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Annotation

B sroii kHure m3BecTHBId aBTOp CKOTT Meliepc pacKphIBAET CEKPEThl HACTOSIIMX MacTEPOB,
MO3BOJISIIONIME JOOUTHCA MaKCUMAaIbHOU 3(PPeKTUBHOCTHU TIpH pabote ¢ Oubnuorexoit STL.

Bo MHOrMX KHHMrax onuchiBatoTCsi BO3MOXXHOCTH STL, HO TOJBKO B 3TOM paccka3zaHO O TOM, Kak
paborarb ¢ 3Tol OumOmuorekor. Kaxnpii u3 50 COBETOB KHHUIM TMOAKPEIUIEH aHAJU30M M
yOeAUTENbHBIMU TPUMEPaMU, MOATOMY YATATEIh HE TOJBKO yY3HAET, KaK pellaTh Ty WJIM UHYIO 3a/1ady,
HO U KOTJIa CJIeIyeT BHIOMPATh TO WJIM MHOE PEIICHUE — U [T0YeMy UMEHHO TaKoe.

e DddekTuBHOE Hcnonb3oBanue STL

o Ilpenucnosue
o bmaronapHoctu
]

» Or M3marenbpCcTBa
o BBeneHue

Onpenenenue, ncnoib3oBaHue U pacumpenne STL
Ccpuikn
STL u CtangapThl
Iloncyer ccplIoK
string 1 wstring
Tepmunonorus
[Ipumepsnl
Bonpocsl s dbexTuBHOCTH
m PexoMeHnanuun
o KoHTelHepsl
]

Coget 1. BHuMaTeapHO MOIXOINUTE K BBIOOPY KOHTEHHEPA
Coger 2. OcTeperanTech UIIO3UA KOHTEMHEPHO-HE3aBUCUMOI0 KOJIa
Coget 3. Peanu3zyiiTe ObICTpOE U KOPPEKTHOE KOMHUPOBAHNE 0OBEKTOB B KOHTEHEpax
Coget 4. Boi3biBaiiTe empty BMeCTO CpaBHEHUS Size() ¢ HylleM
Coger 5. Mcnonb3ylTe MHTEPBAJIbHBIE KI[MY BMECTO OHODJIEMEHTHBIX
Coget 6. OcTeperaiiTech CTPaHHOCTEH JIEKCUYECKOro pazdopa C++
Coser 7. Ilpy KMCHonb30BaHMU KOHTEHHEPOB YKa3areldel, JJis KOTOPBIX BbI3bIBAJICS
oreparop new, He 3a0yiapre Bb3Barh delete nns ykazareneil mepen YHUUYTOXKEHUEM
KOHTEHHEpPA
Coger 8. Hukorna He co3/1aBaiiTe KOHTEHHEPBI, coJiepkKalme auto ptr
Coget 9. TmiatenbHO BbIOMpaNTe ONEPAIUIO yIadeHUs
Coger 10. IToMHUTE 0 TpaBUIAX U OrPAHUYEHUSX PACIPENCINUTENECH NaMATH
Coser 11. YyuThiBaliTe 00JacTh NPUMEHEHUS TMOJH30BATCIbCKUX PACTIPENCINUTEICH
naMsITH
m Coget 12. Pa3yMHO OIIeHHMBANTE MOTOKOBYIO 6€30MaCHOCTh KOHTelHepoB STL
o KonTteltHepsl vector u string
]
m Coger 13. Mcnonb3yiiTe vector u string BMECTO ITMHAMHUYECKUX MACCHBOB
m Coer 14. Hcnonw3yiiTe reserve Julsl NPEAOTBPANICHWS JIMIIHUX  ONEpalnid




nepepacnpeieIeHus NaMsIT
Cosgert 15. [loMHHTE 0 pa3auvmnsaX B peann3aluu string

Coser 16. Hayunrtecs nepenaBarh gaHHble vector U strin KIIUSIM YHACJICJIOBAHHOTO
uHrepderica

Coget 17. Ucnionw3yiiTe «)OKyC ¢ mepecTaHOBKON» 115 YMEHbBIICHHS eMKOCTH

Cosger 18. M36eraiite vector<bool>

o ACCOLIMATUBHBIC KOHTEHHEDDI

Coger 19. TToMHUTE 0 PA3ANYUAX MEKIY PABEHCTBOM M YKBUBAJIECHTHOCTBIO

Coser 20. Ompenenure TUI CPaBHEHUs I ACCOIIMATUBHOIO  KOHTEWHEpa,
coJIeprKallero ykazarein

Coger 21. Cneante 3a TeM, 4TOObI KIIMU CcpaBHEHMs Bo3Bpananu false B ciydae

DaBEHCTBA

Coger 22. N36eraiiTe M3MEHEHHUS KII04Ya «Ha MECTE» B KOHTEHepax set m multiset
Coser 23. PaccMOTpuTe BO3MOXKHOCTh 3aMEHBI _aCCONMATHBHBIX KOHTECHHEPOB
COPTHPOBAHHBIMU BEKTOPAMU

Coget 24. TuatenbHo BRIOMpATE Mex Ay map::operator[] u map::insert

Cosert 25. 3yunTe HECTAaHIAPTHBIE XAIIMPOBAHHBIE KOHTEHHEPHI

o Hrepartopsl

Coget 26. CrapaiiTech MCIOJb30BaTh iterator BMecTo const iterator, reverse iterator u
const reverse_iterator

Coget 27. Vcnonwzyiite distance u advance u1s mpeodpa3oBanus const iterator B iterator
Coger 28. HayunTech ncnonb3oBaTh QyHKINIO base

Cometr 29. PaccMoTpuTe BO3MOXKHOCTh _HMCHOJb30BaHMUS _istreambuf iterator mpu
IOCUMBOJIBHOM BBOJIE

o AJIrOpUTMBI

Coger 30. Cnenute 3a T€M, YTOOBI MPUEMHBIA HHTEPBAT UMEJl JOCTATOYHBIA pa3mMep
Coger 31. [ToMHUTE O CYIIECTBOBAHUHU PA3HBIX CPEJICTB COPTUPOBKHU

Coget 32. ConpoBOX/1aliTE€ BHI30BBI 1€MOVE-MOA00HBIX aITOPUTMOB BbI30BOM €rase
Coget 33. bynbsre BHUMATEIbHBI IPU UCIOJIB30BAHUH €MOVE-MOA00HBIX aITOPUTMOB C

KOHTEWHEpPaMU yKas3aTeyen

Coget 34. [IoMHUTE 0 TOM. KAKHE AITOPUTMBI OJYYaKOT COPTUPOBAHHBIE HHTEPBAIIbI
Coet 35. PeanusyiiTe mpocThle CpaBHEHHS CTPOK 0e3 ydyeTa pPerucrpa CHUMBOJIOB C
ucronb3oBaHneM mismatch nin lexicographical compare

Cosget 36. [IpaBunbHo peanusyiite copy_if

Coser 37. Hcnonb3yite accumulate mam for each nnsg 0600mieHUs MHTEPBATbHBIX
TAHHBIX

o DOyHKINHU, HYHKTOPBI U KIACCHI PYHKITANA

Coger 38. [IpoekTupyiiTe KIacchl YHKTOPOB I IepeaavYy M0 3HAUYCHUIO
Coget 39. Peanu3yiite npeauKaThl B BUIE «UYUCTHIX» QYHKIIHMI
Coger 40. Knaccel KTOPOB JIOJKHBI ObITh a/IaITUPYEMbBIMU

Coget 41. PazGeputeck, ans yero HykHbl ptr_fun, mem fun u mem fun ref
Coget 42. Cnenute 3a TeM, 4TOObI KOHCTPYKIUS less<T> o3Hauana operator<

o IIporpammuponanue B STL




Coget 43. Mcnonp3yiTe alTOPUTMBI BMECTO LIUKIOB

Coser 44. Ncionb3yure KIIMM KOHTEMHEPOB BMECTO OTHOUMEHHBIX AJITOPUTMOB

Comer 45. Paznuuaiite anroputmbl _count, find, binary search,

lower bound,

upper_bound u equal range
Cosgert 46. IlepenaBaiite anropuTMaM 00beKThl QYHKIIHI BMecTO DYHKIINNA

Cosger 47. N30eraiite «kHEYUTAEMOr0» KOJa

Coger 48. Bcernia BKIOYaWTE HY)KHbIE 3aT0J0OBKH
Coget 49. HayunTtech YnTaTh COOOIICHNS KOMIUIATOPA

Coset 50. ITomuuTe 0 web-catitax, mocBdameHabix STL

| ]

s Caiit SGI STL
m Caiit STLport
m Caiit Boost

o Jlureparypa

KHuru, HanucaHHBIE MHOU
Kuuru, HannucaHHbIE WUMHU ABTOPAMHU
O1mOKY U OIeyaTKu

o JlokaJibHbIE KOHTCKCTBI

CpaBHeHHE CTPOK 03 yyeTa perucTpa CHMBOJIOB
IlepBas noneITKa

JIOKaJIbHBI KOHTEKCT

JlokanbHbIC KOHTEKCTHI B CH++

dacer collate

CpaBHeHHE CTPOK 0€3 ydeTa perucrpa

o 3ameuanus no nosoay maatdopm STL ot Microsoft

e notes
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[1a6nonbl yHKIMH KIaccoB B STL
MSVC Bepcuii 4-6

Oo6xoaHoe pemenue ansg MSVC4-5
Oo6xonHoe pemenue ansa MSVC6




P dexTuBHOE Mcnoib30BaHue STL




IIpeaucioBue

«...Ha nem ne 6vino nenmouxu! He 6vi10 spnvika! He 6v110 KopobOKu u He
ovL10 mewkaly

Hoxmop 3ioce, «Kax I punu yxpan Poocoecmeoy

S Bnepseie Hanucan o STL (Standard Template Library) B 1995 roay. Mos kuura «More Effective
C++» 3aBepmaiiach KparkuMm 0030poM OmOnmorexkn. Ho 3Toro okaszanoch HEIOCTAaTOYHO, U BCKOPE S
HayaJ Mojy4aTrh COOOIIEHHs C BOIIPOCOM, Koraa OyneT Hanucana kuura «Effective STLy.

Heckonbko netr s comportusisiics 3Toi unaee. CHadana s He oOiajnan JOCTAaTOYHBIM OIBITOM
nporpamMmmupoBaHus STL u HE cunTan BO3MOKHBIM J1aBaTh coBeThl. HO BpeMs 1U10, 1 Ha CMEHY ATOU
npobieMe MOpUIUIM JApyrue. beccmopHo, mosBIeHHE OWOIMOTEKM O3HAYaa0 MPOPHIB B 00JACTH
¢ dexTuBHON MacmIrabupyeMol apXUTEKTYpPbl, HO B 00JacTU ucnonvzosanus STL BOZHUKAIN YHCTO
npakTHYecKue MNpoOJieMbl, Ha KOTOpble ObUIO HEBO3MOXKHO 3aKphIBaTh IMa3za. AjanTtamus JroObIX
nporpamMm STL, 3a uckiroueHneM caMbIX IPOCTEUIINX, OblJIa COMPSKEHA C MHOXKECTBOM MPOOIIEM, YTO
OOBSICHSIIOCH HE TOJBKO PA3NMYUSIMU B peav3alusiax, HO U Pa3HbIM YPOBHEM MOJICPKKH MIA0JIOHOB
KOMIUIATOPOB. YueOHuku no STL Obu1H peKoCThI0, MOATOMY MOCTHXKEHUE «1a0 MPOTPaMMHUPOBAHUS
B STL» oka3pBaJIoCh 3ajJadyeil HENpOCTOM. A Kak TOJBKO MPOrPAMMHUCT CHPABISUICS C 3TOU
TPYIHOCTBIO, BO3HUKAJA JIPYyras — MOUCK JOCTAaTOYHO MOJIHOW M TOYHOM CIPABOYHOW JOKYMEHTALIMH.
Jlaxxe camast menkasi onmmoOka mpu ucnonb3oBanuu STL compoBokaanach JaBUHOW AMATHOCTUYECKUX
COOOIICHUN KOMITUJIATOPA, [UIMHA KOTOPBIX JOCTHUraja HECKOJBbKUX THICSY CHUMBOJIOB, MPUYEM B
OOJBIIMHCTBE CIy4aeB peub IUIa O Kiaccax, PyHKIHUAX U Ma0JI0HaX, HE YIOMUHABILIMXCS B MPOTpaMMe.
[Tpu Bcem yBakenuu k STL u pazpaborurkam 3Toii OMONMOTEKH S HE pelalics PEeKOMEHAO0BaTh €e
nporpaMMucTaM cpenHero 3BeHa. I He Obul yBepeH B ToM, 4to STL wmooicHo0 uCTIONB30BaThH
s dexTuBHoO.

3areM s 3aMEeTUJI HEUTO yauBHTeNbHOE. HecMoTpsa Ha Bce mpoOiieMbl ¢ IEPEHOCOM U CKBEPHOE
Ka4eCTBO JOKYMEHTALMHM, HECMOTpPS Ha COOOMICHUS KOMIIJISITOpA, HAIOMUHABIIME OECCMBICIEHHOE
HarpoMO>KJI€HHE CMMBOJIOB, MHOTHE U3 MOHUX KJIMEHTOB Bce paBHO paboranu ¢ STL. bonee Toro, onn
HE MPOCTO IKCIEPUMEHTUPOBAIIN ¢ OUOIMOTEKOM, a HCIOJIB30BANIA €€ B KOMMEPUYECKUX BEPCHUSIX CBOMX
nporpamm! [Ins meHs 3To ObUl0 OTKpoBeHHEM. Sl 3Han, 4yTo mporpaMmmbl, ucnosb3yronme STL,
OTJINYAJIUCh DJICTAHTHOM apXUTEKTYpOoW, HO Jobas OubnmoTreka, pagd KOTOPOM MPOTPaMMHCT
NOOpOBOJIBHO oOOpeKkan cebs Ha TPYIHOCTH C TEPEHOCOM, Ha CKBEPHYIO JOKYMEHTALHIO W
HEBpa3yMHUTEIbHBIE COOOMmEHNs 00 ommoOKax, oM KHA OblIa 001aaTh YeM-TO OOJIBIIIMM, Y€M XOPOIIast
apxuTekTypa. Bce Ooublie mnpogeccHoHadbHBIX MPOrPAaMMHCTOB MOJlarajio, 4YTO JaKe IUI0Xas
peanusanus STL nydine, yeM ee MOJIHOE OTCYTCTBUE.

bonee Toro, s 3Ham1, uro cutyanus ¢ STL Oyner ymyuiarbes. BUOIMOTEKN U KOMIUISATOPHI OyIyT
MOCTENEHHO NpubanKarbes K TpeOoBaHusaM Cranaapra (Tak OHO U ObLIO), MOSIBUTCS KaueCTBEHHas
JNOKyMeHTalus (CM. CIUCOK JuTeparypbl Ha c. 203), a AMarHOCTMKa KOMIMWJISATOpa CTaHeT Oolee
BpPa3yMHUTENbHOM (B 3TOM 00JIACTH CUTYyalLMs OCTABIIAET JKEJNaTh JIYIIEro, HO peKOMEH a1 coBeTa 49
MOMOTYT BaM C pacum@ppoBKoi cooOlrieHuii). B o0miem, s penmn BHECTH CBOIO JenTy B nBUxkeHue STL.
Tak nosiBunace 3Ta KHUra — 50 TpakTUYECKUX COBETOB 10 ucnoab3oBaHuio STL B C++.

CHayana s HaMepeBaJICSl HANKMCaTb KHUTY 3a BTOPYIO MOJoBUHY 1999 1. m gaxe HaOpocan ee
OpUMEpPHYIO CTPYKTYypy. Ho moToM mniaHel M3MEHWIHCH, S MPUOCTAHOBUJI PabOTy Haa KHUTOM U
paspaboran BBoAHBIN Kypc mo STL, KOTOpbIi MpenogaBajics HECKOIBKUM TPYIIaM MPOrPaMMHUCTOB.
[IpuMepHO Yepe3 roa sl BEpHYICSA K KHUTE U 3HAUUTENBHO PACIIMPUII Marepuaj Ha OCHOBAHUU OIBITA,



IIOJIyYEHHOTO 3a BpEMs NIpenojaBaHusA. B KHHUre s IMmocTtapancs OCBETHTb NPAKTUYECKHE AaCIEKThI
nporpammupoBanus B STL, 0co6eHHO BakHBIE AJ11 MPOPECCHOHATBHBIX TPOTPAMMHUCTOB.

Ckomm [[yenac Meiiepc
Cmadghghopo, Opeeon

Anpenws 2001 e.



bJarogapHocru

3a rozpl, KOTOphIe TOTPeOOBANIKUCH HA TO, YTOOKI pazobparbes B STL, pazpaborars yueOHBIH Kypc
U HalKCcarh ATy KHUTY, S TOJYyYUJ HEOLICHUMYIO TTOMOIb U MOMJIEPKKY OT MHOXKECTBA Jtofei. Xouy
ocobo otrmetruth Mapka Pomxepca (Mark Rodgers), BenMUKOIyIIHO MPEAOKUBILETO MPOCMATPUBATD
Marepuasbl yueOHOro Kypca no Mepe ux Hamnucanusa. Ot Hero s y3Han o0 STL Gombiie, yeM OT KOro-
anbo apyroro. Mapk Tak)e BBINONHSAT (YHKIHUHM TEXHUYECKOTO PENaKTopa 3TOH KHUTH, a €ro
3aMEe4aHus U AOMOJHEHUS TOMOTIIH YIy4llTh MPAKTUYECKHU BECh MaTEpHAIL.

JpyruMm BblAarONMMCST UCTOYHMKOM HHpopManuu Obuin KoH(pepeHiuu Usenet; MOCBSILEHHBIC
sa3bIky CH++, ocobenHo comp.lang.c++.moderated («clecm»), comp.std.c++ u microsoft.public.vc.stl.
CBblllle A€CATH JET YYACTHUKHU 3THX U APYrUX KOH(EpPEeHLHI OTBEeYan Ha MOU BOMPOCHI M CTABHIIU
3a/laud, HaJ KOTOPhIMM MHE MPUXOAMIOCH aymarbk. S miyboko Omaromapen cooOmiectBy Usenet 3a
MOMOIIb B pab0Te HAJl TOM KHUTOM M MOMMU MpEeAbIAYIIMMEU yonukanusmu mno C++.

Moe nonumanne STL ¢opmupoBanoch mon BIUSHHEM psia MyOJMKAlMM, caMmble BaKHbIE U3
KOTOPBIX MEPEYHCICHbl B KOHIE KHUTU. OCOOGHHO MHOTO MOJIE3HOTO s TOYEPIHYI W3 Tpyaa
JHxocartuca «The C++ Standard Library» [3].

Unen u HaOmoaeHUs, U3 KOTOPBIX COCTOMT 3Ta KHWUra, B OCHOBHOM MPHUHAJJIEKAT IPYTUM
aBTOpaM, XOTS B HEW €CTh M PSAJ MOUX COOCTBEHHBIX OTKPBITHH. Sl mocrtapancs mo BO3MOKHOCTU
OTCIIEUTh UCTOYHHKU, U3 KOTOPHIX ObLI MOYEPIHYT MaTepHai, HO 3Ta 3ajadya oOpeueHa Ha MpoBall,
MOCKOJIbKY HH(poOpMaIusi cobupajiach U3 MHOXECTBa HCTOYHUKOB B TEUYEHHE JIOJITOTO Mepuoaa
BpeMeHU. [IpuBeeHHBIH HUXKE CIHMCOK JajeKO HE IMOJOH, HO HUYEro JIydlle MPEAjioKUTh HE MOTY.
Y4ruTe, 4TO B 3TOM CIHUCKE MEPEUUCICHbI HCTOYHUKH, U3 KOTOPBIX 51 Y3HABAJ O TEX WJIU UHBIX UJCAX U
npueMax, a He UX MepBOOTKPHIBATEIIH.

B cosere 1 3ameuanue O TOM, YTO Y3JIOBbIE KOHTEHHEpPHI OOECIEUUBAIOT JYUIIYIO MOIACPKKY
TPaH3aKIMOHHOW CEMaHTHKH, M03auMCTBOBaHO u3 pazaeina 5.11.2 «The C++ Standard Library» [3].
[Ipumep ucnonb3oBaHUA typedef MPU U3MEHEHHHM THIA PACHpENEIUTENs MaMATH U3 coBeTa 2 ObuI
npeioxken Mapkom Pomxepcom. Coset 5 BrnoxHosieH crarbeid Pusca (Reeves) «STL Gotchasy [17].
B ocHoBy coBeta 8 3amoxen coBet 37 kauru Carrepa «Exceptional C++» [8], a KeBnun Xennu (Kevlin
Henney) mpemoctaBun BaxHyi0 HHGOpPMAaNUIO O MpoOieMax, BO3HHUKAIOIMX MPH HCIOJb30BAHUU
KOHTEHHEPOB auto ptr. B koHpepernusx Usenet Matt OcTtepn (Matt Austem) npeocTaBul MpUMEpPHI
UCIIOJIb30BaHUsl paclpeieauTenei naMsaTH, BKIOYeHHble MHOM B coBeT 11. CoBer 12 ocHOBaH Ha
marepuanax cara SGI STL [21], mocBsSmeHHBIX MOTOKOBOM Oe3omacHocTH. MHbOopManus o moacuere
CCBUIOK B MHOTOITIOTOYHOM cpene u3 coBera 13 mouepnuyra u3 crarbu Carrtepa [20]. Mnes coseta 15
Obuta mozackaszaHa crarbeid PuBca «Using Standard string in the Real World, Part 2» [18]. Meronuka
HEIMOCPEJACTBEHHOM 3amucu JaHHBIX Bvector, MPOAEMOHCTPUpPOBAHHAas B coBere 16, Obuia
npemnoxkeHa Mapkom Pomxepcom. B coser 17 Obina BkiroueHa uHdopmanus u3z Usenet, aBTOpbl —
Cumen Hapan (Siemel Naran) u Kapn bappon (Carl Barron). CoBet 18 O6buT1 T03aMCTBOBAaH U3 CTaThU
Carrepa «When Is a Container Not a Container?» [12]. s coseta 20 Mapk Pomxepc mpenioxuin
uae0 mpeoOpa3oBaHUs ykazaTenss B OOBEKT MOCPEICTBOM pa3biMeHoBaHUs, a CkoTT JleBaHAOBCKH
(Scott Lewandowski) pa3zpaboTtan mpencTaBIeHHYIO BEPCUIO DereferenceLess. CoBeT 21 ocHOBaH Ha
coobmenuu Jlyra Xappucona (Doug Harrison) B koH(epenunto microsoft.public.ve.stl, Ho pemeHue o
TOM, 4TOOBI OTPAHUYUTH PAMKH 3TOTO COBETa MpobaeMoil paBeHCTBa, TpuHsI s cam. CoBeT 22 OCHOBaH
Ha ctarbe Cartepa «Standard Library News: sets and maps» [13]. Coset 23 ObUT mOACKa3aH CTaThel
Octepna «Why You Shouldn't Use set — and What to Use Instead» [15]; Hdaua Cmomnbepr (David
Smallberg) ycoBepIIeHCTBOBaJI MOKO  peaju3aluIo DataCompare. ONUcaHWE XIIMMPOBAHHBIX
koHTeiHepoB Dinkumware ocHoBano Ha ctarbe Ilmayrepa (Plauger) «Hash Tables» [16]. Mapk



Pomxepc He comtaceH ¢ BbIBOAAaMHU COBeTa 26, HO MEpPBOHAYaJIbHO 3TOT COBET OBLI MOJCKA3aH €ro
3aMEYaHUEeM OTHOCHUTEIBHO TOrO, 4YTO HEKOTOpble (PYHKIMU KOHTEHHEPOB MNPUHUMAIOT TOJIBKO
apryMeHTbl THNA iterator. Pabora Ham coBetom 29 BroxHoBisack auckyccusiMu B Usenet c
yuactuem Mhatra OctepHa u Jxerimca Kanne (James Kanze); Ha MeHs Takke moBiusiia ctarbs Kiayca
Kpedra (Klaus Kreft) u Amxenuku Jlanrep (Angelika Langer) «A Sophisticated Implementation of
User-Defined Inserters and Extractors» [25]. CoBer 30 ocHOBaH Ha Mmarepuajnak paszziena 5.4.2 KHUTH
Hxocartuca «The C++ Standard Library» [3]. B coere 31 Mapko Jlanna I'acnepuna (Marco Dalla
Gasperina) mnpeJIOkKUI TMPUMEpP HCIOJb30BAHUS nth element JJIS BBIYMCICHHUS MEIHWAHbBL, a
MCIIOJIb30BaHUE ATOrO aJrOpuTMa i NMOMCKA MPOLIEHTHIIEH B3ATO IpsAMO U3 paszzaena 18.7.1 kHuru
Crpayctpyna (Stroustrup) «The C++ Programming Language». CoBeT 32 ObuT BIOXHOBJICH MaTepuaiaMu
paznmena 5.6.1 kuuru Jxocartuca «The C++ Standard Library». CoeT 35 mosiBujCS moj BIUSTHUEM
crarbu OctepHa «How to Do Case-Insensitive String Comparison» [11], a cooGmenus Jxetrimca Kanie
u JI)xona [Tortepa (John Potter) momoriu Mmue nydite pa3odpaTbes B CyTH npoucxoadiero. Peanuzanus
copy if, NMpHUBEIEHHAs B coBeTe 36, mo3zauMcTBOBaHa U3 pasnena 18.6.1 kuuru Crpayctpyna «The
C++ Programming Language» [7]. B ocHOBy coBeTa 39 3anoxensl myonukamnuu Jlxocartuca, KOTOPBIi
BIIEPBBIC YIIOMSHYII O «IIperuKaTax ¢ coctosstHuem» B cBoer kaure « The C++ Standard Library» [3] u B
ctarbe «Predicates vs. Function Objects» [14]. B cBoeit KHUTE 51 HCTIONB3YIO €T0 TPUMEP U PEKOMEBIYIO
NPEeAIOKEHHOE UM pEllIeHUe, XOTs TePMUH «4ucTas PyHKUUS» NpuHAUIe:KUT MHE. B coBete 41 Mert
OcTepH NOATBEPIUI MOU MOIO3PEHUS OTHOCUTEIBLHO MPOUCXOXKICHUSI UMEH mem fun U mem fun ref.
Coget 42 GepeT cBOe HavaJlo M3 JEKIUHU, TpouuTaHHON MHEe Mapkom Pomxkepcom, korna s Hapymi
peKoMeHJaIuoo 3Toro cosera. Mapky Pomkepcy Takke NTpPUHAUICKUT MPUBEICHHOE B coBeTe 44
3aMEe4YaHue O TOM, YTO IpPH BHEIIHEM IOMCKE B KOHTEMHEpaX map M multimap aHAJU3UPYIOTCSA o0a
KOMIIOHEHTa Mapbl, TOrIa KakK MpHU MOUCKe (PYHKIUSMU KOHTEHHEpa YYUTHIBACTCS TOJIBKO IEPBBIii
KOMIOHEHT (kiro4). B coBete 45 ucmonp3oBana uHpoOpMalus OT pa3HbIX YYaCTHUKOB clem, cpeau
kotopeix [[xon Ilorrep, Mapcun Kacnepcku (Marcin Kasperski), Pete Becker (Ilut bekep), ennuc
Hens (Dennis Yelle) u J{»Bun A6paxame (David Abrahams). JIssux CMmomnnGepr moackasaa MHE HACHO
NPUMEHEHUS equal range HJS MOMCKAa Ha 0a3e HKBUBAJICHTHOCTHM M TOACYETA PE3YIBTATOB B
COPTHUPOBAHHBIX IMOCIEAOBATEIbHBIX KOHTeWHepax. Anapeit Anekcanapecky (Andrei Alexandrescu)
OMOT Pa300paThCsi B YCJIOBHUSIX BO3HUKHOBEHHUS MPOOJIEMBI «CCBHUIKM Ha CCBUIKY», YIOMHHAaeMOW B
coBeTe 50; MpUBEACHHBIM B KHUI'€ NPUMEP OCHOBAaH Ha aHajJormyHoM npumepe Mapka Pomxepca,
B3ATOM ¢ caiita Boost [22].

Pasymeercs, 3a marepuan npuioxkeHuss A ciuenyet noOmarogaputh Mdtta OcTepHa. MATT He
TOJIBKO pa3pellrl BKJIIOYUThH CTaTbi0 B KHUTY, HO U OTPEIaKTUPOBAJ €€, YTOObI OHA CTalla eIl Jydlle
OpUTHHAaJA.

N3nannio xopoller TEeXHWYECKOM KHHUIM BCErna MPEIIECTBYET TLIATENbHAs IMOATOTOBKA. Moen
KHUTE TIOBE3JI0 — €€ NPOCMOTpEJIa 1eJIasi IPyIIa BBIJAIOMMXCA crenuananucToB. bpanan KepHuran
(Brian Kerninghan) u Knudd I'pun (Cliff Green) npokoMmMeHTHpOBaIK paHHUE HAaOPOCKH, a MOJHYIO
Bepcuio KHuru npocmarpuBanu Jyr Xappucon, bpaitan Kepuuran, Tum Jlxoncon (Tim Johnson),
®poucuc I'maccbopo (Francis Glassborough), Annpeit Anekcanapecky, »Bua Cmonnbepr, AapoH
Komn6en (Aaron Campbell), [I>xapen Mauuunar (Jared Manning), Xep6 Cartep, CtuBeHn Jpro-xepcT
(Stephen Dewhurst), Matt Octepn, I'mnamep Hepmx (Gillmer Derge), Aapon Myp (Aaron Moore),
Tomac bekep (Thomas Becker), Buktop Bon (Victor Von) u, koneuno, Mapk Pomxepc. Pengaktypa
obuta BeimonHeHa Karpunoii OBepu (Katrina Avery).

B mponecce moAroToBKM KHHUTM OYE€Hb TPYAHO HAWTHU XOPOIIErO0 TEXHUYECKOro penpakropa. Sl
omarogapen Jxony [loTTepy 3a TO, 4T0 OH mo3HakoMuUI MeHs ¢ J[>kapenom MdPHHUHTOM U AapoHOM
Ksmnbenaom.

Xep6 Cartep n100€3HO corIacuiCs MOMOYb MHE OTKOMIIMUPOBATH M 3alyCTUTh HEKOTOpHIC



tectoBble mporpamMmmbl STL B Oera-Bepcun Microsoft Visual Studio .NET, a Jleop 3onman (Leor
Zolman) B35 Ha ce0s repKylecoB TPyl IO TECTHUPOBAHUIO Bcero koma B KHure. KoHneuHo, Bce
OCTaBILMECS OIMOKH HAXOAATCSI UCKIIOYUTEILHO HA MOEH OTBETCTBEHHOCTH.

Amnxenuka Jlanrep oTKpbUla MHE IVa3a Ha HEOMPEACIIEHHOCTh HEKOTOPBIX aCMEKTOB OOBEKTOB
¢byukuuii STL. B 10l kHUTEe 00beKTaM (PYHKIIMHN yIeaseTCs MEHbILE BHUMAHUS, Y€M XOTeN0Ch Obl, HO,
10 KpaiiHeW Mepe, BCe CKa3aHHOE C OOJIBINON J0JIel BEPOSITHOCTH OCTAHETCS] HCTHHHBIM M B OyTyIIieM.
Bo Bcsikom ciyuae, st Ha 9TO HaACKOCh.

[lewyarHbIil BapuaHT HACTOSIICH KHUTH JTydllle MPEAbLAYIIMX, TOCKOJIbKY BHUMATENbHbIC YUTATEIIN
— JI>xon Y260 (John Webb), Maiikn Xokunc (Michael Hawkins), Jlepex Ilpaiic (Derek Price) u J>xum
Hlennep (Jim Scheller) — yka3zanu Ha HeKOTOpble HemocTarku. S OGmarogapeH MM 3a MOMOUIb IO
ynyumennto «Effective STL».

Cpenu moux koster B uzaarenbctse Addison-Wesley 6putn [Ioxon Yot Qohn Wait), penakrop, a
HBIHE BUIlE-TIpe3uACHT, ero 3amectutenu Anucus Kopu (Alicia Carey) u Crozanna byszapn (Susannah
Buzard), xoopaunarop mpoekta [Ixon ®ymiep (John Fuller), xymoxxumk Kapun Xancen (Karin
Hansen), texauueckuii rypy [Ixeiicon JxoHc (Jason Jones), ocoOEHHO XOpoIio pa3Ouparonmiics B
npoayktax Adobe, ux HasaneHuk Maptu PabunoBuin (Marty Rabinowitz), a takxke Kypt [[»koHcoH
(Curt Johnson), Yanna Jlupu-Kyry (Chanda Leary-Coutu) m PoOun bBpioc (Robin Bruce) —
CHELUAMCTHI IO MAPKETUHTY, HO BIIOJTHE HOPMAJIbHBIE JIIO/IH.

266u Creitnu (Abby Staley) caenana Mmon BockpecHbIe 00€/1bl IPUBBIYHBIM, HO MPUSTHBIM JIETIOM.

Kak 1 BO BpeMs paOoThl HaJl MPEAbIAYIIMMHU MIECTbI0 KHUTAMU U OAHUM KOMIIAKT-TUCKOM, MOS
keHa HpHcu TepmenuBO CHOCHIIa MOIO XPOHMYECKYIO 3aHSATOCTh M IpejJiaraia CBOIO IMOMOIIb U
NOJIEPKKY UMEHHO TOTJa, KOTJa s B HUX OOJIbIle BCero Hyxxaaiacs. OHa MOCTOSHHO HAallOMUHAJIa MHE,
4TO B )KM3HM €CTh Bell noJrydnie C++ u mporpamm.

Octaetrcs ynoMmsiHyTh Hamy cobaky llepcepony. B nenb, xorma s muily 3TH CTPOKH, €i
ucnonasercs mecth JeT. Cerogus Mbl ¢ Haucu u [lepcedonoit ornpasumcs B «backun-Po60uncy». Kak
o0bruHO, [lepcedone qocTaneTcst OJIMH MIAPUK BAHMJIBHOTO MOPOKEHOTO B Ba(peIbHOM CTaKaHYHUKe.



OT m31areancTrBa

Banm 3amedyaHus, OpEUIOKEHHUS, BOIPOCHI, KacarolMEcs PYCCKOTO W3JaHUs OTOW KHUIH,
OTNpABISUTE MO aJpecy dIEKTPOHHOW ToYThl comp@piter.com (u3garensctBo  «lluTepy,
KOMIBIOTEpPHAS PEAAKIIUs).

Mg Oynem pajpl y3HATh Ballle MHEHHE!
Ha web-caiite m3nmarenscTBa http://www.piter.com Bbel Haiifere MoaApoOHYH0 HHGOPMALHIO O

HalllMX KHUTaK.



BBenenue

Ber yxxe 3Hakombl ¢ STL. Bel ymeere co3nmaBarb KOHTEMHEpBI, mepeOuparb UX COAEPKUMOE,
NO0aBJATh U YAANATH SJIEMEHTHI, @ TAaK)Ke HCIOJb30BaTh OOIIME alrOpUTMbl — TaKHe, KaK find U
sort. HO Bbl HUKaK HE MOXKETE OTJENAarbCsi OT BIEYATIEHHMS, UTO MCIOJIB3YETE JIMIIb MaIyl 4YacTb
Bo3MokHOcTel STL. 3amaum, KOTOpBIE JOJIKHBI PELIATHCS MPOCTO, PELIAIOTCA CI0KHO; ONEpalHH,
KOTOPBIE JIOJKHBI BBIIOJIHATHCA MPOCTO U MPAMOJMHENHO, IPUBOIAT K YTEUKE PECYPCOB WIIM BEAYT
cebst Hempeackazyemo. [Ipoieaypbl, KOTOpble TOJKHBI paboTarh ¢ MaKCUMaldbHON 3((PEeKTUBHOCTHIO,
NOMIOMIAIOT OOJIbIlIE BPEMEHU WJIM aMATH, YeM MOoJIokKeHO. J[a, Bbl yMeeTe UCTO0Ib30BaTh OUOINOTEKY
STL, HO He yBEepEHBI B TOM, UTO UCIIOJIb3YyeTe €€ dghghekmusHo.

S Hanucan 3Ty KHUTY J1J1s1 Bac.

B Helt s mokaxky, kKak opraHu30BaTh B3auMojeiicTBrue Mexay kommoHneHTamMu STL ¢ Tem, 4TOOBI B
MOJIHOW Mepe MCIOJIb30BaTh ApXUTEKTYypy OubOnuoreku. Bbl HayunTech pazpabarbiBaTh MPOCTHIE
peleHus A IPOCThIX 3a7a4 U MPOCKTUPOBATH AJIETAHTHBIC PELICHUS sl 00Jiee CIOKHBIX CUTYaIUH.
B kHure omnucaHsl cTaHgapTHble OmMOKM wucnoiap3oBaHud STL u npuBeneHbl peKOMEHAAUU
OTHOCHUTEIIBHO TOro, Kak HuX u30exarb. OTO TMOMOXET JIMKBUIUPOBATH YTEUKY PECYpPCOB,
NPEJOTBPATUTh MOSIBICHUE HENEPEHOCUMOrO0 KOAA W HENPEACKA3yeMOe IOBEJACHUE IPOTPaMM.
Pa3znuunble npueMbl ONTUMHU3ANNY Koaa 3acTaBaT Oubnuoreky STL paGoTars ObICTPO U 3P (HEKTUBHO,
KaK ¥ OBLIO 3alyMaHo MpHU €€ MPOCKTUPOBAHUMU.

[IpounTtaB 3Ty KHHUTY, BBl Oyaete nyuie nporpammupoBars B STL. IIporpammupoBanue ctaHer
0osiee MPOAYKTUBHBIM U UHTEPECHBIM 3aHATHEM. PaboTars ¢ STL unTepecHo, HO 3 dekTuBHas paboTa
Cc OMOIMOTEKOW — 3aHATHE YPE3BBIYAMHO 3aXBaThIBAIOLICE, OT KOTOPOrO IPOCTO HEBO3MOXKHO
otopBarbcs. Jlaxe mnpu Oemom B3msige Ha STL cTaHOBUTCS SICHO, YTO 3TO 3ameyareibHas
OubnmoTrexka, HO €€ JOCTOMHCTBA Tropas3lio HMpe U IIyoke, 4yeM MOXKHO cele mpeacTaBuTh. S

3aHUMAaroChb IIPOrpaMMHUpPOBAHHNCM OKOJIO 30 JICT, HO A CIIC HUKOIZIa HC BCTPCYAJl HUYCTO ITOXOKETO Ha
STL.



OnpenesieHue, MCNMOJIbL30BaHuE U paciuupenue STL

Y STL He cymecTByeT 0(QUIHANIBHOTO OMpPEACNICHUS, U pa3Hble aBTOPbI BKJIAJBIBAIOT B 3TOT
TEPMHUH pa3Hbli CMbICI. B 31Ol KHuUre tepMuH «STL» OTHOCHUTCS K KOMIIOHEHTaM CTaHJIApTHOMN
oubmuoreku C++, pabortaroumm c wuteparopamu. K 3TOl Kareropuu OTHOCSTCS CTaHIapTHBIC
KOHTEHHEephl (BKJOYas string), 4acTu OMOIMOTEKHM MOTOKOB BBOAA-BBIBOAA, OOBEKTHI (DYHKLIHI U
anropuT™Mbl. B Hee He BXOOAT aJanTepbl CTAaHJAPTHBIX KOHTEHMHEPOB (stack, queue U
priorityqueue), KOHTefIHepBI bitset HWvalarray, HC MNMOAACPKHUBAIOIMIUC HTCPATOPHI, a TaAKXKE
MacCHUBBI. XOTSl MAaCCHBBI MOAJEPKUBAIOT UTEPATOpPbl B (OpMe yKazaTenei, OHH SBJISIOTCS YacTbhIO
szvika C++, a He OMOIMOTEKH.

C TexHuyeckod TOUKHM 3peHus B Moe omnpexaeiieHne STL He BXOOAT paclMpeHus CTaHAAPTHOU
oubmmorexu C++, B TOM YUCIIE XAUIMPOBAHHBIE KOHTEHHEPHI, OHOCBA3HBIC CIIHCKHU, KOHTEHHEPHI rope
U pa3iINyYHble HECTaHJAapTHbhIE 00BeKTHl QyHKIUN. HecmoTps Ha 310, mporpammuctam STL ciemyet
IIOMHUTB O CYLIECTBOBAHWUH 3THX PACIIMPEHUN, TOITOMY 51 YIOMUHAIO O HUX TaM, [JI€ 3TO YyMECTHO. B
coBeTe 25 mpuBeneH 0030p HECTaHIAPTHBIX XAIIMPOBAHHBIX KOHTEWHEpPOB. B HacTosiee BpeMs 3Tu
KOHTeHHepsl He BxomaT B STL, HO MX aHAJIOrM MOYTH HABEpHSKA OyIyT BKIIIOYEHBI B CIEAYIOIIYIO
BEPCHIO CTaHAapTHOM 6ubnuorexku C++.

Bo3mokHOCTh pacumpenus Obuia 3anoxkeHa B Oubnuoreky STL Bo BpeMs mpoeKTUpoBaHus. Tem
HE MEHee, B 3TOW KHUT'€ OCHOBHOE BHUMaHUE ynemseTcs ucnonvsoganuio STL, a He pa3paboTke HOBBIX
KOMIOHEHTOB. Tak, B KHUTE MOYTH HHUYETO HE CKA3aHO O HANMCAaHUHM COOCTBEHHBIX AJITOPUTMOB,
KOHTCHHEpPOB M wWTeparopoB. Ha Mol B3mIsAa, cHavaga HEOOXOAMMO B COBEPIICHCTBE OCBOUTH
cylecTByrome Bo3MokHOCTH STL. DTol TeMe 1 mocBsilieHa 1aHHasi KHUra. Eciu Bbl penmTe 3aHAThCS
cozganueM STL-mogoOHBIX KOMIIOHEHTOB, HEOOXOIUMYIO HH(POPMAILIMIO MOKHO OyleT HalTH B KHUTaX
Hxocartuca «The C++ Standard Library» [3] u Octepna «Generic Programming and the STL» [4]. B
3TOM KHUTE YIOMHHAETCS JHIIL OIWH acnekT pacumpeHus STL — nHamucanue oOBbEKTOB (YHKIUU.
OddextuBHoe ucnonb3oBanue STL HeBO3MOKHO 6€3 00BEKTOB (PYHKIIUH, TOATOMY 3TOM TeME B KHUTE
MIOCBSAILEHA BCs IJ1aBa 6.



CcebLIKH

Ccbuikn Ha kHUTH J[>kocartuca u OcTepHa B MpeAblayleM ad3ale MalT MPe/ICTaBICHUE O TOM,
KakK B 3TOM KHHUTE oopmisitoTcsa Oubnuorpaguyeckue ccoliku. Kak mpaBuio, s cTaparoch BKIIOYUTD B
CCBUIKY JIOCTaro4yHO MH(pOpMauu, YTOObl €€ y3HAIM JIIOJH, YK€ 3HaKOMbIe ¢ 3TUM TpyaoM. Eciau Bbl
YK€ YUTalIl KHUTU 3THX aBTOPOB, BaM HE MpUJIETCA oO0pauarhes K pazaeny «Jlureparypa» U BbISICHATD,
4TO CKphIBaeTCs 3a cchlikaMi [3] u [4]. KoHEeuHO, B CLIMCKE TUTEpaTypbl IPUBECHBI OJIHBIEC JaHHBIE.

Tpu nyOaukanuu ynoMHUHAIOTCS TaK 4acTo, YTO HOMEP CChUIKM OOBIMHO He yKka3biBaeTcs. [lepBas
U3 HUX, MexayHaponusiil ctangapt C++ [5], B kuure umenyercs npocto «Cranmaprom». JBe npyrue
— mou npeapiaynme kauru o C++, «Effective C++» [1] u «More Effective C++» [2].



STL u Cranaaprbl

B kHure s yactro cceutatock Ha Cranggapt C++, IOTOMY YTO OCHOBHOE BHHUMAaHHUE YACISIETCS
IIEpEHOCUMOM, cTaHnapTHord Bepcun CH++. Teopernueckn Bce NpPUMEpPHI, NMPUBEACHHBIE B KHHUTE,
JOJKHBI paboTarh BO Beex peanusanusax C++. K coxkanenuro, Ha mpakTUKe 3TO HE Tak. Bcienctaue
HeJ0pabOTOK B KOMIUIIATOpax U peanuzanusx STL naxe nmpaBuiIbHbIA KOA HHOTIA HE KOMIUINPYETCS
UM paboTaeT He TaK, Kak MOJIOKEHO. B camMbIX TUNWYHBIX CiIydasx OMMCHIBAETCS CYTh MPOOIEMBI U
npeaaraloTcsa 00X0aHbIC PEICHUSI.

WNHorna caMblii MpOCTOM BBIXOA 3aKJII0YAETCsl B Mepexoje Ha Jpyryro peanusauuto STL (mpumep
npuBejieH B mpuinoxenuu b). Uem Gombiie Bol padotaere ¢ STL, TeM BakHee OTIUYATh KOMUUNAMOP OT
peanuzayuu  oubnuomexu. Korqja y mporpaMMmMucTa BO3HHMKAIOT MPOOJIEMbl C KOMITHJIALHEH
NPaBUJIBHOTO KO, OH OOBIYHO BUHHUT BO BceM KomnuisTop. Omnako npu padote ¢ STL komnunarop
MOXET OBITh B IOJHOM MOPSAKE, a MPoOJIeMbl OKa3bIBAIOTCS CBSI3aHHBIMU C OIIMOKAMH B pealin3aluu.
YToObl MOMYEPKHYTh 3aBUCUMOCTHh MPOTpaMM KakK OT KOMMOWISATOpA, TaKk M OT peaju3aluu
OuOIMOTEeKH, sI MCHOJB3YI0 TEepMUH «naiam@opma STLy, Toa KOTOPHIM MOHUMAETCS KOMOMHAIUS
KOHKPETHOT'O KOMITHJIATOpa ¢ KOHKpeTHoW peanusanueir STL. Eciu B kHUTre roBopUTCs O mpobdiieme
KOMIIUJISATOPA, 3HAYUT, BUHOBAaT UMEHHO KoMmnuisTop. Ho ecnu peus uaer o npobieMe miaaropmel
STL, sT0 cnenyer MOHMMATh TaK: «BHHOBAT TO JIU KOMIIUJIATOP, TO U OMOIMOTEKA, a MOXKET, U TO U
IPYroey».

OOBIUHO 51 TOBOPIO O KOMITHIIATOPAX 80 MHOJCeCm8eHHoM ducie. $1 UCKpeHHEe YOexIeH B TOM, YTO
npoBepka paboTOCIOCOOHOCTH MPOrPaMMbl Ha HECKOJIIBKUX KOMITHJIATOpaX yaydlllaeT €€ KayecTBO (U
O0COOCHHO MEPEeHOCUMOCTh). bojnee TOro, MCHOIb30BaHHE HECKOJIBKHX KOMMIWJISTOPOB MOMOTAET
pacmyTrarb TOPAMEB y3ell cooOIeHnil 00 onmmoOKax, BbIJaHHBIX IPHU HEMpaBUIbHOM npuMmeHeHun STL
(pexoMeHganuu mno pacimgpoBKe ITUX COOOIICHUN MPUBOAATCS B coBeTe 49).

VYnensist oco0oe BHUMaHUE TOMY, YTOOBI KOJ COOTBETCTBOBAJI CTaHAApTaM, 5 TAKXKE CTPEMIIIOCH
n30exarb KOHCTPYKLIHMH ¢ HempeackasyeMbiM TmoBeAeHUueM. [lociaeacTBusi BBIMOJHEHUS TaKHX
KOHCTPYKLIMI Ha cTaguu paboThl MporpaMMmbl MOTyT ObITh J1I0ObIMU. K coxaneHuto, WHOrga 3TH
KOHCTPYKLIMM MOTYT JeJlaThb UMEHHO TO, YTO TpeOyeTcs, a 3TO CO3[aeT BpeaHble WLTo3un. CIuIKom
MHOTHE NPOTPAMMHUCTBI CUHTAKOT, YTO HENPEACKA3yeMOE€ IIOBEJICHUE BCErAa BEACT K OYEBUIHBIM
npoOiemMaM, TO ecTh cO0sIM OOpaIlieHUI K CEerMEHTaM WM JPYTUM KaTacTpOo(PUUECKUM MOCIEICTBUSIM.
Pe3ynsratel Moryr ObITb TOpa3zfno Oojiee TOHKMUMHU (Hampumep, HCKaKEHUE MAHHBIX, PEIKO
MCIIOJIb3yEMBIX B IPOrPAMME); KPOME TOTO, Pa3HbIE 3allyCKU MPOTPaMMbl MOTYT IPUBOIUTH K Pa3HbIM
pesynbTaraM. Y HENpeICcKa3yeMoro TIOBEIEHUs €CTh Xopollee HedopMmaabHOE OIpeesieHHE:
«Pabotaetr y meHs, pabotaeT y Tebs, paboTaeT BO BpeMsl TECTHUPOBaHMs, HO HE pabOTaeT y camoro
BAXXHOTO KiIHMeHTa». Hempeackasyemoro mosefaeHus cienyeT u30erarb, Mo3TOMY S 0CO0O BBIAEIISIO
HEKOTOpBIE CTaHJApPTHBIE CIy4ad B KHHI€. DBylpTe HadeKky M y4HUTECh pPacliO3HaBaTh CHUTYallHH,
YpeBaThIC HENPEACKA3yeMbIM ITOBEICHUEM.



Iloacuer cCHLIJIOK

[Tpu ommucanun STL nmpakTUYeCcKH HEBO3MOKHO OOOMTH CTOPOHOM moxacyeT ccbulok. Kak Oymer
NoKazaHo B coBeTax 7 W 33, mo0as apXUTEKTypa, OCHOBaHHAas Ha KOHTEWHEpax yKasarelew,
IIPAKTUYECKHU BCEIrZla OCHOBAaHA Ha MOJCYETE CChUIOK. Kpome TOro, moACYET CChUIOK MCIIOIb3YETCS BO
MHOTHX BHYTPEHHHUX peaju3alusxX string, IPUYEM, KaK MOKAa3aHO B coBeTe 15, 3TO 0OCTOSTENHCTBO
WHOIJA IPUXOAUTCS YYUTBIBATH IPU MporpamMupoBaHuu. llpenmnonaraercs, 4To 4UTaTeNnb 3HAKOM C
OCHOBHBIMU MPUHIUIIAMU pabOThl MEXaHMU3Ma MOJCUETa CChUIOK, a €CIM HE 3HAKOM — HEOOXOIUMYIO
uH(pOpMaLMIO MOKHO HaTH B J1I0O0M ydeOHuKe C++ cpelHero uiu BbICOKOTO ypoBHA. Hampumep, B
kaure «More Effective C++» cooTBeTcTBYyIONMII Marepuai npuBeacH B coBetax 28 u 29. Ho naxe ecnu
BbI HE 3HAETE, UTO TAKOE MOACUET CChUIOK, U HE TOPUTE KEJaHUEM MOCKOpee y3HaTh, HE OECIIOKONTECH.
Marepuan KHUTH B LIEJIOM BCE PABHO OCTAHETCS BIIOJIHE JOCTYITHBIM.



string H wstring

Bce, 4TO TOBOPUTCS O KOHTEHWHEPE string, B PABHOM CTEIIEHM OTHOCUTCS M K wstring, €r0
aHaJory C pacUMpPEeHHON KOTUPOBKOW CHMBOJIOB. COOTBETCTBEHHO, JIOOBbIC YIIOMHHAHUSA O CBSI3U
MCKAY string U char HWJIHM char* OTHOCATCA U K CBA3U MCKAY wstring M wchar t HJIH wchar t*.
HNHaye roBopsi, OTCYTCTBHE CIECLUAIBHBIX YIIOMHHAHUM O CTpPOKax C PAaCIIMPEHHOM KOAUPOBKOMN
CUMBOJIOB He o3Ha4yaeT, uro B STL oHu He nomgaepkuBaroTcsi. KOHTEHHEpHI string M wstring
SBJISIFOTCS CTIEI[MAIN3aUsAMU OJHOTO MA0JIOHA basic string.



TepmunoJsiorus

JlanHass kHUra He sBisgercss ydeOHMKoM HadanbHOro ypoBHs mo STL. Ilpenmomaraercs, uro
YUTaTelb YK€ BIIaJIeeT OCHOBHBIMU MarepuajoM. TeM He MeHee CIeAyIoIMe TEPMHHBI HACTOJBKO
BaXXHBI, YTO 5 CYEJ HEOOXOIMMBIM 0CO00 BBIICTUTD UX.

« KowureiiHepsl vector, string,deque M list OTHOCATCS K KareroOpuu CMAHOAPMHbBIX
nociedogamenvhblx  Konmeunepos. K Kareropuu cmanOapmHulX AcCOYuamueHvlx KOHMEUHepPOos
OTHOCSITCSI KOHTEMHEPHI set, multiset, map U multimap.

» Uteparopsl nensiTcs Ha MATh KaTeropuil B COOTBETCTBUM C MOAACPKUBAEMBIMU OIEpAIUSIMH.
Hmepamopvl  6600a 06ecniedMBalOT JOCTYI TOJBKO JUISl YTEHUSI U TMO3BOJSIOT MPOYUTATh KaXKAyIO
NO3UILIMIO TOJBKO ONWUH pa3. Mmepamopsl 6vi600a 00€CTIEUUBAIOT JIOCTYN TOJBKO I 3aluCH U
MO3BOJISIIOT 3alucaTh JaHHbIE B KaKAyI0 MO3UIIMIO TOJbKO OAMH pa3. MTeparopsl BBOIa U BBIBOJA
MOCTPOEHHI 10 00pa3ily onepanuii YTeHUs-3aMKucH B TIOTOKAaX BBOAA-BbIBOAA (Hampumep, B (aiiiax),
MO3TOMY HEYIUBHUTEIBHO, YTO CAMBIMH PACIPOCTPAHEHHBIMU MPEJICTABUTEIIIMH UTEPaTOpoOB BBOAA U
BbIBO/JIA SABJISIIOTCA istream iterator M ostream iterator COOTBETCTBCHHO.

IIpamvie umepamopwvl 0611aa10T CBOMCTBAMHM HUTEPATOPOB BBOIA U BBIBOJA, HO OHH IO3BOJISIOT
MHOTOKPAaTHO TMPOU3BOAUTH YTEHHE WM 3amuch B J000M mno3unuu. Oneparop — HUMH HE
NOJJICPKUBAETCSI, TO3TOMY OHHU TO3BOJIAIOT MPOU3BOIUTH NEPEABMKEHUE TOJIBKO B MPIMOM
HalpaBJIC€HUU C HEKOTOpoil cTeneHblo 3¢ dextuBHocTu. Bcee cranmaptHeie koHTelHepbl STL
NOJICPKUBAIOT UTEPATOPHI, MPEBOCXOIANIME ATy KAaTErOPUI0 UTEPATOPOB MO CBOMM BO3MOXKHOCTSIM,
HO, KaK OyJeT moka3aHo B COBETE 25, OIHA U3 apXUTEKTYyp X3IIMPOBAHHBIX KOHTEHHEPOB OCHOBaHA Ha
UCIIONB30BAaHUU MPSIMBIX UTEpaTopoB. KoHTeiHephl OTHOCBSA3HBIX CHUCKOB (cM. coBeT 50) Takxke
HNOAJICPKUBAIOT MPSAMbIE UTEPATOPBIL.

Jeycmoponnue  umepamopsi IOX0KU Ha TPSAMbIE HUTEPATOPHI, OMHAKO OHU TO3BOJISIOT
nepeMenaTbCcsi He TOJBKO B MPSIMOM, HO U B oOparHOM HampaBieHuH. OHU MONACP>KUBAIOTCS BCEMHU
CTaHJAPTHBIMU aCCOLMATUBHBIMU KOHTEHHEPAMH, a TAKKE KOHTCHHEPOM list.

Hmepamopwr  npouseonvhoco  docmyna 00nafaloT BCEMH BO3MOXHOCTSIMU JABYCTOPOHHUX
UTEPaTopoB, HO OHU TAKXKE MO3BOJISIIOT IMEPEXOAUTh B MPSAMOM MJIM OOparTHOM HAaIpaBlICHUU Ha
MPOU3BOJIBHOE PACCTOSIHME 3a OAWH Imar. Mreparopsl MpOM3BOJIBHOTO JOCTyMA MOAJIEPKUBAIOTCS
KOHTEMHEPAMU vector, string U deque. B MaccuBax GyHKIIMOHATIBHOCTh UTEPATOPOB MPOU3BOIHHOTO
JocTyna 00ecneynBaeTCs yKa3aTelsaMH.

« JIrob6o¥i Kkiacc, meperpyKarmimii oneparop Bb30Ba (GYHKIHH (TO €CTh operator () ), SBISETCS
knaccom  ¢ynkmopa. OObEKThl, CO3JaHHbIE HAa OCHOBE TaKHMX KJIACCOB, HAa3bIBAIOTCS 0ObEKMamu
Gyuxyuii, unu goynkmopamu. Kak npasusio, B STL o0bekTbl GyHKIIUNA MOTYT CBOOOJHO 3aMEHSTHCS
«OOBIYHBIMUY (PYHKIUSMH, TTO3TOMY MOJ TEPMUHOM «OOBEKTHI (YHKIUI» YACTO OOBEAMHSIOTCS Kak
dbyaknuu C++, Tak 1 GYHKTOPBHI.

* OyHKIMH bindlst ¥ bind2nd Ha3bIBAOTCS PyHkyusmu npusasku (binders).

PeBomoninonnbiM HoBiiecTBOM STL SBISIIOTCS TapaHTUHM CIIOKHOCTH, TO €CTh OTpaHUYEeHUs
o0bema paboThl, BbimoigHsAeMon JoObiMU omepauusmMu STL. Takum oOpa3om, MpOrpaMMHUCT MOXKET
CPaBHUTH OTHOCUTEIBHYIO 3((EKTUBHOCTh HECKOJIBKHUX PEIICHUH B 3aBUCUMOCTH OT miardopmsl STL.
["apanTuu CIOXHOCTH BBIPAXKAIOTCS B BUJAEC (PYHKIIMU OT KOJUYECTBA JIEMEHTOB B KOHTEHHEpe WU
UHTEpBAJIE (1).

 Onepanus ¢ HOCMOAHHOU CIOHCHOCMbIO BBITIOIHAETCS 3a BpeMs, He 3aBucsiiee oT #. Hanpumep,
BCTaBKa 3JIEMEHTA B CIIMCOK BBIMOJHACTCS C MOCTOSHHOW CIOXKHOCTHIO. CKOJNBKO OBl 3JIEMEHTOB HU
coJieprKaJl CIIMUCOK, OJJMH UJIM MUJUIMOH, BCTaBKa Oy/eT 3aHUMATh MPAKTUYECKH OJJMHAKOBOE BPEMSI.

TepMuH «OCTOSIHHAS CIOXHOCTBY» HE CTOUT BOCHIPUHUMATH OyKBajdbHO. OH O3HA4YaeT HE TO, YTO



BpEMs BBIIIOJIHEHUS OINEPAllMU OCTAETCSA CTPOTO ITOCTOSIHHOW BEJIMYMHOW, a JUIIb TO, YTO OHO HE
3aBUCUT OT n . Hanpumep, Ha nByX pasHbix miaargopmax STL Bpemsi BBINOJHEHHUS ONEpalUU «C
MOCTOSIHHOM CJIOKHOCTBIO» MOKET 3aMEeTHO OTJIMYarbcs. Takoe ObIBaeT, Korga ofHa OubOImoTeka
UCIIONB3YeT O0Jiee COBEPIICHHYIO peaju3alliio alropuTMa WU OIWH KOMIUJISTOP BBIIOJHSET Oojee
AKTUBHYIO ONTUMHU3ALUIO.

* Onepanuu c1oeapugmuyeckoi  CIOMCHOCMbIO C POCTOM 1N BBIIOJHSIOTCS 32 BpeMd,
npornopiuoHaibHoe  Jorapudmy » . Hampumep, omepauuss ¢ MUJUIMOHOM 3JEMEHTOB  OyaeT
BBINOJHATHCA TOJIBKO B TP pasa JOJIbIIIE ONEepallu ¢ COTHEH 3JIeMEeHTOB, MOCKoJbKY log n* = 3 log n.
Muorue omnepanuu MOHMCKAa B AacCOLIMAaTHBHBIX KOHTEHWHEpax (HampuMmep, set::find) 00JaTaIOT
jgorapu(pMUUECKON CII0KHOCTBIO.

* Bpewms, HeoOxoaumoe mJis BBIIOJHEHUS ONEPALUN C JUHEUHOU CIOHCHOCHbIO, BO3PACTAET
IpOMOPHUUOHANBHO 1. CTaHIAPTHBIA alNTOPUTM count pabOTAET ¢ TMHEHHON CIOXKHOCTBIO, TOCKOJIBKY
OH JIOJDKEH IPOCMOTPETh KAXKABIA JJIEMEHT B 3aIaHHOM MHTEpBase. ECIM MHTEpBajl yBEIMYUBACTCA B
TpH pa3a, 00beM pabOThl TOXKE YBEIMUUBAETCS BTPOE, IOATOMY ONEpallus 3aHUMAaET B TpU pa3a OoJiblie
BPEMEHHU.

Kak mpaBuiio, onepamuu ¢ MOCTOSHHOM CII0XHOCTBIO BBIIOJIHSIOTCSA ObICTpee, YeM Omepaluu C
jgorapu(MHUUECKON CJIOKHOCTBIO, a TIOCIEJHUE BBIMOJIHAIOTCS OBICTpEE Olepaluuil ¢ JIUHEHHOM
CJIIOHOCTBIO. DTOT MPUHIIUI OCOOCHHO YETKO BBIMOJHSETCS sl OONbUIMX 3HAYEHUU 7, HO TpH
OTHOCUTEJIBHO MAaJIbIX N ONEpallM, KOTOPbIE TEOPETHUUYECKHU JOJKHBI 3aHMMaTh OOJIbILIE BPEMEHHU, B
OTJICJIBHBIX CJIy4asiX BBINOJHSIOTCA ObicTpee. 3a JOMOJHUTENbHON HHpOpMaled O TrapaHTHsixX
cnoxHocTu B STL oOpammaiitecs k kaure J>xocartuca «The C++ Standard Library» [3].

N nocnenHee 3aMeyaHWE MO IOBOAY TEPMHMHOJIOTHHM: BCIOMHHUTE, YTO KaXKABIA DJIEMEHT
KOHTEHHEPOB map M multimap COCTOMUT U3 JBYX KOMIOHEHTOB. SI OOBIYHO Ha3bIBal0 MEPBBIN

KOMIIOHEHT KI}040M, 3 BTOPOM — aCCOLIMMPOBAHHBIM 3HayeHuem. Harpumep, B KOHTEMHEpE
map<string,double> m;
KJIFOY OTHOCHUTCA K THITY string, a ACCOMHUPOBAHHOC 3HAYCHUC — K THILY double.



[IpumepsbI

KHura comepXuT MHOXKECTBO MNPUMEPOB. Bce mnpumepbl KOMMEHTHUPYIOTCS IO MEpE HX
IIPUBEECHHUS, U BCE )KE KOE-YTO CIEAYET MOSICHUTH 3apaHee.

W3 npuBeaeHHOrO BBIIE TPUMEPA C map BUJHO, YTO 51 OOBIYHO OMYCKAaI0 JUPEKTUBBI #include U
urHopupyto ToT (akT, uyrto KommoHeHThl STL mnpunamnexar mpoctpanctBy umeH std. I[lomnoe

OIpCaACICHNUC M JOJIDKHO 6I>IJ'IO BBITJIAACTH TaK:

#include <map>

#include <string>

using std::map;

using std::string;

map<string. double> m;

Ho = npcamnouYuTard OCTaBUTh B IPUMCPC JIMIIbL CaMOC CYHICCTBCHHOC. HpI/I O6’I)HBJ'I€HI/II/I
dbopmanpHOTO TapaMeTpa-THIa IablioHa BMECTO class HCIOJB3YETCS KIIIOYEBOE CIIOBO typename.
HNHuade roBops, BMECTO KOHCTPYKIIMU BUJA

template <class T>

class Widget{...};

s UCIIOJIb3YI0 KOHCTPYKIIHAIO

template <typename T>

class Widget{...};

B JAHHOM KOHTEKCTEC KJIFOUEBBIC CJIOBA class U typename 3KBHBAJICHTHBI, HO MHE KaXXETCs, UTO

CJIOBO typename 0OJiee YETKO BBIPA)KAE€T BAXKHYIO MBICIIb: MOAXOAUT Jf0Oou Tuil, T He 00s3aTenabHO
sBsieTCA KiaccoM. Ecnu BbI nmpeanounTaere OOBSABIATH MapaMmeTpbl C KIIOUEBBIM CIOBOM class —
noxkanyiicta. BeIOOp Mex 1y typename U class B 3TOM KOHTEKCTE 3aBUCUT TOJIBKO OT CTHUJIS.

OnHako B JPYrMX KOHTEKCTax CTUJIb HE SIBIAETCS €IUHCTBEHHBIM (paxTopoM. Bo uzbexanue
NOTEHIUAbHBIX HEOJHO3HAYHOCTEH JIGKCUYECKOT0 aHaiu3a (s u30aBiIio Bac OT MOAPOOHOCTEH) MEeHa
THUIIOB, 3aBUCSIIME OT (OPMANIbHBIX MAPAMETPOB IAOIOHA, TOJKHBI IPEABAPSITHCS KIIOUEBBIM CIIOBOM
typename. Takue TUIBI HA3bIBAIOTCSA 3asucumvimMuy munamy. HeGonpIoil mpuMep moMOXKeT BaM Jydile
HNOHATh, O 4YeM uaeT peub. [Ipeamonokum, Bbl MUIIETe MAOIOH (QYHKIMU, KOTOpas MOJydaeT
koHTeiHep STL m Bo3BpalaeT pe3yabTar MPOBEPKH YCIOBHS «IOCIECIHUM 3JIEMEHT KOHTEHepa

NI IICPBOTro». OI[HO 13 BO3MOXHBIX pGHIGHI/Iﬁ BBITJIAOUT TakK:
template <typename C>
bool latGreaterThanFirst (const C& container) {
if (container.empty()) return false;
typename C::const iterator begin(container.begin());
typename C::const iterator end(container.end());
return *--end > *begin;

}
B sTom IpUMEPEC JIOKAJIIBbHBIC IICPEMEHHBIC begin M end OTHOCATCA K THIIY C: :const iterator,

3aBucsieMy oOT QopmanbHoro mnapamerpa C. IlocKONbKY THII C::const iterator SBISETCA
3aBHUCUMBIM, TEpeJ HUM JIOJDKHO CTOATH KJIOYEBOE CIIOBO typename. HEKOTOpble KOMIHISTOPHI
NPUHUMAIOT KOJ 06€3 typename, HO TAKOW KOJI HE IEPEHOCUTCA Ha Jpyrue niaTdopmbl.

Hanerock, Bbl 00parviin BHUMaHUE Ha >KUPHBIM mpUQT B MPUBEICHHBIX NpuMepax. Brinenenue
JOJKHO TIPUBJIEYb Ballle BHUMaHUE K OCOOEHHO BaXKHBIM (pparMeHTam kopaa. Hepenako Takum obpazom
MOTUYEPKUBAIOTCS Pa3IUyUs MEXKAY MOXOKUMHU MIPUMEpaMHU, KaK, HAaIpuUMep, MPU IEMOHCTPALIMK JIBYX
pa3HbIX CII0C000B 00bsABIEHUS apameTpa T B mpumepe Widget. AHATIOTUYHBIM 00pa30M MOMEYAIOTCS
U BakHble OJIOKM Ha pucyHkax. Hampumep, Ha quarpaMme U3 coBeTa 5 TakKUM 00pa3oM MOMEYArOTCs
JIBa yKa3aTeJsl, '3MEHsEMbIe MPU BCTABKE HOBOTO 3JIEMEHTA B CIIUCOK.
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3aech 8CTABNAKTCH
LAONOIHWUTEAEHLIE Yanbl
B xHHTe 4acTo BCTpeUaroTCsl mapaMeTphbl Lhs U rhs. ITU cOKpalleHus o3HavatoT «left-hand side»
(«meBas cropoHa») u «right-hand side» («mpaBasi CTOpOHa») COOTBETCTBEHHO, OHU OCOOCHHO YIOOHBI

npu oObsIBICHUH ornepaTtopoB. [Ipumep u3 cosera 19:

class Widget {...}:
bool operator==(const Widget& lhs, const Widgets rhs);

[Tpu BbI30BE 3TOM (PYHKIIMU B KOHTEKCTE

if (x==y) // llpenmojaraercsa, 4YTO X U Yy

// oTHOoCcaTCca K kjaccy Widget

OOBEKTY X, HaXOIAIIEMyCs CjJeBa OT omeparopa ==, B OOBSBICHUU operator== COOTBETCTBYET
napameTp lhs, a 00bEKTY Y COOTBETCTBYET MapaMeTp rhs.

Yro kacaeTcs MMEHHU Kiacca Widget, TO OHO HE MMEET HMKAKOTO OTHOIICHHS K rpaduyecKum
uHTepdeiicaM I UHCTPYMEHTAPUSIM. DTUM MMEHEM s MPUBBIK 0003HAYaTh «HEKUU KJIacC, KOTOPBIH
4yT0-TO Jenaet». MHoraa (kak, Hanpumep, Ha ¢. 20) uMs Widget OTHOCHUTCS K IIA0JOHY KJlacca, a He K
Kiaccy. B takux cimydasx s IpoJoOJKar TOBOPUTH O Widget KaK O KJacce HECMOTPSA HA TO, YTO B
NENCTBUTENBHOCTU 3TO 1abaoH. CTonb HehopMaIbHOE OTHOIICHUE K PAa3IMYUsIM MEXAY KJIacCaMU U
mabIoHaMU KJIACCOB, CTPYKTypaMU W IAOJOHAMU CTPYKTYpP, GYHKIUAMH U MAOIOHAMH (PYHKIUH
0e3BpeHO (IIpU  YCIOBHMU, YTO OHO HE TMPUBOAUT K BO3HHUKHOBEHHIO HEOJHO3HAYHOCTH B
paccMmarpuBaeMoi TeMe). Eciu BO3MOXKHBI Kakue-I11u00 HeI0pa3yMEHHUs], 1 IPOBOXKY YETKUE pa3Iudus
MEXIy abJIOHaMU U CTeHEPUPOBAHHBIMU HA UX OCHOBE KJIACCaMHM, CTPYKTYpaMu U QYHKLIUSIMU.




Bonpocsl 3¢ PpekTuBHOCTH

CHauana st XOTeJ BKIIOYUTh B KHUTY OTJEJIbHYIO TJIaBy, MOCBSIICHHYIO BoripocaM 3((PeKTUBHOCTH,
HO B MTOI€ PEIIMJ, YTO JIyYllle OCTaBUTh IPUBBIYHOE JCICHUE HA COBETHL. 1eM HE MEHEEe MHOIHE
COBETHI MOCBAIICHBI MUHUMHU3ALUK 3aTpar MaMATH U PECypcoB Ha cTaauu ucnoiHenus. s ynodcrsa
HIUDKE MIPUBOAUTCS KPATKOE COICPKAHUE «BUPTYATbHOM IJ1aBbl», MOCBAIIEHHON 3(PPEKTUBHOCTH.

Coget 4. Bre3biBaiiTe empty BMecTO cpaBHEHUS Size() ¢ HylleM

Coget 5. Mcnonb3yiiTe MHTEpBaJIbHbIE PYHKIIMU BMECTO OJIHORIEMEHTHBIX

Coser 14. Hcnonb3yiite reserve Uil NPEAOTBPAILECHUS JUIIHUX ONEpaluil mepepacnpeneieHus
naMsITH

Coger 15. [loMHHTE O paznuyusaX B pealu3aluu string

Cogser 23. PaccMoTpuTe BO3MOYKHOCTh 3aMEHBl aCCOLIMATUBHBIX KOHTEMHEPOB COPTUPOBAHHBIMU
BEKTOpaMu

Coget 24. TuatensHO BBIOMpaiTe Mexk Ay map::operator|] u map::insert

Coger 25. 3yunTe HECTaHIAPTHBIE XAUIMPOBAHHBIE KOHTEHHEPHI

Coget 29. PaccmotpuTe BO3MOXXHOCTH HCIONB30BaHUA istreambuf iterator mpu mOCHMMBOJIBHOM
BBOJIE

Coger 31. IIoMHUTE O CYyIIECTBOBAHUHU Pa3HBIX CPEICTB COPTUPOBKHU

Coger 44. Hcnonb3yiiTe GyHKIIMN KOHTEHHEPOB BMECTO OJJTHOMMEHHBIX aJITOPUTMOB

Cogert 46. IlepenasaiiTe anropuTMaM 00beKThI (PyHKIIHI BMECTO GyHKIUMA



PexoMenaanumu

Pexomennanuu, coctapistonme 50 COBETOB 3TOM KHUTH, OCHOBaHbI HA MHEHUIX U HAOIIOIECHUSIX
onbITHeHIMX nporpaMmMuctoB STL. OHu B kparkoi (opme MOABOAAT UTOT BCEMY, YTO MPAKTUUYECKU
BCerja cienyer (UM Hao00pOT, HE CIIEeAYeT) JIeaarh JIsl yCIEHOTo ucnonb3oBanus oubnuorexu STL.
C npyroii CTOpOHBI, 3TO BCETO JIMIIb PEKOMEH/IAllNH, U B HEKOTOPBIX CUTYaLMsX UX HAPYLUICHHS BIIOJIHE
onpapaaHHbl. Hampumep, B 3aroioBke coBeTa 7 TOBOPUTCA O HEOOXONMMOCTH BbI30Ba delete IS
yKaszarejael nepell yHUYTOXKEHHEM KOHTenHepa. Ho u3 Tekcra coBeTra CTaHOBUTCS SICHO, YTO 3TO
MpaBUJIO IEUCTBYET JIMIIb B TEX CIy4asiX, KOrna 0ObeKThl, HA KOTOPBIE CCHUIAIOTCS YKa3aTelu, JOJIKHBI
YHUUTOXKAThCs paHbllle CaMOro KoHTeHepa. OObIUHO 3TO NEHCTBUTENBHO TaK, HO He Bceraa. [Ipuseny
Ipyrol mpuMep — B 3arojIoBKE COBeTa 35 mpeajaraeTcs HUCMIoJib30oBarh anroputMmel STL mis
BBINIOJIHEHUS TMPOCTHIX CPAaBHEHUN CTPOK O€3 ydeTa perucrpa, Ho M3 TEKCTa COBETA CIEOYyeT, YTO B
HEKOTOPBIX CITydasx JIydlle MUCIONb30BaTh (PYHKIHMIO HE TOJIBKO BHEUIHIOK Mo oTHomeHuo Kk STL, HO
JlaXke He BXOJAlyto B ctanaapt C++!

Tonbko xopoiiee 3HaHHE CHENU(PUKU TPOrPaMMBbl U YCIOBUU €€ paOOThl MTO3BOJIHUT ONMPENEIUTH,
CTOMT JHM Hapylmarb IpeAcTaBleHHble pekoMeHganuu. OObIMHO A3TOro Jydile He Jenarb, HO B
OTJIEJBHBIX CIydasiX BO3MOXHBI HCKItodeHus. Kak pabOckas MOKOpPHOCTb, Tak U Oe3paccyaHoe
JIETKOMBICIIME OMHAKOBO BpedHbI. [Ipexe ueM CXOmuTh C MPOTOPEHHOM JOPOTH, yOeAUTECh B TOM,
YTO JUIS OTOTO €CTh JOCTATOYHO BECKHUE ITPUYHHBI.



KoHTenHepbl

B STL Bxoaut HEMano moJie3HbIX KOMIOHEHTOB (B TOM YHUCJIE UTEPATOPhl, aITOPUTMBI U OOBEKTHI
GbyHKIMI), OMHAKO OOJBIIMHCTBO MPOrpaMMUCTOB C++ cTaBUT Ha MEPBOE MECTO UMEHHO KOHTEHHEPHI.
[To cpaBHEeHHIO C MacCMBaMM KOHTEWHEpHI 00J1a7al0T OOJbIIeH THOKOCTBIO U (YHKIIMOHAIBLHOCTHIO.
OHM JMHAMHMYECKH YBEJIMYMBAKOT (2 HMHOTAA W YMEHBIIAIOT) CBOU PA3MEPBI, CAMOCTOSTEIBHO
VIOPaBISAIOT NaMATHIO, CJHEAAT 332  KOJUYECTBOM  XPAHALUMXCS  OOBEKTOB, OrPAaHMYHMBAIOT
ANITOPUTMHUYECKYIO CIIOKHOCTh MOAACPKUBAEMBIX ONepalnii 1 006JaJat0T MacCol APYruX JOCTOUHCTB.
[Monynsprocts koHTeHEPOB STL nerko 00bsicHUMa — MPOCTO OHHU MPEBOCXOIAT CBOMX KOHKYPEHTOB,
OyZlb TO KOHTEHHEPHI U3 APYrux OMOIMOTEK WM caMOcTosTeabHbIe peanu3anuu. Konreiinepst STL He
npocTo xopoum. OHU deticmeumenbHo XOPOILH.

B sToii miaBe mpuBeAeHBI OOIIME CBEIEHUS, OTHOCALMECS KO BCeM TUIaM KoHTeiiHepoB STL
(KOHKpETHbIE THUIIBI KOHTEWHEpOB OyIyT paccMOTpeHbl B Jpyrux miaBax). B wacTHOCTH, MBI
pPaccCMOTPHUM TaKuE€ BOIPOCHI, KaK BBHIOOP MOAXOMSIICTO KOHTEWHEpa MpU 3aJaHHBIX OTPAaHUYCHUSX;
BO3MOXHOCTh pa0OThl KOJAa, HAMHCAaHHOTO [UIsi OJHOTO THIA KOHTEWHepa, C APYrUMU THUIAMH
KOHTEHHEpPOB; 0co00asi poib oOnepaluii KOMUPOBaHHS OOBEKTOB B KOHTEWHEpax; MpoOIeMbl,
BO3HUKAIOLIME TIPU CO3JAHUM KOHTEMHEPOB C YKA3arelIMU auto ptr; HIOAHCHI, CBA3aHHBIE C
ylaJeHUEM 3JIEMEHTOB; ONTUMU3AIUS pabOThl C KOHTEHHEpAMH U 3aMe4YaHUs OTHOCUTEIHHO PabOThI
KOHTEMHEPOB B MHOT'OIIOTOYHOM CpeJie.

CHnucoK NONy4HJICS BHYIIMTENIBbHBIM, HO IIYCTh Bac 3TO HE IMyraer. Marepuan H3Jaraercs
HEOOJBIIMMH TOPIUSMH, a TOMYTHO BBl BCTPETUTE HEMAlO MOJIE3HBIX HJEH, KOTOPBIE CMOMKETE
HeMeOleHHO TIPUMEHUTDb B CBOMX IIPOrpaMmMax.

Htak, STL npenocTapiseT B Ballle paclopsyKEeHUE MHOKECTBO Pa3HbIX KOHTEMHEPOB, HO 3HAETE JIU
Bbl, HACKOJIBKO IIMPOKO 3TO pa3zHooOpasue? Cnemyromas Kparkas CBOJKAa MOMOKET BaM yOeIUThCS B
TOM, 4TO Bl HU O Y€M HE 3a0bLIH.



Coser 1. BHUMAaTEJIBHO MOAXOAUTE K BHIOOPY KOHTEHEpa

* CrangaprHblie nmocjeaoBare/ibHble KOHTeHHepbl STL: vector, string, deque W list.

» CrangaprHbie accouuaTuBHbie KOHTeHMHePbl STL: set, multiset, map M multimap.

* HecrapgapTHble 1IOCIENOBaTeiIbHBIE KOHTEHWHEpPHI: slist W rope. KOHTEWHeEp slist
IIPEJICTABIACT ONHOCBA3HBIM CIIMCOK, a rope — CTPOKY C JOIOJHUTEIBHBIMU BO3MOKHOCTSMMU.
Kparkuii 0030p 3TUX HECTaHAAPTHBIX (HO JOCTATOYHO MIMPOKO PACHPOCTPAHEHHBIX) KOHTEHHEPOB
npuBeneH B coBete S0.

* HecTtanmaprable acCOUMATUBHbIC KOHTEHMHEPbI: hash set, hash multiset, hash map U
hash multimap. OTH NONYISIPHBIE PA3HOBUIHOCTH CTAHAAPTHBIX ACCOI[MATUBHBIX KOHTEHHEPOB,
MOCTPOCHHBIE Ha 06a3e XAII-Tablnll, paCCMaTPUBAIOTCS B COBETE 25.

* vector<char> KaK 3aMeHa I string. YCJIOBHUS, ITPH KOTOPBIX BO3MOXKHA rmogoOHas 3aMCHa,
onucaHsl B coBetTe 13.

* vector KaK 3aMeHAa VIS CTAHJAAPTHBIX aCCOUUATHBHBIX KOHTeHHepoB. Kak OyneT moka3zaHo
B COBETE 23, B HEKOTOPBIX CUTYalUsIX vector MPEBOCXOAUT CTAHAAPTHBIE ACCOIIMATUBHBIE KOHTEHHEPHI
KaK 1Mo OBICTPOACHCTBUIO, TAK U TTO IKOHOMUU MaMSTH.

* Hexotopsie cTaHAapTHbIe KOHTelHepbl, He Bxoasmue B STL: maccuBsl bitset, valarray,
stack, queue U piority queue. [locKONbKY 3TN KOHTEHHEPHI HE OTHOCATCSA K STL, B 3TOM KHHUTEe OHU
NPAaKTUYECKU HE YIIOMHMHAIOTCA, XOTs B cOBeTe 16 omucaH ciaydyad, KOTa MacCHUB OKa3bIBae€TCs
npeanodTuTenbHee KoHteitHepoB SQL, a B coBere 18 00bsACHsETCS, MOYEMY bitset MOMXKET OBITH
Jyduie vector<bool>. Takke CTOUT IIOMHHUTb O BO3MOXXHOCTH HCIOJB30BaHUSI MAacCCHBOB C
anroputMamu STL, mockonbpKy ykazarenu MOryT padoTaTh Kak UTEpaTOpPbl MACCUBOB.

[Ipy cTOAH MMPOKOM AacCOPTUMEHTE KOHTEHHEPOB BO3pPACTA€T M KOJIMYECTBO (HaKTOPOB,
KOTOPBIMH CIIEAyeT PYKOBOACTBOBaThCs mpu ux BbIOOpe. K cokanenuto, mHorue omwucanus STL
OTrPaHUYMBAIOTCS TOBEPXHOCTHBIM B3IIAJIOM HAa MUP KOHTEWHEPOB U MOJHOCTHIO UTHOPUPYIOT MHOTHE
bakTophl, OTHOCSIMECS K BbIOOPY ONTUMAIBHOIO KOHTEHHEpa. DTOT HEAOCTAaTOK MPUCYI Jaxe
CraHnapTy, KOTOPBINA Mpe/iaraeT BbIOUpaTh MEXIY vector, deque M 1ist Ha OCHOBAaHHH CICAYIOIIMX
KPUTEPHUEB: «...vector, list U deque 0OJAJAIOT PA3IMYHBIMHU XapaKTEPUCTUKAMH B 3aBUCUMOCTH OT
KJIacca BBINMOJIHSAEMBIX ONEpaluid, B COOTBETCTBUU C KOTOPHIMHU JIOJKEH OCYIICCTBISATHCS BBIOOD.
BekTop (vector) npenacrapisieT coO0# TUIT MOCIIEI0BATEILHOTO KOHTEHHEPa, KOTOPbI UCIOJIb3yeTCs B
OonbpiMHCTBE ciaydyaeB. COUCOK (1ist) UCHONB3YETCS MPU YAaCTBIX ONEpaIUsiX BCTABKU U yNaJeHUS B
npou3BOJIbHON To3ulnH. Jlek (deque) BhIOMpaeTcs B ciydae, €Ciau OOJIbIIMHCTBO BCTABOK M yNaJeHUN
MPOU3BOJIUTCS B HAYaJ€ WM B KOHIIE TOCIEA0BATENBHOCTH 3JIEMEHTOBY.

Ecnu  orpaHMYMTBCA QITOPUTMUYECKOW CIIOKHOCTBIO, 3Ta PEKOMEHJALMs 3BY4UT BIIOJIHE
pa3yMHO, HO Ha IPAKTHUKE MPUXOJAUTCS YUUTHIBATH MHOXKECTBO IPYTUX (PaKTOPOB.

Bckope Mbl paccMOTpUM HEKOTOpBIE (PaKTOPBI, YYUTHIBAEMBIE B IOMOJIHEHUE K aJTOPUTMUYECKOIM
CIIOXHOCTH, HO CHadayna s JOJDKEH MpeACTaBUTh KpuTepui kiaccudukanuu koHTerHepoB STL,
KOTOPOMY, K COKaJICHHIO0, OOBIYHO HE yAeNAeTCs JOJKHOTO BHUMaHUS. Pedub uaeT o pa3inuusx MexIy
KOHTEMHEepaMu ¢ OJIOKOBBIM U Y3JI0BBIM BBIJICICHUEM MaMSTH.

B o6noxosvix  xommeiinepax (TakkKe  Ha3bIBAEMBIX KOHMEUHEPAMU CO CMENCHOU NAMSMBIO)
AJIEMEHTBHl XPAHATCA B OJHOM WJIM HECKOJBKMX JAWHAMUYECKH BBIIEIAEMBIX OJOKax MaMsATH, IO
HECKOJIBKO 3JIEMEHTOB B KaxaoMm Onoke. [lpu BcTaBke HOBOro WM YNajJ€HUU CYIIECTBYIOIIETO
3J€MEHTa JIPYrue 3JIEMEHTHI TOrO >Ke OJOoKa CIABUTAIOTCS BBEPX WM BHHU3, OCBOOOXKAas MECTO s
HOBOTO 3JIEMEHTA WJIU 3alOJHSAS MECTO, paHee 3aHMMaeMoe YHaJIeHHBIM 3jieMeHTOM. llomoOHbie
nepeMelIeHUs BIUSIOT KaK Ha CKOPOCTh paboThl (coBeThl 5 U 14), Tak u Ha 6e301macHOCTh (00 3TOM —
Hwke). K umcny cranmapTHbIX OJOKOBBIX KOHTEWHEPOB OTHOCSATCS vector, string U deque.



HecTtangapTHblil KOHTEIHEP rope TaKXKe SBISETCS OJIOKOBBIM.

B y310661x Konmeiinepax Kaxxaplii TUHAMUYECKU BBIICIECHHBIN ()parMeHT COACP>KUT POBHO OIUH
aneMeHT. Onepauuu YJajd€HWsT U BCTaBKM BBIIOJIHSAIOTCA TOJIBKO C YKa3arelsMM Ha Y3Jbl, HE
3aTparuBasi COAEPKUMOTO CaMHX Y3JIOB, H IMOTOMY OOXOASTCs 0€3 mepeMeneHnil JaHHbIX B maMsatu. K
ATOM KAaTeropuu OTHOCSTCS KOHTEWHEPHI CBA3AHHBIX CIIMCKOB (TaKME KaK list M slist), a TAK¥XKE BCE
CTaHJApTHBIC aCCOLIMATUBHBIE KOHTEWHEpbI, OOBIYHO peanu3yeMmble B ¢GopMe cOallaHCHPOBAHHBIX
nepeBbeB. Kak Oyaet mokaszaHo B coBeTe 25, peain3alusi HeCTaHAAPTHBIX XAIIMPOBAHHBIX KOHTEHHEPOB
TOX€E MTOCTPOEHA HA Y3JI0BOM IIPUHILIUIIE.

Pazo0paBumcey ¢ TEpMUHOJIOTHEH, MOXKHO MEPEXOAUTH K aHANU3y (PAKTOPOB, YUUTHIBAEMBIX MPU
BbIOOpE KOHTeiHepa. B manpHelimieM onmucaHuM HE YYMTBIBAIOTCS KOHTEWHEpbI, He Bxomsime B STL
(MaccuBbI, OUTOBBIE MHOXECTBA | T. ]I.), TOCKOJIbKY KHUTA BCe-Taku mocsieHa STL.

* Hyoicna nu 603M02CHOCIb 6CMABKU HOB020 J1eEMEHMA 8 NPOU3BONbHOU NO3UYUU KOHmeunepa?
Ecnu nyxHa, BeIOUpaiiTe Mocaea0BaTeNbHbIN KOHTEHHEP; aCCOIIMATUBHBIE KOHTEHHEPHI HE MOIXOSAT.

* Baoicen 1u nops00k Xpanenusi 21eMenmos 8 Konmetnepe? ECIM IOPSIIOK CIEA0BAHUS DJIEMEHTOB
HE Ba)KCH, XJIMPOBAHHBIE KOHTEHHEPHI MOMANAIOT B YACIO BO3MOYKHBIX KaHAUAATOB. B mpoTMBHOM
ciIydae mpuaeTCs 00OUTHUCH Oe3 HUX.

» Honoxcen nu KOHmMelHep 6X00umv 8 Yucio cmanoapmuulx KoHmeiinepos C++? Ecnu BbIOOp
OTPaHUYMBAETCA CTAaHJAPTHBIMU KOHTEWHEpPaAMH, TO XJIHMPOBAHHBIE KOHTEHUHEPHI, slist MU rope,
MCKJIIOYAIOTCA.

* K kaxou xamezopuu O0ondxcHvl omHocumuvcs umepamopsl? C TEXHUUYECKOW TOYKHU 3PEHHUS
UTEpaTopbl MPOU3BOJILHOTO JOCTyMa OIPaHUYMBAIOT Ball BBIOOp KOHTEHHEpPAMU vector , deque U
string, XOTS, B IPUHIIUIIE, MOXKHO PACCMOTPETh U BO3MOKHOCTh IPUMEHEHUS rope (ITOT KOHTEHHED
paccmarpuBaeTcsi B coBete 50). Ecinu HY)XHBI AByCTOPOHHHME WTEpaTophl, MCKIoUaeTcs kiacc slist
(coset 50) 1 ogHA paclpoCTpaHEHHAs peaanu3alus X3IMPOBAHHBIX KOHTEIHEPOB (COBET 25).

* Hyocno nu mpedomepamums nepemeujenue Cyujecmsyiowux 271eMeHmo8 Npu ecmaske uiu
yoanenuu? Eciii HY>)KHO, BO3JIEP>KUTECH OT UCIOIb30BaHUsI OJIOKOBBIX KOHTEHHEPOB (COBET 5).

» [onoicna nu cmpykmypa namamu KowmetHepa coomeemcmeosams npasunam azvika C? Ecnum
JIOJKHA, OCTACTCs JIUIIb UCTI0JIb30BaTh vector (COBET 16).

* Hackonvko xpumuuna ckopocmb noucka? Ecaym CKOpPOCTh MOMCKA KPUTHYHA, PACCMOTPUTE
X3LIMPOBAaHHBIE KOHTEWHEpHl (CoBeT 25), COPTUPOBAHHBIE BEKTOpPHI (COBET 23) M CTaHIApTHBIE
aCCOLMATUBHBIE KOHTEHHEPHI — BEPOSITHO, UMEHHO B TAKOM MOPSIJIKE.

* Mooicem nu 6 Konmetinepe UCNOIb308aMbCs Noocuem cculiok? Eciii MOACYET CChUIOK Bac HE
YCTPauBaeT, ACPKUTECH NOJAJBIIE OT string, IOCKOJIbKY MHOTHME PEAU3alllH string IMOCTPOEHBI HA
sToM MexaHu3dMme (coeT 13). Takke cnemyer m3berarb KoHTeHHepa rope (coBeT 50). KoneuHo,
CpelncTBa Ui MpPEACTaBICHUS CTPOK BaM BCE K€ MOHAM00ATCI — MNOmpoOyiTe HCHOJIb30BaTh
vector<char>.

» Ilompebyemcs nu mpau3akyuoHHas cemanmuxa 015 onepayuil ecmagku u yoanenus? Nnaue
rOBOpsl, XOTUTE JIM Bbl 00ECIEUUTh HAACKHYIO OTMEHY BCTaBOK U yhaienuii? Ecim xotute, BaM
NOHAZA00UTCA y3710BOM KoHTeWHep. [Ipum ucmonab30BaHMM TPAH3aKIUOHHOW CEMAaHTUKHU  JUIS
MHOTO3JIEMEHTHBIX (HalpUMep, UHTEPBAJIBHBIX — CM. COBET 5) BCTABOK CJEAyeT BBIOpaTh list —
CAMHCTBEHHBII CTaHJAPTHBIM KOHTEHHEp, O0O0Jajaronmii 3TUM CBOMCTBOM. TpaH3aKlIMOHHAs
CEMaHTHKa OCOOEGHHO Ba)kKHA IMPHU HAMHMCAHUU KOJa, 0E30MAaCHOr0 MO OTHOIICHUIO K HCKIIOYCHUSIM.
BooOtie roBopsi, TpaH3aKIIMOHHAs CEMAHTUKA peau3yeTcss U Juisl OJOKOBBIX KOHTEHMHEPOB, HO 3a 3TO
NPUXOIUTCS pacIjauyuBarhCcsi OBICTPONEHCTBHEM M YCIOXKHEHHEM Kojaa. 3a JOMOJHUTEIbHON
uHdopmanueit odpamaiitecs k kuure Carrepa «Exceptional C++» [8].

* HyoxcHo nu ceecmu K MUHUMYMY KOJIUYECMBO HeOelCmeUumenbHblX umepamopos, ykazameineu u
ccolox? Ecam Hy)KHO — BBIOMpANTE y3JI0Bble KOHTEHHEPHI, TOCKOJIbKY B HUX OINEpallMi BCTABKU U



yIAJIEHUSI HUKOTa HE MPUBOAAT K MOSIBICHUIO HEJICHCTBUTENBHBIX UTEPATOPOB, YKA3aTEIEH U CCHUIOK
(ecnu OHM HE OTHOCATCS K yIajsieMbIM 3jieMeHTaM). B o01mem citydae onepanuu BCTaBKU U yIAJICHHS B
OJIOKOBBIX KOHTEMHEPAaX MOTYT MPUBECTH K TOMY, YTO BCE MUTEPATOPHI, YKa3arelu U CChUIKU CTAHYT
HEJICHCTBUTEIbHBIMH.

* He noootioem nu 6am nocied0o8amenbHblil KOHMeUHep ¢ umepamopamu npou3eoabH020 00Cmyna,
8 KOmoOpoM yKazameau U CCblIKU HA OaHHble 6ce20a OCMAromces OeucmeumenbHblMy, eciu U3
KOHmeltHepa Hu4e20 He YOansemcs, a 6cmaeka npouzeooumcs moavko 6 koHye? Curyauus BecbMa
cnenu@uyeckas, HO €CIM Bbl C HEM CTOJKHETECh — BBIOMpaANTE deque. Cienyer 3aMeTHUTh, UTO
UTEPATOPBI deque MO2YM CTaTh HEACHCTBUTEIBHBIMU, XK€ €CJIM BCTAaBKa MPOU3BOIUTCS TOJIBKO B
KOHLIE KOHTEWHEpa. DTO €IMHCTBEHHBI CTaHAapTHBIA KOHTeHHEp STL, y KOTOpOro ureparopsl MOTyT
CTaTh HEJCHCTBUTENBHBIMU IIPU JEHCTBUTEIBHBIX YKA3ATENSAX U CCUIKAX.

Bpsin 1y 3TH BONpPOCH! MOJHOCTBIO MCUEPIBIBAIOT Temy. Hampumep, B HUX HE YUUTBHIBAETCSA TOT
(bakT, 4TO pa3Hble TUITHI KOHTEHHEPOB UCIOJIb3YIOT Pa3HbIC CTPATETHU BbIICICHUS MaMITH (HEKOTOPBIE
aCIIeKThI ATUX cTparerui onucansl B coBerax 10 u 14). Ho 1 3TOT ciMCOK HaISIIHO NOKA3bIBAET, YTO
ANTOPUTMHUYECKAS] CJIOKHOCTh BBINOJHSAEMBIX OINEpallMii — JalleKO HE €IWHCTBEHHBIM KPUTEPHUIL
BbIOOpa. beccropHo, oHa UTpaeT BaXKHYIO POJib, HO IPUXOJUTCS YUUTHIBATH U IPYrue (PaKkTOpPhL

[Tpu BbIOOpe KOHTeMHepoB STL mpenocTaBisieT NOBOJBHO OOJBIIOE KOJIMYECTBO BAPUAHTOB, a 32
npeaenamMu STL ux okaspiBaeTcs emie Ooibiie. [Ipexxie yeM NmpuHUMAarh OKOHYATENbHOE pEIleHUE,
00s13aTeIbHO M3YYUTE 6 C e BO3MOXKHBIE BapUaHTHL. «...KoHTelHep, Mcnonb3yeMblii B OOJBIIMHCTBE
ciaydaeB»? S Tak He qymaro.



Coger 2. Ocreperairech WIJIIO3UHA KOHTEHHEPHO-HE3AaBUCUMOI'0 KO/1a

OcHoBabiM npuniunoM STL saenserca o6oOmeHue. MaccuBbl 0000LIAIOTCS B KOHTEWHEPHI,
napaMeTpU30BaHHbIC IO THIAM XpaHINMXCA OOBEKTOB. DYHKIMU OOOOHAIOTCS B aJITOPUTMBI,
napaMeTpU30BaHHBIC MO TUIIAM HCIOJIb3YEMbIX UTEPAaTopoB. YKazareiu 00O0OIIAIOTCS B UTEPATOPHI,
napaMeTpU30BaHHbBIC IO TUIIAM 0OBEKTOB, Ha KOTOPBIE OHU YKA3bIBAIOT.

Ho »sto mumm nHavyano. KoHKpeTHbIE Pa3HOBUIHOCTH KOHTEHHEPOB 0000IIAIOTCS B Kareropuu
(mocnenoBareIbHbIE U aCCOIIMATUBHBIC), & MOX0KNE KOHTEHHEPHI HAJEISIOTCA CXOAHBIMU (DYHKIUSAMH.
CranpapTHble OJIOKOBbIE KOHTEMHEpHI (coBeT 1) o0iamaroT uTeparopaMu MPOU3BOJIBHOTO JOCTYIA,
TOrJa KaK CTaHAApTHBIE Y3J0BbIE KOHTEUHEpHl (TAK)KE OINHMCAHHBIE B COBETE 1) MONIEPKUBAIOT
JIBYCTOpOHHME uTeparopsl. [lociienoBarenbHble KOHTEMHEPBI MOAAEPKUBAIOT ONEPALMUA push front
U/WJIM push_back, Y aCCOI[MAaTUBHBIX KOHTEHHEPOB TaKHe ONEpalui OTCYTCTBYIOT. B accolmaruBHBIX
KOHTEHHepax pealn30BaHbl (YHKUHUH lower bound, upper bound U equal range, OOJajaroume
jgorapuMHUUECKOM CII0KHOCTBIO, a B OCIIEI0BATEIILHBIX KOHTEHHEPAX UX HET.

[Ipy Takux TEHAEHUMSAX K OOOOIIEHWIO BO3HUKAET €CTECTBEHHAs MBICIb — IIOCJIEA0BATH
IIOJIOKUTENBHOMY ITpuMepy. sKemanue noxsaibHOE. HECOMHEHHO, UM CTOMT PYKOBOACTBOBATHCS IIPH
HAlMCaHUU COOCTBEHHBIX KOHTEHHEPOB, UTEPATOPOB M aAITOPUTMOB, HO MHOTHE MPOTPAMMHUCTHI
NBITAIOTCS JOOUTHCA ATOM 1[N HECKOJIBKO MHBIM clTocO00M. BMecTo TOro 4ToOb OpUEeHTUPOBATHCS Ha
KOHKPETHBII THI KOHTEHepa, OHU NBITAIOTCA OOOOUMTH CHHTAKCHC TaK, YTOOBI B Mporpamme,
HaIpuMep, UCIONb30BANICS vector, HO MO3/IHEE €r0 MOKHO ObUIO Obl 3aMEHUTH Ha deque WM list 0e3
W3MEHEHUS KO/, B KOTOPOM 3TOT KOHTEWHEP MCIIOJb3yeTCsA. MHade roBops, OHU MNBITAIOTCSA IHUCATh
KoumetiHepHo-Hezasucumulli ko0. [TomobHbIe 00001TIeHNS, KAKUMH OBl OJJaTUMH HAMEPEHHUSIMH OHH HE
ObUIH BBI3BaHBI, IOYTH BCEI/Ia HEKENATEIbHBI.

Jlaxe caMblil YOKJIEHHBII CTOPOHHUK KOHTEHHEPHO-HE3aBUCUMOI'O KOJa BCKOPE OCO3HAET, YTO
YHUBEpPCANbHBIM KON, paloTaroumié Kak C TMOCIEIOBaTEeIbHBIMM, TaK M C aCCOLUATUBHBIMU
KOHTEHHEepaMu, 0co00ro cMmbicia HE uMeeT. MHorue (QyHKUIHMH CYIIECTBYIOT TOJBKO B KOHTEHHEpax
OTIPEJICIICHHON KaTeropuu; Hanmpumep, QyHKIUU push front U push back MOJAEPKUBAIOTCS TOJIBKO
MOCJIEIOBaTeNIbHBIMU KOHTEWHEpaMu; (PYHKIIMU count U lower bound — TOJBKO aCCOIMATUBHBIMU
KOHTeWHepaMu U T. 1. [laxke curHarypsl Takux 0a30BbIX OIE€pallMi, KaK insert W erase, 3aBUCST OT
kareropuu. Hanmpumep, B nmociaeaoBarebHOM KOHTEHHEpPE BCTaBICHHBIM OOBEKT OCTAETCS B UCXOAHOU
IIO3ULIMH, TOTAA KaK B aCCOLIMaTUBHOM KOHTEMHEPE OH MEPEMENAECTCS B MIO3ULUI0, COOTBETCTBYIOLIYIO
NOPSIJIKY COPTUPOBKHU TaHHOTO KOHTeHHepa. Mnu apyroi mpumep: ¢popma erase, KOTOpOH IPHU BBHIZ0BE
IIEPENACTCS UTEPATOP, IS IOCJIENOBATEIIBHOIO KOHTEMHEPA BO3BpAIAET HOBBIM UTEPATOP, HO UIA
acCOIIMaTUBHOTO KOHTEWHEpa HE BO3BPAILIAETCS HUYETO (B COBETE 9 MOKa3aHO, KaK 3TO 00CTOATENHCTBO
BJIMSIET HA IPOTPAMMHBIN KOJ).

JlomycTuM, Bac MoceTHsia TBOPUYECKas MBICIb — HaIMMCaTh KO, KOTOPBIA paboTan Obl CO BCeMU
pacpOCTPaHEHHBIMH IOCJIEAOBATENIbHBIMA KOHTEUHEPAMU: vector, deque M list. Pazymeercs, Bam
OpUAETCS MPOrPaMMHUPOBATh B KOHTEKCTE OONMX BO3MOXHOCTEH ASTHUX KOHTEHMHEPOB, a 3HAYMT,
(GYHKIINU reserve U capacity (COBET 14) UCMOMb30BaTh HEIb3sI, TOCKOJBKY OHHM HE MOIACPKUBAIOTCS
KOHTEHHEpaMu deque M list. lIpucyrcTBHe 1ist TakKe O3HA4YaeT, YTO BaM IIPUIETCS OTKA3arbCs OT
omeparopa [] U OIPaHUYMUTHCS JBYyCTOPOHHUMH HWTEPATOPAMHU, YTO MCKIIOYAECT AalrOpUTMBI,
pa60TaIOHH/Ie C HTEparopaMu IIPOHU3BOJIBHOIO O0CTyma — sort, stable sort, partial sort H
nth element (COBGT 31).

C J1pyroil CTOPOHBI, HMCXOIHOE HaMEPEHHE MONNCPKUBATh vector UCKIIOYAET (QYHKIHUH
push front M pop front, vector M deque HCKIIOYAIOT NPHUMCHCHHUC splice WU pPCaTU3AIUIO sort
BHYTPU KOHTEHHEpA. YUMUTHIBas T€ OIrPAHUYCHUs, O KOTOPBIX FOBOPUJIOCH BBILIE, MOCIEAHUMN 3ampeT



O3HauaeT, 4YTO JUIsl BAIlleTO «OOOOIIEHHOTO MOCIEIOBATEILHOTO KOHTEHHEpa» He yAacTCs BbI3BATh
HUKaKyI0 GOpMy sort.

[Toxa pedb UIET O BemAax NpOCThIX U 04eBUIHBIX. [Ipy HapymeHnn ar000r0 U3 3TUX OTPaHUYCHUIN
Ballla MporpamMma He Oy/eT KOMIUIUPOBATHCS MO KpaitHEH Mepe AJisi OTHOTO U3 KOHTEHHEPOB, KOTOPHIE
Bbl HaMEpEeBAJIUCh MOMJCPKUBATh. [ 0pa3no Oombiie MpobieM BO3ZHUKHET C MpOorpaMMmaMu, KOTOpBIE
0y0ym KOMIIMJINPOBATHCSI.

B pasHbIX 1OcieoBaresbHBIX KOHTEHMHEpaxX NEUCTBYIOT pa3HbIC MPaBUJIa HEIECUCTBUTEIBHOCTHU
UTEpaTopoB, ykazareiaeil M ccbuloK. UTOOBI Balll KO MpaBUIBHO paboTall ¢ vector, deque M list,
HEOOXOIMMO MPENOoIOKUTh, YTO J00as omepalus, NPUBOIAIIAS K MOSBICHUIO HEICHCTBUTEIIbHBIX
UTEPaTopoB, yKazaresael U CChUIOK B JIIOOOM M3 3TUX KOHTEHHEPOB, MPUBENET K TEM K€ MOCIEICTBUIM
U B HCHOJNB3yeMOM KOHTeWHepe. Orcroma cileayeT, 4YTO TMOCJ€ KaXJOro BbI30BA insert
HEJICUCTBUTEIIBHBIM CTaHOBUTCS a0COJIOTHO BCE, IIOCKOJIBKY deque: :insert  JeNaer
HEJICMCTBUTEIIBHBIMU BCE UTEPATOPHI, a U3-32 HEBO3MOKHOCTH HCIOJIB30BAHUS capacity HNPUXOAUTCS
IIpeAroliararb, 4YTO IIOCJIE€ OIEpPAlMHU vector::insert CTAHOBATCS HEICUCTBUTEIBHBIMU BCE
yKa3zaTeln W CChUIKM (KaK YIOMHUHAeTCs B coBeTe 1, KOHTEMHEpP deque 00JIalaeT yHUKaIbHBIM
CBOMCTBOM — B HEKOTOPBIX CIIydasX €ro HMTEparopbl MOTYT CTAaHOBHUTBHCS HEACHUCTBUTEIIBHBIMU C
COXpPAHEHHUEM JEHUCTBUTEIBHBIX YKA3aTeJI€Hd W CCBUIOK). AHAJIOTMYHBIE PACCYXKACHUS MNPUBOMAT K
BBIBOJly, YTO IIOCJIE€ Ka)XJIOI'O BBI30BA erase BCE UTEPATOPBHI, YKA3aT€IU U CCBUIKM TAaKXE JOJKHBI
CUUTATHCS HEJCUCTBUTEIBHBIMM.

Henocrarouno? [lanHble KoHTeiiHepa He mepeaaroTcs depe3 uHTepdeiic C, MOCKOIbKY JaHHas
BO3MOKHOCTb MOIJIEPKUBAETCA TOJBKO ISl vector (coBeT 16). Bel HE cMOXkeTe co31aTh IK3EMILISAP
KOHTEHHEepa C TUIOM bool — Kak OyleT MmoKa3aHO B coBeTe 18, vector<bool> HE BCErAa BeJET ceds
KaKvector M HHUKOTZA HE XPAaHUT HACTOSAUWME JIOTMYECKHE BEIWYMHBL BBl naxe He Moxere
pacCcUMThIBaTh HA MOCTOSIHHOE BPEMsI BCTaBKU-YIAJICHUS, XapaKTEPHOE JUIsl 1ist, NOCKOJBKY B vector
U deque 3T ONEPALIUU BBIIOJIHSIIOTCA C JUHEMHOU CI0KHOCTBIO.

Yro xe ocTaercs mocie Bcero ckazanHoro? «OOOOILEHHBIA MOCIeI0BaTe/IbHbI KOHTEHHEP», B
KOTOpPOM HCIB3s HCIOJB30BATh reserve, capacity, operator[], push front, pop front,
splice W BooOme 000N anropuT™, pabOTaOUM € HUTEpPaTOpaMu MPOU3BOJIBHOTO JIOCTYIA;
KOHTEHHEp, Y KOTOpPOTo Jt00OH BBI3OB insert W erase BBIIOJHICTCS C JIMHEHMHOW CJIOKHOCTBIO U
IIPUBOOUT K HEICUCTBUTEIBHOCTHM BCEX MTEpPATOPOB, YyKa3areled U CCBbUIOK, KOHTEWHeEp,
HECOBMECTUMBIN € s3bIKOM C M HE MO3BOJIAIONMK XPAHUTh JIOTHYECKUE BEJIMUYUHBI. 3aX04€TCs JIM BaM
UCII0JIB30BaTh MOJIOOHBIN KOHTEHHEP B cBOEM Ipuioxenuun? Bpsa mu.

Ecnu ymeputh aMOMLIMM U OTKa3arbCsl OT TMOAJEPKKU list, BBl BCE PABHO TEPSETE reserve,
capacity, push front M pop front, BaM TaKX€ IMPUACTCA I1OJIararb, YTO BBI3OBBI insert H erase
BBIIIOJIHAIOTCSL C JIMHEMHOW CJIO)KHOCTBIO, @ BCE€ WTEPaTopbl, yKa3arelu W CCBUIKM CTaHOBATCS
HEJICHCTBUTEIbHBIMU; Bbl BCE PABHO TEPSIETE COBMECTUMOCTh ¢ C M HE MOXKETE XPAaHUTh B KOHTEHHEPE
JIOTUYECKUE BEJIMYUHBI.

Jaxxe ecnm OTKas3arbCs OT MOCIENOBATEIbHBIX KOHTEWHEPOB M B3ATbCA 34 aCCOLMATUBHBIE
KOHTEWHEPHI, JIeJ10 00CTOUT He dydine. Hamucarb Koa, KOTOPBIA Obl OMHOBPEMEHHO paboTal ¢ set U
map, MPAKTHYECKH HEBO3MOXKHO, ITOCKOJBKY B set XPAHSTCS OIWHOYHBIE OOBEKTHI, @ B map XPaHATCS
napbl 00beKTOB. J[a)ke COBMECTUMOCTH C set Mmultiset (WMIM map M multimap) 0OECTIEUUBACTCS C
oonpimM  TpynoM. DyHKIMS insert, KOTOPOM TpPH BbI30BE IE€peAaeTcsi TOJbKO 3HAYCHUE
BCTABJISIEMOI'0 3JIEMEHTA, BO3BPAILAET Pa3HbIE TUIbI AJS set/map U UX multi-aHaIOTrOB, MPHU TOM BBI
JOJKHBI M30erarh JIOOBIX JOMYIIEHUH OTHOCUTENBHO TOTO, CKOJIBKO dK3EMIUISIPOB JAHHOW BEJIMYMHBI
xpaHuTcsa B KoHTeiHepe. [Ipu paboTe ¢ map M multimap TPUXOIUTCS OOXOAMTHCS Oe3 omeparopa [1,
MOCKOJIBKY 3Ta (DYHKIIHS CYIIECTBYET TOJIBKO B map.

Cornacutech, urpa He CTOMT cBed. KOHTEWHEphl AEUCTBUTENBHO omauuaiomcs Apyr OT Jpyra,



0o0nafaloT pa3HbBIMU JOCTOMHCTBAMU M HejgoctarkamMu. OHHM He ObUIM paccUUTaHbl Ha
B3aMMO3aMEHSIEMOCTh, U C 3THUM (HaKTOM OCTAETCS TOJIBKO CMUPHUTHCA. JI10ObIe MOMBITKU JIHIIb
UCKYIIAIOT Cyas0Yy, a OHA 3TOr0 HE JIIOOUT.

Ho paHo uin mo3aHO HACTYMHUT JEHb, KOTAAa OKaXXETCA, YTO MepBOHAYaIbHBIA BBIOOpP KOHTEHHEpA
ObUI, MSTKO TOBOpS, HE ONTHUMAJbHBIM, M Bbl 3aXOTUTE MEPEKIIOYUThCA Ha Apyro Tum. Ilpu
M3MEHEHHUH TUIa KOHTEHHepa HY)KHO HE TOJbKO MCIPABUTH OLIMOKH, OOHAPY>KEHHbIE KOMITHIISITOPOM,
HO M IPOAHAJIU3UPOBATHh BECh KO, IJI€ OH MCIIOIB3YETCSA, U Pa300parbCs, YTO CIEAYET U3MEHUTH B
CBETE XapaKTEPUCTUK HOBOTO KOHTEMHEpPA M IPABUI MEPEX0Ja UTEPATOPOB, yKa3arejael U CCHUIOK B
HEJIEUCTBUTEIBHOE coCTOssHUE. [lepexonst ¢ vector Ha IPyrom THNI KOHTEHMHEPA, BBl YK€ HE CMOXKETE
paccunThiBaTh Ha C-COBMECTUMYIO CTPYKTYPY MaMsITH, a TP 0OpaTHOM Iepexosie HY>KHO MPOCIeIUTh
3a TeM, YTOObI KOHTEHHEp HE UCIOIB30BAJICS TSl XpaHEHUS bool.

Ecnu Bbl 3HaeTe, 4TO TUN KOHTEHHEpa B OyIyIIEeM MOKET U3MEHUTHCS, 3TH W3MEHEHHUS MOXHO

YIPOCTUTH OOBIYHBIM CIIOCOOOM — HMHKamncymsauueit. OIHO M3 MPOCTEUIIMX PElIeHUH OCHOBAaHO Ha
UCIIONB30BAaHUU  OMNpPEACNICHUH typedef IS THUIOB KOHTEWHepa u wuTeparopa. ClenoBareiabHO,
dbparmeHT

class Widget{...};
vector<Widget> wvw;
Widget bestWidget;
// TpucBouTh 3HaueHue bestWidget
vector<Widget>::iterator i = // Hantu Widget c TakuMm Xxe BHAUYEHUEM,
find(vw.begin(),vw.end () .bestWidget) // kak y bestWidget
3aIIUCBhIBACTCA B CICAYIOIICM BUAC!
class Widget{...};
typedef vector<Widget> WidgetContaner;
typedef WidgetContainer:iterator WCIterator;
WidgetContaner vw;
Widget bestWidget;

WCIterator i = find(vw.begin().vw.end(),bestWidget);

[TogoGHas 3amuch 3HAUUTENBHO YIPOUIAET U3MEHEHHUE TUIlAa KOHTEHHEPa, YTO 0COOEHHO YI00HO,
KOoraa M3MCHCHHUC CBOAUTCA K IIPOCTOMY I[O6aBH€HI/IIO HCCTAaHAAPTHOI'O PACHpPCACIUTCIIA IIaMATH
(Takoe u3MEHEHHE He BIUSIET Ha MPaBUJia HEIEHCTBUTEIBHOCTH UTEPATOPOB/ yKa3aTeIe/CChUIOK).

class Widget{...};

template<typename T> // B coBeTre 10 o0OBsACHseTCs, IOUEMY

SpecialAllocator{...}; // HeoOGxomMMO MUCIOJIL30BATL WaBJOH

typedef vector<Widget, SpeciallAllocator<Widget> WidgetContainer;

typedef WidgetContainer::iterator WCIterator;

WidgetContainer vw;// PabotTaer

Widget bestWidget;
WCIterator i=find(vw.begin().vw.end() .bestWidget); // PabotTaer

I[an(e €CJIIM BaC HC MHTCPECYIOT ACHCKTHI typedef, CBA3AHHBIC C HHK&HC}UIHHHGﬁ, Bbl HABCPHAKA
OLCHUTC 9KOHOMHIO BPCMCHHU. HpGI[HOJ'IO)KI/IM, Y BaC UMCCTCA OOBEKT THUIA

map<string,
vector<Widget>::iterator,
CIStringCompare> // CIStringCompare - CpaBHEHUE CTPOK

// 6es3 yuera permucrpa: cM. coBeT 19
U BBl XOTUTE NepeOparb 3JIeMEHThl MHOXKECTBA MPU MOMOIIM const iterator. 3aX04eTcs JU BaM
BBOJIUTH CTPOKY
map<string.vector<Widget>::iterator, CIStringCompare>::const iterator
oonbie onHoro paza? [locne HenponomkutensHol padbotel B STL BBl moiimere, 4To typedef —

BaIll APYT.
Typedef BCETO JIMIIb OINPEACHSACT CHHOHHUM [JI1 JPYroro THUIIA, ITOATOMY HWHKAICYIALUS



MPOU3BOUTCS UCKIIOUUTENBHO Ha JIGKCUYECKOM ypoBHE. OHA HE MOMEIIAET KIUEHTY CAeNarh TO, YTO
OH MOT cJiefaTh paHee (M He MO3BOJUT CAeNaTh TO, YTO ObUIO paHee HeAocTymHo). Ecnu BbI 3axoTuTe
OTPAaHUYHUTh 3aBUCUMOCTH KIIMEHTa OT BBIOPAHHOIO THUIMAa KOHTEilHepa, BaM IMOHano0sATca Oolee
CepbE3HbIE CPEJICTBA — KJIACCHI.

YtoObl OrpaH4uTh 00bEM KoOMa, TpeOyrolero MoauQuKaluyd IpU 3aMEHE TUIla KOHTEWHepa,
CKpOITe KOHTEWHEp B KJacce M OrpaHuybre 00beM HH(pOpMAaIMU, JOCTYMHOW dYepe3 HHTepdeiic
kiacca. Hampumep, ecnu BaM moTpeOyeTcsi co3AaTh COMCOK KJIMEHTOB, HE MCIOJIb3YyWTE Kiacc list

HaIpPsAMYIO, OIPEIEIINTE KIACC CustomerList U NHKAIICYJIMPYUTE 1ist B €ro 3aKpPbITON YaCTH:
class CustomerList {
private:
typedef list<Customer> CustomerContainer;
typedef CustomerContainer::iterator CCIterator;
CustomerContainer customers:
public: // O6bem mHbOpPMALUM, OOCTYIIHOMN
// uepes sTOT MHTepbeNrc, OIpPaHMUMBAETCSH

b7

Ha nepBelil B34 MPOUCXOAAIIEE BBIIAAUT DIyno. Benp CHHCOK KIMEHTOB — 3TO CHUCOK, HE
npaeaa au? BnonHe Bo3moxkHO. Ho B OyaymiemM MOXeET oOKa3arbCs, YTO BO3MOXHOCTh BCTaBKH-
yIAJIIEHUSI B CEPEIMHE CIHCKA UCIOJIB3YETCSl HE TaK Y4acTO, KaK MPEANOJIarajJoch BHaYaje, 3aT0 HyKHO
ObICTpO BeLIEIUTH 20% KIMEHTOB ¢ MaKCUMAaJIbHBIM 00BEMOM CIEJIOK — 3Ta 3aja4ya MPOCTO CO3/1aHa
JUIsl  anropuTMa nthelement (coBeT 31). OmHAKO nthelement TpeOyeT MTeparopa MPOU3BOJIHHOTO
noctyna u He Oyaer paboTarh ¢ KOHTEHHEpOM list. B 3TO# cuTyanuu «CHUCOK» Jydllle peain30oBarh
Ha 0a3e vector WM deque.

PaccmarpuBas mogoOHble M3MEHEHHUs, HEOOXOOMMO MpOaHaIU3UpPOBaTh Bce (GYHKIUMU Kiacca
CustomerList, @ TAKXKE BCEX «Apy3ei» (friend) U MOCMOTPETH, KAK HA HUX OTPA3UTCS ITO U3MEHEHUE
(B OTHOLIGHUH OBICTPONEUCTBUS, HEACHCTBUTEILHOCTH WUTEPATOPOB/yKAa3aTeNei/CChUIOK U T. 1.), HO

anlrpaMOTHOﬁiHHKancyHHHHHiﬂeTaHeﬁipeaHHBaHHH CustomerList 3TO N3MCHCHUC IMPAKTHYCCKH HC
IIOBJIUACT HA KIIMCHTOB CustomerList.



Cogsert 3. PeasqusyiiTe ObICTPOE U KOPPEKTHOE KOMMUPOBaHUE 00bEKTOB
B KOHTeHepax

B xonTeiiHepax XpaHSTCS OOBEKTHI, HO HE Te, KOTOpble Bbl UM nepenaere. bomee Toro, mpu
NOJIydeHUH OOBEKTa W3 KOHTEWHepa BaM MPEIOCTABISCTCS HE TOT OOBEKT, KOTOPBIM HaxoAWJICid B
koHTeiHepe. [lpu BkiIrOoueHMHM OOBEKTa (BBIBOBOM insert, push back W T. J.) B KOHTEHUHED
3aHOCUTCS Konus yKazaHHOTO oObekTa. [Ipu nomyyeHnn o0beKTa U3 KOHTEHHEpa (HampuMep, BEI30BOM
front WJM back) Bbl TAKXKE€ NOJydaeTe konuio. KomupoBaHrue Ha BXOJE, KOMMPOBAHUE HA BBIXOJAE —
TakoBbI npasuia STL.

Ho u mocne Toro, kak OOBEKT OKa)XXeTCid B KOHTEMHEpE, OH MOXET y4yacTBOBAaTh B OIEpallUsX
KOIIMpOBaHUs. B pesynbrare BCTaBKM WIJIM YIAICHHS DJJIEMEHTOB B vector, string M deque
CYITIECTBYIOIIME 3JIEMEHTHI KOHTEHHEPA OOBIYHO MEPEMEIAOTCs (KOMMUPYIOTCS) B TaMSTH (COBETHI 5 |
14). Anroputmbl copTUpOBKH (COoBeT 31), next permutation M previous permutation; remove,
unique M UX poauuu (CoBeT 32); rotate U reverse — BCE ATU ONEPALUU NPUBOIAT K KONUPOBAHUIO
00BekTOB. [la, KomupoBaHue OOBEKTOB IEUCTBUTEIIPHO 3aHUMAET 0YeHb BaskHOE MecTo B STL.

Bo3morkHO, BaMm OyeT MHTEPECHO Y3HaTh, KakK e MPOU3BOAUTCS KonupoBanue. OueHb MpocTo —
OOBEKT KOMHUPYETCS BBI30BOM COOTBETCTBYIOUMX (YHKIHUH 3TOr0 OOBEKTa, a TOUYHEE KONuUpyoujeo
KOHCTPYKTOpa U KOnupyrowezo oneparopa npucBanBanus. B monb3oBarenbCckux Kiaccax 3TU QyHKIIUU

OOBIYHO OOBSBISIOTCS CISTYIOIM 00pa3oM:
class Widget/{
public:
Widget (const Widgets) :// Konupymoumil KOHCTPYKTOP
Widget& operator=(const Widgets&);// Konupyoumii onepaTop IPUCBaMBaHUSI

b7

Kak 00bpr4HO, €ciu Bbl HE OOBSIBUTE 3TH (PYHKIIUU CAMOCTOSITEIbHO, KOMIUIISTOP CAENAET 3TO 32
Bac. BcTpoenHble TUMbI (int, yKa3aTeau U T. [1.) KOMUPYIOTCS MPOCTHIM KOMUPOBAHUEM UX JBOUYHOTO
npeacraBienus. Komupyronme KOHCTPYKTOPHI M OINEpaTopbl MPUCBAWBAHUS ONHCAHbI B JIIOOOM
yuebnuke no C++. B wactHocTH, 3T QyHKIMU paccMoTpeHbl B coBetax 11 u 27 kuuru «Effective
C++».

Tenepr BamM A0MKEeH OBITH SICEH CMBICT 3TOr0 coBeTa. Eciu KOHTEHHEp COAECPKUT OOBEKTHI,
KOMTUPOBAHHE KOTOPBIX COMPSDKEHO € OOJNBUIMMH 3aTpaTaMM, IpOCTeiilliee 3aHeCeHUE OOBEKTOB B
KOHTEHHEpP MOXET 3aMETHO IOBIUATH HA CKOPOCTb paboThl MmporpamMMmbl. UYem Oosbilie 0OBEKTOB
nepeMen@aeTcs B KOHTEHHepe, TeM OoJblle MaMsITH W TaKTOB IIpolieccopa pacXoayeTcs Ha
KonupoBaHue. boiee TOro, y HEKOTOPHIX OOBEKTOB CamMO TMOHATHE «KOMHUPOBAHUE» HMEET
HETPAAUIMOHHBIM CMBICI, U MPU 3aHECEHUH TaKUX OOBEKTOB B KOHTEHHEP HEM3MEHHO BO3HUKAIOT
npoOieMsbl (IpuMep IPUBEACH B COBETE §).

B cutyauusx ¢ HacienoBaHMEM KOMUPOBAaHUE CTAHOBUTCS MPUUYMHOM oTceueHus. MHade roBops,
€CJIM CO3/1aTh KOHTEHHEep OOBEKTOB 0a30BOro Kjacca M MOMBITaThCS BCTABUTh B HETO OOBEKTHI
MPOU3BOJHOTO KJIacca, «IPOU3BOIHOCTE» ATUX OOBEKTOB YTPAuMBAETCS MPHU KOMUPOBAHUU OOBEKTOB

(KonmupyroumM KOHCTPYKTOPOM 0a30BOr0 Kilacca) B KOHTEHHEP:
vector<Widget> wvw;
class Special Widget: // SpecialWidget HacienmyeT oT kJjacca

public Widget{...}; // Widget (cm. paHee)
SpecialWidget sw; // sw kKomupyeTcs B VW Kak 06BeKT 6a30BOI'O KJACCAa
vw.push back(sw); // Cneumanusauusa oObeKTa TepsAeTcsa (OTcCekKaeTcsd)

[IpoGiiema oTcedeHUs: MpeNIonaraeT, 4To BCTaBKa OOBEKTa MPOU3BOJHOTO Kilacca B KOHTEHHEp
00BEKTOB 0a30BOTO Kilacca OOBIYHO MPUBOAUT K OIMOKE. A €Clu BBl XOTUTE, YTOOBI MOJIY4EHHBIH



00BEeKT o00nanan nogedeHuem 00ObEKTa MPOU3BOAHOIO Kiacca (HAIpUMEp, BbI3bIBAI BUPTYyalbHBIC
byHKIIMHU 00BEKTOB MPOU3BOIHOIO Kjacca), BCTaBKa 6ce20a MPUBOIUT K ONIMOKe. 3a TOMOJIHUTENbHON
uHpopmanueit obpamaitech k «Effective C++», coer 22. [pyroit mpumep NpOSBICHUS OSTOU
npoOnemsl B STL onucan B coete 38.

Cy1iecTByeT mpocToe pelieHue, obecrneunBaioiee 3PpEGeKTUBHOE, KOPPEKTHOE M CBOOOTHOE OT
npoOeMbl OTCEUEHUsI KOMUPOBAHNE — BMECTO OOBEKTOB B KOHTEHHEpe XpaHsaTcsa ykazamenu. Vlnaue
rOBOpsi, BMECTO KOHTEHHEpa U1 XPAaHEHUs Widget CO3JAETCSA KOHTEUHEp A Widget*. YKaszareinu
OBICTPO KOMUPYIOTCSI, pe3yJAbTaT TOYHO COBIAJAET C OKUJAEMbIM (IIOCKOJIbBKY KOMUpyeTcs 0a30Boe
JIBOMYHOE TpEJCTaBICHUE), a IPU KOMUPOBAHUU yKa3arels HUYero He orcekaercs. K coxaienuio, y
KOHTEHHEpPOB YyKa3aTelel HMEIOTCS cBoM mpoOiembl, oOycioBieHHble creuudukoin STL. Onwu
paccmarpuBatoTcs B coBetax 7 u 33. IlpITasich crpaBuUTbCS C 3TUMH IpoOieMaMud U MPU 3TOM HE
HaXUTh XJIOMOT C 3(p(EKTUBHOCTHIO, KOPPEKTHOCTHIO M OTCEUYEHHEM, BB, BEPOSITHO, OOHAPYKUTE
CUMIIATUYHYIO albTEPHATUBY — VMHble yKazamenu. 3a JOTOJHUTENbHON nHpopmMaluenn odpamaiTecs
K COBETY 7.

Ecnu Bam nokazanock, uto STL 3moynotpebiisier KonupoBaHUEM, HE TOPONIUTECH € BbhIBoJgaMu. Jla,
xonupoBanue B STL BbIMONTHAETCS TOBOJIBHO YaCcTO, HO B IIEJIOM OMOIMOTEKa CIIPOCKTUPOBAHA C TAKUM
pacueToM, 4TOObl M30€KaTh JUIIHEr0 KOMUpoBaHUsA. boiee Toro, oHa M30eraer JHUIIHETO CO30aHUs

O6'B€KTOB. CpaBHI/ITe C MOBCACHHUCM KIIACCHYCCKOI0 MaCCHMBa — CAWMHCTBCHHOI'O BCTPOCHHOI'O
koHTenHepa C u C++:
Widget wl[maxNumWidgets]; // Coz3marbp MaccuB oObekTOB Widget

// OBBEKTH MHULMAIUIUPYIOTCSI KOHCTPYKTOPOM
// O yMOJIYaHU

B sToM cnydae KOHCTPYMPYIOTCS maxNumWidgets OOBEKTOB Widget, JIaXe €CIIM Ha MPAKTHUKE
OyIyT UCIONB30BaTbCsl JIMIIb HEKOTOPbIE M3 HHUX WIM BCE JaHHBIC, WHUIMATU3UPOBAHHBIC
KOHCTPYKTOPOM IO YMOJYaHHUI0, OylyT HEMEIJICHHO IMepe3anucaHbl JaHHBIMU, B3ATHIMU U3 APYroro
UCTOYHUKA (Hampumep, U3 ¢aiina). BmecTo MaccuBa MOXXHO BOCHOJIb30BaThes KoHTeiiHepom STL

vector M CO3JAaTb BCKTOP, JMHAMHWYCCKH YBGHHQHBaIOIIMﬁCH B CJIydac HGOGXOI[I/IMOCTI/II
vector<Widget> vw; // Co3maTh BEKTOP, HE COIEpPXAlMi HU OIOHOTO
// obwpexTa Widget m yBeIMUMBAOLMICS IO Mepe
// HeobxommMoCTU

MoXHO TakKe CO3[aTh IYCTOW BEKTOpP, B KOTOPOM 3apE3epBUPOBAHO MECTO JUIS maxNumWidgets

00BEKTOB Widget, HO HE CKOHCTPYHPOBAH HU OJMH U3 3THX OOBEKTOB:
vector<Widget> wvw;
vw.reserve (maxNumWidgets); // ®yHKUMA reserve onmcaHa B coeeTe 14

[To cpaBuenuto ¢ MaccuBamu KoHTeiHepsl STL Bemyr cebsi ropaszmo uusuinzoBaHHee. OHuU
co37at0T (MOCPEACTBOM KOMHUPOBAHUSI) CTOJIBKO OOBEKTOB, CKOJIBKO YKa3aHO, U TOJBKO IO BalleMy
TpeOOBaHMUIO, @ KOHCTPYKTOP MO YMOJYaHHUIO BBINOJHIETCS TOJIBKO C Ballero paspemeHus. [a,
koHTelHepsl STL co3aaroT Konuu; aa, B 0COOCHHOCTIX UX paboThl HEOOXOIUMO XOPOIIO pa3doupaThCes,
HO HE CTOUT 3a0bIBaTh U O TOM, YTO OHU O3HAYaAIOT OOJIBIION IIAT BIIEpE]] 0 CPABHEHUIO C MACCUBAMU.



Cogsert 4. Boi3biBaiiTe empty BMeCTO CpaBHeHus size() ¢ HyJIeM

J17151 mpou3BOJIBHOTO KOHTEHHEPA ¢ CIASAYIONME ABe KOMaH bl (DAKTUYECKHU YKBUBAJICHTHHBI:

if (c.size()==0)...

if (c.empty())...

Bo3Hukaer Bompoc — nouemMy ke MpearnoyTeHue OTIaeTCs OAHOW KOHCTPYKLIMHM, OCOOEHHO ecliu
y4eCTh, 4YTO empty OOBIYHO peann3yeTcs B BUHE MoacTaBisemMoit (inline) dyHKIUU, KOTOpasi MPOCTO
CPaBHHUBAET size () C HYJIEM M BO3BpAIAET pe3ynbTatr?

[lpuunna mnpocta: (QYHKUMS empty IS BCEX CTAaHIAPTHBIX KOHTEHHEPOB BBIMOJIHIETCS C
MOCTOSIHHOM CJIOHOCTBIO, 2 B HEKOTOPBIX pEaIN3alMaX 1ist BBI3OB size TpeOyeT JIMHEHHBIX 3arpar
BpPEMEHU.

Ho mouemy cnucku Ttak cebs Beayr? IloueMy oHUM He 00ecrnedMBAIOT BBIMOJHEHHUS size C
MOCTOSIHHOM CJIOXKHOCTBIO? OTO OOBSICHSIETCS B OCHOBHOM YHUKAJIbHBIMM CBOMCTBAMHU (PYHKIIUH

BpE3KH (splicing). PaccmoTpum cnemnyrommii pparMeHT:
list<int> listl;
list<int> 1list2;

listl.splice( // TlepeMecTuTbr BCe y3JH 1isSt2
listl.end(),1list2, // OT mepBOTO BXOXIEHUS 5
find(list2.begin(), list2.end(), 5), // mo mociemHero BxoxIeHus 10
find(list2.rbegin(), list2.rend(), 10).base() // B xonen listl

) 5 // Bm30oB base () paccMaTpuBaeTcs

// B coBeTe 28
[IpuBeneHHbIN pparMeHT HE paboOTaeT, eciid TOJIbKO 3HaYeHue 10 He BXOOUT B 1ist2 mocie 5, HO

noka He OyrneM o0palaTe Ha 3TO BHUMaHUs. BMecTo 3Toro 3aiaguMcst BOIPOCOM: CKOJIBKO 3JIEMEHTOB
OKa)eTCs B CIHUCKe listl mocie Bpe3ku? Pasymeercs, CTONBKO, CKOJIBKO OBLIO J0 BPE3KH, B CYMME C
KOJINYECTBOM HOBBIX 3J1eMeHTOB. [locienHssi BeMMynHa paBHA KOJUYECTBY 3JIEMEHTOB B MHTEpBaJe,
onpeacIAEMOM BBI3OBaAMH find(list2.begin (), list2.end (), 5) u
find(list2.rbegin(),list2.rend(),10) .base (). Ckoidbko MMeHHO? YUTOOBI OTBETHTH Ha 3TOT
BOMPOC, HYXKHO 1epedpaTh U MOACYUTATh 3JIEMEHTHI HHTEpBaia. B aToM u 3akitouaercs npobdiema.

JlomycTuM, BaM TIOPYYEHO peajn30BaTh list. DTO HE MPOCTO KOHTEHHED, a cmaHOapmHulil
KOHTEHHEp, MOATOMY 3apaHee M3BECTHO, YTO Kjacc OyAeT HIMPOKO MCIOJIb30BaThcsA. EcTecTBeHHO,
peanu3anus JOJKHA OBITH KaKk MOXHO Oozee 3(dekTuBHON. Omepanus onpenesieHus KOJIM4ecTBa
3JIEMEHTOB B CIIUCKE OylIeT 4acTO HCIOJIb30BaTbCsl KIMEHTAMH, MO3TOMY BaM XOTENIOCh ObI, YTOObBI
omepauus size paboTalia C MOCTOSHHOW CJOXKHOCThIO. Kiacc 1ist HYXHO CHpPOEKTHUPOBaTh Tak,
4TOOBI OH BCET/Ia 3HAJI KOJUYECTBO COJCPKAIMXCS B HEM 2JIEMEHTOB.

B To e BpeMs HM3BECTHO, YTO M3 BCEX CTAHIAPTHBIX KOHTEWHEPOB TOJBKO list IO3BOJISIET
OCYILECTBIIATh BPE3KYy 3JIEMEHTOB 0€3 KOMMPOBAaHMS NAaHHBIX. MOXHO MPEINONIOKUTh, YTO MHOTHE
KJIMEHTBl BBIOMPAIOT 1ist HUMEHHO H3-32 3(PQPEKTUBHOCTH omepanuu Bpe3ku. OHU 3HAIOT, 4YTO
MHTEpBaJbHas BPE3Ka M3 OAHOTO CIHUCKA B APYrod BHIOJIHSIETCS 3a MOCTOSSHHOE BPEMsI; Bbl 3HAETE, YTO
OHM ATO 3HAIOT, U TIOCTapaeTech He OOMaHyTh X HAACKJBl Ha TO, 9TO (PYHKIIHS splice paboTaeT ¢
MOCTOSIHHBIMM 3aTpaTaMy BPEMEHH.

Bosnukaer auiemma. YToObl onepaius size BBIIOJIHSAJIACH C MOCTOSHHOW CIOXHOCTBIO, Ka)as
byHKIMA Kiacca list JOJDKHA OOHOBIATH pa3Mephbl CIHMCKOB, ¢ KOTOPbIMU OHa paboraer. K uucmy
Takux (QYHKIHI OTHOCHUTCS U splice. Ho caenars 3T0O MOXHO TOJBKO OHUM CIIOCOOOM — (DYHKIIHS
JOJKHA TOJCYUTATh KOJUYECTBO BCTABISIEMBIX SJEMEHTOB, a 3TO HE IMO3BOJUT 00ECIeUUuTh
MOCTOSIHHOE BpEeMsl BBIOJIHEHUS splice... YEro Mbl, COOCTBEHHO, W MBITATUCh A00MTHCA. Ecnum
OTKa3aTbCsd OT OOHOBIICHHS Pa3MepoOB CIHUCKOB (yHKIMeH splice, JOOMTHCSA MOCTOSHHOIO BPEMEHHU
BBIIOJIHEHUS IS splice MOHO, HO TOT/Ia C JMHEHHON CIOXKHOCTBIO OY/IET BBIOJHATHCS size — €



npuaeTcs nepeduparb BCIO CTPYKTYPY NAHHBIX M MOJACUYUTHIBATH KOJWYECTBO 3JIeMEHTOB. Kak HH
cTapaiicsi, 4eM-TO — size WM splice — MNPHUAETCA NMOXKepTBOBarh. OJHA U3 ATUX OINEpalUii MOXKET
BBINOJHATHCA C TOCTOSIHHOM CII0KHOCTBIO, HO HE 00€ cpasy.

B pa3HbIX peanu3anusax CUCcKOB 3Ta MpobdiieMa pelaeTcst pa3HbIMU CIIOCO0aMU B 3aBUCUMOCTHU OT
TOTO, KaKyl0 U3 ONepaluil — size WIHU splice — ABTOPHI XOTAT ONTUMHU3UPOBATH 1O cKOpocTH. [Ipu
pabore c peanuzanueil 1ist, B KOTOPOW OBbLIO BBHIOPAHO MOCTOSHHOE BpPEMs BBINOJHEHHUS splice,
Jy4llle BBI3BIBATh empty BMECTO size, MOCKOJIbKY empty BCEIa pabOTaeT ¢ MOCTOSIHHOM CKOPOCTBIO.
Bripouem, naxxe ecinu Bbl HE UCIOJIb3YETE TAKyIO pealn3aluio, HE UCKJIOUYEHO, YTO 3TO IPOU30MIET B
Oynymem. Bo3MoxHo, mporpamma OyaeT ajganTupoBaHa I Jpyrod miargopmel C  JIpyrou
peanu3auueit STL, unu BbI nepeiinere Ha HOBYIO peanuzanuio STL s Texymiei niaatdopmbl.

B mio0oMm ciiydae Bbl HUYEM HE PHUCKYETE, BbI3bIBAas empty BMECTO MPOBEPKHU YCIOBHS size ()=0.
Mopainb: ecinu BaM MOTpeOOBAJIOCh Y3HATh, COACPKUT JIU KOHTEHHEP HOJIb 3JIEMEHTOB — BbI3bIBANTE
empty.



Cogsert 5. Ucnoyib3yidTe MHTEPBAJIbHbIE PYHKIUM BMECTO
O/THO3JIEMEHTHBIX

EcTp nBa BekTOpa, v1 U v2. Kak mpoie Bcero 3anoiaHuTh v1 COAEPKUMBIM BTOPOU MOJOBUHBI v2?
Tonpko HE HALO0 MYYMTENIBHO Pa3sMBILUIATH HAJ TE€M, YTO CYUTATh «IIOJIOBUHOW» IIPU HEYETHOM
KOJIMYECTBE 3JIEMEHTOB B v2. [IpocTo mocTapaiitech OBICTPO JaTh pa3yMHbIN OTBET.

Bpewms uctekno! Ecnu Bbl penoxuiu
vl.assign (v2.begin()+v2.size()/2, v2.end())
UJTM HEUTO MOX0XKee — MO3PaBIIsiio, MATh OamioB. Eciiu B BalieM OTBETE MPUCYTCTBYIOT BBI3OBBI

Oonee yeM oHOM (PYHKIIUU, HO MPU 3TOM OH OOXOAUTCS O€3 IIMKIIOB, BbI MOJTy4aeTe «4eTBepKy». Eciu
B OTBETE 3aJICHCTBOBAH LIMKJI, BaM €CTh HaJ YeM MopadboTaTh, a €CJIM HECKOJIBKO IIUKJIOB — 3HAYUT, Bb
Y3HA€TE U3 3TOU KHUTY MHOT'O HOBOTO.

Kcraru roBopsi, eciu pu YTEHUU omeema Bbl IPpon3Hecn «Yero-uero?» uim 4To-HUOYIb B 3TOM
poJie, YhTaiTe BHUMATENIBbHO, TOTOMY UTO peyb MOIAET 00 OYEHb MOJIE3HBIX BEIIAX.

51 mpuBen a1y 3amady 10 AByM IpUYMHaM. Bo-mepBBIX, OHA HAIIOMHMHAET BaM O CYLIECTBOBAaHUU
O4eHb YIOOHON (PYHKLUMH assign, O KOTOPOl MHOTHME MPOTPAMMHUCTHI MOMPOCTY 3a0biBatoT. DyHKIIMSA
assign MOAJNEPKUBAETCA BCEMHM CTAaHIAPTHBIMU IIOCJIEAOBATEIbHBIMH KOHTEMHEpaMHu (vector,
string, deque W list). Kaxnplii pa3, xorma Bam TpeOyeTcsl MOJHOCTHIO 3aMEHUTH COACPKUMOE
KOHTEHHepa, MoayMaiTe, Henb3sl U JOoOUThCS KelnaemMoi Lenu mpucBauBaHueMm. Eciau Bbl mpocTo
KOMUpYyeTe OAWH KOHTEHHEp B APYroill KOHTEMHEp TOro >e€ THula, 3ajada pemaercs (QyHKIuen
operator=. Ho, KaK Mmoka3bpIBaeT MpUBEIACHHBINA IPUMEP, CYILIECTBYET TaK:Ke (PYHKIIHS assign, KOTOpas
IIO3BOJISIET 3AII0JHUTh KOHTEMHEDP HOBBIMY JAHHBIMU B TE€X CIIy4asiX, KOTJa operator= HE MOAXOJIHMT.

Bo-BTOphIX, 3Ta 3amadya MOKa3bIBaeT, IMOYEMY MHTEpBaJIbHBbIE (DYHKIMM JIydllle CBOUX
OHORJIEMEHTHBIX aHaNOroB. MumepeanvHoii Ha3bIBaeTCa (YHKIUS KOHTEWHepa, KOoTopas, MomoOHO
anroputMam STL, onpezaensieT MHTEPBAJI AJIEMEHTOB JJIs BBIIOJIHAEMON ONEpalvy MPU IMTOMOLIM JIBYX
napaMeTpoB-UTEPaTOpoB. be3 MHTEpBaIbHONW (PYHKIIMU HaM MPUILIOCH ObI CO3/1aBaTh CIEIHAIbHBIN

UKII:
vector<Widget> vl,v2; // lpexnnomnaraercs, uto vl um v2 -
// BexTOpH 0O0BekTOB Widget

vl.clear () :

for (vector<Widget>::const iterator ci=v2.begin()+v2.size()/2; ci != v2.end();
++ci)

vl.push back(*ci);

B cosere 43 noapoO6HO 00BICHSAETCS, MOYEMY HCIIOJIb30BATh SIBHBIC LIMKJIBI HE PEKOMEHAYETCs, HO
u 6e3 3TOro SCHO, YTO HAMKCaHUE 3TOro (pparmMeHTa nmoTpedyeT OOJbIle YCUIINMA, YeM MPOCTON BBI30B
assign. LIUKJI Takke OTpULIATENbHO BIMSET HA OBICTPOICICTBUE, HO K ATOI TEME MBI BEpHEMCS TI03XKeE.

OnHO M3 BO3MOXHBIX PpEUICHUM 3aKIO4aeTcss B TOM, 4YTOOBI MOCieAoBaTh coBeTy 43 u

BOCIIOJIB30BAaTLCA aAJIT'OPUTMOM:

vl.clear();
copy (v2.begin()+v2.size()/2, v2.end(), back inserter(vl));

Ho u stoT BapuaHT TpeOyeT OONBIIMX yCHUIUN, YeM IPOCTOM BBI3OB assign. bojee Toro, xors
LMKJI HE BCTPEUYAETCs B IPOrpaMMe, OH HaBEPHSKA MPUCYTCTBYET BHYTPU BbI30Ba copy (CM. COBET 43).
B pe3ynbrare moTeHUMAlbHOE CHUYKEHHE OBICTPOJCHCTBUS HE MCYE3aeT (BCKOpPE MbI MOTOBOPUM 00
3TOM). A celyac s XO4uy HEHAJOJITO OTBIIEYBCS OT TEMBI M 3aMETUTh, YTO MPAKTUYECKHU BCE CIlIydau
MCIIOJIb30BAHUS copy, KOIJA INPHUEMHBIA HMHTEpPBall 3aJacTCs HUTEpPaTOpoOM BCTaBKU (inserter,
back_inserterIUHIfront_inserter),MOFYT——%JOOﬂmCHw-——3aM€HHTBOHBBBOBwMHIHHBpBaHBHHX
byukuuii. Hanmpumep, BBI30B copy 3aMEHSIETCSI HHTEPBAIbHOM BEPCUEH insert:



vl.insert(vl.end (), v2.begin()+v2.size()/2. v2.end()):;

KomaHna mnonydaeTcs HEHaMHOrO KOpode, HO OHa K TOMY JK€ SICHO YKa3blBa€T Ha CYTh
MPOUCXOSIETO: AAHHBIE BCTABISIOTCS B v1. BBI30B copy O3Ha4aeT NPUMEPHO TO XK€, HO HE CTOJb
O4EBHJHO. B JaHHOM cilydae Ba’)KHO HE TO, YTO 3JIEMEHTHI KOMUPYIOTCS, & TO, YTO B v1 JOOABISIIOTCS
HOBbIC JaHHbIe. DYHKIMS insert MPSIMO TOBOPUT 00 3TOM, a copy JIMIIL COUBAET ¢ TONKY. HeT Huuero
OCOOCHHO MHTEpPECHOro B TOM (haKTe, UYTO J[aHHbIE TNIE-TO KOMHPYIOTCSH, — COOCTBEHHO, BCS
oubmuorexa STL nocmpoena na npuniumne xonupoBanus. KonupoBaHue UrpaeT HACTONBKO BaXKHYIO
poiib B STL, uTO eMy mocCBsIIEH COBET 3.

Muorue nporpammuctel STL 3710ynoTpeOnstoT QpyHKIUEH copy, MOITOMY TOJBKO YTO JaHHBIN
COBET CTOUT IOBTOPUTH: BBI3OBBI COPY, B KOTOPBIX PE3YIBTUPYIONMI UHTEPBAJ 3a/1a€TC UTEPATOPOM
BCTaBKH, MPAKTUYECKH BCEr/a CIEAYET 3aMEHSTh BI30BAMU UHTEPBAJIBHBIX (QYHKIUH.

BepHemcs k npumepy € assign. Mbl yKe BBIICHWIM JABE MPUYUHBI, 10 KOTOPHIM HUHTEPBAJIbHBIM
GyHKIUAM OTIAETCs MPEANOYTEHUE Mepe]] X OJJHOJIEMEHTHBIMU aHAJIOTaMU.

» Hanncanue koja ¢ HHTEPBAIbHBIMU (PYHKIIUSAMU OOBIYHO TPEOYET MEHBUINX YCUITUN.

* Pemiennsi ¢ nHTEpBaNbHBIMU (PYHKIIUSAMU OOBIYHO BBIMJISAAT O0Jiee HAMIISIIHO U JIOTUYHO.

Kopoue roBopsi, mporpaMMmbl ¢ HHTEPBAIbHBIMUA (PYHKIHUSAMU ynoOHee KaK MUCaTh, TaK M YUTATh.
O 4eMm TyT elie roBOpUTH?

Bnpouem, HEKOTOpBIE CKJIOHHBI OTHOCHTb 3TH APTyMEHThl K CTHJIKO IPOTPAaMMHUPOBAHHUSA, a
BOMPOCHI CTUJISL BBI3BIBAIOT y MPOrPAaMMUCTOB TAKYIO K€ >KapKylo MOJIEMHUKY, Kak W Tema BbIOopa
Jlygmiero B Mupe Penakrtopa (x0T 0 yeM Tyr crioputh? Bcem M3BeCTHO, YTO 3TO Emacs). bbuio Obl
HEIJIOX0O HMETh 0ojiee YHHBEPCAJIbHBIA KPUTEPHUI JUIsi CpPaBHEHUS HMHTEPBAIbHBIX (QYHKIUN C
ONHODJIEMEHTHbIMU. JJI1 CTAHMAPTHBIX MOCIEAOBAaTEIbHBIX KOHTEWHEPOB TaKOW KpUTEpUU
cymecTByeT: 3¢ ¢dekTuBHOCTh. [Ipu paboTe co cTaHAAPTHBIMU MOCIEIOBaTEIbHBIMU KOHTEHHEpamMmu
NPUMEHEHHE OJHORJEMEHTHBIX (YHKIUNA MPUBOAUT K OoOJjiee 4acTOMY BBICJICHUIO MaMATH, Oojee
YacTOMY KOMHMPOBAHUIO OOBEKTOB W/WIJIM BBIIOJHEHHUIO JHUIIHUX OMNEpaluil MO CpPaBHEHUIO C
peanu3anneil, OCHOBAaHHON Ha MHTEPBAIbHBIX PYHKIIUSX.

[IpeanosoxuM, BBl XOTUTE CKONMPOBATH MACCUB int B HAYAJO vector (MCXOIHOE pa3MEIICHUE
JAHHBIX B MAacCHUBE MOXET OOBSICHATHCA TEM, YTO JaHHbIC ObLIM MOJYYEHBI Yepe3 yHACIeTOBAHHBIN
untepgeiic ¢ s3pikom C. Ilpobnembl, Bo3HUKaroume npu oObeAnMHEeHUH KoHTeitHepoB STL ¢
untepgeiicom C, onucansl B coBeTe 16). Pemenne ¢ mHTepBambHON (QyHKIMEH insert KOHTEWHeEpa
vector BBITJISAUT IPOCTO U OECXUTPOCTHO:

int data[numValues]; // IpennojaraeTrcsd, d4uTO numValues

// omnpemnensercsa B IPYyI'OM MecCcTe
vector<int> wv;

v.insert (v.begin () .data, data+numvValues); // BcraBurh int m3 data
// B Hauvajyio v
BepOHTHO, pGHIGHI/Ie C IUKJIIMYCCKHUM BBEI3OBOM insert BBIIJISAIUT HpI/IMepHO TaK:
vector<int>::iterator insertLoc(v.begin());
for (int 1=0; i<numValues; ++1) {
insertLoc = v.insert (insertLoc.datal[il]);

}
OOparute BHMMaHHE Ha COXpPaHEHUE 3HAYCHHUS, BO3BPALIAEMOrO0 IPU BBI3OBE insert, [0

cienyronieid urepauuu. Eciam Obl 3HAYCHUE insertLoc HE OOHOBISUIOCH TOCHE KaXJOW BCTaBKH,
BO3HUKJIM Obl JBe mpoOiembl. Bo-mepBbixX, Bce HTEpalMu LMKJIA MOCJIE MEepBOM moBenu Obl cels
HEIpeCcKa3yeMbIM 00pa3oM, MOCKOIBbKY B pe3ylbrare Ka)Joro BbI30Ba insert 3HAYEHUE insertLoc
CTAaHOBUJIOCH Obl HEJIEHCTBUTENbHBIM. BO-BTOpBIX, Aake eciu Obl 3HAUEHHUE insertLoc OCTABAJIOCH
NENCTBUTENbHBIM, BCTaBKa BCETNa MPOM3BOAMIIACH Obl B Hauaje BEKTOpa (TO €CcTh B v.begin()), U B
pe3yabpTaTe COACPKUMOE MacchBa ObUIO ObI CKOMUPOBAHO B 0OPATHOM MOPSIIIKE.



[Tonnpobyem mocnenoBaTh COBETY 43 U 3aMEHHMM IIUKJI BEI30BOM COPY:

copy (data, datatnumValues, inserter (v, v.begin())):

[Tocne co3manusi ’K3eMILIApa MAGIOHA PEUIEHUE C copy MPAKTHUUYECKHU HJCHTUYHO PELICHUIO C
[UKJIOM, MIO3TOMY B CBOEM aHaln3e 3(PPEKTUBHOCTH Mbl OTPAHUYUMCS BTOPHIM BapHaHTOM U Oyaem
MOMHHUTb, YTO BCE CKa3aHHOE B PAaBHOM CTEMEHH OTHOCHUTCS K PEUICHUIO C copy. B ciydae ¢ mukiom
BaM OyZIeT MpoILe MOHATh, YeM OOyCIIOBICHBI TOTepH dPdEeKTUBHOCTHU. J[a, 3TO UMEHHO «IIOTEpU» BO
MHOKECTBEHHOM YHCJIE, TOCKOJIBKY PELICHUE C OMHOAJIEMEHTHON BEPCUEH insertCONPSKEHO C TPEMS
BUJIAMU 3aTPaT, OTCYTCTBYIOIIMMU MPU UCIIOIH30BAaHUU UHTEPBAJIIbHON BEPCUU insert.

[lepBast moreps oOycioBleHA JUIIHUMU BbI3oBaMu (PpyHKuMi. EcTecTBeHHO, mocienoBarenbHast
BCTaBKa numValues 3JICMCHTOB Tp€6y€T numValues BBI3OBOB insert. HpI/I BBI3OBC HHTepBaHBHOfI
bOpMBI insert JOCTAaTOYHO OIHOTO BbI30BAa (DYHKIIMH, TEM CAMbIM 3KOHOMHUTCS numValues-1 BBI3OB.
Bo3morkHO, moacTaHoBKa (inlining) U30aBUT Bac OT JTHUX 3aTpaT... a MOXET, U HET. YBEPEHHBIM
MOXHO OBITH JIMIIL B OIHOM: TPU HCIOJIB30BAHUM HMHTEPBAIBHOU (POPMBI insert 3TH 3aTparThl
3aBEJOMO OTCYTCTBYIOT.

[logcranoBka He cmacaeT OT BTOPOro BUAa 3arpar, OOYCIOBIEHHBIX HeI(P(HEKTUBHOCTHIO
NEepEMEIICHUs CYIIECTBYIOIMX 3JIEMEHTOB v Ha WTOTOBBIE MO3MIIMU Tociie BCTaBkU. Kaxnpli pas,
KOT/Ia insertBKJIOYA€T B v HOBBIA AJEMEHT, BCE JJIEMEHTHI MOCJE TOYKHM BCTABKM CMEINAIOTCA HA
OIHY MO3UIIHUI0, OCBOOOXKJasi MECTO. DJIEMEHT B MO3UIMU p MEepEeMeIaeTcs B no3uuuoo p+/ u 1. 1. B
HalleM NMPUMEPE numValues JIEMEHTOB BCTABISIIOTCSA B Hauyajo v. CiegoBaTeNnbHO, KaK/IbIi SJIEMEHT,
HaXOJIUBIIUKCSA B v JI0 BCTABKH, CABUTAETCS B OOINECH CIOKHOCTH Ha numValues TNo3uiuid. Ho mpu
Ka)XJIOM BBI30BE insert JJIEMEHT CIBUIAETCS TOJILKO Ha OJHY MO3UIHI0, TO3TOMY 3TO HOTpelyeT
numValues mnepeMmelieHud. Ecnm 10 BCTaBKM BEKTOp v COJEPKad 7 DJIEMEHTOB, KOJIUYECTBO
nepemMenieHnii OyeT paBHO m*numvValues. B HameM mpumepe BEKTOp v CONEPKHUT YHCiIa THUIMA int,
MO3TOMY TMEpPEMEILICHHE CBEIETCS K MPOCTOMY BBI3OBY memmove, HO €CIM Obl Bv XPaHUIUCH
MOJIb30BATEIBCKUE THUIIBI BPOJE Widget, TO KaXJ0€ MepeMelieHne ObLI0 Obl COMPSIKEHO C BBI30BOM
oreparopa MPUCBaUBAHUS WU KOMUPYIOLIET0 KOHCTPYKTOpPA JaHHOTO TUIa (B OOJIBIIMHCTBE CIIy4aeB
BbI3BIBAJICSL OBl OMEparop MpPHUCBAaMBaHUS, HO TMEPEMEIICHUS IMOCJIEJAHEr0 JJIEMEHTa BEKTOpa
o0ecrieuynBaguch Obl BBI30BOM KONHUPYIOLIETO KOHCTpYyKTOpa). Takum oOpa3om, B 0OleM ciyyae
nocJjeioBareyibHasi BCTaBKa numValuesHOBBIX OOBEKTOB B HAYAJIO vector<Widget> C /1 3JIEMEHTaMHU
TpeOyeT n*numvValues BBI3OBOB (YHKIUMN: (#-1)*numValues BBI30BOB OIeparopa MpPHUCBAaUBaHUS
Widget M numValues BBI30BOB KOMHUPYIOIIETO KOHCTPYKTOpa Widget. Jlake eciam 3TH BBI3OBBI OyayT
MO/ICTABIIIEMBIMHU, BCE PABHO OCTAIOTCS 3aTPaThl HA MEPEMEILCHUE JIEMEHTOB numvalues pPas.

C npyroit croponbl, Crannapt TpeOyeT, yToObl MHTEpBajbHbIE (YHKIUU insert MepeMellain
CYIIECTBYIOIIME 3JIEMEHThl KOHTEHHEpa HEMOCPEICTBEHHO B UTOTOBbIE MO3ULIUH, TO €CTh MO OIHOMY
nepeMenieHuo Ha seMeHT. OOume 3aTparbl COCTABIT 7 MEPEMEICHUN (numValues AJI1 KOMUPYIOLIETO
KOHCTPYKTOpa TUMHa OOBEKTOB B KOHTEHEpe, OCTajJbHOE — JJsi Oleparopa IMPUCBAWBAaHHUS TOTO
tumna). [lo cpaBHEHUIO C OTHOZJIEMEHTHON BepcUel MHTEPBAJIbHAS BEPCHUS insert BBITOJHSIET Ha n*
(numValues-1) MEHBIIE IEpeMEIICHUN. TOJBKO 3aayManTech: NPH numValues=100 WHTEpPBaJIbHAsS
dopma insert BBINOIHACT HA 99% MeHbIe epeMelIeHN, YeM SKBUBAJICHTHBIN KO C MHOTOKPAaTHO
MOBTOPSAIOIMMUCS BBI30BAMU OJHO3JIEMEHTHOU (POPMBI insert!

[Ipexxie ueM mepexonuTh K TPEThEH KaTeropuu 3arpar, CTOUT clAeliaThb HEeOOJIbIIOE 3aMeyaHue.
To, uTo HamKcaHoO B mpeAbLAYyILEM ab3alle — MpaBjaa, TOJIbKO MpaBaa U HUYETO, KpOME MPaB/bl, HO 3TO
He 6csa mipaBaa. MHTepBanbHas GopMma insertMOXKET MEPEMECTUTD IEMEHT B KOHECUHYIO MO3UIIHIO 32
OZIHY OIEpalMI0 TOJBKO B TOM CIy4ae, €Clid €M YJacTcs ONpeAeNUuTb PACCTOSHUE MEXIy IBYMS
uTeparopamu 0e3 mepexoma. OTO BO3MOXKHO TOYTH BCETAA, IMOCKOJIBKY TaKOil BO3MOXXHOCTBIO
001a/1al0T BCE MPSMbIE UTEPATOPhL, a OHU BCTPEUAIOTCS MPAKTUYECKHU MOBceMecTHO. Bce mreparopsl
CTaHJAPTHBIX KOHTEHHEPOB 001a1al0T (QYHKIIMOHAIBHBIMU BO3MOXKHOCTSIMU MPSAMBIX UTEPAaTOPOB — B



TOM YHCIIE U HUTEPATOPbl HECTAaHJAPTHBIX XAUIMPOBAaHHBIX KOHTEHHEpoB (coBer 25). VYkaszarenw,
UTPAIOIIME POJIb UTEPATOPOB B MACCUBAX, TOKE 00Ja1at0T TON BO3MOXKHOCTHIO. B 0011eM-10, U3 Beex
CTaHJIapTHBIX UTEPATOPOB OHA HE MPHUCYILA TOJIBKO UTEpATOpaM BBOJA M BbIBOJA. CeA0BATENBHO, BCE
CKa3aHHOE BBIIIE CIIPABEUIMBO B TOM ClIydae, €CJIM HUTEPaTophl, epeJaBaeMble HHTEPBAIbHOU Qopme
insert, HE SIBISIFOTCS MUTEparopaMH BBOAA (CKAXKEM, istream iterator — CM. cOBET 6). Tosbko B
TOM Cllydae HHTEpPBaIbHON (OPME insertMPUXOAUTCS MEPEMEINATh JIEMEHThl Ha CBOM WUTOTOBBIC
MecTa MO OIHOM MO3WIMHU, BCIAEACTBUE YETr0 MPEUMYIIECTBA MHTEPBAIBHOW (POPMBI TEPSIIOTCSA (IS
UTEpPaTopoB BbIBO/A 3Ta MpobiieMa BOOOIIE HE BO3HUKAET, MOCKOJIBKY UTEPAaTOphl BhIBOIA HE MOTYT
MCIIOJIb30BAaThCA JUIsl ONPEICIICHUSI UHTEPBAJIA insert).

Mpe1 moponuM K TpeTber KaTreropuM 3arpar, OT KOTOPBIX CTPAJarOT HEPA3yMHBIEC IIPOIrPAMMMUCTBHI,
VCIOJIB3YIOIIME MHOTOKPAaTHYK) BCTaBKY OTJEJIBHOTO JJIEMEHTAa BMECTO OJHOM BCTaBKU IEJIOTO
WMHTEpBaJla. JTU 3aTpaTbl CBA3aHbl C BBIACICHUEM MAMSTH, XOTS OHU TAKKE HMEIOT HENPUSATHBIE
aCIeKThl, OTHOCSIMeECS K KonupoBaHuto. Kak o0bscHsieTcst B coBeTe 14, KOTa Bbl IBITA€TECh BCTABUTD
3JIEMEHT B BEKTOp, BCA MaMATh KOTOPOTO 3aMOIHEHA, BEKTOP BBIJCISET HOBBIN OJIOK MaMsATH, KOMUPYET
AJIEMEHTHI U3 CTAPO MaMATH B HOBYIO, YHUUTOXKAET 3JIEMEHTHI B CTAPOM MaMsTH U OCBOOOXKIAET €e.

[locne »TOro BCTaBISIETCS HOBBIM 31eMeHT. B coere 14 Takke TOBOPUTCA O TOM, 4YTO IpPHU
3all0JITHEHUHU BCEU MaMATH MHOTME pealu3allii BEKTOPOB Y/IBAMBAIOT CBOXO EMKOCTb, IO3TOMY BCTaBKa
numvalues HOBBIX 3JIEMEHTOB MOXET MPUBECTH K TOMY, YTO HOBasg NaMATh OyleT BBIACISTHCS CO
BpeMeHeM log,numValues. B coete 14 ynomuHaeTcsi 0 CyLIECTBOBAHMM pPeau3allMM, 00Jajarolieil

TaKUM TIOBEJICHUEM, MO3TOMY mocienoBarenbHas BcTtaBka 1000 sneMeHTOB MoOKeT mpuBecTd K 10
omnepauusM BbIJCICHUS MaMsITH C MOOOYHBIMM 3aTparaMH Ha KONUpoBaHHUE 3JIeMeHTOB). C apyroi
CTOPOHBI, UHTEpBaJIbHAsI BCTaBKAa MOXET BBIUHCINUTH 00bEM HEOOXOMMMOW MaMsATH elle J0 Hadaja
BCTaBKU (€CIM €U MepenaroTcsl MpsSMbIE UTEPATopbl), MOATOMY €l He HPUIETCS BBIACIATH HOBYIO
naMmsaTh OoJbIe OmHOTO pa3a. Kak HeTpyaHO MPEANONIOKNUThH, SKOHOMUS MOXET OKa3arhCsl TIOBOJIBHO
CYILIECTBEHHOM.

[IpuBeeHHbBIE pacCyX IECHUSI OTHOCUJIUCH K BEKTOpPaM, HO OHU B pPaBHOM CTENEHU NPUMEHUMBI U K
cTpokaM. B ompeneneHHOW CTENEHW OHU OTHOCATCS M K JIeKaM, HO IO MEXaHWU3MY YIpaBICHUS
MaMATBIO JIEKU OTJIMUYAKOTCS OT BEKTOPOB M CTPOK, MOITOMY apryMEHT OTHOCUTEIIBHO MHOTOKPATHOTO
BBIICTICHHUSI TAMATH B OTOM CJlydae He JeicTByeT. Bmpouem, aBa apyrux ¢daxtopa (JuIHHAE
MepeMeIICHUsI DJIEMEHTOB B MaMSATH W JIUIIHUE BBI3OBBI (DYHKIIMI) OOBIYHO BCE K€ JCHCTBYIOT, XOTs U
HECKOJIbKO MHBIM 00pa3oM.

N3 cTaHmapTHBIX MOCHEA0BATEIbHBIX KOHTEHHEPOB OCTAETCS TOJBKO list, HO U B 3TOM ClIy4ae
UHTepBaJbHaAsA (popMma insert o0JaAaET MpEeUMYLIECTBAMH Tepes ofaHodIeMeHTHOW. KoneuHo, Takoi
dbakTop, Kak JUIIHHE BBIBOBHI (YHKIHH, MPOAOKAET JACHCTBOBAaTh, HO H3-3a HEKOTOPHIX
OCOOCHHOCTEH CBSA3aHHBIX CITUCKOB MPOOJIEMBI ¢ KOTUPOBAHUEM M BBIICIICHUEM MaMSITU OTCYTCTBYIOT.
BmecTo HMX BO3HHMKaeT apyras mpoOjeMa: MHOTOKpPATHBIE M30BITOUYHBIC MPHUCBAMBAHUS yKa3aTelsM
next W prev JIJI1 HEKOTOPBIX y3JIOB CIIUCKA.

Kaxxnprii pa3, korga B CBA3aHHBIN CIIMCOK BKJIIOYAETCS HOBBIM 3JIEMEHT, HEOOXOIUMO MPUCBOUTH
3HAQUEHMS YKa3aTelisIM next W prev HOBOTO y3i1a. Kpome Toro, HeoOXomumo 3ajarh yka3aTelb next
MpEeIbIYIIEro y3Jia (Ha30BeM €ro y3jioM B) u ykasarenb prev CIEAYIOIIETO y3Jia (HA30BEM €ro y3JIOM
A).



Beraenaemele

Yafkd
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30ecs BCTABMAKTCH
OONONHUTeNLHLe Yansl
HPGI[HOJIO)KI/IM, B CIIMCOK 6BIJ'Ia BCTaABJICHA CepI/I}I HOBBIX y3J'IOB BbI3OBaMHn OI[HO3J'I€M€HTHOI>1

BepCUH insert. Bo Bcex y3nax, Kpome MOCIEIHEr0, 3HAUCHHE next OYyIeT 3a1aBaTbCsi 08aAMCObl —
CHauaja ykaszareinb OyIeT cchUlaThCd Ha y3enl A, a 3areM Ha CIEQyIOUMi BCTaBJICHHBIH 3JIEMEHT.
VYkazarenb prev y3iaa A OyleT W3MEHSATHCS MPU KaKJO0H BCTABKE HOBOTO y3Jia B MPEIIICCTBYIOUIYIO
no3unuio. Ecnu mepen A B CIHMCOK BKJIIOYAIOTCS numValues Y3JIOB, OyA€T BBIMOJHEHO numValues-1
JUIIHUX IPUCBaUBAHUN YKA3aTENIO next BCTABIEHHBIX Y3JIOB M numValues-1 JUIIHUX MPUCBAUBAHUN
yKa3arenwo prev y31a A, TO ecTh B OOIIEH CJIOXKHOCTHU 2* (numValues-1) JHIIHUX ONEpanui
npucBanBanus. KoHeuHo, mpucBauBaHKE yKa3aTeno 00XOIUTCS HEAOPOro, HO 3a4e€M BOOOILE TIIATUTh,
€cJIi MOKHO 000MTHCH 0€3 3TOro?

HagepHoe, Bbl y)x€ MOHSUIHM, 4TO O€3 JUIIHUX MPUCBAUBAHUM JEHCTBUTENHHO MOYHO OOOWUTHCH.
J17151 3TOTO 1OCTaTOYHO BOCIOJIB30BAThCA MHTEPBATBHOU (OPMOM insert KOHTEHHepa list. OyHKIUS
3apaHee 3HAET, CKOJBKO y3JIOB OyJIET BCTABJICHO B CIUCOK, YTO MO3BOJIIET Cpa3y MPUCBOUTH KaKIOMY
yKa3aTelto MpaBUJIbHOE 3HAUYCHHE.

Takum o0OpazoM, s CTaHAAPTHBIX I[OCJEAOBATENIbHBIX KOHTEHMHEPOB BBIOOD MEXIY
OJHODJIEMEHTHOM M MHTEPBAJIbHOW BCTABKOW OTHIOAb HE CBOAUTCS K CTUIIIO ITpOrpamMmMupoBanus. Jis
aCCOIIMAaTUBHBIX KOHTEHHEPOB KpUTEepUil 3P(HEKTUBHOCTU YK€ HE CTOJb YOeIUTENeH, X0Ts npobdieMa
JUIIHUX BBI3OBOB  (PYHKIIMK cCyllecTByeT ¥ B 3TOM ciydae. Kpome TOro, HeEKOTOphIe
CHELUAM3UPOBAHHBIE PA3HOBUIHOCTH MHTEPBAIBHOW BCTaBKM MOTYT ONTHUMHU3UPOBAaThCS U B
acCCOIIMAaTUBHBIX KOHTEHHEpax, XOTS, HACKOJbKO MHE H3BECTHO, MOMOOHBIE ONTHUMHU3AIUU TOKa
CYIIECTBYIOT JIMIb B Teopuu. KoHEYHO, K TOMYy MOMEHTY, KOTJa Bbl OyleTe YUTaTh 3Ty KHUTY, TEOPUs
MOXET BOILUIOTUTHCS HA MPAKTUKE, M TOTJa MHTEpBajbHAas BCTaBKa B aCCOI[MATHUBHBIX KOHTEHHEpax
JEHCTBUTEIBLHO OYJIET MPEBOCXOIUTH OAHOJIEMEHTHYIO BCTaBKY 10 3 PekTuBHOCTH. B mobom ciaydae
OHa HUKOT/Ia He OyzeT paboTath MeHee SPPEKTUBHO, TOFTOMY Bl HUUETO HE TepseTe.

Ecnu orBneubcsi or cooOpaxkeHud 3(PQPEKTUBHOCTH, OCTACTCS HEMPEIOXKHBIM (PaKT: BHI3OBBI
UHTEpBaJbHBIX (yHKIMI Oojiee KOMIIAKTHBI, a MporpaMMa CTaHOBUTCS Oojiee HAIISAHOW, 4YTO
YIPOILAET €€ AOJITOCPOUYHOE COMPOBOXKAeHUE. Jlaxke 3TUX JBYX NPUYHMH BIIOJHE JAOCTATOYHO JAJISL TOTO,
4yTOOBl OTJATh MPEANOYTEHUE HHTEPBAJIbHBIM (DYHKLIMSIM, a BBIMTPHII B 3(PPEKTUBHOCTH MOKHO
paccMaTpuBaTh Kak OeCIIaTHOE MPHUIIOKEHUE.

[Tocne cToNIb MPOCTPAHHBIX PACCYKICHUM O Uyldecax HHTEPBAIbHBIX QYHKIUNA ObLIIO OBl YMECTHO
NPUBECTU KPATKYIO CBOAKY Takux (pyHkuuii. Eciu BbI 3apaHee 3HaeTe, Kakue (QyHKIIMM KOHTEHHEPOB
CYIIECTBYIOT B HWHTEpPBaJbHBIX BEpCHUSIX, BaM OyleT MpoIle ONpEeJeNuTh, KOIJa HMHU MOXHO
BOCTIOJIb30BaThCsA. B NMpUBENEHHBIX HUXKE CUTHATypaX THUIl iterator B JACHCTBUTEIBHOCTH O3HAYAET
TUIl UTepaTopa JJis JAHHOTO KOHTEWHepa, TO €CTh KowmelHep: :iterator. C Opyrol CTOPOHBI, THUII
InputIterator O3HAYAET JHO0OM JOMYCTUMBIA UTEPATOP BBOJIA.

 HHrepBajibHbIE KOHCTPYKTOPbI. Y BCEeX CTaHIAPTHBIX KOHTEHHEPOB CYLIECTBYIOT

KOHCTPYKTOPBI CJIEAYIOIIETO BUAA:
KOHTEeNHep : : KoHTerHep (InputIterator begin, // Hauamo mHTepBasa
InputIterator end); // KoHel uHTepBaja




IIpn mepenade 3TOMY KOHCTPYKTOPY HUTEPATOPOB istream iterator M istreambuf iterator
(coBeT 29) mHOTHA BCTpEYACTCS OJHA U3 CAMBIX YAUBUTEIBHBIX OMMOOK C++, BCIEACTBHE KOTOPOM
KOMIIUJISITOP MHTEPIPETUPYET 3Ty KOHCTPYKLHIO KaK 0ObsBICHUE (YHKIMU, a HE KaK ONpeJeIeHUe
HOBOTo 00BEKTa KOHTelHepa. B coBere 6 pacckazaHo Bce, YTO HEOOXOAMMO 3HATh 00 3TOW ommMOKe, B
TOM YHCJIC U CTIOCOOBI €€ MPEOI0ICHUS.

 MWurepBanbHasg BeTraBKa. Bo Bcex cTaHIapTHBIX MOCIEAOBaTENbHBIX KOHTEHHEpax
NPUCYTCTBYET cleaytonas Gopma insert:

void koHTerHep::insert (iterator position, // Tosuumsa BCTaBKU

InputIterator begin, // Hauajo uHTepBaja
InputIterator end); // KoHel uHTepBasa

ACCOI_II/IaTI/IBHBIG KOHTCfIHCpLI OIIpCAC/IAIOT ITO3MLHI0O BCTABKHW IIpU ITOMOIIA COOCTBEHHBIX

GbyHKIUN cpaBHEHHUS, IO3TOMY B HUX NPEyCMOTpPEHAa CUTHATYypa 0e3 mapaMeTpa position:
void koHTerHep::insert (Inputlterator begin, Inputlterator end);

PaccmarpuBass BO3MOXKHOCTH 3aMEHBI OJHOARJIEMEHTHBIX BBI30BOB insert WHTEPBaIbHBIMU
BEpCHUSIMU, HE 3a0bIBAlTE, YTO HEKOTOPHIE OJHOAJIEMEHTHBIE BAPUAHTHI MACKUPYIOTCA IMOJ APYTUMU
uMmeHamu. Hampumep, push front u push back 3aHOCAT B KOHTEWHEp OTIACIBHBIN AJIEMEHT, XOTsI B UX
Ha3BaHWU OTCYTCTByeT cJoBO insert. Eciam B mporpamme BCTpedaeTCs IMKIMYECKUN BBI30B
push_front/push back wnu anroputm (Hampumep, copy), KOTOpOMY B Ka4eCTBE MapaMmeTpa mnepeaacTcs
front inserter wmim back inserter, mepen BamMW TOTEHIMAJIBHBIA KaHAWAAT [JJIsi TPUMCEHEHUS
UHTEpBaJIbHOMN (OpMBI insert.

* UutepBasibHOe ynajeHnue. MHtepBanbHas Qopma erase CyHMIECTBYET B Ka)JOM CTaHIAPTHOM
KOHTEHHEpEe, HO THUIIBI BO3BPAllA€MOr0 3HAYEHUS OTJIMYAIOTCA JUISl TOCJIEI0BaTEIbHBIX U
aCCOLIMAaTUBHBIX KOHTEMHEPOB. B mocinenoBaTenbHbIX KOHTEHHEPAX UCIIOIb3YETCS CICAYIOIMU BApUAHT
CUTHATYPBHI:

iterator koHTeyHEp::erase (iterator begin, iterator end);

B acconuaTUBHBIX KOHTEHEpPAX CUTHATYpPA BBITJISIUT TaK:

void koHTerHep::erase (iterator begin, iterator end);

Yem o00ycnmoBieHbl pa3nudusa’? YTBEp)KIaeTcs, YTO B acCCOIMAaTHBHBIX KOHTEHHEpax BO3Bpar
uTeparopa (s dJIEMEHTa, CICAYIOMIETO 3a YIAJICHHBIM) MpUBEN Obl K HEMPUEMIEMOMY CHUKCHHIO
ObICTpOACHCTBUSA. MHE U MHOTHM JPYTUM 3TO YTBEPKICHUE KAXKETCS COMHUTENIbHBIM, HO CTaHaapT
ectb CTaHJapT, a B HEM CKa3aHO, YTO BEPCHUU erase MJIA MOCIEAOBATEIBHBIX M aCCOLMATUBHBIX
KOHTEHHEPOB 00J1a/1al0T pa3HBIMU THIIAMH BO3BPAIA€MOTO 3HAYCHU.

MHoroe 13 TOro, 4To TOBOPUJIOCH B 3TOM COBETE MO MOBOAY 3P (HEKTUBHOCTU insert, OTHOCUTCS
U Kerase. VHTepBambHas (opMa erase TaKKE COKpAIIAeT KOJIMYECTBO BBI3OBOB (YHKIHH 10
CPaBHEGHHIO C OJHO3JIEMEHTHOW (opMmoii. I[lpu OmHOPIEMEHTHOM YHIAJICHUH DJJIEMEHTBHI TOXE
CIABUTAIOTCS Ha ONHY MO3MIIUI0 K CBOEMY MTOTOBOM MO3UIIMH, TOTAA KaK B MHTEPBAJILHOM BapUaHTE
KaX/JIbIil 3JIEMEHT MEPEMEIIAETCS K UTOMOBOM MO3UIIMU 32 OJHY OIEepPAIUIO.

Ho erase He mnpucym TakoM HEIOCTAaTOK insert  KOHTEUHEPOB vector H string, Kak
MHOTOKparHble BbIACICHUS TaMATH (KOHEYHO, JUIsi €rase pedb IMOWJAET O MHOTOKpaTHOM
oceobooicoenuu). Jleno B TOM, 4YTO IaMsThb, 3aHUMaeMmas vector M string, aBTOMAaTUYECKHU
YBEJIMYUBAECTCS JIJIi HOBBIX JJIEMEHTOB, HO MPH YMEHBIICHHMU KOJIUYECTBA JJIEMEHTOB MaMATh HE
ocBoOOXkaeTcs (B coBeTe 17 pacckazaHo O TOM, KaK YMEHBIIIMTH 3aTparhl OCBOOOIUBIICHCS TTaMSITH B
vectorllstring)

K unciy 0co6eHHO BaKHBIX aCIIEKTOB HHTEPBAIHHOTO yJAaJICHUS OTHOCUTCS UMOMA erase-remove,
omnucaHHas B coBeTe 29.

 HuTepBasibHOe mnpucBamBaHue. Kak ymoMuHalIOCh B CaMOM Hadajle COBETa, BO BCeEX

MoCJIeI0BaTEIbHBIX KOHTEHHEpaxX NpelyCMOTpEeHa HHTEepBaIbHasA opMa assign:
void koHTerHep::assign (Inputlterator begin, Inputlterator end);



HTak, MBI pacCMOTpENd TPU BECKUX apryMEeHTa B MOJIb3Yy MPUMEHEHUS MHTEPBAIBHBIX (PYHKITHMA
BMECTO WX OTHOAJIEMEHTHBIX aHanoroB. MHTepBaibHBICE (YHKIHMU obOecrmedmBarOT Oojee MPOCTYIO
3amuch, OHU OO0JIEE YETKO BBIPAKAIOT Ballli HaMEpeHUS U 00JamaroT 0ojiee  BBICOKHM
obicTpozeiicTBueM. [IpoTuB 3TOro TPyAHO YTO-TMOO BO3PA3UTh.



Coset 6. OcTeperaurech CTpAHHOCTEH JIEKCHYECKOro pazoopa C++

Hp@I[HOJIO)KI/IM, Y BaC HMCCTCA (baﬁn, B KOTOpBIfI 3allMCAaHbl YHUCJIa THUIIA int, U BBl XOTHUTC
CKOIIMPOBATb 3THU YHCJIA B KOHTefIHep list. Ha HCpBBIﬁ B31TIA CICAYIOMICC PCHICHUC BBIITIAAUT BIIOJIHC

pasyMHO:
ifstream dataFile("ints.dat");
list<int> data(istream iterator<int>(dataFile), // BHumaHme! 3DTa cTpoka
istream iterator<int>()); // paboTaeT He Tak, Kak

// BH mOpennojaraim

Wnes npocra: nepenarb napy istream iterator HHTEPBAJIbHOMY KOHCTPYKTOPY list (COBET 5),
MOCJIE Yero CKOMMUPOBATh YKciia U3 ¢aiiiaa B CIUCOK.

[IporpamMma OyaeT KOMIUIUPOBATHCS, HO BO BpEeMsl BHIOJHEHUSI OHA HUYEro He caenaer. OHa He
IMpo4YnuTaCT AAHHBIC U3 (bafma. Omna AaKC HC CO31aCT CIIMCOK — a BCC IIOTOMY, YTO BTOpasdA KOMaH/da HC
OOBSIBIISIET CIIMCOK M HE BBI3BIBAET KOHCTPYKTOP. BMecTo 3Toro ona... [Iponsoiiner HeUTO HACTOIBKO
CTPAaHHOC, UYTO A aKC HC PUCKHY IIPAMO CKa3aTb 06 9TOM, IOTOMY YTO Bbl MHC HC ITOBCPHUTC. Bwmecto
3TOTO s TONPoOyI0 OOBSICHUTH CYTh Jiea MOCTENEHHO, mar 3a maroM. Hanerocs, Bel cunute? Ecnu HeT
— JIy4Ille TOUIMTE CTYII. ..

Haunem c a3zoB. Crnexmyromasi komMaHna oObBsBIAeT (YHKIHUIO £, KOTOpas MOJNyd4aeT double H
BO3BpAACT int:

int f (double d);

To >xe camoe MPOUCXOTUT U B cieayroniel ctpoke. Kpymibie ckoOku BOKpYr UMEHH mapamerpa d
HC HY)KHBI, IIOOTOMY KOMITUJIATOP UX UTHOPUPYCT!

int f (double(d));// To xe,- KpyIJiEHE CKOOKM BOKPYI d MIHOPUPYIOTCSH
PaccmoTpuM Tpetuil BapuaHT OOBSBICHUSA TOU ke (QyHKIMU. B HeM mpocTo He ykazaHO UMS
rapamerpa:

int f (double);// To xe; mMa HapaMeTpa He yKas3aHO

BepositHo, 3T Tpu (HOpMBI OOBSBICHUS BaM 3HAKOMBI, XOTS O BO3MOKHOCTHU 3aKJII0YaThb MMEHA
napamMeTpoB B CKOOKM U3BECTHO JIaJIEKO HE BCEM (10 HEITaBHETO BPEMEHHU 5 O HEll He 3Hal).

Tenepr paccmoTpuMm emie Tpu oOBsBICHUS (GyHKIUU. B mepBoM 00bsABIsSETCS (QYHKIUA g C

nmapamMeTpoM — yKazareiaeM Ha (QYHKIIMIO, KOTOpas BBI3BIBAETCS 0O€3 MapaMeTpoOB W BO3BpAIlACT
double:
int g(double (*pf) ()); // dyHkuUMM g HepemaeTcd yKas3aTesyb Ha OOYyHKLMO

To xe camoe MoxHO chopMyaupoBaTh U WHa4Ye. ENMHCTBEHHOE pa3IMYMe 3aKJIF0UaeTCs B TOM,

4TO pf OOBSABISAETCS B CUHTaKcuce 0e3 ykazarenei (qomyctuMoM Kak B C, Tak u B C++):

int g(double pf()); // To xe; pf HeABHO MHTEpPNPETUPYETCS KaK yKasaTeJb

Kak 0OpyHO, MMEHa MapamMeTpoB MOTYT OIYCKAaTrbCs, MOATOMY BO3MOXEH U TPETHH BapHaHT
oOBsIBIICHUS g 0€3 yKa3aHUsI HMCHH pf:

int g(double());// To xe: uMA HapaMeTpa He yKas3aHOo

OOparuTe BHHMMaHUE Ha pa3IUuUd MEXAY KPYIIBIMH CKOOKaMH 60Kpye uMeHu napamempa
(HampumMmep, mapaMeTpa d BO BTOPOM OOBABICHUHU f) U crmoAwuMu omoenbHo (KaKk B 3TOM MpUMepe).
Kpyribie ckoOku, B KOTOpBIE 3aKJII0YEHO UMS [TapaMeTpa, UTHOPUPYIOTCS, a KPYIIIble CKOOKH, CTOSIIIHE
OTJIeJIbHO, 0003HAYAIOT MPUCYTCTBUE CIKMCKA apaMeTPOB; OHU COOOIIAIOT O MPUCYTCTBUU MapameTpa,
KOTOPBIH SABJISIETCS YKa3aTeJaeM Ha (QYHKIIHIO.

[locne HEOONBINON pasMUHKH C OOBSBICHUSAMH f M g MBI BO3Bpam@aeMmMcs K (parMeHTy, C
KOTOPOT0 HAaYMHAETCA 3TOT coBeT. Huke OH nMpuBOINTCS CHOBA:!

list<int> data(istream iterator<int>(dataFile), istream iterator<int>());

JlepxuTech ¥ TOCTapaliTech He ymacTh. Ilepen BaMu oOBABIECHNE (hyHKYUU data, BO3BPAIIAONICH
TN list<int>. @YHKIHS data MMOJy4YaeT JBa lapaMeTpa:

 IlepBbli mapaMmeTp, dataFile, OTHOCUTCA K THUIY istream iterator<int>. JInIHME Kpymisie



CKOOKHU BOKPYT dataFile HTHOPUPYIOTCS.

* Bropoii mapamerp He mmeeT uMeHH. OH OTHOCHTCS K THITY yKa3arels Ha (PyHKIHIO, KOTOpas
BBI3BIBACTCS O€3 MapaMeTPOB M BO3BPAIACT istream iterator<int>.

JIro6ombITHO, He mpaBaa mu? OMHAKO Takas HHTEPIPETAINS COOTBETCTBYET OHOMY M3 OCHOBHBIX
npaBunn C++: Bce, YTO MOXKET HMHTEPIPETUPOBATHCS KaK YKazarelnb Ha (QYHKIHIO, JOJDKHO
WHTEPIPETUPOBATHCSI UMEHHO TakK. Kakaplii mporpaMMuCT ¢ ombIToM paboTsl Ha CH++ BeTpedancs c
TEMU WM WHBIMU BOTUIOIICHHUSMU 3TOTO TpaBmiia. CKOIBKO pa3 Bbl BCTPEUAIHCH C TAKOW OIMMOKOM:

class Widget{...}; // Ilpemnonaraetrcs, uro y Widget
// mMMeeTCss KOHCTPYKTOP IO YMOJIYaHUIO
Widget w(); // Kakas HENpPUATHOCTH...

BMecTo 00bekTa Ki1acca Widget C MMEHEM w B 3TOM (parMeHTe OObsIBIACeTCS PYHKIUSA w, KOTOpas
BbI3bIBAETCSl 0€3 MapaMeTpoOB M BO3BpALIACT Widget. YMEHHE paclo3HaBaTh MOAOOHBIC <JIAMBD) —
INpU3HAK XOopollel KBanupukanuu nporpammucta C++.

Bce 310 mo-cBoeMy MHTEPECHO, OAHAKO Mbl HUCKOJIBKO HE TPUOIU3MINCH K TOCTaBICHHOM LIENu:
WHULMATU3UPOBaTh OOBEKT list<int> cOAEpkKUMBIM (aina. 3aTro Temepb Mbl 3HAeM, B YeEM
3aKJII04aeTcsl CyTh MPOOJIEeMbl, U JIETKO cipaBuMcs ¢ Hell. OObsaBIeHUsS (POpMANIbHBIX TapaMeTpPOB HE
MOTYT 3aKJII0YaTbCsl B KPYIIble CKOOKM, HO HUKTO HE 3alpelaeT 3aKIIOuUTh B KPYIVIble CKOOKHU
apryMeHT TpH BbI30BE (YHKIMU, IOITOMY TMPOCTOE AO00ABICHHE KPYIIBIX CKOOOK IOMOXKET

KOMHI/IJ'IHTOpy YBI/IIIGTB HpOI/ICXOI[HHICG 1101 HYXHbIM er'IOM 3p€HI/IHZ
list<int> data((istream iterator<int>(dataFile)), // OOpaTure BHMUMaHUE
istream iterator<int>()); // Ha KpyIJbe CKOOKU
// BOKpPYT NEPBOTO apryMeHTa
// xoHCTpykTopa list

Nmenno Tak cruenyer OOBSBIATH  JaHHbIE. YUHUTHIBAs MPAKTUYECKYIO  MOJIE3HOCTh
istream iterator U HHTEPBAIBHBIX KOHCTPYKTOPOB (COBET 5), 3TOT IPUEM CTOUT 3alIOMHUTb.

K coxanenuto, He Bce KOMIMJIATOPHI 3HAIOT 00 3ToM. M3 HECKOJBKHX MPOTECTUPOBAHHBIX
KOMIIUJISITOPOB TOYTH MOJOBMHA COIAIllANIach TOJBKO HA HenpasuibHoe OObSBICHUE data 0e€3
JOTIOJTHUTENBHBIX KPYIIbIX CKOOOK! UTOOBI yMHpPOTBOPUTH TAaKHME KOMIIMIIATOPHI, MOKHO 3aKaTHTh
a3a W BOCIIOJIB30BaTbCsl HEBEPHBIM, Kak ObUIO TOKA3aHO BbIIE, OOBSIBICHHEM data, HO 3TO
HEIAIBHOBUIHOE U IIJIOXO IEPEHOCUMOE PEIICHHUE.

bonee rpaMOTHBIN BBIXOJ 3aKJIIOYAETCA B TOM, YTOOBI OTKAa3arbCsi OT MOJHOIO HCIOJIb30BaHUS
AHOHUMHBIX OOBEKTOB istream iterator TPU OOBSIBICHUH data U MPOCTO MPUCBOUTH ISTUM

uteparopaM umeHa. Cneayronmii ¢parMeHT paboTaeT Bcera:
ifstream dataFile("ints.dat");
istream iterator<int> dataBegin(dataFile);
istream iterator<int> dataEnd;
list<int> data(dataBegin.dataEnd) ;

HmeHoBaHHbBIE OOBEKTHI UTEPATOPOB MPOTUBOPEYAT CTAHAAPTHOMY CTHIIIO MPOTPAMMHPOBAHUS
STL, Ho 3aro Bama mporpamMma OyIeT OIHO3HAYHO BOCHPUHUMATHCA KaK KOMIUJISTOpAMH, TaK U
JI0JbMU, KOTOPBIE C HUMU PabOTaloT.



Cosert 7. Ilpu MCno/Ib30BAHUM KOHTEHHEPOB YKa3aTeJ e, 115l
KOTOPBIX BbI3BIBAJICS ONEPATOP hew, He 3a0yabTe BhI3BATh delete 115
yKa3aTeJeH nepex YHMYTOKeHUEM KOHTelHepa

Konreitnepst STL ortnuyatorcs yMoM U co00pa3uTeNnbHOCThIO. OHU MOAACPKUBAIOT UTEPATOPHI
Ui mepedopa Kak B MPSIMOM, TakK U B 00OpaTHOM HarpaBjieHuU (begin, end, rbegin U T.J1.); OHH MOTYT
COOOIMTh THUM XPAHALMXCS B HUX OOBEKTOB (value type); OHHM BBIIOJHSIOT BCE HEOOXOAMMBIC
olepaluy YOpaBICHUS NaMIThI0 NMPU BCTAaBKE M YJAJICHUU; OHU COOOIIAIOT TEKYIIee KOJIUYECTBO
AJIEMEHTOB U MAKCHUMAJIbHYI0 BMECTUMOCTD (size M max_size COOTBETCTBEHHO); U, KOHEYHO K€, OHU
aBTOMATHUYECKH YHUUTOXKAIOT BCE XpaHSIMeECs B HUX OOBEKTHI PU YHUUTOXKEHUH CAMOTO KOHTEHHepa.

PaGotast ¢ TakMMu MHTEJUIEKTyaJbHbBIMM KOHTEHMHEpPAMHU, MHOTHME MIPOrPaMMHUCTBI BOOOIIE
3a0BbIBAIOT 0 HEOOXOIMMOCTH «IIPUOPATH 32 COOOM» U HAZICIOTCS, YTO KOHTEHHEP BBIMOJIHUT 32 HUX BCIO
rps3HyI0 paboty. Hepeako Mx oXuaaHus ONpaBAbIBAIOTCS, HO €CIIM KOHTEHHEDP COACPKUT yKasamenu
Ha OOBEKTHI, CO3[JaHHbIE ONEPATOPOM new, ITOTO HE IPOUCXOTUT. PazymeeTcs, KOHTEHHEp yKa3arenen
YHUYTOXKAET BCE XpaHAINMECHd B HEM JJIEMEHTHl IPU YHUYTOKEHUM CaMOIrO KOHTEHMHEpa, HO
«ZIECTPYKTODP» yKa3aTesss Hu4ero He genaet! OH He BBI3BIBAET delete.

B PE3YIbTATC IIPH BBIIOJHCHHUHU CJIICAYIOICTO (bparMeHTa BO3HHKACT YyITCYKa PCCYPCOB!:
void doSomething () {
vector<Widget*> vwp;
for (int i=0; i<SOME MAGIC NUMBER; ++i) vwp.push back(new Widget);
// VCHOJBb30BATH VWP
} // Bmeck npoucxomuT yTeuka Widget!

Bce aeMeHThl vwp YHHUTOXKAIOTCS TP BBIXOAE vwp M3 00JIaCTH BUAMMOCTH, HO 3TO HE U3MEHSIET
TOro (akTa, 4To delete HE BBI3BIBACTCS AJII OOBEKTOB, CO3/JaHHBIX OMEPATOPOM new. 3a yAAJICHHUE
TaKuX DOJEMEHTOB OTBEYaeT MPOrpaMMHUCT, a He KoHTehHep. Tak Obuto 3amymano. Toibko
IIPOrPAMMMCT 3HAET, HYHCHO J1U BBI3BIBATDh delete JUIS ITUX YKa3aTEICH.

OObBIYHO 3TO NenaTh HY)KHO. Ha mepBbIii B3I pellieHNUE BHITIISIIUT TOBOJIBHO MPOCTO:
void doSomethng () {
vector<Widget*> vwp;
// Kax npexne
for (vector<Widget*>::iterator = vwp.begin(); i '= vwp.end(); ++i)
delete *i;

}

Takoe pemenue paboTaeT, e€cilivd HE MPOSBISITE 0CO00H pPa3ObOPUMBOCTH B TPAKTOBKE ITOTO
NOHATHS. Bo-TiepBbIX, HOBBIA IHUKJI for JENaeT MPUMEPHO TO XK€, YTO U for each, HO OH HE CTOJb
HarsageH (coBeT 43). Bo-BTopeix, 3TOT KOm HeOe3omaceH MO0 OTHOINCHWIO K HCKIoYeHUsM. Ecnu
MEXJy 3aloJHEHHEM vwp YKa3aTeIsIMU M BBI30BOM delete MPOM3O0MIIET HMCKIIOUEHHE, I3TO CHOBA
NpHUBENET K yreuke pecypcoB. K caacTrio, ¢ 06euMu mpoOaeMamMu MOYKHO CIIPaBUTHCA.

YToObl OT for each-MOAOOHOrO IMKJIA MEPEHTH HEMOCPEICTBEHHO K for each, HEOOXOIMMO
npeoOpa3oBarh delete B 00BEKT (GyHKIMHU. C 3TUM CIpaBUTCS Jake peOCHOK — €CJIi, KOHEYHO, BBI

HaiieTe peOeHKa, KOTOPbIi 3axo4eT Bo3uThes ¢ STL:
template <typename T>

struct DeleteObject: // B coBere 40 mokas3aHo,
public unary function<const T*, void> { // 3aueM HYXHO HacJleIOBaHME
void operator () (const T* ptr) const {

delete ptr;
}
b
Tenepb CTAaHOBUTCA BO3MOXHBIM CJICAYIOLICC:!



void doSomething() {
//CM. paHee
for each(vwp.begin(), vwp.end(), DeleteObject<Widget>());
}

K coxxanenuio, BaM MPUXOAUTCS yKa3bIBaTh TUI OOBEKTOB, YAANIEMbIX DeleteObject (B JAHHOM
npuMepe Widget), a 3TO pa3ApaxaeT, vwp MPEIACTABISICT CO00M vector<Widget*> — pazymeemcs,
DeleteObject OyIeT yaansTh yKazaTenu Widget*! [1oqoOHbBIE U3IUIIECTBA HE TONBKO pa3pakaroT, HO
U TPUBOIAT K BO3HUKHOBEHUIO TPYAHO OOHApYKUMBIX onmoOok. JlomycTum, KTO-HHOYIh IO
CIIy4alHOCTH OOBABISET KJIacC, MPOU3BOAHBIN OT string:

class SpecialString: public string{...};

OTO pHUCKOBAaHHO, IOCKOJBKY string, KaK WM BCE CTaHAAapTHbIE KOHTeHHepbl STL, He mmeer
BUPTYaJIbHOTO JECTPYKTOPA, a OTKPHITOE HACJIEJIOBAaHUE OT KJIACCOB 0€3 BUPTYaJIbHOTO JECTPYKTOpa
OTHOCUTCS K 4HCIy OCHOBHBIX TaOy C++. IlompoOHOCTH MOKHO HATH B JIOOOW XOpOIIEH KHUTE IO
C++. (B «Effective C++» unmre B coBete 14.) 1 Bce ke HEKOTOpPbIE MPOTPAMMUCTBI MOCTYMAIOT

noJ00HBIM 00pa3oM, MOATOMY AaBaiiTe pazdepemcs, Kak OyeT BeCTH ceOsl CIeIyIoImMil KOA:
void doSomething () {
deque<SpecialString*> dssp;
for each(dssp.begin(), end(), // Hemnpenckasyemoe mnoBeneHme! YpajeHue
DeleteObject<string>()); // TmpouM3BOOHOTO OOBEKTa uUepes yKal3aTelb
// Ha 6as30BHIM KJIACC IPY OTCYTCTBUU
// BUPTYyalbHOTO IEeCTpyKTOopa

}

OOparute BHUMaHHE: dssp OOBSBIAETCS KaK KOHTEHHEP, B KOTOPOM XpaHSITCS yKazaTeiau
SpecialString*, HO aBTOp MHHKIA for each COOGH@GTDeleteObject, yTO OH 6yner YAQIATh
yKazarenu string*. [loHsTHO, OTKyma Oepyrcs momoOHble ommoOku. [lo cBoemy moOBeneHHIO
SpecialString UMEET MHOTO OOIIETro CO string, HOITOMY KJIMEHTY JIETKO 3a0bITh, YTO BMECTO string
OH HUCIIOJIB3YCT SpecialString.

Y1o6bl ycTpaHUTh OHIMOKY (2@ TakXke COKparuTh o0beM pabOThl [l KIMEHTOB DeleteObject),
MOXHO IPEJOCTABUTh KOMIIMJIATOPY BO3MOXHOCTh BBIYMCIUTh THI YKa3aHUs, IEPEIaBaeMOro
DeleteObject::operator (). BCC, 4qTO MJIAd 3TOI'O0 HY)XKHO, — IICPCMCCTHUTD OIIPCACICHUC ma0JIoHa U3
DeleteObject B operator ():

struct DeleteObject{ // YOpanu omnpenejeHue mabiioHa
// n Bas0BHIN KJACC
template<typename T> // Onpemejenue mabjoHa
void operator () (const T* ptr) const {
delete ptr;

}
b7
Komnunarop 3HaeT TUI ykasarens, NepedaBaeMoro DeleteObject::operator (), MHO3TOMY MBI
MOXEM 3aCTaBUTh €ro0 aBTOMAaTHYECKU CO3JaTh IK3EMIUISIP operator () JJIA 3TOrO THIA yKa3arels.
Henocrarok mogo0HOro croco0a BBIYMCICHUS THUIA 3aKIIOYAETCS B TOM, YTO MBI OTKa3bIBaeMCs OT
BO3MOXHOCTHU CHENaTh OOBEKT DeleteObjectagantupyeMbiM (coBeT 40). Bonpouewm, eciau y4decTh, Ha
KaKo€ MPUMEHEHUE OH PAaCCUUTAaH, BPAJI JIU 3TO MOKHO CUMTATh CEPbE3HBIM HEIOCTATKOM.

C HOBOI1 BepcUel DeleteObject KOJ KIMEHTOB SpecialStringBbINISAUT TAK:
void doSomething () {
deque<SpecialString*> dssp;

for each(dssp.begin(), dssp.end(),
DeleteObject ());// UYeTko omnpemejieHHOE MHOBemOeHUE

}
Taxoe pelenre NpSIMOTUHEHHO U 6€30MACHO MO OTHOIICHUIO K THUIIaM, YTO U TPeOOBaJIOCH.
OnHako 0e30MacHOCTh MCKIIOUEHUM Bce ele He NOoCTUrHyra. Ecium uckiroueHue mpous3oitaer



IIOCJIE CO3JAaHUS SpecialStringOIEPATOPOM new, HO IIEPEN BBI3OBOM for each, CHOBA IPOU30MIET
yreuka pecypcoB. [IpobneMa permaeTcs pasHbIMH CIOCOOAMH, HO TPOCTEUINHI BBIXON 3aKJIFOUAETCS B
nepexoyie OT KOHTEWHepa ykaszareled K KOHTEHHepy ymuwix ykazameneii (0OBIYHO 3TO YyKa3aTellu C
MOJICYETOM CChUIOK). Ecnu BbI HE3HAKOMBI ¢ KOHIIEMIIMEH YMHBIX yKas3arejen, oOpaTtutech K Jr000MH
kaure no C++ g nporpaMMHICTOB CpeIHEro YpoBHS U onbITHBIX. B kHure «More Effective C++» ator
Marepuanl IPUBOJUTCS B COBETE 28.

bubnuorexa STL He comepXUT YMHBIX yKa3areliel ¢ MOACUYEeTOM CChUIOK. Hamucanue xopoiuero
YMHOTO YyKa3arelns (TO eCTh Takoro, KOTOpbI Obl Bcerga MpaBuiIbHO paloTan) — 3ajadya HE U3
IPOCTHIX, U 3aHUMATHCS €10 CTOUT JIMIIb B Cly4yae KpaiHeill HeoOXomuMocTH. S mpuBeN KOA YMHOTO
ykazarens ¢ mnoacuetoMm cchliok B «More Effective C++» B 1996 roay. Xots kox ObUT OCHOBaH Ha
XOpOLIO M3BECTHOM pealu3aluy YMHOTIO yKa3arels, a Iepelx U3JaHUEM KHUTH Marepuall TIIATEIbHO
MPOBEPSJICS OMBITHBIMM MPOrPaMMHUCTAMM, 3a OTH ToAbl ObUIO HANJAEHO HECKOJIbKO OIIMOOK.
KonuyecTBO HeTpuBHAIBHBIX COOEB, BO3ZHUKAIOUMX HpPH IOACYETE CCHUIOK B YMHBIX yKa3aTelsx,
IPOCTO HEBEPOSATHO (32 MOIPOOHOCTAMHU OOpalaiiTeCh K CIUCKY OMEYaTOK U MCIPABICHUN AJI KHUTU
«More Effective C++» [28]).

K cuactbio, BaMm Bpsiji Jin IPUAETCS CO3/1aBaTh COOCTBEHHBIE YMHBIE yKa3aTelH, OCKOJIbKY HalTH
IIPOBEPEHHYIO peEalu3alMI0 HE TakK CH0XHO. IIpuMepoMm CiyKuUT yKaszarenpb shared ptr U3
oubmuorexu Boost (coBer 50). Ucnonb3ysd shared ptr, MOKHO 3alHUCaTh UCXOIHBIM MPUMEp TaHHOTO

COBCTAa B CJICAYIOLICM BHU/JIC:
void doSomething () {
typedef boost::shared ptr<Widget> SPW; //SPW = "shared pointer
// to Widget"
vector<SPW> vwp;
for (int i=0; i<SOME MAGIC NUMBER; ++1i) //CosmaTe SPW no Widget*
vwp.push back (SPW (new Widget)); //wn BE3BaThL push back
. //VIcionb30BaTE VWP
} //Yreuku Widget He mnpoucxomut.
//naxe ecnu B HOpennuyimeMm bparMeHTe
//Opou30MOeT MUCKINUEHNE

Huxozoa He cnemyet moisararb, 4YTO aBTOMAaTHYECKOE ynajeHUE yKaszarelied MOXXKHO 00ecleyuTb
CO3JaHUEM KOHTENHEpa, CONEPXKAIUETO auto ptr. OJTa KOIIMapHas MBbICIb YpeBara TaKUMU
HETPUATHOCTSAMMU, UTO 5 IOCBIITUI €11 COBET 8.

['maBHOE, 4TO HEOOXOMMMO 3aOMHUTH: KOoHTeiHephl STL pa3yMHbI, HO OHU HE CMOTYT PEUIUTb,
HY)KHO JIU yAAQJIATh XpaHsSIIMecs B HUX yKazarenu. UToObl m30exarh yreuku pecypcoB mpu padoTe ¢
KOHTEHHEepaMu ykasarejeh, HeoOXomuMo OO0 BOCIOJIB30BaThCS OOBEKTAMHM YMHBIX YKaszareleu ¢
MOJCYETOM CCBhUIOK (TaKMMHU, KakK shared ptr U3 OuOnnorexku Boost), nubo BpydyHYIO YIAIUTH
KaXX/JIpIi yKa3aTeJb IPY YHUYTOKEHUU KOHTEUHEPA.

HanpanmBaercst cienyromas MBICIb: €CIU CTPYKTYpa DeleteObject IOMOIAaeT CIPABUTHCS C
YTEUKOM pecypcoB i KOHTEHHEpPOB, COAEpX AIMX yKa3zaTedun Ha OOBEKTBl, MOXKHO CO3/aTh
aHAJOTUYHYIO  CTPYKTYPY DeleteArray, KOTOpass TIOMOXET H30eXaTb YTEYKH PECypcoB s
KOHTEHMHEPOB C yKaszareJsiMH Ha MaccuBbl. KoHeuHO, Takoe pemeHue eozmoodcro. [Ipyrou Bompoc,
HaCKOJIbKO OHO pa3yMHO. B coBete 13 nokaszaHo, moueMy AMHAMHYECKH Pa3MEILIAEMbIE MAaCCUBBI IOUYTH
BCCTra YCTYHAIT vector H string, IMO3TOMY IMPECKIAC YEM CAaIUTHCA 3a HAIIMCAHUC DeleteArray,
noXkanyicra, npountaite coseT 13. Moxer ObITh, OH yOEAUT Bac B TOM, YTO Jydile OOOWTHUCH Oe3
DeleteArray.



Coser 8. Hukoraa He co3aaBaiiTe KOHTEHHEPDI, COAEPKALIUAE
auto ptr

YecTHO roBOps, B KHUTE, MOCBSIEHHOW 3(Q(deKTUBHOMY Hcnoab30Banuio STL, naHHBIA COBET HE
coBceM ymecteH. Konreiinepol auto ptr (COAP, Containers Of Auto Ptr) 3anpemensl, a mporpamma,
KOTOpasi MOMBITA€TCSI UX MCIOJb30BaTh, HE OyIeT KOMOUIMpoBarhcsi. KOMUTET Mo cTaHmapTU3aluu
C++ npunoxusl HeclbIXaHHbIE YCUJIUSI B 3TOM HampaBleHHH. Bo3MOXHO, MHE BOOOIIE HE CTOMIO Obl
TOBOPUTh O KOHTEWHEpax auto  ptr — O HUX BaM PACCKAKET KOMIMWIATOP, MPUYEM B CaMbIX
HEJIECTHBIX BBIPAXKEHUSIX.

OnHako MHOTHE NpOorpaMMHUCThl paboraroT Ha miaardpopmax STL, na koropeix COAP He
3ampenieHbl. bonee TOro, MHOrMe MpoOrpaMMHCTBI NO-IPEKHEMY IOABEPKEHBl WJUIFO3UM U BUIAT B
COAP mpoctoe, npsmonuHeitHoe, 3¢ (PpeKTUBHOE CPeaCTBO sl OOPHOBI C YTEUKOW PECypCOB, 4aCTO
npucylie KoHTelHepaM ykazarened (coBetbl 7 u 33). B pe3ynbrare BO3HUKAET MCKYIICHUE
Bocmolib30BaThesl COAP, make eciii UX HEBO3MOXKHO CO3/1aTh.

Bckope s oOmsicHio, moueMmy COAP mpoumsBenu Takod mepenosniox, uto Komurter 1o
CTaHJIapTHU3aLMHU MPEANPUHSIT CHEHUAIBHBIE IIATM MO MX 3alpEelCHHUI0. A MOKa HAaYHEM C MEPBOrO
HEJ0CcTaTKa, i1 MOHUMaHUs KOTOPOTO HEe HYXHO pa30uparbcsi B auto ptr M BOOOIIE B KOHTEHHEpax:
COAP ne neperHocumsl. [la u kak MmoxeT ObITh HHa4Ye? OHM 3anpelieHsl ctangaptrom C++, u Haubomee
nepeaosblie miardopmbl STL yke BBIMOTHAIOT 3TO TpeboBaHue. BeposaTHO, co BpeMeHeM MiIar(opMbl
STL, xoTopble celyac HE CcOOTBETCTBYIOT CTaHAapTy, BBIIOIHAT €ro TpebOoBaHusd. Korma 3To
NpPOU30UIET, MporpamMMsbl, ucnoisdytonme COAP, cranyT eme MeHee NEPEHOCHMBIMHM, YEM ceildac.
Tort, kTO 3a00TUTCS O MEPEHOCUMOCTH CBOUX Mporpamm, oTBepruer COAP xoTs Obl 0 3TOM MpUYHHE.

Bnpouem, He HMCKIIOUEHO, YTO IMEPEHOCHMMOCTb Bac HE BOJHYET. EciM 3TO Tak, MO3BOJBTE
HAllOMHHUTH 00 YHUKAJIbHOM (@ 10 MHEHUIO HEKOTOPBIX — HEJIETIOM) CMBICJIE ONepalliil KOMUPOBaHUS
auto ptr.

[Ipy KONMMPOBAHUU auto ptr MPaBO BIAJEHUS OOBEKTOM, Ha KOTOPBIA CChUIAETCS yKa3arelb,
NepexoluT K KOMHMHM, a HCXOOHOMY ykazaremo mnpucBamBaercs NULL. Jla, Bl He ONIMOJIUCH:

KONUpogaHue ykazamens auto_ptr npueooum K e2o Mooupuxkayuu.

auto ptr<Widget> pwl (new Widget); //pwl cceiaerca Ha Widget

auto ptr<Widget> pw2 (pwl); //pw2 ccrulaeTcs Ha ofOwbekT Widget,
//npuHangexamuii pwl; pwl OpKCBamMBaeTCs
//NULL (Trakum obpasoMm, obbekT Widget
//nepemaeTcsa oT pwl kK pw2)

pwl = pw2; //pwl cHOoBa ccrulaeTcsa Ha Widget:

//pw2 mpuceaupaeTcs NULL

KoneuHo, Takoe moBe/ieHre HEOObIUHO U JaXke MO-CBOEMY MHTEPECHO, HO s mojb3oBarens STL
B IIEPBYIO OUEpE/Ib BAXKHO TO, YTO OHO MPUBOAMT K KpatHe HEOKHUAAHHBIM MOCIEACTBUSIM. PaccmMoTpum
BHelHe O0e300uIHbIi (parMeHT, KOTOPBIM CO3JaeT BEKTOp auto ptr<Widget> U COPTUPYET €ro

dbyHKkuMe, cpaBHuBaroIIei 3nauenus Widget:
bool WidgetAPCompare (const auto ptr<Widget>& 1lhs, const auto ptr<Widget>& rhs)
{
return *lhs < *rhs; // Illpennojaraercs, uTo anusg oObekToB Widget
// cymecrtByeT omnepaTop <
}
vector<auto ptr<Widget> > widgets; // Co3maTe BEeKTOP U 3alOJIHUTb eTro
// yxaszsarenaMmum auto ptr Ha Widget.
// TIOMHUTEe, UYTO 3TOT GparMeHT
// He OoJIXeH KOMIUIUPOBATLCS!
sort (widgets.begin(), widgets.end(), // OTcopTHUpPOBATL BEKTOP
widgetAPCompare) ;



[Toka Bce BBIISIAUT BIOJIHE PA3yMHO, 1a M C KOHIENTYaJIbHONW TOUKHU 3PEHUS BCE OelCmEUMEIbHO
pasyMHO — HO pe3ylbTar pa3yMHbBIM HMKaK HE Ha3oBelwb. Hampumep, B mporecce COPTHUPOBKH
HEKOTOPBIM YKa3aTesisiIM auto ptr, XPAHSAIMMCS B Widget, MOXET ObITh MpucBoeHO 3HadeHre NULL.
CopTupoBKa BEKTOpa MPUBOAUT K U3MEHEHHIO ero coaepxkumoro! JlaBaiiTe paz0bepemcs, Kak 3TO
IIPOUCXOJIUT.

OkasbIBaeTcs, peanu3alms sort 4YaCTO CTPOUTCA HA HEKOM Pa3HOBUIHOCTH aJIFOPUTMa OBICTPOId
copTupoBKu. PaboTa 3TOro anropuTmMa CTPOMTCS HA TOM, YTO HEKOTOPBIA 3JIEMEHT KOHTeilHepa
BBIOMPAECTCS B KaueCTBE «OMOPHOTO», IMOCJIE 4YEero IPOU3BOAUTCSA PEKYypCHUBHAs COPTHPOBKA IO
3HAYEHUSAM, OOJBIIMM U MEHBIIMM JTUOO PaBHBIM 3HAYEHUIO OMOPHOIO 3JeMeHTa. Peanuzamus Takoro

aJIropuTMa B sort MOXXCT BBIIIAACTD IIPUMCPHO TaK:
template<class RandomAccessIterator, // OObgaBieHue sort CKOIMPOBAHO
class Compare> // npsauo mu3 CraHmapTa
void sort (RandomAccessIterator first, RandomAccessIterator last, Compare comp)

// typedef onucmBaeTca HUXE
typedef typename iterator traits<RandomAccessIterator>::value type
ElementType;
RandomAccessIterator i;
.. // TpucBOouUTH 1 ykKas3aTesib Ha OIOPHHM BJIEMEHT
ElementType pivotValue(*i); // CxonmpoBaTb OIIOPHHIM BJIEMEHT B JIOKAJbHYIIO
// BpeMeHHYH INepeMeHHYl; CM. najiee KOMMEHTAapUuM.
// OcTajbHas COPTUPOBKA

}
Ecau BbI He IIPUBLIKJIA YUTATb UCXOJAHBIC TCKCThBI STL, 3TOT (1)paFMCHT BBIITIAAUT )KYTKOBATO, HO B

JIEUCTBUTEIBHOCTH B HEM HET HUYEro CTPAIHOro. HeTpuBHaibHO 34€Ch BBINIIAUT TOJIBKO 3aIIMCh
iterator traits<RandomAccessIterator>::value type, HO 3TO BCEro Julb npuHsitoe B STL
o0o3HaueHNE TUMA 00BEKTa, HA KOTOPBIM YKa3bIBAIOT UTEPATOPHI, NepeaHHble sort. [lepes cehuikoi
iterator traits<RandomAccessIterator>::value type OOJDKCH CTOATH Hpe@HKCtypename,
NOCKOJIBKY 3TO HMS THMa, 3aBUCANICE OT MmapaMmeTpa m@abimoHa (B JaHHOM — Clydae
RandomAccessIterator), — JONOJIHUTEIbHAS HH(POpMaLus npuseaeHa Ha c. 20.

[IpoGiieMbl BO3HHMKAIOT W3-3a CIEOYIOIIEH KOMAaHIbl, KOTOpas KOMUPYET DJIEMEHT U3

COPTHPYEMOTO MHTEPBAJIa B JIOKATbHBIM BPEMEHHBINA OOBEKT:
ElementType pivotValue (*i);
B nmaHHOM ciyyae 3JEMEHTOM  SBISAETCA auto ptr<Widget>, IIOATOMY B PE3yIbTare

CKOIIMPOBAHHOMY YKAa3aTello auto ptr (TOMY, KOTOPBIA XPaHUTCS B BEKTOPE) MPHCBAUBAETCSA NULL.
bonee Toro, korma pivotvalue BBIXOAUT M3 OOJACTH BUIAMMOCTH, MPOUCXOAUT aBTOMATHYECKOE
ynaneHue oOBEKTa Widget, Ha KOTOPBIM pivotvValue cchbilaeTcs. Mrak, mocie BbI30Ba sort
COACPKMMOE BEKTOpa U3MEHSAETCS U M0 MEHbIIeH Mepe OIuH O0BEKT Widget yaansercs. BenenctBue
PEKYPCHUBHOCTH ajropuTMa OBICTPOH COPTUPOBKU CYILECTBYET BEPOATHOCTH TOrO, 4YTO Cpasy
HECKOJIbKUM JJIEMEHTaM BeKTopa OyleT MPHUCBOCHO 3HAYEHHE NULL M Cpa3y HECKOJbKO OOBEKTOB
Widget OyIyT yAaJIeHbI, TOCKOJbKY OMOPHBINA 3JIEMEHT KOMUPYETCS Ha KaKJIOM YPOBHE PEKYPCHH.

[TogoGHBIEe TOBYIIKM BecbMa 370BpeHbl, 1 KOMUTET MO cTaHIapTU3ALMU OCTapacs, YTOObI BbI
3aBEJIOMO HE MONAJAIMCh B HUX. YBaXKaTe UX TPYA U HUKOIZIA HE CO3JaBaiTe KOHTEUHEPhl auto ptr,
naxke ecyu Baia rmiaatdopma STL 3To mo3Boser.

Bnpouem, 3TO BOBCE HE MCKIIOUAET BO3MOKHOCTH CO3/IaHUSI KOHTEUHEPOB YMHBIX YKa3aTEIEH.
KoHTeliHEpbl YMHBIX yKa3areseil BHoJiHE JomycTumbl. B coere 50 ommcaHo, rne HalWTH yYMHBIE
yKazarelu, Xopolio paboraroime B koHTelHepax STL, mpocTo auto ptr HE OTHOCUTCS K UX UHCITY.



Coger 9. TliaTeJIbHO BHIOUPANTE ONEPALNMIO YIAJTCHUSA

Jonyctum, y Hac umeercs ctanapTHbd KoHTelHep STL c, cogepkaimii yucia Tuna int:

KOHTerHep<int> c;

U Bbl XOTUTE YyNaJUTh U3 HEr0 Bce OOBEKTHI cO 3HaueHueMm 1963. Kak HHM cTpaHHO, croco0
pELICHHS TOM 3a/1aun 3aBUCUT OT KOHTEMHEPA; YHUBEPCAIBHOTO PEIIEHUS HE CYIIECTBYET.

J171s1 GJIOKOBBIX KOHTEHHEPOB (vector, deque WU string — CM. COBET 1) ONTUMAaJIbHBIN BapUaHT

MOCTPOEH Ha UCIOJIb30BAHUU UJIUOMBI erase-remove (COBET 32):
c.erase (remove (c.begin(), c.end (), 1963), // Uouoma erase-remove XOPOIO
c.end()); // TOOXOIMT NnJd yIOaJIeHUS DBJIEMEHTOB
// C BajaHHBIM SHaUeHMEM
// u3 kKoHTelHepoB vector, string
//n deque

[TpuBenenHoe pemieHre paboTaeT U JUIsi KOHTEHHEPOB 1ist, HO Kak OyJeT MoKa3aHo B coBeTe 44,

byHKIUS remove KOHTEWHEpa 1ist paboTaeT 3¢ (heKTuBHEE:
c.remove (1963); // ®yHKUMA remove XOPOWO MNOOXOIUT OJSA yHOaJIeHUS
// ©J1eMeHTOB C BaIaHHLHM SHAUEHMEM M3 CIOUCKa
CraHgapTHBIE acCOIMATHBHBIC KOHTEHHEPHI (TaKue KaK set, multiset, map Hmultimap) HE

HUMCIOT (I)YHKHI/II/I remove C UMCHCM remove, d UCIIOJIb30BAHUC AJITOPUTMA remove MOXKCT IIPUBCCTHU K
CTUPAHUIO DJIEMEHTOB KOHTeWHepa (coBeT 32) W BO3MOXHOW TIOpYE €ro COACpKUMOro. 3a
nopoOHOCTSIMU OOpaIaiTech K COBETY 22, IJe TakKe OOBSICHSACTCS, MOYEMY BBI3OBHI remove s
KOHTEHHEPOB map/multimap HE KOMIMWJIMPYIOTCA HUKOINA, a JJIi KOHTEUHEPOB set/multiset —
KOMITMJIMPYIOTCS B OT/ICJIBHBIX CIIyYasix.

JI1s acconraTUBHBIX KOHTEHHEPOB MPABUIIBHBIM PEIleHUEM OYAET BbI30B erase:
c.erase(1963); // ®yHKUMA erase obecHeuuBaeT ONTMMAaJIbHOE

// ymoaljieHue DSJIEMEHTOB C 3aOaHHBEM 3HAUEHUEM

// M3 CTAaHOAPTHHX ACCOLMATUBHEIX KOHTEMWHEPOB

OyHKIHS erase HE TOJBKO CIpaBisieTcs C 3afadedl, HO U H(PPEKTUBHO pemEaeT ee ¢
aorapupMUUECcKon CJI0KHOCTBIO (BBI3OBBI remove B IOCJEAOBATENIbBHBIX  KOHTEHHEpPaX
00pabaThIBalOTCSl C JUHEWHOU CIOXKHOCTHIO). boyee Toro, B accolmaruBHBIX KOHTEHHepax (yHKIUS
erase 00JaJAaET IONMOIHUTEIBHBIM IIPEUMYIIECTBOM — OHA OCHOBaHA Ha IPOBEPKE IKBUBAJICHTHOCTHU
BMECTO PaBEHCTBA (3TO BAXKHOE pa3Indyue paccMaTpuBaeTcs B coBeTe 19).

Crnerka u3MeHuM npobOiemy. Bmecto TOro 4rtoObl ymansiTh U3 C BCE€ OOBEKTHI C 3aJaHHBIM
3HaYCHUEM, JJaBalTE yIaJIUM BC€ OOBEKTHI, U1 KOTOPBIX CIEAYIOUMi npeaukar (coset 39) Bo3Bpamaet

true:
bool badValue (int x); // BosBpamaeT true s yHOaJiISeMHX OOBEKTOB
B nocnenoBareabHBIX KOHTeﬁHean (Vector,string, deque Illist) JO0CTATOYHO 3aMCHHTD

remove HA remove 1if:

c.erase (remove_if (c.begin(), c.end(), badvValue), // Jlyummii Cnocof yHMUTOXECHUA
c.end()); // 0OBEKTOB, IJII KOTOPHX
badValue

// BO3BpamaeT true, B
KOHTEeMHEepPax
// vector, string m deque
c.remove if (badValue); // OnTuMasbHEM CIOCOO YHMUYTOXEHMUA
// oBbekTOB, IJg KOTOPHX badValue
// BO3BpamaeT true, B KOHTeMHepe
// list

Co cTaHIapTHBIMU aCCOLIMATUBHBIMU KOHTEHHEPAMU JeJ10 00CTOUT nocioxkHee. CyIIeCTBYIOT JBa
peIeHns: OIHO TPOIle IporpaMMmupyercs, apyroe sddextuBHee padoraeT. B mepBom pemeHun
HY)XHbIE 3HAYCHUS KOMHUPYIOTCS B HOBBI KOHTEWHEp (QYHKIUEH remove copy, IOCJIE YEro



COAECPKUMOE IByX KOHTEHHEPOB MEHSIETCS MECTaMH:

AcconKoHTenHep<int> c;//c - OoIOMH M3 CTaHOapPTHHX

. // accouMaTUBHEIX KOHTEMHEPOB

AccornKoHTenaep<int> goodValues: // BpeMeHHHM KOHTEWHEp IJid XPaHEeHUS

// DJIEeMeHTOB, OCTaBHLMXCH IHOCJe yHaJleHuda

remove copy if(c.begin(), c.end(), // CxomnmpoBaThb OCTaBIMUECH 3BJIEMEHTEl
inserter (goodvValues, // m3 c B goodValues
goodValues.end()), badvalue);

c.swap (goodValues) ;// TlomeHsaTs comepxumoe ¢ u goodValues

Y 1nogoOGHOro peleHusT UMEeTCsl HEJAOCTAaTOK — HEOOXOAMMOCTh KOMHUPOBAHUS SJIEMEHTOB,
OCTAIONIMXCA MOCIe yaajaeHus. Takoe KonupoBaHue MOXET 000HTUCH TOPOXKE, YEM HaM XOTEJIOCh OBbl.

Ot 5TuX 3arparT MOXHO H30aBUTHCS 3a CYET HEMOCPEACTBEHHOTO YIAJIeHUs 3JEMEHTOB U3
UCXOHOTO KOHTeiiHepa. Ho MOCKOJIIbKY B acCOIMaTUBHBIX KOHTEHHEpax OTCYTCTBYyeT (GYHKIUS,
aHaJIOTUYHasl remove if, MIPUAETCS MepeOUparh BCE SJIEMEHTHI C B IIUKJIE U MPUHUMATh PELIeHHEe 00
YIQJIICHUH TEKYLIETO JIEMEHTA.

C KOHLENTyaJIbHOW TOYKM 3pPEHHs 3Ta 3aJada HECJIOXKHA, J1a U peanu3yercs oHa mpocto. K
COXKQJICHUIO, PELICHUE, KOTOPOE MEPBbIM MPUXOAUT B FOJIOBY, PEIKO OBIBAET MpPaBHIIbHBIM. BeposTHO,

MHOTHE IPOTPAMMMCTHI IIPEII0KAT CICAYIOLMI BApUAHT:
AccorKoHTenaep<int> c;

for (AcconKonrerHep<int>::iterator i=cbegin(); // HarnsanHoli, OeCXUTPOCTHHN
il=cend(); // n OomMOOYHER! KOI, KOTOPHM
++1i) | // cTupaeT BCe BJIEMEHTH C
if (badValue (*i)) c.erase(1i); // nysa koTopelx badValue

} // BO3BpamaeT true.
// He mocrymnarnTte Tak!

Beimonnenue storo ¢parmMeHTa MPUBOOUT K HEMpeICcKazyeMbiM pesynbTaram. [Ipu cTupanuu
JJeMEeHTa KOHTEWHepa BCE€ UTEparopbl, YKa3blBAIOIME Ha OTOT JJIEMEHT, CTaHOBATCSA
HEJCHCTBUTENbHBIMU. TakuM o00pa3oMm, IMOCjie BO3Bpara M3 c.erase (i) HUTEPATOp i CTAHOBUTCSA
HEJEeHCTBUTENbHBIM. JIJIs Hamero nukia 3To (aranbHO, MOCKOJIBKY MOCJE BbI30BA erase HUTEPATOp i
YBEJIMYUBAETCS (++1 B 3ar0JIOBKE IMKJIA for).

[IpoGiiema pemaeTcsi MPOCTO: HEOOXOMUMO MO3a00TUTHCSI O TOM, YTOOBI UTEPATOP MEPEBOTUICS
Ha CIEIYIOUMM BJIEMEHT C TMepell BBI30BOM erase. OJTO TMPOILIE BCEro CAeNlaTh MOCTPUKCHBIM

YBEJTUYEHUEM 1 ITPU BBI3OBE:
AccorKoHTenaep<int> c;

for (AccorKourerHep<int>::iterator i=c.begin();// TpeTbda YacTb 3aroJjiOBKa
il=c.end(); // uwukma for nycra; 1 Tenepsb
/* nycro */) { // W3MeHdgeTCd BHYTPM LUKJIA

if (badValue (*1)) c.erase(i++);// Ina ypmajngaeMbxX DSJEMEHTOB

else ++1; // mnepemaTbL erase Tekyliee

} // BHadYeHue 1 u yBEJIUUMTEL 1.
// g ocTanmmMxCsd SDJIEMEHTOB
// NpOCTO YyBEJIUUUTHL 1

HoBblil BapuaHT BBI30Ba erase pabdOTaET, MOCKOJIbKY BBIPAXKEHHUE i++ PABHO CTAPOMY 3HAUCHHIO
i, HO y Hero uMmeeTcs mobouyHbIl 3pPext — npupanienue i. Takum 06pa3om, MbI IiepesaeM crtapoe (He
YBEITMYCHHOE) 3HAYCHUE i M YBEJIIMUMBAEM i NEpe] BbI3OBOM erase. IMEHHO 3TO Ham u TpeOOBaAIOCH.
XOTsl 3TO pEMIEHHUE BBIVIAUT MPOCTO, JUIIb HEMHOTHE MPOrPAMMMCTHI MPEJIOKAT €ro ¢ NEepPBOM
MONBITKH.

[lopa caenars cnepyroumi mar. [lJoMmuMo mpocTOro ynajeHust BCEX IJIEMEHTOB, JUISl KOTOPBIX
badvValue BO3BpAlAET true, Mbl TAK)KE XOTUM PETHUCTPUPOBATH KAXKAYIO OIEPALUIO YIAJICHUS B
KypHaJe.

JIns1 acconnaTuBHBIX KOHTEHHEPOB 3a/]a4a PeIaeTcsi O4eHb MPOCTO, MOCKOIBKY OHA TPEOYyeT JIHIIb



TPUBUATILHON MOAU(DUKAIIUN CO3JaHHOTO IIUKIIA:
ofstream logFile;// ®ann xypHana
AcconKoHTenuep<int> c;

for (AcconKonrerHep<int>::iterator i=c.begin();// 3arosoBok LMKJAa OCTaeTCs
il=c.end();) { // ©e3 M3MeHeHUM
if (badvalue (*1i)) {
logFile<<"Erasing "<<*i<<'\n'; // BeiBOIm B XypHaJ
c.erase (i++);// Ymamnenue
} else ++1i;
}
Ha »toT pa3 XJIOIOTHI BO3HHMKAKT C vector, string H deque. Hcnonn3oBarh HIUOMY

erase/remove HE YNAETCS, MOCKOJBKY erase WJIM remove if HEJb3S 3aCTABUTh BBIBECTH JAHHBIE B
)KypHai. boiee TOro, BapHWaHT C UOHUKJIOM for, TOJBKO YTO MPOAEMOHCTPUPOBAHHBIA I
aCCOIMAaTUBHBIX KOHTEWMHEPOB, TOXKE HE IMOAXOAMT, MOCKOJBKY IS KOHTEMHEPOB vector, string M
deque OH MPHUBEIET K HENPEICKA3YEMBIM MOCIEACTBHUSIM. BCIIOMHUTE, UTO I 3TUX KOHTEUHEPOB B
pe3ylbrare BbI30BA erase CTAHOBATCSA HEACHUCTBUTEIBHBIMH BCE HMTEPATOPHI, YKA3BIBAIOIIME HA
yoansaemMbli 3jeMeHT. Kpome Toro, HEIECHCTBUTEIBHBIMU CTAHOBITCS BCE MTEPATOPBI nocie
YAAJIAEMOro 3JEMEHTA, B HAIIEM MPUMEPE — BCE UTEPATOPHI nocie i. KoHcTpykunu Buaa i++, ++i U
T. JI. HEBO3MOJKHBI, TOCKOJIBKY HU OJTUH U3 MOJTYyYCHHBIX HTEPATOPOB HE OYAET NCUCTBUTEIHHBIM.
CnenoBarenbHO, C vector, string W deque HYXHO JI€MCTBOBarb HWHaue. Mbl JTOJKHBI
BOCMOJIB30BaTbCsl BO3BPAlIAEMbIM 3HAUEHHUEM €rase, KOTOPOE COICPKUT HMEHHO TO, 4YTO HaM

TpeOyeTcs — JIeHCTBUTENbHBIA HWTEpPaTop, KOTOPBIM yKa3bIBA€T Ha OJJEMEHT, CICAYyIOUMH 3a
yraineHHbIM. MIHade roBops, mporpaMma BBITVISIAUT IPUMEPHO TAK:
for (IlocaKoHTeriHep<int>::iterator = cbegin(); 1 != cend(); ) {

if (badvValue(*i)) {
logFile<<"Erasing "<<*i<<'\n';

i=c.erase()); // CoxpahnsgeM IOeMUCTBUTEJLHHEN MUTepaTop i,
} // Ojg uero emy IIpMCBamMBaeTCsd 3HaUueHUe,
else ++1i; // BO3Bpamaemoe ObYHKIMEN erase

}
Takoe pemeHne MPEBOCXOMHO pPAOOTAET, HO TOJBKO ISl CTaHJAPTHBIX IOCJIEA0BATEIbHBIX

KoHTelHepoB. [lo BecbMa COMHHUTENBHBIM MpUYMHAM (COBET 5) (GYHKIUA erase JUISl CTAaHIAPTHBIX
aCCOLMATUBHBIX KOHTEUHEPOB BO3BPAILIAET void. B 3TOM cilyuae mpuxoAUTCS UCIIOIb30BATh METOIUKY
C MOCT(UKCHBIM MPUPALICHUEM UTEPATOPa, MEPEJAHHOTO erase. KCTaTu roBopsi, moJOOHbIE Pa3Indms
MEK/ly TOCJIEA0BATENbHBIMA U ACCOLMAaTUBHBIMU KOHTEUHEPAMU — OJUH U3 MPUMEPOB TOTO, ITOUEMY
KOHTEHHEPHO-HE3aBUCHUMBINA KOJ OOBIYHO CUMTACTCS HEXETaTeIbHBIM (COBET 2).

Kakoe u3 3TuUX pelieHui Jydile nogoiaeT sl KoHTeHepa 1ist? Oka3bIBaeTCsl, B OTHOIICHUHU
nepebopa M YHANeHUS list MOXKET HWHTEPHPETUPOBATHCA KaK vector/string/deque WIH Kak
acCOIIMaTUBHBIA KOHTEWHep — roaiarcss oba cmocoba. OObIMHO BBIOMpAaeTCs NEPBBIA BapUaHT,
IIOCKOJIBKY list, KaK M vector/string/deque, INPHUHAMICKUT K YHUCIY IIOCIEAOBATEIbHBIX
koHTelHepoB. C Touku 3peHus omnbITHOro nporpammucta STL mporpamma, B koTOpoil mepebop u
yIAJEHUE U3 1ist MPOU3ZBOIATCS MO MPABUIAM aCCOLMATUBHBIX KOHTEUHEPOB, BBITIAIUT CTPAHHO.

[lonBons UTOr BCEMY, O YEM pacCKa3blBAJIOCh B 3TOM COBETE, Mbl MPUXOJUM K CIEIYIOIIMM
3aKIIFOUCHUSIM.

Yaanenue Bcex 00beKTOB € 32JaHHBIM 3HAYCHHUEM:

'KOHTeﬁHepBIvector,stringlldeque:HCHOHLBYﬁTeHﬂHONQ/erase/remove;

* KOHTEHHED list: UCIOJB3YUTE list: : remove;

* CTAaHJAPTHBIN aCCOIMATUBHBIN KOHTEHHED: UCTIONB3YIHTE (PYHKIHIO erase.

Yananenue Bcex 00beKTOB, COOTBETCTBYHOIIUX 32JAHHOMY IpeIUKATY:



° KOHTefIHep vector, string U deque: HCHOHBByﬁTe HUOUOMY erase/remove 1if;

* KOHTEHUHED 1ist: HCIOIB3YUTE 1ist: : remove if;

* CTaHJAPTHBIN aCCOLMATUBHBIN KOHTEUHEDP: UCIIOJIB3YUTE remove copy if/swap WIM HAIIUIIUTE
UK Tiepebopa dJIEeMEHTOB KOHTEWHepa, HO He 3a0yapTe O MOCT(PUKCHOM MPUPAICHUU HTEParopa,
IIEpEIaBAEMOr0 IIPU BBI3OBE erase.

JlonmoTHUTe IbHBbIE ONlePAlMH B IIUKJIE (KpoMe yaajJieHUusI 00beKTOB):

* CTaHJAPTHBINA MOCIEAOBATEIbHBIA KOHTEHHEDP: HANMIIMTE LUK Iepedopa 3JIEMEHTOB, HO He
3a0bIBaiiTe OOHOBIISITH UTEPATOP 3HAUYCHUEM, BO3BPAILAEMbIM erase MPHU KaXKJIOM BBI30BE;

* CTaHJAPTHBIA ACCOLMATUBHBIM KOHTEHHEp: HAMUIIMTE LHUKI Tmepedopa JJIEMEHTOB C
NOCT(UKCHBIM PUPALLICHUEM UTEpaTOpa, IepeaaBaeMoro MpH BbI30BE erase.

Kak Bunure, 3¢(ekTUBHOE yAalieHHE AJIEMEHTOB KOHTEWHEpa HE CBOIUTCS K MPOCTOMY BBI3OBY
erase. |IpaBUJIbHBII MOOXON 3aBUCUT OT TOrO, MO KaKOMYy MPUHIIMIY OTOMPAIOTCSA YyAalgeMble
AJEMEHTHI, B KaKOM KOHTEWHEpEe OHM XpaHATCA M KakKue JOMOJHUTEIbHBbIC OIlepalnuu Tpedyercs
BBIIIOJIHUTH NP yNAJICHUU. J|eHCTBYHTE OCTOPOKHO U CIEAYMTE PEKOMEHIALMSAM JAaHHOTO COBETA, U
Bce Oymer HopMmanbHO. HeBHuMmarenbHOCTh oOepHeTcs  HedddexkTuBHOM  paboTOll  wMiH
HENPEACKa3yeMbIM ITOBEICHUEM ITPOTPAMMBL.



Cogsert 10. ITomHMTe 0 IPaBUJIAX M OTPAHMYEHUSIX PacCIPeAeaUTeIeH
NaAMSITH

Pacnipenenurenu mnamsTH TNEpBOHAYAIBHO pa3padaTbBAIUCh Kak aOCTpakius s MoJenei
naMsITH, MO3BOJIAIONIMX pa3paboTyMkaM OMOIMOTEK WTHOPUPOBATH PAa3IU4Usl MEXKIY near- U far-
yKa3arelssMd B HEKOTOPBIX 16-pa3psaIHbIX OIEpallMOHHBIX cucteMax (Hampumep, DOS u ee
37IOBPEIHBIX MMOTOMKAX), OAHAKO 3Ta MOMbITKA MpoBaWiack. Pacpenenurenu Takke JOKHBI ObLTH
YIPOCTUTH Pa3zpabOTKy OOBEKTHBIX AUCIETYEPOB MaMATH, HO BCKOPE BBISICHUIIOCH, YTO TAKOW MOAXOA
cHKaeT 3(PeKTUBHOCTH pabOThl HEKOTOphIX KoMmIoHEHTOB STL. UToObl m30ekaTh CHUXKEHUS
obicTponerictBus. Komuter mo cranpaptuzanuu C++ Bimouns B CTaHaapT MOJIOKEHUE, KOTOPOE
NPAKTUYECKH BBIXOJOCTHIIO OOBEKTHBIE PACHPEICIUTENN MaMsITH, HO OJIHOBPEMEHHO BBIPAXkajo
HaJIekKy, 4YTO OT ATOM ONEpally UX MOTEHIMAIBHBIE BO3MOKHOCTH HE IMOCTPAIAOT.

Ho »t1o eme He Bce. Pacnpenenurenu mamsatu STL, Kak W operator new Coperator newl[],
OTBEUAIOT 3a BbIJeICHUE (U 0CBOOOXKIeHNE) PU3MUECKON MaMITH, OAHAKO UX KIHMEHTCKUN UHTEpdeiic
UMEET Majo OOILEero ¢ KIMEHTCKUM MHTepP(ErcoM operator new, operator new([] M JaXe malloc.
Hakonern, OOJBIIMHCTBO CTaHJAPTHBIX KOHTEWHEPOB HUKOTJA HE 3alpallMBacT NaMsiITh y CBOMX
pactpenenuteneid. Eme pa3 momuepkuBar — Hukozoa. B pe3ynsrare pacnpeneauTesd TPOU3BOAST
JIOBOJIBHO CTPAHHOE BIIEYATJICHHUE.

Bripouem, 3TO He UX BUHA, U, KOHEUHO K€, U3 3TOro (hakTa BOBCE HE CIEAYeT JeNaTh BBIBOA O
Oecrone3HocTu pacrnpeaenureneidi. TeM He MeHee, MpeXxIe YeM OMUCHIBATH OOJACTH MPUMEHEHHS
pacnpenenuteneil (3Ta Tema paccmarpuBaeTcs B coBeTe 11), s 10MKeH OOBSICHUTH, AJI1 YEro OHU He
nonxoadT. CyllleCTBYET LENbId psAll 3a4ad, KOTOPbIE TOJIBKO HA Mepeblil 632750 MOTYT PEIAThCs NPU
noMoum pacupeaenutenei. [Ipexae yem BcTynarb B UIPY, JKEJIATEIbHO M3Y4WUTh I'PAHULBI UTPOBOIO
nojisi, B INPOTHBHOM CJIy4ae Bbl HAaBEpHsSKA ymaJeTe M noiydute TpaBMy. Kpome Toro, u3-3a
IK30THYECKUX OCOOCHHOCTEH pacmpeaenuTeneid cam mpoiecc OOOOIIEHHs BBIVIIAUT BEChbMa
IIOYYUTEIBHBIM U 3aHUMATENbHBIM. [10 KpaiiHel Mepe, sl Ha 3TO HaACOCh.

[lepeuenb ocobeHHOCTEH pacnpeneauTesaeii HAUMHACTCS ¢ PYIUMEHTAPHBIX ONpEe/IeJICHUN TUIIOB
JUIsL yKa3aTrened u ccbulok. Kak ymoMuHaiaoch BbIlle, paclpeleauTeN U3HAYalIbHO ObUIM 3aJyMaHbl
KaKk abCTpakuuu i MOJENEH MaMsATH, MO3TOMY Ka3ajoch BIIOJHE JIOTUYHBIM BO3JIOXKHUTh HAa HUX
oOecrieueHre ONpeaesieHus] TUNOB (typedef) JUIs yKa3aTreleld U CChUIOK B OmpezenseMoi moaenu. B
crangapre C++ cTaHAApTHBIA pacnpenenuTeNb OObEeKTOB TUMA T (allocator<T>) MPEHAOCTABISAET
ONPEACIICHUA allocator<T>::pointer M allocator<T>::reference, IOOTOMY IIPECAINIOIATACTCSA, YTO
MOJI30BATENIbCKUE PACIIPEACIIUTENN TaKKe OyIyT MPEAOCTABIATh ATU OMPEICTICHUS.

Berepanbl C++ HeMEIUIEHHO MOYYIOT HEJIaJHOE, MOCKOJIbKY B CH++ He CylecTByeT CPEACTB s
UMUTAIUU CCHUTOK. {71 3TOro mpunuioch Obl MEPErpy3UTh operator. (OMEpPATOpP «TOYKaA»), a 3TO
3anpeieHo. Kpome Toro, 00beKThl, paboTaronme Kak CChUTKH, SBISIOTCS IPUMEPOM HPOMENCYMOUHbBLX
00vexkmog (proxy objects), a MCMOIb30BAaHUE MPOMEKYTOUHBIX OOBEKTOB MPUBOAUT K ILIEIOMY PAILY
npoOsieM, ofHa U3 KOTOpbIX omucaHa B coBere 18. IlompoOHoe omucanue mpoMeKyTOYHbIX 0OBEKTOB
npuBeneHo B coBete 30 kauru «More Effective C++».

B caydsae pacnpenenuteneit STL OGecCMBICIEHHOCTh OMPEACIICHUN THUIIOB JUIsl yKaszareleu u
CCBUIOK OOBSICHSETCA HE TEXHUYECKUMU HEIOCTaTKaMM IMPOMEXKYTOYHBIX OOBEKTOB, a CJIEIYIOLMM
dakTom: CrangapT paspemaeT CUMTaTh, YTO OMpENEJICHUE THUIMA pointer JIOOOTO pacmpeaenuTens
ABJISIETCS. CHUHOHHUMOM T*, a ONpPEIEICHUE THUIA reference — CHHOHHUMOM Ts. Jla, BCEe BEpHO,
pa3paboTyuku OMOIMOTEK MOTYT UTHOPUPOBATH OMpPEACIICHHUS U UCIOIb30BaTh yKa3aTelIH U CCHUIKH
Hanpsmyto! Takum oOpa3zom, Jaxe ecid BaM YAACTCS HamKcarh pacHpeleuTelb C HOBBIMU
OTpEeNEICHUsMU IS yKa3arelel W CChUIOK, HHMKAaKOMW TOJIb3bl OT 3TOr0 HEe OyIeT, MOCKOJIbKY



ucnoap3yeMas peanuszanus STL 3ampocTo CMOXKET 3TH ONpEIeTIeHUs] TPOUrHOpUpoBark. HTEpecHO,
HE npasja au?

[loka Bbl HE yCHEIM OCMBICAUTH 3TOT MPHUMEP CTPAHHOCTEW CTAHAAPTU3ALMUU, S TPUBELY
cinenyronmii. Pacnipeaenurenu sBiIsOTCS 0OBEKTaMHU, U3 4YEro ClEIyeT, YTO OHHU MOTYT 00Jajarb
COOCTBEHHBIMU (DYHKLUSIMU, BIOKCHHBIMHU TUIIAMU U ONpPEACICHUSIMU TUINOB (TAKUMU KaK pointer H
reference). OgHako B cooTBeTcTBUM co Cranmaptom peanusauus STL Moxer npeanosarars, 4To BCe
OHOTUITHBIE OOBEKTHI paclpenenTeNeil SKBUBAJICHTHBl W TOYTH Bcerga paBHbl. Pa3zymeercs, 310

00CTOSTENBCTBO OOBACHSIIOCH BECKUMU NTpUYrHaMu. Paccmotpum crenyronmii pparMeHt:
template<typename T> // llaBioH MOJL30BATEJILCKOTO
// pacnpemenuTesns NaMaTu
class SpecialAllocator{...};
typedef SpecialAllocator<Widget> SAW; // SAW = "SpecialAllocator
//for Widgets"

list<Widget.SAW> L1;

list<Widget.SAW> L2;

Ll.splice(Ll.begin(), L2);

BcrnoMH#TE: TpU NEepeMENIEHUH 3JIEMEHTOB M3 OJHOTO KOHTEWHepa listB Apyrod (yHKUHEH
splice JaHHble HEe KOomupyrTcsi. CTOUT U3MEHUTh 3HAYEHHS HECKOJBKUX yKas3arellel, W Y3JIbl,
KOTOPBIE PaHbIIE HAXOAUJIMCH B OIHOM CIIMCKE, OKa3bIBAKOTCS B IPYrOM, IIO3TOMY OIleparvsl BPE3KU
BBINOJHSAETCA OBICTPO W 3alMIIeHa OT HCKJIIOYeHHil. B mnpuBeneHHOM mpumepe y3Ibl, paHee
HAaXOJMBILIMECS B L2, IIOCJE BbI30BA splice MEPEMEIIAIOTCSA B L1.

Pazymeercs, mpu yHMUTOXKEHUU KOHTEMHEpA L1 JOJDKHBI OBITh YHHUYTOXKEHBI BCE €ro Y3IbI (C
OCBOOOKJICHUEM 3aHMMAaeMON UMU MaMATH). A MOCKOJIbKY KOHTEHHEp Tenepb CONEPKUT Y3Jbl, paHee
BXOAMBIIME B L2, PACHOPEAENUTENb IMaMATH L1 JOJKEH OCBOOOOUTH INaMsTh, PAHEE BBIICICHHYIO
pacnpenenureneM L2. CraHOBUTCS sCHO, nodemy Cranmapt paspemaer nporpammucram STL
JOMYCKaTh YKBUBAJECHTHOCTh OJHOTHUIIHBIX PACIpPEEIUTENIeH. DTO CAECNAHO IJIs TOrO, YTOOBI MaMSITh,
BbIJICJICHHAs OAHUM OOBEKTOM-pacipezieiuTesieM (TaKuM Kak L2), Momia 0e30IacHO OCBOOOXKAAThCs
IpyruM oObeKTOM-pactpeaenureneM (Takum kak L1). OrcyrcTBue mogoOHOro T0MyIieHUs ITPUBOE Obl
K 3HAQUYUTEIbHOMY YCJIOXXHEHHMIO pealv3alid BPE3KH M K CHIKEHHIO ee 3(P(PEeKTUBHOCTU (KCTaru,
omnepanuy Bpe3KHU BIUSAIOT U Ha Apyrue KOMNOHEHTH! STL, OIMH U3 NpUMEPOB NPUBEIEH B COBETE 4).

Bce 3T0, KOHEUHO, XOpOILO, HO YeM OO0JIbllle Pa3MbIIUISICIb Ha 3TY TEMY, TEM JIy4llle TOHUMAelllb,
KaKhe KECTKHE OrPaHMYCHMS HAaKJIaQAbIBACT MPEANOJIOKEHUE OO0 SKBUBAJIEHTHOCTH OJHOTHITHBIX
pacupenenuteneil. M3 Hero criemyer, 4To mepeHOCHUMBbIE OOBEKTHI pacHpeneauTesIeii — TO ecThb
pacmpeaenuTeny naMsTH, IPaBIIIbHO paboTarolue B pa3HbIX peanu3anusax STL, — He MoryT o0ianarh
COCTOsIHMEM. JlpyruMHM CcOBaMHM, 3TO O3HA4aeT, 4YTO MEPEHOCUMBIC PACHPEACIUTEIIN He MO2Ym
cooepacams Hecmamudeckux nepemeHHuvlx (0 KpailHe Mepe TaKuX, KOTOpble Obl BIMSUIM HAa HX
paboty). B wacTtHOCTH, OTClOAa ciexyeT, 4YTO Bbl HE CMOXETE CO3JaTh [Ba paclpeaeinuTens
SpecialAllocator<int>, BbUICTSAIONMX NamATh U3 pasHbix Kyd (heap). Takue pacmpenenurenu He
Obuln OBl PKBUBAJICHTHBIMH, U B HEKOTOPBIX peanu3aiusax STL MONbITKM HCHONb30BaHUS O00OHMX
pacnpeaenuTeneil MpuBeIn Obl K OpUYe CTPYKTYP AAHHBIX BO BPEMsI BHITOJIHEHUS TPOTPAMMBI.

OOparute BHUMaHHE: 3Ta MpoOIeMa BO3HHUKACT Ha cmaduu evinoinenus. Pactipenenurent,
o0aaoIme COCTOSIHUEM, KOMITUIIMPYIOTCS BIIOJIHE HOPMAJIbHO — MPOCTO OHU HE padOTaloT TaK, KaK
MPEANONarajoch. 3a dKBUBAJIEHTHOCTHIO BCEX ONHOTHUIHBIX PAaCIpEeIeauTeNel Bbl JOJKHBI CIEAUTH
camu. He paccunThiBaliTE HA TO, YTO KOMIIUJIATOP IPEAYNPEAUT O HAPYIIEHUH ITOIO OrPaHUYCHUS.

CripaBeUIMBOCTU Paaud CTOUT OTMETUTh, YTO Cpa3y K€ 3a MOJOKEHHEM OO0 3KBHUBAaJIEHTHOCTHU
ONHOTHUIIHBIX pacupeaenuTencd naMmsatd B CTaHIAapT BKIIOYEH CIEAYIOLMM TEKCT: «...ABTOpam
peanu3anuii peKOMEHAYeTCsl co37aBarb OUOIMOTEKU, KOTOPBIC... MOMACPKUBAIOT HEIKBUBAJIICHTHBIC
pacnpenenurend. B Takux peanus3anusax... CEMAHTHKA KOHTEMHEPOB M QJITOPUTMOB  JUIA
HEYKBUBAJICHTHBIX dK3EMIUISIPOB PACIIPEACIIUTEIICH ONPEACIAETCS CAMOU peanu3anuen».



TporarenpHoe mposiBieHue 3a00Tbl, oaHako mnonb3oBarento STL, paccmarpuBaromemy
BO3MOXHOCTh CO3/IaHUSI HECTAHIAPTHOTO PacHpeieNuTeNsl ¢ COCTOSHHUEM, 3TO HE JaeT MPaKTHUUYEeCKU
HUYEro. JTUM MOJIOKEHUEM MOXKHO BOCIIOJIb30BaThCsl TOJIBKO B TOM CIydae, €CI Bbl YBEPEHBI B TOM,
4yTO Hcnoib3yemas peanuzauuss STL moanepKuBaeT HEIKBUBAJICHTHBIE PACHpPENeTUTENH, TOTOBBI
NOTPAaTUTh BpeMs Ha YIIyOJIEHHOE M3ydeHUE NOKYMEHTAlMu, 4YTOObl y3HATh, MOAXOAMT JIM BaM
«OmpeAensaeMoe camMoil peanu3anuei» MOBEACHUE HEIKBUBAJICHTHBIX pacIpeieiuTeNiei, U Bac He
OecrokosAT mpoOiemMbl ¢ mepeHocoM kona B peanuszanuu STL, B KOTOPBIX 3Ta BO3MOXHOCTH MOXET
oTrcyTcTBOBaTh. Kopoue roBops, 3To mojoxkeHue (s ocobo r0003HATEeNbHBIX — ab3arl 5 pasmena
20.1.5) numb BeIpakaeT HEKHE OJlarne HaMepeHus 10 TOBOLY Oyayiero pacnpenenuteneid. o Tex mop
noKa ATU OJlarue HaMepeHUs He BOILIOTATCA B JKU3Hb, MPOrPAMMUCTBI, KENaronme O0O0ecreyuThb
NEePEHOCUMOCThH CBOMX MPOrPaMM, TOJKHBI OTPAHUYUBATHCS PACTPEICTUTENIMU 0€3 COCTOSTHUSI.

Beiie yxxe roBOpUIIOCH O TOM, YTO paclpeAesuTeNd 00JafaroT OMpEeeICHHBIM CXOIACTBOM C
OTEepaToOpOM new — OHHM TOXKE€ 3aHMMAIOTCS BBIZCIICHHEM (PU3UUYECKON MaMsITH, HO UMEIOT APYrou
untepgeiic. YToObl yOeauThCs B 9TOM, JOCTATOYHO PACCMOTPETh OOBSIBICHHUS CTaHAAPTHBIX (Popm

operator new M allocator<T>::allocate:
void* operator new(size t bytes);
pointer allocator<T>::allocate(size type numObjects);
// HanoummHawo: pointer - omnpenejyieHMe THUIA.
//OpakTuyecKky BcCeTla SKBUBAJIeHTHoe T*

B o6oux ciyuasix nepemaeTcs MmapaMerp, ONpeNessionmii o0beM BbIIEISEMON MaMsITH, HO B
cllyyae C OINEpaTOpoOM new VYKa3bIBAETCA KOHKPETHBI o00beM B OaliTax, a B cly4ae cC
allocator<T>::allocate YKa3bIBAETCS KOJIMYECTBO OOBEKTOB T, pa3MenaeMbIX B namsatu. Hampumep,
Ha nIaTdopme, TAe sizeof (int)==4, IPHU BBIACICHUU MaMSITHU JUIsl OAHOTO YUCTIA int ONEpPaTopy new
nepegaercss 4ucio 4, aallocator<int>::allocate — umciao 1. [l omeparopa new mapaMmeTp
OTHOCUTCS K TUIY size t, a A QYHKIUU allocate — K THMY allocator<T>::size type, B 00oux
Cllydasx 5TO I€JOYMCIICHHAas BeluyuHa Oe3 3Haka, IPUYEM allocator<T>::size type OOBIYHO
ABJISIETCS TPOCTHIM OIPEACIICHUEM THUIIA U size t. B 3TOM HECOOTBETCTBUM HET HUYETO CTPALIHOIO,
OJHAKO pas3HblC IIpaBUja IIEpEeNaYu IapaMeTpPoOB OIEPATOpy new M allocator<T>::allocate
YCIIOKHSIIOT MCIIOJb30BaHUE TOTOBBIX MOJB30BATEIbCKUX BEPCUU new B pa3pabOTKe HeCTaHAApTHBIX
pacnpenenuTeNe.

Oneparop new OTJIMYAETCS OT allocator<T>::allocate W TUIOM BO3Bpala€MOIo 3HAYCHUS.
Oneparop new BO3BpAIlACT void*, TPAJAUIMOHHBIA CHOCOO0 TPEACTABICHHUS yKa3aTeds Ha
HEUMHULHAIU3UPOBAHHYIO NaMATh B C++. OyHKIMSA allocator<T>::allocate BO3BpALLAET T* (Uepes
ONpENENICHUE THINA pointer), YTO HE TOJBKO HETPAJUIIMOHHO, HO M OTJAE€T MOILIEHHUYECTBOM.
VYkazarenb, BO3BpALAEMbI allocator<T>::allocate, HE MOXKET YKa3bIBaTh Ha OOBEKT T, NOCKOJIBKY
ATOT O0BEKT ele He Obul ckoHCcTpynpoBaH! STL KOCBEHHO MpeanoaaraeT, 4YTo CTOPOHA, BBI3bIBAIOIIAS
allocator<T>::allocate, CKOHCTPYUPYET B MOJYYCHHON MaMSITH OJUH WUIU HECKOJIbKO OOBEKTOB T
(BepOHTHO, IMOCPEACTBOM allocator<T>::construct, uninitialized fill 500051
raw_storage_iterator), XO0Td B ClIyda€ vector::reseve HIH string::reseve 3TOIO MOXCT
HUKOTZIa He Npou30UTH (coBeT 13). Pasnuuus B THUnax BO3Bpala€MbIX 3HAYEHUU OIEparopa new U
allocator<T>::allocate O3HAYalOT U3MEHECHHE KOHUENTYAJIbHON MOJECIN HEMHULMATU3UPOBAHHON
naMsTH, 4TO TaKXe 3arpylHseT NPUMEHEHHE OIbITa pealu3alluu oleparopa new K pa3palboTke
HECTAaHJAPTHBIX PACIPEICIUTEICH.

Mbl momonuM K ToOClIeqHEW CTpaHHOCTH pachnpenenuteneil mamaru B STL: GoabIMHCTBO
CTaHJAPTHBIX KOHTEWHEPOB HHUKOIZNA HE BbI3BIBACT PACHPEHCIUTENEH, C KOTOPBIMH OHH

accouuupyrores. J[Ba npumepa:
list<int> L; // To xe, uro m list<int, allocator<int».
// KoHTelHep HUKOTIA HE BHBHBAET



// allocator<int> njua BHOEJEHUS DaMATH!
set<Widget.SAW> s;// SAW npencraBjsgeT coOOM oNpelejieHue Tula
// nna SpecialAllocator<Widget>, omHako
// HM omuH sk3eMnuap SAW He OyneT
// BHIOEJNATL [IaMATh !

JlaHHast CTpaHHOCTh TMPUCYIIA list M CTaHAAPTHBIM aCCOIMATUBHBIM KOHTEHepaMm (set,
multiset, map HMmultimap). 9TO OOBACHSETCS TEM, YTO MEPEUYHCICHHBIE KOHTEHHEPHI SBISIOTCS
V3/108bIMU, TO €CTh OCHOBaHbl Ha CTPYKTypax [aHHBIX, B KOTOPBIX KaXKIbli HOBBIA SJIEMEHT
pa3MelaeTcs B IMHAMUYECKH BBIACIIEMOM OTACIBHOM y3iie. B koHTeliHepe 1ist y3/bl COOTBETCTBYIOT
y3JlaM CIHCKa. B cTaHmapTHBIX acCOIMATHUBHBIX KOHTEHHEpax y3/bl YacTO COOTBETCTBYIOT Y3JIaMm
JIepeBa, TMOCKOJIbKY CTaHJapTHBIE aCCOIMAaTUBHBIE KOHTEMHEPHI OOBIMHO pEaJu3yIOTCs B BHUC
cOanaHCHUPOBAaHHBIX OMHAPHBIX I€PEBbHEB.

JlaBaiiTe momyMaeM, Kak MOXET BBIVISACTh TUIIMYHAS peanu3ainus 1ist<T>. CIHCOK COCTOUT U3
Y3JI0B, KaXK/IbIi U3 KOTOPBIX COIEPKUT OOBEKT T U JBa yKa3arelss (Ha CIEAYIOUMNA U NPeIbl Tyl y3IIbl

CITHCKA).

template<typename T>, // BoO3MOXHasd peajamsalus

typename Allocator=allocator<T> // cnwucka

class list {

private:

Allocator alloc;// PacnpemenmTesib naMaTu Ojsg OBBLeKTOB Tuna T
struct ListNode{// Y3nm CBSIBaHHOT'O CIMCKAa

T data;

ListNode *prev;

ListNode *next;

}i

i

HpI/I BKIIIOYCHUKM B CIIMCOK HOBOI'O Yy3Jia HCO6XOI[I/IMO IOJY4YUTh JId HCTOo IaMiATb OT
pacnpenenuTelis, OQHAKO HaM HY)XKHA IaMATh HE JUIA T, a I CTPYKTYPHI ListNode, CONEPIKALIEH T.
Takum oOpa3oM, OOBEKT Allocator CTAHOBUTCA MPAKTHYECKU OECIOJIE3HBIM, MOTOMY 4YTO OH
BBIACISICT IaMsITh HE ML ListNode, a OJIA T. Tenepb CTAHOBUTCA IIOHATHO, IIOYCMY list HUKOIIA HE
oOpataeTcsi K Allocator 3a MaMSThI0 — MOCIEAHUN MPOCTO HE CHOCOOEH MPENOCTaBUTH TO, YTO
TpeOyeTcs list.

CJ'ICI[OB&TCJ'IBHO, list HY)XHBI CPCACTBA AJIA IICpCxoaa OT MMCIOIICTOCA TUIld PACHPCACIUTCIIA K
COOTBETCTBYIOIIIEMY PAaCTIPEACIUTENIO ListNode. 3aada OblIa ObI BECbMa HEMPOCTOM, HO IO TIpaBUJIaM
pacinpcaciuTC]ib MmaMATH JOJDKCH IHPCAOCTABUTL OIIPCACICHHUC THUIIAa JId PCHICHUA DTOU 3a4a4u.
Onpenenenne Ha3bIBAETCS other, HO HE BCE TaK MPOCTO — ATO OMPEJEICHUE BIOXKEHO B CTPYKTYPY C
HMECHEM rebind, KOTOpasa cama IIO CC6C ABJIACTCA HI&6J'IOHOM, BJIOKCHHBIM B pacClpCaACINTCIb, —
NpUYEeM MOCIETHUN TOXKE SABIsIeTCs MmabIoHOM!

[Toxxanyiicra, He mNbITAaliTeCh BHUKAaThb B CMBICH TocienHei ¢paspl. Bmecto sToro mpocto

pPacCMOTPUTE CIEIYIOUMM (PParMeHT U MepexoquTe K JalbHEHIIeMy 00bICHEHHIO:
template<typename T>
class allocator {
public:
template<typename U>
struct rebind{
typedef allocator<U> other;
b

}
B  mporpamme, peanusyromed 1ist<T>, BO3HHKAET HEOOXOMUMOCTh ONPEACIUTh THI

pacnpenenuTens ListNode, COOTBETCTBYIOILETO PACHPEICIUTENI0, CYIIECTBYIOIEMY s T. Tum



pacrpenenuTens A T 3a0aeTCsd NapaMeTPOM allocator. YUUTHIBAS CKa3aHHOE, TUIl PACTIPEACIIUTENS
JUISl ListNode JOJKEH BBINVISIETH TaK:

Allocator::rebind<ListNode>::other

A Temeppr Oynpre BHUMaTenbHbL. Kaxabsli mabmoH  pacnpenenutens A (Hampumep,
std::allocator, SpecialAllocator U T./.) JOJDKEH COAEPKATh BIOKEHHBIM MIAOIOH CTPYKTYPHI C
UMEHEM rebind. IIpeamnonaraercs, 4To rebind MOJy4aeT napaMeTp U U HE ONPEAEISIET HUYETO, KpOMeE
ONpPENENICHUS TUIIA other, TJI€ other — MPOCTO UM IS A<U>. B pe3ynpTare 1ist<T> MOXKET NEPENUTH
OT CBOETO pacHpenenuTensi OObEKTOB T (Allocator) K pacHpelesUTeNI0 OOBEKTOB ListNode IO
CCBUIKE Allocator::rebind<ListNode>::other.

MoxeT, Bbl pa3o0panuch BO BCEM CKa3aHHOM, a MOXET, U HeT (eciH yMaTh AOCTAaTOYHO OJTO,
Bbl HENPEMEHHO pa3zbepeTech, HO MOAYMarb MPHUAETCS — 3HAIO MO cBoeMy ombity). Ho Bam kak
nonb3oBarento  STL, skenmaromiemy Hamucarb COOCTBEHHBI — pacmpeienuTeNb MaMsaTH, B
JNENCTBUTEIBHOCTH HE HYKHO TOYHO IMOHHMMATh CYTh Mpoucxomsauiero. J[octaro4HO 3HAaTh IPOCTOM
¢dakT: ecnu Bbl coOMpaeTech CO37arh paclpeeanTelb MaMsITH U UCIOIb30BaTh €ro0 CO CTaHIAPTHBIMU
KOHTEHHEepaMH, Ball paclIpeleuTeNb JOJKEH IMPENOCTaBIATh IMIA0JOH rebind, TMOCKOJBKY
CTaHJapTHBIC MIAOJIOHBI OyAyT Ha 3TO pacCUMTBIBATh (ISl LeJed OTIAJKU TakKXKe IKeJIarelbHO
IIOHUMAaTh, MOYEMY Y3JIOBbIE KOHTEUHEPHI T HUKOIZA HE 3allpalliBalOT NaMsTh y paclpeaeiauTeneu
OOBEKTOB T).

VYpa! Hame 3HaKOMCTBO €O CTPAaHHOCTSIMU pacCHpEACNIUTENEH MamsATH 3akoHuYeHO. [lo3BosbTe
MOJBECTU KPATKUM UTOT TOTO, O YeM HEOOXOAMMO MOMHHTH MPU MPOTPAMMHUPOBAHUU COOCTBEHHBIX
pacnpenenuTesIen NaMsaTH:

* pacrmpenenuTenb namsatTu odpopmiisieTcss B BUAE IMA0JOHA C MapamMeTpoM T, MPEACTABISIONIMM
TUI 0OBEKTOB, JIJIsl KOTOPBIX BBIIESETCSA MaMSsTh;

* MPEAOCTABbTC OIPECACICHUA THIIOB pointer M reference, HO CICIUTC 3a TCM, YTOOBI pointer
BCCraa OBLI SKBUBAJICHTCH T*,a reference — T&,

* HHUKOTJIAa HE BKJIOYANTE B paclpeleNUTeN JaHHbIE COCTOSHUS YpOBHS 0O0bekTa. B oOmem
CJIy4ae paclpeaesIuTENb HE MOKET COAEPKATh HECTATUYECKUX [TEPEMEHHBIX;

* TIOMHHUTE, YTO (YHKUHSAM allocate TMepeNaeTcs KOJIUUYECTBO 00bEeKmMo8, Uisl KOTOPBIX
HEOOXOIMMO BBIICIHUTH MaMATh, a HE 00beM MaMsATH B OalTax. Takyke mMOMHUTE, 4TO 3TU (YHKIUU
BO3BpAIlAIOT yKa3aTelu T* (4epe3 ONpeesIeHUE TUIA pointer) HECMOTPS Ha TO, YTO HU OAUH OOBEKT
T €IlIE HE CKOHCTPYHPOBAH;

* 00513aTeIBHO MPEIOCTABBTE BIOKEHHBIN MAOIOH rebind, OT HAJIUYUS KOTOPOTO 3aBUCUT paboTa
CTAHJAPTHBIX KOHTEMHEPOB.

Hanucanne CcoOOCTBEHHOrO pachpeAenuTeNss MaMsITH OObIYHO CBOAMTCS K KONMUPOBAHUIO
OPWIMYHOTO 00beMa CTaHAApPTHOIO KOla U MOCHeAylomed Moau(uKaluyu HECKONbKUX (QYHKUHM (B
MEepBYI0 OYepedb allocate M deallocate). BMecTo TOro 4roObl mucarh 0a30BBIl KO C CaMoOro
Havayia, 1 peKOMEHIYI0 BOCIIOJB30BaThCsl KOMOM ¢ web-cTtpanuilsl Jlxocartuca [23] uiam U3 crarbu
Octepna «What Are Allocators Good For?» [24].

Marepuai, U3710)KEHHBI B 3TOM COBETE€, aeT NPEACTABICHHUE O TOM, YETO He MO2ym CHENaTh
pacmpenenuTeny naMsITH, HO Bac, BEPOATHO, OOJIbIle HHTEPECYET APYrod BOMPOC — YTO OHU Mo2ym?
970 BechMa 00LIMpHAs TeMa, KOTOPYIO 5 BbIIEINI B coBeT 11.



Coger 11. YuurbsiBaiTe 00J1aCTh NPUMEHEHMS MMOJIb30BATEIbCKUX
pacnpeneauresied mnaMmaTH

Htak, B pe3ynbTare XpoHOMETpaxa, MPOPUIMPOBAHUS U BCEBO3MOXKHBIX SKCIIEPUMEHTOB BBI
NPUILIH K BBIBOAY, YTO CTaHAAPTHBIN pacnpenenutens naMsat STL (To ecTh allocator<T>) paboTaer
CJIMILKOM MEJJICHHO, HAMPACHO PACXOAYeT WM (PparMEHTHPYET MaMsTh, U BbI Jy4llle CIIPABUTECH C
9TOM 3ajauei. A MOXKET OBITh, allocator<T> 00eCIeYnBaeT 0€30IaCHOCTh B MHOTOIIOTOYHOMN MOJIENH,
HO BBl IJIJAHUPYETE MCIOJIB30BATh TOJIBKO OMHONOTOYHYIO MOJEIb U HE XKEJAETE PAacX0l0BaTh PECYPCHI
Ha CMHXPOHU3AIMIO, KOTOpas BaM HE HykHa. M Bbl 3HaeTe, 4TO OOBEKTHI HEKOTOPBIX KOHTEHHEPOB
OOBIYHO MCIIOJIB3YIOTCSI BMECTE, U XOTUTE PACIIONIOKUTH UX PSIIOM JIPYT C APYroM B CIIEHHAIBHON Kyde,
4YTOOBI 10 BO3MOXXHOCTH JIOKAJIM30BaTh CCHUIKHU. VM BBl XOTUTE BBIIEIUTH OJIOK OOIICH MaMsITH U
pa3MecTUTh B HEM CBOM KOHTEHHEpHI, YTOObI OHM MOIVIM HMCIOJIb30BATHCA APYTUMHU IPOIECCAMH.
[IpeBocxonHo! B kakaoM M3 JTUX CLEHAPUEB YMECTHO BOCHOJIB30BaTbCs HECTaHAAPTHBIM
pacnpenenuTesIeM ITaMsATH.

[Ipenmnonoxum, y Bac UMEIOTCS ClielHaNbHble PYHKIIUU [ yIIpaBieHus OJOKOM oOIIeH mamsTu,

HaIMCaHHbIE 10 00pa3ily malloc U free:
void* mallocShared(size t bytesNeeded);
void freeShared(void *ptr);

TpeOyeTcsi, 4TOOBI MaMATh Ui comepkuMoro koHterHepoB STL Beimensiack B o0meM Oioke.

Hukakux npobiem:
template<typename T>
class SharedMemoryAllocator
public:

}Jbinter allocate(size type numObjects, const void* localityHint=0) {
return static _cast<pointer>(mallocShared(numObjects *szeof(T)));
}

void deallocate(pointer ptrToMemory, size type numObjects) {
freeShared(ptrToMemory);

b7
3a uHdopmanueit o Tume pointer, a Takke 0 MpeoOpa30BaHUM TUIA U YMHOXKEHHUH TPHU BHI30BE

allocate oOpamaiitecs k coery 10. [Ipumep ucnonbp3oBaHus sharedMemoryAllocator:

// BcnomoraTeJibHOE OIpenejieHue Tula
typedef
vector<double, SharedMemoryAllocator<double> > SharedDoubleVec;

{ // Hauamno 6iyoka
SharedDoubleVec v;// Co3maTb BEKTOpP, DJEMEHTEH KOTOPOTO
. // HaxomaTca B oDumeM naMaTu

} // Koneu 61yo0oka

OOparute ocoboe BHUMaHUE Ha (GOPMYITHUPOBKY KOMMEHTApUsI PSJIOM C onpejesieHneM v. Bektop
v HCIOJB3YET SharedMemoryAllocator, IOTOMY TMaMsThb JJs XpaHEHUS DJJIEMEHTOB v OyaeT
BBIJICJIATHCS U3 OOLIEeH MaMsTH, OIHAKO caM BEKTOp v (BMECTE CO BCEMH MEPEMEHHBIMU KJIacca) MOYTH
HaBEpHsKa He 6y0em HaXOOUTHCA B 00ILel naMsaTu. BekTop v — OOBIYHBIN CTEKOBBIN 0OBEKT, TOITOMY
OH OyJIeT HaXOJUTHCA B aMATH, B KOTOPOU MCIOIHUTEIbHAS CUCTEMA XPAHUT BCE OOBIYHBIC CTEKOBBIC
00BekThI. Takas maMsITh MMOYTH HUKOTNIA HE ABIAETCS 001meii. UToObI pa3MeCTUTh B OOIICH MaMATH Kak
COJIEP)KUMOE v, TaK U caM OOBEKT v, CIIEYET MOCTYIUTh MPUMEPHO TaK:



void *pVectorMemory = // Bupoenurb 6Jok obmer namaTu,

mallocShared(sizeof (SharedOoubleVec)); // oBbeM KOTOPOM IOOCTATOUEH
// nna xpaHeHus oOwbekTa SharedDoubleVec
SharedDoubleVec *pv = // Vicnosnb30BaTh "new C SBHBM

new (pVectorMemory) SharedDoubleVec; // pasmemenmem" Ojg Cco3IaHuUL
// obwekTa SharedDoubleVec:
// cMm. manee.
// VicnonbzoBaHue ob6bekTa (uepes pv)
pv->~SharedDoubleVec (); // YHMUTOXUTL OOBeKT B oOmer naMaTu
freeShared (pVectorMemory); // OcBoBOAMTBL MUCXOIHHIM OJIOK
// obmen mnmamMaTu

Hazneroch, CMBICI MPOUCXONALIETO JOCTATOYHO SICEH M3 KOMMEHTapueB. B oOummx ueptax
NPOUCXOIUT CJEAYyIOIIee: Mbl BbIJENseM OOK oOO0Iell maMsITd M KOHCTPyHpyeM B HeEH vector,
UCIIONB3YIOMMI OOlIyl0 MaMsATh JUIsl CBOUX BHYTpeHHUX omnepamnuil. [locrme 3aBepuienuss paboThl ¢
BEKTOPOM MBI BBI3BIBAEM €0 JECTPYKTOP M OCBOOOXKIaeM MaMsTh, 3aHMMaeMyto BekTopoM. Kon He Tak
yXK CIIOKEH, HO BCE-TAaKM OH HE CBOAUTCS K MPOCTOMY OOBABICHUIO JOKAJIbHOM NMEPEMEHHOM, Kak
npexae. Ecau y Bac HEeT BeCKUX MPUYUH ISl TOTO, YTOOBI B OOIIEH MaMsATH HaXOAUJICS CaM KOHTEHHep
(@ He ero  DdJEMEHTHI), s  PEKOMEHAyI0  M30erarb  YETHIPEXIIaroBoro  mpoiiecca
«BbIJIENIEHUE/KOHCTPYUPOBaHUE/ YHUUTOKEHHE/OCBOOOXKICHHE .

HecomMHeHHO, Bbl 3aMETHJIU: B MPUBEICHHOM (PparMeHTE MPOUTHOPHUPOBAHA BO3MOXKHOCTH TOTO,
YTO mallocShared MOXKET BEPHYTH null. PazymeeTcs, B OKOHUATEIbHONW BEPCUU CIIEIOBAJIO OBl yUECTh
TaKyl0 BO3MOXXHOCTb. Kpome TOro, KOHCTpyHpoBaHHE vector B OOmed NaMsITH NPOU3BOIUTCS
KOHCTPYKIMEH «new C SIBHBIM pa3MeIleHUEM», OIMCAaHHOH B 1I000M yueOHuMKe 1mo C++.

PaccMmotpum npyroii mpuMep HMCIIOIB30BAaHUSA paclpenesuTenci namsatu. [Ipeanonoxum, y Hac
MMEIOTCA JIBE KY4H, IIPEACTABICHHBIC KIACCAMHU Heapl M Heap2. KaIpll U3 3THUX KIIACCOB COAEPKUT

CTAaTHYCCKHC (I)YHKI_[I/II/I JIJI1 BBIACJIICHUA U OCBO60)KI[€HI/IH IIaMATH:
class Heapl {
public:

static void* alloc(size t numBytes, const void* memoryBlockToBeNear) ;
static void dealloc(void *ptr);

iiass Heap2 {..}; // Tor xe unrepoerc alloc/dealloc

Jlanee mpeamnosioknuM, YTO Bbl XOTUTE Pa3MECTUTh coAepKUMOe KOHTeHHepoB STL B 3amaHHBIX
kydax. CHauana cienyeT HamucaTh pacipeeanuTelb, ClIOCOOHBINA NCTIOIb30BaTh KJIACCHl Heapl U Heap?
IIPY YIIPABICHUU MTaMSTBIO:

template<typename T, typename Heap>

SpecificHeapAllocator({
public:

pointer allocate(size type numObjects,const void *localityHint=0) {
return static cast<pointer> (Heap::alloc (numObjects*sizeof (T), localityHint));

}
void deallocate (pointer ptrToMemory, size type numObjects) {
Heap::dealloc (ptrToMemory) ;

}

i

3aT€N[SpecialHeapAllocatorrpyHHprGT3H€M€HTBIKOHT€ﬁH€pOBZ

vector<int, SpecificHeapAllocator<int, Heapl> > v; // PasMecTuTb 3JIEMEHTEH
set<int, SpecificHeapAllocator<int, Heapl> > s; // v u s B Heapl

list<Widget,



SpecificHeapAllocator<Widget, Heap2> > L; // Pa3MeCcTUTb 3JIE€MEHTEH
map<int, string, less<int>, // L m m B Heap2
SpecificHeapAllocator<pair<const int, string>, Heap2> > m;

B npuBeneHHOM NpuMepe OUYeHb BaXKHO, YTOOBI Heapl M Heap?2 ObUTH munamu, a He 00beKTamMu. B
STL npenycMOTpeH CHHTaKCHC WHHIIMAIU3ALMU pa3HbIX KoHTeHepoB STL pasHeiMu oObeKTaMu
pacmpeaenuTeneil OHOTO TUIIA, HO 51 HE Oyly ero mpuBoAuTb. Jlea0 B TOM, UTO eciiu Obl Heapl U Heap?2
Obutn OBl 0OBexmamu BMECTO TUIIOB, 3TO MPUBEJIO Obl K HAPYILIEHUIO OTPaHUYCHUS YKBUBAJICHTHOCTH,
noApoOHO omucanHoro B coBeTe 10.

Kak mnoxa3piBalOT MNpUBEACHHBIE NPUMEPHL, PACHPEICTUTEIN MPUHOCIT TMOJIB3Y BO MHOTHX
cutyauusx. [Ipu coOnroneHnn orpaHuveHus 00 KBUBAJICHTHOCTH OJHOTHUITHBIX paclpeneiauTenc y
Bac He OyneT mpoOsieM ¢ MPUMEHEHHEM HEeCTaHIApTHBIX paclpeeuTeNel A YIPaBIeHHs MaMsThIO,
IPYIIUPOBKH, a TAKKE UCMOIB30BAHUS OOIIEH MaMATH U APYrUX CIEIUATN3UPOBAHHBIX ITYJIOB.



Coser 12. Pa3zyMHO onleHMBalTE MMOTOKOBYIO 0€30IIACHOCTD
KOHTerHepoB STL

Mup cranpaptHoro C++ BBINIAAUT CTApOMOIHBIM M HE ITOBEPKECHHBIM BESIHHUSM BpeMEHH. B
3TOM MHpE BCE HCHOJHsSIEMble (ailbl KOMIOHYIOTCS CTarMuecKd, B HEM HET HU (ailjios,
O0TOOpa’kaeMbIX Ha MaMsTh, HU 00IeH namaTu. B HeM HeT rpaduueckux OKOHHBIX CUCTEM, ceTel u 0a3
JTAHHBIX, HET U IPYrUX MPOIECCOB. BEpOsATHO, HE CTOUT YIUBIATHCS TOMY, 4TO B CTaHIapTe HE CKAa3aHO
HU CJIOBa O MPOTpaMMHBIX MOTokax. O moTokoBoil Oe3omacHOCTH B STL MOXXKHO yBEpeHHO CKa3arhb
TOJBKO OJHO: YTO OHA MOJHOCTHIO 3aBUCUT OT peau3alrH.

KoHe4HO, MHOIONOTOYHBIE MPOTPAaMMBbl  PACIPOCTPAHEHBl BECbMA  IIUPOKO, MOITOMY
00nbIIMHCTBO pa3paboTunkoB STL cTpeMHuTCs K TOMY, 4TOOBI MX peaju3alldd XOpOoIlo padoTanu B
MHOTOITOTOYHBIX yclIoBUsAX. HO gajke eciu OHM XOpOIIO CIpaBATCS CO CBOEH 3ajaueii, OCHOBHOE OpeMs
ocTaeTcsl Ha Baumx ruiedax. BosmoxHocTtu paspaborunkoB STL B 3Toil 00nacTu orpaHUYEHbI, U BbI
JOJKHBI XOPOLIO TIOHUMATh, TJI€ MPOXOAST 3TU I'PaHULIbIL.

«300TOM  CTaHIapT» MOAJEPKKHM MHOTNONOTOYHOCTH B KOoHTeHepax STL (xoTtopeM
PYKOBOJICTBYETCS OOJBIIMHCTBO pa3paboTunMKoB) ObUT ompeseneH kommanuer SGI u omyOnukoBaH Ha
ee web-caiite, mocsamenHoM STL [21]. @akTuyecku B HEM CKa3aHO, YTO B JIy4YIEM CJIy4ae MOKHO
HaJIeAThCS Ha CIEQYIOIIEE:

* 0€30IaCHOCTb MAPAJLIEJBHOI0 YTeHUsl. HEecKOMbKO MOTOKOB MOTYT OJHOBPEMEHHO YHTATh
COACPKMMOE KOHTEWHEpa, W 3TO HE MOMEUIAeT ero MnpaBuUiibHOM pabore. EctecTBeHHO, 3amuch B
KOHTEHHEDP MPU 3TOM HE JOIYCKAETCS;

* 0€30MaCHOCTb 3alMCH B pPa3Hble KOHTelHepbl. HecKONbKO OTOKOB MOTYT OIHOBPEMEHHO
IPOU3BOJIUTH 3AMKCh B Pa3HbIE KOHTEUHEPBIL.

OOpararo Balie BHUMaHUE: 3TO TO, HA YTO Bbl MOXKETE Hadeamuvcs, HO He paccuumviéams. OnHA
peanu3aury NpeaoCTABISIIOT TAKWE TapaHTHH, IPYTue — HET.

MHOronoTo4yHOe MPOrpaMMHUPOBAHUE CUUTACTCS CIOKHOW 3aJa4€i, © MHOTHE IIPOIPAMMMUCTHI
xenaroT, 9ToObl peanusanuu STL n3HaganbHO 0OECIIeUnBAIM MTOTHYIO MTOTOKOBYIO 0€30MaCHOCTh. JTO
n30aBUII0 OBl UX OT HEOOXOMUMOCTH CAaMOCTOSITEIbBHO CHHXPOHU3UPOBATh ocTyl. Koneuno, 3To ObL10
Obl OUeHb yIOOHO, OJHAKO JOOUTHCS PTOM ILIEIM OYEHb CIOKHO. PacCMOTpPUM HECKOJIBKO CIOCOOOB
peanu3anuy MoJIHON MOTOKOBOW 0€30MacHOCTH KOHTEHHEPOB:

* OJIOKMPOBKA KOHTEWHEPA HAa BpeMsI BbI30Ba JII0OON (DyHKIINH;

* OJIOKMpPOBKA KOHTEWHEpa B TEUEHUE KUZHEHHOTO IMKJIa KaXKJIOTO BO3BPAILAEMOr0 HUTEparopa
(HarmpuMep NOCPEICTBOM BbI30Ba begin WIIU end);

* OJIOKMPOBKA KOHTEHEpa Ha MPOTSKEHUH pabOThl Ka)KJOTO alrOPUTMa, BI3BAHHOIO JJIS ATOTO
KOHTeHHepa. B nelicTBUTENBHOCTH 3TO OECCMBICIEHHO, MMOCKOIBKY, KaK OyleT moKa3aHo B coBeTe 32,
aNTOPUTM HE pacrojaraeT cpeJcTBaMU UICHTU(PUKAIIMU KOHTEITHEepa, C KOTOPBIM OH paboTaeT. Tem He
MEHEe, Mbl HM3y4UM OJTOT BapuUaHT — OyIeT MOYYUTEIbHO YBHAETb, MOYEMY OH B MPHUHIIHIIE
HepaboToCrocoOeH.

PaccmoTpum ciegyronmii pparMeHT, KOTOPBIN UIIET B vector<int> MEPBOE BXOXKJICHHUE YHCIA 5

" 3aMCHJICT €CIro HYJ'IGMI
vector<int> v;

vector<int>::iterator first5(find(v.begin(), v.end(), 5)); // Crpoka 1
if (first5 != v.end()) { // Crpoka 2
*firstb = 0; // Crpoka 3
}
B MHOromoTo4Hoil cpeae CyHIECTBYET BEpPOSTHOCTH TOIO, YTO JPYrodl MOTOK HW3MEHHUT



COIEPKUMOE v Cpa3y K€ IMOCJe BBITOIHEHHS CTpoKH 1. Ecam 3TO mpou30MaeT, CpaBHEHUE first5 €
v.end B CTPOKE 2 CTAHOBUTCS OECCMBICICHHBIM, MOCKOJIBKY COAEPKUMOE v OyIeT HE TeM, KAKUM OHO
Obulo B KoHIle cTpoku 1. bonee Toro, Takas mpoBepka MOXET MNPHUBECTH K HEMpPeICKa3yeMbIM
pe3yasraraM, MOCKOJbKY TPETUH MOTOK MOXET NEPEXBATUTh YIPABICHUE MEXIAY CTpOoKaMH 1 U 2 u
CHeJlaTh first5 HEICWCTBUTEIBbHBIM (HAIPUMEDP, MPHU BBIIOJHEHUH BCTABKH BEKTOP MOYKET 3aHOBO
BBIICJIUTh NIAMSTh, BCIEICTBHE YETO BCE UTEPATOPHI JAHHOIO BEKTOPA CTAHYT HEACHCTBUTEIbHBIMU. 3a
mopOOHOCTIIMU O TIepepacipeieicHUN aMsITH oOpamaitech k coBeTy 14). [IpucBanBanue *first5 B
CTpoKe 3 To)Ke HeOe30MacHO, MOCKOJIbKY MEXIy CTpoKamMu 2 U 3 Opyroil mOTOK MOXET YIaduTh
AJIEMEHT, HAa KOTOPBIA YKa3bIBaeT (MM, IO KpallHENW MEpPE, YKa3bIBAJI PAaHbIILIE) UTEPATOP firsts.

Hu o1HO M3 ONMCaHHBIX BBIIIE PEIICHUHN ¢ OJIOKUPOBKON HE peIaeT 3TUX npodieM. BrI30BbI begin
U end B CTpOKE | cpa3y BO3BpAIAIOT YINPABICHUE, CTEHEPUPOBAHHBIE MMM HTEPATOPBI OCTAIOTCS
JEWCTBUTEIBHBIMU TOJIBKO /10 KOHIIA CTPOKH, & £ind TOXKE BO3BPALIAET YIIPABICHUE B KOHIIE CTPOKHU.

Yto6bl ATOT (parMeHT ObUT MOTOKOBO-0€30MacHbIM, OJOKHMPOBKA v JIOJDKHA COXPAHSTBCS OT
ctpoku 1 g0 ctpoku 3. TpyaHo mpeacTaBuTh, KakuMm oOpazom peanusanus STL wmorma O
aBTOMAarM4eCKW MNPUATH K TAaKOMYy BBIBOAY. A €CIM y4ecTb, YTO HCIOJIB30BAHWE NIPUMUTHBOB

CHHXpOHHU3aIUHK (ceMadopoB, MBIOTEKCOBLE 1 T. 1.) OOBIYHO COMPSKEHO C OTHOCHTENBHO BHICOKHMH
3aTparaMM, €Ile TpYyIHEe MPEeICTaBUTh, KaKUM 00pa3oM peaiu3anus Momia Obl caenarb 3To 0e3
3HAYUTEIBHOTO CHM)KEHUSI OBICTPONEHUCTBHS IO CPABHEHUIO C IPOrpaMMaMH, KOTOPBIM anpuUoOpHO
U3BECTHO, YTO B CTpOKax 1-3 ¢ v OyaeT paboTaTh TOJBKO OJAMH MPOrPAMMHBINA MOTOK.

[IoHATHO, MOYEMY B PEIIEHUH MPOOJIEM MHOTOIIOTOYHOCTH HE CTOUT IOJArarbCs Ha peaju3alnio
STL. BMecTto 3TOro B MOAOOHBIX ClIydasix ClIEIyeT CaMOCTOSTEIbHO CHHXPOHHM3UPOBATh AOCTYI. B

HpI/IBGIIGHHOM an/IMepe 9TO MOXKCET BbIIJIAACTH TAK:
vector<int> v;

getMutexFor (v) ;

vector<int>::iterator first5(find(v.begin(), v.end (), 5)):;
if (first5 != v.end()) {// Temeppb sTa cTpoka 0Oes30mlacHa
*first5 = 0; // U mTa cTpoka TOxXe

}
releaseMutexFor (v) ;

B APYyrom, O6’beKTHO-OpI/IeHTI/IpOBaHHOM, PECUICHUHA CO3Ja€TCA KlIacC Lock, KOTOprﬁ 3aXBaTbIBACT
MBIOTCKC B KOHCTPYKTOPC U oc13060>1<z[aeT Cro B ACCTPYKTOPC, UTO CBOJAUT K MUHHUMYMY BCPOATHOCTD
BbI30BA getMutexFor 0e3 IIapHOIo BBI30BA releaseMutexFor. OCHOBa TaKOro Kjacca (TOque,

mabJI0Ha) BRITIAIUT TPUMEPHO TaK:
template<typename Container> // BaszoBmM wa®JiOH OJisg KJAaCCOB,
class Lock{ // BaxBaThHBanlMxX ¥ OCBOOOXIDAKNIMX MbIOTEKCH
public:// nOns KOHTEMHEPOB: MHOTME TEXHUUECKUE
// meTanm OIylleHH
Lock (const Containers container) : c(container) {
getMutexFor (c);// 3axBaT MbOTEKCa B KOHCTPYKTOpE
}
~Lock () {
releaseMutexFor (c); // OcBoDOOoXIeHME MbIOTEKCA B NECTPYKTOpEe
}
private:
const Containeré& c;

Konuenuusi ympapieHUsl )KM3HEHHBIM IIUKJIOM pPecypcoB (B JaHHOM Clydae — MBIOTEKCOB) MpHU
MOMOIM CIEIUATU3UPOBAHHBIX KJIACCOB BPOJE Lock paccMarpuBaeTCs B IFDOOM Cepbe3HOM ydeOHUKE
C++. TlonmpoOyiite Hauath ¢ kHUTH Ctpayctpyna (Stroustrup) «The C++ Programming Language» [7],
MOCKOJIbKY UMEeHHO CTpayCTpyI MOMYISPU3UPOBAI ATY UIMOMY, OMHAKO WH(POPMAIIUIO TAaKKE MOXKHO
HaliTu B coBeTe 9 «More Effective C++». Kakum Obl HCTOYHUKOM BBl HH BOCIIOJIB30BAaIMCh, IOMHUTE,



qTo HpPIBGI[@HHBIfI BBIIIIC KJIAaCC Lock Yype€3aH O0 a0COJIIOTHOTO MHUHHMYMA. HOHHOHGHH&H BCpCu:a
CoAcCpIKaia OBl MHOT'OYHCJICHHBIE JOIMIOJIHCHHUA, HC NMCIHOIIIMC HUKAKOI'O OTHOIICHUA K STL. BHpO‘IGM,
HECMOTpAA Ha MHHHUMAIU3M, MTPUBCACHHAA BCPCHUA Lock BIIOJTHE MOXKET HMCIIOIB30BAThECA B

paccMaTpUBaeMOM IIpUMEpE:
vector<int> v;

{ // Cospmaume HOBOTO BJ)OKa
Lock<vector<int> > lock(v); // lonyueHme MBOTEKCa
vector<int>::iterator first5(find(v.begin(), v.end (), 5)):;
if (firstb != v.end()) {
*first5 = 0;
}

} // BakpmTue 650Ka C aBTOMATUYECKMUM
// ocBoBoxmeHMEeM MBIOTEKCAa

[TockoIbKy MBIOTEKC KOHTEWHEpa OCBOOOXKTACTCS B JECTPYKTOPE Lock, BaXXHO OOCCIECUUTH
YHUYTOXKEHUE Lock Cpasy e MOCiIe 0CBOOOXKIECHUS MbIOTEeKCa. J{JIsT 9TOTO MBI cO3aeM HOBBIN OJIOK, B
KOTOPOM oOTpenenseTcss OOBEKT Lock, M 3aKpPhIBAEM €ro, KaK TOJbKO HAJO0OHOCTh B MBIOTEKCE
ornazaeT. Ha mepBbIi B3I KaXeTCs, YTO BBI3OB releaseMutexFor TIONPOCTYy 3aMEHEH
HEOOXOMMOCTBIO 3aKPBITh OJIOK, HO ATO HE coBceM Tak. Ecnu Mbl 3a0yzieM co3aaTh HOBBIN OJIOK st
Lock, MBIOTEKC BCE€ PaBHO OyleT OCBOOOXJIEH, HO 3TO MOXXET MPOM30WUTH IMO3HEE IMOJI0KEHHOTO
MOMEHTa — TMPU BBIXOAC M3 BHemmHero Oioka. Eciam 3a0bITh O BBI3OBE releaseMutexFor, MBIOTEKC
BOOOIIE HE 0CBOOOXKIACTCHI.

bonee Toro, pemeHue, OCHOBAHHOE Ha KJacce Lock, JIydllle 3alMINCHO OT HMCKIoueHuil. C++
rapaHTUPyeT YHUYTOXKCHUE JIOKAIBHBIX OOBEKTOB MPHU BO3HUKHOBEHUW MCKIIIOUEHHS, TTOITOMY Lock
OCBOOOIUT MBIOTEKC, JaK€ €CIIM MCKIIOYCHUE MPOU30MIET MPU HCIOJIB30BaHUU 00beKTa Lock. [lpu
WCIIOJIb30BAaHWM TIAPHBIX BBI3OBOB getMutexFor/releaseMutexFor MBIOTEKC HE OyleT OCBOOOXKIICH,
€CJIN UCKIIIOUCHHUE IPOUCXOIUT IIOCIIC BEI3OBA getMutexFor, HO IIEPE BBI3OBOM releaseMutexFor.

HcknroueHuss U yIpaBlIeHUE PECypCaMy BaXKHbI, HO JTAHHBIM COBET IIOCBSLICH APYIOM TEME —
notokoBoil Oe3omacHoct B STL. Kak roBopuiioch BbIIE, BBl MOXKETE HadesimbCsaHA TO, 4YTO
peanuzaius OMONIMOTEKM OOeCTeuynBaeT MapajljieIbHOE UYTEHHE W3 OJHOTO KOHTEWHepa W
OJHOBPEMEHHYIO 3alliCh B pa3Hble KoHTeiHepbl. He Hameitech, uro OmOMmMoTexka M30aBUT Bac OT
PYYHOU CHHXPOHM3AINU U He paccuumopléatime Ha TOAACPKKY MHOTOTIOTOYHOCTH.



KoHTeliHepsl vector u string

Bce xonTeiinepsr STL mo-cBoeMy mose3Hbl, OMHAKO OOJIBIMHCTBO TporpaMmuctoB C++ paboraer
C vector W string yaiie, 4eM € UX cOOpaThsIMU, U 3TO BIOJHE MOHATHO. Beab KOHTEHHEPH! vector U
string pa3palaThiBaJUCh KaK 3aMeHa MAacCHUBOB, & MAaCCUBbI HAaCTOJBKO IMOJIE3HBI U YIOOHBI, UTO
BCTPEUAIOTCS BO BCEX KOMMEPUYECKUX A3bIKax nporpammupoBanns or COBOL no Java.

B 5TOM mmaBe KOHTEHWHEPHI vector M string PacCMarpUBAaIOTCSA C HECKOJBKUX TOYEK 3PEHUS.
CHauana Mbl pa3zdepemMcsi, 4eM OHHM IPEBOCXOIAT Kiaccuueckue maccuBbl STL, 3arem paccmoTrpum
NyTA TOBBIIICHUS OBICTPOACUCTBUS vector U string, MO3HAKOMHUMCS C Pa3IMYHBIMUA BapHaHTaMU
peanu3aluy string, U3Y4UM CHOCOOBI MEpelauu string M vector QyHKIuAM APl, npuHumaronmm
nanuble B popmare C. Jlanee Oyaer moka3zaHo, Kak U30e€XKarh JUIIHUX OMEPALNi BbIICICHUS MaMSTH.
['naBa 3aBepiaeTcs aHaIN30M MOYYUTEIBHON aHOMAJINH, vector<bool>.



Cosert 13. Ucnoab3yure vector U string BMeCTO JTMHAMUYECKUX
MAaCCHBOB

[IpunuMas pernieHue 0 IMHAMUYECKOM BBIJICICHUU MaMITH ONEPaTOpOM new, Bbl OepeTe Ha ceds
psia 00s3aTEILCTB.

1. BoigenenHnas namsath B JajdbHEHIEM JTOJIKHA OBITh OCBOOOXKIEHA ONEpaTropoM delete. BbI30B
new 0€3 MOCIEAYIOUIETO delete MPUBOJUT K YTEUKE PECYPCOB.

2. OcBobOoxaeHHe MJOJKHO BBIOJHATBCS COOTBETCTBYIOMICH (opMol omeparopa delete.
OnuHOYHBI 0OBEKT OCBOOOXKIAETCS MPOCTHIM BBI30BOM delete, a JIJII MAacCHMBOB TpeOyeTcs: gopma
delete[]. Oumbka B BbIOOpe (OPMBI delete NMPUBOAUT K HEMpEACKa3yeMbIM mociencTBusM. Ha
OMHMX TaropMmax MporpaMma «3aBUCAET» BO BPEMs BBINOJIHEHHS, a Ha JIPYTUX OHA MPOIOJIKAET
paboTaTh ¢ omMOKaMu, MPUBOASIIMME K YTEUKE PECYpCOB U MOpYE COAEPKUMOTO MaMSTH.

3. Omeparop delete s OCBOOOXKIAEMOT0 OOBEKTa JOJDKEH BBI3bIBATHCA POBHO OIMH Pas.
[ToBTOpHOE OCBOOOXKACHUE MAMSTH TaK>Ke MPUBOAUT K HEMPEJCKAa3yeMbIM MOCIJIEICTBUSIM.

Wtak, AMHAMUYECKOE BbBIACIICHHUE MaMSITH COIPSHKEHO C HEMaJoil OTBETCTBEHHOCTHIO, U s HE
MOHUMAalo, 3a4eM Oparh Ha cebs aumHue obs3arenbcTBa. [IpM MCMONB30BaHUHU vector H string
HEO0OXOMMOCTh B IMHAMUYECKOM BbIICJICHUH MaMSATH BOZHUKAET 3HAYUTEIBHO peXxe.

Kaxxapiit pa3, korna Bbl TOTOBBI TPUOETHYTH K AMHAMUYECKOMY BBIJICJICHUIO MAMSTH O] MacCUB
(To ecThb coOupaeTech BKJIIOUUTH B MPOrPaMMy CTPOKY BHUJA «new T[..]»), MOIXyMalTe, HEIb3s JIU
BMECTO 3TOTO BOCHOJIb30BAThCA vector WM string. Kak mIpaBWIO, string HCHOJB3YETCS B TOM
cllyyae, €CJM T SIBJISICTCS CUMBOJIBHBIM THUIIOM, a vector — BO BCEX OCTAJNbHBIX cllydasx. Bmpouewm,
MO3JHEE MBI PACCMOTPUM CHUTYaI[MI0, KOTJa BBIOOpP vector<char> BBINIAJUT BIIOJHE Pa3yMHO.
KonTeliHepsl vector U string W30aBISAIOT MPOrpaMMUCTA OT XJIOMOT, O KOTOPBIX TOBOPUJIOCH BHIIIIE,
MOCKOJIBKY OHU CaMOCTOSITENIbHO YIPABIAIOT CBOSH MaMAThI0. 3aHUMaeMasi UMU MaMsATh PaclpsAeTCs
no Mepe A00aBICHHS HOBBIX JJIEMEHTOB, a MNPHU YHUYTOXKEHHH vector WIH string AECTPYKTOP
aBTOMAaTMYeCKH YHHMUYTOXKAET JJEMEHTHl KOHTEeHiHepa W OCBOOOXKJaeT MaMsATh, B KOTOPOH OHHU
HaXOMSTCS.

Kpome TOrO, vector W string BXOOAT B CEMEHCTBO IMOCIENOBATENIbHBIX KOHTeHHEpOB STL,
MO3TOMY B BallleM PaclopsDKEHUHU OKa3bIBaeTcs Bech apceHan anroputmon STL, paboTaronmx ¢ 3TUMU
KOHTelHepamu. Bnpouem, amroputmbel STL Moryr ucmnonb3oBarbcsi U € MacCUBaMH, OIHAKO Yy
MAacCHBOB OTCYTCTBYIOT yIOOHbIE (YHKIUU begin, end, size U T. M., a TaKXKE BIOXCHHbIC
OIIpCACJICHUA THUIIOB (iterator, reverse iterator, value type HT. )1.), a4 YKa3aTrClInu char* BPAO
JU MOTYT CpPaBHHUTBCS CO CHEIUMATU3UPOBAHHBIMU (GYHKIUIMH KOHTEWHepa string. Yem Ooublie
pabotaens ¢ STL, TeM MeHblIIe SHTY31Ma3Ma BbI3bIBAIOT BCTPOCHHBIE MACCHUBBI.

Ecnu Bac 6ecniokout cynpba yHacaeq0BaHHOTO KOAa, pabOTaroIero ¢ MacCMBaMM, HE BOJTHYHTECH
U CMEJIO MCHOJB3YUTE vector U string. B coBeTe 16 moka3zaHo, Kak JIETKO OPraHU30BaTh MEpeaady
COIEPHKUMOTO vector U string ¢GyHKuaM C, pabOTalOIMM C MacCMBaMH, MO3TOMY MHTETpaIUs C
YHACJIeJIOBaHHBIM KOJIOM OOBIYHO 00XOUTCS 0€3 3aTPpyAHEHUM.

YecTHO TOBOpSA, MHE MPUXOAUT B TOJOBY JIUIIL OIHAa BO3MOXKHas MpobiieMa MpU 3aMEHe
JMHAMHYECKUX MAcCCHUBOB KOHTEHHEpPAMH vector/string, IPUYEM OHA OTHOCUTCA TOJBKO K string.
MHorue peanu3aluy string OCHOBaHBI Ha MOACYETE CCHUIOK (coBET 15), uTO mO3BOJISIET N30aBUTHCS
OT JIMIIHUX BBIACICHUI MaMITH U KOMUPOBAHHUS CHMBOJIOB, a TaKX€ BO MHOTHMX CIIydasx YCKOPSIET
paboTy koHTeiiHepa. ONTHUMU3AIUA string Ha OCHOBE MOJCYETAa CChUIOK ObUIA COYTEHA HACTOJBKO
BaXxxHOM, uTo KomuTer no crangapruzanuu C++ crenuaibHO pa3pelmi ee HCI0JIb30BaHuE.

Brpouem, onTuMu3zanus HepeAko oOopauuBaeTcs «meccuMmuzanueit». I[lpu ucmonb3oBaHUU
string € IMOACYETOM CCHUIOK B MHOTOIIOTOYHOH cpejie BpeMsi, COKOHOMJICHHOE Ha BBICIICHUH MaMSTH



U KOTMMMPOBAHUH, MOXET 0Ka3aTbCsi HUUTOXXHO MAaJIbIM 110 CPaBHEHHUIO CO BPEMEHEM, 3aTpayeHHbIM Ha
CUHXPOHM3ALMIO JocTyna (3a moapoOHOCTAMH oOpatmaiitech k ctarbe Carrepa «Optimizations That
Aren't (In a Multithreaded World)» [20]). Takum oOpa3oM, mpu UCIOIB30BAHUU string C TMOACYECTOM
CCBUIOK B MHOTOMOTOYHOM Cpele KenaredbHO CIEOUTh 3a mpolieMaMH ObICTPOACIHCTBUA,
00yCJIOBJICHHBIMU MOAIEPKKON MOTOKOBOM 0€30MacHOCTH.

Y1oObl y3HaTh, UCIOIB3YETCS JIM MOACUYET CCHUIOK B Ballleil pealin3aliU string, MPOILIE BCETO
o0paTtuThcsl K AOKYMEHTauu O0ubmnoTeku. [ToCKONbKY MOJACYET CChUIOK CUMTAETCS ONTHUMU3AIUEH,
pa3paboTYuKN OOBIYHO OTMEUAIOT €ro CPEeAM IOJOKUTENbHBIX 0coOeHHOCTell Oubnmorexu. Takke
MOXHO OOpaTUTHCS K HCXOMHBIM TEKCTaM peaju3aliu string. OOBYHO S HE PEKOMEHIYI0 HCKaTh
HYXXHYIO UH()OpMALMIO TaKUM CIIOCOOOM, HO MHOTIIA JPYroro BIXOAA MPOCTO He ocTaercs. Eciau Bbl
noiiiere 1Mo H3TOMY IyTH, HE 3a0bIBaiiTe, UTO string SBISETCA OIpEICICHUEM THUMA s
basic string<char> (@wstring — MIAbasic string<wchar t>), MO3TOMY HCKaTh CIIEAYyET B
mabyioHe basic_string. BeposTHO, mpolle Bcero oOparuThes K KOMUPYIOMIEMY KOHCTPYKTOPY Kiacca.
[TocmoTpuTe, yBeIMUYHUBAET JIM OH MEPEMEHHYIO, KOTOpas MOXKET OKa3aThCs CUETUYUKOM CChUTOK. Eciu
Takas TepeMeHHas OylIeT HaiJleHa, string MCHOJB3YeT MOACYET CCBHUIOK, a €CIu HET — He
UCIIONB3YET. .. MJIA BbI MPOCTO OMIMOINCH MPU MOUCKE.

Ecnu noctynHas peanuzanus string MOCTPOEHA Ha MOJCYETE CChUIOK, a €€ MCIOJIb30BAaHUE B
MHOTOIIOTOYHOM cpejie MOpoXKAaeT MpoodIeMbl ¢ ObICTPOEHCTBIEM, BOBMOXKHBI 110 KpailHel Mepe Tpu
pa3yMHBIX BapuaHTa, HU OAMH U3 KOTOPBIX HE CBs3aH ¢ oTka3zoM oT STL. Bo-mepBbiX, mpoBepsTe, HE
NO3BOJISIET JIM peanu3anus OUOTUOTEKH OTKIIOYUTh MOACYET CChUIOK (OOBIMHO 3TO JeJaeTcs
U3MEHEHUEM 3HA4€HUs MPENpoOLECcCOPHON nepeMeHHOoM). KoHeuHO, MepeHOCMMOCTh MpPHU ITOM
TepseTCs, HO C YY€TOM MHUHUMAJIBHOTO 00beMa padOThl JaHHBIA BapHaHT BCE K€ CTOUT PACCMOTPETb.
Bo-BTOpbIX, HailAuTe WM CO3JaiiTe aJbTepHATUBHYIO PeaM3alUI0 string (XOTs Obl YACTUYHYIO), HE
UCIIOJB3YIOIIYIO MOJCYETa CChUIOK. B-TpeThux, MOCMOTPUTE, HENb3S JU UCIOIb30BaTh vector<char>
BMECTO string. Peanmu3alnuu vector HE MOTYT HCIOJb30BaTh MOACYET CCHUIOK, MO3TOMY CKPBITHIE
npoOieMbl MHOTONOTOYHOIO OBICTpONEHCTBUS UM He npucynm. KoHeuHo, mpH Imepexome K
vector<char> TEpSIOTCI MHOTHE yI0OHbIe (YHKIMHU KOHTEHHEpa string, HO OOJbLIAS YacTh HUX
(GYHKIIMOHATBHOCTH AOCTyNMHA depe3 airoputMbl STL, mo3TOMY peub HUIET HE CTONBKO O CYXKEHUHU
BO3MOXHOCTEH, CKOJIBKO O CMEHE CUHTaKCHCA.

13 Bcero cka3aHHOTO MOXHO CJIeaTh MPOCTOM BBIBOJ — MACCHUBBI C IUHAMUYECKUM BbIJICJICHUEM
naMsTH 4acto TpeOyroT nummHed pabotsl. UToObl ympocTuTh cede KU3Hb, HCIOJIB3YHTE vector U

string.



Coser 14. Ucniosib3yiTe reserve I1Jis NpeA0TBPAINEHUS JIUIITHUX
onepamui nepepacrnpenejaeHuss NaMsTH

OnHOM W3 caMbIX 3aMeuarelibHbIX 0cOOeHHOCTeN KoHTelHepoB STL sBiseTcs aBTOMaTHYECKOE
HapalMBaHUE MaMsITH B COOTBETCTBUU C 00BEMOM BHECEHHBIX JAHHBIX (IIPU YCIOBUH, YTO MPU 3TOM HE
NPEBBIIIAETCS MAKCUMAJIbHBIA pa3Mep KOHTEHHEepa — €ro MOMKHO y3HarTh MPU MOMOIM (PYHKIIUU
max_size). 1 KOHTEMHEPOB vector M string JOMOJHUTEIbHAsI NaMSTh BBIICIAETCS aHAIOIOM
byHKIUU realloc. [Ipouieaypa cCOCTOUT U3 YETHIPEX ITAMOB:

1. Boigenenue HoBOro O10Ka maMsITH, pa3Mep KOTOPOTo KpaTeH TeKyIlel eMKOCTH KoHTelHepa. B
OONBIIMHCTBE peaNnu3aluil vector W string HMCHOJB3YETCS JBYKParHOE YBEJIMYEHHE, TO €CTh IPH
KaXJIOM BBIJICJICHUU JONIOJIHUTEINBHON AMSITH €EMKOCTbh KOHTEMHEPA YBEJIMYUBAETCS BJIBOE.

2. KonupoBaHue BceX 31EMEHTOB U3 CTApOU NMaMATH KOHTEHEpPa B HOBYIO IAMSITh.

3. YHuuTOXEeHNE OOBEKTOB B CTAPOU MAMSTH.

4. OcB0oOOXKACHUE CTAPOU MAMSTH.

[Ipy TakoM KOJIMYECTBE ONEpalMid HE IPUXOAUTCA YAUBIATHCA TOMY, 4YTO JIWHAMHUYECKOE
yBeJIMYeHUE KOHTEHHEepa Mopoil 00X0AUTCS TOBOJIBHO IOpOro. EcTecTBEHHO, 3Ty OMEPAIMIO XOTEIO0Ch
ObI BBIOMHATH KaK MOXKHO pexe. A eCH 3TO €lle HEe KaXEeTCS €CTECTBEHHBIM, BCHOMHUTE, YTO IPH
KaXJIOM BBIIIOJIHCHUN IIEPCYUCICHHBIX ONEpalui BCE WTEPaToOpbl, YKa3areJqu M CCBUIKM Ha
COJIEP)KUMOE vector WU string CTAHOBATCS HEIEUCTBUTENbHBIMU. TaKUM 00pa3oM, MpOCTasi BCTaBKa
3JI€MEHTa B vector/string MOXKET MOTPEOOBATh OOHOBIEHUS APYIUX CTPYKTYpP AAHHBIX, COIEPIKAIIMX
UTEPATOPBI, YKA3ATEIIN U CCBUIKU PACIIUPSIEMOr0 KOHTEHHEDA.

OyHKUUA reserve IIO3BOJISIET CBECTM K MHUHUMYMY KOJIMYECTBO  JOIOJIHUTEIBHBIX
nepepacnpeneyeHuid  maMmsATd U u30exarb  3arpaT Ha  OOHOBJICHHE  HEACHCTBUTEIBHBIX
uTeparopos/ykaszarenei/ccoiok. Ho mpexzae ueM OOBACHATh, KaK 3TO MPOUCXOAUT, IO3BOJBTE
HAllOMHUTH O CYIIECTBOBAHWU YETHIPEX B3AMMOCBSI3aHHBIX (DYHKIHM, KOTOpbIe MHOTNA MyTaIOT IAPYT C
npyroMm. M3 Bcex cTaHIApTHBIX KOHTEWHEPOB MEpPEUHCICHHBbIE (DYHKIMHU MOACPKUBAIOTCS TOJIBKO
KOHTEMHEpaMU vector M string.

 @OyHKIMSA size () BO3BpalA€T TEKyIlee KOJHMYECTBO JJIEMEHTOB B KOHTeWHepe. OHa wue
coobuaem, CKONBbKO MaMATH KOHTEUHEDP BBIACIUI IS XPAHSIIMXCSA B HEM 3JIEMEHTOB.

* OyHKINSA capacity () COOOIMAET, CKOJIBKO AJIEMEHTOB MTOMECTUTCS B BBIJICJICHHONW aMsITH. Peub
UaeT 00 06weMKOTUYECTBE FJIEMEHTOB, & HE O TOM, CKOJBKO e/e3]IeMeHTOB MOKHO Pa3MecTUTh 0e3
pacumpeHusi KoHTeiiHepa. Eciu Bac mHTepecyeT 00beM CBOOOMHONW MaMSTH vector WM string,
BBIUTUTEC size () U3 capacity(). Ecmu size () m capacity () BO3BpallalOT OOAMHAKOBBIC 3HAYCHUA,
3HAYUT, B KOHTEHHEpE HE OCTAIOCh CBOOOAHOIO MECTa, U CIEAYIoIlasi BCTaBKa ( insert, push back U
T. J.) BBI30BET MPOLIEAYPY NIEpEPACTPEACIICHUS TAMSATH, ONNUCAHHYIO BBIILE.

* DOyHKIUS resize (size t n) HM3MEHAET KOJIMYECTBO DJIEMEHTOB, XPAHSIIMXCS B KOHTEHHEPE.
[Tocne BbI30Ba resize (QYHKUHUS size BEpHET 3HaUCHUE n. ECaM n MEeHbIIE TEKYIIETO pa3Mepa, JTUIIHUE
AJE€MEHThl B KOHIIE KOHTEWHepa yHHYTOXatTcs. Eciam n Oonble TeKyliero pasMepa, B KOHeEI
KOHTEHHepa 00aBJISIOTCS HOBBIE AJEMEHTHI, CO3/JaHHBbIE KOHCTPYKTOPOM MO ymomyaHuio. Eciu n
Oonbllle TEKyIIe eMKOCTH KOHTEWHepa, TMepell CO3JaHMEeM HOBBIX JJEMEHTOB MPOUCXOAUT
repepacnpeesieHue maMsITy.

*@DyHKIUA reserve (size t n) YCTAHABIMBAET MUHMMAJbHYIO EMKOCTh KOHTEHHEPA PABHOU n —
IpU YCIOBUH, YTO n HE MEHbIIE TEKyIero pasmepa. OOBMHO 3TO MPUBOIUT K IEpepacrnpeieIeHUI0
NaMsATH BCJEACTBUE YBEIMYEHUSI €MKOCTH (€CJIM n MEHbLIE TEKYyIed €MKOCTH, vector HUTHOPUPYET
BbI30B (DYHKLIMM U HE JENIaeT HUYErO, a string MON*CEMyMEHBIIUTh €EMKOCTh IO OOJbIICH U3 BEJIUYUH
(size (), n)), HO pa3Mep string MPU ITOM 3aBEJOMO He n3MeHseTcs. [lo coOCcTBeHHOMY OMBITY 3HAIO,



YTO YCEYEHHUE EMKOCTHU string BBI3OBOM reserve OOBIUHO MEHEE HANIEKHO, 4YeM «(DOKyc ¢
IIEpECTAaHOBKOW), ONIMCAHHBIN B coBeTe 17.

N3 kparkoro omucanusi (yHKIUH CTAaHOBUTCS SCHO, YTO IMepepacrpesesneHue (BblIeJIeHUue U
OCBOOOXKJeHHWE OJIOKOB TMaMsATH, KONMHPOBAHHE U  YHHUUYTOXKEHUE OOBEKTOB, OOHOBICHHUE
HEJICHCTBUTENIbHBIX UTEPATOPOB, YKA3aTEIEH U CChUIOK) MPOUCXOAUT KAXKbIN pa3, KOIja Ipu BCTaBKE
HOBOTO 3JIEMEHTAa TEKYIasi eMKOCTh KOHTEMHEpa OKa3bIBAE€TCA HEIOCTAaTOuHOM. Takum oOpazoM, s
NpeAOTBpAICHUS JMIIHUX 3aTpaT CJIeAyeT YCTAaHOBUTH JOCTAaTOYHO OOJBIIYI0O €MKOCTh KOHTEiHepa
byHKLHEHR reserve, MPUYEM CHENATh TO HY)KHO KaK MOKHO paHbllle — >KEJaTelIbHO cpasy ke Mocie
KOHCTPYMPOBaHUS KOHTEUHEPA.

[Ipenmnonoxum, BBl XOTUTE CO3JaTh vector<int> C 4yuciaamMu U3 uHTepBasna 1-1000. be3
UCIIOB30BaHUA reserve TO JAENAI0OCh Obl IPUMEPHO TaK:

vector<int> wv;

for (int i=1; i<=1000; ++i) v.push back (i) :

B GonpumHCcTBe peanmsanuii STL Ipu BBIIONTHEHHH 3TOro (parMeHTa mpousoiizer or 2 1o 10
pacumpeHuil koHteitHepa. Kcraru, uyucio 10 oObsacHseTcs oueHb mpocTo. BemomuuTe, 4To mpH
Ka)XJIOM IIepepacnpeieIeHU eMKOCTh vector OOBIYHO YBETMYMBAETCS BJIBOE, a 1000 IPUMEPHO PaBHO
210,

vector<int> wv;

v.reserve (1000) ;

for (int i=1; i<=1000; ++i) v.push back(i);

B 9TOM ciTydae KOJTHYECTBO paclMpeHnii GyieT paBHO HYIIO.

BzaumocBs3b MCXKIY size M capacity IMO3BOJISCT y3HaATh, KOIrJa BCTABKA B vector HJIHM string
IIPUBEIET K PaCIIMPEHUIO0 KOHTEHHEpa. B cBOIO odepenb, 3TO NMO3BOJISIET MPEICKA3aTh, KOIJIa BCTABKa

IIPUBEIET K HEIEUCTBUTEIIBHOCTHA UTEPATOPOB, YKa3aTeJIeU U CChUIOK B KOHTEHHEpe. [Ipumep:
string s;
if (s.size() < s.capacity()) {
s.push back('x"');
}
B stoM ¢parMeHTe BbI3OB push back HE MOXKET NMPUBECTH K MOSBICHUIO HEACHCTBUTEIbHBIX

UTEPaToOpoOB, yKa3arejel U CChUIOK, MOCKOJIbKY €eMKOCTh string 3aBeIOMO OOJbIIE TEKYIIETO pa3Mepa.
Eciu Obl BMeCTO push back BBINOJHSIACH BCTaBKa B MPOM3BOJIBHOM MO3UIUHU CTPOKHU (PYHKIMEH
insert, 3TO TaK)Xe€ TapaHTUPOBAIO Obl OTCYTCTBHUE MepepaciupeesieHuii maMsITH, HO B COOTBETCTBUU C
OOBIYHBIMM  MpPABHJIAMH  JEUCTBUTEIBHOCTH  MTEPATOPOB  JJs  BCTaBKM B string  BCE
UTEpaTOPbl/yKa3aTeIn/CChbUIKA OT TOUYKH BCTAaBKH /10 KOHIIA CTPOKHU CTalu Obl HEJCHCTBUTEIbHBIMHU.

BepueMcst k OCHOBHOW Teme HacTosmero cosera. CyllecTBYIOT JIBa OCHOBHBIX croco0a
npUMEHEeHUS! QYHKIUU reserve JUIS MPEIOTBPAILICHUS HEKENATEIBHOIO NepepacnpeiesieHUus MaMsITH.
[lepBblit croco0 wuCMONB3yeTCsI B CUTYallMd, KOTZAa HW3BECTHO TOYHOE UM NPHUOIU3UTEIBHOE
KOJIMYECTBO JJIEMEHTOB B KOHTEHHEpe. B 3TOM ciydae, Kak B IPUBEJICHHOM BBIIIE IPUMEPE C vector,
HYXHBI 00bEM MaMATH MPOCTO pe3epBUpYyeTCS 3apaHee. Bo BTopoM BapuaHTe (PYHKIUS reserve
pe3epBUPYET MAaKCHUMAJbHBIH O0bEM MaMsATH, KOTOPBII MOXXET NOHAAOOMThCA, a 3areM Ioclie
BKJIIOUCHHUS JIAHHBIX B KOHTEWHeEp Bcs CBOOOMHAs MamsTh OCBOOOXkaaercs. B yceueHun cBOoOOTHOIM
NaMsTH HET HUYETO CI0KHOI0, OIHAKO sl He OyAy OMMCHIBATh ATY ONEPalHIO 31eCh, TOTOMY YTO B HEl
UCIIO0B3YeTCsl 0COOBIN MpHUeM, pacCMOTPEHHBIHN B coBete 17.



Coger 15. IlomHuTe 0 pa3IMYUAX B peaju3anuu string

beepn CrpaycTpyn ogHaxAbl Hamucal CTarbl0 ¢ MHTPUTYIOIIMM Ha3BaHUEM «Sixteen Ways to
Stack a Cat» [27], B koTopoii ObUIM MpPEACTABICHBI pa3HbIE BapUAHTHl peaNu3alUUd CTEKOB.
Oxka3pIBaeTcs, MO KOJMYECTBY BO3MOXKHBIX peaiv3alUil KOHTEHHEPBI string HE YCTYNAKOT CTEKaM.
KoHeuHo, HaM, ONBITHBIM U KBAIM(PUUHUPOBAHHBIM MPOrPAMMHUCTAaM, IIOJOKEHO MPE3UpaTh
«1oApoOHOCTH peanu3aluny, HO eciau DWHINTeHH Obul mpaB, U bor neicTBUTENBHO MPOSIBIAETCS B
Menovax... Jlaxke ecnu mompoOHOCTH NEWCTBUTENBHO HECYHIECTBEHHBI, B HUX BCE K€ KEJIaTeabHO
pazOuparbcs. Tonbko TOTAa MOXHO OBITh  MOJHOCTBIO YBEPEHHBIM B TOM, 4YTO OHH
0elcmeumesbHOHECYIIECTBEHHBI.

Hanpumep, ckojibko maMsTH 3aHHUMaeT OOBEKT string? MHaye roBops, yeMy paBeH pe3ylbTar
sizeof (string)? OTBeT Ha STOT BONPOC MOXET OBITh BEChbMa BaXXHBIM, OCOOCHHO €CIIM BBI
BHUMATENBHO CIEIUTE 33 PACXOaMU MaMITH U JyMaeTe O 3aMEHE HU3KOYPOBHEBOTO YKA3aTeNsl char*
00BEKTOM string.

OxkasbIBaeTcs, pe3yaprar sizeof (string) HEOJHO3HAYEH — U €CJIA BBl ICUCTBUTEIIBHO CIEIUTE
3a pacxolaMH NaMsTH, BPSI JIM 3TOT OTBET BaC YCTPOUT. XOTs Y HEKOTOPBIX peanu3aluidi KOHTEHHED
string MO pa3Mepy COBNAJAET C char*, TaK K€ YaCTO BCTPEYAIOTCS Pealu3aluu, Y KOTOPOU string
3aHMMAaeT B CEMb pa3 Oosbie maMaTu. YeM oObSICHAIOTCA MoA00HbIe paznuuua? UToObl MOHATH 3TO,
HEO0OXOMMO 3HATh, KAKHE TaHHBIE U KAKUM 00pa3oM OyayT XpaHUTHCS B OOBEKTE string.

[TpakTrHuecku Kaxkaas peain3anus string XpaHUT CJIEIYIOIILYI0 HH()OpPMAaIUIO:

* pa3Mep CTPOKHU, TO €CTh KOJIMYECTBO CUMBOJIOB;

* eMKOCTb OJOKa NaMsTH, COIEPIKAIIeTO CHUMBOJIBI CTPOKH (pa3iduyuusg MEXIy pasMepoM H
€MKOCTBIO ONMCAHBI B COBETE 14);

* COAEP/KUMOE CTPOKH, TO €CTh CUMBOJIbI, HEITOCPEACTBEHHO BXOISALME B CTPOKY.

Kpome Toro, B KOHTeIHEpe string MOKET XpaHUTHCA:

* KONUsA pacnpegejmresss naMati. B cosere 10 paccka3aHo, mouyeMy 3TO NOJIE HE SIBISETCS
oOsi3arenbHbIM. TaM >X€ ONUCaHbl CTpaHHbBIE MpPaBUiia, MO KOTOPHIM pabOTaOT paclpeneauTeNu
MaMSsTH.

Peanu3zaunu string, OCHOBaHHBIE Ha MOJICUETE CCHUIOK, TAKXKE COJNEPIKAT:

* CYETYUK CCHLJIOK IS TEKYILETO COAEPKUMOTO.

B pa3sHBIX peanu3anusx string 3TH JaHHBIE XPAHATCA IO-pasHOMY. s HamIAOHOCTH MBI
pPaccMOTPHUM CTPYKTYPHI IaHHBIX, UCIIOIb3YEMbIE B YETHIPEX BApHAHTAaX peaju3aliu string. B BeiOOpe
HET HUYEr0 OCOOEHHOT0, BCE BApMAaHThI I03aMMCTBOBAHBI U3 IMIMPOKO PACIPOCTPAHEHHBIX peaIn3alui
STL. IIpocTo oHM OKa3anucCh NEPBBIMH, IONABIIMMUCA MHE Ha IJ1a3a.

B peanuzanmuu A Kaxablii OOBEKT string COAEPKHUT KOMUIO CBOETO pACHpPENETUTENS NMaMSTH,
pa3Mep CTPOKH, €€ eMKOCTh U yKa3arejb Ha JUHAMUYECKHU BbIICIECHHBIN Oydep cO CUETUNKOM CCBhLIOK
(RefCnt) U COOEPKUMBIM CTPOKHU. B 3TOM BapmaHTe OOBEKT string, UCHOJB3YIOUMA CTaHAAPTHBHIMI
pacnpenenuTenb MaMsaTH, 3aHUMAaeT B YEThIpe pa3a OoJiblle MaMsITH M0 CpaBHEHHUIO ¢ ykazareneM. [Ipu
UCIIONB30BAaHUM HECTAaHJAPTHOTO yKa3aTenss OOBEKT string YBEJIMYUTCS Ha pa3Mep OO0beKTa
pacrpeneauTes.



Pacnpagenvrens [ RefCnt | Coaspwmmosl, "~ |
Paamep
Emioctn
Yxa3aTens

OBnexT string

HFeannaaluns A

B peanuzanun B 00BEKTHI string MO pa3MepaM HE OTJIMYAIOTCSA OT yKaszarejed, MOCKOJIbKY OHU
COIEpIKAT yKas3areab Ha CTPYKTypy. [Ipu 3TOM Takxke mpeamosnaraercs MCIOJIb30BaHUE CTAHIAPTHOTO
pacnpenenurens mnamatd. Kak u B peanmsaumu A, INpU  HUCIOJBb30BAHUHM HECTAHIAPTHOIO
pacmpenenuTens pasMep OObeKTa string YBETUYMBAETCA Ha pa3sMep OO0bEKTa paclpeeUTels.
braromaps ontuMu3anuy, NIPUCYTCTBYIOLIEW B 9TOM BapUAHTE, HO HE IIPEIYCMOTPEHHOM B BapUaHTE A,
UCII0Ib30BaHUE CTAHIAPTHOTO paclpeeanTens 00xoauTes 0e3 3aTpaT naMsTu.

B 00bekTe, HA KOTOPBIA CCHUIAETCS YKa3aTellb, XpaHUTCA pa3Mep CTPOKH, €eMKOCTh M CUETUUK
CCBUIOK, a TAaK)K€ yKa3arejlb Ha JUHAMHYECKHU BbIIEJICHHBIN Oydep ¢ TEKyIMM COACPKUMBIM CTPOKHU.
31ech K€ XpaHATCA JOINOJHUTENbHBIE JaHHBIC, OTHOCSIIMECS K CUHXPOHHU3aLUMU JOCTyHa B
MHOTOIIOTOYHBIX cucTeMax. K Hamen TeMe OHM He OTHOCATCS, II03TOMY Ha PUCYHKE COOTBETCTBYIOIIAS
4acTh CTPYKTYPHI JaHHBIX 0003HaueHa «[Ipouee.

YKkazarene > Paamep
Ofwex string EmkocTe
RefCnt

Ykasateno || Cogepwumoel, &

Mpovee

Peanuiauus B

brok «Ilpouee» oxazancs Oojbllle OCTANbHBIX OJOKOB, MOCKOJBKY s IOCTapajcsi BbLIEpKarb
Mmacimrad n3obpaxenus. Ecau onun 610K BABoe OOJIble IPYroro, 3Ha4UT, OH 3aHUMAET BJIBOE OOJIbIIE
namst. B peanuzanuu B pasmep AaHHBIX CHHXPOHHM3ALUKU TPUMEPHO B HIECTh pa3 MPEBBIIIACT pa3Mep
yKazaTels.

B peanuzanuu C pa3mep o0BbeKTa string BCErlla paBEH pa3Mepy ykaszaTelss, HO 3TOT yKa3arelb
BCErJa CChUIAeTCAd Ha AMHAMUYECKHU BbLIEJICHHBIN Oydep, comepkalmii Bce JaHHbIE CTPOKHU: pa3mep,
€MKOCTh, CHYETUYMK CCBUIOK M TeKyllee coxepkumoe. Pacmpegenutenu ypoBHS O0OBEKTa HeE
nogaepxkuBaoTcs. B Oydepe Takike XpaHSTCS JaHHBIE, OMMCHIBAIOIIME BO3MOKHOCTH COBMECTHOIO
JOCTyNa K COACPKUMOMY; 3Ta TeMa 37eCh He pacCMaTpUBAETCs, TO3TOMY COOTBETCTBYIONMIA OJOK Ha
pucyHKe momeueH OykBoMl «X» (eclii Bac MHTEpECyeT, 3a4e€M MOKET MOTpeOOBaThCS OrpaHUYCHUE
JOCTyMa K JaHHBIM C MOJICYETOM CChUIOK, oOpaTtutech K coBeTy 29 «More Effective C++»).

Paamep | EmkocTe | RefCnt | X CDHEPW'MDE[?_-_}

YKkalarens

OGwexkT string

Peanuaagmws C
B peanuzanuu D 00beKTH string 3aHUMAIOT B CeMb pa3 OoJIblIE MaMsATH, YeM yKaszarelnb (Ipu




UCIIOB30BAaHUU CTAaHIAPTHOIO paCIpeNeuTeNs naMaTtu). B 3Toil peanu3anuu MOACYET CCHUIOK HE
UCIIONB3YETCsI, HO KKl OOBEKT string CONEPKUT BHYTPEHHUM Oydep, B KOTOPOM MOTYT XpaHUTHCS
1o 15 cumBosoB. Takum 06pa3zom, HEOONIbIIME CTPOKU XPAHATCS HEMOCPEACTBEHHO B OOBEKTE string
— JIJaHHAasi BO3MOKHOCTh MHOTJIa HA3bIBAETCA «ONMTUMHU3ALKEH MalbIX CTPOK». ECiIM eMKOCTh CTpOKHU
npeBbiaeT 15 cuMBoIOB, B Hayane Oydepa XxpaHUTCA yka3aTeslb Ha JUHAMHUYECKHU BBIICICHHBINA OJIOK
NaMsITH, B KOTOPOM COJIEPKATCSI CUMBOJIBI CTPOKH.

Pacnpeasnvtenes Pacnpegenutens -
Ykasaten  —»| Copepwumoe’ 5 !
Copepaxnmoe Heﬁcnonbayemaﬂ
Paamep
EMKOCTE
Q6wexT string QObuexT string
(eMKoCTh £15) {eMkocTs >15)

Peannasywa D
H IIOMECTUII 34€CHh OTHU I[I/IaI‘paMMLI COBCEM HE€ MJIA TOrIO, IIT06BI y6€I[I/ITB quTarciisi B CBOCM

YMCHHUHN YHUTATb MCXOJHLIC TCKCTBI U PHUCOBATH KPACHBBLIC KAPTHUHKH. ITo HUM TaK)XKe MOKHO CAcCIaThb

BBIBOJI, YTO CO3JJaHHE O0OBEKTA string KOMaHJIaMH BHJIa

string s ("Perse"); // Wumsa HameM cobaku - IlepcedoHa, HO MH
// oBruHO 30BeM ee npocto "llepcu"

B peanmu3auun D oOxogutcs 0e3 OUHAMHYECKOTO BBIACICHHUS MaMATH, OOXOAUTCS OAHUM
BbIJIeieHUueM B peanusanuax A u C u npymsa — B peanuzauuu B (1151 00beKTa, Ha KOTOPBINA CChUTAETCS
yKazareib string, U JJI CHMBOJBHOTO Oydepa, Ha KOTOPBIA CCHUIAETCS YKa3aTrellb B 3TOM OOBEKTE).
Ecnu nns Bac cyliecTBEHHO KOJMYECTBO ONEpalMil BBIICICHUSA/OCBOOOKIACHUS UM 3aTpaTbl aMsITH,
4acTO CBSI3aHHBIE C 3TUMM OINEpalMsAMU, OT peanu3auuu B mydiie nepxarbca nopaneiue. C npyrou
CTOPOHBI, HAJIW4YUE CIELUAJbHON MOMJEPKKH CUHXPOHHU3ALMU J0CTyna B peanuszanuu B moxer
IIPUBECTH K TOMY, UTO 3Ta peaju3alus MOAOKIET A1 BallMX Lesel aydine, yeM peanusanuu A u C, a
KOJINYECTBO JMHAMUYECKHUX BBIICICHUN MaMsATH yHJEeT Ha BTOpol miuaH. Peanuzauus D He TpeOyet
CHeLMaIbHON MOAAEPKKU MHOTOIIOTOYHOCTH, ITOCKOJIBKY B HEM HE MCIIOIb3YETCS MOACUYET CChUIOK. 3a
JOTIOJTHUTENBHON HH(GOpManMei O CBS3U MEXIYy MHOTOMOTOYHOCTHIO M CTPOKAMHU C TOACYETOM
CCBUIOK OOpamaiitech kK coBeTy 13. TunuuHas momuepkka MHOTOMOTOYHOCTH B KoHTeiHepax STL
onucaHa B coBete 12.

B apxuTekType, OCHOBAaHHOW Ha MOJCYETE CCBhUIOK, BCE JAHHBIE, HAXOMALMECS 3a MpeaciiaMu
00bEKTA string, MOTYT COBMECTHO HCIIOJIb30BAThCA Pa3HbIMU OOBEKTAMH string (MMEIOLIMMHU
OMHAKOBOE COAEPKUMOE), ITIOATOMY U3 MPUBEACHHBIX AUArpaMM TaK)KE€ MOXHO CHIENIaTh BBIBOJ, YTO
peanu3auus A 001a7aeT MEHBIIMMHU BO3MOXHOCTSIMU JUIsl COBMECTHOTO MCIOJIb30BaHMS JaHHBIX. B
4aCTHOCTH, peasin3aunu B u C 1onyckaroT COBMECTHOE HMCIOJIb30BAaHHE AAHHBIX pa3Mepa U €MKOCTH
00BEKTa, YTO MPUBOAUT K MOTCHUIHUAIBHOMY YMEHBIICHUIO 3aTpaT Ha XpaHEHHE 3THX JAHHBIX Ha
ypoBHE 00BbeKkTa. VIHTEepecHO U Apyroe: OTCYTCTBHE MONACPKKH paclpeneauTencii ypoBHs oO0beKTa B
peanu3auun C 03HaYaeT, YTO 3TO €IMHCTBEHHAs peajn3alusi ¢ BO3MOKHOCTBIO UCIIOIB30BaHUS OOIIMX
pacnpenenuteneii: Bce OOBEKTHI string JOKHBI paboTarb ¢ ogHUM pacmpeaenutenem! (3a
uH(opmanueil o npuHIUax paboTkl pacnpenenuTeneit oopamaitecs k coBety 10.) Peanuzamnusa D ne
MO3BOJISIET COBMECTHO MCIOJIb30BaTh JAHHBIE B 00BEKTAX string.

OnvH U3 MHTEPECHBIX acCleKTOB MOBEACHUS String, HE CIEIYIOIMIl HEeMOCPEACTBEHHO W3 ITHUX
arpamMM, OTHOCUTCS K CTPaTeruy BBIACIEHUS MAMATH JUIsl MAJIBIX CTPOK. B HEKOTOPBIX peanuzanusax




YCTaHaBJIMBACTCA MUHUMAaJIbHBIN pasMCp BBIACIIACMOIO O10Ka [MaMATH, K HUX YUCIY IIPpHUHAAJICKAT

peanusanuu A, C u D. BepHeMcs k komaHzie
string s ("Perse"); // Crpoka S COCTOMT U3 5 CHMBOJIOB
B peanuzauum A MuUHHMMaNbHBIA pa3Mep BblaenseMoro Oydepa paBeH 32 cumBoiam. Takum

o0pa3oM, XOTsl pa3Mep S BO BCEX peaju3allusix paBeH 5 CHMBOJIAaM, €MKOCTh 3TOr0 KOHTElHepa B
peanusauuu A paBHa 31 (Buammo, 32-i CHMBOJ 3ape3€pBUPOBAH JUISl 3aBEPIIAIOILETO HYIb-CUMBOJIA,
YIPOILAIOMIETO peanu3anuio QyHKIUU c_str). B peanuzanuu C Takke YCTAaHOBJIEH MUHHMAaJIbHBINA
pa3mep Oydepa, paBHbIA 16, P 3TOM MECTO JUIs 3aBEPIIAIOIIETO HYIb-CUMBOJIa HE PE3epBUPYETCH,
no3ToMy B peanuzanuu C eMKOCTh s paBHa 16. MunuManbHblil pazmep Oydepa B peanuzanuu D Takxke
paBeH 16, HO C pe3epBUPOBAHMEM MECTa I 3aBEPUIAIOIIETO HYIb-cUMBosa. lIpuHuMnuaneHOE
oTinuKe peann3anuu D 3akiroyaercs B TOM, YTO COIEPKUMOE CTPOK EMKOCThIO MeHee 16 CMMBOJIOB
XpaHUTCA B CaMOM OOBEKTE string. Peanusanusa B He uMeer orpaHndeHuit Ha MUHUMAJIBHBIN pazMep
BbIZIeNIIeMOT0 OJI0Ka, M B HeWl eMKocTh s paBHa 7. (ITouemy He 6 mnu 5? He 3maro. [Ipoctute, s He
HAaCTOJIbKO BHUMATEIbHO aHAJIM3UPOBAJ HCXOJAHBIE TEKCTHI.)

W3 cka3aHHOrO OYEBUJHO CIEAYET, YTO CTPATETHs BBIACICHUS MaMITH ISl MaJIbIX CTPOK MOKET
CBITPaTh BaXXHYIO POJIb, €CIIU Bbl cOOMpaeTech paboTarh ¢ OOJIBIIMM KOJUYECTBOM KOPOTKHX CTPOK M
(1) B Bameit paboueil cpeae He XBaTaeT MamMATH WIH (2) BBl CTPEMHUTECh IO BO3MOXKHOCTH
JIOKaJIN30BaTh CCHUIKM M IBITAETECh CIPYNIUPOBaTh CTPOKM B MUHHUMAJbHOM KOJIMYECTBE CTPAHMI]
MaMSsTH.

KoneuHo, B BbIOOpe peaiM3alliM string pa3pabOTUYUK 00JaaaeT OOoJbLIeH CTENEeHbIO CBOOOIBI,
YeM Ka)KeTCs Ha MEPBbIA B3I, MPUYEM 3Ta cBOOOJA MCIOJIb3yeTcs pa3HbIMU crocobamu. Huxe
MEePEUHCIICHBI UIlIb HEKOTOPbIE EPEMEHHBIE (PAKTOPBI.

* [Io OTHOIIEHHIO K COAEPKMUMOMY string MOMKET HCHOJIb30BaThCs (MJIM HE HMCIOJIb30BATHCSA)
NOJCYET CChUIOK. [lo ymMomyaHWI0O BO MHOTHX pealiu3alusix IMOACYET CCHUIOK BKJIOYEH, HO OOBIYHO
IPENOCTABISAETCS BO3MOXKHOCTDh €r0 OTKJIIOYEHHUs (KaK IpaBUiIO, MPH MOMOIIM IPENPOLECCOPHOTO
Mmakpoca). B cosere 13 mpuBeneH npumep cneuupuUUYecKol CUTYyalllH, KOTa MOXET MOTpeOOoBaThCs
OTKJIFOYEHNE MOACYETA CChUIOK, HO TaKasi HEOOXOIUMOCTh MOYET BO3HUKHYTh U 11O APYTUM MPUYUHAM.
Hampumep, momcuer cCbUIOK 3KOHOMHUT BpeMs JIMIIb INPU YaCTOM KOMHMPOBAaHUM CTpoK. Eciau B
IPUII0)KEHUH CTPOKU KOMMUPYIOTCS PEKO, 3aTPAThl HA OACYET CChUIOK HE ONPABIBIBAIOTCSI.

* OOBEKTH string 3aHUMAIOT B 1-7 (MO MeHBIEH Mepe) pa3 OoJble MaMsATH, YeM YKa3aTelH
char*.

« Co3gaHue HOBOTO OOBEKTA string MOXET MOTPeOOBAaTh HYNS, OOHOM WM ABYX OMEparui
JTUHAMUYECKOTO BBIJICJICHUS aMSITH.

* OOBEKTHI st ring MOTYT COBMECTHO HCIIOJIb30BaTh JaHHBIE O pa3Mepe U EMKOCTH CTPOKH.

* OOBEKTHI string MOTYT MONJEPKUBATh (UM HE MOJACPKUBATH) paCHpeNeTUTENN MaMsITH
YPOBHS 00BEKTA.

* B pa3HbIX peasM3alusx MOTYT MCIIOIb30BaThCA PAa3HbIE CTPATETMU OIPAHUYEHUS pPa3MEpPOB
BBIJIEJISIEMOT0 OJI0Ka.

Tonpko He MOMMHUTE MEHS INPEBPATHO. S CUMTar0, 4TO KOHTEWHEP string SABISETCA ONHUM M3
BaXHEUIIMX KOMIIOHEHTOB CTaHAAPTHONW OMOIMOTEKH M PEKOMEHAYI0 HCIOJb30BaTh €ro Kak MOKHO
yame. Hanpumep, coBer 13 mocBsileH BO3MOKHOCTH MCIOJIB30BaHUS string BMECTO IUHAMHYECKHX
CUMBOJIBHBIX MaccuBoB. Ho mist sddextuBHOro mcnonbzoBanuss STL HeoOxomumo pa3duparscs BO
BCEM pa3HOOOpa3uu peanu3anuil string, OCOOGHHO €CIM Balia IporpaMma JOoDKHa padoTarh Ha
pa3sbix mnarpopmax STL npu xecTkux TpeOOBaHUSIX K OBICTPOIACHCTBUIO.

KpoMe Toro, Ha KOHIENTYaIbHOM YPOBHE KOHTEHMHEDP string BRINIAAEI MPEAEIbHO IPOCTO. KTo
ObI MOT TIOJIyMAaTh, YTO €T0 peau3alus TAauT CTOJIBKO HEOKUTAHHOCTEH?



Coser 16. HayuyuTech nepeaaBarhb JaHHbIE vector U string GyHKIMAM
YHACJIeI0BAHHOT 0 HHTEep(eiica

C mowmenta crangaptuzanuu C+ B 1998 romy snurta CH++ HACTOMYMBO MOATAIKHBAET
MPOrPaMMUCTOB K Mepexoly ¢ MaccuBOB Ha vector. CToJb ke OTKPBITO NpoHaraHIupyeTcs mepexosl OT
yKazaresneh char* K 00BEKTaM string. B Moib3y mepexona MMEIOTCs JOCTAaTOYHO BECKUE apTyMEHTHI,
B TOM YHCJIC JIUKBUAAIMS PACTIPOCTPAHEHHBIX OIMMOOK TporpaMMupoBaHus (CoBeT 13) U BO3MOXKHOCTH
MOJIHOLIEHHOTO MCI0JIb30BaHuA Bcel Mot anroputMoB STL (coset 31).

Ho Ha »TOM myTH OCTalOTCAd HEKOTOPbIE MPEMSTCTBHS, W3 KOTOPBIX €1Ba JU HE CaMbIM
pacrpoCTpaHCHHBIM SIBJISIOTCS yHACJIeNOBaHHBIe HHTEp(deuch si3bika C, paboTarime ¢ MacCUBaMU |
yKa3aTeasiIMH char* BMECTO OOBEKTOB vector M string. OHU CYIIECTBYIOT C JIaBHUX BPEMEH, U €CITU
MBI XO0THM 3P (dEKTHBHO HCTMONb30Barh STL, mpuaeTcs Kak-TO yKHBATHCS C dTUMHU «IEPEKUTKAMHU
MPOLIIOTO».

K cuactbeio, 3amaya pemaerca npocto. Ecnum y Bac mmeercst vector v U Bbl XOTUTE MOIYYUTh
yKa3zarelib Ha JaHHBIC v, KOTOPbIE MHTEPIPETUPOBAINCH Obl KaK MACCHB, BOCIIOJB3YUTECh 3aMHCHIO

sv[0]. Jnfgstring s aHAJIOTMYHAs 3allUChb MMEET BHUJ s.c str (). Bopouem, 3TO HE Bce —
CYIIIECTBYIOT HEKOTOpBhIE OTpaHMYeHHUS (TO, O 4YeM B pekjaMe OOBIYHO THUIIETCS CaMbIM MEJIKHM
mpuQpTOM).

PaccmoTpum crenyroriee oObsBICHHE:

vector<int> wv;

Bripaxenue v(0] [JaeT CChUIKY Ha IEPBBIM 3JEMEHT BEKTOPA, COOTBETCTBEHHO &v[0] —
yKaszarejab Ha mnepBblid sneMeHT. B coorBercTBUM co CranmaproM C++ 3JE€MEHTHI vector JOJIKHBI
XpaHUTHCS B TIAMSITH HEMPEPBHIBHO, 110 aHAJIOTUM ¢ MaccuBoM. JlomyctuM, y Hac umeercs pynkius C,
oOBsIBICHHAS CIEAYIOIMM 00pa3oMm:

void doSomething(const int* pInts, size t numlnts);

Ilepenaya maHHBIX TOJIKHA MMPOUCXOJIUTH TAK:

doSomething (&v[0], v.size()):

Bo Bcsikom ciydae, Tak 001ocHoOBITh. OCTaeTCs JUIb MOHATh, YTO MPOU30UACT, €CIIU BEKTOP v
nyct. B atoMm cnydae (yHKIuUs v.size () BepHeT 0, a &v([0] MbITAaeTCS TMOIYYUTh yKas3areilb Ha
HECYIIECTBYIONMI OJOK MaMsATH ¢ HEeMpeacKazyeMbIMU TocieAcTBUsIMU. Hexopomo. boiee HamexxHbIH

BapI/IaHT BbI3OBA BBITJIAAUT TakK:
if ('v.empty()) {
doSomething (&v[0], v.size()):

}
OTI[GJ'IBHBI@ IMOOO3PUTCIBHBIC JTUYHOCTHU  YTBCPXKIAKOT, YTO &v[0] MOXHO 3aMCHHUTH Ha

v.begin (), IMOCKOJIBKY begin BO3Bpalllae€T UTEpPATOp, a IS vector UTEPATOp B JIEHCTBUTEIBHOCTU
npeacTaBisgeT co0oil ykazarenab. Bo MHOTHX ciydasix 3TO AEMCTBUTEIBHO TaK, HO, KaKk OyleT MoKa3aHo
B coBete 50, 3TO mpaBuiio cOOMIOAAETCS HE BCErna, U moJiararbesi Ha Hero He cToutT. DyHKIuSA begin
BO3BpAllla€T MTEPATOp, a HE YyKas3arellb, MO3TOMY OHAa HHUKOIZIA HE JIOJDKHA HCIOIb30BaThCs JUIS
MOJIyYEHHUs yKazaress Ha JaHHbIE vector. A €CIHM YK BaM OYE€Hb MPUIISHYIACH 3alHUCh v.begin (),
UCIIONB3YUTE KOHCTPYKIHIO &*v.begin () — OHA BEPHET TOT K€ yKa3areib, YTO U &v[0], XOTA 3TO
YBEJTMYMBAET KOJIMYECTBO BBOAMMBIX CHMBOJIOB M 3aTpyAHsieT paloTy JoAeH, MbITAIOIMXCS
pa3zobOparbcsi B Bauleil mporpamme. Eciu 3HakoMble BaM COBETYIOT MCIOJb30BaTh v.begin () BMECTO
§v[0] — Jydllle CMEHUTE KPYyT OOILCHUSI.

Crioco0 monydyeHus ykaszareisi Ha JaHHbIe KOHTEiHepa, Xopouo paboTaloumil s vector,
HEJOCTAaTOYHO HAJEeXKeH A string. Bo-TepBbIX, KOHTEHWHEp string HE TapaHTUPYET XpaHEHUs
JAHHBIX B HEINPEpPhIBHOM OJIOKE MaMsITH; BO-BTOPHIX, BHYTPEHHEE MPEJICTaBICHUE CTPOKU HE



00s13aTeNIbHO 3aBepIlaeTcsl Hyab-CUMBOJIOM. [1o 3TUM mpuuMHaAM B KOHTEHepe string mpeaycMoTpeHa
byHKUIUS c_str, KOTOpas BO3BpalaeT yKas3arelb Ha coiepkumoe cTpoku B ¢opmare C. Takum
o0Opa3om, niepeada CTPOKHU s PYHKIIUU

void doSomething(const char *pString);

IIPOMCXOJIUT TaK:

doSomething(s.c _str());

JlaHHOE peleHne NMOAXOAUT M Ui CTPOK HYIEBOM JUIMHBL. B 3TOM ciydae c str BO3Bpamaer

yKaszaresb Ha HylIb-CUMBOJI. KpoMe TOro, 0OHO rOIUTCSA U I CTPOK C BHYTPEHHUMH HYJIb-CUMBOJIAMMU,
XOTS B 3TOM Cllyyae doSomething C OOJBIION BEPOSTHOCTHIO MHTEPIPETUPYET MEPBbI BHYTPEHHUMN
HYJIb-CUMBOJI KaK NPU3HAK KOHIA CTPOKU. [IpucyTcTBUE BHYTPEHHUX HYIIb-CUMBOJIOB HECYILIECTBEHHO
JUIsE OOBEKTOB string, HO HE U1 PyHKIUN C, UCTIONB3YIOIMX char*.

Bepuemcs k o0bsBnenusim doSomething:
void doSomething(const int* pints, size t numInts);
void doSomething(const char *pString);

B o0oux ciyuasix mepenaroTcsi ykazarenu Ha const. OyHkuus C, mojiydaromas JaHHBIC vector
UJIH string, Yumaemux, He TbITasCh MoAuuUIHpoBarh. Takoil BapuaHT Hamboiee Oe3zomaceH. Jlis
string OH HEW30€XeH, IMOCKOJbKY HE CYILECTByeT TapaHTHM, 4YTO c_str BEpPHET yKa3aTelb Ha
BHYTPEHHEE TIPEJICTaBICHUE CTPOKOBBIX JAHHBIX; (YHKIHS MOXET BEpPHYTh yKazareidb Ha
HeHn3MeHseMyto konutonanubix B popmare C (ecnu Bac BCTpeBOXMIA 3 (PEKTUBHOCTD ITUX OINEpallUuif,
HE BOJIHYHTECh — MHE HE M3BECTHA HHM OJHA COBPEMEHHas peanu3aius OMOIMOTEKH, B KOTOPOH Obl
UCII0Ib30BANIACh IaHHAS BO3MOKHOCTb).

Vector mpeaocTaBiseT NpoOrpaMMUCTy 4yTh O0bIIyl0 cBoOoay AeiicTBuid. Ilepenaua v GyHKIMM
C, Momuduuupyrome 3JeMeHTHl v, 00bIYHO 00xonuTcs 6e3 mpoOieM, HO BbI3BaHHas (DyHKLIHS He
JOJKHA U3MEHATHh KOJIMYECTBO 3JIEMEHTOB B BekTope. Hampumep, oHa He MOXKET «CO037aBaTh» HOBBIC
AJE€MEHTHI B HEUCIONb3yeMON MaMSTH vector. TaKUe MOMBITKH MPUBEAYT K HAPYIICHHUIO JOTMYECKON
I[EJIOCTHOCTH KOHTEIHepa v, MOCKOJIbKY OOBEKT HEe OyleT 3HaTh CBOM MpaBUIIBHBIN pa3Mep, U BHI30OB
(GYHKLIWY v.size () BO3BPATUT HEMPABUIIbHBIC PE3YyAbTaThl. A €clii BbI3BaHHAs (YHKIUS MOMBITACTCS
N00aBUTh HOBBIE JIaHHBIE B BEKTOP, Y KOTOPOTO TEKYIMI pa3Mep COBMAAAeT C €eMKOCThIO (coBeT 14),
IpOU30MAeT cynmii Kommap. S 1axe He NbITaloCh NPeAyragaTh MOCIEICTBUS, HACTOIBKO OHH Y)KACHBIL

Bb1 oOparunu BHHMaHUE Ha (GOPMYITUPOBKY «OOBIMHO 00xonuTcest 6e3 mpoliaem» B MpeAblayIeM
ab3ane? Koneuno, oOparunu. HekoTopble BEKTOpHl YCTaHABIMBAIOT JJI CBOUX JAaHHBIX
JOTIOJTHUTENbHbIE OrpaHUYeHHs, M TpH nepeaade BekTopa ¢yHkuuu APl u3menstomeit ero
COACPKUMOE, Bbl JOJKHBI MPOCIEIUTHh 3a TE€M, YTOOBl ATH OrPaHUYEHHS HE ObUIM HApYIICHBI.
Hanpumep, kak oObicHseTCS B coBeTe 23, COpPTUpPYEMbIE BEKTOPBI YaCTO MOTYT paccMarpuBarbCs B
Ka4ecTBE pPa3yMHOM albTEPHATHBBI JJII aCCOIMATHUBHBIX KOHTEHHEPOB, HO MIPH 3TOM COMAEPKHMOE
TaKUX BEKTOPOB JIOJDKHO OCTaBaThCA MPABHIJIBHO OTCOPTHUPOBaHHBIM. [Ipu mepemade copTupyeMoro
BEKTOpa (YHKIMU, CIOCOOHON H3MEHUTh €r0 COAEPKUMOE, BaM MPUIETCS YYUTHIBaTh, YTO MpPHU
BO3BpalleHUHU U3 GYHKIIUU COPTUPOBKA IJIEMEHTOB MOKET ObITh HApYIICHA.

Ecnu y Bac umeercs vector, KOTOPBINA JTOJKEH HHUIIUATU3UPOBATHCS BHYTpU QyHKIMH C, MOXHO
BOCTIOJIb30BAaThCS  CTPYKTYPHOM COBMECTUMOCTBIO vector € MacCHUBaMU M Iepenarb (GyHKIUU

YKa3aTcJjib Ha OJIOK DJIEMEHTOB BCKTOpa:
// oyuxuma fillArray nojyuyaeT yKasaTejlb Ha MAaCCUB.
// comepxamur He 0OoJjiee arraySize umcen Tuna double.
// W 3anmucHBaeT B HETO HOaHHHEe. Bo3BpallaeMoe KOJIMUECTBO BalMCaHHBIX
// uucesy 3aBenmoMoO He npebBomaeT maxNumDoubles.
size t fillArray(double *pArray, size t arraySize);

vector<double> vd(maxNumDoubles); // Cosmarb vector, eMKOCTb KOTOPOTIO
// paBHa maxNumDoubles
vd.resize (fillArray (&vd[0], vd.size())); // 3Banonuurs vd BH30BOM

// oyuxumm fillArray, nocje 4dero



// WM3MEHMUTL pasMep O KOJMUYECTBY
// BalMCaHHEIX DBJIEMEeHTOB

JlaHHBII crOco0 MOAXOAUT TOJIBKO UISl vector, MOCKOJIBKY TOJIBKO 3TOT KOHTEHHEpP 3aBEIOMO
COBMECTHM C MAaCCHBaMM IO CTPYKType IamMATH. Brpodem, 3ajaya WHULOMAIU3ALMUU string
¢byuknueit C Toxe pemaeTcsi H0CTaTOuHO MpocTo. JlaHHbIe, BO3BpalaeMble (PYHKIIMEH, 3aHOCATCSA B

vector<char> M 3aT€M KOIMUPYIOTCA U3 BEKTOpPA B string:
// OyHKLMSE [OJiydyaeT ykasaTeJb Ha MaccCuB, comepxaummi He Oojee
// arraySize CuUMBOJIOB, M 3alMUCHBAET B HET'O IAaHHHE.
// Bo3BpallaeMoe KOJIMYECTBO S3aNlMCAHHEX YMCEeJ 3aBEIOMO HE I[IPEBHIIAET
// maxNumChars
size t fillString(char *pArray, sizet arraySize);

vector<char> vc (maxNumChars); // Co3marb vector, eMKOCTb KOTOPOTO
// paBHa maxNumChars
size t charsWritten = fillString(&vc[0],vc.size()); // BamnoJHuUTL VC
// BEBOBOM fillString
string s (vc.begin (), vc.begin()+charsWritten); // CKONMPOBATL IOAHHLE

// M3 VvC B S MHTEpPBAJIbHEM
// KOoHCTpykTOpoM (coBeT 5)

CoOcTBeHHO, caM MPUHIUI cOXpaHeHUs JaHHBIX ¢yHKIuer APl B vector M MX moOCHeqyIOLIETO
KOIUPOBaHUA B HY>KHbII KoHTeliHep STL paboraer Bceraa:

size t fillArray(double *pArray, size t arraySize); // CMm. pahnee
vector<double> vd (maxNumDoubles);// Takxe cCcM. paHee

vd.resize (fillArray (&vd[0], vd.size());

deque<double> d(vd.begin(), vd.end()); // Konupoahnue B deque
list<double> 1 (vd.begin(), vd.end()); // KonupoeaHme B list
set<double> s (vd.begin (), vd.end()); // KonupoBaHue B Sset

bonee Toro, 3ToT (parMeHT MOJACKa3bIBACT, KaK OpPraHM30BaTh MepeAady AaHHBIX U3 APYrHX
koHTelHepoB STL, kpome vector H string, ¢yHKuusM C. [l 3TOr0 JOCTAaTOYHO CKOMUPOBATH

JAHHBIC KOHTeﬁHepa B vector M IICPCHATL CI'O ITPHU BBI3OBC:
void doSomething(const int* pints, size t numInts); // ®ysxuus C (cM. paHee)
set<int> intSet; // MHOXeCTBO, B KOTOPOM
// XpaHATCsa NnepenaBaeMue
// DahHHHe

vector<int> v (intSet.begin(), intSet.end());// CKoOMpPOBATL IaHHEE
// u3 set B vector
if (!v.empty()) doSomething(&v[0], v.size()); // IllepemaTb OaHHBE

// oyuxuum C
BooO01ie ToBOps, JaHHBIE TaK)KE MOKHO CKOIMPOBaTh B MAacCUB W Iepeaarb ux ¢pyHkuuun C, HO

3a4eM 3TO HYkHO? Ecim pa3mep KOHTEHHEpa HE U3BECTEH Ha CTAaAUU KOMITWIISLUU, TaMSTh IPUIETCS
BBIJICJIATh JUHAMHYECKH, a B coBeTe 13 oObscHseTcH, nmoyeMy BMECTO AUHAMHYCCKUX MAaCCHBOB
CJICAYCT UCIIOJIB30BATh vector.



Coger 17. Ucnioab3yuTe «(POKYC ¢ mepecTaHOBKON» 11 YMEHbIIIEHUS
€MKOCTH

[Ipenmnonoxum, Bbl MULIETE MpOrpaMMy Ajsi HoBoro Tenenoy «bemensie aensru». Uudopmanus o

IMOTCHIHAJIbHBIX YHACTHHUKAX XPAHUTCA B BCKTOPC!

class Contestant {..};
vector<Contestant> contestants;

[Tpu o6bsaBneHUH HAOOpPA YYACTHUKOB 3asIBKU CBHIILIIOTCS TPaJoM, U BEKTOP OBICTPO 3aIMOIHSAETCS
sanemenTamu. Ho mo Mepe oTb60opa nepcrneKTUBHBIX KaHIUIAaTOB OTHOCUTEIHHO HEOOIBILOE KOIHMYECTBO
AJIEMEHTOB MEPEMEIIACTCS B HAYaI0 BEKTOpA (BEPOSATHO, BBI3OBOM partial sort WM partition —
cM. coBeT 31), a HeyJauHUKH YIAJIAIOTCA U3 BEKTOpa (Kak MpaBUJIO, MPU NOMOUM HHTEPBAIBHOU
bopMBbl erase — cM. cOBeT 5). B pesynbrare ynajaeHus AJIMHA BEKTOPAa YMEHBIIAETCS, HO €MKOCTb
octaeTcs mnpexHed. Ecam B KakoW-TO MOMEHT BpPEMEHHM BEKTOp coxepxain naHHele o 100 000
KaHJIUJIaTOB, TO €r0 eMKOCTh ocTaneTcs paBHoil 100 000, naxke eciu Mo3AHEE KOJIMYECTBO FJIEMEHTOB
ymeHbmTcs 10 10.

YToObl BEKTOp HE yIepKUBAJ HEHYKHYIO TaMATh, HEOOXOAUMBI CPEACTBA, KOTOPHIE ObI O3BOJISITN
COKpaTUTh €MKOCTh OT MaKCMMAaJIbHOM [0 HCIOJb3yeMOl B Hactoaumii momeHT. [logoGHoe
COKpallleHue €MKOCTH OOBIYHO HA3bIBAETCA «CXKAaTUEM Mo pasmepy». (Ckarhe mo pasMmepy JIEeTKo
MPOrpaMMUPYETCS, OMHAKO KOA — Kak Obl BBIPA3UThCS MOAETUKATHee? — BBINIAUT HEJIOCTATOYHO
MHTYUTHBHO. [{aBaiiTe pa3dbepeMcs, kak OH paboTaer.

YcedueHue NUIIHEN eMKOCTH B BEKTOpE contestants Mpou3BOAUTCS CIACAYIOIIMM 00pa3oM:
vector<Contestant> (contestants) .swap(contestants);
BrIpaxeHue vector<Contestant> (contestants) CO3Ja€T BPEMEHHBIM BEKTOp, COAEPKAIMU

KOIHUIO contestants; OCHOBHAsI pa00OTa BBIMOJIHAETCS KOMUPYIOIMM KOHCTPYKTOPOM vector. TeM He
MEHEE, KOMUPYIOIMHA KOHCTPYKTOP vector BBIIEISET POGHO CMOALKO NAMAMU, CKOILKO HE0OX00UMO
OJ151 XpaHeHUsl KONUpyemuvlX 21eMeHmos, TIOITOMY BPEMEHHBI BEKTOP HE CONEPKUT JUIIHEH €MKOCTH.
3areM COAEpPKUMOE BEKTOpPA contestants MEHSETCA MECTAaMU C BPEMEHHBIM BEKTOPOM (PyHKIMEH
swap. Ilocie 3aBeplieHHs HTOM OINEPALUU B contestants OKa3bIBACTCS COLACPKUMOE BPEMEHHOIO
BEKTOpa C YCEYEHHOM EMKOCTBbIO, a4 BPEMEHHBIM BEKTOpP COHAEPKHUT «pPa3ayThle» JIaHHBIC, paHee
HaXOQUBIIHMECS B contestants. B 3TOT MOMEHT (TO €CTh B KOHLE KOMaHJbl) BPEMEHHBIH BEKTOP
YHUUTOXKAETCS, 0OCBOOOXK1asi MaMsTh, paHEee 3aHUMAaeMYI0 BEKTOPOM contestants.

AHanornIHbIN IMpUCM IIPUMCHACTCA U 110 OTHOIICHHIO K CTPOKaM:

string s; // CoszmarTp 6GOJblylD CTPOKY M YyIOAJUTh M3 Hee
.. // OOoJdbWYIHD YACTb CHUMBOJIOB
string(s) .swap(s); // BHNOJHUTHL "cxarTme 0o pasMepy" C OOBEKTOM S

Sl He MOry npeaoCTaBUTh CTONPOLIEHTHOM TapaHTHM TOrO, 4YTO 3TOM IPUEM JEUCTBUTEIBHO
YIQUIAT U3 KOHTEHHEpPA JUIIHIOK €MKOCTh. ABTOpBI peajiu3aluil MpU KEJAHUUM MOTYT HAMEPEHHO
BBIICIINTh B KOHTEWHEpAX vector M string JIMIIHIOK NaMATh, U MHOTAA OHU TAK U MOCTYIAIOT.
Hanpumep, koHTeliHep MOXeT o00JiaJaTh MUHHMAJbHOM EMKOCTBIO WJIM >K€ 3HAYeHHUS EMKOCTHU
vector/string MOTYT OIPAaHUYMBATHCA CTEMEHSIMHU 2 (MO0 COOCTBEHHOMY OIBITY MOTY CKa3arb, 4TO
noJ00HbIE aHOMAJIMK Yallle BCTPEUAIOTCS B peasi3allUsIX string, HEXKEIU B peaju3alusix vector. 3a
npuMepamu obpamaiitecs k coBety 15). Takum 06pazom, «cxkatue 1o pazMepy» cieayeT NOHUMAaTh He
KaK «IPUBEICHUE K MHMHHUMAIBHOM E€MKOCTH», a KaK «IPHUBEICHUE K MHUHHUMAJIBHOM €MKOCTH,
JIONIYCKAEMOW peaNMu3alued Uil TEKYyIIETo pa3Mepa KOHTeWHepa». Brmpouem, 3To Jsydinee, 4TO BBI
MOXeETe clenarb (He cunTas nepexona Ha Apyryro peanuszanuio STL), mo3TomMy «ckarue 1mo pazmepy»
JUISI KOHTEHHEPOB vector U string (AKTUYECKU SKBUBAJICHTHO «(POKYCY C IEPECTaHOBKOM.

Kcraru roBops, ogHa U3 pa3HOBUIHOCTEH «(POKyca ¢ MEPECTAaHOBKOW» MOXKET HCIOJIb30BAThCS



JUIL OYUCTKU KOHTEMHEpPA C OJHOBPEMEHHBIM COKPAILICHUEM E€MKOCTH JO MUHUMAJIbHOW BEIWYMWHBI,
noJ/IepKMBaeMoi Ballel peanusaiuei. s 3Toro B nepecTaHoOBKE HCIOJIb3YETCS BPEeMEHHBIH 00BEKT

vector UJIA string, COACPIKNMOC KOTOPOIr'o CO34aCTCsA KOHCTPYKTOPOM I10 YMOJHYaHUIO!
vector<Contestant> v;

string s;

// Vcnonbs30BaTh V U S
vector<Contestant> () .swap(v); // OumcTuUTL V C yMeEHbLIIEHUMEM EMKOCTMH
string() .swap(s); // OuucTuTh S C yMEHLIUIEHUEM EMKOCTU

OcTaeTtcs caenarh MocjieIHee 3aMeuanne, oTHocseecs K GyHKIUU swap B 11esoM. [lepectanoBka
COIEPKUMOIO JBYX KOHTEHHEPOB TAK)KE NMPUBOIUT K INEPECTAHOBKE MX WUTEPATOPOB, YKAa3arelieu H
CCBUIOK. MTeparopsl, yka3arenu M CChUIKH, OTHOCHUBIIMECS K 3JIEMEHTAaM OIHOIO KOHTEHWHEpa, MOCIe
BBI30BA swap OCTAIOTCS JEUCTBUTEIBHBIMU M YKa3bIBAIOT Ha TE€ K€ JJIEMEHTbl — HO 6 Opy2oM
KoHmeuHepe.



Coset 18. U30eraire vector<bool>

Vector<bool> kak konteitHep STL obnagaeT nuib 1ByMsi HegocTarkaMu. Bo-mepBbix, 3T0 BoOOIIIE
He KoHTelHep STL. Bo-BTOpPBIX, OH HE COAEPIKHUT bool.

OOBekT He cTaHOBUTCS KOHTeHHepoM STL TONBKO MOTOMY, UTO KTO-TO Ha3Ball €ro TAKOBBIM — OH
cTaHOBUTCA KOHTelHepoM STL nuib npu cobmoaeHnn Bcex TpeOOBaHM M, N3MI0KEHHBIX B paznene 23.1
Cranpmapra C++. B yacTHOCTH, B 3TUX TpeOOBaHUSIX TOBOPUTCS, UTO €CIU ¢ — KOHTEHHEpP OOBEKTOB
TUTNAT, MONICPKUBAOIMNA ONeparop [], TO CIEAyIAas KOHCTPYKLHS JOJDKHA HOPMaJbHO

KOMITUJIMPOBATLCA:
T *p = &c[0];// UnnumanusupoBaTs T* agpecoM IOaHHHX,
// BO3BpallaeMuHxX onepaTopom [ ]
HNuaue roBops, c€CJIn OIIcparop [] HCIIOJIB3YCTCA JIA IIOJYYCHHUA OAHOI'0O H3 OG'EGKTOB T B
Container<T>, TO YKa3arcjib Ha 3TOT OG'B@KT MOXHO IIOJIYYHUTb IIPOCTBIM B3ATHCM Cro aJpcca

(mpeamosiaraeTcsi, 9YTO OMNEparop & TUMAT HE OBbUI TEperpykeH HU3BpaAIlICHHBIM CIIOCOOOM).

CrnenoBarenbHO,  UYTOOBI vector<bool> OBUI KOHTEHHEPOM, CIEAyIOUMN (QparMeHT [OJKEH
KOMIIHUJIUPOBATHCS:

vector<bool> v;

bool *pb = &v[0]; // MHUUMaIM3MpPOBaATh bLOOl* ampecoMm pesyibTara,

// BO3BpamaeMoro omnepaTopoMm vector<bool>::operator[]

OnHako NpuUBeACHHBIN (PparMeHT KOMIMINPOBAThCA He OyAeT. [leno B ToM, 4TO vector<bool> —
IICEBJIOKOHTEMHEP, COIEpKAUWMI HE HACTOALME JIOTUUECKHUE BEJIUYUHBI bool, a UX NPEACTABICHUS,
YIIAaKOBaHHBIE JUISI DKOHOMHUM MecTa. B TUIIMYHOW peanu3aluy KaxJaas MCEBIOBEIMYMHA «booly,
XpaHsSIAsCs B MCEBIOBEKTOPE, 3aHMMAET OIWH OWUT, a BOCBMHOUTOBBIM OAMT IpeacTaBiseT BOCEMb
«pooly». Bo BHyYTpeHHEM WpeACTaBICHUH vector<bool> OyJIeBbl 3HAUEHHS, KOTOPBIC JIOJKHBI
XpaHUTHCA B KOHTEMHEpE, MPECTABISAIOTCS aHAJIOTaMi OUTOBBIX MOJIEH.

butoBble mMOJNIA, KaK W bool, HNPUHUMAIOT TOJIBKO JBa BO3MOXHBIX 3HAYEHHUS, HO MEXIY
«HACTOSIIUMU» JIOTUYECKUMHM BEIUYMHAMH W MAaCKUPYIOIIMMHUCS TOJ HUX OWUTOBBIMU MOJSMHU
CyHIECTBYeT INMpUHIUNHANbHOE pasnuuue. Co3aarh yKas3arellb Ha PeajbHOE YMCIO bool MOYXKHO, HO
yKa3aTely Ha OTAENIbHbIC OUTHI 3aMPEIICHBI.

CchUTKM Ha OTJIeJIbHBIE OUTHI TOXKE 3aMPEILECHBI, YTO MPEACTABIAET ONPEACICHHYIO TPOOIeMy JUIs
mu3aitHa  uHTepdelica vector<bool>, TOCKOJIbKY (DYHKIHS vector<T>::operator([] JIOJDKHA
BO3BpalliaTh 3HaYeHUE TUMNAa Ts. Ecnu Obl KOHTEHHEp vector<bool> NEHCTBUTENBHO COAEPKANI bool,
ATOM MPOOJEMBI HE CYIIECTBOBAJIO Obl, HO BCJIEICTBUE OCOOCHHOCTEW BHYTPEHHErO NPEACTABICHUS
(bYHKIUS vector<T>: :operator [] JOJKHA BEPHYTh HECYLIECTBYIOIIYIO CCUIKY Ha OTJEIbHBIA OUT.

YtoObl CHpaBUTHCS C ATUM 3aTpyIHEHHUEM, (YHKLHUS vector<T>::operator[] BO3BpaIIACT
O0BEKT, KOTOPBIM uMumupyemcChblIKy Ha OTHCNbHBIH OUT — TaK Ha3bIBAEMBII HPOMENCYMOUHbLL
ob6vexm. [Ins ucnons3zoBanus STL He o0s3arenbHO MOHMMATh, Kak padOTalOT MPOMEKYTOUHBIC
OOBEKTHI, HO BOOOIIE A3TO BechbMma moje3Has uguoma C++. [lonmonHutenbHas HHPOpMaLUSA O
NPOMEXYTOUHBIX OO0bekTax mpuBereHa B coBete 30 «More Effective C++», a Takxke B pasznene
«Ilartepun  Proxy» kuuru «llpuemsvt 00veKmHO-OpueHmMuUposanno2o npoekmuposanus» [6]. Ha

MPOCTEUIIIEM YPOBHE vector<bool> BBINNISIAUT MPUMEPHO TaK:
template <typename Allocator>
vector<bool, Allocator> {

public:
class reference {..};// Knacc, TeHepupyoLUM NPOMEXYTOUHEE
// OBBEeKTH IJiS CCBJIOK Ha OTIEJIbHbEE OUTEH
reference operator([] (size type n); // operator[] BOo3Bpamaer

// NPOMEeXyTOUHEI OOBEKT

b



Teneps NOHATHO, TOUYEMY CIIEIYIONMM (PPAarMEeHT HE KOMITUIUPYETCH:

vector<bool> v;

bool *pb=&v([0]; // Ommbka! BrHpaxeHMe B NPaBOM YACTM OTHOCUTCH K TUIY
// vector<bool>::reference*, a He bool*

A pa3 ¢parMeHT HE KOMIIWJIHPYETCS, vector<bool> HE YIOBIECTBOPAECT TPEOOBAHUIM K
koHTernepam STL. Jla, cnenuduka vector<bool> 0cob0o oroBopeHa B CraHmapTe; Aa, 3TOT
KOHTEUHEDP noumuynoBieTBOpsAET TpeboBaHUsIM K KoHTeiHepam STL, HO «mmouTu» He cuuTaercs. Yem
OoJbIlie Bl HAMHUILETE IA0JI0OHOB, MPeAHA3HAYCHHBIX sl paboThl ¢ STL, Tem m1ydke BBl OCO3HAETE ITY
UCTUHY. YBEpSIO Bac, HACTYNUT JE€Hb, KOTJa HAMUCAHHBIN BaMU MA0I0H OyaeT padoTarh JHIIb B TOM
ClIy4ae, €ClId MOJIyYeHHE aJpeca DJIEMEHTAa KOHTEMHEepa NaeT yKas3arellb Ha THUIl JJIEMEHTA; U Koraa
ATOT JI€Hb IIPUJIET, BbI HATJIAIHO OLYTUTE PA3HUILY MEXKy KOHTEHHEPOM U NOYMUKOHTENHEPOM.

CrpanmBaercs, o4eMy e vector<bool> MpUCYTCTBYyeT B CTaHaapTe, €Ciu 3TO HE KOHTEHHEp?
Ot4acT 3TO CBA3aHO C OJHHUM OJArOPOAHBIM, HO HEYIAUHBIM IKCIEPUMEHTOM, HO MO3BOJIETE MHE
HEHAJIOJITO OTJIOKHUTh 3Ty TeMy M 3aHATbCS Oojiee HacCyUHbIM BompocoM. WTak, OT vector<bool>
CIeqyeT IepKarbCs IMOAANbLIe, NOTOMY YTO 3TO HE KOHTEHMHEP — HO 4YTO K€ JIeJIarTh, KOIZa BaMm
NENCTBUTEIBHO HOHAOOOUMCABEKTOP JIOTHUYECKUX BETUYNH ?

B cranmaptHyro OMOIMOTEKY BXOOAT JBa aJbTEPHATUBHBIX pEIUICHUS, KOTOPHIC MMOIXOAAT
npakTHYecKu Juist MoObIx cuTyanuid. [lepBoe pemeHne — deque<bool>. KoHTeliHEep deque oOmanmaer
IMPAKTHYCCKH BCCMHU BO3MOKXHOCTAMU vector (3a HCKIIIOYCHUCM PA3BC YTO reserve U capacity), HO
MpU  ATOM deque<bool> SBIAETCSA IMOJHOLEHHBIM KOHTeWHepoM STL, comepkammM HaCTOSIIME
3HaYeHUS bool. KoHEUHO, BHYTpEHHSAA NaMATh deque HE 0Opa3yeT HEMPEPHIBHBIM OJIOK, MOATOMY
JMaHHbIE deque<bool> HE yaacTcs nepeaars Gynkuuu C, moydaromei MaccuB bool (cM. coBeT 16), HO
3TO HE YJAJIOCh OBl CAENATh U C vector<bool> U3-3a OTCYTCTBHUS MEPEHOCHUMOTO criocoba MmoaydeHus
JAaHHBIX vector<bool>. (IIpmem, mNponeMOHCTPUPOBAHHBIN Mg vector B coBeTe 16, He
KOMIIMJIUPYETCA Ul vector<bool>, MOCKOJBKY OH 3aBHCHUT OT BO3MOXHOCTH IIOJyYCHHUs Ha THUII
AJIEMEHTA, XPAHSALIETOCs B BEKTOPE, — KaK YIIOMHHAJIOCh BBIIIE, vector<bool> HE COAEPIKUT bool.)

Bropoli anerepHaTMBON Ui vector<bool> SBISETCA bitset. BooOmie roBops, bitset He
SBJISIETCS CTaHIApTHBIM KoHTeiHepoMm STL, HO BxoauT B cTanAapTHyto 6ubnuoteky C++. B oTnuune
ot koHTeiHepoB STL, pazMep bitset (KOTMIECTBO IJIEMEHTOB) (PUKCUPYETCS HA CTAIUA KOMITHIISINH,
II03TOMY OII€pallMd BCTAaBKH-YIAJICHUs DJIEMEHTOB HE IOAJCPKUBAIOTCS. bosiee TOro, IOCKOJBKY
bitset HE ABIAETCS KOHTelHepoM STL, B HEM OTCYTCTBYET MOAJAEPIKKA UTEPATOPOB. TeM He MeHee
bitset, KaK M vector<bool>, UCIIOJb3yET KOMIIAKTHOE MPEACTABICHUE KAXKIOTO DJIEMEHTA OJHUM
OUTOM, MONACPKUBACT (PYHKIMIO flip KOHTEHHEpa vector<bool> W PsA JPYTUX CIHEUHATbHBIX
GbyHKIUNA, UMEIOLMX CMBICT B KOHTEKCTE OMTOBBIX MHOXKECTB. Eciu Bl mepekuBeTe 6€3 UTepaTropoB U
JTUHAMUYECKOTO U3MEHEHUSI Pa3MEPOB, BEPOSITHO, bitset XOPOLIO MOJOUAET AJIsI BAIINX LEIICH.

A Tenepb BepHEMCS K OJIarOpPOJHOMY, HO HEYIaYHOMY SKCIEPUMEHTY, U3-32 KOTOPOTO MOSIBUIICS
«ICEBAOKOHTEUHEP» vector<bool>. S| yK€ yIOMHUHAI O TOM, YTO IPOMEKYTOUHBIE OOBEKTHI 4aCTO
UCIIONB3YIOTCS TpH porpammupoBanuu Ha C++. Unensl Komurtera no crannaprusanuu C++ 3Hanu 00
3TOM, MO3TOMY OHM PELIMJIA CO3]1aTh vector<bool> KaK HANIAIHBIA MpUMEpP KOHTEHHEpA, TOCTYI K
AJIEMEHTAM KOTOPOTO MPOU3BOAUTCS 4YEpe3 MPOMEKYTOUHbIE O0BEKTHL IIpeamosiaranock, 4To MOpH
HaJau4yuu Takoro mnpumepa B Cranaapre y MNpOrpaMMHCTOB TMOSBUTCS TOTOBBIA oOpazen Juis
MOCTPOEHUS COOCTBEHHBIX aHAJIOTOB.

B wuTore BBIICHMUIOCH, YTO CO3/JaTh KOHTEHHEpP C MPOMEXKYTOUHBIMU OOBEKTAMH,
YIOBJIETBOPSAIONMM BceM TpeboBaHUsAM K KoHTelHepy STL, nesozmoocno. Tak unu nHave, cienbl 3TOM
HEYIa4HOU MOMBITKU coxpaHuiuch B Cranaapre. MOXXHO AOJAT0 rajarb, Mo4eMy vector<bool> ObLI
COXpPaHEH, HO C IIPAKTHUYECKOM TOYKM 3PEHHUS OTO HECYIIECTBEHHO. [J1aBHOE — IIOMHHTE, 4TO
vector<bool> HE YAOBIETBOpsAET TpeOoBaHUSIM K KOHTeHHepaMm STL, yTo UM Jydlle He MOJIb30BATHCS



U YTO CYIICCTBYIOT albTCPHATUBHBIC CTPYKTYPhl JAaHHBIX deque<bool> M bitset, MOYTH BCETIa
CIIOCOOHBIE 3AMEHUTh vector<bool>.



AcCCOIMATUBHBbIE KOHTEHHEPbI

AccounaruBHbIE KOHTEWHEPHI 10 HEKOTOPBIM XapaKTEPUCTUKAM CXOXHU C IMOCIIEI0BAaTEIbHBIMU
KOHTEMHEpaMH, OJHAKO MEXAY STHUMHU KaTeropusIMU CYIIECTBYET psJl NPUHUHUIUAIBHBIX Pa3IM4Hil.
Tak, conepKUMO€ acCOLMAaTUBHBIX KOHTEUHEPOB ABTOMAaTUYECKU COPTUPYETCS; aHAIN3 COAEPKUMOTO
MPOU3BOAMUTCS MO KPUTEPUIO SKBUBAJICHTHOCTH, a HE PABEHCTBA; KOHTEUHEPHI set W map HE MOTYT
colepxarb AyOJUKAaroB, a KOHTEWHEPHI map U multimap OOBIMHO UTHOPHUPYIOT MOJOBUHY AAHHBIX B
KOKJIOM M3 coaepKammxcss B HHX O0ObeKkTOoB. Jla, accouuaruBHbBIE KOHTEHHEPHI SBISIOTCS
KOHTEHHEPAMU, HO OHU ONPEACIIEHHO BBIICISAIOTCS B CAMOCTOATEIIbHYIO KaTETOPHIO.

B 5T0i1 maBe Mbl paCCMOTPUM OCHOBHOE IMOHSTHUE 3KBHBAJIEHTHOCTH; MTPOAHAIMU3UPYEM BaXKHOE
OTpaHUYCHUE, YCTAHOBJICHHOE I (YHKIUUA CpaBHEHHS; MO3HAKOMUMCS C IOJb30BaTEIbCKUMHU
GyHKIUSAMHM CpPaBHEHUS JUIsl aCCOLMATHBHBIX KOHTEHHEPOB YyKaszarenel; oOcyauM oQuIHUaIbHbIE U
NpaKTHUYEeCKUE AacleKThl HEHW3MEHHOCTH KII04Ya, a TakKe IYTH MOBbIIeHUus: 3((EKTUBHOCTU
aCCOLMATUBHBIX KOHTEHHEPOB.

B STL oTcyTCTBYIOT KOHTEHHEPHI Ha 0a3ze XdUI-TaOJIUIl, TOATOMY IIaBa 3aBepUIaeTCs MpuMepaMu
JIBYX paclpOCTPaHEHHBIX (XOTs M HECTaHIAPTHBIX) peanusanuil. HecMoTpst Ha OTCyTCTBUE X31I-Ta0IHIL
B STL, BaM He mnOpuaeTcs peaJu30BbIBATh KX CAMOCTOATENBHO WM OOXOOUTHCA JPYTUMHU
KOHTeHHepamu. CyllleCTBYeT HEMAJIO TOTOBBIX KAUE€CTBEHHBIX peaM3alUi.

3amada cpaBHeHUs 00bekTOB Bo3HHMKaeT B STL ouens wacto. Hampumep, eciam pyHKums find
UIIET B MHTEpBaJIC MEPBbIi OOBEKT C 3aJaHHBIM 3HAUYEHHUEM, OHA JOJDKHA YMETh CPaBHUBATh J1Ba
00BbEKTa W Y3HaBaTh, COBIAJAIOT JU MX 3HaueHUs. I[lpu MOmbITKE BKIIOYEHHS HOBOTO 3JIEMEHTAa B
MHOXECTBO (YHKILHUS set::insert JOJHDKHA NHPOBEPUTH, HE CYIIECTBYEeT JM JaHHOE 3HAYEHUE B
KOHTEHHEPE.



Cosert 19. IloMHMTE 0 PA3IMYUAX MEKITY PABEHCTBOM H
IKBUBAJIEHTHOCTBIO

AJTOPUTM find U (QYHKIUA set::insert SBIAIOTCS TUIMUYHBIMHU MPEACTABUTEISIMU CEMEWCTBA
GbyHKIUNA, TPOBEPSAIONMX COBMAJCHUE ABYyX BEJIMYMH, OMHAKO JIEJAI0T 3TO OHU Mo-pasHoMmy. [lis find
COBNAJECHUEM  CUYUTAETCS pageHcmeo AByX BEIUMYMH, IpoBepseMoe omneparopom ==. DyHknug
set::insert MPOBEPSET OTHOUICHUE dKUBaALIeHmMHOCmU, OOBIYHO OCHOBAaHHOE Ha omeparope <. Takum
o0pa3oM, IO OAHOMY OIPEJCICHUIO JIBa 00bEKTa MOTYT UMETh OJMHAKOBbIE 3HAUYECHUS, TOTJA KaK IO
IpyromMy ompejaeleHur0 OHU OyayT pasnuyarbes. Ortcioma cienyer, 4yTo A 3(P(GEeKTUBHOTO
ucnonb3zoBanug STL HeoOXoauMo MOHUMATH Pa3Inyus MEK/y PABEHCTBOM M YKBUBAJICHTHOCTBIO.

dopmanbHOE ONpPEACIICHUE PAaBEHCTBA OCHOBAHO Ha MCIOJB30BaHUM omneparopa ==. Eciu
pe3yAbTarT BBIPAXKEHUS x==y PABEH true, 3HAYUT, x U y UMEIOT OJIMHAKOBBIC 3HAYECHUS, & €CIIH false
— pasHele. B nenom omnpeneneHue BecbMa MPSMOJUHENHOE, XOTA CIAEAYET NOMHHUTH O TOM, YTO W3
paBEHCTBA 3HAUYEHUW HE CIIEAYeT PABEHCTBO BCEX IOJIeW AaHHBIX. [Ipenmosoxnm, Kiacce widget

XpaHUT BHYTPEHHUE JTAHHBIE O BPEMEHHU MOCIEHEro oOpalieHus:

class Widget {
public:

private:
TimeStamp lastAccessed;
b
I[J'IH KJIacca WidgetMOXKHO OIIpCACIUTD OIICPATOp ==, I/IFHOpI/Ip}IIOHlI/Iﬁ S3HAYCHUEC 3TOIO IMOJIA:
bool operator==(const Widgets lhs, const Widgets rhs) {
// Tojse lastAccessed urHopmupyeTcs

}
B sToMm ciiyuae 1Ba 00bekTa Widget OyAyT CUMTAThCA PABHBIMU JaXKe B TOM CJIydae, €Clid UX MOJIs

lastAccessed COACPKAT Pa3HBIC 3HAYCHU.

OKBUBaJCHTHOCTh OCHOBaHa Ha OTHOCUTEIBHOM  TOpSAJKE 3HAUCHHl  OOBEKTOB B
OTCOPTUPOBaHHOM MHTepBajie. [Ipome Bcero paccmarpusarb €€ B KOHTEKCTE IOpsAAKA COPTUPOBKH,
SBJISIFOLLETOCS] YacThIO JIIOOOr0 CTAaHJAPTHOTO aCCOIMAaTUBHOIO KOHTEMHepa (TO eCcTh set, multiset,
map HMmultimap). /[Ba 00OBEKTa x Wy CUMTAIOTCS SKBUBAJICHTHBIMU MO OTHOUICHUIO K TMOPSIKY
COPTUPOBKHM, HCIOJB3YEMOMY aCCOLIMATUBHBIM KOHTEMHEPOM c, €CIM HU OIWH M3 HHUX HE
NpEALIECTBYET IPYroMy B MOpSAIKE COPTUPOBKHU c. Ha mepBblil B3mIA Takas GOpMYTUPOBKA KakeTCs
3alyTaHHOM, HO Ha MPAaKTHUKE Bce MPOCTO. Bo3bMeM KoHTeMHEp set<Widget> s. JIBa 00beKTa Widget,
wl M w2, AMEIOT SKBUBAJICHTHBIE 3HAYEHMS 110 OTHOIICHHUIO K s, €CJIM HU OJIMH U3 HUX HE NPEAIIECCTBYET
IpyroMy B TIOpsJKe COPTUPOBKHU s. CranmaptHas GyHKIUS CpaBHEHUS IS set<Widget> —
less<widget>-——IK)YMOHHaHHK)HpOCTO]Mﬂ&HBaeToperator<JDUIOGBGKTOBWidget,HO3TOMva_H
w2 OyIyT MMETh 3HAYCHUS, SKBUBAJCHTHBIC MO OTHOIICHUIO K operator< €CJIM UCTUHHO CIEIyIOIIee

BbIpa)KECHUE:!
' (wl<w2) // VYcaoBume wl < W2 JIOXHO
& & /]
! (w2<wl) // YcnoBue w2 < wl JIOXHO

Bce BrosHE JOTMYHO: ABa 3HAYEHUs DKBUBAJICHTHBI (IO OTHOILIEHUIO K HEKOTOPOMY KPHUTEPHIO
VIIOPSAOYEHNUSI), €CIM HU OJHO W3 HHUX HE MPEALIECTBYET APYrOMY B COOTBETCTBUHM C JaHHBIM
KPUTEPUEM.

B o0miem ciydae ¢yHKIMEH cpaBHEHHS sl aCCOLMAaTUBHOIO KOHTEHEpa SBIsSETCA HE Oneparop
< WIM Jaxe less, a NOJb30BareNbCKUi mpeaukar (cm. coser 39). Kaxnapli cTaHIapTHBIM
acCOIIMaTUBHBIA KOHTEHHEpP MPEIOCTaBISET CBOW MPEIUKAT COPTUPOBKU 4epe3 (PYHKIUIO key comp,



IIOTOMY JIBa 00BEKTa x W y HMCIOT JKBHBAJCHTHBLIC 3HAYCHHA II0 OTHOHICHHUIO K KPHUTCPHUIO

COPTHUPOBKHU aCCOLMATUBHOTO KOHTEHHEPA c, €CIIU BBIMOJIHACTCS CIAEAYIOIIEe YCIOBUE:
!c.key _comp() (x, y) && !c.key comp() (y, X) // X He mpenmecTByeT Yy
// B Hnopsgmke COPTUPOBKMU C,
// a y He mnpeimecTByeT X

BBIpa)KeHI/Ie lc.key comp () (x,y) BBIINIAJUT YCTPAINArOMIC, HO CTOUT IIOHATh, YTO c.key comp ()
BO3Bpam@eT GyHKIHIO (Ui 00beKT QPyHKINM), KaK Bce 3aTpyAHeHus ucuesarot. [lepen Hamu npoctoii
Bb30B (GyHKIMU (MM oObeKkTa (YHKIMH), BO3BPALIAEMON key comp, KOTOPOM MepenaroTcs
apryMEHTHI x U y. 3aT€M BBIUMCISAETCA JJOTUYECKOe OTpuLlanue pe3ynbrara. DyHKIUs c.keycomp () (x,
y) BO3BpAlllAeT true JIUIIb B TOM CJIydae, €CJIH x MPEALISCTBYET y B MOPSAAKE COPTUPOBKH, MOATOMY
BBIpAXXEHHE !c.key comp () (x, y) HCTUHHO TOJIbKO B TOM CIly4ae, €CIH x He Hnpeoulecmeyemy B
NOPSIJIKE COPTUPOBKHU c.

YroObl BBl Jydllle OCO3HAJIM MPUHIIUIIHUAIBHBIN XapaKTep pas3audyuil MeEXAy paBEHCTBOM H
HKBUBAJICHTHOCTBIO, PACCMOTPUM MPUMEP — KOHTEUHEP set<string> 0€3 yuyeTa perucTpa CUMBOJIOB,
TO €CTh KOHTEHHEp set<string>, B KOTOPOM (YHKIUS CPAaBHEHHUS UTHOPUPYET PETUCTP CHUMBOJIOB B
ctpokax. C Touku 3peHus Takoi pyHkuuu ctpoku «STL» u «stL» sxBuBanentHsl. [lpumep peanuzanuu
(GYHKINU ciStringCompare, HTHOPUPYIOLIEH PETUCTP CHMBOJIOB, IPUBEJIEH B COBETE 35, ONHAKO set
TpebyeTcss mun@yHKIIMU CpaBHEHUS, a HE cama QyHKIMA. UTOOBI 3aMOMHUTh 3TOT IPOOEN, MbI TUIIEM

KJ1acc (pyHKTOpa ¢ OmepaTopoM (), BBI3BIBAIOIIMM ciStringCompare:
struct CiStringCompare: // Kijiacc cpaBHEeHMS CTPOK
public // Bes yueTa permcrpa CUMBOJOB;
binary function<string, string, bool>{ // onmcaHue 6az30BOTO KJacca
// npuBeneHo B coreTe 40

bool operator () (const stringé& lhs, const string& rhs) const {

return ciStringCompare (lhs, rhs); // Peanmsauusa ciStringCompare

// npuBenexna B coBeTe 35

}

i
IIpr Hanmumm CiStringCompare KOHTEUHEP set<string>, ATHOPUPYIOIMU PETUCTP CHUMBOJIOB,

CO31acTCA OYCHB IIPOCTO:
set<string, CIStringCompare> ciss;
Teneps npu BcTaBke cTpok «Persephone» u «persephone» B MHOKECTBO OylA€T BKJIIOYEHA TOJIBKO

1epBasi CTPOKa, NOCKOJIBKY BTOpasi CYNTACTCS DKBUBAJICHTHOM:

ciss.insert ("Persephone"); // B MHOXECTBO BKJIOUAETCS HOBHM B3JIEMEHT

ciss.insert ("persephone"); // OKBUBAJIEHTHHM SJIEMEHT He BKJIOUAETCSH

Ecnu teneps mpoBecTH MOHUCK CTPOKH «persephone» (yHKIHEH set::find, pe3yasrar OyaeT
YCHEIIHBIM:

if(ciss.find ("persephone") !=ciss.end())... // D2jieMmeHT HaUOeH

Ho ecii Bocmmosib30BaThCS BHEIHUM aJIropuTMOoOM find, IIOUCK 3aBCPIIACTCA HGYI[&"ICI\/JE

if (find(ciss.begin(), ciss.end(),

"persephone") !=ciss.end()).. // DJIeMeHT OTCYyTCTBYET

Heno B ToM, 4TO cTpOoKa «persephone» sxsusanenmua«Persephone» (mo oTHOIEHUIO K PYHKTOPY

CpaBHCHUA CIStringCompare), HO He pasHa eu (HOCKOJIBKy string ("persephone")

!=string ("Persephone")). [IpuBeJieHHBI NpUMEp MOACHSAET ONHY M3 MPUYMH, MO KOTOPOM B
COOTBETCTBUHM C COBETOM 44 pPEKOMEHIYeTCS HCIOJb30BaTh (YHKIMU KOHTEHHEPOB (set::find)
BMECTO MX BHEIIHUX aHAJIOTOB (find).

Bo3nukaer Bompoc — moueMy ke B paboTe CTaHAAPTHBIX AacCCOI[MAaTHBHBIX KOHTEHHEPOB
WCIIONIb3YeTCsl TOHSATHE SKBUBAJICHTHOCTH, a HE paBeHCTBA? Benp OOJBIIMHCTBY MPOTPaMMHCTOB
PaBEHCTBO KaXETCS WHTYUTHBHO OOJiee MOHSATHBIM, Y€M HKBHUBAJICHTHOCTh (B MPOTHUBHOM CIydae
JTAHHBIA coBeT ObuT Obl JMIHWUM). Ha mepBbiid B3MIAL OTBET Ka)X€TCS MPOCTBIM, HO 4YeM JOJIbIIe
pa3MBbIIUISCIb HAJT STUM BOIPOCOM, TEM MEHEE OYEBUIHBIM OH CTAHOBUTCSL.



CranaapTHbIE aCCOLUATUBHBIE KOHTEWMHEPHI COPTUPYIOTCS, TOATOMY KaXblii KOHTEUHEDP TOJKEH
UMETh (PYHKIMIO CpaBHEHUS (IO YMOJIYAHUIO less), OMNPEACNSIONIYI0 TOPAIOK COPTHUPOBKHU.
OKBUBAJICHTHOCTH OMpPEACNAETCS B KOHTEKCTE (PYHKIIMU CPABHEHUS, IO3TOMY KIMEHTAM CTaHAapTHBIX
aCCOIIMAaTUBHBIX KOHTEHHEPOB OCTAETCA JULIb 33/1aTh €IUHCTBEHHYIO (PYHKIMIO cpaBHEeHUS. Eciin Obl
accollMaTUBHbIE KOHTEWHEpPHl MPU CPABHEHHH OOBEKTOB HCIIOIb30BAIM KPUTEPUU PaBEHCTBA, TO
KKJIOMY aCCOIMaTUBHOMY KOHTEWHEpY, IMOMHUMO HCHOJb3YyeMOl TpH COPTUPOBKE (PYHKIIUU
CpaBHEHUS, MPUIUIOCH ObI OMpENeisTh BTOPYIO (DYHKLHIO I IPOBEPKH paBeHCTBAa. BeposTHO, 1O
YMOJYaHUIO (DYHKLHS CPAaBHEHHS BbI3bIBala Obl equal to, HO MHTEPECHO 3aMETUTh, YTO (YHKIUS
equal to B STL He ucmonwp3yeTrcss B KauecTBe CTaHAapTHOW (yHkiuu cpaBHeHus. Korma B STL
BO3HHUKAET HEOOXOMUMOCTh MPOBEPKHU PABEHCTBA, O YMOIUYAHUIO MPOCTO BbI3bIBAETCS omeparop ==. B
YaCTHOCTH, UMEHHO TaK IOCTYIIAET BHEIIHUM AJITOPUTM find.

JomycTtrm, y Hac UMEETCd KOHTEUHEpP set2CF, IMOCTPOCHHBIM IO o6pazuy Set — «set ¢ IByMs
byukuusamu cpaBHeHus». [lepBas QyHKUIMS CpaBHEHUS OINpeeNseT MOPSI0K COPTUPOBKHU 3JIEMEHTOB
MHOKECTBA, a BTOpAsl HMCHOJIb3YeTCs JUIsl NMPOBEPKH PABEHCTBA. A TENEpbh PACCMOTPUM CIEAYIOLIEE
OOBSIBIICHHE:

set2CF<string, CIStringCompare, equal to<string> > s;

KonteliHep s MNpPOU3BOIUT BHYTPEHHIOIO COPTHUPOBKY CTpPOK 0€3 ydera perucrpa, HO C
VCIOJIb30BAHUEM HHTYUTHBHOTO KPUTEPUS PABEHCTBA: [JBE CTPOKH CYHUTAKOTCS pPaBHBIMU IIpU
COBIIAICHUM MX conepkuMoro. [Ipenmnosioxkum, B s BCTABISIOTCS /1BA BapUAaHTA HANMCAHUS CTPOKHU

«Persephone»:
S.insert ("Persephone");
S.insert ("persephone");

Kak noctynuth B 3TOM cinydae? Eciy KOHTEHHEP MOMMET, UTO "Persephone” != "persephone",
U BCTABUT 00€ CTPOKHU B s, B KAKOM TMOPSAKE OHU JOJKHBI CII€10BaTh?

HanowmHto, 4To (yHKIIUSI COPTUPOBKH 3TH CTPOKHU HE paznuuaer. ClielyeT JIu BCTaBUTh CTPOKU B
MPOU3BOJIBHOM TOPAIKE, T0OPOBOJBHO OTKAa3aBIIMCh OT JETEPMUHHUPOBAHHOIO MOpsijaka mnepebopa
cofiepKUMoro koHTelHepa? HeneTepMuHUpOBaHHBIN MOPSAIOK epedopa yKe MPUCYIIl ACCOLUATUBHBIM
KOHTEMHEpaM multiset M multimap, NOCKOJbKY CTaHAAPT HE YCTAaHABIMBAET HUKAKUX OTPaHUYCHUI
Ha OTHOCHUTEJBHBIA MOPSAJOK CIEJAOBAHUS DSKBHBAJIEHTHBIX 3HAYEHUW (multiset) WM KIIOYEH
(multimap). WMnm Ham cregyeT HACTOATh Ha JETEPMHHUPOBAHHOM THOPSIKE CONEPKUMOIO s U
IPOUTHOPHUPOBATH BTOPYIO MOIMBITKY BCTABKU (151 CTPOKHU «persephone»)? A ecnu OyaeT BHIOpaH 3TOT
BApUAHT, YTO IIPOM30MIET PU BBIIOJIHEHUH CIIEAYIOLIEH KOMaHIbL:

if (s.find("persephone") != s.end()).. // Kakum OyrmeT pes3yJbTaT NIPOBEPKMU?

@OyHKIUA find MCIOJB3YET INPOBEPKY PABEHCTBA, HO €CIIM IPOUTHOPUPOBATH BTOPOW BBHI3OB
insert I COXPAHEHUS NETEPMUHUPOBAHHOIO MOPSIAKA IJIEMEHTOB s, IPOBEPKA NACT OTPULIATENbHBIN
pe3ynapTaT — XOTS CTpOKa «persephone» Obla OTBEprHyTa Kak AyOaukar!

Mopainb: ucnons3yst oAHy (PYHKLIHMIO CpaBHEHHUS M NPUHUMAsS pEIICHUE O «COBMNAJCHUU» JBYX
3HAQUEHUI HAa OCHOBAaHWM MX SKBHUBAJICHTHOCTH, Mbl HM30€raéM MHOTIOYMCIEHHBIX 3aTpyIHEHUH,
BO3HUKAIOIMX MPHU HUCIOJIb30BaHUM JABYX (DyHKUMI cpaBHeHuUs. [loHauanmy TakoW MOIXOA BBIVISIUT
HECKOJIBKO CTpaHHO (OCOOCHHO KOTJa Bbl BUAMTE, YTO BHYTPEHHSSI M BHEHIHSAS BEPCHUM find
BO3BpAIAIOT Pa3HbIE PE3yIbTarbl), HO B MEPCHEKTUBE OH M30aBISET OT BCEBO3MOXKHBIX 3aTPYIHEHUM,
BO3HUKAIOUWMX IPU CMEUIAHHOM MCIIOJIb30BAHUHA PABEHCTBA M JKBUBAJICHTHOCTU B CTaHIAPTHBIX
aCCOLIMAaTUBHBIX KOHTENHEPAX.

Ho crout oTOWTH OT copmuposarHvix aCCOLMATUBHBIX KOHTEMHEPOB, KaK CUTyalllsl U3MEHSETCH,
U nOpoOJeMy paBEHCTBA W HKBUBAJICHTHOCTUM NPUXOAMTCS pemarb 3aHoBO. CylecTBYIOT JIBE
OOIICIPUHSATHIE peanu3aluu Uil HeCTaHJIAPTHBIX (HO IIMPOKO PACHpPOCTPAHEHHBIX) aCCOLMATHUBHBIX
KOHTeHHepoB Ha 0Oaze xom-tabmui. OpHa peanu3anus OCHOBaHA Ha PaBEHCTBE, a Jpyras — Ha
HKBUBAJICHTHOCTU. B coBete 25 mpuBOaUTCS NOMOMHUTENbHAs MHMOpMalus 00 3TUX KOHTeHHepax u



TCX IIPUHOUIIAK, HA KOTOPbIX OHU OCHOBAHBI.



Cogsert 20. Onpeaeaure TMII CPDABHEHUSA 11 ACCOLUATHBHOIO
KOHTeIHePa, coJieprKamlero ykazarejiu

[IpennonoxkuM, y Hac HMEETCS KOHTEHMHED set, COACPXKALWMM YKa3areilu string*, U MBI

IIbITAEMCA BKIIFOUUTH B HETO HECKOJIBKO HOBBIX 3JICMCHTOB:
set<string*> ssp; // ssp = "set of string ptrs"
Ssp.insert (new string("Anteater"));
Ssp.insert (new string ("Wombat"))
Ssp.insert (new string ("Lemur")):;
ssp.insert (new string ("Penguin")):;

Crnenyronmii  ¢parMeHT BBIBOOUT COAEpPKUMOE set. llpeamonaraercs, 4To CTpPOKH OymyT

BBIBCIACHBI B aﬂ(l)aBI/ITHOM InopAaaKe — BCAb COLACPIKNUMOC KOHTeﬁHepOB set ABTOMATH4YCCKH
coptupyercsi!
for (set<string*>::const iterator i = ssp.begin(); // lpezmnosaraeM:n
il=ssp.end(); // ToOpAanOoK BHBOMIA:
+4+1) // "Anteater", "Lemur"
cout << *1 << endl; // "Penguin", "Wombat"
OI[HaKO Ha IIPAaKTHUKC HHYCTIO ITOXOKCIO HC IIPOMCXOAUT. BwMmecto CTPOK BBIBOJATCA UYCTLIPC
MeCTHAAUATCPUIHBIX YHCJIAa — 3HAYCHUA YKa3aT€Heﬁ. HOCKOJ'H)KY B KOHTeﬁHepe set XpaHATCA

yKazarelnu, *i SBISETCS HE CTPOKOU, a ykazamenem Ha CTPOKY. IlycTh 3TOT ypoK HaOMHUHAET, YTOOBI
Bbl CIIEIOBAJIM pEeKOMEHAauusiM coBeta 43 u wu3beranu HamucaHuss COOCTBEHHBIX IIMKJIOB.

Hcnonp30BaHue anropuTMa copy:

copy (ssp.begin(), ssp.end(), // CKONMPOBAThH CTPOKM.
ostream iterator<string>(cout,"\n")); //comepxammecsa B ssp, B cout
// (He xoMmMnunupyetTcs!)

HE TOJIBKO JIeJIaeT Mmporpammy 0osiee KOMIAKTHOM, HO U TTIOMOTaeT OpIcTpee OOHAPYKUTH OLMOKY,
IIOCKOJIBKY  BBI3OB copy HC KOMIIMJIUPYCTCA. I/ITepaTop ostream iterator [JOJDKCH 3HATb THII
BBIBOIMMOIO 00BEKTa, MOATOMY KOIJIa KOMITHJIATOP OOHApYKHBAET PACX0XKACHHE MEXKAY 3aJaHHBIM B
napamerpe mablioHa THUIOM string W THUIIOM OOBEKTa, XPAHSILIETOCS B ssp (string*), OH BbIIAET
ommOKy. Ele oivH 10BOJ B MOJB3Y CHJIBHOW TUITH3ALIHM. . .

Ecnn 3aMeHUTH *i B LIUKIIE HA **i, 803MOICHO, Bbl MOJYYUTE HYXKHBII PE3YIBTAT — HO CKOpEE
BCEro, 3TOro He mnpousonaet. Jla, cTpoku OyayT BBIBEJCHBI, HO BEPOSTHOCTb WX CJICAOBAaHUS B
andaBuTHOM Mopsake paBHa Bcero 1/24. KonTeliHep ssp XpaHUT CBOM 3JIEMEHTHI B OTCOPTUPOBAHHOM
BUJIE, OIHAKO OH COACPKUT yKa3areiau, MO3TOMY COPTHUPOBATHCA OyAyT 3HaueHus yKazameneiu, a He
ctpoku. CyiecTByeT 24 BO3MOXHBIX MEPECTAHOBKU JUISI YETHIPEX yKas3areye, TO €cTh 24 pa3HbIX

TIOCIIEI0BATEIbHOCTH, M3 KOTOPBIX JIMIIb OHA OTCOPTUPOBAHA B a1(haBUTHOM mopsiakel,

[Toaxos K pemeHuto 3To TPoOIEeMbl, HETUIIHE BCIOMHUTD, YTO OOBSABICHHIE

set<string*> ssp;

MPECTaBIACT COO0M COKPAIICHHYIO 3aMKCh TSI OOBSIBICHUS

set<string*, less<string*> > ssp;

Ctporo ToBops, 3TO COKpaIleHHAs 3aMUCh TSI OOBSIBICHUS

set<string*, less<string*>, allocator<string*> > ssp;

HO B KOHTEKCTE JAHHOTO COBETA PACTIPEACIUTENHN MaMsITH HECYIIICCTBCHHHBI.

Ecnm BBl XOTHUTE COXpaHUTh yKa3zaTelu string* B KOHTEHWHEPE set TaK, YTOOBI WX TOPSIOK
OTpPENeNsICA 3HAYCHUSMH CTPOK, CTAHAAPTHBIA (QYHKTOP CpPaBHEHHS less<string*> BaM He
nofoiner. Bmecto 3Toro HeoOxogumMo HamucaTh COOCTBEHHBIM (DYHKTOpP CpaBHEHHS, KOTOPBIH
MOJyJ4aeT yKa3aTelu string* W YHOPSJAOYMBAET WX IO COACPKUMOMY CTPOK, Ha KOTOpBIE OHH
cebarotes. [Ipumep:

struct StringPtrless:



public binary function<const string*, // Baz3oBHIl KJjacc

const string*, // onmcaH B coBeTe 40
bool> {
bool operator () (const string *psl, const string *ps2) const {

return *psl < *ps2:
}
b7
ITocne sToro StringPtrlLess HCIIOJIB3YCTCA B KAYCCTBC THUIIA KPUTCPUA CPABHCHUA ssp.
typedef set<string¥*, StringPtrLess> StringPtrSet;
StringPtrSet ssp; // Co3zmaTb MHOXeCTBO C oOmbekTaMyu string
// M TOPSAOKOM COPTUPOBKM, ONPEeHesIseMHM
// xpurepueMm StringPtrLess
// BCTaBUTL Te Xe& UYeTHpe CTPOKM

Teneps mpuBeneHHBIN BbIlle HMUKJI OygeT paboTarh UMEHHO TaK, Kak MpeArnojaraioch (mpu
YCIIOBHH, YTO OIMOKa OblIa UCIIPABICHA U BMECTO *i HUCIOIB3YETCS **1).

for (StringPtrSet::const iterator i = ssp.begin();
i != ssp.end(); // Tlopamok BHIBOMIA:

++1) // "Anteater", "Lemur",

cout << **i << endl; // "Penguin", "Wombat"

Ecan Bbl IIPCAIIOYHUTACTC HCITIOJB30BATh aJIrOpuTM, HAIMUIIMTE (bYHKHHKL KOTOpasna
Pa3sbIMCHOBBIBACT YKa3arCiIu string* HIEPCHa BBIBOOOM, a 3aTeM HCHOHB3YﬁT€ €€ B COUCTAaHHHU C

for each:
void print (const string *ps) // BuBecTu B cout ofBmbexT,
{ // Ha KOTOPHIM CCHJIAETCS PS
cout << *ps << endl;
}

for each(ssp.begin(), ssp.end(), print); // BuseaTe print nmna xaxmoro
// BIeMeHTa SsSp
CymectByeT ©Oosiee H30IIPEHHOE pelieHne — O00O0OIIEHHBIM (QYHKTOpP pa3bIMEHOBAHUS,

HCHOHBByeMBﬁiCtransformIIostream_iterator:

// ®yukTOop nonyudaer T* m BO3BpamaeT const T&

struct Dereference {

template<typename T>

const T& operator () (const T* ptr) const {
return *ptr;

}

b

transform(ssp.begin(), ssp.end(), // "llpeoBpaszoBaTh" KaxXIbM
ostream.iterator<string>(cout, "\n"), // sJIeMeHT SSp HOCPeICTBOM
Dereference()); // pas3bMeHOBAaHMUS ¥ 3anucaThb

// pesyiabTaTe B cout
Bropouem, 3aMeHa IHMKIIOB ajropuTMamMu OyleT MoApoOHO paccMarphBaThCs MO3JHEE, B COBETE

43. A ceilyac pedyb MAET O TOM, YTO IMPU CO3JAHUHU CTAHJAPTHOIO ACCOLIMATUBHOIO KOHTEHHEpa
yKazaresneil cienyeT MOMHHTB: COAEPKUMOE KOHTeWHepa OyIeT COpPTUpOBAaThCA IO 3HAYCHUSIM
yKasareseu. Bpsaa au Takoi mopsiioK COPTUPOBKH BaC YCTPOUT, TOITOMY MOYTH BCETAA OMPEACIISIOTCS
KJIACCHI-()yHKTOPBI, UCIIOJIb3yeMbIC B KAU€CTBE TUIIOB CPABHEHHSI.

OOparute BHUMaHuE Ha TEPMUH «mun CpaBHEHUs». Bo3M0XHO, BaC HHTEpECyeT, 3a4eM BO3UTHCS
C co3laHueM (pyHKTOpa BMECTO TOTrO, YTOOBI MPOCTO HAMMCaTh (PYHKIHMIO CpaBHEHUS JJIsi KOHTeilHepa

set? Hanpumep, Tak:
bool stringPtrlLess (const string* psl, // Ilpennojaraemas QyHKILIMS CpaBHEHUS
const string* ps2) // @nna ykasareneu string*,
{ // COPTUPYEMBIX [NO COIEPXMMOMY CTPOKM
return *psl < *ps2;

}



set<string, stringPtrLess> ssp; // IllonwTka mcnojJb3oBaHusa stringPtrLess
// B KauecTBe OGYyHKLUUM CpPaBHEHMS SSp.
// He xomnunupyercs!!!

[IpoGiema 3akiroyaeTcs B TOM, UYTO KaXKIbId M3 TPeX MapaMeTpoB IAOJIOHA set JOKEH OBITH
munom. K  coxaneHuio, stringPtrLess — HE€ THHN, a (QYHKIHUS, MOITOMY IOMbITKAa 3a]aTh
stringPtrLess B KauecTBe (DYHKLIMM CPAaBHEHHS set HE KoMmuiupyercs. KoHTeiiHepy set He HY)KHa
GyHKIUS; eMy HY>KeH THI, HA OCHOBAaHUHM KOTOPOTO MOKHO c030amb(PyHKIIHIO.

Kaxnplii pa3, xorga Bbl CO3JAa€TE€ aCCOLMATUBHBIN KOHTEWHEP yKa3areyied, IOMHUTE O TOM, YTO
BaM, BO3MOXHO, MPHUIETCS 3aJaTb THUIl CpaBHEHUs KOHTeWHepa. B OoNbIIMHCTBE cllydyaeB THI
CpPaBHEHHUS CBOAUTCS K Pa3bIMEHOBAHMIO YKa3arelsi W CPAaBHEHUIO OOBEKTOB, KaK 3TO CIEJIaHO B
NPUBEJCHHOM BbIlllE TMpUMeEpe StringPtrLess. labmoH s Takux (PyHKTOPOB CPaBHEHUS CTOUT
Jepxkarth noj pykou. [lpumep:

struct Dereferenceless {
template <typename PtrType>

bool operator () (PtrType pTl, // llapamMeTpr HepenamnTCcsg IO SHAUEHUD.
PtrType pT2) const // TOCKOJIbKY OHM OOJIXHE OBTH

{ // ykazsarejaaumu (UM IO KpamHeNr Mepe
return *pTl < *pT2; // Bectu cebdg, Kak yKaszaTemnu)

}
b
JlanHBIM MIAOJIOH CHUMAEeT HEOOXONMMOCTh B HAIIMCAHMHM TAaKHWX KJIACCOB, KaK StringPtrLess,

ITOCKOJIBKY BMECTO HUX MOKHO MCITIOJIb30BaTh Dereferenceless:
set<string*, Dereferenceless> ssp; // Bemer cebsa Tak xe, Kak
// set<string*, stringPtrLess>

N nocnennee 3ameuvanue. JlaHHBI COBET ITOCBSIICH aCCOLIMATUBHBIM KOHTEWHEpPAM yKas3arelew,
HO OH B PaBHOMW CTENEHU OTHOCUTCS U K KOHTEHHEPAM 0OBEKTOB, KOTOPBIE 8edym cebs Kak yKa3arelu
(Hammpumep, yMHBIE yKa3aTeau U uteparopsl). Eciam y Bac MeeTcsl acCOLMaTUBHBIA KOHTEHHEP YMHBIX
yKaszaresen UM UTEparopoB, MOAYMANTE, HE CTOUT JIM 3aJ1aTh TUII CPaBHEHMS U JUiA Hero. K cyacTsro,
pelieHue, MpUBEACHHOE Ui yKazarenei, paboraer u ainsi oObeKTOB-aHajmoroB. Ecium ompenenenue
Dereferenceless IOAXOAUT B KaUECTBE THIIA CPABHEHMS I ACCOLIMATUBHOIO KOHTEMHEPA T*, OHO C
00JBIION BEPOATHOCTHIO MONOMACT U AJI1 KOHTEHHEPOB UTEPATOPOB M YMHBIX yKa3aresiel Ha 0OBEKThI
T.



Cogsert 21. Cienure 3a TeM, 4TO0bI (DYHKIUM CPABHEHMSI BO3BPALATIN
false B ciiyuae paBeHcTBa

Celfuac s mokaxy BaM HeuTo JoOomnbiTHOe. Co3faiiTe KOHTEHHEp set C TUIIOM CpaBHEHUS

less equal M BCTaBbTE B HEro uucio 10:
set<int, less equal<int> > s; // KoHTeliHep s copTupyeTcsa Hno kpurepumno "<="
s.insert (10); // BcraBka uwmcia 10

Teneps nonpoOyiite BcTaBUTh urciio 10 moBTOpPHO:
s.insert (10);
[Ipu 5TOM BBI30OBE insert KOHTEUHEDP JOJKEH BBIICHUTBH, IPUCYTCTBYET JIK B HeM uunciio 10. Mbl

3HaeM, 4TO TAKOE YUCIIO YK€ €CTh, HO KOHTEHHEp DIyl Kak MpoOKa M Bce MpoBepsieT IUYHO. YTOOBI
BaM OBUIO MpOLIE IHOHATh, YTO IPU ITOM IPOMCXOAMUT, HA30BEM IIEPBOHAYAIBHO BCTABICHHBIN
sx3emmsp 10,, a HOBBIM dK3eMILLAp — 10p.

KonTelinep nepebupaeT cBOM BHYTPEHHHUE CTPYKTYpPbI JAHHBIX U UIIET MecTO [yl BcTaBku 10p. B
urore emy npuaercs nposeputb 10, u cpaBHuTh ero ¢ 10g. g accoumaruBHOrO KOHTEHHEpa

«CpaBHEHHE» CBOAMUTCA K MPOBEPKE IKBUBAJIECHTHOCTHU (CM. COBET 19), MO3TOMY KOHTEHHEDP MPOBEPSIET
HKBUBAJIEHTHOCTh 00bekTOB 10, u 10g. EcrecTBeHHO, pu 3TOH NMpPOBEPKE HUCMONb3YeTCs (YHKIHUS

CpPaBHEHHMsI KOHTEHHEpa set; B HaIeM INpUMepe 3TO (PYHKLUSA operator<=, MOCKOJIbKY MBI 3aJaj1
(GYHKIUIO CpaBHEHUS less equal, @ less_equal O3HAYAET operator<=. 3aT€M KOHTEHHEP MPOBEPSET

NCTUHHOCTH CHGIIYIOII_I@FO BBIpa)KCHI/IH:
! (10a<=10b) &&! (10b<=10a) // Ilpoeepka skBuMBajieHTHOCTU 10, m 10p

O6a 3HaueHus, 10, u 10g, paBuHbl 10, mostomy ycinoBue 10,<=10p 3aBeIOMO HUCTHHHO.
AnanornyHo uctuHHO M ycnosue 10g<=10,. IIpuBeneHHOE BBIIE BBIPAKEHHE YIPOLAETCS 1O !

(true) &&! (true), TO €CTh falsessfalse — PE3YABTAT PABEH false. [pyrumu cioBamu, KOHTEUHED
IPUXOAUT K BbIBOAY, uTO 10 4 u 10g ne sxsusanenmusi, n BctaBnsier 10g B kKoHTelHEp Hapsny ¢ 104. C

TEXHUYECKOM TOYKM 3pPEHMS 3Ta IOINBITKA NPUBOAUT K HENPEACKa3yeMbIM IIOCJIEACTBUSIM, HO Ha
IIPAaKTUKE B KOHTEHHEPE set MOSBISAIOTCSA JBa dK3eMIUsipa 3HaueHHus 10, a 3TO o3HA4YaeT yrpary
OJHOIO M3 BAXHEHIIMX CBOMCTB set. Ilepemada Tuma CpaBHEHHS less equal IPHUBENA K IIOpYE
koHTelHepa! bonee Toro, 106aadpyHKUMs CpaBHEHHS, KOTOpas BO3BpAIAET true [UISI PABHBIX
3HAQUEHMH, IPUBEIET K TEM K€ MOCIEACTBUAM. PaBHbIE 3HAYEHUSI 110 ONPEACICHUIO HeIKBUBAJICHTHBI!
310p0oBO, HE MpaBaa Ju?

Mopanb: Bcerna ciueauTe 3a TeM, YTOObl (DYHKIIMHM CPaBHEHUS AJI1 aCCOLMAaTUBHBIX KOHTEHHEPOB
BO3BpAIlUIM false JUIA PABHBIX 3HAYCHUU. bynbre BHUMATENbHBI, IOCKOJIBKY 3TO OIPAHUYECHUE OYCHBb
JIETKO YIIyCTUTb U3 BULY.

Hanpumep, B coBete 20 pacckazaHo 0 TOM, KaK Hamucarb (GyHKIUIO CPABHEHUS JIsl KOHTEITHEPOB
yKazareyiel string* 00€CIeUnBaIONIyI0 aBTOMATUYECKYI0 COPTHUPOBKY COAEPKUMOr0 KOHTEHepa Mo
3HAYEHUsAM CTPOK, a He ykaszareneul. [IpuBeneHHass (QyHKIUS CpaBHEHHS COPTUPYET CTPOKHU IO
BO3pacTaHUIO, HO JaBaiiTe MPEANojOKHWM, YTO BaM IMOHAA00MIIach (PYHKIUS UIsl COPTUPOBKHU IO
yObiBaHMI0. EcTecTBEHHO, Bbl BO3bMETE CYIICCTBYIOUMU KOI M OTpenaktupyete ero. Ho eciu He
IPOSIBUTH JOCTAaTOYHOW OCTOPOKHOCTH, Y BaC MOXET MOIYYUTHCA CIAEAYIOUMM pe3ynbTar (M3MEHEHUS

BBIJICJICHBI )KUPHBIM IPUDTOM):
struct StringPtrGreater:
public binary function<const string*, // XupHbeM wpnudTOM BEIEJIEHE

const string*, // W3MEeHeHUs, BHECEHHHEe B KOJI
bool> { // wn3 cosera 20.
// BHMMaHME - IIPUBEINEHHOE pelleHUre

// He paboraer!



bool operator () (const string *psl, const string *ps2) const {
return ! (*psl < *ps2); // IIpocToe JIOTMUYECKOE OTpPULAHUE
} // cTaporo ycioBusa He paboraer!
b
HI[GH 3aKJII0YacTCAaA B TOM, ‘ITO6I>I HN3MCHHUTDL IOPAAOK COPTHPOBKH JIOTMYCCKHUM OTPUIIAHHUCM
YCJIOBUA B (1)YHKHI/II/I CpaBHCHHUAL. K COXAJICHUIO, OTPUIAHHUCM OIICPAIUU «<» ABJIIACTCA HC «>», d «>=»,
a Mbl BBISICHUJIM, YTO OMEpaLUs «>=)», BO3BPALIAIOWIAA true JJIS PABHBIX 3HAYCHUM, HE MMOAXOAUT IJIsS
(GbyHKIIMU CpPaBHEHHS B aCCOLIMATUBHBIX KOHTEHHEpax.

HpﬂBPIJ'IBHBIfI THUII CPAaBHCHUA NOJI’KCH BBITIAACTD TAK:
struct StringPtrGreater: // TpaBUJIbHEY TUI CPaBHEHUS
public binary function<const string*, // mjsa accCoUMaTUBHEX KOHTEMNHEPOB
const string*, bool> {
bool operator () (const string *psl, const string *ps2) const {
return *ps2<*psl;// [oMeHATH MeCTaMy¥ OIEpPaHIH

}

b7

YToObl HE MOMACTh B JOBYIIKY, JOCTATOYHO 3allOMHHUTH, YTO BO3BpallaeMOe 3HaueHHe (YHKIUU
CPaBHEHHUS YKa3bIBACT, JOJDKHO JIM ONHO 3HAYEHME IPEAILIECTBOBATh IPYroMy B IOPSAJIKE COPTUPOBKH,
onpenensieMoM 3Toi (yHkuueil. PaBHble 3HaYeHUs HUKOTJA HE MPEIIIECTBYIOT IPYr APYry, HO3TOMY
GbyHKIMS CpaBHEHHUS BCETa J0JDKHA BO3BPAIATH JUIsl HUX false.

Sl 3Haro, o yem BBl aymaere. «KOHEYHO, 3TO MMEET CMBICH I set M map, OCKOJIBKY OTH
KOHTEHHEpPhl HE MOTYT COAEpXkarb TyOIMKAaToB. A Kak HacyeT multiset Hmultimap? Pa3z 3Tm
KOHTEHHEpPhl MOTYT cOIep)KarTb AyONMKaThl, TaK JU BaXXHO, YTO JBa OOBEKTa C OJUHAKOBBIMU
3HAYEHUSAMH OKa)XyTcs He SKBUBaJeHTHbIMU? CoxpaHuM 00a, JUIs 3TOTO0 U HYKHBI mult-KOHTEHHEpHI.
Bepuo?»

Her, HeBepHO. JlaBailTe BEpHEMCS K HCXONHOMY IIPUMEPY, HO Ha O3TOT pa3 BOCIHOIb3YEMCH
KOHTEMHEPOM multiset:

multiset<int, less equal<int> > s; // s coprupyeTcsa no xkpurepupo "<="
s.insert (10);// Bcraska umciaa 10,

s.insert (10);// Bcraka umcia 10z

Teneps s comepxuT nBa 3k3eMiuiApa uncia 10, u ObI0 OBl JIOTMYHO MPEANOIOKUTh, YTO MPH
BBI30BE equal range MBI MOJYYUM Mapy UTEPATOPOB, OMUCHIBAIOIIMX UHTEPBAJ C 00CUMHU KOMHUSMHU.
OnHako 3TO HEBO3MOXHO. DYHKIHUS equal range, HECMOTPS Ha CBOE Ha3BaHUE, OIpPEIECIACT
MHTEpBaJ HE PaBHBIX, a IKGUEaeHmHblX3HAUeHUM. B Hamem mpumepe QyHKUMS CpaBHEHUS s TOBOPUT,
yro 10, u 10g HE >KBUBAJIECHTHBI, IOATOMY OHM HE MOTYT OKa3aTbCsl B MHTEpBAJE, ONPEACIIEMOM
byHKIUEH equal range.

Hy uro, yoenunuco? OyHKuus cpaBHEHUS BCerna M0/ KHA BO3Bpauarh false /uist paBHBIX BEIMYKH,
B TNPOTHBHOM CIllydae Hapymaercss pabdoTa BCeX CTaHIAPTHBIX aCCOIMATUBHBIX KOHTEHHEPOB
(HE3aBHCUMO OT TOTO, MOTYT OHU COJIEPKaTh AyOIMKATHI MJIH HET).

Crtporo roBOps, (YHKIMM CpaBHEHHS, HCIOJIb3yeMble JMJiI COPTUPOBKH AaCCOLMATHUBHBIX
KOHTEHHEpPOB,  JOJKHBI  ONpENeisTh Uil  CPAaBHUBAeMbIX OOBEKTOB  MOPSAIOK  CTPOroi
KBa3uynopsiAoueHHocTH (strict weak ordering); aHamoruyHoe orpaHuyYeHUE ACHCTBYET U A PYHKIIUH
CpaBHEHMUS, NIEPEIABAEMBIX AITOPUTMAM, — TaKUM, Kak sort (cM. coBeT 31). Eciin Bac 3aMHTEpeCyroT
NOAPOOHOCTH TOTO, YTO MOHUMAETCS MOJ CTPOrod KBa3HYHNOPAIOYCHHOCTHIO, HH(POPMALUIO MOXKHO
HaWTH BO MHOTHX cepbe3HbIX pykoBonacTBax mo STL, B Tom uncne «The C++ Standard Library» [3],
«Generic Programming and the STL» [4] u Ha web-caiite SGI, mocesimennom STL [21]. Ocobbix
OTKPOBEHHI HE KIUTE, HO OAHO U3 TpeOOBaHUU CTPOrod KBa3MYNOPSIOUCHHOCTH OTHOCHUTCS
HEMOCPEJACTBEHHO K JaHHOMY COBeTy. TpeOoBaHHe 3akiio4aeTcss B CIEAyoleM: (QYyHKIuS,
ONpENEIAOIAsl CTPOryI0 KBa3UyNOPSAAOYEHHOCTh, JOJDKHA BO3BpAIATh false MPU MOJYYEHHUHU JIBYX



KONUWI OOHOTO 3HAYCHUS.



Cosert 22. U30eraiite M”3MEHEHUA KJIKOYA «HA MeCTe» B KOHTEHHepax
set 1 multiset

[IoHATH CMBICH 3TOr0 coBeTa HETPYAHO. KOHTEHWHEpPHI set/multiset, KAK U BCE CTaHIAPTHBIC
aCCOLMATUBHBIE KOHTEMHEPHI, XPAaHIT CBOM 3JIEMEHTHI B OTCOPTUPOBAHHOM MOPSJIKE, U MPaBUIbHOE
MOBEJICHUE ATUX KOHTEHHEPOB 3aBUCUT OT COXPAHEHUS ITOTO Mopsnaka. Eciu M3MEHUTh 3HAYEHUE
AJIEMEHTAa B aCCOLMAaTUBHOM KOHTelHepe (Hampumep 3ameHuTh 10 Ha 1000), HOBOE 3HaAueHHE
OKa)KeTCs B HEMIPABHJIbHOM MO3UIIMHU, YTO HAPYIIUT MOPSAIOK COPTUPOBKHU IJIEMEHTOB B KOHTEHHEDE.

Cka3zaHHOE MpEkKJE BCEro KacaeTcs KOHTEHMHEpPOB map M multimap, MOCKOJIBKY HPOTrPaMMBI,
NBITAIONIMECS U3MEHUTh 3HAUEHUE KIII0Ya B 3TUX KOHTEHHEepax, He OyIyT KOMIUINPOBATHCS:

map<int, string> m;

m.begin()->first = 10; // Oumbra! V3MeHeHUE KJIWOUEN
// B KOHTeMHepe map 3alpelleHo
multimap<int, string> mm;
mm.begin()->first = 20; // OumbBka! ¥M3MeHeHUe KJHOUEU
// B KOHTeMHepe multimap =amnpemeHo

Jleno B TOM, YTO 3JIEMEHTBI O0BEKTA THIA map<K, V> MM multimap<K, V> OTHOCSTCS K THILY
pair<const K, V>. Kilto4 OTHOCHUTCS K THIYy const K W MO3TOMY HE MOXKET M3MCHAThCA. Brpodem,
€ro BCE K& MOXHO M3MEHHUTH C IPUMCHECHHUEM const cast, KaK IMOKa3aHO HMKE. XOTUTE — BEPETE,
XOTUTE — HET, HO HHOTJA 3TO JaXKE HYHCHO.

OOparuTe BHHMaHHWE: B 3arojOBKE 3TOTO COBETa HUYETO HE CKa3aHO O KOHTEHHEpax map H
multimap. JJIs1 3TOr0 €CTh BeCKUe NMPpUYUHBL. Kak mokaspiBaeT MpEeAbIAYyIMi puMep, MOIuGuKams
KJII04a «HAa MECTE» HEBO3MOXKHA I map M multimap (0€3 NPUMEHEHUS TNpPeoOpa3oBaHUS
const_casﬁ% HO MOXKET OBITh A0IIyCTHUMA IJIAd set Ilmultiset.,ﬂﬂﬂ OOBEKTOB THIA set<T> W
multiset<T> B KOHTEHHEpPE XPAHATCS DJIEMEHTHI THIA T, a HE const T. ClleIOBaTEeIbHO, JIEMEHTHI
KOHTCHHEPOB set W multiset MOXKHO M3MCHSATH B JIFO00C BpeMsi, U IPeoOpa3oBaHUE const cast JJIA
3TOrO HE TpebdyeTcs (BOoOOIIE TOBOPS, €710 OOCTOUT HE TaK MPOCTO, HO HE OyaeM 3aberath BIepen).

CHavasia BBISICHUM, TI0OYEMY JIEMECHTBI set W multiset HE UMEIOT arpudyra const. JlomycTum, y

HAC UMEECTCA KJIACC Employee!
class Employee {

public:
const stringé& name () const; // Bo3BpamaeT uMsa paboTHUKA
void setName (const stringé& name); // 3anaeT mMsa paboTHMKA
const stringé& title() const; // BosBpamaeT IOOJXHOCTH
void setTitle(const stringé& title); // BamaeT OOJXHOCTb
int idNumber () const; // BospBpamaeT KoI pab®oTHMKA

}
OOBEKT coAepKUT pa3sHOOOpa3Hble cBeAeHHUS O paboTHuKe. Kaxxnomy paOOTHUKY Ha3HauaeTcs

YHUKAJBHBIA KOJ, BO3BpalaeMblii GyHKIMEH idNumber. [Ipu co3manuu koHTelHepa set ¢ 0ObEKTaMU

Employee ObUTO ObI BIIOJHE Pa3yMHO YIMOPSIOUUTH €T0 MO KOJIaM PaOOTHUKOB:
struct IDNumberless:
public binary function<Employee, Employee, bool> { // Cm. copetr 40
bool operator() (const Employees lhs, const Employees rhs) const {
return lhs.idNumber () < rhs. IdNumber () ;
}

}
typedef set<Employee, IDNumberLess> EmplIDSet;

EmplIDSet se; // KoHTeliHep set 0OOBEKTOB



// Employee, yHOpsAIOYEHHEIX
// mo komy
C HpaKTHQCCKOﬁ TOYKH 3pCHHUA KOO paGOTHI/IKa ABISACTCA KaroYOMIAJIL J3JICEMEHTOB JAHHOTO

MHOXCCTBA4, a4 OCTAJIbHBIC JaHHBIC BTOPHUYHLI. YuuteiBasg 3TO 06CTOHTCJ’IBCTBO, HHUYTO HC MCIIACT

nepeBecTy paboTHHKA Ha 00JIee HHTEPECHYIO TOJKHOCTD. [Ipumep:
Employee selectedID; // O6bekT paBOoTHMKA C SBaIJaHHBIM KOIOM

EmpIDSet::iterator = se.find(selectedID);
if (i!=se.end()) {
i->setTitle ("Corporate Deity"); // V3MEHUTbL HOOJIXHOCTH

}
[TockoabKy MBI BCETO JIMIIb W3MEHSIEM BTOPUYHBIM arpuOyT JAaHHBIX, HE BIMSIOUMNA Ha MOPSAIOK

COPTUPOBKHU Ha0Opa, 3TOT GparMeHT HE MPUBEAET K MOpYE JAHHBIX, U OH BIIOJHE JAOMYCTHM.

CrpammBaeTrcs, MOYEMY HENb3sl NPUMEHUTH Ty JK€ JIOTMKY K KIHOUYaM KOHTEUHEpPOB map U
multimap? [loyemy Obl He co34aTh KOHTEHWHEP map, ACCOUUUPYIOUMI paOOTHUKOB CO CTPaHOU, B
KOTOPOM OHHM JKUBYT; KOHTEHHEp ¢ (QYyHKIMEW CpaBHEHUS IDNumberLess, KaK B MPEIbIIYIIEM
npumepe? W mouemy Obl B TakoM KOHTEWHEpEe HE H3MEHHUTh JOJDKHOCTH 0€3 M3MEHEHHS Koja
paboOTHUKA, KaK B MPEbIIyIeM TpuMepe?

OTKpOBEHHO rOBOPSI, MHE 3TO Ka)XKETCS BIIOJIHE JIOTHYHBIM, OTHAKO MOE€ JINYHOE MHEHHE B JaHHOM
ClIy4ae HECYIIECTBEHHO. BaxxHo TO, 4yro KoMuTeT 1O CcTaHmapTu3auMu pelmi, 4YTO KIIOYHU
map/multimap AJOJKHBI OBITh HEM3MEHHBIMU (const), a4 3HAYCHUA set/multiset — HEC JOJIDKHBI.

3HaueHUsI B KOHTEHWHEpaxX set/multiset HE SBISIIOTCS HEU3MEHHBIMHM, MO3TOMY HONBITKH HX
U3MEHEHHS] OOBIMHO HOPMAJbHO KOMOWINPYIOTCA. JlaHHBIM COBET JUIIL HAIOMUHAET BaM O TOM, YTO
npu MOAM(UKALUK 3JIEMEHTOB set/multiset HE CIEAYET M3MEHATh KIIIOYEBYIO 4acThb (TO €CTh Ty
4acTh AJIEMEHTA, KOTOpas BIUAET Ha MOPAIOK COPTUPOBKM B KOHTEHHEpe). B mpoTuBHOM ciydae
IEJIOCTHOCTh JIaHHBIX KOHTEHHepa OyneT HapylleHa, onepaluu ¢ KOHTEMHEPOM HAaYHYT MPUBOIUTH K
HETPEICKa3yeMbIM pe3ylbTaTaM, U BCE 3TO NMPOM30WJAET o Bamed BuHE. C Apyroil CTOPOHBI, 3TO
OTpaHMYEHUE OTHOCHUTCS TOJBKO K KIIOUEBBIM arpulyram OOBEKTOB, COAEPKAIIMXCS B KOHTEHHEpE.
OctanbHble arpuOyThl OOBEKTOB HAXOMNATCS B BAllleM IOJHOM pACHOPSIKEHUM — HW3MEHSIMTE Ha
310pOBbe!

Brpouem, He Bce Tak mpocTO. XOTS DJIEMEHTHI set/multiset U HE SABIAIOTCI HECU3MEHHBIMU,
peanu3alMy MOTYT MPENOTBPATUTh HMX BO3MOXHYIO Momupukauuto. Hampumep, omeparop * s
set<T>::iterator MOXET BO3BpallATh const T&, TO €CTh PE3YAbTAT Pa3bIMCHOBAHUS UTEpPATOPA set
MOXET OBbITh CCBUIKOM Ha const-3JeMeHT KoHTelHepa! [Ipu Takoii peanusaiuu nu3MeHEeHUE YJIEMEHTOB
set HMmultiset HEBO3MOXHO, MOCKOJBKY IMpHU JIOOOM OOpalieHuUW K 3JIEMEHTY aBTOMaruuecKu
nobOaBisieTcst OOBABIEHHE const.

3akOHHBI M Takue peanusaunu? Moxer, na, a Moxer — HeT. [lo atomy Bompocy Crangapt
BBICKA3bIBAETCA HEJOCTATOYHO YETKO, M B COOTBETCTBUM C 3akOHOM Mepdu pa3Hble aBTOPbHI
UHTEPNPETUPYIOT €T0 MO-pa3HoMy. B pe3ynsrare 4ocTarOdHO 4acTo BeTpeuaroTes peanusanuu STL, B
KOTOPBIX CIAeAYyIOUMA (pparMeHT KOMIMIUPOBAThCsS HE OyeT (XOTS paHee TOBOPUIIOCH O TOM, YTO OH

YCIIEMIHO KOMIUIUPYETCS):
EmplIDSet se; // KoHTeliHep set OOBEKTOB
// Employee, yHOpsAIOOYEeHHEIX
// mo xomy
Employee selectedID; // O6bekT paBOoTHMKA C SBaJaHHBM KOIOM

EmpIDSet::iterator = se.find(selectedID);
if (il!=se.end()) {
i->setTitle ("Corporate Deity"); // Hexoropre peammuzaumm STL
}s // BHOawnT omMBKYy B B3TOM CTPOKe



BcenenactBue HEONHO3HAYHOCTH CTaHAAapTa M OOYCIOBICHHBIX €10 Pa3IMudii B peaau3alusix
IpOrpaMMbl, TbITalONMEcs MOIU(DUIIUPOBATh DJIEMEHThl KOHTEHHEpPOB set M multiset, HE
IIEPEHOCUMBI.

Yro u3 aroro ciaeayer? K cuactbio, HU4ETr0o 0COOEHHO CII0KHOTO:

* €CIIM NIEPEHOCUMOCTh BaC HE MHTEPECYET, €CIU Bbl XOTUTE M3MEHUTH 3HAYCHUE DJIEMEHTA B
KOHTEMHEpE set/multiset M Bama peanusanusa STL ato pazpemaer — nerctsyiite. [loMHUTE O TOM,
YTO KJIFOUEBAs 4YacTh 3JIEMEHTa (TO €CTh 4YacTh JJIEMEHTA, ONPEACISIONas MOPSAOK COPTUPOBKHU
3JIEMEHTOB B KOHTEHWHEPE) JOJKHA COXPAHUTHCS 0€3 U3MEHEHHUI;

* eclIM TMporpaMma JOJDKHA OBITh TEPEHOCHMOW, 3JIEMEHThl KOHTEHHEPOB set/multiset
MoIu(DHUITMPOBATHCS HE MOTYT (TI0 KpaliHel Mepe, 0e3 mpeoOpa3oBaHms const cast).

Kcraru, o npeobpazoBanusix. Bel yoeaunuch B TOM, YTO U3MEHEHHE BTOPUYHBIX TAHHBIX 2JIEMEHTA
set/multiset MOXET OBITh BIIOJHE ONPABJAHHO, TO3TOMY s CKJIOHEH I0Ka3aTh, KaK 9TO JeJlaeTcs — a
TOYHEE, JIeJIaeTCsl NMPaBUJIBHO M mepeHocumo. Caenarb 3TO HETPYAHO, HO IPU 3TOM HPUXOAUTCS
YYUTBHIBATh TOHKOCTH, O KOTOpPOH 3a0bIBaIOT MHOTHE IPOrPaMMHUCTBI — MpeoOpa3oBaHUE JOJIKHO
NPUBOIUTE K ccwiike. B KauecTBe mpuMepa pacCMOTPUM BBI30OB setTitle, KOTOPBIHA, Kak OBLIO

IMIOKa3aHO, HC KOMITMJIMPYCTCA B HCKOTOPLIX PCAJIU3 Al UAX!
EmpIDSet::iterator i1 = se.find(selectedlID);
if (1 != se.end()) {
i->setTitle ("Corporate Deity"); // HexotTopre peanmumzaumm STL
} // BHOawnT omMBKYy B 3TOM CTPOKe,
// mockonbky *1i mmeeT arTpubyT const

Yro6bsl 3TOT (parMeHT HOPMAJIbHO KOMIMJIMPOBAJICA W paboTal, HEOOXOIMMO YCTPAaHUTH
KOHCTAHTHOCTH *i. [IpaBUNIBbHBIN cIOCOO BBITTISIIUT TaK:

if (1 !'= se.end()) { // YCTpaHUTBH
const_cast<Empioyee&>(*i) .setTitle ("Corporate Deity"); // xoHcTaHTHOCTBH *1

}
Mp1 6epeM 00BEKT, Ha KOTOPBIA CCHUIAETCS i, M COOOIaeM KOMIUIATOPY, YTO PE3yiabTar JOJKEH

UHTEPIPETUPOBATHCA KaK CChUIKA Ha (HEKOHCTAHTHBIA) OOBEKT Employee, IMOCJIE YETO BBI3BIBAEM
setTitle A MOJIy4EHHOM CChUIKHM. SI He Oymy TparuTh BpeMs Ha JOJTUE OOBSICHEHHUS W ITydlle
MOKaXy, TOYEeMY aJIbTEPHATUBHOE pellieHrne paboTaeT COBCEM HE TaK, KaK MOXKHO ObLIO Obl 03KHMIATh.

Mmuorue IMPOrpaMMHUCTHI IIBITAIOTCS BOCITIOJIB30BATHCA CIICAYIOIMM KOAOM:

if (1 != se.end()){ // TpeoBbpaszoBaTh *1i
static_cast<Employee>(*i) .setTitle ("Corporate Deity"); // x Employee

}

[TpuBenenHsbIit hparMeHT SKBUBAJICHTEH CIIEAYIOIIEMY:

if (1 != se.end()){ // To xe cawmoe,
((Employee) (*i)) .setTitle ("Corporate Deity"); // HO C MCHOOJIL30OBaHUEM

} // cunrakcuca C

O0a ¢parMeHTa KOMIMJIMPYIOTCS, HO BCJIEICTBUE SKBUBAJICHTHOCTH paldoTaroT HempaBuibHO. Ha

CTaIuU BBIIOJHEHUSI OOBEKT *i HE MOTUDHUIIUpYyeTCs, MOCKOIbKY B 00OMX CiydasX pe3yabTaroM
npeoOpa3oBaHUsl SABISCTCS BPEMEHHBIN aHOHUMHBIA OOBEKT — KOnus *i, U setTitle BBI3BIBACTCS IS
aHOHUMHOTO 00BbekTa, a He g *i! OOe cuHTakcMueckrue (POopMbl IKBUBAJICHTHBI CICIYIOIIEMY

bparmMenTy:
if (1 != se.end()) {
Employee tempCopy (*1i); // CxonupoaTb *1 B tempCopy
tempCopy.setTitle ("Corporate Deity"); // UsmeHuTs tempCopy

}
CranoBurcs IIOHATHO, IIOYCMY npeo6pasoBaHHe AOJDKHO ITPUBOIUTHL MMCHHO K CCBUIKC — TCM

caMbIM MBI H30eraeM co3/JaHMsl HOBOrO 0OBeKkTa. Bmecto »Toro pesynsrar mnpeoOpa3oBaHUs
npeacTaBisger co0oil CCBUIKY Ha cywecmsyowutioObeKT, Ha KOTOpbIM yka3biBaeT i. [Ipu BbI3OBe
setTitle nans 00bEKTa, OOO3HAUYEHHOTO CCBUIKOW, (YHKIMSI BBI3bIBACTCS MJIA *i, YEro Mbl U



JOOMBAIHUCh.

Bce ckazanHOoe XOpomio TOAXOAMUT Il KOHTEHHepoB set u multiset, HO TpU mepexome K
map/multimap cuTyarus ycloXHSETCs. BCIOMHHUTE, YTO map<K, V> M multimap<K, V> COIEpXkKar
AMEMEHThl THUMA pair<const K, V>. OOBSABICHUE const O3HAYAET, YTO MEPBbIi KOMIIOHEHT Maphl
onpeoensiemcsKak KOHCTAHTAa, a M3 OTOr0 CIEQyeT, 4YTO JIO0Oble TMOMBITKH YCTPAaHUTh €ro
KOHCTAaHTHOCTb IPUBOIAT K HEIpeJcKazyeMoMy pesyisrary. Teoperndecku peanusauus STL moxer
3aMiChIBaTh TAaKUE JAHHBIC B 00J1ACTh MAMSTH, JOCTYIHYIO TOJBKO JUISl YTEHUs (HAIpUMEp, B CTPAHUILY
BUPTYaJIbHOM MaMSTH, KOTOpAs MOCJIE UCXOAHOW 3alKCH 3allMIIACTCS BHI30BOM CUCTEMHOM (QYHKIINH),
Y TNONBITKM YCTPAHUTh UX KOHCTAHTHOCTH B JIYYIIEM CJIy4ae HU K 4eMy HE NpuBeayT. Sl HUKorma He
CIBIIIAJI O peanu3aluax, KOTOpble Obl MOCTyHaldH MOTOOHBIM 00pa3oM, HO €CIU Bbl CTPEMHTECH
NPUACPKUBATHCA TMPABHJ, YCTaHOBICHHBIX B CraHaapre, — HUKO2OaHE TBITAUTECh YCTPAHATH
KOHCTAaHTHOCTB KJIFOUEH B KOHTEHHEPAX map U multimap.

HecomHeHHO, BbI clblany, 4YTo MoA00HBIe Mpeodpa3oBanus puckoBaHHbBL. Haneroch, Bbl Oynere
u3berarb UX MO Mepe BO3MOXKHOCTH. BbImomnHss npeobpa3oBaHue, Bl BPEMEHHO OTKa3bIBACTECH OT
CTPaxoOBKH, 00ecleunBaeMoOi CUCTEMOI THIIOB, a ONMKCAHHbIE MPOOJIEMBI JAIOT MPEACTABICHUE O TOM,
YTO MOXET IIPOU30UTH IIPU €€ OTCYTCTBUMU.

Muorue npeoOpa3zoBaHus (BKJIIOYash TOJIBKO YTO PACCMOTPEHHBIE) HE SBISIOTCS a0COJIOTHO
HeoOxonmuMbIMU. CaMblii  Oe30MacHBIi M YHUBEPCAJIbHBIA CHOCO0 MOAM(PUKAIIUU 3JIEMEHTOB
KOHTefIHepa set,multiset, map HJIH multimap COCTOHUT U3 IIATH MPOCTHIX MIAr0B.

1. Haiinute sneMeHT, KOTOphId TpeOyeTcss n3MEHUTh. Eciii Bbl HE YBEpEHBI B TOM, KaK CIeNaTh
3TO ONTUMAIBHBIM 00pa30M, 0OpaTUTECh K PEKOMEHIALIUSIM 110 IMOBOAY IOMCKa B coBeTe 45.

2. Co3paiiTe KOMUIO U3MEHSIEMOro 3jieMeHTa. [loMHUTE, 4TO I KOHTEMHEPOB map/multimap
NEepBbIi KOMIOHEHT KOMHHM HE JOJKEH OOBSBIATHCS KOHCTAHTHBIM — BElb MMEHHO €r0 Mbl U
cobupaemcs U3MEHUTBH!

3. VYnanute s3neMeHT U3 KoHTeiliHepa. OOBMHO AJI DTOTO HUCIHONb3yeTcs] QYHKUUS erase (CM.
coBeT 9).

4. VI3MeHUTE KONUIO U TPUCBOMTE 3HAUECHUE, KOTOPOE JIOJKHO HAXOJAUTHCSA B KOHTEUHEDE.

5. BcraBere HOBOE 3HaueHHE B KOHTEHMHEpP. EcCiM HOBBIM DJIEMEHT B NOPAIAKE COPTUPOBKHU
KOHTEMHEPA HAXOAUTCS B MO3UIMH YIAJECHHOTO 3JIEMEHTA WIM B COCEIHEU MO3UIMH, BOCIIOIB3YHUTECH
«pEeKOMEHIaTeNIbHON» (POPMOIl insert, MOBbIIAIONIEH 3((EKTUBHOCTh BCTABKU OT JIOTapU(DMHUUECKON
0 TIOCTOSHHOW CJIOXHOCTU. B KkayecTBe pekoMeHIauuu OOBIYHO HCHOJB3YeTCS HUTEparop,

MOJY4E€HHbIN Ha mare 1.
EmpIDSet se; // KouTenHep set o0BbekToB Employee, YHNOPAIOUEHHEX I1O0 KOIY
Employee SelectedID; // O6bekT paBOoTHMKA C SBaIJaHHBM KOIOM

EmpIDSet::iterator 1 = // 3Tan 1l: nouck M3MEHSIEMOTO BJIEMEHTA
se.find (selectedID);
if (i != se.end()) {

Employee e(*1); //32Tan 2: KOOWPOBAHMUE BJIEMEHTAa

se.erase (i++); // Bran 3: ynmajeHue 3JIeMEHTAa.

// YBenmueHMe uTepaTopa
// coxpaHdeT ero
// OmencTBUTEeJNIbHEM (CM. coBeT 9)
e.setTitle ("Corporate Deity"); // Dran 4: MmMomubdbukalumrsa KOIUMU
se.insert (i, e); // Dran 5: BCTaBKa HOBOTO SHAYEHMHA.
// PexoMeHOyeMas IO3MIMA COBIAmAET
// C mnosmuumMer MCXOOHOTO DJIEMEHTAa
}
I/ITaK, HpI/I N3MCHCHHNU «HA MCCTC» DJICMCHTOB KOHTeﬁHepOB set Hmultiset Cnez[yeT IIOMHUTBD,

YTO 32 COXpaHEHHUE MOPSAKA COPTUPOBKH OTBEYAET IPOTrPAMMUCT.



Coger 23. PaccMoTpuTe BO3MOKHOCTDH 3aMEHbI ACCOLMATHUBHBIX
KOHTEHHEPOB COPTHPOBAHHBLIMHI BEKTOPAMM

Mmuorue nporpaMMmucTsl STL, CTONKHYBIIMCH C HEOOXOAUMOCTBIO CTPYKTYPBI JAHHBIX C OBICTPHIM
MOMCKOM, HEMEJIJICHHO BBIOMPAIOT CTaHIAPTHBIE aCCOLMATUBHBIE KOHTEHHEPHI set , multiset , map
u multimap. B 3TOM BBIOOpE HET HHUYETO IUIOXOIO, HO OH HE HCYEPIBIBAET BCEX BO3MOMXHBIX
BapuaHTOB. Eciaum CKOpOCTh MOMCKA JACHUCTBUTENIBHO BaXKHA, MOAyMaWTe 00 HCIOJIb30BAHUU
HECTaHIapTHBIX X3IIMPOBAHHBIX KOHTEITHEPOB (cM. coBeT 25). [Ipu npaBuibHOM BBIOOpE X3 YHKIUN
X3UIMPOBAHHBIE KOHTEMHEPH MOTYT 0O0€CleuuTh MOUCK C TIOCTOSHHBIM BpeMeHeM (a mpu
HEIPaBUILHOM BbIOOpE X3UI-(DYHKIHUM HIIM HEIOCTATOYHOM pa3Mepe TaOauI ObICTPOAECHCTBHUE 3aMETHO
CHMJKAETCSA, HO Ha IMPAKTHKE JTO BCTPEUAETCS OTHOCUTENBHO peako). Bo MHorux ciydasx
NpEeANnojaraéMoe IOCTOSHHOE BpeMs IOMCKAa MPEBOCXOAUT TapaHTUPOBAHHOE JIOrapudmuyeckoe
BpEMsI, XapaKTEPHOE JUIsl KOHTEMHEPOB set, map U UX multi-aHAJOTOB.

Jlaxe ecnu rapaHTUpPOBaHHOE Jiorapu(Muyeckoe BpeMs MOMCKa Bac yCTpamBaeT, CTaHJApPTHHIC
accollMaTuBHbIE KOHTEHHEPHI HE BCEraa SIBISAIOTCS JIyduM BbiOOpoM. Kak HU cTpaHHO, CTaHapTHBIC
acCOIIMaTUBHBIE KOHTEMHEPHI MO OBICTPOACUCTBUIO HEPEIKO YCTYMAIOT OaHaIbHOMY KOHTEHHEpY
vector. YUtoObl 3¢ dexTnBHO Hcmonb3oBark STL, HEOOXOMMMO MOHMUMATh, B KaKHUX CIydasX vector
MPEBOCXOAUT CTaHIAPTHBIE ACCOLMATUBHBIE KOHTEWHEPHI IO CKOPOCTH MOUCKA.

CranapTHbIE acCOIMAaTHUBHbIE KOHTEHHEpPHl OOBIYHO peanu3yloTcs B BUAE cOalaHCUPOBAHHBIX
OunHapHbIX JepeBbeB. COalaHCUPOBaHHOE OMHAPHOE JEPEBO MPEACTaBIsCT COO0N CTPYKTYPY NaHHBIX,
ONTUMU3UPOBAHHYIO JUIsi KOMOMHHUPOBAaHHBIX OINEpalUdil BCTaBKH, yAaJleHHs W moucka. pyrumu
CJIOBAMHU, OHO IMPEIHA3HAYEHO ISl NPHUIOKEHUN, KOTOPBbIE BCTABISAIOT B KOHTEHHEpP HECKOJIBKO
AJIEMEHTOB, 3aT€EM IPOU3BOAAT MOUCK, MOTOM BCTABJISIOT €€ HECKOJIBKO JJIEMEHTOB, 3aTE€M UYTO-TO
yHAJS0T, CHOBAa BO3BPAIAIOTCS K YJAJICHUIO WJIM BCTaBKE M T. J. [J1aBHOW OCOOEHHOCTBIO 3TOM
MOCJIEIOBAaTENIbHOCTU COOBITHI SIBIIETCS 4YepelOBaHUE OIMepalnii BCTaBKH, ylajJeHUs U Toucka. B
oO0IIeM CciIy4ae HEBO3MOXKHO MPEJICKA3aTh CISAYIONIYIO ONIEPAINIO, BBIMOIHAEMYIO C I€PEBOM.

Bo MHOrMX mNpUIIOKEHHSX CTPYKTYpbl JaHHBIX HCHOJIB3YIOTCA HE CTOJIb HENPEICKa3yeMo.
Onepanuu co CTpyKTypamMu JaHHBIX JEJSATCS HA TPU pa3lieibHble (a3bl.

1. loaroroBka. Co3nanue CTPYKTYphl JaHHBIX W BCTaBKa OOJBIIOTO KOJIMYECTBA 3JEMEHTOB. B
3TON (paze CO CTPYKTYpOW JaHHBIX BBINOJHSAIOTCS TOJBKO OMEpaluu BCTaBKM W yhnaneHus. llomck
BBINOJIHSETCS PEAKO UIIU MTOJTHOCTBIO OTCYTCTBYET.

2 . Ilouck. BpiOopka HYXKHBIX NaHHBIX U3 CTPYKTYphl. B 3TOol (a3e BBIMOIHSIOTCA TOJBKO
omnepanuy noucka. BctaBka n yaneHHe BBITOJHAIOTCA PEAKO WU MOJHOCTHIO OTCYTCTBYIOT.

3. Peopranu3anus. Momudukanus CoaepKKuMoro CTpyKTypbl JAaHHBIX (BO3MOKHO, CO CTUPaHUEM
BCET0 TEKYIIErO COAECPKUMOTO U BCTABKOM HOBBIX 3JIEMEHTOB). 10 COCTaBy BBINOJIHAEMBIX ONEpaLlUil
nanHas (asza sxBuBanieHTHa (aze 1. [locne ee 3aBepieHus npuiiokeHue Bo3BpamaeTcs kK ¢ase 2.

B npunoxeHusx, HCIOJIb3YIOIIMX 3Ty CXeMY pa0OThI CO CTPYKTYpaMH JAaHHBIX, KOHTEMHEP vector
MOXET OoOecleuuTh JydlllMe MoKas3areau (Kak MO BpPEMEHHM, TaK M IO 3arparaM NaMsTH), 4YeM
accoIMaTUBHBIA KOHTEeHHEp. C Ipyroi CTOPOHBI, BEIOOP vector HE COBCEM MPOU3BOJICH — TOIXOMST
TOJBKO COpMUPOBAHHLIEKOHTEUHEPHI vector, IOCKOJIbKY JIMIIbL OHH MPaBUJIBLHO pPabOTalOT C
aJITOPUTMAMH binary search, lower bound, equal range H T. [. (COBGT 34). Ho IIo4uemMy 61/IHapHBII71
MOMCK 4Yepe3 BEKTOp (MOKeT ObITh, OTCOPTUPOBAHHBIN) oOecreunBaeT jydilee ObICTPOIEHCTBHE, YeM
OuHapHBI TOMCK uepe3 ABouuyHoe naepeBo? IIpexzae Bcero u3-3a OaHAIBHOTO MPUHIUIIA «pa3Mep
uMeeT 3HayeHue». CyllleCTBYIOT U JApyrue NPUUYUHBL, HE CTOJIb OaHAJbHBIE, HO HE MEHEE UCTUHHBIE, U
OJIHA U3 HUX — JIOKAJIM30BaHHOCTh CCBHUIOK.

Haunem c¢ pasmepa. JlomycTuM, HaM HYKEH KOHTEWHEp Il XpaHEHHUs OOBEKTOB Widget.



CkopocTh TOMCKa SBISETCS BaXXHBIM (DAKTOPOM, IOITOMY PAaCCMarpuBaIOTCS JiIBa OCHOBHBIX
KaHJuJara: acCOIMAaTUBHBIA KOHTEHHEpP OOBEKTOB Widget M COPTUPOBAHHBIN vector<Widget>. B
NEepPBOM CiIydae IOYTH HaBEpHsKa OyIeT HCIOJIb30BaThCcsl COAJlaHCUPOBAHHOE OWMHApHOE IEpeBo,
KaXXbIH y3€Jl KOTOPOTO COAEPKUT HE TOJIBKO Widget, HO M YKa3aTeJIM Ha JIEBOTO U MPaBOr0 MOTOMKOB
u (0OBIYHO) YyKa3zaTellb Ha POAUTENbCKUN y3en. ClieoBaTeabHO, IMPU XPAaHEHHH OJHOTO OO0BEKTa
Widget B aCCOLIMATUBHOM KOHTEHHEPE JOJIKHBI XPAHUTHCSI MUHUMYM TP yKa3aTeJsl.

C npyroil CTOpPOHBI, IPU COXPAaHEHHH Widget B KOHTEMHEpE vector HENPOU3BOAUTEIbHBIE
3arparbl OTCYTCTBYIOT. KOHEYHO, KOHTEHHEp vector caMm mo cebe TpelyeT OmpeneleHHBIX 3arpar
naMsTH, a B KOHLE BEKTOPAa MOXKET HAaXOOUTHCS 3ape3epBUpPOBaHHAs MaMATh (CcM. coBeT 14), HO
3aTparbl MEpBOM KaTreropMy Kak MPaBHJIO HEBETUKH (OOBIMHO 3TO TPU MAIIMHHBIX CJIOBA — TPHU
yKazaTess WK JBa YKa3aTels ¢ OIHUM YHCJIOM int), @ IyCTOE MECTO MPU HEOOXOAMMOCTH OTCEKAETCS
npu nomoIm «Qokyca ¢ nepectranoBkoi» (cMm. coeT 17). Ho maxe eciu 3ape3epBupoBaHHAs aMSTh U
He OyaeT ocBOOOXeHa, JJIsS HaIllero aHalu3a €€ HallMuue HECYIECTBEHHO, MOCKOJBKY B Ipoliecce
IIOMCKA CCBUIKH Ha 3Ty NaMATh HE HCIIOJIb3YIOTCA.

Bonbime cTpyKTypbl JaHHBIX Pa30MBalOTCs HA HECKOJIBKO CTPAHUIL MaMITH, OJHAKO ISl XpaHECHUS
vector TpeOyeTCs MEHbIIEe CTPaHUIl, YeM Ui aCCOIMAaTUBHOTO KOHTEWHepa. JTO OOBACHSIETCS TEM,
YTO Bvector OOBEKT Widget XpaHUTCA O€3 JOMOJIHUTEIBHBIX 3arpar MamsTH, TOTAa Kak B
acCOIlMaTUBHOM  KOHTEHHEpe K KaxIOMYy OOBEKTY Widget MpHJIAraloTcsi TpU yKazareds.
[Ipeamonoxum, Bel paboTaeTe B CUCTEME, TIe OOBEKT Widget 3aHMMaET 12 OaiT, ykazarenn — 4 OauT,
a crpanuna namsatu coaepxkut 4096 Oaitt. Ecnu He oOpaiaTh BHUMaHHS Ha CIY)KEOHYIO MaMsThb
KOHTEHHEpa, vector TMO3BOJISIET pa3MECTUTh Ha oOaHOM cTpanuile 341 OOBEKT Widget, HO B
aCCOLMATUBHOM KOHTEHHEpE JTO KOJIMYEeCTBO yMmeHblmaercs npo 170. CrenoBarenbHo, IO
3((PEeKTUBHOCTH pPacXOAOBAaHMS MAMATU vector BJBOE MPEBOCXOAUT ACCOIMATHBHBIA KOHTeiHep. B
Cpeaax ¢ BUPTYAJIbHOW MaMSATHIO 3TO YBEIMUYMBAET KOJUYECTBO MOArPY30K CTPAHHUL], YTO 3HAYUTEIBHO
3amMeIsieT paboTy ¢ OONMBIIMMH 00BEMaMU JaHHBIX.

B neficTBUTENBHOCTH 1 HECKOJIBKO ONTUMUCTUYHO MOAOLIEN K aCCOUMAaTUBHBIM KOHTEHHEpAM —
NpPUBEJCHHOE OMHMCAaHUWE MPENANoiaraeT, 4YTo Y3Jbl OWHApPHBIX JIEPEBbEB CrPYNIUPOBAHBI B
OTHOCUTEIIbHO MalloM HalOope cTpanul] mnaMmsaTd. B OonpumucTtBe peanusanuii STL momobnas
TPYIIHUPOBKA JOCTUTACTCS MPHU MOMOIIM HECTAHAAPTHHIX AUCIETYEPOB MaMITH, pabOTAIONMX MOBEPX
pacrpenenuTened naMsaTH KOHTeiHepoB (cM. coBeThl 10 m M), HO ecnu peanusanus HE CIEOUT 3a
JIOKAJIN30BaHHOCTBIO CCBUIOK, Y3JIbI MOTYT OKa3arbCsi pa30pOCaHHBIMU TIO BCEMY aJpeCHOMY
IPOCTPAHCTBY. OTO MPUBEAET K POCTY 4YMCIA MOATPY30K cTpaHul. Jlaxke Hpu HUCHOJIb30BAHUU
IPYNIUPYIOMIMX JUCIIETYEPOB MAMSATH B ACCOLMATHUBHBIX KOHTEHHEpax OOBIYHO Yallle BO3HUKAIOT
npoOJIeMBI € MOATPY3KOM CTPAHUI], TOCKOJBKY Y3JIOBbIM KOHTEHHEpPaM, B OTIMYHE OT OJOKOBBIX (TaKUX
KaKk vector), TpyaHee oOecleuuTh OJU3KOe paCIONOKEHHE COCEIHHMX JJIEMEHTOB KOHTEHHepa B
¢usmyeckoit mamsaTH. OJHAKO MMEHHO 3Ta OpraHu3alusl MaMsITH CBOAUT K MHUHUMYMY MOATPY3KY
CTPaHUI] IPHU BBIMOJTHEHUU OMHAPHOTO MOUCKA.

Mopanb: gaHHBIE, XpaHSALIMECsS B COPTUPOBAHHOM BEKTOPE, OOBIYHO 3aHMMAIOT MEHBIIE MaMsTH,
4eM TE K€ JaHHbIC B CTAHJAPTHOM acCOLMATUBHOM KOHTEHWHEpPE; OMHAPHBIA NOMCK B COPTUPOBAHHOM
BEKTOpE OOBIYHO MPOUCXOAUT OBICTpEE, YeM IOUCK B CTaHAAPTHOM aCCOIMAaTUBHOM KOHTEHHepe (C
Y4ETOM MOATrPY3KH CTPAHUILL).

KoHeuHOo, cOpTHpPOBaHHBIN vector 00JIala€T CEPbE3HBIM HEIOCTATKOM — OH JIOJKEH MOCTOSIHHO
COXpaHATh MOPANOK copTUpoBku! Ilpu BcTaBKke HOBOrO 3JEMEHTa BCE IMOCIEAYIOIME 3IJIEMEHTHI
CABHUTAIOTCS Ha OAHY mo3uiuio. Onepanusi ciBUra OOXOAUTCS JOBOJIBHO JOPOTO M CTAHOBUTCS ellie
JOpOXKEe TIpU TepepacrpenieliecHur maMaTu (CM. coBeT 14), TOCKOJBKY TIOCJE 3TOTO OOBIYHO
INPUXOAUTCA KONUPOBATh 6CedJIEMEHTHl BekTopa. C Apyroil CTOPOHBI, MPU YJAJIEHUH DJIEMEHTA W3
BEKTOpPA BCE MOCJEAYIOIME IEMEHTBI CIBUTAIOTCS HA OIHY MO3UIMIO K Hayany. Onepanuu BCTaBKHU-



yIaJeHus: JOPOro 0OXOAATCS A1l KOHTEHHEPOB vector, HO OTHOCUTEIBHO JICHIEBHI ISl aCCOLMATUBHBIX
KOHTeHMHEPOB. [lo 3TOM mpUYMHE COPTUPOBAHHBIE KOHTEHMHEPHI vector MCIIOJIB3YKOTCS BMECTO
aCCOLIMAaTUBHBIX KOHTECHMHEPOB JIMIIb B TOM Ciy4ae, €CIM BBl 3HAETE, YTO IIPU HCIOJIb30BAaHUU
CTPYKTYPBI JAHHBIX OIEPALMU ITOMCKA MIOYTH HE CMEIIMBAKOTCS CO BCTABKOU U yIAJICHUEM.

B sToM coBere ObUIO MHOIO TEKCTa, HO KaracTpoduuyecku He XBarajo mnpumepoB. [lapaiite

paccMOTpumM 0a30BbIi KO MCITIOJIb30BaHU COPTUPOBAHHOI'O vector BMCCTO set!
vector<Widget> vw; // AnbTepHaTuBa njasa set<Widget>
// TomroroBuTeJibHAa ¢(asza: MHOTO BCTABOK,
// Majio omepaumyr nomucka

sort (vw.begin (), vw.end()); // KoHel NOOTOTOBUTEJNLHOM basw (IpU BMYJISLUUU
// multiset MOXHO BOCIOJIL30BaATLCHA
// anropmurMmoMm stable sort - cm. coset 31).

Widget w;// OBBEKT C MCKOMHEM S3HAaUYEHUEM
// Hauaso ¢asb nomcka
if (binary search(vw.begin(), vw.end(), w)).. // Ilouck C InpuMeHeHUEM
// binary search
vector<Widget>::iterator 1 =

lower bound(vw.begin(), vw.end(), w); // IlouCkK C HNpMMeHEHMEM
if (i !'= vw.end() && !'(*1 < w)).. // lower bound: KOHCTPYKUMUA
// ' (*i<w)) onmcaHa B coBeTe 45
pair<vector<Widget>::iterator, vector<Widget>::iterator> range =
equal range(vw.begin(), vw.end(), w); // Iouck Cc IpUMeHeHMEM
if (range.first != range.second).. // equal range

// Koueu daswe mnomcka,
// Hauajo dasw peopraHMU3aLUMU
sort (vw.begin (), vw.end()); // Hauamo HOBOM ®aszsw MIOMUCKA..

Kak Buaure, Bce peanusyercsl JOCTATOYHO MPAMOJUHENHO. OCHOBHBIE 3aTPYIHEHUS CBA3aHBI C
BBIOOPOM aJIrOpUTMa MOUcKa (binary search, lower bound U T. 1), HO B 9TOM BaM IOMOXET COBET
45.

[Tpu nepexofe OT map/multimap K KOHTEMHEPY vector CUTYalMsl CTAHOBUTCS 00OJiee MHTEPECHOM,
IIOCKOJIBKY vector JOJDKCH COACPIKATH OOBEKTHI pair, BXOOJIOME B map/multimap. Ho Inpu
OOBSBICHUU OOBEKTAa THUIA map<K, V> (WIM €ro multimap-aHalOra) 3JIEMEHTHI, XpaHSIIMECS B
KOHTEHHEepe, B JEHCTBUTEIBHOCTU OTHOCATCS K THNY pair<const K, V>. UTOOBI 3MYIHpOBATh map
MW multimap Ha 0a3e vector, NPU3HAK KOHCTAHTHOCTH HEOOXOJUMO YCTPAHHUTh, MOCKOJIBKY B
MPOIIECCE COPTUPOBKU DJIEMEHTHI BEKTOpAa MEPEMEIIAIOTCS MOCPEACTBOM IPUCBAaMBAHUA, a 3TO
O3HauaeT, 4To 00a KOMIIOHEHTa Mapbl JOJDKHBI JONycKarh mpucBauBaHue. (CiemoBarelbHO, HPH
IMYISLNU map<K, V> Ha 0aze vector JaHHbBIC, XpaHAUMECS B BEKTOpE, JNOJDKHBI OTHOCUTHCA K THUITY
pair<K, V>,aHE€ pair<const K, V>.

CoaepXHUMO€ map/multimap XPAHUTCA B OTCOPTUPOBAHHOM BHUJE, HO IPU COPTUPOBKE
YUUTBIBAETCSI TOJBKO KIIFOUEBAsl COCTABIIAIONIAS 3JIEMEHTa (IEPBbId KOMIOHEHT Iapbl), TOATOMY IIPU
COPTUPOBKE vector JOJDKHO MPOMCXOOUTH TO ke camoe. Ham mpuaercss Hamucarb COOCTBEHHYIO
GyHKIUIO CpaBHEHUS HJsl Map, MOCKOJbKY OMNEparop < THIMA pair CPAaBHUBAET 0OECOCTABISIONIMNE
naphl.

HHTepecHO 3aMETHUTh, UTO /AJisi BBINOJHEHUS TMOUCKa TpeOyeTcs BTOpas (PYHKIUS CpaBHEHUS.
OyHKIUS CpaBHEHUs, HCIOJIb3yeMas IpPU COPTUPOBKE, MOJy4aeT JBa OOBEKTa pair, HO MOUCK
BBINOJHAETCSA TOJBKO MO 3HaueHHIO Kitoya. C Ipyroil CTOpOHBI, (PYHKIUS CPAaBHEHHMS, UCIOJIb3yeMast
IpU TOUCKE, JTOJDKHA MOJIydaTh JBa PAa3HOTHIHBIX 00BEKTa — OOBEKT C THUIOM Kioua (MCKOMOE
3HAUEHME) M pair (OIHA M3 Map, XpaHALMXCS B BekTope). Ho 3To eme He Bce: Mbl HE 3HAEM, YTO
nepesaeTcss B IEpBOM apryMeHTE — KJIOY WIM pair, HO3TOMY B ACHCTBUTEIBHOCTU ISl MOMCKA
HE0oOXonMMBbl J1Be (DYHKIIUM: OHA IMOJYyYaeT KoY, a JApyras — OObEKT pair. B ciemyromem npumepe
00BETMHEHO BCE CKAa3aHHOE paHee:



typedef pair<string, int> Data; // Tun, xpaHuMmeni B "map" B IaHHOM IIpuUMEpPE

class DataCompare{ // Kmacc nnsg OYHKUMM CpPaBHEHUI

public:
bool operator () (constData& lhs, // ®yHKUMS CpaBHEHUSL
constData& rhs) const // Ona COpTUPOBKU
{
return keyLess(lhs.first, rhs.first); // Onpenesnenue keylLess
} // TpWMBEIEeHO HUXe
bool operator () (const Data& lhs, // ®OyHKLUSA CpaBHEHUS

const Data::first typeé& k) const // mns nomcka (dopma 1)
{

return keyLess(lhs.first, rhs.first);

}

bool operator () (const Data::first typeé& k, // dyHKUMA CpaBHeHUA
const Data& rhs) const; // nnsa nmoucka (bopma 2)

{

return keyLess (k.rhs.first);

}

private: // "HacTogamaa" obyHKLUS

bool keyLess(const Data::first type& kl, // cpaBHeHus
const Data::first type& k2) const {

return k1l < k2;

}

}

B nmaHHOM npuMepe NpeAnoaraeTcs, 4TO COPTUPOBAHHBIM BEKTOpP SMYIUPYET map<string,
int>. Ilepen Hamu mpakTU4YecKu OyKBaJbHOE MEPEIOKEHUE KOMMEHTApUEB, MPUBEJICHHBIX paHee,
€CIM HE CUMTaTh MPUCYTCTBUS (YHKIUU keyless, NMPEIHA3HAYEHHON IJIS COIMACOBaHMS (DYHKIIMIA
operator (). Kaxaass QyHKIUs MPOCTO CPAaBHUBAET JIBA KJIIOUa, TOATOMY, YTOOBI HE MPOTPAMMHPOBAThH
OMHM U TE€ XK€ JCHCTBUS ABAXIbI, Mbl IPOU3BOJUM MPOBEPKY B keyLess, a (PYHKIUS operator ()
BO3BpAIlACT MOJYyYeHHBINH pe3ynbTar. KoHeuHO, 3TOT MpueM yIpolaeT COMPOBOXKACHUE DataCompare,
OJHAKO Yy HCro ¢CTb OAWMH HCAOCTATOK: HAJIN4YUC (I)YHKHHﬁ operator () C pa3sHbIMKU THIIAMHU
napaMeTpoB HCKJIIOYaeT ajanrtanuio o0bekToB (yHkuuii (cMm. coBer 40). C 3TUM HHYEro He
Imoaciaclib.

Konteiinep map amynupyeTcs Ha 0a3e COPTUPOBAHHOIO BEKTOpa MPAKTHYECKH TaK K€, KaK U
KOHTeﬁHCp set. EI[I/IHCTBGHHOG IMPUHOUIINAJIBHOC OTJINYKUC 3aKJIIHOYacTCsd B TOM, 4YTO B Ka4CCTBC
GbyHKIUNA cpaBHEHHS UCIOJIb3YIOTCSI OOBEKTHI DataCompare:

vector<Widget> vd; // AnbTepHaTuBa mjsg map<string, int>

// TomnroroBuTenbHas daza: MHOTO BCTABOK,
// Majio omnepaumy Nomucka
sort (vd.begin (), vd.end (), DataCompare()); // KoHel NOOTOTOBUTENLHOM Gaszl
// (npu sumynguuy multiset MOXHO
// BOCHOJIB30BATHLCH AJITOPUTMOM
// stable sort - cMm. cosetr 31)
string s; // OOBEKT C MCKOMHM 3HAUEHMEM
// Hauaso ¢asb nomcka

if (binary search(vd.begin(), vd.end(), s, DataCompare())).. // Iouck
// C npuMeHeHMreM

binary search

vector<Data>::iterator i = lower bound(vd.begin(), vd.end().s,
DataCompare ()) ; // Tlouck C NIpUMEeHEeHUEeM
if (1 != vd.end() && ! (i->first < s)).. // lower bound: KOHCTPYyKLMUA
//) (i->first<s)) omnmucaHa

//B comBeTe 45
pair<vector<Data>::iterator, vector<Data>::iterator> range =
equal range (vd.begin(), vd.end(), s, DataCompare()); // Ilouck C NpVMEHEHNEM



if (range.first != range.second)..
// KoHel ¢aswe mnomcka,

// Hauajo dasw peopraHMU3aLUMU
sort (vd.begin (), vd.end(),

// equal range

DataCompare ()); //Hauamo HOBOM Gas3wbl MNOMUCKA..

Kak Bumute, mocie HamucaHUs DataCompare BCE 0oOJiee UM MEHEE CTAHOBUTCS Ha CBOM MECTa.
[TokazaHHOe pelleHHEe 4YacTo ObICTpee pabOTaeT M PACXOAyeT MEHbILE MaMsATH, YeM aHaJoTuyHas
apXUTEKTypa C HACTOAIMM KOHTEHHEPOM map — IIPU YCJIOBHUH, YTO ONEPALIUUA CO CTPYKTYPOH ITAHHBIX
B Ballleil mporpamme aenstcs Ha (as3pl, onucaHHble Ha c. 99. Eciu momoOHoe neneHue Ha ¢asbl HE
coOiroaeTcsi, HMCIOJIb30BaHUE COPTUPOBAHHOTO BEKTOpPa BMECTO CTAaHAAPTHBIX aCCOLMATHUBHBIX
KOHTEMHEPOB MOYTH BCerja 000pavynBaeTCsl HAPACHOM TPAaTON BpEeMEHHU.



Coser 24. TiiaTtesibHO BHIOUpaTEe MEXKIY map::operator|] u
map::insert

JomyctruMm, y Hac uMeeTcs KJacc Widget € KOHCTPYKTOPOM II0 YMOJIYAHUIO, & TaKkKe

KOHCTPYKTOPOM U ONEepaToOpoM IpUCBaMBaHUs C onepangoM Tuma double:
class Widget {
public:
Widget () ;
Widget (double weight) ;
Widget& operator=(double weight);

b7
[IpennonoxkuM, MbI XOTHM CO3/4aTb KOHTEWHEP map, ACCOLMUPYIOUMHU int CWidget, H

HHUOHUAIN3NPOBATb CO3AAHHOC MHOKCCTBO KOHKPCTHBIMHU 3HAYCHUAMM. Bce BBITJIAANT OYCHDb IIPOCTO:
map<int, Widget> m;

m[1l]=1.50;
m[2]=3.67;
m[3]=10.5;
m[4]=45.8;

m[5]=0.0003;

HacTonbko mpocTo, 4TO JIETKO YIMYCTHTh, YTO XK€ 3/1eCh, COOCTBEHHO, MPOUCXOAUT. A 3TO OYEHb
IJI0XO0, MOTOMY YTO B JIEHCTBUTEIILHOCTU MPOUCXOAAIIEE MOXKET 3aMETHO YXYALIMTH ObICTpONEHCTBHE
IPOTPaMMBl.

CDYHKHI/IH operator|[] KOHTefIHepOB map HHKAK HE€ CBdA3aHa C (byHKHI/IHMI/I operator|[]
KOHTCﬁHCpOB vector, deque H string, a TAKXE CO BCTPOCHHBIM OIICpaTOpOM [], paGOTaIOHH/IM C
MaCCHBaMMH. CDYHKI_II/IH map: :operator[] yiipom@cT oOlncpanuu ((06HOBJ'I€HI/I}I C BO3MOXHBIM

co3ganueM». MHade roBops, Mpu HaJIUYUHU OOBABICHUS map<K, V> m KOMAaHJAA m[k]=v; IPOBEPSET,
OPUCYTCTBYET JHM KIIOY k B KOHTeWHepe. Eciam Kirou OTCYTCTBYeT, OH J100aBIe€TCS BMECTE C
aCCOLIMMPOBAaHHBIM 3HAa4Y€HUEM v. ECIM KIt0Y yXe NMPUCYTCTBYET, aCCOLIMUPOBAHHOE C HUM 3HAYCHUE
3aMEHSETCSA Ha v.

JI1s1 3TOrO operator [] BO3BpAlllA€T CCHUIKY HAa OOBEKT 3HAYEHUS, ACCOIMUPOBAHHOTO C KIIIOUYOM
k, MOCIE Yero v MpPHUCBaUBaETCSI OOBEKTY, K KOTOPOMY OTHOCUTCS 3Ta ccbuika. [Ipu oOHOBIeHUU
3HAUYEHUsI, ACCOUMUPOBAHHOTO C CYLIECTBYIOIIMM KJIFOYOM, HUKAKUX 3aTPYIHECHUM HE BO3ZHUKAET — B
KOHTEHHEpE yKe UMeeTCsl 00bEKT, CChUIKa Ha KOTOPBIA BO3BpalaeTcs GyHKIuenl operator []. Ho mpu
OTCYTCTBHUHM  KJIIO4a k TOTOBOTO OOBEKTa, Ha KOTOPBII MOKHO ObUIO OBl BEPHYTh CCBUIKY, HE
cymecTByer. B 3ToM ciydae OOBEKT coO3/1aeTcsi KOHCTPYKTOPOM [0 YMOJYaHHUIO, TMOCIE 4Yero
operator[]B03BpaHm€TCCBUHQ/HaCOBHaHHBﬁiOGBGKT.

BepHeMcs K Hadairy HCXOQHOIO pUMepa:
map<int, Widget> m;

m[(1]1=1.50;
BripaxkeHne m [ 1] IpeacTaBiseT co00i COKpALICHHYIO 3alKUCh IJIS m. operator [] (1), IOATOMY BO
BTOPOM CTPOKE NPHUCYTCTBYET BBI3OB map: :operator[]. MOYHKIMSA [OJKHA BEPHYTh CCBUIKY Ha

aCCOLIMMPOBAHHBIA OOBEKT Widget. B MTaHHOM mpuMepe m €Il HE COACPNKUT HU OTHOTO DJIEMEHTA,
MO3TOMY 3JIEMEHT C KJtodoM | He cymiecTByeT. KOHCTpyKTOp MO yMOIYaHHUIO cO3/1aeT OOBEKT Widget,
aCCOLIMUPYEMBIH € KIIIOYOM 1, M BO3BpalllaeT CChUIKY Ha 3TOT 00beKT. HakoHel, co3gaHHOMY OOBEKTY
Widget npucBauBaercs 3HaueHue 1.50.

HNuaue roops, koMmaHaa
m[1]=1.50:
(GYHKIIMOHATBLHO YKBUBAJICHTHA CIEAYIOMEMY (parMeHTy:



typedef map<int, Widget> intWidgetMap; // BcnomoraTejbHOE OIpemesieHUMe Tula

pair<intWidgetMap::iterator, bool> result = // Co3maHMe HOBOTO
m.insert (intWidgetMap::value type(l, Widget())); // snemenTa c kjodyoMm 1
// M accoumMmMpoOBaHHEM
0OBEKTOM, CO3IOAaHHHEM
// KOHCTPYKTOPOM IIO
YMOJITUAHMIO; KOMMEHTAPUN
// mo noeony value type
// TnpuBemeHH najee
result.first->second = 1.50; // IpucBauBaHMUE BHAUEHUS
// CcO3maHHOMY OOBEKTY

Teneps moHsATHO, MOYEMY TaKOM MOAXOA yXyauaeT OblcTponeicTBue mporpamMMbl. CHayana Mbl
KOHCTPYHpPYEM OOBEKT Widget, a 3aT€M HEMEIJICHHO MpHCBaMBacM eMy HOBoe 3HaueHue. KoHeuHo,
npaBuiibHee ObUIO Obl Cpa3y CKOHCTPYMPOBATh Widget C HYKHBIMU JTAHHBIMH BMECTO TOTO, YTOOBI
KOHCTPYUPOBATh Widget MO YMOJIYAHUIO M 3aTEM BBIIOJIHATH NpUcBanBaHue. Cleq0BaresibHO, BBI3OB
operator[] ObUIO ObI MPaBUJIbHEE 3aMEHUTH MPSIMOIUHEHHBIM BBI30BOM insert:

m.insert (intWidgetMap::value type(l, 1.50));

C (QyHKIMOHANBEHOH TOUKM 3PEHHS 3Ta KOHCTPYKIMS SKBHBAICHTHA (pparMeHTy, NPUBEICHHOMY
BBIIIIE, HO OHA MO3BOJIAET COKOHOMUTH TPU BbI30Ba (DYHKIIUM: CO3aHME BPEMEHHOTO O0BEKTa Widget
KOHCTPYKTOPOM I10 YMOJTYAHHUIO, YHUUTOKEHUE 3TOI0 BPEMEHHOI'0 00bEKTa U ONepaTop MpUCBauBaHUs
Widget. YeM HOpoxke 0OXOmATCS 3TH BBI3OBBI, TEM OOJBIIYI0 SKOHOMHUIO 0OecreuynBaeT MpUMEHEHUE
map: :insert BMECTO map: :operator[].

B npuBeneHHoM  Bbimle  (parMEHTE  UCHONB3YETCS  OMNpEeleJieHWe  THMA value type,
IPENOCTABISIEMOE BCEMU CTAaHIAPTHBIMU KOHTEHHEepaMu. [IoMHHUTE, YTO M1 map U multimap (@ Takxke
JUISl HECTAHJAPTHBIX KOHTEMHEPOB hash map M hash multimap — COBET 25) THI 3JEMEHTa BCErIa
NpeACTaBISIEeT COOON HEKYIO Pa3HOBUAHOCTD pair.

S yxe ynoMuHaZ O TOM, YTO operator[] YIPOIIAET ONEpalnuu «OOHOBJICHHUS C BO3MOKHBIM
co3ganueM». Temepp MbI 3HaeM, 4TO MPHU CO3JaHUU insert paboraet 3¢ (deKTUBHEE, YeM operator[].
[Tpu oOHOBNEHUHU, TO €CTh MPHU HAJTUMYMHM SKBUBAJCHTHOIO Kirouya (CM. coBeT 19) B KOHTEHHEpPE map,
CUTyallUsl TOJHOCTbIO MeHseTca. YTOObl MOHATH, MOYEMYy 3TO MPOUCXOAUT, PACCMOTPUM
NOTEHIIUAJIbHBIC BAPUAHTHI OOHOBJICHUS:

m[k] = v; // 3HaueHMe, accouUUMpyeMoe
// c wxmouoM k, BaMeHseTCs Ha V IpM IOoMoWM ornepaTtopa []
m.insert (intWidgetMap::value type (k, v)).first->second = v; //  SHaudeHue,
accoumumMpyemoe
// ¢ kjaouyoMm Kk,
3aMeHdgeTCH
// Ha Vv OpuM IOMOIMU
insert

BeposiTHO, oquiH BHEMHHI BUJ dTHUX KOMaH]l 3aCTaBUT Bac BHIOpaTh operator[], HO B JJAHHOM
ciydae pedb uzieT 00 3pPeKTUBHOCTH, MOATOMY (PAKTOP HATISAHOCTH HE YUUTHIBACTCS.

HpI/I BBI30OBC insert MEPEHACTCA API'YMCHT THIIA inWidgetMap: :value type (TO €CTh pair<int,
Widget>), TOTOMY IPH BBI30OBE insert HEOOXOAUMO CKOHCTPYHPOBATh M YHUUTOXKUTH OOBEKT JAHHOTO
tuna. CrnenoBarenbHO, MPU BBI3OBE insert OYIyT BBI3BAaHBI KOHCTPYKTOP M JIECTPYKTOP pair, UYTO B
CBOIO O4Yepe/]b MPHUBEAET K BBI30BY KOHCTPYKTOpa M JECTPYKTOpPA Widget, ITOCKOJIBKY pair<int,
Widget> COACPKUT OOBEKT Widget. IIpM BBI30BE operator[] OOBEKT pair HE HCIOJB3YeTCs, YTO
MO3BOJIIET U30€XKaTh 3aTpaT Ha KOHCTPYUPOBAHHUE U YHUUTOKEHHE pair U Widget.

CrnenoBaresibHO, MPU BCTABKE AJIEMEHTA B map MO COOOpakeHUsIM 3((PEKTUBHOCTH KeEIaTeIbHO
HMCTOJb30BaTh insert  BMECTO operator[], a TMpPH OOHOBICHUH CYIICCTBYIOIMX DJIEMEHTOB
MPEANOYTEHUE OTAACTCSA operator[], YTO OOBICHACTCS Kak 3P ()EKTUBHOCTHIO, TAK U ICTETHYCCKUMU



COOOpaKEHUSIMU.
KoneuHno, Ham XoTenochk Obl BuAeTh B STL (yHKIHMIO, KOTOpas Obl aBTOMAarWMueCKH BBIOMpasa
ONTHUMAJbHOC PCIICHHNE B CHHTAKCHYCCKHU IPUBJICKATEIbHOM Buje. MHTepdelic BbI3oBa MOT Ol

BBITJISIAICTH CICAYIONMM 00pa3oMm:
iterator affectedPair = // Eciy KJIOY K OTCYTCTBYyeT B KOHTEeNMHepe m,
efficentAddOrUpdate (m, k, v); // BoonojgHuThs sbbexTmuBHOe nobaBJeHUE
// pair(k, v) B m; B INPOTMBHOM CJyudae
// BHIIOJIHUTEL 5bhpexTUBHOE OOHOBJIEHUE
// BHaAYeHMWS, aACCOLUMMPOBAHHOTO C KJIIOUOM K.
// ®yHKLMS BOS3BpallaeT UTEepaTop
// nna noOaBJIEHHOM WJIY M3MEHEHHOM I[1aphH

B STL takas ¢yHKIUA OTCYTCTBYET, HO KaK BHJHO W3 CIEAyIOIero (pparMeHTa, ee HETPYIHO
HAIIUCaTh CaMOCTOATEIbHO. B KOMMEHTapusx [OarOTCA KpATKHUE IOSICHEHWS, a JOMOJHUTEIbHAS

uH(opMalus NpuBeIeHa MOCIe JIUCTUHTA.
template<typename MapType, // Tun kKoHTeMVHepa
typename KeyArgType, // TpuumMHEl 07 Nepelauu IapaMeTpPOB—THUIIOB
typename ValueArgType> // KeyArgType u ValueArgType
// TnpuBEeOeHH HUXE
typename MapType::iterator efficientAddOrUpdate (MapType& m,
const KeyArgTypeé& k, const ValueArgType& v) {

typename MapType:iterator 1lb = // OnpemenuTsh, T'Ie HAXOOUTCH
// WAV OOJIXKeH HaxXOOMUTLCH KJKY K.
m.lower bound (k) ; // KioueBoe cJoBO typename
// paccumarpueaeTcsa Ha c. 20
if (lb != m.end())&s& ! (m.key comp() (k.lb->first))){ // Ecam lb ccunaercs Ha

napy,
// KJ0OUY KOTOPOM

SKBUBaJIeHTeH Kk,
lb->second = v; // ..00DHOBMTBL accolLMuMUpyeMoe
3HaAUeHUe
return 1lb; // U BepHYyTb MTepaTop ajs
HAVIEHHOM Iaphl
} else {
typedef typename MapType::value type MVT;
return m.insert (1b.MVT(k, v)); // Bxkawouurs pair(k, v) B m M BEpPHYTbH
// mTepaTop IJs HOBOTO BJIEMEHTAa
}
}
Jns >hPexTUBHOrO BBHIMOIHEHUS OINEpaluil co3JaHus M OOHOBIEHUS HEOOXOOUMO Y3HATh,

IPUCYTCTBYET JIM KJIFOY K B KOHTEHHEPE; €CIU NPUCYTCTBYET — TJ€ OH HAXOAUTCA, a €CJIM HET — IJe
OH JIOJDKEH HAxOAMUThCS. 3ajlauya MACabHO MOAXOAUT A PYHKUHMH lower bound (coBeT 45). UToOsbl
OTIpEeNeINTh, OOHapyXKuia U (GYHKIUS lower bound AJEMEHT C HYKHBIM KIIIOYOM, MBI IIPOBEpsEM
BTOPYIO IIOJIOBUHY YCJIOBHUSI JKBUBaJE€HTHOCTH (cM. coBeT 19). Ilpu 3TOM CcpaBHEHHE OJKHO
NPOU3BOAUTHCA (YHKLMEH, TMOJIYy4eHHOM TpU BbI3OBE map: :keycomp. B pe3yasrare MNpoOBEepKU
HKBUBAJICHTHOCTHU MbI y3HaeM, KaKasi onepaius BbIIOJHAETCS — CO3/IaHUE UM OOHOBJICHUE.

OOHOBJIEHUE pean30BaHO BechbMa MpsiMonuHelHo. C co3maHueM Jeno OOCTOUT MOUMHTEpEecHee,
MOCKOJIbKY B~ HEM  HCIHOJB3yeTCsd  «peKkoMeHaareiabHas»  ¢opma insert. KoHCTpykuus
m.insert (1b.MVT (k, v)) «PEKOMEHIYET» lb KaK MPaBHJIbHYIO TOUKY BCTaBKH I HOBOT'O 3JIEMEHTA
C KJIFOUOM, SKBUBAJIIEHTHBIM k, a CTaHIapT rapaHTUPYET, YTO B CIy4ae NPABUIBHOCTH PEKOMEHIALUU
BCTaBka OyleT BBIIOJHEHA 3a TMOCTOSHHOE Bpems (BMecTo  Jorapupmuueckoro). B
efficentAddOrUpdate MbI 3HAaE€M, 4YTO lb ONPEAEISIET MPABWIBHYIO MO3UIMIO BCTABKH, MO3TOMY
insert BCEr/a BBIIOJHAETCS C MOCTOSIHHBIM BPEMEHEM.

VY naHHOU pead3allii €CTh OJJHA MHTEpPECHAass 0COOEHHOCTh — KeyArgType U ValueArgType HE



00s13aHbLI OBITH TUIIAMH, XpaHAIIUMHCA B KOHTCﬁHepC, a BCCIo JIHIIb AOOJIXKHBI npueoOuMbCﬂK 3TUM
tunaM. CymectByeT U JIpyroe  BO3MOXKHOE  pEIIEHME —  YOAIUTh  [apaMeTpbI-TUIIbI
KeyArgType/ValueArgTypeIIS&MGHHTBID(HaMapType::key_typeIlMapType::mapped_type.}k)B
9TOM CJIy4aC BbBI3OB MOKCT COIIPOBOXAATHCA JIMIIHUMU Hp€06pa30BaHI/IHMI/I Tu1oB. Bo3pMmeMm

ONpENEICHNE KOHTEWHEPa map, BCTPEUYABILEECs B IPUMEpPaAx:
map<int, Widget> m; // CMm. paHee
Taxxe BcmomHuM, uTo Widget nonyckaeT npucBauBaHUe 3HAYCHUHN TUIA double:
class Widget { // CMm. paHee
public:
Widget& operator=(double weight);
b7
Ternepb pacCMOTpPHUM CIIEAYOLIMH BBI3OB efficientAddOrUpdate:
effcientAddOrUpdate (m, 10, 15);
JlomycTuM, BBIMOJHSAETCS onepalus 0OHOBICHUS, TO €CTh m YK€ COJIEPKUT 2JIEMEHT ¢ Kitouom 10.

B sToM ciiydae mpuBeeHHBIH paHee MIAOJOH 3aKIII0YaeT, YTO ValueArgType SBISETCS double, M B
tene Qyakuuu yuciao 1.5 B dopmare double HampsAMyI MPUCBAUBACTCS OOBEKTY Widget,
accoruupoBanHoMy ¢ kiaodom 10. IlpucBamBaHMEe OCYIIECTBISETCS BBI3OBOM Widget: :operator=
(double). Ecim OBI TpeTHﬁ nmapaMeTp efficientAddOrUpdate OTHOCHIJICA K TUITY
MapType: :mapped type, TO 9UCJIO 1.5 B MOMEHT BbI30Ba ObUIO ObI MPEOOpPa30BaHO B Widget, UTO
npuBeno Obl K JIMIMHUM 3arpaTraM Ha KOHCTPYMpPOBaHHE (M TOCIEIYIOIIee YHUUTOXEHHE) OO0BeKTa
Widget.

Ckonb Obl MHTEPECHBIMU HE OBbUIM TOHKOCTH pPEaTM3alluU efficientAddOrUpdate, HE OyaeM
OTKJIOHSATHCS OT TJIABHOM TEMBI 3TOTO COBETa — OT HEOOXOAMMOCTH TIIATEIBHOTO BhIOOpA MEXIY
map: :operator[] M map::insert B TEX ClyYasdX, KOIaa Ba>XHa 3(1)(1)6KTI/IBHOCTI) BBIITOJIHACMBIX
oneparnuid. [Ipu 0OHOBIEHHU CYIIECTBYIOIIETO AJIEMEHTA map PEKOMEHIYETCS MCTIOJIB30BaTh OMEPaTop
[ 1, HO TIPH CO3JJaHWHM HOBOTO 3JIEMEHTA MPEANOUYTCHHUE OTJAETCS insert.



Cogser 25. N3yuyuTe HeCTAaHAAPTHBIE X3IIHUPOBAHHbIE KOHTEHHEPbI

[Tocne mepBoro 3nakomctBa ¢ STL y OonbmMHCTBA MPOrpaMMHCTOB HEH30€KHO BO3HHKAET
BoMpoc: «BekTopsl, CIMCKHU, MHOXKECTBA. .. XOPOIIIO, HO T K€ XAI-Tabnuubl?» J{eiicTBUTENbHO, X31I-
TaONUIBl HE BXOIAT B cTaHAapTHyio Oubnumorexky C++. Bcee cxomsrcss Ha TOM, 4TO 3TO JOCaIHOE
ynymenue, Ho Komurer no cranpapruzanuu C++ penmi, 4To yCUIHs, 3aTpayeHHbIE Ha UX MOAJEPKKY,
npuBeiIn Obl K Ype3MEPHOM 3aJiepKKe B pabote Haj cTaHaapToM. [1o Bcell BEpOSTHOCTH, X3II-TA0IHIIbI
nosiBATCS B ciaeaytomed Bepcun CraHgapra, HO B HACTOAUMA MOMEHT XEUIMPOBAaHUE HE
noaaepxubaercs B STL.

[IporpamMmmucTtel, He nevansTech! Bam He mpuaercs oOXoauThes 6€3 X31-Tabaull Ui CO3/1aBaTh
coOcTtBeHHble peanu3anuu. CymecTByeT HeMano TroToBbIX STL-coBMECTMMBIX —X3IIMPOBaHHBIX
aCCOLMATUBHBIX KOHTEWHEPOB C BIIOJHE CTAaHJAPTHBIMU HMMEHAMHM: hash set, hash multiset,
hash map M hash multimap.

Peanu3zanuu, CKpbITBIE 32 MOXOKMMH HMMEHAMH... MSITKO TOBOpPsS, HE MOX0XHU APYr Ha Apyra.
Paznuuaercs Bce: nHTepdEiichl, BOSMOXHOCTH, CTPYKTYPhI JTAHHBIX U OTHOCUTENbHAs 3P (HEKTUBHOCTD
MOJIEP)KMBAEMBIX OoTeparuii, MoxHO Hamucarh 0ojiee Uik MEeHee MePEHOCUMBIN KOJI, HCTIOIB3 YOI N
XOII-TA0NUIIBL, HO CTAHAAPTU3AIUsA XJUMPOBAHHBIX KOHTEWHEPOB 3HAYUTEIBHO YMIPOCTUIA OBl 3TY
3a/1a4y (Tenepb NOHATHO, TOYEMY CTAHAAPTHI TAK BaXKHBI),

N3  Bcex  CyIIECTBYIOIMX  peaju3aldid  XOIIMPOBAaHHBIX  KOHTEWHEPOB  HamOOJIbIIee
pacnpoctpanenue nonyuuian ase: ot SGI (coer 50) u or Dinkumware (mpusioxkenue b), mostomy
JaJbHEWIEE OMMCAHUE OrPAaHUYMUBAETCS YCTPOWCTBOM XCHIMPOBAHHBIX KOHTEHMHEPOB OT 3THUX
paspabotunkoB. STLport (coBer 50) TakX)e CONECPXKUT XIIMPOBAHHBIE KOHTEWHEPHI, HO OHU
6azupytorcs Ha peanuzanuu SGI. B KoHTeKcTe HACTOSIIET0 MpruMepa BCe CKa3aHHOE O XAIIMPOBAHHBIX
KoHTeHHepax SGI 0OTHOCUTCS U K X21IIMPOBaHHBIM KOHTEeNHepaMm STLport.

X3IMPOBaHHBIE KOHTEMHEPHI OTHOCATCS K KaTeTOPUU aCCOLMATUBHBIX, IOATOMY UM, KaK U BCEM
OCTAJIbHBIM aCCOILMAaTUBHBIM KOHTEHHEpaM, Mpu OOBSABICHUU CHEAyeT 3aJarb THI OOBEKTOB,
XpaHSIMXCsl B KOHTeiHepe, (PYHKUIHMIO CpaBHEHHUS A 3THUX OOBEKTOB U pacHpeleNuTeNb MaMsTH.
Kpome Toro, ans pabGoThl X3IIMPOBAHHOMY KOHTEHHEpy HeoOxoauma xou-(QyHKuus. EcTecTBEeHHO

IMpCAII0JIOXKUTD, UYTO OOBSIBIICHHE X3IIMPOBAHHOI'O KOHTefIHepa JOJIZKHO BBINIAACTD HIPUMCPHO TaK:

template<typename T, typename HashFunction, typename CompareFunction,
typename Allocator = allocator<T> >
class hash koHTerHEp;

[lonyaenHoe o0OBSBICHHWE BechbMa OJM3KO K OOBSBICHHUIO XJIIMPOBAHHBIX KOHTEHHEPOB B
peanusauuu SGI. ['maBHOE pasznnune MeXAy HUMHU 3aKII04YaeTcs B TOM, 4yTo B peanusanuu SGI mis
THIIOB HashFunction M CompareFunction HPECAYCMOTPCHBI 3HAUYCHHS I10 YMOanHHKL(DGBHBHGHHG
hash set B peanu3auuu SGI BeINIAAUT ciexyrommM oOpa3oM (cierka HCHpaBIeHO IS ynoOcTBa
YTEHUS):

template<typename T,

typename HashFunction = hash<T>,
typename CompareFunction = equal_to<T>,

typename Allocator = allocator<T> >
class hash set;

B peanuzauuu SGI crnenyer oOparuTh BHHMaHUE Ha HCIOJIB30BAHUE equal to B KadecTBE
GyHKIMHU CpaBHEHHUS MO YMOJIYaHUIO. B 3TOM OHa OTiMYaeTcs OT CTaHAAPTHBIX aCCOIMAaTHUBHBIX
KOHTEHHEPOB, T€ M0 YMOJYAHUIO UCIONb3yeTcsl (GYHKIUS CpaBHEHUS less. CMBICT 3TOrO U3MEHEHUS
HE CBOJAUTCS K MpocToi 3ameHe pyHkunu. XsumpoBaHHble KoHTeHHepbl SGI cpaBHUBAIOT Ba 00BEKTA,
NPOBEPSSL UX paABeHcmB0, & HedKeuganenmuocmy (cM. coBeT 19), Jlns XoumMpoBaHHBIX KOHTEHHEPOB
TaKO€ PEUICHHE BIOJHE PAa3yMHO, MOCKOJbKY B XAUIMPOBAHHBIX aCCOLMATHBHBIX KOHTEHHEpPAX, B



OTJIMYUE OT MX CTAaHAAPTHBIX aHAJIOroB (OOBIYHO MOCTPOCHHBIX Ha 0a3e JepeBbEB), JIEMEHTHI HE
XpaHATCS B OTCOPTUPOBAHHOM MOPSIIKE.

B peanuzanuu Dinkumware mpuHST HECKOJIBKO WHOM moaxofa. OHa Tak)Ke MO3BOJISET 3a/1aTh THUII
O0BEKTOB, X3II-PYHKIMIO, (DYHKIHIO CpPaBHEHUS W pacHpeaesuTeNb, HO X3U-(QyHKIHUS U (QYHKIUSA
CpPaBHEHHUSA MO YMOJIYAHHIO MIEPEMEIICHBI B OTACNIbHBIN KJIACC hash compare, KOTOPBIN MepenaeTcs Mo
YMOJIYAaHHIO B TapaMeTpe HashingInfo MA0JIOHA KOHTEHHEpa.

Hanpumep, 00bsiBIeHUE hash set (Takke OTQPOPMATUPOBAHHOE JAJISl HAIIAHOCTH) B peasii3aluu

Dinkumware BBITJISIIUT CJICIYIOIIMM 00pa3oM:
template<typename T, typename CompareFunction>
class hash_compare;

template<typename T,
typename Hashinglnfo = hash_ compare<T, less<T>>,
typename Allocator = allocator<T>>
class hash set;
B sTom umHTepdeiice BHMMaHUE CTOUT OOpaTUTh HAa HUCIONb30BaHUE MapameTpa HashingInfo,

copepxauiero (yHKIUU XAIMPOBAHUSA U CPABHEHHUA, a TAKXKE MEpPEUHCIIeMble THUIIbI, YIPaBISIOLMeE
MUHHUMAaJbHBIM KOJMYECTBOM THE3]l B TAONHIIE U MAKCUMAaJIbHBIM JOMYCTUMBIM OTHOIICHUEM YHCIIA
3J€MEHTOB KOHTEWHepa K 4uciy rHe3l. B ciyuae mpeBblllieHUs MOPOTOBOW BEIMYMHBI KOJIMYECTBO
rHe3]] B TalOiuile yBETUYMBAETCSA, a HEKOTOpbIE JJEMEHTHl B TaONWIle XAUMPYIOTCS 3aHOBO (B
peamu3auun  SGI  mpemycmorpennl (yHKIHMHM, oOeclneuuBarOlMe AaHAJIOTHYHBbIE BO3MOXKHOCTHU
yIpaBJeHUs KOJTUYECTBOM THE3 B TA0IHIE).

[Tocie HeGombITIOTO hOpMaTUPOBAHUSA OOBSBICHHUE hash compare (3HAYCHUE TIO YMOJYAHUIO JIJIsI

Hashinglnfo)BBHHHHHTIHﬂﬂMGpHOTaKI
template<typename T ,typename CompareFunction=less<T> >
class hash compare {

public:
enum {
bucket size = 4, // MakcumasbHOE OTHOIEHME UYKUCJIa DJEMEHTOB K UYUCJY THE3J
min buckets = 8 // MuHmMManbHOE KOJMUYECTBO I'HE3J
}
size t operator() (const T&) const; // Xsm-dyHxUMUA
bool operator() (const T&, const T&) const;

// HexoTopoe NnomapoBHOCTM OIYIUEHEH,
// BkJoUag ucnoJgb3oBaHue CompareFunction

b7

[leperpy3ka operator () (B AaHHOM ciyyae Ijs peainu3zanuu (GyHKIUNA XOUIMPOBAHUSA MU
CPaBHEHHS) HCIIOJB3YETCS TOpa3fo 4Yalle, YeM MOXKHO MpeACTaBUTh. Jlpyroe mpUMEHEHHE 3TOM
KOHIIEIIINYU TPOJAEMOHCTPUPOBAHO B COBETE 23.

Peanuzanuss Dinkumware mo3BoyiseT NpPOrpaMMHUCTYy Hamucarh COOCTBEHHBIM Kacc-aHaJorT
hash compare (BO&MOXGHL 0OBSIBICHHBIN HpOHSBOHHBml(H’hash_compare) Ecmu sToT Kiacc 6yH€T
OMpPENENATh bucket size, min buckets, JBE (YHKIHH operator() (C ONHHUM U C JByMS
apryMeHTaMH) U €Ille HECKOJIbKO MEJIOYEeH, He YIOMSHYTHIX BbIIIE, OH MOET HCIOJIb30BaThCA IS
yIlpaBjieHus KOH(pUrypanuei u mopeeHueM KoHTeitHepoB Dinkumware hash set M hash multiset.
VYnpasinenne KoHUrypanuei hash map U hash multimap OCYIIECTBISIETCS AaHAJIOTHYHBIM 00Pa30OM.

Yurute, 4T0 B 000MX BapHaHTaX BCE MPUHATHE pPEIICHUNH MOXKHO MOPYYUTh peaau3aluu |

OI'PaHHUYIUTHLCA 0OBSIBIICHHEM CICAYIOUICTO BUJA:
hash set<int> intTable; // CozmaTer XemMpOBaHHOE MHOXECTBO int
Y1o06bI 3TO 0OBSIBIIEHHE HOPMATIBHO KOMITUIUPOBAIIOCH, X3III-Ta0IUIa JOJIKHA COAEPKATh JaHHBIE

LEJIOYMCIICHHBIX ~ TUMOB  (HAmpUMEp, int), IOCKOJbKY CTaHIApPTHBIE XAII-PYHKIUU OOBIYHO
OTPAaHUYMBAIOTCS IIEJIOYUCICHHBIMU THnaMu (B peanuzanuu SGI cranmapTHblie X3-(QYHKIUU



o0nanaT OoJjiee MMPOKHUMHU BO3MOXKHOCTSIMHU; O TOM, IJI€ HAWTH JOMOJHUTENbHYIO HH(MOPMAIUIO,
pacckazano B coBere 50).

[Mpunnuner BHyTpeHHero ycrtpoiictBa peanuszanuii SGI m  Dinkumware odeHb cHIIBHO
paznuuarorca. B peanuszanun SGI mcnosb3oBaHa TPAaJAMIIMOHHAS CXEMa OTKPBITOIO X3IIMPOBAHUSA C
MacCHBOM YKa3zareliel Ha OJHOCBSI3HbIE CIIUCKU dJIeMeHTOB. B peanuzanuu Dinkumware ricnonb3yercs
JIBYCBSI3HBI CIUCOK. Paznnume 10CTaTO4HO NPUHIMIHUAIBHOE, ITOCKOJIBKY OHO BIMSET HAa KATErOpuu
UTEPATOpPOB, NONIAEPKUBAEMBIX JATHUMHU  peanu3alusMu. XdSIHMpPOBaHHbIE KOHTeWHepbl  SGI
NOJJICPKUBAIOT TPAMbBIE HTEPATOPHI, YTO HCKIIOYAET BO3MOXKHOCTH OOpaTHOTO mepedopa; B HHUX
OTCYTCTBYIOT Takue (YHKLIHMH, KakK rbegin WM rend. Peanuzanus Dinkumware nomaepxuBaer
JIBYCTOPOHHHUE UTEPATOPhl, YTO MO3BOJSET OCYIIECTBIATH MEepedop Kak B MPSAMOM, TaK U B 0OpaTHOM
HanpasieHuu. C npyroi ctoponsl, peanusanus SGI 4yTh 5KOHOMHEE pacXolyeT NaMsTh.

Kakas u3 »Tux peanuszanuii jJydiine OOAX0AUT Jisi Baumx uenei? [lonstus He umero. TOIbKO BbI
MOJKET€ OTBETUTh HA JTOT BONIPOC, ONHAKO B 3TOM COBETE S JAXKE HE IBITAICSI M3JI0KUTH BCE
HE0OXomMMoe ISl MPUHATUS 000CHOBAHHOTO pelieHus. Peub uaeT o ApyromM — BbI JOJIKHBI 3HATh, UTO
HECMOTPS Ha OTCYTCTBHE XAIIMPOBAHHBIX KOHTEHHEPOB HenocpeAacTBeHHO B STL, nmpu HeoOxoaumocTH
MOHO Jierko HaT STL-coBMecTHMBbIe X3IIMPOBAaHHBIE KOHTEHHEPHI (C pa3sHbIMH HHTep(eiicamu,
BO3MOXHOCTSIMU M OCOOGHHOCTAMH paboThl). bonee Toro, B CBOOOAHO pacmpoOCTpaHSIEMBbIX
peamusanusax SGI nu STLport BaM 3a HUX 1ake HE TPUAETCA ILIATUTD.



HrepaTopsl

Ha mnepBbid B3mis[ MTEPATOpPbl HPEACTABISIIOTCA IPEAMETOM BecbMa mpocTbiM. Ho crout
INPUCMOTPETHCS IOBHUMATEIBHEE, U BBl 3AMETHUTE, UTO CTAHAAPTHBIE KOHTENHEph! STL noanepxuBarot
YE€ThIPEC  pa3HBIX THUIIA  HUTECPATOPOB: iterator, const iterator, reverse iterator H
const reverse iterator. HpOXOI[I/IT COBCCM HCMHOI'O BPCMCHH, M BBLIACHACTCS, YTO B HCKOTOPLIX
dbopmax insert U erase TOJIBKO OJUH W3 ITHX YETHIPEX TUIIOB MPUHUMAETCs KoHTeiiHepoMm. U 3mech
HaYMHAIOTCS BOMPOCHL. 3aU€M HYKHBI YEThIpe TUIIa UTeparopoB? CylECTBYET JIM MEXK]ly HUMHU Kakas-
1160 cBsa3b? MoxHO 1 TpeoOpazoBaTh UTEPATOP OT OJHOTO THUMA K JpyromMy? MOKHO JId CMELIMBATh
pa3HbIe TUIIBI UTEPATOPOB P BHI30BE ANTOPUTMOB U BerioMorareabHbix pyHkuui STL? Kak 3ty Tunsl
CBSI3aHBI C KOHTEHHEpaMH U UX QYHKIIUAMHU?

B Hacrosmel mase Bbl HAaWJETE OTBETHI HA 3TH BOIPOCHI, a TAKXKE MOOJIMKE MO3HAKOMUTECH C
Pa3HOBUJIHOCTBIO  WUTEPATOpPOB, KOTOPOH  OOBIMHO HE  YACNAIOT  JOJDKHOTO  BHUMAHUSL:
istreambuf iterator. FEcmum Bam HpaButca STL, HO He ycTpamBaeT OBICTpPOACHCTBUE
istream iterator IPHU YTCHHUH CHMBOJIBHBIX ITOTOKOB, BOBMOXHO, istreambuf iterator IOMOXET
CIIPABUTHCS C 3aTPYAHEHUAMU.



Coger 26. CrapaiiTech HCI0/Ib30BATh iterator BMecTo const iterator,
reverse iterator u const_reverse iterator

Kak n3BECTHO, KaX/IbIil CTAHJAPTHBIM KOHTEUHEP IONJIEPKUBACT YETHIpE TUIIA UTEPATOPOB. i1
KOHTeﬁHepacontainer<T>'UUIiterator‘pa6OTa€FKaKTW'TOUKlKaK,const_iterator\paGOTaGFKaK
const T* (TakX€ BCTPEYAETCs 3alUCh T const*). [IpU yBEJIMYEHUU iterator WIHU const iterator
MPOUCXOTUT MEePexo] K CIACAYIOIIEMY 2JIEMEHTY KOHTEHHEepa B MpsIMOM Mopsike nepedopa (0T Hayada
K KOHITYy KOHTelHepa). Teparophl reverse iterator M const reverse iterator TaKXke paboTaroT
KaK T* M const T* COOTBETCTBEHHO, HO IIPU YBEJIMYEHHUHU ITU UTEPATOPBI NEPEXOIAT K CIECAYIOLIEMY
3JI€MEHTY B 00paTHOM Mopsiike nepedopa (0T KOHIIA K Havaiy).

PaCCMOTpHNIHGCKOHBKOCHFHaTypinsertIIeraseIBKOHTeﬁHepevector<T>I
iterator insert (iterator position, const T& x);

iterator erase(iterator position);

iterator erase (iterator rangeBegin, iterator rangeEnd);

AnHanornyHbsle (QYHKIIMM HUMEIOTCS Y BCEX CTAaHIAPTHBIX KOHTEWHEPOB, HO THUI BO3BPALIAEMOI0
3HAYEHUs OIpeNeNsieTcss THUIOM KOHTeiHepa. OOpaTuTe BHUMAaHHE: NEPEUYHUCICHHBbIE (YHKIUU
TpeOyIoT mepeaady MmapaMeTpoB TuMa iterator. He const iterator, HE reverse iterator U HE
const reverse iterator — TOJBKO iterator. XOTS KOHTEHMHEPHI IONJICPKUBAIOT YETHIPE THIA
UTEPaTopoOB, OJIMH M3 dTUX TUIIOB 00JaJaeT MPUBUIIECTUSIMHU, OTCYTCTBYIOUMMH y JPYTUX TUMOB. Tum
iterator 3aHUMaET 0coO0e MECTO.

Ha cnenyromeit nuarpamme noka3anbl IpeoOpa3oBaHus, BO3MOXKHbIE MEXIy UTEPAaTOPAMU Pa3HBIX
THUIIOB.

const_iterator

/ hase()

\ reverse_iterator —————J» const_reverse_iterator|
hase()

W3 pucyHka ciemyeT, 9To iterator IMpeoOpasyeTcs B const iterator U reverse iterator, a
reverse iterator — Bconst reverse iterator. KpoMe TOro, reverse iterator ImpeoOpa3zyercs
B iterator MHIPH IMOMOLIHA @yHKHHHb@se THIIA reverse iterator, aconst reverse iterator
aHAJOTMYHBIM 00pa3oM Mpeodpa3yeTcs B const iterator. OJHAKO U3 PUCYHKA HE BUIHO, YTO
HUTCPATOpPhl, IOJIYYCHHBIC IIPHU BBI3OBC base, MOT'YT OKa3arbCi HC TEMH, KOTOPBIC BaM HYKXHBEIL 3a
MOAPOOHOCTAMH 0OpanaiTeCh K COBETY 28.

OOparuTe BHHUMAaHWE: HE CYIIECTByeT IIyTH OT const iterator K iterator WM OT
const reverse iterator I(reverse_iterator.IT33TOFO BAYXHOTO OOCTOSTEIbCTBA CJIcayCr, 4To
const iterator U const reverse iterator MOTYT BbI3BaThb 3aTpyJHCHHUSA C HEKOTOPBIMHU
byHKIUAMH KOHTeHHepoB. TakuM (QYHKIUSAM HEOOXOAMM THIl iterator, a H3-3a OTCYTCTBUS
oOparHOTO Tepexofa OT const-UTEPATOPOB K iterator MEPBBIE CTAHOBSITCS B I[€JIOM OECIIOJIC3HBIMH,
CCJIM Bbl XOTUTC UCITIOJIb30BATh UX JJIA OIIPCACIICHUA ITIO3MITUHU BCTABKU WJIM YAAJICHHUS 3JICMCHTOB.

OnHAaKo HE CTOUT MOCIEIIHO 3aKJI0UaTh, YTO const-HTEPATOPbI BOOOIE OECMONe3Hbl. DTO HE TaK.
OHu IMPCKpPaCHO pa60Ta}0T C aJIrOpuTMamMu, IMOCKOJIbKY JIA aJITOPUTMOB 00BIYHO MMoAXOAAT BCC THIIBI
UTEPATOPOB, OTHOCALMECA K HY)KHOM Kareropuu. Kpome TOro, const-ureparopbl NOAXONAT IS
MHOTHX (PYHKIUH KOHTeitHepoB. [IpoGieMbl BOZHUKAIOT JIMIIL C HEKOTOPBIMH (POpMaMH insert U
erase.

OOparute BHUMaHNE Ha (QOPMYITUPOBKY: const-UTEPATOPHI CTAHOBATCS 8 yenom OeCTroIe3HbIMH,

Herator




€CIM Bbl XOTUTE MCIIOJIb30BATh UX JUIS ONPEICICHUS MO3ULUMHM BCTABKH WJIM YIAJEHUS SJIEMEHTOB.
Ha3zpiBarh MX MOJHOCTHIO Oecmosie3HbIMU ObUTO Obl HempaBuibHO. Const-UTeparopsl MOTYT MPUHECTH
I10JIb3Y, CCJIn BbI HauJeTe croco6 IMOJIYYCHHUA iterator Il const _iterator HIH
const reverse iterator. Takoe BO3MOKHO 4aCcTO, HO AaJICKO HC BCCraa, IIPHUYCM J[JaXXC B
ONaronpusATHOM CJy4ae pelieHue He OYEeBHAHO, Aa U 3(()EeKTUBHBIM €ro He Ha3oBellb. B ByX crmoBax
3TOT BONPOC HE M3JIOXKHUTH, €CIIU BaC 3aMHTEPECYIOT MOAPOOHOCTH — oOpamaiTecs Kk coBery 27. A
MOKa MMeroIasicss nHQpopMalus MO3BOJSIET MOHATh, MOUYEMY THUIY iterator OTHAETCS MPEANOYTECHUE
Iepea €ro const- U reverse-adHaJIOI'aMH.

* HekoTOpBIM BEpCUsAM insert U erase IIPU BBI30OBE JOJDKEH IIEPENABATHCS TUM iterator. Const-
H reverse-UTCPATOPLI UM HC IIOAXOJIAT.

* ABTOMarumyeckoe MpeoOpa3zoBaHUE const-UTEPATOpPa B iterator HEBO3MOXKHO, a METOAUKA
MOJYYECHUS iterator Ha OCHOBAHUM const iterator (coBer 27) NMpUMEHMMa HE Bcerga, Ja H
3¢ PeKTUBHOCTH €€ HE rapaHTUPYETCS.

° ]Ip606p330BaHHereverse_iterator B iterator MOXKET Tpe60BaH5 HOHOHHHTCHBHOﬁ
perynupoBku uteparopa. B coBere 28 pacckazano, Korja U oueMy BO3HUKAET Takast HEOOXOIMMOCTb.

N3 ckazaHHOTO ciielyeT OMHO3HAYHBINA BBIBOA: €CJIM BBl XOTUTE pabOTaTh ¢ KOHTEHHEPAMU MPOCTO
U 9QPEKTUBHO U 1O BO3MOXKHOCTH 3aCTPAXOBATHCSA OT HETPUBHAIBHBIX OIMIMOOK, BEIOMpANTE iterator
BMCCTO €TI0 const- M reverse-aHaJIOI'OB.

Ha mnpaktuke BBIOMpaTh OOBIYHO MPUXOAUTCA MEXIY iterator U const iterator. BbIOOp
MCIKIY iterator H reverse_iterator qaCTO IMPOUCXOAUT ITOMHMO Balllell BOJW — BCE 3aBUCHUT OT
TOT0, B KAKOM IOPSJKE JOJKHBI IEPEOUPAThCs 3IEMEHTHI KOHTEHEpa (B IPSIMOM UJIM B 0OparHoM). A
€CJIM TIOCNIe BBIOOpA reverse iterator MOTPEOyeTCs BbI3BaTh (PYHKIIMIO KOHTEHHEpa, TPeOyIOIIyro
iterator, BRI3OBUTE QYHKIHUIO base (BO3MOXKHO, C IPEABAPUTEIILHON PETYIUPOBKOI CMEIICHUSI — CM.
coBer 28).

HpI/I BbIﬁOpe MCXKIY iterator M const iterator PECKOMCHAYCTCA BBIGI/IpaTB iterator JaXXC B
TOM cCJIy4dac, €CJIn MOKHO OGOﬁTHCBconst_iterator,a,HCHOHB3OBaHHCiterator HC OGYCHOBHGHO
HEOOXOMMMOCThIO BbI30Ba (DYHKLIMHM KOHTEWHepa. B uacTHOCTHM, HEMallo XJIOMOT BO3HUKAET MpPH
CPaBHEHHSAX iterator C const iterator. Jlymaro, Bbl COINIACUTECh, YTO CIEIYIOUMH (parMeHT

BBITJIAOWT BIIOJIHC JIOTUYHO:
typedef deque<int> IntDeque; // OnpenejyieHUS TUIIOB
typedef IntDeque:iterator Iter; // ynpomanT paboTy
typedef IntDeque::const iterator ConstIter; // c xoHTeMHepamm STL
// ¥ TUlaMy UTEPATOPOB

iter 1i;
ConstIter ci;
// 1 um cl ykaseBaKT Ha 3JIEMEHTH
// OIHOTO KOHTEeWHepa
if (i==ci).. // CpaBHuTbL iterator
//c const iterator

B nanHOM mpuMepe MpoUCXOAUT OOBIYHOE CPAaBHEHHE JBYyX UTEPATOPOB KOHTEHEpa, MoAoOHbIE
cpaBHeHus copepatorcs B STL crutonis u psimom. I[Ipocto oguH 00bEKT OTHOCUTCS K THIY iterator,
a HpYTOﬁ — K THHyconst_iterator.IIpO6H€M OBITH HE OJOJKHO — iterator aBTOMAaTH4YCCKU
npeoOpa3yercs B const_iterator, U B CDABHEHHH YYaCTBYIOT JIBA const iterator.

MIMEHHO 3TO M MPOUCXOAUT B XOPOILIO CHPOEKTUPOBAHHBIX peanu3anusx STL, HO B HEKOTOPBIX
Cllydasx NpPUBEACHHBIA (PparMeHT He KoMmmuiaupyercs. Ilpuunmna 3akiarodaeTrcss B TOM, YTO TaKue
peanu3alnnu OOBIBISIOT operator== (YHKIHEH KJacca const iterator BMECTO BHEIIHEH (YyHKIUU.
Brpouem, Bac, BeposiTHO, OOJbIlle MHTEPECYIOT HE KOPHU MPOOJIEMBbI, a €€ pEIIeHHE, KOTOpOe
3aKJII0YAaCTCA B IIPOCTOM M3MCHCHHU IOPAJAKA UTCPATOPOB!:

if (e==i).. // OBxonmHoe pemeHue OJd TEex CJydaesn,



// korma npuBeIeHHOE BHIe CpaBHeHMe He paboTaer
[TogoGHbIe MpoOIEMBbl BO3HUKAIOT HE TOJBKO MPU CPABHEHUHU, HO U BOOOILE MpPHU CMELMIAHHOM

UCMOJIb30BAHUM iterator M const iterator (MJIUM reverse iterator M const reverse iterator)
B OJJHOM BBIPAKCHHUH, HAIIPUMCP, IIPU IOIIBITKC BbBIYCCTb OJUH HUTCPATOP IIPOM3BOJIBHOI'O JOCTYIIA HU3
JIPYyroro:

if (i-ci>=3).. // Ecau 1 HaxoOMTCd MMHMMYM B Tpex O3ULUMAX [IOocCje ci..

Ball (IpaBWIbHBIA) KOI OyIeT HEeCHpaBeIMBO OTBEPTHYT KOMIMJISITOPOM, €CIIH HTEePaTOPhI
OTHOCATCSI K pa3HbIM THUHaM. OOXOIHOE pEILICeHHE OCTAETCS MPEKHUM (TMEPecTaHOBKAa i M ci), HO B
9TOM CJIydac IMPUXOaAUTCA YIYUTbIBATb, YTO i-ci HC 3aMCHACTCA HA ci-1:

if (e+3<=i).. // O6xomHoe peumeHMe Ha Caydal, eCcJu

// mnpemwoymas KoMaHIa He KOMIMJIUPYEeTCHd

[Ipocreiimas cTpaxoBka OT MOAOOHBIX MPOOIEM 3aKJIIOYAETCA B TOM, YTOOBI CBECTU K MUHUMYMY
HCIIOJIB30BAHUC PASHOTUIIHBIX HTCPATOPOB, 4 OTO B CBOIO O0OYCPCAb II0ACKA3bIBACT, 4YTO BMCCTO
const_iterator CJIEAYeT HCIIOIB30BaTh iterator. Ha mepBbIM B3I OTKA3 OT const iterator
TOJIBKO I MPCAOTBPAIICHHUA ITOTCHHHUAJIBHBIX HCAOCTATKOB PCAJIU3alNN (K TOMY KC HMCIOIIUX
O6XOI[HO€ pCH_ICHI/IC) BBIITIAAUT HCOIIPpABAAHHBIM, HO C YIYCTOM OCO6OFO craryca iterator B HCKOTOPLBIX
(GYHKIUSAX KOHTEHHEPOB Mbl HEU30E€KHO MPUXOIUM K BBIBOIY, YTO UTEPATOPHI const iterator MEHEE
IMIPAKTH4YHBbI, a XJIOIMOThI C HUMHW HHOI'ZId ITPOCTO HC OIIPAaBAbIBAIOT 3aTPAYCHHDBIX YCHHHﬁ.



Cogsert 27. Ucnoab3yure distance u advance 1j1s npeodpa3oBaHust
const_iterator B iterator

Kak Obuto ckazaHo B coBeTe 26, HEKOTOpble (DYHKIMM KOHTEHHEPOB, BBI3BIBAEMBIE C
napaMeTpaMu-uTEPATOPaMH, OTPAHUYUBAIOTCA THIIOM iterator; const iterator UM HE IOIXOAMT.
Yro ke nenarb, €CIM UMEETCS const iterator M Bbl XOTUTE BCTABUTh HOBBIM JJIEMEHT B MO3ULIHUIO
KOHTEeHHepa, 0003HAYEHHYI0O 3THM HUTEpParopoM? Const iterator HEOOXOAUMO KaKHUM-TO 00pa3oM
npeoOpa3oBarh B iterator, U Bbl nosrxusr IPUHATH B 9TOM aKTUBHOE Y4acTHE, IMOCKOJIbKY, KaK ObLIO
MOKa3aHOo B cOBETE 26, aBTOMAaTUUECKOr0 MPeoOpa3oBaHms const iterator B iterator HE CyIIECTBYeT.

A 3Har0, 0 ueM BBl qymaere. «Ecnu Hu4ero He momMoraet, 6epeM KyBaiay», He Tak nu? B mupe
C++ 5To MOXKeT 03HauaTh JUIIL OAHO: NpeodpazoBanue Tuna. Cteiaurech. M rue Bbl HAOpaIUCh TaKUX
MBbICHIEN?

HaBaiite paszbepeMcsi ¢ BpeaHbIM 3a0JYyKIEHHEM OTHOCHUTENIBHO MpeoOpa3oBaHUs THIA.

IIOCMOTpHNL‘fH)HpOHCXOHHTIqHIHpeOGpaBOBaHHH(:onst_iteratorIiiteratorl
typedef deque<int> IntDeque; // BcmnoMoraTeJsibHEE ONpelesieHMS TUIIOB
typedef IntDeque::iterator Iter;
typedef IntDeque::const iterator ConstlIter;

ConstIter ci; // ci - const iterator
Iter i(ci); // Ommbka! He cymecTByeT aBTOMATUUYECKOTO
// npeobpazopaHusa const iterator
// B iterator
Iter i(const cast<Iter>(ci)); // Oumbra! IlIlpeobpaszoBaHue const iterator
// B iterator HeBO3MOXHO!

B npuBeneHHOM mpuMepe HCHOJIb3YeTCs KOHTEWHEp deque, HO aHAJIOTUYHBIM pe3yabrar OyaeT
IMOJYYCH M IJId 1ist, set, muliset, mulimap HU KHHHpOBaHHBD(KOHTCﬁHCpOB,YHOMHHaBHHDQHiB
coBete 25. Bo3aM0oXHO, cTpoka ¢ mpeodpazoBaHueM OyAeT OTKOMIMJIMPOBAHA mya VECtOr U string, HO
3TO 0COOBIE Cllydau, KOTOPbIE OYyIyT pACCMOTPEHBI HUXKE.

[Touemy e JUIst PTUX TUIOB KOHTEHMHEPOB mpeoOpa3oBanue He koMmmuupyercs? Iloromy uro
iterator M const iterator OTHOCATCA K Pa3HbIM KjlacCaM, U CXOACTBA MCKIy HUMU HE 00JbIIIe, UeM
MEXJy string U complex<double>. [lombpiTka mpeoOpa3oBaHUs OJHOTO THIA B APYrod aOCOJIOTHO
OeccMBICTIEHHA,  MOJTOMY  BBI3OB const cast OydeT OTBEeprHyT. [lomBITKM HCHIOIB30BaHUS
static_cast, reintepreter cast U IpeoOpa3zoBanus B ctuiie C NPUBEIYT K TOMY ke pPe3ysbTaTy.

BHpO‘IGM, HCKOMITUJIMPYCMOC npeoGpa:aoBaHI/Ie BCC JKC MOXCT OTKOMIIMJIIMPOBATLCA, CCIIH
UTEPATOPhl OTHOCATCA K KOHTEHHEPY vector HIHU string. DTO OOBSICHAETCS TEM, YTO B peaau3aIlusix
JAHHBIX KOHTEHHEPOB B KAYECTBE UTEPATOPOB OOBIYHO UCIIONB3YIOTCS yKa3aTenu. B aTux peanuzamnusax
vector<T>::iterator‘HBHHennIOHpeﬂeHeHHeNITHHaJDUIT*, vector<T>::const_iterator———ﬂﬂﬂ
const T*, string::iterator — A char*, @ string::const iterator — A const char*. B
peanu3anMsaX JaHHBIX KOHTEWHEPOB MpeoOpa3oBaHUE const iterator Biterator BbI30OBOM
const cast KOMIWIMPYETCS M Ja)Ke MPaBUIBLHO pabOTaeT, MOCKOJIbKY OHO MpeolOpa3yeT const T* B
T*. BHpO‘ICM, JaK€ B OTHX peallu3alMsiX reverse iterator M const reverse iterator ABIAKOTCA
IIOJIHOLEHHBIMU KJlaccaMu, II0DTOMY const_cast HE II03BOJISIET npeoOpa3oBarhb
const_reverse_iterator‘ISreverse_iterator.](pOMe TOI'O, KaK OOBSICHSIETCA B COBETE 50, naxe
pcaim3aliii, B KOTOPbLIX HTCPATOPLI KOHTefIHepOB vector M string HOPCACTABICHBI YKa3aTrClIsaMU,
MOTYT HCIIOJb30BaTh 3TO MPEACTaBICHUE JIUIIb MPU KOMIWISIIMM OKOHYarenbHO# (release) Bepcum.
Bce mnepeuncnenHble (akTOpbl MPUBOAAT K MBICIH, UYTO MPeoOpa3OBaHHE const-UTEPATOPOB B
UTEPATOpPbl HE PEKOMEHIAYETCA U JUIsi KOHTEMHEPOB vector M string, IOCKOJBKY INEPEHOCHUMOCTH
TaKoro peuieHust OyJeT COMHUTEIBHOM.

Ecnu y Bac uMeeTcst 10CTyn K KOHTEHHEPY, OT KOTOPOTO ObLT B3ST const iterator, CYIIECTBYET



0e30macHbIi, MEPEHOCUMBIN CIOCOO MOJNYyYEHUs COOTBETCTBYIOIIETO THUIA iterator 0€3 HapylICHUs
cucTtemMbl TUIIOB. Huke mpuBeeHa OCHOBHAS YacTh 3TOr0 pelieHUs (BO3MOXKHO, MEpe] KOMIIUISIUEH

noTpeOyeTcst BHECTH HEOObIINE U3MEHEHHUS):
typedef deque<int> IntDeque; //CM. paHee
typedef IntDeque::iterator Iter;
typedef IntDeque::const iterator ConstIter;
IntDeque d;
Constlter ci;
- // TpucBouTb ci ccunuky Ha d
Iter i(d.begin()); // UuuumanusuporBaThb 1 3HaueHmeMm d.begin ()
advance (i, distance(i, ci)); // MHepemecTurs i B mosmumio Ci

PewieHne BBINISIAUT HACTOJBKO IPOCTBIM M IPAMOJMHEUHBIM, YTO 3TO HEBOJBHO BBI3BIBACT
noao3peHusi. YToObl MOJNYYUTh iterator, YKA3bIBAIOUMU Ha TOT K€ JJIEMEHT KOHTEHHepa, 4To U
const_iterator, Mbl CO3Ja€M HOBBIM iterator B Ha4ajJe KOHTEMHEpPA U MEpPEMEIIAEM €ro BIepes 10
TE€X NOp, MOKa OH HE YHAJIUTCA Ha TO € pPacCTOSIHUE, YTO U const iterator! 3amady ympom@aroT
mabMoHbl  (PYHKIUN advance WU distance, OOBSIBICHHBIE B<iterator>. Distance BO3BpaIA€T
pPacCTOSTHUE MEXIy JAByMS MUTEpPAaTOpaMH B OJHOM KOHTEMHEPE, a advance NEPEMELIAET UTEPATOP HA
3agaHHOe paccrosiHue. Korma wreparopbl i M ci OTHOCATCS K OAHOMY KOHTEMHEDPY, BBIPaKCHHUE
advance (i, distance (i, ci))HepeBOHHTID(BOHHyIKBHHHH)KOHTeﬁHep&

Bce xopoimo, eciu ObI 3TOT BApUAHT KOMITMJIMPOBAJICS. .. HO 3TOTO HE MPOUCXOAUT. YTOOBI MOHATH

OPUYHHBL, PACCMOTPUM OOBSIBIICHHE distance:
template<typename InputlIterator>
typename iterator traits<Inputlterator>::difference type
distance (InputIterator first, Inputlterator last);

He oOpainaiiTe BHUMaHUs Ha TO, YTO TUI BO3BPAIIAEMOI0 3HAYEHUS COCTOUT U3 56 CUMBOJIOB U
COACPKUT YIOMUHAHUS 3aBUCUMBIX TUIIOB (Takux Kak differenceype). BmecTo saToro npoananusupyem

HCIIOJIB30BaHHUC ITapaMCTpa-THIIA InputIterator!
template<typename InputIterator>
typename iterator traits<Inputlterator>::difference type
distance (InputIterator first, InputIterator last);

IIpu BBI30OBE distance KOMIUWIATOP JOJDKEH ONPEAEIUTH TUI, MPEACTABICHHBIA Inputlterator,
JUI 4E€TO OH aHAJIM3UPYET apryMEHTHI, MEPEJAHHBIE MPU BbI30BE. Ellle pa3 MmoCMOTpUM Ha BBI3OB
distance B IPUBCACHHOM BBIIIC KOC:

advance (i, distance(i,ci)); // IllepeMecTuTb 1 B OO3MLUMUID Ci

[Ipu BBI3OBE mepenaroTes Ba mapaMerpa, i ¥ ci. IlapaMeTp i OTHOCUTCS K THUITY iter, KOTOPBIU
NpeACTaBiIsAeT CcoO0OM ompeeneHrue THMa Il deque<int>::iterator. s KoMOWIsATOpa 3TO
O3HA4YaCT, YTO InputlIterator IPHU BBI3OBC distance COOTBETCTBYCT THIY deque<int>::iterator.
OnHAaKO ci OTHOCHUTCS K THIYy ConstIter, KOTOPBIM MpEACTaBISET COOOH ompeaelieHHe THUla s
deque<int>::const iterator. IJBQHNQZOCHCHYGT, 4TO InputIterator COOTBCTCTBYCT THILY
deque<int>::const iterator. InputlIterator HHKAK HC€ MOXKCT COOTBCTCTBOBATb [IBYM THIIAM
OJHOBPEMEHHO, TO3TOMY BBI3OB distance 3aBepIAeTCs HEyTaue M KaKUM-HUOyIb 3allyTaHHBIM
cooOIeHneM 00 OmmOKe, M3 KOTOPOTO MOXKHO (MJIM HEJb3s1) MOHATh, YTO KOMIHUJISATOP HE CMOT
OIIPpCACIUTDL THUII InputIterator.

YT0O0bI BBI30B HOPMAIHHO KOMITMIJIMPOBAJICS, HEOOXOAMMO JTUKBUIUPOBATh HEOMHO3HAYHOCTD. {715
ATOTO MPOIIE BCETO SIBHO 33/1aTh MapaMeTP-THUII, UCTIOJIB3YeMbIi distance, U U30aBUTh KOMITUIIATOP OT

HGOGXOI[I/IMOCTI/I ONpCaACIATL €10 CaMOCTOATCIIbHO!
advanced.distance<ConstIter> (i, ci)); // BHUMCIAMUTL pPacCTOSHUE MEXOY
// 1 m ci (xak gByMsa const iterator)
// m mepeMecTMUThL 1 Ha 3TO EaCCTOHHme

FﬁaK, TCHICPh BBl 3HACTC, KaK IIPH IIOMOIIM advance M distance IIOJIYYUTh iterator,



COOTBETCTBYIOIIIMK  3aJaHHOMY const iterator, HO JO HACTOSIIEI0O MOMEHTA COBEPIICHHO HE
paccMarpuBaliCsl  BOIPOC, MPEACTABIAIOMMI  OONBIIOW MPAaKTHYECKUA HHTEpec: HAaCKOJbKO
a¢pdexTuBHa nanHas Metoauka? OTBeT mnpocT: oHa 3(G(EKTHBHA HACTOIBKO, HACKOJIBKO 3TO
IIO3BOJISIIOT UTEPATOPBI. [l UTEeparopoB MPOU3BOIBHOIO JOCTYIA, MOAAECPKUBAEMBIX KOHTEHHEPAMU
vector, string, deque M T. M., OTa OIEpalHs BBIIOJHACTCS C NOCTOSHHBIM BpeMeHeM. Jlis
JIBYCTOPOHHHMX UTEpaTopoB (K DSTOM KATEropuM OTHOCSATCA WTEPATOPbl APYTUX CTaHAAPTHBIX
KOHTEMHEPOB, @ TaKkK€ HEKOTOPBIX peaau3alui X3IIMPOBAHHBIX KOHTEHHEPOB — CM. COBET 25) 3Ta
Onepanus BBIIOJIHIECTCA C JIMHEWHBIM BPEMEHEM.

HOCKOJIBKy IMOJIY4YCHHUEC iterator, 9KBHUBAJICHTHOI'O const iterator, MOXCT HOTpGGOBaTB
JUHEWHOTO BpPEMEHHU, U TIOCKOJBKY 3TO BOOOIIE HEBO3MOXHO CHelarb MIpH HEIOCTYIMHOCTH
KOHTEMHEPA, K KOTOPOMY OTHOCHUTCS const iterator, HPOAHAIU3UPYHUTE APXUTECKTYPHBIC PEILICHUS,
BCJIE/ICTBHE KOTOPBIX BOSHUKJIA HEOOXOAMMOCTH MOJIIYUYEHHUS iterator MO const iterator. Pe3ynbrar
TAaKOro aHajau3a CTAHET JOMOJHMTEIbHBIM JOBOAOM B IOJIb3y COBETA 26, PEKOMEHAYIOIIETO OTAABATh
MMpcaIIoYTCHUC iterator ICPCH const- U reverse-UTCPATOPAMMU.



Coger 28. HayuuTech Mcnojib30Bath GyHKIuo base

IIpH BBI3OBEC @YHKHHHkmse JJIA HTEparopa reverse iterator 6yH€T IMOJIYUCH
«COOTBCTCTBYIOHH/II\/}I» iterator, OOJHAKO M3 CKAa3aHHOT'O COBCPIICHHO HC sCHO, YTO K€ IIPpA 3TOM
IPOUCXOOUT. B KauecTBe mpumepa pacCMOTPUM cleAyloumid ¢pparMeHT, KOTOPBId 3aHOCUT B BEKTOP
HHCHa1—5,yCTaHaBHHBa€Treverse_iteratorIﬂlBHCMCHIf3IIHHHHH&HHBprGTiterator‘@yHKHHGﬁ
base:

vector<int> v;

v.reserve (5); //Cm. coBer 14

for (int i=1; i<=5; ++1i){ // 3BaHecTwm B BekTOp umciya 1-5

v.push back(i);
}

vector<int>::reverse iterator ri = // YcranoBuThr ri Ha snemeHT 3
find(v.rbegin(), v.rend(), 3);
vector<int>::iterator i(ri.base()); // Ipuceours 1 pesynbTaT BEH30Ba base

// nns wmrepaTopa ri
ITocie BeITOTHEHUS 3TOTO (I)paFMCHTa CUTyalus BbINNIAAUT IPUMCPHO TaK:

rend() ri() rbegin()
112|345
begin{) ' end{)
I

Ha pucyHke BUJHO XapaKTE€pPHOE CMEIICHHE reverse iterator U COOTBETCTBYIOLIEIO 0a30BOT0
uTeparopa, BOCIIPOU3BOAAIICTO CMCIICHUE begin () W end () IO OTHOIICHHUIO K begin () M end(), HO
HaWTH Ha HEM OTBETHI HA HEKOTOPbIE BOIPOCHI HE yaeTcsa. B 4acTHOCTH, pUCYHOK HEe OOBSCHSAET, KaKk
UCIIOIB30BaTh i JUIsSl BHITOJIHEHUS ONEepalii, KOTOPbIE JOJKHbI ObLIU BBITOTHATHCS C ri.

Kak ynomuHanocs B coBeTre 26, HEKOTOpble (YHKIUU KOHTEHHEPOB NMPUHUMAIOT B KadecTBE
napaMeTpoOB-UTEPATOPOB TOJBKO iterator. [I03TOMY ecnu BBI, JOMYCTUM, 3aXOTUTE BCTABUTh HOBBIH
AJE€MEHT B MO3UIUI0, OMPEIETIIEMYI0 UTEPAaTOPOM ri, CAENATh ATO HANPAMYIO HE yIacTcs; (PyHKIUs
insert KOHTeﬁHepanvector HC HpHHHNHKH’reverse_iterator;zﬁHaHOFHqHaH HpOGHCMa,BOBHHKaeT
Opy yIaJleHUM DHJIEMEHTa, OIpPeAesIIeMOro HUTeparopoM ri. DYHKIMU erase He COMalaloTCs Ha
reverse iterator M TPUHUMAIOT TOJBKO iterator. YUTOOBI BBIMOJTHUTH yNaJE€HUE WA BCTABKY,
HEoOXomuMoO  mpeoOpa3oBarh reverse iterator  Biterator TPH IIOMOIM base, a 3aTeM
BOCTIOJIb30BaThCs iterator AJis BBIMOJHEHUS HY>KHOU ONepaluu.

JonycTuM, moTpeOdoBanoCch BCTABUTH B v HOBBIM 3JIEMEHT B MO3UIUHU, ONIPEACIIEMON UTEPATOPOM
ri. Jlns ompeaeneHHocTH OylaeM CuUMTaTh, 4YTO BCTaBisieTcs uucio 99. VYuuThiBasg, 4Tro ri Ha
NpeAbIyIIEM PUCYHKE HCIOJb3yeTcs js mepebopa crpaBa HAlEBO, a HOBBIM 3JIEMEHT BCTaBJISETCS
nepeo MO3UIIMEH UTEparopa, OMpPENESIONEero MO3UIIMI0 BCTAaBKH, MOXKHO OXHIATh, YTO 4YHUCIO 99
OKa)KeTcs TMepea 4uciioM 3 B oOpaTHOM nopsiake nepedopa. Takum oOpa3om, Mocie BCTaBKU BEKTOP v
OyIleT BBIIIISIIETh TaK:

1{]21319914|5

KoHeuHo, MBI HE MOXEM HCIOIb30BaTh ri JJISI 0003HAYCHUSI MO3UIIMU BCTaBKH, TTOCKOJIBKY 3TO HE
iterator. BMecTo 3TOro HE0OXOMUMO MCIOBb30BaTh i. Kak ymoMHWHAIOCH BhIIIE, KOT/IA ri YKa3bIBacT
Ha 3JIeMeHT 3, i (TO €CThb r. base ()) yKa3blBaeT Ha 3JieMeHT 4. VIMEHHO Ha 3Ty MO3UIHUIO JIOJKEH
yKa3bIBaTh HWTEPATOp i, YTOOBI BCTABICHHBIA 3JIEMEHT OKa3aJCs B TOM TMO3HMIIMHU, B KOTOPOH OH OBI
HAaXOJIUJICA, €CTTU ObI JUTIsl BCTABKU MOYKHO OBLJIO MCIIOJIB30BaTh HTEPATOP ri. 3aKIIOUCHHE:




* yTOOBI SMYIUPOBATh BCTABKY B MO3ULIHIO, 3aJJaHHYIO UTEPATOPOM ri THUIIA reverse iterator,
BBIMIOJIHUTE BCTaBKY B MO3UIMIO r.base (). [l0 OTHOIIEHMIO K ONepaluyu BCTaBKU ri M r.base ()
SKBUBAJICHTHBI, HO r.base () B JCHCTBUTENBHOCTH  MPEJACTaBIsEeT  COOOM iterator,
coomeemcmeyowuil ri.

PaccmoTpuM omnepanuoo ynajieHus 3JIeMeHTa. BepHeMcs K B3aMMOCBA3M MEXIY ri M HCXOIHBIM
BEKTOPOM (MO COCTOSIHUIO HA MOMEHT, IPEAIIECTBYIOIIMI BCTaBKe 3HaYeHUs 99):

ri}

v

112131415

A

Jlna ynaneHus 3JIeMEHTa, Ha KOTOPBIM YKAa3bIBa€T UTEPATOP ri, HEIb3s IPOCTO MCIIOIB30BATh i,
IIOCKOJIBKY 3TOT HTCPATOpP CChLIACTCA Ha ):[pyrofx'l jeMeHT. BmecTto sToro HYXXHO YAQAJIWUTb 3JICMCHT,
npedutecmsyowui i. 3aKIOUYCHUE:

* YTOOBI YMYIIUPOBATh YIAJICHUE B MO3UIINH, 3aJAHHON UTEPATOPOM ri THUIIA reverse iterator,
BBIIIOJIHUTE YIAIEHUE B MO3ULHUH, NPEAIIECTBYIOLIEH ri.base (). [lo OTHOmEHHMIO K omnepanuu
YAAJICHHUA ri M ri.base() He OJKBUBANEHMHbl, & ri.base () He ﬂeﬂﬂenuDZOGBeKTONIiterator,
COOTBETCTBYIOLIM ri.

OI[HaKO K KOI[y CTOUT HpI/ICMOTpeTBCH IIOBHUMATCJIBHCEC, HOCKOHBKy BacC XICT CIOpHpI/IBZ
vector<int> v;

// CM. paHee. B BEeKTOp V B3aHOCATCH

// uucma 1-5

vector<int>::reverse iterator ri = // YcranoBuTr ri Ha saemeHT 3
find(v.rbegin(), v.rend(), 3);
v.erase(--ri.base()); // ToneTka CTUPAHMS B IO3IULUK.

// npemmectTBymen ri-base () :
// nig BekTOpa OBBUHO
// He KOMIMIUPYeTCs

PewieHne BBIIAIAT BHOJIHE HOPMAJIBHO. BbIpakeHue --ri.base () NPaBUIBHO OIPEACISACT
3J€MEHT, MpeauecTByloumii ynaiasemomy. bonee Toro, mpuBeneHHbIM (pparMeHT OyleT HOPMalbHO
paboTarh JUIsl BCeX CTaHAapTHBIX KOHTEHMHEPOB, 3a UCKIIOYEHUEM vector M string. HaBepHoe, OH Obl
MOT paloTarh W Ui 3TUX KOHTEHMHEPOB, HO BO MHOTHX pealu3alusiX vector U string OH HE OyaeT
KOMITMJIMPOBAThCs. B Takux peann3anusix TUNbI iterator (M const iterator) Pealu30BaHbI B BUJEC

BCTPOCHHBIX yKa3arejieu, II03TOMY pe3yIbTaroM BbI30BA i.base () SABIAETCA yKasareinb. B
cooTBeTCTBUM ¢ TpeboBaHusMu kak C, Tak u C++ ykazarenu, Bo3Bpalaemble QyHKIIUSAMU, HE MOTYT
Moau(UIIMPOBaTECSA, MOATOMY Ha Takux miargopmax STL BbIpakeHUs THUMA --i.base() HE

KOMIUIUPYIOTCS. YTOOBI yIaduTh 3JE€MEHT B MO3UIINH, 3aJaHHON UTEPATOPOM reverse iterator, U
OpyU OSTOM COXPAaHUTh MEPEHOCUMOCTb, HEOOXOAMMO u30erarb MOIM(UKAIMU BO3BPAIAEMOTO
3HauYCHUA base. Brpouem, 3To HeciaokHO. Eciau Mbl He MOXKEM YMEHBIIMThH pe3yIbTaT BbI30BA base,

3HaqHT,HyHGH)yB€HHqHTBreverse_iteratorIIHOCH€3TOH3BBBBaTbbase!

. //Cm. paHee

v.erase ((++ri) .base()); // YmanuTb DJIeMEHT, Ha KOTOPHM yKas3HBaeT ri;

// KoMaHOa BcerIa KOMIMUIMPYEeTCS

Takas wmeToauka paboTaeT BO BCEX CTaHIAPTHBIX KOHTEHHEpax U IMOTOMY CUYUTAETCs
IMpCaAIIOYTUTCIIbHBIM CHOCOGOM YAQAJIICHUA 3JICMCHTOB, OIIPCACIIACMBIX UTCPATOPOM reverse_iterator.

BepOHTHO,BH[ymf INOHAJIM: TOBOPHUTH O TOM, HYTO @yHKHHHbase KJlacca reverse iterator
BO3BpalIACT ((COOTBGTCTBYIOHMﬁ)) iterator, HE COBCEM IIpaBUJIbHO. B oTHOmIEHMM BCTaBKU 3TO
NEHCTBUTENIBHO TaK, a B OTHOIICHUU ynajeHuss — HeT. [Ipu mpeoOpa3oBaHuU reverse iterator B
iterator BaXHO 3HATh, KAaKHC orcpanuun 6YI[YT BBIIIOJIHATBCA € ITOJIYYCHHBIM O6'I)€KTOM iterator.



ToNBKO B 3TOM CIIydae Bbl CMOXKETE ONPEACIUTD, ITOJTOUAET JU OH JJISl BalllUX LEIICH.



Coger 29. PaccMoTpuTe BO3MOKHOCTD HCII0JIb30BAHUS
istreambuf _iterator npu mocCUMBOJILHOM BBO/I€

[Ipenmonoxum, Bbl XOTUTE CKOMMMPOBATh TEKCTOBBIN (pailn B 00BEKT string. Ha mepBbiit B3MISIA

ClICAyrouicC pCuICHUC BhIMIAANWT BIIOJIHC PA3YyMHO!
ifstream inputFile("interestringData.txt");
string fileData(istream iterator<char>(inputFile)), // IllpoumraTe inputFile
istream iterator<char>()); // B fileData

Ho Bckope BbIICHSIETCSA, YTO NPUBEACHHBIH CHHTAKCUC HE KOMUPYET B CTPOKY MPOIYCKU
(whitespace), BXomsaume B (ailn. DTO OOBACHSETCS TEM, 4YTO istream iterator HPOU3BOIUT
HEIMOCPEACTBEHHOEe YTEeHHE (YHKUUIMU operator<<, a 3TH (YHKIUU MO YMOJYAHHUIO HE YHUTAIOT
HPOITYCKHU.

YToObl COXpaHUTh NPOIYCKH, BXOAAIME B (ai, JOCTAaTOYHO BKIIOYUTH PEXKUM YTCHUS

MPOITYCKOB COpocoM (iara skipws JIJIsl BXOJHOTO MOTOKA!
ifstream inputFile("interestingData.txt");
inputFile.unset (ios: :skipws); // BKJIOUMTL pPEeXUM
// YUTEeHUs NpPONyCKOB
// B inputFile
string fileData(istream iterator<char> (inputFile)), // IllpoumTaTe inputFile
istream iterator<char>()); // B fileData.

Tenepp Bce CUMBOJIBI InputFile KOMUPYIOTCS B fileData.

Kpome TOrOo, MOXET BBIACHHUTBHCS, YTO KOMHMPOBAHHE MPOHMCXOAUT HE TaK OBICTPO, KaK Bam
XOTEI0CH OFL (DYHKHHH operator<<, OT KOTOPBLIX 3aBUCHUT paGOTa,stream_iterator3 IIPpOU3BOOAT
dbopmarHBIi BBOA, a O9TO O3HAYAET, YTO KAXKJBI BBI30B COMPOBOXKIACTCS MHOTOUYHCICHHBIMU
CIy)keOHBIMHU omepanusMu. OHU JTOJDKHBI CO3[IaTh M YHUUTOXHUTH OOBEKTHI sentry (CHEIUAIBHBIC
O00OBEKTHI TOTOKOB BBO/Ia-BBIBOJIA, BBHIMOJHSIONIME HAYAIbHBIC W 3aBEPINAIONIME OMEpPAllU MPHU KaXKI0M
BBI3OBE operator<<); OHHU JOJKHBI MTPOBEPUTH COCTOsIHUE (hJIaroB, BIUSIONMX HAa UX palboTy (TakuXx,
KaK skpws); OHH JOJDKHBI BBINOJHUTH JIOCKOHAJIBHYIO IPOBEPKY OIMMOOK YTEHUsS, a B Cydae
OOHapyKEeHUS KaKuX-Tu00 mpolaeM — IMpoaHaTIU3UPOBATh MAaCKy UCKITIOUCHUN MMOTOKA U ONIPEIEIUTh,
HYKHO JI1 MHUILIMHPOBATh UCKIIIOUEHHE. BCe mepeuncieHHble ONepalnu AEUCTBUTEIBHO BaKHBI IIPHU
dbopMaTHOM BBOZIE, HO €CIIM Balll TOTPEOHOCTH OTPAHHYHMBAIOTCS YTEHUEM CIEAYIOIIETO CHMBOJIA U3
BXOJIHOTO IOTOKA, 0€3 HUX MOXHO O0OOUTHUCH.

bonee »ddexTuBHOE pelIeHHE OCHOBAaHO Ha MCIOJIB30BAaHUM HEMPUMETHOTO HTEparopa
istreambuf iterator. Ureparopsl istreambuf iterator paboraroT AHAJIOTUYHO
istream iterator, HO €CIIH OOBEKTHI istream iterator<char> YHUTAIOT OTJEIbHBIE CHUMBOJIBI U3
BXOJHOTO TIOTOKA OMEPATOPOM <<, TO OOBEKTHI streambuf iterator oOpam@rTca mpsaMo K Oybhepy
MOTOKA W HETMOCPEJACTBEHHO YHTAIOT CICAYIOIMHA CUMBOJ  (BBIpaXKkasch To4dHEe, OOBEKT
streambuf iterator<char> YUTAET CIEAYIOIIMHA CUMBOJ W3 BXOAHOTIO MOTOKA s BBI30BOM s.rdbuf
() ->sgetc()).

[lepeiiTn Ha HMCHONB30BAHHE istreambuf iterator NPH YTEHUH (haiiyia TaK MPOCTO, YTO JaxKe

nporpammuct Visual Basic caenaet 3To co BTOpoit MOMBITKH:
ifstream inputFile("interestingData.txt");
string fileData (istreambuf iterator<char>(inputFile)),
istreambuf iterator<char>0);

Ha stoT pa3 cOpaceiBarh (nar skpws He HY)KHO, UTEPaTOPhl streambuf iterator HHUKOLJA HE
MPOITYCKAIOT CUMBOJIBI IIPHU BBOJIE M IIPOCTO BO3BPAILIAIOT CIIEAYIOIIMI CUMBOI U3 Oydepa.

[lo cpaBHEHUIO C istream iterator 3TO MPOUCXOAUT OTHOCUTEIHHO OBICTpPO. B mpoBeneHHBIX
MHOIO MPOCTEUIINX TECTaX BBIMTPHIII IO CKOpOCTU ocTurai 40%, XoTs B BallleM ciaydae Hudpbl MOTYT



ObITh npyrumu. He ymuBnsiitech, ecnu ObicTpomeiicTBHE OyIeT pacTd CO BPEMEHEM; HTEparophbl
istreambuf iterator HACENSAIOT OOUH U3 3a0poieHHbIX yroiakoB STL, u aBTopbl peanuzauuii eie
HEJIOCTAaTOYHO 103a00TUIuCh 00 UX onTuMu3zauuu. Hampumep, B MOUX NPUMHUTUBHBIX TecTax
UTEPATOPHl istreambuf iterator OAHOW M3 peanu3alui paboranu Bcero Ha 5% ObIcTpee, ueM
istream iterator. B Takux peanmm3anusax OCTAETCA MMPOKUKA NIPOCTOP Ul ONTHUMH3ALUHU
istreambuf iterator.

Ecnu BBl miaHupyeTe 4MTarh M3 NOTOKA IO OJHOMY CHMBOJY, HE HYXZAETECh B CPEACTBAX
dbopmarupoBaHus BBoAA W cieauTe 3a 3()PEKTUBHOCTHIO BBIMTONHIEMBIX OMEPALUN, TPU JHIIHUX
CMMBOJIa Ha UTEparop — HE Takas YK Joporas ILieHa 3a 3aMeTHbIM pocT ObicTponerctBusa. [Ipu
He(pOpMaTHOM TOCHMMBOJIBHOM BBOJE BCErJa paccMarpuBaiTe BO3MOXKHOCTb IPUMEHEHHS
sreambuf iterator.

Pa3 yx peub 3amma o Oyhepu30BaHHBIX UTEPATOPAX, CIEAYET YIOMSHYTh U 00 HCIOIb30BAaHUU
ostreambuf iterator IIPpH HG(l)OpMaTHOM MMOCUMBOJIBHOM  BbIBOZE. [lo cpaBHeHMIO C
ostream iterator HUTEPATOPHI ostreambuf iterator 005aal0T MEHBIIMMHU 3arparaMu (HpI/I
MEHBIIIMX BO3MOKHOCTSIX), TOATOMY OOBIYHO OHH MPEBOCXOAAT UX MO 3(HPEKTUBHOCTH.



AJITCOPUTMBbI

B Hayane mmaBel | s ynomMuHan o TOM, 4YTO JibBMHasg Jjoss penyrauuu STL cBsizaHa ¢
KOHTEHHEepaMHu, U 3TO BHoJHE 00bsicHUMO. KoHTeitHeps! 001a1a10T Maccoil JOCTOMHCTB U YIPOILAIOT
NOBCEAHEBHYIO paboTy OecuncienHbix nporpammuctoB C++. Ho u anroputmel STL Toxe mo-cBoemy
3aMeyvareIbHbl U B TOW JK€ cTemeHu obnerdaroT Opems paspabortumka. CymectByer Oonee 100
aIrOpUTMOB, W BCTpPEYaeTCsl MHEHUE, YTO OHM TMPEJO-CTABISAIOT MNPOrpaMMUCTy Oojee TuOKHii
WHCTPYMEHTApUil 10 CpPaBHEHUIO C KOHTEMHepaMHu (KOTOpPBIX BCEro-to BoceMb!). Bo3moxHO,
HEJI0OCTAaTOYHOE MPUMEHEHUE aJTOPUTMOB OTYACTU U OOBACHSETCS MX KOJIUYeCTBOM. Pa3zoOparbcsi B
BOCBMH THIAX KOHTEWMHEPOB IpOIIE, YEM 3alIOMHUTh MMEHA W NPEAHA3HAYCHUE MHOIOYMCIIEHHBIX
aJIrOPUTMOB.

B o5TOM 1maBe s MOCTaparCh PEUMTH JIBE OCHOBHBIE 3aJadd. Bo-mepBbIX, s MPEACTABIIO
HEKOTOpbIE MaJIOM3BECTHBIC AJITOPUTMBI M MOKAXy, KaK ¢ UX MOMOIIBIO YIPOCTUTh cebe ku3Hb. He
OecrnokoiTech, BaM HE MPUACTCS 3alIOMUHATH JJIMHHbBIE CIUCKU UMEH. AJITOPUTMBI, IPEACTABICHHBIC B
ATOM TINMaBe, MpelHa3HAueHbl JJIs PEIICHUs IMOBCEIHEBHBIX 3a/lai — CpaBHEHUE CTPOK 0Oe3 ydera
perucrTpa CUMBOJIOB, d(PPEKTUBHBIM MOUCK n OOBEKTOB, B HAMOOJbIIEH CTENEHH COOTBETCTBYIOIIMX
3aJIaHHOMY KPUTEPHIO, 0000IIEHNE XapaKTEPUCTUK BCEX OOBEKTOB B 3aJJaHHOM MHTEpBaJe U UMHUTAIIUS
copy if (anmroput™m u3 ucxogHou peanuzanuu HP STL, uckiatoueHHbIN B MPOLIECCE CTaHIAPTU3AIUN ).

Bo-BTOpbIX, s Haydy Bac wu30erarb CTaHIAPTHBIX OMIMOOK, BO3HHUKAIONMX Mpu padoTe c
anroputMamu. Hanpumep, 1pu BbI30BE aIrOPUTMA TEMOVE U €ro POACTBEHHUKOB remove if M unique
HEOOXOIMMO TOYHO 3HaTh, YTO ATU AJITOPUTMBI AENAIOT (M 4YEro OHM H e AenaioT). JlaHHoe ImpaBUIIO
OCOOCHHO AaKTyaJlbHO TIPH BBI3OBE remove [JISi WHTEpBalia, COMAEpXKAIlero ykazarenu. MHorue
aNnropuT™Mbl pabOTAIOT TOJBKO C OTCOPTUPOBAHHBIMU HWHTEpBajaMU, W MPOTPAMMHUCT JIOJKEH
MOHUMATh, YTO 3TO 32 AJTOPUTMBI U MTOYEMY JIJIsl HUX YCTAHOBJICHO MOA00HOE orpannuenune. Hakoner,
ofHa u3 HauOoliee pacHpOCTPAHEHHBIX OMMOOK, JOMYCKAaeMbIX MpH paboTe ¢ aIropuTMaMu,
3aKJII04aeTCsl B TOM, YTO MPOTPAMMHUCT MpeJyIaraeT alrOpUTMY 3alucaTh pe3yabTaThl CBOCH paboThl B
HECYILIECTBYIOIYI0 00JacTh mamsATU. Sl MOKaxy, KaK 3TO MPOUCXOIUT M KaK MNpPeNoTBPATUTH 3Ty
OIIIMOKY.

B03MOKHO, K KOHITY IJIaBbl Bbl U HE OyZeTe€ OTHOCUTHCS K aJITOPUTMAM C TEM K€ dHTY3Ua3MOM, C
KOTOPBIM OOBIYHO OTHOCSITCS K KOHTEWHepaMm, HO MO KpailHei mepe OyaeTe yalle MPUMEHSTh UX B
cBOeil padore.



Cogsert 30. Cienure 3a TeM, 4YTOObI IPUEMHbIN HHTEPBAJ UMeJT
NOCTATOYHBINA pasMep

Konreitnepst STL aBToMarruecku yBelIUunMBalOTCs ¢ 100aBIEHUEM HOBBIX 00bEKTOB ((yHKIUIMHU
insert, push front, push back W T. A.). ABTOMAaru4eckoe H3MEHEHHE pPa3MEpPOB UYPE3BbIYANHO
yIOOHO, M Y MHOTUX MPOTPAaMMHUCTOB CO3JAETCS JIOKHOE BIEYATICHUE, YTO KOHTEHHEp caM 000 BceM
1m03a00TUTCS M UM HUKOTJa HE IPUAETCS CIECIUTh 32 HAIMYueM cBoOoiHOTO MecTa. Eciiu Obl Tak!

[IpoGiieMbl BO3HUKAIOT B CHTyallMH, KOTIa IIPOrPAaMMUCT OyMaem O BCTaBKE OOBEKTOB B

KOHTEHHEep, HO He coobmmaeT o cBoux MbIcisix STL. Tunuunerii mpumMep:
int transmogrify(int x); // OyHKUMA BHUMCISAET HEKOE HOBOE SBHaUeHNe
// To mnmepemaHHOMY [apaMeTpy X
vector<int> wvalues;
// BamnojHeHMEe BeKTOpa values IaHHBEMU

vector<int> results; // TNpuMeHuThs transmogrify x xaxzoMy OOBEKTY
transform(values.begin(), // BexTOpa values ¥ NPUCOEOUHUTL BO3BpAallaeMHe
values.end (), // B3HaueHuda kK results.

results.end (), // ®parMeHT COHEPXUT OmMUOKY !

transmogrify);

B npuBeneHHOM mpuMepe alroOpUTM transform MOJy4aeT MHPOPMALHMIO O TOM, YTO MPUEMHBII
WHTCPBAII HAUYMHACTCA C results.end. C oroit O3 OH U HAYNHACT BBIBO/ 3Ha‘I€HI/II\/’I, IMOJIYYCHHBIX
B PC3YILTATC BbI3OBA tran smogrify OJIA KaXIOTrO0 JJIEMCHTA values. Kak u Bce AJIrOPUTMBI,
HCIIOJIB3YIOIIUC HpHGMHBIfI HWHTCPBAIl, transform 3allMUCBIBACT CBOM pPE3YIbTAThl, IIPHUCBAXWBasd
3Haq€HHHIlHeMCHIab13aHaHHOFOiHHT€pBaHa.TaKHNIOGpaBONL transform BBI30OBET transmogrify I
values[0] U IOPUCBOUT PE3YIbTAT *results.end(). 3arem (I)YHKHI/IH transmogrify BBI3BIBACTCS IJIA
values[1] C IPUCBAMBAHUEM PE3YNbTaTa * (results.end () +1). [I[porcxomuT karactpoda, MOCKOIbKY
B MO3UIUU *results.end () (K TeM OoJiee B * (results.end () +1)) He cywyecmsyem obvexma! Bei3oB
transform HCKOPPECKTCH HW3-3a IONBITKH IIPHUCBOUTH 3HAYCHUC HCCYIICCTBYIOLICMY O6’b€KTy (B COBCTC
50 oOwsicHseTcs, Kak oTianoyHas peanusanus STL mo3BonuT oOHAapyX UTh 3Ty IpoOieMy Ha CTaauH
BBITIOJIHEHUS ).

JHonyckas mogoOHy0 OmMOKY, TPOrPaMMHUCT MOYTH BCETIa PACCYUTHIBAECT HA TO, YTO PE3YIbTAThI
BbI30Ba ajropuTMa OyayT BCTAaBJICHBI B MPUEMHBIA KOHTEHHEp BBI30BOM insert. EciaM Bbl xoTwuTeE,
9qTOOBI 9TO MPOMU3OILIO, TaK U CKaxuTe. B koHie koHmos, STL — Bcero nummb OnOIMOTEKa, U YATATh
MBICIIA €M HE TOJIO)KEHO. B Hamem npumepe 3azada pemaercss ITIOCTPOCHUEM HUTeparopa,

OHpGI[GJIHIOHIGFO Ha4daJio HpI/ICMHOFO I/IHTepBaJ'Ia, BBI3OBOM bac k_i nserter.
vector<int> values;

transform(values.begin(), // IpuMmeHuTb transmogrify x xaxnooMmy
values.end (), // obbekTy BekTOpa values
back_ inserter(results), // W pomnmMcaTb SHauveHMa B KOHel results
transmogrify);
[Ipu wucnonb30BaHUU HTEPATOPA, BO3BPAIIAEMOTO TPHU BBI3OBE back inserter, BBI3bIBACTCS
push back, MMO3TOMY back inserter MOXKET HCIOJb30BaTbCI CO BCEMHM KOHTEUMHEpaMW,

NOAJEPKUBAOUIMMHU push back (TO €CThb €O BCEMHM CTAaHAAPTHBIMU IOCJIEIOBATEIbHBIMU
KOHTEMHEpaMu: vector, string, deque U list). Ecau Bbl mpeamnountaete, YTOOBI aJITOPUTM BCTABIISI
DJIEMEHTBHl B HA4yajo0 KOHTEWHepa, BOoCHonb3yWTech front inserter. BO BHYTpEeHHEN peanu3anuu
front inserter HCIIONIB3YCTCA push front, IMOOTOMY front inserter pa60Taer TOJBKO C

KOHTEHHEpaMu, MOAIEPKUBAIOIIMMHU 3TY PYHKIIUIO (TO €CTh deque M list).
//CMm. paHee
list<int> results; // Tenepb uUCHOOJNL3yeTCH
// xoHTelHep list
transform(values.begin (), values.end (), // PesynbTaTH BH30Ba transform



front_inserter (results), // BCTaBJIANTCHA B HauaJo results
transmogrify); //B oBpaTHOM Hopsake

[TockonbKy IpH UCMIONB30BAHUU front inserter HOBBIC JIEMEHTHI 3aHOCATCSA B HAYAJIO results
byHKUIMEN push front, HOPAJOK CJIEIOBAHUS OOBEKTOB B results OylIeT 0OpamHbimM IO OTHOUICHUIO
K TOPSAIKY COOTBETCTBYIOUIMX OOBEKTOB B values. OTO HIIb OJHA M3 MPUYUH, MO KOTOPHIM
front inserter HCIOJB3YETCS PEXKe back inserter. Jlpyras mpuuMHa 3aKJIIOYaeTCS B TOM, UTO
vector HE€ MOOACPXKHBACT push front, MO3TOMY front inserter HE€ MOXCET HCIIOJIb30BaTbCA C
vector.

YToObl pe3yabrarhl transform BBIBOAMIUCH B Hauyaje results, HO C COXpAaHEHHEM MOPsIKa

CJICAOBAaHUA 3JICMCHTOB, JOCTATOYHO HCpCGpaTB COOCPKUMOEC values B 06paTHOM IMOPAIAKC:
list<int> results; // CMm. patnee

transform(values.rbegin(), values.rend(), // PesymnbTaTe BH30Ba transform
front inserter (results), // BCTaBIA©OTCA B Hadajio results
transmogrify); // C coxpaHeHMeM MCXOIHOTO MNopsaaka

Hrak, front inserter 3acTaBiseT aJTOPUTMBI BCTaBISATh PE3yIbTaThl CBOEH pabOTHl B Hauajo
KOHTEHHEepa, a back inserter oOecledynBaeT BCTAaBKy B KOHEI] KOHTeWHepa. BmoiHe norudno
IIPEAIONIOKNTh, YTO inserter 3aCTABISACT AJTOPUTM BBIBOAWUTH CBOM PE3YIbTarbl C MPOU3BOJIBHON

IIO3UIIHNH.
vector<int> values; // CM. paHee

vector<int> results; // CM. paHee - 3a MUCKJOUYEHMEM TOTO, UTO
// results Ha 3TOT pas COINEPXMUT HOaHHLE
// nepen Bm30BOM transform.

transform(values.begin(), // PesymnbTaTe BH30Ba transmogrify
values.end(), // BHIBOIATCS B cepelmHe results
inserter (results, results, begin()+results.size()/2),
transmogrify);

HezaBucumo ot BHﬁpaHHOﬁ @OpNHJ-——back_inserter, front inserter HJIM inserter —
OOBEKTHI BCTABJISAIOTCS B MPUEMHBIN MHTEpBai Mo ogHoMy. Kak oObsicCHsAETCS B COBETE 5, 3TO MOXKET
NPUBECTU K 3HAUYUTENIbHBIM 3arparam Juist OJJIOKOBBIX KOHTEHHEPOB ( vector, string U deque), OTHAKO
CPEIICTBO, MPEAIOKEHHOE B COBeTE 5 (MHTepBalibHbIE (DYHKIHUH), HEIPUMEHUMO B TOM CIlly4dae, €Ciu
BCTABKA BBINOJIHAETCS alrOpuTMOM. B HameM npumepe transform 3alUCBIBAET pE3YyAbTarbl B
MPUEMHBIM UHTEPBAJI [0 OTHOMY 3JIEMEHTY, U C TUM HUYETO HE MOJIETIaCIlb.

[Ipn BcTaBke B KOHTEHHEPHI vector M string IS COKPAUICHMS 3aTpaT MOXHO MOCIJIENI0BaTh
coBeTy 14 u 3apaHee BbI3BaTh reserve. 3aTPaThl HA CABUT 3JIEMEHTOB MPU Ka)J0M BCTABKE OT 3TOIO
HE MCYE3HYT, HO MO KpaiHeill Mepe Bbl M30aBUTECh OT HEOOXOMMMOCTU NepepacnpeieieHus naMaTu

KOHTEHHEpA:
vector<int> wvalues; // Cm. PaHnee
vector<int> results;

results.reserve (results.size () +values.size()); // ObecneudmTr HaIMdue
// B BexTOpe results
// eMkocTu nJdg value.size ()
// BJIeMeHTOB

transform(values.begin (), values.end(), // To xe, UTO U paHee,
inserter (results, results.begin()+results.size()/2), // HO 0e3 IUIHUX
transmogrify); // mnepepacnpeneseHuUn
IIaMATU

[Tpu ucnonb3oBaHNU QYHKLIMH reserve JAJS MOBBICHUS 3(H()EKTUBHOCTH CEpUU BCTABOK BCETIa
IIOMHUTE, YTO reserve YBEJIUYMBAECT TOJIBKO eMKOCMb KOHTEMHEDPA, 4 pa3MEP OCTACTCS HEU3MEHHBIM.
Jlaxxe mocie BbBI30BA reserve INPU pabOTE€ C aJIrOPUTMOM, KOTOPBIM JOJDKEH BKIIIOYATh HOBBIC



AJEMEHTHI B vector WIIHM string, HEOOXOAMMO HMCIOJIb30BATh UTEPATOP BCTABKU (TO €CTh UTEPATOp,
BO3BpaHMCNHﬂﬁIHHIBBBOBCback_inserter,front_inserterIUHIinserter)

Y1o06bl 3TO cTasio aOCOMIOTHO SICHO, PACCMOTPUM OWUOOUHYLY TIYTh MOBBILIEHUS Y(HPEKTUBHOCTH
JUIs TIpuMepa, TPUBEICHHOIO B Hayajle coBeTa (C MPUCOEAMHEHUEM pe3yIbTaToB 00pabOTKU

3HCMCHTOBvalues](resultsy
vector<int> wvalues; // CMm. paHee
vector<int> results;

results.reserve (results.size () +values.size()); // CMm. pahee

transform(values.begin (), values.end(), // PesyjibTaTh BH30Ba
results.end (), // transmogrify sanmMceBaKRTCSH
transmogrify) ; // B HEMHULMAJIU3IUPOBAHHY

// TaMAaTb; I[OCJeICTBUHA
// HemnpenckasyeMH !

B stom (pparmenTe transform B OJaKEHHOM HEBEJICHUU MbITACTCS BBINOJIHUTH MPUCBAUBAHHUE B
HEMHUIMAIU3UPOBAHHON MaMTH 3a MOCJIEIHUM 3JIEMEHTOM results. OOBIMHO MOMOOHBIE MOMBITKU
OPUBOIAT K OIIMOKaM BPEMEHU BBIMOJIHEHHUS, TOCKOIBKY ONepanus NprucBauBaHUs UMEET CMBICIT JIUIIIb
JUISL IBYyX OOBEKTOB, HO HE MEXIy OOBEKTOM M JBOMYHBIM OJIOKOM C HEM3BECTHBIM conepkuMbiM. Ho
Jake €CIM ATOT KOJ KaKMM-TO OOpa3oM CHpaBUTCA C 3aJayei, BEKTOp results He OyIeT 3HATh O
HOBBIX «O0BEKTax», SIKOOBI CO3JaHHBIX B €ro Heucnoiabzyemoil mamsaTu. C TOYKU 3PEHHS results
BEKTOp IOCJIE€ BBI30BA transform COXpaHSAET NPEKHUN pa3Mep, a €ro KOHEYHBI uTeparop OyaeT
yKa3blBaTh Ha Ty JKE€ IMO3MLHIO, HAa KOTOPYK OH YKa3blBajl JI0 BbI30BA transform. Mopanb?
Hcnonb3oBaHue reserve 0€3 WTeparopa BCTaBKH MPUBOAUT K HEMPEACKa3yeMbIM IMOCJIEACTBUSIM
BHYTPU AJITOPUTMOB U HAPYILIEHUIO LIEJIOCTHOCTH JaHHBIX B KOHTEHHEpE.

B npaBunbHOM petieHnu QyHKIUS reserve UCIOIB3YETCS B COUETAHUM C UTEPATOPOM BCTABKHU:

vector<int> wvalues; // CMm. paHee
vector<int> results;

results.reserve (results.size () +values.size()); // CMm. pahee
transform(values.begin (), values.end(), // PesyjibTaTh BH30Ba

back_ inserter (results), // transmogrify sanmuceBanTCs
transmogrify) ; // B kKoHel BekToOpa results

// 6e3 JIMIIHUX NepepacrpenesieHun
// namaTu

Jlo HacTosIEro MOMEHTA MPEANOJIarajJoch, YTO AITOPUTMBI (TaKUE KaK transform) 3alUCBHIBAIOT
pe3ynbTarhl CBOel paboThl B KOHTEHHEP B BUJIE HOBBIX 3JIEMEHTOB. JTa CUTYyallus SBJIsETCS Haubosee
pacnpoCcTpaHEHHOW, HO MHOTA HOBbIE JaHHbIE TPeOyeTCs 3amucarb MOBEpPX CYHIECTBYIONMX. B Takux
CIIy4asiX UTEPATOp BCTABKM HE HYXEH, HO BbI JIOJDKHBI B COOTBETCTBUHU C JAHHBIM COBETOM IPOCIEIUTH
3a TeM, YTOObI MPUEMHBI UHTEPBAJ ObLT IOCTATOUYHO BEJHK.

JlommycTrm, BBI30B transform JOJDKEH 3alIMCBIBATH PE3YIBTAThI B results MOBEPX CYIIECTBYIOLIAX
DJIEMEHTOB. ECiM KOIMYECTBO JJIEMEHTOB B results HE MEHbBUIE UX KOJIMYECTBA B values, 3aja4a
pemaeTcss mpocto. B mpoTuBHOM ciiydyae mpuAETcs JIMOO BOCMOIb30BaTbCcsl (PYHKIUEH resize JUIS

IIPUBEACHUS results K HY)KHOMY pa3sMepy:
vector<int> results;

if (results.size() < values.size()) { // Y6emuTbcst B TOM, uTO pasMep

results.resize (values.size()) ; // results no kpamnHen Mepe
} // He MeHBme pasMepa values
transform(values,begin (), values.end(), // llepeszanmucaTrhb IepBHE
back inserter (results), // values.size() snemeHTOB results

transmogrify);



JIMO0O0 OYUCTHUTH results M 3aTEM HCIIOJIL30BATh HUTCPATOpP BCTABKU CTAHAAPTHBIM CIIOCOOOM:

results.clear():; // YmanmuTb U3 results Bce BJIEMeHTH
results.reserve (values.size()); // 3apes3epBupoBaThb NIaMAThb
transform(values.begin (), values.end (), // 3aHecTu BHXOIHLE IaHHBE
back inserter (results), // transform B results

transmogrify);

B nanHOM coBeTe OBUIO MPOAEMOHCTPUPOBAHO HEMAJO BapUalMil HAa 3a/JlaHHYIO TEMY, HO f
HaJCKOCb, YTO B IMaMATH Yy BAC OCTAHCTCA OCHOBHAA MCIIOAMNS. Ka}KI[I)II\/’I pas3, Koraa Bbl HMCIIOJIB3YCTC
aNropuT™M, TPEOYIOIMI ONpeesieHHs] MPUEMHOT0 UHTEpBaia, 103a00TETECh O TOM, YTOOBI TPUEMHBII
HHTCpBAJI HMCI AOCTATOYHBLIC PasMCpbl HWJIHM ABTOMATHYCCKH YBCIMYHUBAJICA BO BpPCMA paGOTBI
anroputmMa. BTOpol BapuaHT peanu3yeTcss INpPHU IIOMOIIM MTEPaTOpPOB BCTAaBKM — TaKUX, Kak
ostream iterator, WJIHM BO3BpallaCMbIX B PE3YIbTATC BbI3OBA back inserter, front inserter H
inserter. Borun BCC, O UEM HGOGXOI[I/IMO IIOMHHUTB.



Cogsert 31. IloMHMTE 0 CYIIECTBOBAHNM PA3HBIX CPEACTB COPTUPOBKHU

Korna peub 3axomuT 00 ymopsiioueHHH OOBEKTOB, MHOTUM IMPOTPAMMHUCTAM MPUXOIUT B TOJOBY
BCETO OJIUH aJITOPUTM: sort (HEKOTOpPbIE BCIOMHUHAIOT O gsort, HO MOCJE MpouTeHus: coBera 46 oHH
PaCKaMBaIOTCS U BO3BPAIAIOTCS K MBICIISIM O sort).

JIeiCTBUTENBHO, sort — MPEBOCXOIHBIN aaTOPUTM, OHAKO MTOJTHOIICHHAS COPTHUPOBKA TpelyeTcs
naneko He Bcerga. Hampumep, ecinu y BaC UMEETCS BEKTOP OOBEKTOB Widget M BBl XOTHUTE 0TOOpath 20
«Ty4IMx» 0OBEKTOB C MaKCHMAaJIbHBIM PAaHTOM, MOKHO OTPAaHHUYHUTHCS COPTHUPOBKOM, MO3BOJISIONICH
BbSIBUTH 20 HYXHBIX OOBEKTOB M OCTAaBUTh OCTaJIbHbIE OOBEKTHI HECOPTHUPOBAHHBIMH. 3ajada
Ha3bIBACTCSI YACTUYHOM COPTUPOBKOM, M MJId €€ PEUICHUs CYIIECTBYET CHElUalIbHbIA alropuTM

partial sort:

bool qualityCompare (const Widgets lhs, const Widgets rhs) {
// BepHYTb NpMU3HAK CpPaBHEHMUs aTpubyToB quality
// obwexkToB lhs u rhs

}

partial sort (widgets.begin(), // Pasmecturr 20 3JeMEeHTOB
widgets.begin () +20, // C MakCuUMaJIbHEIM PaHIOM
widgets.end (), // B Hauane BekTopa widgets
qualityCompare) ;

// VicnonbzoBanue widgets

[Tocne BbI30Ba partial sort HnepBble 20 3IEMEHTOB widgets HAaXOAATCS B Hadyalle KOHTEWHEPA U
pacmoJiararoTcsi Mo MOPsZIKY, TO €CTh widgets[0] COHAECPKHUT Widget C HAMOOJBIIMM PAHTOM, 3aT€M
cienyerT widgets[1] U T. J.

Ecnu B xoTUTE BHIZIETUTD 20 OOBEKTOB Widget U mepeaarh ux 20 KIMEHTaM, HO TIPU 3TOM Bac He
UHTEpecyeT, Kako o0BEKT OyaeT mepefaH TOMY WM MHOMY KIIMEHTY, JaXKe aJrOpUTM partial sort
NpEBBIIIAET peajibHble MOTpeOHOCTH. B ommcanHol cutyaruu Tpedyercs BbLACTUTH 20 <«ITydIIMX»
OOBEKTOB Widget 6 npouzgonvrom nopsoke. B STL umeercs anroputM, KOTOpbIA pemiaeT UMEHHO 3Ty
3a/1a4y, OAHAKO €0 UMs BBITJIIUT HECKOJIBKO HEOKUAAHHO — OH Ha3bIBAETCA nth element.

AJTOPUTM nth_element COPTUPYET MHTEPBAT TaKUM 00pa3oM, 4TO B 33JaHHOM BaMH MO3UIUHU n
OKa3bIBACTCSA HMMEHHO TOT D3JIEMEHT, KOTOPBI oOKa3zajcsi Obl B HEW MpH TMOJHOH COPTUPOBKE
KOHTenHepa. KpoMe TOoro, mpu BbIXOAE U3 nth element HU OJUH U3 DJIEMEHTOB B MO3ULUAX J0 n HE
HaXOQUTCS B MOPSAKE COPTHUPOBKU MOCIE 3JIEMEHTA, HaXOQAUIErocsl B IMO3UMLHMHU n, 4 HU OOUH H3
AJIEMEHTOB B MO3ULMAX I1OCIIE n HE MPEALIECTBYET AJIEMEHTY, HAXOAAIEMYCs B TO3UIMU n. Eciam takas
bOopMYIMpPOBKA Ka)KETCSl CIUIIKOM CIIOXKHOM, 3TO OOBSCHSAETCA JHUIIL TeM, YTO MHE MPHUXOIUIIOCH
THIATEJIBHO MONOMpaTh cioBa. Bckope s 00BACHIO MPUYMHBL, HO CHadaja Mbl pacCMOTPUM MpPUMED
UCIOJb30BAHUS nth element Ml mnepeMelneHuss 20 «Iydmmx» OOBEKTOB Widget B Haydajo
KOHTEWHEepa widgets:

nth_element (widgets.begin (), // IepemecTurr 20 «IydlMX» 3JIEMEHTOB
widgets.begin () +20, // B Hauamno widgets

widgets.end (), // B NPOU3BOJLHOM MOPAIKE
qualityCompare) ;

Kak BuauTe, BBIBOBnth element NPAKTUYECKHM HE OTJIMYAETCA OT BBI30OBA partial sort.
EavHCTBEHHOE pa3/inune 3aKI0YaeTCa B TOM, UTO partial sort COPTHPYET JIEMEHTHI B MO3ULUX |-
20, anth_element 3TOro He Aenaer. Brnpoyem, o0a anroputma nepemematoT 20 00bEKTOB Widget €
MaKCHUMAaJIbHBIMU 3HAYEHHUSIMU PaHTa B HA4aJo BEKTOPA.

Bo3Hukaer BaXHBI BOIPOC — YTO AENAKOT 3TU AJITOPUTMBI ISl 3JIEMEHTOB C OAUHAKOBBIMU
3HaueHusMU aTpudyra? Ilpennonoxum, BEKTOp colepkuT 12 31emMeHToB ¢ panrom 1 u 15 a3neMeHToB ¢
panrom 2. B aTom cnydae BbiOopka 20 «Iyqnmx» oOBEKTOB Widget OyleT cOCTOSTh U3 12 0OBEKTOB ¢




panroM 1 u 8 u3 15 oO6bekToB ¢ panrom 2. Ho Kak anroputMmbl partial sort H nth element
OTIPENIEIISIIOT, Kakue u3 15 o0BEeKTOB cielyeT oTOOpaTh B «BEPXHIOW BaAarky»? M kak anroputm
sort BBIOMPAET OTHOCUTEIbHBIN MOPSAOK pa3MELIeHUs JIEMEHTOB MIPU COBMAJCHUU PAaHTOB?

ANTOPUTMBI partial sort MW nth element YHNOPSJAOYUBAIOT SKBUBAJICHTHBIE D3JIEMEHTHI IO
CBOEMY YCMOTPEHHIO, U CIETaTh C 3TUM HUYETO HeJb3s (MOHIATHE YKBUBAJEHTHOCTH PacCMaTpUBaEeTCs
B coBere 19). Korga B mpuBeAeHHOM NpUMeEpe BO3HHMKAET 3ajladya 3arlojHEHUsS 00bEeKTaMU Widget C
paHroM 2 BOCBMHU MOCIETHUX MO3UIUMNA B «BEpXHEW ABaJIaTKE», aJIrTOPUTM BbIOEPET TaKue OOBEKTHI,
KaKHe COYTET HY)KHbIM. BripoueMm, Takoe MoBeleHHE BHOJIHE pa3ymMHO. Eciau Bbl 3ampanmBaete 20
«Ty4IIX» 00BbEKTOB Widget, @ HEKOTOPBIX OOBEKTHI PABHBI, TO B PE3Y/IbTAaTe BO3BPAILCHHBIC OOBEKTHI
OyIyT 1o KpalHel Mepe «He XyXe» TeX, KOTOpPbIe BO3BpAIlCHbI HE OBbLIH.

[TomHoIEHHAsT COPTUPOBKA 00JIaJaeT HECKOJbKO OONBIIMMHU BO3MOXKHOCTAMH. HekoTopbie
aITOPUTMBI COPTUPOBKU cmabuibHbl. [Ipu cTabUIbHON COPTUPOBKE /1BA SKBHUBAJICHTHBIX JIEMEHTA B
MHTEpBAaJC COXPAHSIOT CBOM OTHOCUTEIbHBIC MO3UILUM IOCIE COPTUPOBKH. TakuM 00pa3oM, eciu
Widget A HpeaecTBYeT Widget B B HECOPTUPOBAHHOM BEKTOpE widgets M IPU ITOM PaHTH JIBYX
OOBEKTOB COBMAAAIOT, CTAOUJIbHBIN aJITOPUTM COPTHUPOBKU TapaHTUPYET, YTO IOCIE COPTHPOBKU
Widget A MO-TIpexXHEMY OyleT MpeiecTBoBaTh Widget B. HecTaOMIbHBIN anropuT™ Takoi rapaHTUU
HE JIaerT.

AJTOpPUTM partial sort, KaK U QJIFOPUTM nth element, CTAOUJIBHBIM HE SBISETCA. ANTOpPUTM
sort TakXke He o0JazaeT CBOMCTBOM CTAOWUIIBHOCTH, HO CYIIECTBYET CHELUAJbHBIN alropuTm
stable sort, KOTOPBIHA, KaK ClIelyeT U3 €ro Ha3BaHUs, sBIseTcs cTabunbHbM. [Ipu HEoOXomMMOCTH
BBIIOJHUTh CTAOMJIbHYIO COPTHUPOBKY, BEPOATHO, CIIEyeT BOCIOJB30BaThCs stable sort. B STL ne
BXOHHTCTaGHHBHbﬁrBepCHIIpartial_sortIlnth_element.

Crnenyet 3aMeTHUTh, 4TO adroputm nth_element upe3Brryaiino yausepcasieH. [lomumo BeigeneHus n
BEPXHHUX 3JIEMEHTOB B MHTEPBAJIE, OH TAaKXKE€ MOXKET HCIOJb30BaThCs JJIs BBIUUCICHUS MEIHUAHBI 10O

HHTCPBAJIY U IIOMCKA 3HAYCHUA KOHKPCTHOI'O I’lpOMQHmuJZ}ZmI

vector<Widget>::iterator begin(widgets.begin()); // BcnoMoTaTeJIbHEE II€pPEMEeHHHE
vector<Widget>::iterator end(widgets.end()); // nJis Ha4YaJlbHOTO ¥ KOHEUHOTO
// mrepaTopoB widgets
vector<Widget>::iterator goalPosition; // WrepaTop, ykaszbBawoLMUM Ha
// mHTepecywomuil Hac oOwbexkT Widget
// Crnenywomuin dparmeHT HaxoamuT Widget ¢ panrom median
goalPosition = begin + widgets.size()/2; // HyXHHM OOBEKT HAXOOUTCSH
// B cepemuHe OTCOPTMPOBAHHOTO BeKTOPa
nth_element (begin, goalPosition, end, // Hanurtu parHr median B widgets
qualityCompare) ;
// goalPositon Tenepb yKasbBaeT
// BHa Widget c¢ paHroM median

// Crnenywoumuii dparmMeHT HaxomuT Widget ¢ ypoBHem 75 mnpoueHTUIEN

vector<Widget>::size type goalOffset = // BHUMCIUTBL yIajleHME HYXHOTO
0.25*widgets.size () ; // obwbexkTa Widget oT Hauaja

nth_element (begin, egin+goalOffset, nd, // Halitu panHr B
ualityCompare) ; // begin+goalOffset Temnepsb

// ykasmBaeT Ha Widget
// c ypoBHeM 75 npoueHTuUIen

zAHFOpHTNHﬂSOIt, stable sort Hpartial sort XOpOHIO MHNOAXOOAT A YIOPAAOYUBAHUA
pE3YNIBTaTOB COPTUPOBKU, a alNTOPUTM nth element peIIAeT 3aaady HACHTU(OUKALMHM BEPXHUX n
3JIEMEHTOB WJIM 3JIEMEHTA, HAXOAAIIETocs B 3aIaHHON no3ulinK. MlHOTIa BO3HUKAeT 3a/ada, Oiau3Kas K
QITOPUTMY nth element, HO HECKOJBKO OTIMyYarom@sics ot Hero. [Ipeanonoxum, BMecTo 20 00bEKTOB
Widget C MAaKCHUMaJbHBIM PAaHTOM MOTPEOOBAJIOCH BBIACIUTH BCE OOBEKTHI Widget ¢ paHroMm 1 mim 2.
KoHEYHO, MOXHO OTCOPTHUPOBaTb BEKTOP II0 PAaHIy M 3areéM HAWTU NEPBBIM JJIEMEHT C PAHIOM,



OonpimM 2. HaiiieHHBIN 37IeMEHT OnpeeisieT Hadalo HHTepBajia ¢ 00bEKTaMH Widget, PaHT KOTOPHIX
MIPEBBIILIAET 2.

[Tonmnast coptupoBka mOTpedyeT O0JBIIOTO 00beMa paboThl, COBEPIICHHO HEHYKHOW s
MOCTaBICHHOU 11e7u. boyee pasyMHOE pellieHne OCHOBAHO Ha MCIOJb30BAaHUM AJITOPUTMA partition,
YIIOPSAI0YMBAOIIETO 3JIEMEHTHI MHTEpBaja TaK, YTO BCE DJIEMEHTHI, YJOBICTBOPAIOIIME 3aJaHHOMY
KPUTEPHIO, OKA3hIBAIOTCS B Hauaje HHTEpBAa.

Hampumep, a1 mepeMenieHusl BceX OOBEKTOB Widget ¢ paHroM 2 u Oojiee B Ha4dajao BEKTOpa

widgets ompenenseTca QyHKUIMS UACHTU(PUKAIIUN:
bool hasAcceptableQualty(const Widgets w) {
// BepHYyTbL pes3yJibTaT NPOBEPKM TOTO, MMEeT JiM OOBEeKT W paHT 6BoJble 2

}
3arem 3Ta (GYHKIUS TEPEJAeTCs MPHU BBI30OBE partition:

vector<Widget>::iterator goodEnd = // llepemecTurbr BCe O0OBekTH Widget,
partition (widgets.begin (), // ynoBJjeTBOpSALIME YCJIOBU
widgets.end (), // hasAcceptableQuality, B Hauajo
hasAcceptableQuality) ; // widgets u BepHYTBH MTEpaToOp

// mona nepBoro oBwekKTa,
// He yIOBJETBOPAKNIEIO yCJOBUI

[locne BBI3OBa MHTEpPBal OT widgets.begin() JO goodEnd CONEPKHUT BCE OOBEKTHI Widget C
panrom | u 2, a MHTEPBAJ OT goodEnd J0 widgets.end () COAEPKUT BCE OOBEKTHI Widget ¢ OOMBIMMHU
SHA4YCHUAMMA pPaHra. Ecin Obr B npouccce ACJICHUA HOTpe6OBaHOCB COXpaHUTb OTHOCHUTCIIbHBIC
NO3ULINU OOBEKTOB Widget C SKBUBAJEHTHBIMU pAaHTaMU, BMECTO aJITOpUTMa partition cienoBano Obl
HMCIIOJIB30BATh stable partition.

zAHFOpHTNHﬂsort, stable sort, partial sort Hnth element pa60TaHyr C HTCparopamMu
IMPpOU3BOJIBHOI'O J0CTYIIA4, IIO3TOMY OHH IIPUMCHHMBI TOJIBKO K KOHTCﬁHCpaM vector, string, deque H
array. COpTI/IpOBKa QJICMCHTOB B CTaHAAPTHBIX aCCOLOMATHBHBIX KOHTCﬁHCan GCCCMBICJ'IGHHa,
IIOCKOJIBKY JTH KOHTeﬁHepLI ABTOMATHYCCKH XpPAHATCA B OTCOPTUPOBAHHOM COCTOSHHH 6naroz[ap;1
COOCTBEHHBIM (YHKLUSIM CpaBHEHUS. EIMHCTBEHHBIM KOHTEHHEPOM, K KOTOPOMY XOTENIOCH Obl
IIPAUMCHUTHh aJITOPUTMBI sort, stable sort, partial sort H nth element, ABIACTCA KOHTCﬁHep
list — K COXaJICHUI, 35TO HEBO3MOXHO, HO KOHTCﬁHCp list OTYAaCTH KOMIICHCHPYET OTOT
HEJIOCTaTOK  (YHKIUEH sort (MHTEpecHass MOAPOOHOCTh: list::sort BBINOJHACT CTAOHIbHYIO
COpTHPOBKY). Takum oOpa3oM, TIOJHOIICHHAas COPTHPOBKA list BO3MOXHA, HO aJTOPUTMBI
partial sort M nth element MPUXOAUTCS UMUTHPOBaTb. B OAHOM M3 TakuWX OOXOAHBIX pEIICHUMN
DJIEMEHTBI KONUPYIOTCS B KOHTEHHEP C UTEPATOPaMu IIPOU3BOJIBHOIO JOCTYIA, MOCIE YEro HYXHbIN
aITOPUTM TIPUMEHSIETCS K ATOMY KOHTelHepy. [[pyroe oOxonHoe pelieHre 3aKJII04aeTcs B CO3AaHUU
KOHTEMHEpPA, CONEPXKAIUETO list::iterator, NPUMEHEHUM AJITOPUTMA K ITOMY KOHTEUHEpPY H
NOCJIEIYIOIEMY OOpalIeHUIo K 3JIEMEHTaM CIHCKA 4Yepe3 UTeparophl. TpeTbe pelleHre OCHOBAaHO Ha
UCIIOB30BaHUU MH(OpPMALMKM YIOPSAAOYEHHOTO KOHTEHHEpa HTEpaTroOpoB HAJs UTEPATUBHOM BPE3KU
(splice) 3JIEMEHTOB list B HY>KHOHU mo3uniuu. Kak BuauTe, BIOOP TOCTATOUHO IIMPOK.

AJNTOPUTMBI partition U stable partition OTJINYArOTCA OT sort, stable sort,
partial sort M nth element TE€M, YTO OHHM PabOTAIOT TOJBKO C JIBYCTOPOHHUMH HTEPATOPAMH.
Takum 06pa30M, AJITOPUTMBI partition M stable partition MOIYT HCIOJB30BAaThCA C JTIOOBIMU
CTaHJapPTHBIMHU ITOCJICI0BATC/IbHBIMHA KOHTeﬁHepaMH.

[logBeneM KpaTkui UTOT BO3MOYKHOCTEU U CPEACTB COPTUPOBKH.

* [lonnas COPTHUPOBKA B KOHTCﬁHCanﬁvector, string, deque M array. aJIl'OPUTMBI sort H
stable sort.

'IhﬂﬂeﬂeHﬂerlHaanBHBD(3HCMCHTOB]BKOHTCﬁHCanvector,string,dequellarray:aHFOpHTM
partial sort.

° I/II[CHTI/I(I)I/IKaHI/IHn Had9aJIbHBIX JJICMCHTOB HWJIM J3JICMCHTA, HAXOJAIICTOCA B IIO3WMIHUH n, B



KOHTCﬁHeanvector,string,dequellarray:aHFOpHTN[nth_element.

* PaznienieHne 3JIEMEHTOB CTAHIAPTHOIO MTOCIIEA0BATEIbHOTO KOHTEMHEPA HA YIOBIECTBOPSIONIME U
HE YIOBJIETBOPAIOLIME HEKOTOPOMY KPUTEPHUIO: AJITOPUTMBI partition M stable partition.

» KoHTelHEp 1ist: aNrOPUTMBIl partition M stable partition; BMECTO sort M stable sort
MOXET HCIIOJBb30BATHCA 1list::sort. PUHOpHTMBIpartial_sort WM nth element NPUXOOAUTCA
UMUTHPOBaTh. CyIlIECTBYeT HECKOJbKO BApUAHTOB WX pEaM3aIMU, HEKOTOpPhIE U3 KOTOPHIX OBLIU
MIPEACTABIICHBI BBILLE.

YtoObl naHHBIE TOCTOSHHO HAXOAMJIMCh B OTCOPTUPOBAHHOM COCTOSIHMHM, COXPaHHTE HX B
CTaHJapPTHOM acCOIMaTUBHOM KOHTelHepe. CTOUT TakKe pacCMOTPETh BO3MOKHOCTh MCITOJIb30BaHUS
CTAaHJAPTHOTO KOHTEMHEPA priority queue, JAHHBIE KOTOPOTO TOXKE XPAHATCSA B OTCOPTUPOBAHHOM
BUJI€ (KOHTEWHEp priority queue TPAJAUIMOHHO cuuTaeTcs yacTbto STL, HO, KaKk yIIOMHUHAJIOCh B
MPEIMCIOBUHU, B MOEM OIlpeiesieHnn «koHTeiHep STLy nomxeH nmomjiep:KuBarh UTEPATOPHI, TOIJA KAK
KOHTCfIHep priority queue HX HEC HOI[I[Gp)KI/IBaeT).

«A 9TO MOXHO CKa3aThb O OBICTPOACHCTBHHU?» — CHPOCHUTE BBI. Xopommi Bompoc. B obmem
ciydae BpeMs palOOThl alropuTMa 3aBUCHT OT 0ObEMa BBIMOJHIEMON paboOThl, a alropuTMaM
CTaOMIILHON COPTHPOBKH MPHUXOAUTCS BBITOJIHATH OOJIbIIE PAaOOTHI, YEM aJITOPUTMAaM, UTHOPUPYIOIIM
dakTop cTabuiapHOCTU. B criedymomieM CHHUCKE alroOpuTMBI, OIMCAHHBIE B JaHHOM COBETE,
YIOPSIIOYEHBI 110 BO3PACTAHUIO 3aTPAUYMBAEMBIX PECYPCOB (BPEMEHU U TIAMSITH ):

l. partition;

. stable partition,
.nth element;
. partial sort,

. sort,
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. stable sort.

[Ipu BBIOOpEe anropuTMa COPTHUPOBKH 5 PEKOMEHIYIO PYKOBOJICTBOBarbCsl I1ENbIO, a He
cooOpaxkeHusiMu  ObicTpoaeiicTBusa. Eciu  BbIOpaHHBII — anropuTM  OTPAHUYMBAETCA  CTPOTO
HEOOXOIUMBIMU (DYHKIIUSIMU U HE BBIMOIHACT JUIIHEH paOOThl (HaIpuMep, partition BMECTO MOJHON
COPTUPOBKHM  alTOPUTMOM sort), TO TMporpamMma OygeT HE TOJbKO 4YETKO BbIpaXkarb CBOE
npeaHa3HayeHue, Ho U Haubosee »(hPeKTUBHO peraTh NOCTaBICHHYIO 3aAauy cpeactBamu STL.



Cogert 32. ConpoBoskaanTe BbI30BbI Femove-1moA00HbIX aJITOPUTMOB
BbI30BOM erase

Haunem ¢ kparkoro o0030pa remove, MOCKOJBKY 3TOT aJTOPUTM BBI3BIBACT OOJBIIE BCETO
Henopazymenuit B STL. Tlpexxe Bcero HeoOX0aMMO paccesiTh BCE COMHEHHUSI OTHOCUTEIBHO TOTO, YO
JIEJIAET AITOPUTM remove, @ TAKIKE nOYeM) Y KAK OH ATO JIENaeT.

OOBsABICHNE remove BBITTISIUT CIASTYIOMIM 00pa3oMm:

template<class ForwardIterator, class T>
ForwardIterator remove (ForwardIterator first, ForwardIterator last, const T&
value) ;

Kak u Bce anroputmsbl, remove MOMYYaeT Mapy UTEPATOPOB, ONMPEACITAIOIIMX UHTEPBAI IJIEMEHTOB,
C KOTOPBIMH BBINOJHSETCS omnepauus. KOHTEHHEp NpHU BBI3OBE HE MEPENACTCA, MOTOMY remove HE
3HAET, B KAaKOM KOHTEHMHEpPE HAaXONATCS HCKOMBIE DJIIEMEHTBL. bojee TOro, remove HE MOMKET
CaAMOCTOSITEJIBHO OINPEACIUTh ATOT KOHTEHHEP, MOCKOJBbKY HE CYIIECTBYET cCIoco0a Mepexona OT
UTEPATOPA K KOHTEUHEPY, COOTBETCTBYIOLLIEMY EMY.

[TompoOyem pa3obpaThcs, Kak MPOUCXOMUT yAaJeHHUE SJEMEHTOB M3 KoHTeilHepa. CylecTByeT
TOJBKO OIWH CIOCOO — BBI30B COOTBETCTBYIOIICH (DYHKIIMM KOHTEWHEpa, MOYTH BCETa HEKOTOPOW
Pa3HOBHIHOCTH erase (KOHTCHHEp list COACPKUT Tapy (PYHKIHMN yIaJICHUsS 3JIEMEHTOB, MMEHa
KOTOPBIX HE COAEPHKAT erase). [IOCKOIBKY yaaeHue 3JI€EMEHTa U3 KOHTEHHEPA MOXKET MPOU3BOJUTHCS
TOJIBKO BBI30BOM (DYHKIIMM JAHHOTO KOHTEHHEPA, a aJTOPUTM remove HE MOXKET OMPEACINUTH, C KAKUM
KOHTCHHEpOM OH paboTaer, 3HAYUT, AN2OPUMM remove HE MONCEM YOAlimb dJeMeHmbl U3
KoHmelHepa. ITUM OOBICHSETCS TOT YAWUBUTEIbHBIA (DaKT, UYTO BBI3OB remove HE HM3MEHSCT
KOJIMYECTBA 3JIEMEHTOB B KOHTEUHEDE:

vector<int> v; // Cosmare vector<int> M BaloOJIHUTL €TI0
v.reserve (10) ; // uyucrnamm 1-10 (BH3OB reserve oOnmcaH
for (int i=1; i<=10; ++1i){ // B comere 14)

v.push back(i);
i

cout << v.size():; // BmBommuTca umcigo 10
v[3]=v[5]=v[9]=99; // TpucBouTb 3 »jeMeHTaM 3HaueHue 99
remove (v.begin (), v.end(), 99); // Ymanurb BCe 3JIEMEHTH CO 3HaueHuem 99
cout << v.size(); // Bce paBHO BEHBOAMTCS 10!

YT0oObI MOHATH CMBICI MPOUCXOAIICTO, HEOOXOMUMO 3allOMHUTH CIEAyIONIee: Areopumm remove
«no Hacmoswemyy Huyez2o He yoansem, Nomomy umo He Mmodxcem. Ha BCSKUU ciydail MOBTOPIO:
...nomomy 4mo He modxcem!

AJNTOPUTM remove HE 3HAET, U3 KAKOTO KOHTEHHEpa OH JOJDKEH YAAISThH 3JIEMEHTHI, a 0€3 3TOTO
OH HE MOXET BbI3BaTh QYHKIIHIO «HACTOSINIETO» YAaJICHHUS.

Wrak, tenepp BBl 3HAETE, YEr0 AITOPUTM remove CHENATh HE MOXKET M MO KAKUM HPUYHHAM.
OcTaeTrcs IMOHATH, YTO K€ OH BCE-TAKH JICIACT.

B o0mmx deprax remove MepeMemniaeT 3JEMEHTHI B 3aJJaHHOM WHTEpBaJe O TeX MOp, MOKa BCE
«OCTaBILMECS» AJIEMEHTHl HE OKAXyTCs B Hayaje MHTEpBaja (C COXpPaHEHHEM HX OTHOCUTEIBHOIO
Mopsi/ika). AJTOpPUTM  BO3BpAIllA€T HUTEPATOp, YKA3BIBAIONMK HAa MNO3MIUI 32 MOCJICAHUM
«OCTaBIIMMCS» 3JIEMEHTOM. TakuM oOpa3omM, BO3BpaIlaeMoe 3HaUCHUE MOKHO UHTEPIPETUPOBATH KaK
HOBBIN «JIOTHYECKHUM KOHEI» MHTEPBAJA.

B paccMOTpeHHOM BBIILIE MPUMEPE BEKTOP v IEPEI BBI30BOM remove BBINIAAEH CIEAYIOIMM
obOpazom:



v.begin() v.end()

v

1712|3199/ 0|99171819199

HpGI[HOJ'IO)KI/IM, BO3BpAIACMOC 3HAYCHUC remove COXPAHACTCA B HOBOM HUTCPATOPC C MMCHCM

newEnd:
vector<int>::iterator newEnd (remove (v.begin (), v.end(), 99));
[locne BbI30Ba BEKTOP v MPUHUMAET CIEAYIOIIMNU BUI:

v.begin{) v.end(}

v v

112|13{317:8[9{7217]|7

f

newkEnd

BOHpOCI/ITCJIBHBIMI/I 3HAaKaMHu OTMCUYCHBI 3HAYCHUS DJICMCHTOB, «KOHHGHTyaJ'H)HO» YZ[aJICHHLIX nu3
v, HO HpOI[OJI)KaIOHH/IX 6JIaFOHOJIquO CyHIGCTBOBaTB.

Pa3 «OCTaBIIECA») DICMCECHTBI V HaAXOIATCA MG}KI[y v.begin() W newEnd, 6I>IJ'IO 6I>I JIOTUYHO
HpGI[HOJIO)KI/ITB, qTo «y,Z[aJ'ICHHBIC» DJICMCHTBI 6YIIYT HaXOOUTHCA MG)KI[y newEnd M v.end (). Ho smo ne
max! IIpucyTCcTBUE «YIAJCHHBIX» 3JEMEHTOB B V BOOOILE HE TapaHTUPOBAHO. AJITOPUTM remove HE
NU3MCHJACT HOpSII[OK 3JICMCHTOB B I/IHTepBaJ'Ie Tak, IITO6I>I «y,ZLaJ'ICHHBIC» QJICMCHTBI CFpYHHHpOBaHI/ICB B
KOHII€ — OH nepeMemaeT «OCTaromuecs» 3JICMCHTHBI B HA4YAJIO. XOTH B CTaHz[apTe TaKO€ Tp€60BaHI/I€
OTCYTCTByeT, 3JICMCHTHI 34 HOBBIM JIOTHMYCCKHUM KOHIIOM I/IHTepBaJIa OGBI‘IHO COXpAaHAwom ceou cmapbvle
3HAYCHUAL. BO BCCX NU3BCCTHBIX MHC peanmaunﬂx IIOCJIC BBI3OBA remove BGKTOp v BBITJIAAUT TAK:

v.begin{) v.end{)

1121315178918 9199

f

newknd

Kak BuautTe, nBa 3HaueHHst «99», paHee CYIIECTBOBABIIMX B v, UCUE3JIM, a OJAHO OCTAJIOCh. B
oOIieM ciydae TMociie BbI30Ba remove JIEMEHTHI, yaJeHHBIC U3 WHTEPBaia, MOTYT OCTAaThCs B HEM, a
MOTYT MUCYE3HYTh. MHOTHE MPOrPAMMUCTBI HAXOIAT 3TO CTPAHHBIM, HO ModyemMy? Bbl mpocuTe remove
yOparh HEKOTOPBIE JIEMEHTHI, AJITOPUTM BBITTOTHSACT Bally MPOCKOy. Bbl e He MpOCUIN pa3MecTUTh
yIaJICcHHbIE 3HAUYEHHS B 0COOOM MecCTe ISl TTOCIEAYIONMIETO UCTOJIb30BaHus... Tak B yeM mpobiema?
(Uto6Bl mpenoTBpaTUTh MOTEPIO0 3HAYCHUN, BMECTO remove JIydilleé BOCIOJb30BaThCs aJTOPUTMOM
partition, OMMMCAaHHBIM B coBeTe 31.)

Ha nepBblil B3Is1 TOBEJICHUE r€mMOVE BBIVISIAUT JOBOJBHO CTPAHHO, HO OHO SIBJISIETCS MPSMBIM
CIEeJCTBUEM TMpUHIMIA paboThl anropuTMa. Bo BHYTpEeHHEH pealn3alu remove Iepedupaet
CONIEPKUMOE MHTEpBAJIa U MEPE3ANUCHIBACT «yIAISIEMbIC» 3HAUCHUS «COXpaHsieMbIMU». [lepezanuck
peanu3yeTcs MocpeACTBOM MPUCBAUBAHUSL.

ANTOPUTM remove MOXHO paccMarpuBaTh Kak pPa3HOBUJHOCTb VYIUIOTHEHWS, MpPU OSTOM
yAansieMble 3HAUEHUS UTPAIOT POJIb «IIYCTOT», 3alOJIHAEMBIX B Ipolecce yrioTHeHud. OnuiieM, 4To
MPOUCXOJIUT C BEKTOPOM V M3 HAIIIETO MpUMeEpa.

1. ANTOpPUTM remove aHAIU3UPYET v[0], BUAUT, YTO JAHHBIMN AJIEMEHT HE JIOJDKEH YIANAThCS, U
nepememnaeTcs K vi1]. To xe camoe MPOUCXOAUT € AJIEMEHTAMU v ([1] U v[2].

2. ANTopuTM OIpenemnseT, 4To 3JIEMEHT v [3] TMOAJEKHUT YIaJICHUIO0, 3alIOMUHAET 3TOT (aKT U
MEePEXOUT K v [4]. @AKTUUECKH v [3] pacCMaTPUBAETCS KaK «JIbIpay, MOAJIeKaIlas 3aM0JHEHHUIO.




3. 3HaveHue v[4] HEOOXONMMO COXPaHUTh, MOATOMY AJITOPUTM MPHUCBAUBAET v[4] DJIEMEHTY
v[3], 3allOMHHAET, YTO v([4] MOMJICKHUT IMepe3anmucu, M MepexoauT K v([5]. Ecam mpomosmkuts
aHAJOTHIO C YIUIOTHEHHEM, DJJIEMEHT v([3] «3alOJHSIETCS» 3HAYCHUEM v[4], a Ha MECTe v[4]
o0Opa3yeTcs HOBasl «IbIpay.

4. DneMeHT v [5] UCKII0YAeTCs, TO3TOMY aJrOpPUTM UTHOPHUPYET €ro U MepexoauT K v([6]. [Ipu
3TOM OH MPOAOHKAET MOMHUTD, YTO Ha MECTE v [ 4] OCTAETCS «JIbIPay, KOTOPYIO HY>KHO 3aIIOJHUTb.

5. DneMeHT v[6] COXpaHSETCS, MO3TOMY aJrOpUTM MPUCBAUBACT v[6]  DJIEMEHTY v[4],
BCIIOMUHAET, YTO CIEAYIONIAs «AbIPa» HAXOAUTCS HA MECTE v [5], U IEPEXOAUT K v [7].

6. AHaJIOrMYHBIM O00pPa30M AHAIU3UPYIOTCS AJIAEMEHTHI v (7], v[8] WU v[9]. 3HAUYCHHUE v[7]
NPUCBAMBACTCS D3JIEMEHTY v[5], a 3HAU€HHUE v[8] MPUCBAUBACTCA DJEMEHTY v([6]. DIEMEHT v [9]
UTHOPUPYETCS, TOCKOIBKY HaXOSIIeecsl B HEM 3HAUCHHE TOJICKUT YAAICHHUIO.

7. AITOpPUTM BO3BpalAET UTEPATOP ISl DIEMEHTA, CIACAYIOIIETO 3a MOCIEIHUM «OCTaBIIMMCSY. B
JAHHOM IIpUMeEpEe 3TO PJIEMEHT v [ 7].

[lepemerieHUs 37IEMEHTOB B BEKTOPE v BBITJISASAT CIEIYIONMM 00pa3oMm:

¥\ ¥ N\

1 2|3(|9915(99]7;8|9]98

AR/

Kak oObsicusiercs B coBere 33, (akT mepe3anucu HEKOTOPBIX YIaldseMbIX 3HAUYE€HUM HMEET
BAXHBIE IIOCIEICTBUA B TOM CJydae, €CIM 3TH 3HAYCHMS SBIAIOTCA ykasareisiMmu. Ho B KOHTekcTe
JJAHHOTO COBETA JOCTATOYHO MOHUMATh, YTO remove HE YHAIACT JEMEHTHI U3 KOHTEHUHEPA, IIOCKOJIBbKY
B MPUHIIUIIE HE MOXET 3TOr0 CAeNaTh. DIEMEHThl MOTYT YAAJIATHCS JHIIL (DYHKUIMSIMHU KOHTEHHepa,
OTCIO/Ia CJIEAYET M INIaBHOE MPABUJIO HACTOSIIETO COBETa: YTOObI yAAJUTh 3JIEMEHTHI U3 KOHTEHHepa,
BBI3OBHUTC erase IIOCJIC remove.

DneMeHThI, moAiexkanme PakTHIeCKOMY YIaIeHUI0, ONMPEACIUTh HETPYIHO — 3TO BCE DJIEMEHTHI
MCXOIHOTO HHTEpBAJIa, HAauMHAasi C HOBOIO «JIOTMYECKOIO KOHLA» MHTEpBaja M 3aBeplias €ero
«puznueckuM» KOHIIOM. YTOOBI YHUUYTOXHUTH BCE ITU 3JIEMEHTBI, IOCTATOYHO BBI3BAaTh UHTEPBAJIBHYIO
bopmy erase (CM. coBeT 5) U mepenarb el 3TH aABa ureparopa. [IockoiabKy caMm alropuTM remove

BO3BpalIdaCT UTCPATOP JIA HOBOI'O JIOTHYCCKOI'0O KOHIIA MaCCHBA, 3aJiada pCIacTCA HpHMOJ’IHHCﬁHO:
vector<int> v; //CMm. paHee

v.erase (remove (v.begin(), v.end(), 99), v.end()); // dakTuueckoe ynajieHUe
// DJIeMeHTOB CO 3HadeHueMm 99
cout << v.size(); // Tenepb BHBOIUTCH 7

[lepenadya B mepBOM apryMeHTe MHTEPBaJIbHOU (POPMBI erase BO3BPAILAEMOr0 3HAYEHUS remove
MCIOJIB3YETCS TaK 4YacTO, YTO PACCMarpUBACTCA KAaK CTAHIAAPTHAs KOHCTPYKLHS. Remove U erase
HACTOJIBKO TECHO CBSI3aHbI, YTO OHU ObUTM OOBEAMHEHBI B (PYHKIUIO remove KOHTEHHeEpa list. DTO
eauHcTBeHHass ¢yHkuus STL ¢ uMeHeM remove, KOTOpas MNPOU3BOAUT (PAKTHUUECKOE YyAaJIEHHUE

DJIEMEHTOB U3 KOHTENHEpA:
list<int> 1i; // Co3maThb CIMCOK
. // BanoJIHUTL IaHHEMU
li.remove (99); // YmanuThb BCe 3JIEMEHTE CO 3HadeHumem 99.
// KoMaHOa npomMs3BOIUT bakTuueckoe yHmaJieHue
// 2IeMeHTOB M3 KOHTEMNHepa, NO3TOMYy pasmep 1i
// MOXeT M3MEeHUTLCSH

YectHO TOBOpPS, BHIOOpP HMEHU remove B JAHHOM CIydae BBINISIUT HEMOCEA0BarelibHO. B
acCOIIMaTUBHBIX KOHTEHHEPaxX aHAJIOTMYHAs (PYHKIIUS HAa3bIBACTCS erase, IOITOMY B KOHTEHHEpE list
(GYHKIUIO remove TOXKE CJIEI0BAJIO HAa3BaTh erase. BrpoueM, 3TOro He MPOU30IILI0, TOITOMY OCTAETCS
JUIIb CMHUPUThCA. MHp, B KOTOPOM MbI XKMBEM, HE HJACAJEH, HO JPYroro Bce paBHO Her. Kak



yIIOMUHAeTCsl B coBeTe 44, Uisi KOHTEHHEPOB 1ist BbI3OB (DYHKLUHH remove Oosiee 3P(HEKTUBEH, yeM
INPUMCHCHUEC UIUOMBI erase/remove.

Kak TonbKO BBI MOIMETE, YTO AITOPUTM remove HE MOXKET «IO-HACTOSAILIEMY» YAANIATH OOBEKTHI
U3 KOHTEWHepa, MPUMEHEHUE €ro B COYETAaHUU C erase BOWAeT B mpuBbluky. He 3a0miBaiite, 4TO
remove — HE€ €JIMHCTBEHHBIA AJTOPUTM, K KOTOPOMY OTHOCHUTCS 3TO 3ameyaHue. CylecTBYIOT ABa
Apyrux remOVG-HOI[OGHBIX aJlrTOpUTMaA:. remove if M unique.

CXoncTBO MEXAY remove U remove if HACTOJNBKO MPSAMOJUHEWHO, YTO s HEe Oyly Ha HeM
OCTAHAaBJIMBATHCS, HO AJITOPUTM unique TOXKE IMOXOXK HA remove. OH IpeAHA3HAUCH I yHAJICHUS
CMEXHBIX TOBTOPSIOLUMXCS 3HAYEHUM M3 HMHTEpBasia 0Oe3 JOCTyla K KOHTEHHepy, COIAepKallemy
3JeMEHThl MHTepBasa. (Clea0BaTeNbHO, €CJIU Bbl XOTUTE JCHCTBUTEIBHO YAAIUTH SJIEMEHTHI U3
KOHTEMHEPA, BBI3OB unique JOJDKEH CONPOBOXKIATHCSA IAPHBIM BBI3OBOM erase. B KOHTeWHepe list
TakkKe TMpeaycMOTpeHa  (YHKUHS unique, MPOU3BOASAMAS (aKTUUECKOe YOaleHHUE CMEXHBIX
nyonukaToB. [1o 3¢ dekTHBHOCTH OHA TPEBOCXOUT CBA3KY erase-unique.



Coser 33. byabTe BHUMATEJIbHBI IPH UCII0Jb30BAHUM Femove-
MOAOOHBIX AJITOPUTMOB ¢ KOHTEHEpaMH yKa3aTeJiel

HpGI[HOJIO)KI/IM, Mbl IUMHAMHWYCCKH CO3aaCM Pl 00BEKTOB Widget W COXpaHACM IIOJTYYCHHBIC

YKa3aTcCJii B BCKTOPC:
class Widget {
public:

bool isCertified() const; // dyukuma ceprudbuxkaunm obwvekTOoB Widget

}

vector<Widget*> v; // CosmaTb BEKTOP M BallOJIHUTL €TI0 yKaszaTeJsaMmu
- // Ha OMHaAMUYECKM CO3IaHHbEEe 00BekTH Widget
v.push back(new Widget);

[TopabGoTaB ¢ v B TEUeHHE HEKOTOPOTO BPEMEHHU, BBl peIaeTe n30aBUThCSA OT OOBEKTOB Widget, HE
cepTu(UIUPOBAHHBIX (PYHKIIUEH Widget, MOCKOIBKY OHU BaM He HYXHBI. C ydeToM peKOMEHIAIn,
MPUBEJEHHBIX B coBeTE 43 (110 BO3MOXHOCTHU UCMOJIb30BATh AJITOPUTMbI BMECTO IIUKJIOB), U TOTO, YTO
TOBOPUJIOCH B COBETE 32 O CBSI3U remove WM erase, BO3HUKAET €CTECTBEHHOE >KEJIAHWE MCIOJIb30BaTh
HHHONQ/erase—remove,XOTH]BH&HHONICﬂyqaeIHHHHHByeTCHaﬂFOpHTN[remove_if:

v.erase (remove 1if (v.begin(), v.end(), // Ypanure ykazaTeJu Ha OOBEKTEH
notl (mem fun (&Widget::isCertified))), // Widget, Henpomepnmme
v.end()); // cepruburaumwo.

// VHbopmaumsa o mem fun
// npuBemeHa B coBeTe 41.

BHe3zanHO y Bac BO3HMKaeT OECIIOKOMCTBO IO MOBOAY BbI30BA erase, MOCKOJbKY BaM CMYTHO
IIPUTNIOMHUHAETCS COBET 7/ — YHUUYTOXXECHHUE YyKa3areilsd B KOHTCHHEPE HE MNPUBOAUT K YIAICHUIO
00BEKTa, Ha KOTOPBIA OH cchbulaeTcs. becrokoWCcTBO BIOJHE OMpaBAaHHOE, HO B 3TOM CIIydae OHO
3ano3aay0. BriogHe BO3MOXKHO, 4TO K MOMEHTY BBI30BA erase YT€YKa PECYpPCOB YK€ IPOU3OLLUIA.
Hpemz[e yeM OECIIOKOUTHLCS O BBI30BE erase, CTOUT 06paTI/ITB BHUMaHHC HA remove if.

JomycTtrum, nnepen BBI30BOM remove if BEKTOP v UMEET CICAYIOIIMN BU:

/ Widget A
v.begin{) ————

//_' Widget B| Ofnekt He ceprudmunposat

| Widget C| Obnexr He cepmdmumnposaH
! Widget D

\ Widget E

[Tocne BbI30Ba remove if BEKTOP BBINIAWT MPUMEPHO TakK (C UTEPATOPOM, BO3BPAIIAEMBIM IpPU
BBBOBeremove_ify

vend() ————




Widget A

v.begin() —»- / Widget B
Boappautaemoe \ Wicget
ot \:w
vend() ———» \ Widget E

Ecnu momo6Hoe mpeBpalieHue KakeTcsi HEMOHSATHBIM, 00paTuTech K COBETY 32, rie moapoOHO
OMHUCAaHO, YTO MPOUCXOUT MPH BBI30BE remove (B JAHHOM CJIy4a€ — remove if).

[lpyurHa yTeuKM pecypcoB OUEBHUIHA. «YAaJlCeHHbIE» yKazareiaun Ha o0bekThl B u C Obuin
nepe3anycanbl «OCTaBHIMMUCS» yKazareiasmMu. Ha gBa oObekTa Widget HE CYHIECTBYET HM OIHOTO
yKazarelis, OHM HUKOI/Ia He OyIyT yAaJeHbl, a 3aHMMaeMasi UMY MaMsTh PacXoIyeTcsl BIYCTYIO.

[Tocne BBIMOTHEHUS remove if U erase CUTYalHs BBITJISAUT CIEIYIOIMM 00pa3oM:

vbegin{}—— +——— i Widget A
Widget B

] Widget D
\ Widget C

v.end() ———p Widget E

31ech yreuka pecypcoB CTAHOBUTCS OCOOCHHO OYEBHAHOM, W K HACTOSAIIEMY MOMEHTY Bam
JOJDKHO  OBITh SACHO, IIOUCMY QJIII'OPUTMBI remove MW CI'0 aHAJIOI'HU (remove_if PIunique) HC
PEKOMEH/IYETCSl BBI3bIBATh ISl KOHTEMHEPOB, COAEPKAIMX yKa3areln Ha JUHAMUYECKHU BBIICICHHYIO
naMsaTh. Bo MHOTUX citydasix pa3yMHOW aJIbTEpHATUBOM SBIIETCS aITOPUTM partition (cM. coBeT 31).

Eciu  6e3 remove HUKak He OOONTHUCH, OJHO W3 pEHICHUNA MPOOJIEMBbl 3aKIIOYaeTCS B
OCBOOOKJICHNH YyKazarejed Ha HecepTU(UIIMpOBaHHBIE OOBEKTHI M MPHUCBAUBAHUM MM null TMepen
INPUMEHEHUEM HJIUOMBI erase-remove C IMOCIEAYIOUMM YyIAJ€HUEM W3 KOHTEHWHEpa BCEX null-
yKas3aTeJen:

void delAndNullifyUncertified (Widget*& pWidget) // Ecau obwexT *pWidget
{ // He cepTudMUUPOBAH,
if (!pWidget ()->isCertified()) { //ymanuTb ykaszsaTeJsb
delete pWidget; //m nmpucsouThs emy null
pWidget = 0;
}

for each(v.begin(), v.end(), // Ymanure u OOHYJIMTbL BCe yKas3aTeJlU Ha
delAndNullifyUncertified); // Bce ykas3aTenu Ha OOBEKTH, He Opolemmue
// cepTuduraLU©
v.erase (remove (v.begin (), v.end(), // Ymanurs m3 v ykazaTenau null;
static cast<Widget*>(0)), // 0 npeobpasyercsa B ykKasaTejb, u4uToOm C++
v.end()); // TNpaBUJILHO ONpPEeNeJsisajl TUI TPeTbero
napameTrpa

[IpuBeneHHOE pellleHHe MPeAnoaaraeT, 4YTo BEKTOP HE CONEPKHUT null-yKa3arelel, KOTopble Obl
TpebOBaJIOCh COXpaHUThb. B mpoTHBHOM cilyyae BaM, BEPOATHO, MPHUAETCS HAMUCaThb COOCTBEHHBIM
IUKJI, KOTOPBI OyleT yaaiarh yKas3areiu B Impolecce nepedopa. YoaneHue 3JeMEHTOB U3 KOHTeHHepa
B Ipoliecce mnepedopa CBSI3aHO C HEKOTOPHIMH TOHKOCTSIMHU, MOATOMY IeEpell pealu3alueil 3Toro
pELICHHUS )KENATENBHO IPOUYNUTATH COBET 9.



Ecnu xoHTEWHEp yKa3arejen 3aMeHsETCS KOHTEUHEPOM YMHbIX yKA3aTeJen C IOACYETOM CCBUIOK,
TO BCC TPYAHOCTHU, CBA3AHHBIC C remove, HCUC3AIOT, 4 HANOMA erase-remove MOKCT UCIIOJIB30BATLCA

HCIIOCPCACTBCHHO!

template<typename T>

class RCSP{..}; // RCSP = "Reference Counting Smart Pointer"

typedef RCSP<Widget> RCSPW; // RCSPW = "RCSP to Widget"

vector<RCSPW> v; // Co3maTb BEKTOP M 3allOJIHUTL €TI0

. // YMHBIMM yKa3aTeJIMM Ha IMHAMUUECKU

v.push back (RCSPW(new Widget)); // cos3pmaHHbee oObekTH Widget

v.erase (remove if (v.begin(), v.end(), // YoanuTb ykasaTeJyiM Ha OOBBEeKTH
notl (mem fun (&Widget::isCertified))), // Widget, He npomenmme
v.end()); // cepruburaumo.

// YTeuka pecypcoB OTCyTCTByeT!

Y1o6sl 3TOT ¢parMeHT paboTan, TUN YMHOTO yKa3arens (Hampumep, RCSP<Widget>) AOJDKEH
peoOpa3oBbIBATHCS B COOTBETCTBYIOIMI TUI BCTPOCHHOTO yKazarens (Hampumep Widget*). [lemo B
TOM, 4YTO KOHTEHHEp COACPXKHUT YMHBIE yKa3aTelu, HO BbI3biBaeMas (QYHKIUsA (HaAIpUMep
Widget::isCertifed) paboTaeT TOJBKO CO BCTPOCHHBIMH yKazaredasiMu. Ecinum aBTOMaruueckoe
npeoOpa3zoBaHNE HEBO3MOKHO, KOMITHIISITOP BBIAACT COOOIIEHHE 00 ommoKe.

Eciu B BameM nporpaMMHOM HWHCTPYMEHTapUM OTCYTCTBYET INAOJIOH YMHOTO YKaszaTens C
MOJICYETOM CCBUIOK, MONPOoOyiiTe MAa0I0OH shared ptr U3 OUOIMOTEKU Boost. HauanbHble CBelEHUS O
Boost IpHUBeAeHBI B coBeTe S0.

HezaBucumo oT TOro, kakas MeToAuka OymeT BbiOpaHa sl pabOThl C KOHTEHHepaMu
TMHAMHMYECKHU CO3JaHHBIX YKa3arelied — yMHBIC YKa3aTelld C MOICYETOM CChUIOK, py4HOE yAaJleHUe U
OOHYJIEHHE yKa3aTellel Mepel BBI30BOM remove-TOAOOHBIX aIrOPUTMOB WIIM APYro CrmocoO Ballero
COOCTBEHHOTO HM300peTeHHs] — TJIaBHAas TeMa JJaHHOTO COBETa OCTAeTCAd aKTyaJlbHOM: Oynbre
BHUMATEIbHBI TpPHU HCIOJb30BAHUU remove-TIOAOOHBIX AJITOPUTMOB C KOHTEHHEpaMu yKazaTesei.
3a0bIBast 00 3TOM peKOMEHAAINH, Bbl CBOMMU PYKaMU CO3JaeTe MPEANOChUTKH IJIsl yTEUKU PECYPCOB.



Cosert 34. [loMHMTE 0 TOM. KaKKe AJITOPUTMbI MOJTYYAKOT
COPTHPOBAHHbIE MHTEPBAJIbI

He Bce anroputmbl paboTarOT ¢ MpPOM3BOJIBHBIMU HMHTEpBasiamu. Hampumep, s anroputma
remove (CM. coBeThI 32 u 33) HEOOXOAUMBI IPSIMbIE UTEPATOPBI M BO3MOXKHOCTh MPUCBAUBAHUS Yepes
3TH wuTeparopbl. Takum o00pa3oMm, anropuT™M HE MNPUMEHUM K HHTEpBajaM, OIpeaesieMbIM
UTEpaTOpaMu BBOJA, a TakKKe K KOHTEMHEpaM map/multimap M HEKOTOPBIM pealu3alusIM
set/multiset (CM. coBeT 22). AHAJIOrMYHO, MHOTHE aJTOPUTMBI COPTUPOBKHU (CM. coBeT 31) TpelyroT
UTEPATOPOB MPOU3BOJIBHOIO JOCTYIA U OTOMY HE MOT'YT IPUMEHSTHCS K 3JIEMEHTAM CIIMCKA.

[Tpu HapymieHUU 3TUX MPABUII KOMIWISATOP BBAAET JJIMHHBIC, HEBPA3yMUTENIbHbBIE COOOIIEHUS 00
ommOkax (cMm. coBeT 49). Bmpouem, cymectByloT u Apyrue, Oojee cioxkHble yciaoBus. CaMmbM
pacupoCTpaHEHHBIM CpPEeId HUX SBISETCA TO, YTO HEKOTOPbIE AalrOPUTMBI pPabOTAIOT TOJBKO C
UHTEpBAJaMU OMCOpmMuUpo8anHelx 3HaueHui. JlanHoe TpeOoBaHME [IOJDKHO HEYKOCHUTEIIBHO
cOOIIOIaThCsl, MMOCKOJIbKY HAapYyIIEHHE MPUBOIUT HE TOJBKO K BbIJau€ JUArHOCTUYECKHUX COOOIICHUM
KOMIUJIATOPA, HO M K HEMPEACKA3yeMOMY ITOBEJICHHUIO TPOTPaMMBbl Ha CTAIUN BBIIIOJIHEHHUS.

HekoTopsle anropuTMbl padOTarOT KaK C COPTUPOBAHHBIMU, TaK W C HECOPTHPOBAHHBIMU
WHTEpBajJaMU, HO MaKCUMAJIbHYIO TI0JIb3y IPUHOCST JIUIIb B MEpBOM ciydae. UToObl MOHATH, TOUEMY
COPTUPOBAHHBIE HMHTEPBAJbl IMOAXOAAT JIydlle, HEOOXOAMMO MOHUMATh MPUHIUIBI PabOTBI 3THX
aJITOPUTMOB.

S 3Har, 4TO Cpelu 4YMTaTeliel BCTPEYAIOTCS MPUBEPKEHIBI «CUJIOBOTO 3amoOMUHaHUs». Huxke

MEePEUHCIICHBI AITOPUTMBI, TpeOyIolHe 0053aTeIbHON COPTUPOBKH TAHHBIX:
binary search lower bound

upper bound equal range

set union set intersection

set difference set symmetric difference
merge inplace merge

includes

Kpome Toro, crnenyronme anropuTMbl OOBIYHO HCIOJIB3YIOTCS ¢ COPTUPOBAHHBIMHU HHTEPBAIAMU,
XOTSI COPTUPOBKA U HE SBJSETCS 0043aTEIbHBIM TPEOOBAHUEM::

unique unique copy

Bckope OyneT nmoka3aHo, 4TO B ONPEEICHUN «COPTUPOBAHHBIN MHTEPBA» KPOETCS OAHO BaKHOE
OTrpaHUYEeHHUE, HO CHAaYyaJa MO3BOJIBTE MHE HEMHOTO MPOSICHUTD CUTYAIUIO C 3TUMU airopurmamu. Bam
OyZeT mpolle 3alOMHUTh, KaKue alropuTMbl paboTalOT ¢ COPTUPOBAHHBIMU MHTEpBAJIaMH, €CIH Bbl
NOMMeETE, AJI YEro HY»>KHA COPTUPOBKA.

AUHOpHTMBIHOHCKabinary_search,lower_bound,upper_boundIquual_range(CM.COB€F45)
TpeOyIOT COPTUPOBAHHBIC UHTEPBAJIBI, IOTOMY YTO MX paboTa MOCTPOEHA HAa OMHAPHOM MOMCKE. DTH
NrOpPUTMBI, KaK U (PYHKIUSA bsearch u3 Oubmuoreku C, obecreunBaroT jorapupmMuueckoe BpeMs
MOMCKAa, HO B3aMEH BbI JJOJKHBI IPEJOCTABUTH UM 3apaHee OTCOPTUPOBAHHbIC 3HAUCHUS.

Boobme rtoBOpsi, mnorapudmuueckoe BpeMs TouMcka obecmeunBaercs He Bcerma. OHO
rapaHTUPOBAHO JIMIIb B TOM CJy4ae, €CJIM aJfOPUTMaM MEpPelaloTCsl HUTEPaTopbl MPOU3BOIHHOTO
noctyna. Eciam anropuTM mnojydyaer MeHEe MOIIHBIE HTeparopbl (Hampumep, IBYCTOPOHHHE), OH
BBIMOJHSET JIOTapU(MHUUYECKOE YHCIO CPaBHEHUU, HO palboTaeT ¢ JUHEWHOW CIOXHOCTBIO. ITO
OOBsICHSIETCA TEM, uYTO 0e3 MONACPKKH «UTEPATOPHOM MareMaTUKu» alrOpUTMy HEO0OXOIMMO
JUHEWHOE BpeMs I MepEeMEILCHHS MEX Ay MO3UIUIMHI HHTEpBaia, B KOTOPOM MPOU3BOIUTCS MOUCK.

YerBepka aJITOPUTMOB set unon, set inesection, set diffeence u
set_symmetric difference IMpeJHAa3HAY€Ha JUIsl BBIIOJIHEHHS CO MHOXECTBAMHU OIEpaluil ¢
JUHEWHBIM BpeMeHeM. [loyemy 3TuM anropuTMaM HYXXKHBI COpTUpPOBaHHbIE HHTEpBaibl? [loTomMy uTO B



MPOTUBHOM CIIyda€ OHHM HE€ CHOpPaBITCSI CO CBOEM 3aJadeld 3a JuHeWHoe BpeMs. HauwmHaer
MPOCIEKUBATBCS HEKas 3aKOHOMEPHOCTh — aJTOPUTMbI TpeOyloT mepeAayd COPTHPOBAHHBIX
MHTEPBAJIOB ISl TOTO, 4TOOBI OOECMEUYuTh Jydllee OBICTPOACIICTBHME, HEBO3MOXKHOE MHpH pabore ¢
HECOPTUPOBAHHBIMM HWHTEpBajlaMu. B [manpHeWmeM Mbl JIWIIb HAWJIEM IOATBEPKACHHUE DTOU
3aKOHOMEPHOCTH.

AUHOpHTMBImergeIlinplace_merge]MHHOHHHKHTQHHOHpOXQHHOGCHHHHHG()COpTHpOBKOﬁZOHH
YUTAIOT JIBA COPTUPOBAHHBIX MHTEPBAJa U CTPOSIT HOBBIM COPTUPOBAHHBII NHTEPBAJ, COAEPKAIIMN BCE
3JE€MEHThl 000MX HCXOIHBIX MHTEPBAJOB. DTHU aJITOPUTMBI pabOTAIOT C JTUHEHHBIM BPEMEHEM, YTO
ObUTO OB HEBO3MOXKHO 0€3 MpeIBaPUTEIHHON COPTUPOBKHU UCXOAHBIX HHTEPBAJIOB.

[lepeueHbp anropuTmMoB, pabOTAIOUMX C COPTUPOBAHHBIMH HWHTEpPBAJIAMH, 3aBEpIIACT aJITOPUTM
includes. OH mpoBepseT, BXOAT JIM BCE OOBEKTHI OHOIO MHTEpBaia B Ipyroi uHTepBal. [lockonbKy
includes PacCYMTHIBAET Ha COPTUPOBKY 0OOMX MHTEPBAJIOB, OH OOecreunBaeT JUHEHHOe Bpems. bes
3TOTO OH B 001IeM citydae paboTaeT MeJICHHEE.

B ornnuuue oT mepeyuciIeHHBIX aJrOPUTMOB, unique M unique copy CIIOCOOHBI padboOTaTh U C
HECOPTUPOBAaHHBIMU MHTepBasaMu. Ho naBaliTe B3ITHEM Ha OMMCaHME unique B CTaHgapTe (KypcHUB
MOH): «...YaaJIsIeT U3 KaXJI0i cMedcHou TPYNIIbl paBHBIX 3JIEMEHTOB BCE DJIEMEHTHI, KPOME IIEPBOTO».

WHaue roBopsi, €CM Bbl XOTUTE, YTOOBI aJITOPUTM unique YJAJIHJ U3 UHTEpBaja BCe AyOJIMKAThI
(TO ecTh obecneunsl «KYyHUKAJIbHOCTb» 3HAYCHUI B MHTEpBAJE), CHauYaja HeoOXOquMO M03a00TUTHCS O
IpYNIHUPOBKE Bcex AyOnukaroB. Kak HETpygHO norajnarbcsi, MMEHHO 3Ta 3aJada M pelaercs B
npoliiecce COpTUPOBKU. Ha mpakTuke aaroput™ unigue OOBIYHO MPUMEHSIETCS AJI MCKIIIOUEHUS BCEX
OyONMKaroB W3 HWHTEpBajia, I[OATOMY WHTEpBaJ, I[epelaBacMblii MpPH BbI3OBE unique (WU
unique copy), JOJKEH ObITh oTcoptupoBaH. IIporpammuctel Unix mMoryr oOparuTh BHHUMaHUE Ha
MOpa3UTEIbHOE CXOACTBO MEXIy anropuT™MoM STL unique m komangoit Unix unig — Mmomo3penaro,
YTO COBIIAJICHUE OTHIO/b HE CIIy4aliHOE.

CrnenyeT mOMHUTB, YTO unique MCKIIOYAET 3JIEMEHTHI U3 MHTEPBAia 110 TOMY K€ NPUHLHITY, YTO
U remove, TO €CTh OTPAHUYMBACTCS <JIOTUYECKUM) yAaJeHUuEeM. ECiau Bbl HE COBCEM YBEPEHBI B TOM,
YTO O3HAYaeT 3TOT TEPMUH, HEMEUIEHHO oOparutech Kk coBetaM 32 u 33. TpyaHo BbeIpa3uth, CKOJIb
BaXXHO JIOCKOHAJIbHOE IMOHUMaHWE MPUHIHUIOB PabOTHl remove U remove-MOIOOHBIX AJITOPUTMOB.
OOumx mpeAcTaBICHUN O MPOUCXOMAIEM HeaoctaroyHo. Ecnu Bbl He 3naeme, Kak pabOTaOT 3TH
aJITOPUTMBI, Y Bac OyIyT HEMPUATHOCTH.

JlaBaliTe OCMOTPUM, YTO K€ O3HAYAECT CaMO MOHATHE «COPTUPOBAHHBIN MHTEpPBAID. [I0CKOIBKY
STL mno3BoisieT 3adaTh (PYHKIMIO CPAaBHEHHUS, HCIOIB3YEMYIO B IMPOILIECCE COPTHPOBKH, pPa3HbIC
UHTEPBAJIBI MOTYT COPTHUPOBArbCsi IO pa3HbIM KpuTepusMm. Hampumep, HHTEpBAI int MOYXKHO
OTCOPTUPOBATh KaK CTaHAAPTHBIM 00pa3oM (TO €CTh MO BO3pPACTAaHMIO), TAK M C HCIOJb30BAaHUEM
greater<int>, TO €CThb MO yObIBaHUIO. MIHTepBam OOBEKTOB Widget MOXKET COPTHUPOBATHCS KaK IO
1eHe, Tak ¥ no jgare. [Ipm TakoM M300MIAMHM CIIOCOOOB COPTUPOBKH OUEHb BaKHO, YTOOBI JaHHBIC
COPTUPOBKHU, HaxoasdlMecs B pacnopsbkeHun koHteiHepa STL, Obuta normdecku cornnacoBanbl. [Ipu
nepeaade COPTUPOBAHHOTO HMHTEpBajia alrOPUTMY, KOTOPBIM TakKe MoxydaeT (PyHKIHIO CpaBHEHUS,
npocieuTe 3a TeM, 4TOObl mepenaHHas (YHKIUS CpaBHEHUS Besla ceOs Tak ke, Kak (yHKIUA,
MPUMEHSBILIASICSA IPU COPTUPOBKE UHTEPBAIA.

PaccmoTpuM npumep HENpPaBUIBHOTO MOAXO/IA!

vector<int> v; // CoszmaTb BEKTOpP, 3BalOJHUTH
. // DaHHHMMU, OTCOPTUPOBATH
sort (v.begin(), v.end(), greater<int>()); // no ybGuBaHUD.

// Omnepaumum C BEKTOPOM

// (He m3MeHdgomMVe COOEePXMUMOTO) .
bool abExists = // Tomck umciya 5 B BeKTOpe.
binary search(v.begin(), v.end(), 5); // IlpenmosaraeTrcs, YTO BEKTOP



// OTCOpPTUPOBAH IO BO3PACTAHMUO!

[Io ymMOn4aHuIO binary search NPEANOJAraeT, YTO UHTEPBAI, B KOTOPOM MPOU3BOIUTCS MOUCK,
OTCOPTUPOBAH ONEPATOPOM < (TO €CTh IO BO3PACTAHMIO), HO B MPHUBEAECHHOM IIPUMEPE BEKTOP
COPTHUPYETCA 110 y6I>IBaHI/IIO. Kaxk HETPYAHO O0rajaarbCs, BbI3OB binary search (I/IJII/I lower bound H
T. J.) JUIsl WHTEpBajia, MNOPSAJOK COPTUPOBKM KOTOPOTO OTJIWYEH OT OXKUJIAEMOro, IMPUBOAHUT K
HETPEICKAa3yeMbIM IOCIIEICTBUSIM.

YroO6sl mporpamma paboTaia npaBuibHO, AITOPUTM binary search JIOJDKEH MCIOJIb30BATh TY K€
(GYHKIUIO CpaBHEHUS, KOTOPas UCIOIb30Bajach MIPH BBI3OBE sort:

bool abExists = binary search(v.begin(), v.end(), 5, greater<int>());

Bce anroputmbl, paboTaroime TOIbKO ¢ COPTUPOBAHHBIMU UHTEpBajaMu (TO €CTh BCE aITOPUTMBI,
YIIOMUHABIIMECS B JAaHHOM COBETE, KPOME unique M unique copy), NPOBEPSAIOT COBIAJACHUE IO
KPUTEPUIO DKBUBAJICHTHOCTH, KaK M CTAHAAPTHBIE aCCOLUMATHBHBIE KOHTECUHEPHI (KOTOPBIE TaKXKeE
coptupyrotcs). C qpyroid CTOPOHBIL, unique U unique copy MO YMOJYAHUIO TPOBEPSAIOT COBMAJICHUE 10
KPUTEPUIO PABEHCTBA, XOTS MPHU BBI3OBE ITUM QJITOPUTMAM MOXKET IE€PEaBaTbCs MPEIUKaT,
OTIPENIEISIONMN aJIbTEPHATUBHBIA CMBICT «COBHAACHUS». 3a MOAPOOHOM MHOpMaLKel 0 pa3Iuyusix
MEX/ly paBeHCTBOM M 3KBUBAJICHTHOCTHIO oOpalnaiitech k copery 19.

OnvHHAALATH AJITOPUTMOB TPeOYIOT Mepelayd COPTHUPOBAHHBIX MHTEPBAJIOB JUIS TOTO, YTOOBI
o0ecreYnTh TOBBIIICHHYIO 3(P(EKTUBHOCTh, HEBO3MOXHYIO 0€3 COONIONeHus 3TOTO TpeOoBaHMS.
[lepenaBaiiTe UM TOJBKO COPTUPOBAHHBIE WHTEPBAJbl, TOMHUTE O COOTBETCTBUM JBYX (PYHKIIUH
CpaBHEHUs (IepeaBaeMoOi alTOPUTMY U UCIIOIb3yeMOU MPU COPTUPOBKE) U BBl U30aBUTECH OT XJIOMOT
IIPU MIPOBEJAEHUH MTOUCKA, CIIMSHUS U ONEPALIMN C MHOKECTBAMHU, @ aITOPUTMBI unique M unique copy
OyIyT yoalsiTh gce TyOJIUKAThl — YE€ro Bbl, BEPOSITHO, U JOOUBAJIHCH.



Cogser 35. PeasimzyiiTe NpocTbie CPABHEHUS CTPOK 0e3 yuera
pPerucTpa CMMBOJIOB C MCII0JIb30BaHMeM mismatch nian
lexicographical compare

OnuH U3 BOIIPOCOB, YacTo 3a1aBaeMbiXx HOBUUYKaMu B STL — «Kak B STL cpaBHUBAIOTCS CTPOKHU
0e3 yuerta peructpa cuMBojoB?» IIpoctora 3TOro Bompoca oomanuuBa. CpaBHEHUsI CTPOK Oe3 yueTa
perucTpa CUMBOJIOB MOTYT OBITh OY€Hb HMPOCTHIMU WU OYEHBH CIOXKHBIMU B 3aBUCUMOCTH OT TOTO,
HAaCKOJIBKO  OOHMM  JODKHO  ObITh  Bamie  pemieHue. Ecam  urHopupoBarb — MpoOIeMbI
MHTEpPHALMOHAIN3AUA U OTPAHUYMUTHLCS CTPOKAMHU, Ha KOTOPbIE ObUTa paccunTaHa (PYHKIUA strcmp,
3asada npocta. Eciu perieHre 10JKHO paboTarh CO CTPOKAMH B SI3bIKAX, HE TOAIEPKUBAEMBIX strcmp
(TO ecTh MPAKTUYECKH B JIOOOM S3BIKE, KPOME aHIIMKHCKOI0), WK MPOrpaMma JOJKHA UCIOJIb30BaTh
HECTAaHJAPTHBIN JOKAJIBHBIM KOHTEKCT, 3a/1a4a YPE3BbIYANHO CII0XKHA.

B »TOM coBeTe paccmarpuBaeTcs MPOCTON BapHaHT, MOCKOJIBKY OH JOCTarO4HO HaIIsIHO
neMmoHcTpupyeT posb STL B pemennn 3amaun (6ojiee CIOKHBIA BapuaHT CBsi3aH HE CTOIbKO ¢ STL,
CKOJIBKO C MpOOJieMaMu JIOKaJIbHOTO KOHTEKCTa, YIOMUHAEMbIMU B MpuioxkeHuu A). UToOwl mpocTas
3aJ]a4ya CTaja MHTEPECHEE, Mbl pPAcCMOTPUM JBa BO3MOXHBIX peunieHus. IIporpammucTsl,
pa3pabarbiBaronme nHTep(decel cpaBHEHUS CTPOK 0€3 yueTa perucTpa, 4acTo ONpeeisioT JIBa pa3HbIX
uHTepdeiica: MEpBbIA MO aHAJOTUU C strcmp BO3BpAIAET OTPHUIATENIBHOE YHUCIO, HOJb WU
MOJIOKUTENBHOE YHMCIIO, & BTOPOMl IO aHAJOTUM C ONEPATOPOM < BO3BPAIACT true MIM false. MbI
paccMOTpHUM CIOCcOObI peanu3anuu 00oux HHTEepercoB BbI30Ba ¢ MpUMEHEeHnEeM anroputMoB STL.

Ho chHavana HeoOXomMMoO ONpeAeNuTh CocoO CpaBHEHMS JBYX CMMBOJIOB 0€3 ydyeTa perucrpa.
Ecnu npuHSTH BO BHHUMaHUE acleKThl MHTEPHAIIMOHAIN3ALMM, 33/a4a He U3 mpocThix. Crenyromas
(GbyHKIMS CpaBHEHUS HECKOJIBKO YIPOIIEHA, HO B JAHHOM COBETE MpOOJIeMbl HHTEPHAIIMOHATU3ALINH

UTHOPUPYIOTCS, U 3Ta (PYHKIIHS BIOJIHE MOJONUIET:
int ciCharCompare (char cl, char c2) // CpaBHeHMEe CUMBOJIOB 6es3 yuera {
{ // perucTtpa. OyHKLUMS BO3BpamaeTr -1,

// eciu cl < ¢c2, 0, eciu cl = ¢c2, u 1,
// ecmm cl > c2.

int lcl = tolower(static cast<unsigned char>(cl)); // Cm. Janee

int lc2 = tolower(static cast<unsigned char>(c2));

if (lcl < 1lc2) return -1;

if (lcl > 1lc2) return 1;

return 0;

b7

CDYHKHI/IH ciCharCompare IIO HNPHMEPY strcmp BO3BpAMIACT OTPHLATCIBHOC YHUCIIO, HOJIb HIIHA
MOJIOKUTEIBHOE YUCIIO B 3aBUCUMOCTH OT OTHOIICHUS MEXIY c1 U c2. B oTnmume oT stremp, GyHKIIAsS
ciCharCompare ME€pe] CpaBHEHHEM MpeoldpaszyeT 006a mapaMeTpa K HIKHEMY perucTpy. IMeHHo Tak u
JIOCTUTAETCA UTHOPUPOBAHUE PETUCTPA CUMBOJIOB IIPU CPABHECHUH.

[TapameTtp u Bo3BpamaeMoe 3HadeHne QYHKINU tolower, KAK M Y MHOTUX (YHKIIHH <cctype.h>,
OTHOCATCSL K THUITY int, HO 3TH 4yKcia (KpOME EOF) JOJKHBI MPEACTABISATHCA B BUJE unsigned char.
B C u CH++ Tull char MOXeET OBITh KaK 3HAKOBbIM, TaKk W O€33HAKOBHIM (B 3aBUCUMOCTH OT
peanu3zanuu). Eciiu TUI char SIBISETCS 3HAKOBBIM, FapaHTUPOBATh €r0 BO3MOXHOE MPEJCTABICHHUE B
BUJIC unsigned char MOXHO JHIIb OJHUM cHOCOOOM: mpeoOpa3oBaHWEM THIIA TEpPel BHI30BOM
tolower, OTUM W OOBSICHSCTCS MPHUCYTCTBHE MPeoOpa3oBaHUI B MPHUBEICHHOM BbIIe (pparmeHTe (B
peanu3anusx ¢ O€33HAKOBBIM THIIOM char TpeoOpa3oBaHue wurHopupyercs). Kpome Ttoro, 3To
OOBSCHSIET COXpaHEHHE BO3BPAIAEMOT0 3HAUYCHUS tolower B IEPEMEHHON THUIA int BMECTO char.

[Ipy HaMM4MM chCharCompare MepBas U3 AByX (DYHKLMI CpaBHEHUs CTPOK (C wmHTepdencoM B
CTPUIGstrcmp) MMHUIICTCA HpOCTO.fBTa (byHKHHH,ciStringCompare, BO3BpallIACT OTPULATCIBHOC



YUCJI0, HOJb WKW IIOJIOKHUTCIBHOC 4YHCIIO B 3aBUCHMMOCTH OT OTHOHICHHA MCXKAY CpPaBHUBACMbIMH
CTpOKaMH.(DyHKHHH OCHOBaHa Ha aJITOPUTME mismatch, ONPCACIAOMCM IICPBYIO MO3HIHUIO B IBYX
HHTCpBaJIax, B KOTOpOfI 3JIEMCHTHI HE COBITIaJalOT.

Ho nis BbI30Ba mismatch JOJKHBI BBITOJHITHCS HCKOTOPEBIC YCIIOBHUA. B gactHoCTH, HEOOXOIMMO
IIPOCICAUTE 3a TEM, yTOOBI OOJIee KOpOTKasa CTpOKa Oscnyqae CTPOK pa3HOﬁ ﬂHHHLD nepeaaBaiacb B
IICPBOM HHTCpBaHC.:BCﬂi HaCTOAIIaA pa60Ta BBITTIOJIHACTCA (bYHKHHGﬁiciStringCompareImpl, a
(bYHKHIUIciStringCompare JUIIb ITPOBEPACT NPaBUJIBHOCTH IOPAAKA apryMEHTOB M MCHACT 3HAK

BO3BpaliaCMoOro 3Ha4CHUs, CCJIN apryMCHTLI IIPUIUIOCH IICPCCTABIIATD!:
int ciStringComparelImpl (const stringé& si, // Peanuszauua npuBeleHa Jajiee
const stringé& s2);
int ciStringCompare (const string& sl, const string& s2) {
if (sl.size()<=s2.size () return cStringComparelImpl (sl, s2);
else return -ciStringComparelmpl (s2, sl);
}
BHyTpI/I ciStringCompareImpl BCH TAXKCIYIO pa60Ty BBITIIOJTHACT aAJTOPUTM mismatch. On

BO3BpalmaCT IIapy MUTCPATOPOB, 0603Haqa}onmx IMO3NIMUKU IICPBBIX OTJIMYAOIUMXCA CHMBOJIOB B

WHTEpBAIaX:
int ciStringCompareImpl (const string& si, const string& s2) {
typedef pair<string::const iterator, // PSCI = "pair of
string::const iterator> PSCI; // string::const iterator"
PSCI p = mismatch ( // WcnoneszoBaHue ptr fun
sl.begin(), sl, end(), // paccmaTpuBaeTcd
s2.begin (), // B coeere 41
not2 (ptr fun(ciCharCompare)));
if (p.first==sl.end()) { // Ecamu ycJjoBMEe MCTUHHO,
if (p.second==s2.end()) return 0; // nubo sl um sS2 paBHH.

else return -1; // nmubo sl xopoue s2
}
return ciCharCompare (*p.first, *p.second); // OTHomeHMe MexOy CTPOKaMU
} // COOTBETCTBYEeT OTHOIEHUI
// Mexnoy OTJINYaRIUMUCH
// CcuMBOJaMu

Haneroch, KOMMEHTapuu JOCTAaTOYHO YETKO OOBSCHSIIOT MPOUCXOAIIEEe. 3HAsI TIEPBYIO MO3HIIUIO,
B KOTOPOU CTPOKHM PA3JIMYAIOTCS, MOYKHO JIETKO ONPENECINUTh, KaKas U3 CTPOK MPEIIIECTBYET IPYrou
(umu ke ompedenauTb, YTO ATH CTPOKU paBHbl), B mnpenukare, nepegaHHOM mismatch, MOMXET
HOK&B&HK”ICTpaHHOﬁ JINIIIb KOHCprKHHﬂinot2(ptr_fun(ciCharCompare)).IIpGHHKaTIKBBpaHmeT
true JUISI COBMAQJAIONMX CHMBOJIOB, TOCKOJBKY alITOPUTM mismatch MpeKpamaer padoTy, Koraa
MpEeAUKAT BO3BPAIACT false. JlA 3TOM LENM HENB3S MCIOJB30BaTh ciCharCompare, MOCKOJBKY
Bo3Bpau@aercsa -1, 0 nim 1, npuyeM Mo aHaJNOTUM C strcmp HYIEBOE 3HAYEHUE 8038paujaemcst O.isl
coenadaknqux cumsonos. Ecim nepeaarb ciCharCompare B Ka4€CTBEC HpeﬂHKaTa,Hﬂﬂlnismatch,(}++
Hpeo6pa3yeT BO3Bpamia€MoO€ 3HA4YCHHUC ciCharCompare K THIIY bool, 4@ B 3TOM THUIIC HYIIO
COOTBETCTBYET snauenne false — pe3yasrar mpsMO MPOTHBOIMOJOXKEH TOMY, YTO TpeOOoBaioCh!
AHaJIOTMYHO, KOTJA ciCharCompare BO3Bpam@er | wim -1, pe3yiasrar OyaeT WHTEpPIPETUPOBAH Kak
true, TMOCKOJbKY B sa3bike C Bce Ielible 4YHMCla, OTJIWYHBICE OT HYIA, CUHUTAIOTCA HMCTUHHBIMHU
JIOTUYECKUMU BeIUYMHAMU. UTOOBI UCTIPABUTh 3Ty CEMAaHTUUYECKYIO «CMEHY 3HaKa», Mbl CTABUM not2
M ptr fun IE€PEA ciCharCompare U JIoOMBaeMcs JKeJIaeMoro pe3yabTara.

Bropoii BapuaHT peanu3alMu ciStringCompare OCHOBAaH Ha TpaJAuIMOHHOM mpenukare STL;
Takasgs (QYHKIHS MOXKET WCIOJb30BaThCA B KadecTBE (PYHKIIUM CPaBHEHHUS B acCOI[MATHBHBIX
KOHTeWHepax. Peanuzanus mpocta U IpeAeabHO HAIISAHA, TTOCKOJIBKY JOCTATOYHO MOAU(MUITUPOBATH
ciCharCompare JJISl MOJydeHHUS (PYHKIIUM CPaBHEHUS CHUMBOJIOB C MpPEAUKATHBIM HHTEpdeicoM, a
3aT€M IIOPYYHUTH BCIO pa60Ty IO CpPaBHCHHUIO CTPOK aJIOPUTMY lexicographical compare,



3aHuMMarouemy Bropoe mecto B STL o juiHe nMeHu:
bool ciCharlLess (char cl, char c2) // BepHYyTb NOpMU3HaAK TOTO,
{ // npemmecTtByeT Jnu cl
// cumBoOJy c2 6e3 yuerTa

return // perucTtpa. B coBeTe 46
tolower (static cast<unsigned char>(cl))< // oOmacHAeTcda, No4YeMy
tolower (static cast<unsigned char>(c2)); // BMeCTO QYyHKUMM MOXET

} // okaszaTbCHa NPEennoUYTUTEJIbHEM
// 0oBBeKT GyHKLUM

bool ciStringCompare (const stringé& sl, const stringé& s2) {

return lexicographical compare (sl.begin(), sl.end(), // Onmucanme
s2.begin (), s2.end(), // anropurma
ciCharLess) ; // mnpuBemeHo najee

}
Her, s wHe Oymy ngonro xpaHuth cekper. Camoe [IMHHOE UM Yy ajropurMma

set symmetric difference.

Ecau BbI 3HAC€TC, Kak paGOTaGTlexicographical_compare, HpHBGHCHHBﬁi BBIIIIC @parMeHT
NOHSATEH 0e3 00BACHEHHUH, a €Clii He 3HAeTe — 3TO JIETKO MOMPABUMO.

AHFOpI/ITM lexicographical compare ABJISICTCA 00001ICHHOM Bepcneﬁ strcmp. CDyHKHI/IH
strcmp pabOTaeT TOJIBKO C CHMBOJIBHBIMM MAacCCHUBaMHU, & lexicographical compare pabOTaeT c
WHTEpBaJIaMU 3Ha4eHUU Jr00oro tuma. KpoMme Toro, €cim strcmp BCErJla CPAaBHUBAET JBa CHMBOJA U
OTpeNesaeT OTHOICHNE MEXIy HUMHU (PaBEHCTBO, MEHBIIE, OOJIbINE), TO lexicographical compare
MOKET IOJIy4aTh MPOU3BOJBHBIA MPEAUKAT, KOTOPBIM ONPEIECIISIET, YIOBIETBOPAOT JIA JBA 3HAYECHUS
MIOJIB30BATEIILCKOMY KPUTEPHIO.

B nmpenpiaymieM nmpuMepe  IrOpPUTM lexicographical compare JOJDKEH HAWTH IIEPBYIO
IIO3ULIUI0, B KOTOPOU s1 W s2 Pa3IM4arOTCA 10 KPUTEPHUIO ciCharless. ECIM 1 CUMBOJOB B 3TOU
IMO3UIHUH ciCharLess BO3BPAMACT true, TO K€ CaMOC ICIACT U lexicographical compare: €CIHA B
MEPBOM  TO3UIMM, TAE€ CUMBOJBI PA3JIAYAIOTCSI, CUMBOJ MEPBOM CTPOKU IPEALIECTBYET
COOTBETCTBYIOIIEMY CHUMBOJY BTOPOM CTPOKH, TO TEpBasi CTPOKa MPEAUICCTBYET BTOPOW. AITOPUTM
lexicographical compare, KaK M strcmp, CUHTACT JBAa HHTCpBajlla PaBHbIX BCIWYHUH pPABHbBIMH,
MOATOMY Il TAKUX MHTEPBAJIOB BO3BpAIACTCA 3HAUCHUE false: NEPBbIA UHTEPBAI HE npeouiecmeayem
BTOpOoMY. KpoMe Toro, mo aHajoruu ¢ strcmp, €CIU MEPBBIA UHTEPBAJ 3aBEPIACTCS 10 OOHAPYKEHUS
pa3JInymsl, lexicographical compare BO3BpaIaeT true — NPEPUKC MPEAMICCTBYET ITHOOOMY
WHTEPBAy, B KOTOPbIA OH BXOJIUT.

JIOBOHBHO O mismatch IIlexicographical_compare.:XDTH B DTOM KHUTE OOJBIIOE 3HAYEHUE
YACNSETCSl TIEPEHOCUMOCTH MPOTPaMM, s MPOCTO 00s13aH YIOMSHYTh O TOM, 4TO (PYHKIIMM CpPaBHCHUS
CTpOK 0€3 ydeTa perucTpa CHUMBOJOB MPUCYTCTBYIOT BO MHOTMX HECTaHJAPTHBIX PACHIMPEHUAX
crangaptHoi Oubmmorekn C. OOBIMHO 3TH (PYHKIMM HA3bIBAIOTCA stricmp WIHU strcmpi W IO
aHamoru ¢  QYHKOUSMH, TMPUBEACHHBIMU B JIaHHOM COBETE, HWTHOPHUPYIOT MPOOIEMBI
MHTEpHAIIMOHANM3alMi. ECIi Bbl TOTOBBI YaCTHUYHO IOKEPTBOBATh MEPEHOCUMOCTBIO MPOrPAMMBEL,
€CIIM  CTPOKHM  3aBEJOMO HE  COAep)XaT  BHYTPEHHUX  HYIb-CHMBOJIOB, a  MPOOJIEMBI
WHTEPHAIMOHAIIM3AIIMK Bac HE BOJIHYIOT, TO MPOCTEHINMNA CHoco0 CpaBHEHHsS CTPOK Oe3 ydera
peructpa cuMBoJIOB BooO1e He cBs3aH ¢ STL. OGe cTpoku mpeoOpa3yloTcsi B yKa3arelld const char*

(cM. coBert 16), nepenaBaeMble IPU BbI3OBE stricmp WIM strcmpi:
int ciStringCompare (const string& sil, const stringé& s2) {
return stricmp(sl.c_str(), s2.c_str()); // B Bamel cucreme BMecTO stricmp
} // MOXeT MCHOJIb30BATLCH IPyroe uMs
CDYHKI_[I/II/I strcmp/ strcmp, OITUMU3UPOBAHHBLIC JIJIS BBIIIOJIHCHUA CHHHCTBCHHOﬁ 3agayun, OGBI‘IHO

00pabaThIBalOT JUIMHHBIE CTPOKH 3HAYUMENbHO OBICTpee, 4YeM OOOOILEHHBIE ANTOPUTMBI mismatch H



lexicographical compare. Ecau ObICTpoAeiicTBHE 0COOCHHO BaKHO B Balllell CUTYaIlMH, MIEPEXOJ OT

cTangapTHbIX anroputMoB STL k HecranmapTHbiM (yHkuusm C BrojHe ompaBaaH. MHorma camblii
s dexTuBHBI MyTh Ucnoib3oBanus STL 3akmiodaercss B TOM, YTOObI BOBpEMsl MOHSTh, YTO APYrue

crocoObI paboTaIOT JIyYIle.



Cogsert 36. IIpaBuiibHO peanusyire copy if

B STL umeercs 11 anropuTMoB, B UMEHAaX KOTOPBIX IPUCYTCTBYET CIIOBO copy:

copy copy backward
replace copy reverse copy
replace copy if unique copy
remove CcCopy rotate copy

remove copy if partial sort copy

uninitialized copy

Ho kak HM cTpaHHO, alrOpUTMa copy if Cpead HUX HET. Takum oOpa3oM, BbI MOXKETE BHI3bIBATH
replace copy if M remove copy if, K BalllMM YCIYraM copy backward H reverse copy, HO €CIH
BIPYT MOTPEOyeTCss MPOCTO CKOMUPOBATH SJIEMEHTHI MHTEPBaJa, YIOBIETBOPSIONHE OMPEACICHHOMY
npeauKaTy, BaM MPHUACTCS ACHCTBOBATH CAMOCTOSATEIBHO.

[Ipennonoxum, umeeTcs GyHKIHUS ISl 0TOOpa «1e(PEKTHBIX» OOBEKTOB Widget:

bool isDefective (const Widget& w);

Tpebyetcs ckonmupoBaTh Bee AeEKTHBIE OOBEKTHI Widget M3 BEKTOpPA B cerr. ECim Obl anroput™M
copy if CYIIECTBOBAJ, 3TO MOKHO ObLIO OBI CACNATh TaK:

vector<Widget> widgets;

copy if(widgets.begin(), widgets.end(), // He xoMmnunmpyetrcsa -
ostream iterator<Widget>(cerr, "\n"), // B STL He CVYIECTBYEeT
isDefective) ; // anropurMa copy 1if

[To uponuu cyapObl anroputm copy if Bxoams B ucxonHyio Bepcuio STL or Hewlett Packard,
KOoTOpas ObL1a 3ajmokeHa B ocHoBy 6uOnuoreku STL, craBieid yacTpio cTaHgapTHOM 6ubmuorexku C++.
B nponecce cokpamennst HP STL 1o pa3zmepoB, noaxoadmmx sl CTaHAApTU3AIUU, AITOPUTM copy if
ocrtaics 3a 00pTOM.

B kuure «The C++ Programming Language» [7] CtpaycTpym 3amedaeT, 4ToO peaau3auus copy if
BBIIVISLAUT 3JIEMEHTAPHO — U OH IPaB, HO 3TO BOBCE HE O3HAYAET, YTO KaXKJAblil MPOTPAMMUCT Cpasy
OpUACT K HYKHOMY pelueHuto. Hampumep, HUKe HpuUBeJeHA BIOJHE pa3yMHas BEpCHUs copy if,

KOTOPYIO Mpeaiaraii MHOTHE TPOTPAMMHUCTHI (B TOM YHUCJIE U $):

template<typename Inputlterator, // He coBceM mnpaBuiibHaA
typename OutputlIterator, // peanmsaumsa copy if
typename Predicate>

OutputIterator copy if(InputlIterator begin, Inputlterator end,
OutputIterator destBegin, Predicate p) {

return remove copy 1if (begin, end, destBegin, notl(p)):;

}
Pemenue ocHoBaHo Ha mpoctoMm ¢akte: XoTd STL He MO3BOJSET CKa3arb «CKOMUPOBATH BCE

3JEMEHTHI, JUIsl KOTOPBIX NMPEIUKaT paBeH true), HO 3aTO MOXHO MOTPeOOBaTb «CKOMHMPOBATh BCE
3JE€MEHTBI, KPOME TeX, IJIsi KOTOPBIX MpEeAuKar Hepaseh truey». Co3maeTcsl BIEUYATICHHE, YTO JUIS
peanu3anuu copy if JOCTAaTOYHO TMOCTaBUTh notl TMepel MPEAUKaTOM, KOTOPBIA JOJIKEH
nepeaaBarbCsl copy if, MOCJE YETo Mepearb MOJYyYeHHBIA MPEIUKaT remove copy if. Pe3ynbsrarom
SIBJISICTCSL IPUBEJICHHBIN BBIIIIE KOJI.

Ecnu Obl 3TH paccyxaeHus ObUTM BEpHBI, KONMHUpPOBaHUE AePEKTHBIX 00bekTOB Widget MOXHO
OBLIO OBI MPOU3BECTH CIICIYIOIIMM 00pa3oM:

copy 1if(widgets.begin(), widgets.end(), // Xopomo 3amymaHO,
ostream iterator<Widget>(cerr, "\n"), // HO He KOMOMIMPYETCH
isDefective);

KoMnunaTop HEOBOJIEH MOMBITKONW MPUMEHEHUS notl K isDefective (3TO MPOUCXOAUT BHYTPHU
copy if). Kak oObscusieTcs B coBeTe 41, notl HE MOXKET HaNpsAMYIO NMPUMEHATHCA K YKa3aTeso Ha
GyHKIIMIO — CcHauaja ykas3arelb JOJDKeH MPOWTH yepe3 ptr fun. YTOOBI BBI3BATH 3Ty peau3alluio



copy if, HEOOXOOMUMO Mepeaarh He MPOCTO OO0BEKT (YHKUUH, a adanmupyemsviil OObEKT (QYHKLIHH.
Crhenarp 3TO HECIO0XKHO, OJHAKO BO3Jararb 3TH XJIOMNOTHl Ha Oyaynmx kiaueHToB anroputma STL
Henb3sd. CranpmaptHeie anroputmbl STL Hukorma He TpeOyroT, 4TOObI UX (GYHKTOpPHI OBUIH
aanTUPYEeMbIMH, MO3TOMY HEINb3sl MPEObABIATH 3TO TpeOoBaHUE K copy if. [IpuBeneHHas BbIIIe

pcajm3anuia xopoia, HO HCA0CTATOYHO XOPpOIa.

HpaBI/IJ'IBHaH pcajm3anusa Copy_i f D0JDKHA BBITJISIACTH TAK:
template<typename Inputlterator, // IpaBuibHaga
typename OutputlIterator, // peanmsaumsa copy if

typename Predicate>
OutputlIterator copy if(InputlIterator begin, Inputlterator end,

OutputIterator destBegin, Predicate p) {
while (begin '= end) {
if (p(*begin)) *destBegn++ = *begin;
++begin;
}
return destBegn;
}
[ToCKOJIBKY alNTrOpUTM copy if YpE3BBIYANHO MOJIE3EH, @ HEONBITHBIE TporpaMMucTsl STL yacto
M0JIaraloT, YTO OH BXOAUT B OMOIMOTEKY, MOKHO MTOPEKOMEHI0BaTh pa3MECTUTh pPealin3aluio copy if

— TMPaBUJIBHYIO peanu3anuio! — B JIOKaJbHOW BCIIOMOTATENbHON OMOIMOTEKE M MCIOJIB30BaTh €€ B
cilydae HaJJoOOHOCTH.



Coger 37. Ucnoab3yiite accumulate uiau for_each nist 00001menus
NHTEPBAJILHBIX JTAHHBIX

WHorna BO3HMKaeT HEOOXOAMMOCTH CBECTH IEJbId HMHTEpPBall K OIHOMY YHCIYy WM, B Oojee
o0mieM ciydae, K ofHOMY oObekTy. [y cTaHgapTHBIX 3a7a4 00O0OIIEHUsI CYIIECTBYIOT CIiellMaibHbIe
anroputMbl. Tak, alroOpuTM count BO3BpALAET KOJMYECTBO JJIEMEHTOB B MHTEPBAJEC, & AJITOPUTM
count if BO3BpalaeT KOJIMYECTBO JJIEMEHTOB, COOTBETCTBYIOLMX 33JaHHOMY IIPEIUKATY.
MuHUMaNnbHOE U MaKCUMAaJbHOE 3HAUYCHUE JJIEMEHTA B MHTEPBAJIEC MOYKHO IOJIY4YUTh IIPU ITOMOIIM
AJITOPUTMOB min element M max element.

Ho B HEKOTOpBIX CUTyalMAX BO3HMKAET HEOOXOAUMOCTh OO0paOOTKHM MHTEPBAJBHBIX JAHHBIX IO
HECTAaHJAPTHBIM KPUTEPUSIM, U B TaKMX CIydasX HYKHbI Ooyiee rMOKHME U YHUBEpCAIbHBIE CPEIICTBA,
HCXKCIIN aJrOPUTMBI count, count if, min element Ilmax_element.:HPGHHOHOHQML BBl XOTHTC
BBIYMCIIUTh CYMMY JUIMH CTPOK B KOHTEHWHEpE, NPOM3BEIACHHUE 4YHCEN M3 3aJaHHOTO HMHTEpBaia,
YCPEIHEHHbIE KOOPAMHATHI TOYEK M T. 1. B KakJOM M3 3TUX CllydaeB IPOU3BOAMUTCSA 0000wenue
WHTEpBaja, HO MPU ATOM KPHUTEpHU OO0OOIICHUS BBl JOJDKHBI ONPEACNATH CaMOCTOSTENbHO. Jliis
nogoOHbIX cutyanuii B STL mnpegycMoTpeH cHenualbHBIM —aIrOpuUTM accumulate. MHOTHUM
IPOrpaMMHUCTaM ATOT AITOPUTM HE3HAKOM, ITOCKOJIbKY B OTJIMYME OT OOJIBIIMHCTBA aJIrOPUTMOB OH HE
HaXOQUTCS B <algorthm>, & BMECTE C TPEMS APYTHUMHU «UHCIOBBIMHU AITOPUTMAMM» (inner product,
adjacent difference Hpartial sum) BblJeJ€H B OUOIMOTEKY <numeric>.

Kak um MHoOrme apyrue aiaropuTMbl, accumulate CYIIECTBYeT B ABYX (opmax. Ilepsas dopma,
IIOJIyYarou@s rnapy UTeparopoB U HaA4aJIbHOE 3HAYCHUE, BO3BPALACT HAYAJIbHOE 3HAYCHUE B CYMME CO

SHAYCHUAMU U3 NHTCPBAJIA, OIIPCACIIACMOI'O UTCPpATOpPpaAMU:

list<double> 1d; // Co3maThb CIOMCOK M BalOJHUTLH
// HEeCKOJbKMMM 3HaueHMAMM Tuna double.
double sum = accumulate (ld.begin(), ld.end(), 0.0); // BHUMCIUTL CYMMy UYMCEJ
// C HadvaJIbHEIM SHaUYeHMUEM

OOparute BHUMaHUE: B MPUBEACHHOM MpUMepe HavanbHOE 3HaYeHue 3agaetcs B popme 0.0. Dta
noapoOHocTh BaxkHa. Yucino 0.0 OTHOCUTCSA K THUIY double, MO3TOMY accumulate HCHOIB3YET AJIS
XpaHEHUsl BBIUMCIISIEMON CYMMBbI IIEPEMEHHYIO THINA double. lIpenmnonoxum, BbI30B BBIVISAUT
CIeAYyIOIMM 00pa3oMm:

double sum = accumulate (ld.begin (), 1ld.end (), 0); // BuHuUMCJeHUE CYMMH UYMCEJ
// C HadaJbHBM 3HadeHueMm 0;
// HenpaBMIIBHO!

B kauecTBe HawanbHOTO 3HaYeHWUs HcHoNb3yercs int 0, mo3ToMy accumulate HakarJuBaeT
BBIUMCIISIEMOE 3HAYCHUE B IMEPEeMEHHOW THmMa int. B wuTOore 3TO 3HaueHWe OylaeT BO3BPAIICHO
alITOPUTMOM accumulate ¥ HCIOJB30BAHO I HWHUIMAIU3AIUN TEPEMEHHOM sum. [Iporpamma
KOMITIUIUPYETC U paboTaer, HO 3HAYEHHE sum OYyJIET HEMpPaBWJIbHBIM. BMEcTO HacTOSIIEH CyMMBI
cnucka gncen tuma double mepeMeHHas COmEPKUT CyMMY BCEX YHCEN, TPeoOpasyeMyro K int IMOCIe
Ka)XJI0TO CYMMHPOBAaHUS.

ANTOPUTM accumulate pabOTaeT TOJBKO C UTEpaTOpaMud BBOAA M TOITOMY MOXKET
MCTOJIb30BATHCS IAXKE C istream iterator M istreambuf iterator (CM. coBeT 29):

cout << "The sum of the ints on the standard input is " // BuBecTu cCcymummy
<< accumulate (istream iterator<int>(cin), // 4Yuces M3 BXOIOHOTO
istream iterator<int>(), // moToka

0);
N3-3a cBoel mepBoi, cTaHAApPTHON (OPMBI AITOPUTM accumulate OBUI OTHECEH K YHCIOBBIM
anroput™MaMm. Ho cymiectByer u npyrasi, ajdsTepHaTuBHas ¢Gopma, KOTOpOW TPH BBI30BE IMEpeaacTCs



HauajJbHOE 3HAYEHUWE U TMPOM3BOJIbHAS oOoOm@omas QyHkius. B »ToM BapuaHTe aaropuTm
accumulate CTAHOBHUTCS TOpa3zo 0ojiee yHUBEPCATbHBIM.

B kadecTBe mpumepa pacCMOTPUM BO3MOXHOCTb IPUMEHEHHUS accumulate JUI BBIYMCIICHUSA
CYMMBI JJIMH BCEX CTPOK B KOHTeiHepe. JJisl BBIUMCIEHUs CyMMBbI aJrOPUTM JIOJDKEH 3HATh JIBE BEILM:
HayaJbHOE 3HaYeHUE CyMMBI (B JaHHOM ciydae 0) u QyHKIHIO0 OOHOBICHUS CYMMBI JUIsl Ka)KJJ0 HOBOM
ctpoku. Crenyromas GyHKIUs OepeT mpeablyllee 3HaueHHe CyMMBbI, MPUOaBISET K HEMY JUIMHY HOBOU

CTPOKHU M BO3BpAIaeT OOHOBJICHHYIO CYMMY:
string::size type // Cm. panee
stringLengthSum(string::size type sumSoFar, const string& s) {
return sumSoFar + s.size();
}
Teno pynkuum yoexxaetr B TOM, YTO MPOUCXOAIICE BeCbMa TPUBHAIBHO, HO HA MEPBBIA B3IISII

CMYLIAIOT OOBABICHUS string: :size type. Ha caMoM jene B HUX HET HUYETO CTPAIHOr0. Y KaKJI0TO
crannaptHoro koHterHepa STL mmeercs ompenesieHHE THNA size type, OTHOCSILEECS K CUETHOMY
TUIY JAHHOTO KOHTeWHepa. B wacTHOCTH, 3HaueHHME ATOTO THUMa Bo3Bpam@erca ¢yHkuuen size. Jus
BCEX CTAHIAPTHBIX KOHTEHHEPOB OIPEACIICHUE size type JOJDKHO COBNAJarb C size t, XOTH
TeopeTnueckn HectanaapTHele STL-cOBMeCTMMBbIE KOHTEHHEPBHI MOTYT HMCIOJIB30BaTh B size type
Opyrol TUm (XOTd S HE MPEACTaBISIO, JUIsl Yero 3TO MOXKET MOHaAoO0uThes). s cTaHAapTHBIX
KOHTEUHEPOB 3aIUCh KOHMEUHED: : size type MOXKHO paccMarpvBarh KaK CHEUHAIbHBI CHHTAaKCHUC
I size t.

OYyHKIOUS stringLenghSum SBIAETCS TUMUYHBIM TMpEACTaBUTENIEM 0000m@aonmXx (QyHKIWH,
VCTIOJIB3YEMBIX IIPH BBI30BE accumulate. DYHKIMSA MMOJy4aeT TEKYIIEE 3HAYEHUE CYMMBI U CIIEIYIOLIN
AJIEMEHT MHTEpPBaJa, a BO3BpallaeT HOBOE 3HAYEHUE HaKaliauBaemoil cymmbl. HakaminBaemas cymma
(cyMMa JJMH CTPOK, BCTPEUYABIIMXCS paHEE) OTHOCUTCS K THIY string::size type, a
oOpabaTpiBaeMblii 3JIEMEHT OTHOCUTCA K THIY string. Kak 3TO dYacTo ObIBaeT, BO3BpaIiaeMoe
3HaYE€HHE OTHOCUTCS K TOMY K€ THUITY, UTO U MEPBBIN napameTp GyHKIUU.

CDyHKHI/IH stringLenghSum UCIIOJB3YECTCA B COYCTAHUU C accumulate CICAYIONIUM 06pa30M:
set<string> ss; // Co3maTb KOHTENHED CTPOK
// U BaloOJIHUTL eI'0 INaHHBMU

string::size type lengthSum = // TpucBouTh lengthSum
accumulate(ss.begin(), ss.end(), // pesynbrar BHB30Ba stringlengthSum
0, stringLengthSum) ; // DOJg Kaxmoro 3JIeMEeHTa SS

// C HyJIeBHM HAYaJIbHLEIM SBHaYEHUEM
N3sammo, He mpaBaa nu? [IpousBeeHne BHIYHUCISIETCS €lIe MPOIIE, MTOCKOJIbKY BMECTO HAlMCAHUs
COOCTBEHHOW (PYHKIIMM CYMMHPOBAHUS MOKHO OOOMTUCH CTaHIAPTHBIM (PYHKTOPOM multiplies:

vector<float> vf; // Cozsmarb koHTelHep Tuna float
// U BaloOJIHUTL eI'0 INaHHBMU

float product = // TpucBouTb product pesyabTaT
accumulate (vf.begin(), vf.end(), // BmzoBa multiplies<float>
1.0, multples<float>()); // Oyns xaxmoro sijeMeHTa vf

// C HadaJybHHM 3HadeHmeM 1.0
Tonbko He 3a0yaAbTe O TOM, YTO HayaJbHOE 3HAYECHUE BMECTO HYIA JIOJKHO OBITh PaBHO €IWHUIIE
(B BemiecTBeHHOM ¢opmare, He B int!). Ecnu HauanpbHOE 3HaUYEHHE PaBHO HYIIO, TO Pe3y/IbTaT BCerna
OyzeT paBeH HYJII0 — HOJIb, YMHOKEHHBIN Ha JH000€ YUCII0, OCTACTCS HYJIEM.
[locnennuii mpumep He CTOJIb TpUBHAJeH. B HeMm Bblumcisgercs cpenHee apupmMeTHdecKkoe 1o
WHTEPBAILY TOUYEK, IPEACTABIECHHBIX CTPYKTYPaMHU CJIEIYIOIIETO BUIA:
struct Point {
Point (double initX, double initY): x(initX), y(initY) {}
double x, vy;
b7
B ostom mpumepe ob6obOmaromeit QyHkiueir OymeTr ¢GYHKTOp PointAverage, HO TIepen



pacCMOTPCHHUCM KJIaCCa 3TOrIo ®YHKTOpa CTOUT PpacCCMOTPCTb C€Iro MCIIOJIbB30BAaHUC IIPU BbI3OBC

accumulate:
list<Point> 1p;

Point avg = // BHUMCJIEHVE CPpeIHEeTO
accumulate (lp.begin(), lp.end(), // apudmMernueckoTo IO TOUKAaM,
Point(0,0), PointAverage()); // BXOomAamMM B CIMCOK 1p

[TpocTo 1 GeCXUTPOCTHO, KaK M JNOJKHO ObITh. Ha 3TOT pa3 B KauecTBe HAYaJIbHOTO 3HAYCHUS
UCIIOJIB3YETCS o6rext Point, COOTBETCTBYIONMI Havyally KOOPJAWHAT, @ HaM OCTAeTCA JIUIIb TOMHUTbH O
HEO0OXOMMOCTH UCKIIOUEHUS ITOW TOYKH U3 BEIYUCICHUN.

OYHKTOp PointAverage OTCIEKHBAET KOJIWYECTBO OOpAaOOTAHHBIX TOYEK, & TAKXKE CYMMBI UX
KOMITOHEHTOB x U y. [Ipy Ka)xa0M BbI30Be OH OOHOBJISICT JJAHHBIC U BO3BpAILACT CPEAHNE KOOPIUHATHI
no 00paboTaHHBIM TouKaM. [TOCKONBKY 171l Ka)K0M TOUYKM B MHTEpBaje (YHKTOP BBI3BIBAETCSI POBHO
OIUH pa3, OH JEJIUT CyMMBI IO COCTABIISIOIIMM x M y Ha KOJWYECTBO TOYEK B MHTepBasie. HavanpHas

TOYKa, NICpCAaHHasd IIPHU BBI3OBE accumulate, HTHOPUPYETCH.

class PointAverage:

public binary function<Point, Point, Point> {

public:

PointAverage () : xSum(0), ySum(0), numPoints(0) {}

const Point operator () (const Pointé& avgSoFar, const Point& p) {
++numPoints;
xSum += p.Xx;
ySum += p.y;
return Point (xSum/numPoints, ySum/numPoints);

piivate:
size t numPoints;
double xSum;
double ySum;

b7

Taxoe pemeHue npekpacHo paboTaeT, U JIUIIb U3-3a MEPUOINYECKUX KOHTAKTOB C HEOPJIUHAPHO
MBICIIAIMMH JTUYHOCTSIMU (MHOTHE M3 KOTOpPbIX paboTatoT B Komurere mo crtaHmapTu3aluu) s MOTY
npeactaBuTh cebe peanuszanuu STL, B KOTOPBIX BO3MOXKHBI TpoOieMbl. Tem He MeHee, PointAverage
HapymaeT naparpad 2 pazgena 26.4.1 Crangapra, KOTOpPbIi, KaKk Bbl IOMHHUTE, 3alpenaeT noOoYHbIe
3(PeKkThl MO OTHOMEHUIO K (YHKIIMH,IEpeaBaeMOl accumulate. MoauduKamus MepeMEHHBIX
numPoints, xSum M ySum OTHOCHUTCSI K TOOOYHBIM 3¢ (deKTaM, MOITOMY C TEXHUUYECKON TOUKHU 3PEHUS
NPUBEICHHBIN BbIlEe (PparMeHT MPUBOIUT K HEMpEACKa3zyeMbIM MocieAcTBusAM. Ha mpaktuke TpyaHo
NpEeACTaBUTh, YTO NMPUBEACHHBIA KOJ MOXKET He paboTarb, HO YTOOBI MOSI COBECTh ObLIa YHUCTA, S
00s13aH CHEUaIbHO OTOBOPUTH 3TO OOCTOSITENBLCTBO.

Brpouem, y MeHs mnosBisercs yaoOHas BO3MOXHOCTb YIMOMSHYTh O for each — JIPyrom
aNropuT™Me, KOTOPBIA MOKET MCIOJIb30BaThCA JUIsi 0000meHus uHTepBajoB. Ha for each He
pacupoCTPaHSIOTCS OTPAaHUYEHHS, YCTAHOBIEHHBIE Uil accumulate. AJTOPUTM for each, Kak HU
accumulate, MOJy4aeT UHTEPBAN U (PYHKIHNIO (OOBIMHO B BUIEC 00BbEKTa (DYHKIIMH), BHI3BIBAEMYIO IS
Ka)XJIOTO 3JIEMEHTa B MHTEpBaJie, OAHAKO (PYHKIIUs, IIepeaaBaeMasi for each, MOJy4aeT TOJBKO OIUH
apryMeHT (TeKyIMi 3JeMEHT MHTEpBasia), a Mocie 3aBepIIeHUs] paboThl for each BO3BPAIIAET CBOIO
dbyaknuio (a TouHee, ee konuio — cM. coBeT 38). Uro eme BaxkHee, mepeaaHHas (M TMO37HEE
BO3BpaaemMas) QyHKIus modcem o0aaaaTh moOOUYHBIMU D PeKTamu.

[Tomumo moOGOYHBIX 3P(HEKTOB MEXKIY for each U accumulate CYIIECTBYIOT JBa OCHOBHBIX
paznuums. Bo-mepBbX, caMO Ha3BaHHUE accumulate aCCOIMUPYETCA C BBIYUCICHHEM CBOJHOTO
3HAYEHUS 110 UHTEPBAIy, a Ha3BaHUE for each CKOpEe MPEANOJaraeT BhITOJTHEHNE HEKOW Omepaiuu ¢
KOKJbIM 3JIEMEHTOM HHTEpBaJia. AJTOPUTM for each MOMKET HCIOIB30BAaThCS [ BbIUMCICHUS



CBOJHOM BEJIMYMHBI, HO TAKWE PELLICHUS 110 HAMVISAHOCTH YCTYNAKOT accumulate.

Bo-BTophIX, accumulate HemocpeACTBEHHO BO3BpAaIA€T BBIYUCICHHOE 3HAUYEHHE, a for each
BO3BpaIaeT 00beKT (QYHKIIMH, UCIIONB3YyEeMbIH IS AalibHEeIero noixydenus uaopmanun. B C++ sto
O3HAYaeT, UYTO B KJacc (YHKTOPa HEOOXOIMMO BKIIOUUTH (PYHKITUIO JUIS IIOTYyYEHUSI HCKOMBIX JaHHBIX.

Huxe npuBeaeH npenpiaynmii mpuMep, B KOTOpoM BMecTo accumulate Ucmoab3yeTcs for each:

struct Point{..}; // CMm. pahuee
class PointAverage;
public unary function<Point, void>{ // Cm. coser 40

public:

PointAverage () : xSum(0), ySum(0), numPoints(0) {}
void operator () (const Pointé& p) {

++numPoints;

xSum += p.x;

ySum += p.y;

}

Point result() const {

return Point (xSum/numPoints, ySum/numPoints) ;
}
private:
size t numPoints;
double xSum;
double ySum;
b
list<Point> lp;

Point avg = for_ each(lp.begin(), lp.end(), PointAverage()) .result();

JInyHo g mpeAmnounTaro 0000IAT, HHTEPBAIbHBIC JAHHBIC TPU MOMOIIM accumulate, MOCKOJIbKY
MHE Ka)KeTCs, YTO ATOT aJIrOpUTM HauOoJiee YETKO MepeacT CyTh MPOUCXOASAIIETO, OHAKO foreach
TOXXe paboTaeT, a BOMPOC MOOOYHBIX A(PPEKTOB A for each HE TaK MNPUHIUIUAICH, KaK JUIs
accumulate. C0BOM, JIs1 000OIIEHNS] MHTEPBAJIbHBIX JaHHBIX MOTYT MCIIOJIb30BaThCsl 00a alrOPUTMA;
BBIOEPUTE TOT, KOTOPBIM BaM JIy4Illie TOJOMIET.

Bo3MoKHO, Bac MHTEpECYyeT, MOYEMY Y for each MapaMeTp-(QyHKLIHS MOXKET UMETh MOOOYHbBIE
3 deKThl, a y accunulate — He MoxeT? [IpencraBsre, s OB TOKE XOTEN ATO 3HATh. UTO XK, TOPOTOi
YyUTarelb, HEKOTOpbIE TailHbl OCTAlOTCS 3a TMpeleiaMd HalMxX Mo3HaHui. YeM accumulate
NPUHLIUIHATBHO OTJIMYAETCs OT for each? Iloka s ele He ciplan yOeAUTENIBHOIO OTBETa HA 3TOT
BOIIPOC.



DYHKIUU, PYHKTOPHI M KJIACCHI PYHKIUHA

HpaBuTcst HaM 3TO UM HET, HO PYHKIUMU U MPEACTABISAIONME UX 00bEKTHI ((PYHKTOPHI) 3aHUMAIOT
BakHOe MecTo B STL. OHHM HCHONIB3YIOTCA acCCOLUMATUBHBIMU KOHTEUHEpPAMHU JUIsl YHOPSAIOYEHHS
9JIEMCHTOB, YIIPABIIAIOT pa60T01?1 AJITOPUTMOB THIIA find if, KOHCTPYKIHMHU for each M transform
0e3 HUX TepSIOT CMBICI, a aJJalTephl TUIA notl U bind2nd aKTUBHO CO3/IAIOT HX.

Ha, pynkTopsl 1 Kiaccsl GyHKTOpOB BeTpeuatores B STL Ha kaxaom mary. Berpersitest onu u B
BalllX IIporpaMmax. YMEHUe co3AaBarh MpaBUiIbHO paboTaronme pyHKTOPbI aOCOTIOTHO HEOOXOIMMO
st 3¢ dekTuBHOrO Mcnoias3oBanus STL, mo3ToMy O0bINas YacTh 3TOM TNIaBbl MOCBSIICHA OJHOM TeMe
— Kak JoOUTHCS TOro, 4TOOBI (GYHKTOPHI paboTalu MMEHHO TaK, KaKk UM MoyoxeHo padorars B STL.
BnpodyeM, oauH COBET MOCBAILEH IPYroM TeEME M HAaBEpHsSKAa NPUTOAUTCA TEM, KTO 3aJyMBIBAJICA O
HEOOXOIMMOCTH BKJIIOYEHUSI B IPOTPAMMY BBI30BOB ptr fun, mem fun M mem fun ref. [Ipu xkemanum
HaYHUTE C coBeTa 41, HO MOXalyiicTa, HE OCTaHABIMBaWTECh HA ATOM. Korma Bl moilMeTe, ISl Yero
HYXHBI 3TH (YHKIMU, Marepual OCTaJbHbIX COBETOB IIOMOXKET BaM HalaJUTh MpPaBUIbHOE
B3anMojieiicTBUe Bamx (yHKTOpoB ¢ HUMH U ¢ STL B emom.



Cogser 38. IlpoexTupyiite Kjiacchbl QyHKTOPOB JJIA NepPeaayu 1o
3HAYEHUIO

Hu C, nu C++ He mo3BOJIAIOT NepenaBarb QyHKIHMHM B Ka4eCTBE MAapaMeTpoOB IPYrUX (QYHKLIHM.
Bmecto »sTOoro paspemaercsa mnepenaBarh ykazamenau Ha QyHkuuu. Hampumep, o0bsBiIeHUE

CTaHJAPTHOU OMOIMOTEYHON YHKIUU gsort BBIMJISAUT CIETYIOIMM 00pa3oMm:
void gsort(void *base, size t nmemb, size t size,
int (*cmpfcn) (const void*, const void*));

B coBere 46 o00bsAcHseTcs, modeMy BMeCTO (YHKIUU gsort OOBIMHO PEKOMEHIYETCS
UCIIONB30BaTh AJTOPUTM sort, HO JIeJO He B 3ToM. Hac ceifuac mHTepecyeT oObsIBICHHE MapaMeTpa
cmpfcn (bYHKHHH<qsort. IHH{ BHUMATCIbHOM aHalIn3€ CTAaHOBHUTCA SACHO, YTO apryMEHT cmpcfn,
KOTOPBIA SIBJISIETCSl yKaszarejaeM Ha (PYHKIHIO, KOmupyercs (TO €CTh Mepenaercs MO 3HAYEHUI0) U3
TOYKH BbI30Ba B (DYHKILHIO gsort. JlaHHBIM MpuUMep MOSICHSAET MPaBUIIO, COOII0AaEMOE CTaHIaPTHBIMU
oubmuorexkamu C u C++, — ykazarenu Ha QyHKIIUU JOJHKHBI TepeaaBaThCs 0 3HAYEHUIO.

OO6wextsl pynknuii STL cozgaBanucs mo 0o6pasiy ykaszarenei Ha QyHKiuu, nodtomy B STL Takke
NENCTBYET MpPaBHJIO, COMIACHO KOTOPOMY OOBEKTHI (DYHKIMH MepelaloTcss MO 3HAYCHHIO (TO €CTh
KOMUPYIOTCA). BeposTHO, 3TO mpaBuiio Jydile BCEro JAEMOHCTpUpyeT mnpuBeaeHHoe B Cranmapre

OOBSIBIICHHE AITOPUTMA for each, KOTOPBIN MONyYaeT U MepeacT Mo 3HAYCHUIO0 0ObEKThI (PYHKIIHIA:
template<class Inputlterator, class Function>
Function // Bo3BpaT MO 3HAUEHUD
for each(InputlIterator first, InputlIterator last,
Function f);// llepemaua No 3HAUEHUI
YecTHO roBops, nepcaada 1mo 3SHa4YCHUIO HC IrapaHTHPOBAHA IMOJIHOCTBIO, IIOCKOJIbKY BbI3bIBAIOIAA
CTOpOHA MOXET SBHO 33JaTh TUIIBI TApAaMETPOB B TOUKe BbI30Ba. Hampumep, B cienyromeM GpparMeHTe

for each MOJIy4aeT U BO3BpalaeT (PyHKTOPHI O CCHUIKE:
class DoSomething:
public unary function<int, void>{ // BazoBmil kKjacc oNucaH
void operator () (int x) {..} // B coBeTe 40
¥
typedef deque<int>::iterator DequelIntlIter; // BcnomMoraTenbHOe oONpenesyieHue
deque<int> di;

DoSomething d; // CosmarTh OOBEKT bYyHKLUUM

for each<DequelIntlIter, // BeizBaTp for each c Tunamm
DoSomethng&> (di.begin(), // napamerpor DequelntIter
di.end (), // wn DoSomethingé&; B pesynbTare
d) ; // TpOMUCXOOUT repemada

// M BO3BpPAT IO CCHUIKE.
[Tonb3oBarenn STL moyTM HUKOIIA HE MCHOJB3YHOT 3Ty BO3MOXKHOCTh, a B HEKOTOPBIX

peanmu3auusx anroputmoB STL mpu nmepenaue oO0beKTOB (PYHKIHMI MO CChUIKE MPOTpaMMBI JIaKke He
KOMIUIUPYIOTCS. B mpomoimkeHnue 3Toro coBeTa OyaeM CUUTaTh, YTO OOBEKTHI (YHKIHM Bceraa
nepeaaroTes Mo 3HaYeHUI0, MOCKOJIbKY Ha TPaKTUKE 3TO MOYTH BCET/AA TaK.

[Tockonbky OOBEKTH (PYHKIMH TMepedaroTCd W BO3BPALAIOTCS MO 3HAYEHHIO, BBl JIOJIKHBI
n03a00TUTECA O TOM, 4YTOOBI OOBEKT (PYHKIMU NpaBWIbHO paboTan Mpu mepeaadye MomoOHBIM
crioco0oM (To ecTh KonupoBaHueM). Jljis 3Toro HeoOxoAUMO COOIIOACHUE IBYX YCIOBUM. Bo-mepBhIX,
OOBEKTHl (PYHKIIUN JOJKHBI OBITh HEOONBIIMMH, B MPOTHBHOM CIllydae KONMHMpPOBaHHE O0oMmeTcs
CIIMILIKOM JOpOTo. Bo-BTOpBIX, OO0BEKTHl (PYHKIUN AOHKHBI OBITH MOHOMOp@HbLIMU (TO €CTh HE
noJMMOp(HBIMU), TO3TOMY B HHUX HE MOTYT HCHOJB30BaThCs BUPTyanbHble (yHKUHH. Btopoe
TpeOOBaHME CBSI3aHO C TE€M, YTO MPU Mepeaye Mo 3HAUYCHUIO OOBEKTOB MPOU3BOAHBIX KJIACCOB B



napamerpax ©0a30BOro Kijacca MPOUCXONUT omceyeHue: B TPOIECCe KOMUPOBAHUS YIANSIIOTCS
CHelHaTM3UPOBaHHbIE COCTaBisAoNMe (Ipyroil mpumep mnpobiembl orceueHuss B STL mpuBeneH B
coBete 3).

beccriopHo, 3¢ (heKTUBHOCTD SIBISETCS BaXKHBIM (AKTOPOM, U MPEIOTBPATUTH OTCEUCHUE TOXKE
HEOOXOIMMO, OHAKO He Bce (YHKTOPHI Masibl 1 MOHOMOpP(GHBL. OIHO U3 MPEUMYILECTB OOBEKTOB
byHKui mepen OOBIMHBIMU (DYHKIMSMHU 3aKJIIOYaeTCs B OTCYTCTBUM OrpaHMYECHHH Ha 00beM
uHopmanuu coctosguus. Hekoropble 00beKTHl (GYHKIHUM OT MPUPOIBl «YMUTAHHBDY, U OYEHBb BaXKHO,
4yTOOBI OHU MOTJIM NiepeaaBarhes anroputmMam STL Tak ke MpocTo, KaK U UX «TOIIME» coOpaThs.

Croub ke HEpeaIMCTHYCH U 3ampeT Ha nonumopdusie pyHkTopsl. Mepapxuueckoe Hacie0BaHNE
U JMHAMHYECKOE CBS3bIBAHUE OTHOCATCA K YHCIY BaxHeWnmx ocobeHHoctedr C++, u mnpu
MPOCKTUPOBAHUU KJIACCOB (YHKTOPOB OHU MOTYT MPUHECTH TaKYI0 K€ TMOJIb3y, KaK U B JPYrux
obnactsax. Uto Takoe kiacchl QPyHKTOpoB Oe3 HaciemoBanusa? C++ 06e3 «++». Wtak, HEOOXOMUMBI
CpelCcTBa, KOTOpbIe Obl TMO3BOJSUIM JIETKO IepelaBarh OoJiblMe W/MIM TOJIUMOP(HBIE OOBEKTHI
bynkuuii ¢ cobmonennem yctanosieHHoro B STL npaBuina o nepenade GyHKTOPOB IO 3HAUECHUIO.

Takue cpenctBa HeWCTBUTENBHO CYIIECTBYIOT. JlOCTaTOYHO B3ATh JAaHHBIC W/UJIU MOIUMOpPQHBIC
COCTAaBIIAIOIIME, KOTOPbIE TPeOyeTCs COXpaHUTh B Kiacce (PyHKTOpa, MEPEHECTH MX B APYrod Kiacc u
COXpaHUTh B Kjacce (pyHKTOpa yKa3aTelb Ha STOT HOBBIM Kiacc. PaccMoTpum mnpumep cosnaHus
KJ1acca MoauMop@PHOro PyHKTOpa ¢ OONBIIMM KOTUYECTBOM JIAHHBIX:

template<typename T> // BPFC = "Big Polymorphic
class BPFC: // Functor class"
public // BasOBHINM KJIACC ONMUCAH
unary function<T, void> { // B comete 40
private:

Widget w; // Kmacc comepxur OOJbION OBBEM

int x; // @OaHHHX, [IO03TOMY Iepemaua

// IO BHAYEHMIO
// ©bja OB He3bOEeKTUBHOM
public:
virtual void operator () (const T& val) const; // BupryanbHasa QyHKLMA.
" // coszmaeT mnpobiemy
b // oTcedueHusa
Mol BblIEnsieM BCE JaHHbIE W BUPTyalbHble (QYHKIIMM B KJacC peald3aldd U CO3/3aeM

KOMITaKTHBIN, MOHOMOP(MHBIN KJIacc, COAep KAl yKa3aTelb Ha KJIacC pealn3aluu:
template<typename T> //HOBHI kJlacC peaju3aluu

class BPFCImpl { //nns maMeHeHHOTO BPFC.
private:

Widget w; // Bce maHHEE, paHee HaXOOMBIMECS
int x; // B BPFC, Tenepb pasMemanTCcsd

- // B B®TOM KJjacce,
virtual ~BPFCImpl(); // B noauMMoOp®HEX KjlaCcCax HYXEeH
// BUPTYaJIbHHM LOECTPYKTOP,
virtual void operator () (const T& val) const;
friend class BPFC<T>; // PaspeumuTr BPFC pgocTyn K IaHHBM
b

template<typename T>
class BPFC: // KommnakTHas, MOHOMOPbHas Bepcus
public unary function<T, void> {

private:

BPFCImpl<T>* pImpl; // Bce maHHHe BPFC
public:

void operator () (const T& val) const; // ®yHKUMSA He ABJIAETCH

{ // BUPTYyalbHOM; BHSOB IepemaeTcsd
plImpl->operator () (val); // BPFCImpl



}

b7

Peanuzanus BFPC: :operator () JaeT MPUMEpP TOTO, KaK JOJKHBI CTPOUTHCS peaiu3allid BCEX
BUPTYalIbHBIX (DYHKIIMI BPFC: OHU JIOJDKHBI BBI3bIBATH CBOU BUPTYaJbHBIE «IIPOTOTHUIIBDY U3 BPFCImpl.
[TomyyeHusblit B pesynsrare kiacc (yHKTOpa (BPFC) KOMIAKTEH U MOHOMOpP(EH, HO MPU 3TOM OH
MPEAOCTABISAET AOCTYI K O0NBIIOMY 00bEMY TaHHBIX COCTOSIHUS U pabOTaeT MOTUMOPPHO.

Marepuan u3M0XKEeH JOBOJIBHO KpAaTKo, IOCKOJbKY OIMHUCAaHHbIE 0a30Bble MPUEMBI XOPOIIO
u3BecTHHI B kpyrax C++. B kaure «Effective C++» 3Toit Teme nocasieH coet 34. B kuure «llpuemsi
O00BEKTHO-OPUEHTUPOBAHHOTO MPOCKTUPOBaHUA» [6] COOTBETCTBYIOLA METOAUKA HAa3bIBACTCS
«marrepH Bridge». Cartep B cBoeil kuure «Exceptional C++» [8] ucmonb3yer TepMHUH «UAHMOMA
Pimpl».

C mnosunuit STL mpexnae Bcero HeoOXONMMO TOMHHUTH O TOM, 4YTO Kiacchl (PyHKTOPOB,
UCIIONB3YIOIME JTAHHYI0 METOOUKY, JOJDKHBI MONACPKUBAaTh COOTBETCTBYIOLUMNI MEXaHU3M
xonupoBanusi. Ecnu Obl BBl ObUTM aBTOPOM HPHUBEACHHOTO BBINIE KJlacca BPFC, TO BaM IPHIILIOCH Obl
n03a00TUTBCA O TOM, UYTOOBl KOMUPYIOUMH KOHCTPYKTOP BBIMOJHSI OCMBICICHHBIE JIEUCTBUS C
00BEKTOM BPFCImpl, Ha KOTOPBIA OH cchbutaeTcs. Bo3aMokHO, mpocTeiiiiee pelieHne 3aKIio4aeTcs B
OpraHU3allMy MOJICYETa CChUIOK MPU MOMOIIM YKa3arels shared ptr U3 OMOIMOTEKH Boost WM €TO
aHasora (cm. coset 50).

B cymmocTH, KOmMpyrOHmmMi KOHCTPYKTOp BPEC — €IMHCTBEHHOE, O Ye€M BaM HPHUACTCS
n00ECIIOKOUTHCS B KOHTEKCTE JJAHHOTO IIpUMepa, MOCKOIbKY MPU Nepeaadye U MOoIydeHUH (PyHKTOPOB
ot ¢pyukuuit STL Bcerna mpoucxonuT KonupoBaHue (IIOMHHUTE, YTO TOBOPUJIOCH BBIIIE O Mepeaaye mo
3HaueHu1o?). M3 3Toro BeITEKAIOT JBa TPeOOBAaHUA: KOMIIAKTHOCTH 1 MOHOMOP(}U3M.



Cosert 39. Peasiuzyire npeauKkaTbl B BUAE «YUCTHIX» PYHKIMH

Jlns Havana pazéepemcsi C OCHOBHBIMU TEPMUHAMU.

* [Ipeouxkamom Ha3bIBaeTCcs (QYHKLHMS, BO3BpaIAIOIIas THI bool (MM APYyroe 3HaYeHUe, KOTOpoe
MOXET ObITh aBTOMAaTHYECKH MPeoOpa3oBaHO K bool). IIpeaukarsl mmpoko ucnons3yorces B STL. B
YaCTHOCTH, (PYHKIIMU CPAaBHEHHMS B CTAaHAAPTHBIX aCCOLMAaTUBHBIX KOHTEHHEpPax MPEJACTaBISAIOT cOO0M
npeaukarsl. [IpenukarHpie QyHKIIMK 4acTO MepeAaroTcsa B BUE MapaMeTPOB TaKUM alropuTMam, Kak
find_ if, ¥ Pa3JMYHBIM aJIFTOPUTMAM COPTHUPOBKH (0030p aaropuTMOB COPTUPOBKH MPHUBEICH B COBETE
31).

* «Hucmoru» pyHkumeit Ha3piBaeTcs QyHKLMS, BO3BpalllaeMOe 3HaY€HUE KOTOPOM 3aBUCUT TOJIBKO
oT nmapameTpoB. Ecnu £ — «uucras» QyHKIUS, a x 1 y — O0OBEKTHI, TO BO3BpallA€MOEe 3HAYCHUE f (x,
y) MOXET U3MEHUTHCS TOJBKO B CIIydae U3MEHEHHUS X UM Y.

B C++ Bce naHHbIE, HCHOJIb3yeMbIE «UHUCTHIMU» (YHKUMUAMHU, JUOO0 TMepenaloTcs B BHUIC
napamMeTpoB, JUOO OCTAIOTCS MOCTOSHHBIMU Ha MPOTSHXKEHUHM BCErO KU3HEHHOTO IMKIA (PYHKIIUU
(ecTeCcTBEHHO, TakHe IMOCTOSHHbBIC JaHHBIE OOBSABISIOTCA C KIIOYEBBIM clioBoM const). Eciu Obl
JAHHBIE, UCIIOJIb3YEMbIE «UHCTOW» (YHKIMEH, MOTIIM U3MEHATHCS MEXKIY BHI30BAMU, TO BBI30OB ITOM
GyHKIMHU B pa3Hble MOMEHTHI BPEMEHHM C OJWHAKOBBIMU IapaMeTpaMu MOT Obl J1aBaThb pa3HbIC
pPE3yAbTaThl, YTO MPOTUBOPEUUT OMPEICTCHUIO YUCTOMN» PYHKIINU.

N3 cka3aHHOTO JAOKHO OBITh MOHSTHO, YTO HY)KHO CJlI€JaTh, YTOOBI MPEIUKaThl ObUIH «YUCTHIMI)
bynkuuamu. MHe octaercs Jullb yOeIuTh YuTaTessl B TOM, YTO 3Ta peKoMeHaalus odocHoBaHa. s
3TOrO MPUJIETCS BBECTHU €ILIE OJJUH TEPMUH.

» [Ipeouxkamnvlm Kiaccom Ha3bIBaeTCA Kiacc (YHKTOpa, y KOTOpPOro (yHKIHS operator ()
ABIIACTCS TPEAUKATOM, TO €CTh BO3BpPAILAET true WM false. Kak W ciaegyer oxujarb, BO BCEX
ciyuasx, korna STL oxxupaer moixyduTh MpeauKar, MOKET MepeaaBarbesi TM00 HACTOSIIMN ITpeauKar,
1160 00BEKT MPETUKATHOTO KJIacca.

O0e1ato, 4YTO HOBBIX TEPMHUHOB OoJiblie He OyneT. Teneps naBaiiTe pazdepemcs, MoueMy CIeayeT
BBIMOJIHATH PEKOMEHAAIMIO JAHHOTO COBETA.

B coBere 38 00BACHATIOCH, YTO OOBEKTHI (PYHKIHMI MEepenaloTcs MO 3HAYEHUIO, MO3TOMY IpHU
MPOCKTUPOBAHUU HEOOXOAMMO M03a00TUTHCA O BO3MOKHOM KomupoBaHuH. JlJisi 00BEKTOB (PyHKIIMHA,
ABIIIIOIIMXCS MPEIUKAaTaMM, CYLIECTBYET W APYroil apryMeHT B IOJb3Y CIELUAIbHONW NOLIAEPKKU
KOMUPOBAaHUS. AJNTOPUTMBI MOTYT CO3/1aBaTh KOMHUHM (PYHKTOPOB M XPaHHUTh UX OMPENEICHHOE BpEMs
nepel NPUMEHEHHEM, MPUYEM HEKOTOPBIE pEANIM3ALUU aJTOPUTMOB 3TUM AKTHBHO NOJIB3YIOTCH.
Baxueiinmm crneactBueM 3TOro (axra sBIsETCS TO, YTO NpeAuKaTHble (YHKIUU AOHKHBI OBITH
«YUCTBIMU.

[IpeanosnoxuM, Bbl HApyLIMJIM 3TO OrpaHudeHue. Huke NMpuBENEH IUIOXO CHPOEKTUPOBAHHBIN
KJIACC MpEAUKara, KOTOPhI HE3aBUCHUMO OT NEpPEJaHHBIX apryMEHTOB BO3BpAILAET true TOJBKO OIUH
pa3 — IpH TPEThEM BBI30BE. BO BceX OCTaNbHBIX CllydasiX BO3BpAIAETCs false.

class BadPredicate: // BaszOBHINM KJIACC ONMUCAH
public unary function<Widget, bool>{ // B cosere 40
public:

BadPredicate () : timesCalles (0) {} // IlepemenHas timesCalled

// VMHULMAIUIUPYETCS HYJeM

bool operator () (const Widgeté&)

return ++timesCalled = 3;

}
private:

size t timesCalled;

b
HpGI[HOJ'IO)KI/IM, KJIACC BadPedicate HCIIOJIB3YCTCA I UCKIIIOYCHHA TPCTHCT'O OG’BCKT& Widget U3



KOHTEHHEPA vector<Widget>:
vector<Widget> vw; // Co3maTb BEKTOP M BalOJIHUTBL €TI0
- // obbexTammu Widget
vww.erase (remove_if (vw.begin(), // Ymanure TpeTuit obwvexT Widget.

vw.end (), // cBA3b Mexny erase M remove if
BadPredcate () ), // omnmucaHa B coBeTe 32
vw.end()) ;

[IporpamMmMa BBIISIAMT BIIOJIHE Pa3yMHO, OIHAKO BO MHorux peanusanuax STL u3 Bexktopa vw
yIaJseTCsl HE TOJIBKO TPETUM, HO U MIECTOU 3JIEMEHT!
YTOoOBI MOHATH, MOYEMY 3TO MPOUCXOIUT, HEOOXOAUMO PACCMOTPETh OAUH U3 PACTIPOCTPAHEHHBIX

BapUAHTOB pealu3aluu remove if.[loOMHHUTE, YTO 3Ta peanuzaius He Aesemcs 0053aTeNbHOM.

template<typename FwdIterator, typename Predicate>
FwdIterator remove if (FwdIterator begin, FwdIterator end, Predicate p) {
begin = find if (begin, end, p);

if (begin==end) return begin;

else {

FwdIterator next=begin;

return remove copy 1if (++next, end, begin, p);

}

}
[logpobHocT Hac ceiuac He uHTepecyloT. OOpaTuTe BHUMAaHUE: TMPEIuKar p CHadala

nepeaacTeda find if, a SaTCMiremove_copy_if.:KOHCHHO, B 000uX cliydyasdx p Iepeaacrcsa 110
3HAQUEHHUI0O — TO €CTb Konupyemcs (TEOPETUYECKH BO3MOKHBI MCKIJIFOUEHHS, HO Ha MPAaKTHUKE AENO
0OCTOMT UMEHHO TaK; 32 MOAPOOHOCTAMH OOpalaiTech K COBETY 38).

[lepBblil BBI3OB remove if (PacroOJOKEHHBIA B KJIMEHTCKOM KOJE, YAAISIIOLIEM TPETUUA 3JIEMEHT
U3 vw) CO3/1aeT aHOHUMHBIA O0BEKT BadPredcate C BHYTPEHHEH MEPEMEHHOM timesCalled, paBHOM .
OTOT OOBEKT, M3BECTHBIH B remove if TOJ HMMEHEM p, 3aT€M KOMUPYETCS B find if, MOATOMY
find if TOXE MOJYy4aeT OOBEKT BadPredicate C NMEPEMEHHOH timesCalled, paBHON 0. Anroputm
find_ if «BBI3BIBAET» ITOT OOBEKT, TOKA TOT HE BEPHET true; TAKUM 00pa3oM, OOBEKT BBI3bIBACTCS TPU
pa3a. 3arem find if BO3BpallA€T YNPABIECHUE remove if. Remove if MPOJOJIKAET BBIIOJHATHCSA U B
UTOTE BBI3BIBACT remove copy if, IIEpelaBas B KadyeCTBE IIPEIMKara O4YepeIHyr Komurw p. Ho
nepeMeHHas timesCalled 00BeKTa p mo-npexHeMmy paBHa 0! Benp anroputm find if BbI3bIBAJI HE p,
a TMIb Konuto p. B pe3ynpTare Ipu TPEThEM BBI30BE U3 remove copy if MPEAUKAT TOXKE BEPHET true.
Tenepb NOHATHO, TOYEMY remove if yhayseT [Ba 0OBbEKTA Widget BMECTO OJIHOTO.

Y1oObl 0O0OWUTH ATY JIMHIBUCTUYECKYIO JIOBYIIKY, IIPOILE BCETO OOBSIBUTH (PYHKIIHIO operator () C
KJIFOUEBBIM CJIOBOM const B IIPEIUKATHOM Kiacce. B 3TOM ciiydae KOMIMIISTOP HE MTO3BOJIUT U3MEHUTH

IICPCMCHHBIC KJIaccCa:

class BadPredicate:
public unary function<wWidget, bool> {

public:
bool operator () (const Widget&) const {
return ++timesCalled == 3; // Oumbka! M3MeHeHME JIOKAJbLHEIX IJaHHBX

} // B KOHCTAHTHOMW O(QYHKLMUM HEBO3MOXHO

b

M3-3a mpOCTOTHI 3TOTO PEIIieHUs 51 9yTh ObLTO HE 03amIaBUI 3TOT COBET «OOBSIBISITE operator ()
KOHCTAHTHBIM B MPEIUKATHBIX KJaccax», HO 3TOH (OpMYTUPOBKU HEJAOCTAaTOUHO. J[a)ke KOHCTAaHTHBIC
GyHKIIMU MOTYT oOpam@arscsi K mutable-IIEPEMEHHBIM, HEKOHCTAHTHBIM JIOKAJbHBIM CTaTHYECKUM
00bEKTaM, HEKOHCTAHTHBIM CTAaTHYECKHMM OOBEKTaM KJjacca, HEKOHCTAHTHBIM OOBEKTaM B 00JacTH
BUJIMMOCTH  TIPOCTPAHCTBA HMMEH ©  HEKOHCTAaHTHBIM  IJI00albHBIM  O0BEKTaM.  XOPOIIO
CIIPOCKTUPOBAHHBIN MPEIUKATHBIA KJIACC JODKEH 00CCIeUnTh HE3aBUCHUMOCTD (PYHKIIMM operator ()
U OT J3TUX 00BEKTOB. OOBsBICHHWE KOHCTAHTHBIX (DYHKIIUU operator () B MPEAUKATHBIX Kiaccax



HeobXxo0uMo Al TPABUIBHOTO MOBEJACHUA, HO He OdocmamouHo. [IpaBuibHO HamucaHHas (QYHKIUs
operator () SIBISETCS KOHCTAHTHOM, HO 3TO emle He Bce. OHa J0KHA ObITh «YUCTOM» (PyHKIIMEH.
Panee B 3TOM coBeTe yXe€ YNOMHHAJIOCh O TOM, 4TO Bcroay, rae STL oxugaeT moixyduTh
npeauKaTHyo (QYHKIHIO, MOKET IepeaaBarbes 00 peanbHas QyHKIHUS, TUO0 0O0BEKT MPEeIuKaTHOTO
KJlacca. DTOT MPUHIUI ACUCTBYeT B 00oux HampasieHusx. B mobom mecrte, tne STL paccuuthiBaet
NOJIyduTh OOBEKT MPEAUKATHOTO Kjacca, MOomoHAeT u mnpeaukarHas GyHKOUS (BO3MOXKHO,
Moau(UIIMPOBaHHAS MPU TMOMOLUM ptr fun — CcM. coBeT 41). Tenmeps BBl 3HaeTe, uTo (GYHKIUU
operator () B MNPEIUKATHBIX KJIACCAX JIOJKHBI ObITh «YUCTHIMU» (PYHKIIUSMHU, IOATOMY OTpaHUUYECHUE
pacmpocTpaHseTrcss U Ha npeaukarHeie Gynkuuu. Crenyromas (yHKIUS TakXkKe IJI0Xa B KauyecTBe

npcankKara, Kak u OG’BCKTBI, CO3JJaHHBIC HA OCHOBC KJIaCCa BadPredcate:
bool anotherBadPredicate (const Widgeté&, const Widgeté&)
static int timesCalled = 0; // Het! Hetr! Her! Her! Het! Her!
return ++timesCalled == 3; // TpeOukKaTe OOJIKHH OHTb "uMcCTEMMK"
} // OyHrxumMaMM, a "umcrTee" QYHKLUU
// He MMenT COCTOSHUI

Kak Obl BBl HHM HpOrpaMMMpOBAJIM NpPEIUKaTbl, OHU BCEINA JAOJDKHBI OBITh «UHCTHIMU
GyHKIMAMU.



Cogsert 40. Kitaccbl PyHKTOPOB T0JI5KHbI ObITH aaNITUPYEMbIMHU

[IpenmnonoxuM, y HaC UMEETCSl CIUCOK yKa3zarejeh Widget* M (YHKIUS, KOTOpas MO YKa3aTelto

OTIPEJIEIISIET, SIBISAETCS TU OOBEKT Widget «HMHTEPECHBIM:
list<Widget*> WidgetPtrs;
bool isInteresting(const Widget *pw);
Ecnu motpebyercs HalTH B CIMCKE NMEPBBbIA yKazareidb Ha «MHTEPECHBIN» OOBEKT Widget, 3TO

A€IaCTCA JICTKO:

list<Widget*>::iterator i = find if (widgetPts.begin(), widgetPts.end(),
isIntersting);
if (i != widgetPts.end()) {

// ObpaboTka nepBoro "MHTEepecHOTo"
}  // ykaszaresnsa Ha Widget

C napyroif cTOpoHbI, eciu NoTpelyeTcsi HAalTU TMEpBbId yKas3arelb Ha «HEUHTEPECHBIN» OOBEKT

Widget, CIAEAYIOINIEE OYEBUIHOE PEIICHHE HE KOMITUIIUPYETCS:
list<Widget*>::iterator i = find if (widgetPtrs.begin(), widgetPtrs.end(),
notl (isInteresting)); // OumbBxa! He xoMOnmIMpyeTcs
[lepen not1 K GYHKIIMHU isInteresting HEOOXOAUMO MPUMEHUTh ptr fun:
list<Widget*>::iterator 1 =
find if (widgetPtrs.begin(), widgetPtrs.end(),
notl (ptr_fun(isInteresting))); // Hopmaneho
if (i != widgetPtrs.end()) { // ObpaboTkxa HepPBOTO
. // "HeumHTepecHOTO" ykazaTensd
} //Ha Widget

[Ipn BHAE PTOro pelieHUs HEBOJIBHO BO3HUKAKOT BOIMPOCHL [/ouemy Mbl JOJIKHBI NMPUMEHATH
ptr fun K islnteresting mepen not1? YTo ptr fun JUIs HAC JeNaeT U MOYEMY HauWHAaeT paboTarhb
IIPUBE/ICHHAS BbIIIE KOHCTPYKIIUA?

OTBeT OKa3bIBaETCS BEChbMa HEOXKHUIAaHHBIM. Bcsi paboTa ptr fun CBOOUTCA K MPEAOCTABICHUIO
HECKOJIbKUX ONpeAeNeHU THUMOB. OTH OMNpPEACNICHUS] THUIOB HEOOXOAMMBI Ui notl, IMOATOMY
IMPUMECHCHUE notl K ptr fun pa60TaeT, 4 HCIOCPCACTBCHHOC IIPUMCHCHHUC notl K isInteresting HE
pabotaer. [IpuMuUTHUBHBIA yKa3arelb Ha (PYHKIUIO isInteresting HE MOJAECPKUBAET OIMpPEACICHUS
TUIIOB, HEOOXOUMBIE JIIS not 1.

BrnpoueM, not1 — He equHCTBeHHBI KOMIOHEHT STL, mpeabsapnsionmii mogoOHbIe TPeOOBaHMUS.
Bce derslpe cTaHmapTHBIX ajganrepa (notl, not2, bindlst M bind2nd), a TAK¥KE BCE HECTaHIAAPTHBHIC
STL-coBMeCTUMBIE alaliTEPbl U3 BHEIIHUX UCTOYHUKOB (Hampumep, Bxopaume B SGI nu Boost — cwm.
coer 50), TpeOylOT CyIIECTBOBAHUS HEKOTOPBIX omnpenaeneHui TunoB. OOBEKTH  (PYHKIIHH,
NPEJAOCTABISIONME HEOOXOMMMbIE  ONPEACNICHUs] THUIIOB, HAa3bIBAIOTCA a0anmupyemuviMu, IPU
OTCYTCTBUM JTUX ONpPENEICHUN OOBEKT HAa3bIBACTCS HeadanmupyemviM. ANANTHpPyeMble OOBEKTHI
(GyHKIUA MOTYT HCHOJB30BAaThCS B KOHTEKCTaX, B KOTOPBIX HEBO3MOXHO UCIIOJIb30BaHUE
HeaJanTUpPyeMbIX 00BEKTOB, MOATOMY BbI JOJKHBI 110 BO3MOXKHOCTHU JIeJaTh CBOU OOBEKTHI (DYyHKIUA
alanTUpyeMbIMH. ANANTUPYeMOCTh He TpeOyeT HHUKAaKUX 3arpar, HO 3HAUYUTENIbHO YIPOILNAET
UCII0JIb30BaHUE KJIACCOB (DYHKTOPOB KJIIMEHTAMU.

HaBepHoe, BMECTO TYMaHHOTO BBIPAXKEHUSI «HEKOTOPBIE ONMPEAEIEHUS] TUIIOBY» Bbl Obl MPEANOWIN
UMETh TOYHBIA chucOK? Peub uaeT 00 oOmpeaeneHusx argument type, first argument type,
second argument type M result type, HO CHTyallHUd OCIOXHACTCA TEM, YTO Pa3HBIC KIIACCHI
(GYHKTOpPOB JOKHBI MPEOCTABIATh pa3Hble MOAMHOXKECTBA 3TUX UMEH. YeCTHO rOBOPS, €CJIU BBl HE
3aHMMaeTech pa3pabOTKONW COOCTBEHHBIX aJalTepoB, BaM BOOOIIE HUYEro HE HYXHO 3HaTh 00 3THX
onpenenenusx. Kak npasuio, onpeaeneHust HacaeAyrOTCs OT 6a30BOro Kjacca, a TOBOps TOYHEE — OT
0a3oBoi CTPYKTYypbl. [lns KjaccoB (YHKTOPOB, y KOTOPBIX operator () BBI3BIBAETCA C OJHUM



apryMeHTOM, B Ka4eCTBE MpeJKa BBIOMPAECTCS CTPYKTYpa std: :unary function. Kiaccel yHKTOPOB,
y KOTOPBIX operator () BBI3BIBAETCA C JBYMsS apryMEHTaMH, HACJICAYIOT OT CTPYKTYpHI
std::binary function.

BHqumM,HCCOchMTBK.unary_functionIlbinary_functionﬂBHHKﬂCHIﬂaGHOHaMH,HO3TOMy
IIpsAMOC HACJICAOBAHUC OT HHUX HCBO3MOKHO. Bmecto »TOTrOo IIpyu HACJICAOBAaHUHU HCIIOJb3YIOTCA
CTPYKTYpPbI, CO3AAHHBIC HAa OCHOBC JTHUX IH&6J'IOHOB, a s 3TOoro HGOGXOI[I/IMO YKa3arb aprymcCHTbI
TUIIOB. I[JIH unary_function 3a1acCTCd THUII ITapaMCTpa, I10JIy4acMOoro (I)YHKHHGfI operator () Balmero
KJ1acca (PYHKTOpA, a TaKKe THUI BO3BpalaeMoro 3HaueHus. JJig binary function KOJIWYECTBO THUIIOB
YBCIIMYHUBACTCA OO0 TPEX! THUIIBI II€PBOIO0 M BTOPOI'O IMApaMETPOB operator () W THII BO3BpAIIAEMOI'O
3HA4YCHUSL.

[Tapa npumepoB:

template<typename T>

class MeetsThreshold: public std::unary function<Widget, bool> ({

private:

const T threshold;
public:

Meets Threshold(const T& threshold);
bool operator () (const WidgetS) const;

;éruct WidgetNameCompare:
std: :binary function<Widget, Widget, bool> {
bool operator () (const Widget& lhs, const Widget& rhs) const;

b7

B O6OHX,CquaHX THUIIBI, IIEPEAABACMbIC unary function HMJH binary function, COBIAJAaT C
TUTIAMU, TTOJIy4aeMbIMU U BO3BpalllaeMbIMH (DYHKIIHEH operator () Kiacca PyHKTOpA, XOTS Ha MEPBbIii
B3IUIA 0 HECKOJIBKO CTPAHHO, YTO THII BO3BpAIIA€MOI'0O 3HAYCHUA operator () MEPEAACTCA B IIOCICAHEM
ApPryMeHTC unary function HJIH binary function.

BOBNKDKHO, Bbl 3aMECTUJIU, 4YTO MeetsTheshold SBIFIETCS KJIACCOM, a WidgetNameCompare
SBJISIETCSA CTPYKTYPOH. MeetsTheshold 00JalaeT BHYTPEHHUM COCTOSIHUEM (IepeMeHHas threshold),
W JUIA WHKAIICYIAIHUH 3TUX JAHHBIX JIOTHYHO BOCIIOJB30BATbCA HMCHHO KJIACCOM. WidgetNameCompare
COCTOSIHMSI HE HMEET, MOATOMY M 3aKpbIThle JaHHbIE HE HYXHBI. ABTOPBI KJIacCOB (DYHKTOPOB, B
KOTOPBIX BCS MH(pOpMAIUs SBISETCS OTKPBITOM, 4acTO OOBSABISIOT CTPYKTYphl BMECTO KJIACCOB —
BCPOATHO, TOJIBKO IJIA TOIO, YyTOOBLI UM HE IMPpUXOANJTIOCh BBOOUTD « public» nepena 0a30BBLIM KJIACCOM U
byHKIIHEH operator (). BbIOOp Mexay KiIaccoM M CTPYKTYpOll IpH OOBSABICHHU TaKUX (PYHKTOPOB
onpeacsICTCA HMCKIIOUUTCIIBHO CTHJIICM IIPOrpaMMHPOBAHHA. Ecin BBl € HE BBIpa6OTaJ'II/I
COOCTBEHHOT'O CTHUJISl U CTapaeTeCh UMUTHPOBATh MPOPECCUOHATIOB, YUTHTE, YTO KJIacChl (PYHKTOPOB
06e3 coctosiHuss B camoi Oubnumorexke STL (mampumep, less<T>, plus<T> U T. [A.) OOBIYHO
3alUCBIBAIOTCS B BUJIE CTPYKTYD.

Bepuemcs k onpenenenuto WidgetNameCompare:

struct WidgetNameCompare:

std::binary function<Widget, Widget, bool> {
bool operator () (const Widget& lhs, const Widget& rhs) const;

b7

XoTs ApryMEHTHI operator () OTHOCATCS K THUIY constwidgets, HHﬁHOHybdnary_function
nmepenacTeA THHWNidget.()ﬁHHHO IIpya nepeaadye unary function HIM binary function THUIIOB, HC
ABJIAIOIIUXCS  YKA3arCJIsIMU, KIIOYCBBIC CJIOBA const M 3HAKKW CCBUIKK YAAJIAIOTCA... TOJIBKO HC
CHpaH]HBafITe, oYMy, — OTBCT Ha O3TOT BOIIPOC HC HMHTCPCCCH KW HC NPHHIHUIIMAJICH. Ecmu BBI
cropaeTe OT JI0OONBITCTBA, HAMUIIUTE IPOrpaMMy, B KOTOPOH OHU HE YAAJSAIOTCS, U IPOAHATU3UPYITE
MOJYYEHHYIO JUAarHOCTUKY KOMIIMJIATOpPA. A €CIM BBl U HOCAe 2MOo20 HE YyTPaTUTE UHTEpPEC K ITOH



TeMme, mocerure cailt boostorg (cMm. coBer 50) u mounmre Ha HeM HHPOpMaIUI0O 00 aaantepax
00BEKTOB (DYHKILIHH.
Ecnu operator () MoJydaeT NapaMeTpbl-yKa3zareilu, cCUTyaluus MeHsercs. Huke mnpuseneHa

CprKTypa,aHaHOFHqHaﬂWNidgetNameCompare,IH)paGOTaHHDaH()yKaBaTGHHNHIWidget*:

struct PtrWidgetNameCompare:
std::binary function<const Widget*, const Widget*, bool> {
bool operator () (const Widget* 1lhs, const Widget* rhs) const;

i

B stom ClIydac THIIbI, ICPE€AABACMBIC binary function, COBHAAAaKT C TUIIAMH, IEPCAaBACMbIMHU
operator (). OOIIee MpaBUIO AJis KJIACCOB (PYHKTOPOB, MOITYJAONMX WJIM BO3BPAIIAIONMX YKa3aTelH,
3aKJII0YACTCA B TOM, YTO unary function HJHM binary function IDEPCHAAIOTCI B TOYHOCTHU TC THIIBI,
KOTOPBLIC TOJIYYACT UJIN BO3BPAIIACT operator ().

ITomuuTe, 4To 0a30BbIE KJIACCHI unary function M binary function BBIIOJTHAKT TOJBKO OOHY
BOXHYIO (YHKIIMIO — OHHM TIPEJAOCTABISAIOT OINpESICHUs] THUIOB, HEOOXOoAMMBbIe nJisi pPaboThI
aJIanTepoB, MOATOMY HACIIEIOBAHUE OT 3TUX KJIACCOB MOPOXKIACT aJanTUpPyeMble OOBEKThI (PYHKIIUIA.

OTO0 NO3BOJISET UCIIOJIB30BATh B IPOrPaMMax CJIEIYIOIIME KOHCTPYKIUHU:
list<Widget> widgets;

list<Widget>::reverse iterator il = // HanTy nocjaenHuy OOBEKT
find if (widgets.rbegin(), widgets.rend(), // Widget, He cooTBeTCTByNLUUN
notl (MeetsThreshold<int>(10))); // moporoBoMy kKpurepuio 10
// (4uT0 OB 3TO HM 0O3HAUYAJO)
Widget w(apryMeHTE KOHCTPYKTOPA) ; // HanTtu nepsmll o6bexkT Widget.
list<Widget>::iterator i2 = // TnpenmecTByOIMM W B HOpPSOKe
find if (widgets.begin(), widgets.end(), // copTupoBKM, OINpPeleJIEHHOM
bind2nd (WidgetNameCompare (), w)); // WidgetNameCompare

Eciu Obl kjaccel (YyHKTOPOB HE ONPEACTSIUCH MPOU3BOAHBIMH OT unary function WIH
binary function, HU OJUH U3 3TUX NMPUMEPOB HE KOMIUIUPOBAJICS Obl, MOCKOIBKY notl M bind2nd
paboTalOT TOJBKO C AAANTUPYEMBIMH O0BEKTaMH (YHKIUH.

OOwextl  ¢GyHkuuit STL moctpoensl mno o6pasuny ¢yakuuit C++, a  Qyakuun CH++
XapaKTepU3yloTCsl €IUHCTBEHHBIM HA0OpOM THIIOB MapaMeTpPOB U OJHUM THIIOM BO3BpPAIAEMOTO
3HayeHusa. B pesynbrare STL HesiBHO mompazymeBaeT, 4TO KaXKIblii Kiacc (PYHKTOpa COACPKHUT
CAMHCTBEHHYIO (YHKIUIO operator (), THIBl MapaMeTpPOB M BO3BPAIAEMOT0 3HAYEHUS KOTOPOii
JOJIKHBI IIEPEAABATLCA unary function HJHM binary function (C YYECTOM IIPpABUI IIEPCAAYN CCBIIOK
U yKazarelel, 0 KOTOPBIX TOBOPUIIOCH paHee). M3 3Toro ciemayer omHO BakHOE OOCTOSITEIBCTBO: HE
noJyiaBaiTech coOlazHy U HE MbITalTech OOBEAMHATH (PYHKIMOHATBHOCTH WidgetnNameCompare M
PtriWidgetCompare B OAHOW CTPYKTYpe C AByMs (DYHKLIHSIMU operator (). B 3TOM ciaydae pyHKTOp
OyZieT aJanTUPyEeMbIM [0 OTHOILICHUIO JIUIIb K OJHOM M3 IBYX (hOPM BbI30Ba (TOM, YTO UCIOIH30BANACH
Opu Tepenadye MapaMeTpoB binary function), @ MOJB3bl OT TAKOTO pelIeHUs OyAeT HEMHOTo —
HAIOJIOBUHY aIallTUPYEeMbIii QYHKTOP HUUYTh HE JIy4llle HeaAanTuPyeMoro.

Wnorna B kitacce pyHKTOpa OBIBAET Pa3yMHO OMPEAEIUTh HECKOJIbKO (JOPM BBI30Ba, TEM CaMbIM
OTKAa3aBIIHMCh OT aJAaNTUPYEMOCTH (IIPUMEPBI TAKUX CUTYyallMi MpUBEAEHBI B coBeTax 7, 20, 23 u 25),
HO 3TO CKOpEe UCKJIOUYEHHE, a HE MPABUIIO0. AJaNTUPYEMOCTh BaXKHA, U O HEH clieyeT MOMHUTDH MPHU
pa3paboTKe KJ1accoB PyHKTOPOB.



Coger 41. Pazoepurecsh, 11 4ero Hy;kHbl ptr_fun, mem fun u
mem_fun_ref

3aragounble PYHKIUU ptr fun/mem fun/mem fun ref YAacTO BBI3BIBAIOT HeAoyMmMeHHUE. B omHux
CIIyJasiX MX MPUCYTCTBUE 00s3aT€IbHO, B IPYTMX OHU HE HYXKHBI... HO YTO € OHU BCE-TAKU JIETAIOT?
Ha mepBbIil B3MISIT KaXeTCsl, 9YTO OHU OECCMBICICHHO 3arpoMOXKIal0T uMeHa GyHkiui. Mx HeymoOHO
BBOAUTh M YHUTATh, OHU 3aTPYIHSAIOT IMOHMMAHUE MPOrpaMMbl. UTO 3TO — OYEPEIHBIE MEPEKUTKU
npouwvioro STL (npyrue npumepsl npuBoguiavch B coBetax 10 m 18) mnam cUHTakcH4YecKkas IIyTKa,
npuaymManHas yieHaMmu KoMurtera no craHaapTU3aiuy ¢ U3BpalieHHbIM YyBCTBOM IOMopa?

JIeliCTBUTENIbHO, WMEHA BBIISAAT JOBOJBHO CTPAaHHO, HO (QYHKIUHU ptr fun, mem fun H
mem fun ref BBINOJHSAKOT BAXKHBIC 3aJaud. EcCiM yX pedb 3amuia O CMHTAKCUYECKUX CTPAHHOCTSX,
HaJIO0 CKas3aTh, YTO OJHA U3 BaXHEHWIMX 3a7ad dTUX (PYHKIHUN CBA3aHA C TIPEOJOJICHHUEM
CHHTaKCHYECKOU HemocneaoBaTebHOCTH CH+.

B C++ cymecTByIOT TpH BapraHTa CHHTAKCHCA BbI30Ba QYHKIINU f 7 00OBEKTa x:

f(x); // Cumurakcmuc 1l: f He gBiderTcd GyHKLUMEN KJjacca
// (BEI3OB BHemHEel QYHKLMM)
x.f(); // Cuurakcuc 2: f aBiasgerTca QyHKUMEN KJjacca, a X
// aBiugerTcd OOBEKTOM MJIM CCHUJIKOM Ha OOBEKT
p->f(); // Cmurakcmc 3: f gaBigercs byHkLMeM kJjacca,

// a p COomepXuT ykKasaTesb Ha X
PaccMmoTpuM runotetTudeckyro GyHKIUIO, MPEeTHAZHAYCHHYIO ISl ITPOBEPKU» OOBEKTOB Widget:

void test (Widget& w); // HpoBepuTb OOBBEKT W. ECIM OBBEKT HE MNPOXOOUT
// mnpoBepKy, OH IoMmeuaeTcs kak "njoxoin"

JonycTuM, y Hac UMeeTCsl KOHTEHHEP OObEKTOB Widget:

vector<Widget> vw; // vw comepxuT oObekTel Widget

Jlns mpoBepkHu BceX OOBEKTOB Widget B KOHTEHHEpE vw MOXHO BOCIOJIB30BaThCs alrOPUTMOM
for each:

for each(vw.begin(), vw.end(), test); // BapmanT 1 (HOPMaJIbHO KOMIMJIUPYETCSH)

Ho npencraBbTe, 4TO test ABseTca QyHKIMEH Kiacca Widget, a He BHEIHEH pyHKIMEH (TO ecTh
KJIacC Widget caM 00ecleurnBaeT MPOBEPKY CBOMX OOBEKTOB):

class Widget {
public:

void test(); // BHIOOJHUTL CaMONPOBEpPKyYy. EcjamM npoBepka
. // BaBepumaeTcs Heyzmauelr, OOBEKT IOMeuaeTCd
b // xak "nmoxomn"

B wuaeanpHOM MuHpe MBI MOIIM OBl BOCIIONB30BaThCA for each I BbI3OBAa (PYHKIIUH
Widget: :test BCEX OOBEKTOB BEKTOPA vw:

for each(vw.begin(), vw.end(),
&Widget::test); // BapmanT 2 (He koMOMIupyeTcs!)

bonee toro, ecnu Obl Ham MUp OBLT ACHCTBUTEIBHO HACAIBHBIM, aJITOPUTM for each MOT Obl
MCMOJIb30BATHCS U JJISI BBI30BA Widget : : test B KOHTEHHEPE yKa3aTenen Widget *:

list<Widget*> lpw; // CouMcok lpw COIEpPXUT yKaszaTeJu

// Ha obbexTH Widget
for each(lpw.begin(), lpw.end(), // BapmanT 3 (He kKOMIOMUJIMPYyeTCs!)
&wzdget::test);

Ho nmonymaiite, 4To JOMKHO OBLIO OBl IPOUCXOAUTH B 3TOM HAcaIbHOM MHUpe. BHyTpu dQyHKIMM
for_each B BApHUAHTC ] BBI3BIBAETCST BHEIIH SIS (bYHKHI/I}I, IIOOTOMY HOJIZKCH HCITOJIB30BATHCA CHUHTAKCHC
1. BHyTpu BBI30Ba for each B BapuaHTE 2 CIEIOBaJIO Obl MCIOJB30BaTh CHHTAKCUC 2, MOCKOJBKY

BbI3bIBaE€TCS (PYHKIMS Kiacca. A BHYTpH (QYHKUHUM for each B BapuaHTe 3 TMPUIUIOCH Obl



UCIIO0IB30BaTh CUHTAKCUC 3, TOCKOJIbKY pedb UJIeT 0 (GYHKIMU KJlacca U yKaszarele Ha 00bekT. Takum
o0pa3oM, HaM MOHAAOOMIKNCH Obl MpUPA3HBIX BEPCUU for each — pa3Be TaKOW MHUP MOXKHO Ha3BaTh
HcalIbHBIM ?

B peanbHOM Mupe CylecTByeT TOJBKO OfHAa Bepcus for each. HeTpymHo mpenctaButh cebe
BO3MOJKHYIO €CC pCaIn3allnIO:

template<typename Inputlterator, typename Function>

Function for each(InputlIterator begin, Inputlterator end, Function f) {

while (begin != end) £ (*begin+t+);

}

Kupubiii mpudT ucnonb3dyercs g BbIIEICHUS TOTO, YTO HPH BBI30BE for each HCIOIB3YETCS

cuntakcuc 1. B STL cymectByer BceoOlee MNpaBuUiio, COMIACHO KOTOPOMY (PYHKIIMU U OOBEKTHI
GbyHKIUHA Bcerna BbI3BIBAIOTCA B IMEPBOM CHUHTAaKCHYECKOW ¢opMe (Kak BHEUHUE (QYHKIUH).
CTaHOBUTCA MOHATHO, IOYEMY BapuaHT | KOMOUIUPYETCS, a BAPUAHTHI 2 U 3 HE KOMIIWJIUPYIOTCA —
anroput™Mbl STL (B TOM 4YMCHE M for each) )KECTKO 3aKOAMPOBAHBI HA HCHOJIb30BAHUE CHHTAKCHCA
BHEIIHUX (PYHKIIMH, C KOTOPHIM COBMECTUM TOJIBKO BapHaHT 1.

Tenepr MOHATHO, IS YEero HYXHBI (YHKIUU mem fun Hmem fun ref. OHH oOecrneyUBaIOT
BO3MOXHOCTh BbI30Ba (DYHKIIMI KJ1acCOB (OOBIYHO BBI3BIBAEMBIX B CHHTAaKcHuce 2 W 3) mpu MOMOUIM
cuHTakcuca l.

[Mpunmun paboThl mem fun W mem fun ref MPOCT, XOTS s MYyIIEH SICHOCTH >KEJIaTeabHO
paccMOTpeTh OOBSBICHUE OJHOW U3 3TUX (QyHKUMI. B neHCTBUTENBHOCTH OHU MPEICTABISIOT COOOi
mabI0OHbl PYHKIUHN, IPUYEM CYIIECTBYET HECKOJIBKO BAPUAHTOB mem fun U mem fun ref JUIS PA3HOTO
KOJINYECTBAa MMAapaMETPOB M HAJUYHUSA-OTCYTCTBUS KOHCTAHTHOCTU aJalTUPYEMbIX UMHU (PYHKIIUH

ky1accoB. OJTHOTO OOBSIBIICHUS BIIOJHE JOCTATOYHO, YTOOBI Pa300paTHCS B MTPOUCXOISIIEM

template<typename R, typename C> // OObasyieHre mem fun nOJ1a HEKOHCTaHTHEX

mem fun t<R, C> // oyuxumr 6es mapamerpoB. C - KJacc.

mem fun (R(C::*pmf) ()); // R - Tun BO3BpallaeMOI'0 3HadyeHMA OYHKLUN.

// Ha KOTOPYK CCHJIAETCSH yKas3aTelb

OyHKIUS mem fun CO3JAET YyKaszaresb pmf Ha (PYHKIMIO KJIacca M BO3BpaIllaeT OOBEKT THIIA
mem fun_ t. Tun mpeacTaBisieT coOoil kiacc (YHKTOpA, COAepXkalMi ykaszareab Ha (YHKIUIO U
GYHKUUIO operator (), KOTOpas MO YyKa3aTedl BbI3bIBAET (DYHKUMIO Aisi OOBEKTa, IMepeIaHHOTO

operator()ﬂHﬂHpHMﬁp,BCHCHyKHHCM(bpaFMeHTe
list<Widget*> lpw; // Cm. paunee

for each(lpw.begin(), lpw.end(),
mem_ fun (&Widget::test)); // Tenepb HOPMaJlbHO KOMIUIIMPYETCH

[Ipu BbI3OBE for each mepenaercs OOBEKT THUIA mem fun t, COACPKALMHA YyKas3arelb Ha
Widget::test. Jmg Kaxaoro ykaszarens Widget* B lpw QITOPUTM for each «BBI3BIBACT» OOBEKT
mem fun t C HCIOJb30BAHUEM CHHTakcuca 1, a 53TOT OOBEKT HEMOCPEICTBEHHO BBI3bIBAET
Widget::test JUIA yKa3aTeNs Widget* C HCIOJIB30BAaHUEM CHHTaKcuca 3.

B menomM mem fun HPUBOIUT CHUHTAKCHC 3, HEOOXOMUMBIM sl Widget::test TIPH
VCIIOJIb30BAHNM C YKa3areJleM Widget*, K CHHTAKCHUCY |, HCIIOIBb3yeMOMY AJITOPUTMOM for each. [lo
BIIOJIHE TMOHSTHBIM MPUYMHAM TAaKUE€ KJACCHI, KaK mem fun t, HA3bIBAKOTCS adanmepamu 00beKmos
¢ynkyuiu. HaBepHoe, Bbl yKe J0rajajiich, YTO IO AHAJOTHM CO BCEM, O Ye€M TOBOPHUJIOCH paHee,
GYHKIMY mem_ fun ref aJalTUPYIOT CHHTAKCUC 2 K CHUHTAKCHUCY | W TEHEPHPYIOT aJamnTephl THUIIA
mem fun ref t.

OOBeKTHl, co3MaBaeMble (DYHKIMSIMU mem fun M mem fun ref, HE OrPAHUYMBAIOTCSA MPOCTOU
yHuukamnuenn cuatakcuca A komrnoHeHToB STL. OHu (a Takke 00BEKTHI, CO3/laBacMble (yHKIIHEH
ptr fun) Tak)Ke MPEIOCTABISAIOT BaKHbIE ompezesieHuss TUMOB. OO0 3THUX OMpeleeHUsx yxe ObLIO
paccka3zaHo B coBete 40, MOTOMY 51 HE CTaHy MOBTOPSTHCS. TeM He MeHee, CTOUT pa3o0paThCs, IoYeMy



KOHCTPYKIIUS
for each(vw.begin(), vw.end(), test); // Cm. paHee, BapmaHT 1.
// HOpMaJIbLHO KOMIMJIUPYETCS

KOMITMJIINPYCTCA, a CIACAYIONUMC KOHCTPYKIIUHU HC KOMITMJIINPYIOTCA:

for each(vw.begin(), vw.end(), &Widget::test); // Cm. paHee, BapmaHT 2.
// He kKOMOMIUPYETCSH.
for each(lpw.begin(), lpw.end(), &Widget::test); // Cm. paHee, BapumaHT 3.

// He xoMOMIUPYyeTCs
[Ipu nepBoM BbI3OBe (BapuaHT 1) mepemaercss HacTosm@as (QYHKIUS, MOITOMY aJanTaius
CHHTAKCHCA BBI3OBA I for each HC HYXKHA, aITOPHUTM CaM BBIZOBET €€ C IPABUJIbHBIM CUHTAKCHCOM.
bonee ToOro, for each HE HCHONB3YeT OINPEACICHUS THUIIOB, AoOaBisieMble (QYHKIMEH ptr fun,
NO3TOMY MpHU TMepefade test QYHKIUA ptr fun He HyxkHa. C Apyroil CTOpOHBI, A00aBICHHBIC
OTIpENEICHUs HE TMOBPEAAT, MO3TOMY cienylumii ¢parMeHT (YHKIHOHAIBHO HSKBHUBAJICHTEH

NPUBEJCHHOMY BBIIIIE:
for each(vw.begin(), vw.end(), ptr_fun(test)); // Komnmimpyercsa u paboraer,
// xax BapumaHT 1.

Ecnu BbI 3a0bIBaeTe, korma (yHKIUS ptr fun 00sg3aTesibHA, a B KaKUX CiIydasx 0e3 Hee MOXKHO
00OMTHUCH, JTydllle UCTIONB3YHTE ee Mpu Beex nepenadax Gpynkuuii komnonentam STL. STL urnopupyer
JUIIHUE BBI30Bbl, © OHU HE OTPAXKAIOTCS Ha OBICTPONEHCTBUM MpOrpaMMmbl. Bo3MOXKHO, BO Bpems
YTeHUsl Ballell MpOrpaMMbl KTO-HUOYAb YIMBICHHO MOAHMUMET OpOBU MpHU BHUJIE JUIIHETO BHI30BA
ptr fun. Hackonbpko 3T0 Oecrokout Bac? HaBepHoe, OTBET 3aBUCUT OT IPUPOJHOM MHUTEIBLHOCTH.

CyiecTByeT W JIpyrod MOIXOA — HCIOJIB30BaTh ptr fun B clydae KpalHEd HEOOXOIMMOCTH.
Ecniu ¢QyHkums oTcyrcTByeT Tam, rae HEOOXOOUMBI OMpEAeNIeHHs] THIOB, KOMIIMJIATOP BbLAAET
coobmenne o6 ommbke. Torna Bel BOo3BpalaeTech K MPOrpaMMe M BKJIIOYAEeTe B HEE MPOIMYIICHHBIN
BBI30B.

C mem fun HMmem fun ref CHUTyallUs NPUHIUNHAIBHO WHAas. DOTH (PYHKIMU BCErJa JOJKHBI
NPUMEHSTHCS NpHU nepenade GyHKIUU kommnoHeHTaMm STL, mockoiabKy MOMUMO OIpEIEeNCHUs! TUIIOB
(HeoOXOMUMBIX UJIM HET) OHM aJalTUPYIOT CUHTAKCHC BBI30BA, KOTOPBIA OOBIYHO HUCHONB3YETCS IS
dbyHkuuii Knacca, K cuHTakcucy, npuHsatomy B STL. Eciu He ucnonp3oBarh 3TH (QYHKIUU MpU
nepeaaue ykaszarenen Ha QyHKIIMU Kilacca, mporpaMma He 0yeT KOMIUIUPOBATHCS.

OctaeTcs iUl pa3o0paTbCsi CO CTPaHHBIMM HMMEHaMHu ajaantepoB. llepen Hamu camblii
Hactosumi nepexxkutok mnpomwioro STL. Korma BmepBbeie Bo3HUKIIa HEOOXOMUMOCTh B ajamnTepax,
pa3zpabotuuku STL opueHTHpOBaIuCh HAa KOHTEHHEpHI yKazareneil (C yu4eToM HEeJOCTAaTKOB TaKHUX
KOHTEHHEPOB, ONMUCAHHBIX B coBeTax 7, 20 m 33, 3TO MOXET MOKa3aTbCsi CTPAaHHBIM, HO HE CTOUT
3a0bIBaTh, YTO KOHTEHHEPHI yKa3arelel MOAIEpPKUBAIOT MOJIUMOP(HU3M, a KOHTEHHEPhl 0ObEKTOB —
Her). Korma monamoOuncs amantep st ¢ynkuuid kiaaccoB (MEMber FUNctions), ero nHa3Bamu
mem fun. TOJBKO MO3AHEE Pa3paOOTUUKU TOHSIU, YTO JUIsI KOHTEHMHEPOB OOBEKTOB MOHAI0OMUTCS
Ipyroil aganTep, ¥ AJA 3TOW LeIU M300penu UMS mem fun ref. KOHEUHO, BBINIAAUT HE CIUIIKOM
3JIETAHTHO, HO... ObIBa€T, HUYETO HE Mmojenaeib. [IycTh TOT, KOMy HUKOT/Ia HE MPUXOJUIOCH JKaJIeTh O
MOCHEIIHOM BBIOOpE MMEH CBOMX KOMITOHEHTOB, IIEPBBIM OPOCUT KaMEHb.



Cosert 42. Cienure 3a TeM, 4T00bI KOHCTPYKUMS less<T> o3Hauasa
operator<

JlonmycTuM, 00BEKT Kjacca Widget 00JIalaeT aTpUOYTaMU weight U maxSpeed:
class Widget {

public:
size t weight() const;
size t maxSpeed() const;

}
bynem cumTarh, 4TO €CTECTBEHHAs COPTHUPOBKAa OOBEKTOB Widget OCYIIECTBISETCS MO aTpUOyTy

weight, YTO OTpaXeHO B onepaTope < kiacca Widget:
bool operator<(const Widgeté& lhs, const Widget& rhs) {
return lhs.weight ()<rhs.weight () ;

}
[Ipenmonoxum, MoTpedOBaIoOCh CO3/aTh KOHTEWHEP multiset<Widget>, B KOTOPOM OOBEKTHI

Widget OTCOPTHUPOBAHBI MO aTPUOYTy maxSpeed. M3BECTHO, UTO /IS KOHTEWHEpa multiset<Widget>
UCIIONb3yeTcsl (YHKIUSA CPABHEHHS less<Widget>, KOTOpas MO YMOJYAHHUIO BBI3BIBAET (PYHKIIUIO
operator< Kjacca Widget. MOXeET TMOKa3aTbCs, YTO EIWHCTBEHHBIM CHOCO0 COPTHPOBKH
multiset<Widget> MO arpuOyTy maxSpeed OCHOBaH Ha pa3pblBE CBA3ZM MEXKIY less<Widget> HU
operator< U CINEHHAIN3ALUU less<Widget> HA CPABHEHUU aTPpUOyTa maxSpeed:

template<> // Cneumanmuzauus std::less
struct std::less<Widget>: // nna Widget: TakoM nmomxon
public // cumTaeTcsa KpaMHe HexejlaTeJlbHEM !

std::binary function<Widget,
Widget, // Bas3o0oBHIM KJlACC ONMCAaH

bool> { // B cosere 40
bool operator () (const Widgeté& lhs, const Widget& rhs) const {
return lhs.maxSpeed() < rhs.maxSpeed();

}

b7

[Toctynars mogoOHBIM 00pa3oM HE PEKOMEHAYETCs, HO, BO3MOKHO, COBCEM HE 10 TeM MpPUYHUHAM,
0 KOTOPBIX Bbl MoAymaiu. Bac He ynupiseT, 4To 3TOT ¢parMeHT BooOIe Komnuiaupyercsi? MHorue
IpPOrpaMMUCTBl 00palaloT BHUMaHUuEe Ha TO, YTO B MPUBEICHHOM (parMeHTe CHeIUaIu3upyeTcs He
OOBIYHBIN MA0JIOH, a MA0JIOH U3 MPOCTPAHCTBA UMEH std. «Pa3Be MPOCTPAaHCTBO std HE JOHKHO OBITh
MECTOM CBSILEHHBIM, 3apE3€PBUPOBAHHBIM JIsi Pa3pabOTUMKOB OMOIMOTEK W HEIOCTYMHBIM JUIS
MPOCTHIX MPOTPAMMHUCTOB? — CHPAIMBAIOT OHU. — Pa3Be KOMIUISATOP HE JOKEH OTBEPrHYTH JI000€
BMEIIIATEILCTBO B TBOPEHUS OecCMEPTHBIX Typy C++7»

BooOmie roBops, MONBITKM MOAW(PHUKAIMU KOMIOHEHTOB std JIEUCTBUTEIBHO 3alpelleHbl,
MOCKOJIBKY WX TIOCIEACTBUSL MOTYT OKa3aTbCs HEMpPEeACKa3yeMbIMH, HO B HEKOTOPBIX CHUTYaIHsIX
MUHHMAaJbHbIE HW3MEHEHHS BCE K€ pa3pelieHbl. A HMMEHHO, MPOrpaMMHCTaM pa3peraeTcs
CHELUANM3UPOBaTh  IAOJIOHBI std [ TOJIb30BaTE€IbCKUX THUMOB. [louTn Bcerma CymecTByOT
aNbTEpHATUBHBIC PEILCHHS, HO B OTIENbHBIX CIIydasx TaKOM Moaxoi BIOJHE pasymeH. Hampumep,
pa3pabOTYMKH KJIACCOB YMHBIX yKa3aTelleld 4acTo XOTST, YTOOBI UX KJIACCHI IPU COPTHUPOBKE Belu ceOs
KaK BCTPOEHHBIE YKa3aTelld, MOATOMY CHEeIUaiu3alus std::less JUISI TUIOB YMHBIX YyKa3areleu
BCTpEYaeTcs HE TaK yx peako. Jlanee mpuBeaeH pparMeHT Kjlacca shared ptr U3 OUOIMOTEKHU Boost,

yroMuHaronerocs B coetax 7 u 50:
namespace std {
template<typename T> // Cneumanuzaumus std::less
struct less<boost::shared ptr<T> >: // mna boost::shared ptr<T>



public // (boost - mpocTpaHCTBO UMEH)
binary function<boost::shared ptr<T>,
boost::shared ptr<T>, // Bas3o0BHIM KJacC ONMCaH
bool> { // B coBete 40
bool operator () (const boost::shared ptr<T>& a,
const boost::shared ptr<T>& b) const {
return less<T*>() (a.get (), b.get()); // shared ptr::get Boz3BpamaerT
} // BCTPOEHHBINM yKazaTeJb
i // wn3 obvexTa shared ptr

}
B JaHHOM IMPUMEPEC CIICHHUATIN3AIMA BRIITIAIUT BIIOJTHEC Pa3yMHO, ITOCKOJBKY CIICIIHAIN3AalIHUA less

BCETO JIUIIb TAPAHTUPYET, YTO NOPSIOK COPTUPOBKHU YMHBIX yKas3areseil OyeT coBnajarb ¢ MOPSAKOM
COPTHUPOBKHU MX BCTPOCHHBIX aHaNoroB. K coxkaneHuio, Halla crienuain3anus less as kiacca Wwidget
HNPENOJHOCUT HENPUATHBIN CIOPIPU3.

[Iporpammuctel C++ yacto onuparoTcs Ha npeanonoxenus. Hanpumep, oHU npeanonararmT, 4yTo
KONIUPYIOIIME KOHCTPYKTOPBI JEHCTBUTEIBHO KONMUPYIOT (KaK MOKa3aHO B COBETE 8, HEBBIIOJIHECHHUE
ATOrO IMpaBUJia MPUBOAUT K YAMBUTEIBHBIM IMOCIEACTBHUAM). OHU MpeanonaratoT, 4YTO B pe3ylbTare
B3STHS ajpeca 00BbEKTa BbI MTOTy4aeTe yKa3arelb Ha 3TOT 00BbEeKT (B coBeTe 18 pacckazaHo, YTO MOXKET
INPOU30WTH B NPOTUBHOM ciay4ae). OHM MpeanojararoT, 4To aJanTepbl bindlst W not2 MOTYT
NPUMEHSTHCS K 00beKkTaM GyHKIuK (cM. coBeT 40). OHU MpeanoaaratoT, 4YTO OMepaTop + BIMOIHSIET
cloxeHue (KpoMe OOBEKTOB string, HO 3HAK «1T» TPATULUOHHO HCIOIB3YETCS ISl BBITOJHEHUS
KOHKaTeHalluu CTPOK), YTO OMNEPATOpP - BBIYUTAET, a ONEPATOp == NPOBEPAET paBeHCTBO. U eme oHu
HpGHHOHaFaKﬂquO(bYHKHHH:hassBKBHBaHGHTHaoperator<.

B neficTBUTENBHOCTH operator< MPEICTABISICT COO0M HEYTO OOJBINEe, YeM PEeaTH3aIHUI0 less 10
YMOJYaHUKD — OH COOTBETCTBYET OM#CUOAEMOMY NOBeOeHUio less. EcIn less BMECTO BBI30Ba
operator< JeNAeT YTO-IHO0 Jpyroe, 3TO HapyllaeT OXHUJAAHHUS MPOTPAMMHCTOB U BCTYHaeT B
INPOTUBOPEYHE C IPUHIUIIOM MUHHMMAJIBHOIO yAuBIEHUs». KOHEUHO, mocTynarb Tak HE CTOUT —
0COOEHHO eciii 0€e3 ITOr0 MOKHO OOOUTHCH.

B STL Her Hu oaHOro ciydas HCHOJb30BAaHUS less, KOIJa MPOTPAMMHCTy Obl He
NpPENOCTaBIsIaCh BO3MOXKHOCTB 3a/aTh JPYrOoM KpUTEpUW CpaBHEHHUs. BepHeMcss K HMCXOTHOMY
npuMepy ¢ KOHTEHHEpPOM multiset<Widget>, YIOPSIJAOYEHHOMY IO aTpUOyTy maxSpeed. 3aaada
pemaeTcss mpoCTO: JUIsl BBIMIOJHEHUS HYXHOTO CpPaBHEHHUS JOCTAaTOYHO CO3/aTh Kiacc (yHKTOpa

NPaKTUYECKU C JTI0OBIM UMEHEM, Kpome less. [Ipumep:
struct MaxSpeedCompare:
public binary function<Widget, Widget, bool> {
bool operator () (const Widget& lhs, const Widgeté& rhs) const {
return lhs.maxSpeed() < rhs.maxSpeed();
}

¥

[Ipn co3pmaHMM KOHTEMHEpPA multiset JOCTATOYHO YKAa3aTb TUII CPABHEHUs MaxSpeedCompare,
TE€M CaMbIM MEPEOIPEEIAsA TUIl CPABHEHHUS IO YMOJIYAHUIO (less<Widget>):

multiset<Widget, MaxSpeedCompare> widgets;

CMBICIT DTOH KOMAaH/IbI a6COJ'IIOTHO OUYCBUJCH: MBI CO31a€M KOHTCfIHCp multiset C DJICMCHTAMU
Widget, YIOPSJAOYEHHBIMU B COOTBETCTBHHM C KJIACCOM (PYHKTOpA MaxSpeedCompare. CpaBHHUTE CO
CIICAYIOIM OOBSBICHUEM:

multiset<Widget> widgets;

B Hem co3gaeTcsi KOHTEHHEp multiset OOBEKTOB Widget, YHOPSIOYEHHBIX MO CTAHAAPTHOMY
kputepuro. CTporo roBOps, YHOPSAAOYEHUE MPOU3BOJUTCS MO KPUTEPUIO less<Widget>, HO
OOBIIMHCTBO MPOTPAMMUCTOB OYyIIET Mojararb, YTO0 COPTUPOBKA MPOUZBOAUTCS PYHKIUEH operator<.
He HYXXHO OGM&HBIB&TB HUX O KHUAAHHUA U ITIOAMCHATH OIIPCACIICHHUC less. EciM BBl XOTHTE MCITOJIB30BaTh

less (SIBHO HJIM KOCBEHHO), IPOCIEIUTE 32 TEM, UTOOBI ITOT KPUTEPHUH ObLT 9KBUBAJIIEHTEH operator<.



Eciu oOBEKTHI JOMKHBI COPTUPOBATHCSA IO JPYrOMYy KPHUTEPHIO, CO3JalTe CHElUaNbHBIM Kiacc
(GbyHKTOpa U Ha30BUTE €0 KaK-HUOYIh HHAYE.



I[IporpamvupoBanue B STL

STL TpaaAMIIMOHHO XapaKTEpU3yeTCsl KaK COBOKYITHOCTh KOHTEWHEPOB, UTEPATOPOB, AITOPUTMOB U
00BbeKTOB (YHKLHH, OmHAKO npocpammuposanue B STL 3akimiouaer B cebe HeuTo Oouibliee. ITOT
TEPMUH O03HAYAET, YTO MPOTPAMMHUCT CIIOCOOCH MPABUIBLHO BBIOMPATh MEXKIY LIMKIAMU, AJITOPUTMAMU
uin  QYHKOUSIMH KOHTEHHEpPOB; 3HAET, B KAKHUX CIy4asX equal range MPEANOYTUTENIbHEE
lower bound, KOrJja lower bound IPCANOYTUTCIBHEC find U KOIJa find IMPEBOCXOAUT equal range.
TepmuH o3Hauaer, 4TO MPOrPaMMHUCT yMEET MOBBIIIATH OBICTPOACIHCTBUE AIrOpUTMa MOCPEICTBOM
3aMeHbl PYHKIIUN SKBUBAJICHTHBIMU (PYHKTOpaMU M M30€raeT HanucaHus HEMEPEeHOCUMOTO MM TIJI0XO0
YUTAaEMOro koja. bojee TOro, Kk 3TOMy MOHATHIO Ja)ke OTHOCUTCS YMEHUE YMTaTh COOOIEHUS 00
omMOKax KOMIUJISTOPA, COCTOSIINE U3 HECKOJBKUX THICSY CUMBOJIOB, U Xopollee 3HaHue MHTepHeT-
pecypcoB, nocBseHHBIX STL (1okyMeHTanus, paClMpEeHUs U JaXe MOJTHbIE pealn3altm).

Ha, ana nporpammupoBanuss B STL HeoOXomuMo MHOro 3HaTh, M OOJblNas YacTh 3TOH
uH(popManuK NpuBeeHa B TaHHOM TJIaBe.



Cosert 43. Ucnosb3yiTe aJIropuTMbl BMECTO IIUKJIOB

Kaxaomy anroputMmy mnepemaercss 1o KpalHEH Mepe OfHa Iapa HUTEparopoB, ONpPENEIOLMX
UHTEpBaJ OOBEKTOB JUIS BBIIOJHEHHUS HEKOTOpOHl omepanuu. Tak, adrOpUTM min element HAXOOUT
MHUHUMAaJIbHOE 3HAUEHUE B HMHTEPBAJIE, AITOPUTM accumulate BBIYHMCISET CBOAHYIO BEJIUYHUHY,
XapaKTEPU3YIOLyl0 MHTEpBaJl B LEJIOM (CM. COBET 37), a alrOpUTM partition JEIUT DJIEMEHTHI
VMHTEpPBAJIa Ha YIOBJIETBOPSIOIME W HE YIOBIETBOPSIOUME 3aJaHHOMY KpUTEpHIO (cM. coBeT 31).
YToOBl aNropuTM MOT BBITOJHHUTH CBOIO 33/a4y, OH JIOJDKEH MPOaHAJU3UPOBATh KaXKIbI OOBEKT B
nepeaHHOM HHTepBajie (UM MHTEpBalax), A 4ero OObEKThl B IUKJE MepeOHparoTcs OT Hayania
MHTEpBaa K KOHIY. HekoTopble aliropuTMBbl (Takue Kak find M find if) MOTYT BEPHYTh YIPaBIECHUE
JI0 3aBEpILCHUS MOJHOro nepedopa, HO U B ATUX AJTOPUTMAX 3aJ€iCTBOBAaH BHYTpEeHHMI 1ukiI. Benpb
JTaXe aJrOPUTMBI find M £ind_if JOJDKHBI IPOAHAJIM3UPOBATh BCE AJIEMEHTHI HHTEPBAJIA, IPEXKAEC YEM
OPUHSATD peleHue 00 omcymemeuy NICKOMOTO JI€MEHTA.

WTak, BHYTpEHHSS peanu3alus aITOpUTMOB ITIOCTPOEHA HA MCIIOIb30BAaHUU LIMKJIIOB. bonee Toro,
Onaronaps paznooOpaszuto anroputmoB STL MHOTHE 3372841, €CTECTBEHHO KOAUPYEMbIE B BUJIE IIUKJIIOB,

MOTYT peHaThCs MPU MOMOIIM aNTOPUTMOB. PaccMOTpuM Kilace Widget ¢ QYyHKIUEH redraw () :

class Widget {
public:

void redraw () const;
b7
Ecnu notpebyercst BbI3BaTh PYHKIMIO redraw JJIs BCEX 00ObEKTOB B KOHTEHHEPE 1ist, 3TO MOXKHO

CACJAaThb B CJICAYIOIICM ILUKIJIC:
list<Widget> 1lw;

for (list<Widget>::iterator = lw.begin(); i != lw.end(); ++i) {
i->redraw () ;

}
C I[perfI CTOPOHEI, C TAKHUM KE€ YCIICXOM MOKHO BOCIIOJIB30BATHCA aJITOPUTMOM for each:

for each(lw.begin(), lw.end(); // ®yrHxuma mem fun ref
mem fun ref (&Widget::redraw)); // ommcana B coBere 41

Mmuorue nporpamMmmuctsl C++ CUUTAIOT, YTO LUKJIBI €CTECTBEHHEE aJTOPUTMOB, a IPOUNUTATH LUK
Impoume, 4eM pa36npaTbcﬂ B mem fun ref W IOIYUYCHHUU aﬂpecaWidget::redraw.I{O B 3aroJiIoBKeE
TOTO COBETa PEKOMEHAYEeTCS OTJaBarh MPEANOYTEHUE airopurMaM. B CyIIHOCTH, 3arojoBOK
O3HAuaeT, YTO BHI30B QJITOpPUTMa MPEANOYTUTENbHEE 1106020 IBHO 3alPOrPaMMHUPOBAHHOTO IIHMKJIA.
[Touemy?

[Io TpeM npuynHam.

* IPpeKTUBHOCTB: aNTOPUTMBI 00BIYHO paboTatoT dPPeKTUBHEE, YEM IIUKIIbI, OPTaHW30BAHHBIC
IpPOrpaMMHUCTAMU.

* IIpaBMJIBHOCTB: IPU HANMCAHUM IUKJIOB 4Yalle BCTPEYAIOTCA OMIMOKM, Ye€M IMpPHU BBI30OBE
aJITOPUTMOB.

*  YnodcrTBO CONPOBOKICHUSA: AITOPUTMBl YAaCTO TMOPOXKAAIOT OoJee HASIAHBIA |
OPSMOJIMHEHHBIA KO/, YeM YKBUBAJICHTHBIC LIUKJIBL.

Bces octaBimasics yacTh coBeta OyJeT MOCBsIeHa MOAPOOHOMY aHAU3Y 3THUX IPUYHH.

C touku 3peHus 3(pPEeKTUBHOCTH MPEBOCXOACTBO AJITOPUTMOB OOBSICHSAETCS Tpemsi (aKTOpaMu:
JIByMsI OCHOBHBIMM W OJHHM BTOpPOCTENEHHBIM. BTOpocTeneHHbI (pakTop CBA3aH C HCKIIOYEHUEM

JIMIIIHUX BBI‘IPICJIGHPIﬁ. EHIG pa3 B3T'IAHUTEC HA TOJIBKO 4YTO HpPIBCI[CHHBIfI IIUKJI:
for (list<Widget>::iterator=lw.begin(); i '= 1lw.end(); ++i) {



i->redraw () ;
}
S BBIIETIWIT YCTIOBME 3aBEPILICHUS LIMKJIA, YTOOBI MOAYEPKHYTh, UTO MIPU KaXJ0W UTEpaIlUU LUKIA

OyZIeT BBIIIOJIHEHO CpaBHEHUE C lw.end (). ClemoBaresbHO, PU KAXKI0M UTepauuu OyleT BhI3bIBATHCS
byHKIHSA 1ist: :end. OgHAKO BBI3BIBATh 3Ty (YHKIMIO OOJbIE OJHOTO pa3a HE HYKHO, MOCKOJBKY
UK He Moauduuupyer cnucok. Ho ecnu B3MISIHYTh Ha BBI30B aJITOPUTMA, MOKHO 3aMETHUTh, YTO end
BBI3BIBACTCS POBHO OJMH pa3s:

for each(lw.begin(), lw.end(), // lw.end () BHUMCIgEeTCH

mem fun ref (&Widget::redraw)); // Tomeko ommH pas

OOBEKTUBHOCTH pajau 3aMeuy: aBTopbl peanusanuii STL xopollio moHuMaroT, 4To PYHKIUU begin
U end (u apyrue (QyHKUMM — HaNpUMep, SiZe) HCMOJb3YIOTCA OYEHb YacTO, U CTaparoTcs

ONTUMU3UPOBATh UX C PACYECTOM HAa MAKCUMAaNbHYIO 3(PpPekTuBHOCTh. OHU MOYTH BCerna OOBSABISAIOT
Takue (QYHKIMU MOACTABISIEMbIMHU (inline) W CTaparOTCid KOAUPOBATh UX TaK, YTOOBI OOJIBIIMHCTBO
KOMIIUJIITOPOB MOTJIO HM30€XKaTh MMOBTOPSIOMIMXCS BBIUMCICHUM, BBIBOAS PE3YIBTaTbl M3 IHKIA.
Bnpouem, onbIT MOKa3bIBa€T, YTO ATO HE BCErJa UM YIAETCs, U B TAKUX CIydasgX HCKIIOUEHUS
MOBTOPSIOIMXCA BBIYUCICHUN BIOJIHE JOCTATOYHO, YTOOBI AJTOPUTMBI HMENIHU MPEUMYILECTBO IO
OBICTPOCICTBUIO MEpe]l IUKIAMU, 3aKOIMPOBAHHBIMH BPYUHYIO.

Ho kak ObUTO CKa3aHO BBIIIE, BHIBOJ JIMIIHUX BBIYMCICHUN U3 LUKJA SBISIETCS BTOPOCTEIEHHBIM
dbakTOpOM, CYyIIECTBYIOT JABa Oojee BaKHbIX. IlepBblii BakHbBI (PakTOp 3aKIO4aeTcsi B TOM, UTO
pa3paboTyuKu OMOJIMOTEK MOTYT BOCIOJB30BaThCSl 3HAHWEM BHYTPEHHEW peanu3aluu KOHTeilHepa u
ONTHUMU3UPOBATh NepedoOp Tak, KaKk HE CMOXKET HU OAWH MoJib3oBarenab Oubmuorexku. Hampumep,
OOBEKTHl BO BHYTPEHHEM IMpEJCTaBICHUU KOHTeHHepa deque OOBIUHO XpaHATCS B OIHOM WM
HECKOJIbKUX MaccuBax (UKCUpOBaHHOTO pa3mepa. IlepeGop B 3TUX MaccuBax C HCIOJIb30BAaHUEM
yKazareneil mpou3BOAUTCS ObIcTpee, ueM IMepebop Ha 0a3ze UTEpaTopoB, OIHAKO OH MOXET
UCIIOIB30BaThCsl TOJBKO pa3paboTUMKaMu OMOTMOTEKH, MOCKOJIBKY OHU 3HAIOT pa3Mep BHYTPEHHUX
MacCHBOB M CIIOCO0 mepexofa OoT oAHOro maccuba K apyromy. Hekortopwie Bepcuu STL comepsxar
peanu3anuyu alropuTMOB, HCHOJIB3YIOIIME BHYTPEHHUE CTPYKTYPbl AAHHBIX deque; DKCIEPUMEHTHI
MOKa3ajiH, YTO OHU paboTaroT nmpuMepHo Ha 20% ObICTpee «OOBIYHBIXY) peaTu3alnil.

3nech BaXHO He TO, uro peamuszaunu STL onTuMusupyrorcss mis deque (WM JAPYroro
KOHKPETHOT'O TUIIa KOHTEHHEPA), a TO, YTO pa3pabOTUUKHU 3HAIOT 00 YCTPONCTBE KOHTEHHEPOB OOJIbIIE,
4YeM MPOCTHIE IMOJb30BATENM, U MOTLYT NPUMEHUTh CBOM 3HAHUSA MPHU pPeEATU3ALUU AITOPUTMOB.
OTka3bpIBasiCh OT AJTOPUTMOB B IOJb3Y LMKIJIOB, BBl HE CMOXKETE IOJb30BATHCA MPEUMYILECTBAMHU
ONTUMM3AIMN, OCHOBAHHON Ha 3HAHUH BHYTPEHHETO YCTPOMCTBA CTPYKTYP JAHHBIX.

BTopoil npuHIUNNAIbHbBIA ApTyMEHT 3aKJIYAETCA B TOM, YTO NPAKTUYECKH Bce anroputmel STL
(KpoMe caMbIX 3JIEMEHTAapHBIX) OCHOBAaHbI Ha TEOPETUUECKUX pa3padoTKax, Oojee CIOXKHBIX — a
MHOTIa 20pa300 00Jee CI0KHBIX, — HEXEeJU T€, KOTOPhIe MOKET MPEAJIOKUTh CPEIHUIN MPOrpaMMHUCT
C++. IlpeBsoiitl sort u ero copomuded (cM. coBeT 31) mo 3(DPEKTUBHOCTH NPAKTHYCCKH
HEBO3MOXKHO; CTOJIb k€ 3(P(EKTUBHBI ANITOPUTMBI MIOUCKA B COPTUPOBAHHBIX UHTEPBAJaX (CM. COBETHI
34 u 45). Jlaxxe moBCeAHEBHBIC 3aJ]a4ul BPOJE yNajeHUsS OOBEKTOB M3 OJIOKOBBIX KOHTEHHEPOB Ooliee
3¢ (PeKTUBHO pemarTcs MpU MOMOUM HIUOMBI erase-remove, YEM MPHU MOMOIM CaMOCTOSITEIBHO
3aIporpaMMHUPOBAHHBIX IIUKJIOB (CM. COBET 9).

Eciu coobOpaxenuir 3(pPeKTUBHOCTH HEAOCTATOYHO, CYIIECTBYET U JPYrol MPUHIIUMHAAIBHBIN
dbakTop — TpaBWIBHOCTH pPabOTBl mporpaMmbl. B dWacTHOocTH, TIpH  CaMOCTOSITEIBLHOM
OpPOrPaMMUPOBAHUN IUKIOB MPUXOAUTCS CJHEAUTh 3a TeM, 4ToObl wuTeparopsl (1) Obuin
NEUCTBUTEIBHBIMU M (2) yKa3plBAJIM HA TE€ JJEMEHTHl, Ha KOTOpPbIE OHM JOJDKHBI YKa3bIBaTh.
[IpeanonoxkuM, y HAac HMEETCS MacCUB (BO3MOXHO, H3-3a UCIOJIb30BAHUSA YHACIEIOBAaHHOIO
untepgeiica ¢ s361koM C — cM. coBeT 16), U BbI XOTUTE B3ATh KaXIblil 2JIEMEHT MaccHuBa, MPUOABUTH K
HeMmy 41 1 BCTaBUTH B HAa4aJI0 KOHTENHEpPA deque. [Ipn caMOCTOATENIBHOM NMPOrpaMMHUPOBAHUM IUKJIA



npuMepHas peanu3alus BeIVISIAUT TPUOIU3UTEIbHO TaK (cneayroumii (parMeHT MpeacTaBIseT co0oi

BUJIOM3MEHEHHBIN TpuMep 13 coBeTa 16):
// ®yHKLUA NoJydaeT yKasaTeJb Ha MacCUBb.
// comepxamur He 0Oojiee arraySize umcen Tumna double,
// ¥ 3anmucHBaeT B HETO HOaHHHE.
// BozBpamaeTcs KOJMUUYECTBO SBalMCAHHEX YMUCeJ.
size t fillArray(double *pArray, size t arraySize);

double data[maxNumDoubles]; // OnpeznejyieHue JIOKAJILHOTO MaCCUBAa
deque<double> d; // CosmaThp koHTelHep deque
// U BAalOJIHUTL eI'0 INaHHBMU

size t numDoubles = fillArray(data.maxNumDoubles); // Iloly4YeHMe HOAHHEX OT
OYHKLUUU
for (size t i=0; i < numbDoubles; ++i) { // Ina xaxmoro mHuexca 1 B data
d.insert (d.begin (), datal[i]+41); // BCTAaBMUTL B HauaJyio d SHaueHME
} // datal[i]+41.
//TporpaMmMa CONEPXUT OWMOKY !
BooOme roBopsi, 5TOT mpumMep paboTaeT — eclid Bac YCTpPamBaeT, YTO BHOBb BCTaBIICHHBIC

AJEMEHTHI CJEAYIOT B MOpsAIKe, oOparTHOM MOPSJIKY COOTBETCTBYIOIIMX 3JIEMEHTOB data. BcTaBka
MPOU3BOAUTCS B MO3UIUU d.begin (), HO3TOMY HOCIEIHUN BCTABICHHBIA 3JIEMEHT MOMAaJaeT B HA4ajo
KOHTeWHepa!

Ecnu u3menenune nopsaka He ObUlo mpeaycMOTpeHo (Mpu3HaiiTech, Beab He Obuio!), mpobiemy
MOYHO PEIIMTh CISTYIOIMIM 00pa3oMm:

deque<double>: :iterator insertLocaton = d.begin(); // CoxpaHuUTL UTepaToOp

// 1OJ4 HadaJIbHOU
// mosuuum d

for (size t = 0; i < numbDoubles; ++i) { // BcraBurh 3HaueHue datal[i]+41
d.insert (insertlocation++, data[i]l+41l); // B nosuuum insertlLocation
} // n yBenmuuTh insertLocation.

// TlporpaMMma TakKXe COOEePXUT OmMUoKy !
Ha mepBbIit B3DISA KaXKETCs, 4TO 3TOT PparMeHT pelaeT cpa3y JIBe MpoOIeMbl — MporpaMma He

TOJIBKO HapalMBaeT UTEPATOp, 3aJAA0NMKN MO3UIIUI0 BCTABKU, HO M M30aBIsAETCS OT HEOOXOMUMOCTH
3aHOBO BBIYHCIIATh begin MPU KaXI0M UTEpAIlMU; TEM CaMbIM PEIIACTCs BTOPOCTEIEHHAs mpobieMa
MOBTOPSAIOUMXCS BBIUUCICHUM, O KOTOPOM TOBOpWJIOCH Bbile. K cokaleHWio, BMECTO 3THUX JBYX
npobjieM BO3HHMKAEeT TPEThd — IporpaMma BooOIme mepectaer paborars. [Ipum KaxaoMm BbI3OBE
deque: :insert BCC HTECPATOPHI deque, BKIIOYAA insertLocation, CTAHOBATCA HEJICHMCTBUTEIbHBIMH,
MO3TOMY BTOPOM U BCE MOCIIEAYIOIME BBI30BbI insert MPUBOJAT K HEMPEACKA3YEMbIM MOCIEICTBUSM.
[Toce oOHapyxeHHs 3TOi MpoOIemMbl (BO3MOXXHO, MPU MOMOIM OTiagodHoro pexnma STL —

cM. coBeT 50) MPUXOIUT B rOJIOBY CIEIYIONICE PEIICHUE:
deque<double>::iterator insertLocation =

d.begin(); // CMm. paHee

for (size t i = 0; i < numDoubles; ++i) { // Iporpamma OOHOBJAET

insertLocation = // wmTepaTop insertLocation
d.insert (insertLocaton, data[i]+41); // Tpr KaxIoM BHEH30Be insert

++insertLocation; // n yBelmumBaeT ero.

}
[IporpamMmma Jnemaer WMEHHO TO, 4YTO TpeOOBajJOCh, HO MOAyMalWTe, KaKk MHOIO BpPEMEHHU

NOHAJA00MI0Ch, YTOOBI IPUNTH K BEPHOMY pELICHHIO! A Tenmepb CPaBHHUTE CO CIEAYIOIMM BBI30BOM

transform:
transform(data, data+numDoubles, // KonupomBahHue BCexX 3JIEMEHTOB
inserter (d, d.begin()), // n3 data B Hauamgo d
bind2nd (plus<int>(), 41)); // ¢ npubasnenuem 41

Bo3mokHO, Bam noTpedyeTcs mapa MUHYT Ha aHAJIU3 KOHCTPYKIUU bnd2nd (plus<int>(), 41),



HO TOCJIE 3TOr0 BCE€ XJIOMOTHI C WUTEpPAaTOpaMU CBOAATCS K MPOCTOMY 3aJaHUIO Hadajla U KOHIIA
HCXOJIHOTO MHTEpBaJIa M BBI3OBY inserter MPHU OINPEICICHUU Hayalda MPUEMHOrO0 MHTEpBaja (CM.
coger 30). Ha mpakTuke uTeparopbl MCXOAHOTO M MPUEMHOIO HHTEpBala OOBIYHO BBIYUCISIOTCS
OTHOCHUTEIIBHO MPOCTO — BO BCSIKOM CJIy4ae, 3TO 3HAYUTEIBHO MPOILE, YeM JIUAarHOCTUKA CIy4ailHOTO
MOSIBICHUS HEJCHCTBUTENBHBIX UTEPATOPOB B TEJIE IIUKIIA.

JauHblil npumep yOSAUTENbHO MOKA3bIBAET, YTO MPOTPAMMHUPOBAHUE IIMKIIOB 4YacTO ObIBAET
CBSI3aHO C TPYAHOCTSIMU. [IporpaMMuCTy MpUXOAUTCS MOCTOSHHO CIEAUTH 32 TEM, YTOOBI UTEPATOPHI B
mpoliecce IUKJIa HE CTalld HEACHCTBUTENIbHBIMU WU C HUMH HE ObUIM BBIMOJHEHBI HEJAOMYCTUMBIC
onepauuu. Jlpyrou npuMeEp CKPBITOIO IEPEXOAAa HTEPATOPOB B HEACHUCTBUTEIBHOE COCTOSHHUE
NpUBEJCH PU ONMHUCAHUU UKIMYECKUX BHI30BOB erase B coBete 9.

[IpumeHeHne HENEHCTBUTENbHBIX UTEPATOpPOB MPUBOAUT K HEMPEACKa3yeMbIM IOCIEICTBUSM,
KOTOPBIE PEJIKO MPOSBISIOTCS HA CTaIuU pa3pabOTKHU U TeCTUpoBaHUs. Tak 3a4eM UJITU Ha PUCK, €CIIU
6e3 aToro MoxkHo oboituck? [lopyunTte paboTy anropurmMam, MycTh OHU OECTIOKOSITCS O TEXHHUYECKHUX
noAPOOHOCTAX OMEpaIuil C UTEPATOPAMH.

Utak, s 0OBSICHWUI, MOYEMY aJFTOPUTMBbI OOBIYHO PabOTalOT 3P(HEKTUBHEE «PYUHBIX» ITUKIOB U
noyemMy mpu paldoTe C LHMKIAMHU BO3HHKAIOT MHOTOYMCIEHHBIE TPYIHOCTH, OTCYTCTBYIOIIME IpH
UCIIOJIB30BaHUU aNropuTMoB. Eciii MHe MOBe3710, Bbl MOBEPUIIM B CUJIY aJrOPUTMOB, HO BE3€HUE —
BEllb HEHAJIEKHAs, a 51 XOUy OKOHYATEIbHO pa300parbcsi B 3TOM BOMIPOCE Mepe]l TeM, KaK CJIeI0BaTh
nanbliie. Mbl mepexoqum K cieayromemMy (GakTopy: HamISIHOCTH Koaa. B poiarocpounoi nmepcrnekTuBe
OPUHLUIN HAISIAHOCTH OYEHb Ba)KEH, MOCKOJIbKY HAIISIIHYIO POrpaMMy MpPOILE MOHSTh, OHA MPOIIEe
YCOBEPILEHCTBYETCS, COMPOBOXKAACTCS M aJalNTUPYETCs] B COOTBETCTBUU C HOBBIMU TPEOOBaHUSIMU.
[Mukinueckue KOHCTPYKIMU BBIIISASAT MPUBBIYHEE, HO aJrOPUTMbl 00JaalOT 3HAYUTEIbHBIMU
NpPEeUMYILECTBAMM.

OnHHUM U3 KIIIOYEBBIX MPEUMYIIECTB SIBIAECTCS CEMaHTHYECKas CHiia cTaHAapTHbIX uMeH. B STL
cymectByer 70 MMeEH ajropuTMoB, ¢ ydeToMm neperpy3ku (overloading) monyudaercs Oonee 100
pa3nuyHbIX 1MAa6J0HOB (yHKUMM. Kakaplii aaropuT™ BBINOJHSIET YETKO ONpPEACNICHHYIO 3ajauy, u
8NOJIHE NI02UYHO 0XCUOAMb, YMO npogeccuonanvhulil npoepammucm C++ 3naem smu 3a0ayu (unu
necko Hatidem HydcHy0 uHgopmayuio). Takum oOpazoM, Mpu BUJE BBI30BA transform MPOrPAMMUCT
NOHUMAET, YTO HEKOTOpas (QyHKIMS MPUMEHSIETCSl KO BceM 00BEKTaM B MHTEpBaje, a pe3ylbTar Kya-
TO 3amnucbiBaeTcsa. llpu Bule BBI30OBA replace if OH 3HAET, YTO MporpamMma MoAU(GULIHPYET BCe
OOBEKTHl WHTEpBaja, YIOBIECTBOPSIONME HEKOTOPOMY Mpeaukary. BbI3oB partition HaBOAUT Ha
MBICIIb O TOM, 4YTO OOBEKThl HHTEpBajla MEPEMEUAIOTCS C TPYHNIUPOBKOW BCEX OOBEKTOB,
yaoBieTBopsitommmx mpeaukary (cm. coet 31). HMmena amroputmoB STL Hecyr OGoublinyro
CEMaHTHYECKYIO Harpy3Ky U 00jee 4eTKO BBIPAKAIOT CMBICI TPOUCXOIAIICTO, YEM JIFOObIE IIUKJIBL.

[Tpu BuAe 1uKIa for, while U do IPOrPAMMHUCT 3HAET TOJIBKO OJJHO — MPOTpaMMa MHOTOKPATHO
BBIIIOJHSAET HEKOTOpble JedcTBUS. YTOOBI MONY4UTH XOTS OBl MPUMEpPHOE TMPEACTABICHUE O
POUCXOAIIEM, HEOOXOMUMO M3YUUTh Teno nukia. C anropurMamu Jeno oOCTOMT MHade, CaM BBI30B
anropuTMa XapakTepu3yeT CyThb mpoucxonsamero. KoHeyHo, A TMOJHOIIEHHOTO TMOHUMAaHUS
HEOOXOIMMO TMpOaHAIU3UPOBATh ApPryMEHTHI, IMepefaBacMble alropuTMy, HO OOBIYHO 3TO Tpedyer
MEHBIIEH paboTHI, YeM aHaIU3 0000IIEHHONW MUKJINIECKOW KOHCTPYKIHH.

[Iporme roBopsi, ©MMeHa aIrOpPUTMOB WH(POPMATUBHBI, & KIIOUYEBBIE CJIOBA for, while HJIM do —
HeT. BopodeM, 3TO OTHOCUTCS MPAKTUYECKU KO BCEM KOMIOHEHTaM CTaHAApTHHIX Oubiamorexk C u
C++. HukTo He 3ampeliaeT BaM HamucaTh COOCTBEHHYIO pealiM3aluio strlen, memset WM bsearch,
HO BBl dTOro He nenaere. [louemy? Bo-mepBbIX, KTO-TO YK€ claenand 3TO 3a Bac, U HET CMBbICIA
MOBTOPATH YK€ BBITIOJIHEHHYIO pa0OTy; BO-BTOPBIX, UMEHA 3TUX (YHKIUNA CTaHAAPTHBI, U BCE 3HAIOT,
YTO OHHU JIeJAlOT; B-TPETHUX, MOXHO MPEANOJOXKUTh, YTO aBTOp OWUOIMOTEKHM 3HAET MPUEMBI
ONTUMU3AIMU, HEJOCTYIHbBIE JUIsl BAC, U OTKAa3bIBATbCS OT BO3MOXKHOTO MOBBIIIEHUS 3G (HEKTUBHOCTU



Obulo OBl HEpa3yMHO. A pa3 Bbl HE MHUILIETE COOCTBEHHBIE BEPCHUM strlen U T. J., TO ObUIO OBl
HEJIOTUYHO MPOTPaMMHPOBATH LUKJIBL, AyOIupyronme GyHKIHOHATLHOCTh TOTOBBIX anroputmMon STL.
Ha stomM s Obl xoTen 3aBepUMTb JaHHBIA COBET, IMOCKOIBbKY (DHHAI BBIVISAUT JIOBOJBHO
yoeautenbHo. K coxxaienuto, TeMa He MOJ1aeTcs CTOIb OJJHO3HAYHON TPaKTOBKE.
JleficTBUTENbHO, WMEHA AQJITOPUTMOB HH(POPMATHUBHEE MPOCTHIX LHMKJIOB, HO YeTKas
dbopMyIpoBKa NEHCTBUM, BBIMOJHIEMBIX MPHU KaXKI0M UTepaluu, MHOTAA ObIBA€T HAIVIsIHEE BBI30BA
anroputMa. JlomyctTum, HaM NOTPeOOBANIOCh HANTH MEPBBIM AIEMEHT BEKTOPA, 3HAYEHHE KOTOPOTO

JIC)KUT B 3a1laHHOM AHAIIa30HC <x, y>. B IIUKJIC O3TO ACJIIACTCA TAK:
vector<int> wv;
int x, y;

vector<int>::iterator i=v.begin(); // IllepebupaTb DJEMEHTH, HaUMHAaA
for(; i'!'=v.end(); ++1i){ // ¢ v.begin (), OO0 HaAxXOXIEHMUS HYXHOTO
if(*1 > x && *i < y)) break; // oDieMeHTa MM mocTuxeHmsa v.end ()

}
// Tlocne 3aBepuUeHMVs LuUKJIa
// 1 ykaseHBaeT Ha MCKOMBIM 3JIEMEHT
// wmnu comBnamaeT c v.end()

To xe caMmoe MOXXHO cAcaTh M IIPpH IMOMOIIM find if, HO JJA 3TOr0 NpUACTCA BOCIIOJIb30BATHC

HECTAaHJIAPTHBIM aJanTepoM 00beKkTa (YHKUHUH — HAMpUMeEp, compose2 M3 peanuszanuu SGI (cwm.
coset 50):
vector<int>::iterator 1 =
find if(v.begin(), v.end(), // HanrTu nepsoe 3HaueHue val,
compose?2 (logical and<bool>(), // njis KOTOPOTO OIHOBPEMEHHO
bind2nd(greater<znt>(), x), // WCTHMHHBE YCJOBUSA
bind2nd (less<int> (), vy))): // val>x, n val<y

Ho naxe ecnu Obl HECTaHIAPTHHIE KOMIOHEHTHI HE HCIOJb30BATMCh, MHOTHE MPOTPAMMUCTHI
M0JIaTraroT, YTO BBI30B AJITOPUTMA 3HAYUTEIHHO YCTYNAST [UKITY MO HATNISTHOCTH, U S CKJIOHCH C HUMU
corylacuThbes (CM. coBeT 47).

BbBI30B find if MOXHO OBLIO OBbI YIIPOCTUTH 3a CUET BBIACICHUS JJOTUKU MPOBEPKHU B OTICITHHBIN

KJ1acc GyHKTOpA.

template<typename T>

class BetweenValues:

public unary function<T, bool> { // Cm. coser 40

public:

BetweenValues (const T& lowValue, const T& highValue)
lowVal (lowValue) , highVal (highValue) {}

bool operator () (const T& val) const ({
return val > lowVal && val < highVval;

}

private:
T lowVal;
T highVal;

};

vector<int> iterator i = find if(v.begin(), v.end(),
BetweenValues<int>(x, y));

OnHako y Takoro peIIeHUs HMEIOTCS CBOM HEJNOCTaTKH. Bo-mepBbiX, co3naHue ImadioHa
BetweenValues TpeOyeT 3HAYUTENBHO OOJNbIIEH pabOTHl, YeM MPOCTOE HANMUCAHHME Teja IHKJIA.
JlocTarouHo MmocuuTark CTPOKM B IPOrpaMMe: TEJIO LHKIA — OAHA CTPOKA, BetweenValues —
YeThIpHAAUATh CTPOK. COOTHOUIEHHWE SBHO HE B IMOJIb3Yy alropuT™Ma. Bo-BTOPBIX, ONMCAHUE KPUTEPUS
noucka (U3UYECKH OTHAENSAETCS OT BbI30BAa. UTOOBI MOHATH CMBICI BBI30BA find if, HEOOXOAMMO
HAaWTH OIpEJeNIeHHE BetweenValues, HO OHO JIOJDKHO paclojiaratbCsi BHE (PYHKIIUMHU, COAEpIKaIeh
BbI3OB find if. [lombiTka OOBSABUTH BetweenValues 6Hympu GYHKIIUU, COAEPIKAIICH BbI3OB find if:



{ // Hauano QyHKLMUU

template<typename T>
class BetweenValues: public unary function<T, bool> {.};

vector<int>::iterator i = find if(v.begin(), v.end(),
BetweenValues<int>(x, y));
} // KoHel QyHKLMUMU
HE KOMIMJIMPYETCS, IMOCKOJIbKY IIAOJOHBI HE MOTYT OOBSBIATbCS BHYTpU ¢yHkuui. Ecnn

MoNnpo6oBaTh 0GOHTH ITO OrpaHHYEHHE MOCPEACTBOM PEANU3AIMHU BetweenvValues B BUJE KJacca:
{ // Hauano QyHKLMUU

class BetweenValues: public unary function<int, bool> {..};
vector<int>::iterator i = find if(v.begin(), v.end(),

BetweenValues (x, y)); B
} // Korenu OQyHKUUU
BCE PABHO HHUYET0 HE TMOJYy4aeTCs, IOCKOJBKY KJACChl, OMpeaesieMble BHYTPH (QYHKIUH,

SABISIIOTCS IOKANbHbIMY, @ JIOKAJbHBIE KJIACChl HE MOTYT IepelaBarbCcsi B KauyecTBE AapryMEHTOB
mabsoHOB (Kak (DyHKTOp, mepedaBaeMblil find if). IleyanpHO, HO KJacchl (PYHKTOPOB M IIAOIOHBI
KJIacCOB (DYHKTOPOB HE pa3peliaeTcs OonpeaeisTh BHYTPH GyHKIUN, KaK Obl yI0OHO 3TO HU OBLIO.

B koHTekcTte OOphObI MEXIy BbI30BAMHU QJITOPUTMOB M LHMKJIAMU 3TO O3HAYaeT, YTO BHIOOD
OTIpENEISIeTCS. UCKIIOYUTEIBbHO COACPKUMBIM LHKJA. Ecliu anropuT™ yxe ymeer aenarb TO, YTO
TpeOyeTcs, WJIM HEUTO OYeHb OJIM3KOE, BHI30B ajropuTMma Oosee HamsaeH. Ecnu 3amaua sseMeHTapHO
pelaeTcsi B IUKIIE, a MPU UCIOIB30BaHUM alroputMma TpeOyeT CIOXKHBIX HArPOMOKICHUN alanTepoB
WJIM OIpeJIeNIeHHs] OTJCNBHOTrO Kilacca (PyHKTOpa, BEpOSITHO, JIydllle OTpaHUYUThCS uKJIoM. HakoHer,
€CIM B IUKJE MPUXOAUTCS BBIIOJHATH OUYEHb JJIMHHBIE M CIIOXHBIE ONEpalu, BBIOOP CHOBA
CKJIOHSIETCS B TOJIb3y JITOPUTMOB, TOTOMY YTO JUIMHHBIC U CJIOKHBIE ONEpaluy JIydlle oQpopMIIsTh B
oTnenbHbIX QpyHKIUAX. [Tocne Toro kak Teno nukiIa OyneT nepeHeceHo B OTACIbHYIO (DYHKIHIO, TOYTH
BCErJa ynaercsl mepeaarb 3Ty (QYHKUHIO alropuTMy (OCOOEHHO YacTO — aJITOPUTMY for each) Tak,
4YTOOBI MOJYYE€HHBIN KOJ| ObUT O0JIee HATJIATHBIM U MPSIMOJIUHEHHBIM.

Ecnu BbI comiacHbI € T€M, 4TO BBI30BbI AJITOPUTMOB OOBIYHO MPEANMOYTUTENIbHEE [IUKIIOB, a TAK)XKe
C TeM, YTO WUHTepBajbHble (YHKIMH OOBIYHO MPEANOYTUTEIbHEE IUKIMYECKOrO BbI30BA
OMHOZJIEMEHTHBIX (yHKIMNA (cM, cOBEeT 5), MOXHO cJieJlaTh HMHTEPECHBIH BBIBOJA: XOPOIIO
cpoekTupoBaHHas nporpamma C++, ucnonbs3ytomas STL, cogep uT ropa3ao MEeHbIIE HUKINYECKUX
KOHCTPYKLHUM, YeM AaHaJOrM4Has mporpamma, He ucnoisb3yoom@as STL, u 310 Xopomo. 3ameHa
HU3KOYPOBHEBBIX KOHCTPYKIUH for, while M do BBICOKOYPOBHEBBIMH TEPMHUHAMH insert, find W
foreach TIOBBIIIAET YPOBEHb AOCTPAKLIHUM U YIPOIIAET MPOrpaMMHUPOBAHUE, TOKYMEHTHPOBaHHE,
YCOBEPILEHCTBOBAHUE U COMPOBOXKICHHUE MPOrPAMMBbIL.



Coser 44. Ucnosib3yiTe QyHKIUM KOHTEHHEPOB BMECTO
OTHOUMEHHBIX AJITOPUTMOB

Hexotoprsie KOHTEHHEpHl coiepKaT (YHKIMU, HMEHa KOTOPHIX COBHAJAlOT C HMMEHaMH
anroputMoB STL. Tak, B accOlUMAaTUBHBIX KOHTEWHEpax CYIIECTBYIOT (YHKIHUHU count, find,
lower_bound,upper_boundllequal_range,a]BKOHTeﬁHepeJjjﬁ:HpeﬂyCMOTpeHBI®yHKHHHIremove,
remove 1if, unique, sort, merge U reverse. Kak IIpaBuIO, 3TU ®YHKHHH HCITIOJIB3YIOTCA BMECTO
OMHOMMEHHBIX aJITOPUTMOB, YTO OOBSICHSETCSA NBYMSI NMpUYMHAMHU. Bo-mepBbIX, (YHKIIUU KJIACCOB
OobicTpee paboTaioT. Bo-BTOpBIX, OHM Jy4llle MHTETPUPOBAHBI C KOHTEHepamMu (0COOEHHO
aCCOIIMaTUBHBIMHU ), YEM aJTOPUTMBIL. J[€J10 B TOM, YTO adrOpPUTMBI U OMHOMMEHHbBIE (PYHKIIUU KJIACCOB
OOBIYHO PabOTAIOT He co8Ccem OJTMHAKOBO.

Haunem ¢ accouuaruBHBIX KOHTEWHEPOB. JlOMyCTMM, MMEETCS MHOXKECTBO set<int>,
coJiepallie€ MUJIJIMOH 3HAYEHUM, U Bbl XOTUTE HAWTHU MO3MIIUIO TIEPBOrO BXOXKIAEHUS unucia 727, eciu

OHO HpI/ICYTCTByeT. HI/I)KG HpI/IBGI[CHBI JIBAa OUYCBHUIHBIX cnocoGa IIOUCKa.
set<int> s; // Co3maThb MHOXECTBO
// ¥ BSaHecTM B HETO
// MUJIJIMOH UYMCeJl

set<int>::iterator 1 = s.find(727); // ®yHkuums find xoHTelHepa

if (i != s.end())

set<int>::iterator i = find(s.begin(), s.end(), 727); // AnropurMm find
if (i != s.end())

OyHkus kiacca find paboTaer ¢ JOrapuMHUUYECKON CIONKHOCTBIO, MOITOMY HE3aBHCUMO OT
TOT'0, IPUCYTCTBYET JIK YUCIIO 727 B MHOXKECTBE UJIHM HET, set : : £ind B IPOLIECCE MOUCKA BBITOJIHUT HE
oonee 40 cpaBHeHuii, a oObiuHO TOTpeOyercss He Oonee 20. C Apyroil CTOPOHBI, AATOPUTM find
paboTaer ¢ TMHEWHON CII0KHOCTHIO, TO3TOMY IIPH OTCYTCTBUU yucia 727 Oyaet BeimoaHeHro 1 000 000
cpaBHEeHMH. Bmopouem, naxe ecnu yucio 727 OpHUCYTCTBYET, aJITOPUTM find B MPOLIECCE IMOUCKA
BbINoJIHAET B cpeaneM 500 000 cpaBHeHuUii. Pe3ynbTar sBHO HE B MTOJIB3Y AJITOPUTMA find.

Kcraru, s He coBCeM TOYHO yKa3ajd KOJUYECTBO CPAaBHEHUH Ui PYHKIMU find, TOCKOJIBKY OHO
3aBHCUT OT pealu3allud, KCIOJb3yeMON acCOLMaTUBHBIMU KOHTeHHepamMu. B  OonbImMHCTBE
peanu3anuil UCMONb3YIOTCS KPAaCHO-YEpPHBIE JEepeBbI — 0C00asi pa3sHOBUAHOCTH cOaJaHCHPOBAHHBIX
JIEPEBBEB C Pa30AIIAHCUPOBKON MO cTeneHsM 2. B Takux peanu3anusx MakKCUMaJIbBHOE KOJIMYECTBO
CpaBHEHUM, HEOOXONMMBIX JJI1 MOMCKA Cpelld MUJIJIMOHA 3HAYEHUH, paBHO 38, HO B MOJABISIONIEM
OONBIIMHCTBE CiydaeB TpeOyeTcss He Oosiee 22 cpaBHeHWi. Peanmmzamus, ocHOBaHHAas Ha HMCATbHO
cOanaHCUPOBAaHHBIX JIEPEBBSIX, HUKOTJA HE TpeOyeT Oojee 21 cpaBHEHHMs, HO HAa MPAKTUKE MO OOIIEMY
OBICTPONEUCTBHUIO HJICaTbHO COANlAHCUPOBAHHBIE JAEPEBbS YCTYHAIOT «KpacHO-uyepHbIM». [lo a3ToM
npuurHe B 6onbimMHCTBE peann3anuii STL ncnonb3yroTes «KpacHO-4epHBIE» IEPEBbsI.

Paznuunsa mexny ¢pyHknuen kinacca u anroputMoM find He orpaHHMYMBAIOTCA OBICTPOACHCTBUEM.
Kak oOwsicusercss B coete 19, anroputmbl STL mpoBepsitoT «OAMHAKOBOCTB» JBYX OOBEKTOB IO
KPUTEPUIO PABEHCTBA, a ACCOLMATUBHBIE KOHTEHHEPHI HCIOJB3YIOT KPUTEPUN SKBUBAJICHTHOCTH.
Takum o00pazoM, anroputm find HIET 727 TO KPUTEPUIO PABEHCTBA, a (PYHKIUSA find — TIO
KPUTEPUIO HKBUBAJICHTHOCTU. Pa3nuuus B KpUTEpPUSAX MHOIIA NPUBOIAT K M3MEHEHHUIO pe3ylbTara
noucka. Hampumep, B coBere 19 ObUIO MOKa3aHO, KaK NMPUMEHEHHE aITOPUTMaA find JUIsl MOMCKA
uH(pOpMaLMKM B aCCOLIMATUBHOM KOHTEWHEpPE 3aBepIlaeTcsl Heylauel, TOTa Kak aHaJIOTUYHbIN MOUCK
byukuueit find mnpuBen Obl k ycmexy! Ilpm pabGoTe ¢ acconuaTUBHBIMU KOHTEWHEpamu
byHKIMOHATbHBIE (QOPMBI find, count M T. A. IPEANOYTUTEIbHEE ANTOPUTMHUUYECKUX, TTOCKOIBKY UX
NOBEACHUE JyYIlle COTNIacyeTcsl ¢ JPYrMMHU (QPYHKIMSMU ITUX KOHTeilHepoB. BcrieactBue paznuuuit
ME3K/1y PABEHCTBOM U 3KBHBAJIEHTHOCTHIO aJITOPUTMBI HE CTOJIb IIOCIEA0BATENbHBI.



Oco0eHHO fApKO ATO pa3iIvyHe MPOSBIAETCS HpH paboTe ¢ KOHTEHHEepaMu map M multimap,
MOTOMY YTO 3TH KOHTEHHEPHI CoepKaT OOBEKThI pair, HO UX (PYHKIIMHU YYUTHIBAIOT TOJIBKO 3HAYCHUE
KJto4a Kaxaoil mapel. [lo 3Toil mpuumHe (QyHKIMS count CYMTAET TOJIBKO Maphl C COBMAAAIONIMMU
KJIFOUaMH (€CTECTBEHHO, «COBIIAJICHUE» ONPEAEISIETCA MO0 KPUTEPUIO SKBUBAJIEHTHOCTH); 3HAYEHUE,
aCCOLIMMPOBAHHOE C KIIOYOM, UrHopupyercsa. DPyHKIUH find, lower bound M T. . IOCTYHNAOT
aHajoruyHo. YrtoObl anropuTMbl TakKe OrPAaHUYMBAINCH AHAIU30M KII04a B KaXXJOW mape, BaM
OPUACTCS BBINOJHITH aKpoOaruueckue TPIOKH, ONMUCaHHBbIE B coBeTe 23 (YTO MO3BOJIUT 3aMEHUTH
IIPOBEPKY PABEHCTBA NMPOBEPKOM YKBUBAJIEHTHOCTH).

C npyroit CTOPOHBI, €CJIU Bbl CTPEMHUTECh K MAaKCUMalbHON 3(PPEKTUBHOCTH, TO (POKYCHI COBETA
23 B COYETAHUHM C JIOTAPUPMHUYECKON CIIOKHOCTHIO TMOHUCKAa alIrOpUuTMOB U3 coBeTa 34 MOTyT
MOKAa3aThCsl HE TAKOM Y BBICOKOM II€HOI 3a MOBBILICHUE OBICTPOACUCTBUSA. A €CIH BBl OY€Hb CUNBHO
CTPEMHUTECh K MaKCHUMaJbHON 5((EKTUBHOCTH, MOAyMailTe 00 HCIOJB30BAHUM HECTaHAAPTHBIX
XOIIMPOBAHHBIX KOHTEUHEPOB (CM. COBET 25), XOTS B OTOM CJIy4a€ Bbl TakKXE CTOJIKHETECh C
pa3IMuMsIMU MEXKAY PaBEHCTBOM M 3KBHBAJIEHTHOCTBIO.

Takum 00pa3zoM, A CTaHAAPTHBIX ACCOLMATUBHBIX KOHTEHHEPOB MpUMEHEHHE (DYHKIIMIT BMECTO
OJHOMMEHHBIX aJrOPUTMOB 00JIalaeT Ccpa3y HECKOJbKHUMHU NPEUMYIIECTBAMU. Bo-NepBbIX, BB
noyiyyaere JorapuMHUUECKyl0 CIOKHOCTb BMECTO JMHEWHOW. BO-BTOPBIX, «OOUHAKOBOCTBY» [BYX
BEJIMYMH MPOBEPSETCA MO KPUTEPUIO HKBUBAJICHTHOCTH, 0OJE€ €CTECTBEHHOMY JJIsi aCCOIMaTHUBHBIX
KOHTCWHEpoB. B-TpeTbux, mpum paboTe ¢ KOHTEHWHEPAMU map M multimap aBTOMaTHYECKHU
YYUTBHIBAIOTCS TOJIBKO 3HAUEHMS KIIIOUYEH BMECTO MOJHBIX Map (KJo4, 3HaYeHue). DT Tpu (hakTopa
JOCTATOYHO YOEIUTEIbHO TOBOPSAT B MOJIb3Y (DYHKIIMNA KIIACCOB.

[lepeitnem k (GyHKUIMSIM KOHTEWHepa list, MMEHA KOTOPBIX COBHNAJAIOT C UMEHAMU aJTOPUTMOB
STL. B aTom ciiyuae 3¢ (HeKTUBHOCTD SIBISETCS MPAKTUYECKH €IMHCTBEHHBIM (PAKTOPOM. AJNTOPUTMBI,
y KOTOpPBIX B KOHTEHWHEpPE list CYHIECTBYIOT CIEUUAIU3UPOBAHHBIE BEPCUU (remove, remove if,
unigque, sort, merge H reverse), KOITUPYIOT OGBCKTBI, a 1ist-BEpCHUHM HHUYCIO0 HC KOIMUPYKOT, OHHU
IIPOCTO MAaHUIIYJIUPYIOT YyKa3areiasiMM, COCAMHAUWMMHU y3ibl crnucka. [lo anropurtmudeckon
CJIIOHOCTU (PYHKIIMU KJIACCOB M AJITOPUTMBbI OIMHAKOBBI, HO €CIIM MPEANOJIOXKUTH, YTO OMEPALUU C
yKazaTeasiMu OOXOIATCS 3HAYUTEIBHO JCIIEBIE€ KOMUPOBaHUS OOBEKTOB, 1ist-BEPCHHM 00JaqaloT
JTy4IIM ObICTPOACHCTBUEM.

Crnenyetr MOMHUTH, YTO 1ist-BEPCUM YACTO BEIYT ce0s MHAYE, YeM UX aHaJoTru-aaropuTmbl. Kak
oOBsicCHSIeTCA B coBeTe 32, A (PaKTHUYECKOro YAajdeHUs 3JIEMEHTOB U3 KOHTEHHEpa BBI3OBBI
AJITOPUTMOB remove, remove if M unique JOJDKHBI COIIPOBOXKIAThCA BbI3OBAMHU erase, OIHAKO
OMHOMMEHHbIE (QYHKIIMU KOHTEHHEpa list YECTHO YHHMUTOXKAIOT 3JIEMEHTHI, U MOCIEIYIONE BbI30BBI
erase HC HYXXHBI.

[lpuHIUMNINABHOE pa3IMyue MEXIy alrOPUTMOM sort W (YHKIHEH sort KOHTEHHepa list
3aKJIFOYAETCA B TOM, YTO QJITOPUTM HENPUMEHUM K KOHTEHMHEPaM list, IIOCKOJIBKY €My HE MOTYT
nepeaaBarbCs JBYCTOPOHHUE HUTEParopbl list. AJFOPUTM merge TAKXKE OTIMYACTCS OT (PYHKIUHU
merge KOHTEHHEpa 1ist — aJTOPUTMY HE pa3peuieHO MOAUPHUIIUPOBATh UCXOIHbIE HHTEPBAJbI, TOIA
KaKk QYHKLIHS list: :merge 6cec0a MOAUPULIHUPYET CIIUCKU, C KOTOPHIMU OHA paboTaerT.

Teneps BbI pacnonaraere Bceld HeoOxoauMoil nHpopmanueit. CTOIKHYBIIMCH ¢ BEIOOPOM MEXTy
anroputMoM STL u omHOMMEHHON QYyHKIIMEH KOHTEHHepa, MPEANOUYTeHUE CIeAyeT OTAaBarh PyHKIIUU
koHTelHepa. OHa moutu Bcerga 3(d@exTuBHEe paboTaeT W Jyyllle HUHTETPUPYETCS C OOBIYHBIM
MMOBEJCHUEM KOHTEHHEPOB.



Coger 45. Paznuuaiite aaropurmsl count, find, binary_search,
lower bound, upper bound u equal_range

[IpenmonoxumM, BBl HILETE HEKOTOPbIM OOBEKT B KOHTEWHEpEe WJIM B HMHTEpBAJle, TPAHUIIBI
KOTOpOro 0003HayeHbl uTeparopamu. Kak 3To chemars? B Bamem pacnopsbKeHHM IIENbI apceHan
AQJITOPUTMOB: count, find, binary search, lower bound, upper bound H equal range. Kak xe
INPUHSTH BEPHOE pelieHue?

Ouenb npocTo. OCHOBHBIMU KPUTEPHUAMHU JIOJKHBI OBITH CKOPOCTD U MPOCTOTA.

BpeMeHHO npeanonokuM, 4To TpaHULIbl HHTEpBaja noucka o0o3HaueHbl uteparopamu. Ciyyai ¢
MOMCKOM BO BCEM KOHTeIHEpe Oy/IeT pacCMOTPEH HHXKE.

[Ipu BbIOOpE cTpareruu IMOUCKAa MHOTOE 3aBUCHUT OT TOTrO, OMNPENEISIOT JH HTEePaTOPhI
COPTUPOBAaHHBIM MHTEpBaid. Ecin 3TO yciOBHE BBINOJHEHO, BOCHOJB3YHTECH AITOPUTMaMHU
binary search, lower bound, upper bound M equal range ]9 HIPOBCACHUA GHCTpOFO ITOHCKa
(0OBIMHO ¢ JOTapU(PMUUYECKON CII0KHOCTBIO — cM. coBeT 34). Ecnu uHTEepBanm He OTCOPTUPOBAH,
BHIOOp OTPAHMYMBACTCS JIMHEHHBIMHU alTOPUTMAaMH count, count if, find U find_ if. B nanbHeiimem
ONMCAHUU if-BEpCHUM  AITOPUTMOB count M find WIHOPUPYIOTCA, KAaK W Pa3HOBUIHOCTH
binary search, lower bound, upper bound MW equal range, KOTOPbIM IIPH BBI3OBC II€PECHAACTCA
npeauKar. AJITOpUTM MOUCKA BBIOMpAETCA MO OAHUM U TEM K€ COOOpakKeHUSIM HE3aBUCHMO OT TOTO,
UCIIOIBb3YETE JIU Bbl CTAHIAPTHBINA MPEIUKAT WIIN 3aJaeTe CBOM COOCTBEHHBIM.

Htak, B HECOPTUPOBAaHHBIX MHTEPBaIaX BEIOOP OTPAaHUYMBACTCS AIITOPUTMAMU count U find. DTH
AQJITOPUTMBl PEIIAIOT HECKOJBKO OTJIMYAKOIMMECS 3aJadd, K KOTOPBIM CJEAyeT HPUCMOTPETHCS
IIOBHUMATENbHEE. AJTOPUTM count OTBeYaeT Ha Bompoc: «IIpuCyTCTBYET /M 3aJjaHHOE 3HAYEHHE, U
€CJIM IPUCYTCTBYET — TO B KaKOM KOJIMUYECTBE 3K3eMIUIAPOB?». s asiroput™Ma find BOIPOC 3BYUHUT
Tak: «[IpucyrcTByer nu 3agaHHOE 3HAYEHUE, U €CJIM IPUCYTCTBYET — TO T'ZI€ UMEHHO?)

JlormycTtrM, BBI IPOCTO XOTUTE IPOBEPUTH, IIPUCYTCTBYET JM B CIIMCKE HEKOTOPOE 3HAYEHUE w

KJacca widget. HpI/I HCIIOJIb30BAHHUHU AJITOPHUTMA count PCUICHUC BBIITIAINUT TAK:
list<Widget> lw; // Cnmcox obwexToB Widget
Widget w; // Wckomoe s3HaueHume kjacca Widget

if (count (lw.begin (), lw.end(), w)) {

// BHaueHue W NPUCYTCTBYyeT B 1w
} else {

// 3BHadeHMe He HAaMIEeHO

}
B mpuBeneHHoM (¢parMeHTe NPOAEMOHCTPUpPOBAHA CTaHIApPTHAs UAMOMA: MPUMEHEHHUE count

JUISL TIPOBEPKHU CYIIECTBOBaHUA. AJIFOPUTM count BO3BpaIiaeT JMOO HOJb, JHOO MOJOKHUTEIBHOE
YHUCJIO; B ITPOrpaMME HCHYJIICBOC 3HAYCHHUC MHTCPIIPCTUPYCTCA KAaK JIOTMYCCKAas UCTHHA, 4 HOJIb — KaK
JJornyeckKasd J10XKb. BO3MO)KHO, ClICaAyromaa KOHCTPYKII A 6OJI€€ YCTKO BBIPAKACT CYThb IIPOUCXOIAIICTO:

if (count(lw.begin(), 1lw.end(), w) !'= 0)..

Hekxotopeie mporpaMMHCTBI MPEANOYUTAIOT ATy 3alUCh, HO HESABHOE IpeoOpa3oBaHUE, KakK B
IIPUBEICHHOM BBIILIE IPUMEPE, BCTPEUYAETCS TI0CTATOYHO 4acTo.

Pemenue c aAJIropuTMOoM find BBIIVIAOUT 9yTb CJIOKHCC, IIOCKOJIBKY BO3BpalllacMOC 3HAYCHUC

HpI/IXOI[I/ITCH CpaBHI/IBaTB C KOHCYHbIM I/ITepaTOpOM CIIUCKa:
if (find(lw.begin(), lw.end(), w) !'= lw.end()) {

}melse {

}
B kontekcrte IMPOBCPKHU CYHICCTBOBAHUA HIHUOMATHYCCKOC HCIIOJIBb30BAHHUC count YYyThb IIPOLIC



komupyercs. C apyroil CTOpOHBI, OHO TakkKe MeHee d(HPEKTUBHO MPU YCIEIHOM MOUCKE, MOCKOIbKY
find MpU OOHAPY)KCHUH MCKOMOTO 3HAYCHUS HEMEIJIECHHO MPEKpan@aeT MOUCK, a count MPOAOKAET
WCKaTh JIOTIOJHUTENBHBIC SK3EMIUIAPHI 0 KOHIIAa WHTepBaia. [[ns OOMbIIMHCTBA MPOTPAMMHUCTOB
BRIUTPHINI B  3((PEKTUBHOCTH  KOMIICHCHPYET JIONMOJHUTEIbHBIE  XJIOMOTHI, CBSI3aHHBIE C
MPOTPAaMMHUPOBAHUEM find.

Brpouem, mpocToii MPOBEPKH CYIIECTBOBAHUS BO MHOTHX CIIydasx ObIBa€T HEIOCTATOYHO;
TpeOyeTcsi TakKe HAWTH B WHTEpBalie MEPBBIH OOBEKT C 3aJaHHBIM 3HadeHHWeM. Hampumep, sTOT
00BEKT MOYKHO BBIBECTH, BCTABUTD MEPE] HUM JAPYrol OOBEKT WU YAAIUTh ero (yIajJeHue B Ipoiiecce
nepebopa paccmarpuBaetcs B coBeTe 9). Ecnu TpelyeTcs y3HaTh, Kakoil 00beKT (MU 0OBEKTH) UMEIOT

3aJlaHHOE 3HAUYE€HHE, BOCMOJb3yiTeCh anroputmomM find:
list<Widget>::iterator i = find(lw.begin(), lw.end(), w);
if (i'=lw.end()) {
// YCHemHHM NOMUCK, 1 yKas3HBaAET Ha IEpPBHM SK3EMIJISP
} else {
// 3BHaueHMe He HaNUIeHO

}
[Ipu paboTe ¢ COPTUPOBAHHBIMU HWHTEPBAIAMHU CYHIECTBYIOT W JPYTHE€ BapUAHTBl, U WM

OTPENETICHHO CTOUT OTHAaThb MPEANOYTEeHUE. AJTOPUTMBI count U find pabOTAlOT € JIMHEHHOM
CIIOKHOCTBIO, TOIZld KaK aJI'OPUTMbI IIOMCKa B COPTHPOBAHHBLIX HWHTCPBAJIAX (binary_search,
lower_bound,upper_boundllequal_range)OGH&H&HIFHOFapHQHAquCKOﬁ(HKDKHOCTBHL

[lepexon OT HECOPTUPOBAHHBIX HMHTEPBAJIOB K COPTHUPOBAHHBIM BIEYET 3a COOON HM3MEHEHHUE
KpUTEpHUs CPaBHEHHUs JIBYX BEJIMYMH. Pa3nuuus Mexay KpUTepusMu NOApOOHO OmucaHbl B coBere 19,
II03TOMY s HE CTaHy IOBTOPATHCA M 3aMeuy, YTO aJTOPUTMBI count M find HUCHOJB3YKOT KPUTEPUU
pPaBC€HCTBA, a aJITOPUTMbI binary search, lower bound, upper bound H equal range OCHOBAHBI Ha
KPUTCPHUHU DKBUBAJICHTHOCTH.

[IpucyrcTBMe  BEIMYMHBI B COPTUPOBAHHOM  MHTEpPBAJIE  NPOBEPSAETCA  AITOPUTMOM
binary search. B oTnuume OT (QyHKIUU bsearch W3 cTaHgapTHOW OubOmuoreku C (a 3HAUUT, U
cTaHgapTHo Oubnnorexku C++), aNrOPUTM binary search BO3BPAIAET TOJBKO bool. AITOPUTM
OTBCYACT Ha BOIIPOC: ((HpHCYTCTByeT JIX 3aJaHHOC 3HAYCHUC B I/IHTCpBaJ'IC?», 1 BO3MOJXHBI TOJIBKO JBa
OTBETa: «Ja» U «HeT». Ecim Bam moHamoOWUTCs MOMOJIHWUTENbHAs WHQopMaIus, BbIOEpUTE IpYyrou
aJITOPUTM.

[Ipumep INPUMEHEHHS binary search K COPTUPOBAaHHOMY BEKTOpY (IIPEUMMYILECTBA

COPTHPOBAHHBIX BEKTOPOB OMMUCAHbI B COBETE 23):
vector<Widget> vw; // CosmaTb BEKTOpP, 3allOJHUTH
. // DaHHHEMU ¥ OTCOPTUPOBATH
sort (vw.begin (), vw.end());

Widget w; // VckoMoOe 3HaueHUe

if (binary search(vw.begin(), vw.end(), w)) {
// 3BHaueHMe W NPUCYTCTBYET B VW
} else {

// BHaueHMe He HaMUIEHO

}
Ecnu y Bac numeeTcs COpPTUPOBAHHBIM MHTEPBAJ M BBl MIIETE OTBET Ha Bonpoc: «IIpucyrcryer nn

3a/IaHHOC 3HAYCHUC B MHTCPBAJIC, U CCJIM IIPHUCYTCTBYCT — TO I'IC HMGHHO?», CICAYCT UCIIOJIb30BATh
aJrOPUTM equal range, XOTS Ha NEPBBIM B3N] Ka)KETCS, YTO BaAM HYKEH AJITOPUTM lower bound.
Bckope Mbl BEpHEMCS K equal range, a IIOKa IPOAHAIM3UPYEM IIOUCK B MHTEPBAJIAX C IPUMEHEHUEM
aJilrOpuT™Ma lower bound.

[Ipyn moucke 3aJaHHOM BEJIMYMHBI B MHTEPBAJIE AITOPUTM lower bound BO3BpPAIIAECT UTEPATOD,



YKa3blBAIONMK Ha MEPBBIM HK3EMIUISAP ATOM BEIMYMHBI (B cllydae YCIEIIHOIO IOWCKa) WM Ha
NPAaBUJIBHYIO TO3MLHI0 BCTaBKM (B ciydyae Heyaauu). Takum o00pa3oMm, aaropuT™m lower bound
oTBe4aeT Ha Bonpoc: «IIpucyrcTByeT 11 3aaHHOE 3HaUeHUE B MHTEpBasie? Eciin mpUCyTCTBYET, TO I11e
HaXOQUTCs IEPBbIA 3K3EMIUISP, @ €CIM HET — II€ OH JOJDKEH HaxoauThea?». Kak u B ciywae c
aITOPUTMOM find, Pe3YAbTaT lower bound HEOOXOMUMO JIOMOJHUTEIBHO MPOBEPUTH U YOSAUTHCS B
TOM, 4TO OH yKa3bIBa€T Ha UCKOMOE 3HaueHue. Ho B oTinnume oT find, €ro HeIb3sl IPOCTO CPABHUTH C
KOHEYHBIM HUTeparopoM. Bwmecto »3Toro mnpuxomutcs OpaTb OOBEKT, HWIACHTUPUIIUPOBAHHBIN
aNrOPUTMOM lower bound, U IPOBEPATH, COAECPIKUT JIM OH HCKOMOE 3HAUCHHUE.

MHorue nporpaMMHUCTBI HCIIOIB3YIOT lower bound IPUMEPHO TaK:
vector<Widget>::iterator = lower_bound (vw,begin(), vw.end(), w);

if (i '= vw.end() && *i == w) { // YBemuThbca B TOM, UTO 1 yKaB3HBAET
// Ha OBBEKT, M DTOT OOBEKT MMEEeT MCKOMOEe
// BHauenue. Ommbka!!!!
// 3HaueHMe HaNWOeHO, 1 yKasHBaeT Ha IIEePBHM
// Bk3eMnyugap oO0BEeKTa C S3TUM 3HAUEHUEM
} else {
// BHaueHMe He HaWUIeHO

}
B OonbumHCTBE ciay4yaeB Takas KOHCTPYKLHS pabOTaeT, HO B JEWCTBUTEIBHOCTH OHA CONCPIKUT

ommOKy. [IpucMoTpuTEeCh K MPOBEPSIEMOMY YCIOBHUIO:

if (i != vw.end() && *i == w) {

B sToM ycnoBum mpoBepsieTcs pageHcmeo, TOTAA KaK lower bound HMCHOJB3YeT NMPH IMOHUCKE
KpuTepuit oxgueanenmuocmu. Kak npaBuio, pe3ynbrarbl TPOBEPKH MO JIBYM KPUTEPHUSM COBMAAAIOT,
HO, KaK MOKa3aHo B coBeTe 19, 3To He Bcerna Tak. B Takux cuTyanusx NpuBeACHHBINA BbIIE (parMeHT
He paboTaer.

YroObl HCHpaBUTh OUMOKY, HEOOXOMUMO YOEOUThCS B TOM, UYTO HTEpPATOp, MOJYYEHHBIH OT
lower bound, YKa3bIBa€T Ha OOBEKT CO 3HAYCHUEM, SKBUBAJICHTHBHIM HCKOMOMY. [IpoBepky MOkHO
BBINIOJTHUTH BPy4YHYIO (B coBeTe 19 mokaszaHo, Kak 3TO Jenaercs, a B coBeTe 24 MpuBEACH NpUMep
CUTYyallUH, KOTJa TaKOe pelleHuEe OMpPaBIaHHO), OAHAKO CAENaTh 3TO HEMPOCTO, MOCKOJIbKY MPU 3TOM
JOJI’KHA HCIIONB30BaThesl Ta K€ (DYHKLIMS CpaBHEHUsS, KaK U IpPH BBI30OBE lower bound. B oOmem
ClIydae Mbl MMEEM JIeJI0 C MPOM3BOJIBHOW (yHKIuen (wim oO0bekToM (yHkiuu). [lpum mepemaue
lower bound (DYHKIIMM CPABHEHHS 3Ta K€ (QYHKIUA TOJKHA UCIOIB30BAThCS U B «PYUHON» MPOBEPKE
HKBUBAJICHTHOCTH; CJEAOBaTeNbHO, TMpPU M3MEHEHUH (YHKUUM CpaBHEHUs, IeperaBaeMoi
lower bound, BaM MPHUJETCS BHECTU COOTBETCTBYIOIIME U3MEHEHHUS B MPOBEPKY IKBUBAJICHTHOCTU. B
NPUHLUINE, CUHXPOHU3UPOBATh (PYHKIIUM CPABHEHHS HE TaK yXK CIOXKHO, HO 00 3TOM HEOOXOIMMO
MOMHUTD, & IPU IPOrPAMMHUPOBAHUU XJIOMOT U 0€3 ATOTO XBaTaeT.

CylecTByeT MOpOCTOE€ pPEUICHHE: BOCIOJB3YHTECh QITOPUTMOM equal range. AJTOPUTM
BO3BpAILAET napy UTEPATOPOB; IEPBbI COBHAJACT C HUTEPATOPOM, BO3BPAIIAEMBIM lower bound, a
BTOPOH COBNAJAET C UTEPATOPOM, BO3BpAIAEMBIM upper bound (TO €CTh yKa3bIBaeT B MO3UIUIO 32
UHTEpPBAJIOM 3HAYCHUU, DSKBUBAJICHTHBIX HMCKOMOMY). Takum oOpa3oM, alropuTM equal range
BO3BpAIllACT Mapy HUTEPaToOpoB, O00O3HAYAIOIMX HWHTEpPBaJ 3HAUCHHUM, HKBUBAJICHTHBIX HCKOMOMY.
Cornacurech, UMS aJITOPUTMA BBIOPAHO JTOBOJIbHO yaauHO. Bo3moxHO, mpaBuiibHee ObU1o Obl Ha3BaTh
€ro equvalent range, HO U equal range BOCIIPHHUMACTCA HCILIOXO.

OTHOCHUTENBHO BO3BPAIAEMOT0 3HAYEHHS equal range HEOOXOIMMO CJeNaTh JBa BaKHBIX
3ameuanus. Ecnu aBa uteparopa coBMaiaiT, 3TO TOBOPUT O TOM, YTO MHTEPBAI IMYCT, a 3HAYCHUE HE

HaiieHo. [1o aTomy dakTy MOKHO CyIUTh O TOM, OBLIO JIM HaleHOo coBnanenue. [Ipumep:
vector<Widget> wvw;



sort (vw.begin (), v.end()):

typedef vector<Widget>::iterator VWIter; // BcmoMoraTesibHEE
typedef pair<VWIter, VWIter> VWIterPailir; // omnpenejieHUS TUIOB

VWIterPar p = equal_range (vw.begin(), vw.end(), w);
if (p.first '= p.second) { // Ecim equal range BO3BpamaerT
// HEenyCcTOM MHTEpPBAaIl.
// BHauenue Hauzmeno, p.first
// yKasHBaeT Ha [EPBHIM 3JIEMEHT
// wHTepBana, a p.second -
// Ha TO3ULUID 3a [NOCJHEeIHVM 3JIEMEHTOM
} else {
// BHauenue He HauzmeHo, p.first
// n p.second ykKasbHBaOT Ha TOUKY
// BCTaAaBKM MCKOMOTO B3HAUEHUS

}

B sToM ¢parmenTe HCHONB3yeTCS TOJIBKO KPUTEPUN HKBUBAJICHTHOCTH, MOATOMY OH BCEI/a
BEPEH.

Hpyras o0COOEHHOCTh BO3BpAILAEMOI0 3HAYEHUS equal range 3aKIIOYAETCd B TOM, YTO
paccTosiHUE MEXJIy JBYMsI HTEpaTopaMH pPaBHO KOJWYECTBY OOBEKTOB B HMHTEpBajie, TO €CTh
KOJINYECTBY OOBEKTOB, KBUBAJICHTHBIX MCKOMOMY OOBEKTY. B pesyiasrare equal range HE TOJBKO
BBIIIOJIHACT (I)YHKI_II/II/I find OJd COPTUPOBAHHLIX HHTCPBAJIOB, HO U 3aMCHACT count. HaHpI/IMep, ITOUCK
B vw OG’BGKTOB Widget, ODOKBHUBAJICHTHBIX w, C IMOCJICAYIOIIMM BbBIBOAOM HX KOJIHMYCCTBA MOXKCT

BBITIOJIHATHCS CIETYIOMIM 00pa3oMm:

VWIterPair p = equal range(vw.begin(), vw.end(), w);
cout << "There are " << distance(p.first, p.second)
<< " elements in vw equivalent to w.";

Jlo HacTOsIEro MOMEHTa MPENoJiaraioch, YTO B MHTEPBAJIC mmercs HEKOTOPOE 3HAYEHHUE, HO
€CTh CHUTYyalliM, B KOTOPBIX BO3HUKAET 3a/Jaya IOUCKA epaHuuHou nozuyuu. llpennonoxuM, y Hac
uMeercs kiacc Timestamp v BEKTOp OOBEKTOB Timestamp, OTCOPTUPOBAHHBINA OT «CTapbIX» OOBEKTOB K

«HOBBIM)»:
class Timestamp {..};

bool operator<(const Timestampé& lhs, //IpoBepseT, OpelWecTBYeT JU
const Timestampé& rhs); // obbexT lhs oO6wekTy rhs mo BpeMeHU
vector<Timestamp> vt; // Co3maTb BEKTOpP, SBalOJIHUTL OaHHBMU
. // M OTCOPTUPOBATL Tak, YTOOH
sort (vt.begin (), vt.end()); // "crapwe" o0OBEeKTH NpenmecTBOBAJIM "HOBHM"

[Ipeanmonoxum, w3 vt TpeOyeTcs yAAIUTh BCE€ OOBEKTHI, MPEIIISCTBYIOIME HEKOTOPOMY
MOPOTOBOMY OOBEKTY ageLimit. B JaHHOM ciydae HE HYXHO HCKarb B vt OOBEKT Timestamp,
SKBUBAJICHTHBIN ageLimit, MOCKOJBbKY OOBEKTA C TOYHO COBMAAIOIIMM 3HAYEHUEM MOXKET U HE OBITh.
BmecTo 3TOro B vt MILETCS TpaHWYHAS MO3ULMA, TO €CTh IEPBBIA JJIEMEHT, HE CTAPIIUM ageLimit.
3agaga pemaercsi 3IEMEeHTapHO, TTOCKOJIBKY aJITOPUTM lowebound MPEAOCTABISIET BCIO HEOOXOAMMYIO
uH(popMauio:

Timestamp agelimit;

vt.erase(vt.begin(), lower_ bound(vt.begin(), // Ymanure u3 vt BCe OOBEKTH,
vt.end (), // mnpemnmecTBylIMEe SHAUSHU
ageLimit)) ; // agelimit

Crnerka wuw3MeHHMM ycioBus 3adadd. Jlomyctum, TpeOyeTcs yAaluTh BCE  OOBEKTHI,
NPEALIECTBYIONME WM PaBHBIC ageLimit. [l 3TOro HeoOXONMMO HaWTH MEpBbIE OOBEKT nocie
ageLimit. Jljsg pemieHus 3aa4u UACAIBHO ITOAXOAUT AJITOPUTM upper bound:



vt.erase (vt.begin(), upper bound(vt.begin(), // Ymanure u3 vt BCe OOBEKTH,
vt.end (), // mnpemnmecTByoIME WIN
ageLimit)) ; // BKBUBaJIeHTHHe agelLimit

AJTOPUTM upper bound TAKXKE€ YaCTO MPUMEHSETCS IPU BCTAaBKE B COPTUPOBAHHBIC MHTEPBAJIBL,
KOra OOBEKThl C SKBUBAJCHTHBIMU 3HAUCHHUSIMHU JOJKHBI CIIEJOBaTh B KOHTEWHEpE B MOpPSIKE
BCTaBKU. PaccMOTpUM COPTHPOBAHHBIN CIUCOK OOBEKTOB Person, B KOTOPOM OOBEKTHI COPTUPYIOTCS
110 UMECHU:

class Person {
public:

const string& name () const;

struct PersonNameless:

public binary function<Person, Person, bool> { // Cm. cosetr 40
bool operator () (const Personé& lhs, const Person& rhs) const {
return lhs.name () < rhs.name();

}
¥
list<Person> lp;

lp.sort (PersonNamelLess ()); // OrcoprmpoBaThb lp IO KPUTEPU
// PersonNameless

YT10o0BI CIIMCOK COPTHUPOBAJICA Tpe6yeMBIM 06p2130M (HO HMCHH, C XPAaHCHHUECM OJOKBHBAJICHTHBIX
HMCH B IIOpAOKE BCTaBKHL MOXXHO BOCIIOJIB30BAarbCA aJITOPUTMOM upper bound IJId OMPECACICHUA
IIO3UIINU BCTABKU:

Person newPerson;

lp.insert (upper_bound(lp.begin(), // BcTaBuTe newPerson 3a MNOCJEIHUM
lp.end (), // obbexkToM lp, OpemuecTByIoIUM
newPerson, // UM 3KBMBAJIEHTHHM newPerson
PersonNameless ()), newPerson);

[TpuBenenHoe pemieHre paboTOCIOCOOHO U TIOCTATOYHO YIOOHO, HO HE CTPOWTE MJLTIO3UM HACUET
TOTO, YTO OHO KAaKHMM-TO BOJIIIEOHBIM CIIOCOOOM OOecredyrBaeT MOMCK TOYKH BCTaBKH B KOHTEHWHEP
list ¢ Jorapumuyeckoil crnoxxkHocTbio. Kak oObscHseTcss B coBere 34, mpu padboTe ¢ list MOUCK
3aHMMAaeT JUHEWHOE BPEMS, HO MPU STOM BBINOJIHAETCS JTOTapu(PMHUUIECKOE KOTHMYECTBO CPAaBHEHUIM.

Jlo HacTosAlmEero MOMEHTa pPAacCMarpuBalICi TOJBKO CIydail, KOIIa MOMCK OCYIIECTBISETCS B
WHTEpBaje, ONMpeaesiieMOM IMapoil ureparopoB. [JoBojJbHO uYacTo paboTaTh MPHUXOIUTCS CO BCEM
KOHTEHHEPOM BMECTO HHTEpBaslia. B 3ToM ciydae HEOOXOAMMO paslidyarh IOCJIEAOBAaTEeIbHBIE U
accollMaTuBHbIE KOHTEWHEpHbl. JlJIsi CTaHAApTHBIX MOCJEI0BaTeIbHBIX KOHTEHHEPOB ( vector, string,
deque M list) JOCTATOYHO CIIEIOBATh PEKOMEHIAIMAM, U3JI0KEHHBIM paHee, UCTIOJb3Ysl HauaJbHbIA U
KOHEUHBIN UTEpaTOphl KOHTEHEpa 1715 ONpeIeIeHIsI HHTepBaa.

Co craHIapTHBIMM AaCCOLMATUBHBIMU KOHTEHHEpaMU (set, multiset, map, multimap) €TI0
oOcTouT nHavye. B HuX npeaycMoTpeHbl GyHKIIUUA TOUCKA, KOTOPHIE IO CBOMM BO3MOKHOCTSM OOBIYHO
npeBocxoaaT anroputMbl STL [IpeBocxoacTBo pyHKIIUMN KOHTEHHEPOB Mepe alropuTMamMu moApoOHO
paccmarpuBaeTcsi B coBeTe 44; eciu roBOPUTh KPaTko — OHU ObICTpee paboTaloT U BeayT cels Oonee
nocienoBarenbHo. K cuacTpio, ”MeHa (QPyHKIUMN OOBIYHO COBHAJAIOT C MMEHAMHU COOTBETCTBYIOIIMX
aHFOpHTMOB,HOSTQMYIaM5FﬂepCQBIﬂKﬂ?O6aﬂFOpHTMaXcount,find,lower_bound,upper_boundll
equal range, MpPU TOUCKE B AaCCOLMATUBHBIX KOHTEHHEpax BMECTO HHUX JIOCTAaTOYHO BBIOPATH
onHoOUMeHHYIO (ynkuuto. K coxaneHuto, Ajig aluroputMa binary search MNapHOH (QYHKUUH HE
cymecTByeT. UTOOBI MPOBEPUTH HAIMYME 3HAYEHUS B KOHTEMHEPE set WIIM map, BOCIOJIB3YHTECH



UJIMOMATHUYECKOM POJIbIO count KaK YCIOBUS TPOBEPKHU:
set<Widget> s; // Co3maTb MHOXECTBO, SalOJIHUTH IaHHBMU

Widget w; // VickoMOe 3HaueHUe
if (s.count(w)) { // CymecTByeT 3HaueHMe, SKBMBAJIEHTHOE W

} else {
// DKBMBAJIEHTHOE S3HAUEHME HEe CYIEeCTBYeT

}
[Ipu mpoBepke MPUCYTCTBUS 3HAUCHUM B KOHTEHHEpaxX multiset MIM multimap (QYHKIHUS find

OOBIYHO TIPEBOCXOAMT count, MMOCKOJIBKY OHAa OCTaHABIMBACTCS MPHU OOHAPY)KECHHUH MTEPBOTO 0OBEKTA C
HMCKOMBIM 3Ha4YCHHUEM, a (PYHKIIHS count B Xy/IIIeM cllydae IPOCMATPHUBACT BCE 3JICMEHTHI KOHTEHHEpa.

Tem He MeHee MpH MojACYeTe 00OBEKTOB B aCCOIMATHBHBIX KOHTEHHEpaX count HAJACKHO 3aHUMACT
CBOIO HHUIY. B 4acTHOCTH, BBI30OB count MPEANMOYTHTEIBHEE BBI30BA equal range C MOCICIYIOIAM
NPUMEHEHHUEM distance K TMOJYYCHHBIM HTEpaTopaM. Bo-mepBbX, camMo Ha3BaHHE (YHKIUH
MOJICKA3bIBACT €€ CMBICII — CJIOBO count O3HAYACT «IMOJACYET». BO-BTOPBIX, count yIpoImaeT padoTy
POrPaMMUCTA, TTOCKOJIBKY €My HE MPHUXOAUTCS CO3JlaBarh Mapy W IepeaaBarb €€ KOMIOHCHTHI IPH
BBI30BE distance. B-TpeThuX, count paboTaet uyTh ObICTpEE.

[TorrpoOyeM TOABECTH HWTOT BCEMY, O YE€M T'OBOPHJIOCH B HacTosieMm coBere. Mubopmarus
cobpaHa B ciienyrolieil Tabmauiie.

AJroputm DyHKIMA KOHTeHHepa

Heco BaHHbI Co BaHHbIN /15 set n Ja multiset
Y10 BLI XOTHTE Y3HATH PTHPO pTHpo A A

HHTEPBAJI HHTEPBAJI map 1 multimap
[IpucyrcTByeT 11 3aJaHHOE :
PHCYTCTBY A find binary search count find
3Ha4YeHue? -
[IpucyrcTByeT 11 3aJaHHOE
PHCYTCTBY A find unn

3HaueHue? U ecinm npucyTcTByeT, find
TO TJI€ HAXOIUTCS TIEPBBIA OOBEKT
C DTUM 3HAUECHUEM?

equal range find lower bound
(cM. panee)

["'ne HaxoauTCs MEepBBIA OOBEKT

CO 3HAUCHHEM, HE find if lower bound lower bound lower bound
MPEeIIEeCTBYIOUMM 3aJaHHOMY?

["'ne HaxoauTCst MEepBBIA OOBEKT

CO 3HAUCHHEM, CIIETYIOIIM find if upper_bound upper_bound upper bound
nociie 3aJJaHHOTO?

CKOJIBKO 0OBEKTOB UMEIOT

count equal range count count
3aJaHHOE 3HaYeHue? -
find
['ne HaxoAsTCS BCe OOBEKTHI C .
equal range equal_range equal range (uTepaTUBHBII
3aJJaHHBIM 3HAYECHHEM? - - -
BBI30B)

Heckolbko CTpaHHO BBIMIAAUT YAaCTO€ MPUCYTCTBUE equal range B CTOJIOIE, OTHOCSILEMCS K
COPTUPOBaHHBIM HHTEpBasiaM. OHO CBA3aHO ¢ 0CO00M POJIbIO MPOBEPKH IKBUBAJICHTHOCTH MPHU MOUCKE.
Hcnonb3oBaHue lower bound U upper bound YpPEBarTo OIMOOYHON MPOBEPKOIl paBEeHCTBA, a MpHU
UCIIOJIb30BAHUU equal range 0OJie€ €CTECTBEHHO BBIIISAUT IMPOBEpPKA KBUBAJICEHTHOCTH. Bo BTOpOii
CTPOKE MPCANOYTCHUC OTHACTCA equal range €HIE 11O OHHOﬁ IMPUYUHEC. equal range pa60TaeT C
jgorapuMHUUECKUM BPEMEHEM, a BBI30B find CBA3aH C JIMHEHHBIMU 3aTpaTaMH BPEMEHHU.



JIns KOHTEMHEpPOB multiset HMmultimap B KAa4€CTBE BO3MOXKHBIX KaHIUJATOB ISl MOMCKA
NepBOro 0ObEKTA € 33JaHHBIM 3HAYEHHEM yKa3aHbl JBa AITOPUTMA, find U lower bound. OOBMHO AJIs
peleHus: 3TOM 3aJa4u BBIOMpAeTCs find — BO3MOXHO, BBl OOpaTHIM BHHUMaHUE, YTO UMEHHO 3TOT
aNrOpUTM yKa3aH B TaOnuLe M1 KOHTEHHEpOB set M map. OJHAKO multi-KOHTEWHEPHI HE
TapaHTUPYIOT, YTO IPU HAJIMYHUH HECKOJIBKUX 3JIEMEHTOB C 3aJaHHBIM 3HAYEHUEM find HAWJIET nepeblil
3J€MEHT B KOHTEWHepe; M3BECTHO JIUIIb TO, YTO OyleT HaijeH oduH U3 3TUX 3JeMeHTOB. Eciau BbI
JNEHCTBUTEIFHO XOTUTE HAWTH MEPBbI OOBEKT C 3aJaHHBIM 3HAUCHHEM, BOCTIOJIB3YUTECh lower bound
U BBIMIOJIHUTE BPYYHYIO BTOPYIO YaCTh MPOBEPKH IKBUBAJICHTHOCTH, OMCAHHOU B coBeTe 19 (6e3 aToi
ITPOBEPKU MOIKHO o0oiTuCh IIpy MMOMOIIM equal range, HO BBI30OB equal range 00XOIUTCS AO0POIKE,
YeM BBI3OB lower bound).

BBIGpaTB MCXIOY count, find, binary search, lower bound, upper bound M equal range
HecnoxHO. [IpeanoureHue otnaeTcsa TOMY alrOpUTMY WM (PYHKIIMH, KOTOPbIE 00JIaal0T HY>KHBIMU
BO3MOXHOCTSIMU, OOECIIEUMBAIOT HYKHOE ObICTponeicTBHEe U TpeOylOT MUHUMAJBHBIX YCHJIMM MpHU
BbI3OBe. CrnenyiiTe 3ToM pekomMeHanuu (Miau oOpaluaiiTech K Tabnuile), U y Bac HUKOIAa He Oyner
npo0JieM C BBIOOPOM.



Coger 46. IlepenasaiiTe aaropurMaM 00beKTbl QYHKIIMA BMECTO
(GyHKIun

YacTto roBOpsST, UTO MOBBIIICHHWE YPOBHS aOCTPAKLUH S3bIKOB BBICOKOTO YPOBHSI MPHUBOAMUT K
CHUXEHUIO 3(P(EeKTUBHOCTU CreHEpPUpPOBAHHOTO Koma. Asekcanap CremaHoB, uzobperarens STL,
OHAXbl pa3paboTan HEOOJBIION KOMIUIEKC TECTOB JUIS OIEHKH «IUIaThl 3a aOCTPaKIUIO» MpHU
nepexone ¢ C na C++. B wacTHOCTH, pe3yibTarbl 3TUX TECTOB MOKA3alld, YTO KOJ, CTEHEPUPOBAHHBIN
Ui paboThl C KJIACCOM, COAEpXKAIMM double, MOYTH BCerga ycrynmaeT 1o 3(PGEeKTUBHOCTH
COOTBETCTBYIOILIEMY KOy, HEMOCPEACTBEHHO paloTtaronieMy ¢ double. C y4eTOM CKa3aHHOTO Bac
MOXET YIUBUTH TOT (pakT, yTo nepenada anropurmam oObekToB pyHKuMi STL — TO ecTh 00BEKTOB,
MaCKHUPYIONMXCS 1o GYHKIMU, — OOBIMHO obecrmeuuBaeT Oosiee 3PGEeKTUBHBINA KO, YeM Iepeaada
«HACTOSAIMX» (QYHKITUH.

[IpenmonoxumM, BBl XOTUTE OTCOPTUPOBATH BEKTOpP UHMCEN THMA double IO YOBIBAaHUIO.
[Ipocreiiiiee pemienre 3ToM 3aaaun cpeacrBaMu STL 0OCHOBaHO Ha MCIOJIBb30BAHUU AJITOPUTMA sort C

O6B€KTOM(byHKHHHTHHH1greater<double>:
vector<double> v;

sort (v.begin (), v.end(), greater<double>()):;
BcroMHUB 0 «mare 3a aOCTpakUMIO», MPOTPAMMUCT peEIIaeT 3aMEHHUTh OOBEKT (QYHKIIUU

«HACTOAILICH» (QYyHKIHEH, KOTopas K TOMY ke opopMIieHa Kak MmojcTaBisemMas (inline):
inline bool doubleGreater (double dl, double d2) {
return dl > d2;

}

sort (v.begin(), v.end(), doubleGreater);

Kak HU cTpaHHO, XpOHOMETpPAXk JIBYX BBI30BOB SOrt MOKA3bIBAET, YTO BBI3OB C greater<double>
NOYTH Bcerna paboraet ObicTpee. B cBoMX TecTax s COPTUPOBA BEKTOP, COIEP KAIIMN MUIIJTUOH YUCE
TUIA double, Ha 4eThlpex pa3HbiX muardpopmax STL ¢ onTumuzammenn mo CKOPOCTH, U BEPCHUS C
greater<double> Bcerna paborana ObicTpee. B xyamem cityyae BBIMTPHINI B CKOpocTu coctaBui 50%,
B tydieM oH gocturan 160%. BoT Tebe u «miaTa 3a abCTpakiuio. . .

®dakt o0bscHseTcs npocto. Eciam ¢QyHKIusA operator () oObekTa (QyHKIMH ObUla OObBSIBICHA
MOJICTABIISIEMON (SIBHO, C KJIIOYEBBIM CJIOBOM inline, MJM KOCBEHHO, MOCPEICTBOM ONpPEACIICHUS
BHYTPU OIpEJeNIeHHs] Kiacca), OOJBIIMHCTBO KOMIIMJIATOPOB OJAromnoiydyHo TMOACTABIAET 3Ty
GbyHKIMIO BO BpeMsl CO3JIaHUs HK3EMILIApa MabioHa MpU BBI30BE aJIrOpUTMa. B MpuBEeIeHHOM BBIIIE
npuMepe dTO MPOUCXOAUT C PYHKIMEH greater<double>::operator (). B pe3ynbrare Ko sort He
COACPKUT HU OJHOTO BbI30BAa (YHKIMU, a OIS TaKOro KOAa KOMIMWJISTOP MOXET BBIIOJHUTD
ONTUMU3AIMIO, HEAOCTYNHYIO MpPU HAJIUYUU BBI3OBOB (CBSA3b MEXKIY NOJACTAHOBKOM (GYHKIUNA U
ONTHUMU3AIMENd KOMOUWIATOPOB paccmarpuBaetcs B coBere 33 «Effective C++» u maBax 8-10 xkHuru
«Efficient C++» [10]).

[Ipu BbI30BE sort € mepenadeld doubleGreater CUTYalMs BBINISIAUT MHaye. YTOObI yOenuThCS B
TOM, HEOOXOJMMO BCIOMHHUTBH, YTO MepeAada (QYHKIMU B KauecTBE MapameTpa Ipyroil ¢GyHKIuUU
HeBO3MOKHa. [Ipu mombITke nepenadyn GyHKIUHM B KaueCTBE MapaMeTpa KOMIIMIATOP aBTOMATUYECKH
npeoOpa3yeT (QpyHKUHIO B ykazamenb Ha 3Ty PYHKIUIO, TO3TOMY IIPH BBI30BE MEpeaaeTcsl yKazareb.
Takum 06pazom, mpu BHI3Z0BE

sort (v.begin(), v.end(), doubleGreater);

aJNTOPUTMY sort MEPENAETCS HE doubleGreater, @ YKA3aTellb Ha doubleGreater. lIpu co3nanun
IK3EMILIApa MabioHa OOBIBICHUE CTEHEPUPOBAHHON (YHKIIMU BBITJISAUT TAK:

void sort (vector<double>::iterator first, // Hauano mHTepBajla



vector<double>:iterator last, // KoHel wuHTepBaja
bool (*comp) (double, double)); // OyHKLUSA CpaBHEHUS

[TockonbKY comp SIBASETCSA yKa3areleM Ha (yHKIHUIO, MIPU KaXXJOM €ro UCIOJb30BaHUU BHYTPHU
sOort MPOUCXOAUT KOCBEHHBIA BbI30B (YHKIMU (TO €CTh BBI30B 4Yepe3 YyKaszarelb). BonbImMHCTBO
KOMIIUJISITOPOB HE TMBITACTCS MOACTABIATH BBI3OBbI (DYHKIIMII, BBI3bIBAEMBIX Y€pe3 yKazaTelH, Jaxke
ecni (yHKUHUS OOBSBICHA C KIIOYEBBIM CIIOBOM inline M ONTHMHU3AIUS BBIVILAUT OUYEBUIHOM.
[Touemy? HaBepHoe, moTOMy, 4TO pa3pabOTYUKN KOMIUJISTOPOB HE CYMTAIOT HY)KHBIM €€ peaan30Barh.
[ToxxaneiTe ux — HaAPOI MOCTOSHHO Yero-HUOYynb TpeOyeT, a ycreTh Bce HEBO3MOXKHO. Brpouem, 310
BOBCE HE 03HAYAET, UTO TPeOOBATh HE HYKHO.

[logaBnenne mnoACTaHOBKKM Koma (QYHKUIUM OOBSICHSET OAMH (PaKT, KOTOPBIM KaxKeTcs
HEBEPOSITHBIM MHOTHM OMNBITHBIM nporpammuctam C: pyHkuus C++ sort MOYTH BCETAA MPEBOCXOIUT
no ckopoctu ¢yHkIuO C gsort. Koneuno, B C++ mpuxoautcsi co3gaBarh 3K3EMILISPHI MIA0JIOHOB
GbyHKIUNA U BBI3BIBATh operator (), Torga Kak B C Bce OrpaHHUYMBACTCS MPOCTHIM BBI30BOM (DYHKIIUH,
OfHAKO Bce «uanuinecTBay C++ TepsaroTcs BO BpeMsi KOMMWiIsnuu. Ha cranguu BBINOJNHEHHS sort
oOpaiaeTcsi K MOACTaBICHHON (YHKUIHUM CpaBHEHUS (MPU YCIOBUHU, YTO (YHKIUS ObUia 0ObABIEHA C
KJIFOYEBBIM CJIOBOM inline, a €€ TEJO AOCTYIHO Ha CTaJMU KOMIUJISIMHU), TOTJA KaK gsort BBI3BIBAET
GYHKIIMIO CpaBHEHMS yepe3 yKasarelnb. Pesynsrar — sort pabortaeT ropasgo OvicTpee. B Mmoux Tectax
C BEKTOPOM, COAEPKAIIMM MUJIIMOH YUCEI double, MPEBOCXOACTBO MO CKOPOCTHU nocturaio 670%, Ho
s HEe TPU3bIBAI0 BEpUTh MHE Ha CJIO0BO. BbI serko ybenutech B TOM, YTO MpHU Iepeaade oOBEKTOB
GbyHKIUH B KauecTBE MMapaMeTPOB AJITOPUTMOB «ILJIaTa 3a aOCTPaKIIMIO» MPEBPAIIAETCS B «IIPEMUIO 32
a0CTPaKIUION.

Cy1iecTByeT U Apyrasi MpuyrHa JIJs repeaadu o0beKToB (PyHKIHI B mapamMeTpax aJropuTMOoB, He
uMeromas Huuero oouero ¢ 3¢pGeKTUBHOCTHIO. Peub naet o komnunupyeMocTu nporpamm. [lo kakum-
TO 3araJIouHbIM IpUYMHAM HekoTopble miardopmbl STL oTBepraroT abCOIOTHO HOPMAaIbHBIA KO —
3TO CBSI3aHO C HEJOPaOOTKAMH TO JU KOMIIUJISATOpPA, TO JIU OMONMOTEKH, TO JIMW U TOTO U JPYroro.
Hanpumep, ogna pacnpoctpanennas miargopma STL oTBepraer cienyroumii (BIOJIHE AOMYCTHUMBIN)

bparMeHT, BHIBOAAILIMIA B cout AJIUHY BCEX CTPOK B MHOXKECTBE:
set<string> s;

transform(s.begin(), s.end(),
ostream iterator<string::size type>(cout, "\n"),
mem fun ref (&string::size)

)

[IpoGiiema BO3HMKAET M3-3a OMMOKU B pabOTe€ C KOHCTAHTHBIMH (PYHKIIMSMU KIJIACCOB (TaKMMU
KaK string::size) B 3ToM KoHKpeTHOM muargopme STL. OOxomHOE pelIeHHE 3aKIodaeTcs B
UCII0Ib30BaHUU 00bEKTa QYHKIIUHU:

struct StringSize:

public_unary function<string, string::size_ type> { // Cm. cosetr 40

string::size_type operator() (const string& s) const {
return s.size();

}
};

transform (s.begin(), s.end(),
ostream iterator<string::size type>(cout, "\n"), StringSize();

CylIecTBYIOT U JIpyrue OOXOAHBIE PEIeHUs, HO MPUBEACHHBIA (PparMeHT XOpOIl HE TOJBKO TEM,
YTO OH KOMIIMJIUPYETCS Ha BceX M3BeCTHbIX MHE miuardopmax STL. OH Takke nenaeT BO3MOXKHOMN
MOJICTAHOBKY BbI30BA string: :size, YTO MOYTU HABEPHSIKA HEBO3MOXKHO B MpEAbIAYILIEM (PparMeHTe C
nepegayed mem fun ref (sstring::size). UHadue TOBOps, ompeneiaeHue kiacca (yHKTOpa
StringSize HE TOJBKO OOXOAUT HEJOPAOOTKU KOMITHIISATOPA, HO U MOXET YIy4lIUTh ObICTpONEHCTBHE



IPOTrPAMMBIL.

Hdpyras npuumHa, MO KOTOPOW OOBEKTHl (PYHKIMN MpPEeArnouyTUTeNbHEee OOBIUHBIX (DYHKIIHH,
3aKJII04aeTcsli B TOM, 4YTO OHHM IOMOTaloT OOOHTH XWUTpble CHHTaKcHYeckue JoBymiku. WHorma
UCXOHBIN TEKCT, BBINIIAUMN BIOJHE Pa3yMHO, OTBEPraeTcsi KOMIUISTOPOM MO 3aKOHHBIM, XOTS U
HEOUYEBUIHBIM MpUYMHaM. Hampumep, B HEKOTOPBIX CUTYAIlUSIX UM 9K3EMILIsSIpa, CO3/1aHHOTO Ha 0a3ze

mabsoHa GyHKIMU, HE SKBUBAJICHTHO UMeHH QyHKIuU. [Ipumep:
template<typename FPType> // BuumMcJeHUEe CpenHero
FPType average (FPType vall, FPType val2) // apubéMeTnueckoro OBYX
{ //BelleCTBEeHHEX 4YMCel
return (vall + val2)/2;
i

template<typename InputlIterl, typename InputlIter2>
void writeAverages (Inputlter beginl, // BHUMCIMTL [IONAPHEE

InputIter endl, // cpemHMe BHaAUeHUS

InputIter begin2, // OBYyX Cepul 3JIEMEHTOB

ostreamé& s) { // B moToke

transform(beginl, endl, begin2,

ostream iterator<typename iterator traits<InputIterl>::value type>(s, "\n"),
average<typename iterator traits<InputIterl>::value_type>()); // Omubka?

}

MHorve KOMOUJIATOPBl HPUHUMAOT 3TOT Kof, HO 1o Crangapry CH++ oOH cuuTaercs
HEJIOMMYCTUMBIM. J[e0 B TOM, 4TO TEOPETUUECKU MOXKET CYILECTBOBATH APYrod MAOIOH (YHKUIHUU C
MUMEHEM average, BBI3BIBAEMBIM C OJHUM HApaMETPOM-THUIIOM. B 3TOM cilydae BbIpa)keHUE
average<typename iterator traits<InputIterl>::value type> CTAHOBHUTCA HCOJHO3HAYHBIM,
NOCKOJIbKY ~HEIMOHATHO, KakoW Ma0JOH B HEM YyIOMHUHAaeTcsi. B  KOHKpEeTHOM mpumepe
HCOJHO3HAYHOCTb OTCYTCTBYCT, HO HCKOTOPLIC KOMIIMJIATOPBLI HAa BIOJIHC 3aKOHHOM OCHOBAaHHH BCC
PaBHO OTBCPraroT 3TOT KOA. Pemenre ocHOBaHO HA MCIIOJIB30BAHUN OOBEKTA (I)YHKI_[I/II/II

template<typename FPType>

struct Average:

public binary function<FPType, FPType, FPType> { // Cm. cosetr 40

FPType operator () (FPType vall, FPType val2) const {
return average(vall, val2);

}
};

template<typename InputlIterl, typename Inputlter2>
void writeAverages (Inputlterl beginl, InputIterl endl,
InputIter?2 begin2, ostreamé& s) {
transform(beginl, endl, begin2,
ostream iterator<typename iterator traits<InputIterl>::value type>(s, "\n"),
Average<typename iterator_ traits<InputlIterl>::value_type()):

}
Hosas BCpCHA OOJDKHA IHIPHHHUMATbLCA JFOOBIM KOMITHJIATOPOM. bonee TOI'O, BBbI3OBHI

Average: :operator () BHYTPH transform HOOIMYCKAIOT IIOACTAHOBKY KOJAa, YTO HE OTHOCHTCA K
HK3EMILIIpaM TMPUBEICHHOIO BbIIIE MIA0JNOHA average, IOCKOJBKY average SIBIAETCS MIAOJIOHOM
byHKIIMHU, 2 HE 00bekma PYHKIINH.

Takum o0pa3om, MpeuMyIecTBO OOBEKTOB (YHKLIMI B POJIM MapamMeTpoOB aJrOPUTMOB HE
CBOAMTCSI K MPOCTOMY MOBBILICHUIO 3 dexTuBHOCTH. OOBEKTHl PYHKIIUMN Takke 007aAar0T OOJbIIeiH
HAJC)KHOCTHIO MpPHU KOMIWISAUMM Koma. beccmopHo, «HacTosmmey (YHKIMH O4Y€Hb BaKHBL, HO B
obnactu 3¢ dextuBHOro nporpammupoBanus B STL 00beKThI (YHKIIHM 4aCTO OKA3bIBAIOTCS MOJIE3HEE.



Coget 47. U30eraiite «<HeUUTAEMOI0» K0OIA

JlonmycTuM, UMeeTCsl BEKTOp vector<int>. M3 3TOro BekTopa TpelyeTcsl yIanuTh BCE SJIEMEHTHI,
3HAYEHUE KOTOPBIX MEHBIIE X, HO OCTAaBUTh JJIEMEHTHI, MPEAUICCTBYIOLME ITOCIECIHEMY BXOKICHUIO

3HAa4YCHUA, HC MCHBIICTO y. B FOJ'IOBy MTI'HOBCHHO HpI/IXOI[I/IT CH@I[YIOHI@C pCHI€HI/I€I
vector<int> v;
int x, y;

v.erase (

remove 1if (find if(v.rbegin(), v.rend(),

bind2nd (greater equal<int>(), y)) .base(),

v.end (),

bind2nd (less<int>(),x)),

v.end());

Bcero omna xomanpga, u 3afada pemeHa. Bce mpocto u mpsmonuHeiHo. Hukakux mpoOriem.
[TpaBna?

He OGynem Topomnuthes ¢ BeiBogaMu. CuuTaeTe U Bbl IPUBEICHHBIN KO JIOTUYHBIM U YTOOHBIM B
conpoBoxkeHun? «Het!» — BOCKIMKHET OOJBIIMHCTBO MporpaMMucToB C++ ¢ yxacoM W
orBpamieHueM. «Jlal» — CKaXyT CcuUMTaHHBIE €IMHUIBI C SIBHBIM YIOBOJBCTBHUEM. B 3TOM M

3aKkioyaercs npoosema. To, YTO OOMH MPOrpaMMHUCT CUUTAET BBIPA3UTEIBHOW MPOCTOTOM, IPYroMy
IIPEJICTABIACTCS aICKUM HAaBaXJICHUEM.

Hackonbko s moHUMaro, MPUBEACHHBIA BbIE (PArMEHT BBI3BIBAET OECHOKOWCTBO MO ABYM
npuuyrHaM. Bo-mepBbIX, OH CONEPKUT CIUIIKOM MHOTO BbI30BOB (DyHKIHM. UTOOBI MOHATH, O YEM UJIET

peub, IPUBEIY TY K€ KOMaHIy, B KOTOPO nMeHa (pyHKIHI 3aMeHeHbl 0003HaueHUsIMU f7:
v.f1(£2(£3(v.£4 (), v.£5(),f6(£7(), vy)).£8(0), v.£9(), f6(£f10(), %)), v.£9());
Takas 3anuch BBINIIIUT HEECTECTBEHHO YCJIOKHEHHOM, MOCKOJIbKY M3 Hee YOpaHbl OTCTYIIbI,

OPUCYTCTBYIOLME B HMCXOIHOM MpuMepe. MOXHO YBEpEeHHO CKa3arb, 4YTO OOJBIIMHCTBO
nporpamMmuctoB C++ couTeT, YTO ABEHAALATh BHI30BOB JCCATH PA3HBIX (PYHKIIMI B OMHOW KOMaHAE —
3TO Tiepedop. Ho mporpamMMucTsl ¢ onbITOM paboThl Ha (YHKIMOHAJIBHBIX s3bIKaX TUMA Scheme MoryT
cuuTarb HHaue. Ilo cBoeMy ombITy MOry cKas3arb, YTO IIOYTH BCE IPOIPAMMHUCTBIL, KOTOpHIE
IpOCMarpuBaIu 3TOT ¢pparMeHT 06e3 MajJeHIMX MPU3HAKOB YIUBJICHUS, UMEIN OCHOBATEIbHBII OIBIT
IpOrpaMMHUpOBaHUs Ha GYHKIIMOHAJIBHBIX S3bIKaX. Y OOJNBIIMHCTBA MPOrpaMMUCTOB C++ Takoil OMbIT
OTCYTCTBYET, TaK YTO €CJIM Balld KOJUJIETM HE IPUBBIKJIM K MHOTOYPOBHEBBIM BJIOKEHUSM BBI30BOB
GbyHKIUNA, KOHCTPYKIIUU BPOJIE MPEABIAYILETO BbI30Ba erase OyayT MPUBOJUThH UX B 3aMEIIATEILCTBO.
Bropoil HegocTaroK MPUBEAEHHOIO KO/a 3aKJII0YaeTcsl B TOM, YTO JUIsl €r0 MOHUMAaHUS HYKHO
xopomo 3Hate STL. B HeM BcTpeuaroTcsi MeHee paclpoCTpaHEHHbIE if-(OpPMBbI alrOPUTMOB find U
remove, OOparHbIE UTEPATOPHI (CM. COBET 26), MpeoOpa3oBaHUs reverse iterator Biterator (CM.
coBeT 28), bind2nd ¥ aHOHUMHBIE OOBEKTHI PYHKIINH, a TAKKE UUOMA erase-remove (CM. COBET 32).
OnsitHbI porpammuct STL paz0Oepetcs B 3Toi koMOuHanuu 6e3 0coboro Tpyaa, Ho Topa3ao 0oJiblie
OymeT Takux, KTO HAJOJr0o 3agymaercda Haj Heil. Ecim Bamm Koijsiern Aajieko MNPOJIBUHYIHCH B
n3ydeHuu STL, npuCyTCTBUE erase, remove if, find if, base M bind2nd B OOJHON KOMaHJE BIOJIHE
JOTYCTUMO, HO €CJHM BBl XOTHTE, YTOOBI Ballia MporpamMma Obiia MOHSTHA mporpamMmmucty C++ co
CPEIHUM YPOBHEM IOJTrOTOBKH, I PEKOMEH/IYIO Pa3/IeIUTh 3Ty KOMaH/ay Ha HECKOJIBKO ()parMeHTOB.
Huxe npuBeneH OOUMH U3 BO3MOXXHBIX BAPUAHTOB (KOMMEHTApUU HPUBOIATCS HE TOJIBKO IS

KHUTH — s1 Obl BKJIFOUHJI UX U B IPOTpamMMmy).
typedef vector<int>::iterator VeclIntlIter;

// VHMUManu3upoBaTb angeBegin NepBHM 3JIEMEHTOM V, OOJBULKMM MM PaBHEM
// mnocrnenmHeMy BXOXIEHMIO y. ECJIM TakKOM BJIEMEHT He CcylecTByeT, rangeBegin



// mMHMUMUpyeTCs 3HaudueHueM v.begin ()
VecIntIter rangeBegin = find if(v.rbegin(), v.rend(),
bind2nd (greater equal<int>(), y)) .base();

// YmanuTb oT rangeBegin mo v.end BCe 3JIEMEHTH CO 3HAUEHMEM, MEHBIIMM X
v.erase (remove 1if (rangeBegin, v.end(), bind2nd(less<int>(), x)), v.end());

Bo3MoKHO, na)ke 3TOT BapUaHT KOE-KOTO CMYTHUT, OCKOJBKY OH TpeOyeT MOHUMAaHHS HUIUOMBI
erase-remove, HO MPU HAJIMYMM KOMMEHTapHEeB B IporpaMme M Xopoliuero cmpaBounuka mo STL
(manmpumep, «The C++ Standard Library» [3] wim web-caitta SGI [21]) kaxasiii mporpammuct C++ 6e3
0COOBIX YCUJINH pa3z0epeTcs, yTo K€ MPOUCXOUT B IIporpamMmme.

OOparute BHUMaHUE: B IIpoliecce MOIU(PHUKALNK ST HE 0TKA3aJCad OT UCIOIb30BaHUS alIrOPUTMOB
U HE MOMbITAJCS 3aMEHUTHh UX HuKiIamMu. B coBere 43 oObsicHsAETCA, MOYEMY aJITOPUTMBI OOBIYHO
NpEANOYTUTENIbHEE [IUKIIOB, U TPUBEJCHHBIC apTyMEHTHI IEHCTBYIOT U B 3TOM ciaydae. OCHOBHAs 1eJb
IpHU MPOrpaMMHUPOBAHUH 3AKJIIOYAETCS B CO3/IaHUM KOJa, MOHATHOTO KaK JIsl KOMIUJISATOPA, TaK U IS
YyUTaresns-4esoBeka, U 00JaJaronero MnpueMieMbIM OBICTpOAeiiCTBUEM. ANTOPUTMBI MOYTH BCErIa
Jydllle TOAXONAT IJig JOCTHXKEHHS 3Toi menu. TeM He MeHee, coBeT 43 Takke OOBACHSET, MOUEeMy
MHTEHCUBHOE HCIIOJIb30BaHUE AJITOPUTMOB €CTECTBEHHBIM O0pPa30M MPUBOIUT K YACTOMY BIIOKEHUIO
BbI30BOB (DYHKLIMII M HMCIMOJB30BAaHUIO anantepoB (yHKTOpOB. BepHeMmcs K MOCTaHOBKE 3aJavH, C
KOTOPOW HAYMHAETCS HACTOSIIIMU COBET.

JlonmycTuM, UMeeTCsl BEKTOp vector<int>. M3 3TOro BekTopa TpelyeTcsl yIalnuTh BCE SJIEMEHTHI,
3HAYEHUE KOTOPBIX MEHBILE x, HO OCTAaBUTh 3JIEMEHTHI, MPEIIICCTBYIONME MOCIEIHEMY BX0XKICHHUIO
3HAYEHMS], HE MEHBIIETO y.

HeTtpynHo npuaru k oOuiei cxeme petieHus:

* MIOMCK IMOCJIEAHETO BXOXKJICHUS 3HAUYCHHUs B BEKTOpPE TpeOyeT MPUMEHEHUSI find MJM find if C
oOpaTHBIMH UTEPATOPAMU;

'yﬂaHeHHe3HCMCHTOBTp66yCTeraseIUHIHHHOMBIerase—remove.

OObeauHsIst ATU JBE UACH, MBI MOJIy4aeM CIIEIYIOUMA MCEBAOKOI, IlIe «HEeYTO» 0003HAYAET KO,
KOTOPBIH elle He ObUT HAallOJHEH CMBICIIOBBIM COJEPKAHUEM:

v.erase (remove if (find if(v.rbegin(), v.rend(), HeuTO) .base(),

v.end (), HeuTo)), v.end());

[Tpu HamUuuU TaKoOl CXeMbl PacCCUUTATh, YTO YK€ KPOETCS 3a «HEUYTO», COBCEM HECJIOkKHO. Bbl He
yClieeTe OMOMHUTHCS, KaK NPHUAETE K PEHICHUI0O W3 HMCXOAHOTO mnpumepa. Bo BpeMs HamucaHus
IpOrpaMMbl TOJOOHBIE PEICHHUS BBIIAIAT BIOJHE JIOTMUHBIMHU, IOCKOJBKY B HHUX OTpa)Kaercs
MOCJIeIOBareibHOE MPUMEHEHHE 0a30BbIX MPUHIMUIOB (HAPUMEp, HUAUOMBI erase-remove IUTIOC
UCTOJIb30BaHME find ¢ OOpaTHbIMM uTeparopamu). K coxkaneHuio, 4yuTareno Ballleil MpOrpaMMbl
OyeT oueHb TPYIHO pa3o0paTh TOTOBBIM MPOAYKT Ha Te€ HUJIEH, U3 KOTOPBIX OH ObUT cOOpaH.
«HeunTaeMblit» KO/ JErKO MUIIETCS, HO pa300paThCsi B HEM TPYIHO.

Bripouem, «HEUMTAEMOCTh» 3aBUCUT OT TOTO, KTO HMEHHO YuTaeT nporpamMmmy. Kak yrmomuHanock
BBIIIIE, HEKOTOpPbIE MporpaMMHUCThl C++ BIOJHE HOPMAJIbHO OTHOCITCS K KOHCTPYKLHSIM BpOe
NpUBEJCHHON B Hauyaje 3Toro coBera. Eciu Takas kapTMHA TUNHMYHA IS CPEllbl, B KOTOPOMl BBI
paboTaeTre, M BBl OXHIAeTe, YTO OHA OCTAHETCS TaKOBOW B OymylieM, He CIepKUBAalTe CBOU
TBOpuUeckue mopbiBbl. Ho ecnu Bamm Koyiern HEAOCTATOYHO YBEPEHHO BIAACIOT (DYHKIIMOHAIBHBIM
CTUJIEM MPOrpaMMHUPOBAHHUS M HE CTOJb Xopouo pazbupatorcs B STL, ymepsre cBoM aMOUIIMU U
HaIUILIUTE YTO-HUOYAb BPOJE aJbTEPHATUBHOIO PEICHUS, TPUBEACHHOTO BbIIIE.

bananpHbIl (pakT U3 00JaCTU MPOrPAaMMUPOBAHMS: KO Yalle YUTAETCS, YeM MHUIIETCA. XOPOIIO
U3BECTHO TaKXke, YTO Ha COMPOBOXKJCHHUE MPOTPaMMBbl YXOAUT 3HAUUTEIBHO OOJIbIlIE BPEMEHHU, YeM Ha
ee pa3paboTky. Eciu nporpaMmy Hemb3si IPOUMTATh U MOHSTH, €€ HEIb3s M YCIEIHO COPOBOXKAATH, a
TaKue MporpaMMbl BoOOIe HUKOMY He HyXHbI. Uem Oombiie Bbl pabotaere ¢ STL, TeM yBepenHee cedst



qyBCTBYETE M TEM CHJIBHEE XOUETCS MCITOJIb30BaTh BIOKCHHBIC BBI3OBBI (DYHKITUH U CO37aBaTh OOBEKTHI
byHKIMI «HA JeTy». B 3TOM HeT HWYero IIOXOro, HO BCErAa CJleayeT NMOMHHTH, YTO HAIUCAHHYIO
CETOIHS MPOTpaMMy 3aBTpa MPHUACTCS KOMY-TO YUTaTh — MOXET ObITh, Aake BaM. [IpuroroBsrech K
3TOMY JHIO.

Ha, ucnons3yiite STL B cBoeit pabote. Mcnonb3yiite xopomo u 3¢PexkTuBHO... HO U30eraiite

HaIMMCaHUsl «HEUUTAeMoro» koga. B goarocpodynoi mepcrnekTuBe Takoi Koi OyIeT KaKuM yroiHo, HO
TOJIbKO HE (P (HEKTUBHBIM.



Cosert 48. Beceraa BrirrouanTe HyKHbIE 3ar0JI0BKU

[Ipu nporpammupoBannu B STL Hepeako BCTpeyarOTCs MOPOrpaMMbl, KOTOPBIE YCHEHIHO
KOMITMJIMPYIOTCSL Ha OJIHOM TaTdopMe, HO TPEOYIOT AOMOTHUTEIBHBIX JUPEKTUB #include HA APYTOW.
OtoT pazapaxatoumii ¢akt cBszaH ¢ Tem, uyto Crangapr C++ (B ornuuue ot Cranmapra C) He
YKa3bIBa€T, KAKME CTAaHJAPTHBIE 3ar0JIOBKM MOTYT WJIM JOJDKHBI BKJIIOYAThCSl B IPYTHE CTaHAAPTHBIC
3aroJIOBKH. ABTOPBI peain3aluii MOJIb3yIOTCS IPEIOCTAaBICHHON CBOOOAON 1 BEIOMPAIOT pa3HbIC MYTH.

[TonpoOyro MOSICHUTH, YTO 3TO 3HAYUT HA HpakTuke. OAHAXIBI 5 3aceln 3a nATh miardpopm STL
(mazoBem ux A, B, C, D u E) m mompoOoBan 3KCIEpPUMEHTAJIbHBIM TyTeM OIPEISIUTh, KaKue
CTaHJapTHBIC 3aT0JIOBKU MOKHO yOpaTh, YTOOBI IporpaMmMa Ipu 3TOM HOPMaJIbHO KOMIUJIMPOBAJIACH.
[Io >TUM JaHHBIM CTAHOBUTCS SCHO, KAKUE€ 3aroJOBKHM BKJIOYAIOT JIPYIME 3aroJIOBKHM JUPEKTUBOMN
#include. BOT 4TO 4 y3HAI:

®* Ha HJIaT(I)OpMaXA " C <vector> BKJIIOYAET <string>;

* Ha atopme C <algorithm> BKIIOYACT <string>;

» Ha atopmax C u D <iostream> BKIIIOYAET <iterator>;

 Ha 1aTopMme D <iostream> BKIIIOYACT <string> U <vector>;

* Ha HJIaT(I)OpMaX Du E <string> BKIIIOYAET <algorithm>;

* BO BCEX MATHU peaau3alusX <set> BKJIKOYAET <functional>.

3a MCKIIOYEHHEM IOCJIEIHEr0 clydyass MHE TaK M HE YyIajoch MPOBECTU MPOrpamMMy ¢ yOpaHHBIM
3aroyioBkoM Mumo peanusanuu B. Ilo 3akony Mbipdu BaM Bcerma mpupercss BeCTH pa3pabOTKy Ha
takux miarpopmax, kak A, C, D u E, u mepeHocuth mporpamMmbl Ha Takue miargopmel, kak B,
0COOEHHO KOTZa 3TO OYEHb Ba)kHas paboTa, KOTOPYIO HEOOXOAMMO CHAeNlaTh Kak MOXHO ckopee. Tak
ObIBaeT BCETr/a.

Ho He crouT ocyknarb KOMOUJSTOPHI WM pPa3pabOTUYMKOB OMOIMOTEK 3a TPYIHOCTH C
nepeHocoMm. [IponyieHHbIe 3arojIOBKH HA Ballle OTBETCTBEHHOCTH. [Ipy KaXX01 CCHUIKE HA 3JIEMEHTHI
npocTpaHcTBa MMeEH std BbI Tak)Ke OTBEUaeTe 3a BKIIOYEHHUE COOTBETCTBYIOLIMX 3arojioBkoB. Eciu
3aroJIOBKH OIYILEHBI, MPOrpaMMa TEOPETUUECKH MOKET OTKOMITHJIMPOBATHCS, HO APyrue miaar(opMmel
STL uMeroT noJaHoe MpaBo OTBEPTHYTH Ball KOJI.

YtoO6bl BaM OBLIO MPOIIE 3alIOMHUTH HEOOXOMMBIE 3ar0JIOBKH, Jajiee MPUBEICHA KpaTKas CBOAKA
COJIEPKUMOTO BCEX CTAHAAPTHBIX 3ar0JIOBKOB, OTHOCAIMXCSA K STL.

o Iloutrm Bce KOHTEHHEpPHl OOBSABISIOTCA B OJHOMMEHHBIX 3arojlOBKax, TO €CTh vector
OOBSBIISIETCSL B 3ar0JIOBKE <vector>, list OOBSIBISIETCS B 3arOJIOBKE <list> M T. 1. VCKiIIOUeHUAMHU
ABJISAIOTCA <set> WU <map>. B 3arojloBKe <set> OOBSABISAIOTCA KOHTEHHEPHI set H multiset, a B
3aroJIOBKC <map> OOBABIISIOTCS KOHTCfIHCpBI map U multimap.

* Bce anropuTmbl, 3a HCKJIIOUEHHEM YEThIpeX, OOBSABISIIOTCA B 3arojOBKE <algorithm>.
HcknroueHussMu SIBIISIFOTCSI aJITOPUTMBI accumulate (cMm. COBET 37), inner poduct,
adjacent difference Hpartial sum. OTH aJTOPUTMBbI OOBSABISIOTCS B 3aT0JIOBKE <numeric>.

* (Cpoeuwanu3upOBaHHBIE  PAa3HOBUJIHOCTH  MTEPAropoB, BKIIOYAs istream iterator H
streambuf iterator (CM. COBET 29), OOBSBIAIOTCS B 3ar0OJIOBKE <iterator>.

* CrangapTtHbie (QYHKTOpPHI (HampuMep less<T>) W aJantepbl (PyHKTOPOB (HAMpUMEp notl U
bind2nd) OOBSABISAIOTCS B 3aTOJIOBKE <functional>.

He 3a0piBaiiTe BKIIOYATh COOTBETCTBYIOUIYIO TUPEKTHUBY #include MPHU UCIOJIB30BAHUU JIOOBIX U3
NEePEUYHNCICHHBIX KOMIIOHEHTOB, Aa)kKe eciu miardopma pa3paboTKu mo3BoiigeT o0oiTHuCh U 0e3 Hee.
Baine npunexxanue HEMPEMEHHO OKYITUTCS TP MIEPEHOCE MPOTrpaMMBbl Ha APYIyro IiaaThopmy.



Coset 49. HayuyuTech YUTATH COOOIIEHUSI KOMIIWJISITOPA

[Ipu omnpenesieHnn BEKTOpa B IPOrPaMMe Bbl HMEETE MOJHOE MPABO yKa3aTh KOHKPETHBIA pa3Mep:

vector<int> v (10); // CosmaTbp BekTOop u3 10 5JeMEeHTOB

OOBEKTHI string UMEIOT MHOTO OOILIETO C vector, O3TOMY Ka)XeTCs, YTO CIASAYIOIas KoMaHaa TOXe
JIONyCTUMA:

string s(10); // HonerTarbca onpemenuTb string m3 10 5geMeHTOB

OnHako 3Ta KOMaHJAa HE KOMIIMJIMPYETCS, MOCKOJIbBKY Y KOHTEHHEpa string HE CYILECTBYET
KOHCTPYKTOpPA, BBI3BIBAEMOr0 C aprymMeHToM Tumna int. Ha omnoit u3 mmargopm STL xoMnumistop
pearupyer Ha 3Ty KOMaHy CIEIYIOIM 00pa3oMm:

example.cpp(20) :error C2664:"'"))thiscall std::basic string<char, struct
std::char traits<char>, class std::allocator<char> >::std::basic_string<char,
struct std::char traits<char>, class std::allocator<char> > (const class
std::allocator<char>&)': cannot convert parameter 1 from 'const int' to 'const

class std::allocator<char>é&'

Reason: cannot convert from 'const int' to 'const class std::allocator<char>'

No constructor could take the source type, or constructor overload resolution
was ambiguous

Hy kak, Breuarnset? IlepBast 4acTh COOOIIEHUS BBIVIAAUT KakK OSCIOPSAI0YHOE HATPOMOXKICHHE
CHMBOJIOB, BTOpasi 4aCTh CCBhUIAETCS HA PACIHPEACIUTENb MaMSATH, HU pa3dy HE YINOMHUHABIIMUCA B
HMCXOOHOM TEKCTE, a B TPEThEM YaCTU YTO-TO TOBOPUTCA O BBI30BE KOHCTPYKTOpa. KOHEUHO, TpeThs
4acTh COJCPKHUT BIOJHE TOYHYIO WH(pOpMAIUIO, HO JUIsl Hadama pazdbepeMcsi C TMEepBOM YacThIo,
TUTTUYHOM TSI TMarHOCTHKH, YaCTO BCTpeUaroIeics mpu paboTe co string.

BcrmomHuTE, YTO string — HE CaMOCTOATEIBHBIN KJIACC, & MPOCTOM CHHOHUM ISl CIIEAYIOIIETO
THUIIA:

basic string<char, char traits<char>, allocator<char> >

OTO CBA3aHO C TeM, 4yTo MoHATHE CcTpoku C++ Obui0 0000LIEHO 1O MOCHEI0BATEIBLHOCTH
CHMBOJIOB TIPOM3BOJBHOTO THIA, OOJANAIOIMX IPOU3BOJBHBIMH XapaKTEPUCTUKaMU («traitsy) u
XpaHSIMXCS B TAaMSATH, BBIICICHHON NPOM3BOJIBHBIMU paclpeeauTensasMu. Bce string-mogo0HbIe
00BbekThl C++ B JEHCTBUTEIBLHOCTH SIBISIFOTCS CHEIHAIM3AMUAME IA0JIOHA basic string, TOATOMY
NPy JIMAaTHOCTHKE OIMMOOK, CBA3aHHBIX C HEBEPHBIM HMCIOJIB30BAHUEM string, OOIBIIMHCTBO
KOMITIJISITOPOB  YIIOMUHAET THII basic string (HEKOTOPHIE KOMMUJSATOPHI JIOOE3HO BKIIOYAIOT B
JMAarHOCTUKY WM string, HO OOJIBIIMHCTBO M3 HHUX ITOTO HE Jenaer). Hepenko B auarHoCTHKe
yKa3bIBa€TCsl HA MPUHAJIC)KHOCTh basic string (@ TaK)Ke€ BCIIOMOTATEIbHBIX IMIA0JOHOB char traits
U allocator) K TPOCTPAHCTBY HMMEH std, MOAITOMY B COOOIICHHSX 00 ommOKax, CBS3aHHBIX C
WCIIOJIb30BAaHUEM String, HEPEJIKO YIIOMUHAETCS TUII

std::basic string<char, std::char traits<char>, std::allocator<char> >

Takas 3amuCh BechbMa OJIM3Ka K TOIf, 4TO BCTPEYAETCS B IPUBEICHHON BBIIEC IMATHOCTUKE, HO
pa3Hble KOMIWISATOPHI MOTYT OMHUCHIBATh string Mo-pa3Homy. Ha npyroit mnardpopme STL cebiika Ha

string BBITJSIAUT UHAYC:

basic string<char, string char traits<char>,  default alloc template<false, 0>
>

IlMGPHlstring_char_traits M default alloc template HC ABIAIOTCA CTaHIAPTHBIMHU, HO
TakoBa ku3Hb. Hexoropeie peanuzanuu STL oTtkionsrorcs or Crangapra. Eciaum Bam He HpaBsTCs
OTKJIOHEHHMS B TeKylen peanuszanuu STL, momymaiite, He CTOUT JIM MEPEUTH HA APYTYIO peaau3aluio.
B coBere 50 mnepeuucieHbl HEKOTOPBIE PECYPChl, B KOTOPBIX MOXHO HANTH aJbTEpHATHUBHBIC
peann3amnuu.

HeszaBucumo OT TOro, Kak THUII string YIOMMHAETCA B JUArHOCTUKE KOMIMJIATOPA, METOAMKA
IIPUBEJEHUSA JUATHOCTUKU K OCMBICICHHOMY MUHUMYMY OCTA€TCS TOM JK€: XUTPOYMHAsA KOHCTPYKLIUSA C



basic string 3aMEHSIETCS TEKCTOM «string». ECIM BBl HCHONB3yeT€ KOMMOUISATOP KOMaHJIHOMN
CTPOKH, 3aj7ja4ya OOBIYHO JIETKO PeIlaeTcsl MpHU MOMOLM MporpaMMbl sed UM CLIEHAPHBIX SI3bIKOB THUIIA
Perl, Python unu Ruby (mpumep cuenapusi mpuBeneH B ctarbe 3oimana (Zolman) «An STL Error
Message Decryptor for Visual C++» [26]). B npuBenenHoMm mnpumepe MNPOU3BOIUTCS MIOOATbHAS

3aMeHa (parMeHTa

std::basic_string<char, struct std::char traits<char>, class
std::allocator<char> >

CTPOKOH string, B pe3yabTaTe uero OyJeT MOIy4eHO Cleyrollee cOOOIIeHHE:

example.cpp (20) :error C2664:"))thiscall string::string(const class
std::allocator<char>&)': cannot convert parameter 1 from 'const int' to 'const
class std::allocator<char>¢&'

N3 3TOro cooOIeHns MOKHO MOHATh, YTO Ipo0iiemMa CBA3aHa ¢ TUIIOM MapaMeTpa, MepeaaHHOTo
KOHCTPYKTOpPY string. HecMOTpd Ha 3arafjo4HOE€ YIOMHMHAHME allocator<char>, BAM HE COCTABUT
TpyJa MPOCMOTPETh Pa3IHUHbIE (POPMBI KOHCTPYKTOPOB string M YOEIUTHCS B TOM, YTO HU OHA U3
3TUX (DOPM HE BBI3BIBAETCS TOJBKO C APTYMEHTOM pa3Mepa.

Kcraru, ynomunanme pacnpenenutenss mamsatu (allocator) cBsfizano ¢ HamuymeM Yy BCex
CTaHJIapTHBIX KOHTEHHEPOB KOHCTPYKTOPA, KOTOPOMY NEPENAETCS TOJIBKO PACHPEAECIUTEND MaMATH. Y
THUIA string CYILECTBYIOT TPU OJHOAPTYMEHTHBIX KOHCTPYKTOpPA, HO KOMIWJIATOP IO KaKOM-TO
IPUYMHE PEIIAET, YTO Bbl NIBITAETECh NEpearb MMEHHO paclpelnenauTesb. Ero mpeamnosoxeHue
oMOOYHO, a IUArHOCTUKA JIUIIb COMBAET C TOJIKY.

Yro KacaeTcs KOHCTPYKTOPA, MOIYYaIOLEro TOJIbKO pacpeae/IuTENb NaMITH, — NOXKalIyHcTa, HE
UCIIOJIb3YHMTE €ro; OH CJHIIKOM YacTO MPUBOAUT K IMOSABICHUIO OAHOTHUIIHBIX KOHTEHHEPOB C
HEOKBUBAJICHTHBIMU  paclpenenuTesssMu  naMmsatd. Kak mnpaBuio, Takas CHTyalus KpailHe
HexenaTenbHa (0onee moapoOHbIe 00BICHEHHS MpUBEAEHbI B coBeTe 11).

PaccmoTpuM npumep Ooliee CIOKHOW NTUAarHOCTUKH. [Ipeanonokum, Bel peann3yere mporpaMmy
Uit paboOThl C DJIEKTPOHHOW MOYTOM, KOTOpasi MO3BOJSET CChUIAThCA HA aApPEcaToB HE TOJIBKO IO
ajpecaM, HO M O CHHOHMMaM — ckaxeM, ajapecy mnpesuaenta CIIA (president@whitehouse.gov)
craBuTca B coorBeTcTBUe cMHOHUM «The Big Cheese». B Takoi mporpamMmme MOXKET MCIOIb30BaThCs
acCOIIMaTUBHBIA KOHTEHHED A7l OTOOpaKeHUsI CHHOHUMOB Ha aJipeca dJIEKTPOHHOMN MOUYTHI U (YHKIUS

showEmailAddress, KOTOpas BO3BpalACT agpeC A4 3aJaHHOTO CHHOHHMA.:
class NiftyEmailProgram {
private:
typedef map<string, string> NicknameMap;
NicknameMap nicknames;
public:
void showEmailAddress (const string& nickname) const;

b

B peanu3aluy showEmailAddress MNOTpeOyeTcss HaWTH aJapec BJIEKTPOHHOM  IOYTHI,
ACCOLIMMPOBAHHBIA C 3aJlaHHBIM CHUHOHUMOM. [l 3TOro MOXKET ObITh MPEIJIOKEH CIIECAYIOIIMI
BapUaHT:

void NiftyEmail Program::showEmailAddress (const stringé& nickname) const {

NicknameMap::iterator i = nicknames.find(nickname) ;

if (i !=nicknames.end())..

}
KOMHI/IJ'IHTOpy TAaKOC PCHICHUC HC ITOHPABUTCA. Ha 1o ecth BCCKasd, HO HC OYCBHUHAA ITPpHUYMHA.

YroOBl TTOMOYL BaM pazo0parbcs B mpoucxomsmieM, omHa u3 miaargopm STL yciaykiInMBo Bbiaet
CJIeAYIOIIee COOOIICHNE:

example.cpp(l7) :error C2440:'initializing': cannot convert from 'class
std:: Tree<class std::basic_string<char, struct std::char traits<char>, class
std::allocator<char> >, struct std::pair<class std::basic_string<char, struct

std::char traits<char>, class std::allocator<char> > const, class



std::basic _string<char, struct std::char traits<char>, class std::allocator<char> >
>, struct std::map<class std::basic string<char, struct std::char traits<char>,

class std::allocator<char> >, class std::basic string<char, struct
std::char traits<char>, class std::allocator<char> >, struct std::less<class
std::basc_string<char, struct std::char traits<char>, class std::allocator<char> >
>, class std::allocator<class std::basic string<char, struct
std::char traits<char>, class std::allocator<char> > > >:: Kfn, struct
std::less<class std::basic_string<char, struct std::char traits<char>, class

std::allocator<char> > >, class std::allocator<class std::basic string<char, struct
std::char traits<char>, class std::allocator<char> > > >::const iterator' to 'class

std:: Tree<class std::basic string<char, struct std::char traits<char>, class
std::allocator<char> >, struct std::pair<class std::basic string<char, struct
std::char traits<char>, class std::allocator<char> > const, class

std::basic string<char, struct std::char traits<char>, class std::allocator<char> >
>, struct std::map<class std::basic string<char, struct std::char traits<char>,

class std::allocator<char> >, class std: std::char traits<char>, class
std::allocator<char> >, struct std std::basic string<char, struct
std::char traits<char>, class std::basic string<char, struct std::less<class
std::allocator<char> >, struct std::less<class std::basic string<char, struct
std::char traits<char>, class std::allocator<char> > >, class
std::allocator<class std: :char traits<char>, class std::allocator<char>

basic string<char, struct : _Kfn, struct std::less<class std::<class
std::basic _string<char, struct std::char traits<char>, class std::allocator<char>
>, struct std::char traits<char>, class std::basic string<char, struct
std::pair<class std::basic string<char, struct allocator<char> > const, class
std::char traits<char>, class std::allocator<char> >, struct std: :map<class
std::basic _string<char, struct std::char traits<char>, class std::allocator<char>
>, class std std::allocator<char> >, struct std::char traits<char>,
class std::basic string<char, struct std:: Kfn, struct
std::less<class std::allocator<char> > >, class std::basic string<char, struct
std::char traits<char>, class less<class std::basic string<char, struct

allocator<char> > >, class std::char traits<char>, class std::basic string<char,
struct std::allocator<class allocator<char> > > >::char traits<char>, class
std::allocator<class std::basic string<char, struct std::char traits<char>, class
std::allocator<char> > > >::iterator'

No constructor could take the source type, or constructor overload resolution
was ambiguous

Coobmenne coctouT u3 2095 CHUMBOJOB M BBIVISAWT JOBOJBHO YCTpallalole, HO S BUAAT U
noxyxe. Hampumep, onna u3 moux moobumbix miardopm STL ogHax sl Beigana cooOiienne nu3 4812
cUMBOJIOB. HaBepHoe, BBI YK€ JI0Ta1aliCh, YTO S JIFOOJIIO €€ COBCEM HE 32 ITO.

JlaBaiiTe HEMHOTO COKPAaTUM ATy XaOTHYECKYIO 3allUCh M MPHUBEAEM €€ K Oojiee yIoOHOMY BHULY.

Haunewm c 3aMeHBI KOHCTPYKIUHU basic_string. .. Ha string. PCBYJ'II)TaT BBITJIAOUT TaK:

example.cpp (l7) :error C2440:'initializing': cannot convert from 'class
std:: Tree<class string, struct std::pair<class string const, <class string >,
struct std::map<class string, class string, struct std::less<class string>, class
std::allocator<class string > >:: Kfn, struct std::less<class string>, class
std::allocator<class string> >::const iterator' to 'class std:: Tree<class string,
struct std::pair<class string const, class string>, struct std::map<class string,
class string, struct std::less<class string>, class std::allocator<class string>
>:: Kfn, struct std::less<class string>, class std::allocator<class string> >:
iterator'

No constructor could take the source type, or constructor overload resolution
was ambiguous

Ve myume. OcTanoch Kakux-HUOyab 745 CHMBOJIOB, MOXXHO HayMHaTh pa3Ouparbcsi B
coobmmenuu. B ma3a Opocaercs ynomuHanue mabjaoHa std: : Tree. B Cranmapre HUYEro He CKa3aHO
0 Ma0JIOHE C UMEHEM Tree, HO Mbl IOMHUM, YTO UMEHA, HAYMHAIOIMECS C CUMBOJIA MOTYEPKUBAHUS U
NpOMKUCHOM OYyKBBI, 3ape3epBUPOBAHBI AJIsi aBTOPOB peanusanuii. [lepen HamMu oAvH M3 BHYTPEHHHX



mabJI0HOB, UCIIOIB3YEMBIX B peain3allui HeKou cocTanisitomieit STL.

OxkaspiBaeTcs, MpakTUYeCKH BO Bceex peanusanusax STL cranmapTHble accolMaTHBHBIC
KOHTEHHEPHI (set, multiset, map M multimap) CTPOSTCS Ha OCHOBE 0a30BbIX Mabi0HOB. [lo aHanoruu
C TeM, KaK IPH UCIIOIb30BAHUU String B AMAarHOCTUKE YIOMUHAETCS THI basic string, PU padboTe co
CTAaHJAPTHBIMU ACCOILMAaTUBHBIMU KOHTEMHEpaMu YacTO BBIJAIOTCS COOOIICHUSA C YIOMHHAHUEM
0a30BbIX A0JIOHOB. B JaHHOM mpuMepe 3TOT mabIoH Ha3bIBA€TCSl Tree, HO B IPYTMX U3BECTHBIX MHE
peanu3alusaX BCTpEHYAINCh HMMEHA tree U _rb tree, NPUYEM B MOCJIEIHEM HWMEHHU OTpakeH (akT
ucrnonb3oBanusa kpacHo-uepHbix (Red-Black) nepesbeB, camoil pacmpocTpaHEHHON Pa3HOBUIIHOCTH
cOanaHCUPOBAaHHBIX JIEPEBLEB, BCTpeuaroleiics B peanu3zanusax STL.

B npuBeseHHOM BbIle COOOIICHUWM YIIOMUHAETCS 3HAKOMBIM THUIH std::map<class string,
class string, stuct std::less<class string>, class std::allocator<class string> >.
[lepen HaMHu TUI KCMOJIB3YEMOTO KOHTEMHEPA map, €CIM HE CUMTATh TUIOB (YHKIUU CPAaBHEHUS U
pacmpeaenuTens naMaTu (KOTOpble He ObUIM 3aJlaHbl PU omnpeneiacHuu koHTelnepa). CooOlmieHue 06
ommOKe cTaHeT Oosiee MOHATHBIM, €CJIM 3aMEHUTH 3TOT THUI HAILIMM BCIIOMOTATEIbHbIM ONpeIeIeHUEM
NicknameMap.PGBYHBTaTI

example.cpp (l7) :error C2440:'initalzing': cannot convert from 'class
std:: Tree<class string, struct std::pair<class string const, <class string >,
struct NicknameMap:: Kfn, struct std::less<class string>, class
std::allocator<class string > >::const iterator' to 'class std:: Tree<class string,

struct std::pair<class string const, class string>, struct NicknameMap Kfn, struct
std::less<class string>, class std::allocator<class string> >: iterator'

No constructor could take the source type, or constructor overload resolution
was ambiguous

Coo0rieHne cTano Kopode, HO €ro CMBICI OCTalICd TYMaHHbBIM; HY)KHO YTO-TO CHAENaTh C Tree.
N3BecTHO, 4YTO MAOJIIOH Tree 3aBUCUT OT peajM3allld, MO3TOMY Y3HaThb CMBICI €r0 HapameTpoB
MOHO TOJIbKO OJHUM CIOCOOOM — UYTEHHEM HMCXONHBIX TeKCTOB. Ho 3aueM KomarbCsi B MCXOOHBIX
tekctax peanmuzauun STL, ecnmu 310 He HYx)HO? I[lompobyeM mpocTO 3aMEHUTH BCE JaHHBIE,
nepeaaBaeMble Tree, YCIOBHBIM oOo3HaueHueM «HEUYTO» u mocMoTpuMm, YTO M3 3TOTO BBIAJET.

Pesymnprar:

example.cpp (l7) :error C2440:'initalizing': cannot convert from 'class
std:: Tree<HEUTO::const iterator' to 'class std:: Tree<HEUTO:iterator'

No constructor could take the source type, or constructor overload resolution
was ambiguous

A BOT comum yxe MOXHO paborars. KoMmuistTop xamdyeTcss Ha MOMNBITKY MpeoOpa3oBaHUS
const_iterator Biterator C ABHBIM HAPYIICHUEM IIPABUJI KOHCTAHTHOCTH.

BepHeMcsl K MCXOOMHOMY IIpUMEpPY; CTPOKA, BBI3BABIIAS THEB KOMIMJIATOPA, BBIACICHA >KUPHBIM
mpuQTOM:

class NiftyEmailProgram {
private:

typedef map<string, string> NicknameMap;

NicknameMap nicknames;
public:

void showEmailAddress (const string& nickname) const;

¥
void NiftyEmailProgram: :showEmailAddress (const stringé& nickname) const {
NicknameMap: :iterator i = nicknames.find (nickname) ;

if (i != nicknames.end())..

}

Coolmienne 00 onmoOKke MOXHO UCTOJKOBATH JIUIIL OJHUM Pa3yMHBIM 00pa3oM — MbI IBITaEMCS

VHHUIMAJIN3UPOBATh IIEPEMEHHYIO i (TMma iterator)  3HAYEHUMEM  THUIA const iterator,
BO3BpAalla€MbIM IIPU BBI3OBE map::find. Takasg HHTEpHpETalMs BBINIIAUT HECKOJBKO CTPAHHO,
MOCKOJBKY find BbI3bIBAETCS AJIS1 00BEKTa nicknames. OOBEKT nicknames HE SBISETCS KOHCTAHTHBIM,



noaTomy ¢yHkius find 1oKHa BepHYTh HEKOHCTAHTHBIN UTEPaTOp.

Bamsaute emie pa3. [la, 00beKT nicknames OOBSBICH KaK HEKOHCTAHTHBIN TUI map, HO (PYHKIIHS
showEmalAddress SBISETCS KOHCIMAHMHOL, 2 BHYTPU KOHCTAaHTHOM (PYHKIIMM BCE HECTaTHMYECKHUe
NEepEMEHHbIE KJIacCca CTAHOBATCS KOHCTaHTHhIMH! Takum oOpa3oM, BHYTPH showEmalAddress OOBEKT
nicknames SIBISICTCS KOHCTAaHTHBIM OOBEKTOM map. CooOmmeHne o0 ommbOke BHE3amHO oOpeTaer
CMbICII. MBI TIBITAEMCSl CTEHEPUPOBATh iterator ISl OOBbEKTA map, KOTOPHIA OOCIIANIN HE U3MEHSTh.
Yto06bl HcnpaBUTh OMIMOKY, HEOOXOMUMO JTUOO MPUBECTH i K THUIY const iterator, JIMOO OOBSBUTH
showEmalAddress HEKOHCTaHTHON ¢yHkiuend. BeposTHo, 00a crmocoba moTpeOyloT 3HAYUTEIBHO
MEHBIIIMX YCUJIMH, YeM BBISICHEHHE CMbICIa COOOIIEHHS 00 ommoKe.

B 3TOoM coBere ObuIM MTOKAa3aHbI HEKOTOPHIE TEKCTOBBIC MOACTAHOBKU, YMEHBIIAIOMIME CIOKHOCTh
cooOmeHnit 06 ommOKkax, HO TOCJIE€ HENPOAODKUTENbHOW MPAKTUKU BBl CMOXKETE BBIMOJIHATH
MOJICTAHOBKH B roJioBe. Sl HE MY3BIKaHT, HO MHE PacCKa3blBajH, YTO XOPOLIME MY3bIKAHTHI CIIOCOOHBI
YUTaTh MAPTUTYPY LIEIUKOM, HE IPUCMATPUBASICH K OTACIbHBIM HOTaM. OnbITHBIE porpaMMucTsl STL
npuoOpeTaloT aHalOTuYHble HaBbIKM. OHM MOTYT aBTOMAaTH4eCKU MpeoOpa3oBaTh KOHCTPYKIUIO BHUAA
std::basic string<char, std::char traits<char>, std::allocator<char> > Bstring,
HUCKOJIBKO HE 3aJlyMbIBasCh HaJ npoucxomsaumm. [1oqoOHbIN HaBBIK Pa3OBBETCA Uy Bac, HO JI0 3THX
op CJHEAYeT IOMHUTb, YTO JUAarHOCTUKY KOMIIWJIATOpA IIOYTH BCEra MOXHO IIPUBECTH K
BpPa3yMHUTENbHOMY BHJY 3aMEHOM JOJIUHHBIX THIOB Ha 0a3ze mabioHOB Oosiee KOPOTKUMU
MHEMOHMYECKUMH 0003HaueHussMU. Bo MHoOrumx ciydasx naias 3TOro JIOCTarO4YHO 3aMEHHUTH
pacumMpeHHbIe OMpeAesieHUs] TUIIOB MMEHaMU, HCIOJb3yeMbIMH B mporpamme. VIMeHHO 3TO ObLIO
CACJIaHO B MPUBCACHHOM IIPUMEPEC, KOrga Mbl 3aMCHHMJIN std: :map<class string, class string,
struct std::less<class string>, class std::allocator<class string> > Ha NicknameMap.

Jlanee npuBeACHBI HEKOTOPbIE PEKOMEHIAllUK, KOTOPbIE TOMOTYT BaM pa3o0parbcs B COOOICHUSIX
KOMIUJsATOpa, oTHocsumxcst k STL.

o JIis KOHTEMHEPOB vector U string HUTEPATOpbl OOBIYHO MPEACTABISAIOT COOOM YyKaszarenu,
MO3TOMY B CJy4ae OIMOKH C UTEPAaTOpOM B JMATHOCTUKE KOMIMJIATOPA OOBIYHO YKAa3bIBAIOTCSA THUIIBI
ykasarenei. Hampumep, ecim B MCXOAHOM KOZIE€ MMEETCSl CChUIKA Ha vector<double>::iterator, B
COOOIICHNU TOYTHM HaBEpHsAKA OylIeT YMOMHUHAThCA yKazarenb doublex*. VCKIlO4eHHE COCTaBIsET
peanusanus STLport B 0TIIaZ0YHOM PEXKUME; B 3TOM CIIy4ae UTEPATOPBI vector U string HE SBISIOTCS
ykazarensaMmu. 3a undopmanueit o STLport u oTnanmounom pexume odpamaiitech k cosety 50.

* CooOlIeHHs, B KOTOPBIX YIIOMHHAIOTCS back insert iterator, front insert iterator W
insert iterator, IOYTH BCErna O3HAYalT, 4YTO oOmmMOKa ObUla JOMYIIEHa TpPU  BHI30BE
back inserter, front inserter MWJM inserter COOTBETCTBEHHO (back inserter BO3BpaILACT
OOBEKT THIIA back insert iterator, front inserter BO3BpamacT OOBEKT THIIA
front_insert_iterator,ainserter‘BO3BpaHKKH‘O6BCKTTWHulinsert_iterator;BaIHHbOpMaHHCﬁ
00 3Tux TUnax obpamantech k coBety 30). Ecnu 3T pyHKIIMM HE BBI3BIBATIUCH B IpOrpaMMme, 3HAYUT,
OHM ObUTH BBI3BAaHbI U3 APYrUX QYHKIUHN (KOCBEHHO WM SIBHO).

* CooO1ieHUs C YIIOMUHAHUSAMHU binderlst U binder2nd OOBIMHO CBHAETENIBCTBYIOT 00 OlIMOKE
IIpHA HCIIOJIB30BAHUM bindlst M bind2nd (bindlst BO3BpamacT OOBEKT THIA binderlst, abind2nd
BO3BpaIIaeT OOBEKT TUMA binder2nd).

 Nteparopsl BeIBOAA (HAIIPUMED, ostream iterator M ostream buf iterator — CM. COBET 29,
a TaKXX€ UTCPATOPhI, BO3BPAILIACMBIC back inserter, front inserter H inserter) BBIIIOJIHAKOT CBOU
OTepalvy BbIBOJIA UJIM BCTABKU BHYTPHU OINEPATOPOB MPHUCBAUBAHUS, IOFTOMY OIUIMOKH, OTHOCSIIMECS K
STUM THUIIAM UTEPATOPOB, OOBITHO MPUBOIAT K MOSBICHUIO COOOICHU 00 OmMOKe BHYTPH OTIEPaTOpPOB
NPUCBAWBaHMS, O KOTOPHIX Bbl U MOHATHUS HE uMeeTe. UToObl MOHATH, O YeM UJET pedb, MonpolyiiTe

OTKOMITHUJIMPOBATH CICAYIONMN (HParMeHT:
vector<string*> v; // TIONMHTKa BBIBOLA COIEPXMMOTO



copy (v.begin(), v.end(), // kKoHTelHepa ykaszaTesenr string*
ostream iterator<string>(cout, "\n")); // xak oBbekTOB string

* Ecnu monmydennoe cooOmieHne o6 ommbOke ucxoguT u3 peanuzanuu anroputma STL (To ecTh
€CJIM KOJI, B KOTOPOM IMPOM30IIUIa OMMOKA, HAXOAUTCA B <algoritm>), BEPOATHO, TpobOIeMa CBsI3aHa C
TUIIAMHU, KOTOpBIE Bbl MBITAETECHh MEpeAarh 3TOMY airoputmy. llpumep — mnepemaya uTeparopos

HemnpaBuibHOM Kateropuu. [lonpoOyiiTe OTKOMIMIMPOBATH CIEAYIOIHI hparMeHT:
list<int>::iterator il, i2; // Illepemaua OBYCTOPOHHUX UTEPATOPOB
sort (11, 12); // ajuropmurMy, KOTOPOMY HEOOXONMME UTEPAaTOPH
// TPOM3BOJBLHOTO HNOCTYIla

 Ecnin Bbl ucnosb3yere craHaapTHbId koMnoHeHT STL (Hampumep, KOHTEMHEp vector HWIIH
string, QITOPUTM for each), @ KOMIIWISATOP YTBEPKIAET, YTO OH MOHATHUS HE UMEET, YTO UMEETCS B
BUJTY, CKOpEE BCETO0, Bbl 3a0bUIH BKIIOYUTH HEOOXOMMMBIN 3ar0JIOBOYHBIN (hailil AUPEKTUBON #include.
Kak oOmsicusercs B coBeTe 48, aTa mpobiaeMa MOXET HapyIMTh pabOTOCIIOCOOHOCTh KO/a, YCIEIIHO
KOMITHJIMPOBABIIETOCS B T€YEHUE HEKOTOPOTO BPEMEHH, MPHU MEPEHOCE ero Ha JAPYryko miaTdopmy.



Cogert 50. ITomauTe 0 web-cayitax, mocBsimeHHbIX STL

Hutepner Oorar uHpopmanueir 06 STL. Ecnu BBecTH B J1I000M MOMCKOBOW CHUCTEME 3aIpoc
«STL», BBl mONy4uTE€ COTHM CCBUIOK, 4YacThb M3 KOTOPBIX Jaxke OyIeT colepKarb IOJE3HYIO
uHopmanuto. Bapouem, 6onbumHCTBO nporpamMmMucToB STL B mouckax He HYXAAETCS U XOPOIIO
3HAET CIIECAYIOIIME CAUTHI:

» caiit SGI STL, http://www.sgi.com/tech/stl;

« caiit STLport, http://stlport.org;

* caiiT Boost, http://www.boost.org.

Huxe s mocraparoch 0OOBbSICHUTD, TOUYEMY 3TH CAThI 3aCIIy>KUBAIOT BaIlerO0 BHUMAaHUSI.

Caiur SGI STL

Web-caiit SGI STL ne ciywaiitHo HaxoaWTCs B Hadaje cnucka. Ha HeM mmeercs mompoOHas
JNOKyMeHTanuss 1o BceM komnoHeHTam STL. MuHorwe nporpaMMHCTBl paccMarpuBarOT €ro Kak
OCHOBHOW HMCTOYHHK 3JIEKTPOHHOM JOKYMEHTAlMU He3aB4UCHUMO OT ucnojiab3yemoi miardopmbl STL.
Joxymentanuro coopan Matt Octepn (Matt Austern), KOTOpBIN TO3HEE AOMOIHUI €€ U MPEICTABIII B
kaure «Generic Programming and the STL» [4]. Marepuan He CBOOUTCA K MPOCTOMY ONHUCAHHIO
komnoneHToB STL. Hanmpumep, onucanue motokoBoi 6e3onacHocTH koHTeHEepoB STL (cM. coseT 12)
OCHOBaHO Ha Marepuanax canra SGI STL.

Ha caiite SGI nporpammucTty npeanaraercst cBOOOAHO pacrpocTpansemas peanuzanus STL. Ona
Obula aJanTUpOBaHA JUIIb JJII OIPAHUYEHHOTO Kpyra KOMIIUJIATOPOB, HO moctaBka STL nerna B
OCHOBY pacrnpocTpaneHHoU noctaBku STLport, onucannoit Huxe. bonee toro, B peanuzanuio STL oT
SGI BXomAT HEKOTOpbIE HECTAHIAPTHBIE KOMIIOHEHTHI, Jejarolme mnporpammupoBanue B STL He
TOJIbKO O0JIee MOIIHBIM U THOKUM, HO U Oosiee UHTEpeCHBIM. HeKoTopbie U3 HUX CTOUT BBIACIUTb.

* XOIIMPOBAHHbIC ACCOLUATUBHbIC KOHTEHHEPBbI hash set, hash multiset, hash map M
hash _multimap. 32 TOMOJHUTENbHON HHPOpMaLKeil 00 ITUX KOHTEHHEepax o0palaiTech K COBETY 25.

* OOHOCBA3HBIM CHHMCOK slist. KoHTeliHep slist peanu3oBaH Haubosee CTaHAAPTHBIM
o0pa3oM, a UTeparopbl yKa3bIBalOT Ha T€ Y3Jbl CIKCKA, HA KOTOpPbIE OHU M JOJDKHBI yKa3biBaTh. K
COKaJICHUIO0, 3TOT (pakT 000paymBaeTCs AOMOIHUTEIBHBIMH 3aTparaMu MpHU peanu3alul QyHKIUN
insert U erase, MOCKOJIbKY 00€ (pyHKIIMU AOHKHBI MOAU(MDUIIMPOBATh yKa3arelb Ha CIEIYIOUMM y3el
CIIUCKA B Y3Iie, npeouiecmsyroujem ToOMy, Ha KOTOPBIA yKa3bIBa€T UTEparop. B ABYCBA3ZHOM CIHCKE
(HampuMmep, B CTaHAAPTHOM KOHTEHEpe 1ist) 3TO HE BhI3BIBAET MPOOJIEM, HO B OIHOCBS3HOM CITHCKE
BO3BpPAT K NPEIABIIYIIEMY Y3JIy SIBISIETCS ONEpALlMEN C JIMHEMHOM CIIOKHOCTBIO. B KOHTEeMHEpe s1ist U3
peamu3auun  SGI (GYHKUMM insert U erase BBIIOJHSIOTCA C JIMHEHHON CJIOXHOCTBIO BMECTO
IIOCTOSIHHOM, 4TO SIBJSIETCS CYyLIECTBEHHBIM HegocTarkoM. B peanuzanun SGI ata nmpobnema pemaercs
Opy TMOMOLM HECTaHIAPTHBIX (HO 3aro paboTaroNMX C MOCTOSHHON CIIOXHOCTBIO) (GYHKIUN
insert after M erase after. B cONpOBOAUTENBHON TOKYMEHTALUU TOBOPUTCH:

...Ecmmu OKaXECTCA, 4TO (I)yHKHI/II/I insert_after U erase after IIJIOXO HOAXOOAT IJIA
Balmmx ueneﬁ, N BaM 4YaCTO IIPUXOJUTCA BbI3bIBATH (I)yHKHI/II/I insert M erase B CCPCAMHC
CIIMCKa, BEPOATHO, BMECTO slist JIYUIIC BOCIIOJIb30BaThCA KOHTefIHepOM list.

B peanuzamnuio Dinkumware Tak)ke BXOIUT OTHOCBS3HBIN CIIUCOK slist, HO B HEM HUCIOJIb3yeTCs
TpyTasi apXUTEKTypa UTEPATOPOB, COXPAHSIIONIAs OCTOSHHYIO CJIIOKHOCTh MPU BBI30BAX 1nsert U erase.
3a nononHutenbHON nHPopManueit o Dimkumware oOpatuaiitecs k npuioxenuto b.



 KoHTeliHep rope, AHAJOI string I O4Ye€Hb OO0JLLIIMX CTPOK. B noxymentanum SGI
KOHTefIHep rope OIIKUCHIBACTCA TaK:

KonTrelinep rope npeacrapiseT co00il MacIrabMpOBaHHYIO PA3HOBUIHOCTD string: OH
npeaHa3zHavyeH s 3G(HEKTUBHOTO BBIMOJHEHUS ONepanuii co CTPOKaMU B L[EJIOM. 3aTpaThl
BPEMEHH Ha TAaKUE OINEpALMH, KaK IPUCBAUBAHNE, KOHKATCHALUS U BBIICIICHUE ITOACTPOKH,
NPAKTUYECKU HE 3aBUCAT OT JJIUHBI CTPOKH. B oriamume ot ctpok C, KOHTEHHEp rope
o0ecrieynBaeT pa3yMHOE MPEJICTaBICHUE [UIsi OUYeHb [UIMHHBIX CTPOK (Hampumep,
COJIEP)KUMOTO0 Oydepa TEKCTOBOTO peakTopa HJIM COOOIIEHHH 3JIEKTPOHHON MOYTHI).

Bo BHYTpEeHHEM MpEJICTABICHUU KOHTEHHED rope peANU3yeTCsl B BHUAE JAEpeBa MOACTPOK C
MOJICYETOM CCBUIOK, IIPH 3TOM KaXKJasi CTPOKa XpaHHUTCS B BUJIE MAacCuBa char. OJIHa U3 MHTEPECHBIX
ocoOeHHOCTeN MHTep(eiica rope 3aKIIOYAETCA B TOM, YTO (PYHKIIMU begin M end BCErAa BO3BPAIIAIOT
THUMN const_iterator. OJTO CHENAHO JUIsl MPEJOTBPALICHUS ONEpalHil, U3MEHSIOIMX OTIEIbHbIE
cuMBoOJIbl. Takue omnepanuu OOXOASATCS CIHHMIIKOM Jaoporo. KoHTeliHep rope ONTHUMU3UPOBAH IS
omepanuii ¢ TEKCTOM B LIEJIOM WM OOJbIIMMH (pparMeHTamu (IpUCBaMBaHHE, KOHKAaTCHAIUs U
BBIJICJICHUE TTOICTPOKH ); ONIEpaIlu C OTACIbHBIMU CUMBOJIAMU BBIMOJIHAIOTCS HEA(H(PEKTUBHO.

* PaziuuHble HecTaHJAapTHbIe O00beKTbl (GYHKHUII W amxanTepbl. Hekxotopeie Kiacchl
dbyakTopoB n3 ucxogHoi peanmmzanuu HP STL we Bonumm B Cranmapt C++. ONbITHBIM MacTepam
CTapoOy MIKOJIbI OOJIbIIE BCETO HE XBAaTAeT (PYHKTOPOB selectlst M select2nd, Ype3BbIUAWHO YIOOHBIX
npu padoTe ¢ KOHTeHHEpPaMH map M multimap. OYHKTOP selectlst BO3BpAIAET MEPBbIi KOMIIOHEHT
00BEeKTa pair, a (YHKTOp select2nd BO3BpAIllAET BTOPOH KOMIIOHEHT OO0BEKTa pair. [Ipumep

HCII0JIb30BaHUA 9TUX HCCTAHAAPTHBIX Ia0JIOHOB KJ1aCCOB (I)YHKTOpOBI
map<int, string> m;

// BHIBOI BCex KJUel map B cout
transform(m.begin (), m.end(),

ostream iterator<int> (cout, "\n"),
selectlst<map<int, string>::value_type>())

// CosmaThb BEKTOP M CKOINMPOBATL B HETO

// BCe accouuMmMpOBAaHHEE 3HAUYEHUS M3 map

vector<string> v;

transform(m.begin(), m.end(), back inserter (v),
select2nd<map<int, string>::value:type>());

Kak Bugute, (QPyHKTOpBI selectlst U select2nd YIPOIIAIOT HCIOJB30BAHUE AJITOPUTMOB B
CUTYyalUsIX, I 0OObIYHO MPUXOAUTCS MHUCATh COOCTBEHHBbIE LUKIBI (cM. coBeT 43). C npyroi CTOpOHBHI,
BCJIEJICTBHE HECTAaHIAPTHOCTH (YHKTOPOB BaC MOTYT OOBHHUTH B HANMCAHUHM HEMEPEHOCUMOIO U
B00ABOK TIJIOXO COMPOBOXKIaeMOTO Kojia (CM. coBeT 47).

Hacrosmmx ¢anaroB STL 3To HUCKOIBKO HE BONHYeT. OHM CUMTAIOT, YTO OTCYTCTBUE selectlst
U select2nd B CTanaapre caMmo Mo cede SABIsSETCS BOMUIONICH HECTTPaBEJIUBOCTHIO.

K uncmy HecTaHIapTHBIX 00BEeKTOB DYHKIIHMH, BXOMSIMX B peanusaruio STL, Takxke mpruHaaIeKar
OGBCKﬂﬂidentity,projectlst,projethnd,composeliHcompose2.PhﬂbOpMaHHK)O HUX MOXHO
HaliTU Ha caiiTe, XOTsA MPUMEP HMCIOJIB30BAHUS compose2 MPUBOAUICA Ha C. 172 HacTOAIIEW KHUIH.
Hanerocs, st ydenun Bac B TOM, uTO Tiocerienne web-caiita SGI npruHeceT HECOMHEHHYIO TIOJIB3Y.

Peanuzanus Oubmuorexku ot SGI BeixomuT 3a pamku STL. IlepBoHauyanbHO cTaBUIACh 1ETb
pa3pabOTKN TOJHOW peann3anuu CTaHgaapTHoW Oubmmorekn C++ 3a HCKIIOYEHHEM KOMIIOHEHTOB,
yHacnenoBaHHblXx u3 C (mpeamosaraercsi, 4To y Bac B PACHOPSIKEHHMHM YK€ HMMEETCs CTaHAapTHas
oubmuorexa C). Ilo »Toit mpuunHe ¢ caiita SGI Takke CTOUT MOJYYUTh peanu3aluio0 OMOIMOTEKH
IOTOKOB BBOAa-BbiBoga C++. Kak cienyer oxunarb, dTa pealn3anus XOpOIIO HHTETPUPYETCS C



peanmu3auueit STL ot SGIL, HO mpu 3TOM 10 GBICTPOACHCTBUIO OHA MPEBOCXOAUT MHOTHE aHATOTHYHbBIC
pealn3anuu, NOCTaBIsIEMbIC ¢ KOMITUIIITOPAMHU C++.

Cair STLport

['maBHas otnnmuuTtenbHas ocobeHHOCTh STLport 3akitoyaeTcs B TOM, 4TO 3Ta MOAU(PUIIMPOBAHHAS
Bepcus peanm3anuu STL ot SGI (Bkirouasi HOTOKH BBOJA-BBIBOJAA U T. J1.) OblIa MepeHeceHa 0oJiee 4em
Ha 20 xomnuiaTropoB. STLport, kak u oubnuorexa SGI, pactipoctpansiercs Oecnnarno. Ecnu Bam kox
JOJDKEH paboTarh cpasy Ha HECKOJIbKHUX TiargopmMax, Bel H30aBUTE ce0s OT MHOXKECTBA XJIOMOT, €CIU
BO3bMETE 32 OCHOBY YHU(UIMPOBaHHYIO peanuzanuio STLport u Oynere MCHOIb30BaTh €€ CO BCEMHU
KOMIIUJIATOPaMH.

bonpbumHcTBO uM3MeHeHui koma SGI B peammzamuum  STLport cBsizano ¢ yoydlleHHEM
nepeHocumMocTu, ogHako STLport siBnsieTcsl €MMHCTBEHHOW M3BECTHOW MHE peaju3alueil, B KOTOpOi
NPENYCMOTPEH «OTIAJOYHBIA PEXKUM» ISl JUATHOCTUKU CIIyd4aeB HENPAaBHIIBHOTO McnoJib3oBaHus STL
— KOMIUJHUPYEMBIX, HO NPHUBOMAIMX K HEMNpeICcKa3yeMbiM TIOCIEJICTBUSIM BO BpeMs palboTh
nporpamMmel. Hanpumep, B coBete 30 pacnmpocTpaHeHHass ommOKa 3almucy 3a KOHIIOM KOHTEHHepa

MOACHACTCA CICAYIOIIUM ITPUMCPOM:
int transmogrify(int x); // OyHKUMA BHUMCISAET HEKOE HOBOE SBHaUeHNe
// To mepemaHHOMY [apaMeTpy X
vector<int> wvalues;
// BamnojHeHMEe BeKTOpa values IaHHBEMU
vector<int> results;
transform(values.begin (), // IlloneTka 3anmucu 3a KOHLIOM results!
values.end (), results.end, transmogrify);

OTOT pparMeHT KOMIUIUPYETCS, HO BO BpEMs BBINOJHEHHS paboTaeT HenpeackazyeMo. Eciu Bam
NOBE3€T, MpOOJEeMbl BO3HUKHYT TMPU BBI3OBE transform, M OTJaAKa OyIeT OTHOCHUTEIIBHO
aneMeHTapHou. I'opa3no Xyxe, ecim BBI3OB transform MCIIOPTUT JAHHBIE INE-TO B APYTOM MECTE
aJIpeCHOr0 MPOCTPAHCTBA, HO 3TO OOHAPYXUTCA JULIL TO3HEe. B 3TOM ciydae onpesenenne npuanHbI
NOpYM JaHHBIX CTAHOBUTCS 3a7]aueil — KakK ObI BBIPA3UTHCA? — gecbMa HeMpUSUAIbHOL.

Otnanounsii  pexuMm STLport 3HauumTenbHO yhnpom@er AdTy 3afady. llpu  BbIIONHEHHUH
NPUBEJCHHOTO BBIIIE BBI30BA transform BBLAAETCS Cleayollee cooOlieHue (MpeanoyaraeTcs, 4To

peanmuzauus STLport ycranosnena B katanore C:\STLport):
C:\STLport\stlport\stl\debug\ iterator.h:265 STL assertion failure:
_Dereferenceable (*this)

Ha stoM mporpamma mpekpamaer paboTy, MOCKOJbKY B Ciydae OIMOKU OTIAJOYHBIN pPEexUM
STLport BbI3bIBaeT abort. Ecam Bel mpeamountaeTe, 4YTOOBI BMECTO 3TOT0 HMHUIMUPOBAIOCH
uckiaouenue, STLport MOJKHO HACTPOUTH M HA 3TOT PEKUM.

YecTHO TOBOPS, MPUBEICHHOE COOO0IIEHNE 00 OMMOKE MEHEe MOHSATHO, YEM XOTEJIOCh ObI, a UMS
daiina u HOMEp CTPOKU OTHOCSTCS K BHYTpeHHeH mpoBepke ycioBus STL, a He K cTpoke ¢ BBI30BOM
transform, HO 3TO BCC XK€ 3HAYUTCIBHO JIYUIIC ITPOITYINICHHOI'O BBI3OBA transform W IMOCICAYIOIINX
NOMNBITOK Pa3o0parbCcsi B MPUUYMHAX pa3pyLICHUs] CTPYKTYp AaHHBIX. B oTmamounom pexume STLport
OCTAeTCs JULb 3aIyCTUTh IPOTPAMMY-OTJIAAUYNK, BEPHYTHCS IO COAEPKUMOMY CTEKA K HAIIMCAHHOMY
BaMU KOAY M ONpPENeIuTh, YTo ke mpousouuio. CTpoka, coiepkai@as oumoOKy, OOBIYHO HAXOIUTCS
JIOCTAaTOYHO JIETKO.

Otnanounsii pexxum STLport pacno3HaeT NIMPOKUNA CIEKTP CTaHAAPTHBIX OMMOOK, B TOM YHUCIIE
Iepenadyy ajaropuTMaM HENOIYCTHUMBIX HHTEPBAJIOB, IIONBITKM YTEHUsS W3 IIYCTOIO KOHTEHWHEpa,
nepeaady uTeparopa OIHOrO KOHTEHHepa B KaueCTBE apryMeHTa (pyHKIMU IPYroro KOHTeHHepa U T. .
Bounie0cTBO OCHOBAaHO Ha B3aMMHOM OTCJICKUBAHUM UTEPATOPOB U KOHTEHEepoB. [lpyu Hammuum aByx
UTEPATOPOB O3TO IIO3BOJISIET NPOBEPUTH, IIPUHAIJIEKAT JIA OHU OJHOMY KOHTEHMHEDPY, a IpHU



Moau(DHUKAIIUYA KOHTEHHEPA — OMPEACINTh, KAKUE UTEPATOPHI CTAHOBSITCS HEJICHCTBUTEIbHBIMH.

B otnmagounom pexume peanuszanus STLport ncnonp3yer cnenualbHble peain3aliyu UTEPATOPOB,
MOATOMY HTEPATOPBI vector M string SBIAIOTCA OOBEKTaMH KJIACCOB, a HE HHU3KOyPOBHEBBHIMU
ykazarensmu. Takum o0pa3om, ucmoib3oBanue STLport U KOMOUIAIUS B OTJIAJ0YHOM PEKUME
MOMOTal0T YOeAUThCA B TOM, YTO Ballla TporpaMMa HE UTHOPHPYET pazIuuus MEXKIY yKa3aTeasiMHu U
UTEeparopaMu JUisi COOTBETCTBYIOIMX TUMOB KOHTEHEpOB. OMHONW 3TOM MPUUUHBI MOXKET OKa3arbCs
JOCTATOYHO JIJISl TOTO, YTOOBI MO3HAKOMUTHCS C OTJIA0YHBIM pesxkumoM STLport.

Caiit Boost

B 1997 rony 3aBepumiicst mpoiiecc, NpUBEAIMA K MosBIeHUI0 MexxyHapogHoro ctaggapra C++.
MHorue y4acTHUKHM OBLTM pa304yapoBaHbl TE€M, YTO BO3MOXHOCTH, 33 KOTOPbIE OHU BBICTYNAIH, HE
IPOLITM OKOHYATENbHBIA 0TOOp. HexoTophlie M3 3TUX ydyacTHUKOB OblTM wieHamu camoro Komurera,
MO3TOMY OHU DPEIIIM pa3padoTaTh OCHOBY JUIsl JOMOJHEHUs CTaHIApTHOM OMONIMOTEKH BO Bpems
BTOPOr0 Kpyra CTaHIapTu3auuu. Pe3ynpraroM ux ycuinii ctan cadT Boost, KOTopslid ObUT NpU3BaH
«rpenoctaBuTh Oecraruple O0uOmuoTeku C++. OCHOBHOE BHHMAaHUE YIACNSETCS MNEPEHOCHUMBIM
oubnuorexam, coorBeTcTBYOIMM Crannapty C++». 3a 3T0# 1eIbI0 KPOeTCs KOHKPETHBI MOTHUB:

[lo Mepe Toro kak OMOMMOTEKa BXOAWUT B «IIOBCETHEBHYIO MPAKTHKY», BO3pacTaet
BEpPOSITHOCTh TOTO, YTO KTO-HUOYIb NPEIIOKUT €€ msi Oyaylied CcTaHgapTH3aIuu.
[IpenocraBnenue OubnmoTekn Ha calT Boost.org sBIseTCsS OMHUM K3 CIOCOOOB CO3IaHUS
«TOBCEIHEBHON MPAKTUKN. ..

WNnaue rosopsi, Boost npennaraercst B kauecTBe MEXaHM3Ma, TIOMOTAIOIIETO OTAEIUTD TJIEBEJIbI OT
3epeH B 00JIACTH MOTEHIIMAJIbHBIX JOMOJIHEHHI cTaHmapTHOUW Oumbnmoreku C++. BmosHe mocrtoiiHas
MUCCHS, 3aCTy>KMBAIOIasl Hallle 0J1arogapHOCTH.

Taxxe cTouT 0OpaTUTh BHUMaHHUE Ha MOAOOPKY OMONIMOTEK, Haxoasumxcs Ha caiite Boost. S He
CTaHy OIHUCHIBAaTh €€ 3/1eCh XOTSA OBl MOTOMY, YTO K MOMEHTY BBIXOJa KHHWIM Ha CaiiTe HaBEpHsSKa
nosiBATCS HoBble Oubmmoreku. Jist momws3oBareneid STL ocoOblii MHTEpeC MPEACTABISIOT JBE
oubnuorexu. IlepBast comepkUT mmAOIOH shared ptr, YMHBIM yKa3aTelb C MOJCYETOM CCBUIOK,
KOTOpPBIA B OTJIMYUE OT YyKazareis auto ptr K3 CTAHAAPTHON OUOIMOTEKH MOXKET XPAaHUTHCS B
koHTeiHepax STL (cM. coBer 8). bubnuoTexka yMHBIX yKazaTenell TakKe CONEPKUT IabiIoH
shared array, YMHBIA yKa3aTelsb C MOACUYETOM CCHUIOK ISl pa0OThI IMHAMUYECKUMHU MacCUBaMU, HO B
coBere 13 BMeCTO AMHAMHUUYECKUX MACCHBOB PEKOMEHJYETCSl HCIOJb30BaTh KOHTEMHEPHI vector H
string; HaJCIOCh, IPUBEJACHHBIC apPIyMEHTHI MOKAXXYTCSl BaM yOeAUTEIbHBIMU.

[Toxmonnuku STL Takxke oOmeHAT OOTraThlii acCCOPTUMEHT OWOIMOTEK, COAEpKAIMX OOBEKTHI
byHKIUNA W JIpyrue BCIIOMOTaTelbHBIE CpelcTBa. B 3Tux OMOMMOTEKaxX 3aHOBO CHPOEKTUPOBAHBI U
peann3oBaHbl HEKOTOPbIE KOHIIEIIINH, 3aJI0)KEHHbIE B OCHOBY 00beKTOB (yHKIUH U anantepoB STL, B
pe3ynbTare 4yero ObUIM CHSATHI HEKOTOPbIE MCKYCCTBEHHbBIE OTPAHMYCHUS, CHUKAIOIME MPAKTUYECKYIO
MOJIE3HOCTh CTAHAAPTHBIX (YHKTOpPOB. B dYacTHOCTH, MpU MOMBITKAX HCIONB30BaTh bind2nd €
GYHKUMSAMU mem fun M mem_fun ref (CM. coBeT 41) st mpuBS3KH 00bEKTa K mapaMmerpaM (QyHKIHH
KJIacca BBISICHAETCS, YTO MPU MEperade mapaMmeTpa Mo CChUIKE KO, CKOpee BCEro, KOMIMIMPOBATHCS
He OyneT. AHAJOTMYHBIA pe3ylbTar JIOCTUTAETCS HCIONb30BAHUEM notl M not2 Cptr fun U
dbyHKIMeH, moyyarolei mapaMmerp no cceuike. [Ipyunna B 000MX ciiyyasix 3aKJIIOYaeTCs B TOM, UTO B
npoiiecce crienranu3anuu maodnona mHorue miardopmbl STL reHepupyrOT «CChUTKY Ha CCBUIKY», HO B
C++ Takas KOHCTpyKIMs 3ampenieHa (B HacTosimee BpemMs KoMuTeT 1Mo cTaHIapTH3alHuU
paccMarpuBaeT BO3MOXXHOCTh BHeCeHUss M3MeHeHuM B CTaHaapT A peuieHus 3TOW MpOoOJIeMbl).



[Tpumep npobIeMbl «CCHUIKU Ha CCHUIKYY:
class Widget {
public:

int readStream(istream& stream); // ®yHkumm readStream

// mnapaMmeTp nepenaeTcsa
b // mo cchike

vector<Widget*> vw;

for each( // BonpmmHcTBO nnatdoopm STL
vw.begin (), vw.end(), // TpM 3TOM BH30OBE

bind2nd (mem fun (&Widget::readStream), cin) // nelTaeTcsa CIeHepMpPOBaThb
) ; // CCEJIKY Ha CCBUJIKY.
//dparMeHT He KOMIMJIMPpYyeTCs!

OOwekThl (yHKUIMM Boost pemaroT 3Ty U MHOTHME Apyrue MpoOJeMbl, a TaKKe 3HAYUTEIbHO
MOBBIMIAIOT BBIPA3UTEIHHOCTH 00BEKTOB (DYHKITUH.

Ecnu Bbl mHTEpecyeTech MOTEHIIUANBHBIMU BO3MOXXHOCTIMU 00beKTOB PpyHKuuit STL u xotute
MO3HAKOMUTBCS C HUMHU MOOIMKe, mockopee mocetute caT Boost. Ecnu oObexThl QyHKIIUN Bac
NyraloT W Bbl CYUTAETE, YTO OHHU CYIIECTBYIOT TOJBKO JUISi YMHPOTBOPEHHS MAaJO4YHMCIEHHBIX
amoJyioretoB Lisp, BBIHYXAEHHBIX NporpamMmmupoBarb Ha C++, Bce paBHO moceTuTe cailt Boost.
bubnuorexn oO6bekTOB (QyHKIMNA BoOOst BaXHBI, HO OHU COCTABJSIOT JHIIbL Majyl0 YacTh IMOJE3HON
uHopMannm, HaXoIAUIeHCs Ha caifTe.



JIuteparypa

B kHHUre UMEITCs CChUIKM Ha OOJIBIIMHCTBO MYyOJIMKAIUM, MEPEUUCICHHBIX HUXKE, XOTS MHOTHE
CCBUIKM TPHUCYTCTBYIOT JHIIL B pazaene «bmaromapnoctu». IlyOnmkainuu, KOTOphle B KHUTE HE

YIIOMUHAIOTCS, TOMEUYEHBI KPY>KKOM BMECTO IIU(DPHI.

Anpeca URL HeHanexKHbI, IO3TOMY S HEKOTOPOE BPEMSI COMHEBAJICS, CTOUT JIM IPUBOIUTH UX B
3TOM paszzene. B urore s pemmu, uyro gaxke ecnu URL craner HeneHCTBUTENBHBIM, IPEABIAYLICE
MECTOHAXO0XKJACHUE JOKYMEHTA ITIOMOKET BaM HalTH €r0 110 HOBOMY aJpecy.
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JIoKaJIbHBIE KOHTEKCThI

B coBere 35 mpuBeneHa peanu3anus CpaBHEHHUsS CTPOK Oe3 ydera perucrpa CHUMBOJIOB C
npuMeHeHueM anropuTMoB mismatch u lexicographical compare, HO B HeM TakXe YyKa3aHO, YTO
MOJHOLIEHHOE pElIeHUE JOJDKHO YUYUTHIBATh JOKaIbHBIM KOHTEKCT. Kuura mocesimena STL, a He
BOMpPOCAM MHTEpPHAIMOHATIU3AINHU, TO3TOMY JOKaJIbHBIM KOHTEKCTaM B HEW He HAIUIOCh MecTa. Tem
He meHee, MaTT OctepH, aBTop KHUTH «Generic Programming and the STL» [4], mocBsitun 310l Teme
CTaTblO0 B MaiickoM HoMepe kypHana «C++ Reporty [11]. Tekct 3TO cTaTbu NPUBEAECH B HACTOSIIEM
npuwioxenuu. S 6marogapen Matty u ¢pupme 101communications 3a To, YTO OHH pa3peLIMIU MHE 3TO
CeNaTh.



CpaBHeHHe CTPOK 0€3 yueTa perucrpa CiMBOJIOB

M>mm OcmepH

Ecniu BaM korma-ianbo ITOBOAMIIOCH MHCATh MPOTPAMMBI, B KOTOPBIX HCIIONB3YIOTCS CTPOKHU (a
KOMY, CIIPAIIMBAETCs, HE JOBOAMIOCH?), CKOPEE BCETO, BBl BCTPEYAIUCH C TUITMYHOW CUTyalluend — JBE
CTPOKH, pa3IMYaromuccCsa TOJBKO PCruCTpomM CHMBOJIOB, AOJIKHBI ObUTH HHTCPIIPCTUPOBATLCA KakK
paBHbIe. B aTHX cinydasx TpeGoBagoch, YTOOBI ONEpallui CPaBHEHUSI — IPOBEpPKA PaBEHCTBA, OOJIbIIIe-
MEHBIIIE, BBUICJICHUE IOACTPOK, COPTUPOBKA — WUTHOPUPOBAIM PETUCTP CUMBOJIOB. IIporpamMMmuCTBI
O4YEHb YAacTO CIPAIIMBAIOT, KAaK OPraHMW30BaTh IONOOHBIE OMNEpalMu CpPEACTBAMU CTAHAAPTHOMN
oubmuorexku C++. Ha 3TOT BOmpoOC CYIIECTBYET OIPOMHOE KOJIMYECTBO OTBETOB, MHOTHE M3 KOTOPBIX
HEBEPHBI.

Hpexcz[e BCCTO HCO6XOI[I/IMO n30aBUTHCSA OT MBICJIM O HAITUCAHUH KJIacCa, CPaBHHUBAOLICTO CTPOKHU
6e3 ydera peructpa. Jla, ¢ TEXHMYECKOW TOUKH 3peHUs ATO Oojee WIM MEHee BO3MOXKHO. Tum
std::string CTaHI[apTHOfI OMOJINOTEKH B I[CflCTBPITGJIBHOCTH ABIIACTCA CHHOHHMMOM OJId THIIA
std::basic string<char, std::char trais<char>, std::allocator<char> >. OHepaHI/II/I
CPaBHEHHUS OIPENCIISIIOTCS BTOPBIM ITApaMETPOM; IIepeaaBas BTOPOM MmapaMeTp € IepeonpeaeIeHHbIMU
ornecpanusiMH «paBHO» U «MCHBIIC», MOXHO CIHCIHAIU3HMPOBATH basic string TaAKUM 06pa30M, qTo
omepanuu < M = OyIyT UTHOPUPOBATH PETUCTP CUMBOJIOB. Takoe perieHrne BO3MOXKHO, HO UIpa HE
CTOUT CBCHY.

* Bul He cmooiceme evinonnams onepayuu  6600a-6bl600a UIH 3TO TOTpelyeT OOoJIbIIMX
JOIMOJTHHUTCIIBbHBIX  XJIOIOT. Kmaccel BBOJAa-BbIBOAA CTaH,HapTHOﬁ OMOJIMOTEKU (TaKI/IC KaK
std::basic istream U std::basic_ostream) CIENUAIU3ZUPYIOTCS MO JIByM HadyaJlbHbIM MapaMeTpam
std::basic string (astd::ostream BCCTO JINIIb ABJIACTCA CHHOHUMOM IS
std::basic ostream<char, char traits<char> >).llapaMeTpbl XapakTEpUCTHUK (traits) JOIKHBI
coBnazarb. Ecim BHI HCIIOJB3YCTC CTPOKHU THIIA std::basic string<char, my traits class>, TO
1A BBIBOJIA CTPOK JOJIKECH HCIIOJIb30BAaThCA THII std: :basic_ostream<char, my_traits_class>.
CranpapTHbIE IOTOKHU cin M cout AJIA 3TOW LIENH HE TOJOUIYT.

° HeﬂopupoeaHue pecucmpa Cumeoslos A6JNAEmMCA He CBOUCMBOM 06’b€KI’I’lCl, a JUtb KOHmeKCcmom
eco ucnonvzoeanus. Bnoine BO3MOKHO, qTo B OJHOM KOHTCKCTC CTPOKH JOJIZKHBI
MHTEPIPETUPOBATECS C YYETOM PETUCTPA, & B IPYIOM KOHTEKCTE PETUCTP AO/DKEH UTHOPHUPOBATHCS
(HampuMmep, IpH YCTAHOBKE COOTBETCTBYIOLLIETO PEKUMA MOJIb30BATEIIEM ).

» Pewenue mne coomeenmcmeyent  KAHOHAM. Knacc char traits, KaK HW BC€ KJIaCChI

XapaKTepHCTUKY, IpoCT, KOMIIAaKTeH U He comep:KUT MH(OPMAaInK cocTosiHuA. Kak Oyner mokasaHo
HIDKE, TIpaBWJIbHAS pealn3aiis CpaBHEHHWH 0€3 ydeTa perucTpa HEe OTBEYaeT HU OJHOMY M3 3THUX
KPUTEPUEB.

» Dmoeo 8oobwe e docmamouro. Jlaxxe ecnm Bce QYHKIIUU basic string OyIyT UTHOPUPOBATH
PETHUCTp, 9TO HUKAK HE OTPA3UTCS Ha UCIOJIb30BAaHUH BHEIIHUX O0OOOIICHHBIX aJTOPUTMOB, TAKUX KaK
std::search Mstd::find end. KpoMe Toro, takoe pemeHue mepectaer paboTarb, €CIH IO
cooOpaxkeHUsIM 3(PPEKTUBHOCTH TIEPEUTH OT KOHTEHEpa OOBEKTOB basic string K TAOJHIIE CTPOK.

bonee mpaBunmpHOE pelIeHHWE, KOTOPOE JydYllle COOTBETCTBYET AapXUTEKType CTaHIapTHOU
OMOMMOTEKHU, 3aKJIFOYAaeTCsS B TOM, YTOOBI UTHOPUPOBATH PETHUCTP CHUMBOJIOB TOJBKO B TE€X CIydasx,
KOTJIa 3TO JEUCTBUTENBHO HeoOxomuMo. He cTouT BO3UTHCA ¢ TakuMU (GYHKIHSMH KOHTEWHEepa
string, KaK string::find first HWIJIH string::rfind;, OHH JIMIIb I[y6JII/IpyIOT (I)yHKHI/IOHaJIBHBIG
BO3MOXKHOCTH, YK€ MOIJIEP)KMBaeMble BHCIIHUMH 0000IIEHHBIME anroputMaMu. C Apyrol CTOPOHBI,
aNrOpUTMBl 00JAJAI0T JOCTATOYHOW THUOKOCTHIO, YTO TO3BOJIAET pealn30Barh B HUX MOMICPKKY
CpaBHEHHH CTPOK 0e3 ydera peructpa. Hampumep, 4ToObI OTCOPTUPOBATH KOJIJIEKIIUIO CTPOK O€3 yuera



peructpa, J0CTaTOYHO MepeaaTh aNrOPUTMY NPALMIbHBIA 00BEKT (PYHKIIUU CPABHEHUS:
std::sort (C.begin(), C.end().compare without case);
Hanucanuio Takux 00bEKTOB U ITOCBAIIICHA 3Ta CTAaTh.



[lepBas nmonbITKA

CyliecTByeT HECKOJIBKO CIOCOOOB YHNOPSAIOYEHUs CJIOB MO andaBuTy. 3ailAuTe B KHHUXKHBIN
Mara3uH 1 OCMOTPUTE, KaK pacCTaBJICHbl KHUTH Ha MoJikax. [IpeaiecTByeT a1 ums

1. CMm. crarpto Anekcauapecky A. (Andrei Alexandrescu) B maiickom HoMmepe «C++ Report» 3a
2000 r. [19].

Mary McCarthy umenu Bernard Malamud unu cnenyer nocie Hero? (B nelcTBUTENBHOCTH 3TO
JUIIH BOMPOC MPUBBIUKH, 51 BCTpedas 006a BapuanTa.) Brpouem, mpocreiinmii cnocod cpaBHEHHUS CTPOK
XOpOIIO 3HAKOM HaM IO HIKOJIE: Peub MJAET O JIGKCUKOTpahUueCKOM, UM «CIOBAPHOM», CPaBHEHUH,
OCHOBaHHOM Ha MOCIIEJI0BATEIbHOM CPAaBHEHHI OTJIEIbHBIX CHMBOJIOB JIBYX CTPOK.

Jlekcukorpaduueckuil KpUTepuidl CpaBHEHUSI MOXKET OKa3aTbCsl HEMOAXOISAIIMM JJii HEKOTOPBIX
cnenu@uyeckux cuTyauuil. boiee Toro, enMHOro KpuTepusi BooOIIe HE CYIIECTBYET — Hamlpumep,
UMEHa JIoflel U reorpaduueckre Ha3BaHUS WHOTJA COPTUPYIOTCS MO pa3HbM kputepusim. C npyroi
CTOPOHBI, B OOJBIIMHCTBE CIIy4aeB JICKCUKOTpapUUeCKU KPUTEPUN MOAXOOUT, MOITOMY OH ObLI
3aJI0)kKeH B OCHOBY MEXaHHM3Ma CTpPOKOBbIX cpaBHeHUM B C++. Crpoka mnpeacraBiser coOoi
MOCJIEIOBATENIbHOCTh CUMBOJIOB. ECIM 0OBEKTHI x M y OTHOCATCS K TUIY std: : string, TO BIpaKEHUE

x<y OKBHBAJICHTHO BBIPAKCHUIO
std::lexicographical compare(x.begin(), x.end(), y.begin(), y.end())
B IIPUBCACHHOM BBIPAXKXCHHUM aJI'OPUTM lexicographical compare CPaBHHUBACT OTACIBHBIC

CHUMBOJIbI OII€paropomMm <, OJAHAKO CYIICCTBYET JApyrasd BEPCHUA lexicographical compare,
MO3BOJISAONIAS 3a7aTh MOJIH30BATEILCKUN KPUTEPUM CpaBHEHHUST CHMBOJIOB. OHA BBI3BIBACTCS C ISITHIO
apryMeHTaMu BMECTO YEThIpeX; B MOCIEIHEM apryMeHTe Nepeaaetcss 0ObeKT (DYHKIHMH, JBOUYHBIMI
peAUKaT, ONpeAe oM, Kakol U3 JIByX CUMBOJIOB MPEIIECTBYET Apyromy. Takum oOpa3om, s
CpaBHEHHSI CTpPOK Oe3 ydeTa perucrpa Ha 0a3e lexicographical compare JOCTAaTOYHO OOBEIUHUTH
ATOT AJITOPUTM C 0OBEKTOM (PYHKIMU, UTHOPUPYIOLIUM PA3JIMUUsI B PETUCTPE CUMBOJIOB.
PacnipocTpaneHHbIN TPUHITUIT CPABHEHUS IBYX CHMBOJIOB 0€3 ydeTa perucTpa 3akjaiodaeTcs B TOM,
4yTOOBI TpeoOpa3oBaTh 002 CUMBOJIA K BEPXHEMY PETUCTPY U CPaBHUTH pe3ynbrarbl. Huxe mpuBeaeHa
TpuBHaJIbHasg (GOPMYIUPOBKA 3TOM HAEH B BUAe 00bekTa PyHKUMU CH++ C HMCMIOIB30BAHUEM XOPOILO

U3BECTHOM (yHKIMHU toupper U3 cTanaapTHol oubnuoteku C:
struct 1t nocase:
public sEd::binary function<char, char, bool> {
bool operator()(chgr x, char y) const {
return std::toupper(static cast<unsigned char>(x))<
std::toupper(static_cast<ansigned char>(y));
}
¥
«Y KaXZOU CI0KHOM 3aJ1a4M €CTh PEUICHUE IPOCTOE, JJIETaHTHOE U... HENPABUIBHOEY». ABTOPEI
KHUT C++ 000Kar0T 3TOT KJIacc 3a MPOCTOTY U HANNIATHOCTH. S TOKe HEOAHOKPATHO MCIOJB30Ball €T0
B cBouX kHHrax. OH moutu IIpaBUJICH, U BCC-TAKN HC COBCCM, XOTA HCAOCTATOK BCCbMA HCTPUBHUAJICH.

Crnenyroumii mpumep BISIBISET 3TOT HEJAOCTATOK:
int main () {

const char* sl = "GEW\334RZTRAMINER";
const char* s2 = "gew\374rztraminer";
printf ("sl=%s, s2=%s\n", sl, s2);

printf ("sl<s2:%s\n",
std::lexicographical compare(sl, sl+14, s2, s2+14, 1t nocase())
?"true”:"false");

}

[TompoOyiiTe 3amycTHTh ATy MporpaMmy B cBoeil cucteme. Ha moem xommbroTepe (Silicon

Graphics O2 ¢ cucremoii IRIX 6.5) pesynbrar BeIrIsAEa Tak:



s1=GEWURZTRAMINER, s2=gewilirztraminer

sl<s2:true

Crpanno... Pa3e mnpu cpaBHenuun 6e3 yuera peructpa «GEWURZTRAMINER» wu
«gewlirztraminer» He JODKHBI ObITh paBHBIMH? I eme BO3MOXEH BapuaHT C HeOOJbLION

MoauduUKauen: eciu nepes KoManaoi printf BCTaBUTh CTPOKY

setlocale (LC ALL, "de");

pE3yNIbTaT HEOKUTAHHO U3MEHSAETCS:

s1=GEWURZTRAMINER, s2=gewilirztraminer

sl<s2:false

3amaya cpaBHEHHUsI CTpOK Oe3 ydyeTa perucTpa CcloxHee, 4YeM KaxkeTcs cHadaia. Pabora
AJIEMEHTAPHOM Ha MEPBbIN B3I IPOrpaMMbl B OTPOMHOM CTENIEHH 3aBHCUT OT TOTO, O YEM MHOTHE U3

HacC IpCaAIIovimn ObI 3a0bITE. Peub NACT O JOKAJIbHOM KOHTCKCTC.



JIOKAJBHBIA KOHTEKCT

CUMBOJBHBIM THUII char B J€HCTBUTEIBHOCTU MPEIACTABISCTCS CaMbIM OOBIYHBIM LIEIBIM YUCIIOM.
OTO YKCIIO MOKHO MHTEPIPETUPOBATh KAK CUMBOJI, HO Takas MHTEPHPETALMS HU B KOEM Cllydae He
SBIISIETCA yHUBEpcadbHOH. UTO MOMKHO COOTBETCTBOBarb KOHKPETHOMY uHcly — OykBa, 3HaK
NpENUHAHUs, HENEYaTaeMblil YIPaBISIOIMI CUMBOJI?

Ha 3TOT BOmpoc HEBO3MOKHO JaTh OJHO3HAYHBIA OTBET. bonee Toro, ¢ Touku 3peHus 0a30BBIX
a3plkoB C m CH++ pasznuuus MeXay ITHUMHU KareropHsIMH CHMBOJIOB HE TaK YK CYIUIECTBEHHBI U
MPOSIBIISIIOTCS JIUIIb B HEKOTOPBIX OMOIMOTEYHBIX QYHKIMAX: HAIpUMep, QYHKIUS isalpha MPOBEPSET,
SBTISICTCS JIU CUMBOJ OyKBOM, a (YHKIUS toupper MEPEBOAUT CUMBOJIBI HIKHETO PETHCTPa B BEPXHHUI
PETUCTP U OCTaBISET O3 M3MEHEHHI OyKBbI BEPXHETO PETUCTPA U CUMBOJIBI, HE SIBIISIONIMECS OyKBaMU.
[Togo6Has kiaccuduKanus CHMBOJIOB ONPEIETSETCS OCOOCHHOCTAMHU KYIBTYPHOU U JTUHTBUCTUYECKOM
cpenbl. B aHmuiickoM s3bIKe JAEWCTBYIOT OIHU TMpaBUiia, MO KOTOPHIM OyKBEHHBIE CHMBOJIBI
OTJIMYAIOTCS OT «HE OyKBEHHBIX», B HIBEJACKOM — JApyrue u T. 1. IlpeoOpa3oBanue u3 HUKHETO
perucTpa B BEpXHUN UMEET OJUH CMBICI B JIATUHCKOM ajidaBuTe, APYyroi — B KUPHILIULE, U BOOOIIE
HE UMEET CMBICIIA B UBPUTE.

[Io ymomyanuio QyHKIUH 0OpaOOTKM CHMBOJOB PabOTAaIOT C KOIWPOBKOHM, MOAXOMAIICH IS
MPOCTOTO aHIIUCKOTO TekcTa. CumBon "\374' He u3MeHseTcsa QPyHKIUEH toupper, MOCKOJIBKY OH HE
cuntaeTcsi OyKBOM; B HEKOTOPBIX CHCTEMax IpH BbIBOAEC OH MMeeT BUJ i, HO A OuOIMOTEeUHON
¢yuknuu C, pabortaromieil ¢ aHIIMHCKUM TEKCTOM, 3TO HecymecTBeHHO. B komupoBke ASCII net
cuMBoJia Ui. Komanga

setlocale (LC ALL, "de");

coobmaet Oubnuorexke C o0 mepexofe Ha HEMELIKUE MpaBuia (Mo kpaitHeit mepe B cucteme IRIX
— MMEHA JOKaJIbHbIX KOHTEKCTOB HE CTaHJAAPTU30BaHbl). B HEMELIKOM SI3BIKE €CTh CUMBOJI (i, TIOATOMY
GyHKIUS toupper Tpeobpasyer i B U.

Y n110060ro HOPMAaIbHOTO MPOTPAMMHCTA 3TOT (DAKT BHI3BIBAET OOOCHOBAaHHOE OECIOKOMCTBO.
OkasbiBaeTcs, mpocTasi (PYHKIUS toupper, BbI3bIBAEMas C OJAHMM apryMEHTOM, 3aBUCHUT €Ile U OT
DI00aNbHONW MEPEMEHHOM — Xy)K€ TOro, OT CKPBITOM MIO0aNbHOW MEpEeMEHHOW. DTO MPHUBOAMUT K
CTaHJapTHOW mpoOneme: Ha paboTy (YHKUHUH, HCIOJB3YIOMIEH toupper, TEOPETHUYECKH MOXKET
NOBIUATH JIt00ast apyras GyHKIHS BO BCE Mporpamme.

[Tpu KCcHONB30BaHUU toupper IJIA CPABHEHUS CTPOK O€3 ydeTa perucTpa pe3ynbTar MOXKET ObITh
karactpopuyeckum. llpennonoxum, y Bac HMMEETCS aJIrOpUTM, IMOJYYArOUMHA OTCOPTUPOBAHHBIM,
CIIUCOK (CKaXeM, binary search); Bce paboTaeT HOPMAaJIbHO, KaK BAPYT HOBBIN JOKAIbHBIA KOHTEKCT
Ha XOAy U3MEHSET NOpPSINOK COPTUPOBKM. Takol KOI HE NOAXOAWUT [UIsi MHOTOKPAaTHOIO
ucrnonb3oBanus. bonee Toro, oH BooOIIe eaBa JM CIOCOOEH MPUHECTH MPaKTHUYECKyr moib3y. Ero
HEJIb3sl IPUMEHUTH B OMOIMOTEKE — OMOIMOTEKH MCIOIB3YIOTCS MHOXKECTBOM Pa3HbBIX MPOrpaMM, He
TOJIBKO TEMHU, KOTOPbIE HHUKOIZA HE BBI3BIBAIOT (YHKIUIO setlocale. Bo3MoxxHO, BaM ymactcs
OPUMEHHUTh €ro B KakoW-HUOyab OOJbIION mporpaMme, HO OTO MPUBOIUT K MpodieMam
COMPOBOXJIeHUs. BO3MOXHO, BaM ynacTcsi MPOCIEIUTh 32 TeM, YTOObI BCE OCTAJIbHbIE MOAYIH HE
BbI3bIBANM setlocale, HO Kak MPEIOTBPATUTh BBI3OB setlocale MOMYIEM, KOTOPBII MOSABUTCS TOJNBKO B
CJIeAYyIOLIEH BEPCUU TPOTPAMMBI?

B s3pike C mpuemiemMoro pemeHus 3Toil nmpobiembl He cymiecTByeT. bubnuorexka C ucmnomsiyer
€MHCTBEHHBII JIOKAJIbHBIM KOHTEKCT, U C 3TUM HHUYETO HE MOJAeacb. PelieHne CynecTByeT B sI3bIKE
C++.



JIokaJIbHbIC KOHTEeKCThI B C++

B crannmaptHoii 6mbnuoreke C++ JOKambHBI KOHTEKCT HE SIBISETCS TO0aIbHOW CTPYKTYpOU
JAHHBIX, 3alpATaHHOW TAE-TO B HeApax peanu3anuu OUOIMoTeKu. ITO OOBEKT THUIA std::locale,
KOTOPBIA MOXXHO CO3aTh M Iepeaarb €ro Ipyrod (QpyHKIUHU, Kak Jr00oi apyroit oOwvekT. [Ipumep
co3gaHusi 00bEKTa JUIsl CTAHAAPTHOIO JOKAIBHOTO KOHTEKCTA!

std::locale L = std::locale::classic();

JIOKaNbHBI KOHTEKCT HEMEIKOTO SI3bIKA CO3/Ia€TCSI KOMaHI0M

std::locale L("de");

MmeHa JOKalbHBIX KOHTEKCTOB, Kak W B Oubnmorexke C, He cranaapTu3oBaHbl. CIHCOK MMEH

JIOKAJIbHBIX KOHTEKCTOB, JIOCTYITHBIX B BallleW pealin3alliu, CI€AyeT UCKATh B IOKYMEHTAIIUH.
JloxanpHble KOHTEKCTHI C++ nensTcs Ha ¢aceTsl (facets), CBA3aHHBIE C Pa3HBIMU AaCTIEKTaMH
WHTEpHAIMOHAIM3auu. s wW3BIeUeHHs 3aJaHHOTO ¢acera M3 OOBEKTa JIOKAIBHOTO KOHTEKCTa

MCTIONB3yeTc (PYHKIHSA std::use facetl® dacer ctype oTBeuaeT 3a knmaccuPUKAMIO CHMBOJIOB, B
TOM 4Hclie U npeoOpa3zoBaHust Tuma. Eciau c1 U c2 OTHOCATCS K THUIY char, CIEAYIOUMH (pparMeHT

CpaBHHMBAET UX 0e3 ydeTa perucTpa no npaBuiiaM JOKaJIbHOTO KOHTEKCTA L.
const std::ctype<char>& ct = std::use facet<std::ctype<char> >(L);
bool result = ct.toupper(cl) < ct.toupper(c2);

[IpenycmoTpena ocobasi COKpaleHHas 3aluch: std: : toupper (¢, L), JKBUBAJCHTHAS

std::use facet<std::ctype<char> > (L) .toupper(c)

Hcnonp3oBanue use_facet CTOUT CBCCTH K MUHUMYMY, IIOCKOJIbKY OHO CBA3dHO C 3aMCTHBLIMH
3aTpaTaMu.

IIo amamormm c TEM, Kak JICKCI/IKOFpa(l)I/I‘lCCKOC CPaBHCHHC OKAa3bIBACTCA HCIOAXOAAIIMM B
HCKOTOPLIX CUTyalUAX, npeo6pasoBaHH;1 CHUMBOJIOB <«OAWUH-B-OAWH)» TOXE TOOATCA HEC BCCriaa
(HampuMep, B HEMEIKOM si3bIke CUMBOJ (3 HMKHEro perucrpa COOTBETCTBYET IMOCIIEIOBATEIbHOCTH
«SS» B BepxHem peructpe). K coxkanenuro, cpenctsa mpeoOpa3oBaHUs PErHCTpa B CTaHIAPTHBIX
oubmuorexax C u C++ paboTarOT TOJIBKO C OTJACIBHBIMU CUMBOJIAaMHU. Eciiu 3TO orpaHndyeHue Bac He
yCTpauBaeT, pellieHue CO CTAaHAAPTHBIMU OMOIMOTEKaMHU OTHAJAeT.



dacet collate

Ecnu BBl 3HAKOMBI C JIOKAJIBHBIMM KOHTeKcTamMu C++, BO3MOXKHO, BaM YK€ IpHUILIE] B TOJOBY
Ipyroil cmoco® cpaBHEHHS CTPOK. Y daceTa collate, MPEIHA3HAYEHHOTO YISl WHKAICYISIUU
TEXHUYECKUX aCIeKTOB COPTUPOBKH, HMeeTcsa (yHKuus, mo wuHTepdeicy BecbMma Onn3Kas K
ounbmuoreunorr ¢GyHKmUU C strcmp. CyllecTBYeT Ma)ke CIEMUaIbHOE CPEACTBO, YIIPOIIAOIIEe
CpaBHEHHUE JIByX CTPOK: AJi1 OOBEKTa JIOKAJIBHOIO KOHTEKCTAa L CTPOKU x Uy MOTYT CPaBHHMBATHCS
MPOCTOM 3aMUCHIO L (x, y), YTO MO3BOJSAET 000HTHCH 0€3 XJIOMOT, CBA3aHHBIX C BBI30BOM use facet U
byHKIUU collate.

«Knaccuueckuii» JOKanbHBIA KOHTEKCT COACPKHUT (HaceT collate, KOTOPBIA BBITOTHSET
JEKCUKOTpa(pUYeCKoe CpaBHEHUE IO AHANOTUM C (YHKIUEH operator< KOHTEHHEpa string, HO
JPYrue JOKAJIBbHBIE KOHTEKCTHI BBIIOJHSIIOT CPAaBHEHUE, PYKOBOICTBYICh CBOMMU Kputepusamu. Ecinu B
CUCTEME CYIIECTBYET JIOKAJbHBII KOHTEKCT, 00ECIIEYMBAIOIMI CpaBHEHUE CTPOK Oe3 ydeTa perucrpa
JUIS THTEPECYIOIIMX BAC A3BIKOB, BOCIOJIB3YMTECHh UM. BO3MOXKHO, 3TOT JIOKAJIBHBIM KOHTEKCT Ja)Xe He
OyzeT orpaHUYMBATHCS IPOCTHIM CPABHEHHEM OTIETIbHBIX CHMBOJIOB!

K coxanenuio, kakoil Obl cripaBeyIMBOM HU ObUIa 3TAa PEKOMEHJALMs, OHA HUKAK HE MOMOXET
TE€M, Yy KOrOo HET TaKUX JIOKAJIbHBIX KOHTEKCTOB. Bo3MoOkHO, KOrga-HuOyab B OydyllleM CTaHAapTHOE
MHOKECTBO TaKHX JIOKAJbHBIX KOHTEKCTOB OylI€T CTaHIaPTU3UPOBAHO, HO CEMYAC HUKAKHUX CTaHJApPTOB
He cymecTByeT. Ecnu QyHKIMs cpaBHEeHHs 0e3 yueTa perucTpa Ajs Balleld CUCTEMBI ellle He HalucaHa,
BaM IIPUJIETCS CAEIATh 3TO CAMOCTOSTEIIBHO.



CpaBHeHMe CTPOK 0€3 yueTa perucrpa

daceT ctype MO3BOJSET OTHOCUTEIBHO JIETKO OPraHMW30BaTh CpaBHEHHWE CTPOK Oe3 ydera
pErucTpa Ha OCHOBE CPaBHEHHUSI OT/IEIbHBIX CUMBOJIOB. [IpuBeieHHAsI HM>KE BEPCUS HE ONNTUMAJIbHA, HO
II0 KpaHEM Mepe OHA BepHa. B HEW MCIOJIB3yeTCsA NMPAKTHUYECKU TOT K€ IPUHIHUI, YTO U IMPEXKIAC:
CTPOKH CpaBHHUBAIOTCA AJITOPUTMOM lexicographical compare, a OTACIBHBIC CHUMBOJIbI
CPaBHHUBAIOTCS MOCJIE MPUBEJCHUS K BEpXHEMY peructpy. Bnpouem, Ha 3TOT pa3 BMecTO I100aIbHOM
NEPEMEHHON HMCIOJIb3YeTCs OOBEKT JIOKAIbHOrOo KOHTeKkcTa. Kcraru roBopsi, cCpaBHEHUE TMOCTe
npuBeJeHUsI 000MX CUMBOJIOB K BEPXHEMY PETHUCTPY HE BCErna JaeT TOT e Pe3ylbTar, 4To U IMOcie
NpUBEICHUS K HIDKHEMY perucTpy. Hampumep, Bo ppaHiry3ckoM si3bIKe B CHMBOJIaX BEPXHETO PErHCTpa
IOPUHATO OIYCKaTh AWAKPUTUYECKHE 3HAKHU, BCJIEICTBUE 4YEro BBI3OB toupper BO (PPAHI[Y3CKOM
JIOKaJbHOM KOHTEKCTE MOKET MPUBOAUTH K MOTEpe MHPOpMaLMU: CUMBOIIBI '€' U 'e' mpeoOpa3yrorcs B
oAuH cuMBOJ BepxHero peructpa 'E'. B sTom ciydyae mpu cpaBHeHHMH Ha 0a3e (QYHKIUMU toupper
cuMBOJIbl '¢' U 'e' OyAyT cuMTarbcs OAMHAKOBBIMM, a MPHU CPAaBHEHHHM Ha 0a3e tolower OHU OyayT
CUMTAThCs pa3HbIMU. Kakoil u3 oTBETOB NpaBuiieH? BeposATHO, BTOPOii, HO Ha CaMOM JIEJIE€ BCE 3aBUCUT

OT sA3bIKa, HAIITMOHAJIbHBIX OGBI‘I&GB nu CHGI_II/I(I)I/IKI/I IIPUJIOKCHU .
struct 1t str 1:
public std::binary function<std::string, std::string, bool> {
struct 1t char ({
const std::ctype<char>& ct;
1t char(const std::ctype<char>& c):ct(c) {}
bool operator () (char x, char y) const {
return ct.toupper(x) < ct.toupper (y);
}
¥

std::1locale loc;
const std::ctype<char>& ct;

1t str 1(const std::locale& L = std::locale::classic

()):
loc (L), ct(std::use facet<std::ctype<char> >(loc)) {}

bool operator () (const std::stringé& x, const std::stringé& y) const {
return std::lexicographical compare (x.begin(), x.end(),
y.begin(), y.end(), 1t char(ct));

}

b7

JlaHHOe pelleHue He ONTUMAaNIbHO; OHO paboTaeT MeJIeHHee, 4ueM Moo Obl paborark. [Ipobiema
YUCTO TEXHUYECKas: (YHKIUA toupper BbI3bIBaeTcs B 1ukie, a Crangapt C++ TpebyeT, uTOObI 3Ta
¢bynkuusa Obuta BUpTyalbHONM. HekoTopble ONMTUMU3aTOPHI BBHIBOAAT BBI30B BUPTYaJIbHONW (PYHKIIUU M3
[MKJIa, HO Yallle 3TOro He MpoucxoauT. [{ukinyeckue BbI30Bbl BUPTYAJIbHBIX (YHKIIMNA HEKENATEIbHBI.

B nanHOM ciyyae TpUBHAJIBHOTO PEIICHHS HE CylecTByeT. Bo3HuKaeT cobna3HUTEIbHAS MbICIb
— BOCIIOJIB30BAThCS OJTHOM U3 PyHKIMI 00BEKTA ctype:

const char* ctype<char>::toupper (char* £, char* i) const

Ota ¢GyHKIUA U3MEHSET PETUCTp CHUMBOJIOB B WMHTepBaie (£, i]. K coxaneHuto, Ais Halmx
nesue 3ToT unrepdeiic He moaxonut. YToObI BOCIOIB30BaThCS ATOM (DYHKIMEH Al CpaBHEHHUS JBYX
CTPOK, HEOOXOIMMO CKOIHMPOBaTh 00€ CTPOKU B Oy(pepbl U 3aTeM Mpeodpa3oBaTh UX CONEPKUMOE K
BepxHemy peructpy. Ho otkyma Bo3bmyrcs 3tu Oydepbi? OHUM He MOryT OBITh MacCHUBaMU
¢bukcupoBaHHOr0 pasmepa (HEM3BECTHO, KaKUM JOJDKEH ObITh MaKCUMalbHBIM pasmep), a
JMHAMHYECKHUE MACCUBBI TOTPEOYIOT TOPOTOCTOSIIETO BBIICICHUS TAMSITH.



AJBTEpHATHUBHOE PEIICHUE 3aKII0YAeTCs] B OMHOKPATHOM IMPEOOpa30BaHUM KaXKJIOTO CHMBOJIA C
KAIIMPOBAaHUEM pe3ylbTara. Takoe pelleHWe HEIOCTaTOYHO YHUBEpPCAIbHO — B YAaCTHOCTH, MPHU
UCIIONb30BaHNU 32-pa3psanubix cuMmBosioB UCS-4 oHo abcomoTHO HepabotocmocoOHo. C nmpyroi
CTOPOHBI, IIpU PabOTe C THUIIOM char (8-pa3psAaHbIM B OOJBIIMHCTBE CUCTEM) HJICS XpaHCHUs 256 OalT

JOITOJIHUTCIIBHBIX TAHHBIX B 00BEKTE (I)YHKI_[I/II/I CpaBHCHHUA BbIIVIAAUT BIIOJIHC PCAJIBHO.

struct 1t str 2:

public std::binary function<std::string, std::string, bool> {
struct 1t char {

const char* tab;

1t char(const char* t) : tab(t) {}

bool operator() (char x, char y) const {

return tab[x-CHAR MIN] < tab[y-CHAR MIN];

}

i

char tab[CHAR MAX-CHAR MIN+1];
1t str 2(const std::locale& L = std::locale::classic()) {
const std::ctype<char>& ct = std::use facet<std::ctype<char> >(L);
for (int i = CHAR MIN; i<=CHAR MAX; ++i) tab[i-CHAR MIN]=(char)i;
ct.toupper (tab, tab+ (CHAR MAX-CHAR MIN+1));
}

bool operator () (const std::stringé& x, const std::stringé& y) const {
return std::lexicographical compare (x.begin(), x.end(),
y.begin(), y.end(), 1lt char(tab));

}
}
Kak Buaure, paznmuums MEXAy 1t str 1 M 1t str 2 HE TaK YX BeIUKH. B mepBoM ciydae

UCIIONB3yeTCsl 00bEKT (DYHKLIUHM CPAaBHEHUS CHMBOJIOB, UCTIOJB3YIOUMU (PaceT ctype HAMPSAMYIO, a BO
BTOPOM ciliydae — OOBEKT (PYHKIIMU CpaBHEHHUs ¢ TaOiulel 3apaHee BBIUUCICHHBIX MPeoOpa3oBaHUM
CUMBOJIOB K BEpXHEMY pErucTpy. Bropoe pemieHue yctynaet nepBomy, €clid co3AaTh 0O0bEKT PYHKIIUU
1t _str 2, BOCIOJb30BaTbCsl UM JJIsi CPABHEHUSI HECKOJIBKUX KOPOTKUX CTPOK M 3aT€M YHUUYTOXHUTh. C
JIPYrol CTOpPOHBI, TIpu 00paboTke OONBIMX OOBEMOB JAaHHBIX 1t str 2 paboTaeT 3HAYUTEIHHO
ObicTpee 1t str 1. B MoOuX TecTax mpeBocxo/CTBO ObUIO OOJIee YeM JIByKPATHBIM: IMPU UCTIOIb30BaHUH
1t str_1 copTupoBKa cnucka u3 23 791 cnosa 3ansna 0,86 CeKyH/Ibl, a IPU UCIOJIB30BAHUN 1t str 2
MOHAaI00MI0Ch TOMBKO 0,4 CEKYHBI.

Htak, 4To e Mbl y3HaIU?

* Krnacc crpoku 0e3 ydyera peructpa CHUMBOJIOB pealiu3yeTCs Ha HENpPaBUIBHOM YpPOBHE
abctpakiuu. OOOOIIEHHBIE aNTOPUTMBI CTaHIApTHOM Oubnnorexkn C++ mapaMeTpusyloTcs, U 3TOT
GdakT cieyeT ucroiab30BaTh.

+ Jlekcukorpaduueckoe cCpaBHEHHE CTPOK OCYILIECTBISETCS CPABHEHHEM OTACIIbHBIX CHMBOJOB.
Eciu y Bac umeercss oOBeKT (yHKIMU, CPAaBHUBAIOUMUA CHMBOJIBI O€3 ydeTa perucrpa, 3ajaada
dakTHYeCKH peleHa, a 3TOT OOBEKT MOXKET HCHOJIb30BaThCs MJsi CpPaBHEHUS JAPYrHMX THIIOB
MOCJIEIOBAaTeIbHOCTEH CHUMBOJIOB, TAaKUX KaK vector<char>, CTPOKOBbIE€ TaOJIUIbI WUIU OOBIYHBIC
ctpoku C.

 3amaua cpaBHEHHUs CTPOK Oe3 ydeTa perucrpa CIoKHee, UeM KaKeTcs Ha mepBblid B3nsia. OHa
MMEET CMBICH JIUIIb B KOHKPETHOM JIOKaJIbHOM KOHTEKCTE, MOITOMY OOBEKT (PYHKIIMU CpaBHEHUS
JOJKEH CcofiepKaTh MH(GOPMAIMIO O TEKYILEM JIOKAJIbHOM KOHTEKCTe. Eciu cpaBHEHUE TOMKHO OBbITH
ONTHUMU3UPOBAHO IO CKOPOCTH, HAMHUIIMTE OOBEKT (PYHKIUMU TaKUM 0O0pa3oMm, 4TOOBl H30€kKaTh
MHOTOKPAaTHOTO BBI30Ba JIOPOrOCTOSALMX oNepaiuil ¢ paceramu.

[IpaBuibHOE CpaBHEHHE CTPOK Oe€3 ydeTa CHUMBOJOB TpeOyeT OO0dbIIOoro o0bemMa pPYTUHHOMN



paboThl, HO €e HEeOOXOMUMO MPOoJENaTh TOJAbKO OAMH pa3. Wnu BaM, Kak W OOJIBIIMHCTBY KOJUIET, HE
XOueTcs AyMarh O JIOKAJIbHBIX KOHTeKcTax? Brnpouewm, jieT gecsaTh Ha3al HUKOMY HE XOTEIOCh AyMarh
00 «ommbke 2000 roma». U Bce xe y Bac 00blle MIAHCOB OOOMTH CTOPOHOU ATy MpoOiIeMy, €Clu Balll
JIOKaJIbHO-3aBUCUMBIN KOJI OyZIeT ¢ CaMOro Hayajia MpaBUJIbHO pabOTaTh.



3ameyanusa mo nosoay miaargopm STL ot Microsoft

B nauane xuuru g BBen TepMmuH «miargopma STLy, o3Hauaronmii KOMOMHAIIUIO KOHKPETHOTO
KOMIUJISATOpa U KOHKpeTHOW peanmuzauuu STL. Paznuunme Mexay KOMOUIATOPOM U OHOIMOTEKOM
0COOCHHO Ba)KHO IMPHU UCIONIb30BaHUU KomnuisTopa Microsoft Visual C++ Bepcuit 6 u HUXKe (TO €CTh
KOMITIJISITOPA, BXOJAWBIIETO B KOMIUJIEKT mocTaBku Microsoft Visual Studio Bepcuit 6 u Hmxke),
MOCKOJIbKY KOMMUWJISTOP HWHOTAAa crnocoOeH Ha Oosblnee, yeM mnpuiaraemas peanuzauus STL. B
HACTOSIIIEM MPUIIOKEHUU OMNMHCaHbl BakHbIe HepocTaTku crapbix miardpopm STL ot Microsoft u
NpeANIOKeHbl OOXOMHBIE pEIIeHUs, AeNallmpe padoTy Ha 3THX IutarGopmax 3HAYUTENBHO Ooliee
YIOOHOM.

JanpHelumii MaTepual npeaHa3HaueH Juis pa3paboTunkoB, ucnoibzyronmx Microsoft Visual C++
(MSVC) Bepcuii 4-6. B Visual C++ NET nepeuncneHnnbie mpoOIeMbl OTCYTCTBYIOT.



[Ia0soub1 pyHkuuii KiaccoB B STL

JlonmycTuM, y Bac ecTh JBa BEKTOpa OOBEKTOB Widget, TPEOYeTCS CKOMUPOBATh OOBEKTHI Widget
U3 OJHOTO BEKTOpa B KOHEIl APYroro. 3ajgada pemiaercs JIETKO — JOCTaTOYHO BOCIOJIb30BAThHCS

MHTEpBaJIbHON QyHKIMEH insert KOHTEHHEpPA vector:
vector<Widget> vwl, vw2;

vwl.insert (vwl.end (), vw2.begin(), vw2.end()); // IpUCOEIUHUTL K VW1l KOIIMIO
// ofbwpexToB Widget m3 vw2

AHaJ'IOFI/I‘{HYIO OIcpanuro MOXHO BBIIIOJIHUTL C KOHTefIHepaMPI vector U deque.

vector<Widget> wvw;
deque<Widget> dw;

vw.insert (vw.end (), dw.begin(), dw.end()); // IIpUCOEIUMHUTL K VW KOIMIO
// obbekrToB Widget m3 dw

OKaBBIBaeTCH, OTYy OIICpalri0 MOXXHO BBIIOJIHHUTbL HC3aBHCHUMO OT TOI'O, B KAKHUX KOHTefIHean

XpaHATCA KOITUPYCMBIC OOBEKTEL HOI[XOI[HT JaKC HCCTAHAAPTHBIC KOHTCfIHCpBII
vector<Widget> wvw;

list<Widget> 1lw;

vw.insert (vw.begin (), lw.begin(), lw.end()); // [IpuCOEOVMHUTL K VW KOIIMIO
// oBvexToB Widget m3 1w

set<Widget> sw;

vw.insert (vw.begin (), sw.begin(), sw.end()); // [IpUCOEOVMHUTL K VW KOIIMIO
// obbexkrToB Widget mu3 sw

template<typename T,
typename Allocator = allocator<T> > // laBjioH HECTAHIAPTHOTO
class SpecialContainer{..}; // STL-COBMECTMUMOTO KOHTEMNHepa

SpecialContainer<Widget> scw;
vw.insert (vw.begin (), scw.begin(), scw.end()); // IPUCOEIUHUTHL K VW KOIIMUO
// obbexkTor Widget m3 scw

[TogoGHast yHUBEpCAIbHOCTh OOBACHIETCS TEM, YTO MHTEPBaJIbHAS (PYHKIMS insert KOHTEHHEpa
range BOOOIIE He sABIsIeTCS (PyHKIMEH B OOUICIPUHATOM CMBbIce. DTO mabaoH QyHKIMHN KOHTEWHepa,
CHeluanu3anus  KOTOPOTO  C MPOU3BOJIbHLIM — MUNOM  UMepamopa MOPOXKJIAET KOHKPETHYIO
UHTEpBaJIbHYI0 (DYHKUIMIO insert. [/ KOHTeWHepa vector MAOJIOH insert 00bsABIEH B Cranmapre
CIeAYIOIMM 00pa3oMm:

template <class T, class Allocator = allocator<T> >

class vector {
public:

template<class InputlIterator>
void insert (iterator position, Inputlterator first, Inputlterator last);

b7
Kax/1p1il cTaHIapTHBIA KOHTEMHEP JOJHKEH MOAAEPKUBATh IMAOJIOHHYIO BEPCHIO MHTEPBAJIbHOMN
GYHKIHMY insert. AHAJOTUYHBIC MAOIOHBI TAKXKe 00s3aTeNIbHBI 11 HHTEPBAIBHBIX KOHCTPYKTOPOB U

JUTSL UIHTEPBaJIbHON (DOPMBI assign (CM. COBET 5).



MSVC Bepcuiut 4-6

K coxanennto, B peanuzanuu STL, Bxomsmiel B KOMIUIEKT MOCTaBKH Bepcuil 4-6, Ma0IOHBI
byHkuuii He 00bsABIAIOTCS. bubnuoreka n3HauanbHO pa3padarsiBanack a1 MSVC Bepcun 4, a 3TOT
KOMIIUJISITOP, KaK ¥ OOJIBIIMHCTBO KOMIUJISAITOPOB TOTO BpeMEHHU, HE 001aaal MOAIEPKKON Ia0JI0HOB
¢bynkuuii knaccos. [lpu nepexoge or MSCV4 k MSVC6 noanepxka 3Tux madbioHOB ObUIa BKIIOUYEHA B
KOMIIUJISITOP, HO BCJEACTBHUE CYAeOHBIX /1€, KOCBEHHO 3arparuBaBumx ¢pupmy Microsoft, 6ubnuoreka
OCTaBaJIach MPAKTUYECKU B HEU3MEHHOM COCTOSIHUH.

[Tockonbky peanuzanust STL, nocraBnsemas ¢ MSVC4-6, npeana3zHavanach Juisi KOMIHISATOpa 6e3
NO/VICPKKH MAOIOHOB (PYHKIIMH KJIAacCOB, aBTOPbI OMOIMOTEKHM HMMHUTHUPOBAIMA JTH IMIAOJIOHBI U
3aMEHUJIU UX KOHKPETHBIMH (PYHKIIUSMH, KOTOPBIM IPU BbI30BE MEPEIaBaIUCh UTEPATOPHI KOHTEHHEpa
COOTBETCTBYIOIIEro Tuma. Hanpumep, mabiaoH insert ObUT 3aMEHEH ClIeyIoNed QyHKINEH:

void insert(iterator position, // "iterator" - Tun mTepaTopa
iterator first, iterator last); // Ina KOHKPETHOT'O KOHTEMNHepa

Orta orpanudyeHHas ¢GopMa HMHTEPBAIBHBIX (PYHKIIMNA TO3BOJIsUIa BBHINOJHUTH HHTEPBAJIbHYIO
BCTAaBKYy M3 vector<Widget> Bvector<Widget> MM H3 list<int> B list<int>, HO CMCIIAHHBIC
onepanuu (HalpuMep, BCTaBKa U3 vector<Widget> B list<Widget> MJIM U3 set<int> B deque<int>)
HC IOAACPKUBAJIUCD. bonee TOTO, HC IOAACPIKUBAIACH JaKC HMHTCPBAJIbHAsA BCTAaBKa (a TaKXC
KOHCTPYUPOBAHUC HHHﬁassign) N3 vector<long> B vector<int>, IIOCKOJIBKY HMTECPATOPHI
vector<long>::iterator Hvector<int>::iterator OTHOCATCA K Pa3HbIM TUIIaM. B pe3ynsrare

cieayroumii ¢pparMeHT, MPUHUMAEMBIN APYTUMHU KOMIUIATOpaMu, He KoMmmuiaupyetcs B MSVC4-6:
istream iterator<Widget> begin(cin), end; // CosmaTer mTepaTops begin u end
// nnsa urenus obbekToB Widget
// u3 cin (cM. coBeT 6).
vector<Widget> vw (begin, end); // IIpouurars oOvexTH Widget
// 3 cin B vw (cM. coBeT 6)
// He koMnuiupyercs B MSVC4-6!
list<Widget> 1lw;
lw.assign (vw.rbegin (), vw.rend()); // IpucBouTs 1w cComepXmuMmMoe VW
// (B oBpaTHOM mopgaIke) ;
// He koumnuaupyercsa B MSVC4-6!
SpecialContainer<Widget> scw;
scw.insert (scw.end(), lw.begin(), lw.end()); // BcTaBuTb B KOHEL SCW
// xonmuio obbexkToB Widget m3 lw;
// He xoumnuiupyerca B MSVC4-6!

Tax uto e nenarb, eciu Bbl pabotaete B cpene MSVC4-6? DTo 3aBUCUT OT HCHOIB3YeMOil
Bepcun MSVC u TOro, BeIHYKJIE€HBI JIU Bbl UCIIOJIb30BaTh peanusanuio STL, mocraBisemyro BMecTe ¢
KOMIIUJIATOPOM.



Oo0xoaHoe pemenue g MSVC4-5

Eme pa3 mocMoTpuM Ha IpaBUIIbHBIN KOJ, KOTOPBIA HE KoMIUIupyercs s peann3aunu STL u3
noctaBku MSVC4-6:

vector<Widget> vw(begin, end); // OrBepraercsa peanmuszauuer STL
// w3 mocraBku MSVC4-6
list<Widget> 1lw;

lw.assign(vw.rbegin(), vw.rend()); // To xe

SpecialContainer<Widget> scw;

scw.insert(scw.end (), lw.begin(), lw.end()); // To xe

HecMoTps Ha BHEIIHUE Pa3JIMYKSs, BbIJICICHHBIC BBI30BBI OTBEPTralOTCA KOMIUIIATOPOM IO OJHOM U
TOH K€ MpUYHMHE: U3-3a2 OTCYTCTBUS 1MAa0I0HOB GyHKIUN Kiacca B peanuszanuu STL. CoOTBETCTBEHHO
U PELICHHE BO BCEX CIIy4asx OKa3bIBACTCS OJHUM M TEM JKE: 3aMEHa BBI30BOM copy C HTEPaTOpPOM
BcTaBku (cM. coBeT 30). Hirke mpuBeneHsl 0OXOQHBIC pEIICHUS JUIsl BCEX MPUMEPOB, MPUBEICHHBIX

panee:
istream iterator<Widget> begin(cin), end;
vector<Widget> vw (begin, end); //Co3maTb VW KOHCTPYKTOPOM
copy (begin, end, back_inserter (vw)); // 0o yMOJYaHMIO M CKONMPOBATH

// B Hero o0ObekTH Widget m3 cin
list<Widget> 1lw;

lw.clear () ; // Ymnanurtb U3 lw cTapele OOBEKTH;
copy (vw.rbegin(), vw.rend(), // ckonupoBaTb OOBEKTH M3 VW
back_inserter (lw)); // (B obBpaTHOM HOpPSIKE)
SpecialContainer<Widget> scw;

copy (1lw.begin (), lw.end() // CkonupoBaTh oO0beKTH Widget

inserter (scw, scw.end());; // 3 lw B KOHEel] SCW
51 pekOMEHYI0 UCIONb30BaTh 3TU OOXOMHBIE pEIleHUs: C OMOIMOTEKON, BXOMAIICH B KOMILIEKT
noctaBku MSVC4-5. C nmpyroit cTopoHbl, OyasTe BHUMAarTelbHbI MU HE 3a0bIBaliTeé O TOM, YTO 3TH
pelieHust SBISIOTCA 00x00HbiMuy. Kak Moka3aHo B COBETE 5, alrOpPUTM copy MOYTH BCErna YCTyHaeT
UHTEpBAJIbHON (DYHKUIMH KOHTEHHEpa, MOATOMY KakK TOJBKO MPEACTABUTCS BO3MOKHOCTH OOHOBHUTH
miarpopmy STL nmo Bepcum ¢ momaepkkod 1mabnoHOB (YHKIMKA —Kjiacca, OTKaXUTECh OT
UCIIOJIB30BaHUA copy B TEX MECTaX, i€ CJIeI0BaJIO Obl HCIIOJIb30BATh UHTEPBAJIbHbBIE (PYHKIUU.



Oo0xoaHoe pemenue pass MSVC6

OOxomHOE pelieHue W3 MPEeIbIayIlero pasfaena nomxoguT U aias MSVC6, Ho B 3TOM ciydae
cymecTByeT u apyroi BapuanT. Kommumistopsr MSVC4-5 He 00amaroT MOTHOIEGHHOW MONACPKKON
mab0HOB (GYHKIUMN KJacca, TO3TOMY OTCYTCTBHE 3THX 11abI0HOB B peanu3anuu STL HecymecTBeHHO.
B MSVC6 neno o0cTouMT WHave, MOCKOJbKY KOMIIMJISITOP 3TOW Cpeabl MOAJACPKHUBACT MIA0IOHbI
byukuuii kiacca. Takum 00pa3oM, BOZHUKAET €CTECTBEHHOE jKeJIaHUE 3aMeHUTh peanusanuio STL u3
noctaBku MSVC6 gpyroit peanuzaumeil ¢ mabnoHaMu (QyHKIHMI KJIaccoB, MNPEANHCAHHBIMU
CrangapToM.

B cosete 50 ynomunatorcsi cBo6oano pacnpoctpansembie peanuszanuu STL ot SGI u STLport; B
CIIMCKaX MOIAEP)KMBAEMBIX KOMIIWIATOPOB 00eux peanusauuil ynomuHaercas MSVC6. Kpome Toro,
MOXHO mpuodpectu HoBewyro MSVC-coBmectumyto peanuzanuto STL ot Dinkumware. ¥V kaxmoro
U3 9THX BAPUAHTOB €CTh CBOU JJOCTOMHCTBA M HEJAOCTATKHU.

Peanuzanuu SGI u STLport pacnpoctpansitoTcss 6ecniarHo, MO3ITOMY Kakas-mubo oduimaibHas
NOJIEPKKA B 3TUX CIy4asix MOMPOCTY OTCYTCTBYeT. bonee Toro, nockonbky peanuzauuu SGI u STLport
paccuuTaHbl Ha paboTy C pa3HBIMH KOMIUJISTOPAMH, BAM MPUAETCS AOMOJIHUTEIBHO HACTPOUTD UX IS
oOecrieueHusi MakcumaiabHoro ObicTponeiicTBus B MSVC6. B uwacTHOoCTH, MOXET MOTpeOOBaThCs
BKJIIOYCHUE TOMJCPKKU IMIAOJOHOB (PYHKIIMH KJIACCOB — H3-32 COBMECTHUMOCTH C OOJBIIMM
KOJINYeCTBOM pa3HbiX kKoMmuisitopoB B SGI w/mmm STLport sta momaep:kka OTKIIOYEHA IO
yMoOJT4aHuio. Bo3aMoOXKHO, Takke mpuuercs 1mno3aboTUTbCS O KOMIOHOBKE C APYTMMH OUOIMOTEKaMH
MSVC6 (ocobenno DLL), npociaeauTs 3a UCHIOJIb30BAHMEM COOTBETCTBYIOIMX BEPCUU I OTIIAIKHU U
T. I

Ecniu momoGHBble Benm Bac MYraloT HJIM Bbl PYKOBOJICTBYETECh MPUHLMIIOM «OECIIaTHbIC
IpPOrpaMMbl OOXOISTCS CIUIIKOM JIOPOTO», PAacCMOTPUTE albTepHaTuBHYIO peanusanuio STL ans
MSVC6 or Dinkumware. bubnroreka mpoeKTUpOBajach C pacyeTOM Ha MaKCHUMAaJlbHYIO IPOCTOTY
3aMeHbl U Ha coorBercTBHEe Cranmapty. Peanuzanus STL uz MSVC6 paspabarbiBaiach UMEHHO B
Dinkumware, mosToMy BIIOJHE BO3MOXHO, uTO HoBas peanuzanus STL deticmeumenvro nerko
3aMeHseT OpUTrMHaj. 3a JomoJHUTeNbHOW uHpopmanueit o peanusanusax STL or Dunkumware
oOparantech Ha caT koMmnanuu http://www.dunkumware.com.

HezaBucumMo OT TOro, Ha Kakoil peanu3alid Bbl OCTAHOBUTE CBOM BBIOOP, BBl MOJYYUTE HEUTO
oonbinee, yem STL ¢ mabronamu GyHKIUNA KiIaccoB. B anbTepHaTUBHBIX pealn3anusax OynyT pelieHbl
npoOnemMbl cooTBeTcTBUA CTaHAapTy B JPYTUX OO0JACTSIX — CKaXeM, OTCYTCTBHE OOBSBICHUS
push back B KOHTEHHEpE string. boiee TOro, B BalleM pPAacHOPSLDKEHUHM OKaXyTCsl IOJIE3HbIE
pacumpenust STL, B TOM udncie X3IMPOBAHHBIE KOHTEHHEPHI (CM. COBET 25) M OIHOCBSI3HBIE CIIUCKU
(koHTeHED slist). Peammsaumm SGI m STLport Takxke coaepkar MHOXECTBO HECTAaHAAPTHBIX
KJIacCOB (DYHKTOPOB, BKJItoUas selectlst U select2nd (cM. coBeT 50).

Ho paxe ecnu BBl BBIHYXKIEHBI pabotarh ¢ peanusanueid STL u3 mocraBku MSVC6, caiit
Dunkumware Bce e CTOMT moceTuTh. Ha HeM mnepednclieHbl M3BECTHbIE OMMOKM B peaau3aluu
oubmmoreku MSVC6 u mnpuBeneHbl PEKOMEHJAIUM OTHOCUTEIBHO TOTO, KakKk MOAU(PUIHUPOBATH
OuOIMOTEeKy M COKpAIlleHUS €€ HeAoCTaTkoB. He CTOMT M TroBOpPUTH, YTO pPEIaKTUPOBAHUE
3aroJIOBOYHBIX (pailioB OMOIMOTEKN — JeJI0 BeChbMa pUCKOBaHHOE. Eciu y Bac BOBHUKHYT MPOOIEMBI,
HE BUHHUTE B HUX MECHSL.

notes




I pumeyanus




B cpene nporpaMMHUCTOB JaHHBIM TepMHH (aHII. muteX) BCTPEYAETCS TaK)Xe B BapUaHTE
«myteke». — [Ipumeu. pen.




2

Ctporo roBopsi, He Bce 24 mepecTaHOBKM PaBHOBEPOSATHBI, TAK YTO BEPOATHOCTH 1/24 He coBceM
ToyHa. TeM He MeHee, ocTaeTcsl OeccropHbIM (DakT: CyHECTBYIOT 24 pa3Hble MEPECTAHOBKH, U BbI
MOKETE MOJIYYUTh JHO0YIO U3 HUX.



Tepmun ynorpeGnsiercst B cratuctuke. — Ilpumed. pen.




4

N'amma D., Xeam P., JIxoncon P., Bmuccupec [x. «lIpuembl 00BEKTHO-OPUEHTHPOBAHHOTO
npoektupoBanus. [larTepus mpoektupoBanus» — CII6.: [Tutep, 2001.



S

CwM. ctarsio Anekcanapecky A. (Andrei Alexandrescu) B matickom HoMepe «C++ Report»y 3a 2000
r. [19].



6

Buumanue: B mabinoHe QyHKIHMH use facet Mapamerp mAa0JIOHA MPUCYTCTBYET TOJIBKO B THUIIE
BO3BpAIlAEMOT0 3HAYEHUs, HO HEe B apryMmeHTax. [Ipu oOpallieHUM K HEMY HCIOIB3YETCs SI3BIKOBOE
CPEIICTBO, Ha3bIBa-€MOESBSbII 3aJJaHUEM apryMEHTOB MIA0JIOHA, KOTOpOE HE MOIIeP>KUBACTCS
HEKOTOpbIMU KommujsiTopamu C++. Ecam Bam KOMOUJISTOP MPUHAICKHUT K UX YKCITY, BO3MOXKHO,
aBTOpbl peaju3aluu  OMOMMOTEKH MPEeAyCMOTpEIr OOXOAHOE pelleHHe, KOTOpOE IO3BOJISIET
UCII0JIb30BaTh use facet JIPYTUM CIIOCOOOM.
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