYKHO
OIPaBIATh «CTAHIAPTU3AINIO», — IIPUHATHE CTAHIaPTa TOJKOM He obecrie-
910, 3aTO MOJJEPKUBAEMBIX peajn3aruit Jlucna craso ropa3mno MeHbIIe:
cooTBeTcTBOBaTH crenudukanmn Common Lisp Tskeno ns-3a eé obImeit Ha-
BOPOYEHHOCTH, TaK YTO MHOT'O TAKUX PeaIM3aIuil ObITH IIPOCTO HE MOXKET;
HYy a Te, 9YTO CHenuMUKAINN COOTBETCTBOBATH HE MOIVIM U HE XOTEJH, U BO-
BCe BbIMepJIU. boJiee TOro, IpuHSATHE CTAHIAPTAa HETATUBHO MOBJIUSIIO TaK-
JKe W Ha YHUCJI0 CTOPOHHMKOB Jlucma: pacmyxiue creruuKaiil HpaBsiTCs
JAJIEKO He BCEM, MPU ITOM «O(PUINATILHBINY CTATyC JTaHHON KOHKPETHOMN
crerupUKaAINY 329aCTYI0 IPEBPAIAET YTBEPXK ICHNE «MHE He HDABUTCS T
cuerudukanusi» B gaTaJbHOE «MHE He HPaBUTCs 3TOT Bail Jlucms.

CkazanHoe, BITpOYEM, TIOUYTH He MOBJIUIO Ha duaaexmst Jlucma, n3na-
9aJIbHO CO3/IAHHbBIE J1JI KOHKPETHBIX ITPEIMETHBIX 00JIaCTel — eCJin YIOHO,
BeICTyHa0OIMX B posn DSL3. Cpenn Takux JIuajIeKToB Hallle BCEro yIOMU-
natorcg Emacs Lisp, sexkaniuii B 0CHOBe 3HAMEHHTOI'O TEKCTOBOI'O De/IaK-

3 Domain Specific Language (anrii.); B 3ToM KonTeKcTe ciioBo domain naubosee Kop-
PEKTHO IIEPEBOAUTCS KaK «IIPeJMETHAs O0JIaCTby, & BECh TEPMUH IIPEBPAIIAETCS B KOPsI-
BOe «crenudUYecKuii SA3bIK JIsi IIPEIMETHON 06JIaCTH» ; OOBIYHO MCIIOJIb3YEeTCsl HE COBCEM
TOYHBIN, HO 32TO MEHEe KOPSBBIN IIEPEBOJ, «IIPEIMETHO-OPHEHTHPOBAHHBIN SI3BIKS.
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topa Emacs, u AutoLISP, koTopblit ucrob3yercsi B Ka4ecTBe BCTPOEHHOTO
sa3bika B AutoCAD u apyrux «mpogaykrax» komnanun Autodesk.

3aberas Bnepén, oTMeTUM, 4TO 0ba AManekTa UCMOMb3YIOT Tak Ha3biBaeMoe gu-
HamMmun4eckoe CBsi3blBaHNE, HECMOTPA Ha TO, YTO HAa MOMEHT UX CO34aHNA npo6ne—
Mbl, BbITEKAKOLWMNE N3 TaAaKOro noaxopda, 6I>IJ'II/I AaBHO U3BECTHbl N XOPOLUO U3Y4EHbI.
MogpobHoe obcyxaeHne cnocoboB CBs3bIBaHWSI CUMBOJIA C €ro 3HAYeHWEM N Tak
Ha3biBaemoli ¢hyHapr-npobnems bynet npusegero s §11.1.9.

OpHuUM U3 caMbIX M3BECTHBIX U IMOIMYJISPHBIX JUAJIEKTOB JIncia MOXKHO
cuntaTh 236IK? Scheme. Ilepsas ero peasnmsanus mossuiaack B 1975 roxy,
MPUIEM, CY/IsI TIO BOCIIOMUHAHUSIM €r0 CO3/aTeseil, oIy IrI0Ch 3TO HEIIPe/I-
HaMEPEHHO: M3y4as BO3MOYKHOCTH BBIMHUCJIATEIHHON MOJEJN, OCHOBAHHOMN
Ha, HOBBIX KOHIIEIIUSIX <«AKTOPOB» M <IIPOJIOJI2KEHUN», UCCJIEIOBATEN B
KaKOH-TO MOMEHT OOHAPY KU/, UTO y HUX TOJIYIUICT KOMIAKTHBIN U -
deKTUBHDBIN auasekT JIucma, BO MHOTOM HEMOXOXKHUI Ha APyTHe ero Bapu-
aHThl. B coBpeMeHHBIX ycyioBusix si3bik Scheme momyssipaee Common Lisp,
JIJISI HENO MOXKHO HAMTHU 3aMeTHO OOJIbIlle aKTUBHO IOJJIEPXKUBAEMbBIX pPea-
mm3anmii. «PackpyTke» 3TOro amajekTa BeChbMa CII0COOCTBOBAJIO UCIIOIB30-
BaHme Scheme B KauecTBe MILIIOCTPATHBHOTO S3bIKA B 3HAMEHUTOM yIeOHU-
ke «Structure and Implementation of Computer Programs» [15] (nasBanue
yacto cokpainaor abbpesuarypoit «SICP»); ary kaury nanucaau Xapoib
A6enbcon (Harold Abelson), Txxepanbg Caceman (Gerald Jay Sussman) u
ero xkeHa JIxxymusi, mpu sToMm CaccMaH TakKe SIBJISIETCS OJHUM U3 JBYX OC-
HOBHBIX aBTOPOB Scheme. Bropbim aBropom si3bika Obut yaenunk CaccmaHa
Taii JIbtonc Crua mut. (Guy Lewis Steele Jr.), ussectblii Takzke Kak aBrop
kuuru «Common Lisp the Languages, onucoiBaromieit craggapr Common
Lisp, 1 3207110 KaK PyKOBOIUTEH CTAHIAPTU3AIIMOHHOTO KomuTeTa X3J13,
co3/1aBIIero 3Tot npecaoByThiii Common Lisp.

raﬁ CTI/IJ'I OTMETUJICA TaKXe B Npouecce CTaHAapTmn3aunnm pyrmx A3blkos, B TOM
uncne ECMAScript (JavaScript), ®opTtpana u, 4To ocobeHHo nedansHo, sizbika Cu.
OcTaBuM BCE 3TO Ha ero CoBeCTy.

A3piky Scheme Oyzer mocesiiena oTneabHAST TJIaBa HAIIel KHUTH; CO-
BpPEMEHHOE I0JIOXKEHHUE Belleil TAKOBO, UTo, BbIOupas Bepcuto Jlucna, crout
00s13aTesIbHO 0OpaTuTh BHUMaHue Ha Scheme — stor Bapuant Jlucmna ceii-
qac sIBHO YyBCTBYeT cebs Jiyunie, yem Common Lisp u ocHOBaHHbIE Ha HEM
nuajiekTel. HecMOTpst Ha 9TO, HAYHEM MBI UMEHHO C OIMCAHUS ITOIMHOYKE-
crea Common Lisp, IOCKOJIBKY BO MHOIOM OH OJIMXKE K «KJIACCHIECKUAM>»
BepcusiM JIncma, a OHE 3aC/Iy?KUBAIOT TOTO, ITOOBI COCTABUTH O HUX XOTS
ObI 00ITIEE TIPEICTABIICHUE.

K coxanenuto, BbiBepTbl CTaHAapTusauuu He muHosanu u Scheme. Popmasb-
Hbli ctangapt, npunsateii IEEE, k cyacTelo, Hukorga He mcnonb3oBascs; 3aTo B
KayecTBe cTaHfapTa (MHOrAA YTOYHSISl, 4TO OH, BUAUTE nn, de-facto) MHorue Boc-
npuHnMaloT cneundrkaumu nog Hassanmem «Revised™ Report on the Algorithmic

4Bompoc, Yem Bcé-Taku cunTaTh Scheme — CaMOCTOATETBHBIM S3BIKOM MPOrDAMMUI-
poBaHus WK JuajiekToM Jlucna — oTHocuTcs K cdepe GeCIUIONHBIX U GECCMBICTIEHHBIX
TEePMUHOJIOIHYECKUX guckyccuii. CunraiiTe Tak, Kak BaM ymoOHee.
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Language Scheme», B Ha3BaHUM KOTOPbLIX MHAEKC «''» 0DO3HAYAET NMOPSAKOBbLIA HO-
mep. Haseanue stux cneundpmkaymii obbivHo cokpawatot go R5RS, R6RS n R7RS.
TekcTbl cneundpmkaymii 3Tol cepu, B TOM YUCNE PaHHUX, MOXXHO HaliTu Ha caiite
http://www.scheme-reports.org/. R5RS Bbiwna B 1997 roay, n oHa okasanacb
nocnieaHeil, K KOTOPOii He MPUIOKUIN PYKY HUKAKUE KOMUTETHI.

O6HoBnéHHast Bepcusi, nosyHmeluas HassaHue R6RS, rotosunack B cootseTcTBUN
¢ bopmasibHOl NpoLeaypoii, SKODbI yUNTLIBAIOLWER MHEHME YHAaCTHUKOB COObLLECTBa,
C NMPOBEAEHNEM FONIOCOBAHNI 1 APYrUX TUMUYHBIX AJIi KOMUTETCKOW paboTbl mepo-
npusitnii. Peaynbtat obeckypakusan ofHUM TONLKO CBOWM OOBEMOM: OH COCTOSI
N3 HETbIPEX OTAENbHbLIX JOKYMEHTOB, NPeACTaB/SBLUNX OMNUCAHME CaMOro siblka Ha
90 cTpaHuu, onucaHue CTaHZapTHbIX Bubnmotek Ha 70 cTpaHul, «HEHOPMAaTUBHbIE
NPUAOXKeHNs» Ha 6 CTPaHNL, U NOSICHNTENbHYIO 3anucky (rationale) na 20 cTpaHny —
BCE 3TO npu ToMm, 4TO TekcT R5RS 3anuman scero 50 crpanny,.

B uenom cneuuncbukaums, ebiweswas B CBOEM OKOH4YaTeslbHOM BapuaHTe B 2007
rofly, HeoNpaBAaHHO pacnyxia, eé CIOKHOCTb CTaja HeJOCTYNHa aBTOPCKUM KOJ-
NIEKTBAM MHOImx CyLleCcTBOBaBLINX peaJ'||/|3aL|,|/||7| n, 4TO CamMoe neYvyasbHoOe, B TaKOM
BUJE 3TO Y)XX& COBEPLUEHHO He Bblso MOXOXXEe Ha TOT NaKOHWYHbIA sA3blk Scheme, Kk
KOTOPOMY MUpP ycrnen npuBblkHYTb. COBEPLUEHHO He YAUBUTENBHO, YTO MHOrME W3-
BECTHbIE JIIOAUN MOCMELNIN OT 3TOrO «CTaHAapTay AUCTaHLMPOBAaTLCA U 3asBUTb O
TOM, 4TO He cobUpaloTCst ero NpU3HaBaTb, a BMECTO 3TOM0 HaMepeHbl MPOLOJKaTb
opueHTnpoBaTbes Ha R5RS.

B 2009 rogy Tak Ha3biBaemblii Scheme Steering Committee, cosgaswnii R6RS,
He HaWEN HMYEro Jly4yllero, Kak peKoMeHJoBaTb pasgennTb Scheme Ha gBe pasHble
cneymncpukauun — «6onbLIyo» IKOBbI A1 MPOMBILLIEHHOTO NMPOrPaMMUPOBAHUS 1
«MaJsieHbKYI0» AJ1st MCMOJIb30BaHusl B obpa3oBaHuu n rge-to tam ewé. NsnavansbHas
OpenoBOCTL Takoro AeneHusi, npegnonaratowas, 4to 6e3obpasHo pacnyxwuii A3bik
MOXeT ObITb Y4eM-TO Jlyylle MUHUMAINCTUYHOrO B UHAYCTPUAIbHBIX YCJIOBUSIX, OCTa-
nlacb He3ame4eHHol. Tak nnm unave, gokymeHT R7RS, Boiweawmii 8 2013 rogy, onu-
CbIBaeT KaK pa3 3Ty «yMeHblUueHHyto» Bepcuto Scheme: yteepxaaertcsi, 4to R7RS He
oTMeHsieT R6RS, a «aononHseT» €€, eCnm MOXKHO Tak Bbipa3uTbCs B CIOXKUBLLENCS
cuTyauuu.

NHTepecHo, 4TO K HAaCTOSILLEMY MOMEHTY CaMoli NOALEPXXMBAaEMON u3 cneumndu-
Kauuii octaérca no-npexHemy R5RS. Tak, peanusaums Chicken Scheme, kotopyto
Mbl Oynem Mcnonb30BaTh B KavecTBe HarfsiAHOrO nocobusi, COAepXMUT HeKOTopble
Bo3MoxHocTn n3s R7RS (I'IpVI‘-IéM BO3MOXHOCTW, HagO OTMETUTb, MONE3HbIE — Ha-
CTOJIbKO, 4YTO Mbl 6yp,eM nX NCMoOJZib30BaTb B npmmepax), HO Mpn 3TOM CO34aTenn
Chicken Scheme B gokymeHTauunm HaCTOMYMBO MOAYEPKMBAIOT VMEIOLLYIOCS MO4-
aepxky R5RS, a BCcE, 4To HaxoguTca 3a e€ npefenamu, Ha3blBaKOT PacLUVPEHUSIMY;
Hn R6RS, Hu R7RS oHu parke He ynomuHatoT.

11.1.2. SBCL, GCL u ECL

Yro6b1 monpoboBars Jluch B f1es1e, MOKHO BOCIIOJIB30BATHCH OJHAM W3
cymectByomux naTepuperaropos Common Lisp; B cpege Unix ceituac mo-
CTYIIHBI TPU OCHOBHBIX TIOZJIepKuBaeMbIx nHTepnperaropa: SBCL (Steel

Bank Common Lisp), GCL (GNU Common Lisp) u ECL (Embeddable

Common Lisp). YcranoBouHbIE AKETHI BCEX TPEX UHTEPIIPETATOPOB UMe-
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10TCsl B GOJIBIIMHCTBE OCHOBHBIX JucTpuOyTuBoB Linux; B Debian/Ubuntu
COOTBETCTBYIOINE IMaKeThl TaK U Ha3bIBalOTCA sbcl, gcl u ecl, u ¢ xo-
pOIIIeli CTEeHbI0 BEPOATHOCTH B BAaIlleM JIUCTPUOYTHBE OHU HA3BIBAIOTCS
TOYHO TaK XKe.

Hawubosiee mpocToit u oOMENpUHATHIE criocod co3manus Ha Jlucre
(v IPYrUX MHTEPIPETUPYEMbIX A3BIKAX) IIPOrPAMMBI, KOTOPYIO MOXKHO 3a-
IyCKaTb, COCTOUT B TOM, 4TOOBI ODOPMUTEH €€ B BHJE CKPUNMA, PACIO-
3naBaeMoro cucremoit Unix; Takme CKPUNTHI MbI OOCYKJIAJN €I1é B Tep-
BoM ToMe (cm. §1.2.15). Bee Tpu paccmaTpuBaeMblX HAMU HHTEPIIPETATODA
Common Lisp mpeycMaTpuBaiOT CIIEIUAIBHYIO TOIIEPKKY st pabOThI
B pexkuMe umHTeprperaropa ckpunra: jisgt SBCL 5T0T pexkuMm BKJIIOUAeTCsT
dutarom KoMaHTHOM cTpOKH --script, miss GCL — daarom -f, mss ECL —
dmarom -shell. B wactaoctu, nporpamma «Hello, worlds mwa SBCL 6ymer
BBITJISIIIETH TaK:

#!/usr/bin/sbcl --script
(princ "Hello world!")
(terpri)

g GCL numeeM moduTu To e camoe:

#!/usr/bin/gcl -f
(princ "Hello world!")
(terpri)

"N nna ECL:

#!/usr/bin/ecl -shell
(princ "Hello world!")
(terpri)

CKpuINT MOXKHO OYJIeT 3aIllyCTUTH KAK OOBIYHYIO MPOTPAMMY, €CJIU YCTAHO-
BUTH €My IIpaBa Ha UCIIOJIHEHUE ¢ IIOMOIbI0 KOMaH 16l chmod:

chmod +x myfile.lsp

[Tocsie TOrO CKPUOT 3aIIyCKAETCS IPUBBIYHBIM HAM CIIOCODOM — KOMAaHION
Bpoze ./myfile.lsp.

Ha Bcakmit ciaydait HAIIOMHUM, YTO JjIs CKPUIITOB JEHCTBYET IEJIbIi
Psi7l OTpAHIYEHHIT: BO-IIEPBBIX, HHTEPIIPETATOD CaM IO cebe He MOXKET OBIThH
CKPHUIITOM, TO €CThb B POJIM MHTEPIIPETATOPA MOYKET BBICTYIIATH TOJHKO Ou-
HAPHBIH UCIONHAeMBIH (baiin®; BO-BTOPEIX, B GobmmacTBe Unix-cucreM Ha
JJINHY TI€epBOIl CTPOKM CKPHUIITa HAJlaraeTcs OIpeJleJIEHHOe OTrDaHUYeHHE,
OPUIEM B HEKOTODPBIX CIydasgX JOCTATOYHO YKECTKOE — BCEro 32 CHUMBO-

5Boobime-to mrst Linux 970 He Tak, OH MO3BOJISET WHTEPIIPETATOPY GBITH CKDHII-
TOM, HO B OOJIBIIMHCTBE APYrux UnixX-CUCTEM HMHTEpIpeTaTop 00si3aH OBITH OOBIYHBIM
HCIIOTHSIEMBIM (DailioM.
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Jla; eImié OJIHO OrpaHWdYeHre, MOXKaJjIyil, caMoe Hey00HOe: MHTEPIIPETaTO-
py (camomy WHTepIperaTopy Kak MpOrpaMMe) MOYKHO YKa3aTh IapaMeTp
KOMAH/HOM CTPOKM, HO MaKCUMyM OJMH (BTODPBIM IIOCJIyKUT uMs baiiia
CKDHIITA, €ro CACTEMa MOJCTABAT caMa). K ¢9acThio, paspaboTInKu UH-
TEPIPETATOPOB 00 STOM 3HAIOT U OOBIYHO IIPELYCMATPUBAIOT CIEINAJILHBIHA
ditaXkoK J7Is 9TUX Iejieil — KaK MbI TOJIBKO YTO BHUJEJH, 3TO OTHOCUTCS U
K HamuM Tpém maTeprperaropam Common Lisp.

TpamunuonHo WHTEpHpPeTaTOPHl Jlncna IoJIepKUBAIOT UHTEPAKTHB-
HbBII PeXKUM PabOThI, U3BECTHBII 110/] Ha3BaHueM read-eval-print loop (yuka
YMeHUA-BbuCAeHUA-Newamu), cokpaménio REPL. VIMeHHO B 9TOT pe-
2KUM BBI IIONIQIETE, JaB B TepMuHaJIe KOMaHIy sbcl, gcl unu ecl.

Ecsu BB y2K€ Hanucasn kakue-to dyukimn #a Jlucne n xorure ux mo-
npobOBATh B MHTEPAKTUBHOM DPEXKWME, MMEET CMBICJI [IPU 3aIyCKe MHTEP-
npeTaTopa ykKa3aTb emy, 4To rmepen BxojgoMm B REPL crenyer mpouunrtarh
u obpaborars Bam dair. Jdus SBCL sro gmemaercs dhaarom --load; mo-
b6aBuB emé dar --noinform, Bbl CIKOHOMHUTE MECTO HA IKpaHe, 3alpe-
TUB UHTEPIIPETATOPY eYaTaTh MHMOPMAIIUIO O CBOEIl BEPCUM U ITPABOBOM
craTyce:

sbcl --noinform --load myfile.lsp

st GCL u ECL daiisr, KOTOpBIil HY?KHO 3arpy3uTh, 0003HAYAETCS TOYTH
TakK ke, TOJIbKO 3HAK MHHycCa B HadaJje (jara MCHOJb3yeTCs OJINH, a He
JBa

gcl -load myfile.lsp

K coxastenuto, duara mjs ormensl nedaru nadopmarmu o Bepcun #u GCL,
uu ECL He mpemycmarpuBaioT, Bes 3Ta MH(MOPMAIUS MI€IATACTCS BCETJa
[IPU BXOJI€ B MHTEPAKTUBHBIN PEXKUM.

[Ipu pabore B MHTEPAKTUBHOM PeKMMe OOHAPYKUBAETCS €IIE OTHO CY-
IIECTBEHHOE pazindne Mexk1ay pasupivu nnrepuperaropamu. GCL guraer
BBOJIMMBIE II0JIb30BaTEIEM CTPOKHU ¢ momolsio 6udamorekun GNU readline,
9TO TIO3BOJISIET PEIAKTAPOBATH BBOIUMYIO CTPOKY CTPEJIOYKAMU, MOJIb30-
BAThCsI UCTOPUEH BBOJA (KJIABHUIIM CTPEJIOK BBEPX M BHU3), IOUCKOM B HC-
ropun (Ctrl-R), aBTOIONIOJHEHIEM CJIOB 110 HaXKaTHIO Tab — CJI0BOM, BCe-
MU BO3MOXKHOCTSIMU WHTEPAKTUBHOTO BBOJ/IA KOMAaHJ[, KOTOPBIE IPUBBITHBI
HaM 110 uHTepuperaropy Komanauoit crpoku. SBCL u ECL He BRiOUaroT
B cebst GNU readline (Bo3MOXKHO, U3-32 JIMIIEH3NOHHBIX OIPAHUYECHUI), TAK
9TO CaMU 1O cebe OHU BBOIUMYIO CTPOKY PEIaKTHPOBATH HE MTO3BOJISIIOT, HE
[IPEJIOCTABJISIIOT HU MCTOPUU KOMAaHJ, HU aBTOJ[OIOJIHEHUST; BCE 9TO, BIIPO-
YeM, MOXKHO IOJIYYUTH B CBOE PACIIOPsI>KEHUE, €CJIM BOCIIOIB30BATHCA JIJIsd
HUX 3allyCKa IIporpaMMoi rlwrap:

rlwrap sbcl --noinform --load myfile.lsp
rlwrap ecl -load myfile.lsp



§11.1. dI3pik JIuco u ero S-BbIpasKeHUsT 317

D710 MOXKeT ObITh HE CTOJIb YI00HO, IIOCKOJIbKY rlwrap HUYEro He 3HaeT 06
UMeHaX CHMBOJIOB Jlucra, Tak YTO aBTOIOIOJTHEHNEM UMEH CHMBOJIOB BOC-
MMOJIb30BATHCSA HE YIAACTCs; HO B OCTAJBHOM PAbOTATh C MHTEPIPETATOPOM
CTaHET HaMHOT'O IIpUSITHEE.

Mporpamma rlwrap cneunanbHO NpegHa3HadeHa asis paboTbl C MHTEPAKTUBHBLIMY
VHTepnpeTaTopamu, KOTOpble He NMOALEPKMNBAIOT PeAaKTNPOBaHNE BBOLUMON CTPOKM
Camu, 1 HaMm OHa eLé MHOro pa3 MPUrofUTCs; CKOpee BCEro, B Ballel cucTemMe OHa
yXe eCTb, HO eCiu 3TO He Tak — obsizaTenbHo yctaHosuTe eé. Kpome cobcteeHHO
peAaKTMpOBaHUSA BBOAMMOW CTPOKM, rlwrap Tak)ke NMpefoCTaBUT B Balle pacnops-
XKEHNE BO3MOXXHOCTW MNOBTOPaA nocneaHux BBeAéHHbIX KOMaHA, XpPaHEHUA ncrtopunun
KOMaHf, TEKCTOBOrO MOUCKa Mo 3Toii uctopuu u . n. NHtepdeiic ko Bcemy sTomy Be-
JIMKONENnio — TPaanLUUNOoHHbI/ ana GNU Readline: cTpenku BBEPX N BHU3 NO3BOASAIOT
npocmaTpusaTh uctoputo, Ctrl-R (oT cnosa reverse) BkatoHaeT nouck, knasuwa Tab
CNYXXNT ONA aBTOAONONHEHNA BBOAMMbIX CNOB. l‘ITO6bI BKJIIOHNTb aBTOAOMOJIHEHNE
UMEH cpaiinos, fobaBbTe B KOMaHAHO CTpoke chaxkok -c. lNpn bonbLiom xenaHun
oT rlwrap MOXHO JODUTLCS aBTOZOMOJHEHUS UMEH PyHKUMIA n cneudopm Jlncna
(kak 1 BoObGLYE NtOBLIX CNOB), ANs Yero TpebyeTcs CO34aTb CMeunanbHbIfi TEKCTO-
BblA halin N ykasaTb €ro B KOMaHAHOW CTPOKe KNOHOM -f WM Yepe3 nepemeHHble
okpy»xeHusi. MNogpobHocTu Bbl HalgéTe B man-cTpaHuue Ha rlwrap.

Pazauna mexny GCL, SBCL u ECL nposiBisiercst He TOJIBKO B TOM,
KaK 3allyCKaTh MHTEPIPETATOP, HO U B OCOOEHHOCTSX PEATU3yEeMOro s3bI-
ka. Hampumep, GCL u SBCL mpenocraB/isitor BCTPOEHHYO TJIOOAJIBHYO
[EPEMEHHYIO JIJIsl JOCTYIa K apryMeHTaM KOMaHJHOH cTpoku, HO B SBCL
9Ta [IepeMeHHAasl HA3bIBAETCs *posix-argv* (BOT IPIMO TaK, CO 3BE30UKA-
ME), TOra Kak B GCL — HECKOJILKO CJIOXKHEe: Si::*command-args*. 3Ha-
YeHue 3TOH IlepeMeHHON — CIIUCOK CTPOK, COOTBETCTBYIONIUX IPUBBIYHBIM
nam argv[0], argv[1] u T 1., B 9TOM acmekTe WHTEPIPETATOPHI €IUHBI.
Hampumep, nmporpamma echo, medaTaronias CBOIO KOMAHJHYIO CTPOKY, Ha
SBCL 6yjier BBITISIETH TAK:

#!/usr/bin/sbcl --script

(mapcar
#’ (lambda (arg) (princ arg) (princ " "))
(cdr *posix-argvx)

)

(terpri)

a Ha GCL — mouTn Tak ke, HO HE COBCEM:

#!/usr/bin/gcl -f

(mapcar
#’(lambda (arg) (princ arg) (princ " "))
(cdr si::*command-args*)

)

(terpri)

B ECL B0O3MOXKHOCTBH [OCTyIa K apryMeHTaM KOMAHIHOW CTPOKHU TOXKE
€CTh, HO OPraHW30BaHA OHA HECKOJIbKO CTPAHHO: HYKHO BBI3BaThb (DyHK-
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I[MIO C IMeHeM ext : command-args (6e3 mapamMeTpoB), 1 OHa BEPHET CIIMCOK
CTPOK, TOJIBKO IIpU paboTe B peXKUMe MHTEPIIPeTaTopa CKpUNTa (MyHKINAA
BO3BPAIAET CIIMCOK IAPAMETPOB, IOJYyYEHHBIX UHMEPNPEMAMOPOM, a He
CKPHIITOM; B 3TOT CIIUCOK BXOJUT UM CAMOIO HHTEpIpeTaTopa (0OLIHO
/usr/bin/ecl) u mapamerp -shell, u TOJIBKO 38 HUM DPACIIOJIATAIOTCST UM
ckpunroBoro daiiia (To, 9T0 MBI UPUBBIKIM cuuTaTh 3a argv[0]) u Bce
ocTaJIbHbIe apIyMEHTHI, ecyin oHn ecThb. Iloaromy echo na ECL Boirusaur
HECKOJIBKO CJI0XKHee (obparnTe BHUMaHne Ha cdddr, KOTOpast 0TOpachBaer
OT CIICKA IIePBbIE MPu JEMEHTa, & He OJHH):

#!/usr/bin/ecl -shell

(mapcar
#’(lambda (arg) (princ arg) (princ " "))
(cdddr (ext:command-args))

)

(terpri)

Mexny peanuzoBanubiMu B SBCL, GCL u ECL guajiekramu ects u Jpy-
rue, 6ojiee CyIeCTBEHHBIE PA3IUINsT; HEKOTOPDhIE M3 HUX MBI YIIOMSIHEM JTa-
Jiee, HO C OOJILIMMHCTBOM TaK W HE CTOJKHEMCsI, TTOCKOJBKY M3ydaThb Oy-
JIeM «KJIlaccrmdeckoe» MojaMHoxKecTBo JIucna. Hudero u3 Toro, yem juajexkT
SBCL ommmuaerca or guasiekta GCL mim ECL, B 3T0 mOAMHOXKECTBO He
BXOJ/IUT.

OcraBluytocst 4acTb 3Toro naparpada Mbl NOCBATUM MoMbITKaM (yBbl, HE O4eHb
YCMeLWwHbIM) OTKOMAUAMPOBaTs Nporpammy Ha Jlucne; eé MoxxHo 6e360ne3HeHHO npo-
nycTTb, €C/IN Bbl HE NJaHupyeTe B bnukaliwee Bpemsi HanucaTb Ha Jlucne npo-
rpamMmmy, KOTOpPYIO NPUAETCS nepefaBaTh CTOPOHHUM nosib3oBaTensm. Vndopmaunm,
NpuBEeAEHHOI Bbille, BaM XBaTUT, 4TOObI NonpoboBaTh B peXxmme nHTeprpeTauun sce
BO3MOXHOCTU 1 NpUMepbl, KOTOpble Mbl Bygem obcyxaaTs.

CozpaTenn SBCL n GCL B gokymeHTauuy ynopHoO HasbiBatOT CBOW peanv3auuu
KOMMUASTOPaMU, 4TO MOXET CO34aTb Y BaC HEBEpHOE NpeAacTaBsieHue ob ux Bo3-
MOXHOCTsX. HaumHasi ¢ nepBoro Toma Hawleil KHUMM, Mbl MOCTOSIHHO MOJIL30BAJNCh
KOMMUIATOPaMM 1 MOFIN MPUBLIKHYTbH K TOMY, YTO Mog KOMAuasiyues noapasyme-
BaeTCs fAeliCTBUE, Jatollee B pe3yibTaTe UCIOIHSAEMbIN ¢hali, TO eCTb Takoii daiin,
KOTOPbIi MOXHO 3anMyCTUTb, N B pe3ySibTaTe NPON30NAET BCE, YTO HANMCAHO B HalUel
nporpamme. NocmoTpum, kak ¢ atum obctosit gena y SBCL, GCL n ECL.

Hauném ¢ SBCL. CozgaTb C €ro noMoLblo MCMONHSEMBbINA halin BOSMOXHO, HO
N5l 3TOoro TpebyroTcs BeCbMa HETPUBMASIbHBIE TENOABUXKEHUS; HTODbI NOHSATL, NoYe-
My OHW Takue, CTOUT s Havana pasobpaTbcs, 4TS Ha camMoM jgesie Npu 3TOM Mpo-
ncxogut. SBCL chopmupyet ucnonusiembiii daiin, coxpanss 8 Hero obpas (pamn)
BCeli NamMATU CBOEro MPOLLECCA — U 3TO, K COXKAJIEHNIO, HE LIYTKa U He MnpeyBennye-
Hue. YTobbl Nony4nTh 13 Halweli NporpaMMbl UCMOHAEMbIA (haiil, HY>KHO 3anyCTUTb
untepnperatop SBCL (nycTb gpyrue, Bkatodas ero cospgateneli, CKOJbKO YrofHO
KPUYaT, YTO 3TO HE NHTEPMNPETATOP, PEANbHOCTI 3TO HE N3MEHUT), 3arpy3uUTb B HETO
Hawy nporpammy Ha Jlncne n — pal — BoCcnosb30BaBLINCH CNELManbHOV BCTPOEHHON
dyHKumeli, 3anucaTb B chalin cpasy BCE, 4TO celiyac eCcTb B NaMATN UHTepnpeTaTopa,
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BKJIIOYasi, KpoMe pyHKLMIA Haleli NporpaMMbl, BECb KO CaMOro MHTEprnpeTaTopa u
BCE €ro CAy>XebHbIE CTPYKTYpPbl faHHbIX.

Jenaetcs 310 ¢ nomoLbio dyHKLNUKN sb-ext :save-lisp-and-die, koTopasi npu-
HUMaeT oAvH obsi3aTesbHbIVE NapamMeTp — UMsi UcnosHsiemoro daiina, u nac K To-
MYy HECKOJIbKO KJ/IOYEBbIX MapaMeTpoB, BAUSIOWMX HA TO, 4TO 3To B mTore Gyper
3a cpalin. Ham HyxHbl no meHblueli Mepe fBa Takux KJKOYEBbIX NapamMeTpa, oguH
M3 KOTOPbIX 3aCTaBUT (PYHKLUIO OPOPMUTL AAMM NaMSATH KakK UCMONHSEMbIi chaiin
(Have 3a 4TO MBI BoODLLE BopeMcs), a BTOPOIi YKaXkeT, C Kakoil thyHKLMN HavaTb
MCMOJIHEHUE, KOrfa KTO-TO 3TOT Haw daiin 3anyctut. Ecnm stot BTOpOIi NapameTp He
yKasaTb, nocfie 3anycka cpaiina nosnb3osatens nonagét 8 REPL v yBuguT BCé To xe
camoe, 4To u npn obbiyHoM 3anycke SBCL: nHdopmaLmio o Bepcun n npurnalueHme
K BBOAY.

B npurHunne MoxHO Bbi3BaTb hyHKUMIO sb-ext:save-lisp-and-die npsimo n3
chaiina Hawled nporpaMmbl, 1 3To, NOXasnyl, NPoLLe, YeM OcCTasbHble cnocobsl (3a-
JaTb e€ BbI30B B KOMaHAHON CTpoke uan B 3anywenHom REPL). Hanpumep, 4tobesi
NoNyYnNTb «OTKOMMNUANPOBaHHyt» ¢ nomoubto SBCL nporpammy «Hello world,
MOXKHO HanUcaTb CEAYHOLNIA TEKCT:

; sbcl_hello_comp.lsp
(defun main ()
(princ "Hello, world!")
(terpri)
)
(sb—ext:save—lisp—and—die "sbcl_hello"
:executable t
:toplevel ’main

n 3actasutb SBCL obpaboTaTth 3T0T dhaiin, T.e. BbIYUCAUTL BCE ero hopMbi:
sbcl --load sbcl_hello_comp.lsp

B pesynbtate B Tekylweli AMPEKTOpUM  MOSIBATCA  WCNOAHsieMblii  chaiin
sbcl_hello, KOTOPbIA MOXHO 3amyCTUTb MPUBLIYHBIM HaM Crnocobom, u oH
Jaxe Haneyataetr «Hello, world!». Bor @

TOJIbKO €CTb TYT, KaK FOBOPST, OA4WNH HIOQHC: €ro
pa3mep. B cucteme Ha KoMnbloTepe aBTOpa 3TUX
CTPOK nosy4mBLuniics buHapHuk secun bosbLue
60 merabaiir.

Cnerka nomoub geny moxer pobaeneHve B
BbI30B save-lisp-and-die ewé ogHoro kato4e-
BOro napametpa — :compression t. [locne storo nonyvarowmiics mcnonHsemblii
chaiin byner pasmepom «Bcero nuwb» 12 MB, Ho pagoBaTbcs, noxanyil, npexae-
BPEMEHHO: BO-MEPBbIX, 3TO BCE paBHO HE3yMHO MHOrO, a BO-BTOPbIX, NpY 3TOM Mpo-
rpamMma byseT TpaTWUTb OLLYTUMOE BPEMSI HAa PacnakoBKy CODCTBEHHOro Kopa nepej,
HayasioM paboTbl: NOCNE 3anycka OHa, Mpexae 4Yem HanedvataTb «Hello, world!y,
NMPUMEPHO MoJiCeKyHAbl noTopmo3uT. B obuwem u uenom 310 He komnunsauus, a
N34eBaTeNIbCTBO KaKoe-TO.
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GCL B 3TOM nyiaHe HECKOJIbKO MPUBJEKATE/bHEE, HO HE CUBbHO. Y 3TOro UHTep-
nperaTopa fa)ke NpeAycMOTPeH cCrneunanbHblli hiar KOMaHAHON CTpoku -compile,
HO MYCTb OH BaC He OOHAAEXMBAET: pPe3yNbTAaTOM 3anycka € 3TUM p1aroM CTaHOBUT-
cst 0b6BEKTHBbIN alin, KOTOPbIA, KaK Mbl 3HaeM, AJ1si 3anycka Hafo elé CANHKOBAaTb.
MbiTasick y3HaTb, C YEM XKE 1 KaK ero JIMHKOBaTb, Mbl CJIOBHO HAaTbIKAEMCSl Ha FyXyto
CTeHy.

«Cekper» 3gecb npoct: cosgatenn GCL soece He 370 umenn B Bugy. ObbekT-
HbIi cpailin, nosyHaeMblii B pesyibTaTe <K KOMMUSILMU Y, NPeAHa3HAYeH He ANs TOoro,
4YTODObI C HUM JIMHKOBATbLCS U MOJyYaTb WCMOMHSEMbIA baiin, a gnsi Toro, 4YTobbI
3arpyxaTtb €ro U3 UHTEPNPETAaTopa — W [a, OH, KOHEYHO, rpy3uTCst ObiCTpee, Hem
ncxopHuk Ha Jlucne. Ectb 3geck, BnpodeM, u byHKUMS gast 3anucy fjamna B Mcnon-
Hsiemblll balin (NoYemy-To 3TOT Cnocob o4YeHb HPABMTCS CO3AaTensiM peannsauunii
Common Lisp). OgHako ecnn He MpUHATL XUTPbIX MEP, MPU 3aMycke MOJy4eHHO-
ro ncrnosHsiemoro aiina Mol nonagaem 8 REPL, n nsbexats 3T10ro MoxxHo Tosibko
yKa3aHMeM napameTpoB KOMaHAHOW CTPOKMU.

«XUTpble Mepbl» COCTOSIT B TOM, YTO B Hawleli NporpaMMe Hy>KHO obsi3aTenbHO
npesycMoTpeTb YHKLUIO C MMeHeM si:top-level (,qa, BOT MPsIMO Tak, C ABOETO4U-
€M) 1 MMEHHO 13 Heé BCE chenaTb, BOCMPUHMMAsH €€ KaK FaaBHyto hyHKLMIO HaLUeid
nporpaMMbl, BPOAE XOPOLUO 3HAKOMOro Ham main. JTa pyHKuUMs 3ameHuT coboii
REPL, 1o ecTb npu 3anycke nosy4eHHoro ucrnosiHsiemoro caiina smecto REPL 6y-
[eT 3anylieHa Hawa nporpaMma, 4To Ham u Tpebyercs. Tekct nporpammsl «Hello,
world» B 3TOT pa3 noayunTtcs Takum:

(defun si:top-level ()
(princ "Hello, World!")
(terpri)

MpeBpaTuTh €ro B MCNOHSAEMbIA BUHAPHUK MOXHO cnefytowmm obpasom. 3anyc-
Kaem WHTepnpeTaTop gcl U A/is Ha4ana «KOMMUINPYEM> Hall TekCT (3TO MOXKHO
cenaTb 1 U3 KOMaHAHOV CTPOKM C NOMOLLbIO NapameTpa -compile, HO UHTepRpeTa-
TOp NOTOM BCE PaBHO NPUAETCS 3anyCTUTb), 3aTEM 3arpy>KaeM NoNyYeHHbIN 0bbeKT-
HbIli balin B MHTEPRNPETATOP U NOCAE STOr0 COXPaHSAEM COCTOsHWE WHTEpRpeTaTopa
B ucnonHsiemom cpaiine:

>(compile-file "hello.lsp")

Compiling hello.lsp.

End of Pass 1.

End of Pass 2.

OPTIMIZE levels: Safety=0 (No runtime error checking), Space=0, Speed=3
Finished compiling hello.lsp.

#p"hello.o"

>(load "hello.o")

Loading hello.o

start address -T 0xd96610 Finished loading hello.o
160

>(si:save-system "hello")
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|_|ocne nocnep,Heﬁ KOMaHAbl NHTEPMNPETATOP NOYEMY-TO 3aBEpPLLUAETCA, HO B 3TOM HU-
4ero nJaoxoro HeET — Mbl 6b| BCé PaBHO N3 HEro BbILWAN, L|T06I:I NOCMOTPETb, 4yT1d Tam
y Hac nosy4unock. A nony4nncst y Hac ucnonHsiemblii cpaiin pasmepa bonee ckpom-
Horo, 4em ot SBCL, Ho BCE paBHO BecbmMa M BeCbMa BMe4aT/sIOLLEro: Ha MaluuHe
aBTopa nonydunocs 12 MB, npuuém 3710, BUgMMO, 6€3 KOMNpeccmm, NOCKONLKY Npu
€ro 3anycke HNKaKMX 3afEPXKEK HE 3aMETHO.

Ha nepBeoiii B3rnsg ¢ posnbto komnuasitopa Hensioxo crnpaensietcs ECL, o gaxe
NMO3BOJISIET nepeBecTyn Bawy nporpammy Ha Jlncne B TekcT Ha Cu, KOTOpbIfi NOTOM
MOXXHO CBSI3aTb C nporpammoii, HanucaHHoi Ha Cu unn Cu++. MNonpobyem caenathb
ncnontsiemslli daiin nporpammsl «Hello, world». Bepém caiin hello.1lsp:

(princ "Hello world!")
(terpri)

Tenepb 3anyckaem untepnpetatop ECL (ma, npugércs sto cpenaTtb, XO0Tb 3TO
CTPaHHO) 1 B HEM AaéM fBe XNTPble KOMaHAbI:

> (compile-file "hello.lsp" :system-p t)

555 Compiling hello.lsp.

555 OPTIMIZE levels: Safety=2, Space=0, Speed=3, Debug=0

555 End of Pass 1.

55 Finished compiling hello.lsp.

#P"/home/avst/hello.o"

NIL

NIL

> (c:build-program "hello" :lisp-files ’("hello.o") :epilogue-code ())

#P"hello_ecl"
>

Bcé, nocne atoro B TekyLueil 4UPEKTOPUY NOSIBUTCS UCNONHSAEMBIi haiin hello, npu-
4éM Aarke He o4eHb DOMBLIOro pasMepa — Ha MalUWHE aBTOPa 3TWUX CTPOK MOJy4u-
nock 4yTb bonbwe 38 KB. lMycTb Bac, Bnpo4yem, 370 He 0OMaHbIBaET — MOJYYEHHbIA
daiin 3aBucuT oT pasgensieMbix bubnnoTek, BrAOYaoWMxX BClo peanusauyunio ECL.

[Ja v BoobLue pagoBaTbes siBHO paHo. Ecaun nonpobosaTk npogenath To Xe camoe
C NpVBEAEHHON BbILLE NpOrpaMMoli echo 1 3anycTUTbL €€ C NapameTpamiy KOMaHAHOA
CTPOKMN, Mbl MOXXEM C YAWNBIEHNEM YOeAUTLCS, HTO NepBble 4BA NAapaMeTpa «KTO-TO
cbeny:

avst@host:~$ ./echo_ecl abra schwabra kadabra foo bar
kadabra foo bar

Bnpouem, HeTpyaHO gorafathcsi, KTO UMEHHO UX CbeNl — 3TO bbina pyHkuus cdddr,
KOTOpasi B MporpamMmMe-cKpunTe fenana BCE NPaBUbHO, BbIKUALIBAS ABa <JULLHUX>»
napameTpa, a BOT B OTKOMMNUW/JINPOBAaHHOI NporpamMme 3Tux AByx NapamMeTpoB NpocTo
HET, TaK YTO BbIKMHYTbIMV OKa3bIBAalOTCA MapameTpbl obblYHblE, T.€. HyXHble. Bcé
3apaboTaeT KOppekTHO, eciin 3amMeHnTb cdddr obpaTHO Ha cdr — HO, eCTeCTBeH-
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HO, nepecTaHeT paboTaTb ckpunToBasi Bepcusi. Yto mewano astopy ECL BbIknHyTb
[lBa MapameTpa KOMaHAHON CTPOKM W3 Bblgaqu pyHKumy ext:command-args npu
Hanu4un chnara -shell — BONpoC, HaBepHOE, PUTOPNHECKNI.

OTkpoBeHHO roBopsi, kaxeTcs, byaro asTopbl peanusauuii Common Lisp Boob-
Lle He MpeAnonaratT UCMOb30BaHNS UX TBOPEHWU O CO3AAHUSI HACTOSALMX NPO-
rpamMmm, nepenaBaeMbiX KOHEHHbIM NOJIb30BATENAM. K COXaNeHnto, 3TO BNne4vaTseHne
TONbKO yeunuTcs, korga Mol B §11.1.14 pobepémcsi fo opraHmsauuy BBOAA-BbIBOAA.

11.1.3. S-BbIpakeHusl: TeTEPOTEeHHAasT MOJEJb JaHHBIX

B ocHOBe BbIUmC/IATENBHON MOJEIN sI3bIKA, JIUCIT JiesKaT Tak Ha3blBae-
Mble S-8bipastcerus, HalleJIeHHbIE TIPEXK/IEe BCEro Ha MOCTPOEHUE 2emepo-
2EHHBIT CNUCKOS — B OJIMH TAKOH CIIMCOK MOTYT BXOJHUTD 3JIEMEHTHI PA3HBIX
THUIOB, B TOM 9YHCJIE€ U IPYTUe CIUCKH. S-BbIpakeHusimu B Jlucre ripecras-
JIAIOTCS KaK JIaHHBbIE, TaK U (PYHKIINN, COCTABJISIONINE IIPOrPAMMY.

DopMaIbHO TOBOPSI, S-BBIPAYKEHUE €CTD JINDO A1MoM, JINOO MOoUeYHaA s
napa. Ilpumepamu aTOMOB CJIy»KaT MPEXKIE BCETO KOHCMAHMbL (JuTe-
paJibl), TaKue Kak JHCIa (127 165.37, -7), CUMBOJILHBIE JIATEPAJIBI (aH-
. character constants: #\a, #\5, #\& 71 IpeICTABICHUST COOTBETCTBEH-
HO OyKBHI a, udpbl 5 u cumBosia &, #\Space, #\Newline, #\Tab u T 1.
17151 0603HAUEHNUST TPOBEIIBHBIX ¥ HEOTOOPAYKAEMBIX CUMBOJIOB) U CTPOKOBBIE
Jurepasbl ("This is a string").

Muorue COBpPEMEHHbIE ANANEKTbI Jucna yMeroT pa6OTaTb C pauynoHanbHbIMU N
KOMMJIEKCHBIMU YncnamMu. Tak, TokeH 2/3, BBEAEHHbIN, YTO O4YeHb BaXKHO, be3 npo-
6e10B (NOCKOJIbKY 3TO WMEHHO OAWH TOKEH, a HE apuPMETNHECKOE BbIPaXKeHune), B
6oNbLINHCTBE peann3aunii 0603Ha4YaeT paLmoHaibHOE YNCIo % npu4ém busmnyeckn
npeacTtaB/iEHHOE B BNAE YNCIUTENA N 3HAMEHATENA, @ 3HAYNT — be3 NOTEPb TOYHO-
CTWn, B OTAI4Mne OT 4mcen C I'IJ'IaBQIOLLI,eﬁ TOYKON. ﬂ‘ﬂﬂ KOMMAEKCHbIX 4Yncen ncnonb-
3YIOTCS KOHCTPYKUMM Bpoge #C (1 -2), npu 3TOM AeiAcTBMTENbHASA U MHMMasi HacTu
MoryT 6b|Tb npeacTaBfii€Hbl UebIMW, PAUNOHANbHBIMU NN K NNABYHUMU» HUCNaMn.
Ons paboTbl ¢ uenbiMu Yucnamm 6oNbLWMHCTBO peanusaunii Jlucna ucnonbsyert Tak
Ha3bIBAEMYIO AJIMHHYIO apucDMETUKY, NPEACTaBAss Uesble B BUge bnToBbIXx Maccu-
BOB I'IPOVIBBOJ'II:HOVI ANNHbBI, 4TO NO3BONAET HE 3ab60TUTLCS O HexBaTKe Pa3pALAHOCTN.
B nawem pa3rosope O napagmrmMmax BCe€ 3TN MATEPUN HE NPEACTABAAIOT CepbéSHOrO
NHTEpeCa, HO UMETb NX B BUAY MOJIE3HO.

Jpyroii mnpuMep aroMoB — TaK Ha3blBaEMble CUMGE0AbL (AHIVL
symbols)®, posib koTopBIX B JINCIe MPUOIMBHTETHHO COOTBETCTBYET DPOJIH
udeHmu@uramopos B IPYrux s3bIKAX MPOrPAMMUPOBAaHUS. BOJIBITUHCTBO

63 1ech MBI BBIHYKIEHBI B OU€PEHOl pa3 00paTUTh BHUMAHUE YATATE/IS Ha, CIOKHO-
CTH IIePEeBOJa C aHIVIMHACKOro. AHriuiickue TepMuHbl character u symbol oba Tpaguru-
OHHO TIEPEBOJATCS Ha PYCCKUI S3BIK CJIOBOM «CHMBOJI», HO IIOJ CJIOBOM character moj-
pa3yMeBaeTCsi CUMBOJI, OTOOparXKaeMbIil Ha SKpaHe, BBOAUMbBIA C KJIABAATYPBHI U T.T. —
TaKOW CHMBOJI, U3 KaKUX CKJIAJBIBAIOTCS CJIOBA, CTPOKU W TEKCTBI; AHIVIMICKOE CJIOBO
symbol rMeeT COBEPIIEHHO MHOI CMBICII — 9TO «CHMBOJI»> B CMBICJIE «3HAK», «000O3Ha4Ye-
Hue» (HAIIpEMep, «yCJIOBHBbIE OOO3HAYEHHsI Ha KapTax» ), «dMOseMay, II00 «CHMBOJI» BO
BCAUeCKUX (PUTOCOMCKUX U MPOUNX I'YMAHUTAPHBIX KOHTEKCTaX BPoJe HPpas3bl «roayob —
CHMBOJI MUPay» WIH «A300pa’Ke€Hue depera CHMBOJIU3UDPYET CMEPTh».
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JauaiekToB JIucia mo3BoiseT UCo/Ib30BaTh B UMEHAX CUMBOJIOB HE TOJIBKO
OyKBBI U TTUGPHI, HO U MHOTHE 3HAKW ITPENUHAHUs, & TaKXKe 3HaK1 apud-
METHYECKUX JeicTBuil; Tak, uMmeHa X, AS21, ABRAKADABRA, GO-JOHNNY-GO,
=="==*STDIN* B Common Lisp u GOJIbIINHCTBE APYTUX JTUAJIEKTOB CUNTA~
IOTCsl KOPPEKTHBIMU MMEHaMHU CHUMBOJIOB. Eciii He IpeJupuHUMATE CIIEIH-
AJIbHBIX Mep, JIATUHCKNE OYKBBI B MMEHAX CHMBOJIOB aBTOMATHYIECKHU IIPU-
BOJATCA K BEepXHEMy perucTpy, Tak 4ro AS21, as21, As21 u aS21 — 37O
pa3HbIe CHOCO6BI 3alluCHU OJIHOI'O U TOI'O 2Ke MMEHMH CHMBOJIA.

CHUMBOJIBI UCIONB3YIOTCS B KadecTBe MMEH (DYHKIUI W HEepPEMEHHbBIX,
B TOM 9ucJje (DOPMAJIbHBIX APAMETPOB TeX Ke (DyHKITUIl, HO 3TUM UX POJIb
He ucdepnbiBaercss. CUMBOJ cam no cebe ABAACMCHA 3HAUEHUEM, T.€., Ha-
[IPUMED, OIMH CHMBOJI MOYXKeT ObITh 3HAYEHUEM [IEPEMEHHO, 0003HAIEHHO
JPYIUM CUMBOJIOM (WJIM JIaZKe TE€M K€ CaMbIM). DTO IIO3BOJISET MCIIOJIb30-
BATh CUMBOJIbI B POJIM CBOEOOPA3HBIX KOHCMGHM, PABHBIX TOJHKO CAMUM
cebe u Dosiee HUIEMY; TPUOIUBUTETLHBIM AHAJIOTOM 9TOTO SIBJIEHUS B 3HA-
KOMBIX HaM sI3bIKaX OY/IyT MIeHTH(MOUKATOPHI, BXOISIINE B MHOYKECTBO 3Ha~
qeHnii nepeunciaumMoro tuma B llackase wiu tuma enum B Cu u Cu++,
HO B OTCYyTCTBHUE CTATUYECKOH Tunm3anuu B JIuciie BOSMOXKHOCTH CHMBO-
JIOB OKa3BbIBAIOTCA HAMHOTO mmupe. Hampumep, Mbl MOYkeM HammcaTb (pyHK-
U0, KOTOPasl 110 CBOEMY CMBICJIY JIOJ2KHA BO3BPAIIaTh I1€JI0€ YHUCJI0, HO
BBIHY?K/IEHA B HEKOTOPBIX CIydasix (PUKCUPOBATH HACTYILIEHHE 0CO00i CH-
Tyauu — OIMUOKYU WJIM KAKUX-TO eIé XUTPBIX 00CTOSATEIbCTB, JEIAI0NNX
BO3BpAT 4YmCJIa 6€CCMBICIIEHHBIM; B JIUCIIe MBI MOXKeM JIJIsi KaXKJI0i Takoit
CUTYaIlUU IIPEIyCMOTPETh CBOI CUMBOJI. TaK, PyHKIUS, [10/ICINTHIBAIOIIA
CYyMMY TIEJIbIX UUCEJ], 3AMNCAHHBIX B TEKCTOBDIN (Al ¢ 3aJaHHBIM UMEHEM,
MOXKET BO3BpAIllaTh 3TY CYMMY, €CJIM BCE B IOPsJIKe, BO3BPAIIATh CUMBOJI
open_error B ciy4ae, ecyau ailyl He yJaJI0Ch OTKPBITh Ha YTEHUE, CUMBOJI
wrong_data — ecsin ailyi OTKPBLICH, HO BHYTPHU OOHAPYKUJIOCH HEITO, HE
SIBJISIFOIIEECS TIPEICTABICHUEM TeJIbIX UHCEeJI, U CUMBOJI empty, ecau daiin
OKa3aJICs IIYCT.

Ocobyto postb urpaer B Jlucte cuMBoJI, nMerouii uMst nil, KOTOPBIN HC-
MMOTB3YETCsT J1Jist OOO3HAYUEHNST JIOTUIECKON JI2KU, & TAKXKe NYCMOo20 Cnuc-
Ka; KOHCTPYKIMs () CYUTAeTCsl JPYIUM CIHOCOOOM 3alluCH ITOTO aTOMa.
3nauenuem cuMmBosa nil Beeria SIBJISETCS OH CaM.

Cy1iecTByeT MHOTO JIDYTUX BUJIOB ATOMOB, C KOTOPBIMU MBI ITOCTEIIEHHO
IMO3HAKOMUMCsT; HAITOMHUM, YTO aTOMOM, CTPOI'0 NOBOPsi, CAMTAETCsI BOOOIIE
BCE, ITO HE SBJIFETCS 3araI0IHON MoueuHol napolt — W, I0-BUIUMOMY,
HaM II0pa paccKaz3aTb, YTO »Ke 3TO 3a 3Bepb.

CuHTAaKCUYECKH TOYEYHAsl [apa IIPeJCcTaBJisieT coOOU J[Ba ITPOU3BOJIb-
HBIX S-BBIPAXKEHUS, PA3JEIEHHBIX TOYKON, a BCS KOHCTDPYKIWS IIPU ITOM
Gepércs B Kpyruible ckoOku. Cpagy ke OTMETHM, ITO TOUKA HE CUUTAETCH
B Jlucmie pazzenuresieM, MOCKOJIBbKY MOXKET BXOJIUTH B COCTaB UMEH CUM-
BOJIOB, B 3aIIMCh JIDOOHBIX YUCEJ U HEKOTODPBIX JAPYIUX aTOMOB. Paznemure-
JIIMU B KJIACCHUYECKOM CMBICJIE B JIWCITe BBICTYIAIOT TOJIHKO KPYIJIble CKOO-
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KU, JBOMHBIE KABBIYKY, UCIIOJIb3YEMbIE JJIsi 3AlIUCU CTPOKOBBIX KOHCTAHT, 1
eIé OIMHOYHBIH armocTpod, oOpaTHBIH armocTpOd U 3alsTasi, UTPAIOIINE B
Jlucme ocobbie poJin; OT BCErO OCTAJIBHOIO TOYKY B 3aIMCH TOYETHON Iaphbl
HEOOXOIMMO OTIEJISATh pobeiamu. B jieBoil miim mpaBoii 4acTsix TOYeUHOMN
Hapbl MOT'YT CTOSITh COBEPIIIEHHO IIPOU3BOJIbHBIE S-BBIPAXKEHUST, KAK ATOMBI,
TaK ¥ JIpyrve TOYEeYHbIe Mapbl. TaK, KOPPEKTHON 3aMUCHI0 TOYEIHBIX AP
OyayT CilelyIoIne BhIPAYKEHUS:

a .2 (abra . kadabra) (12 . "String") (75.7 . 100.0)
(1.2 . (3.4 @a.@e. 6. 0m ((10 . 20) . 30)

CeMaHTHIECKN TOUECIHYIO MMApy YI0OHO IMPEICTaBIATh KaK 001aCTh HaMITH
"3 JIByX yKasarejeii — 6jiaro y dyuraresisi, MOXKHO HAJEsAThCs, C TOHSITHEM
yKasaTe/ss HUKaKuX MpobseM yxke HeT. /lymas o jieBoit m mpaBoit dacTsax
TOYEUHON Iapbl Kak 00 ykazaressx (a He KaK O 3HAYEHHsX), OyJer mpo-
I[e 0CO3HATH, YTO OJIHO M TO K€ BbIPpa*XeHUe — TO eCTh Puaudecku
OJIMH U TOT K€ OObEKT B IIaMATH — MOXKEeT BXOJAUTL OoJiee ueM B OJI-
HY TodedyHyio mapy. Iloka B KadgecTBe TaKMX BBIPAYKEHUH BBICTYIIAIOT
Hen3MeHsieMble KOHCTAHTBI, 9TO HE TaK YK BayKHO, HO HEKOTOPbIE 0ObEKTHI
JAaHHBIX B JluCIle MOIYyT B IIPOIECCE BBIMOJHEHUS IPOrPAMMBI USMEHAMb-
CA, W TIPEXKJE BCErO ITO KACAETCS CAMHUX TOYEUHDLIX TAapP; M BOT TYT yIKe
CBOMICTBO pAa3easieMocT OObEKTOB CTAHOBUTCS BecbMa 3aMeTHO. IlycTsb,
HaIpUMEP, OJHAa U Ta »Ke TodedHas mapa (1 . 2) BXOIUT B COCTaB BbIpa-
xkennit ("Foo" . (1 . 2)) mw ("Bar" . (1 . 2)); ecau Tenepb, BOCIO/Ib-
30BaBIIACH OJHUAM U3 3TUX BBIPAaKCHUI, 3aMEHUTH B JIEBOI 4acT! Iapel 1
Ha 100, 3TO OJIUHAKOBO OTPA3UTCS Ha 0OOUX BBIPAYKEHUSIX.

IlociiemoBaTEIBHOCTD M3 HECKOJIBKAX TOUYETHBIX AP, B KOTOPOH KarK-
Ias CIAeIyIoNasl mapa ABJIsIeTCs 3HATeHNEeM MIPaBoil IacTH MPEIbIIyIIei, a
mpaBasl 9acTh IOCJIEIHel Mapbl B IOCAEJ0BATEBHOCTH UMEET 3HAYEHHEM
mycroit cnmcok (cumBos nil, oH ke ()), HA3BIBAETCSI CNUCKOM; SJIEMEH-
TaMH TAKOTO CITMCKA, CINTAIOTCS 3HAYEHUsI, HAXOMAIINECST B AEGLIT TACTAX
ero To4edHbIX map. s cnmcka mpemycMOTpeH COKPAIIEHHBIN Criocob 3a-
MIACK: B JIBOWHBIX CKOOKaX IEPEUMC/ISIOT BCE €r0 3JIEMEHTBI, Pa3esss UX
npobesamu. Hampumep, KOHCTpYKITns

a.e.@e.eé.onn

MOXKeT OBbITh 3ammcaHa HamMHOTO Kopodue: (1 2 3 4). EcrectBenno, crm-
COK MOXKET COJIEPYKATH IJIEMEHTHI PA3HBIX THUIOB, B TOM YHCJIE SJIEMEHTOM
CIIUCKA, BIIOJIHE MOYXKET OBITh KaK IPOCTasi TOY€YHAS [apa, TaK U CIINCOK, U
OHU, B CBOIO OYEPEJIb, MOTYT COJIEPKATH IJIEMEHTHI TPOU3BOJIBLHBIX THUIIOB.
Hampumep, Bce cieyrorye CIUCKH KOPPEKTHBL:

(1 foo "Bar") ((12) (345) (6. 7N CCCCCCCOINININ
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[IpaBas 4acThb IMOCseIHENH TOYETHON Taphl CIIHCKA MOYXKET COJIEPXKAThH 3Ha-
JeHune, OTJIMIHOE OT IIYCTOTO CIHCKA; B 9TOM CJaydae TOBOPAT O HeEnpa-
BUABHOM WA TNOYEUYHOM Cnucke. s TaKoro CImcKa TOXKe eCTh CIIe-
nuaJibHoe 0b0o3HadeHne; Hampumep, BmecTto (1 . (2 . (3 . 4))) MOXKHO
manucathb (1 2 3 . 4). Toueunsie criucku B JIucme TpUMEHSIIOTCST CPABHU-
TEJIBHO PEIKO, HO MOJHOCTHI0 UTHOPUPOBATH WX CYIIECTBOBAHUE OBIIO ObI
OIMIMOKOIA.

V|3Ha'-|aJ'|bH0 TOY€4HbI€ Napbl N COCTOALLMNE N3 HUX CNUCKN 6b|J'IVI B ﬂl/ICI'Ie €eanH-
CTBEHHBIMUN KCIOXKHBIMUY» CTPYKTYPaMU AAHHBIX, HO A4S MPAKTUYECKOro Mporpam-
MUPOBaHNSA 3TO CANLIKOM HeyaobHoe orpaHudeHne. BonblwmnHCTBO cywecTeyoWwmx
HbiHe peanusaunii Jlucna Hapsgy CO CNMCKaMK MOALEPXKMBAET TakKe XOPOLIO 3Ha-
komble Ham no Mackanto n Cu MaccuBbl, K d1eMEHTaM KOTOPbIX MOXHO obpalyaTs-
cst no Homepy (MHAEKCY); CTPYKTYpbl C WMEHOBAHHbLIMK Monsimu; creundrkayms
Common Lisp BkntovaeT gaxke cpeactsa paboTbl C yNnOMWUHABLUMMUCA B MEPBOM
Tome xew-Tabamyamu (cm.T.1,82.10.8), npnuém bnaropaps reteporeHHoll Mope-
NN AaHHBIX KaK KJOYOM, Tak U 3Ha4YeHWEeM B Ka)KAOM 3BeHe Takoil xelw-Tabauubl
MOFyT CNYyXUTb S-BbipaxeHusi npoussosbHoro Tuna. Cneuyundukaums Common Lisp
BKtOYaeT B cebs Tak HasbiBaemyto CLOS — Common Lisp Object System, kotopas
npeacTaenseT coboli nogaepx Ky 06bEKTHO-OPUEHTMPOBAHHOIO NPOrPaMMMPOBAHMS
B BUAEe OOBEKTOB, COAEPXKALLNX KaK AaHHbIe, Tak U PyHKLNM-MeTOAbI.

Bce 3Tu cywHocT npeactaBasioT coboli S-BbipaXeHns, KOTopble MOTYT BXOAUTb
B Apyrue S-BblpaXkeHUsi Ha NPON3BOJIbHYIO F1yBnHY BioXKeHHOCTU. JToBonbITHO OTME-
TUTb, YTO MOCKOJIbKY HU BEKTOPbI, HU CTPYKTYpPbI, HW Xeww-Tabnuubl, HU 0BbeKTbI He
ABASAIOTCS camu no cebe TouedHbIMN napamm (XOTs 1 MOryT CopepXaTb B cebe npsimo
NN KOCBEHHO HEOTrPaHMYEHHOE X KOAMYECTBO), BCE OHU CHNTAIOTCS aToMamu.

PaccmaTpuBaTh paboTy C HECMMCOYHBLIMU CTPYKTypamu faHHbIX B Jlncne mbl He
6yp,eM, NOCKOJIbKY OHUN HE MPUBHOCAT HUKAKUX NPUHUNMNANBHO HOBbLIX Napagnrm, HoO
UMETb B BNAY UX CYyLLECTBOBAHNE MOXXET 6b|Tb MnoJ1IE3HO.

11.1.4. Beruucinenue S-BbIpa>KeHUit

S—Bpra)KeHI/IH KaK CTPYKTYDPbI JJaHHBIX C UX I'€TEPOIr€¢HHOCTHIO, 6€CCHOp-
HO, CJIeJIyeT CUUTATh OCHOBOM Jlmcma, HO JaHHBIE caMu IO cebe eré He
COCTABJISIIOT BBIYUCTUTEIHLHON MOjiean. UTOObI ¢ TOMOIIBIO S-BhIpayKeHU
MOKHO OBLTIO 3aIlUCaTbh npozpammy, B JIucie BBOOUTCA OIepaIus 8bluc-
aeHus S-ewviparceHuti — JIOBOJIBLHO OONIUPHBIN CBOJ, MPABWII, IO KOTO-
PBIM GOJIBITUHCTBY S-BHIPAXKEHUI CTABUTCSI B COOTBETCTBUE PE3YALIMAM, UL
BbIUUCAEHUA; TMEHHO STU BBIYUCJIEHUS U COCTABJISIIOT BBIITOJIHEHUE IIPO-
I'paMMBbI, HaucaHHoi Ha Jlucie. HpaBI/ma BBIYMCJIEHUN YacTO 3aBUCAT OT
KOHTEKCTa: OJHO 1 TO 2Ke S-Bpra)KeHI/Ie B PA3/INYHBIX CJIyYIadX MOZKET IIPpU
BBIYHCJICHUU JaBaTh PAa3HbIC 3HAYCHUA.

IIporre Bcero obcToUT JIEJI0 C MPOCTERIIMMHA ATOMAPHBIMU KOHCTAHTA~
MH — YHCJIaMy, ajddaBUTHBIMU cuMBoJaMmu (characters; He IyTaiiTe ux ¢
CHMBOJIAMU-HUJICHTU(DUKATOPAMHE ), CTPOKAMU U HEKOTOPBIMHE JIDYIUMU ATO-
MaMM: OHH BBIYUCJIAIOTCS camu 6 cebs. Hampumep, aucio 25 sBisieTcst, Kak
MbI 3HaeM, S-Bpra)KeHI/Iel\/I; pPe3y/IbTaTOM €I0 BBIYUCJICHUA 6yﬂeT OHO CaMO.
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Touno Tak ke 0OCTOUT J1€J10, HAIIPUMED, C 3arJIaBHON JIATHHCKOM OyKBOii A,
KoTopas B JIucme obo3nadaercsa Kax #\A: Ipy BBIYUCACHUN OHA JAET caMma
cebst. CTpoka "Simple string" TOXKe IIPU BHIYUC/IEHUN IPEBPATUTCHA CAMA
B ceOsl.

Heckombko ci103KHEe 06CTOAT j1es1a ¢ cuMBoIaMu (UIeHTHhDUKATOPAMH ).
Cpein HEX €CTh MUHUMYM JIBa, KOTOPbIE BCETJIa BBIYUCIISAIOTCS CAMU B Ce-
Ost: 9TO y»Ke 3HAKOMbIH Ham nil (OH Ke IIyCTOH CIMCOK) U €IE CHUMBOJI
t, 0603HAYAIONIMIT JIOTHYECKYI0 UCTUHY . VI3MEHUTh 3HAYEHUA ITHX CHM-
BOJIOB HeBO3MOKHO. CKopee Bcero, B jioboil peasmzarun Jlucmna naiigyres
U JAPyrue CUMBOJIbI, 3HAYeHNEe KOTOPBIX HEM3MEHHO — HAaIPUMep, 3HAYEHH-
eM cuMBOJIa pi Becerja Gyjier HamIydllee Ha JIAHHONW apXuTeKType (MId B
JaHHoi peasmzanuu Jlucia, 9T0 HE BCera TO Ke caMoe) HpubJizkeHue K
GUCTY TT.

OcrasibHbIEe CUMBOJIBI B 3aBUCHMOCTH OT KOHTEKCTA MOIYT UMEMb UAU
HE UMEMDb 3HAYEHUE; ECTTU 3HAYEHNE Y CUMBOJIA €CTh, TO BHIYUCIEHUE CUM-
BOJIA KaK S-BBIPAYKEHUS ACT 9TO 3HAYEHWE, B IIPOTUBHOM CJIydae B OOJIb-
IIMHCTBE PeAJN3aIuil MONBITKA BBIMHUCICHUS HPUBEIET K OIIMOKE; CyIIe-
CTBYIOT, BIIpOYeM, nuajeKTol JIucma, B KOTOPBIX JII000i CUMBOJI BCEra nMe-
€T TO WM MHOe 3HadeHre (B TAKMX PEeAU3alUsdX, KaK IIPABUJIO, CAMBOJL,
3HaYEHNEe KOTOPOIo He OBbLIO 33/[aHO0 SIBHO, UMEET B KavdeCTBe 3HAUCHH nil
nunn cam cebst), HO Takoe Berpedaercs: penko. Cieyer oTMeTUTh, ITO BbI-
9HCJIEHNE CUMBOJIOB 3aBUCHUT OT KOHTEKCTA JAIle, U€M BBIIUCJIEHNE JIPYTUX
BBIPAXKEHMIT; KOHTEKCTaM MBI [I037Ke TIOCBATUM OTJEJIbHBIN maparpad.

CiioxkHee BCero BBITVISIST TPABUIIA JIJISI BBIYUCIIEHUS CIUCKOB — WJIN
BHIYUCAUMBLL GOPM, KAK OOBITHO HA3BIBAIOT CIUCKHU, IPETHA3ZHATECHHBIE
K Bbluucsienuio. OTMeTuM IIpekjie BCEro, ITO B POJIM BBIUUCIUMBIX (HhOpM
OOBIYHO BBICTYIIAIOT «IIPABUJIbHBIE> CIUCKH, TO €CTh CIIUCKU, 3aKaHINBa-
TOIIIECsT aTOMOM nil; MOMBITKA BBIYUCIUTH B KAUECTBE (POPMBI TOUCTHDIH
CIUCOK MJIX MIPOCTYIO TOYEHHYIO ITapy, IpaBas YacTh KOTOPOH He CONEPIKUT
crucka (HU OOBIYHOIO, HU IIyCTOTO), KAK MPABUIIO, IPUBOJUT K OIIUOKE.

Hanbueiimmit xo1 BeraucieHns bOPMbI 3aBUCUT OT TOrO, 9YTO ITOT CIIU-
COK COJIEPXKUT B CBOEM IIEPBOM 3JjieMeHTe. B OOJIBIMHCTBE CIydaeB Iep-
BBIM 3JIeMeHTOM (DOPMBI JOJIKEH OBITh CHMBOJI; KpailHe PEJKO HCIIOJIb3Y-
eTCsl IMEIOIAsiCsl BO MHOTHX JHaJieKTax, BKIodas Common Lisp, BO3MOK-
HOCTb, IIPU KOTOPOI IIEPBBIM 3JIEMEHTOM (bOPMBI BBICTYIIAET TaK HA3bIBa-
€MBIil AAMO0a-CNUCOK; STy CYIIHOCTH MBI PACCMOTPUM I103Ke, a IOKa
MOXKHO He 00paIlaTh BHUMAaHUS HA 3TOT SK30THIECKUN CIIydail.

CumBoi1, crosmuii B popMe IEPBBIM 3JIEMEHTOM, OIIPEIENISeT TalbHel-
Uit BEIOOP CTPATEruu BBIYHUCIEHUS 9T0# (hopMmbl. Bo3aMozkHOCTE TYT TpH.
IIpexkie BCero, ¢ CUMBOJIOM MOXKET OBITH CBsi3aHa PyHKUus — OubImo-
TeuyHas (BCTPOEHHAs! B Peaau3anuio JIucna) uiy onucaHnas B IpOrpaMme.

"Boobie-to ormteckoii ncruHoii B Jlucte cunraercs o60e S-BhIParXKEHHE, OTIIH-
HOe OT nil, HO (DYHKIUH, IO CBOEMY CMBICJIy BO3BPAIAIOIINE JIOTMYECKOe 3HAYEHNE, B
KadeCTBe IIPEACTAaBJICHUA «UCTHUHBI» UCIIOJIB3YIOT BCErJga MMEHHO CHMBOJI t.



§11.1. dI3pik JIuco u ero S-BbIpasKeHUsT 327

DTOT caydail MOXKHO CUATATh OCHOBHBIM; IIporpaMma Ha Jlucie cocrout
3 QYHKIWM, a TpuMeHeHne PYHKIUN K apryMeHTaM — CBOEro poja QpyH-
JAMEHT, Ha KOTOPOM ITOCTpOoeHO eé mcmosineHne. CTparernss BbIAHUCIEHUS
3/1eCh caMasl MPOCTasi W MOHSITHAS: BCE 3JIeMEHThI (DOPMBI, KDOME ITE€PBO-
r0, BLIYUCASIOMCA, TTOCTIe 9ero (PyHKIWs, WAeHTU(MUINPOBAHHAS T€PBBIM
3J1eMeHTOM (DOPMBI, NPUMEHAEMCA K PE3yJIbTATAM ITUX BBIYUCJICHAN KaK
K mapamMerpam. PaccMoTpum st IpuMepa BbIYUCIEHUE S-BbIPAYKEHUsT

(x (+37)5 (-64))

[Tepsbiii s1eMeHT 3TON (POPMBI — CUMBOJI C MMEHEM <«*» (HAIIOMHUM, 9TO
B GOJIBIIMHCTBE JMAJIEeKTOB Jlucma 5To JONyCTUMBIH HIeHTHDUKATOD), C
KOTOPBIM CBsi3aHa BCTpOoeHHas B JIumcn DyHKINS yMHOXKeHUsi: OHA IPUHU-
MaeT MPOU3BOJIBHOE YUCJIO YUCIOBBIX APTYMEHTOB U BO3BPAIIAET UX ITPOU3-
Bejierne. IlockombKy 9T0 mpocras (DyHKINs, CHAYAJA JIMCI-BBIYACIUTETh
JIOJI?KEH BBLIYHUC/IUTH OCTAJIbHBIE 3JIEMEHTHI (POPMBI: cmucok (+ 3 7), KOH-
cranTy 5 u ciimcok (- 6 4). Kak M0XKHO 10rafilaThbCst, CHMBOJIBI C IMEHAMMA
«*+» W «-» CBS3aHbI CO BCTPOEHHBIMU (DYHKIIUSAMHU CJIOKEHHUSI U BBIUUTA-
HUsl; BCIIOMHUB, YTO KOHCTAHTBI, B TOM YHCJI€ YHCJIOBbIE, BBIYHCIIAIOTCS
camMu B cebsl, MBI yBHUJIM, 9YTO PE3YJIbTATOM BBIYUCJICHHUS SJIEMEHTOB HC-
xomHo#t dopmbl OyayT uucsiaa 10, 5 U 2; UMEHHO K 9TUM apryMeHTaMm Oy-
JeT npuMeHeHa (YHKIWS YMHOXKEHHS, & Pe3yJbTaTOM CTaHET, OYeBUJIHO,
qucao 100.

Citygait, Koryia nepBblil dsieMeHT GHOpMbI HjeHTUGUINpyeT DYHKIUIO,
OJ/THOBPEMEHHO CaMBbIil IIPOCTOM M CaMBbIil BaXKHbBI, HO IIPU STOM HUKOUM 00-
pa3oMm He e uHCTBeHHBIH. C CHMBOJIOM MOXKET OBIThH CBSI3aH TaKKe MaAKPOC;
KpPOMe TOr'0, CHMBOJI MOXKET 33/I1aBaTh CNEeUUaAbHYI0 Hopmy.

CI/ICTeMa MaKpOCOB B Jlucne CyLeCTBEHHO OT/INHAETCA OT TeX MaKponpouecco-
poB, KOTopble Mbl BUgeau B si3bike accembnepa, Cn n Cu++: no cyTn AUCnoBcKuii
MaKpOC — 3TO NpaBuaO, HANNCAHHOE Ha Jlucne (I/I mMoryuiee, B HaCTHOCTU, NCNoJib30-
BaTb beHKLl,I/II/I 13 Hawe I'IpOrpaMMbl), COrnacHO KOTOPOMY A0JIXKHA ObITb NOCTPOEHa
d)OpMa, KOTOpPas yxe 6yp,eT BblHUCNE€HA ONA NONYyHEHUA pe3ynbTaTa. MaKpoc cBoun
napamMeTpbl NOJyHaeT B TOM BUAE, B KOTOPOM OHUN BXOAAT B MAKPOBbLI3OB, TO €CTb
MaKponapameTpbl HE BbIYUCAAIOTCSA; MaKpopacliMpeHne npeacTaBasieT coboii Bbi-
YUC/IEHME TeNa MakKpoca NofobHO TOMY, KaK BbIYUCASETCA TeNo OBbIYHON hyHKUUN,
HO pPEe3y/ibTaTOM BbIHUNCNEHNA Te€Jla MaKpOCa CTaHOBUTCA He KOHEYHbI pPEe3yNbTaT, a
d)OpMa, KOTOpasa n 6yp,eT B NTOre Bbl4UCNEHA, l-ITO6l>I AaTb pe3ynbTaT. Mo Bo3MOX-
HOCTM HTepnpeTaTop Jlncna BoIMUCASET Makpoch! (MPON3BOAMT MaKpopacLinpeHue)
OAVH pa3 BO BPEMsI NEPBNYHOMO aHAN3a NMPOrpamMMbl, HO Takasi BOSMOXXHOCTb Y HEro
€CTb He BCerga: HanpumMep, HEBO3MOXXHO MPOW3BECTN MaKpopaclimpeHne, korga ob-
pa6OTaHb| eu.l,e HE BCe beHKLI,I/II/I, BbI3blBa€MbI€ B Te€N€ MaKpocCa. B Takux cnydasax
MaKpopaclwMpeHne OTKNaAbIBae€TCA OO NEPBOro BblIHYUCIEHNSA CbOprI, cop,ep)KaLu,eVl
MaKpoBbI30B. [MockonbKy MapaMeTpbl Makpoca BbIHYWUCIEHUIO HE MOAJEXAT, MaKpo-
pacLunpeHie MOXKHO NPON3BECTU OFMH pa3, NoC/ie Hero 3aMeHNTh B TeJie NPorpaMmbl
MaKpOBbI3OB Ha Pe3y/bTaT MaKpPOPaCLUNPEHUS.

MoapobHoe paccmoTpeHne makpocos Jlncna Mbl OCTaBMM 3a pamKaMy Halueid
KHUTW; OTMETUM TOJIbKO, HTO 3Ta CUCTEMA MOXXET C/Y>XNTb BECbMa HarJ'IFIAHO|7| nnnto-
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CTpauweil 0O4HOro NPOCTOro hakTa: MakpOChl COBEPLUEHHO He 0bsi3aHbl BbITh TakMK
onacCHbIMN, KPUBbIMU N MPOTUBHbBIMU, KaK B A3blKe CI/I. TyT BOMPOCHI HE K MaKpOnpo-
LLECCUPOBAHNIO KaK ABJNEHUIO, @ K KOHKPETHOMY A3blIKY U KOHKPETHOMY BOMNJIOLWEHUIO
3TOro ABJeHUA.

Ecim cumBosl B mepBoM sjieMeHTe (POPMBI YKA3BIBAET HA TO, UTO ITA
dopma — criermaabHast, MbI IMEEM JIEJI0 C CAMBIM 3aKOBBIPUCTHIM U HEKPa-
CUBBIM cirydaeM. HUKaKuX eIMHBIX TPABUJI JIJTs 9TOTO CJIydasi He CYIIeCTBY-
er. IlpaBusia BbIuucC/IeHUs Yy KaXX/10i crieriOopMbl CBOU: HEKOTOPHIE
3JIEMEHTBI (DOPMBI MOT'YT BBIYUCJISITBCS, JPYI'He IPU ITOM BBIYHC/IATHCS
He OyayT, crerdopMa MOXKeT MMOJIpa3yMeBaTh HEKHUE BJIOKEHHDBIE CIUCKU,
3JIEMEHTBI KOTOPBIX HCIIOJIB3YIOTCS [0 HEKUM XUTPBIM MPABUJIAM, OJUH ¥
TOT Ke JIEMEHT OJIHON U TOo#l Ke (POPMBI MOXKET BBIYUCJISITHCS WJIA HE
BBIUUCJIATHCS B 3aBUCUMOCTH OT PE3YJIBTATOB JPYIUX BBIYUCICHWA, CITET-
bOPMBI MOT'YT MAHUILYJIUPOBATH KOHTEKCTAMH, TAK UTO YACTH BBITUC/ICHUN
MPOHJET B OJIHOM KOHTEKCTe, 4acTh — B jipyrom. Onucanune Kaxkioil moj-
JepKuBaeMoil crierndopMbl COMEPKUT MOAPOOHDbIE YKAa3aHUsA Ha TO, KaK Oy-
JIeT MPOoucXoauTh eé Bbraucsenue. Ormernm, uro HabOp crerndopm s
Kaxkzoro guajiekta JIucma 3akpbIThIii, TO ecTh Hanucarh Ha Jlucre
HOBYIO crierichopMmy HeBo3MOKHO. C mmomornpio crieriopm cozarenn Jlucna
7 €ro JUAJEKTOB PEIaloT IPOOIEeMbl, KOTOPBIE HE MOIYJIaeTCs PEIUTh HI
dyHKIMsIMEA, HE MakpocaMmu. MOXKHO BCTPETUTH yTBEPXKJIEHUE, UTO CIIEIl-
dopmam B Jluce oTBejIeHA POJIH, KOTOPYIO B JIPYTUX SI3bIKAX UI'DAET CHH-
TAKCHC; [IPU ITOM OOBIYHO 3aMeJaloT, YTO CHHTaKcuca B Jlucie BoobIIe-To
HET — He HA3bIBATbH YK€ CUHTAKCHCOM IIPABUJIA 3AIKCU CIIHUCKOB.

B nanbreiiem nzmoxkeHnn HaM MOTPEOYIOTCS HEKOTOPBIE U3 CIEI(hOpM
¥ BCTPOEHHBIX dyHKInit JIuca; monstaeMcst 0 HUX pacckas3arh. Kak oObrd-
HO B TaKUX CJIy4asiX, He OyIeM IbITAThCH O0bSITh HEOObSITHOE U IIEPEUNC-
JIUTh, HaIpUMep, HeCcKOJbKO coreH (!) QyHKIWMit, BCTPOEHHBIX B TOT Ke
Common Lisp — orpanudaumcst JIMIIb TEMU, KOTOPbIE HAM MMOHA00STCS B
npuMepax, U J00ABUM K HUM HEKOTOPBIE U3 T€X, YTO MOTYT Y/IyUIIATh HAIIE
[IOHUMAHKE IIPOUCXOJIAIIETO.

Hauném co crnerndopMbl, KOTOpasi TPUMEHSIETCS CTOIb 9aCTO, UTO JIJIst
HeEé BBEJIEHO CIIeNUaIbHOEe KpAaTKoe 0003HavYeHne. JTa creiiopMa HA3bIBa-
ercst quote, IIPEJIIIOIATAET OMH aPI'YMEHT, a CJIYXKUT OHA JUIst OA0KUPOSKU
BbYUCAEHUA; TIOMPOCTY TOBOPsI, CBOU €JUHCTBEHHBIA apryMeHT OHA BO3-
BpaIllaeT B KA4eCTBE 3HAYUEHUsI, HE BhUMCJIUB ero. Hampumep, 3HadeHmEM
Beipaxkerus (quote (1 2 3)) Oyzer cumcok (1 2 3); ecym, cKaxkeM, HAM
HY?KHO IIepe/iaTh Takoil cuucok B (yHKuuio (Iycrb OHa HasblBaercs F),
TO 6e3 cuerndopMbl quote HAM MPUIETCS TYTrO: BBIUYUCIECHUE BBIPAXKEHUS
(f (1 2 3)) (ecim £ — mpocrast HYHKIWS) BLI3OBET OMIMOKY, MOCKOJIBKY
MHTEPIPETATOP /I HaYaJIa MOMBITAETCS BBIUUC/IUTL BhIpaxkenue (1 2 3)
KakK HopMy, a MEPBLII IJTEMEHT CIIMCKa — KOHCTAaHTAa 1 — COBCEM He IOXO-
2Ka Ha CHMBOJI, nMeHyommit GyHknuio uan cuerdopmy. [Toaromy, aTobbI
npumeHnThb pyukmuio f K crucky (1 2 3), KOHCTPYyKIus nmorpedyercs 60-
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see cioxkHasi: (f (quote (1 2 3))) wmiu, ecjau HUCIOJIB30BaTh KPATKYIO
samuch, (f (1 2 3)). Koncrpyknus Buja ’xX Kak pa3 U €CTb TO KpaT-
Koe obo3nadenue s (quote x). Kpome crimckos, 3amuTy OT BEIYUCICHUS
9acTO MPUMEHSIIOT K CHMBOJIAM, €CJIM XOTSIT HCIOJIb30BaTh WX HE B POJIHI
[IEPEMEHHBIX, & B POJIM 3HAYEHUII.

Apudmernyeckne GYyHKIMNA CJIOYKEHUsI, BHIYUTAHUS W YMHOYXKEHUST MBI
y2Ke BUJEIU, OTMETAM TOJIBKO, UTO BCE 3TU (DYHKIUUA MPUHUMAKT TPOU3-
BOJIBHOE KOJIMYECTBO apryMEHTOB, NPUYEM (DYHKIUS BBIUYUTAHUS, €CJIN eil
IaTh OJUH apTyYMEHT, MEHSEeT €ro 3HAK Ha IPOTUBOIOJIOXKHEIH, T. €. paboTa-
er KakK yHapHbIil Mmunyc. QyHKIus fgejienns 0003HATIAETCST, KAK MbI M MOTJIH
OXKIJIATh, CUMBOJIOM «/» (3716Cb camMoe BpeMsl BCIIOMHUTD O PAI[MOHAJIBHBIX
quCIax, YTOOBI Pe3yJIbTAT BBIUUCICHUS, CKaxKeM, opmbl (/ 2 3) He crau
I Hac croprupu3oM). OyHKImE apudMeTuIecKoro CpaBHeHus Iuces 060~
3HAYAIOTCS CAMBOJIAME «<», «>», «=», «<=», «>=»; JIJIsl OTHOIIIEHUsI «HE PaB-
HO» OOBIMHO MCIIOJIB3YETCS CUMBOJ «/=», XOTs 3/1€Ch BO3MOXKHbBI BAPUAHTHI.
Dtu GYHKIUU MOTYT BEPHYTH Jinb0 nil, ymbo t.

Kok ckOpo y Hac MOSIBUJINCH JIOTUYECKHE 3HAUEHNSI, CTOUT YIIOMSITHY Th
GYHKIMIO JIOTHIECKOTO OTPHUIAHNS not. 3/1eCh BCE TPOCTO: y HEE OJMH apry-
MEHT, ¥ €CJII 3TOT apryMeHT nil, OHa BO3BpAIIAET t, a JJis JII000T0 APYyroro
3HadYeHUsi apryMmenTta Bos3BparaeT nil. Co cBsI3KaMu JIjisi KOHBIOHKIIUNA 1
JIM3BIOHKIINH Jiejia 00CToAT ciioykHee. ODO3HAYAIOTCS OHU, KAK MOYKHO JI0-
raJlaTbCsi, CUMBOJIAMA and W Or, HO BBIYUCJISIOTCS IIPU ITOM IO OCOOBIM
npaBumwiam. Popma and BBIYUC/ISET CBOM apryMEHTBI [0 OJHOMY CJIeBa Ha-
pPaBO, U eC/Id 3HAYEHWEM O4YEepPEe/HOrO apryMeHTa OKa3ajach JIOXKb (T.e.
nil), BbIYUC/IEHUS HEMEIJIEHHO IPEKPAIAIOTCs, BO3BPALIAETCS JIOXKb; €CJIU
BCE apI'yMeHTbI BBIMUCIUINCH B NCTUHY, BO3BPAIIACTCS 3HAYEHUE NOCAEOHE-
20 apeymenma (3T0 He 0BSI3aTENIBHO t, BeJIb JIOMMIEeCKOH NCTUHON CINTAeTCs]
YTO yromHo, KpoMme nil). AnasormdubiM 06pa3oM paboTaeT U Or: OHA Bbl-
9UCJISIET CBOM apryMEHTBHI [0 OJHOMY CJIeBa HAIIPABO, W €CJIN OYepeHOe
3HAYEHWE — KMCTHHA, TO BBIYUCJIEHUSI IIPEKpaliarTcs, ¢popMa BO3Bpalla-
eT KaK Pa3 9TO IOCJIE/IHee 3HAUYEHUE; €CJIN YKE BCE BBIUNCIICHHBIE 3HAYECHS
OBLIN JIOKHBI, BO3BPAIIAETCS JIOXKb.

BaumaresbHBIN unTaTe/ b y2KE MOI 3aMETUTH IIOJBOX: Mbl HU pa3y He
HasBasi and 1 or PYHKIUAMEA. B camoM zeste, gyHryusmu OHA OBITH HE MO-
T'yT, B€JIb IIPU BBIYUCIEHUU (DOPMBI C BEI30BOM OOBITHOH (DYHKITNY JINCIT-BbI-
YUCJINTEJIb CHAYAJIA BBIYUC/ISIET 3HAYEHUs] BCEX apI'yMEeHTOB, U JIUIIb IIOCTIe
9TOrO HOJIyYaeT yIIpaBeHne coOCTBEHHO (DyHKITNS, TOT/a KaK [y and 1 or
BCE apryMEHThI, KPOM€ MEPBOTO, MOTYT TaK U OCTATHCS HEBBIUYNCJICHHBIMUI
(3TO BaXKHO, HAIIPHMED, €CJIN Yy HUX eCTh nobounvie sfherxmaut).

MoxHo paccmaTpuBaTh and n or Kak crenopmbl, XOTsi, Hanpumep, B cneyndu-
kaymn Common Lisp oHu 0bo3Ha4eHbl KaK BCTPOEHHbIE MAKPOChI; UX AECTBUTENbHO
MOXXHO peasin30BaTb Kak MaKpoChbl, NCnonb3yst basosyto cneydopmy if, o KOTopoi
peyb NOWAET HUXKe.
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s anam3a u cuHTE3a CTPYKTYP JAHHBIX, COCTABJIEHHBIX U3 TOUEYHBIX
nap (B TOM 9HCIIe CIUCKOB), JIUCH TOXKE COAEPIKUT sl BCTPOEHHBIX (DYHK-
uwmit. I co3manust HOBOM TOYEYHOI Hapbl UCIOJIB3YeTCs (DYHKIUS Cons,
OHa NIPUHUMAET JIBa apryMeHTa U BO3BpalllaeT TOUECUHYIO Iapy, COCTaBJICH-
HyIo u3 ux 3uadenuit. Tak, cimcok (1 2 3) MOXKHO COCTABUTH CJIETYIOIIIM
BBbIpa’KeHNEM:

(cons 1 (cons 2 (cons 3 nil)))

HazBanue cons mpoucxonuT ot cjioBa construct. VInTepecHo, 9YTO B aHT/INIM-
CKMX TEKCTaxX TOYEeYHbIE Iapbl 4aCTO Ha3bIBAIOTCA IIPOCTO COTMSES; MOXKHO
BCTPETUTHL 000POTHI Bpoze «the last cons of the list».

C wMeHaMHU JIByX OCHOBHBIX (QYHKIUN I GHAAU3G CIUCKOB BCE
HECKOJIbKO ciioxknee. DYHKINS car W3BJIEKAeT M3 TOYEYHOHN Maphbl 3HA-
qeHue JieBoit uacTh, GyHKius cdr — 3HadeHume mpasoit wactu. Ha-
npumep, BbipaxkeHue (car (1 2 3)) Bepuér 3HadeHuwe 1, BbIpaykKeHUe
(cdr (1 2 3)) — snauenne (2 3)8.

YT100bI NOHATB, NOYEMY ANS 3TUX PYHKLU UCMOb3YIOTCS CTOJIb CTPaHHbIE UMe-
Ha, HyXHO obpaTuTbcs k nctopum (cm. §11.1.1). Mawmntoe cnoso IBM-704 cocras-
nano 36 6uT, B posiv OonepaTUBHON NaMATU MCMOJIb30BAJNCh XPAHWIMLLA HA Mar-
HUTHbIX cepfedHnkax Ha 4096 siveek no 36 6uT kaxpast. Takux yCTPOICTB K OfHOIA
MaLLMHe MOXXHO BblIO NOAKIOHNTL HECKONbKO (HanpuMep, KOHKPETHbIN 3K3emMnsp
IBM-704, Ha koTopom pabotan [xoH MakkapTu, umen asa Takux banka namstn);
afpecHast wuHa bbina 15-pas3psgHoii, Tak 4TO TEOPETUHECKU MaLUMHa Moraa bbl pabo-
TaTb C BOCEMbIO 6aHKaMVI namMATU, HO HA NPAKTUKE K OAHOVI MallnHe CTOJIbKO NaMATHU
HUKOra HE NOAKII0Ya N BBUAY €€ JOPOroBM3HbI, Aa M NOTPebHOCTN B OnepaTMBHOIA
naMsTy B Te BPeMeHa DObian BeCbMa CKPOMHbLIMU.

MaluunHHble KOAbl, BCErAa 3aHUMaBLINE POBHO OAHY 36-OuTHYytO sueiiky namsTu,
UMenu ABa OCHOBHbIX hopmaTa — C 3-OuTHbIMK 1 12-BUTHBIMK KOZaMM onepaLuii.
Oba dopmaTta komaHg npegycmaTpusanm mecto gnsi 15-butHoro agpeca n 3-6butHoro
nons tag anst BbIGOPKM MHAEKCHBIX PErmcTpoB (CamMux 3TUX permcTpos BbiIo BCero
TPW, TaK YTO KaxkAblli 3 6GUTOB nons tag NoAk/toHan OAUH W3 PErUCTPOB; €CNN UX
NOAK/0HAI0Ch BOJIbLIE OAHOTO, NX COLEPXKMMOE 3a4EM-TO NOABEPranoCk NobUTOBON
ausbloHkumm). B komangax ¢ 12-6uTHbIM KOAOM Onepaumu nocse 3Toro oCTaBasioch
BCEro wecCTb CBO60p,HbIX 6VIT, ABa N3 HNX NCNOJIb30BaJINCb A1 HEKNX CbﬂarOB, HeTblpe
ocTaBanuck bes npnmeHennsi. [ns Hac cefivac HaMHOro MHTepecHee apyroit hopmat
KOMaHfbl, B KOTOPOM Ha KOZ onepauun oTBOAMIOCH Beero Tpu buta. OcTaswuecs 15
61T ncnosb3oBannck, 4TobbI 3a8aTb Hekoe 3HaveHme (Kak Mbl ckasanu bbl ceitvac,
«HEMOCPEACTBEHHbIN ONepaHA» ) NpsiMo B KOAe KomaHabl. B komanaax, paborasLumx
C afpecamu, 3TO MOJie UCMOJb30BaIOCh, YTODbI BbIYECTL €r0 U3 3HAYEeHUs afpeca, u
Ha3blBanoCb decrement.

KocseHHoli agpecaLm B COBPEMEHHOM €€ MOHNMaHNMN B Te BPeMeHa eLé He Obl-
N0, MO3TOMY B MPOrpammax LWPOKO WCMOMb30BaAICH MPUEM, HbIHE HEBO3MOXKHBbIIA
B MPUHLMNE — NPsiMasi MOAMMUKALMUS MALUIVHHBIX UHCTPYKLUA BO BPEMS UCMOJIHE-

8ECJ'II/I TYT YTO-TO OKa3aJIOCh HEIIOHATHO, CaMO€ BpeMd BEPHYTHCA YyTh Ha3ad U
BCIIOMHHUTDBH, YTO TaKO€ CIIMCOK U KaK OH CTPOUTCA U3 OTACJIbBHBIX TOYEYHBIX I1ap. IToka
HE 6y,ueT JAOCTUT'HYTO IIOHNMAaHHNE IIPOUCXOAAIEro, ABUraThbCd AaJIiblIIe CMBICIAa HET.
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Husi. K accembnepy npunaranace 6ubnmnoreka MakpocoB, BK/IOYaBLIAs B TOM YnC/e
CPeACTBa A5t aHaIN3a 1 MOAUNKALNN NHCTPYKLUUI B 0bonx popmaTax; B HacTHO-
CTW, MaKpoC AJisl U3BJIEHEHNs] aAPecHON JacTn nHCTpykuun (ans obonx dopmaTtos
VIHCTPYKLNU, MOCKOJIbKY afjpecHast H4acTb HaxXOAWIach B OAHUX 1 Tex e butax) Ha-
sbiBasnicst CAR (Contents of the Address part of the Register), a makpoc ans nsene-
YeHNs LEKPEMEHTHOW HacTW U3 UHCTPYKUMM C TPEXOUTHBIM KOAOM Ha3blBasICs, Kak
MoxHO poragatbesi, CDR (Contents of the Decrement part of the Register). Cnosom
« Register» B 3TOM KOHTEKCTe 0bO3Ha4anack, KakK HU CTPaHHO, sivelika namsTu. Pe-
rMCTPOB B COBPEMEHHOM noHuMaHuu Ha IBM-704 6bino wects — akkymynsitop (AC),
MHOXUTENb-AENNTENb (MQ), TPU WHAEKCHbIX pernctpa u pernctp ILC (Instruction
Location Counter), xpaHuBWwuii aapec Tekyleid (TouHee, creayrolel) MalUUHHON
KOMaHJbl; HO CaMO CJIOBO < PETUCTP» B TO BPeMsi eLué He Npuobpesno CTpororo yskoro
3HayYeHUs, NCNOJIb3YEMOrO B HALUW AHW.

Mockonbky ToudeuHas mapa npeacTaBnisieT coboli hakTUyecKn 3annucb U3 AByX
ykasateneii, cosgatensim Jlucna Bo rnase ¢ MakkapTn nokasanocb BMoJjiHe ecTe-
CTBEHHbIM pacnosiaraTb ABa ajpeca B OAHOﬁ A4elike NaMATU TOYHO Tak XKe, KaK pac-
noflarafiucb afpecHasi N AeKPEMEHTHAsi YaCTU B MALLUNHHbIX UHCTPYKLMUSIX C TPEXOUT-
HbIM OMKOAOM: KaK MUHUMYM 3TO MO3BOJISANIO MPUMEHSITH YXKE UMEIOLLNECS MaKPOChI
AN Manunynsuuii ¢ Yactamu 36-6utHoro cnosa. B yecTb 3Tux makpocos n HasBa-
NN INCNOBCKME pyHKLMKM car u cdr; BNPOYEM, ECNIN Y>X FOBOPUTbH COBCEM TOYHO,
M3Ha4asibHO 3TN ABe PYHKLMU NONPOCTY NPEACTaBAsIN COBOI POBHO TO XKe, HTO U
COOTBETCTBYIOLLME MAKPOChI, MOTOMY 32 HUMU U 3aKPENUINCh Ha3BaHUS MaKpPOCOB.
B nutepatype 4acto MOXHO BCTpeTuTb yTBEpXAeHue, 4To CAR u CDR — 3TO Ma-
WMHHblE KOMaHAbl U3 cuctembl komaHg IBM-704; kak Bngum, aTo He cooTBeTCTBYET
LeiCTBUTENbHOCTH, KOMaHA C TakuMu umeHamu Ha IBM-704 He Gbino.

B Pa3INHHbIX ANaNeKTax ﬂmcna HEOAHOKPATHO NpPeANnPUHNMANINCL NMOMbITKN U3-
6aBUTLCS OT CTONIb «CTPaAHHbLIX» UMEH byHKunii. Tak, 8 Common Lisp ecTb hyHkuum
first u rest, fenatolme poBHO TO XK€ CaMoe, a B APYrMX AMaseKkTax BCTpe4atoTcs
dyHKLuMM ¢ nmeHamu head n tail; noxoxe, 0fHaKo, 4TO NPOrpamMmMucTbl, paboTtato-
une Ha ﬂmcne, NONPOCTY HE XOTAT HW HA YTO 3aMEHATb car n cdr, paccMaTpuBas
ux (BmecTe co Bceii uctopuein npo IBM-704) kak Hekyto HacTb «KynbTypbl Jlucna»
N CBOEro pofa 3HaK COBCTBEHHON MOCBSILLEHHOCTH.

Ecmu mist mocTpoennst cnmcKa U3 HECKOJIBKHUX 3JIEMEHTOB BBIMTHCHIBATD
SBHO BCe BBI30BBI CONS, KOJ IIOJIy4aeTcs JOBOJIBHO I'DOMO3JKHII 1 HeEyJI0-
bounTaembliii. @yHKIMA 1ist MO3BOJISET C/Ie/IATH TO YKE€ CaMOe HaTJIsITHee:
OHA CTPOUT CIUCOK U3 CBOMX apryMenToB. Hampumep, Borancienne (popMbl
(1ist ’a ’b ’c) mact B KadyecTBe pe3ysbrara crucok (A B C).

IIpu pabore co cuuckaMu MOrYT OBITH IIOJIE3HBI HECKOJIBKO Npedura-
moe, T.e. QYHKINA, MPOBEPAIONTNX HEKOTOPOE YCJIOBUE W BO3BPAITAIONINX
Jorndeckoe (McTUHHOCTHOE) 3HadeHne. PyHKuug listp mpoBepsier, sBJis-
€TCsl JIM €€ eJIMHCTBEHHBIH APTyMEeHT CIUCKOM (BO3MOXKHO, IIYCTBIM): BO3-
BpalaeT t JjId MPOU3BOJIbHBIX TOYEYHBIX I1ap U aToMa nil, B IPOTHUBHOM
ciy4ae Bo3BpamaeT nil. OyHKIMS atom BO3BpAIAET UCTUHY, KOT/Ia €€ ap-
TYMEHT — aTOM, TO €CTh e Todeunas mapa. Oyakiums null mposepsier,
SABJISIETCST JIX €€ apTYMEHT MyCTBIM CIIMCKOM; Ha CAMOM JieJie OHa padoTaeT
TOYHO TaK Ke, KaK 1 not, HO JJId HATVIAJHOCTHU B CIydadX, KOTAA IO CMBICITY
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UMeeTCsl B BU/ly UIMEHHO IIPOBEPKA CIIUCKA Ha I[yCTOTY, JIy4llle HCII0JIb30BaTh
uMd null.

IIporpamvupoBare Ha Jlucme coBepireHHO HEBO3MOXKHO 0e3 onepa-
yus!lycaoerasycnoBubix oneparuii, npudém, noxoxke, Makkapru mpuy-
MaJI YCJIOBHYIO olepariuio nepBbiM. [1o3:ke 3Ta omeparus BOIILIa BO MHOTHE
SI3BIKK TporpaMMupoBanust, B ToM uncie B Cu u Cu++ — 310 Ta camas
TepHapHas Olepaliud, 3allicblBaeMasl depe3 3HaK BOIIpOca U JIBOETOYHE.
B Jlucrie Ta ke omeparus 3ajaércs clenuaabHoit ¢popmoit if. Dra crerr-
dbopma npuHEMaeT Tpu apryMenTta ([IOCJIeIHU MOXKHO OILYCTUTD ), BHIUUC-
JIdeT HePBBLIA U3 HUX, 3aTeM, €CJIM IIOJIy4YUI0Ch YTO-TO, OTIMYHOEe OT nil,
TO €CTh UCTHUHA, BBIUNCJSAET BTOPOU apryMeHT, €Cid Ke pe3yJIbTaTOM BbI-
YHCJIEHNs IIEPBOIO CTajia JIOXKb (nil), To BeIYuCsgeT TpeTuii aprymest. Pe-
3yJIBTATOM BBIYHUCJIEHUsT BCeil (DOPMBI CTAHOBUTCH PE3YJIBTAT BBIUUCICHUS
BTOPOT'O WJIM TPETHETO apryMenTa. Ec/iu TpeThero apryMenTa HeT, & IPU BbI-
YHUCJIEHUN TIEPBOTO MOJIYYIMICST nil, pe3yabTaToM BCeit (POPMBI CTAHOBUTCS
nil. Haopumep, dpopma

Gf G x0) (£fx (g (-x))N

JJISL CTPOTO TIOJIOXKATEBHBIX 3HAUEHNUH 2 BBIYUCIUT 3HauUeHue f(x), a Juist
HEIOJIOKATEIbHBIX — 3HadYeHne g(—).

Kak HEH cTpaHHO, IPOrpaMMHCTBI, TUIIyIHEe Ha JIucie, MCIOIb3yI0T
dopmy if oUeHb peKo, TPAKTUIECKU BCEr/Ia IPeodnTas eif 6osee Caox-
HBIM, HO u 0oJiee YHUBEpPCAIbLHBI BapWaHT BETBJIEHUS, MPEICTABICHHDBIN
crieripopmoit cond?. Drta GopMa II03BOJISIET OPraHU30BATH BETBJICHHE HA
IIPOM3BOJIBHOE KOJIMYECTBO CJIy4YaeB, IOJI0OHO oleparopaM BbIOOpa — mac-
KaJIeBCKOMY case U switch u3 Cu; KpoMme TOro, Jiist KaxKI0ro BapUaHTa BbI-
60pa MOXKHO yKa3aTh MOCJIEI0BATEIbHOCTD U3 TPOU3BOILHOTO KOJTMIECTBA
dopM, TOJIEXKAIIMX BHIIIOJHEHUIO.

®opma cond 061a/1a€T TOBOIBHO XUTPOH CTPYKTYpoit. [lepBbiM 3s1emen-
TOM (DOPMBI, €CTECTBEHHO, CJIY?KUAT CUMBOJI cond; BTOPOI U MOCJIELYIOITIE
3JIEMEHTBI JIOJIZKHBI IIPEJICTABIIATE COO0# CIIUCKU, HAa3bIBaeMble cond-IpeJ-
Jsoxkerusimu (cond clauses), Koropble OYyT PACCMATPUBATHCS OIUH 34 JIPY-
UM, Ha9YMHAS C mepBoro. Kaxkoe mpemiozkeHne B CBOIO O9€PEIb COCTOUT
W3 BBIYUC/IMMBIX BBIDAXKEHUI; MEPBbI 3JIEMEHT IPEJJIOKEHMUs BBIUNC/Is-
€TCsl B KauecTBe YCJIOBHs: €CJIM DE3yJbTaTOM CTajla UCTHHA (YTO YTOJHO,
kpome nil), To cond 6wvlbupaem TO NPEJIOKEHNEe, B IIPOTUBHOM CJLydae
OH IEPEXOJIUT K PACCMOTPEHUIO CJIEAYIOIMIEro IpejioXKenns. Keam Ha of-
HO U3 TPEJIOKEHUN He OBLIO BBIOPAHO, Pe3y/IbTaToOM Beeilt opmbl cond
cranoBurcs nil. Eciam ke omHO U3 NMpeyioXKeHUil MOIOINIIO, TO €CTh €ro
3arJIaBHBII 9JIeMEHT BBIUYUC/IUJICS B UCTUHY, TO OCTaJIbHBIE (POPMBI U3 ITOTO
MIPEJIJIOYKEHUsI, €CJTH TAKOBbIE €CTh, OY/IyT BBIUUCIISITHCS OJHA 3a JIPYToii, a

9CTporo roBops, NP HAJIHYHH MaKpPOCOB (bopMa cond MOXKET GBITH pean30BaHa
4yepe3 if B BHJE MaKpOCa; KaK CJIEJCTBHE, B OOJBIIMHCTBE peaju3anuii cond — 310 He
crreriopMa, a BCTPOCHHBIR MaKpPOC.
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pe3yabTaToM Beero cond OyieT 0O0bSIBICH PE3YIbTAT BBIYHCJIEHUS TOCIEI-
Heil u3 HuX. Ecyin npeyiozkeHne coCTOs1I0 TOJIBKO U3 3aIJIaBHOI'O 3JIEMEHTA,
pe3ysibraToM cond OyJeT pe3ysIbTaT BbIYUCJIEHHUS STOIO JJIEMEHTA.

Yacto B nocsegaeM npeiozkerHnn popMbl cond 3aryIaBHBIM 3JIEMEHTOM
CTaBsAT aTOM t; TaKoe IpeJIozKeHne CpabaThIBAET, €CIM HU OJIHO U3 IIPEIbl-
JIYIIUX He BBIOPAHO — aHAJOIMYHO else U3 aCKaJeBCKOIO case MJIN MeTKe
default u3 omeparopa switch s3eika Cu.

Tax, BMecTo npuBe/I€HHOM Bbile (OpMbl if MOKHO HaIHMCATh:

(cond
(> x 0 (£ x))
(t (g (- x)))

[Touemy mporpaMMuUCTBI Jalle BCErO IPEAIIOYUTAIOT UMEHHO TaK U IHCATh,
JTayke ecJIM BeTBeil BCEro Be W B KaXKJI0# POBHO ofHa opmMa — BOIIPOC, HA
KOTOPBIIl aBTOP 9TUX CTPOK OTBETA HE HAIIEI.

B zaBepimrenne pa3roBopa 0 BCTPOEHHBIX BO3MOXKHOCTAX Jlmcra orm-
€M TIPeIUKATHI, IPeTHA3ZHAYCHHBIE [JIsI CPA6HEHUSA TIPOU3BOIHHBIX BbIPA-
xkenuii. CaMblii IPOCTO# W3 HUX — €q: OH BO3BpPAIae€T WCTUHY TOTIA ¥
TOJIBKO TOTJ[a, KOT/1a 002 €ro apr'yMeHTa IIPY BbIYUCJIEHNN JAI0T (DU3UIECKH
OJIMH U TOT K€ O0BEKT — He JIBA OJMHAKOBBIX, & OJUH U TOT 2Ke. ['apanTu-
pyeTcst 3T0 OOBIYHO TOJIBKO JIJIsi CAMBOJIOB: JBYX CHMBOJIOB C OJMHAKOBBIMU
UMEHAMH B CPeJIe BBIIIOJHEHUs ObITh HE MOKET.

IIpenukar eql 4yTh CiIOKHEe: OH BBIJAET UCTHHY B TEX K€ CJIyUasX,
9TO U eq, HO B JIOIOJIHEHHE K ITOMY — €IIE U ecjau 0Da ero apryMeHTa
[PEJICTABISAIT COOOH OJTHO M TO K€ YhCsI0 (OJHOrO THIA) WU OJUH U TOT
ke asiaBuUTHBIN cuMBoI. Kak HE CTpPaHHO, PeajbHO CYIIECTBYIOIINE Dea-
sm3aru Jlucma 9acTto JearT Tak, 9YTO BO BCEX CJIyUasX, KOI/a JBa 00b-
€KTa PaBHBI B CMbICJIE eql (HAIpuMep, pe3y/bTarThl Bbraucyaenus (+ 5 7) u
(- 14 2)), oHu OKa3LIBAIOTCS PABHBI TAKXKe U B CMBICJIE €q. B HEKOTODBIX
MAJIEKTaX OIMHAKOBBIE CMPOKU PABHBI B CMBICIIE eql, maxe ecyn 310 u-
3UYECKH pasHble 00beKTHI (JiBe Kommu ool crpoku), Ho B Common Lisp
9TO HE TaK.

Ciremyer oOpaTuTh BHUMAHUE, ITO €ql — 9TO HE TO YKe caMoe, ITO apud-
MeTHueckoe cpasHerue (cuMBoi =). Tak, uncsa 2 u 2. 0 paBHbI B apudMern-
YEeCKOM CMbICTIe — BhIpaxkenue (= 2 2.0) 1acT UCTUHY, HO 9TH JIBA THCIA
He Oy/IyT PaBHBI HU B CMBICJIEe eql, HU TeM Oojiee B CMBIC/IE €q, TOCKOJIbKY
9TO COBEPIIIEHHO Pa3Hble 00bEKTHI, UMEIOINE PA3HbIE TUIIHI.

Haubonee coKHBIM MOXKHO CYMATATh IIPEIUKAT equal: KpoMe cpas-
HeHusl OOBbEKTOB B CMBIC/IE eql, OH Tak:Ke CpaBHUBaeT (PEKYPCHUBHO) UX
MOIOOBEKTHI: JIEBYIO U MPABYIO YACTH TOYETHON Maphbl, COOTBETCTBYIOIIIE
3JIEMEHTBI MACCUBOB OJIMHAKOBOM JIJIMHBI U T. II.
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W3 nasibHeiIero TeKcTa Mbl Y3HAEM €I1é HEKOTOPOE KOJUIECTBO BCTPO-
ennbix B JIucm crendopm n GyHKIM, HO TTOKa Pa3roBOp O HUX 3aKAHTHU-
BaeM — [IJIsi IPIMEPOB HAM XBATUT TOTO, UTO YK€ BBEJIECHO.

11.1.5. ITosb3oBaTebckue PyHKIUN

ITporpamma Ha Jlucie npejcrapisier coboii mMocje 0BaTe/IbHOCTD POPM
eeprHezo ypoens (auri. top-level forms), KOTOpble B XOJ€ BBIIOJIHEHUS
[IOCJIeIOBATEILHO BBIYHUCJISIIOTCS OfHA 38 Apyroit. OObIYHO OOJIbINAsT IaCTh
3TuX (POPM IPECTABISAET COOOH OMMCAHMUS DYHKITHAH.

st onucanus dbyHKIMH, UMeOIeil uMst (B BUe CAMBOJIA), IIPUMEHSAET-
ca crenpopma defun'®. BropsIM 3;1eMeHTOM 3TOMH (DOPMBI CTABAT CHMBOJL,
KOTODBIit OY/IeT CJIy?KUTh UMEHEM JIjIsi HOBOU (DYHKITUH; TPETUH JIeMEHT —
CIUCOK (DOPMAJIBHBIX MAPAMETPOB, TO €CTh, OISITh YK€, CHMBOJIOB, KOTOPBIE
MIOC/IY2KAT B Tejie (DyHKIIMU UMEHAMU, CBSI3aHHBIMU CO 3HAYEHUSIMU (DAKTHU-
YeCKUX IapaMeTPOB, YKa3aHHBIX 1P BbI30BE; Jlajiee OIUH UJIU HECKOJIBKO
3JIEMEHTOB TIPEICTABIISIOT CODOI TeI0 (DYHKIMH — IPOU3BOIbHBIE (POPMBI,
KOTOpBIE CJIEYeT BBIUHUCJINATH; 3HAUYEHHEM (DYHKIIUA ABTOMATUIECKH CTa-
HOBUTCsI 3HAYEHUEe, BO3BPAIEHHOE IIOC/e Hell u3 stux ¢opm. Hamnpumep,
creyromast QyHKIUs BEIYACSIET JUCKPUMUHAHT KBAIPATHOTO YPABHEHUS:

(defun sqe-det (a b c)
(- *xbDb) (x4ac)

31ech sqe-det — uMst PYHKIWH, CHMBOJIBL &, b 1 ¢ — dhopMasibHbIE Tapa-
MeTphl, Beipaxkenne (- (* b b) (¥ 4 a c)) — TeJo, COCTOSIIEE B JAHHOM
cydae u3 OJHOM (POPMBL.

CrenaeM ofHO BakHOe 3aMedanue. B orimmame or dyHKImit u dopwm,
paccMOTpEHHBIX HAMK pamHee, popMma defun nMmeer mob0UHbI 3P PEKT:
OHA CBSI3BIBAET CUMBOJI — MMsI QPYHKIUA — C OObeKTOM (DYHKIAM, U ITa
CBA3b, PA3YMEETCs, IPOIOJIZKAET CYIIEeCTBOBATH IIOCJE TOr0, KAK BBIUNCIIE-
are Gpopmbl defun yke 3aBepIIeHo.

Paccemorpum Gostee ciioxkubiil pumep. Cirreayroriast (DyHKIUS BBITHC-
JgeT JInHy crnucka (Mbl Ha30BEM eé lengthl, MOCKOJIBKY B GOJIBIINHCTBE
peasmsanuii Jlucna dyukuusa length Berpoena):

(defun lengthl (1st)
(cond
((null 1st) 0)
(t (+ 1 (lengthl (cdr 1st))))

10Cormacuo crermudukanun Common Lisp, defun — 9T0 BCTPOEHHBI MaKpoC; Iepe-
YHUCJISITh IPUMUTHUBBI, 9epe3 KOTOPbIE OH Peajin3yeTcsi, Mbl He OyIeM.
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Bazucom pekypcum Mbl 371eCh BBIOpAJIM CJIydaii IIyCTOrO CIUCKA, IIPU ITOM
GbyHKIINA BO3BpAINAET HOJIb; BO BCEX OCTAJIBHBIX CJIYYAAX MBI BBIYHCJIAEM
JJIMHY XBOCTA HAIMETrO CIMCKA W MpUOaBJsieM equHUIly. Y 9TOH peasn3a-
U €CTh OIPEJICJEHHBII HEJOCTATOK: €CJIN JIATh €l TapaMeTPOM TOYEeYHbIH
CIUCOK (HAIIOMHKM, 9TO TAKOM CIMCOK, KOTODbI 3aKAHINBAETCS IEM-TO OT-
JITYHBIM OT nil), Hpou30iAeT omubKa. ITOT HEJAOCTATOK JIEIKO UCIPABUTD,
3aMEeHHUB BBI30B IIpeauKaTa null Ha atom:

(defun lengthl (1st)
(cond
((atom 1lst) 0)
(t (+ 1 (lengthl (cdr 1st))))

Obe Bepcun cbyHKLNUN MOXHO NepenncaTb Boobue 6e3 cond, ncnonbsys bonee npo-
cTyto cpopmy if:

(defun lengthl (1st)
(if (atom 1st) O (+ 1 (lengthl (cdr 1st))))

[MprmeHsTL Takoli BapuaHT uan BCerga ncnosib3oBath cond — pellaiiTe camu.

B rakom Buzme dyukiusa Oymer cumtarh Jir000 aTOM CIIMCKOM HYJIe-
Boii jymmabl. [ompobyeM HammcaThb Takoil BapUAHT, KOTOPBIA Oyjaer jist
CIIUCKOB (B TOM 4YHCJIe TOYEYHBIX) BO3BPAINATh UX JJIUHY, TO €CThb KOJIH-
9eCTBO 0OPA3yIOMUX CIUCOK TOYEUHBIX Iap, IS IyCThIX CIHUCKOB — 0, a
JIJIsI IIPOU3BOJIBHBIX aTOMOB — CIIEIHAJIbHOE 3HaYeHHe, B POJIU KOTOPOro y
Hac BeicTynuT nil. Takast peaju3ariust OKazKeTcsl HECKOJIbKO CJIOXKHEE, 3aT0
MBI CMOYKEeM IIPOJIEMOHCTPUPOBATD, KAK BBIMVIAAUT cond DoJiee 4eM Ha IBa
MIPEJIJTOZKEHUST:

(defun length2 (1st)
(cond
((null 1st) 0)
((atom 1st) nil)
((atom (cdr 1st)) 1)
(t (+ 1 (length2 (cdr 1st))))

Takoe mocTpoenune (byHKIMHU, KOT/Ia TEJIOM BbICTyIaeT (opma cond, mjis
JII/ICIIa. TUIINYHO. PeKprI/Iﬂ B 9TOM 43bIKE BI)ICTyHaeT B pO.HI/I OCHOBHOI'O
WHCTPYMEHTA, & MPHU PEKYPCHH, KaK MbI 3HAEM, TPeOYeTCsl BbIJeIeHUe eé
bazuca; KpoMe TOro, 9acTo Tpedyercst 00paborarsh 0coObIe CIydan, KaK 9TO
IIOJIy9MnJIOCh B HallleM IIPpUMeEpeE.
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B §9.2.4 MBI 101poOHO 0OCYANIN OITUMUABAIIIO OCTATOYHONU PEKYPCUH,
¢/lesiaB 3aMedanne, 9To Jist a3bika CH Takas ONTHUMU3AINS TeXHUIECKN
BO3MOXKHA, HO TIOYTH HUKOTJA HE IMIPUMEHSIETCS, TOCKOJIbKY MOYXKET IIPUBe-
CTH K TPOUTPHINLY B ObICTpOAeiicTBAM, TIPU 3TOM peKypcusi B Cu UCIIOJb-
3yeTcsd He cTOIb akTuBHO. g JIucna curyarus npsMo IPOTUBOIIOJIOXKHA!
pPeKypcust 37eCh UCIOJIb3YETCS TOBCEMECTHO, IIPU STOM BBI3OBLI (DYHKITHI
¥ UX WUCIIOJIHEHHE PEAJM30BAHBI TAK, UYTO ONMTUMU3AINS OCTATOYHON PEKyP-
CHUU HE TOJILKO HE CHU3UT ODIIEro ObICTPOJEHCTBUS, HO MOXKET €ro JIaXKe
MTOBBICUTD.

Bce mamm peasmmzarnuu moyicdéTa JIMHBI COUCKA HAITUCAHBI TaK, 9TO
PEKypcHsl B HUX HE SIBJISIETCS OCTATOYHON — IIOCJI€ PEKYPCUBHOTO BBI30BA
MIPUXOJIUTCS IME MPUOABJISITh eJMHUILY K MOy YeHHOMY pe3yiibrary. Crocob
60OpBOBI ¢ 9TOI TTPOOIEMOil HAM yIKe M3BECTEH: 3aJefiICTBOBATD HAKANAU-
sarowuti napamemp (cum.§9.2.4). Iepermmmenm dysxmio length2 Taxk,
9TOOBI OHA, JIOIYCKAJIA ONTUMUIAIIIO OCTATOYHON PEKYPCHH:

(defun length2_do (lst len)
(cond
((atom (cdr 1st)) len)
(t (length2_do (cdr 1lst) (+ 1 lemn)))

)
(defun length2 (1st)
(cond
((null 1st) 0)
((atom 1st) nil)
(t (length2_do 1lst 1))

Texnnka ¢ HAKAIJIXBAIOIIIM IIAPAMETPOM, KAK MbI 3HAEM, HYKHA He TOJIHKO
JIJIs IPEBPAINEHUsT peKypcuu B octaTounyo. Hanmpumep, GyHKIHIO, «1mepe-
BOPAYUBAIOILYI0» CIIMCOK, 63 HAKOIUTEJIsI B IIPUHIIKUIIE JIOCTATOYHO TPYIHO
peaJin30BaTh, TOIJA KaK € ero UCIOJIb30BaHUEM peasd3aliis OKa3blBaeTCd
TPUBUAJILHOMN:

(defun reversel_do (1lst res)
(cond
((null 1st) res)
(t (reversel_do (cdr 1lst) (cons (car 1lst) res)))

)

(defun reversel (1lst) (reverse_do 1lst ()))

Hampumep, mnsa crmmcka (1 2 3) dyuknusa reversel_do Oyer BbI3BaHa
[IOCJIEIOBATEILHO CO CJIEIYIOMIMME [TaPAMUA APTYMEHTOB:
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123 0
23

3 2 1)
O (321)

— ¥ TIOCJIeTHUI BBI30OB BEPHET CBOI BTOPOH IapaMeTp B KadeCTBE Pe3yiIb-
TaTa.

11.1.6. Pazpymiaromniue dyHKIum

Kak mb1 o6cyxau B §9.1.3, npu onucanny (PyHKIMOHAJIBHBIX SI3bI-
KOB TIPOrPaMMHUPOBAaHUST BMECTO TEPMUHA «MOAUMUIIUPYIOIIEe JIeliCTBHE
OOBIYHO UCIIOJIL3YETCsl TEPMUH «padpywatousee deticmeues (unu pas-
pywarowas onepayus u T.1.). HalloMHAM, 9TO IpUMepaMu Takux Jiefi-
CTBUY CJIy?KAT BBOJI-BBIBO/I, & TAKYKE XOPOIIIO 3HAKOMOe HaM 110 [Tackaitio u
Cu npucsausariue.

Pazymeercs, mobast peanusarus Jlucna mpeycMaTpuBaeT CpeJjicTBa
BBOJIa-BBIBOJIA, HO 9TUM ACCOPTUMEHT DA3PYIIAIONINX JEHCTBUI HEe mcUuep-
nbiBaeTcd. ['oBops o cumBosiax Jlucna, Mbl HEOTHOKPATHO YIIOMUHAJIN, YTO
OHHU MOTYT HCIIOJIb30BATbCSI B POJIM IIEPEMEHHBIX; OOJIBIIE TOIO, MbI JTaXKe
BUJIEJTH UX B 9TOM POJIM, HO MOKA TOJIBKO B CIEIU(MUIECKOM Caydae (op-
MAALHBLT NAPAMEMPOE NOAL30GAMENCKUL PyhKkyuld. TIpu TaKOM UCTIOhb-
30BaHUU [IEPEMEHHAs CBA3BIBAETCS CO CBOMM 3HaYCHIEM — (PAKMUECKUM
napamempom GyHKUuY — HEOCPEJICTBEHHO [I€peJT BBITOJHEHIEM TeJIa
dbyHKIINA, a 10 3aBEPIIEHNN BBIOJTHEHUS TeJa CBA3b (POPMAJIBLHOTO mapa-
MeTpa ¢ (pakTHIeCKUM 3HaUYeHneM ncae3aer. B sizbikax Bpoje [lackass u Cu
dopmasbHbIE ApaMeTPhl IPEJICTABIAIOT COOOI JIOKAJIBHBIE epeMEHHbIE,
TaK YTO IOJIyYeHHe MU 3HAYEHUI IIPU CTapTe IIOIIPOrPAMMBI (IIPOIELy-
pbl win GYHKIMU) HE OTHOCUTCS K Pa3pyLIAIONIMM JEHCTBUAM: B CAMOM
Jiesie, pedb 37ech UAET He 006 M3MeHeHUH (Pa3pyIIeHUN) 3HAYEHHs CyIe-
CTBYIOIIEH ITepeMeHHOMH, & 0 (JOPMUPOBAHUH HAYATHLHOIO 3HAYEHUST JIJIsT TIe-
PEMEHHO#1, KOTOpasi BOT TOJBKO Cefiuac HAYMHAET CyIIeCTBOBaTh. Kak MbI
YBHJIMM I103Ke, AaHAJIOTUYHAs CUTyalldsi UMeeT MECTO U B OOJIBIIIUHCTBE CO-
BpeMeHHBIX peasm3anuit Jlucma: cBszpiBanne (HOPMAIBLHOTO MapamMerpa C
ero (pakTUIeCKUM 3HAYCHUEM HAYEro He pa3pyIlIaeT U He M3MEHSIET.

DopMaJjibHO IOBOpsi, TIOKa MbI Bujeau B Jlucie Jidib oHO paspylia-
omee JieficrBue: Boruucienue dpopmbl defun (onsrb-raku, ¢ cyry6o ¢op-
MAJIbHOM TOYKM 3PEHHUSI) USMEHAEM CBI3aHHYIO ¢ CUMBOJIOM (DYHKIIUIO, U
TO, 9TO B OOJIBIITMHCTBE CJIy4YaeB JO BbI30Ba defun ¢ CUMBOJIOM HHKAKOM
byHKINN cBA3aHO He ObLTO, (POpPMATLHO CUTyarnio He menser. Ha Taxoit
BapHaHT pas3pyllaiolieil onepanu MOYKHO He OOpaIliaTh BHUMAHUS, BEIb
0OHApPYXKUTh, 4TO defun peayibHO YTO-TO MOAUMPUIMPYET, MOXKHO JIUIIb B
CJIydae, eCJIiM Mbl HAUHEM BBIYUCIISATH KAKMe-TO MIOCTOPOHHUE (DOPMBI PaHb-
e, yeM OymyT BhIYUC/IeHBbl Bece defun’pl; B MOHABJIAIONIEM OOJIBITAHCTBE
MIpOrpaMM HUYEro mojo0HOro He mpowucxonut. Ho TO, 9T0 MBI He BUIEIN



338 Hepaszpymaromue napaurMbl

JPYIUX pa3pylIaioniuX JIeCTBUI, OTHIO[Ib He O3HAYAET, 4TO UX 3J1eCh HET:
B Jlucme mpuUCYTCTBYeT HE TOJBKO NpUCBaWBaHUe (BKJIIOUAs [IPUCBANBA-
HUe 3HAYeHUIl 1VI0BAJBHBIM IIEPEMEHHBIM), HO U CPEACTBA, [MO3BOJIAIONIIE
MOIM(UIITPOBATE CYIIECTBYIONINE S-BbIPayKeHUsI, B TOM YHCJE U3MEHSATH
CITMICKU.

Haunéwm ¢ npucBanBanus. B Jlucme ono genaercs ¢ moMormpio cuerdop-
MBI setq; OyKBa q B HA3BAHUU IIPOUCXOJIUT OT CJIOBA quote U yKa3bIBAET HA
TO, YTO IEPBBIil apryMeHT (GopMbl setq Kak Obl HESBHO <«3aKBOTHPOBaH»
(qem-To BpOse bopmbl quotell), To ecTh He BBRIUmCTAETCs. V3HAUAIBHO
dopma setq mpemoaraia aBa apryMeHTa: CUMBOJI, 3HAYEHUE KOTOPOIrO
U3MEHSIETCsI, U COOCTBEHHO 3HAYEHUE; MEPBBI apryMeHT He BBIUUCIISIETCS,
BTOPO#, €CTECTBEHHO, BLIUUC/ISETCS, WHade ObLIo Obl He mHTepecHO. Ha-
npumep, (setq x 25) mpucBamBaeT IMEPEMEHHON X 3HavUeHUe 25; ecyiu mo-
cie sroro caenarb (setq x (+ x 1)), ¢ ToOi Ke IEPEMEHHON OKaXKeTCst
CBA3aHO 3HadeHue 26.

[ns nonHOTbI KapTUHLI CAenaeM ABa 3amedaHusi. Bo-nepsbix, B cneundukaumm
Common Lisp, a Bcrnea 3a Heli — u B bonblunHcTee peanusauuii bopma setq npu-
HUMaET Npon3BoOJibHOE ‘-I.e'THOe KOJINHECTBO NMNapaMeETPOB; NEPBbIM, TPETbUM, NATbIM
W T. [, NapaMeTpaMm yKasbIBalOTCS MMEHa MEPEMEHHbIX, a BTOPbIM, YETBEPTbLIM, Lue-
CTbIM U T. 4. — MpuUcBauBaemble 3HadeHusi. bonbwe Toro, Common Lisp Hapsigy ¢
cdopmoint setq BkaovaeT ewé u dhopMy psetq, KOTopasi fenaeT BCE TO XK€ CaMoe,
HO «Kak ByaTo napannenbHo» — TO e€CTb OHa CHadasa BbIYUCASIET BCE MPUCBau-
BaeMble 3Ha4YeHnsA (T.e. €CNN B HUX NCNOJIb3YHOTCA 3HAYEHUA NEPEMEHHbLIX N3 4ncia
NPUCBaNBAEMBbIX, TO UCMOMb3YIOTCS UX CTapble 3HAYEHUS ), U LWL 3aTEM NPUCBaNBa-
€T BbIYUC/IEHHbIE 3HAYeHNs1 nepeMeHHbiM. Hanpumep, (psetq x y y X) nomeHsieT
MeCTaMm 3HaYEHUs! NEPEMEHHBIX X U .

Bropoe 3amedaHue He cTonb 04eBUAHO. B HekoTopbix (OTHIOAL HE BO BCEX) Cy-
LLECTBYOLWNX peann3aumnsax NpuCcBanBaTb 3HAYEHNA PA3PELLAETCA TOJIbKO JIOKAJIbHbIM
NepeMeHHbIM, a TakXe TeM rnobanbHbIM, KOTopble 3apaHee obbseieHbl. K peanu-
3auMsiM, KOTOpble 3TOro TpebytoT, oTHocuTcs, Hanpumep, SBCL, HO He oTHocsTCs
GCL, ECL un CLISP; nocnegHvne mMonya nossonsitoT NpucBamBaTh 3HAYEHUs JOObIM
cumBonaMm, Ttorga kak SBCL BbIgaét npefynpexpaeHune, €Cim nonbITaTbCst NPUCBO-
UTb 3HayeHne HeobbsiBNEHHON rnobanbHoli nepemenHoii. ObbsiBNeHne genaertcs ¢
nomowbto opmel defvar — Hanpumep, (defvar *myglobvar* 100) obbsiensiet
rnobanbHyIO MEPEMEHHYIO C MMEHeM *myglobvar* n HadanbHbIM 3HadeHuem 100.
3Bé3g04Kun, obpamAasiiowme UMs — 3TO AaHb Tpaguuum; xoTts Jlucn aToro He Tpeby-
€T, CHUTAETCSA, 4TO robasibHblE NEPEMEHHbIE HYXKHO Ha3blBaTb WMEHHO Tak, 4TODbI
OHW BbIAENANNCE N3 06u.gero TEeKCTa.

OTmeTum, 3aberas Bnepén, 4To defvar He TONBKO «0OBABASETY rnobanbHyto
NEPEMEHHYIO, HO N YCTaHaBAWBAET ANS CUMBOJMA, C/YXaLLero eé UMeHeM, JguHamMm-
HecKuii peXxum CBs3bIBaHUsI;, NoApobHoe 0bCyXAeHNe 3TOro y Hac Bnepean.

SHadeHre CUMBOJIa — JIAJIEKO He eJIMHCTBEHHOE, YTO MOYKET ObITh M3Me-
ueno B Jlucne. Emé B pannux nuajgekTax MOABUINCH (DYHKIUH, TIO3BOJISIO-

HUKax MbI yBUINM TI037Ke, HA CAMOM Jejie TpuMeneHne (hopMbl quote HAC ObI, Kak
TOBOPUTCSI, HE CIIACJI0; HO YTOOBI IIOHSITH NPUYUHY STOTO, HY>KHO IPEJCTAaB/IATH, KakK
paboTaloT JIEKCHYIECKHEe KOHTEKCTEI, Pa3rOBOP O KOTOPBIX y HAC BIEPEIN.
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e U3MEHUTB JIEBYIO U IIPABYIO YaCTH CyIIECTBYOIIEH TOYETHON Taphl; 3TH
yHKIMH, CYIECTBYIONHE 0 CUX 10D, TPAJUIIMOHHO HA3BIBAIOTCS rplaca
u rplacd (replace car, replace cdr). Hanpumep, eciiu Mbl 110CI€J0BATEILHO
BBIYUC/IIM (DOPMBI

(setq x (1 2 3))
(rplaca x 10)
(rplacd (cdr x) 30)

— TO CIHUCOK, BBICTYIAMOIINN 3HAYeHWeM X, craHeT Takmm: (10 2 . 30).
WNurepecno, uTo camo 1o cebe 3HAYEHIE IIEPEMEHHOIT X, TO €CTh TO, YTO (Hu-
3UYECKU XPAHUTCS B OObEKTE X, MBI IIPU 9TOM HE M3MEHWJIN: IIePEMEHHAS X
B KaUeCTBE CBOEIO 3HAUEHHUSI IIO-TIPEXKHEMY CChLIAETCS HA TY 2Ke caMylio (To
ecTh pusuecky Ty ¥Ke CaMy0) TOYeTHYIO Hapy, IPOCTO JieBasi YacTh TOM
TOYEYHOU Iapbl 3aMeHeHa 3HadeHueM 10, mpaBad ocTajiachb IpPEXKHEH, HO
9TO TOXKe TOUYeYHad I1apa, U BOT €€ IpaBasd 4acTh 3aMeHeHa 3HadeHueMm 30.
Ewmé 6osiee crpannblit 3¢hpdeKT MOy IuTCs, eCIM CAe/iaTh TaK:

(setq ¢ >(1 2 3))
(rplacd (cdr (cdr c)) c)

Beipaxkenne (cdr (cdr c)) Bo3Bpamaer mnocaedH10l0 TOYETHYIO APy
crimcka (1 2 3) — Ty, TJ7ie caeBa CTOUT 3, a CIpaBa — IIyCTOH CIucoK. Bor
9TOT CaMbIil IyCTOH CHUCOK (yHKINs rplacd B HAIIEM IPUMEDPE 3aMEHUT
Ha 3HAYEHUE MMEPEMEHHON C, T.€. Ha CaM WUCXOIHBIN CIIMCOK — TOYHEE, Ha
CCBLJIKY Ha IIEPBYIO €ro TOYEYHYIO mapy. Pe3yjbraToM CTaHeT «3aKOJIbIo-
BaHHBINY (WK YuKAUYECKUT) CIUCOK; OH IIO-IIPE’KHEMY COCTOUT U3 TPEX
TOYEYHBIX [1aP, HO ITOCJIE/IHssT M3 HUX CBOEH MPaBOil 9aCThIO CCHLIAETCS HA
nepsyto. [Ipu monbITKe HaneYaTaTh TAKOM CIHMCOK HEKOTOPBIE MHTEPIIpeTa-
TOPBI, PEAIN30BaAHHbIE IOCTATOYHO XUTPO, BBIIAIOT YTO-TO BPOJIE

(123123123123123123123123

¥ OCTAHABJIUBAIOTCS, HO OOJIBIIIMHCTBO, YBBI, HE CTOJIb «COOOPA3UTE/IHHBI»
1 IPOJIOJIZKAIOT IledaTaTh IoBTOopdionieecsd «1 2 3», IIOKa UX He IIPEPBYT.

Bo3MOKHOCTD M3MEHUTDH COAEPKUMOE CYIIECTBYIOIIErO CIIICKA TPebyeT
YUIUTBIBATH B paboTe 3HAHWE O TOM, KaK B JIECTBUTEIBHOCTH PEaTN30BaHbI
criucku JIucna — B 9aCTHOCTH, TOT (PAKT, UITO CIUCKN HUKOT/IA HE KOIUPY-
IOTCH, €CJIA IPOrPAMMUCT 9TOro He HOTpedyer B siBHOM Buue. Hampumep,
€CcJIN cIeIaTh TakK:

(setq a ’(1 2 3 4))
(setq b (cons 10 (cdr a)))

— TO 3HAYEHWEM TIepeMeHHoi a Oymer crmcok (1 2 3 4), 3HavueHueM mepe-
MeHHON b — cmmcok (10 2 3 4), u ecau 6bl He rplaca u rplacd, Mbl
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MO ObI COBEPIIIEHHO HE 3aJ[yMBbIBATBCS O TOM, 4YTO <«XBocT» (2 3 4)
Yy 9THUX JBYX CIHCKOB 00wjuil — 9TO HE KOIHUHU, 9TO MUMEHHO (DU3NIECKU
OJIHA CTPYKTYpa JAHHBIX. BO3MOXKHOCTH MOJUMDUKAIMKA CIIHCKOB TO3BO-
JisteT 3TOT (HaKT 0OBEKTUBHO OOHAPYKWUTB: €CJIM, HAIPUMED, MbI CJIE/IAeM
(rplacd (cdr a) nil), Tem caMbIM MBI OOPEXKEM CIHCOK a: Telephb 3Hade-
uueM a Oyzer crmcok (1 2). Ho Beap cumcok b cocront (uim cKopee cocTo-
s1J1) U3 TEX YK€ TOUYEUHBIX 11ap, 38 UCKJIIOUYEHUEM CaMOi IIEPBOii, & N3MEHUIN
MbI 3Ha4YECHHNE (HpaBoe) BO BTOpOﬁ ITape; TakK 49TO, €CJIn Tellepb ITIOCMOTPETH
Ha 3HAYEHHE [IePEMEHHON b, MbI — BO3MOYKHO, C HEKOTOPBIM YJINBJIEHUEM —
obHapyuM TaMm crmcok (10 2).
OrMeTnM, 9TO CO3/1aTh KOIMIO CIUCKA MOYKHO, HAIIPUMED, TaK:

(defun copylist (1lst)
(cond
((atom 1st) 1st)
(t (cons (car 1st) (copylist (cdr 1st))))

B Common Lisp st 9TOro mnpeaycMOTpeHa BCTpOeHHasi (DYHKIHS
copy-list.

CoBpemenHble peanusauuy Jlnucna, Kak Mbl y)Ke rOBOPUJIN, HE OrpPaHNYUBAOT-
Csi B MJIAaHE CNOXHbIX CTPYKTYP AaHHbIX OLHUMU TOJIbKO CMNCKAMMN — 3L4ECb MOX-
HO OBHapy>XUTb U MacCKBbI, 1 3aMNUCU C MOASIMU, N Xew-Tabnnubl, N faxke obbek-
Tbl. [To Mepe pocTa KosmyecTBa M3MeHsieMbix cyliHocTell B Jlucne pocno u uuc-
N0 (PYHKUNA, OCYLLECTBASIOWMNX U3MEHEHUS, NOKA B KAKOW-TO MOMEHT HE MOosiBU-
NIOCb NOHSATUE «OBOBLLEHHOV NepemMeHHOl» — Npou3BOJIbHON 0b6facTn NamMsTn, co-
JepXKaLlell CCblKy, KOTOPYIO MOXHO M3MEHUTb; AJ1si NPUCBanBaHUS Takum «0606-
LWEHHBLIM MepeMeHHbIM» HOBbIX 3Ha4YeHnii BBenu eauHyto cneucopmy setf. Kak u
setq, setf NpuHMMaET NPoN3BOSILHOE YETHOE YMCNO aprymMeHTOB, NPUYEM Ha BTO-
pom, l-leTBépTOM N OCTaJibHbIX l-IéTHI:'IX MECTaX CTOAT BbIpPa>X€HUSA, KOTOpble Cne-
ayet npuceonTb. Ha nepBoM, TpeTbeM U Mpounx HEYETHbIX MECTax pacroJiaratoT-
Csi BbIpaXKeHUsl, KOTOpble, ecin Obl NX BbIYNCANTbL, fanu Obl 3HayeHue Tol Mo3u-
uun B NamsiTW, KOTopyto cregyeT naMenuts. Hanpumep, (setf (car x) v) akBu-
BasieHTHO (rplaca x v), (setf (cdr (cdr (cdr x))) v) penaerT TO Xe, HTO U
(rplacd (cdr (cdr x)) v), a (setf x y) 3amensieT (setq x y). Ho pgns 6onb-
LUNHCTBA BO3MOXXHbIX MPUMEHeHMN setf HMKaKMX aHaNOroB He NPesyCMOTPeHO. Tak,
B Common Lisp Mmbl Moxem co3gaTtb maccue u3 10 anemeHTOB:

(setq arr (make-array 10))
ObpalueHue K 371eMeHTaM Takoro MaccrBa NPoOUCXOANT C NOMOLLbLIO (pyHKuUuUn aref
(array reference) — nanpumep, 3nemMeHT ¢ nHaekcom 7 (MHAEKCUpOBaHME UAET C
HYJ151) MOXKHO MOJyH4UTL € nomMowbto (aref arr 7); Ast NPUCBAUBAHUS SNEMEHTaM

MaccrBa ncnoabsyeTcs setf, Hanpumep:

(setf (aref arr 3) ’(abra kadabra))
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AHanornyHbiM obpazom dyHKuMs char NO3BONSET BbIAEANTb OTAEbHbIA CUMBOA
M3 CTPOKU, a C MOMOLLbIO Setf 3TOT CMMBOA MOXHO W3MEHWUTb, HanpuMep, nocie
Bbl4ncaeHns opm

(setq str "foobar")
(setf (char str 4) #\u)

3HayeHueM str bygeT cTpoka "foobur" — hU3MYECKN 3TO TOT XKe 0OBLEKT B NamsTy,
NPOCTO B HEM WM3MEHWACS OAUH 3neMeHT. ImeHHo ¢ nomowbto setf MOXKHO nome-
CTUTb 3HAYeHME B XELW-TabauuUy WM U3MEHUTb B HEll yXKe UMEIOLEECs 3HaYeHNe,
M3MEeHUTb MoJie 3anucu uan obbekTa n MHoroe apyroe. Hekotopoe npeacrasnerue o
MacwTabe KaTaCTPobl MOXKHO COCTaBUTL Ha npuMepe dyHKuun symbol-function,
fatoueli OCcTyn K Toil 0bnacTu namsTu BHYTPY CUMBOJIA, KOTOPasi OTBEYAET 3a acco-
LMNPOBaHHYIO C CMMBOJIOM byHKLUMIO. Tak, BbipaxkeHue (symbol-function ’car)
BEPHET DYHKLMUOHAJIbHBIN OBBEKT, COOTBETCTBYIOLNI XOPOLLO 3HAKOMOW HaM BCTPO-
€HHOUi (PyHKUUN car; a Tenepb CAENaeM TakK:

(setf (symbol-function ’carl) (symbol-function ’car))

Mocne atoro cumeon carl BygeT accoummpoBaH ¢ Toli e camoli pyHKumeli, To ecTb
cTaHeT €€ BTOpbIM uMeHeMm. Kak mbl yBuaum nosxe, B Jlucne mMoxHo cosgasaTb
6e3bIMsiHHble dyHKUMU; B codeTaHun € setf n symbol-function 3To nossonsier
npu xenanum oboiitTucek 6e3 dopmel defun.

Noes cdopmbl setf cama no cebe uHTepecHa: Hanpumep, BO3MOXXHA peanunsa-
umsi'? AnCn-BBIYMCANTENS, KOTOPAs, MOKAa 3TO BOSMOXHO, XPaHUT PE3yNbTaThbl Bbi-
YUCNEeHNA B BUAE yKa3aTesieil Ha CyLLUECTBYIOLME B MaMsiTU CCbIIKN Ha OObeKTbI, U
NepexoamnT K CO3LAHMIO HOBbIX CCbUIOK W/ KOMUPOBAHMIO CCbIIOK JINb B Clyyae,
Korga pesynbTaT TONIbKO 4TO co3aaH (He sSIBASeTCs HacTbio obbeMtoweli CTPYKTYpbI
AaHHbBIX) VAU €CIN MEHSITb COLEPXKNMOE CCblIKU HUKTO He cobupaetcs. Mpobne-
ma B Tom, 4To B Common Lisp Ha yposHe cneymcmkauum 3akpennéH cosepLueH-
HO Lpyroii moaxoa K peanusauun setf, Ha yauB/IEHWE TynoW MO CBOel CyTw: 4si
KaXgoil ¢byHKLMM, KOTOPasi MOXKET BbICTYNAaTb «CENEKTOPOM>» B MEPBOM apryMeH-
Te setf, MOMPOCTY MULIETCS COOTBETCTBYIOLLAS «UIMEHSIIOLLAs» (PYHKUMS, a poib
camoro setf CBOAUTCA K TOMY, H4TODbl HYXHYIO (PYHKLUIO HATW U BbI3BaTb. JTK
«moguumcpupytowme dyHkumny 8 Common Lisp umeroT cTpaHHble nMeHa B Buge
cnucka (!) us ABYXx aneMeHTOB, MEPBLIM N3 KOTOPbIX BbLICTYNaeT cumBon setf: Ha-
npumep, anst pyHKumu func COOTBETCTBYIOLLAS N3MEHAIOWAs DYHKLNS Ha3biBalach
661 (setf func)'®. Takum obpasom, setf B TOM BUAE, B KOTOPOM OH BBEAEH B
Common Lisp, BoBCe He cHUMAaET NOTPEeBHOCTN B OTAENBHONR (PYHKLUM AN KAXKAOrO
cnyyasi MogudnLMpyeMoit CCbIIKA BHYTPU CYLLECTBYIOLLENR CTPYKTYPbI JaHHbIX; Npo-
CTO BCE OHU CHADXAlOTCH HEOYEBNAHBIMU UMEHAMU, A AJISt NX BbI30BA WCMOJb3YETCs
eanHbIll «uHTepdpeiicy (cobcTeerHo dopma setf).

Cornacto cneundpukaunmn Common Lisp cbopma setf umeet uenblii psig «BCTpo-
€HHbIX» C/ly4aeB, KOTOpble OHa sikobbl obpabaTbiBaeT cama 6e3 obpalueHus K po-

12YImenno Tak 6wuta peanmsoBana dopma setf B 6Gubimorexe InteLib, xorma-To
IaBHO HAIMCAHHOW ABTOPOM 3TUX CTPOK; IMOAPOOHOCTH UHMTATENb HalAET Ha caiite
http://www.intelib.org.

13U urepecno, uro GCL a1y BosmoxkHOCTH He mopgepxkuBaer; B SBCL Bcé sro pabo-
TaeT B COOTBETCTBUU CO CleludUKaIye.
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MOMHNTENbHBIM (DYHKLUSIM, U 3TO KacaeTcsi BCeX Hanbonee O4EBUAHbLIX MpUMeEHe-
HWA setf, BkatoYas cnydan car, cdr, aref u mHorue gpyrue. OTKpOBEHHO roOBOpS,
3[€Cb Aake HE BMOJIHE MOHSTHO, CTAHOBMTCS JIM OT 3TOrO Jy4ylle Wn XyXe, BeAb
3TO O3HauvaeT, 4TO peanu3auus setf foskHa 0bO BCex 3TUX Cy4vasix 3HATb — uW
MMEeTb, KaK CAeACTBME, COOTBETCTBYOLWUI OOBEM peanusaunm; ecnu nNpeacTaBuUThb
cebe komnuaupyembiii Bapmant Common Lisp, peanusoBaHHbIfi Tak, 4TObbI B nC-
NOSIHSAEMbIiA Paiinl BCTaBASTb TOJILKO PEasIbHO UCMOJb3YEMbIE B AaHHOW NporpaMme
YacTu bubnunoTeku, To Koa setf NpuAETCs BCTaBUTL eBa /U He B J1t0DOW MCoHs-
eMblii chalin — u, pasymeeTcs, LENNKOM, Befb 3TO oaHa yHkuus. Bnpouem, B apy-
rom Mecrte cneundmrkaumm — B onucaHum cneudopmbl function — sBHbIM 0bpazom
ynoMmuHaetcst pyHkuust ¢ umenem (setf cadr), n 8 SBCL peansHo npucytcteytoT
dyHKLMN € NOACBHBIMY MMeHaMK (B ToM 4yucne n (setf car), n (setf cdr), mn
(setf char) uT.n.)

OCHOBHOIT BBIBO/T, KOTOPBII MOXKHO CIIEJIATH [TOCJI€ O3HAKOMJIEHUSI C IIIH-
POKUM aCCOPTUMEHTOM pazpyaroniux oneparuii Jlucma, ouesunen: Jlucr,
HECOMHEHHO, JIOMYyCKAeT M JaXKe MOOIMpsaeT (pyHKITNOHAIHHOE TPOrPaMMU-
poBaHMe, HO Ha3BaTh €TI0 A3bIKOM PYHKUUOHANDHO20 NPODAMMUPOCEHUS
6b110 6b1 OomuOKOi#l. OcHOBHAsT napajurma Jluca, KaK ciejyer u3 ero Ha-
3BaHusd (HAIIOMHUM, OHO IIPOUCXOIUT OT list processing) — 9TO rerepo-
TeHHBbIE S-BBIPAYKEHUs, €CJIU YTOIHO, CJIabOCTPYKTYyPUPOBAHHBIE TAHHBIE 1
CpeCcTBa i X 00pPabOTKM; BOSMOXKHOCTD IIUCATH IIPOrPAMMBI B (DyHKITH-
OHAJILHOM CTHJIE OKa3bIBaeTCsl JIUIb JIONOJHEHUEM, XOTs U TPUSITHBIM.

11.1.7. OysKnusa eval

S-BBIpakeHUs B POJIM €IUHOTO IIPEICTABICHUS JIJIsi TPOIPAMMBI U JAH-
HBIX OTKPBIBAIOT JOBOJIbHO MHTEPECHY 0 BO3MOXKHOCTE: B JIucCIie ecTh BCTpO-
eHHasi (DYHKIUsI, KOTOPAs BLIUUCAAETM NPOUIBOALHOE S-6bipasicerue. ITa
dyHKIMS HA3BIBaeTCa eval; OHA TPUHUMAET OJWH MapamMeTp — CODCTBEH-
HO BBIPaXKEHUe, KOTOPOE JOJIKHO ObITH BhIYUCIeHO. DaKTHUIeCcKn mapaMerp
byHKINN eval BBIYUCIAETCS JABAaXKIbI: CHaYaJa, KaK U s J1I000# pyHK-
[WW, THTEPIPETATOP BBIYUC/ISET BhIPAXKEHNE, YKA3aHHOE (DAKTHIECKIM I1a-
paMeTpoM IIpH BbI30Be eval, a 3aTeM K IOJIyYeHHOMY 3HAYeHWUIO ITPUMEHsI-
ercs cama GYHKIWS eval, Tak 9TO 9TO 3HAYEHUE CHOBG BBITHUCIISIETCS U yIKe
pe3yJIbTaT ITOr0 BBIYUCJIEHUS CTAHOBUTCH pe3ysiabraroM eval. Hampumep,
[IpY BBIYUCJIEHUU (DOPMBI

(eval (list ’cdr ’(list 1 2 3)))

cHavasia Beipazkenne (list ’cdr ’(list 1 2 3)) Oyzer BBIYUCIIEHO B Ka-
gecTBe apryMenTa (OpMbl BbI30Ba (DYHKIUHU. Pe3ysbraToM BBIYHCICHUS
craner coucok (cdr (list 1 2 3)); mmenno ero GyHKIus eval TOJTy-
quT (HaKTUIECKUM IIapaMeTPOM U MMEHHO €ro BBIYUCJIUT B COOTBETCTBUM
co cBomM HazHadenumeM. [Ipm sTom mepes obpartenneMm K GyHKInn cdr,
IIOCKOJIBKY 9TO OOBbIYHAS (DYHKITHS, [TO/IBEPIHETCS BBIYUCICHUIO €€ (haKkTu-
yeckuit napamerp (B ganuom ciaydae (list 1 2 3)), pe3y/JabTaTOM BBIYHC-
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Jtenust Oyzer ciucok (1 2 3), K Hemy Oyjer npuMeHeHa QyHKIUs cdr, Tak
9TO KOHEYHBIM PE3yJIbTATOM CTaHeT criucok (2 3).

Oyukims eval MOXKET He TIPOU3BECTH JIOJIZKHOIO BIIEYATICHUS HA INTa-
TeJist, eCiu He OOpAaTUTh BHUMAHNE Ha TO, YTO S-BbhIPAaXkKeHUe, CJIy2Kalllee
apryMeHTOM [Jist eval, BBIUHMCJISIETCS BO BpeMsi paboThl mMporpam-
MbI. C JIpyroif CTOPOHBI, HUYTO HE MEIAET BLIPAXKEHUIO, TIePEJAHHOMY ap-
TyMEHTOM B (DYHKIMIO eval, comep:karh Ty ke dopmy defun mau obpa-
meHnst K setf ¢ symbol-function B posn ceseKropa (CM. IIpebl Ly it
naparpad); Bcé a10 o3Havaer, 4o mporpamma Ha Jlucme moxker BO
BpeMsl UCIOJHEHUsI MEHSITh caMa cebs.

DTa BO3MOXKHOCTB ObLIa OBbI JI0 OINPEJIEJIEHHON CTElIeHN OrPAHMYEHHOIA,
ecau ObI B S-BBIPAXKEHUSX, KOHCTPYUPYEMBIX BO BPEMs BBIITOJIHEHUS TIPO-
rpaMMBbI, MOTJI UCIOJb30BATHCSI TOJIBKO CUMBOJIBI, YIIOMUHAEMBIE B CAMOI
nporpamme. OHako B Jlucie MOXKHO HAWTHU IPOU3BOJIBHBIM CHMBOJI IO €0
TEKCTOBOMY MMEHH — 3TO JEeJAeTCsS BCTPOEHHON (DyHKIMel intern, apry-
MEHTOM KOTOPOH CJIy>KHUT CTPOKA; €CJIU CUMBOJIA C 3aJJaHHBIM UMEHEM HET,
OH CO3/Ia€TCsA, U B ITOM 3aKJIOUAETCs] MCXOIHBIN CMBICI intern, HO ec/iu
CHMBOJI C TaKMM HMEHEM YK€ €CTh, B KaJeCTBe 3HAUEHUS BO3BPAIAETCs
nmMenHo oH. DyHkiuu eval u intern, ecju pacCMOTPETh WX COBMECTHO,
[IPEIOCTABJISIIOT PADOTAIOIIE ITPOrpaMMe JOCTYII KO BCEM BO3MOXKHOCTSIM
Jlucna, mpeycCMOTPEHHBIM B JTAHHOM peasim3alyi, U CHUMAIOT TPaKTHYIe-
CKU JIIOOble OMPAaHUYEHUs] 110 TPUMEHEHUIO MEemanpozpammuposaHUs,
(cMm.§9.4.3). B camom mesie, ¢ ucnosb3oBanueM eval u intern mporpam-
Ma Ha JIucrie MoXkeT BO BpeMsl UCIIOJTHEHUsI TIOPOAUTH COBEPIIEHHO IIPOM3-
BOJIBHBIN KOIT HAa TOM Ke Jlucre — BbIpaykenue, (bYHKIHIO, CKOJb YTOTHO
60JibII0#1 HAOOP DYHKIMIA — M HEMEJJIEHHO UX WUCIIOJHUT.

dcHo, 9TO MeTalnporpaMMUpPOBaHUeE, He CBS3aHHOE HUKAKMME PaMKa-
MU — UHCTPYMEHT OY€Hb MOIIHBIN, HO TaKas MOIIb UMEET CBOIO IIEHY, TOXKE,
VBBI, HEMAJIYIO. [Isiisd Ha mporpammy Ha JIucme, B KOTOPO HUCIIOJIB3YeTCs
intern, HEBO3MOXKHO IIPEICKA3aTh, KAKAE CTPOKHU Oy/IyT IOJAHBI i Ha BXOJ
U, CJIEJIOBATENIbHO, KAKIMHU CHMBOJIAME TIPOTPAMMA B HTOT'€ BOCIIOJIb3yeT-
Cs1; B ODIIEM CJIYYae 9TO AA20PUMMUYECKY HEPASPEWUMAS NPOOAEMA, TaXKe
€CJIi He IPUHUMATH CTPOKHU U3 BHEIITHUX UCTOYHUKOB, & TOJBbKO CUHTE3UPO-
BaTh UX BHYTPH IporpaMMbl. KoneuHo, Bo MHOIEX (IIPOCTBIX ) YACTHBIX CJIy-
gasx TaKOM aHa M3 BO3MOYKEH, HO €CJIU 33JIaThCS COOTBETCTBYIOIIEH MEJIBIO,
MOXKHO OyjieT 6e3 0coObIX IIPobJIeM COUTH C TOJIKY JIF00OI aHAIU3aTOP.

JoBepiraer se10 HaJauYIMe BCTPOEHHON (byHKIUHU read, MO3BOJISIONIEH
[POYUTATH U3 CTAHIAPTHOIO [MOTOKA BBOAA (UJM U3 JIHOGOrO JAPYroro Tek-
CTOBOIO MOTOKA) NPOU3GoAbHoe S-6bipasicenue, 3a UCKIIOYeHEeM HeOOJIb-
IIIOI'0 9UCTIA «HEIUTAEMBIX» S-BBIDAYKEHUI, TAKMX KaK yKe 3HAKOMbIe HaM
obsexmuo pynxuyud. Ilpn grenun read aBTOMATHYECKU IIPeoOpa3yeT Ipo-
YUTAHHBIE UMEHA CAMBOJIOB B OOBEKTHI CUMBOJIOB (TaK Ke, KAK 3TO JIeJIaeT
intern). Ecsin nporpaMma, KOTOPYIO MBI PACCMATPUBAEM, II0JIyYaeT NMEHA
CHUMBOJIOB M3BHE, B TOM YHCJIE C TIOMOIIBIO read, O KAKUX-JINOO MPOTHO3aX
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rpaHull eé MOBeJIeHns MOXKHO 3a0biTh. Takum oOpasoMm, Haym4dne eval u
intern (u Tem Gosee read) 0O3HAYAET, YTO BO BPEMsl UCIIOJIHEHUS TPO-
rpaMMbl Ha Jlncoe B maMsiTu JOJI>KE€H HAXOAUTBHLCS IEJINKOM BECh
nHTepuperarop Jlucma.

Kak mbr y6emmiucy B §11.1.2, mHOrme peajmsanuu Jlucna, BKJIOYast
SBCL u GCL, mo3BoJISIOT MPOTPAMMY «OTKOMITHJIHPOBATH» B TOM CMBICJIE,
9TO Pe3yJIbTATOM KOMIIWJISINKA CTAHOBUTCS UCIOJIHSIEMBbIi (baiti1, He TpeOy-
IOHLI/II‘/‘i IPpUCYTCTBUA ITOPO/UBIIIErO €ro NHTEPpIIpeTaToOpa, HO Ha CaMOM JieJie
BeCh MHTEPIIPETATOP IIPU STOM OKA3BIBAETCSI BHYTPH IIOJIYI€HHOI'O UCIIOJ-
HEeMOTO (haiiyia, pa3Mepbl KOTOPOTO COCTABJISAIOT JIECATKU MerabaiiT, maxe
ecyin Bara nmporpamma — npocteimmuit «Hello, worlds ; nucroasemore daii-
JIBI, TIOpOXK1aeMble ¢ nomoribio ECL, He crob BemKy, HO 3aBUCAT OT JIH-
HAMHWYECKU 3arpyKaeMbIX OUOJHOTEK, KOTOPbIe KaK pa3 U COJep:KaT BeCh
WHTEPIIPETaTop.

Hecmorps va sT0, HattpuMep, B man-crpanurie K narepuperaropy SBCL
MOKHO HAfTH CJIeyonyio (hpasy:

Even today, some 30 years after the MacLisp compiler, people
will tell you that Lisp is an interpreted language. Ignore them!4.

TaMm ke MOXKHO HAITH U 00bICHEHHE CTOJIb 0e3aIeJISIIIOHHOIO 3asIBJICHUS:

SBCL compiles by default: even functions entered in the
read-eval-print loop are compiled to native code...

Urak, mpexae 4eM BBIIOJHATH Tporpammy u eé dpparments, SBCL me-
PEBOIUT MX B APYroe IpeJCTaBjeHue, IPUIEM He IIPOCTO B IPYroe, a B
Mmawurroid xod. Ha srom ocHoBanuu asropsl SBCL 3asBisior, 4To uX pe-
am3alis KOMIUJIUPYIOIIAs; IPU 9TOM UX HUCKOJIBKO HE CMYIIAeT HeoOXo-
JMMOCTh HAJIMYUsI B TIAMSATU BO BpPeMsl UCIIOJTHEHUs] IPOrpaMMbl Ha Jlucie
HE TOJIbKO mHTeprperaTopa Jlucma, HO, KaK Mbl BUIMM, €I§ U KOMITUJISITO-
pa (a Takxke, j100aBUM, U OTJIQ/IIUKA, U Au3acceMbiepa, U BCEX OCTAJIbHbBIX
nozcucreM, Briouennnix B SBCL).

3pecb BHUMATENbHbIA YNTAaTElb MOXXET YCMOTPETb HEKOE MPOTNBOPEYNE C TEM,
4TO Mbl yTBEPKAANM paHblue — 4TO paboTalolwast NPOrpaMMa B HbIHELLHUX YCo-
BUSAX HE MOXET W3MeHATb COBCTBEHHbIN MalUMHHBIN KOA. DTO AeliCTBUTENbHO Tak,
€C/N rOBOPUTL O KOAE, KOTOPLI OnepauMoHHasl cMcTemMa MpoYMTana U3 UCNofHse-
moro chaiina n pasmectTuna B NaMATU: CEKLMS KOAA, KaK Mbl 3HaeM, HeAOCTyNHa ANns
3anncu. Pa3melyaTh cBeXXeCreHepUPOBaHHbI MaLLVHHBIA KO, B CEKLMSIX AAHHbIX TO-
e 6ecnonesHo, NockobKy 3Tu 0bnacTn NamMsaT HeROCTYMHbI ANS NEPEAAYU B HUX
ynpaBAeHusi, HYy a 4TO KACaeTCs CTeKa, TO AaXKE €CNN OH A/ BbIMNOJAHEHUS AOCTY-
neH (4To faneko He BCerga Tak), TO pa3MeLLaTh TaM OTKOMMUIMPOBaHHbIe chyHKLMM
HeyHo0b6HO — CTeK MMeeT CBONCTEO YBEANYNBATLCA U YMEHBLIATLCSA MO Mepe Bbi30BOB

148 nepesose Ha pycckwmit: «Jlaxke ceromusi, cryctst okoso 30 JIeT Moc/Ie KOMITHISATOPA
MacLisp, [mekoropsle| moau ckaxyT BaMm, uro Jlucn — s3bIk uHTEpuperupyemblii. He
obparlaiiTe Ha HUX BHUMAHUSI».
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NMOAMPOrpaMM 1 BO3BPATOB U3 HMX, TaK 4TO Pa3MeLLEHHbI/ B CTEKe MaLLNHHBIA KOA
CMOXXET NpPOoAOo/HKaTb CyLLECTBOBATb INWb A0 Te€X NMOp, NMOKa nognporpamMmma, CreHe-
pupoBaBLuas ero, He 3aBepwnTcs. VIHOMA Bonpoc, 4TO B 6ONLLLNHCTBE OMepaLMOHHbIX
CUCTEM NMPOLECC MOXET 3aMpoCUTb Yy AApa HOBYHO obnactb namsaTn un YKasaTb Ans
Heé pPeEXnM [0CTyna — B TOM 4Yucae U AOCTYNHOCTb OAHOBPEMEHHO ANA 4YTEHUA,
3anncm 1N BbINOJIHEHNA KOAa. B cucTemMax CeMercTea Unix ANA 3TOro NCNoNb3yeTcs
cncTeMHbIi Bbi3oB mmap (cMm. T. 2, §5.2.7).

[Mo-BupmMoMy, IPUYHUHA CTOJb BOJILHOTO OOPAIEHUs ¢ TEPMUHOJIOTHET
KpoeTcs B yOEXKJIEHNN, 9TO eIMHCTBEHHBIN HEIOCTATOK MHTEPIPETUPYEMO-
IO UCIIOJHEHUsI COCTOUT B €ro HU3KOH 3D HEeKTUBHOCTH — TOIPOCTY TOBO-
psl, «9eCTHBbIe» WHTEPIPETATOPhI PabOTAIOT MEJJIEHHO, a €CJIH UX 3aCTa-
BUTHb pabOTATh OBICTPO — HAIPUMED, BCTPOUB B HUX «KOMITAJISITOP», IIPE-
obpasyromuil pparMeHThl IPOIPaMMbl B MAITMHHBIA KOJI, ¥ UCIOJHATD ITH
dparMeHThI yKe B MPe0OPaA30BAHHOM BHJIE — TO €IMHCTBEHHBIN HEIOCTa-
TOK MHTEpIIpeTanuu OyIeT TeM CaMbIM IIPEOJOJIEH, U BOOOIE 3TO Dosiee HE
Oyner uaTeprperanueil. HeoqHOKpaTHO OTMEUEHHYIO0 HAMI HEOOXOIMMOCTD
HAJIMYUsl WHTEPIPETATOPA B MAMSTH BO BPEMsl HCIOJHEHWS ITPOTPAMMBI
[Ipe/JTATaeTCsl UTHOPUPOBATH KAK HECYINECTBEHHBIH (DAKTOD, W B IIOIB3Y
9TOTO HPEJIOKEHHs, KaK IPABUJIO, BBHICKA3bIBAETCS BCE TOT K€ Te3uc 00
3bdEeKTUBHOCTH, JaxKe ecan PO 3HPEKTUBHOCTh HUKTO HE CIIPAITUBAJI.

Boszmém Ha cebst cMeJIOCTh HE COTVIACUTBCS CO CTOJIb OJHOOOKHUM TPAK-
TOBAHUEM TOHSITHS «AHTEPIPETUPYEMOTO» WJIH «KOMITUJIUPYEMOTO» HCIIOJI-
HEHWsT; K 9TOMY BOIPOCY MBI BEDHEMCSI B CJIEJIyIOINE YacT HAIell KHUTH.

11.1.8. ®yHkIun KaK 00bEKTHI 00padoTKM!

Kak yxe ormeuasnoch (cm.§9.1.3), ogHa U3 OCHOBOIOJAIAIONIAX OCO-
benHoCTEN (DYHKIMOHAILHOTO MPOrPAMMUPOBAHUS — paboOTa ¢ PYHKITUSI-
MU KaK 00beKTaMU IIEPBOr0 KJIacca; 9TO 03HAYAET, IYTO (DYHKINA HAPABHE C
00beKTaMU JIAHHBIX MOXKET OBITDH IepeaHa KakK IapaMeTp B IPYTYIO QyHK-
I[UI0, MOXKET OBITH BO3BpAallleHA 13 (PYHKIUU B KadeCTBE BO3BPAIIAEMOIO
3HAYEHUs U, B JOBEPINEeHNE KAPTUHBI, MOXKET OBITH CO3/IaHa BO BPEMs BbI-
noiHeHus porpaMMbl. OyHKIMM, OJTHUM WX HECKOJIBKUMU AaPAMETDPAMEI
KOTOPBIX CJIy?KaT Jipyrue (DYHKIUH, 9aCTO HA3BIBAIOT BYHKUUOHAAAMU
win GYHKUUAMU 8blcute2o nopadka'®.

st HagaJia, 9TOOBI MMETh MaTepwas Jjis I[IPUMEpPOB, pa3depémcs,
KaK J00paThcs O OOBEKTOB, COOTBETCTBYIONIUX BCTPOEHHBIM B Jlumco
dyukmusimM. OpuH €c0COO JIst STOTO MBI yKe 3HAEM: HMPUMEHUTH (DYHK-
muio symbol-function K CHMBOJY, CJIyzKallleMy HMEHEM BCTPOCHHON
dyukmun. Harnpumep, Berancsus Beipaxkenue (symbol-function ’cons),
MBI TIOJIy9uM o0bsekm @ynkyuu cons. TeKCTOBOe MpeACTaBIEHAE ITO-
ro obbeKTa 3aBUCHAT OT mHTeprperaropa — Tak, SBCL Bbrmact crpoky
#<function cons>, a GCL — crpoky #<compiled-function cons>.

15Cwm. cHocky 7 ma cTp. 47.
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Yepes HekoTOpoe BpeMsi Hac XAET NoapobHbIi pasroBop o BBOAE-BLIBOAE, B TOM
4ynucne m o0 ToM, 41O O6b|'~|HO S—Bblpa)KeHVlﬂ MoryT 6I>|Tb NPO4YNTAHblI N3 TEKCTOBOIro
NOTOKa BBOAQ LWUTATHbIMU CpeaCcTBaMU Jlucna. 2T1o noseonsier BblaTb (Hanpvlmep,
B paiin UM Ha KOHCOJb) HEKYIO CNIOXHYKO CTPYKTYPY AaHHbIX, W oHa byaeT npea-
CTaBJieHa B BUAE TEKCTA B COOTBETCTBUN C CUHTAKCUHECKUMW NpaBuiamMun _nI/ICI'Ia,
TakK 4TO NO34HEE MOXHO 6yp,eT APUMEHUNTL K Hel BCTPOE€HHbIE BO3MOXXHOCTWU ANA
YTEHUSA N NOJNYYUTb B NAMSITU TOYHYIO KOMUIO UCXOAHOW CTPYKTYpbl, NPU4YEéM 3TO
MOXHO CAenaThb rae YrogHoO N KOrAa YrogHO — Ha ciepytowmnii AeHb Uan Yepes rog,
B APYyromMm ropoae nan Ha ApyroMm KOHTUHEHTE — €CJIN 3TO NpeacTaB/eEHNE, HanpuMep,
COXpPaHNTb B daaﬁne nnn nepegaTtb No CeTw.

O6bekT hyHKLMMN B 3TOM NiaHe HeobblYeH: ero TEKCTOBOE NpeacTaBsieHune, Bbl-
[laBaeMoe VMHTEepPNpeTaToOpoM, He MNO3BOJSIET 3TOT OOBLEKT B ByAyLeM PeKOHCTpyu-
poBaTh, TaK YTO «MPOYNTaTb €ro obpaTHO» He nonyyuTcs. [ns Bcex Takux obbek-
TOB, Ha3blBaeMbIX «HevnTaembimuy (unreadable), 8 Common Lisp 3apesepeuposaHo
npeacTaBseHne Buga #<KoMMeHTapui>.

B manpmeiimux mpuMepax Mbl TPEIIIOUTEM JIPYTO CIIOCOD JTOCTyIa K
obbekTaM (PYHKIWH, CBI3aHHBIX C CHMBOJIaMu — creropmy function.
Dra crueropma, He BBIUUC/ISAS CBOM €IUHCTBEHHBI APTYMEHT, BBIIOJIHSI-
eT HaJl HUM TaKoe JeficTBUe, KaKoe BBLIMOJHUJI Obl mHTeppeTaTop Jluc-
rma, ecjan Obl BCTPETUJI STOT apryMEHT B POJIU IIEPBOrO djIeMeHTa (POPMBI
BBI30Ba (DYHKINW; JIJIs CAMBOJIOB 3TO JEfCTBUE — M3BJIeYh COOTBETCTBYIO-
it BYHKIMOHATBHBIA 00bEKT, YTOOBI MOYKHO OBLIO MPUMEHUTH K HEMY
aprymenTsl. Kak MbI y2Ke yIIOMUHAIM [IpU OOCY2KIEHUN OIEPAIUN BBIUUC-
JIEHUsT S-BBIPAXKEHUSI, TIEPBBIM 3JIEMEHTOM (DYHKITMOHATIHHON (DOPMBI MO-
KeT OBbITh HE TOJBKO CUMBOJI — W B 3TOM Ciydae JeficTBrue creropMbl
function MOXKeT OKa3aTbCS COBCEM HE IIOXOXKe Ha TO, YTO JejaeT (PyHK-
nus symbol-function. B HEKOTOPBIX 9K30THUIECKUX CUTYAIUSIX PE3yJIbTa-
Tbl symbol-function u function He coBmajarT paxke AJig CUMBOJA (TaK
MIPOUCXOIUT TIPU MCIOJIH30BaHUH creridopMbl flet, BBOAIIEH JTOKATbHBIE
dyHKIMI; MBI 9Ty BO3MOXKHOCTD 06Cy2KIaTh He Oyuem). Tak wiu nnade, Ha-
npuMep, 100paThes 10 00beKTa (PYHKIUU CONS MOXKHO, BEIYUCTUB POPMY
(function comns).

Crerndopma function mpuMeHsIETCS HACTOIBKO 9aCTO, UTO JIJIsI HEE eCTh
COKpaIlléHHOe ObO3HaueHne — #° (Ho—aHFﬂI/IﬁCKH 3TO0 0003HaYEHUE HAbIBa-
ercst funquote). VIMeHHO ero Mbl U GyJleM HCIOJIB30BATH B JIAIbHEHIIEM
TEKCTe; HAIPUMeP, ITOOBI J0OBITH OOBLEKT BCTPOEHHON (DYHKIIMM CJIOYKE-
HUsI, MBI HammImeM #’+, a 9To0bl 10CTaTh (DYHKITUIO CONS, BOCIOIH3YEMCS
KOHCTpyKIuei #’cons.

OyHmaMeHTaIbHAST BO3MOXKHOCTh 00beKTa-QyHKINN, PaIin KOTOPOit OH,
CODCTBEHHO T'OBOpsi, W CYIIECTBYET — 3TO €ro IMPUMEHUMOCTb K apryMeH-
TaM. OCHOBHBIX CIIOCODOB MpuMeHuUMb QYHKIIMOHAIBHBI 00beKT B Jlucne
IBa — 3TO BcTpoenuble MyHKIwH apply u funcall. Pasnuyane mex 1y HIMEI
Ha TIEPBBII B3I KAYKETCd KOCMETHIeCKUM: 00e (PyHKIINU TIEePBBIM apry-
MEHTOM IPUHUMAIOT O0bEKT (DYHKIH, KOTOPYIO HY>KHO IIPUMEHUTH K ap-
IYMEHTaM, HO IIPU 9TOM apply peycMarpuBaeT Bropoii aprymMeHT (o1uH),
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KOTOPBI JIOJIZKEH IIPEJICTABJIsITh COOOIl CIIMCOK apryMeHTOB JJIsl IIPUMEHSsI-
eMoit pyuKIMH, Toraa Kak funcall mpuHAMAET TPOU3BOIHLHOE KOJTHIECTBO
apryMeHTOB, U BCe, KpOMe IIepBOT0, HUCIOJb3yeT B KadeCTBE apryMEHTOB
I ipuMeHsieMoit pyHknmn. Hampumep, ecjii MbI XOTUM CJIOXKUTH IISITh
4qHCesI, Mbl MOXKEM C OJJMHAKOBBIM YCIIEXOM HallUCaTh:

(apply #’+ ’(1 20 300 4000 50000))
(funcall #°+ 1 20 300 4000 50000)

PesynbraTom B 060ux cirydasix 6yzaer unciao 54321. [Ipu GoJsiee BHUMATE B
HOM PACCMOTPEHHUH ITUX ABYX (DYHKIHI pasindne MeXKIy HUMHI IepecTa-
6T BBIIVIAZETh «KOCMETHIECKHM»: CIIHCOK apryMeHTOB, Ie€pe/laBaeMblil B
apply, MbI MOxKeM CHOPMHUPOBATH BO BpeMsl PabOTBHI IIPOrPAMMBbI, U IPH
9TOM B 3aBHCHMOCTH OT OOCTOSITEJBLCTB MOMEHSATH €ro JINHY. JTO MO3BO-
JIFeT MPUMEHATh Bapuajndeckue'S (byHKIME K CIHCKY apryMeHnTos, -
Ha, KOTOPOr'o He ObLIa W3BECTHA HA MOMEHT HAIMCAHUS IIpOrpaMMbl. FKcam
OBl JIJIsT 9TOTO TIPUIILIOCH TpUMeHATh funcall, M0CTUYb HYKHOTO 3 deK-
Ta MOXKHO OBLIO OBI, pa3Be 4T0 cHOPMUPOBAB BO BPEMSI BBHITIOJTHEHUS CAMY
dopmy BbI30Ba funcall U BHIYUC/IUB €€ C MOMOIIBIO eval.

Cneundpmkauns Common Lisp gonyckaet pyHKLMOHaNbHBIM apryMeHTOM nepe-
faBaThb B apply, funcall u gpyrue BCTPOeHHblE (PYHKLMOHAbI HE TOJIbKO CODCTBEH-
HO OBBEKT pyHKUMM, HO U UMS PyHKUUU — cuMBoa. PyHKUMOHaNbLI camu pasbu-
patoTcsi, 4TS UM nepefjanu, U ecin 3TO CUMBOJ, TO U3BJIEKAIOT U3 Hero hyHKLMIO
camocTosTenbHo. B Hawux npumepax, Takum obpasom, He obsizaTenbHo 6bINO Nu-
caTb #’+, JOCTaTOYHO BbI10 Bbl 0OgHOro cMMBona +. Mbl 3TOW BO3MOXHOCTBIO MNOJb-
30BaTbCst He ByAem; MomycTUTeNbCTBO MOAOOGHOrO poja CO CTOPOHbI KOMMOHEHTOB
CUCTEMbI NPOrpaMMUpPOBaHUs, nosgonsitowee besanabepHocTs B paboTe n Hanuca-
HMe NPOrpaMMHOro koga 6e3 NoHMMaHUs MPONCXOASLLEro, C HaLLEl TOYKM 3peHus
OfHO3HAYHO U BE30roBOPOYHO BPEAHO.

Emgé omun gacTo nmpuMeHseMblit BCTPOSHHBIN (DYHKITHOHA HA3BIBAETCS
mapcar; epBbIM €ro apryMeHTOM CJIyKUT (PYHKIIUs, a8 BTOPON U IIOCJIETy-
0Iue apryMeHThl (BCEro UX MOXKET ObITh CKOJILKO YTOJHO, HO HE MEHBIIE
JIBYX) IIPEJICTABJSIIOT COOON HEKHe CIMCKU; mapcar MPUMEHsIeT 3aJaHHYIO
dbyHKINIO cHAaYasa K IEPBBIM SJIEMEHTAM CIIICKA, IIOTOM KO BTOPBIM, 3aT€M
K TPeThbUM U Tak pajiee. Hampumep, pe3yIbTaToOM BBIYUCIEHUS

(mapcar #’+ ’(1 2 3 4) (10 20 30 40) ’(100 200 300 400))
Oymer ciimcok (111 222 333 444), a pe3yabTaToM
(mapcar #’1list °(1 2 3 4) ’(10 20 30 40) ’(100 200 300 400))

CTaHET CIIMCOK CIIMCKOB:

16 HamoMamrM, 9TO BApHAAMUECKIME HA3BIBAIOTCA (DYyHKIH (M, TOBOPS MIKPE, TOTPO-
rpaMMbl), KOTOPbleé MOXKHO BBI3BIBATH [JIsl PA3HOIO YUCJA apryMeHTOB ((hakTHIeCcKnx
mapamMeTpos).
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((1 10 100) (2 20 200) (3 30 300) (4 40 400))

[IpencraBuM Tenepnb, 9TO HAM TOTPEOOBAJIOCH C TOMOIIBIO TOTO YK€ mapcar
BBIMIOJIHUTD HAJ| KAXK/IBIM JIEMEHTOM HUMEIOIIErocs CINCKA KaKyIo-HUOYIb
MIPOCTYIO OIIEPAINIO, It KOTOPOi B Jluciie HeT BCTpOeHHON hyHKINNT; Ipe-
KPaCHBIM ITPUMEPOM TAKON OIEPAIUN MOXKET CJIYKUTh yBEJIUIEHUE Ha TPH.
WNrak, ecTh CHOUCOK YHCEJI, HY?KHO IIOJIyYUTh TAKON Ke CIIMCOK, B KOTO-
POM COOTBETCTBYIOIIUE JIEMEHTHI TOJYyIeHbI U3 MCXOIHBIX MPUOABICHIEM
TPOUKHU; ITO JIEJIATH?
Paszymeercst, MOKHO HAIMCATDH HOJB30BATEIHCKYIO (DYHKIINIO BPOJIE

(defun plus3 (x) (+ x 3))
7 HUCIIOJIB30BaTh €€ KaK apr'yMeHT I mapcar: BBIMUCIUB (HDOpMy
(mapcar #’plus3 ’(10 20 30 40 50))

MbI mosrygnM crmcok (13 23 33 43 53). Ho ¢ atum perreHnem BO3HUKA-
10T JiBe 1pobjieMbl. Bo-miepBbIX, TakKuxX MeJKuX (DYHKIMI B IPOrPAMME MO-
2KeT TOTPedOBaThCA OYEHb MHOI'O, TAK YTO MBI 3aIyTaeMCs B UX HMEHAX.
Bo-BrOpBIX, UTO HenaTh, ecim, CKaXKeM, 9YHCJIO, HA KOTOPOe HYXKHO yBe-
JIMYATH KAaXKJIBIA JIEMEHT CIINCKA, He W3BECTHO, KaK B HAIllEeM IIPUMEpe,
3apaHee (Ha MOMEHT HAIIMCAHUS ITPOIPAMMBI), & BBIUUCIISIETCS] YIKe B XOJE
BBITTOJTHEHNS !

Ha momomb 31ech TpUXOAST TakK Ha3bIBaeMble AAMOIA-PYyHKUUY —
6e3bIMsIHHbIe (DYHKITMOHAIbHBIE OOBEKTHI, CO3/IaBaeMble «Ha JIETY» BO Bpe-
MsI UCIIOJIHEHUS IPOrPaMMBbl. JIsaMOma-DyHKIIE 001a1a10T IByMsI IIPUBJIE-
KaTeJbHBIMUA OCOOEHHOCTSIMU: BO-TIEPBBIX, OHU HE TPEOYIOT MMEHU U, KaK
CJIeJICTBHE, HE 3aIPOMOXKIAI0T MHOYKECTBO HCIIOJIb3yEMbIX MJIEHTH(OUKATO-
POB; BO-BTOPBIX, TE€JIO JIAMOIa-OYHKIME MOXKET COIEpKaTh c80600HbLE
nepemeHHbLe, 3HATEHNE KOTOPBIX OEPETCS U3 OKPY2KEHUSI.

OCHOBOII J1jI1s1 KOHCTPYUPOBaHUsI JIIMOIa~-(DYHKIIUU CJIy>KUT TaK HA3bI-
BaeMblil sambda-cnucok. TlepBbIM 3JIEMEHTOM TAKOTO CIHCKA JOJIZKEH
ObITH cMBOJI lambda — OpUYEM 9TO HE MOTOMY, UTO C HUM ACCOIUHUPO-
BaHa Kakasi-HUOy/Ib (DYHKIMS WU crerndopMa, U He IIOTOMY, 9TO y HEro
KaKOe-TO 3HaYeHHUe, & MUCKJIOYNTEJHHO IOTOMY, YTO 9TO BOT KOHKDETHBIN
cumBou1 lambda!”. OcraTok asaM61a-CIIcKa HOX0K Ha XBOCT dhopMbl defun:
BTOPBIM 3JIEMEHTOM B HEM BBICTYIIAET CIIMCOK CUMBOJIOB — (DOPMaJIbHBIX
rmapaMerpoB, a JaJIbIlle CieyeT Tejao (DYHKIUUA, COCTOSIIEee U3 OHON HMJIH
Heckosbkux (opM. MaTepecto, 9To jgaMbaa-ciucok (IeJuKOM) MOXKHO [0~
CTABUTDH MEPBBIM 3JIEMEHTOM (DOPMBI — HAIPUMED, PE3YIHTATOM BBIUUC/IE-
Hust OPMBI

17,[[0 ceil TTIOpbI Mbl BUJEJU TOJILKO OJIMH IOJOOHBIM CUMBOJI, POJIb KOTOPOI'O OIIPE/ie-
JIsieTCsl He 3HaYeHueM W He (pyHKIuel, a caMuM 10 cebe oO0beKToM cuMmBojia — nil. Ha
camoMm gesre Common Lisp BBOAUT TOBOJIBHO MHOTO TAKUX CUMBOJIOB, HO MbI IIOCTaPAEMCS
6e3 HUX 0OOHTHCD.
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((lambda (a b c) (+ a (*x b c))) 10 3 5)

CTAHeT YHCJIO 25; TaKUM CIOCOOOM JISIMOJIa-CIIMCKU ITPUMEHSIIOTCS PEJIKO,
HO JjIs HAC 371eCh BakHee cooOparkeHue, 9TO KOJIb CKOPO HEYTO MOXKET
OBITH TIEPBBIM 3JIEMEHTOM (POPMBI, K HEMY JTOJIXKHA OBITH MPUMEHUMA CIIETl-
dopma function. Dro melicTBUTEILHO TaK: MMeHHO function (06b1qH0
cokpamaemas 10 #’) UCHOIb3yeTcsl JJisl NPEBPAIEHUs JSIMOIa-CINCKa B
dyuKIMOHAIBHBIN 00bekT. Hampumep, eciim HaMm morpedyercs nmpubaBUTh
3 K KaXKJIOMY U3 3JIEMEHTOB 3aJIAHHOIO CIIUCKA, 3TO MOXKHO OyIeT CIeaTh
TaK:

(mapcar #’(lambda (x) (+ 3 x)) ’(10 20 30 40 50))

PezynbraTom BhIMHUCIEHUS 9TOTO BhIpazkeHust cTaHeT cuucok (13 23 33 43
53). Eciu ke umciio, koropoe norpedyercs TpubdaBIIsAThH, BO BpeMs HAIU-
CaHWsI IIPOI'PAMMBI eIé He M3BECTHO, MOYKHO HAIUCATH (DYHKITIIO, KOTOPas
OyzteT mpubaBIATH KO BCEM IJIEMEHTAM CIIUCKA NPOU3BOALHOE TUCTIO:

(defun add-to-list (num 1lst)
(mapcar #’(lambda (x) (+ x num)) 1lst)

Teneps, HATIPUMED, BBIUUCIICHIE BHIPAYKEHUS
(add-to-1list 7 ’(10 20 30))

mact croucok (17 27 37). DToT mpuMep IpUMeYaTeIeH TeM, YTO B TeJjie
JIIMOTa~-(DYHKITUN UCIIOIB3YETCS c60000HaAA NepemenHas Num; B TOM Me-
CTe TIPOTPAMMBI, T[jie CO3JaéTcst aaMOma~-dyHKIMS, 9Ta MepeMeHHasl IPU-
cyTcTByer (3TO UMs HEpBOro u3 ABYX (DOPMAJbHBIX HAPAMETPOB (DYHK-
muu add-to-1list), u byHKIM, Co3MaHHAA U3 JAMOIA-CIIUCKA, UCIIOIB3YET
UMEHHO €€.

ITockonbky dyukiuun B Jlucie BBICTyHAIOT «IIEPBOKJIACCHBIMEA OOBEK-
TaMU», TO €CTh 00PadATHIBAIOTCS HAPABHE C JIIOOBIMU JPYTUMHU JAHHBIMHA,
UX MOXKHO He TOJIBKO IlepejiaBaTh B JApyrue (PyHKIUU [TapaMeTpaMu, HO U
BO3BpaIaTh u3 GyHKIUI B KadecTse 3nadenunit. Hampumep:

(defun make-adder (n)
#’(lambda (x) (+ n x))

Oyukius make-adder, mojydast mapaMeTpoM IIPOU3BOJIBHOE YHCJIO, OyIer
CO3aBaTh PYHKUUIO, NPUBABAAIOULYIO IMO HUCAO K c80eMmYy (eOUHCMEEHHO-
MY) apeymenmy; Tak, pe3yJabraroM BeruucieHus (make-adder 13) cramer
dyuknus, npubasisionas 13. Kciu mociie1oBaTeIbHO BBIYACUTH (DOPMBI

(setq plus13 (make-adder 13))
(funcall plusi3 77)
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— TO pe3ysbTaroM BTOpoil 3 Hux crader 90. OOparuTe BHUMAaHUE, YTO
37eCh MBI He IIpUMeHdAeM K CUMBOJY plusl3 HUKAKUX XUTPBIX Oleparuit
BpOZE «’» W «#’», MOCKOJIbKY O00BEKT (DYHKIIUU SBJISETCH €r0 3HAUEHU-
em. Eciu BbI pernute norpodosaTs stoT npumep Ha SBCL, npeasapurenbmo
obbsiBuTe plusl3 riobasnbHOl mepemenHoit ¢ omornipio defvar; B GCL u
ECL s10 nenars He 00g3aTEIBHO.

BupouewMm, mpu kejjaHuU MOXKHO 3aHeCTH (DYHKIINIO HE B 3HAYEHUE CHUM-
BOJIA, & B CCBUIKY, IIpejiHa3HadeHHyo s ¢dyuknuit. Ciemyiomue jase dop-
MBI JIaJIyT TOT K€ pe3yJbTaT, YTO U MPeJblIyIue, TOJIbKO JIjIsd CAMBOJIA
plus13 O6yaer 3a/eiicTBOBaHA CCHLIKA HA ACCOMMUPOBAHHYO (DYHKITHUIO, TP
9TOM 3HAYEHUS Yy HETO He IIOSIBUTCS:

(setf (symbol-function ’plusl3) (make-adder 13))
(plusi3 77)

B nestom sisiMbma-yHKITME yCTPOEHBI HECKOJBKO CJIOYKHEE, I€M MOYKET I10-
Ka3aThCsl Ha, TIEPBBIil B3TJIsII; 9TOMY BOIIPOCY MBI IIEJIMKOM IIOCBSITHM CJIEJTY-
foruit maparpad. Iloka ke mompobyeMm B MEPBOM TPUOJIUKEHUN OTBETUTD
Ha BOIIPOC, MOYeMy BCE-Takm cpeiacTBamu Jlucna Hejib3s HAIUCATH HOBYIO
crieribopmy.

OOBITHO HOBUYKHM, 33JIAIOIINECS STUM BOIIPOCOM, PACCYXKJIAI0T IPHUMep-
O Tak: «DyHKIMS OTyIMIaeTcs OT CrerOpPMBI TEM, 9TO BCE €€ apr'yMeHThI
BBIYUCJISIOTCS; HO €CJIi Obl €€ apr'yMeHThI He BBIYUC/ISIINChH, OHA MOIJIA, ObI
9TO CJIEJIATH CaMa — HAIPUMED, ¢ ITOMOIIBIO eval, Tak 9To, HaBepHOe, Obl-
JI0 OBI Jake MpaBUJIbHEE, eCJid Obl ABTOMATHYIECKN HUKAKNE aPTYMEHTHI HEe
BBIYUC/ISINCH, BEJb TOIJIa MOYKHO OBILJIO OBl TUCATH U OOBIYHBIE (DYHKITUH, 1
TaK#e, KOTOPbIe CBOM apryMEHTBI He BBIYUCJISIIOT WJIA BBIUHUCIISIIOT HE BCE».
Kak mpaBmiio, gesioBek, paccy K aiomuii mogo0oHbIM 00pa30M, IIPOCTO HE 3a-
JYMBIBAJICSI O TOM, KaK IIPOMCXOIUT IIpUMeHeHne (PYHKIUU K apryMeHTaM
BHYTPH (DYHKIMOHAJIOB, Oy/ib TO mapcar, apply uiu Jjrobas apyras QyHK-
U1, BBIHY K JIEHHAST NPUMEHAMS DYHKITNOHATBHBIN OOBEKT — ITOJTY IeHHBII
qepe3 rmapaMeTpbl U JIFOOBIM JIPYTUM CIIOCOO0M — K 3aJ[AaHHBIM apryMeH-
TaM. OnpeesIsiIoyM TYT OKayKeTCsl TOT OYEBUJIHBIN (akKT, YT0 (PYHKIMO-
HAJIBHBINA OObEKT BHYTPHU (DYHKIIMOHATIOB NPUMEHACTNCA K YIHCE BHLYUCAEH-
MM apeymenmam; PYHKIUs, CAeI0BaATEIbHO, HUKAK HE MOXKET CaMa BbI-
YUCJISITH CBOU apryMEHTHI, BE/Ib OHa HE 3HAET, BbI3BaJIU €€ n3 (pyHKIMOHAJIA
WJIU TIPU BBIYUCIEHUU OOBITHOM (DOPMHBI.

VmenHO OTOMY IIPU BBIMHUCJIEHUN TTIPOCTON (DyHKITMOHATBHON (HOPMBI
WHTEPIPETATOP CAM BBIUHCJISIET BCE €€ 3JIEMEHTBI, KPOME IIEPBOr0, & 3aTeM
y2Ke [pUMeHsieT K HUM (TO eCTb K 201MoGbiM 3a4€HHUIM apIyMeHTOB) (QyHK-
W0 — TOYHO TaK 2Ke, KAK 9TO IMPOUCXOINAT U BHYTPU (PYHKIHOHAIOB. I1o
TOl ke mpudrHe PYHKIMOHAJBI He MOT'yT paboraTh HU co crelydop-
MaMM, HA C MaKpPOCaMM — TOJIBKO C¢ (DYHKIIMSIMH: B CAMOM Jlejie, U
creripopMBbl, 1 MAKPOCHI TAK WM MHAYE YNPABAAIONM BUMUCAEHUEM CEOUL
apeyMeHRMOs, TOTIa KaK [IpU MpUMeHeHn: (pyHKIUU K apryMeHTaM BHYTPHU
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dyHKIIMOHAJIA BCE yKe JaBHO BBIUMCJIEHO; €CJIM MAKpOC Win crendopma
TOTIBITAIOTCS BBIYUC/INT YACTh CBOMX apryMEHTOB (TaK, KAK OHHU JEJAI0T
9TO B OOBIYHBIX YCJIOBHSX), TO PE3YJIbTATHI HOJLyd9aTCs COBCEM He TaKue,
KaKIX MOYKHO OBLIO OBl OXKUIATD.

11.1.9. ®yHapr-mrpodjemMa u JEKCUIECKOe CBA3bIBAHUE

Pannne Bepcum Jlucna mcmosb3oBan MPOCTEHINT BOZMOXKHBIHM IO
XOJ[ K XPAHEHUIO 3HAYEHUS CHMBOJIA: CCHIJIKA HA 9TO 3HAYEHUE XPAHUJIACDH
B caMOM OOBEKTe, IPEJCTABJISIIONEM CHMBOJI. 1akas CChLIKA B OObEKTax
CHUMBOJIOB CylllecTByeT u ceitdac, a B Common Lisp ecrb j1axKe crienuaJib-
Has BCTpoeHHas (DYHKIIMSA, MO3BOJISIIONIAA IO 9TOH CCHIIKU J100paThCsad —
symbol-value (110 aHAJOrMU ¢ PACCMOTDPEHHOI BbIille symbol-function);
KaK HU CTPAHHO, 3HAUYEHUEM CUMBOAG B COBPEMEHHBIX Bepcusx Jlucra ga-
JIEKO He BCErJla CYUTAETCS TOT OOBEKT, HA KOTODBIA CCHLJIAETCHA 3TO BOT
«value», ¥ TOMYy €CTh HETPUBHAJIbHAS, HO BECbMa BarKHAsI IIPUIIHA.

YT10o6bI TOHATH, B YéM TYT JI€JIO, HAM HPUIETCS MPOJOI2KUTH UCTOPU-
9eCKUil 9KCKyPC U HMOCMOTPETh, KaK IIOCTyIaJi MHTepIpeTaTops! Jlucma,
KOTJ[a Ta WM MHAas [epeMeHHas (T.e. CUMBOJI), YK€ UMEBIIas 3HAYCHUE,
HCIIOJIL30BAJIACh B POJIH JIOKAJIHLHON TIEPEMEHHON — HAIPUMED, BBICTYIAJA
dopmanbHbIM MapaMeTpoM dyukuu. I[IpocToit moax0, KOTOPbIi TePBHIM
[PUXOJUT B FOJIOBY — 9TO COXPAHUTH Ie-HUOY/Ib (yCJIOBHO IOBOPS, B CTe-
K€, XOTs 9TO COBEPIIEHHO He 00A3aTEe/IbHO allapaTHbI CTEeK) cTapble 3Ha-
YeHHUsI JIOKAJBHBIX IEPEMEHHBIX, IIPICBOUTD UM HOBbIE (JIOKAJIbHBIE) 3HATE-
HUAS — HAIpUMep, 3HaUeHus (HAKTUIECKUX MapaMETPOB, K KOTOPBIM IIPHU-
MeHsieTCsl (DYHKIUSI, TIOTOM BBIIIOJIHUTE TeJIO (DYHKIUHU, a Iepes BO3Bpa-
TOM YIPABJIEHUSI BOCCTAHOBUTH OOPATHO CTaphble 3HAYUEHUS IEPEMEHHBIX,
HCITOJIb30BABIINXCS B KAY€CTBE JIOKAJIbHBIX.

Taxoit momxo Ha3bBaETCI UHAMUYECKUM C8A3bl8aHUuem. Heb3s
CKa3aTh, YTOOBI OH OBLI COBCEM HEMPABUIBLHBIM: KaK MBI YK€ OTMedasIn
(cm.§11.1.1), 10 HAIIErO BPEMEHH COXPAHUJINCH J[BA M3BECTHBIX JMAJIEKTA
Jlucna — Emacs Lisp u AutoLISP (BcTpoeHHbIe MHTEPIIPETATOPBI B PEJIAK-
tope Emacs nu B AutoCAD), ucnosnb3yromue JUHAMIYECKOE CBSI3bIBAHME.
Pannne peanuzanuu JIucna mpekpacHO CyNIECTBOBAJIU IIOYTU HECATDH JIET,
IIOKa, He OOHAPYKUJIOCH, YTO B HEKOTOPBIX CIIyUasX OHHU BEIyT cedDs HE TaK,
KaK OT HUX OXKHUJIAETCS.

CyTb 1npobiieMbl MOXKHO MPOWJLIIOCTPUPOBATh Ha mpumepax. s Ha-
qaja PacCMOTPHUM y2K€ 3HAKOMYIO HaM (DYHKITHIO, CO3IJAIONTYI0 PYHKUUU C
OJIHMM apryMeHTOM, IIPUOABJISIIOIINE K CBOEMY apI'yMeHTY 3aJ[aHHOe YUCJIO;
B OTJIMYHE OT paHee PACCMOTPEHHOI'O IIPUMEPA, IEPEMEHHYIO, Ha KOTOPYIO
HY?KHO 00paTuTh 0cob0e BHUMAaHNE, Mbl HA30BEM thevar:

(defun make-adder (thevar)
#’ (lambda (x) (+ thevar x))
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Tenepb JJIsA IIPOCTOTBI KapTUHBI 3aHecéM B thevar riobajbHoe 3HaYECHHE
100:

(setq thevar 100)

[Tocite aTOro Bocmomb3yemcs pyukmeit make-adder, ITOOBI CO3IAThH «IIPU-
GaBJISITIKY TISITHY

(setq plusb (make-adder 5))
U TIOIBITAEMCS 9Ty <«IIPUOABJISIIKY» 33/1€fICTBOBATD:
(funcall plus5 10)

Ecnu B mamem mntepnperarope JIucma ucmoab3yeTcs JUHAMUTIECKOE CBsI-
3bIBaHUe, Pe3yIbTaT MOXKET HaC HECKOJIBKO YIUBUTBH: BMECTO OXKHMJAEMOI'O
3HadeHnd 15 Mbl moxyumM 110. Meskay mpodmM, 3TO Jaske MOYKHO IHOIPO-
6oBaTh B JI060M mHTEprperarope Jlucma, skmoyas ECL, GCL u SBCL —
JOCTATOYHO yCTAHOBHUTD [JIsi thevar AuHAMHYECKHil coco0 CBSI3bIBAHUS,
poimostHuB (defvar thevar).

ITorrpobyem mOHsITH, 4TO mpou3onLIo. Korma Mbl BbI3BAJIM (DYHKIIUIO
make-adder ¢ napamerpoM 5, nepemennas thevar, BpICTyllalolas B Hel
dbopMaTBHBIM TTAPAMETPOM, BPEMEHHO — TO €CTh HA BPEMsi BBIITOJTHEHUS
make-adder — nosiy4miia 3HadeHue 5; Ipu 9TOM cTapoe 3Hadenue thevar —
qucjio 100 — HHTEPIPETATOP T/Ie-TO COXPAHMUII, & ITOCTE 3aBepIeHusT PYyHK-
¥ BOCCTAHOBWII ero obparno. CienoBaTesbHO, KOTJIa Mbl — YK€, pa3yMe-
eTcs, TocJyie 3aBeplieHust make-adder — pemmn HAKOHEI BOCIOIb30BATHCS
CO3/IAHHOI «IPUOABJIAIKOI», TIepeMentas thevar nmMesna 3uadenue 100, a
Bosce He 5. Temom Hamreil «mpubaBIsSIKE» CIIYKUT TEJIO JIsiOMIA-CIIICKA,
W3 KOTOPOro OHa ObLIA CO3/IaHa, a OHO, KAK MBI IIOMHUM, COCTOUT U3 €J1H-
cTBeHHOI dopMbl (+ thevar x); mepemeHHas X TyT 0003Ha4YaeT POPMAJIH-
HBIIl TapaMeTp, TO €CThb OHa JIOKAJbHO IIOJIy4Ynsa 3HadYeHUe, IepeJaHHoe
dakTUIeCKUM IMapaMeTpoM, B HAIIEM CjIydae 3To aucyio 10, 371ech BCE B 1o-
psziKe; HO IepeMenHast thevar 371ech cBOOOHAS, TO €CTh, BO BCIKOM CJIydae,
OHA HE SBJISETCS JIOKAJIBHON 110 OTHONIEHUIO K (DYHKIIUU- «IPUOABIISIKES,
TaK ITO UHTEPIIPETATOp 0OpaTm/ics K Heil U MOJIydnI €€ mekyujee 3HATe-
HHE, & OHO OBLIO HA TOT MOMEHT paBHO 100; MEHATH ero Ha 5 U 0O6paTHO
OBLTIO B 9TOT Pa3 HEKOMY.

Mexay mpodmm, eciau ObI MBI He MPUCBOUJIN ITE€PEMEHHON TI00ATHHOE
3HaYEeHUE, BCE TIOJTYUIMJIOCH OBl eIé MHTEpEeCcHee: MOIBITKA WCIIOIH30BAHUS
«IIpubaBISIKI» BbI3BaJa Obl OIMUOKY, ITOCKOJIbKY thevar mepes HavaoM
BBINIOJTHEHNS make-adder HMKAKOroO 3HAYEHUs HE MMeJa, U IIOCJIe OKOHYa-
HUS BBIIIOJIHEHUS UMEHHO 3TO COCTOSHUE IIEPEMEHHOII — OTCYTCTBUE 3HAYE-
HUS — OYJeT BOCCTAHOBJIEHO.

[IpuBenéuublii mprMep IEMOHCTPUPYET TAK HA3BIBAEMYIO 60CTO00s-
wyro dynape-npobaemy (auri. upwards funarg problem), HO 3TO He
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€JINHCTBEHHbBI HEJOCTATOK JUHAMIUYIECKOrO CBsa3biBaHus. [lompobyem mpu-
Bectn npyroif npumep. Ilycrs Hekast QyHKIWs, MOJIyIUB 3HAYEHUE Uepe3
dopMaTbHBII TApaMeTP, B POJU KOTOPOrO BBICTYIIAET BCE TOT YKE& CAMBOJI
thevar, cO37a€T Ty Ke CaMylo «IIPHOABJISIIIKY», HO HE BO3BpaIlaer eé, a
epeiaéT mapaMeTpoM B JPYIYI0 (DYHKIMIO, T/ie TOXKe 3a/efiCTBOBAHA IIe-
pemennas thevar. /[yiss mpocTOTHI KapTUHBI HaIlla BTopas MyHKINSA Oymaer
[OJIy9aTh JiBa 3HAYEHUS — (DYHKIMIO U APTYMEHT JJTsi He€, U BCE, 9TO OHA
OyJeT JleJ1aTh — 9TO IPUMEHATH 33/[aHHYI0 (MYHKIHNIO K 33JJAaHHOMY apry-
MEHTY; Ba>KHO TYT JIUIIb TO, 9TO (DOPMAJILHBIN TTapaMeTp, Yepe3 KOTOPbIi
MOJIy9aeTCss apryMeHT, Oy/leT Ha3bIBaTbCsl, OISATH Ke, thevar — TouHee
roBODsI, OH OyjieT 0003HAYEH BCE TEM Ke CHMBOJIOM thevar:

(defun f2 (func thevar) (funcall func thevar))
Yro KacaeTcst OCHOBHOI (PYHKITUH, TO OHA MOXKET OBITh, HAIIPUMED, TAKOIi:

(defun sample (thevar)
(f2 #’(lambda (x) (+ x thevar)) 1000)

PaccmorpuM BHEMATENBbHO, 9TO OYIAET MPOUCXOIUTH IIPU BBIYUC/ICHUN
(sample 7) mpH yCJIOBUH, 9TO MHTEPIIPETATOD UCIOIL3YET JUHAMUIECKOE
cBsA3bIBaHME (KaK MUHUMYM Jyid lepeMeHHoii thevar). Ha Bpems BbiosHe-
Hus Testa pYHKINY sample 9Ta nepeMeHHAas [OJIyIaeT 3HAYCHNE 7; TaJIbIne
71 BbI30Ba £2 MHTepIpeTaTop HOJI2KEeH BBIYUC/IUTDL 3HAUCHUd €€ IapaMeT-
poB, mipu 3TOM KoHcTaHTa 1000 BBIYHUCSIETCS caMa B ceDdsi, a MepBbIi ap-
rymeHT — crerndopma function, npuMeHEHHAS K JISIMOIA-CIIUCKY — IIPH
BBIUUCJIEHAN AT 00DBEKT (PyHKyUU, OT KOTOPO MBI OXKUJAEM, 9TO OHA,
IPUHUMAasI OJIUH apPryMeHT, OYIeT BO3BPAIATh YHCJIO, O4JIbIlIee HA 3HAUCHIE
thevar, To ecTb B HameMm ciay4dae Ha 7.

K monygenHbIM 3HAYEHUSM TapaMeTpPOB puMeHsieTcst hyHKms £2, mpo
KOTOPYIO MBI IIOMHUM, YTO BpOJie Obl OHA JOJI’KHA CBOW IIEPBBIN apryMeHT
MIPUMEHUTH KO BTOpOMy. KOJIb CKOpPO IEpBBIil aprymMeHT — <«IpHOABIISI-
Ka CeMUI», & BTOPOUA — ThICAYA, IIOJYIUTHCA JTOJIZKHO, 110 uaee, auciao 1007.
Ecau 6w 6 onucaruu f2 gopmanvrivie napamempos Ha3b8aAUCH KaAK-HUOYIb
uHave, UMEHHO MaK Obt 6C€ U 6BLA0, TO €CTh MBI JIEHCTBUTEIBHO OJIY Y-
s 661 1007; HO B Harem ompefesieann £2 nMms thevar UCIOIB3yeTCs s
BTOpOro (hOpMaJIbHOTO IapamMeTpa. Kak ciejcTBue, Ha BpeMsi BBIIOJIHE-
Hug £2 cumsos thevar noay4daer 3nayenue 1000, 1 BOT TyT-TO KakK pa3 u
BBIUUCJISIETCSI TEJIO Halllell «IIpUOABJISIIKI», CChLIaloleecsl Ha thevar kak
Ha cBOOOIHYIO nepeMennyio. [losydennoe B urore 3uadenue 2000 (BMecTo
oxujasirerocss 1007) MoXKeT CTaTh Jyisi IPOrPAMMUCTa IOJIHBIM CIOPIIPHU-
30M.

Mexty UpPOYHM, HACTOSTEIHHO PEKOMEH/yeM YHTATEII0 IOIpobo-
BaTh BOUTH yKasaHHble Gopmbl (omucanuss dyHKnumii £2, sample u BBI-
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308 (dyHkuuu sample) B uHTepIperaTop JlUCha, IOLYyYUTh 3HAYEHUE
1007, 3aTeM 3aKpbITh MHTEPIPETATOP, CHOBA 3allyCTUTh €ro, BBIIIOJHUTH
(defvar thevar), TeM caMbIM CI€/aB CBA3bIBaHUE [ thevar quHAMITIE-
CKHUM, CHOBA BBIUHCJIUTH Te YKe CaMble TPU (POPMBI U YOEIUTHCsI, UTO IO-
JIyYEeHHOEe 3HaueHue B 3T0T pa3 — 2000. DTOT HEXUTPHIA SKCIIEPUMEHT 1103~
BOJINT M30ABUTHCA OT OCTATOYHOI'O HEBEPHUS B MPOUCXOMSIIEE, KOTOPOE —
MOXKeTe HEe COMHEBATbCS — Y BacC IIOKa eIE eCTh.

3Jiech MBI IIPOJEMOHCTPUPOBAIN HUCTOdAULY0 PyHape-npobaemy.
CrouT mpU3HATDH, 9TO ITOT BapuaHT (dhyHApPr-nmpobieMbl GoJtee yoeureeH
u B niesioM bostee adekTeH, HexKen mpeablaynuit. Bo-mepBeix, 37eCh mMo-
JIy4aeTCs, YTO PE3YIbTAT 3G6UCUM OM UMEHU AOKAADHOU nepemennol 8
dpyeotll Pynryuu, a 37O WIET Bpa3pe3 ¢ caMoil ujeeil JIOKAJIbHBIX [ePeMeH-
HBIX: UX UMEHA He JIOJ’KHBI HUKOTO BOJIHOBATH 33 IPEJEIAMU TOU JACTH
[IPOrPaMMBbI, TJI€ OHU JIOKAJIU30BaHbl. BO-BTOPBIX, UMEHHO B HUCXOJISIIEM
cJIydae HAIVIAIHO BHJHO, YTO IIOIPOCTY B3ATh U 3aIPETUTH CBOOOIHBIE IIe-
pPEMeHHbIE B JISMO/1a-CIIUCKAX, KAK 9TO HHOTJA IIPEJJIATAIOT C/IeJIAaTh, — 3Ha~
YUT MOTEPSITh OY€Hb BAYKHBIE BO3MOXKHOCTH (BCIIOMHUM, KaK MBI C TIOMO-
[IbIO MApCar yBeJIMYMBAJIU Ha 3aaHHOE YHUCJIO BCE JIEMEHTHI CIIICKA).

Ecin ve paccmarpuBarTh MapruHajbHBIE CIydaW BPOJE YIOMUHABIITHX-
sl BBIIIIE BCTPOEHHBIX JIUAJIEKTOB JIuCIIa, COBpeMeHHbIE peasin3allii, ecTe-
CTBEHHO, ¢ (PYHAPT-1IPOOJIEMOIT CIIPABJIISIIOTCS; JOCTUTAETC TO IPUMEHEHN-
eM feKcuUNecKoz20 c8a3dvieaHus. B nnajgekrax, ocnoBanubix Ha Common
Lisp, /iekcuyeckoe CBSI3bIBAHUE HCIIOJIB3YETCs IO YMOJIYAHUIO, HO JJIsd OT-
JEeJIbHBIX IIEPEMEHHBIX, KaK Mbl BHJIEJN, €r0 MOXKHO OTKJIIOYHUTDH, BEPHYB-
IACh K CBS3BIBAHUIO JIMHAMUYIECKOMY. /Ipyrume IuajieKThl yuuin JaJjibIie
u BOOOIIE 0TOPOCH/IM BO3MOXKHOCTH JUHAMUYIECKOTO CBSI3bIBAHUS; IIPUMED
Tomy — Scheme.

YT00bI HOHATH CEMAHTUKY JIEKCHIECKOT'O CBA3BIBAHUS, MOYKHO IIPEJICTA~
BUTH cebe HeKue TabJIMIBI U3 ABYX KOJIOHOK: B ITEPBOIl KOJIOHKE — CCHLIKA
Ha CHMBOJI, BO BTOPOil — CCBLJIK& Ha, €ro 3HadyeHue, a B KOHIIE TaOJIUIbI —
elé u cchlIKa (BO3MOMKHO, I1yCTasl) HA BBIIIECTOSILYIO TabJIUILy TAKOIO ¥Ke
Buga. Takas TaOIUIA HA3BIBAETCS JAEKCUYECKUM KOHMEKCITMOM, KakK-
Jlasi eé CTpOUYKa — AeKCudeckoll c8:a3bio um Gundurzom (mocsenmnee
€CTb TpaHcjauTepalys aHrmiickoro binding), a cCbUIKa B KOHIIE TaOJIUIbL
HY?KHA, 9TOOBI CO3JaBATh BA0ICEHHDIE KOHTEKCTHI, B KOTOPBIX K YK€ UMe-
FOIIUMCST CBSI3SIM O0'bEMJTIONIEr0 KOHTEKCTA JI00ABJISIIOTCS JIOTIOJIHUTE/IbHBIE
CBA3MU, KaK pa3 1 00pa3yIolye BJIOKEHHBIII KOHTEKCT; CChLIIKA MCIIOJIb3yeT-
cs1 B TAOJIHUIIE BJIOYKEHHOT'O KOHTEKCTA, YTOOBI HE TOTEPATH KOHTEKCT 00beM-
somuii. Terepb, BEIYUC/ISIST CHMBOJI KaK S-BBIPAXKEHUE, TO €CTh BBIIIOJTHSIST
obparenne K 3Ha4eHHUIO IIePEMEHHO, HHTEPIIPETATOP CHAYAJIA HHTEPECYeT-
Cs1, HET JIU JJIs 9TOTO CUMBOJIA CBSI3HM B TEKYIIEM JIEKCHIECKOM KOHTEKCTE, &
€CJIN Y TEKYIIEero KOHTEKCTa €CTh KOHTEKCT OObeMJIIONIIIT — TO HET JIU CO-
OTBETCTBYIOIIEH CBA3KM TaM (M TakK I[I0KA I[ENOYKA BJIOXKEHHBIX KOHTEKCTOB
HE KOHYHTC:), U JIMIIb TOJBKO B CJIydae, €CJM B KOHTEKCTaX TaK HUYEro
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U He HAIJIOCh, O0PAINALTCs K JUHAMUIECKOMY (II0BaJIbHOMY) 3HAYEHUIO,
KOTOPO€, KaK Mbl TOMHUM, XPAHUTCS B CAMOM CUMBOJIE.

CnepyeT nog4epkHyTb, Y4TO Takas KOHCTPYKUMSI C MOWCKOM Mo Tabanuam nek-
CUYECKUX KOHTEKCTOB NMpUBEAEHA HaMuM NUWb ANA UACTpaumn cemanTukn. Ecan
aelicteuTensHo (BykBanbHO) peann3oBaTh Takylo Cxemy, UHTepnperaTop byger pa-
60oTaTb HEQONYCTUMO MEAJNIEHHO, Befb €My NPUAETCS BbINONHATL JMHENHbIW NOUCK
CMMBONA B KOHTEKCTaX KaXAbl pa3 npu obpaiueHnn k nepemertoli (noboiil). Kak
Ha CaMOM gefe peanmnsyloTcsl JEKCUYECKNE SHAYEHNSA NEPEMEHHBIX — BOMPOC CIOXK-
HbI/l 1 3aBEAOMO BbIXOAALMI 33 paMKun Haweii kHuru. Ham goctaTouHo 3HaTb, 4TO
paboTaeT 3TO BCE CEMAaHTUYECKM TOYHO TaK XK€, KaK ec/y Obl KOHTEKCTbI 1 BMPsSiMb
npeacTtaBasannCb Ta6}'||/|Ll'aM|/| NEKCNYECKUNX CBA3EN — TOJIbKO HAMHOro 6b|CTpee.

Temepn, Korma IEpeMenHas TOIKHA Oy IUTh JJOKAJTHHOE 3HATEHNE, HET
HUKAKOTO PE30HA UTO-TO JIeJIATh CO 3HAYEHUEM, XPAHUMBIM BHYTPU 00bEKTA
CHMBOJI&: BMECTO 9TOTO B KOHTEKCT JI00ABJISIETCS JIEKCUIEeCKas CBA3b JIJIsl
JTAHHOU IIePEeMEHHOIA.

Hamo ormeruTh, 9T0 06BEKTHI JIEKCUIECKUX CBSI3€HM MCIONB3YIOTCS He
TOJIKO IIPU OOpalleHnn K MepeMeHHOM, HO U IPU IMPUCBAMBAHUSIX: HAIIPH-
Mep, setq Ipy HAJUYUHU JAHHOTO CUMBOJIA B AKTHBHOM JIEKCUYIECKOM KOH-
TEKCTe M3MEHUT MMEHHO 3HAYeHNe BHYTPH KOHTEKCTa, & He TO 3HAYEHUE,
KOTOPOE B CAaMOM CHMBOJIE.

IIponnaiocTpupoBaTh HAJIWYINE Yy CUMBOJA «0Oojee YeM OHOTO 3Hade-
HUSI» — TOYHEe, 3HAUYEHMS, KOTOPOEe He COBIAJIAET C XPAHUMBIM B CAMOM
CUMBOJIE — MOKHO Ha CJIEIYIONIEM IpuMepe. BCIIOMHUM, 9TO K TOM CCBLI-
Ke, KOTOpast XPaHUTCs B CHUMBOJIE, MOXKHO 0OPATUTHCS C ITOMOIIHIO (DYHKITAN
symbol-value. Hamumem teneps dyHKImo, KOTOpas OyIeT UCIOIb30BATDH
CHUMBOJI Var B poJii (pOPMAaJILHOTO ITapaMeTpa U CO3/1aBaTh TOUYEUHYIO APy
u3 deticmsyroule2o 3HAYEHUS ITOIO CUMBOJIA U JUHAMUYECKO20 3HAYEHUS
TOTO K€ CHMBOJIA:

(defun var-values (var)
(cons var (symbol-value ’var))

Temepn g GosbIelt HATJISIAHOCTH BHE (DYHKIIMI 3aHECEM B 9Ty Iepe-
MeHHYIO 3HadeHnue "global", a moToMm BbI30BeM (YHKIMIO var-values c
napamerpoMm "local":

(setq var "global")
(var-values "local")

PesysbraTr obpamenust Kk dyukimun oygaer takoit: ("local" . "global").
SBCL nupwu BbIIOTHEHNN setq BBIJACT IPEIyIPEXKICHIE, HO BBl MOXKETE
ero 6uraronosryuno npournopupoBath; GCL u ECL npemynpexmenus ne
BBIJIQJIYT.

BBens stekcuvieckne KOHTEKCTBI U OoJiee-MeHee coOoOpa3uB, Kak OHU Oy-
AyT paboTaTh, Mbl, MOYKHO HaJIeAThCS, FOTOBBI K 00'bSICHEHUIO OJHOIO U3 Ca-
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MBIX HETPUBUAJIBHBIX MOHATHI (DYHKIMOHAJIBHOIO IIPOrPAMMUPOBAHUST —
samwvikarudi (anri. closures). Ilo cyTn 3aMbikaane — 370 Tes10 GYHKINM,
CHADKEHHOE JIEKCHIECKAM KOHTEKCTOM, WJIU, HHAYe TOBOPs, HAOOPOM JIEeK-
CHYECKUX CBsI3€H, JEefCTBOBABININX HA MOMEHT co3nanus (ynkiuun. Koab
ckopo peasmm3anu#d Jlucna noamep>KuBaeT JEeKCHYeCKoe CBA3bIBA-
HUEe, KaXKJbIii 00beKT PYHKIIMN B TAKOH peajm3aliui Ha CaMOM
Jiejie MpeaCcTaBJisieT cODOI 3aMbIKaAHUE. JTO KACAETCs B TOM YHUC/IE
¥ BCTPOEHHBIX (DYHKIUI, TPOCTO UX KOHTEKCT IYCTOW — KaK W KOHTEKCT
dyHKIN, BBEIEHHBIX C MTOMOIHI0 defun Ha BepxXHEM ypOBHE; HO IIyCTOM
KOHTEKCT HE O3HA4YaeT 0MCYmCmeus KOHTEKCTA.

IIpu BeImOSTHEHUN J1IO60H (DYHKIIMU Tepes mepejadeil yrnpaBiieHus eé
TeJIly MHTEPIPETATOP CHAYAJa JIeJIaeT eé KOHTEKCT TEeKyIIUM (aKTHUBHBIM),
3allOMHUB I[IPU 9TOM, KAKOW KOHTEKCT OBbLJI AKTUBHBIM PAHBIIE, ITOOBI 11O
OKOHYAHWU BBINOJIHEHNST (DYHKITMH BEPHYTh KOHTEKCThI 00PATHO. DTO Kaca-
€TCsl B TOM YHCJIE U IIYCTBIX KOHTEKCTOB; CJIeI0BATENbHO, (pyHKIWUS (eciim
3TO UMEeHHO (DYHKIMsI, a He MaKpoC U He crnemdopma) HE MOXKeT
HUKAKNM CIIOCOOOM IIOJIyYUTh JOCTYII K JIOKAJIbHBIM II€PEMEHHBIM
TOr0, KTO €€ BBI3BAJI: y HEE CBOIl KOHTEKCT, y BBI3bIBAIOIIETO —
cBoit. Ha crerdopmbr 910 mpaBmiio He pacHpoCTpaHSeTCs, OHU BeIb He
GYHKIIMM U CBOEr0 KOHTEKCTa He WMEIOT, Jia U BOODIE OHU Pean30BAHBI
He Ha Jlucme, a Ha TOM g3bIKe, HA KOTOPOM HAIINCAH HUHTEPIIPETATOD, U
SABJISAIOTCSA 9aCTBIO si[pA WHTEPIIPETATOpPa; CHerdOpMbl, B YaCTHOCTH, Ca-

MHI MOTYT MAaHUIIYJINPOBAaTh KOHTEKCTaMH — CO3/1aBaTh WUX, U3MEHATH U
IIEPEKJII0YaTh.
Makpocbl Mbl He paccMaTprBaem, HO Ha BCAKWI Cayyaii — K MpuMmepy, ecau

YNTaTEJIb 3aXO04YeT OCBOUTb NX CAMOCTOATE/IbHO — OTMETUM, YTO CBOUN KOHTEKCTbI
Y HUX €CTb; Npn 3TOM TE€NO MaKpoca (KOTOpOMy, HanoOMHUM, NapaMeTpbl nepega-
Hbl HeBbI‘-IVIC)'IeHHbIMVI) pa60TaeT B CBOéM KOHTEKCTE, HO pPE3y/NbTaT €ro BblHUCne-
HUs (T.e. MaKpopaclMpeHns) — MOJYYEHHbIA KOA, KOTOPbIli Kak pa3 u [OSKeH
BbIMOJTHNTBCA — 6yp,eT BbIMOJIHEH Y>X€ B KOHTEKCTE Bbl3blBAOLLErO.

®dopma function, o6bIYHO OOO3HaUYaemMasi CHMBOJIOM #’, Ha ca-
MOM Jiejie CO3IaET NMEHHO 3aMBbIKAHUE, & He YTO-TO UHOE; BIIPOYEM, TO
JKe caMoe MOXKHO CKa3aTh U mpo defun. 1o oUeBUIHBIM 06pa3OM 00bsIC-
Hs€eT, KaK pabOTAIT Te XK€ «IIPUOABJISIIKIY U3 TPUMEPOB, IPUBOIUBITUXCS
BbIIe. HarmmoMHUM, 9TO MBI CO3JIaBAJIA UX C TIOMOIIBIO (DYHKITIN

(defun make-adder (thevar)
#° (lambda (x) (+ thevar x))

Ecin, nanpumep, BeI3BaTh €€ ¢ mapamMeTpoM 33, TO IPU BBIYUCJICHUH €€ Te-
aa dopma function (#’) co3macT 3aMbIKaHUE, COCTOSIIIEE U3, BO-TIEPBBIX,
Tesa JAMOJa~CIUCcKa (BKJIOYAsl CIHUCOK [APaMeTPOB) M, BO-BTOPBIX, U3
KOHTEKCTa, B KOTOPOM HMMEETCs JIEKCUYIEeCKasi CBA3b (OUHIMHT) CHUMBOJIA
thevar co 3uauenmem 33. Korma moJsiydeHHy0O TakKuM 00pa30M «IIpHOaB-
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JAIKY» (TO ecThb (DyHKIMIO-3aMbIKAHIE) Mbl IPUMEHSIEM, CKAXKEM, K IHC-
JIy 27, TO UHTEPIIPETATOD CHAYAJIA JIeJIaeT aKTUBHBIM KOHTEKCT U3 HAIIIEro
3aMBbIKAHUS, & 32T€M CO3/AET BJIOKEHHBIN KOHTEKCT JJIsi CBA3U (POPMAJIb-
HBIX TAPaMETPOB C (DAKTUIECKUMY 3HAYEHUSIMA — B HAIEM CJIydae 3/1eCh
Oymer cBsa3b mepemenHoit X co 3uadenueMm 27. Ilocse 3Toro y»ke B HOBOM
KOHTEKCTE BBIYUC/ISETCs eIUHCTBeHHas (opma n3 Tesa JaMO/Ia-CIucKa —
(+ thevar X);3HadeHUsi 0OOMX CUMBOJIOB HHTEPIPETATOP BO3bBMET U3 KOH-
TeKCTa — TOYHEee, X U3 aKTUBHOI'O KOHTEKCTa, & thevar — u3 06'beMJIIoIero.

CkazaHHOE TIO3BOJISIET MTPOJOJIKUTH HAYATHIN B TIPEIBIYINEM aparpa-
de pasroBop o ToM, modemy DYHKIHS HE MOYXKET CaMa BBIYUCJISATEH CBOU COO-
cTBeHHbIe TapaMeTpbl. OKa3bIBAETCs, JayKe ecid Obl OHA KAKUM-TO 06pa30oM
MOTJIa y3HATH, KOI/Ia UX HY?KHO BBIYUCJISATH, & KOTJa — HET, BCE PABHO ObI
HUYEro He MOJIYUNIOCh, Bellb 044 GOlHUCAEHUA 3HAYEHUT PAKMULECKUT Ta-
DAMEMPOS HYdHceH JOCMYN K AEKCUMECKOMY KOHMEKCMY Gbl3bi6aIoweeo, a
9TOro A0CTyna y DyHKINN, OKA3bIBAETCs, HET, BEJIb BO BPEMs BBHIUUCIICHUS
Tesa DYHKIMN aKTUBEH KOHTEKCT 9TOH (DyHKIWH, & HE KAKON-TO APYTOii.

[IpaBuiia cMeHBI JIEKCHIECKUX KOHTEKCTOB IIPUXOIUTCS YIUTHIBATH TaK-
2Ke, HAIpUMeEpP, W TpU HCHoJb3oBanuu dyukimn eval. [lockombky dop-
MaJIbHO 9TO WMEHHO (YHKIHs, a He cremdopMa U HEe MAKpPOC, JOCTYIa
K KOHTEKCTY BBI3bIBAIOIIEro y Heé HeT. [loaTomy, Hampumep, cjeiyrolmast
byHKITTST

(defun demo-eval-symb (x) (eval ’x))

BEPHET IJ100a/IbHOE 3HAYEHNE X, €CJIM TAKOBOE €CTh, €CJIN YKe ero HET — IPO-
U30MIET OMUOKa; IIPU ITOM 3HAYEHUE [MapaMerpa, C KOTOPBIM MbI BbI3BAJIU
GYHKITNIO, BOOOIE HI HA 9TO HE MOBJINAAECT.

Eweé oauH xopownii unntocTpaTMBHbIA Npumep Ha 3Ty TeMy — dyHKuus set;
B OoT/In4mMme OT setq, OHa CcBOIi I'IepBbII7I APryMeHT He 3KpaHUpyeT, 4TO MNO3BOJIAET,
HanpuMmep, y>Xe BO BPEMsA UCNOJIHEHUA ONpPene/INTb, KaKOMY CUMBOJY NPpUCBanBaTb
3HayeHne. C gpyroli CTopoHbl, set — 3To yHKLMS, a He cneudopma; No3TOMy n3-
MEeHNTb JIOKasIbHOe (NIEKCNHECKOe) 3Ha4YeHMe NePEMEHHON OHa He MOXET, eé obnacTb
NPUMEHEHNA OrpaHN4€Ha rnobanbHbIMU nepeMeHHbIMN.

JlJist MCIOIb30BaHNUs B JIAJIBHENININX IPUMEpPaX HaM KeJaTesIbHO Pac-
cMOTpeTh crerndopmy let, IMO3BOJSIONYIO BBOAUTH JIOMOJHUTEIbHBIE JIO-
KaJIbHBbIE TIepeMeHHbIe; (DaKTUIeCKH dTa (PopMa CO3/TAET BJIO2KEHHBIN JIEK-
CUYeCKUil KOHTEKCT. [1epBbIil 971eMeHT 9T0i# (POPMBI — €CTECTBEHHO, CUMBOJI
let; BTOpOIt 3JIEMEHT MPEJICTABISIET COOON CIUCOK BBOJMMBIX JIOKAJIHHBIX
[MEPEMEHHBIX, IIPUIEM ITOT CIIMCOK MOXKET COJIEPXKATH IJIEMEHTHI JIBYX BU-
JIOB: CUMBOJIBI (B 9TOM CJIydae CHMBOJI BBOJMTCH B KAUeCTBE JIOKAJILHOM
HepeMeHHOl 6e3 HAYaJbHOIO 3HAYEHUS) U CNUCKU U3 08YT IAEMEHIMOE —
CHUMBOJI U HavajbHOe 3HavdeHue s Hero. OcrajabHble 37eMeHThl (hOpMBbI
let mpeaCTaBIISIIOT COOON BBIYUCIUMBIE (DOPMbBI, KOTOPBIE OYIyT OfHA 3a
JIPYTo#l BBIYKMCJIEHBI B HOBOM JIEKCUYECKOM KOHTEKCTE; Pe3yJibTaT BBbIUKC-
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JIEHUsI TIOCJIeJIHEll W3 HUX, KAK BOJIUTCS B TAKUX CJIYYAAX, OObSIBJISIETCS
pe3yabTaToM Beeit opMbI let.

Hampumep, B KakoM-HIOY b KOHTEKCTE, Te thelist ecTh HEKUit CIIMCOK
qucesi, ciiefytomas (hopMa BBIUYUCIUT 38 OJWH MPOXOM CYMMY U IIPOU3Be-
JIeHUE €ro 3JIEMEHTOB U BEPHET COCTABJIEHHYIO U3 PE3YJIbTaTOB TOUYEYHYIO

napy:

(let ((s 0) (p 1))

(mapcar
#’(lambda (x) (setq s (+ s x)) (setq p (* p x)))
thelist

)

(cons s p)

To ke camoe MOXKHO CZe/IaTh UyTh IO-IAPYIOMYy — He MHHUITMAJIN3UPOBATH
IepeMeHHble, a IPUCBOUTh UM Hada/IbHbIEC 3HAYCHUA:

(let (s p)
(setq s 0)
(setq p 1)
(mapcar

Hauanbable 3HaUEHMS JIOKAJIBHBIX IIEPEMEHHBIX MOXKHO 33/]aTh, €CTECTBEH-
HO, HE€ TOJIbKO KOHCTaHTaMH, HO U IIPOU3BOJIbHBIMH BbHITUCJIMMbIMN (bOp—
Mamu. VHTEpecHO, 9TO HaYaIbHbIE 3HAYEHUsS JJisl MEePEeMEHHBIX B
dopme let BBIYHUCIAAIOTCS B 00bemJionieM (pOpMy JIEKCHIECKOM
KOHTEKCTE, TaK YTO «HOBbIE» IIEPEMEHHBIE BO BPEMs 9TOI'O BBIYUCJIEHUST
HEJIOCTYIIHBI; B 9aCTHOCTH, €CJIM KaKas-Tnbo U3 MepeMEeHHBIX, BBOIUMBIX B
KaJecTBe JIOKAJIBHBIX (popMoit let, mMeeT 3HaYEeHUE B OOBEMIIIONIEM KOH-
TEKCTe, TO IIPU BBIYUCJIEHUU HAYAJIbHBIX 3HAYEHUN UCIIOJIb3yeTCsl €€ 3HAYe-
HUEe U3 00BEMJIIONIEr0 KOHTEKCTa. HOBBI KOHTEKCT, COJepKAIInuii BCe HO-
BOBBEJICHHBIE TIEPEMEHHBIE, CO3MAETC U aKTUBUPYETCS JIAIIb IOCJEe TOTO,
KaK BBIYUCJICHUSI BCEX MHUIMAIU3UPYIOMMX GOpM OyIyT OKOHYEHHI.

Jncn Takxe npegycmaTpusaeT hopMy C UMeHeM let*, koTopas 4eiiCTBYeT MHa-
4e: nepemMeHHble U3 Crnucka obpabaTbiBalOTCS MOCIEfOBATENbHO — AJ1s1 KaXKgoii U3
HNX BbIHNCNAAETCA cbopMa, 3ajaouias Ha4aslbHOE 3Ha4Y€HUE, Nocae Hero nepemMeHHas
3aHOCUTCA B KOHTEKCT, a Ha4a/lbHOE 3Ha4YeEHNE CﬂeﬂnyLLl'eI‘/ll nepemeHHof/‘l BbIHNCNAETCA
y>e B pamkax 3Toro koHTekcTa. B Scheme ectb BapuanThl ewé 6osee nHTepecHsble.

Kpome Toro, nokanbHbIMU MOryT ObiTb HE TOSIbKO 3Ha4YeHusl, HO U PyHKLMN, 1
[aXKe MaKpOCbl; OAs X BBEAEHUS] MCMONb3YtOTCst popmbl flet n macrolet. Vx mbi
paccMaTpuBaTb HE 6y,u,eM.

Nmest B cBoéM pactopsizkeanu GhopMy let, Mbl CMOXKEM ITPOUJLIIOCTPH-
pOBATH OJHY BaKHYIO OCOOEHHOCTH 3aMBIKAHWIA, & UMEHHO TOT (DAKT, UTO
MpU CO3JAaHUU 3aMBIKAHUUN KOHTEKCTBHI U CBSI3U HE KOIMPYIOTCH.
DTO 03HAYAET, UTO, KOJIb CKOPO JBe (mam 6oJibIie) DyHKIMKI CO3AHbI B OJ1-
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HOM U TOM K€ KOHTEKCTe (MJIM B KOHTEKCTaX, BJIOKEHHBIX B OJUH U TOT Ke
O0ObeMITIONUIT KOHTEKCT), Y MOJIYIEeHHBIX 3aMBIKAHUN MOTYT OBITH 00Ime
(Pusuuecku obwue!) cazu.

Jlnst mpuMepa CO3/1a/iuM ¢ TIOMOIIBIO0 let JIEKCHYIECKUNl KOHTEKCT, CO-
CTOSIIIUHN U3 OHOM TIepeMeHHoit counter, U B HEM IOCTPOUM JiBe (PYHKITUH,
KOTOpBIe OyayT ¢ 3TOi mepeMenHoit paborarh. IIpm 3TOM BOCHONIB3yeMCsT
TeM, 1aTo B JIucme defun He obsizara ObITH (POPMOIT BEPXHETO YPOBHSI:

(let ((counter 0))
(defun seq-next () (setq counter (+ 1 counter)))
(defun seg-reset () (setq counter 0))

)

Urak, Tenepp y mHac ectb nBe (pyHKIMH — seq-next m seq-reset, obe
BBI3BIBAIOTCS 6e3 mapamerpos. [lepBasi, Kak BUIUM, yBEJIUINBAECT T€PEMEH-
HYyIO counter Ha eJJMHUILY U BO3BPAIIAET II0JIy YeHHOE 3HAUeHNe (HATIOMHNM,
setq BO3BpAIIAET MOCJEHEee U3 IIPUCBOCHHBIX 3HAYEHUI, & €CJIM OHO BCETO
OJIHO, KK YAaIlle BCEro U ObIBAET — TO TO OJIHO); BTOpas QPYHKIUs 3aHOCUT
B counter HoJib. Temepb y HAC MOXKET COCTOATHCS CJIEIYIONIMNA JTHAJIOT €
UHTEPIIPeTaTOpOM (CUMBOJI > 37eCh — IIPHUIVIANIEHUE UHTEPIPETATOPA):

>(seq-next)
1
>(seq-next)
2
>(seq-next)
3
>(seq-next)
4
>(seq-next)
5
>(seq-reset)
0
>(seq-next)
1
>(seq-next)
2
>(seq-next)
3

DTOT IpUMep HAIJISITHO OKA3BbIBAET, YTO (DYHKINHN Seq-next u seq-reset
UCIIOJIB3YIOT OfHy U Ty Ke (busnyeckn!) cBsi3b II€peMEHHOi counter c eé
3HAYECHUEM.

s Hamero pasroBopa O HapaJIuirMax TOT MPUMEP UHTEPECEH TEM,
9TO MOJIYYUBINASCH CYNIHOCTh CHJIBHO HAIIOMHHAET OOBEKT C JBYMS METO-
namu. Ha 31y Temy aBTOp 9THX CTPOK OT OJHOTO U3 CBOUX CTYIEHTOB JAXKe
CJIBIITIAJI KaK-TO Pa3 HEKYIO IIPUTYY B BOCTOYHOM CTHJIE:
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Kax-mo paz x Macmepy npuwéa e2o ywenur u ckasan: «Ywu-
MeAb, A USYUUL 00BEKMHO-0OPUEHMUPOBAHHOE NPOLPAMMUPOGA-
nue! Mne xasicemces, obsexmov, — MO NPEKPACHBIT UHCMPY-
MEHM, KOMOPHLT NOZBOAUM MOEMY UCKYCCMBY NPOPAMMUPO-
sanus cmams ewé aywuwels — na wmo Macmep cmyxnya e2o
naakoll u Hedooavro omeemuan: « Croavko pa3 mebe 20860pumao,
nYCMas 200068a, 4Mo 00BeKMb, — MO NPOCMO HEAOIEAUHIBIE
samoikarus!»

Vuenur eephyacsa 6 c6010 Keavto u 00420 3AHUMAACA 6 00U-
HOUECTNBE, NOKA He PEUWU, YMo 20Mmo6 K caedyroweli becede
¢ nacmasnuxom. Tozda on crosa npuwén x Macmepy u cxa-
3an: «Yuumenv, A usywus PYHKYUOHAADHOE NPOLPAMMUPOCA-
HUE, U MHE KANCEMCA, UMO 3AMBIKAHUL — IMO 00HA U3 CAMDLT
UBAUMBLT KOHyenyut, wmo A 3naro!> — na wmo Macmep cmyx-
HYA €20 naakol u Hedogoavho npobypuas: «Ckoavko pas me-
be 2060pUMb, NYCMAA 20406a, 4MO 3AMBKAHUA — IMO NPOCMO
nedodeaarnvie obsexmot!»

Ilocae amozo YUEHUK docmue npoceemaeHuA.

OpuruHanoM 3TOro «KoaHa», NO-BUAMMOMY, MOC/YXXWJIO NucbMo asTopa Anton
van Straaten B cnncke paccbinku 111-discuss (https://people.csail.mit.edu/
gregs/111-discuss-archive-html/msg03277.html). Ha cemunape «[apagnr-
Mbl MPOrpaMMNpPOBaHUSI» €ro B BOJIbLHOM MEpPeBOAE Ha PYCCKUii nepeckasan
B. MenewkunH, kotoporo astop xoTesn bbl 3a 3To nobnarogapuTb. TOT TEKCT, 4TO
npuBeAEéH 34eCb, HA CAMOM fesile COBCEM He MOXOX HU Ha aHMMACKUI OpuUruHan,
HW Ha TO, YTO MPO3BYYasO Ha CEMUHApe — OCTajacb JiMlb OCHOBHasi UAes npo
YyHUTENs, YHEHNKA U 3aMbiKaHusl € OObEKTamMu, HO BOCTOYHbIE UCTOPUM 4HACTO U3-
MeHSITCA NogobHbIM 0bpa3oM: aBTOpy nonaganock bosblie AecsiTka BEpCUii OgHOM
TOJIbKO MPUTYY NPO camypasi W MacTepa YaiiHol LepeMoHnn. 3a04HO aBTOp XOTesn
6b1 nobnarogapute WM. Koctapesa, KOTOpbI MOMOr HAlTU CCbIAKY Ha aHMIMACKWG
opuruHann.

11.1.10. O dyHapr-npobiemMe B APYTUX si3bIKax

Xorsa dyHapr-mpobsiema Obla BIepBble oOHapykKeHa UMEeHHO B Jlucrre,
OHA /I TOTO S3bIKA HUKOMM 00pa3oM He crenududna. Jjis e€é BOSHUKHO-
BEeHUs JJOCTATOYHO BCErO JBYX YCJIOBHUI: B sI3bIKE JOJI?KHO OBITH MOXKHO pa-
60TaTh C TMOAIPOrPAMMAMU KaK CO 3HAUYEHUsAMU (HAIIPUMED, yKasareseh Ha
dyukuun, kak B Cu, BIIOJIHE XBATHUT), 8 CAMH [OZIPOIPAMMBI JIEJIATH BJIO-
JKEHHBIMU (JIPYT B ApYyra WM B KAKyIO-TO MHYIO CYIIHOCTH) — TaK, 9TOOBI
OHHU UMEJIU JIOCTYI K JIOKAJbHBIM IIePEMEHHBIM OO'BEMJIIOIIEI0 KOHTEKCTA,
KAKOBOII KOHTEKCT MMeeT CBOMCTBO BO3HUKATH U NCUYE3ATh.

B dyHKIMOHAIBHBIX S3bIKAX [T€PEMEHHBIE U OOpAIeHUsT K HUM OOBITHO
M3HAYAJIbHO Peaju3yloTcs ¢ y4ETOM (pyHapr-mpobJieMbl; [IpU ITOM Iepe-
MeHHasI CTAHOBUTCS JOCTATOYHO CJIOXKHBIM OOBEKTOM — BO BCAKOM CIIydae,




§11.1. dI3pik JIuco u ero S-BbIpasKeHUsT 361

PO IIepeMeHHbIe TOro ke JIucia HUKaK HeJIb3si CKa3aTh, 9TO 3TO IIPOCTO
UMeHa, KOTOpble HIEHTUPUIUPYIOT 00JIACTH ITaMSITHU.

CoBepiteHHO nHaMe 0OCTOAT feJia ¢ (POHHENMAHOBCKUME A3bIKAMU, 114~
pagurMaTudecKre CBOWCTBA KOTOPBIX OJIM3KU K CBONCTBAM SI3BIKA aCCEM-
6siepa — ¢ Takumu, HarpuMep, Kak [lackasnb n Cu. 3/1ech IMEHOBAHHBIE TIe-
peMeHHbIe OBIBAIOT POBHO JIBYX BUJIOB — IJI00asbHble (MX UMEHA eCTh TO JKe
camMoe, YTO METKa B SI3bIKAX acceMOJIEpPOB, TO €CTh TJI00AIbHAS TEPEMEHHAS
€CTb UMEHOBaHHAas 00JACTh NAMSTH B COOTBETCTBYIOIIEM CEIMEHTE) W JIO-
KaJIbHbIe (KaK MbI 3HAEM, UMEHA JIOKAJIbHBIX I1epeMennbix B [lackase u Cu
0003HAYAIOT TIOCTOSTHHBIE CMEIEHNsT OTHOCUTETLHO PEIEPHOI TOUKYU CTEKO-
Boro dpefiMa). DTH A3BIKK JOMYCKAIOT PAOOTY € YKA3aTEsIMU, HE CKPBIBAsI
Toro ¢akra, 9TO yKa3aTesb XPAHUT aJIPeC O00JIACTH HMAMSTH; BCAKAs [I€pe-
MEHHasi UMeeT aJIpec, KOTOPBIIl MOXKHO y3HATb W MOMECTHUTH B yKa3aTeb,
u T.7. VlHadye TOBOpsi, CEMaHTUKA ITUX SI3BIKOB OIKMCAaHA TaK, YTO Iepe-
MEHHAasT MOXKET OBITh TOJBKO 00JTACTBIO TMaMsATH U Oojee HuIeM. B Takoit
CUTyallud HET OYEBU/IHBIX CIIOCODOB JIJIs peaIM3aIluu 3aMbIKAHUN; HO eCJin
VIIOMSIHYTBIE BBIIIE JIBA YCJOBUSI OKAYXKYTCs BBIITOJTHEHHBIMY, PEAJIM3AIIHST
3aMbIKaHuit morpedyercs. 3wk [Tackaas momycKaeT BIOXKEHHBIE TTPOIIETY-
pbl 1 GyHKINT; paccka3biBasd o [lackase B TepBOM TOME, MBI HE YIIOMUHAJII
9Ty BO3MOXKHOCTh, U Ceii9ac 4uTare/ib, BOSMOXKHO, IIOAMET, [T0YeMy.

B creniudukaruu [Tackasms, ncxomno npepoxkentnoit Hukmaycom Bup-
TOM, DYHKIINA U IPOIETYy Pl HA B KAKOM BHUJIE He OBLIN «IIEPBOKIACCHBIMEY
WM BOOOINE KAKUMH OBl TO HE OBLIO 0ObEKTaMM, KOTOpPBIE MOXKHO obOpa-
bareBaTh. Hasio cka3arh, 4TO make IPU 9TOM PeAIH3AINS BJIOXKEHHBIX
MIOAIIPOrPAMM PE3KO YCJIOXKHSET paboTy CO CTEKOM, BeIb HOAIPOrpaMMA,
BJIOYKEHHAS B JIPYTYIO [TOJIIPOrPaAMMYy, TPeOYyeT JOCTYIIa HE TOJBKO K CBOEMY
CTeKOBOMY (peliMy, HO U K ¢peiiMaM BCeX IMOANPOrpaMM, B KOTOPbIE OHA
BJIOYKEHA — JIJIsI OOPAIeHNs K UX JIOKAJIbHBIM ItlepeMeHHbIM. [IpocTpancTso
CTeKa MPU ITOM MEePeCTaéT OBITH MTPOCTON MOCIEI0BATEIFHOCTHIO (DPEiMOB,
[IOCKOJIbKY (DpeiiMbl BCJIE 38 IOAIIPOrPAMMAMU IIOJIYYAIT BO3MOXKHOCTD
BJIOYKEHHOCTHU APYT B apyra. Kcraru, UMEHHO [1JIsi OPraHu3allid TAKAX BOT
«(peiiMoB BO dpeiiMax» IpeaHa3HatueH 3araJ0THbII BTOPOii mapaMeTp Ma-
IITHHON KOMAaH/JIbI enter u3 cUcTeMbl KOMaHT 1386.

Cranmapt ITackasst BBEN «IIpoliely pHBIE [TapaMeTPhl», TO €CTh BO3MOXK-
HOCTB TIePEeIaTh IPOIEIy Py Wik (DYyHKIIUIO 9epe3 mapaMeTp JAPYroil mpore-
nype win dyukiun. Co3garenn CraHIapTa MOOCTOPOKHUYAIN U HE CTa-
JII BBOJUTH NepemerHbie IPOIEyPHOrO THIIA, & U BOODIIE IIPOIE Ly PHBII
TUI KaK TAKOBOIl; B 9aCTHOCTH, IPOIEIyPYy WU (PYHKIIUIO COTJIACHO ITOH
crerupuKauu MOYXKHO OBLJIO MEepeJaTh B MOAIPOrPAMMY IIapaMeTPOM, HO
HeJIb3d OBLIIO BEPHYTHh U3 (PYHKINU — HU Yepe3 BO3BpAIlaeMoe 3HAYEHHE,
HU 9Y€pe3 var-mapamerp. ITO OTKPHIBAIO BO3MOXKHOCTD JIJIsi BO3HUKHOBE-
HUST HUCXOJSIIEH (hpyHAPr-TIPOOIEMbI, HO ITOJTHOCTBIO UCKJTIOUAJIO TIOSTBJICHUE
IpoOJIEMBI B €€ BOCXOJSAIIEM BapHUAHTE.
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Brpodem, BcE 3T0 0CTOPOKHUYAHBE JIJINJIOCH HEJIOJITO: aBTOPhI peaJIn-
saruit [Tackasst 0600IMIN BOZMOXKHOCTD, BBEJEHHYIO B CTaHIapTE — B pe-
AJM3ANMISX TMOSIBUJINCH «IIPOIELYPHBINY U «PYHKITMOHAIBHBINY THUIT TIepe-
MEHHBIX. B TIepBOM TOMEe MBI UX HE PACCMATPUBAJIU, MOCKOJBKY TPY/IHO
IPUIYMATh 33J1a4dy, B KOTOPOH OHU MOTPEOYIOTCs, TIPH ITOM JTOCTATOTHO
MPOCTYIO, ITOOBI €€ MOT TTOHSTH HAYWHAIONINI MPOrPAMMUCT — & TIePBbIi
TOM OBLI pAcCUYNTaH MMEHHO Ha TOT ypOBeHb. 1ak mim mHade, B [lackase
TaKue TepeMeHHbIe eCTh U YyCTPOEHBI OYKBAJILHO TaK K€, KaK yKa3aTe/aIn Ha
dyuknnn B Cu — TO ecTh PU3NIECKU 3TO YKA3ATEIN, COAEPKAIIIE aJIPeca
MOAIIPOrPAMM B ITAMSITH.

Hano ckazatb, 9T0 HEUCXO/IAMAS (DyHAPT-IIPOOIEMa, €CIH PACCMaTPH-
BaTh €€ B KOHTEKCTE KOMITMIANAN (DOHHEHMAHOBCKUX SI3LIKOB, HE CTOJIb
CTpaIllHa, KaK BOCXOJAIIAsi: HA MOMEHT BBI30Ba IOJIPOTPAMMBI — IIyCTh
JlazKe 9TO BJIOYKEHHAs TTO/IIPOTPaMMa, TIePeIaHHAs B JIPYTYIO TOJIIPOrpaM-
My, U MYCTh Jlake B €€ Tejie eCTh OOpaIleHus K JOKAJIbHBIM TePEMEHHBIM
00BEMJTIONIEr0 KOHTEKCTAa — 6CE ewé cyulecmsyem cmekosuils gpetim, co-
deporcawyutl 3HAUEHUA BCET IMUT AOKAAOHVLT EPEMEHHDIT Konmercma. Ec-
JIV BJIOYKEHHAs TOAIPOrpaMMa Iepe aéTcs mapaMeTpoM B JIPYTYIO MOIIIPO-
rpaMMy, BIOXKEHHYIO B TOT K€ KOHTEKCT, TO 3aMBIKAHNE B SIBHOM BUIE MOXK-
HO He CTPOUTh, & IPODJIEMBI JIOCTYTIa K O0bEMJIIOIIEMY KOHTEKCTY PEeIlatoT-
CsI TOYHO TaK Ke, KaK U IPU OOBITHBIX BBI30BAX BJIOXKEHHBIX MTOIIIPOTPAMM;
BIIPOYEM, HEJIb3sT CKa3aTh, ITO 3TO OYEHDb IIPOCTO — HO KAK-TO ITO CACTIATDH
BCE K€ MOXKHO.

CoBceM uHade 0OCTOSAT JeJia, KOTJA JIOKAJIbHYIO IOAIIPOrpaMMy He3a-
J@UIMBBIA IPOrPAMMUCT MBITAETCH BepHYTh u3 (yHKIMU (WM U3 [IPOIe-
Jlypbl Y4€pe3 var-rapaMerp, Jierde OT 3TOr0 He CTAHET), & Cama 3Ta [MOIPO-
rpaMMa, UCIIOJIb3YeT JIOKAJbHBIE TepeMeHHbIe 00BEMJTIONIEH MTOIITPOrpaM-
MBI — TOH, OTKy/ia €6 BO3BPAIIAIOT. 31IeCh yKe, KAaK T'OBOPUTCS, MEPTBOMY
MIpUIMIApKaMHU He TTOMOKEIb: IIPU BO3BpAaTe U3 MOIIPOrPAMMBI €€ CTEKOBBI
dpeiiMm ncue3aeT BMeCTe CO BCEMH JIOKAJbHBIMHU IlepeMeHHbIME. Ha 3Tom
MeCTe WMHOT/Ia, CJIYIIATEH CIPAIUBAIOT, IIOYEeMY ObI HE BHICTPOUTDH aHAJIOT
3aMBIKAHHUsI — HO ITO3BOJIbTE, 2de ero BhicTpanmBaTh! Co3/1aTh €ro B CTEKe He
TIOJTYIUTCST, MBI BEJIb 8038PAULAEMCA, TO €CTh CTEK cefitac JI0/KeH yObIBaTD,
a ue pactu. Hy a muHaMUIecKyro maMsTh KOMITMIATOPHI CTATUIECKUX S3bI-
KOB, BKJo4das Ilackalib, TpaauuoOHHO HUKOTIa He MPUMEHAIOT JJIT CBOUX
Hyxk. B Cu, Kak MBI 3HaeM, KOMIIMJIATODP BOOOIIE HE 3HAET O CYIIECTBO-
BaHUM JUHAMUYIECKON mamsaTu, HO n [lackanab cam 1o cebe yCcTpoeH Tak,
9TO KOMITHJISITOPY JUHAMIYIECKas MMaMdaTh He Hy:KHA, OHA 3aJeficTByeTcs
TOJIBKO TI0 SIBHO BBIPaXKeHHOi BoJie mporpammMucTta. Kopode ropopst, momnbIt-
Ka PeNUTb BOCXOIANITYI0 (DYyHAPT-TIPOOIEMY B CTATHICCKU KOMIUIUPYEMbBIX
SI3BIKAX MTPOTHUBOPEYINUT UX CyTH.

B peasbHO cymecTByromux peanusanusx l[lackasist 3Ty TpyaHOCTH 000-
IILJTA TIPOCTO U MUHUYIHO: BJIOYKEHHBIE TTOIIIPOTPAMMBI HEBO3MOYKHO HUCITOJIb-
30BaTh B POJIM 3HATEHUSA TPOIEIYPHOTO WK (DYyHKIIMOHAILHOTO THITA, KOM-
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MIWISITOP [PU TAKOW IOIBITKE BBIIAET OmMUOKY. B pesysibrare mx HEBO3-
MOKHO HU BEPHYTB U3 HOJIIPOIPAMMBI, HU II€PEIATH APAMETPOM B JIPYTYIO
noanporpaMmy. «O6beKTaMu IIEPBOTO KJIACCa» BBICTYIAIOT TOJBKO TOIIPO-
rpaMMBbl BEPXHEr0 YPOBHsI, HY & y HUX KOHTEKCT BCErJa OIWH U TOT YKe —
IOOAJIBHBIN, TAK 9TO «3aMBIKATD» IOJIPOTPAMMBI, IPUCOEHHSS K TEJIy
KOHTEKCT, HE HYKHO, KOHTEKCT U TAK M3BECTEH.

Coznarenu s3pika Cu ¢ caMoro HavaJia MOCTYIIIN IIPOITE: YKa3aTeIun
Ha (PYHKIMKM TaM IIPUCYTCTBOBAJIM BCErJa, HO 3aTO He ObLIO BJIOYKEHHBIX
PYHKIIA, TaK 9TO JI000€ BXOXKICHNE CBOOOIHON MEpEMEHHONW B (DYHKITUN
MOIJIO TIOJIPAa3yMeBaTh TOJIBKO OOpalleHre K ri1o0aJbHOI epeMeHHoit, 60-
Jiee HUYero. Kak u B cily4yae ¢ IOIIPOrpaMMaMy BepxXHEro yposHsi B Ilac-
KaJle, KOHTEKCT TYT OJINH HA BCEX, a 3aMbIKAHWS OKA3bIBAIOTCS 3aBEJIOMO
He HyKHBL. OJIHAKO, MO-BUIUMOMY, MUP YCTPOEH TaK, YTO [PU HAJUYUUA B
HEM HEKMX I'pabJieil Bcerja HaxOMATCs YKeJIAIue 0 STUM IpabJisiM IIpo-
rynsarbesa. Kommuasarop GCC, KOTOPBIH Mbl HCIOJB30BAIN TIPU M3y IEHUN
Cu u Cu+-+, nonnepxusaer psij «pacuupenuit GNU» (GNU extensions),
B YUCJIO KOTOPBIX BXOJAT BJIOXKeHHBIE (DyHKIMU. Ha Besakuit cirydait: HUKO-
raa, HU [Jisi 9Yero, Hu 3a YTO He HUCHOJIb3yiiTe BJIOXKEHHbIE (DyHK-
muu B Cu, gake ecyid Ball KOMIIMJISITOP 3TO mo3BoJisier! Eciu co-
MHEBaEeTeCh, Ceiiaac MbI IOMBITAEMCsT BaC yOeuTh.

PaccmorpuMm it Hadasa TPOCTEHBKUM npuMep — (DYHKIHIO, KOTOPast
MOJICIUTHIBAET CYMMY U IIPOU3BEJICHIE IJIEMEHTOB 3aJJAHHOTO TEJIOUNCIICH-
HOTO MaccuBa. Bo3Bpamarb 00a 3HadeHUsi 3Ta, DYHKINs OyIeT depes3 Ia-
paMeTpbl; UTOTO y Heé OyJIeT JeThIpe mapaMeTpa — aJIpec Havajia MacCHBa,
JJIMHA MAaCCHBa U JBa yKa3aTejsd — Ha [epeMeHHbIe, KyJla HyKHO 3aIicaTh
CyMMy U IIpomW3BejleHre. 3ajada BpoJe Obl IIPOCTasi U MOYXKeT OBbITh perre-
HA OYEBUJIHBIM CIIOCODOM Yepe3 IUKJ U YyTh MEHee OYEBUJIHBIM CIIOCO-
6OM Yepe3 PeKypCHIo, HO Mbl BOCIIOJIL3YEMCsT METOJIOM COBCEM HE OYEBHU]I-
HBIM: OPraHU3yeM ITPOCMOTP MACCUBa KaK PEIYKITUIO MOCIeI0BATEIHHOCTH,
NpUYEM «JJIsI MyINed MEHHOCTU» JJIsi XPAHEHUsS <«3aTPABKU» W TEKYIIEro
pe3ysbraTa PeyKInd BOCIOJIb3YeMCsT TIEPEMEHHOM, «TJI00aIbLHOW 10 OT-
HOIIEHUIO KAK K (DYHKIUH, BBITOJIHSIONIEH PEIyKINIO, TaK U K (PYHKII-
SIM, U3 Heé BBI3BIBAEMBIM (BBIYUCISIIONMM CyMMy U npoussesenue). Ha ca-
MOM JieJie TIepeMeHHast, KOHEIHO, OyJIeT He riobajbHasl, a JOKAJIbHAST — B
obbemJTIonIeit byHKIIAN:

void sumprod(int *vec, int n, int *sum, int *prod)
{

int accum;

int plus(int a) { return accum + a; }

int times(int a) { return accum * a; }

void reduce(int *vec, int len, int (*op) (int))

{

if(!len)
return;
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accum = op(*vec);

reduce(vec+l, len-1, op);
}
accum = 0; reduce(vec, n, &plus); *sum = accum;
accum = 1; reduce(vec, n, &times); *prod = accum;

}

Komnuasitop gee Takyo pyHKIUIO BHOJIHE IpUMeT (KOHEYHO, eCId He 3a-
nperutb GNU extensions coorBercTByOMuUM (HhJIAroM KOMAHIHON CTPOKH),
7 OHa jraxke Oyzer paboTaTb — BOIPOC B TOM, KaKOI IEHOH 9TO JOCTUTrAET-
cs1. Ecin Bioxxennast pyHKIMs He 0OpaliaeTcs K JIOKAJIbHBIM IIePEMEHHBIM
obbeMTIoNEel pyHKIUN, TO €€ PaboTOCIIOCOOHOCTD JOCTUTAETCsT «OecTiaT-
HO», TIOCKOJIbKY TI0 CBOeii paboTe OHa HUYEM OT OOBIYHON (He-BJIOXKEHHOI)
GYHKIIUM HE OTJIMYAETCsI; HO 9TO He HAIIl CJIydail, y HaC Bce Tpu (PYHKIIUU
obpaIaTcs K IepeMeHHOl accum. DTo yrKe CI0KHee, HO TOKe He (DaTab-
HO: HAIIPUMED, MOXKHO OBLIO OBbI BOCIIOJIb30BATHCS TEMU CAMBIMY BJIOXKEHHBI-
Mu ppefiMamMu, TTPU ITOM KaxKjas QYHKIHS 3HaJIa Obl, KAKOE MOJIOXKEHUE
3aHIMAaeT OOBEMJIIONNH (ppeiiM OTHOCHUTETHHO €€ COOCTBEHHOTO BJIOYKEH-
uworo. Brpouem, GCC mocrtymnaer mporie: npyd BBI30BE BJIOYXKEHHON (hyHK-
[N HEIOCPEJICTBEHHO M3 0ObeMJToNIell mepegaéT el ajapec o0beMIIIONEero
dpeiima uepes perucrp (B kouseniu CDECL ucnosssyercs perucrp ECX).

Hacrositine mpobJieMbl HAYUHAIOTCS, JIWIIb KOTJA KTO-TO Oepér adpec
BJIOYKEHHOI (DyHKIMH. B 9T0T MOMEHT KOMIIUJISITOP yTPaYnBaeT KOHTPOJIb
3a TeM, KTO U KOrjia QyHKIINIO OYJeT BhI3bIBATH; HO BEJIb IIEPEJ TEM, KaK €€
TeJIO TIOJIYIHUT yIPaBJIeHNe, Hy2KHO, 9T00bI B peructpe ECX okazasock mpa-
BUJIbHOE 3HadeHue. Perraercss 3TOT BOIPOC BeCbMa HETPUBUAJIBHBIM CIIO-
cobom. Tam, ryie B TeKCTe IPOrpaMMbl BCTPEYEHO BBIPAXKEHHUE, I0JPa3y-
MEBAIOIee B3ATHE AIPECA BJIOKEHHON (DYHKINH, KOMIUISTOD BCTABJISET
MAIIUHHBIA KO, coznatonmii 6 cmeke (!) dparment mamuanoro xoma (1),
00s13aHHOCTH KOTOPOT'O — 3aHECTH NpaBUjIbHOe 3HaueHue B ECX (Ha apyrux
APXUTEKTYPaX — B KAKOI-TO JIPYTrOil PEruCTP), IOCJIe Yero IepeaTh YIPaB-
JIEHUE Ha HAYaJIO0 Tejia BbI3bIBaeMol (yHKImHU. UTO KacaeTcs BbIPAXKEHUS
C B3sITHEM aJIpeca, TO OHO BMECTO HACTOSIIEro aJipeca Tesa (hyHKIH BO3-
BpAIlaeT aJpec 3TOro BOT dparMeHTa B CTEKe; caM ITOT (pparMeHT Ha3bl-
Baercs mpamnaurom (trampoline). VIMeHHO Takue TPAMILIUHBI CO3IAI0T-
Csl TIPU KOMITMJISIIAY HAIIEero IIPUMeEPa, KOTJIa KOMIIUISTOP 00pabarbiBaeT
BbIparkeHUd &plus u &times.

OCHOBHOIT MOMEHT, KOTOPBI CJIeyeT OCO3HATH OTHOCUTETHHO TPAMILIN-
HOB, COCTOUT B TOM, YTO OHH CO3/IAIOTCS 68 CMeKkosom @petime mot dymr-
yuu, 2de NPOU3OWA0 83AMUE AOPECA BA0NHCEHHOT HYHKUUU — U, KAK CIIE]T-
CTBHE, CYIIECTBYIOT JIMIIb 0 MOMEHTa €€ 3aBEpIIeHUs, [TOCJIe Iero UCIe-
3al0T BMecTe ¢ eé dpefiMOM TOYHO TaK 2Ke, KaK U €€ JIOKAJbHBbIE Iepe-
MeHHbIE. B 3TOM HeCJI0KHO yOeInThCs, OCTAHOBUB KOMIIMJIATOD Ha CTa-
auu reHepanuu accembieproro koga (mamomumM, jisi GCC aro mocru-
raercs durazkkom -S). Ha mpocropax urepHeTa BBl MOXKETE BCTPETUTH
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yreepxienne, oynaro GCC HammcaHn CcTO/Ib U30IMIPEHHO, YTO YMEET PelaTh
dbyHapr-pobyeMy s BJIOXKEHHBIX (PYHKIUH B 006€ CTOPOHBI, HO HA CAaMOM
ZieJie 9TO He IIPOCTO HE TaK, BCE ropasio XyzKe: €C/IU Bbl IIOILITAeTECh Bep-
HYTh U3 (QYHKIUH aJIpec eé BJIOKEHHON (DYHKIMM, HUKTO BaM He BBIIACT
JIazke IpeypeK IeHusi, U, 60Jiee TOro, IIPU HEKOTOPBIX YCJIOBUSAX 3Ta KOH-
CTPYKIU JaxKe Oymer «paboTaThby — HO JIMIIb 110 TOH IPUYUHE, ITO U3Ue3-
HOBEHHE CTEKOBOro (peiima camo 1o cebe He BeIET K OUYNCTKE 3aHNMAaeMOit
UM IIaMATH.

Hanpumep, ciemayrommast IporpaMMa IIOYTH HaBEPHSKa 0TpaboTaeT Kop-
PEKTHO U BBIJIACT OXKUJIaBIeecs 4ucjao 13:

#include <stdio.h>
typedef int (*funcptr) (int);
funcptr make_adder(int a)

{
int adder(int t) { return t+a; }
return &adder;

}

int main()

{
funcptr a3 = make_adder(3);
printf("%d\n", (*a3)(10));
return O;

}

Yr06bI y3HATH, HACKOJBKO 3Ta MPOTpaMMa JlajieKa OT TOTO, 4TOOBI OBITH
KOPPEKTHON Ha camom dese, JOCTATOYHO IPOTHATH €€ IOJ yIIPaBJIEHUEM
valgrind. Ha KoHCOIM BBI IPH 3TOM yBHJWTE IEJYIO IPOCTHIHIO IIPEJTy-
npexkieHnit 06 obpalneHnn K 0CBOOOXKIEHHOM 00JIACTH CTEKA U O TOM, ITO
B KO/I€ IIPUHUMAIOTCSI PElIeHus 00 YCJIOBHBIX IIEPEX0/IaX Ha OCHOBAHUU HEU-
HUNMAIN3UPOBAHHBIX 3HAaUYeHn. MOXKHO MOCTYIUTDH HAIVISIHEe: CO3/IATh B
main emé ofHy «I00ABJISIKY», BOT TaK:

int main()

{
funcptr a3 = make_adder(3);
funcptr a7 = make_adder(7);
printf("%d %d\n", (*a3)(10), (*a7)(10));
return O;
}

DTa mporpaMMa TOYKe YCIIENTHO OTKOMIMJINPYETCs M oTpaboraer 6e3 aBa-

puif, BOT TOILKO BMECTO OXKHIABIIIXCA umcesT 13 17 oHa, cKopee Bcero'®,

1806opoT «CKOpee BCeros TyT WCIOMB30BAH IO TOH MPUYUNHE, YTO BCEPHE3 MPEICKa-
3bIBATh PE3YJIbTATHI BBIIIOJHEHHS CTOJIb BOIIMIOIIE OMIMOOYHOI IIPOrpaMMbl OBIIO ObI He
COBCEM KOPPEKTHO — (POPMAJILHO TOBOPH, €€ pe3y/IbTaT HEOIPEeIeIEH.

R
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naneudaTaer 17 17. IlpoucxomuT 3To 1O BechbMa, €CJIU MOAYyMaTh, MPOCTON
npuunne: Korga make_adder paboTaeT BTOpOit pa3, CTEKOBBIt dpeiiM OT
€é TepBOroO BBI30Ba KaK pa3 TOJIBKO UTO YHUITOXKEH, TaK UTO €€ HOBLIU
dpeiim pacrosiaraeTcst TOYHO Ha TOM K€ MECTE, U Ha TOM K€ MECTe CO3/[a-
€TCsl TPaAMILJINH, BOT TOJIBKO B IIEPEMEHHOIT a — KOTOPasl TOXKe PACIIOJIOKEHa
Ha TOM K€ MeCTe, UTO U PaHbIlle — Tenephb yxKe 7, a e 3. YKazarean a3 u
a7 copepzKaT, OYe€BUIHO, OJUH U TOT K€ aJpec — TOT aJpeC B HbIHE HEUC-
nosb3yemoii (1) obsactu creka, rie BO BpeMs 00ouX BbI30BOB make_addr
PAaCIOIarauch TPAMIIJIUHEL.

Yrobbl Besd 3Ta IHIaTKas KOHCTPYKIMS PYXHYJIa, JOCTATOYHO BBECTH
KaKyI0-HHOY/Ib IPOMEXKYTOYHYIO (PYHKIINIO, KOTOPas 6JIArOoIyYHO 3aTPET
CBOMMHU JIOKAJbHBIMU ITI€PEMEHHBIMHA HECUYACTHBI TPaMIJINH, HAIIPUMED,

TaK:
< void eraser(funcptr ff)
QD
char c[50];
int i;
for(i = 0; i < sizeof(c); i++)
cli]l = i;
printf("%d\n", (x££)(10));
}
int main()
{
funcptr a3 = make_adder(3);
eraser(a3);
return O;
}

YV aBTOpa 3THX CTPOK Ceif BapHaHT CBaJUJICA C JUArHOCTHKON «Illegal
instruction (core dumped)»;y Bac OH MOXKET yIACTh KaK-HUOY/b NHAUE,
HO OTPabOTaTh KOPPEKTHO Yy ITOW HPOrPAMMBI IIAHCOB HET HUKAKHX OT
CJIOBA «COBCEM>.

Nrak, Bocxosiyto ¢pyHapr-iipobsiemy GCC He pelraeT u HUKaKue aHa-
JIOTHM 3aMBIKAHUI CO3/IABATH HE YMEET, 9T0 MU( — U, YTO OCOOEHHO HEIIPHUAT-
HO, KOMITMJISITOP HUKAK HE COIIPOTHUBJISETCS MOMBITKAM BEPHYTH U3 (DyHK-
MU aJpec JIOKAJIBHOTO TPAMILIMHA, OOPEYEHHOIO Ha HCUe3HOBEHHe (IIpu
TOM YTO IOINBITKA BEPHYTH aJPec JOKAJILHON nepemerHot BCE Ke BbI3bIBa-
er upejayupexenue). Ho naxke ecim He NBITATHCA BEPHYTH U3 (DYHKIUU
aJipec TpaMILIMHA, KaK Mbl TOJBKO UTO CJeJIajii, a WCIOJIb30BaTh TPaM-
IUIMH JIAOIb JI0 TeX IOpP, HOKA (DYHKIWS, TOPOJUBIIAST €ro, OCTAETCS aK-
TuBHA (TO €CTh CTEKOBLIH bpefiM, cojepzKalnuii TPAMILIUH, IIPOIOJIZKAET
CYIIECTBOBATH ), BCE PABHO OCTaéTcs ofHa npobsieMa. Paspemars ucmos-
HeHNe KoJja B 00J1acTu cTeKa — HeyJadHas ujesl ¢ TOUYKHN 3PeHusd
0€e30IIaCHOCTHU, U B COBPEMEHHBIX YCJIOBUSAX 9TO JOBOJIBHO 9aCTO OKA3bI-
Baercs 3anpemnteno. GCC mocseqaux Bepcuil mpejjiaraer ajbTepHATUBHYO
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(un emg Gosiee 3aMOPOUEHHYIO) TEXHUKY, OCHOBAHHYIO HA HEKHUX <«JIEeCKPUII-
Topax QyHKImity, mpu 3ToM camu cozuarean GCC moarBep:KaT, 9To ITa
TEXHUKA COBMECTUMA JTAJIEKO HE C JIIOOBIM KOJIOM.

BriBojt u3 Harero o6Cy K ieHusT HAITPAIIIMBAETCS JJOBOJIBHO IIPOCTOI: pa-
GoTasi Ha CTAaTUYECKHA KOMIUIUPYeMbIX ((POHHEAMAHOBCKUX) SA3bI-
KaX, 3a0y/JbT€ O BO3MO>KHOCTH BJIOXKEHHBIX MOAIIPOTrPaMM. JTa HC-
TOpUsi, YTO HA3BIBAETCS, U3 JIPYroil CKa3KH.

HoBosbHO 3a6aBHOE TTPOsiBIIEHNE (DYHAPT-TIPOOIEMBI MOXKHO HAOJIIOIATH
B Cu+-+ ¢ Mmeromamu KjaccoB. Ecim BpeMeHHO abCTparupoBaThCsi OT Ha-
[Iero 3HaHUs O mapamerpe this, MOXKHO 3aMETHUTh, YTO METOJbI KJIACCOB
BA02ICENDL 8 KAGCC B TOM YUCJIE U KaK B KOMMEKCM — UM JIOCTYIIHBI ITOJIs
00bEKTa, TIPU ITOM 00BEKTHI UMEIOT CBOMCTBO MOSIBJIATHCS U NCIe3aTh. 11po-
JIOJIKasl UPHOPUPOBaTh this (YTO B IEJIOM IIOJHOCTHIO AHAJIOTUIHO TOMY,
KaK Mbl UI'HOPUPOBAJIM JIOKAJbHBIE IIepeMeHHbIe (PYHKIIUHU, IBITAsiCh MIPU
9TOM B3STb &JPeC BJIOXKEHHO (DYHKIUM), MBI MOXKEM, IIOKAJLYi, 3aX0TeTh
B34Tb aJipec PYHKIINA-METO/IA U MPUCBOUTH €r0 YKa3aTe 0 Ha (DYHKIINIO C
TAaKUM 2Ke IIpoduIeM, Kak y 9Toro Meroja (Onarh ke, 663 yuéra CyIecTBo-
Banus this). IToka Mbl BbI3bIBAEM OJHH METO/bI U3 APYIUX, Mbl OCTAEMCH B
KOHTEKCTE OJIHOTO U TOTO YKe 00'bEeKTa, HO €CJIM MBI OTIAJINM aIPEC METO/Ia
Ky/Ia-TO eIlé, W I/ie-TO OH Oy/eT BbI3BaH, TO OTKY/A, CIPAIINBAETCs, IIPHU
9TOM BO3bMETCsI HyKHBIH METOILY KOHTEKCT (T.e. 00bekT)?!

B Cu++ sta mpobsiema pereHa caMbIM JIOOOBBIM U3 BO3MOXKHBIX CITO-
cobOB: B3dTHE ajpeca METOAa (€CJU TOJLKO OH HE CTATUYECKHUI — HO Yy
CTATHYECKUX METOJOB HeT 00beKTa, JJIsi KOTOPOIO OHU BbLI3BIBAIOTCH) JAET
aJIpecHOe BBhIPaKEHMe, TUII KOTOPOro He MMeeT HUYIEro OOINero ¢ yKasare-
JieM Ha OObIYHYIO yHKIU. [lojyueHHas CyITHOCTh HA3BIBAETCS <«yKa3a-
Tesib Ha byHKIMIO-WieH» (member function pointer), n npasuia paboTHI ¢
Hell COBEPINIEHHO WHbIE, HEXKEJIN 151 OOBIYHBIX (DYHKIIMOHAJIBHBIX yKa3aTe-
Jieit; BI30B MeTOJa 9epe3 yKa3aTe/b Ha MEeTO ] IPOU3BOIUTCS CIIeNNaIbHOMN
oleparueii .*, HpeIoarallneil ykasatnue (siBHOE) 00beKTa, JJisi KOTOPOTo
BBI3bIBaETCH MeTox. MBI He paccMaTpuBasi 3Ty CYIIHOCTb, IOCKOJIBKY OHA
KpaifHe pesKo ObIBaeT Hy:KHA; 3aMHTEPECOBAHHBIN UUTATEh JIETKO HAWIET
HY?KHYI0 HH(MOPMAIMIO 110 yKa3aHHBIM KJIFOUYEBBIM cjioBaM. Tak wjin nHade,
HU O KaKUX 3aMBbIKAHHUAX 3JI€Ch TOXKE PedYl He HJET: KOHTEKCT (B JaHHOM
cilydae — OOBEKT) IPOrPAMMUCTY IIPUXOJIUTCS YKA3BIBATD CAMOMY.

11.1.11. Penykiiusi cnucKoOB

Penykimio (CBEPTKY) HOCIEIOBATEIBHOCTEH MBI y2Ke 00CYXKIAJU KaK
npuMep Bo3MOxKHOCTeH pekypeun (M. §9.2.3), HO MOKa MbI GBI BBIHY K-
JIeHBbI OOXOUTHCsT BOBMOXKHOCTSIMHU dncroro Cu, pasdbupaembie MpUMEpBI
ocTaBajuch HeybeanTeabHbIMU. 11032Ke, TPUMEHUB I PEAYKINHA I1ab/10-
#bl Cu++, MBI CMOIVIM TIPUBECTH HpUMEPHI Oosiee 3dEKTHBIE, HO U ITO
ObLIa CKOpee JIEMOHCTPAIMsS BO3MOXKHOCTEH MIAOJIOHOB, & He CBEPTKU KakK
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npuéma. Beé-Taku cBEPTKaA OTHOCUTCSI CKOpee K 00J1acTi (DYHKITHOHAIBHOTO
NIPOrPaMMUPOBAHUSI, U B IIOJHOU Mepe €€ BO3MOXKHOCTH PACKPBIBAIOTCS B
porpaMMax Ha COOTBETCTBYIOIIUX si3bIKaX. leneps, 3uas Jluc, Mbl MOXKeM
HAKOHEI ITPOJIEMOHCTPUPOBATH CBEPTKY B €€, €CJIN MOYKHO TaK BBIPA3UTHCH,
€CTeCTBEHHOM cpejie 0OUTaHUS.

st nagasa HanumeM QYHKIUH, PEAJM3YIONne JIEBYI0 U IIPABYIO pe-
nyknuo. B Common Lisp ects dyukust reduce, criocobHasi J1€1aTh U TO
U JIpyroe, HO €€ MbI TporaTh He OyjeMm; cBou OyHKINKU Ha30BEM lreduce u
rreduce — takux nMén cnenuduranus Common Lisp ve npejycmarpuBaer.
Urak:

; reduce.lsp
(defun lreduce (fun 1lst init)
(cond
((null 1st) init)
(t
(let ((next (funcall fun init (car 1lst))))
(lreduce fun (cdr 1lst) next)

)
(defun rreduce (fun 1lst init)
(cond
((null 1st) init)
(t (funcall fun (car 1lst) (rreduce fun (cdr 1lst) init)))

Cpagy ke crouT 0OpaTuTh BHUMAHUE, YTO peanu3anus lreduce — XBOCTO-
Basd, a peajusalnus rreduce — HET; KaK CJIEJICTBUE, ITPU ITPOUUX PABHBIX
CTOUT TIPABOil CBEPTKE MPEIIOYECTh JIEBYIO. DTy PA3HUILy MEXKy JIEBOW U
paBoil CBEPTKON MBI OTMETUJIA €IME P OOCYKIEHUN IPUMEPOB CBEPTKHU
ua gucroM Cu (cM. crp. 51); OHa He 3aBUCUT OT A3bIKA PEAU3AIIH.

Hayném ¢ nmpocThIX IprMepOB UCIOJIb30BaHUS. Pe3ysibraToM BbIYUCIIe-
HEIST (POPMBI

(rreduce #’cons (1 2 3) )

CTAHET KONUsA PELyIUPYyeMOro CIMCKa — T.e. cruucok (1 2 3), dusudecku
COCTaBJICHHBIM M3 HOBBIX TOYEYHBIX I1ap, YKa3bIBAIOIIUX Ha Te K€ caMmble
ssmemenTsl 1, 2 m 3. Ha Bcakwmit ciygait momnpoOyeM CBEPTKY «B JIPYTYIO
CTOPOHY»: BBIYUCJIEHNE (DOPMBI

(lreduce #’cons ’(1 2 3) ()
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mact pesyabrar (((nil . 1) . 2) . 3). llopsakom momHagO€eBIIAE
apudMeTniecKne IPUMEPHI TOXKe IIPEKPACHO CPabOTAIOT: IIPUMEHEHUE pe-
aykiun K cnucky (1 2 3 4) u dynkuuu ciioxenus (#°+) Bepuér 10, a
dyukuun ymuoxenust (#°%) — 24, IpUIEM, €CTECTBEHHO, KaK JJIs JICBOH,
TaK ¥ Ul IPaBOil peayKiuu; 1o mpasie rosops, B Jlucme sro nmesrathb
HET HUKAKOI'O CMBICJIA, Be/b 00e MYHKIMH YMEIOT PaboTaTh C MPOU3BOJIb-
HBIM KOJIMYECTBOM apr'yMEHTOB, JOCTATOYHO 3ajeiicrBoBaTh APPLY, u Bcé
MOTyInTCsT 663 BCSIKOM CBEPTKU.

[MompoGyem dro-uHUOYH 1OCHOKHEEe. C MOMOIBIO OE3BIMSHHON (DYHK-
UM, CO3JAIONIEH TOYEUHYIO 11apy «HA0OOPOT» (BTOPOHl apryMeHT B Kaue-
CTBe car, IIepBbIi — B posin cdr), U JIeBO PEJYKIMN MOYKHO «PA3BEPHYTh>
CIIICOK, TOYHEE — CO3/IaTh HOBBIM CIIMCOK, COCTOSIIII U3 TeX YKe IJIEMEHTOB,
HO PaCCTaBJIEHHBIX B OOPATHOM IIOPSJIKE: TaK, BHIYUCJICHIE

(lreduce #’(lambda (a b) (cons b a)) (1 2 3) )

npuBeneT K pedyabrary (3 2 1). Jljas mosHOTH KapTUHBI TOMPOOyeM Tpa-
BYIO PEJLyKIIUIO:

(rreduce #’(lambda (a b) (cons b a)) ’(1 2 3) )

poraucauTed B (((nil . 3) . 2) . 1).
Nmest dyHKIMN 1151 CBEPTKU, MBI MOYXKEM ITOMCK MAKCUMAJIBHOTO JjIe-
MEHTa B CIINCKE PEAJIM30BaTh TaK:

(defun max_in_list (1s)
(lreduce #’(lambda (x y) (if (< x y) y %)) (cdr 1ls) (car 1s))

s caemyromero SKCIepuMeHTa HaM HOTpedyercss (PYHKINs, BCTABJIAIO-
1asl HOBBIl 9JieMeHT (YHUCJI0) B CIIUCOK, KOTOPBIA yKe OTCOPTHPOBAH IO
Bozpacranuio. [10ckoIbKY 3Ta (DyHKIUS TOBOJIBHO «TSIXKEJIasty, OIUIIEM €€
06br9HBIM defun’oM, He IBITASCh 3AMUXHYTH B JIIMO/1a-CIINCOK:

(defun ins2list (i list)
(cond
((null list) (cons i ()))
((< i (car 1list)) (cons i list))
(t (cons (car list) (ins2list i (cdr 1list))))

Teneps MBI MOXKEM — €CJIM, KOHEYHO, He OyIeM CHJIbHO IepeKUBaTh II0
11oBoy 3M@EKTUBHOCTH — HAIKNCATH BECHbMA KOMIIAKTHYIO PEAJIN3AIIIO
COPTUPOBKH CIIUCKA 110 BO3PACTAHUIO:

(defun redsort (1st) (rreduce #’ins2list 1lst ()))
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BcrnoMuuM Temeps, 9To JieBas peiyKius 3ddekruBHee mnpapoii. [lepeiitu
K JIEBOIl PEIyKIINU 3/IECh OYEHBb IIPOCTO, HAJO OYIEeT TOJBKO IEPECTABUTH
MeCTaMU apryMeHTHI BbI3bIBAEMON (DYHKITUNU:

(defun redsort2 (1lst)
(lreduce #’(lambda (1s el) (ins2list el 1s)) 1lst ())

ITonmpobyeM Temeps peasm3oBaTh YTO-TO BPOJE Mapcar, HO MOCKPOMHee —
11t YHKIAN OHOTO apryMeHTa:

(defun redmap (fun 1st)
(rreduce #’(lambda (x res) (cons (funcall fun x) res)) 1lst ())

)

Hampuwmep, pesynbrarom (redmap #°- °(1 2 3)) Oymer (-1 -2 -3), a
pe3yIbTaATOM

(redmap #’(lambda (x) (* 10 x)) ’(1 2 3))

crager (10 20 30).

B zapepienue Halell mocjieq0BaTe/IbHOCTH IIPUMEPOB HAIIUIIEM (DYHK-
[0, KOTOPasl TI0 UCXOIHOMY CITUCKY CTPOUT CIIMCOK W3 JIEMEHTOB, yIOBJIE-
TBODSIOIIUX 3a]aHHOMY YCJIOBHIO (TIPEIUKATY ):

(defun select (1lst pred)
(rreduce
#’(lambda (x 1ls) (if (funcall pred x) (cons x ls) 1s))
1st O

PesynpraTom Beranciienus (select ’(1 2 "abc" t 15) #’numberp) cra-
et ciucok (1 2 15), amements! "abce" u T OyayT IpPOUTHOPUPOBAHBI, ITO-
CKOJIbKY He #BJISIOTC ducjaamu (He yJOBJIETBOPAIOT IIPeJuKaTy numberp).
Bripaxkenne (select 1st #’(lambda (x) (> x 0))) BbIOEpeT U3 CIKICKA
qucest 1st TOJBKO CTPOTO MOJIOKUTEIbHBIE 9JIEMEHTHI U T. 1.

11.1.12. I'py3 ycTapeBOIinx napajaurm

B wmcropudeckux Bepcusix Jlucma He mpemrycMaTpuBaIOCh OTIACTIHHOTO
TUIIa ATOMOB JjIsI M300parkeHusi CTPOK — IPUBBIYHBIX HAM JINTEPAJIOB
B JBOMHBIX KaBbIYKaX. B POJIM CIOB UCIOJIH30BAJINCH CUMBOJIBI, B POJIN
dpas3 — cIuucKu CUMBOJIOB, 9TO-TO Bpoae (CATS EAT MICE). Ta smoxa maB-
HO TIPOIILIA; BCE-TAKKM UACHTU(PUKATOP — TO CKOpEee MHCTPYMEHT TPOTPaM-
MHCTa, & CTPOKOBBIE KOHCTAHTBI OTHOCITCSI K MPedmMemuoti 06aacmu, I
KOTOPOI HallMCaHa IIporpaMMa — IIOIPOCTY T'OBOPsl, UX TaK WA MHaJYe BU-
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JIUT T0JIb30BaTe Ib. B 310Xy, KOr/ia KOMIIBIOTEPHI ObLIN OOJIBIINME, 8 IPO-
rpaMMbl — MaJIEHbKHAMH, II0JIb30BaTEb U IPOTPAMMUCT IPAKTHYIECKH BCe-
raa ObLIN €IWHBI B OJHOM JIAIE, TO €CTh C MAaIlMHAMHU PAbOTAIHA MOALKO
MIPOrPaMMUCTBI, KOHCYHBIX MOJIb30BaTE/CH B COBPEMEHHOM TMOHUMAHUU HE
CYIIECTBOBAJIO, TAK UTO UJIES Pa3desamsd «IOJb30BATEIBLCKOE U IIPOTDAM-
MICTCKOE» HUKOMY He IIPUXOUJIA B TOJIOBY; HO C T€X HOP, KAK TOBOPHUTCH,
MHOT'O BOJIBI YTEKJIO.

Bo Bcex Bepcusx Jlucma, nadnnas ¢ 1970-x u 1mo32ke, CTPOKOBbBIE JINTE-
pajbl KaK OT/EJbHAsI CYI[HOCTh, KOHEYHO K€, MPHUCYTCTBOBAJINA; HO OTTO-
JIOCKH «DeCcCTpOYHOI» STMOXM MOXKHO Haiitu B Jlucme u ceituac. Hampumep,
Ha TepBbIi B3TJIAM JIuctn Bpose Obl HE UYBCTBUTEJEH K PErUCTPy OYKB B
uMeHax cuMBoOJIOB: CAR, car, CaR unu cAr — 3TO pa3Had 3aIllUChb OJHOIO
¥ TOrO K€ WMEHW, KOTOPOe MHTEpIpeTaTop st cebs obo3nadaeT OykBa-
MH BepxHero peructpa — CAR; mosib3oBaTesiell paHHUX JuaieKToB Jlucia
9TO BIIOJIHE YCTPAMBAJIO, K TOMY K€ MHOI'HE CTapble KOMIIBIOTEPHI BOOO-
e He yMean paboTaTh ¢ OyKBaMHU HMXKHEro peructpa. Korma ke KOMy-TO
noTpeboBasoch (MCXols U3 TpeOOBAHMI pelaeMoil 3a1a4u — HalpUMeD,
pu 06paboTKe KaKux-HUbyb JOKYMEHTOB) UCIIOJIb30BaTh B CTPOKAX OyK-
BBl 000X DPETUCTPOB, Pa3pabOTINKU OYEePEIHOrO MHTepIpeTaropa Jlmcma
HE HAIIUIM HAYEro JIy4Ile, 9YeM IIPeyCMOTPETh CIeNUaIbHbIE CPEJICTBA JIJIs
BHEJIDEHUsI B MMeHa CHMBOJIOB OyKB HIKHETO PErMCTPa U 3HAKOB IIPEIu-
HaHUs, KOTOPbIE B HOPME B MMEHH CHMBOJIA BCTPEYATHCs HE JTOJI2KHBI. DTO
Mpakobecue mpoJe3io B ToMm ducie u B Common Lisp: B HEM uMsi cuMBO-
Jla MOXKHO 3aIIMCATh MEXKJY JABYMs BEPTUKAJHHBIMU [TAJI0YKAMU, 32CTABUB
coziepKaTh Jodyo epyuay. Hampumep, |John| — 310 cuMmBOa ¢ mMenem
«Johny, comepKaruM Tpu OYKBBI HI2KHETO PErUCTPa, U ITO COBCEM HE TO
ke camoe, uro JOHN (a 6e3 «majiouek» MoIydImsIoch 6l mMeHHO 5T0). Ca-
MU <IAJ0YKA» B MMs HE BXOJAT, OHA UT'PAIOT 3JE€Ch IPUMEPHO TaKyIO XKe
POJIb, KaK KABBIYKYU B ODBITHBIX CTPOKOBBIX juTepasax. C WX MOMOIIBIO B
UM CHMBOJIa, MOXKHO 3arHATh U IPOOEJIbI, U BCEBO3MOYKHBIE CKOOKH — BOOO-
1€ MPAKTUYIECKN 9TO YIOJIHO, BOIIPOC TYT JIMINb B TOM, 3G4eM TaK JI€JIATh;
HO OTBET Ha ITOT BOIIPOC CTAHET OYEBUJICH, €CJIU IPEJICTABUATH cebe, 9To y
HaC 0TOOpa/u OOBIYHBbIE CTPOKU, 3aIMChIBAEMbIE B KaBBIYKAX, U OCTABUJIN
HaM TOJIBKO CHMBOJIBL.

Bouibiie Toro, Korga cTpOKOBbIE KOHCTAHTHI BCE-TAKW IMOSBUJIUCH, BMe-
CTe ¢ HUMU B d3BIK <«IIPOIOJI3JIN» CPEJCTBa MPeoOpa30BaAHUS CUMBOJIOB B
crpoku u obparno; B Common Lisp ums cuMBosia (B B CTPOKH) MOXKHO
MOJIYYHUTh C MOMOIIbI0 (yHKIMu symbol-name, a dyHKnusa intern mos-
BOJISIET CO3JaTh (BO BpEMsl UCIOJIHEHUs IIPOIPAMMbI!) CUMBOJI, 3aJaB €ro
CTPOKOBOE MMsI; TOYHEe, HOBBIIl CUMBOJI CO3/IAETCsl, €CJIM CUMBOJIA C TAKUM
WMEHEM B CHCTEMe II0Ka HEeT, B IPOTUBHOM CJIydae BO3BPAINAETCS CYIIe-
CTBYIOIIUA CUMBOJI.

B coBpeMeHHBIX yC/IOBUAX IOJOOHBIE BHIKPYTACHI BBIIVISIAT, MATKO I'O-
BOps, cTpanHo. VneHnTudukaTopbl — 39TO JMYHAS KyXHsI MPOTPAMMUCTA,
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OH MOXKET BBIOMpAaTh UX II0 CBOEMY YCMOTDEHHWIO W HAa CBOW BKYC, TOIJa
KaK CTPOKH B OOJIBIIIMHCTBE CJIydaeB OOYCJIOBJIEHBI PelraeMoil 3a/1a4deil; 1o
njee, IepernMeHOBaHNe UIeHTHMUKATOPOB BOOOIIE HE JOJZKHO HUKAK BJIU-
ATh HA BUAUMOE (HOJIB30BATENIO) MOBEICHUE MPOrpaMMbl. Pabora ¢ cum-
BOJIAMH KaK CO CTPOKAMH 3TOMY $IBHO IIPOTHUBOPEYHUT. MOXKHO HaJeAThCH,
9TO 3HAHNME MCTOPUU IOsABJICHUSA B JIWCIle TAKMX BO3MOXKHOCTEI MTO3BOJIAT
YUTATEI0 BO3JAEPKATHCS OT UX MCIOJIb30BaHU.

CHUMBOJIBI B POJTH CTPOK — 3T0, HE3YCIOBHO, HE €/IMHCTBEHHAS yCTAPEB-
mas rpymma Bo3moxkuocreit Common Lisp. Hampumep, ceifuac mMaio KTo
[IOMHHT IIPO TaK HA3BIBAEMBIE CNUCKU C80UCME CUMB0A06 U DYHKIHIO get,
MTO3BOJISIONIYI0 C HUMH PAabOTATh; MOXKHO IIPUBECTU U JPYTHUE MPUMEPHI.
«CHUMBOJIBI KaK CTPOKH» 3JIeCh MPUMEYATENbHBI UMEHHO TEeM, 9TO 3TO Na-
paduzma, TO €CTh MOAXOJ K OCMBICJEHUIO BO3MOXKHOCTE! WHCTPYMEHTA, 1
IIPU 3TOM IIapaJIurMa Yycmapesiias, IOKa3aBIIas CBOI0 HECOCTOSATEILHOCTD.

11.1.13. Bo3dMO>KHOCTHU, KOTOPBIX JIydIle Obl He OBbLIO

Vcrapesmuvu napagurMaMu HeraTuBHbIE ocobernnoctn Common Lisp
HE HCYEpIBLIBAOTCA. MBI yKe YIIOMUHAJNA B KadeCTBE OCHOBHOI'O HeEJO-
cTaTKa 3TOoi crernuduKanyu eé orpoMHbiil 06béM: KHura «Common Lisp
the Languages comepkuT 6OJIbINIE THICSYN CTPAHWIL, JJIs MOIOOHBIX CJTy-
YaeB B AHIVIMACKOI IIPOrPAMMUCTCKON JIEKCUKE B IOCJIEIHUE TOIbl Hada-
JI0 aKTUBHO HCIOJIB30BaThCs CI0BO bloat'® m ero mpomsBojHbIe, TaKue Kak
bloatware. Hekorma momyastpHbIil Te3uc, 9T0 J00ABIEHIEM HOBBIX BO3MOXK-
HOCTEIl B IIPOrpaMMy, SI3bIK WX €IE KyJIa-TO sIKOOBI HeJIb3sl HUIero MCIop-
TUTB, IOCTEIIEHHO YXOJUT B UCTOPUIO — XOTs, KAK MbI 3HaeM (B 0COGEHHOCTH
na npumepe Cu-++), HpecioByThie CTAHIAPTU3ATOPBL IPEANOIUTAIOT ITOTO
HE 3aMeYaTh.

Béubmyto yacts obbéma crenudukanun Common Lisp 3aHnMaeTr omm-
CaHne BCTPOEHHBIX (DYHKIWIA, T. €., €CJIN MOYKHO TaK BBIPA3UTHCH, AHAJIOTA
craggapTHoit 6ubmorekn. C 3TUM €I1é MOXKHO OBLIO ObI CMHUPHUTHCSI: €C-
JIA TIPEICTABUTH Ce0e NPasuAbHY0 OTKPBITYIO Peanu3aliiio, TO OHA BIIOJIHE
Morvia Obl (& ecsin HOoLyMaTh — POCTO 00s3aHA) IIO3BOJIATH BHIKUHYTH BCE
HEHYKHbIE / HEUCIIO/Ib3yeMble (DYHKIUY, IPUYIEM, YTO BaxKHO, BMeCTe ¢ 060~
3HAYAIONIMME UX 00beKTaMU CUMBOJIOB, KOTOPbIe B JIuCIie TOXKe 3aHUMAOT
maMaTh. 1 KOMINInpyeMoro UCIOJHEHUS TO 03HAYAJIO0 ObI, ITO B UTOTO-
BBII UCIIOJTHSIEMBIH (haill momaaeT TOIbKO KOJT UCIIOIb3yeMbIX (DYHKIHI 1
0O'bEKTHI HYKHBIX CUMBOJIOB, & JIJISI MHTEPIIPETUPYEMOI'O, BHJIMMO, [TOTPE-
boBaJsIach ObI BOBMOXKHOCTDH OBICTPO# MepecOOPKHN MHTEPIIPETATOPA MUJIA €0
UCXOJHO MOJIyJIbHAs CTPYKTYpa (Haupumep, ¢ BHIGOPOM MOJLyJIeil iapaMer-
paMu KOMaHJIHOM CTPOKH); TaK WJIM MHAUE, 3TO MOYKHO YCTPOWTb.

19 BykBasbHBI TIEPEBOJ] STOTO CJIOBA KAK TJIAr0JIa — «Pa3/lyBaThCss, <IIYXHYTb», <Ha-
ILyBaTh(Cs1)»; €CTh U IIEPEHOCHBIE 3HAYEHHsI — <«TOJICTETH> (O IeJIOBEKE), «KONTUTE> (PbI-
6y). Uro ocobeHHO 3a6aBHO, B Ka4eCTBe CyIECTBUTEILHOIO CJIOBO bloat Ha aHIVIMIICKOM
2Kaproue 0603HAYAET yTOIICHHUKA, & Ha aMEPUKAHCKOM — IILSHHILY.
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HamHuoro Xy2Ke curyaryst ¢ TaAKMMHU BO3MOXKHOCTSIMU, KOTOPbIE TPeOyoT
IIO/I/IEPKKU CO CTOPOHBI OA30BOr0 MHTEPIIPETATOPA — UX BBIKMHYTH HEBO3-
MOxkHO. OJIHUM U3 CAMBIX OJHO3HBIX IIPUMEPOB ITOTO MOXKET CJIYKUThH
npeaycmorpernsbiit B Common Lisp «obmuit Buj» Choucka mapaMerpos
bYHKIUN — KaK OOBIMHON NMEHOBAHHOM, TaK U 33/ [AHHOI JIsTMOIa-CITICKOM.
OOBIYHBI CIIUCOK CUMBOJIOB — MUMEH (hOpMAaJIHbHBIX TIAPAMETPOB, TAKOi, Ka-
KOIl WCITOJTh30BAJICS BO BCEX HAIIMX IIPUMEPAaX — MOKA3AJICS CO3JATeIsM
Common LlSp CJIMIIKOM IIDUMHUTUBHBIM, U OHH BBEJIX JIJIsI HET'O BO3MO2K-
HOCTb UCIIOJIb30BAHUS [I€JIOTO Psifia KJIIOYEBBIX CJIOB: &optional jiyist HeObs-
3aTeIbHBIX IAPAMETPOB, &rest s 0bo3HaYeHns (POPMATHLHOTO TapaMeT-
pa, C KOTOPBIM CBSI3BIBAETCS CITUCOK «JIMIMHUX» (PAKTUIECKUX [TapaMeTpoB,
&key il «KJIIOYEBBIX» HApaMeTpoB (ITH HapaMeTpbl [IPHU BbI30Be (DYHK-
nuu CHaOYKAKOTCS €I OJHUM BHUIOM KJTFOUEBBIX CJIOB — CHMBOJIAMU, UMEHA,
KOTOPBIX HAYMHAIOTCS C JBOETOYMs), Jia BJOOABOK €IE M &aux — ITUM
CUMBOJIOM 0003HAYAIOTCS (POpPMAJIbHBIE MTapaMeTpPhl, KOTOpPbIe BOODINE He
SABJISIOTCS ITAPAMETPAMHU, UX BBOJSIT B POJIA MMPOCTHIX JIOKAJBHBIX IT€PEMEH-
HBIX. B Jl0BepIlleHre CIMCOK ITapaMeTpoB MOXKHO CHAOJUTH €I U JeKJia-
palysMK THUIIOB, KOTOPble TPAHCJIATOP UMEET [IPABO UIHOPUPOBaThH (1 BCe
TaK U JIEJIAIOT), HO KTO-TO KOLJA-TO OyATO Obl ¢ UX IOMOIIBIO OBBIIIAJ
3 DEKTUBHOCTD UCITOJTHEHMSI.

OJIHO TOJIBKO OIUCAHUE BCETO ITOTO BEJIUKOJENHsi TPeOyeT M3PsTHBIX
yCHIHii, 9TOOBI IIPOCTO MOHATD, 9TG UMEETCS B BULY U KaK BCEM STUM I0JIb-
30BaThCs. KcTecTBEeHHO, B OOJIBITUHCTBE MPOIPAMM 3TH BO3MOXKHOCTH OCTa~
I0TCsl HE3aIefiCTBOBAHHBIMHI, HO Be/lb TPAHCJIATOP-TO (ecsiu, KOHEYHO, JIJIst
Hero Jiekjapupyercs coorsercrsue creruduranu Common Lisp) BbiHyK-
JIeH UX TOJJIep:KUBATh — & €CJIM y9ecTh CyllecTBoBaHUe (MyHKIunu eval,
TO BCIO 3Ty IOJJIEPXKKY B JIFOOOM Cjiydae MPUIETCS TACKaTh 3a cobOil Ha
caydvait, ecau mogooHoe JIIMO/Ia-BhIpaykKeHne MOCTYIIUT eval’y Ha BXO/I, T. €.
Jayke B TOM CJIydae, eCIu TPOorpaMMa KOMITUIMPYETCS U IIPA 9TOM B Heil Co-
OTBETCTBYIOIIUE KJIFOYEBbIE CJIOBa He BCTpedatorcsi. OTMETUM, UTO YCII0K-
HSIeTCsl HE TOJBKO aHAJIM3 CIUCKOB Iapamerpos (B cuerndopme defun u
JIAMO/Ia-BBIPAsKEHUX ), HO U OoOummii BU aHajm3a (HOPMbI, BBI3BIBAIOIIEH
dyHKIHMIO.

Ha domne Bcex 31X CI0KHOCTEN COBEPIIIEHHO TEPSETCS OJUH B JIeHCTBH-
TEJILHOCTH BAXKHBI MOMEHT: KOJIb CKOPO TPAHCJISTOD 3aBs3aH HA HUCIIOJIb-
30BAHUE KANOUEEHIT CUMBOJIOB, BCE 3T CUMBOJIBI (KAK 00BEKTBI, PACIIOJIara-
IOIUECS] B TIAMATH) JIOJIPKHBI TIPUCYTCTBOBATD B CPEJI€ BBITIOJHEHUsI. DTOT
3ddeKT TposSBIIseTC S BCAKUN Pa3, KOT/Ia [IJIsl yIIpaBJeHns: paboToil TOi min
WHOM IOJICUCTEMBI, CIIEIPOPMBbI WU JTaXKe IMPOCTOM (DYHKIINU UCIIOJIB3YIOT-
cs1 OOBEKTHI CHMBOJIOB B POJIX 3Hauerud. IIpeKpacHbIM IPUMEPOM 3TOrO
MOXKET CJIy?KUTh (DYHKIS Coerce, IPeIHA3HATCHHA JJIsI TPe0Opa30BaAHUS
MIPOU3BOJIBHBIX S-BhIPAXKEHUIT B BBIpaXKeHust Apyroro tuna. OHa IpuHIMAeT
JIBa IapaMeTpa: COOCTBEHHO UCXOJ/IHOE BBIPAXKEHUE U Mun, K KOTOPOMY BbI-
paXkeHue CJIe/IyeT IIPUBECTU, IPUIEM [TOCJIEIHAN 3a1a€TCs JTHO0 CUMBOJIOM
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Bpojie string, vector, float, JimbO CIIMCKOM, COOTBETCTCBYIOIIAM CJIO2KHO-
My Tuly, HanpuMep (vector integer). Bcero 3mech 3azieiicTBOBaHO Hoaee
COpOKG CHMBOJIOB, 0DO3HAYAIONIUX THIIBL; CKOJIb OBl Npaguabhotl HU OBbLIA
peajim3aiusi, eCJi BBl XOTsi ObI pa3 NPUMEHWJIX B IporpaMMe (DYHKIUIO
coerce, Balla cpela UCIOJHEHUS OyJIeT HeM30eKHO CONepKaTh X BCE.
Taxoit 2ke TPOMO3IKOCTHIO TPEIIUT U PACCMATPUBABINASCS BbIIe (hop-
Ma setf, u mHOrme Apyrue snemerThl crenudukarnun Common Lisp. Taxk,
AHAJIOTUIHBIE TPOGJIEMBI CBSI3aHBI €O crierdopmoii (Tounee, GopMaIbHO ro-
BODSI, BCTMPOCHHBIM MAKPOCOM) Loop, IPETHAZHAUEHHOI Jjisi OPraHU3aIin
nukJI0B. yist Havasia 3amerum, 910 310it hopme B Kaure « Common Lisp the
Language» mocssIeHa yeaas 2.4a6a, COCTOAIIAs U3 JIBEHAIATH Iaparpa-
doB. UToOBI cOCTABUTH OOITEEe BIIEUATICHNE O TOM, KAK BCE 9TO BBITJISIINT,
HPHUBEEM PUMEp, O3aMMCTBOBAB ero HanpsMyto n3 Kuura (§26.3)20:

(loop for i from 1 to (compute-top-value)
while (not (unacceptable i))
collect (square i)
do (format t "Working on ~D now" i)
when (evenp i)
do (format t ""D is a non-odd number" i)
finally (format t "About to exit!"))

Bce atu for, from, to, while, collect, do, when, finally — He YTO UHOe
KaK CHMBOJIBI, C TIOMOIIBIO0 KOTOPBIX IIPOIPAMMUCT COODINAET PeaTM3aIII
loop, 1ero oH OT Heé X0deT J0OUThCs. IlepetncIeHHbBIME CHMBOJIAMHE JIEJIO
HE OrPAHUYUBAETCS; 00Iee UX KOJIMIECTBO HOBOJIBHO CJIOKHO COCUUTATD,
IIOCKOJIbKY OHHU PACCESTHBI [0 BCEMY TEKCTY TJIABBI, MOCBSIIEHHON (opme
loop, HO MOXKHO yBEPEHHO 3asIBUTh, YTO UX TaM HE MEHBIIE IATHICCATH, I
C KaXK/IbIM CBSI3aHBI T€ WJIN MHbIE BO3SMOXKHOCTH, IIPEIOCTABIISEMbIE PeasIu-
3amueit 1oop. Bcé 910 BBRINISIUT OCOOEHHO TIpPEIECTHO Ha (DOHE TOrO, YTO
BOODIIIEe-TO UKJIBI B JIucIe, KaK Mbl 3HAEM, COBEPIIIEHHO He B ITOYETE.

[Toxkamyit, Terepb MbI MOXKeM CHOPMYIHPOBATH IVIABHBIN, €CJIN YTOIHO,
cucreMubIit HegocTtaTrok Common Lisp u apyrux momo0HbIX criernuduKarmii,
qalle BCero CBsI3aHHBIX C MHTEPIPETUPYEMBIMU WJIM IIOJIYUHTEPIPETHPYE-
MBIMU 3bIKaMu. TaKue crnenuduKauyu He IT03BOJISIOT — HCXOTHO
He IIPEeAyCMaTPUBAIOT BO3MOXKHOCTU — COKPATUTh CPEAy HCHOJI-
HEHUsI, 1aXKe eCJIM [OJIb30BaTe] 0 (aBTOPY IIPOrpaMMbl) GOJIbIIast
€€ JacTh HU3aYeM He HY>KHa.

Kak MBI yBuImM m03:Ke TpH OOCYKIeHUU (DYHKIINA BBOIa-BHIBOIA,
Common Lisp conpoTus/isiercsi He TOJBKO MUIIOTETUIECKUM TTOMBITKAM CO-
KDPATUTh CPEJy WCIIOJHEHUs (T.€. ype3aTh HabOp BO3MOXKHOCTEH, BKIIFOUA-
€MBbIX B UHTEPIIPETaToOp), HO M POOKUM IIONOJI3HOBEHUSAM IIPOIPAMMUCTA
PeIluTh, YTO HEKOTOPhIE YaCTU CHEIU(UKAIINA eMy He HPaBsTCs, U Orpa-
HUYUTHCA U3YyYEeHUEeM TOTO WJIM UHOIO €€ IMOJMHOXKeCTBa. BpemeHaMu co-

20Me1 coxpaHmIu OTCTYTIBI, KaK B OpUTHHAIE mpuMepa. Huxorma Tak ne mummure!
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3/aéTcst onryenue, 4ro apropbl Common Lisp 3a1a/Mch €160 IoIpocTy
3acmasumbs KaXKJI0T0, KTO STOT HHCTPYMEHT BO3BMET B PYKH, U3YyYIUTh BCE
€ro BO3MOXKHOCTH 10 €INHOI.

11.1.14. BBoa-BbIBO

Ha obcy»xmenme mMojmenn BBOIA-BBIBOJIA, TIpejIaraeMoil B cremmduka-
muun Common Lisp, Ham moTpebyeTcs TOBOJIBHO MHOTO BpPEMEHU; ODOUTH
CTOPOHO# Ty TeMy Mbl HUKAK He MOXKEM — B IIPOTUBHOM CJIy4ae OCTaHeT-
Cs1 HEIIOHATHO, KaK 2Ke Ha 2MOoM INCATh IPOIPAMMBI, a He OTJeJIbHbIE U
HUKOMY He HyzkHble DyHKImn. K coKaeHn0, Mbl BBIHY2K/IEHBI IIPELyIIPE-
JIUThb YUTATEJsI, 9TO, CKOpee BCEro, MarepuaJj 3Toro maparpada Boobdire
0TOOBET y HEro BCsKOe KejiaHue uMerh jeso ¢ Common Lisp; u Tem He
MeHee B KOHTEKCTE Pa3roBOpa O MapaurMax 3TOT MATEPHUAJI IIOJIE3EH XOTS
OBbI KaK IIPUMED TOrO, KaK JeJaTh He HAJO, U, TJIABHOE, NOYeMYy TaK JIeJIaTh
HE HaJIO.

Usyvas Cu u Cu++, MbI MOIVIU IIPUBBIKHYTH (M HABEPHSIKA IPUBBIKJIN )
K OIIPEIeJIEHHOMY BOCIIPHUSITUIO OIIEPAITil BBO/Ia-BhIBOIA. B ocHOBE Momenn,
KOTOPYIO Ceiiuac MOXKHO CUMTATH OOIIEIIPUHSITOI, JIEXKUAT IIOHSITHE TLOTNOKG
BBO/[A WJIU BBIBOJA (8 B HEKOTOPBIX CJIydasiX — TOIO M JIIPYrOro cpasy), Upu
9TOM TOTOKHU BBOZIA MMEIOT (DYHIAMEHTAJIBHOE CBOUCTBO 3GKAHYUBAMBCA,
T.€. CUTHAJIM3UPOBATH O HACTYILIEHUU CUTYaIlUU <«KOHeI[ daiijay; Kpome
TOoro, Jiiobasl olepalus BBOJa-BbIBO/IA (B OCOOEHHOCTHU OLIEPAIHs CO3/IAHMS
HOBOTO IMOTOKA, B TOM YHCJIE IYTEM OTKDPBITUS (aiija Ha UTEHWe WA 3a-
[IMCh) MOYKET CTAaTh NPUYUHON OINMMOKH, U 3Ta OIMMOKA C TOYKH 3PEHUsI
IPOrpaMMbl COBEPIIIEHHO He 00si3aHa OBITH (paTaabHON, TO eCTh y paboTra-
OIEil TTPOrPAMMBI JIOJI?KHA OBITh BO3MO2KHOCTD O ITPOUCIIE/INNX OMMOKAX
y3HaBaTh U 00pabaTHIBATEH UX TaK, KAK XO4eT e€ aBTOp, & He KTO-TO JPYroit
(HampuMep, CO3aTeh TPAHCIATODA).

DTa MOJIeJIb TIPY BCEl €€ TPUBBIYHOCTY HA CAMOM JIejie HETPUBUAJIbHA 1
JTayke MOXKET, TIOXKAaJIyil, pACCMaTPUBATHCS KaK napaduema; U, KOHETHO JKe,
OHA CJIOXKWJIACH HE CPa3y U He BJAPYT, U TeM OoJiee OTHIOJb HE CPa3y CTa-
sta obmenpuusaToit. A3pik Jluco cam mo cebe MHOTO cTapiie, OH HOSBUJICH,
emmé Korja He CyIIeCTBOBAJIO MOHTHs (DallJIOBOI CHCTEMBI — A 9TO TaM, B
1950-€e rozb! He OBLIO OMEPAIMOHHBIX CUCTEM Kak sIBJIeHHsA. B jmaBHue Bpe-
MEHa, CJIOYKUJICS W HabOP OCHOBHBIX BCTPOEHHBIX (PYHKIUIL, W ITOT HAOOD
WCXO/IHO HUKAK HE YIUTHIBAJI, HAITPUMED, (DEHOMEH CUTYAIMH KOHIIA, (haiira.
Hemuth ommbKHU, Kak 3TO OOBIYHO IIPOUCXOUT ceifidac, Ha Npo2pammucm-
ckue (Ha KOTOPBIE MOXKET W JIOJXKEH CPEArMpOBATb TPAHCJIATOD) U NOAbL-
s06amenvcrue (Ha KOTOPBIE PEArMPOBATDH JIOJKHA BBIIOJHSIOMAICS IPO-
rpaMma) B TO BpeMsl TOXKe HUKOMY He IIPUXOJMJIO B TOJIOBY TIO IIPHYUHAM,
KOTOpBIE MbI y2Ke obcyzkuaau B §11.1.12.

Cremudukanust Common Lisp co3naBasiach mosmaee, K 9TOMY BPEMEHT
00Ul 1TO/IX0J] K BBOJLY-BBIBOJLY YCIIEJI «YCTAKAHUTHCSI», HO TO, KAK UMEHHO
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ObLIM U3MEHEHbBI (JIOMOJIHEHBI) OIUCAHUS BCTPOCHHBIX (DYHKIUH JIJI COOT-
BETCTBHS HOBBIM DEAJIUSIM, BBI3bIBAET HEKOE HejoyMenne. Tak, ecm Mbl Xo-
TUM 00pabaTHIBATH CUTYAIINIO «KOHET] (aitjia» — a MbI, €CTeCTBEHHO, 9TOTO
XOTHM, KaK BOOOIIE MOYXKeT ObITh MHAYE, — TO HaM IPUIETCS KaXKI0i (pyHK-
[IUU BBOJIA LIEPEIaBaTh Mpu JOIMOJHUTEIHHBIX apIyMeHTa: OJMH U3 HUX —
Jlorudeckoe 3Hadenue nil (JI02kb) — yKasbiBaer, 4To (DYHKIUS BBOJA He
JoJKHA «KoHer daitiay obpabarbiBarh cama (Kak? O4YeHb [IPOCTO: €CJIH
UM 3TOrO He 3allPEeTUTh, OHU «KOHeI[ daiija» NPUPaBHUBAIOT K ONIHOKaM,
[IPU 9TOM JIMATHOCTUKY BBIJAIOT CAMU, 8 B JOBEPIIEHUE 3AIYCKAIOT OTJIa -
4UK), JAPYroil 3a7aéT TO 3HAYEeHHe, KOTOPOe HY?KHO BEPHYTb U3 (DyHKIUH,
ecan «KoHery daitnay BCE-TaKW CIIydniicsi, a Tperuii (Wim ckopee nepewud,
€CJIM UMETh B BHJLY €0 DACIIOJIOXKEHUE) — 9TO MAEHTUDUKATOD II0TOKA; ero
MOXKHO OBLJIO OBbI OIIyCTHTB, KOTJa BBOJ UIAET U3 CTAHIAPTHOIO MMOTOKA, J1a
TOJIBKO OH, YBBI, JIOJIZKEH CTOSTH neped TEMU JIBYMsl, TAK 9TO TEIEPb €ro
OIYCTUTDH HE ITOJIYIUTCH.

Curyarus craser emé 3a0aBHee, KAK TOJBbKO HAM IPHUJIET B TOJIOBY OM-
xpoumd gatia. B «Common Lisp the Language» ects ryiaBa, mocBsiiméHHast
norokaM (OHa umeeT HOMep 21 M Tak U Ha3bIBaeTcs «Streams»), a B Heil
maparpad, ozarnasienubiii «Creating New Streams»; dyukimn ¢ mmerem
open B 3TOM maparpade HeT, TaK 9TO MOXKET CJIOKUThCs BIEYATIIEHUE, ITO
eé Het BooO1Ie. Ha camoMm fieste oHA BCE-TaK! €CTh, TOJIBKO HAJI0 KaK CJIelyeT
IIOUCKATh — W TOra OOHAPYKUTCS, 9TO CAMBIN IPUBBIYHBII 1 OY€BUIHBIHI
criocob CO3/IaHMsl HOBBIX ITOTOKOB BBOJ@-BBIBOJIA B 9TOW KHHUTE OTHECEH HE
K 00JIACTU «CO3/IaHUS HOBBIX IIOTOKOB», a K 00j1acTu «uHTepdeiica K daii-
JI0BO# cucremes. Hamo ckazarb, 9T0 9TO TOXKE OT/EJbHAS TJIaBa, OIUCHI-
BalOIIasl, KAK BRINIAANT (paitioBas cucrema (umena (haiiios, ux cBOCTBA
U T.1.) B TOW CTPAHHOW ajIbTeéPHATUBHON PEaJbHOCTH, KOTOPYIO 3a4€M-TO
npugymaan co3garesn Common Lisp. OrbickaB Hy:KHYIO (DYHKITUIO, MbI
PUCKyeM He TOHSITh OIUCAHUE MapaMeTPOB, KOTOPbIE OHA TPUHUMAET:

open filename &key :direction :element-type :if-exists
:if-does-not-exist :external-format

Co BpeméH mnosiBjieHust Jlucrma Kak TaKOBOIO JIO BBIXOJA CHENU(DUKAIINN
Common Lisp y mybauku 6osiee-MeHee 0pOPMUIOCH MOHNMAHNE, KaK Ha-
JI0 paboTaTh C BBOJOM-BBIBOJIOM, OJHAKO BO3HUKJIA JIpyrasi Ipobjema, Ko-
Topyio cozmareaun Common Lisp, pasymeercs, He cIuTa N MPOOIEMOIL: B
crerudUKAINIO TPOCOYMINCH BCEBO3MOXKHBIE TIPEJIECTH U3 TEX, YTO MBI 00-
CYKJIaJId B TIPEJIBIIYINEM maparpade, B TOM UUCTE KAOUEGHIE NAPAMEMPbL
dbyukmit. [logBuanch u B IPUHITAIIE TOJIE3HBIE BO3MOXKHOCTH BPOJIE 00pa-
OOTKY MCKJIIOYEHUIT — HO TOJI€3HBIE, MOXKAJIYI, JINIIb 10 TEX MOP, IIOKA HAM
WX He HaBSI3bIBAOT.

o ompe1eIEHHOTO MOMEHTa MOXKHO ITPOCTO UTHOPUPOBATH BCE THU BbI-
BEPTHI KOMUTETCKOTO MBIIJIEHNS; HO BOT HAM MOTPEOOBAJIOCH OTKPBITH
daiis, u B onmcaHuu (QYHKIMH, KOTOpasi 9TO JEJIaeT, Mbl BUIUM IIPECIO-
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BYTBIE KJIFOUEBbIE IAPAMETPHI, IIPUIEM BCE YCTPOEHO TaK, 4TO 6€3 MX IIpu-
MEHEHUsI MbI BOODIIE He CMOYKeM paboTaTh — HAIPUMED, OTKPBITH (aits Ha
qrenne 0e3 HUX €Ié MOXKHO, a BOT Ha 3aIuCh yxKe He noayaurca. C obpa-
6OTKO#1 OIMOOK TOYKe BeCEJiast CHTYAIMs: WJIA MbI IOKOPHO UJIEM OCBanBaTh
Berpoennble B Common Lisp mckimodenus: (B OKyMEHTAIMA OHU HA3bIBa-
1orcs conditions, T.e. «yCJIOBHs»; 9ac OT 4Yacy He Jierde) U B JOBECOK K
HUM eIlé 0ObEeKTHO-OPUEHTUPOBAHHYIO HOJCUCTEMY, KOTOpasi Ha3bIBACTCH
CLOS (Common Lisp Object System) — wiam HaM TPHIETCST CMEDUTBCS C
TeM, ITO, K IIPUMEpPY, IpOrpaMMa, KOTOPO He XBATHUJIO ITOJTHOMOYMIA st
OTKpbITHs (hailia, aBapuilHO 3aBEPIIAETCS ¢ HEBHSTHOW JIUATHOCTUKOIM, a
TO W BOBCE 3aIlyCKAeT OTJIQIIUK.

Cyns o Bcemy, aBropsl Common Lisp Tak u He mpeojiosiesin Haceme
TOl (HEONHOKDPATHO yKe YHOMHUHABIIEHCsS) MOXHU, KOrJa He ObLIO KOHEY-
HBIX TI0JIb30BaTEel, a TOTOMY HUKOMY HE IIPUXOJINJIO B TOJIOBY Pa3JIesIsTh
<IIPOI'PAMMHUCTCKOE» U «II0JIb30BaTEIbCKOe». TaKoil BHIBOJ y2Ke HaIPAIIu-
BaeTCs, KOI/Ia Mbl BUAJINAM, CKOJIb TPY/IHO B3STb B CBOM PYKH 3a00Ty O BbI-
JIaBaeMoil TMATHOCTHKE, HE JIOBOJIBCTBYSCH (II01eMy 6Bl 3T0) COOOIIEHUIMU
uHTepuperaropa. Ho ects u apyrue npusHaku. Tak, B Tekcre «Common
Lisp the Language» 66bIry0 9acTh IyIaBbI O BBO/I€-BBIBOJIE 3AHIMAET OIIH-
canne QpyHKIUU read, MO3BOJISAONIEN YUTATH ITPOU3BOJIbHBIE S-BhIPAYKEHMSI,
IIpeJICTaBJIeHHbIe B BUJe Tekcra. Jla, mpm 3TOM 3aJefiCTBYIOTCH JIEKCHde-
CKHUIl ¥ CHHTAKCAIECKUI aHAJIM3ATOPHI, UMEIOIINECs] B MHTEPIPETATOPE, TO
€CTh BOODIIE-TO MHCTPYMEHTHI CYyry0O IIPOrpaMMUCTCKUE; J1a, TIPU STOM JU-
arHOCTUKA BBLJAETCH TOKE HCKJIIOYUTEJHHO IPOrPAMMUCTCKAsA, OOBIMHBIN
[IOJIb30BATENb BCETO ITOrO MPOCTO HE MOMMET; PU ITOM CAMH AHAJIM3a-
TOPBI MOXKHO OYeHb I'MOKO IIepEeHACTPAWBATh, U JJIs MOIJAEPXKKHA ITOU Ha-
CTPOIKY crienuduKaIms pelyCMaTPUBAeT MEeJIbIil BOPOX CJIOXKHBIX HHCTPY-
MeHTOB. MexKIy TeM 6¢E 9Mo NPUHUUNUAALHO HE 200UMCA OAL NPOPAMM,
NEPENABAEMBIT KOHEYHOMY NOAD30EAMEAIO, TTOCKOIBKY BPOJE ObI OUEBHIHO,
YTO KOHEYHBII I0JIb30BaTe/Ib He 00si3aH 3HATH JIMCI U yMeTh, HAIIPUMED,
BBOJIUTH MHMOPMAIIUIO C KJIABUATYDBI B BUJIE S-BbIPAKEHUH, COOIIOIast UX
cunrtakcuc. Unade roops, uarepaperarop Common Lisp comepxkut B cebe
(a KHUra — JI0JITO W YIIOPHO PACIHUCHIBAET) NPOPBY TAKUX BO3MOXKHOCTEH,
KOTOpbIE B CcuIy (DYHIAMEHTAJIBHBIX IPUYIUH BOOOIE HEJIb3s HPUMEHSITD,
€CJIN y TPOTrPAMMBI MIPEIIOIATal0TCS KAKUe-TO eIé TOJIb30BaTe N, KPOME
€€ aBTOpA.

[Mocrapaemest it Hadas a OObSICHATH, Kak opraHu3oBarh B Common
Lisp OOBIKHOBEHHBIN W TPUBBIYHBIN (DAIIIOBO-TOTOKOBBIN BBOJ-BBIBOI, U
[Ipy 3TOM YTOOBI CUTyaIMsl «KOHeI| (ailjiay paccMaTpUBajach Kak IITAT-
Has, a He Kak ommbodHas. K 6osee TsKEMBIM cpeicTBaM 00pabOTKM OIITH-
OOK MBI BEPHEMCSI TIO3KE.

Hauném c 3amedanmst O CTaHIAPTHBIX [MOTOKAaX BBOAA-BbIBOmA. Jljist
ux obosnauenuss Common Lisp mpeaycmarpuBaer rjiodajbHbBIE TEPEMEH-
Hble *standard-input*, *standard-output* m *error-output*, KOTO-
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pble Mo udee ITOJIZKHBI COOTBETCTBOBATH NPUBBIYHBIM HAM IIOTOKAM BBO-
1, BBIBOJA U JUACHOCTHKH. KaK BOIUTCS, 9TO TOJIBKO HAYAJO HUCTOPHH.
Kpome stmx Tpéx mepeMeHHBIX, crelnudUKAINS IPEIyCMATPUBAET EIé
*trace-output*, kquery-io*, *debug-io* u *terminal-io*, IpuuéM mo-
CJIeJIHUE TPU JIOJIKHBI JIOIyCKATh KaK BBOJ, TaK U BbiBoa. CorsiacHo ciie-
nuUKAINT, *query-1io* npeaHa3sHadaeTCs JJIsd TAAJI0ra C MOIb30BATEIEM
(AKOOBI azke B cJIydae, ecjiu CTaHJAPTHBIE TIOTOKU BBOJA M BBIBOJA [EPe-
HAIIPaBJIEHBI), ¥terminal-io* JI0JKEH BCerja MO3BOJIATE PaboTy ¢ TepMU-
HajoM (B obe CropoHbl), ¥trace-output* u *debug-output* TOxKe UMEIOT
CBOUM OCODOBIE POJIH.

WuTepecHo, 94T0 BOOOIIE-TO Peasn30BaTh BCE 3TU OCOOEHHOCTU ITOBEE-
HUAA 803M0ocHO. VIHTEpIpeTaTop Mor Obl, HAIIPUMED, OTKPBIBATH YCTPOIi-
cTtBO /dev/tty, 4ToOBI mMOOpPATHCS 7O YIPABJISIONIEN0 TEPMUHAJA, €CJIN
CTaH/IAPTHBIE TIOTOKU IIepPEeHAIPABJIeHbl; B HEKOTOPBIX CJydasiX MOXKHO
610 OBI ITEPEIPOrPAMMUPOBATE JpaiiBep TepMUHAJIA U BCE TaKOE€ IIPO-
qee. B peaspbHOCTH 9TOTO HUKTO He sesiaeT. Keim HammcaTb TPOCTEHbKU
CKDWIIT, KOTOPBIit Oy1eT revdarars ofay ¢paly B *standard-outputx, apy-
Iyio — B *terminal-io*, TpeTbIO — B *query-io*, a IIOTOM II€PEHAIIPABATH
BBIJAYY TAKOTO CKpHUITa B (haity, To Bce TpU (HPpa3bl OKAXKYTCsI B 3TOM daii-
JIe, ¥ 3TO BEPHO I BCEX TPEX PACCMATPUBAEMbBIX HAMHU NHTEPIPETATOPOB;
MIPSIMO CKaKeM, 3aMOPAYMBATHCS UX aBTOPHI He cTasu. JlaibIie Bcex moésn
gcl: npu paboTe ¢ MOTOKOM *error-output* oH (U3NIECKU MPOU3BOINAT
BBIBOJL BCE B TOT ke stdout (meckpunTop 1), Torma kak sbcl u ecl xors Obt
3HAIOT O CYIIECTBOBAHUY jiecKpunropa 2 (stderr).

B GonbmumcTBe CydaeB MOTOK MOXKHO HE YKa3bIBATH JIMOO YKA3aTh
BMecTO 10ToKa nil uywm t. [lpu sTom (ecim 6yKBaIBHO ClIeI0oBaTh Crerudu-
Kallii) OTCYTCTBHE sIBHOI'O YKA3aHWs MMOTOKA JINOO yKa3aHue nil o3HavaeT
st DYHKIWIT BBO#a pabory ¢ *standard-input*, st pyHKIUNE BBIBO-
Ja — pabory ¢ *standard-output*; ykazaHue t B 00OHX CJIydasX O3Ha-
YaeT UCIOJb30BaHMe *terminal-io*. DTo, KOHEYHO, OueHb BAYKHO, €CJIU
YyUEeCTb, YTO BO BCEX TPEX PACCMATPUBAEMBIX HAMU (U, BO3MOXKHO, BOOOIIE
BO BCEX CYNIECTBYIOIIUX) MHTEPIPETATOPAX MEXKJy ITUMH IIOTOKAMH HET
HUKaKO# pa3HuIpl. Tak niim nHade, ecu MOTOK IIPE/IITOJIAraeTCs CTaHIapT-
HBII, HO €ro IOYEeMY-TO O0sA3ATEIHHO HAJI0 yKa3aTh, OOBIYHO HCIOJIb3YIOT
t — BHAWMO, TIOTOMY YTO TAK KOpPOUeE.

s evi60da nudopMalmi B KJIaCCUUECKUX jauajektax Jlucmna mpey-
CMATPUBAJIUCH YeThIPe IOX0XKHe JPYr Ha aApyra QyHKIWN: print, prini,
princ u pprint. Kak wacro ObiBaer, or dbyHKIun ¢ Hanbosee IOHATHBIM
WMeHeM — print — Kak pa3 MeHbIIle BCEro TOJIKY, HO 00 9TOM 4UyTh IO3Ke.
Bce dernipe dyHKIIMM TPpUHUMAIOT OJWH WM JIBA apTyMeHTa: 00sI3aTesb-
HBIN —