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[1peanucnoBue

«...Ha HeM ne 65110 nertouxul He 6pio spasikal
He 656110 kopoOxy u He Op110 Melkals

Hoxmop Joce, «Kax Ipuny yxpar Posxcoecmaos

91 srepsste Hanucast o STL (Standard Template Library) s 1995 rony. Mos xuura «More
Effective C++» 3aBepmaiach kpaTtkuM 063opom 6ubauorexn. Ho aroro okasanocs He-
AOCTATOYHO, H BCKOPe A HadaJl [I0J1y4aTh coobIIeHHs C BOTIPOCOM, KOrAa 6y/eT HamHca-
na xnura «Effective STL».

Heckonbko jeT st conpoTuBJisuicst 310l naee. CHadana s He 061a%a1 Z0CTaTOYHBIM
onertoM mporpammuposanust STL 1 He cunTai Bo3MOKHBIM AaBaTh coBeTs. Ho Bpems
1110, ¥ Ha cMeHy 3Tol npobiieme npuuiiiu Apyrue. BeccriopHo, nosisieHne 6ubiuorexu
03HAYaI0 MpophIB B 06JacTh 3dpeKTHBHOR MacuITabupyeMOli apXHTEKTYphI, HO B 06-
nacTH ucnonsvsoeanus STL BO3HUKAIN YMCTO NPAKTHYECKHE NMPoOJeMbl, Ha KOTOPBIE
6BLI0 HEBO3MOXKHO 3aKPBIBATh IJa3a. AnanTanust Joosx mporpamm STL, 3a uekaoye-
HHEM CaMBbIX TIPoCTeH X, 661712 CONMPSIKEHA C MHOKECTBOM po0JieM, 4T0 00BACHAIOCH
He TOJIBKO Pa3jIHYHsIMH B DEATU3ALMAX, HO K PasHBIM YPOBHEM MOJZCPKKH MabJI0-
HOB KOMNEASTOPOB, Yuebuuku no STL Gpulu peAKoCThio, HOITOMY NMOCTHKEHHE «1a0
nporpammuposanus B STL» okaseiBamoch 3afauelt HernpocToi. A Kak TOJIBKO IIPOrpaM-
MMCT CIIPABJIANCA ¢ 3TOR TPYAHOCTHIO, BOZHKKANIA APYTras — MOHCK J0CTaTOYHO MOJHOMH
H TOYHOH CHpaBOYHOI AoKyMeHTaluu. [laxe camast MeJIKast omH6Ka K HCTIOJb30Ba-
Hun STL conpoBoXKAIACH JIABHHOM AHATHOCTHYECKHX COOOIIEHIH KOMITHAATOPA, ATH-
Ha KOTOPBIX JOCTHTIAa HECKOJILKMX THICAY CHMBOJIOB, IPHYeM B GOJIBIIMHCTBE CJIy-
Jaep peyb IJia 0 Kiaaccax, GyHKuuaxX u wabjioHax, He yIOMUHABIIHXCA B TPOTPaMMe.
I1pu Bcem ysaxennn X STL u paspaGorunxam 31olt GuBIHOTEKH S HE DEUIANICS PeKO-
MEH/IOBATh €€ POrPaMMHCTaM cpeAHero 38eHa, 51 ne 611 yBepeH B ToM, yT0o STL Mo0KC-
#o uCTob30BaTh addekTHBHO.

3areM 4 3aMeTHaA HeuTo yAuBuTenbHoe, HecMoTpsa Ha Bee mpobireMsl ¢ TepeHOCOM
H CKBEPHOE KayecTBO AOKYMEHTAI[MH, HECMOTPS Ha COOOIeHHs] KOMIIMIIATOPA, Haro-
MHHaBIIHe HecCcMBICIEHHOE HATPOMOXIEHHE CHMBOJIOB, MHOTHE H3 MOHX KJIHEHTOB BCe
pasho paboranu ¢ STL. Bonee Toro, oHu He NpocTo aKCNepuMeHTHPOBaIH ¢ 6nbimo-
TEKOM, 3 HCIOJIL30RAMIM €€ B KOMMEPYECKHMX BepCHAX cBOMX nmporpaMm! JLisa Mens 3To
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6bLT0 OTKpoBeHueM. S 3HaJ, YTO mMporpaMMel, Henoseayromue STL, ormMyanuch aie-
FAHTHOR apXUTeKTYpPOH, Ho Jirbas 6ubimoTexa, pajiu KOTOPOH MPOrpaMMECT A00po-
BOJIbHO O6peKas cebs Ha TPYAHOCTH C NepeHoCcoM, Ha CKBEPHYIO JOKYMEHTAIHIO U He-
BpasyMuTenbHbIe coobmenus o6 omubxax, AoJokHa Gpa 061a%aTh 4eM-TO GOMIBIIHM,
4eM Xopolnas apxuTeKTypa. Bee Goiibie mpodeccHoHaTbHBIX TPOTPAMMHUCTOB M0JIara-
Jio, uTO Aaxe mioxas peanusanus STL myuire, yeM ee [0JHOE OTCYTCTBHE.

Bouxnee Toro, s asan, uro curyamusi ¢ STL 6yaer ymyuuratscs. Bubanorexn u xommu-
nsETOpbI GY YT NOCTeneHHo npubuskarhbes k TpeGoBanusam CranapTa (Tak oHO 1 65L10),
HOABHTCA KauecTBeHHaA NOKYMeHTanuA (CM. CIIHCOK JIuTepaTyphl Ha ¢. 203), a AnarHo-
CTHKa KOMITHJIATOpA cTaHeT boJiee BpasymuTelbroil (B aT0i 061aCTH CHTYa1MsA OCTaB-
JISIeT JKeJaTh Jy4YIIero, Ho peKoMeHAalmu coBeTa 49 nmomoryT BaM ¢ pacirudposkoit
coobmenuii). B obmem, s perrut BHecTH cBoIo JenTy B Asikerue STL. Tak nossusacs
3Ta KHura — 50 MpaKTHYEeCKHX COBETOB Mo ucnmob3oBanuio STL B C++.

CHavasa 1 HaMEPEeBAJICA HAIMCATh KHUTY 3a BTOpy0 mosiosuny 1999 r. i aaxe Habpo-
caJl ee [IPHMEPHYIO cTPYKTYpY. Ho OTOM TtaHbl MUBMERHJTHCD, 51 PHOCTAHOBHI paboTy
Haj Kuuroll u paspa6orar sBogHblil Kypc mo STL, KoTOpblil IpenoaaBajcst HECKOb-
KHM TpyTInaM nporpaMMucTos. [IpuMepHo Yepes rof S BepHYJICA K KHUTe B 3HAYHTe b-
HO PACIIKPHJ MaTepraj Ha OCHOBAHHH OTBITA, MOJYYEHHOTO 3a BpeMA Npernoja-
BaHusl, B Kuure s moctapajacsa OCBETHTb MPAKTHYECKHE ACTIeKTH IPOrpaMMEPCBaHHs
B STL, ocofenHo BaxHEE A1 MpodecCHOHANBHEIX TPOrPaMMHECTOB,

Cromm Jyenac Meiiepc
Cmaggopd, Opezont
Anpens 2001 a.
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3a roakl, KoTopble noTpefoBatuch Ha TO, 4To0s! pasobparscs B STL, paspaborars yyeb-
HbIH KypC M HallMCaTh 3Ty KHHIY, 5 MOIYYHI HEOLEHHMYIO ITOMOIIb H MOALEPHKKY OT
MHOXecTBa mofeil. Xouy ocobo ormeruts Mapka Pomkepca (Mark Rodgers), Besnko-
AYLIHO TIPEAZIOKMBINETO MPOCMATPUBATh MaTePHAJIBI YYeGHOro Kypca 1o Mepe MX Ha-
nucanus. Ot Hero s yaHan 06 STL Gonbiue, yem ot Koro-nubo apyroro. Mapk rakxe
BHRITIOJTHAJ QYHKIIMH TEXHHYECKOTo PEJaKTOpa 3TOH KHUIH, & €ro 3aMeSaHHA M 10moJ1-
HEHHWA [OMOLJIH YAYUIIHUTD MPAaKTHYECKH BECh MaTepHal.

JpyruM BHIZAIOINMMCA HCTOYHHKOM HHbOpManuu Obuin xorbepeHuun Usenet;
nocBAlIeHHbe s3biky C++, ocobenHo comp.lang.c++.moderated («clcm»), comp.std.c++
u microsoft.public.vc.stl. Ceoime aecsTH JeT y4acTHHKM 3THX M APYTUX KoH(peper-
M OTBeYaJM Ha MOM BONIPOCH! M CTABUJIM 3a/1a4H, HaZl KOTOPBIMH MHE [PUXCAWIOCE
aymarb. 51 rmy6oxko 6saronapen coobiectsy Usenet 3a momomte B paboTe Haj 3ToH KHH-
roit ¥ MOMMH MpeABIAYLIMMH NyOimKauuamMu mo C++,

Moe nonumanue STL dopMupoBaioch MOA BIKAHHEM pAAa MyOIUKauuii, caMble
BaKHBIE H3 KOTOPHIX MepevucieHsl B KoHue KHUTH, O cofeHHO MHOTO MOJIE3HOTO S Mo~
yepmHy u3 Tpyaa Jxocarruca «The C++ Standard Library» [3].

Wnaeu u Hab/nogeHHs, U3 KOTOPHIX COCTOHMT 3Ta KHHIA, B OCHOBHOM IIPHHaIJIeXaT
APYTHM aBTopaM, XOTS B Heli eCTh U PsA MOuX COOCTBEHHEBIX oTKpHTHiA. S ocTapaicst
[0 BO3MMKHOCTH OTCIEANTE HCTOYHHKH, U3 KOTOPBIX ORI TOUEPITHYT MAaTEPUAI, HO 3T
3ajiada obpedeHa Ha MpoBai, NOCKoNbKY uHGopMaims cobupatach 3 MHOXKECTBA HC~
TOYHHMKOB B TedeHHe JO/ITOro nepuoaa BpeMenH. [IpHBeeHHDIH Hike CTTHCOK AANEKO
He NOJIOH, HO HHYEro JIy4lle MPeJIOKUTh HE MOFY. YYTHTE, YTO B 3TOM CIIHCKE Hepe-
YHCAEHBl HCTOYHHKH, M3 KOTOPBIX & Y3HABAJI O TEX HJIM MHBIX HAEAX H IPHeMax, a He HX
[IEpBOOTKPBIBATEIIH.

B cosere 1 3ameyaHHe 0 TOM, 4TO Y3JIOBHE KOHTeHHEPEl 00ECTeYHBAIOT JIYYIIYIO
MOJIEPIKKY TPAH3AKIIMOHHON CEMAHTHKH, MO3aMMCTBOBAHO U3 pasfena 5.11.2 «<The C++
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Standard Library» [3]. [Ipumep ucnons3oBanus typedef npu u3MeHeHHH THIIA pacmpe-
AeJMTENA MaMATH U3 coBeTta 2 6bLT mpeanoxked Mapkom PomkepcoM. Coset 5 Brox-
nosJien cratbeit Pusca (Reeves) «STL Gotchas» [17]. B ocnoBy coBera 8 3anoxen
coset 37 xuuru Carrepa «Exceptional C++» [8], a Kesymuu Xennu (Kevlin Henney)
MPEAOCTaBHI BAXKHYI0 HHGOPMALKIO 0 MpobiiemMax, BO3HHKAOIMX MPH UCTIOB30BAHHH
KoHTelinepoB auto_ptr. B xondepennusix Usenet Mart Ocrepn (Matt Austern) mpe-
AOCTABHJI IPKMEPH HCMOAb30BaHUs PaCIpeaeNIuTe el MaMsITH, BKJIIOYeHHBIE MHOH
B coBeT 11, CoBer 12 ocHosaH Ha Marepuanax cafita SGI STL [21], nocesimennsix
noToKeBoit Hezomacnoctu. Vindopmanust o noacyere CChUIOK B MHOTOIOTOYHOM cpefle
u3 cosera 13 nmoyepnuyTa u3 cratbu Carrepa [20]. Vinest cosera 15 6bu1a mosickaszana
cratbeit Pusca «Using Standard string in the Real World, Part 2» [18]. Meroauka
HENOCPe/CTBEHHON 3aNKcH JAaHHBIX B vector, MpoJeMOHCTpHPOBaHHasA B cosere 16,
6rLma npeanoxena Mapkom Pomkepcom. B coser 17 6bua Brtiodena uHbopmarus U3
Usenet, aBropal — Cumen Hapan (Siemel Naran) u Kapa Bappor (Carl Barron). Co-
Ber 18 6511 no3anMcTBOBaH U3 cTathy CarTepa « When Is a Container Not a Container?»
[12]. Ana cosera 20 Mapx Poaskepc npeasoxua HAe npeobpasosaHus yKasaTess
B 00BeKT NoCpeACTBOM pa3biMeHoBanus, a Cxorr Jlesangonckn (Scott Lewandowski)
pa3spaboTas nmpeAcTasieHHyI0 Bepcuio Dereferenceless. Coser 21 ocHoBaH Ha coofe-
Huu Jlyra Xappucona (Doug Harrison) B xondepeniuio microsoft.public.vc.stl, 1o pe-
IIeHHeE O TOM, YTOOE! OTPAHHYHTH PAMKH 3TOTO COBETA IPOOIEMO paBEHCTBa, IIPHHAT 5
cam. Coser 22 ocHoBaH Ha crathe Carrepa «Standard Library News: sets and maps»
[13]. Comer 23 6111 moAckasan crarbeit OcrepHa «Why You Shouldn’t Use set — and
What to Use Instead» [15]; Jasun Cmonnbepr (David Smallberg) ycosepurencreosan
MoI0 peanu3aiiuio DataCompare. Omucanue xamupoBaHHBIx KoHTeliHepos Dinkumware
ocHoBaHo Ha cratbe [Inayrepa (Plauger) «Hash Tables» [16]. Mapx Pomxepe re co-
TJIaceH ¢ BHIBOAAMH COBeTa 26, HO MepBOHAYAIBHO 3TOT COBET OblJ TMOACKA3aH €To 3a-
MeYaHHeM OTHOCHTENIBHO TOTO, YTO HeKOTOphle (DYHKIUM KOHTEHHEPOB MPUHUMAIOT
TOJIBKO apryMeHThI Tuna iterator, PaGora Hax coBeToM 29 BAOXHOBISNACE NUCKYCCHS-
mu B Usenet ¢ ysacruem Matta Octephna u Ixeiimca Kanue (James Kanze); na mens
Takoke niosJiusiia crarbs Knayca Kpedra (Klaus Kreft) u Amsxennxu Jlanrep (Angelika
Langer) <A Sophisticated Implementation of User-Defined Inserters and Extractors»
[25]. Coset 30 ocHoBan Ha MaTepuatax pasaeiia 5.4.2 xuuru Jxocattuca «The C++
Standard Library» [3]. B coBere 31 Mapko Janna lacnepusna (Marco Dalla Gasperina)
NpeJIoKH MPHMep UCIIOJIb30BAHKA Nth_element As BEYMC/IEHUS MEAHANE], a HCTIOIb-
30BaHHE 5TOTO AITOPHTMa AJIA MOKCKA NPOUeHTHIeH B3sTO NPAMO M3 pasfena 18.7.1
xnuru Ctpaycrpyna (Stroustrup) «The C++ Programming Languages. Coer 32 61t
BAOXHOBJIEH MaTepuaiamu pasaena 5.6.1 kuuru Ixocartuca «The C++ Standard
Library». Coser 35 nosBuicsa nog BiausaueM cratbut Octepra «How to Do Case-
Insensitive String Comparison» [11}, a coobmenus Dxeiimca Kanue u Txona IoTre-
pa (John Potter) nomoriu MHe rydute pa3oSpaTsesa B CyTH MpoHCXoAAmero. Peau-
3anus copy_if, npuBeAeHHaA B cosere 36, mo3auMcTBOBaHA M3 pasfena 18.6.1 xuurn
Crpaycrpyna «The C++ Programming Language» [7]. B ocroBy coBeTa 39 3a10xeHsl
nybaukanun JxocaTTica, KOTOPHIH BIIEpPBbIE YIIOMSHYJI O «TIPEIMKATAX C COCTOSHH-
em» B cBoeli KHure «The C++ Standard Librarys [3] u B crathe «Predicates vs. Function
Objects» [14]. B cBoeit KHuTe s MCMOJIB3YIO €10 NPUMEP H PEKOMEHAYIO NPEATOKEHHOE
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HM pelteHue, XOTs TePMUH «ducTad QyHKIMs» NpuHaiekuT Mue. B coere 41 Mary
OcTepH NOATBEPAKI MOH MOAO3PEHHS OTHOCHTENBHO MPOUCXOKACHUS UMeH mem_fun
u mem_fun_ref. CoBer 42 Geper cBOE Hayaslo U3 JEKIWH, NPOYMTaHHOH MHe MapKom
PomxepcoM, KorAa s HAPYIIMJ peKOMeHAAIMIO 3Toro coBera. Mapky Pomkepcy Takxke
MPHHAZIEKAT MPHBEIEHHOE B COBeTe 44 3aMeyaHHe O TOM, UTO NMPH BHEIIHEM IIOKCKE
B KOHTelHepax map i multimap aHanu3upPYIOTCS 06a KOMIOHEHTA NapHl, TOTAA KakK [pH
noxcke QYHKIHAME KOHTCHHEDA YYHTEIBAETCS TOJBKO MEPBHE KOMNOHEHT (KA104).
B cosere 45 ncnionb3osana nadopMalHs OT Pa3HEIX YIaCTHUKOB clcm, cpeau KOTOpPEIX
Jxon IMorrep, Mapcun Kacmepcku (Marcin Kasperski), Pete Becker (I[Iut Bexep),
Hennuc Yens (Dennis Yelle) u /lasun A6paxamc (David Abrahams). /laua Cmoii-
Oepr noAcKas3ax MHe HAEIO MPUMeHeHHs equal_range A1 MOMCKa Ha 6a3e SKBUBATEHT-
HOCTH H MOACYeTa Pe3yJIbTaTOB B COPTHPOBAHHBIX MOCJE/0BATENBHBIX KOHTeHepax.
Anppeit Anexcanapecky (Andrei Alexandrescu) nomor paso6parbcsl B YCJIOBHSX BO3-
HHKHOBEHHUS TIPOGIIEMBI «CCHUTKH Ha CCRUIKY», YIIOMHHaeMol B coBete 50; mpuse/ieH-
HBIH B KHUTe IPHMep OCHOBAH Ha aHAJIOTHYHOM npuMepe Mapka Pomxepca, B3sToM
c cafita Boost [22].

Pasymeercs, 3a MaTepuai npunoxenust A cienyer nobnaroaaputs Matta Octepna.
Mb>TT He TOJIbKO pa3pely/ BKJIIOYHTB CTAThIO B KHUFY, HO M OTPEAAKTHPOBAJI e, 4T06 bl
OHa CTaJIa eLle Jy4ule OpHrHHAMA,

Wapanuio xopoureit TeXHUYeCKOH KHUTM BCETAA NPeAIECTBYeT TIATEIbHAS OA-
roToska. Moeil KHure MOBe3/I0 — ee MPOCMOTpEJIA [[efiast FPYIIa BbIAAIOIIHXCS Clle-
unanuctos. Bpaitan Keprurau (Brian Kerninghan) u Knudd I'pun (Cliff Green) npo-
KOMMEHTHPOBAJIH paHHHe HaGPOCKH, a MOJIHYIO BePCHIO KHUTCH NPOCMaTpuBaiu Jlyr
Xappucon, Bpaftan Kepnuran, Tum /Ixorcon (Tim Johnson), @paucuc Cnaccopo
(Francis Glassborough), Auapeit Anexcanapecxy, lasua Cmosunbepr, Aapor Kamn6en
(Aaron Campbell), Txapen Manaunr (Jared Manning), Xep6 Carrep, Crusen /Ibio-
xepcr (Stephen Dewhurst), Marr Ocrepr, Tunnmep Jlepwx (Gillmer Derge), Aapon
Myp (Aaron Moore), Tomac Bexep (Thomas Becker), Buxrop Bon (Victor Von) u, xo-
neano, Mapx Pomxepc. Penaxrypa 6bua Bemmoneena Karpurott sepu (Katrina Avery).

B nponecce noAroToBKu KHUTH 04YeHb TPYAHO HAWTH XOPOINEro TEXHHYECKOTO
penaxropa. 51 6iaronapen Ixkory I[loTTepy 3a To, 4T OH Mo3HAKOME Mens ¢ [[Kape-
oM MsuauarOM B AaporoM KammnbeioM.

Xep6 Catrep j1106€3HO COrIaCHICS MOMOYb MHE OTKOMIMIHPOBATE M 3aMyCTHTD
HeKoTOphle TecToBble mporpamMal STL B Gera-Bepecun Microsoft Visual Studio .NET,
a Jleop 3omman (Leor Zolman) B3su1 Ha ce6s repKyecos TPyA MO TECTHPOBAHHIO BCETO
xoza B kuure. KoneuHo, Bce ocTaBuinecs OIUKOKY HaXOAATCA MCKITIOYHTEIBHO Ha Moel
OTBETCTBEHHOCTH.

Amxennxa JIanrep oTKpBLIa MHe IJ1a32 HA HEOTIPEAeJIEHHOCTh HEKOTOPEIX ACTIEKTOB
o6bexToB dynkumit STL. B aroit xnure o6bekTam DYHKIMI yAETACTCA MEHbIIE BHU-
MaHus, €M XoTesoch 6bl, HO, M0 KpaliHeil Mepe, Bce ckasarHoe ¢ 60/bIOM Aol Bepo-
SITHOCTH OCTAHETCS. HCTHHHBIM H B OyayiueM. Bo BCskoM citydae, S Ha 3T0 HAJEIOCh,

[TevaTnbiit BapuaHT HACTOSIIIEH KHUIM Jiydine MPEeAbIAYIIHX, HOCKOJAbKY BHHMA-
TeJtbHble YntaTesu ~ [[xon Y366 (John Webb), Maiikn Xokuuc (Michael Hawkins),
Hepex ITpaiic (Derek Price) u Ixum [llesnep (Jim Scheller) — yxazasu na Hekotopsie
HeZocTaTku, 51 Grarogapen uM 3a nomomb 1o yaydmennio «Effective STL».
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Cpenu Moux xoJuter B uparesbcrse Addison-Wesley 6suim xon Yaitr (John Wait),
pelaKTop, a HbiHe BH1le-IPE3UHACHT, ero 3amecTuTenn Anucus Kapu (Alicia Carey)
u Crozanna Byzapa (Susannah Buzard), koopaunartop npoekra kon @ysep (John
Fuller), xymosxunk Kapun Xaucen (Karin Hansen), Texungeckuii rypy keficon /[sxoHc
(Jason Jones), ocobenne xopomo paséupatomuiics B npoayxrax Adobe, ux HayaIbHHK
Maprtu Pa6unosun (Marty Rabinowitz), a taxxe Kypr /Ixkomncon (Curt johnson),
Yanaa Jlupu-Kyty (Chanda Leary-Coutu) u Po6un Bproc (Robin Bruce) — crnenua-
JIMCTHI TI0 MAPKETHHTY, HO BIIOJIHE HOPMAJIbHBIE JIIOAH. '

966u Creitnu (Abby Staley) caenana Moy BockpecHble Oﬁeﬂ.bl TIPUBBIYHBIM, HO an-
ATHBIM JEJIOM.

Kak 1 Bo Bpemsi paboThl Haji IpeAbIAYIAMHE HIECTHI0 KHMTAMK H OAHEM KOMITaKT-AHC-
KoM, Mosi sxena HaHcu TeprenuBo cHoCHIIA MOIO XPOHMIECKYIO 3aHATOCTD K MpejIara-
Jia CBOIO TIOMOIIb M MOANEPXKKY HMEHHO TOTAA, KOTAA 5 B HUX 6OJIBIIE BCETO HYRIAJICH.
OHa MOCTOSIHHO HATIOMHHAJIA MHE, UTO B )KH3HM €CTh BelH Noaydure C++ ¥ mporpaMm.

Ocraercs ynomsnyTb Hauty cobaky Ilepcedony. B AeHb, Korma s MHILY 5TH CTPOKH,
eif ucnonusercs mects ger. Cerogus mul ¢ Hancu u Ilepcedoroit oTnpasumces B «Bac-
xuH-PoG6uncy, Kak obbuno, [lepcedone gocraneTess 0AMH IMAPKK BAHUIBHOLO MOPO-
JKeHoro B BadeZIbHOM CTaKaHYHKe.

OT u3narenbcrea

Bauru 3amesannst, NpeAIoKeHUS, BOTIPOCH, KACAIOIHECT PYCCKOTO H3AAHHA 3TOH KHMIH,
OTIIPABJIAKTE 10 a/Ipecy 37EKTPOHHOH MOYTH comp@piter.com (u3parenberso «IluTeps,
KOMITbIOTEPHAS PEAAKITHA).

Mzt 6ymem pane! y3HATE Bamre MHeHHe]

Ha web-caiite n3aarenncrsa http://www.,piter.com Bbl HaligeTe moapobHyI0 HHPpOP-
MAllHK O HAIIHX KHHUTaX.



BBeneHue

Brl yoxe snakombl ¢ STL. Bet yMeeTe co3aasats KoHTeliHepsl, nepebUpaTh KX COAEPHKHI-
Moe, 106aBIATE U YAIATh 37€MeHThI, a TaKKe MCI0JIb30BaTh 06MHe alTOPUTMbI —
Taxue, Kak find u sort. Ho B HUKAK He MOMKETe OTAENAThCA OT BNEYaTJIEHHA, YTO HC-
moJib3yeTe JHIIb Malylo 4acTh BoaMoxkHocTelt STL. 3amaun, KoTOpEle ZOJKHE pe-
LIATHCA TMPOCTO, PELIAIOTCS CIOXKHO; ONepaliy, KOTOphle A0KHBI BRIMOJIHATHCS TIPO-
CTO U NPAMOJIUHEHHO, IPUBOAAT K YTEYKE PECYPCOB HJIM BEAYT celst HENMpPEeACKa3yeMo.
ITponenypsl, KoTOpBIE AOKHB PaBOTATh ¢ MAKCHMATBHOMN 5(hEKTHBHOCTDIO, TTOTJIO-
matot 60/1b1e BpEMEHH 1lH TAMSATH, 4€M 10/10KeHO. J[a, BBl yMeeTe HCIoIb30BaTh G1b-
auorexy STL, Ho He yBepeHHI B TOM, 9TO HCTIOJIb3YETE €€ g Pexmuaro.

$1 nanmucasn aTy KHUTY AJIS Bac.

B neit a4 mokaxy, Kax 0praHu3oBaTh B3auMoAeHCcTBHE MeXAY KoMmnorenTamu STL
¢ TeM, YTo6BI B MMOJHON Mepe HCIIOIb30BATh apXUTeKTypy 6ubmuorexu. Bor nayunTecs
paspabarhiBaTh MPOCTEIE PENIEH s AJI5 IPOCTHIX 3a%ad M TPOeKTUPOBATH SJIETAHTHEIE
pererus A5 6oiee CI0KHBIX CHTyalnit. B Krure onucanbl cranaapTHLIE OIHOKH K-
nonb3oBaHuA STL u ipuBenersl pexoMeHAaNKEHE OTHOCHTEIBHO TOTO, KAK HX H30EKATD.
ITO MOMOXKET JIMKBHAMPOBATh YTEYKY PeCypPCoB, NPEAOTBPATHTE TIOABJIEHHE Helepe-
HOCHMOTO KO/J2 H HelpeJCKa3yeMOoe NOBeAeHHe MPOorpaMM. Pa3iudHble IpUeMBl ONTH-
MHU3alHHK KoAa 3acTasAt 6ubauoteky STL paGorars 6bicTpo u addexTiBHO, Kak H 6BLI0
3a7yMaHO [P ee NPOeKTHPOBAHKH,

[TIpoyuras 3Ty xuury, Bel 6yaere Jiydme mporpammuposarts B STL. ITporpamMmupo-
BaHHKE CTaHET Gosiee MPOAYKTUBHBIM U HHTEPECHBIM 3aHATHEeM. Paborars ¢ STL unte-
pecHo, HO 3 dexruBHas paborta ¢ GUOIHOTEKOM — 3aHATHE YPE3BHIYANHO 3aXBATHIBA-
foliee, 0T KOTOPOrQ MPOCTO HEBO3MOXHO OTOPBAThCA. J[ake Tpu GErsioM B3rJisiie Ha
STL cranoBHTCA ACHO, YTO 3TO 3aMedaTesbhast 6HOIHOTEKA, HO ee AOCTOMHCTRA FOpa3-
Ao mupe u Try6iKe, 4eM MOXKHO cebe npeacTaBuTh. Sl 3aHUMAOCH MPOTPaMMHPOBAHKEM
oxoo 30 JieT, Ho A ellle HUKOTAA He BCTpeyal HHYero noxoxero xa STL.
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OnpeaeneHve, UCNonL30BaHWe U paclumpeHune STL

Y STL ne cymectsyeT oulinanbHOrO onpefe/icHus, H Pa3HEe ABTOPE BKIAAbIBANT
B 3TOT TEDMHH pPas3HEL cMbIc, B 210# kHure TepMuH «STL» 0THOCHTCS K KOMIIOHEH-
TaM cTaHaapTHo# OubimoTekn C++, paboraomum ¢ utepatopamu. K stoil xareropuu
OTHOCSITCS CTaHAAPTHLIE KOHTelHepH (BKII0Yas string), JacTd GubIMOTEKH IIOTOKCB
BBO/Ia-BHIBO/IA, 005 EKTH GYHKIM ¥ anropuT™EL. B Hee He BXoAAT aganTepsl cTanAapT-
HEIX KoHTefinepos (stack, queue u priority_queue), xoHreiiHepHl bitset u valarray, He
Mo/ IePRHBAIOIIHE HTEPATOPH, A TAKKe MACCHBHL X0TS MacCHBEL NOAACPKHBAIOT UTeE-
paTopb! B popMe yKasaTeJel, OHH ABJSIOTCA YacThio #3bika C++, a He GubmuoTexH.

C Texuuyeckoii Touku 3penusi B Moe onpefenenne STL ne pxoasT pacmupenust
cranaapTHOH GubuoTexn C++, B TOM 9HCIe X3IIMPOBAaHHBIe KOHTeHHePh, 0HOCBA3-
Hble CIIHCKH, KOHTeHHephl rope 1 pasjiidHble HeCTaHAapTHEEe 00bexTh yHKimit. He-
CMOTpA Ha a0, mporpaMmuctaM STL cienyer moMHHTE 0 CymecTBOBAHHH STHX DACIIH-
PEHHIA, TO3TOMY 5 YIIOMHHAI 0 HUX TaM, [ie 3To yMecTHo, B cosere 25 npuseaen o63op
HeCTaHAAPTHBIX XSIIHPOBAHHBEIX KOHTelHepoB. B HacTosimee BpeMst 3TH KOHTeHHepHI
He BXoAAT B STL, HO MX aHAJIOr'M MOYTH HABEPHAKA OYAYT BKJIIOYEHH! B CIEAYIOIIYIO
BEPCHIO CTaHAapTHOR GubianoTexu C++.

BoaMoxHOCTB paciukperust 6b1/1a 3at0xkeHa B Oubanoreky STL Bo Bpemsi npoexTH-
poBanus. Tem He MeHee, B 3TOH KHHTe OCHOBHOE BHEMANHE YACIACTCS UCHOABI0GAHUIO
STL, a He pa3paboTke HOBBIX KOMIMOHEHTOB. Tak, B KHUIe MOYTH HAYETO He CKA3aHO
0 HanHCaHuu cOOCTBEHHBIX AJITOPUTMOB, KOHTEHHEPOB 1 UTepaTopos. Ha Mol B3rasaz,
cravala HeoOX0AUMO B COBEPIIEHCTEE OCBOMTH CYLIECTRBYIOLIME BO3MOXKHOCTH STL.
IToii TEMe B MOCBAIEHA AaHHAA KHMTa. Ecu BH pelnre 3aHATHCA Co3danuem STL-
1oA06HbIX KOMIIOHEHTOB, HEOOX0AUMYIO MH(POPMAIIHI0 MOKHO OyeT HaliTH B KHHT2X
Ilxocartuca «The C++ Standard Library» [3] u OcTepna «Generic Programming and
the STL» [4]. B aToit kHure ynoMuHaeTCs THIIb OAWH acneKT paciupenus STL —
Hamucarue o6bexToB byHknui. IddexTunroe ncnons3osanre STL HeBoaMoxkHO Oe3
06BeKToB GYHKIHI, T03TOMY 3TOMH TeMe B KHHTE MOCBSIeHa BCA rJiaBa 6.

Ccbinku

Ccebliku Ha kHurs Jxkocartuca n OcTepHa B npeAbiaylieM ad3aie Aal0T NpeACTaBie-
HKE 0 TOM, KaK B 9Tol KHure odopmisiiorcs 6ubimorpadudeckue cesiku. Kak nmpasu-
JI0, 5 CTAPAlOCh BKIIOYHTD B CCHIIKY AOCTATOYHO HHMOPMALHHE, YTOODI €€ Y3HATH JIOAH,
y3ke 3HAKOMEIE ¢ 3THM TpyZoM. Eciiu BB yiKe 4uTaH KHUTH 3THX ABTOPOE, BaM He MpH-
mercs 06pamaTeCs K pasaeny «JIuTepaTypas u BHISACHSTD, YTO CKPBIBAETCS 3a CCBUTKA-
M [3] u [4]. KoHeuHo, B ciuCKe nuTepaTyphl NpuBeleHE TTOIHbBIE JaHHEIE.

Tpu my6auKkanuy YIOMRHAIOTCS TaK 4acTo, YTO HOMEp CCHIJIKM OOBIYHO He YKa3blBa-
ercs. IlepBas u3 Hux, MexayHapoaHslii crangapt C++ [5], B KHure HMEHYeTCA IIPOCTO
«Crangaprom». JIse apyrue — mou npeabiymue kuuru o C++, «Effective C++» [1]
u «More Effective C++» [2].

STL u CTaH.qaprl

B xnure st yacto ceburaioch Ha Ctanpapt C++, HOTOMY YT0 OCHOBHOE BHUMAHHE YAEIAETCS
nepeHoCUMOl, cTanAapTHOI Bepcuu C++. TeopeTuyeckn Bce MpHMeEPE], IPHBEASHHEE
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B KHHTe, A0JDKHBI paGoTaTh BO BeeX peanusanusax C++, K coxaienunio, Ha npakTHKe aTo
He TaK, Beseacrsue HenopaboTok B KoMnusisiTopax u peanusanusx STL gaxe npaBuis-
HBIH KOJ HHOT/A He KOMITIJIMDYeTCst WK paboTaeT He Tak, Kak ToJIoXKeHo. B caMbix Tu-
MUYHBIX CIY4asX OMKCHIBAETCS CyTh MpobiieMbl 1 MPeAAaraoTcs 00XoaHbIE peleH s,

Huorga caMblif IPOCTOM BBIXOA 3aKAI0YaeTCA B MEPEX0OAe Ha APYIYIO DPealU3alluio
STL (npumep nipuseneH s mpunoxenun B), Yem Gonbine sol pabdotaere ¢ STL, TeM Bax-
Hee OTINYaTh KOMRULAMOP OT pearuzayuu 6ubruomexu, Korga y nporpaMmmucra Bo3-
HHK210T NTpobJieMbl ¢ KOMITHIALKEH MPABUIBHOIO K02, OH 0OBIYHO BUHHT BO BCEM
xomnussaTop. Onnako npu pabore ¢ STL xoMnunarop mosxker GbIT B IOJIHOM HOPSIAKE,
a npo6JreMbl OKa3bIBAIOTCS CBA3aHHBIMHU ¢ OmHOKaMu B peaiuzanuu. YTo6sl mogyepk-
HYTb 3aBUCMMOCTD NIPOrpaMM KaK OT KOMITHAATOPA, TAK H OT pealu3aiiiu OuOIHOTexH,
sl UCTIONB3YI0 TepMUH <nnamgpopma STL», o KOTOPBHIM NOHUMAaeTCss KoMOHHAL KA
KOHKDETHOTO KOMIHJIATOPa ¢ KOHKpeTHoM peanusanueii STL. Eciu B KHure rosopures
o npobiieMe KOMITMIATOPA, 3HAYKT, BHHOBAT UMEHHO KoMnuisitop. Ho ecnm peds uzer
o npobneme nnatopmet STL, 310 ciielyeT noHUMATh Tak: «<BHHOBAT TO JIH KOMIIMJIATOP,
TO Ji1t 6UBIHOTEK], a MOKET, M TO B APyToe».

O6B149HO 51 TOBOPIO O KOMITUIISITOPAX 60 MHONCECMEEHHOM uucre. S1 uCKpenHe yhexaen
B TOM, YTO NPOBEPKa PaboTOCHOCOOHOCTH MPOrpaMMbl Ha HECKOJIBKUX KOMITHIATODAX
YJy4IIAET €e KauyecTBO (M 0COGEeHHO MePEeHOCHMOCTD), BoJiee TOr0, HCHOJIB30BAHUE He-
CKOJIbKUX KOMIIHJISITOPOB IOMOTaeT PAcIyTaTh TOPAKEB y3es coobmenuit o6 omubKax,
BBIJIaHHBIX TIPK HETpaBuabHOM npuMmenedun STL (pekoMeHAanuu mo pacmugposke
aTHX co00IeH I IPUBOASATCS B coBeTe 49).

Ynensisi ocoboe BHHMaHHe TOMY, 9T06H KO COOTBETCTBOBAJ CTAHAAPTAM, 51 TAlKe
cTpeMitioch HabexaTh KOHCTPYKIMI C HeMpeacKa3yeMsIM MoBeeHueM, 110c/eacTBHs]
BBIIOJIHEHUS TAKHX KOHCTPYKIMI Ha CTa/iuK paboThl IpOrpaMMbl MOTYT GBITh JOGHI-
mu. K coxanenuio, HHOIa 5TH KOHCTPYKLMH MOTYT A€JIaTh UMEHHO TO, 4TO Tpebyercs,
2 3TO Co3/1aeT BPeAHble MUI03HK. CIHIIKOM MHOIHe MPOrpaMMHCThI CUMTAIOT, YTO He-
TNpeacKasyeMoe MOBeAeHHe BCeIa BeleT K 0UeBHAHBIM nipobieMam, To ecTb cbosiM 06-
palLleHuit X CerMeHTaM HJIM APYTHM KaTacTpoduyeCKHM MOCHEACTBUAM, Pe3yIbTaThl
MOTYT BHITh ropasfio fosee TOHKUMH (HANPHMED, HCKAKEHHE TAHHEIX, PEIKO HCHOJb-
3yeMbIX B TIpOTpaMMe); KPOME TOT0, Pa3HEIe 3allyCKH MPOrpaMMbl MOTYT IIPHBOAUTE K
PasHBIM pe3yJbTaraMm. Y HempeACKasyeMOro NOBeAEHHs eCTb XOpoliiee HeopMabHOe
onpenenenue: «PaGoraer y mens, paboraer y Tefst, paboTaeT RO BpeMS TeCTHPOBAHUSI,
HO He paloTaeT y caMoTo BaXKHOIO KJineHTa». HerpeackasyeMoro nopeAeHH s Cleayer
uaberats, MO3TOMY A 0CO60 BBIAEISIIO HEKOTOPbIE CTAHAAPTHEIE CJIy4au B Kuure, Byabre
HAYEKY ¥ YIHTECh PACIIO3HABATh CUTYALMH, YPeBaThle HeNpPeACKa3yeMbIM MOBeAeHHEM.

[MoacyeT ccbiNoK

IIpu omucannu STL npakTideckn HeBo3MoXKHO 06oiiTH CTOpOHOI noacyer ceputok. Kak
6yner moxasaHo B coBerax 7 u 33, m06as apxUTEKTYPa, OCHOBAHHAA HA KOHTeHHepax
yKazareJieil, IpaKTHYeCKH BCETIa OCHOBAHA Ha moficdeTe cculiok, Kpome Toro, iopcuer
CCBIJIOK HCTIO/IB3YETCA BO MHOTHX BHYTPEHHHX peatdu3anusx string, mpuyeM, kak noxa-
3aHO B coBeTe 15, 3T0 06CTOSTebCIBO HHOTA IPUXOUTCA YUHTHIBATE IIPH POrPAMMHE-
posanun. [IpearnoyiaraeTcs, 4To YHTATENb 3HAKOM C OCHOBHHIMY TIPHHI[UITAME PaboThI
MeXaHHM3Ma MO/ICYETA CCBIJIOK, A €CJIH He 3HAKOM — HeoOX0AuMYI0 HH(pOPMAIKIO MOXKHO
HaliTh B I1060M ydebruke C++ cpearero uiu Bricokoro yposHs. Hampumep, B xHure
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«More Effective C++» coorsercrsyioluii MaTepuan npusejeH B coBeTax 28 i 29.
Ho gase ecniu BB He 3HaeTe, YTO TAKOE MOACYET CChLIOK, U He TOPHTE JKeJlaHueM MOCKo-
pee y3HaTh, He GecrnokoiiTecs. MaTepHan KHHTH B 11eJIOM BCe PaBHO OCTaHETCs BIIONHE
ROCTYITHBIM,

string n wstring

Bce, 4T0 roBOpHTCA 0 KOHTelHepe string, B paBROI CTelleHH OTHOCHTCA | K wstring, ero
aHAJNOTY C PacIIMPEHHOH KOAMPOBKOi cuMBosoB. COOTBETCTBEHHO, Jlobble YIIOMKHA-
HUSL O CBA3M MexIy string u char uau char* OTHOCATCS M K CBSI3H MeXAy wstring u
wchar_t man wchar_t* MHave rosops, OTCYTCTBHE ClelHaIBHBIX YIOMHHAHHI O CTPO-
KaX ¢ PacUIHPeHHON KOAMPOBKOH CHMBOJIOB He 03Ha4aeT, 4To B ST L onu He noaaepiu-
Batorcs. Kontelinepnl string u wstring SBJII0TCs Clienuau3allusMu OHOTO MabIoHa
basic_string.

TepMuHoNoOrus

JlanHas KHUra He siBaseTcsi yueOHUKOM HavaibHoro yposHs nio STL. [Ipeamonaraercs,
YTO YMTATEJIb YKE BjlajieeT OCHOBHBIMM MaTepHAIOM. TeM He MeHee CJeAyIOLHE Tep-
MUHBI HACTOJIEKO BAXKHEL, YTO 5I C4ell HeoGX0ABMBIM 0c000 BELAENUTS HX.

o Komnreitrepsi vector, string, deque i 11st OTHOCATCS K KATErOPHH CMIAHOapMHbIX
nocredogamenshuix Konmeiinepos. K xaTeropun cnmanoapmubix accoyuamueHx
Koumenepos OTHOCSITCS KOHTeitHepH set, multiset, map u multimap.

o HrepaTopH AeJATCS HA MATh KATETOPUI B COOTBETCTBHHE C MOAAEPKHBAEMbI-
Mu onepanusamu. Himepamoput 6s0da 06ecneduBanT JOCTYN TOJIBKO AJIs YTEHUS
H TIO3BOJIAIOT MPOYHTATh KAMKAYIO MO3KIHIO TOJIBKO O4uH pa3. Hmepamopui ebi-
go0a 0GECTIeUHBAIOT JOCTYII TOJIBKO AJIS 3AIKCH K IO3BOJIAI0T 3alHCATh JAHHbIE
B KQXKAYI0 MO3UIINIO TOMBKO 0AUH pa3. VrepaTopsl BBOAA U BEIBOJA NMOCTpOE-
Hal Mo ofpasily omepanuit yTeHUS-3aMHMCH B MOTOKAaX BBOAA-BHIBOAA (HAMPHMED,
B aiiyax), MosTOMY HEYAHBHUTENHHO, YTO CAMBIMH PACTIPOCTPAHEHHBIMH TPe-
CTaBHTEJIAMH HTEPATOPOB BBO/JA H BHBO/A ABJAIOTCA istream_iterator u ostream_
iterator cOOTBETCTBEHHO.

IIpamvie umepamopsi 06MANAIOT CBORCTBAMHE HTEPATOPOB BBOJAA U BEIBOZA, HO OHH
MO3BOAAIOT MHOTOKPATHO MPOM3BOAMTD YTEHNE MM 3aNiCh B 1060 nosunuu. Onepa-
TOP -- KMH He TIOAZePKUBAETCs, IO3TOMY OHHU TO3BOJISIIOT IPOH3BOAUTE NeDeBIKEHHAE
TOJIBKO B IPSIMOM HATIPABJIEHHH C HEKOTOPOI cTeneHblo ahdexruproctu. Bee crangapr-
Hble KoHTeitHepsl STL moziep:kuBaOT HTEPATOPhI, IPEBOCXOASAIIME 3TY KAaTEeTOPHIO
HTEPATOPOB II0 CBOMM BO3MOKHOCTSIM, HO, KAk Oy/leT N0Ka3aHo B coBeTe 25, OfiHA U3 ap-
XUTEKTYP X3IIHPOBAHHEIX KOHTEHHEPOB OCHOBAHA Ha HCTIOJIb30BaHHH NIPAMEIX HTEPATO-
poB. KoHreiliHephbl 0OAHOCBA3HBIX CITHCKOB (CM. coBeT () Taxke NOAAEPKHUBAIOT IPAMEIE
HTEPaTOPHI.

Hsycmopontue umepamopst MOX0XKH Ha NPSIMBbIe HTEPATOPHI, OTHAKO OHU MO3BOJISIOT
nepeMemaTbca He TOJIBKO B IIDAMOM, HO H B OﬁpaTHOM HalpaBJIEHHAH. OHH TIoAIEpXHBa-
IOTCS BCeMU CTAHAAPTHBIMH aCCOIIHATHBHBIME KOHTeHHepaMH, a TakKe KoHTeHHepoM Tist.
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Hmepamopw: npousgonvrozo docmyna 0651aal0T BCEMI BO3MOMKHOCTSIME ABYCTOPOH-
HUX HTEPATOPOB, HO OHH TAKIKe I03BOJIAIOT NEPEXOAUTE B MPAMOM MM 0GPaTHOM Ha-
IpaBJeHUH Ha NMPOM3BOJBHOE DACCTOSIHHE 32 OAMH mar. MTepaTopsl MPOH3BOJIBHOTO
AOCTYMa MOAREPKUBAIOTCS KOHTelHepaMu vector, string i deque. B MaccuBax dynkiuo-
HAJIBHOCTD HTEPATOPOB NPOM3BOJBLHOTO AOCTYNA 00ECHEeIHBAETCS YKA3ATEIMAMM.

o Jlio6oii Kiace, meperpyKaniuii oneparop Boi3osa dyHkuu (To ecTs operator()),
siBasteTcst knaccom Qynxmopa. OOBEKTH, CO3AAHHEE HA OCHOBE TAKKHX KJIAaCCOB,
HA3BIBAOTCS obbexmamu Qynxuyull, umu gyuxmopamu. Kax npasuno, 8 STL
06BbexTsl PYHKIHI MOTYT CBOGOAHO 3aMEHATHCS «06BIYHBIMU> QYHKIMAMY, I10-
3TOMY TIOA TEPMHHOM <«00BLeKTH (hyHK1Hi» YacTO 06BETUHAIOTCS KaK GyHKIINK
C++, Tak 1 GyHKTOPBL

» Oynkuuu bindlst u bind2nd nassiBatorcs gyukyusmu npussaxu (binders).

PeBomonnoRnbIM HoBIIecTBoM STL ABISAIOTCS rapaHTHH CJIOKHOCTH, TO CTh OTpa-
HHdeHHs 0ObeMa paboTH!, BhIIOJIHsIeMOl JII06bIMH onepanuamu STL. Takum ofipasom,
NPOrPaMMHECT MOKET CPaBHUTE OTHOCHTENBHYIO 3Q(PeKTUBHOCTE HECKOABKUX pelie HHi
B 3aBHCHMOCTH OT ItaTopMel STL. TapaHTHH CIJI0KHOCTH BBIPaXKaloTCs B BUzie (PyHK-
IMH OT KOJHYECTBA 3JIEMEHTOB B KOHTeltHepe Wy uHTepBaie (1),

. Onepaulm C ROCTNOAHHOU CRONHOCTIBIO BBITIOJIHAETCA 3a BPEMJS, HE 3aBHCAIIEE
oT 1. HanpnMep. BCTaBKa 3JIEMEHTa B CIIMCOK BBINOIHAETCA C TOCTOAHHOH CIToXK-
HOCTBIO, CKOMIBKO OBl 3JIeMEHTOB HH cogepxan CrHCOK, OAHH HJIH MHJIJIHOH,
BCTAaBKA 6YEE'T JaHHMAaTh NMPaKTHYCCKH OJHMHAKOBOE BPEMA.

TepMHH «IIOCTOAHHAA CIOXKHOCTES He CTOMT BOCIIPUHUMATh 6ykBanbHo. OH 03Ha-
4aeT He TO, YTO BPeM: BHIMOJHEHUS ONePailHl OCTAETCA CTPOTO MOCTOAHHON BEIWYK-
HOM, a JIMIITb TO, YTO OHO He 3aBucHT oT 7. Hanpumep, na AByx pasubix wiathopmax STL
BpeMsl BRIOJTHEHHST ONTEPALIHH «C MIOCTOAHHOMH CJIOKHOCTBIO» MOMKET 32aMETHO OT/IMYATh-
cs1, Takoe GbiBaer, Koraa ofna 6ubivoreka ucriobayer 6oMee COBEPIIEHHYIO peau3a-
IMI0 AJITOPHTMA WK OAHH KOMITHIISTOP BHIIONHSET H0JIee aKTHBHYIO OMTHMH3ALKIO.

» Onepanun ¢ 10zapugpmudeckoli CroMHOCMHI0 ¢ POCTOM 1 BBUIOTHSIOTCA 3a Bpe-
M3, TPONOPiHOHATbHOE JiorapudMy 7. Hanpumep, onepanus ¢ MUJLTHOHOM 3J1e-
MeHTOB 6y/1eT BHIMOJIHATLCS TOJIBKO B TPU pasa A0JIbIIE OHePaIlHH C COTHeH aJie-
MeHTOB, HocKoJIbKY log n® = 3log n. MHorue onepariuyu moucka B aCCOIUATHBHBIX
KoHTeHHepax (Hampumep, set: : find) obanaior morapubMudecKoil CI0KHOCTBIO.

¢ Bpewms, Heo6X0AHMOe AJISI BHITIOJIHEHHUS QTIePALMil ¢ IUHEHOI CAOXCHOCbIO, BO3-
pacTaeT NponopuKonastbio #1, CraHaapTHEI aropuTM count paboTaert ¢ MHelHOM
CJIOKHOCTBIO, IIOCKOJIBKY OH JOJIKeH IPOCMOTPETD KaXK AbIH SJIEeMEHT B 3aIaHHOM
uHTepsaie. Ecyiu nHTepsan ysenuduBaercs B TpU pasa, 00beM paboThI TOKe yRe-
JIYMBAETCs BTPOE, MO3TOMY ONEPALMs 3aHHMAeT B TPH pasa 6oJiblie BpeMeHHu.
Kaxk npasuo, onepanuu ¢ TOCTOAHHOI CIOKHOCTBIO BHINOJHSIOTCH GhICTpee, YeM
OnepaiHy ¢ NOrapubMHUIECKOH CII0KHOCTDHIO, a TOC/AeAHHE BHIOIHSIOTCH OBICTpEE One-
Palgit ¢ JIHHEHHOH CI0KHOCTBIO. DTOT MPUHIKI OCOGEHHO YeTKO BBINOMHETCS AJA
6oMbUIMX 3HAYEHUH 7, HO IPH OTHOCHTEILHO MAJIbIX 77 OTIEPALiH, KOTOPbIE TEOPeTH-
4€CKH I0JIKHBI 3aHUMaTh GoJIbIe BpeMeHH, B OTAEBHEIX CIYYaaX BHIMOMHIIOTCH ObIC-
Tpee. 3a AonoHUTENbHOK HH(OPMalreit o rapaHTHsX cnoxkHocTr B STL ofpamaiitecs
x xuure /kocarruca «The C++ Standard Library» [3].
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U nocnernee 3aMe4aHue 1o MOBOAY TEPMHUHOJIOTHH: BCIOMHHTE, YTO KaXKAbIH aJte-
MEHT KOHTEHEPOB map ¥ multimap COCTOMT U3 ABYX KOMIOHEHTOB. 51 0OBIYHO HA3HIBAIO
HepBbIi KOMIOHEHT KAI040M, 2 BTOPOI — aCCONMKPOBAHHEM sHaueHuen. Hampumep,
B KOHTeHHepe

map<string,double> m;
KJII0Y OTHOCUTCA K THIY string, a acconunposaHHoe 3HadeHue — K TuIly double.

[MpuMepb!

Knura conep:xur MHOecTBO ipuMmepos. Bee mpuMephl KOMMEHTHPYIOTCS [0 Mepe HX
NPHUBEAEHHS, H BCE JKe Koe-4To CJiefyeT NOACHHTE 3apaHee.

M3 npuBeseHHOTO BHIIE TPUMEPaA C Map BHAHO, YTO 51 OGBIYHO ONYCKAK AHPEKTHBLI
#include 1 urHopupyIo TOT HakT, yTo KoMnoreHTs! STL MpUHAMIEXAT MPOCTPAHCTRY
nmeH std. [TosHOe onpeaesienue m Z0KHO GBIIO BHIVIAAETE TAK:

#include <map>
#include <string>

using std::map:
using std::string:

map<string. double> m;

Ho st npeanoyuTao 0CTaBUTE B IPHEMepeE JIMIIb CAMOE CYIECTBEHHOE.
IIpu obbsaBreruu popMaTbHOTO MapamMeTpa-TrIa wabnoHa BMeCTO ¢1ass HCIOMb-
3yeTcsi KJo4eBoe CI0Bo typename. I1nave roBops, BMECTO KOHCTPYKIIHH BuAa

template <class T>
class Widget{.};

Sl MCTIOJIB3Y 10 KOHCTPYKIHMIO

template <typename T>

class Widget{.}:

B mannom KoHTeKCTe KJIIOUeBEHIE CJIOBA C1ass M typename SKBUBAJIEHTHLI, HO MHe
KajXeTCst, 4TO CNOBO typename GoJiee YeTKO BEIPAXKAET BaXKHYIO MbICIIb: MOAXOAUT 10608
THN, T He 0643aTe/IbHO ABJIAETCA KJiaccoM. ECM BBl IpeANOYHTaeTe OGBABIISATD Ma-
PaMeTpBHI C KNIOYEBBIM ¢/1I0BOM class — moxalyticta. Botbop Mexxay typename u class
B 3TOM KOHTEKCTE 3aBHCHT TOJIBKO OT CTHJISL.

OnHaxo B pyruX KOHTEKCTaX CTHJIb He SIBJIAETCA €AMHCTBEHHBIM thaxTopoM. Bo
u3bexxaHne MOTEHIHANBHBIX HEOAHO3HAYHOCTEH JIEKCHYECKOro aHAMH32 (A H36aBIo
BaC 0T MOAPOOHOCTE!H ) MMeHa THTIOB, 3aBUCHIIME 0T GOPMATIBHEIX MAPaMeTpoB mabo-
Ha, A0JDKHDBI IPEABAPATECA KIOYeBRIM CA0BOM typename, Takue THIIBI Ha3LIBAIOTCA 3a-
sucumbimu munamu. He6osb1ol npuMep MOMOKeT BaM JIyylne MOHATH, O YeM HAET
peus. IIpeanonoxum, Bol mumere mabnon GyHKHM, KOTOpPas MOMydaeT KOHTeitHep
STL u Bo3BpalaeT pe3ysibTaT MPOBEPKH YCJIOBHS <IOCJENHKIA SIEMEHT KOHTelHepa
Gombire mepeoro». OAHO U3 BO3MOXKHEIX PeIeHn i BEIIIAANT TAK:

template <typename C>
bool latGreaterThanFirst(const C& container}

{
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if(container.empty(}) return false;

typename C::const_iterator begin(container.begin());
typename C::const_iterator end(container.end());

return *--end>*begin;

}

B sToM npuMepe noKanbHEIE NepeMeHHble begin 1 end oTHocsTeS K THITY C:iconst_
iterator, 3aBHcAmEMY oT popmanbroro napamerpa C. Ilockoneky i C: : const_iterator
ABJISETCA 3aBUCHMBIM, TIepell HUM JOJIKHO CTOSTE KJoUYeBoe ¢I0Bo typename, Hekoro-
PEle KOMITUIISTOPH IPMHEUMAIOT K0z Ge3 typename, HO TAKOMH KOX He NEPEHOCUTCA Ha APy~
rHe TAT(OPMBL

Hanerocn, BB 06paTrii BHHMaHKe Ha XKHUDPHBIH PUT B IPUBEAEHHBIX HPUMEPaX.
BelzeneHue JO/DKHO IPHBIIEY b Ballle BHUMAHKE K OCOOEHHO BaXHbIM (DpArMeHTaM KOZA.
Hepenko TakuM 06pasoM NMOAYEPKUBAIOTCS PA3/IHIHA MEXAY NOXO0XKNMH IIPHMEDAMH,
KaK, HallpuMep, IIPH IeMOHCTPAIMH ABYX Pa3HBIX c11oco60B 00bsABNEHHs napaMeTpa T
B ipuMepe Widget. AHaNOrHYHEIM 06Pa30M MOMEYAIOTCS M BXKHBIE GIOKH Ha PHCYHKAX,
Hanpumep, Ha quarpamme 13 coBeta 5 TakuM 06pa3oM MOMEYAIOTCH /[BA YKa3aTels,
u3MeHseMble IPH BCTABKe HOBOTO 3/IEMEHTA B CIIHCOK.

Bcrasnsembie
yanoi
—» next next next »  next » next —»
<— prev « prev |« prev prev |« prev  j—
AaHHble HaHHble [akHbie HakHele Oanhble

3peck BcTasnawTCA
OONONHUTENbHBIE Yanbl

B xnure yacto Berpedalores napametpsl 1hs u rhs. 1u coxpamenus osnavamnT <left-
hand sides («xeBast cropoHas ) u <right-hand side» («npasas croponas ) cooreTcTBEH-
HO, OHM 0COGEHHO YAO6HM Py 06bsABIEHIH OMlepaTopoB. [IpumMep 13 copera 19:

class Widget {.}:

bool operator==(const Widget& Ths, const Widget& rhs);
IIpu BEI30BE 3TOM DYHKIIMK B KOHTEKCTE

it (x==y). // TpeanonaraeTca, 470 X M Y
// oTHOCATCA K Knaccy Widget

O6bekTy X, HaXoAsIWEMYCs CIIeBa OT OTepaTopa =, B 06bABIEHHH 0perator== cooT-
BeTCTBYeT mapaMeTp 1hs, a 06BeKTY ¥ COOTBETCTBYET mapameTp rhs.

Yro KacaeTcs HMeHH Kacca Widget, To OHO He MMEeT HHKAKOTO OTHOMIEHMS K rpa-
duveckum uaTepdeiicam miM HHCTPYMEHTAPHSM, DTHM HMEHEM 5 IIPUBBIK 0603HAYATD
<HEeKMH KJIacC, KOTOPBIH uTO-TO AenaeTs». VHoraa (kak, Hanpumep, Ha c. 20) umsa
Widget oTHocHTCA K mabrony Kiacca, a He K KAaccy. B Taxux ciryyasx sl pofo/Kao
roBOPHTH O Widget xak o KJacce HECMOTPSE HA TO, YTO B AEHCTBHTENLHOCTH 3TO WAGJIOH.
Cronp HepopManbHOE OTHOIIEHHE K PA3/IMUUsIM MEXAY KIaccaMH 4 mab1o0HaMH Kinac-
COB, CTPYKTypaMu M mabjioHaMu CTPYKTYp, GyHKIMsME M wrabronamu hyHKIH
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Ge3BpenHo (NpH YCJIOBHH, YTO OHO He MPUBOANT K BO3HUKHOBEHHIO HEOAHO3HAYHOCTH
B paccMarpuBaeMoit Teme). Eciin BO3MOXKHEI Kakue-Tu00 HeAOPa3yMeHHs, 5 IPOBOXKY
YETKHE Pa3iudus MeXAy mabIoHAMK 1 CTEHEPHPOBAHHBIMM Ha MX OCHOBE KIaccamy,
CTPYKTYpaMu H y HKIHsIMH.

Bonpoce! ahpekTnsHoCcTU

Crayasa A XOTeJ BKJIIOYHTE B KHHTY OTAE/IbHYIO [VIaBY, NOCBAIIEHHYIO BOpocaM ag-
Cl)eKTHBHOCTH, HO B HTOI'€ pEIIKJI, YTO JIyULI€ OCTABHTE [IPHMBRIYHOE AEJIEHHE Ha COBETDI.
Tem He MeHee MHOTHe COBETHI IOCBSIIEHE MUHEMH3AIIMH 3aTPAT MAMATH H PECYPCOB
Ha CTaauu ucnonHeHus. Jlnsa yno6cTa Hiske MPHBOAMTCS KPATKOE COAEPIKAHHE «BUD-
TYalbHOH TJlIaBH », MOCBALIEeHHOH 3¢ eKTHBHOCTH.

Coser 4. Buw3biBaitTe empty BMecTo CpaBHeHUA size() ¢ HyneM

Coser 5. WcnonbayiiTe MHTepBansHele dyHKUMM BMECTO OHONEMEHTHBIX

Coset 14. Wcnone3yidTe reserve ons NPeacTBpaienna NWHWX oflepaumit nepepacnpeneneHis NamMsm
Coset 15. NoMHuMTe 0 paanK4usax s peanuzaLmm string

Coeer 23. PaccMOTpHMTE BO3MOXHOCTL 33MEHbE ACCOLIMATMBHBIX KOHTEHEPOB COPTMPOBAHHLIMM BEXTOPaMK
Coeet 24. TwatensHo Belbupaiite Mexay map: :operator[] v map:: insert

Copet 25. M3yuuTe HECTaHAAPTHBIE X3LWNPOBAHHBIE KOHTERHEpb

Coser 29. PaccMOTpUTE BO3MOXHOCTL MCTIONB30BaHMA istreambuf_iterator Mpu NOCMMBONBHOM BBOAE
Coper 31. [OMHMTE O CYLECTBOBAHMKM Pa3HLIX CPEACTB COPTHPOBKKN

CoBet 44.  Ucnons3ayitre dyHKUWM KOHTEHHEPOS BMECTO OAHOMMEHHLIX anrOpUTMOB

CoBer 46. MMepepasaiite anropuTMaM 0GbEKTLE PyHKLMI BMECTO dYHKLIMIA

PekoMeHaauuu

Pexomenaauuu, cocrapistiowue 50 COBETOB 3ToM KHUFH, OCHOBAHBI HA MHEHHAX M Ha-
6monennsax onbrTHeRumX nporpaMmuctos STL. Onu B kpaTkoit hopMe IOABOLAT UTOT
BCeMy, YTO MPAKTHYECKH BCEraa ceayeT (uin HaohopoT, He clieyer) AeNaTs s yCIell-
Horo ucnosb3osanus 6ubnuorexu STL. C Apyroii CTOPOHSL, 5TO BCETO JHIIB PeKo-
MEHJALHH, i B HEKOTOPBIX CUTYal[HsIX HX HapYEHUS BIOIHe onpasaanusl. Hampumep,
B 3aT0JI0BKE COBETa 7 rOBOPUTCA 0 HE0OX0AKMOCTH Bbl30Ba delete AMA ykasaTeseil me-
pen yHUYTOXeHHeM KoHTelHepa. Ho ua Texera coBeTa CTaHOBHTCS SICHO, YTO 3TO Tpa-
BHJIO A€ACTBYET JIMUIb B TEX CYYasAX, KOTAA 00BEKTHI, HA KOTOPHIE CCHLIAIOTCS YKa3aTe-
Jud, JOJIKHBL YHUYTOXKATECA Palbille caMoro XoHTtelnepa. O6EMHO 3T0 AeficTBHTEIBHO
TaK, Ho He Bceraa. [IpuBeny Apyroit npuMep — B 3aro/ioBKe coBera 35 NMpeATaraeTCsa He-
TN0JIb30BaTh AITOPHUTMEl STL ANst BHIMONHEHHA NMPOCTHIX CPaBHEHHH CTpoK 6e3 yueTa
PETUCTPa, HO U3 TEKCTA COBETa CJeAyeT, 4TO B HEKOTOPBIX CIYYasX Jydine HCIoNb-
30BaTh (DY HKIMIO HE TOJIHKO BHENIHIO 10 oTHOMmeHuo k STL, Ho naxke He BXOJALIYIO
B ctaHgapt C++|

Tonbko xopomee 3Hanue crenubUKY IPOTPAMMBbl M YCJIOBHIE ee PaGOThI TTO3BOJIHT
ONpEAEIHTE, CTOMT JIH HAPYILIATh NPeACTaB/ieHHble pekoMeranun, OGsMHO 310T0 Myyme
He JieJIaTh, HO B OTAEJbHBIX CIyYasX BO3MOKHBI HCKHodeHnst. Kak pa6ckast moKOpHOCTS,
TaK u 6e3paccy/Hoe JIErkoMBICIIHE OAMHAKOBO epetsl, [Ipexe 4eM CXOuTh € MpoTo-
peHHoit Aopory, y6eAuTeCh B TOM, 9TO AJI51 3TOTO €CTh ACCTATOYHO BECKHE MPHYHHEL



KoHTenHepb!

B STL BxoauT HeMa0 MOJIE3HBIX KOMIIOHEHTOB (B TOM YHCJIE HTEPATODSI, AITOPHTMbI
1 oObexTsl GyHKuui), 0OfHaKo GOJBIIHHCTBO MporpaMmucroB C++ CTaBHT Ha nepsoe
MECTO HMEHHO KoHTeiHepbL, [1o cpaBHEHHIO ¢ MACCHBAMH KOHTEHHEpHI 06 1a/1210T 60J1b-
weit rubxocTbio M byHxuHoHanbrocTbio, OHE AHHAMHYECKH YBEJIMYHBAIOT (@ HHOTAA
H YMEHBITAIOT) CBOM Pa3sMephl, CAMOCTOATEJIBHO YIIPABJIAIOT IaMATHIO, CIEAST 3a KOJIH-
4eCTBOM XpaHSAmMXcs 00LEKTOB, OTPAHKHYNBAIOT AITOPUTMHYECKYIO CIOXKHOCTD MOJ-
Aep:KMBAEMBIX oTiepailnit 1 0671aa10T Maccolt APYTHX A0CTOMHCTB. ITonmy I pHOCTD KOH-
teiinepos STL nerko o6bCHUMa — MPOCTO OHH MPEBOCXOAST CBOMX KOHKYPEHTOB, 6y A
TO KOHTEIHephl M3 Apyrux 6ubauoTek K camocTosTeNbHbIE peanusaiuu. Konreiine-
pit STL ne npocro xopouu. Ouu desicmaumensio XOpOIIH.

B 2roii riiase npuBeaeHsl 001UE CBEEHMS, OTHOCSIITUECS KO BCEM THIIAM KOHTeliHEpOR
STL (xoHKpETHEIE THUITB KOHTENHEPOB GYAYT pacCMOTPEHE! B APYTHX I1aBax). B yacTHo-
CTH, MBI PACCMOTPHMM TaKHE BOTIPOCH, KAK BEIOOP MOAXO/AMNIETO KOHTEHHEpa IPH 33JaHHBIX
OTpaHMYEHHAX; BOBMOKHOCTH PaBoThl KoAa, HAMMCAHHOTO AJIs1 OAHOTO THIIA KOHTEHHEPA,
¢ ApYTHMH THTIaMH KOHTEHEPOB; 0cobas Pos oNepaiHii KOMUpoBaHUs 06BeKTOB B KOH-
TeHHepax; MpolieMbl, BO3HUKAIINE IIPH CO3AAHIH KOHTEHHEPOB ¢ yKazaTe sIMH auto_
ptr; HIOAHCHI, CBA3AHHbIE C YIAJIEHHEM DJIEMEHTOB; ONTUMHU3aLUs paboThl ¢ KOHTElHe-
paMM M 3aMEYaHUST OTHOCHTENLHO paboThl KOHTEliHepOB B MHOTONOTOYHOI cpeze.

Crniicok NOMyYHIICs BHYMIUTENBHBIM, HO IIYCTh Bac 310 He MyTaeT. Martepuan usia-
raetcs HeBobIIHMHE MOPITMSIMH, a MOMYTHO BH BCTPETHTE HEMAJIO NOJe3HbIX BAEH, Ko-
TOPHIE CMOJKETE HeMednerto MPUMEHHTD B CBOKX TMPOTPAMMAX.

Coser 1. BHuMaTensHO noaxoauTe K BuIbopy
KOHTeNnHepa

Wrak, STL npegocraBssieT B Bamie pacnopsLKeHHe MHOXKECTBO Pa3HbIX KOHTeHHEepOoB,
HO 3HaeTe JIM Bbl, HACKOJIBKO MIMPOKO 3TO pa3Hoobpasue? Cieayiomas KpaTkas CBOAKA
OMO’KeT BaM yOeAuThCst B TOM, YTO BH HH O 4eM He 3a6bLin.
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» CrannaprHble nociaeqoBarenbHble Konreinepbt STL: vector, string, deque u Tist.
o Crannaprusie accourarusnble kouTelinepst STL: set, multiset, map 1 multimap.

» Hecrangaprasle nocienoBare/bHble KOHTeHHepH: s1ist u rope. KouTeitnep
slist npeacrasaseT OAHOCBA3HBIA CMIMCOK, A MOPE — CTPOKY € JOMO/IHUTEIBHBI-
MH BO3MOXHOCTAMHM. Kparkuii 0630p aTHX HeCTaHAAPTHHIX (HO AOCTATOYHO HIK-
POKO pacnpocTpaHeHHBIX) KOHTeliHepoB NpuBefeH B coBeTe 50,

¢ Hecranaaprable acconuaTuBHble KoHTeliHepHI: hash_set, hash_multiset, hash_
map i hash muTtimap. DTH MONYAAPHEIE PA3HOBHAHOCTH CTAHAADTHRIX ACCONHA-
TUBHBIX KOHTEHHEPOB, MOCTPOeHHEIe Ha Gase X3w-Tab/ini, paccMaTpHBaIOTCA
B cogeTe 25,

» vector<char> kax 3ameHa /s string. YCnOBUS, TIPH KOTOPBIX BO3MOHA NO-
no6Has 3aMeHa, oTIkCaHsI B coBere 13.

® vector KaK 3aMeHa JUif CTaHJapPTHBIX aCCOMHATHBHBLIX KoHTelHepos. Kak Oy-
AeT MOKa3aHo B coBeTe 23, B HEKOTOPBIX CHUTYaIlHAX vectOr MpeBOCXOANT CTaH-
NapTHHIE ACCOLHATHBHBIE KOHTEHEePHI KaK 10 GBICTPOAEHCTBUIO, TaK H MO 3KO-
HOMHH ITaMATH.

¢ HexoTopsle cTaHAAPTHEIE KOHTETHEPHI, He BXoasmue B STL: maccusm, bitset,
valarray, stack, queue u priority_queue. [Tockombky 5TH KOHTeiiHEpHI He OTHOCHT-
¢ k STL, B aToit knure OHu NpakTHYECKH HE yIOMHUHAIOTCH, XOTA B CoBeTe 16
OMHCaH CJydalt, Korja MacCHB OKa3blBaeTCs! MPEATNOYTUTENbHEE KOHTEHHEpoB
SQL, a B coBere 18 06bsacHsAeTCH, ModeMy bitset Moxker GbrTh myune vector<bool>.
Taxoke CTOMT TOMHUTD O BO3MOKHOCTH HCTIOJb30BAHUST MACCHBOB C AlTOPUTMaMH
STL, nockonbKy ykasaTes MOTYT paoTaTh KaK HTEpPaTOPhl MACCHBOB.

[Tpn cTOMIB WHMPOKOM acCOPTHMEHTE KOHTeHHEPOB BO3PACTaeT H KOJHYECTBO (hak-
TOPOB, KOTOPEIMU ClIeflyeT PYKOBOACTBOBAThCA NPpK HX Bbibope. K coxanenuio, MHoTHe
omucanusi STL orpaHKYHBAIOTCA MOBEPXHOCTHBIM B3LJAAOM HA MUD KOHTelHepos
H TIOJHOCTBIO HTHOPUPYIOT MHOTHe (PaxTOPBI, OTHOCIIKECS K BHIGOPY ONTHMAIBHOTO
KOHTEHHepa. ITOT HeAOCTATOK npucyy Aaxke CTaHAApTy, KOTOPbIH MpeIaraeT Bubu-
paTe Me3kay vector, deque u 11st Ha OCHOBaHUH CIIeYIOLIMX KPHTEPHEB: <...vector, 1ist
u deque 06/1aAA0T PA3IMYHBIMM XaPaKTEPHCTHKAMHK B 3aBHCHMOCTH OT KAacca BHI-
IOIHSAEMBIX OTIEPAaHid, B COOTBETCTBHH C KOTOPbIMH 0JDKEH OCYIECTBIIATECS BHIOOP.
Bexrop (vector) npexncTassieT cofoii THIT OCJIEA0BATENLHOTO KOHTEHEPA, KOTOPHIH
ucnosb3yercsa B GonbmuncTBe ciydaes. Cnucox (1ist) ucmonb3yeTcs MpH yacThx
OIEPALMAX BCTABKH U YAAJICHHS B IPOU3BO/IbHOU nMo3uuuH. ek (deque) BoiGupaercs
B CJIyyae, ecyid 6OMBITHHCTBO BCTABOK U yAAIEHHH TIPOU3BOAKNTCS B HAYAJE HIH B KOHIIE
HOC/NEI0BATENbHOCTH 3JIEMEHTOBS.

Ecuin orpanuyuThes aTropHTMHYECKOH CI0KHOCTBIO, 3Ta PeKOMEHAALMS 3BYIHT
BIOJIHE Pa3yMHO, HO HA IPAKTHKe IPHXOAUTCA yYHTHIBATh MHOKECTBO APYTHX (DAKTOPOB.

Bckope MbI paccMOTpuM HekoTopble GaKTOphl, YYHTEIBaeMEIE B AOTIOJHEHHE K aJIr0-
PHTMHYECKOI CIOXKHOCTH, HO CHaya/a A A0/DKEeH TIPeACTABUTD KPUTepHit Kiaccudu-
Kauuu KoHteitHepos STL, koTopomy, k coxkaseHuI0, 06HYHO He yAenseTcs AO/KHOTO
BHUMaHH. Peyb HAET 0 PasuiusiX MeXY KOHTeliHepaMu ¢ GJIOKOBBIM  Y3/IOBHIM BBI-
JAENEeHHEM NaMATH.,
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B 6roxosuix Kowmetinepax (Takxke Ha3bIBAEMBIX KOHMEUHEPAMU CO CMeXCHOU na-
MAMBIO) ANEMEHTHI XPAHATCA B OAHOM MJIH HECKOJIBKHX AMHAMHYECKH BBIAEJAEMBIX
6J10Kax MaMsiTH, M0 HeCKOJIbKO 37IeMEeHTOB B Kak/AoM 6moxke. IIpu BcTaBKe HOBOTO MJIH
yAaJIEHHH CYIIeCTBYIOMETO dJIeMEHTa APYTHeE 3JIEMEHTHl TOro XKe 0JIoKa CABHIalTCA
BBEpX WIH BHH3, 0CBOOOXK/Aasi MECTO AJIST HOBOTO dJleMeHTa HITH 3al0JIHASI MeCTo, paHee
3aHKMaeMoe yAaJIeHHBIM ajleMeHToM. [Togo6HbIE epeMellieHns BJIHAIOT Kak Ha CKo-
pocTh paGoTsl (coBeTrl 5 M 14), Tak 1 Ha GesonacHocTe (06 aToMm — Hmke). K unciy
cTaHJapTHHIX 0JIOKOBBIX KOHTElTHEpOB OTHOCATCA Vector, string u deque. Hectanaapt-
HEIN KOHTelRep rope TAKe SIBIAETCS OJIOKOBEIM,

B yanosvix konmetinepax KaxxabH AMHAMHYECKH BEIAEIEHHBIR QparMenT COAEPKUT
POBHO OAKH 3eMeHT. Qnepanuy yAUIEHKS ¥ BCTABKH BBITIOJIHAIOTCS TOJBKO € YKa3a-
TeJISIMH Ha Y3JIbl, He 3aTParuBas COAEPKMMOTO CAMHX y3JI0B, M OTOMY 06xoasaTcs Ge3
nepeMelleHnH JaHHbIX B naMATu. K aToll kaTeropuu oTHOCATCS KOHTelHepH CBsA3aH-
HBIX CITHCKOB (Takue Kak 1ist u s115t), a TakKe BCe CTAHAAPTHAIE ACCOIMATHBHBIE KOH-
TeliHepbl, 06BIYHO peaiu3yemMble B popMe cOaTaHCHPOBAaHHbIX Aepesbes. Kak Gyaer no-
Ka3aHO B COBeTe 23, peaM3anysi HeCTAHAAPTHRIX XOUIMPOBAHHBIX KOHTEHEPOB TOXe
MOCTPOEHA Ha Y3JI0BOM TIPHHIIHIIE.

PazobpaBuuch ¢ TepMUHOIOTHEN, MOXHO MEPEXOAUTD K aHanu3y (PakTopoB, YuH-
THIB2eMBIX MPH BBIOOPE KOHTeiiHepa, B nanbhelilieM Onucaluy He yYUTHIBAIOTCS KOH-
TelHephl, He BxoAsmue B STL (MaccuBsl, 6UTOBEIE MHOXKECTBA | T. A.), IOCKOJbKY KHH-
ra Bce-Taku nocesimena STL.

*  Hyxna nu 603MOHCHOCID 8CMABKY HOBOZO DNEMENMA 6 NPOUIBONLHOL NOFULUU
xoumedinepa? Ecnu nysxna, BeIGupaiiTe nocjie[oBaTeIbHbI KOHTEHRHED; aCCOMU-
aTHBHEIE KOHTEHHEPHI HE IOAXOMAT,

¢ Baoken au nopadox xpanenus snemenmos 8 kowmeiinepe? Ecim nopsigok cieno-
BaHM 3JIEMEHTOB HE BaXKEH, X3IIHPOBAHHEIE KOHTEHEDH MONAAI0T B YKCIO0
BO3MOXKHBIX KaHAKAATOB. B IPOTHBHOM City4ae npuaercst 060iTHCh 6e3 HUX.

o Jonycen nu Kornmetinep 6xo0umn 6 WUCA0 cmaroapmunix Konwmeiinepos C++7 Eciu
BEIGOP OTPAHMYMBAETCS CTAHAAPTHBIMH KOHTEHHEPaMH, TO XallTHPOBAHHbIE KOH-
TeiiHeprl, s11st U rope, HCKMIOIAIOTCSL,

® K xaxoti kamezopuu Oonscnvr omnocumuscs umepamoput? C TexHHdeckolt TOUKH
3peHust UTEPATOPH MPOM3BOJILHOO JOCTYTIA OTPAHWYMBAIOT BalI BHIOOD KOHTeH-
HepaMu vector, deque u string, XoTs, B IPUEIMNE, MOXKHO PACCMOTPETD M BO3MOK-
HOCTb IIPUMEHEHHA rope (3TOT KoHTelHep paccMaTpuBaeTcs B cosere 50). Ecau
HY>KHBI IBYCTODOHHHE MTEPATOPEI, HCKMI0YaeTcs Kiaace s1ist (coser 50) ¥ ogna
PacnpocTpaHeHHas peajiv3allus X3MIHPOBAHHBIX KOHTeiHepoB (CoreT 25).

*  HyxcHo M npedomepamums nepemMeueHiie Cyecmsyiouux S1eMenmos npu ecmae-
Ke uru yoanewuu? Eciu HyXKHO, BO3AEPKUTECH OT HCIOJIB30BAHMS GJIOKOBHIX
KOHTelHepoB (CoBeT 5).

o [onxcra nu cmpykmypa namMamu Kowmelinepa coomeemcmsosams npasuiam a3ot-
xa C? Eciu momkna, ocTaeTcs b HCHOIb30BaTh vector (coser 16).

¢ Hacxonvko xpumuuna ckopocms noucxa? Ecnu ckopocTh MOHCKa KpUTHYHA, pac-
CMOTpHTE X3IIMPOBaHHble KOHTeiiHeps! (coBeT 25), COPTHPOBAHHEE BEKTOPHI
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(comeT 23) u cTaHZaPTHEBIE ACCONUATHBHEIE KOHTeHephl — BEPOATHO, HMEHHO
B TAaKOM TOPAAKE,

o Mocem ru e Konmeiinepe ucnoavsosamocs nodcuem ccvinok ? Eciu MoACcHeT cebl-
JIOK BAaC He YCTPaHBaeT, AcPKHUTECH MOAAJBIIe OT S5tring, MOCKQJIbBKY MHOTHE
peasnzanuy string HocTpoeHE! Ha aToM MexaruaMe (coseT 13). Taxxke crenyer
u3beraTe KoHTefiHepa rope (coser 50). KoHeuHo, cpencrsa AJjist OpeACTaBIeHUS
CTPOK BaM BCe e MOHaobATCs — nonpobyiTe HCmonB30BaTh vector<char>,

o [Tompebyemcs au MpaH3aKyUonKas CeManmura 0L ONepayuil 6Cmasku u yoare-
nun? ViHade roBopst, XoTuTe /1 BBl 06ECTIEYHTHh HAZEKHYIO OTMEHY BCTABOK M
ynanenuit? Ecnu xoture, BaM moHao6uTCs Y3080 KoHTelHep. [Ipu ncnosn-
30BaHHH TPAH3AKLMOHHON CEMAHTHKH AJIS MHOTO3JIEMEHTHEIX (HANpUMep, HH-
TEepBaJIbHBIX — CM. COBET J) BCTABOK CJIeAyeT BHGPaTh 115t — eAMHCTBEHHBII
CTaHAApPTHHIA KoHTeitHep, obJiafiaomuil 3TuM cBolicTBoM. TpaHsaKiMoHHAs ce-
MaHTHKa 0COOeHHO BaXKHA IIPH HAalMCAHUH KOJa, 6e30MacHoro Mo OTHONIEHHO K
HCKAoYeHusaM. Boob1ue roBopst, TpaH3aK1MOHHAS CEMAHTHKA PEAIHIYTCSH 1 A5
610KOBBIX KOHTEHHEPOB, HO 33 9T0 NPAXOAMTCS PACTIAYHBATECA OBICTpOACH-
CTBHEM H yCIOKHEeHHeM KoAa. 3a AononauTelisHol undopmaiueii o0pamaiitecs
k xuure Carrepa «Exceptional C++» [8}].

*  Hyncro nu coecmus K MUnUMYMY KOMUYECTB0 HEORTICMEUMENsHIX UMepamopos, yKa-
samenei u ccoinox? Ecnu nyxHo ~ BriOupaiite yaii0Bble KOHTEHEDEI, TOCKOb-
Ky B HHX OMNEpaluH BCTABKH M yAIeHHA HHEKOLAA He IPHBOAST K TOSABICHHIO
HeNeHCTBUTEIbHBIX HTEPATOPOB, yKa3aTenel 1 CCBUIOK (eC/IH OHU HE OTHOCATCS
K yAanseMbIM aiemenTam). B ofiem ciydae oTepanun BCTABKH K yAaTeHHA
B 6JI0KOBBIX KOHTeHEPAaX MOFYT IPUBECTH K TOMY, YTO BCE HTEPaToOpPEL, yKasare-
JIM M CCBUIKH CTAHYT HelleHCTBHTE/IBHbIMH,

* He nodoiidem nu sam nociedosamenvuviii Konmeiinep C umepamopamu npou3gons-
Hozo Docmyna, 6 KOMOPOM YKG3AMENU U CCOIKY Ha DanHbLe 6Ce20a oCmaomcs Oedi-
CIMEUMERLHOIMU, €CU U3 KOHMEllHEpa Huuezo He YOansemcs, d GCMABKA NPOU3L0-
dumcs monvko ¢ Konye? Curyauus BecbMa CrenuHIeckast, HO CJIM Bbl ¢ Hell
CTOJIKHETeCh — Bhibupaiire deque. ClieflyeT 3aMeTHTD, UTO UTEPATOPHI deque Mozym
CTaTh HeAEHCTBHTEJIBHEIMH, aXKe eC/IH BCTABKA TPOM3BOJAMTCS TOJABKO B KOHIIE
KOHTeliHepa. JTO eMHCTBEHHBI cTaHAapTHALA KoHTelinep STL, y koToporo
HTePATOPLI MOTYT CTaTh HEAEHCTBUTEIbHBIMU IIPH AHCTBUTEIBHBIX YKA3ATEIAX
H CCBLJIKAX.

Bpsin nu aTH BOTMPOCE! MOJTHOCTBIO HCYePNBIBAOT Temy. Hanpumep, B Hux He yun-
THIBAETCA TOT (PaKT, YTO Pa3HbIE THIIB KOHTEHHEPOB HCMOJB3YIOT PA3HbIE CTPATETHH Bbl-
ReJieHust NaMsITH (HEKOTOPLIE aCTeKThl 3THX CTPaTeTHii onucaHs! B coBetax 10 u 14).
Ho 1 3T0T CNIMCOK HATIAAHO TIOKA3BIBAET, 4TO AATOPUTMHUYECKAS CJIOKHOCTD BBITIOMIHS-
eMBIX OTepaiuil — JaleKo He eAMHCTBEHHbIH KpuTepHii Bei6opa. Beccnopro, ona urpa-
€T BaKHYI0 POJIb, HO NPHXOAWTCS YYUTHIBATE U APYTHE (PaKTOPhL

[Tpu Be6ope xonTeiinepos STL npefocTasaseT AOBOMBLHO GOIBLIOE KOMIHYECTBO Ba-
PHaHTOB, a 32 npefieflamu STL ux oxaseiaercst ewe Gonbure. [Ipeskze Yem npUHEMATD
OKOH4YaTeJbHOE Pellerue, 00A3aTe/IbHO H3yYHTE 6C€ BO3MOKHBIE BAPHAHTEL ... KoHTeil-
Hep, uCnob3yeMplit B 6osbmMHECTBe Cirydaes»? S Tak He nymalo.
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Cosert 2. OcTeperanteck MNNIO3UA KOHTEMHEPHO-
HE3aBMCMMOI0 KoAa

OcroeubeM npuriunoM STL ssisiercs: o6o6menue, Maccusbl 0606man0TCsA B KOHTEH-
Hepkl, TapaMeTPU30BaHHEIE 10 THITAM XpaHAamuxcsa o6bekToB. Oynkuuu obobmaores
B aJITOPHTMBI, TapaMeTPU30BaHHbIE TI0 THITAM UCIO/IB3YEMBIX HTEPATOPOB. Y Ka3aTelx
060061IAI0TCS: B HTEPATOPBL, TAPAMETPH30BaHHEIE [0 THNAM 06BeKTOB, Ha KOTOPble OHH
YKa3bIBaIOT.

Ho 370 sinme Hayano, KorkperHble pa3HOBHAHOCTH KOHTeMHEPOB 06061AIOTCS B Ka-
TercpuH (NoCaeA0BaTe/IbHbIE H ACCOIMATHBHbIE), a MOX0XKHe KOHTEAHEPDl HAKEIAIOTCA
cxopubiMu pyHxuuamu. CtanaapTHie 6/10K0Bble KoHTeliHeprl (coBeT 1) obnazgaior
HTEPATOPAMHU NIPOH3BOJIBHOTO AOCTYTA, TOTAA KaK CTAHAAPTHEIE Y3JI0BEe KOHTeHHepH
(Taxxe omHcaHHbIe B coBeTe 1) MOA/epXKHUBAOT ABYCTOPOHHKE HTepaTophl. [Tocneno-
BaTeNbHble KOHTEHHEPH! MOUIEPKUBAIOT onepanuy push_front u/mim push_back, y ac-
COIIHATHBHBIX KOHTEHHEPORB TaKHe OllepPaI[HH OTCYTCTBYIOT. B acconuarusnex xonTeli-
HEpax pealn3oBaHH (GyHKiuu 1ower_bound, upper_bound u equal_range, ofnagaonue
norapuGMUYecKo CIOKHOCTBIO, @ B [IOC/EA0BaTEbHbIX KOHTEHEpaX HX HeT.

ITpu Takux reEAeHUMAX K 06001EHAI0 BO3HHKAET eCTECTBEHHAA MBICIh — IOCHE-
Z0BATh MONOKKTEIbHOMY NpuMepy. /Kenanue moxsansnoe, HecoMHEHHO, HM CTOHMT
PYKOBONCTBOBATHCS MPH HAMKHCAHKH COOCTBEHHBIX KOHTEHHEPOB, HTEPATOPOB U ANTO-
PHTMOB, HO MHOTHE POTPAMMMCTBI TMBITAIOTCS AOOHTHCH STOU 1€ HECKOJIBKO HEBIM
cnoco6om. BMecTo Toro 4To6b1 OpHEeHTHPOBATHCS HA KOHKPETHBIH THIT KOHTEHHEpa, OHM
MbIT2I0TCS 060B1IMTE CHHTAKCHC TaK, 9TOGEL B MPOTPaMMe, HATIPUMEP, HCTIO/TB30BAJICS
vector, HO MO3Hee €r0 MOXKHO ObII0 OB 3aMeHUTH Ha deque uiu 1ist 6e3 uaMeHeHHd
KOJ2, B KOTOPCM 3TOT KOHTEHHep HCToJibayeTcs. VIHade TOBODS, OHH TBITAIOTCSA MHCATH
Konmetinepro-nesasucumoti kod. [logobubie 0606menus, kakumu Obl 6aT¥Mi HaMepe-
HUSAMHE OHU He OBLIM BEI3BAHbI, TOYTH BCEr/Aa HeKeJlaTe/IbHBL

HMaxe camblit yGexaeHHBIA CTOPOHHHK KOHTeHHEPHO-HE3aBHCHMOTO KOJa BCKOPE
0CO3HAET, YTO YHHBEPCATBHBIN K0/, paboTaoiuii XaK ¢ nocseaoBaTe/IbHBIMH, TAK H C ac-
COIMATHBHLIMHU KOHTeHHepaMH, 0C060To CMBICIA He uMeeT. MHorue dymkium cyime-
CTBYIOT TOJIBKO B KOHTEHHEpaX oIpee/ieHHOH KaTeTopuu; HanpuMep, GyHKInuu push_
front u push_back moaaepuBasoTCs TO/MBKO MOCACAOBATEIbHEIMM KOHTEHHEpaMy; DYHK-
1uu count 1 Jower_bound — TOJIBKO acCONMATHBHEIMH KOHTelHepaMu U T. A, Jlaxke cur-
HaTypHl TakuX (6a30BBIX OMepaluii, Kak insert u erase, 3aBUCAT OT KaTeropuu. Hampu-
MEp, B MOCJNeN0BaTeNbHOM KOHTeHEepe BCTABJIEHHBINH 00DEKT 0CTAETC B HCXOAHOM
MO3UIHHK, TOTJa KaK B aCCOLHATHBHOM KOHTelHepe OH MepeMellaeTcd B TO3HIHIO,
COOTBETCTBYIOINYIO OPAAKY COPTHPOBKH MaHHOTO KoHTeiinepa, Vlnu npyroil mpumep:
(bopma erase, K0TOpO# IPH BEI30BE NIEPEAAETCS HTEPATOP, A/A NOCAEA0BATEILHOr0 KOH-
TeliHepa BO3BpaIlaeT HOBbIH HTEPATOP, HO VIS aCCOIMAaTHBHOTO KOHTeitHepa He BO3BPa-
aeTcst Huyero (B coBeTe 9 nokasaHo, Kak 3To 00CTOATENBCTBO BIKAET HA MPOrpaMM-
HHIH KOx).

JonycTuM, Bac NOCeTH/Ia TBOpPYeCKast MbICJIb — HATIKCATh KO, KOTOPHIH paboTa 6ol
CO BCEMM PacNpOCTPaHEHHBIMH MOCIeN0BaTebHBIMK KOHTEHHepaMu: vector, deque
u 11st. Pasymeercs, BaM IPHAETCA NPOrPaMMHPOBATh B KOHTEKCTe 0OUTHX BO3MOKHOC-
Tell 3TUX KOHTeHHEPOB, a 3HAYUT, QYHKIMHK reserve u capacity (coser 14) ucrosbso-
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BaTh HeJIb3sl, IOCKOJNBbKY OHH He MOAMePKUBAIOTCS KOHTefinepamu deque u 1ist. [Ipu-
cyTcTBUE Tist TakXe 03HAYAET, YTO BaM IPHJETCH 0TKA3aThCs OT oneparopa [ ] u orpa-
HUUHUTHCA ABYCTOPOHHHMH HTEPATOPAMH, YTO KCKIKYAET AJITOPHTMEL, paboTanmue
C MTepaTopaMM NPOM3BOJIBHOTO fOCTyHa — sort, stable sort,partial_sort mnth_element
(coset 31).

C apyroii cTOPOHEI, HCXOAHOE HaMepeHHe NoAAepRuBaTh vector uciknodaet dhyHkK-
uuu push_front u pop_front; vector u deque HcKIfoYaloT npHMeHeHHKe splice u peannsa-
W0 sort BHYTPH KOHTelHepa. Y4YHTBIBas Te€ OrPaHHYeHHs, O KOTOPHIX TOBOPHIOCH
BHILIE, NIOCNIEHHMIE 3anpeT 03Ha4aeT, YTO AJS Balero <06obIeHHOTo MOCIeA0BaTe b
HOTO KOHTeiiHepa» He yAACTCA BRI3BATH HUKaKYI0 dopmy sort.

TToxa peub uAeT 0 Bewax npocTHX 4 oueBuARBX. [Ipn Hapymennn 11060T0 U3 3THX
OrpaHMYeHHH Bama nporpamMma He GyZeT KOMIMIMPOBATBCS MO Kpaiinelt Mepe Aus
OJHOTO U3 KOHTeliHepoB, KOTOPHIE BBl HAMEPEBAIKCH NMOAAep)uBarh, [opasio Gosbie
11po61eM BOSHUKHET ¢ NPOrpaMMaMu, KOTOphIe 6y0ym KOMITHTHPOBATLCA.

B pasubIx mocneaoBaTeNbHLIX KOHTeHHepax AeHCTBYIOT pasHbie NpaBuia Hexel-
CTBUTEJIBHOCTH UTEPATOPOB, YKasaresei i CChlIoK. YToOR! Ball KoA NpaBuiIbHO pabo-
Tan ¢ vector, deque 1 1ist, HeoOxoxuMO MpeATNOJJIOXHTD, YTO Jobas orepaiHs, IpHBO-
A K IOABACHUIO HENCHCTBUTENBHEIX HTEPATOPOB, YKa3aTeell u CCEUIOK B JIIO60M
U3 3THX KOHTEHHEPOB, MPUBECT K TeM JKe NOCHEACTBHMSAM H B HCIIOJIb3YeMOM KOHTell-
nepe. Orciofa cieyer, 4TO rocjie KaXKA0To BEI30BA Tnsert HelelCTBUTe/IbHBIM CTAHO-
BUTCA aBCONOTHO BCe, MOCKOJIBKY deque: : insert JenaeT HelelCTBHTEILHBIMH BCE HTE-
Patopel, a ¥3-32 HEBO3MOMKHOCTH MCIIOIb30BaHus capacity NPUXOAKTCH NPeANoIaTaTh,
4TO TToCIe onepanuy vector: :insert cTaHOBATCH HelleiiCTBUTEIBHEIMH BCE YKA3aTeH |
CChUIKH (KaK ynoMuHaetcs B coBere 1, koHTelinep deque ofitaiaeT yHHKAIBHBIM CBOMH-
CTBOM — B HEKOTOPbIX C/IYYasix €0 HTepaToPhl MOIYT CTAHOBHTLCA HEAeH CTBHTENIbHEI-
MU C COXpaHeHHeM AeHCTBHTE/IbHBIX YKa3aTe el H CChUIOK). AHATOTHYHbIE DacCyae-
HHA OPHBOMAT K BLIBOAY, YTO MOC/IE KaXKAO0T0 BH30BA €rase BCe UTepPaToPhl, yKasaTe u
M CCBINKH TaKe JOJHKHBL CIUTAThCA HeAeHCTBHTEAbHBIMH.

Henocratouno? /lannsle KonTeitHepa He nepeAaloTcs yepes untepdeiic C, mockous-
Ky AaHHASA BO3MOKHOCTD NOAAEPKHBaeTCA TOJIBKO A vector (coser 16). Bul ne cMmo-
Xe€Te CO3AaTh 3K3eMIUISIP KOHTEHHepa ¢ TUIIOM bool — Kak GyAeT nokasaHo B coreTe 18,
vector<bool> He Bcera BeJieT cefs Kak vector ¥ HMKOTAA He XPaHUT HACTOSALIHE JIOTH-
YecKHe BeJIMYMHEL Bbl fajke He MOXKeTe pacCYHUTHIBATh Ha OCTOSHHOE BPeMs BCTABKH-
yhanenus, ¥xapakTepHoe s 11ist, ockonsKy B vector 1 deque 3Tu onepanyy BHIIOJIHSA-
I0TCsL ¢ TMHEHHOH CAOXKHOCTRIO. ]

Yo xe ocTaeTcs nocie Bcero ckasannoro? «Q6o61eHnbIH MOCAe00BaTeNbHbIN KOH-
TeliHep», B KOTOPOM HEJb3s HCTIONL30BATH reserve, capacity, operator(], push front,
pop_front, splice u Boobie m060ii atroputm, paGoTaiomuii ¢ HTEepaTOPaMH TPOH3BOJIb-
HOr'0 JOCTYNA; KOHTeHRepP, y KOTOPOro Jio00# BEI30B insert 1 erase BHIMOJIHSETCH C JIH-
HEIHOM CJIOKHOCTBIO U MPUBOMHKT K HeJeHCTBHTENBHOCTH BCEX MTEPATOPOB, yKa3aTe-
Jieit U CCBLIOK; KOHTeHHep, HecoBMecTHMBIH ¢ #3bIKoM C U He TO3BONAOIME XPaHUTD
JIOTHYeCKHe BeJIndMHbL 3aX04€eTCA JIM BaM HCIIOJIB30BaTh NOA0OHBIH KOHTEHHED B CBO-
eM npuaoxkerun? Bpsaa an.

Ecinu yMeputs aMOMIMM 1 OTKA3aTHCS OT MOAAEPKKH 11st, BRI BCe PaBHO TepsAeTe
reserve, capacity, push_front u pop_front; Bam Taxoke NpUAETCA MOJAraTh, YTO BHIZOBEL



CoseT2 29

insert ¥ erase BRIMOJHSIOTCS C THHEHHOH CIQKHOCTBIO, 2 BCE HTEPATOPH, YKa3aTelu
H CCBIJIKH CT2HOBATCS HeAeHCTBATEIbHBIMEL; BBI BCE PaBHO TepsAeTe coBMecTHMOCTh ¢ C
H He MOKeTe XPaHUTh B KOHTefHepe JIOTHYeCKUe BEJIHIHHBDI,

[Jaxe eciid 0TKA3aTBCA OT MOCIHEOBATEIBHEIX KOHTEHHEPOR B B3ATHCA 33 ACCO-
UHAaTHBHbIE KOHTeHHEDH, Aea10 06cToUT He yydwe. HanucaTh ko, Kotopsili 651 0AHO-
BpeMeHHO paboTaJ ¢ set U map, MpaKTHYeCKH HEBO3MOKHO, IOCKOJIBKY B Set XpaHsATCs
OAKHHOYHEIE 0OBEKTHI, 2 B Map XPaHATCA napsl 00bexToB. Jlaxe COBMECTHMOCTD C set
u multiset (unm map u muTtimap) obecneynsaercs ¢ Goabiuum Tpyaom. Oyuxmus insert,
KOTOPOEH IPH BHI30BE MepeflaeTcsl TOJMbKO 3HaueHHe BCTABIAEMOTO dJleMeHTa, BO3Bpa-
IaeT pa3Hble THIHL /s set/map 1 ux multi-aHaJoroB, IIPH 9TOM Bbl AOJBKHBI H30€raTh
JIOGBIX NOMYIIeH M OTHOCHTEIBHO TOTO, CKOJIBKO 3K3eMILISPOB JaHHOM BeJIMd HHBI Xpa-
Hutcs B KouTelinepe, [Tpu pabore ¢ map 1 multimap npuxomurcs o6xoauThes 6e3 onepa-
Topa [ ], HoCKoJBKY 3Ta GYHKIUS CYUIECTBYET TONBKO B Map.

Cornacurecs, urpa He crout ced. KoHTeitHepHI IEHCTBUTENILHO OMALHAIOMCS IPYT
OT ApyTa, 061a/210T PA3HBIMK AOCTOMHCTBAMH M HelocTaTkaMu. OHH He 6BLIH paccyu-
TaHbl HA B3AMMO3aMEHSEMOCTb, U C 3TUM PAaKTOM OCTAETCA TONBKO CMHUPHTHCS. Jlo6bie
TONBITKH JINLIB HCKYIIAIOT CYABOY, 2 OHA 3TOTO He 06U,

Ho pano niu nosgHo HaCTYIHT AeHb, KOTAA OKAXKETCS, YTO TIEPBOHAYAbHBILIH BLIGOP
KOHTelfHepa GbLI, MATKO FOBOPSI, HE ONTHMAIbHBIM, H BB 3aXOTHTe MePEKIIOIHTHCS HA
Apyroit Tan. IIpu uaMeHennn THNA KOHTEHHEPA HYXKHO HE TOJBKO HCIIPABHTD OUIHROKH,
ofHapyeHHble KOMITHIATOPOM, HO H [IPOaHAIM3UPOBaTh BECh KOJ, TAe OH HCHOJb3y-
€Tcs, u Pa3odpaThCs, YTO CIeAyeT H3MEHHTD B CBETE XapaKTEPHCTHK HOBOTO KOHTeliHe-
Pa ¥ NpaBUJI [IEPEX0a HTEPaTOPOB, YKa3aTesell H CCHJICK B HEAEHCTBHTEJLHOE COCTOS -
Hue. [Tepexoas ¢ vector Ha APYTOi THII KOHTeHHEPa, BBl YIKE He CMOXKETe PACCUNTHIBATH
Ha C-CoBMECTHMYIO CTPYKTYPY MAMATH, a PH 06PaTHOM NiepeXo/ie Hy3KHO IPOC/TIeMTh
3a TeM, 4T00BI KOHTeliHep He WCNOJIB30BANCS IJIS XpaHerus bool.

Ecnu BbI 3HaeTe, 9TO THI KOHTeHHepa B GyAyIIEM MOXKET H3MEHHUTBCS, 5TH H3MEHE-
HHST MOXXHO YTIPOCTHTb OGBIYHBIM CIOCOGOM — uHKancysuueir. OIHO U3 MpocTefmux
pelleHuit OCHOBAHO Ha HCIIONb30BaHKM ONpe/IeNIeH i typedef [Uisi TUNIOB KOHTeliHepa 1
Hrepatopa. CiiemoBaTebHO, bparMeHT

class Widget{...}:

vector<Widget> vw:

Widget bestWidget:

// NpuceonTs 3Hadenmre bestWidget

vector<Widget>::iterator i1 - // HadTn Widget c Takwm me 3HaseHueM,
find(vw.begin(},vw.end() bestWidget) // wak y bestWidget

3aITHCBLIBAETCA B CACAYIONEM BHUJIE:

class Widget{...}:
typedef vector<Widget> WidgetContainer:
typedef WidgetContainer::iterator WCIterator;

WidgetContainer vw:
Widget bestWidget:

ﬁéiterator i=find(vw.begin().vw.end(},bestWidget):

[Mono6ras 3anuch 3HAYKTENBHO YIIPOLIAET U3MEHEHUE THIIA KOHTeHHEpa, YTO 0CO-
Gerro yno6Ho, Korna u3aMeHeHHe CBOAUTCS K MPOCTOMY J0GABIEHUIO HeCTaHAAPTHOro
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pacnpefienurelis MAMsATH (TAKOe H3MeHEeHKe He BIMAeT Ha NPaBuila HeelCTBUTENIBHO-
CTH UTEPATOPOB/yKasaresiell/CChUIOK).
class Widget{...}:

template<typename T> // B cosete 10 oBvAcHAETCA. noyemy
SpecialAllocator{...}; /1 nechxoauMo uCnoNb3oBaTh Wabnow

typedef vector<Widget.SpecialAllocator<Widget>> WidgetContainer;
typedef WidgetContainer::iterator WClterator:

WidgetContainer vw: // Pabotaer
Widget bestWidget:

ﬁéiterator i=find(vw.begin().vw.end() bestWidget); // Pabotaer

Jlaxke eciu Bac He MHTepeCy1OT acneKThl typedef, cBA3aHHbIE ¢ HHKANCYJISI{HEH, BbI
HaBepHAKA OLeHHUTe 3KOHOMUIO BpeMeHH, [Ipeanonosxkum, v pac mMeeTcs 0ODLEKT THIIA
map<string,
vector<Widget>: :iterator,
CIStringCompare> // CIStringCompare - CpasHeHMe CTpOK
// Oe3 yyeTa peructpa: cm. coseT 19
H BbI XOTHTe epebpaTh 31eMeHTH MHOXeCTBa IIPH IOMOLUH const_iterator. 3axovercs
Jii BaM BBOJHTE CTPOKY

map<str1ng.vector<widget>::1terator,CIStr1ngCompare>::const_iterator

6onbie oanoro pa3a? ITocne HenpoposmkuTenbHoi paborsl B STL BB nofiMerte, uTo
typedef — Bam1 Apyr.

Typedef BCero JMIIb OTIPeeNisieT CHHOHUM IS APYTOTO THIA, TO3TOMY MHKAICY JIsi-
LHs1 MPOH3BOAUTCH HCKIIOYUTENHHO Ha TeKcudeckom ypoBHe, OHa He HoMemnraeT KiH-
€HTY CAeNAaTh TO, YTO OH MOT CAeJ1aTh paHee (H He IO3BOJIMT CAEIATh TO, 4TO OBIJIO paHee
HeJOCTYNHO). ECiu BBl 3aX0THTe OrPaHUYHTh 3aBHCHMOCTD KJIMEHTA OT BHIGPAHHOTO
THIIA KOHTelTHepa, BaM MOHaX00sATCs Goee cepbe3Hble CPEACTBA — KAACCHL

Urobel orpaHHYHTh 06BeM KoAa, TpebyIomero MoAR(HKALIUH IPH 3aMeHe THIIA KOH-
TeitHEepa, CKPoiiTe KOHTelHep B KJacce H orpaHudbTe 00beM uHbopManuy, AOCTYMHOMH
uepes uHTepdeiic kaacca. Hanpumep, ecin BaM norpefyercst co3fAaTh CIHCOK KJIHEH-
TOB, He HCTIONB3YHTE Kaacc 1ist HanpsiMyio, onpeennTe Kiaacc CustomerList u uHKan-
cysupyiiTe 1ist B ero 3axprIToit yacTH:

class CustomerList {

private:

typedef list<Customer> CustomerContainer:
typedef CustomerContainer::iterator CClterator;

CustomerContainer customers:

public: // 0Ovem wHPopHaUWK, AOCTYNHOR
. // 4epe3 3TOT WHTepdedc, orpaHuuMBaeTCH
}:

Ha niepBrrit B3rsig nporcxoasimee BHTASAMT TAyno. Beapb CNHCOK KIHEHTOB —
3TO chucox, He npasja yu? Brnonne Boamoxro. Ho B GyaymeM MoxkKeT 0Ka3aThCA, 4TO
BO3MOXHOCTL BCTABKU-Y/JaJIeHUs B CePeHHe CITHCKA HCMOJIb3YET s He TaK YacTo, KaK
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TIpeATIONarajoch BHayaje, 3aT0 HY)KHO GBICTPO BBIAenuTh 20% KIHeHTOB ¢ MaKcu-
MaJBHBIM 00BEMOM CAENOK — 3Ta 3afiada MPOCTO cO3AaHa A5 airoputMa nth element
(coser 31). Oanako nth_element Tpebyer UTepaTOpa MPOU3BOJBHOIO JOCTYNA H HE
Gynet paboTaTs ¢ KoHTeiiHepoM 11st. B 3T0il CHTYyailMu «CTIUCOK» JTyyllle peaiu3oBaTh
Ha 6aze vector mwiu deque.

Paccmarpupas iofo6Hble n3MeHeHusA, HEOOX0AKMO HPOAHATKH3UPOBATh BCe (hyHK-
1nHH Kiacca CustomerList, a TaroKe BCex «Apyse» (friend) u mocMoTpeTs, Kak Ha HUX
OTPa3uTCs ITO H3MeHeHHe (B OTHOUIEHHH OBICTPOAEHCTBHS!, HEAEHCTBUTENBHOCTH
HTEPATOPOB/yKasaresell /cCUIOK | T. A.), HO [IPY FPAMOTHON HHKANCY/AAKY AeTaned
peanuzanuu CustomerList 3TC u3MeHeHHe MPAKTHYECKH HE MOBJIHSET Ha KJIHEHTOB
CustomerList.

CoseT 3. Peanusyiite 6bICTpoe 1 KOPPEKTHOE
KOnNupoBaHue 06bEeKTOB B KOHTEHepax

B xonreiiHepax xparsrtcs 00beXTHI, HO He Te, KOTOpHIe BB MM Mepenaere. Bostee Toro,
NpH Noaydernsn o6beKTa U3 KOHTeltHepa BaM MPEAOCTABASETCS He TOT 0OBEKT, KOTo-
poblit HaxoAuncs B KonTeinepe. [Ipu Broyenun o6bexTa (BBI30BOM insert, push back
HT. /L) B KOHTeHHep 3aHOCHTCA KOnus yKa3aHHoTo o6bekra. [Ipu nosyyeHun ofpexra
43 KOoHTeiHepa (HanpuMep, BbI30BOM front minm back) BB TakxKe mosydaere xonuio.
Konuporanue Ha BX0/le, KONUPOBaHUe HA BHIXOAE — TaKoBH mpasuia STL.

Ho 1 noce Toro, kax 06beKT 0KaxKeTcs B KOHTEHHEpe, OH MOXKeT Y4acTBOBATh B OIle-
paurxsax konuposaHus. B pesyibraTe BcTaBku niH yaasieHusi a1eMeHTOB B vector, string
u deque cyecTBYIOIHeE 3IEMEHThI KOHTeltHepa 0OBIMHO TepeMemalTcst (KOMHpYIOT-
cs1) B mamATH (coseThl 5 u 14). AnropuTmal copTUPOBKH (coBeT 31), next_permutation
H previous_permutation; remove, unique u ux poaudu (coset 32); rotate u reverse — Bce
3TH Onepailue IPHBOAAT K KOMHUPOBaHHI0 06bekToR. /la, KomupoBaHue 0dbeKToB gei-
CTBUTEIBHO 3aHHMACT 0deHb BaXkHoe mecTo B STL.

Bosmoxno, Bam GyneT MHTePECHO y3HATh, Kak e MPOH3BOAKTCSA KONHPOBAHKE.
Ouenb NpocTo — 06DBEKT KONHUPYETCH BHI30BOM COOTBETCTBYIOIMX (BYHKIM 9TOrO
06beKTa, a TOUHEE KONupyowezo KOHCTPYKIOPa B KORUPYwezo OepaTopa MPHCBANBa-
Husl. B mosbsoBaTesbekux Knaccax 3TH GYHKIUE 0OBMHO 0OBABISIOTCS CHEAYIOIIUM
obpasoM:

class Widget(

public:
Nidget(const Widgetd): // Konvpyounit KQHCTpYKTOR

Widget& operator=(const Widgetd): // Honupywoumi onepaTop npucBadBaHWa

}

Kak o6514m0, ecoru Bbl He 00bsABHTE 3TH (PYHKIHH CAMOCTOSTENBHO, KOMITHIATOP
cAesiaeT 910 32 Bac. Berpoennsbie Tumb! (int, ykasaTen u T. A.) KONUPYIOTCS MPOCTHIM
KOTMPOBAHHEM MX IBOWIHOTO NMpescTasenus. Konupymomse KOHCTPYKTOpH H omepa-
TOPEI IPUCBANBaHKSL OMIMCaARbL B 1060M yyebnuke o C++. B yacrHocTn, ati dyHKIMHI
paccMoTpeRb B coBeTax 11 u 27 xnurn «Effective C++».
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Terieps BaM 0JDKEH GBITH SICEH CMBICT 3TOTO coBeTa. Eciin KoHTeiinep cofepxut
0OBEKTH], KONHPOBAHHE KOTOPBIX CONPSIKEHO ¢ OOMBUIMMY 3aTpaTaMy, MpocTelimee
3aHeceHHe 0OBEKTOB B KOHTeHHED MOJKET 3aMETHO MOBJHMATE Ha CKOPOCTh PaboTH
nporpaMMel. Yem Gourbitie 06beKTOB NepeMeraeTcs B KOHTeRHepe, TeM 60JIbIIe NaMsi-
TH M TaKTOB MpoLleccopa pacXoAyeTcs Ha KonupoBaHue. Bosee Toro, y HexoTopeix
00BEKTOB CaMO NOHATHE «KONHPOBAHHE» KMEET HeTPAMIIMOHHBIH CMBICI, H IIPH 3aHe-
CeHHUH TaKuX 0OBEKTOB B KOHTeifHEp HeM3MEHHO BO3HUKAKT NpobieMbl (IpuMep 1pH-
BefleH B coBere §),

B cuTyamuax c nacnefoBaHueM KOMHPOBaHHE CTAHOBUTCS NMPUUKHOM OTCEYEHHS.
Muade rosops, ecav co3paTh KOHTelHep 00beKTOB 6a30B0T0 KJIACCca H MOMBITATHCH BCTA-
BHTb B HEr0 0OBEKTHI IPOM3BOAHOTO KJACCA, <TIPOM3BOAHOCTD» STHX 06BEKTOB yTpadu-
BAeTCs IPH KONMPOBaHHK 06BEKTOB (KOMMPYIOLMM KOHCTPYKTOpoM GasoBoro Kiacca)
B KouTeitHep:

vector<Widget> vw:

class SpecialuWidget: /! SpecialWidget Hacnepyer ot knacca

public Widget{..}: // Widget (cu. panee)
SpecialWidget sw; // Sw KOMUDYeTCA B VW KaK O0seKT §a3osoro Knacca
vw.push_back{sw); // Cneuwanwaauua o8bEKTa TepaeTcA (OTCEKAeTCA)

/7 B npouecce KONHPOBAHHA

IIpo6nema OTCeueHMs! IPEATIONAraET, YTO BCTABKA 00BEKTA POU3BOAHOTO KJacca
B KOHTeltHep 00beKTOB 6a30BOT0 Kitacca 06sIYHO MPHBOAMT K OIHUGKe. A eCJiH BB XOTH-
Te, 4T06BI oyYeHHbI 06beKT obnanan nosedenuem 06beKTa TPOM3BOLHOTO KIAC-
ca (HanpuMep, BEIBBIBAJ BUPTYalbHEIe GYHKIEE 06BEKTOB POH3BOHOTO Kiacca),
BCTaBKa 6cezda IPUBOAMT K omtnbke. 3a gononxuTebHoM nEpopManueit ofpamaiitecs
x «Effective C++», coer 22. Jlpyroii npumep nposserus s1oii ipobaems: 5 STL omu-
caH B coBeTe 38,

CywecTsyet npocroe pentenue, obecrequsaroniee 3hHEKTUBHOE, KOPPEKTHOE K CBO-
6onxoe 0T pob1eMbl OTCEYEHHS KOIHPOBAHKE — BMECTO 06BEKTOB B KoHTelHepe xpa-
HSATCs1 yxazamenu. Unade roBops, BMeCTo KoHTeliHepa Muist XpaHeHus Widget cosnaercs
KoHTelHep 111 Widget*. YkasaTenun 6BICTPO KOIMPYIOTCS, Pe3yNbTAT TOYHO COBIAAAET
C OXHA2EMBIM (TIOCKOIBKY KONMpYeTCs 6a30B0E IBORYHOE IPEACTABJIEHHE), 2 IPH KO-
NPOBaHKHM YKasaTe s HUYETO He oTcekaercst. K coxasnennio, y kouTefinepos ykasare-
neit uveroTest cBou poGaemsl, o6ycosiennne cienuduxoit STL. Onu paccmatpusa-
1oTca B coBetax 7 i 33. Ilbrrasich cnpaBuTBCA € 9TUMH NPO6IEMaMu | IIpH 3TOM HE
HAKUTH XJIOTOT € 3D HEKTUBHOCTBIO, KOPPEKTHOCTBIO M OTCEYEHHEM, Bbl, BEPOSATHO,
0OHapyXUTe CHMIATUYHYIO ATbTePHATHBY — yMHble yKaiameny. 3a AOTOIHUTEIbHOMN
undopmanuel obpawalirecs K cosery 7.

Ecmu BaM noxasasocs, uro STL anoynotpefasieT KonupoBaHueM, He TOPONIHTECH
¢ BpiBoZamy. /la, konupoBanue B STL BomosHsieTcs JOBOIBHO YaCTO, HO B 1EIOM 6HO-
JMOTEKA CTIPOEKTHPOBAHA C TAKMM PacyeToM, 4T06bl H36eXKaTh IMIIHETO KOTKPOBAHHA.
Bonee Toro, ona usberaer nuurnero cosdanus 06bextoB. CpaBHUTE C OBEAEHHEM KJTac-
CHYECKOro MacCHBa — €AHHCTBEHHOTO BCTPOEHHOTO KoHTeliHepa C u C++;

Widget wlmaxNumWidgets]: // Co3pate wmaccus obrektos Widget

/7 Q6BEKTsl KHAUMANUIMPYNTCA KOHCTDYKTOPOM
// no ymonuyawuo



CoeeT4 33

B aToM cnydae xoHcTpyupyloTca maxNumiidgets o6nexToB Widget, aaxe ecoii Ha mpax-
THKC 6y1_[y’l' HCIIOJNB30BATLCA JIMIIL HEKOTODBIE H3 HHUX K1JK BCe JaHHbIEe, HHHITHAIHIH-
POBAHHBIE KOHCTPYKTOPOM 110 YMOJYAHHIO, OYAYT HEMELIEHHO IE€Pe3aucaHbl JaHHE-
MH, B3ATBIMH K3 JPYroro MCTOYHHKA (Hanpumep, ua daiina). BMecTo MaccuBa MOXKHO
BOCIIOJIB3CBaThCA KoHTelHepoM STL vector u cosaars BeKTop, IHHAMHYECKH YBEIRY K-
BAIOIIHICH B CJIydae He0OXOOHMOCTH:

vector<Widget> vw; /1 Co3patb BEKTOP, HE COAEDHMAUNA HU OAHOTO

// o6vexTa Widget u ysenndwsaluwMiica no mepe
// neobxogumMocTH

MoskHO TakKe cO3/aTh NYCTOH BEKTOpP, B KOTOPOM 3ape3ePBHPOBAHO MeCTO AJIS
maxNumWidgets oGbexToB Widget, Ho He CKOHCTPYHPOBAaH HH OJKH M3 3TUX 0OBEKTOB:

vector<didget> vw;

vw. reserve(maxNumiidgets): // ByHKUMA reserve onuCana B copete 14

ITo cpaBHeHuI0 ¢ MaccuBamu KoHTelHepsl STL BeayT cebA ropa3fo UMBHIM30BaH-
Hee. OHH €O3AaI0T (MOCPEACTBOM KONIUPOBAHHS) CTOJIBKO OGBEKTOB, CKOJIBKO YKA3aHO,
H TOJIBKO IO BalleMy TPeGOBaHHUIO, @ KOHCTPYKTOP MO YMOJUAHHIO BEIHOJIHSIETCS TOJMb-
KO ¢ pawero paspewenus. Ja, konteitnepsr STL co3aawr xonuy; Aa, B 0coBeHHOCTSX
HX paboTsl Heo6X0AMMO XOPOLIo pa3bupaThes, HO He CTOXT 3aBBIBATh H O TOM, YTO OHM
03HaYaI0T GOJIBLION HIAT BIIEPEN 110 CPABHEHHIO C MACCHBAMH.

CoBeT 4. Bbi3biBaniTe empty BMECTO cpaBHeHUs
size() ¢ HyneM

J11st IpOK3BOJIBHOTO KOHTEHHePa C CIIEYIONIME [{BE KOMAH/IH (PAKTHUECKH SKBHBAICHTHBI:

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

if (c.empty())..

BosnukaeT Bonpoc — mnouyemy e NpeANOYTeHHe 0TAAETCS OAHOH KOHCTPYKIMH,
0COBEHHO €CJIM Y4ecTh, YTO empty 06BIMHO peasuayeTcs B BU/e NOACTABIsIeMoi (inline)
YHKIEH, KOTOPas IPOCTO CPABHUBAET Size() ¢ HyJeM K BO3BPALIAET Pe3Y/IbTAT?

[Ipuumna mpocra: pyHKust empty [T BCEX CTAHAAPTHHIX KOHTEHHEPOB BHIO/HS-
€TCs € MOCTOSIHHOM CIOKHOCTBIO, 2 B HEKOTOPBIX pealusanusx 11st BEI30B size Tpefyer
JIMHEHHBIX 32aTPAT BpEMEHH,

Ho nodemy cnincku Tax cebst Bexyt? [TodeMmy oHu He 06ecnieduBaIOT BHINOJIHEHHS
siZe C MOCTOSAHHOM CNOKHOCTRIO? ITO 0OBACHIETCS B OCHOBHOM YHHKANLHBIMH CBOH-
crBamu ynxnuit Bpesku (splicing). PaccMorpuM crreayiontuii dpparmeHT:

list<int> Tistl;
list<int> 1ist2;

1istl.splice( // NepewectuTh BCe yans 1ist2
1istl.end(},Tist2, // OT nepeoro BxowgeHus 5
find(Tist2.begin(),1ist2.end(), 5). // o nocnegHero exomaenna 10
find(1ist2.rbegin().1ist2. rend(),10) .base() // 8 koney listl

) /7 Bu3os base() paccHatpusaeTca

// B coseTe 28
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[Tpusenenntiit hparMeHT He pab0TaeT, eCJIH TOMBKO 3HadeHHe 10 He BXoauT B 115t2
nocae 5, Ho 1oka He OyzaeM o6pawars Ha 310 BHUMaHus. Bmecrto storo sagazumcs
BONIPOCOM: CKOJIBKO 3JIeMEHTOB OKaKeTcs B cnucke 1istl nocie Bpe3xu? Paszymeercs,
CTOJIBKO, CKOJIBKO OBLTO 40 BPE3KH, B CYMME ¢ KOJIHIeCTBOM HOBBIX 3JieMeHToB, [locaen-
HSS1 BeJIHYMHA PaBHA KOJHMYECTBY 3MeMeHTOB B MHTEPBAJE, OTIpeAeNsieMOM BEI30BAMH
find(Tist2.begin(),1ist2.end(), 5) u find(1ist2.rbegin().1ist2.rend(),10).base().
CxonbKo UMeHHO? UTo6B 0TBETHTH Ha 3TOT BONPOC, HYKHO nepefpars U MOACYHTATH
3j1eMeHTBl MHTEPBANA. B 3TOM U 3ak/04aeTca mpobiema.

HormycTny, BaM opyyeHo pealn3oBaTh 11st. 9To He IPOCTO KOHTeliHeD, a cmanoapm-
bl KOHTEHEp, TI03TOMY 3apaHee H3BECTHO, 4TO KJacc 6yJeT HUPOKO HCHOAb30BATh-
cs1. EcrecTBenHo, peanusanus gomkHa 6bITh Kak MOXHO Gosee addektusroil. Onepa-
LUSA ONpEeAENeHNs KONUYECTBA 3IEMEHTOB B CNIUCKe 6YAET YaCTO HCMOAb30BaThCH
KJIHEHTaMM, TIOSTOMY BaM X0TeJoch 6bl, 4T0GH onepaius size paboTana ¢ IOCTOSHHOM
caoxHocThI0. Kitace Tist HyHO cnipoeKkTHpoBaTk Tak, 4ToObI OH BCeraa 3HAI Koy e-
CTBO COJEPIKAIIUXCS B HEM 3JIEMEHTOB.

B T0 e BpeMsA U3BECTHO, YTO U3 BCEX CTAHAaPTHHIX KOHTeHHepoB ToJIbKo 1ist mo-
3BOJISIET OCYIECTBAATh BPE3KY 3/1eMeHTOB Ge3 KONHPOBaHHUsI AaHHBIX. MoXHo nipen-
HOJIOKUTh, 4TO MHOTHE KIUEeHTH BHIGHPAIOT 115t uMeHHO u3-3a 3 PeKTHBHOCTH Olle-
pauuy Bpe3ky. OHU 3HAIOT, YTO UHTEPBAIbHAS Bpe3ka U3 OAHOTO CMHCKa B APyroi
BBITIOJIHAECTCA 33 IOCTOAHHOE BPEMSL; BLI 3HAaeTe, YTO OHH 3TO 3HAIOT, M MOCTapaeTech He
0OMaHYTh MX HaJIEX bl Ha TO, 4T GyHKLMS sp1ice paGoTaeT ¢ MOCTOAHHLIMY 3aTPaTa-
MH BpEMEHH.

Bosnukaer aunemma. YtoObl onepauus $ize BHINOIHANACH C MIOCTOSHHON CIOK-
HOCTBIO, KaXaas GYHKuMA Kiacca 1ist gokHa 06HOBNSITL Pa3Mephbl CIIMCKOB, ¢ KO-
TopeIMH OHa paboTtaeT. K yucity Takux ¢yuxuuit otHocurcs u splice. Ho caenarts
9TO MOMKHO TOJBLKO OAHHM CHOCOO0M — QYHKIMS MOMKHA MOLCYUTATH KOJIHYECTBO
BCTaBJIAEMBIX 9J1€MEHTOB, a 5TO He O3BOJKT 00€CIednTh IOCTOAHHOE BPEeMS BBITOJ -
HEeHHs splice... 4eT0 Mbl, COGCTBEHHO, ¥ MHTAINCE A06uTRCs. Eciu oTKasarbes ot 06-
HOBJIEHHA Pa3MEPOB CMUCKOB QyHKIMeH splice, LoOMTHCS NOCTOAHHOTO BpeMeHH
BBITMIOJIHEHKA A1 Sp11ice MOXKHO, HO TOI/a C JIMHEAHOH CNI0KHOCTBIO GY/AET BBITOJIHAT-
sl size — e npujercs: nepe6UpaTh BCIO CTPYKTYPY AAHHBIX H NOACYHMTHIBATD KOJH-
4ecTBO 3JieMeHToB. Kak Hu cTapaiics, 4eM-T0 — size uiu splice — mpuaeTca Moxepr-
BoBaTh. OfHa M3 STHX Ollepauuil MOKET BBLINOIHATLCS C TOCTOSIHHOMN CI0KHOCTHI, HO
He 06e cpasy.

B pasHeIX peasn3aiusiX CIICKOB 5Ta Npo6iieMa petmaeTcs pa3HbIME COCO6aMH B 3a-
BHCHMOCTH OT TOTO, KaKyIo U3 onepanui — size uiu splice — aBTOPbI XOTAT ONTHMH-
3upoBaTh 110 ckopoct. [lpu pabore ¢ peannsanueii 11st, B KoTopoit 6b1710 BHIGPaHO 10-
CTOSTHHOE BPEMS BBIMOJIHEHHUSA Sp1ice, Jiydllie BH3bIBATH empty BMECTO $izZe, MOCKOMbKY
empty Bceraia paGoOTaeT ¢ NOCTOSHHOM CKOPOCTBI0. BrpoueM, aaxe eciiu Bbl He UCTIONb-
3yeTe TAKYI0 PEUIH3ANNIO, HE HCKITIOYEHO, YTO 3TO MPOM30MAeT B GyayieM. BoamoxHo,
nporpamma Gy ieT ananTupoBaHa A5l Apyroit niathopMbl ¢ ApyToii peatnsauueii STL,
WJIM BHI Ilepeiiiere Ha HOBY10 peanu3anuio STL qist Tekymeit natgopMsL.

B n1060om cnyyae BrI HUdeM He PHCKyeTe, BEI3BIBas empty BMECTO TPOBEPKH yCIOBHS
size()==0. Mopaub: ecsiu BaM norpeGoBalIoCh y3HATh, COAEPKHUT JIH KOHTelHep HOAb
3JIEMEHTOB — BLI3BIBaiiTe empty.
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CogeT 5. cnonb3yinte MHTEPBasbHbIE (YHKLNM
BMECTO OAHO3/IEMEHTHbIX

Ecte n1Ba BeKTOPA, v1 H v2. Kak Iiporue BCero 3ano/HUTE V1 coAepKUMBIM BTOPOH [0J0-
BuHbl V27 TosbKO He Halo MYYHTEJILHO Pa3MBIILIATE HAJ TEM, YTO CYHTATh <IOJOBH-
HOIf» IIPH HEYETHOM KOJMYEeCTBe 31eMeHTOB B v2. [IpocTo mocrapaiitecs 6bICTpO AaTh
Pa3yMHEBIK OTBET.

Bpems ucrexsno! Ecyii BB Mpeatoxuin

vl.assign(v2.begin()+v2.s5ize()/2,v2.end());

HJIH He4To HOX0XKee — MO3APABIIALO, msTh Oannos. Ecnu B BateM orBere npUcyTCTBY-
IOT BBI3CBHI 60Jiee YeM OfXHON (PYHKIMH, HO TIpH 9TOM oH o6XoauTcs 6e3 LHKIOB, BH
ToJIyyaere «4eTBepKy». EC/in B oTBeTe 3aeficTBOBaH UK, BaM eCTh HaZ YeM mopabo-
TaTh, @ €CJIH HECKOJIPKO LIHKJIOB — 3HAYMT, BBl Y3HAETE U3 3TOH KHHTH MHOI'O HOBOTO,

Kcraru roBops, eciiu IpH YTEHHH omeema Bl IPOH3HeCIH «Jero-4ero?» Wi 4ro-
HubYAb B 3TOM pOZe, YUTATe BHUMATEIILHO, TOTOMY YTO peub MOiIeT 06 04eHb MoJie3-
HBIX BelllaX.

S npuBes aTy 3anady no AByM npuunnaM. Bo-nepBbix, oHa HaOMHHAET BaM o CyIne-
CTBOBaHHH O4eHb YA0OHOH QYHKILIH as5ign, © KOTOPOil MHOTHE IPOrPAMMHICTH NIOTPOC-
Ty 3a6biBator. (DyHKIHS as51gN MOAEp UBAETCS BCEMH CTAHAPTHBIMH NOCIEA0BATEb-
HHIMHU KOHTellHepamu (vector, string, deque u 1ist). Kaxapiit pas, koraa Bam tpebyercs
NOJIHOCTBIO 3aMEHHTD COAePXKUMOoe KOHTeliHepa, NoAyMaiiTe, HENb3A JIH JOOKTLCH e~
J2eMOji 1esn nprcBanBanueM. ECJi BbI MPOCTo KONUpYeTe OAMH KOHTeRHEP B APYTOif
KOHTelfHep Toro Ke THITA, 3aJaya peuraercs dbyuxuueit operator=, Ho, kax mokasbisaeT
NpUBEAEHHBIHA IIDHMeD, CYIeCTBYeT Takxke PyHKUNS assign, KOTOpas MO3BOJISAET 3aroJL-
HUTb KOHTENHEeD HOBRIMH JAHHEIMH B TEX CJIyyasx, KOIa operator= He MOAXOAHT,

Bo-Bropsix, 5Ta 3aaua nokassisaeT, noyeMy MHTepBaIbHbe GyHKIUM Jyuime CBOMX
OHOSJIEMEHTHBIX AaHANOTOB. Hrmepearbioii HassIBaeTcs PYHKIHS KOHTeltHepa, KoTopasd,
noao6Ho anropur™am STL, onpeAenser KHTEPBAI 3IEMEHTOB AJIS BHINOIHSIEMOMN oTe-
panun MpH MOMOILIH ABYX [IapaMeTpoB-HTepaTopoB. Bea unreppanbhoii byHKIHE HaM
TNIPKILICCH OBl CO3/ABATH CTENMATbHBI UK

vector<Widget> v1.v2; // TNpegnonaraetca, 4to vl a v2 -

// BexTope oBbekTos Widget

vi.clear();

for (vector<Widget>::const_iterator ci=v2.begin()+v2.size()/2;

ci = v2.end();
+Ci)
vl.push_back(*ci):

B cosere 43 nonpo6ro 06bACHAETCS, TOYEMY UCTIOJIB30BATE ABHEIE UKL HE PEKO-
MeHAyeTCs, HO 1 6e3 8TOro ACHO, YTO HAIMCaHHe 9TOro dparmMenTa noTpedyer Gobime
YCHJIHH, YeM MPOCTOH BbI30B assign. [IuKJ Takske OTPHIATENIBHO BIMSAET HA GricTpoaeii-
CTBME, HO K 9TOH TeMe Mbl BEPHEMCS MO3KeE,

OnHO 13 BO3MOXHBIX PellleHuit 3aK11049aeTCs B TOM, YTOGH OCTeN0BaTh coBeTy 43
U BOCIIOJIb30BATHCS AJITOPHTMOM:

vl.clear();
copy(v2.begin()+v2.size()/2 v2.end() back_inserter(vl});
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Ho u 9ToT BapHaHT TpebyeT 6OMBIIMX YCUIMIL, YeM IIPOCTol BLI30B assign. Bosee
TOTO, XOTSI IUKJI He BCTPEYaeTCsl B IporpamMMe, OH HaBEPHsIKA MPHCYTCTBYET BHYTDH
BBI30Ba copy (cm. coBeT 43). B peayspraTe NoTeHIMATBHOE CHIDKEHHE GpICTpOOEHCTBUA
He ucye3aeT (BCkope MBI MOTOBOPUM 00 3TOM). A ceifyac st XOuy HEHAJIONITO OTBJIEYBCA
OT TeMBbI M 3aMeTHTb, YTO TIPAKTHYECKH BCE CJIyYaH HCIOJIB30BaHus COpY, KOIAa TIPHEM-
HBIIl HHTEPBAJI 3a/1aeTCs UTEPaTOPoM BCTaBKH (inserter, back_inserter man front_
inserter), MOTYT — u QonicHbL — 3aMEHSThCS BBI30BAMH WHTEPBaIbHBIX (DyHKMiL. Ha-
MPUMED, BBI30B COPY 3aMEHSETCS HHTePBATBHOM BepcHel insert:

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

KomaHa ioiy4aeTcst HeHaMHOTO KOPOdYe, HO OHa K TOMY JKe SICHO yKa3hIBaeT Ha CyTh
MPOMCXO/SIIIETO; JAHHELE BCTABJIAITCA B V1, Bbi30B copy 03HaYaeT MPUMEPHO TO XKe, HO
He CTOJIb OYEBHIHO. B JaHHOM ciiyyae BaskKHO He TO, UTO DJIEeMEHTH KOIHPYIOTCH, a TO,
y70 B V1 106GaBAIOTCA HOBBIE ManHbe. DyHKus insert npsiMo roBopuT 06 3TOM, a copy
numb cOuBaeT ¢ Tonky. HeT Huuero oco6eHHO HHTEPECHOTO B TOM (akTe, 4TO JaHHbIE
IAe-TO KonupyloTes, — cofcTBerHo, Besl bubanoreka STL nocmpoena na npuHunHIEe
xonuposanus. Konuposanue urpaet HacTonbpKo BaxkHYO posb B STL, uto emy nocss-
1ieH coBer 3.

Muorue nporpaMmuctsl STL 3nmoynoTpebasior dyHKuKed copy, II03TOMY TOJBKO
YTO AAHHEI COBET CTOMT NOBTOPHTE: BEI3QBHEI COPY, B KOTOPBIX Pe3yJAbTHPYIONIMHA HH-
TEPBAJ 3a4aCTCA HTEPATOPOM BCTABKH, NPaKTHYECKH BCeraa CleAyeT 3aMeHATb BbI30O-
BaMH HHTepBAIbHEIX QYHKIHIL.

BepHemca k mpuMepy ¢ assign. MH yiKe BBISSCHHJIN ABE NPUYMHEL, 110 KOTOPBIM
HHTEPBANLHBIM (DYHKIMSAM OTA2ETCS MpEANOYTEeHHE Nepel UX 0JHO3IEeMEHTHRIMHU
aHaJIOTaMH.

e Hanucarue KOfa ¢ HHTEPBANbHEIME (DYHKIHSIMHE 0OLIYHO TPeHyeT MEeHbIIHX
yCHIH.

e Peurenns ¢ uETEpBAILHBIMU (QYHKLUAMY 0ObIYHO BHITAAAAT 60Jiee HATJSIAHO H
JIOTHYHO.

Kopoue roBops, mporpamMMel ¢ HHTEPBAIbHBIMH (PYHKIMAMH ya00Hee Kak IHCaTh,
Tak u 4uTaTh. O YeM TYT elle TOBOPHUTD?

BnpoueM, HeKOTOPBIE CKJIOHHBI OTHOCHTD 3TH apryMeHThI K CTHJIO TIPOTPaMMIPO-
BaHHUA, a BONPOCHL CTH/A BBI3bIBAIOT ¥ NPOTPAMMHCTOB TAKYIO XK€ KaPKYIO [IOJIEMHUKY,
KaK u TeMa Bribopa Jlyuymero B Mupe Penaxtopa (Xotst 0 uem TyT criopuTh? Beem m3-
BECTHO, yTo aT0o Emacs), Brino 6B Henoxo uMeTs GoNtee YHUBEPCANLHEIN KPUTEpUi
IJIst CPABHEHKS HHTepPBaJbHBIX (DYHKUHH C OAHOdIeMeHTHBIMU. JIJIsi cTaHAAPTHBIX
HOCJIe0BATEIbHEIX KOHTeHHEPOB Takoil kpuTepuii cymectsyeT: adgextusnocts. [Ipu
pafoTe co CTaHAAPTHEIMH NOCTIeA0BaTeILHEIMH KOHTEHHepaMu IPUMeHeHHE OLHO03Ie-
MEHTHBIX QYHKIMI NIPUBOAKT K H0Jiee YACTOMY BBIIEJIEHHUIO NaMATH, Goslee 4acTOMY
KOTIMPOBAHUIO 061HEKTOB H/UJIH BLITIOJTHEHWIO THITHHAX OTIEPA1KiT IO CDABHEHHIO C Pea-
JIM3alyet, OCHOBAHHOM HA HHTEPBAIBHBIX QYHKUHAX.

[IpeanosoxuM, BBl XOTHTE CKONKPOBATh MacCHB int B Hagasno vector (UCXOZHOE pas-
MelleHHe JaHHBIX B MAaCCHBE MOXeT OOBACHATBCA TeM, YTO AAaHHBIe GBLIK MOJydYeHbl
yepes yHacJenoBaHHbL uHTepdeiic ¢ sabikom C, [IpobieMsl, BOSHUKAIOUIHE TIpH 06D-
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ennnerun xonreitnepos STL ¢ untepdeitcom C, onucansl B coete 16). Pemenue ¢ un-
TepBaibHoOl pyHKIMEH insert KoHTeiinepa vector BEIVISIAMT MPOCTO K 6ECXUTPOCTHO:
int datal[numvaiues]: // MpeanonaraeTca, 4To numvalues

// cnpegenfeTca B Apyrowm mecre
vector<int> v:

“v-.msert(v‘begin().data.data+numva1ues): // BcTapuTe int ua data
// B Havano v

BeposTHo, pelnieHue ¢ LAKINYECKUM BBI30BOM insert BRIMIAAWT MPUMEDPHO TakK:

vector<int>::iterator insertLoc(v.begin())
for(int i=0:i<numValues;++i) {

insertloc = v.insert(insertloc.datalil);
}

O6paruTe BHUMaHKE HA COXPaHEHHe 3HAYEHUS, BO3BPAILaeMOro PH BHI30Be insert,
mo caenyowedl urepaiud. Eciu 661 3Hadenue insertLoc He 06HOBISIOCH MOCKE KAX-
AoMi BCTABKH, BO3HHKIH OBl ABe npobiembl. Bo-mepBhix, Bee uTepanyuu LKA 1ocie
NepBOM MoBeH Obl cebsl HEMpeACKaZyeMbIM 06pasoM, IOCKOJIBKY B PE3YJIbTATe KaXkKa0-
ro BBI30B2 insert 3aHauenue insertloc CTaHOBUIOCH Obl HeAelicTBUTENbLHBIM, Bo-BTOpHIX,
Aaxce ecau Obl 3HaueHHe insertLoc ocTaBaoOCh AeHCTBUTENBHBIM, BCTABKA BCELAA IPO-
H3BOAMIAch OBl B Hadale BeKTOPa (TO ecTh B v.begin()), 1 B pesyJbTaTe ColepRUMOE
MaccuBa 6b1I0 6b1 CKONMPOBAHO B OBPATHOM NOPSAKE.

[Tonpo6yem nocneaosaTh coBeTy 43 M 3aMEHMM 1IMKJI BHI30BOM COPY:

copy(data,data+numValues,inserter{v.v.begin{))};

Iocne co3parus ax3eMmiisApa wWabjoHa pelieHye ¢ Copy MPaKTHYECKH HAECHTHYHO
PENIEHHIO ¢ IIHKJIOM, TO9TOMY B CBOeM aHalH3e 3(heKTUBHOCTH MBI OTPAaHHYHMCH BTO-
PBIM BapHaHTOM H 6yZeM NOMHHTB, YTO BCE CKA3aHHOE B PABHO CTeNeHH OTHOCHTCS K
pelreHuio ¢ copy. B ciydae ¢ quksiaoM Bam GyAeT npolne MOHATD, 4eM 06YCI0BAeHE o=
Tepu adbeKTHBHOCTH. /]2, 3T0 HMEHHO «II0TEPH» BO MHOKECTBEHHOM YHCJIE, TOCKOJIb-
Ky pellIeHHe ¢ OJJHO3JIEMEHTHOH Bepcuei insert CONpsKeHO C TpeMsl BUAAMH 3aTpar,
OTCYTCTBYIOIIMMU TIPK MCMIO/IB30BAaHKY HHTePBaJbHOI BepcuH insert.

[Tepsas noreps obycioBneHa MumEAMA Bbi3oBaMe dyHkimi. EcTecrsenso, mocie-
nosaTejibHas BCTaBKa numValues ayeMeHTOB TpebyeT numValues Bei3oBos insert. IIpu
BBI30B€ HHTEPBANbHOIT GOPMBEL insert ZOCTATOYHO OXHOTC BE30BA PYHKIIHH, TEM cCaMBIM
3KOHOMHUTCS numValues-1 Bbi3oB. BoamoxHo, noacranoeka (inlining) #36aBuT Bac oT
3THX 3aTPaT... @ MOXKeT, U HeT. Y BePeHHEIM MOKHO GbITh JIMIND B OAHOM: IPY HCTIOJIB30-
BaHHH MHTepBaIbHOH GOPMBI insert 3TH 3aTpaThl 3aBEAOMO OTCYTCTBYIOT.

IloacraHoBKa He clacaeT OT BTOPOr0 BHAA 3aTpart, 00yCAOBIEHHEIX HeadexTHB-
HOCTBIO MEePEMELICHIA CYIeCTBYIONIHX 3/IeMeHTOB V HA HTOTOBBIE MO3HIIMHE IIOC/E BCTAB-
k. Kaxapiit pas, xoraa insert BKAIOYAET B v HOBBIH 3JIEMEHT, BCE 3JIEMEHTH ITOCJIe TO4-
KH BCTaBKH CMEILAIOTCH Ha OAHY MO3HIKI0, OCBOOOKAAA MECTO. DIEMEHT B O3HUIUH P
IepeMenaeTcs B Mo3uuMio p+7 u T. 1. B HaweM npumepe numValues ajieMeHTOB BCTaB-
Jstiored B Hauato v. ClieloBaTe/1pHO, KAXKABIHA 3JIEMEHT, HAXOAUBLTHHCA B V /I0 BCTABKH,
COBMIAETCS B 00Ielf cIoxXHOCTH Ha numValues roauimit, Ho mpu xax oM BbIzoBe insert
5MEMEHT CABMIAETCSH TOJIBKO HA OHY MO3HIIKIO, IO3TOMY 3TO moTpedyeT numvalues me-
peMenteHuit. Ecin Ao BCTaBKH BEKTOp V COZIEPsKal 71 BJIEMEHTOB, KOJIHUECTRO MepemMe-
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weHuit Gyzer pasro m*numValues. B mamem mpuMepe BEKTOP V COAEPAKHT YHCIa TAMA
int, NO3TOMY IlepeMeleH e CBEAETCH K IPOCTOMY BEI30BY Memmove, HO ecJlu Obl B v XpaHu-
JIMCh TIONB30BATENLCKHE THITE BpoZe Widget, To kaxkaoe nepeMellerye GbUIo 6bI COMpSi-
JKEHO € BEI30BOM OIEpPATOpa MPUCBAHBAHKA HJIH KOTHPYIOIETO KOHCTPYKTOPA AaHHOTO
tuna (B GOJNBIINHCTBE CIYYaeB BBI3BIBAICA GBI ONepaTop NMPHCBAXBAHUA, HO IIEpeMe-
I[eHHUS TIOCAEIHETO 3eMeHTa BekTopa o6ecniednBaIuch OBl BHI30BOM KOTHPYIOILETO
koHcTpykTopa). Takum o6pasom, B 061weM ciyyae MocjiefoBaTe/ibHas CcTaBka numvalues
HOBLIX 0OLEKTOB B Hauaso vector<Widget> ¢ # anmemeHTaMu TpebyeT #*numValues BEI30-
BoB (yHrKkumit: (n-1)*numValues BRI30BOB OllepaTopa Mpucsausanus Widget u numValues
BLI30BOB KOIIMPYIONIETO KOHCTPYKTOpa Widget. [lake eciiu 3TH BBI30BBI GyAYT MOACTAB-
nsieMBIMH, BCE PaBHO OCTAIOTCS 3aTpaThl Ha epeMellleHne 3jieMeHTOB numvalues pa3s,

C apyroii croponsl, Ctangapt TpeOyer, 4To0bl HHTEPBAIbHBIE dbyHskuun insert ne-
peMeniany CymecTBYIIHE 3JIEMEHTRI KOHTEﬁHEpa HENOCPECACTBCHHO B HTOTOBRIC IO~
3HIIMHL, TO €CTh 110 OAHOMY TIepeMenIeHHI0 Ha asiemeHT. Of1mue 3aTparbl COCTABAT 77 Ile-
pemerenui (numvalues /11 KOMUPYIOIIETo KOHCTPYKTopa THIa 06beKTOB B KOHTEHepe,
OCTaJ/IbHOE — [JIA OTlepaTopa NPKUCBAaHBAHu 3TOT0 THIA). [1o cpaBHeHU IO € OAHO3IEMEHT-
HoIf Bepcuell UHTepBajibHAA BepCHA insert BHMOJHSAET Ha n*(numValues-1) MeHbIIe
nepemelleHul. TonbKo 3anymaiiTech: npd numValues=100 unrepeansHas dopMa insert
BBITIONHAET Ha 99% MeHbIe nepeMeleH i, YeM 3KBHBUIEHTHBIA KO ¢ MHOTOKPATHO
MOBTOPAIONIHMHCS BbI30BAMU OJHO3JIeMeHTHOMH (hopMEL insert!

IIpexne 4eM MepexoquTh K TPEThEI KATEIOPUY 3ATPAT, CTOMT CAeNaTh HeboJblIoe
sameuanue, To, 4To HanMcaHo B npedsIAymeM ab3alle — NpaBaa, TOJIbKO MPaBAA K HH-
4ero, KpOME NpaB/ibl, HO 3T0 #e 6cs mpasaa. Murepsansuas Gopma insert Moxer nepe-
MECTHTb 3JIEMEHT B KOHEYHYI0 TIO3HIHIO 3a OJHY OMEPAIliio TOJXLKO B TOM CJIy4ae, eCiu
el ynacTcA onpefleTHTh PACCTOAHKE MEXIY ABYMS uTepaTtopamu 6e3 nepexoga. JT1o
BO3MOKHO [MOYTH BCETAR, NOCKOJIBKY TAKOH BO3MOKHOCTBIO 061a/1al0T Bee IPAMBIE HTe-
PATOPHL, a OHH BCTPEYAIOTCs NPAKTHIECKH HOBCeMeCTHO. Bce uTepaToOph! CTAHAAPTHBIX
KOHTeffHepoB 06/1a1a10T QYHKIHOHAIEHEIME BO3MOHOCTSIMH MPSIMbIX HTEPATOPOB ~
B TOM 4HC/I€ H UTEpPaTOPbl HECTAHAAPTHBIX X3UIKPOBAHHEIX KOHTeHHepos (coseT 23).
Yxazatenu, urpaionive poiib MTEPATOPOB B MACCHBAX, TOXe 06JIaflaloT 3TOH BO3MOXK-
HOCTBIO. B 061ieM-To, 43 BCeX CTAaHAAPTHBIX MTEPATOPOB OHa He MPHCYIIA TOJNLKO HTepa-
TOpaM BBOJa W BbIBoAa. CneaoBaTesbHO, BCe CKA3AHHOE BHINIE CIIPABEAJIHBC B TOM
CIyyae, eCJIM MTEpaTopbl, epelaBaeMble HHTepBaIBHOH GopMe insert, He ABAAOTCH
UTepaTopaMH BBOAA (CKaxeM, istream_iterator — cm. coser 6). TosbKO B 3TOM Ciryyae
HHTePBATBHOH (hopMe insert HpUXOAMTCS MepeMelaTh 3JIEMEHTHL Ha CBOH MTOTOBEIE
MECTA TI0 OJIHOH TO3MIIHH, BCAESACTBHE 4eT0 MIPEeNMYLIeCTBa HHTEPBANbHOI PopMbl
TepsioTCH (I1sL MTepPaTOPOB BBIBOAA 3Ta NpobieMa Boobiie He BO3HUKAET, OCKOIbKY
HTEPATOPHl BEIBOJA HE MOTYT HCIOJIb30BaThCA JJIA ONpefesteHIS HHTepBaa insert),

Mbsl nogomin K TpeTbel KaTeTOPHHU 3aTPAaT, OT KOTOPHIX CTPAZIAIOT Hepa3yMHble TIPo-
rPaMMMCTHI, UCTIOB3YIONME MHOTOKPATHYIO BCTABKY OTAENBHOTO 3JIEMEHTa BMECTO
OIHOH BCTaBKH 11€JI0TO HHTEpBaa. JTH 3aTPATHI CBS3aHbI ¢ BRLAEJIEHHEM NTAMATH, XOTS
OHH TAKXKE€ HMEKOT HENPHUATHBIE ACIeKTHl, OTHOCAIHECS K Konupopatuio, Kax ofnsic-
HSeTCSL B coBeTe 14, Korna BEI MEITAETECH BCTABHTH 3J/IEMEHT B BEKTOP, BCS MAMSTH
KOTOPOTO 3aII0JIHEHA, BEKTOP BBIZIETISAET HOBHIH BJI0K NaMsITH, KOMKUPYeT 2JIeMEHTH H3
CTapoil MaMATH B HOBYIO, YHHYTOXKAET 3JIEMEHTHI B CTAPOH NMaMATH M 0CBOOOXKIAET ee.
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[Tocse aToro BeraBisiercs HOBBIH ameMeHT. B coBeTe 14 TaKxe roBOpHTCA O TOM, 4TO
IPH 3aN0JHEHUH BCell IaMsITH MHOTHE PeaTH3aluH BEKTOPOB YABAHUBAIOT CBOIO EMKOCT,
TIO3TOMY BCTaBKa numValues HOBBIX 3JIEMEHTOB MOXKET MPHBECTH K TOMY, 4TO HOBas Ta-
MsATh ByJeT BBLACIATBCA co BpeMeHeM log,numValues. B comere 14 ymoMuHaercs o cyme-
CTBOBaHHH PeATH3ailiH, 00JIafiaoIeil TAKUM NOBeAeHHEM, IO3TOMY NOC/Ie0BaTeIbHAs
BeTaska 1000 anemenToB MoskeT mpuBecTH K 10 cniepanusam BHAeNeHUA IAMATH C MO-
60YHBIME 3aTPaTaM# HA KonupoBauue 3iemeHToB). C Apyroit CTOPOHBI, HHTEpBaTbHAS
BCT2BKa MOKET BRIYKCIUTE 06heM HeoOX0AUMOM MaMSATH elie A0 Ha4asla BCTAaBKH (eC/IH
el mepedalTCA NpsMble UTEPATOPHI), IO3TOMY € He MpuAeTcA BBHIAEJATH HOBYIO Ia-
MSATH Gourblite oHOTO pa3a. Kak HeTPYAHO MPeINoI0KHTh, SKOHOMHS MOKET OKa3aThCs
JOBOJIBHO CYILIeCTBEHHOMH.

IIpuBefeHHBIE PACCYKACHUS OTHOCHJIMCE K BeKTOPaM, HO OHH B PAaBHOH CTENeHH
NIPUMEHHMBI H K CTpoKaM, B ompesesnenHol cTenenn oHR OTHOCATCS M K AeKaM, HO TI0
MeXaHH3MY YMpaBJIeHHS NaMATHIO JeKH OTJIHYAIOTCSA 0T BEKTOPOB H CTPOK, MO3TO-
MY apTyMeHT OTHOCHTEJBPHO MHOTCKPATHOTO BhIACJ/ICHHA TTaMATH B 9TOM Clydae He
neticteyer. Bripouem, nBa Apyrux daxropa (JumHue nepeMelieHHs 3JIEMEHTOB B Ia-
MSATH H JHIIHKE BHI30Bb QYHKIHI) 0OBIYHO BCe Xe AeHCTBYIOT, XOTS. M HECKOJBKQ
HHBIM 00pPa3oM.

U3 cranzapTHHIX MOCJeI0BaTeNIbHBIX KOHTEHEPOB OCTaeTCs TOMBKO 115t, HO H B 3TOM
ciyuae METepBajibHas opmMa insert 0b/1a/iaeT NpeHMyIeCTBAMY TIEPE] ONHO/IEMEHT-
Hoit. Koreuno, Takoit ¢axrop, xak JumHue BHI30Bb (DYHKIHI, MpofomxkaeT AeficTBO-
BaTh, HO H3-32 HEKOTOPHIX 0COOGEHHOCTel CBA3aHHBIX CIIMCKOB MPOGJIEMHI ¢ KOMHPOBa-
HHEM U BbIeJeHHeM [IaMATH OTCYTCTBYIOT. BMecTo Hux Bo3HuKaeT ApyTas npofiiema:
MHOTOKpaTHble H30BITOUHBIE TIPUCBAMBAHKS YKa3aTelsAM Next u prev Ui HEKOTOPhIX
Y3JI0B CHHCKA.

Kaxzapiit pas, Koraia B CBAI3aHHBIN CIIUCOK BKTIOYAETCsl HOBBIN a/eMeHT, Heobxoau-
MO NIPHCBOMTE 3HAaYeHKs yKasareJisaM next i prev HoBoro yaia. Kpome Toro, Heobxonu-
MO 3a71aTh YKa3aTelb next mpeaslAyLero yana (HasoeeM ero yainoMm B) u ykasarens prev
cJIefyIoLIero yaua (Ha3soBeM ero yaioM A).

Becraensemele
Yaen B yane! Ysen A
—» next » next next > next > next —»
«— prev prev prev |« prev | prev  lg—
DaHHse DaHHse HaHHbIe HaHHbie [aHHble

3neck BCTaBNALTCA
[ONONHNTENBHLIE Yanbl

ITpenrnosnoxuM, B cnucoK Gbliia BCTaB/ieHA CEPHS HOBBIX Y3JI0B BbI30BAMHM OZHO3JIe-
MeHTHO# Bepcun insert. Bo Bcex y3nax, kpoMe nocienHero, 3uadeHue next 6yaer 3aaa-
BaTLCS Jeaxcdvl — CHaYaNa yKasareab OyAeT CChIATLCS Ha Y3ea A, a 3aTeM Ha cIe/ylo-
H[Mii BCTABJIEHHBL 3/IeMEHT. YKa3aTeslb prev yana A OyAeT H3MeHATHCS NIPH KaKAoH
BCTaBIke HOBOTOC y3Jia B TIPeIIeCTBYIOILYIO MO3HiHIo. Eciu mepex A B ciHcox BKJIOYa-
10TCA numValues yazios, GyIeT BEIMOJHeHo numValues - 1 JIMIMHUX MpHCBaHBaHuil yKasaTe-
JIIO next BCTaBJIEHHHIX y3J0B ¥ numValues-1 JHNIHHX NPKCBAHBAHKMH yKas3aTello prev
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yana A, 10 ecTb B 0BImell CIOXKHOCTH 2*(numValues-1) NHUIHKX OMepaLyil MpHCBaNBa-
Hust. KoHeuHo, IpHCBarBaHHUe yKa3aTel o 06X0MATC HEAOPOTO, HO 3a4eM BOOGIIE 1iia-
THUTB, ec1i MOKHO o0oiTHCH Oe3 aToro?

Haseproe, BBl YK€ TIOHSLIH, YTO 6e3 JIMITHUX NPHCBAHBaHUil NEHCTBUTEIBHO MOXK-
HO oboitruck. [/ 3TOro NOCTATOYHO BOCHOJIB30BATHCSA HHTEPBATBHOI (bopMoii insert
xoHTelinepa 1ist. DYHKIHS 3apaHee 3HAET, CKOMBKO y3J10B GyAET BCTABJIEHO B CNIUCOK,
YTO HO3BOJISET CPas3y NPHCBOUTE KAKAOMY YKa3aTesi0 MpaBHIBHOE 3HAYEHHE,

TakuM o6pa3oM, /151 CTaHAAPTHHIX TIOCIeA0BATEIBHEIX KOHTEHHEPOB BHIGOD MEXIY
OAHO?IEMEHTHON 1 HHTEPBIBHON BCTABKOEH OTHIOAb HE CBOAUTCS K CTHIIIO IIPOrpaMMH-
poBaHust. s acCcOUMATHBHBIX KOHTeHepOB KpuTepuil 3 (eKTHBHOCTH yKe He CTOJb
ybenuTeneH, X0Ts mpobiieMa THIIHAX BRI30BOB (DYHKIMH CYINECTBYET H B 3TOM CJIydae,
KpoMme T0oro, HEKOTOpBIE CHEIMATH3HPOBAHHELE PA3HOBH/IHOCTH MHTEPBAILHON BCTABKH
MOLYT ONITHMH3HPOBATECHA M B 2CCOIHATHBHBIX KOHTEf‘]HEp&X, XOTH, HAICKOJIBKO MHE H3BEC~
CTHO, NOA0OHbIE ONTHMHU3AIHA TIOKA CYUIECTRYIOT Uik B Teopun, KoHeuHo, k Tomy
MOMEHTY, KOIZia BH OyeTe YATaTh 3Ty KHUIY, TEOPHS MOMKET BOIUIOTHTHCS Ha IPAKTHKE,
U TOI[a MHTEPBAJIBHASA BCTABKA B ACCOIMATHBHBIX KOHTCHHEPaX AeHCTBHTEILHO 6y,ue'r
PEBOCXOAMTD OAHOIEMEHTHYIO BCTaBKy 110 addexrusrocTr. B mobom ciyyae ona
HUKOTAA He 6yzieT paboTaTh Menee 3pbeKTUBHO, TOATOMY Bbl HUYETO He TepsieTe,

Ecnu oTB/Ieunest 0T coobpaxenuil sppeKTHBHOCTH, OCTAETCH HENPEIOKHBIH (PaKT:
BBI30BH HHTEPBAIBHBIX (DYHKIMiA O0jlee KOMITaKTHBI, a IPOrpaMMa CTaHOBHTCH Gosee
HarAsLTHOH, YTO YIPOINaeT ee AOJNTOCPOYHOe CONpoBoKAeH e, [lake STHX ABYX MPHIHH
BIIOJIHE JOCTATOYHO AJIA TOTQ, '{T06E|I OTA4Th MPEAIIOYTEHHE MHTEPBA/IBHBIM (IJYHKILHHM,
a BEIMIPHIII B 3()(EKTHBHOCTH MOXKHO PaCCMaTPHBATh KaK HeCMIaTHOE IPHIOKEHHE,

Ilocne cTonb IPOCTPAHHBIX PACCYHISHU 0 YyAecax UHTEPBAIBHEIX (DYHKIMH BBIIIO
6Bl YMECTHO TIPHUBECTH KPATKYI0 CBOIKY TakuX dbyHknuit, Ecau Bel 3aparHee 3HaeTe, Ka-
Kue PYHKIIUE KOHTe{HEPOB CYILECTBYIOT B HHTEPBAIBHEIX BEPCHUSX, BaM OYZET NpolLe
ONpeAesHTh, KOTAA HMH MOXKHO BOCIOJB30BaThCA. B NpHBeIeHHBIX HIXKE CHTHATYPAxX
THn iterator B ACHCTBHUTEIBHOCTH O3HAYAeT THII HTEPaTopa AJIS JAHHOIO KOHTellHepa,
TO ecTb KonmetiHep: :iterator, C gpyroii cTtoponst, Tun Inputlterator osnauaer noboii
JOTyCTHMELH HTepaTop BBOAA.

¢ HMurepBanbHble KOHCTPYKTOPSL. Y BCEX CTARAADTHHIX KOHTEHHEPOB CYIIECTBY-
10T KOHCTPYKTOPH CHEAYIONIErO BHAA:
KoHTelnep : : konTelinep(InputIterator begin, // Hauano wHTepsana
Inputlterator end}: // Koneu wnTepsana
ITpu nepenade aTOMy KOHCTPYKTOPY HTEpaTOPOB istream iterator u istreambuf
iterator (coBeT 29) uHOTAA BCTPEUAETCS. OMHA U3 CAMbIX YAUBUTEBHBIX OlIMO0K C++,
BCJIEZICTBHE KOTOPOH KOMIWJISITOP HHTEPIIPETHPYET 3TY KOHCTPYKLHUIO KaK 0ObABICHHE
dyHKuEY, a He KaK onpenesieHne HOBoro o6bexTa KoHTeitHepa. B coBete 6 paccxazaHo
BCe, 4T0 HeoOXOAMMO 3HATE 06 3Tl oMbKe, B TOM YKC/IE U ClOCOOHI €€ MPECI0NIeHHSL.

o HurepBanbHas BCTAaBKA. Bo BCeX CTaHAApPTHRIX MOCKEAOBATENLHBIX KOHTEHHE-
Pax mpUCYTCTBYET cienywoinas opmMa insert:

void Kodtefinep: :insert(iterator position, // To3numMa BCTaBKM
InputIterator begin,  // Hauano uxtepsana
InputIterator end): // KoHeu wHTepsana
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ACCOUMATHBHBIE KOHTeHHEPh! ONPEENSIOT O3UIUI0 BCTABKH ITPH MOMOLIK c00-
CTBEHHBIX (DYHKLHIt CpaBHEHHMS, IO3TOMY B HHX NpeAyCMOTPeHa curHarypa fea mapa-
MeTpa position:

void Kontednep: :insert{Inputlterator begin, Inputlterator end):

PacemarpuBas BO3MOKHOCTH 3aMEHBI 0THO3JIEMEHTHEIX BLI30BOB insert HHTEpBAJb-
HBIMH BEPCHAMHE, He 3a0BIBAITE, YTO HEKOTOPHIE OJHO3IEMEHTHbIE BAPHAHTEl MACKHDY-
10TCs o ApyruMyu umenamu. Hanpumep, push_front u push_back 3aHocAT B KoHTeliHep
oTaesbHHH ajleMeHT, XOTA B HX Ha3BaHHU OTCYTCTBYeT cl0Bo insert. Ecin B mporpam-
Me BCTpeYaeTCA IUKANYecKuil BoI3oB push_front/push_back miu anroputM (Hanpumep,
COpY), KOTOPOMY B KauecTBe NapaMeTpa nepexaercs front_inserter mim back_inserter,
nepen BaMu HOTEHIMAIBHBIA KaHaAaT AJist NIpUMEHEHN S HHTEepBaIbHOH GopMBEIL insert.

o MHurepsansHoe yaaneHue. MutepsanbHas GopMa erase CymecTBYeT B KOKAOM
CTaHAapPTHOM KOHTBﬁHepe, HO TMIIBI BO3BPANAEMOTr0 3HAYEHHA OTIHYAI0TCA JIJTH_
nocjefoBaTeNbHBIX K aCCOLHATHBHABIX KOHTelHepoB, B nocsenoparebHBIX KOH-
TeliHepax MCHOJb3yeTCs CIeLYIONMEA BapBaHT CHrHATYPhL:

iterator wonTeiinep::erase(iterator begin, iterator end);
B acconuaTuBHBEIX KOHTEHHepaX CHTHATYPa BBHITJISAUT TaK:
void kouTednep: :erase(iterator begin, iterator end);

Yem 06yCIOBIEHEI Pa3IHIHA? Y TBEPAKAAETCS, YTO B aCCOIMATUBHBIX KOHTeHHepax
BO3BpaT MTEpaTopa (114 3jleMeHTa, ClieAyIOUIETo 32 YAaIeHHBIM ) TIpHBen G5l K HellpH-
EMJIEMOMY CHIDKEHHKIO OBICTpOAeHCTBHSA. MHE B MHOTHM APYTHM 3TO YTBEpKIEHNE Ka-
KETCS COMHUTeNbHBIM, HO CTanmapT ecTs CTaHAAPT, a B HEM CKa3aHO, YTO BEPCHMU €rase
ANA TIOC/eA0BaTeIbHBIX M aCCOIMMATHBHEIX KOHTeHHEPOB 00JIA/AI0T Pa3HbIMH THITAMH
BO3BpallaeMOro 3HaYeHHU A,

MHoroe 13 TOro, YTO TOBOPHUIOCH B 3TOM COBETE 10 MOBOAY ahdeKTHBHOCTH insert,
OTHOCHTCA M K erase. FInreppainHas dopMa erase Takke COKpaIlaeT KOJHYeCTBO BHI30-
BOB (DyHKIIMIf IO CPaBHEHHMIO C ONHO3IeMEHTHOIT Gopmoii. IIpu ogHO9IEMEHTHOM yaa-
JICHHH BJIEMEHTHl TOXE CABHIAKOTCH HA OAHY NMO3MIIMIO K CBOEMY HTOFOBOH MO3MIIHH,
TOT/a KaK B MHTePBaIbHOM BapHAHTE KaXK/AbIH 2IeMeHT nmepeMelaeTcs K HTOToBo#H mo-
SHIIHK 32 OLHY OIePaLHIO.

Ho erase He mpucym Takoit HeZOCTATOK insert KOHTeiiHepoB vector u string, xak
MHOTOKPATHBIE BRIACTEHHSA IaMATH (KOHEYHO, AJIs erase peub HOHAET 0 MHOTOKPATHOM
oceoboxcdenuu). Jlesio B TOM, 4TO NaMsTh, 3aHEMaeMast vector u stri ng, aBTOMATHYECKH
YBEJIHYHBAETCA /I HOBBIX 3EMEHTOB, HO NPH YMEHBIIEHHH KOJHYECTBA 3JIEMEHTOR
namsTh He ocBoboxaaercs (B coBere 17 paccKas’aHo O TOM, KaK YMEHbITHTh 3aTPATEl
ocBoBoauBIeics maMsiTH B vector u string).

K 4ncay ocofeHHO BaXKHDIX aCIEKTOB HHTEPBAIBHOIO yIaleHHsT OTHOCHTCA HAHOMA
erase-remove, OIMCaHHAaA B coBete 29,

» Hurepsaimroe npuceanBanue, Kak ylioMHHANOCH B CAMOM Hayasle COBETA, BO BCEX
NOCNEN0BATENBHBIX KOHTEIfHEPaX NpeflycMOTpeHa HHTepBaibHast ¢popMa assign:

void xouTeddep: :assign{Inputiterator begin, Inputlterator end):

Hrtak, Mbl paccMOTpeM TpH BeCKHX apryMeHTa B II0Jb3Y IPUMEHEHHS HHTEPBAb-
HBEIX QYHKIMH BMECTO MX OJHO3IEMEeHTHBIX aHaioroB. MHTepsanbhble GyHknuu obec-
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neunBaloT GoJiee MPOCTYIO 3aMKUCh, OHH $0JIee YeTKO BHPAKAIOT BAIIH HAMEPEHMST U 06~
nazanT 60see BEICOKHM 6bicTpoaeiicTBreM. [IpOTHB 9TOTO TPYAHO YTO-THO0 BO3PA3HTD.

CoseT 6. OcTeperaifTeck CTpaHHOCTEN
nekcuyeckoro pasbopa C++

[IpeanonoxuM, y Bac iMeercs daili, B KOTOPHIH 3alucaHbl YMCa TUIR int, 4 BBl XOTH-
TE CKOMHMPOBATh 3TH YKC/Ia B KouTeisep 1ist. Ha nepBrlil B3TILAA cIeAyomee pemieHue
BBITJIAAMT BIOJIHE DA3YMHO:

ifstream dataFile(™ints.dat");

list<int> data(istream_iterator<int>(dataFile), // Buumanue! 31a CTpOKa

istream_iterator<int>()); // paBoTaeT He Tak, Kak
// Bbl Npepnonarany

Wnes npocTa: nepeaars napy istream iterator mHTepBasybHOMY KOHCTPYKTODY 1ist
(cogert 5), IoCJIe Yero CKOMMPOBATh YKcJIa U3 aiisa B CIHCOK.

ITporpamMma 6yAeT KOMIMJIMPOBATHCS, HO BO BpeMS BHIIOJIIHEHHA OHA HUYETO He CAe-
naer. OHa He ipoYuTaeT AauHble U3 (baiina. OHa fake He CO3AACT CIIHCOK — a BCE HOTO-
My, UTO BTOPasd KOMAHAA He 0OBABIISIET CHHMCOK M He BRI3BIBaeT KOHCTPYKTOp. BMecto
aroro oHa... [Ipou3oiizer HeYTO HACTOJIBKO CTPAHHOE, UTO A JaXKe He DHCKHY IIPAMO CKa-
3atb 00 3TOM, IIOTOMY 4YTO BBl MHe He MoBepuTe, BmecTo aToro g monpobyo 06bACHUTD
CYTb Aejia MOCTeNeHHo, War 3a maroM. Hazeiocs, Bel cuaute? Eciu HeT — mydmie mo-
HIKTE CTYI...

Hauynewm ¢ azoB. Creayomas xomanaa o6basasger GyHKnuio f, KOTOpast NoJyyaer
double 1 BO3Bpamaer int:

int f(double d):

To *ke camMoe MIPOUCXOAMT U B CleaAyomeit crpoke. Kpyrible cKo6Ku BOKPYT BMMeHH
napamMerpa d He HYKHBI, IO9TOMY KOMITHJIATOP HX HTHOPHPYET:

int f(double (d}}: // To we; kpyrnwe cKobkM BOKpYr d MrHOPHPYOTCS

PaccMoTpuM TpeTuit BapuaHT 06bABAeHEA Tol ske dyHKuu. B HeM npocto He yka-
3aHO HMs apaMeTpa:

int f(double): // To ®e; uMA napameTpa He yKasano

BeposiTho, 311 TpH (hOPME! 06bsABIEHUS BaM 3HAKOMEI, XOTSI 0 BO3MOKHOCTH 3a-
KN109aTh MMEHA NIAPaMeTPOB B CKOOKH H3BECTHO JAMEKO He BCeM (/10 HelaBHETO BpeMe-
HHY 5 0 Hell He 3HAT).

Teneps paccmorpuM ewe Tpu 06bsiBiieHus GyHkuuu. B nepsom obbssisiercs dynk-
uMs g ¢ apaMeTpPoM — yKazaTeseM Ha (QYHKIIHIO, KOTOPasi BEI3bIBaeTCs e3 mapamer-
PpoB 1 Bo3epaiaet double:

int g(double (*pf)()): // QyHKuWK g nepefaeTcA ywasatenb Ha QyHKuuo

To sxe camoe MOXkHO chOPMYNIHPOBATE U HHAYe, EAMHCTBEHHOE Pa3THUHE 3aKITI0Ya-
eTcs B ToM, 4To pf 00BABIsieTCA B CHHTaKcHce Ge3 ykazareneit (nomyctuMom Kak B C,
Tak 1 B C++):

int g(double pf()); // To we: pf HEABHO WHTEDPNPETUPYETCA KAK yKasaTenb
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Kax 06BIYHO, HMeHa TIapaMEeTPOB MOTYT OMYCKAThCA, 1103TOMY BO3MOXKEH U TPETHi
BapHaHT 00bsABIeHus g Oe3 yKazaHusl uMerH pf:

int g{double()): // To we, MMA nAPaMeTPa HE YKA3aHo

Of6parure BAEMaHHE HA PA3IMIMS MEKAY KPYTJIBIME CKOOKaMH 80KpYy2 uMenu napa-
Mempa (Hanpumep, napameTpa d Bo BTOPOM 00bsiBiieHnu T) U Cmosuumy omoenvio (Kak
B 3ToM nipuMepe). Kpyribie cko6KH, B KOTOPHIE 3aKII0UEH0 UMS TIAPAMETPa, HTHOPUPYIOT-
Cs1, a KPyTJible CKOOKH, CTOANIME OTAEIIbHO, 0003HAYAIOT IPUCYTCTBHE CIIHCKA TaPaMeTPOB;
OHH COOOIIAIOT O NPHCYTCTBHH IApaMeTpa, KOTOPHII ABJIAETCS YKa3aTe/ieM Ha (PYHKUHIO,

Ilocste Hebombtolt pasMHHKH ¢ 06BABIeHHAMH f M § MEL Bo3BpaaeMca K pparmen-
TY, ¢ KOTOPOr0 HaYHHaeTcst 3T0T coBeT. Huxe on npuBoauTes cHOBA:

list<int> data(istream_iterator<int>(datafFile),

istream_iterator<int>());

Hepsurech 1 nocrapaiitech He ynactb, Ilepes Bamu oGbsiBeHne dynicyuu data, Bo3-

Bpamawneif Tun Tist<int>. @yukius data mosyyaer asa napameTpa:

o Ilepsniit napamerp, dataFile, oTHocHTCA K THILY istream iterator<int>. Jlummamue
KpyTable CKOOKH BOKPYT dataFile HTHOPHpYIOTCA.

* Bropo# napameTp He uMeeT uMeHH. OH OTHOCHTCS K THITY yKa3aTest Ha QyHK-
IIMIO, KOTOpasi BHI3bIBaeTCs (e3 NapaMeTPOB H Bo3BpaulaeT istream iterator<int>.

JlioGonsITHO, He npaBAa TH? OAHAKO TaKas HHTEPNPETALIUSA COOTBETCTBYET OLHOMY
U3 OCHOBHBHIX NMpaBus C++: BCe, YTO MOXKET MHTEPIPETUPOBATECS KaK yKasaTellb Ha
GbyHKIHIO, TO/KHO MHTEPIPETHPOBATHCS HMEHHO TaK. KaXKablli pOrpaMMHCT € OTIBI-
ToM paoTel Ha C++ BCTpeyancs ¢ TeMH WK MHBIME BOILTONIEHUSMH 9TOrO HPaBIIIA.
CxoJIBKO Pa3 BRI BCTPEYATHCD ¢ TAKOM OLIHOKOIL;

class Widget{.}: // Npeanonaraerca, yto y Widget
// MHEBTCA KOHCTRYKTOP NO YMONHaHWD
Widget w(}: // KaKaa HenpuaTHOCTS. . .

Bmecro obnexra knacca Widget ¢ umetem w B aToM (pparmente oGbABAsgeTCS QYHK-
LIUSA W, KOTOPas BhI3bIBaeTCs 0e3 MapaMeTpoB 1 BO3Bpautaet Widget. ¥ Menue pacnosna-
BaTh NONOGHBIE <JIANBl» — TIPU3HAK XOPOIIei KBaIMpUKauun nporpammucta C++,

Bee aT0 mo-cBoeMy uHTepecHO, 0O1HAKO Mbl HUCKOJIBKO He MPUBIU3UIHCE K TOCTAB-
JIeHHOH 11eJ1H: WHHIHATU3UPOBATh 00beKT 1ist<int> conepxuMBIM (aitna. 3aTo Tenepsb
MBI 3HaeM, B 4eM 3aKJ0YETCS CYTh POOJIEME], B JIETKO cTipaBUMCS ¢ Heit, O6bABNIeHMs
(bOpMATBHEIX TADAMETPOB HE MOI'YT 3aKJII0YAThCS] B KPYIJIble CKOOKH, HO HUKTO He 3a-
TpelIaeT 3aK/I04HTh B KPYTJIble CKOOKH apryMeHT NPH BBI30BE (QDYHKIIMH, HO3TOMY TIPO-
cToe AohaBJierye KPYTILIX CKOGOK MOMOXKET KOMIMIATOPY YBHIETD IPOHCXOAAIIEE IO
HYXHBIM YTJIOM 3DEHHA:

list<int> data((istream_iterator<int>(dataFile)), // 06paTuTe BHUMAHWE
istream_iterator<int>()): // Ha Kpyrnse CHOOKM

// BOKpYr NepBoro apryMexta
// woHCTpyKTOpa 1ist

HimenHo Tak cnemyer oOBABNATE AaHHLIE, YURTHIBAS NMPAKTHYECKYIO HOJE3HOCTD
istream_iterator ¥ MHTEPBATBHEIX KOHCTPYKTOPOB (COBET 5), 9TOT IPUEM CTOUT 3a-
[IOMHHTBD.
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K cosanenuio, He Bce KOMMUIATOPH! 3HAIOT 06 3TOM. V13 HECKOJIBKHX NIPOTECTHPO-
BAaHHBIX KOMIIH/ITOPOB TIOYTH NOJOBKHA COTMAMIANACE TOIbKO HA HENpasiiibhoe O0bsIB-
nenue data 6e3 JONONHUTENBHBIX KPYTJbIX cko60K! UTO6E yMUPOTBOPHTS TAKHE KOM-
IIHJISITOPBL, MOXKHO 3aKATUTh 171232 M BOCTIOJIb30BAThCA HEBEPHEIM, Kak GbITIO MOKa3aHO
BhHINIE, 00BsABIeHHeM data, HO 5T0 HEJATBHOBHAHOE | TIJIOX0 MEPEHOCHMOE PellleHHe.

Boslee rpaMOTHBII BBIXOJ 3aKJII0YAETCSL B TOM, 9TOOBI OTKA3aTBCS OT MOAHOTO HC-
TN0JIB30BaHUA AHOHHMHBIX 00BbEKTOB istream_iterator mpu o6basneHun data u mpocTo
IIPHCBOKTH 3THM UTepatopaM umena. Cremyowuit dparment paboraer Beeraa:

ifstream dataFile("ints.dat"):

istream_iterator<int> dataBegin(dataFile);
istream_iterator<int> dataknd;

Tist<int> data(dataBegin, dataEnd):

WMeroBanHbIe 06bEKTH HTEPATOPOB IPOTHBODEYAT CTAHAAPTHOMY CTHJIIO IPOrpaM-
muposanus STL, Ho 3aTo Baiua nporpaMma 6yaeT 0OAHO3HAYHO BOCOPHHHMATECS KaK
KOMIMJISITOPAMH, TaK ¥ JIOABMHE, KOTOpbIE ¢ HUMHE paboTaloT.

CoseT 7. Mpy NCNONb30BAHWK KOHTENHEPOB
yKasaTteneu, ans KOTopbIX Bbl3bIBasICS onepaTop
new, He 3abyabTe Bbi3BaThb delete ans ykasareneun
nepes YHUUTOXEHUEM KOHTENHepa

Konrefineps STL omimuaoTes yMoM 1 cooGpasdutesbHocTbiO. OHH NOAAEPKMBAOT
HTepaTopsl AJs mepefopa Kak B NPAMOM, TaK M B ofpaTHoM Harpaeienuu (begin, end,
rbeginu T. 71.); OHH MOTYT COOGIIMTE TUII XPaHAITHXCA B HHX 06BeKTOB (val ue_type); oHK
BHIMOJHAIOT BCE He0OXOAMMBIE OTNiepAlHH YTIpaBJIeHHA MAMATHIO IPH BCTABKE H yAasle-
HHM; OHH COOOLIAIOT TeKylLIee KOMHYECTREO 2IEMEHTOB H MAKCHMAIBHYIO BMECTHMOCTE
(size u max_size COOTBETCTBEHHO); H, KOHEYHO JKE, OHM ABTOMATHYECKH YHUYTOXKAIOT
BCe XPAHSIHECS B HUX 0OBEKTHI TPH YHUUTOXEHHH CaMOTO KOHTeiHepa.

Paf0Tas ¢ TAKHMH HHTEIEKTYANbHEIMUM KOHTEHepaMH, MHOIHE NPOTPAMMHCTEL
BooOIIE 3a6BIBAI0T 0 HEOBXOAUMOCTH «pPUOPATH 33 c060i» M HANEIOTCH, YTO KOHTe-
Hep BHIMOJHHUT 32 HUX BCIO TpsiaHyio paboty. Hepenko ux oxuaaHust ompaBablBAIOTCS,
HO eCJI¥ KOHTEHHED COfEePAKUT yKa3ameny Ha 00bEKTHI, CO3JaHHbIE ONEPATOPOM New, 3TO-
IO He MPOUCXOAHUT. PadymeeTcs, KOHTeliHep yKasarTeseil yHHYTOXAeT BCce XpaHsamuecs
B HeM 3JIeMEHTHI NIPH YHHYTOKeHHH CaMOro KOHTEeHHepa, HO <«AeCTPYKTOp» yKasarTellst
Huyero He genaer! OH He Bri3biBaeT delete.

B pesyneTaTe NpH BBINOJHEHHH CIIENYIOIET0 (FparMeHTa BOZHHKAET YTeYKA PECYPCOB:

void doSomething()
vector<Widget*> wwp;

for (int 7=0;1<SOME_MAGIC_NUMBER;++i}
vwp.push_back(new Widget):
// Vcnonbacsate vwp
} /7 3neck npoucxofuT yTeuka Widget!
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Bce 31eMeHTBI VWP YHHUTOXAKOTCA TIPH BHIX0/€E Ywp U3 00J1aCTH BHAHMOCTH, HO 3TO
He naMeHsteT Toro (akTa, 4To delete He BHI3bIBAETCA /1St 00BEKTOB, CO3AAHHBIX ONEPATO-
poM new. 3a yaaneHue TakuX 5/1€MEHTOB OTBEYACT IPOTPAMMKCT, a He KoHTeliHep, Tak 66110
3agyMaHo. ToJbKO IPOrPaMMHICT 3HAET, HYXCHO it BBI3BIBATH delete /U1 9THX yKasaresiell.
O6br4H0 310 AenaTh HyAHO. Ha niepeelit B3TIAA pelteHue BEITJIAANT J0BOJIEHO NPOCTO:

void doScmething(}

vector<Widget™ vwp:
/7 Kak npewpe
for (vector<Widget*>::iterator i=vwp.begin():
il=vwp.end();
++i)
delete *i;

! .

Taxoe pemenue padoraer, ecjii He IPOSBIATE 0c000i pa3bOPYMBOCTH B TPAKTOBKE
aToro noHATHA. Bo-nepserx, HoBBIH Uk for femaer npuMepHo To xe, uTo U for_each,
HO OH He CTOJIb HarisAeH (coset 43). Bo-BTophiX, 3TOT KOA HeOe3omaceH Mo OTHolIe-
HHI0 K HCKJIIOYEHHIM, Ec/in MexXIy 3ano/IHeHHEM VWP YKa3aTeIsIMH H BRI30BOM delete
IPOM30IAET HCKMIOUEHKE, 3TO CHOBA MPHUBEIET K yTeuke pecypcos. K cuactsio, ¢ 0beu-
MH 1pofiieMamMu MOYKHO CHIPABHTBCS.

Y0681 o1 for_each-nogo6Horo LMK/Ia NepeliTy HENOCPEACTBENHO K for_each, Heof-
xoaumo npeobpa3sosars delete B 06bexT hyHKK. C 3THM cripaBHTCS LaXKe pefeHoK —
€CJIU, KOHEYHO, BbI HaiizieTe pebenka, KOTophli 3axoueT Bo3uThesA ¢ STL:

template <typename T>
struct DeleteQbject: // B copete 40 nokasaHo,
public unary_function<const T*.void> { // 3auenm WywHo Hacnejosawue

void operator()(const T* ptr) const

delete ptr;

}
}:
Tenepsb cTaHOBUTCSI BO3MOXKHBIM CIeLy01IIee:

void doSomething()

{
/1 Cu. paHes

for- _each(vwp.begin(),vwp.end(),Deletelbject<Widget>());
}
K coxanenuo, BaM NpUXOAUTCS YKa3bIBaTh THI 06bEKTOR, yanseMbrx Deletelbject
(B JaHHOM NIpHMepe Widget), a 310 pasapaskaeT. vwp npeAcTaBiigeT coboil vector<wWidget*> —
pa3ymeemcs, DeleteCbject Oyner ynarsres ykasarenu Widget*! [logo6usie uammmecTsa
HE TOJIbKO PA3ApaikaloT, HO M IIPHBOST K BOZHKKHOBEHHIO TPY/AHO OGHAPY X HMBIX OLIH-
6ok. [lonmycTuM, KTo-HHOY b 10 ClyYaifHOCTH 06bsABASIET KAACC, IPOM3BOAHBI OT String:

class SpecialString: public string{..}:

ITO PUCKOBAHHO, MOCKOJIBKY String, Kak M Bce CTaHAapTHbIe KoHTeitneps STL, ne
MMeeT BUPTYalbHOTO IECTPYKTOPA, a OTKPHITOE HACJIeA0BaHKE OT KJAaccoB 0e3 BUPTY-
anbHOTO AECTPYKTOPA OTHOCHTCA K Yy ocHoBHBIX Taby C++. [Toapo6Hoctu MoKHO



46 Tnasa 1 « KoHTeiHepb

HaiiTu B 060it Xopoueit kuure mo C++. (B «Effective C++» muure B cosete 14.) I Bce
’e HeKOTOpPBle IPOrpaMMHCTHI IOCTY AT NoAoGHbIM 06pa3oM, O3TOMY AaBaliTe pa3-
6epemcs, kak 6yner BectH cebs caenyomuil Koa:

void doSomething()
deque<SpecialString*> dssp:

for_each{dssp.begin(},end(}, // Henpepckasyewoe nosefenue! Ypanexue
DeleteObject<string=()): // npoussogHoro ofbekTa Yepes ykasarens
// Ha Galoswii KNACC npu OTCYTCTBHH
// BHUPTYanLHOro NECTPYKTOPA

}

O6patute BHUMaHue: dssp 0OBABIAETCA KaK KOHTeliHep, B KOTOPOM XPaHATCA yKa-
3aTenu SpecialString*, Ho aBTop uukia for_each coobmaer DeleteObject, uro oH Gyner
ynansaTh yxazatein string*. [TlonsTHo, otkyaa 6epyTtes mogobueie omubxu. Ilo cBoeMy
nioBe/IeHKIo SpecialString umeeT MHOrO 0611ero ¢o string, MOSTOMY KIHEHTY JIETKO 3a-
OBITh, 4TO BMECTO String oH Hcmoab3yer SpecialString.

Yrober yeTpanuth omubKy (a Takike cOKpaTtutb 06bem paboThl AN KIHEHTOB
DeleteObject), MOXKHO NpeJOCTABHTD KOMIHJIATOPY BO3MOKHOCTD BEIYHCIATD THIT YKa-
3aHus, nepeaapaeMoro Delete0bject: :operator(). Bce, uTo A4 3TOrO HYXHO, — Hepe-
MECTHTD olnpeAeaeHue mab/oua n3 DeleteObject B operator():

struct DeleteObject{ // ¥6panu onpepenenvie wabnona
// n Ga3oBHiA Knacc

template<typename T> // Onpenenenue wabnoxa
void operator()(const T* ptr) const

delete ptr:
}

}:

KomnuasaTop 3HaeT TUN ykasaTens, epenaBaeMmoro DeleteObject: :operator(), no-
3TOMY MBI MOJKEM 3aCTaBUTh €r0 aBTOMAaTHYECKH CO3JaTh dk3eMmiisAp operator() ans
3TOTO THIIA YKa3aTeJA. HE}JOCTHTO]( HOIIOEIHOFO cnocoﬁa BHYHCJIEHHA THIIA 3aK/I101UaeT-
Csl B TOM, YTQ MBI OTKa3bIBA€MCs OT BO3MOXCHOCTH cAenarh oOnexT DeleteObject agan-
tupyembiM (coseT 40). BrpodeM, ecitn yuecTh, Ha KaKoe NPHMeHEHUE OH PACCYMTAH,
BPAX JIH 3TO MOXHO CYMTATE CEPhE3HBIM HCAOCTATKOM.

C moBoii Bepcueit Deletedbject xox kiueHTOB SpecialString BHITISAAHT TAK!

void doSomething()
deque<SpecialString*> dssp:

for_each(dssp.begin().dssp.end(},
DeleteQbject()); // YeTKo onpejensHHoe noBEfeHWe
!
Takoe pewerne npsiMonuHeRHO W 6e30IaCHO N0 OTHOLIEHMIO K THIIAM, 4TO U Tpe6o-
BaJOCh,
Onnaxo Ge30nacHOCTh HCKIIOYEHHH Bee eme He AocTHrayTa. Ecim nekiodenne npo-
u3oizeT nocse co3ganus SpecialString omepaTopomM new, Ho mepeA Bol3oBoM for_each,
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CHOBa NpOM30M/EeT yTeuka pecypcoB. I1po6ieMa pewraercst pa3HsIMU crocobaMu, HO
MpOCTEHIIHI BEIXO/ 3aKII049aeTCs B Iiepexo/le 0T KOHTelHepa yKasaTesiell K KoHTeliHepy
yMHox yKasameel (0OBIYHO 3TO yKa3aTelu ¢ MOACYeTOM CChLIoK). Eciu Bbl He 3HaKOMBI
C KOHILenuue yMHBIX yKasaTeneld, obpaTutech K 0601t kuure no C++ ans nporpam-
MHCTOB CPEIHETo YPOBHA U onbITHBIX. B kHure «More Effective C++» ator MaTepuan
NPHBOAUTCS B copeTe 28.

Bu6nuoteka STL He cooepXHT YMHBIX yKa3aTeJlei ¢ IOACYETOM cchliok. Harnuca-
HHE XOPOMIET0 YMHOTO YKazaTelist (TO €CTh TAKOro, KOTOpbIi 65l Beerja MpaBHIbHO pa-
Gorar) — 3aza4a He U3 [IPOCTHIX, M 3aHHMATBCS €10 CTOMT JIKLIb B CIyuae KpailHei Heo6-
xopuMocTH. 51 puBen Ko YMHOIO yKazaTels ¢ OAcYeToM cchliok B «More Effective
C++» B 1996 roay. XoTrs Koa 66U OCHOBaH Ha XOPOIIIO H3BECTHOM pean3alii YMHOTO
yKasarels, a nepeng UH3janHeM KHHIH MaTepHAJ THIATEJIPHO IMPOBEPAJICH OINBITHBEIMH
TIPOTPAMMKCTaMH, 32 3TH rofibl ObLIO HAIEeHO HeckonbKo omubox. Komudectso Herpu-
BHAJIbHBIX C60€B, BO3HHKAKILIHX MIPH IIoACYETEe CCBUIOK B YMHBIX YKa3aTe/IAX, [IPOCTO
HeBeposTHO (32 MoAPOoGHOCTAMM ofpainaiiTecs K CITUCKY OMEYaToOK U UCTIPaBReHU A
xuurE <More Effective C++» [28]).

K cuacTblo, BaM BpsIA Jiu MPHAETCS CO3AaBaTh COOCTBEHHEIE YMHbBIE YKa3aTeNlH, [10-
CKOJIBKY HaliTH MPOBEPEeHHYI0 pealH3anHI0 He TaK cnoxHo. IIpuMepoM cryxuT yKasa-
Testb shared_ptr u3 6ubnuoreku Boost (coser 50). Mcrionsayst shared ptr, MoxHO 3anu-
caThk HCXOAHBIN NPHMeEP JaHHOTO COBETa B CeAYIOIEeM BHJE.

void doSomething()
typedef boost::shared_ptr<Widget> SPW; // SPW = “"shared pointer

// to Widget”
vector<SPW> vwp:

for (int i=0;1<SOME_MAGIC_NUMBER;++i) // Coapate SPW no Widget*
vwp.push_back (SPW(new Widget)}; // v Bu3sate push_back
// Vicnons3o8ath vwp
} /1 YTtedkn Wodget we npoucxopuT,

// nawe ecmu B npefuAyueM gparxexTe
// NpPOM3OHAST MCKNMEHWe

Huxoz0a He CliexyeT nojiaraTh, 4T0 aBTOMaTHYECKOE yAaMeHNe yKa3aTeNei MOXHO
obecreduTh co3AaHUEM KOHTeliHepa, cofeprkamero auto_ptr. 3Ta KomMapHAs MbIC/b
4YpeBaTa TAKHMH HENPHASITHOCTSMM, YTO 5 HOCBATHIL eii coBeT 8.

I'naBroe, 4TO HEOOXOAUMO 3aNOMHUTE: KoHTeliHephbt STL pasyMHbL, HO OHH HE CMO-
FYT PEIHTh, Hy3KHO JIH YAAISTh XPaHsIHecs B HUX yKa3aTend, UToOw u30ekaTh yTed-
KU pecypcoB IpH paboTe ¢ KOHTeliHepaMu yKa3saTeJeit, Heo6xoaumo JuBo BOCIOMB30-
BaThbcA 06beKTaMK YMHBIX yKasaTellel ¢ NOACYETOM CCBUIOK (TakAMu, Kak shared_ptr
u3 6ubuoTexu Boost), 1160 Bpy4HY0 yAINTE KaKABLA YKA3aTeNb IPH YHHITOKEHHH
KOHTeHHepa.

Hanpamisaercs crenyomas MeICHb: ecid cTpykTypa DeletelObject nomoraer crpa-
BHTBCS C YTeUKOH pecypcoB JJIsi KOHTEHepPOB, COAePKaLINX yKajaTeNu Ha 00beKTEL,
MOXHO CO37AaTh AaHATOTHYHYIO CTPYKTypy DeleteArray, xoTopas nomosxer usbexarsb
YTEeYKH PeCyPCOB JUUIA KOHTEHHEPOB ¢ yKa3aTejdMK Ha MaccuBbl. KOHeUHO, Takoe pe-
LIeHHE 603MONCHO. JIPYTOit BOIIPOC, HACKONIBKO OHO pasymHo, B cosere 13 noxasamno,
noyeMy AHHaMHYeCKH pa3MelllaeMble MaCCHBBI HOYTH BCET/a YCTynaT vector 1 string,
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M03TOMY TIpexe YeM CalluThest 3a Hamucanue DeleteArray, moxanyiicra, npoduTaidre
coser 13. Moxer 6bITh, OH yOeauT Bac B TOM, 4TO Jiy4ie oboiiTuchk HGea DeleteArray.

CoBeT 8. Hukoraa He co3gaBaniTe KOHTENHEepbI,
coaepxxailue auto_ptr

YecTHO TOBOPSL, B KHUTE, IOCBAIIEHHOI a¢dekTHBHOMY Henonb3oBanuio STL, nannbrit
coBeT He coceM ymecteH. Konretnepnr auto_ptr (COAP, Containers Of Auto_Ptr)
3aIlpeleHbl, 2 IPOTPaMMa, KOTOPas MONBITAETCS HX HCHOIb30BaTh, He OyAeT KOMIHIH-
poBatica. KoMuTeT no crangapruzanun C++ NPHIIOKKI HECHIBIXaHHELE YCHIIHSA B 3TOM
Hanpas/ieHud. BoaMoxHo, MHe Boobuie He ¢TOu/10 GBI TOBOPHTD 0 KOHTelHepax auto_
ptl" — O HHX BaM PaCCKKET KOMITHJIATOP, [IPHYEM B CaMBIX HEJICCTHBIX BbIPDAXKEHHAX.

OnHako MHOTHe porpaMMHCTH pa6oTtaloT Ha mratdopmax STL, Ha koropeix COAP
He 3alpeleHEl. bosee TOro, MHOTHE IIPOTPAMMHCTEI ITO-TIPEXKHEMY NOABEPXKEeHBl HILJIIO-
3ud u Buaat 8 COAP npocroe, npsMonuneiinoe, a¢hekTUBHOE CPEACTBO A HOPb-
6Bl ¢ YTEYKOH PecypCoB, 4acTo IPUCYmeit KoHTelHepaM ykasaTeneil (coBeThr 7 1 33).
B peaysibrare Bo3HHKaeT HCKyuIeHHe Bocrionb3oBaTeca COAP, Jaxke eciin HX HeBO3-
MOYKHO CO3/aTh.

Bcxkope s o6psacHio, nodemy COAP npoussend Tako#l mepenosiox, 4to Komurer no
CTaHIapTH3AUHH NPEANPHHS CHeNHaIbHEIe IATH 110 KX 3alpelieHHI0. A MOKa Ha-
YHeM C IEPBOTO HEAOCTATKa, /UL TOHHMAHUS KOTOPOTO He HYXHO pasbuparhbes B auto_ptr
1 Boobue B kouteitepax: COAP He niepenocumsl. /[a u Kak moxeT 65Th MHaue? OHH
sanpeieHsl craigapToM C++, u Hauboanee niepenossie minaTdopmer STL yxke Brimoa-
HSIOT 3T0 TpeGoBaHue. BeposiTHo, co Bpemerenm nnatdopmsl STL, koTopbie celivac He
coorsercTBYIOT CTaHAapTy, BHIOJHAT ero TpeGoBanus. Koraa ato npousoiizaet, mpo-
rpammsl, nenonsayomue COAP, cTanyT enje MeHee MepeHOCHMBIMH, YyeM celfyac,
Tot, xT0 3260THTCS 0 EPEHOCUMOCTH CBOMX niporpamy, orseprier COAP xots 65 no
9TOH NMpUYHHE,

Brpouem, He MCKIIOYEHO, YTO NePEeHOCUMOCTE Bac He BosHyer. Eclin aTo Tak, no-
3BOJIBTE HAOMHUTL 00 YHUKANBbHOM (2 HO MHEHHI) HEKOTOPBIX — HEJIEOM) CMbICIe
oHepaiuH KOMHPOBaHHUsA auto_ptr.

[Ipn xonupoBanuu auto_ptr mpaso BilaneHus 0OBEKTOM, Ha KOTOPbI CCbLIAeTCS
yKa3aTelb, NEPeX0AUT K KOMUH, a HCXOAHOMY yKazaTello mpucBauBaeTcs NULL. [a, BB
He OMKOINCE: KONUPosanue yxasamers auto_ptr npueooum x e2o MoouuKauuu.

auto_ptr<Widget> pwl(new Widget): // pwl ccunaetca Ha Widget
auto_ptr<Widget> pw2(pwl): // pw2 ccenaetcs Ha obvexT Widget,
// npuHapnewawuid pwl: pwl npuceaupaeTcs
/7 NULL (takwm ofipa3om, ofvext Widget
// nepefaeTca or pwl K pw2)

pwl = pw2; // pwl cHoka ccwnaetca wa Widget:
/7 pw2 npuceansaetca NULL

KoneyHo, Takoe nosesieHye HEOOBIYHO U AAKE [I0-CBOEMY HHTEPECHO, HO LIS HOJ/Ib30-
Bartensi STL B nepByio ouepean BasKHO TO, 4TO OHO NMPUBOAMT K Kpatite HEOXKMAAHHBIM
nocreACTBHAM. PaccMoTpuM BHenIHe Ge300MAHBI DparMeHT, KOTOPbIH CO34aeT BEKTOP
auto_ptr<Widget> u coprupyer ero ¢pyHKUHelH, cpaprBalomelt 3Haverus Widget:
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bool WidgetAPCompare(const auto ptr<Widget>& lhs,
const auto ptr<Widget>& rhs)

return *1hs < *rhs: // Mpeanonaraetca. 410 Ana obvextos Widget
// CywecTByeT onepatop <

vector<auto_ptr<Widget> > widgets:; // Co3paTb BeKTOp u 3aNOMHMTL ero
/7 ywasatenamy auto_ptr wa Widget.
// TlowHnTe, 4TO 3TOT QparHeHT
// He LOMKeH KOMNMMApOBATLCA!
sort(widgets.begin() . widgets.end(). // OTCOpPTMpOBaTL BEKTOP
widgetAPCompare)

[Toxa BCe BLITJIAAMT BHOJHE Pa3yMHO, a ¥ € KOHUENTYaJIbHOR TOYKH 3PEHHS BCE
deiicmeumenvho pasyMHO — HO Pe3yJIbTaT PasyMHbIM HHKaK He Haszosemsb. Hanpumep,
B rpoliecce COPTHPOBKH HEKOTOPBIM yKasaTensiM auto ptr, xpansmiumMcs B Widget, Mo-
et ObITb NprcBoeHo 3HadeHue NULL, CopTHpOBKa BEKTOpa NPHBOAKT K H3MEHEHHIO ero
copepxumMorol Jlasaiite pasbepeMcs, KaK 9TO IPOHCXOMT.

OxasbIBaeTcs], peTH3aLHA SOrt YacTO CTPOUTCH Ha HEKOH PAa3HOBHIAHOCTH ANTOPHT-
Ma 6picTpoit copTHpoBKu. Pa6oTa 3TOT0 alropuT™Ma CTPOMTCH Ha TOM, YTO HEKOTOpBLii
aJIeMEHT KOHTejiHepa BoIOMPAEeTCs B KauecTBe «ONOPHOTO», MOCTE Yero NPOU3BOANUTCH
PeKyPCHBHAsE COPTHPOBKA 110 3HAYEHHAM, DOJBIIAM H MeHbIIHM JHG0 PaBHBIM 3HaYe-
HHUI0 ONIOPHOTO 3J1eMeHTa. Peanuaaiius Takoro aTropuT™a B SOrt MOXKET BBITJISAAETD [pH-
MEPHO TaK:

template<class RandomAccessliterator, /7 OBwaBnenue sort CKONMPOBAHD

class Compare> // npamo W3 CraHpapTa
void sort{RandomAccessiterator first,

RandomAccessiterator last,
Compare comp)

/4 typedef ONWCLIBAGTCA HUMe
typedef typename iterator_traits<RandomAccesslIterator>::value_type
ElementType;
RandomAccessiterator 1;
- /7 TIpUCBOUTL 1 yKA3aTenb Ha ONOPHHA 3NEMEeHT
ElementType pivotValue(*i); // CKON“pOBATH ONOPHLIA 3NEMEHT B NOKANbHYI
// BpEMEHHYD NEPEMEHRYD: CM. [ANEE KOMMEHTADHI.
// QcTansHas COPTMPOBKA

}

Ecnu Bbl HE NPUBHIKAM YHTATh HCXOMHBIE TeKCThl STL, 3T0T (hparMeHT BEITISLIUT
XKYTKOBATO, HO B AeHCTBUTE/BHOCTH B HEM HET HHYEro CTpamHore. HeTpusuaibpHo
3/1¢Ch BHITJIAAKT TOJIBKO 3aNKCh 1terator_traits<RandomAccessIterator>::value_type, Ho
3T0 Beero iumb nputaToe B STL oboanavenue Tuna 06beKTa, Ha KOTOPBI YKA3LIBAIOT
uTepaTopsl, nepenannbie sort. [lepea cebinkolt iterator_traits<RandomAccessIterators::
value_type fospKeH CTOATH MpedHKC typename, MOCKOIBKY 3TO HMSI THNIA, 3aBUCSILEE OT
napamerpa uraboHa (B AaHHOM ciydae RandomAccessIterator), — JOMOMHETENBHAS HH-
dopManus npuBesena Ha c. 20.

[Ipo6siembl BO3HHKAIOT U3-32 CIIeAYIOmel KOMAHIbL, KOTOPAsA KOIMPYET JJIeMEHT U3
COPTHPYEMOI0 HHTEPBaJIA B JIOKALHEIA BpeMeHHHIH 06BeKT:

ETementType pivotValue(*1);
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B mansoM ciydae aneMeHTOM siBisieTcs auto ptr<Widget>, noaTomy B peayisrare
CKOTHPOBAHHOMY yKa3aTeno auto_ptr (Tomy, KOTOpHI XpaHHTCS B BeKTOPE) NPHCBAH-
Baetcs NULL. Gonee Toro, koraa pivotValue BEIXOAMT B3 00/1aCTH BUARMOCTH, IPOHCXO-
IUT aBTOMATHYECKOe yaaneHue 00bekTa Widget, Ha KOTOpBIA pivotValue cceiyaeTcs.
Hrak, mocne Bb130Ba sort coaepiuMoe BeKTOpa H3MEHAESTCA U O MeHbIneH Mepe oauH
o6bexT Widget yransiercs. BesiencTBue pekypcuBHOCTH airopuT™a GBICTPOI COPTHPOB-
KH CYIIECTBYeT BEPOATHOCTD TOTO, YTO Cpa3y HeCKOJbKHM 3leMeHTaM BeKTopa Oynmer
npucBoeHo 3Hauerre NULL 1 cpasy Heckobko 06bekToB Widget OyAyT yaasieHs, NOCKOb-
Ky OITOPHBIi 5/IEMEHT KOMUPYETCsl Ha KAK/IOM YPOBHE DEKyPCHH,

r+ , Ilogobubie TOBYyMIKH BecbMa 3JI0BPeAHEL, B KOMHTET 1o cTanAapTH3anuu MocTapa-
Cs1, 4TOGBI BB 3aBELOMO He MOIAAAINCh B HUX. ¥ BaKaiTe HX TPY/ H HUKOT/A HE CO3/a-
BaiiTe KoHTeliHeps! auto_ptr, naxe ecnu Bawa nyargopMa STL sTo nossomnser.

Bnpoyem, 3To BOBCE He HCKIOYAET BOMOXKHOCTH CO3/IaHUSL KOHTEHHEPOB YMHBIX
ykasateneit. Kontelineps! yMubIX ykasaTeneil BrojiHe gonyctumsl. B cosere 50 onmca-
HO, I/le HailTH yMHbIe yKa3aTeslH, Xopomo paboTanomue B KoHTeitnepax STL, npocro
auto ptr He OTHOCHTCA K MX YHCIY.

Cosert 9. TwarenbHO BbiGKNpaiTe
onepauuio yaaneHusi

Horyctum, y Hac uMeeTcs cTaHpapTHulit Koxreiinep STL ¢, coaepxkamuit uncia
THma int:

HOKTeliHep<int> C;

4 BBl XOTUTe YAATUTb U3 HETO Bee 06beKTh! co 3HaueHueM 1963. Kak Hu cTpanto, cro-
cob penieHus 9TOM 3a4aYM 3aBUCHT OT KOHTEHHepa; YHHBEPCAIbHOIO pelenus e
CYIIECTBYET.
Jlnst 610KOBBIX KOHTelnepos (vector, deque Mn string — cM. coBer 1) onTumans-
HBIH BADMAHT MOCTPOEH HA UCIIONb30BaHUY HAKOMDI erase-remove (coseT 32):
c.erase(remove(c.begin(}.c.end(},1963).  // Wauoma erase-remove xopowo
c.end()); // NMOAXORMT ANA YNaneHWa 3NEeMEHTOB
// € 330aHHbM 3HAYEHMEM
/7 w3 wouTednepos vector. string
/7 W degue
ITpusenentoe peurenue paboraer 1 A1 KOHTelHEPoB 1ist, HO Kak 6yaer HokasaHo
B coBeTe 44, pyHKnus remove koHTelinepa 11st paGoraer adexTnBHEE:
c.remove(1963); // DyHKU#A remove XOpoWo NOAXORMT ANA ynanewna
// 3NEMEHTOB C 3afAHHBIM 3HAYEHWEM W3 CMUCKA
CraniapTHBIe aCCONMATUBHbIE KOHTeHHepsI (Takue Kak set, multiset, map u multimap)
He UMET QYHKIUHN reMove C MMEHEM remove, a HCHOJIb30BaHue AITOPHTMA remove Mo-
ET IPUBECTU K CTHPAHUIO 3/1IEMEHTOB KOHTElHepa (coBeT 32) H BO3MOXKHOI niopye eTo
coftepxkuMoro. 3a nmoapobHocTaMH obpamaiitech K coBeTy 22, rae Takxe 0OBSICHIETCS,
NoY€eMY BEI3OBLI emove JI/Isi KOHTeitHepoB map/multimap He KOMHOUJIHPYIOTCA HUKOTAA,
a ISl KOHTeHHepoB set/multiset — KOMIMIIMPYIOTCA B OTAENBHBIX CayJasx.
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JLtst accOMATHBHBIX KOHTEHHEPOB NPABKIBHBIM PelieHieM Gy/eT BEI30B erase:

c.erase(1963); // OyHKumAa erase oBecneyusaeT ONTHMANbHOE
// ypanenwe 3neMeHTOB C 3ajaHHbiM 3HAYEHMENM
// w3 CTaHRAPTHEX ACCOUMATMBHLIX KOHTEHEpOB
DyHKIMA erase He TOJBKO CIpaBJsieTcs ¢ 3anadel, HO 1 3¢ deKTUBHO pelaeT ee ¢
norapubMHIeCKO CIOXKHOCTBIO (BBI30BEL remove B Moc/eoBaTeIbHbIX KOHTeRHepax
o6pabarsiBaloTcA ¢ JIMHEHOM cl0XKHOCTBI0). Bostee Toro, B acCONMaTHBHLIX KOHTEHHe-
pax (yuKius erase 06aaeT AOMONHKTEIBHBIM IIPEHEMYIIECTBOM — OHA OCHOBAaHA Ha
NpoBepKe SKBHBAJIEHTHOCTH BMECTO PABEHCTBA (3TO BAXKHOE Pa3JHYHE pacCMaTpHBa-
ercs B coBete 19).
Crerka nameluym npo6iemMy. BMecTo Toro yTo0bl yAIATE U3 C BCe 00BEKTHI C 3aaH-
HBIM 3HaYEHHEM, AaBaiTe yAaluM BCe OOBEKTHI, AJ1Sl KOTOPBIX CIEAYIOWMIA IpearKaT
(coset 39) Bo3Bpainaer true:

boel badValue(int x): // Bo3ppawaet true AnA ygansemux ofbexToB

B nocireaosaTensHbIX KOHTeHepax (vector, string, deque u 11st) focTaTouHo 3aMe-
HHUTB remove Ha remove if:
c.erase(remove_if(c.begin(),c.end() . badValue), // Nyuumit cnocod yRu4TOKEHUA
c.end()): // obvextoB, AnA koTopwx badvalue
// BO3BpAWAET true, B KOHTEHHepax
/1 vector, string u deque
c.remove_if(badValue): // ONTUMENLHLIA CNOCOO YHUYTOKEHHA
// oObEeKTOB. ANA KOTOPIX badValue
// Bo3spawaeT true, B KoHTelHepe
/1 Vist
Co CTAaHZ2PTHBIMH ACCOIIMaTUBHBIMU KDHTeﬁHepaMH A€JI0 06CTOUT MoCI0kHee,
CymecTByIOT 1Ba pelIeHHsA: 0AHO MPOLIE POTPAMMUPYETCs, Apyroe addekTHBHee
pabotaer. B nepsom pelreHun HyKHble 3HAYEHUS KOMUPYIOTCS B HOBBIH KoHTelHep
CIJYHKHHBI?I remove_copy, MocJje 4ero COAEpKHUMOe ABYX KOHTEI’]HG])OB MEHAETCA MECTaMI:

AccoyRoxredinep<int> ¢ // T - OAVH M3 CTAHAAPTHbIX
// accouMaTHBHEX KOHTEHHEpOB

AccoyRonralinep<int> goodValues; {// BpeMexHslH KOHTERHEp AnA xpaHexua
// 3neMeHTOB, OCTABUMXCA NOCNE YAAaNeHWs

remove_copy_if(c.begin().c.end(), // CKONMpOBaTL OCTABWHMECA 3NEMeHTH
inserter(goodvValues, // u3 ¢ B goodvalues
goodvalues.end()),
badvalue);
c.swap(goodvalues); /1 NomenaTs cofepwumoe ¢ W goodvalues
¥V MoA0HHOTO PellieHust HMeeTeA HeTocTaToK — HeoOX0AUMOCTh KOIIHPOBAHHA 3J1e-
MEHTOB, OCTAIOIKXCA TOCJIe YAAIeHHs. Takoe KOMMPOBarKe MOXeT 060HTHCh JOpoXKe,
yeM HaM X0Tes10Ch OBl
Ot 3THX 3aTpar MOKHO n30aBUThHCS 32 CIET HEIIOCPEACTBEHHOIO YAAIEHHA J/IEMEH-
TOB H3 HCXOAHOTO KoHTelinepa. Ho mockonbky B accouvaTuBHAIX KOHTeHEpaxX OTCYT-
CTBYeT (DYHKIMA, aHaIOrHYHadA remove if, mpugercs nepeﬁﬂparb BCE 3JIEMEeHTEH! C B IIHK-
Jie ¥ IPUHHMATD pelieHue 00 yaaIeHHH TEKYILEro 3J1eMeHTa.
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C xoHUEeNnTyapHOM TOYKH 3PEHUS 3Ta 33/1a4a HECTIOXKHA, 14 U PeajiM3yeTCs oHa Mpo-
cto. K coxkalenuio, peleHue, KOTOPOE NEPBBIM NPHXOAHT B TOJIOBY, PENKO ObiBaeT rpa-
BHJIBHBIM. BeposATHO, MHOIME TIPOTPAMMHECTHI TIPEAJIONKAT CIEAYIONIMIt BADHAHT:

AccoyKorTeinep<int> C;

for(AccoyKonTernep<int>: :iterator i=c.begin(}: // Harnaausii, GECXMTPOCTHLIA

il=c.end(): /7 v owMBOYHBHT KOJ, KOTOD.I
++i) { // CTMPART BCE 3/ICMEHTHI C,
if {badvalue(*i)) c.erase(i): // ana kotopeix badvalue
} // soaspawaeT true.

// He noctynaifte rak!

Buinmosnenye storo ¢rparMeHTa NPHBOAUT K HelpeAcKa3yeMbIM peayabTaTtaM. [Ipu
CTMPaHHH 3JIeMeHTa KOHTeliHepa BCe HTEPATOPHL, YKA3bIBAIOLIME HA 3TOT JIEMEHT, CTa-
HOBATCA HellelcTBUTeNbHBIME. TaKBM 00pa3oM, Noce Bo3Bpata U3 c.erase(i) urepa-
TOp 1 CTAHOBHTCA HeleHCTBHUTENbHBIM. [l Hanero nukia sto (araabHO, MOCKOIBKY
noCT€e BLI30BA €rase HTepaTop 1 ysesnduBaercs (++i B 3arosoBKe 1HKIa for).

[IpobieMa penraeTcsi POCTO; HEOOXOAMMO 1103a00THTLCA O TOM, YTOOHB HTEpATOp
EPEBOJAMIICS HA CIeAyIOIUH 3JIeMeHT ¢ Tiepes BLI30BOM erase. JTo IIPOMIE BCETo Cae-
J1aTh HOCTUKCHBIM YBeJIIndeHleM 1 IIpY BLI30BE:

AccouHonTeiinep<int> ¢;

for(AccouKonTeidHep<int>: :iterator i=c.begin(): // TpeTba YacTb 3aronosKa

il=c.end(); // unkna for nycra; 1 Tenepb
/* nycTo */) { // WIMEHAGTCA BHYTDH UWKNa
1t (badValue(*i)) c.erase(i+); // Qna ynanaembix 3NeMEHTOB
else ++; // nepepate erase Texyuwee

} // 3nauenre 1 W yBenHYMTL 1.

// [nA OCTANWMXCA 3NEMEHTOB
// NpocTO yBENM4UTE 1

HoBblit BapHaHT BBI30Ba erase pafoTaeT, HOCKOJIbKY BbIpaskeHKe 1++ DABHO CTapoMy
3HAYEHHIO 1, HO y HETO UMeeTCs NoBoYHbIR athdekT — npupautenye i. TaxuMm obpasoM,
MBI TiepefiaeM cTapoe (He yBeIHdeHHOe) 3HauCHHe 1 H yBeJIMYHBaeM i lepell BEI30BOM
erase. IMeHHO 3T0 Ham 1 TpeGoBanock. XOTs 3TO pelleHHe BBITISAAUT NPOCTO, JIHIIE
HEeMHOTHE IPOTPAMMUCTHI IIPEAJIONKAT eT0 ¢ MePBOil HONMBTKH,

Ilopa coenats cremywomuii uiar. I1oMuMO IPOCTOTO YAAJTEHHS BCEX 3JIEMEHTOB, TS
KOTOpHIX badValue Bo3BpautaeT true, Mbl TAKKe XOTHM PETHCTPHPOBATh KAXKAYIO onepa-
LMIO yOAJIeHHSA B XKyDHAIe,

Jlnst acconMaTHBHEIX KOHTETHEPOB 3a1a4a pPelaeTca 04eHb IPOCTO, NOCKONEKY OHA
TpedyeT Juib TPUBHANbHOK MOANMDHKAIHHE CO3MaHHOIO UK/

ofstream legFile: // taiin wyprana
AccoyKoxTednep<int> C:

%or(AccouHOHreﬁHep-:mtx viterator i=c.begin(): // 3aronomok ywkna ocrtaertca
il=c.end():} { // Be3 MIMeHeHW

if {badValue(*i}) {
logFile<<"Erasing "<<*j<<'\n’; // BuBOA B mypHan
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c.erase(i++); // Ynaneuwe

}

else ++i;

}

Ha artot pa3 XJIOIMOTHl BO3HMKAIOT C vector, string u deque. Micmons3osaTs uauoMy
er'ase/ remove He y[1aeTcsH, HOCKOJ]b](y erase UJix remove Hejlb3s 3aCTABUTDL BhIBECTH AaH-
Hble B XKypHaL. BoJiee TOT0, BApHAHT ¢ MUKIOM for, TOJIBKO YTO POAEMOHCTPHPOBAHHBIH
JUJIA acCOLHATHBHBIX KOHTEHHEPOB, TOXE HE HOAXOANT, HOCKONBKY 14 KOHTeHEDOB
vector, string u deque oH HpHBeIET K HeNpeICKasyeMbIM IOCNeACTBUAM. BeroMHuuTe,
YTO [151 STHX KOHTEHHEPOB B PE3yJIbTATE BHI30Ba €rase CTAHOBATCH HeJlelCTBUTENbHBIMH
BCE HTEPATOPEL, YKa3bIBAION[HE HA yAAIAeMbli a/teMeHT. KpoMe Toro, HeleHCTBUTe IbHEL -
MH CTZHOBSITCA BCE HTEPATOPBI noCIe YIANSEMOI0 2JIEMEHTA, B HALleM [IPHUMEPE — BCe
HTepaToprl mocie i. KoHcTpyKuuu Buga i+, ++i H T. {. HEBO3MOMKHHI, IIOCKOJbKY HH
OMIHH U3 TOJyYeHHBIX HTEPATOPOB He Gyaer LefiCTBHTE/IbHBIM.

CuemoBatesnsHo, ¢ vector, string u deque HYXXHO AeficTBOBaTh WHaue, Mbl ZOKHDI
BOCIIOJIB30BATHCA BO3BpalllaeMbIM 3HAUSHHEM erase, KOTOPOE COAEPXKHT UMEHHO TO, UTO
HaM TpebyeTcss — HAeHCTBHTEIbHBIN HTEPATOP, KOTOPBIH YKa3blBAeT HA JIEMEHT, CIey-
01K 32 yaaneHHsM. FHade roBops, IporpaMMa BHITJISIAUT IPHMMEPHO Tak:

for (flocnionTednep<int>::iterator=c.begin(};
jl=c.end():){

if (badvalue(*i)) {
logFile<<"Erasing "<<*i<<'\n':

i=c.erase{i); // CoxpanseM peAcTedTEncHud Krepatop 1.
} /4 DDA 4ero eMy NPUCBAWBARTCA 3HaYeHMe,
else ++i; // Bozspauasmoe dyHKuMeH erase

}

Takoe pemeHune HPeBOCXOAHO paboTaeT, HO TOJIBKO AN CTAHAAPTHBHIX MOCHEA0-
BaTenbHEIX KoHTeltHepoB. [lo BecbMa COMHUTENLHBIM TpyuMHaM (coBeT 5) ¢yHKuMs
erase JUIS CTaHAAPTHBLIX aCCOLMATHBHLIX KOHTEHHEPOB Bo3Bpaiaet void. B atom ciy-
Yae NPUXOIUTCA HCIONb30BATh METOAUKY ¢ NOCTHUKCHBIM HPUPAIIEHHEM HTEPATOPA,
nepenaHHoro erase. Keratu roBopsi, nogobHble paznuyusa Mex LY TOCAeA0BATENBHBIMU
Y acCONUATHBHBLIMH KOHTeHHepaM# — OAWH M3 IPUMEPOB TOTO, IOYeMY KOHTEHHEPHO-
HE3aBHCHMEIR KO 06BIYHO CYUTAETCS HEXKENATENbHEIM (COBET 2).

Kaxoe u3 3Tux peimeHHdit Jydine 1ogoi#AeT Aas KoHTeitHepa 1ist? OxassiBaercs,
B OTHOIIEHHH Nepe6opa U yaaneHus 1ist MOKeT HHTEpHpPETUPOBATECS Kak vector/
string/deque unu Kak acCONMATHBHEBIN KOHTelHEp — roasTcs 06a cnocoba. O6bYHO BHI-
GupaeTcs MepBbI BAPHAHT, IOCKOJBKY 11st, Kak u vector /string/deque, NpUHAANTEKUT
X 9HCJIY NoclieloBaTeNnbHbIX KoHTeltHepos. C ToYKy 3penHst ONBITHOTO HpOTPaMMHCTa
STL nporpamma, B KoTopoii mepe6op K yaaseHue u3 11st NPOM3BOASATCA [0 NPaBUIaM
acCOLMaTHBHBIX KOHTelTHePOB, BHIIVIAANT CTPAaHHO.

ITonBozs uTOT BCEMY, O YEM PACcCKa3bIBATOCH B 3TOM COBETE, MBIl IPUXOAUM K CAEIY-
IOLIUM 3aKJIIOUEHHAM.

Vaanexue reex 06LEKTOR ¢ 3a/JaHHBIM 3HAYCHHEM:
s KOHTelHepsl vector, string 1 deque: HCNIONB3YHTE UIKOMY erase/remove;
e xoHTeHHep 1ist: McnonbayiiTe 1ist: :remove;

® CTaHAAPTHBIN ACCOLMATHUBHAII KOHTeIHeD: UCHONL3YITe (PYHKIUIO erase.
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Vaanenue Becex 06beKTOB, COOTRETCTRYIOMHX 3aJaHHOMY NIPEHKATY:
* KOHTeifHep vector, string u deque: ucmioe3yiiTe mAOMY erase/remove if;
® xoHTeiHep 11st: ucnons3yitte 19st: :remove if;

* CTaHA3PTHBIA aCCOUMATHBHLIA KOHTEHHEP: MCNONb3YHHTe remove_copy_if/swap
WM HAaTIHTITHTE UMK Tepedopa aleMeHTOB KOHTeHHepa, HO He 3a6yabTe o mocT-
(UKCHOM TIPHPAIIEHMH UTEPATOPA, TEPefaBaeMOro PH BEI30BE erase,

JlonionHuresbHble ONIEPAliHy B IHKAE (KPOME YAAIeHUS 00BEKTOB):

® CTaHAApPTHLIN MOCJIEA0BATENbHbIA KOHTEHHEP: HAMIIKTE UK iepe6opa aneMeH-
TOB, HO He 3abbiBaiiTe OOHOBJATL UTEPATOP 3HAYEHHMEM, BO3BDAIIAEMBIM erase
TIPH Ka)K[OM BLI30BE;

* CTaHAApPTHbIA aCCONMATHBHBIN KOHTEHHEp: HaNUIIUTe UMK/ Tiepebopa aeMeH-
TOB C IOCTQUKCHBIM MTPHPAIIEHHEM HTEPATOPa, IEPELABAEMOTO IIPH BHI30BE erase,

Kax Buaute, sapdextuBHOE yraneHne aeMeHTOB KOHTelHepa He CBOAMTCS K IPOCTO-
My BBI30BY erase. IIpaBunbHbIH TOAX0A 3aBUCHT OT TOTO, IO KAKOMY NPHHILHIY 0TGupa-
I0TCSL yIAIgeMbLE DIIEMEHTEI, B KAKOM KOHTEiIHepe OHY XpaHATCA H KaKue JOMOMHUTE! b-
HbI€ oTiepanyy TpedyeTcs BEINOIHNTS IPH yaanenuu, LeficTByiiTe 0CTOPOXKHO H cnenyire
PEKOMEHALMAM JAHHOTO COBETA, M BCe OyAeT HOpManbHO. HeBHEMATEIbHOCTD 06ep-
HeTCs HeaheKTHBHON paboToil M HelnpeacKasyeMBIM MOBeCHUEM NpPOTPAMMEL,

Coset 10. MoMHUTE 0 NpaBunax u orpaHNYeHnsx
pacnpeaenuTenen naMaTu

Pacripeaenureni naMsaTH nepBoOHavYanbHO pa3pabaTbiBATHCh Kk abcrpaxius A1 Mo-
neneit MaMATH, TO3BOJISIONINX Pa3paboTunKaM GUGINOTEK UTHOPUPOBATE PA3THYHS
MeXxy near- i far-ykasaTesAMH B HEKOTOPbIX 16-paspsiHbIX ONiepaiOHHbIX CHCTEMAX
(Hanpumep, DOS u ee 3710BpeHBIX IOTOMKAX ), OAHAKO 3Ta NOMBITKA MPOBAIHIACE.
Pacnpeye/miTens Takske 0LKHBE LI YIPOCTATH PaspaboTKy 0GBEKTHBIX IHCIIETIEPOB
NaMATH, HO BCKOPE BBISCHMIIOCH, YTO TaKOH MOAXOX CHIKaeT apeKTHBHOCTE PaboThI
HCKOTOPBIX KoMIoHeHToB STL. YUto6sr u3bexars cHmkenus GeICTpoAeiicTBrs, KoMu-
TeT IO cTanAapTH3auuy C++ Braouun B CTaHAApT MOJIOXKEHUE, KOTopoe TNIpaKTHYECKH
BBIXOJIOCTU/I0 OOBEKTHLIE PACHPENENNTE N IAMATH, HO OTHOBPEMEHHO BBIPAXKAIO Ha-
AEAY, YTO OT STOI OTIepalMM UX NTOTEHUNANBHBIE BO3MOMKHOCTH He TIOCTPAaAaIoT.

Ho ato ewte He Bee. Pacnpenenmurenn namstu STL, kak u operator new ¢ operator
new[ ], oTBevaloT 3a BeiAeneHNe (4 ocroboikeHue) pU3MIECKO MAMSITH, OMHAKO MX
KIMEHTCKHA MHTeP(elic MmeeT Maso 0bmero ¢ KIBeHTCKUM nHTepdeiicom operator new,
operator new[ ] i naxe malloc. Haxonen, 601bMHUHCTBO CTAHAAPTHEIX KOHTeHEPOB
HYIKOTZIa HE 3ampallliBaeT MaMsTh Y CBOMX pacnpeaemmTeneil. Eme pas noguepxusaio —
Hukozoa. B peaynbrate pacnpesenuTe | IPOM3BO/IAT JOBO/IBHO CTPAHHOE BreYaTIeH e,

Bupouewm, a1 e ux Buna, 1, KOHEUHO e, 13 5TOTO (PaKTa BOBCE He CJIEAYeT AeNaTh
BBIBOJL O Oecrofie3sHOCTH pacnpesenTesneir. TeM He MeHee, Tipex/ie 4eM OTTHCHIBATE 06-
JIACTH IPHMEHEHUA pactipeie/iuTe el (9Ta TeMa pacCMaTpHBaeTcst B cosete 11), g 1oi-
#KeH 0OBACHUTE, IS Yero OHK He MoAXoAAT. CYHIECTBYeT Le/bit PAA 3a7a4, KOTOPBIE
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TOJIBKO Ha nepevitl 63210 MOTYT PemaThCs MpH MoMolny pacnpeaenureseit. [Ipexae
4yeM BCTYNATh B MIPY, KeJIaTeJbHO H3YYHTh IPAHULIBI MTPOBOTO MOJIA, B IPOTHBHOM CIIy-
yae BBl HABEPHSIKA YNAJIETE U OJIy4UTe TpaBMy. KpoMe Toro, u3-3a 9K30THYECKHX 0CO-
GenHocTell pacnipenesuTeneil caM npouecce 06061HeHUA BEITIAAKT BEChMa IOYIHTe b~
HBIM K 3aHuMaTenbHBIM. [0 Kpaiineii Mepe, A Ha 3TO HAZIEIOCh,

[Tepeyens ocobeHHOCTEN pacTipefle/IuTeNeil HAYMHAETCS C pyAHMEHTapHbIX onpe-
JeseHHH THIOB s yKasarteseit u ceeiiok. Kax ymoMHHanock BhINe, pacripeaeinTe-
JIX H3HAYaIBHO GBLTH 3a1yMaHbl KaK abCTPaKiliH A/ MOAENEl MaMATH, HO3TOMY Ka3a-
JIOCh BNIOJIHE JIOTHYHBIM BO3JIOKHTDH Ha HEX o6ecreyeHue onpeaeenus THIOB (typedef)
AN yKasaTesiedl U CCBUIOK B onpefensemoit Modenn. B cranpapre C++ cranaapr-
HBIH pacmipesenurens o0bekToB THNA T (allocator<T>) mpegocTaBisieT ONPENEICHHA
allocator<T>::pointer u allocator<T=>::reference, mosToMy ripeanoyaraercs, YTQ NOAb30-
BaTeJIbCKHE pacnpeneuTeNy TakxKe Oy Ly T IpeRoCTaBIATh 3TH ONipeesIeHHA.

Betepans C++ HemeaIeHHO TOYYIOT HeJlaHOe, TOCKoNbKY B C++ He cywecTByer
CPEACTB AJIsL MMUTAlMK cChUIOK. [y1st aToro npuumiocs 6s1 Meperpy3uts operator. (ome-
paTop <Toukas), a aTo sanpemeHo. Kpome Toro, 06bekTs, paGoTaiomue KaK CChIIKH,
ABJIAIOTCSA TPUMEPOM npoMeicymoutnix obvexmos (proxy objects), a ucrosb3oBaHue
TIPOMEKYTOYHBIX 00BEKTOB IIPHBOAHT K LEJIOMY psay npobJieM, 0Ha i3 KOTOPHIX OIH-
cana B copeTe 18. [Toapo6Hoe onucaHue NPOMEKYTOYHBIX O0BEKTOB IPHBEIEHO B COBE-
te 30 kuuru «More Effective C++5,

B cnyuae pacnpenenureneii STL 6ecCMBICIEHHOCTD OpeaeieH il THIIOB /IS YKa-
3aTteneil U CCLUTOK OBBACHAETCSA HE TEXHMYECKHMH HEAOCTAaTKAMM TPOMEXKYTOYHBIX
00BbeKTOB, a cieAywuuM dhakrom: CraHaapT paspelaeT CIMTaTh, YTO OllpeleieHHe
THNA pointer Jix060ro pacrpenennTess ABISETCH CHHOHUMOM T*, a onpeze/ieHHe THIIA
reference — cunonnMoM T&. /la, Bce BepHO, pa3paboTdnku 6ubIHOTEK MOTYT MTHODH-
pOBaTh ONpeAesieH|s M HCIO/Ib30BATh YKa3aTeNd U CChUIKM Hanpsamylo! Taxum obpa-
30M, JaKe eCJIH BaM YAACTCS HAIIUCATh paclpee/uTe b C HOBBIMH CIIpEfesIeHISAMHE AN
yKa3zaTeJiell i CCBLIOK, HUKAKO{ HOJIB3BI OT 3TOTO He OyAeT, MOCKOJIBKY HCIIOJIb3yeMast
peanmsanus STL 3anpocTo ¢MOXKeT 5TH onpeaeneHHs! IPOMrHOPHpPoOBaTh. MIHTEpecHo,
He IIpaBja Ju?

IToxa BEI He ycriesH OCMBICTIUTE 3TOT IIPUMeEP CTPAHHOCTEH CTAHAAPTH3AIME, 5 IIPH-
Befly caefyiomuii. PactipegenuTenu ABAAOTCA 06BEKTAMH, U3 9€r0 CIeAYeT, YTO OHH
MoryT 06aaTh cOGCTBEHHBIME (DYHKIMSIMHE, BJIOKCHHBIME THIAMH H OTPEAETeHUAMU
TUTNOB (TaKuMH Kak pointer u reference). Oanaxo B cooTBeTcTBHE c0 CTaHZApTOM pea-
muzanua STL MoxXeT npeanonaraTs, 4To BCe OAHOTHIIHBIE 0OBEKTH pacnipenenuTeed
3KBHBAJIEHTHBI K MOYTH BCETAA PABHEL PasyMeeTcs, 3To 06CTOATENBCTBO 0OBACHAIOCH
BeCKUMu NpuduHamMu. Pacemorpum citepylonmil dparmenr:

template<typename T> // HabnoH nons3oBaTenbCKoro

// pacnpepentTens namaT
class SpecialAllocator{..}

typedef SpecialAllocator<Widget> SAW;  // SAW = "SpecialAllocator
1/ for Widgets"

Tist<Widget.SAW> L1:

list<Widget.SAW> L2:

[1.sp]ice(Ll.begm(),LZ):
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Bcnomuure: npy nepeMenieHHy a7€MEHTOB U3 QHOTO KoHTeliHepa 1ist B gpyroit
dyHKnUeit splice ganHble He KonupyioTca. CTOUT U3MEHHTD 3HAYCHHA HECKOIBKHX
YKa3aTEJI€ﬁ, H y3Jbl, KOTOPbIE PaAHbUIC HAXOAMJIHCh B OHOM CIIMCKE, OKa3bIBaOTCH
B APYTOM, [I03TOMY OIEPALMS BPE3KH BBINOJHAETCA OBICTPO M 3alIKIIEHA OT HCKIIIOYe-
Hui. B npuBeneHHOM NpuMepe Y3JIbl, paHee HaXOAMBIIMecd B L2, IocJIe BEI30BA splice
nepeMenanTcsa B L1,

PazyMeercs, Ipy yHUUTOKEHUU KOHTellHepa L1 JO/MKHBL OLITh YHUYTOXEHEI BCE €70
y371H (C 0OCBODONAEHUEM 3aHMMAaeMOH MMH MTaMATH). A NOCKOJIBKY KOHTEHEp Temneps
COZIEPXKUT Y3JIBI, paliee BXOAUBLINE B L2, pacnipenenutess naMATH L1 ToJKeH ocBO-
6oauTL TaMATh, paHee BHAENEHHYIO pacrpeaenuteieM L2. CTaHOBUTCS SICHO, TOYEMY
Cranzapr paspenaet nporpamMMmuctaM STL gonyCckaTh SKBHBANEHTHOCTD OMHOTHITHAIX
pacnpenenureneif. ITO cAenaHo A TOTO, yTOOB! HAMATE, BLIAECIEHHAS OTHUM 00BEK-
TOM-pacnpefenuTeneM (TakuM kak L2), Morsa 6e30macHO 0CBOGOKAATLCA APYTHM
obpekToM-pacnipefenuTeneM (TakuM Kak L1). OTcyTcTBre MOR0GHOrO AONYHIEH U TIPK-
BeJIo Obl K 3HAUMTENBHOMY YCI0KHEHHNIO PEaln3allii BPC3KU M K CHIOKEHUIO ee abdex-
TUBHOCTH (KCTAaTH, OTMIePAlUH BPE3KH BIUAIOT U Ha Apyrie komnorenTsl STL, oqun u3
TIPHUMEPOB TIPHBE/CH B coBeTe 4).

Bcee 310, KOHEYHO, XOPO1II0, HO YeM 60JIble PAsMBILLISENIs Ha 3Ty TeMY, TeM Jy4Ie
NMOHUAMAdEIb, KaKHE MECTKHE OrpaHMYEeHUA HAKIAAbIBAET NDEAI0JIOKEHHEe 06 OKBH-
BaJIEHTHOCTHM OAHOTHIHBIX pacnpenenureneii. M3 Hero caeayet, 4To nepeHocuMule
06beKThl pacipeenuTesell — TO €CTh PACTIPeNeNUTeNH NaMSTH, TPaBUIbHO paboTa-
one B pasHbIX peanusanuax STL, — He moryT obnanats cocrosuueM. JIpyraMu cio-
BaMH, 3TO O3HaYaeT, YTO TIEPEHOCUMBIE PACIIDEAETUTENN He MOZYM codepicams Hecma-
muueckux nepementvix (10 KpaHeil Mepe TAKUX, KOTOpbie 6bl BIUANH Ha UX paboTy).
B YacTHOCTH, OTCHOAa CJEAYET, YTO Bbl HE CMOXKETE CO3JaTh ABa pPacnipeac/inuTeNs
SpecialAllocator<int>, BEIAENAWIINX DaMATh U3 pa3uslX ky4 (heap). Takue pacrpeze-
JvTend He Oy OBl DKBUBATEHTHLIMM, U B HEKOTOPHIX peanusamuax STL monbitku
HCHO0/Ib30BaHus 060MX pacTipenienTesiell MpuBean 65l K HOpYe CTPYKTYP AZHHBIX BO
BPEMS BEITIOJTHEHHS TPOTPaMMEL,

Obparute BHHManHe; 5Ta IpobJieMa BOSHHKAET Ha cmaduu evnoanenus. Pacnipene-
auTend, 06 a1aonue COCTOSHHEM, KOMIMIMPYIOTCS BIIOJIHE HOPMAJIBHO ~~ IIPOCTO OHK
He paboTaloT TaK, KaK NpeAnoaraiock. 3a S5KBUBAJIEHTHOCTbIO BCEX OAHOTUNHBIX pac-
MpefennTeneit Bbl TOKHBI CIeANTh camy. He paccunTsiBaiite Ha TO, YTO KOMITUAATOP
IpeqynpenuT o HapylIeHUH 3TOTO OTPaHHYEeHHS,

CnpaBeqTUBOCTH PaAyl CTOMT OTMETKTD, YTO CPa3y ke 3a MoJ0KeHHEM 06 SKBHBa-
JIEHTHOCTH OAHOTHUIIHBIX pacripeqesMTesiell MamMsiTi B CTaHAAPT BRIIOYEH CAEAYIONIHi
TEKCT. «...ABTODAM peanu3alyii peKOMeHAyeTCs c031aBaTh GUOIHOTEKH, KOTOpHIE...
[TOJAREPKHUBaOT HESKBUBAJIEHTHEBIE PacllpeJeHTEIH. B Taknx peaH3anuAaX... CEeMaHTH-
Ka KOHTEHHEPOB U a/ITOPUTMOB U151 HE9KBUBATEHTHBIX 2K3EMIIAPOB pacnpeaeuTeei
OTIpeleIseTcs caMoil peayusanueits.

TporarenbHoe 1posiBieHe 3a60Thl, 0AHaKo onp3osaTeno STL, paceMaTpuBaoIe-
MY BO3MOXHOCTb CO3ZaHMA HECTAHAAPTHOTO pacTipeesTeN s C COCTOAHHEM, 3TO He
A4€T IIPaKTHYECKH HUYETO. ITHM MNOJIOKEHHEM MOXHO BOCIIOJNB30BATHCS TOJBKO B TOM
CJIy'ae, eCJIH Bbl YBEPEHEI B TOM, UTO HCHOJb3yeMas peanusanus STL noanepxusaer
HEIKBUBAIEHTHbIE DACTIDEAETUTENH, TOTOBBI IOTPATHTH BPEMSI Ha YIJ1yOJIeHHOE H3yye-
HUE AOKYMEHTAIMH, YTOObI Y3HATH, HOAXOAUT JIM BaM «OIpeAesAieMoe caMoil peanu-
3auuei» NoBe/leHHe HESKBHBAJICHTHBIX pacnpeleauTenel, M Bac He HeCoKoaT mpo-
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OsieMbl ¢ mepeHocoM Kofa B peanu3danud STL, B KOTOPLIX 9Ta BO3MOMKHOCTb MOMKET
orcyTcTBoBaTh. Kopoue rosops, 310 nojioxkeHue (asst ocobo mobo3naTepHbIX — ab3an
5 pasaena 20.1.5) sunis BeIpakaeT HekHe Hrarne HaMePeHNs 1o IOBOAY ByAymIero pac-
npegenutenieit. o TeX Op Moka 3TH G1arve HaMepeHus He BOTIOTATCA B KU3Hb, IPO-
I'PpaMMHCTBI, XKeJaawniue OéeCHe‘-[l/ITb MepeHOCUMOCTE CBOMX NpOrpaMM, AOJIXKHBE OTpa-
HHIHBATHCS PACHPESEMUTENAME (€3 COCTOAHUA.

Belinie y:xe TOBOPHIOCE O TOM, YTO Paclpeaej uTen 00J1a/1210T OTIpEeIEHHBIM CXOT-
CTBOM € OLIEPaTOPOM New — OHK TOXKE 3aHUMAIOTCs BbllesieHMeM (MH3HYEcKou MaMs-
TH, HO HMeIOT Apyroi unrepdeiic. rober yoeauThCst B 3TOM, JOCTATOYHO PACCMOTPETH
00bsIBAEHHA CTAHAAPTHEIX (popM operator new u allocator<T>::allocate:

void* cperator new(size t bytes):

pointer allocator<T>::allocate(size_type numObjects):
// Hanomueaio: pointer - onpegeneHwe Tuna,
4 NPaKTHYECK# BCRIAA 3IKBMBAneHTHoe T*

B ofoux cayyasx nepenaercs mapameTp, ONpeAeISIONHi 06beM BhiAEISIEMOI Ta-
MSTH, HO B CJIydae ¢ ONepaTOpOM New YKa3bIBAETCA KOHKPeTHHIH o6GbeM B Gaiirax, a B
ciyuae ¢ allocator<T>::allocate ykasbiBaeTcs: KoJinyecTBo 00beKTOB T, pasMeliaeMbix
B namsiTy. Haripumep, va nnardopme, rae sizeof (int)=4, npy BbLAENTEHAN TAMATH [
ONTHOTO 4HCJa int olnepatopy new mepegaercs uucso 4, a allocator<int>::allocate —
upcno 1. Jlna onepatopa new rnapaMeTp OTHOCHTCA K THNy size_t, a Ius GyHKIMY
allocate — x Tumy allocator<T>::size_type. B o6oux cnyyasix 310 neaouuciaeHnas
BenuynHa Ge3 3Haka, npuyeM allocator<T>::size_type 06BIYHO SIBIAETCS TIPOCTHIM
onpeaesieHHEM THHA JU1A size_t. B aToM HECOOTBETCTBMHM HET HMYETO CTPAIIHOTO, OHA-
KO pa3Hble NpaBUJa NMEpelaud NapaMeTpoB onepaTopy new u allocator<T=>::allocate
YCJIOKHAIOT KCIIOJIb30BaHHEe TOTOBBIX NOMb30BAaTENBCKUX BEPCUI New B pa3paboTie
HECTAHAAPTHBIX paclpeAeauTeNe.

Onepatop new oT/imyaercs ot allocator<T>::allocate u TunoM BO3BpALIAEMOr0 3Ha-
4eHus1, OnepaTop new Bo3BpaniaeT void*, TpagHIMOHHBIN Criocol TIpeacTaBienus yKa-
3are/isl Ha HeMHHUUMAIU3HPOBAaHHYI0 TaMATh B C++, Myuxnus allocator<T>::allocate
BO3BpallaeT T* (Yepe3 onpeeenye THIIA pointer), YTO He TONBKO HETPAIMIIMOHHO, HO
1 OTAaeT MOIIEHHWYECTBOM. YKa3aTesnb, Bo3BpamaeMslit allocator<T>::allocate, He
MOJKET YKa3bIBATh Ha 00BeKT T, MOCKOIBKY 3TOT 0OBEKT elnle He BblI CKOHCTpyHpoBaH|
STL xocBenHo npeamnonaraer, 4T0 CTOPOHA, BhI3biBaromas allocator<T>::allocate,
CKOHCTPYHPYET B TIOJIYY€HHOM ITaMsTH OAHH HJIH HECKOIbKO 06beKToB T (BEPOSTHO, Io- .
cpeacrBoM allocator<T>::construct, uninitialized_fi11 unu raw_storage iterators),
XOTA B cnydae vector::reserve Wiu string::reserve 5TOTO MOMET HHKOTAA He OPO-
u30iiTu (cosetr 13). Pagnuyus B THNax BO3BpalaeMHIX 3HAYEHHH ONEPaTOpa New u
allocator<T>::allocate 03HAYAIOT H3MEHEHME KOHIENTYANLHON MOJE/tH HeMHMITHANH-
3UPOBAHHOM NMaMSTH, YTO TaKKe 3aTPYAHSET IPpUMeHeHHE ONbiTa PpeaM3aliy onepa-
TOp2 New K pa3paboTKe HECTAHIAPTHBIX pacHpeleuTeNei.

Mpl nozomiM K nocnegHel CTpaHHOCTY pacnpenenuteneir namMatu B STL: 6onb-
HIMHCTBO CTAHZAPTHHIX KOHTEHEPOB HUKOTAR HE BBI3BIBAET paclpefeTuTeneH, ¢ KoTo-
PHIMH OHH acCONMMPYIOTCA. /[ Ba nipuMepa:

list<int> L; // To we, uto w list<int.allocator<int>>,

// HoMTeiHep HWKOrja He Bh3uBaeT
/7 allocator<int> pna sbigenavus namatu!
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set<Widget.SAW> s: /7 SAW npepcTasnseT coboit onpefenexue TUNa
// ana SpecialAllocator<Widget>, opwHaxo
// HM OLWH 3K3emnnAp SAW we Gynet
// BupgenaTL namaTs!

JlaHHas CTPaHHOCTE NpHCyna 1ist M CTaHAAPTHEIM ACCOIMATHBHBIM KOHTEHHEpaM
(set, multiset, map u multimap). 9o 0OBACHAETCS TEM, YTO HEpeduCIeHHbIE KOHTeHHePHI
SIBISIOTCH 3706bMY, TO €CTh OCHOBAHBEl Ha CTPYKTYpaX HaHHBIX, B KOTOPHIX KaXK/bIH
HOBBII 2JIEMEHT Pa3MEeIIaeTCs B AMHAMHYECKH BBIAE/ISIEMOM OT/E/IBHOM y3ie, B xonTeit-
Hepe 115t yasbI COOTBETCTBYIOT Y3JaM CIMCKa. B CTaHAApPTHEIX aCCOLMATHBHBIX KOHTEH -
Hepax Y3JIbI 9aCTO COOTBETCTBYIOT Y3JIaM AepeBa, MOCKOAbKY CTAHAAPTHBIE aCCOLMATHB-
Hble KOHTEHHEPHI 0OBIYHO peaTu3yIoTcs B BUe cOANaHCHPOBAHHBIX GHHADHDIX IEPEBbEB.

[apaiiTe nogyMaeM, Kak MOXeT BbITJIAAETh THIWYHas peaiu3anus 1ist<T> Cnucox
COCTOMT U3 Y37I0B, KaXK/BIiT H3 KOTOPBIX COAEPXHUT 06beKT T M 1Ba yKasaTess (Ha clley-
IONTHH M NPEeALIAYIIHHI Y31El CIIHCKA).

template<typename T, // BoamowHas peanu3auma
typename Allccator=allocator<T>> // ChMcKa
class Tist{
private:
Allocator alloc; // PacnpepenuTenb namaTu gna oOveKToB TMRa T
struct ListNode{ // ¥Yanu cBA3aHHOrO CRMCKa
T data;

ListNode *prev;
ListNode *next;
I

}

IIpu BKI10¥EHHH B CHHCOK HOBOTO Y3712 He0OXOAUMO MOJIYYMTh /ISl HETO HaMsITh OT
pacnpenejiyrensi, OAHAKO HaM HY)KHA IMaMATh He 1A T, a 18 CTpyKTYp#I ListNode, co-
nepxameii T. TakuM 06pazoM, 06bexT Allocator CTaHOBHUTCS IPAKTHYECKH Hecroes-
HBIM, IIOTOMY YTO OH BBIAENAET MaMsTh He AndA ListNode, a mst T. Temeps cTanoBUTCA
NIOHATHO, IoueMy 11st HUKOTAa He obpamaercs k Allocator 3a HaMATHIO — MOCAeIHAH
HPOCTO He criocobeH NpeaoCcTaBUuTh To, YTo Tpebyercs 1ist.

CrepnoBarenbHo, 115t Hy)XXHBI CpeCTBa /IS TIEPEXOA OT UMEIOLIETOCS TUTIA pacTipe-
AeUTens K COOTBETCTBYIOIIEMY pacnipenesureito ListNode. 3agaya 6nia 661 BechMa He-
IIPOCTOM, HO [0 NIPABMJIAM pacnpeAeuTeNb MaMATH A0JKEH NpeAOCTABMTE ONpefe/ie-
HHe THNa AN pemeHus 3To# 3anadu. Onpenenenue HazsigaeTca other, HO He Bce Tax
HPOCTO — 3TO ONPENeNeHKE BJI0XKEHO B CTPYKTYPY ¢ uMeHeM rebind, koTopas cama mno
cebe siBisieTcst WAGI0HOM, BIOYKEHHBIM B PacTipelesIuTe b, — NpUYeM MOCIeIHKI TOKe
siBysieTcs mabronom!

IToxanyiicra, He mpITaliTech BHUKATE B CMBICJ nioCeaHel ¢pasbl. Bmecto aToro nipo-
CTO PACCMOTPHTE CJIEAYIOMHUH (PparMeHT u MepexofuTe K AaTbHelueMy 00bsiCHEHHIO:

template<typename T>

class allecator{

public:

template<typename U>

struct rebind{
typedef allocator<U> other:
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B nporpamme, peanusyiomeii 11st<T>, Bo3HuKaeT HeOOXOTUMOCTb ONPEAETHTD THII
pacnpeaesuTens ListNode, COOTBETCTBYIOLIETO PACTIPEAETHTENIO, CYIIECTBYIOWEMY A T,
Tun pacnpenenurens anst T 3agaercs napaMerpoym Allocator. YUUTHIBask CKa3aHHOE, THII
pacnipeaenuTestst Ajis1 ListNode moJKeH BHIDISAAETD TaK:

Allocator: :rebind<ListNode>: :other

A Teneppb 6ynbTe BHUMaTeNbHEl, Kaxaslit mabnoH pacripenenurens A (Hanpumep,
std: :allocator, SpecialAllocator M T. 4.) AOJUKEH COZEPKATh BJIOXKEHHBIH mabaoH
CTPYKTYpHI ¢ umereM rebind. Ilpeanonaraercs, uto rebind monyvaet napamerp U u He
onpefiesisieT HU4ero, KpoMe opesiesieHns TUna other, rae other — mpocTo uMs Ayt A<U>.
B peaynbrate 11 st<T> MojeT nepeiiTd OT cBoero pacnpeaenuTens obnexton T (Allocator)
K pacnpenenuTeio o0bekToB ListNode rmo cealake Allocator: : rebind<ListNode>: :other.

Moaxert, Bol pa3o6paiuch BO BCEM CKa3aHHOM, @ MOXKET, M HeT (ecM IyMaThb 10CTa-
TOYHO J0JITO, Bbl HENPEMEHHO pasfepeTech, HO MOAYMATh IPHAETCA — 3HA0 IO CBOEMY
omerty). Ho Bam kak nons3osarenmo STL, xesnaomeMy Halucats cOOCTBEHHbII pacnpe-
AeUTENL NaMATH, B AefCTBUTENBHOCTH He HYAKHO TOYHO IIOHUMATh CYTh IIPOMCXO/A-
mero. JIocTaTouHO 3HaTh TPOCTOM (aKT: eciu Bbl COOGUpaeTeCh CO3ATH PaCHipeAeIUTe b
TAMSITH U UCIOJIB30BATDh €10 CO CTAHAAPTHEIMH KOHTeHHEpPaMH, Balll paclpeleuTenb
NOJBKEH NPeAoCTaBiATh WabaoH rebind, MOCKOMbKY CTaHAAPTHbIE mabI0HB! OyAYT Ha
3TO PacCUUTHIBAThL (A 1eel OTIagKy TakKe JKeaTebHO TOHUMAaTh, TTOYeMY Y3710~
Bble KOHTeHHeps T HMKOT/a He 3alpall¥BaioT MaMaTh y pacnpeaenutesel oobexTos T).

Vpal Haire 3HakOMCTBO CO CTpPaHHOCTSIMH paclipeflenureneil maMaTyU 3aKOHYEHO.
[TosBosibTe MOABECTH KPATKUI MTOT TOTO, 0 4eM HEOOXOANMO MOMHUTE TIPH MPOTPaM-
MHpOBaHMY COOCTBEHHBIX pacnpeneuTeNel maMaTH:

*  pacnpexesIHTENb NaMATH ohopMiseTcsa B Buae mwabioHa ¢ mapamerpoM T, npea-
CTaBJAIOIHAM THUIT Dﬁ"bel{TOB, IJIA KOTODBIX BBIACNACTCA NMaMATh,

® [IpejoCTABbTE ONpefesieHls TUNIOB pointer u reference, Ho cieaMTe 3a TEM, YTO-
Op1 pointer Bcerga ObLn 3KBHUBaIEHTEH T*, a reference — T&;

® HHKOI'Ia HE BKJIOYaliTe B PacClipeneNIuTENH JaHHbIC COCTOHHHHIyPOBHH obbexTa,
B O6I]I€M Cliyda€ pacupeie/IuTeN b He MOXKET COMEDHAThb HECTATUUECKHX TTEpe-
MEHHBIX,

¢ TOMHHTE, 4TO pyHKIMAM allocate nicpenaeTcs KOJUYECTBO 06seKmM08, ATt KOTO-
PBIX HeOOXOAMMO BELIEIMTE NaMsATh, a He 06beM naMsitu B Gaifrax. Taxxke mo-
MHUTE, YTO 3TH (PYHKIHH BO3BPAUIAIT yKasaTesln T* (depes onpeneneHne THla
pointer) HeCMOTPsi Ha TO, YTO HH 0fKH 00beKT T ellle He CKOHCTPYHPOBaH;

¢ 06A3aTeNbHO MPENOCTABBTE BJIOMKEHHBIN WAbM0H rebind, 0T HAMMYMSA KOTOPOro
3aBHCHT paboTa CTAHAAPTHHIX KOHTEHHEPOB.

Hamucanue co6cTBEHHOTO pacnpeeHTe s TaMsITH 0OBYHO CBOAUTCS K KOMAPOBa-
HKIO MIPHIMIHOTO 06beMa CTAHZAPTHOIO KOAa H MoCTeAyiolteil MOAHMUKALNH HECKOIb-
Kux GyHKumii (B mepsylio odepeas al locate u deallocate). Bmecto Toro utoGsI nucaTh
6a30BbIi KOJ ¢ CAMOTO Hayaia, i PEKOMEHIYI0 BOCTIOIb30BATLCSH KOJOM C web-CcTpaHu-
sl JIkocarruca [23] wnun us crarsu Ocrepra «What Are Allocators Good For?» [24].

Marepra, H3JI0XKeHHEI B 9TOM COBeTe, TaeT NpeACTaBIeHue O TOM, Yer0 He Mozym
chenaTh pachpeAeNuTeNd aMsITH, HO Bac, BEPOATHO, 60Jibllie MHTEPECYET APYTOH BO-
NpoC — YTO OHM Mozym? ITO BeCbMa OOIIMPHAS TeMa, KOTOPYIO sI BBIAEANT B copeT 11.
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CoeT 11. YuuTbiBarTe 06nacTb NpUMEHEHUs
N0/1b30BaTENbCKUX pacnpenenuTenen namMaTu

Wrak, B pe3ynbTaTe XPOHOMETPaXa, NPOMHIUPOBAHHA H BCEBO3MOXKHBIX SKCIIEPHMEH-
TOB BbI TPHIIIM K BBIBOAY, YTO CTAaHZAPTHHIHA pacnpenenureis namsits STL (1o ects
allocator<T>) paboTaeT CTMITKOM METIEHHO, HATIPACHO PacxXonyeT uiH bparMeHTHpY-
€T NaMsiTb, M Bbl JyJiIe CIPABUTECH C 3TO 3agadeid. A Moxer ObITh, al locator<T> obec-
neuyBaer 6e300aCHOCTb B MHOTOIIOTOYHOM MOZAENH, HO BH IVIAHKPYeTe HCIOAb30BaTh
TOJABKO OAHOIIOTOYHYIO MOJE/Ib H HE KesaeTe pacxongoBaTs peCypChbl Ha CHHXPOHH3a-
LIMI0, KOTOPas BaM He Hy)Ha. Mu BBl 3HaeTe, 4T0O 06BEKTHl HEKOTOPHIX KOHTEHHEPOB
00BIMHO HCTIONB3YIOTCS BMECTE, H XOTHTE PACIIONIOKHUTD UX PAAOM APYT € IPYTOM B CIle-
OHMATBEHON Kyde, 4YToBbl 0 BOSMOXKHOCTH JIOKAIH30BaTh CChLIKHA. VI BRI XOTHTE Bbie-
nUTb 010K oflel TaMATH U pa3MeCTHTh B HeM CBOM KOHTeHHep:l, 4T0OL OHH MOTJIH
UCTIONb30BaThCA APYruMH npoueccamH. [Ipesocxoano! B kakaom u3 sTux creHapHes
yMCCTHO BOCIIOQJIB30BATLCA HeCTaH,E[apTHbIM paCHPEIIEJlHTCJIEM HNaMsITH.

IIpeanonoxuy, y Bac MMelOTCA ClienfaabEble QYHKUHY [/ YHpaBJeHus: 6I0KOM
obuleit maMsTH, HanucauHbie 1o o6pasiy malloc u free:

void* mallocShared(size_t bytesNeeded);

void freeShared(void *ptr):

Tpebyercst, YTOOBI TAMSITH AJIST COREPXKUMOTO KOHTeliHepoB STL prizensinace B 06-
wem bnoxe. Hukaxux npobrem:

template<typename T>

class SharedMemoryAllocator(
public:

pointer allocate(size_type numObjects, const void *localityHint=0)

{

return static_cast<pointer>(mallocShared(numObjects *sizeof(T)));
}
void deallocate(pointer ptrToMemory, size type numObjects)

freeShared(ptrToMemory) ;
}
}:
3a undopmanueir o TMRE pointer, a TakXKe 0 npeobpa3oBaHUH THNA H YMHOXEHHI

npu BbI30Be allocate obpamaiitecs K cosety 10,
IIpumep ucnonbaopanus SharedMemoryAtlocator:

// BcnoMoraTenbHoe Onpefenekue Tuna
typedef

vector<double, SharedMemoryAllocator<double> > SharedDoubleVec:
{ // Havano Oncka

SharedboubleVec v; // Co3paTb BEKTOP, 3NMEMEHTH KOTOPOTO
// Haxopatca B obueih namaTu

} /1 Howeu 6noka
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O0patuTe ocoboe BHUMaiie HA (GOPMYIHPOBKY KOMMEHTAPHSA PAAOM C onpeage-
HueM v. Bexrop v ucronbayet SharedMemoryAllocator, mosToMy IIAMATH A1 XpaHEeHHsA
JJIEMEHTOB v OYZET BbLIEAATHCs U3 00wIeil MaMATH, 0IHAKO CaM BEKTOp V (BMeCTe Co
BCEMH MepeMeHHBIMH KJIacca) TIOYTH HABEPHSIKa Ke 6ydem HaXOMMTECA B 0OLIeH nams-
1. BekTOp v — O6BIMHBI CTEKOBbIE 06BEKT, H09TOMY OH Oy/ET HAXOAUTHCA B TIAMATH,
B KOTOPOIi HCHIOJTHUTEILHAS CHCTEMA XPAHKT Bee OOBIYHbIe CTeKoBbIe 06beKThl. Takas
[IAMATH TIOYTH HUKOrIa He ABIsgercs obuied. YTobLI pasMecTUTh B 0011eil TaMATH KaK
COEPXKVMOE V, TAK U caM OOBEKT V, CJIeIyeT NOCTYIIHTD NPUMEPHO TaK:

void *pVectorMemory = 7/ BepenuTe Gnox obued namaATH,

mallocShared(sizeof(SharedDoublevec)):; // ofbem KOTOPO# LOCTaTOMEH

// AnA xpaweHun obbeKTa
// SharedDoubleVec

SharedDoubleVec *pv = // Vcnoneaosatk “new C ABHbM
new (pVectorMemory) SharedDoubleVec: // paameuennen” Ana CO3NAHMA
// ofvexta SharedDoubleVec;
// cMm. panee.

// Wcnoneaosauue obvexrta (4epes pv)

pv->-SharedDoubleVec(): /7 Yauqtomuts OOLEKT B8 OOwed naMatu
freeShared(pVectorMemory); // OceoloauTs MCXOAHMIA GNOK
// obuel namaTt

Ha,uemc::, CMEICJ TPOUCXOAAILCIO AOCTATOYHO SICEH H3 KOMMEHTapHEB. B 06].[IHX
yepTax MPOMCXOIUT CAeIyIoNiee: MBI BHeaseM GII0K 00Iel maMsaTH U KOHCTPYHpYeM
B Heit vector, MCONB3YOIIMH 06IIYI0 NaMATh I/l CBOMX BHYTPEeHHUX orepaiuit. IToc-
Jie 3aBepieHus paboThl ¢ BEKTOPOM MBI BHI3BIBA€M €10 IECTPYKTOP K 0CBOOOKAaeM na-
MATB, 3aHEMaeMy10 BekTopoM. Koa He Tak yx CI0XeH, HO BCe-Takd OH He CBOJHTCA K
HPOCTOMY OBDLABJEHUIO IOKAJIBHON niepeMeHHON, KaK Npeskae. Ecau y Bac HET BECKUX
NPUYHUH [Jisi TOro, YTOOb B 0ONIEi naMs Ty HaXOoAUIICs caM KouTedHep (a e ero aje-
MEHTHI}, 1 PEKOMEH1y10 H36eraTn YeThIPEXIIAroBoro npoilecca <BeLIeNeHN e,/ KOHCTPY-
MpOBaHKe,/yHUUTOXKEHHE,/ OCBOOOKAEHHE Y,

HecoMHeHHO, BbI 3aMETHIIK: B IpHBeNeHHOM (dparMenTe 1POMTHOPUPOBaHA BO3MOXK-
HOCTB TOTQ, 4T0 mallocShared moxeT BepHyTh null. PazyMeercst, B OKOHUATENIBHOH Bep-
CUH CIeL0BasI0 OB YUeCTb TAKYI0 BO3SMMKHOCTh, KKpoMe Toro, KOHCTpyHpoBaHe vector
B 001eli MaMSITH POM3BOAUTCS KOHCTPYKIKEH <NewW ¢ sIBHBIM pasMelieHHeM», OLIHCAH-
noit B moboM ydebnuke o C++.

PaccMOTpHM IpyTOH MPHMED MCTIONb30BaHU pacrpenenureneit namsty, [Ipeanono-
KHM, Y Hac HMEIOTCS JIBe Ky4H, IpejcTaBreHHble Kiaccamy Heapl v Heap2. Kaxamlii u3
3THX KJaCCOB COAECPKMUT CTATUYECKHE (byHI{uPI]/l IS BEIAETIEHHA U OCBO60}K}18HI’IH TTaMATH:

class Heapl {

public:

static void* alloc(size_t numBytes, const void* memoryBlockToBeNear):
static void dealloc(void *ptr):

}
class Heap? {.}; // Tot we wnTepdelic alloc/dealloc

Jlanee npearosoxuM, YTO BRI XOTUTE PA3MeCTHTE Cofepxxumoe KoHTeitHepos STL
B 3agaHHbX Ky4ax. CHayana ciefyeT HAMHCATh PacTipefeNuTeN b, CHOCOGHLIH HCHOMb-
30BaTh Knaccel Heapl 1 Heap2 npu ynpaBneHHH NaMATHIO:
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template<typename T.typename Heap>
SpecificHeapAllocator{
public:

Eointer allocate(size_type numbbjects.const void *localityHint=0)

{

return static_cast<pointer> (Heap::alloc(numObjects*sizeof(T),
TocalityHint}):
void deallocate{pointer ptrToMemory,size_type numObjects)

Heap: :dealloc(ptrToMemory);
1
}:
3atem SpecialHeapATlocator rpynnUpyeT 3JieMeHThl KOHTEHHEPOB:

vector<int,SpecificHeapAllccator<int Heapl> > v:  // PagmeCTuTbL 3neMeHTHl

set<int.SpecificHeapAllocator<int.Heapl> > s: // v ns s Heapl
Tist<Widget.
SpecificHeapAllocator<Widget ,Heap2> > L; // Pa3MeCTUTL INEHEeHTH
map<int.string.less<int>, // L um s Heap2
SpecificHeapAllocator<pair<const int,string>,
Heap2> > m;

B npuBegeHHOM npmMepe odeHb BaXKHO, 4TOOBI Heapl u Heap? ObLin munamu, a He
o6bextamu. B STL nmpenycMOTpeH CHHTAKCHC HHUIKANH3AIHYE Pa3HBIX KOHTEHHEpOB
STL pasubiMu 06beKTaMH pacTipeiesiuTelieil 0HOTO THIIa, HO 5i He Oy ero NIPUBOAKTS.
Heno B ToM, 9to ecu Obi Heapl u Heap2 Guiiu GBI 06oekmanmy BMECTO THIIOB, 3TO IPHUBEJIO
6B K HapYIIeHHIO OrPaHMYeHHs SKBUBATIEHTHOCTH, TIoAipo6HO onucanHoro B cosere 10.

Kak moxaseiBa0T NpuBefieHHble IPUMEDHI, PACTIPede/IMTeNH IPUHOCAT MOJb3Y BO
MHOTHX cuTyauuax. [Ipu cobimoaenuu orpanuyerus 06 3KBHBATEHTHOCTH OAHOTHITHEIX
pacnipenenuteneli y Bac He Oyer mpofiieM ¢ IpUMEHeHHEM HECTAHAAPTHBIX pacrpe-
IeJTuTeel [T YIpaBAeHHASA aMAThIO, TPYNTIHPOBKH, 2 TAKXKe HCTIOJIB30BAHKS 061mei
TIAMATH ¥ JPYTHX CIleNHATH3HPOBAHHEIX TIYJIOB.

CoseT 12. Pa3yMHO OLeH1BaNTe NOTOKOBYIO
6e3onacHoOCTb KOHTeNHepoB STL

Mup cranpapTHoro C++ BEITJISZHT CTAPOMOAHBIM H HE TIOABEPKEHHBIM BESIHHSIM Bpe-
MeHH. B 3TOM Mupe Bce HcnosHsemble (Gbaiiyikl KOMIIOHYIOTCA CTATHIECKH, B HEM HET HH
taitnos, oTobpaxkaeMsIX Ha TaMATD, Hu 06mei namsitu. B HeM HeT rpaduyecKHX OKOH-
HBIX cHCTeM, cereil v 6a3 JaHHBIX, HET ¥ ZPYTHX NPONECCOB, BeposATHo, He CTOMT yauB-
JISAITBCH TOMY, YTO B CTaHZAPTE He CKAa3aHO HH CI0BA O MPOTPaMMHAIX MoToxax. O noTo-
KOBOi# GezonacHocTH B STL MOKHO YBEPEHHO CKa3aTh TOJMBKO 0HO: YTO OHA NOJTHOCTBIO
3aBHCHT OT peajiH3aluH.

. Koneyno, MHOTOIIOTOYHEIE IIPOrPAMMEI PACTIPOCTPAHEH bl BECbMA IIHPOKO, TIOSTOMY
GosibmuHCTBO paspaboTunkoB STL cTpeMHTCS K TOMY, YTOBH X Pealnsalliy XOpouIo
paboTaiH B MHOTOMIOTOYHEIX YestoBusAx. Ho Aaxe eciii OHM XOPOLIO CNPABATCS CO CBO-
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eit 3a/a4edt, OCHOBHOE OGpeMsl ocTaeTcsl Ha Balurkx IJiedax. BoaMoxHocTH paspaboruu-
koB STL B aTolt 061acTH OrpaHHYEHb], M BB JOJIKHBI XOPOIIO IOHUMATB, TE IIPOXOANT
ITH FPAHHIILL

«3as10T0lt cTAaHAAPT» MOAAEPKKH MHOTONIOTOYHOCTH B KouTelHepax STL (koTopsiM
PYXKOBOACTByeTCS GOJIBIIMHCTRBO pa3paboTynkoB) Obin onpenese koMmmanueit SGI u
onyGauKoBaH Ha ee web-caiite, nocesimennom STL [21]. Dakrivecky B HeM cKa3aHo,
4TO B JIyYIIeM CJIydae MOKHO HaZeAThCsA Ha ciIeAylomee:

. 6330“301!00% napajanejJbHOro Y TEHHU A, HECKOJIBKD MOTOKOB MOTYT OQJHOBDE-
MEHHO YHTATh COAEPKHMOe KOHTeliHepa, H 9T0 He HOMEIIALT ero MPaBUIbHOH pa-
fore. ECTeCTBEHHO, 3aM1MCh B KOHTEAHED NPH 3TOM HE A0NYCKAETCS;

e (Ee30IaCHOCTD 3alMCH B pa3Hble KOHTelHepbl, HeckosibKo IOTOKOB MOTYT O/l-
HOBpPEMEHHO IPOH3BOAUTD 3aIUCh B pasHble KOHTEHHEpE],

OGpawaio Baule BHIMaHHe: 3TO TO, HA YTO Bbl MOMKETE HAOEAMbCS, HO HE PACCH UMb
samb. OTHH pealH3allHH NPeJOCTARIAINT TaKUe TAPAHTUH, PyTHe — HeT,

MHoronoeToyHOe NporpaMMHpPOBAEME CYMTAETCS CJOKHOM 3afayei, 1 MHOTHE TPo-
TPAMMHCTHI 3KeJNaIoT, yTo6b! peanusanuu STL u3HauansHO obecneyHBaIy NOJIHYIO MO-
TOKOBYI0 6€30MacHOCTh. ITO H362BHIO OB KX OT HEOOXOAMMOCTH CAMOCTOATE/TBHO CHH-
XPOHH3HPOBath AocTyn. KoneyHo, 310 6u10 Gbl 04eHb Y0610, OMHAKO A0OKNTHCS ITOM
LEJH 04YeHb CJ0XKHO. PaccMOTPHM HECKONBKO Cr10co00B peanu3anui HOIHOH IOTOKO- -
Bolt 6@30MACHOCTH KOHTEHHEPOB:

* GMOKMPOBKA KOHTEHEPA HA BPEMsI BbI30Ba 000 QyHKIUHY;

* G70KMPOBKaA KOHTEHEPa B TEYeHHE JKU3HEHHOTO IMKJIA KX I0TO BO3BPAIIAEMO-
o HTepaTopa (HanpHMep NTOCPeACTBOM BEI30Ba begin unu end);

* 6JI0KHpOBKA KOHTEHHEDa Ha NPOTSKEHHH PabOThHI KaXKIOT0 alrOPUTMa, BLI3BaH-
HOFO IS 3TOT0 KoHTelHepa. B nelficTBUTENBHOCTH 5TO HECCMBICIEHHO, TOCKOJIB-
Ky, Kak OyaeT moxasaHo B coBeTe 32, aJlrOPMTM He pacliojiaraeT CpefCTBaMu
uaeHTHPUKAIHMY KOHTeitHepa, ¢ KOTOPHIM OH pafoTaeT, TeM He MeHee, MbI H3yYUM
3TOT BapHaHT — Oy/eT MOyYuTeNbHO YBHAETh, HOYEMY OH B PHHIUIE Hepabo-
TOCHOCO6EH.

Paccmorpum cenyomyii gparMeHT, KOTOPBIR HIIET B vector<int> nepeoe BXOxe-

HUe YKCIIA 5 ¥ 3aMEeHseT ero HYJIEM:

vector<int> v;
vector<int>::iterator first5(find(v.begin().v.end().5)): // Crpoka 1

if (firsts I= v.end(}} { // Ctpoka 2
*firstsh = 0; // Ctpoka 3

}

B MHOTOIOTOYHOI CPeje CYIecTBYET BEPOSTHOCTE TOTG, UTO APYTOH TTOTOK HAMEHHT
COTEPKHMOE V Cpa3y ke 1ocjie BolnoiHerus crpoku 1. Ecotu ato npounsoiizer, cpasrenne
firstS ¢ v.end B cTpoke 2 cTaHOBUTCS HECCMBICIEHHBIM, IIOCKOJILKY COAEPKUMOe v yaeT
He TeM, KaxuM oHO GbU10 B KoH1e cTpoku 1. Boree Toro, Takas nposepka MOKeT IpuBecTH
K HETIpe/ICKa3yeMbIM Pe3YIhTaTaM, IOCKOIBKY TPETHH IIOTOK MOJKET [IEPEeXBATHTD YIIpaB-
nenue MexAy cTpokamu 1 u 2 u caenarhb firstS HedeficTBHTeNbHEIM (HANPUMeD, TIPH
BBITIOJIHEHHH BCTaBKU BCKTOP MOMKET 3aHOBO BBIJEJIMTb NaMATh, BCIEACTBUE YETQ BCE
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UTEepaToOpPbl AAHHOTO BEKTOPA CTAHYT HeeiCTBUTE/bHBIMH. 32 HOAPOGHOCTAMM O Mepepac-
npeaenenuu namsati obpaiaiitecs k cosety 14). [Ipucsausanue *firstS B cpoke 3 Toxe
HeOe30IacHO, TOCKOABKY MeXAy CTPokaMu 2 1 3 ApyToll IOTOK MOXKET YAATHTh 27IeMEHT,
Ha KOTOpBIY yKassIBaeT (MJIH, 110 KpaliHell Mepe, yKasbiBail paHbiie) uTepaTtop firsts.

HM OIHO U3 OIMCAHHBIX BBIIIE PelieH il ¢ GJIIOKHPOBKOM He pelIaeT STHX npobiiem.
Brizoss begin u end B crpoke 1 cpasy Bo3BpawaioT ynpasjeHe, CreHePHPOBaHHbIE KMH
HTEPATOPHI OCTAKTCA AeHCTBUTEIBHBIMY TOJNBKO JO KOHIA CTPOKH, a Tind Toxe Bo3Bpa-
I[A€T YIpaBJEHNe B KOHIIE CTPOKM.

Yro6bI 5TOT (pparMeHT 6blJ1 NOTOKOBO-0e30NnacHbIM, OJI0KHPOBKA V AOJDKHA COXpa-
HATLCA OT ¢TPoKH 1 710 crpoku 3. TpyaAHO NPeACTaBUTD, KaKuM 00pasoM pearHsailns
STL moraa 661 aBTOMATHYECKH IPHATY K TAKOMY BEIBOY. A €C/IH yuecTh, YTO HCIOJIB30~
BaHMe IPUMUTHBOB CMHXPOHU3anuu (cemahopoB, MbIOTEKCOB! U T. 1.) 0GBIYHO cOMpshke-
HO C OTHOCHTEJIbHO BHICOKMMM 3aTpaTaMu, elle TPYAHee NPeACTABUTh, KaKUM 06pa3oM
peanusanus Mor/ia Obl cAeaTh 9T0 0e3 3HAYUTEIBHOT0 CHIDKeHHs ObIcTpoAeHcTBRS
N0 CPABHEHHIO C MPOTPaMMaMHu, KOTOPBIM anpuopH0 U3BECTHO, UTO B CTpokax 1-3 ¢ v
Gyaer paboTaTh TOJIBKO OHH IIPOTPAMMHEBIIH MTOTOK.

ITonsTHO, OYEMY B pemieHnu Npo6ieM MHOTONIOTOYHOCTH HE CTOMT MOJIAraThCS Ha
peanuzanuio STL, BMecto aToro B IMOZOOHBIX CIyYasx CJAELYET CAMOCTOSITEILHO CHH-
XPOHM3KPOBATh AOCTYN. B npuBefeHHOM HpUMepe 5TO MOXKET BEIIVIAAETh TaK:

vector<int> v;

aetMutexFor(vJ :

vector<int>::iterator first5(find(v.begin().v.end(),5)};

if (firsth I= v.end()) { // Tenepe 3Ta CTpoka BeaonacHa
*firsts = 0; /7 W ata cTpoka Tome

}

releaseMutexFor{v):

B npyroM, 00beKTHO-OpPHEHTHPOBAHHOM, PEIIEHHH CO3/aeTcsl KAacc Lock, KOTopbli
3aXBaTLIBAET MBIOTEKC B KOHCTPYKTOPE H OCBOOOXKAET €r0 B AECTPYKTOPE, YTO CBOAHT
K MEHMMYMY BEPOSATHOCTh BbI30Ba getMutexFor Ges mapHOro BbI30Ba releaseMutexFor.
OcHOBa Takoro Knacca (ToyHee, mabyroHa) BLITASAUT IPEMEPHO TaK:

template<typename Container> // baajosuii wadnoH AnA Knaccos,
class Lock{ // 3axBaThiBaiolMX M OCBODOMAACUMX MLOTEKCH
public: // AN KOHTEAHEPOB: MHOTME TEXHWYECKME
// petanu onyueHsl
Lock(const Container& container)

:c(container)
getMutexFor(c); // 3axBaT MbliTEKCA B KOHCTPYKTOpE
1Lock()
{ releaseMutexFor(c): // Ocsofiompenne MbOTEKCA B JECTpyKTOpe
pr‘i\}.'ate:

const Containerd c;

b

! B cpexe nporpaMMHCTOB AaHHbIH TepMUH (aHI/. mutex) BCTPEYAETCH TAKXKE B BADHAHTE «MYTEKCH. —
Ipumeu. ped.
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Koriennust ynpasiieHus >KH3HEHHBIM IHKJIOM PecypcoB (B AaHHOM ClIydae —
MBIOTEKCOB) MPH NOMOLIH CEI[HATH3HPOBAHHBIX KAACCOB BpoAe Lock paccMaTpHBa-
etcsi B 1060M cepbesom yuebHuke C++. ITonpobyiire ravats ¢ kiuru Crpaycrpyna
(Stroustrup) «The C++ Programming Languages» [7], mockoneky umerno Ctpayctpyn
NOMyJIAPK3KPOBAJ BTy HAHOMY, OIHAKO HH(DOPMAIHIO Tak:ke MOXKHO HalTH B coseTe 9
«More Effective C++». KakuM 651 HCTOYHHKOM Bbl HH BOCIIOJIB30BAIHCE, IOMHHUTE, 4TO
ImpHBEeAEHHBIR BBIme Kiaace Lock ypesaH Ao abcosoTHoro MunumyMa. [lonroneHnas
Bepcus cofiepxana Obl MHOFOYHC/IEHHBIE AOTOJHEHHS, HE MMEIOLIHEe HHKAKOro OTHO-
wenrusi K STL. BrnpoueM, HecMoTpst Ha MHHHUMaUIH3M, IpUBeJeHHAA Bepcus Lock BIoiI-
He MOXKET HCITOJIB30BATRCA B PACCMATPHBAEMOM MPHMeEpE:

vector<int> v;

{ // Cosnanue woeoro 6noka
Lock<vector<int> > lock(v); // MonyyeHde WbKTexca
vector<int>::iterator firstS(find(v.begin(}.v.end().5)):
if (firsts = v.end()) {

*firsth = 0;
1

} // 3aKpuiTue GNOKA C ABTOMATHHECKMM
// oceobokfeHdeN HbOTEKCa

ITockonpxy MbioTEKC KOHTElHEPa ocBoOOXKAaeTCA B eCTPYKTOPe Lock, BaxkHo obec-
MeYuTh YHUYTOKEHHe Lock Cpasy ke nocJe oCBOBOXAeHHA MbIOTeKCa. /IS 3TOro Mal
co371aeM HOBBI OJIOK, B KOTOPOM onpeaessieTcst 06bexT Lock, 4 3aKpbiBaeM ero, Kak
TONBKO HanoOHOCTHL B MbIOTEKCe oTnanaeT, Ha mepBHIit Baria kaeTcs, 9TO BLI3OB
reTeaseMutexFor mompocTy aaMeHeH HeoBX0AMMOCTBK) 3aKPAITh H/I0K, HO 3TO He COBCEM
Tax. Ecain Mb1 3abyaem co3naTh HOBBIH 6J10K 4715 Lock, MBIOTEKC Bee paBHO 6YAET 0CBO-
6oX7eH, HO 3TO MOXeT MPOU30MTH NMO3AHEe MON0KEHHOTO MOMEHTA — TIPH BBIXOJE
u3 BHemHero 6yi0ka. Eciiu 3a66iTh 0 BhI3oBe releaseMutexFor, MpioTekc Boobiie He
0CBOGOIKAAETCS.

Boxee Toro, pemenne, ocHOBaHHOE Ha KJacce Lock, JIydine 3anIeHo 0T HCKAode-
Hui. C-++ rapaHTHpyeT YHHYTOXXEHHE JIOKAIBHEIX 00beKTOB IIPY BOSHHKHOBEHHH UC-
KJII04YeHHs, M09ToMY Lock OCBOGOAMT MBIOTEKC, AQKE €CIH HCKIIOYEeHHE TIPOH30MHIET
TpH HCTIOJIB30BaHUH 06bexTa Lock. [Tpu HCMoJIb30BaHMKU IAPHBIX BEI30BOB getMutexFor /
releaseMutexFor MbIOTeKC He OyaeT 0cBOGOXKAEH, eC/IH HCKII0YeHHe IPOUCXOAMT Nocie
BHI30Ba getMutexFor, HO mepen BLI3oBOM releaseMutexfor.

Hcxnouenus 1 ynmpasieHie PecypeaMy BasKHEL, HO JaHHBIA COBET IOCBSINIEH APYIoi
TeMe — 1oTOKOBOM HesonacrocTy B STL. Kax roBopuiocs BHILIe, BB MOXKeTe HAJeSmbCs
Ha TO, YTO peanusanus 6ubruoreku obecrmeduBaeT NapaiieJbHOE YTEHHE U3 OAHOTO
KOHTelHepa ¥ OAHOBPEMEHHYIO 3aTIHCh B pasHble KoHTeliHepol. He nasiefirecs, uto 6ub-
JnoTexa u30aBUT BAC OT PYYHOH CHHXPOHH3ALME U He paccuumuieatime Ha ONNEPKKY
MHOTCIIOTOYHOCTH.



KoHTenHepb!
vector u string

Bce koutefineps STL no-cBoeMy Noe3HH, OMHAKO GOMBIIKHCTBO MPOrpaMMHECToB C++
paboTaer ¢ vector u string Jauie, 4eM ¢ uX coOpaTHSIMH, B 3TO BIOJHE NOHATHO. Beanb
KOHTelHepLI vector u string paspaGaThIBAIHCh KaK 3aMeHa MACCHBOB, 2 MACCHBHI Ha-
CTOJIBKO TIOJIE3HH M YAOOHBL, YTO BCTPEYAIOTCs BO BCeX KOMMEPYECKHX A3BIKaX Ipo-
rpamMupoBanus oT COBOL ao Java.

B 2roit rmase koHTeHHEPHI vector W string pacCMaTpHBAIOTCS ¢ HECKOJIBKHY TOUEK
apenus. CHauana Mbl pazfepeMcst, 4eM OHH MIPEBOCXOAAT Kiaccudeckne Maccussl STL,
3aTeM pacCMOTPUM IyTH NOBbILEHHs GHICTPoAEHCTBUS vector U string, TO3HAKOMAM-
Cs1 C pa3/iMIHbIMH BAaDHAHTAMH DeUTH3AIHE String, M3yYuM crmocobnl mepeaayH string
u vector dpynknusam API, npuruMaonmm gannsie B popmare C. /lanee yner nokasa-
HO, KaK H30eXaTh JUUIHKX OTIepal#il BEesieHus maMaTy. [JiaBa 3aBepuiaeTcs aHaiH-
30M MOYYHTENbHOM aHOMaInu, vector<bool>,

Coset 13. Ucnonb3yuTte vector u string
BMECTO AMHAMMYECKUX MAacCUMBOB

IIpuruMan pemeHne 0 AMHAMHYeCKOM BbLAEIEHHH TAMSITH OTIEPATOPOM New, Bl 6epere
Ha ceOs1 pax 0053aTENbCTR,

1. BrimenenHasd maMsATh B JaubHeHueM Z0JKHA ObITh 0CBOOOMKACHA OIEPATOPOM
delete. Br13oB new 6e3 nocenyiouiero delete MPUBOAMT K yTEYKe peCypCoB.

2. Ocsoboxaenye 0/KHO BHNOJHATHCS COOTBETCTBYIOWEN (opMoll oneparopa
delete. OauHOUHLII 06BEKT 0CBOGOMIAETCSI IPOCTHIM BbI30BOM delete, a Amst Mac-
cuBoB Tpebyercs dopma delete [ 1. Ommbka B BaiGope popMe! delete mpusoaAnT
K HeTIpeficKa3yeMbIM nociieacreuaM. Ha oaxux miardopMax nmporpaMma «3aBH-
caeT» BO BpeMs BEITIOJIHEHS, 2 Ha APYFUX OHA MPo/0IDKaeT paboTaTh ¢ omuGKa-
MH, NPUBOJANIMMHE K YTEUKEe PECYPCOB M MOPYe COAEPKHMOTO IIAMATH,
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3. Omeparop delete ansa ocBo60XkzaaeMoro 06bexTa ZOJHKEH BBI3bIBATLCA POBHO
onuH paa. [ToBTepHOE 0CBOGMKAEH HE NAMSITH TAKXKe NPUBOKT K HETIPE/ICKasye-
MBIM TIOCJIEACTBHAM.

Hrak, AuHaMB4YecKoe BBIASIEHHE TAMATH CONPSKEHO ¢ HEMaIOH OTBeTCTBEHHOCTBIO,
¥ 5 He TIOHUMAIO, 3a4eM Opath Ha cefs numHMe oba3atensersa. [Ipu ucnonp3oBaHUH
vector u string HeO6XOAUMOCTD B AHHAMUYECKOM BHIEEHHH TIAMSATH BO3HHKAET 3Ha-
YUTENBHO PEKE.

Kaxnwii pas, Koraa BeI TOTOBEI IPHOETHYTh K AMHAMAYECKOMY BBILASJICHMIO TAMATH
1oz Maccus (To ecTh cobupaeTech BKIIOYUTD B MPOTPAMMY CTPOKY BHAA <new T[..]»),
noayMaiiTe, HesIb3s JIM BMECTO 3TOTO BOCIIONB30BATLCS vector uiu string. Kax MPaBHJIO,
string HCHOJIB3YETCS B TOM Citydae, eCiti T SIBJIIETCS CHMBOIBHEIM THIOM, a vector — Bo
BCEX OCTAIbHAIX CyYastx. BripoueMm, nosaHee Mbl pacCMOTPUM CHTYaMIO, KOTAa BHGOP
vector<char> BHITTAAUT BriostHe pasymuo. Konrelineps vector u string uabasnsior npo-
TPaMMHECTa OT XJIOTIOT, 0 KOTOPBIX TCBOPHJIOCE BHILIE, IOCKOIBKY OHH CaMOCTOATENBHO
YIIPaBJIAIOT CBOEH NaMsAThi0. 3aHHMaeMass HMH MTaMATh PaCUIMPAETCS 110 Mepe A06aB-
JIEHHS HOBBIX 3JIEMEHTOB, & IIPH YHUYTOKEHHH Vector uiu string ZecTpyKTop aBTOMa-
THYECKM YHHYTOXKAET JIEMEHTHI KOHTefiHepa 1 0cBo60OXAaeT MaMATh, B KOTOPOil OHH
HAXOLSITCSL.

Kpome Toro, vector u string Bxoast B ceme#CTBO NOCeI0BATEIBHBIX KOHTEHHEDOB
STL, noaroMy B BaleM PacrOpsKEHHH OKA3BBAETCS. BECh apCEHaN aIroput™os STL,
paboTalonuX ¢ STHMHU KoHTeitHepaMu. Bripouem, atropurmst STL MOTyT HCIIOIb30BATD-
Cs ¥ C MaCCHBAMM, OAHAKO Y MaCCHBOB OTCYTCTBYIOT yA0OHEe pyHKIMuM begin, end, size
U T. I, & TAKXKE BICKEHHBIE OlIPe/eNienust THIOB (iterator, reverse iterator, val ue_type
M T. 21.), 2 yKasaTenu char* BSII JIH MOFYT CPaBHUTBCS CO CTIeI{HAIH3HPOBAHHEIMU bynk-
UMSMH KOHTelHepa string, Yem Gosbure paboraets ¢ STL, Tem MeHbIme sHTy3nasMa
BBEI3BIBAIOT BCTPOEHHbIE MACCHBBIL.

Ecn Bac GecrioxouT cyapba yHac/IeIOBaHHOTO KOZA, paboTalomero ¢ MacCHBaMH,
He BOJIHYHTECH H CMeJIo UCTIoJIb3yiiTe vector u string. B coete 16 nokasaHo, Kak jierxo
OPraHH30BaTh Nepeflauy COAEPXKUMOro vector u string pynknusam C, paboraiomum ¢
MAaCCHBAMH, TIO3TOMY MHTETPAllMs C YHACJEAOBaHHBIM KOAOM 06bIYHO 00XoauTes 6e3
3aTpyAHECHHH.

YecTHO roBops1, MHe NPUXONT B TOJIOBY JMIIb OHA BO3MOXKHAA TpobaeMa TIpH 3a-
MeHe THHAMKHYeCKHX MacCHBOB KOoHTelHepamu vector /string, npuyeM oHa OTHOCHTCS
To/bKO K string. MHorue peanusamuu string ocHOBaHbI Ha HOACYETe CCHIJIOK (coet 15),
4TO [O3BOJISIET U36aBATHCA OT NMITHMX BbIAEIEHU ! TAMATY M KOIMPOBAHHMS CUMBOJIOB,
a TAKKe BO MHOTHX CJIyyasiX yckopsieT paboTy KoHTeitnepa. OnTuMmusaius string Ha
OCHOBE MIoAiCYeTa CCHINIOK OBlIa COUTEHAa HACTONBKO BaXKHOH, uto Komurer mo cTaHzap-
Th3anuu C++ CrelranbHO paspeln ee KCHO/Ib30BaHKe,

Bripouem, onTuMusanust Hepeako 060paunBAETCS <eCCHMH3aINeits. ITpu ucnonnb-
30BaHMK String € OACYETOM CCHUIOK B MHOTONIOTOMHOM Cpefie BpeMs, COKOHOMJIEHHOE
Ha BBIAEJIEHHH TIAMATH H KOIIEPOBAHKH, MOXKET OKA3aThCs! HIUTOXHO MAJIBIM TI0 CPaBHe-
HHIO CO BpeMeHeM, 3aTPaueHHBIM Ha CHHXDOHH3AIMIO AOCTYa (32 noApobHOCTIME 06pa-
waiiTech x craThe Carrepa «Optimizations That Aren’t (In a Multithreaded World)»
[20]). Takum ofpasoM, IIpH UCIIONB30BAHKUE String ¢ TMOACYETOM CCBUIOK B MHOTOTIO-
TOYHOI CpeZie KeaTeIbHO C/IeUTh 3a 1pobeMaMut GbIcTPOAEHCTBHS, 06YCIOBICHHEL-
MH NOAIEPKKOH NI0TOKOBOMH Ge3onacuocTy,
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YroHnl y3HATH, KCTIOJB3YETCS JIM MOACYET CCHIJIOK B BalIel peanu3aiiy string, mpo-
1€ Bcero 00paTUThCst K A0KyMeHTaiun 6ubmnorexu. [TockobKy MOACYET CCBUIOK CYH-
TaeTcsl ONTHMH3anHeH, paspaboTyuku 06LIYHO OTMEYAOT ero CPeAH MOJOKUTEBHBIX
ocobenHocTelt 6ubmioTexn. Takxke MOKHO 0OPATHTBCA K MCXOHBIM TEKCTaM peain3a-
1uu string. O6BIYHO 5 He PEKOMEHAYIO HCKATh HYKHYH0 HHDOPMALMIO TAKHM CIIocob0M,
HO HHOLAA APYTOTO BBIXOJA IPOCTO He ocTaeTcA. Eciii BH NoiizeTe no aToMy MyTH, He 3a-
ORIBaitTe, UTO string SBAsAETCA ONpeneeHHeM TrMa Juis basic_string<char> (awstring —
st basic_string<wchar_t>), moaToMy ucKaThb ciefiyeT B mabnoue basic_string. Bepo-
ATHO, IPOILE BCero 06paTHTHCA K KONHpYoleMy KOHCTPYKTOpy Kiacca, [Tocmorpure,
YBEJIHUKBAET JIK OH ePEMEHHYI0, KOTOPas MOXKET 0Ka3aThCs CYeTYHKOM CChlIoK. Eciu
Taxas nepeMeHHas Oyzer HaiifeHa, string UCNONBE3yeT MOACYET CCBHITIOK, A €C/IH HET —
He HCIOJIb3YeT... MM BbI IPOCTO OUIKGINCE NIPH MOKUCKE,

Ecni nocTynHas peanuzanusa string TOCTPOEHA HA MOACYETE CChIJIOK, a ee HCIOMb30-
BaHHE B MHOTONOTOYHO Cpefie MOposKAaeT MpodJieMbl ¢ OBICTPOAEHCTBHEM, BO3MOXKHDI
no KpaiiHeli Mepe TP PasyMHBIX BapHaHTa, HY OIMH M3 KOTOPHIX HE CBA3aH C 0TKa30M
ot STL. Bo-nepBaIX, NPOBEPBTE, He TIO3BOJISAET JIH pealusaiis OMOIHOTEKH OTKAYUTD
MOACYET CCEUTOK (OOBIYHO 3TO [e/IaeTcsl M3MeHeHHEM 3HAYeH s NPeNponeccopHoi nepe-
MeHHOH ). KoHeuHo, nepeHOCHMOCTD NIPH 3TOM TePeTcs, HO ¢ Y4eTOM MHHHUMANTBHOIO
o6bema paboThl JaHHBIA BADHAHT BCE XK€ CTOMT PACCMOTPeTh. Bo-BTOPHIX, HallauTe MK
co3fialiTe aIbTEPHATHUBHYIO pealu3aluio string (XxoTs OBl YACTHYHYIO), HE HCMOJIB3YIO-
UIYI0 NoACYeTa CCRIOK, B-TpeThHX, nocMOTpHTE, HENTB3S I UCNIOJIB30BATE vector<char>
BMecTO string. Peanusannu vector He MOFYT HCIIOJIB30BATE MMOACYET CCBIJIOK, MTO3TOMY
CKPBITBIE PG IEMB] MHOTOIIOTOYHOTO GhICTpoAeiicTBYs MM He MpucyIly. Koneyro, npu
nepexoze k vector<char> TepsiioTcst Muorue yAoGHble GyHKIMU KOHTeiHepa string, Ho
Gosbinas yacTb BX QYyHKIMOHATBHOCTH A0CTYHA Yepe3 asrroput™bl STL, moatomy peus
HJIET He CTOJIBKO O CYXKEHHH BO3MOXHOCTEH, CKOJIBKO O CMEHE CHHTAKCHCA.

M3 Beero ckazsaHHOro MOXKHO CAenaTh HPOCI'OI?I BBIBOA — MACCHBBI C AHHAMHYECKHM
BHIZIEIEHHEM TaMSTH YacTo TpebyloT jumHeil pabotsl. UToOs yIpocTUTE cebe XKU3HEb,
HCTIOIL3YHTe vector u string.

Coset 14. cnonb3yunTe reserve
ANS NpefoTBpaLLeHns NUWHKUX onepaumun
nepepacnpeaeneHns namaT

Onmoii B3 caMHX 3aMedaTeIbHBIX ocobernocTelt koHTelinepos STL sABmAeTCA aBTOMA-
THYECKOE HAPAIMBAHHE AMSITH B COOTBETCTBHH ¢ 00beMOM BHECEHHBIX JAHHBIX (TIPH
YCJIOBHH, 49TO MPK 3TOM He NpeBHILIAeTCA MAKCHMAIBHELA pasMep KOHTeiHepa — ero
MOXHO Y3HATH MpH oMoy QYHKiHE max_size). /11 xoHTelinepoB vector u string
INOTMIONHUTEBHAA TAMATD BBLAEJSETCS aHaoroM GyHKu# real Toc. ITpoueaypa cocro-
HT U3 YeTHIPEX 3TANoB:

1. Brigenenue HoBoro 610Kka HaMsTH, pa3Mep KOTOPOTO KpaTeH TeKyIei eMKOCTH
KoHTelHepa, B GosbnmucTBe peasuaanuil vector W string ucnoJis3ayercs ABy-
KpPaTHO€ YBEJIHYECHME, TO €CTh IIPH KaKAOM BbhIACJICHHH ,ilDl'[OJIHHTEJ’IhHOﬁ naMs-
TH eMKOCTb KOHTEHHepa YBeIHYHBAETCS BABOE.
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2. Kommpoeasue Bcex 371 MEHTOB 13 cTapol MaMATH KOHTeHHepa B HOBYIO MAMATh.
3. VrmuuTOXeHue 06BEKTOB B CTApOil TaMATH.
4. OcpoboxaeHue CTapoil MaMsATH.

[Tpu TaxoM KoJsnyeCTBe ONepalliil He IPUXOAUTCS YAUBIATHCS TOMY, YTO THHAMH-
yeckoe yBeauieHHe KoHTelHepa mopoit 06XoauTcs A0BOJIBHO Xoporo. EcrecTBeHHO, aTy
OTEPALIMIO XOTEA0Ch BBl BRITIOJIHSTE KaK MOXKHO pexke. A eCJiH 3TO ere He KaXKeTcs ec-
TeCTBEeHHBIM, BCTIOMHUTE, YTO NIPK KAKA0M BBITIOIHeHHA MepeducieHHbIX Ollepallui BCe
HTEPATOPHI, YKA3ATEJIH i CCBIIKY Ha COAEPKUMOoe vector 1iin string cTaHOBATCA Henelt-
crButesbHbIMA. Takum o6pa3zom, MPoCTast BCTaBKa aJieMeHTa B vector/string Moxer
norpefoBaTh 0OHOBJIEHUS APYTHX CTPYKTYP AaHHBIX, COAEPIKAILHX HTEPATOPBL, YKa3a-
TENN H CCHUIKH PACHIHPsIeMOTo KOHTeHHepa.

DOyEKIHA reserve MO3BOJASET CBECTH K MEHHMYMY KOJHUYECTBO JONOJHHTENIBHBIX
nepepacipese/eHuld NaMATH M H30eXarh 3aTpaT Ha OOHOBJIEHHE HeleHCTBHTEBHBIX
UTepaTopoB/ykazaTeneii/ccrnox. Ho npexie 4eM oOBIACHATE, KAK 3TO TPOHCXOAHT,
NO3BOJIBTE HATIOMHHTE O CYIUECTBOBAHHY YeTHPEX B3aUMOCBA3AHHEIX (DYHKIHI, KOTO-
pble HHOTAA IIYTAT APYT ¢ ApyroM. 113 Bcex CTAaHAAPTHBIX KOHTEHHEPOB IepeYHCIeH-
Hble (DYHKIIHH NOANEPKHUBAIOTCS TOJMBKO KOHTeHHepaMu vector u string.

e Dynxuua size() Bo3BpalaeT TeKylLlee KOJHMIECTBO JIEMEHTOB B KOHTeHHepe.
OHna ne coobaem, CKOJIBKO TaMATH KOHTeHHep BRIAENU AJTST XPAHSIIHXCS B HeM
3JIEMEHTOB.

o @DyHKIus capacity() coobiaer, CKOJBKO 31eMEHTOB TIOMECTHTCS B BhIAETEH-
HOI MaMsTH. Pedn uaer o6 obusem KoJiM4eCcTBE JJIEMEHTOR, @ HE O TOM, CKOJb-
KO ewje 3NeMeHTOB MOJKHO pa3MecTHTDb 0e3 pacuinpeHns Konreitnepa. Ecou Bac
HHTepecyeT ofbeM cBOGOAHOM MaMsaTH vector uiu string, BEIYTHTE size() u3
capacity(). Ecau size() u capacity() Bo3BpamaioT 0AMHAKOBBIE 3HAYEHMS,
3HAYHT, B KCHTeilHepe He 0CTANOCh CBOGOAHOIO MECTa, H CJIeAYIas BCTaBKa
(insert, push_back & T. A.) BEI30BET MpOLEeAy DY MEPepacupeesieHHs TaMSITH, ONlH-
CaHHYIO BHIIIE.

» Dynxuuns resize(size_t n) U3MeHseT KOJHIECTBO JIEMEHTOB, XPaHAIMXCSA
B xontelinepe. [Tocie BEI30oBA resize QyHKINA Size BepHeT sHadenne n. Eciu n
MEHBLIE TEKYIIET0 PasMepa, JHIOIHHEe 3JIeMeHTH B KOHIle KOHTeHHepa YHHITO-
xatorcsl. Eciu n Gosbiite Tekymero pasmepa, B KOHel[ KOHTeHHepa A06aBg0TCA
HOBBIE 3JIEMEHTHI, CO3JAHHbIE KOHCTPYKTOPOM TI0 yMordaHuo. Ecin n Gonpure
TeKyIIeH eMKOCTH KOHTeHHepa, Nepefl CO3aHHEM HOBEIX 3JIEMEHTOB TIPOHCXO-
IUT MepepacnpenesicHde MaMsTH.

e (yHKuus reserve(size_t n) ycraHaBIMBaeT MEHHMAIbHYIO eMKOCTh KOHTEH-
Hepa PaBHOH N — MPH YCJOBHH, YTO N He MEHbLIE TeKyuiero pasmepa. O6bYHO
3T0 IIPHBOJKT K MEPEPACIpeAe/IeHHI0 IAMATH BCISACTBHE YBEIUISHHI eMKOCTH
(ecnu n MeHbIe TeKylllell eMKOCTH, vector HTHOPHPYET BbI30B (DYHKIMH H He
AEIaeT HU4ero, a string moxcem yMeHBUIMTE eMKOCTh A0 Gosbireil u3 Benudun
(size(), n)), Ho pa3amMep string npu aToM 3aBeAoMo He udMeHsiercs. ITo cobersen-
HOMY OIBITY 3HAI0, 4YTO yCeueHHEe eMKOCTH String BRI30BOM reserve 0BBIYHO Me-
Hee HaJIEKHO, UeM «(DOKYC ¢ TepeCcTAHOBKOI», OMMCAHHbBIN B coBeTe 17,
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U3 xparkoro onucaxusi GpyHKUMIA CTAHOBHTCSA ACHO, YTO NMepepacnipesiesienye (Bbl-
nenenyie U 0cBoOOKIEHHE 6I0KOB NIAaMATH, KONHPOBAHUE U YHHYTOKeHHEe 00bEKTOB,
oOHOBJIEHHE HefleHCTBUTENbHBIX MTEPATOPOB, YKasaTeliell H CChI/IOK) TPOUCXOAUT KaXK-
BN pa3, KOI/a IpM BCTaBKe HOBOT'O 3JteMeHTa TeKyllas eMKOCTh KOHTeHHepa OKa3hiBa-
eTca HenoctaTounoit. Takum o6pa3oM, AJIs IPeTOTBPALICHHS THUTHUX 32TPAT CIELYET
YCTAHOBUTH JI0CTATOYHO GOJIBUIYIO €MKOCTD KOHTeiHepa QyHKUuel reserve, mpudeM
CHenaTh 3TO HyXKHO KaK MOYKHO DaHbllle — XeJlaTeJIbHO Cpa3y Xe NocJie KOHCTPYHpoBa-
HHS KOHTeHHepa.

IlpenrionoxumM, Bbl XOTHTE CO3AaTh vector<int> ¢ yuciamu u3 unrepsaia 1~1000.
Be3 HCroIb30BaHHs reserve 3To Ae1a10Ch OB MPUMEPHO Tak:

vector<int> v;

for (int i=1: 1<=1000: ++i) v.push_back(i):

B 6oapmunctse peatuszauuit STL npu BelmosHeHHH 3TOTO hparMeHTa MpoH3oiaeT
or 2 no 10 pacmapenuit kouteitnepa. Kcratu, yncno 10 o6bsicHsAeTcs 04eHb MPOCTO.
BcroMHuTe, 9TO MPH KaXKAOM MepepacrpeaeseHui eMKOCTh vector 0GEYHO YBeaHyH-
Baerca BaBoe, a 1000 npumepHo paso 2,

vector<int> v;
v.reserve(1000);

for (int i=1: i<=1000: ++i) v.push_back(i):

B aToM caydae KOIMYECTBO paciuupeHuit 6yAeT paBHO HYJIIO.

BzauMocss3b Mexy size u capacity nmosBoJisieT y3HaTh, KOTia BCTaBKa B vector MK
string npuBezeT K paclIMPeHHIO KOHTeiliHepa. B cBoo oYepens, 310 MO3BOMSET NpeA-
CKa3aTb, KOI/la BCTaBKa NPHBENET K HeAeHCTBHTEIbHOCTH MTEPATOPOB, yKa3aTexel u
CCBUTIOK B KOHTelHepe. IlpuMep:

string s:

if (s.5i2e0) < s.capacity() {
s.push_back('x");
}

B aTom ¢ parMerTe BbI30B push_back He MOXeT IPUBECTH K HOABJIEHKIO HelleHCTBY-
TEJBHBIX MTEPATOPOB, YKa3aTeNned H CChLIOK, MOCKOMbKY eMKOCTh string 3aaBeaoMo
6oapme Texymero paamepa. Eciiu 651 BMecTo push_back BEINOJIHSIACH BCTABKA B IPOM3-
BOJIbHOM HO3U1MK CTPOKH hyHKIkel insert, 310 Tak)Xe FapaHTHPOBAIO OH OTCYTCTBHE
niepepacnpeAejieHUil NaMsATH, HO B COOTBETCTBUM C OOBIYHBIMY NMpaBHJIaMH AelCTBH-
TEJIBHOCTH HTEPATOPOB JJISl BCTAaBKU B String BCe MTepaTOphl/yKa3aTesH/CCHIIKH OT
TOYKH BCTABKH M0 KOHIIA CTPOKHK CTa/Md OB HEAEHCTBUTEIBHBIMH.

BepHemcs: x ocHOBHOIt TeMe HacToAIero cobeTa. CyIiecTBYIOT ABa OCHOBHBIX CITO-
coba mpuMeHeHHsA (DYHKIME reserve i MpeA0TBPAIEeH s HeXKeJIaTeJIbHOTO nepepac-
npegeaeHus] namMaTH. [1epBriil cocol HCTOJIB3YeTCs B CHTYALMH, KOT/IA2 M3BECTHO TOY-
Hoe WK NpHdIU3UTeIbHOe KOJIMIeCTBO 3IeMEeHTOB B KOHTeliHepe. B aToM ciryvyae, kak
B IPMBEIEHHOM BHILIE TIPEMEPE C vector, HyXHbli 06'beM MaMATH IPOCTO Pe3epPBHPYET-
cs 3apanee. Bo BTopoM BapuanTe (PYHKIKS reserve pe3epBHpyeT MAaKCHMIBHEIH 00beM
NaMSITH, KOTOPBIA MOKET HOHAAOGHTHCS, a 3aTeM MOCJie BKIKYEHNs JaHHBIX B KOHTEH-
Hep BeA cBo60AHAS TaMATh 0cBo60XKAaeTcs. B ycedenun cBo60AHOM MaMsTH HET HUYeE-
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IO CIOKHOTO, OAHAKO H He OyAY OMHUCHBATE 3TY ONEPALHIO 3A€Ch, TOTOMY YTO B HE UC-
NOJIb3YETCA 0COOBIH NPHEM, PACCMOTPERHBIA B coBere 17.

CoBet 15. [TOMHUTE O pasnuumnax
B peanusauuu string

Brepn CrpaycTpyn oaHaKaBI HanKCAM CTAThIO C HHTPUTYIONIEM HasBaHueM <Sixteen
Ways to Stack a Cat» [27], B koTopoii GuLTH ipeACTaBJIeHb! Pa3HbIE BADHAHTHI Pealn3a-
MK cTexoB. OKa3bIBaeTCs], IO KOJIMYECTBY BO3MOMHEIX pea/lH3aiiuil KoHTeliHeps string
He yCTynaloT crexaM. KoHe4Ho, HaM, ONBITHBIM U KBaTH(HIIMPOBAHHBIM HPOrPAMMHUC-
TaM, TIOJIOKEHO NPE3NPATh «TOAPOGHOCTH PealM3altuy, HO CJIH DitHIITein 6L NIpasB,
u Bor neficrButensHo nposiBiseTcs B Menodax... Jlaxe eciau noapo6HOCTH AelicTBU-
TeJILHO HeCYIeCTBeHHBI, B HHX BCe JKe XKeJaTesibHo pazbuparbes. ToMbKO TOTAa MOKHO
BBITB IOJIHOCTBIO YBEPEHHBIM B TOM, 4TO O OeldcmeumeibHo HeCyIeCTBeHHEL.

Hanpumep, ckoitbko HaMsTi 3aHHMaeT 06beKT string? Muade rorops, yemy paseH
pesynbrar §izeof(string)? OTBeT Ha 3TOT BONPOC MOXKET OBITH BEChbMa BAXKHEIM, 0CO-
6eHHO €CNTH Bbl BHHEMATENBHO CHAESAHUTE 34 pacxcAaMH NaMATH H AYMaeTe O 3aMeHe HU3-
KOYPOBHEBOTO YKasaTe/is char* 06beKToM string.

OxasriBaercsi, pe3yspTaT sizeof(string) HeOAHO3HAYEH — H €CJIH Bbl AHCTBUTEb-
HO CJIE/INTe 32 PACXO/IAMH ITAMSTH, BPsIA JIM STOT OTBET Bac yCTPOHT. XOTA y HEKOTOPBIX
peau3aimii KOHTeHHep String no pasMepy CoBMajaeT ¢ char*, TaK e 4acTo BCTpeya-
I0TCS PeUIM3allKK, Y KOTOpO# string 3anuMaeT B ceMb pa3 fonbie mamaty, Yem obbsc-
HAIOTCA TIoo6HBIe pasnuyusa? UToOs! NOHATE 9T0, HeOBXOAUMO 3HATH, KAKHE JaHHBIE U
KakuM 06pasoM GYAYT XpaHUTHCH B 06bekTe string.

IIpaxTHyecky KaXkaas peatnsanys string XxpaHuT CIeAyIONTyio HHBOPMALHIO:

® pasMep CTPOKH, TO ECTh KOJHYECTBO CHMBOJIOB;

® EMKOCTb 6J10Ka MaMSTH, COAEPIHKANIETO CHMBOJIBI CTPOKH (pasHyust Mexay pas-
MEPOM H eMKOCTbIO CIIHCaHEI B coBeTe 14);

*  CO/IePAKHMOE CTPOKH, TO €CTb CHMBOJIBI, HENOCPEACTBEHHO BXOASAIIME B CTPOKY,
Kpowme Toro, B koHTeliHepe string MoKeT XpaHHUTBCS:

* Konuf pacnpepenuress namary. B cosete 10 pacckasano, noyemy aTo none He
ABasieTcst 06A3aTeNbHBIM. TaM Xe OIMUCaHbl CTPaHHBIE NPABHIIA, TI0 KOTOPBIM
paboTaloT pacnpeaeN uTeNH TaMATH.

Peanuszaium string, ocHOBaHHbIE HAa OACYETE CCHLIOK, TAKOKE COAEPIKAT:
¢ CYETYHK CCBLIOK [T TEKYILIETO COMEPHKUMOTO.

B pasnsix peanusanusx string 3Tu AaHHble XpaHATCA NO-PasHoMy. JLIs HATISAHOC-
TH MBI PACCMOTPHM CTPYKTYPbI JAHHBIX, HCTIOMb3YEMbIe B YETHIPEX BADHAHTAX PEasu-
3anuu string. B Bei6ope HeT HUYETO OCOBEHHOTO, BCe BAPUAHTHI IIO3aHMCTBOBAHEI H3
mKpoKo pacnipocTpaHeHHbIX peatnsanuii STL. [Tpocto oHu oxasantuch nepseIMH, HO-
NaBUIHMMKCS. MHE Ha IJ1a3a.

B peanuzaumn A xaxastit 06LeKT string cOAEpIKUT KOTIKIO CBOETO PACIPENEITHTENS
NaMATH, Pa3MEP CTPOKH, ee eMKOCTh 1 yKasaTeJlb Ha AUHAMHUYECKH BBIAENEHHbLH Gydep
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€O CUeTYHKOM cCBLTOK (RefCnt) u comepxuMbiM cTpoKu. B aToM BapuanTe 06BexT string,
HCHOMB3YIOIHAH CTAHAAPTHBIH paclipeAe/uTeb TAMATH, 3aHKMAET B YeTHpe pasa §0Jib-
1Ie MaMSTH TI0 CPaBHEHHMIO ¢ Yka3zaresieM. [Ipu HCIOIB30BAaHHH HECTAHAAPTHOIO YKa3a-
Tenst 06BEKT string yBeqnduTCs Ha PasMep 06beKTa paclpeenTels.

PacnpepenuTens { RefCnt | CDAprcumoej‘_"_‘; |
Paamep
EMKOCTL
Ykasarene
ObnexT string
Peanuaauma A

B peasnsauuu B 06bexTH string nmo pasmepaM He OTJIMYAIOTCA OT yKa3aTejei,
MIOCKOJIBKY OHH COJIEPAKAT YKasaTesb Ha CTpYKTYpY. IIpu aToM Taxke mpeanosaraercst
KCTIOIB30BAHKE CTAHAAPTHOTO pacnpenenurens naMaTe. Kax u B peannsaiuu A, npu
HCIIOIb30BAHMI HECTaHAAPTHOTO paclpelesuTe s pasmep o0bekTa string yBeuynsa-
eTcs Ha pa3Mep 00beKTa pacnpefesuTeIs. biarofaps oNTHMH3al MK, IPUCY TCTBYIOmEH
B 3TOM BapHAHTE, HO He PeAyCMOTPEHHOMH B BADHAHTe A, HUCIIOJIb30BAHHE CTAHAAPTHO-
ro pacnpefenuresns 06xXogutcs 6e3 3aTpaT NaMATH,

B o6BekTe, Ha KOTOPHIH CCHITAETCH yKa3aTellb, XpAHUTCS PasMep CTPOKH, EMKOCTb
M CYETYMK CCBUIOK, 2 TAKXKEe yKasaTesb HA JUHAMUYECKH BhiieseHHHBIH Gydep ¢ Teky-
KM COJEPKHEMBIM CTPOKH. 3JeCh e XPaHATCA AOTIOJHUTENbHEIE AaHHLIE, OTHOCA-
mHecs K CHHXPOHH3AIHY AOCTYIIAa B MHOTONIOTOYHEIX cucTeMax. K nameit teMe onn He
OTHOCSITCS, TOPTOMY Ha PHCYHKE COOTBETCTBYIOMAA 4aCTh CTPYKTYPAL JaHHBIX 0003Ha-
geHa «IIpouee».

[ Yeasarene |—> Paawep

O6texT string E;Kr%mb
eftnt

Ykasatens  |—{ Copepxamoel, T |

Mpovee

Peanusauns B

Biaox «IIpouee» okasancs Goseme ocTanbHBIX 6J0KOB, IOCKOMBKY A MOCTAPAICS
BBIIEDXKATD MacTab n3o6pakenns. Eciu omus 6510k BABOe Gosbliie APYyroro, 3HAYMT,
OH 3aHMMaeT BABoe GoJIblIe MamMATH. B peaiusainu B pasMep IaHHBIX CHHXPOHU3ALKH
NPUMEPHO B IIECTh Pa3 NPEBLIIAECT Pa3MeEp yKa3aTess.

B peanusauuu C pasmep o6bexra string BCeraa paBeH pasmepy yKasaTesis, HO 9TOT
yKasaTeJib BCer/la CChlJIaeTCA Ha AMHAMHYECKK BhIAeNeHHbilt Oydep, conepskamuil Bee
AaHHbIe CTPOKH: Pa3Mep, eMKOCTb, CYETYHK CCBITIOK H TeKyIlee cofepxkumoe. Pacnipene-
JiHTeJIn YPOBHS 00beKTa He IOANEPKHBAOTCA. B fydepe Taxike xpanaTcs faHHbIe, OMH-
CBIBAIOIKE BO3SMOKHOCTHA COBMECTHOTO JOCTYNA K COAEPKHMOMY; 3TAa TeMa 3/ech He
paccMaTpUBaeTCs, IO3TOMY COOTBETCTBYIOMHI 6JIOK Ha pHCyHKe MoMedeH GyKBo «X»
(ecstH Bac HHTepeCyeT, 3a4eM MOKeT MOTPeGoBaThCS OrpaHHYEHHE JOCTYNA K JaHHBIM
C NOACYETOM CCBUIOK, o6paruTech k coery 29 «More Effective C++5).
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[Pasmep | Emkocts | RefCnt | X | Conepwnmosl; ~ § |

| Yxasarens

OGwexT string
Peanusauus C

B peanusanuu D o6beKkThl string 3aHEMAIOT B ceMb pa3 6oJiblie MAMATH, YeM yKa3a-
Testb (P HCTIOJIB30BAHMHK CTAHAAPTHOTO pacnpefenuTensd naMATH). B aTofi peanusa-
UMM TIOACYET CChLIOK HE MCTIONb3YeTCs, HO KaXIblil 06beKT string COAEPXKUT BHYTPEH-
Huit 6ydep, B KOTOPOM MOTYT XpaHuThes 0 15 cumponos. Takum o6pasom, HeGonpiine
CTPOKH XPaHATCS HEOCPEACTBEHHO B 06beKkTe string — JaHHAs BO3MOXHOCTh HHOT 4
Ha3bIBAETCSA <ONTHMM3AIHEN MAIBIX CTPOK». ECiu eMKOCTh CTPOKH NpeBHIIaeT 15 crum-
BOJIOB, B Hadaste 6ydepa XpaHUTCS yKa3aTelb Ha AMHAMHYECKH BbLAEIeHHbIH 10K mamsi-
TH, B KOTOPOM COAEPAKATCS CHMBOJIBI CTPOKH.

PacnpeasnuTane PacnpenenvTens .
—»{ Conepxnmoel, 5 !
Conepxumae
Paamep
EMKocTe
O6wbexT string ObvexT string
(eMKocTh €15) (emkocTb >15)

Peannasuywa D

S moMecTun 3AE€Ch 5TH AHATPaMMBI COBCEM HE AJIA TOTO, q9T0OB y6enmb YHTaTENA
B CBOEM YMEHHH YHTATb HCXOAHBIC TEKCTBI H PHCOBAaThk KpPaCHBBIE KAPTHHKH. ITo HuM
TaK>Xe MOXKHO CAeJIaTek BBIBOA, 4YTO CO3AaHHE obbekTa stri ng KOMaHJ1aMH BHAa

string s("Perse"): // WA naweit coBaku - Mepcedona, HO Mbl
// obblyHO 30Bem ee npocTo “lepcu”

B peau3aituu D obxoaures Ge3 AMHAMEYECKOTO BhIACHEHHs TAMSITH, 0OXOAUTCS OA-
HUM BblAejleHHeM B peatusanusax A u C u AByMs — B peasmsaivu B (ans o6bekTa, Ha
KOTOPBIN CChlIaeTCA yKasaTesb string, i 418 CUMBOJIBHOTO 6ydepa, Ha KOTODBIH CChI-
NlaeTest yKasare/ib B 3T0M o0bexTe). Ecu 1715 BaC CyIECTBEHHO KOJIMYECTBO OMepalHii
BbIAE/IEHIS/0CBOOONKIEHHST HJIH 3aTPAT Bl TAMSATH, YACTO CBS3aHHBIE C STHMH OIepalUsi-
MH, OT peanusanuu B iyunre gepxarnsest nogaisute. C pyroii ¢CropoHbl, HATHYHE Clie-
[HATBHOH TOAAEPAKKH CHHXPOHH3A1WH A0CTYTIa B peajH3allid B MoXeT MpuBecTH
K TOMY, 4TO 3Ta PeIH3aIUs NoAOWAET N1t BalTHX eleit yqme, yeM peanuzanud A u C,
aKOJIMYeCTRO AHHAMMYECKHX BhijIe/IeHHH TaMATH yiTAeT Ha BTopoii naH. Peanusanus D
He Tpefyer crenuaIbHON TOAEPIKKH MHOTONOTOYHOCTH, IOCKOBKY B Hell He HCTIOIb-
3yeTcs MOACYET CChLIOK, 3a JONOJHUTENBHOK HHDOpMallHel 0 CBA3H MEXAY MHOTONO:
TOYHOCTBIQ H CTPOKAMH C MOACYETOM CCBLIOK n6pamaiitecs k cosety 13. Tunwunas nos-
nepAKa MHOTOTIOTOYHOCTH B KoHTeitHepax STL onucana B cosere 12,

B apxuTexType, 0OCHOBAHHOI Ha MOACYETe CChLJIOK, BCe AaHHBIE, HAXOAMAIIHECS 32
npefenamMu ofbexTa string, MOTYT COBMECTHO HMCTIQIB30BAThCA PA3HEIMH OObEeKTaMU
string (MMeIOIIHMH OZMHAKOBOE COAEPKHMOR), IO3TOMY H3 IPHBEACHHBIX AHATPAMM
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TaKKe MOXKHO cleIaTs BBIBOJ, 9TO peanu3aiusa A o61a/iaeT MeHbITHMH BO3MOXKHOCTSI-
MH [Jis1 COBMECTHOIO HCHOIB30BaHUA JaHHBIX. B yacTHoCTH, peanusaiuu B u C nonyc-
KAalOoT COBMECTHOE HCHOJ/Ib30BAHNE JaHHBIX Pa3Mepa i eMKOCTH 00beKTa, YTO PUBOAKT
K NOTeHI{HATBHOMY YMeHBIIEHHIO 3aTpaT Ha XpaHeHHe STHX AaHHBIX HA YPOBHE 00BeK-
Ta. IHTEepecHo u Apyroe: OTCYTCTBHE MOANEPKKH pacrpeleinTelell ypoBHs obbeKTa
B peaIH3anH C 03Ha4aeT, dTO 3TO €AHHCTBCHHAA Dealn3alusa ¢ BOBMOXHOCTRIO HC-
TOJIB30BAHUA OOUIUX pacrpedenuTeneil: Bece 06beKThl string mOMKHB paboTaTh ¢ o-
HuM pacnpeneiurteneM! (3a undopManuell o mpuHIKMIAX paboThl pacnpepenuTesei
obpamaiitech k cosery 10.) Peannsanus D He no3sBonseT cOBMECTHO MCIOMB30BAThH
JaHHEIE B 0OBEKTax string.

OmuH 13 MHTEPECHBIX ACHIEKTOB NMOBEACHHA STIing, He CIeAYIOMmuUil HenoCpeaCTBEH-
HO K3 3TUX IHArpaMM, OTHOCHTCS K CTPATETHK BhIAeEeHHSI TAMATH /IJIST MAJIBIX CTPOK,
B HexkoTophIX peann3anusix yCTaHABIHBAETCH MUHUMAJIbHBIA PasMep BhIZIENSAEMOTO
6noka maMATH; K UX 9MCIy MpuHaaiexar peantusanuu A, C u D. Bepremcs k komanae

string s("Perse"}: // CTpoka S COCTOMT M3 5 CHMBONOB

B peanusanuu A MEHHMaTBHbII pasMep BessieMoro Oydepa paser 32 cuMBoOJIAM.
Taxum 06pa3omM, XOTs Pa3Mep S BO BCEX PEATH3AIHAX PaBeH 5 CUMBOIAM, eMKOCTB 3TO0-
rO KoHTeliHepa B peanusanuu A pasna 31 (Buaumo, 32-i cuMBOJI 3ape3epBHpOBaH AJIA
3aBEPHIAIOIIETO HYJb-CUMBOJIA, YHPOITAIIIEro peanu3anuio Gyaxknuu ¢_str). B peanu-
sanuu C Takxke ycTaHOB/IEH MHHEMAIBHBIA pasmep 6ydepa, pasHbrit 16, npu aToM Mec-
TO JU/IsL 32BEPIIAIOLIEr0 HY/Ib-CHMBOJIa HEe Pe3ePBHPYETCs, MO3TOMY B peasusanuu C
€MKOCTb s paBHa 16. MunuMansHerit pasmep Oydepa B peasimzauuu D Takxke pasen 16,
HO C pe3epBHPOBAHNEM MeCTa IS 3aBePLIAIONIETO HyJb-CHMBoa. [Ipunimnuabmoe
OTIHYME peanu3auuy [ 3akiouaercsa B TOM, 4TO COAEPKUMOE CTPOK EMKOCTBIO MEHee
16 cumBONIOB XpaHHTCs B caMoM o0beKTe string. Peanusanus B He umeer orpanmyeHnit
Ha MUHUMAJIBHBIH pasmep BbUlesieMoro 610K, i B Helf eMKoCTh s pasra 7. ([ToueMy e
6 uim 5? He sHato. [IpocTure, 51 He HACTONBKO BHUMATETBHO AHATM3HPOBAT HCXOHEIE
TEKCTBL )

M3 cxazaHHOTO OYEBH/HO CJIEAYET, YTO CTPATETHS BHIAEAEHHUS NAMSITH JIS MaJIbIX
CTPOK MOKET ChITPaTh BAKHYIO POJib, €CJIH BB coDUpaeTecst paboTaTh ¢ GOMLUIMM KOJH-
4eCTBOM KOPOTKUX CTPOK H (1) B Bameit paboueli cpene He xBaTaeT namsiti wim (2) BB
CTPEMHTECH N0 BO3MOMKHOCTH JIOKA/IM30BATh CChUIKM H ILITAETECH CTPYIIIMPOBATh CTPO-
KM B MUHEMaJIBHOM KOJIHYECTBE CTPAHHKI] HAMSATH.

KoneuHo, B BeIOOpe peanusauuu string pazpaborunk obiasaeT GoJiblIel CTene b0
CcBODOZEI, YeM KaKeTcs Ha HIEPBLIH B3TJIAA, ITPHYEM aTa cBoboaa HCIOJIb3YeTCs pa3HbI-
Mu criocobamu, Hinke nepeYncrieHbl IRIIb HEKOTOPhlE NepeMeHHble (GaKTOPEL

* Ilo oTHOUIEHHIO K COAEP)KMMOMY String MOXKET HCIOIL30BATHCS (WK He HCTIO/b-
30BaThCA) Mozcder ccbuloK. Ilo yMomyanuio B0 MHOTHX peanu3anusx MoACYeT
CCBLJIOK BKJIIOYEH, HO OOBIYHO NMPEAOCTABIACTCS BO3MOMKHOCTD €TI0 OTK0YeHHS
(xaK mpaBuJIo, NPU IOMONIM MPENPOLECCOPHOTO Makpoca). B copere 13 nipuse-
AieH ipUMep Crienn(pHIecKOi CATYalHH, KOTIA MOXKeT NoTpeboBaThCs OTKIIOSe-
HHe TI0/ICYeTa CCBLIOK, HO TaKas HeoBXOAMMOCTh MOXeT BOSHHKHYTh H 110 ApY-
rum npuyuHam. Harpumep, ioaicder cebliok 3KOHOMHT BPeMst JTHIIb TIPY 4acTOM
KOMHPOBAHWH CTPOK. Eciiv B IPHJIOXKeHNH CTPOKH KONUPYIOTCA PEAKO, 3aTPAThHI
Ha nioacydeT CChLMIOK HE OInpaBABIBAIOTCA.
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e Ob6bexTH string3anuManT B 1-7 (110 MeHbLIel Mepe) pa3 60JibLIe NAMSATH, YeM
yka3areu char*,

e Coazanne HOBOTO 0GLeKTa string MoxeT noTpefoBaTh HYJA, OMHOM WIH ABYX
OIEpanuil AMHAMHYECKOTO BHIACTICHHS MAMATH.

e  O6beKThbl String MOryT COBMECTHO HCIIOJIb30BATH JAHHEIE O PAa3MEPe K eMKOCTH
CTPOKH.

¢  O6DbexThl string MOryT MOAZLEPXKHBATEH (WIN He NOAAEP)KUBATH) paclpeaesuTe-
7K MAMATH YPOBHES 06BEKTa.

o B pasHbIx peasH3anuax MOTYT HCIOJIB30BATHCA PA3HBIE CTPATErHH OrpaHHYEH K3
pa3aMepoB BhIAeNIsIeMOro 6JI0Ka,

Tosnpko He nmofiMuTe MEHS NMpeBpaTHO. S CYHTAw, YTO KOHTelHep string siBasercs
OZHMM K3 BKHEHIIHX KOMIIOHEHTOB CTaHAAPTHOMN OHO/IHOTEKH H PEKOMEH/IYIO HCIIOJb-
30BaTh €T Kak MOk Ho Yaie. Hanpumep, coBer 13 nocssiieH Bo3M0XHOCTH HCIOJIb30-
BaHUA string BMECTO AHHAMHYECKHX CMMBOJIBHBIX MaccuBoB. Ho mis athdexrusaoro
ucnosp3oBanuiA STL reobxoauMo pa3buparbcsi Bo BceM pasHoo6pas3uu peanusaimil
string, ocoberHo eciiu Batia MporpaMMa A0JDKHa paboTaTh Ha pasHblx rwratdopmax STL
TPH KECTKUX TpeDORAHUAX K ORICTPOAEHCTRHI,

Kpome toro, Ha KOHILENTYalIBHOM YPOBHE KOHTelHep string BBILASAE) NpeaeibHO
npocto. KTo GBI MOT OZYMATB, 4TO €r0 PeATH3AIMs TAUT CTOJIBKO HeoXKuAaHHOCTeH ?

CoseT 16. HayuuTecb nepeaasath AaHHbIE vector
u string yHKUMAM yHacNea0BaHHOIO UHTepdelca

C momenTa cranzaprusanun C++ B 1998 roay anuta C++ HaCcTOMYHBO NOATATKHBAET
NPOrpaMMHCTOR K TMepexofly ¢ MacCHBOB Ha vector. CroJb e OTKPHITO NpoNarasiupy-
eTcs MepeXofl OT yKasaTeJeil char* k ofbekTaM string. B nonbsy nepexona umewnTcs
AOCTAaTOYHO BECKHE apTyMeHTE, B TOM YHCJIe JIMKBHAAIINSA PACTIPOCTPAHEHHLIX Olnbok
nporpamMMupoBanus (coseT 13) B BOAMOKHOCTH TIOJTHOLEHHOTO MCIIOJIL30BAHUA BCEil
moiy anroputMoB STL (coser 31).

Ho na aToM myTH 0cTaloTcA HEKOTOPHIE NPENMSTCTRHSA, M3 KOTOPLIX €Ba JIU He Ca-
MHIM pacIpocTpaHeHHBIM ABJIAIOTCA yHACAeAOBAaHHbE uHTepdelich s3bika C, pabora-
IolMe C MACCHBAMH M YKa3aTeNIsIMU char* BMecTo 06beKTOB vector v string. Ony cyme-
CTBYIOT C JaBHUX BpeMeH, H eCJIH Mbl X0THM 3ddexTusHO ucnoibzosats STL, npuaercs
KaK-TO Y/KHBATECS C 3THMH <II€PeXUTKAMH IPOILJIOTO»,

K cyacTbio, 3ajtaua pemaercst npocto. Eciii y Bac uMeeTcst vector v ¥ Bbl XOTUTE No-
JYYUTE yKasaTeslb Ha JaHHble V, KOTOPble HHTEPNPETHPOBAINCE OBl KAK MAcCUB, BOC-
nosb3yirecs 3amuceio &v[0]. s string s ananmoruyHas 3anuch uMeeT BUI S.¢_str().
Bnipouem, 3TO He BCe — CYIIECTBYIOT HEKOTOPBIE OTPaHMYeHUs (TO, O 4eM B PEKIaMe
0OLIYHO MHIIETCS CAMBIM MEJIKUM PUdTOM).

PaccMoTpuM ciienyioniee o6bsBIeHHIE:

vector<int> v;

Bripaxenue v[0] JaeT cCHLIKY Ha EpBBIi 3JIeMEHT BEKTOPA, COOTBETCTBEHHO &V[0] —
yKasaTeJsb Ha MepBblit ayieMenT. B coorBercTBuu co Crangaprom C++ asemeHTsl vector
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JOJKHEL XPAaHKTHCS B TIAMSATH HETIPEPHIBHO, 110 AHAIOTHH € MaccuBoM. [0MyCTHM, y HAC
umeercs pyrknus C, obbsBeHHAA CIEAYIOWEM 00pasoM:

void doSomething(const int* pInts, size t numInts);
[Tepeaaya AaHHBIX AOMKHA IPOHCXOAUTH TaK:

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

Bo Besxom cirydae, Tak doaxcko 6EITE. OCTaeTCs JUIIEL IOHATD, YTO MPOH3OHIET,
ecJiu BeKTop v niycT. B aToM cayuae dyHkuusa v.size() seprer 0, a &v[0] neiraercs mo-
Jiy4uTh yKazaTellb Ha HECYLIEeCTBYIONHI 610K NaMsTH C HeNpeACKasyeMBIMH [ocHe-
creusamu. Hexopomo. Bojtee HafieXXHbIH BApHaHT BbI30Ba BBITIAAUT TaK:

if (lv.empty()) {
doSomething(&v[0],v.size(});

}

OtaenbHBIE MOAO3PUTEBHEE JIHYHOCTH YTBePHKAAOT, 910 &v[0] MOXKHO 3aMEeHHTE
Ha v.begin(), mockoibKy begin Bo3BpalllaeT HTEPATOD, a ANA vector HTEPATOD B AEHCTBH-
TeJBHOCTH MPEACTABISET Coboit yKazaTenb. Bo MHOTHX ciiy4asx aTo AeHCTBHTENBHO
TaK, HO, Kax GyzeT moxasano B cosete 30, 370 mpaBuio cob1101aeTCs HE BCETa, H T0JIa-
raTecsi Ha Hero He cToHMT. OyHKuHs begin BO3RpalaeT UTepaTOp, 2 HE yKasaTeJb, Mo-
3TOMY OHa HHKOT/Ia HE JOJIKHA HCNIONIb30BATLCA AJIA MOJYUYEHHA yKa3aTelA Ha AaHHbIE
vector. A ecsiul yK BaM O4YeHb NPUIJLTHYJIACh 3AITHCH V. begin(), HCmonb3yidTe KOECTPYK-
1o &*v begin() — oHa BepHeT TOT JKe yKasaTess, uTo H &v[0], XoTa 3T0 yBesHUHBaET
KOJIHYECTBO BBOJHMEIX CHMBOJIOB H 3aTPyAHseT paboTy JioAeH, NEITAOIKXCS pa3o-
Oparecsi B Bawed nmporpamme. Ec/iu 3HaKoMble BaM COBETYIOT MCIIOJIB30BATE V. begin()
BMecTo &v[0] — nydine cMeHHTE KPYT 0OILIeHHS.

Crnioco6 mosryyeHust ykasaTesisl Ha JaHHbIE KOHTeHHepa, Xopotuo paGoTalomuil s
vector, HeOCTATOYHO HajZleKeH 4JIs string. Bo-nepamx, KOHTeﬁHep string He rapaHTu-
PYeT XpaHeHH: JaHHBIX B HENPePEIBHOM 0JI0Ke ITaMsITH; BO-BTOPBIX, BHYTPEHHEE TIpel-
CTaBJIEHHE CTPOKH He 0053aTelIbHO 3aBeplIaeTcsl HyIb-CuMBOJIOM. [To 3TuM npuyuHaM
B KOHTeliHepe string mpexycMoTpena QyHKIHUA ¢_Str, KOTOpas BO3BpaIaeT YKa3aTelb
Ha cozepuMoe cTpokH B popMmare C. Taxum o6pasom, nepenaya cTpoky s pyHKIHH

void doSomething(const char *pString):
NIPOUCXOAMT TAK:
doSomething(s.c_str()}:

JanHoe peiieHue MOAXOAUT M NS CTPOK HYJXeBol Anuubl. B aToM cinydae ¢ str
BO3BpaLIAeT yKa3aTelb Ha Hy/Ib-CHMBOJI. KpoMe TOTO, OHO TOAHMTCA H M CTPOK € BHYT-
PEHHHMHM HYIb-CHMBOJIAMH, XOTS B 3TOM cJiy4ae doSomething ¢ 60b1i10# BepOATHOCTHIO
HMHTepIpeTHPYeT NePBbIii BHYTPEHHNH HyJIb-CHMBOJ KaK MPH3HaK KoHNa cTpoKu. [Ipu-
CYTCTBHE BHYTPEHHKX HYJIb-CHMBOJIOB HECYIIECTBEHHO 15 06 BEKTOB string, HO He Ans
dbyukugit C, ucnonp3yomux char®,

Bepnemcs k oObsasnenusM doSomething:

void doSomething(const int* pInts, size_t numints);

void doSomething(const char *pString):

B ofoux cayyasx nepeaalorcs ykasaresu Ha const. @yukuusa C, nonydaoiuas gan-
Hble vector ui string, uumaem ux, He NbITasgCh MOAHQHIHPOBATh. TaKOH BapHaHT Hau-
6onee 6esomacen. 1uist string on Heus6exeH, MOCKOJBLKY He CYMECTBYET rapaHTHH, 9TO
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¢_str BepHeT yka3aTelib HA BHYTpeHHee MPeJCTABIeHHE CTPOKOBBIX JAHHBIX; (PYHKIHA
MO3KeT BeDHYTE YKa3aTeNlb Ha HEH3MeHSIeMYIO Konuto AaHHBX B Qopmare C (ecnu Bac
BCTPEBOIKUAA 3 (heKTHBHOCTE 3TUX ONepanuli, He BOJHYHTeCh — MHe He U3BeCTHA HH
OZHA COBPEMEHHas peaiu3aius 6ub/HOTeKH, B KOTOPOR OBl HCIOIB30BANACH AAHHAS
BO3MOZKHOCTD ).

Vector npeaocTasiseT NIPOrpaMMHCTY 4yTh Gosburyio coboay aeiicTeuil. [lepegaya
v pyrxnuu C, Mmoauduuupyomei amemMenTH v, 00b4HO 06xoauTcs 6e3 mpobeM, HO
BLI3BAHHAA q)yHKuHH HE JOJI’KHA U3MEHATh KOJIMYECTBO 3JIEMEHTOB B BEKTOPeE. Hanpﬂ-
Mep, OHA He MOJKeT <CO3AaBaTh» HOBBIE 3JIEMEHTH B HEHCIIOJIb3yeMoll maMaTH vector.
Takue nonelTKYU NpUBEAYT K HAPYUIEHHIO JIOTHYECKON [EJIOCTHOCTH KOHTEHHEDa v,
IOCKOJIBKY 00beKxT He GyaeT 3HATh CBOI NIPAaBHJIBHELLA pasMep, H BH30B (PYHKIHH
v.$ize() BO3BPATUT HENPABUJIBHBIE PE3yNbTATH. A eCJiH BhI3BaHHAA (DYHKIHS TOMbL-
TaeTcs 400ABUTD HOBbBIE JAHHBIE B BEKTOP, Y KOTOPOFO TEKYLIMH pasMep coBNajaeT
C eMKOCTBIO (coBeT 14), mpousoizer cymuii xommap. 5 faxe He IIBITAIOCH NPEAYTraaaTh
NOCJEACTBHS, HACTONBKO OHH YKacHHL.

Bt o6patuin BHHMaHue Ha GOPMYIMPOBKY «00b14HO 06X0auTCA 63 npobieMs» B
npeabiAyuieM a63aue? Koneuno, oGparunu. HexoTopeie BEKTOPH YCTAHABIKBAIOT AJIS
CBOHX JAHHBIX JONOJHHTEbHEIE OTPAHHYEHIA, H HpH Nepelade BekTopa QyHkiyu API,
M3MEHSIOLIel ero CoAeP)KMUMOe, BBI IOJDKHBI IPOCHIEAUTD 32 TeM, YTOOK! 3TH OrpaHmye-
HUS He ObLin HapyweHsl. Hanpumep, Kak 06bACHAETCA B coBeTe 23, COPTHPYeMble BeK-
TOPBI YaCTO MOTYT PACCMATPHBATHCS B KAYECTBE pasyMHOI albTepPHATHBH AJIS aCCOIH-
aTHBHHIX KOHTEHHEPOB, HO [IPH 3TOM COAEPIKUMOE TaKHMX BEKTOPOB A0/DKHO 0CTABAThCA
NpaBuIJIbHO OTCOPTHPOBaHHBIM. IIpH nepepaye cCOPTHPYEMOTO BeKTOpa PYHKIIMH, CHO-
coOHON H3MEHHUTD €r0 COAEPIKHMOE, BaM MPUAETCS YYUTHIBATD, YTO NPH BO3BPAICHHH
H3 QYHKIIHH COPTHPOBKA 3JIEMEHTOB MOXKeT GLITh HApyIIeHa.

Ecnu y Bac nMeetcst vector, KOTOPHIi A0/KEH HHHIMATU3UPOBATHCSA BHYTPH (QYHK-
e C, MOXKHO BOCIIOB30BATECA CTPYKTYPHOM COBMECTHMOCTDIO VECtor ¢ MacCHBaMH K
nepeaats (QYHKITHH yKa3aTesb Ha GJI0K 3/IeMEHTOB BEKTOpa:

// Gynkuma fi1lArray nonydaeT ykasaTeNb Ha MAacCHs,

// copepxauni He Gonee arraySize uucen Tuna double,

// ¥ 3aNKCHIBAET B HEro AaHHbe. BO3BPAUABMOR KONMMECTBO 3AMMCAHHMIX
// 4mncen 3asegomo He npesbwaeT maxNumDoubles.

size_t fillArray{double *pArray, size t arraySize):

vector<double> vd(maxNumDoubles); // Co3paTe VECtOr, eHKOCTe KOTOPOro
// pasHa maxNumDoubles

vd.resize(fillArray(&vd[0],vd.size())}: // 3anonuuts vd BH3OBOM
/1 bywkumm f111Array, nocne vero
// M3MEHUTL pa3Mep MO KOAU4eCTBy
// 3ANUCAHHBIX 3NEMEHTOB

Haumerit criocob MOAXOAMT TOMBKO A VECtOr, IOCKONBKY TOJIbKO 3TOT KOHTelHep
3aBeIOMO COBMECTHM ¢ MAaCCHBAaMH IO CTPYKTYDE MaMsSITH, BripodeM, 3afiada HHHIHA-
mm3anun string Gynkumeit C Toxe pemmaercs: AOCTaTOYHO NpocTo. [lanHble, BO3Bpalla-
eMble (PyHKIHeH, 3aHOCATCA B vector<char> i 3aTeM KOMAPYIOTCS U3 BEKTOPa B String:

/[ DyHHuwA ronydqaeT ykasaTeNb Ha MACCMB, COAEDKauuid He Gonee

// arraySize CHMBONOB, M 3aNWCHIBAET B HErO [aHHue.

// Bo3BPAWAECMOE KONMYECTBO 3AMMCAHHBIX YKCEN 33BEOMO HE MPEBblAeT
// maxNumChars
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size_t fil1String(char *pArray, size t arraySize);

vector<char> vc(maxNumChars): // Co3pate vector, eMKoCTL KOTOPOro
// pasHa maxumChars
size_t charsWritten = fi11String(&vcl0].vc.size(}): // 3anonHuTs v
// suaoson fi115tring
string s(vc.begin(),vc.begin()+charsWritten); // ChonnpoBaTs AaHHLE
/f W3 VC B 5 MHTEPBANLHLIM
// KORCTPYKTOpOM (coBeT 5}

CobcTBeHHo, caM PHHIMI COXpaHeHus JaHBbIX pyHKkuuelt API B vector u ux moc-
JIeyIOIero KONupoBaHust B HyxHblii koHTeitHep STL paboraer Beeraa:

size t fillArray(double *pArray, size t arraySize): // Cu. paxee
_ p - p

vector<double> vd(maxNumDoubles): // Takwe cH., paxee
vd.resize(fillArray(&vd[0].vd.size()):

deque<double> d(vd.begin(),vd.end(}); // KonuposaHwe B degue
Tist<double> 1{(vd.begin{().vd.end()): /7 Honuposakue B 1ist
set<double> s(vd.begin().vd.end()): // Honuposanue 8 set

Bosnee Toro, 3T0T (hparMeHT MOACKA3EIBAET, KAK OPTaHU30BATh MEPeAady AaHHEIX H3
Ipyrux koHreiiHepos STL, kpome vector u string, dyuxuusm C, s aToro focratoy-
HO CKOTIHPOBaTh JaHHLIe KOHTelHepa B vector ¥ mepeaTh ero NpH BbI30BE;

void doSemething(const int* plnts, size t numints); // Oynxuua C (cmM. pawHee)
p 2

set<int> intSet: // MHOKECTBO, B KOTOPOM
// XpaHATCA nepepasaemsie
// naHHue

vector<int> v(intSet.begin(),intSet.end()): // CRONMpOBaTL AaHHbE
// w3 set B vector

if (lv.empty(}} doSomething(&v([0].v.size()): // NepefaTe faHHwe

/7 GyHruum C

Boofuie roBops, naHHbIe TaKXKe MOKHO CKONHPOBATh B MaCCHB M MepelaTh MX
dynkuuu C, Ho 3a4eM 3T0 HykHO? Ecnu pazmep KoHTeiiHepa He H3BeCTeH HA CTAAHM
KOMOMASIHY, TAMATh MPHAETCS BLIACISTE AMHAMUYECKH, a B coBeTe 13 obnacusercs,
ngueMy BMECTO IHHAMIYECKHX MACCHBOB CJIELYeT HCTIOJIb30BATD Vector,

CoBet 17. cnonb3ymnte «(oKyC C NepecTaHOBKOW»
And yMeéHbuleHUA eMKOCTU

IIpeanonosxuM, B NHIIETE IPOTPAMMY AJS HOBOTO Telemoy <bemnenbie AeHEIH»,
Wadopmanus o noTeHIHANTBHBIX YJaCTHKKAX XPaHUTCS B BEKTOPE:

class Contestant {..}:

vector<Contestant> contestants;

Ipu o6bsaBaeHun HaGoPa YIACTHHKOB 3asIBKH CHITLIIOTCS TPaoM, ¥ BEKTOp 6BICTPO
3anoiHseTcs anemeHTaMu. Ho 1o Mepe or6opa nepcrieKTUBHBIX KaHAHAATOB OTHOCH-
TeJBHO HeGOJIBIIOEe KONHYECTBO 31EMEHTOB IEPEMELLaeTCs B HAYaI0 BeKTopa (BeposT-
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Ho, BbI3oBOM partial_sort mnu partition — M. coser 31), a2 HeyAauHUKH YIANAIOTCS
13 BeKTopa (Kax NPaBuUIO, IPH NOMOLM WHTEPBANbHOR (POPMBIL erase — ¢M. COBeT J).
B pesyanbrate ynaneHud AnMKHA BEKTOP2 YMEHBIIAETCA, HO eMKOCTh OCTAETCH HPERKHEI
Ecyn B KaKoii-To MOMEHT BpeMeHH BeKTOp cofiep:xai faHHele o 100 000 xanaumaTos,
TO €ro éMKOeCThb ocTaneTcs pasHoil 100 000, naxe ecitu 1I03AHEE KOJHYECTBO IIEMEHTOB
yMeHbiuTes go 10

YTo6Hl BEXTOP He yAEPKUBAJ HEHYKHYIO [IaMATh, HeOOXOAMMBI CPEACTBa, KOTOPbIE
65l IIO3BOJIAIIA COKPATHTE EMKOCTE OT MAKCHMAJIbHOMK 10 HCTIOJIB3YeMOit B HACTOSIIIII
momenT. [TonoGHoe cokpaleHne eMKOCTH 00BIYHO HA3BIBAETCS «CHKATHEM TI0 Pa3Mepy>».
CxxaTue 1Mo paaMepy JIErKO MPOrpaMMHPYeTCs, OAHAKO KOX — KakK 6bl BHIPa3HThLCA
nofe/IuKaTHee ? — BRITJIALHT HEAOCTATOYHO HHTYUTHEHO. /[aBaiite paabepemcs, Kax oH
paboraer.

Yceuenue nunineit eMXOCTH B BeKTOPe contestants NpoM3BOAMTCS CIEAYIOIHM 06-
pasoM:

vector<Contestant>(contestants).swap(contestants);

Bripaenue vector<Contestant>(contestants) cosnaet BpemeHHLII BEKTOP, coaepxa-
it Komui contestants; 0CHOBHaA pab0Ta BHIIOJHIETCS KONHPYIOIIHM KOHCTPYKTO-
poM vector, Tem He MeHee, KOMUPYIOLIKIE KOHCTPYKTOP vector BLIIEIACT POBHO CMONLKO
NAMATMU, CKONLKO HEOOXOOUMO ONA XPAHERUS KONUDYEMbIX INEMEHMO8, TIOFTOMY BpeMeH-
HHI BEKTOP He COMEPIKHT JIMLIHeH eMKOCTH. 3aTeM cOepKHMOe BeKTOpa contestants
MEHAETCA MeCTaMH C BpEMEHHBIM BeKTOpoM dyHkiuedt swap. [Tocse sapepimenns aToi
onepanuu B contestants oKaspIBaeTCs COAEPIKHMOE BPEMEHHOTO BEKTOpa C ycetieﬂﬁoﬁ
€MKOCTBIO, 2 BpEMEHHBII BEKTOP COJEPKHUT «Pa3AyThle» JaHHBIE, PaHEe HAXOAUBUIHECS
B contestants. B aTor MmomeHT (T0 eCTb B KOHIIE KOMaH/Abl) BDEMEHHbIH BEKTOD YHHYTO-
KaeTcs, 0cBOGONK A MAMSATh, DaHee 3aHHMAEMYIO BEKTOPOM contestants.

AHIOTHYHBIA NIPUEM TIPUMEHACTCS U TI0 OTHOUIEHKIO K CTPOKaM:

string s;
/7 CospaTe Gonelyn CTPOKY W yNanuTh u3 nee
// Gonblyw 4acTe CHMMBOMOB

string(s}).swap(s); // BuinoniuTh "cxaTue no pasmepy” ¢ OBBEKTOM S

1 He MOr'y IPeAOCTaBUTE CTONMPOLUECHTHOI TAPAHTHHE TOTO, YTO 3TOM NPHEM AEHCTBH-
TEJIBHO YAATHT K3 KOHTeHHePa JIMITHIOn eMKOCTh. ABTODHI PealH3alliil TPH XKeNlaHHN
MOTYT HaMepPEHHO BBIENMTD B KOHTelHHepax vector u string THIHIOW HaMATh, © KHOT-
Za oHH Tax ¥ nocrynalor. Hampumep, KoHTeliHep MoxkeT 061a1aTh MUHYMATBHOM
EMKOCTBIO HJIH e 3HAYECHHS eMKOCTH vector/string MOryT orpaHu4HBaThCA CTENEHs -
MH 2 (10 COGCTREHHOMY OIEITY MOTY CKa3aTh, 4T0 MOACOHbBIE AHOMAIMH Yallle BCTpeya-
I0TCs B Peanu3aiusax string, Hesxkesiu B peaiu3anusx vector. 3a npuMepamu obparai-
Tech K coBery 15). Takum 06pa3oM, «CxaTe o PadMepy» ClIefyeT NOHHMATh He KaK
<«IIPMBE/ICHHE K MUHUMATbHOM eMKOCTH», 2 KaK <IpuBeieHHe K MUHHMANbHOH EMKOC-
TH, J0MYCKAeMO peanu3aluell AIa TeKyIero pasmMepa KoHTeliHepas. Bripouem, 510
Ty4quIee, YTO BBl MOKeTe CAes1aTh (He CYHTAas Nepexoia Ha Apyryio peanuaamuio STL),
NO3TOMY «CHKATHE IO PasMEPY» AJI KOHTeHHePOB vector u string rakTHYECKH 3KBHBa-
TIEHTHO «(QOKYCY C MepecTaAHOBKOM»,
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Kcraru roops, ofHa u3 pasHOBUAHOCTel «poKyca ¢ MepeCTaHOBKOR» MOXKeT He-
MOJIL30BATHCS AJIA 04UCTKH KOHTeHepa ¢ 0AHOBPEMEHHBIM COKPAIEHHEeM eMKOCTH JI0
MEHHMAJIbHON BEJIMYHHEL, OJIePXKHBaeMolt Baweil peanusauueii. s aroro B nepe-
CTaHOBKe HCIIONb3YeTCsi BpeMeHHbIN 06BbeKT vector wiu string, CoaepKuMoe KoToporo
€031aeTC KOHCTPYKTOPOM I10 YMOJIYAHHIO:

vector<Contestant> v:

string s

// ¥icnonb3oBaTe ¥ M S
vector <Contestant>().swap(v): // Q4MCTHTL ¥ C YMEHbUEHHEM EMKOCTH
string() .swap(s): // Q4UCTHTL S C YHEHBWEHHEN EMKOCTH

Ocraercs cAeaTh Noc/IeHee 3aMedanne, oTHocAIleecA K (byHKIMM SWap B 11€JI0M.
[lepecTanoBKa CONEPKUMOrO ABYX KOHTeHHEPOB Taioke NPUBOAMT K NEPECTAHOBKE HX
HTEpaTOpOB, yKasaTejieil i CChLIOK. MTepaTophl, yKa3aTe/au U CCBUIKH, OTHOCHBIIKECs
K 3J1eMeHTaM OJHOI'0 KOHTeHHEepa, [OCJe BEI30BA SWap OCTAIOTCA ASHCTBUTEIBHEIMUA U
VKa3bIBAKOT HA Te e IeMEeHTHl — Ho 6 0py2oM KoHmelinepe.

Coset 18. N3beraitTe vector<bool>

Vector<bool> xax xonteitnep STL ofmanaer nmumb AByMst HeZoCTaTKaMu. Bo-mepBhIx,
ato Boofie He KoHTelinep STL. Bo-aTophix, oH He cogepxur bool.

O6nekT He cTaHoBHTCSA KoHTeltHepoM STL ToMEKO MOTOMY, YTO KTO-TO HA3BAJ €ro
TAKOBBIM — OH CTaHOBHUTCS KoHTeltHepoM STL anuie npu coboaenuu seex Tpedoa-
Hul, nanoxenHbx B pasnene 23,1 Cranaapra C++. B yactHOCTH, B 3THX TpeGOBaHMAX
TOBOPHTCSL, YTO eCJIM ¢ — KOHTeHHED 00beKToB THIa T, HoAAepxuBaomuit onepatop [ ],
TO CJIESAYIOIIAS KOHCTPYKIMS 0/DKHA HOPMAIBHO KOMITHJIHPOBATHCSH:

T *p = &c[0]; // VHuurann3uposate T* ajipecoMm faHHbIX,

// Bo3spawaemeix onepatopod []

Huaye rosopsi, ecii oneparop [ ] MCNOJIB3YeTCs A5l MONYYeHHS OAHOTO U3 O0BeX-
ToB T B Container<T>, To yKaszaTesib Ha 3TOT 06BEKT MOMKHO MOJIYYHTH IPOCTHIM B3SATHEM
ero ajpeca (IpeanoyaraeTcs, YTo oneparop & tuna T He ObLT NMeperpykeH M3BpalleH-
HuM criocobom). CiienoBarenbHo, 4To6s! vector<bool> GbUT KOHTEHHEPOM, CTEAYIOWH
(dbparMenT ZOMKEH KOMITHIHMPOBATLCS:

vector<bool> v;

bool *pb = &v[0]: // VHuumanusuposaTe bool* appeCom peaynstaTa,

// Bo3spawaeroro onepatopom vector<bool>::operator(]

OnHako npuBeseHHHH QparMeHT KOMIMIHPOBAaThCA He Oyaer. Jeno B TOM, 4TO
vector<bool> — nceBAOKOHTeHHED, COAEDKALINHA HE HACTOSLIHE JIOTHYECKHE BEIHYH-
HbI boOT, @ MX MpeACTaBIeHUs, YTAKOBAHHEIE AJI5 SKOHOMKH MecTa. B TunmmuHoit peanu-
3aI[MH KAX Aas nceBAoBeIHYMHA «booT», XpaHAmasacs B ICEBACBEKTODE, 3aHUMAET CAUH
6HT, a BOCBbMHOHTOBBIA OalT MpeAcTaBasieT BoceMb «bool». Bo BHyTpeHHEM MpeacTaB-
neHHH vector<bool> Oy/eBEl 3HAYEHHS, KOTOPHE JOJ/IKHEL XPAHUTBCS B KOHTElHEpe,
MpPeACTaBAAIOTCS AHAIOraM1 GHTOBBIX MOJIEN,

BuTossie moJts, KaK H beol, IPHHHUMAIOT TOJIBKO ABa BO3MCKHBIX 3HaYeHUA, HO MEXK-
Ay «HACTOSIIIAMH> JIOTHYeCKMMU BEJTMYKHAMYE H MacCKMPYIOILMMHCS MOJ HUX GUTOBBI-
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MU TIOJIAMH CYIIECTBYeT MPUHIMIHATbHOE pa3/imyue. Co3aaTh yKasaTeslb Ha pealbHoe
yHCs0 bool MOXKHO, HO YKa3aTesH Ha OTAeJbHEIE OUTHI 3alpelleHsl.

CCBUIKH HA OTAe/bHbBIe OMTHI TOXKE 3arPelreH ], 4To MpeICTABIISET ONPeAeIeHHYIO
npofneMy 1St Auzaitna uHTEpdeiica vector<bool>, nockonbKy QyHKiusA vector<r>::
operator[] Ao/mKHa BO3BpamATh 3HadeHKe Tuma Té, Ecmu 6b1 xoHTediHep vector<bool>
AefCTBHTEIBHO COiePKaT bool, aToit mpobieMbl He CYIECTBOBANO Obl, HO BCIIEACTBHE
ocobeHHoCTEH BHYTPEREETO NpeACTaBleHnA QYyHKIMA vector<T>::operator[] poypxHa
BEPHYTH HECYILIECTBYIOLLYIO CCHUIKY Ha OTAENBHbII GHT.

Yrobil CIPABATLCS € 3THM 3aTpyAHeHHeM, hyHKIusA vector<T>: ;operator[] Bo3spa-
maeT 06bEeKT, KOTOPBIH uMuUmupyem CCHAKY Ha OTAEJNBHEIR GUT — TAaK Ha3hIBaeMBbIi
npomexcymounvili obvexm. Jlna ncnonvsopanusd STL ne obs3aTebHO TOHUMATh, KaK
paGoTalor poMexyTodHble 06BeKTH, HO BooOIIe 3TO BeChbMa MoJie3Has uauoma C++,
JlononaruTeNbHasA KHGOPMALHUSA O MIPOMEXYTOYHBIX 06beKTax npuBeficHa B copete 30
«More Effective C++», a Takxe B paszene «[lartepn Proxy» xuuru «IIpuembl o6bex-
HO-OPHEeHTHPOBaHHOTO npoekTUpoBanusa» [6]. Ha mpocreitmem yposne vector<bool>
BHITJISIAMT MPAMEPHO TAK:

template <typename Allocator>

vector<bool,Allocator> {

public:

class reference {.}: // Knacc, renepupyoui NpOMERYTOYHbE
// OOBEKTH ANA CCLNOK HA OTAENbHsE BUTH

reference operator[](size_type n): // operator[] so3spauaer
- [/ npouemyTouHbiA 00beKT
}:

Teneps NOHATHO, NOYEMY CIeAYIONIMI (hparMeHT He KOMITUIHPYETCA:

vector<bool> v;
bool *pb=&v[0]; // Ouwubka! Buipawende 8 npasoi 4aCTH OTHOCMTCA K THmy
// vector<bool>::reference*, a He bool*

A pas ¢parMeHT He KOMIUAKPYETCS, vector<bool> He yaoBAeTBOPsET TPeGOBAHUAM
K xoHtelinepam STL. /la, crenmduxa vector<beol> ocofo orosopena B CraHaapre; aa,
3TOT KOHTeHHep noumu yAoBIeTBOpAET TpeGoBaHusM K KouTeirepam STL, Ho «moyTH»
He cuuTaercst. Yem Gosplire BbI HamuilleTe ma0JIOHOB, TIpeIHA3HAYEHHBIX 1 paboTHI ¢
STL, Tem riy6:xe BB 0CO3HAETE 3TY KCTHHY. ¥ BEPSIIO BAC, HACTYNHMT AeHb, KOT/a HAaMH-
canHEbli BaMu mabyoH GyaeT paboTarh JMUIbL B TOM CJIy4ae, eClH MOJyYeH e ajpeca
a71eMeHTa KOHTEHHEpA AaeT YKa3aTelb Ha THIT 2JIeMEHTa; ¥ KOT/1a 3TOT AeHb MPHAET, BHI
HaTJISIAHO OIYTHTE DAa3HHILY MEXIY KOHTEHHEDOM U HOUMU KOHTEHHEPOM.,

Cnpamupaercs, moyemy xe vector<bool> mpucytcreyer B CraHaapre, eciu 310 He
Konreitnep? OTYacTH 3TO CBA3AHO C OAHUM 6JIArOPOAHBIM, HO HeyAauHbIM SKCIIepHMEH-
TOM, HO TIO3BOJIbTE MHE HEHAZIONTO OTJIOMKUTD 3TY TeMY U 3aHATHCH 60Jiee HACYUIHbIM
BonpocoM. Htak, oT vector<bool> ciieayeT AepxkaTbcA MOAAILITE, HOTOMY 4YTO 3TO HE
KOHTeHHEpP — HO 9TO XKe AeJIaTh, KOIAA BaM AeHCTBHTENLHO ROHA006UMCS BEKTOP JIOTH-
YeCKHUX BENHIHH?

B cranaaptHyo 6M6IKHOTEKY BXOAAT ABa AJIbTEDHATHBHEIX PEIHEHHS, KOTOPEIE MOA-
XOAAT NMpaKTHYeCKH A1t JuoObix curyauuii. [Tepsoe pelnenue — deque<bool>. Konreiinep
deque ofazaeT MpakTHYeCKH BCEMHM BO3MOXCHOCTAMHM vector (3a HCKIIIOUeHHeM pasBe
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yTO reserve H capacity), Ho Tipu 3ToM deque<booT> sBJIsIETCS MOJHONEHHBIM KOHTeHHe-
pom STL, coaepsamum nacTosiue 3HadeHna bool. KoHeyno, BHyTpeHHAA MaMATh
deque He o6pasyeT HenpepbIBHbIH OJIOK, OaTOMY AaHHbIE deque<bool> He yaacTcs nepe-
nath Gyrxuun C, nojyyamomed Maccus bool (cM. coser 16), Ho 3T0 He yAaNoCH Gl cae-
AaTh U ¢ vector<bool> u3-3a OTCYTCTBHSI MEPEHOCHMMOTO CIlocoba moyyeHust AaHHBIX
vector<booT>. ([Tprem, mpoaeMOHCTPHPOBAHHEIR 715t vector B coBere 16, He KOMMUIIH-
pyetcs s vector<bool>, HOCKOIBKY OH 3aBMCHT OT BO3MOXHOCTH IOTYYeHUS Ha TAI
3JIEMEHTA, XPaHsiIerocsi B BEKTOpe, — KaK YIIOMHHANOCh BhIllle, vector<bool> He cofiep-
*KuT bool.)

Bropoit anbrepHaTuBOil NSt vector<bool> siBasieTcs bitset. Boobue rosopst, bitset
He SBJISIeTCS CTAaHAAPTHBIM KoHTeiinepom STL, HO BXOAMT B CTaHAapTHYIO GHGIHOTEKY
C++. B ornmuue ot xonTetinepos STL, pasmep bitset (kosmdecTBo 51eMeHTOB) bHK-
CHPYETCSH HA CTaJiiy KOMITHJISIIMHE, IOSTOMY OTIE€PAIlHH BCTABKH-YAANIEHHS 3JIeMEHTOB
He noaaepxusaiotcs. Bosee Toro, nockosibKy bitset He siBysiercs konrelinepom STL,
B HEM OTCYTCTBYET IoAJepkKa utepaTopos. Tem He menee bitset, xax u vector<bool>,
HCIOb3YeT KOMIAKTHOE MPEACTABJICHHE KAXKAOTO MEMEHTA OHHUM OHTOM, TOALEPKHU-
paeT dynxuuo f1ip KoHTeinepa vector<booT> i ps APYTHX ClieHHATBHBIX QYHKIIMA,
HMEIOIIMX CMBICT B KOHTeKCTe 6UTOBBIX MHOKecTB. Eciin Bl nepexxusere Ge3 ureparo-
POB M AHHAMMYECKOFO U3MEHECHHs! Pa3MepOoB, BEpOATHO, bitset xopommo mogofiaer ans
BaIux 1eyeil.

A Tenepb BepHeMcs K 6J1aTOPOAHOMY, HO HeyAaUHOMY SKCIIEDHMEHTY, H3-32 KOTO-
POTO NOSIBHJICA <TICEBAOKOHTeliHep» vector<bool>. §I yxe ymoMuuAN 0 TOM, 9To ITpoMe-
KYToUHble 00BEKTH 4aCTO MCMOJIB3YIOTCS NPH MporpaMMupoBanud Ha C++. UneHH
Komutera no cranaaptusauun C++ 3Hanu 06 3ToM, I03TOMY OHM PEMIHJIH CO3AAThH
vector<bool> KaK HATJIAAHEL MpUMep KOHTeliHepa, ZOCTYII K 3JIEeMEHTaM KOTOPOTo Ipo-
H3BOAMTCS Yepe3 MPoMexyTouHble 06bexTHl. [Ipeanosaranoch, 4To NPy HATHYUH TAKO-
ro npuMepa B Cranapre y NporpaMMHCTOB MOSBMTCA TOTOBBIN ofpasel AJisi OCTpoe-
HUsL CODCTBEHHBIX AHATOTOB.

B urore BEIACHUNIOCH, YTO CO3/aTh KOHTEHHED ¢ MPOMeXyTOYHBIMH 00bEKTAMH,
YAOBJIETBOPSIONA BCceM TpeGoBanusM K KorTeitHepy STL, nesoamoxcno. Tax uiu nna-
ye, CJIebl ITON HeyJadHOM HonEITKE coXpaHmwuch B Ctanaapte. MoxxHo gonro ragats,
noyeMy vector<bool> 6Bl COXpaHeH, HO C TPAKTHYECKOH TOYKY 3PEHHS 3TO HECYILIECTBEH-
Ho. [aBHOe — moMHMTe, 4TO vector<bool> He yaoBneTBOpseT TpeGoBaHMAM K KOHTeliHe-
pam STL, 4To BM Jiyulle He NIOJIB30BATHCS U YTO CYLIECTBYIOT ANbTEPHATHBHEIE CTPYK-
TYPH JaHHbIX deque<bool> u bitset, moyTH BCeraa criccofHble 3aMEHHTD vector<bool>,



AccoumaTuBHbIE
KOHTEeUHepbI

AcCOiIHaTHBHBIE KOHTEHHEDE! N0 HEKOTOPHIM XapaKTEPHCTHKAM CX0XKH C TIOCTIeno-
BaTeJIbHBIMH KOHTeﬁHBpaMH, OAHAKO MEXAay 3THUMHU KaT€ropuaAMH CYIJ.IGCTBYET pAan
MPUHIKHMHANBHBIX pa3nuyuii. Tak, cofepimuMoe acCOIHaTHBHEIX KOHTeHHEPOB aB-
TOMaTHYeCKH COPTHPYETCS; aHANIH3 COREPRMMOTO TIPON3BOMTCS 10 KPHTEPHIO 3KBH-
BaJICHTHOCTH, & HE DABEHCTBA; KOHTeHHeph! Set ¥ Map HE MOTyT CONEPKATh AyBIHKATOB,
a KOHTeifHepbl map 1 multimap 06BIYHO MTHOPUPYIOT NOJIOBHUHY JAHHBIX B KAXKAOM K3 CO-
AepXawpxcs B HEX 06beKToB. /[la, accouuaruBHble KOHTEHHEPBI ABIATCH KOHTEHHE-
paMH, HO OHH OIIPEAeIeHHO BELIENAIOTCS B CAMOCTOATE/IbHYIO KaTETOPHIO,

B 3T0# Iy1aBe MBI pacCMOTPHM OCHOBHOE NMOHATHE S5KBHBAJEHTHOCTH; MPOAHAIH3H~
PyeM BaxKHOe OTPaHHYeHUe, YCTAHOBIEHHOe A1 QYHKIUN CPaBHEHHS; TO3HAKOMHMCS
€ MONb30BATeNbCKUMH (DYHKIMAME CPaBHEHHS AJIS ACCOIMATUBHBIX KOHTEHHEPOB
ykazaTedeif; obcyauM oduiMatbHble B IPaKTHYECKHE aCEKTh HEU3MEHHOCTH KO-
43, a TAKXKe IyTH NOBHIeHNA 3D (PEeKTHBHOCTH ACCONHATHBHBIX KOHTEHHEPOB,

B STL orcyrcTByioT KoHTelineps Ha 6a3e x31-Tabiuil, Mo3aToMy I/laBa 3aBepluaer-
¢ MpUMEpaMK ABYX PacHpOCTPaHEHHHIX (XOTs H HeCTaHAAPTHLIX) peanusanuii. He-
CMOTP#A Ha OTCyTCTBHeE Xam-Tabnun B STL, BaM He nIpHAETCSA peaM30BbIBaTh KX CaMO-
CTOSITEJIBHO HJIH 00XOAUTBCSA APYTHMH KoHTelHepamu. CymecTByeT HeMallo TOTOBEIX
KayeCTBEHHBIX pPeaH3alHiL

Coset 19. NoMHUTE 0 pasnuumnsx Mexay
PaBEHCTBOM U 3KBUBANEHTHOCTbIO

3anaga cpaBHeHHA 06beKTOB Bo3HuKaeT B STL odens yacro. Hanpumep, ecrn GyHk-
uwest find MILET B HHTEpBale NepBhlit 00BEKT C 3aiaHHBIM 3HAYEHHEM, OHA JOJDKHA YMETh
CpaBHHBATh [IBa 00BEKTA H Y3HABATh, COBMARAIOT Ji HX 3HaYeHHU. [Ipu nonbiTke BKITIO-
YeHHS HOBOTO 3JIEMEHTA B MHOXKECTBO (DYHKIUS Set::insert Mo/HKHA MPOBEPHTH, He
CYILeCTBYET JiH JaHHOe 3Ha4YeHHe B KOHTeiHepe.
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Anropur™ find u pyHKuus set::insert ABAAOTCA THMHYHBIMU IIPEICTABHTENIAMH
ceMeitcrpa (DYHKLKIH, NPOBEPAIOIIHX COBNAAEHUE ABYX BEJIMYHH, OAHAKO AeJal0T 3TO
oM no-passoMy. Jna find coBrmazenneM CYHTAETCA paGEHCME0 ABYX BEJIUYHH, IIPOBE-
psaieMoe onepatopoM ==, Dynkuma set: : insert NpoBepsAET OTHOUWIEHUE IKGUBALEHTNHOC~
mu, OGEIYHO OCHOBaHHOE Ha omeparope <. Takum o6pasoM, MO OAHOMY ONpPeAENEHUI0
AiBa 06BEKTa MOIYT HMETh OAMHAKOBbIE 3HaYeHH s, TOTAa KaK 110 APYTOMY OlpeesIeHHI0
oHH OyxyT pasnuyarbea. Orciona ciaeayerT, 4To AAA 3QGEKTHBHOTO HCIIOIB30BAHKA
STL Heo6xoauMO MOHHMATH Pa3IHYKs MeXAY PABEHCTBOM H 3KBHBAJIEHTHOCTBIO.

DopMaibHOE oNpeesieHHe PABEHCTBA 0CHOBAHO Ha HCIOJIL30BAHHK OIEPaTopa ==,
Ecnu pe3ynbTaT BRIPRKEHHS X==y paBeH true, 3HAYHT, X H ¥ HMEIOT OIMHAKOBbIE 3HAYE-
HMA, a eclin false — pasHole. B nenoM onpegesenne BecbMa NPAMOJIHHEHHOE, XOTSL CJle-
AYET MOMHHUTH O TOM, YTO M3 PABEHCTBA 3HAYEHUIT He CJIeflyeT PABEHCTBO BCEX Toed
manHux. [Ipeanonoxkum, Kaace Widget XpaHHT BHYTPEHHHE AaHHbIE O BDEMEHH TOCIIEN -
HETO oOpalleHHs:

class Widget {
public:

p'r';vate :
TimeStamp lastAccessed:

B
Jlnsa xnacca Widget MOJKHO OTIpefesIHTh OTIePaTOP ==, HTHOPHUPYIOIHH 3HAYEHHE 3TO-
IO IoJIs;

bool operator==(const Widget& lhs. const Widget& rhs}

!/ Mone lastAccessed urHopupyeTca

!

B arom cayyae aBa o6bexTa Widget 6yayT CHMTATBCS PaBHBIMH AaXKe B TOM CJIYYae,
eciu ux nosd lastAccessed comepxar pasHble 3HAYCHHA,

DXBHBAJIEHTHOCTb OCHOBAHA HA OTHOCHTEJIBHOM TMOPSAKe 3HAYeHuit 06HEKTOB B OT-
CopTHpOBaHHOM HHTepBae. [Ipome Bcero paccMaTpHBATE ee B KOHTEKCTe MOPSAKA COP-
THPOBKH, ABJIIOLIETOCS YaCThIO JII0OOTO CTAHAAPTHOIO aCCOUMATHBHOTO KOHTeliHepa
(To ecth set, multiset, map 1 multimap). /[Ba 06BEKTA X M Y CYHTAIOTCS SKBHBATEHTHEIMH
MO OTHOMEHHIO X NOPSAKY COPTHPOBKH, HCIIONIb3YeMOMY aCCOLIMATHBHEIM KOHTER-
HEPOM C, €CJIM HH OZHH H3 HHX HE IpeJllecTBYeT APYTOMY B NOPsAKE COPTHPOBKH C.
Ha nepssiit BartAa Takas GopMyJIHPOBKA KaXeTCA 3alyTaHHOH, HO Ha MpaxTHKe BCe
npocto. BoatMeM xoHTeliHep set<Widget> s. /IBa ofnexTta Widget, wl ¢ w2, HMEIOT SKBH-
BAJIGHTHBIE 3HAYEHUS 110 OTHOLIEHHIO K S, €I HK OAKMH U3 HUX He NpeJIecTByeT Apy-
TOMy B MopsAAKe copTHPoBKH S, CTanAapTHas QyHKIKA cpapHeHUs A4 set<Widget> —
less<Widget> — Mo yMOJ4aHHUIO NMPOCTO BH3bIBaeT operator< puis obsexToB Widget, no-
aTOMY W1 U W2 GyIyT UMeTh 3HAYEeHU S, SKBUBAJICHTHBIE 110 OTHOLIEHKIO K Operator<, ecyiu
HUCTHHHO CieyIolliee BEIpaKeHHe:

F(Wl<w2) /1 Ycnosue wl < w2 NOmHO

&& /I n
I (w2<wl) // Ycnoene w2 < wl nomHo
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Bce BroJiHe JOTHYHO: ABA 3HAYEH IS 3KBUBANCHTHHI (TI0 OTHOUIEHHIO K HEKOTOPOMY
KPHTEPHIO YIIOPSAOUEHHs! ), CIH HI OAHO U3 HHX He NpefuIecTByeT APYTOMY B COOT-
BETCTBHH ¢ JaHHBIM KDHTEDHEM.

B ofmem ciydae hyHKiuel cpaBHERUST I aCCOLMATHBHOTO KOHTelHepa ABNAeT-
s He oMeparop < Wi Jaxe 1ess, a MoIb30BaTeNbCKHif npeanuKaT (cM. coset 39). Kax-
IHli CTaHAAPTHEIN acCONMATHBHLIN KOHTeHHeD NpefocTaBiiseT CBOH NpeuKaT COPTH-
poBKH depe3 (hyHKIHIO key COmp, MO3TOMY ABa O6BEKTA X M Y HMEIOT 3KBHBAJIEHTHHE
3HAUEHUsI TI0 OTHOUIEHKIO K KPUTEPHIO COPTHPOBKH acCOLHATHBHOIO KOHTERHepA ¢,
€CJIH BRIMQJIHAETCA CJIEeAYIOLIee YCJIOBHE!

c.key_comp() (x.y)88!c.key_comp{)(y.x) // X H2 NpejuECTBYET ¥

// B nOpAAKE CODTHPOBKM C,
// a 'y He npepwecTeyet x

Boipaxkenue !c.key_comp()(X,y) BEIVISAKT yCTpalmaiolle, HO CTOMT NMOHATE, 9TO
c.key comp() BoaBpamaer GyHKUHI0O (MK 00bexT QYHKUHMK), KaK BCe 3aTPyAHEHHA
ucuesanot. [Tepea HamMu npocToil Bol3oB byHKud (14 00bekTa (DYHKUMK), BO3BpA-
maeMoli key_comp, KOTOPO# MepeaaloTcs apryMeHTH X K Y. 3aTeM BBIYMCIAETCS JIo-
rudecKoe oTpuilaHue peaynesTaTa. Dynkius c.key comp()(x,y) Bo3BpalaeT true Jumb
B TOM CJAy4ae, ec/ii X NPEeAUIeCcTBYET ¥ B NOPAAKe COPTHPOBKH, OITOMY BBIPAXKEHHE
lc.key comp() (X, y) HCTHHHO TOJIBKO B TOM CIIy4ae, eCIH X He npeduiecmeyem y B IOPsia-
Ke COPTHPOBKH C.

YrobH BB Jydlle OCO3HATH MPHHIKIHAIBHEIR XapaKTep pa3iHddil MeXAY DaBeH-
CTEOM H 3KBHBAJIEHTHOCTEIO, PACCMOTPHM TIPHMEp — KOHTellHep set<string> 6e3 yueta
perucTpa CUMBOJIOB, TO €CTh KOHTeliHep set<string>, B KoTOpoM (QYHKIIHA CpaBHeHHs
HIHOPHUPYET PETHCTP CHMBOJIOB B CTpoKax. C ToYKu 3peHus TakoH (DYHKIIHHK CTPOKH
«STL» u «stL» axsusanenrntl. [IpuMep pewtnsainn pyHKuME ciStringCompare, ur-
HOpHpYIOIel perucTp CHMBOJIOB, NPHUBEIeH B coBeTe 35, OfHaKo set Tpebyercs mun
¢yHKIME cpaBHEeHHS, a He caMa (yHKIM. YT06bI 3aN0AHUTE 3TOT MPo6est, MBI THLIEM
Kracc QyHKTOpPA € oneparopoM (), BeI3biBaromuM ciStringCompare:

struct CiStringCempare: // Knacc cpaBHeHWA CTpOK

public // Be3 y4eTa perucTpa CWHBONOB;

binary_function<string.string.bool>{ // onucanue Gasosoro knacca
// npusepero B cosere 40

bool operator()(const string& 1Ths,
const string& rhs) const

return ¢iStringCompare(lhs.rhs): // Peanu3aauna ciStringCompare
// npueenena B cosete 35
}
b
[Ipu nanuyuu CIStringCompare KoHTeliHep set<string>, UrHOPUPYIOILUIT PETHCTD
CHMBOJIOB, CO3JaeTCsl 04Y€Hb MPOCTO:

set<string,CIStringCompare> ciss:

Teneps mpu BcTasKe CTpok «Persephone» u ¢persephone» B MHOXeCTBO GyeT BKJIO-
YeHa TO/IbKO [epBasi CTPOKa, MOCKOJIBKY BTOpas CYUTAETCH SKBUBAJIEHTHOIL:

ciss.insert("Persephone”}; // B MHOKECTBO BHMIMABTCH HOBLIA 3NEMEHT
ciss.insert("persephone”): // JKBMBANEHTHLIA 3NEMEHT He BKINYAETCA
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Ecnu Teneph IPoBeCTH MOMCK CTPoKH «persephones dynknueii set: : find, peayss-
Tar GyAer yCIenHsIM:

if(ciss. find("persephone”) |=ciss.end()).. // JneMeHT Hainex
Ho ecau BocIob30BaTECA BHEIIHHM aropuTMoM find, mouck zaBepiuaeTcs HeyAavett

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

“persephone”) 1=ciss.end()).. // JneMmeHT OTCYTCTBYET

Jlesto B TOM, uTo cTpoka «persephones sxeuearenmna «Persephone» (no oTHO-
meHu K GyHKTOpY cpaBHeHHs CIStringCompare), HO He pasua et (MocKobKy string
( "persephone”) l=string("Persephone”)). [IpuseienHLIil MpHUMED NOSCHAET OAHY K3 NPH-
YHH, IO KOTOPOH B COOTBETCTBHH C COBETOM 44 peKOMeHAyeTcsl HCIOJIb30BaTh (PYHK-
IHH KoHTelHepos (set: : find) BMecTo ux BHenHux ananoros (find).

BosHukaer BOMPOC — noyeMy e B paboTe CTARAAPTHBIX ACCOUMATHBHBIX KOHTEM-

. HEPOB HMCTIONb3YETCs MOHATHE SKBUBAIEHTHOCTH, a He paBeHcTBa? Bexb GosbiiuHCTBY
MPOrPAMMHCTOB PABEHCTBO KAXKETCS HHTYHTHBHO 0oJiee MOHATHBIM, YeM 3KBHBaJICHT-
HOCTE (B MPOTMBHOM CJIy4ae JaHHEI coBeT Ol 651 uurruM). Ha mepserit sarmsig or-
BET KAXKETCS MPOCTHIM, HO YeM J0JIbIe DAa3MBILUIAes HaZl 5THM BOMPOCOM, TEM MeHee
OYeBHAHBIM OH CTAHOBHTCA.

CranpapTHEIE aCCOIHATHBHEIE KOHTEHHEDH COPTHPYIOTCH, MO3TOMY KaXKAbIH KOH-
TelHep A0MKEH HMeTh (DYHKIMIO CpaBHeHHA (M0 YMOIYAHHIO 1€SS), ONpPeaesoIyi0
MOPSACK COPTHPOBKH. JKBHBAIEHTHOCTE ONpelelisiercst B KOHTeKeTe (PYHKIHM cpaB-
HeHHS, IO3TOMY KIHEeHTaM CTAHIAPTHBIX ACCOIMATHBHBIX KOHTEHHEPOB OCTAETCS JIMIIb
3a5aTh eIMHCTBEHHYW0 QYHKIMIO cpaBHeHust. Ecin Obl acconuaruREEEe KOHTEHHEPH
IpH CpaBHEHHUH 0GBEKTOB UCTIONB30BATH KPUTEPHIA PABEHCTBA, TO KAXKAOMY accolua-
THBHOMY KOHTeHepy, ICMHMO HCIIOIb3YeMOH IIPH COPTHPOBKe (DYHKI[MH CPABHEHNA,
MPUILIOCH Gbl ONPENessATh BTOPYIO (DYHKI[MIO AJIS MPOBEPKM paBeHCTBa. BeposTHo,
Mo yMoJdaHuio (yHKIMS CpaBHeHMs BBI3bIBajia 66 equal_to, HO MHTEpeCHo 3aMe-
THTB, 4T0 PyRK1HA equal_to B STL He ucnonbayercs B KadecTBe CTaHAAPTHOI DyHK-
unu cpaBHenus. Korza 8 STL Bo3nuMkaer HeoOXOAMMOCTE NPOBEPKH PaBeHCTEA, 1O
YMOJIYaHUIO TIPOCTO BHI3LIBAETCA ONepaTop =. B YacTHOCTH, HMEHHO Tak MOCTYIAeT
BHeurHuii anroputy™ find,

Jonyctum, y Hac uMeeTcsi KoHTelinep set2CF, noctpoeHHbIi o o6pasuy set — «set
¢ AByM#A GYHKIMAMHE CpaBHeHuUsT», [Teppas hyHKUUA CpaBHEHUSA ONPEAEIACT MOPSIAOK
COPTHPOBKH 3JIEMEHTCB MHOXKECTBA, @ BTOPas HCIOMb3YETCA A NPOBEPKH PAaBEHCTBRA.
A Tenepb paccMOTPHM clIeyoliee OOBABIEHHE:

set2CF<string,CIStringCompare, equal_to<string> > s;

KonTeliep s MPOM3BOAKT BHYTPEHHIOK COPTHPOBKY CTPOK Ge3 yueTa perucTpa, Ho
€ MCIOJIb30BAHHEM HHTYUTHBHOTO KpHTEpPHs PABEHCTBA: B CTPOKH CYMTAIOTCS paB-
HBIMH NMPpH COBHALEHHH UX COAEPKHMOTOQ. HPEAHO.TID}KPIM, B S BCTABJAIOTCS ABa BapH-
anTa HamucaHus crpoxH «Persephones:

s.insert("Persephone”};
s.insert("persephone”);

Kak mocTynute B aToM cayyae? Eciu KoHTeliHep moliMeT, yTo "Persephone” !=
“persephone", i BCTaBHT ofe CTPOKH B S, B KAKOM MOpPSIAKE OHU AOJDKHBI CJIEJOBATH?
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Hanommuio, 4ro hyHKIMs COPTHPOBKH 3TH CTPOKH He pasyiuyaer. CJenyeT /i BCTABUTh
CTPOKH B TPOM3BOJIBHOM NOPSAKE, A0OPOBOJIBHO OTKA3aBIIHCh OT AETEPMHHUPOBAHHO-
ro nopsaka nepeGopa copepxumoro xorteitnepa? HexerepmunuposanHsril nopsaok
nepe6opa yxe NpHCyLl ACCOLHATHBHEIM KoHTeiHepaM multiset 1 multimap, mocKoabKy
CranapT He yCTaHABJIMBAeT HUKAKKX OTPAHHYEHHIT HA OTHOCHTEJIbHBIH MOPsAOK CJIeA0-
BaHWA SKBHBAIEHTHHIX 3HAYeHHI (mutiset) man Kaodelt (multimap). Vinu nam cregyer
HaCTOATH Ha AeTEPMHHHPOBAHHOM [ODSAKE COAEPKHUMOTO § ¥ IPOUTHOPHPOBATL BTOPYIO
TIONEBITKY BCTaBKHM (A1 CTPOoKH «persephones)? A ecnu 6yaer BeGpaH STOT BapHAaHT,
4TO MPOM30HAET MPH BHIOMHEHHH CHeAyIome KOMaHADL:

if (s.find("persephone”) != s.end()).. // Kakum GyneT pe3ynbTaT NpoBEpKU?

Oynxuua find HCoB3yeT MPOBEPKY PaBEHCTBA, HO €CJIM MPOMTHOPHPOBATh BTO-
pOii BBI30B insert A COXpaHEHUS ACTEPMUHHUPOBAHHOTO MOPSIKA 3/IEMEHTOB S, 1PO-
BepKa 1aCT OTPHIATE/bHEIN Pe3yJIbTaT — XOTs CTpoKa «persephones 6blita oTBepriuyTa
Kak ay6iuxar!

Mopais: ucnons3dys ogHy QyHKIHIO CPaBHEHHA 1 IPUHHUMAs PellleHHe 0 «CoBNajle-
HUM> ABYX 3HAYEHUH HA OCHOBAHMH HX 9KBHBAIEHTHOCTH, Mbl U30€raeM MHOTOYHC/IEH-
HbIX 3aTPYAHEHHI, BO3HUKAOMUX NPH MCIOJB30BAHHH ABYX QYHKIUH CPaBHEHHA.
ITonayasty Takoif MOAX0/ BLIIAAUT HECKOIBKO CTPaHHO (0COGEHHO KOT/a BBl BHAMTE,
YTO BHYTpEHHSAS K BHeIIHsAs BepcrH find Bo3BpallaloT pasHele pe3ayJibTaTsl), HO B NEp-
CIEKTHBE OH U30ABJISIET OT BCEBO3MOXKHBIX 3aTPYAHEHUL, BOSHUKAIOIMX IIPU CMEIAH-
HOM HCIOJIb30BaHHH PABCHCTBA M 9KBHBAJIEHTHOCTH B CTAHAADTHBIX aCCOLIHAaTHBHBIX
KOHTEHEpaxX.

Ho crout oroiiTi oT copmuposanmsix accoiMaTHBHEIX KOHTEHEPOB, KaK CHTYallHs
n3MeHsiercs, u IpobileMy PaBEHCTBA H SKBUBAJEHTHOCTH IIPUXOAUTCS PEIIATh 3aHOBO.
CyecTBYOT ABe 0OIIENPHHATHIE PeATH3ANME VIS HECTAHAAPTHBIX (HO MIMPOKO pac-
MPOCTPaHEeHHBIX) aCCOI[HATHBHEIX KOHTEHepoB Ha 6a3e xam-rabaul. OaHa peainsa-
1A OCHOB2HA Ha PaBeHCTBe, a APYras — Ha 3KBHBAJIEHTHOCTH. B coBete 25 npusoaur-
Cs1 IONOJIHMTE bHAA HHPOPMALUA 00 3THX KOHTEHHEPAX ¥ TeX MIPHMHIIMIAX, Ha KOTOPBIX
OHH OCHOBaHHBI.

Coset 20. Onpeaenvte TN CpaBHEHUS
ANs1 aCCOLMATMBHOIO KOHTEWHepa,
coaepKallero ykasarenu

[IpeanonoxumM, y Hac UMeeTcs KoHTelHep set, cogepxamuil ykasaTeau string*, ¥ Mbl
MBLITAeMCST BKIIOYHTh B HEFO HECKOJIBKO HOBBIX 9JIEMEHTOB!

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")):
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Creayiomuii dpparmMenT BEIBOAUT cofepxumoe set. IIpeanosaraercsi, 4To CTPOKH
GYAyT BHIBEAEHH! B a/IpaBUTHOM IOPAIKe — Bellb COAEPIKUMOe KOHTEHHEPoB set aBTo-
MaTHYeCKH copTUpyercal

for (set<string*>::const_iterator i = ssp.begin{): // MpeanonaraeMsi

i != ssp.end(): // nopApcK 8wHBOAA:
++1) // “Anteater”, “Lemur®,
cout<<*i<<endl; // "Penguin”, "Wombat"

Oxnnaxo Ha MPAKTHKe HMYEro MOX0XKEero He MPOMCXOAMT. BMeCTO CTPOK BBHIBOAATCS
JeThipe MeCTHAMIIATEPHYHBIX YUCIa — 3HaYeHHA yKasaTesell. [TocKombKy B KOHTelHe-
pe set XpaHATCs yKa3aTesH, *i sIBJAETCS He CTPOKOH, a ykasamenem Ha cTpoxy. llycrs
3TOT YPOK HAMOMMHAET, YTOOb! BhI C/ICAOBANH PEKOMEHAANMAM COBETA 43 u usberann
HanucaHus cobcTBeHHnIX HKA0B, VcnompaoBanue aropuT™a copy:

copy(ssp.begin(),ssp.end(}, // CHOMWpOBATL CTPOKM,

ostream_iterator<string>(cout."\n")): // copepwawmecs 8 ssp. B cout
// (He KomnunupyeTtca!}
HE TOJIBKO JIeIaeT MporpaMMmy 6oiee KOMIIAKTHOR, HO ¥ IOMOTaeT GEcTpee 06HAPYKHUTD
oKy, MOCKOJIBKY BBI30B cOpy He KoMnunupyercs. Flreparop ostream_iterator fo/mkeH
3HATDH THII BHIBOAMMOTO 06beKTa, ToaToMy KOT/a KOMITHIITOP 00HAPYKHBAeT Pacxoxae-
HHe MeX/Iy 3aJaHHbIM B MapaMeTpe maboHa THIIOM String M THIIOM 00beKTa, XpaHsiue-
rocs B ssp (string*), ox Bbinaet omu6Ky. Ellle oaus 10BO/ B N0J1b3Y CHIBHON THITH3ALHH. .

Ecnu 3aMeHHTD *1 B HMKJIE HA **1, 60aMOMHO, Bbl OJIYYHTE HYKHBIH Pe3ypTaT —
HO CKOpee BCETO, 3TOrO He NMpousoiifer. /la, cTpoku OyAyT BEIBEJIEHBI, HO BEPOATHOCTD
HX CTIeA0BaHuA B anaBUTHOM Nopsake pasHa seero 1/24. Korrelinep ssp XpaHUT CBOH
3JIEMEHTHI B OTCOPTHPOBAHHOM BHJe, OJHAKO OH COAEPXHUT yKa3aTelH, I03TOMY COPTH-
poBaThcs Oy ayT anauenus yxasamened, a He cTpoku. CylecTByeT 24 BO3MOXKHBIX Iepe-
CTAHOBKH AJA YETHIPEX YKasaTeseld, To ecTh 24 pa3sHBIX MOCIeA0OBATEIBHOCTH, H3 KOTO-
PBIX JHIIb OfHA OTCOPTHPOBAHA B w/I()aBUTHOM MopsaKe',

T[Toaxons K pelIeHHIO 3TOMH Mpo6iieMbl, HeJIMIIHE BCHOMHUTD, 4T0 00bsABIIEHHE

set<string*> ssp:

MPEACTaBJISIET coboli coXpameHHy10 3anuCh A 06bsBICHUAS
set<string*, less<string*> > ssp;
Crporo roBopst, 3T0 COKPALLEHHAS 3aTTUCh A1 obbABNCHHA
set<string*,less<string*>. allocator<string*> > ssp;

HO B KOHTeKCTe JAHHOTO COBETa PaclpeAeuTenH MaMATH HeCYIeCTBEHHEI.

Ec1u BB XOTHTE COXPaHMTh yKazaTeau string* B KonreliHepe set Tak, 4T06bI HX MOps-
JOK ONpeaessiyics 3HadeHuAMH CTPOK, CTAaHAAPTHEI QYHKTOP cpaBHeHHA less<string*>
BaM He nogotiner. Bmecto storo Heobxoaumo Hanucath cobcTBeHHBIN GyHKTOP Cpas-
HEHH, KOTOPbI mosyyaeT yka3aTesu string* H ynopAaoYHBAET HX MO COAEPKHMOMY
CTPOK, Ha KOTOpbIe OHH cchutatoTes. [Ipumep:

! Crporo roBops, He Bee 24 nepecTaHOBKH PaBHOBEPOATHDI, TAK 4TO BEPOATHOCTH 1/24 He copceM TouHa, Tem
He MeHee, ocTaerca GeccriopHetil GaKT: cyuecmsyrom 24 pastble MEpecTaHOBKH, H Bbl MOXeETe NOJ1y4HTh
A106y0 N3 HHX.
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struct StringPirlLess:
public binary_function<const string*. // Ba3osbifi Knacc
const string*, // onucaH B cosete 40
bool> {
bool operator()(const string *psl, const string *ps2) const

return *psl<*ps2:
}
}i
ITocue aToro StringPtrless Hcnoas3yeTcs B KayecTBe THINA KPUTEDUA CPaBHEHHA SSP:

typedef set<string*, StringPtrLess> StringPtrSet:

StringPtrSet ssp: // CoapaTe MHOXECTBO C ofvexTamu string
// ¥ NOpALKOM COPTMPOBKM, ONpe/enfaeMsi
// wputepuer StringPtrlLess
// BCTaBUTL Te We YETwipe CTROKM

Teneps npuBeAeHHEIH BEIlIe NHKA GyAeT paboTaTh HMEHHO TAK, KaK IpeAnonara-
10Ch (MPH YCI0BHHM, 4TO OMMOKA Obla HCIIPaBIeHA M BMECTO *1 HCIIONB3YETCsS **1),

for(StringPtrSet::const _iterator i= ssp.begin();

i 1= ssp.end(); // NopafoK BhiBORA:
++1) // "Anteater”, "Lemur®
cout<<**j<<end] ; // "Penguin”, "Wombat"

Ecyu BBl npeAnounTaeTe MCIOMb30BATh AITOPHTM, HanuuIuTe (GyHKIMIO, KOTOpad
Pa3bIMEHOBBIBAET YKa3aTe)iu string* mepeq BeIBOJAOM, a 3aTeM HCTIONL3YHTE ee B coye-
TaHuH ¢ for_each:

void print(const string *ps) // BuigecTu 8 cout oBbexT,
{ // Ha KOTOpHiA CCHNAeTCA ps
cout<<*ps<<endl;

for_each(ssp.begin(),ssp.end(),print); // Bw3sate print gna Kawjoro
/7 anemenTa ssp

Cymectsyer 6oJiee n3ompeHHoe pelienue — 06061meHHb GyHKTOp pasbMeHoBa-
HUS, HCTIOJL3YeMBbIH ¢ transformu ostream iterator:

// QyHkTOp nonydaeT T* W Boadspamaet const T&
struct Dereference({

template<typename T>
const T& operator(){const T* ptr) const
{
return *ptr;
}
K

transform(ssp.begin(},ssp.end(), /1 "MpecGpa3losaTth” Kamabliid
ostream. iterator<string>(cout,"\n"), // anemexT ssp nocpeacTeoM
Dereference()): // pa3biMEeHOBAHWA M 3anucaThk

/! pesynbraTe B cout

BripoyeM, 3aMeHa IIMKJIOB AIropUTMaMu OyeT oApobHO pacCMaTpUBaThCA TIO3JIHEE,
B coBete 43. A ceigac pedb HAET 0 TOM, ¥TO NPH CO3/IaHHMH CTAHAAPTHOI'C ACCOLIMATHBHO-
To KOHTelTHepa yKa3aTesiel ClleyeT MOMHHKTD: CONePKHMOE KOHTeltHepa GyneT CopTHpo-
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BaTbCs [0 3HAYEHHSM yKa3aTesneit. Bpaa jin takoit mopAaOK COPTHPOBKH BAaC YCTPOMT,
TI03TOMY IOYTH BCETAA OMPEAEAIOTCH KAACCH-(DYHKTOPBI, HCMOIb3yeMble B Ka4eCTBe
THIOB CPaBHEHHA.

OO6paTuTe BHHUMAHHE HA TEPMHH <«/7iln CpaBHEHH». Bo3aMOXKHO, BaC HHTEPECYET,
3aueM BO3HMTHCS € CO3JaHMEM (DYHKTOPA BMECTO TOTO, YTOOBI MPOCTO HAIKCATh QYHK-
LMIO CpaBHeHHs JUTA KoHTeltnepa set? Hampuwmep, Tak:

bool stringPtrLess(const string* psl, // Mpefnonaraenan (QyHKUMA CPaBHEHWA

const string* ps2) // pna yKalaTenei string*,
// COpTupYeMLIX N0 COAEPRUMOMY CTPOKK
return *psl<*psZ;

!

set<string,stringPtrLess> ssp;  // MonuTka ucnons3osanua stringPtriess
// B KavecTse QyHKUMM CpaBHEHUR SSP.
// He komnunupyetca!!l
[Ipo6Jiema 3aKI04a€TCS B TOM, YTO KaXKABIH H3 Tpex MmapaMeTpoB walbioHa set
aojtKeH OBTL munom. K coxanenuio, stringPtrless — e THI, a QyHKUMA, IOITOMY IO
IIBITKA 3371aTh StringPtrless B kayecTBe QYHKIOUK CpaBHeHHS set He KOMIHIHDYeETCH.
KownTeitnepy set He HyKHa (QYHKIIUA; eMy HYKEeH THII, Ha OCHOBaHHH KOTOPOTO MOXHO
co3damo HYHKUMIO,
Kaxasrii pas, KoTAa BE CO3/a€Te aCCOLHATHBHBIN KOHTEHED yKa3aTelell, IOMHHTe
0 TOM, YTO BaM, BO3MOJKHO, TPHAETCS 33/1aTh THII CPAaBHEHMS KOoHTeHHepa. B 60Jb1InH-
CTBE CJIy4Yaes THII CPABHEHHSA CBOAHTCA K Da3bIMEHOBAHHIO YKa3aTeNsd M CPaBHCHHIO
00DBEKTOB, KAK 3TO CAEIAHO B IPUBEAEHHOM BhilIe npuMmepe StringPtrless, Ila6/on ans
Takux QYHKTOPOB CpaBHEHUS! CTOHUT AepXKaTh noA pykoit, [Ipumep:
struct Dereferenceless {
template <typename PtrType>
bool operator()(PtrType pTl. /1 TlapameTphl NEpefanTCa N0 3HAYEHHD,
PtrType pT2) const // NOCHONbKY OHM AOMKHb OwiTb

/1 ykaszaTenamu (Win no KpaiHeil mepe
return *pTl<*pT2: // BecTn ceba. Kaw ykaszaTenu)

}

b

Haunnil mabs0H cHEMaeT HeoOXOAUMOCTE B HAMHCAHWM TAKHX KJIACCOR, KaK
StringPtriess, mocKoJbKy BMECTO HEX MOJKHO KCIONBL30BaTh Dereferenceless:

set<string*.Dereferenceless> ssp; // Bepet cefs Tak e, Kak

/7 set<string*,stringPtrlLess>

1 nocnegnee samedaHue. JaHHBI COBET MOCBSIEH ACCOIMATUBHEIM KOHTeHHEpaM
yKa3areJeil, Ho OH B PaBHOII cTeNeHH OTHOCHTCS U K KOHTel HepaM 06 HeKTOB, KOTophble
eedym cebs Kax yKasaTend (HampHMep, YMHbIe yKa3aTesiu u utepatopsl). Ecim y sac
HMMEEeTCs aCCOLHATHBHBINH KOHTEHHEpP YMHBIX YKasaTesell Win HTepaTopoB, MOAYMAATE,
HEe CTOMT JIN 3a/1aTh THUM CPpaBHEHHA M s HeTo. K cuacTbio, peineHue, mpuBefeHHOE A5
ykasaresel, pabotaer u a1 obbexroB-ananoros. Eciu onpenenenue Dereferenceless
MOAXOAHUT B KaueCTBe THIIA CPABHEHHS JUIS aCCOLHATHBHOIO KOHTefHepa T*, oHo ¢ 60:1b-
11o# BEPOATHOCTBIO TMOAOHAET M IS KOHTEHHEDOB MTEPAaTOPOB M YMHBIX YKasaresei
Ha o6bexThI T,
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Coset 21. Cnegute 3a TeM, YTOObI (DYHKLMM
cpasHeHus Bo3Bpawanu false B ciyyae paBeHCTBa

Ceityac 51 moxaxy BaM HeuTo JoGoneiTHoe. Co3zaiiTe KOHTEHHeD set ¢ TUIIOM CpaBHe-
HHA less_equal u BCTaBLTe B Hero 4ucic 10:

set<int.less_equal<int> > s; // KonTedxep s COpTHpYeTCA No Kputepun “<="
s.insert{10): // Bcraska vucna 10

Teneps nonpobyiite BcTaBuTh yncao 10 noBTOPHO:
s.insert(10);

IIpu 3TOM BBI30BE insert KoHTeliHep ACJDKEH BBIACHHTD, IPHCYTCTBYET JIM B HEM
yucyo 10. Mb1 3naeM, 4To Takoe YHCIO yaKe eCTh, HO KOHTEHHEp Ty Kak npobxa u Bce
npoBepsieT JEYHO, YT06bI BaM GBLIO MPOIIE MOHATD, YTO NPH 3TOM MPOKCXOAUT, HA30-
BEM IePBOHAaYa/IbHO BCTaB/IeHHBIH ak3eMIuAp 10,, a HoBbIl ax3emmsap — 10s.

Komnreiinep nepe6upaer CBOU BHYTDEHHHE CTPYKTYPHI AaHHBIX M HINET MECTO AJIS
Bcraeku 105, B utore emy npugercs nposeputs 10, u cpasuuTts ero ¢ 10,. /i acco-
I[HaTHBHOTO KOHTEHEepa «CpaBHEHHE» CBOJMTCH K MPOBEPKE SKBHBAMEHTHOCTH (CM.
coseT 19), moaroMy KOHTellHEeD NMpPOBEPSET 3KBUBAJNEHTHOCTh 06bhexToB 10, u 104,
EcrecTBenHo, Ipu 3101 MpoBepKe HCMOJb3yeTCs (GYHKIIHA CPaBHEHHSA KOHTel Hepa set;
B HaImeM npuMepe 31o QyHKIMA operator<=, MOCKOIbKY MBI 3afiaiu (DYHKUMIO CpaBHe-
HUs less_equal, a less_equal o3Hadaer operator<=. 3aTeM koHTelinep IpoBepsieT HCTHH-
HOCTb CJIE/lyIONIETO BhIPaKeHHUS:

1(10a<=10b)&&1 (10b<=10a) // Tposepka 3keueanedTHocTH 10, u 10

Ob6a 3nauenusi, 10, u 105, papunl 10, mostomy ycnosre 10,<=105 3aBeOMO HCTHH-
HO. AHAJIOTHYHO HCTHHHO H ycioBue 105<=10,. [IpuBeaentoe Bhilre BEpaKeHHe
ynpoiuaerca fo !(true) &&!(true), To ects false && false — pesyabrar pasen false.
HpyTuMu cioBaMH, KOHTEHHEp IPUXOAKT K BhIBOAY, uTo 10, u 105 He sxsusarenmint,
u BcTabJisteT 10y B xonTeltnep Hapsany ¢ 10,. C TexHuyeckoi TOYKH 3peHUs 5TA MOTIBIT-
Ka MPHBOAMUT K HEMPEACKA3yeMBbIM NOCIEACTBHSAM, HO Ha MPAKTHKe B KOHTeliHepe set
NOABJIANTCA J8a 9K3eMILIAPA 3Hadenus 10, a 3T0 03HAYAET YTPATy OMHOTO K3 BKHEMH-
wwux cBodcTB set. [Tepenaua tuna cpasnenus less_equal Mpusesia X mopye KoHTeliHepal
Bounee Toro, mobas GyHk1us cpaBHeHHS, KOTOPast BO3BpalaeT true AN paBHBIX 3HAYe-
HHUH, NpUBEZIET K TeM e MOCIeACTBHsIM, PaBHble 3HaYeHHA TI0 OMPEAEIEHHIO He SKBH-
BaeHTHH| 30p0oBO, HE HpaBzAa Ju?

Mopans: Bceraa creaure 3a TeM, 4To6nl GYHKIHM CDABHEHMS A5 ACCOIHATHBHBIX
KOHTelinepoB BosBpalany false 4151 paBHbIX 3HaYeHuil. ByAbTe BHUMATEIIBHEL, IIOCKO/Ib-
Ky 5TO orpaHHY€HHe O4eHb JIETKO YIYCTUTh U3 BHAY.

Hanpumep, B cosere 20 pacckasaHo o TOM, Kax Hanucarh (byHKIMIO CPaBHeHHSA LI
KOHTelHepoB yKasaresed string*, obecrneduBalomyio aBTOMAaTHYECKYIO COPTHPOBKY
COAEPKUMOTO KOHTeHHepa o 3HaYeHHAM CTPOK, a He yxa3aTeneil, IIpusenennas pyHk-
1M CPABHEHHA COPTHPYET CTPOKH II0 BO3PACTAHMIO, HO AaBaiiTe MPEANoa0XKuM, YTO
BaM NMoHaRo6uach QYHKIKSA 4151 COPTUPOBKH 10 yObiBaru10. EcTecTBeH O, BB BO3bMe-
Te CYIIecTBYIOIIHE KON 1 oTpeflakTHpYeTe ero. Ho ecyiu He nposiBUTh AOCTAaTOYHOH
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OCTOPOKHOCTH, Y BAC MOXKET IOJLYYHTLCS CASAYIOIUH pe3yibTaT (H3MeHeHHs BEIAe e-
HH JKHPHBIM HIpHGTOM ):
struct StringPtrGreater:
public binary_functicn<const string*, // KupHuM WpHGTON BhAENEHS
const string*, // W3MEHeHWA, BHECEHHHE B KOJ
bool> { // w3 coseta 20,
// BHuMaHKe - NpUBEJEHHOE pEeleHWe
// we paboraert!
bool operator(){const string *psl, const string *ps2) const

return ! (*psl<*ps?); // TIPOCTOR NOTMMECKOE OTPHUAHKE
// craporo ycnosua He pafoTaet!

}
I
Wpnes 3axmioyaeTcsi B TOM, YTOOB H3MEHHTDh NOPSAAOK COPTHPOBKH JIOTHYECKHM OT-
PHIIAHHEM YCIOBHA B (PYHKIUEH CpaBHeHHA. K cojkasieHunI0, OTpHIIaHKEM ONepaliK «<»
SIBJIAETCH HE «>», a4 «>=», a Mbl BBIICHUIIH, YTO OIIEpallHA «>=», BO3Bpallalomas true
115l PABHEBIX 3HAYEHHUH, He MOAXOAMT AJisi GYHKIIHK CPARHEHUS! B ACCONUATUBHBIX KOH-
TeliHepax.
ITpaBu/BHBIA THII CPABHEHHS JOJDKEH BBITJIAIETD TAK:
struct StringPtrGreater: // flpaBunbHbiii TN CpABHEHNA
public binary_function<const string*. // pna accouuaTMBHLX KOHTEAHepoB

const string*,
bool> {

bool operator(}(const string *psl, const string *ps2) const

return *ps2<*psl; // TIoMeHATL MECTaMM onepaHibl
p

}

}:

Yrto6HH He MONACTh B JIOBYIIKY, AOCTATOUHO 3AMOMHUTH, YTO BO3BpaILaeMoe 3Hade-
Hue QYHKIIMK CpaBHEHH A YKa3bIBaeT, AOJIKHO JIH OAHO 3HAUYeHHE TIPEeIIeCcTBOBATD APy~
roMy B MODsAAKe COPTHMPOBKH, olpedesseMoM aTol (pyHKumel. PaBHble 3HAYeHHS HU-
KOT/a He NPeAleCTBYIOT APYT APYTY, MoaToMy GPYHKIIHSA CPABHEHHS BCELAA A0/DKHA
BO3BpalLaTh AN HUX false.

1 3narw, 0 yeMm BBl AyMaeTe. «KOHeYHO, 3TO HMeeT CMBICH AJIs set U map, MOCKOJIbKY
3TH KOHTeHHephl He MOFYT COAep:KaTh AyOJKKATOB. A Kak Hacyer multiset u multimap?
Paa st KoHTeitHepHl MOTYT cofepkKaTh AyOJIHKATE, TAK JIM BAXKHO, YTO ABa 0ODBEKTa C
OIMHAKOBRIMU SHAYCHHSIMH OKKYTCS He 3KBUBANEHTHHIMU? CoxpaHuM ob6a, AJis aTo-
TO H HY>KHBI mu1ti-KoHTeitHepel. BeprO?»

Hert, nesepro. /laBaiite BepHeMCst K HCXOAHOMY NMPUMEPY, HO Ha 3TOT pa3 BOCIOJb-
3yeMcs KOHTelHepoM multiset:

multiset<int.less_equal<int> > s; // s cOpTHpPyeTCA nO KpuTepup "<="

s.insert(10); // Bcraeska yucna 10,

s.insert{10); // Bcraska ymcna 10g

Teneps s conepxut ABa sx3eMmsipa yucia 10, ¥ 65110 GBI IOTHIHO NPEANONOKUTD,
4YTO MPH BRI30OBE equal_range Ml MOJYYHUM NMApy MTEPATOPOB, ONUCHIBAINMX HHTEPBAI
¢ obenmu Konusimu. OAHAKO 3TO HeBoaMoxkHO. PyHKIHS equal_range, HeCMOTPS Ha CBOE
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HasBaHue, ONpeAeiisieT MHTePBal He PABHBIX, & SK6UGANIeHMHbX 3HAadYeHNil. B HameM
npuMepe (GYHKIMS CpaBHEHUS S TOBOPHT, 410 10, B 10p He 3XBHBAJIEHTHBI, IO3TOMY
OHH He MOTYT 0OKa3aThbCsl B HHTepBaJle, onpeAeisieMoM (hyHKIHeN equal_range.

Hy uro, y6eaunucs? OyHknus cpaBHeHus BCETAa AOJUKHA Bo3BpawwaTh false aas
PaBHBIX BEJIMYMH, B MPOTHBHOM CJydae Hapyliaercsi paboTa BceX CTaHAAPTHBIX ac-
COIHATUBHBIX KOHTEHHEPOB (HE3aBHCHMO OT TOTO, MOTYT OHHI COAEPKATh AyOIHKATHI
MJIH HET).

Crporo rosopst, by HKIIHK CpaBHeHH S, UCIIOJIb3yeMble JJI COPTHPOBKH ACCOLHATHB-
HBIX KOHTEHHEPOB, A0JGKHBI ONPEAENATh AJi CPAaBHUBAEMbIX 00BEKTOB MOPAAOK CTPO-
roit kBasuynopsigouenHoctu (strict weak ordering); aHaroruyHOe orpaHuYeHHe A€k~
CTByeT u 415t (PyHKIMit CpaBHeHUs, NePefABAEMBIX AITOPHTMAM, — TAKUM, KaK sort (cm.
coset 31). Ecau Bac 3auHTepecyIoT MOAPOGHOCTH TOTO. YTO NOHUMAETCS MOJ CTPOrOH
KBa3HyMOPSAAOYEHHOCTBIO, HH(OPMANHIO MOJKHO HAlTH BO MHOTHX CEDPBE3HBIX PYKOBO-
creax mo STL, e ToM yncie «The C++ Standard Library» [3], «Generic Programming
and the STL» [4] i Ha web-caitre SGI, mocsimennom STL [21]. Ocobeix otkpoBeHuit
He XAKTE, HO OAHO K3 TPebOBaHMI CTPOTOH KBA3HYIIOPAN0YEHHOCTH OTHOCHTCA HEMo-
CPeACTBEHHO K AaHHOMY cosety. TpefoBanHe 3aKio4aeTcs B CaeaylomeM: QYHKIHA,
OTpeAEIIAI0INAsA CTPOFYIO KBAa3HYNOPsiA04eHHOCTh, A0JIKHA BO3Bpamars false mpH mo-
JIYIEeHHK JBYX KOIMHH OOHOI'O 3JHAYCHHUSA,

Coset 22. U3berante n3MeHeHUs Kno4a
«Ha MecTe» B KOHTenHepax set 1 multiset

[lowsits cMbIcH 3TOTO CoBeTa HerpyAHo. KorTeiiHepr set/multiset, Kak u Bce cTaHxapT-
Hble aCCOIHATHBHBIC KOHTeHHepsl, XPaHAT CBOM 3JIEMEHTH B OTCOPTHPOBAHHOM II0-
pAnKe, ¥ IpaBHIbHOE TIOBe/ieHHe 3THX KOHTEHEPOB 3aBUCHT OT COXPaHEHHs 3TOr0 Mo-
pAaka. Eciu naMenuTb 3Hauenne aNeMenTa B acCCOIMATHBHOM KOHTeliHepe (Hanpumep
sameHuTh 10 Ha 1000), HoBOe 3HAYeHHE OKAXKETCS B HEMPABWIBLHON MO3HIHHE, YTO Ha-
PYHIUT MOPAACK COPTHPOBKH 3JIEMEHTOB B KOHTEHHEpe,

CxazaHHoe Tpex/ie BCEro Kacaercsi KOHTeHHepOB map 1 multimap, MOCKOJIBKY Tpo-
rpaMMBl, IBITAIONIHECA H3MEHUTE 3HaUYeH e KJIIoda B 3THX KOHTelHepax, He OYAYT KOM-
TIEUTHPOBATBCS:

map<int,string> m;

m.begin(}->first = 10; /1 OQuubra! W3mnedenwne Hmoyeit
// B KonTeliHepe map 3anpeweHo
multimap<int.string> mm;

mm.begin{)->first = 20; // Ouubra!l WaMmeHeHre Knwyei
// B HowTelinepe multimap 3anpeuexo
Jeno B ToM, 9TO 3sIeMeHTHI O6bekTa Tuma map<K, V> nom multimap<K,V> oTHOCATCA K
aIy pair<const K,V> Kio4 oTHocHTCS K THITY const K 1 moaToMy He MOKET H3MEHATh-
cA. Bripouewm, ero Bce e MOKHO H3MEHHTE C IPHUMeHeHHeM const_cast, Kak moxasaHo
HiKe, XOTHTe — BEPHTE, XOTHTE — HeT, HO WHOITIA 3TO AaXkKe HYHCHO.
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O6paTuTe BHUMaHUE: B 3aT0JI0BKE 3TOTO COBETAa HHYETO He CKA3aHo 0 KOHTelHepax
map u mul timap. st aToro ecth Beckue nMpuuuHbl, Kak nmoxassiaer npenblayuaii mpu-
Mep, MoAu(HUKAIIHA KII0Ya «<HA MECTe» HeBO3MOKHA JJist map 1 multimap (6e3 npume-
HeHus mpeobpa3oBaHus const_cast), HO MOXKeT GHITH ZOMycTHMa AN set u multiset.
st 06beKTOB THIA set<T> umultiset<T> B KOHTelHepe XPaHATCA 3JeMeHTEL THIa T,
a He const T, CirenoBaTe/ibHO, 3/IEMEHThI KOHTEHHEPOB set u muTtiset MOMKHO H3MEHATH
B J11000€ BpeMsi, i Ipeofpa3oBaHue const_cast AJist aToro He Tpebyercs (Boobie roBo-
p4, fejio 06CTOMT He Tak MpocTo, Ho He 6yaeM 3aberaTs Brepen).

CHayana BBISICHUM, TTOYEMY 2JieMeHTH set u multiset He uMeloT arpubyTa const.
JomycTuM, y Hac nMeeTes Kiace Employee:

class Employee {

public:
const stringé name() const; // Boaspawaet wMa paboTHHKaA
void setName{const string& name); // 3apaer uma paboOTHUKa
const string& title() const: // BoaspawaeTr AONMKHOCT
void setTitle(const stringk title); // 3apaet LONKHOCTH

int idNumber() const; // BoaspawaeT kof paboTHMKA

b

O6bext comepKuT pasHooOpasubie cBeeHHs 0 paboTHuKe. Kaxaomy paboThuky
Ha3HayaeTcsl yHUKAJbHEIN Kol, Bo3BpalaeMslii dyHKuueit idNumber. Ilpu cosganuu
KonTeitnepa set ¢ o6bexkramu Employee G110 GBI BIOJIHE PA3yMHO YHOPAAOYHTD €r0 Mo
KoZAaM paboTHHKOB:

struct IDNumberlLess:
public binary_function<Employee Employee.bool> { // Cu. coser 40

bool operator()(const Employee& 1hs,
const Employeed rhs) const

return Ths. idNumber(}<rhs.{dNumber():

}
}:
typedef set<Employee.IDNumberlLess> EmplIDSet:
Emp110Set se: // Honteiinep set oBbekToB
/1 Employee, ynopAROYEHHLIX
/1 no kopy

C npaxTuyecKoil TOYKH 3PeHHs KOA PaGOTHHKA SBJISIETCS KAHOUOM IS DIIEMEHTOB
IaHHOTO MHOXECTBa, 2 OCTaJIbHbIE AHHBIE BTOPHYHBL. YYUTHIBAS 3T0 06CTOATENIBCTBO,
HUYTO He MEUIAET MepPEBecTH paboTHIKA Ha G0JIee HHTEPECHYIO A0/KHOCT. [IpumMep:

Employee selectedID: // 06veKT pabOTHUKA C 3af1aHHKM HOJOM

EmpIDSet::iterator i=se,find(selectedID):
if (il=se.end()) {
i->setTitle("Corporate Deity"): // W3meHuTs NOMKHOCTSL
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[ToCcKoJIBKY MBI BCETO JIMINB H3MeHAeM BTODHYHBIH aTPUOYT AAHHBIX, He BAMAIHI
Ha [OPSACK COPTUPOBKM HaOopa, 3TOT ()parMeHT He MPHUBeAeT K Nopye JAHHBIX, H OH
BIIOJIHE ZOIYCTHM.

CrpauruBaeTcsi, mo4eMy HeJlb3sA IPHMEHHUTD TY 3Ke JIOTHKY K KJ104aM KOHTeliHepoB
map 1 multimap? [ToueMy 6ol He Co3AaTh KOHTEHHED Map, ACCOUMUPYIOIIHM PAGOTHHKOB
€O CTpaHoll, B KOTOpOl OHU XuBYT; KOHTeliHep ¢ pyHKunell cpaBHerus [DNumberLess,
KaK B npeaslayiem npumepe? U moyemy 651 B TAKOM KOHTeHepe He H3MEHUTD A0JDK-
HOCThb 6€3 H3MEHEHHs KoAa paboTHHKA, KaK B MpeAbIAYIIEM NpuMepe?

OTKPOBEHHO I‘OBOPH, MHE 3T0 KAXKEeTCA BIIOJIHE JIOFHYHBIM, OOIHAKO MO€ JINYHOe MHEe-
HHe B TaHHOM cilydae Hecyuectsento, Baxno To, uto Komurer mo crangaprusaiuu
PENIK, 4TO KAKOYK map,/multimap ZoJHEl GBITh HeraMeRHbIMHE (CONst), a 3HaueHusd set/
muTtiset — He AOJDKHBL

SHayeHus B KOHTelHepax set/multiset He sIBISIIOTCH HEW3MEHHBIMH, MO3TOMY TO-
TIBITKY X H3MeHEeRUS 00BIYHO HOPMANBHO KOMIIUIHPYIOTCS. JIaHHEIH COBET ML Ha-
TIOMHMHAET BaM O TOM, YTO NMpH MOAM(HKALMY 2JIeMeHTOB set/multiset He cregyer us-
MEHATE KJIOUEBYIO JacTh (TO eCTh Ty YacTh 3JIeMeHTa, KOTOPas BJIHAET Ha MOPSAAOK
COPTHPOBKM B KCHTeiHepe). B MpoTHBHOM ciiyyae 11e0CTHOCTE AAHHBIX KOHTEHHEpa
OyzmeT HapylieHa, OMepalKy C KOHTEHHEPOM HAYHYT MPHBOMHMTD K HETPEACKA3yeMbIM
PE3YIIBTATAM, ¥ BCE 3TO MPOH30HAeT no Bameli sune. C Apyroii CTOPOHE, 3TO OrpaHHye-
HHe OTHOCHTCS TOJIBKO K KJIIOUEBEIM aTpubyTaM 06beKTOB, COAEPKAIIMXCS B KOHTEH-
Hepe. OcTaibHble aTPHOYTHl 00BEKTOB HAXOJATCS B BAIIEM NOJIHOM PACTIOPSKEHHH —
H3MeHsITe Ha 340poBbel

Bnpouewm, ie Bce tax npocro. XoTs siaeMeHTHL Set/muTtiset u He SABIAIOTCS HEH3MEH-
HBIMH, DeaM3auH MOLYT NPeNOTBPATHTD HX BO3MOXHYI0 MomuduKaiuio. Hanpumep,
omepaTtop * AndA set<T>::iterator Mmoxer Bo3Bpamarh const T&, To ecTh pe3yJibTar pa-
3HMEHOBAHMA HTEpaTopa Set MOKeT GBITh CChUIKOI Ha const-aemenT KoHTeliHepal [Ipu
TaKo# peaslu3alliy U3MeHEeHHE dJIEMEHTOB Set 1 multiset HEBO3MOXKHO, TOCKONBKY MPH
moboM o6pallieHHH K 3JIeMeHTY aBTOMATHYeCKH Ao6aBiiseTcs: 06bsBIIeHue const.

3akoHHBI Jiu Takue peanusaunu? Moxer, aa, a moxker — nerT. ITo aToMy Bompocy
CrangapT BbICKa3BIBAaeTCs HeAOCTATOYHO YETKO, H B COOTBETCTBHH ¢ 3aKoHoM Mepdn
pasHble aBTOPBI HHTEPNPETUPYIOT €TI0 MO-Pa3HOoMY. B pesysbTaTe Z0CTAaTOYHO YacTo
BCTpedaloTesi peanusanuu STL, B KoTophIX creayomuil GparMeHT KOMITHINPOBATCS
ne Gyaer (XOTs paHee FOBOPUIIOCE O TOM, 4TG OH YCICIIHO KOMITHIKPYETCS ):

Emp11D3et se; // Kouteiinep set obbextos
// Employee, ynopajoueHHsx
// no kopy

Employee selectedID; // O0beKT paloTHUKA C 33afaHHbIM KOJIOM

EmpiDSet: :iterator i=se.find(selectedID);
if (il=se.end()) {
i->setTitle("Corporate Deity"); // HekoTopwe peanuaauwu STL
} /1 BHAALT owuBKy B 3TOH CTPOKE
Beneacreue Heoaroznayroct CTaHAapTa u 06YC/IOBIEHHBIX €10 pasnuduil B pea-
NH3AUAX MPOrPAMMBI, IBITAIOIIMECS MOAM]DHIIHPOBATh 3JIeMEHTEI KOHTENHEPOB set
umultiset, He mepeHOCHMEL
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Yo 13 sToro caeayer? K cyacTbio, HHYEro oCoGeHHO CII0XKHOIO:

®  eCJIM NIEPEHOCHMOCTD BAaC He UHTEpecyeT, eC/IM Bbl XOTHTE H3MEHHTb 3HaYeHue
aJileMeHTa B KOHTeliHepe set/multiset i Bamra peanusanus STL sTo paspemaer —
neitcrayiire. [ToMHHTE O TOM, YTO KJII04€Bas 4acTh dJleMeHTa (TO eCTh 4acTh dJie-
MEHTa, OTpeAessiomas MOpAAOK COPTUPOBKH 3JIEMEHTOB B KOHTeitHepe) A0JK-
HA COXPaHUTLCA 0e3 M3MeHeHHIT;

® eCJtM TpOTpaMMa JAO0MKHA GHTH nepenocnmoﬁ dJIleMEeHTBI KOHTeliHepoB set/
multiset MOAUHITMPOBATECA HE MOTYT (O Kpan Heit Mepe, 6e3 mpeobpa3oBaHUs
const_cast).

Kcraty, o npeo6tpasosanusx. Bel ybeaumice B TOM, YTO H3MeHEHHE BTOPHYHBIX JaH-
HBIX 3meMeHTa set/multiset Mmoxer OBITH BIIOJHE OMPABIAHHO, TO3TOMY f CKAOHEH 10~
Ka3aTh, KaK 3T0 AeNIaeTCA — a TOYHee, HeJIAeTCsl HPAaBHABHO H neperocuMo. CAenarts
3TO HETPYAHO, HO TPH 3TOM IPHXOAMTCS YIHMTBIBATh TOHKOCTh, O KOTODOI 3a6BIBAIOT
MHOIHE IPOIPaMMHECTBI — Npeo0pasoBaHue JOJUKHO MPUBOJUTD K cebiake. B kadecTse
npuMepa PacCMOTPHM BBI30B SetTitle, KOTOPHI, Kax 6bLI0 NMOKa3aHO, He KOMITHIIH-
PYETCs B HEKOTOPBIX peau3alHsx:

EmpIDSet: :iterator i=se.find(selectedID):

if (il=se.end(}) {

i->setTitle("Corporate Deity"): // HekoTopue peanuaaumm STL

} // BHAANT OWHOKY B 3TOH CTpOKE,

// nockoneky *i wmeeT aTpubyT const

Yt06b1 3TOT HpParMeHT HOPMAJIbHO KOMIMJIKPOBAICA M padoTal, HeOOX0AHMO YCT-
PaHHTh KOHCTAHTHOCTE *i. TIparusbHEIA CIoCo6 BHITJISAMUT TaK:

if (il=se.end()){ /1 YcTpauuTe
const_cast<Employeed>(*1).setTitle("Corporate Deity"”): // woHCTaHTHOCTH *i

}

Mui 6epeM 06BEKT, Ha KOTOPDII CChUIAETCS 1, 1 CO0BILAEM KOMITUIIATOPY, YTO PE3yJib-
TAT I0JDKEH HHTEPIIPEeTHPOBATHCS KAK CCHUIKA HA (HEKOHCTAHTHBIN) o6bext Employee,
nocie 4ero BhI3biBaeM setTitle muist nomyyeHHOMN cebliku. S He GyAy TpaTHTh BpeMs Ha
AonrHe 00bACHEHHUS M JIy4lIe IIOKAKY, NOYeMY albTepHATHBHOE peuleHne paboTaer co-
BCEeM He TaK, KaK MOXHO 6bU10 6Bl 03KMAATS.

MHorue DporpaMMHUCTHI IHITAIOTCS BOCIIOJB30BATHCA CASAYIOIHM KOAOM:

if (il=se.end()){ // NpeoBpa3zosate *i
static_cast<Employee>(*i).setTitle("Corporate Deity"): // x Employee

}

[IpuBegeHHHINH (pparMeHT 9KBHBAJIEHTEH CIIEAYIOMEMY:

if (il=se.end()}{ // To we cawoe,
{(Employee)(*1)).setTitle("Corporate Deity"); // Ho C MCNONL3OBAHHEM
// cwHTancuca C
Oba (pparMenTa KOMIHIHPYIOTCS, HO BOTEACTBHE SKBUBAIEHTHOCTH pabOTAIOT HETipa-
BuibHO. Ha craguu BHIOJHEHHA 00BEKT *1 He MOAH(HIMPYETCH, MOCKOJABKY B 000uX
CIyYasx pe3yJibTaTOM NpeoOpa3oBaHus SBJSETCS BPEMEHHEIN AHOHUMHEIH OOBEKT —
xonus *i, ¥ setTitle BI3BIBAETCS JJIST aHOHHMHOTO 00beKTa, a e s *i! Obe CUHTaK-
cudeckue (JOpMbl 9KBHBAJIECHTHBI ClIeAylomeMy (parMeHTy:
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if (il=se.end()){
Employee tempCopy(*i): /4 CronuposaTe *i 8 tempCopy
tempCopy . setTitle("Corporate Deity"}; // VanenuTs tempCopy

CTaHOBHTCSI IOHATHO, TIOYEMY TIpecHpa30BaHHe A0/KHO MPHBOAUTD HKMEHHO K CCHLI-
Ke — TeM caMbIM MbI u3beraeM cosfanusi HOBoro ofbekta. BMmecto aToro pesyibrar
npeo6pa3oBaHusA NPEACTaBJseT co00i CCHUIKY Ha Cyuecmeyowul oObeKT, Ha KOTo-
phiit ykaseisaet i. [Ipu Bbi3ose setTitle Ans 06beKTa, 0603HA9€HHOTO CCHIIKOM, DYHK-
1S BEI3BIBASTCS AJIS *i, 4ero Mbl 1 AOGHBAIHUCD.

Bce ckasantoe XOpOoUIO MOAX0AUT AJA KOHTeliHepoB set 1 multiset, Ho mpu nepexo-
Ze kK map/multimap curyauus ycnoxusercs. Benomuute, yTo map<K, V> B multimap<K, v>
coepsKar aJieMeHThl THIa pair<const K.V> OObsABieHHe const 03HAYAET, 4TO MEPBbIH
KOMTIOHEHT Maphl onpedensemcs Kak KOHCTaHTa, a U3 3TOTO CJIeAYeT, YTO JI0ObIe MOMbIT-
KH YCTPaHUTh €T0 KOHCTAHTHOCTD NPHBOJAT K HEMpeAcKasyeMoMy pesyaeTaTy. Teope-
THYECKH DeIH3alHA STL MOXEeT 3allUChIBATh TAKHE JaHHBIE B OGJ[E!CTB nmaMsATH, 10~
CTYHHYIO TOJIBKQ A5t 4TeRHst (HATIpHMep, B CTPAHMIly BUPTYAIBHOM MaMsiTH, KOTOpas
TIOC/Ie HCXOAHOH 3aMMCH 3alMIIAeTCA BRI30BOM CHCTEMHOM (DYHKIHMHK), H MONBITKH
YCTDaHHUTB HX KOHCTAHTHOCTD B JIYYIIEM C/Iy4yae HH K 4eMy He npHBenyT. Sl HuKoraa ne
CJIBIMIAI O PEATIM3AIUSIX, KOTOPHIE OBl TOCTYNATH TOZ0OHEIM 0O Pa30M, HO €CJTH BH CTpe-
MUTeCh IPHAEPKUBATHCA [IPABHI, YCTaHOBJIEHHBIX B CTanaapre, — #uKozda He nbiTai-
Tech YCTPaHATh KOHCTAHTHOCTD KJII0Uell B KOHTeliHepax map 1 multimap.

HecoMHeHHO, BB CIBINIANH, YTO TOR0OHLIE HipecOpasoBanust puckoBanubl, Hane-
0Ch, BBI OyzeTe u3lberaTb WX 10 MEPe BO3MOXHOCTH. BainmosHsist npeobpasoBamnue, Bbl
BPEMEHHO OTKa3kIBA€TECh OT CTPAXOBKH, 06eCneduBaeMoN CHCTEMOH THIIOB, a OIHCAH-
HBle TPOGIEMBI JAIOT MPEACTABJIEHHE O TOM, YTO MOKET IPOM3OHTH NIPH €€ OTCYTCTBHH.

MHuorue npec6pasoBanus (BKJIIOYAd TOJBKO YTO PACCMOTPEHHBIE) He SIBJISIOTCA
abconioTHo HeobxoAuMbIMu. Camblil GesonacHsblil ¥ yHUBEPCATbHBI crocob Moxu-
(uKxanuu 371eMeHTOB KoHTeiiHepa set, multiset, map Miau multimap COCTOMT U3 NATH
TPOCTHIX UIATOB.

1. Haitaure anemMeHT, KOTOPHI TpeOyeTcs uaMeHuTh. ECiiu BE He YREPEHDI B TOM,
KaK CAesaTh 3TO ONTHMAIbHBIM 06pa3oM, o6paTuTech K peKOMEHAAIMAM [0 110~
BOIY IOKHCKA B COBETE 43,

2. CospaliTe xomu0 u3MeHsieMoro ajteMenTa, IloMuuTe, 4TO ANS KOHTEHEPOB Map,/
multimap MepBulli KOMIOHEHT KOMKH He A0JXKeH 0O bsIBIATHCA KOHCTAHTHBEIM —
BEZb KMEHHO €TI0 Mbl H COOHPaeMCst M3MEHUTD!

3. Ynanure anement u3 KonTelnepa. OBBIYHO AJIA 3TOTO HCNOJIB3YETCSA (PYHKIHS
erase (cM. coBet 9).

4, MameHHTe KONUIO K NPHUCBOITE 3HaYeHHE, KOTOPOE AOIKHO HAXOAUTHCH B KOH-
TeHHepe.

5. BcraBbTe HOBOe 3Ha4eHye B KOHTeliHep. Ec/iu HOBBI 3/1eMEHT B MOpPSIIKE COPTH-
POBKH KOHTelHepa HaXOXHUTCH B TIO3UIIHH YAATEHHOTO 3JIEMEHTA WIH B COCeHel
TIO3HLMH, BOCIIOJIb3yATECE «PeKOMeRAaTeIbHOi» (hopMoil insert, nosblmalomeit
a(hheXTHBHOCTD BCTABKH OT JIOTAPH(MUIECKON A0 MOCTOAHHOR CI0KHOCTH, B Ka-
YecTBe peKOMeHA LMK 0GBIYHO HCIIOIB3YEeTCsl HTEPATOP, MOy deH B Ha mare 1,
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Huxe npuBeier sHaKOMBIE TpUMep ¢ KOHTeliHepoM o6BbekToB Employee, peanuso-
BaHHBIIt 6e30TIACHBIM ¥ MEePEHOCHMBIM CIIOCOGOM:

Empl11DSet se; // Konteiinep set ofvekTos
// Employee. ynopajOYeHHbIX
// no Kopy

Employee selectediD: // 0ObekT paloTHMKA C 3a/jdHHBIM KOJJOM

Empl0Set: :iterator i= // 3Tan 1: NOWCK WM3MEHAEMOro 3NEMEHTa

se.find(selectedlD):

if (il=se.end()} {

Employee e{*i); // 3ran 2: HONWpPOBAHME 3NEMEHTA
se.erase(i++); // 3ran 3: yjanexve aneMexTa.

/ YBenwyeHue utepartopa

1/ COXpaHAeT erp

1/ AeAcTBMTENbHLM (CH. COBET 9)

e.setTitle("Corporate Deity"): // 3ran 4: wofuuHauua KOnHu

se.insert(i.e): // 3Jtan 5: BCTABKA HOBOTO 3HAYEHKMA.
/i PekoMEHYEMAR NMO3UUMA COBNARART
// C NC3WUKeil UCXOAHOTO 3NeMeHTa

}
Wrtak, npu H3MeHEeHH «Ha MecTe» 3JIeMeHTOB KOHTellHepoB set u multiset crexyer
TIOMHUTbD, YTO 33 COXpaHeHHe MOPAIKA CODTHPOBKH OTBEYA€ET NPOrpaMMHCT.

CoseT 23. PaccMOTpuUTE BO3MOXKHOCTb
3aMeHbl acCoUMaTUBHBIX KOHTEUHEPOB
COPTUPOBAHHLIMX BEKTOpaMU

Mmuorue nporpaMmyMucTsl STL, CTO/MKEHYBINHCH ¢ HEOGXOAMMOCTBIO CTPYKTYPH! AaHHbIX
¢ GBICTPBIM MOMCKOM, HEMEJJIEHHO BEIOMPAIOT CTAHAAPTHBIE aCCOIMATUBHEIE KOHTEH-
Hepul set, multiset, map u multimap. B aTom BBIfOpE HET HHYETO IUIOXOrO, HO OH HE
HCYEPIIEIBAET BCEX BO3AMOMKHEIX BADHAETOB, ECJIH CKOPOCTh MOMCKA AeHCTBUTENBHO
BaKHA, HOAyMaiite 06 HCIOJIB30BAHMH HECTAHAAPTHAIX X3IUMPOBAHHLIX KOHTEHHEPOB
(eM. coser 25). [Tpu npaBunbHOM BRIGOpE XaI-DYHKIMI XOUIMPOBAHHEIE KOHTEHHeph
MoryT obecrieddTh MOKMCK C MOCTOSIHHBIM BpeMeHeM (@ NP HenpaBHJIBHOM BEIGOpE Xal-
(yHKIMIE MK HEAOCTATOYHOM pasMepe TabarI OEICTPOAEHCTRYE 3aMEeTHO CHHIKAETCH,
HO Ha TIPAKTHKE 3TO BCTPEYAETCS OTHOCHTENBHO pelko). Bo MHOTHX cifyyasx nipeamno-
JIaraeMoe MOCTOSHHOE BpeMs MOMCKA [PEBOCXOJHUT rapaHTHPOBAHHOE JoTapupMuye-
CKO€ BpeM#, XapaKTepHoe A/ KOHTeHHepoB set, map 1 ux multi-aHanoroB.

Jaxe ecqu rapanTHpOBaHHOE JIOTAPH(PMHYECKOe BpEMS NOMCKA BaC yCTPaHBaEeT,
CTaHZAPTHBIE ACCOLUMATHBHEIE KOHTEMHEPDl He BCEIAA ABJSAIOTCA JIyYUIHM BBIGOPOM.
Kak HM cTpaHHO, CTaHAapPTHEIE ACCOIIMATHBHEIE KOHTetHepH! M0 OBICTPOAECTBHIO He-
peako ycrynaior GaHanbHOMY KoHTeliHepy vector. Yro6s! aeKTHBHO HCIIONB30BATh
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STL, HeoOX0AKMMO MOHUMATD, B KAKMX CJy4asx vector NPEBOCXOAMT CTaHAAPTHBIE ac-
CONHATHBHBIE KOHTEHHEPHI [I0 CKOPOCTH IOHCKA.

CranpapTHble acColMaTUBHEIE KOHTeNHepbl 0OBTHO PeaTH3yIoTCA B Bide cOamaH-
CHpPOBaHHbIX GHHAPHBIX AepeBbeB. COIaHCHPOBaHHOE OHHAPHOE AepeBo NpeACTaBili-
eT co60H CTPYKTYpY A2HHBIX, ONTHMH3NPOBAHHYIO /11 KOMOMHUPOBAHHDBIX OMepanmii
BCTABKH, yAAaJeHHA 1 MOouCKa. /[pyTHMH ClOBaMH, OHO NpelHa3HadeHo s NPUJIo-
JEHHI, KOTOPble BCTABJSIIOT B KOHTEHED HECKOJIBKO 3JIEMEHTOB, 3aTeM TIPOH3BOASAT
MOKCK, MOTOM BCTABJISIOT €Ille HECKOJIBKO 3JIEMEHTOB, 3aTeM 4TO-TO YAAISIIOT, CHOBA
BO3BpAIIalOTCA K YAATEHHIO WK BCTABKE H T. A. [/1aBHOM ocofeHHOCTBIO 3TOl nocreno-
BATEJILHOCTH COBRITHIA SABJISIETCA YepedOBaHMe ONePalliil BCTABKH, YAAJIEHHS H TIOKCKA.
B o6utem ciryyae HEBO3MOXHO NPEACKA3aTh CAEAYOIIYIO ONEPAIKIO, BBIIOIHIEMYIO
C 1epeBOM.

Bo MHOTHX MPUIIOXKEHHUSIX CTPYKTYPbI JaHHEIX HCIIOJIB3YIOTCS He CTOJIb HETIPeaCKasy-
eMo. Onepaiuy ¢o CTPYKTyPaMH JaHHBIX JeJATCA Ha TPH pasaesbHble (pasbl.

1. Tloaroroska, Coananue CTPYKTYPbL AAHHBIX M BCTaBKa OOJIBINOTO KOJIHYECTBA
aneMeHToB. B 310l dase co CTpyKTYpOil JAHHEBIX BEIHOJHSAIOTCS TOJIBKO Omepa-
I} BCTABKH M yAaneHus. [Touck BBINOMHAETCS PEAKO HJIH MOJHOCTBIO OTCYT-
CTBYET.

2. Ilowuck. Brifiopka HyXHBIX JaHHBEIX U3 CTPYKTYPEL. B atoit daze srimosnsorcs
TOJIBKO ONlepaiiiy noucka. Beraska v yAanerue BHIIOIHSIOTCH PEAKO KM MoJ-
HOCTBIO OTCYTCTBYIOT.

3. Peopranuzanusa. Moaudukayus cogepKuMoTo CTpyKTyphl AaHHBIX (BO3MOXHO,
CO CTHPaHKEM BCETO TEKYIIETO COAEPKHMOTO H BCTABKOM HOBHIX aiemMeHToB), [To
COCTaBY BBINIOJIHAEMBIX ONepanyii JaHHas dasa sxeuBaieHTHA (ase 1. [Tocre ee
3aBeplIeHKsA MPUIIOKEHHe BO3BPaIaeTcA K pase 2,

B nipuiroxeHuAX, HCMOMB3YOLINX 3TY cXeMy paboTh! ¢o CTPYKTYpaMH JAHHBIX, KOH-
TeliHep vector MosxkeT obecniednThb Jydiiue nokasatesiu (Kak Mo BPEMEHH, TaK U 1o 3a-
TpaTaM NaMATH), 4EM acCOLHATHBHLIN koHTeitnep. C apyroii cTopoHsl, BuiGop vector
HE COBCEM ITPOM3BOJIEH — MOAXOLAT TOJBKO COPMUPosanHsle KOETEHHEDH vector,
HOCKOJIDKY JIHIID OHU IPaBIJIBHO PaboTaloT ¢ aropuTMamu binary_search, 1ower_bound,
equal_range u T. A. (coBeT 34). Ho noyemy G1HapHbIH MOMCK Yepe3 BeKTOP (MOXKeT GbITD,
OTCOPTHPOBaHHBIH) obecneynsaer myyiree OLICTPOAEHCTBHE, YeM GHHADHLIH TOHCK
depe3 ABOKMYHOe fiepeBo? [Ipexie Bcero u3-3a GaHAIBHOTO HPUHIMITA <pa3sMep HMeeT
3HaveHue», CyIecTBYIOT H APyTHe NPUYHMHEL, He CTOJIb GaHabHbE, HO HE MeHee HCTHH-
HEI¢, M OJTHA W3 HUX — JIOKATH30BAaHHOCTD CCBLIOK.

Haunewm ¢ pasmepa. JlonycTiM, HaM HYXKeH KOHTelHep AJsi XpaHeHHs! 00BEKTOB
Widget. CKopocTh NOKCKA SIBJIAETCS BaXKHBIM (PAaKTOPOM, O3TOMY PaccMaTPHBAIOTCS
IBa OCHOBHBIX KaHAW/ATA: aCCOLMATUBHEIN KoHTeliHep o6bexToB Widget u coprupo-
BaHHbIH vector<Widget>. B mepBoM ciy4ae nouTu HaBepHsiKka OYIET HCIOJNB3OBATHCH
cbasraHCHpOBaHHOE OHHAPHOE /IepPeBo, KAX BN y3es KOTOPOTO COAEPXKHUT HE TOJIbKO
Widget, HO H yKa3aTeJIH Ha JIEBOTO 1 IPABOTO MOTOMKOB M (0OBI9HO) yKasaTeNlb Ha POAH-
TesbCKHiL y3est. CiteloBaTesibHO, IPH XpaHeHHH ofHoro oObekTa Widget B accouuarus-
HOM KOHTeifHepe HOGKHBI XPAHUTHCS MHHHMYM TPH YKa3aTells,
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C apyroii cTopoH, Mpu coxpareHyH Widget B KoHTeliHEpe vector HeNMpOU3BOHUTENb-
Hble 3aTpaThl OTCYTCTBYIOT. KOHEeUHO, KOHTeiHep vector caMm 1o ceGe Tpebyer ompeae-
JIEHHBIX 3aTPaT NaMsTH, 2 B KOHIlEe BEKTOpPA MOXKET HAaXOAUTLCA 3ape3epBHPOBAHHAA
nmamsTh (CM. COBET 14), HO 3aTpaThl 1epBoi KaTeTopuu Kak MPaBWiIo HeBelJKu (00bIY-
HO 3TO TPH MALIMHHEIX CICBA — TPH YKa3aTemns WM ABA YKa3aTessd C OAHHM YHUCIIOM
int), a mycToe MecTo MpH HeoGXOXNMOCTH OTCEKAETCs IPH MoMoIlH «(oKyca ¢ niepe-
cranoBkoii» (cM. coBer 17). Ho naxke ecyu 3ape3epBHpOBaHHAsA NaMATh U He OyaeT
0cBOOOXKIEHa, A/ HANIETO AHAIH32 ee HAIHYKE HECYLIECTBEHHO, TOCKONLKY B Mporiec-
Cce MOUCKA CCBUIKH HA 3TY TIAMATH He HCTIOAB3YIOTCH.

Bosbiye CTPYKTYpBI JAaHHBIX Pa30HBAIOTCS Ha HECKOIBKO CTPAHMI] MAMSATH, OXHAKO
IJIA XpaHeHHs vector TpebyeTcsl MEHbIIE CTPAHHL, YeM /IS aCCOLMATMBHOTO KOHTeHHe-
pa. IT1o obbsCHAETCA TeM, YTO B vector o6bekT Widget XpaHuTCs 6€3 HONOIHHTENbHBIX
3aTpaTr NaMATH, TOTAA KaK B aCCOLHMATHBHOM KOHTeiiHepe K KaXAoMy o6BexTy Widget
NPHJIAraloTCs TPH yKkasatess. [IpeanonoxumM, Bel paboTaeTe B cucTeme, rae obbexT Widget
3anumMaer 12 GaiiT, yxasaTenu — 4 6aiit, a cTpanuua namaTu cofepxut 4096 Gaiir.
Ecin He 06pawaTe BHUMAHHS Ha CIyKeOHYIO IaMATh KOHTeHHepa, vector mo3BoJideT
PasMeCTHTb Ha oxHol cpanHue 341 o6bexT Widget, HO B aCCOLMATHBHOM KOHTeiiHepe
3TO0 KONMYecTBO yMenbuaeres no 170. CnenoBatesbHo, 1io 3@ pexTHBHOCTH pacxofio-
BAHMS NaMsiTH Vector BABOE TPEBOCXOAKT aCCOIHATHBHIH KoHTelHep. B cpenax ¢ Bup-
TYaJIbHOH NAMATBIO 5TO YBeJMYHBaeT KONUYECTRO MOATPY30K CTPAHKIL, YTO 3HAUHTE b
HO 3aMezsIeT paboTy ¢ Gosbmumu o6beMaMu AaHHBIX.

B AelicTBUTENLHOCTH 51 HECKOJIBKO ONTHMUCTHYHO NOAOIIEN K ACCOLHATHBHBIM
KOHTeiiHepaM — MPHBE/IEHHOE ONUCAHHE TIPEAINOJaraeT, YTO Ya/bl GUHADHBIX IePEBbEB
CTPYNNHPOBAaHBI B OTHOCHTEJIBHO MATOM Habope cTpanui naMsaTH. B GonbliuncTBe
peanusanuit STL nogoGHas rpynupoBKa A0CTHTAETCS HPH TOMOLIH HeCTaHAAPTHBIX
AMCIETYEPOR MaMATH, PabOTAIOIMX [TOBEPX pacnpe/ieuTeN el TAMATH KOHTeHHEpPOB
(cM. cosetsl 10 1 11), Ho eciiu pealn3aList He CAEAUT 3a JOKATH30BAHHOCTBIO CChIIOK,
Y3JIbl MOTYT OKa3aThCs Pa36POCAHHBIMH IO BCEMY aipeCHOMY TIPOCTPAHCTBY. DTo IpH-
BeJleT K POCTY YHCJIA HOATPY30K CTpaHuIl. Jlaxke NpH HCNONB30BAHAM TPYNIHPYIOIIHX
ZMCMeTYEPOB MaMATH B aCCOUMATUBHBIX KOHTelHepax 0OBIYHO Yallle BO3HUKAIOT Npo-
6teMEBI ¢ TOATPY3KON CTPaHHLL, IOCKOJILKY Y3/IOBHIM KOHTEHHepaM, B OT/IHIHE OT 610-
KOBBIX (TaKHX Kax vector), Tpyanee o6ecrieunTb GIH3KO€ PacIoNoKeHHe COCENHMX dJle-
MEHTOB KoHTeliHepa B Gpusudeckoi naMaTi. OAHAKO MMEHHO 5Ta OPFraHH3aLMsA NaMATH
CBOAUT K MHHHMYMY HOATPY3KY CTPAHHII IIPH BBLNIOJHEHHH HHMHAPHOTO TIOKCKA.

Mopaitb: taHHbIe, XpaHAIIHECS B COPTHPOBAHHOM BEKTOPE, 0OBIYHO 3aHKMAOT MEHb-
1II€ MaMSITH, Y€M T€ JKe JAaHHbIE B CTAHAAPTHOM acCOIMaTHBHOM KOHTEliHepe; OuHADHBIH
NIOMCK B COPTHPOBAHHOM BEKTOPE OOBIYHO IIPOHCXOMT GBICTPee, YeM TIOMCK B CTAHAAPT-
HOM aCCOLMATUBHOM KOHTEHHEpE (C y4eTOM NMOATPY3KH CTPaHHIL).

Koneuno, copruposanHslii vector 061a5aeT cephe3HBIM HENOCTATKOM — OH J0JIKEH
IOCTOAHHO COXPaHATh NopAAoK copTtHposKkul [Ipu BcTaBKe HOBOre 3neMeHTa BCe
nociaeAyoniue 3/IeMeHThI CABHIAIOTCA Ha oAHy no3unuo. Onepanus casura o6xo-
AUTCA AOBOJIBHO AOPOTO M CTAHOBHTCA ellle J0PokKe NPH MepepacnpefefieHun MaMsATH
(cM. coger 14), IocKosBbKY TOCIE 3TOTO 0OBIYHO TIPHXOAMTCA KOIHPOBATD 6CE DJIEMEH-
TH BekTopa. C Apyrolt CTOpoHSI, 1P yAa/leHHH 3IeMEeHTa U3 BEKTOpa BCe TIOCIeyIo-
1IHe 3JIEMEHTBL CAABUTAKOTCA HA OfIHY TIO3UIHIO K Hadaty. Omepauuy BCTaBKH-yAATICHHS
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J0pOro 00X0AATCH AJISI KOHTEHHEPOB Vector, HO OTHOCHTEJIBHO AeLIeBhl AJIsl ACCOLHA-
THBHBIX KOETeitHepoB. [1o aTol npuunHe copTHpoBaHHEIe KOHTeHHEPHI vector Henosb-
3YIOTCsL BMECTO ACCOIMATHBHAIX KOHTEHEPOB JIMIND B TOM CJIy4ae, eclly BEl 3HaeTe, 4To
MPH HCIMOJIb30BaHKHH CTPYKTYPhI AAHHBIX ONEPAIMH NOKHCKA ITOYTH He CMEIIHBAIOTCS CO
BCTABKOH U yAaTeHHEM.
B atom coBere 6pl7I0 MHOTO TEKCTA, HO KAaTacTPo(HYECKH HEe XBATAIQ MPHMEPOB,
JaBaiite paccMoTpuM 6a30BBIH KOA KCIOB30BAHNA COPTHPOBAHHOTO vector BMecTo set:
vector<Widget> vw; /! AneTepHatusa ana set<Widget>
- // NonrotoBUTeNbHAA $a@3a: MHOTO BCTABOK,
// wmano onepaumit NOUCKa
sort(vw.begin(),w.end())}: // Howeu nofrotoBMTeNsHOR (ase (npu 3mynsumu
// multiset MOMHO BOCMONbL30BATLCA
/7 anropuTmoM stable sort - cw. coset 31).
Widget w: // QOBEKT C WCHOMbIM 3HAYEHHEN
- // Ha4yano jaswl noucka
if (binary_search(vw.begin(),ww.end(}.w}).. // MOUCK C NpuMEeHeHnew
// binary search
vector<Widget>::iterator i =
Tower_bound(vw.begin(}.vw.end() .w): /7 TlouCK C npuHeHeHHen
if (il=vw.end() && !(*i<w)).. // lower_bound: KOHCTpYHuMA
/7 1(*i<w)) onucara B coseTte 45
pair<vector<Widget>::iterator,
vector<Widget>::iterator> range =
equal_range{ww.begin(),vw.end().w}: // TIoUCK C NpUMEHEHKEN
if(range.first != range.second).. /f equal_range

- // Koney da3st noucka,

// Wa4ano gassl peopraHulauum
sort(vw.begin().vw.end()): // Hauano Hosoit daspl NOUCKA..

Kak Buziure, Bce peasiuayercs JOCTaTOUHO IPAMOHe RO, OCHOBHbIE 3aTPYAHEHUS
CBSI3aHBI C BRIOOPOM asropuT™a Ioucka (binary search, Tower_bound 1 T. A.), HO B 3TOM
BaM MOMOJKET COBET 45,

IIpu nepexofe oT map/multimap K KoHreliHepy vector cHTYallis CTAHOBHTCS Gonee
HHTEPECHOH, IIOCKOJIBKY vector oJiKeH CoAepKaTh 0ObeKTH pair, BXoAsmue B map,/
multimap. Ho mpu o6bsiBennn obbekTa THma map<K, V> (1w ero mul t imap-ananora) sjiemeH-
THI, XpaHAuecs B KOHTeiinepe, B A€ CTBATEIBHOCTH OTHOCSATCS K THIY pair<const K,V>,
Yto6bl aMyJIHpPOBATH Map MK multimap Ha 6ase vector, NPU3HAK KOHCTAHTHOCTH He-
06XOAMMO YCTPAHHTB, MOCKOJBKY B MPOLECCE COPTUPOBKH SJEMEHTH BEKTOpa nepe-
MEIIAIOTCH MOCPEACTBOM NIPHCBAMBAHHS, @ 5TO 03HAYAET, 4TO 062 KOMIIOHEHTA Maphl
AOJDKHBL AONYCKaTh MpucsauBanue. CieoBaTe/IbHO, NP aMyJisinuu map<K, V> Ha 6ase
vector naHHbIe, XpaHAIIMeCs B BEKTODE, JOJIKHE OTHOCHTBCA K THNy pair<K,V>, a He
pair<const K,V>

Conepxumoe map/multimap XpaHHTCS B OTCOPTHPOBAHHOM BHIE, HO TIPH COPTHPOBKE
YYHTBIBRETCS TOJIBKO KII0YeBast COCTABJIAIONIAS ajieMeHTa (MepBHlil KOMIOHEHT NAPHL),
MO3TOMY TMPH COPTHPOBKe Vector AOJKHO NPOHCXOAUTE TO Xe camoe. HaM npuzercs
HANucaTh COOCTBEeHHYIO (DYHKIMIO CDABHEHHS AJIS1 TIap, MOCKOJIBLKY ONMEepaTop < THIA
pair cpaBHHUB2eT 06e COCTABJIAIONIKE TAPHL.

Wurepecno 3aMeruTh, YTO AJIs BHINOJIHEHNUS TOHCKa TpebyeTcs Bropas QyHKIMS
cpaBHeHHsA. (DYHKIMS CpaBHEeHHs, HCMONB3YyeMast TIPH COPTHPOBKE, TIOJy4aeT ABa
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00BeKTa pair, HO IOKCK BBIOJHSAETCA TOJBKO IO 3HadeHHI0 Kiaioya. C Apyroi CTOPOHHI,
byHKIUA cpaBHERNS, HCIIOJIb3YyeMas NPH NOHCKe, JOJKHA MOMYYaTh ABA Pa3HOTHITHAIX
0fbeKTa — 06BEKT ¢ THIIOM KAI4a (MCKOMoe 3HadeHHe) u pair (o4Ha U3 Map, XpaHs-
muxcs B Bekrope). Ho arto eme He Bee: MBI He 3HaeM, 4TO NMEPEAAETCA B IIEPBOM apry-
MeHTe — K/AI0Y MJIK pair, I03TOMY B ZeHCTBHTEIBHOCTH IS IIOMCKA HeOOXOAMMEI ABE
dyHKUMM: 0flHA OJlydaeT KoY, a APyras — oOBexT pair.

B cneayiomem npuMepe 00beAMHEHO BCe CKAa3aHHOE PaHee!

typedef pair<string,int> Data: // Tun, xpasuMpid B "map" B flaHHOM Npumepe

class DataCompare{ // Knacc ana yHKuuA CpaBHeRuns
public:
bool operator()(const Data& Ths, /1 DYHKUMA CpasBHEeHus

const Data& rhs) const // ana COPTHPOBKM

return keyLess(lhs.first.rhs.first); // OnpepencHue keylLess
} // NpABEAEHO HUKE

bool operator()(const Datad lhs, // DYHKUMA CpaBHEHWs
const Data::first_typed k) const // ana noucka (¢opma 1)
{

return keyless(lhs.first,rhs.first):

}
bool operator()(const Data::first_typek k, // GyHKUMA CpaBHeHWA
const Datad rhs) const // ana noucka (dopma 2)
return keylLess(k,rhs.first);
}
private: /1 "HacToswas"™ ¢yHKumA
bool keyless(const Data::first_typed ki1, /1 cpaBHeHus
const Data::first_typed k2) const
{
return k1 < k2;
}
}:

B AannoM nipuMepe mpeamnoJsiaraeTcs, 4TO COPTHPOBAHHBIA BEKTOD IMYJHDYET
map<string, int>. [lepes HaMu NMpaKTHYECKH OYKBAIBHOE TIEPEIOKEHHE KOMMEHTADHEB,
NIPHBENICHHLIX DaHee, eC/IH He CUMTaTh HPHCYTCTBUS QyHKIUH keyless, npeaHa3HadeH-
HOU A1 corlacoRanus QyHKui operator(). Kasxpas ¢pyHKIMS MPOCTO CpaBHEBAET ABa
K042, TO3TOMY, 4TOObI He IMPOTrPAMMHPOBATH O/AHH H Té JKe AeHCTBHSA MBAX AR, MbI npo-
H3BOZHUM TIPOBEPKY B keyless, a pyHK1us operator() Bo3BpalaeT MoJyYeHHbH pesyin-
tat. KoneuHo, 3TOT MpHeM ypomtaeT conposoxaeHue DataCompare, OAHAKO ¥ HETO €CTh
OZIMH HeAOCTATOK: Hal4He (byHKIIHI operator () ¢ pasHEIMH THIIAMH ITAPAMETPOB HCKJIIO-
yaer afanTanuio o6vexToB hyHKUMH (M. coBer 40). C 3THM HUYETO He NMOJeJAeIb,

Konreitnep map amysupyeTcs Ha 6a3e COPTHPOBAHHOTO BEKTODPA NPAKTHYECKH Tax
e, KaK i KOHTeliHep set. EfnHCcTBeHHOE MPUENMIUANBHOE OTIMYHE 3aKII0YAETCS
B TOM, 4TO B KauecTse GyHKIH cpaBHEHHA HCIOJIB3YIOTC 00bexTH DataCompare:

vector<Widget> vd: // AneTepHaTuBa Ana map<string.int>

// TloAroToBMTENbHAA §83d: MHOTO BCTABOK.
// Mano onepaywii noucka
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sort{vd.begin(),vd.end{) DataCompare()): // KoHeu NOArOTOBATENLHORN (a3s!
/7 (npu 3mynaumu multiset momHo
// BOCNONb3OBATLCA ANCOPHTHMOM
// stable_sort - cu. coser 31)
string s: // OObeKT C MCKOMBIM 3JHAYEHWEM
- // Ha4ano $a3ssl NOMCKa
if (binary_search(vd.begin().vd.end().s.DataCompare())).. // Mouck
// C npunenennen binary_search
vector<Data>: :iterator 1 =
Tower_bound(vd.begin(},vd.end(}.s.
DataCompare()): // TIOHCK C npUMEHEHHEN
if (il=vd.end() & !(i->first<s)).. // Tower_bound: KOHCTPYKUMA
/4 1(i->first<s)) onucana
// B coseTe 45
pair<vector<Data>::iterator,
vector<Data>: :iterator> range =
equal_range(vd.begin(),vd.end(),s.
DataCompare()): // TIOUCK C RpHMEHEHWEN
if(range.first != range.second).. /! equal_range

// Howrey Ga3s noucka,
// Ha4ano gasst peopraHu3auun
sort{vd.begin(),vd.end().DataCompare(}); // Hawanc HoBoil a3sl NOMCKA..

Kak Buaute, mocse Hanucauus DataCompare Bce Gonee wiM MeHee CTAaHOBHTCH Ha
cBom Mecra. [lokazaHHOE pelllenue 4acTo OBICTpee pafoTaeT M PacXoAyeT MeHblIe Ma-
MSTH, YeM AHATOTHYHAS aPXUTEKTYPa ¢ HACTOSIUM KOHTeHHEPOM map — IIPH YCIIOBHH,
YTO ONepalkM €O CTPYKTYPOH NaHHBIX B Balllell MporpamMMe JAefsTCA Ha (as3el, OMH-
cannsie Ha . 99. Ecnn nonoGHoe aejtenue Ha (asbl He cOOJIOAAETCS, HCTIOJIL30BAHHE
COPTHPOBAHHOTO BEKTOPA BMECTO CTAHAAPTHEIX ACCOIIHATHBHBIX KOHTEHHEPOB MOYTH
BCerja o00opaYyMBAETCS HATIPACHOH TPATOM BpeMEHH.

Coset 24. TwarensHO BbibupanTe Mexay
map:.operator[] n map::insert

HonycTuM, y Hac uMeeTcs Kiacc Widget ¢ KOHCTPYKTOPOM IO YMOJIY2HHIO, @ TaKxKe
KOHCTPYKTOPOM H OTIEPATOPOM NIPUCBAKBAHUA C oriepanioM Tulla double:

class Widget {
pubTic:
Widget (};
Widget (double weight);
Widget& operator=(double weight):
b
[Tpeanoox UM, MEL XOTHM CO3AaTh KOHTelHep map, accoluupyoinyit int ¢ Widget,
¥ MHUIHAIM3HPOBATH CO3AaHHOEe MHOKECTBO KOHKPETHBIMH 3HaueHHAMH. Bee BHITIZ-
TUT OYEHE MTPOCTO:

map<int.Widget> m:

m(1]=1.50:
m(2]=3.67;
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m[31=10.5;

m[41=45.8;

m[5]=0.0003;

HacToaBKO IPOCTO, YTO AETKO YIYCTUTD, YTO K€ 3/1eCh, COOCTBEHHO, MPOUCXO/MT.
A 3T0 OYEHE IJIOX0, HOTOMY 4YTO B ﬂeﬁCTBHTEHBHOCTH NPOHUCXOIAAUIEE MOJKET 3aMETHO
VXYALUTH GBICTPOAEHCTBHE IPOTPAMMBIL.

@ynxuus operator[] KoHTeHHEPOB Map HUKaK He cBA3aHa ¢ GYHKuuAMY operator[]
KOHTelHepoB vector, deque 1 string, a Taxke co BCTPOEHHLIM orepaTopom [ ], paGora-
ouyM ¢ MaccuamMu. Dyuknust map: :operator[] ynpoliaeT onepaunH «0OHOBIEHUS C
BO3MOKHBIM CO3ZaHneM». M Haue ToBOpS, TIPH HATHYMY 00baBaeHus map<K, V> mkoMaH-
na m[k]=v; mpoBepsieT, NPUCYTCTBYET JIX K104 K B KoHTekHepe, Ecau Koy oTCyTCTBY-
T, OH J06ABNAETCA BMECTE C 2CCONMMPOBAHHEIM 3HaueHueM v, Ecim xmoy yxe npu-
CYTCTBYET, 2aCCOIIUMPOBAHHOE C HUM 3HAYEHHWE 3aMCHACTCA Ha V.

Jlns1 aToro operator[] BO3BpAILAET CCBUIKY HA 00BEKT 3HAUEHUS, aCCOLMUPOBAHHOTO
€ KJII0UOM K, IOC/IE YEero v HPHCBANBAETCS 0OBEKTY, K KOTGPOMY OTHOCHTCH 3Ta CCBIIKA,
IIpu 06HOBAEHIK 3HAYEHUS, ACCOLMHPOBAHHOTO C CYUIECTBY IOIMM KIIOYOM, HUKAKHX
3aTpyIHEHHIT He BOSHUKAET — B KOHTelHepe yixe uMeeTcs 00beKT, CChLIKa Ha KOTOPHIil
Bo3BpalaeTcs GyHkimeii operator[]. Ho npu oTcyTcTBHM KI0Ya k TOTOBOTO 00BEKTR,
Ha KOTOPBIH MOXKHO 65110 OBl BEPIYTb CCBUIKY, HE CyLIECTBYeT. B aToM cryyae 06bexT
CO3[aeTCA KOHCTPYKTOPOM TI0 YMOJIYAaHHIO, TIocae Yero operator[] BO3BpallaeT CCBLIKY
Ha CO3JAHHBIH OOBEKT.

BepHeMcsi K Hayany UCXOZHOIC IPHMEDa:

map<int Widget> m;

mL11=1.50:

Boipaxenue m[1] npeacTtasisger coboit cokpalleHHYI0 3anuCh 1 m.operator[1(1),
NO3TOMY BO BTOPOH CTPOKe NPUCYTCTBYET BEI30B map: :operator[]. DyHKnua Ao/mKHA
BEPHYTH CCLITKY Ha aCCONMMPOBaHHbIN 00beKT Widget. B qannom mpuMepe m ewe He co-
MEPKHAT HU OHOTO DJIEMEHTA, TI09TOMY 3/IEMEHT ¢ KiodoM 1 He cyulectByeT. KoHcr-
PYKTOP TI0 YMOJMAHUIO COo3/1aeT 00BeKT Widget, aceonuupyeMslii ¢ KiouoM 1, 1 BosBpa-
IaeT CChIIKY Ha aToT 00bexT. HaxoHeu, coznanHoMy obbekTy Widget mpucBauaerca
3HayeHue 1.50.

WMuayve roBopsi, KOMaHAA

m[1]=1.50:
(G yHKIHOHANBHO SKBUBAJIEHTHA CleayloweMy GparMenTy.

typedef map<int Widget> intWidgetMap: // BcnoworatensHoe cnpepenghue tuna

pair<intlidgetMap: :iterator.bool> result = /7" Co3nanue HOBOroQ
m.insert(intWidgetMap: :value type(1.Widget{})). // aneMenta C KnouomM 1
// W accounMmpoBaHHLIM
// OObeKTOM, CO3AaHHBIM
// KOHCTDYKTOpOHM no
// yMONYaHWYD, KOMMEHTApWK
// no nosogy value_type
. /7 npweepeHs panee
result.first->second = 1.50; // TipUCBanBaHue 3Ha4eHns
// co3fanHHoMy ODbeKTy
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Temnepb NOHSTHO, NOYEMY TAKOH NMOAXO0/ YXYANAET ObICTPOAEHCTBHE TIPOTPAMMEL
CHadata Mbl KOHCTPYHpPyeM 00beKT Widget, a 3aTeM HEMENJIEHHO IIPHCBAKBAEM MY HO-
Boe 3HaueHHe. Koneuno, npasuibHee 6bi10 661 Cpady CKOHCTPYUpPOBaTs: Widget ¢ Hyx-
HBIMH J2HHBIMH BMECTO TOTO, YTOOB! KOHCTPYHpOBarh Widget o yMOYaHHIO ¥ 3aTeM
BBLIMOJIHATH NMpucBauBanue. CrreloBaTesIbHO, BBI30B operator[] 6buto 61 mpaBwibHee
3aMEHHTb HPSIMOJHHEeHBIM BEI30BOM insert:

m.insert{intWidgetMap: :value_type(1,1.50}):

C bynxiuuoHATEHON TOYKH 3PEHKHS 9Ta KOHCTPYKIHUA SKBHBANEHTHA parMenTy,
TIPHBEAEHHOMY BBIIlIe, HO OHa NO3BOJISET C3KOHOMHTD TPH BHI30Ba (PYHKIMIL: co3aa-
HMe BpeMeHHOTO 00bexTa Widget KOHCTPYKTOPOM MO YMOTYAHMIO, YHHYTOXKEHHE 3TOTO
BPEMEHHOTO 06BEKTa M omepaTop npucBaupanus Widget. Uem mopoxke o6XoAATCS STH
BBI30BHI, TeM GOJBIIYI0 9KOHOMHIO O0eCHeyrBaeT IPUMEHEHME Map: : insert BMecTo
map: :operator[].

B npuBenennoM srinre hparMeHTe HCHIOIL3YETCS ONpPeAe/IeHHE TUITA vaTue type, Tipe-
MOCTABMIseMOE BCEMH CTAHAAPTHBRIMU KOHTeltHepaMu. IToMHuTe, 4TO 15t map & mu) timap
(a Takxe AJis HeCTaHAapPTHBIX KOHTelHepoB hash_map u hash_multimap — coret 25) THn
aJIEMEeHTa BCerZia NpeAcTaBsieT coboi HeKyI0 pa3HOBHAHOCTD pair.

A yxe ynoMHHAN 0 TOM, YTO operator[] ympouiaer onepanuu «06HOBIEHHS ¢ BO3-
MOKHBIM CO3/aHKeM». Teneps Mbl 3HaeM, 4TO TIPH co3aaHuu insert paboTaer apdek-
THBHee, ueM operator[]. I[Ipu o6HoBIEHNH, TO €CTH TIPH HATHYHH SKBUBAIEHTHOIO KO-
1a (cM. coBeT 19) B xoHTeliHepe map, CHTYaLMA HOJHOCTIO MeHseTcst. UToBH OHATS,
MOYEMY 3TO MPOHCXORMT, PACCMOTPHM TIOTEHIIHATBHBIE BADHAHTHI OOHOBICHHA:

mk] = v: // 3HaueHue, accouuupyemoe
/7 ¢ KNiMOM Kk, 3aMeHA_TCR
// HA vV npU nomoum
// onepaTtopa []
m.insert(intWidgetMap: :value_type(k.v)).first->second = v: // 3uauenue, accoummpyemoe
/! ¢ KnpyoM k, 3aMeHseTcs
// Ha v npu nowoum insert

BeposrHo, oguH BHEMIHHI BU 9THX KOMAHJ 3aCTABUT Bac BHGpaTh operator[], Ho
B IaHHOM CJiy4ae pedb HAET 06 ahekTUBHOCTH, o3ToMy (PAKTOp HATISIHOCTH He
YYHUTBIBAETCS.

IIpu Bo13oBe insert mepenaeTcst apryMeHT THIa intWidgetMap: :value_type (To ecTh
pair<int,Widget>), noaTomy npu BbI30BE insert HEOGXOANMO CKOHCTPYHPOBATh U YHH-
YTOXHUTh 00BEKT KaHHOTO THHA, ClenoBaTenbHO, IPH BHI30BE nsert 6ynyT BLI3BAHBI
KOHCTPYKTOP H AeCTPYKTOP pair, YTO B CBOIO OuepeAb IPHBEJET K BBI30BY KOHCTPYKTO-
pa ¥ aecTpykropa Widget, mockosbKy pair<int,Widget> conepkut o6BpexT Widget. [Ipu
BeI30BE Operator[] o6beKT pair He UCHOMB3YETCS, YTO MO3BOJIAET H3BEKATD 3aTpaT Ha
KOHCTpYHDPOBaHHe H YHHYTOXeHue pair u Widget.

CrnenoBatesibHO, IIPH BCTABKe dJIEMEHTA B Map 110 coobpaxenuam 3(peKTHBHOCTH
KesnaTelbHO MCIOJIb30BaTh insert BMecTo operator[], a Npx 06GHOBIEHHH CYIECTBYIO-
WVX 3JIEMEHTOB NipeAnoYTeHKe oTaaeTcs operator(], uto o6nsacHseTcs Kax 3 heKTHB-
HOCTBIO, TAK H 3CTETHYECKHMH CODﬁpﬂ)KEHHHMH.

Koneyno, Ham xoresiock Gs1 Busers B STL ¢yHKImI0, KoTOpad 651 aBTOMATHYECKH
BHIOKPATa ONTHMAIBHOE PEIIEHHE B CHHTAKCHYECKH MPHBJIEKATebHOM BHAE. Wutep-
(befic BEI30Ba MOT GBI BBITJIAAETD ClleAyiomuM obpasoM:
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iterator affectedPair = // Ecnv knioy K OTCYTCTBYET B KOHTEHHEpe m,
efficientAddOrUpdate(m.k.v): // BbNONHKTs 30QeKTHBHOE RoOaBNeHne
// pair{k.v) B m: B NpOTHBHOM CRyyae
// BwnonHnTe 3(HEKTHBHOE OOHOBNEHME
// 3HAYEHHA. GCCOLMMPOBAHHOrO C KNKHOM K.
/7 QyuKUWA BO3BPAWAET UTEPATOp
// Ana f0GaBNEHHOW MNW MIMEHEHHOR napsl

B STL rakas {pyHKIHS OTCYTCTBYET, HO KaK BUIHO U3 CIeAyloulero (pparMeHTa, ee
HETPYIHO HATTHCATh CAMOCTOATENbHO. B KOMMeHTAPUAX JAI0TCA KPAaTKHeE NOACHeHUS,
a JOTOJHHTEJILHAA HHQJOPMQHHH IIPpHUBEAECHA 110CTEC JIUCTHHTA,

template<typename MapType, // Tvn KoHTelHepa
typename KeyArgType. // TIpWymHEl BNA Nepefadqy napaMmeTpos-TUNOoB
typename ValueArgType> /! KeyArgType u ValueArgType
// nprBeneHsl Huwe
typename MapType::iterator
efficientAddOrUpdate(MapType& m,
const KeyArgTyped k.,
const ValueArgTyped v)

typename MapType::iterator 1b = // OnpefenuTb, rje HaxoauTcA
// WKW QONKEH HAXOQWMTLCA Kiliod K.
m. Tower_bound(k): // Knwuesoe cnoeo typename
// paccmaTpusaeTtca Ha c. 20
if (1b!=m.end())&&
I{m.key_comp()(k.1b->first))){ // Ecnu 1b ccunaerca Ha napy.
// KMK4 KOTOPOR 3KBKBANEHTEH K.

1b->second = v; // ..OBHOBUTL ACCOUMMDYEMOE 3HAYEHWEe
return 1b; // W BepHYTbL WTEpaTtop ONA HaWAEHHOR napel
else

typedef typename MapType::value_type MVT:
return m.insert(TH.MVT(k.v)): /7 BrniowwTe pair(k.v} B m u sepHyTs
// wTepaTop AnA HOBOTO 3NEMeHTa
}

}

st hheKTHBHOTO BBITIOJHEHHSA OTIEPalNii CO3MaHMA i 0OHOBICHUS HEOOXOTUMO
y3HaTh, IPHCYTCTBYET JIU K104 k B KOHTelfHepe; ecIi NPHCYTCTBYET — [AE OH HaXOAUT-
Cs1, 2 ecJiu HeT — TZe OH JOJDKeH HAXOAUTHCSA. 3aaaya MAealbHO NOAX0AUT ANA QYHKUMK
Tower_bound (coBeT 45), Yto6bl onpeaenuts, obHapyxuia ju GyHKuus lower_bound
3JIEMEHT C HYAKHBIM KJII040M, MBI IPOBEPSiEM BTOPYIO TIONOBHHY YCJIOBHS DKBUBAJIEHTHO-
cri (cM. coset 19). [Ipu aroMm cpaBHeHHe JODKHO HPOM3BOIUTECA (BYHKLMEH, HoIydeH-
HOIf NPy BBI30Be map: :keycomp. B peaysnbTaTe npoBepkH KBUBAJIECHTHOCTH Mbi Y3HAEM,
KaKas OrlepaList BLINOJHIAETC — Co3aHue UK oGHOBIIeH e,

O6HoBNIEHNE peanu30BaHo BeckMa npaMoimHeiino. C cozaanueM aeno obcrour
HoOUHTepeCHee, HOCKOJIBKY B HEM MCIIOJIB3YETCH <«peKOMeHAaTenbHasd» (popMa insert.
Koncrpyknus m. inser(1b,MVT(k,v)) «pekoMeHnyeT» 1b kak NpaBHJIbHYI0 TOYKY BCTaB-
KM /17151 HOBOTO 37IEMEeHTA C KJII0UOM, SKBHBAIEHTHEIM k, a CTaHZAPT rapaHTHpYeT, 4To
B CJIy4yae MPaBUJBHOCTH PEKOMEHIANUH BCTaBKa GyJeT BBITIONHEHA 3a MOCTOSHHOE
BpeMsa (BMecTo jsorapudmMudeckoro). B efficientAddOrUpdate mbr sHaem, uto 1h onpe-
nejsieT NIPaBHJIbHYIO MO3KIIMIO BCTABKH, TIO3TOMY nsert Bceraa BBIMOJHSETCH C HOCTO-
STHHBIM BPEMEHEM.
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Y maHHOMN peAnTn3anuM eCTh OAHA HHTEPECHAS 0COOEHHOCTD — KeyArgType 1 VaTueArgType
He 00s3aHbI GBITH THIIAMH, XPAHAILHMUCS B KOHTEHHEPE, a BCETO JIRNIb J0/KHBI Hpueo-
dumucs K 5TuM TunaM. CyniecTsyeT U Apyroe BO3MOXKHOE PellleHHe — YAAIHTD MapaMeT-
pui-Tunsl KeyArgType/ValueArgType U 3aMeHHTE HX Ha MapType::key type u MapType::
mapped_type. Ho B aToM cliydae BBHI30OB MOXKET CONPOBOXKAATHCH THUIHUMH peobpaso-
BaHUAMH THIOB. BosbMeM oTpesiesienHe KOHTelHepa map, BCTpeuaBLIeecs B IPHMEpax:

map<int.Widget> m; // Cu. panee

Taxcke BcrioMHHM, 4TO Widget AomyckaeT IpucBaMBaHKe 3HaYeHHL THIa double;
¢lass Widget { // Cwm. panee

public:

ﬁidget& operator=(double weight):

b
Teneps paccmoTpuM cremyiomutt sbi3os efficientAddOrUpdate:
efficientAddOrUpdate(m,10,15);

JlomycTum, BHIMOJIHAETCA ONepalkst 0OHOBIEHUS, TO €CTh M YKE COIEPKHT BJIeMEHT
cxmodoM 10. B sToM coryyae npupeienHEi paree wabJioH 3aKk/iodaeT, 4To ValueArgType
sABJiseTcst doubTe, ¥ B TeJie pyHKumMu yucno 1.5 B popmare double HanpsIMyIO ITpHCBAUBaET-
cst obbexTy Widget, acconuuposartomy ¢ xnodoM 10, [IpucsanBanme ocymecTaseTcs
BEI30BOM Widget: :operator=(double). Ecou 651 TpeTuii napamerp efficientAddOrUpdate
OTHOCHJICSL K THIIY MapType: :mapped type, TO 4HCNO 1.5 B MOMEHT BBI30Ba OBLIO OB
npeobpasosaro B Widget, yTo npuBeso OBl K JIMUIHKM 3aTpaTaM Ha KOHCTPYHPOBaHHE
(u mocneayomee yHuuToxeHue) obbexra Widget.

Cxounb GBI METepeCHBIMU He GBI TOHKOCTH peanusanuu efficientAddOrUpdate, He
6yfeM OTKJIOHSATBCS OT [JIABHOM TEMBI 3TOTO COBETA — OT HEOOXOXMMOCTH TIIATETBHO-
ro BeIGopa MesxLy map: :operator[] u map: :insert B TeX CiIy4asx, KOLAa BaXKHA atpdex-
TUBHOCTB BBINOJIHsIEMBIX onepanuit, [Ipi 06HOB/IEHME CYIECTBYIOMIET0 d1eMeHTa map
PEKOMEHAY€TCSl HCTI0/IB30BaTh Oneparop [ 1, HO Py CO3AaHHE HOBOTO 3JIEMEHTA Npef-~
nodreHue oTAaeTcsA insert.

CoBeT 25. M3yunTe HecTaHAApPTHbIE X3LIMPOBAHHbIE
KOHTEWHep.!

Ttocnie nepsoro snakomcrsa ¢ STL y GonbuiMHCTBA TPOrPAMMHECTOB HEH36EKHO BOSHHU-
KaeT Borpoc: « BeKTophl, cniucky, MHOXKECTBA... XOPOIIIO, HO TAe XKe X31-TabJiuibp ?» Teft-
CTBUTEJIbHO, X311-TabIHILB! He BXOJST B CTaHAapTHY0 6ubinoteky C++. Bee cxomsites
Ha TOM, YTO 3TO J0CaAHOe ynymenue, Ho Komurer no crangaptusanuu C++ pemi,
UTO YCHJIHS, 3aTPAayYeHHbIe HA UX NOALEPXKKY, IPUBENH Gbl K 4Pe3MEpPHOIl 3aepxKKe
8 pabore Hag CrargaproM. Io Beeit BepoATHOCTH, X31I-Tab KB MOABSTCA B cenyomed
sepcun CTaHAApTa, HO B HACTOALMI MOMEHT X31IMPOBaHHe He MOAepxuBaeTcs B STL.

IIporpammucTsl, He neyanbrecs! BaM He mpuzercst 06X0AMTECS 663 X3-TabJIHIL Mk
to3aaBaTh cobeTBeHHbIE peau3auuy. CymecTByeT HeMaso TOTOBBIX STL-COBMeCTHMBIX

|
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X3UIMPOBAaHHBIX aCCONUATHBHLIX KOHTEHHEPOB ¢ BIOJNHE CTAHAAPTHRIMY KMEHAMIT
hash_set, hash_muTtiset, hash_map i hash_multimap.

Peau3ariuy, CKPbITHIE 38 IOXOXKHMH HMEHAMMU... MATKO TOBOPS, He NIOX0XKH APYT Ha
apyra. Pasnmgaercst Bee: unTepdeichl, BOBMOKHOCTH, CTPYKTYPBI JaHHBIX B OTHOCH-
TenpHast 3G peKTUBHOCTL TIOAEPX)HBAEMBIX onepamuit. MoxHo Hanucats 6oee WM
MeHee TIePeHOCUMBLil KOZ, MCIIO/IB3YIOMHI XaMI-TabI|Ilbl, HO CTAHABPTH3AUMS XA~
POBaHHBIX KOHTEHHEPOB 3HAYHUTENLHO YyIIpocTHa Obl 3Ty 3a1avy (Tenepb NOHATHO, HO-
YeMy CTRHAAPTHI TAK BaXKHBDI),

U3 Beex cynecTBYIOIINX Peam3alii XalIHPOBAaHHBIX KOHTEHHEPOB HauGonbIlee pac-
npocTpanenue monyuuny ase: oT SGI (coser 50) u oT Dinkumware (npunoxenne B),
TOITOMY JANbHEMHIIEE OTIHCAHNE OTPaHUYMBALTCS YCTPOHCTBOM X3IIMPOBAHHLIX KOHTEH-
HepoB oT aTuX paspaborunkos. STLport (coser 50) Tak:ke COAEPKUT XIUIMPOBAHHEIE
KOHTEHHEp!, Ho OHH Oazupytotcst Ha peanusanui SGI. B koHTexcTe HacToAMIEro npuMe-
pa BCe CKa3aHHOE O X3IIMPOBAHHEIX KoHTelHepax SGI 0THOCHTCA M K X3MUPOBaHHBIM
Koureitnepam STLport.

XaIMpoBaHHbIE KOHTERHEPDL OTHOCATCHA K KaTETOPHH aCCOLMAaTHBHBIX, NO3TOMY MM,
KaK M BCEM OCTaJbHBIM aCCOLMATUBHLIM KOHTeHHepaM, IIpH O0BABICHHH CJIeYeT 3a-
JaTh THI 0OBEKTOB, XPaHAIIMXCS B KOHTEAHepe, QYHKIMIO CPaBHEHHS 115 9THX 06BeK-
TOB M pacnpefeiuTens naMsiti. Kpome Toro, 115 paboTh XaIIMPOBAHHOMY KOHTEHHEDY
Heo6xoauMa xau-QpyHKIEs, EcTecTBEHHO NPEAIONOXKKETD, YTO 00BIBJIEHKE XAIIMPO-
BaHHOTO KOHTeHHepa JODKHO BBIIJIsIIETh TPHMEPHO TaK:

template<typename T,

typename HashFunction,
typename CompareFunction,
typename Allocator = allocator<T> >

class hash_xounTeiinep;

IMonyyenHoe oOBsBNEHNE BeCbMA HIU3KO K 0OBSIBISHAIO XONIMPOBAHHLIX KOHTeE-
HepoB B peanu3aniu SGI. [aBHOe paznmune MexLy HUMM 3aKJII0YaeTCA B TOM, 4TO
B peanusauuu SGI pms Tuios HashFunction u CompareFunction mpexycMOTpeHbI 3Haye-
Hus 1o ymModanuio. O6bsaBnenue hash_set B peatusanusd SGI BEIMISAUT CIEXYIONIIM
06pa3oM (CJIerKa MCTIPaBIeHo A5 YA0OCTBa YTeHMA ):

templare<typename T,

typename HashFunction = hash<T>,
typename Comparefunction = equal_to<T>,
typename Allocator = allocator<T> >

class hash_set:

B peanusanmu SGI cneayer o6paTuTh BHUMaHHE HA HCTIONB30BaHHE equal_to B Ka-
yecTBe (DYHKIMH CpaBHEHMS N0 YMOMYaHUIO. B 9TOM OHa OT/NMYAETCs OT CTAHAAPTHEIX
ACCOIMATHBHBIX KOHTEHHEPOB, T€ [0 YMOJIYAHUIO HCTIONB3YeTcs! (PYHKIHUS CpaBHEHUA
Tess. CMbICT 3TOTO U3MEHEHHUS He CBOAMUTCS K NPOCTOoit 3aMene GyHxnuy. Xamuposan-
Hble KoHTeitHepbl SGI cpaBHUBAIOT ABa 0OBEKTA, IIPOBEPSAA UX PASEHCMB0, A HE IKBUEA-
newmuocms (cM. coset 19). JIns XsmupoBaHHbIX KOHTeHHEPOB TaKoe pellleHue BIOJHe
PasyMHO, IOCKOJILKY B X3IIHPOBAHHBIX ACCOLMATHBHBIX KOHTeHHepax, B OTJ1YHe OT UX
CTaHAADPTHBIX aHATOTOB (0OLIYHO MOCTPOEHHLIX Ha 6a3e AepeBbEB), SMEMEHTHI HE Xpa-
HATCSH B OTCOPTUPOBAHHOM HOPAJKE.
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B peanusanuu Dinkumware mpuHAT Heckoabko HHOH moaxoa. OHa Taxke MO3BO-
JIsTeT 3a1ath THH 0OBEKTOB, XaW-PYHKUKIO, GYHKIHIO CPABHEHHS H PACIIPENEIIHTEND,
HO X3m-yHK1Hs H GYHKUUS CPABHEHHS IO YMOJYAHUIO NePEMENIEHEl B OTAEALHEIH
KJsacc hash_compare, KOTODPBII NepeNaeTCA O YModaHulo B iapamerpe HashingInfo mmab-
JIOHA KOHTEHHEpa,

Hanpumep, ofpsiBnenue hash_set (Takxe 0ThOpMaTHPOBAHHOE AJIA HATJISIZHOCTH )
B peanu3auuu Dinkumware BRITISAUT ClIeayIONIMM 06pa3oM:

template<typename T,typename Comparefunction>
class hash_compare;

template<typename T,
typename HashingInfo = hash_compare<T,less<T>>,
typename Allocator = allocator<T>>

class hash_set:

B aroMm unTtepdeiice BHUMaHMe cTOUT 06PaTUTh HA UCTOJIbL30BAHEE TlapaMeTpa
HashingInfo, coaepsamero QyHKIMH X3MUPOBAHKA K CPABHEHUS], A TAKXKe TlePednc-
JisieMble THIIbI, YIPaBIAONIIME MEHHMAIbHEIM KOJHIECTBOM He3/l B TaOJIHIE M MaK-
CHMIbHBIM IOTYCTHMBIM OTHONIEHHEM YHC/a 3/IEMEHTOB KOHTeHHepa K YHCIy THe3 .
B cryvae npeBsInIenys TIOPOroBOit BEJIMYMHEBI KOJIMYECTBO THe3] B Tabiune ypeaudn-
BaeTCsl, @ HEKOTOPhIE 3/1eMeHThl B TabJHlle XUHPYIOTCS 3aHOBO (B peanusanun SGI
npeaycMoTpersl GpyHKuuH, ofecrniednBaloNIHe aHATOTHIHbIE BO3MOXHOCTH YIpaB/Ie-
HHS KOJHYEeCTBOM THe3/ B Tafiiuie),

Tocne Hebonpmoro GopMaTupoBaHus o6bsBaeHne hash_compare (3HaueHHe IO
yMO/14aHuI0 Ast HashingInfo) BLIFNAAMT IPAMEPHO TAK:

template<typename T,typename CompareFunction=1ess<T>>
class hash_compare{
public:

enum{
bucket_size = 4, // MakcumanbHoe OTHOWEHME YKCNA@ 3NEMEHTOB K YUCNY rHE3]
min_buckets = 8 // MMHMMaNLHOE KOMMYECTBO THE3]

}

size_t operator()(const T&) const: // X3w-gyHKuyua
bool operator(){const T&,
const T&) const:
// Hexotopue nogpoBGHOCTH ONYUEH,
// BKW4AaA wcnonbacsawke CompareFunction

}

[Teperpysxka operator() (B maHHOM carydae Anst peanuzauuy GyHKHiH X3mupoBasms
M CPaBHEHHA) HCNOJB3YETCs TOPA3/I0 Yalle, 9eM MOKHO NPeACTaBuTh. Jpyroe npume-
HEHHUe 3TOM KOHLEIIMH NPOEMOHCTPUPOBAHO B COBeTe 23.

Peanuzamus Dinkumware niosposisier nporpaMMBCTy HanucaTh COBCTBEHHBIH Kiace-
axanor hash_compare (BoaM0xHo, 06bABIeHHEI TPoB3BOAHBIM OT hash_compare). Eciu
9T0T KAXacc Oyner onpenessts bucket_size, min_buckets, gse dyHnkuun operator() (coa-
HUM M C IByMSI apTYMEHTAMM) H ellle HECKOJIbKO MeJIouell, He YIIOMSHYTHIX BhIIIE, OH
MOZKET HCIIOJIb30BATLCA /UIs YIIpaB/eHus KoHgurypanueii 1 opeieHneM KOHTeHHEPOB
Dinkumware hash_set u hash_multiset. Ynpasnenue korurypauueit hash_map i hash_
multimap ocyIiecTB/IAEeTCH AHAIOTHYHBIM 00Pa30oM.
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Yyture, yTo B 060MX BapUAHTAX BCE IPUHATHE pellleHHH MOXKHO MOPYYMTh Pea-
3aI[MM M OTPaHM4UTECH 00bABIEHHEM CNEAYIONIET0 BHAA:

hash_set<int> intTable: // Co3paTh X3WHPOBAHHOE MHOKECTBO int

Yrobul 3T0 06bsABIEHIE HOPMAILHO KOMITHIMPOBAIOCH, X31I-TablKia JOJDKHA CO-
Ieparb JaHHbIE HENMOYHCIeHHBIX THMOB (HanmpuMep, int), MNOCKONBKY CTaHJApPTHEE
x31-(pyHKIHHE 06 BIYHO OrPAHHUMBAKOTCS LEJIOUMCIIEHHBIMY THIIAMH (B peaymsaunu SGI
cTaHZapTHEIE XolI-hyHKIKU 00aa1a0T G0/1ee MHPOKUMU BO3MOXKHOCTSIMU; O TOM, TIE
HaliTu fonoaHUTENBHY0 HHOPMANHIO, paccKa3aHo B coseTe 50).

[Ipunumner BHyTpeHHero ycrpoiicTsa peanusanuit SGI u Dinkumware ouens cunb-
HO pasnuyaotes. B peanusanuu SGI ucnonb3oBaHa TPaAHIMOHHAS CXeMa OTKPBITOTO
X3IHPOBaHMS ¢ MacCHBOM yKa3saTeJseil Ha OZTHOCBS3HbIe CITUCKH 3N1eMEeHTOB, B peanuza-
mun Dinkumware HCHosib3yeTcs: ABYCBA3HbII CIIHCOK. Pasinyue Z0CTaTOYHO NPUHITM-
TTHANbLHOE, MOCKOJBKY OHO BJIMAET Ha KaTErOpHH HTEPATOPOB, NOJANCDKHBACMEBIX 3THMH
peaiuzanuAMH. X3KPOBaHHbIe KOHTeRHepsl SGI noaiepXBBaloT NpsMBIE UTEPATOPEI,
YTO HCKJIIOYAeT BO3MOXKHOCTb 06paTHOro nepe6opa; B HUX OTCYTCTBYIOT Takue QyHKIHH,
kax rbegin umu rend. Peasmsauusi Dinkumware noaepxysaer A1ByCTOPOHHKE UTepa-
TOPBI, YTO [103BOJISET OCYIECTBJISITh Nepebop KaK B IPAMOM, TaK H B 00paTHOM Halpas-
nexuu, C apyroi cropossl, peamsanus SGI 4yTs aKoHOMHee PACXOAYeT NaMsiTh.

Kakas 13 sTHX peanusaunif jry4ire HoAX0AMT Ajf Baunx uenei? [TonsaTas He uMelo.
TonbKo Bbl MOXeETe OTBETUTE Ha 3TOT BOIIPOC, OAHAKO B 3TOM COBETE 5 JaXKe He MBI TAICA
M3NOKHUTD BCE HeoOXoAHMOe ISt IPHHATHS 060CHOBaHHOTO pemenus. Peus uzer o apy-
r'OM -- BBl OJDKHBI 3HATh, 4TO HECMOTPA Ha OTCYTCTBHE X3LIKHPOBAHHBIX KOHTEﬁHEpOB
HernocpeacTBeHHo B STL, npu Heo6XoAUMOCTH MOKHO Jerko Haitu STL-coBmecTn-
Mble X3UIMPOBaHHEIE KOHTeHHeps! (C pa3HeIMU uHTepdeiicaMH, BOSMOXKHOCTSIMH H 0CO-
6entocramu pabotsr). Bosee Toro, B cBoboxHo pacnpocTpanAeMbx peanusamuax SGI
u STLport BaM 3a HUX ZaXe He IPUAETCA IIATUTD.



NTepaTopsbl

Ha nepssiit B3r2s8 wrepaTopsl IIPeACTaB/AI0TCS NpeAMeToM BecbMa npocTeiM. Ho cTo-
HT IPHCMOTPETHCS MOBHUMATEJIbHEE, U Bbl 3aMETHTE, YTO CTAHAAPTHHIE KOHTEHHEDPLI
STL noaxepxuBaloT 4eThlpe pasublX THIIA WTePATOPOB: iterator, const_iterator,
reverse_iterator u const_reverse_iterator. IIpoxoauT coBceM HEMHOIO BpeMEHH, ¥ BBI-
SICHAETCH, YTO B HeKOTOPBIX opMax insert i erase TONHKO OJHH U3 HTHX YeThIPEX TUIIOB
TpPHHUMAeTCS KoHTeliHepoM,  3/lech HauHHAKOTCS BOIMPOCEL, JadyeM HYXHEBI YeThIpe THIIA
utepatopos? CywecTByeT Jii MeXY HEMH KaKasi-Jiu6o cBs3b? MoskHo siu ipeobpaso-
BaTh UTEPATOP OT OAHOTO THIA K APyroMy? MOXKHO Jiu CMeIIHBAaTh pa3HbIe THITHL UTe-
PATOPOB MpPH BHI30BE AJITOPHTMOB H BenoMorateapHbix ¢pyuxuuii STL? Kak ot T
CBSI3aHbI C KOHTelHepaMH 1 X QYHKIHAMH?

B macrosimeii ryiaBe Bol HalifieTe OTBETH Ha 3TH BOTIPOCH, @ TaKKe MoO/IKe NO3Ha-
KOMHTECH C Pa3HOBHAHOCTBIO HTEPATOPOB, KOTOPOU 0GBIYHO HE YAENSAIOT TOJLKHOTO
BHMMaHus: istreambuf_iterator. Ecsin Bam Hpasntca STL, HO He ycTrpausaer GicTpo-
JeiicTBue istream iterator mpu yTeHHH CHMBOJIBHEIX IOTOKOB, BO3MOXHO, istreambuf
iterator MOMOJKeT CIIPABUTHCA C 3aTPYAHEHHAMH.

Coset 26. CrapaiTtecb UCnonbL30BaTh iterator
BMeCTOo const_iterator, reverse_iterator
n const_reverse_iterator

Kax usBecTHO, KQKARH CTaHAAPTHEIM KOHTeliHED MOAAEDAHBAET YeTHpe THIA HTe-
patopos. [lis KorTeliHepa container<T> Tunm iterator paGoTaeT Kak T*, Toraa Kak
const_iterator paboTaer xak const T* (Takxke BcTpedaercs 3amuch T const*). [Tpu yse-
arderuH iterator mnn const_iterator NpoHCXOAHT MepeXol K CleqyIOMeMy 3JIeMeHTyY
KOHTeliHepa B IPAMOM TiopsiAKe NepeGopa (0T Havasia K KOHIy KoHTejiHepa). VTepaTophl
reverse_iterator u const_reverse_iterator Takke paboTaloT Kak T* u const T* coot-
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BETCTBEHHO, HO TIPH YBeJIUYEHHH 3TH HTEPaTOPhl NEPEXOAAT K CJIEAYIOIIEMY 3J1€MEeH-
Ty B ofpaTHOM nopsizike nepebopa (0T KOHIA K HAayamly).
PaccMOTpHM HECKOJIBKO CHPHATYD insert u erase B KoHTeitnepe vector<T>;

iterator insert(iterator position, const T& X);

iterator erase(iterator position):

iterator erase(iterator rangeBegin. iterator rangeknd);

AnanornyHbre (GyHKIHEA MMEIOTCA Y BCEX CTAHAAPTHRIX KOHTeHHEPOB, HO THI BO3BPA-
I[2eMOTO 3HAYEHHA ONPeNeaseTcs THIIOM KoHTeiHepa, O6paTuTe BHUMaHKE: Ilepeduc-
Jennsie GyHKIMK TpebyioT mepefayy napaMerpos Tumna iterator. He const_iterator, ne
reverse  iterator m He const_reverse_iterator — Tombko iterator. XoTa xonTeliHepk
TOA/IEPKUBAIOT YETHIPE TUIIA HTEPATOPOB, OAMH U3 ITHX TUNOB 00J1aaeT PUBIIET s -
MM, OTCYTCTBYIONIHMHM y APYTHX TUMOB. THIl iterator 3aHuMaeT 0coboe MecCTo.

Ha cnexyioueli fuarpaMme riokasaHsl peobpa3oBaHusl, BOSMO)XKHBIE MEXy HTepa-
TOpaMH PasHEIX TUMOB.

const_iterator

iterator base()

\_ reverse_iterator —— const_reverse_iterator
base()

W3 pucyrka ciaenyer, uto iterator mpeofpasyercs B const_iterator u reverse_
iterator, a reverse_iterator — B const_reverse_iterator. Kpome Toro, reverse_iterator
npeopasyercs B iterator npu noMomu GbyHKIMH base THITa reverse_iterator, a const_
reverse_iterator aHaJIOrHIHBIM 06pa3oM nipecbpasyercs B const_iterator. OgHako u3
PHCYHKA He BUAHO, YTO MTEPATOPLL, NOJIyYeHHbe IPH BbI30Be base, MOTyT 0Ka3aThCA He
TEMH, KOTOpble BaM HyKHbL. 3a nogpobrocTsiMu obpamaittecs K cosety 28,

OobparuTe BHIMaHHE: He CyLIeCTBYeT NyTH oT const_iterator x iterator usu ot
const_reverse_iterator x reverse_iterator. M3 atoro BaxHoro o6cTosTeNbCTBA CAeay-
€T, yTo const_iterator u const_reverse iterator MOryT BBI3BaTh 3aTPYAHEHHS C HEKO-
TOphIMH (yHKIKsIMU KoHTeHHepoB. TakuM yHkiusM Heo6xogum TuI iterator, a u3-
32 OTCYTCTBHS 0GPaTHOTO NIEPEX0Aa OT CONSt-HTEPaTOPOB K iterator nepBble CTAHOBATCS
B LeJIOM BeClio/Ie3HBEIMH, €CIH BBl XOTHTE HCTIOIB30BATD HX A7 OnpeaeseHHus MO3HIHHN
BCTaBKH HJIH YA4JNEHHSA IEMEHTOB,

OpHaKo He CTOMT NOCHELIHO 3aK/II0YaTh, YTO const-urepaTopsl Boobuie Gecriones-
HbL JTO He Tak. OHH IpeKpacHoO paGoTaloT C AITOPHTMAMHM, IOCKOJIBKY IS aITOPHT-
MOB OOBIYHO TOAXO/SAT BCE THITH UTEPATOPOB, OTHOCAITHECS K Hy»Hoit KaTeropuu. Kpo-
Me TOT0, CONst-HTepaTOpPhl NOAXOAAT AJISi MHOTHX (PYHKURHA KoHTeliHepoB. [1podiemst
BO3HMKAIOT JIMIIb C HEKOTOPBIME pOpMaMu insert u erase.

O6paruTe BHHMaHUE Ha (POPMYTHPOBKY: CONst-UTEPaTOPBI CTAHOBATCS 8 ueioM bec-
HIOJIE3HBIMH, €CJIA BBl XOTHTE HCHOJIB30BATh UX AJISI ONpeAe/IEHKS TO3KIIME BCTABKH HIH
yaalenusi sneMeHToB. Ha3slBaTh UX TIONIHOCTHIO 6eCnoIe3HbIME OBLIO 6Bl HENPABUIIb-
HO. Const-UTepaTOpbl MOIYT NMPUHECTH TOJIB3Y, €CJIH Bh HaiileTe Ciocof mojydeHs
iterator mia const_iterator unu const reverse iterator. Takoe BO3MOXHO 4acTo, HO
ZaJexo He BCeT/ia, IpHYeM Jaxe B 61aronpHATHOM CJIyYae peltieHHe He O4eBHIHO, a 1
3¢ dexTHBHEIM ero He Ha3oBelb. B ABYX C1oBax 3TOT BONPOC HE H3JIOKHTH, ECIIA BAC
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3aMHTEpeCyIOT NnoapobHOCTH — obpalLaiiTech K coseTy 27, A oka uMeroniascs HHpop-
MallMsl MO3BOJISIET MOHSTE, NoYeMy THIY iterator omaemﬂ IpeAnoYTeHHE IIEPE €TO
const- u reverse-aHaJOTaMH.

e HexkotopriM BepcusiM insert i erase Mpy BuI30Be A0JDKEH HEPEAABATLCA THII
iterator. Const- 4 reverse-UTepaTOPhL UM HE MOAXOMAT.

¢ ABTOoMaTHYecKoe npeofpa3oBaHue const-UTepaTopa B iterator HEBO3MOXKHO,
aMeToAuKa noyxyyeHus iterator Ha ocHoBanuu const_iterator (coser 27) npume-
HHMa He BCeTAa, Aa ¥ 3G(eKTHBHOCTL ee He TapaHTUDYETCS.

o IIpeoGpa3oBaHue reverse_iterator B iterator Moxer TpeGoBaTh ACHOJHUTEND-
Holi perynupoBkn urepatopa. B coBete 28 pacckasano, Koraa u 1modeMy BO3HH-
KaeT Taxasg HeoOXOAMMOCTb.

W3 cxasanuOTO cilenyeT OAHO3HAYHBIH BEIBOA: eCJIH BBl XOTHTE paboTars ¢ KOHTEHR-
HepaMH npocTo ¥ 3Q(eKTHBHO B IO BO3MOXKHOCTH 3aCTPAX0BATHCS OT HETPHBHATBHBIX
omuOoK, BEIOHpaiiTe iterator BMECTO €To const- u reverse-aHaaoros.

Ha npaktuxe BeIGHpaTh OGBIYHO IPHXOAKTCA MEKAy iterator m const iterator.
Bribop Mexny iterator u reverse iterator 4acTO NPOMCXOAMT HOMHMO BAaMIE BOIMH —
BCE 3aBHCHT OT TOT0, B KAKOM NOPsLAKe AOJKHEI Iepe6UpaThCsi JIeMeHThl KOHTedHepa
(B npAMOM HJlH B 0OpaTHOM). A eciu nociie BeIGopa reverse_iterator rotpe6yercs Bbi-
3BaTh (hyHKLHIO KOHTelHepa, TpeOyIOMyIo iterator, Be3oBHTe QYHKIUIO base (BO3MOX-
HO, C IPEABAPUTEILHON PEryJIMPOBKOH CMEIEeHHsT — CM. CoBeT 28).

ITpu BbIGOpE Meskay iterator u const_iterator pekoMenayerca Bmifupars iterator
IaXke B TOM CJIy4ae, eCJIH MOKHO 000THCH const_iterator, a uicnosp3oBaHue iterator
He 06yCIOBIIeHO HeOOXOAMMOCTDIO BEI30Ba (PYHKIIMH KOHTeitHepa. B yacTocTy, HeMa-
JIO XJIOTIOT BO3HUKAET IIPH CPaBHeHHX iterator ¢ const_iterator. [[ymalo, BB coryiacu-
TeCh, 4TO CJeAYIOI M (PparMeHT BEITISTAT BIIOJIHE JIOTHYHO:

typedef deque<int> IntDeque: // Onpegenexusa Tvnos

typedef IntDeque::iterator Iter; /1 ynpowanT paboty

typedef IntDeque::const_iterator Constlter: // ¢ wonTeinepamn STL

// W TMNamu KTepaTopoB

iter i:

Constiter ci:

- // 1 v Cl yKaswBaoT Ha 3neMenTh
// ORHOTO KOHTElHEpa

if (i==ci).. - // CpasnuTts iterator
// ¢ const_iterator

B n1annOM nipuMepe NpOKCXOANT 0OBIYHOE CPABHEHKE ABYX UTEPATOPOB KOHTElHe-
pa, mofioGHble cpaBHeHust coepmaiores 8 STL crutours i pagom. [TpocTo oxun obbexT
OTHOCHMTCA K THITy iterator, a Apyro#t — x Tumy const_iterator. [Ipo6aem GbITh He DOIK-
Ho — iterator aBTomarmdyecku npeoGpasyercsi B const_iterator, H B CpaBHEHHH yda-
CTBYIOT ZiBa const_iterator.

HiMenHO 8TO 1 MPOHCXOAUT B XOPOIIO CIPOEKTHPOBaHHBIX peanusanusax STL, Ho
B HEKOTOPLIX CIydasaX NpHBEAeHHbIN (parMeHT He KoMnuiupyercs. [Ipuunna 3a-
KJ0YAeTCA B TOM, YTO TAKHE Peair3alul o6 hABNAIOT operator== dbynkumeii xnacca
const_iterator BMecTo BHemHel pyrknuu. Bripouewm, Bac, BeposTHO, Gonblie HHTe-
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DECYIOT HEe KOPHH NPOGJIEMBL, a ee PelIeHHe, KOTOPOe 3aKII0YaeTCA B IPOCTOM H3MeHe-
HUHM TTOPSIAKA UTEPATOPOB:

if (ei=1i).. // 0BXONHOE DEWeHWe NA Tex Cny4ass,

// Korpa npuBejeHnoe Ble CpasHeHue e paboTaer

Monobusie mpobaeMbl BOHHKAIOT He TONBKO IPH CPABHEHUH, HO U BoobIe TIpH
CMeLIaHHOM HCHONb30Banuy iterator i const_iterator (uiu reverse_iterator u const_
reverse_iterator) B IHOM BHIpaXe€HHMH. HanpuMep, MpH NONBITKE BEIYECTh OAUH UTe-
parop NPCOH3BOILHOrO AOCTYIA H3 APYToro:

if (i-¢i==3).. // ECM 1 HAxXoAuTCA MMHMMYM B TDEX NO3MUMAX nocne Ci.

Bam (TIpaBUJBHBIA) Kox 6yAeT HecnpaBeIMBO OTBEPIHYT KOMIHJIATOPOM, €CJIH UTe-
PaTOPBI OTHOCATCA K pasHbiM THIaM. O6X0AHOe pellleHne OCTAETCS MPeXHUM (TepecTa-
HOBKa 1 # Ci), HO B 9TOM CJIydae IPHXOAHTCS YUHTEIBATE, 4TO -1 He 3aMeHAeTCsa Ha ¢i-1i:

if (Ci+3<=1).. // 06XofHOR peweHwe Ha Cnydan, ecnu

// TpEBAYWAS KOMAHAA HE KOMNWIUPYeTCA

[Ipocteiimas cTpaxoBKa oT noa00HBIX npobyieM 3aK/II0YaeTCsl B TOM, YTOGBI CBECTH
K MHHUMYMY HCII0JIb30BaHHE PA3HOTHITHEIX HTEPATOPOB, a 3TO B CBOIO 0Yepellb MOACKA-
3blBaeT, 4TO BMecTo const_iterator cienyeT ucnons3osate iterator, Ha nepeerit Barman
0TKa3 0T const_iterator TOMBKO JIsL IPEAOTBPAIUEHHA MOTEHIHATBHEIX HEJOCTATKOB
peayuzanuy (K TOMY e HMeIonuX 06X0IHOe PellleHHe ) BBIL/ISIAUT HeoNpaBAaHHbIM, HO
¢ yyeToM ocoboro ctaTyca iterator B HeKOTOPAIX (DYHKIIUSIX KOHTEHHEPOB MBI Heu30esK-
HO MPHXOAHM K BBHIBOZLY, YTO HTEPATOPHI const_iterator MeHee MPaKTHYHEL, a XJIOMOTHI
C HUMH HHOTZA MPOCTO HE ONPABALIBAIOT 3ATPaveHHEIX YCHIIHIA,

Coset 27. Ucnonb3yuTe distance n advance
ons npeobpasosaHus const_iterator B iterator

Kak 661710 cka3aHo B coBeTe 26, HeKOTopble (PYHKIKH KOHTEHHEDOB, BhI3BIBAEMBIE ¢ [1a-
paMmeTpaMH-HTepaTopaMy, OrpaHHYHBAIOTCS THIIOM iterator; const_iterator uMm He
noaxoauT. YTo xe nenaTh, €K HMeeT s const_iterator u Bbl XOTHTE BCTABUTDH HOBBIH
37IEMEHT B MO3MIIKMI0 KoHTeliHepa, 0603HaYeHHYI0 5THM UTeparopoM? Const_iterator
HeoOX0AMMO KaKuM-T0 00pa3oM nipeobpa3oBath B iterator, u Bl ZOJDKHBI IPHHATH
B 3TOM aKTHBHOE YYaCTHE, IIOCKOJIbKY, KaK GblJI0 I0Ka3aHo B coBeTe 26, aBToMaTH4e-
ckoro ripeobpasosaHust const_iterator B iterator He CcyuiecTByer.

4 3Hal0, 0 ueM BB AyMaeTe. «EcJIM HHYero He TIOMoraeT, 6epeM KyBajays, He Tak
nn? B Mupe C++ 310 MOXKET 03HAYATh JIWIIE OAHO; Mpenfipazoranue Tina, CTHAMTECH.
U rae Bol HaOpaauch TAKKUX MEICIEH?

HasaiiTe paszfepeMcst ¢ BpeAHEIM 3a0JIy’KAeHHEM OTHOCHTEJIBHO NMpeo6pa3oBaHus
tuna. [locMoTpuM, YTO MporcXoauT npy npeobpasosanuu const_iterator B iterator:

typedef deque<int> IntDeque: // BcnoMoraTenbHuie onpejeneHns THNOB
typedef IntDeque::iterator Iter:
typedef IntDeque::const_iterator Constiter:

Constlter ci: // ¢i - const_iterator
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“lter i(ci): // Owmbra! He cywecTsyeT aBTOMATMYECKOID
// npeoBpasosanua const_iterator
// B iterator
Iter i(const_cast<Iter>(ci)): // CQunbka! Mpeobpasosanne const_iterator
' // B iterator reso3mOmMHO!

B npuBeeHHOM [IPHMepe HCITOB3YeTCs KoHTeiHep deque, HO aHAIOTHYHBIH Pe3yib-
Tat 6yner mojryyeH | Ans 1ist, set, multiset, multimap i XaIIHPOBAHHBIX KOHTEHHEPOB,
YNOMMHABILIKXCA B coBeTe 25. BoaMoixHo, crpoka ¢ ipeo6pasoBanueM Gy et OTKOMITH-
JMpOBaHa Ui Vector u string, HO aTo ocofble ciIy4aH, KOTophle ByAyT pacCMOTPEHBI
HIXE.

IToyeMy e AJisl 3THX THIIOB KOHTEHHEPOB Mpeo0pasoBaHue He KOMITHJIUPYeTCA?
IToromy 4to iterator u const_iterator OTHOCATCS K pasHBIM KJIACCAM, H CXOACTBA MEXK-
ny RMMu He Gosbine, yem MexAy string 1 complex<double>, ITomerrka npeoGpasoBaHust
OIHOTO THIIa B APYToit abcoMOTHO BeccMBbICIeHHa, TO3TOMY BHI30B const_cast 6yaer
orBepruyT. ITonbITKH HCnosb30BaHus static_cast, reinterpreter_cast u npeoOpasosa-
HuA B cTiiie C NpUBEYT K TOMY e pe3y/IbTaTy.

BnpoueM, HexoMnmIHpyeMoe NpeobpasoBaHHe Bee e MOXKeT OTKOMIIHJIHPOBATBCH,
eC/Ii UTEPATOPHL OTHOCATCA K KOHTeHHepy vector uid string. 3To OOBACHSETCS TeM,
YTO B PEAJIH3AUMAX TAHHBIX KOHTEHHEPOR B KAUeCTRE UTEPATOPOB OOLIYHO HCTIQIB3Y-
I0TCA yKa3aTenu. B aTtux peanusanmsax vector<T>::iterator sBasAeTcsa onpeaeseHueM
Tvna a8 T*, vector<T>: :const_iterator — must const T*, string::iterator — ams char,
astring: :const_iterator — s const char*. B peanuszanusax JaHHBIX KOHTEHHEPOB Mpe-
obpazopaHue const_iterator B iterator BLI30BOM const_cast KOMIMJIMPYETCS M JaKe
IpaB®JALHO paboTaeT, oCKOIbKY OHO npeobpasyet const T* B T*. Bripouem, axe B 3THX
peanu3anuAx reverse_iterator u const_reverse_iterator ABISIOTCA MOJHOIEHHBIMH
KJAaccamu, NI03TOMY const_cast He nossoJisier ipeobpa3oBath const_reverse_iterator
Breverse_iterator, KpoMe toro, xax o6bsicHsiercst B coBere 50, Aaxe peanH3al Uy, B Ko~
TOPHIX HTEepaTOpPH KOHTeiiHepoB vector H string npeAcTaBieHBl YKa3aTeJsIMH, MOTYT
UCTIOJIB30BATE 3TO TIPEACTABJIEHHE JIMID PH KOMIUASIMH OKOHJYaTesHOM (Telease)
Bepcuu. Bee nepeunciennsle pakTOpH MPUBOAAT K MBICJH, 4TO Mpeohpa3oBaHue const-
HTEepaTopOB B HTEPATOPhl He PeKOMEHAYeTCA H JISl KOHTelHepoB vector u string, mo-
CKOJIKY NePEeHOCHMOCTD TAKOTO pelneHus GyAeT COMHUTENbHOMN,

Ecnm y Bac uMeeTcst AOCTYN K KOHTEHHEpPY, OT KOTOPOro OBLI B3SIT const_iterator,
CYLIECTBYeT 6e30MacHH, ePeHOCHMBII Coco6 MoMy4YeHHs COOTBETCTBYIOIIETO THUIIA
iterator 6e3 Hapyumenust cucTeMsl TUIIOB. Hioke MprBe/ieHa 0CHORHAS YACTh 3TOTO PENIE-
HUst (BO3MOXKHO, Iepe KoMmusinpeit norpebyercs: BHecTH HeOo bIIMe U3MEHEHUS):

typedef deque<int> IntDeque; // CH. panee

typedef IntDeque::iterator Iter;
typedef IntDeque::const_iterator Constlter:

intDegue d:

ConstlIter ci:

- /7 TpHcaonTs i ColnKy Ha d

Iter i(d.begin()): // VHMuyuanuarposats i awavenwen d.begin()

advance(i,distance(i,ci)); // TNepemecTuTs 1 B noduumn ¢i
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Pemenue BRITIAAUT HACTOJIBKO NPOCTHIM H NPAMOJMHEHRHBIM, YTO 3TO HEBOJIBHO
BBI3LIBAET NIOAC3PeHH. UTOOB MoXyynTh iterator, yKasslBAONIMH HA TOT XKE SEMEHT
KoHTeHHepa, uTo ¥ const_iterator, Mbl co3faeM HOBBII iterator B Havase KoHTelHEpa
Y IIEPEMELIAEM €r0 BIIEpe] 40 TeX TOP, OKAa OH HE YAAMTUTCS Ha TO Ke PACCTOSHHE, YTO
u const_iterator! 3agauy ynpomawoT wabioHsr GyHKnMA advance u di stance, o0bsaBeH-
HEIE B <iterator>, Distance Bo3BpalaeT pacCTOAHKE MEXKLY ABYMS HTEPATOPAMH B O~
HOM KOHTeiHepe, a advance nepeMellacT #TEpATop Ha 3afaHHoe paccTtodanmre, Korna nte-
paTopsl i ¥ €1 OTHOCATCS K OZHOMY KOHTelHepy, BeIpaxcenue advance(i,distance(i,ci))
HepeBOUT UX B ONHY MO3HUNIO KOHTeHHEpa.

Bce xopoto, ecnu 651 3TOT BapHaHT KOMITUAMPOBAJICSL.., HO 3TOTO HE NPOMCXOAMT.
YT00BI MOHATH IPHUHHLL, PACCMOTPUM 06 bsBIeHHe distance:

template<typename Inputlterator>

typename iterator_traits<Inputlterator>::difference_type

distance(Inputlterator first, Inputiterator last);

He obpawmaiite BHUMaHUA HA TO, YTO THH BO3BPalaeMOT0 3HAYEHHMA COCTOUT U3
56 cMMBOJIOB ¥ COAEPKUT YIOMHHAHMS 3aBUCHMBIX THIOB (TakuX Kak difference type).
BmecTo aToro npoananusupyeM HCHOJb30BaHKE HapameTpa-Tuna Inputlterator:

template<typename Inputlterator>

typename iterator_traits<InputlIterator>::difference type

distance({ Inputlterator first, InputIterator last):

[Ipu Bhi3oBe distance KOMOMASATOD ZOJIKEH ONPERENUTDh THT, TIPEACTABIEHHBIH
InputIterator, Asts1 Yero OH aHATM3HPYET apryMEHTH, IepeAaHHble NPH Bh30Be, Eme pas
NOCMOTPUM Ha BBI30B distance B NpUBENEHHOM BEINIE KOJE:

advance(i,distance(i,ci)): // MNepewectutb 1 B No3uLMO Ci

IIpu BeI30BE NIEpEnalOTCA 11Ba MapameTpa, i 1 ci. [Tapamerp 1 oTHoCHTCH K THRY iter,
KOTOPBIH NpeAcTaBiafeT coboil onpefenenye Tuna ana deque<int>::iterator. Jlas
KOMIMJIATOPA 3TO O3HAYaeT, ¥ro Inputlterator npu BLI3oBe distance cooTBeTCTBYET
Tuany deque<int>::iterator. OnHako ci oTHocHTCA K TNy ConstIter, KoTopslii mpes-
craBisieT cofoli onpenesnenne THna A deque<int>::const_iterator. Ua amozo coremy-
eT, uro InputIterator cooTBeTcTBYeT THRY deque<int>::const_iterator. InputIterator
HHMKAK HE MOKET COOTBETCTBOBATD JBYM THIIaM OJHOBPEMEHHO, TIO3TOMY BBI30B distance
3aBepluaeTCa HeyRadel ¥ KakuM-HUOYAb 3anyTaHHBIM coobuienueM o6 omubke, U3
KOTOPOIO MOXHO (MM HeNb3d) TIOHATH, YTO KOMOMJIATOP HE CMOT OTIPEENTHTE THII
Inputlterator.

Y1066l BEI30B HOPMATTBHO KOMITHIMPOBAICH, HEOBX0AMMO IMKBHAMPOBATE HEOLHO-
3HAYHOCTb. /1151 3TOrO NpoIne BCero IBHO 3a1aTh NapaMeTp-THIL, HCIIOb3yeMbi distance,
U 136aBHTh KOMIHISTOD OT HEOOXOLUMOCTH ONPENENSTh €T0 CAMOCTOSITEJIBHO!

advance(i.distance<ConstIter>(i,ci)}: // BHMUCAMTL PacCTOAHWE Meway

/11w i (kak asyma const iterator)
// ¥ NepemecTWTh 1 Ha 3TO PACCTORHME

Urax, Temepn BB 3HaeTe, Kak npH oMo advance u distance moay4auTh iterator,
COOTBETCTBYIONUIMIA 3afilaHHOMY const_iterator, Ho 10 HaCTOSIIETO MOMEHTA COBEPIIEH-
HO He PacCMAaTPUBAICA BOTPOC, NPEACTABIAIOIINA OOJIbIIOK MPaKTHYECKHH HHTEpeC:
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HackoJbKo sdexTHBHA naHHad MeToauka? OTBeT npocT: oHa 3ppeKTHBHA HACTO b~
KO, HACKOJIBKO 3TO MO3BOJSIOT HTEpaTopsl. st uTepaTopoB NPOK3BOJIBHOTO ADCTYIIA,
noAjepKUBaeMEIX KOHTeilHepamMu vector, string, deque u T. 4, 3Ta Onepapyus BHIIOJI-
HAETCS ¢ MOCTOSHHBIM BpeMeHeM. /151 IBYCTOPOHEUX UTEPaTOPOB (XK 3TOH KaTeropuu
OTHOCATCSH HTEPATOPHl APYTUX CTAHAAPTHBIX KOHTEHHEPOB, a TAKXKE HEKOTODBIX peasu-
3a11¥i XAMHUPOBAHHBIX KOHTEHHEPOB — CM. COBET 25) 5Ta oliepallts BLIIQIHAETCS C TH-
HeHHBIM BpeMeHeM.

[TockossKy nionydenue terator, sxpuBaNeHTHOrO const_iterator, MoxeT notpebo-
BaTh JTMHEHHOTO BPEMEHH, H MOCKOJIBbKY 3TO Bo0OIIEe HEBO3MOXKHO CAEIATh NIPH HEA0-
CTYITHOCTH KOHTEHHepa, K KOTOPOMY OTHOCHTCS const_iterator, npoaHaausupyiite ap-
XHTEKTYPHBIC DEIICHHA, BCACACTBHE KOTOPbiX BO3SHHKIA HeoﬁXDﬂHMOCTh MOJYYEeHU A
iterator mo const_iterator. Peaynbrar Takoro aHaiHsa CTaHET ROTOMHUTEIBHBIM A0BO-
JOM B MOJIB3Y COBETA 26, PEKOMEHAYICUIETO OTAaBaTh NpeAnoYTeHne iterator mepen
const- 1 reverse-HTepaTopamu.

CoBet 28. Hayuntecs ucnonb3osatb QyHKLUUIO base

[Ipu BeI30Be yHKLWM base A/t HTEpaToOpa reverse iterator GYAET OIyYeH «COOTBET-
cTBylouuit» iterator, 0JHAKO H3 CKA3AHHOTO COBEPUIEHHO HE SCHO, UTO XK€ IIPH 9TOM
npoucxoaut. B kauecTBe npuMepa pacCMOTPUM CAEAYIOMME (parMenT, KOTOpPbIIt 3aH0-
CUT B BeKTOD 4Hcia 1-5, ycraHaBinBaer reverse_iterator Ha sneMeHT 3 M MHUIUATH-
3upyeT jterator ¢pyrxuEen base:

vector<int> v;

v.reserve(5): /7 Cm. coser 14

for (int i=1;9<=5;++i){ // 3anecTn B BekTop wicna 1-5
v.push_back(i):

}

vector<int>::reverse_iterator ri= // ¥CTaHOBMTo ri Ha anement 3
find(v.rbegin(},v.rend(),3):

vector<int>::iterator i(ri.base()): // MpuceouTb 1 pesynsTar Bb30Ba base

// ana wtepatopa ri

[Iocne BBIMOJIHEHHS 3TOTO ¢]JEII‘M(:‘.HT3. CHUTYalusA BbITAAAUT HPHUMEPHO TAK:

rend() ri) rbegin()

[1]2[3]4]5]

begin() . end()
|
Ha pucynke BHIHO XapaKkTepHOe CMeIIEHHE reverse iterator ¥ COOTBETCTBYIOLIETO
6a30BOTO HTEpaTOpa, BOCTIPOM3BOASAIIETO CMelleH e rbegin() 1 rend() HO OTHOMIEHUIO
kbegin() u end(), HO HAHTH Ha HeM OTBETHI Ha HEKOTOPEIE BOIIPOCH He yaaeTcst. B yact-
HOCTH, PHCYHOK He 00BACHSET, KAK HCIIOJIb30BATh 1 A BEINOJHEHHS ONepaliit, KOTo-
PHle MOJBKHEL ObLIM BBITIOIHATHCS C Pi.
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Kax ynoMmunanocs B cosete 26, HexoTopble QYHKIIHH KOHTeHHEPOB MPUHHMAIOT
B KayecTBe NapaMeTpPOB-UTEPATOPOB TOJbKO iterator. [loaroMy ecytu BB, JOMYCTHM, 33~
XOTUTE BCTABUTH HOBBLIM 3JIEMEHT B TIO3HIIHIO, ONIpeAe/sIeMyI0 HTepaTOpoM ri, cAeaaThb
BTO HANPAMYIO He yaacTesi; PyHKis insert koHTeiinepa vector He MPHHHMAET reverse_
iterator. Ananoryynas npobaemMa BO3HUKAET NP yAAJTeHUU 3JIEMEHTA, ONpeaessieMo-
ro ureparopoM ri. @yHKuMK erase He COTNAIIAIOTCA Ha reverse_iterator ¥ IpHHHMAIOT
TOJbKO terator. YToOsI BBITIOIHUTE YAATIEHHE UM BCTABKY, Heobxoaumo npeobpaso-
BaTh reverse_iterator B iterator pu moMourH base, a 3aTeM BOCIOJIB30BaThCA iteratar
JUIS BRITIOJTHEHHS HYXXHOH onepauuy.

HonyctuM, noTpeboBanoch BCTABHTD B V HOBBIH 3/IeMEHT B MO3HLMH, Onpeaeisde-
MO uTepatopoM ri. s onpeaeneHHOCTH GyaeM CYHTATH, YTO BCTABJISAETCS YUCI0 99,
YunThIBas, UTO P Ha IPeABIAYIIEM PUCYHKE HCTIONB3YeT s AJist epebopa clpaBa Hasle-
BO, & HOBBIiT 37IEMEHT BCTaBJSIETCS neped MO3KIUEN HTepaTOPa, ONPEeAEISAIONIero Mo3u-
IMI0 BCTABKY, MOJKHO OXKUAATE, 4TO Yucy0 99 okaxercst nepers yucioM 3 B ofpaTHoM
nopsaake nepebopa. TakuM 06pa3oM, MOCJIe BCTABKH BEKTOP V GyA€eT BRIJISAAETD TaK:

L1[2]3]e0]4]5]

Koneuno, Mbl He MOxeM UCMONL30BaTh M /1 0603HAYeHUSA MO3UITUE BCTABKH, TIQ-
CKOJIBKY 3TO He iterator. BMecTo aToro Heo6xoauMo Hermonp30Barh i. Kak ynoMuna-
JIOCE BbIIIE, KOTJA i yKa3blBaeT Ha areMeHT 3, 1 (1o ecThb ri.base()) yka3niBaer Ha sie-
MmeHT 4. FIMeHHO Ha 3Ty MO3UIMIO A0JDKEH YKA3BIBaTh HTEPATOP 1, YTOOB BCTABJICHHEBIH
5J/1eMEeHT OKa3aJICst B TON MO3UIMH, B KOTOPOH OH GBI HAXOAMJIICS, €M GBI AJIS1 BCTABKH
MOXXHO GBIJIO MCIICIL30BaTh HTEPATOP ri. 3ak/IoueHHe:

e 4TEOBI 3MYIMPOBATH BCTABKY B O3MLHMIO, 3a/JaHHYIO0 KTEPATOPOM ' THIIA reverse_
iterator, BLINOJHUTE BCTaBKY B no3unuio ri.base(). ITo orHomenuo k onepa-
MM BCTaBKH ri ¥ ri.base() skBuBajIeHTHE], HO ' .base() B AelCTBHTEIBHOCTH
npezncTasasieT coboit iterator, coomeememayouguti ri.

PaccMoTpuM onepanyio yAaneHus ajeMeHTa. BepHeMest K B3auMOCBSI3H MeX Iy Ii
U BCXOJAHBIM BEKTOPOM (TI0 COCTOSIHUIO Ha MOMEHT, NpeIecTBYIOIHUL BCTaBKe 3Ha-
yeHusa 99):

ri()

[l ynaseHUs 27eMeHTa, Ha KOTOPBIH YKa3slBaeT MTEPATOD ri, HEJIb3d pocTo ue-
[IOJTB30BATh 1, IOCKOJIBKY 3TOT MTEPATOP CChLIAETCS Ha APYTroH aneMeHT. BmecTo aToro
HYXKHO YAQ/IUTh 3JIEMEHT, npedwecmayiowut 1. 3aknoueHue;

* yTOOBI SMYNUPOBATh YAAJIEHHE B IO3UIIKMH, 33/ITAHHOM HTEPATOPOM I'i THIIA reverse
iterator, BeINONHKTE YAAJIeHHE B MO3KLKH, NpenuecTByowei ri.base(). [To otro-
LIeHHIO K oNepalyy yAaleHusA ri ¥ ri.base() ne axsusanenmust, a ri.base() une
asrgenica 0bbexToM iterator, COOTBETCTBYIOILHM TI'i.



Coser 29 119

Onrako K XoAy CTOMT IPHCMOTPETBCH INOBHUMATE/bHEE, TTOCKOJIBKY BAaC KIAET
CIOPTIpH3: :

vector<int> v;
// Cw. panee. B BEKTOp v 33HOCATCA

// 4mcna 1-5
vector<int>::reverse_iterator ri = // YcTaHoBMTL i Ha 3nemeHT 3
find{v.rbegin{).v.rend(},3):
v.erase(--ri.base()); // ToneiTKA CTHPAHKA B NO3MUMM,

// npepwecTsypueh ri-base();
/1 ana sexkTopa ofb4HO
/1 He KoMnunvpyeTca

Peuienue BHITAALMT BNOJIHE HOPMATbHO. BeipaxkeHnue - -ri.base() npaBuisHo ompe-
NeJISET JIEMEHT, [TPEALIEeCTBY 01K yAanseMoMmy. Bonee Toro, mpuBegenHeril hparMeHT
Oymer HopManbHO PabOTATh A1 BCEX CTAHAAPTHBIX KOHTEHHEPOB, 32 HCKII0YeHHeM vector
u string. HaBepHoe, oH 651 MOr paGoTaTh ¥ AJIA STUX KOHTEHEPOB, HO BO MHOTHX pea-
JH3alHAX vector u string oH He 6yaeT KOMIMIHPOBATLCH. B Takux peatuzanusax THIB
iterator (u const_iterator) peanusoBaHBI B BHZle BCTPOEHHBIX yKa3aTesel, O3TOMY
pe3yJibTaToM BbI30Ba ri.base() sBiseTca yxasarenb. B coorsercTBuM ¢ TpeGoBaHHAMHE
Kak C, tak u C++ ykasaresn, Bo3BpaliaeMble (DYHKIMSIMH, HE MOTYT MOAMGUIMPOBATHCS,
MO3TOMY Ha TakuX miuardopmax STL Berpaskerns tuna - -ri.base() He KOMOUIUPYRT-
¢, ITo6bl yIaIHTE 2IEMEHT B NIO3HITMH, 33(AHHOR HTEPAaTOPOM reverse_iterator, u npu
5TOM COXPaHHTh MEPEHOCHMOCTB, HeobXoanuMo uaberatb MoAUGUKAIIMK BO3BPAIIAeMO-
ro 3HaveHus base. Bripouem, sTo HecsoxHo. Eciti Mbl He MOXKeM YMEHBUIHTD PE3YIbTAT
BbI30BA base, 3Ha4MT, Hy)KHO YBETMYMTE reverse_iterator n noc/e aToro Bul3BaTh basel

/1 Cu. panee

v.erase((++ri).base()): /7 YAanuTb 3NEMEHT, HAa KOTOPLIH YKasuBaeT ri;

// KOMaHja BCETAa KOMMMIMpYeTCa

Taxast meroauxa paboTaer Bo BceX CTaHAAPTHBIX KOHTEHHEPAX U NIOTOMY CYHTAET-
Csl TIPEATNIOYTUTENBHEIM CTIOCO60M Y/aeHHs 9/IEMEHTOB, ONpefeNsieMbIX HTEPATOPOM
reverse_iterator.

BeposTHo, BB yKe TIOHANU: TOBOPHTH O TOM, 4TO (pyHKuHs base Kiacca reverse
itrerator BO3BpAIlaeT «COOTBETCTRYIONHI» jterator, He CoBceM MpaBuIbHO. B oTHOWIE-
HHY BCT2BKH 3TO €HCTBUTENIBHO TAK, a B OTHOIIEHHH yAateHus — HeT. [Ipu npeo6pa-
30BaHMH reverse_iterator B iterator BaxxHo aHaTh, KaKue olepanuy GyAyT BHITOIHATh-
Cs1 C TIoJTyyeHHbIM 06bexToM iterator. ToJbKO B 3TOM CJIyYae BB CMOKeTe ONpe/Ie/HTh,
TIOOHAET JI¥ OH /IS BAILKX IeJlel.

CoseTt 29. PaccMoTpuTe BO3MOXHOCTb
ncnonb3oBaHus istreambuf_iterator
npyv NOCUMBONLHOM BBOAE

lIpeanonoxuM, BbI XOTHTE CKONKPOBATH TeKCTOBBIH (aii B 06bexT string. Ha nepsarit
B3IV CJIEAYIOILEE PellleHne BBITIISIAUT BIIOJHE PAa3YMHO;
ifstream inputFile("interestingData.txt"};

string fileData(istream_iterator<char>(inputfFile)), // Mpouutate inputFile
istream_iterator<char>()): /7 8 fileData
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Ho Bckope BLIACHSETCS, YTO MPUBEAEHHBI CHHTAKCHC HE KOMHPYET B CTPOKY MPO-
mycku (whitespace), Bxoasmue B daitir. ITo obbsacusieTcs TeM, 4To istream_iterator
MPOM3BO/IMT HETIOCPEACTBEHHOE YTeHHe QYHKIMsIMH operator<<, a 3TH dyEKIHE O
YMOJIYAHHIO He YHTAIOT NPONYCKH.

Y106b! COXPaHUTH MPOITYCKY, BXOAALTHE B (hails, AOCTATOYHO BKIIOYHTD DEXHM 4YTe-
U nponyckoB chpocoM drara skipws A1 BXOAHOTO NOTOKA:

ifstream inputFile("interestingData.txt"):

inputFile unset(ios: :skipws): /1 BKNOUATL pEMUM

// 4TEHWs MPONYCKOB
// B inputFile

string fileData(istream_iterator<char>(inputFile)). // MpounrtaTs inputFile

istream_iterator<char>()): /7 v fileData.

Teneps Bce cuMBob inputFilte komupyiotcs B fileData.

KpoMe Toro, Mo3KeT BBISICHUTBCH , YTO KONHPOBAHHE IPOUCXOAMT He Tak GhICTPO, Kak
Bam xoresoch 6b. DyHKINY operator<<, 0T KOTOPBIX 3aBUCHT pafoTa istream_iterator,
HPOH3BOAAT (POPMATHELX BBOJ, & 9TO O3HAYAET, YTO KAXKAbIH BBI3OB CONPOBOMIAETCH
MHOTOYMCIEHHBIMHY CAyxeOHbiMu onepanysiMH. OHH A0/KHB CO37aTh ¥ YHHYTOXKHTD
Oﬁ'bEKTbT sentry (CI'IEL[I’I'cUlbllbIe 06’1:61('1'[:[ TMOTCKOB BBOZa-BHIBOAA, BRITIOJIHAKIINE Ha-
yaNLHBIE ¥ 33BEPIIAICIIHE OTIEPALMH MPH KAKIOM BH30BE operator<<); OHH AOJMKHEI
POBEPUTh COCTOAHUE (PJIAroB, BAMAIOIMX Ha UX paboTy (Takux, kak skipws); OHM A0/K-
HBI BRITIONHUTD JOCKOHANBHYI0 NPOBEPKY OMKOOK YTEHHs], @ B Cydae oOHapyKeHHs
KakpXx-1H00 IpobIeM — IPoaHATH3UPOBATE MACKY MCKIIOYCHHIE TIOTOKA H ONPEAe/HTS,
HYXXHO JIM MHUOHUHPOBATh HCKJIIOUEHHE, Bee NepedIuCIeHHbIE ONIEPAIMH ,;I[GI:ICTBHTEJ‘IB-
HO BaXXHKHI IpH (QOPMATHOM BBOJE, HO €CJIM BalI{ IIOTPeOHOCTY OTPaHHYHBAIOTCSH YTe-
HHEM CJIEAYIOLIETO CHMBOJIA U3 BXOLHOTO TIOTOKA, 6e3 HUX MOXKHO 060MTHCS.

Bonee acpexTurHOE pemrende 0CHOBAHO Ha MCMONB30BaHHH HETIPUMETHOTO HTe-
paTopa istreambuf iterator. MTepaTopel istreambuf_iterator paGoTaoT aHAJIOTHYHO
jstream iterator, Ho ecniu 0OBEKTHI istream iterator<char>YHTaT OTAENBHEIE CUMBO-
JIEl U3 BXOJIHOTO TIOTOKa OTIEPATOPOM <<, To 00beKTHl istreambuf_iterator obpamawres
npaMo K Oyepy MOTOKa ¥ HEOCPEACTBEHHO YHTAKT CReAymKi CHMBOI (BBIpaKa-
ACh TOYHee, 06BeKT istreambuf_iterator<char>uMTaeT creAyoUM i CUMBOJ H3 BXOAHO-
ro oToKa s BeI30BOM s.rdbuf() ->sgetc()).

[Tepeiitu Ha Wcronb3oBanue istreambuf_iterator mpu yreHun daitra Tax mpocro,
uto gaxe nporpammuct Visual Basic caenaer aTo co BTOpO# MOMBITKH:

ifstream inputFile{"interestingData.txt");

string fileData(istreambuf_iterator<char>(inputFile)).

istreambuf_iterator<char>()):

Ha aT0T pa3 cOpaceiBaTh ¢uiar skipws He Hy»kHO, HTeparopkrl istreambuf_iterator
HHKOT/[A He TIPOTIYCKAI0T CHMBOJIBI IIPU BBOAE U HPOCTO BO3BPALIAIOT CIEAYIOUHI CHM-
Bou u3 6ydepa.

ITo cpaBrenuIo ¢ istream_iterator 9T0 IPOUCXOAHT OTHOCUTENBHO 6sicTpo. B mpose-
AEHHBIX MHOIO IIPOCTEHIINX TeCTaX BLIMIPBIII TI0 CKOPOCTH A0CTHTAT 40%, XOTS B BalleM
caydae nudpel MoryT ObITh APYTHMMH, He yausisiitech, ecan 6sicTpoaeiicTBHe OyaeT
pacTH CO BpeMeHeM; UTePaTophl istreambuf_jterator HACENSIOT OAMH U3 3a0POIIEHHBIX
yronkos STL, ¥ aBTopbI peau3auii enle HeTOCTATOYHO N03a60THIHCE 00 X ONMTHMH-
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saimu, HanpuMep, B MOMX NPHMHTUBHBIX TECTaX HTEPATOPhI istreambuf iterator ox-
HOH U3 peaym3anuit paboTann Bcero Ha 5% GvicTpee, yeM istream iterator. B Taxux
peanuzailuAX 0CTaeTCs IMPOKUIA NpocTop AJtA onTHMHU3anuH istreambuf_iterator.

Ecnu BbI JtaRKMpYeTE YMTATh U3 OTOKA 10 OAHOMY CHMBOJY, He HY KAaeTecCh B cpeil-
¢TBax (POpPMATHPOBAHKSA BBOJA M CiieluTe 32 3(h(heKTHBHOCTDIO BHIIIOJHAEMBIX OTIEpa-
IHiH, TPH JIMIIHUX CUMBOJIA HA HTEPATOP — He TaKas YK J0porast [1eHa 3a 3aMeTHBIH PocT
6picTponelicraus. IIpu HedhopMaTHOM HOCKMBOJIBLHOM BROAE BCETAA PACCMATPHBATE
BO3MOKHOCTB IPUMEHeHHA istreambuf_iterator,

Pas yx peds 3amna o 6ydepusopaHHbIX UTepaTopax, ClenyeT YIOMAHYTh 1 06
ucnosib3oBaHuK ostreambuf_iterator npn HedopMaTHOM HOCHMBOABHOM BhIBOJE. 1o
CpaBHEHHMIO C ostream iterator mTepaTopsl ostreambuf iterator o6aazaloT MEHBUIUMH
3aTpataMu (PH MEHBNIMX BO3MOXKHOCTSIX ), IO3TOMY OGBIYHO OHM TIPEBOCXOLAT HX 110
agexTHBHOCTH,



ANropuTMbl

B ravane rnasml 1 s ynoMuHan o ToM, YTO IbBHHAR A0 penyTanun STL cea3ana ¢ xoH-
TeitHepaMu, H 3To BriosHe o6bAcHEMO. Konrelinepn! o6iazalor Maccoit JOCTOMHCTB
YIPOILRIOT MOBCEAHEeBHYIO paboTy Hecuuciennblx iporpammuctos C++, Ho u anropur-
Mel STL Toxxe mo-ceoeMy 3aMedaTesIbHEL 4 B TOH Xe crenesu ob/eryaior OpeMst paspa-
6orynka. Cywecreyer 6ostee 100 alropuT™MOoB, H BCTpeYaeTcsl MHEHUE, YTO OHH TPEo-
CTABJISIOT MPOrpaMMHUCTyY Golee THOKuMIT MHCTPYMEHTApHI 110 CPABHEHHKIO C KOHTEHHepaMu
(KoTopuIx BCero-T0 BoceMbl). BoaMoXHO, HEAOCTATOYHOE IPHMEHEHHE AJNTOPHTMOB
OTYaCTH ¥ 0OBSCHAETCA HX KOJmdecTBOM. PasoOpaTecs B BOCBMH THIIZX KOHTEHHEPOB
npoure, yeM 3alOMHUTH HMeHa H NIpeIHA3HAYeHHe MHOTOYHCIEHHLIX aJITOPATMOB.,

B s10ii r1aBe s mocTaparck pelInTh ABe OCHOBHEIE 33laun. Bo-TepBhIX, A MpecTas-
JII0 HEKOTOPble MAJIOM3BECTHBIE AITOPUTMBL H MOKAXKY, KaK C UX MOMOIIBIO YIPOCTUTD
cebe xu3ub. He GecriokoiiTech, BaM He IPKAETCA 3alIOMEHATD IJIMHHBIE CTIMCKK HMEH.
ANTOpHTMBI, NpeACTaBIEHHBIE B 3TOMH T71aBe, NpeAHAZHAYEHbI AJI5 PelleHH HOBCETHED-
HBIX 33124 — CpPaBHeHHe CTPOK 6e3 yuera PeTHCTpa CUMBOJIOB, 3 hEKTURHBIN MOHUCK N
06BeKTOB, B HauGoJBLIEH CTEMeHH COOTBETCTBYIOIMX 3alaHHOMY KpHTepHIo, 0606 1me-
HHE XapaKTePHCTHK BeeX 0OBCKTOB B 3alAHHOM MHTEPBaJe H HMHUTALUsA copy _if (aro-
puTM M3 HeXoAHOoH peanusanun HP STL, nckioueHHBIN B Ipo11ecce CTaHAAPTH3AIMH ).

Bo-BrophIx, 51 Hayuy Bac n3feraTs CTaHAAPTHHIX OMHOOK, BO3HUKAIONIMX MpH pabo-
T€ ¢ anropuT™MaMu. Hanpumep, IpU BBI30BE alTCPHTMa remove U ero POACTBEHHHKOB
remove_if 1 unique Heo6X0AUMO TOYHO 3HATH, YTO ITH AITOPUTMBI AENAIOT (K YeTO OHH
He AenaioT). JlaHHOe MPaBHIIO 0COOEHHO AKTYATHHO IPH BHI30BE Memove I KHTepBa-
Ja, cofepxaiero ykazarean. Muorue aaropurmsl paboTaioT TOMBKO € OTCOPTHPO-
BAaHHBIMH KHTEPBaJIaMH, ¥ IPOTPAMMHCT A0JLKEH MOHUMATH, YTO 3TO 34 AJTOPHTMBI
H noyeMy JUIA HUX YCTaHOBIEeHO NMoAoGHoe orpannderne. Hakorell, oHa u3 HauOonee
PacnpocTpaHeHHBIX OUIMGOK, ACMYCKaeMbIX [IPH paboTe ¢ ATOPUTMAMH, 3aKII0YAETCS
B TOM, 4T0 IIPOIPAMMHCT HPe/JIaraeT aITOPUTMY 3allHCATh Pe3yIbTaTH CBoell paboThl
B HECYLIECTBYIOLIYIO 06J1aCTh MaMATH. S MOKasKy, KaK 3TO NPOMCXOAMUT M KaK MpPeAoT-
BPATHTD 3Ty onrubKy.
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B03M0XKHO, K KOHILY T7IaBHI BB U He OyZeTe OTHOCHTBCA K ITOPHTMAM C TeM XKe
3HTY3HA3MOM, C KOTOPBIM OGBIYHO OTHOCATCH K KOHTelHepaM, HO N0 KpaiiHeil Mepe
6yaeTe yale NpUMEHATH WX B CBoell pabore.

Coset 30. Cneaure 3a TeM, 4T06b! NPUEMHDIA
NMHTEpBan UMen AOCTaTOYHbIA pa3sMep

Kowuretinepst STL anToMaTHYeCKH YBENTHYMBAIOTCS € A0OABJIEHHEM HOBHIX OOBEKTOR
(byuxumuamu insert, push_front, push_back u T. x.). ABTOMarudeckoe H3MEHEHHE Pa3Me-
POB Ype3BhIYAHO YAOOHO, H Y MHOTHX NPOTPAMMHCTOR CO3AAeTCS JIOKHOe BHevaTie-
HHE, YTO Komeﬁﬂep caM 060 BceM TI03a00THTCS B UM HHUKOTAa HE TIPHMAETCA CHIeIUTh 3a
Ha/myueM cBoboanoro mecra. Eciu 6ol Tax!

[Ipo6eMEl BOHHKAIOT B CHTYAIlHH, KOTA2 MIPOrPAMMUCT dyMdem o BCTaBKe 0Obek-
TOB B KOHTeliHep, HO He coobmaer o cBoux MBICIAX STL. TunuaHbii npuMep:

int transmogrify(int x):  // ®yHKUMA BBIYMCNAGT HEKOE HOBOE 3HA4EHWE
// no nepepaHHoOMy napaMerpy X

vector<int> values:

. // 3ancnHeHne BeKTOpa values AaHHMM

vector<int> results; // NpumennTs transmogrify K Haxpomy o6bexTy
transform(values.begin(), // BexkTopa values k NPUCOENMHMTL BO3IBPALFEMLIS
values.end(). // 3Ha4enra K results.
results.end, // OparMeHT COAepHdT OWMOKY!
transmogrify):

B npusegennom nipuMepe anroput™ transform rostyyaer HHQOPMAIHIO O TOM, YTO
NpHeMHBIH HHTePBaI HaunHaeTcs ¢ results.end. C 310l NMO3UIKHK OH M HAYMHAET BbI-
BOJ 3HAYEHHH, MOJIyJeHHbIX B Pe3yJIbTATe BRI30Ba transmogri fy /s KKIOTO 3/1eMeHTa
values. Kak 1 BCe aTOPUTMBI, HCTIOBL3YIONIME MPHEMHBIE MHTEpPBAT, transform 3amu-
CBIBAET CBOM Pe3yJIbTaThl, MPHCBAaHBAsA 3HAYEHHUS dJIeMEHTAM 3a/laHHOTO HHTEpBaIa.
Taxum obpasom, transform Bezoser transmogrify ans values[0] i IPHCBOKT pe3ybraT
*results.end(). 3aTeM pynKuusa transmogrify BeI3biBaeTCA A1 values[1] ¢ mprcBauBa-
HHeM pesysibTaTa *(results. end()+1). IIpoucxoaur kaTacTpoda, TOCKOABKY B NO3ULHN
*results.end() (u Tem Gosee B *(results.end()+1)) xe cywecmsyem obvexmal Beizo
transform HeKoppeKTeH M3-3a MONBITKH MDHCBOMTH 3HAYEHHE HECYNIECTBYIONIEMY
obbexry (B coBere 50 00BACHAETCS, KaK OTa/iodHas peatusanus STL mossoaut o6Ha-
PYXHTB 9Ty IpobiieMy Ha CTa/Iu{ BBITOJHCHHS ),

Honyckaa nogofHyio omnOKy, IPOrpaMMECT [OYTH BCETIa PAaCCYKUTHIBAET HA TO, UTO
PE3YJIbTAThl BHI30BA AITOPUTMa GYAYT BCTABJICHL! B MPUEMHBIH KOHTeliHEp BEI30BOM
insert. Ecxu BB XoTHTe, 4TO6H 3TO MPOM30MLJIO, TAK M CKaKUTe. B KOHue KOHIOB,
STL — Bcero smp 6ubanOTEKE, B YHTATD MBICIH el He moJioxKeno. B Hamem npumepe
3ajaya PEIaeTcsA NoCTPoeHeM HTepaTopa, ONpeAesAIomero HAYaI0 IPUEMHOTO HHTED-
Basa, BLI30BOM back_inserter:

vector<int> values:

transform(values.begin(), // MpumernTe transmogrify K Kawpomy

values.end(}. // obbexTy BekTopa values

back_inserter{results), // u jonucaTb 3HayeHus B KOHeL results
transmogrify):
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[Ipu ncnonb30BaHMM UTEPATOPA, BO3BPALIAEMOTO TIPH BBI30BE back_inserter, Bh3bIBa-
eTcs push_back, rosroMmy back_inserter MoXeT HCHOJIb30BATBCA CO BCEMH KOHTeHHEDaMH,
noepRuBamuMy push back (To ecTs co BCeME CTAaHAAPTHBIMH MOCNEA0BATEIBHBIMEI
KOHTeiiHepaMu: vector, string, deque 1 19st). Ecnu BBI ipeaniouuTaere, YTOOLI ANTOPUTM
BCTARBJIA 3JIEMEHTBI B HAUAI0 KOHTEHHEpa, Bocnioib3yiiTech front_inserter. Bo BHyTpen-
Heii peanu3anuu front_inserter ucnonnsyercs push front, nostomy front inserter pa-
HOTaeT TONLKO ¢ KOHTeHHEPaMH, TIOAEPKMBAIONIKMH 3TY (hyHKIRIO (To ecTh deque 1 Tist).

" // CH. panee

list<int> results: // Teneps ucnonbayercs

/1 KoWTeRHep Tist
transform(values.begin() . values.end(), // Pesaynbratu Bw3osa transform
front_inserter(results}, // BCTABAAKTCA B Havano results
transmogrify): // & oBparHoM nopagke

Iockonbky mpu Ucnons3oBanuy front_inserter HoBLIe a7IeMEHTHI 3aHOCATCS B Ha-
yao results dyHKuMei push_front, nopszok crenosanusi 06beKTOB B results Gyaer
o6pamHubiim IO OTHOILEHWIO K TOPSAKY COOTBETCTBYIONIHX 00BEKTOB B values. DTo nHilb
0J(Ha U3 TTPUYMH, TI0 KOTOPEIM front_inserter ucnosnssyercs pexe back_inserter. Ipy-
Tasi IPYMYMHA 3aKJI0YAETCA B TOM, YTC vector He moAxepxuBaeT push_front, mostomy
front_inserter He MOKeT UCNOJL30BATHCH C vector.

Utobs! pesynbratsl transform BeiBoAMINCH B Hagaste results, HO C COXpaREeHHEM 110~
pAKa CJIeIOBaHUS 2IEMEHTOB, J0CTaTOuHO nepefpaTs comepxumoe values B obpaTHoM
MOpsAIKE:

list<int> results; /1 Cu. panee

transform{values.rbegin(),values .rend(), // PeaynnTats sb3cea transform
front_inserter(results}, // BCTaBNAOTCA B Hayano results
transmogrify); // C COxpaHeHHeM UCXOQHOrO nopsAKa
Hrak, front_inserter 3acTaBisteT aTOPHTMEI BCTaBJSTh PE3YIbTAaThl CBOEH PaboTH
B Hayaslo KOHTefHepa, a back_inserter ofecneunBaer BCTABKY B KOHeIl KOHTefiHepa.
Briosive Ior4YHO NPEANONIOXKUTS, YTO inserter 3acTaBJsieT aAITOPUTM BLIBOAHTb CBOH
pe3yJbTATEl C TPCU3BOJIbHON MO3UIUH:

vector<int> values; /1 CH. panee
vector<int> results; // CM. panee - 3a WCKNOYEHMEM TOro, 4TO

// results Ha 3TOT DA3 COAEPHAT [aHHHE
// nepes sui3oscw transform.

transform(values.begin(}, // PeaynsTaThl Bw3OBa transmogrify
values.end(), // BBBOAATCA B cepefuHe results
inserter{results,.results.begin()+results.size()/2),
transmogrify):

Hesasucumo oT BeibpanHoii Gopmbr — back_inserter, front_inserter iu inserter —
0OBEKTBI BCTABJIAIOTCSA B IPHEMHBII HHTepBa 1o oaHoMy. Kax o6bscHsercs B coBeTe 5,
3TO MC3KeT MPUBECTH K 3HAYMTENIbHBIM 3aTpPaTaM Aisi 6JI0KOBBIX KOHTeliHepoB (vector,
string u deque), oxHAKO CPEACTBO, MPeAIOKEeHHOE B COBETe 5 (MHTEpBaIbHble (PyHK-
1IKH ), HENPHMEHHMO B TOM CJIy4ae, eCJIM BCTABKA BBINOMHAETCS aJIrOpUTMOM. B Hatem
npumMepe transform 3anyChiBaeT PE3YIbTAThl B IDHEMHBIE HHTEPBAJ O OTHOMY aJieMeH-
TY, K C 3TUM HHYETO He NoJesaellb.
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ITpu BcTaBKe B KOHTelTHEPH vector H string A/ COKpAIEHNUs 3aTPAT MOKHO MOCIe-
ZoBaTh COBETY 14 M 3apaHee BBI3BATH reserve. 3aTpaThl Ha CABUT 3JIEMEHTOB IIPH KaikK-
[oii BCTaBKe OT 5TOTO He HCYe3HYT, HO Mo KpaiiHeil Mepe BbI H30aBUTECH OT HEOOXOLH-
MOCTH TTepepacTpeie/ieHust TaMsITH KoHTeliHepa:

vector<int> values; // CM. paHee
vector<int> results;

results.reserve(results.size()+values.size()): // 06ecneyntsb Hanuume
// B BekTope results
// emkoctv ana value.size()
// aneMeHToB

transform{values.begin(), values.end(), /! To we, 4TO W panee,
inserter(results.results.begin()+results.size()/2), // uo 6e3 nuuwHnx
tranmogrify); // nepepacnpejeneHui naMaTw

ITpu ucnionb3oBaHUK QYHKUMM reserve A7 NOBHIIEeHUS s(pdeKTUBHOCTH cepHU
BCTABOK BCETAA MOMHUTE, YTO reserve YBeTHUHBAET TOJIbKO eMKocmb KOHTeIIHepa, a pas-
Mep ocTaeTcsi HenaMeHHBIM. JlaxKe Tiocsie BBI30Ba reserve ripu paboTe ¢ alropUTMOM,
KOTOpBII AOJKEH BKIIOYATh HOBBIE SJIEMEHTH B vector Mau string, HeoOXoauMo uc-
MOJIb30BATh HTEPATOP BCTaBKH (TO £CTh HTEPATOP, BO3BpalaeMBIi DY BLI30BE back _
inserter, front_inserter wiu inserter).

YT0o6BI 9TO CTaO ADCOMITHO SICHO, PACCMOTPHM 0uu6oUHbIE Y Th IIOBLILIEHHA 5¢-
(beKTHBHOCTH A1 NPHMepa, IPUBEAEHHOI0 B HaYaJle CoBeTa (C NPHCOEAUHEHHEM pe-
3ynbTaToB 06paboTKy 31eMeHTOB values K results):

vector<int> values; /1 Cw. panee
vector<int> results:

results.reserve(results.size()+values.size()); // Cu. panee

transform(values.begin(),values.end(), // PeaynbTaT BbI30BA
results.end(). // transmogrify 3anuceiBanTca
transmogrify): // B HEMHHUWANK3UPOBAHHYD

// namaTe; nOCneacTsuA
/7 HenpeacKalyemb!

B atoMm ¢parmente transforn B 615K EHHOM HEBEAEHNU MBITAETCA BbIOIHNTh PU-
cBaHBaHHe B HEMHHULUAIH3MPOBAHHON MaMATH 32 MOCKEHUM 3JIeMEeHTOM results.
O6br4HO MOXOGHELE TONBITKH IPHBOASAT K OLIMOKAM BPEMEHY BBITIOTHEHHST, IOCKOJILKY
orepanis NPHCBAaMBAHHS UMeeT CMBICH JIKNIb JUIst ABYX OOBEKTOB, HO He MeXy 00beK-
TOM K ABOHYHBIM 6JI0KOM C HEM3BECTHBIM cOZepKHMbIM. Ho faxe ecnu 3T0T KO/ Ka-
KHM-TO 00pa30M CIIPABMTCS ¢ 3aliauell, BeKTOP results He Hy/IeT 3HATh O HOBBIX «00HEK-
Tax», AKOOBl CO3AAHHBIX B €T0 HeHcnob3yeMolt mamsiTi. C TOYKH 3penust results
BEKTOp 10C/Ie BbI30Ba transform coxpaHser HpexXHUil pasMep, a eTro KOHeYHEH uTe-
paTop 6yAeT yKa3blBaTb Ha TY € HO3UI[MIO, HA KOTOPYK OH yKa3hlBaj /0 BBI30Ba
transform. Mopans? Hcnons3oBarue reserve 6e3 utepaTtopa BCTABKH NPUBOJMT K He-
NpeACKa3yeMbIM MOCIEACTBUAM BHY TDH AITOPHTMOB 1 HAPYLIEHHIO NeJOCTHOCTH AaH-
HEIX B KOHTelHHepe.
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B npaBuiibHOM pelreHME (QYHKIHS réserve HCIOoMb3YeTCsl B COYETAHHH C HTEPaTo-
POM BCTaBKHL:

vector<int> values: // CH. pauee
vector<int> results;

results. reserve(results.size()+values.size()); // Cu. pauee

transform(values.begin(), values.end(), // PeaynsTaTel Bbi30Ba
back_inserter(results), // transmogrify 3anuceBanTCA
transmogrify); // 8 KOHey BeKTopa results
// 03 nvwHUX nepepacnpepenaHui
// NaMATH

Jlo HacToAIEro MOMEHTA TIPEAIOIAranoch, YTO AITOPUTMEI (Takue Kak transform)
3aTMCHIBAIOT Pe3yNbTAThl CBOeH paboTH B KOHTEHHEP B BHAE HOBBIX 3JIEMEHTOB. JTa
CHTYaIMA ABAETCs Haubojiee pacpoCTPAHEHHOM, HO MHOIAA HOBHIE AaHHbIe TpebyerT-
Csl 3aMHCATh MOBEPX CyIecTByOmMMUX. B Takux ciyyasx ureparop BCTABKM He HYKeH,
HO BBl J0JDKHDBI B COOTBETCTBHH C ZAHHEIM COBETOM IIPOCTIEAUTH 32 TeM, 4TOOH! MpHeM-
HEIH HHTEpBa ObLI JOCTATOYHO BEJIHK,

JonycTiM, BbI30B transform HoJiKeH 3aNUCHBATEL Pe3yILTATH B results mosepx
CYLEeCTBYIOLIUX 31eMeHTOB. ECIH KOMHYeCTBO 31eMEeHTOB B results He MeHbIIe HX KO-
JIBYeCTBa B values, 3a1a4a pemaeTcsi mpocto. B mporusroM cirydae npuaercs o Boc-
MOJIb30BaThCs QYHKIIHEH resize 1A NpHUBeAeHHS results K Hy>XHOMY pasMepy:

vector<int> results;

if (results.size(}<values.size()){ // Y06eanutbCa B TOM, 4TO pa3Mep
results,resize(values.size()): // results no kpaiineli mepe
} // He NeHblie paiMepa values
transform(values.begin(},values.end(),  // Nepesanucato nepssie
back_inserter(results). // values.size() anevenTod results
transmogrify);

JHO0 OUHCTHTD results U 3aTeM HCIOILE30BAT HUTEPaTOpP BCTaBKH CTAHZAPTHBIM crocobom:

;esmts.c'lear{): /1 YpanuTes u3 results BCe aneMeHT:

results.reserve(values.size()}): // 3apelepsupoBaTh NaMAThb

transform(values.begin().values. end(}, // 3aHECTH BHXOOHBIE A&HHbIR
back_inserter(results). // transform B results
transmogrify).

B panroM coBeTe GBLIO MPOAEMOHCTPUPOBAHO HEMAJIO BapHAllMi Ha 3aJaHHYIO
TeMy, HO S HaJIeIoCh, YTO B MaMATH Y BaC OCTaHeTCsI OCHOBHas Menofust. Kaxasnit pas,
KOIJa BBl HCIO/Ib3yeTe AITOPHTM, TpeOyIOIuii onpeae/ieHUs IPHEMHOTO HHTEPBAIA,
n03ab0ThTECE O TOM, YTOOBL IPHEMHEIH MHTEPBAMI UMeJ JOCTATOYHbIE PA3MEpPhl HIIH
ABTOMATHYECKH yBeJIMIHBAICH BO BpeMs paGoTsl aropurMa. Bropoil Bapuant peann-
3yercs MpHu MOMCIIH HTEPATOPOB BCTABKH — TAaKHX, Kak ostream_iterator, miu Bo3Bpa-
ImaeMBIX B pe3yJbTaTe BHI30Ba back_inserter, front_inserter u inserter. BoT u Bee,
0 yeM HeoGXOAKUMO IIOMHUT.
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Coset 31. [TOMHUTE O CYLLECTBOBaHUN Pa3HbIX
CpeacTs COPTUPOBKU

Koraa peub 3axoquT 06 ynopsiodeHun 06beKTOB, MHOTHM TIPOrPaAMMUCTaM NPHXOLUT
B TOJIOBY BCETO OAMH AITOPHTM: Sort (HEKOTOpbIE BCIOMMHAIOT O gsort, HO ToCe Npo-
yTeHus coBeTa 46 OHM pacKauBalOTCS W BO3BPAINAIOTCS K MBICIISM O SOrt).
JlecTBHTENBbHO, Sort — NMPeBOCXOAHBIN ANTOPHTM, OAHAKO NOJHOUEHHAs COPTH-
poBka TpeGyercs Jatexo He Bcerfa. HanpuMep, ecii y Bac uMeeTcs BeKTOP 06beKTOB
Widget u Bl xoTuTe 0TOOpaTh 20 «IyYIIHX» 06BEKTOB € MAKCHMAIBHBIM PAHIOM, MOXK-
HO OTPAHHYMTHCS. COPTHPOBKOIA, MO3BOJIsIIONLE BBIABHTE 20 HYKHBIX 0OBEKTOB M OCTa-
BHTDb OCTANBHE e 06BEKTH HECOPTHPOBAHHBIMHY, 3alaua HA3bIBAETCA JACTHYHOH COPTU-
POBKOW, H IJIS €€ PelleHus] CYIIECTBYeT CIellHaIbHbIH anropuTM partial_sort:

bool qualityCompare(const Widget& Ths, const Widgetd rhs)
// BepHyTb NpH3Hak cpaBHenua aTpubyTos quality
// obvektos Ths n rhs

}

partial_sort(widgets.begin(). // PasmecTuTe 20 3neMeHTOB
widgets.begin()+20, // C MaKCHMAmbHbIM DAHTOM
widgets.end(}. // B Hayane BekTopa widgets

qualityCompare);
/7 Venons3osanue widgets

ITocne se13oBa partial_sort mepstie 20 aneMenTOB widgets HaxoAsATCS B HAUAe KOH-
TeiiHepa U PacIoNIATal0TCs 110 OPSAKY, TO ecTh widgets[0] copepxut Widget ¢ Haubosb-
UM padroM, 3aTteM cieayer widgets[1] u T. A.

Ecnu et xoTHTe BEiAETHTD 20 06beKTOB Widget u nepeaars ux 20 K1MeHTaM, HO TIPH
ITOM BaC He HHTEPeCyeT, KaKoil 06beKT OyAeT IepeiaH TOMY WIH HHOMY KJIMEHTY, Jaxe
anropuTtM partial_sort npeBHIIaeT peanbHble MoTpebHOCTH. B onucanHoil curyanun
Tpebyercs BbiaesuTh 20 «iyummx» 06bexToB Widget ¢ npoussorsiom nopsadxe. B STL
HMEeTCsl ANITOPUTM, KOTOPHIH pemiaeT HMEHHO 3TY 3a7a4Yy, OAHAKO €r0 UM BhITIAUT
HECKOJIPKO HEOXHIAHHO — OH HasbiBaeTcs nth_element.

Anropur™ nth_element COpTHpYET HHTEpPBAI TAKHM 00pa30M, 4TO B 3aJaHHON BaMU
NO3HI[MH N OKA3BIBAETCS MMEHHO TOT 3JIEMEHT, KOTOPEIt 0Ka3anca 65l B Hell npu nios-
HOH COPTHPOBKe KoHTeiiHepa. KpoMe Toro, mpH Beixoe u3 nth_element HE OAMH H3 371€-
MEHTOB B MO3UIIKAX A0 N He HAXOAUTCH B MOPA/IKEe COPTUPOBKH MOC/E aNeMeHTa, Haxo-
ASIIErocs B TIO3KIMH N, @ HY OXHH B3 3/IeMEHTOB B IIO3UIIKAX TIOCJIE N He NTPelecTByeT
eMeHTy, HaXOAAleMycs B Mo3uuuu n. Eciu Takas GdopMyiHpoBKa KaXKeTCsT CJIHIL-
KOM CJIOXKHOH, 3T0 06BSACHAETCA JHIIL TEM, YTO MEE IPHXOAKIOCH TIIATEAEHO IoA0H-
path cj0Ba. Bekope st 0OBsACHIO MIPUYMHEDBL, HO CHAYAIA MBI PACCMOTPHM [IPHMED HC-
nosb30BaHus nth_element At mepeMemenust 20 «ayymuxs» o6bexTos Widget B Havano
KOHTeliHepa widgets:

nth_element (widgets.begin(). // NepeweCTuTe 20 «Ay4WHX»> INESHEHTOB
widgets.begin()+20, // B na4ano widgets
widgets.end(). // B NpOM3BONBHOM NODPAAKE

qualityCompare};
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Kax BuauTe, BBI30B nth_element npakTHYECKH He OTIHYaeTCs OT BbI30Ba partial_
sort. EAMHCTBEHHOE PA3IHYHE 32KII0YAETCA B TOM, 4To partial_sort copTupyeT sjeMeH-
ot B no3unuax 120, a nth_element storo ne Aenaer. Bupouem, o6a anropurma nepeme-
wawT 20 oObexToB Widget ¢ MaxcUManLHbIME 3HAYEHHAMH PaHIa B HAYAI0 BEKTOPA.

Bo3HUKaeT BaXXHLIA BONPOC — YTO AeNal0T 3TH AJITOPUTMEI AJIS 3JIEMEHTOB C OJlH-
HAKOBHIMH 3HadeHHAMH aTpubyTa? [IpeanosoxuM, BeKTOp CONEPKHUT 12 s1eMeHTOB
¢ paurom 11 15 anemenTop ¢ panrom 2. B s1om cayuae BbiGopka 20 «/yummxs ofbek-
ToB Widget Byaer coctoaTh U3 12 06bexToB ¢ parroM 1 u 8 us 15 obbexToB ¢ parrom 2.
Ho kak anroputmsl partial_sort u nth_element onpenesnsior, Kakue u3 15 06seKTOB Clle-
LyeT 0ToOpaTh B «BEPXHIOK ABAAUATKY»? W Kak anroput™ sort BEIOUpaeT OTHOCHTENDb-
HEIH TIOPALOK Pa3MeENeHUs JIEMEHTOB [1PH COBNafieHHH PaHTOB?

Anroputmser partial_sort u nth_element ynopsao4uBaoT SKBUBAIEHTHbIE 3JIeMEH-
TBI 110 CBOEMY YCMOTDEHHIO, U CAEJATH C 9THM HKYETOo HelIb3s (MOHATHE 9KBUBAIEHTHO-
cru pacemarpuBaeTcst B coBere 19). Korma B mpuBeaeHHOM npuMepe BO3HHKAET 3a7a4a
3anoiHenus o6bexTamu Widget ¢ padrom 2 BOCEMH MOC/EHHX HO3HIMI B «BepXHel
ABa/IIATKE», AMTOPUTM BhlOepeT Takue 0GbEeKThl, KaKHe CoYTeT HyKHBIM, Bripouewm, Takoe
nosefeHue Briojte pasymuo. Eciu Bel 3anpamusaere 20 «1y4mmx» 06beKTOB Widget,
a HEKOTOPBIX 0O'BEKTHI PABHBL, TO B Pe3yJIbTaTe BO3BPaIIeHHble 06BEKTH GYAyT 0 Kpaii-
Heii Mepe <He Xyke» TeX, KOTOPble BO3BPAMIEHbI He GBI

[TonHOUEHHAS COPTHPOBKA 00JIaaeT HECKOJIBKO GOMBIINME BO3MOKHOCTAMHU. He-
KOTODBIE ANTOPHTMBI COPTHPOBKE cnabuasist. [Ipu cTabHIBHOR COPTHPOBKE ABa 3KBH-
BaNIEHTHBIX DJEMEHTA B UHTEPBAJIE COXPAHSIOT CBOM OTHOCHTE/IBHEIE TIO3HIIHH ITOCJIE
copruposku. Takum o6pasowm, ecu Widget A npexmectsyer Widget B B HecopTupoBaH-
HOM BeKTope widgets W IpH 3TOM pPaHTH ABYX 06BEKTOB COBIMAAAIOT, CTAOMJIBHBIN AJro-
PHTM COPTHMPOBKY rapaHTHPYET, YTO [OCJIe COPTHPOBKH Widget A no-npesxxnemy Oyaer
npexuiecTsoBarth Widget B. HecTabunbHeril a1roput™ Takoi rapaHTHH He A2€T.

Anropurym partial_sort, kak m anropuTM nth_element, cTabHIBHEIM He ABJSAETCH.
AropuTM sort Takxe He 061a1aeT CBOMCTBOM CTabM/ILHOCTH, HO CYIIECTBYeT CIEilU-
aNbHbIH aNTOpUTM stable_sort, KOTOPBIH, Kak CreayeT U3 er0 Ha3BaHUA, ABISETCS CTa-
OunbHbIM, [1py HEOGXOAMMOCTH BEIIIONHUTE CTAOHIBHYI0 COPTHPOBKY, BEPOATHO, CJIe-
AyeT Boctonb3oBaThes stable_sort. B STL He BxoasaT crabunbible Bepcus partial_sort
u nth_element.

CrnexyeT 3aMETHTh, YTO aJIrOPUTM Nnth_element upeasruaiino yHusepcared. [lomumo
BBIZIENIEHMS N BEPXHHUX DIEMEHTCB B MHTEDBAJIE, OH TAK)Ke MOJKET HCMONb30BAThCA AJIS
Bb[UHCICHAS MeIUAHLI IO HHTEPBAIY H TIOHCKA 3HAYEHUsI KOHKPETHOTO NpoleH TS

vector<Widget>: :iterator begin(widgets.begin()}): // BCnoHOraTencHue NepeHeHHLe
vector<iWidget=>::iterator end(widgets.end()): // ONA HAYanbHOTO M KOHEYHOTO
// vrepatopos widgets

vector<Widget>:.iterator goalPosition; // WrepaTop. ykasuBawwui Ha
// wHTepecyiouuid Hac obbekT Widget
// Cnenyounih HparmeHT HaxopwT Widget ¢ padrom median

goalPosition = begin + widgets.size()/2; // HysHuii OBLEKT HaxoAWTCA
/1 B cepejuHe OTCOPTUPCBAHHOMO
// BeKTOpa

' Tepmuk ynoTtpebasiercs B cTaTHCTHKe. — fTpumeu. peo.
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nth_element(begin,gealPosition.end, // Haittu panr median 8 widgets
qualityCompare);
/7 goalPositicn Tenepe yKa3wsaer
// wa Widget ¢ paurom median
// CrepyowMid dparmedT HaxoauT Widget ¢ yposHer 75 npoueHTunei

vector<Widget>::size_type goalOffset = // BbMMCNATE YN3NEHWE HYKHOTO
0.25*widgets.size(}: /7 obvexTa Widget ot vayana

nth_element{begin.begin+goalOffset.end. // HafiTn paur s
qualityCompare); // begin+goalOffset Tenepw
// yra3wsaer Ha Widget
// C ypoBHeM 75 npoueHTunei

AunropuTM™H sort, stable_sort u partial_sort xopoio MOAXOAAT AJS YIOPSACUHBA-
HHS DE3YJIBTATOB COPTHPOBKH, a AIrOpUT™ nth_element pemraeT 3azady uaeHtuduka-
LHH BEPXHHX N 3JIEMEHTOB HJIH 3JIEMEHTA, HAXOAAILETOCs B 33laHHON no3unuu. FHor-
Ja BO3HUKAeT 3ajlada, 6JIH3Kasd K alropuT™y nth_element, HO HECKOJIBKO OTIHYAIOIIASACS
or Hero. [Ipeanonoxum, BMecto 20 o6bekToB Widget ¢ MAKCHMANBLHBIM PAHTOM TOTpe-
GoBanoCh BEIAEIUTH Bee 00beKTH Widget ¢ panrom 1 uim 2. Koneuno, MOXHO oTCOp-
THPOBATh BEKTOP IO PAHTy H 3aTeM HAlTH IePBHIH 3JeMeHT ¢ PAHTOM, GOJBLINM 2,
Haiiaennsiit ameMeHT onmpeaesser HAYAIO HHTEPBAIA ¢ 0ObeKTaMu Widget, padr KoTto-
PHIX IIpeBHILIAeT 2,

[onnas coprrposKa notpebyet 601bmoro 065eMa paboThl, COBEPIIEHHO HEHYKHOIT
AJisL HocTaBieHHOH Hes. Bosee pasyMHoe pellieHre 0CHOBaHO HA MCTIONb30BAHHH -
ropuT™a partition, ymopsaaoyuBammero sJeMEHThl HHTEPBAIA TAK, YTO BCE HJEMEHTH,
YACBJIETBOPSIOIIHE 3aTaHHOMY KPHTEDHIO, OKa3BIBAIOTCS B HaYajle HHTEPBAJIA.

Hanpumep, Ans nepemerenus Bcex o6bekToB Widget ¢ panrom 2 u 6oJiee B Hayaso
BeKTopa widgets onpegensercs byHKIUA HAeHTH(HKALTHH:

bool hasAcceptableQuality(const Widget& w)

// BepHyTb pe3ynbTaT MpPOBEPKM TOTD. WMEET N OGLEKT w paHr Gonsue 2

}

3areM 3Ta QYHKUMS epeJaeTcs IPH Bbl30Be partition:

vector<Widget>::iterator goodEnd = // MepemecTuts sce obvexTs Widget,
partition(widgets.begin(), // YNOBNETBOPAKMME YCNOBUIG
widgets.end(), /! hasAcceptableQuality. 8 Hauano
hasAcceptableQuality): // widgets u BepHyTs utepatcp
// Ana nepeoro ofbekTa,
// He ynoBneTesOpAklUero YCnoswie
ITocne BpizoBa uHTepBan oT widgets.begin() Ao goodEnd comepHT Bce OOBEKTHL
Widget c panirom 1 u 2, a nHTepBan o1 goodEnd a0 widgets.end() coaep:ut Bce 06BEKTH
Widget ¢ 6osbumnMu 3aHavenusiMu panra. Eciau 661 B nponecce aeenusa noTpe6oBaioch
COXpaHUTh OTHOCHTEJIbHBIE NMO3NIHM 06beKTOB Widget ¢ SKBHBANEHTHBIME DAHTAMH,
BMECTO allTopuTMa partition cyiefosaso 6bl Hcnob30BaTh Stable_partition.
AnropuTMmbl sort, stable_sort, partial_sort u nth_element paGoraloT ¢ utepaTopamu
TPOM3BOJILHOIC AOCTYIIA, MO3TOMY OHH NPMMEHHMEI TOJBKO K KOHTelHepaM vector,
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string, deque 1 array. CopTHpoBKa 3JIeMEHTOB B CTAHAAPTHBIX aCCOIIMATHBHBIX KOHTel-
Hepax 6ecCMBICIEHHE, TIOCKOJIBKY 3TH KOHTeiHephl aBTOMAaTHYECKH XPAaHATCA B OTCOP-
THPOBAHHOM COCTOAHUM Onarofapst cobcTBeHHbIM GyHKUHAM cpaBHeHuA. ExuncTaen-
HBIM KOHTEHHEPOM, K KOTOPOMY X0TeIoch OBl TPHMEHHTD AIrOPUTMBL Sort, stable_sort,
partial_sort u nth_element, Asiserca KouTeliHep 1ist — K coXkalleHHIO, 3T0 HEBO3-
MOXKHO, HO KOHTelHep 15t 0TYACTHM KOMIEHCHpYeT 3TOT HeJocTaTok PyHrKnuelh sort
(unTepecHas TOAPOGHOCTD: Tist::sort BHIOMHSET CTabUIBHYIO COPTUPOBKY). Ta-
KMM 00Pa3soM, IOJAHOLEHHAA cCOPTHPOBKA 115t BO3BMOMKHA, HO AITOPHTMHL partial_sort
u nth_element NpUXOANTCA HMUTHPOBATE. B oaHOM U3 Takux 06X0AHBIX peluenuil aJie-
MEHTEI KOTIMPYIOTCS B KOHTeHHep ¢ HTepaTopaMH MPOU3BOJIBHOTO AOCTYIIA, MOCJIE YE€T0
HYKHbIH &/ITOPUTM TIPUMEHSETCS] K aTOMY KoHTeltHepy. /[pyroe 06XoAHoe pelteHune 3a-
KJII09aeTca B CO3ZAHUH KOHTelHepa, comepkautero 1ist: : iterator, npuMeHeHHH alTo-
PHTMa K 3TOMY KOHTEHHEDY U NoCenyiouieMy o6palieHHIO K 3JIeMeHTaM CIIMCKA Yepe3
HTepaTopil. TpeTke pelreHre OCHOBAHO Ha HMCHOJb30BAaHMH MHQOPMALMM YIOPAAO-
YeHHOro KOHTeitHepa urepaTopos A uTepaTHBHOM Bpe3ku (splice) aseMmeHToB list
B HY»KHOi nosuuun. Kax Buaure, BHOOp A0CTATOYHO WIMPOK.

AsropurMmsl partition u stable_partition oTamualorcs o sort, stable_sort, partial_
sort 1 nth_eTement TeM, YTO OHH PaGOTAIOT TOJNBKO € ABYCTOPOHHHUMH HTEPATOPAMM.
Takum 06pa3oM, ITOPHTMEI partition u stable_partition MoryT HCMOJIB30BATECS € JIIO-
6bIMHU CTAHAAPTHBLIMH MOC/IeA0BATEIBHBIMH KOHTEHHEPAMH.

IMoaseaeM KpaTKuit HTOr BO3MOXHOCTER H CPEACTB COPTHPOBKH.

o llomuas copTHpoBKa B KOHTEHHepax vector, string, deque u array: aTTOPHUTMEL
sort u stable_sort.

* BrigeseHue n HAYATBHBIX 2JIEMEHTOB B KOHTeHHepax vector, string, deque 1 array:
anroput™ partial_sort.

o  HMpuenTucduxaiusa n HayaabHBIX 37EMEHTOB WIH 37ieMeHTa, HaX0AAIWerocA B Mo-
3WIMK N, B KOHTEHHEpax vector, string, deque u array: aroput™ nth_element.

¢ PasjeneHne ssleMeHTOB CTAaHAAPTHOTO MOC/IEA0BATEIPHOIO KOHTEHHEpa Ha YA0B-
JIETBOPSIONIKE U He YAOBJETBOPAOIIHE HEKOTOPOMY KPHTEPHIO: aITOPHTMAI
partitionu stable_partition,

e Konreitnep 1ist: anropurmsl partition u stable_partition; BMecTo sort u stable_
sort MOKeT HeTioTb30BaThes 11st: 1 sort. AsropuT™b! partial_sort waum nth_element
NPUXOAUTCA UMHTHPOBaTE. CyIIecTByeT HECKOIBKO BAPHAHTOB HX PeaH3allHH,
HEKOTOPbIE U3 KOTOPBIX OGBbIIIH HPEACTABIEHB] BBIIIE,

YT106bI JAHHBIE TOCTOSTHHO HAXOAUJIMCh B OTCOPTUPOBAHHOM COCTOSIHHUH, COX PaHH-
T€ UX B CTAHAAPTHOM aCCOIHATHBHOM KOHTelHepe, CTOHT TaKiKe PaccMOTPETh BO3MOXK-
HOCTb HCIOJIb30BAaHUA CTaHAAPTHOTO KOHTeliHepa priority_queue, ZaHHBIE KOTOPOTO
TOXEe XPaHATCS B OTCOPTUPOBAaHHOM BuAe (KOHTeliHep priority queue TpajHiiHOH-
Ho cuuTaerca dacteio STL, Ho, Kak yIOMHHANIOCH B IIPEMCIIOBHH, B MOEM ONpee-
JeHuH <koHTelinep STL» Jo/mKeH moaxepKuUBaTh HTEPATOPHL, TOTAA KaK KOHTEAHED
priority_gueue UX He NOAZEPKUBAET).

<A 9T0 MOXKHO CKa3aTh 0 GeiCTpoAeficTBHE?» — cripocuTe BBl Xopomwii Bompoc.
B o6mem ciydae Bpemst paboThl AITOPUTMA 32BHCHT 0T 06beMa BBITIOJHAeMOit paGoThI,



CoBeT 32 131

a aNTopuTMaM CTabHIBbHON COPTHPOBKH IIPHXOAUTCS BHIIOIHATD 60s1bie paboThr, yeM
ITOPUTMaM, HTHOpHupYromuM dakTop cTabuiIbHOCTH. B cileaywmem crucke anro-
PHUTMBL, ONHCAHHDIE B JAHHOM COBETE, YIOPSIAOUEHBl II0 BO3PACTAHMIO 3aTPadMBacMbIX
pecypcoB (BpeMeHH K AMSATH):

1. partition;
stable_partition;

nth_element;

2

3

4. partial_sort;
5. sort;

6

stable sort.

[Tpu Be1bope anTopuTMa COPTHPOBKH A PEKOMEHYI0 PYKOBOACTBOBATHCS LEJIBIO,
a He coobpaxeHHAMH GRICTpOAEHCTBHA. EC/M BIGPAHHEIH A/ITOPHTM OFPAHHYMBACTCS
CTPOTO HeOOXOAHUMBIMHM (GYHKLHAMH H HE BHITIOJIHAET JIMIIHEH paboTsl (HanpuMep,
partition BMeCTO ONMHON COPTHPOBKH ATOPHTMOM SOr't), TO porpaMma GyzeT He TOJb-
KO 4€TKO BBIPaXaTh CBOE PpeAHa3HaYeHue, Ho i Hanbomee a((hEeKTHBHO pelnaTs OCTAB-
JIEHHYIO 3amauy cpeactsaMu STL.,

Coset 32. ConpoBoxzaaiTe BbI30BbI remove-
NoA06HbIX anropuTMOB BbI3OBOM erase

Haunesm ¢ kparxoro 063opa remove, IOCKOJIBKY 3TOT AITOPHTM BEIBBIBAET GOJIBIIE BCETO
nepopasymenuii B STL. Ilpesxae Bcero Heo6X0AMMO paccesiTh Bce COMHEHHS OTHOCH-
TEIbHO TOTO, 4710 [IeJIacT A/IrOPUTM Pemove, a TAIOKE HoueMYy | KaK OH 3TO JelaerT.

Ob6wbsiBtenue remove BEIIIAAUT CJEAYIONTAM 06Pa3oM:

template<class Forwardlterator,class T>

ForwardIterator remove(Forwardlterator first,ForwardIterator last.

const T& value);

Kak u Bce anroputmbl, remove nosyqaer napy UTepaTopoB, ONpeaessiOmuX HHTEP-
BaJI JIEMEHTOB, C KOTOPBIMH BHINONHsieTCA onepauus. Konreiinep npu Bezose He me-
penaercs, MO3TOMY remove He 3HAET, B KAaKOM KOHTeHepe HaXOAATCH UCKOMEIE 3Jie-
MeHTH. Bonee roro, remove He MoXeT caMOCTOSsTENBHO OMpPEAEHTD STOT KOHTEIHED,
NMOCKOMIBKY He CYIIECTBYeT criocoba Mepexoaa oT UTepaTopa K KOHTeilHepy, COOTBET-
CTBYIOIIEMY €MY.

ITonpobyem pasofparbcs, Kak IPOMCXOANT yIaleHHe 3IeMEHTOB U3 KOHTelHepa.
CyliecTsyeT TO/IbKO OMH Crioco — BHI30B COOTBETCTBYIOMIE (bysxnun KonTeiinepa,
NOYTH BCETAia HEKOTOPOI pa3HOBMAHOCTH erase (KoHTelfHep 11st cofepxur napy bynk-
LMid ya/IeRHs BJIEMEHTOB, UMeHa KOTOPBIX He cofiepxar erase). [TockonbKy yaanenue
3/IEMEHTa U3 KOHTelHePa MOXKET NPOM3BOMUTECS TOIBKO BHI30BOM (DYHKI[MH AaHHOTO
KOHTeHHepa, 2 AITOPUTM remove He MOKET OMPeNeJIHTh, ¢ KaKHM KOHTelHepoM OH pa6o-
TAeT, 3HAYHT, AL20PUMM remOVe He MoXCem Yoanams aneMenmot U3 Konmetinepd. DTuM
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OOBACHSIETCA TOT ynHBHTeJIbeIﬁ CbaI{T, 4YTOQ BLI30OB remove He H3MeHACT KOJIHYeCTBA 3J1€-
MEHTOB B KOHTEI.:IHEDEZ

vector<int> v: // Coapate vector<int> W 3an0NHUTe ero
v.reserve(10): // uucnamn 1-10 (Bw30B reserve onucaH
for(int i=1;i<=10;++1}{ /1 B coseTe 14)

v.push_back(i):
}
cout << v.size{}: // Busogutcs uucno 10
v[3]=v[5]=v[9]=99; // TpucBONTL 3 3neMeHTas 3xauexue 99
remove{v.begin{).v.end().99): // YpanuTe BCE 3NEMEHTH CO 3HaqeHdem 99
cout<<v.size(); // Bce pasno swsoauTca 10!

Yro65I MOHATH CMBICI NMPOUCXOAALIEro, HeoOX0AUMO 3aIOMHKTE Clefyollee: Anzo-
DUMM TEMOVE <NO HACMORUEMY» HUNEZO He YOANEM, NOMOMY UM HEe MOXCEN.

Ha sBestkuit cityyait OBTOPIO: ...HOMOMY Umo He Modxcem!

AJITOPHTM remove He 3HAaeT, M3 KaKOTo KOHTeliHepa OH AOJIKeH YAUIATD 3JIeMeHTEHI,
a 0e3 3TOro OH He MOXKET BBI3BATEH (DYHKIHIO «HACTOMIETO> YAATCHHUA.

HWrax, Tenepb Bil 3HAaeTe, 4€T0 a/ITOPHTM remove CAe/IaTh HE MOXKET H 110 KaKHM IIpH-
upHaM. OcTaeTcs HOHATE, 4TO XKe OH BCe-Taku JeNaeT.

B ofmux yepTax remove MmepeMenaeT sjleMEHTH B 33/IaHHOM MHTePBaJIe /0 TeX Nop,
I0Ka BCE <OCTABITHECS» BJIEMEHTHI He OKAXKYTCS B HaYasle HHTEPBaa (C COXpaHeHHEM
HX OTHOCHTEJIBHOTO MOpsAKa). AJIrOpHTM BO3BpAMAET HTEPATOP, YKa3bIBAIOIHE HA 1TO-
3HLMIO 32 TIOCIEAHUM «OCTABIUIMMCS> aneMeHTOM. TakuM 06pa3oM, BO3BPAIaeMOe 3Ha-
YeHHe MOJKHO HHTePIIPEeTHPOBATE KAaK HOBHIH <«JIOTHYECKHH KOHEI» HHTEpBAA.

B paccMoTpeHHOM BHIIe IpHMepe BEKTOP V Iepel BBISOBOM Pemove BBILJIAxeN Clie-
AYIOIUM obpazoM:

v.begin() v.end()

[1[2][3]99] 5]99{ 78] a]og]

[IpeanonoxumM, Bo3BpamaeMoe 3HaYeHHE renove COXPaHSIeTCs B HOBOM UTEPaTOPeE C
HMeHeM newEnd:

vector<int>::iterator newkEnd(remove(v.begin{}.v.end().99));

[Tocie BrI30Ba BEKTOP V IPHHHUMAET CIEAYIOUIHN BHI;

v.begin() v.end()

[1]2]3]sl7[s[e]?[?]?]

newEnd

BonpocurensHpiMu 3HaKaMHM OTMEYEHBI 3HAYEHUS 3JIEMEHTOB, <KOHIIENTYANBHOS
YAUIEHHBIX K3 V, HO NIPOA0JIKAIIIUX 61aronoyyHo CyecTBOBaTh.

Pas <ocTaBuiuecs» 3J1eMeHThl v HaxoAATCs MekAy v.begin() u newEnd, 6bL10 651
JIOTHYHO TMPeAMNOJIOKHTD, 4TO «yAA/IeHHbIEs> 3JIeMEHTH OYAYT HAXOAKTHCS Mexay newEnd
u v.end(). Ho smo ne max! IIpucyTcTBre «yNa/eHHBIX» 3JIEMEHTOB B V Boob1Ie He
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rapaHTHPOBaHO. AJITOPUTM remove He M3MEHseT MOPAACK 3JIEMEHTOB B HHTEpBale
Tax, YT06bl «yAaJlCHHBIEe» JJIEMEHTH CTPYNIHPOBANHCH B KOHIle — OH MepeMeInaeT
€0OCTA0IIKecs» ajieMeHTH B Hadalo. XoTaA B Cranaapre takoe TpehoBaHHE OTCYTCTBY-
€T, 3IEMEHTHI 32 HOBBIM JIOTHYECKUM KOHIIOM HETEPBasa 00bIYHO COXPaniiom caou cma-
pole 3Hauenus. Bo BCeX H3BECTHBIX MHE PeallM3ALHsAX MOCTe BbI30BA remove BEKTOp V
BBITJSAUT TaK:

v.begin() v.end()

[1]2]3]5]7]8]9]a]9]es

newEnd

Kax Buaure, Apa 3HaueHusi «99», paHee CynecTBOBABIIMX B V, HCUE3/IH, 4 OQHO OCTa-
ioch. B obiwem ciryyae mocie BhI30Ba remove 3/1eMEHTHI, yaleHHbIe H3 WHTEPBA/A, MOTYT
OCTaTbCA B HEM, @ MOLYT HCY€3HYTh. MHOTHe NIPOrpaMMHUCTBl HAXOAAT 3TO CTPAHHBIM,
HO noyemy? Bol mpocuTe remove yOpars HeKOTOPBIE 3JIEMEHTEI, AITOPHTM BBITIOJIHSET
Banry npock0y. Bbl je He IpocHiIA pasMeCTHTD yAaneHnble 3HAYCHUSA B 0C060M MecTe
AJlsL MOCTIeAYOLIETO HCMOob3oBaHus.., Tak B yem npobiema? (Uto6bl MpeaoTBpaTHTD
MOTEPIO 3HaYeHUM, BMECTO remove Jiy4ie BOCMOIb30BAThCA alTOPHTMOM partition, onu-
CaHHBIM B coBete 31,)

Ha nepsuiit B3LJIA/ MOBeAeHHeE remove BEITISNT I0BOJIBHO CTPAHHO, HO OHO SIBJISET-
CAl MPAMBIM CJIEACTBHEM MPHHLKNA paGoThl atroput™a. Bo BHyTpenHell peanusaiuu
remove riepebupaeT CofEPKUMOE MHTEPBANIA U [IePEe3aTCHIBAET «yAANIeMble> 3HAYCHHIS
«coxpansieMbiMu». [lepesanuch peanusyercsi MOCPeACTBOM PHCBAHBAHHS.

AJITOPHTM r'emove MOXHO PacCMaTPHBaTh KaK PasHOBUIHOCTD YIUIOTHEHHS, NPH
9TOM yZaJisieMble 3HAYEHHST UTPAIOT POJIb <MYCTOT», 3ANOMHIEMBIX B IIPOLECCE YILIOT-
HeHust. OnuieM, 4TO IPOBCXOIMT C BEKTOPOM V M3 HAIIETO TIPHMEpA.

1. Asropurm remove ananmuaupyer v[0], BUAKT, 9TO JAHHBIH SJIEMEHT He AOJKEH
YAANATBCA, K nepeMennaeTcs K v[1]. To ke caMoe MpoHCXOIUT C ateMeHTaMu V1]
Hv[Z].

2. ANTOPHTM OMpenensieT, YTo 3JAeMeHT V[3] MoANex T YAAIEHUK), 3alIOMHHAET
aToT (akT u nepexoaut K V[4]. Qaxrudecku v[3] pacCMATPUBAETCS KaK </IBIpa»,
NOJAJNexKamas 3anoJHEHHIO,

3. 3nadenue v[4] HeOOXOAHMO COXPAHUTB, IOITOMY AITOPUTM MPUCBAUBaeT v[4]
3JjieMenTy V[3], 3an0MHHaeT, 4T0 v[4] NOATEKHT MepPe3anucH, 4 HepexoauT K v(5].
Ec/iu n1pogosKuTh aHATOTHIO ¢ YIIOTHEHHEM, DJIEMEHT V[ 3] «3amonHsIeTcs» 3Ha-
yeHueM v[4], a Ha mecre v[4] o6pa3yeTcs HOBas «aAbIpasr.

4. DnemerTt v[5] HCK0daeTcH, MO3TOMY &JITOPHTM HTHOPUPYET €r0 H NEePEXOAuT K
v[6]. ITpu aToM OH NpoaoJKAET IOMHUTBD, 4TO Ha MecTe v[4] ocTaeTcs <IBIpa»,
KOTOPY0 HYXXHO 3aII0JTHHTh.

5. Inement v[6] coxpansercs, MO3TOMY alTOPUTM MPHCBAKBAeT V[6] 3JeMeHTy
v[4], BcioMuHaeT, YTO caenyomasn «Abpa» HAXOAMTCS Ha MecTe V[5], 1 nepe-
XO/MT K v[7].
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6. AHaJlOTHYHBIM O6PA3OM AHATU3UPYIOTCH 3yteMeHTH V[ 7], v[8] 1 v[9]. 3Haderue
v[7] npucsausaercs sjieMeHTy v[5], a 3Hauenre v[8] npucBauBaeTcA 3JeMeHTy
v[6]. DseMeHT v[9] HTHOPUPYETCH, NOCKOAbKY HAXOAAILEECS B HEM 3HAYEHHE
MIOAJICAHT YAUICHHIO.

7. AJNTOpHTM BO3BDALIAET UTEPATOpP AJA 3MEMeHTa, CAeAYIOUIEeTo 3a MOCAeAHHM
<OCTaBIIUMCS». B naHHOM nmpuMmepe 3T 3neMenT v[7].

ITepeMelreHus 371eMEHTOB B BEKTOPE V BELIVISAT CJIEAYIOINM 00pa3om:

[1]2]3]09] 5[0 7{ 8] 9]o9]

Kax oGbsicHseTcs B coBeTe 33, (hakT mepe3anucH HEKOTOPHIX yAAIAEMBIX 3HadeHui
HMeeT BaXKHbIe MOCTEACTBUSA B TOM CJTy4ae, eCJIM 5TH 3HAYeHHMST ABJSIOTCA yKa3aTesa-
mu. Ho B KOHTeKCTe 1aHHOTO COBETa A0CTATOYHO MOHHUMATh, UTO Memove He yAANIsAeT aJie-
MEHTB! M3 KOHTeilHepa, OCKOJIbKY B [IPHHIMIIE He MOKET 3TOTO CAeslaTh, JJIeMEHTHI
MOTYT YAQIATBCA MTHIOb QYHKIHAME KOHTEHHEDPa, OTCIOAA CHAey€eT U IJIABHOE NpaBH-
JIO HACTOSIILETO COBeTa: YTOOH yAAMHTE 3JIeMEHTH U3 KOHTeiiHepa, BEI3OBHTE erase
noce remove.

JeMeHTHI, HOAJNEKaLME PAKTHISCKOMY YAAICHUIO, OIpeAeuTh HETPYAHO — 3TO
BCe 3JIEMEHThl HCXOJHOTO HHTePBaJIa, HAYHHAA C HOBOTO «/IOTHYeCKOTO KOHIA» HHTep-
BaJIa ¥ 3aBepHIast ero «(PU3NIeCKHM»> KOHIIOM. UToObl YHUYTOKUTE BCE 3TH 3/IEMEHTEL,
HOCTAaTOYHO BHI3BaTh HHTEPBAIBbHYIO (POPMY erase (CM. coBeT 5) u nepeaats el 3TH ABa
uteparopa. ITockonpKy caMm aropuTM remove BO3BpalaeT UTEPATOp AJSA HOBOIO JIOTH-
4eCKOTO KOHLA MACCHBA, 3a/iada PelraeTcs NpsSMOJIHHeHO;

vector<int> v; // Cu. panee

v.erase(remove(v.begin().v.end().99),v.end()); // DaKTHYeCckoe yaanexue
// 3neMeHTOB CO 3HaueHWew 99

cout << v.size(): /7 Teneps BuBOAMTCA 7

llepeaaya B iepBOM apryMeHTE HHTEPBANBHOM (POPMBI €rase BO3BPAIAEMOr0 3HA-
YeHHA remove HCMOMB3YEeTCA TaK YacTo, YTO PACCMATPHBACTCSH KaK CTAHAAPTHAS KOHCT-
PYK1us. Remove u erase HACTOJIBKO TECHO CBSI3AHEI, YTO OHU OBTH 0OheAMHEHE B (DYHK-
IIHIO remove KoHTeitHepa Tist. DTo exuHcTBenHad Qyukuua STL ¢ umenem remove,
KOTOpast MPOH3BOAHT (haKTHYECKOe YOAIeHHe 3JIEMEHTOB U3 KOHTellHepa:

Tist<int> 1i: // Co3pats CNMCoK
// 3anONHUTL faHHbIMK
1i.remove({99); f/ ¥nanuTe BCe 3nemeHTh CO 3HAveHueMm 99.

// KomaHpa npou3soAMT $aKTHYECKOE Ypanewwe
// 3NeMEeHTOB W3 KOHTEHHepa, no3ToMy pa3Mep 11
// MOMET WIMEHMTLCA
YecTHO rOBOPSs, BEIOOP HMEHH remove B JaHHOM CJyyae BBITJSAAHT HENocIeJ0Ba-
TesNbHO. B acconuaTHBHEIX KOHTeHHepax ananoruduasd (GyHKIHS HA3bIBAETCS erase,
I03TOMY B KOHTeliHepe 1ist QyHKUMIO remove ToXe c/eoBajlo Ha3Barh erase. Brpo-
YyeM, 3TOTO He MPOM3OLLIO, MOITOMY OCTAETC JIHIIbD CMHPHUTLCA. MUD, B KOTOpOM
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MBI KHBEM, HE HAeaJIeH, HO APYTOro Bee pasHO Het. Kak ynomunaercst B cosete 44, aust
KOHTelHepoB 11st Bbi30B GyHK1 MM remove Gostee acpbeKkTHBEH, 4eM MPUMEHEHHE HHO-
MEI erase,/remove,

Kax ToJbKO BBI HOIMETE, YTO AITOPUTM remove He MOXKET <II0-HACTOSLIEMY» YAa-
JATh OGBEKTH B3 KOHTEHHEpa, MPUMEHEHHE €T0 B COYETAHUHM C erase BOHIET B MpH-
Beiuky. He 3a0biBaiite, 4TO remove — He eAMHCTBEHHDIN ANTOPHTM, K KOTOPOMY OTHO-
cutest 310 3aMedanue. CymecTByioT Ba APYTHX remove-MoA0c6HBIX ATTOpUTMa; remove if
H unique.

Cxozctso Mexy remove u remove_if HaCTOJIBKO NPMOMHHENHO, 4TO 5 He Byay Ha
HeM OCTaHaBJIMBATHCSI, HO aJITOPHTM Unique ToXe MOXOoX Ha remove, OH npeaHasHAYeH
AJs ylaJleHHst CMEKHBIX TIOBTOPSIOINMXCA 3HAYeHHH U3 HHTepBaJIa 6e3 A0CTyna K KOH-
TelHepy, CoAepXKalleMy ajeMeHTH HHTepsana. CienosatesbHo, €Ciii BbI XOTHTE Aeil-
CTBUTENILHO YAANHTD SJIEMEHTE M3 KOHTeHepa, BLI30B unique J0JDKeH CONPOBOXKAATE-
s IApHBIM BBI30BOM erase. B xonTeiiHepe 11 st Takke npeaycMoTpeta hyHKIHA unique,
npousBoAsilas GakTHiecKkoe yaaleHne cMeXHBIX Ay6aukaros. [lo addexTuBHOCTH
OHA NPeBOCXOIMT CBA3KY erase-unique.

CoseT 33. byabTe BHAMATENbHbI

npu UCNONb30BaHUK remove-noAobHbIX

anropuTMOB C KOHTEMHEepaMn yKaszaTenen

[Ipeanonoxum, MbI AMHAMUYECKH CO31aeM A 06beKToB Widget u COXpaHsIEM NMOTyYeH-
HEIE YKa3aTenIu B BEKTOpE:

class Widget {

public:
bool isCertified() const: // Qynkuua cepTudmraumn ofbexToB Widget
}
vector<Widget*> v; // Co3naTte BEKTOP M 3aNONHWTL €ro yKalaTenamu

// Ha MHaMWMYecKH coajanHbie obvekTw Widget
v.push_back(new Widget):

ITopaboras ¢ v B TedeHHe HEKOTOPOTO BpEMEHH, BH pelaeTe H3GaBUTECS 0T 06beK-
T0B Widget, He cepTHOHiMpoBanHeX GyHKIHEN Widget, MOCKOJIBKY OHH BaM He HYKHBI.
C yueToM pexoMeHanuit, npuBeIeHHBIX B CoBeTe 43 (110 BO3MOKHOCTH HCIIOIb30BAT
ATTOPHTMBI BMECTO IIHKJIOB }, H TOTO, 4TO TOBOPHIIOCH B COBETE 32 0 CBSI3H remove H erase,
BO3HHMKAET €CTECTBEHHOE ’KeJlAHHE HCTO0Ib30BaTh HAHOMY erase-remove, XoTs B JaH-
HOM CJIy4ae KCHONb3YETCS ATITOPHTM remove_if:

v.erase(remove_if(v.begin(), v.end(), /! Ypanuts ykazaTenu Ha obbexThl
notl(mem fun(&Widget::isCertified))}. // Widget. ne npoueguue
v.end(}); // cepTuduKaumo.

/1 Wndopmauna o mem_fun
// npusepeHa B coeeTe 41,

BHesanHo y Bac BoanukaeT 6ecoKOHCTBO MO MOBOAY BHI30BA erase, MOCKOJbKY BaM
CMYTHO NIPHIIOMHHAETCS COBET 7 — YHUYTOXEHHe YKa3aTelsl B KOHTellHepe He MPUBO-
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AUT K YITIeHHI0 00beKTa, Ha KOTOPHI oH ccblitaercA. BecnokoicTBo BriojiHe onmpas-
AaHHOE, HO B 3TOM CJIydae OHO 3ano3gaio, BromHe Bo3MOXKHO, 4TO X MOMEHTY BHI30BA
erase yTeuka pecypcos yxe nmpousomuna. [Ipexae dem GeCOKOHTBCS O BBI3OBE erase,

cTOUT 06paTHTh BHUMaHHe Ha remove if.
JlomycTuMm, mepesi BHI30BOM remove_if BeKTOp vV HMeeT CIeAYIONIHIA BUA!

v.begin{) ——» Widget B| OBvekt He ceptudmumposan

O6bekT He cepTudmyMpoBaH

v.end() ————

[Mocne BbI3oBa remove_if BeKTOP BHIIVISAMT NPHMEPHO Tak (€ HTEPATOPOM, BO3Bpa-
IaeMBIM MPH BEI30Be remove_if):

v.begin() ——»; Widget B
Widget C
Boszapaiiaemoe
3HayeHne i
remove, it Widget D
vend() ———» Widget E

Ecnu nopo6HOe npeBpalieHme KaxkeTcs HEMOHsITHEIM, 00paTuTech K cosety 32, rae
1oApoGHO ONIKCAHO, YTO MPOKCXOAKT NIPH BbI30BE remove (B JaHHOM Cirydae — remove_if).

[IpuynHa yTedKu pecypcoB OueBHIHA, «Y aleHHble» YKa3arTess Ha 06bexTsl B u C
ObLIM IEPe3aNHCAHbl «OCTABIIMMHCS» yKasaTessiMu. Ha asa o6bekra Widget He cyure-
CTBYET HH OIHOTO YKa3aTeJisi, OHM HUKOTAA He OYAyT yAIeHB], 2 3aHUMAEMast UMM Ta-
MSTE PACXOAYETCA BILyCTYIO,

[Tocne BeImosHenus remove_if v erase CHTyalMs BHIJISAAT CAEAYIOIAM 06pa3oM:

Widget B
Widget D

o] Leetc)

3nech yTeuka pecypcoB CTAHOBHTCA OCOOEHHO 0YEBHAHOMN, M K HACTOALIEMY MO-
MEHTY BaM AOJKHO GBITH SICHO, TOYEMY AJITOPHTMBI remove H ero aHayoru (remove_if
H unique) He peKOMEHAYeTCs BRI3BIBATH AU KOHTEHHEPOB, COAEPXKalIMX YKa3aTe I Ha
AMHAMHYECKH BblIEJEHHYIO MamMsATh. Bo MHOruX ciyyasix pasymMHOH anbTepHAaTHBOM
SIBJIACTCA anroput™ partition (cm, corer 31).

v.begin()
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Ecnu 6es remove HuKax He 0foMTHCD, OMHO M3 pelneHui MpobiaeMbl 3aKII04aeTCA
B 0CBOOOXKAEHHH yKasaTeliell Ha HecepTH(hUILMPOBaHHbBIE OOBEKTH U NPUCBAMBAHUH
M null mepen mpuMeHeHHeM MAMOME] €rase-remove ¢ MoCIeAyIOUIHM yAUIeHHeM H3
koHTelirepa Beex null-ykazatesneit:

void delAndNullifyUncertified(Widget*& pWidget) // Ecnu ofwexrT *pWidget
// He CepThhHUMpOBaH,

if( IpWidget0->isCertified()){ // yNanuTh ykasatens
delete pWidget: /1w npucscute emy null
pWidget=0:
1
for_each(v.begin(}.v.end(). 7/ Ynanute v OBHYNUTb
delAndNul TifyUncertified); // BCE yKasaTenu Ha

// obbexTu, He npouepune
/1 cepTrdukaumio.

v.erase(remove(v.beqin().v.end(), // YRanute M3 v yKa3laTenu
static_cast<Widget*>(0)). // nu1l; 0 npeoBpasyeTca
v.end()): // B yxazateno, 4TOGk

// C++ npasuneHO onpepenan
// TMn TpeTLEro napameTpa
IIpuBeneHHOe pemenne NpeANOJAraeT, 4To BEKTOP He COAep KT null-yKasaTeneit,
KOTOPBIe GBI Tpe60BANOCH COXPAHUTH, B MPOTHBHOM ciryyae BaM, BepOSTHO, IPHAET-
A HamMUCaTh COOCTBEHHBIN IMKJ, KOTOPBLA OY/AeT YIANATh YKa3aTeau B Tpolecce
nepeGopa. ¥ aanenue a/1eMeHTOB M3 KOHTeliHepa B TIpoiiecce Mepebopa CBSI3aHO C HEKO-
TOPbIMH TOHKOCTAMH, [I09TOMY IiePe/] pealH3allkeil 3TOTO PelleH s MKelare/bHo Ipo-
4HUTaTh COBET 9.
Ecu xonTeiinep ykasarenei 3aMeHseTCA KOHTEHHEPOM yMHbLX YKa3aTeNel ¢ noacde-
TOM CCBIJIOK, TO BCE TPYAHOCTH, CBA3aHHEIE C MEMOVE, HCYE3aI0T, a MAKOMA erase-remove
MOET HCIIOJIb30BATECS HEMMOCPeACTBEHHO:

template<typename T> // RCSP = "Reference Counting

class RCSP{.}: 1 Smart Pointer"

typedef RCSP<Widget> RCSPW; // RCSPW = "RCSP to Widget"

vector<RCSPW> v: // Co3pate BEKTOD M 3anOfHUTL ero

// YMHbIMM YKA3ATENAMK Ha JMHAMHYECKU

v.push_back (RCSPW(new Widget)}: // co3panHwe ofbekTh Widget

v.erase(remove_if(v.begin().v.end(), // YRanuTe yKasaTenw Ha oObexTh

not1{mem_fun(8Widget: :isCertified))). // Widget, He npoweguue

v.end(}): /! cepTudrraymie.

/1 ¥Tedyra pecypces oTCyTCTayeT!

Yro6st 3TOT bparMenT paGoTal, THN YMHOTO ykasareas (Hanpumep, RCSP<Widget>)
MOJDKEH TIPe06Pa3oBHIBAThCS B COOTBETCTBYIOWKH THII BCTPOEHHOTO yKa3aress (Ha-
npumep Widget*). [lexo B TOM, YTO KOHTeHHep COMEPKHT YMHbIE YKA3aTe/ U, HO BbI3bI-
BaeMas GyHKuus (Hanpumep Widget: :isCertified) paboTaeT TONBKO CO BCTPOSHHBIMH
ykasatessmu. Ecin apToMaTH4eCcKoe peodpasoBanyie HEBO3MOXHO, KOMITUIATOP BH-
AacT coobuenue 06 omnbKke.
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Ecin B BameM mporpaMMHOM HHCTPYMEHTADHH OTCYTCTBYeT IIabJIOH YMHOTO yKa-
3aTeisi ¢ MOACYETOM CCBLIOK, Tmonpobyiite mwabioH shared_ptr u3 6udnnorexu Boost.
HauansHble cseenns 0 Boost npusenens 8 cosete 50.

HezaBHCHMO OT TOTO, KaKasd MeToAnKA OyneT Beipana A71st paboThl ¢ KOHTeHHepaMH
AMHAMHYECKH CO3AAHHbIX yKa3aTesiell — yMHble yKa3aTeld C MOACYeTOM CCBLIOK, pyd-
HOe yIaleHue 1 o6HyIeHue yKa3aTesell nepest BLI30BOM remove-Tiof00HbIX aTOPHTMOB
HIH ZApYTOit criocob Bamero coGCTBEHHOIO W300peTe s — TJ1aBHASA TeMa JaHHOTO
COBETa OCTAETCS aKTyanbHON: 6yAbTe BHHMATEILHBI IIPH UCTIOB30BAHKH remove-nogo6-
HBIX JITOPHTMOB C KOHTeliHepamu ykaszateneil. 3a6niBas o6 9Tol pexoMeHaIlNH, BB
CBOMMHM PYKaMH CO3ZaeTe NPeATNIOCHI/IKE AJI yTeYKH PeCypcoB.

CoBeTt 34. [NOMHUTE O TOM, KaK1ue anropuTMbl
NOy4alT COPTUPOBAHHBLIE NHTEPBA/bI

He Bce atropuT™bl paBoTaloT ¢ NpoH3BOIbHBIME HHTEpBATaMu, HanpuMep, ais airo-
putMa remove (cM. coBeTH 32 H 33) HeoOXOAMMEI IPAMbIE HTEPATOPHI U BO3MOXKHOCTD
NPHCBAKBAHHKA Yepe3 9TH urepaTophl. TakuM 00pa3oM, aTOPHTM He HPHMEHMM K HH-
TepBANaM, OMpeesAeMbIM HTEPATOPaMH BBO/IA, 2 TAKKe K KOHTeHHepaM map,/multimap
H HEKOTODHIM peayH3aiusiM set/multiset (cM. coBeT 22). AHaIOTHYHO, MHOTHE aJITO-
PUTMBL COPTHPOBKH (cM. coBeT 31) TpebyI0T UTEPATOPOB IPOU3BOIBHOTO AOCTYIA U
TIOTOMY He MOTYT IPHMEHSTBECS K JIeMeHTaM CITHCKA,

IIpu HapymeHun sTHX NPaBUJI KOMIIM/IATOD BBIAAET AJHHHBIE, HEBDa3yMHTeIbHEIE
coobmenus o6 omubkax (cM. coBet 49). Bipouem, Cy1ecTBYIOT 1 ApyTHE, Hosee CIoXK-
Hele yeaoBusi. CaMbiM pacnpoCTpaHeHHBIM CPEAM HUX SBASETCS TO, 94TO HEKOTOphIe
aNropHETMb] pab0Ta0T TOJBKO ¢ HHTEPBATAMH OMCOPMUPOSArHuLX 3HadeHui. JaHHoe
TpefoBanue H0MKHO HEYKOCHUTENbHO COBIIOAATHCS, TIOCKONIbKY HapyIIeHHE TPUBOIUT
He TOJIBKO K BblJlaYe IMArHOCTHYECKUX COODIIEeHHI KOMITHIIATOPA, HO K K HENIpeACKasy-
€eMOMY TIOBeIEHUIO MPOTPaMMBI Ha CTAAMH BHITOJIHEHHA.

HexoTopele anropuTMsl paboTaOT KaK ¢ COPTHPOBAHHBIMH, TAK W € HECOPTUPO-
BAHHBIMU HHTEPBAIAMH, HO MAKCUMANBHYIO HOJIB3Y IIPHHOCAT JIMIIE B MEPBOM CJIy4ae,
YToOBI MOHATH, TOYEMY COPTHPOBAHHBIE HHTEPBAJIBI TIOAXOAT JyY1iIe, HEOBXOLHMO TO-
HHMATh IPUHIIMIBI PA60TH 3THX AJITOPHTMOB.

I 3nal0, 4TO cpelu yMTaTeN el BCTPEYAIOTCH NIPUBEPKEHIBI ¢CHIOBOTO 3aMIOMH-
HaHuA». Huke MepeducsIeHBl aTTOPHTMEI, Tpebywoine 0653aTeNbHON COPTHPOBKH
JOAHHEIX:

binary_search lower_bound

upper_bound equal_range

set_union set_intersection
set_difference set_symmetric_difference
merge inplace_merge

includes

Kpome Toro, crenymolue aIrOpUTMBI OOBIYHO HCTIOAB3YIOTCS C COPTHPOBAHHBIMH
HMHTEPBAIAMH, XOTS COPTHPOBKA M HE SBJISETCH 00A3aTe/IbHBIM TPeOOBAHHEM:

unique unique_copy
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Bckope 6yaeT moKasaHo, YTO B OTPeNeIEHUH «COPTHPOBAHHBIN HHTEDPBAT» KPOETCS
0/THO BAXKHOE OTPAaHWYeHHe, HO CHaYa/Ia I03BOJIBTE MHE HEMHOTO IIPOSICHUTD CHTYAITHIO
¢ aTHMH anropuT™MaMu. Bam OymeT npoule 3an0MHHUTE, KaKKe aITOPETMB PaboTaloT
C COPTHPOBAHHBIME HHTEPBAIAaMH, €CJIH BB IOHMeTe, A1 Yero Hy)KHa COPTHPOBKA.

AusropurMBbl moucka binary_search, Tower bound, upper _bound u equal_range (cm. co-
BET 45) TpebyIoOT COPTHPOBAHHEIE HHTEPBAMHL, IOTOMY 4TO HX pafoTa mocTpoeHa Ha
OHHAPHOM MOMCKE, ITH AITOPHTMEI, Kak H GyHKIH bsearch us 6ubaunorexu C, obecre-
YHBAKOT JorapuMHyecKoe BpeMsl TIOKCKA, HO B3aMeH BHL JOJKHEL TIPEJOCTABHTE MM
3apaHee OTCOPTHPOBAHHDIE 3HAYEHHS.

Boo6ie rosopst, torapudmuyeckoe BpeMs oucka obecrneunsaercs He seeraa. OHo
rapaHTHPOBAHO JIHIIb B TOM CIyYae, eCH AITOPUTMAM MEPEAIOTCS HTEPATOPE] IPOH3-
BOJIBHOT'O AocTyna, Ec/iH alropuT™ noiyyaer MeHee MOIIHEE HTEPATOPH (HapHMeEp,
ABYCTOPOHHHE), OH BBINOJHSET JIorapudMUYecKoe YUC/IO CPAaBHEHHH, HO paboTaer
C JIMHEHHOH! CIIOKHOCTRIO. ITO 0ODBACHSAETCS TeM, 4TO 63 TOAAEPKKH <HTepaTOpHOH
MaTeMaTHKH» aITOPUTMY HeoOXOAHUMO JHHelHOe BpeMs AJisl TIepeMeNIeHust MeKAY 110~
3HIMSAMH HHTEPBAMA, B KOTOPOM MPOU3BOLUTCS TIOKCK.

HeTBepxa anropuTMOB set_union, set_intersection, set_difference n set_symmetric_
di fference nmpefiHasHauYeHa IS BBINOJHEHHS CO MHOXECTBAMH ONepanuii ¢ JTHHeH M
BpeMeHeM. [odeMy aTHM aIrOpUTMaM HyKHBI COPTHPOBAHHEIE MHTepBaIn? [ToToMy
4TO B IPOTHBHOM Citydae OHH He CNPaBATCA CO CBOel 3ajiayeil 3a JHHEHHOe BpeMs.
HauumraeT Ipoc/iexuBaThesi HeKast 3aKOHOMEPHOCTh — aJITOPUTMBI TpeByIoT nepeaadu
COPTHPOBAHHLIX HHTEPBANOB AJIA TOTO, YT06B 0becnieuuTs Jyyniee HuICTPOAEHCTBHE,
HEBO3MOXKHOE HpH paboTe ¢ HECOPTHPOBAHHBIMK HHTEPBAIAMH. B faibHeiturem Mbl
JUIIb HalileM HOATBEPKAEHHE 3TOH 3aKOHOMEPHOCTH.

AnropuTMmbl merge u inplace_merge BBIIOIHSNT OAHONPOXOAHOE CJHSHEE C COPTH-
POBKO#t: OHH YHTAIOT 1B COPTHPOBAHHBIX HHTEPBA/IA M CTPOST HOBBIH COPTHPOBAHHBIN
MHTEPBAJI, COAEPKAIIKI BCE D/IEMEHTB! 060HX HCXOIHBIX HHTEPBAIOB, DTH alTOPUTMEI
paboTaloT ¢ JuHeHHBIM BpeMeHeM, 4To ObI0 GBI HEBO3MOXKHO Ge3 TipeaBapHTeNLHON
COPTHPOBKH HCXOAHBIX MHTEPBAJIOB.

[lepeyers anropuT™MOB, paGoTOIIKX ¢ COPTHPOBAHHBIMH HHTEPBAIAMH, 3aBEPIIAET
anmroput™ includes. OH nposepsieT, BXOAAT M Bce 06BEKTH OAHOTO HHTEPBAIA B ADY-
roit untepsan, [Tockosbky includes paccyuTHIBAET HA COPTHPOBKY O60MX HHTCPBAJIOB,
oH obecreduBaeT IMHeiHoe BpeMs. Bea aToro on B 06mem ciyuae paGoTaeT Me/teHHee.

B oTimyme 0T nepevncIeHHBIX AITOPHTMOB, Unique u unique_copy criocofHel pabo-
TaTh M ¢ HECOPTUPOBAaHHBIMHK HHTepBanaMu. Ho AaBaiiTe B3riasHeM Ha onucaHHe unique
8 Cranzapre (KypcuB Moii): «... Y ansieT u3 KaXKA0H CMEXCHO TPYTINE PaBHBIX dTeMeH-
TOB BCE /IEMEHTEI, KPOME T1ePBOTO».

HHaye ToBOPA, €Ciu BbI XOTUTE, YTOGB! AJITOPUTM UNique YA U3 MHTEPBAIA BCe
nybnuxarst (TO ecTh 06ecnedns «yHHKATBHOCTb»> 3HAYEHUI B MHTEPBaJIe), CHAYANa He-
obxomuMo 1103a60THTBCS O TPYNNHEpOBKe Beex Ay6rukaToB. Kak HeTpyano forazatbes,
HMEHHO 3Ta 3aflaya | PEIIAeTCA B Mpouecce copTHPoBKH. Ha nmpakTuie ajropurs unique
00BIMHO PHMEHAETCA IS HCKJIIOYEHHS BCEX yOIMKATOB U3 HHTEPBANA, IOSTOMY MH-
TepPBAT, IlepeAaBaeMblii IPH BBI30Be Unique (WIH unique_copy), A0JKeH GBITh OTCOPTH-
posan. IIporpammuctel Unix MOryT o6paTHTh BHUMaHHe Ha IOPA3KTENbHOE CXOACTBO
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mexay atropurmoM STL unique u xomanaoi Unix uniq — moxo3pesaro, 4To CoBNaje-
HHE OTHIOAE He ciy4aiiHoe.

CiienyeT MOMHHATS, YTO UNique HCKITIOYAET SJIEMEHTEl M3 HHTEPBAIA IO TOMY e
MPHHIIKITY, 4TO K rEMove, TO eCTh OTPAHUYMBACTCS «JIOTHIECKUM» YAaneHHeM. Eciu Bol
HE COBCEM YBEPEHE! B TOM, YTO 03HAYaeT ITOT TEPMUH, HeMeAIeHHO 00paTHTECh K COBe-
1am 32 u 33. TpyaHO BHIPa3UTh, CKOJIb BAXKHO AOCKOHAIBHOE MOHKMaHue MPUHIIMIIOB
paboTH remove U remove-moJo6HEIX anropuTMoB. O6mux npejcTasienuil 0 MPOHCXOAd-
meM HegocTaTrouHo. Ecin Bul He anaeme, Kax paboTalOT 3TH AITOPHTMBL, Y Bac OyayT
HEMPUSTHOCTH.

HapaiiTe MOCMOTPHUM, UTO e 03HAYAET CaMO MIOHATHE «COPTHPOBAHHBIN HHTEPBAT»,
[Mockonbky STL mo3sonsier 3anate GyHKIMIO cpaBHEHHS, HCMOJBb3YEMYIO B IIpoilecce
COPTHPOBKH, Pa3Hble HHTEPBA/IbI MOI'YT COPTHPOBATHCS MO Pa3HBIM KpuTepusaM. Hanpu-
Mep, HHTEPBAT int MOXHO OTCOPTHPOBATh KaK CTAHAAPTHBIM 00pa3oM (TO eCTh IO BO3-
pacTanMio), Tak H ¢ HCHOJIb30BaHHEM greater<int>, To ecTh no y6niBanuio. Hurepsan
o6pexToB Widget MOXKeT COpTUPOBAThCs Kak I10 1leHe, TaK u 1o aare. [Ipu Takom u3obu-
JiuM crnocofoB COPTHPOBKK OYeHb BAXKHO, YTO0BI JAHHEE COPTHPOBKY, HAXOASIIHECS B
pactiopsbkeHud KoHTeliHepa STL, 6pima soruyecku coracosansl. [Ipu nepenade cop-
THPOBAHHOTO KHTEPBAJIa AITOPHTMY, KOTOPBIH TakXe MoxyvaeT (DYHKIMIO CDABHEHHSI,
MpoCHeanTe 3a TeM, YToOH nepefaHHan YHKIMS cpaBHeHUS Bejia ce0st Tak XKe, Kak
dyHKIMA, NDUMEHABLIANACH IPH COPTHPOBKE HHTEPBAIA.

PaccMoTpHM npuMep HENPABMJIBHOIO NMOAXO0AA:

vector<int> v; // CO3paTb BEKTOD, 3anONHUTL

- // DaHHbLMK, OTCOPTHPOBATGL

sort(v.begin(),v.end() . .greater<int>()): // no ybuwsammn,

// Onepauuw C BeKTOpOM
// (He MIMeHAWMe COABDHMMOrO),
bool abExists = // ToMck yucna 5 8 BEKTOpe.
binary_search(v.begin(},v.end().5); // NMpepnonaraetca, 4TO BEKTOD
// OTCOPTHPOBAH NG BO3pacTaHum!

TTo yMomyanuio binary_search mpeamosaraer, 4T0 WHTEPBAI, B KOTOPOM MPOM3BO-
AWTCS MOKCK, OTCOPTHPOBAH OMEPaTOPOM < (TO eCTh N0 BO3PacTAHMIO), HO B IIPHBEAEH-
HOM TIpHEMepe BEeKTOP COPTHPYeTcs 1o yObiBanuo. Kak HETPYAHO A0rafaThCsi, BHI30B
binary_search (unu lower_bound H T. A.) AN MHTEPBAIA, MOPAAOK COPTHPOBKH KOTOPO-
rO OT/NIHYEH OT O3KHAAEMOTO, IPHBOAUT K HEMPEACKA3YEeMbIM MOCIIEICTBHUSIM.

Y10681 HporpaMmMa paboTasia NpaBUJIbHO, ATOPUTM binary search AoJIKeH KCIIOJb-
30BaTh TY JKe (PYHKIHIO CPABHEHHS, KOTOPask HCIIOJB30BAJIAChk MPH BHI30BeE Sort:

bool aSExists =
binary_search(v.begin(),v.end(},5, greater<int>())

Bce anropurMel, paboTaomue TOJMBKO C COPTHPOBAaHHEIMH HHTEPBAIAMH (TO eCTh
BCE AJITOPHTMBI, YIIOMHHABIIKECA B AAHHOM COBETe, KpOMe unique u unique_copy), npose-
pAIOT COBMa/ieHKe MO KPHTEPHIO SKBHBAIEHTHOCTH, KaK U CTAHAAPTHLIE aCCOLHATHBHbIE
KOHTelHeps! (KoTopble Takke copTupyioTest). C Apyroil CTOPOHEL, unique U unique_copy
0 yMOJMYaHHIO NMPOBEPAIOT COBINAJACHHE M0 KPUTEPUIO PABEHCTBA, XOTA IIDH BhI30BE
3THM QJIFOPHUTMAM MOXKET MepeJABATECS MPelUKaT, ONpefleITOIIHN aTbTepHATHBHEI
CMBIC]T «COBIazIeHusT>. 3a moapobHoi uudopMariueil 0 pasIMYUAX MEKAY PABEHCTBOM
¥ 9KBHBAJIEHTHOCTHIO 0fpalaiiTech K cosety 19,
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OIMHHAALATD AICOPUTMOB TPeOYIT nepefady COPTHPOBAHHBIX WHTEPBAJIOB AJISA
TOTO, 4T0OBI 06eCHeYHTh MOBHINEHHYIO 3pEKTHBHOCTE, HEBO3MOXKHYIO 6e3 cofmole-
HHS aToTo Tpefosatus. [lepenasaiite BM TOIBKO COPTHPOBAHHLIE HHTEPBAIEI, TOMHH-
TE O COOTBETCTBHH ABYX (DYHKIIHI cpaBHeHHSA ([IepeAaBaeMoii aITOPUTMY M HCIIONb3Y-
eMO¥i IPH COPTHPOBKE ) H BBl H3GABMTECE OT XJIOMOT MPH IPOBEACHHH MOKUCKA, CAUAHUIT
H Onepailnii ¢ MHOKECTBAMH, 3 AJITOPHTMBI UNique i unigue_copy OYAyT yAanaTh éce 1y6-
JIMKATEl — YETO BRI, BEPOSITHO, H A0OHBAIHCE.

CoeT 35. Peanusyitte npocTble CpaBHEHUs1 CTPOK
6e3 yyeTa peructpa CMMBO/MOB C UCNO/b30BaHUEM
mismatch nnu lexicographical_compare

Onun H3 BONPOCOB, YacTo 3anasaeMbix HoBUukaMu B STL — «Kaxk B STL cpasunBaltot-
cst crpoxy Gea ydera perucTpa cumsoJios?» [Ipocrora aToro Bonpoca o6manyuea. Cpas-
HeHHA CTPOK 6e3 yyeTa perHcTpa CHMBEOJIOB MOrYT OBITE O4EHD IIPOCTHIME HJIH OYEHb
CJI0XKHBIMY B 3aBUCMMOCTH OT TOTO, HACKOJIBKO OBINUM HOJIKHO GBITH Ballle PelreHHe.
Ecru urnopuponath npo6iieMbl HHTEPHAMOHAIMBAIMH K OTPAaHHIHUTLCA CTPOKAMY, Ha
xoTopble 6bL1a paccuMTaHa QyHKIHs stremp, 3agaya npocta. Ecyu peurenue fomKHO
paboTarh CO CTPOKAMHK B A3bIKAX, HE MOAAEP/KUBAEMEIX Stremp (TO €CTh MPAKTHYECKH B
mo6oM A3BIKe, KPOME AaHITHICKOT0), UM POrpaMMa A0KHA HCIIOIb30BaTh HECTAH-
JAPTHBIH JIOKAIBHBIN KOHTEKCT, 3a/124a Ype3RhIYaiHO CIOKHA,

B aToM coBeTe paccMaTpuBaeTcs IPOCTOM BAPHAHT, MIOCKOJIBKY OH AOCTAaTOYHO Ha-
TISIAHO AeMoHcTpupyeT poib STL B pemtennn sanaun (Gosee C/OXKHBINA BapUaHT CBA-
3aH He cTobKO ¢ STL, cxonbio ¢ nmpobiemMamMu TOKaJIbHOTO KOHTEKCTa, YIIOMHHAEMEI-
Mu B ripusioxernn A). YToOsl npocTas 3aaya CTasa WHTepeCHee, MBI PACCMOTPHM B2
BO3MOXHBIX pemieus. [IporpamMmuctsl, paspabatsiBaomue untepdelics cpapHenus
cTpoK 6e3 yyeTa perucTpa, 4acTo ONPEeAEISIOT ABa Pa3HBIX HHTepdeiica: epBalii o aHa-
JIOrHH ¢ Stremp BO3BpalIaeT OTPHLATEIBHOE YHCI0, HOMb HJTH [TOJI0KHTEIBHOE YHCIO, 4
BTOPOI 110 aHAJIOTHH C OTIEPaTOPOM < BO3BpAILLIaeT true uiH false. MBI pacecMoTpHM crio-
cobbl peann3aunn o6oux MHTEPEACOB BBI30BA C IPHMEHEHHEM atropuTMoB STL.

Ho cHavana Heo6xoauMo onpeaenuTs ciocob cpaBHERHUs ABYX CHMBOJIOB (€3 yaeTa
perucrpa. Eciiu mpuHATL BO BHUMAHHE acTIeKTH HHTEPHAIIHOHATU3AINH, 327242 HE H3
npoctbix. Crexyiomas (QpyHKIHs CPaBHEHHS HeCKOJIbKO YIIPOLIEHa, HO B JAaHHOM COBETe
MPOG/TEMEl MHTEPHALMOHAIM3AI[MH HTHOPHPYIOTCH, U 3Ta (DYHKIHS BIIOJHE IOLOHAET:

int ciCharCompare(char cl, char c2) // Cpasnenue cumsoncs 6e3 yyeta

{ // pervctpa. OyHkuwa so3spawaer -1,

/1 ecnv cl<c2, 0, ecnu cl=c2, un 1,
// ecnu cl>c2,

int 1cl = tolower(static_cast<unsigned char>(cl)): // Cu. panee
int 1c2 = tolower(static_cast<unsigned char>{c2)):

if (lcl<lc2) return -1;
if (1el>1¢2) return 1;
return 0;
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@yuxuua ciCharCompare no mpuMepy strcmp Bo3BpalaeT oTpHUIATENbHOE YHCIO,
HOJIb KK MOJIOKHTENBHOE YHCJIO B 3aBUCHMOCTH OT oTHOMIeHuA MexAy cl u c2. B or-
nuyue ot stremp, bynkuua ¢iCharCompare mepea cpaBHeHHeM nipeofpasyeT 06a napamer-
pa K HEKHeMY peructpy. FIMeHHO Tax u ZocTuraeTcsi HTHOPHPOBaHHE PETHCTPa CUMBO-
JIOB NPH CPABHEHHH.

[TapameTp 1 Bo3BpallaeMoe 3HaYeHHe PYHKITHM tolower, KaK B y MHOTHX (DyHKILi
<cctype.h>, OTHOCATCA X THIY int, HO 3TH Yucia (KpoMe EOF) JOMKHEI IPeACTaBAATBCA
B BHAe unsigned char. B C u C++ Tun char MoxeT 6bITh KaK 3HAKOBBIM, TAK K De33Ha-
KOBBLIM (B 3aBMCHMOCTH OT peanusanuu). Ecnu THI char siBisieTcs 3HaKOBBIM, rapaH-
THPOBATh €r0 BO3MOXKHOE MpeCTAaBJIeHHe B BUAe unsigned char MOXHO JIMIIb OZHUM
crocoboM: mpeobpasoBaHueM THMA MEpel BEI30BOM tolower, STHM M OOBSACHAETCS MpH-
cyTcTBHE NpeoOpa3opaHuil B MpUBe/leHHOM BHILIe hparMenTe (B peanusanusx ¢ Hes-
3HAKOBBIM THIOM char mpeo6pasoBanue urropupyercsi). Kpome toro, ato obbsicusier
COXpaHEHHE BO3BPAIAcMOTO 3HaYeH s tolower B mepeMeHHOM THTIa int BMecTO char.

Ipu vamugnu chCharCompare nepsas i3 ABYX (QYHKIMH CpaBHEHHA CTPOK (€ HHTEp-
(eitcoM B crite stremp) nuieTest npocto. Ita QyHknuA, ¢iStringCompare, Bosspallaer
OTPHIIATEIBHOE YHCIIO, HOJIb WK MOJIOKHTEIBHOE YHCI0 B 3aBHCHMOCTH OT OTHOLIE-
HHA MeXAY CpaBHHBaeMBIMH cTpoKamu. (DYHKIHs OCHOBaHA Ha aropuTMe mismatch,
OnpefeNAIeM NePBYIQ MO3UIHI B JBYX HHTEPBANAX, B KOTOPOH 3/IeMEHTH HE CO-
BIIAJAIOT.

Ho a5 BeisoBa mismatch gOJGKHBL BEINOJHSATBCS HEKOTOPbIe yeaoBus. B yacTHoCTH,
HeoOX0AKHMO IIPOCTEAUTD 3a TeM, YToObI HoJiee KOPOTKast CTPOKa (B CJydae CTPOK pas-
HOM AJNIWHBI) TIEPeJaBaIachk B IepBoM HHTepBaste. Besa nacrosinas paboTta BolnoyiHsIETCH
tynxuuei ciStringComparelmpl, a byuxuust ¢iStringCompare JUIIb IpOBEPAET NIPABHIIB-
HOCTD HOPAAKA APIYMEHTOB H MEHSET 3HAaK BO3BPAILAEMOr0 3HAYeHUA, eCJIH apryMeH-
Tl IPHULLIOCH NEPECTABJIATH:

int ciStringCompareimpl(const stringd sl. // Peanusauua npuBepeHa ganee
const stringd s2});
int ciStringCompare(const stringd sl.const stringd s2)

if (sl.size()<=s2.size(} return ciStringComparelmpl(sl,s2);
else return -ciStringComparelmp!(s2,sl):
}
Buytpu ciStringCompareImpl BCIO THKeNYI0 PaBOTY BHIMOJIHSAET ANTOPHTM Mismatch.
On BO3BpallaeT Mapy UTepaTopos, 0003HAYAINIUX MO3KIIMK [EPBBIX OTIXYAIIIHXCS
CHMBOJIOB B HHTE€PBAJIAX:

int ciStringComparelmp){const string& sl1,const string& s2)

typedef pair<string::const_iterator, /4 PSCI = "pair of
string::const_iterator> PSCI;  // string::const_iterator”
PSCI p = mismatch( // Vcnonsaosauue ptr_fun
sl.begin().sl.end(). // paccMaTpueaeTtca
s2.begin(), // B cosete 41

not2(ptr_fun{ciCharCompare)));

if (p.first==sl.end()) { // ECnu ycnosue UCTHHHO,
if (p.second==s2.end(}) return 0: // nn6o sl n s2 pasHm,
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else return -1; // nnbo sl kopoue s2
return ¢iCharCompare(*p.first,*p.second); // OTHOWEHME MEKAY CTPOKAMM
} // COOTBETCTBYET OTHOWEHWD

/1 meway OTNHYARIUMUCS
/1 cumBOnamu

Haneroch, KOMMEHTApHH AOCTATOYHO YeTKO OGBACHSIOT IPOKCXOAANIEE, 3HAas Tep-
BYI0 IO3KIHI, B XOTOPOH CTPOKH Pa3JIHYalOTCs, MOXHO JIETKO OTIPENesHTh, KaKasd H3
CTPOK TpeALIeCTBYeT APYToH (HMiIK JKe ONpedeNHTh, YTO 3TH CTPOKH paBHbl). B npeau-
Kare, IepeJaHHOM Wi smatch, MOJKET NOKa3aThCsA CTPaHHOM JIMIIL KOHCTPYKIMSA not2(ptr_
fun(ciCharCompare)). Ilpeauxar Bo3Bpamaer true AJs COBIAAAIOIHX CHMBOMOB, 110-
CKOJIbKY aJrOpUTM mismatch mpekpamaer pafoTy, Koraa NpeXnKaT Bo3BpamiaeT false.
Hnst 310l tenu Hennas ucnosns3oBarh ciCharCompare, nockoabKy Bosspamaercs —1, 0
UIY 1, IpuHYeM o aHAJIOTHK ¢ Stremp HyJIeBOE 3HAYEHHE 8036paaemca Ona coenadan -
wux cumsonos. Eciiu nepenats ciCharCompare B kayecTse npefiukara a7st mismatch, C++
npeobpasyeT Bo3BpaniaeMoe 3HaueHue ciCharCompare Kk Tumy bool, a B 3TOM THITE HYyJI0
COOTBETCTBYeT 3HaueHue false — pe3y/bTaT NPSIMO TIPOTHBOMNOJIOKEH TOMY, YTO Tpe-
Gosanocs! AranoruyHo, Korga ciCharCompare Bosspawaet ! wiu —1, peayabtar Gyaer
MHTEPNPETUPOBAH KaK true, nocKoxbKy B si3bike C BCe HeTble YHCAA, OTAHYHBIE OT HYJI,
CUMTAIOTCA HCTHHHBIMH JIOTHYECKHMH BeJInuHHaMM. YTOOB HCHPABHUTh 3Ty CEMaHTH-
YeCKYI0 <CMeHY 3HaKa», Mbl craBuM not2 u ptr_fun nepen ciCharCompare u fobuBaeMcs
KETAEMOT0 pe3yJIbTaTa.

Bropoit Bapuant peatnsanuu ciStringCompare ocHOBaH Ha TPAAMIKOHHOM [PENH-
Kare STL; takas QyHKIHA MOXET UCTIO/B30BATLCS B KAUeCTBE DYHKIUH CPaBHEHUS
B aCCOLHAaTHBHBIX KOHTelHepaX. Pearnaauns NpocTa u npeaesbHo HATJISAAH, TOCKOIh-
Ky AOCTAaTOYHO MoAMGUIHPOBaTh ciCharCompare L moJyyeHus bYHKIHY CpaBHEHHS
CHMBOJIOB C MPeAUKATHLIM HHTEPdeiicoM, a 3aTeM NOPYYHTh BCIO paBoTy mo cpasHe-
HHIO CTPOK JITOPUTMY 1exicographical_compare, sanuMaromemMy Bropoe Mecto B STL mo
JUtHHE KMEHH:

bool ciCharLess{char cl, char ¢2} // BepHyTb npu3Hak Toro,
{ // npepwectayeT nm ¢l
// crMsony c2 Bes ydueta
return // peructpa. B cosete 46

tolower(static_cast<unsigned char>(cl))< // oBbAcHseTca, nodemy
tolower(static_cast<unsigned char>(c2}): // BHECTO (yHKUWM HOKET
} // OKA3aTLCA MPEANOYTUTENBHLM
/1 OBBEKT dyHKUMM
bool ciStringCompare(const stringd sl. const stringd s2)

{

return lexicographical_compare(sl.begin({),sl.end(). // Onucanve
s2.begin{).s2.end(). // anropuTma
ciCharless); // npneepeHo panee

}

Her, st ne 6yay aonro xpanuth cexper. CaMoe AJTHHHOE HMS Y a{ropUTMa set_
symmetric_difference,

Ecum B snaerte, kax paGotaer Texicographical_compare, npuBeneHHbIi Bbiute (Bpar-
MEHT NMOHATEH 6e3 06BACHeHHIH, 2 eCiTM He 3HAETE — 3TO JIETKO 0N PABHMO.

Ausroput lexicographical_compare siBisiercst oGo6menHott Bepcuett stremp, Oyik-
uus stremp pafoTaeT TONBKO ¢ CHMBOJIBHBIMH MacCHBaMH, a 1exi cographical_compare



144 Tnasa 5 = AnropuTMul

paboraeT ¢ HHTepBaTaMy 3HadeHuit moboro tuna. Kpome toro, eciu strcmp Beeraa
CPABHHBAET ABAa CAMBOJIA M OIIPEAEJISET OTHOMEHHE MEXKAY HEMH (PaBEHCTBO, MEHBIIIE,
6osibuie), To 1exicographical_compare MOXeT MOJYYaTh MPOM3BOJIBHEIN NMPEAHKAT, KO-
TOPBIIT Onpeessier, yA0BIeTBOPAIOT JIH JBa 3Ha4eHHA NMOJIb30BaTEIbCKOMY KPHTEDHIO.

B npexsinymenm nmpuMepe anropuTM lexicographical_compare 4oJDkeH HalTH MEPBYIO
TIOBHIIKIO, B KOTOPOI §1 1 S2 pas3iM4aloTcs o KpuTepHio ciCharLess. Eciu ains ciMBonoB
B 3T0i moaunun ciCharless Bo3spainaeT true, TO xe camoe AejaeT i Texicographical_
compare: eCJIH B IIEPBOH MMO3HIIMM, A€ CHMBOJIBI PA3JIMYAKITCH, CKMBOJI [IepBoil crpoku
NpeIeCTBYET COOTBETCTBYIOIEMY CHMBOJIY BTOPOR CTPOKH, TO MEpBas CTPOKa mped-
mrecTBYeT BTOpoi. AsiroputM Texicographical compare, kak u stremp, ciuTaer ABa
HHTEPBaJIa PA3HBIX BEJIMYHMH PABHBIMH, IIO3TOMY JAJIA TAKHX HHTEPBA/IOB BO3BpAllA€T-
cs1 3HaveHue false: nepBBIA HHTEPBAN He npedwecmsyem BTopoMy. KpoMe Toro, no
apaJIoTHH ¢ Stremp, ecid nepBhlil HHTepPBaJ 3aBepiuaeTcd A0 0GHAPYKeHHA Pa3IHiud,
lexicographical_compare sosspauiaer true — npeHKC MpeauecTByeT JIO60MY HHTED-
BaJY, B KOTOPBIH OH BXOAMT.

JoBoxbeo o mismatch u Texicographical compare. XoTs B 3TOH KHUTe OOJBIIOE 3HA-
YeHHe yAeNsAeTcs MEPEHOCHMOCTH MPOTPaMM, s IPOCTO 06513aH YHOMSHYTb O TOM, 4TO
(byHKUHM cCpaBHEHHS CTPOK 6e3 yueTa PerHcTpa CHMBOJIOB MPHCYTCTBYIOT BO MHOTHX
HECTAHAAPTHBIX PACIIHPEHUAX cTaHAapPTHOH 6ubanorekn C. O6bI4HO 3T DYHKIHY
HAa3BIBAIOTCS Stricmp i strempi u no aHanorHK ¢ PYyHKIMAMY, TPUBEAEHHbIMU B IaH-
HOM COBETE, MTHOPHPYIOT IPo0/IeMbl MHTEPHALIHOHATH3alK, Ec/ii BBl TOTOBEI YacTHY-
HO M0XEePTBOBATh ePeHOCHMOCTHIO IIPOrpaMMB], €CJIM CTPOKH 3aBeJOMO He COAepKaT
BHYTPEHHHX HY/Ib-CHMBOJIOB, @ PobJieMbl MHTEpHALIMOHATM3ALMH BAC HE BOJIHYIOT, TO
nipocreiimmii cnocof cpaBHeHus CTPOK e3 yyera perucTpa CUMBOJIOB BOOOIIIe He CBA-
3an ¢ STL. O6e crpoxu mpeo6pa3syioTcs B yKasarein const char* (cm. coser 16), mepe-
ZAaBaeMble IIpH BbI30Be stricmp v strempi:

int ciStringCompare(const stringd sl, const stringd s2)

{ return stricmp(sl.c_str().s2.c_str()): // B saweii cvctene smecto stricmp

} // MOMET MCNONL30BATHCA [PYroe MMA

Dynxiuu strempi/stricmp, OLTUMHE3UPOBAHHBIE AJ11 BRINOJIHEHHS €IMHCTBEHHOH
3azta4u, 00EIYHO 06pabaTHIBAIOT AJIMHHBIE CTPOKH 3HAYUMENHO OBICTPee, 4eM o6ob1meH-
Hble aJITopUTMEL mismatch u Texicographical_compare. Ecyiu GricrponeitcTare ocobeHHO
Ba’KHO B Batleil CHTyaIlK, Mepexo OT CTaHAAPTHLIX aroputMoB STL k necranzaprHeiM
¢dyrkuuam C Bnosnre onpasAan. MHoraa camslit ¢ (heKTUBHBIA Ty Th HCIOJB30BAHHA
STL 3axmodaeTcs B TOM, 4T00bI BOBPeMst IOHSATE, YTO APYTHe CIOCOOB PaBoTaIoT yyiie.

Cosert 36. MpaBunbHO peanusyute copy_if

B STL umeercst 11 anropuTMOB, B HEMEHAX KOTOPBIX IPHCYTCTBYET CJIOBO COPY:

copy cop_backward
replace_copy reverse_copy
replace_copy if unique_copy
remove_copy rotate_copy
remove_copy_if partial_sort_copy

uninitialized _copy
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Ho Kak Hu CTPaHHO, aNrOpuTMa copy_if cpenu Hux ner. TakuM 06pa3oM, Bbl MO-
JKeTe BHI3BIBATH replace_copy_if u remove_copy_if, k Bamum yciyram copy_backward
¥ reverse_copy, HO eCJi BAPYT MoTpefyeTcs NPOCTO CKONHPOBATH 3/IEMEHThL HHTEPBA-
73, YAOBNETBOPALINE OlpPeeleHHOMY NpefuKaTy, BaM NpHAETCA AeHCTBOBATE CaMo-
CTOATEMBHO.

Ipeanosoxum, umeercs dbynxuus 4751 oT6opa <AedekTHEIX» 06beKTOB Widget:

bool isDefective(const Widget& w):

Tpefyercst ckonuposaTh Bce AeekTHEIe 00beKTEL Widget u3 BekTOpa B cerr. Eciu
61 anTopuTM copy_if CylIeCTBOBAL, 3TO MOXHO Obi10 6BI CAENATD TAK:

vector<Widget> widgets;

EOpy_1 f(widgets.begin() ,windgets.end(). // He KoMnunupyetca -
ostream_iterator<Widget>(cerr."\n"), // 8 STL ne cywecrtayert
isDefective): // anroputwa copy_if

Mo upoHuu cyABOEL AITOPUTM copy_if BXoana B ucxoaHyio Bepcuio STL ot Hewlett
Packard, kotopas Obiiia 3aoxeHa B ocHoBy O6ubnnotexu STL, crapimeit 9acToio craH-
papTHoit 6ubmuorexu C++. B nponecce coxpaiennss HP STL no pasmepos, noaxoas-
1MX JJIST CTAHAAPTH3AIMH, AITOPUTM copy_if ocTasicst 3a 60pToM.

B xnure «The C++ Programming Language» [7] CtpaycTpyn 3aMedaeT, 4To peanu-
3aius copy_if BRITJISAMT 3JIeMEHTAPDHO — U OH IIPaB, HO 3TO BOBCE He O3HAYAET, YTO KakK-
AEH OpOrpaMMuCT Cpa3y MPHAET K HYXKHOMY pemenuio. HanpuMep, Hue puBeaeHa
BIIQJTHE PasyMHasi BEPCHA copy_if, xoTopylo mpeasraraas MHOMHE IIPOTPAMMHECTHI (B TOM
qHCTIE H )

template<typename Inputlterator, // He coBCEM npasunbHas
typename Outputlterator, /! peanu3auma copy_if
typename Predicate>
OutputIterator copy if(InputIterator begin,
InputIterator end,
Outputiterator destBegin,
Predicate p)

{

return remove_copy_if(begin.end destBegin,notl(p}):

}

PemeHue ocnoano Ha npocToM baxre: xota STL He mo3sosuser ckaszarh «CKOMKPO-
BaTh BCE 3JIEMEHTBI, /151 KOTOPBIX MPeJHKAT PaBeH true», Ho 3aTo MOXKHO NMOTpedoBaTh
€CKOIIMPOBATh BCE 3JIEMEHTDI, KPOMe TeX, A/ KOTOPBIX IpeJrKaT He pasex true». Cozaa-
eTCA BeYaTeHHe, YTO AJIA peasu3anuy copy_if J0CTATOYHO HOCTABHTEH Notl mepen mpe-
IHMKAaTOM, KOTOPHIH JOJKeH HepefaBarhbes copy if, mocme Yero nepefaTs MOIy4eHHBIR
npegukar remove_copy_if. Pesysnbrarom ABisercs NpuseleHHbIH Bhitle KO,

Ecyu 611 3TH paccyxaeHns OBLIM BEPHBL, KOMHpOBaHKe AeeKTHRIX 0OBeKTOR Widget
MO3KHO ObLJIO GBI IPOM3BECTH CAEAYIOIUM 00Pa3oM:;

copy_if(widgets.begin(},windgets.end(), // Xopouwo 3ajymaHo,

ostream_iterator<Widget>(cerr."\n"). // HO He KOMMMAWPYETCA
isDefective);

.

Komnunarop Heznosoner noneITkoii npumeHenus notl x isDefective (aTo mpoucxo-
it BHyTpH copy_if). Kak o6bsicusiercsi B coBeTe 41, notl He MOXKET HAIPSIMYIO TipHMe-
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HSTBCA K YKasaTeno Ha QYHKIIMIO — CHadasIa yKasaTellb JOJIKeH MPpoiTH yepes ptr_fun.
YT06bl BEI3BATH Ty pealu3anuio copy if, Heo6X0AMMO mepeAarb He MPOCTC OOBEKT
dynrkuuy, a edanmupyemuiii 06bexT dynkuun, Caenath 5TO HECIOKHO, OAHAKO BO3NA-
FaTh 9TH XJIOTIOTH Ha 6yaymux KauenTos atroputMa STL rensas. CranaaprHble aaro-
put™mbl STL Hukoraa ve TpeByioT, 4T0651 HX GYHKTOPHI ObLIM AHANTHPYEMBIMH, 03TO-
My Helb3s IPeAbABIATh 3TO Tpeboranue K copy if. [IpuBenenHas BbIe pealH3alus
XOpOIlla, HO HEAOCTATOYHO XOPONLIA,
ITpaBuabHAA peanu3anus copy if AOJKHA BRILJIALETD TAK:
template<typename Inputiterator, // NpasunbHas
typename QutputlIterator, // peanuzauma copy if
typename Predicate>
OutputIterator copy if(Inputiterator begin,
Inputiterator end,

Qutputiterator destBegin.
Predicate p)

while begini=end) {
if{p(*begin)) *destBegint++ = *begin;
++begin;

return destBegin;

}

[Tockoneky anropuT™ copy_if YpeaBEYAHHO MOJIe3€H, 2 HEONbITHbIE IPOrPAMMUCTEL
STL 4acTo MoJIaTaioT, YTO OH BXOAKT B GUOIHOTEKY, MOKHO TTOPEeKOMEHI0BATh Pa3Mec-
THTDH PEAIH3ANHIO COpY_if — NPABMJIBHYIO PEANH3AIMIO! — B JIOKAJIbHOMN BCIIOMOTATE N b-
HOit 6MBJHOTEKE B HCNOJIb30BATh €€ B C/Iydae HaloOHOCTH.

Cosert 37. Ucnonb3yute accumulate unu for_each
Ans 0606WeHns nHTepBanbHbIX AaHHbLIX

Wroraa Bo3HukaeT HeOGXOXUMOCTE CBECTH I1e/IBI HHTEPBAN K OAHOMY YHCIY WK, B 60-
nee oblLieM cirydae, K OXHOMY 06beKTy. JList cTaHAapTHEIX 3a1a4 0000IeHHS CYLIECTRY-
I0T CHEIHATBHEIE AITOPHTMEL TaK, aropuTM count BO3BpaIlaeT KOJHYECTBO 3JIEMEHTOB
B MHTEpBalle, a A/ITOPUTM count_if BO3BpALIAeT KOJHYECTBO 3JIEMEHTOB, COOTBETCTBY-
IOLIHX 3aJaHHOMY NpeankaTy. MuHEManpHOe B MAKCHMAJIBHOE 3HAYeHKe 2IeMEHTA
B MHTEPBAJIE MOMKHO MOJJYYHTH MPH MIOMOIIH aJITOPHTMOB min_element u max_element.
Ho B HeKOTOPEIX CUTYAIMSIX BO3HUKAET He0OX0ARMOCTE 0OpaloTKH HHTEPBATBHBIX
JaHHbIX 110 HECTAHAAPTHHIM KPUTEPHSIM, U B TAKHX CJIy4asiX HyKHbl 60jiee THOKHE U YHH-
BEpCabHBIE CPEACTBA, HEXKeJH alropuTMal count, count_3if, min_element u max_eTement.
[IpeanonokuM, BH XOTHTE BBIYHCIIHTE CYMMY [JIMH CTPOK B KOHTeliHepe, Ipou3Beie-
HHE YMCeJ H3 3alaHHOTO HHTEpBana, yCpeAHEeHHble KOOPAHHATEI TOYeK H T. 4. B Kak-
[IOM M3 3THX CJy4YaeB NPOMU3BOAMTCS 06obuenue UHTEPBasa, HO TIPH 3TOM KpHTEpHit
oboOuIeH st BBl A0JLKHBI ONIPEAENSTh CAMOCTOsITeNbHO. [List nofobHbIX cuTyanuii B STL
MpeJyCMOTPEH ClelHaIbHbLI ANTopuTM accumu]ate, MHOrMM NpoOrpaMMHECTAM 3TOT A/Iro-
PHTM HE3HAKOM, TIOCKOJIBKY B OTJIHYME OT GOMBIIMHCTBA A/ITOPUTMOB OH He HAXOAHUTCS
B <algorithm>, 2 BMecTe € Tpems APYTHMH «4HCACBLIME aNTOpATMaMuy (inner_product,
adjacent_difference u partial_sum) BbiaesieH B OHO/IHOTEKY <numeric>.
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Kak 1 MHOTHE APYTHE ANTOPUTMBL, accumulate cymecrsyer B asyX dopmax. [lepsas
(hopMa, TOAyYaIoNIad APy UTEPATOPOB ¥ HAYAIBHOE 3HAYEHKe, BO3BPAIIAET HAYATHbHOE
3HaveHue B CYMMe CO 3HAYeHUSMH M3 HHTePBANA, ONPEAeseMOr0 HTEPATOPaMHu:

list<double> 1d; // Co30aTh CHMCOK ¥ 3aH0NMHUTL
// HECKONbKMMWA 3HAYeHWAMM Tuna double.

double sum = accumulate(1d.begin(), 1d.end().0.0); // Buumucnute Cymmy uucen
// € Ha4anbHuIM
// 3Hauenmen 0.0

O6paTnTe BHUMaHUE, B IPUBeIEHHOM IpAMepe HadaibHOe 3HaYeH e 3a1aeTcsi B hop-
me 0.0, I1a mogpobHocTe BaxHa. Uuciao 0.0 otHOcHTCA K THNY double, noaTomy accumulate
HCHOJIB3YeT A8 XpaHeHUs BRIMUCIAeMOl CyMMEL ITepeMeHHYI0 Tuna double. Ilpenno-
JOXKHM, BEI30B BBITJISUT CIEAYIOUIUM 00pasoM:

double sum = accumulate(ld.begin().1d.end().0): // Bu4UCNEHUE CYMMBI YUCEN

/1 C HavyanbHbiM 3HaueHuew 0;
/7 HenpasunsHo!

B kauyecTBe HayaabHOTO 3HAYEHHs HcHonb3yeTcs int 0, mostoMy accumulate Hakan-
NURAECT BEIYMC/IAEMOE 3HAUEHME B TepeMeHHOH Tuna int. B urore 310 3HaueHue Gyaer
BO3BPpAIIEHO AJITOPHTMOM accumulate M HCNOJB30BAHO AJISE HHUIIHATU3AI MU TepeMeH-
Ho# sum. IIporpamMma koMnunupyercst 4 pafoTaeT, HO 3HaYeHHe Sum OyaeT HeTpaBH/Ib-
neiM, BMecTo HacTosmel cyMMEI ciMcKa yuces THa double mepeMeHHas COMEPHKHT
CYMMY BCeX 4mces, peofpasyeMyio K int mocie Kaxao0ro CyMMHPOBaHIIA.

AnropuT™ accumulate paboTaeT TONBKO ¢ HTEPATOPAMHM BBOa M TIOITOMY MOKET HC-
N0JIb30BaThCA faxe ¢ istream_iterator u istreambuf_iterator (cm. coser 29):

cout << "The sum of the ints on the standard input is " // BeBectu cymmy

<< gccumulate(istream_iterator<int>(cin), /1 4mcen M3 BXOJHOTO
istream_iterator<int>(}, // noToka
0):

3-3a cpoeit niepBoi, cTaHAAPTHOM (DOPMBI ATOPUTM accumulate 6Lt GTHECEH K YHC-
JIOBRIM anroputMaM. Ho cymecTsyer u npyras, ansTepHaTHBHAs dopMa, KOTOpoH npu
BLI30BC NMEPEAAETCA Haua/ibHOE 3HAYEHUE U IPOH3BOJIBHAs 0bobmaman GpyrKLHs,
B aToM BapHanTe alroput™ accumulate CTaHOBHTCS Topasao 60/ee yHHBEPCAIBHBIM.

B xavecTBe npEMEpa PacCMOTPHM BO3MOXKHOCTH IIpHMeHeHus! accumulate fJis BHI-
YUCTEHH S CYMMBI JULMH BCEX CTPOK B KOHTeHHepe. 18 BErdUCIIeH st CYMMBI aJITOPHTM
JOJDKEH 3HaTh ABe Bl HaYyaJbHOE 3HaYeHHe cyMMBI (B faHHOM ciiydae 0) ¥ QyHK-
10 O6HOBJIEHHMS CyMMBL LIt Kask[0if HOBOIA cTpokn. Clienyiomas dynxims 6epet npe-
Abiyliiee 3HaYEHHe CYMMBI, TPHGABIIAET K HeMY AJNKHY HOBOH CTPOKH M BO3BDAIIAET
00HOBJIEHHYIO CYMMY:

string::size_type /7 Cm. panee

stringlengthSum(string: :size_type sumSoFar,
const stringd s)
{

return sumSoFar + s.size();
!
Temo GpyHknmy ybexnaer B ToM, 4TO NMPOUCXOAAILEE BeChbMa TPHBHAIBHO, HO Ha
NepBLI B3TAA CMYyWAOT 00bABIeHUA String: :size type. Ha camom nese B HUX HeT
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HEYero crpamuoro. Y KaXa0ro CTaHAapTHOTo KoHTeiiHepa STL nMeercs onpenesienue
THIIA S1z€_type, OTHOCALIEEeCS K C4eTHOMY THITY JAHHOTO KOHTelHepa. B yacTHocTH, 3Ha-
YeHHe ITOTO THNA BoaBpamaercs pyHkuuel size, JIJIs BceX cTaHAApTHEIX KOHTEHHEPOB
onpeneieHue §1ze_type NOJKHO COBNAAATh ¢ Size_t, XOTA TEOPETHYECKH HECTAHAAPTHEIE
STL-coBMecTUMbIE KOHTEHEPhl MOFYT MCIIOJIb30BaTh B Size_type apyroft Tun (xotd A
He TIPe/CTABSAIO, AJISl 4ero 3T0 MOMKET NOHaaobHThes ). L7151l CTaHAapTHEIX KOHTEHHE-
POB 3aNHCH KOHMelUHep : :s1ze_type MOXKHO PAaCCMaTPHBATh KAK CNeLHATbHbBIH CHHTAK-
CHC AnA size t.

CDyHKmm stringLengthSum sABJIAETCH TUNMYHBIM IIPEACTAaBUTENEM cbobmanmux
GbyHKIMHA, HCIIONB3YeMbIX 1IPH BbI30Be accumulate. (DyHKIMA MoTydaeT TeKyiee 3Have-
HHe CYMMEI 1 CJIefyIoniuil 3;1eMeHT HHTePBANA, 4 BO3BPallaeT HOBOe 3HaUeHUe HAKann-
paeMoit cymmbl. HakannuBaemast cyMMa (CyMMa JUIMH CTPOK, BCTPEUABIINXCS PaHee)
OTHOCUTCSL K THITY string::size type, a o6pa6aTsIBaeMEIil 37IEMEHT OTHOCUTCS K THITY
string. Kak sro yacro GbiBaeT, Bo3BpalnaeMoe 3HaYeHe OTHOCHTCS K TOMY JKe THITy,
4TO ¥ nepBHIi napameTp QYHKIKH.

Oyuxunsa stringlengthSum Hcnonb3yeTcs: B coueTaHuy ¢ accumulate cleXyommm
o6pasom: .

set<string> ss; /7 CoapaTe KOHTERHED CTPOK

- // W 3aN0MHUTE ero AaHHLMA

string::size_type lengthSum = // Mpuceouts lengthSum

accumulate(ss.begin(),ss.end(), // pesyneTaT Bbloea stringlengthSum
0,stringlengthSum) ; // DNA HAKAOrO 3NEMEBHTA SS
/1 € HyNeskiM HaYaNbHuM 3HAYEHHEM

Hasitto, He npapaa aun? [Ipouasesente BEIMKHCISIETCS elie IDONIE, NOCKOJIBKY BMe-
CTO HAaNUCaHHA COOCTBEHHOH QYHKIMA CYMMHPOBaHHS MOXKHO 000HTHCH CTAHAAPTHHIM
dynrxropom multiplies:

vector<float> vf: // Co3pate KoWTedwep Tuna float
// M 3aN0NHUTL BrO JAHHMIMK

float product = /1 Mpuceonte product peayneTart
accumulate(vf.begin(),vf.end(), // Be3osa multiplies<float>
1.0,mu) tiplies<float>()); // ana Kamporo anewexta vf
// ¢ HayanbHbi 3nauenner 1.0

Tonbko He 3a6yapTe 0 TOM, YTO HaYallbHOE 3HAYEHUE BMECTO HYJIS AOJKHO GBITH
PaBHO eArHuLE (B BelecTBeHHOM opMare, He B int!). Ecin HavaneHOe 3HaYeHHe pas-
HO HYJIIO, TO Pe3yJIbTaT Beerna GyAeT paBeH HyJ10 — HOJb, YMHOXKEHHBII Ha J11060€ duc-
JI0, OCTAETCA HYJIEM.

[Mocnexnuit npuMep He CTOJB TPUBUAIEH. B HeM BRIYHCISIETCS cpenHee apudMeT-
4yecKoe 110 HHTePBally ToYeK, MpeJCTaBeHHEIX CTPYKTYPaMH CIedYIONET0 BHAA:

struct Point {

Point(doubie initX, double initY):x(initX),y(init¥){}
double x.y:
|

B atom npumepe obobimaromeit pyHxumeit Gyaer gyrkTop PointAverage, Ho nepea
paccMOTPeHHEM KJIAacca 3TOro (DYHKTOPAa CTOMT PACCMOTPETE €r0 MCIOJb30BaHKE TIPK
BBEI30B€ accumulate:
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1ist<Point> 1p:

501 nt avg = // Bumcnenwe cpeprero
accumulate(1p.begin(),1p.end(), // apupMETHYECKOTO NO TOYKAM,
Point(0,0),PointAverage()); // BxopauuM B cnucok 1p

[IpocTo n GeCXuTPOCTHO, KAK H A0/UKHO ObiTh. Ha 210T pa3 B KauecTBe HaYalbHOTO
3HAYeHUsT MCTIONb3yeTcst 06BeKT Point, COOTBETCTBYIOMKIT HAYATY KOOPAMHAT, a HaM
OCTA€TCS JIMUIb IOMHUTD 0 HeOGXOAMMOCTH HCKJIIOYEHHUS STON TOUYKH U3 BHIYMC/IEHHU,

Oyrkrop PointAverage oTCileKHBAET KOJHYECTBO 00pabOTAHHEIX TOYEK, a TAIKE
CYMMBI MX KOMIIOHEHTOR X | Y. [Ipn KaXaoM BeI30Be OH OOHOBJISIET JaHHble K BO3Bpa-
IAeT CpeAHKE KOOPAMHATEI 110 00paGoTaHHbIM TOYKaM., I10CKONBKY AJA KakKI0# TOYKH
B MHTepBale GYHKTOP BHI3BIBAETCS POBHO OAKH Pa3, OH AEJUT CYMMBI TI0 COCTABIISIIO-
M X M ¥ HA KOJIMYECTBO TOYeK B MHTepBaie. HayanbHasi TOUKa, NepejaHHas MpH Bhl-
30Be accumulate, HTHOpPHpYeETCA.

class PointAverage:
public binary_function<Point.Point,Point>{
public: ‘
PointAverage(}:xSum{0),ySum{0} ,numPoints(0) {}

const Point operator()(const Point& avgSoFar, const Pointd p)

{

+HumPaints;
xSum += p.x;
ysum += p.y;

return Point(xSum/numPoints,ySum/numPoints);

}

private:

size_t numPoints:
double xSum;
double ySum;

}:

Takoe pemenue npekpacHo paboTaeT, K JIKIIb H3-32 IEPUOAMYECKNX KOHTAKTOB ¢
HEOPAMHAPHO MBIC/ISILUKME JIHYHOCTAMH (MHOTHE U3 KOTophiX paboraioT B KoMuTere
N0 CTAaHAAPTH3AIHH) 5l MOTY TPeACTaBuTh cebe peansauun STL, B KOTOPHIX BO3MOX-
bl ipobtembl. TeM He MeHee, PointAverage rapymaer naparpad 2 paszena 26.4.1 Ctau-
AapTa, KOTOPHIA, KaK Bbl IOMHHTE, 3anpeuaer nobouHse 3((HeKTh N0 OTHOMEHHI) K
dbynxuuu, nepexapaemoii accumulate. Mogudukauus nepemennsrx numPoints, xSum u
ySum oTHOCHTCA K T060YHBIM 3hekTam, IO3TOMY ¢ TEXHUYECKOR TOYKH 3peHUA IIPHBe-
AEHHBII Bhltle hparMeHT NPUBOAHT K HellpeACKa3yeMsIM rocecTeusM. Ha npaxTuke
TPYAHO IIPEACTABUTh, 4TO IPHBEAEHHBIN KOA MoxeT He paboTarh, Ho YTOOBI MO COBECTD
6puTa YHCTa, 51 06132aH CTIENMATBHO OTOBOPHTD 3TO 0HCTOATEIBCTRO.

BripoueM, y mens nospnsercs ynoGras BO3MOXKXHOCTb yNOMAHYTh 0 for_each —
APYTOM AITOPHTME, KOTOPbIN MOXeET HCTIONB30BAThCs A5t 000OIIEHNS HHTEPBAIOB.
Ha for_each He pacnpocTpaHAKTCS OrpaHHYeHHs, yCTaHOBJIEHHBle L7151 accunulate.
Anroput™ for_each, kak u accumulate, nostyyaer ueTepBan U pyHKim0 (06BIYHO B BUAE
o6beKTa (PYHKIMK), BHIBBIBAEMYIO 4151 KLKAOTO 3IEMEHTA B HHTEPBANE, OHAKO (DYHK-
M, nepeasaeMas for_each, nosy4aer TOJIbKO OAHH apryMeHT (TeKyiluil sneMeHT uH-
TepBajia), a niociie 3aBepuienus pabornl for_each Boampaiuaet cBowo QyHKIMIO (2 TOUHEe,
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ee xonuwo — cM. coseT 38). UTo eme BaxkHee, nepeaHHas (M Mo3JHee BO3BPAIIaeMas)
dyHxmms moxemn obaanats nobounbiMu ddexTamu.

[Momumo nobounex o¢dextor Mexay for_each M accumulate cymecTByIOT ABa OC-
HOBHEIX pasnuuus, Bo-nepBhix, caMo HazeaHUe accumulate acCOLMUPYETCS € BEIYHCTe-
HHeM CBOJHOTO 3HaueHUs 0 MHTepBaly, a Ha3BaHme for_each cKopee MpeaIoJiaraet
BHINOJHEHHE HEKOH OIepamuy ¢ KaKAbIM 3/1EMENTOM HHTepBana. AnroputM for_each
MOXKET MCHOMb30BaThCA LIS BEIMMCAEHUA CBOJHOH BEMMYHHB], HO TAKHe PElIeHHA 110
HArJISIAHOCTH YCTYHAWT accumulate.

Bo-Brophix, accumulate HenocpeACTBEHHO BO3BpalllaeT BEIYHCIEHHOE 3HAYEHHE,
a for_each Bosspautaet 066K T QYHKINY, HCIIOIb3YeMbIH U151 AaTbHEHAIEro MOy YeHHS
undopmauuu. B C++ 310 03HavaeT, YTo B KJlacc GyHKTOpa He0OXOAHMO BKJIIOYHMTh
(pyHKUHIO A9 MONYYeHHs HCKOMBIX AaHHBIX.

Husxe npusefieH peabIy I IpUMEp, B KOTOPOM BMeCcTo accumulate HCIOJb3yeT-
ca for_each:

struct Point{..]; // Cm. panee
class PointAverage:

public unary_function<Point.void>{ /7 Cn. coser 40
public:

PointAverage():xSum(0),ySum(0) . numPoints(0) {}
void operator()(const Point& p}

+UmPoints;
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> 1p:

Point avg = for_each(1p.begin(),1p.end(),PointAverage()).result():

JIynuHo s npexnovrraw ob6o0WAT, UHTEPBAJIBHEIE JAHHbEE [IPH IIOMOIIM accumu’late,
TOCKOJBKY MHE KQJKETCA, YTO 3TOT AArOPHTM HauboJjlee YeTKO [EPEAAET CYTh MPOHUCXO-
asiuiero, oaHako for_each Toxe pabotaet, a Bonpoc nobounsX a¢dektos Aust for_each
He TaK IPMHIUMIHNATEH, KaK s accumulate, CroBoM, s 0600 IEeHHS] HHTePBATBHEIX
AaHHBIX MOTYT HCIIONIb30BaThCA 00a anropuT™Ma; BeIGEPUTE TOT, KOTOPHIH BaM JIydie
TOAOUAET.

BoamMoxHo, Bac unTepecyert, noueMy y for_each napameTp-byHKINHA MOXET HMETh
nobounbie adupekThl, a y accumulate — e moxet? IIpeacrasbre, s 6l TOXKE XOTEJ 3TO
3Harb. UT0 K, JOPOrcit YUTATe b, HEKOTOpbIe TAHHBL OCTAIOTCS 3a npefesaMy HaIHX
nmosuanuil. YeM accumulate mpuHIMTIMANEHO oTaH4aeTcd oT for_each? Iloka s eme He
cabiman yoeAuTCIBHOrO OTBETa Ha 3TOT BOIIPOC.



OyHKLUUN,
YHKTOPb! )
N KNaccbl GYyHKLMA

HpaBuTCSI HaM 3TO WJH HET, HO (DYHKUNU K NpeACcTaBAgomNe uX 00beKTb (DyHK-
Topbl) 3aHHMalOT BaXHoe MecTo B STL. OHU uCnoNb3y0Tes aCCOIHATHBHEIMU KOH-
TeHHEePaMHy AJIA YIIOPAA0YEHHS 3JIEMEHTOB, YIIPaBJIsi 0T paboToit anroputmos Trna find_
if, koHcTpykuuu for_each 1 transform 6e3 HUX TEPSIOT CMBICH, & afaNTepsl THIIA notl
¥ bind2nd akTMBHO CO3AAIOT UX.

Jla, dynxTopsl ¥ Kaaccs! dhyHKTOpoB BeTpevaores B STL Ha xaxmoM wmary. Berpe-
TATCSI OHM M B BaLIKX MpOrpaMMax. Y MeHVe c03aBaTh NPaBUIbHO paboTalolue QyHKTo-
pBL a6COMOTHO Heo6X0MMMO 1St addeKkTHBHOTO Henonb3opanksa STL, nosTomy Goib-
L1a% YaCTh 3TOM TTARBT MOCBSILIEHA OJHOMH TeMe — KaK A0DHThCS TOTO, YToObI (hYHKTOPEI
paboTaqu HMEHHO TaK, Kak UM noroxeno pabotats B STL. Bipouewm, onun coser no-
CBAIIEH APYTOit TEME ¥ HABEPHSIKA IPUTOANTCS TeM, KTO 3alyMbIBAIICA O HEOOX0ZMMOC-
TH BKJIIOYEHHs B MPOrpaMMy Bbi30BOB ptr_fun, mem_fun u mem_fun_ref. IIpu xenauuu
HaYHUTe ¢ coBeTa 41, Ho mokasTyiicTa, He OcTaHaBMBaiTech Ha 3ToM. Kor/ia BBl noiiMere,
TS Yero Hy>KHbl 3TH (DyHKIHH, MATeDHAT OCTAJILHBIX COBETOB MOMOJKET BaM HATANKTH
NpaBHIBHOE B3aUMOfeHCTBHE BamuX ()yHKTOPOB ¢ HuMu u ¢ STL B nejioM.

CoBeT 38. MpoekTupynTe Knaccol (PyHKTOPOB
AN nepefady no 3Ha4yeHuIo

Hu C, uit C++ He MO3BOJISIIOT HepefaBaTh (PYHKIINK B KA4eCTBe IapaMeTpoB APYTHX (hyHK-
wai. BMecto aToro pasperaerca nepenasath yxadamenu Ha dynkuun. Hanpumep, o6bas-
JleHHe CTAHAAPTHOI 6U6MI0Te HOMH (QYHKIUK qsort BRIIJISLAUT CIEAYIOLHM 00pasoM:
void gsort(void *base, size t nmemb, size_t size,
int (*cmpfcn)(const void*,const void*));
B cosere 46 obbsicHsIeTCA, IoYeMy BMeCTO (DyHKIIH gsort 06BYHO peKOMeHyeTCs
KCIIOIB30BATh AJrOPUTM Sort, HO fieso He B aToM. Hac ceiiuac nHTepecyeT obbsinnenre
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napamMerpa cmpfen pynkuuu gsort. IIpu BHMMaTEIBHOM aHATH3E CTAHOBUTCS SICHO, YTO
apryMenT cmpefn, KOTODBII SIBJSIETCS yKa3aTeJleM Ha QYHKIMIO, KOIUPyeTcs (To ecTh
niepeaeTCsl 110 3HaYeHMI0 ) 3 TOUKH BRI30Ba B yHKIHIO gsort. JlaHHEIA MpuMep nosic-
HsleT mpaBuJIo, coboaaemoe cranaapTebpiMu Onbinorexamu C u C++, — yxasaTesn Ha
(yHKUHH A0/KHEL IePEefaBaThCA 110 3HAYEHHIO.

O6nextsl pynkuuii STL cosgasanics 1o 0bpasny ykasareneit Ha GyHKIIHY, HOBTO-
my B STL Takske AeficTByeT NpaBHIIO, COLIACHO KOTOPOMY 06beKTh dyHKuRi mepe-
JAKTCH MO 3HAYEHHIO (TO ecTh KOnHpyIoTca). BeposTHO, 5TO npaBusio JIy4lle BCETO
MeMOHCTpUpYeT npupenenHoe B Cranzapre oObspiieHue aroput™a for_each, KoTopblit
NOJIyYaeT H riepefaeT no 3HadeHuIo o6bekThl PyHKumil:

template<class Inputlterator,

class Function>

Function // Bo3Bpar no 3JHa4YEHKN

for_each{InputIterator first,
InputIterator Jast,
Function f); // Nepepaya [no 3Ha4eHMo

YecTHO roBops, nepefaya no 3HaYeHUIO He TapaHTUPOBaHa NOJHOCThI), HOCKOJIbKY
BBI3bIBAOIIAA CTOPOHA MOXKET ABHC 3a/1aTh THIIBI IapAaMETPOB B TOYKE BhI30BA, Hanpﬂ-
Mep, B crienyiomeM (parmenTe for_each nosydaeT M BO3BPAIIAET (GYHKTOPSI 1O CCBLIIKE:

class DoSomething:

public unary_function<int,void>{ // Ha3oBuH Knacc onucau
void operator()(int x){.} // 8 cosete 40

typedef deque<int>::iterator Dequelntlter; // BcnomoratensHoe onpegenexne
deque<int> di:

ﬁoSometh1 ng d; // Co3pate COBEKT (yHKUMK
for_each<Dequelntiter, // Buwasate for_each ¢ tunamm
DoSomething&>(di.begin(). // napametpos DequeintIter
di.end(), // w DoSomething&: 8 pesynsTare
d); // npoucxofuT nepejada

// W BO3BpAT NO CCHUIKE.

[ToneaoBatesnu STL nouTH HUKOTAA He HCTOAB3YIOT 3TY BO3MOXHOCTD, 2 B HEKOTO-
poIX peanuaaitusix anroput™os STL npu nepeaade 06beKTOB (hYHKLRI 10 CCBLTKE TIPO-
IPaMMBI ae He KOMIUAUpYITCes. B nponosmkenue atoro cosera GyfeM CYUTATD, YTO
06bexThl GYHKLHIH BCeraa MepealoTcs Mo 3HaYeHUIO, IOCKOJBKY Ha TIPAKTHKe 3TO To-
YTH BCETOa TaK. ’

[Tockosnpky 06bexTbI GyHKLHI IEPEAAIOTCS U BO3BPAWAIOTCA 10 3HAYEHUIO, BbI JOJDK-
HbI M03260THTHCA 0 TOM, YTO6B 06beKT QyHKIMEU NpaBUIbHO PAbOTAN NIPH Mepesa-
qe noAo6HBIM crnocoboM (To ecTh KonuposauueM). [ljist atoro HeobxoauMo cobo-
JAeHue ABYX ycJoBuit. Bo-nepsriX, 06beKTsl QyHKIHN Z0JGKHEB OBITH HEGOIIbIIHMH,
B [IPOTHBHOM CJIy4ae KONHPoOBaHue 060iaeTcs CIMMKOM A0poro. Bo-BTODEIX, 00BeXTH
bYHKIHI IOJKHBI GBITH MOHOMOPPHBIMU (TO ECTH HE NOJIUMOP(HBIMK), TOSTOMY B HUX
He MOT'YT HCIOJIb30BaThCs BUPTYalbHble PyHKIHH. Bropoe TpefoBanue CBA3aHO C TeM,
4TO NpH TiepeAaye Mo 3Ha4eHHI0 06 BEKTOB TIPOM3BOAHBIX KJIACCOB B mapaMerpax 6a-
30BOI0 KJacca NNPOHCXOAUT omceueHue: B NIPOUECCE KOIHMPOBAHHA YAAIAIOTCA ClleLHa-
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JIM3UPOBaHHEIE COCTaBIsTIOMue (Apyroit npumep npobreMsl oTcedenus B STL mpuse-
[ieH B cosere 3).

Beccrnopro, addekTHBHOCTD SBASETCA BAXHBIM (AKTOPOM, ¥ HPeA0TBPATHTh OTCE-
JeHHEe TOXKE HeoOXOAMMO, OHAKO He BCE PyHKTOPHI Manel ¥ MoHOMOpdHEL. OxHO 13
npeuMy1IecTB 00beKToB MYHKUHHE Mepel 0OBYHBIME (DYHKIIMIMU 3aKJI04ETCS B OT-
CYTCTBHH OrpaHu4eHuit Ha 06beM HH(popMauuu cocrosHns. HexoTopsle 06bexThl (DyHK-
LKHA OT NIPHPOABL «YIUTAHHEI>, H OU€HDb BaXKHO, 4TOOE OHH MOIJIH [1epeaaBaThCs ajIro-
purmam STL Tak ke MPOCTO, KaK H UX «TOLIHes COGPATHSL

CroJib e HepeaTHMCTHYEH W 3aMpeT Ha noauMopdHbie pyHxTophl. Mepapxuyeckoe
HacJieA0BaHHE H AXHAMUYECKOE CBI3BIBAHUE OTHOCITCSH K YHC/Iy BaKHeAmHX ocobeH-
Hocreli C++, i 1P IPOeXTHPOBAHHH KJIaCCOB (DYHKTOPOB OHH MOTYT HPHUHECTH TAKYIO
JKe [0JIb3Y, KaK M B ApYruX obmacTsax. YTo Takoe Knacchl (DYHKTOPOB 6e3 Hac/efloBa-
Hus? C++ Ges ¢++», Mrak, HeoGxXoauMEI CpeACTBa, KOTOPhIe Obl HO3BOJIAIH JIETKO He-
peAaBath 6oJibIIHe U/ UK ONUMOpPGHEIE 06BeKTH PyHKIH# ¢ COBNIOAEHHEM YCTAHOB-
sexHHore B STL npasusia o nepenaye GyHKTOPOB N0 3HAYEHHIO.

Taxne cpeacTsa ZefiCTBHTENBHO CYIECTBYIOT, /[OCTATOYHO B3SITh JAHHBIE W/HIH
nosuMOp(QHBIE COCTaBIAILIHE, KOTOPLIE TpeOyeTCs COXPaHUTh B Kiacce (hyHKTOpa,
MepeHecTH HX B APYTOii KJIACC M COXPaHUTH B Kiacce MyHKTOpa yKasareJib Ha 3TOT Ho-
BHH Kyracc. PaccMoTpuM npuMep cosfanus Kracca noauMopgHoro GyHKTOpa ¢ 60b-
KM KOJIHUYECTBOM AAHHEBIX:

template<typename T> // BPFC = "Big Polymorphic
class BPFC: / Functor Class"
public // Ba3oeulii KNAacc onucau
unary_function<T,void> { // B cosete 40
private:
Widget w: // Knacc copepwut Gonbwod obbem
int x; // NanHbX, no3TOMy nepepada

. // no 3navenuio
/1 Buna Gu HeaddeKTuBHOM
public:
virtual void operator()(const T& val) const: // BupTyanoHad dyHkuus,
// co3fiaeT npobneny
b // OTCEyeHuA

Mur BBIzEsISIEM BCe JaHHBIe H BHPTYaibHble (GYHKIMHU B KJIacC PeaTH3aIHy U CO3/a-
€M KOMITAKTHbIH, MOHOMOP(HII Kacc, cofepKaluil yKasaTe b Ha K1acC Peali3aiuu:

template<typename T> // HoBHRA Knacc peanuaaunm
class BPFCImp1{ // Ana u3amenennoro BPFC.
private:
Widget w; // Bce pauHbe, paHee HaxopvBUMECA
int x; /7 8 BPFC, Terepb paimenanrca
- // B 3TOM Knacce.
virtual ~BPFCImp1(); // B NONMMOPHLIX KNACCaXx Hyme

/7 BUDTYanbHbii gecTpyKTOp.
virtual void operator()(const T& val) const;

friend class BPFC<T>; // Paspewnte BPFC pOCTYN K fJaHHsiM
}:

template<typename T>

class BPFC: // KomnaTwas, McHoMmopdHas sepcus

public unary_function<T,void> {
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private:
BPFCImp1<T> *plmpl; // Bce panHbie BPFC
public:
void operator()(const T& val) const; // GyuKuus He AgnaeTcA
// BMpPTyaneHoil; BLIAOB NepefaeTcA

plImp1->operator() (val); // BPFCImp

b

Peanusanus BFPC: :operator() maeT IpyMep TOro, KaK A0JLKHB CTPOHTLCA pealnsa-
I[MY BCEX BUPTYaNbHEIX (QyHKnmii BPFC: OHH AQJ/IKHBI BHI3BIBATH CBOH BHPTYaJlbHbIE
<TIPOTOTHIBI» M3 BPFCImp1. ITostyueHHslii B peaynsraTe Kiace pyHkropa (BPFC) xoMmak-
TeH M MOHOMOP(EH, HO IIPH 3TOM OH NPeAOCTaBJIAEeT AOCTYI K GoibiioMy o0beMy AaH-
HBbIX COCTOSHUS ¥ paboTaeT NoIKMOPGHO.

MaTtepuan usnoxeH AOBOJBHO KPATKO, IOCKOJIBKY OIMCaHHble 6a30Bble TIPHEMBI
xopouro u3BecTHbl B kpyrax C++. B xnure «Effective C++» 31011 Teme mocBsnien
coset 34, B xuure «IIpuemMbl 06beKTHO-OPHEHTHPOBAHHOTO NPOEKTHPOBaHUs» [6]
COOTBETCTBYIONIAs. METOMKA Ha3biBaeTcs <narrepH Bridge», Cartep B cBoeil knHure
«Exceptional C++» [8] ucniosbayer TepMuH <iguoMa Pimp1ls.

C nosunuit STL npexze Bcero HEOOGXOLMMO IOMHHTH O TOM, YTO KJIacchl QyHKTO-
POB, UCNIQJB3YIOIIHE JAHHYIO METOLHKY, NO/DKHBI MOAAEPAKHUBATh COOTBETCTBY LK
MeXaHu3M KonuposaHus. Eciiu 651 BbI OB/ aBTOPOM HPHBELEHHOTO BhILIE Kiacca BPFC,
TO BaM TIPHULIOCH OBI T03a60THTHCS O TOM, YTOGH! KONMPYIOIMI KOHCTPYKTOP BBLICJI-
HSLJ1 OCMBICTIeHHbIe AefcTBUA ¢ 00BeKToM BPFCIMp1, Ha KOTOPHIN OH cCpLIaeTcst. BoaMox-
HO, IpoCTeiilliee PelieH e 3aKII0YAeTCH B OPraHu3ai[uH NOACYETa CCRLIOK MIPH ITOMOIIH
ykazarens shared_ptr u3 6ubnaunoreku Boost wiu ero ananora (cM. coset 50).

B cymuocTH, konupyroumi KOHCTPYKTOp BPFC — eAMHCTBeHHOE, 0 YeM BaM MpHIeT-
cs1 MOOECIIOKOMTECS. B KOHTEKCTE JAHHOTO [IPHMEPA, TIOCKOJIbKY IIpH Nepefade H IOIy-
yeHH GyHKTOPOB OT pynxuuit STL Bcerna NIpoMCXoANT KOMHpOBaHue (TIOMHHTE, YTO
FOBOPHMJIOCE BBIIIE O iepefade o 3HaueHu1o?). M3 aToro BITEKAIOT ABA TpeDOBAHMA:
KOMHNaKTHOCTE 4 MOHOMODP(GH3M.

CoseTt 39. Peanuayinte npeaukaTsl B BUAE
KYUCTBIX>» PYHKLMA

ns Hatana pa3bepeMcs C OCHOBHEIMHU TEPMHHAMH.

o [Ipeduxamom Ha3eBaeTCA (GYHKIMSA, BO3BpamIaomas Tun bool (uiu apyroe 3Ha-
deHue, KOTOpPoe MOxkKeT GBITh aBTOMaTHYeCKH NpeofpasoBato k bool). [Tpenuxarst
mupoxo uerions3ywTest B STL, B wactHocTH, hyHKIMH cpaBHEHUS B CTAHAAPT-
HBIX ACCOI[MATHBHHIX KOHTeHHepax npeAcTaB/sioT coboit npenukarst. [Ipenukar-
Hble QYHKIMH 4acTo NepefaloTcs B Bu/le MapaMeTPOB TakUM aJIrOpUTMaM, Kak
find_if, ¥ pasIHYHBIM AITOPUTMAM COPTHPOBKH (0630 AIrOPUTMOB COPTHPOB-
KM nipHBeZer B coBete 31).

»  «YHucmotl» bynkunueir Ha3pIBaeTCs1 pyHKIMS, BO3BpalllaeMOe 3HaUeHHe KOTOPOi
3aBHCHT TOJILKO OT HapaMeTpoB, Eciu T — «ducTas» PyHKIHs, 2 X 1 y — 00bek-
THI, TO BO3BpallaeMoe 3HadeHHe F(X, y) MOXKeT H3MEeHHTBCH TOJILKO B Ciiydae u3-
MeHeHHS X WIH Y.
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B C++ Bce maHHEIe, HCHONB3yeMble «YHCTBIMH» (GYHKIUAMH, JHO0 MEPENAIOTCA B
BHZle TapaMeTPOoB, JTHH0 OCTATCH NOCTOSHHBIME HA TPOTAKEHUH BCETO XKH3HEHHOTO
1MKI1a QYHKIHH (€CTECTBEHHO, TAKHE HOCTOAHHDBIE JAHHDIE 00BABJIAIOTCS € KIKOYEBRIM
cnoBoM const). Eciu 6Bl AaHHBIE, HCTIOJIb3yeMble «UHCTOH» (DYHKIHEil, MOTIH H3Me-
HATHCA MEXAY BHI30BAMH, TO BBI30B 3TOH (DYHKIHK B pa3HBlE MOMEHTAI BDEMEHH C O/(H-
HaKOBbIMH IapaMeTPaMH MOr OBl JaBaTh Pa3Hble Pe3yJIbTAThI, YTO IPOTUBOPEYHT ONpe-
HeNeHHIO «IHCTOHY PYHKIHH.

M3 cka3aHHOrO ZOJDKHO GBITH MOHATHO, UTO HYXHO CHEMaTh, YTOGBI MpeAUKATHE
ObLIH «yuCTBIMA» QYHKIUAME. MHe 0CTaeTcs JHIb yOe uTh YHTATeIs B TOM, YTO 3Ta
pexoMeHanus obocHoBaHa. [[ 15 5TOT0 NPHAETCS BBECTH E1E OAUH TEPMHH,

« [Ipeduxamuvim xKraccom HasbiBaercsi Kaace GyHKTOPa, Y KOTOPOTO QyHKIUS
operator() ABJIAETCS NPEANKATOM, TO ECTh Bo3Bpamaer true wiu false. Kax u cne-
AyeT OXHIATH, BO BCEX Caydasnx, koraa STL oxkugaeT moayyuTs npeyuKaT, MOXKeT
nepeaaBaThes k00 HACTOALMIA TpeAuKaT, Tu60 06HEKT TIPEMKATHOTO Kacca.

Obemmaio, 4TO HOBLIX TEPMUHOB GoJtbite He Gyner. Terneps qasaiite pasbepemcs, o-
YeMy CJIefYET BBLIOJHATH DEKOMEHAAHKY aHHOTO COBETa.

B cosete 38 obbsicHsuIoch, 4TO 06beKTl (BYHKIMIT TEpPeNaOTCs TI0 3HAYEHUIO, TI0-
3TOMY TIPH MPOEKTHPOBAHHH HEOOX0AKMO [03a60TUTBCA O BO3MOKHOM KORHPOBAHMH.
A5t 06beKTOB GYHKIMI, ABSIOMEXCA IPEARKATAMHE, CYIIECTBYET ¥ APYTOH APryMeHT
B II0J1B3Y CTIEIIMAIbHOM MOAJEPXKKH KOMHPOBAHHSA. ANTOPHUTMEL MOTYT CO3/1aBaTh KONHU
(hYHKTOPOB K XpaHUTb KX ONpeleleHHOEe BPEMS TTepel HPUMEHeHHeM, HPHIeM HEKOTO-
Pbl¢ PEAIM3AUKHH ANTOPHTMOB 3THM aKTHBHO IOJIB3YIOTCH, BayHeHUM caeacTBueM
3TOTO (haKTa ABIAETCS TO, YTO MPEAUKATHBIE DYHKI[HU JOMKHBI OBITh <9UCTHIMH»,

Ilpeanososxum, Be1 HapyuTHIHA 5T0 OrpaHmrdeHue. Hike mpuBenen nIoxo crpoex-
THPOBaHHBIA KAACC MPeAUKaTa, KOTOPLIH HE3aBUCHMO OT NepeaHHbIX APTYMEHTOB BO3-
BpamaeT true TOJLKO OAMH Pa3 — IIPH TPeTheM Bbi3oBe. Bo BCEX OCTAaNbHBIX Crydasx
Bo3Bpamaercs false,

class BadPredicate: // balosui KNAcc onMcaH
public unary_function<Widget.bool>{ // B cosete 40

public:
BadPredicate():timesCalles(0){} /7 NepenenrHas timesCalled

/1 WHULMANKIUPYETCA Hynem
bool operator()(const Widget&)

return +timesCalled == 3:
}
private:
size t timesCalled:
}:
Ipeanonoxum, Kaace BadPredicate HCMOMB3YETCS 1151 MCKIIOUEHHS TPETHETO 05LEK-
Ta Widget 13 KoHTeliHepa vector<Widget>:

vector<Widget> vw; // Co3pate BEKTOD W 3aNONHUTE €ro
/! obwekTamn Widget

vww. erase(remove_if(vw,begin(), // ¥Ypanute TpeTuit oBbekT Widget.
ww.end(), // ceaab mewny erase w remove if
BadPredicate{)). // onucana B cosete 32
vw.end());
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IIporpaMma BBILJIAAUT BIOJIHE PA3yMHO, OJHAKO BO MHOTHX peanusauusx STL us
BEKTODA VW YAAIAETCS He TOJIBKO TPeTHi, HO | 1mecTofi ameMeHT!

Y106b1 MOHATE, TOYEMY 3TO MPOMCXOAMT, HeOOXOAMMO PACCMOTPETh OAUH H3 pac-
NMpOCTPaHeHHBIX BapHaHTOB pean3auuu remove_if, [loMHuTe, uTo 3Ta peanusauus e
sAeagemes 06A3aTeIbHOMN.

template<typename FwdIterator,typename Predicate>

Fwdlterator 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_if(++next, end.begin.p);

}
}

[Toapo6rocTy Hac ceifyac He nuTepecylor. O6paTuTe BHUMAHME: TPEIUKAT P CHaYa-
na nepenaercs find_if, asatem remove copy if. Koneuno, B 060oux cily4asix p mepegaer-
S IO 3HAYEHHIO — TO eCTh Konupyemcs (TeopeTHIECKH BO3MOKHBL HCKAIYEHHSA, HO HA
TIPAKTHKE NeJI0 O6CTOMT HMEHHO TakK; 3a noApoGHocTaMH obpamaiitecs K coeTy 38).

[Tepeniit BeI30B remove_if (pacmoIOKeHHEIH B KIIHEHTCKOM Kofie, YAAISIOIEM Tpe-
THIT 2JIEMEHT U3 VW) C037aeT aHOHuMHBIH 00bexT BadPredicate ¢ BHyTpeHHell nepemen-
Hoii timesCalled, papHoii (). IToT 06BEKT, H3BECTHBIR B remove if moa MMeHeM p, 3aTeM
konupyercs B find_if, moatomy find_if tosxe monydaer obbsext BadPredicate c mepe-
merHoil timesCalled, paBroii 0. AnropurMm find_if «BbI3biBaeT» 310T 0OBEKT, TOKA TOT
He BepHeT true; Takum o6pasoM, oObeKT BEI3HBAETCs TpH pasa. 3arem find_if Boaspa-
naeT ynpasieHue remove_if. Remove_if mpoacokaeT BHIMOIHATECA H B HTOTE BRI3BIBAET
remove_copy if, Mepejasas B KadecTBe MpefrKaTa odepeZHy0 Konuio p. Ho nepemen-
Hast timesCalled o6bekTa p mo-npexkuemy pasra 0! Beas anropurm find_if BbisbiBai
He p, a jiMiie xonuro p. B pesyibrare mpu TpeTheM BHI30Be U3 remove_copy_if mpeauxar
ToXe BepHeT true. Tellepb noHATHO, noYeMy remove_if yaanser Asa ofbexTa Widget
BMECTO OTHOTO,

Y1068 000HTH 3TY JHHIBHCTHYECKYIO JIOBYIIKY, TPONIE BCEro 0OBABUTD (PYHKLHIO
operator() ¢ KJII0YeBBIM CAOBOM const B mpeJdKaTHOM Kiacce. B aToM ciyyae kommu-
JIATOP HE MMO3BOJIUT M3MEHHUTD NIepeMeHHEle KJ1acca:

class BadPredicate:

public unary_function<Widget,bool> {
public:

bool operator(){const Widget&) const

return ++timesCalled == 3; // Ounbra! WameHeHwe NOKanoHLIX AaHHLIX
} // B KOHCTEHTHOH (yHKUMKM HEBO3IMOKHO

b

H3-3a IPOCTOTHI 3TOTO PelIeH s 5 4yTh GBLTO He 03arJIaBUJ 3TOT coBeT «O6bsBasl-
Te operator() KOHCTAHTHBIM B TIPEIMKATHBIX KAaccax», HO 3ToH opMyJIHPOBKH HEI0-
cratouHo. Jlaxe KoHCTaHTHBIE (PyHKIME MOryT ofpamaTbes K mutable-nepemMeHHBIM,
HEKOHCTAHTHBIM JIOKATHHBIM CTATHYECKHM 00BEKTaM, HEKOHCTAHTHEIM CTATHYeCKHM
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06beKTaM KJIacca, HEKOHCTAHTHBEIM 0ObekTaM B 00JaCTH BUAMMOCTH HPOCTPAHCTBA
HMEH H HeKOHCTAHTHBIM [JI00a1bHbIM 00BbeKTaM. XOpOoLo ClIPOeKTHPOBAHHbIN Npeau-
KaTHBIH KJIACC AOJDKeH obecneduTh HezaBUCHMocTb (DynKiuii operator() u or sTux
o6pekToB. OO0bsABIEHNE KOHCTAaHTHBIX QyHKUHI operator() B MPeAKKATHBIX KIaccax
HeoGxo0umo JUIA TIPABUJIBHOTO 1I0BEAEHNSL, HO #e docmamouno. [IpaBUIBHO HallHCaH-
Has QyHKIHs operator() ABISETCA KOHCTAHTHOM, HO 370 ewte He Bce. OHa A0/ HA ObITH
<YHCTOI» PyHKIHEH,

Panee B 3TOM cOBeTe YiKe YIIOMHUHANOCH O TOM, YTO BCOAY, Tae STL oxugaer no-
JIy4uTh MpeAuKaTHYI0 (YHKIIHIO, MOXKET TepefaBaThcs JubH0 peanbHas QyHKIUS,
1160 06BEKT NPeIMKATHOTO KJIacca. DTOT MPHHILAI AeHCTBYeT B 060MX HAaNpaBjIeHK-
sax. B mo6om Mecre, rae STL paccuutbipaeT nosyuuTs 06bEKT TPEAMKATHOTO KIACCa,
MOROHAET M mpeAuKaTHas QyHKIMA (BO3MOXKHO, MOAH(HUKPOBAHHAS IPU TIOMOILH
ptr_fun — cm. coser 41). Teneps Bl 3HaeTe, YTo PyHKUHMK Operator() B NPeARKATHBIX
KJ1acCaX JOJBKHBI GBITh «UMCTHIMH»> (DYHKIHSIMH, TIOSTOMY OTpaHHYEHHE PACIPOCTPa-
HAETCS U Ha mpeAukaribie pyaxunm. Crenyiomwas QyHKIHS Takke IJI0Xa B KadecTBe
[PEeAKBKaTa, Kak ¥ 00bEeKTH, CO3ZaHHEIE HAa OCHOBE Kiacca BadPredicate:

bool anotherBadPredicate(const Widgetd,const Widgetd)
{

static int timesCalled = 0: // Het! Het! Het! Her! Het! Hert!
return ++timesCalled == 3; // TpeAMKATH JOMKHN ObiTs "UHMCTLIMK"
} /7 DYHKUMAMK . @ "uncTeie” dyHKuum

// HE WMENT COCTOAHMA

Kak 651 BbI HH IPOrPaMMMPOBAIM NPEAMKATE, OHU BCEra AOJKHBL OBITh «4HMCTHI-
MH» DYHKIMSIMH.

Coeet 40. Knaccbl pyHKTOpOB
OO/DKHBI 6bITb aganTupyemMbiMn

Ipennosoxum, y Hac MMeeTCs CIMCOK ykasaTeleit Widget* n GyHkums, koTopas no yxa-
3aTeJIO OIpeseNsieT, inseTcs i 0ObeKT Widget «<uHTEepecHBIM»:

list<Widget*> WidgetPtrs:

bool isinteresting(const Widget *pw):

Eciu noTpebyercs HaiiTé B CIICKe NEPBBIA YKa3aTelb HA <HHTEPECHHl» OGBEKT
Widget, aTo menaeTcs rerxo:

Tist<Widget*>::iterator i=find_if(widgetPtrs. begin().widgetPtrs.end().
isInteresting);
if (il=widgetPtrs.end()) {
// O6paboTra neproro “uHTepeckoro”
} // yKalaTena Ha Widget

C npyroit cropoHsl, eciiu norpeGyeTcs HaiTH MEPBLIH YKa3aTelb Ha «HeMHTepec-
HbIll> 06BEKT Widget, ciremyioliee oueBHaHOE peleHHe HE KOMIUJIUPYETCA:
1ist<Widget*>::iterator i =

find_if(widgetPtrs.begin(),widgetPtrs. end(),
notl{isInteresting)): // Quwbka! He romnunupyetca
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Tlepexa notl x ¢pyukiuu isInteresting HeobxoAUMO HpUMEHHTL ptr_fun:

Tist<Widget*>::iterator i =
find_if(widgetPtrs.begin().widgetPtrs.end(},
notl(ptr_fun{isInteresting))): // HopManoHo

if (il=widgetPtrs.end()){
// 0bpaboTka nepsoro
} /1 "HennTepecHoro” yKasaTena
/7 Ha Widget

[Ipu BHZE BTOTO pelIeHUs: HEBOJIbHO BO3HHKAIOT BONIPOCHL. [1oueMy MBI OKHBI TPH-
MeHsTh ptr_fun x isInteresting nepex notl? Yo ptr_fun A7s Hac AenaeT H MOYEMy Ha-
gyuHaeT pafoTaTh NPUBEACHHAS BN KOHCTPYKIHA?

OTBeT OKa3blBaeTCsi BechbMa HeoxuaaHHbM. Best pabora ptr_fun cBoguTes K npefo-
CTaBJIEHHIO HECKOJIBKHX OMpPefesIeHUi TUIIOB. JTH ONpeesIeHus] TUIIOB HeOOXOTHMBI
JUtsE notl, roaToMy npuMeHeHue notl k ptr_fun paGoraet, a HemocpeACTBEHHOE IPH-
meHenue notl x isInteresting e pa6Goraer. [IpuMuTHBHBIH yKasaTeas Ha QYHKIHIO
isInteresting He moAAePKUBAET OTIpeAesIeHKs THIOB, HEOOXOXUMBIE 115 notl.

Bupouewm, notl — He enmHcTBeHHDBIH KoMnoHeHT STL, npenssapasionuit nogoOHkE
Tpebopanusi. Bee yeTnipe cranaapTHeIX agantepa (notl, not2, bindlst u bind2nd), a Tax-
ke Bce HecTanmapTHele STL-coBMecTHMBIE A/IanTephl H3 BHEMHHBX MCTOYHHKOB (Ha-
npumep, sxousimiae B SGI u Boost — cm. coser 50), TpedyioT cymecTBOBaHuUS HEKO-
TOPBIX onpexneseruil THIOB. O6bekThl (HYHKIUH, NPeqoCTaBIsiomue HeoGXoqUMEe
OTIpe/IeTIEHUS THIOB, HA3LIBAIOTCH AGANMUPYEMbIMU; TIPH OTCYTCTBHH 3THX ONpeaese-
Hul 00BEKT HA3EIBAETCA Headanmupyemvim. AfanTupyemsle 06beKxTH DYHKIUIL MOTYT
HCHO0Jb30BaThCSA B KOHTEKCTAX, B KOTOPHIX HEBO3MOXHO MCIIOIB30BaHHe HeaaanTHpye-
MBIX OOBEKTOB, TIOATOMY BbI IOJDKHBI TI0 BO3MOXHOCTH J€/IaTh CBOHM 00beKThl hyHKIMi
ananTUpyeMbIMH. AJaNTHPYEMOCTh He TpefyeT HEKaKHX 3aTpaT, HO 3HAYMTe ILHO YIIpo-
IAET MCTIONB30BAHUE KIACCOB (PYHKTOPOB KIHEHTaMH.

HasepHroe, BMECTO TYMAHHOIO BEIpRKEHHS <HEKOTOPEHIE ONPENeIeHHS THIIOB»> Bbl
6Bl IpeAnOwIN HMeTh TOYHBI cucok? Peus uner o6 onpeneneHusx argument_type,
first_argument_type, second_argument_type u result_type, HO CHTYaIIHA OCIOXKHAETCA
TEM, YTO pa3Hble KJIacChl (PYHKTOPOB AOKHBI IPEAOCTABSTEH pasHble NOIMHOKECTBa
3THX HMeH. UeCTHO TOBOPS, eC/IH BBl He 3aHMMAaeTech Pa3paboTKol COOCTBEHHLIX afar-
TEPOB, BaM BOOOIIIE HHYETO He HYKHO 3HATh 00 3THX onpexneneHusx. Kak npasuio, omnpe-
LeneHHs HACHeAy1oTes oT 6a30BOTO KJIacca, a TOBOPs TOYHee — 0T Ha30BOM CTPYKTY-
per. JLsst knaccoB PYHKTOPOB, ¥ KOTODBIX operator () BEI3bIBACTCS C ONHHM APIyMEHTOM,
B KadecTse npefika BEIOuUpaeTcst CTpYyKTypa std: :unary_function. Knaccnt dyHKTOpPOB,
¥ KOTOpBIX operator() BEI3BIBAETCA ¢ ABYMS apryMeHTaMM, HACAEAYIOT OT CTPYKTypbI
std: :binary_function.

Bripouew, He coBceM Tak, unary_function u binary_function sBnstorcs wabnoHamy,
MOSTOMY MpsAMOe Hacel0BaHHe 0T HUX HeBO3MOXKHO. BMecTo aToro npu Hac/ieA0BaHAH
HCHO/Ib3YIOTCS CTPYKTYPbI, CO3AaHHBIE Ha OCHOBE 3THX WAGIOHOB, & A7 3TOro Heobxo-
IUMO yKa3aTb apryMeHTs! THHOB. [lns unary_function 3ajaercst Tum napametpa, mory-
4aemoro (pyHKKel operator() Baniero kjacca pyHKTOPa, a TAKXKE THN BO3BPALaeMOTo
a"aveHHua. /lns binary_function KonuyecTBO THIIOB YBEJIMMHUBAETCS AO TPEX: TUIIE ep-
BOTO K BTOPOr'O ITApaMeTpoB operator() i THII BO3BPAIIAEMOTO 3HAYEHHS.
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IMapa npumepos:

template<typename T>
class MeetsThreshold: public std::unary_function<Widget, bool>{
private:
const T threshold:
public:
Meets Threshold(const T& threshold):
bool operator()(const Widgetd) const:

s{:ruct WidgetNameCompare:
std: :binary_function<Widget,Widget,boo)>{
bool operator(}(const Widgetd 1hs,const Widgetd rhs) const;
}:

B oboux CJyqasx THIbL, MepenasaeMble unary function uim binary function, coBna-
AI0T ¢ THIIAME, NIOJIyYaeMbIMH H BO3BPpalllaeMBIMH (DyHKIHelH operator() kiacca GyHK-
TOP&, XOTH Ha MePBhli B3NIAA HECKOJBKO CTPaHHO, 9TO THIT BO3BPAIAEMOI0 3HAYEHUA
operator() meperaeTcA B MOCHeAHEM apryMeHTe unary_function mnum binary function.

BoaMoxHO, BH 3aMeTHIH, YTO MeetsThreshold siitsiercst kaccoM, a WidgetNameCompare
ABJIAETCA CTPYKTYpOii. MeetsThreshold ofmanaer BRYTPEHHEM COCTOAHHEM (NepeMeH-
nas threshold), u 118 HHKAMCYIANMM 9THX AAHHBX JIOTHYHO BOCIIOIL30BATHCS HMEHHO
knaccoM. WidgetNameCompare COCTOAHMS He HMEET, IO3TOMY M 3aKPhITHIE JAHHBIE He HYK-
HBL. ABTOPHI KAacCOB (DyHKTOPOB, B KOTOPHIX BCSA HWH(OPMaIus SBISETCS OTKPBITOMR,
4acTo 06BABISIOT CTPYKTYPBl BMECTO KJIACCOB — BEPOSITHO, TOJIBKQ VLS TOTO, YTOGB! UM
He TMPHXO0AKIOCH BBOAUTH «publics mepen 6asoBbiM Kiaccom u (yHKuMed operator().
Bri6op Mexay KJIaccoM U CTPYKTYPOH TIpH 06bABIEHHH TakuX QYHKTOPGB Onipesesier-
sl MCKTIOYHMTETbHO CTHJIEM NIporpaMMuposanust. Eciu Bal! ele He BerpaboTanu co6cTBeH-
HOFQ CTHJISL H CTAPAETECh HMUTHPOBATh NPOGECCHOHANOB, YYTHTE, YTO KJAACChl PyHK-
TopoeB 6e3 cocrosirust B camoit 6ubimortexe STL (nanpumep, less<T>, plus<T> K T. 11.)
0OBIYHO 3AIHCHIBAIOTCA B BUAE CTPYKTYP.

Bepremcs k onpenenenuio WidgetNameCompare:

struct WidgetNameCompare:
std::binary_function<Widget,Widget,bool>{
bool operator()(const Widget& 1hs.const Widget& rhs) const;
b

Xots apryMenTsl operator() oTHoOCATCS K Ty const Widget&, wabmony binary
function mepenaercst Tun Widget. OGrIuno mpyu nepefade unary_function uaum binary
function TUNOB, He SIBAAIONIMXCS YKA3aTEJISMH, KAOYeBHIe CIOBA CONSt U 3HAKH CChLI-
KM yAQISIOTCA.., TOJIBKO He CIpamMBaiTe, modeMy, — OTBET Ha 3TOT BONPOC HE UHTepe-
CeH M He NpuHIMNHaneH. Ecii Bsl cropaeTe oT 1000NBITCTBA, HATKIIUTE NPOTPaMMY,
B KOTOPOU OHH He yAaJISIOTCS, ¥ POAHATH3UPYITe HOJMYIEHHYIO JMarHOCTHKY KOMITH-
JsATOpa. A eCliM Bbl 4 NOCAE 3Moz0 He YTPATHTE MHTEPeC K 3TOM TeMe, IOCETHTE cafiT
boost.org (cm. coser 50) u noumute Ha HeM uHGoOpManuo 06 aganTepax o6BEKTOB
bynkumit. ’

Ecnm operator() moiy4aeT mapaMeTph-yKasaTesd, cUTyalMs Mensercs. Hike
MpuBefieHa CIPYKTYpa, aHaioruvtas WidgetNameCompare, Ho paboTaiomas ¢ ykasate-
asMu Widget™:
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struct PtrWidgetNameCompare:
std: :binary_function<const Widget*, const Widget*.bool>{
bool operator()(const Widget* 1hs, const Widget* rhs) const:

}:

B stom cayyae Tumsl, nepeAaBaemule binary _finction, coBmasaioTr ¢ THNaMy, me-
peaasaeMmbiMu operator(). Ofuiee mpaBuio A KMaccoB GYHKTOPOB, MOTYYAK KX
HJIM BO3BPAILAKIIHX YKajaTesH, 3aKI049aeTCs B TOM, 4T0 unary_function uaum binary_
function mepefaTCA B TCYHOCTH TE€ THIMBI, KOTOPblE MOJYYAaeT MJIH BO3BpAIlAeT
operator().

IMomuuTe, YTO Gazosblie Kaaccs! unary_function u binary_function BHINOMHSIOT TOIb~
KO OAHY BaXKHYIO GYHKIIMIO — OHU NPeJOCTABJIAIOT ONpeeleH!A THIIOB, HeoOXOLHMbIe
[J1s1 pabOTHI ANTEPOB, MO3TOMY HACHEAOBAaHUE OT 3THX KJIACCOB IIOPOXKAAET aJalTH-
pyemble 06bekTH! byHKIHE. ITO MO3BOIAET HCMOJIB30BATh B MPOTPaMMax CleAyIomHe
KOHCTPYKIIMH:

list<Widget> widgets:

Tist<Widget>::reverse_iterator il= // Ha#itu nocnegnuii obvexT
find_if(widgets.rbegin().widgets.rend(), // Widget, He cooTseTcCTBylWU#
notl(MeetsThreshold<int>(10))): // noporosomy kpuTepuo 10
/4 {470 bl 3TO HU 03IHAYano}

Widget w{aprymenTsl KOHCTpYKTODA) ; // HaiTh nepebii ofuext Widget.
1ist<Widget>::iterator i2 = // npepuwecTsycurii W B nopajke
find_if(widgets.begin() ,widgets.end(), // CODTUPOBKM, ONPEAENEHHOM

bing2nd(WidgetNameCompare().w)): // WidgetNameCompare

Ecnu 681 kaccsl GYHKTOPOB He OMpeAeisIuCh MTPOH3BOAHBIMHE OT unary_function
unm binary_function, Hi OZHH K3 3THX MPHUMEPOB He KOMIHIMPOBAICA OBI, TOCKOJIBKY
notl u bind2nd paboTaoT TOJBKO ¢ afanTHPYeMbIME 00beKTaMH QyHKIHHA.

O6bexTs! Gpynkunit STL noctpoeHs! no o6pasuy dyuknuil C++, a pynknuu C++
XapaKTepHU3yIOTCS elUHCTBEHHBIM Hab0POM THIIOB MAPAMETPOB M OAHHUM THIIOM BO3-
BpamaeMoro 3Hayenusi. B peaynprare STL HesiBRO MoapasyMeBaeT, 4To KaiKABLH KAace
dyHKTOpa coaepXKUT eAHHCTBeHHY 10 QPyHKIHIO operator(), TUIILI MapaMeTPOB U BO3-
BpAIAeMOro 3HaueHus KOTOPOH LOJDKHBI Mepefasarhesl unary_function mnm binary
function {c yderom 1paBuJt riepenadd CCHIIOK M YKasareJiel, 0 KOTOPEIX TOBOPHIOCH
panee). 113 aToro ciexyer ogHO BaxkHOe 06CTOATENBCTBO: He OAAaBaitTecs cobna3Hy 1
He nblTalTech 00beAUHATE QYHKIUMOHATBHOCTL WidgetnNameCompare 1 PtrividgetCompare
B OZIHOH CTPYKType ¢ ABYMS yHKumsAMu operator(). B atom cityyae dyuxtop 6yaer
aJlanTHPYEeMEBIM [0 OTHOUIEHHIO JIKIIL K OAHOM u3 ABYX ¢opM BHI30Ba (TOH, 4TO HC-
TI0JIb30BANIACh TIPH Iepefade MapaMeTpoB binary function), a moAB3sl OT TAKOTO pe-
ureHust 6yAeT HEMHOTO — HAIOJIOBHHY aianTupyeMblil GyHKTOp HMYyThb HE JydlIe
HeazanTHPYeMoro,

WHoraa B kmacce hyHKTOpPa GBIBAET Pa3yMHO OTPEAENHTh HECKOJIBKO (hOPM BHI30BA,
TEM CaMbIM OTK23aBLIMCh OT aaNTHPYeMOCTH (NPHMepPhl TAKUX CHTYALHI PHBEAEHbI
B coBerax 7, 20, 23 u 25), Ho 310 CKopee KCKIIOYEHNUE, a He MPABKJI0. AJANTHPYEMOCTh
BAXKHA, B O Hell ¢JIeflyeT MOMHHTH NPH pa3paboTKe KaaccoB GyHKTOPOB.
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CoBeT 41. Pas3bepuTtech, Ans 4Yero Hy>xHb! ptr_fun,
mem_fun n mem_fun_ref

3aragounsie ¢hyuxnuu ptr_fun/mem_fun/mem_fun_ref yacTo BHI3HIBAIOT HEJOYMEHHE.
B onnux ciy4asx ux IpHCYTCTBHE 0653aTeNBHO, B APYTHX OHU He HYKHBL... HO 4TO Xe
OHM Bce-TaxH AenaioT? Ha nepralit BATJISA KaXKeTCs, YT0 OHH GeCCMBICIEHHO 3aTPOMOK-
raroT uMena pyHknui. VX HeynoO6HO BBOAUTH M YUTATh, OHH 3aTPYAHAIOT MOHHMA-
HHe nporpaMMel, UTo 310 — odepeaHble MepexxuTku npomtore STL (apyrue npumepst
NpHBOAMIHCE B coBeTax 10 u 18) miu cunTaxcHyeckas 1IyTKa, MPAAYMaHHAA WIeHAMH
KomuTeTa 1o CTaHAAPTH3ANKH C H3BPALIeHHBIM YyBCTBOM IoMopa?

JleHCTBUTENBHO, HMEHR BBITJISASAT ZOBOJIBHO CTPAHHO, HO yHKuuu ptr_fun, mem_fun
i mem_fun_ref BBINOJHAIT BaXHBIe 3aiadu. Eciu yX peds 3auuia 0 CHHTAKCHYECKHX
CTPAHHOCTSIX, HAA0 CKa3aTh, YTC O/HA H3 BaKHENHX 3aaa4 3TUX QYHKIKH CBsI3aHa
¢ IPeOOJIEHHEM CHHTAKCHIECKOI HeTloceaoBarenbHocT CH+.

B C++ cymecTByOT TpH BapHaHTa CMHTAKCHCA BbI30Ba GyHKIuH f st obbeKTa X:

T(x): // Cuutarcuc 1: f ne AsnAeTCA QyHKUWMER Knacca
/! (BbI30B BHEWHER (yHKuMK)
.70 // Cuuvakcue 2: f ABpaeTCA (yHKUMeR wknacca,
a X ApnAeTcA 0OLeKTOM
7/ MAW CCHINKOR HA OBLEKT
p->f(); // Cuwvakeue 3: T ABNAETCA (QyHKuKeR Kknacca,

a P CONEPHAT yKasaTens Ha X

PaccMOTpPHM THIOTETHYECKYIO (DYHKUHKIO, MPpeAHA3HAYEHHYIO AMA <[[POBEPKH»
obbexros Widget:

void test(Widgetd w): // Nposeputs 06bekT w. Ecnu 0ObeKT He npoxoauT
// NPOBEPKY, OH MOMRYAETCA Kak "nnoxoi”

HomycTuM, y Hac rMeeTcsi KOHTeliHep 06BeKToB Widget:
vector<Widget> vw: /1 vw copepsnT 00bexTn Widget

Jlnst mpoBepky Beex 00beKToB Widget B KOHTeliHEpe vw MOMKHO BOCIIOJIB30BATECS
anropurMoM for_each:

for_each{vw.begin(), vw.end() . test}; // Bapuaut 1 (HCDMANLHO KOMOWMIMPYETCA)

Ho npeacraserte, 4To test sBasercs $yHKuKeil kaacca Widget, a He BHeurselt QyHk-
umeii (To ecThb Kaacce Widget caM ofecrnieynBaeT NPOBEPKY CBOHX OGBEKTOB);

class Widget {

public:
void test(): // BunOAHWTL CamonpoBepKy. Ecnk nposepka
// 3apepwaetca Heynaded, oObEKT NoMe4aeTCR
}: /! KaK "nnoxon”

B uneansnoM Mupe Mbl MOTJIH OB BOCIIOJIb30BaThesl for_each st BRI30Ba QYHKIHH
Widget : : test Bcex 06BEKTOB BEKTOPA VW

for_each(ww.begin{).vw.end().
&Widoet: :test); // Bapuaut 2 {(He woMmnunupyetcs!l)
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Bostee Toro, ecaiu 661 Hatn MEp OB KeHCTBUTEIBHO HACAIBHBIM, aTopuT™ for_each
mor 6Bl HCTIIOIb30BATHCA M 1151 BhI3oBa Widget: :test B KoHTelinepe ykasareseit Widget*:

1ist<Widget*> 1pw; // Cnucok pw COAEDMMT yKadaTenu
// Ha obwexTh Widget.
for_each(1pw.begin(), 1pw.end(), // Bapuaut 3 (He komnunupyetcal)

&Widget::test):

Ho moaymaiire, 410 A0/DKHO G110 GBI IPOMCXOAUTD B 3TOM HAealbHOM Mupe. BHYT-
pu GyHxuu for_each B BapHaHTe 1 BbI3sIBaeTCA BHEMIHASA QYHKIMS, OITOMY AOJIKEH
MCMob30BaThCs cuuTakcuc 1. Buyrpu Bbi3osa for_each B BapuanTe 2 cienoBasto 6bl
MCIIOJIB30BATh CHHTAKCHC 2, TOCKOJIBKY BEI3bIBaeTCA (byHKIMSA KJaacca. A BHyTpH DyHK-
nuu for_each B BapuaHTe 3 MPHULIOCH GBI HCIOJIB30BATh CHHTAKCHC 3, IOCKOJIBKY PEYb
uzaer o GyHKIUH KAacca ¥ yKasaresie Ha o6beKT. Taxum o6pa3oM, HaM MOHAZOGHIKCD
651 mpu pasHblx Bepcuu for_each — pasBe TaKoi MHD MOKHO HAa3BaTh HA€albHBIM?

B peanbHoM Mupe CyuiecTBYeT ToJbKO odHa Bepcusi for_each. Herpyano npeacra-
BHTE cefie BO3MOMKHYIO ee PealH3alHIo:

template<typename Inputlterator.typename Function>
Function for_each(InputIterator begin. Inputlterator end. Function f)

while (begini=end) f(*begin++);

}

JKuprbiit mpudt ucnosbayercst A4 BeiAeeRIA ToF0, 4TO NPy BBI30Be for_each uc-
noss3yercs curtakcuc 1. B STL cymecTsyer Bceobitee npasmiio, COrlacHo KOTOPOMY
dyHKiuH ¥ 06berTh! GyHKIHE BCETAa BHI3BIBAIOTCS B NIePBOit CUHTaKCcHYecKoit dopMe
(kak BrHemHue pyuKnun). CTaHOBHUTCS MOHSITHO, TOYEMY BapHaHT 1 KoMIuiIupyeTcH,
a BapuaHTH 2 B 3 He KOMITWIMPYIOTCH — airopurMbl STL (8 ToM uncne u for_each)
JKeCTKO 3aKOAMPOBAHBI HA HCMOJIb30BAHUE CHHTAKCHCA BHEMIHUX (DYHKIHE, ¢ KOTOPBIM
COBMECTHM TOJIBKO BapiaHT 1.

Ternepb NOHATHO, AJiS 4eTo HYKHBI (yHKiuu mem_fun u mem_fun_ref. Ouu obecrne-
YHBAIOT BO3MOKHOCTE BE30Ba GyHK1 Uil KJ1accoB (06BIYHO BEI3BIBAEMbIX B CHHTAKCH-
ce 2 u 3) MpH MOMOILK CBHTaKcuca 1.

[Ipuruun paboTsl mem_fun u mem_fun_ref mpocT, XOTA A MylIel ACHOCTH JKeJa-
TENBbHO PACCMOTPeTh 0OBABICHHE OAHOM 13 aTHX (PYHKuMiA. B AeiicTBUTEIBHOCTH OHM
NPeACTaBIsIOT c060 i wabioHb GyHKIKHE, IPHIEM CYILIECTBYeT HECKOJILKO BAPHAHTOB
mem_fun 1 mem_fun ref myst pasHoro KonM4eCcTBa NapaMeTPOB M HAIMYHA-OTCYTCTBHA
KOHCTAHTHOCTH aflanTUpyeMblX uMu GYHKIHA Kaacco. OQHOTo 06BABIEHHS BIIOJIHE
AOCTATOYHO, YTOGE! pa30fpaThCd B MPOHCXO/SLIEM:

template<typename R, typename C> // 06vaAsnexve mem_fun ANA HEKOHCTAHTHLIX

mem_fun_t<R.C> /7 dyHKkumiA Gea napametpos. C - Hnacc,

mem_fun(R(C: :*pmf)(}); // R - THR BO3BPAWAEMOrC 3HAYEHWA ByHKUMK,

// Ha KOTODYW CCHINAETCA yKasaTens

OyHkuus mem_fun cozzaeT yxasaresib pnf Ha QYHKIHIO KJ1acca M BO3BpamaeT 00beKT
tunamem_fun_t. Tun npexcrasiseT coboit krace GyHKTOpa, CoAepKaluii yKa3aTellb Ha
$ynxnuio u GyHxKumo operator(), KoTopas 1Mo yKA3aTeAl0 BH3bIBaeT (DYHKIHIO AJsI
o6reKTa, mepegaHHoro operator(). Hanpumep, B cienyomeM pparmMenre:

Tist<Widget*> Tpw: // CH. padee
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for_each(1pw.begin(}.lpw.end(),
mem_fun{8Widget: :test)): /1 Tenepb HOPMANsHO KOMNMAMDYETCA

[Ipu Beizose for_each mepegaercs o6bexT THna mem_fun_t, colepxamuii ykasareyb
HaWidget: ;test. ;s Kancaoro ykasaressi Widget* B 1pw anropuT™ for_each «Bui3biBaeT»
ofbeKT mem_fun t ¢ HCIIONB30BAHHEM CHHTAKCHCA 1, @ 9TOT 00BEKT HEMOCPeACTBEHHO
Bol3biBaeT Widget::test ans ykasarend Widget* ¢ HCMONB30BaHHEM CHHTaKcHca 3.

B nesom mem_fun mpHBOAMT CHHTAKCHC 3, HeoOXoaumMbIlt st Widget: :test npu uc-
NOJIL30BAHHH € YKa3zaTeneM Widget*, kx cunTakcucy 1, HCIOIb3yeMOMY alropuTMoM for_
each. [To BIosIHe TIOHATHbBIM MPUYAHAM TaKHe KJIAcChl, Kak mem_fun_t, HaseIBAOTCH adan-
mepanmu obvexmos Qyrxyuii. Haseproe, BB yXXe JOrajanuchk, 9To [10 aHATOTHH CO BCEM,
0 YeM TOBOPHJIOCH Panee, GYHKIIKK mem_fun_ref aZanTHPYIOT CHHTAKCHC 2 K CHHTAKCH-
cy 1 u rerepupylor aganreph THma mem_fun_ref t.

O61bexTsl, cozdaBaeMble QyHkuusMu mem_fun u mem _fun_ref, He OrpaHUYMBAIOTCH
npoctoit yHudukanseit cunraxcuca Asst komnonentos STL. Onu (a Takxke 06BeKTHI,
cosgasaeMble pyHKiHeil ptr_fun) Taxoke MpeaoCTaBAA0T BAXKHEIE OMpeAcIeHKrs THIIOB,
06 aTux onpeaeneHusx ysxe ObLI0 paccKasaHo B coseTe 40, 109TOMY 51 He CTaHy MOBTO-
psaTbest. TeM He MeHee, CTOMT PasobpathCst, MOYeMy KOHCTDYKIIHS

for_each(vw.begin(),vw.end(},test): // CH. paHee, BapuauT 1.
// HopMansHO KOMNWNMpYeTCH

KOMITHJIAPYETCS, a CJAeAYOLAe KOHCTPYKIIHH He KOMITHIAPYIOTCST:

for_each{w.begin().w.end().8Widget: test}; // CH. panee, BapUaWT 2.
// He komnunupyetca.
for_each{1pw.begin(}.1pw.end() .8Widget: test): // Cw. paHee, sapmanT 3.
// He HomrunupyeTtca
Ilpu mepeoM BH30Be (BapuaHT 1) nepenaercs Hacrosimas GYHKIHA, TO3TOMY a/ar-
TallMA CHHTAKCHCa BEI30Ba AN for_each He HYXKHa; a/ICOPHTM CaM BBI3OBET ee C IIPaBUJIb-
HbIM CHHTaKcucoM. Bosee Toro, for_each He ucnonb3yer onpeaeneHUs THIOB, A00aB-
nsemble byHKuuei ptr_fun, moaToMy mpu nepegade test byukmus ptr_fun He HyXHa.
C apyroii cTOpoHEL, AoOaBieHHbIEe ONpefereHus] He TTOBPeAsT, TOATOMY CleAYIUMI
tparMeHT (DYHKIHOHAIBHO S9KBUBAICHTEH IPHBEACHHOMY BEILIE:

for_each(vw.begin().w.end().ptr_fun(test)}: // KomnunupyeTca u paboTaer,
// Waw sapuaHt 1,

Ecnu Bol 3a6nIBaeTe, Korma Gpynkuus ptr_fun obsizarenbHa, a B KaKux ciydasx bes
Hee MOXKHO 00OHTHCH, Jiydute HCIoJb3yiiTe ee Npu BCex nepeaayax (pyHKIUA KoMo-
nerTaM STL. STL urHopupyeT Ju1uHYe BHI30BEL, ¥ OHH He OTPAXKAIOTCA Ha ObICTpOAei-
CTBHH NMporpaMmbl. Bo3aM0oKHO, BO BpeM# YTeHus Baliell MporpaMMBI KTO-HBOYAb YAHB-
NeHHO NoAHUMET GPOBH NP BH/E IMIIEEro Boizosa ptr_fun. Hackoupko ato GecnoxouT
pac? HaBepHoe, 0TBET 3aBHCHT OT NPHPOJHON MHHTENbHOCTH.

CywecTByeT H Apyroii NOAXOA — MCIC/BL30BaTh ptr_fun B ciyyae kpaiineii Heob-
xomumocTH, Ecnu yHKIMS OTCYTCTBYET TaM, Iie HeoOXOAHMEL ONpeaeNeRus THIIOB,
KOMITHJISITOP BRIA2eT coobienue o6 ommubke. Toraa BEI Bo3BpaiaeTech K MporpaMme
H BKJIIOY2eTe B Hee MPOMYIIEHHBIR BH30B.

Cmem_funuamem_fun_ref cuTyaius NPUHIKIHAIBEHO HHAS. ITH DYHKIIMH BCEraa AOJIK-
HEl IPUMEHATHCS NpH Nepeaade Gyunxkuuu komnonerTaM STL, moCcKoNbKY MOMBEMO
onpefeseHUA THNOE (HeOOXOAMMEIX HIMH HeT) OHH AJanTHPYIOT CHHTAKCHC BHI30Ba,
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KOTOPHBI 00BIYEO HCTIO/IB3YeTCs A QYHKIMH Kaacca, K CHHTaKcHey, mpuHaTomy B STL.
Ecin He nenosis3oBath aTH (DYHKIMM OpH mepelade yKasareneit Ha PyHKIuH Kiacca,
nporpamMa He GyaeT KOMIHJIMPOBATBCA.

Ocraercst iuib pasobpaThes CO CTPAHHBIME UMeHaMu ajiantepos. [lepen Hamu caMbiii
HacTosAmmil nepesxuTox nponrtoro STL, Koraa snepsble Bo3HAKIZ HEOGXOAUMOCTD
B aarrrepax, paspaboryuxu STL opuenTupoBach Ha KoHTeHHEePH yKasaTenel (C yde-
TOM HEAOCTATKOB TAKHX KOHTeHHEPOB, ONMMCAHHEIX B coBeTax 7, 20 u 33, aTo MoxerT mo-
Ka3aThCsl CTPAHHBIM, HO HE CTOMT 3a0BIBaTh, YTO KOHTEHHEPHl yKasarejed TMoazep-
YKHBAIOT MOJHMOP(H3M, a KOHTeliRepsl 06bekToB — Het). Koraa nonanobusicst ajanrep
mitst pyuxumit kinaccos (MEMber FUNctions), ero Hazsanu mem_fun. ToJibko mosaHee
pa3paboTUMKH [OHSLIM, YTO [/I5 KOHTe HepOB OObEKTOB MOHANOOUTCS APYTOH ajganTep,
¥ AJ151 3TOM 11t u306peny umst mem_fun_ref. KoHeuHo, BRITJISIAUT He CIIMIIKOM 3JI€TaHT-
HO, HO... ObIBa€T, HUYETO He moxeaetnd, [IycTs TOT, XOMY HHKOIAa He TIPHXOAHIOCH
’KaJleTh O NMOCIEIIHOM BEIOOPE MMEH CBOMX KOMIIOHEHTOB, MepBbiM OPOCHT KaMeHb.

Coset 42. Cneagute 3a TeM, YTOObl KOHCTPYKLIMS
less<T> o3Ha4ana operator<

JonycTum, o6BekT Knacca Widget ofuagaer annﬁyTaMH weight u maxSpeed;

class Widget {
public:

§1ze_t weight() const:
size t maxSpeed() const:

}:“‘

Bynem cumrats, 4TO ecTecTBeHHAsI COPTHPOBKA 06BeKTOB Widget ocylecTBseTCA IO
arpubyTy weight, 4To OTpaXKeHO B onepaTope < Kiacca Widget:

bool operator<(const Widget& Ths, const Widget& rhs)
{

return Ths.weight()<rhs.weight();

}

[Ipeanomoxum, NoTpebOBANOCH CO3AATH KOHTeHHep multiset<Widget>, B KoTopom
o6beKTh! Widget oTcopTHpoBaHH! Mo arpuOyTY maxSpeed. 3BecTHO, YTO AJIs KOHTelHe-
pa multiset<Widget> ucnonb3ayerca Qyukius cpasHerua less<Widget>, koTopas no
YMOJIYAHHI) BbI3bIBaeT (DYHKIHUIO operator< xyacca Widget. MoXeT moxasaThbes, 4To
eAMHCTBEHHEI coco6 copTHpoBKy multiset<Widget> no atpu6yTy maxSpeed ocHOBaH Ha
paspriBe CBsI3u Mexk Ty 1ess<Widget> u operator< u cneuunaiusanuu less<Widget> Ha cpas-
HeHuu aTpudyTa maxSpeed:

template<> // Creuwanusaumna std::less
struct std::less<Widget>: // nna Widget: Ttakoi nopxon
public // CUMTEETCA KpalHe HEMenaTenbHbiH!
std: :binary_function<Widget.
Widget. // Ba3osbii KNACC onueaH
boo1>{ // B cosete 40

bool operator()(const Widget& Ths, const Widget& rhs) const
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return Ths.maxSpeed()<rhs.maxSpeed(};
}

b

IMocrynarte nogo6HEIM 00pasoM He peKOMERAYETCS, HO, BO3MOKHO, COBCEM He IT0 TeEM
IDHYKHAM, O KOTOPHIX BB HogyManu. Bac He ynusisier, 4To aToT (hparmenT BooOime
KOMMHIHPYeTcA? MHormne mporpaMMHCTHE 06PaINAIOT BHEMAHKE HA TO, YTO B IPUBEIECH-
HOM (pparMeHTe ClenHIM3HpyeTcst He 0ObuHbli mabnoH, a mab/I0H U3 MPOCTPAHCTBA
umeH std. «Pa3Be mpocTpaHCTBO std He JOJDKHO GBITH MECTOM CBSILIIEHHDBIM, 3aPe3ePBH-
POBAHHBIM ISt pa3paboTyMKOB GMOIHOTEK H HEAOCTYIIHBIM /15 IPOCTHIX MPOTPaMMH-
CTOB? — CIPAIIKBAIOT OHU. — Pa3Be KOMIMIATOP He J0JKEH OTBEPTHYTD J0G0e BMe-
WaTeIbCTBO B TBOPEHHUs 6eccMmepTHEIX rypy C++2»

Boobute roBopsi, monsiTks MoAn(UKaLuy KOMIIOHEHTOB std JelicTBUTENLHO 3ampe-
LIEH B, MOCKOJIBKY HX MOCJEACTBHS MOTYT 0Ka3aThCA HEMPEACKAa3YEMBIMH, HO B HEKOTO-
PBIX CUTYAllUAX MUHUMANbHBIC H3MEHCHHA BCEC Xe pa3peueHEl. A HMEHHO, Mporpam-
MHUCTaM PA3pellaeTCs CHeHaIM3HpOBaTh WalI0Hb std IS MO1b30BaTeNbCKHX THIIOB.
[loyty Beeraa CymecTBYIOT a/lbTEPHATHBHBIE PelleH|s, HO B OTAEJBHEIX CAYYaAK Ta-
Kol noaxos BoaHe pasyMeH. Hampumep, pa3apaboTyuku KJaccoB yMHBIX yKasaTelneit
YacTo XOTAT, YTOOB! HX KJIACChl IPH COPTHPOBKE BeJlH Cebs Kak BCTPOeHHBIe YKa3aTeH,
NO3TOMY CTenHanu3anys std: : 1ess AJA TUIIOB YMHBIX yKa3aTelelt BCTpedaeTcs He Tak
yx peako. /lanee npuseaen ¢pparment Kiacca shared ptr us 6ubnuotexu Boost, ynomu-
Halomuierocs B cosetax 7 u 50:

namespace std{

- template<typename T= // Cneunanuaaynn std::less
struct less<boost::shared_ptr<T> >: // ana boost::shared_ptr<T>
public // (boost - NPOCTPAHCTBO MMeH)

binary_function<beost: :shared_ptr<T>,
boost::shared_ptr<T>, // baszoswi Knacc onucaw
bool>{ /1 B cosete 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 Bo3spamwaeT
} // BCTPOEHHLIA yKa3aTenb
}: // w3 obvekra shared ptr

}

B nannOM npuMepe Crenyuany3amus BHITIAAUT BIOJIHE Pa3yMHO, TOCKOJBKY CHeI -
anu3aius 1ess BCETo JIMINE TApaHTHPYeT, YTO HOPAAOK COPTHPOBKH YMHBIX YKasaTeseit
6ymeT coBnafaTh ¢ MOPSAKOM COPTHMPOBKH MX BCTPOEHHBIX aHanoros. K coxanenuro,
Hala coenratu3anya 1ess Aysi kaacca Widget mpemoagHOCHT HEMPHSITHBIN CIOPIIPUS.

ITporpammuctnl C++ yacTo onupanTcs Ha npeAnonoxkenus. Hanpumep, onu npex-
NOJIArAlo0T, YTO KONMUPYIONIHEe KOHCTPYKTOPHI AEHCTBUTEILHO KOMUPYIOT,(KaK NOKa3aHO
B coBeTe 8, HeBHIMOJIHEH E STOTO NPABUIIA IIPHBOAUT K YAUBUTENbHBIM TIOCIEACTBHAM ).
Omu ipeinoaraioT, 410 B PesyJIbTATE B3STHSI a1peca 06 beKTa Bbl OJTYIAeTe YKa3aTellb
Ha 3T0T 06BeKT (B coBeTe 18 pacckasaHo, YTO MOKET IIPOU3OMTH B IPOTHBHOM CIy4ae).
Omnu npeznonaraioT, 410 ananTepsl bindlst 1 Not2 MOryT MPUMERSITLCS K 06heKTaM hyHK-
it (cm. coset 40). Onu npeanosiaraioT, YT0 ONEPATOP + BHIMOIHSET CJA0KEHHE (KpoMe
00BEKTOB 5tring, HO 3HAK «+» TPAUIIMOHHO MCIIOJb3YETCS AT BBHIIOTHEHHMS KOHKATe-
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HalliH CTPOK), YTO OMNEPATOP - BBIYKTAET, a ONEPATOp == MpoBepsieT paBeHcTRO, M eme
OHHM MPEATIONATaoT, YTO PYHKIHMA 1ess IKBHBAIEHTHA operator<,

B neiicTBuTENLHOCTH Operator< mpeacTasisieT cobolt HeuTo GoMblinee, yeM peannsa-
11110 1ess [0 YMOJYAHHIO — OH COOTBETCTBYET osudaemomy nosedenuio less, Ecin 1ess
BMeCTO BBI30Ba operator< AesaeT 910-J1H60 APYToe, 3T0 HapyIIaeT OKUAAHKA IPorpaM-
MHCTOB H BCTYIIA€T B IIPOTHBOpEYHE C «IIPHHIIUIIOM MHHHMAJIbHOTO YAHBJICHHA>. Ko-
HEYHO, ITOCTYHATh TAK He CTOMT — 0COOeHHO eclii 63 3TOr0 MOKHO 000HTHCE.

B STL HeT HH OZHOTO CJIyYast HCTIOJIB30BAHKS 1€SS, KOT/Ia MPOrpaMMHUCTY Obl He mpe-
JOCTaBJIsAach BO3MOKHOCTD 3aaTh ApyToH kpuTepHil cpasHenus. BepHeMcs K HCXOAHO-
MY TIpEMepY € KoHTeltHepoM multiset<Widget>, ynopsiaodernHoMy no aTpuby Ty maxSpeed.
Jajaya perraeTcs MpocTo: AJs BRINOIHEHNS HY>KHOTO CpaBHeHHS A0CTaTOYHO CO3AATh
K1acc pyHKTOpa NPaKTHYeCK: C IOOBIM uMeHeM, kpome less. [Ipumep:

struct MaxSpeedCompare:

public binary_function<Widget.Widget .bool> {
bool operator()(const Widget& 1hs,const Widget& rhs) const

{

return Ths.maxSpeed()<rhs.maxSpeed( };
}
}:
IIpn cosmarun xoHTeliHepa multiset AOCTATOYHO YKa3aTh THII cpaBHeHHs MaxSpeed-
Compare, TeM caMbIM IIEPeONPEAEIAS THI CPaBHEeHHA Mo yModaHulo (less<Widget>):

multiset<Widget.MaxSpeedCompare> widgets:

Cwmbica 51Ol KOMaHBI aGCOMIOTHO OYEBHAEH: MBI CO3/1aeM KOHTelinep multiset ¢ ane-
MeHTaMmu Widget, ymopAnodeHHBIME B COOTBETCTBHE € KJIACCOM (DYHKTOPa MaxSpeedCompare.
CpaBHuTe €O CleaynuM 00 bsIBIeHUEM:

multiset<Widget> widgets:

B meM cospaerca konteitHep multiset o6bekroB Widget, ymopsAaoYeHHBIX IO CTAaH-
JapTHOMY KpHTepupo. CTporo rosopd, ynopazaodeHHe POU3BOAUTCS MO KPUTEPHIO
less<Widget>, Ho 6OJIBIIMHCTBO IPOrPAMMUCTOB ByA€ET NOJIaraTh, 4TO COPTHPOBKA IPO-
u3BOAMTCH QyHKUMell operator<, He Hy)HO 0OMaHBIBATE MX OKHMAAHUA ¥ TOAMEHSTD
onpefenerue 1ess. Eciu BB XoTHTe HCIIONB30BaTE 1€SS (SIBHO MJIM KOCBEHHO ), IPOCIIE-
JIKTE 32 TeM, 4TOOBI 3TOT KPUTepHit ObLT SKBUBAIEHTEH operator<, Ecin 06beKTH J07K-
HBI COPTHPOBATHCH 110 APYTOMY KPMTEPHIO, CO3AaliTe CelHaIbHEI Kitace PyHKTOpa
H Ha30BHTeE ero Kak-HuOyAb HHave.



[lporpaMMmpoBaHUE
B STL

STL TpaAniMOHHO XapaKTepu3yeTcs KaK COBOKYNHOCTE KOHTelfHepOB, HTepPaTOPOB,
ANITOPUTMOB 1 061eKToB PYHKIUH, OfHaKO npozpammuposanue B STL 3axmoyaer B cebe
Heuto Gosblree, DTOT TEPMHUH 03HAYAET, YTO MPOrPAMMEICT CIMOCOOEH MPaBH/IBLHO BEI-
6UpaTh MeXAY TMKIaMH, ANTOPUTMaMH MM QYHKIHAMY KOHTeHHepOB; 3HAeT, B KAKUX
cnyyasx equal_range mpeancyTuTesbHee lower_bound, xoraa lower_bound mpeanoyry-
resibiee find u Koraa find mpeBocxoauT equal_range. TepMuH 03HAYAET, YTO HPOIPaM-
MHCT YMEET MOBHINIATh OBICTPOAENHCTBHE ANTOPUTMA TIOCPEACTBOM 3aMeHbl PyHKIui
SKBUBAJIEHTHEIMHM (PYHKTOPaMH K H30eraer HalMCaHUA HEIEePEeHOCHMOTO MJIH TIOX0
ypraeMoro Koga. Bonee Toro, K aToMy NOHATHIO AaXKe OTHOCHTCS YMEHKE YHTaTh C000-
wenns 006 owuOKax KOMIHJIATOPA, COCTOAIIHE H3 HECKOIBKHX ThICAY CHMBOJIOB, H X0~
potee 3nanue FIHTepHeT-pecypcoB, nocsameHHbX STL (AokyMeHTauus, paclIHpeHHES
M AaKe TOJHEE PEATH3AHH ).

Ia, ans nporpammeposaausi B STL Heo6X0AMMO MHOTO 3HaTh, ¥ 60JIbLIAS YACTh
310i mHGOpMaIHU IpHBEZeHA B JaHHOI TaBe.

CoseT 43. Ucnonb3yute anropuTMbl BMECTO LIUKIIOB

Kaxaomy anroputMy mepefaercs IO kpaliHeil Mepe ofHa Iapa MTepaTOpPOB, ONpeae-
ASTOUIMX HHTEPBAI 0GBEKTOB AJISI BEIMOJIHEHHS HEKOTOPOI onepanuu. Tak, alropuT™
min_element HaXOJHT MHHHMAJIbHOE 3HAYCHHE B HHTEPBAJE, AITOPHATM accumulate BoI-
YHCJISAET CBOAHYIO BEJIHUMHY, XapaKTepH3YIOLIYIO HETEePBAI B 1ieJoM (cM. coBeT 37),a
anropuT™ partition AegHT 3JeMEHTH HHTEDBAIA HA YAOBJIETBOPAIOIIHE H He YAOB-
JIeTBOPAIOIIKE 3a/JaHHOMY KpUTepwio (cM. coeT 31), YToOB a/IrOPHTM MOT BRINOJHKUTD
CBOIO 334y, OH JOJUKEH NPOaHIM3HPOBaTh Kbl 00BeKT B NepelaHHOM KHTEpBa-
e (MM WHTepBaiax), A 4ero 06beKTH B I[HKJIe TepeGHparoTCs OT Havala MHTepBaa
K xouuy. Hexortopbie anroputmst (Takue kak find u find_if) MoryT BepHyTh ynpaBienne
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10 3aBepLIeHHs MOHOTO Nepebopa, HO M B STHX aITOPUTMAX 33/1€iCTBOBAH BHYTPEH-
muil nuka. Beae Aaxke anroputrmsl find u find_if qosKHbl IPOaHATH3IUPOBATL BCE
3J1eMEHTHI HHTEepBaIa, MIPeX/e YeM NPHHATE pelleHne of omcymemeuy HCKOMOTO dJie-
MEHTA.

HTtak, BEYTpEHHSs Pealu3aliHsi AITOPHTMOB MOCTPOEHA Ha HCMOJIB30BAHHH LU KJIOB.
Bousee Toro, Haaroaapst pazHoobpasuio ayroputMoB STL MHOrHe 32/1a4H, €CTECTBEHHO
KOAMpYeMBIe B BUJE IMKJIOB, MOIYT DELIATHCS MPU MOMOIIM aNITOPHTMOB, PaccMoTpuM
Knacc Widget ¢ pyrknuett redraw():

class Widget {
public:

void redraw() const;

}:
Ecai norpebyercs BpizBath QyHKIHIO redraw 4151 BceX 0GbeKTOB B KOHTeliHepe 1ist,
3TO MOKHO CeJIaTh B CIeAy0IleM [HKe!

Tist<Widget> Tw:

¥or(Tist<w1dget>: viterator=Tw.begin();i!=lw.end() ;++i){
i->redraw(}:
}
C apyroi CTOpPOHEL, € TAKHM e YCIeXOM MOXHO BOCHOJIb30BAaThCA AITOPHTMOM
for each:

for_each(lw.begin(}.Tw.end(), // Gynkuua mem_fun_ref
mem_fun_ref(&Widget::redraw)); // onucana B coserte 41

Muorue nporpaMMuctsl C++ CUBTAOT, YTO LHKABL €CTECTBEHHee aJITOPHTMOB, a ITPo-
YHTATh IMKJI IPOLLE, YeM pasbuparscs Bmem_fun_ref u moaydenud anpeca Widget: ; redraw.
Ho B 3arosioBke 3TOTO COBeTa peKOMeHAYeTCs OTAABATE IPeANoYTeHHe AITOPHTMAM.
B cymHoCTH, 32aroJI0OBOK 03HAYA€eT, YTO BBI30B AITOPHTMA TIPEANOYTHTEIbHEE 1106020
SIBHO 3aMporpaMMupoBaHHoro iukita. Iouemy?

ITo Tpem nmpuyHHAM.

¢ 3ddexTHBHOCTD: ANTOPUTMB 06BIYHO paboTaioT 3¢deKkTUBHEE, YeM ITHKIIbL,
OpTraHHU30BAHHEBIC IPOrPAMMHCTAMH,

« IIpaBuabHOCTS: DY HANMCAHMM LHKJIOB Yalle BCTPEYAnTCs] OWHOKH, 4eM IIpH
BBI30BE ITOPHTMOB.

¢ VY06cTBO CONMPOBOKAEHHS: ANTOPUTMBI 4ACTO TIOPOKAAIOT Oosree HATIAAHDIH
M IPAMOJMHEHHBIH KO/, YeM SKBHBAJIEHTHBIE 1[HKJIbL,

Best ocraBuiasics 9acrb coBera 6yzeT MocesiileHa MOAPOSHOMY aHAMHU3Y STHX IPHYKH.
C Touku 3peust 3ppeKTUBHOCTH IPEBOCXOACTBO AITOPUTMOB OOBSICHAETCH TPEMS
(bakTopaMu: AByMst OCHOBHEIMU 1 OJHHM BTOPOCTeNeHHbIM. BropocTenennsrit akTop
CBA3AH C MCKAIOYeHHeM JIMITHUX BEIMUCIeHrH. Ente pa3 p3rnsHuTe HA TOJIBKO UTO IIpU-
BeIEHHBII 1IHKJIL
for(list<Widget>::iterator=Iw.begin():i!=Tw.end();++i}{
i->redraw();

}
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§1 BBLAEIINIT YCIOBHE 3aBeplIeH s [IMKAA, YTOOB MOAYePKHYTH, 4TO IPH KaXKA0i ute-
PallHH ITHKJa §yAeT BhIIOMHEHO cpaBHerue ¢ 1w.end(). CrefloBaTenbHO, MPH KaKAOH
nTepaun Oyaer BHI3HIBATHCA QYHKIMSA 1ist::end, OaAHAKO BHI3BIBATL 3TY (DYHKIMIO
Gonplre 0AHOTO Pa3a He HYKHO, OCKOJIBKY LUK He Moau(unupyer cnucok. Ho ecun
B3TJIAHYTH HA BRI30B AITOPHTMA, MOXKHO 33METHT, 4TO end BRI3EIBATCS POBHO OAHH Da3;

for_each{w.begin() . w.end(), // Tw.end() swumcnseTca

mem_fun_ref(8Widget: : redraw)}; // ToneKo ofuH pas

OOGBEKTHBHOCTH Pafild 3aMedy; aBTOpbl peanusanuit STL xopomo moHEMAOT, 4TO
¢bynxnuu begin u end (u aApyrHe byHKIHM — HATpuMep, S1Z€) HCTIONB3YIOTCS OYEHD
4acTO, B CTApaloTCsA ONTHMH3HPOBATE X C PAacieToM Ha MaKCHUMATBHYIO 3(pdeKTHR-
HocTh. OHH TMOYTH BCerza oObABAAIOT Takue GpyHKIHM MoACTaBsieMbiMu (inline) u
CTAPAOTCS KOAMPOBATH KX TaK, YTOOH HOJLUIKHCTRO KOMITHIATOPOB MO0 H3GeXaTh
TIOBTOPSIOIUMXCS BLIYHCIIEHHIT, BBIBOASA Pe3yJIbTaTH U3 IUKJIa. Bripouem, ONbIT MOKA3bI-
BaeT, YTO 9TO He BCET/AA UM YRAETCH, M B TAKHX CIy4asiX HCKJIOUEHHS MOBTOPAIOIMXCS
BBHYHCJIEHHUI BIIOJIHE JOCTATOYHO, YTOGI AITOPUTMBL MIMEJIH TIPEUMYIIECTBO 10 BHICT-
POREHCTBHIO TIepe] IUKJIaMu, 3aKOUPOBAHHBIMH BPYYHYIO,

Ho Kak 6bLI0 CKa3aHO BBILIE, BBIBO/ JIMITHKX BHMHCICHHIT U3 IMKJIa ABMISETCS BTO-
POCTeneHHbIM (GaKTOpPOM, CyIIecTBYIOT ABa Ooslee BasKHBIX. [lepsblit BaskHbil (akTop
3AKJI0YAETCS B TOM, YTO Pa3paboTyuku GHONHOTEK MOTYT BOCHO/IB30BATHCS 3HAHUEM
BHYTPEHHeil pealu3aluy KOHTelHEPa U ONTHMH3HPOBATh Nlepefop Tak, Kax He CMOXKeT

“HH OJIUH ToJtb3oBaress Gubamnorexn. Hanpumep, 06beKThl BO BHYTpeHHEM TIpeACTaBJIe-
HuH KoHTeitHepa deque 06BIYHO XPaHATCA B OAHOM HJIH HECKOJIBKAX MACCHBAX (PHKCH-
poBanHHoro pasmepa. [TepeGop B 3THX MaCCHBaX ¢ HCHIONL30BAHUEM YKa3aTenel Mpou3-
BoaHTCA ObICTpee, YeM nepeGop Ha 6ase UTePaTOPOB, OHAKO OH MOMKET HCTIONB30BAThCS
TOJIPKO pa3paboTynkamMu 6UBIHOTEKH, TOCKOIbKY OHHU 3HAIOT pa3Mep BHYTPEHHHX Mac-
CHBOB M CIocob nepexofa oT oAHOro maccuBa K aApyromy. Hekotophie Bepcuu STL
COAePIKaT peaH3alH alTOPUTMOB, HCTIOJIE3YIOMIKE BHYTDEHHHE CTPYKTYPHI JAHHBIX
deque; SXCrIepUMEHTBI MOKa3alH, YTo OHK paboTaoT npuMepHo Ha 20% GricTpee «06BIY-
HEIX» PeaTH3alHi.

3nech BXXHO He TO, 4To peanusauuyu STL onrumusupyoTces fns deque (umm Apyro-
0 KOHKPETHOTO THIIa KOHTeliHepa), a To, YTO pa3paboTYMKH 3HAIOT 06 YCTpoicTBE KOH-
TeiiHepoB GoJIbIe, YeM MPOCTHIE [IOJIb30BATENH, U MOTYT IIPUMEHHATD CBOH 3HAHHAS TIPY
peanu3aiuy anroputMoB. OTKa3HBAACk OT ITOPUTMOB B TIOJIb3Y IHKJIOB, BH HE CMO-
JKETe M0JIb30BATHCA NMPEMMYLIeCTBaMH ONITHUMH3AIMH, OCHOBAHHON HA 3HAHUM BHYTpPEH-
HETO YCTPORCTBA CTPYKTY D AAHHELX,

Bropoii npuHiMIuansHbIH APIryMeHT 3aK/II09aeTCA B TOM, YTO IIPAKTHYECKH BCe
aropurMbl STL (kpoMe caMbIx 371eMeHTapHEIX) OCHOBRHBI HA TCOPETHYECKHUX Pa3pa-
GoTxax, 6oJiee CII0KHBIX — 2 HHOIAA 20Pa300 GoJlee CNOMKHBIX, — HeXKeNMH Te, KOTOphle
MOJKET MPEAJIOXKKTH CpeAnuit nporpammuct C++. [Ipes3oiiTu sort u ero copoauyeit (cM.
coBeT 31) no a¢dexkTHBHOCTH MPAKTHIECKH HEBO3MOXKHO; CTOJb Xe 3(hheKTHBHEL
aNTOPHUTMBI MOMCKA B COPTUPOBaHHBIX HHTepBaNax (cM. coBeThl 34 1 45). [laxke moscex-
HEBHbIE 3a/la4H BpOJe yAaneHus 06beKTOB U3 GIOKOBLIX KOHTeHHepoB Gosee addex-
THBHO PeIIaloTCs [IPH NOMOIIM HAMOMEL rase-remove, 4eM IPH OMOLIH CAMOCTOATENBHO
3aIporpaMMHUPCBaHHBIX UKJI0B (CM. coBeT 9).
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Ecin coobpaskenuii 3pHeKTHBHOCTH HEAOCTATOYHO, CYINECTBYET K APYTOM NPHHILK-
NHANbHBIA PakTOp — MPAaBUIBHOCTH PabOTHI POrpaMMbl. B 4acTHOCTH, NPpU camMoCToA-
TEeBHOM IIPOTPAMMUPOBAHKH IUKJAOB MPHXOANTCS CJIEAUTD 33 TeM, YTOOB! HTEPaTOPHI
(1) 66111 AeficTBHTENbHBIMU U (2) YKa3bIBaIH Ha TE 3JIEMEHTbI, Ha KOTOPbIE ORI JOJIK-
Hbl YKa3biBaTh. [[PEATIONOKEM, y Hac UMeeTCsl MacCHB (BO3MOXKHO, H3-32 HCIOJb30Ba~
Hus yHAC/NeAoBaHHOTo uHTepdeiica ¢ asnikom C — cm. coser 16), u BB XOTHTE B3ATH
KaXABI 31eMeHT MaccHBa, NpubasuTh K HeMy 41 1 BCTABHTH B Havaslo KOHTeHHepa
deque. ITpu caMOCTOATEIBHOM MPOrPAMMHPOBAHEH IIMKJIa IPUMEPHAs PeaTH3aiHA Bbl-
IIAAKT NpUOIM3HTENbHO Tak (cleAyonuil ¢pparMeHT mpeAcTaBiseT coboit BuaoU3ME-
HeHHbIN TIpuMep U3 cosera 16):

// QyHKUMR NONY4aeT YHalaTeNb HA MacCHB,

// conepwalmid He Bonee arraySize uucen tuna double,

// W 3anUCLIBAET B HErO JaHHLE.

// BO3BpaWASTCA KONMUECTBO 3AMMCAHHBIX $HCEN.
size_t fillArray(double *pArray. size_t arraySize):

double datalmaxNumDeubles]; // OnpepeneHle NOKaneHOTO Maccusa

deque<double> d; // Coapats HOHTeliHep degue
// W 3aNCNHUTL €ro JaHHbIMK
size_t numDoubles =

fillArray(data,maxNumDoubles): // Mony4yeHwe AaHHBIX OT (yHKUKK

for (size_t i=0;i<numDoubles:++i){ // fna wamporo uxpexca 1 8 data

d.insert(d.begin().datali]+41); // BcTasuTb B Ha4ano d 3xayeHue

} /1 data[i]+41.

// Mporpamma copepwnT ownbry!

Boo61ie roBopsi, 3TOT MpuMep paboTaeT — ecJId Bac YCTPAaHBaeT, YTO BHOBb BCTaB-
JIEHHBIE BJIEMEHTBI CJIEAYIOT B IOPSAKe, 00PATHOM [MOPSAAKY COOTBETCTBYIOIMX 3JIEMEH-
10B data. Bcraska npon3soanTcs B no3unuk d. begin(), moaToMy mocjienHuil BCTaBJjieH-
HbIF 3/IeMeHT MOoMajaeT B Hayalo KoHrelHepal

Ecnu n3aMenenue nopsaka He 65110 MpeaycMOTpeHo (NIpH3HaiTeCs, Beas He Guuo!),
npobieMy MOYKHO PEHIHTb CJIEAYIONHM 06pasoM:

deque<double>: :iterator insertLocation = d.begin(); // CoxpanuTb uTeparop

/1 ONA HAYanbHOM
// noavuma d

for (size_t i=0:i<numDoubles;++i){ // BcTaeuTe 3HadeHue datali]+4l
d.insert(insertLocationt++, data[i1+41); // B no3nummu insertlLocation
} // w ysenwunTe insertlocation.

// Mporpamma Takke cofepwuT OwMOKy!

Ha mepBbIit B3rJS KaXKeTCs, YTO 3TOT (PParMeHT PelaeT Cpasy ABe MpobieMbl —
MporpaMMa He TOJIbKO HapalllMBaeT HTePaToOp, 3a/al0IHIi MO3HIIHIO BCTABKH, HO H H30aB-
NteTCS OT He0GXOANMOCTH 3aHOBO BEIMHCISATD begin mpu Kaskaol uTepaiuy; TeM CAMBIM
pelaeTcsi BTOpocTeneHHast mpobJieMa MOBTOPSIOIKXCS BBIYUCIIEHHI, 0 KOTOPOii ToBO-
puitoch Bhite, K coxanenuio, BMeCTo 3THX ABYX npo6JieM BO3HHKAET TPeThsi — Mpo-
rpamMma BooG1e mepecraet paboTars. [Ipu xaxaom BeizoBe deque: : insert Bce urepaTo-
pbl deque, BKIIo4as insertLocation, cTaHOBATCA HEAEHCTBHTENBHBIMH, TIOATOMY BTOPOH
H BCe TIOCTIeAyIolKe BEI30BE insert IPUBOJAT K HENPeACKa3yeMbIM MOCIEACTBHSIM.
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IMocne obHapy:keHns 310 npobyeMsl (BO3MOKHO, IIPH MOMOIIH OTJIaA0YHOI0 pe-
#uMa STL — em. coser 50) MPUXOAUT B TOJIOBY CAEAYIOLIEe PelIeHHE:

deque<double>: :iterator insertLocation =

d.begin(): // CH. panee
for {size_t i=0:i<numDoubles:++){ // Nporpamma ofHoenaet
insertLocation = // wrepatop insertLocation
d.insert{insertlLocation.datali]+41): // npu KamaoM Be3ose insert
+insertLocation: /{ W YBENMYMBAET €ro.

[IporpamMMa flelaeT HMEHHO TO, YTO TpeHOBANOCH, HO MOAYMaliTe, KaK MHOTO BpeMe-
HK NOHAOGHI0CH, YTOOBI IPUATH K BEPHOMY pelueHuiol A Tenepb CpaBHHTE CO CIEAY-
I0IMM BBI30BOM transform:

transform{data,data+numDoubles, // KonupoeaHue BCEX 3NEMEHTOB
inserter(d,d.begin()}, // w3 data B Havano d
bindZnd(plus<int>().41)): // ¢ npubasneHuen 41

Bo3amoskHo, BaM moTpebyercs napa MHHYT Ha aHATM3 KOHCTPYKUKH bind2nd(pTus
<int>(),41), Ho MOCJIe 3TOTO BCe XJIOTOTHI C HTEPATOPAMH CBOIATCS K MPOCTOMY 3aiaHUI0
HayaJIa i KOHI[a HCXOMHOTO HHTEPBAJA H BHI30BY inserter npu onpeaesieHuy Hadasia IpH-
eMHoTo uHTepsaia (cM. coser 30). Ha npakTiKe HTEPATOPE HCXOAHOTO M HPHEMHOTO
MHTEPBaIa O6BIYHO BEYHCIIIIOTCS OTHOCHTENIBHO MPOCTO — BO BCSKOM CTydae, 3TO 3Ha-
4HTeNIbHO NMPOILe, YeM JHATHOCTHKA CAYYAHHOTO HOABJIEHHS HeleHCTBUTENbHBIX HTe-
PaTopOB B TeJle IMKIA,

Hannsrii npumep ybeAnTeILHO MOKA3HIBACT, 4TO NPOTPaMMUPOBAHHE IHKJIOB 9aCTO
6BIBAaET CBA3AHO C TPYAHOCTSAMHU. [IPOrpaMMUCTY IPHXOAMTCS TIOCTOSHHO CIEANTD 3a
TeM, 4ToOBl UTEPATOPHL B MPOLIECCE 1KK/IA He CTATH HefeHCTBUTENBHBIME HIIH ¢ HAMH
He ObLIH BBIMOJIHEHE! HEOMYCTHMEIE onepaiud. /Ipyroif IpuMep CKPEITOro mepexoAa
HTEPaTOPOB B HEAeHCTBHUTE/BHOE COCTOSIHAE MPUBEAEH TIPH OMUCAHKE I[HKAKIECKHX
BBI30BOB erase B coBeTe 9.

[TpuMenenne HeAeCTBUTENBHBIX HTEPATOPOB PHBOAMT K HEMpPEACKA3yeMBIM [0
CNefCTBHAM, KOTOPBIE PEAKO MPOSABILIIOTCS HA CTA/IMK Pa3paloTKH B TeCTHPOBaHus. Tax
3a49€M MATH Ha PHCK, eciti 6e3 3Toro MoxHO 06oiTHch? [TopyunTe paboTy aropuT™MaM,
TYCTh 0K GECTIOKOSTCS O TEXHUIECKHX MOAPOBHOCTSX ONepaiuil ¢ HTepaTopaMu.

Hrtak, 1 06BACHHI, TOYeMy anTopPUTMBI 061U HO PaBOTAIOT S(hheKTHBHEE « PYTHBIX>
IIMKJIOB M TI0YeMy IpH paboTe ¢ HHKIaMK BO3HHKAIOT MHOTOYHCIIEHHEIE TPYIHOCTH,
OTCYTCTBYIOLIME IIPH KCIIOJIb30BAHHH aATTOPUTMOB. Eciin MHe roBeasio, B noBepHiH
B CHJIy aJTOPHTMOB, HO Be3eHHe — Beulb HeHaAeXHasd, a S X094y OKOHYATeIbHO pa-
306paThCA B 3TOM BOIIPOCE TIEPe/ TeM, KaK CIe1oBaTh Aajibiie. Mbr mepexoauM K cie-
ayioweMy Gakropy: HarIAAROCTH KoAa. B zonrocpounoll nepcnexkTrBe NpuHLKI Ha-
CJAHOCTH O4€Hb BaXKeH, TIOCKOJIBKY HaTJIAAHYIO IPOrPAMMY [IPOLIE NOHATD, OHA ITpolile
YCOBEPIIEHCTBYETCS!, CONPOBOXKAAETCH H aAANTHPYETCS B COOTBETCTBHH ¢ HOBBIMH
TpeGopanuamu. [{uKkindecKne KOHCTPYKIMM BHIT/ISIAAT IPUBBIYHEE, HO AJTTOPHTMEL 06-
JIanal0T 3HAYHUTeJIbHBIMHU NperuMyIeCTBaMH.

OnHUM U3 K/II04eBBIX MIPEUMYILECTB SBIAETCA CEMAHTHYECKAS CHJIa CTAHAAPTHBIX
umet. B STL cymecrnyer 70 umen anropurMmes, ¢ yyetoM neperpysku (overloading)
nosyyaercs Gosee 100 pasymyHbix wabnonos GyHxumit. Kasabti atropury Bemosmser
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4eTKO OIpeAe/eHHYI0 3aa4y, U 6nOAKe NOZUYHO OXCUOAMs, YMO NPOPECCUORANLHYIL
npoepammucm C++ 3naem amu 3adauu (Unu Aezko Haioem HyICHYIO UNPopMayui0).
Taxum o06pasoM, IpU BuAe BEI30Ba transform MporpaMMUCT MOHMMAET, YTO HEKOTOpas
dYHKLMA MPUMEHSETCA KO BceM 00beKTaM B HHTEDBaJe, a pe3yJ/bTaT Ky/Aa-TO 3aMUCH -
saercs. [Ipu Buge BEI30Ba replace_if oH 3Haer, 4To MporpaMma MoauUIHPYET BCe
00BEKTH HHTEPBANIA, YAOBIETBOPSIOLINE HEKOTOPOMY ITPEAMKATY. Br13os partition Ha-
BOJMT Ha MBICJIb O TOM, 4TO 0OBEKTH HHTEPBANA IEPEMEILAIOTCS ¢ TPYINHUPOBKOH BCEX
06BEKTOB, YAOB/ETBOPAOIEX TpeankaTy (cum. coseT 31). MMena anropurmoB STL ne-
cyT GOJIBIIY0 CeMaHTHYECKYI0 HATPY3KY K 60Jree YeTKO BBIDXKAKOT CMBICIL POHCXOAA-
IEro, YeM JI0ObIe IHKIIBL.

Ilpu Buze uuxna for, while 1 do MporpaMMHCT 3HAET TOJBKO OAHO — IIPOrpaMma
MHOTOKDATHO BBITIOJIHSET HeKOTOPEIE AeHcTBUs. UTOOB HOMYYHTH XOT5 OB NpHMepHOe
HpeAcTaBIeHHE O NMPOMCXOASIIEM, HeOOXOAUMO U3YUHUTE TeJo HuKIa. C anroputMaMu
Zeno o6CTOMT HHaYe, CaM BBHI30B AJITOPHTMA XapaKTepusyeT CYThb NPOMCXOAALIEro,
KoneuHo, st IOJTHOLEHHOTO TIOHAMaHUS HeoBX0AUMO NMPOAHATH3UPOBATh apFyMeH-
THI, IEpefaBaeMble AIFOPUTMY, HO 0OBIMHO 310 TpebyeT MeHblIel paboThl, YeM aHATH3
0606IIeHHON HAKAUYECKOH KOHCTPYKIIHA.

[Ipome roBOpsi, HMEHA AATOPUTMOB HH(MOPMATHBHEL, a KJI04deBkble ciosa for, while
unn do — Het. BipoyeM, 3T0 OTHOCHTCS NIPAKTHYECKH KO BCeM KOMITOHEHTaM CTaHAapT-
ueix 6ubuotek C u C++. Hukro He 3anpeniaer BaM HanmucaTh COOCTBEHHYIO Peasln3a-
nuwo strlen, memset uiiui bsearch, Ho BH aToTO He mesaeTe. [lodemy? Bo-nepshix, xTo-To
yoKe CZieslall 3TO 32 BAC, M HET CMEICJIA TIOBTOPSITh YIKe BHIIOJHEHHY0 DaboTy; BO-BTODBIX,
HMeHa 9THX (DYHKIIHH CTAHAAPTHEI, H BCE 3HAKIT, YTO OHH AEMAI0T; B-TPETHHX, MOXKHO
MPEeANOIOKUTD, YTO ABTOP OGUBIHOTEKH 3HAET MPHEMBI OMTHMH3ALMH, HEAOCTYTIHEIE AJIS
BAC, K OTKa3bIBATHCS OT BO3MOMKHOIO MOBIIEHHsA 3 PeKTHBHOCTH Ob1I0 GBI HEPA3yMHO.
A pa3 Bl He munIeTe cOGCTBEHHBIE BEPCHH Strlen | T. ., TO 6bLIO GBI HEJIOTHYHO MPOrpaM-
MHPOBATh HKKAE, AyOAupylonue GyHKIHOHATBHOCTb FOTOBBIX anroputMoB STL.

Ha atoMm s 681 X0TeJl 3aBePLIKTD AAHHBLHA COBET, NOCKONBKY (DHHAT BBIJISAKT A0BOJb-
HO ybemuTenpHo. K coxaneH o, TeMa He OARAETCA CTOJb OXHO3HAYHON TPAKTOBKE.

JleficTBUTENBHO, MMEHa AITOPUTMOB HH(OPMaTHBHee TIPOCTAIX {[UKJIOB, HO YeTKas
(bopMyJIHpOBKa AeiCTBHH, BBITOIHsAEMBIX IPH KKION KTEpAIHK, HHOIAA ObIBaeT HALJISLA-
Hee BbI30Ba aIropur™a. JomycTuM, HaM moTpeGoBaioch HAWTH MEPBHI 31eMeHT BEKTO-
Pa, 3HaueHKe KOTOPOTO JEeXHT B 3a/laHHOM AHalasoHe <X, y>. B mukie aTo nemaercs rak:

vector<int> v;

int X.¥:

vector<int>::iterator i=v.begin(); // NepeBupaTe INEMEHTH, Ha4MHAA

for(:it=v.end():++i){ /7 ¢ v.begin(). 4O HAXOMAEHWR HYKHOrO
if(*1>x88&*i<y)) break: // anemenTa wnwk pocTumenua v.end()

}

// Mocne 3aBepUeHUA LWMKIA
// 1 yKadbiBALT HA WCKOMLIA 3NeMeHT
// v cosnajaer ¢ v.end()

To e camoe MOXKHO c/ienaTh ¥ TIpH oMo find if, Ho Ast 3TOTO MPHAETCS BOCTIONb-
30BaTbCH HECTAHAAPTHBIM aamTepoM 00beKTa (HYHKIUHK — HAPHMED, COmpose2 U3 pea-
nusanun SGI (cM. coset 50):
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vector<int> iterator i =
find_if(v.begin(}, v.end(), // HaiiTu nepeoe 3Hauenue val,
compose2(Tlogical_and<bool>(}, // OnA KOTOPOrO OAHOBPEMEHHO
bind2nd(greater<int>(},x).// WUCTUHHb YCNOBMA
bind2nd(less<int>().y): // val>x v val<y
Ho maxe eciii 65 HeCTaHaPTHBIE KOMIIOHEHTHL HE HCIIOJIb30BANKCE, MHOTHE TIPO-
IPAMMHECTBI OJIATAIOT, YTO BBI30B AJITOPHTMA 3HAMHTEIBHO YCTYTI2eT UKy 1O HATJIAA-
HOCTH, ¥ A CKJIOHEH ¢ HEMHE COTJIACHTBCA (CM. coBeT 47).
Brizos find_if MoxHO 66110 6bI YNPOCTHTD 32 CYET BBIAEJIEHHS JIOTHKH IIPOBEPKK
B OTZeNBbHELH KIacc PyHKTOPA.
template<typename T>
class BetweenValues:
public unary function<T,bool>{ // Cu. coser 40
public:
Betweenvalues{const T& lowValue,

const T& highValue)
:1owVal({lowvalue),highVal(highValue)

{

bool operator()(const T& val) const

return val>1owVal&&val<highVal;

}

private:

T lowVal;
. T highval;
}:

vector<int> iterator i = find_if(v.begin(),v.end(),
BetweenValues<int>(x,y)):

OnHaxo y TAKOTO PelleHHsT AMEIOTCSA CBOM HeloCcTaTK|. Bo-nepsoix, co3naxue mab-
noHa BetweenValues TpeOyer 3HauuTe bHO OoJibiuel paboTh, YeM IIPOCTOE HANKHCAHHE
Tena uKia. JlocTaTouHo MOCYHTATh CTPOKM B MMPOTpaMMe; TeJIo IIRKAa — OfHA CTPOKa,
BetweenValues — deTeIpHaAnaTh cTpok, COOTHOUIEHME ABHO He B MOJIb3Y AlTOPHUTMA.
Bo-BTOpEIX, ONHCAHKE KPUTEPHS ToUcKa (Du3HIecKy OTAeNsieTcs OT BbI30Ba. UTobbl Mo-
HATb CMBICJ BBI30Ba find_if, Heo6XoauMo HaliTh onpefencHue BetweenValues, HO OHO
JOJIKHO PacloNaraThCst BHe QyHKIMH, codepxatiteit Bei3oB find_if. [ToneiTka 06baBUTE
BetweenValues enympu QyHK1HHK, cofepxamett Br3os find_if:

{ // Hawano dyHKunK

Eemp] ate<typename T>
¢lass BetweenValues:public unary_function<T, bool> {.}

vector<int>::iterator i = ﬁnd_"lf(v.bem‘n().- v.end(},
BetweenValues<int>(x,y)):

} // Kol qyHKkyuw

He KOMITHJIMPYeTCS, HOCKOJbKY maba0HE HE MOTYT 0OBsBIATBCS BHYTPH (ByHKLMIL,
Ecnu nonpo6osats 060liTH 3T0 orpaHHdYeHHe IOCPECTBOM peanu3aluy BetweenValues
B BHJle KJlacca:
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{ // Hauano dyHKUMM
E'I ass BetweenValues:public unary_function<int,bool> {.}

vector<int>::iterator i = find_if(v.begin{}. v.end(}.
BetweenValues(x,y)):

}:m /7 Kovey (yHKumm

BCE PAaBHO HHYETO He TOMY4aeTcs, IOCKOMbKY KJIAcChl, ONpeae/aeMble BHYTPH (QyHK-
Luil, ABIAIOTCH 2OKANbHLIMY, 3 TOKAILHEE KJIACCH He MOTYT IepeAaBaThCcsl B KaYecTBe
aprymMeHTOB Wa610HOB (xaK (pyHKTOp, nepeasaemplit find_if). IlevannHo, Ho Kaacchl
yHKTOPOB M 11aBJI0HEI KJIaccOB GYHKTOPOB HE Pa3pelIaeTCsl ONPEAe/Th BHYTPH QyHK-
1uit, KaK 66l y106H0 3T0 Hu OBLIO.

B xonTekcTe 60pbOB MEX/AY BHI30BAMH QITOPHTMOB U LIHKJIaMHK 3TO 03Ha4aeT, 4To
BEIGOP OTpeaensieTcs HCKIOYHTENBHO CoAepKuMbIM nuKaa. Eciu ajtropurm yxke ymeer
JeaTh TO, uTO TPeByeTCsl, milk HeYTO OYeHs 6JIM3KOe, BRI30B aropuT™a Gosee HATISEH.
Ecnu 3azada aeMeHTApHO pelIaeTcAa B 1HKJe, a IPH HCIIOJb30BaHHH alTOpUTMa Tpe-
6yeT CNOKHBIX HArPOMOJKASHHH alallTePOB WIIH ONMpeAeNeHus OTAeNbHOro Kiaacca QyHK-
TOPa, BEPOSITHO, JIYUYIIe OTPAHHYHTECS IMKIoM. HakoHerl, eciu B 1{HKJIe NPHXOJHTCH
BBIIOJIHATH O4eHb AJIHHHbIE B CJIOKHBIE OMepaliH, BBOOD CHOBA CKIIOHAETCS B MOAb3Y
AJTOPHTMOB, MIOTOMY YTO AJIMHHBIE M CJIOXKHBIE OEpPaLMH Jydure obopMIATh B CTAENb-
HbIX (byHKIHAx. [Tocire Toro Kak Teno nuKJa 6yAeT nepeHeceHo B OTAENbHYIO (DYHKIHIO,
TOYTH BCETa YAAETCS MepeaaTs aTy (hYHKUHIO alroput™My (0Co0eHHQ 4acTo — AITOPHT-
My for_each) Tak, 4ToGEI noy4eHHEIH KOA OB 60/ HATISIAHBIM U MPSIMOJIHHERHBIM.

Eciiu BB COIJIACHHI ¢ TEM, YTO BBI30BBI AITOPHTMOB OOGBIYHO NMPeANOYTHTENbHEE
IMKJIOB, a TAKKE C TEM, YTO HHTEPBaJIbHbIe PYHKIKH 0ObIYHO IPEANOYTHTE/IbHEE IHK-
JIMYEeCKOTO BBI30BA O{HOAIEMEHTHEIX (YHKUMH (CM. COBET 5), MOXKHO ClIeJIaTh MHTEpeC-
HBIH BEIBOZ; XOPOIIO CIPOeKTHPOBaHHasA MporpamMa C++, uenonsaywoman STL, cogep-
JHT TOPa3g0 MeHbIIe HKIKYeCKUX KOHCTPYKIIMI, YeM aHAIOTHYHAs MPOrpaMMa, He
ucnoasaywoman STL, 1 aro xopouro. 3aMeHa HU3KOYPOBHEBBIX KOHCTPyK1uit for, while
u do BEICOKOYPOBHEBBIMH TepMUHaMH insert, find u for_each mosbiuaer yposeHs aGer-
PAKI[HH ¥ YNPOILAeT NPOrpaMMHPOBAHKE, AOKYMEHTHPOBAHHE, YCOBEPIIEHCTBOBAHHE
¥ COTIPOBOXK/EHHE MPOTPAaMMEL.

CoseT 44. Mcnonb3ynTte (yHKLUMN KOHTENHEpOB
BMECTO OAHOMMEHHbBIX a/TTOPUTMOB

Hexoroprie korTelinepr! cofiepxat (QyHKIUH, MMEHA KOTODBIX COBNANAIOT C HMEHAMH
anroputMoB STL. Tak, B acconMaTHBHLIX KOHTelHepax CyIecTBYIOT (PYHKIHH count,
find, lower_bound, upper_bound u equal_range, a B koHTeliHepe 1ist mpegycMoTpeHsl
(dyuknuu remove, remove_if, unique, sort, merge u reverse. Kax npasuno, st pyHK-
1[HH KCTIOMB3YIOTCA BMECTO OAHOMMEHHAIX AJITOPUTMOB, YTO 0OBICHAETCS ABYMSA HpPU-
yuHaMu. Bo-nepsbix, GyHKuMK Kiaccos OeicTpee paboraiot. Bo-Brophix, oHu Jy4lne
HMHTErPHPOBAHBI ¢ KOHTelHepaMu (0CODEHHO ACCOIMATHBHEIMM ), 4eM AITOPHTMBL, Jei1o
B TOM, YTO AJITOPHTMBI H OTHOMMeHHE e (GYHKIKHK KJIACCOB 00BIYHO PaboTaIoT #e coscem
OAHHAKOBO.
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HayneM ¢ acconuaTHBHEIX KOHTelHepoB. JloONyCTHM, HMeeTCs MHOKeCTBO set<int>,
cofepxallee MHJIJIHOH 3HAYEHHH, ¥ BBl XOTHTE HAHTH NO3UIHIO NEPBOTO BXOXKAEHUA
yucsa 727, eclii oHO MpHCyTeTBYer. Hike npuBeseHbl ABa O4eBHAHBIX CI0co6a OUCKa:

set<int> s; // Coapate MHOMECTBO

// W 3aHECTW B HEro
/{ MHNIKMOH 4Yucen

s. find(727) /7 Oynxuma find KowTeiiHepa

set<int>: :iterator i
if(il=s.end())..

set<int>::iterator i = find(s.begin(}. s.end(}. 727): // Anroputy find

if(il=s.end())..

Oyukuus kiacca find pabortaer ¢ norapuMUYECKoii CIOKHOCTBIO, TIOITOMY He3a-
BHCHMO OT TOTO, MPHUCYTCTBYeT JIM YHciio 727 B MHOXKecTBe HiH HeT, set: :find B nipo-
lHecce TIOKCKA BRIMOJIHET He Boiee 40 cpaBHeHHi, a 0Gp14HO noTpebyetces He GoJee 20.
C zpyroii croponsl, anroputm find paGoTaer ¢ JunefHON CI0KHOCTHIO, TO3TOMY NPU
oTcyTcTBHuM Yucia 727 Gyaer sumnossero 1 000 000 cpasnenuit. Bipouewm, aaxe eciu
qucao 727 npHcyTCTBYeT, anroput™ find B mpollecce MOMCKA BLIMOMHAET B CPEAHEM
500 000 cpaBrenuii. PeayapTar SIBHO He B noJib3y ajropurMa find.

Kcraru, 51 He coBCeM TOUHO yKa3as KOJIMIECTRO CpaRHeHNH g dynkiuy find, mo-
CKOJIBKY OHO 3aBHCHT OT PEAIM3alIH, HCIOIb3YeMOil aCCOIHATHBHEIMH KOHTeHepaM.
B GonpmnHCTBe peanu3anuil HCMOMB3YOTCA KPacHO-YepHbIe epeBbs — 0cobas pasHo-
BHAHOCTDb COATaHCHPOBAHHBIX A€PEBLEB ¢ pasbalaHCUPOBKON no crenensiM 2. B taxkux
peaM3aluAX MAKCHMaTbHOE KOJIMYEeCTBO CPaBHeHHH, HeOOXOXUMBIX /151 TIOMCKaA Cpeau
MHJITHOHA 3HaveHuil, pasro 38, Ho B nojaBistiomeM GOJIBIIMHCTBE CIy4Yaes Tpedyercs
e Gosee 22 cpasHenuil. Peanusauusi, ocHOBaHHAA Ha MAEATBHO COATAHCHPOBAHHBIX
AepeBbsX, HUKora He TpeGyer Gosree 21 cpaBHeHust, HO Ha NPaKTHKe 110 06meMy GsICTpO-
AedCTBHIO HAeTBHO COATARCHPOBAHHBIE AEPEBA YCTYTIAIOT «KpacHo-4epHbIM», [0 aToit
npudnHe B 6onpmuncTBe peann3aunii STL Henonp3yoTcs «<KpacHo-4epHbIe> 1epeBbA.

Pasnuaus mexay GyHKuuel kiacca 0 anroputMoM find He OrpaHHYMBaIOTCH OBI-
crpozeiicrBueM. Kak o6bacusercs B coeete 19, anropurmsl STL nposepsior «oauHa-
KOBOCTb» ABYX 00BEKTOB 110 KDHTEPHIO PABEHCTBA, 4 ACCOLMATHRHEIE KOHTEHHEPH! HC-
MOJIb3YI0T KPUTEPHit SKBUBANEHTHOCTH. TakuM o6pa3om, anroputsm find umer 727 no
KPHTEPHIO PaBeHCcTBa, a GyHKuusA find — M0 KPHTEPHI 3KBHBAICHTHOCTH, Paznuuns
B KPHTePHAX HHOTAA MPHBOJAT K H3MeHEHHIO pe3yJibTaTa noucka. Hampumep, B co-
sete 19 6B1I0 MOKA3aHO, KaK npUMeHeHHe anropuTMa find ana moucka HHGOpPMALHHI
B 2CCOIHATHBHOM KOHTeHeDe 3aRePIIaeTCl HeyAadei, TOrAa KaK aHAJIOTHYHBIA TIOHCK
dynxuumeit find mpuest 651 Kk ycnexy! IIpu paGore ¢ acconuaTHBHLIME KOHTelTHEpaMH
dyuxuuonanpuele opMel find, count ¥ T. A. MpeANOYTHTENbHEE AITOPHTMHYECKHX,
TIOCKOJIbKY KX NMOBeeHH e JIyYllle COTJIACYeTC ¢ APYTUMHU (DYHKI[HIMH 3THX KOHTelHe-
poB. BeaeacTBHe pasindnit MeXy paBeHCTBOM U 9KBHBAJIEHTHOCTRIO AJITOPUTMBI HE
CTOJIE MOC/IEA0BATEIbHEI,

OcobenHo ApKo 3TO pasimdue MposBiisiercsa npu paboTe ¢ KOHTeHHEPAMH Map 1
multimap, MOTOMY 4TO 3TH KOHTEHHEephl COLEepsKaT 006BbeKTH pair, HO KX byHKIHH
VYHTHIBAIOT TOJBKO 3HAYEHHE KII04a KaxA0H napsL. 1o s1oit npuynze QyHxuua count
CYHMTaET TOJBKO Maphl ¢ COBIANAINIHMH KIIOUaMH (ECTECTBEHHO, <«COBIaJleHHE» ONpe-
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JleNHeTes 0 KPHTEPHIO SKRUBATEHTHOCTH ); 3HaUeHHe, aCCOIMHPOBAHHOE C KIYO0M,
urnopupyercs. @yukiuun find, 1ower_bound u T. A. MOCTYNAOT AHATOrHYHO, UTOOH
JITOPUTMBI TAKXKE OTPAHHYMBATHCE aHATH30M KJII04a B KAXI0H nape, BaM MpuaeTcs
BBITOJIMATH akpobaTrueckue TPIOKH, ONHCAHHbIE B coBeTe 23 (4T MO3BOJIMT 3aMEHUTh
NpOBEPKY PaBeHCTBA MPOBEPKOii 9KBUBATIEHTHOCTH).

C Ipyroit CTOpOHBI, eCJiH Bbl CTPEMHTECH K MakcuMasnbHol addekTusHOCTH, TO
¢hokycH coBeTa 23 B cOYeTaHUH C IOTaPHMHUIECKOH CJIOKHOCTBIO MOMCKA A/ITOPHTMOB
13 coBeTa 34 MOTYT NOKA3aThCsI He TAKOM YK BHICOKOH 11eHOl 3a MoBEIMIeHHe OBICTPO-
neflcTBHA. A eC/IH BEI ouend CUAbHO CTPEMHTECH K MaKCHMaJIbHO a(pheKTHBHOCTH,
noaymaiite 06 HCIOIb30BAHHH HECTAHAAPTHHIX X3UINPOBAHHBIX KOHTEHHEPOB (CM. Co-
Ber 25), XOTs B 3TOM CJIy4ae Bl TAKXKe CTOJIKHETEChH C PAsIUYHsAMH MeXK/1Y PABEHCTBOM
U KBHBAJIEHTHOCTEHIO.

TaxkuM 06pa3oM, AJs CTAHJADTHEIX aCCONKATHBHBIX KOHTeHHePOB MpUMEHEHHE
$YHKUHIA BMECTO OAHOMMEHHBIX &JIFOPHTMOB 00JIAJIAET CPady HECKOJBKUMH MpeuMy-
mecTsaMu. Bo-niepseix, BH MoJydaere JIorapuhMHUYeCKYI0 CI0KHOCTE BMECTO JIHHei-
HOii. Bo-BTOPHIX, «0AMHAKOBOCTE» ABYX BEJIMIUH MPOBEPAETCS 10 KDHTEPHIO 3KBHBA-
JieHTHOCTH, GoJlee eCTeCTBEHHOMY AJS aCCOIMATHBHBIX KOHTeltHepoB. B-TpeThux, npu
pafoTe ¢ KOHTeiiHepaMH map K multimap ABTOMaTHIeCKH YYUTHIBAKTCA TOJBKO 3Hade-
HHsL K/TI049€il BMeCTO MOJIHBIX Nap (K104, 3HadeHue ), ITH TPpu (aKTopa A0CTaTOYHO yhe-
JHTENBHO TOBOPAT B MOJIB3Y (DYHKIHI K1acCoB.

Mepeitnem x dbyuxuuaM Kkonreiirepa 1ist, IMeHa KOTOPHIX COBIAZIAl0T ¢ HMEeHaMHU
arropurmos STL. B aToM ciydae 3¢hheXTUBHOCTE SIB/ISIETCS MPaKTHYECKH eAMHCTBEH-
HBIM (DaKTOPOM. AJITOPHTMEL, ¥ KOTOPEIX B KOHTeliHepe 11St CYIecTBYIOT Cllell aTH3H-
poBaHHble BepcuH (remove, remove_if, unique, sort, merge u reverse), KOMUPYIOT 00beK-
ThI, 2 1ist-BepcHH HHYETO He KOMHPYIOT; OHH MPOCTO MAHUMYJIHPYIOT YKa3aTeIsIMH,
COEAXHSIIOIIMMH Y3JIBI clicKa. 1o anropurMidecko cioxHOCTH QYHKIMH KJIaCCOB K
ITOPUTMBL OIMHAKOBH, HO €CJIU MPeANON0XKUTh, YTO ONepallly ¢ YKa3aTelXs MK 0bXo-
AATCS 3HAYKTEJIBHO AeleBJie KOIHPOBaHUS 06beKTOoB, 11st-Bepcuu 00naai0T JydIuM
OnlcTpoAeiicTBHEM.

CitepyeT nOMHUTB, 4TO 1ist-BepCHH YacTo BeAyT cebs uHAYe, YeM UX aHaIOTH-al-
roput™bl. Kax o6bscHseTcs B coBete 32, asst PaxTHYECKOTO yAANCHHS J/IEMEHTOB H3
KOHTelfHepa BbI30BBI AITOPUTMOB remove, remove_if U unique AOJKHBI CONMPOBOXKAATHCS
BbI30BAMH €rase, 0AHaXK0 OAHOMMEHHEIE (DYHKITHH KOoHTeliHepa 11St YeCTHO YHUYTOXa-
0T 3JIEMEHTHL, ¥ MOC/IeAYIOIINE BBI30BHI @rase He HYXKHbI,

[TpuHIBNHATPHOE Pa3/iHdHe MEXAY AITOPHTMOM Sort i dyHKIuel sort KoHTeliHe-
pa 1ist 3aK/I1049aeTCA B TOM, 4TO AJITOPUTM HENpBMeHHM K KoHTeitHepaM 11st, MOCKOJb-
Ky eMY He MOryT lepeJaBaThCsi ABYCTOPOHHHE HTEPATOPH! 11st. AMropuTM merge Taxxe
oraudaeTcs 0T QYHKIMK merge KoHTeitHepa 1ist — anropurMy He paspeweHo Moaudu-
LIMPOBATh MCXOAHBE HHTEPBAIH, TOTAA Kak (yHKims 1ist: :merge ecezda Moauduim-
PYeT CIHCKH, C KOTOPBIMH OHa paloTaer.

Temnepb BH pacnoJiaraere Bceit Heobxomumoii undopmanueit. CTOIKHYBIIMCD C BBI-
6opom Mexay axroputmoM STL u ogHonmMenHolt GyHKMell KoHTeliHepa, NpeAnoYTe-
Hue CleAyeT oTAaBaTh QYHKIHK KoHTelinepa, OHa nmouTH Beeraa addexTusree pabo-
TaeT | Jiydllle HHTETPHPYETCs ¢ 0OBIYHEIM ToBeleHHEM KOHTeiHepOB.
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CoseTt 45. Pasnuyaite anroputMel count, find,
binary_search, lower_bound, upper_bound
n equal_range

[IpexnionoxuM, B HieTe HEKOTOPAIA 0OLEKT B KOHTeHEepe M B MHTEPBaJle, FPaHH-
1Bl KOoTOpOTO obo3HadeHEl uTepaTopaMu. Kax ato caenars? B pamem pacnopsoxe-
HUH 1eJblil apceHa aropuTMOB: count, find, binary_search, Tower_bound, upper_bound
1 equal_range. Kak >xe npuHATL BepHOE pelnerHe?

Ouenb npocTo, OCHOBHBIMH KPHUTEPHAMH AOJDKHBL GBITH CKOPOCTH M POCTOTA.

BpemerHO mpeAnosioxuM, YTO rPAHMI[EI HHTEPBANA TIOUCKA 0003HAYEHBl HTEPATO-
pamu. Crydall ¢ TOMCKOM BO BceM KOHTeliHepe OyAeT paCCMOTPEH HIDKE,

I1pu BEIGOpE CTpaTerku MOKUCKa MHOTOE 3aBUCHT OT TOTO, ONMPEAEISIOT JIL HTEPATOPHI
COPTHPOBaHHbINA HHTePBall. Ec/iu 3T0 yci10BHe BBINMOIHEHO, BOCIIOJB3YHTECH ANTOPUTMA-
M binary_search, Tower_bound, upper_bound 1 equal_range Ans mpoBefieHust HBICTPOTO
noucka (06BIYHO ¢ JorapuMudeckoil CI0KHOCTEI0 — cM. coBeT 34). Ecau unTeppan
He OTCOPTHPOBaH, BEIOOp OTPAaHHYMBACTCSA JIMHEHHBIMH AITOPHTMAaMH count, count_3f,
findu find_if. B nanpHeiimem onucanmu _if-Bepcuu atroput™os count u find urHopu-
PYIOTCS, KaK ¥ pasHOBUAHOCTH binary_search, Tower_bound, upper_bound u equal_range,
KOTODHIM IIPH BbI30BE MepeAaeTcd NpeanKar. AJIropHTM NMOHCKA BHIGHPAETCS M0 OMHUM
H TeM Xke cooOpaKeHnAM HE3ABHCHMO OT TOTO, MCIOJIL3YeTe JIi BBl CTAHAAPTHEIH Mpe-
AMKaT HJIM 3a1aeTe CBOM COOCTBEeHHDIH.

WraK, B HeCOPTHPOBAHHBIX HHTEPBAJIAX BHIOOP OrPaHUYMBAETCS AITOPUTMAMH count
u find. JTH aMTOPUTMEL PEIAIOT HECKOJIBKO OTJIMYAIOIIMECS 3a1a4H, K KOTOPHIM CIIeyeT
TPHCMOTPEThCS MOBHUMATeJIbHee. AJITOpUTM count oTBeyaer Ha Bonipoc: «IIpucyTcTsyer
Jii 3a/laHHOE 3HAYeHKe, M eCJIH MPUCYTCTBYET — TO B KAKOM KOJIHYECTBE SK3eMILISPOB?».
Huist anropurma find Bonpoc 3By4uT Tak: «[IpucyTcTBYeT /I 3anaHHOe 3HAYeHHe, ¥ eCITH
TIPHCYTCTBYET — TO Te HMEHHO?»

JlonycTuM, Bbl MPOCTO XOTUTE MPOBEPHTE, TIPHCYTCTBYET JIH B CIMCKE HEKOTOPOe
3HaYeHHe W Kaacca Widget. [lpu ncnionb3oBanum asropuTMa count pelIeHHE BhITJIAANT TaK:

1ist<Widget> w: // Cnucok obsexTos Widget
Widget w; /7 Wckomoe anauenne knacca Widget

Tf (count(Tw.begin() . Tw.end() w)){
// 3Hadqenne w npucyTCTBYET B Iw

} else {

}

B npuBeneHHOM (parmMenTe NpoAeMOHCTPHPOBAHA CTAHAAPTHAS HAHOMA; IPUMeHe-
HHe count ANs MPOBEPKH CYIECTBOBAHMA. AJTOPHTM count BO3BpaliaeT Mub0O HOJIBb,
JH60 MOJIOKHUTENBHOE YHCIIO; B MPOrpaMMe HeHYJIeBOe 3HaYeHue HHTEPIPETHPYETCH

KaK JIOTHY€CKasl HCTHHA, a HOJIb — KaK JIOTHYecKast JIoxkb, BoaMoxHo, cenylouas KoH-
CTPYK1isi f0J1ee YETKO BhIPaXkaeT CYTh IPOHCXOASINETO;

// 3HayeHue we Halinero

if (count(lw.begin().Tw.end(),w)!=0)..

HekoTtopeie mporpaMMuCThl IPEANOYKTAT ITY 3aMKCh, HO HesSIBHOE IIpeobpa3osa-
HHE, KaK B IPUBEAEHHOM BbIlle TIPHMepe, BCTPeYaeTcsl AOCTaTOUHO YacTo,
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Pemenue ¢ anropurMoM find BBIIISIAUT Yy Th CJOXKHee, IOCKOJBKY BO3BpamaemMoe
3HaYeHHE NIPHXOAUTCSA CPAaBHUBATD C KOHEYHbIM HTEPATOPOM CTHCKA!

if{find(Tw.begin(},Iw.end(),w) I=Tw.end() ){
} else {

-

B koHrekcTe npoBepku CymecTBOBaHUA HAHOMATHYeCKOe HMCIIONb30OBaHME count
4y Thk NpoIe Kogupyercs. C Apyroif cTOpoHH, OHO Takxke MeHee 3((peKTHBHO NMPH yC-
HENIHOM MOKCKE, MOCKOJbKY find mpu 06HapyXeHHH HCKOMOTO 3HaYeHHUs HeMeLIeHHO
MPEKPAIIAET IOMCK, 4 count MPpOAOJRKAeT UCKATH JOTIONHUTEtbHblE SK3EMILAPHI A0 KOH-
ua uHTepsana. /(s 60JbIIKHECTEA IPOTPAMMHUCTOB BBHIHIPHINI B 3(0(eKTHBHOCTH KOM-
HeHCHPYeT AOMNOJIHITEIBHBIE XJIONOTH, CBA3aHHEE ¢ MporpaMMupoBarremM find,

BripoueM, mpocToli poBepKH CYILEeCTBOBAHKA BO MHOTHX CJIy4asx ObIBaeT HelocTa-
TOYHO; TpeGyeTcst Takxe HAUTH B MHTEpBIE TepBEH 00bEKT ¢ 3aaHHEM 3HAYeHHEM.
HampuMep, 3TOT 00bEKT MOKHO BBIBECTH, BCTABUTD [EPe] HUM APYTOit 0GBEXT HIIH
yaanuTh ero (yJaneHue B npoliecce nepefopa paccMarpusaercs B coBete 9). Eciu
Tpebyercs y3HATD, KaKoil 06beKT (Ml 0OBEKTE ) MMEIOT 33/[aHHOE 3HAYEHHE, BOCTIOJIb-
syliTece anropurMom find:

1ist<Widget>::iterator i = find(1w.begin(}.lw.end() w);

if (il=1w.end()){

// YcnewHed nOMCK, 1 YKA3bBAGT HA Nepsblidl JIKIEMNNAP
} else {

}

IIpu padore ¢ COPTHPOBAHHBIMH HHTEPBANAMH CYLIECTBYIOT H APYTHE BapDHAHTEL,
U MM ONpeJesieHHO CTOMT OTAATh NpeAnoYTeHHe, AITOPUTME count u find paboTa-
I0T C JIHHEHHOH CJIOMHOCTDIO, TOTAA KaK aJITOPHTMBI IIOMCKA B COPTHPOBAHHEIX HHTED-
Basax (binary_search, Tower_bound, upper_bound u equal_range) obsanaior jiorapudmu-
4eCKOH CII0KHOCTBIO.

ITepexon oT HecOPTHPOBAHHEIX HHTEPBANOB K COPTHPOBAHHEIM BiledeT 32 COOOM u3-
MeHeHHe KPpUTepus CpaBHeHus ABYX BeIM4uH, Pasiuuust Mexay xpurepusiMu noapo6-
HO OIIHCaHH B coBeTe 19, Mo3ToMy A He CTaHy MOBTOPATLCA W 3aMedy, 4TO AITOPHTME
count u find HcHoJB3YIOT KpUTEpHE PaBEHCTBA, a AITOPUTMEI hinary_search, lower_bound,
upper_bound 1 equal_range ocHOBaHB Ha KDUTEPHH 3KBUBAJIEHTHOCTH.

IIpucyrcTBHe BeIWYKHBI B COPTHPOBAHHOM HHTEPBAJle NMPOBEPAETCH AJITOPHTMOM
binary_search. B orinuue or dyHkuuu bsearch uz cranaaprHoii 6ubnnotexu C (a 3Ha-
YHT, ¥ CTaHAapTHOMH GubimoTekn C++), anropuT™ binary_search BosBpaimaer TOJIbKO
bool. Anropur™ orBeyaet Ha Bonpoc: «[lpucytcrByer jin 3aaHHOe 3HAYEHHE B HHTEP-
Basie?», H BO3MOKHBI TOJNBKO BA OTBETA: «/1a» H <HeT». Ecjin BaM MoHaaoOHTCA AOTIONA-
HUTeNbHAA HHQOpManKs, BEIOepHTe APYIoi AITOPHTM.

ITpumep npumeHeHns binary search X COPTHPOBaHHOMY BeKTODPY (IpeHMYIIeCTBa
COPTHPOBAaHHBIX BEKTOPOB OMUCaHBL B coBeTe 23):

// 3Hayenue He HaRAEHO

vector<Widget> vw.; // Co3aTh BEKTOP, 3anofHUTh
/! DaHHBMKM ¥ OTCOPTMPOBATH
sort (vw.begin{),vw.end()}:
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Widget w: // Wcromoe 3HayeHue

?f(binary;search(vw.begin().vw.end().w)) {
// 3nayenue w NPUCYTCTBYET B vw

} else {

}

Ecu y Bac nmeercs copTupoBaHHEI HHTEPBAT H BB KILETe OTBET Ha Borpoc: «[Ipu-
CYTCTBYeT JIH 3a/jaHHOE 3HadeHue B HHTEPBAIE, U eC/Id IPUCYTCTBYET — TO TAE HMEH-
HO?», CJIEAYeT HCIIOJIb30BaTh AITOPUTM equal_range, XOTs Ha MEePBEIH B3IJIAL KAKETCH,
4TO BaM HyKeH anroput™ lower_bound. Bcxope MBI BepHeMcs k equal_range, a moKa ripo-
AHAIM3MPYeM MOKCK B HHTEPBAIAX C IPHMeHeHHeM alropuT™Ma lower_bound.

I1pn moxcke 3aganHOM BeJIMUKHB! B HHTEPBaJle AITOPHTM lower _bound BoaBpauraer
MTEPATOP, YKa3blBAOLIHHA Ha MEPBbIH 3K3eMIIAP 3TOH BeJMYHHHI (B C/IyYae YCNEIHo-
TO NOHCKA) WJIM Ha NIPAaBHIbHYIO MOZHIIKIO BCTABKH (B ciydae HeyAaum), Takum o6pa-
30M, anropuT™ Tower_bound oTBedaer Ha Bonipoc: «[IpHCyTCTBYeT Jiu 3aianHOe 3HAYEHHE
B HHTepBase? EC/M IPUCY TCTBYeT, TO I7le HAXOAMTCS NEPBHIH SK3EMILIAD, 2 €CJIH HeT —
TAie OH J0JDKEH Haxonutecsi?s. Kax u B ciiyyae ¢ anropurMom find, peaynbTar Tower
bound He06XOAUMO IOTOMHUTENBHO TIPOBEPHTD 1 YGEIUTLCS B TOM, UTO OH YKa3biBaeT
Ha uckomoe 3Hauenue. Ho B oTimyue ot find, ero HeJtbast MpOCTO CPaBHUTD € KOHEYHBIM
uTeparopoM. BMecro atoro npuxoautcs 6paTh 06BEKT, HACHTHOUIUPOBAHHBIN AIro-
puT™MoM Tower_bound, 1 IPOBEPSITE, COAEPIKHT JIM OH HCKOMOE 3HAYEHHUE,

MHorue nporpaMMHCTHI KCTIOJB3YIOT 1ower_bound PEMEPHO Tak:

// 3Haqenue He HaigeHo

vector<Widget>::iterator i=lower_bound(vw.begin{},ww.end().w);

if (il=vw,end()8&*i=w){ /7 YBepuTsca B TOM, 4TO 1 yKa3weaer
// Ha OOLEKT, W 3TOT OGLEKT MMERT MCHOMOE
// anadvenue, Quubkalll!

// 3HaveHue HaiifeHo. 1 yHaswBaeT Ha nepsblii
// 3k3emnnAp oBLEKTA C 3THM 3HAYEHHEN
} else {

}

B GonbimmHCTBe ciyuaeB Takas KOHCTPYKIHsA paGoTaeT, Ho B IefCTBUTENLHOCTH OHA
coaepkuT omubKy. IIpHCMOTPHTECE K IPOBEPAEMOMY YCJIOBUIO:

// 3HavenHe He HaiigeHo

if (il=vww. end()R&*i=w){

B sTOoM ycnoBuu niposepsierca pasencmso, Torna xax lower_bound HCIIONb3yeT Tipu
NOMCKe KpUTepuit axeusarenmrocmu. Kak npasuiio, pesyJsibTaTsl IPOBEPKH 110 ABYM
KPHTEPHAM COBNAAAIOT, HO, KaK Noka3aHo B coBete 19, 570 He Bceraa Tak, B takux cu-
Tyanusx NpHBeACHHLIH BEIIe (hparMeHT He paboTaer.

Utobbt HenpaBUTh 0LIKOKY, HeO6XOMUMO YEEAHTBCS B TOM, 4TO HTEparTop, MoJLyueH-
HBLH OT lower_bound, yka3biBaeT Ha 06BEKT CO 3HAYCHHEM, DKBUBAJICHTHBIM HCKOMOMY.
ITpoBepKy MOXHO BHINOIHUTE BPYYHYIO (B coBete 19 nokasaHo, KaK 3T0 AeJaeTcs, a B Co-
BeTe 24 IpHBesieH TPHMEP CHTYAIUH, KOI/A TaKOe pellleHne ONPABAAaHHO ), OAHAKO CAeNATh
9TO HETPOCTO, MMOCKOJIBKY TIPH 3TOM J0JIKHA MCTIOJIb30BATHCS Ta e (PYHKIHSA CpaBHe-
HMS, KaK 1 HPH BBI30Be 1ower_bound. B o6wieM citydae Mbl uMeeM A€o ¢ TPOU3BOIBHOM
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tynkuueit (unu ofpexrom dyuknun). IIpu nepegade Tower_bound GyHKIHK cpaBHeHUS
Ta xe (DYHKIHA JOMKHA MCHQIB30BaTECSH 1 B «PyuHOH» HpoBepKe 3KBUBAIEHTHOCTH;
CJIeI0BATENbHO, IIPH U3MeHeHUK (PYHKIHH CPaBHEeHMS, IepenaBaeMoii Tower_bound, Bam
TMPUAETCA BHECTH COOTBETCTBYIOLIME UBMEHEHHA B IIPOBEPKY 3KBHBATICHTHOCTH. B ITPpHH~
LUTE, CHHXPOHU3UPOBATh (DYHKIIHH CPABHEHUSA He TAK YK CJIOKHO, HO 00 3TOM HeoOXo-
AUMO NIOMHUTD, @ MDY MPOTPaMMEPOBAHUH XJIONIOT U 6€3 3TOro XBaTaer.

CyuiecTByeT mpocToe pelreHHe: BOCHOMb3YHTeCh anropuTMoM equal_range. Airo-
PHTM BO3BpaLIaeT napy HTEPaTOPOB; MEPBHIH COBNA/AAET C HTEPATOPOM, BO3BpalaeMbIM
Tower_bound, a BTOpOit COBITIAIaeT ¢ UTEPATOPOM, BO3BpalliaeMBIM upper_bound (To ecThb
VKa3bIBAeT B O3KWLKIO 32 HHTEDPBAJIOM 3HA4YEHHIH, 3KBHBAJIEHTHBIX HCKOMOMY ). Takum
o6pa3oM, anropuT™ equal_range BO3BpAILAET APy HTEPATOPOB, 0O03HAYAIOMIKX HH-
TepBaJl 3HaYeHU, SKBUBAIEHTHBIX UCKOMOMY. COIJIacHTeCh, UM aITOPHUTMA BHIOPAHO
ZOBOJIBHO YAA4HO. Bo3MoxHO, ipaBuibHee 670 OB Ha3BaTh €To equivalent_range,
HO M equal_range BOCTIPHHHMAETCS HETJIOXO.

OTHOCUTENBHO BO3BPAMAEMOrQ 3HAYEHHS! equal_range HeobXOAMMO CAenaTh ABa
BaXKHEIX 3aMedanis. Eciii ABa HTepaTopa COBHAAIOT, 3T0 TOBOPHT O TOM, YTO MHTED-
BaJl MyCT, a 3Ha4eHHe He HaiifeHo. [1o stomy dakTy MOKHO CyAuTh 0 TOM, OBLTO JTH Hail-
neHo cosnanedue. [Ipumep:

vector<Widget> vw;
gort(vw.begin().v.end())

typedef vector<Widget>::iterator VWIter: // BcnomoraTenbHee
typedef pair<VWIter VWIter> VWIterPair; // onpenenexus Ttunos

VWIterPair p = equal_range(vw.begin(),vw.end(} w);

if (p.first != p.second){ // Ecnv equal_range Bo3spawaet
// HenycTo# WHTepsan..
// 3nauenve Haiipeno, p.first
// yKka3wsaeT Ha Nepsbii INeMeHT
// wHTepeana, a p.second -
/1 Ha NO3nUwD 33 MOCNEAHUM INEMEeHTOH

} else {
- // Jnauenue He HafipeHo, p.first
// W p.second yKa3slBawT HAa TOHKY
// BCTABKK WCKOMOTO 3HA4EHMA
}

B sTOM (pparMenTe UCIONB3YETCA TONBKO KPUTEPHIH SKBUBATEHTHOCTH, NMO3TOMY OH
BCET/a BepeH. .

Jlpyras 0COGEHHOCTH BO3BPALIAEMOTO 3radeHus equal_range 3aKJI04aeTCA B TOM,
4TO PaCCTOAHHE MEXAY ABYMS MTEPATOPaMH PAaBHO KOJIHYECTBY OOBEKTOB B MHTEpPBA-
Jle, TO ecTh KOJIndecTBY OOBEKTOB, SKBUBAIEHTHEIX HCKOMOMY 06bexTy, B peaynbrate
equal_range He TOJIBKO BHINOHsIET DyHKiMH find 4715 COPTHPOBAHHBIX HHTEPBATOB, HO
u 3amensier count. Hanpumep, nouck B vw 06bexToR Widget, SKBUBAJIEHTHBIX W, € [IOCJIE-
AYKOUTHM BRIBOACM HX KOJIMYECTBA MOXKET BBIMOJHATBCA CIEAYIOLMM 06pasoM:

VWlterPair p = equal_range(vw.begin(),vw.end().w};
cout << "There are " << distance(p.first,p.second)
<< " glements in ww equivalent to w.";
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/10 HAaCTOAIEr0 MOMEHTA NPEeATOIAra/IoCh, YTO B HHTEpPBaAJIE HILIETCS HEKOTOPOE 3Ha-
YeHHe, HO €CTh CHTYAIMH, B KOTOPHIX BOHHKAET 33/1a4a TOMCKA ZPAHuuHOL NO3ULLL.
IIpeamonoxum, y Hac uMeercst kiacc Timestamp 1 BekTop 06beKToB Timestamp, oTcopTH-
POBAHHEIH OT «CTapbIX» 00BEKTOB K «HOBEIM»:

class Timestamp {.}:

bool operator<(const Timestamp& 1hs,  // lposepaeT. npeuecTsyeT au
const Timestamp& rhs); // ofvekT Ths ofvekTy rhs no BpemeHu

vector<Timestamp> vt: // Co3paTte BEKTOP, 3JaNONHMTL OAHHbIMM
- // W OTCOPTHPOBATL TaK, HTOO
sort(vt.begin(),vt.end()): // “"crapbie” cObeKTH NpefwecTBOBanK “HOBbIM"

[TpeanonoxuM, U3 vt Tpebyercs yAanuTh Bce 06BEKThI, TPEAIECTBYIONIHE HEKOTO-
pOMy NoperoeoMy o6bekTy ageLimit. B maHHOM cityyae He HY)XHO HCKaTh B vt 06BEKT
Timestamp, axBHBaNeHTHHI agelimit, mockombKy 00BeKTa ¢ TOYHO COBNAAAINUIM 3HA-
YeHHeM MOXeT U He ObITh. BMeCTO 5T0T0 B Vt HILeTCs rpaHHYHAS TIO3UIIMS, TO €CTh Ilep-
BB 8JIEMEHT, He cTapiuuii agel imit. 3aaaya pemaeTcs 31eMeHTAPHO, HOCKOILKY aJro-
puT™ Tower_bound nmpeaocTaBiseT BCIO HeobXoAuMY10 HH(OPMAITHIO:

Timestamp agelLimit:

vt.erase(vt.begin().lower_bound(vt.begin(), // ¥panute w3 vt Bce oBveKTH,
vi.end(}. // NpepuecTByiUHE 3HAYEHUO
agelimit)}); // agelLimit
Cnerka uaMeHUM ycaoBHs 3afauu. JonycTuM, tpedyercs yaanuTh Bee 0OBEKTHI,
TIpeAIeCTBY 0IME WK paBHble agelimit, [JJ1s1 9Toro Heo6X0AHMO HaTH HEPBLLIl 0O BEKT
nocae ageLimit. /1 pemenus 3a1a4n HeIbHO NOAXOAUT AJITOPUTM Upper bound:
vt.erase(vt.begin(),upper_bound(vt.begin(}, // YnanuTe W3 vt BCEe OOBEKTH,
vt.end(), // npepuecTsynuMe Wiu
ageLimit)}: // akBueanenTHWe agelimit
AJropuTy™ upper_bound Taxike 4acTo NPUMeHSAETCS NPH BCTABKe B COPTHPOBAHHEIE
HHTEPBaJIB], KOT/Aa OObEKTH ¢ SKBHBANCHTHEIME 3HAYEHHUAMU JOJDKHEI CJICAOBATD B KOH-
TeftHepe B HOPAAKe BCTaBKH. PacCMOTPUM COPTHPOBAaHHbIN CNIMCOK 06BEKTOB Person,
B KOTOPOM 00BEKTH COPTHPYIOTCSH 0 HMEHH:

class Person {
public:

éonst string& name() const:

b

struct PersonNameless:
public binary function<Person, Person, bool> { // CM. coseT 40

bool operator(}{const Person& Ths, const Person& rhs) const

return Ths.name{)<rhs.name():

}

1ist<Person> 1p:
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1p.sort(PersonNameless()): // OtcopTupoeaTb 1p NO KPUTEpHO
/1 PersonNameless

YrobHl CMHCOK COPTHPOBAICS TpeGyeMbIM 00pa3oM (Mo HMEHH, ¢ XpaHEHHEM KBH-
BaJIEHTHBIX HMEH B TIOPSAKE BCTABKH), MOXHO BOCIIOJIb30BATECA ANTOPHTMOM upper_
bound ans onpedeneHUA MO3HIHH BCTaBKH.

Person newPerson;

1p.insert (upper_bound(1p.begin(), // Bcraenth newPerson 3a nochefHuM
1p.end(). // obveKToM 1p. npejuecTayioyu
newPersan, /1 MW SHBHBANEHTHLM newPerson
PersonNameLess()).
newPerson);

ITpuBeaeHHOE pelieHue paboTOCNOCOGHO H A0CTATOYHO YAOGHO, HO He CTPOTe HiI-
03U HACYET TOTO, YTO OHO KaKuM-To Boaume6HEM crocobom obecneunsaer moucx
TO4YKH BCTaBKH B KOHTeitHep 11st ¢ morapudmudeckoir cnoxnocteio. Kak obbacusiercst
B coBere 34, npu pabote ¢ 11st nouck 3aHUMaeT JTHHeitHOe BpeMs, HO ITPH 3TOM BHIMOJ-
HsieTCst IorapHdMHYecKoe KOIHYECTBC CPABHEHHI.

Jlo HacToAmMero MOMeHTa pacCMaTpUBAICA TOABKO CIy4aH, KOrZa MOMCK ocylle-
CTBJIAIETCS B HHTEPBAJIE, ONpeAessieMOM apoii uTeparopos. JoBosibHO YacTo paboTaTh
MPUXOAMTCH CO BCEM KOHTeliHepoM BMECTO MHTEepBala. B 3ToM caydae HeobXomuMo
pasJjiu4aTh MocjieoBaTesIbHEIE U acCOIMATHBHEIE KoHTelHepsl. [y cTaHAAPTHRIX TT0-
clepoBaTeNbHBEIX KOHTeHepoB (vector, string, deque i 1ist) nocTarouso ciegosars pe-
KOMEHAAIUSAM, H3J0XKEHHLIM paHee, HCIO/Ib3ys HAYA/IBHBIN M KOHEYHBIH HTEpaTOpHl
KOHTelHepa AN onpefeieHUA HHTEPBaja,

Co cTranzapTHHIMH acCOuHMATHBHBIMH KOHTElHepamu (set, multiset, map, multimap)
meno 00cToUT HHaye. B HUX NpeaycMoTpeHbl GyHKIIMH OKCKA, KOTOPHIE [T0 CBOUM BO3-
MOXHOCTSIM 06bI49HO mpeBocxoast anroputMel STL. Ilpesocxoncreo GyHKHiE KorTEH-
HEpOB Tepes alroOpuTMaMH NMoApoGHO pacCMaTPHBAETCS B CoBeTe 44; €C/iM TOBOPHTD
Kparxo — ouu ObicTpee paboraoT U BeayT ceba Hoaee mocnenosarenbto. K cuactrio,
nMeHa QyHKIMi 0GbIMHO COBIANAIOT ¢ MMEHAMH COOTBETCTBYIOLIMX aJITOPHTMOB, MO3TO-
My Tam, e pedb uzeT 06 aropurMax count, find, lower_bound, upper_bound u equal_range,
Npu MOKCKe B aCCOLMATHBHBIX KOHTEHHEpax BMECTO HUX AOCTATOYHO BHIOpATh OAHO-
nmenny ¢yrkuno. K coxatenno, ans anropurMa binary_search mapHoit QyHkimuu
He cyumecTByeT. UTOGH NPOBEPUTH HAIMYHE 3HAYEHUS B KOHTeHHepe set uau map, Boc-
nojib3yHTech HIHOMATHYECKOH PONBIO count KAK YCIOBHS MPOBEPKH;

set<Widget> s: // Co30aTb MHOMECTBO, 3aMONHMTL JaHHLIMK
ﬁidget w: // WCKOMOE 3HayeHwe

;f {s.count(w)} { // CywecTtsyeT 3HaweHWe, 3HBUBANEHTHOE w
} g] se {

- // 3KBUBANEHTHOE 3Ha}eHWe He CywecTByeT

}

[Tpu npoBepke NpUCYTCTBHS 3HaYEeHKI B KoHTeliHepax multiset winmultimap byHk-
nust find 0OBIYHO TPEBOCXOAMT count, MOCKOJIBKY OHA OCTAHABIMBAETCS TIPH OBOHApY-
JKeHUH NMepBoro 00BeKTa C UCKOMBIM 3HaYeHHeM, a QYHKIH count B XyAmIEM caydae
IpOCMaTPHBaeT BCe aJleMEHTHl KOHTEHHepa.
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Tem He MeHee TpH NTOZCYETE 0GBEKTOB B aCCOIMATHBHAIX KOHTEHHEpax count Hazmex-
HO 3aHHMAET CBOIO Huly. B 4acTHOCTH, BBI30B COUNt MpeANnoYTHTEIBHEE BEI30Ba equal_
range ¢ mocJieIy0IuEM MpEMeHeHHeM distance K mosTy4eHHbIM uTepaTopaM. Bo-niepBrix,
camo Ha3BaHHKE (PYHKI[HH HOACKA3bIBAET €€ CMBICI — CJIOBO COUNt O3HAYAET <IIOACIET>.
Bo-Brophix, count yripomaer paboTy MporpaMMHUCTa, TIOCKOIBKY €My He TIPHXOXUTCS
CO3/aBaTh [apy H IepeaaBaTh ee KOMIIOHEHTE! IPH BeI30Be distance. B-Tpersux, count
paboTaeT 9yTh GBICTpEE,

[Tonpo6yeM noaBeCTH KTOT BCeMY, 0 4eM FOBOPHJIOCH B HacTosAmeM cosere. FHbop-
Maitus cobpana B cyreayomeit Tabauite.

Anroputm QYHKUMA KOHTeliHepa
Yro BLI XoTMTE Y3HATL  Hecopruposanneiii  CopTupoBaHHblii  [ina set  [ins multiset
MHTepBan uHTEpBan umap  u multimap
MpucyTcTayeT nu 3aaadHoe  find binary_search count find
3HayeHue?
MpucyrcreyeT nu 3agaqHoe  find equal_range find find man
3HaueHme? U ecan lower_bound
NPUCYTCTBYET, TO rae (cM. paHee)
HaxoaMTCA Nepsblit obbekT
C 3TUM 3Ha4YeHneM?
I'ae HaxoAanTCA repBbii find_if lower_bound lower_ lower _bound
OBLEKT CO 3HAYEHNEM, bound
HE NPeAWeCTBYIOLWMM
33aHHOMY?
Fae HaxoamMTcs nepabii find_if upper_bound upper_  upper_bound
OOBLEKT €O 3HaYEHNEM, bound '
cneaywLmmM nocne
3apaHHOro?
CroNbko 06LEKTOB MMelOT  count equal_range count count
33AaHHoe 3Havexue?
Fae HaxopATCA BCe equal_range equal_range equal_ find
06bEKTLI C 3aA3HHLIM range {nrepaTvBHLIA
3HaYeHKeM? Bbl308)

Hecxonbko cTpaHHO BHITJIAAMT YacToe MPHCYTCTBHE equal_range B cTonbite, OTHOCA-
IEMCS K COPTHPOBAHHEIM HHTepBalaM. OHO cBsi3aH0 ¢ 0C060H POJIBIO IPOBEPKH IKBHBA-
JIEHTHOCTH TpH rioucke. McnoxbaoBanue lower_bound 1 upper_bound upesaro ourufiounoit
NPOBEPKOI PABEHCTBA, a NPH HCTIOIB30BAHHUH equal_range 6oJiee eCTECTBEHHO BBIT/ISAUT
TMPOBEPKA 3KBUBAIEHTHOCTH. Bo BTOPOI CTpOKe mpeanodyTenHe oTAAETCA equal_range
eme 10 OXMOMH MpHYUHe: equal_range paboTaet ¢ IorapudMUYECKUM BpeMeHeM, a BLI3OB
find cBA3aH c 1UHEHHBIME 3aTpaTaMU BpeMeHH.

Jlns xonTeiinepoB multiset 1 multimap B KauecTBe BO3BMOKHEIX KAHANATOB LS HO-
HCKa NepBOTO 06BEKTA C 3a1aHHBIM 3HAaYeHHeM yKasaHbl ABa axroput™a, find i lower
bound, O6sIuHO ANs pewieHus 3Tk 3azayu BubHpaeTcs find — BO3MOXKHO, BBI obpa-
TH/IK BHUMAHHE, YTO HMEHHO STOT aITOPUTM YKa3aH B TabJIMIe 4JIs1 KOHTEHHEePOoB set
umap. OaHako multi-koHTeHHEDH! He TADAHTUPYIOT, YTO IPH HATHYHH HECKOJIBKHX 3J1e-
MEHTOB C 3aJiaHHBIM 3HadeHueM Tind Haiizner nepsoul sneMeHT B KOHTeliHepe; H3BECTHO
JIMLIB TO, 4TO OyAeT HaiifleH odun U3 3TuX 21eMeHToB. EC/u BB AeHiCTBHTENIBHO XOTHTE
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HATH NepBLI 06BEKT ¢ 3aaHHEIM 3HAYEHHEM, BOCTIONb3yHTeCh Tower_bound ¥ BbI-
MOJHHUTE BPYYHYIO BTOPYIO YaCThb IPOBEPKH 3KBUBANIEHTHOCTH, OIMCaHHOM B coBeTe 19
(6e3 aTol TpoBEPKH MOXKHO 060HTHCE TPH MOMOILH equal_range, HO BRI3OB equal_range
06X0AMUTCA AOPOKeE, 4eMm BBI30B Tower_bound).

Bruibparte Mexay count, find, binary_search, 1ower_bound, upper_bound 1 equal_range
HecJs1okHO, [IpeanouTeHue 0TAACTCS TOMY aJITOPHTMY HIH QYHKIIHH, KOTOpbIe obrazia-
0T HYXHBIMH BO3MOXHOCTSIMH, 06€CIIeYHBAIOT HYKXHOe OrlcTpofelicrBre H TpeOyioT
MUHUMAJIbHBIX YCHUIIUiA npu Bhi3oBe. CllenyiiTe 3TOM pekoMerAaiiu (MK obpalaiiTech
K TabJIMLE), ¥ Y BAC HUKOTAA He OyaeT npobieM ¢ BEIGOpOM.

CoBerT 46. NepenaBanTe anroputMaM o6bEKTbI
(pYHKLUM BMECTO (DYHKUUN

YacTo roBOpAT, YTO NOBbIIEHHE YPOBHS a6CTPAKIIMK A3BIKOB BHICOKOTO YPOBHS MMpPH-
BOAMT K CHMKEHUIO 3(h(eKTHBHOCTH CTeHepHpOBaHHOTO Kofa. Alekcanap CrenaHos,
uzobperarens STL, ognaxasl paspaboTai HeboNbUIOK KOMILIEKC TECTOB LA OLEHKH
<1Iathl 3a abcrpaximio» npu nepexoge ¢ C Ha C++. B 4acTHOCTH, pe3yJbTaThl 3THX
TECTOB [IOKA3aJIH, YTO KO/, CTeHePHPOBAHHLIH AT pabOTH ¢ KJACCOM, COAEPKALKM
double, mouTu Beerga ycrynaer 1o > (eKTHBHOCTH COOTBETCTBYIOLIEMY KOAY, Helo-
cpeAcTBeHHO paboTaomeMy ¢ double. C yyeToM CKa3aHHOro BaC MOMKET YAHBHTH TOT
axr, yT0 nepeaaya anroputmam 06bexToB byHkIHE STL — T0 €CTh 06 BEKTOB, MACKH-
pylonmxcs noA GyHKuMH, — 06bYHO obecrednBaet 6o.1ee adheKTHBHEIA KOJ, 4eM nepe-
Java <«HaCTOAHX> PYHKIHIA.

IIpearrono:xum, BBl XOTUTE OTCOPTHPOBATE BEKTOP YKcel THMa double 1o yGsIBaHHIO.
[Ipocteiimee pemenue 3Toi 3agayu cpeactsamMu STL ocHoBaHO Ha HCMOJAB30BAHHH aJl-
ropuT™a sort ¢ 06bexToM yHKIIMH THMa greater<double>:

vector<double> v;

-s;ort(v.begin( Y.v.end() . greater<double>());

BemoMums o <nnaTe 32 aGCTPakuMIos, TPOTPAMMHECT PELIACT 3aMEHHTD 00beKT QyHK-
UMH <HACTOSIMEH> (PyHKUMeEH, KoTopas K ToMy ke odopMJieHa KaK NOACTAB/IsieMast
(inline):

inline

bool doubleGreater(double dl1, double d2)

return dl>d2:
}

gort(v .begin(),v.end() . doubleGreater):

Kax Hu cTpanno, xpoHOMeTpak ABYX BEI30BOB SOr't IIOKa3bIBAeT, 4TO BEIZ0B C greater-
<double> oyt Beeraa paboraer GuicTpee. B cBOMX TecTax 5T COPTHPOBAJ BEKTOP, COAEP-
Kaluit MHIUIHOH YyHces1 Tina double, Ha YeTbIpex pasHux mratdopMax STL ¢ ontuMu-
3aliel 110 CKOpPOCTH, ¥ BepcHs ¢ greater<double> scerza paboTana 6eicTpee. B xyamem
cIy4yae BLINTPHII B CKOPOCTH cocTaBuit 30%, B aydirem o gocturan 160%. Bor Tebe
¥ «TLj1aTa 3a abCTpaKIMIos...
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@axr obbsicraercs npocro. Eciv dhyHxuus operator() obbexra (yHKuun Oblia
00BABIEeHa OACTABISieMOH (ABHO, C KJTIOYEBBIM CTOBOM inT1ine, HIH KOCBEHHO, mocpea-
CTBOM OTpe/ie/IeH!s] BHYTPH OIpelelieHns Kiacca), 00JIbIHMHECTBO KOMIMIATOPOB
61aronoyIHo HOACTABMSET 3Ty (BYHKIHIO BO BpeMs CO3AaHHUS SK3eMILIAPa WwabaoHa
TMpH BHI30BE AJTOPUTMA. B npuBeAeHHOM BHILIE TPUMEPE 3TO MPOUCXOAUT € GYHK-
uuel greater<double>::operator(). B pesynbrare xox sort He COAEPMKHUT HH OAHOTO
BHI30Ba (QYHKIHI, a AJsL TAKOTO KOA2 KOMIWJIATOD MOXKET BBHINIOJHUTL ONTHMH3A-
IHI0, HEZOCTYNIHYIO [IPH HAJIUYMH BBI30BOB (CBS3b MEX/Y MOACTAHOBKOH dyHKIIHH
H onmTHMH3alEel KoMnUnATOpoB paccmarpuBaercs B cosete 33 «Effective C++» nrma-
Bax 8-10 xuuru <Efficient C++» [10]).

[Ipu BHI30Be Sort ¢ nepenadeit doubleGreater cuTyauus BLILJASAKT MHade, YT00b
ybeauThes: B 3TOM, HE0OX0AMMO BCIIOMHHTB, YTO Hepelada (PYHKIIUHU B KauecTBe Mapa-
MeTpa Apyrol GyHKIMM HeBO3MOKHA. [Ipu nonbiTke neperayn GYHKIIHM B KayecTBe
mapameTpa KOMITHJISITOP aBTOMAaTHYecKu npeobpasyeT QPyHKIMIO B yKa3ameab HA dTY
dyHKIMIO, TIO3TOMY NIPH BRI30BE NEPeaaeTesl yKa3aTeslb. Taxum 06pasoM, pu BbI3OBE

sort(v.begin().v.end().doubleGreater);

AITOpUTMY sort nepefaeTcs He doubleGreater, a ykasarenb Ha doubleGreater. Ilpu co-
aIAHHM SK3CMILIspa abiioHa 06bsiBIeHHE CreHEPHPOBAHHOM (DYHKIIMHM BBITIALUT TAK:

void sort(vector<double>::iterator first. // Hawano uxTepsana

vector<double>::iterator last,  // Koweu untepsana
bool (*comp)(double,double)): // DYHKUMA CpaBHeHMA

[Mockoneky comp siBSETCS YKa3aTeaeM HA (DYHKIMIO, IPU KaXKJAOM €ro Henoib30Ba-
HUH BHYTpH Sort MpOHMCXOAHT KOCBeHHBIH BBI30B (PyHKIMHU (TO eCTh BRI30B Yepes yKa-
3aresib). GOJIBHIMHCTBO KOMIHJISITOPOB HE MBITAETCH HOACTABJIATH BHI30BB! (DYHKIMH,
BBI3bIBAEMBIX YePe3 YKa3aTeNu, Jaxe eciu QYHKIMS oObABIEHa ¢ KIIOYEeBEIM CIIOBOM
inline i onTHMu3auMA BHIJIAAUT oueBuaHON. [Todemy? HasepHoe, noTomMy, 4T0 paspa-
GOTYHKH KOMITWIATOPOB He CYMTAIOT HYKHBIM ee peanu3opats. [loxasneiite ux — Ha-
POZA TNOCTOSIHHO Yero-uubyap TpebyeT, a yereTs Bce HeBO3MOXHO. BripoueM, 3T0 BoBce
He 03HAYAET, YTO TPeOOBATH HE HYIKHO,

IMonasnenne NOACTAHOBKH K0Aa (BYHKIKIT 0OBACHSIET 0MH (DAKT, KOTOPBIH KAXKETCS
HEBEPOSTTHEIM MHOTHM ONEBITHBIM nporpaMmucraM C: yrxuus C++ sort moyTH Beerfa
MPEeBOCXOAMT o cKopocTH hyrxumio C gsort. Koneuno, B C++ npuxoauTea co3napaTh
9K3eMILISIpE! mabmoHoB pyHKIMIL 1 BEI3KIBATH Operator(), Toraa kak B C Bce orpany-
YHMBAETCS NPOCTHM BBI30BOM (DYHKIIHH, OAHAKC BCe «H3MmecTBa» C++ TepswTCs BO
BpeMs KoMImasuy. Ha cranuu BHIOHeHES sort o6 pamaeTcst K HOACTaBaeHHO# BhyHK-
IME CpaBHeHHu:A ([IPH YCJIO0BHHM, YyTo GYHKUHA GBIa 06BSABIEHA ¢ KJIIOYEBLIM CJIOBOM
inline, a ee TeJIO ZOCTYIHO Ha CTAZIHH KOMIIMIALHMH), TOTAA KaK qsort BLI3bIBaeT yHK-
1MIO CpaBHEHUsl Yepes yKasarenb. Pedyibrar — sort paforaer ropasfo Osicrpee. B moux
TECTaX C BEKTOPOM, COAEPMaIlMM MHJLIIHOH Yicel! double, mpeBOCXOACTBO [0 CKOPOCTH
Aocrurano 670%, HO A He NPH3BIBAI0 BEPHTh MHE Ha ¢JI0BO. Bol ierko ybeauTecs B ToM,
YTO MpH nepefade 06HeKTOB QYHKIMIA B KAYeCTBE MAPaMeTPOB aJlTOPUTMOB <IL1aTa 3a
abCTpaKIuio» MPEBPANIAETCS B «NPEMHIO 3a aGCTpaKiluIo».

CyuwectByeT u Apyras npuduHa A nepefayd o6bekToB GyHKOUE B mapamerpax
ITOPHTMOB, He UMeomas Hugero obugero ¢ adeKTUBHOCTEIO. Peyb HET 0 KOMITH-
JIHPYeMOCTH NporpaMM. [1o KakuM-To 3arafoIHbIM HPHIMHAM HEKOTOPBIE ITAT(HOPMBI
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STL orBepraioT abCOMOTHO HOPMAaIbHEI KOA — 8TO CBA3aHO ¢ HeopabOTKAMH TO JIH
KOMITMIATOPA, TO Jiu OHOIHOTEKH, To JIH H TOTO 1 Apyroro. HanpuMep, onHa pacnpoct-
panenras niatdopma STL orsepraer ciienyomuii (BloIHe JOMyCTHMBIH) dparmenr,
BBIBOAANME B cOUt AJTHHY BCEX CTPOK B MHOXKECTBE!

set<string> s:

transform(s.begin(). s.end().
ostream_iterator<string::size_type>{(cout,"\n"}),
mem_fun_ref(&string::size));
[Ipo6ieMa Bo3HUKaeT H3-3a omKOKK B pabore ¢ KOHCTAHTHBRIMH (QYHKUMAMHA Kaac-
coB (TakuMH KaK string: : size) B 9Toii konkpeTHo# niatgopme STL. O6xoasoe pewre-
HIE 3aKJII04aeTCA B MCHOIb30BAHKE 0OBbexTa (DyHKITHM:

struct StringSize:
public_unary_function<string,string::size_type> { // Cn. coser 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());

CyumiecTBYIOT 1 Apyrve 06X0oAHbIE PEMIEHHS, HO TIPHBEAEHHbI (hparMeHT Xopom He
TOJIbKO TEM, UTO OH KOMIIHJIMPYETCS Ha BCeX M3BECTHRIX MHe rtaTdopMax STL. OH rak-
Ke JeaeT BO3MOXKHOH NOACTAHOBKY BBI30Ba String::size, 4ro NQYTH HABEDHSKA He-
BO3MOXKHO B IPeARAYIIEM pparmeHTe ¢ nepefaueti mem_fun_ref(&string::size). Fnaue
TOBOPS, ONpefiesieHHe Kaacca (pyHKTopa StringSize He Toybko o6xXoauT HenopaboTKu
KOMIMIATOPA, HO ¥ MOXKET YIyJIIHTb OBICTPOAEHCTBHE IPOrPaMMBI.

Jlpyras npM4KHa, 0 KOTOPOi 06BbexThl (PYHKIHH MpeaAnouTuTe bHee 0BRIYHBIX
yHKIUH, 3aKTI09AETCA B TOM, YTO OHH IOMOTA1I0T 000 HTH XHUTPLIe CHETAKCHYECKHE J10-
Bymkd. MHOTa HCXOMHEIH TEKCT, BEITIAAALINI BIIOJIHE PAa3YMHO, OTBEPraeTCs KOMITH-
JISITOPOM 110 3aKOHHBIM, XOTH X HEOYEBUAHBIM NMPDHYHHAM. Ha]'[pHMEp, B HEKOTOPBIX CH~
TYaLUSX UM 3K3eMILISAPA, CO3AAHHOTO Ha 6ase wadoHa GyHKIKH, He S5KBUBAJIEHTHO
umenH pyHkiun. [Ipumep:

template<typename FPType> /{ Beuucnenne cpepHero
FPType average(FPType vall, FPType val2} /1 apuMeTHYECKOrO ABYX
// BeuecTeBeHHWX uYucen
return (vall + val2)/2;

}

template<typename Inputiterl,
typename Inputlter?Z>

void writeAverages(InputIter beginl, /7 Bu4MCNKUTE nonapHesle
InputIter endl, // cpefHMe 3JHaveHuA
InputIter begin2, // NBYX CEpMii 3/IEMEHTOB

ostreamd s) // B notoke
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transform(
beginl,endl,begin2,
ostream_iterator<typename iterator traits<Inputlterl>::value_type>(s."\n").
average<typename iterator_traits<Inputlterl>::value_type> // OunGra?

}

MHoOTHe XOMIIUIATOPE MPHHHMAIOT 3TOT Kof, Ho no Crarxapry C++ OH cuuTaeTcs
HEIOMYCTHMBIM. J[€J10 B TOM, YTO TeOpeTHYECKH MOXKET CYIIECTBOBATh APyroi mabmon
(YHKIIMH C KMEHeM average, BHI3BIBaeMbIH ¢ OMHMM NapaMeTpoM-THIIoM. B aToM ciyyae
BLIpaXKEHHE average<typename iterator_traits<Inputlterl>::value_type> CTAaHOBHTCH He-
OIHO3HAYHBIM, TOCKOJIBKY HETIOHSTHO, KaKoi mabioH B HeM ynoMuHaercs. B konkper-
HOM IpHMepe HeOAHO3HAYHOCTD OTCYTCTBYET, HO HEKOTODBIE KOMITMJIATOPH Ha BIIOJIHE
3aKOHHOM OCHOBARHHH BCE DABHO OTBEPIAIOT 3TOT Koj. Pemenue 0CHOBaHO HA HCIIOJIb-
30BaHMH 00bEKTA (PYHKIUUH:

template<typename FPType>

struct Average:
public binary function<FPType,FPType.FPType>{ // Cu. coser 40
FPType operator()(FPType vall, FPType val2} const

return average(vall,val2):
}
}:

template<typename Inputlter, typename InputlterZ>

void writeAverages(Inputlterl beginl, InputIterl endl,
InputIter2 begin2, ostream& s}

{

transform(

beginl,endl,begin2,

ostream_iterator<typename iterator_traits<InputIterl>::value_type=>(s."\n"),
Average<typename iterator_traits<InputIterl>::value_type()
)
}

Hosas BepcHs A0/KHA IPUHUMATECSA JO6BIM KoMIHIATOpoM. Boltee Toro, BEI30BEI
Average: :operator() BHyTpH transform JOIyCKAIOT MOACTAHOBKY KOAA, YTO HE OTHOCHT-
€51 K 3K3eMILISIPaM TIPHBEJIEHHOTO BHIIIe NTaGA0Ha average, TOCKOJIBKY averdge siB/IseT-
cs mabsioHoM BYHKIHH, 2 HE obsexma QYHKIHH.

TakuM 06pa3om, MpesMymecTBo 06bEKTOB (DYHKIKHA B PO HapaMeTpOB aJITOPHTMOB
HE CBOAMTCSH K MPOCTOMY HOBHIIEHHIO adpdexTuBHOCTH. OOBEKTHI (DyHKUH TakxKe 06-
JanaioT 6osibuiell HaZeK HOCTBIO NIPH KOMIKJIAUMK KoAa. BecermopHo, «nacrosmues
byHKiMHu 0YeHb BAXHEL, HO B obstactu addextusroro mporpammuposanus B STL o6bek-
T PYHKIMI YACTO OKA3BIBAIOTCA NOJIE3HEE,

CoBeT 47. N3beraiTe «HEeYMTaeMoro» Koaa

HomycruM, uMeercs BexTop vector<int>, M3 sToro Bexropa tpefyercs yaanuth Bee
3TeMEHTH, 3HaYeHHe KOTOPBIX MEHbBUIE X, HO OCTABHTH 3JI€MEHTHI, TIPEAIECTBYIONIHE
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TocjaefHEMY BXOQXKAEHHIO 3HAYEeHHA, HE MEHBIIETO Y. B TOJIOBY MTHOB€HHO NTPHXOAHT
CAeAYIOUICE PEIEHHE:

vector<int> v;
int x.y:

v.erase(
remove_1f(find_if(v.rbegin().v.rend(),
bind2nd(greater_equal<int>().y}).base().
v.end(},
bind2nd(Tess<int>().x)),
v.end()):
Bcero oana xoMaHza, k 3aia4a pemreHa. Bee npocro u npamonuneiino. Huxaxux
npobrem. Ilpasaa?
He 6yaeM TOponmuThCA ¢ BEIBOAaMH, CUHTaeTe Jii Bbl IPHBEAEHHBIH KO/ JIOTHYHBIM
u yao6ubiM B conpoBoxaeHun? «Her!» — BockianKHeT GOBIIMHCTBO NPOrPaMMHCTOR
C++ ¢ yxacoM u orspainenneM. </lal» — cKaKyT CYUTaHHEIE EHHUIBI C IBHBIM YAO-
BOJIbcTBHEM. B atoM u 3akimouaercs: npobsema. To, 4To 0AKH MPOTPAMMHUCT CYHTAET
BHIPA3HTENHHOMH IPOCTOTOMH, ADYTOMY NPEACTABMIAETCA aCKUM HAaBAKAECHHEM.,
HackosibKo sl TIOHHMal0, IPUBEAECHHEIH BhIe ()parMeHT BhI3bIBaeT HecrnoKoicTBO
no AByM npuduHaM. Bo-nepBbix, OH COAEPXHT CIHIIKOM MHOTO BBI30BOB (Y HKIIMIL.
UTo6HI NOHSTE, O YeM HAIET pedb, IPHUBeAy TY e KOMaHAY, B KOTopoli nMeHa QyHKini
3aMeHeHsI 0603HaYeHusaMH o

v. FL(F2(F3(v. f4() .v. TS50, F6(f7().¥y)) . f80).v. (). fO(F100). x3).v.T90)):

Takas 3aNHCE BRITJISANT HeeCTECTBEHHO YCIOXHEHHOM, MOCKOAbKY K3 Hee yOpa-
HBI OTCTYTBL, IPECYTCTBYIONINE B UCXOZHOM npuMepe. MoXKHO yBepeHHO CKa3aThb, 4TO
GobIIHHCTBO MporpaMMucToB C++ cOYTET, YTO IBEHAALATh BEI30BOB JECATH Pa3HBIX
dyHKUKIT B 04HOI KoMaHze — 3To nepebop. Ho nporpaMMucThr ¢ onbiToM paGoThl Ha
byHKIHOHANBLHBIX s13bIKaX THMa Scheme MoryT caurats uHave. [To cBoeMy OMBITY MOFy
CKa3aTh, YTO MOYTH BCE NIPOrPAMMMUCTE], KOTOpHIe IPOCMATPUBAIH 3TOT (parMeHT He3
MasteHIIHX IPU3HAKOB YAMBJIEHHS, HMEJIK OCHOBATENIbHbIHA OMBIT MPOrPAMMHEPOBAHHS
Ha GYHKIUHOHAIBHLIX A3bIKaX. ¥ G0JBIIMHCTBA NporpaMMucToB C++ Taxoii ombIT 0T-
CYTCTBYET, TAK YTO €CJIM BANIK KOJUIETH He IPUBBIKIIK K MHOTOYPOBHEBbIM BJIOKEHUAM
BBI30BOB (DY HK1MH, KOHCTPYKIIMH BPOZAE MPEALIAYILIETO BLI30BA erase 6yayT NpUBOAMTD
HX B 3aMelIATeIbCTBO,

Bropoit HepocTaToOK NpHBEAEHHOTO KOZA 3aKAIYAETCA B TOM, YTO AJS €T0 TOHHMA-
Hus Hy}XHO xopouo 3Hate STL. B Hem Berpedawress Menee pacnipocrpaHeHebie if-
dopmer anroputmor find u remove, oOpaTHele ureparops (cM, coset 26), npeafipazo-
BaHus reverse_iterator B iterator (cM. coser 28), bind2nd 1 aHOHUMHEIE 06BEKTHI
dyHrnui, a Takxe uauoMa erase-remove (cm. coset 32). OnpiTHbl nporpaMmuct STL
pasbepercs B 310l koMOMHanuK Ge3 0coboro TpyAa, HO ropasao OoJbine OyAeT TAKHX,
KTO Hazl0JIro 3ajiymaeTcst Hayi Helt. Ecou paim xoJuters Aanexo NpOABHHYJIKCE B H3yYe-
uuH STL, mpucyrcrBue erase, remove if, find_if, base u bind2nd B ogHOH xoMaHIe BIIOJI-
He JI0NYCTHMO, HO €CJIM BBl XOTUTe, 4ToObl Bama nporpaMma Oblia MOHATHA NIPOrpaM-
mucTy C++ €O cpeJHHM YPOBHEM IIOATOTOBKH, A PEKOMEHAYIO Pa3fesIHTh 3TY KOMaHIy
Ha HECKOJIBKO (PParMEHTOB.
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Hmxe npuBedeH ofuH U3 BO3MOMCHBIX BAPHAHTOB (KOMMEHTADHH NMPUBOAATCS He
TOJIBKO JUIST KHUTH — 51 GBI BKJTIOYHJ MX M B IPOTPAMMY ).

typedef vector<int>::iterator VecInter;

// WruuranuauposaTh rangeBegin nepeuM 3neMeHTOM v, GONbWMM MMM DABHLIM

// nocnefHeMmy axomieruo y. ECIM TaKoR anesedT we cywectsyer. rangeBegin

// vHMuMMpyeTca 3Hadeduen v.begin()

vecIntIter rangeBegin = find_if(v.rbegin(}.v.rend(),

bind2nd(greater_equal<int>(),y}).base();

// ¥pamute oT rangeBegin Ao v.end BCe 3NEMEHTH CO 3HAYEHUEM, MEHbUWM X

v.erase(remove if(rangeBegin.v.end().bind2nd(less<int>(}.x)).v.end(}):

BoaMoxHO, Jake 3TOT BADHAHT KOe-KOFQ CMYTHT, MOCKOJBKY OH TpefyeT moHHMa-
HUA KAHOMBI erase-remove, Ho IIPH HAIMIMH KOMMEHTApPHEB B POrPaMMe H XOPOLIETo
crpaBoyHuka o STL (nanpumep, «The C++ Standard Librarys [3] wau web-caiita
SGI [21]) xaxastit nporpammuct C++ 6e3 0Co6BIX yeumii pazbepeTces, 4To ke Hpouc-
XOAHT B IPOTPaMMe,

O6paruTe BHUMAHKE: B IPOLECCE MOAX(DHKAIMM A HE OTKA3aJICs OT HCHOJB30BaHMA
AJTOPUTMOB K He TIONBITAJICS 3aMEHNTD UX 1uKIaMu. B cosere 43 o6bsicHseTcs, nouemy
aJTOpHTMBbI 00BIYHO NPEANIOITHTEIbHEE ITMKJIOB, ¥ IPHBEACHHEIE apTYMEHTHI AEHCTBYIOT
1 B 3ToM caydae. OCHOBHAA 1eJib IIPH NPOrPAMMUDOBAHHE 3aK/IIOYAETCA B CO3AAHMH
KO/a, IOHATHOTO KaK JJIs KOMIIWIATOPA, TAaK H JJIA YUTATEs-JeJIOBeKa, M obaaganie-
ro npueMJjeMeIM GeICTpofefiCTBIEM, ANTOPHTMEI TOYTH BCEI/A JY4Ile HOAXOAST LIS
AocTuxeHus aToH Les. Tem He MeHee, coBeT 43 TaKsKe 0OBSICHAET, IOYEMY HHTEHCHB-
HOE UCNOJIb30BaHHe AJITOPHTMOB €CTECTBEHHBIM 06pasoM IIPHBOANT K YaCTOMY BJIOKe-
HHIO BHI30BOB (DYHKIIHI 1 HCIIOJIB30BAHKIO a/1anTepoB (hyHKTOPOB, BepHemes k nocra-
HOBKE 3a/layH, ¢ KOTOPOH HAYMHAETCS HACTOSINUIA COBET,

Homycrum, uMeeTcst BekTop vector<int>. Y3 atoro sBextopa tpebyercsa yaanuth Bee
3JIEMEHTRI, 3HAYEHHE KOTOPBIX MEHbBLIE X, HO OCTABHTH 3JIEMEHTHI, [TPEIIECTBYIOIIHE
NOC/IeIHEMY BXOHKAEHHIO 3HAYECHUS, He MEHBIETO ¥/,

HeTpynHo npuaty K obuieii cxeMe pemenms:

® IIOMCK TIOCJIE[IHETO BXOX/IEHHs 3HaYeHHst B BekTope Tpedyer npumenenus find
niu find_if ¢ o6paTHEIMHE BTEpATOPAMH;

* YyAAJIEHHEC J1EMECHTOB T]Jeﬁ}’ET erase Uiy MAHOMBI erase-remove.

OGbenuHsist 9TH ABe UK, MBI TIOJIydaeM CIeyIouHi CeBAOKO, TAE <HEeYTo» 060-
3Ha4aeT KOA, KOTOPHIH ellle He ObLI HAIOJTHEH CMBICTIOBBIM COIEPKaHHeM:

v.erase(remove_if(find_if(v.rbegin(). v.rend(), weyro}.base(),

v.end(),
He4T0)),
v.end(});

IIpy HAMHMYHK TAKOH CXEMBI PACCYUTATDH, UTO XKe KPOETCS 3a «HeuTO», COBCEM He-
C710:HO. Bl He ycrieeTe ONOMHHTBCA, KaK MPHIETE K PENIEHNIO U3 HCXOAHOTO IPUMEpa.
Bo BpeMs HanucaHHS NPOTPaMMBEL [I0AOOHBIE PEllleHHs BBITISA/AT BIIOJIHE JIOTHYHBIMH,
MOCKOJIbKY B HMX OTPa)KaeTCsl nociefoBaTeNIbHOe NMpuMeHeHHe Ga30BbIX IPUHUUNIOB
(HanpuMep, HIHOMEI erase-remove nIOC HCMO/b3oBaHKe find ¢ 06paTHLIME HTEPaTO-
pamu). K coxaneHuo, yuTaTe/ 0 Bameii nporpaMmul 6yaeT oueHs TpyAHO pasobpath
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TOTOBBIH HPOAYKT Ha T€ WIAEH, U3 KOTOPHIX OH ObL1 coOpaH. «HednTaeMslli» KO JIETKO
TUUIETCST, HO Pa3obpaThCsi B HEM TPYAHO,

BripoueM, «<HEUHTaeMOCTh» 3ABUCUT OT TOTO, KTO HMEHHO YHTaeT nporpammy. Kak
YIIOMHHAIOCH BHIIIE, HEKOTOPHIE IPOrpaMMucThbl C++ BrOJIHE HOPMasbHO OTHOCATCS
K KOHCTPYKIIMSIM BpoJe NpHBeAeHHOH B Hadale aToro coBeTa. Eciu takas xapruna
THNHWYHA AJIS Cpeabl, B KOTOPOii BBl paBoTaeTe, X BB 0XKKMAALTE, YTO OHA OCTAHETCSH
TakoBoii B GyAyIIeM, He CepXKuBaiiTe CBOM TBOpYecKue nopsieel. Ho ecm Bamu xou-
JIETH HE0CTATOYHO YBEPEHHO BJIaneioT QyHKIHOHATBHBIM CTHJIEM TPOTPAMMHPOBAHHS
¥ He CTOJb Xopomro pasbupaoTcs B STL, ymepsTe cBou aMOMIIMM M HAIHIIMTE YTO-
HuOYAb BPOJE aIbTEPHATHBHOTO PELIeH s, IPUBELEHHOrO BEILIE.

BanaseHblil GhakT 43 061aCTH IPOTPAMMHPOBAHMKS: KOZ Yallle YHTAELTCS, YeM THIIeT-
cs1. X0opolIo H3BECTHO TaK’Ke, YTO Ha COMPOBOXKIEHHE IIPOTPaMMBbl YXOMHUT 3HAYHTE b-
HO GoNbIe BpeMeHH, YeM Ha ee paspaboTky. Ecyiu mporpaMMy Heslb3st IpOYHTATH U O~
HSATh, €€ HeJb3sl U YCHENTHO COTNPOBOX/AATh, @ TAKHE TPOTPAMMBI BOOOLIe HUKOMY He
Hy>xHHL Yem Gosbine e pabotaete ¢ STL, TeM yBepeHHee cefisl 4yBCTBYeTe H TeM CHIIb-
Hee XO4eTCs HCTI0/Ib30BaTh BJIOJKEHHbIE BRI3OBHI (DYHKIHI H co3RaBaTh 00beKTH hyHK-
uui «Ha eTy». B 3ToM HeT HHYEro 11710X0T0, HO BCETAA CIeAYeT IOMHKTD, UTO HATIHCAH-
HYIO CETOIHS [IPOrPAMMY 3aBTPa IPHAETCS KOMY-TO YHTATh — MOXKeT ObITh, JayKe BaM.
IIpuroToBbTECE K 3TOMY AHIO.

Ha, ucnons3sytite STL B cBoeit pabore. Mcnonpayiite xopouo u 3¢dekTHBHO... HO
naberaiiTe HaNHCAHUA <HEYHTAEMOTO» KoZia. B norocpoyroil mepcriekTuse Takoit Ko
OyzeT KaKuM YTOIHO, HO TOJBKO He 3 (heKTHBHBIM.

CoseT 48. Bceraa BkOYanUTe Hy)KHbIE 3aro/IoBKU

[Ipu nporpammupopanuu B STL Hepeaxo BCTPeYamnTCst NPOrpaMMBL, KOTOPHIE yCIel-
HO KOMIHJIBPYIOTCA Ha 0AHOM niatopme, HO TPeBYIOT ZONONMHHTENLHEX AUPEKTHR
#include Ha apyroit. IToT pasapaxaiomuii GakT cBsizan ¢ TeM, yto Crangapt C++
(8 oruyue ot Crangapra C) He yKa3HBaeT, KAKue CTAHAAPTHEIE 3aTONOBKH MOTYT MJTH
AOJIKHBI BK/IOYATHCA B APYTHE CTAHAAPTHBIE 3aTOJIOBKH. ABTODBI PeaIM3aiHii OIb3Y-
I0TCS IIPEI0CTaBIeHHOM CBOOOAOI 1 BRIGUPAIOT Pa3Hble Y TH.

[Tonpo6yro NOACHUTB, YTO STO 3HAYMT Ha pakTHKe, ONHAXKADL A 3aceT 3a IATD IJIAT-
dopm STL (nasosem ux A, B, C, D u E) u nmonpofoBan 3KCnepUMEHTATHHBIM IyTeM
ONpEAENUTh, KAKHE CTAHAAPTHEIE 3aTOJIOBKH MOXHO yOpath, YTo6bl HporpaMma npH
ITOM HOPMAJIBEHO KOMIIUJIHPOBANACh. ITo atumM JAHHBIM CTAHOBHTCA ACHO, KAKKHE 3aro-
JIOBKH BKJIIOYAIOT APYTHE 3aroIoBKH JupekTHBOH #include. Bot uro a1 y3nai:

o HamnaThopmax A u C <vector> BrouaeT <string>;

o Ha mwargopMe C <algorithm> Bmoyaer <string>;

o Hamratdopmax C u D <iostream> sxaoyaer <jterator>;

» nanratdopMe D <iostream> BrTouaeT <string> u <vector>;
¢ namwrargopMax D u E <string> Brmioyaer <algorithm;

® BO BCEX MATH Peanu3anuax <set> sxiodaer <functional>.
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3a MCKIII0YeHHEM ITIOCTEAHETO CIy4as MHe TaK K He YAIOCh TPOBECTH IIPOrpaMMy
c yOpanHbIM 3arof0BKOM MuMo peanusaiuu B. ITo 3axony Mapdu BaM Bcerna npuseT-
csi BeCTH pa3paboTKy Ha TakuX Tuatdopmax, kak A, C, D u E, u meperocuTs mporpam-
MBI HAa TakHe TUtatrdopmbl, Kax B, ocofeHHo koraa 3To o4eHb BaXKHast paboTa, KOTOPYIO
HeoOXOAHUMO cAlesIaTh Kak MOXKHO ckopee, Tax OrlBaeT Bceraa.

Ho He CTOHT oCy¥/AaTh KOMIM/ISITOPH WK pa3paboTY4uKoB HUOIHOTEK 3a TPYAHO-
¢TH ¢ mepeHocoM. [IpomyeHHbIe 3aT0I0BKH Ha Banreil orsercTBeHHOCTH, [1pH Kak o
CCHUJIKE HA 37leMeHThI MPOCTPAHCTBA UMeH Std BHI TAKIKe OTBeyaeTe 32 BKIIOYEHHE COOT-
BETCTBYIOLIHX 3aroyi0BKOB. EC/IH 3aT0JIOBKH OITYILEHH!, IPOrpaMMa TeOPETHYECKH MO-
MeT OTKOMITIJIMPOBATECH, HO Apyrue MmuardopMel STL uMmelor nosisoe npaso oreepr-
HYTb Bau KoA.

Yro6b1 BaM GBLIO TpOMIE 3AIIOMHUTE HEOBXOAUMEIE 3aTOJIOBKH, Jajee IpHBEAeHa
KpaTKast CBOAKa COAEP:KUMOT0 BCEX CTAHAAPTHHIX 3ar0JIOBKOB, oTHOCAIIMXCA K STL.

e Ilourn Bce KoHTEeHHEPH OOBABIAIOTCS B OAHOKMEHHBIX 3arOJIOBKAX, TO €CTh
vector o6 bsiBJsieTCA B 3arosioBKe <vector>, 1ist 00bABJIsAeTCA B 3aroyoske <11st>
u 1. 1, Ucknoyenusamu asasoTcs <set> u <map>. B 3arosnoBke <set> 0OBABIA0T-
cs1 xoHTeliHepH set 1 multiset, a B 3arosoBKe <map> OOBABIAIOTCS KOHTEHHEPH
map 1 multimap.

* Bce aJTOpHTMEL 32 HCKJIIOUEHHEM YeTHIpeX, 0ObSBISIIOTCA B 3aroJIoBKe <algorithm>,
Hckmovenuamu SBASIOTCS anropurMbl accumulate (cm. coset 37), inner_product,
adjacent_difference u partial_sum. 3T anropuTMbl 0OBABNAIOTCS B 3aTOJI0BKE
<numeric>.

¢ CrenmanusupoBaHHble pA3HOBUAHOCTH HTEPATOPOB, BKIIIOYas istream iterator
u istreambuf_iterator (cM. coser 29), 06bsABISIOTCA B 3ar0NI0BKe <iterators.

¢ Crangaprisie GyHkTOpbl (Hanpumep less<T>) u agantepsl QyHKTOpPOB (Hampu-
Mep notl u bind2nd) o6BABAsIOTCS B 3aT0N0BKe <functional>,

He sa6piBaiiTe BKAI0YaTh COOTBETCTBYIOLIYIO AMPEKTHBY #incTude npu Henomb3o0Ba-
HHUH JIIOOBIX K3 NePeYHC/IeHHBIX KOMIIOHEHTOB, AaXe e MiatdhopMa paspaboTKH 1o-
3BojiAer 06oliTHCh 1 Ge3 ree, Bame npuieXkanue HempeMeHHO OKYITUTCS IPH TepeHOCe
MporpaMMbl Ha APYryIo miardopmy.

CoseT 49. HayuuTecb ynutatbh CoobLLEHUA
KOMNuUNaTopa

Ilpu onpenenesru BeKTOPA B NPOrPaMMe BEL HMeeTe IOJIHOE MpaBO YKa3aThk KOHKpeT-
HBIi pa3Mep:
vector<int> v(10); // Co3paTo sexTop ua 10 3nemeHToB

O6bexTr! String HMeIOT MHOTO 001LIETO € VECtor, IOSTOMY KaKeTCsl, 4TO CeayIuas
KOMaHJIA TOXeE JOIMYCTHMA;

string s{10); /7 MoneiTaTeCa onpepenuTs string us 10 snementos
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OnHaxko 9Ta KoMaHJa He KOMITMIIMPYeTCH, MOCKOMBKY ¥ KOHTeliHepa string He cyie-
CTBYET KOHCTPYKTOpPa, BEI3BIBAEMOTC € apryMeHToM Tuna int. Ha ognoit ua miatdhopm
STL xoMIuJATOp peaTHpyeT Ha 3Ty KOMAHAY CIAEAYIOLMM 06pasoM:

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 frem ‘const int' to ‘const class std::allocator<char>&’

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 xak, Bnevatnser? [Tepsast yacTs cooO1IeHHA BHIIISAKT Kak GecropsaoYHoe Ha-
TPOMOXKAEHKE CUMBOJIOB, BTODast 4acTh CCHUIAETCA Ha pacnpeneuTe b TaMsATH, HE pa3y
He YNIOMHHABUTHICS B HCXOHOM TEKCTE, a B TPETheH YACTH YTO-TO TOBOPHTCS O BHIZOBE
KOHCTpYKTOpa. KoHeuHO, TpeTssi 4acTh CONEPIKHUT BIIOJIHE TOUHYIO UH(POPMAIIHIO, HO
AJIst Hadala pasbepeMcs ¢ MepBOH YaCTHI0, THITHYHOMN /IS AUATHOCTHKH, YacTo BCTpe-
yaromeiicst npH pabore co string.

Bcnomuure, yto string — e caMoCTOATENbHELH Kiace, a MPOCTOH CHHOHKUM AJIS
CJIEAYIOIIETO THITA:

basic_string<char.char_traits<char>,allocator<char> >

IJTO CBA3AHO C TeM, 4TO HoHsiTHe cTpokn C++ 661710 06061eH0 A0 NOCIEAOBATEIHHO-
CTH CHMBOJIOB IPOU3BOIBHOTO THIA, 06JIa/IAI0NIHX MTPOH3BOJbHBIMU XAPAKTEPHCTHKAMH
(straits») ¥ XpaHSIMXCA B AMATH, BBHIAETEHHOH TIPOM3BOJIbHBIMH pacIperelHTeNsIMH,
Bce string-noao6uste o6nexTsl C++ B AelicTBETEIBHOCTH ABISIOTCS CTIEIHATH3aHAMU
wabnona basic_string, moaToMy Npu AMArHOCTHKe OUIHGOK, CBS3AHHBIX C HEBEPHBIM
HCHONb30BaHueM string, 60JBIIKHCTBO KOMNHJIATOPOB YNOMKHaeT tun basic_string
(HEKOTOPblE KOMITHIATOPLI MOOE3HO BKIOYAT B AUATHOCTUKY UM String, HO 60Jib-
UIMHCTBO M3 HUX 3TOr0 He AenaeT). Hepesko B AMarnocTiKe ykas3sBaeTcsi Ha MPHHaj-
JIeXHOCTE basic_string (a takke BcomorarenbHBIX maboHoB char_traits u allocator)
K MPOCTPAHCTRY UMeH Std, moaToMy B CoOBIeHHAX 06 onrubKax, CBA3AHHEIX C HCIIOJb-
30BaHueM string, HepeaKo YIOMUHAETCH THII

std: :basic_string<char,std::char_traits<char>.std::allecator<char> >

Takasn samuck BecbMa 61M3Ka K TOH, 4TO BCTPEYAETCS B TIpHBeeHHOH BhIlIE AKa-
THOCTHKE, HO Pa3Hble KOMIIHJIATOPE! MOTYT ONMCEIBATL String mo-pastomy. Ha apyroit
mnargopme STL cebliika Ha string BHIDISAAT KHAYE:

basic_string<char,string_char_traits<char>, _default_alloc_template<false,0> >

Hmena string_char_traits u_default_alloc_template He sIBJISIOTCS CTAHAAPTHBIMH,
HO TakoBa Ku3Hb. Hexoropsre peamusanuu STL orkionsiores ot Cranaapra. Eciia am
HE HPABATCA OTKJIOHEHHA B TeKylueil peamusanuu STL, nogymalite, ne crout /u mepeii-
TH Ha IPYryI0 peanu3anuio. B cosere 50 nepeqnciieHs! HeKOTOPbIE PECYPCHI, B KOTOPEIX
MOXKHO HAHUTH aJIbTepHATHBHBIE PEAlH3AIUH.

HesaBucuMo ot TOTO, KaK TUII String yIOMHHAETCS B AMArHOCTHKE KOMIMIATOPA,
METOIMKA MPUBEAEHUA AHATHOCTHKH K CCMBICJICHHOMY MHHHMYMY OCTAaeTCH TOH XKe:
XHTPOYMHasi KOHCTPY KLk ¢ basic_string3amensiercs Texcrom «strings. Ecsiu eI ucnons-
3yeTe KOMITHIATOP KOMAHAHOM CTPOKH, 3a71a4a OOBIYHO JIErKO PEIIAETCS ITPY NOMOIITH [TPO-
rpammpl sed Wiy CueHapHeix A3bKoB THIa Perl, Python unu Ruby (npumep cuenapms
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npuseser B crathe 3onMana (Zolman) «An STL Error Message Decryptor for Visual
C++» [26]). B npuBeaenHOM NpuMepe MPOM3BOAKTCS I106aIbHAA 3aMeHa (pparMenTa

std::basic_string<char,struct std::char_traits<char>.class std::allocator<char> >
cTpOKoii string, B peaysbTare 4ero GyaeT MoxyyeHo cleayoLiee coobLeHue;

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>&'

U3 3T0T0 COOBIIEHHA MOKHO IIOHATH, 4TO MpofyieMa CBA3aHa C TUIIOM MapaMeTpa, Te-
PEAaHHOTO KOHCTPYKTOopY string. HecMoTps Ha 3aragouHoe ynoMuHaHue allocator<char>,
BaM He COCTaBMT TPYAA MPOCMOTPETE Pas/iHdHble (OPMBI KOHCTPYKTOPOB string u y0e-
IOMTBCS B TOM, YTO HY OJHA U3 3TUX (DOPM He BhI3BIBAETCA TOJIBKO C ApIYMEeHTOM pa3Mepa.

Kcraty, ymoMuHaHue pacipeae/iHTesst maMATH (a1]ocator) CBA3AHO C HATHYHEM Y BCEX
CTAHAAPTHBIX KOHTEHEPOB KOHCTPYKTOPA, KOTOPOMY NepeaaeTcs TONbKO paclpeAeNu-
TeJlb MAMSTH. Y THIA string cYLIECTBYIOT TpH OAHOAPTYMEHTHHEIX KOHCTPYKTOpa, HO
KOMITHJIATOP TI0 KAKOiH-TO MPHUYHHE PEUIAET, YTC BEI MBITAETECDH ITEPEAATh HMEHHO pac-
npegearesib, Ero npeamosioxenue omnboyHo, 2 AMATHOCTUKA JIAIND COMBAET C TOJIKY.

YTo0 KacaeTcs KOHCTPYKTOPA, MOJIYYAIOIIETC TOMBKO PacpefeIuTellh IaMITH, — I0-
Manmylcra, He HCIIOJIb3YHTe ero; OH CJIMINKOM YacTe MPUBOAUT K IMOABJIEHUIO OAHOTHII-
HBIX KOHTEHHEPOB ¢ HeDKBUBIEHTHBIMH paclpeleNuTeIaMu naMaTH. Kak npasuiio,
TaKas CHTyallusl Kpaline HexxeaaTesbHa (6oJiee moapoGHbIE 00BSICHEHHS IPHBENEHBI
B cosere 11).

Pacemotpum npumep Godiee cnoxkuoi AnarsocTuky, [Ipeanonokum, Be peannsye-
Te IporpaMmy AJs paboThl ¢ 31eXTPOHHON MOYTOH, KOTOpas MO3BOJISIET CChLIATHCS Ha
a/IpecaToB He TOJIBLKO IO ajipecaM, HO ¥ N0 CHHOHHMAaM — CKaXKeM, aJipecy Npe3uAeHTa
CIIIA (president@whitehouse.gov) craBurcs B coorsercrBre curonuM «The Big Cheese».
B raxoii nporpaMme MoxeT MCHOJB30BATHCS ACCOIHATHBHEIA KOHTEMHep s otoOpa-
MeHHI CHHOHHMOB Ha afZipeca dJIeKTPOHHOM MOYTH! B QyHKIus showEmailAddress, KoTo-
past BO3BpaLlaeT azpec AJis 3aflaHHOTO CHHOHHMA!

class NiftyEmailProgram {

private:
typedef map<string.string> NicknameMap:

NicknameMap nicknames:
public:
void showEmailAddress(const string& nickname) const:
}:
B peasusanuu showEmailAddress moTpeGyercst HalTH aapec aJeKTPOHHOM MOYTH,

aCCOIMMPOBAHHEIH C 3a/laHHBIM CHHOHMMOM. [[J151 3TOr0 MOMKET ObITH MPEJIOKEH Cle-
AYIOWMI BaDHAHT:

void NiftyEmailProgram: :showEmailAddress{const string& nickname) const

{

i‘]icknamﬁap; :iterator i=nicknames. find(nickname);
if (it=nicknames.end())..

}
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KoMnunsaTopy Takoe pelrerre He moHpasuTcst, Ha To ecTh Beckast, Ho He O4€BHAHAA
nprauna. YTo6bl MOMOYE BaM pa3obparbcsi B IPOMCXOAAIEM, oaHa u3 miatdopm STL
YCILyJIMBO BBIIACT cieayiomee coobmerue:

example.cpp(17) :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::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::allocater<char> > > >::_Kfn,struct std::less<class
std::bas1cfstr1ng<char struct std::char_traits<char>, c]ass “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_stringechar,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: :basic_string<char,struct std::.char_traits<char>.class std;:allocatorschar> > 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> > > >:: Kfn,struct std::less<class
std::<class std::basic_string<char,struct std: char_tra1ts<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: :allocater<char> >,class std::basic_string<char,struct std::char_traits<char> 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"basw - string<char.struct std::char_traits<char>.class std::allocator<char> > > >

i _Kfn,struct std::less<class std: ‘basic _string<char,struct std::char_traits<char>.class
std :allocator<char> > > class std::allocator<class std::basic str1ng<char struct
std: :char_traits<char>.class std::allocator<char> = > >;:iterator’

No constructor could take the source type. or constructor overload resolution was ambiguous

Coobwenue coctout u3 2095 CUMBOJIOB ¥ BBITJSIAKAT AOBOJIBHO YCTPAIIAOILE, HO
A BEAWI 4 noxyxe. Hanpumep, oana u3 Moux aobumsbix niatgopM STL ogHaxas
BHAaIa coobmenne u3 4812 cumposos. HasepHoe, Bbl yiKe AOTaJaluCh, YTO A JIOOIK
€e COBCeM He 3a 3TO0,

[aBaiiTe HeMHOTO COKPaTHM 3Ty Xa0THYECKYIO 3aMIMCh M MPUBeaeM ee K Gostee yao6-
HoMy Buay, Haunem ¢ 3aMenb1 KOHCTpYKUEH basic_string. Ha string. PeayastaT BbICIS-
JHUT TaK:

example.cpp(17):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 > >

1:_Kfn,struct std::less<class string >,class std::allocator<class string > >
::const_iterator' to 'class std::_Tree<class string,struct std::pair<class string
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const,class string >.struct std::map<class string, class string,struct std::less<cClass
string>. class std::allocator<class string > >::_Kfn,struct std::less<class string >,
class std::allocator<class string > >::iterator’

o constructor could take the source type. or constructor overioad resolution was ambiguous

Vike ayyme, OcTanoch Kakux-Hubyas 745 CUMBOJIOB, MOKHO HAYKHATH PasbupaTs-
¢ B coobmenun. B rnasa 6pocaercs ymoMiaHanue mabioHa std: :_Tree. B Cranaapre
HHYETo He CKa3aHo o mrabioHe ¢ uMeHeM Tree, HO MBI IOMHHMM, YTO HMEHA, HAYHHAIOIIH-
ecsl C CHMBOJIa TIOAYEPKHBAHHUA ¥ NIPONMCHON GyKBHI, 3ape3ePBHPOBAHEI /11 aBTOPOB
peanusanuii, [lepes HamMu oAMH U3 BHYTPEHHUX WAGIOHOB, HCIIOJIb3yEMBIX B Pean3a-
1uH HeKol cocTapisiiomeit STL.

OxazbiBaeTcsl, MpaxTUYeCKH Bo Beex peatusanuax STL crangapTHbie acconuaTHB-
Hble KOoHTeiiHephl (set, multiset, map 1 muTtimap) cTPoOSITCS Ha OCHOBE 6a30BBIX M1AJI0-
HoB. [To aHaIOTHH ¢ TeM, KaK ITpH MCTOJIE30BAHKH String B JHATHOCTHKE YIIOMHHAETCA
THN basic_string, mpu paGoTe co CTAHAAPTHBEIMM aCCOLMATHBHBIMU KOHTEHHEPaMH Jac-
TO BBIAAIOTCS COOBIIEHNUSA ¢ yIToMuHaHueM 6a30BbIX 1ab10HoB. B 1anHOM MpuMepe aToT
mabs0H Ha3beBaeTcst _Tree, HO B APYTHX M3BECTHBIX MHE PEaTH3AIMAX BCTPEYAIHCD
HMeHa _tree u _rb_tree, mpuyeM B nociaenHeM HMeHH OTpaxceH (axT HCIOJb30BaHMA
kpacto-uyepHbix ( Red-Black) nepesses, caMmoif pacnipocTpaHeHHOM pasHOBUAHOCTH cha-
JIAHCUPOBAHHEIX I€DEBLEB, BCTPeYalomelics B pearusanusax STL,

B npuseaeHHOM BHIIe COOOIEHKH YIIOMHHAETCS 3HAKOMHE THN std: :map<class
string,class string,struct std::less<class string=,class std::allocator<class
string> >. [lepex HaMu THI KCMOJNIB3YEMOrO KOHTelHepa map, eCIM He CYMTATh THIIOB
({yHK1MY CDAaBHEHUS ¥ PACIIPEAETRTE N NaMATH (KOTOPHE He OBLIK 3aaHbl IIPH OTIpe-
nenenun xoureitnepa). Coobumenne o6 omubxe craHer HoJiee MOHATHEIM, eCJIH 3aMe-
HUTB 3TOT THII HAlIWM BCTIOMOTaTeJIbHBIM ofpeaeneHneM NicknameMap, Pesysbrar:

example.cpp(17):error C2440:"initializing': cannct 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<ciass 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 resclution was ambiguous

CoobieHue cTalo KOpode, HO €T0 CMBIC/ OCTAICH TYMAHHBIM; HY3KHO YTO-TO CAe-
aarb ¢ _Tree. VzBecTHo, 4To malbion _Tree 3aBUCHT OT PeIM3aLMH, IOITOMY Y3HATH
CMBICJ €TO TMApaMeTPOB MOJKHO TOJIBKO OJHHUM CMOCOO0OM — YTEHHEM MCXOZHbIX TEK-
ctoB. Ho 3aueM KomaThCs B HCXOAHBIX TeKcTax peanusamuu STL, eciin aTo He HyXHO?
ITonpobyemM npocTo 3aMEHUTD BCe AAHHEbIE, [IepefaBaeMble _Tree, YCJIOBHEM 0603Haue-
auem <« HEUTO» 1 mocMoTpaM, 4T U3 aTore Beiiaer. Pesyabrar:

example.cpp(17):error C2440:"initializing': cannot convert from 'class
std::_Tree<HEYTD: :const_iterator' to ‘class std::_Tree<HEYTO::iterator’

No constructor could take the source type, or constructor overload resolution was ambiguous

A BOT ¢ amum yse MOXHO paborars. KoMnuisitop jxanyercs Ha nOnbITKy npeol-
pasoBanHs const_iterator B iterator ¢ ABHBIM HapyIIEHHEM IPABUJ KOHCTaHTHOCTH.
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BepueMcs K HCXOAHOMY IPUMePY; CTPOKA, BHI3BaBIlas FHEB KOMIMAATOPA, BIAC/ICHA
JKHUPHBIM ITPHGTOM:
class NiftyEmailProgram {

private:
typedef map<string.string> NicknameMap:

NicknameMap nicknames:
public:

:;oid showEmaﬂAddresﬁcons-t string& nickname) const:

}:

void NiftyEmailProgram: :showEmailAddress(const stringk nickname) const

ﬁ1cknameMap: :iterator i=nicknames.find(nickname);
if (il=nicknames.end())..

}

Coofienve 06 onmiike MOXKHO UCTQJIKOBATD JIMIIL OAHUM PAsyMHBIM ofpa3oM —
MBI IIBITAEMCS MHHIHATH3UPOBATh MepeMeHHY0 1 (THma iterator) anadenneM Tuna
const_iterator, Bo3BpamaeMbIM Npu Bri3oBe map: : find. Takas unrepnperanus BolIiA-
AMT HECKOJIBKO CTPAHHO, MOCK0JIbKY find BBI3bIBaeTcA WA 06beKTa nicknames. O6bexr
nicknames He sIB/sIETCS KOHCTAHTHBIM, H03TOMY QYHK1MA Tind Z0MKHA BEPHYTh HEKOH-
CTaHTHEIH HTEpaTop.

Barnsinure eme pas. [la, 06nekT nicknames oOBABIEH Kak HeKOHCTAHTHBIM THI map,
Ho ynkuus showEmailAddress sSIBAsIeTCA KoHcmanmuol, a BHYTPH KOHCTaHTHOM QyHK-
1IMH BCE HECTaTHYECKHE NMepeMeHHBIe KIacca CTAHOBATCA KOHCTaHTHEIMH! TakuM 06-
pasoM, BHyTpH showEmailAddress 06BEXT nicknames ABJISIETCA KOHCTAHTHBIM 0OBEKTOM
map. Coobwenue 06 omubxre BHe3aHo o0peTaeT cMbIC/L. MBI bITaeMCsl CreHepHpOBaTh
iterator miist o6beKTa map, KOTOPBLH oberann He u3MeHsTb, YToObl HCIPaBHTH OIITHOKY,
HeobxoAuMo 100 MPUBECTH 1 K TUIly const_iterator, muGo 06bABHTE showEmailAddress
HeKoHCTaHTHOH (yHKk1Hell. BeposiTHo, 06a cniocofa moTpebyoT 3HAUKTeIBHO MEHBIIMX
ycuinil, yeM BBISICHEHHE CMEICIIa co0bmeHns 06 omubke.

B 3T0M coBeTe ObLIHM MOKa3aHbl HEKOTOPEIE TEKCTOBHIE TIOICTAHOBKH, YMEHBIIAOIIHE
CJIOXHOCTD Co00IIeH I 06 o1MOKaX, HO ITOC/E HEMPOAOJDKHUTENBHOM MPAKTHKH BB CMO-
JKEeTe BHIIOJIHATH IOACTAHOBKH B T0JI0BE, SI He My3bIKaHT, HO MHE PACCKa3bIBAJIH, YTO XO0-
POLIHE MY3bIKAHTHI CIIOCOOHB YUTAT MAPTUTYDY LEJHKOM, He IPUCMATPUBASACE K OTAEJIb-
HbIM HOTaM. OmsiTHbIe MporpaMmuctbl STL npuobperator ananorudnbie Hapbixu. OHu
MOIYT aBTOMaTH4YeCKH npeobpa3oBaTh KOHCTPYKIHMIO BHAa std: :basic_string<char,
std::char_traits<char>,std::allocator<char> > B string, HHCKOJIBKO He 3aYMEIBAsChH
Hay npoucxofAmuM. [Togo6HEll HABLIK Pa30BRETCA U Y BaC, HO A0 3THX IOP CleAyeT
TIOMHHTD, YTO AHATHOCTHKY KOMIHJATOPA MOYMTH BCErJa MOKHO MPHBECTH K Bpasy-
‘MUTEJIBHOMY BUAY 3aMeHOM AJIMHHBIX TUTTOB Ha Gase mabioHoB 6oJiee KOPOTKMME MHe-
MOHHYECKHME 0003HAYEHHAMHK. Bo MHOTHX CIyyasx Ans 9TOro A0CTATOYHO 3aMEHHTD
paclIpeHHble oNpefejieHHs THIIOB KMEHAMH, HCIIOJIL3YeMBIME B MporpamMe. FimeHHo
3TO OBLIO CAENAHC B IPHBEAECHHOM NMpPHMEPE, KOTAA Mbl 3aMeHmJIH std: :map<class
string,class string,struct std::less<class string>,class std::allocator<class
string> > Ha NicknameMap.
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Janee npuBeeH HEKOTOPbBIE PEKOMEHAALHH, KOTOPBIe MOMOTYT BaM PasobpaTscs
B COOOLIEHMAX KOMIKJIATOPA, OTHOCAIHXCS X STL.,

Jlnsi koHTeliHEpOB vector ¥ string urepaTophl 0GBIYHO MPEACTABAIOT coBoil yKa-
3aTejid, I03TOMY B C/Iydyae OliMOKH ¢ HTepaTOPOM B AHATHOCTHKE KOMITWJIATOPA
00BIYHO YKa3BIBAIOTCA THIIH yKasareseit. HampuMep, eclu B HCXOAHOM KOJE
HMeeTcs CCHUIKA Ha vector<double>::iterator, B cooBILeHMM MOYTH HAaBEpPHSIKA
6yzeT ynomuHarbcst yKasarennb double*. MckmioueHre cocTaBisieT peatusanus
STLport B oTiaziouHOM pexkuMe; B 3TOM CJIy4ae WTEPaTopHl vector u string He
ABJIAITCA yKaszaTenaMu. 3a nHpopmanueit o STLport u oTiagoyroM pexume
obpawaitrecs k cosery 50.

Coobmenns, B KOTOPHIX ylmoMuHaI0TCA back_insert_iterator, front_insert
iterator u insert_iterator, mo4TH Bcerda 03HAYAIOT, 9TO omMbKa GrUTa AoMymie-
Ha npu BpI30BE back_inserter, front_inserter uwau inserter cooTseTcTBEHHO
(back_inserter BosBpamaer o6bekT Tuna back_insert_iterator, front_inserter
BO3BpaLaeT 00beKT THia front_insert_iterator, a inserter BosBpaiaeT 06BEKT
TuMa insert_iterator; 3a undopmanueit 06 sTux THNAX o6pawmatitecs k cosety 30).
Eciu a1 GyHKIMY He BBIBBIBAJIMCEH B MPOrpaMMe, 3HAYHUT, OHK OBLIH BEI3BAHEL
U3 APYTHX QYRKuuil (KOCBEHHO WIIH SIBHO).

Coobmenwus ¢ ynomunanusaMu binderlst u binder2nd o6b14HO CBHAETEIBCTBYIOT
06 omubke mpu nenosns3oBaluu bindlst u bind2nd (bindlst BosBpamaer ofbexT
Tuma binderlst, a bind2nd BosBpawmaer 06beKT THNA binder2nd).

Hrteparopst BriBOAa (HampuMep, ostream_iterator u ostreambuf_iterator — cm.
coeet 29, a TaxxKe uTepaTopHl, Bo3Bpamaemeie back_inserter, front_inserter
H inserter) BLITIONHAIOT CBOM OIePALMH BHIBOJA WIM BCTABKK BHYTPH OTEpPaTo-
POB NPUCBAMBAHUS, O3TOMY OMIMOKH, OTHOCSIIMECS K STUM THIIAM UTEpaTOPOB,
06BITHO MPHBOMAT K MOSBIEHMIO CO0OWenuii 06 omubKe BHYTPH ONEPATOPOB
NPHCBaNBAHKUA, 0 KOTOPHIX Bbl U IIOHATHA He uMeeTe. UTo6b! MOHATE, O ueM HAeT
peus, MonpobyifTe OTKOMIWIMPOBATH CeAYOIMi hparMenT:

vector<string*> v: /7 TIonbTKA BLIBOAA COAEPKUMOrQ
copy(v.begin().v.end(), // KoHTeliHepa yKasaTened string*
ostream_iterator<string>(cout."\n")}: // Kak 0BbeKTOB string
Ecomu mony4ennoe coofuenue o6 ommbKe HCXOAUT U3 pean3alyuy aIropHTMA
STL (ro ecrb eciu Kofi, B KOTOPOM IIPOM30IL/IA OHBKA, HAXORUTCS B <algorithm>),
BEPOATHO, Ipol1eMa CBSI3aHa C THIIAMH, KOTOPHIE BEI ITBITAETECH NIEPeaaTh 3ITOMY
atroput™y. IIpumep — nepenaya nrepaTopos HenpaBWIbHON KaTeropuu. [Tompo-
GyiiTe OTKOMIHAKPOBATH CEAYIOMME parMesT:

Tist<int>::iterator i1,12; // Nepemaya ABYCTOPOHHUX HTepaTopos
sort(il.i2); // anroputMy, KOTOPOMY HECOXOAMME MTepaTopsl
// npou3BoOnLHOro MOCTYNa

Ecnu e ncnomssyere cranaaprhsit komnonent STL (Hanpumep, koueltiep vector
My string, anropuT™ for_each), a KOMIMJIISTOP YTBEPKAAET, YTO OH MOHSTHS He
HMEET, YTO HMEETCA B BHAY, CKOPEe BCEro, Bbl 3a0bLIH BKIIYHUTE HEOGX0AUMELH
3aroJioBo4HbIH dain aupextuBoil #include. Kak o6bsicrsierca B cosete 48, aTa
Tpo6JieMa MOXET HAPYUIMTh PaGOTOCTIOCOBHOCTE KO/, YCIEIHO KOMITHIMPOBAB-
UIETOCA B Te4eHHEe HeKOTOPOTO BPEMENH, IIPH EPEHOCE €T0 Ha APYTYIO IVIATROPMY.
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Coset 50. MoMHUTE 0 web-calTax, nocesaLeHHbIX STL

Unrepuer 6orat undopmauueit 06 STL. Eciu seectn B m060i monckosoil cucreMe
sanpoc «STLs, B mosTyyuTe COTHY CCBUIOK, 9aCTh M3 KOTOPHIX Aaxe OyAeT COAepKaTh
noJieanyro urdopmanuo. BrpoueM, 6ompmnreTBo nporpammuctoB STL B nouckax we
HYJKZAETCS M XOPOIIO 3HAET CJleAylolue caliThl:

o caiit SGI STL, http://www.sgi.com/tech/stl;

o caiit STLport, http://stiport.org;

e caiir Boost, http://www.boost.org.

Hixke st mocTapaiock 06bACHHUTD, MOYEMY 3TH CAlThI 3aC/Ty’KABAIOT BAIIETO BHUMAHHMSL.

Cant SGI STL

Web-caiit SGI STL He cayyaiiHo naxoauTcs B Hayane crucka. Ha HeM uMeercs mo-
apobHast JOKyMeHTaIlus 1o BeeM kommoHenTam STL. MHorue nporpaMMECTHI paccMaTt-
PHBAIOT €rc KaK OCHOBHOM HCTOYHUK 37IEKTPOHHOH JOKYMEHTAN K HE3ABHCHUMO OT HC-
nosns3yemoit margopmot STL. Joxymenranuio cobpas Matt Ocrepr (Matt Austern),
KOTOPbli O3 Hee JOTIOIHIN e u MpeAcTaBui B Kuure «Generic Programming and the
STL» [4]. Martepuan He cBOAHICA K MPOCTOMY ONUCaHKI0 XomroHenToB STL. Hampu-
Mep, OTHCcaHue MOTOKOBOMH GesomacHocTu KoHTelHepoB STL (cM. coser 12) ocHoBaHo
Ha MaTepranax caiita SGI STL.

Ha caiite SGI nporpammucty npefaraercst cBo60AHO pacnpocTpaHaeMast peau-
sauust STL. Ona 6511a ananTuposana JIMIIb 1St OTPaHHYEHHOTO KPYTa KOMIH/ATOPOB,
Ho noctaBka STL sierna B ocHOBY pacnipoctpanennoit noctasku STLport, onucanHoi
Hioke. Bojiee TOro, B peatnzanuio STL ot SGI BxoasT HeKOTOpHIE HECTAHAAPTHBIE KOM-
MOHEHTEI, Aesaiolie nporpaMmupoBaiue B-STL He Tosnbko Gosiee MOIHEIM U THOKHM,
HO 1 6osee uHTepecHBIM, HexoTopbie H3 HUX CTOMT BHLIEHT.

¢ XbumposaHHble ACCONHATHBHbIE KOHTeiHepsl hash_set, hash_multiset, hash map
H hash_multimap. 3a AonosnuTesbHOMH HHOpManHeit 06 3TUX KoHTeliHepax 06-
pamatirecs K copety 25,

» Onnoceasubiif crucok s11st. Konreiinep s1st peannsopan HauGonee crangapr-
HbiM 06pa3oM, a HTEPATOPE! YKa3BIBAIOT Ha T€ y3JIbI CIHCKA, HA KOTOPHIE OH)
AOJUKHBL yKa3biBaTh, K coxkanenuo, aror daxt ofopaynBaeTcs AOMOIHUATEIHHbI-
MU 3aTpaTaMu npu peanu3anuu QyHKiuil insert u erase, MockonbKy obe QyHk-
UMK JOJDKHBL MOAMHIMPOBATh YKa3aTeNb HA CIEAYIOIMI y3€T CIHCKA B yaJe,
npeduiecmeyiouem ToMy, Ha KOTOpbIit yka3siBaeT uTepaTop. B 1eycessrom crmc-
Ke (HampuMep, B CTaHAAPTHOM KOHTeliHepe 1ist) 510 He BbI3bIBAET MPobeM, HO
B OAHOCBA3HOM CIHCKe BO3BPAT K MpPeAbIAYyIeMy Y31y ABJISETCS onepanuei
¢ nuHelino#l cnoxuocTh0, B KoHTelinepe s1ist us peanusanuu SGI dymxumu
insert u erase BHINIOJIHAOTCA C JIMHEHHON CHOMKHOCTHIO BMECTO MOCTOSHHOIM,
4TO ABJSAETCA CyWECTBEHHRIM HefoCcTaTkoM. B peanusanuu SGI sra npobiema
pernaeTcs MPH MOMOLK HeCTAHZAPTHHEIX (HO 3aT0 paboTalnmux ¢ MoCTOAHHON
CJIOKHOCTBIO) (DYHKIHH insert_after u erase_after. B compoBoautensHoll ao-
KyMEeHTalHH TOBOPUTCH.
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«..Ecau oxaxercs, yTo pyHKIHY insert_after u erase_after miaoxo moAxoMsT AJsi
BalIMX LIEJIeH, ¥ BaM YaCTO NPUXOAHTCS BH3LIBATh QYHKIHY insert 1 erase B cepeAinHe
CIHCKA, BEPOATHO, BMeCTO $11ist JIydine BOCIIONB30BATECA KOHTeHEpOM Ti5t»>.

B peanuzauuno Dinkumware Takke BXOAKT OZHOCBSI3HBIN crucox s1ist, Ho B HeM
HCIOJB3YETCs APYTas APXUTEKTYPa HTEPATOPOB, COXPaHAIOLIAA TOCTOAHHYIO CJIOXKHOCTD
TNpH BBI30BaX insert u erase. 3a gonoyHuTenbHOH nHdopmauueit o Dimkumware obpa-
maktecs K Npaoxkenuo b.

¢ Koureiinep rope, auanor string a1s odeds 6ompmux cTpok. B noxymentanuu
SGI koHTeliHED rope ONMKCHIBACTCS TAK:

«Konreitnep rope npeacrasssiet coboit MaclITab¥poBaHHYIO PA3HOBHAHOCTD String:
OH NpeaHasHayeH Ans 3PheKTHBHOTO BHINOJHEHHA ONlepanuil CO CTPOKAaMM B IEIOM.
3aTparbl BpEMEHH Ha TaKHe ONepalHH, KaK IPUCBAHBAHNE, KOHKAaTEHAIUA U BhlAeJIe-
HHe TOACTPOKH, MPAKTHYECKH HE 3aBHCAT OT JMHMHB CTpOKH. B oTmmyue ot c1pok C,
KOHTelHep rope ofecrneynBaer pa3yMHOe NpeACTABJIeHHe [Jisi OYeHb AJIMHHBIX CTPOK
(uanpuMep, coepkuMoro Gydepa TEKCTOBOTO PeAaKTOPa Wik COOOLICHHH 3/eKTPOH-
HOI MTOYTHI)>.

Bo BHYTpeHHEM NpelCTaBIeHHE KOHTEHED rope peal3yercs B BHAE Aepena Moa-
CTPOK C MOACYETOM CCBIJIOK, NPH 3TOM KK CTPOKA XPAHHTCS B BHAE MACCHBA char,
Onna u3 uHTEPECHBIX ocobeHHoCTel nHTepdeiica rope 3aK/I04aeTCs B TOM, YT QYHK-
uu begin 1 end Bceraa BO3BPAILAIOT THII 'const_'iterator. ITo caenaHo A npeaoTepa-
IeHHA onepanuil, H3IMEHANIUX OTAENbHEE CHMBOME, TaKkue onepaiun 00X0AATCH
caumkoM goporo. KorTeitnep rope ONTHMH3KPOBAH A5 ONEPALIMH € TEKCTOM B HETIOM
nau GonbmuME PparMeHTaMH (IPUCBAMBAHUE, KOHKATEHAMS M BHIEJIEHHE TIOACTPO-
KH); OTlepaiuy ¢ OTAeAbHBIMA CHMBOJIAMH BRITIOMHAOTCA HeatheKTHBHO.

* Pasnnunble HecTaHnapTHBIe 00bekTh QyHKIMIL 1 agamrepsl. Hexortopsie Kiac-
col pynxropos U3 ucxoauoll peanmusanuu HP STL ne Bouura B Cranaapr C++.
OmnbITHBIM MacTepaM CTapoif MKOJEL GOJbIIE BCErO He XBATaeT (HYHKTOPOB
selectlst u select2nd, ypesBbIyaitHo ynoOHBIX Ipy paGoTe ¢ KOHTeRHEpaMH map
n multimap. PyrKTOp Sselectlst Bo3BpalnaeT nepsblil KOMIOHEHT 06bheKTa pair, a
¢dynxTop select2nd Bo3BpamaeT BTOPOil KOMNOHEHT 06BeKTa pair, [Ipumep uc-
TMO7b30BAHKS 3THX HECTAHAAPTHBIX WabJIOHOB KIAcCOB QYHKTOPOB:

map<int.string> m;

// BuBOA BCEX Knioyed map 8 cout

transform(m.begin{).m.end(),
ostream_iterator<int>(cout,"\n"),
selectlst<map<int,string>::value_type>()):

// Co3paTb BEKTOP W CKONMPOBATL B HEro

// BCE ACCOUMMPOBAHHHE 3HAYeHMA K3 map

vector<string> v:

transform(m.begin().m.end().back_inserter(v),
selectZnd<map<int,string>::value type>());

Kaxk Buaure, Gynxrops! selectlst u select2nd ynpoiaioT HCMOIb30BAHHE AJITOPHT-
MOB B CHTYAITHSX, T/ 0OBIYHO MPUXOANTCA MUCATh COOCTBEHHBIE LLMKbI (CM. coBeT 43).
C apyroit CTOpOHEL, BC/IEACTBHE HECTAHAAPTHOCTH (DYHKTOPOB BaC MOTYT OGBHHHTD B Ha-
MHCAHKH HeNepeHOCHMOro U BA0OABOK ILIOXO COMPOBOXKAaeMoro Kofa (cM. coser 47).
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Hacroamux danatos STL 310 HucKonbKO He BosHyeT. OHH CYMTAIOT, YTO OTCYT-
ctBue selectlst u select2nd B Crangapre caMo 1o cebe ABJIAeTCA BOMHUIOMIEH He-
cnpaae;mnsoc*rmo.

K yncny HecranzapTHbIX 06bekTOB QyHKIHMi, BXoaamux B peanusanuo STL,
TaKke MpHHaanexar oObekTH identity, projectlst, project2nd, composel u compose2.
Mucdopmanuio 0 HEX MOXKHO HAHTH Ha caiiTe, XOTA MPUMeP HCIOJb30BAHHs COMPOSe2
NpUBOAKJICA Ha c. 172 Hacrosmeil kunru. Hasetocs, s yGequit Bac B TOM, 4TO MOcelne-
Hue web-caiita SGI npuneceT HeCOMHeHHYIO [TOJIB3Y.

Peannsauua 6ubinorexn or SGI Berxoaut 3a pamku STL. [lepponayanbio cTaBr-
Jlachk 11eJIb pa3pabOTKH MOJHOl peanusallny CTaHAAPTHOM 6ubmoTexu C++ 3a ucKmo-
JeHHeM KOMIIOHEHTOB, YHacleZoBaHHbIX U3 C (mpeAnoiaraercs, YTo y BaC B pacnops-
JKEeHHH Yke uMeercs crangaprTHas 6ubanoreka C). Ilo aroit npuynne c caitta SGI
TaKxXKe CTOMT TOJYYHTh peanusaiuio 6ub/MoTeXu MOTOKOB BBoAa-BhBofa C++. Kak
CIeAyeT OKUIATH, 3Ta PeaIU3alusl XOpoLIo HHTerpupyetcs ¢ peanusanueit STL ot SGI,
HO [P 9TOM Mo GBICTPOAEHCTBHIO OHA MPEBOCXOAUT MHOTHE aHAJIOTHYHEIE PeATH3alHH,
nocTapisgeMble ¢ KoMmungropaMu C++,

Caunt STLport

Tnapnas ornxduTensHasg ocobenrocTs STLport 3akiouaercst B ToM, 4TO 3Ta Mogudu-
uupoBanHas Bepcus peanusanud STL ot SGI (Biioyast NoToKu BBOAA-BRIBOAA K T. A.)
6buia nepeHecena Gonee e Ha 20 xomnusitopo. STLport, kak u 6ubinoreka SGI,
pacnpocrpassiercs 6ecruarHo. Ecau Bam Ko AoKeH paboTaTh Cpasy Ha HECKOJIb-
Kux matgopmax, Bel u3basuTte cebst OT MHOKECTBA XJIONOT, €C/TH BO3BMETE 32 OCHO-
By ynuduuuposaHryio peanusanuio STLport u 6yaere nemoas30Barh ee co BCeMH
KOMITHJIATOPAMH.

BoneumucTBo namenenuit koaa SGI B peannzanuu STLport ceasano ¢ yayyme-
HHeM nepeHOoCHMOCTH, ogHako STLport ABnseTcs eTMHCTBEHHON H3BECTHOM MHe pea-
nu3ainuel, B KOTOPOIt IPeAYCMOTPEH <OTJIAZ0YHELH pesxuMy» A5 AMATHOCTHKH CTy4Yaen
HENPaBHJILHOTO HCMOJab30BaHHA STL — KOMIMIMPYEMBIX, HO NMPHBOAAIINX K He-
MpeAcKa3yeMbIM MOCIEACTBUAM BO BpeMs paboTsl mporpamMmel. Hanpumep, B cosere 30
pacmpocTpaHeHHast omHOKa 3aMucH 32 KOHIOM KOHTeltHepa MOSICHAETCS CIeAYIOIHM
MpUMEPOM:

int transmogrify(int x): // OyHKUMA BHYMCNAET HEKOE HOBOE 3HaYeHue

// no nepejanHONy napaMmeTpy X
vector<int> values:
// 3anonueHue BexTOopa values AAaHHIMK

vector<int> results;

transform{values.begin(), // MNonuTKa 3anucy 3a KoHUOM results!

values.end(),
results.end,
transmogrify);

310T (PparMeHT KOMIMIHPYETCH, HO BO BpeMsl BhINO/HeHHs pafoTaeT HelpecKa3yemo,
Ecnu BaM noseseT, MpobsieMbr BOBHUKHYT MpH Bbi3oBe transform, u oTraaka 6yaer oT-
HOCHTEJIbHO 3jieMeHTapHOMH. ['opazAo xyxe, ecyiH BBI30B transform MCMOPTHT JaHHbIE
T/le-TO B APYTOM MECTE afipeCHOTO MPOCTPAHCTBA, HO 3TO OGHAPY)KUTCS JIHIID TIO3HEE,
B sToM citydae onpefeseHde IPUIHHD TOPYHM ZAHHEIX CTAHOBUTCS 3a7iakyell — Kak Ol
BBIPABUTBCA? — 6ECHMA HEMPUBUANLHO. '
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Otnanounsrit pexxum STLport 3HaunTeNLHO YNpoIaeT 3Ty 3aiady. I1pu Beinosse-
HMH TIPHBEIEHHOTO BHILIE BBI30Ba transform BeiAaeTCA cieaylomee coobiese (mpea-
nmojaraercs, 4ro peanusainua STLport yeranosiena B karanore C\STLport):

C:\STLport\stiport\st1\debug\_iterator.h:265 STL assertion failure:

_Dereferenceable(*this)

Ha aToM nporpamma npexpamniaet paboTy, MOCKOJIBKY B CIy4ae oumbKn oTaanoy-
ublil pesxum STLport BeiseiBaeT abort, Ecnu BEI npeamoynTaete, 4TOHH BMECTO 3TOTO
HHUIHHPOBAIOCH HekiodeHne, STLport MOXXHO HACTPOHTE U HA 3TOT PEXKHM.

YecTHO rOBOPS, NPUBEAEHHOE cO0OIEeHHe 06 omHOKe MeHee TOHATHO, YeM X0TeJI0Ch
651, a iMst (aiiiia 1 HOMEp CTPOKM OTHOCATCS K BHyTpeHHelt mposepke ycaosus STL, a ne
K CTPOKE C BRI30BOM transform, HO 3TO BCe e 3HAYMTeLHO JyYIle MPONYIIeHHON0 BEH30Ba
transform u nocieAy oKX MONMBITOK pa3o0paThCs B MPHYKHAX Pa3pyUIEHUs CTPYKTYD
panubx, B ornanounom pexxume STLport ocraercst Ui 3amycTUTh MPOrpaMMy-0Tiiaj-
YUK, BEPHYTHCSL M0 COAEPKHMOMY CTeKa K HAMCAHHOMY BaMH KOAY U OMpPeAeNHTh, 4TO
xe nmpou3ouuio. CTpoka, cofilepxaimast oiubKy, 00bYHO HAXOAUTCH JOCTATOYHO JIETKO.

Ortnanounsiii pexxum STLport pacnoaraeT wupokuii CieKTp cTaHAAPTHHIX omHbOK,
B TOM YHCJIE Mepefady alropuTMaM HeZONMYCTHMBIX KHTEPBAJIOB, IONMBITKH YTEHHA K3
MyCTOro KOHTe#Hepa, nepefiady HTepaTopa OZHOTO KOHTEHHEpa B KaueCTBe apryMeHTa
GYHKIHH APYroro KonTefiHepa | T. 4. BonmeGcTBo 0cHOBaHO Ha B3aMMHOM OTCIIEXH-
BaHHH HTEPAaTOPOB 1 KOHTedHepoB, [Ipy Ha/lMuny ABYX HTEPATOPOB 3TO TIO3BOJISICT PO~
BEPHTH, IPUHANJICKAT JIH OHH OJHOMY KOHTeliHepY, a IpH MOAM(UKAIMN KoHTeliHe-
pa — onpeAesnTh, KAKHe HTEPATOPLI CTAHOBATCSA Hedel CTBUTeIBHBIMH.

B otnanounom pexume peanusanust STLport ucnoss3yer cnenuatbHble peainsa-
IIHH HTEPaTOPOB, I0ITOMY HTEepaTOPHI vector u string siBJsiI0TCA 00bEeKTaMH KJIACCOB, 2
He HHU3KOYDOBHEBBIMH yKasaTessiMu. Takum o6pa3om, ucnonbsosanue STLport 1 Kom-
MHJIAIES B OTJIAIOYHOM PeKHMe MOMOTAIOT yOeAUThCS B TOM, YTO Ballla IPOrpaMMa He
HTHOPHPYET pPa3JIM9ds MEXAY YKasaTe/AMK H MUTEPAaTOpPaMH AJIs COOTBETCTBYIOIHX
THNOB KOHTeliHepoB. OAHOM 3TOH MPUYUHBL MOKET OKa3aThCA AOCTATOYHO AJIS TOTO,
YTOOBI IO3HAKOMHMTBCS € OTJIafloYHbIM pexkuMom STLport.

CalT Boost

B 1997 roay sasepurnica npouecc, mpuseAuyui K nossieHH0 MexIyHapoAHOTO CTaH-
Aapra C++. MHorne yyacTHuKi GBI/ Pa304apOBaHbI TEM, YTO BO3MOXKHOCTH, 32 KOTO-
Pble OHH BEICTYTIAIH, He TPOLIJIH OKOHYATeNbHET 0T60p. HexoTophie 3 3THx yyacTHH-
xoB 6bLnu unenamu camoro Komurera, moaTomy oHu pewnwin paspaboTarh 0CHOBY VIS
AOTIONHEHHA CTAHAAPTHO GHO/IHOTeK: BO Bpemsi BTOPOTO KpyTa CTaHAapTH3amH. Peay is-
TaTOM MX yCuJIMit CTaj caiiT Boost, KQTopHit O NPU3BAH <NIPEAOCTABUTEH HecIUaTHEIE
6ubmuorexu C++. OCHOBHOE BHUMaHHUE YAEJNAETCS MepeHoCHMBbIM OubInoTeKaM, Co-
oreerctylomum Cranaapry C++». 3a 3Toil 11€1B10 KPOETCH KOHKPeTHBIH MOTHB!

«ITo mepe Toro kax 6ubsnoTeKa BXOAMT B “OBCEAHEBHYIO NpaKTHKY", Bo3pacraer
BEPOSATHOCTD TOTO, YTO KTO-HUOY/Ib IpenioxKuT ee Anst 6yAymeit cranaapTusanmu. [Ipe-
nocrasjienue 6ubAHOTEKH HA caliT Boost.org ABNseTCs OMHUM K3 CIIOCOGOB CO3aHMs
“noBceAHEBHOM MpPaKTHKU"...»,

Wnauve rosops, Boost mpezasaraercs B KauecTse MEXaHH3Ma, TOMOTAIOILETO OTAEKTD
MJIEBEJIBI OT 3ePeH B 00JIaCTH MOTEHIMATbHbIX AOMOMHEeHHH CTAHAAPTHON OMGIHOTEXH
C++. Biostne nocroitnas MUCCHS, 3aCIyKMBAIOIIAA HalIed 61aro apHOCTH.
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TaxsKke cTOMT 06paTHTh BHEMaHHE Ha N0A60pKy GHOIMOTeK, HaxOAAIMXCA Ha caliTe
Boost. §I Be cTaHy ONHCHIBATH €€ 3AeCh XOTs OBI OTOMY, YTO K MOMEHTY BHIXOAa KHUTH
Ha caiiTe HaBepHAKA MOABATCA HoBble Gubmorekn. [l mons3osateneit STL ocobrii
HHTepec NpPeACTABAA0T ABe 6ubnauorexu. [lepsas copepxut mabiox shared_ptr, ym-
HEIH YKa3aTellb ¢ TIOACYETOM CCHUIOK, KOTOPBIH B OT/HYHe OT yKasaTeJs auto ptr u3
cranapTHO#M GubIHoTeXH MOXeT XpaHuTheA B KoHTeliHepax STL (cM. coper 8). Bu6-
JIHOTEKa YMHBIX yKa3aTesiell TakxKe coiepskuT 1abioH shared_array, yMHEBIH yKa3aTelb
€ NOACYETOM CCHIIOK AJst paboThl JUHAMMYECKHMH MACCHBaMH, HO B coBete 13 BMecTO
AnHAMHYECKHX MaCCHBOB PEKOMEHAYETCH HCIIOIB30BaTh KOHTEHHepH vector u string;
HA/IEOCh, MPUBEACHHBIE APFYMEHTBI MOKAXKYTCSA BaM YOeAUTeIbHBIMH.

Noxnounuku STL Takxke oueHar 6oraTelil acCOPTHMEHT OMOIHOTEK, COMEPHKALIHX
06beKTH! pyHKIHN 1 APYTHE BCIOMOTraTeIbHbe CPEACTBA. B aTuX 6UB/IHOTEKaX 3aHOBO
CTIPOEKTHPOBAHBI M PEAIM30BaHbl HEKOTOPHIE KOHIIETIHH, 3AI0)KEeHHEIE B OCHOBY 00DbeK-
toB (yHknui u anantepos STL, B peaysnbTate Yero GBUTH CHATH HEKOTOPHIE HCKYCCTBEH-
Hble OTPAHUYEHHS, CHIDKAIOIHE TPAKTHIECKYIO0 T0JIE3HOCTh CTAHAAPTHAIX DYHKTODOB.
B yacTHoCTH, NpH MONBITKAX HCNOIB30BaTh bind2nd ¢ pyrkuuamu mem_fun nmem_fun_ref
(cMm. coet 41) Ans npuBsiaku 06bekTa K mapamMeTpaM QYHKIUH KJIAcCa BRISICHSIETCSL, 4TO
IpH Tepegade mapamerpa Mo cCbLiKe KOfI, CKOpee BCETo, KOMIMIKHPOBATheA He Gyaer.
AHaNOTHYHEBIN pe3yabTaT AOCTUTAETCH UCTIOMb30BaHHeM notl u not2 ¢ ptr_fun u dyrk-
nuedt, mostyyaometi mapamerp no ceplike, [Ipuyuna B 06oux CIyYasx 3aKII0YAETCH B TOM,
4TO B IIpoliecce Crenuanudaiuy maéaona Muorue miardopmbl STL reHepupyior «ccoli-
KY Ha CChUIKY», Ho B C++ Taxas KOHCTPYKIIHs 3anpeilieHa (B HacToAmee Bpems Komu-
TeT [10 CTAaHAAPTH3AI UK PACCMATPUBAeT BO3MOXKHOCTE BHECEHUsI H3MeHe uit B CTaH-
AapT AJA pemenus 3Tod mpobaemer). [Ipumep mpobiieMbl «CCHIIKH HA CCRLIKY»:

class Widget {

pubtic:
?nt readStream(istream& stream); /7 OyHkuum readStream
// napameTp nepepaeTcs
I // no ccenke
vector<didget* > ww:
:For_each( // bonbwrHcTeo nnathopm STL
vw.begin(),vw.end(), // npu 3TOM BH3OBE

bind2nd(mem_fun(&Widget: :readStream).cin) // nuTaeTcs creHepupoBath
}: // CCbUTKY Ha CChINKY.
// ®parmeHT He Komnunupyetcal

O6bekTs Gyrkuuit Boost pemalor aTy u MHOTHE ApyTHe IMpobJieMbl, a TakKe 3Ha-
YHTEJBHO TIOBHIIAIOT BEIPA3HTENbHOCTb 06heKTOB DyHKIHIA

Ecuiu BB HHTEPECYETECH MOTEHIIHATEHEIME BO3MOMKHOCTAME 061eKTOB (hynkuuit STL
H XOTHTE NO3HAKOMHTBCS ¢ HUMH 10OJIIKe, IocKopee moceTHTe caift Boost. Eciu ofbek-
Thl (DYHKUUIT BAC MYTAIOT H BBl CYMTAETE, UTO OHM CYIIECTBYIOT TOJIBKO JJIS YMHPOTBO-
peHHsA MAJIOYHCIEHHBIX aoJIoreToB Lisp, BEIHYKIEHHBIX MpOorpaMMupoBarh Ha C++,
BCe paBHO MoceTure caiir Boost. Bubanorexu 06bextos dynxnuii Boost paskusl, Ho oHz
COCTaBJIAIOT JIMIIb MJIYIO YACTh Node3nol urdopManuy, Haxoasmeics Ha cafite.
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B kxuure nmeoTcs ccbutku Ha GOJIBIIMHCTBO My 6 IHKALKI, TIePeYHCTEHHBIX HUXKE, XOTS
MHOTHE CChUIKHM MIPHCYTCTBYIOT JIUIIb B pasfelie «Baarogaproctus. [ly6auxaunu, Ko-
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BOJAUTE KX B 9TOM pasfiene. B urore 51 pewnn, uto naxke ecaim URL craner neneticTp-
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J1oKanbHbIE
KOHTEeKCThbI

B cosere 35 npuBe/ieHa peayu3sallus CPaBHEHUS CTPOK Oe3 yyeTa PericTpa CHMBOJIOB
C IpHMeHeHKeM anTopuTMOB mismatch u lexicographical_compare, HO B HEM TaKXxe
yKa3aHo, YTO TOJHOIEHHOE PENIeHHE A0/DKHO YYHTHIBATh JoKalbHE KoHTekeT. Krnura
nocesiuiera STL, a He BolipocaM HHTEPHALHOHAIM3ALHH, TO3TOMY JIOKAIbHBIM KOHTEK-
craM B Helt He Hamoch MecTa. Tem He menee, MaTt OcrepH, aBTOp KHUTH «Generic
Programming and the STL» [4], moCBSATH 3T0# TeMe CTaThio B MAHCKOM HOMEDE Kyp-
nHana «C++ Report» [11]. TekcT aTo#t cTarbi NpHBEAEH B HACTOSALIEM IPHJIOKEHHH.
A 6naronapen Matry u dupMe 10icommunications 3a TO, 4TO OHH pa3pelIHIH MHE
aTO CAeNaTh.

CpaBHeHue cTpok 6e3 yyeta permcrpa CMMBOMOB

Mart Ocrepn

Eciu BaM Koraa-nm6o A0BOAWIOCH MHCATh MPOTPAMME, B KOTOPBIX HCIIOIB3YIOT-
A ¢TPOKH (a KOMY, CIpPAlIHBAETCS, He AOBOAKI0CH?), CKOpee BCETO, BBl BCTPEYAIHCDH
¢ THOHYHOM CHTYailuei — JBE CTPOKH, Pa3JIHYAILIHECT TOJBKO PETHCTPOM CHMBOJIOB,
AOJUKHBL 6bLIH HHTEPIPETHPOBAThCS KaK paBHbIe. B aTux ciayuasx rpeGoBanocs, 4yto-
GBI Orepailuyu CpaBHEHHS — NpOBepKa PaBeHCTBa, GoJibliie-MeHblle, BeliesIeH e TIOA-
CTPOK, COPTHPOBKA — HTHODHPOBATH DETHCTP CHMBOJIOB. IIpOrpaMMHCTEL O4EHB YacTo
CNPAIIKBAIOT, KAK OPraHU30BATh MOZOOHBIE ONEPAIMH CPeCTBAMHU CTARAAPTHOH 6nb-
suoTexu C++. Ha aToT Bonpoc cyiecTByeT orpoMHOe KOJIHIeCTBO OTBETOB, MHOTHE H3
KOTODBIX HEBEpHBL

[Ipexae Bcero HeobOXOAMMO U30ABMTECS OT MBICJH O HANMHCAHWK KJIACCa, CPABHKBA-
1omero crpoku 6e3 ydera perucrpa. Jla, ¢ TexHrYecKoit TO4KK 3peHus T0 Oojlee Wk
MeHee Be3MoXnO. THI std: : string cTanAapTHOI 6ubaHOTEKH B AeiCTBHTENLHOCTH AB-
JseTcs CHHOHUMOM AJA THNa std::basic_string<char,std::char_traits<char>,std::
allocator<char> > Onepanuu CPaBHEHHS ONPeAS/IAIOTCA BTOPEIM ITapaMeTpoM; Mepe-
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llaBasi BTOpOi MapaMeTp ¢ nepeonpeieeHHBIMH OTIEPAIHAMH «PAaBHO» M <MEHBIIEY,
MOJKHO CreluanH3upoBarh basic_string Takum ofpasom, 4To onepauuu < u == 6ynyT
HTHOPHPOBATh PETHCTP CHMBOJIOB, Takoe pellleHre BO3MOXKHO, HO MIPa He CTOMT CBed.

o Bu:t He cmodkceme ebinonnsams onepauuy §8oda-gvieoda unu 31o norpedyer 6015~
HIMX AOMOJIHUTEIBHHX Xa0noT. Kiaccsl BBOAA-BEIBOAA CTAHAAPTHO# 6ubinoTe-
xu (Takue kak std: :basic_istream u std: :basic_ostream) cenuanusupyIoTCs Mo
ABYM HadaIbHBIM MapaMerpam std::basic_string (a std::ostream Bcero jume
SIBJIAETCS CHHOHMMOM Ji1 std: :basic_ostream<char,char_traits<char> =).Ilapa-
MeTPHI XapakTepHCTHK (traits) KomkHE coBnanaTh. Eciu BB HCTIOIB3y€TE CTPO-
Ku tuna std: :basic_string<char,my_traits_class>, To st BEIBOAA CTPOK AOKEH
HCTIONB30BaThes THIL std: :basic_ostream<char,my_traits_class>. Cranaaptusie
HOTOKH Cin | cout A5 3TOH e He NOZCHIYT.

» Hamopuposanue pezucmpa CUMBON0E S6AREMCA He ceolicmeom obvexma, a nuuty
KOoHmeKcmoM €20 UCNoNb3oearusa. BromHe BOZMOXKHO, YTO B OJHOM KOHTEKCTE
CTPOKH AOJUKHEI HHTEPIPETHPOBATECA C YYETOM PerucTpa, a B APyroM KOHTEK-
CTe PETHCTP AOKeH HTHOPHPOBATECS (HAPUMeD, NIPH YCTAHOBKE COOTBETCTBY-
IOLIETO PesKHMa MOJIB30BATENEM ).

s Pewenue e coomsemcmeyem xanonam. Kmace char_traits, xax u Bce KJ1acchl xa-
PaKTEPHCTHK', MPOCT, KOMMAKTEH U He COAePKUT nHbopManuu cocTosHuA. Kak
GyAeT mokasaHo HUXKe, MPaBHJbHAS peaIH3ailusl CPaBHeHuit 6e3 ydeTa perucTpa
He OTBeYaeT Hi OHOMY U3 3THX KPHUTEPHEB.

s Imozo eoobue He docmamouno, [laxe ecsiu Bce GhyHxuuu basic_string 6yayr
HI‘HOPHPOB_&TE pEI'HCTp, 3TO HUKaK He DTpB.SHTCH Ha HCIIOJb30BAHHUH BHEITHHX
06001EHHBIX AITOPUTMOB, TAKHX Kak std: :search u std: : find_end. Kpome Toro,
TaKoe peuleHue rnepecTaet paboTaTh, ECIH MO coobpaxeHusIM a(dexTHBHOCTH
nepeiTH 0T KOHTelHepa 00beKTOB basic_string K Tabmne CTPOK.

Boitee npasuiipHoe pelrenre, KOTOpoe JIydille COOTBETCTBYeT apXUTeKTYPe CTaHAapT-
HOif 6HOIHOTEK Y, 3aKJII04AETCS B TOM, YTOOB KTHOPKXPOBATh PETHCTP CHMBOJIOB TOJIb-
KO B TeX CJIy4asix, KorAa 31o AeficTBuTenbHO Heobxoaumo. He crout Bodurhes ¢ Taku-
MH QYHKITHAMH KOHTeiiHepa string, xax string: :find_first mru string: :rfind; onu
JMIE AYGAUPYIOT QYHKIMOHAIbHBIE BO3MOKHOCTH, YKe MOAAEPXKHBAEMbIE BHENIHH-
MH 06001eHHBIMHE anTopuTMamMu. C APYToit CTOPOHDI, AITOPUTMEI 06/IaIAl0T AOCTATOM -
HOIf THOKOCTBIO, YTO TIO3BOJISIET PEATH30BATh B HUX MOMNEPXKKY cpaBHeHHH cTpok He3
ydeTa peructpa. Hanpumep, 4To65I OTCOPTHPOBATEH KOJLIEKLHIO CTPOK Ge3 ydeTa peruc-
TPa, AOCTATOYHO NEPEAATh AITOPUTMY NPABUJILHBINA 00BEKT (PYHKIMH CpaBHEHUS:

std::sort(C.begin(}, C.end(),compare_without_case);
Hanucanuio takux 065eKTOB 1 MOCBSIIEHA 3TA CTAThS.

lNepBas nonbITKa

CyuiecTByeT HECKOJIBKO CIIOCOGOB YNOPAAOYERUS CJIOB 10 alaButy, 3aiiiure B KHHX-
HBIH MarasuH K IMMOCMOTPHTE, KaK pacCTaBJICHBI KHHI'H Ha ITOJIKax. HpEJJLHECTBYET JIH HMA

! Cwm. craToio Anexcanapecky A. (Andrei Alexandrescu) B maiickom Homepe «C++ Reports aa 2000 r. [19].
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Mary McCarthy umenn Bernard Malamud nmm crenyer nocie nero? (B aedicturesn-
HOCTH 5TO JIHIITb BOTIPOC MPHBBIYKHE, 51 BCTpedasl 00a BapuaHTa.) Bripouem, mpocrefimmi
crocob CpaBHERHst CTPOK XOPOLIO 3HAKOM HaM IO MIKOJIe: pedb UAET 0 JeKcHKorpadu-
4EeCKOM, HJIH «CJIOBAPHOM», CPABHEHHH, OCHOBAHHOM Ha MOCIEA0BaTeIBHOM CPABHEHHK
OTAENbHEIX CHMBOJIOB ABYX CTPOK.

Jlexcuxorpaduyeckrii KpUTEpHIt CPABHEHUS MOXET 0Ka3aThCs HEMOAXOAALIMM /151
HeKOTOpHX crnenududeckux curyauuil. Boiee Toro, exunoro xputepus BoobIre He
CYIIECTBYET — HanpHMep, HMeHa Jofeil u reorpacdhryeckue Ha3BaHUS HHOIZA COPTH-
PYIOTCSI 10 pa3HbIM KpuTepusM. C Apyro#t CTOPOHEL, B GOJIBIIHHCTBE CJIydaeB JIEKCH-
KorpadHyeckHil KpuTepHil MOAXOAHUT, II03TOMY OH OBbLI 3I0XKEH B OCHOBY MeXaHH3Ma
cTpoxoBbiX cpaBreHuit B C++, CTpoka npeacTasaseT cofolt mociaeaoBaTesasHOCTh CHM-
BosioB. Ecitu 06bexTs! X B ¥ oTHOCSATCS K THITY Std: : string, To BEIpaskeHHe X<y 9KBHBa-
JIeHTHO BRIPAKEHRIO

std: :lexicographical_compare(x.begin{).x.end().y.begin(}.y.end())

B npuBenenroM BbIpazkeHHH aNrOPHTM lexicographical_compare CpaBHKB2€ET OTAEINb-
Hbl€ CHMBOJIBl OIEPATOPOM <, OAHAKO CYINECTBYET Apyras BepcuA lexicographical_
compare, MO3BOAANIIAA 3a7laTh NMOJb30BaTEAbCKUN KPHTEPHI CPaBHEHUA CHMBOJIOB.
Ona BbI3BIBAETCS C MATHIO APIYMEHTAMM BMECTO 4YeThIpeX; B TOCJeAHEeM apryMeHTe
nepefaercst 00beKT YHKIMH, ABOKYHBIA IPEAHKAT, ONpeLeAIoLEil, KaKoi H3 AByX
CHMBOJIOB TIpefLIecTByeT ApyroMy. TakuM o6pa3om, AJs CpaBHEHUS CTPOK He3 yyera
perucrpa Ha Oase Texicographi cal_compare A0CTaTOYHO OOBEAHHHTD 3TOT ANTOPHTM
¢ 06BeXTOM (YHKIIMH, MTHOPHPYIOLIHM Pa3/iudus B PETHCTPE CHMBOJIOB,

PacnipocTpaHeHHBIH MPHHIMI CPABHEHHS ABYX CHMBOJIOB (€3 yYeTa PerucTpa 3a-
KJIO4aeTcsi B TOM, 4To6BI mpeoOpa3oBarh 0ba CUMBOJA K BEDXHEMY PETHCTPY M CpaB-
HUTb pe3yJibTaThl. HuKe MpuBeaeHa TpuBHanbHas (GOPMYIHPOBKA 3TOM MAeH B BUAE
obbexta pynkuun C++ ¢ HCMONB30BAHHEM XOPOUIO M3BECTHOM (yHKIMH toupper u3
cTaHaapTHol 6ubnuotexu C:

struct Tt_nocase
:public std::binary_function<char,char,bocl>{

bool operator()(char x.char y) const{
return std::toupper(static_cast<unsigned char>(x))<
std::toupper(static_cast<unsigned char>(y)):
}

}:

<Y Kaxa0l cI0XKHOM 33124l eCTh PeleHHe IPOCTOE, 3JIETAHTHOE H... HEMpPaBUIb-
Hoe.» ABTopbl KHHT C++ 060Kal0T 3TOT KAAce 34 MPOCTOTY M HAIJSAHOCTD. S Toxke
HEOAHOKPATHO KCIIOJIb30Ball eT0 B CBOKX KHHraX. OH MOYTH NpaBHJIeH, H BCe-TaKH He
COBCeM, XOT$ HeloCTaTOK BeChMa HeTPHBHAUIEH.

Citeayronuit npuMep BHISIBJISIET STOT HEAOCTATOK:

int main()

n

const char* s1 = "GEW\334RZTRAMINER":
const char* s2 = "gew\374rztraminer":
printf("sl=ks. s2=%s\n",sl.s2);
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printf(“sl<s2:%s\n",
std: :1exicographical_compare(sl,sl+14,s2,s2+14,1t_nocase())
?"true”:"false");
}
IMompobyiiTe 3anycTuTs aTy mporpaMmy B csoeil cucreme. Ha MoeM KOMIBIOTepe
(Silicon Graphics O2 ¢ cucremoit IRIX 6.5) pesysbTar BHIJIALEN TaK:

s1=GEWURZTRAMINER , s2=gew(irztraminer

sl<s2:true

CrpanHo... Passe nipn cpasrenuu 6e3 ydeta peructpa <GEWURZTRAMINER»>
¥ «gewiirztraminers He J0/DKHBI ObITH paBHBIME? U elne Bo3MOXeH BapuaHT ¢ HeGOJIb-
uroit MogudUKalued: ecau nepel KOManzoi printf BCTABHTE CTPOKY

setTocale(LC_ALL."de");
Pe3yNbTAT HEOKHAAHHO H3MEHAETCH:

S1=GEWURZTRAMINER, s2=gewiirztraminer

sl<s2:false

3ajaua cpaBHeHUs CTPOK 6e3 yueTa perucTpa CI0XKHEE, YeEM KayKeTca cHauana. Pabo-
Ta 3JIEMEHTAPHO Ha NEPBBLi B3LJIS HPOrPAMMBI B OTPOMHOI CTENIEHH 3aBHCHT OT TOTO,
0 94E€M MHOP'HC M3 HaC NMpeANOYIK 6H 336{:1'['{). Peun HIET O JOKAJIbHOM KOHTEKCTE.

JIoKanbHbIA KOHTEKCT

CuMBONBHEII THII char B AeHiCTBUTENBHOCTH NPEACTABJISIETCS CAMBIM OOBIYHEIM 1E/TEIM
YUCIOM. DTO YHCIIO MOXKHO HHTEPIPETHPOBATH KaK CHMBOJI, HO TaKast HHTEPIpeTar|us
HH B KOEM CJIy4ae He SIBJISIETCSI YHUBepCANBHOH, UTo J0/MKHO COOTBETCTBOBATE KOH-
KPeTHOMY YHCly — 6yKBa, 3HaK MPEMUHAHUS, HeTledaTaeMblil YIPaBJIsIOmMi CHMBOJI?

Ha sToT BOmpoc HeBO3MOXKHO AaTh OAHO3HAYHBIH 0TBeT. BoJee Toro, ¢ TOYKH 3pe-
Hust 6a30BbIX A3bIK0B C ¥ C++ pasiuyus MeKy STHMU KaTerOpHAMH CHMBOJIOB HE TaX
YK CYLIECTBEHHB! ¥ HPOSIBJIAIOTCS JIKIIb B HEKOTOPHIX OMOIMOTEYHBIX GYHKIMAX: Ha-
npuMep, GyrKwus isalpha nposepsier, siisieTcst i1 cuMBoJ OykBoit, a hyHKius toupper
IIePEBOAUT CHMBOJIbI HHKHETO PETHCTPA B BEPXHHIT DETHCTP M OCTaBJISET He3 uameHe-
HUi1 GYKBEI BEDXHETO PETHCTPA M CHMBOJILI, He siBJisiomuecs 6yksamu. [logo6Has Kiac-
cH(HKAIUA CHMBOJIOB OIPeeJIAeTcsl 0COOEHHOCTAMM Ky IBTYPHOM U JIMHTBUCTHYECKOK
cpeasl. B anriuniickoM si3sike JefCTBYIOT OZHM IPABKIIA, TI0 KOTOPEM GYKBEHHBIE CHM-
BOJIBI OTJIMYAIOTCA OT <He OyKBeHHBIX», B LIBEACKOM — Apyrue u T. A. [Ipeo6pa3sosatue
U3 HIDKHETO DETHCTPA B BEDXHHIT HMEeT OZIH CMBICI B IATHHCKOM andasure, ApyToi —
B KMPHJITHIIE, K BOOOLIE He HMEET CMBIC/IA B MBDHTE.

ITo yMoirdanuio QpyHknuu 06paboTKu CHMBONOB PaGoOTaAOT C KOAMPOBKOH, TIOIX0-
Asmel Qs NpocToro aHrnmiickoro Tekera. Cumson "\374' He uaMeHseTcsas PyHKIHeH
toupper, OCKOJIBKY OH He cyuTaercsi OyKBOH; B HEKOTOPBIX CHCTEMaX NIPH BBHIBO/JE OH
umeeT BuA Ui, HO ju1si Gubnuotednoi dbyukiun C, paboraomeil ¢ aHIIHIICKUM TEKCTOM,
ato HecymecTsenHo. B xoguposke ASCII net cumBona ii. Komanaa

setlocale(LC_ALL,"de"):

coobmaet 6ubmuoreke C o0 nepexoze Ha HeMelKKe MpaBuJia (10 KpaiHei Mepe B CucTe-
Me IRIX — uMeHa JIoKa/IbHBEIX KOHTEKCTOB He CTAHAAPTH30BaHE!). B Hemel koM sI3EIKE
eCTh CUMBOZ ii, 103TOMY (byHKIuUs toupper ipeobpaayer i s U.
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Y mo6oro HOpMaNLHOTO IPOTPAMMHKCTA 9TOT (PaKT BEI3BIBaeT obocHoBaHHoE Hecro-
xoiicTo. OKazblBaeTCs], TpocTast (PyHKIuS toupper, BEI3blBaeMast C OAHHM apryMeHTOM,
3aBHCHT ellle ¥ OT II06anbHON TepeMeHHOM — XysKe Toro, oT CKpbiToit riofanbHoit
NepeMeHHO#. DTO MPUBOAMT K CTAHAAPTHON npobiieMe: Ha paboTy GyHKIHM, HC-
noJIb3yIonIei toupper, TeopeTHIECKH MOXeT MOBIHATH N06as Apyras (yHKiUsA Bo Beei
HporpaMMe.

IIpu ucnosb3oBaHuK toupper A5 CpaBHEeHHs CTPOK Ge3 ydeTa perucTpa pesyJibTaT
MoxeT OBITh KaTacTpoduyeckuM. [IpennososkuM, y Bac AMeeTCs alTOPHTM, NOJIydal-
Ui OTCOPTHPOBAHHBIM CIIHCOK (CKaskeM, binary_search); Bce pa6oTaeT HOPMAIbHO,
KaK BJAPYT HOBBIH JIOKQJIBHBIH KOHTEKCT Ha XOAY M3MeHsET MOPSAAOK COPTHPOBKH.
Taxoii KoA He MOAXOMMT IS MHOTOKPATHOTO HCMob3oBanust. Bosee Toro, oH Boobme
e/1Ba JIi COCoBEeH IPUHECTH MPAKTHIECKYIO M0Jib3y. Ero Hesibast npuMenuts B 6ubuo-
Texe — OMOIHOTEKH HCTIOMb3YIOTCH MHOMKECTBOM DasHBIX IPOTPaMM, He TOJIBKO TEMH,
KOTOpbIe HUKOTAA He BRI3BIBA0T QyHKIHIO setlocale. BoamokHo, BaM yaacTes npuMe-
HHTb €T0 B KaKoi - HHAY b 60b1I0I IPOTpaMMe, HO 3TO IPHBOAMT K ipobiieMaM compo-
BoxaeHust. Bo3MOXHO, BAM yAacTCst IIPOCIIEARTD 3a TEM, 4TOOBI BCE OCTAIbHBIE MOAYIH
He BHI3BIBANH set]ocale, HO Kak IPeJOTBPATHTE BEI30B Set1ocale MOAYJEM, KOTOPLILE Mo-
SBHTCS TOJIBKO B CEAYIOIEeH BEpCHH IPOrPAMMEL?

B siapixe C npuemiiemoro peurenust 3toi npodieMsl He cyiecTryer, Bufnmuortexa C
HCHOJb3YeT eAHHCTBEHHBIH NOKATBHEIN KOHTEKCT, H C 3THM HHYErQ He MOZEeNAelllh,
Pemenne cymecTsyer B A3bike C++.

JlokanbHble KOHTEKCTbl B C++

B crannaprroil 6ubanorexe C++ JOKaTbHBIH KOHTEKCT He ABAfercs riobanbHol
CTPYKTYPO# AaHHBIX, 3aNpATAHHON Ile-TO B HeJApax peanusauuu OubanoTexn. ITo
obbexT THNa std: : Tocale, KOTOPHIH MOXKXHO CO3/aTh U MepeAaTh €ro APYTok PyHKIKH,
Kax jiio6oit Apyroii o6bext. IIpuMep cosnanus 06beKTa A1s CTAHAAPTHOTO JOKAJIBHOTO
KOHTEKCTA.

std::locale L = std::locale::classic();
JloKanbHbBIH KOHTEKCT HEMELKOTO A3bIKa CO3AaeTCA KOMaHAoH
std::Jocale L("de"):;

HMena soxa1bHEIX KOHTEKCTOB, KaK 1 B Gubinorexe C, He cTanAapTusoBanbl. Crin-
COK HMEH JIOKa/bHBIX KOHTEKCTOB, JOCTYMHHIX B Ballel peanu3aiuu, ciaefyeT MCKaTh
B JOKYMEHTAIIHH.

Jloxanpuble KoHTekcTl C++ gensArcsa Ha ¢acern (facets), cBs3aHible ¢ pa3HBIMH
acmeXTaMH HRTepHaUHoOHann3anun. [1a H3BredeHHs 3alaHHOTO (paceTa u3 00BEKTa
JIOKAJIbHOTO KOHTEKCTA HCTIOAB3YeTcs hyHKIHA std: :use_facet!l. Dacer ctype oTBeyaer

! Bunmanme: B mabnoue dpysxuun use_facet mapamerp mabroHa MpHCYTCTBYET TOMBLKO B THiTe BOIRpALLAE-
MOTO 3Ha4€HMsI, HO He B apryMenTax. [Ipu o6paleHus K HeMy MCIIONIBIYETCH A3BIKOBOE CPE/ICTRO, HAa3hiBa~
€MOE AaHbLM JA0aHUEH APYMERMO8 WafioKa, KOTOPOE He IIOUTEPKUBAETCS HEKOTOPEIMA KOMIW/IATOPaMH
C++, Ecoti Ba1I KOMITWJISITOP MPHHALEKHUT K HX YHCY, BO3MOKHO, AaBTOPbI Peau3aiui SUBITHOTEKH Mpe-
AycMoTpean 06Xo/Hoe pentente, KOTOPOE NO3BONISET HCITOJB30BATD Lse_facet APYruM crocoboM.
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3a KaccHbHKAINI0 CHMBOJIOB, B TOM YHCIe u mpeoGpasoBanus TNMa. Ecau cl 1 ¢2 o1-
HOCATCA K THIy char, ciieayronmit pparmenT cpaBHHBAeT Hx 6e3 yuera perucTpa Io npa-
BHJIAM JIOKAJIBHOTO KOHTEKCTa L,

const std::ctype<char>§ ct = std::use_facet<std::ctype<char> > (L):
bool result = ct-toupper(cl)<ct.toupper(c2};

[IpenycMoTpena ocobast cOKpalleHHas 3anmuce: std: : toupper(c,L), SKBHBATEHTHAS

std: :use_facet<std: :ctype<char> >(L}.toupper(c)

Hcnons3oparue use_facet CTOUT CBECTH K MHHHMYMY, MOCKOJIbKY OHO CBA3AHO C
3aMeTHBIMH 3aTpaTaMH.

Mo anasoruu ¢ TeM, Kak Jekcukorpauyeckoe cpaBHeHHe OKa3blBAeTCS HETOLXO-
ASIIUM B HEKOTOPBIX CUTYAIHAX, Mpeo(pa30BaHus CHMBOJIOB «0UH-B-0]HH»> TOXe I0-
AsTes He Beerfa (HanpuMep, B HEMELKOM sI3BIKe CHMMBOJI 3 HIDKHETO PETHCTPa COOT-
BETCTBYET NOCNEeA0BATEIEHOCTH «SS» B BepxHeM peructpe). K coxanenuio, cpeacTsa
npeoGpa3oBaHus perucTpa B CTaHAapTHRIX Oubauorexax C u C++ pabotaioT T0MBKO €
OTIEeNIbHBIMU CUMBOJIaMH. EC/I1 3T0 orpaHuyeHue Bac He yCTpauBaeT, PElleHHe CO CTaH-
JapTHHIMH 6H6IMOTEKaMH OTIIAZAET.

dacet collate

Eciu BH 3HaKOMBI ¢ JIOKaJIbHBIMH KOHTeKcTamu C++, BO3MOXKHO, BaM yike TIpRIIes
B TOJIOBY APYroii crocod cpaBHeHHs CTPoK. Y (acera collate, npeaHa3Ha4eHHOTO AJISA
HMHKAICYJISIIIHH TEXHUYECKHX ACNEKTOB COPTHPOBKH, BMeeTCs GYHKIHA, TIo KHTephelicy
BecbMa Onnskad K 6ubnuoteunoii pyrkuuu C stremp. CymecTByer Jaxe CrellHaIbHOE
CPeACTBO, YNpollalouee CPaBHEHKE IBYX CTPOK: AU 00beKTa JIOKAIbHOTO KOHTEKCTa L
CTPOKH X H ¥ MOTYT CPABHMBATBCS ITPOCTOM 3amuchio L(X, y), 4TO NO3BoJsAeT 000HTHCH
Ge3 XJIOTIOT, CBA3aHHBIX ¢ BBI30BOoM Use_facet u pyukuum collate.

«Knaccuueckuii» joKanpHBIH KOHTEKCT coepxkuT (acer collate, KOTOPHIA BIION-
HSET JIeKCHKOrpaguyecKoe cpaBHeHHe N0 aHANOTHHM C QyHKuKel operator< KoeTeiine-
pa string, HO Apyrue JOKaJIbHble KOHTEKCTH BBINIOJIHSAIOT CPaBHEHHE, PYKOBOACTBYACDH
CBOMMH KpUTepHAMHU. ECin B cCHCTeMe CyLIecTByeT IOKAIbHELA KOHTEKCT, 0becnednsa-
01t cpaBHEHKE CTPOK (€3 yueTa perucTpa A/t HHTEPeCYIOLIHX Bac A3bIKOB, BOCIIOJb-
ayiTech M. BO3MOXKHO, 3TOT JIOKIBHBIA KOHTEKCT Jaxe He GYAeT orpaHHYMBATBCS
IPOCTHIM CPABHEHUEM OT/JIE/IbHBIX CHMBOJOB!

K coxanennio, kakoit ObI CIpaBeAaHBOil HE OBLIA 3Ta PeKOMEHAIUS, OHA HHKAK
He IIOMOET TeM, ¥ KOTO HeT TaKHX JIOKaIbHEIX KOHTEKCTOB. Bo3aM0OXkHO, Koraa-HubyAb
B OyAymeM cTaHAAPTHOE MHOKECTBO TAKKX JIOKAIBHBIX KOHTEKCTOB ByAeT CTaH]apTH-
3MpOBaHO, HO celfdac HHKAKHX CTAHAAPTOB He cymecTeyeT, Eciu dyHKIHA cpaBHeHnsA
6e3 yueTa perHCTpa [UIs Batreil CHCTeMB! ellle He HATlMCAHA, BAM TIPUETCs! CAEATh 9T0
CAMOCTOSTE/IBHO,

CpaBHeHue CTpok 6e3 yyeta perucrpa

@acer ctype N03BOJIsIeT OTHOCHTEJIBHO JIETKO OPralU30BaTh CDABHEHHE CTPOK 6e3 yde-
Ta pErnucTpa Ha OCHOBE CpaBHEHHA OTACNEHBIX CHMBOJIOB. HpHBeﬂ,eHHaﬂ HHXE BEpCHA
HE OIITHMAJIbHA, HO IIO Kpaﬁﬂeﬁ MEpe OHa BEpHA. B neit HCTIONB3YETCA MPAKTHUYECKH TOT
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e MPHHIKIL, YTO U TPeXAe: CTPOKH CPABHHBAIOTCA alIropuTMoM lexicographical_
compare, a OTAEJIBHBIE CAMBOJIB CPABHUBAIOTCS MOCIE MPUBEACHHA K BEPXHEMY PETHCT-
py. Bripouem, na atoT pa3 BMECTO [N0GANBHOI NEPEMEHHON HCIIONB3YETCst 0OBEKT J10-
KaJbHOTO KoHTexcra. Keratu rosopsi, cpaBHeHue Mocye NpuBefeHHs 000HX CHMBOJIOB
K BEDXHEMY DETHCTDY He BCETAA AAET TOT K€ PE3YJIbTAT, 4To H Mocjie TIpHBEACHUA K
HuKHeMy perucTpy. Hanpumep, Bo dpasiyackoM A3bIKe B CHMBOJIAX BEPXHETO DETH-
CTpa MPHHSITO OMYCKATEh AHAKPUTHYECKHE 3HAKH, BCIEACTBHE Yero BEI30B toupper BO
dpanIy3CcKOM JIOKANTBHOM KOHTEKCTE MOXET MPHBOAUTD K MoTepe HHPOPMAIIHE: CHM-
BoJibl '¢' M 'e' mpeo0Opa3syloTcsa B OAMH CUMBOJI BepxHero peructpa 'E'. B atoM cayyae
TIpH CpaBHeHHH Ha Gase pyHKIMK toupper cuMBOEL 'é' M e’ GyAyT CYMTATHCS OAHHAKO-
BBIMH, 4 IIPDH CPaBHEHHH Ha Oase tolower onu OyyT cYHTaThCA pa3HbMA. Kaxol B3 o1-
BeTOoB npasuier? BeposiTHo, BTOpo#, HO Ha caMOM iejie BCe 3aBUCHT OT SI3LIKA, HALKO-
HJIBHBIX 0OBIYAEB K crieudHKH NPHIICKEHHS,

struct Tt _str 1
:public std::binary_function<std::string,std::string,bool>{

struct Tt_char{
const std::ctype<char=& ct;

1t_char{const std::ctype<char>& ¢):ct(c) {}

bool operator(){char x. char y) const {
return ct.toupper{x)<ct.toupper(y):
}
b

std::locale Joc:
const std: :ctype<char>& ct.

1t_str_1(const std::localed L = std::locale;:classic())
1loc(L}.ct(std: :use_facet<std::ctype<char> >(Toc)) {}

bool operator(}(const std::stringd x. const std::string& y) const {
return std: :lexicographical_compare{x.begin().x.end(),
y.begin(},y.end(),
1t_char{ct)}:
}
I8
Jlannoe penrenue He CMTHMAIBHO; OHO paboTaeT MeAJIeHHee, YeM MOTAO Grl pabo-
tarh. IIpofeMa 4HCTO TeXHUYecKast: DYHKIMS toupper BLI3LIBACTCS B LHKNE, 8 CTaH-
Hapt C++ tpebyer, 4To6h! aTa HyHKIHs Gbliia BUPTYaIsHOH, HexoTophle ONTHMH3ATO-
PBI BEIBOAAT BLI30B BUPTYaIbHOH QyHKIMH U3 IIMKJIA, HO YaLle 3TOr0 He MPOHCXOIHT.
ITuK/im4yecKue BEI30OBE BHPTYATbHBIX (DYHKIHH HeXKeNaTeIbHEL
B nannoMm ciyyae TPMBHATBHOTO PellIeHUs] HE CymiecTByeT. Bo3HuKkaeT coba3hu-
TeJIbHAst MBIC/TE — BOCIIOJIb30BAThCS OAHOM 13 (YHKIHH 06beKTa ctype:

const char* ctype<char>::toupper(char* f, char* i) const

OTa QyHKIHA H3MEHAET PETHCTP CUMBOJIOB B uHTepBaie [f,1]. K coxanenno, mis
Haummx ueneit aror unrepdeiic He noaxoaut. YTobb BOCTONB30BATECH 3TOMH (DyHKIHel
Ansi CpaBHEHHUS ABYX CTPOK, He0OXOAMMO CKOMHPOBaTh 06e CTpokH B Gydepsl 1 3aTeM
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npeo6pa3oBaTh HX COAEPKHMOE K BepxHeMmy peructpy. Ho oTkyAa Bo3pMyTCs 3TH
6ydepnr? Onu He MOryT 6BITH MacCHBaMHK (DHKCHPOBAHHOTO pa3Mepa (HEeM3BECTHO, Ka-
KHM J0/DKeH OBITh MAKCHMAIBHBIA paaMep ), a AnHAMHudeCKHe MAaCCHBBI MOTPeGyIOT Ao-
POTOCTOALLETO BHIAEIEHHS TIAMSITH.

AnbTepHaTHBHOE pelIeHte 3aKII04aeTCA B OQHOKPATHOM ITpeofpa3oBaHHK KaXKA0-
TO CHMBOJIA C K3NIHPOBAHKEM Pe3yJibTaTa. TaKoe pelerne HeAOCTATOYHO YHUBEPCAIb-
HO — B YaCTHOCTH, IIPH MCNOJb30BaHuH 32-paspsaueix cumsonos UCS—4 ono abeo-
moTHO HepaboTocnocobHo. C Apyroi cropoHsl, npu paGoTe ¢ oM char (8-paspsaaHbIM
B BOJIBIIMHCTBE CHCTEM ) BAes XpaHeHusi 256 GaliT AONONHUTENbHBIX JAHHBIX B 00BEK-
T€ (DYHKIMH CPABHEHHS BBITJISAUT BIIOJIHE PEANIbHO.

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];
}
}:

char tab[CHAR_MAX-CHAR MIN+1]:

1t_str_2(const std::localek | = std::Tocate::classic()){
const std::ctype<char>& ct = std::use_facet<std: :ctypeschar> >(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));
1

bool operator()(const std::string& x, const std::stringd y) const {
return std::lexicegraphical_compare(x.begin().x.end(},
y.begin().y.end(},
1t_char{tab)};
)

)

Kax Bumvite, pasmyruus Mexay 1t_str_1u 1t_str_2 He Tax yx Beuku. B nepsom cIy-
uae 1cIonb3yercst 06beKT QYHKIME CDaBHEHNST CUMBOJIOB, HCTIOJIB3YIOIHIE (haceT ctype
HAIPSIMYIO, a BO BTOPOM cyiydae — o6beKT (PYHKIMM CpaBHEHMA ¢ Tabauueli 3apanee
BLIYUCTEHHBIX IPeobpasoBaHuii CHMBOJIOB K BepXHeMY perucIpy. Bropoe pemenue
YCTYIaeT NEPBOMY, €CH Co3/aTh 00BbEKT QyHKIMK T1t_Str_2, BOCIOJB30BATECA HM
AJIs CPaBHEHHA HECKOJMBKUX KOPOTKHX CTPOK H 3aTeM YHHYTOKHTb. C APYroii CTOPOHH,
npu o6paboTke 60nbIIHX 06BEMOB AaHHBIX 1t_str_2 paGoTaeT 3HAYMTENBHO GHICTpee
Tt_str_l. B Moux TecTax npeBocxoAcTBO ObII0 Gosiee YeM ABYKPATHBIM: TIPH HCHOJIB30-
BaHuu 1t_str_l coprupoBka cnucka u3 23 791 cnosa 3ansna 0,86 cexynan, a Ipu uc-
nojb3oBaHuu 1t_str_2 nonano6miock ToMbKo 0,4 CeKyHAbL
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HWrak, 4To e Mbl y3HaIH?

e Kiacc cTpoxu Ges yuera perucrpa CHMBOJIOB Pealu3yeTcs Ha HEMPaBUIbHOM
yposHe abcTpaknnn. O6o6meHHble AITOpUTMBl CTaHAapTHOH Oubmuotexu C++
HapaMeTpPU3YIOTCsL, ¥ 3TOT (DAKT CIeAyeT HCHONB30BaTh.

¢ Jlexcukorpaduyeckoe cpaBHeHHe CTPOK OCYLIECTRJISETCS CPaBHEHHEM OTAENb-
HEIX cuMBosioB. Eciin y Bac uMeercst 06beKT QYHKIMH, CPABHHBAIOLIME CHMBO-
Jsibl 63 yuera perucTpa, 3aftada GakTHYeCKH pelleHa, a 3T0T 06beKT MOXKeT HC-
T0JIB30BAThCSL UIsI CPABHEHUS APYTHX THIIOB MOCJEN0BATeIBHOCTEH CHMBOJIOB,
TaKMX Kax vector<char>, crpokoBble Tabsuiisl uinn o6eraHble crpoku C.

e 3anaua cpaBHeHHs CTPOK 6€3 ydeTa PericTpa cloKHee, 9eM KaXKeTCs Ha IePBHIH
B3rtsiA. OHa HMEET CMBICI JIMHTb B KOHKPETHOM JIOKATHHOM KOHTEKCTe, TIO3TOMY
06BeKT (PYHKIIMH CPaBHEHHMS IOJDKEH CoAepKaTh MH(POPMALKIO 0 TEKYILEM J10-
KaJIBHOM KoHTeKcTe. Eciii cpaBHeHue JOoJKHO GHITE ONTHMH3UPOBAHO MO CKO-
poctH, HanumikTe 00beKT PYHKIHH TaKuM 06pa3oM, YTOOE H3GEXKATh MHOTO-
KPaTHOTO BBI30Ba JOPOTOCTOSIMIMX oriepalluii ¢ paceramu.

ITpaBunbHOE CpaBHeHHe CTPOK Ge3 yuera cuMBOJIOB TpebyeT 6obinoro obbema py-
THHHOM paboThI, HO ¢e HeoBX0AMMO MPOAEIATh TOJIBKO oAMH Pas. Viu BaM, Kax u 60Jb-
LIMHCTBY KOJUIET, HE XOYETCsl AYMATh O JIOKAJIBHBIX KOHTEXCTax? Bripoyem, JeT necsts
Ha3a/l HHKOMY He XOTeJIoCh AyMaTb 06 «omubxe 2000 rogas. U Bce xke y Bac Gobiie
waxcoB 060NTH CTOPOHO# 3Ty npobieMy, eC/iH Balll JIOKAIbHO-3aBHCHMBbLiT KO ByaeT
€ CaMOTO Hayasla IPaBU/IbHO paboTaTs.



3aMeydaHus no
nosoay NaTgopM
STL oT Microsoft

B Hauane kHHry s BBEJ TePMHUH <IwiaTgopMa STLs>, 03Hava0MUI KOMOUEAIHIO KOH-
KPETHOTO KOMITWIATOPA M KOHKpeTHo! peann3aiuu STL. Pasnnune Mexny kKoMmuisi-
TOpoM K 6ubnoTekoi 0coGEHHO BaXKHO NPH HCTIOJB30BaHK KoMnuaaTopa Microsoft
Visual C++ Bepcuii 6 1 Huke (T0 €CTh KOMHMISTOPA, BXOAHBUIETO B KOMILIEKT HOCTABKH
Microsoft Visual Studio Bepcuit 6 u Huke), IOCKONBKY KOMIMAATOP HHOTAA CIIOCOOEH
Ha GoJtbiree, yeM npunaraemas peanusanus STL. B HacToAIeM MPHIIOKEHHH O CAHBL
BaXKHBIEe HeAocTaTKu cTaphix miatdopm STL ot Microsoft u npeamoxens: o6xoanse
pelIeHus, Aesaonine paboTy Ha 3THX IAaT(hopMax 3HaAYHTEIBHO Ooee yAOOHOM.

JanpHermuit MaTepuas ipeHa3HadeH A5 pa3paboTINKOB, MCMOIb3Y LUK Micro-
soft Visual C++ (MSVC) sepcuit 4—6. B Visual C++ NET nepeunciennsie npobne-
MBI OTCYTCTBYIOT.

LLlabnoHbl (pyHKUMM Knaccos B STL

JomycTuM, y Bac ecTd ABa BekTopa 00bekToB Widget, Tpedyercs cKonMpoBaTh 00 BEKTHI
Widget 13 0AHOTO BEKTOPA B KOHEN APYTOT0. 3aziada PEIIaeTes eTKO — J0CTATOYHO BOC-
TI0JIb30BAThCA HHTEPBANBHOM (PyHKIMER insert koHTeiiHepa vector:

vector<Widget> wwil,w2;

;wl.insert(le.end().vw2.beg1n().vw2Aend()): // TIpMCORAMHUTL K VWl KONMp
// ofverToB Widget W3 ww2

AH&JIOI‘H‘IH:{]O onepauH0 MOMXHO BBITIOHHUTD € KOHTEI?IHE]JaMH vector u deque:

vector<Widget> vw;
deque<Widget> dw:

\;w.'insert(vw.end(),dw.begin(),dw.end()): // TIpUCOBAMHMTL K VW KOMWI
// obvexTOB Widget n3 dw



MSVC sepeuit 46 217

OKa3bIBaeTCsl, 3TY OTIEPALMIO MOXKHO BHIIOTHUTH HE3ABUCHMO OT TOTO, B KAKHX KOH-
TefiHEpaxX XPaHATCSA KonupyeMble 00bekThL. [lofX0AAT AaKe HeCTaHAAPTHBIE KOHTEH-
HEpHI:

vector<Widget> vw:

list<Widget> Jw:

vw. insert(vw.begin(), lw.begin{},wv.end()};  // TlpUCOSAKTL K VW KONUIO

// obvexToB Widget m3 Iw
set<Widget> sw;

;w.insert(vw.begin().sw.begm().sw.end()).- // TpHcoepuTe K W Komnuio
// obvekToB Widget ua sw

template<typename T,
typename Allocator = allocator<T> > // Wabnon HeCTaHgapTHOro

class SpecialContainer {.}: // STL-coBMECTHMOrO KOHTEHHepa
SpecialContainer<Widget> scw:

vw.insert{vw.begin(),scw.begin(), scw.end()}; // MNpucoeauTs K vw KONMD
// obvexToB Widget w3 scw

[Moxo6Hasa YHUBEPCANBHOCTD 0O BACHSIETCSI TEM, YTO MHTEPBATbHAS DYHKIHS insert
KOHTefHepa range Boobiwe He siBisieTcsi pyHKiHel B 00LenpuHATOM cMbicae, ITo mab-
JIOH (DYHKIIHK KOHTeHHepa, CHEHATH3AH KOTODOTO C HPOUIGONbHbLM MUNOM Umepanio-
pa MopoXkAaeT KOHKPETHYIO HHTepBalbHY0 (pyHKuHIO insert. [List koHTeliHepa vector
wabiioH insert o6bssien 8 Cranaapre creayomuM o6pasoM:

template <class T, class Allocator = allocator<fs> >

class vector {
public:

template<class InputIterator>
void insert{iterator position, Inputlterator first. Inputlterator last):

I

Kasxzsrit cTaHAapTHEIH KOHTeHHEp A0J/DKeH MOANEPKUBATh WAOIOHHYIO BEPCHIO HH-
TEepBaIbHOI (DYHKIMH insert. AHATOTHYHEIE INAGIOHBI TAKKe O63aTENBHBI AJI HHTED-
Ba/NbHBIX KOHCTPYKTOPOB 1 JUIS HHTePBAIBHOMH (hopMsl assign (cMm. coser 3).

MSVC Bepcun 4-6

K coxanenuw, B peanusanuu STL, sxoasimelt 8 KOMIJIEKT NOCTABKH Bepcuii 4—6,
mrabiioHbl hyHKIHME He 06BbsBIs0TCH. Bub/mMoTexka usHauaipHO paspabaThiBaiach A
MSVC Bepcuu 4, a 3TOT KOMIIWIATOP, KaK ¥ 6OMBITHHCTBO KOMITHJIATOPOB TOTO BpeMe-
HH, He o6/azian noAAepkKoit mabuonos GyHKiuit Kaaccos. [Ipu nepexoge ot MSCV4
Kk MSVC6 moazepskka aTHX wabroHoB 6bU12 BKIIOYEHA B KOMITHIISTOD, HO BCAEACTBHE
cyAeOHBIX Aes, KOCBEHHO 3aTparuBaBiiux ¢hupmy Microsoft, 6ubamoreka ocrapaiach
NpaKTHIeCKH B HEU3MEHHOM COCTOSIHUH,
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[Tockoneky peanuzauunst STL, nocrasnseman ¢ MSVC4-6, npeanasragyanace s
KoMOusTopa 063 MoARepXKKH mabaoHoB PyHKIHH KJAcCoB, aBTOPEI GUGMOTEKH HMU-
THPOBAJIK 3TH 1a6JIOHbBL ¥ 3aMEHHIIH HX KOHKPETHRIMH (DYHKIMSAMH, KOTOPBIM IIPH BbI-
30Be MepefaBATHCh HTEPATOPHE KOHTelHepa COOTBETCTRYoIero ThMna. HanpuMep, ma6-
JIOH nsert GELT 3aMeHeH cyieayomelt byHKiuel:

void insert(iterator position. // "iterator" - Tun uTepaTopa

iterator first, iterator last); // ana HOHKpETHOro KoHTelHepa

JTa orpaHHYeHHas (PopPMa MHTEPBATLHBIX PyHKIHIH [T03B0JIsL/1a BHIIOIHATS HHTEp-
BaJIbHYIO BCTABKY K3 vector<Widget> B vector<Widget> wiu u3 1ist<int> B 1ist<int>, mo
cMenraHHbie onepainy (HaripuMep, BCTaBKa U3 vector<Widget> B Tist<Widget> uiu u3
set<int> B deque<int>) ne momaepxuBamuchk. Boee Toro, He MoazepxuBaiach Aae HHTEp-
BaJIbHasl BCTaBKa (a Takoke KOHCTPYHPOBAHHE MIIH assign) u3 vector<1ong> B vector<int>,
TOCKOJIBKY UTeparopsl vector<long>: : iterator u vector<int>::iterator oTHoCSTCS K pas-
HBIM THIIAM. B pesynbrate cenyommii GpparMeHnT, npUHUMaeMblil IPYTUMH KOMITHJIS-
TOPaMH, He KoMnuaupyercsa B MSVC4-6;

istream_iterator<Widget> begin(cin).end: // Co3paTe uTepaTops begin u end

// Ang yTenna ofvexTos Widget

/1 w3 cin (cM. coseT 6).
vector<Widget> vw{begin,end): // Npountate obvexTe Widget

// u3 ¢in 8 vw (CH. coseT 6);

/7 He KoMnmuaupyerca B MSVYC4-6!
Tist<Widget> w;

Tw.assign{vw.rbegin().w.rend()); /7 NpuceonTe Tw COAEpHUMOE VW
// (B ofpatHoM nopagke);
// He koMnunupyeTca B MSVC4-6!

SpecialContainer<Widget> scw:

scw. insert(scw.end(),Tw.begin().Tw.end()); // BcTasuTb B KOHEW SCw
// Konup obbexTos Widget uz Tw:
// ve Komnunupyetca s MSVC4-6!

Tax uro xe Aenars, ec/iu Bbl paGoTaete B cpene MSVC4—6? D10 3aBuCHT 0T Henob-
syemo#t Bepcur MSVC u Toro, BEIHYK/IeHBI JIM Bbl HCTIO/Ib30BaTh peann3auuio STL,
OCTaBJIAEMYIO BMECTe ¢ KOMITHJIATOPOM.

ObxoaHoe pelueHue ans MSVC4-5

Ewe pas nocMoTpuM Ha NpaBHJILHEINA KON, KOTOPHIH He KOMITHJIUDYETCA A pealnsa-
uuu STL u3 mocrasky MSVC4-6:

vector<Widget> vw(begin,end); // Oteepraerc peanuaaumei STL
// w3 nocTaskK MSYC4-6

1ist<Widget> Tw;

1ﬁ.assign(vw.rbegin().vw.rend()): /1 To we

SpecialContainer<Widget> scw:

;cw.insert(scw.end(),!w.beg1n().1w.end()): !/ To we
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HecMoTps Ha BHenTHHe pasjiMyus, Bhe/IeHHble BBI30BBI OTBEPTAIOTCA KOMITHIATO-
POM MO OAHOM 1 TOM Ke MPUYHHE: H3-3a OTCYTCTBHA Wad0HOB QYHKIMI Kacca B pea-
snaaiun STL. CooTBeTCTBEHHO H DellleH e BO BCeX CIIYyYanX OKa3hbIBACTCH OHUM U TEM
’e: 3aMeHa BRI30BOM COpY ¢ HTepaTopoM BeTakH (em. coset 30). Huske npuseseHs! 06-
XOAHBIE PelIeHH:A A5l BCeX IPHMEPOB, MPHBEZSHHbBIX PaHee!

istream_iterator<Widget> begin(cin},end:

vector<Widget> vw(begin,.end); /7 Co3flaTe ww KOHCTDRYKTOPOH

copy{begin,.end,back_inserter(vw)): // nO ymOMUaHwWo W CKONMpOBaTs
/7 8 Hero ofvexTel Widget w3 cin

Tist<Widget> Tw:

IT"w.C1ear(): /7 ¥nannTe M3 Tw cTaphie OObeKTH;
copy{ww.rbegin().vw.rend(). // CHOMMpPOBATL OBLEKTH W3 vw
back_inserter(1w}); // (B obpaTHOM nopapke)

SpecialContainer<Widget> scw;

Eopy(]w.begin().1w.end(). /7 Cronuposats obbekTs Widget
inserter(scw.scw.end())): // 13 1w B KoHel scw

51 pexoMeHAYIO HCIIOJIB30BATh 3TH 06XOAHBIE perneHus ¢ 6UBIHOTeKOl, BXOAAITEHR
B KoMIIeKT noctaBku MSVC4-5. C apyroit croponsl, 6yabTe BHUMATEIBHbI H He 3a-
6rIBaiiTE O TOM, YTO 3TH peleHus ABJIATCA obxodnsmu. Kak nokasano B cosere 5, an-
TOPHTM COpY MOYTH BCeLAa YCTYNaeT KHTEPBATBHOH (PYHKUHH KOHTelHepa, oaToMy
KakK TOJIKO TPeACTAaBUTCSA BO3MOKHOCTE 0OHOBHTD tatdopmy STL a0 Bepcuu ¢ noz-
AepxKol mabnoHoB QyHKIME KNacca, OTKaKHTECh OT HCNO/Ib30BAHHS COPY B TEX MeC-
Tax, IAie CIeA0BAI0 OBl KCIOJIB30BATh MHTEPBATbHbIE (DYHKIHH.

O6xoaHoe peluenune ana MSVC6

O6xoanoe pererne 13 NpeABAYIIETO pasaena HOAXOAUT | A1t MSVC6, Ho B aToM ciry-
4ae CymecTByeT i APYTok BapHanT. KoMnuwnaTops MSVC4-5 He obiananT noaHoneH-
HOl moadep:xxoit urabironos pyHKuM Kaacca, TO3TOMY OTCYTCTBHE THX WabI0HOB B
peanusanuu STL recymecrsenro. B MSVC6 aeno 06¢TOUT HHAYE, TOCKOMBKY KOMITH-
JISITOP 3Tl Cpeasl noanepxKuBaeT wabionsl QyHKimi kiacca. Taxum o6pa3oM, BO3HH-
KaeT eCTECTBEHHOE XKenaHue 3aMeHuTh peatnsanuio STL u3 nocrasku MSVC6 apyroit
peanusanueit ¢ mabyonamu GyHKUHIA KAaCCOB, NpeAnucaHHsIME CTaHIapTOM,

B cosere 50 yrnomunaiorcst cBoboaro pacrpocrpansiemsle peanmsanny STL ot SGI
u STLport; B cninckax noAepKHBaeMbIX KOMIIMIATOPOB 06eHX peantnsaluii ynoMHHa-
ercst MSVC6. Kpome Toro, Moxso npuoGpecty Hoselinryo MSVC-coMecTuMYI0 pea-
sm3aunio STL ot Dinkumware. Y KaXKz0ro uz 3THX BApHAHTOB eCTh CBOM JAOCTOHHCTBA
U HEJIOCTATKH,

Peanusamuu SGI u STLport pacnpoctpanaoTcs GecnjiaTHo, NO3TOMY Kakad-1160
odHuKATEHAA TOAKEPKKA B 3TUX CJAy4asX NONPOCTY OTCYTCTBYeT. BoJee Toro, mo-
cxonbKy peanusanuu SGI u STLport paccydTanbl Ha paboTy ¢ Pa3HBIMM KOMITUIATO-
paMu, BaM NPHAETCA JOMOJHUTENBHO HACTPOUTD HX JIs 0becriedeHust MaKCUMaTbHOTO
6rictponeiicaust 8 MSVC6. B yacTHocTs, MoKeT NOTpe6oBaThCA BKITIOYEHNE TOAAEPI-
Ku mabmonoB GYHKUMIT KJIACCOB — H3-3a COBMECTHMOCTH C GOJIBITNM KOIMYECTBOM
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pa3ubix KoMmmuiATopoB B SGI u/unu STLport a31a moanep:xa oTKAI04eHa 10 yMOJTda-
Hu0. BoaMoxkHO, Takke npuaeTcs no3aboTUThC 0 KOMIIOHOBKE ¢ APYTHMH OHOIHOTE-
kamu MSVC6 (ocobenno DLL), npocieaAuTs 3a HCMOJIB30BAHHEM COOTBETCTBYIOIIHX
BEPCHH AJISL OTJIANKH H T. [,

Ecsiz mogo6eble Bely Bac MyTaiOT HJIH BBl PYKOBOACTBYeTeCh MIPHHIKIIOM <«6ec-
TUIATHBIE IPOrPAMMBL 06X0AATCA CIIMITKOM AQPOTO%, PACCMOTPHTE aIbTEPHATHBHYIO pe-
anmuzaiuio STL ana MSVC6 or Dinkumware. Butiinorexa npoexruposanacs ¢ pacue-
TOM Ha MAaKCHMaJIBHYIO POCTOTY 3aMeHEl B Ha cooTBeTcTBHe Cranaapry. Peanusaims
STL u3 MSVC6 pa3pabarsipanack uMeHHO B Dinkumware, mosToMy BHOJIHE BO3MOX-
HO, 4TO HOBast peanusanus STL dedicmeumensvio JleTKo 3aMeHsAET OpuruHan, 3a Zomoj-
HuTebHOK HH(opManueit o peaytnsanusax STL or Dunkumware obpamaiitecs Ha caiit
komnauuu http://www.dunkumware.com.

HesaBucHMO OT TOTO, Ha KaKOW peayiv3aliy BBl OCTAHOBHUTE CBOH BEIOOP, BBI MOJIY-
upuTe HeyTo Oosburee, yem STL ¢ wabnoHamu GyHkuuit kraccos. B anbrepHaTHBHBIX
peasu3auMax 6yayT peureHsl mpobiembl coorserctBrusd Crangapty B Apyrux ofmac-
TAX — CKaXeM, OTCYTCTBHE 0ObsiBNIeHKA push_back B KoHTeliHepe string. Bonee Toro,
B BallleM PaclOopsKeHHH OKaKyTCA MoJe3Hble pactuuperds STL, B ToM uncie Xaumpo-
BaHHEIE KOHTeAHepH! (CM. COBeT 25) H 0AHOCBA3HEE CHCcKH (KoHTelHep s1ist). Peanu-
sauuu SGI u STLport Takxke cofepKaT MHOKECTBO HECTAHAAPTHHX KJIACCOB PYyHKTO-
PoB, Bovas selectlst u select2nd (cM. coset 50).

Ho naxe ecan Bl BBIHYAEHH paboTats ¢ peanusanueit STL us nocrasxn MSVCS,
caiir Dunkumware Bce xe crout noceturs. Ha neM nepeunciensl uapecTHele omubxu
B peanusaiuu 6ubauoTexn MSVC6 u npusesensl peKoMeHAAIMH OTHOCHTEIBHO TOTO,
KaK MOAHGHUUPOBATH HubNIHOTEKY AN COKpAIUEHHS € HegocTaTKoB. He crouT 1 ro-
BOPHTb, YTO PelaKTHPOBaHMe 3aT0I0BOYHBIX (haiinoB 6ubIMOTEKH — AE/I0 BECHMA PHC-
xoBaHHoe. Ec/ii y Bac BOHHKHYT MpoGJieMbl, He BHHHTE B HHX MEHS,
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