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[1peaucnosume

«...Ha neM ne 651710 nenrouxu! He Guu1o stpibikal
He 6510 kopo6xy U He 6b110 Melkaly

Hoxmop 3rocc, «Kax [pun yxpan Poxcdecmeos

1 Bnepsrie Hanucan o STL (Standard Template Library) 8 1995 roay. Mos kuura «More
Effective C++» 3aBepiasnack KpaTkuM 0630pom 6ubimoTtexu. Ho aToro oxasanoch He-
AOCTATOYHO, ¥ BCKOPe 5 HadaJl IIoJTy4aTh COOBLIEHHs C BOIPOCOM, KOoTAa OyAeT Hamnuca-
Ha xuura «Effective STL».

HeckonbKo JieT s COMpOTHBJIsICs 3ToM unee. CHayasa s1 He 061aal ZOCTATOYHBIM
onbitoM nporpamMupoBatusi STL u He cyuTas BO3MOXKHBIM AaBaTh coBeThl. Ho Bpemst
1710, ¥ Ha CMeHY 3Tol mpobJieme npuuuM Apyrue. BeccniopHo, nosiieHue 6ubMOTeKH
03HAYaJIO MPOPHIB B 061acTH 3 HeKTUBHON MacITaGUpyeMOit apXUTEKTYPH, HO B 06-
JIacTH ucnonvsosanus STL Bo3HUKAIM YHCTO TMpaKTHIECKHE MPoGJeMbl, HA KOTOPHIE
65110 HEBO3MOKHO 3aKpBIBATh IJ1a3a. AxanTaiust Jiio6bix nporpamm STL, 3a nckioye-
HHEM CaMbIX TIPOCTeRIIMX, GbLia CONPSIKEHA C MHOXKECTBOM MPobJieM, 4TO 06 BACHAIOCH
He TOJIbKO Pa3JIMYMSAMHU B Peaiu3allusiX, HO U Pa3HBIM yPOBHEM MOARepXKKy mabJio-
HOB KOMIHAATOPOB. ¥Y4yeOuuku no STL GbuIH peAKoCThIO, T03TOMY NMOCTHXKEHHE <20
nporpammuposanust B STL» okassiBanock 3afayeii HeIpocToi. A Kak TOJIBKO IIPOrpam-
MHMCT CIIPABJISJICS C 3TON TPYAHOCTHIO, BOBHHKAJIA [PYTast — MOUCK AOCTATOYHO MOJTHOK
U TOYHOM CIpaBOYHOMN AoKyMeHTanuu. Jaxe camas Mesikast oluGKa NPy HCIOJIb30Ba-
Huu STL conpoBoxkaaiach JaBHHON AUATHOCTHYECKUX COOOIIeHHI KOMITMIATOPA, AJIH-
Ha KOTOPHIX AOCTHIaa HECKOJIBKHMX ThICSY CHMBOJIOB, IpHYeM B GOJIBIIMHCTBE CIIy-
YaeB peyb lIJIa 0 Kjiaccax, GyHKIusIX u wabioHax, He YIOMHHABIINXCS B IPOTPaMMe.
[Ipu Bcem ypaxenun k STL u pazpaborumkam 310ii 6uGIHOTEKH 5 HE peliascs pexo-
MeHZ0BaTh ee MPOrPaMMHCTaM CPeAHeTo 3BeHa. 51 He ObL yBepeH B TOM, 4T0 STL Modkc-
1O MCTIOJIb30BaTh 3¢ deKTHBHO.

3areM s 3aMeTus HeuTo yAuBUTeabHOE, HecMOTpst Ha Bce MpobiieMBI ¢ TepeHOCoM
M CKBEPHOE KayeCTBO AOKYMEHTAIlMH, HECMOTPSI HA COOOLIeHNs] KOMITHJISTOPA, Halo-
MHHaBIIHe 6€CCMBIC/IEHHOE HATPOMOKAEHHE CHMBOJIOB, MHOTHE U3 MOUX KJIMEHTOB BCe
paBHo pabotanu ¢ STL. Bostee Toro, oHu He NpOCTO 3KCIEpUMEHTHPOBAIK ¢ 6ubino-
TEeKOH, a HCTIOJIb30BAJH €€ B KOMMEPYECKHX BepCUsIX ¢BouX mporpamm! [yt MeHst 910



10 nNpeaucnosue

6B110 OTKpOBeHHeM. 1 3Has, 4TO mporpaMmel, ucnosnbssyomue STL, oTmyanucs ase-
TAHTHOH apXHTEKTYpOH, Ho Jio6as 6ubiMoTexa, paju KOTopoil mporpaMMucT ao6po-
BOJIbHO O6pexas cebst Ha TPYAHOCTH C TIEPEHOCOM, Ha CKBEPHYIO JIOKyMEHTALMIO U He-
BpasyMuTeNbHEIE coobmeHnns 06 omubKax, Ao/kHa 6bl1a 061aaTh 4eM-TO 6o/bImHM,
yeM xopoluas apxuTeKTypa. Bee 6osbie mpodecCHOHAIBHBIX TPOrPAMMHCTOB IOJIara-
J10, 4TO Aaxke Mmoxas peanusaius STL yrydie, yeM ee MOJHOE OTCYTCTBHE.

Boutee Toro, s 3uan, yto curyanus ¢ STL 6yaer yiydmarscst. Bubnnoreku u xommnu-
JIITOPBI 6YAyT MOCTENEeHHO NpubImKaThesl K TpeboBanusam CranaapTa (Tak OHO U 6bLI0),
HOSIBUTCS KauecTBeHHas JOKyMeHTanust (CM. CIIMCOK JuTeparypsl Ha ¢. 203), a suarxo-
CTHKa KOMITHJISITOpa CTaHeT 6oJiee BpasyMuTeIBHON (B 3TOM 06/1aCTH CHTyallUs OCTaB-
JISleT XeJIaTh JyqIIero, Ho peKOMeHAaIMK coBeTa 49 MoMOryT BaM ¢ pacuugpoBKoit
coobenuit). B o6mem, 51 peurn BHecTH cBoIO JenTy B ABrkenue STL. Tak nosBumach
aTa KHura — 50 MpaKTHYeCKHX COBETOB Mo ucnonb3oBanuio STL B C++,

CHauyaia s HAMEPEeBaJICS HAMKMCATh KHUTY 3a BTOPYIO mosioBuny 1999 r. u faxxe Habpo-
caJI ee IPHMEpPHYIO CTPYKTypy. Ho IOTOM IUTaHb! M3MEHMIIKCH, st TPHOCTAHOBMII paGoTy
Haj KHuUTOM u paspaborai BBoAHEIA Kypc o STL, KoTophlil MpenofaBaicsa HECKOJIb-
KuM rpynnam nporpamMmuctos. [IpumepHo Yepes rofi s BEPHYJICS K KHUTe M 3HAYUTEJIb-
HO PacIIMpMJI MaTepuaj Ha OCHOBAHUH OMBITA, NOJYYEHHOTO 3a BpeMs Mpenoja-
BaHus. B KHure 5 mocTapajicsi 0CBETHTH MPAKTHYECKHE aCHEKThl IPOrPAMMHPOBAHHUS
B STL, ocobenHo BaxHbIe Ajisl TpodecCHOHATBHEIX IIPOTPAMMHCTOB,

Crxomm Jyenac Metiepc
Cmagppopo, Opezon
Anpenv 2001 e.
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3a roabl, KOTOpBIE MOTPE6OBAIMCH Ha TO, YTOOHI pasobpathcs B STL, pazpaborars yueb-
HbIA KYPC U HAIKCATh 3Ty KHHTY, S MOJIYYH] HEONEHUMYIO TIOMOIIb U MOANEPXKKY OT
MHOXeCTBa Jiogei. Xouy ocobo ormeruts Mapxka Pomkepca (Mark Rodgers), sesiuko-
AYIIHO TPEAJIOKUBIIETO MPOCMATPHBATh MaTepHabl yueGHOro Kypca Mo Mepe HX Ha-
nucanus. Ot Hero s y3Han 06 STL 6oublite, yeM or Koro-subo apyroro. Mapk Takxke
BBINOJTHSA QYHKIMM TEXHUYECKOTO PEAAKTOPa 3TOM KHHUIH, @ €ro 3aMe4YaHus H JI01oJ1-
HEHWs! TOMOIJIM YIYYIHUTD IPAaKTHYECKH BECh MATEPHAI.

JpyruM BBIARIOWIMMCSH UCTOYHHKOM uHGbOPManuu 6biin kondepeHuu Usenet;
nocsseHHble A3bIKy C++, ocobenno comp.lang.c++.moderated («clcm»), comp.std.c++
u microsoft.public.ve.stl. Crle gecsiTy jieT y4aCTHUKM 3THX U APYTHUX KOoH(pepeH-
IMii OTBEYAIM Ha MOM BONIPOCH! M CTABHJIM 3a]1a4H, HaJl KOTOPHIMH MHE IPUXOMIIOCH
aymarb. f riy6oxo 6staromapen coobwecrBy Usenet 3a momolus B paboTe Hag 3Toit KHU-
rofl 1 MOMMM TpeABIAYIIMMH My6uKausiMu o C++.

Moe nonumanue STL dbopMupoBaioch noa BIUSHUEM Psiaa MyOauKaiuid, caMbie
BXKHBIE U3 KOTOPHIX MEpeYucIieHs! B KoHIe KHUTH. Oco6eHHO MHOTO I0JIE3HOTO 5 10~
yepnHya u3 Tpyaa [Ixkocarruca «The C++ Standard Library» [3].

Wpaewn u nabmioaenus, U3 KOTOPHIX COCTOMT 3Ta KHHMTA, B OCHOBHOM MPHUHAMJIEXAT
APYTHM aBTOPaM, XOTS B Heli eCTh U Psil MOMX COOCTBEHHBIX OTKpHITUIL. 5 mocTapascs
1O BO3MOXXHOCTH OTCJIEAMTD HCTOYHHUKH, M3 KOTOPBIX OBLI MOYEPIIHYT MaTepHal, HO 3Ta
3ajiada o6pedYeHa Ha MpOBaJI, MOCKOJIbKY HHMOPMaIUs cOOUpaIach U3 MHOXKECTBA MC-
TOYHHKOB B Te4eHHE AOJITOTO MEpHoAa BpeMeHH. [IpuBeleHHBI HIKE CIIHCOK AATEKO
He TOJIOH, HO HUYETO JIy4lle NPeAI0KHATh He MOTY. YUTHTE, YTO B 3TOM CIIHCKe Tiepe-
4YHCIEHBl MCTOYHUKH, U3 KOTOPHIX £ Y3HABAT O TeX WJIH MHBIX HAESX U PHEMax, a He UX
HEPBOOTKPHIBATEH.

B cosete 1 3ameyanue 0 TOM, 4TO y3JI0BHE KOHTeHHEPH 00€CIeYHBAIOT JIydUIyIO
HOAAEPKKY TPaH3AKIIHOHHON CEMaHTHKH, II03auMCTBOBAHO 13 pazaeia 5.11.2 «The C++
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Standard Library» [3]. [Ipumep ucnons3aosauus typedef mpx u3aMeHeHUH THIIA pacipe-
AeJIUTENs MaMSTH B3 coBeTa 2 6bLn npeasnoxen Mapkom Pomskepcom. Coser 5 Baox-
HoBJieH cTaTbeil PuBca (Reeves) «STL Gotchas» [17]. B ocnoBy coBera 8 3aioxen
coser 37 xuuru Carrepa «Exceptional C++» [8], a Kesnun Xennu (Kevlin Henney)
PEAOCTABUII BAKHYI0 MHGOPMAILHIO 0 MpobJieMax, BOZHUKAIOIIHMX [IPH KCIIOJIb30BAHUH
KoHTeitHepoB auto_ptr. B xondepeniusax Usenet Mart Ocrepr (Matt Austern) mpe-
AOCTaBHJI IPUMEDPHI MCIIO/Ib30BAHUS paclpeiesiuTe el TaMsTH, BKIIOYeHHbIe MHOK
B coBeT 11, CoBeTt 12 ocHoBan Ha Matepuasax caita SGI STL [21], nocssimerubIx
NoTOKOBOI Ge3onacHoct. MndopManus o moacyere CCbIOK B MHOTOMOTOYHOH cpefie
u3 coBeta 13 moyepnuyTa u3 cratbu Carrepa [20]. Wnest cosera 15 Gbia moackasaHa
cratbeit Pusca «Using Standard string in the Real World, Part 2» [18]. Meroauka
HEMOCPeACTBEHHO 3aMKCH JaHHBIX B vector, MpoJeMOHCTPUPOBaHHas B coBeTe 16,
Obliia mpeayioxkena Mapkom PozmskepcoM. B coBer 17 GbLia BKoueHa nHGOpManus U3
Usenet, asTopst — Cumesn Hapan (Siemel Naran) u Kapsn Bappon (Carl Barron). Co-.
BeT 18 6511 mo3aumcTBOBaH u3 cratbu Cartepa «When Is a Container Not a Container?»
[12]. Ans cosera 20 Mapk Pomkepc npeasioxkun uaeio npeobpa3oBaHus yKa3aTeJist
B 00beKT NOCPEACTBOM pa3biMeHoBaHus, a CkotT JleBanaoscku (Scott Lewandowski)
paspabGoTas npeAcTaBieHHyI0 Bepcuio Dereferenceless. Coser 21 ocHoBaH Ha coobure-
nuu [lyra Xappucona (Doug Harrison) B xondepeniuio microsoft.public.vc.stl, Ho pe-
IIIEHHe O TOM, YTOOB! OTPAaHHYHTb PAMKH 3TOTO COBETa MIPO6JIEMON paBeHCTBA, IPHUHSLI S
cam. Coser 22 ocHoBaH Ha cratbe CatTepa «Standard Library News: sets and maps»
[13]. Coser 23 6511 moackasan cratbeit Ocrepra «Why You Shouldn’t Use set — and
What to Use Instead» [15]; laBun Cmosnbepr (David Smallberg) ycosepmencrsopan
MoI0 peanusanuio DataCompare. Omucanue xamupoBaHHBX KoHTelHepoB Dinkumware
ocHoBaHo Ha crartbe Ilnayrepa (Plauger) «Hash Tables» [16]. Mapk Pomxkepc He co-
I71aceH ¢ BBIBOAAMH COoBeTa 26, HO MepBOHAYAIBHO 3TOT COBET 6bL MOICKA3aH eTo 3a-
MeYyaHHEM OTHOCHMTEJBHO TOTO, YTO HEKOTOpHle DYHKIMHM KOHTEHHePOB MPHHUMAIOT
TOJIbKO apryMeHTHI TuMia iterator, PaboTa Haz coBeToM 29 BAOXHOBJISIACH IUCKYCCHS-
mu B Usenet ¢ yyactuem Marra OcrepHa u [xeiimca Kanne (James Kanze); na mens
TaKxe nosJusiaa crarbs Kinayca Kpedrra (Klaus Kreft) u Armoxesuxu Jlanrep (Angelika
Langer) «A Sophisticated Implementation of User-Defined Inserters and Extractors»
[25]. Cosert 30 ocHoBaH Ha MaTepuaiax pasfeia 5.4.2 xuuru JIxocarruca «The C++
Standard Library» [3]. B coBere 31 Mapko Jana Tacnepuna (Marco Dalla Gasperina)
HPEAJIOAKHI IPHMep KCTI0JIb30BaHusI nth_element 11st BHIYHMCIEHMS] MEAUAHE, 2 HCIOJIb-
30BaHHE 3TOTO aJTOPUTMA AJIsA TIOMCKa TMPOIEHTHIEN B3STO NPsIMO U3 pasfena 18.7.1
xuuru Crpaycrpyna (Stroustrup) «The C++ Programming Languages. Coser 32 6Lt
BAOXHOBJIEH MaTepuaiaMu paszena 5.6.1 xuuru >xocarruca «The C++ Standard
Library». Coser 35 nmosiBusicst noa BimsinueM crateu Ocrepra «How to Do Case-
Insensitive String Comparison» [11], a coobmenus Jdxefimca Kanne u >xona Iorre-
pa (John Potter) moMoriu mMHe Jiy4ie pa3o6paThcsi B CyTH MPOHCXOASIIETo. Peau-
3anus copy_if, npuseAeHHas B coBere 36, mo3auMcTBOBaHa U3 pasfena 18.6.1 xaurn
Crpaycrpyna «The C++ Programming Language» [7]. B ocHoBy coera 39 3a10:xeHs
ny6aukanuu J[KocaTTica, KOTOPHIH BIEPBbIE YIOMSHYJ O «IIPEAHKATAX C COCTOSHHU-
eM» B cBoeit kuure «The C++ Standard Library» [3] u B cratse «Predicates vs. Function
Objects» [14]. B cBoeit kHure 51 HCTIOMIB3YIO €10 IPUMEP U PEKOMEHAYIO PEAJIOKEHHOE
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UM pelleHue, XOTS TePMUH «ducTas QyHKIMs» NpuHaLIexuT Mue. B cosete 41 Matr
OcTepH MOATBEPAKII MO MOAO3PEHHUS OTHOCHTEJIBHO IIPOMCXOXKAEHUS UMEH mem_fun
u mem_fun_ref. CoBer 42 GepeT cBOe HadaI0 K3 JIEKI[UH, TPOYUTAHHONH MHe MapkoM
PomsxxepcoM, Korza si HapyLUIMJI peKOMeHAAIKIO 3Toro coBera. Mapky Pomxkepcy Taxke
NPUHA/JIEXKUT IPUBEAEHHOE B COBeTe 44 3aMedaHue 0 TOM, YTO [IPH BHEITHEM MIOKCKE
B KOHTeiiHepax map u multimap aHaIM3upYIOTCSi 062 KOMIIOHEHTA Naphl, TOLAA KaK MpU
noucke GYHKUMSIMHA KOHTEHHEPA YYUTHIBAETCS TOJIBKO MEPBHIH KOMIOHEHT (KJI0Y).
B coBere 45 ucnionp3oBana uHdopMaIysl OT pa3HBIX YYaCTHHKOB clcm, cpeau KOTophiX
Ixon Ilorrep, Mapcun Kacnepcku (Marcin Kasperski), Pete Becker (ITut Bekep),
Jennuc Wens (Dennis Yelle) u /lasua A6paxamc (David Abrahams). /[asua CMost-
Gepr moAcKa3an MHe uAelo NpuMeHeHust equal_range aJisi MoucKa Ha 6ase SKBHBAJIEHT-
HOCTH U NOACYETa Pe3yJIbTATOB B COPTHPOBAHHAIX MOCJAEA0BATEIbHBIX KOHTeHHepax.
Amnnpeit Anexcanzapecky (Andrei Alexandrescu) momor paszo6paThCs B YCJIOBHSX BO3-
HUKHOBEHHS TIPOGJIEMBI «CCHIJIKM Ha CCBUIKY», YIIOMMHaeMoll B coBeTe 50; mpuBeeH-
HBIH B KHUTe IPUMep OCHOBAH Ha aHAJIOTHYHOM TpuMepe Mapka Poxxepca, B3siToM
c cafita Boost [22].

Pasymeercs, 3a Matepuai npuioxxenusi A cienyer nobyaroaaputb Matra OcrepHa.
Mb5TT He TOJIBKO pa3pelu BKIIOYHTD CTAaThIO B KHUTY, HO M OTPEAAKTHPOBAI €€, YTOOHI
OHa CTaJIa elue Jy4Yiile OpPUTHHAIA.

W3apanuio xopormeil TeXHu4eCKON KHUTH BCETAa NPEAMIECTBYeT TIIATEIbHAS TO-
roroBka. Moeil kHuTe NOBe3JI0 — ee MPOCMOTPeJIA 1eJlask FPYINa BbIAAIIIKUXCS CIe-
uunanucros. Bpaitan Kepuuran (Brian Kerninghan) u Kmudd I'pun (Cliff Green) npo-
KOMMEHTHPOBaJIM PaHHHE HabGPOCKH, a MOJHYI0 BEPCUI0 KHATH IpocMaTpuBajiu Jlyr
Xappucon, Bpaitan Kepuuran, Tum Ixoncon (Tim Johnson), ®psncuc Tnacc6opo
(Francis Glassborough), Arapeit Anexcanapecky, lssun Cmonn6epr, Aapor Kamn6en
(Aaron Campbell), Jxxapen Maunuur (Jared Manning), Xep6 Catrep, Crusen /Ibto-
xepct (Stephen Dewhurst), Mart Ocrepn, Tmiuimep Jlepax (Gillmer Derge), Aapon
Myp (Aaron Moore), Tomac Bekxep (Thomas Becker), Bukrop Bon (Victor Von) 1, xo-
nedHo, Mapk Ponxepc. Penaxtypa 6p11a Bemosnsena Karpunoit 9sepu (Katrina Avery).

B nponecce moaroroBKu KHUTH 04eHb TPYAHO HAHTH XOPOIIETO TeXHHYECKOTO
penakropa. 5 6aroaapen [xory [ToTTepy 3a To, 4TO OH Mo3HAKOMMI MeHs ¢ J[Kape-
AaoMm Manrruurom u Aapornom Kamnb6esioM,

Xep6 Carrep 06e3HO COrNaCHIICS IOMOYb MHE OTKOMITHJIMPOBATh U 3aIyCTUTh
HekoTopsle TecToBble mporpamMel STL B Geta-sepcuu Microsoft Visual Studio .NET,
a Jleop 3omman (Leor Zolman) B35t Ha ce6s1 TepKyJ1ecoB TPYA 110 TeCTHPOBAHHIO BCETO
Kofia B xuure. KoneuHo, Bce ocraBuiuecs olin6Ku HaXoAsATCA HCKIIOUHTEIBHO Ha Moeil
OTBETCTBEHHOCTH.

Amxennxa Jlanrep OTKpbIa MHE 1J1a32 Ha HEOMPEAEIEHHOCTh HEKOTOPHIX ACTIEKTOB
o6bexrtoB dynkuuit STL. B 3101t kHure 06bexTaM QyHKIH yAeNIeTCS MeHblle BHHU-
MaHus, 4eM XoTesloch GBI, HO, IO KpaiiHell Mepe, Bce cKasaHHOe ¢ 6oJibImoit Aostelt Bepo-
SITHOCTH OCTAaHETCS! HCTHHHBIM U B OyAyimem. Bo BCsikoM citydae, st Ha 3TO HaZieloCh.

[leyaTnblit BapuaHT HacTOse KHUTH Jiydule MPeAbIAYIIHX, TOCKOAbKY BHEMA-
TesbHBlE YuTaTesm — JIxon Y366 (John Webb), Matika Xoxunc (Michael Hawkins),
Hepex Ipaiic (Derek Price) u xum lesnep (Jim Scheller) — yxasanu na HekoTopsIe
HefgocTaTku. 51 6arogapen uM 3a momonrs 1o yayumenuio «Effective STL».
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Cpenu Moux KoJuer B uafiatesibetse Addison-Wesley 6bi1u [Ixon Yaiit (John Wait),
peaakTop, a HelHe BUIlle-TPe3UAEHT, ero 3aMmectutesnn Amucust Kapu (Alicia Carey)
u Crozanna Bysapa (Susannah Buzard), xoopaunarop mpoexta )xor @ysep (John
Fuller), xynosxuux Kapun Xaucen (Karin Hansen), rexrnuueckuii rypy [xeficon JsxoHc
(Jason Jones), ocobenHo xopouio pazéupatomuiicst B mpoaykrax Adobe, ux HaqanTpHHK
Maprtu Pa6unosun (Marty Rabinowitz), a takxe Kypr /Dxoncon (Curt Johnson),
Yanaa Jlupu-Kyty (Chanda Leary-Coutu) u Po6un Bpioc (Robin Bruce) — crenua-
JICTBI TI0 MAPKETHHTY, HO BIIOJIHE HOPMAJIbHBIE JIIOAH. . . '

966u Creiinu (Abby Staley) caenana Mou BockpecHbie 06ebI IDUBBIYHEIM, HO npu-
SITHBIM JIEJIOM.

Kax u Bo Bpemst paboThl HaJi IPpeAbIAYIMMH IIECTHIO KHUTAMH K OXHHM KOMIIAKT-KC-
KOM, MO )keHa HaHcH Tepne/nBo CHOCHIIA MOIO XPOHHYECKYIO 3aHATOCTD ¥ TpejJiara-
Jia CBOIO MOMOILLb ¥ MOAZEPKKY HMEHHO TOT/Aa, KOTAA 51 B HUX 6OJIbIIIe BCETO HYXKAAICH.
OHa NOCTOSIHHO HATIOMHHAJIa MHE, YTO B )KHU3HM €CTh Bemu noay4ie C++ u mporpaMm.

Ocraercs ynomsinyTh Haury cobaxy [Tepcedony. B aenp, Koraa st muuty aTi CTPOKH,
eit ucnosusiercs mwects jet. Cerogust Ml ¢ Hancu u [lepcedonoit ornpasumest B «Bac-
kuH-Po66uHc»>. Kak 06b14no, ITepcedoHe nocTaneTcss 0AMH WAPHK BAHWIHLHOTO MOPO-
JKeHOTO B BadeZIbHOM CTaKaH4YMKE,

OT usgarenbcTea

Bamu sameqaHust, peJyI0:KEHUs, BOTIPOCHL, KACAIOMMECS PYCCKOTO M3aHUA 3TOM KHUTH,
OTNPABJIANTE IO aZipecy SJNEKTPOHHON MOYTH comp@piter.com (u3marensctTBo «[lurtep»,
KOMIIbIOTEDHAS PEAAKIINA).

Mz&1 Gyaem pansl y3HaTh Balie MHeHHe!

Ha web-caiite usnarennscrsa http://www.piter.com BH Halizere moapo6Hyio undop-
MaI{I0 O HAUIUX KHUTAX.,
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Bor yoxe snakomel ¢ STL. Bel ymeere coznaBaTh KOHTeliHepbI, TepeGupaTh UX COAEPHKH-
Moe, 106aBJIATh U YAAISATH 3JE€MEHTHI, a TAK)Ke MCIOJIb30BaTh 06IIHe AJITOPUTMBl —
Takue, Kak find u sort. Ho BBl HuKax He MoXeTe OTAeNaThCs OT BIIEYATIEHHMS], UTO HC-
MoJib3yeTe JIUIIb MATYI0 YacTh Bo3MoxxHocTelt STL. 3anauu, KoTopble AOKHBL pe-
WAThCSA MPOCTO, PEIIAIOTCS CIOKHO; ONlepPalliH, KOTOPHIE JOKHBI BBIOJIHATLCS TIPO-
CTO ¥ MPSIMOJIMHEHHO, MPHUBOMIAT K YTEYKE PECYPCOB UM BeAYT CeOsl HETPEACKa3yeEMO,
[Tponeaypsi, KOTOpbIe AOMXHBI PabOTATh C MAKCUMATBHOM 3(PEKTHBHOCTHIO, OLJIO-
waoT 6oble BpeMeHH wilK AaMSITH, 4€M T10J10%eHO. [[a, BH yMeeTe HCI0JIb30BaTh G16-
nuotexky STL, Ho He yBepeHHI B TOM, 4TO HCTIOJIb3YETE €€ 3ghexmusno.

51 Hamucan aTy KHHUTY 151 Bac.

B neit 51 mokaxy, Kak OpraHu30BaTh B3aMMOAEHCTBHE MexXAy KommnonenTamu STL
C TeM, 4TOOHI B OIHOM Mepe UCMOIB30BaTh apXUTeKTypy 6ubnorexu. Brr HayunTech
paspabarbiBaTh MPOCTHIE PEWIEHHsT AJIsl IPOCTHIX 3a%lay M MPOEKTHPOBATh 3JETaHTHHIE
pemenus A7 6osee CAOKHBIX CUTYauuii. B KHure onucans cranaapTHbIe omMbKY uc-
nonb3oBanus STL u npuBeneHs! peKOMeHAAIMHM OTHOCHTEJIBHO TOTO, KAK UX H30exKaTh.
ITO MOMOKET JIMKBHANPOBATh YTEYKy PECYPCOB, NPEAOTBPATUTH MOSBJIEHUE Herlepe-
HOCHMOTO KOZ2 ¥ HETIpeACKa3yeMoe NoBeeHHe porpaMM. PasjiuHble MpUeMbl OITH-
MHu3anuK Koja 3acTasaTt 6ubimoTexky STL pabortars GbicTpo 1 addexTHBHO, KaK U ObII0
3aJyMaHo TpH ee MPOeKTHPOBAHKH.

[Ipountas aTy xHury, Bbl 6yaere Jydue nporpaMmmuposats B STL. [IporpamMmupo-
BaHME CTaHeT OoJiee MPOAYKTUBHBIM U MHTEPECHHIM 3aHsATHeM. Paborats ¢ STL unte-
pecHo, Ho addexTrBHAsA paboTa ¢ 6UGIHOTEKOH — 3aHATHE YPE3BHIYATHO 3aXBaTHIBA-
IoIee, 0T KOTOPOro MPOCTO HeBO3MOXKHO OTOPBAThCs. Jlake mpu GerioM B3IJsAe Ha
STL cranoBHTCA SICHO, YTO 9TO 3aMedaTesibHast GUGIHOTEKA, HO €€ JOCTOMHCTBA FOpa3-
o mpe u riry6ike, 4eM MOXKHO cebe mpeacTaBuTh. S 3aHMMAIOCh TPOrPAMMHPOBAHHEM
okoJo 30 JieT, HO £ ellle HUKOTAA He BCTpedasl HU4ero moxoxkero Ha STL.
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OnpegeneHve, UCNoNb3oBaHWe U paclumnpeHne STL

Y STL ne cymecTByeT 0dHIHATIBHOTO ONPEAEJIEHNS, ¥ pa3HEIE ABTOPAI BKJIAABIBAIOT
B 9TOT TEPMUH pasHblil cMbIci, B aroit kuure tepmun «STL» oTHOCHTCA K KOMIIOHEH-
TaM cTaHAapTHOI 6ubnuoreku C++, paboTatoumm ¢ urepatopamu. K aroit kaTeropun
OTHOCSITCSL CTaHJApTHbIe KOHTelHepHl (BK0Yast string), dacTi 6ubIOTeKH MOTOKOB
BBOZA-BbIBOAA, 00BEKTH PYHKIMH M aJITOPUTMEL B Hee He BXOAAT afanTepsl CTaHAapT-
HBIX KOHTeliHepoB (stack, queue u priority_queue), koHTeliHepHl bitset u valarray, He
HOJAePKUBAIIHE HTEPATOPH, 8 TAKXKe MACCUBHL. XOTSA MACCHBH MOAMEPKUBAIOT UTE-
paTopsl B popMe yKaszaTeJiell, OHU SABJISIIOTCS 4acThio A3bika C++, a He 6ubHoTeKH.

C TexuudyecKoi TOYKH 3peHUS B Moe onpeaesienue STL He BXoASAT pacuinpeHust
cranaapTHol 6ubimorexu C++, B TOM YHCIe X3MIHPOBaHHbIe KOHTeHHePHI, 0HOCBA3-
Hble CTICKH, KOHTeHHEPH rope H Pas/iM4Hble HECTAHAapTHHEe 00beKkTH dyHKuui. He-
CMOTp Ha 3710, iporpammuctam STL cefyeT IOMHUTD O Cy1LIIeCTBOBAHHM 3THX PaClIH-
PeHHH, MOSTOMY 51 YIIOMHHAIO 0 HUX TaM, Tie 3To yMecTHO. B coBere 25 mpuBesen 0630p
HEeCTaHAAPTHBIX X3IIHPOBAHHBIX KOHTEeIHePOB. B HacTosimee BpeMs 5TH KOHTelHEPHI
He BxoAAT B STL, HO MX aHajOrM MOYTH HaBepHsIKA OYAYT BKJIOYEHBI B CIEAYIOIIYIO
BEPCHIO CTaHAApTHOM 6ubimoreku C++.

BoamoskHOCTD paciinpenust 6bu1a 3a10eHa B 6ubuoreky STL Bo Bpemst npoexTu-
poBanusi. TeMm He MeHee, B 3TON KHUTe OCHOBHOE BHUMAHUE YAECJISIETCS UCNONb308AHUIO
STL, a ne pa3paboTKe HOBBIX KOMITIOHEHTOB. Tak, B KHHTe IIOYTH HHYETO He CKa3aHo
0 HanucaHuM COOCTBEHHBIX AJITOPUTMOB, KOHTENHepoB 1 uTepaTopos. Ha Mo#i Bariisa,
CHaYasTa Heo6XOAUMO B COBEPILIEHCTBE OCBOMTH CyLIeCTByOUIHe Bo3MoxkHOocTH STL.
ITOl TeMe u MoCBsAINEeHA AaHHast KHura. Eciu Bol perure 3aHsATRCS co3fanueM STL-
HoAOGHBIX KOMIIOHEHTOB, HEOOX0AMMYIO MHPOPMALMIO MOXKHO OyaeT HallTH B KHUTaX
Ilxocartuca «The C++ Standard Library» [3] u Ocrepna «Generic Programming and
the STL» [4]. B 310l KHuTe YIOMHHAETCS JIMINb OAUH aclekT pacumupenus STL —
HamucaHue 06bexToB GyHKnui. IddexTrBHOE Hcnoab3oBanue STL HeBo3MOXKHO Ge3
06bexToB (HYHKIMI, O3TOMY 3TOH TeMe B KHMI€ MMOCBSILEHa BCS I1aBa 6.

Ccbinku

Ccouiky Ha xHurH [Ixocattuca u OcrepHa B nipeAbiAymeM ab3aile AAIOT MpeAcTaBJie-
HHE O TOM, KaK B 3To# KHure odopmistiorcst 6ubnuorpadudeckue cepiiiku. Kak npasu-
JI0, 51 CTApaloCh BKJIIOYHTD B CCBUIKY A0CTATOYHO HH(OPMAIIUMH, YTOOH €€ Y3HAIIM JIOH,
y’Ke 3HAaKOMBIE C 3THM TPyJA0oM. Eciiu BB yKe YHTaIM KHUTH 3THX aBTOPOB, BaM He NIPH-
aercst obpawmarsesi K paszeny «JIutepatypas U BBISICHATH, YTO CKPBIBAETCS 33 CCBUIKA-
M [3] u [4]. KoHeuHo, B criuCcKe JIMTEpaTYPhl IPUBENEHEI TIOJIHBIE TAHHELE.

Tpu ny6MKaIMKM YIIOMHHAIOTCS TaK 4aCTO, YTO HOMEP CCHUIKH OOBIMHO He yKa3hiBa-
ercst. Ileppas u3 uux, Mexxaynaponusiil crangapt C++ [5], B KHuTre HMEHY€ETCSI IPOCTO
«CrangapTom». [IBe apyrue — Mou npeasiAymue Kuuru o C++, «Effective C++» [1]
u «More Effective C++» [2].

STL un CTaHAaprI

B xnure st yacto ceputaioch Ha Ctangapt C++, MOTOMY 4T0O OCHOBHOE BHUMAHHE YAe/sIeTCst
nepeHoCUMOi, cranaapTHoit Bepcuu C++, TeopeTuiecku Bce IpUMEPH], TIPHBEACHHEIE
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B KHuTe, A0JDKHBI paboTaTh BO Beex peanuzanusix C++. K coxaseHuo, Ha npaKTHKe 310
He Tak. Beaeacrsue HenopaGoToK B KOMIMJISITOPaX U peaym3anusx STL naxe npaBusib-
HBIH KOJ HHOT/IA He KOMIIWJIKPYETCS Uik PaboTaeT He TaK, KaK HOJI0XKeHO. B caMbIX TH-
MUYHBIX CJIy4astX ONMHCHIBAETCS CYTh MPOOJIEMBI U MPEAIAraloTcsi 0OXOXHBIE PELIEHHS.

Wnorna caMelit npocToii BEIXOA 3aKII0YAETCS B MEPEX0/e HA APYTYIO PealH3al[uio
STL (npumep npuBeneH B mpunoxenuu B). Yem Gonbie ol paboTaere ¢ STL, TeM Bax-
Hee OTJINYaTh KOMAULAMOP OT pearusayuu 6ubauomexu. Korga y nporpaMMucTa Bo3-
HHKalOT Npo6JieMbl ¢ KOMIWISIHER MPABUIBHOIO KOAA, OH 06BIYHO BUHHT BO BCEM
xommnmsTop. OnHako npu pabote ¢ STL KOMIHIISITOP MOKeT GBITh B TOJTHOM TIOPSIZIKE,
a npo6JteMbl 0Ka3bIBAIOTCS CBSI3aHHBIMHU C OmuOKaMu B peaiusanuu. YTo6s! MoxYepK-
HYyTb 3aBUCHMOCTD IIPOrPaMM KaK OT KOMITM/ISITOPA, TAK M OT pealnaaiiuu GubinoTexy,
sl HCTOJIB3YI0 TepMUH <naam@opma STL», MOA KOTOPEHIM NOHHUMAETCS KOMOMHAIIHA
KOHKDETHOTO KOMITIMJIATOPa ¢ KOHKpeTHOMH peanusanueit STL. Eciiu B kHure roBopurcst
o0 nipobJieMe KOMITMJISITOPA, 3HAYUT, BAHOBAT MMEHHO KoMnuuistop. Ho ecotu peds uzer
o npobieme mitatopmet STL, aTo crieAyeT MOHUMATH TaK: «BUHOBAT TO JIX KOMITHJISITOP,
TO Jivt 6UGIMOTEKA, @ MOXKET, ¥ TO U APYToe».

O6bIYHO 51 TOBOPIO 0 KOMITUIISITOPAX 60 MHOXKCECMBEHHOM uuce. Sl ncKpeHHe ybexaeH
B TOM, YTO NPOBEPKA PaBOTOCIIOCOOHOCTH MPOrpaMMbl Ha HECKOJIBKMX KOMIHJISATOPaX
yJy4Iiaer ee KauecTBo (4 0COGEHHO MepeHocuMOocCTh). Bostee Toro, ucnosns3opanue He-
CKOJIPKMX KOMITUJIATOPOB IIOMOTaeT PaciyTaTh TOPAKEB y3es coobinenuit 06 omubxax,
BBIJAHHBIX TP HeNpaBuIbHOM npuMeHeHun STL (pekoMenaanuu mo pacmugppoBKe
3THUX COOBIIEeHUH IPUBOAATCS B coBeTe 49).

Yaenss ocoboe BHUMaHUe TOMY, YTOGH! KOA COOTBETCTBOBAM CTAHAAPTAM, 5 TAKXKe
CTPeMJIIOCh U30exaTh KOHCTPYKIIMIl C HEelpeacKa3yeMbIM MoBeAeHHeM. [1oC/efCTBHUS
BBINOJIHEHUS TAKUX KOHCTPYKIHUI Ha cTafuu paboThl IPOrpaMMbl MOFYT GBITh JIIOGHI-
M. K coxanenmuro, HHOIIa 5TH KOHCTPYKIMH MOTYT J€JIaTh KMEHHO TO, 4TO TpebyeTcs,
a 3TO Co3/aeT BpefHble Hamo3ud. CIHUIIKOM MHOIHE IIPOrPAMMMCTHI CYHTAIOT, 4TO He-
HpeAcKasyeMoe MoBeieHHe BCETAa BeleT K O4eBUAHBIM npobiieMaM, To ecTh c6osM 06-
palleHuil K CeTMEHTaM HJIM APYTHM KaTacTPo(HIeCKuM MOCTeACTBUAM, Pe3ymbraTh
MOTyT 6bITh ropasfio 6ojiee TOHKAMH (HAIPUMED, UCKAXKEHHE JAHHBIX, PEIKO UCTIONb-
3yeMBbIX B IIpOrpaMMe); KpOMe TOTO0, Pa3Hble 3aIYCKH NPOrPAMMBbI MOTYT IIPUBOAUTH K
Pa3sHBIM pe3yJibTaTaM. Y HEMpPeACKa3yeMOro MoBefeHus eCTh Xopoliee HeopMalbHOe
onpezenenue: «PaboraeT y mens, paGoraer y Te6s1, paboTaeT BO BpeMsi TeCTHPOBAHMS,
HO He pa6oTaeT y caMoro BaXKHOro KianeHTa». Henpenckasyemoro moseieHus cieayer
u36eraTh, I03TOMY 5 0060 BBIAEISIIO HEKOTOPBIE CTAHAAPTHEIE CJIydan B KHure, ByabTe
HayeKy W YYHTECh PAaCIIO3HABATh CUTYAI[HH, YPEBAThIE HETIPeACKA3yeMbIM MOBEJEHUEM.

[MoacyeT cCbinok

[Ipu onucanun STL npakTrdecku HeBO3MOXKHO 060#TH CTOpOHOI MoAcYeT cchUIoK. Kak
6yzer moxasaHo B coBeTax 7 u 33, n06ast apXMTEKTYpa, OCHOBAHHAS HA KOHTeHHepax
yKasaTeJieit, MpaKTHYECKH BCEIla OCHOBAaHA Ha roAcyere cchliok. Kpome toro, moxcuer
CCBUIOK HMCIOJIB3YETCS BO MHOTMX BHYTPEeHHHX peau3anusix string, mpuueM, Kak IoKa-
3aHO B coBeTe 13, 3To 06CTOATEIBCTBO HHOTAA IPUXOANTCS YIHTHIBAT DK IPOTPAMMU-
posanuu. [Ipeanosaraercs, yTo yuTaTesb 3HAKOM C OCHOBHEIME TIPHHIIUTIAMHE PabOTHI
MeXaHU3Ma MOJCYETA CChLJIOK, @ €CJIM He 3HAKOM — He00X0AuMYI0 MH(MOPMAIKIO MOXKHO
Haiitu B mo60M yuebuuke C++ cpearero uim Boicokoro yposHs. Hampumep, B kHure
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«More Effective C++» cooTBeTcTByIOmMIl MaTepuaJ ipuBefieH B coBerax 28 u 29.
Ho aaxe ecyiu BbI He 3HaeTe, 4TO TAKOE MOACYET CChLIIOK, U He TOPHUTE XeJlaHHeM IOCKO-
pee y3HaTh, He GecrokoiiTech. MarepHasl KHUTH B 11€JI0M BCe PaBHO OCTAHETCS BIIOJIHE
AOCTYITHBIM,

string 1 wstring

Bce, uTo roBopHTCA 0 KOHTeltHepe string, B paBHOI CTelieHH OTHOCHTCS H K wstring, ero
aHAJIOTY C PaCIIMPEHHON KOAMPOBKON cMMBOJIOB. COOTBETCTBEHHO, JII00bIE YIIOMHUHA-
HHUsI 0 CBSAI3K MeXxay string u char uiau char* OTHOCATCS M K CBSI3H MeXAy wstring u
wchar_t wm wchar_t*, FlHade roBopsi, 0TCYTCTBHE CelMalbHBIX YIOMHHAHHI O CTpO-
KaXx ¢ paCIIHPEeHHON KOAHPOBKOM CHMBOJIOB He 03Ha4aeT, 4To B STL onu He noxnepsxu-
patorcst. KonTeitHepn! string u wstring ABJISIOTCS CHenHaJIu3alusiMHi OAHOTO mabsioHa
basic_string.

TepMuHoONorus

JlaHHas KHUTA He SIBJSIETCS y4eOHUKOM HayasibHoro yposHs no STL. IIpeanosaraercs,
4TO YHTATEJIb YXKe BJIajieeT OCHOBHBIMU MaTepHayioM. TeM He MeHee CIeAYIOIIHE Tep-
MUHBI HACTOJIbKO Ba)KHBI, 4TO 5 CYesl HeOGXOAUMBIM 0C000 BEHIAEIMTD HX.

o Koureitneps vector, string, deque 1 11st OTHOCSTCS K KaTErOPUH CMAHOAPMHBIX
nocaedoeamenvioix Konmeunepos. K xateropuu cmandapmuuix accoyuamuenoix
Konmelinepoe OTHOCATCS KOHTeliHepH set, multiset, map u multimap.

e UrepaTopsl aessiTcs Ha MATh KaTeTOPHil B COOTBETCTBHH C NMOAAEPXKHUBAEMBI-
Mu onepanusiMu. Hmepamopuvt 6600a 06eCiedHBaIOT AOCTYII TOJBKO AJISL YTEHUS
Y T03BOJISTIOT MPOYKTATh KAKAYIO MMO3KIIMIO TOJIBKO OAuH pa3. Umepamopoi ebi-
600a 06ecTedynBalOT OCTYT TOIBKO AJIS 3aKCH U TI03BOJISIOT 3aKCaTh JaHHbIE
B KaXKAYIO TO3HIHIO TOJIBKO oAuH pa3. VTepaTopsl BBOAA U BEIBOAA HOCTpOE-
HBI 110 06pasily onepanuil YTeHUA-3aMKMCH B IIOTOKAX BBOAA-BEIBOAA (HATIpUMED,
B ¢aitnax), MosToMy HEyAUBHUTEIHHO, YTO CAMBIMH PacNpOCTPaHEHHBIMU TIpef-
CTaBHTEJSIMH UTEPATOPOB BBOAA U BBIBOJA ABJSIOTCA istream iterator uostream
iterator COOTBETCTBEHHO.

IIpsmvie umepamopsi 061a1a10T CBOXCTBAMU MTEPATOPOB BBOJAA M BBIBOJA, HO OHH
T03BOJITIOT MHOTOKPATHO MPOU3BOAUTD YTEHHE WU 3alUCh B JI060i no3uuuu. Onepa-
TOP -- KMH He NOANEPKHUBAETCS, HO3TOMY OHHU MO3BOJISIOT HPOU3BOAHTD IlepeABHKEHHE
TOJIBKO B IPSIMOM HANpaBJIeHHu C HeKOTopoit crenensio addexrusrocTh. Bee cranaapr-
uble KoHTeliHeps! STL moa/epXuBalT UTEpPaTOPhl, MPEBOCXOASINKE 3TY KATETOPHIO
UTEpPaTOPOB 0 CBOMM BO3MOKHOCTSIM, HO, Kak 6y/ZeT IOKA3aHO B COBETe 25, OfHA U3 ap-
XUTEKTYP X3MIMPOBAHHEIX KOHTEHEPOB OCHOBAHA HA HCIIOAB30BAHMH NIPSIMBIX HTEPATO-
poB. KoHTeitHepb! OAHOCBSI3HBIX CIUCKOB (CM. coBeT 50) TakKe HOANEPKUBAIOT NPSIMbIe
HUTEPATOPHL.

Jsycmoponnue umepamops IOXKH HA MPSIMBIE UTEPATOPHI, 0AHAKO OHY HO3BOJISIIOT
nepeMeIaThCst He TOJIBKO B IIPSIMOM, HO U B 06paTHoM Hanpasienud. OHu oanepxuBa-
I0TCST BCEMM CTaHAAPTHBIMH ACCOIIHMATHBHBIMU KOHTEHEpaMu, a TakKe KoHTeiHepoM list.
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Hmepamopuot npouseonvrozo docmyna 061aJaloT BCEMH BO3MOXKHOCTSMY ABYCTOPOH-
HMX MTEPaTOPOB, HO OHM TAKXe€ MO3BOJISIOT MEPEXOAUTH B MPSIMOM MK 00paTHOM Ha-
IIpaBJIEHUH Ha IPOM3BOJIBHOE PACCTOSIHUE 32 ONUH mar. MTepaTopsl NMPOM3BOJILHOTO
J0CTyTia TOJIePAKUBAIOTCS KOHTeliHepaMu vector, string u deque. B maccuBax dbyHkiuo-
HAJIBHOCTD HTEPATOPOB NPOM3BOJIBHOTO AOCTYTIA 00eCTIeYHBAETCS YKA3aTEIISIMH.

o Jl060# KJ1ace, meperpyskaonui oneparop BbizoBa GyHKIMH (TO ecTh operator()),
aBisiercs kraccom gynkmopa. O6beKTH, CO3AaHHBIE HA OCHOBE TAKHMX KJIACCOB,
Ha3bIBAIOTCA obvexmamu pynuxyui, nnu pynkmopamu. Kak mpasmio, B STL
06BbeKTH PYHKIHUIA MOTYT CBOOOAHO 3aMEHSITBCS «O6BIMHBIMH»> DYHKIMSMH, 110~
3TOMY IO TEPMHUHOM <«00BEKTH (PYHKI[Hit» 4aCTO 06BENUHSIOTCA KaK QYHKIIMI
C++, Tak 1 PYHKTODEL

o Oynxuuu bindlst u bind2nd nassiBatorcst pyuxyusmu npusssxu (binders).

PeBomoiuoHHbIM HOBIIECTBOM ST L sABJISAIOTCS rapaHTHH CJIOXKHOCTH, TO €CTh Orpa-
Hu4deHus o6bema paboTH, BHINOIHsIEMOi 1106biMu oniepanusamu STL, Takum o6pasom,
HPOrpaMMHCT MOXET CPABHHTB OTHOCHUTEIBHYIO 3(heKTHBHOCTD HECKOIbKHX pelre Huii
B 3aBHCUMOCTH OT naTdopmbl STL. lapanTuu C10)KHOCTH BBIPAXKAIOTCS B BUAE QYHK-
I[HHK OT KOJIMYECTBa 3JIEMEHTOB B KOHTelHepe WK HHTepBaste (7).

» Onepanus ¢ nocmosanHol CRLOICHOCMBIO BEIIOIHAETCA 3a BpeMs, He 3aBHCSILIEe
oT n. Harpumep, BCTaBKa 3J1eMEHTA B CIIMCOK BBITOJIHSETCS C TIOCTOSIHHOL CIIOXK-
HOCTBIO. CKOJIBKO Obl 3JIEMEHTOB HH COAEP KAl CHHCOK, OAHH MM MHJLIHOH,
BCTaBKa Oy/ieT 3aHUMAaTh MPAaKTUYECKH OAHHAKOBOE BPeMSL.

TepMHH «IIOCTOSHHAA CIIOKHOCTB» He CTOMT BOCTIpMHHUMATDh 6ykBanbHo. OH 03Ha-
YaeT He TO, YTO BPeM: BHIIOJHEHHS! OTEePAIMH OCTAeTCsl CTPOro MOCTOSHHOM Beludu-
HOMH, a JIMIIb TO, YTO OHO He 3aBUCHT oT 7. Hanpumep, Ha AByx pasubix miatgopmax STL
BpeMSs1 BBIMIOTHEH S OTIEPALiHH «C TOCTOSIHHOM CIOXKHOCTBIO» MOXET 3aMETHO OTJIMYATh-
cs1. Takoe 6pIBaer, korza oaHa GUGIIMOTEKa HCTIONB3yeT GoJiee COBEPIIEHHYIO peasn3a-
1IMIO AITOPUTMA MJIKM OJAMH KOMITHJIATOP BHIIOMHSIET 60Jlee aKTUBHYIO ONTHMU3AIIHIO.

» Onepanuu ¢ 10zapupmuneckodi croxHOCMpI0 C POCTOM 7 BHINOJIHSAIOTCS 32 Bpe-
Ms1, IPONOPIKOHATbHOE JiorapudMy 7. HanpuMep, onepaiiust ¢ MEJUIHOHOM 3J1e-
MeHTOB Gy/eT BBIOJIHSATHCS. TOJIBKO B TDH Pasa A0JIblle OTiepaliy ¢ COTHeil aJte-
MeHTOB, TocKoJbKY log n® = 3log n. Muorue onepanuu Noucka B acCOIMATHBHBIX
KOHTelHepax (Hanpumep, set: : find) o6sanatoT sorapudMudecKoil CJI0KHOCTHIO.

e Bpewms, Heo6X0AUMOE AJIsI BHIIOJIHEHUS OTIEPALIUH C IUHEIIHOT CRONCHOCMBIO, BO3-
pacTaeT MpONOPHMOHAILHO 7. CTaHIAPTHBIN aIrOpUTM count paboTaeT ¢ JIMHEHHOIM
CIIOXHOCTDIO, IIOCKOJIBKY OH JOJDKEeH IPOCMOTPETh KAXAbIi 3/IEMEHT B 3aJJaHHOM
unTepBajie. Ecyiu unTepBan yBenuyuBaercs B TpH pasa, 06beM paboThl TOXe yBe-
JIMYMBAETCS BTPOE, MOSTOMY OMNeEpaliys 3aHUMaeT B TPH pa3a GoJiblile BPEMEHH.

Kak mpasuio, onepanuu ¢ OCTOSIHHOI CI0XKHOCTBIO BHINOMHAIOTCA GbICTpee, YeM

Onepailiu C JIOrapupMHUIECKOH CI0KHOCTBIO, 2 TOCIEAHUE BHIOJIHAIOTCSA GBICTpEE OTie-
panui ¢ JIMHEHHON CJI0XKHOCTBIO. DTOT MPUHIIUI 0COGEHHO YeTKO BHINOJHAETCS AJIS
6oJIbIIMX 3HAYEHHMIA 7, HO IPH OTHOCHTEJIBHO MaJIBIX 71 OTIEPAIUH, KOTOPbIE TEOPETH-
YE€CKH A0JDKHBI 3aHUMATh O0JIbIIE BDEMEHH, B OTAEJIBHBIX CTy4asX BHIOMHSIOTCS ObIC-
Tpee. 3a AonoHUTeIbHOMR HH(OpMaiueil o rapanTHsix cnoxHocTu B STL o6pamaiirecs
k kaure [[xocarruca «The C++ Standard Library» [3].
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U nocnennee 3aMedanue o MOBOAY TEPMUHOJIOTHH: BCIIOMHHUTE, YTO KaXK/bIi dJ1e-
MEHT KOHTEHHEePOB map ¥ multimap COCTOMT K3 ABYX KOMIIOHEHTOB. $I 0OBIYHO HA3HIBAIO
HEePBHIl KOMOOHEHT KI10Y0M, 2 BTOPOH — aCCOLMHUPOBAHHEIM 3HaueHuem. Hanpumep,
B KOHTeliHepe

map<string,double> m;
KJII04 OTHOCUTCA K THIY string, a acCOIMUPOBaHHOE 3HaYeHue — K Tuny double.

[puMepbl

Knura copepxut MHOXKecTBO IpuMepoB. Bce mpuMepr! KOMMEHTHPYIOTCH IO Mepe HX
NIpUBEEHHUS, U BCE JKe KOe-4TO CJIeAyeT MOSICHUTE 3apaHee,

W3 npuBeneHHOro Bhilie IpUMepa ¢ Map BUAHO, YTO 51 0OBIYHO ONYCKAI0 AMPEKTHBHI
#include 1 urnopupyo Tor ¢akrT, 40 KoMHnoHeHTs STL npuHansexaT NpoCTpaHCTBY
nmed std. I[TosiHoe onmpeaeseHue M AOMKHO OBIIO BRITJISAETD TAK:

#include <map>
#include <string>

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

map<string. double> m;

Ho s npeanoyuTaio oCTaBUTh B IpHMepe JIMIIb CaMO€ CYNIECTBEHHOE,
Ipu o6bsiBiieHnn GopMaIbHOTO MapaMeTpa-THIA MabjoHa BMeCTO €1ass HCIHOMIb-
3yeTcsl KJoueBoe CoBo typename. MlHade roBopst, BMECTO KOHCTPYKIIMH BHAA

template <class T>
class Widget{..};

Sl HCTIOJIB3YI0 KOHCTPYKIIHIO

template <typename T>

class Widget{.}:

B nmannoM koHTekcTe KiioueBBI€ CJIOBa class u typename sKBHBAIEHTHEI, HO MHe
Ka’KeTCsl, 4TO CI0BO typename GoJiee 4eTKO BHIpaKaeT BaXKHYIO MBICIIb: TOAXOAUT A1060%
Tun, T He 00s13aTeIbHO sIBJIsIETCs KaccoM. Eciu BB mpeanounTaeTe o6bsABIATD Ma-
PaMeTpBHI C KIIOYEBBIM C/10BOM class — moskanyiicta. Beibop mexay typename u class
B 5TOM KOHTEKCTE 3aBUCHT TOJIBKO OT CTHJISL.

Onnako B ApPYrux KOHTEKCTaX CTHJIb He SIBJSIETCS eIMHCTBEHHBIM (akTopoM. Bo
usbexanue MOTEHIHATbHEIX HEOAHO3HAYHOCTEH JIEKCHYECKOTo aHaMM3a (3 U36aBJIo
Bac OT MOAPOOHOCTEIT) MMEeHa THIIOB, 3aBUCANINE OT HOPMATBHAIX TAPAMETPOB MBI~
Ha, AOJIKHBI IPeABapATHCS KI04EBBIM CJIOBOM typename. Taxue THIIbI Ha3BIBAIOTCH 3~
sucumvimu munamu. Hebonbuoi npumep moMoXKeT BaM Jiydlne MOHATh, O 4eM HAeT
peub. IIpeamonoxum, Bel numere mabyoH QYHKIUM, KOTOPas MOJyYaeT KOHTelHEp
STL u BoaBpamaeT pe3yJibTaT MPOBEPKH YCJIOBHS «IIOCTEAHMIA 5/IEMEHT KOHTeilHepa
6osbie nepsoro». OHO U3 BO3MOXKHBIX PelIeHH ! BHIISAUT 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 nokanbHble NepeMeHHBIE begin u end oTHOCsATCS K TNy C::const
iterator, 3aBucsmemy ot popmanbHoro napamerpa C. ITockosnbky Tun C: :const_iterator
SIBJIAAETCS 3aBUCHUMBIM, Ilepe]l HUM AOJKHO CTOATH KJII04YeBoe cJIOBO typename. Hexoro-
phle KOMITUJISTOPHI TPUHUMAIOT Ko/ 6e3 typename, HO TaKOit KO He TIEPEHOCUTCS Ha APY-
rue WIAaThOPMEL

Hanetocn, BB 06paTiii BHUMaHKE HA XMPHBIH WIPUQT B IPUBEAEHHBIX TIPEMEpaX.
Brinenenue f0/KHO NPUBTIeYs Ballle BHUMAHKE K 0COGEHHO BAXKHBIM (pparMeHTaM Koza.
Hepenxo TakuM 06pa3oM MOAYEPKUBAIOTCS Pas3iHdusi MEXAY TOXOXKVMH IPUMEPaMH,
Kak, HallpuMep, IPH JeMOHCTDAIIMH ABYX Pa3HBIX CI0c060B 00bsiBIeHUs TapameTpa T
B ipuMepe Widget. ArasornyHBIM 06pa3oM NOMEYAIOTCS U BaKHbIE GJIOKH Ha PHCYHKaX.
Hanpumep, Ha quarpaMMe u3 coBeTa 5 TakuM 06pa3oM HOMEYAIOTCS 1Ba yKasaTeJs,
HM3MeHsIEMbIE IIPH BCTaBKE HOBOT'O 3JIEMEHTA B CIIHCOK.

Bcraensemele
y3ns!
—» next next next »| next » next —»
«—{ prev |4 prev |« prev |« prev |« prev |(¢—
DaHHbie DaHHble [aHHbie DaHHble DaHHble

3aeck BCTABNATCA
AONONHUTENbHBIE Y3Mbl

B xnure yacro BcTpeyatorcst napameTphl 1hs u rhs. 3Tu coxparueHus o3navawor «left-
hand side» («ieBas croponas) u «right-hand sides («npaBast croponas ) cooTBeTcTBeH-
HO, OHH 0COG6EHHO YAOGHH NIpH 06bsiBIIEHAH onepaTopoB. IIpumep u3 cosera 19:

class Widget {.}:

bool operator==(const Widget& 1hs. const Widget& rhs):
IIpu BBI30Be 3T0i GYHKIMKM B KOHTEKCTE

it (x==y).. // Tpegnonaraetca, 410 X U y
// oTHOCATCA K Knaccy Widget

O6bekTy X, HAXOASAWEMYCSI CJleBa OT OMepaTopa ==, B 06bABIEHHH operator== cooT-
BeTCTBYET napaMeTp 1hs, a 06BEKTY y COOTBETCTBYeT mapameTp rhs.

Yo Kacaercs uMenu Kiacca Widget, To OHO He MMeeT HUKAKOTO OTHOMIEHMS K Tpa-
buyeckum unTepdelicaM Wil HHCTPYMeHTAPHAM. DTUM UMEHEM S TPUBBIK 0603HAYATb
«HEKHH KJIacC, KOTOPBIN uTO-TO AeinaeT». MHoraa (kak, Hanpumep, Ha c. 20) umd
Widget oTHocHTCs K mabroHy KJracca, a He K Kjaccy. B Takux ciyyasx s NIPOJIOJIKAI0
TOBOPHTD O Widget xax o KJIacce HECMOTPSI Ha TO, YTO B ACHCTBUTENLHOCTH 3TO HIa0JIOH.
Cronb HeopMaTbHOE OTHOIIEHHE K PA3/IMYHIM MEXAY KJIACCAMHU M MabI0HAMMU Kac-
COB, CTPYKTypaMu U WrabioHaMu CTPYKTYp, GyHKUUsAMH u wabnronamy yHKOuit
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Ge3BpenHo (TIPH YCIOBUH, YTO OHO He IPHUBOAMT K BOSHHKHOBEHHIO HEOMHO3HAY HOCTH
B paccMaTpuBaeMoit Teme). Eciiu Bo3MOXHEI Kakue-u60 HeAopasyMeHusl, s IPOBOXKY
YeTKHE Pa3iudus MeXAy maboHaMHi ¥ CTEHEDUPOBAHHBIMHM HAa MX OCHOBE KJIacCaMH,

CTPYKTypaMu U QYHKIUSMH.

Bonpocb! ap(heKTMBHOCTH

CHayana s x0TeJ1 BKJIIOYHTD B KHHTY OTAJIBHYIO [JIaBY, TIOCBSILIEHHYIO BONpocaM ad-
(exTHBHOCTH, HO B HTOFe PEIINI, YTO JIy4llle OCTABUTH IPUBEIYHOE [ieJIeHHE HA COBETHI.
Tem He MeHee MHOTHE COBETBI MOCBSIIEHE MUHHMU3AIUK 3aTPaT MAMSTH H PECYPCOB
Ha CTaguu UCToJHeHus. 1 yao6cTBa Hike MIPHBOAUTCS KPATKOE COAEPKaHUE «BHP-
TYaJIbHOM IJ1aBbly, MOCBSIEHHOM 3D dEeKTHBHOCTH.

Coset 4. Bui3biBaiiTe empty BMECTO CpaBHeHUs Size() C Hynem

Coser 5. Wcnonb3yiite uHTepsansHble yHKUMN BMECTO OAHOINEMEHTHDIX

Coser 14. Wcnonb3ayiite reserve Ans NpeRoTBPaLLEHNA NMLUHMX OMEPaLMIi NepepacnpeneneHUs NamsTv
Cosert 15. MOMHUTE 0 pa3nMuMaxX 8 peanm3aumm string

Coget 23. PaccMOTpUTE BOMOXHOCTb 33MeHbl CCOLIMATUBHLIX KOHTEHEPOB COPTUPOBAHHLIMM BEKTOPaMM
Coset 24. TwarensHo Bulbupaitte Mexay map: :operator[] u map: :insert

Coset 25. W3yunTe HECTaHAAPTHbLIE X3WNPOBAHHLIE KOHTENHEPH

Coset 29. PaccMOTPUTE BO3MOXHOCTL MCNONb30BaHNA istreambuf_iterator Npu NOCMMBONLHOM BBOAE
CoBet 31. TlOMHUTE O CYLIECTBOBAHNM Pa3HLIX CPEACTB COPTUPOBKM

CoBet 44. Wcnonb3ayitte QyHKLUNM KOHTEHEPOB BMECTO OAHOMMEHHBIX aNrOPUTMOB

Coeert 46. [Mepenasaiite anropuTMaM 06LEKTb! DYHKLMIT BMECTO hyHKLMIA

PekomMeHgauum

Pexomennatuu, cocrassiomue 50 COBETOB 5TOM KHUIM, OCHOBAHBI HA MHEHUSX U Ha-
6monenuax onbTHeumMx nporpamMmuctos STL. Onu B xpatkoit GpopMe 0ABOAAT UTOT
BCEMY, YTO PaKTHYECKH BCETAA CIEAYET (1K HaoOO0POT, He CJIeAYET) AeJaTh AJIs YCIel-
HOro ucmob3oBanus 6ubmuorexu STL. C Apyroit CTOPOHEI, 3TO BCErO JHIIL peKo-
MEH/Ia1MH, U B HEKOTOPBIX CUTYalMsX UX HapYIIEHHU BIIOJIHe onpaBaanubl. Hampumep,
B 3aT0JIOBKE COBETa 7 FOBOPUTCS 0 HEOOXOAMMOCTH Bbl30Ba delete A ykasaTeelt me-
pen yHuuTOKeHHeM KoHTelHepa. Ho u3 TekcTa coBeTa CTaHOBHUTCS SICHO, YTO 3TO Npa-
BUJIO IECTBYET JIUIIDb B TEX CITYYaAX, KOIa 0GBEKTH, Ha KOTODBIE CChLIAITCS YKa3aTe-
Ji¥, JOJIKHBl YHUYTOXAThCS PaHblile CaMoro KoHTeitHepa. O6bIMHO 3TO JeliCTBUTEIBHO
Tak, Ho He Bceraa. [Ipuseny aApyroit npumep — B 3aroJioBke coBerta 35 TipefaraeTcsi uc-
TnosIb30BaTh wIroputMbl STL A5 BhINOIHEHUS MPOCTHIX CpPaBHEHHH CTPOK 6€3 yyeTa
PEruCTpa, HO U3 TEKCTa COBETA CJleAyeT, YTO B HEKOTOPBIX CJIyYasixX Jiydle HCIIOJb-
30BaTh (QYHKIIHIO HE TOJBKO BHENUIHIOW 10 OTHOMeH 0 K STL, Ho 1a:Ke He BXOASIIIYIO
B craHzapt C++]

Tonbko xopomree 3HaHKe cnenubUKY MPOrPaMMbl 1 YCIOBHI ee PaGOTH! MO3BOJIAT
ONPENEe/IMTh, CTOUT JIX HAPYIUATh MPEACTaB/IeHHble peKoMeHAay. OGBMHO 3TOTO JIyy1ie
He JIeJIaTh, HO B OTAEJIbHBIX CJIy4asX BO3MOXHbI HCKIoYeHust. Kak pabckas mokopHOCTS,
Tak u 6e3paccyaHOe JIErKOMBIC/IEe OAMHAKOBO BpenHsL. IIpes /e 4eM CXOMUTh C IIPOTO-
PeHHOI A0pory, ybeauTech B TOM, 4TO AJIsl 3TOTO €CTh AOCTATOYHO BECKHE IIPHYHHEL.



KoHTenHepb!

B STL BxoauT HeMAJIO MOJIE3HBIX KOMIIOHEHTOB (B TOM YHCJIE HTepaTOPhl, AITOPHTMBI
u 06beKTHl GYHKIHN), 0OXHAKO GOJBUIHHCTBO MporpaMMucToB C++ CTaBUT Ha nepBoe
MECTO MMEHHO KOHTeliHepbl, [1o cpaBHEHHIO ¢ MacCHBaMK KOHTEHHepbI 06J1azaioT 60Jib-
et ru6KocThio ¥ QyHKIHOHANBHOCTRIO. OHH JHHAMWYECKH YBEJIUYHBAOT (2 HHOTAA
¥ YMEHBUIAIOT) CBOM Pa3Mephl, CAMOCTOSATEIILHO YIIPABJIAIOT AMATHIO, CJIEAAT 32 KOJIH-
YECTBOM XPaHSIMXCH 0OBEKTOB, OTPAHUYHMBAIOT AITOPUTMUYECKYIO CJIOKHOCTD MOA-
AEpKUBAEMBIX OTepauit U 061aKal0T MacCOl APYTUX AOCTOUHCTB. [TomyapHOCTD KOH-
TeiinepoB STL jierko 06bsiCHEMA — MPOCTO OHH IPEBOCXO/SIT CBOUX KOHKYPEHTOB, Oy b
TO KOHTEHEpPBI U3 APYTHUX GHUOIMOTEK WK caMocTosTeNbHble peanusanuy. Koneiine-
pst STL ne npocro xopouru. OHu OeiicmeumensHo Xopouu.

B aroii riaBe mpuBeAeHb! 0011KE CBEAEHMS, OTHOCSIIHECS KO BCEM THITaM KOHTeHHepoB
STL (xoHKpETHBIE THUIIbI KOHTEHHEPOB 6y Ay T pacCMOTPEHDI B APYTHX I7aBax). B yacrHo-
CTH, MBI PACCMOTPHMM TaKH€ BOIIPOCHL, KAK BRIOOD MOAXO/SIIET0 KOHTEHHEpa IIPH 3alaHHbIX
OrpaHHYEHHAX; BOBMOKHOCTD pabOTH! KoJa, HAIKCAHHOTO JJIS OHOTO THIIAa KOHTEHHEpa,
C ApYTYIMHE TUIIaMH KOHTEHHEPOB; 0cobas PoJib oMepaiyit KOMUpOBaHUs 06BEKTOB B KOH-
TeliHepax; mpobieMbl, BO3HHKAIOIKE PH CO3JaHNK KOHTEHHEPOB € yKasaTessiMu auto_
ptr; HIOAHCHI, CBSI3aHHbIE C YAAJIEHHEM 3JIEMEHTOB; ONTHMU3alUs PaboTH ¢ KOHTelHe-
paMH M 3aMEYaHHUS OTHOCHTEJILHO paboThl KOHTEHHEPOB B MHOTONIOTOYHOM Cpefe.

Cucox HOJIYyYHJICS BHYIIUTEIBHEIM, HO IYCTh Bac 3TO He myraeT. MaTepuai usina-
raeTcst He6oJIBIIUMHU MOPIHUSMH, a TTOMYTHO BB BCTPETHTE HEMAJIO HOJIe3HBIX HAeH, Ko-
TOpBIE CMOKeETe HeMeonenHo IPUMEHUTD B CBOUX MPOTPaMMAX.

Coset 1. BHuMaTensHO noaxoauTe K Bblbopy
KOHTelHepa
Hrak, STL npepocrapiisierT B Bale pacnopsiKeHHe MHOXECTBO Pa3HBIX KOHTeHHepOB,

HO 3HaeTe JI¥ Bbl, HACKOJIBKO LMIHPOKO 3T pasHooOpasue? ClieAyomas KpaTkas CBOAKA
MIOMO’KET BaM yOEeAUThCS B TOM, YTO Bbl HH O YeM He 3a0bl/IH.
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» Crannaprssle nociefoBarte bHblie Konteinepbl STL: vector, string, deque u Tist.
e CrangaprHsie accounaTurnble KonTeitnepst STL: set, multiset, map u muTtimap.

o HecrangapTHble nociexoBaresbHble KoHTeiiHepsl: s1ist u rope. Konreitnep
s1ist npeacraBisieT OAHOCBSI3HBIN CHICOK, a rope — CTPOKY € AOMOJHUTEBHbI-
MH BO3MOXHOCTSIMU. KpaTkuii 0630p 3THX HeCTaHAAPTHBIX (HO 0CTATOYHO LIK-
POKO pacnpoCTpaHEeHHHIX ) KOHTEHHepoB IMpuBeAeH B coBeTe 50,

* HecranaaprHble accouuaTuBHble KoHTeltHepbl: hash_set, hash multiset, hash_
map 1 hash_muTtimap. OTu monysspHble pa3HOBHAHOCTH CTAHAAPTHHIX ACCOI[HA-
THBHBIX KOHTEHHEPOB, IOCTPOeHHbIe Ha Ga3e Xaur-Tabiuil, pacCMaTPUBAIOTCS
B coBeTe 25.

e vector<char> kak 3amMeHa A/ string. YCIOBuS, TIPU KOTODBIX BO3MOXHA TI0-
no6Hast 3aMeHa, onicaHbl B coBeTe 13.

® vector KaK 3aMeHa JUIs CTaHJIapTHBIX aCCONMATHUBHBIX KouTelinepon. Kak 6y-
AEeT MOKa3aHO B CoBeTe 23, B HEKOTOPHIX CUTYallMsIX vector MPeBOCXOAMT CTaH-
AapTHbIE aCCOIMATHBHbBIE KOHTEHHEPHI KaK MO GBICTPOAEHCTBHUIO, TaK U MO 9KO-
HOMHH MaMSITH.

¢ HexoTopsie crannapTHbie KOHTENHEPHI, He BXoasuue B STL: maccussl bitset,
valarray, stack, queue u priority_queue. [TockosbKy 3T KOHTelHEePBI He OTHOCAT-
ca x STL, B 2710}t KHHTE OHH MPAKTHYECKH HE YIIOMUHAIOTCS, XOTS B CoBeTe 16
ONHCaH cJiyd4ad, KOrja MacCHB OKa3bIBaeTCsl MPeANoYTHTEIbHEE KOHTEeHHEepOB
SQL, aB cosere 18 o6BsicHsIeTCS, MOYeMy bitset MoxeT 6bITh Jyylre vector<bool>,
Takske CTOUT NOMHHTD O BO3MOXHOCTH HCIIO/Ib30BaHUsI MACCUBOB C A/ITOPHUTMAMHU
STL, nockonbky ykasaresnu MOryT paboTaTh Kak HTepaTOphl MACCHBOB.

IIpu cTO/IB MHPOKOM aCCOPTHMEHTE KOHTEHHEPOB BO3PACTAET H KOJIHYECTBO (bak-
TOPOB, KOTOPBIMM CJIEAYET PYKOBOACTBOBATLCS npu ux Bebope. K coxanenuio, MHOTHE
omucanus STL orpaHH4HBaIOTCA MOBEPXHOCTHHIM B3IJISAOM Ha MHP KOHTeHHepoB
H TIOJIHOCTBIO UTHOPUPYIOT MHOTHE (DAaKTOPBI, OTHOCSIIMECS K BHIGOPY ONTHMATBHOTO
KOHTe#Hepa. ITOT HeAOCTAaTOK NpHUCyI Aaxke CTaHAAPTY, KOTOPHIH MpeAsaraeT BbIGU-
paTh MexAy vector, deque 1 11st Ha OCHOBaHMH ClIeyIOLIMX KPUTEPHEB: «...vector, 1ist
u deque 06,12a10T Pa3/IMYHBIMK XapPaKTEPUCTHKAMH B 3aBHCHMOCTH OT KJacca Bbi-
NOJTHSIeMBIX ONEPauuil, B COOTBETCTBUH C KOTOPBIMHU AOJIKEH OCYIIECTBIIATHCS BEIGOP.
Bexrop (vector) npencrasisieT coboil THII IOCIIEAOBATENBHOTO KOHTEHHepa, KOTOPHII
ucnospayercs B 6onpmuncTBe ciydaes. Crucox (1ist) HCIONB3yeTCS MPH YaCTHIX
OmepanuaxX BCTaBKH U yAaJieHus! B IPOU3BOJIbHOM mo3uuuu. /lex (deque) Beibupaercs
B CJIyyae, eCJii GOJIBIIMHCTBO BCTABOK M yAaJleHHi MPOM3BOAUTCS B HAYAJIE UM B KOHIIE
HOCJIEAOBATENIBHOCTH 3JIEMEHTOB»,

Eciti orpaHuuMTBCS AITOPUTMHYECKOI CIOKHOCTDIO, 3Ta PEKOMEHAALMS 3BYYUT
BIIOJIHE Pa3yMHO, HO Ha IPAKTHKE IIPUXOIHUTCS yYHTHIBATh MHOXECTBO APYTHX (PAKTOPOB.

Bcxope MeI paccMoTpuM HekoTopble GakTOPhI, YYHTHIBAEMEBIE B JOTIOIHEHHE K ajTO-
PHUTMHYECKOH CJIOXXHOCTH, HO CHayasa s JoJDKeH NpeACTaBUTh KPUTepHil Kiaccudu-
xanuu KoHTedHepoB STL, koTopoMy, K coxkaseHuI0, 06BIYHO He YAeNAeTCs AOKHOTO
BHUMaHuUS. Peub HET 0 pa3indusax MeXAy KOHTeiHepaMu ¢ 6JI0KOBBIM H Y3JIOBBIM BHI-
AeJIeHueM TIaMSITH.
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B 6noxoswix Konmetinepax (Takxke Ha3bIBAEMBIX KOHMEUHEPAMU CO CMENCHOU Na-
MAMbIO) 3NIEMEHTHI XPAHSITCS B ONHOM HJIHM HECKOJBKHX JUHAMHYECKH BblAEJAEMbIX
610Kax MaMsITH, 0 HeCKOJIbKO 371EMEHTOB B KakAoM Goke. [Ipu BcTaBKe HOBOTO HJIH
yAaJleHuH CYIIECTBYIOILETO 3JIeMEHTa APYTHE 3JIEMEHTHI TOTO Xe 6JI0Ka CABUTaloTCs
BBEPX MJIM BHHU3, 0CBOOOXKAasi MECTO AJI51 HOBOTO 3JIEMEHTA HJIH 3alOJIHSSA MeCTo, paHee
3aHMMaeMoe yaaieHHBIM ajiemeHToM. [Ton06HbIe nepeMelieHus BJIHSIOT KaK Ha CKO-
pocTb pabotsl (cosersl 5 u 14), Tak u Ha Ge3onacHocTb (06 atom — Hmwke). K yuciy
CTaHJapPTHHIX GJIOKOBEIX KOHTENHEPOB OTHOCSATCS vector, string u deque. Hecranmapt-
HbII KOHTEHAHED rope Takxke sBJsieTcst GJIOKOBBIM.

B yanosusix konmetinepax Kaxablil IMHAMUYECKH BBIAETIEHHBIN QparMeHT COAepIKUT
POBHO oAuH 3jieMeHT. Onepaliu yAaleHus i BCTABKY BBIIOJIHSIIOTCS TOJNBKO € yKa3a-
TeJISIMM Ha Y3JIbl, He 3aTParuBas COAEPKMMOTO CaMUX y3IIOB, M IOTOMY 06XozmsTcs 6e3
nepeMelneHnit JaHHBIX B mamsTu. K 3Toll KaTeropuu OTHOCSTCS KOHTEHHEPH! CBSI3aH-
HBIX CIUCKOB (Takue Kak 1ist u s1ist), a Takxke Bce CTaHAAPTHBIE ACCOIIMATABHAIE KOH-
TeitHepbl, 0GBIYHO peasiu3dyeMsle B popMe cOanrancupoBaHHBIX AepeBbes. Kak Gyzer no-
Ka3aHO B CoBeTe 25, pealu3alusl HeCTAaHAAPTHBIX X3UIMPOBAHHBIX KOHTEHHEPOB TOXe
IOCTPOEHA Ha Y3JI0BOM NPHHIIKIIE.

Pa306paBIIuCch ¢ TEPMUHOJIOTHEH, MOXHO TIEPEXOAUTD K aHaIu3y (HaKTOPOB, YYH-
THIBaeMBIX TIpU BEIOOPe KoHTeliHepa. B nanbHeliiem onucanuy He y9UTHIBAIOTCS KOH-
TeitHephl, He BXofsuMe B STL (MaccuBE, 6UTOBBIE MHOXECTBA U T. A.), TOCKOJAbKY KHH-
ra Bce-taku nocssAuiena STL.

o Hyina nu 603MONCHOCMY 6CMABKYU HOBOZO DNEMEHMA 8 NPOU3EONLHOU NOSULUU
xonmeiinepa? Eciii Hy>Ha, BHIOHpaiiTe ocIeA0BaTeNbHBINA KOHTEHHED; aCCOIHM-
aTHUBHBIE KOHTEHHEDHI He MOAXOASIT.

® Baoken 1u nopadok xpanenus anemenmos 6 Kowmeiinepe? Eciu nopsinox ciemo-
BaHHS 3JIEMEHTOB HE BAXKEH, X9MIMPOBAHHEIE KOHTEHHEPH! MONAAAI0T B YHCIIO
BO3MOXKHBIX KaHAUAaTOB. B npoTuBHOM citydyae npuaercst o6oiTich 6e3 HuX.

o Jlonoxcen nu Korwmeiinep 6xo0umn 6 4uCIO CManoapmubix Konmeiinepos C++? Ecin
BBIOOP OrpaHHYMBAETCS CTAHAAPTHHIMH KOHTEHHEPaMH, TO XallIUPOBAHHbIE KOH-
TeliHepEHl, s11st 1 rope, HCKJIIOYAIOTCS.

® K xaxoii kamezopuu donxcno, omuocumocs umepamoput? C TeXHUYeCKOH TOUKH
3PEHMsI HTEPATOPHI IPOMU3BOJILHOFO AOCTYIA OTPAHHYMBAIOT Balll BLIOOD KOHTEH-
Hepamu vector, deque ¥ string, XoTs, B IPHHIKIIE, MOKHO PACCMOTPETH H BO3MOX-
HOCTb IPUMEHEHHUSI rope (3TOT KOHTeltHep paccMaTpuBaeTcs B coBere 50). Eciu
HY>KHBI IByCTOPOHHHE MTEPATOPH, HCKJI04aeTcs Kiaacc s1ist (coser 50) u oqna
pacmpocTpaHeHHas pean3anus X3IHPOBAaHHEIX KOHTelHepoB (coser 25).

®  Hysicno u npedomepamums nepemeisenue Cyuecmeyiowux S1eMeHmos npu 6Cmas-
ke unu yoanenuu? Eciu HYXHO, BO3AEPXKHUTECH OT HCIOJBb30BAHUS GIOKOBBIX
KOHTeitHepoB (cosert 5).

o [onsxcna nu cmpyxmypa namamy Kowmelinepa coomeemcmsosamo npasuLaM 3ot -
xa C? Eciu 1omxHa, 0CTaeTcst JIMIIb UCHOJIb30BaTh vector (coser 16).

® Hackonvko kpumuuna ckopocms noucka? Eciu ckopocTh MoMcKa KpUTHYHA, pac-
CMOTPHUTE X3UIHPOBaHHbIE KOHTeHHephl (COBET 25), COPTUPOBAHHBIE BEKTOPHI
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(coBet 23) u craHzapTHBIE aCCOIIHAaTHBHBIE KOHTEHHEPH — BEPOSITHO, MMEHHO
B TAKOM HOPSIZKe.

»  Mooem nu 6 Konmetinepe UCnonws306amscsa nodcuem ccunok ? ECiu moacyer cebl-
JIOK Bac He ycTpauBaeT, AepPKUTECh Mojanbuie oT String, MoCKoJbKY MHOTHE
peanusanuu string nocTpoeHsl Ha 3ToM MexaHu3Me (coset 13). Takxke cirenyer
usberatp KonTeitnepa rope (coser 50). KoHeuHo, cpeacTsa AJist MpeacTaBIeHHs
CTPOK BaM BCe e NMOHao0sTCst — nonpolbyiiTe HCIOIB30BaTh vector<char>,

o [Tompe6yemcs tu Mmpan3axyuonnas cemanmuxa Ois onepayuti 6cmaexu u yoare-
Hus? ViHade roBops, XOTHUTe JIH BBl 00€CTIEYUTh HAZle)KHYIO OTMEHY BCTABOK H
ynanenuit? Eciu xorure, BaM noHano6urcst y3nosoit koureiinep. [Ipu ucrosn-
30BaHUH TPAH3AKIIMOHHON CEMAHTHKH JJIs MHOTO3JIEMEHTHBIX (HAIIPHUMED, HH-
TEPBAJbHBIX — CM. COBET ) BCTAaBOK CiieAyeT BhI6paTh 115t — eAMHCTBeHHBII
CTaHJAPTHHIN KOHTeliHep, obsafaoumit 3TuM cBoiictBoM. TpaHzakiuoHHas ce-
MaHTHKa 0COOEHHO BaXKHa [IPH HANIMCAHUHU K03, 6e30MacHOr0 Mo OTHOMEHHUIO K
UCKIodeHHusM. Boob1ue roBopst, TpaH3aK1(MOHHAS CEMAHTHKA PEATU3YETCS B IS
610KOBBIX KOHTEHHEPOB, HO 32 3TO MPUXOAHUTCS PACILIAYHBATHCA OBHICTPOAEN-
CTBHEM U YCJIOXKHeHHEeM KOAA. 3a JONMOJIHUTENbHO M uHbOopManueit obpamaiirecs
k kuure Carrepa «Exceptional C++» [8].

o HyocHo u ceecmu K MUHUMYMY KOIUHECTE0 HeOeiCmeumensHbix Umepamopos, yka-
sameneti u ccotnok ? Eciin Hy)HO — BrIGupaiiTe y3JI0Bble KOHTEHHEPHI, TOCKOJIb-
Ky B HUX OIlepalli¥l BCTABKH U yAaleHHA HUKOIZA He NPUBOAAT K NOSBJICHHIO
HeZleCTBUTEIbHBIX HTEPATOPOB, yKa3areJsielt u CChUIOK (€CJIM OHM He OTHOCSTCS
K yZalsieMbIM 3jieMeHTaM). B obieM ciyyae olepannu BCTABKH U yAaIEeHUS
B 6JI0KOBBIX KOHTeHEPaX MOTYT IIPUBECTH K TOMY, YTO BCE HTEPATOPEHI, yKa3aTe-
JIY M CCBLJIKH CTAHYT HEAEeHCTBUTEBHBIMHE.

* He nodoiidem nu eam nocredosamenviiviil Konmeiinep ¢ umepamopami npou3gons-
Hoz0 Docmyna, 8 KOMOPOM YKA3AMENU U CCOLIKL Ha OaHHbIE 6Ce20a 0CTaomcs deti-
CMEUMEeNVHOLMU, CAU U3 KOHMElHePA HUYez0 He YOansemcs, a 6CMmaeKka npouseo-
dumcs monvro ¢ Konye? CuTyanus BecbMa CIenu(pudecKas, HO eCJiU BHI C Helt
CTOJIKHETeCh — BhiGHpaiiTe deque. CiiemyeT 3aMeTHTB, YTO UTEPATOPHI deque Mozym
CTaTh HeACHCTBUTENIbHBIMY, AaXKe €CJIM BCTABKA MPOM3BOAUTCS TOJBKO B KOHIE
KOHTelHepa. JTO eNMHCTBEHHEIH cTaHAapTHEIR KoHTeinep STL, y xoToporo
HTEPaTOPbl MOTYT CTaTh HeAeHCTBUTEIbHBIMU NPH A€HCTBUTEIbHBIX YKa3aTe X
U CCBLIKaX.

Bpsia niu 31H BOIpOCH! MOJIHOCTBIO HCYEPIBIBAIOT TeMy. Hampumep, B HUX He y4u-
TBIBAETCS TOT (GaKT, 4TO Pa3Hble THITB KOHTEHEPOB UCIIOJIb3YIOT pasHble CTPAaTerHH Bbl-
AeJieHus! MaMsITH (HEKOTOPBIe acTeKThl 3THX CTpaTeruii onucaHsl B coerax 10 u 14).
Ho 1 9TOT CNIHCOK HArJISITHO NIOKA3bIBAET, YTO A/ITOPUTMUYECKAS CIIOKHOCTD BBITOJIHS-
eMBIX OIlepaiuil — fajleKo He eAMHCTBEHHBIH KpuTepuii BeiGopa. Beccniopho, oHa urpa-
€T BOXHYIO POJib, HO IPUXOAMTCS YYUTHIBATh U APYTHE (PAKTOPHL.

ITpu BriGope xonTeitHepos STL npeaocrasaseT J0BOXLHO GOIBIIOE KOIMYECTBO Ba-
pHaHTOB, a 3a npefesamMu STL ux oxasbiBaercst eme Gosbure, [Ipeskae YeM IPUHEMATD
OKOHYaTeJIbHOE pellleH e, 0053aTeIbHO H3YYUTE 6C¢ BO3MOKHBIE BADHAHTHL <... KoHTeit-
HEp, HCTIOJb3yeMBblil B GOJIBIIMHCTBE ciiydaes»? §I Tak He AyMmaio.
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Coset 2. OcTeperanTtecb UNN03nA KOHTEHEPHO-
HEe3aBMCMMOro Koaa

Ocnosrem npuniunoM STL ssnsiercst o6o6menne, Maccusbl 06061AI0TCA B KOHTEH-
HepBl, TapaMeTPU30BaHHEIE N0 THIIAM XpaHAmuXcsi 00bekToB. OyHKIMH 0606manTcs
B aJITOPUTMBEI, HapaMeTPHU30BaHHEIE 110 THIIAM KCIIOJIb3YEMBIX HTEPATOPOB. YKa3aTeslu
0606111a10TCS1 B HTEPATOPBI, TaPaMEeTPU30BaHHbIE [0 THIIaM 06BEKTOB, Ha KOTOpble OHU
yKa3bIBaloT.

Ho 370 jinmp Havyano. KoHkpeTHEIe pa3HOBHAHOCTH KOHTEHHEPOB 0006IAIOTCS B Ka-
Teropuu (10CAeA0BaTeIbHBIE H aCCOIMATUBHEIE), a TIOXOXKHE KOHTENHEPD HAEIAIOTCS
cxoanbIMu yHkuuaMu. CrangapTHble 6JI0KoBble KOHTeiiHephl (coBeT 1) obmanaor
UTEpaTopaMu MPOM3BOJBLHOTO AOCTYMA, TOIAA KaK CTAHAAPTHHIE Y3JI0Bble KOHTEHHEPHI
(Takxe onmucaHHBIe B cOBeTe 1) MOANEPXKUBAIOT ABYCTOPOHHHME HTepaTophl. [Tocmeno-
BaTeJIbHblE KOHTEHHEPE! MOANEPXKUBAIOT onepauuu push_front u/uiu push_back, y ac-
COIlMaTHBHBIX KOHTEHHEPOB TaKue ONepailii OTCYTCTBYIOT. B acconmaTuBHbIX KOHTEl -
Hepax peaiusoBaHbl QyHKIuH lower_bound, upper_beund u equal_range, o6ianaonue
norapubMUYecKoil CI0XKHOCTHIO, a B MOCIEA0BATEIbHBIX KOHTEHHEPAX HX HET.

I[Tpu Takux TeHASHIUAX K 0600IIEHIMIO BOBHUKAET €CTECTBEHHAS MBICJIb — ITOCTE-
AOBaTh MOJIOKUTEAbHOMY NpuMepy. Kenanue noxsanpioe. HeCOMHEHHO, UM CTOUT
PYKOBOJICTBOBAThCSA NMPH HAMMCAHUH COOCTBEHHBIX KOHTEHHEPOB, HTEPATOPOB M AJITO-
PHUTMOB, HO MHOTHE TIPOTPAMMHCTHI THITAIOTCSL AOGUTHCS 3TON 1I€IH HECKOIBKO MHBIM
crioco6om. BmecTo Toro 4To6s1 0pHeHTHPOBATHCS Ha KOHKPETHBIM THI KOHTEHHEPa, OHK
TBITAI0TCS 06061HTE CHHTAKCHC TaK, YTOGBI B IPOrpaMMe, HaNPHMEP, HCITOIb30BANICS
vector, HO MO3/HeE ero MOXHO OBLIO 6Bl 3aMeHUTh Ha deque i 1ist 6e3 uameHeHHs
KOJa, B KOTOPOM 3TOT KOHTEHHEp HCII0JIb3yeTcs. M Hade roBopsi, OHHU MBITAIOTCA MHCATh
Konmeunepro-nesasucumbviii koo. [Tono6Here 06o6menus, kakumu 651 61arMMu HaMepe-
HUSAMH OHH He ObLIH BBI3BAHbL, MOYTH BCETa HeXeJlaTe bHEL

Haxe caMmblii yOexAeHHDBIA CTOPOHHUK KOHTeHHEPHO-He3aBUCHMOTO KOAa BCKOpE
OCO3HAET, YTO YHUBEPCATBHBIH KOA, paGoTa0Wuil KaK ¢ MoC/Ie0BaTeIbHBIMH, TAK H C ac-
COLMATHBHBIMH KOHTeliHepaMH, 0CO60T0 CMBICIIA He uMeeT. Muorue dynxiuu cyme-
CTBYIOT TOJIBKO B KOHTEHHEpAX OMNpeae/ieHHOM KaTeropuy; HanpuMep, GYHKIHHU push_
front u push_back moazep:xuBaioTCs TOIBKO NMOC/€A0BATEIbHEIMU KOHTEHHEpaMH; (byHK-
uuu count 1 lower_bound — TOIBKO acCOMATUBHEIMK KOHTeliHepaMu 1 T. 4. Jlaxke cur-
HaTyphl Takux 6a30BBIX ONepaluii, KaK insert u erase, 3aBUCST OT KaTeropuu. Hampu-
MED, B MOCJIEAOBATENPHOM KOHTeliHepe BCTaBJIEHHBINA 06BEKT OCTAaeTCs B HCXOAHOI
MO3HIIMH, TOTAA KaK B aCCOIMaTHBHOM KOHTeHEPe OH MepeMellaeTcs: B MO3UIIUIO,
COOTBETCTBYIOIIYIO HOPSIAKY COPTHPOBKH JAaHHOTO KOHTelHepa. M apyroit npumep:
(opma erase, KOTOPOI IIpK BBI30BE NIEPEAAETCS UTEPATOP, AJIS IIOC/I€A0BATENBHOIO KOH-
TeliHepa BO3BpaIaeT HOBBIH HTEPATOP, HO AJIsT aCCOLMATUBHOTO KOHTeHHEPa He BO3Bpa-
IaeTcsl HUYero (B coBeTe 9 TMOKa3aHO, KaK 3TO 0GCTOSITENILCTBO BJIMsET Ha IIPOrpaMM-
HBII KOX).

HomycTuM, Bac ioceTuia TBOPYECKast MBIC/Ib — HATUCATh KO, KOTOPBIH paboran 65
CO BCEMH PacNpOCTPaHEHHBIMH IOCJIeI0BaTeIbHBIMEU KOHTeliHepaMu: vector, deque
u list. Pazymeercs, BaM IpUAETCS TPOrPaMMHUPOBATh B KOHTEKCTe OOIIHMX BO3ZMOXKHOC-
Tell 3THX KOHTeHHepOoB, a 3HAYUT, QYHKIHK reserve u capacity (coseT 14) ucmonb3o-
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BaTh HeJib3sl, TOCKOJBbKY OHH He MOJeP>KUBAIOTCST KOHTelHepaMu deque u 1ist. Ipu-
cyrctBue 11st Takyke 03HAYAET, 4TO BaM NPUAETCS OTKAa3aThCs OT omeparopa [ ] u orpa-
HUYUTHCS ABYCTOPOHHHMY HTEPATOPAMH, YTO HCKIIIOYAET aJTOPHTMEI, paboTamue
C UTepaTopaMy IPOM3BOJIBHOTO J0cTyna — sort, stable_sort, partial_sort unth_element
(coser 31).

C npyroit CTOPOHEI, HCXOQHOE HaMEPEHHE MOANEPXKUBATh vector HckiIoYaeT dyHK-
nuu push_front u pop_front; vector u deque uckirodaioT npuMeHeHue splice u peaiusa-
1M10 sort BHYTPH KOHTeHHEPa. YYUTHIBAs Te OFpaHHYEHHS, O KOTOPHIX TOBOPHJIOCH
BBIILE, HOCJAEAHUI 3alpeT 03HAYaeT, YTO AJIS BAIETO <0G0OIIEHHOT0 TMOCIEeA0BATE b
HOTO KOHTeliHepa» He yJacTCs BBI3BaTh HUKAKYIO (hopmy sort.

Iloxa peyb uzeT o Belax NPOCTHIX U 04eBUAHBIX. [Ipy HapymeHun J11060T0 B3 3THX
OrpaHMYEHHMi Balla MporpaMma He OyAeT KOMIMJIMPOBATHCS MO KpaitHedl Mepe A
OIHOTO U3 KOHTEHHEPOB, KOTOpHle BBl HAMEPeBAIUCH MOALEpKuBaTh, [opasno GoJbire
npo67ieM BO3HMKHET C IIPOrpaMMaMH, KOTOpbie 6y0ym KOMIHMIMPOBATHCA.

B pasnbIx mocsefoBaTelIbHEIX KOHTeHepax AeHCTBYIOT pasHbie TIpaBUJIa Hedell-
CTBUTEJIBHOCTH MTEPATOPOB, yKa3aTesel u cchlsiok. UToOH! Ball KoA MpaBHJIbHO pabo-
TaJ ¢ vector, deque u 1ist, HEOOXOXHMO NMPEATIONOKUTS, YTO JiI06ast ONMEpaIUs, TPHBO-
[SIIast K TIOSABJICHHMIO HeleHCTBUTE/IbHEIX HTEPATOPOB, YKa3aTe el M CCHIJIOK B JTI060M
U3 3TUX KOHTEHHEPOB, IPUBEJET K TeM Ke TIOCJIEACTBUSM M B HCIIOJIb3yeMOM KOHTeli-
Hepe. OTciona cexyer, 4To MoCje KaXA0ro BbI30Ba insert HeAelCTBUTEIbHBIM CTAHO-
BUTCSA abCOJIOTHO BCe, MOCKOJIbKY deque: : insert AesaeT HefeiCTBUTEIbHEIMY BCE HTe-
PAaTODBI, @ U3-32 HEBO3MOXHOCTH HCIIOJIB30BAHHS capacity NPUXOAUTCS MPeAIoaraTh,
4TO IOCJIe oNlepanyy vector: :insert CTaHOBATCS HeAeHCTBUTEIbHBIMHE BCE YKa3aTeld |
cecbUIKH (KaKk ynoMuHaeTcst B coBeTe 1, KoHTeliHep deque o6J1ajiaeT YHHKATBHEIM CBOM-
CTBOM — B HEKOTOPBIX CJIy4asaX eT0 HTePATOPH MOTYT CTAHOBUTBCS HEAeHCTBUTE IBHEL-
MH C COXPaHeHHeM AeHCTBUTENbHDIX YKa3aTellell U CCBUIOK). AHAIOTHYHbIE PacCyxe-
HUS IPUBOAAT K BBIBOAY, YTO MOCJIE KAXKAOTO BEI30BA €rase BCe UTEPATOPHI, yKa3aTesn
U CCBLIKM TakXe AOJDKHBI CYUTAThCSI HeleHCTBUTEAbHBIMH.

Henocratouno? /lannble KoHTeliHepa He nepefaioTcs yepes uuTepdeiic C, MOCKoIb-
Ky faHHas BO3MOXHOCTD HOANEPXKHUBAETCA TOJIBKO AJisA vector (coset 16). Bl He cMo-
XKeTe CO31aTh IK3eMIULAP KOHTeHepa ¢ THIIOM bool — Kak 6yZeT nokasaHo B cosete 18,
vector<bool> He Bceraa BefeT cebs Kak vector u HUKOTA He XPaHUT HACTOSIIIME JIOTH-
uecKye BeJIMYMHEL Bbl [aXe He MOXKeTe PacCYUTHIBATH HA IIOCTOSIHHOE BpeMst BCTABKH-
yAaJIeHus], XapakrepHoe 1Jist 1ist, mockoJIbKy B vector i deque 3TH OTlepailiy BBITIOJIHS-
I0TCA C IMHEHHOH CJIOKHOCTHIO.

"To e ocTaeTcs nocie Beero ckasanHoro? «O6o6ImeHHbIi MOCaeq0BaTe IbHBIH KOH-
TeliHep», B KOTOPOM HeJIb3sl MCIIOJIB30BATh reserve, capacity, operator[], push_front,
pop_front, splice u BooG1me 060§t a1ropuT™, paboTAIOMmKMI C HTEPATOPAMH IPOK3BOJIb-
HOTO OCTYNa; KOHTelHep, y KOTOPOro Jiio00i BBI30B insert 1 erase BHIMOIHSETCS C JIH-
HEIHOM CJI0XKHOCTBIO M IPUBOJMT K HeAefCTBUTEIBHOCTH BCEX MTEPATOPOB, yKa3aTe-
JIeit U CCBUIOK; KOHTeHep, HeCOBMECTHMEIA ¢ A3b1KoM C M He M03BONSIOMHMI XPAHUTD
JIoTHYeCcKHe BeJIMYMHBL 3aX0Y€TCsA JIM BaM HCIIOJIB30BATh HOAOOHDIN KOHTEHHEp B CBO-
eM npuaoxeHuun? Bpsa .

Ecyu ymepuTh aM6u1tiu 1 OTKA3aThCS OT MOAKEPXKKH 1ist, BB BCe PaBHO TepsieTe
reserve, capacity, push_front u pop_front; Bam Take ImpUAeTCs NMoJaraTh, 4YTO BbI3OBEL
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insert u erase BRIMOJIHSIOTCS C JIMHEHHON CI0)KHOCTBIO, 2 BCE HTEPATOPHI, YKa3aTesHl
H CCBIJIKH CTAHOBATCSI HeleHCTBUTEIbHBIMH; BB BCE PaBHO TepseTe COBMECTUMOCTH ¢ C
U He MOKeTe XPaHUTh B KOHTEHepe JIOTHYeCKHe BeJIHYHUHEL.

Jaxke ecym 0TKa3aThCS OT MOCJEA0BATeIbHEIX KOHTEIIHEPOB U B3STHCS 32 acCo-
LIMaTHBHbIE KOHTEHHEDHL, Ae/0 o6cTouT He siydme. HanucaTs koA, KOTOPHIi 651 0AHO-
BPEMEHHO paboTall ¢ set 1 map, MpaKTHYEeCKH HEBO3MOXKHO, HOCKOJIBKY B S€t XpaHSTCH
OMHOYHEIE 0OBEKTDI, 2 B MAp XPaHSTCA napbl 00beKToB. Jaxe COBMECTHMOCTD C set
u multiset (vu map u multimap) o6ecneduBaercs ¢ 6osbmum TpynoMm. Oynxnus insert,
KOTOpOH NMpPH BBEI30BE IepeflaeTCs TOJIBKO 3Ha4eHHe BCTABISEMOTO 3JIEMEeHTa, BO3Bpa-
IaeT pa3Hble TUITBL Ui Set/map U ux multi-aHaloros, IPH 3TOM BBI JOJDKHBL H30eraTh
JOOBIX AOMYIIEHUH OTHOCHTEIBHO TOTO, CKOJIBKO 3K3eMILIAPOB AaHHOH BeIHYMHBI Xpa-
HuTCst B KoHTeftHepe. [Ipu paGote ¢ map u multimap npuxoauTcst o6xoxuThes 6e3 onepa-
topa [ ], HOCKOJIBKY 3Ta (DYHKIHSA CynIeCTBYeT TOJIBKO B Map.

Cornacurecs, urpa He crout cBed. Konreitnepr! AeficTBUTENBHO OMANUAOMCS APyT
OT ApyTa, 06JIaZfal0T Pas3HBIMK JOCTOMHCTBAMHU M HefocTaTKaMu. OHH He 6bITH paccuu-
TaHbl Ha B3aUMO3aMEHAEMOCTD, U C 3TUM (pakToM ocraeTcst TOJMBKO CMUPUThCA, JIobbie
HOTBITKY JINIIB HCKYIIAIOT CYABGY, a OHA 3TOTO He JI06HT.

Ho pano ujiu 1031H0 HACTYHMT J€eHb, KOT/ZIa OKAXKETCS], YTO ePBOHAYAIbHBII BEIGOD
KOHTelTHepa ObLyI, MATKO FOBOPSI, HE ONTUMAJIBHBIM, U Bbl 3aX0OTHTe NMEPEKTIOYNTECS Ha
Apyro# Tui. [Ipu u3aMeHeHnH THNa KOHTeNHHEPa HY>KHO He TOJIbKO MCIIPaBUTh OMIHOKH,
o6Hapy>KeHHble KOMIIMJISITOPOM, HO ¥ MIPOAHATU3HPOBATh BECh KOJ, TAe OH VCIIOJIb3Y-
€Tcsl, ¥ pa3odpaThCs, 9TO CllefyeT U3MEHHUTD B CBETE XapaKTePHCTHK HOBOTO KOHTelHe-
pa ¥ paBHUJI IEPEX0AA HTEPATOPOB, yKa3aTelell U CCHIJIOK B HEAEHCTBHTEJILHOE COCTOS -
Hue. [Tepexons ¢ vector Ha Apyroit TUN KOHTelHePa, BB yXKe He CMOXETe paCCYNTHIBATD
Ha C-COBMECTHMYIO CTPYKTYPY MaMsITH, a IPU 0GPaTHOM Tiepexofie HY>KHO HPOCTIeAUTh
3a TeM, YTOOBI KOHTEHED He MCTIOJIB30BATICS IS XpaHeHus bool.

Eciu B 3HaeTe, 4TO THI KOHTelHepa B 6yAyIeM MOXKeT H3MEHHUTDCS, 3TH H3MeHe-
HHSL MOXHO YTIPOCTHTb OOBIYHBIM CTIOCOGOM — MHKarCy suueir. OMHO U3 IpocTenx
pelleHui OCHOBAHO Ha MCIIOJIb30BAaHKH ONpe/eNieHuil typedef 1715 TUTIOB KOHTelHepa 1
uteparopa. CiiefoBaresibHO, parMeHT

class Widget{...};

vector<Widget> vw:

Widget bestWidget;

// NpucsouTb 3Hadvenne bestWidget

vector<Widget>::iterator i = // HailTu Widget c Takum we 3Hauenuen,
find(vw.begin(),vw.end() ,bestWidget) // kak y bestWidget

3alMUCbIBACTCA B CACAYIONIEM BH/IE:

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

WidgetContainer vw:
Widget bestWidget:

l;léiterator i=find(vw.begin().vww.end() ,bestWidget):

[Togo6Has 3amuch 3HAYMTENBHO YNIPOLIAeT U3MEHEHHe THIIAa KOHTelHepa, 9T0 0Co-
6enHo yno6HO, KOr/la H3MeHeHye CBOAUTCS K IPOCTOMY A06aBIEHHIO HECTAHAAPTHOTO
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pacripe/iesiuTe IS MaMATH (TaKoe u3MeHeHHe He BIUseT Ha MPAaBUJIa HeAeHCTBUTEBHO-
CTH MTEPaTOPOB/yKa3aTejiell/CChIJIOK).
class Widget{...}:

template<typename T> // B coseTe 10 ofvAcHAeTCA. novyemy
SpecialAllocator{...}; // HeoBxoAuMo UCNONb30BATL WABNOH

typedef vector<Widget,SpecialAllocator<Widget>> WidgetContainer:
typedef WidgetContainer::iterator WCIlterator:

WidgetContainer vw: // PaboTtaeTt
Widget bestWidget:

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

Haxe ecnu Bac He HHTepPeCyIOT acHeKThl typedef, CBSI3aHHBIE C MHKANCYJIAIMEH, BB
HaBepHsAKA O1leHHTe S5KOHOMUIO BpeMeHH. [IpeanosioxuM, y Bac uMeeTcst 06bEKT THIIa
map<string,
vector<Widget>: :iterator.
CIStringCompare> // CIStringCompare - cpasHeHue CTpPOK
// 6e3 yueTa peructpa: cm. coseT 19
H BBl XOTHTe NepeGpaTh 3JIeMEHTbl MHOKeCTBA IIPU TIOMOIIH const_iterator. 3axouercst
JI¥ BaM BBOAUTD CTPOKY

map<string,vector<Widget>::iterator, CIStringCompare>::const_iterator

Goseie oaHoro pasa? Ilocie Henpoaosxkutenbroit paborst B STL BH noiimere, 4T0
typedef — Bam ApyT.

Typedef Bcero suiIb ONpeAeNAeT CHHOHMM JUIS APYTOTO TUIIA, IO3TOMY MHKAMCY JIsi-
({5 IPOU3BOAUTCS HCKIIIOUMTENIBHO Ha JIeKcudecKoM ypoBHe. OHa He noMelnaeT KJu-
€HTY CAeJIaTh TO, YTO OH MOT ceJiaTh paHee (M He O3BOJIUT CAENATh TO, 4TO GbLIO paHee
HeMOCTYNHO). Eciin BBl 3aX0TUTE OTPaHUYUTD 3aBUCUMOCTD KJIMEHTA OT BHIGPAHHOTO
THIa KOHTeliHepa, BaM NOHaf065Tcs Goiee cepbe3Hble CPeACTBA — KJIACChl.

Yro6s! OrpaHuIuTh 06bEM KOA2, Tpebyiontero MoaubUKAII MU IPH 3aMeHe THIA KOH-
TeitHepa, CKpoiiTe KOHTeHHED B KJacce M orpaHudbTe 00beM HHOPMAIHH, AOCTYITHOM
uepes uHTepdeiic Kaacca. Hanpumep, eciu Bam motpe6yercst co3aaTh CIUCOK KIHEH-
TOB, He HCI0JIB3yHTe KiIace 1ist HanpsaMYyIo, ompedesuTe Kiaacc CustomerList u uHKaI-
cysupyiiTe 1ist B ero 3aKphITOi YacTH:

class CustomerList {

private:

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

CustomerContainer customers:

public: // 06vem undopMauuu, AOCTYMHOW
// 4epe3 3TOT uHTepdeiic, OrpaHuuMBaeTCA
}:

Ha nepBerit B3I/ NPOUCXOAsILIEe BHIIAAUT TJIyNo. Beap CHUCOK KJIHEHTOB —
3TO CnucoK, He mpasia ju? Brosne Boamoxno. Ho B 6yaymeM MosxeT 0Ka3aThCs, 4TO
BO3MOXHOCTb BCTaBKH-y/JaJIeHUs B CepefiHe CIHUCKA UCIOJIb3YETCH He TAK 4acTo, Kak
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IpeAnoNarajoch BHAYajle, 3aTO HYXKHO OBICTPO BhIAeUTH 20% KIMEHTOB ¢ MaKCH-
MaJIbHBIM 00BEMOM CAEeJIOK — 3Ta 3ajiada MPOCTO CO3AaHa AJsl ajiropuTMa nth_element
(coset 31). Oanako nth_element TpebyeT urepaTopa NPOU3BOJLHOTO AOCTYIA K HE
Gyaer paboTarnb ¢ KoHTeliHepoM 1ist. B aroit cuTyaium «CnucoK» Jiydile peatusoBaTh
Ha 6ase vector wim deque.

PaccMarpuBast nofo6Hble u3MeHeHusl, HeOGX0AUMO NIPOAHAIM3UPOBATD BCe PYHK-
1uu Kkaacca CustomerList, a Taxxke Bcex «apy3eit» (friend) u mocMoTpeTh, Kak Ha HUX
OTpPA3HTCs 3TO u3MeHeHue (B OTHOWIEHUH OBICTPORENCTBHUS, HeAEHCTBUTEIbHOCTH
HTEepPaTopOB/yKa3aTesiell/CCBIIOK U T. A.), HO IPH TPAMOTHOM HHKANCY/SAIHM AeTane
peanu3anuu CustomerList 3To u3MeHeHHe NpaKTHYECKH HE MOBJIHSET HA KIHEHTOB
CustomerList.

CoseTt 3. Peanusyire 6biCcTpoe U KOppeKkTHoe
KonuvpoBaHue 06bLEeKToB B KOHTEHepax

B xonTeitnepax xpansrcs o6beKTHI, HO He Te, KOTOphle BBl UM nepeaaete. Bosee Toro,
npu noJiydeHud oObekTa U3 KOHTeHHepa BaM MPEAOCTABAAETCS He TOT 0GBEKT, KOTO-
phlit HaxoAuCs B KoHTelHepe. [Ipu Briodenun o6bexTa (BBI30BOM insert, push back
U T.A.) B KOHTEeHHep 3aHOCUTCS Konus yka3aHHOro oObexra. Ilpu mosyyenun obnexra
13 KOHTelHepa (HanpuMmep, BbI3oBoM front miu back) BEI Takxe IMoJsrydaeTe Konuto.
Konuposanue Ha BX0fie, KONupoBaHue Ha BBIXOA€ — TaKOBHI mpasuia STL.

Ho unociie Toro, kax 06beKT 0KaxeTcs! B KOHTeHepe, OH MOXeT y4acTBOBATh B OIle-
pauusx KonMpoBaHusl. B pesysibraTe BcTaBKH ik yaasieHusi 3JIeMeHTOB B vector, string
u deque CyIeCTBYIOIIHE 3/IEMEHTH KOHTeliHepa OGBIYHO MepeMemanTcst (KOMHpYIoT-
cst) B mamATH (coBeThl S u 14). AnropurMbl copTupoBKH (coBet 31), next_permutation
u previous_permutation; remove, unique u ux poguau (coset 32); rotate u reverse — Bce
3TH Onepaiuu MPUBOAAT K KOMMPOBaHHIO 06beKToB. [la, KonmupoBaHue 06bEKTOB Ael-
CTBUTEJILHO 3aHUMaeT o4eHb BaxKHoe MecTo B STL.

BoamoxHo, Bam GyzieT MHTepecHO y3HaTh, KaK XK€ MPOU3BOAUTCS KOHPOBAHHE.
Ouenb npocTo — 06BEKT KOMUPYETCS BEI30BOM COOTBETCTBYIOIHUX (PYHKIUH 3TOro
00beKTa, a TOUHEE KONUPYIOU,ez0 KOHCTPYKTOPA U KONUPYIouezo OTIEPaTOpa PHCBANBa-
Husl. B mosb3oBaresibckux knaccax 3ty GyHKIMM OGBMHO 0GDABIAIOTCS CIEAYIOUINAM
obpasom:

class Widget(

public:
ﬁidget(const Widgetd): // Konupyiownit KOHCTpYKTOp

Widgetd operator=(const Widget&): // Konupyouni onepatop npucBausaHua

}

Kak o6rr4no, ecu Bol He 06bsBUTe 3TH DYHKUMH CAMOCTOSTENBHO, KOMITHIISTOP
CAeJIaeT 3TO 32 Bac. Berpoennsie tumel (int, yxasaTesu u T. A.) KOMUPYIOTCS MPOCTHIM
KOMHPOBaHHEM UX ABOMYHOTO Npeacrasienus. Konupyromume KOHCTPYKTOPH 1 onepa-
TOPHI IPUCBaUBaHKsl OMUCaHbI B JiI060M ydebHuke o C++. B yactrocTu, aTu GyHKIHK
paccmotpeHH! B coBeTax 11 u 27 xuuru «Effective C++».
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Ternepb BaM Z0JDKeH OBITH SICEH CMBICT 3TOTO coBeTa. Ecitn KoHTeiiHep comepxut
00BeKThI, KONUPOBaHUE KOTOPBIX CONPSKEHO ¢ GOJIBIIMMH 3aTpaTaMu, IpocTelilee
3aHeceHUe 0OBEKTOB B KOHTEHHEDP MOXKET 3aMeTHO TMOBJIHUATbD Ha CKOPOCTh PaboThl
nporpaMMbl. Yem Gosiblire 06bEKTOB MepeMentaeTcs B KOHTelHepe, TeM GoJIblIe TaMs-
TH K TaKTOB NPOIECCOpa pacxolyeTcs Ha KomupoBaHue, Bosee Toro, y HekoTOpHIX
0OBEKTOB CaMO IOHATHE «KOIHPOBAHUE» UMEET HETPAAMIIMOHHBI CMBICI, U TIPH 3aHe-
CeHMH TaKHX 00bEKTOB B KOHTeHED HEM3MEHHO BO3HUKAIOT Mpo6ieMsl (TIpHUMep 1pu-
BeZleH B coBeTe 8).

B cutyamuax ¢ HacnenoBaHueM KOMMPOBAaHHE CTAHOBUTCS MPHYMHON OTCEYeHHUS.
HMuaye rosops, ecu co3naTh KoHTeHEp 06beKTOB 6230BOT0 KJ1ACCa H MOMBITATHCS BCTA-
BUTb B HETO 0OBEKTHI IPOU3BOAHOTO KIACCA, «IIPOM3BOAHOCT» 3THX 0OBEKTOB yTPadHr-
BaeTCsl IPY KOMUPOBaHUH 06BEKTOB (KONHUPYIOLINM KOHCTPYKTOPOM 6a30B0T0 Kiiacca)
B KOHTeHep:

vector<Widget> vw;

class SpecialWidget: // SpecialWidget Hacnepyer ot wnacca

public Widget{.}: // Widget (cm. panee)
SpecialWidget sw; // Sw KONUPYETCA B VW KaK OObeKT 0430B0ro Knacca
vw.push _back(sw): // Cneunanu3auus ofbvexTa TepaeTcs (oTCeKaeTca)

// B npouecce KONMpOBaHMA

IIpo6niema oTceuenus npeamnonaraet, 4T0 BCTaBKA 06bEKTA IPOM3BOAHOTO KJIacca
B KOHTeltHep 06bexToB 6a30B0Oro Kiracca 06bIYHO MPUBOAKT K OMIHGKe. A eCJTH BbI XOTH-
Te, 4TOOB! IOMyeHHbIi 06beKT 061afan nosedenuem 06beKTa IPOU3BOAHOTO KIAC-
ca (HarpuMep, BHI3bIBaJ BUPTYaIbHEIE GYHKIMA 06BEKTOB MPOM3BOAHOIO KIAcca),
BCTaBKa 620 IPUBOAUT K omubKe. 3a A0MOTHUTEIBHON uHbpopManueit o6pamaiitecs
x «Effective C++», coBer 22. [Ipyroit npumep nposiBiieHust 3TOM npobiiembl B STL omu-
caH B coBeTe 38. :

CymecrsyeT npocroe pemenue, obecrnednsaroree 5hdeKTHBHOE, KOPPEKTHOE U CBO-
6oxnoe oT poBIeMbl OTCEYEHHUSI KONMPOBAHKE — BMECTO 06BEKTOB B KOHTeliHepe xpa-
HATCS yrazameau. Vinade ToBopsi, BMeCTo KOHTeliHepa Al XpaHeHus Widget cosmaercs
KOHTEMHED AJis1 Widget*. Ykazartesu 6picTpo KOMUPYIOTCH, pe3yJIbTaT TOYHO COBIAAET
C oXxuzaeMbIM (IIOCKOJIBKY KONHpYeTCsi 6a30Boe ABOMYHOE MPEACTABJIEHHE), A IPH KO-
NMpoBaHHH yKa3aTe/1s1 HU4eTo He oTcekaercs. K coxanenuio, y xoureitnepos yxasare-
J1ei HMEI0TCA CBoH NpobeMsl, 06yciiosiienHbte cnenudukoi STL. Oxu paccMaTpuBa-
oTca B coetax 7 1 33. IIbITasich cnpaBUTBCS ¢ 3TUMH NPOGJIEMaMK H TIPH 3TOM He
HQXUTh XJIONOT € 9 (EKTHBHOCTHIO, KOPPEKTHOCTBIO U OTCEYEHUEM, Bbl, BEPOSITHO,
o0HapyXUTe CHMIATHYHYIO AIbTePHATHBY — yMHbLe yKa3ameny. 3a KOTOMHUTeIbHOMN
vHpopmaiueit obpamalitecs K cosety 7.

Ecnu BaM noxasanocs, uto STL 310ynoTpe6asier KonupoBaHueM, He TOPOIIATECH
¢ BeiBoZamu. [la, xonuposanue B STL BbINOJIHSETCS A0BOJIBHO YacTo, HO B HENOM GHO-
JIMOTEKA CIPOEKTHPOBAHA C TAKUM PACcYeTOM, YTOOBI H30€XKaTh JIMIIHETO KOTIHPOBAHHSL.
Bouee Toro, ona naberaer numrero cosdanus 06bextos. CpaBHHTE C HOBEAECHUEM KJIac-
CHYECKOr0o MacCHBa — €AMHCTBEHHOTO BCTPOEHHOro KoHTelHepa C u C++:

Widget wlmaxNumWidgets]; // CosapaTe mMaccus obvekTos Widget

/7 OBbeKTH WHAUMANU3MPYITCA KOHCTPYKTOPOM
// no yMmon4anuio
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B aToM caydae koHCTpyHpyloTcs maxNumWidgets oGbexToB Widget, Aake eciiy Ha mpak-
THKe 6YAYT HCIONB30BATHCSL JIMIID HEKOTOPBIE W3 HUX WK BCe JaHHbIE, MHUIHATH3H-
POBaHHBIE KOHCTPYKTOPOM II0 YMOJTYAHMIO, OYAYT HEMEIUIEHHO TIEPe3anCabl JaHHbI-
MH, B3STHIMH K3 APYTOro UCTOYHUKA (Hanpumep, u3 ¢aitia). BMecTo MaccuBa MOXKHO
BOCIIOJIb30BaThCS KOHTelHepoM STL vector u co3aarh BEKTOD, IHHAMUYECKH YBEJIHI K-
BaOIKICS B CIyYae HeOOXOAUMOCTH:

vector<Widget> ww; // Co3pats, BEKTOP, He coaepwauuii HU OAHOrO

// obvexTa Widget u ysenuuusaoumiica no mepe
// neobxoanmocTy

MoxHo Takxke co3AaTh NyCTON BEKTOP, B KOTOPOM 3ape3ePBHPOBAHO MECTO AJIS
maxNumidgets o6bexToB Widget, HO HE CKOHCTPYHPOBaH HH OIMH U3 3THX 06BHEKTOB:

vector<Widget> vw;

vw.reserve(maxNumhidgets): // OyHKUMA reserve onucaHa B coseTe 14

ITo cpaBHeHuIo ¢ MaccuBamu KoHTeltHeps: STL BeayT cefst ropaszo LABHIM30BAH-
Hee. OHH €037a10T (HOCPEACTBOM KOTIMPOBAHUSI) CTOJIBKO 0GBEKTOB, CKOJIBKO YKA3aHO,
H TOJIBKO IO BallleMy TpeOOBaHHIO, a KOHCTPYKTOD MO YMOJIMaHKIO BHIHOJIHAETCS TOJb-
Ko ¢ Bamiero paspemenust. Jla, konreiinepst STL co3maior konum; Aa, B 0COOEHHOCTSX
uX paboThl HeOGX0AMMO XOPOIIO Pa3bUpaThes, HO He CTOMT 3a6BIBATh U O TOM, YTO OHH
03Ha4aioT 60JIbLIOI WIAT BIiepe M0 CPABHEHHIO C MACCHBAMH.

Cosert 4. Bbi3biBanTe empty BMECTO CpaBHEHUS
size() ¢ Hynem

ZIJI}I TPOHU3BOJIBHOTO Kom'eﬁﬂepa C CJIEAYIOLIHE 1BE KOMaH/Ibl (baKTI/IlICCKI/I 9KBHUBAJICHTHBL:

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

if (c.empty())..

BosHuuxkaer Bornpoc — moyemy jke IpeANOYTEHHe OTAAETCA OAHON KOHCTPYKIIHY,
0CO6EHHO eCJIU YYecTh, YTo empty 06BIYHO pealuayeTcsl B BHAE NoACTaBxsieMolt (inline)
¢byHKIHH, KOTOpad MPOCTO CPaBHHUBAET Size() ¢ HyJieM W BO3BPALIAET Pe3YJIbTaT?

IIpuyuna npocra: GpyHKImMs empty [UIsl BCEX CTAaHAAPTHLIX KOHTEHHEPOB BHIOJIHSI-
€TCSI C MOCTOSIHHOM CIOKHOCTBIO, 8 B HEKOTOPBIX pealu3anusix 11st BEI30B size Tpebyer
JINHEHHBIX 3aTPAT BPEMEHH.

Ho nouemy cnucku tak cebst Bexy? [louemy oHu He 06ecnednBaioT BHITIOIHEHHUS]
size ¢ MOCTOSIHHOM CIOKHOCTBIO? JTO OOBSICHSIETCS. B OCHOBHOM YHUKATbHBIMU CBOM-
crBamu Gynknuit Bpesku (splicing). PaccmoTpuM crenyromuii pparment:

list<int> 1istl;
Tist<int> 1ist2:

Tistl.splice( // NepewecTuTs BCe yaml 1ist2
listl.end(),1ist2, // OT nepsoro Bxokaenua 5
find(1ist2.begin(),1ist2.end(), 5), // po nocnegHero sxomaenua 10

find(1ist2.rbegin().1ist2.rend(),10).base() // B korey listl
) // Busos base() paccmatpusaetca
// B coseTe 28
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IIpusenennstii pparmMeHT He paboTaeT, eciiu TOIbKO 3HaYeHue 10 He BXoAuT B 1ist2
nocje 5, HO noka He Gynem oGpamaTh Ha 3TO BHEMaHHus. BMecTo aTtoro 3amagumcst
BOIIPOCOM: CKOJIBKO 3J1eMEeHTOB OKakeTcs B criucke 1istl nocie Bpesku? Pasymeercs,
CTOJIBKO, CKOJIBKO OBLIIO 10 BPE3KH, B CyMMe C KOJIMYECTBOM HOBBIX 3JiemeHTOB. [locen-
HAS BeJIMYMHA PaBHA KOJIMYECTBY 3JIEMEHTOB B MHTEPBAJIE, ONpPEAE/IIEMOM BHI30BAMH
find(1ist2.begin(),1ist2.end(), 5) u find(1ist2.rbegin(),1ist2.rend(),10).base().
Cxosbko UMeHHO? UTOBH OTBETUTD HA 3TOT BOIPOC, HYKHO niepebpaTh U MOACYUTAT
aneMeHTHl MHTepBaia. B aToM U 3akiio4aeTcst mpobJema.

HomycTuM, BaM MOPy4€eHO peann3oBaTh 11st. DTo He NPOCTO KOHTENHED, a cmandapm-
Hbtli KOHTEHHED, HO3TOMY 3apaHee H3BECTHO, YTO KJIacC 6YAeT MHPOKO HCTIONAb30BATh-
cs. EcrecTBenHo, peanuaanust 1omKHa ObITh Kak MOXHO Gonee addexrusnoit. Onepa-
[Usl ONPEAEIeHNs KONMYECTBa 3JIEMEHTOB B CIHCKe OyZeT Y4acTO HCHOJAb30BaThCS
KJIMEHTaMM, TIO3TOMY BaM XOTeJIOCh GBI, 4TOOHI oniepaiius size paboTana ¢ HOCTOSHHON
cnoXxHoCThI0. Knace T1ist Hy»XHO CIIpoeKTHpOBaTh Tak, 4TOOBI OH BCETAa 3HAM KOJIHde-
CTBO COAEPXKAIUXCS B HEM 3J1EMEHTOB.

B T0 e BpemMs u3BeCTHO, YTO U3 BCEX CTAHAAPTHBIX KOHTEHHEPOB ToJbKO 1ist mo-
3BOJISIET OCYNIECTBAATh BPE3Ky 51eMEeHTOB 6e3 KONUpoBaHust AaHHbIX. MOXHO npes-
TIOJIOKMTh, YTO MHOTHE KJIMEHTHI BLIOUPAIOT 11st HMeHHO u3-3a 3 )eKTUBHOCTH OIle-
pauuy Bpe3ky. OHYU 3HAIOT, YTO MHTEPBAbHASA Bpe3Ka U3 OAHOTO CIUCKA B APYroi
BBINOJIHSIETCS 32 TIOCTOSIHHOE BPeMsT; BBl 3HaeTe, YTO OHH 3TO 3HAIOT, U II0CTapaeTech He
00MaHyTh UX HaNEX bl Ha TO, 4TO QYHKUKS splice paboTaeT ¢ MOCTOSHHBIMHU 3aTpaTa-
MH BPEMEHH.

Boanuxaer qunemma. Ytobsl onepanus size BHINOMHAIACH C MOCTOSTHHON CJIOXK-
HOCTBIO, Kaxaast GyHKIHUs Knacca 1ist JoJDKHA OGHOBIIATL pa3Mephl CIHCKOB, C KO-
TOpeIMHU OHa paboTtaeT. K yuciy Taxux dynxnuit otHocutcs u splice. Ho caenats
9TO MOXHO TOJNIbKO OJHHM CHOCOG0M — (DYHKIHS AOMKHA MOACYUTATD KOJMIECTBO
BCTaBJISIEMBIX 3JIEMEHTOB, a 3TO He MO3BOJIMT 00eCIeduTh HOCTOSIHHOE BPeMst BBIIOJI-
HeHust splice... 4ero Mbl, COGCTBEHHO, M NBITAIMCH A06UTHCS. Ecau oTkas3aTbest oT 06-
HOBJIEHHsI Pa3MePOB CNUCKOB QyHKuuel splice, NOOUTHCSA NOCTOSAHHOTO BPEMeHH
BBITIOTHEHMS U151 SPT1ce MOKHO, HO TOT/a C JIMHEHHOMN CJI0)KHOCTDIO 6yAeT BbIMONHSTh-
cst size — eit npuAeTcsa nepe6HPaTh BCIO CTPYKTYPY AAHHBIX U TIOACYUTHIBATD KOJIH-
4eCTBO djteMeHToB. Kak Hu cTapaiics, yeM-To — size uiu splice — mpuaeTcs moxepr-
BoBaTh. OfiHa U3 3TUX Omepanyii MOXET BBINIOJHATHCS C IOCTOSTHHON CJIOXKHOCTBIO, HO
He 00e cpa3y.

B pasHbix peanusanusx cucKkoB 3Ta npo6ieMa PelnaeTcs: pa3HEIME CIIOCO6aMH B 3a-
BHCHMOCTH OT TOFO, KaKyIO 13 Ornepamuii — size uiu splice — aBTOPbI XOTSAT ONTHMH-
3upoBarth 10 ckopocTy. IIpu pabote ¢ peanusaiueii 11st, B KoTopoit 661710 BEIGpaHO 1o~
CTOAIHHOE BPeMs BBINOJIHEHUsI splice, Jiydile BHI3BIBATh empty BMECTO Sz, ITOCKOJIbKY
empty Bcerna paboTaeT ¢ IIOCTOSIHHOM CKOPOCTBIO. BripoueM, faxke ecitu BBI He HCIOJDb-
3yeTe TaKyIo pea3anuio, He HCKJIOYeHO, 4TO 3TO MPoU3oiizeT B GyaymeM. BoamosxkHo,
nporpamMma 6y/eT aganTHPOBaHa [UIsL APYTol MaTOpMEI ¢ ApyToit peanusauneii STL,
V1M BHI llepeiifiere Ha HOBYI0 peanu3auuio STL pist Texymeit niraTopMeL.

B n11060m cryyae Bbl HuueM He PUCKYeTe, BEI3biBast empty BMECTO IPOBEPKH yCIOBHS
size()==0. Mopaub: ecytu BaM OTPe6OBANOCH Y3HATD, COREPXKHUT JIH KOHTEHHEP HOMIb
3JIEMEHTOB — BBHI3BIBAliTE empty.
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Cosert 5. Ucnonb3yinTte uHTEpBanbHbie QyHKUNA
BMECTO OAHO3/1EMEHTHbIX

Ecre nBa BekTOpa, v1 1 v2. Kak nipoure Bcero 3anosHuTh V1 COAEpKUMBIM BTOPOit 1I0JI0-
BHHBI V2?7 ToJIbKO HE Hafio MYYHTEIBHO Pa3MBbINUIATH HAJ TEM, 4TO CYMTATH «II0JIOBH-
HOIf» TIPK HeYeTHOM KoJIH4ecTBe 3/ieMeHTOB B V2. [IpocTo mocTapaiitech GBICTPO AaTh
pa3yMHBIii OTBeT.

Bpewms ucrexso! Eciiu Bbl mpeoXuiu

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

HJIH HedTO TIOXOJKee — MO3APaBIsiio, niTh 6asuios. Eciu B BaueM oTBETE NpHUCYTCTBY-
IOT BBI30BHI GoJtee yeM ofHOM (yHKIMH, HO IPH 3TOM OH 06XOAUTCA 6€3 1UKIOB, BB
Homy4aere «1eTBepKy». Ecu B oTBeTe 3aneiicTBOBaH MK, BaM eCTh HaJl 4eM mopabo-
TaTh, a €CJIM HECKOJIBKO I[HKJIOB — 3HAYUT, BBl Y3HAETE M3 3TOM KHUI'M MHOI'O HOBOTO.

KcraTu roBOpSI, €CJiu Y YTEHUH omeena Bbl IpousHecn «Jero-4ero?» uim 4ro-
HuOY/b B 3TOM pOJie, YUTaiTe BHUMATEIBHO, TOTOMY YTO Pedb MOoieT 06 OYeHb IMoJIe3-
HBIX Bellax.

1 npusen aTy 3anady no AByM npudnHaM. Bo-mepBhix, 0Ha HANIOMKHAET BaM o Cylie-
CTBOBaHMM O4eHb yA06HOM DyHKIMM assign, 0 KOTOPOi MHOTHE IPOrPAMMHUCTH TIOTIPOC-
Ty 3a6p1BatoT. (DyHKIHMS assgn MOUIEPKUBAETCS BCEMH CTAHAAPTHBIMHU NOC/IEA0BATE N b-
HBIMU KOHTelHepaMu (vector, string, deque u 1ist). Kaxasiit pas, koraa Bam tpebyercs
MOJTHOCTBIO 3aMEHHTD COAEPKMMOe KOHTelHepa, oAyMaiite, Hesib3sl Jiu JOOUTHCS Ke-
JlaeMO¥ LieJiu pUcBanBaHueM. Eciu BBI IPOCTO KOMUpyeTe OAMH KOHTERHED B APYTOit
KOHTeHHEp TOTo ke THIIA, 3aja4a pewaercs GyHkiuei operator=, Ho, kak moxasbiaer
NpUBeAEHHbIA pUMeP, CYIIEeCTBYeT Takxke QYHKIIKS assign, KOTopast MO3BOJISAET 3amoJl-
HMTH KOHTEeHep HOBEIMH AAHHBIMH B TeX CJIYYasx, KOTAA operator= He HOAXOAHUT.

Bo-Bropsix, 5Ta 3anaya nokasbiBaer, oYeMy MHTePBaJIbHble DYHKIIHH JydITe CBOUX
OZIHOBJIEMEHTHBIX aHAJIOTOB. MHmepsanvhoti Ha3biBaeTcs (DYHKIMS KOHTelHepa, KoTopas,
nono6ro anropurMaM STL, onpezensieT WHTEPBAT 31eMEHTOB AJIS BHIIIOJHSEMOM OTle-
paiiuu Npu MOMOLIH ABYX ITapaMeTpoB-utepatopos. Bes untepBanpHoit dyHxkun Ham
HPHIILIOCH GBI CO3/AABaTh CHENMATBHBIN UKL

vector<Widget> v1,v2: // Tpepnonaraetca, 41o vl u v2 -

- // BekToph 06nekToB Widget

vl.clear():

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

ci = v2.end();
+CT)
v1.push_back(*ci);

B cosere 43 noapo6Ho 06bACHsAETCS, OYEMY HCIIOIb30BATh SBHbIE IMKIbI HE PEKO-
MEH/YeTCsl, HO U 63 3TOro SICHO, 4TO HallMcaHue 3T0To (parMenTa norpebyer Gobie
ycuuii, 4eM MPoCToi Bbi30B assign. IHKI Takoke OTpUaTeIIbHO BIMSET Ha GBICTpOel-
CTBHE, HO K 3TOI TeMe Mbl BEPHEMCS MTO3JKE.

OnHO 13 BO3MOXHBIX pelnen it 3aKII04aeTCsl B TOM, YTo6bI TIOCIeN0BaTh coBeTy 43
Y BOCIIOJIb30BATHCS AJITOPHTMOM:

vl.clear():
copy(v2.begin()+v2.size()/2,v2.end() back_inserter(vl)):
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Ho u sToT BapuaHT Tpe6yeT GOJIBIIMX YCHIIUI, YeM MPOCTOl BbI3oB assign. Boee
TOro, XOTA LMK/ He BCTpedaercsl B IporpaMMe, OH HaBEPHSKA NMPHUCYTCTBYET BHYTPH
BBI30Ba copy (CM. coBeT 43). B peayJibTaTe NoTeHIMANbHOE CHIDKeHHe GbIcTpoaeicTBIs
He ucye3aeT (BCKope MBI MOTOBOpUM 06 3TOM). A ceifdac st X0uy HeHaJ(0JITO OTBJIEYbCA
OT TEMBI U 3aMETHTh, YTO IPAKTHIECKH BCE CIyYan HCNOJIb30BaHUsI COPY, KOFZa IPHEM-
HBIH MHTEPBaJl 3aJjaeTCs UTEPaTopoM BCTaBkM (inserter, back_inserter umu front_
inserter), MOTYT — u OOXCHbL — 3aMEHSITHCSI BRI30BaMU HHTEPBaIbHBIX GyHKImiA. Ha-
IIPUMEP, BBI30B COPY 3aMEHSIETCS] HHTEPBAJIbHOI Bepcuel insert:

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

Komanzaa noJiy4aetcst HEHAMHOTO KOPOY€, HO OHa K TOMY JKe SICHO YKa3bIBaeT Ha CyTh
IPOMCXOSILIETO; JAHHBIE BCTABJISIOTCS B V1. BBI30B COpy 03HauaeT MPUMEPHO TO Xe, HO
He CTOJIb OYEBHMAHO. B JaHHOM cilydyae BaxKHO He TO, YTO 3JIEMEHTBI KONHPYIOTCH, a TO,
410 B V1 RO6aBISIOTCS HOBBIE NaHHbIe, DyHKIHS insert IpsiMO TOBOPHT 06 5TOM, a copy
numb c6uBaeT ¢ ToJKy. HeT HuYero 0oco6eHHO HHTEPECHOTO B TOM (paKTe, YTO JaHHBIE
I7le-TO KOMUPYIOTCs, — CoOCTBEHHO, Besi 6ubnuorexa STL nocmpoena na npunnune
xonupoBanust. Konuposanue urpaer HacTonbko BaxkHyio posb B STL, uto emy nocss-
1eH CoBeT 3.

Mpuorue nporpammuictsl STL 3noynotpebasiior pyHkumeit copy, I09TOMY TONBKO
YTO AAHHBIA COBET CTOMT NMOBTOPHTH: BRI30BHI COPY, B KOTOPHIX Pe3yJIbTHPYIOUTUH HH-
TepBaJ 3a7a€TCS UTEPATOPOM BCTaBKH, IPaKTHYECKH BCETa ClefyeT 3aMeHsITb BBI30-
BaMM HHTEPBAIBHBIX (DyHKIIHIA,

Bepuemcsi x ipuMepy ¢ assign. Mbl yXe BBISICHWIM JB€ NIPHYHHEL, 10 KOTOPBIM
HHTEPBANbHBIM (DYHKIUSM OTAAETCSA HPEAINOYTEHHe Mepe] UX OAHO3IeMEeHTHEIMHU
aHaJIOTaMH.

e Hanucanue Kofla ¢ HHTEPBAIbHBIME (PYHKIMSIMU 0OBIYHO TPeGyeT MEHBIIHX
ycunui.

o Pemenusi ¢ MHTEPBAILHBIMM QYHKIUSAMHU OOBIYHO BHIISAAAT GoJiee HATJSIAHO KU
JIOTHYHO.

Kopoue rosops, nporpaMMbl ¢ MHTEPBAIBHBIMU (GYHKIMAMU yA0OHEe KaK MHUCaTh,
Tak 1 9uTaTh. O YeM TYT ellle TOBOPUTH?

BrpoueM, HEKOTOPBIE CKJIOHHBI OTHOCHTD 3TH apFYMEHTHI K CTHJIIO IIPOTPaMMHUpO-
BaHHSI, @ BOIIPOCHI CTHJISI BBI3BIBAIOT Y HPOTPAMMHCTOB TaKylo XK€ apKylo MOJeMHUKY,
Kak u Tema Bbibopa Jlyumero B Mupe Penaxropa (X0Tst 0 YeM TyT cioputh? Beem us-
BECTHO, 4T0 3T0 Emacs). Bouro 6b1 Hemsioxo uMeTh 6oJiee YHUBEPCANbHbIH KPUTEPUIX
AJIs1 CPaBHEHMS! MHTEPBAJIbHBIX (QYHKIIMI ¢ OAHO3IeMeHTHBIMU. JLJIst cTaHAAPTHBIX
HOCJIEA0BATENbHBIX KOHTEIHHEPOB TaKOK KpuTepuii cyuecTsyet: addekruBHocThb. [Tpn
paboTe o CTaHAAPTHBHIMMU TI0C/IEN0BATEILHBIMUA KOHTEHHEpAaMK IPUMEHEHHE OTHO3Ie-
MEHTHBIX (PyHKIIMI PUBOAMT K 60Jiee YacTOMY BBIAEIEHHIO NaMsTH, foJiee 4acTOMY
KOTIHPOBaHMIO 0GHEKTOB U/ 1JIH BLIIOJHEHUIO JTMITHUX OTIEPAIMIL IO CPaBHEHHIO C pea-
Jiu3anuei, 0CHOBAaHHON Ha MHTEPBAIBHBIX (QYHKIHAX.

[TpexnosouM, BBl XOTUTE CKONMPOBATh MAaCCHB int B Hadaso vector (MCXOQHOE pa3-
MeIeHHEe JaHHBIX B MaCCHBE MOXET OOBSICHSTBHCS TEM, UTO JaHHbIE OBLIM NOJIYUeHBI
yepe3 yHacaen0BaHHbIH uHTepdeiic ¢ si3bikom C. IIpo6ieMsl, Bo3HUKaOUME NPH 00D-
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enunennn konTeltnepos STL ¢ untepdeiicom C, onvcansl B cosete 16). Pemmenue ¢ un-
TepBabHOM PyHKIHEN insert KoHTellHepa vector BHIIJISIAMT IPOCTO K HECXUTPOCTHO:
int data[numValues]: // Tpeanonaraetca, 470 numValues

// onpepensetca B ApyroMm mecte
vector<int> v;

;.1nsert(v.begin().data.data+nurnVa1ues): // Bctasutes int u3 data
// B Havano v

BeposiTHoO, penteHue ¢ IUKJANYECKUM BBI30BOM insert BHITJISAUT IIPUMEPHO TaK:

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

insertLoc = v.insert(insertlLoc.datali]):
}

O6paruTe BHUMaHHe Ha COXpaHeHue 3Ha4eHu s, BO3BPAIIaeMOro IIPH BEI30BE insert,
Ao cienywouei urepaiun. Eciu 6bl 3Hauenue insertLoc He OGHOBISIIOCH MOCTE KaXk-
Ioil BCTaBKH, BO3HUKJIM Obl ABe npobsieMbl. Bo-TepBhIX, Bce uTepanuu UMKJIA 1OCe
HepBOii moBeiu GBI celsl HEMpeaACcKa3yeMbIM 06pa3oM, HOCKOJIBKY B Pe3YJIbTaTe KaXkKao-
IO BBI30Ba insert 3Hadenue insertLoc CTaHOBHIIOCH ObI HeAEHCTBUTENBHBIM, Bo-BTOPHIX,
Aaxe ecu ObI 3HadeHHe insertLoc 0CTaBaloOCh AeHCTBUTEIBHEIM, BCTABKA BCETAA IPO-
u3BoAMIach Gbl B Hayasle BeKTOpa (TO eCTh B V.begin()), u B pesyJibTaTe COAepKUMOe
MaccuBa OblIo GBI CKOITMPOBAHO B 06PaTHOM TIOPSAKe.

ITonpo6yem nocenoBaTh COBETY 43 ¥ 3aMEHHM ITMKJI BBI30OBOM COpY:

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

ITocste co3panus ax3eMmiisipa wabaoHA PelIEHHE C COPY MPAKTUYECKH HACHTHYHO
PEIIEHHIO C IIMKJIOM, II03TOMY B CBOEM aHaIu3e 3(h(heKTHBHOCTH MbI OTPAHHYHMCSI BTO-
PBIM BapHAaHTOM 4 GyfieM IOMHUTD, YTO BCE CKA3aHHOE B PABHON CTeNeHH OTHOCHTCS K
pemeHuio ¢ copy. B ciydae ¢ uuksioM BaM Gyaer npoiie MOHSTh, 4eM 06yCII0BIEHb IO~
Tepu addekTuBHOCTH. [[a, 3TO HMEHHO «II0TEPH» BO MHOKECTBEHHOM YHCJIE, TOCKOJIb-
Ky pellleHHe C OAHO3JIEMEHTHOH BepcHeil insert compsikeHo ¢ TpeMsi BUAAMH 3aTpaT,
OTCYTCTBYIOLIHMH IIPY HCIIOJIb30BaHUH HHTEPBAIBHON BepcuH insert,

I[TepBas norepst 06ycioBIeHa IMITHAMY BbI30BaMu pyHknuit. EcrecrBenno, mocie-
noBaTesibHas BCTaBKa numValues asieMeHTOB TpeGyeT numValues Bbi3oBoB insert. Ilpu
BBI30BE HHTEPBAIbHOM (popMBI insert ZOCTaTOYHO OXHOTO BEI30BA (GYHKIIMH, TEM CAMBIM
aKoHoMHTCA numValues-1 BeI30B. BoamoxHo, noacraHoska (inlining) nabasut Bac ot
3THX 3aTPar... 2 MOXET, ¥ HeT. Y BeDEHHBIM MOYKHO OBITD JIMIIb B OHOM: IIPH KCTIOJIB30-
BaHHM MHTepBaIbHOM GOPMBI insert 3Ty 3aTpaThl 3aBEAOMO OTCYTCTBYIOT.

[ToxcranoBKa He clacaeT oT BTOPOro BUAA 3aTpart, 00yCrIOBIeHHbIX Hea(hheKTHB-
HOCTBIO TNIePeMeIleHHU A CYIIeCTBYIOIIUX 3JIEMEHTOB V Ha HTOTOBBIE MO3UIIMH IIOCJIe BCTAB-
Ku. Kaxapiit pas, korja insert BKaiO4YaeT B V HOBBII 3JIEMEHT, BCE 3JIEMEHTHI IOCJIE TOY-
KH BCTaBKH CMEIAIOTCS Ha OJHY HO3HIHKIO, 0CBOOOXKAAsI MECTO. DJIEMEHT B MO3ULUM P
IepeMeniaeTcs B MO3uNHUIO p+7 u T. 1, B HaweM npumepe numValues 3J1eMeHTOB BCTaB-
Js10TCA B Hadaslo v, CilefloBaTeIbHO, KK B 3/1eMEHT, HaXOAUBIIKIECH B V 0 BCTABKHY,
CABHIaeTcs B ob1eit clI0XKHOCTH Ha numValues no3uiimit. Ho mpu Ka/0M Bbi30Be insert
3JIEMEHT CABHUIAETCS TONBKO HA OAHY NO3HIIMIO, TO3TOMY 3TO moTpedyer numValues me-
peMentennil. Ecyin 1o BCTaBKH BEKTOD V COZEPKaJl 71 3JIEMEHTOB, KOJHIECTBO TepeMe-
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menuit 6yner pasHo n*numValues. B Hamem npuMepe BEKTOpP v COAEP>KHT YHCJIA THIIA
int, HO3TOMY MepeMeleHHe CBENETCS K TPOCTOMY BHI30BY Memmove, Ho ecJiu OBl B V XpaHH-
JIMCh TIOJIb30BATEILCKKE TUIIBL Bpoe Widget, To Kaxkaoe nepeMelenue GbLI0 GBI COMPSI-
JKEHO ¢ BEI30BOM OllepaTopa IPHCBauBaHusl HIIH KOMUPYIOIEro KOHCTPYKTOpa JaHHOTO
Tuna (B 60JIBIIMHCTBE CIy4aeB BHI3BIBAJICS GBI ONiepaToOp NPUCBAWBAHUsI, HO TepeMe-
I[eHHUS TIOCJIeTHETO 3JIEMEHTA BEKTOpa 06ecrieduBATHUCH Obl BRI30BOM KOMHPYIOILETO
KoHCTpykTOpa). Takum 06pa3oM, B 0011eM ciyyae IocieqoBaTeIbHasA BCTaBKa numValues
HOBBIX 06BEKTOB B Hadaso vector<Widget> ¢ 7 asileMenTamMu TpeByet n*numvalues BBEI30-
BOB ¢yHKUMIL (n-1)*numValues BEI30BOB oneparopa npucBauBaHus Widget u numValues
BBI30BOB KONIUPYIOWIETO KOHCTPYKTOPa Widget. Jlaxke eciiv 3Tu BBI30BHL GYAYT MOACTAB-
JIsieMBIMH, BCE PaBHO OCTAIOTCS 3aTpaTbl Ha IepeMellieHue 3JIeMeHTOB numValues pa3.

C npyroii croponsl, Ctangapt Tpebyer, 4To0b MHTEpBaJIbHEIE GYHKIUH insert me-
peMeliany CyIeCTBYIOIUIHE 3JIeMEHTH KOHTeIHEpAa HENOCPEACTBEHHO B UTOTOBBIE TIO-
3UIIMH, TO €CTh [10 OAHOMY II€peMeNIeH IO Ha 3jiemeHT. O61mue 3aTpaThl COCTABSIT 7 Me-
peMetienuit (numValues 4151 KOMUPYIOIIETO KOHCTPYKTOPa THIa 0OBEKTOB B KOHTENHepe,
ocTaIbHOE — IS ollepaTopa NpucBauBaHus 3Toro tuna). [lo cpasrenuio ¢ oaHo3IEMEHT-
HOI1 Bepcueil HHTEPBaJIbHAsA BepCHs insert BEIMMOJHSET Ha n*(numValues-1) MeHble
nepemeineruit. Tosbko 3aaymaiiTecs: ipy numValues=100 uHTepBanbHast dopMa insert
BBINIOJIHSIET Ha 99% MeHbllle niepeMelneHui, YeM SKBUBAICHTHHIM KOJ C MHOTOKPAaTHO
MOBTOPSIOUIMMHCS BEI30BaMH OJJHO3JIEMeHTHOM PopMEI insert!

IIpexze 4eM MepPeXOAUTH K TPETbEI KaTeTOPHH 3aTpaT, CTOUT CAeJaTh HeGoIbIoe
3ameyanue. To, YTo HalMCcaHO B NpeABIAYIEM ab3alle — NpaBAa, TOJLKO MpaBAa ¥ Hu-
4ero, KpoMe Npas/ibl, HO 9TO He 6cs npasaa. MiHTepBanbHas ¢popMa insert MoxeT mepe-
MECTHTb 3/IEMEHT B KOHEYHYIO NIO3HLIHIO 32 OAHY OIlepPallHio TOJILKO B TOM CJIyYae, eCJIN
el yaacTcs onpele/uTh PacCTOSTHHE MeXAy ABYMS uTepaTopamu 6e3 mepexoaa. 1o
BO3MOXXHO MOYTH BCETa, IOCKOJIBKY TAaKOH BOZMOXKHOCTBIO 00/1a1al0T BCE IPsIMbIe UTe-
PaTOPEL, a OHHM BCTPEYAIOTCA NPAKTHYECKH TIOBCeMeCTHO. Bee uTepaTophl cTaHAAPTHEIX
KOHTelfHepoB 06/1a1a10T PYHKIHOHATBHBIMA BO3MOXKHOCTSIMU MPSIMBIX HTEPATOPOB —
B TOM 4YHCJIE H UTEPaTOPhl HECTAaHAAPTHHIX X3MIHPOBAHHBIX KOHTEHHEPOB (CoBeT 25).
YxasaTenu, urpaolnue pojib HTEPATOPOB B MaCCHBAX, TOXe 06J1aZaloT 3TOH BO3MOX-
HOCTBIO. B 06111eM-TO, 13 BCeX CTaHAAPTHEIX UTEPATOPOB OHa He MPUCYINA TOJIKO HTepa-
TOpaM BBOJAa H BbIBoja. ClieAoBaTesIbHO, BCe CKa3aHHOE BHIlE CIIPABENJIHBO B TOM
ciydae, e/l HTepaTOPhl, Hepe/laBaeMble HHTEPBATIBHOMH dopMe insert, He SBISIOTCS
UTepaTopaMu BBOAa (CkaxeM, istream_iterator — cMm. coser 6). Tosbko B aTOM City4ae
HMHTepBaIbHOH (opMe insert IPUXOAUTCS MepPeMeNIaTh 3JIEMEHTHI Ha CBOM HTOTOBBIE
MeCTa N0 OAHON NO3MIKH, BCIEJCTBHE Y€T0 NPeHMYIIeCTBa HHTEPBAIbHOM HOpPMBI
TepsAIoTCs (AJIA HTEPATOPOB BBIBOAA 3Ta MpobiieMa BooOLIE HE BO3HUKAET, MOCKOBKY
HUTEPATOPHI BHIBOJA He MOTYT MCIIOJIb30BAThCS ISl OTIpeAesieHUs MHTepBaJia insert).

Mzl nogomu K TpeTbeii KaTeropuu 3aTpar, 0T KOTOPBIX CTPaJialoT Hepa3yMHbI€ ITpo-
TPaMMMUCTBI, HCIIOJIb3YIOIIHE MHOTOKPATHYIO BCTaBKY OTAEJIBHOTO 3JIeMEHTa BMECTO
OJHOM BCTaBKY 1[€JIOTO HHTEPBAIA. DTH 3aTPATHI CBSA3aHEI C BbIACJICHHEM ITAMSITH, XOTSH
OHH TaKk’ke HMEIOT HENPHUATHBIE aCHeKTHl, OTHOCSIIHECS K kKonupopaHuw, Kak o6bsic-
HAETCA B coBeTe 14, KOrAa BH MBITAeTeCh BCTABUTH 3JIEMEHT B BEKTOP, BCA MAMATH
KOTOPOTO 3aIl0/IHEHa, BEKTOP BbIAeJIseT HOBHIH GJIOK NaMsITH, KOMUPYET 3JIEMEHThl U3
CTapoil MaMsTH B HOBYIO, YHHYTOXAeT 3JIeMeHTHI B CTAPOl IMaMsITH B 0CBODOKIAET ee.
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IMocie 3TOrO BCTABJIsIETCSI HOBBIN 3j1eMeHT. B coBete 14 Taxxke roBOPHTCS O TOM, YTO
TIpH 3aN0JTHEHKUH BCei TaMSITH MHOTHE Pealn3alii BEKTOPOB YABAUBAIOT CBOIO EMKOCT,
HO3TOMY BCTaBKa numValues HOBBIX 3JIEMEHTOB MOXKET NPHBECTH K TOMY, YTO HOBas Ia-
MSTh 6yAeT BBIAEISTBCS co BpeMeHeM log,numValues. B cosere 14 ymomumaercs o cyme-
CTBOBaHHHM peajiu3alluy, 00Jafiaoleil TAKHUM NOBeAeHHEM, TI03TOMY MOoCTieJ0BaTe/IbHASA
BcraBka 1000 snemenToB Moxet nmpusecTd K 10 onepaiiusiM BHIENIEHHA MAMATH C MO-
604YHBIME 3aTPaTaMH Ha KOMMpoBaHue 3jieMeHToB). C Apyroil CTOPOHE], HHTePBAIbHAS
BCTaBKa MOKeT BHIYHCJIUTH 00beM HeoOX0AUMMOI MaMSTH elwe A0 Hadyala BCTaBKH (eCu
el nepeAaloTCst NpsIMblE HTEPATOPH), MO3TOMY €l He NPHAETCS BBIAEJNATh HOBYIO Ma-
MSITh 60JIbIle OAHOTO pa3a. Kak HeTpYZHO MpenoI0KUTh, 9KOHOMHS MOKeT OKa3aThCA
JOBOJIBHO CYIleCTBEHHOM.

IIpuBeaeHHbIe PACCYKAEHUS OTHOCHJIMCH K BEKTOpaM, HO OHH B DaBHOMU CTeNeHH
NPUMEHHMBI M K CTpPOKaM. B ornipefeneHHol cTenenn OHH OTHOCATCS | K AeKaM, HO IO
MeXaHU3MY YIIPaBJICHHS HaMATHIO AeKH OTJIHYAIOTCSA OT BEKTOPOB H CTPOK, MO3TO-
MY apryMeHT OTHOCHTENbHO MHOTOKPAaTHOTO BEHIJeJIEHHUS MaMsITH B 5TOM Clydae He
neiicreyer. Brpouem, aBa Apyrux daxropa (JIMUIHKME HepeMelleHus 3JeMEHTOB B Ia-
MSTH M JIMIIHKE BHI30BBI (PYHKIHN) 0OBIYHO Bee JKe AeHCTBYIOT, XOTS U HECKOJIBKO
WHBIM 06Pa3oM.

W3 cTaHmapTHEIX HOC/IEA0BATEILHEBIX KOHTEIHEPOB OCTAeTCst TOJIBKO 11St, HO 1 B 3TOM
ciiyyae uHTepBasibHast dopma insert obsiazaeT MpeuMyIIeCTBaMH [iepel OXHO3IEMEHT-
Ho#t. Koreuno, Takoit dakrop, Kak JiuiuHue BEI30BH (PYHKIMIH, MPOAOJDKAET AeHCTBO-
BaTh, HO U3-32 HEKOTOPHIX 0COOEHHOCTEl CBI3aHHBIX CIIMCKOB MPOBJIEMBI C KOIUPOBA-
HHEM M BblAeJIEHHEM [IaMSTH OTCYTCTBYIOT. BMecTo HuX Bo3HHKaeT Apyras npobiema:
MHOTOKPaTHbIE M30BITOUHBIE IPUCBAMBAHKS YKa3aTeNsIM Next u prev AJisi HEKOTOPhIX
y3JI0B CIIHCKA.

Kasxzerit pas, Koria B CBSI3aHHBIN CIIHCOK BKJIIOYAETCS! HOBBIM 3/1eMeHT, HeoOX0oau-
MO NMPHCBOMTH 3HAYEHUsI yKa3aTeJsiM next 1 prev HOBoro y3ia. KpoMe toro, Heo6xoau-
MO 3a71aTh YKa3aTeJib next mpeAblAyILero y3ja (Ha3oBeM ero y3ioM B) u ykasaress prev
CJIeAYIOUIETO Y3Jia (HA30BEM €ro y3710M A).

Bcraensemoie
Ysen B yansl Ysen A
—»| next next next P»| next » next —>»
<«— prev |« prev prev | prev | prev |(q—
DaHHble DaHHle DaHHble DaHHule DaHHble

3aech BCTABNATCA
AONONHUTENbHLIE Y3Mbl

[Ipexnniosioxum, B CiHCOK GbliIa BCTaBJIeHa CEpPUs HOBBIX Y3JI0B BbI30BaMM ORHO3JIe-
MeHTHOt Bepcuu insert. Bo Bcex yaiax, kpoMe ImocyieHero, 3HadeHue next 6yzaer 3aia-
BaTbCs 08aXCObL — CHAYasa yKasaresb OyaeT CChUIaThes Ha y3el A, a 3aTeM Ha CJIefyIo-
Ml BCTaBNEHHEIH 2IeMeHT. YKas3aTesb prev yana A GyaeT U3MEHATHCS MpH KaxAok
BCTaBKe HOBOTO y3J1a B IPEANIECTBYIONIYIO TO3uiuio. Eciiu mepex A B CIHCOK BKJIIOYA-
10TCst numValues y37108B, Gy€T BHINOTHEHO numValues- 1 IMIIHUX PHCBAaHBaHUI yKas3aTe-
J10 next BCTaBJeHHBIX y3JI0B M numValues-1 JIMIIHKUX NMPUCBAMBAaHHUI yKa3aTeJlo prev
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yasa A, To ecTh B 001eli cI0KHOCTH 2*(numValues-1) JTMITHKX ONepanui NpucBauBa-
Hust. Koneuno, mpicBanBaHue yKa3aTesiio 0GX0XUTCS HELOPOTO, HO 3a4eM BOOGILE I1ia-
THUTB, €CIM MOKHO 060iTHCh 6€3 3TOr0?

HasepHoe, BBl YsKe TOHSUIH, YTO 6e3 JHUITHUX TIPUCBAauBaHui 1eHCTBUTEIBHO MOXK-
Ho oboiitich. JlJIs 9TOro ZOCTATOYHO BOCTIOIB30BAThCsI HHTEPBAIBHOM popMoii insert
KoHTeitnepa 1ist. OyHKIUsA 3apaHee 3HAET, CKOJIBKO Y3JI0B GyAET BCTABJIEHO B CIIHCOK,
4TO NO3BOJIAET CPA3y IMIPUCBOUTH KAXKAOMY YKa3aTeNio MpaBUIbHOE 3HAUYECHHE.

Takum 06pa3oM, IJIs CTAaHAAPTHHIX HOC/IEA0BATEIbHBIX KOHTEHHEPOB BRIGOP MEXKIY
OJHO3JIEMEHTHON M MHTEPBAILHOM BCTAaBKOM OTHIOAD HE CBOAUTCS K CTHJIIO IIPOrpaMMu-
poBaHust. JIJsl acCOIMATUBHBIX KOHTeNHEPOB KpuTepHil 3 (PeKTHBHOCTH yXKe He CTOJIb
ybemuTesieH, XOTs MpobJieMa JHUITHAX BbI30BOB QYHKIIMI CYIIECTBYET U B 3TOM CJIydae.
Kpome Toro, HekoTOpble CHelMaIn3HPOBaHHble PA3HOBU/IHOCTH HHTEPBAIbHON BCTABKH
MOTYT OTHMH3UPOBATHCS U B ACCOIMATHBHEIX KOHTEHHEPAX, XOTs1, HACKOJIbKO MHE H3Be-
CTHO, IOA06HbBIe ONTUMHU3AIIMK ITOKA CYIIEeCTBYIOT JHULIb B Teopuu. KoHeyHo, k TOMy
MOMEHTY, KOT/Za BBl Oy/ieTe YHTATh 3Ty KHUTY, TEOPHSI MOXKET BOILIOTUTHCS Ha TIPAKTHKE,
U TOT/]a MHTEPBAJIbHASI BCTABKA B ACCOI[MATHBHBIX KOHTEHHEPaX NEHCTBUTENBHO Oyaer
IIPEBOCXOAUThH OXHO3JIEMEHTHYIO BCTaBKy 10 addexTusHocTH. B Jobom ciyyae oHa
HUKOTAA He 6yzeT paboTath Menee 3¢heKTUBHO, TO3TOMY BE HUYETO He TepsierTe.

Eciu oTBeyscst oT cooOpaxkeHuit 3 (heKTUBHOCTH, OCTAETCS HETIPEIOXKHEIH (aKT;
BBI30BB MHTEPBAJIBHBIX (DYHKIIH G0JIee KOMIIAKTHBI, a IPOrpaMMa CTaHOBHTCS GoJiee
HaIJISAHOH, 4TO YIIPOIIAEeT ee I0JTOCPOYHOE CONpOBOXKAeH e, [laxke aTHX ABYX MPHUYKH
BIIOJIHE JOCTATOYHO AJISL TOTO, YTOOBI OTAATH NPEATIOYTEHHE HHTEPBAIBHBIM (BYHKIIHAM,
a BHIUTPHI B 3¢heKTHBHOCTH MOXKHO PACCMATPHBATH KaK OeCniiaTHOE TPUIOKEHHE,

ITocne cToIb TPOCTPaHHBIX PACCYXIEHWI 0 UyIecax HHTEPBAIBHBIX (PYHKIMH OBLIO
6Bl YMECTHO IPMBECTH KPATKYIO CBOAKY Takux (pyHkuuit. Ecu Bbl 3apanee 3HaeTe, Ka-
Kue QYHKIIUH KOHTEHHEPOB CYLIECTBYIOT B MHTEPBAIBHEIX BEPCHSX, BaM GyfleT npoie
OITPeAeINTh, KOTIa MM MOXKHO BOCIIOJIb30BaThCsI. B IpHBeeHHBIX HIKe CUTHATYpax
THN terator B ACHCTBUTEJIBHOCTH O3HAYAET THUII HTeparopa AJIsl JaHHOTO KOHTeitHepa,
TO €CThb KoHmetinep: :iterator. C apyroii croponst, Tun InputIterator osnauaer mo6oii
JOMYCTUMBIH UTEPATOP BBOJA.

o HurepsajabHble KOHCTPYKTOPBI. Y BCEX CTAHAAPTHBIX KOHTEHHEPOB CYLIECTBY-
10T KOHCTPYKTOPBHI CJIEAYIOIIErO BUAA:
KOHTe#Hep : : konTeinep(Input Iterator begin, // Hawano wntepsana
Inputiterator end): // Koneu wnTepsana
Ilpu nepeaaye aTOMy KOHCTPYKTOPY HTePAaTOPOB istream_iterator u istreambuf
iterator (coBet 29) uHOTa BCTpPEYaeTCst OMHA U3 CAMBIX YAUBUTEABHBIX omnboK C++,
BCJIe[ICTBHE KOTOPOH KOMIUJISITOP HHTEPIIPETHPYET 3TY KOHCTPYKIHMIO KaK 06 bABICHHE
dbynkuuy, a He Kak onpeneseHre HOBOro 06beKTa KoHTelHepa. B cosete 6 pacckasaHo
BCe, YTO He0OXOAMMO 3HATh 06 3TO¥ oMmMOKe, B TOM YHCIIE H CTIOCOOBI €€ NPeoA0IeHHUS.

¢ HurepBanbuas BcraBka. Bo BCeX cTaHAapTHBEIX HOCJIE0BATEIBHBIX KOHTEHHE-
pax IPUCYTCTBYeT ciienyomas ¢popma insert:

void KouTelinep: :insert(iterator position, // No3anuua BCTaBKK
InputIterator begin, // Hayano untepsana
InputIterator end); // Koneu wnTepsana
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AcconaTuBHBIE KOHTEHHEDPHl ONPEAENSIOT HO3UIUIO BCTABKH IIPH MIOMOIIH cob-
CTBeHHbIX GYHKIHN CpaBHEHUS, IO3TOMY B HUX IPEIyCMOTPEHA CHTHATYpa 6e3 mapa-
MeTpa position:

void KouTeiHep: insert(Inputlterator begin. Inputlterator end):

PaccMaTpuBas BO3MOMKHOCTH 3aMeHBI 0HO3JIEMEHTHBIX BRI30BOB insert HHTepBasib-
HBIMH BEPCHSIMH, He 3a0bIBaiiTe, YTO HEKOTOPBIE OAHO3IEMEHTHbIE BAPHAHTH MAaCKHUDY-
10TCs O ApyrumMu uMeHaMu. Hanpumep, push_front u push_back 3arnocsiT B koHTeliHep
OTAeNbHBIH 3JIeMEHT, XOTSI B HX Ha3BaHUU OTCYTCTBYeT cyioBo insert. Ecsiu B mporpam-
Me BCTpeqaeTCsl HUKINYecKuit BbI30B push_front/push_back wu anropurm (HanpuMep,
copy), KOTOPOMY B KauecTBe IlapaMeTpa nepeznaerca front_inserter mim back_inserter,
niepe]i BAMH IOTEHIIMAIbHBI A KaHIUAAT AJIs HpUMEHEeHUs! HHTEPBAIBHON (POpPMEI insert.

o HMnurepraisHoe yaanenue, ViuTepBanbHas opMa erase CyniecTByeT B KaXA0OM
CTaHJapPTHOM KOHTeliHepe, HO THIbI BO3BPAlIaeMOT0 3HAUYEH s OTIHYAIOTCS A5
TIOC/IeOBATETbHBIX B aCCOLMATUBHHEIX KOHTeITHepoB. B nociienoBaTeIbHBIX KOH-
TelfHepax HCHOJb3YeTCs CeNYIOUUi BADUAHT CUFHATYPHI:

iterator KowTeiinep::erase(iterator begin, iterator end):
B acconuaTuBHBIX KOHTEHHEPaX CUTHATYPa BHITJISIAUT TaK:
void KouTeliHep: erase(iterator begin, iterator end);

YeM 06ycoBeHbl pa3iudusi? Y TBEPXKAAETCS, YTO B ACCOLMATHBHEIX KOHTEHHEpax
BO3BpAT HTeparopa (411 3IeMeHTa, CIeAYIOLIero 3a YAaJIeHHEIM ) IPHBE OBl K HEllpU-
eMJIEMOMY CHIDKEHHIO OBICTPOZECTBUS. MHE U MHOTHM APYTHM 3TO YTBEPXKIEHHUE Ka-
XKeTCs COMHHTEJIbHBIM, HO CTaHaapT ecth CTaHAAPT, a B HEM CKa3aHO, 4TO BEPCHHE €rase
AJist HOC/IEAOBATE/IbHBIX K aCCOLMATHBHEIX KOHTeHEPOB 00J1a/al0T Pa3HBIME THIIAMHU
BO3BpalaeMOro 3HAUEHUSL.

MHoroe u3 TOro, YTO FOBOPUJIOCH B 3TOM COBETE HO N0BOAY 3hdeKTUBHOCTH insert,
OTHOCHTCSI Y K erase. InrepBaibHas popma erase Tarxke COKpaIiaeT KOJH4eCTBO BEI30-
BOB (DYHKIIMII TI0 CPaBHEHHMIO C OZHO3IeMeHTHOM (opmoit. [Ipu ofHO3IEMEHTHOM yaa-
JIEHHH 3JIEMEHTHI TOXe CABMTalOTCS Ha OAHY MO3HIIMIO K CBOEMY MTOFOBOM MO3HIIKH,
TOI/la KaK B MHTEPBAIbLHOM BapHaHTe KKl 2jIeMeHT MepeMeaercst K MTOrOBOM 1o-
3UI[MHK 32 OXHY ONEPALHIO.

Ho erase He mpucyly Takoi HeZOCTaTOK insert KOHTeitHepoB vector u string, Kak
MHOTOKPaTHbIE BBIEIEHHUS aMATH (KOHEYHO, IS erase peub HONUAET 0 MHOTOKPaTHOM
oceo6owc8enuu). [eJo B TOM, 4TO IaMsATh, 3aHUMAaeMas vector u string, aBTOMaTHYECKH
YBEIMYMBAETCS AJISL HOBBIX 3JIEMEHTOB, HO IMPH YMEHBUIEHHH KOJHYECTBA 3JIEMEHTOB
namsTh He 0cBoOoxXaaeTcsi (B coBeTe 17 pacckasaHo O TOM, KaK YMEHBIIHTb 3aTPaThl
0CcBOGOAUBIIENCS TaMSTH B vector u string).

K 4ucity ocobeHHO BaXKHbBIX aCHEKTOB HHTEPBAIBHOIO YAATEHUA OTHOCHTCS HAKOMA
erase-remove, oniMcaHHasi B coBeTe 29,

e HnurepBaibHOe nprcBauBanne. Kak yrioMHHAIOCh B CAMOM HavaJle COBETA, BO BCEX
HOCeN0BaTeNbHBIX KOHTeHepaX NpeayCcMOTpeHa MHTepBaibHasd PopMa assign:

void KoHTeidHep::assign(Inputlterator begin, Inputlterator end);

Hrak, MBI paccMOTpesM TPH BeCKHX apTyMeHTa B MOJIb3Y IPUMEHEHHS HHTEPBATh-
HbIX QYHKIMI BMECTO HX OAHO3JIEMEHTHBIX aHAJIOTOB. IHTepBaibHble GyHKIMHU 0bec-
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TleunBaloT 60JIee MPOCTYIO 3aIKCh, OHU 60JIee YETKO BEIPAXKAIOT BAlM HaMepeHuUs U 06-
nanaioT Gosiee BRICOKMM 6bicTpoAeiicTBueM. [IpOTHB 3TOTO TPYAHO YTO-11H60 BO3Pa3UTh.

CoseT 6. OcTeperanTech CTpaHHOCTEN
nekcuyeckoro pasbopa C++

[IpeanonoxuM, y Bac umeercst daiti, B KOTOPBIH 3alHCaHBl YKCJIa THIIA int, M BB XOTH-
Te CKOIMPOBAaTh 3TH 4Kc/Ia B KoHTeitHep 11st. Ha nepselil B3rAz ciefyiomee pelieHue
BBIIJISIAUT BIIOJIHE Pa3yMHO:

ifstream datafile("ints.dat"):

Tist<int> data(istream_iterator<int>(dataFile). // Buumauue! 37a CTpoKa

istream_iterator<int>()): // paboTaeT He TaK, Kak
// Bbl npepnonaranu

Wnes mpocra: nepenars napy istream_iterator HHTepBaAIBHOMY KOHCTPYKTOPY 1ist
(coBert 5), ocJie 4eTo CKOMHPOBATE YHCIIa U3 (aliyia B CIIHCOK.

[Tporpamma 6yeT KOMITMJIMPOBATHCS, HO BO BPEMS BBHIIOJIHEHHST OHAa HIYETO He clle-
naet. OHa He poYHUTaeT AaHHbIe U3 (aiina. OHa Aake He CO3ACT CIIHUCOK — A BCE HOTO-
My, UTO BTOpas KOMaHJa He 0OBABIISIET CHUCOK M He BBI3BIBAET KOHCTPYKTOp. BMecTo
3TOro OHa... IIpon3oiifeT HeYTO HACTOJIBKO CTPAHHOE, UTO S AAXKE HE PUCKHY IIPSIMO CKa-
3aTh 06 3TOM, IIOTOMY YTO BB MHe He moBepuTe. BMecTo aToro st monpo6yio o6bsiCHATD
CYTh Jlenia TIOCTeNeHHo, mar 3a maroM, Hazetocs, Bol cugure? Ecitn ner — siyqmie mo-
HINUTE CTYIL...

HaunewM ¢ azoB. Cienyromas komasaa oObsisisieT GyHKnuio f, KoTopas nosydaer
double u Bo3Bpaiaer int;

int f(double d):

To e camoe IPOMCXOAMT U B creayiomeii crpoke, Kpyribie cKoGKH BOKPYT HMEHH
napaMetpa d He HY>KHBI, I03TOMY KOMOIJISITOP HX MTHOPHPYET:

int f(double (d)): // To we; Kpyrnsie CKOOKW BOKpYr d UrHOpPMpPYOTCS

PaccmoTpuM Tpetuit BapuaHT 00bsABIeHMS TO# e PyHKuuu. B HeM npocTo He yka-
32HO HM# IapaMeTpa:

int f(double); // To ®e; MMA napaMeTpa He yKa3awo

Bepositro, 3Tt Tpu PopMBI 06BSIBIIEHHS] BaM 3HAKOMEL, XOTS O BO3MOXHOCTH 3a-
KJI049aTh MMeHa IIapaMeTPOB B CKOOKH U3BECTHO AAJIEKO He BceM (0 HeJaBHETO BpeMe-
HH 51 0 Hell He 3HaM).

Teneps paccMoTpuM eite Tpu 06bsiBiieHus QyHKIMHU. B mepBoM 06bsiBisieTcs pyHK-
1M1 g € TapaMeTpoM — yKasaTejieM Ha YHKIHIO, KOTOPasi BHI3BIBAeTCs Oe3 mapaMer-
PoB u Bo3BpaiaeT double:

int g(double (*pf)()); // OyHkumu g nepepaeTca yKasaTens Ha GyHKuu

To e camoe MoxHO chopMyTHpOBaTh 4 HHaye, EXUHCTBEHHOE Pa3IMiKe 3aK/II0qa-
€eTcsi B TOM, 4T0 pf 00bsBJISIETCS. B CHHTaKCHCe 6e3 ykasaresnel (nonycrumom Kak B C,
tak u B C++):

int g(double pf()); // To we; pf HEABHO WHTEpPNpETHUPYETCA KaK yKkasaTens
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Kax 06bI4HO, HMeHA TTApaMeTPOB MOTYT OMYCKAThCsl, IO3TOMY BO3MOXKEH H TPETHH
BapHaHT 00bsiBIeHus g 6e3 yKa3aHusl uMeHH pf:

int g(double()): // To we; MMA napaMeTpa He yKa3aHo

O6paruTe BHUMAHHE HA Pas/IMyusl MeXIY KPYTJIBIMH CKOOKaMU 60KpY2 UMEHU Napa-
Mempa (HanpumMep, napamerpa d Bo BTOpoM o6bsiiieHuu f) u cmosuumu omoensvo (Kak
B 3TOM nipuMepe). Kpyriibie cKoOKH, B KOTOPbI€ 3aKJII0UEHO HMsI ITApPAMETPa, UTHOPHUPYIOT-
Cs1, a KPYTJIble CKOOKH, CTOSILIIKE OTAEIbHO, 0003HAYAIOT IPUCYTCTBUE CIIHCKA IaPaMeTPOB;
OHH COOBIIAIOT O IPUCYTCTBUH ApaMeTpa, KOTOPEIIL SIBJISeTCS yKa3aTelieM Ha (PyHKIHIO.

[Tocse He6GobiIoH pa3MHUHKH C 06bsIBJIeHUsIMH T ¥ g MBI BO3BpalaeMcA K pparmeH-
TY, C KOTOPOTrO Ha4yMHaeTCs 3TOT coBeT. Hinke oH puBoOAUTCS CHOBA:

1ist<int> data(istream_iterator<int>(dataFile),

istream_iterator<int>()):

JepxuTech u nocrapatirech He yriactb. [lepen Bamu o06bsiBeHue gynxyuu data, Boa-

ppamawineit Tun Tist<int> Oynkius data mosydaer Asa napameTpa:

o [lepsriit napamerp, dataFile, oTHOCHTCS K THIY istream_iterator<int>, Jluinue
Kpyrible CKoOKM BOKPYT dataFile HTHOPHPYIOTCS.

* Bropoi napamerp He umeer uMeHH. OH OTHOCHUTCS K THNY YKa3aTess Ha QyHK-
11M10, KOTOpast BHI3bIBaeTCs1 Ge3 apaMeTpoB U Bo3BpaulaeT istream_iterator<int>,

Jlio6onsITHO, He npaBza ju? OAHAKO TaKask MHTEPIPETAIMS COOTBETCTBYET OHOMY
U3 OCHOBHBIX MpaBus C++: BCe, YTO MOXKET MHTEPIPETUPOBATHCA KaK yKas3aTelsb Ha
byHKIHIO, 10MKHO HHTEPIPETUPOBATHCS HMEHHO TaK. Kaxplii nporpaMMHCT C OnBI-
TOM paboTsl Ha C++ BCTpeYasIcst ¢ TEMU WM MHBIMH BOTLIOMEHHSMH 5TOTO TIPaBUJIa.
CKoJbKO pa3 BH BCTPEYaIHCh C TAKOM OMIMOKOIX:

class Widget{..}: // MNpennonaraetca, yto y Widget
// MMEeTCA KOHCTPYKTOP MO YMON4YaHuio
Widget w(): // Kakas HenpuaATHOCTS. ..

BMecTo o6bekra ki1acca Widget ¢ uMeHeM w B 3TOM (parMenTe 06bABAAETCS dyHK-
K W, KOTOPast BBI3bIBaeTCst Ge3 apamMeTpoB U Bo3BpautaeT Widget. Y MeHue pacmosHa-
BaTh MONOGHbIE <«JISINBI» — NPU3HAK Xopoulek kBatudukanuu nporpammucra C++.

Bce 310 mo-cBoeMy HHTepeCHO, OAHAKO MBI HUCKOJILKO He MPUBIH3UINCD K [TOCTAB-
JIEHHOH 11e/11: HHUITMAIM3HPOBATh 00beKT 1ist<int> cogepxumbim daitna, 3aTo Tenepsb
MBI 3HaeM, B 4eM 3aKJI0YaeTCst CyTh POOIIeMBbl, 1 JIETKO CTIPaBUMCS C Heil. O6baBIeHNs
(dopMaTBHBEIX TaPaMeTPOB He MOTYT 3aKJII04YaThCS B KPYTJyible CKOOKH, HO HUKTO He 3a-
TIpeIaeT 3aKJII0UUTh B KPYTJIble CKOOKH apryMeHT NPH BBI30Be (DYHKIIHH, TIOSTOMY TPO-
croe fo6aBleHKe KPYIJIBIX CKOGOK OMOXET KOMITMIATOPY YBHIETH IPOUCXOASAILIEE IO
HY>KHBIM YTJIOM 3DEHUS:

list<int> data((istream_iterator<int>(dataFile)), // O6paTute BHuMaHME
istream_iterator<int>()): // Ha Kpyrisie CKOOKH
// BOKpYr nepsoro aprymexTa
// KoHCTpykTOpa 1ist
Mmenno Tax cienyer oGBsIBIATS AaHHbIE, YYUTHIBAs NPaKTHYECKYIO TIONE3HOCTH
istream_iterator u MHTEpPBaJIBLHBIX KOHCTDYKTOPOB (COBET 5), 3TOT mpyeM CTOUT 3a-
TIOMHHUTbD.
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K coskanenuio, He BCe KOMIHJIATOPBI 3HAIOT 06 3TOM. M3 HeCKOIbKHMX MPOTECTHPO-
BAHHBIX KOMIIHJISITOPOB TIOYTH TI0JIOBHHA COTJIANIANACH TOJIBKO HA HENPasunbioe 00bss-
nenue data 6e3 JONOMHUTENBHBIX KPYIJIBIX CK0GOK! UTOOB YMHPOTBOPUTD TaKHe KOM-
IHJISITOPBI, MOXKHO 3aKaTUTh TJIa3a M BOCTIOJIb30BATHCS. HEBEPHBIM, KaK GBUIO MOKa3aHO
Bhillle, 06bsiBJIeHHeM data, HO 3TO HeJaIbBHOBUAHOE H IJIOXO IEPEHOCHMOE PEIIECHHE.

Boslee rpaMOTHBIi BBIXOJ 3aKJIOYAETCSL B TOM, YTOOBI OTKA3aThCsl OT MOAHOTO HC-
HOJIb30BaHHS AHOHUMHBIX 06BbEKTOB istream_iterator npu o6bsiBneHnu data u MpocTo
TIIPHCBOUTH 3TUM HTepaTopaM umeHa. Crenyomuit pparMent paboTaer Bcerna:

ifstream dataFile("ints.dat"):

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

1ist<int> data(dataBegin. dataEnd):

VMeHoBaHHbIE 0OBEKTHL HTEPATOPOB NPOTHBOPEYAT CTAHAAPTHOMY CTHJIIO IIpOrpam-
muposanusi STL, Ho 3aT0 Bama nporpamMma GyfeT 0AHO3HAYHO BOCIIPHHHMATBCS KaK
KOMNMJISITOPAMH, TaK M JIIOABMH, KOTOPbIE C HUMH PaboTaloT.

CoseT 7. NMpu ncnonb3oBaHNUN KOHTENHEPOB
yKasaTenen, 4ns KOTOpbIX Bbi3blBasICS onepaTop
new, He 3abyabTe BbI3BaTh delete ans ykasartenen
nepen YHUUTOXEHNEM KOHTENHepa

Kouretinepsr STL oTnuuaoTess yMoM u cooGpasutesibHocThio. OHE HOAAEPKHBAIOT
HTEPATOPHI AJisl epebopa Kak B IPAMOM, Tak ¥ B oOpaTtHoM Hanpasjienuu (begin, end,
rbegin ¥ T. 1.); OHK MOTYT COOOUIHTD TUI XPAHSANIMXCA B HUX 06bekToB (value_type); oHu
BBITIOJIHSIOT BCe HeoOX0AMMbIe ONiepaliuyl YHpasJeHUs MaMSAThIO IPH BCTABKE U yAalle-
HMH; OHH COOOIIAIOT TEKYILEe KOJHYECTBO 3JIEMEHTOB H MAKCHMAJIBHYIO BMECTHMOCTD
(size u max_size COOTBETCTBEHHO); U, KOHEYHO K€, OHH ABTOMATHYECKHA YHHUTOXKAIOT
BCe XPaHSUIMECS B HUX OOBEKTHI IPH YHUUTOXKEHUH CaMOT0 KOHTelHepa.

Pa6oTast ¢ TAKMMH HHTEJUIEKTYaIbHBIMY KOHTEe HEpaMH, MHOTHE ITPOTPAMMHUCTHL
B006I11E 3a6bIBAIOT O HEOOXOXUMOCTHY <«NpU6GpPaTh 3a cO60M» U HAZEIOTCsI, YTO KOHTel-
Hep BBINOJIHUT 3a HUX BCIO TPsA3HyI0 pabory. Hepenko ux oxuJaHus ONPaBABIBAIOTCS,
HO eCJIl KOHTeHHep CORePXKUT yKa3amenu Ha O6bEKTHL, CO3[IaHHbIE OTIEPATOPOM NeW, 3TO-
'O He IPOMCXOAUT. Pazymeercs, KOHTellHep yKka3aresell YHHYTOXAET BCE XPAHSIIIUECS
B HEM 3JIeMEHTHI IIPH YHHUYTOKEHHH CaMOro KOHTeRHepa, HO «IeCTPYKTOP» yKaszaresst
Hudero He Aesaet! OH He BbI3bIBaeT delete.

B peaysisTaTe npu BBINOJIHEHHH C/IERYIOmMeETo dhparMeHTa BOSHUKAET yTeYKa PeCypPCOB:

void doSomething()
vector<Widget*> vwp;

for (int i=0:1<SOME_MAGIC_NUMBER:++i)
wwp.push_back(new Widget);
// Wcnonb3osaTo vwp
} // 3pece npoucxoauT yTeyka Widget!
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Bce 371eMEHTBI VWP YHHUTOXKAIOTCSL [IPH BBIXOZE Vwp U3 06JIaCTH BUAMMOCTH, HO 3TO
He U3MeHseT Toro (pakTa, 4To delete He BBI3BIBAETCSI A/11 0GBEKTOB, CO3AAHHBIX OMEPaTo-
pOM new. 3a yZiaJieHue TaKKX 5JIEMEHTOB OTBEYaeT IIPOrPAMMICT, a He KoHTeltHep. Tax 6510
3aayMaHo. TOJIbKO IPOrPaMMUCT 3HAET, HYJCHO U BbI3bIBATD delete [UIsT 3THX yKasaTeseid.
O6br4HO 3T0 AeJIaTh HyXHO. Ha nepsblit B3T/IsIA pellieHue BEIJISAUT A0BOJIBHO HPOCTO:

void doSomething()

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

} _

Takoe petrerne paboTaer, eciiu He IPOSIBAATb 0060 pa3GOPYMBOCTH B TPAKTOBKE
aToro noHsiTHA. Bo-nepBhix, HOBHIH ItuKJ for AesiaeT IPUMEPHO TO XKe, 4To U for_each,
HO OH He CToJib HaTisiAeH (coBet 43). Bo-BTOpHIX, 3TOT KOA HeGe30MmaceH M0 OTHOIIe-
HHIO K HCKTIOYeHusIM. Eciin MeX Iy 3amosiHeHueM vwp YKa3aTessIMU K BbI30BOM delete
IIPOM30H/IeT HCKITIOUEHHeE, 3TO CHOBa NIPUBEAET K yTeuke pecypcos. K cuacTsio, ¢ oben-
M ipo6JieMaM¥ MOXKHO CTIPaBHThCS.

Yro6s! oT for_each-nogo6HOro nukia nepeiiTu HenocpeaCTBEHHO K for_each, Heob-
X0auMO npeobpa3oBaTh delete B 06bekT hyHKIMU. C 3TUM CIIPaBUTCS faXe pebeHOK —
ecyiu, KOHEYHO, BBl Hailere pebenka, KOTOpBIi 3axoueT Bo3uThest ¢ STL:

template <typename T>

struct DeleteObject: // B coseTe 40 nokasaHo,
public unary_function<const T*.void> { // 3aueM HywHO HacnefoBanue

void operator()(const T* ptr) const

delete ptr:

}
}

Tenepb CTaHOBUTCS BO3MOJXKHBIM ClleAyloliee:

void doSomething()

{
// Cu. panee
for_each(vwp.begin(),vwp.end(),DeleteObject<Widget>());

}

K coxanenuto, BaM NpUXoaUTCs yKa3bIBaTh THII 06BbEKTOB, yaaisiembix DeleteObject
(B manHOM npuMepe Widget), a 3To pa3ApakaeT. vwp IIpeAcTaBJsieT coboit vector<Widget*> —
pasymeemcs, DeleteObject Gyner yrausith ykasaresu Widget*! ITomobrble u3numecTsa
He TOJIbKO Pa3fpa)kaioT, HO U IPHBOAST K BO3HHKHOBEHHIO TPYIHO OOHAPYKHMBIX OIIH-
6ox. lonyctuM, KTo-HUOY b HO CIy4afHOCTH 06 BBISAET KAAacC, MPOM3BOAHBIH OT string:

class SpecialString: public string{..}:

ITO PHUCKOBAaHHO, ITOCKOJIBKY String, Kak 1 Bce CTaHAapTHBIE KOHTelHeph STL, He
UMeeT BUPTYaJbHOTO JECTPYKTOPa, a OTKPHITOE HACIeA0BaHUE OT KJIacCoB Ge3 BUPTY-
a/IbHOTO JECTPYKTOPa OTHOCHTCS K YHCITy 0cHOBHBIX Taby C++, [loapobHocTi MOXKHO
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HaitTu B moboit xopomeit kHure mo C++. (B «Effective C++» umure B cosete 14.) I Bce
€ HEKOTOphle TPOTPaMMHUCTHL IOCTYHAIOT MOAOOGHBIM 06Pa3oM, MO3TOMY faBaliTe pas-
Gepemcsl, Kak 6yaer BecTu cebst CIeyIomuil KOA:

void doSomething()
{

deque<SpecialString*> dssp:

for_each(dssp.begin().end(), // Henpepckasyewmoe nosefenne! Ypanexue
DeleteObject<string>()): // npou3sofHoro o0beKTa uepes ykasaTenb
// Ha 6a30BbI1 KNACC NpW OTCYTCTBMM
// BMPTYansHOro AecTpyKkTopa

}

O6parute BHUMaHHe; dssp 0ODBSIBIISIETCS KaK KOHTEIHep, B KOTOPOM XPaHSTCA yKa-
3aTesu SpecialString*, Ho aBTOp 1MKJIa for_each coobuiaet DeleteObject, uTo oH OyzneT
ynassith ykasatenu string*. [TonsiTHo, oTkyAa GepyTest mogobusie ommbxu. ITo cBoemy
HoBeReHHIo SpecialString mMeeT MHOTO 06INETO €O String, MO3TOMY KIHEHTY JIETKO 3a-
6bITh, 4TO BMECTO String ol ucmosbayer SpecialString.

Yro6sl ycTpaHuTh OMHOKY (a TakXe COKpPAaTHTh 00beM paGoThl AJISl KIMEHTOB
DeleteObject), MOXXHO IpeJOCTAaBUTh KOMIIHJISITOPY BO3MOKHOCTb BBIYHCJIHUTD THII YKa-
3aHus, nepenaBaeMoro DeleteObject: :operator(). Bee, uto asns atoro HyxHo, — mepe-
MeCTHTD olpesiesienue mabiona us DeleteObject B operator():

struct DeleteObject{ // Y6panu onpepenenve wabnoua
// w 6a3osuit Knacc

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

delete ptr:
}

}

KoMnunaTop 3HaeT THT yKasaTess:, iepeaaBaeMoro DeleteObject: :operator(), mo-
3TOMY MBI MOKEM 3aCTaBUTh €r0 aBTOMaTWYeCKH CO3/aTh SK3eMIJLAp operator() mis
3TOro THNA yKasaTensi. HegoctaTok moAo6HOTO crioco6a BEIMHCIEHHUS! THIIA 3aKJII04aeT-
€Sl B TOM, YTO Mbl OTKa3BIBAEMCSI OT BO3MOKHOCTH cAenaTh 06bexT Deletedbject agan-
tupyeMsIM (coset 40). Bripouem, eciin ydyecTs, Ha Kakoe HpHMeHEHHe OH PACCYHTaH,
BPSIK JIH 3TO MOXKHO CUHUTATh CEPbe3HBIM HEAOCTATKOM.

C HoBoi1 Bepcueti DeleteObject xoa kiueHTOB SpecialString BEITISAUT Tak:

void doSomething()
degue<SpecialString*> dssp:

for_each(dssp.begin(),dssp.end(),
DeleteObject()): // YeTKO onpefenerHoe nosefenne
}
Takoe penreHue MpSIMOJIMHENHO U 6€30IACHO 110 OTHOLIEHHIO K THIIaM, YTO ¥ Tpe6o-
BaJIOCB.
Onnako 6e30NaCHOCTD HCKJIIOYEHH It BCe ente He JOCTUrHyTa. Eciin nckiodeHue npo-
U30izeT nocJie co3fanusl SpecialString omeparopoM new, HO mepen BeI30oBOM for_each,
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CHOBa mpou3oiiaeT yreuka pecypcos. [Ipo6GieMa pemaercsi pa3HbIMU cHOCO6aMH, HO
IpOCTeHINiT BRIXOX 3aKJII04YAETCS B IEPEX0O/ie OT KOHTeliHepa yKa3aTeJiell K KOHTeHHepy
yMHvix yKasameneti (06bIYHO 3TO yKa3aTeJH C MOACIETOM CChLIOK). Eciu BbI He 3HAKOMBI
C KOHIleMIIMe YMHBIX yKa3aTeJeit, oOpaTutech K Jii060it kuure no C++ st porpam-
MHCTOB CPEAHETo YPOBHS u onbiTHBIX. B kuure «More Effective C++» atoT MaTepuan
HpUBOAUTCH B coBere 28.

Bubsnorexa STL He coAepKuT yMHBIX yKasaTeslell ¢ HoAcYeToM cchliok. Hanuca-
HHE XOPOIIEr0 YMHOTO yKa3aTelist (TO eCTh TAKOro, KOTOPbIil Obl Bceraa mpaBuIbHO pa-
GoTa) — 3ajiaya He U3 IPOCTHIX, ¥ 3AHUMATHCS €10 CTOUT JIMIIb B CJIydae KpaifHeii Heo6-
xoauMocTH. 51 mpuBes KOX YMHOTO yKasaTeiis ¢ moacueToM cchtok B «More Effective
C++» B 1996 roay. XoTst koA 65LT OCHOBaH Ha XOPOUIO U3BECTHOM peaM3anuy YMHOTO
yKasareJisl, a mepex u3faHueM KHUTH MaTepHas THUIATEIbHO MPOBEPSIICS OMBITHBIMU
HIPOrPaMMHUCTaMH, 3a 3TH FOAHL ObLIO HANAEHO HeCKOJIbKO ommnboK. KonudecTso Hetpu-
BHAJIbHBIX CO0EB, BOHUKAIOIUX MPU IOACYETe CCBUIOK B YMHBIX YKAa3aTeJIsiX, IPOCTO
HEBEPOSITHO (32 MOAPOGHOCTAMU 06paIaiTeCh K CIUCKY OMEYaTOK U UCTIPaBIeH UM AJIst
kuuru «More Effective C++» [28]).

K cuacTplo, Bam BpsiA Jid MIPUAETCS CO3AaBaTh COOCTBEHHBIE YMHBIE YKa3aTeH, 10-
CKOJIBKY HAWTH NMPOBEPEHHYIO PEANU3ALHMIO He TaK CI0KHO. [IpuMepoM cirykuT ykasa-
Tesib shared_ptr u3 6ubnuoreku Boost (coser 50). Mcnion3yst shared_ptr, MoXkHO 3anu-
caTh HCXOAHBIH NpUMep AaHHOIO COBETA B CIEAYIOLIEM BUJE:

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)  // Cosgate SPW no Widget*
vwp.push_back (SPW(new Widget)); // w Bw3BaTb push_back
// Vcnonb3osatb vwp

} // YTeuku Wodget He npoucxoguT.

// nawe ecnu B npefbipyuen dparmeHTe
// NPOM3OHAET MCKMOHEHNE

Huxoz0a He cienyer noJlarath, 4T0 aBTOMATHYECKOE YAATEHUE yKa3aTeaeH MOXKHO
obecrmeyuTh Co3naHNEM KOHTENWHepa, COAEPXKAIIEro auto ptr. Ta KOUIMApPHAS MBIC/b
ypeBaTa TAKHUMH HENPHATHOCTSIMH, 4TO 1 IOCBSATHII €i coBeT 8.

I'maBHOe, 4TO HEO6XOAMMO 3anIOMHUTE: KoHTelHepbt STL pasyMHbI, HO OHH HE CMO-
FYT PEIINTb, HyXHO JIX YAAISITh XPAHAIIHeCs B HUX YKasaTenu. UTo6H n3bexats yTed-
KH pecypcoB IpH paboTe ¢ KOHTeliHepaMu yKazaTeJiell, He06X0AUMO JIH60 BOCIIOJIB30-
BaThCs 0OBEKTAMM YMHBIX yKa3aTeJleil ¢ OACYETOM CChUIOK (Takumu, Kak shared ptr
u3 6ubsnotexu Boost), 1160 BpYYHYI0 yAQIMTD KaXIbli YKa3aTe b IPH YHHYTOXEHUH
KOHTelHepa.

HanpamuBaercs crenyromas MeICIb: ecnu cTpykTypa DeleteObject moMoraer crpa-
BHUTBCS C YTEYKOH pecypcoB ISl KOHTEHHEPOB, COAePXKAIINK yKa3aTeu Ha 0OBEKTHI,
MOXKHO CO3/IaTh aHAJIOTHYHYIO CTPYKTypy DeleteArray, xoTopasi moMoxeT n3bexarsb
YTEUYKH PeCypCOB IJISL KOHTeHHEpOB C yKa3aTeassMH Ha MacCuUBBEL. KoHe4HO, Takoe pe-
HmeHue 803MoixcHo. JIpyroit Bonpoc, HaCKOJIBKO OHO pa3yMHo. B cosere 13 noxazamo,
noyeMy AMHAMHUYECKH pa3MellaeMble MaCCHBBI IOYTH BCETAA YCTYHAIOT vector u string,
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I03TOMY NpeXJe YeM CaiuThCsl 3a HamucaHue DeleteArray, moxanyiicra, mpoduTaiite
coser 13. MoxeT 6bITh, OH y6EIUT Bac B TOM, 4TO Jiy4ute oGoittucs 6e3 DeleteArray.

CoBeT 8. H1Koraa He co3aaBanTe KOHTEMHEPSI,
coaepxawime auto_ptr

YecTHO TOBOPS, B KHUTE, TOCBsMIeHHOM a¢hdexTrBHOMY Henonb3oBaHuo STL, naHHBIN
coBeT He coBceM ymecteH. Konreitnepst auto ptr (COAP, Containers Of Auto_Ptr)
3aTlpeNIeHBl, a IPOrpaMMa, KOTOPasi IONBITAETCS UX HCTI0IB30BaTh, He OyAeT KOMITHIH-
poBarbcst. KomuTer no cranpaprusaiuu C++ IpUIIoXKHII HeCIbIXaHHbIe YCUIIHS B 3TOM
HanpasieHud. Bo3MoxHO, MHe BOOO1IE He CTOMJIO 6B TOBOPUTH O KOHTelHepax auto_
ptr — 0 HUX BaM PacCKaXKeT KOMIMJITOP, IPUYEM B CAMBIX HEJIECTHBIX BBIPDOXKEHUSIX.

OnHako MHOTHe IPOrpaMMHUCTH paboTaloT Ha Iwiatdopmax STL, na xoropeix COAP
He 3anpeleHH. bojiee TOro, MHOTHe MPOTPaMMHUCTHI HO-TIPEKHEMY ITOBEPKEHBI HILTIO-
3uu u BugaT B COAP npocroe, npsaMosuHeiinoe, 3phexTHBHOE CPeACTBO AJst 60ph-
OBI C yTEUKOM pecypcoB, 4acTo NPUCYIIei KoHTeliHepaM yKasaresieii (coBetnt 7 u 33).
B pesynbrare BO3HHKaeT HCKyleHHe Bocnosb3oBathess COAP, qaxe eciiu ux HeBO3-
MOJHO CO371aTh.

Bckope s o6wsicHio, nodemy COAP npoussenu Takoii nepenosiox, yro Komurer mo
CTaHAapTH3auuH NPEANPUHAT CHEHATbHble AT [0 HX 3alpelleHuIo. A MoKa Ha-
YHeM C IepBOTO HeJOCTaTKa, J1s1 TOHUMAaHUSI KOTOPOTo He HY)XKHO pa3bupaThbcst B auto_ptr
u BooG1e B koHTeitHepax: COAP He neperocumbl. /la u Kak MoxeT 6bITh uHade? OHU
3anpemeHbl craHaapToM C++, u HauGonee nepenossie miuatdopmer STL yxe Bbinmo-
HSIOT 5T TpeGoBanue. BepositHo, co BpemeneM miardopmel STL, xoTopsle ceiiyac He
cootBercTBYIOT CTaHAapTy, BHIIONHAT ero TpeGoBanusi. Koraa ato npousoiiaer, npo-
rpammsl, ucnonbdyoue COAP, cTanyT enre MeHee MepeHOCUMBIMH, yeM celyac.
ToT, KT0 3a6OTHTCS O IEPEHOCUMOCTH CBOMX niporpamy, orseprier COAP xots 68 1o
3TOY IMpHUYHUHE,

BnpouewM, He HCKJIIOYEHO, YTO NePeHOCUMOCTDb Bac He BojHyeT. Eciu aTo Tak, mo-
3BOJIbTE HAIOMHHTB 006 YHHUKAJIBHOM (@ 0 MHEHMIO HEKOTOPBIX — HEJIETIOM) CMBICJIe
omepaiMy KOMUpoBaHus auto ptr.

[Ipn xonupoBanuu auto_ptr mpaso BiageHHs] 0GBEKTOM, Ha KOTOPBIA CCBLIAETCS
yKasaTeJlb, IEPEXOUT K KOIHY, a HCXOAHOMY yKasaTeio nmpucsauBaeTcs NULL. /la, BBl
He OMHOJINCh: KONUPOSaHUE YKa3amens auto_ptr npueodum K ezo Mooupurayuu.

auto_ptr<Widget> pwl(new Widget); // pwl ccenaetca na Widget
auto_ptr<Widget> pw2(pwl): // pw2 ccunaetca Ha ofvekT Widget,
// npuHapnexawnd pwl: pwl npucsausaerca
// NULL (Takum oBpasom, obnexkT Widget
// nepepaetca oT pwl K pw2)

pwl = pwZ: // pwl crosa ccwnaeTca Ha Widget:
// pw2 npucsausaerca NULL

Komneuno, Takoe noseieHue HeOGBIYHO U JaXe MO-CBOEMY HHTEPECHO, HO IS TI0JIb30~
Bartessi STL B nepByIo ouepesp BaXKHO TO, 4TO OHO NPUBOAHUT K KpauHe HEOKUAAHHBIM
nocneacTBUAM. PaccMoTpM BHentHe 6e3061aHBL (PparMeHT, KOTOPEIH CO3/aeT BEKTOP
auto_ptr<Widget> 1 coprupyer ero ¢pyHkiuel, cpaBHUBaOIIEH 3HaYeHus Widget:
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bool WidgetAPCompare(const auto_ptr<Widget>& 1lhs,
const auto_ptr<Widget>& rhs)
{

return *1hs < *rhs: // MpeanonaraeTca, 410 ANa obbvektos Widget
// CyuecTsyeT onepatop <

}

vector<auto_ptr<Widget> > widgets: // Co3faTe BEKTOp W 3anonHuTh ero
// yxa3atenamu auto_ptr wa Widget.
// TomnuTte, 4TO 3TOT (parMeHT
// He [OMKEH KOMMMIMpOBaTHCA!
sort(widgets.begin() widgets.end(), // OTcopTuposaTe BEKTOp
widgetAPCompare):

IToka BCe BHITJISIAMT BIOJIHE Pa3yMHO, a ¥ ¢ KOHUENTYAJIbHOU TOYKH 3PEHHS] BCE
Oeticmeumensho pa3yMHO — HO Pe3yJIbTaT pasyMHbIM HUKaK He HasoBemb. Hanpumep,
B Ipolecce COPTHPOBKM HEKOTOPBIM yKasaTesnaM auto_ptr, xpaHsimmuMcs B Widget, Mo-
eT OBITh MpUcBoeHOo 3HadeHue NULL. CopTHPOBKa BEKTODA NPHBOAKT K H3MEHEHHUIO eT0
cozepxumoro! [aBaiite pazGepeMcsi, KaK 3TO HPOHCXOMHT.

OxaspIBaeTcs, pealu3anius sort YacTo CTPOUTCS Ha HEKOI PAa3HOBHAHOCTH aJITOPHUT-
Ma GBICTPO# cOpTHUPOBKH. PaGoTa 3TOTrO ajropuT™Ma CTPOHMTCS Ha TOM, UTO HEKOTOPBIA
3JIEMEHT KOHTelfHepa BBIGHPaeTCsl B KaUeCTBe «ONOPHOTO», OCIE Yero IPOU3BOANTCS
PeKypPCHBHAs COPTUPOBKA 110 3HAYEHUSAM, GONBIINM ¥ MEHBIIUM JIMGO paBHBIM 3Hade-
HHMIO OTIOPHOrO 371eMeHTa. Peasn3anus Takoro airopiuT™a B sort MoXKeT BBITJISIAETD IPH-
MEPHO TakK:

template<class RandomAccessIterator, // 06vaBNerue sort CKONUPOBAHO

class Compare> // npano u3 CraHpapTa
void sort(RandomAccessiterator first,

RandomAccessiterator last,
Compare comp)

// typedef onucbiBaeTCA Hume
typedef typename iterator_traits<RandomAccessIterator>::value type
ElementType:
RandomAccessiterator i;
- // TIpCBONTL 1 YKa3aTeNb Ha ONOPHLIA aNeMeHT
ElementType pivotValue(*i); // CKOnupoBaTb ONODHbIA 3IEMEHT B NIOKANbHYK
// BPEMEHHYID NEPEeMeHHYI: CM. Aanee KOMMEeHTapHil.
// OcTaneHaa COPTMPOBKa

}

Eciu BB HE NpUBBIKAM YHTATh CXOAHBIE TeKCTH STL, 3TOT parMeHT BHITISAUT
XKYTKOBATO, HO B IeHCTBUTEJbHOCTH B HEM HET HHYETO CTPAIHOro. HerpusuanpHo
37eChb BRITVIAAUT TOJIBKO 3aNUCh iterator_traits<RandomAccessIterator>::value_type, Ho
3T0 BCero Jiuub npuHAToe B STL o603HadeHne THa 06beKTa, Ha KOTOPBIH YKa3hIBAIOT
urepaTophl, nepenannslie sort. Ilepen ceplikoii iterator_traits<RandomAccessIterators::
value_type momKeH cTosATh MpedHKC typename, OCKOIBKY 9TO MMS THIIA, 3aBUCSILIEE OT
napamerpa urabyioHa (B JaHHOM ciiyYae RandomAccessIterator), — JoMOJIHUTENBHAS HH-
¢dbopmaiust npuBeaeHa Ha c. 20,

ITpo6ieMBI BO3HUKAIOT U3-32 ClleAyIONIeit KOMaH/bI, KOTOpast KOITHPYET 3JIEMEHT U3
COPTHPYEMOTO MHTEPBasIa B IOKAIBHbIH BDEMEHHBIH 0OBEKT:

ElementType pivotValue(*i);
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B nannoM ciyuae sseMeHTOM sByisieTCs auto_ptr<Widget>, moaToMy B pe3yJibTare
CKOTIMPOBAHHOMY yKa3aremio auto_ptr (ToMy, KOTOPEIH XpaHUTCSI B BEKTOPE) IPHCBAK-
BaeTcs NULL. Bousee Toro, Kkorzaa pivotValue BBIXOAMT U3 00J1aCTH BUAUMOCTH, TIPOUCXO0-
NIAT aBTOMATUYeCKOe yaaneHne obnekra Widget, Ha kKoTopsiil pivotValue ccalytaeTcs.
HWrtax, nocne Bbi30Ba SOrt comepKuMoe BeKTOpa U3MEHSIETCSE Y IO MEHbIIEH Mepe OAMH
o6bexT Widget yaansercs. BenencTBue peKypcHBHOCTH aropyt™a 6bICTPO COPTHPOB-
KM CyLIECTBYET BEPOATHOCTD TOTO, YTO CPa3y HECKOJBKHM 3JieMeHTaM BeKTopa Gyaer
npucBoeHo 3Hauenye NULL u cpa3y Heckosibko 06beKToB Widget 6yayT yaaseHbl, MOCKOIb-
Ky ONODHBIH 3JIEMEHT KONMPYETCs Ha K&KAOM YPOBHE PeKypCHH,

r+ , llonobuble nOByUIKK BecbMa 3710BpeAHBI, 1 KoMUTeT 1o cTaHAapTH3aI UK MocTapa-
cs1, uToObI BB 3aBEJOMO He TIONAAAHCh B HUX. Y BaXKalTe UX TPYA ¥ HUKOTZA He CO3Ja-
BaliTe KOHTeliHepHl auto_ptr, naxe ecnu Bama miiatgopMa STL 3T0 no3BOSAET.

BripoueM, 3To BoBCE He UCKJIIOYAaET BO3MOXHOCTH CO3AaHUsl KOHTEHHEPOB YMHBIX
yxaszateneit. KonTeitneps! yMHBIX yKa3aTesieit BHoJHe gonyctumbl. B cosere 50 onuca-
HO, T/le HallTH yMHbIe yKa3aTess, Xopomo paboraiouue B KoHTelinepax STL, mpocto
auto_ptr He OTHOCUTCS K UX YHCIY.

Coset 9. TwartenbHO BbIbUpanTe
onepauuio yaaneHus

Honyctum, y Hac umeercss craHaaprHblii koHteiinep STL ¢, comepxammuit uncia
TUna int:

KOHTelHep<int> C:

¥ BBl XOTUTE YAAIUTb U3 HETO Bee 061eKThI co 3HaueHueM 1963, Kak Hu crpanHo, cro-
cob pemeHus aTOH 3a7auM 3aBHCHUT OT KOHTEItHEpa; YHHBEPCAIbHOTO peleHus He
CyLIEeCTBYET.
Jlnst 6;10k0BBIX KOHTeHEPOB (vector, deque Uy string — cM. coBeT 1) onTuMasb-
HBIi1 BADMAHT NOCTPOEH Ha UCTIOIb30BAHUH HAHOMBI erase-remove (coBeT 32):
c.erase(remove(c.begin(),c.end(),1963). // Wpuoma erase-remove xopouo
c.end()): // NOAXORMT ANA yLaneHus 3eMeHTos
// C 3apjaHHbM 3HAYEHMEM
// n3 KOHTeiinepoB vector, string
// v deque
[IpuBenentoe pemenue paboraeT u 415t KOHTelHepoB 1ist, HO kKak 6y/eT MOKa3aHO
B coBeTe 44, GyHKuus remove koHTeliHepa 1ist paboTaer addexTupHee:
c.remove(1963): // OYHKUMA remove Xopowo NOAXOAMT ANS yRaneHua
// 3NEMEHTOB C 3afaHHbM 3HAYEHMEM W3 CMIUCKA
CranzapTHble acCOMATHBHBIE KOHTEHHEDSI (Takue Kak set, multiset, map u mul timap)
He UMeIT GYHKIUY reMove C UMEHEM remove, a HCIIOIb30BaHue AJITOPUTMA remove Mo-
XET NPUBECTH K CTHPAHUIO 3IEMEHTOB KOHTeHHEPa (CoBeT 32) M BO3MOXKHOMN Hopye ero
coepxuMoro. 3a noapobHOCTAMH obpataitech Kk coBeTy 22, Ie TakxKe 0ObSICHSETCs,
TIOYeMy BBI30BBI 'emove 1Jist KOHTEHHEPOB map/multimap He KOMIUJIMPYIOTCS HUKOTQ,
a /11 KOHTeHHEPOB set/multiset — KOMIUIMPYIOTCS B OTAENBHBIX CyYasX.
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IIJIH aCCOIHAaTHBHBIX KOHTeﬁHepOB NPABHJIBHBIM PEHICHUEM 6y11eT BBI30OB €rase:

c.erase(1963); // OyHKUMA erase ofecnednsaeT ONTUMANLHOE
// ynaneHue 3NeMEHTOB C 3a/laHHbIM 3HAYEHHEM
// ¥3 CTaHQAPTHLIX ACCOUMATUBHLIX KOHTEAHEpOB
@yHKIHS erase He TOJIBKO CIPaBJIsieTcs ¢ 3ajadell, HO u ¢ (eKTHBHO pelaeT ee ¢
norapuMHYECKO# CI0XKHOCTHIO (BBI30BHI remove B MOCJIeA0BaTeIbHEIX KOHTeHepax
06pabaTHIBaIOTCA ¢ TMHENRHOM CI0XXHOCTRIO ). BoJiee Toro, B acconuaTUBHBIX KOHTeliHe-
pax QyHKIHA erase 06J1aiaeT JOMOJIHUATEIbHBIM NPEUMYILECTBOM — OHA OCHOBAHA Ha
[IpOBEPKE 9KBHBAIEHTHOCTH BMECTO PAaBEHCTBA (3TO BaXKHOE pa3jIMyHe paccMaTpHBa-
eTcs B coBeTe 19),
Crierka usmenuM npobiiemy. BMeCTo TOro 4To6bI yAAIATD U3 € BCe 0OBEKTHI ¢ 3a/{aH-
HbIM 3HAYEHHEM, aBalTe YIAIUM BCe 0ODBEKTHI, A KOTOPBIX CJEAYIOLMI IpeauKaT
(coser 39) Bo3Bpaiaer true:

bool badvalue(int x): // Bo3spawaeT true ans ynanaemsix o6vexToB

B nocnenoBaTenbHBIX KOHTeliHepax (vector, string, deque 1 1ist) mocTaTouHo 3aMe-
HHUTD remove Ha remove if:
c.erase(remove_if(c.begin().c.end() ,badvalue), // NyduwmiA €noco® yru4TOMEHWSA
c.end(})): // obvexToB, AnA KoTopwx badValue
// Bo3Bpawaet true, B KOHTEHAHepax
// vector, string v deque
c.remove_if(badValue); // OnTUMansHLIA CNOCOG YHUHYTOKEHUA
// 0BbeKTOB, ANA KOTOPhX badvalue
// Bo3Bpawaet true, B KOHTEHHEpe
/7 1ist
Co cTanZapTHEIMHM acCOIMATHBHEIMH KOHTeHHEpaMH A€JI0 OGCTOMT MOCIOXHEe.
Cy1ecTBYIOT ABa pelIeHUs: OAHO MpPOLIe NPOrpaMMUpYeTCs, Apyroe abdexTHBHee
paboTaer. B mepBoM pemeHun Hy)XHble 3HAaYEHHUS KOMUPYIOTCS B HOBBI KOHTEHHED
byHKueit remove_copy, HOCJIe 4€T0 COAEPIKMMOE ABYX KOHTEHHEPOB MEHSIETCS] MECTAMH:

AccoyKonTeiinep<int> ¢; // C - OBMH W3 CTAHAAPTHLIX
// accouMaTuBHLIX KOHTEHHepos

AccoyKonTeiinep<int> goodvValues; // BpeMeHHblit KOHTeHiHep AnA XpaHenua
// 3NEeMeHTOoB, OCTABWWMXCA NOCNe yAaneHus

remove_copy_if(c.begin().c.end(), // CkonupoBaTb OCTABWKECA 3NEMEHTHI
inserter(goodvalues, // u3 ¢ B goodvalues
goodvValues.end()).
badvalue);
C.swap(goodvalues); // NomeHaTy cofepwumoe C U goodvalues
Y noxoGHOTO peleHnst KMEETCSl HeOCTaToK — HeoOX0AUMOCTh KOIUPOBAaHU 3J1e-
MEHTOB, OCTAIOIIKUXCA HOCJIe yAaleHns. Takoe KOMUPOBaHNe MOXKeT 0G0MTHCE IOPOIKeE,
YyeM HaM XOTeJI0Ch OBl
Or 3THX 3aTpaT MOXHO H30ABUTHCH 32 CIET HEMIOCPEACTBEHHOTO yAIeHHS dJIeMEH-
TOB M3 UCX0AHOro KoHTeiHepa. Ho mockosnbKy B accouMaTHBHEIX KOHTeNHEPaX OTCYT-
CTBYET (pyHKIIHS, aHAJIOTHYHASA remove_i f, npumeTcsi mepeSupaTh BCE SJIEMEHTHI C B K-
Jie ¥ IPHHUMATD PelieHHe 00 YAIeHHH TEKYIIEro 3/1eMEHTA.
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C KOoHIeNTyaJIbHOM TOYKH 3PEeHHs 3Ta 3a1a4a HECJIOXKHA, 1a M Pealu3yeTCs OHa Mpo-
cro. K coxanennio, pemenue, KOTOPOE MePBbIM NPUXOIUT B TOJIOBY, PeKo OBIBaeT mpa-
BHJIBHBIM. BEposATHO, MHOrHE IPOrPaMMUCTBI TIPEJIOXKAT CAeAYIOU BapUaHT:

AccoyKonTeinep<int> C;

for(AccoyKonTeiHep<int>: :iterator i=c.begin(): // Harnagusiii, GECXMTPOCTHLIA

il=c.end(); /1w ounmbOYHHA KOL, KOTOPHIN
++1) { // CTvpaeTt BCE 3MIEMEHTH C.
if (badvalue(*i)) c.erase(i): // pna kotopbix badValue
} // BoO3Bpawaet true.

// He noctynaiite rax!

BrinosHeHyie aToro pparMeHTa MpUBOAUT K HENpeACKa3yeMbIM pedyJibTaTaM. I1pn
CTUPaHHH 3JIEMEHTA KOHTEeITHEPa BCe HTEPATOPHI, YKa3bIBaOIKE Ha 3TOT 3JIeMEHT, CTa-
HOBATCS HeAelCTBUTENbHBIMU. TakuM 06pa3oM, TIoc/e BO3BpaTa U3 c.erase(i) urepa-
TOP 1 CTAaHOBMTCS HemdedcTBUTENbHBIM, 151 Hanero qukia aTo GaranbHO, MOCKOIBKY
HocJie BbI30Ba erase urepaTop 1 yBesmduBaercs (++i B 3arosioBke nukia for).

[Ipo6reMa peuraeTcst IPOCTO: HEOGXOAMMO 1103a60TUTHCS O TOM, YTOOBI HTEPATOP
HEPEBOIUIICS HA CIEAYIOIIMI 3JIEMEHT € Tiepel BhI30BOM erase. JTo IIPolle BCEro cae-
JIaTh HOCT(HUKCHBIM YBeJIMU€HUEM i TIPY BbI30BE:

AccoyKonTeitnep<int> ¢;

for(AccouKontednep<int>: :iterator i=c.begin(). // Tpetba 4acTb 3aronoBka

il=c.end(): // uwkna for nycra; i Tenepb
/* nycto */) { // V3MEHARTCA BHYTPW LMKNA
if (badValue(*i)) c.erase(i+); // Dns ynansaembix 3/1eMEHTOB
else +i; // nepepatb erase Tekyuee

} // 3nadenne i n ysenuuuTh 1.

// [na OCTaoUMXCA 3NeMEeHTOB
// NpOCTO yBENMMUUTL i

HoBslit BapuaHT BbI30Ba erase paboTaeT, IOCKOIbKY BbIPajKeHUe i++ paBHO CTapOMYy
3HAYEHUIO 1, HO ¥ HETO UMeeTCsi HOGOYHBIN athdexT — npupamenye i, Taxum o6pasoM,
MBI HiepefaeM cTapoe (He yBeJlHYeHHOe) 3HaUeHue 1 ¥ YBeJIMUHBaeM 1 repes BhI30BOM
erase. VIMeHHO 5T0 HaM u TpeGoBaIOCh. XOTS 3TO PEllleHHe BHITISAUT IPOCTO, JIHMIIb
HEMHOT¥Ie IPOTPaMMUCTBI IIPEJIOXKAT eT0 C HEPBO NOMBITKH,

Iopa coenarts caepyrourpii mar. [JoMHMO NPOCTOrO yaAJIEHHS BCEX 3JIEMEHTOB, IJIsI
KoTophIX badValue Bo3BpaiiaeT true, MBI TaloKe XOTHM PErHCTPHPOBATh KAXKAYIO oniepa-
[HIO YAAJIEHUS B XXypHae.

Jlnst acconuaTUBHBIX KOHTEHEPOB 33/1a4a PENIAETCS 04€Hb IPOCTO, HOCKOJIBKY OHA
TpebyeT JIMIb TPUBHAIBHOK MOANGDHUKAIMA CO3MAHHOIO IIHKJIA;

ofstream logFile: // ®aiin wyprana
AccouyKonTelinep<int> ¢;

for(AccoyKontedinep<int>: :iterator i=c.begin(): // 3aronosBok yukna ocraercs
il=c.end():) { // 6e3 nanexenui

if (badvalue(*i)) {
logFile<<"Erasing "<<*j<<'\n': // BuiBOA B MypHan
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c.erase(i++); // Ynanesuwe

}

else ++i:

}

Ha 3TOT pa3 XJIONOTH BO3HUKAIOT ¢ vector, string u deque. Mcnonb3osars uauomy
erase/remove He yJaeTcs], IIOCKOJIbKY erase WjH remove Hesb3st 3aCTaBUTh BBIBECTH [aH-
Hble B )KypHas. BoJjtee TOro, BApHAHT ¢ IUKJIOM for, TOJIBKO YTO IPOJEMOHCTPUPOBAHHbIH
JUISL aCCOIHATHBHBIX KOHTEHHEPOB, TOXE He HOAXOAUT, HOCKOJBKY A7 KOHTEHHEPOB
vector, string u deque oH HIpHBEJET K HeNpeACKa3yeMbIM NOocneACTBUSIM. BemomuuTe,
YTO [1J151 3STHX KOHTEHHEPOB B pe3y/ibTaTe BbI30Ba €rase CTAHOBATCS HelelICTBUTEIbHBIMUI
BCE HTEPATOPBL, yKa3bIBAOIIHE Ha Y IAISIeMBIH aeMeHT. KpoMe Toro, HeAeHCTBUTEIbHI-
MH CTAHOBSITCSI BCE UTE€PAaTOPhL noce yAAISAEMOrO 3JIEMEHTa, B HallleM IPHMEPE — BCe
urepaTopsl nocue i. KoHcTpykuuu Buaa i++, ++1 U T. 1. HEBO3MOXKHBI, IOCKOJIbKY HH
OMIMH U3 TIOJIyYeHHBIX UTEPATOPOB He Gy/eT AeHCTBUTEIBHBIM.

CuenoBaTesibHo, ¢ vector, string u deque HyXHO ZeHcTBOBaTh HHaye. Mbl JOJKHBI
BOCIIOJIb30BAaThCS BO3BPAlllacMbIM 3HAYECHHEM erase, KOTOpOe COAEPKUT UMEHHO TO, YTO
HaM TpeOyeTcsi — AefCTBUTENLHLII UTEPATOP, KOTOPBII YKA3bIBAET HA SIEMEHT, CIeLy-
ouyii 3a ynajneHHeM. FlHade ToBOPsI, NpOrpaMMa BBITJISIAUT [IPUMEPHO TakK:

for (focnKonTeiinep<int>::iterator=c.begin();
il=c.end():){

if (badvalue(*1)) {
logFile<<"Erasing "<<*i<<'\n';

i=c.erase(i); // CoxpaHnseMm pedcTBuTensHblid uTepaTop 1,
} // Ona 4ero eMmy npuCBANBAETCA 3HAYeHue,
else ++i; // Bo3Bpawaemoe ¢yHKuWel erase

}

Takoe penteHue TPeBOCXOAHO PaboOTaeT, HO TONBKO ANS CTAHAAPTHHIX MOCTENO-
BaTeNBHEIX KOHTeHHepoB. [lo BecbMa cOMHUTENBHBIM TIPUUUHAM (COBET 5) (yHKUUS
erase JJIsl CTAaHAApPTHBIX aCCOIMATHBHBIX KOHTeHHEPOB Bo3BpamiaeT void. B atoMm ciy-
Yae TIPUXOAMTCS UCIONB30BATh METOAUKY C HOCT(UKCHBIM HPUPANIEHHEM UTEPATOPA,
nepeaaHHoro erase. Kcratu roBopst, nofo6Hble pa3ivyis MEXAY TOCIE0BATETbHBIMU
Y acCOIMAaTHUBHBIMU KOHTeHHEpaMH — OAMH U3 IIPUMEPOB TOTO, II0YeMY KOHTEHEPHO-
HE32BMCHMBIii KO 0OBIYHO CUMTAETCS HeXeIaTeIbHBIM (COBET 2).

Kaxoe u3 3Tux pemeHui gydie nooitaer ans konreiinepa 1ist? OxassiBaercs,
B OTHOUIEHHH HepeGopa u yxaneHus 1ist MOXeT MHTEepIPeTUPOBATHCS Kak vector/
string/deque nin KaK acCOIMATHBHBIN KOHTEHHEP — roaaTcst 06a cniocoba. OBBIMHO BHI-
Gupaercs MepBblil BAPHAHT, TIOCKOJIBKY 11ist, Kak u vector/string/deque, mpuHamIexKuT
K YHCJIY TIOCJIeI0BATENbHBIX KOHTeHHepoB. C TOUKH 3PEHMSI ONBITHOTO POrPAMMUCTa
STL nporpamma, B koTOpoii epebop u ynaiteHue u3 11st NpOU3BOASATCS 10 IpaBUJIaM
acCoIMaTUBHBIX KOHTEHHEPOB, BBITJISAUT CTPAHHO.

IToxsoas utor BceMy, 0 UeM pacCKa3bIBAIOCh B 3TOM COBETE, MBI IPUXOAUM K CJIELY-
IOIHM 3aKJII0YEHHUM.

Y aanetne Bcex 00HEKTOR C 33/JAHHEIM 3HAYEHHEM:
® KOHTeltHepHl vector, string u deque: UCHONB3YHATE UAHOMY erase/remove;
e xoHTeliHep 1ist: ucnosnb3yite 1ist: : remove;

® CTaHIAPTHHIR aCCOIMATHUBHBII KOHTEIHED: UCHOAB3YiiTe (PYHKIUIO erase.
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Vnanenue Bcex 00bEKTOB, COOTBETCTBYIOMIMX 3aAaHHOMY NIPEAHKATY:
* KoHTelHep vector, string u deque: ucnop3yiiTe uaUOMY erase/remove if;
* xoHTedHep 1ist: ucmonwayiite 1ist: :remove_if;

® CTaHAapPTHBIA aCCONMATUBHbLIM KOHTeHHEp: HCHOMB3yliTe remove_copy if/swap
WK HaMIIKTe UMK Tepebopa 5J1eMEHTOB KOHTelHepa, HO He 3a6yAbTe O MoCT-
(UKCHOM TIpHpalLIeHUH UTEPaTOPa, IEPEIaBAEMOT0 IIPH BEI30BE erase.

HononHuresnbable onepanyy B IMKIe (KPOMe yAaJleH!sA OOHEKTOB):

® CTaHAAPTHBIN IOCIEA0BATEIbHbIA KOHTEIHEeP: HANMILKTE [IUKJ IepeGopa eMeH-
TOB, HO He 3a0bIBaiiTe OGHOB/ISTL UTEPATOD 3HAYEHHEM, BO3BPALIAEMBIM erase
DU KaXKOM BBI3OBE;

® CTaHAApTHHIA aCCONMATUBHBIH KOHTEelHep: HaNULIKTE UK nepebopa s1eMeH-
TOB € NOCT(UKCHBIM PUPalieHeM UTEPATOPa, IEPeaBaeMOro MPH BBI30BE erase,

Kak Bunure, sdextuBHOE ynanenue anemMeHTOB KOHTeliHEpa He CBOAUTCA K TIPOCTO-
My BBI30BY erase. IIpaBunbHbIA IOAX0/ 3aBUCHT OT TOTO, 110 KaKOMY IIPHHIMITY 0T6Hpa-
I0TCSI yIIaIIeMble SMIEMEHTDI, B KAKOM KOHTellHepe OHH XPaHATCS U KaKHie HOTIOJIHUTENb-
Hble onepauyy TpeGyeTcst BBIONHUTS pY yAasleHuu. JleficTBy iTe 0CTOPOXHO 1 ciienyitTe
PEKOMeHJaUAM JaHHOTO cOBeTa, u Bce Oyner HopManbHO. HeBHuMaTeBHOCTD 06ep-
HeTcs HeadHeKTUBHOM pabOTO# HITH HeTpeACKa3yeMbIM OBeAeHUeM IPOTPAMMBL.

Cosert 10. lNoMHUTE 0 NpaBMnax u orpaHUYEHUsX
pacrnpeaenuTenen namMsaTm

Pacnipepennrenu naMaTH nepBOHaYaIbHO Pa3paBaThiBAHCh KaK aGCTPAKIus 4TS MO-
eneit MaMsTH, O3BOAIONIMX Pa3paboTyukaM 6U6IMOTEK HTHOPHPOBATH PA3JIHUMS
Mexly near- i far-ykasarenaMu B HeKOTOPBIX 16-paspsmHbIX oNleparIOHHBIX CHCTEMAX
(#anipumep, DOS u ee 3710BpeiHBIX TOTOMKAX), OHAKO 3Ta MOMBITKA MPOBAIMIAC.
PacnipeziesiTe i Takske J0IKHBI OBLTH YIPOCTHTH paspaboTKy 06 HEKTHBIX IUCIIETIEPOB
NaMATH, HO BCKOPE BBIACHUIOCH, UTO TAKOH TMOAXOX CHYKAET 3(eKTUBHOCTD paboThI
HeKOTOPbIX KoMIoHeHToB STL. Utobnr usbexars cHmwkeHus 6uicTpoaeiicTsust, Komu-
TeT No cTanaapTu3anuy C++ Briouns B CTaHZApT NOJOKEHYE, KOTOPOE IPAKTHIECKH
BBIXOJIOCTHIO OOBEKTHBIE PACTIpEeIUTENN IaMsITH, HO OXHOBPEMEHHO BBIPAXKAIIO Ha-
REXy, UTO OT STOH ONEpalluy UX IOTEHIMATbHbIE BO3MOXXHOCTH He HOCTPajAIoT.

Ho sto eme ne Bce. Pacnpenenureny namsitu STL, kak u operator new c operator
new[ ], oTBevawT 3a BbifeeHMe (M 0cBoOOXAEeHHE) (PUBNIECKON MTAMSITH, OJHAKO HX
KIMEHTCKHI MHTePdelc uMeeT Masio 06LIEro ¢ KIMEHTCKUM HHTep(eiicoM operator new,
operator new[ ] u aaxe malloc. Haxowen, G0NBIIMHCTBO CTaHAAPTHHIX KOHTEHHEPOB
HUKOI/a HE 3anpaliBaeT NaMsITh y CBOUX pacnipeaesnuteneil. Elue pas moqyepxusaio —
HuKoz0a. B pesymbTaTe pacnipe/ieIuTe 1 IPOM3BOAAT JOBOIBHO CTPAHHOE BIleYaTIeHHUe,

Bripouem, 970 He uX BUHA, U, KOHEYHO Xe, U3 3TOTO (haKTa BOBCE He CJIEAYET AeaTh
BBIBOZ 0 GeCrosie3sHoCTH pacrpesenuteeit. TeM He MeHee, TIpesX/ie 4eM OMUCHIBATE 06-
JIaCTH IPUMEHEHUSI PacTipe/ieIuTe el (9Ta TeMa paccMaTpuBaeTcsi B cosete 11), s noa-
2KeH OOBSACHUTD, IS YETO OHU He MOAXOAAT. CYIIeCTBYeT Ieblil psi 3ajad, KOTOpEIE
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TOJIBKO Ha nepeviil 632130 MOTYT PelaThes NpH MoMolny pacnipeaenuteseid. [Ipexae
YyeM BCTYNaTb B MTPY, KeJIaTeJIbHO U3YYUTh TPAHHIE MTPOBOTO I10JI51, B TPOTHBHOM CJIy-
yae BBl HABEPHSKA YIaZieTe ¥ MoJyyuTe TpaBMy. Kpome Toro, n3-3a 5K30 THIECKHX 0CO-
GeHHOCTel pacrpenenuTeieil cam npoiece 0600IeH s BBITTISAUT BeChbMa MOYYHTEN b
HBIM U 3aHuMaTeIbHBIM. [10 KpaitHeil Mepe, A Ha 3TO HAJLEIOCh.

[Tepeuens ocobenHoCTel pacnipefieuTelelt HAYUHAETCS C PyANMEHTapHbIX omnpe-
JeJIeHHH THIOB AN yKa3zaTeel u cceutok. Kak ymoMunantoch BbllIe, pacripefenuTe-
JIX H3HAYAIbHO OBLIK 3alyMaHbl KaK aGCTPaKI[MK AJISE MOAeNell MaMsITH, IO3TOMY Ka3a-
JIOCH BIIOJIHE JIOTHYHBIM BO3JIOXKUTH Ha HUX obecliedeHue orpeesieHus: TuIos (typedef)
JJIsT yKasaTeJieil U CCBUIOK B omnpefensieMoit mofenu. B crangapre C++ cranaapr-
HbIA pacrpenenuresb o6bekToB Tumna T (allocator<T>) mpeaocrasisieT onpeneaeHus
allocator<T>: :pointer u allocator<T>: : reference, MosTOMY IpeANOJIAraeTCs, 4YTO MOJIb30-
BaTeJIbCKUe pacripe/ie/IMTe M TaKkKe Oy AyT NPeaoCTaBIsITh 3TH ONpefeIeHHsL.

Berepanst C++ HeMeJIeHHO MOYYIOT HeJlaZHoe, MOCKOJIbKY B C++ He cyuiecTByer
CPEACTB AJIsl MMUTAI[MH CChLIOK. J[yist 3TOr0 npuuLiock 651 meperpy3uth operator. (orme-
paTop <«TOYKa»), a 3To 3anpenieHo. KpoMe Toro, 06bekThl, paboTamolie KaK CChLIKH,
SIBJIAIOTCSL IPEMEPOM npoMexcymounvix obsexmos (proxy objects), a ucrosnb3oBanue
NPOMEXYTOYHBIX 06bEKTOB MIPUBOAMT K 1€JI0MY psiay npobJieM, 0fHa u3 KOTOPBIX OIH-
cana B cosete 18. [Togpo6GHoe onucaHKe IPOMEXYTOUYHBIX 0OBEKTOB MPHUBENEHO B COBE-
te 30 xuuru «More Effective C++».

B ciyyae pacnpenenuteneil STL 6eccMEBIC/IEHHOCTD ONpeeieHUt TUTIOB AJIS YKa-
3aresieil B CCHUIOK OGBACHSIETCS He TeXHUYeCKMMH HeIO0CTaTKAMM MPOMEXYTOUHBIX
00beKTOB, a ciegyouuM daktoM: CTaHgapT paspeuiaeT C4UTaTh, YTO ONpEAEICHHE
THIIa pointer JiI0GOTO paclpeaesuTes SBJISIETCS CHHOHUMOM T*, a onpeesieHre TUIa
reference — cuHonumoM T&. [la, Bce BepHO, pa3paboTdnKu GHOIMOTEK MOTYT HTHODH-
pOBaTh ONpefesieHus ¥ HCIOJIb30BATh YKa3aTesM U CChUIKH HanpsiMylo! Takum obpa-
30M, JAaXe eCJIH BaM yAacTCS HAMKUCATh PacIpeieIuTe b C HOBBIMU ONIPEeIeHUSIMHU A1
yKa3aTeJiell ¥ CCBLIOK, HUKAKOM NOJIB3BI OT 3TOTO He Oy/er, MOCKOJIBKY MCIOJIb3yeMast
peanusanust STL 3anpocto cMoXxeT aTH onpeaesieHusl IPOUTHOPUPOBaTh, VIHTEpECHO,
He MpaBJa Jiu?

IToka Bbl He yCIIeIH OCMBICIUTD 3TOT IPUMED CTPAHHOCTEH CTAHAAPTH3AIMH, 51 TIPH-
Bedy crenylomuil. Pacmpeaenuresiu ABJSIIOTCS 06bEKTaMH, U3 Yero CJIEAyeT, YTO OHH
MoryT 06J1ataTh COGCTBEHHBIMH (DYHKIUSIMH, BJIO)KEHHBIMH THIIAMH U OTIPEfe/IeHUSIMH
THHOB (TaKHMH Kak pointer u reference). Onnako B cooTseTcTBHH cO CTaHAApTOM pea-
sm3anusa STL MoxeT npeanonarars, YTo BCe OXHOTHIIHBIE OGBEKTH pacnpeaeuTesieit
SKBUBAJIEHTHBI ¥ MIOYTH BCETAA PaBHEL Pa3dymeeTcsi, 3T0 06CTOATENLCTBO O6BICHANIOCH
BeCKHMHM NpuduHaMu, PaccMoTpuM cienyomuit pparmeHt:

template<typename T> // Wabnon nonb3oBaTeNnbCKOro

// pacnpegenuTena naMaTu
class SpecialAllocator{..}

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

Tist<Widget,SAW> L1:

list<Widget,SAW> L2;

L1.splice(Ll.begin(),L2):
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BcrnioMuuTe: nmpu nepeMenieHuy 9J€MEHTOB W3 OZHOTO KOHTeliHepa 1ist B apyroi
dbyHxuuei splice ganHble He KOIUPYIOTCsl. CTOUT U3MEHUTD 3HAYEHUS HECKOJIBKUX
yKasateJsiell, ¥ y3JBl, KOTOPHIE DaHbllle HAXOUJIHCh B OTHOM CIHCKE, OKa3bIBAIOTCS
B ZIPYTOM, [I03TOMY OTI€PAlMsl BPe3KU BBITIOJHAETCS GBICTPO M 3aIMIIEHA OT UCKIIIOYe-
HUi. B npuBeseHHOM IIpuMepe y3Jbl, paHee HaxoAuBiecs B L2, mocye BbI30oBa splice
nepeMenanTes B L1,

Pa3zymeercs, Ipy yHUUTOXEHUU KOHTeHepa L1 HOKHBI OBITh YHUYTOMEHBI BCE €T0
ya7sl (¢ ocBOGOXKIEHNEM 3aHUMAaeMO MK aMsTH). A TIOCKOJIBKY KOHTEHHED Telnepb
COIEPXKUT y3JIBI, paHee BXOAMBIIME B L2, pacnipenenuTelb naMATH L1 g1oyKeH 0CcBO-
60aNTH TaMSATh, PaHee BbIAENEHHYIO pacripefenuTeieMm L2, CTaHOBHUTCS SCHO, IOYEMY
Cranzapt paspeuaet nporpamMuctaM STL gonyckaTs 3KBHBAJIEHTHOCTH OMHOTHITHAIX
pactipefienuTeneil. ITO CAENAHO AJIS TOTO, YTOOB! MAMATh, BBIIEJIEHHAS OHUM 0OBEK-
TOM-pacnpefiesuTeseM (TakuM Kak L2), Moryia 6e30macH0 0CBOGOXKIATLCS APYTHM
06 bekTOM-pactpenenuteneM (TakuM kak L1). OTCyTcTBIE 0A0OHOIO JONYIEH ST TIPH-
BeJI0 Ob! K 3HAYUTEBHOMY yCI0XKHEHUIO PEaIN3alMy BPE3KY U K CHIIKEHUIO ee addex-
TUBHOCTH (KCTaTH, ONIEPalMi BPe3KH BIMAIOT U Ha Apyrue komronenTsl STL, oqun us
IIPUMEpOB NIPUBEEH B COBETE 4).

Bce 310, KOHEYHO, XOPO1IO, HO YeM 6OJIblle Pa3MBILLISIENTb Ha 3Ty TEMY, TEM Jyylle
NOHMMAENIb, KAKHE JKeCTKHMe OTPAaHUYEHUST HAKJIa[bIBaeT HpeaIosoxkenue 00 s5KBU-
BaJIEHTHOCTY OJHOTHUIHBIX pacnpenenuteneil. VI3 Hero crenyer, 4To nepeHocuMbie
006beKThI pacHpesieTUTe el — TO eCTh PaclpeseNuTeNU IaMsTH, TIPaBUIBHO paboTa-
omue B pasHbiX peanusanusax STL, — He MoryT o6nagath coctosinueM. JIpyrumu cio-
BaMH, 3TO 03HAYa€eT, YTO MEPEHOCUMBIE DACIIDEAETIUTENY HE MOZYM COOEPHCAMb HECTA-
muueckux nepemennvbix (10 KpakHel Mepe TaKMX, KOTOPbIe Obl BAMSIIM Ha UX paboTy).
B uyacTHOCTH, OTCIOAA CllexyeT, YTO BBl HE CMOXETE CO3AaTh ABa paclpeneNuTels
SpecialAllocator<int>, BeiensIOMUX NaMsATh U3 pasublx Kyy (heap). Takue pacnipene-
nuTeny He 6b1my Obl S9KBUBAJIEHTHBIMY, U B HEKOTOPHIX peaymdanusax STL nonsrku
HCTIOJIb30BaHUsl 060UX pacTipefeuTesielt IpyBeay OBl K TIOpYe CTPYKTYpP AAHHBIX BO
BpEMS BHITIOJIHEHUS TPOTPaMMBL.

O6patuTe BHUMaHNe: 9Ta NpobieMa BO3HUKAET Ha cmaduu évinoanenus. Pacipene-
nutenu, obIasaoutie COCTOSTHUEM, KOMITUIUPYIOTCS BIOJIHE HOPMAIbHO — HPOCTO OHK
He paboTaloT TaK, KaK IPeANOIaraloch. 32 9KBUBAIEHTHOCTBIO BCEX OJHOTUITHBIX Pac-
npenenvTeneil Bbl AOJDKHBI CIEAUTH caMu. He paccuuThiBaiiTe Ha TO, YTO KOMIUIATOP
TIpeNyNpEeAUT O HapyLIeHUY 3TOTO OTPAHHYEHHS.

CnpaBeaMBoCTH paayl CTOUT OTMETHTD, YTO CPa3y JKe 3a IoJIoKeHHeM 06 SKBUBa-
JIEHTHOCTU OMTHOTUNHBIX pacupenenureneil namatu B CTaHAAPT BK/IOYEH CIIeAyIONIM
TEKCT: «...ABTODaM peanu3aluit peKOMEeHAYeTCsl CO3MaBaTh OUBIHUOTEKHU, KOTOPHIE...
MOJIEPKUBAIOT HESKBUBAJIEHTHBIE PACHPEAENUTENU. B Takux peasin3anusix... ceMaHTH-
Ka KOHTEHHEPOB U aJITOPHTMOB /1T HeSKBUBATEHTHBIX 9K3eMILISIPOB pacrpeeuTe et
OIpeJeNsIeTCsl caMoil peasu3anyeis.

TporarenbHoe nposiBIeHNe 3a60THI, 0AHAKO N0Ib30BaTe 0 STL, paccMaTpuBaoIe-
MY BO3MOXHOCTh CO3[aHHs HECTAHAAPTHOTO pacCIpeleIUTEsI C COCTOSTHUEM, 3TO He
IaeT NMPaKTUYECKH HUYETo. ITUM NOJIOKEHHUEM MOXKHO BOCIIOIb30BATHCS TOJBKO B TOM
CJIy4ae, €CJii Bbl YBEPEHBI B TOM, YTO MCHOJb3yeMas peanmsauust STL noxzep:usaer
HESKBUBAJIEHTHBIE DACTIPEAETUTENHU, TOTOBLI IOTPATUTh BPEMS Ha YTy GIeHHOE u3yde-
HY€ JOKYMEHTAIUY, YTOObI Y3HATH, IOAXOAUT JIM BaM <OTIPEAENsSeMOoe CaAMOI pean-
3auuen» MOBeJeHNE HESKBUBANEHTHBIX PaclpefienTesell, 1 Bac He 6eCOKOAT npo-



Coser 10 57

6J1eMBI C TIEPEHOCOM KoAa B peanudanud STL, B KOTOPBIX 3Ta BO3MOKHOCTb MOXET
orcyTcTBOBaTh. Kopoue rosops, 310 nosoxeHue (17151 0co60 mob603HaTeIbHBIX — ab3ar
5 pasaena 20.1.5) siumib BeIpaXkaeT Hekue Garue HaMepeHNs1 IO HOBOAY Gy Ay1IIero pac-
npenenutesieil. o TeX nop noka 3ty 6Jarue HaMepPeHus He BOIJIOTSATCSA B )KU3Hb, 1IPO-
IPaMMHCTHL, JKeJlaonue 00eCneyuTs MepeHoCUMOCTh CBOUX IPOTPaMM, IOJIKHbI OTpa-
HUYMBATLCS pacnpeleauTenssMu 6e3 COCTOSTHUS.

Bplure ysxe rOBOPHJIOCH O TOM, YTO pacHpeaenuTeny 061a1aloT OpefeSIeHHbIM CX0 -
CTBOM C ONEPATOPOM NEW — OHM TOXXE 3aHUMAIOTCS BblAeNeHUeM (PU3NYECKOit ImaMsi-
TH, HO UMeIOT ApyToil unrepdeitc. YTo6b1 yOEAUTHCS B 3TOM, JOCTATOYHO PACCMOTPETD
06BsIBIEHUSI CTAHAAPTHEIX (popM operator new u allocator<T>::allocate:

void* operator new(size_t bytes):

pointer allocator<T>::allocate(size_type numObjects):
// HanomuHap: pointer - onpepenexve Tuna,
1/ NpaKkTUYECKu BCerga 3KBMBaneHTHoe T*

B oboux ciyyasix nepenaercsi mapaMeTp, ONpPeAeNsIONUit 06beM BhIAENsIeMOit Ma-
MSITH, HO B CJIydYae € OepPaTOPOM New yKa3bIBAETCS KOHKPETHHIM o6beM B GaiiTax, a B
ciydae c allocator<T>::allocate yka3bIBaeTCs KOJHYECTBO OOBEKTOB T, pasMelaeMbIX
B namsTu. Hanpumep, Ha nnatdopme, rie sizeof (int)=4, npu BbIAEJIEHUM TAMSTH IS
OJHOTO 4YHcaa int onepatopy new nepejaercst uucio 4, a allocator<int>::allocate —
uyucno 1. [list onepaTtopa new rnapaMeTp OTHOCHUTCSI K TUMy Size_t, a Anst GyHKIUU
allocate — k tumy allocator<T>::size_type. B o6oux caydasx aTo uejodnciaeHHas
BenMunHa 6e3 3Haka, mpudeM allocator<T>::size_type 06BIYHO ABASETCA TPOCTHIM
omnpeesieHHEM TN 11 size_t. B aToM HeCOOTBETCTBUH HET HIYETO CTPALIHOTO, OfHA-
KO pa3Hble IpaBWJIa Mepejayvu IIapaMeTpoB olepaTopy hew u allocator<T>::allocate
YCJIOXKHSIOT MCII0JIb30BaHHe FOTOBBIX 10JIb30BaTENbCKHX BEDPCHil New B pa3paboTke
HECTaHJAPTHBIX paclipeesluTeei.

Omnepatop new oTsdaercs ot allocator<T>: :allocate ¥ THIIOM BO3BpAIaeMOro 3Ha-
yeHust. Oneparop new BosBpalaeT void*, TPaAMIMOHHbIIA CHIOCO6 NpenCTaBIeHus yKa-
3aTesisl Ha HEeMHUIMANIM3KPOBaHHYIo namMATh B C++. Myukuus allocator<T>::allocate
BO3BpallaeT T* (Yepes onpeaeeHye TUIIA Ppointer), YTO HE TOJIbKO HETPaAUIMOHHO, HO
U OTAa€T MOIIEHHUYECTBOM. YKa3aTesb, Bo3BpaiaeMbiii allocator<T>::allocate, He
MOXeT yKa3hBaTh Ha 06beKT T, IIOCKOJbKY 9TOT 0OBEKT ele He BblT CKOHCTPYHpOBaH!
STL xocBenno mpexmnosaraeT, 4To CTOPOHA, BuI3biBaromas allocator<T>::allocate,
CKOHCTDYHDYET B IOJIy4eHHOM MaMATH OAHH UIH HECKOJIBKO 00beKTOB T (BEPOSITHO, 110- .
cpeacrBoM allocator<T>::construct, uninitialized_fi11 unu raw_storage_iterators),
XOTA B cjiydae vector::reserve uny string::reserve sToro MoXeT HUKOTZA He IIPO-
u30iTH (coBetr 13). Paznuyusa B THMax BO3BpalaeMbIX 3HAYEHHIT ONlEpaTOpa New u
allocator<T>::allocate 03HaualOT U3MEHEHUE KOHIENTYaIbHON MOJEIH HEHHUITIATH-
3UPOBAHHOM MaMSITH, YTO TaKKe 3aTPyAHAET IIPUMEHEHHe ONbITA Pealn3alii Onepa-
TOpa new K pa3apaboTke HECTAHAAPTHBIX paclpeaeuTenei.

M&! nopomy K nocnenHei cTpaHHOCTY pacnpeaenuTesneit namaty B STL: Gob-
ITMHCTBO CTAHAAPTHBIX KOHTEAHEPOB HUKOT/A He BBI3bIBAET pacHpenesuTeNnel, ¢ KoTo-
PBEIMH OHM acconuupyloTcs. /IBa npumepa:

Tist<int> L; // To we, 4to u list<int.allocator<int>>.

// KoHTeliHep HWKOrja He Bbi3biBaeT
// allocator<int> pna Bujenequs namatu!
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set<Widget.SAW> s // SAW npepcrasnaeT cofoii onpefeneHne Tuna
// ana SpecialAllocator<Widget>, oanako
// wn ofivH ak3emnnap SAW ne Gyper
// sbigenaTe namate!

JlanHas cTpaHHOCTH Npucya 1ist ¥ CTaHAAPTHEIM aCCOLHATHBHBIM KOHTEeHHepaM
(set, multiset, map u multimap). DT0 OOBSCHSETCS TEM, YTO NIEPEYUCTIEHHbIE KOHTEHHEPHI
SIBJISIIOTCS] Y37106bIMU, TO €CTh OCHOBaHEI HAa CTPYKTYpax AAHHBIX, B KOTOPHIX KaXJIbIi
HOBBIi1 9/IEMEHT pa3MellaeTCs B AMHAMHYECKH BBIAEISIEMOM OTAeJIBHOM y3ne. B xoHTeil-
Hepe 11ist y3Jibl COOTBETCTBYIOT y3JIaM CIHCKa. B CTaHAapTHBIX acCOIIMAaTHBHBIX KOHTeMN-
Hepax y3Jbl 4aCTO COOTBETCTBYIOT Y3JaM AepeBa, TOCKOJIbKY CTaHAAPTHBIE aCCOIATHB-
Hble KOHTEeHHepHI 00BIYHO Peayu3yIOTCsl B BUle COATaHCHPOBAHHBIX GMHADHBIX AEPEBbEB.

[aBaiiTe moxymaeM, Kak MOXKeT BBITJISIAETh THIHYHASA peatu3anust 1ist<T>, Cnucox
COCTOMT U3 Y3JI0B, KaXK/bIif U3 KOTOPHIX CORepPXHT 00beKT T U Ba yKa3areJist (Ha Cileay-
IOIIKI U IPEABIAYIIHEI Y3JIbI CIIUCKA).

template<typename T, // Bo3avownas peanu3aums

typename Allocator=allocator<T>> // cnucka
class 1ist{

private:
Allocator alloc: // PacnpepenuTens namaTu Ana obbekToB TMna T
struct ListNode{ // Yan cBA3aHHOrO CRMCKa
T data;

ListNode *prev:
ListNode *next;

}:

b

IIpu BXJIIOUEHHH B CIIMCOK HOBOTO Y3712 HeOOXOAMUMO TOJIYYHTD [/l HETO HaMSTh OT
pacnpezesiuTessi, OAHAKO HaM HY KHA MaMsATh He [Js T, a U1t CTPYKTypHl ListNode, co-
nepxamelt 7. TakuM o6pa3oM, 06beKT Allocator CTaHOBUTCS NpPaKTHYeCKH GecIoses-
HBIM, [TOTOMY 4TO OH BbIJEJIsieT MaMsATh He Ass ListNode, a ayist T. Teneps cranosutes
TIOHATHO, TIoueMy 11st Hukorxa He o6paiaercst k Allocator 3a NaMsATbio — IMOCTETHHH
NPOCTO He ciocobeH NPeIoCTaBUTh To, YTo TpeGyercs Tist.

CnenosarenbHo, 11st HyXXHBI CPeACTBa 151 TIEPEXOAA OT MMEIOIIETOCs THITA pachpe-
AeNUTENA K COOTBETCTBYIOLEMY pacnipenesuresio ListNode. 3amaua 6bi1a 661 BechbMa He-
NPOCTOM, HO 1O IPABUJIaM PacHpeAeHTe b MaMSITH A0JDKEH IPeJOCTaBUTh ONpeese-
HUe TUNA 1714 pelenus 3Tol 3anauu. OnpeaesieHue Ha3blBaeTCsl other, HO He Bce Tax
HPOCTO — 3TO OIPEEJIEHHE BJIOKEHO B CTPYKTYPY C HMeHeM rebind, KoTopast caMa 1o
cebe siBIIsIETCS WAGIOHOM, BIIOXKEHHBIM B DacTipe/ie/IuTe b, — IpHYeM MOCIeIHUIT TOXe
siBiisieTcst mabioHoM!

[Toxanyiicra, He mbpITaliTeCh BHUKATDh B CMBICT HocJieqHel ¢passl. BMmecto atoro npo-
CTO PacCMOTpHTE CJIeAyIomMii GparMeHT U repexoauTe K JajbHelneMy 06 bsICHEHHIO;

template<typename T>

class allocator{

public:

template<typename U>

struct rebind{
typedef allocator<U> other:
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B nporpamme, peauayomeii 11st<T>, Bo3HuKaeT HeOGXOAUMOCTb OTIPEAEUTD THUII
pacnpenesmrenst ListNode, COOTBETCTBYIOIIETO PacIPENEIUTENIO, CYIIECTBYIOMEMY A T.
Tun pacnipenenureist A5t T 3anaercs napamerpoM Allocator. Y4uTsIBast CKasaHHOE, TUIT
pacnpeaesuTess Ajs ListNode 10/KeH BHIFJISIIETH TAK:

Allocator: :rebind<ListNode>: :other

A Tenepb 6ynbTe BHUMaTebHBL. Kaxaslit mabnon pacnpenenutens A (Hanpumep,
std::allocator, SpecialAllocator u T. I.) JOJDKEH COAEPXKATh BJIOXEHHBII mabroH
cTpyKTypsl ¢ uMeneM rebind. IIpeanonaraercs, uro rebind nonyyaer napametp U i He
ompeaesisieT HU4dero, KpoMe onpesiesieHus Tuna other, rae other — npocTo uMs AJst A<U>,
B peaysbrare 1ist<T> MoxeT nepeiiT ot cBoero pacnpegenutens o6bexTos T (Allocator)
K pacnpenesnuTeso o6pexToB ListNode rmo cceinke Allocator: :rebind<ListNode>: :other.

Mo3xer, BBl pa3o6paiuch BO BCEM CKa3aHHOM, a MOXET, U HeT (eCJIM JyMaTh A0CTa-
TOYHO I0JITO, Bbl HETPEMEHHO pa3fbepeTech, HO MOAYMATh IPUIAETCS — 3HAIO IT0 CBOEMY
oneiTy). Ho BaM kak nosib3osaresio STL, xkenatomeMy HarvcaTb cCOGCTBEHHbIH pacTipe-
JeJuTelb aMSITH, B AefiCTBUTEIBHOCTH He HY>KHO TOYHO ITOHUMATb CyTh [IPOUCXOA-
mero. JlocTaToYHO 3HATD IPOCTOi (haKT: ey BbI COGUpaeTeCh CO34aTh PacpeaenuTe b
HaMSITH U HUCI0JIb30BaTh €I0 CO CTAaHAApTHBIMU KOHTEHHEPaMH, Balll PAaCHpPEeAeNTUTENb
JOJIKEH IPeAOCTaBJIATH WabJoH rebind, HOCKOIbKY CTaHAAPTHbIE wabuoHb OyAYT Ha
3TO pacCYMTHIBATH (IJIA 1eNIel OTIAaAKY TakXke XeJlaTeJbHO HOHUMaTb, NoueMy y3J10-
Bbl€ KOHTEHHePH T HUKOTA He 3allpallvBaloT aMsITh ¥ pactpenesutenei 06bexTos T).

¥Ypal Hamie 3HaKOMCTBO CO CTPaHHOCTSIMHU pacHpelesuTeNell NaMATHA 3aKOHYEHO.
[To3BosbTE MOABECTH KPATKUIA UTOT TOTO, O YeM HEOOXOAVMO TIOMHUTH TIPY TIPOTPaM-
MMPOBAaHHH COOCTBEHHBIX PACIIPEfeNUTENE TAMATH:

e pacrpexenuTensb namMsaTH oopmIsiercs B Buze maboHa ¢ mapaMerpom T, ipex-
CTABJISIOIIEM TUIT OGBEKTOB, AJI KOTOPHIX BRIIEJIAETCS IAMSITH;

* IIpeAoCTaBbTE ONpeaesieHus THIIOB pointer u reference, Ho cequTe 3a TEM, YTO-
6b1 pointer Bcerja Obl 3KBUBAJIEHTEH T*, a reference — T&;

* HHKOTZa He BKJIIOYaliTe B pacnipeeIUTe N aHHbIE COCTOSHUS yPOBHS 00beKTa.
B ofmem citydae pacripefetuTeNb He MOXKeT COAepIKaTh HeCTaTUYEeCKUX Mepe-
MEHHBIX;

* TOMHHTE, 4TO pyHKIMAM allocate epenaeTcst KOIUYECTBO 066eKMO8, A1 KOTO-
PhIX HeoOXOAMMO BHIIENHTH IIaMATh, a He 00beM namMsaT B Gaiitax. Taxxke mo-
MHHTE, YTO 3TH (PYHKIMH BO3BPANIAIOT yKa3aTeau T* (depes onpesesieHue THIIA
pointer) HECMOTPsI Ha TO, YTO HH ONIMH 0ODEKT T €1lIe HEe CKOHCTPYHPOBaH;

o 00s13aTeJIbHO NPENOCTABBTE BJIOXKEHHBII ma6moH rebind, oT HAIMYUSA KOTOPOTO
3aBHUCHUT paboTa CTAHAAPTHBIX KOHTEHHEPOB.

Hanucanue co6CTBEHHOTO PacIipeaesuTe s HaMsITH OOBIYHO CBOAUTCS K KOTIUPOBa-
HHIO MIPUJINYHOTO 00beMa CTAHAAPTHOIO KOJA U IOCIIeAyolel MOAU(UKAIMY HECKOIb-
kux pyHkumii (B nepsyio ouepeap allocate u deallocate). BmecTo Toro uto6s! mucath
6a30BbIH KOJ C CAMOTO HayasIa, sl PEKOMEHAYIO BOCIIOJIb30BATbCS KOZOM ¢ web-cTpanu-
bl [[ocarTuca [23] unu us cratbu OctepHa «What Are Allocators Good For?» [24].

Marepuat, u3J0XKeHHBIH B 3TOM COBETE, Ja€T IIPECTaBIeHUe O TOM, YETO HE MOzZYm
caenath pachpeAeNuTeNd IaMsITH, HO Bac, BEPOSITHO, 60JIbIle UHTEPECYET APYToii BO-
TPOC — 4TO OHH Mozym? DTO BeCbMa 0OIIVIPHAsT TEMA, KOTODPYIO 5 BBIAENHII B coBeT 11,
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CoBet 11. YuntbiBanTe 06nactb npuMeHeHus
NONb30BaTE/IbCKUX pacnpeaenutTenen namaTu

VTak, B pe3ynbTaTe XpOHOMETPaXa, NPOMUIPOBAHHUS H BCEBO3MOXKHBIX 3KCIIEPUMEH-
TOB BBl IPHILIN K BBIBOAY, UTO CTaHAAPTHEIH pacnpenesnutes naMatu STL (To ects
allocator<T>) paboTaeT CIMIIKOM MEeIJIEHHO, HATIPACHO PAaCXOAYeT Wik (pparMeHTHpY-
€T MaMsITh, U BbI JIyYllle CTIPABUTECH C 3TOi 3amadeil. A Moxet ObiTh, allocator<T> obec-
neyuBaeT 6e30MaCHOCTb B MHOTOIIOTOYHOM MOJEJIH, HO BBl IUIAaHUPYeTe HCIOJIb30BaTh
TOJIBKO OJHONIOTOYHYIO MOJE€Nb M He XeJlaeTe pacXoA0BaTh PeCypChl Ha CHHXPOHH3A-
110, KOTOPasi BaM He HyXHa. Vi BbI 3HaeTe, 4T0 06BEKTH HEKOTOPBIX KOHTEHHEPOB
0OBIYHO UCTIONB3YIOTCS BMECTE, ¥ XOTUTE PACIIOJIOKUTD MX PSIIOM IPYT C APYTOM B CIie-
UaTbHOH Ky4de, 4ToObI 10 BO3MOKHOCTH JIOKATH30BATh CCHLIKK. VK BB XOTHTE BhZE-
muTh 610K 00IIEelt TaMATH U PasMECTHTh B HEM CBOM KOHTEHHEPHI, YTOOH OHH MOIJIH
HCNONb30BaThCs Apyrumu nponeccamu. Ilpesocxoano! B kakaoM U3 3TuX CileHapHeB
YMECTHO BOCIIOJIb30BaTbCA HECTAHAAPTHBIM paclipe/ieIuTe/eM TTaMsITH.

IIpennonoxum, y Bac UMEIOTCS ClenualbHble PYHKIUK A1 yHpaBieHust 6J10KoM
obueit maMsiTH, HaEcaHHbie 1o 06pasuy malloc u free:

void* mallocShared(size_t bytesNeeded):

void freeShared(void *ptr):

Tpebyercsi, YTOOBI TaMSITh 4151 COAEPKUMOTO KOHTelHepoB STL Buifessnach B 06-
ureM 6ioke. Hukaxux npobueM:

template<typename T>

class SharedMemoryAllocator{
public:

bointer 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) ;
}
b
3a undopmanueii o TUIe pointer, a Takxe 0 NpeoOpPa30BaHNK THIA ¥ YMHOXKEHUH

npy Be3oBe allocate obpamaiitecs k cosety 10.
ITpumep ucnonb3oBauus SharedMemoryAllocator:

// BcroMoratensHoe onpepenexne Tuna
typedef

vector<double, SharedMemoryAllocator<double> > SharedDoubleVec:
{ // Ha4ano 6noka

SharedDoubleVec v; // Co3paTb BEKTOD, 3/IEMEHTH KOTOPOro
// Haxofsatca B obueit namaTw

} // Kowel 6noka
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O6patute ocoboe BHUMaHUE Ha (OPMYJIHPOBKY KOMMEHTApUsT PSIAOM C OTIpeese-
HueM v. Bexrop v ucnonb3yer SharedMemoryAllocator, HO3TOMY NaMsTh 1711 XpaHEHUA
3JIEMEHTOB v GYZET BBIAENSATHCS U3 00Ieil MaMsITH, OHAKO CaM BEKTOp V (BMecTe €O
BCEMH TlepeMeHHBIMHU KJIacca) IO4YTH HaBepHSKA He 6y0em HaXOMUTHCS B O6LIEl IaMs-
TH. BexTOp v — 06BIYHBIN CTEKOBBI 06BeKT, HO3TOMY OH OyZeT HaXOAUTHCS B HaMSTH,
B KOTOpPOI MCIIOJIHUTE/IbHAS CUCTEMa XPaHUT BCe oOBIYHbBIE CTEKOBBIE 00BbEKTH. Takas
aMsITh TIOYTU HUKOTZA He siBnsdercs: obmeit. UTo6bI pasMecTuThb B 001Iei TaMsITH KaK
CoZEPXKUMOE V, TaK U caM 0OBEKT V, CJIeAYeT HOCTYIUTD IPUMEPHO TaK:

void *pVectorMemory = // BoigenuTo OnoK obweh namaTty,

mallocShared(sizeof(SharedDoubleVec)): // ofbem KOTOPOA KOCTATOYEH

// ANs xpaHeHus obbekTa
// SharedDoubleVec

SharedDoublevVec *pv = // Vicnonb30BaTh "New C ABHbIM
new (pVectorMemory) SharedDoubleVec; // pa3meuwennen” Ana CO3AaHMA
// obvekTta SharedDoubleVec:

// cM. panee.

// Vicnonb3oBanue obbekta (4epes pv)

pv->~SharedDoubleVec(); // YunuTOMMTe 00BEKT B OOwei namatu
freeShared(pVectorMemory); // 0cBoOOANTL UCXOAHMIA GNOK
// obueh namatu

Hazeroch, CMBIC] TIPOMCXOANIETO JOCTATOYHO sICEH U3 KOMMeHTapueB. B o6riux
yepTaX NPOUCXOMUT CJIEAYIONIEe: Mbl BbIessieM OJIOK oblLIeit MaMATH U KOHCTPYHpPYeM
B Hell vector, HCTIOIb3YIOLMIA 0611y10 HaMsITh [JISI CBOMX BHyTpeHHUX orepauuit. IToc-
Jie 3aBeplIeHus paboThl C BEKTOPOM MBI BHI3BIBAEM €TI0 IECTPYKTOP M 0CBOOOXKAaeM Ha-
MSTh, 3aHHMaeMyI0 BeKTopoM. Koz He Tak yX ClIOXeH, Ho BCe-TakU OH He CBOLUTCA K
TPOCTOMY OOBSIBIEHHMIO TOKAIBHOM NiepeMeHHOH, Kak npexae. Eciy y Bac HeT BeCKux
TOpUYMH AJIST TOTO, YTOOB! B 061meit maMsTH HaXOoAMJICS caM KOHTeliHep (a He ero aje-
MEHTBI), 5l pEKOMEHYI0 H30eraTh YeThIPEXIIaroBOro Npolecca «BblaeleH1e,/KOHCTDY-
VIpOBaHue,/YHUYTOXeHHE,/0CBOOOXKIEH E> .

HecomHeHHO, BBl 3aMeTHJIH: B IPUBeeHHOM (parMeHTe HPOMTHOPMPOBaHa BO3MOX-
HOCTB TOTO, 4T0 MallocShared MoxeT BepHyTH null. PasyMeeTcs, B OKOHYaTeILHON Bep-
CHH CTe{0BAJIO GBI yUECTb TaKYI0 BO3MOXHOCTb. KpoMe Toro, KOHCTpyHpoBaHue vector
B 00111€ei IaMsITH IPOU3BOANTCS KOHCTPYKLMEI <New C SIBHBIM pa3MellleHeM», OTIHCaH-
HO#1 B 11060M yyebHuKe 1o C++.

PaccMoTpuM apyroi mpuMep UCTIONb30BaHUs pacipeaenuTeneit namsaty. Ilpeanoso-
JK¥IM, Y Hac MMEIOTCS [BE KyH, PeACTaBIeHHble KaaccaMu Heapl u Heap2. Kaxxnlit u3
STHX KJIACCOB COAEPKUT CTATUYECKYe (DYHKIMY JULSI BBIZEIEHNS U OCBOOOXKIEHUS TAMSITIL

class Heapl {

public:

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

ciass Heap2 {..}: // Tot we wHTepdeiic alloc/dealloc

Janee nIpeAiosoKUM, YTO BB XOTUTE PasMeCTUTh coAepxumoe KoHTelHepoB STL
B 3aZaHHBIX Ky4ax. CHayasa ciefyeT HATUCATh PacTpeleuTellb, CHOCOOHbIH HCHOMb-
30Barthb Knaccel Heapl u Heap2 nipu ynpaByieHHH TaMSThIO:



62 rnasa 1l ¢ KoHTeitHepo!

template<typename T.typename Heap>
SpecificHeapAllocator{
public:

Bointer allocate(size_type numObjects.const void *localityHint=0)

{

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

Heap: :dealloc(ptrToMemory);
}
}:
3arteM SpecialHeapAllocator rpynnupyeT ajieMeHTHl KOHTeHEPOB:

vector<int,SpecificHeapAllocator<int,Heapl> > v;  // PasmeCTuTb anemeHTH

set<int,SpecificHeapAllocator<int Heapl> > s: // v us B Heapl
list<Widget.
SpecificHeapAllocator<Widget,Heap2> > L: // Pa3MecTuTs 3NeMeHTH
map<int,string.less<int>, // L v ms Heap2
SpecificHeapAllocator<pair<const int,string>,
Heap2> > m;

B npuBeneHHOM npuMepe O4€Hb BaXKHO, YTOOH! Heapl u Heap2 Gbliin munamu, a He
obbexramu. B STL npenycMoTpeH cHMHTaKCHC MHUIMATN3AIIMH Pa3HBIX KOHTEHHEPOB
STL pa3usiMu 06beKTaMu pacrpeaesuTesieil OAHOTO TUIIA, HO S He Gy Ay ero TIPUBOUTD.
Heno B ToM, uTo ecyu 65l Heapl u Heap2 GuLitu GBI 06beKmami BMECTO THIIOB, STO HPUBEJIO
GBI K HapyIIEHHUIO OrPaHYeHHUs] 9KBUBAIEHTHOCTH, HOAPOBGHO ONUCaHHOTO B coBete 10,

Kax moxasniBaloT npuBeeHHble IPHUMeEPHI, PAaCIpeAeTUTeN MPHHOCT MOJIb3Y BO
MHOTHX cuTyaiusx. [Ipu cobiiofenuu orpaHnyenust 06 3K BUBAIEHTHOCTH OAHOTHITHBIX
pacmpezienuTesiell y Bac He Oyzer mpo6iieM ¢ IpUMEHEHHEM HeCTaHZAPTHBIX pacrpe-
JlesiuTesielt st yIpaBJIeHHs TaMSIThIO, TPYIIIMPOBKH, A TaK e HCHOJIb30BaHMs 061meit
HaMSITH U APYTHX CIeHATH3HPOBAHHEIX MYJIOB.

CoseT 12. PasyMHO OLieHMBaNTe NOTOKOBYIO
6e3onacHOCTb KOHTeNHepoB STL

Mup crangaprHoro C++ BHIIJIIAUT CTAPOMOJHBIM U He HOABEPKEHHBIM BeSTHHSIM Bpe-
MeHH. B aToM Mupe Bce ncniostHsieMble ¢aiiibl KOMIIOHYIOTCS CTATHYECKH, B HEM HET HU
¢aitnoB, oToGpaskaeMbiX Ha IaMsITh, HU o0wmelt namsitu. B HeM HeT rpaduyecKkux OKOH-
HBIX CHCTeM, ceTell ¥ 6a3 JaHHBIX, HET U APYTHX NPOLeCcCOB, BeposATHO, He CTOHUT yAuB-
JIATBCS TOMY, 4T0 B CTaHAapTe He CKa3aHO HH CJIOBA O MPOrPaMMHBIX ToTokax. O HoTo-
K0BOii 6e3onacHocTu B STL MOXHO yBEepEHHO CKa3aTh TOJIBKO OIHO: YTO OHA TIOJTHOCTHIO
3aBHCUT OT PeATM3AIMH,

. Koneuno, MHOronmoTo4YHele IIporpaMMal paclipoCTPaHEHbl BECbMA IIHPOKO, IO3TOMY
6oJbIuMHCTBO pa3paboTynkoB STL cTpeMUTCS K TOMY, YTOBB MX Pealn3alliy XOPOLIO
paboTtanu B MHOTONOTOYHBIX ycioBusix. Ho faXe eciid OHM XOpOIIO CIPaBATCS CO CBO-
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el 3afiadeif, OCHOBHOE 6peMsi 0CTaeTCsl Ha BalIMX Ijledax. Bo3aMoxxHOCTH paspaboryu-
koB STL B 37101 06J1aCTH OrpaHMYEHBI, ¥ BB ZOJXKHBI XOPOIIO IOHUMATB, T/€ TIPOXOST
3TH PAHHUIIEL

«30J10T0# CTaHAAPT» MOALEPAKKH MHOTOTIOTOYHOCTH B KoHTeliHepax STL (xoTopbM
PYKOBOACTBYETCSI 60JIBIIMHCTBO Pa3paGoT4MKoB) 6511 onpenelien kommnanueit SGI u
ony6yMKoBaH Ha ee web-caiite, mocssimenHom STL [21]. Dakruuecky B HeM cKazaHo,
YTO B JIyYIlIeM CIyyae MOXHO HaZesIThCs Ha CIIeRyIOlee:

e (Ge3omacHOCTH MapajliebHOroO YTeHus. HeckoIbKO MOTOKOB MOTYT ORHOBpe-
MEHHO YHTaTh COZEP>KUMOe KOHTeliHepa, ¥ 3TO He IoMelllaeT ero TpaBUJIbHOI pa-
6ote. EcTecTBEHHO, 3aMIMCh B KOHTEHHEP ITPH STOM He JONYCKaeTCs;

¢ (e30MacHOCTh 3aMMCH B pa3Hble KoHTeAHepsl. HecKkoMbKO TOTOKOB MOryT 01-
HOBpPEMEHHO IPOU3BOAUTH 3allCh B Pa3Hble KOHTEHHEPHI.

O6pawaio Banie BHUMaHHE; 3TO TO, HA YTO Bbl MOXKETE HAOEAMbCA, HO HE PACCUUNbL-
same. OIHU pealHu3aliy IPEAOCTABISIOT TAKHE TAPAHTHH, APYTHE — HET.

MHoronoToyHoe IporpaMMUPOBaHHE CUMTAETCS CIOKHOM 3ajayeid, 1 MHOTHE TIPO-
IPaMMHCTHI JKeJIaloT, yToOb! peastuzanuu STL u3HauanbHO 06ECIIeYMBATIU TOJHYIO IO~
TOKOBYIO 6€30MaCHOCTh. ITO H30aBUJIO GBI MX OT HEOGXOANMOCTH CAMOCTOSTEIBHO CHH-
XpOHHM3UPOBaTh KocTyn. KoHeyHo, 310 65110 61 0YeHB YR0OHO, OXHAKO AOOMTLCS STOM
LIEJIH O4Y€Hb CJI0XKHO. PacCMOTPHUM HECKOJIBKO Coco00B peanusanyy MoIHOH TOTOKO- -
Boli 6€301MaCHOCTY KOHTEHHEPOB:

* (JIOKMPOBKa KOHTEHHEPa Ha BPEMS BbI30Ba JI060# GyHKIMY;

¢ 6JIOKHPOBKA KOHTEHHEpA B TeYeHNE XU3HEHHOTO IUKJIa KX J0TO BO3BPALIaeMO-
ro uTeparopa (HanpHMep IOCPeACTBOM BhI30Ba begin unu end);

* (JIOKMPOBKa KOHTelHepa Ha IPOTSKEHHU PabOThI KaXK[0T0 aITOPUTMA, BBI3BaH-
HOTO JUJIS1 3TOTO KOHTelHepa. B 1elficTBUTeIbHOCTH 3TO 6ECCMBICTIEHHO, TOCKOJIb-
Ky, Kak OyJeT noKa3aHo B coBeTe 32, aJIrOPUTM He pacliofiaraeT CpeACTBaMU
uAeHTH(HKALMH KOHTEHepa, ¢ KOTOPBIM OH paboTaeT. TeM He MeHee, Mbl H3y4UM
3TOT BapHAHT — OyJeT IIOYYMTENbHO YBUAETD, TI0YEMY OH B IIPUHITMIIE Hepabo-
TOCHOCOGEH.

PaccmorpuM cienyoumit pparMeHT, KOTOPBIA HIIET B vector<int> epBoe BXOXKE-

HU€ YUCIIa 5 ¥ 3aMeHSIET ero HyJieM:

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

if (first5 I= v.end()) { // CTpoka 2
*firstS = 0; // Ctpoka 3
1
B MHOTOMOTOYHOI Cpelle CyIIecTBYeT BEPOSITHOCTE TOTO, YTO APYTOi IOTOK M3MEHUT
CONEPXKHMMOE V CPasy ke oCIe BhinoyHeHus crpoku 1. Eciu ato npousoiiner, cpasrenue
first5 c v.end B cTpoke 2 CTaHOBUTCST GECCMBICIEHHBIM, IIOCKOIBKY COAEPXKUMOE v 6yaeT
He TeM, KaKuM OHO 6bUI0 B KoHIe cTpoku 1. Bosee Toro, Takas mpoBepka MOXeT [IPUBECTHU
K HEMpe/CKa3yeMbIM Pe3yJIbTaTaM, HOCKOJIbKY TPETUH HOTOK MOJKET I€PEXBATUTD YIIPaB-
JieHne MexAy cTpoxamu 1 u 2 u caenats firsts HemelcTBUTEIBHBIM (HAIPUMED, HPU
BBIMOJIHEHUH BCTaBKY BEKTOP MOXET 3aHOBO BBIIEJUTh TTaMSITh, BCJIEACTBYE YETO BCE
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UTepaTOpHI JAHHOTO BEKTODPa CTAHYT HeelCTBUTEIHBIMU. 32 IOAPOGHOCTSAMY O Tepepac-
TpejeseHUM IaMsATy obpataiitech K coseTy 14). IIpucBauBanue *first5 B crpoxe 3 Toxe
He6e30macHo, IOCKOIBKY MEXXKAY CTPOKaMu 2 B 3 APYToi HOTOK MOKET YAAIUTD SJIEMEHT,
Ha KOTOPHIH yKasblBaeT (MJiH, 0 KpaliHeii Mepe, yKa3biBasl paHbiie) ureparop firsts.

Hu 0/1HO U3 ONKMCAHHBIX BBILIE PElIeHHUil ¢ 6IIOKMPOBKOI He pelaer 3THX MpobJieM.
Bri3oBBI begin u end B cTpoke 1 cpa3y Bo3BpauiaoT ynpasJieHHe, CTeHepHPOBaHHbIe HMHU
HTEPATOPBI OCTAIOTCS AeHCTBUTEIBHBIMH TOJIBKO A0 KOHIA CTPOKH, a find Toxe Bo3Bpa-
I[AET yTIpaBieHye B KOHIIE CTPOKU.

Yto6b1 5TOT parMeHT 6bL1 OTOKOBO-6e30nacHbIM, 67I0KHPOBKA V JOJIKHA COXpa-
HATbCS OT cTPokU 1 mo crpoku 3. TpyAHO NpeACTaBUTh, KakuM 06pa3oM peayn3aius
STL morsa 6bI aBTOMAaTHYECKH HPHUATH K TAKOMY BEIBOAY. A €CJIH y4ecThb, 4TO HCHOJIB30-
BaHye IPUMUTHBOB CUHXPOHU3an UK (ceMadopoB, MBIOTEKCOB! H T. /1.) 0GBIYHO COTIPSIKeE-
HO C OTHOCHUTEIbHO BBICOKMMMU 3aTPaTaMH, ellle TPYAHee PEACTaBUTh, KaKKuM 00pa3oM
peaymyzanus Morsia Obl cesaTh 5T0 6€3 3HAUUTENBHOTO CHIDKEHHS OBICTpOAeCTBHS
[0 CPaBHEHUIO € NMPOTPAMMaMH, KOTOPBIM anpuopHo U3BECTHO, 4TO B CTpoKax 1-3 c v
Gyzet paboTaTh TOJBKO OXMH HPOIPaMMHBII IIOTOK.

[TonsATHO, HOYEMy B pelreHuy po6eM MHOTOIOTOYHOCTH HE CTOUT I10JIaTaThCsl Ha
peam3anuio STL. BMecTo 3T0ro B MOZOOHBIX CJIy4asix cefyeT CaMOCTOSATENbHO CHH-
XPOHM3HPOBATh AOCTYI. B IpuBesieHHOM IpIMepe 3TO MOKeT BBITJISIAETH TAK:

vector<int> v;

aetMutexFor(v):

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

if (firsts != v.end()) { // Tenepb 3Ta cTpoka Ge3onacHa
*firsts = 0; // W 3Ta CTpoKa Tome

releaseMutexfor(v);

B npyrom, 06beKTHO-OPHEHTUPOBAHHOM, PEIIEHHH CO3[aeTCsl Kaacc Lock, KOTOpBIi
3aXBaThIBaeT MBIOTEKC B KOHCTPYKTODE ¥ OCBOGOXIAET €T0 B JECTPYKTOPE, YTO CBOLUT
K MHHUMYMY BEDOSTHOCTb BbI30Ba getMutexFor Ge3 mapHoro Bbi3oBa releaseMutexFor.
OcHoBsa Takoro knacca (TouHee, mab10Ha) BHITISAUT TPUMEPHO TaK:

template<typename Container> // ba3oBbiii WabnoH AnNA KNaccos.
class Lock{ // 3aXBaThiBAWMX W OCBOOOKAAOWMX MbIOTEKCH
public: // DNA KOHTEAHEPOB: MHOTME TEXHUYEeCKHe
// neranu onyueHs
Lock(const Container& container)

:c(container)
getMutexFor(c); // 3axBaT MbIOTEKCA B KOHCTPYKTOpE
1Lock()
releaseMutexFor(c): // Ocsobomfenne MbloTekca B AeCTpyKTope
priéate:

const Container& c:

}

! B cpesie NpOrpaMMHCTOB JaHHBI TepMUH (aHIVI. Mutex) BCTPEYAETCs TAKXKe B BAPHaHTE <MYTEKC», —
Ipunmeu. peo.
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Konuennust ynpasjieHus: ’KU3HEHHBIM IIUKJIOM DeCypcoB (B JaHHOM ciydae —
MbIOTEKCOB) MPH IOMOIIH CIeIlHATH3HPOBAaHHBIX KaccoB BpoAe Lock paccMaTpuBa-
ercst B 11060M cepre3noM yueGHuke C++. Ilonpobyitte Havars ¢ kiuru Crpaycrpyna
(Stroustrup) «The C++ Programming Language» [7], mockxosnpky umento Ctpaycrpyn
TMOMYJISIPU3UPOBAT 3TY HAMOMY, OXHAKO HH(OPMALHIO TaKXKe MOXKHO HallTH B coBeTe 9
«More Effective C++». Kaxpm 651 HCTOYHHKOM BBl HH BOCIIOJIb30BAJIUCH, TOMHHTE, 4TO
IpuBeJeHHbIN Bbilre Kyace Lock ypesaH 10 abcomoTHoro munumyma. [lonHonennas
BEPCHs cofiepiKaiia 6pI MHOrOYHC/IeHHbIe AOTIOJIHEHUS, HE UMeIOLIHe HUKAKOro OTHO-
wenns X STL. BripoueM, HeCMOTPsI Ha MUHHUMAIH3M, IPUBEAEHHAst Bepcusi Lock BIoJ-
He MOXKET UCIIOJIb30BAThCS B PACCMaTPHBAEMOM NpHUMepe:

vector<int> v;

{ // CoapaHue Hosoro Gnoka
Lock<vector<int> > lock(v); // Mony4eHue MblTexca
vector<int>::iterator first5(find(v.begin().v.end().5));
if (firsts != v.end()) {

*firsts = 0;
}

} // 3axphiTue 6nOKa ¢ ABTOMaTUHECKWM
// oceoboxaeHueM MbOTEKCa

Tockonbky MBIOTEKC KOHTelHEpa 0CBOOOKIAETCS B AeCTPYKTOpE Lock, BaxHo obec-
HeYuThb YHUYTOXKEHHe Lock cpasy ke nocjie 0CBOGOMAeHU MbloTeKca, J{JIA 3TOro MH
co3fiaeM HOBBIN 6JI0K, B KOTOPOM oripeaensieTcs: 06bekT Lock, B 3aKphIBaeM ero, Kak
TOJIBKO HaZlOGHOCTh B MbIOTeKCe oTnanaeT. Ha mepsblit B3I/ KaXeTcs, 4TO BHI30B
releaseMutexFor monpocTy 3amMeHeH He0OX0AUMOCTHIO 3aKPhITh 6JI0K, HO 3TO He COBCEM
Tak. Eciiu Mb1 3a6yaem co3aaTh HOBBI 610K 47151 Lock, MbIOTEKC BCe PaBHO 6yAeT 0CBo-
60ooK/ieH, HO 3TO MOXET MPOM30HTH MO3HEE TOJIOKEHHOTO MOMEHTA — TIPH BHIXOJE
n3 BHemrHero 6yioka. Ecyiu 3a6biTh 0 BhI30Be releaseMutexFor, MpIOTeKC BoobIe He
0CBOOOKAAETCSL.

Boxee roro, pemenne, ocHoBaHHOe Ha Ki1acce Lock, Jrydiie 3aIHINEeHo OT HCKIIIoYe-
Huit. C++ rapanTupyeT YHHYTOXeHHE JIOKAIBHEIX 06BEKTOB PH BOSHUKHOBEHHH HC-
KJIIOYEHHs, T03TOMY Lock 0CBOGOAMT MBIOTEKC, AAXKE €CIIHM UCKIII0YeHHE TIPOU30HIeT
TpH HCIO0JIb30BaHuM 06beKTa Lock. IIpu ucnosib30BaHuK IapHEIX BEI30BOB getMutexFor /
releaseMutexFor MbioTeKC He 6yaeT 0CBOGOXKAEH, €CITH UCKIIOUeHHE TIPOMCXOIHT TI0CIe
BBI30Ba getMutexFor, HO Mepea BLI30BOM releaseMutexFor.

Hckmoyenus u ynpasiieHne pecypcaMy BasKHBI, HO JAHHBIA COBET MOCBSAIIEH APYTOi
TeMe — MOTOK0Boi GesonacHocty B STL. Kak roBoprioch Bhiie, BHI MOXKETe HAOEAMbCS
Ha To, 4TO peanuzanus 6ubimoreku obecrnedrBaeT NapaieNbHOE YTEHHE U3 OHOTO
KOHTelHepa ¥ OAHOBPEMEHHYIO 3aIIKCh B pa3Hble KoHTeitHephl. He Hazeltech, 4To 616-
7HOTeKa H36aBUT BaC OT PYYHOH CHHXPOHU3ALMY U He PACCUUMbIEAtime Ha TIOINEPKKY
MHOTONOTOYHOCTH.



KOHTEeNHepb!
vector u string

Bce xonreitnepst STL no-cBoeMy noJie3HEI, OAHAKO GOJIBIIHHCTBO MPOrpaMMECToB C++
paboraer ¢ vector u string dame, YeM ¢ ux coGpaThsIMH, U 3TO BIOJIHE MOHATHO. Beapb
KOHTeiHepbl vector U string pa3pabaThBAJIMCh KaK 3aMeHa MACCHBOB, 2 MACCHBHI Ha-
CTOJIBKO TIOJIE3HBl M YAOOHEL, YTO BCTPEYAIOTCS BO BCEX KOMMEPYECKHX SI3bIKAX MpO-
rpammupoBarusi of COBOL 1o Java.

B aroi riiaBe KOHTEiHEPHI vector 1 string pacCMaTpHBAIOTCS ¢ HECKOJBKHX TOYEK
3penust. CHayasa Mbl pa3bepeMcst, 4eM OHM MPEBOCXOAAT Kiaccudeckue MaccuBbl STL,
3aTeM PacCMOTPUM IYTH TOBbILIeHUS ObICTpOAEHCTBHS vector u string, O3HAKOMUM-
Cs1 C pa3/INYHbIMY BapHAHTAMH pPeaylH3ailuy string, M3y4uM crocobhl mepefadu string
u vector pynxuusm API, npurumaromum aannsle B popmate C. Janee 6yaer mokasza-
HO, KaK u36eXaTh JIMUHHUX Onepaluil BeAeeHUs TaMsTH. [JiaBa 3apepuIaeTcsl aHaIH-
30M NIOYYMTEIBHON aHOMasIuH, vector<bool>,

CoseT 13. Ucnonb3yuTte vector u string
BMECTO AUHAMUYECKUX MacCMBOB

ITpuHuMas pemieHye 0 JUHAMHYECKOM BEIEJIEHUM [TAMSITH OTIEPATOPOM NewW, BhI GepeTe
Ha cebs1 psz 0653aTeNbCTB.

1. BrigenenHas naMsTh B JaibHefimeM DoJKHa OBITH 0CBOOOX/EHA ONEPATOPOM
delete. Br13oB new 6e3 nociiexyiouero delete MPUBOAKT K yTEYKE PeCYpPCOB,

2. OcBo6oxaeHye JOJKHO BBIIOJIHATBCS COOTBETCTBYOMIEH (opMoil onepatopa
delete. OnuHOYHBII 06BEKT 0CBOGOXKAAETCS MPOCTHIM BBI30BOM delete, a fu1st Mac-
cuBoB Tpebyercst popma delete [ ]. Ommubka B BEI60pe popmEl delete mpuBoAKT
K HelpeJCKa3yeMbIM nocjeAcTBusM. Ha ofuux niaTgopMax mporpaMma «3aBu-
caeT» BO BPeMsI BBINIOJIHEHNS, @ HA APYTUX OHA MPOA0JIKaeT paboTaTh ¢ ommbKa-
MY, IPUBOASIIUMH K YTEUKe PECYPCOB ¥ MOpYe COAEPKMMOTO MAMSTH.
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3. Omepatop delete a5t ocBo60XkaaeMOT0 06BEKTA HOKEH BHI3BIBATHCS POBHO
ozuH pa3. [ToBTOpHOE 0CBOGOXKAEHHE NaMSITH TAaKXKe IPUBOAMT K HETIPEACKasye-
MBIM HOCJIEACTBUSIM,

HWrak, nunaMudeckoe BhIAeTEHHE TAMSITH CONIPSKEHO ¢ HEMAJIOH OTBETCTBEHHOCTBIO,
¥ s He TIOHHMAIO, 3a4eM Oparb Ha cels numnMe obs3aTesberBa. [Ipy HCHOIB30BaHUH
vector u string HeOGXOAUMOCTD B JUHAMMYECKOM BbIleJIEHUH TIAMSATH BO3HHKAET 3Ha-
YHUTENBHO PeEXKe.

Kaxapiit pas, Korza Bbl TOTOBBI IPUGETHY Th K AMHAMUYECKOMY BBIAEIECHHIO TIAMSTH
1ox MaccuBs (TO eCTh COOHpaeTech BKJIIOYUTH B IPOTPAMMY CTPOKY BHIA <new T[..]»),
nofyMaiiTe, HeJIb3s1 JIH BMECTO 3TOTO BOCIIOJIb30BATHCS vector iu string. Kak npasuiio,
string uCnoJp3yeTcst B TOM Clrydae, ecid T SIBJISIETCS CHMBOJIBHBIM THIIOM, a Vector — Bo
BCEX OCTAIBHBIX Cly4YasiX. Bnpouem, nospHee MBIl pacCCMOTPUM CHTYallKIo0, KOTa BHIGOP
vector<char> BHIJIAAKUT BrIoJIHE pa3yMHo. KoHTeliHepsl vector u string H36aBisior npo-
TPaMMHCTA OT XJIOIOT, O KOTOPBIX TOBOPHJIOCH BHIIIIE, HOCKOJIBKY OHH CAMOCTOSITENIBHO
YTPaBJISIOT CBOEH MaMAThI0. 3aHUMaeMask MMM NMaMsITh PAacUIUPSIeTCs TIo Mepe 106aB-
JIEHUA HOBBIX 3JIEMEHTOB, a IPY YHUYTOXKEHUM vector uiu string 1ecTpyKTOp aBTOMa-
TUYECKH YHHYTOXKAET 3IEMEHTBI KOHTeHHepPa H 0CBOOOXKAAET aMsITh, B KOTOPOil OHH
HaXOJATCSL.

Kpome Toro, vector u string BXoasT B CeMeiCTBO NOCIEN0BATEbHBIX KOHTEHHEPOB
STL, noaToMy B BalreM pacIOpsDKEHHH OKa3BIBAETCS BECh apCeHall anroputmMoB STL,
paboTalomuX ¢ 5THMH KOHTeiiHepaMu. Bripouem, asroputmst STL MOIYT HCTOIb30BaTh-
Cs1 4 C MaCCHBaMM, OHAKO Y MaCCUBOB OTCYTCTBYIOT yA00HbIe hyHKnuu begin, end, size
UT. 11, a TAKXE BJIOKEHHbIE OITpeiesieHus TUIOB (iterator, reverse_iterator, value_type
M T. /L.), @ yKa3aresu char* BPsi JIM MOFYT CPaBHUTBCS CO CTIEHATM3HPOBAHHBIMU DYHK-
IMAMU KOHTelHepa string. Yem Gosnbme paboraews ¢ STL, Tem MeHblire SHTy3Ma3Ma
BBI3BIBAIOT BCTPOEHHBIE MaCCHUBHI.

Ecsu Bac GecriokouT cyns6a yHac/IeA0BaHHOTO KO/a, paGoTaIomero ¢ MaccuBaMu,
He BOJIHYHTECH 1 CMEJIO MCHOJIB3YiiTe vector u string. B coBere 16 nokasaHo, Kak jierko
OpraHu30BaTh Niepefady comepxumoro vector u string dyunxuusiv C, paboramommumM ¢
MaCCHBaMH, NO3TOMY MHTEIPallks ¢ YHACJIeAOBAHHBIM KOAOM OOBIYHO 06XoauTes 6e3
3aTpyZAHEHUH.

HecTHO TOBOPS, MHE IPHXOANUT B TOJIOBY JIMIIb O/IHA BO3MOXHAS PobeMa HpH 3a-
MeHE TMHAMHYECKHX MacCUBOB KOHTeHHepaMu vector /string, npuyeM OHa OTHOCHTCS
TONIBKO K string. MHorue peamusamuy string ocHOBaHBI Ha TIOACYETe CCHUIOK (COBET 15),
4TO TI03BOJIsIET U36ABUTHCS OT JTMITHMX BBIIEI€HH IAMSATY U KOTIMPOBAHHS! CUMBOJIOB,
a TaKe BO MHOTHX CJIyYasiX yCKOpsieT paboTy KoHTeiHepa. OnTHMH3a1Ks string Ha
OCHOBE NOJICYeTa CCHLIOK ObLIa COUTEHA HaCTOIbLKO BAaXKHOH, yTo KoMmureT mo CTaHzap-
tu3aiuu C++ crienHansHo Pa3peuua ee UCNoJb30BaAHUE,

Brnipouem, onTuMusaius Hepenxo o6opadnBaeTcs <HecCHMHU3aIiei». ITpu ucnosnn-
30BaHMH String ¢ MOACYETOM CCBHIJIOK B MHOTOTIOTOYHOM Cpefie BpeMsl, COKOHOMJIEHHOE
Ha BBII€JIEHUH NaMSATH ¥ KOITHPOBAHHUH, MOXET OKa3aThCsl HHUTOXKHO MaJIbIM TI0 CPaBHe-
HHIO CO BpEMEHEM, 3aTPaueHHbIM Ha CHHXPOHHM3AIIUIO AOCTYTIA (33 I0APoGHOCTAMH 06pa-
waiirech k craThe Carrepa «Optimizations That Aren’t (In a Multithreaded World)»
[20]). Taxum oGpa3oM, NPy UCIIONB30BAHMH String ¢ MOJCYETOM CCHUIOK B MHOTOTIO-
TOYHOM Cpe/ie JKeJIaTeIbHO CJIEUTh 3a IPobIeMaMu 6ICTPONEHCTBHS, 06y CIIOBIEHHDI-
MU HOANEPKKOM HOTOKOBOM O€30IaCHOCTH.
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Yro6b1 y3HATD, HCIIOJIb3YETCSI JIM IIOACYET CChIIOK B Balled peayiu3anu string, mpo-
111e Bcero 06paTuThCA K JoKyMeHTauuu 6ubimorexn. [lockoybKy MOACYET CCBLIOK CYH-
TaeTcsl ONTHMH3ANMEH, pa3pab0oTYMKH OOBIYHO OTMEYAIOT €T0 CPeAM MOJIOKHUTEbHBIX
ocobenHocTeit 6ubmorexu. Take MOXKHO 00PaTHTBCS K UCXOAHBIM TEKCTaM pealn3a-
1M string. OGBIYHO 51 He PeKOMEHIYI0 MCKaTh HyKHYI0 HHOPMAIMIO TAKHM CIIOCO60M,
HO MHOT/Ia APYTOTO BRIXOAA IIPOCTO He ocTaercs. Ecimm Brl noiizieTe no sToMy ImyTy, He 3a-
6bIBaiiTe, 4TO string sIBJsETCS ONpee/ieHueM Tama Anist basic_string<char> (awstring —
Ans basic_string<wchar_t>), moaToMy ucKarhb ciexyeT B mabioHe basic_string. Bepo-
ATHO, TIPolLE Bcero 06paTHTHCS K KonupylolueMy KOHCTpykTopy Kiacca. [locmorpure,
yBEJIMUHBAET JIK OH IIEPEMEHHYIO0, KOTOPAsk MOXKeT 0Ka3aThCs CYETYHKOM CChLIOK. Ecim
Takas nepeMeHHast GyaeT HaiineHa, string HCIOB3yeT NOACYET CCBHIIOK, 3 €C/M HET —
He MCTIOJIb3YET... WJIM BBl IPOCTO OUIMOIIKCH IPH MOHMCKE.

Ecnu moctynuas peanuzanus string mocTpoeHa Ha MoACYeTe CChLIOK, a €€ BCIOJIb30-
BaHMe B MHOTONIOTOYHOM cpefie MopoxaaeTr mpobiieMsl ¢ GbICTPOREHCTBHEM, BO3MOKHBI
o KpaitHell Mepe TPU Pa3yMHBIX BAPHAHTA, HU OUH U3 KOTODHIX He CBSI3aH C OTKA30M
ot STL. Bo-niepBbix, HpOBEpLTE, He MO3BOJISIET JIM PeaTU3allis GHOIHOTEKH OTKIIOYUTh
HOZACYET CChLIOK (OGBIYHO 3TO AEJIAeTCs U3MEeHEeHHEM 3HAYEHUS IIPENPOLeCCOPHOH nepe-
MeHHoI ). KoHeuHo, epeHOCMMOCTh NPH 3TOM TePSIETCS, HO € Y4€TOM MUHHMAIBHOTO
o6beMa paboThl JaHHEIA BAPHAHT BCe JKe CTOMT PacCMOTpeTh. Bo-BTOPHIX, HallANTe WK
coa3aaiiTe aTbTepHATHBHYIO PeaIM3alHIo String (XOTst ObI YACTHYHYIO), HE HCIIOJIB3YIO-
IIYIO IIOACYETA CChLIOK, B-TpeThux, HoCMOTpUTE, HEJIB35 JIH HCIIOJIB30BATh vector<char>
BMeCTO string. Peanusanuu vector He MOFyT MCHOJIB30BATH HOACYET CCHLJIOK, TIO3TOMY
CKPBITBIE IPOGJIEMBI MHOTONOTOYHOTO OBICTpPOAeiicTBHS UM He pucyiuu. Koneuro, mpu
nepexoze K vector<char> TepsiioTcsl MHOTHe YA0OHBIE (DYHKIIMHM KOHTelHepa string, HO
Gosibiias yacTh UX QYHKIMOHATBHOCTH OCTYHA Yeped asroputMbl STL, moatomy peus
HJIET HE CTOJIBKO O CYXKEHHH BO3MOXHOCTEH, CKOJIBKO O CMEHE CHHTAKCHCA,

W3 Bcero cka3zsaHHOro MOXHO C€NIATh MPOCTOMH BHIBOJA — MACCHBHI ¢ AMHAMUYECKHM
BBIZIE/IEHHEM TIAMSITH YacTO TpeGyioT JuirHei paboTel. YTo6H yIPoCTHTE cebe JKU3HD,
HCTIONB3yHTe vector u string.

Coset 14. Mcnonb3yuTe reserve
NS NpeaoTBpaLLeHUst NMNLLHUX onepaLumii
nepepacnpeaeneHns namaTu

OnHoit U3 caMBIX 3aMedaTeNbHbIX ocobeHHocTel KoHTeliHepoB STL sBisercs aBToma-
THYeCKOe HapallMBaHHe NMaMSITH B COOTBETCTBHH C 06beMOM BHECEHHDIX AAHHBIX (TIPH
YCJIOBHH, YTO IPH 3TOM He IPEBBINIAETCS MAKCHMAIBHEIN pasMep KOHTeilHepa — €To
MOXKHO Y3HATh NMpH noMolnd pyHKiuu max_size). Jlust konreitHepos vector u string
[OTHOJHUTEIbHAS HaMsTh BhIAeJIsieTcst aHaoroM dyHkiuu realloc. [Iponeaypa cocro-
UT U3 4eTEIPEX ITATOB;

1. BeigeneHue HOBOTO 6J10Ka NAMSITH, pa3Mep KOTOPOTO KPaTeH TeKyLiei eMKOCTH
KoHTelfHepa. B GosblunHCTBE peanusanuil vector u string uCnosb3yeTcs ABY-
KpaTHoe yBeJInieHHe, TO eCTh NPH KaX/0M BblAeJIeHHH JOMOJIHUTEIbHON mamsi-
TH eMKOCTb KOHTEHHEePa yBEeJIHIHBAETCs BABOE.
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2. KomupoBaHHe BCex 3JIEMEHTOB U3 CTAPOil TaMATH KOHTeiHepa B HOBYIO ITAMATh.
3. Yuuuroxenue 06HEKTOB B CTapoOi MaMsITH.
4. OcBoGoXaeHHE CTAPOi MAMSITH.

ITpu TakoM KoJindecTBe onepaiuii He IPUXOANUTCS YAUBJIATBCS TOMY, YTO JUHAMH-
YeCKoe yBeIMYeHHe KOHTEHepa opoil 00X0AKUTCS J0BOJIBHO Aoporo. EcTecTBeHHO, 3TY
OTEpAIMIO XOTEJOCH OBl BRIIOJIHSATH KaK MOXKHO Peske. A eciiu 9T0 elte He KaXeTCs ec-
TeCTBEHHBIM, BCTIOMHHUTE, YTO ITPH KAXKAOM BHIIIOJIHEHHH ITePeYrCIIeHHBIX OTlepalluii Bce
HTEPATOPHI, yKa3aTeJjli U CChIJIKK Ha COAEPKHMOe vector Wi string craHoBATCA Heaeld-
cTBUTEJNBHBIMH. TakuM 06pa3oM, MPoCTasi BCTaBKa dJieMeHTa B vector/string mMoxer
norpe6GoBaTh OOHOBJIEHHSI APYTHX CTPYKTYP AAHHBIX, COAEPKALLNX HTEPATOPHI, YKa3a-
TeJIH U CChUIKU PaclINpsieMOro KOHTelHepa.

DyHK1Hs reserve NO3BOJSIET CBECTH K MUHHMYMY KOJIHYECTBO AOHOJIHHUTEIBHBIX
nepepacnpesiesieHuil MaMATH ¥ u36eXaTh 3aTPaT Ha OGHOBJIEHHE HeAEHCTBUTEbHBIX
uTepatopoB/yka3sareieii/ccoiok. Ho npexae yeM o6bsICHATH, KaK 3TO MPOMCXOMUT,
M03BOJITE HAIOMHHUTD O CYIIIeCTBOBAHUH YeTHIpeX B3aUMOCBA3aHHBX QYHKIHH, KOTO-
pHle HHOT/Ja MYTaloT APYT ¢ ApyroM. 13 Bcex CTaHAAPTHBIX KOHTEHHEPOB NiepeYncieH-
Hble (DYHKIIHMH HOAXEPXKUBAIOTCS TOJIBKO KOHTeHHepaMu vector U string.

o @ynxuus size() Bo3BpaILaeT TeKyllee KOJUYECTBO JIEMEHTOB B KOHTeMHepe.
OHa ne coobuaem, CKOJIBKO NaMSITH KOHTEHHeD BBIEIIHI AJIS XPAHSIIHUXCS B HEM
3JIEMEHTOB.

o Dynxuus capacity() coobmaer, CKOJIBKO 371EMEHTOB IOMECTUTCS B BhIAEJIEH-
HOIi maMsTH. Pedb uner 06 o6uem KoJIMIeCTBE 3JIEMEHTOB, a HE O TOM, CKOJIb-
KO ewje 3J1IeMEHTOB MOXKHO pa3MeCTHTh Oe3 pacuiupenus KonTelinepa. Eciu Bac
uHTEpecyeT 06beM CBOGOAHOM MaMsATH vector ui string, BeraTHTE size() u3
capacity(). Ecnu size() u capacity() Bo3BpamaoT OANHAKOBbIE 3HAYECHUS,
3HAYHT, B KOHTelHepe He OCTATOCh CBOGOAHOTO MECTa, U CJIEAYIOINAs BCTaBKa
(insert, push_back 1 T. 21.) BBI30BeT poleAypy HepepacrpeeseHus aMsITH, OIH-
CaHHYIO BBIILE.

o ODynkuud resize(size_t n) u3MeHsieT KOJMIECTBO 3JEMEHTOB, XPAHAIHUXCS
B KoHTelinepe. [Tocie BrI30Ba resize dyHKiUs size BepHeT 3Hadenue n. Ecau n
MEHbIIlE TeKYIIEero pa3Mepa, JHIIHHE 3JIeMeHTH B KOHIle KOHTeliHepa YHHUYTO-
xarorcs. Eciu n 6oJiblne Texyniero pasmepa, B KoHell KOHTeHHepa A06aBJISIOTCS
HOBLIE 3JIEMEHTBHI, CO3JaHHble KOHCTPYKTOPOM HO ymosryaHuio. Ecyiu n Gostbie
TeKylle# eMKOCTH KOHTEHHEpa, Nepel CO3AaHUEM HOBBIX 37IEMEHTOB NPOHCXO0-
IUT NepepactpesesieHue aMsTH.

o @ynkius reserve(size_t n) ycTaHaBJMBaeT MUHHUMAIbHYIO eMKOCTh KOHTEH-
Hepa paBHOM N — IIPH YCJOBHM, YTO N He MeHble TeKyuiero pasmepa. OObIYHO
3TO NPUBOAUT K MEPEPACIPEAEICHHIO TaMSATH BCJIeACTBHE YBeJINYEeHUS eMKOCTH
(ecym n MeHblIEe TeKylleil eMKOCTH, vector HTHOPHPYET BHI30B (DYHKIINH H He
AeNaeT HuYero, a string mosicem yMeHbIIUTD eMKOCTh A0 GoJibliel U3 BeJIMIuH
(size(), n)), Ho pa3mep string mpHu 3TOM 3aBEAOMO He u3MeHstercs. ITo cobcTBen-
HOMY OIBITY 3HAIO, 4TO yCedeHHe eMKOCTH String BEI30BOM reserve 06BIYHO Me-
Hee HaZIeXXHO, YeM «(POoKyC ¢ MepecTaHOBKOM», OMMCaHHBIN B coBeTe 17,
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U3 xpaTkoro onucanus QyHKIUHH CTAHOBHTCS SICHO, YTO MepepacnpesesieHne (Bbl-
nenenvie ¥ ocBoGOXKAeHHEe 6JI0KOB aMSATH, KOMHPOBAHKE H YHHYTOXeHHE 00BEKTOB,
0GHOBJIeHHe HellefiCTBUTEIbHBIX HTEPATOPOB, YKa3aTeJleil U CChITIOK) IPOBCXOANT KaK-
JUBIi pa3, KOI7la IPY BCTAaBKe HOBOTO 3/1eMeHTa TeKyllasl eMKOCTb KOHTEHepa OKa3blBa-
eTcst HeoctaToyHo. Taxum 06pa3oM, A7 MPeAOTBPAILEHHA JIRIITHUX 3aTPaT CJIEAYET
YCTaHOBUTb OCTaTOYHO GOJBIIYIO eMKOCTh KOHTeliHepa QyHKIUEH reserve, IpuyeM
clenaTh 5TO HYKHO KaK MO)KHO paHblIle — XeJIaTeJIbHO CPa3y e M0Cjie KOHCTPYHPOBa-
HHsI KOHTelHepa.

I[TpennonoxXum, Bbl XOTUTE CO3/ATh vector<int> ¢ yuciamu u3 uHrepsata 1~-1000.
Be3 Hcno/Ib30BaHuUs reserve 310 AeJaoch 65l IPUMEPHO TaK:

vector<int> v:

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

B 6onpmuncTBe peatuszauuil STL npu BBIMOIHEHHH 3TOT0 (hparMeHTa Mpou3oHaeT
ot 2 no 10 pacmupenuit koureitnepa. Kcrary, uncito 10 06bsAcHsAETCS 04€Hb MPOCTO,
BcnoMHuTe, YTO MPH KAKAOM TepepacipeesieHu eMKOCTh vector 0OBIYHO yBeIuyH-
BaeTcs BABoe, a 1000 npumMepHo paBHo 210,

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

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

B sToM ciiyvae xoM4ecTBO pacuiupeHuii 6yaeT paBHO HYJIIO.

BsauMocBsiab Mex 1y size 1 capacity o3BoJIsieT y3HaTh, KOIJla BCTaBKa B vector MM
string mpuBenieT K pacuIMpeHHUIO KoHTeliHepa. B cBoio odepeas, 310 mMo3BossIET Npel-
CKa3aTh, KOTZIa BCTaBKa NPUBEAET K HeAelCTBUTEJBHOCTH UTEPATOPOB, YKa3areie u
CCBLIOK B KOHTeitHepe. IIpuMep:

string s;

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

B aroMm ¢parMenTe BBI30B push_back He MOXKET MPHUBECTH K NOSIBJICHUIO HeAeHCTBH-
TEJIBHBIX HUTEPAaTOPOB, yKa3arejied U CCBIJIOK, MMOCKOJIBKY eMKOCTh Sstring 3aBeaoMo
Gobine Tekyniero paamepa. Eciu 651 BMecTo push_back BBIOJIHSIACH BCTABKA B IIPOM3-
BOJIbHOM HO3UIIMH CTPOKH (PyHKI[MEH insert, 3To Tak)ke rapaHTHPOBAIO OBl OTCYTCTBHE
niepepacrpefe e NaMsITH, HO B COOTBETCTBHM C OGBIYHBIMM TIPABUJIAMH AeHCTBH-
TEJIBHOCTH HUTEPATOPOB /IS BCTABKM B String Bce HTepaTOpHl/yKa3aTellH/CChUIKHA OT
TOYKY BCTaBKH A0 KOHIIA CTPOKM CTasid Obl HEAEHCTBUTEIbHBIMH.

BepHeMcst K OCHOBHOI TeMe HacTosIIero coBeTa. CyliecTBYIOT Ba OCHOBHBIX CIIO-
coba npuMeHeHus (GYHKIMM reserve Ajs NpeA0TBpalIeHUsT HeXeJIaTeJIbHOTO mepepac-
npenenelusi naMsATH. [IepBEi coco6 UCIOJIB3YeTCS B CHTYaIlMH, KOTAA U3BECTHO TOY-
HO€ UK IpUOIN3UTENBHOE KOJIMIECTBO 3JIEMEHTOB B KOHTeliHepe. B aToM ciryyae, kax
B NIPMBEEHHOM BHILIE TIPUMEPE C Vector, HyXKHBI 00beM MaMsITH IPOCTO PE3ePBUPYET-
cst sapanee. Bo BropoM BapuanTe (GDyHKIHS reserve pe3epBUpYeT MAaKCHMAIBbHBIN 00beM
IIaMSITH, KOTOPBIA MOXET MOHaZ06UTHCS, a 3aTeM MOC/Ie BKIIOYEHHsI JaHHBIX B KOHTelH-
Hep Bcs cBOGOAHAS NaMATh 0cBoOoXkaaeTcsi. B ycedeHuu cBOOOAHOMN MaMsITH HET HUYe-
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IO CJI03KHOTO, OAHAKO 51 He 6yAy ONKCHIBATD 3TY OHEPALKIO 31€Ch, TOTOMY YTO B Heill Hc-
NOJIB3YeTCst 0COOBIN IpHEM, PAaCCMOTPEHHBIH B cosere 17.

CoBet 15. [IOMHUTE O pa3nuyusax
B peanusauuu string

boepn CrpaycTpyn oAHa)KABI HAallMCal CTAaThi0 C MHTPUTYIOIIMM Ha3BaHHeM «Sixteen
Ways to Stack a Cat» [27], B koTopoii 6bL11 IpeACTaBIIEHb Pa3HblE BADHAHTEI Peaiu3a-
1M cTeKoB. OKa3bIBaeTCs, HO KOJHYECTBY BO3MOXKHEBIX PEAIH3AIUI KOHTeHepH string
He YCTYTIA10T cTeKaM. KoHeuHo, HaM, ONBITHEIM U KBATH(HIIMPOBAHHBIM IIPOTPAMMHKC-
TaM, TIOJI0XKEHO TIPE3UPaTh «IIOAPOGHOCTY Peau3alum», HO eCJIU JHHIITeHH OBl IIpas,
1 Bor neficTBUTEIBHO NIPOSIBIISIETCS B Mesiodax... Jaxe ecym noapo6HocTH AeHCTBH-
TeJIbHO HECYIECTBEHHBI, B HHUX BCe e JKeJlaTeNbHO pas3buparbes. TosIbKO TOTAa MOKHO
OBITH OJIHOCTBIO YBEPEHHBIM B TOM, YTO OHH Oelicmeume o HeCyecTBeHHEL

Hanpumep, ckosbko namsTH 3aHuMaeT 06beKT string? Vnade rosopst, yeMy paBeH
pesyabTaT sizeof(string)? OTBeT Ha 3TOT BONPOC MOXKET GBITH BeChMa BasKHEIM, OCO-
GeHHO ec/u Bbl BHUMATENBHO CJIEMTE 3a PACXOJAMH TIAMSITH 1 yMaeTe O 3aMeHe HU3-
KOYPOBHEBOTO yKa3sateJisi char* o0beKTOM string.

OxasbiBaeTcs, peaysbrar sizeof(string) HeoqHO3HAYEH ~ U €CJIH BB A€HCTBUTEIb-
HO CJIeiuTe 32 PaCX0oJaM¥l ITAMSITH, BPSA/ JI 3TOT OTBET BaC YCTPOUT. XOTsI y HEKOTOPHIX
pea3anuii KOHTelHep string no pasmepy coBMazaeT ¢ char*, Tak e 4acTo BCTpeya-
IOTCS peayu3alliy, Y KOTOPO#i string 3aHuMaeT B ceMb pa3 6osbiie namsatu, Yem obbsic-
HAIOTCA HOA0GHBIEe pa3indusi? YTOOB IOHATH 3T0, HeOGXOANMO 3HATH, KAKHE AAHHBIE U
KaKHM 06pa3oM GyRyT XpaHUThCA B 06beKTe string.

IIpaxTudecku Kaxaas peanusaunus string XpaHUT CIENYIOUTYI0 HHPOPMALHIO:

* pasMep CTPOKH, TO €CTh KOJIHYECTBO CHMBOJIOB;

* eMKOCTb 610Ka AMSATH, COAEPKALLETO CHMBOJIBI CTPOKH (Pa3/IMYHs MLy Pas-
MePOM M eMKOCTBIO OIMCAHBI B coBeTe 14);

® cO/EepKHUMOe CTPOKH, TO €CTh CHMBOJIBI, HETIOCPEACTBEHHO BXOZIIHE B CTPOKY.
Kpowme Toro, B koHTeliHepe string MoxkeT XpaHUTBCS:

* Konusd pacnpejendrens namard. B cosete 10 pacckasaHo, mouyeMy s1o nose He
ABsieTcs 06A3aTebHBIM. TaM Xe OnucaHbI CTpaHHbIE TIPABMIIA, TIO KOTOPBIM
paboTaIoT pacTipesie/IuTe/I HaMsITH.

Peanusaiuu string, ocHoBaHHbIE Ha TIOACYETE CCHLIOK, TAKIKE COZlEPIKAT:
® CYETYHK CCBLIOK JJIsI TEKYLIETO COAEPAUMOTO.,

B pasusix peaniusanusx string sTu faHHble XpaHsTCs Ho-pasHoMy. JLJIs HarsIsAHOC-
TU MBI PaCCMOTPHM CTPYKTYPHI AaHHBIX, HCIIOJIb3yEMBIE B YETHIPEX BapHAHTAX peaiu-
3aiuu string. B BEI6oOpe HeT HIMYEro 0COBEHHOTO, BCe BAPHAHTHI I03aMMCTBOBAHBI U3
IIMPOKO pacnpocTpaHeHHblx peantusamuit STL. ITpocto oHu okasaiuch nepBbIMY, TIO-
NaBUIMMHUCS MHE Ha IJIa3a.

B peanmnzanuu A xaxapiit 06beKT String CofepXKUT KONMIO CBOETO paclipefeuTels
NaMsATH, Pa3MEP CTPOKH, €€ eMKOCTb U YKa3aTeJlb Ha AUHAMHYECKH BhIAEJIEHHbIH Gydep
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o cyeTYHKOM cchioK (RefCnt) u conepskumMbIM cTpoKH. B aToM BapuarTe 06BbeKT string,
HCTIOJb3YIOIHE CTAHAAPTHBIN pacpeaeuTelib NaMsITH, 3AaHUMAET B YeThIpe pa3a 60J1b-
1Ie TAMSITH TI0 CPaBHEHMIO ¢ yKa3aresieM. [Ipu Cno/ib30BaHHH HECTAHAAPTHOTO yKa3a-
Tesist 06bEKT string yBesMuuTCsi Ha pa3aMep 00beKTa paclpefeuTels.

Pacnpepenutens [ RefCnt | Conepxumoel, " T |
Paamep
EmkocTb
Ykasateno

ObbexT string
Peanunsauus A

B peanusanuu B 06bekTH string no paamepaM He OTJIMYAIOTCSA OT yKasareseH,
HOCKOJIbKY OHH COZEPIKAT yKa3aresb Ha CTPYKTypy. [Ipu aToM TakKe Ipeamnosaraercs
HCIOJIb30BaHUe CTAHAAPTHOTO pacnpeneutesisi namsitd. Kak u B peasiusaiuu A, mpu
HCTIOJIb30BAaHHHU HECTAHAAPTHOTO pacHpesie/IuTelIs pa3mep 06bekTa string yBesndyusa-
€eTCsI Ha pa3Mep 06beKTa pacnpeenuteiis. Biaroaapst onTuMu3an Uy, MPUCY TCTBYOIEH
B 9TOM BapHAHTE, HO He NPeAYyCMOTPEHHOM B BapHaHTe A, MCIIOJIb30BaHHE CTaHAAPTHO-
TO pacripeaesuTesst 06X0RUTCs Ge3 3aTpar MaMsITH.

B o6bexTe, Ha KOTOPHIN CCHIIIAETCSI YKa3aTellb, XPAHUTCS Pa3MeEDP CTPOKH, EMKOCTh
U CYETYMK CCBUIOK, a TAKXKe yKa3aTesib Ha JUHAMMWYECKY BHIAeJIeHHBIH Gydep ¢ Teky-
INUM COAEPKHUMBIM CTPOKH. 3A€Ch XK€ XPAHATCS AONOJHUTEIbHBIE JAHHbIE, OTHOCH-
Iuecs K CHHXPOHH3AI UK JOCTYIIa B MHOTONIOTOYHBIX cucTemax. K Hamell Teme onu ne
OTHOCATCS, O3TOMY Ha PUCYHKE COOTBETCTBYIOIASt YACTh CTPYKTYPhI AaHHBIX 0603HA-
geHa «IIpouee».

[ Ykasatens  |—>] Pasvep
EMKocTb

RefCnt .
Ykasatens || Copepxumoel, [ |

ObbexT string

Mpoyee

Peanusauusa B

Bnox «IIpodee» oxasancs 6oJiblue OCTaIbHBIX GJI0KOB, TIOCKOJIbKY 5I MOCTApaICs
BBIZIEPKaTh MacmTab usobpaxkenust. Eciu oaun 6710k BiBoe Gosbiite ApyTroro, 3HaYMT,
OH 3aHHMaeT BABoe HoJble TaMATH. B peanusaunu B pasmep JaHHBIX CHHXPOHU3AUH
TIPUMEPHO B MIECTh Pa3 NPEBHIIIAET PAa3MEpP YKa3aTeIs.

B peanusaiuu C pasMep o6bekTa string Bceria paBeH pasmepy yKasaressi, HO 3TOT
yKasaTeJib BCeIZla CChLIAeTCs Ha AMHAMMYECKH BBIAEIEHHBI 6ydep, coaepamuii Bce
AaHHbIE CTPOKH: Pa3Mep, eMKOCTh, CYeTYHK CCBUIOK H TeKyllee coaepxumoe. Pacripese-
JIMTeJIH yPOBHSI 00beKTa He MOANEePKuBaOTCsL. B 6ydepe Takxke xpaHATCS AaHHBIe, ONHU-
ChIBAIOIIIHE BO3MOXXHOCTH COBMECTHOTO J0CTYMA K COAEPKHMOMY; 3Ta TeMa 37ech He
paccMaTpHBaeTCs, HO3TOMY COOTBETCTBYIONMIT 6JI0K Ha PUCYHKe MoMedeH 6yKkBoit «X»
(ecyu Bac uHTepeCyeT, 3a4eM MOXeT MOTPeGOoBaThCS OrPaHKIEHHE AOCTYTA K AAHHBIM
C TOZICYETOM CCBIIOK, o6parutech K cosety 29 «More Effective C++»).
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[Paavep | Emkocts | RefCnt | X| Comepinmoel, G~ ]

[ Ykasareno

ObbexT string
Peanuaauunsa C

B peanusanun D 06beKTH string 3aHUMAIOT B ceMb pa3 6oJible TAMATH, Y€M yKa3a-
Tesib (TIPU MCIIOJI30BAHMK CTAHAAPTHOTO paclpefesuTess NaMATy). B aTolt peanusa-
LAY TOAACYET CCBHLTIOK HE HCHOJIb3YETCsl, HO KX bl 00BeKT string CoaepHuT BHYTPEH-
Huit 6yQep, B KOTOPOM MOTYT XpaHUTbCs A0 15 cumBonoB. TakuM oGpasom, HeGobIIme
CTPOKH XPaHSTCS HENOCPEACTBEHHO B 00beKTe string — AaHHAS BO3MOXXHOCTh HHOIA
Ha3bIBAETCsl «ONTUMU3AIHEN MaJIBIX CTPOK». EC/iM eMKOCTh CTpPOKH npeBbintaeT 15 cuM-
BOJIOB, B Hauasle 6ydepa XpaHUTCS yKa3aTellb Ha AMHAMUYECKH BbIAeIeHHBIN 610K mamsi-
TH, B KOTOPOM COAEPaTCs CHMBOJIBI CTPOKH.

PacnpeagnuTens PacnpegenuTens .
———»| Copepuumoel, [ |
Copnepxumoe E
Paamep
EmkocTe EmkocTb
QO6bexT string QO6bexT string
(emkocTb €15) (emxocTe >15)

Peanussuusa D

S momectun 34€Ch 3TH AUarpaMMbl COBCEM HE AJIA TOI'O,-'-ITO6BI y6e11m'b YHTATECJA
B CBOCM YMCHHH YHUTATb HCXOAHDIC TCKCTBL ¥ PHCOBATh KPpaCHUBblE KADTUHKH. ITo num
TaKXXe MOXXHO CA€EJIaTh BBIBOA, YTO CO3AaHHE obbexTa string xoMaHgaMu BUAA

string s("Perse"): // Vma naweii cobaku - MepcedoHa, HO Ml
// 0obbHO 30BeM ee npocTo “lepen”

B peaym3aimu D o6xoaurcs 6e3 AMHAMUYECKOTO BbIAEJIEHHS AMSTH, 06XOIUTCS OA-
HVUM BBIZiejieHneM B peasn3anusix A u C u 1Byms — B peanusanuu B (1151 06bekra, Ha
KOTOPBIN CCBLIAETCS yKa3aTeb string, u AJsi CAMBOJIBHOTO Gydepa, Ha KOTOpPbIH CChI-
naeTcsi yKasaresib B 3T0oM o6bexTe). Eciu A5 Bac CyIecTBEHHO KOJIMYECTBO OMepaLuit
BbIZEJIEHNS1/OCBOOOKIEHHS MM 3aTPATHI MIAMSITH, YACTO CBSI3aHHBIE C STHMH OrlepalUs-
MY, OT peaym3anuu B syqme aepxarscs mogaibie. C Apyroi CTOPOHBI, HajlWdue CIIe-
[IHAIBHON NOANEPXKH CHHXPOHHU3AINH AOCTYHa B peayin3anuu B MoxeT nmpuBecTH
K TOMY, YTO 3Ta peayu3allisi HoAOHAET s BalIuX nejtel Jydire, 4eM peanudanui A u C,
aKoJIM4eCcTBO AMHAMHYECKHX BbIJIeJIEHHI TaMSTH yiteT Ha BTOpoii 1iaH. Peamuzauus D
He TpebyeT CHelHaIbHON NOAREPAKKH MHOTONIOTOYHOCTH, IOCKOJIBKY B HEll He HCIOJIb-
3yercsi MOACYET CChLIOK, 3a JOHOJHUTEIBFHOM HHGOPMAaIIMe 0 CBSI3H MEX LY MHOTOMO:
TOYHOCTBIO M CTPOKAMH C TIOACYETOM CChIJIOK oOpaiaittecs k cosety 13. Tunuyunas nox-
IepkKa MHOTOIIOTOYHOCTH B KoHTelHepax STL onucana B coBere 12,

B apxuTeKkType, 0OCHOBaHHO! Ha NOACYETE CCBUJIOK, BCe JaHHbBIE, HAXOASIIHECS 32
npefenamu o6beKTa string, MOTYT COBMECTHO MCIIOJIB30BAThCS PAa3HEIMU 00BEKTaMU
string (MMeIOLIMMHE OIMHAKOBOE COAEPAKUMOE), TIOTOMY U3 NPUBEJEHHBIX JHarpaMm
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TaKXe MOXKHO CAeJIaTh BbIBOJ, YTO peayiu3aiiusi A 006J1a1aeT MEHbIIMMH BO3MOXKHOCTSI-
MH U151 COBMECTHOTO HCHOJIb30BaHusA HaHHBX. B yacTHOoCTH, peasusaimu B u C gonyc-
KalOT COBMECTHOE HCIIOIb30BaHKe JaHHBIX Pa3Mepa ¥ eMKOCTH 06BEKTa, YTO IPUBOIUT
K IIOTeHIIHAJIBHOMY YMEHBIIEHHUIO 3aTpaT Ha XpaHEeHHeE STUX JAHHBIX HA YDOBHE 06bEK-
Ta. IHTEpeCHO U Apyroe: OTCYTCTBHE MOAAEPAKKH pacnpefenuTesiell ypoBHs o6beKTa
B peanu3anuu C 03Ha4YaeT, 4TO 9TO eAWHCTBEHHAS Peau3ailUs ¢ BO3MOKHOCTBIO HC-
TMOJIb30BaHuUs 06IMX pacnpefenuTesieil: Bce 06beKThl String Q0JKHB paboTaTh ¢ of-
HHM pacnpegenutesnem! (3a nHpopMaiueil 0 npuHIIMNax paboTh pacHpeaenTeaei
o6pawmaiitecs k coBery 10.) Peanusanus D He M03BoJIsieT COBMECTHO HCIOJIb30BATh
IaHHble B 0OBbeKTax string.

OnuH 13 HHTEPECHBIX ACTIEKTOB NOBeAEHUS String, He cieayomuil HeoCpeACTBEeH-
HO U3 3THX AMarpaMM, OTHOCHTCS K CTPATerHy BEIASIEHHS TAMSITH AJISI MAJIBIX CTPOK.
B HexoTOphIX peanu3anmsAx yCTaHaBIMBAETCsI MAUHUMAIBHBINA Pa3Mep BBIAENSEMOTO
610Ka MaMATH; K MX YUCILY IpHHaziexar peausaiuu A, C u D. BepHeMcst k KomaHze

string s("Perse”); // Ctpoka S COCTOMT M3 5 CMMBONOB

B peanuzanun A MuHEMaIBHBL pa3Mep BoifiesisieMoro Gydepa paBeH 32 CUMBOJIaM.
Takum 06pa3om, XOTs pa3Mep s BO BCEX PEaIM3AIUsX PaBeH 5 CHMBOJIAM, EMKOCTb 3TO-
rO KOHTeliHepa B peanusanuy A pasHa 31 (Buaumo, 32-ii cuMBOJI 3ape3epBUpPOBaH IS
3aBEPIIAIOIIETO HYJIb-CUMBOJIA, YTIPOIIAIOIIEro peanu3aiuio GyHKuuu c_str). B peanu-
3anvu C Takxke yCTaHOBJIeH MUHUMAJIbHBLH pasaMep Gydepa, pasubtii 16, ipu aToM Mec-
TO /LISl 3aBEPIUIAIOLIErO HY/Ib-CAMBOJIa HE Pe3ePBUPYETCS, HO3TOMY B peaysmsanuu C
eMKOCTb S paBHa 16. MunuManbusiii pasmep 6ydepa B peanusanuu D Takxe paBen 16,
HO C Pe3epBUPOBaHUEM MECTa JI/Isl 3aBepUIAIONIETO HYJIb-CHMBOJIA. [IpuHIMIHatpHOe
OTJIMYYe peanu3auyy D 3aK/I04aeTcst B TOM, YTO COREPIKMMOE CTPOK EMKOCTBIO MeHee
16 cuMBOJIOB XpaHHUTCA B caMOM 06'bekTe string. Peanusanus B He uMeeT orpaHndeHui
Ha MUHHMAJIBHBLI Pa3Mep BbiAesieMOro 6710Ka, 1 B Heil eMkocTb s pasHa 7. ([Touemy He
6 wnu 5? He snatwo. [IpocTure, s He HACTONIBKO BHUMATEIBHO AHATTU3HPOBAT HCXOAHbIE
TEKCTBL.)

W3 cka3aHHOrO OYEBHIHO CJIEAYET, YTO CTPATETHS BBIAETCHHUS NAMSITH JISI MAJIBIX
CTPOK MOJXKET CHITPaTh BaXXHYIO POJIb, €CJIM BbI COOMpaeTech paboTars ¢ GOJBIINM KOJIH-
4eCTBOM KOPOTKUX CTPok H (1) B Bameit paGodeli cpesie He XBaTaeT namsTu win (2) BB
CTPEMUTECH HO BO3MOXKHOCTH JIOKAIIM30BaTh CChUIKH U MBITAETECH CTPYIIIIMPOBATH CTPO-
K¥M B MUEHHMA&JIbHOM KOJIMYEeCTBE CTPAHHUI] IAMSITH.

KoneuHo, B BeIGOpe peanusauuu string paspaborynk o61anaeT Gosbuiell CTENEHbIO
CcBOGOIBL, YeM KaXKETCS Ha IePBbIii B3IV, IPHYeM 9Ta cBo6O0a HCIIOb3YETCST Pa3Hbl-
mu criocobamu. Huske nepednciieHsl UIIb HEKOTOPbIE NlepeMeHHbIe (aKTOPbL.

e [lo oTHOMmMEHHIO K COAEPKUMOMY String MOKET HCTIOML30BAThCS (HJIH HE UCTIOJb-
30BaTbCs) MOACYET cChUIOK. 1o yMoI4aHMI0 BO MHOTHX pealu3aiusix MOACYET
CCBLJIOK BKJIIOYEH, HO 0OBIYHO NIPENOCTABIISAETCS BO3MOKHOCTD €T0 OTKJII0YEH s
(xax npaBuJIo, NPU NOMONIH TIPENIPOLECCOPHOTO Makpoca). B cosere 13 npuse-
AeH pUMep Crienu(pUIECKoi CUTYaIHH, KOTAA MOXKET IOTPeboBaThCS OTKIIOUe-
HHe NOJCYETa CCBLIOK, HO Takas Heo6XOAMMOCTb MOXXET BO3HHKHYTb H TIO Y-
rum npuduHam. Hanpumep, moacyer cChIIOK 3KOHOMHT BPEMS JIMIIb TIPH 4aCTOM
KOTHPOBaHUHU CTPOK. Eciv B IpuoxkeHun CTPOKHM KONMPYIOTCSI PEAKO, 3aTPaThi
Ha HOZACYET CCHIIOK He ONPaBAbIBAIOTCS.



CoseTr 16 75

o O6mnexTH string 3anumaior B 1-7 (110 MeHblIell Mepe) pa3 GoJibie HaMsITH, YeM
yKa3zarenu char*.

o CosmaHue HOBOTO 06DbeKTa string MOXKeT noTpe6OBaTh HYJIsl, OXHOM WIH ABYX
ornepanuil AMHAMUYECKOTO BhIAeJIeHHs MaMATH.

o QOO6beKTH String MOryT COBMECTHO HCHOJIb30BATh JaHHbIE O Pa3Mepe H eMKOCTH
CTPOKH.

o O6bexTsl string MOryT noazepXxusath (MM He TIOAAEPXKUBATH) PaclpeaesnTe-
JI¥ TIAMSATH YPOBHS 0GBEKTA.

¢ B pasHbIX peasn3aiyUax MOTYT HCIOJIb30BAThCSA pa3HbIe CTpaTeruy OFpaHUYeHHs
Pa3MepoB BbIAEJISIEMOT0 610K,

Tosnbko He mofiMuTe MeHA NpeBpaTHO. S cuuTalo, 4To KOHTeliHep string siBisieTcs
OHMM M3 BRXKHEMIIHX KOMIIOHEHTOB CTAHAAPTHOM O6MOIHOTEKH M PEKOMEH/Y 0 HCIIOJIb-
30BaTb €ro Kak MoxcHo yaute. Hampumep, coBeT 13 mocBsilieH BO3MOXHOCTH HCIIOJIB30-
BaHMs String BMECTO AHHAMHYECKHX CHMBOJIbHBIX MaccuBoB. Ho anst apdekTunHorO
ucnosib3oBanus STL Heo6xoauMO pa3buUpaThCS BO BCeM Pa3HOOOpasuM peanusaiuit
string, ocoGeHHO ecJiu Bala MporpaMma A0JKHa paboTath Ha pasHbix aTgopmax STL
TpH XKECTKUX TPeOOBaHUSIX K GBICTPOAEHCTBHIO.

Kpome Toro, Ha KOHIIENTYaJIPHOM YPOBHE KOHTeliHep String BHIIJISAEN MpefesibHO
npocro. Kto 651 MOr mofyMaTh, 4TO €ro peaiu3anusi TAUT CTOJIbKO HEOXKHAAHHOCTEH?

Coset 16. Hayuntecb nepenasatb AaHHble vector
u string PyHKUMAM yHaCIe4oBaHHOrO UHTepgenca

C momenra crangaprusauuu C++ B 1998 rogy ssmura C++ HaCTOMYHMBO NOATATKMBAET
MPOrPaMMHCTOB K IIePeXo/ly ¢ MACCHBOB Ha vector. CToJIb ke OTKPBITO NPOIIaraHAUPY-
eTcsl epexofi OT yKasaTeJlei char* k ofbexTam string. B mosb3y nepexoma uMeoTcs
IOCTaTOYHO BECKHE apryMEeHTH], B TOM YHCJle THKBHAALKS PacTipOCTPaHEHHBIX OUIOOK
nporpaMMupoBanusi (coBeT 13) u BO3MOXKHOCTD ITOJIHOIIEHHOTO HCIOJIb30BaHUS BCEl
Moy aroputMoB STL (coser 31).

Ho na sToM myTH ocTaoTcsl HEKOTOpBIe NPEMSATCTBHUS, B3 KOTOPBIX e1Ba JIK He Ca-
MBIM PacIpOCTPaHeHHBIM SABJISIOTCS YHacIeAoBaHHbe uHTepdeiick s3pika C, paboTa-
IolKe C MACCHBAMH M yKa3aTesIAMu char* BMecTo 06beKTOB vector U string. Onu cyme-
CTBYIOT C JaBHHX BPeMEH, H €CJIH MbI X0THM 3¢ ¢deKTHBHO Hcnonb30BaTh STL, npuaercs
KaK-TO YXKHBAThHCS C 3THMHU <«IIE€PEXKUTKAMH HPOULIOL0»,

K c4acrbio, 3azada pemaercst npocro. Eciu y Bac umeercst vector v ¥ BBl XOTUTE TIo-
Jy4uTh yKasaTesb Ha AaHHBIE V, KOTODbIE HHTEPIPETHPOBAINCH Obl KaK MACCHB, BOC-
nosp3ykrech 3amuceio &v[0]. s string s aHasoruyHast 3a0KCh UMeeT BUA S.C_Str().
BnipoueM, 3TO He BCe — CyIIeCTBYIOT HEKOTODBIE OTpaHU4eHHs (TO, O YeM B PeKjiame
06BIYHO MUIIETCS CAMBIM MeJIKuM puhTOM).

PaccMoTpuM citenyioutee 06bsiBIeHuE:

vector<int> v;

Bripaxenue v[0] maeT cChUIKY Ha EPBELl 3IeMEHT BEKTOPA, COOTBETCTBEHHO &v[0] —
ykasaTeJb Ha epBbIi aniemeHT. B coorBercTBuM co Crangaprom C++ ajemeHTsl vector
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AOJDKHBI XPaHUTBLCA B NaMSTH HENPEPHIBHO, IO AaHATOTHHM ¢ MacCHBOM. JlOMyCTHM, Y HaC
nmeercst pynknust C, 06bsiBieHHas CIeAyI0MUM 06pa3oM:

void doSomething(const int* pInts, size t numInts):
[lepenaya naHHBIX JOMXKHA IPOMCXOAMTD TaK:

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

Bo BesikoM citydae, Tak doaxcro 6erTh. OCTaeTCs UMD MOHATD, YTO IPOU30HIET,
ecsmm BekTop v yct. B aTom ciryyae dynkius v.size() seprer 0, a &v[0] meiTaercs mo-
JIydHTDb YKa3aTeslb Ha HECYIIeCTBYIOWHI 6JIOK TaMATH C HENPeACKa3y€eMBIMHU MOCTIeA-
creusimu. Hexopomo. Bosiee Hazie)xHbli BapHaHT BEI30BA BBRITISAMT TakK:

if (Iv.empty()) {
doSomething(&v[0],v.size()):

}

OraenbHble MOAO3PUTEIbHBIE JIUYHOCTH YTBEPXKAAIOT, 4yTO &v[0] MOXKHO 3aMEHHTD
Ha v.begin(), mockoJibKy begin Bo3BpalaeT uTepaTop, a st vector ureparop B AeHCTBH-
TENLHOCTH HpeACTaBasieT co60i yKa3aresnb. Bo MHOTHX ciy4asx 3TO A€HCTBHTENBHO
TaK, HO, KaK 6y/eT moka3aHo B coBeTe 50, 3T0 Mpasmio COOMIOAAETCS HE BCETAA, U I0J1a-
raTeCs Ha Hero He crouT. DyHKuMs begin BO3BpaIllaeT UTepaTop, a He yKa3areJb, HO-
3TOMY OHa HUKOT/a He JOJKHA HCTI0JIB30BaThCA AJISI MOJIyYeHUs YKa3aTeJIsl Ha JaHHbIE
vector. A ecJH y>X BaM O4eHb IPUIJISTHYJIach 3alMCh V. begin(), ucmosp3yiite KOHCTPYK-
nHo &*v.begin() — oHa BepHeT TOT Xke ykasaTesb, 4TO U &v[0], x0T 3T0 yBesMuuBaeT
KOJIMYECTBO BBOJMMBIX CUMBOJIOB U 3aTPYAHsIeT paboTy JiioAel, MbITAIOKUXCS Pa3o-
Gpatbcsi B Bauteil mporpaMme. Eciiu 3HaKoMble BaM COBETYIOT MCIIOJIb30BATD V. begin()
BMeCTO &v[0] — Jydure cMeHuTe KpyT OOIIEeHHs.

Cnoco6 mosyueHus yKasartesisi Ha AaHHBIE KOHTeitHepa, xopowo paboraomuii 1J1s
vector, HEAOCTATOYHO HazieXeH AJA string. Bo-nepsrix, KoHTeiHeD string He rapaHTH-
pYeT XpaHeHusl AaHHBIX B HEIIPEPHIBHOM 6JI0Ke TaMSITH; BO-BTOPbIX, BHYTPEHHEE MPEA-
CTaBJIEHHE CTPOKH He 00513aTeJIbHO 3aBepUIAETCs. HYJIb-CAMBOJIOM. 10 3TuM npuYuHaM
B KOHTeliHepe string npeaxycMorpeHa hyHKius C_Str, KOTOpas BO3BPAIUAET YKa3aTellb
Ha coziepkuMoe ctpoku B popMare C. Taxum o6pa3om, nepenada CTpOKH s QYHKIMK

void doSomething(const char *pString):
IIPOUCXOAUT TaK:
doSomething(s.c_str()):

JlanHoe perreHue MOAXOAUT W NS CTPOK HyJIeBoH Asmubl B aToM citydae c_str
BO3BpalIAeT YKa3aTe/b Ha HyJIb-CUMBOJL. KpoMe TOT0, OHO TOAUTCA U AJIS CTPOK C BHYT-
PEHHUMH HYJ1b-CUMBOJIAMM, XOTSI B 3TOM cirydae doSomething ¢ GoJibioit BEPOSITHOCTHIO
HHTEPIIPeTHPYeT NepPBLIH BHYTPeHHUI Hy Ib-CHMBOJI KaK MPU3HAK KoHNa cTpoku, [Ipu-
CYTCTBHE BHYTPEHHHX HyJIb-CUMBOJIOB HECYIIECTBEHHO AJIs1 0OBEKTOB String, HO He st
dynxuuii C, ncnonpsyomux char*.

Bepuemcs K 06bsBieHusiM doSomething:

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

void doSomething(const char *pString):

B o6oux ciryyasix nepeaaiorcs ykasaresu Ha const. @yukiuus C, nosyyaromas aaH-
HBIe vector uiu string, uumaem ux, He TBITasICh MOAUGHUIIUPOBATh. TaKoH BapuaHT HaH-
Gonee 6ezomacen. J[ist string oH HensOexXeH, MOCKOJIbKY HE CYIIECTBYET FapaHTHH, 4TO
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c_str BepHeT yKa3aTe/ib Ha BHyTpeHHee NpeACTaBjieHHe CTPOKOBBIX JAHHBIX; QYHKIIMS
MOXKeT BEPHYTh YKa3aTeJlb Ha HeM3MeHsIeMyIo Konuio AaHHBIX B popmaTe C (eciu Bac
BCTPEBOXMUIA 3 (EeKTUBHOCTD 3THUX ONepanuii, He BOJHYHTECh — MHE He H3BeCTHA HU
OIHA COBPEMEHHas pealusaiusi 6ubanoTeKH, B KOTOPOl GBI HCIOIB30BATACH JaHHAS
BO3MOXKHOCTD).

Vector mpeaocTasisieT NpOrpaMMHCTY 4yTh 6oJiblryio cBoboxy AeiicTuit. [Tepenaya
v pyrkuun C, moauduiupyoueil ajieMeHTH v, 06b14HO 06Xoautcst 6e3 mpobiem, HO
BbI3BaHHAsI (PYHKIIMS He JOJDKHA U3MEHSTh KOJIHIECTBO 3JIEMEHTOB B BekTope, Hampu-
Mep, OHA He MOXKET «CO3[aBaTh» HOBBIE 3JIEMEHTHI B HEUCHIOJIB3YEMOI aMsiTH vector.
Takue NONBITKH NPHBEAYT K HAPYIIEHHIO JIOTHYECKOH IEJIOCTHOCTH KOHTEHHepa V,
IOCKOJIbKY 00BEKT He OyaeT 3HaTh CBOW NMPaBHJIbHBLIA pa3Mep, H BH30B (DYHKIHH
v.size() BO3BpaTHUT HENPABUJIbHEIE PE3YNbTATHL. A €CJIH BEI3BaHHAS (DYHKIMS OB~
TaeTcs 106aBUTH HOBBlE JaHHEIE B BEKTOD, y KOTOPOIO TEKYIH pa3Mep COBIafaeT
ceMKoCThIO (coBet 14), npousoiiaer cyuruit KomMap. S gaxe He NBITAIOCH IpeAYTraiaTh
NOCJIEACTBHSI, HACTOJILKO OHY Y KACHBL.

Bl o6paTunu BHuMaHue Ha GOPMYJIMPOBKY «06bIMHO 06X0auTCs 6€3 pobaemM» B
npeasixyuieM ab3ane? Koneuno, o6paruym. HexoTopbie BEKTOPBI yCTaHABIMBAIOT IS
CBOMX JAAHHBIX NOTIOJHHTEJIbHEIE OTPAHUYEHYIS, ¥ pH niepefade Bextopa Ppyuknuu API,
U3MEHSAIOLIel ero CONepIKMMOe, BB JOKHBI IPOCIIEAUTD 32 TeM, YTO6bI 3TH OrpaHuye-
HMA He 6611 Hapywensl. Hanpumep, kax o6bsicHsieTcst B coBeTe 23, COPTHPyeMbI€ BeK-
TOPBI YaCTO MOTYT PAaCCMaTPUBATHCS B KAYeCTBE Pa3yMHOMN aJIbT€PHATHBAI JIS1 aCCOIH-
aTHBHBIX KOHTeHHEePOB, HO IIPH 3TOM COZEPXXUMOE TAKHX BEKTOPOB A0JIXHO OCTaBaThCsI
IpaBMJILHO OTCOPTHPOBaHHBIM. IpH nepenaye coprupyeMoro Bextopa hyHKIUH, CIIO-
coOHOIT H3MEHUTBH €T0 COAEPIKUMOE, BaM TIPHIETCH YYUTHIBATD, YTO TIPH BO3BPALEHHH
13 QYHKIIMH COPTHPOBKA 3JIEMEHTOB MOXKET ObITh HApyIIEHa.

Ecau y Bac uMeeTcst vector, KOTOPHIit A0J/DKEH HHHIMAIM3UPOBATbCS BHYTPU (QYHK-
uuu C, MOXHO BOCIIOJIb30BAThCS CTPYKTYPHOM COBMECTHMOCTBIO VECtor ¢ MacCHBaMH 1
nepenarb (PyHKIMHU yKa3aTeJb HA 610K 3JIEMEHTOB BEKTOpA:

// Oynkuma fillArray nony4aeTr yKkas3aTen, Ha Maccue.

// conepkaumii ve OGonee arraySize uwmcen Tuna double,

// ¥ 3anuCLIBAET B HEro AaHHuie. BO3BpAWAeMOe KOMHECTBO 3aNMCAaHHBIX
// uucen 3asepoMo He npesuwaeT maxNumDoubles.

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

vector<double> vd(maxNumDoubles); // Cospatb vector, eMKOoCTb KOTOPOro
// pasHa maxNumDoubles

vd.resize(fi1lArray(&vd{0].vd.size())): // 3anonunTb vd BLI3OBOM
// dyrkumm fi1)Array. nocne yero
// W3MeHUTb pa3Mep nO KonnyecTsy
// 3anuCaHHLIX 3NEMeHTOB

JlauHblit ciocob MOAXOAHUT TOIBKO AJst vector, IOCKOIbKY TOJIBKO STOT KOHTeHep
3aBEIOMO COBMECTHM C MAacCHBAaMH IO CTPYKTYDe mamsiTH. Brpodem, 3ajada nHuiIKa-
Jmsanuu string pynxuueit C Toxe pemraercst AOCTaTOYHO NPocTo. /laHHble, BO3BpalIa-
eMbie pyHKIHeH, 3aHOCATCA B vector<char> 1 3aTeM KOMUPYIOTCS M3 BEKTOpa B string:

| // OyHKUMA nNony4aeT yKasaTeNb Ha MacCuB, COAEPAUWMiA He Bonee
// arraySize CuMMBONOB, W 3anUCHIBAGT 8 HEro [anHbe.
// Bo3spauaenoe KONMYECTBO 3ANMUCAHHBIX YUCEN 3ABEAOMO HE NpeBblaeT
// maxNumChars
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size_t fil1String(char *pArray. size_t arraySize):

vector<char> vc(maxNumChars): // Co3paTe vector, eMKOCTb KOTOPOro
// pasHa maxNumChars
size_t charsWritten = fi11String(&vc[0].vc.size(}): // 3anonHuTs vc
// BoizoBom fi11String
string s(vc.begin().vc.begin()+charsWritten); // CkonuposaTe AaHHbie
// ¥3 VC B S WHTEPBANbHbIM
// KOHCTPYKTOpOM (coBeT 5)

Cob6cTBerHO, caM TIPHHIIKIT COXpaHeHus faHHbIX pyHKiuei API B vector u ux moc-
JIeAyIo1Iero KOMMpOBaHusi B HyKHBlit koHTeitHep STL paGoraer Bceraa:

size_t fillArray(double *pArray, size_t arraySize): // Cu. panee

vector<double> vd(maxNumDoubles): // Takke CM. paHee
vd.resize(fi11Array(&vd{0].vd.size()):

deque<double> d(vd.begin(),vd.end()): // Konuposanue B deque
list<double> 1(vd.begin(),vd.end()); // Konuposanue B Tist
set<double> s{vd.begin(),vd.end()): // Konuposanue B set

Bonee Toro, atoT ¢pparMenT MoAcKasbIBaeT, KAK OPTAaHKU30BATh MEePeAady JaHHBIX U3
apyrux koHreitHepoB STL, xpome vector u string, dyukuusm C. st atoro gocrarou-
HO CKOIIHPOBaTh JaHHbIe KOHTeHepa B vector u nepearh ero MPH BHI30BE:

void doSomething(const int* pInts, size_t numInts): // Oyukuma C (cM. paHee)

set<int> intSet; // MHOKECTBO, B KOTOPOM
// XpaHATCA nepepaBaembie
// Banube

vector<int> v(intSet.begin(),intSet.end()); // CKONWUPOBATL AARHbIE
// n3 set 8 vector

if (lv.empty()) doSomething(&v([0],v.size()): // NepefaTo faHHuie

// dyHkummn C

Boob6uie roBopsi, naHHBIE TaK)Xe MOXHO CKONMPOBaTh B MacCHB U TepeaTh HX
¢dynkuun C, Ho 3aueM 5To HyxHO? Eciu pasMmep KOHTelHepa He H3BECTEH HA CTaTMU
KOMHMJISILIMY, AMSTh PUAETCS BbIIEISITh JUHAMUYECKH, a B coBeTe 13 oObsacHsaercs,
IoYeMy BMECTO AHHAMUYECKHX MacCHBOB CJIEAyeT MCIIOJIb30BaTh vector,

CoseT 17. Vcnonb3ynTte «@oKyC C nepecTaHOBKOW»
ANs1 YMEHbLUEHUSI eMKOCTH

ITpeanosoxxum, BB NUuIETe HPOrPaMMy AJIsi HOBOTO TeJiellioy «DBemrenbie AeHbIU»,
Mudopmanus o noTeHIHANBHBIX YYaCTHUKAX XPAHUTCS B BEKTODE:

class Contestant {..}:

vector<Contestant> contestants;

IIpu o6bsiBIeHNUM HAGOPA YYACTHUKOB 3as1BKH CHIIUIIOTCSI TPAJIOM, H BEKTOP BBICTPO
3anoyHsAeTCs aneMeHTaMu. Ho 1o Mepe oT6Gopa NEpCHeKTUBHAIX KAHAWAATOB OTHOCH-
TesIbHO HeBOJIBIIOE KOJIUYECTBO 3JIEMEHTOB NIePEMEILAETCS B HAYasI0 BEKTopa (BeposT-
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HO, BBI30BOM partial_sort unu partition — cM. coseT 31), a HEeyAaUHHKH YAAISIOTCSA
13 BeKTOpa (KaK MPaBUJIO, IPH TIOMOIIH HHTEPBAJIBHON (DOPMEI €rase — CM. COBET J).
B peaysbraTe yaaneHus AjinHa BEKTOPA YMEHBUIAETCS, HO EMKOCTb OCTAeTCS TIPeXkHEil.
Ecsu B xakoii-To MOMeHT BpeMeHH BeKTop coAepxai aaHHble 0 100 000 xanannaros,
TO €r0 eMKOCTh ocTaHercst paBHoi 100 000, rake eciiu no3aHee KOJIHIECTBO SJIEMEHTOB
yMmeHbuuTcs 10 10.

YT06H! BEKTOD He YAEPXKUBAI HEHY)KHYIO TTAMATh, HEOGXOAMMBI CPECTBA, KOTOPhIE
6Bl MO3BOJISLIN COKPATHTh €EMKOCTD OT MAKCUMAJIBbHOM 10 MCHIOJIb3YeMOi B HACTOSIIME
MomeHT. [Tofo6Hoe cokpalneHie eMKOCTH 0GBIYHO HA3bIBAETCS «CHKATHEM TIO PA3MEPY».
Csxarue 1o pasMepy JIeTKO MPOTPaMMUPYETCs], OAHAKO KO — Kak Obl BHIPAa3UThCS
TnofieIuKaTHee? — BBIIVIAAMT HEAOCTaTOYHO HHTYHTUBHO. [laBaiiTe pasGepemcst, Kak OH
paBoraer.

Yceyenue nuurHeit eMKOCTH B BeKTOPe contestants NPOU3BOAUTCS CIELYIOUTHM 06-
pasom:

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

Bripaxenne vector<Contestant>(contestants) cosnaer BpeMeHHBI BEKTOP, COfEpXKa-
mui Komuio contestants; ocHoBHas paboTa BHINOJHAETCS KONHPYIOIHUM KOHCTPYKTO-
poM vector. Tem He MeHee, KOMHPYIOLIKIA KOHCTPYKTOP Vector BBIIENSET PoGHO CIMOALKO
NAMAMU, CKORLKO HE06X00UMO ONA XPAHEHUS KONUPYEMbIX INEMERMOE, TIOSTOMY BPeMeH-
HBI/i BEKTOP He COAEPKHMT JIMIIHeH eMKOCTH, 3aTeM coflepuMoe BeKTopa contestants
MEHSETCS MECTaMU C BpEMEHHBIM BEKTOpoM GyHKuHel swap. ITocse 3aBepiuenus 3Toit
omepanuy B contestants oxasbiBaeTcs coAepKHUMOe BPEMEHHOTO BEKTOPA C yCeueHHOl
€MKOCTBIO, 2 BPDEMEHHBIN BEKTOP COAEPXKHUT «PasAyThie» JaHHbIE, paHee HaXOAUBIIHECS
B contestants. B a1oT MomeHT (T0 eCTb B KOHIle KOMaH/{bl) BPEMEHHBII BEKTOP YHHYTO-
XKa€ercsl, 0CBOGOXKAas MaMsITh, paHee 3aHUMAEMYIO BEKTOPOM contestants.

AHaJIOTHYHBINA IPHEM NPUMEHSIETCS | [0 OTHOMIEHHIO K CTPOKAM:

string s:
// Co3paTts Gombliyy CTPOKY M YAAnUTb W3 Hee
// Gonblwyn 4acTb CUMBONOB
string(s).swap(s); // BeinonHuTs “cKaTMe no pasmepy” C OBBEKTOM S

51 He MOry IIpeOCTaBUTh CTOIMPONEHTHON TapaHTHH TOTO, YTO 3TOM TipHeM JeliCTBH-
TeJIbHO YAAIHT U3 KOHTEHHepa JIMITHIO eMKOCTh. ABTOPBI Pealu3aluit Ipy XKelaHuu
MOryT HaMePEHHO BBIAEJIMTD B KOHTeHepax vector u string JTMIIHIOW NaMsITh, ¥ HHOT-
A2 OHH Tak W moctynaioor. Hanpumep, konreiinep Moxer 061amaTh MUHEMANBHOIM
EMKOCTBIO HUJIH JKe 3HaYeHMsI eMKOCTH vector/string MOTyT OrpaHHYHBaThCS CTETIEHS-
MH 2 (110 COBCTBEHHOMY OMBITY MOTY CKa3aTh, YTO OAOGHbIE AHOMATHH Yalle BCTpeya-
I0TCs B peayiu3anusix string, HeXXeJiu B pealu3alnusax vector, 3a npuMepamu obpamaii-
Tech K coBeTy 15). Takum 06pasoM, «CxaTue 10 pasMepy» CiieayeT TIOHHMATb He Kak
«IIpUBefEeHHE K MUHBMAIBHON eMKOCTH», 2 KaK «IIpHBEJeHe K MUHUMATLHON eMKOC-
TH, IOMYCKAEMOM pealusanuelt A TeKylero pa3mepa KoHTeliHepas. BripoueM, aTo
Jy4duiee, YTO BBl MOXeTe C/ieJIaTh (He CYuTas IIepexofia Ha APYIyIo peanusanuio STL),
TOSTOMY «C3KaTue IO PasMepy» A1 KOHTelfHepoB vector U string pbaxTHiecKy SKBHUBa-
JEHTHO «(OKYCY C MePECTAHOBKOMH».
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KcraTtu roBops, ofiHa U3 Pa3HOBUAHOCTEl «(pOKyca C NepecTaHOBKOH» MOXKET MC-
I0JIB30BAThCS AJIA OYUCTKH KOHTelHepa C OAHOBPEMEHHBIM COKpAIlEHHEM EMKOCTH JI0
MHHHUMAJIBHOH BEJIMYHHEL, IOAAEPKUBaeMol Baweil peanusanueld. st 5T0TO B 1€pe-
CTaHOBKe HCIIOJIb3yeTCsl BpeMeHHbIH 06beKT vector umu string, cofepxumoe KOTOporo
€037aeTCsl KOHCTPYKTOPOM I10 YMOJIYAHHIO;

vector<Contestant> v;

string s;

// Wcnonb3o0BaTbL V M S
vector <Contestant>().swap(v); // Q4MCTUTL V C yMEHbUEHWEM eMKOCTH
string() .swap(s); // O4UCTUTL S C YMEHbUWEHUEM EMKOCTH

Ocraetcst cAenaTh HoC/eHee 3aMedanue, OTHocsIeecs K QYHKIHUH SWap B 11€JIOM.
ITepecTanoBKa COAEPKUMOIO ABYX KOHTeHHepOB TaKxe NPUBOJMT K MEPECTAHOBKE UX
HTEPATOPOB, YKa3aTesiel B CChUIOK. [TepaTophl, yKa3aTesl M CChUJIKH, OTHOCHBIIHECS
K 3/1eMEHTaM OJHOrO KOHTelHepa, MocJe BbI30BA SWap OCTAIOTCS AeHCTBUTE/IbBHBIMH 1
yKa3blBalOT Ha Te JKe 3JIEMEHTBI — HO 6 OpyzoMm Konmelinepe.

CoseTt 18. U3beraiTe vector<bool>

Vector<bool> xax xouteiinep STL o6naxaer smmp AByMs HedocTaTKaMu. Bo-nepBeIx,
3T0 Boobie He KoureitHep STL. Bo-BTOpHIX, OH He comepxuT bool.

O6mbexT He cTanoBUTCs KoHTelHepoM STL T0JIbKO MOTOMY, 4TO KTO-TO HA3BAJ €T0
TaKOBBIM — OH CTaHOBHUTCA KoHTelHepoMm STL numb npu cobiogenuu Bcex Tpebosa-
Hul, u3a0KeHHbIX B pa3aene 23.1 Crangapra C++. B yacTHOCTH, B 3THX TPeGOBaHUIX
TOBOPHTCSI, YTO €CJIY ¢ — KOHTelHep 06beKToB Tuma T, moAfepkuBaouuii onepatop [ ],
TO CJIeAYyIoN[ast KOHCTPYKIIMS AO/DKHA HOPMATBHO KOMITHWJIHPOBAThCS:

T *p = &c[0]; // VHuumanuaupoBaTb T* aapecoM paHHMX,

// BO3Bpawaemsix onepatopon []

Wuade roBopsi, ecyiu onepatop [ ] HCMONB3YeTCst st MOJy4eH st OAHOTO U3 00beK-
toB T B Container<T>, To yKa3aTesb Ha 3TOT 06BEKT MOXKHO MOJIYYHTH MPOCTHIM B3SITHEM
ero azipeca (Tpexmnosaraercs, 4To oneparop & Tuma T He GblI MeperpyskeH HU3BpalleH-
HbIM criocobom). CrieoBaresibHO, 4TOOHI vector<bool> GBI KOHTERHEPOM, CIIEAYIOIMT
(parMeHT JOKEH KOMITMIMPOBATHCS:

vector<bool> v;

bool *pb = &v[0]: // VnuumanuaupoBaTe bool* agpecoM pesynbTaTa,

// BO3Bpawaemoro onepartopom vector<bool>::operator(]

OnHako MpUBEJeHHBIN (hparMEHT KOMIIMJIMPOBAThCs He GyaeT. [Jeo B TOM, 4TO
vector<bool> — ICeBAOKOHTeMHep, colepKalluil He HACTOSIINE JIOTHYECKHE BeJIHIH-
HEI boo1, a X MpeACTaBJIeHuUs, YIAKOBAHHEIE AJi1 3KOHOMUHK MecTa, B TunuyHoi peanu-
3aIMH KaXKAas IICeBA0BEINYHHA «b00T1», XpaHsAIasACs B ICEBAOBEKTOPE, 3aHUMAET OAUH
6uT, a BOCbMUOMTOBHII GaliT IpeAcTaBsieT BoceMb «bool». Bo BHyTpeHHEM IpeacTas-
JneHuu vector<bool> GysieBEl 3HAYEHHS, KOTOPHlE JOJDKHE XPAHHUTHCS B KOHTEHHEpE,
HPEACTABAAIOTCS aHAJIOTaMK OGUTOBBIX MoJiel.

Burossie moJst, Kak 1 bool, MPHHAMAIOT TOJBKO ABA BO3MOXKHEIX 3HAYEHMS, HO MEX-
Iy «HACTOSAIIMMU» JIOTHIeCKHUMH BeJIMYMHAMH U MACKUPYIOIMMHCS TTOA HUX GUTOBBI-
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MH TIOJISIMH CYILIECTBYET IIPUHIKNHKANbHOe pa3yimune. Co3aaTh yKasaresb Ha pealbHoe
4ucIio bool MOXKHO, HO yKa3aTesld Ha OTAeJIbHbIEe OHTHI 3aTIPEIleHbl.

CcRUIKH Ha OTAeNbHbIe GUTHI TOXKE 3aTpenIeHsl, YTO MPeACTaB/IAET ONPeAENIeHHYIO
npobieMy sl AusaiiHa uHTepdeiica vector<bool>, nockonbKy pyHKuust vector<T>::
operator[] A0oJKHA BO3BpaIATh 3Hadenue Tuna T&. Eciu 651 KoHTeitnep vector<bool>
AeMCTBUTEIBHO COAEPXas bool, aToi NPO6JIEMEL He CYIIECTBOBAJIO GBI, HO BCIEACTBHE
ocob6eHHOCTeN BHYTPEHHETO NpeAcTaBieHus QyHKIusA vector<T>::operator[] AojokHA
BEPHYTh HECYIIECTBYIOLLYIO CCBUIKY Ha OTAEJIBHBIH OHT.

Yr06b1 CIPaBUTHCSI C STUM 3aTpyAHeHHeM, QyHKIus vector<T>; :operator[] Bo3spa-
1[aeT 06BbEKT, KOTOPHIH uMuUmupyem CChUIKY Ha OTAEJBHBIN OUT — Tak Ha3blBaeMBIH
npomescymounviii obvexm. st ucnosnzosannst STL ne obsA3aresibHO MOHUMATD, KAk
paboTaloT MpoMexyTOoYHble 06BEKTH, HO BoOOLIE 3TO BeChbMa MoJjieaHas uauoma C++.
JomonHuTebHas uHGOPMANKs 0 POMEXYTOYHBIX 00beKTax npuBeeHa B coBere 30
«More Effective C++», a Takxe B pasaesne «[larTepn Proxy» xuuru «IIpueMs o6bekt-
HO-OPHEeHTHPOBAHHOTO npoekTHpoBanus» [6]. Ha nmpocreftmem yposHe vector<bool>
BBITJISIAMT NMPHUMEPHO TAK;

template <typename Allocator>

vector<bool,Allocator> {

public:

class reference {..}: // Knacc, reHepupyouuii npoMeRyTOYHbIE
// OOBeKTH ANA CCLNOK HA OTAEnbHbie BT

reference operator[](size_type n); // operator[] so3spamaer
- // NPOMEKYTO4HLIA OBbLEKT
}:

Teneps NOHATHO, MOoYeMy cleAyIOUIHil GparMeHT He KOMITUIHPYETCS:

vector<bool> v;
bool *pb=&v[0]; // Ouwubra! Buipawenue 8 NpaBoONl 4aCTH OTHOCUTCA K TUMy
// vector<bool>::reference*, a ve bool*

A pa3 ¢pparMeHT He KOMITIIIMPYETCs], vector<bool> He yAOBIeTBOPSieT TPeOOBAHUSIM
K xonTeiinepam STL. [la, cetmduka vector<bool> ocobo orosopeHa B CranaapTe; A2,
3TOT KOHTEHHEp noumu yaoBJIeTBoOPsieT TpeboBaHusIM K KoHTeitnepam STL, Ho «modTus»
He cuuTaercsi. YeM 6osiblie BB HamulIeTe WaGJI0HOB, TpeJHa3HAYEHHBIX 151 paboTHI C
STL, TeM ri1y6:xe BBl 0OCO3HAETE 3TY MCTHHY. YBEPSIIO BaC, HACTYIMT AeHb, KOrAA HaMH-
caHHBIH BaMu abjioH 6yAeT paboTaTh JIMIIB B TOM CJIyYae, eCIy MoJy4eHue ajpeca
3/7EMEHTa KOHTeHHepa JaeT yKasaTe b Ha THII 9JIEMEHTA; ¥ KOTJa 3TOT A€Hb IPUIET, BB
HATJISAHO OLIYTHTE PA3HHILY MEXKAY KOHTEHHEPOM H noumu KOHTeHEPOM,

CrpauruBaercst, modemy xe vector<bool> mpucyrcryer B CTanzapre, eciii 5T0 He
KoHTeliHep? OTYaCcTH 3TO CBS3aHO C OAHUM GJIArOPOAHDBIM, HO HEYAAYHBIM SKCIIEPUMEH-
TOM, HO TO3BOJIbTE MHE HEHAJOJTO OTJIOKHUTD 3Ty TEMY M 3aHSTHCS 60Jiee HACYIIHBIM
BornpocoM. Hrtak, ot vector<bool> ciieAyeT AepiKaThbCsl MOJANbIIE, TIOTOMY YTO 3TO He
KOHTEHHEp — HO YTO e AeNaTh, KOTAA BaM AeHCTBUTENbHO 70HAJ0OUMCA BEKTOD JIOTH-
9ECKUX BEJIHIUH?

B cranpapTHyo 6u6aMOTEKY BXOAST ABA AJIbTEPHATUBHBIX PelIeHHs, KOTOPbIE MOA-
XOAAT MpaKTHYecKH AJist JioObIx curyaimil. [Tepsoe pemenune — deque<bool>. Konreitnep
deque o61afiaeT MpaKTHYECKH BCEMH BO3MOXKHOCTSIMH vector (3a HCKIIOYeHHeM Da3Be
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yTO reserve u capacity), Ho npu 3ToM deque<bool> SIBJISIETCS TOJHOIEHHBIM KOHTENHE-
pom STL, conepxamum HacTosimMue 3HauyeHus bool. KoneuHo, BHYTpEHHAS MaMATH
deque He 06pasyeT HeMpephIBHEI 610K, TO3TOMY AaHHbIE deque<bool> He yaacTcs nepe-
aatb pynkuuu C, mosyyatomeit Maccus bool (cm. coser 16), Ho aTo He yAaoch 6ul cae-
JaTh 1 ¢ vector<bool> u3-3a OTCYTCTBHSA MEPEHOCHMOTO CIIOCO0A MOTYYEHUs JAHHBIX
vector<bool>. (IIpuem, mpoaeMOHCTPUPOBAHHBL ISt vector B coBete 16, He KoMIuIIH-
pyercs Aist vector<bool>, HOCKOJIBKY OH 3aBHCHT OT BO3MOXKHOCTH IOJYYeHHUS Ha THIT
3JleMeHTa, XPaHIEerocs B BEKTOpe, — KaK YIIOMHHANOCH BHIIle, vector<bool> He cozep-
KHT bool.)

Bropoii ansTepHaTUBOM AN1st vector<bool> siBisiercst bitset. Boobme rosops, bitset
He SBJISETCS CTaHAApTHHIM KoHTeiinepoM STL, Ho BXOAHT B CTaHAAPTHYIO 6ubIHOTEKY
C++. B otsmmune ot xonTeitnepos STL, pasmep bitset (Koyn4ecTBO 371€MEHTOB) PUK-
CHPYeTCs Ha CTaiii KOMITHJ/ISIIIKY, TO3TOMY OMNeEpalluy BCTABKH-YAAJICHHUS 3JIEMEHTOB
He moaepxuBaioTcst. Bosee Toro, mockoibKy bitset He siBisiercs konTelinepom STL,
B HEM OTCYTCTBYeT IOJJepkKa uTepaTopos. TeM He MeHee bitset, kak u vector<bool>,
HCIIOJIb3yeT KOMIIAKTHOE MPeCTaBJIEHHE KAXKAOTO JIEMEHTA OAHUM OUTOM, OJIepHKHU-
BaeT GyHKiMI0 f1ip KoHTeiiHepa vector<bool> K pAA APYTHX CNelHaTbHBIX QYHKIHM,
HMEIOIUX CMBIC] B KOHTEKCTe GUTOBBIX MHOXeCTB. Eciin BHI nepexuBere 6e3 ureparo-
POB M AMHAMHYECKOrO U3MEHEHHs Pa3MepOB, BEPOSITHO, bitset xopomo mogoiaer As
BaIIHX IeJel,

A Temepb BepHeMCs K 6JIaTOPOAHOMY, HO HEyAaYHOMY 3KCIIEDHMEHTY, U3-3a KOTO-
POTO MOSIBHJICS «TICEBAOKOHTElHED» vector<bool>. { yske yrioMuHaJ 0 TOM, YTO MpoMe-
XKYTOUHBIe 00DEKTH YaCTO MCIOJIB3YIOTCS NPH MporpaMmupoBaHud Ha C++. Uienn
Komurera no cranaaprusanuu C++ 3Haau 06 3TOM, IIO3TOMY OHM PELIMJIA CO3AaTh
vector<bool> Kax HaIJIAHELII IpUMeD KOHTeliHepa, JOCTYI K 3JIEMEHTaM KOTOPOTo Npo-
U3BOAMTCS Yepe3 MPoMexKyTouHble 00beKTH. [Ipearnonaranocs, 4To MPH HAUTHYHH TAKO-
ro nmpumepa B CTaHAapTe y IPOrPaMMHECTOB MOSIBUTCS TOTOBBIN 0Opasell AJist IOCTpoe-
HUSI COOCTBEHHBIX AaHAJIOTOB.

B urore BBISICHUJIOCH, YTO CO3AATh KOHTEHHED ¢ MPOMEXYTOYHBIMH 0ObEKTAMH,
YAOBJIETBOPSLIOIHIt BceM TpeGoBanusM K KoureiiHepy STL, nesoamoncro. Tak nnu una-
de, CJIeAbl ITOM HEYAAYHOMH MONMBITKY coXpanuich B Cranmapre. MoxHO J0JITO rafaTs,
noyeMy vector<bool>GbLI COXpaHeH, HO C IPAKTUYECKON TOYKH 3PEHHUS 3TO HECYILIECTBEH-
Ho. ['1aBHOE — MOMHuTe, 4TO vector<bool> He yIOBIETBOPSIeT TpeGOBAaHUAM K KOHTEHHE-
pam STL, 4To uM Jiyullie He TIOJIB30BATBCS K YTO CYLIECTBYIOT aJbTePHATHBHbIE CTPYK-
Typbl AaHHBIX deque<bool> 1 bitset, mouTH Bcerna cocobHble 3aMeHUTD vector<bool>.



AccoumaTuBHbIE
KOHTeUHepbl

AccounaTuBHBIE KOHTEHHEPH N0 HEKOTOPHIM XapPaKTEPHCTHKAM CX0XH C HOCJIe0-
BaTeJIbHBIMH KOHTeHHepaMHy, OJJHAKO MEXKAY 3THMH KaT€rOPHAMHU CYLIECTBYET PSIA
NPUHIHUNHAJBHEIX pa3anduit. Tak, cogepkuMoe acCoilMaTHBHBIX KOHTEHHEPOB aB-
TOMATHYECKH COPTHPYETCS]; aHANU3 COAEPKUMOTO NPOU3BOAUTCS IO KPHUTEPHIO SKBH-
BJIEHTHOCTH, 2 HE PaBEHCTBA; KOHTEHHEPH Set ¥ Map He MOT'YT COAEPXKaTh AYOIUKATOB,
a KOHTeiHepbI map 1 multimap 06bI9HO HTHOPHUPYIOT MOJIOBUHY JAHHBIX B KAXKAOM U3 CO-
AepXKaluXcst B HUX 00beKToB. /[, acCoaTUBHbIE KOHTEMHEPDI BAAIOTCA KOHTEHHE-
PaMH, HO OHH ONPEEIEHHO BBIAEISIOTCS B CAMOCTOSITENIBHYIO KaTETOPHIO.

B 37011 I71aBe MBI pacCMOTPHUM OCHOBHOE MOHSITHE 3KBUBAIEHTHOCTH; IPOAHAIM3H-
pyeM Ba)KHOE OrpaHudYeHue, yCTAHOBJIEHHOE 47151 (GYHKIHH CDaBHEHHS; TO3HAKOMUMCS
C MOJIb30BATe/IbCKUMH (DYHKIMSIMH CPaBHEHHS AJIS1 ACCOLMATUBHBIX KOHTEHHEPOB
ykasaTeleit; o6cyaum oduiMasbHEE U IPAKTHYECKHE aCIIEKThl HEU3MEHHOCTH KJTIO-
43, a TAKXKe MyTH MOBHIIIEeHUS 3(pEKTHBHOCTH aCCONMATUBHAIX KOHTEHHEPOB.

B STL orcyrcTByioT KoHTeliHepb! Ha Ga3e Xa1I-TabMil, I03TOMY IJIaBa 3aBEpIAeT-
csl IpEMEpPaMH ABYX PACIPOCTPAHEHHBIX (XOTS M HeCTaHAApTHBIX) peaiusauuit. He-
CMOTPst Ha OTCyTCTBHe Xam-Tabmui B STL, BaM He pHAeTCst peaM30BbIBATD HX CAMO-
CTOSITEJIBHO WM 0OXOAMTBCS APYruMH KoHTelHepamu. CyIecTByeT HeMalo TOTOBBIX
KadyeCTBeHHBIX peau3alHii.

CoseT 19. MNoMHUTE O pasnuuusax Mexay
paBeHCTBOM W 3KBMBANEHTHOCTbIO

3azaya cpaBHeHHs 06bekToB Bo3HuKaeT B STL ouens yacro. Hanpumep, eciu yHK-
uust find MILET B HHTEpBaJle MepBbIil 00DEKT C 3a/ilaHHbIM 3HAYEHHEM, OHA IOJIKHA YMETh
cpaBHUBATh JBa 00bEKTa U Y3HABATh, COBIANAIOT JIK MX 3HaYeHusL. [Ipu NOMbITKe BKJIIO-
YeHHsT HOBOTO 3JIEMEHTA B MHOXXECTBO (DYHKIUS set: :insert Ao/oKHA MIPOBEPHUTD, He
CyIleCTBYeT JIM JaHHOe 3HaYeHHe B KOHTelHepe,
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Anropur™m find u pyHkuus set: :insert ABJAIOTCS THIHYHBIMH NPEACTABUTENAMU
ceMelicrBa GyHKIuiT, TPOBEPAIOIINX COBNaJeHUE ABYX BEIUYHH, OAHAKO AeJAI0T 3TO0
oHu mo-pasnoMy. s find coBnazienueM CYMTAETCS paserHcmeo ABYX BeTMIMH, IIPOBe-
psiemoe onepatopoM ==, Dynkuus set: : insert nposepsieT OTHOLIEHUE IKEUBANEHMHOC-
mu, 06bIYHO OCHOBAHHOE Ha omepaTope <. TakuM 06pa3oM, M0 OAHOMY ONpeAeIEHUI0
ABa 00bEKTa MOTYT MMETh OAMHAKOBbIE 3HAYEHHS, TOTAA KaK 110 APYTOMY OHpeAesICHHIO
oum 6yayT pasnmyathesi. OTCi0Aa cieayeT, YTo A5 3PEKTUBHOTO HCTOJIb30BAHKS
STL neobxoauMo MOHUMATh PAa3IMYHsA MeX 1y PABEHCTBOM M S9KBHBAJIEHTHOCTHIO.

MopmasibHOE ONpeAesieHne paBeHCTBA OCHOBAHO Ha MCIIOJIb30BAaHHH OIEpaTOpa ==
Eciin pe3ysibTaT BRIpRXKEHHS X==y PaBeH true, 3HAYHUT, X M Yy HMEIOT ONHHAKOBBIC 3HAaYe-
Hu4, a ecyin false — pasubie. B ieoM onpeznesenue BecbMa npsiMOJIMHENRHOE, XOTS Clie-
AYET TIOMHHUTD O TOM, YTO U3 PABEHCTBA 3HAYEHHI He CJeAyeT PaBeHCTBO BCEX NOJei
nanublx. [Ipeanosoxum, knace Widget XxpaHHT BHyTpeHHUE JaHHbIE O BpEMEHH MOCJIEN-
HEro o6palleHus:

class Widget {
public:

private:
TimeStamp lastAccessed:

I8
st knaccaWidget MOKHO OIIpefiesIHTh ONepaToOp ==, UTHOPUPYIOIIKIi 3HAYEHHE 3TO-
IO MOoJIs:

bool operator==(const Widget& 1hs, const Widget& rhs)

// Tone lastAccessed urHopupyeTcs

}

B aToM ciyyae aBa o6bekra Widget OyAyT CUMTATBCS PaBHBIME JaXKe B TOM CIIydae,
ecsiy ux noJist 1astAccessed copepxaT pa3Hble 3HAYEHHS.,

OKBHBAJIEHTHOCTh OCHOBAHA Ha OTHOCHTEIBHOM HopsiAKe 3HaYeHUIA 0OBEKTOB B OT-
COpPTHUPOBaHHOM HHTepBae. [Ipoine Bcero paccMaTpuBaTh ee B KOHTEKCTe MOPSIAKa Cop-
THPOBKH, SIBJISIIOLIETOCS YaCThIO JIIDOOTO CTAHAAPTHOTO aCCOIMATHBHOTO KOHTelHepa
(To ecthb set, multiset, map ¥ multimap). /[Ba 06beKTa X M Yy CYMTAIOTCS SKBHBAIEHTHBIMU
II0 OTHOIIEHHIO K MOPSIAKY COPTHPOBKH, HCIOJb3YEMOMY ACCOI[HATUBHBIM KOHTeM-
HEPOM €, €CJIM HU OJJMH U3 HHUX HE NpeAuecTByeT APYTOMY B NMOpAAKe COPTHPOBKH C.
Ha nepBriii B3Isia Takas (popMyIHPOBKA KaXKeTCs 3allyTaHHOMH, HO HAa MPaKTHKe BCe
npocro. BoabMeM xoureiiep set<Widget> s. /[Ba o6bexTa Widget, wl u w2, UMEIOT 3KBU-
BJIEHTHBIE 3HAYEHHUS 10 OTHOIIEHHUIO K S, €CJIM HA OAUH U3 HUX He MpeAlIecTByeT APY-
roMy B HODsAKe COPTHPOBKH S. CrangapTHas (GyHKIUsA cpaBHeHus 1151 set<Widget> —
less<Widget> — 0 yMOJI4aHHIO MPOCTO BHI3bIBAET operator< ajisi o6bexToB Widget, mo-
aToMy Wl M W2 OyAyT UMeTh 3HAYEHHUSI, SKBUBAIEHTHEIE 10 OTHOIIEHHUIO K operator<, eciiu
HCTHHHO CJ€AYIOIIEE BRIPAKEHUE:

I (wl<w2) // Ycnosve wl < w2 nowHo

&& /!l n
T (w2<wl) // Ycnosue w2 < wl NOWHO
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Bce BrioJiHe TOTHYHO: ABA 3HAYEHUS] 9KBHBAJIEHTHEI (TI0 OTHOLIEHHUIO K HEKOTOPOMY
KpUTEpHIO YHOPSAOYEHNU ), eCJIH HH OFHO H3 HHX He NpPeAIlecTByeT APYTOMY B COOT-
BETCTBHH C JAaHHBIM KpHUTEPHEM.

B o6mem cityyae byHKImel cpaBHEHHS U1 aCCOLMATHBHOTO KOHTeHepa ABJIAET-
Csl He oTepaTop < MM Aaxe 1ess, a mosib3oBaTesbcKuit mpeauxat (cM. coset 39). Kax-
ABIH CTaHAAPTHHIM aCCONMATHBHEIM KOHTeHHeD NpeXoCTaBJsieT CBOM NPpeAHKaT COpTH-
poBKH Yepe3 (pyHKIHIO key comp, MO3TOMY ABa OGBEKTA X M Y HMEIOT SKBHBATEHTHHE
3Ha4YEeHHUS IO OTHOUIEHHKIO K KPUTEPHIO COPTHPOBKH acCOIMATHBHOIO KOHTeiiHepa C,
€CJIN BHIMOJIHAETCS CIEAyIolee YCIOBHE:

tc.key_comp() (x.y)&&!c.key_comp()(y.x) // x ne npejwecTsyeT y

// B nopAjKe COPTUPOBKM C,
// ay He npepwecTsyeT X

Bripaxenue !c.key_comp()(x,y) BHIJIIAUT yCTpamIaiomle, HO CTOUT MOHATD, YTO
c.key_comp() Bosspamaer ¢pyuknuio (win 06beKT PyHKIMH), KaK BCe 3aTPyAHEHHS
ucyesaor. [lepea HamMu NPOCTOi BBI30B GyHKIMH (MK 00beKTa QYHKIMH), BO3BpA-
m@aeMoit key_comp, KOTOpOH MepeAaloTCs apryMeHTH X U Y. 3aTeM BBIYHCIIsSIeTCs JIo-
rudeckoe oTpuianue pesyibrara. Oyukuus c.key comp() (x,y) Bo3BpaiiaeT true Juib
B TOM CJIy4ae, ecli X IPeJIIECTBYET ¥ B MOPsIAKe COPTHPOBKH, MO3TOMY BBHIDAXKEHHE
ic.key_comp() (X,y) HCTHHHO TOJIbKO B TOM CJIy4ae, eCIu X He npeduecmayem y B IOPSA-
Ke COPTHPOBKH C.

Yro6H! BB JIy4lIe OCO3HAIM MPHHIHIHAIBHEIN XapaKTep pa3/induil MeXIy paBeH-
CTBOM H 9KBHBAJIEHTHOCTBIO, PACCMOTPHM HpHMep — KOHTelHep set<string> 6e3 yuera
PETHCTPa CMMBOJIOB, TO €CTh KOHTeltHep set<string>, B KOTOpoM (byHKIIMSI CDABHEHUS
HUFHOPUPYET PETUCTP CHMBOJIOB B CTPoKax. C TOYKH 3peHust Takoit QYyHKIHH CTPOKH
«STL» u «stL» sxBuBanentHsl [Ipumep peanusanuu QyHknuu ciStringCompare, ur-
HOpHpYIOIIel peruCTp CHMBOJIOB, IIpUBeAeH B coBeTe 35, oaHako set TpeGyercst mun
byHKUMY cpaBHeHHS, a He cama (yHKius. YToOB 3aN0AHUTD 3TOT NPOGEJT, MBI THIIEM
KJacc pyHKTOpA ¢ oneparopoM (), BRI3bIBaOIKM ciStringCompare:

struct CIStringCompare: // Knacc cpaBHeHns CTpOK

public // 6e3 yyeTa perucTpa CHUMBOJNOB;

binary_function<string.string.bool>{ // onucanue 6a3oBoro knacca
// npusepero 8 coseTe 40

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

return ciStringCompare(lhs,rhs): // Peanu3auus ciStringCompare
// npusepena B cosete 35
}

}
[Ipu Hanuyuu CIStringCompare KoHTeliHep set<string>, uTHOpUPYIOIIMI PerHCTP
CHMBOJIOB, CO3JIAa€TCS O4E€Hb IIPOCTO:

set<string,CIStringCompare> ciss:

Tenepb mpu BCTaBKe CTPOK «Persephone» u «persephone» B MHOXKeECTBO 6yIeT BKIIIO-
YeHa TOJIBKO MePBasi CTPOKA, MOCKOJIBKY BTOPasi CYMTAETCS 9KBUBAJIEHTHOM:

ciss.insert("Persephone"); // B MHOKECTBO BKJOYBETCA HOBbIA 3n1€MEeHT
ciss.insert("persephone”); // JKBMBANEHTHbIA 3NEMEHT He BKN4AeTCA
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Eciu teneps nmpoBectu mouck crpoku <persephones dynkiueit set: : find, pesynp-
tar 6y/eT yCIEeNHbIM:

if(ciss. find(“persephone”)!=ciss.end()).. // 3neMenT Hainen
Ho ecsii BOCTIOIB30BATHCS BHELIHUM airopuT™MoM find, MoMCk 3aBepiiaercs HeyAadelt:

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

"persephone”)!=ciss.end()).. // 3nemeHT OTCYTCTBYET

Ilento B TOM, 4TO cTpoka «persephone» axeusarenmuna «Persephone» (mo orHo-
meHuo K PpyHKTOpy cpaBHeHus CIStringCompare), HO e pasua eit (TOCKOJbKY string
("persephone") {=string("Persephone™) ). IIpuBeaeHHbI} IpHMeD MOACHAET OAHY U3 IIPH-
YHH, IO KOTOPOH B COOTBETCTBHH C COBETOM 44 PEKOMEHAYETCS UCIOJIBb30BaTh (PyHK-
1uH KOHTelHepoB (set: : find) BMecTo ux BHemrHux aHanoros (find).

BosHnukaer Bonpoc — nodeMy ke B paboTe CTAHAAPTHBIX aCCOLMATHBHBIX KOHTEH-

. HEPOB MCTIOJIb3YETCs MOHSATHE SKBUBAJIEHTHOCTH,  He paBeHCTBa? Benb GosblunHCTBY
MPOTPaMMHCTOB PABEHCTBO KaXKETCsI HHTYMTHBHO OoJiee MOHATHBIM, YeM 3KBUBAJIEHT-
HOCTb (B IPOTHBHOM CJIy4yae AaHHBIA coBeT Oblit Obl imHuM ). Ha nepsriit B3rusig or-
BeT KaXKeTCsl MPOCTHIM, HO YeM HOJIbIIE PA3MbINISEIs HAJl 3THM BOIIPOCOM, TeM MeHee
O4YEBHIAHBIM OH CTAHOBHTCS.

CrangapTHble aCCOIMATHBHEIE KOHTEHHEDE! COPTHPYIOTCS, MO3TOMY Ka)kAblil KOH-
TeiHep J0J/DKeH uMerh QYHKIHIO cpaBHeHus (IO YMOJIYaHUIO 1€SS), ONpeaesIsIOuyo
HOPSIAOK COPTHUPOBKH. JKBHBAIEHTHOCTD ONpeAesieTcsl B KOHTeKCTe (DYHKI[UH CpaB-
HEHUSs, TO3TOMY KJIMEHTaM CTaHAAPTHBIX aCCOIHAaTHBHBIX KOHTEHHEPOB OCTAETCH JIKIIb
3a/iaTh eAMHCTBEHHYIO (pyHK1MIO cpaBHenus. Eciu 6B acconuaruBHble KOHTEHHEPHI
IpH CpaBHEHHH 0OBEKTOB MCIIOJb30BAIH KPUTEPHI PABEHCTBA, TO KAXKAOMY acCONHa-
THBHOMY KOHTelHepy, TOMHMO HCIIOJIb3yeMoii pu COpTUpoBKe DYHKIIMK CPaBHEHHS,
NpHULIOCH OBl OMpeaesIsiTh BTOPYIO (DYHKIMIO AJIsl IPOBEPKH paBeHCTBa. BeposTHo,
0 yMOJYaHHUIO (DYHKIUS CpaBHeHHS Bbi3biBasa Obl equal_to, HO MHTEPECHO 3aMe-
THTB, 4TO QyHK1us equal_to B STL He ucmosb3yercsi B KadeCTBe CTAHAAPTHOM (PYHK-
uun cpaBHenust. Korna B STL BosHuKaeT HEOGXOAMMOCTD [IPOBEPKM PaBEHCTBA, MO
YMOJIYAHMIO IPOCTO BBI3BIBAETCS OllepaTop =. B yacTHOCTH, HMEHHO Tak MOCTyTaeT
BHemrHu# aaroputyM find.

HomyctuM, y Hac uMeeTcs KOHTeitHep set2CF, mocTpoeHHbIi 1Mo o6pasity set — «set
¢ 1ByMs GYHKIHAMU cpaBHeHUS». [lepBast PyHKIMsI cCPaBHEHHUS OTIpefesieT MOPSA0K
COPTHPOBKH 3JIEMEHTOB MHOXECTBa, a BTOPast HCIIOJIb3yeTCst 47151 MPOBEPKH PABEHCTBA.
A Teniepb paccMOTpuM ciienyioniee 0ObsiBIIEHHE:

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

KoHTeitHep s npon3BOAKUT BHYTPEHHIOW COPTHUPOBKY CTPOK 6€3 yueTa peructpa, Ho
C HCNIOJIb30BAaHHEM MHTYHUTHMBHOIO KPHTEpHS DaBEHCTBA: BE CTPOKH CUUTAIOTCS paB-
HBIMH TIPH COBHAJIEHHH UX CoAepkuMoro. IIpeanosioxumM, B s BCTABIIAIOTCS ABA Bapu-
aHTa HamucaHusi CTpoku «Persephones:

s.insert("Persephone”);

s.insert("persephone”):

Kax noctynuts B 3TOM ciydae? Ecnu KoHTeliHep moliMer, 4To "Persephone” !=
"persephone", ¥ BCTABUT 06e CTPOKH B S, B KAKOM IOPSAKE OHM AOJKHBL CJIEA0BATH?
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HaroMHI0, 4To (PyHKIIUA COPTHPOBKYU 3TH CTPOKH He pasiumyaeT. CIiefyeT jiu BCTaBUTDh
CTPOKH B MPOM3BOJIbHOM NOPsiiKe, J0OPOBOJIBHO OTKAa3aBUIKMCh OT AETEPMUHHUPOBAHHO-
ro Topsifika nepe6opa coaepkuMoro KoxteiiHepa? HeneTepMuHMpOBaHHBINA NOPSAOK
nepe6opa y’xe IPHUCYLI aCCOUATHBHEIM KOHTeliHepaM multiset u multimap, MOCKOIBKY
CraHzapT He yCTaHABJIMBaeT HUKAKHX OTPAHHYEHHUI! Ha OTHOCUTeIbHBIH MOPAAOK CIIE0-
BaHHUs 3KBUBAJIEHTHBIX 3HadeHull (multiset) wau kiodelt (multimap). Vi nam cienyer
HACTOSTh Ha ACTEPMUHMPOBAHHOM MOPSIAKE COAEPXKHUMOTO S U IPOMTHOPHPOBATh BTOPYIO
NONBITKY BcTaBKH (415t cTpokH «persephones»)? A eciu 6yaer BbIOpaH 3TOT BapHaHT,
4TO MPOU30HAET MPH BHIMOIHEHUH CIeAYIOmMENR KOMaHADL

if (s.find("persephone”) != s.end()).. // Kakum Bynev peaynbTaTt npoBepKu?

Oyukius find ucnoJb3yeT NPoBEPKY PaBEHCTBA, HO €CIM MPOUTHOPHPOBATh BTO-
poii BEI30B insert A cOXpaHeHus AeTEPMHUHUPOBAHHOTO MOPSIAKA 37IEMEHTOB S, TIPO-
BepKa JacT OTPHI[ATeJIbHbIA Pe3yIbTaT — XOTs CTPoKa «persephones Oblia oTBepruyTa
Kak ny6suKarl

Mopaiib; HCTI0Jb3yst OAHY (PYHKIHIO CPAaBHEHUS ¥ IPUHUMAS PELIeHHE O «COBIajle-
HUH» IBYX 3HaYE€HHIN HA OCHOBAHMH UX SKBHBAIEHTHOCTH, Mbl M30€raeM MHOTOYHUCTIEH-
HBIX 3aTPYAHEHHUH, BO3HUKAIOIUX IIPH MCIOJIb30BAHUYU ABYX DYHKIuUII CpaBHEHHS.
ITonayany Takoi MOAXOM BHIVISAUT HECKOJBKO CTpaHHO (0COGEHHO KOTAa BBl BUAUTE,
4TO BHYTPEHHSIS ¥ BHENIHSISI Bepcuu find BO3BpalaoT pa3Hble pe3yJIbTATHL), HO B MEp-
CIeKTHBE OH H30aBJIsieT OT BCeBO3MOXKHBIX 3aTPYAHEHH, BOSHUKAIOIUX IIPH CMELIaH-
HOM HCHOJIb30BAHHH PABEHCTBA U 3KBHBAJIEHTHOCTH B CTAHAAPTHAIX aCCOI[MATHBHEIX
KOHTEliHEepax.

Ho crout otoiitu oT copmuposannbix acconuaTHBHBIX KOHTEHHEPOB, KaK CUTyalHsl
M3MeHsieTcsl, ¥ npo0iieMy DAaBEHCTBA U SKBUBAJIEHTHOCTH IPUXOAMTCS PEIATh 3aHOBO.
Cy1wecTByIOT ABe 00IUENPUHSATHIE PeATU3alMHy 1151 HECTAaHAAPTHBIX (HO IIKMPOKO pac-
MPOCTPaHeHHAIX) aCCOIMATHBHEIX KOHTeHHepoB Ha Gase xam-tabiui. OaHa peainsa-
1us OCHOBaHA Ha PAaBEHCTBE, a IPyTasi — Ha 3KBUBAIEHTHOCTH. B cosere 25 npusoaur-
Cs1 AOHOJIHUTE IbHAST MH(pOPMAIKs 00 3THX KOHTEHHEPaX ¥ TEX IPHHIIMNIAX, Ha KOTOPhIX
OHH OCHOBAHBIL

CoseTt 20. Onpegenute TUN CpaBHEHUS
ANS accoLMaTUBHOIO KOHTeUHepa,
coAepykallero ykasaTtenu

IIpeanonoxuM, y HacC UMeeTcs KOHTeliHep set, comepKaIuii ykazaTenu string*, 1 Mbl
NBTAaeMCS BKJIIOYUTD B HET'O HECKOJIBKO HOBBIX 3JIEMEHTOB:

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")};



88 Tnasa 3 ¢ AccounaTuBHLIE KOHTEHEPD

Crenyomuil ¢pparmeHT BHIBOAUT cofepxuMoe set. [Ipeanosaraercs, YTo CTPOKH
GyAyT BEIBEIEHH! B a7iaBUTHOM MOPSIAKe — Belb COAEP)KUMOe KOHTEHHEPOB set aBTo-
MaTHyecku coprupyercs!

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

i 1= ssp.end(): // nopapoK B8bIBOAA:
++1) // “"Anteater”, “Lemur",
cout<<*i<<endl: // "Penguin", “"Wombat"

OznHako Ha MPaKTHKe HAYETo MOX0Xero He MPOUCXOAUT. BMeCTo CTPOK BEIBOASITCS
YeThIpe IeCTHAIIATEPMYHBIX YUCTIa — 3HAUeHHs yKasaTeselt. [lockosibky B KOHTelHe-
pe set XpaHSATCS yKasaTesu, *1 ABJISAETCs He CTPOKOI, a ykasamenem Ha c1poky. Ilycts
9TOT YPOK HAIIOMUHAET, YTOOHI BB C1€A0BATH PEKOMeHAAuAM coBeTa 43 u naberanu
HanmucaHus cobcTBEHHBIX 11MKII0B, Mcnosp3oBaHue aslfOpUTMAa COpY.

copy(ssp.begin().ssp.end(), // CKonupoBaTh CTPOKM,

ostream_iterator<string>(cout."\n")): // conepwauwveca 8 ssp, 8 cout
// (He KomnunupyeTca!)
He TOJIBKO JeJ1aeT MporpaMMy 60Jiee KOMIIAKTHOM, HO M TOMOraeT GhicTpee 0GHAPY KUTh
omm6Ky, OCKOJIBKY BbI30B copy He KoMnunupyetcs. Mirepartop ostream_iterator nomken
3HATD THI BLIBOAMMOTO 06BeKTa, MO3TOMY KOrAa KOMIUWIISITOP 0OHApyXXUBaeT pacxoxe-
HHe MEX/Iy 3aJlaHHbIM B MapaMeTpe mabiona TUMom string 1 THIIOM 06beKTa, XpaHsIe-
rocs B ssp (string*), on Bbiaaer omwvGKy. Elne oauH A0BOA B N0/Ib3Y CH/IBHOM THITU3ALMH. .

Ecau 3aMeHUTD *1 B HKJIE HA **i, 603MOXCHO, BH TIOJIYYUTEe HYKHBIH pe3ysbTaT —
HO CKOpee BCEro, 3TOro He mpou3oiifert. Jla, cTpoku 6yAyT BEIBeIeHBI, HO BEPOATHOCTD
HX CJIEZ0BaHus B aibaBUTHOM NOPsiAKe paBHa Bcero 1/24. KonTeltnep ssp XxpaHHT CBOH
3JIEMEHTBI B OTCOPTHPOBAHHOM BH/le, OAHAKO OH COAEPXHMT YKa3aTe i1, TO3TOMY COPTH-
poBaThcst Oy aAyT sHauenus yxasamened, a He cTpokn. CyiecTByeT 24 BO3MOXHBIX Iepe-
CTAaHOBKH JIs HETHIPEX yKazaTesiell, To eCTh 24 Pa3HBIX MOCJ/IeJ0BaTEILHOCTH, U3 KOTO-
PBIX JIMIID OfIHA OTCOPTHPOBaHa B a/I(paBUTHOM MOPsAKe',

[Toaxoas K pelieHuIo 3Toi MpobJieMbl, HeJIMIIHEe BCIIOMHHUTD, 4TO 00bsAB/IEHKE

set<string*> ssp:

TPEACTABJISAET COGO COKpalIeHHYIO 3aMKCh A1 00bABIEHUSA
set<string*,less<string*> > ssp:
CTporo roBopsi, 3T0 COKpallleHHast 3anuCh AJIs 00 bsABIEHUS
set<string*, less<string*>, allocator<string*> > ssp;

HO B KOHTEKCTe JaHHOTO COBeTa paclpele/IUTe M MaMITH HeCYIIeCTBEHHBI.

EcJiui BB XOTHTE COXPaHMTh yKa3aTelu string* B KoHTeltHepe set TaK, YTOObI UX mopsi-
JOK OIIPEAEJIsICS 3Ha4eHUSIME CTPOK, CTAaHAAPTHBLI (PYHKTOP CpaBHEHHUA 1ess<string*>
BaM He mogoiaer. BMecTo sToro Heo6xoaumo Hamucars co6CTBEHHBIH (hyHKTOD Cpas-
HeHusI, KOTOPBIH MoJiydaeT yka3aTesau string* ¥ yHnopsAAOYHBAET UX IO COAEPKHMOMY
CTPOK, Ha KOTOpbIe 0HH ccpliatorcs. [Ipumep:

! CTporo roBops, He Bce 24 n1epecTaHOBKH PaBHOBEPOATHDI, TaK YTO BepOATHOCTb 1/24 He coBceM TouHa. Tem
He Menee, ocTaercs GeccriopHblil akT: cyuecmeyiom 24 pasHble 11epecTaHOBKH, H Bbl MOXETE NOJNy4YHTb
2106y10 U3 HUX.
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struct StringPtrlLess:
public binary_ function<const string*, // ba3osu#l Knacc
const string*, // onucan B cosete 40
bool> {
boo) operator()(const string *psl, const string *ps2) const

return *psl<*ps2;
1
}i

[Mociie atoro StringPtriess HCHOJIB3YeTCS B KA4eCTBE THIA KDUTEPUA CPABHEHHUA SS:

typedef set<string*, StringPtriLess> StringPtrSet:

StringPtrSet ssp: // Co3paTs MHOKECTBO C ofvekTamu string
// v NOpARKOM COPTUPOBKM, ONpefenaiemsin
// xputepuem StringPtrlLess
// BCTaBuTb Te Me YeTbipe CTPOKM

Teneps mpuBeAeHHEI Bblle UK OyAeT paboTaTh MMEHHO TaK, KaK MpeArnoJara-
510¢h (TIPH YCA0BMH, 4TO OMKOKA ObLIA HCIIPAaBJIeHa U BMECTO *i HCIIOIB3YETCs **i).

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

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

Ecnu BB npeAnoynTaere HCMOIB30BaTh aITOPUTM, HamumuTe GYHKIIUIO, KOTopast
Pa3BIMEHOBBIBAET yKazaTesn string* mepe BHIBOAOM, a 3aTEM UCIOJIb3YHTE ee B CoYe-
TaHuu ¢ for_each:

void print(const string *ps) // BbiBeCTu 8 cout obbeKT,

{ // Ha KoTOpbii CChinaeTca ps
cout<<*ps<<endl;

for_each(ssp.begin(),ssp.end(},print); // Bu3saTe print ana kawgoro
// 3neMeHTa ssp

CyuectsyeT 6oJiee H30IIPEHHOE pelleHne — 0O60BIEeHHbIIH (yHKTOp pa3sIMeHOBa-
HMS, MCIIOJIB3YEMBIi ¢ transformu ostream_iterator:

// ®ynxTop nonyyaeT T* v Boaspawaet const T&
struct Dereference({

template<typename T>
const T& operator()(const T* ptr) const

{
return *ptr;
1
}
transform(ssp.begin(),ssp.end(). /1 "Mpeobpa3osaTb" Kamgbii
ostream.iterator<string>(cout,"\n"), // anemeHT SSp nocpeaCTBOM
Dereference()): // pa3bimeHOBaHWA M 3anucaTh

// pesynbraTte B cout

BrnpoueM, 3aMeHa uKJIOB a/IropuT™MaMu 6yA€ET NOAPOOHO PacCMaTPUBATLCA MO3LHEE,
B coBeTe 43. A celtuac pedb MAET O TOM, YTO IIPH CO3JaHMH CTAHAAPTHOTO aCCOLMATHBHO-
T0 KOHTeHepa yKazaTesiel CJIEAyeT MOMHHTD: CONEPKMMOE KOHTeliHepa GyeT copTupo-
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BaThCS M0 3HAYEHUSM yKa3aresieil. Bpsa jiu Takoli NOPSAOK COPTHPOBKH BAC YCTPOHT,
MI03TOMY TIOYTH BCETAA OMPEAESAIOTCS KJIACChl-QYHKTOPbI, HCIOIb3yEMbIE B KaUeCTBe
THIIOB CDaBHEHHA.

OG6paTuTe BHUMaHUE HA TEDMUH <«/mun CPaBHeHHA». Bo3MOXHO, Bac HHTEpeECYeT,
3a4eM BO3UTBCS C CO3AaHMEM (DyHKTOpPa BMECTO TOTO, YTOOBI IPOCTO HANMHKCATh PYHK-
IMIO CpaBHEHMsI JUIs1 KoHTeltHepa set? Hampumep, Tak:

bool stringPtrLess(const string* psl, // Mpeanonaraeman dyHKUMA CPaBHEHMA

const string* ps2) // ana yka3aTeneit string*,
// COPTUpYEMHX NO COAEPHAMOMY CTPOKH
return *psl<*ps2;

}

set<string.stringPtrless> ssp; // MonwTKa wcnonb3osanua stringPtrless
// 8 KayecTse (yHKUMW CDABHEHMR SSP.
// He komnunupyetcat!!

[Ipo6ieMa 3aKaI04a€TCsI B TOM, YTO KOKABIH M3 TpeX MapaMeTpoB mabioHa set
noskeH 66Tb munom. K coxasnenuo, stringPtrLess — He Ty, a GyHKIHS, HO3TOMY HO-
IBITKA 337aTh stringPtrLess B KadecTBe (DYHKIMK CPaBHEHUS Set He KOMIMJIUPYeTCH.
Konrteiinepy set He Hy)kHa QYHKIHS; €My Hy>XeH THIL, HA OCHOBAHHH KOTOPOTO MOXHO
co30ams QYHKIMIO.

Kaxxanrit pas, KoTia BB CO3Ja€Te aCCOIMATHBHEL KOHTEHHED yKa3aTeiell, HOMHUTE
0 TOM, YTO BaM, BO3MOJKHO, IIPUAETCS 3a1aTh THII CPaBHEHMSI KOHTelHepa. B GosipuinH-
CTBE CJIy4a€eB THUIl CPAaBHEHHUS CBOAMTCA K Pa3bIMEHOBAHHIO yKa3aTellsl U CPaBHEHHUIO
06BEKTOB, KaK 3TO C/IeJIaHO B MPUBEACHHOM Bhille MpuMepe StringPtriess. Illabson ais
TaKuX QYHKTOPOB CPaBHEHHMS CTOUT AEPKaTh MoA pykoi. [Ipumep:

struct Dereferenceless {
template <typename PtrType>

bool operator()(PtrType pT1, // MNapameTpsl NEPEfanTCA N0 3HAYEHUI,
PtrType pT2) const // NOCKOAbKY OHY AOMKHb GbITb

{ // ykasatenamu (W no Kpa#ineid mepe
return *pTl<*pT2: // BecTn ceba, Kak ykasaTtenu)

1

b

Hanubpii wa6a0H CHUMaeT HEOOXOAUMOCTh B HANMCAaHMM TaKUX KJIACCOB, KaK
StringPtrlLess, NOCKOJIBEKY BMECTO HUX MOKHO HCI0JIb30BaTh Dereferenceless:

set<string*.Dereferenceless> ssp: // Bepet ceba Tak e, Kak

// set<string*,stringPtrlLess>

U nocnennee samevanue. JanHBIN COBET MOCBSILIEH aCCOIMATHBHEIM KOHTEHEPaM
yKasareJieli, Ho OH B paBHOH CTENIEH! OTHOCHTCS U K KOHTelHepaM 06BeKTOB, KOTOPhIe
6edym ce6s KaK yKasaread (HanpHuMep, yMHBIE YKa3aTesin u uteparophl). Eciu y Bac
HMeeTCs acCOIUaTHBHBIM KOHTEHHED YMHBIX YKa3aTeJieil Wik HTepaTopoB, HOAyMaiTe,
He CTOMT JIM 3a/laTh TUII CPaBHEHU: U A Hero. K cyacThio, penieHue, mpuBeeHHOE AT
yKasareJieid, paboTaer u 151 06bekToB-aHatoroB. Eciiu onpenenenue Dereferenceless
MOAXOAMT B KAYECTBE THUIIA CPABHEHHS IS ACCOIMATUBHOTO KOHTelHepa T*, 0Ho ¢ 60J1b-
110# BEPOATHOCTBIO MOAOHAET M AJIsl KOHTEHHEPOB MTEPATOPOB M YMHBIX yKasaresei
Ha 00beKTHI T,
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Coset 21. Cnegute 3a TeM, 4TOObI (PYHKLNN
cpaBHeHus1 Bo3spawanu false B criyyae paBeHCTBa

Ceituac s moxax<y BaM HeuTo JiioGonbITHOe, Co3zaiiTe KOHTEHHED Set ¢ THIIOM CpaBHe-
Husa less_equal u BCTaBbTe B Hero yucio 10:

set<int.less_equal<int> > s; // KouTeliHep S cOpTupyeTCA NO KpuTepuio "<="
s.insert(10): // Bcrtaska vucna 10

Teneps monpo6yiite BCTaBUTh 4uc/a0 10 MOBTOPHO:
s.insert(10):

IIpu aToM BEI30Be insert KOHTeHHep AOJIKEH BBISICHHTD, IPUCYTCTBYET JIH B HEM
gpucio 10. MBI 3HaeM, 4TO Takoe YHCIIO YiKe eCTh, HO KOHTelHep IJIyI KaK Npo6Ka u Bce
nposepsieT JudHO. YToGB BaM GBLIO MPOLIE MOHSITh, YTO IPH 3TOM MPOKUCXOAUT, HA30-
BEM MEPBOHAYAIbHO BCTaBjleHHBIH ax3eMIusip 10,, a HoBbIM sKk3eMIsIp — 105,

Kowurteiinep nepeGupaer CBOM BHYTPEHHHE CTPYKTYPHI JAaHHBIX M HILET MECTO AJIS
BcraBku 10p. B nrore emy npunercs nposeputs 10, u cpaBHuTH ero ¢ 105, s acco-
IIMaTHBHOTO KOHTEHHepa «CpaBHEHHe» CBOAMTCS K MPOBEPKe S3KBHBANEHTHOCTH (CM.
coBer 19), moaToMy KoHTeliHep MpOBepsieT 9KBUBAJIEHTHOCTb 06bexkToB 10, 1 105,
EcrecTtBenHo, npu aToli npoBepke ucnoib3yercs GyHKIMS CpaBHEHHsI KOHTeliHepa set;
B HallleM TPUMeEpeE 3To (PYHKIIUS operator<=, MoCKOJAbKY MBI 3alaiu QYHKIHUIO CpaBHe-
HUs less_equal, a less_equal o3Hadaer operator<=. 3aTreM KOHTeHED IPOBEPSET UCTHH-
HOCTD CJIEAYIOLIETO BbIPAXKEHHUSA:

1(10a<=10b)&&! (10b<=10a) // Nposepka 3ksupaneHTHoCcTH 10, u 105

O6a 3navenus, 10, u 10g, pasust 10, nostomy yeosue 10,<=105 3aBeOMO HCTHH-
HO. AHaJIOTHYHO HCTHHHO U ycnoBue 105<=10,. IIpuBesenHoe BhIlIE BRIpaXKeHHUe
ympoaercst 4o ! (true) &&!(true), To ecTr false && false — peayabrar pasen false.
HpyruMu croBaMu, KOHTeHHep NPUXOAMT K BHIBOAY, 4To 10, u 105 ne sxsusarenmmuoL,
u BcTaBjseT 10 B konTelinep Hapsay ¢ 10,. C TexHuYeCKO# TOYKH 3peHHst 9Ta HOTBIT-
Ka MPHBOAMT K HENpPeACKa3yeMbIM MOCJHeACTBHSIM, HO Ha MPAKTHKE B KOHTelHepe set
TOSIBJIAIOTCS 08a 3K3eMILIsApa 3Hadenus 10, a 5TO 03HAYAET YTpaTy OAHOTO U3 BaXKHeH-
mux cBoicTB set. [lepenaya Tumna cpaBHeHust less_equal mpuBesia K Mopde KoHTeliHepal
Bouee Toro, mo6as byHKuust CpaBHeHUsT, KOTOPas BO3BpAILaeT true AJIs paBHBEIX 3Have-
HUl, TPUBEJET K TeM Xe MOCIeACTBUSIM. PaBHble 3HAYEHHSI TI0 ONPEAENEHHIO He SKBH-
BaIeHTHE! 310p0OBO, He TIpaBAA JIH?

Mopaue: Bceraa cieaure 3a TeM, YTOGH (PyHKIMHE CPABHEHHS AJISI ACCOIHATHBHBIX
KOHTelHepOoB Bo3Bpalaty false 4Jisi paBHbIX 3HadYeHui. ByibTe BHUMATEbHBI, TOCKOIb-
Ky 3TO OrpaHHYEHHe O4eHb JIETKO YIIYCTUTD U3 BHAY.

Hanpumep, B coere 20 pacckasaHo 0 TOM, KaK HanucaTh (PYHKIIHIO CPaBHEHHS IJIsI
KOHTEHePOB yKa3aTejiel Sstring*, obecreynBamILyi0 aBTOMAaTHIECKYIO COPTHPOBKY
COREPXKUMOT0 KOHTelHepa 1o 3Ha4eHHsIM CTPOK, a He ykasateseil. IIpusenennas Gpynk-
Ysl CPaBHEHHS COPTHPYET CTPOKH IO BO3PACTaHHUIO, HO AABaiTe IPEANIOI0KHEM, 4TO
BaM IoHa06uIach Gy HKIUHUS AJIsl COPTHPOBKHY Mo y6biBanuio. EcrecTBeHHO, BB BO3bMe-
Te CyINeCTBYIOMMH Ko 1 oTpeAaKTupyeTe ero. Ho ecyiu He NposIBUTH AOCTaTOYHOM
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OCTOPOYKHOCTH, Y BaC MOXET MOJIYYMTHCS CIeAYIONMi pe3yJibTaT (H3MEeHEeHHA BhIese-
HBI JKHPHBIM mpUdTOM):
struct StringPtrGreater:
public binary_function<const string*, // KupHbm wpuTON BhiAENeHsl
const string*, // u3MeHenwd, BHECEHHLE B KOA
bool> { // wn3 coseTa 20.
// BruManue - NpMBEEHHOE peleHue
// ne pabortaer!
bool operator()(const string *psl, const string *ps2) const

return !(*psl<*ps?2): // TpoCTOE NOrMYecKoe OTpULaHWe
} // cTaporo ycnosua e paboTaer!

}:

Wnest 3axi04aeTcss B TOM, YTOOBI M3MEHHUTD HOPSIAOK COPTHPOBKH JIOTHYECKHM OT-
pHilaHHEM YCJI0BHsI B QYHKIHK CpaBHeHHS. K coxasleHuIO, OTpHIlaHHEM OTlepaA il «<»
SIBJIAETCS HE «>», @ «>=», a MBI BBISICHUJIH, YTO OIEpAIHA «>=», BO3Bpaljaomas true
IUIS1 paBHBIX 3HA4YeHHH, He TIOAXOAMT M1 QYHKIHH CPAaBHEHHS B ACCOLHATHBHEIX KOH-
TelHepax.

IIpaBUIBHBII THII CDABHEHHS J0JDKEH BRIIJIAAETD TaK:

struct StringPtrGreater: // MpaBunbHbIA TUN CpaBHEHUA

public binary function<const string*, // ans accoumaTuBHbIX KOHTEliHepos

const string*,
bool> {

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

{

return *ps2<*psl; // ToMeHATb MecTamu onepaHAbl

1

}:

Yr06H! HE MONACTD B JIOBYIIKY, JOCTATOYHO 3alIOMHKTD, YTO BO3BpaILAeMOe 3Haye-
Hue GyHKIMK CPaBHEHHUS YKa3bIBAET, JOJDKHO JIM OJHO 3HAYEHHUE MPEANIeCTBOBATD APY-
TOMY B IOpsiIKe COPTHPOBKH, ONpefesieMoM 310l (pyHKiuell. PaBHble 3HaYeHUS HU-
KOT/la He MPEANeCTBYIOT APYT APYFY, MO3TOMY (DYHKIMS CpAaBHEHMSI BCErAa A0JKHA
BO3BpallaTh A5 Hux false.

51 3naio, 0 yeM Bel AyMaere. « KoneuHo, 3To uMeeT CMBICJI 151 Set ¥ map, MOCKOJIbKY
3TH KOHTeHHePHl He MOIyT COAepKaTh AyOAMKATOB. A KaK HacyeT multiset u multimap?
Pa3 3T KoHTeliHepE MOFYT COflepKaTh AyGJIMKATH, TAK Jii BAXKHO, 4TO JBa 06bEKTa C
OAMHAKOBBIMH 3HAUEHHSIMH OKaXKYTCSI He 9KBUBAIeHTHHIMU? CoxpanuM o6a, [JIst 3T0-
IO ¥ HY>KHBI multi-KoHTeitHepol. BepHo?»

Hert, nesepro. /[aBaiiTe BepHEMCsI K HCXOLHOMY MPUMEPY, HO Ha 3TOT Pa3 BOCIOJIb-
3yeMcsl KOHTellHepoM multiset:

multiset<int.less_equal<int> > s; // s copTupyeTca no Kputepuip "<="

s.insert(10): // Bcrtaska uucna 10,

s.insert(10); // BcTaska uucna 10g

Teneps s conep>xuT ABa 3Kk3eMILIsIpa yuciia 10, u 6bL10 GBI JIOTHYHO TPEATIOJIOKUTD,
4TO IPH BBI30BE equal_range MBI IOJIYYHM IApY UTEPaTOPOB, OMHCH BAIOIHX HHTEPBAJ
c obenmu konusaMu. OfHaKO 310 HeBo3MoXkHO. DyHKIHUs equal_range, HECMOTPSI Ha CBOE
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Ha3BaHue, ONpeAeIsieT MHTEPBAJ He PABHBIX, A 9KGUeAIEHMHbLY 3HaYeHMil. B HaimeM
npumepe GYHKIUS CPaBHEHUS S TOBOPHT, 4T0 10, 1 10y He 3KBHBAIEHTHEI, IO3TOMY
OHH He MOT'YT 0Ka3aThCSl B HHTepBaJle, onpedeiisieMoM (yHKIMelt equal_range.

Hy uro, y6enumucs? Oyuxuus cpaBHeHUs BCETAA JOJDKHA Bo3Bpawarth false a1s
PaBHbBIX BEJIMYHUH, B IPOTUBHOM CJIydae HapylIaeTcst paboTa BCeX CTaHAApPTHBIX ac-
COLMATHBHBIX KOHTEHHEPOB (HE3aBHCHMO OT TOTO, MOTYT OHH COAEPKaTb AyOIMKaThI
WJIH HET).

Crporo roBopsi, pyHKIUH CPaBHEHHUS, UCIIOJIb3yeMBIe IJIS COPTHPOBKH acCOIUATHB-
HBIX KOHTEHHEPOB, JOJDKHBI OTIPEESITh AJIsi CPABHUBAEMBIX 0OBEKTOB MOPSIAOK CTPO-
roit KBa3uymnopsiAoueHHocTH (strict weak ordering); anasioruysoe orpanuyenue aei-
CTByeT H LISl QYHKIMI CpaBHEHUs], IepeAaBaeMbIX AITOPUTMAaM, — TaKuM, Kak sort (cM.
coset 31). Eciu Bac 3auHTepecyIOT MOAPOOHOCTH TOTO, YTO TIOHUMAETCS TI0A CTPOTOH
KBa3HYIOPSA0YeHHOCTBIO, HHPOPMAIHIO MOXXHO HATH BO MHOTHX CEPbE3HBIX PYKOBOJ-
crax o STL, B Tom uncite «The C++ Standard Library» [3], «Generic Programming
and the STL» [4] u na web-caiite SGI, nocesimennom STL [21]. Oco6rix oTkpoBeHui
He XIKTe, HO OHO U3 TpebOBaHHIA CTPOTOM KBAa3HyMOPSAOYEHHOCTH OTHOCHTCS HETo-
CPeACTBEHHO K JAaHHOMY COBeTy. TpeGoBaHMe 3aKJII09aeTCs B ceaylomeM: GyHKIHUA,
OMpezeNsIIoLIast CTPOFYIO KBa3HyMOPAAOYEHHOCTD, JOJDKHA BO3BpaIlaTh false npu mo-
JyYeHuH ABYX KOMUii OXHOTO 3HAYEHHS,

Coset 22. U3beraitTe naMmeHeHuUs Ko4a
«Ha MecTe» B KOHTenHepax set n multiset

onsTs cMbICT 3TOTO COBeTa HeTpyAHO. KoHTeliHeps! set/multiset, kak u Bce cTaHaapT-
Hble aCCOLMATHBHbIE KOHTEHHEDHI, XPAHAT CBOH 3JIEMEHTHl B OTCOPTHPOBAHHOM IIO-
psiiiKe, ¥ IPaBUJIbHOE NIOBeJleHHe 3THX KOHTEeHHEPOB 3aBUCHT OT COXPAHEHHSI 3TOTO II0-
psaxa. Ecin naMeHuTh 3HaY€HHUE 3JIeMEHTa B aCCOIMAaTHBHOM KOHTeliHepe (Hampumep
samenuthb 10 na 1000), HOBOe 3HaYeHHMe OKAKETCH B HEMPABUIbHOMN IMO3UIMH, YTO Ha-
PYUIHT HOPSAAOK COPTHPOBKH 3JIEMEHTOB B KOHTeHEpe,

CxazaHHoe mpex/Je BCero Kacaercs KOHTeilHepoB map 1 multimap, MOCKOJIBKY Mpo-
rpaMMbl, IBITAIOIIKECA H3BMEHUTD 3HaUYeHHe KTI0Ya B 3THX KOHTeHHepax, He OyAyT KoM-
MHJINPOBAThCH;

map<int,string> m:

m.begin()->first = 10: // Oumbka! W3menenne Kniden
// B KoOHTeiHepe map 3anpeuweHo
multimap<int,string> mm;

mm.begin()->first = 20: // Ouwnbka! WameHeHue Kniden
// B KoWTelinepe multimap 3anpeueHo
JeJjio B ToM, 4TO 3jleMeHTH 06beKTa ThIa map<K, V> miu multimap<K,V> oTHOCATCS K
THIy pair<const K,V> Kiioy oTHOCHTCS K THITY const K 4 [T03TOMY HE MOYKET H3MEHSTh-
cst. Bripouew, ero Bce ke MOXHO H3MEHUTD C MPUMEHEHHEM const_cast, KaK M0Ka3aHO
HHKe, XOTHTe — BepbTe, XOTHTE — HET, HO MHOFA 3TO JAXKe HYJHCHO.
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O6paTuTe BHUMaHUE: B 3aT0JI0BKe 3TOTO COBETA HHYETO He CKA3aHO O KOHTelHepax
map u multimap. [[yist aTOrO eCTh Beckue mpudauHbl. Kak noxassiBaeT npeablaymuil npu-
Mep, MoAu(HKaIKs KII04a «Ha MECTE> HEBO3MOXKHA AJist map U multimap (6e3 npume-
HeHMsl peoOpa3oBaHus const_cast), HO MOXeT ObITh JoIycTHMa AJIs set u multiset.
st 06beKToB THNA set<T> u multiset<T> B KOHTEHHEPE XPAHATCS 3JIeMeHTHI THMa T,
a He const T, CirtenoBarenbHO, 3JIEMEHTHI KOHTEHHEPOB set 1 multiset MOXXHO H3MEHSITh
B JiI060e BpeMs, u NpeoGpa3oBanue const_cast Asist atoro He Tpebyercsi (Boob1ue roBo-
ps1, ZeJio 06CTOMT He TaK MPOCTO, HO He GyaeM 3aberathb Brepen).

Crauasa BBISICHUM, TOYEMY 3JIeMeHTH set u multiset He uMeloT aTpubyTa const,
Honyctum, y Hac uMeeTcs kacc Employee;

class Employee {

public:
Eonst string& name() const: // Bosspawaer uMa paboTHUKA
void setName(const string& name); // 3apaeT uma paboThuKa
const string& title() const; // Bo3spamwaeT AOMKHOCTbL
void setTitle(const string& title); // 3apaeT AONHHOCTb
int idNumber() const: // BosspawaeT Kog pabOTHWKa

}:

O6bexT comepKuT pa3HoobpasHble CBeAeHHUs: 0 paboTHuke. Kaxaomy paboTauky
Ha3HAYaeTCsl yHUKAJIbHBIN KO/, Bo3BpamaeMblii pyHKiuel idNumber. [Ipu cosmanuun
KOHTeliHepa set ¢ o6bexTaMu Employee GbLI0 6bl BIIOJIHE pa3yMHO YHOPSAAOYUT €T0 IO
KoZAaM paBOTHHKOB:

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

bool operator()(const Employee& 1lhs,
const Employee& rhs) const
{

return Ths.idNumber()<rhs.idNumber():

}

)i

typedef set<Employee, IDNumberLess> Emp1IDSet:

Emp1IDSet se: // Kouteiiep set ofuexTos
// Employee, ynopsao4eHHbIX
// no Kopy

C npaxTuyeckoil TOYKH 3peHus1 KOA pabOTHHKA SIBJISIETCS KAIOUOM IS SJIEMEHTOB

JAaHHOTO MHOXECTBA, a OCTaJbHBIE AAHHBIE BTOPUYHEL Y YUTHIBAS 3T0 0OCTOATEIBCTBO,
HUYTO He MeIIaeT MepeBecTr paboTHHKA Ha 60Jiee HHTEPECHYIO A0/DKHOCTD. [IpuMep:

Employee selectedID: // 06beKT paboTHWKa C 3aflaHHBIM KOAOM

EmpIDSet::iterator i=se.find(selectedID):
Af (il=se.end()) {
i->setTitle("Corporate Deity"): // VameHuTb [OAKHOCTb

}
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[TocKoJIbKY MBI BCETO JIXILIb M3MEHsIeM BTOPHYHBIN aTPHOYT AAHHEIX, He BIUSIOIHH
Ha MOPSAOK COPTHPOBKM Habopa, 3TOT (PparMeHT He MPHBeAET K MOpYe AAHHBIX, H OH
BIIOJIHE AOIYCTHM.

CrpamuBaercst, o4eMy HeJIb3sl IPUMEHHUTD TY e JIOTHKY K KJII09aM KOHTeliHepoB
map u multimap? [ToueMy 65l He Co3AaTh KOHTEHHED Map, aCCOLMUPYIOMHUit PAGOTHHKOB
€O CTpaHoif, B KOTOPOH OHHU XKuUBYT; KoHTelHep ¢ dyHxuuell cpaBHenus IDNumberLess,
Kak B mpeabiayinem npuMepe? U moyemy 6Bl B TAKOM KOHTeHHepe He MBMEHHUTH JOJDK-
HOCTDb (€3 u3MeHeHust KoZla pabOTHHKA, KaK B MpeAbIAyIIeM MpuMepe?

OTKpOBEHHO TOBOPSI, MHE 3TO KAXKETCS BIIOJIHE JIOFHYHBIM, OHAKO MO€ JINYHOE MHE-
HHE B JaHHOM CJIy4ae HecyluecTBeHHO. Baxno T10, yto KoMurer mo cranzaprusaiuu
PemIuI, YTO KJII0YH map/multimap A0JKHEL GBITH HemaMeHHBIMHE (Const), a 3HadeHus set/
multiset — He AOJKHBL

3HayeHus B KOHTeliHepax set/multiset He SIBJISIOTCS HEU3MEHHBIMH, TTO3TOMY IO-
IBITKH UX U3MEHEHUsI 00BIYHO HOPMAJIBHO KOMITMIMPYIOTCS. JIaHHbBIM COBET JIMLIb Ha-
HOMHHAET BaM O TOM, YTO Ipu MoAu(pHKAIHK 3/IeMeHTOB set/multiset e creayer us-
MEHSTh KJIIOYEBYIO 4acTh (TO €CTh TY 4acTh 3JIeMeHTa, KOTOPasi BJIUsET HA MOPSAAOK
COPTHPOBKH B KOHTeliHepe). B mpoTuBHOM citydae 11€7I0CTHOCTD JaHHBIX KOHTeNHepa
OyzmeTr HapyueHa, onepauuy ¢ KOHTEHEPOM HAaYHYT MPUBOAMTD K HENPeACKA3yeMbIM
pesyJibTaraM, ¥ Bce 3To Mpou3oiideT no Bameii sune. C ApyToil CTOPOHEL, 3TO OrpaHuye-
HHE€ OTHOCHTCS TOJIBKO K KJIIO4eBBIM aTpulyTaM 00BEKTOB, COAEPKAIMXCS B KOHTEH -
Hepe. OcTanbHble aTPHOYTH 0GBEKTOB HAXOASTCS B BALIEM MOJIHOM PACTIOPSKEHUH —
H3MeHSANTe Ha 310poBbe]

Bnpouewm, He Bce Tak mpocto. X015 asieMeHTHI set/multiset u He SBJISIOTCS HEU3MEH-
HBIMH, Peau3alli¥ MOTYT MPeAOTBPAaTUTh UX BO3MOXHYIO Moaudukaimo. Hanpumep,
omepaTop * ayst set<T>::iterator Mmoxer Bo3Bpamath const T&, To eCTh pe3yJbTaT pa-
3bIMEHOBAHHUA UTEPATOPa Set MOXKeT OBITh CCHUIKON Ha const-3ieMeHT KoHTeitHepa! [Ipu
TaKo¥ peau3alluy H3MeHEeH e JIEMEeHTOB Set i multiset HeBO3MOJKHO, IOCKOJIBKY MpU
mo6oM obpalleHuH K 3JIeMEHTy aBTOMAaTH4eCKH A06aBIseTcsi 06bsIBIIeH e Const.

3aKoHHBI Jiu Takue peanusanuu? Moxer, Aa, a moxer — Her. [1o sTomy Bonpocy
CranpapT BbICKa3bIBaeTCA HEAOCTATOYHO YETKO, ¥ B COOTBETCTBHH C 3aKOHOM Mepdu
pasHble aBTOPH HHTEPNIPETHPYIOT er0 Mo-pa3HoMy. B peaysibrare A0CTaTOUHO 4acTo
BcTpevatoTes peanusanuu STL, B KoTOpBIX ciiepyiomuil pparMeHT KOMIHIMPOBAThCA
He OyzieT (XOTsI paHee FOBOPHJIOCH O TOM, YTO OH YCIIENIHO KOMITHIUPYETCs):

Emp1IDSet se; // Konteiinep set obbextos
// Employee, ynopapo4eHHsIX
// no koay

Employee selectedID; // 06beKT paboTHMKA C 3afaHHbIM KOJOM

EmpIDSet: :iterator i=se.find(selectedID);
if (il=se.end()) {
i->setTitle("Corporate Deity"): // HekoTopsie peanusaumm STL
} // BupanT ownbKy B 3TOM CTpOKe
Beneacrsue neonnosnaynoctu CtaHmapTa u 06yCIOBIEHHBIX €10 pa3iuduil B pea-
JU3AIMSX MPOTPAMMEL, MBITAOIHECA MOAUDUIIHPOBATh 3JIEMEHTHI KOHTEHHEPOB Set
nmultiset, He MepeHOCHUMBL
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Yro u3 aToro caeayer? K cyacThio, HU4€ro oCOGEHHO CI0XHOFO:

® ecJim MEPEHOCHMOCTD BaC He HHTepeCyeT, €C/IH BBl XOTHTE M3MEHUTh 3HAUYCHHE
ajeMeHTa B KoHTelnepe set/multiset u Bama peanmnsanus STL aTo paspemaer —
meiictByitte. [ToMHHTE O TOM, YTO KJI0Y€BasA 4aCTh 3JieMeHTa (TO €CTh YacTh 3Jie-
MeHTa, ONpeeIsioIast MOPsAOK COPTHPOBKH 3JIEMEHTOB B KOHTelHepe) A0JIK-
Ha COXPaHUTHCS 6e3 u3MeHeHHit;

® eCyid MporpamMMa A0oJKHA GBITH MEePeHOCHMON, 5JleMEHTHl KOHTeHHepoB set/
multiset MoguduiMpoBaThes He MOryT (TI0 KpaiiHeit Mepe, 6e3 mpeo6pa3oBaHus
const_cast). -

Kcrarn, o npeo6pasosBanusix. Bol yGeauucs B TOM, 4TO H3MeHEHHE BTOPUYHBIX AaH-
HBIX 31€eMeHTa set /multiset MoXeT 6bITh BIIOJIHE ONMPAaBAAHHO, IO3TOMY 51 CKJIOHEH IO~
Ka3aTh, KaK 3TO AeJIaeTCsl — a TOYHee, JAeJIaeTCsl IPaBUIbHO u nepeHocuMo. CaeyaTsb
3TO HETPYAHO, HO TIPH 3TOM MPHXOAUTCS YIUTHIBATh TOHKOCTD, O KOTOPOil 3a0bIBaIOT
MHOT'HE TPOrPaMMHCTH — Npeo6pazoBaHue JOJDKHO MPUBOAKTH K ccbiake. B xadecTse
npuMepa PacCMOTPHM Bbi30B setTitle, KOTOpHIH, Kak OBUIO MOKA3aHO, He KOMITHIIK-
PyeTcs B HEKOTOPBIX peain3anusx:

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

if (il=se.end()) {

i->setTitle("Corporate Deity"): // HekoTopbie peanu3aayuu STL

} // BbiganT ownbKy B 3TOW CTpOKe,

// nockonbKy *i umeeT aTpubyT const

Yr06b1 3TOT (PparMeHT HOPMAIBHO KOMITHJIMPOBAJICS M paboTai, HeOGXOAUMO YCT-
paHHTbh KOHCTAHTHOCTH *1. [IpaBMJIbHELH CIIO0CO0 BHITJISIIUT TaK:

if (1!=se.end()){ // YcTpanuTh
const_cast<Employeed>(*1).setTitle("Corporate Deity"): // KOHCTAHTHOCTb *i

}

M&1 6epeM 06BEKT, HAa KOTODBII CCBUIAETCS 1, M CO001IAaeM KOMITHIISITOPY, YTO pe3yJib-
TaT HOJDKEH MHTEPIIPETHPOBATHCS KaK CChUIKA Ha (HEKOHCTaHTHEIN) 06bexT Employee,
HocJie 4ero BhI3bIBaeM setTitle Aist momydeHHOMN cCchUIKY. 51 He 6yAy TpaTUTh BpeMs Ha
noarue oOBbSCHEHHS | JIy4llle TOKAXKY, I0YEMY aJIbTepHATHBHOE peleHue paboTaer co-
BCeM He TaK, KaK MOXXHO OBLIO GBI 0XKHAATD.

MHorue nporpaMMHCTSI IIBITAIOTCS. BOCIIOJIB30BATHCS CIEAYIONIMM KOAOM:

if (il=se.end()){ // Npeobpa3osaTe *i
static_cast<Employee>(*i).setTitle("Corporate Deity"); // k Employee

}

IMpusenennsii pparMeHT 3KBUBAJIEHTEH CJIEAYIOMEMY:

if (il=se.end()){ // To we cawoe,
((Employee) (*1)).setTitle("Corporate Deity"); // Ho C WCMONb3OBAHMEM
// cunTakcuca C
O6a (pparMeHTa KOMIHJIHPYIOTCS, HO BCJIEACTBHE SKBUBATEHTHOCTH PaBoTaloT Herpa-
BuibHO, Ha cTazuu BhINO/IHEHHA 00BEKT *i He MOAMMUIHPYETCH, TIOCKOIBKY B 060nX
Cydasix pe3yJIbTaTOM MpeoGpa3oBaHusl SBJISETCS BPeMEHHEIH aHOHUMHBINA 06BEKT —
Konus *i, 1 setTitle BEI3bIBaeTCS AJII aHOHUMHOTO 0OBEKTa, a He A *i] Obe cuHTaK-
cuyeckue (pOpMBI SKBUBAJIEHTHBI CJIeAyIOLIEMY (DparMeHTy:
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if (il=se.end()){
Employee tempCopy(*i): // CronuposaTb *i 8 tempCopy
tempCopy.setTitle("Corporate Deity"); // Viamenuts tempCopy

CTaHOBHTCS IOHATHO, TIOYeMY NTpeoGpasoBaHuE AOMKHO IPHBOAUTH HMEHHO K CCBLII-
Ke — TeM CaMbIM Mbl u30eraeM co3fanusi HoBoro o6bekra. BmecTto aToro pesysbrar
npeo6pa3zoBaHus TIPEACTaBIISAET Co60it CCBLIKY Ha cyujecmeyowuli 06beKT, Ha KOTo-
phiit ykasbiBaet i. [Ipu Br13oBe setTitle Anst 06bexTa, 0603HaYEHHOTO CCBLIKOH, DYHK-
11M51 BBI3BIBAETCSI AJISL *1, 4€r0 MBI ¥ A0OHBAJIHCE.

Bce cka3zaHHOe X0poIo moAX0AUT AJist KOHTeliHepoB set 1 multiset, Ho Npu mepexo-
Ie K map/multimap cutyarus yciaoxusercs. Bcomuure, yto map<K, V> u multimap<K, V>
coaepar 3JIeMeHTbI THIa pair<const K,V>. OObsiBieHHe const 03HAYaeT, 4TO TMEPBHIH
KOMIIOHEHT TIaphl onpedensemca Kak KOHCTaHTa, a U3 3TOTO CJIELYET, YTO JIIOObIE MONbIT-
KM YCTPaHMTD €T0 KOHCTAHTHOCTH MPHUBOJAST K HelpecKa3yeMoMy pe3yJsbsTary. Teope-
Trdecku peanusanusi STL MoXeT 3aMUCHIBATh TaKue AaHHbIE B 00JIACTDh MAMSITH, A0~
CTYHHYIO TOJIBKO AJ151 YTeHus (HallpUMep, B CTPaHHUIY BUPTYAJIBHOM NaMsITH, KOTOpast
HocJie MCXOAHOM 3allHCH 3aIHIIAeTCs BEI30BOM CHCTEMHON QYHKIIHMM), H TONBITKH
YCTPaHHUTBb X KOHCTAaHTHOCTD B JIy4ureM cilydae HU K 4eMy He MpHUBeAyT. I HUKOTAa He
CJIBIIIAT O PEANH3ALMSAK, KOTOPbIe OB OCTYNaM TOX0GHBIM 06pa30M, HO eCJIH BHL CTpe-
MUTECh TIPHAEPIKUBATHCS PABUJI, YCTaHOBJIEHHEIX B CTaHAapTe, — HuKoz0a He MbITall-
TeCh YCTPaHATh KOHCTAHTHOCTH KJI04ell B KOHTeltHepax map 1 multimap.

HecomuenHo, BBI cabimain, 4to noxoOHble npeoOpa3oBaHust puckopanubl. Haze-
10Ch, Bbl OyzieTe u3beraTh UX 10 Mepe BO3MOXKHOCTH. BhIMoJHss peobpa3oBaHiie, Bbl
BPEMEHHO OTKa3BIBAaeTeCh OT CTPAaXOBKH, 00eCredruBaeMoil CHCTEMOM THITOB, a OITHCAH-
Hble Ipo6JIeMBI AAI0T IPEACTABJIEHHE O TOM, YTO MOXKET IIPOU3ONUTH IIPH €€ OTCYTCTBHH.

MHorue npeoGpasoBanust (BKJII0Yass TOJIbKO YTO PACCMOTPEHHbIE) HE SIBJSIOTCS
abconoTHO HeoOxoauMbiMu. Camblil Ge30macHBIf ¥ yHUBEPCATbHBIH crOCO6 Moau-
¢uxanuy 3jleMEHTOB KOHTeliHepa set, multiset, map uiu multimap COCTOMT U3 NATH
MPOCTHIX MIATOB.

1. Haiiaure aneMeHT, KOTOPHI TpeOyeTcst u3MeHuTh, ECJu BBl HE yBEPEHBI B TOM,
KaK C/leJIaTh 3TO ONTHMAIbHBIM 00pa30oM, 06PaTHTECh K PEKOMEHAAIIMSAM IO M0-
BOZY TIOKCKa B COBETE 45,

2. Co3spgaiiTe XONHIO H3MEHIEMOTO 3yieMeHTa, I[loMHuUTE, YTO ISt KOHTEAHEPOB Map,/
multimap mepBblii KOMIOHEHT KOMMHK He A0JKEH 00DBABJIATHCS KOHCTAHTHBIM —
Belb HMEHHO €T0 Mbl ¥ cOOHPAeMCsl U3MEHHTH!

3. Ynanure aseMeHT U3 KoHTeitHepa. O6BIYHO AJISL TOTO MCMOJIB3yeTcst PYHKIIHS
erase (cMm. coBet 9).

4. VlaMeHHTe KONHUIO U MPHUCBOIiTE 3HAYEHKE, KOTOPOE AOKHO HAXOAUTHCS B KOH-
TeHHEpe.

5. BcraBbre HOBOe 3HayeHuUe B KOHTelHep. Eciiu HOBBIi 3/1eMEHT B TOPsIIKE COPTH-
POBKH KOHTellHepa HaXOAUTCS B O3UIHH YAAJICHHOTO 3JIeMEHTA WIH B COce[Hel
MO3HIIMH, BOCTIOIb3yHTECh «peKOMeHAaTeIbHON» (hopMOH insert, Mosnlaomei
3(ppeKTUBHOCTE BCTABKY OT JiorapudpMUdecKoit 10 MoCTOsHHOM caoxkHocTH, B Ka-
YeCTBe PeKOMEHAALMH 0OBIYHO HCTI0IB3YETCSI HTEPATOP, MOJIyYeHHBIH Ha mare 1.
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Huske npuBefieH 3HAKOMbIil IpUMep ¢ KoHTeliHepoM 06BbexToB Employee, peanuso-
BaHHBII 6€30IaCHBIM U MePEHOCUMBIM CIIOCOOOM:

Emp11IDSet se: // Kouteitnep set o6vexToB
// Employee. ynopsapoyYeHHbIX
// no kopy

Employee selectedID; // 06beKT paloTHMKA C 3afaHHbIM KOJIOM

EmpIDSet: :iterator i= // 31an 1: NOMCK W3MEHAGMOrO 3/IEMEHTA

se.find(selectedID):

if (il=se.end()) {

Employee e(*i): // 3T1an 2: KONMPOBAHWE 3MEMEenTa
se.erase(i++); // 3dtan 3: ypanedue 3neMeHTa.

// Ysenuuenre utepatopa

// COXpaHAeT ero

// peicTBuTENbHNM (CH, CoBeT 9)

e.setTitle("Corporate Deity"); // 371an 4: moaudukauna xonuu

se.insert(i.e): // 31an 5: BCTaBKa HOBOTO 3HAYEHUA.
// PekoMeHayeMas no3uuua cosnapaer
// C NO3uUMENn UCXORHOTO 3NEeMeHTa

}

Vtak, npu uaMeHeHIH «Ha MeCTe» 3JIeMEHTOB KOHTelHepoB set u multiset cienyer
TIOMHHUTBD, 4TO 32 COXPAaHEHHE MOPAAKA COPTHPOBKH OTBEYaET MPOrpaMMHCT.

Coset 23. PaccMOTpUTE BO3MOXKHOCTb
3aMeHbl aCCOLIMaTUBHbIX KOHTEMHEPOB
COPTUPOBAHHbLIMU BEKTOPaMU

Mmuorue nporpamMmmuctsl STL, CTONKHYBIINCE ¢ HEOGXOAMMOCTBIO CTPYKTYPHL JaHHBIX
¢ OBICTPBHIM MOMCKOM, HEMEJIEHHO BRIOMPAIOT CTAaHAAPTHBIE aCCOIMATHBHEIE KOHTEM)-
Hepsl set, multiset, map u multimap. B aToM BEHIGOpe HET HHUYETO ILIOXOTO, HO OH He
HCUEPIIBIBAET BCEX BO3MOXHBIX BapHaHTOB, Eciii cKOpOCTh moucKa AefiCTBUTENBHO
Ba)KHa, MOAyMaiiTe 06 MCI0B30BAHUM HECTAHAAPTHEIX X3IIMPOBAHHEIX KOHTEHHEPOB
(cm. coser 25). Ilpu npaBuibHOM BRIGOPE X3MI-(DYHKIIHA X3IMUPOBAHHEIE KOHTEHHEDH
MOrYT 06€eCreduTh MOKMCK C IIOCTOSIHHBIM BpeMeHeM (2 NPH HeTlPaBUJIbHOM BBIOOPE Xa11-
dyHKIME WM HEXOCTATOYHOM pasmepe Tabuu ORICTPOAEHCTBHE 3aMETHO CHHYKAETCS,
HO HAa TPaKTHKe 3TO BCTPEYaeTCsl OTHOCHTEIBHO peako). Bo MHOrHX ciyyasx npeamno-
JlaraeMoe HOCTOSTHHOE BpeMsl MOMCKa MIPEBOCXOAUT TapaHTHPOBaHHOE Jiorapudmude-
CKOe BpeMsl, XapaKTepHoe JJ151 KOHTelHepoB set, map 1 ux multi-aHajuoros.

Hase ecnu rapaHTUpPOBaHHOe JIoTapUPMHUYIECKOE BPEMST MOMCKA BAaC YCTPAUBAET,
CTaHAAPTHBIE aCCOLMATUBHbIE KOHTEHHEPH He BCETAA SIBJIIOTCS JIydIIMM BEIOOPOM.
Kaxk Hu cTpanHo, CTaHAapPTHEIE aCCOIMATHBHBIE KOHTENAHEPH! 10 GBICTPOAEHCTBHIO He-
penxo ycrynaioT 6aHaIbHOMY KoHTeiHepy vector. UToGs! a¢h(heKTHBHO HCIIOIB30BaTh
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STL, Heo6X0AUMO MOHUMATD, B KAKUX CJIy4yassX vector HPeBOCXOXHUT CTaHAAPTHBIE ac-
COoIHaTUBHEIE KOHTeHHEPH! TI0 CKOPOCTH TIOHCKA.

CranziapTHble accolHaTUBHbIE KOHTEHHEPHI 0GBIYHO PEATU3YIOTCS B Bufe cOataH-
CHPOBaHHBIX GUHAPHBIX AepeBbeB. COaaHCHPOBaHHOE GUHAPHOE JePEBO MPEACTABIIS-
eT co6oil CTPYKTYpy AaHHBIX, ONTUMH3UPOBAHHYIO AJIsi KOMOMHUPOBAHHBIX ONepaluil
BCTaBKH, yJaJieHUs U moucka. /lpyruMu cjoBaMH, OHO NpeJHA3HAYEHO JJISI IPHJIO-
KEHHH, KOTOPHIE BCTABJISIIOT B KOHTeHHEp HECKOJIBKO 3JIEMEHTOB, 3aTeM IIPOH3BOAST
MOKCK, MOTOM BCTAaBJIIOT ellle HECKOJIBKO 3JIEMEHTOB, 3aTe€M 4TO-TO yAAISIOT, CHOBA
BO3BPANIAIOTCS K yAAIEHHIO WK BCTABKe U T. A. [J1aBHOI 0C06EHHOCTHIO 3TOI OCIIen0-
BaTeJIBHOCTH COOBITHI SIBJISIETCS YepelOBaHKeE ONepaluil BCTaBKY, yAaIeHUS U TIOUCKA.
B o6urem ciiydae HeBO3MOXKHO NPeACKA3aTh CIEAYIOIYIO OMepalluio, BBIMOJIHIEMYIO
C IepeBOM.

Bo MHOTHX MPUJIOXEHUSX CTPYKTYPbI A2HHBIX HCIIOJIB3YIOTCS HE CTOJIb HETIPEACKa3y-
eMo. Onepanyy co CTPYKTypaMHU JaHHBIX AeNSTCS HA TPH pasfiesibHble (haskl.

1. Ioaroroska. Co3zaHue CTPYKTYDPHI AaHHBIX ¥ BCTaBKa GOJIBIIOTO KOJIMYECTBA
aneMeHTOB. B 37011 (base co CTPyKTYpOii AaHHEBIX BBIIOJHSIOTCS TOJBKO ONepa-
IUH BCTaBKH ¥ yaaileHus. [lonck BHIIOJHAETCS PEIKO WK MOJHOCTBIO OTCYT-
CTBYET.

2. Tlouck. Bribopka Hy>XHBIX JaHHBIX U3 CTPYKTYphl. B 3T0# (hase BHIMOJHAIOTCA
TOJIBKO ollepaluy noucka. Bcraska u yzaseHue BHIIOMHSIOTCS PEAKO MM TTOJI-
HOCTBIO OTCYTCTBYIOT.

3. Peopranusamus. Moguduxanus coaepXuMoro CTpyKTyphl JaHHEIX (BO3MOXKHO,
€O CTHPaHHEM BCETo TEKYLIETro COAEPIKHMOTO K BCTAaBKOM HOBBIX asieMeHToB). [To
COCTaBY BBIMOJIHAEMBIX oriepanuii AaHHast (a3a skeuBasienTHa (pase 1. ITocne ee
3aBeplIeHUs IPUJIOXKEHNE BO3Bpalnaercs K (ase 2,

B npusnoxenusix, nCnosp3youux aTy cxeMy paboThI CO CTPYKTYPaMH AAHHBIX, KOH-
TeiiHep vector MoxeT o6ecrieyuTh JIydiine noKasaresiu (Kak o BpeMeHH, TaK M Tio 3a-
TpaTaM NaMsTH), YeM acCOLUATHBHBINA KoHTeitHep. C Apyrodl CTOpOHEI, BhIGOP vector
He COBCEM NPOH3BOJEH — HOAXOIAT TOJBKC COPMUpPosartvie KOHTEHEPHl vector,
HOCKOJIBKY JIKIIb OHU IIPABUJIBHO PabOTAIOT ¢ asiropuTMaMu binary_search, Tower_bound,
equal_range u T. . (coBeT 34). Ho noyeMy 61HapHBIi MOMCK Yepes BEKTOp (MOXKeT ObITh,
OTCOPTHPOBaHHEIN) obecneyuBaer nyqiree GHICTPOAEHCTBHE, YeM GUHAPHBINR HOMCK
yepe3 aBonyHoe fepeBo? [Ipexae Bcero u3-3a 6aHAIPHOTO IPUHIMIA «pa3Mep HUMEET
3navyeHues. CyLecTBYIOT U ApyTue IPpUYMHEL He CTOJIb OaHAIbHBLE, HO HE MEHee HCTHH-
HBI€, U OJTHA U3 HUX — JIOKQJIH30BAaHHOCTb CCBLIOK.

Haunem c pasmepa. JlomycTuM, Ham HyKeH KOHTeHHeD AJIsl XpaHeHHs 00BEKTOB
Widget. CxopocTh moucKa SBJISETCS BAXKHBIM (haKTOPOM, TIO3TOMY PacCMaTPHBAIOTCH
ZBa OCHOBHBIX KaHIHJAaTa: aCCOLUATUBHAIN KOHTeliHep o6bexkToB Widget u coprupo-
BaHHBI vector<Widget>. B mepBoM ciyyae MOYTH HaBepHAKA OYAET HCIOJb30BATHCS
cOanaHcupoBaHHOE GUHAPHOE AePeBO, KAXKABIA y3€eJl KOTOPOTO COAEPHKHUT He TOJIBKO
Widget, HO 1 yKa3aTeJu Ha JIEBOTO ¥ IPABOTO MMOTOMKOB H (06BIYHO) yKa3aTeJlb HA POAH-
Tesibekuit y3en. ClefoBaTesIbHO, IPY XPaHEHHUH 0AHOTO 0ObexTa Widget B acconuarus-
HOM KOHTeHHepe X0JDKHBI XPAaHUTBCS MUHUMYM TPH YKa3aTeJIsl,
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C apyrotii cToponsl, mpu coxpaHeHnH Widget B koHTeliHepe vector HEMPOKU3BOAUTEb-
Hble 3aTpatsl OTCYTCTBYIOT. KoHeuHo, KoHTeliHep vector caM mo cebe Tpebyer ompene-
JIEHHBIX 3aTpaT HaMsTH, a B KOHile BEKTOpa MOXKET HaXOAUThCS 3ape3epBHPOBAaHHAs
HaMsaTh (CM. COBeT 14), HO 3aTpaTHI TIepBOI KaTerOpHM KaK MPaBHJIO HeBeJIUKH (0ObIY-
HO 3TO TPH MAIIMHHBIX CJI0Ba — TPH YKa3aTeJls WIK [JBa YKa3aTejsl ¢ OXHHAM YHCJIOM
int), a mycroe MecTo Npy HeOGXOAUMOCTH OTCEKaeTCsl IIpU moMolM «(okKyca ¢ nepe-
craHoBKoit» (cM. coBeT 17). Ho maxe ecnu 3ape3sepBUpOBaHHasi NaMsATh U He 6yAeT
0CcBOOOXIEHA, AJI5 HAILIETO AHATU3A ee HaJIMune HEeCYeCTBEHHO, OCKOIBKY B IIPOIec-
Ce TIOMCKa CChLIKH Ha 3TY MaMSTh He UCTIOJIb3YIOTCS.

Bostbuve CTpYKTYpHI AaHHBIX Pa30HBAIOTCSI HA HECKOJIBKO CTPAHHUI] TAMSITH, OZHAKO
AJIsI XPaHEHHsT vector TpeGyeTcsi MeHblie CTPAHHIL, YeM 151 aCCOIMAaTUBHOTO KOHTelHe-
pa. 310 06BSACHAETCS TEM, 4TO B vector o6bekT Widget xpanuTcs 6e3 I0NOIHUTETbHBIX
3aTpaT NaMsTH, TOLAa KaK B aCCOLMATHBHOM KOHTeilHepe K KaXIoMy 06bekTy Widget
HpHJIaraloTcs TpH ykasatess. [Ipeanosnoxum, el paboTaeTe B cucTeMe, rie 06beKT Widget
3anumaeT 12 Gaiit, ykaszaTenu — 4 6aift, a cTpaHuna namsaTu cogepxut 4096 Gaiir.
Ecsiu He obpaiaTs BHUMaHUs Ha CJIyKeGHYI0 NaMsTh KOHTelHepa, vector Mo3BoJIseT
pasMecTuThb Ha ofHOlt cTpanuue 341 o6bexT Widget, HO B accOMAaTHBHOM KOHTelHHepe
3TO KOJIMYECTBO yMeHburaercs 10 170. CnexoBaresbHO, 110 3h(eKTUBHOCTH pacXoio-
BaHM IaMsITH vector BABOE NPEBOCXOAMT aCCOLIMATUBHLIN KOHTelHep. B cpenax ¢ Bup-
TYaJIbHOM NaMSITBIO 3TO YBeJHMIHBAET KOJNYECTBO MIOATPY30K CTPAHMIL, YTO 3HAYHTEb-
HO 3aMeZliisieT paGoTy ¢ 6osbIuMu 06beMaMu JAHHbIX.

B neitcTBUTEILHOCTH 51 HECKOJIBKO ONTHMUCTUYHO TIOAOMIEN K ACCOI[HATHBHEIM
KOHTel{HepaM — NPUBEIEHHOE ONMCAHHUE IPeAII0JIAaraeT, YTO Y316l GUHAPHBIX AepEeBbEB
CTPYNNMPOBAHEl B OTHOCHTEJIBHO MaJIoM Habope cTpanul namaTu. B 6ojblinHCTBe
peaymsanuiét STL mogo6Has rpynnypoBKa JOCTHIAETCS PU TIOMONIH HECTAHAAPTHBIX
AHMCIETYEPOB MaMATH, paboTalomuX MOBEpX pacnpeaenuTesneil IaMATH KOHTeiHepoB
(cm. cosetnl 10 1 11), Ho eciv peastn3anust HE CIEAUT 3 JIOKATH30BAHHOCTBIO CCHLIOK,
Y3JIbl MOTYT OKa3aThCsl Pa3OPOCAHHBIMM 10 BCEMY aZipeCHOMY TIPOCTPAHCTBY. DTO IpH-
BeJleT K POCTY YMCJIa MOArpY30K cTpaHuil. [laxe IPH HCHOIB30BAHUM TPYNIHPYIOIIHX
AUCIETYEPOB HAMSITH B aCCOLMATHUBHBIX KOHTeHHepaX 0OBIYHO Yallle BO3HHUKAIOT TIPO-
6J1eMEI C MOATPY3KOMR CTPaHMLL, IOCKOJILKY Y3JIOBHIM KOHTEHEPaM, B OTJINYHE OT 6J10-
KOBBIX (TaKHX Kak vector), TpyaHee 06ecneuuTs 6JIM3K0€e PacioIoxKeHHe COCEIHHUX AJie-
MEHTOB KOHTeliHepa B pusnyeckoit namsiti. OAHAKO MMEHHO 9Ta OPraHU3aL U TaMSTH
CBOAMT K MUHUMYMY NOATPY3KY CTPAHMII TIPH BHITIOJIHEHHH GHHAPHOTO HOHCKA.

Mopaib: nannble, XpaHsIuecs B COPTHPOBAHHOM BEKTOPE, 0GBIYHO 3aHHMAIOT MEHb-
1€ MaMSATH, YeM Te JKe IAaHHbIE B CTAHAAPTHOM aCCOI[HATHBHOM KOHTeHHEpe; GHHAPHBIH
TMOKCK B COPTHPOBAHHOM BEKTOPe OGBIYHO TPOMCXOMUT GHICTPee, YeM MOMCK B CTaHAAPT-
HOM aCCOIMaTUBHOM KOHTeHHepe (C y4eTOM MOATPY3KH CTPAHHUIL).

Koneuno, coprupoBaHHbIii vector 061aaeT cepbe3HbIM HEIOCTATKOM — OH OJIKEH
MIOCTOSTHHO COXPaHsATh NOPAAOK copTupoBku! IIpu BcTaBke HOBOrO 31€MeHTa BCe
HOCJeAyIONIME 3JIEMEHTRI CABHIAIOTCS Ha OXHY no3uiuio. Onepanus casura o6xo-
AUTCs AOBOJIBHO AOPOTO M CTAHOBMTCS €llie ZOPOKe NPU Tepepacipefe/ieHuH MaMSTH
(cMm. coBet 14), TOCKOJIBKY TIOCJIE 3TOTO OOBIYHO IPUXOMUTCA KONUPOBATD 8CE dJIEMEH-
Tel BekTopa. C ApPyrofl CTOPOHBI, NPH yAaleHHH 3lIeMEHTa U3 BEKTOPa BCe MOCTIENYIO-
I[{€ 3JIEMEHTEI CABUTAIOTCS HA OAHY NIO3UIIMIO K Hayasty. Onepauyu BCTaBKU-yAATeHHs
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AOPOTo 0OXOMATCS 151 KOHTEeHHEPOB vector, HO OTHOCHTEIBHO AelleBhl AJIsS ACCOIHA-
THBHBIX KOHTeliHepoB. [1o 3710l mpuYuHe COpTUpPOBAaHHbIE KOHTEHEPHI vector HCHOJIb-
3YIOTCSL BMECTO aCCOIIMAaTHBHBIX KOHTe{HEPOB JIXILL B TOM CJIy4ae, eC/Ii BEl 3HaeTe, 4TO
MIPY MCTIOJIB30BAHHH CTPYKTY DBl AAHHBIX ONEePaIlUy MOKUCKA IMOYTH He CMELIHBAIOTCH CO
BCTaBKOH U yAQJICHUEM.

B atom coBere GBIJIO MHOTO TEKCTA, HO KaTaCTPO(HIECKH HE XBATAJIO MPHMEPOB.
JlaBaiiTe paccMOTpHM 6a30BbIi KOJ HCIOJIB30BAHKS COPTHPOBAHHOTO Vector BMECTO set:

vector<Widget> vw: // AnbTepHaTuBa ana set<Widget>
// NoprotoBuTensHas $asa: MHOro BCTAaBOK,
// mano onepauwft NOMCKa
sort(vw.begin(),w.end()): // Koweu noprotosuTensHoi ¢ass (Npu amynauum
// multiset mOMHO BOCNONL3OBATHCA
// anroputvom stable_sort - cm. coser 31).
Widget w; // OBbLEKT C UCKOMbIM 3HAYeHueM
- // Havano (a3l noucka
if (binary_search(ww.begin(),ww.end() ,w)).. // Touck ¢ npumeHeruem
// binary_search
vector<Widget>::iterator i =
Tower_bound(vw.begin() .vw.end().w): // TloCK C npumeHerren
if (il=vw.end() && !(*i<w)).. // Tower_bound; KOHCTpykuma
// 1(*i<w)) onucana B cosete 45
pair<vector<Widget>::iterator,
vector<Widget>::iterator> range =
equal_range(vw.begin(),vw.end() .w): // NouCK C npuMeHeHWen
if(range.first != range.second).. // equal_range

// Koney ¢a3wt noucka,
// wHayano da3w peopranu3aumm
sort(vw.begin(),vww.end()): // Hayano HoBoit ha3sl NOUCKA..

Kaxk Bunure, Bce peausyeTcst JOCTaTOYHO NpsiMosinHeHO. OCHOBHBIE 3aTPy IHEHHS
CBsI3aHBI C BEIGOPOM anropuTMa noucka (binary search, Tower_bound u T. i), HO B 3TOM
BaM IIOMOJKET COBET 435,

ITpu nepexone ot map/multimap Kk KoHTeltHepy vector cHTyaiusi CTAHOBHTCS 6oJee
HHTEPECHOH, MIOCKOJIbKY vector AoJKeH coAepXaTh 0GBEKTHl pair, BXoASAIHE B map/
multimap. Ho mpu o6bsasiienny obbekTa THnamap<K, V> (1mm ero multimap-aHasora) aemMeH-
THI, XpaHsIILKECS. B KOHTEHHEpE, B AeHCTBHTEIHOCTH OTHOCSTCS K THILY pair<const K, V>,
YTo6Bl aMyJmpOBaTh map vk multimap Ha 6ase vector, IPU3HAK KOHCTAHTHOCTH He-
06XOMMO yCTPAHUTS, IOCKOJIBKY B IPOIIECCE COPTHPOBKM SJIEMEHTH BEKTOPA Hepe-
MELIAIOTCS MOCPEACTBOM NMPUCBaMBaHMUs, a 5TO O3HAYAET, YTO 0062 KOMIIOHEHTA Maphl
IOJUKHBI JOTMYCKaTh NpucBanBanue. CiiemoBaTebHO, IPU aMysisinuu map<K, V> Ha 6ase
vector naHHbIe, XpaHSIIHECs B BEKTOPE, AOKHBL OTHOCHTBCS K THLY pair<K,V>, a He
pair<const K, V>,

Conepxumoe map/multimap XpaHUTCS B OTCOPTUPOBAHHOM BU/E, HO TIPH COPTHPOBKe
YYHUTBIBAETCS TOJIBKO KJIIOYEBAst COCTABJISIONIAs 3IeMEeHTa (IepPBHI KOMIOHEHT Taphl ),
NIO3TOMY IIPHM COPTHPOBKe vector J0JIKHO HPOHCXOAHTD TO Xe caMoe. HaMm npuaercs
HamucaTh COOCTBEHHYI0 QYHKIMIO CpaBHEHUsI [UIs [ap, MOCKOJIbKY ONMEpaTop < THIA
pair cpaBHUBAeT 06e COCTABJISIOIIME TIAPHL.

VnTepecHo 3aMeTuTh, YTO IS BHIIOJHEHHUS NMOMCKaA TpebyeTcs Bropas QyHKIHs
cpaBHeHust. DYHKIMS CPaBHEHUS, HCIOIb3yeMas DU COPTHPOBKE, T0JydaeT Ba
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06beKTa pair, HO IOMCK BBIMIOJIHSIETCSI TOJIBKO 110 3HaYeHuIo Kioya. C ApyToit CTOPOHH],
(bYHKIHSI CpaBHEHHMST, HCIOJIb3yeMast TIPU MOUCKE, T0JDKHA MOJIyYaTh ABA Pa3HOTHITHBIX
o6beKTa — 00BEKT ¢ TUIOM KJIio4a (MCKOMoe 3HaueHue) u pair (o4Ha u3 Nap, XpaHs-
muxcsi B BekTope). Ho aTo ewte He Bce: Mbl He 3HAEM, YTO MeEPEAAETCs B IEPBOM apry-
MeHTe — KJII0Y WJIK Pair, MO3TOMY B AeHCTBUTEIBHOCTH AJIst TOUCKa HEOOXOAUMDI BE
- PYHKIHMH: OfHA TOJIyYaeT K04, a Apyras — 00beKT pair.

B cienyomem npuMepe o6beuHEHO BCe CKa3aHHOE PaHee:

typedef pair<string,int> Data; // Tun, xpaHumuwii 8 "map" B JaHHOM npuvepe

class DataCompare{ // Knacc ana dyHKumii CpasHeHus
public:
bool operator()(const Datad lhs, // OYHKUMA CpaBHERUA

const Data& rhs) const // ana copTuUpoBKM

return keyLess(1hs.first.rhs.first); // Onpepenexue keylLess
} // NpUBEAGHD HUKE

bool operator()(const Datad lhs, // OyHKuUMA CpasHerus
const Data::first_type& k) const // ana noucka (Qopma 1)
{

return keylLess(1hs.first,rhs.first);

}

bool operator()(const Data::first_type& k. // BYHKUMA CpaBHeHus
const Datad& rhs) const // Ans noucka (¢popma 2)

return keylLess(k,rhs.first):

}

private: // “Hactoswas" ¢yrkuua
bool keyless(const Data::first_type& k1, // cpaBHeHus
const Data::first_typed k2) const
{

return k1 < k2;
}

}:

B mannoM mpuMepe mpeanosiaraercs, Y4TO COPTHPOBAHHBIN BEKTOpP 3MYJIHPYET
map<string, int>. [Iepea HaMu mpaxkTHYeCKH GYKBATIbHOE MEPETOKEHHE KOMMEHTAPHEB,
NPHBEAECHHLIX PaHee, €CJIH He CYUTATh NPUCYTCTBUA (PYHKIKH keyless, IpeHa3HAYEH-
HOU 27151 corytacoBanus QyHKuuil operator (). Kaxaas ¢pyHKIusI IPOCTO CPaBHUBAET ABa
KJII0Ya, TI03TOMY, 4TOOB! He IPOrPaMMUPOBATh OAHH U Te JKe AeHCTBUSA ABAX b, MbI IIPO-
U3BOJAUM IIPOBEPKY B keyless, a GyHKuus operator () Bo3BpallaeT MOJIy4eHHBIH pe3yib-
tar. KoneuHo, aToT mpueM ynpouiaer conpososxaeHue DataCompare, 01HAKO y HETO €CTD
OAMH HEAOCTATOK: HaslmdHe GYHKILHIT operator () ¢ pa3HEIMH THIIAMH MTAPAMETPOB HCKJIIO-
Yaer afanTauuio o6bekToB QyHKimil (cM. coBet 40). C 3THM HHYETO HE MOZEJIAEIb,

Konreitnep map amyJmmpyercst Ha 6a3e COPTHPOBAHHOTO BEKTOpPA MPAKTHYECKH TaK
ke, Kak U KOHTeliHep set. EAnHCTBeHHOE MPUHIIMIHANIBHOE OTIHYME 3aKII0YAETCS
B TOM, 4TO B KauecTBe (GYHKIMII CPaBHEHHUS HCIOJIB3YIOTCH 00beKTh DataCompare:

vector<Widget> vd: // AnbTepHaTuBa Ana map<string,int>

// NogprotoBuTenbHan §asa: MHOrO BCTABOK,
// mano onepauwit noucka
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sort(vd.begin().vd.end(),DataCompare()); // KoHeu noaroTOBMTENbHOM (asb!
// (npw amynauuu multiset MOKHO
// BOCNONL30BATLCA ANTOPUTHMOM
// stable_sort - cm. coser 31)
string s; // OBbEKT C MCKOMbIM 3HAYeHHeM
- // Havano ¢asel noucka
if (binary_search(vd.begin{).vd.end(}.s,DataCompare())).. // [louck
// ¢ npunenenuen binary_search
vector<Data>::iterator i =
Tower_bound(vd.begin(),vd.end().s,
DataCompare()): // NOUCK C npvMEeHeHHeN
if (il=vd.end() && !(i->first<s)).. // Tower_bound; KOHCTpyKUwA
// 1(i->first<s)) onucawa
// B coseTe 45
pair<vector<Data>::iterator.
vector<Data>::iterator> range =
equal_range(vd.begin(),vd.end(),s,
DataCompare()); // Tlouck C npuMeHenuen
if(range.first != range.second).. // equal_range

// Koreu ¢a3w noucka,
// Hauano dasbt peoprann3aluu
sort(vd.begin(),vd.end(),DataCompare()); // Hayano HOBOW (a3bl NOMCKA...

Kax Bugure, mocse Hanucauus DataCompare Bce Gosee ui MeHee CTAHOBHTCS Ha
cBou MecTa. [TokasaHHOE pelieHHe 4acTo GBICTpee paboTaeT U PacXoAyeT MEHbUIE Ma-
MSATH, YeM aHATOTHYHAS aPXUTEKTYpa ¢ HaCTOSIIIIKM KOHTeHIHepOM map — MpH YCIO0BHHY,
YTO OTlepalMK CO CTPYKTYPOH JaHHEIX B Ballleif MporpamMMe AejiaTcs Ha (asbl, onu-
cannsle Ha . 99. Eciu nono6Hoe aeieHue Ha (as3bl He COOJIIOAETCS, HCIIOIb30BAHUE
COPTHPOBAHHOTO BEKTOPA BMECTO CTAHAAPTHHIX ACCOIMATHUBHLIX KOHTEHHEPOB IMOYTH
BCeraa obopayHBaeTCsl HAPACHOM TPAaTOM BpEMEHH.

CoseT 24. TwaTenbHO BblibUpanTe Mexay
map::operator[] u map::insert

HonycTuM, y Hac uMeercs Kjacc Widget ¢ KOHCTPYKTOPOM IO yMOJIYAHHMIO, a TaKkKe
KOHCTPYKTOPOM H OIepaTOpPOM IIPUCBAaWBaHUSA C ollepaHAOM TuMa double:
class Widget {
public:
Widget ();
Widget(double weight):
Widget& operator=(double weight);

)

[TpeamnosoxuM, MBI XOTHM CO3JaTh KOHTelHep map, acconuupyowmuil int ¢ Widget,
¥ HHHIIHAJIH3UPOBATh CO3JaHHOE MHOXECTBO KOHKPETHEIMH 3HaUYeHUSIMU. Bce BBITIIS-
IUT OYEHb IPOCTO:

map<int,Widget> m;

m[1]=1.50;
m(21=3.67;
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m(3]1=10.5:

m(41=45.8:

m{51=0.0003;

HacTonbKo TPOCTO, YTO JIETKO yIyCTUTb, YTO JKe 34eCh, COBCTBEHHO, TPOUCXOAUT.
A 3T0 OYeHb IJI0X0, TOTOMY YTO B AEHCTBUTENbHOCTH IPOUCXOAIIEE MOXKET 3aMETHO
yXyAMUTH OLICTPOAENRCTBYE HPOTPAMMBL

Oyukuus operator[] KoHTelHePOB Map HUKAK He CBsI3aHa C dyaxnusmu operator[]
KoHTeitHepoB vector, deque u string, a TakKe CO BCTPOEHHBIM OIIEPaTOPOM [1, pa60Ta-
oM ¢ MaccuBamu. (DyHKMA map: :operator[] ympoliaer ornepanuu «OOHOBJIEHUS C
BO3MOKHBIM cO3ZaHueM» . VIHaue roBops, Ipy HaIMuuy oObsBienus map<K, V> mxomaH-
na m[k]=v; mpoBepseT, IPUCYTCTBYET JIH K104 k B KOHTelHepe. Ecu Koy 0TCyTCTBY-
eT, OH L0baBJISEeTCSl BMECTE C ACCOIMMPOBAHHbIM 3HaueHueM v. Ecim Kimiou yxe npu-
CYTCTBYET, aCCOITMMPOBAaHHOE C HUM 3HaUeHUe 3aMEHSIETCS Ha V.

Jlns1 aToro operator[] Bo3BpalllaeT CCBLIKY Ha 06beKT 3HAUEHU A, ACCOMUUPOBAHHOTO
¢ K1104oM Kk, TIoCJIe Yero v MpUCBauBaeTcsi 00BEKTY, K KOTOPOMY OTHOCUTCS 5Ta CCBLIKA.
IIpu oOHoBNEHNY 3HAYEHUA, aCCOLMHUPOBAHHOTO € CYLUIECTBY IOUIMM KJII0YOM, HUKAKUX
3aTpyAHEHU He BO3HUKAET — B KOHTeHHepe yke nMeeTcs 00BEKT, CChIIKA Ha KOTOPBIH
Bo3BpallaeTca ¢yuximeii operator[]. Ho npu oTcyTcTBHM K0ua k TOTOBOTO 06BEKTR,
Ha KOTOPBIiI MOXHO 6110 OBl BEPHYTb CCBUIKY, HE CylLiecTByeT. B aToM ciyyae 06bexT
CO32eTCsA KOHCTPYKTOPOM TI0 YMOTYaHUIO, II0Ce Yero operator[] BO3BpallaeT CCBLIKY
Ha CO3aHHbI 06BEKT.

BepueMcs K Hayaly UCXOAHOTO IIpUMepa:

map<int Widget> m:

m(13=1.50;

Borpaxenne m[1] npencrasiadgeT coboil COKpallleHHYIOo 3anuch s m.operator[1(1),
HO3TOMY BO BTOPOM CTPOKE IPUCYTCTBYET BHI30B Map: :operator[]. DyHKIUA AOIKHA
BEPHYTb CCHIIKY Ha aCCONMMPOBaHHbIH 06bekT Widget. B nanHoM npumepe m emte He Co-
IEPXKWT HY OMHOTO 3JIEMEHTA, TO3TOMY JIEMEHT € KAKYoM 1 He CyLIeCTBYyeT. Koncr-
PYKTOP TI0 YMOJIYaHuIo co3naeT oObekt Widget, aceonuupyembslii ¢ xmoyom 1, u Bo3Bpa-
1[a€T CCBLIKY Ha 9TOT 00bekT. HakoHen, cosnanHOMYy obbexTy Widget mpucBaupaeTcs
3HaueHue 1.50.

Wuaue roBops, koMaHAa

m[1]=1.50;
(pyHKIIMOHAJIBHO SKBHBAJIIEHTHA CJIEAYIOIIEMY ¢bparMeHTy:

typedef map<int Widget> intWidgetMap: // BcnoMoratensHoe onpegenexve tuna

pair<intWidgetMap::iterator,bool> result = //" Co3faHne HOBOTO
m.insert(intWidgetMap: :value_type(1l.Widget())). // anementa ¢ wmouom 1
// W accouNnpoBaHHbIM
// ODbEKTOM, CO3RaHHbIM
// KOHCTPYKTOpOM N0
// YMONUAHMWIO; KOMMEHTapuin
// no nosogy value_type
. // npvBefieHsl panee
result.first->second = 1.50:; // TpucBanBanne 3HayeHus
// CO3/1aHHOMY OBBeKTYy
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Teneppb HOHSTHO, HOYEMY TAKOM NMOAXO YXyAUIaeT GbICTPOAEHCTBHE IPOTPAMMBL.
CHayasta Mbl KOHCTPYHPYeM o0beKT Widget, a 3aTeM HeMeIeHHO IPUCBANBAEM eMY HO-
Boe 3HaueHue. KoneuHo, npaBuibHee ObL10 OBl Cpa3y CKOHCTPYHpOBaTh Widget ¢ HyX-
HBIMH JaHHBIMHM BMECTO TOTO, YTOOB KOHCTPYMPOBATh Widget 1o yMOT4aHHUIO U 3aTeM
BBITIOJIHATH NMpucBauBanue. Ciief0BaTeNIbHO, BBI30B operator[] 610 Obl MpaBHJIbHEE
3aMEHHTb IPSIMOJIMHEHHBIM BBI30BOM insert:

m.insert(intWidgetMap: :value_type(1.1.50)):

C byHK1UHOHATIBHOM TOYKH 3PEHHS 3Ta KOHCTPYKIMSA SKBUBATEHTHA (parMeHTy,
NpHUBeJAEHHOMY BBIIIE, HO OHa MO3BOJISIET CAKOHOMHUTE TPH BbI30Ba (PYHKIMMI: co3aa-
HHe BpeMeHHOTo 00bexTa Widget KOHCTPYKTOPOM 10 YMOJTYaHHIO, YHHITOXKEHHE STOTO
BPEMEHHOTO 00bEKTa U onepaTop nprcBauBatust Widget. YeM aopoxke o6xoxATCs 3TH
BBI30BEI, TeM GOJIbLIYIO 3KOHOMHIO 0G€ecTieduBaeT TIPUMEHEHME Map: : insert BMecTo
map: ;operator[].

B npusenennom sbime pparMeHTe HCHIOIB3YeTCS OipeaesieHue TUna value_type, ipe-
AOCTaBJIsieMOE BCEMH CTaHIapTHBIMU KoHTelHepamu, [ToMuuTe, 4TO /151 map 1 multimap
(a Taxxe A7 HeCTaHJAPTHBIX KOHTEitHepoB hash_map u hash_multimap — coser 25) Tun
3JIEMEeHTa BCeT/a NPeACTaBsieT coO0H HeKy1o pa3sHOBUAHOCTD pair.

A yxe ynomunai o ToM, uto operator[] ympouiaer onepanuu «06HOBJIEHHS C BO3-
MOXXHBIM CO3aHHeM». Tenepb Mbl 3HaeM, YTO HPH CO3AaHUM insert paboraer addek-
THBHee, yeM operator[]. IIpu o6HOBIEHHH, TO €CTh NPH HATHYMH SKBHBAIEHTHOTO KJIIO-
4a (cM. coseT 19) B KOHTeliHepe map, CHTyaluMs MOJHOCThIO MeHsAeTcs. UTOGH IOHTH,
HI0YEMY 5TO IPOUCXOHUT, PACCMOTPHM TOTEHI{HAIbHBIE BAPHAHTHI OOHOBJICHHUST:

mik] = v: // 3HaueHne, accouumpyemoe
// ¢ KnipdoM k. 3ameHsercs
// Ha v npu nomoum
// onepaTtopa []
m.insert(intWidgetMap: :value_type(k.v)).first->second = v; // 3nauenue, accouumpyemoe
// ¢ Kmoyom k, 3amenserca
// na v rpu noMowm insert

BeposTHo, onun BHEMIHMI BUI 9THX KOMaH/ 3aCTaBUT Bac BHIOGPaATh operator[], HO
B IaHHOM CJiy4ae pedb uieT 06 3¢(eKTUBHOCTH, N03TOMY (PAaKTOP HATIAZHOCTH He
YYHUTBIBAETCS.

IIpu BBI30Be insert mepegaeTcsi apryMeHT THMa intWidgetMap: :value_type (10 ecThb
pair<int,Widget>), mosToMy npu BbI30Be insert HeOGXOAMMO CKOHCTPYHMPOBATh H yHH-
YTOXMTh 0OBEKT AaHHOTO Tuna. Clleq0BaTeNbHO, TIPH BbI30BE insert 6yAyT BHI3BAHHL
KOHCTPYKTOP M X€CTPYKTOP pair, UTO B CBOIO O4Yepeb MPUBEJET K BBI30BY KOHCTPYKTO-
pa u nectpykropa Widget, nockosbKy pair<int,Widget> comepskut o6bext Widget. IIpu
BEI30BE operator[] 06BeKT pair He MCIOIB3YETCs, YTO TIO3BOJISET H30EXATh 3aTPaT HA
KOHCTPYHPOBaHHe H YHUYTOXKeHUe pair u Widget.

CrnenoBaTesibHO, IPH BCTaBKe 3JIEMEHTA B Map 1O coobpaxeHusM 3(PpdeKTHBHOCTH
’KeJlaTeJIbHO MCIOJIb30BaTh insert BMecTo operator[], a mpu 0GHOBIEHHUH CYIIECTBYIO-
WX 3JIEMEHTOB TIPEATIOYTeHHE OTAAETCA operator[], 4To 06bsCHETCS KaK 3P PeKTuB-
HOCTBIO, TAK K 3CTETHYECKUMH COOBPaKeHUAMH.

Koneuno, HaM xotestocs 6sl Bugers B STL dyHKIHI0, KOTOpast 65l aBTOMATHIECKH
BHIOHPAIa ONTHMAIBHOE PEUIEHHE B CUHTAKCHYECKH TIPHBJIEKATEIBHOM BHJE. Wntep-
elic BEI30Ba MOT GbI BHITJISIAETD CHIEAYIONM 06pa3oM:
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iterator affectedPair = // Ecnn knioy K OTCYTCTBYET B KOHTeiHepe m,
efficientAddOrUpdate(m,k,v):  // BbnonuuTe 3ppexTusHOe fobaBnexue
// pair(k,v) B m; B NPOTMBHOM Cly4ae
// BHINOAHUTL 3BheKTUBHOE OOHOBNEHME
// 3HaueHus, acCOUMMPOBAHHOTO C KiOHOM K.
// OyHKUMA BO3BPAWALT MTEpaTop
// Bns poBaBneHHOW MM W3MEHEHHOR Maphl

B STL takas ¢pyHKIHS OTCYTCTBYET, HO KaK BUIHO U3 CJIedylouero (parMenTa, ee
HETPYAHO HAHCATH CAMOCTOSITEIBHO. B KOMMEHTapusX Jal0TCs KPaTKue NOICHEHNUs],
a JoMoJHUTeIbHAs MHGOpMaLUs NPUBeIEHa 110C1e IMCTHHTA.

template<typename MapType, // Tun KoHTeiHepa
typename KeyArgType, // TlpuauHel ANA nepefayn napaMeTpos-THNOB
typename ValueArgType> // KeyArgType u ValueArgType
// npuBEAEHL HUKe
typename MapType::iterator
efficientAddOrUpdate(MapType& m.
const KeyArgTyped k.
const ValueArgType& v)

typename MapType::iterator 1b = // Onpefenuts, rge HaxopuTCA
// WA JONKEH HAXORMUTLCA KMoy K.
m. Jower_bound(k): // Knioyesoe cnoso typename
// paccwaTtpusaerca Ha c. 20
if (1b!=m.end())&&
I(m.key_comp()(k.1b->first)}){ // Ecnn 1b cchnaerca Ha napy.
// KJ4 KOTOPOW 3KBUBANEHTEH K.

1b->second = v; // ..OBHOBUTb ACCOLMMPYEMOE 3HAYeHue
return 1b; // W BEpHyTb WTEPAaTOp ANA HAW[EHHOR napel
else{

typedef typename MapType::value_type MVT;
return m.insert (1B, MVT(k.v}); // BKmouuth pair(k,v) B m i BEpHYTL
// wTepaTop ANA HOBOrO 3reMeHTa
}

}

st 5pheKTUBHOTO BHINOIHEHHUS ONEPANUA CO3AAHUS ¥ OOHOBIEHUST HEOOX0AMMO
y3HaTh, IPUCYTCTBYET JIU KJII0Y kK B KOHTe{Hepe; ecjii MPUCYTCTBYET — TAe OH HaXOAMT-
Cs1, a eCJIM HeT — TZe OH J0JKeH HAXOAUTBCS. 3a1ada UAeaIbHO IOAXOMUT A1 GYHKIUN
Tower_bound (coseT 45). UTo6nl onpenenuts, obHapyxuia ju byHkuus Tower bound
3JIEMEHT C HY>KHBIM KJIIOYOM, MBI TIPOBEPSIEM BTOPYIO HOJOBUHY YCIOBHS 3KBUBAJIEHTHO-
ctu (cM. coset 19). IIpu aToM cpaBHeHHe A0DKHO HPOU3BOAUTECS BDYHKIMEH, IOIydeH-
HOIt TIpY BBI30Be Map: : keycomp. B pe3ysbTaTe NpOBEPKH 5KBUBATEHTHOCTH Mbl Y3HaeEM,
KaKast Oniepaiisi BBIOJIHSETCS — CO3/aHue uiK 0OHOBJIEHYE,

O6HoBeHNEe peann30BaHo BecbMa npsamosuHeino. C co3nanueM feno o6CTouT
HOMHTEpeCHee, TOCKOJIBKY B HEM MCHOJB3YETCs «peKOMeHAaTenbHast> hopMa insert.
KouncTpykuus m.inser(1b,MVT(k,v)) «pekoMeHayeTs 1b kak IpaBUJIbHYIO TOYKY BCTaB-
KM [IJ151 HOBOTO 3JIEMEHTA ¢ KJII0UOM, SKBHBaNeHTHBIM Kk, a CTaHAapT rapanTupyerT, 4To
B CJIy4ae NMPaBUJIBHOCTU PEKOMEHIAlMU BCTaBKA GyHeT BHIMOJHEHA 32 NOCTOSHHOE
BpeMs (BMecTo jiorapudmudeckoro). B efficientAddOrUpdate Mmbl 3HaeM, uto 1b ompe-
ZlessieT IPAaBUJIBHYIO MO3UIIHIO BCTAaBKH, TI03TOMY iNnsert BCeraa BBIMTOJIHSIETCS ¢ TIOCTO-
SIHHBIM BpEMeHeM.
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Y maHHOM peasm3anuy eCTh OfHA HHTepecHas 0cobeHHoCTh — KeyArgType u ValueArgType
He 00s13aHbI GBITH THIIAMM, XPaHSIIIMMHCS B KOHTEHHEpPe, 2 BCETO JHUIIb A0KHEL Npugo-
Oumucs K 3tuM TumaM. CynecTByeT ¥ APYToe BO3MOYKHOE PellleHue — YAAIUTb apaMeT-
puI-TuIbl KeyArgType/ValueArgType u 3aMeHUTDh uX Ha MapType::key type u MapType::
mapped_type. Ho B 3TOM ciiydae BEI30B MOXET CONPOBOXKAATHCS JHUITHUMH MpeoGpaso-
BaHMAMH THIOB. BoabMeM onpenesieHue KOHTellHepa map, BCTpedYaBIieecs: B IPUMEPAX:

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

Taicke BcmoMHuM, 4T Widget AomycKaer MpucBauBaHye 3HadeHuit Tuna double:
class Widget { // Ch. paHee

public:

ﬁidget& operator=(double weight);
}

Teneps paccMoTpuMm crenyomuii Bbi3oB efficientAddOrUpdate:
efficientAddOrUpdate(m,10,15);

Homyctum, BbITIOTHSETCS ONepanusi OGHOBJIEHHSL, TO €CTh M YK€ CONEPIKUT 3TeMEHT
ckiodoM 10. B sTom ciryyae npuBefeHHBL panee mwabJioH 3aKk/i09aeT, 4To ValueArgType
Apyiercst double, U B Teste pyHKIMH YKCo 1.5 B popMarte double HalTpsIMyIO IIpHCBaBaeT-
cs1 o6bexTy Widget, accouuupoBatHoMy ¢ kiodom 10. [TpucBanBanue ocymecTsisercs
BEI30BOM Widget: :operator=(double). Eciu 651 Tpernii mapamerp efficientAddOrUpdate
OTHOCHJICS K TUIly MapType: :mapped_type, TO 4uCyio 1.5 B MOMEHT BBI30Ba ObLIO GBI
npeo6pa3oBano B Widget, 4T0 npuBeso 6bl K JHUTHAM 3aTpaTaM Ha KOHCTPyHpOBaHHue
(v nocneaymomee yHudToXeHue) o6bekTa Widget.

Ckoub GBI HHTEPECHBIME He GbLIH TOHKOCTH pealn3aliu efficientAddOrUpdate, He
6yZieM OTKJIOHSATBCS OT IJIaBHON TEMbI 5TOTO COBETA — OT HEOGXOLMMOCTH TIIATEBHO-
ro BEIGopa Mesxay map: :operator[] u map: : insert B Tex CiydJasx, Korja BaxkHa agpdek-
TMBHOCTD BBINOJIHSAEMBIX onepaiuil, [Ipu 06HOBIEHUH CYIIECTBYIOIIETO 2IEMEHTA map
PEKOMEHY €TCS1 HCIIOJIb30BaTh oriepaTop [ ], HO IIpK CO3aHKUK HOBOTO 3JIeMeHTa Ipe/-
NOYTEeHHE OTAAETCA insert.

CoBet 25. M3yunte HeCTaHAQPTHbIE X3LLUPOBAHHbIE
KOHTEMHepbI

Ilocne nepsoro 3nakoMcrBa ¢ STL y GosbmmuHCTBA IPOTrPAMMHUCTOB HEH36€XKHO BO3HIU-
KaeT BONpOC: « BEKTOPHI, CIIMCKH, MHOXECTBA... XOPOLLIO, HO T/e e X3M-Tabauusi?> Jeli-
CTBUTEJIBHO, X31I-Ta6 IHIIBl He BXOAST B CTaHAApTHYIO0 6ubnuotexy C++. Bee cxomsites
Ha TOM, YTO 3TO AOCafHOE ynymeHue, Ho KomuTer no crangaprusanuu C++ pemni,
4TO yCHJINSI, 3aTPaYeHHble HA UX MOAMEPKKY, IPUBEJH OBl K 4PE3MEPHOIT 3aepiKKe
Bpabote Hag Cranzaprom. [To Bceit BepOSTHOCTH, X31I-Tab Kbl TOSBSTCS B cienyomen
sepcun CTaHAapTa, HO B HACTOAIMI MOMEHT X31IMPOBaHHe He MojUiepxuBaercst B STL.

IIporpammucrel, He nevabrecs! Bam He npuaercs 06X0auThCst Ge3 Xa1-Tab Tl MK
to3naBaTh CoGCTBeHHBIE peastn3aiuu. CymecTByeT HeMasIo ToToBbIX STL-COBMECTHMBIX
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X3IIHPOBAHHBIX aCCOUVATHBHBIX KOHTEHHEPOB C BIOJHE CTAaHAPTHBIMH HMEHAMIU:
hash_set, hash_multiset, hash_map u hash_multimap.

Peasu3aiiuy, CKPHITHIE 32 TOX0KUMH HMEHAMH. .. MSITKO TOBODS, HE HOX0XHK APYT Ha
npyra. Pasnuyaercst Bce: uHTEp(EICHI, BO3MOXXHOCTH, CTPYKTYPHI JaHHBIX H OTHOCH-
TenbHast 3 QEeKTUBHOCTD NOEPXKUBaEMBIX ollepauuii, MoxHo HamucaTh 6osee wm
MeHee TIepeHOCHMBIi KO, MCTIO/Ib3YIOLIMHA Xa1I-Tab/IMIBl, HO CTAaHAAPTH3AIMs] XILUH-
POBAHHBIX KOHTEHHEPOB 3HAYNTENbHO YIPOCTH A ObI 3Ty 3aza4y (Teneps NOHSTHO, IO-
YeMy CTAHAAPTHI TaK BaXKHHI).

113 Bcex CyIIeCTBYIOIMX PEATU3AIMIA XOUIMPOBAHHBIX KOHTERHEpOB Haubobliee pac-
npoctpanenue nonyuun ase: of SGI (coser 50) u or Dinkumware (npunoxetue b),
MO5TOMY JabHEM1IIee ONUCAHYE OTPAHYMBAETCS YCTPOHCTBOM X3IIHPOBAHHBIX KOHTEMH-
HepoB oT aTuX paspaboturkoB. STLport (coBer 50) Takxe COAEPKUT XIMHUPOBAHHbIE
KOHTEMHEPDI, HO OHM 6a3upyroTcs Ha peann3anuu SGI, B koHTeKcTe HACTOANIETO TPUME-
pa BCe CKa3aHHOE O X3IIMPOBaHHBIX KOHTeHHepax SGI 0THOCHTCA M K XoUIMPOBaHHBIM
Konreitnepam STLport.

XsupoBaHHble KOHTEHHEPBI OTHOCSITCS K KaTETOPHM aCCOIMATUBHAIX, IO3TOMY UM,
KaK ¥ BCEM OCTAJIbHBIM aCCONMATHBHBLIM KOHTeHHepaM, IpU 0ObsIBIEHUH ClIefyeT 3a-
JaTh TUII 06BEKTOB, XPaHANIMUXCSA B KOHTelHepe, (PYHKIMIO CpaBHEHHMS U151 STUX 0Obek-
TOB U pacrpenenuTens namsaty. Kpome Toro, 2151 paboThl X31MPOBAaHHOMY KOHTEHHEPY
Heob6xoauma xam-pyHKims. ECTeCTBEHHO NPEANONOXUTh, YTO 0OBSIBJIEHHE XIUIHPO-
BaHHOTO KOHTeHHepa A0/KHO BBITJISIAETh HPUMEPHO TakK:

template<typename T,

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

class hash_kouteinep;

[TonyyenHoe 06bsiBNEHUE BeCbMa OJIM3KO K 0ODSIBIEHHIO XIIIMPOBAHHBIX KOHTEH-
Hepos B peanusanyu SGI. [1aBHOe pa3nnyie MeXAy HUMY 3aKJII04aeTCs B TOM, YTO
B peastm3auuy SGI st Tumos HashFunction u CompareFunction mpexycMoTpeHB! 3Haue-
HYst o ymordauuio. O6bssaeHue hash_set B peasnsauuu SGI BHIIISAAUT CIexyIONIMM
obpa3oM (cJierka UCTIPABJIEHO IS yAoOCTBA UTEHUS );

templare<typename T,

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

class hash_set:

B peanusanuu SGI crenyer o6paTuth BHYMaHMe Ha HCHOJIb30BaHHe equal_to B Ka-
yecTBe (PYHKUMM CPaBHEHUS [0 YMOJIYaHUIO. B 9TOM OHa 0T/IMYaeTcs OT CTaHAAPTHBIX
aCCOLMATHBHBIX KOHTEHHEDOB, 7€ [0 YMOIYaHUIO HCHOJIB3YeTCs (DYHKIIHS CDAaBHEHHUS
Tless. CMBICJI 3TOTO U3MEHEHUS He CBOAUTCS K POCTO# 3aMeHe PYHKIMU. X3IHPOBaH-
Hble koHTeitHepsl SGI cpaBHUBAIOT ABa 06bEKTa, IPOBEPSIS UX PAGEHCMEO, & He IK6UBA-
senmuocmd (cM. coBet 19), /Lns XamupoBaHHBIX KOHTEHHEPOB TaKoe pellieHue BIOJIHE
Pa3yMHO, IOCKOJIbKY B X31IMPOBAaHHBIX aCCOIMATHBHBIX KOHTeHEpax, B OTJIWYME OT UX
CTaHAAPTHHIX aHATOTOB (OOBLIYHO MMOCTPOEHHBLIX Ha 6a3e AepeBbEB), SJIEMEHTH HE Xpa-
HSITCSI B OTCOPTUPOBAHHOM IIOPSIAKE.
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B peasmzanuu Dinkumware npunsiT HeCKOIBLKO HMHOR noaxoA. OHa Takxke Mo3B0-
JIsieT 3a1aTh THUN 00BEKTOB, X3M-(YHKIKIO, (GYHKIIMIO CDAaBHEHHUS U PaCIpee/uTeb,
HO X3uI-(YHKIUSA U QYHKIUS CPAaBHEHMSI TI0 YMOJIYAHUIO IlepeMeIeHbl B OTAEIbHBIN
KJacc hash_compare, KOTOpEII nepefaeTcst o yMoJI4aHMIo B mapamerpe HashingInfo ma6-
JIOHAa KOHTEWHEpa,

Hanpumep, o6bsiBrenye hash_set (Takxe 0ThOpMaTHPOBAHHOE AJIs1 HATJISIHOCTH)
B peantuzanuu Dinkumware BHTISAMT ClreAYIOIIEM 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 arom unrepdelice BHUMaHHe CTOMT 0GPaTUTh HA MCHOJIb30BaHHE HapaMeTpa
HashingInfo, conepxamero GyHKuMH X3MMPOBAHUS U CPABHEHHS, a TAKXKe Hepeduc-
JisieMble THIIBI, YIPABISAONMe MUHUMAJIbHEIM KOJIHYECTBOM I'He3[ B TaOJIHIe U MaK-
CHMAJIbHBIM ZI0ITyCTHMBIM OTHOIIEHUEM YHCIa 3JIEMEHTOB KOHTEeHEpa K YUCy THE3A.
B cryyae npeBbIeHUA NOPOTrOBOit BETNYMHBL KOJIMYECTBO THE3N B TabJIMIIE YBETHYH-
BAETCs, a HEKOTOPbIE 3/1eMEHTHI B Tabimile XaUIHPYIOTCs 3aHOBO (B peanusanuu SGI
npexycMOTPeHbl GYHKIKY, 06eCcriednBaloNIne aHATOTHYHbIE BO3MOXKHOCTH ynpasie-
HHS KOJIMYECTBOM THe3Z B Tabiiuile).

ITocne ne6onpuroro popMarupoBanus o6bsaBaeHUe hash_compare (3HadeHHe IO
yMmosrdanuio st HashingInfo) BEILIAAMT NpHMeEpPHO Tak:

template<typename T.typename CompareFunction=1ess<T>>
class hash_compare(
public:

enum{
bucket_size = 4, // MakcumansHoe OTHOWEHWE YUCNA 3NEMEHTOB K YMCIY THE3A
min_buckets = 8 // MuHMMANbHOE KONMYECTBO rHesj

}

size t operator()(const T&) const: // X3w-dyHKumus
bool operator()(const T&,
const T&) const;
// HeKoTopwe nOAPOOGHOCTH ONyweHsl,
// BKniyas ucnonb3osanne CompareFunction

}:

Ileperpysxka operator() (B 1aHHOM Cydae fJ1st peanusauyu GYHKIHI X3IMUPOBAHMS
1 CPaBHEHHS) HCIIOJIb3Y €TCSI TOPa3/I0 Yalle, 4eM MOXHO NPeACTaBuTh. [ pyroe npumMe-
HeHMe 9TOH KOHIENIIUH NPOEMOHCTPUPOBAHO B coBeTe 23,

Peanuzanus Dinkumware no3BsosisieT nporpaMMuCTy HanucaTh COGCTBEHHBIN KJIacc-
aHasor hash_compare (Bo3M0XHO, 06bsiB/IeHHBII IPOM3BOAHBIM OT hash_compare). Ecyu
aToT KJacc Oyner onpenensits bucket_size, min_buckets, aBe ¢dynxkuuu operator() (c oa-
HUM M C AByMs apFYMEHTaMM) M eIle HECKOJbKO MeJIodel, He YHOMSIHYThIX BBIIIE, OH
MO>KeT MCTIOJIb30BATLCSI VIS yIIPaBIeHust KOH(UTypaiuell i HoBeAeHHEM KOHTEHHEPOB
Dinkumware hash_set u hash_multiset. Ynpasnenue korgurypanueit hash_map u hash_
multimap oCyIecTBIISIETCS] aHAIOTHYHBIM 00pa3oM.
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YuTure, 4T0 B 060MX BapHaHTaX BCE NPUHATHE PElIeHNH MOXKHO MOPYYUTh peau-
3alU¥ ¥ OTPaHUYUTLCS O0BSBIEHUEM CIELYIONIEr0 BUAA!

hash_set<int> intTable: // Co3faTb X3WMPOBAHHOE MHOKECTBO int

Yr0651 3TO 06BSBIEHYE HOPMATBLHO KOMIIMIMPOBAJIOCH, Xa1-Tabiuna A0JKHA CO-
JeprKaTh JaHHbIE L[EJOUNCIEHHBIX TUIIOB (Hanpumep, int), MOCKOJIbKY CTaHAAPTHEE
x31-(pyHKIKH 0OBIYHO OrPaHHUHBAIOTCS LEIOYUCIEHHBIMY TUIIaMH (B peanu3anuu SGI
cTanfapTHble Xam-byHKnuy 061ama10T 601ee MUPOKUMU BO3MOKHOCTAMY; O TOM, THE
HAUTU JOMOJHUTENbHYIO HH(OpMALMIO, paccka3aHo B coBeTe 50).

IIpuHnumns! BHyTPeHHETo yerpoiicTBa peanu3anmit SGI u Dinkumware oyeHs cuis-
HO pasimnyaiorcs. B peanusanuu SGI ucnosnp3oBana TpaAuIIOHHAS CXeMA OTKPBITOTO
X3IIMPOBAaHMS ¢ MACCUBOM yKa3aTeJseil Ha OJTHOCBS3HbIE CIIMUCKH 2JIeMEHTOB, B peanusa-
mun Dinkumware HcHosb3yeTcst ABYCBSI3HBIH CIHMCOK. Pasnuuue 10CTATOYHO NPUHIU-
MUAJIBbHOE, [TOCKOJIbKY OHO BJIMSIET Ha KATETOPUH UTEPATOPOB, HOAREPKHBAEMBIX 3THMHI
peann3anusAMH. X3IKupoBaHHble kKoHTeHHepD! SGI MoIep kuBaOT NPsIMble UTEPATOPSI,
YTO HCKJII0YaeT BO3MOXKHOCTb 06pPaTHOTO Iepefopa; B HUX OTCYTCTBYIOT TaKye (PyHKIUH,
Kaxk rbegin umy rend. Peanuzanus Dinkumware nmoanepxuBaet AByCTOPOHHHE UTEDA-
TOPBI, 4TO NTO3BOJISIET OCYIIECTBIATH epe6op Kak B IPSIMOM, TaK U B 00paTHOM Hallpas-
nexnu, C gpyro#t cropoHsl, peaysaius SGI 4yTh 3xoOHOMHEe pacXonyeT NaMsTh.

Kaxkast u3 3Tux peayiu3auuit sy4uie HOAXOAUT A Balux nesneir? [ToHATHs He MMeo.
TonbKO BB MOXETe OTBETUTH Ha 3TOT BOIPOC, OAHAKO B 5TOM COBETE 5 AaXKe HE NBITaICs
M3/I0KUTh BCE HEOOXOAMMOe JUIst IPUHSTHSI 060CHOBaHHOTO pewtenusi. Peub uzer o apy-
TOM ~— BBl IOJKHBI 3HATh, YTO HECMOTPS Ha OTCYTCTBHE X3UIMPOBAHHBIX KOHTEHHEPOB
HerocpeactBeHHo B STL, npu Heo6xoxumocTyt MoXkHO Jerko Haitu STL-coBMecTH-
Mbl€ X31IMPOBaHHbBIE KOHTEHHEPH! (C PAa3HBIMU HHTepdelcaMH, BO3MOXKHOCTSIMH K 0CO-
6eHnocTsIMu paboTsr). Bosee Toro, B cBo60aHO pacnpocTpanseMbix peatusanusax SGI
u STLport BaM 3a HHX Jaxe He NPUAETCS IJIATU T,
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Ha nepBEiii B3r/1A HTEPATOPH IPEACTABIAIOTCS MpeaMeTOM BecbMa IpocThiM. Ho cro-
UT TPUCMOTPETHCS MOBHUMATEJIbHEE, U Bbl 3aMETHUTE, YTO CTaHAAPTHbIe KOHTEHHEPhI
STL moamepxuBaioT 4eThipe Pa3HBIX THIIAa UTepaToOpOB; iterator, const_iterator,
reverse_iterator u const_reverse_iterator. [Ipoxoaut coBceM HEMHOTO BpeMeHH, U BBI-
SICHSIETCS, YTO B HEKOTOPHIX (hopMax insert u erase TOJIBKO OAKH U3 3THX YETHIPEX THIIOB
IpHHEMaeTcs KoHTeitHepoM. Y 31ech HaUMHAIOTCS BOIIPOCH, 3a4eM HY)KHBI YeTHIpe THIA
urepatopoB? CylecTByeT Jjii MeXxIy HUMH Kakasi-iu6o cBsiab? MoxxHO Jiu ipeo6paso-
BaTh UTEPATOP OT OAHOTO THMA K Apyromy? MoXKHO Jin cMeMIHBaTH Pa3HEBIE TUITBL UTe-
PaTOpOB MPH BHI30BE AJITOPUTMOB U BcriomorartesbHbIx dynkuuit STL? Kax atu Tunst
CBSI3aHHBI C KOHTeHHepaMu U uX QyHKIMSIMu?

B Hacrosimei r1aBe Bbl HaliieTe OTBETHI HA 3TH BONPOCH, a TAKXe MOOIMKe TI03HA-
KOMHTECH C Pa3HOBHAHOCTBIO HTEPATOPOB, KOTOPOH OOBIYHO HE YAENSIOT AOJIKHOTO
BHUMaHus: istreambuf_iterator. Ecnu Bam upasutcs STL, Ho He ycTpausaer GvICTpO-
AeficTBue istream_iterator mpu YTeHHH CUMBOJIBHBIX MOTOKOB, BO3MOXKHO, istreambuf
iterator moMoXeT CIIPaBUTHCA C 3aTPYAHEHUSMHU.

Cosert 26. CrapainTtecb UCronb3oBaTh iterator
BMecCTO const_iterator, reverse_iterator
n const_reverse_iterator

Kak u3BecTHO, KaXblit CTaHAAPTHHIN KOHTEHHED MOAJEP)KUBAET YETHIpe THIIA UTe-
paTopos. /Iy KoHTeiiHepa container<T> Tum iterator paGoTaer kak T*, Torma Kak
const_iterator paGoTaer Kax const T* (Takxe BcTpedyaercs 3anuch T const*). ITpu yse-
audeHuH iterator uym const_iterator MPOHCXOAUT MEPEXOA K CIEAYIOIIEMY 3JIEMEHTY
KOHTeHHepa B MPSIMOM TIOpsiiKe MepeGopa (OT Havyasla K KOHIly KoHTeliHepa). FitepaTopst
reverse_iterator u const_reverse_iterator Taike paboTaioT Kak T* u const T* coot-
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BETCTBEHHO, HO TPH YBEIMYEHHH 3TH UTePaTOPHI IEPEXOIAT K CJIEAYIONIEMY DIEMEH-
Ty B o6paTHOM ropsiake riepebopa (OT KOHIA K HAavaly).
PaccMOTpHM HECKOJIBKO CHTHATYp insert u erase B koHTeliHepe vector<T>:

iterator insert(iterator position, const T& x):

iterator erase(iterator position):

iterator erase(iterator rangeBegin, iterator rangeEnd):

Anasormysbie GyHKIMHA MMEIOTCS Y BCeX CTaHAAPTHBIX KOHTeHHEePOB, HO THII BO3Bpa-
IAEMOTO 3HAYEHUs OMIpeNesseTcs TUTIOM KoHTeliHepa. O6paTuTe BHUMaHUe! riepedrc-
nenHble pyHKuMY TpeOYyIOT Hepefady napaMeTpoB Tuna iterator. He const_iterator, ne
reverse_ iterator u He const_reverse_iterator — Tosbko iterator. XoTs KOHTeHHEPH
TOUIEPKUBAIOT YeThIPE TUIIA HTEPATOPOB, OAMH U3 3THX THUIIOB 00J1aaeT NPUBUJIETHs -
MM, OTCYTCTBYIOIIMMH y APYTUX TUNOB. Tum iterator 3aHuMaeT ocoboe MecTo.

Ha crexyromeii aarpaMme nokasaHbl mpeoOpa3oBaHyst, BO3MOXHBIE MEX /Y HTEpa-
TOpaMH Pa3HbIX TUIIOB. :

const_iterator

iterator base()

\_ reverse_iterator ———3 const_reverse_iterator
base()

V3 pucyHka crenyer, 4To iterator npeoGpa3syercst B const_iterator u reverse_
iterator, areverse_iterator — B const_reverse_iterator, Kpome Toro, reverse_iterator
npeo6pasyetcs B iterator npu noMoiu GyHKIuu base TuIa reverse_iterator, a const_
reverse_iterator aHajoruyusiM 06pa3oM npeobpasyercs B const_iterator. OxHako u3
PHCYHKA He BUAHO, YTO UTEPATOPHL, IOJIy4YeHHbIe IPH BBI30BE base, MOFYT 0Ka3aThCs He
TEeMH, KOTOPble BaM HY>KHBL. 3a HoApoGHOCTsIMU oGpanraiiTech K cosery 28.

O6patuTe BHUMaHHE: He CYIIECTBYeT MyTH OT const_iterator k iterator uam or
const_reverse_iterator k reverse_iterator. V13 aToro BaXXHOTO 06CTOSTENBCTBA CIIEAY-
eT, uTo const_iterator u const_reverse_iterator MOryT BbI3BaTb 3aTPYAHEHHUS C HEKO-
TOpeIMH QYHKIMSAMH KOHTeliHepoB. TakuM GyHKuusIM HeobXoauM THI iterator, a us-
3a OTCYTCTBHsI 0OPAaTHOTIO IIEPEXO0/a OT CONSt-UTEPATOPOB K iterator mepsble CTAHOBSITCS
B 11€JI0M 6eCTI0IE3HBIMY, €CJTH BB XOTHTE HCTIOJIB30BATh HX AJIS1 OIPENENEHHUS TO3UIHK
BCTaBKH WJIM Y/JaJIEHHsI 3JIEMEHTOB.

OnHako He CTOMT MOCTEMIHO 3aKJII0YATh, YTO CONSt-UTepaTophl Boobue Gecriones-
Hbl. D10 He Tak. OHU NpeKpPacHO PabOTaIOT ¢ AITOPUTMAMH, TIOCKOJIBKY AJIsl JITOPUT-
MOB 0GBIYHO HOAXOJST BCE THIIBl UTEPATOPOB, OTHOCALIMECS K HYXKHOH KaTeropuu. Kpo-
Me TOTO, const-uTepaTophl IOAXOAAT IJI MHOTHX (byHKuuit koHTeinepos. [IpobreMer
BO3HMKAIOT JIMIIb C HEKOTOPBIMHU (popMamu insert u erase.

O6parure BHHMaHVe Ha GOPMYJIUPOBKY: CONSt-HTEPATOPLI CTAHOBSITCS 6 Ueiom bec-
HOJIe3HBIMH, €CJIA BBl XOTHTE UCIIOJIb30BATH UX AJIS OLIPEe/IEHUS IO3UIIHH BCTABKH WK
yAanenusi 3neMeHToB. Ha3biBaTh UX MOJMHOCTBIO 6eCTOIE3HBIMH GBLIO 6Bl HETPABHIIb-
Ho. Const-uTepaTropbl MOTYT MPHUHECTH TOJIB3Y, €CH Bbl HalieTe Cnocob MoydeHus
iterator mns const_iterator mnm const_reverse_iterator, Takoe BO3MOXKHO 4acTo, HO
JaJIeKo He BCeT/a, IpHYeM Jaxe B 6JIarONpUSATHOM Cllyyae pelieHHe He 04EBUIHO, Aa U
3¢ exTHBHEIM €10 He Ha30Bellb. B ABYX C10Bax 3TOT BONPOC HE M3JIOXKUTH, €CJIH BaC
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3aHHTEPECYIOT oApo6HOCTH — obpaluaiitech K coBeTy 27. A noka umerowasics HHPop-
MailHsi MO3BOJISIET [IOHATH, TIOYeMy THITy iterator oTAaeTcs NpeANOYTEHHE NEped ero
const- u reverse-aHaJOTaMH.

o HexoropsiM BepcusiM insert u erase IpH BBI30Be AOJDKEH NepeaBaThCsl THIT
iterator. Const- u reverse-utepaToprl UM He TIOAXOAAT.

e ABTOMaTHYecKoOe npeoGpa3oBaHue const-UTepaTopa B iterator HEBO3MOXKHO,
a MeToJHKa HoJryyeHus iterator Ha ocHoBaHuH const_iterator (coser 27) npume-
HHMa He BCeTAa, 1a u 3 (eKTHBHOCTD ee He FapaHTUDPYETCS.

o IlpeoGpasoBanue reverse_iterator B iterator Mmoxer TpeGoBaTh JOHOJHUTENb-
HOH peTyJINpPOBKH HTepaTopa. B coBerte 28 paccka3aHo, KOTAa ¥ [MOYEMY BO3HH-
KaeT TaKasi HeOGX0AUMOCTb.

U3 cxasanHOro CilegyeT 0AHO3HAYHEIM BEIBOA: €CJIM BE XOTHTE paboTaTh C KOHTEH-
HepaMu IPOCcTOo ¥ 3(PeKTHBHO U IO BO3MOXKHOCTH 3aCTPAX0BATHCS OT HETPUBHATLHBIX
oumuGoK, BEIOHpaiiTe iterator BMeCTo €ro const- u reverse-aHaJOrOB.

Ha npaxtuxe BEIOMpaTh OGBIYHO NPHXOAUTCSI MeXAy iterator u const_iterator.
BriGop Mexny iterator u reverse_iterator 4acTo NPOUCXOAUT IOMUMO BalIeR BOJH —
BCE 3aBHCHUT OT TOTO, B KAKOM NOPSIAKe JOJKHBI epeGUpaThCs 3IEMEHTHl KOHTelHepa
(B ipsiMOM HJIH B 06paTHOM). A ecJiu HocJie BeIGopa reverse_iterator notpeyercs Bbi-
3BaTh DYHKIHIO KOHTeitHepa, TpeGyloutylo iterator, BeI3oBuTe QyHKIMIO base (BO3MOX-
HO, C TIpeABapPHUTENbHOM PEryIHPOBKOI cMeleHust — cM. coBeT 28).

IIpu BpIGOpe Mexay iterator u const_jterator pexoMmenmyercs BHIGHpaTh iterator
Iaxe B TOM CJIy4ae, eCId MOXHO 060iTuCh const_iterator, a ucnonb3oBanue iterator
He 00yCJI0BIIEHO HeOOXOAMMOCTHIO Bbi30Ba QyHKIMHU KOHTeitHepa. B yacTHOCTH, HeMa-
JIO XJIOTIOT BO3HHKAET Ipu CpaBHEHMsIX iterator ¢ const_iterator. lymaio, BbI corsiacu-
TECh, YTO CJIeAyIOImHUil PparMeHT BEITISIUT BIIOJIHE JIOTHYHO!

typedef deque<int> IntDeque; // Onpepenenua Tnnos

typedef IntDeque::iterator Iter: // ynpowaioT paborty

typedef IntDeque::const_iterator Constlter: // c koHTelinepann STL

// ¥ Tunamum uTEpaTopos

iter i;

ConstIter ci:

// 1 v Ci YKa3bBalT HAa 3NEMEHTHI
// OfiHOTO KOHTelHepa

if (i==ci).. : // Cpasuutb iterator
// ¢ const_iterator

B mannoM npuMepe NpoHCXORUT 0OBIYHOE CPaBHEHHE ABYX HTEPATOPOB KOHTeHe-
pa, mofo6Hble cpaBHeHust coepuraiores B STL crutoms u paaom. ITpocto oaun 06beKT
OTHOCHTCS K THITY iterator, a Apyroil — x Tumy const_iterator. [Ipo6ieM GBITh He 4O -
Ho — iterator aBTOMaTHYecku npeoOpasyercsi B const_iterator, u B cpaBHEeHHH y4a-
CTBYIOT ABa const_iterator.

ViMeHHO 5TO 1 MPOUCXOAUT B XOPOIIO CIIPOEKTUPOBaHHBIX peanusanuax STL, o
B HEKOTOPBIX CJydasX NpuBefeHHbIH (pparMeHT He Komnuaupyercs. [IpuuvHa 3a-
KJIIOYAETCS B TOM, YTO TaKHe Peanu3anuy 06bsBAsIOT operator= pynxuueit xiacca
const_iterator BMecTo BHemHel ¢pynkuuu. Brpouewm, Bac, BepoaTho, Gosblie uHTE-
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PECYIOT HE KOPHU NPo6JIeMBl, a ee pellleHHe, KOTOPOe 3aKJII04aeTCsl B IPOCTOM H3MeHe-
HUU NIOPsIIKA UTEPATOPOB:

if (ci==1i).. // 06xogHoe pewenre AnA Tex Cly4yaes,

// Korpa npvBEAEHHOE Bhille CPaBHeHWE He paboTaer

IMono6usie npobieMbl BOSHUKAIOT He TOJBKO NPH CPaBHEHHH, HO H Boo611Ee TIpH
CMEIIaHHOM HCIIO/IB30BaHUY iterator u const_iterator (mu reverse_iterator u const_
reverse_iterator) B oAHOM BeIpaxeHHH. HanpuMep, IIpH NONBITKE BBIYECTh OAUH UTE-
paTop pOM3BOJIBHOIO AOCTYIIa U3 APYTOro:

if (i-ci>=3).. // ECNM 1 HAxXOAWTCA MMHMMYM B TpEX no3uuMax nocne Ci..

Baiu (IPaBUJIBHBINA) Ko GyneT HecnpaBeAIHBO OTBEPTHYT KOMIIUJISITOPOM, €CJIH HTe-
PaTopbl OTHOCATCH K pa3HbIM THaM. OGX0IHOe pellleHHe OCTaeTCs MpeXHuM (MepecTa-
HOBKa 1 ¥ C1), HO B 3TOM Cj1y4ae HPUXOAUTCS YYUTBIBATD, 4TO i-Ci He 3aMeHsAeTCs  Ha Ci -1

if (ci+3<=1).. // 06x0AHOE pewerne Ha Cnyvai, eciu

// npegbiiywan KOMAHAA HE KoMNwmupyeTca

IIpocTeiimas cTpaxoBKa OT MOAOOHBIX NPOBJIeM 3aKJII09AETCSI B TOM, YTOOBI CBECTH
K MMHEMYMY MCIOJIb30BaHKE Pa3sHOTHIHBIX HTEPATOPOB, a 3TO B CBOIO 04Yepeb MOACKa-
3BIBaET, YTO BMeCTO const_iterator ciexyer ucnonbs3oBarh iterator. Ha nepBblii B3r71514
OTKa3 oT const_iterator TOJIbKO AJIS MPeAOTBPAILECHUS IMOTEHIIHANTbHBIX HEJOCTATKOB
peany3anyy (K TOMY Jke UMEIoUMX 06X0AHOe PellleHUe ) BHTJISIAUT HEOTPABAAHHBIM, HO
¢ y4eToM 0coBoro cTatyca iterator B HeKOTOPHIX (PYHKIMAX KOHTEHHEPOB Mbl Heu30ex-
HO IIPUXOAMM K BBIBOAY, YTO UTEPATOPHI const_iterator MeHee MPAKTHYHBI, a XJIOMOTHI
C HUMY MHOTZa TIPOCTO HE ONPaBABIBAIOT 3aTPadeHHBIX YCHIUM,

Coset 27. Ucnonb3ywnTe distance n advance
ans npeobpasoBaHus const_iterator B iterator

Kax 6bL10 cxa3ano B cosete 26, HekoTopble G YHKI[MH KOHTEHEPOB, BbI3bIBaeMble C 11a-
paMeTpaMM-HTEepaTOpaMy, OrPaHHYHBAIOTCA THIIOM iterator; const_iterator um He
noaxoauT. UTo ke Aenarh, ecIu HMeeTcst const_iterator u BbI XOTHTE BCTABUTH HOBBIA
SJIEMEHT B MIO3MIMIO KOHTelHepa, 0003HaueHHYI0 3TUM uTeparopoM? Const iterator
HeoOX0ZAUMO KaKuM-TO 00pa3oM nipeo6pa3oBath B iterator, i BB JOJIKHBI IPHHATH
B 9TOM aKTHBHOE y4YaCTHE, HOCKOJIBKY, KaK GBLJIO TIOKa3aHO B CoBeTe 26, aBTOMaTHYe-
ckoro npeobpa3oBaHust const_iterator B iterator He cymiecTByeT.

$1 3na10, 0 4eM Bbl nyMaeTe. «Eciu Hudero He nomoraet, 6epeM KyBaJlay», He Tak
na? B Mupe C++ 3T0 MoXeT 03HayaTh JIMIIb OAHO: peobpasoBanue Tuna. CTHAUTECD.
U rze BB HAGPATIHCH TAKUX MBICTIEIT?

Hasaiite pasbepeMcst ¢ BpeAHBIM 3a0JIy)KA€HHEM OTHOCHTEJIBHO Mpeobpa3oBaHus
tuna. [TocMoTpuM, YTO IPOUCXOAUT NpH npeobpa3oBaum const_iterator B iterator:

typedef degue<int> IntDeque: // BcriomoraTensHeie onpepeneHua TUNOB
typedef IntDeque::iterator Iter;
typedef IntDeque::const_iterator Constlter;

Constlter ci: // ci - const_iterator
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“Iter i(ci): // Oumbka! He cywecTsyeT aBTOMATUYECKOro
// npeobpa3osanua const_iterator
// B iterator
Iter i(const_cast<Iter>(ci)): // Ouwwbka! Npeobpas3osaHue const_iterator
' // B iterator HeBO3MOKHO!

B npuseseHHOM npuMepe HCIOJIB3YeTCst KOHTelHep deque, HO AaHAJIOTHYHBIH Pe3yIb-
TaT Gyner mostydeH u Ajs 1ist, set, multiset, multimap 1 XaIMIHPOBaHHBIX KOHTEHHEPOB,
yIOMHHABIIHXCA B coBeTe 25. Bo3aMoxkHo, cTpoka ¢ peobpa3oBaHueM OyneT OTKOMITH-
JIMpOBaHa AJist vector u string, HO 3To ocobble ciydau, KOTophie OyAYT PacCMOTPEHBI
HIXe.

[Toyemy e /st STHX THIIOB KOHTEiHEPOB Mpeobpa3oBaHue He KOMIUIUPYETCS?
IToromy 4To iterator u const_iterator OTHOCATCS K Pa3HBIM KJIaCCaM, M CXOICTBA MEX-
Iy HEMH He Gosblie, 4em Mexay string u complex<double>. ITombiTKa Mpeo6Gpa3oBaHust
OHOTO THHA B APYroil a6coIoTHO 6eccMbICIeHHa, TO3TOMY BBI30B const_cast 6yaer
orBepruyT. [TonbiTKH KCNOIB30BaHus static_cast, reinterpreter_cast u npeo6pa3soBa-
Husi B cTiiie C IpUBEYT K TOMY JKe Pe3y/ibTaty.

Bripouem, HeKoMOMIMpyeMoe MIpeoGpa3oBaHue BCe e MOXKET OTKOMITHJIHPOBATHCS,
eCJIM UTEPATOPbl OTHOCATCS K KOHTeHHepy vector wim string. D10 0GBSICHSETCS TeM,
YTO B peau3alusiX AaHHBIX KOHTEHHEPOB B KA4eCTBE UTEPATOPOB OOBIYHO HUCHOJIB3Y-
I0TCs yKa3aTenu. B atux peanm3zaiusx vector<T>::iterator sBjsieTcs oNpeaeseHHEM
THna At T*, vector<T>: :const_iterator — ans const T*, string::iterator — asns char*,
astring: :const_iterator — ajsi const char*. B peanusanusix faHHBIX KOHTeHHEPOB Ipe-
o6pasoBanue const_iterator B iterator BEI30BOM const_cast KOMOWJIMPYETCS u AaxKe
IpaBHJIBHO PaboTaeT, IOCKOJIBKY OHO TipeoGpasyeT const T* B T*, BnpoueM, naxe B aTux
peanu3anusx reverse_iterator u const_reverse_iterator sBJIAIOTCA MOJTHOUEHHBIMHU
KJIaccaMu, II03TOMY const_cast He mo3sosisieT mpeobpa3osaTh const_reverse_iterator
Breverse_iterator. KpoMme toro, kakx o6bsicHsieTcs B coBete 50, JaxKe pealusaiiuy, B KO-
TOPHIX WTepaTOPH KOHTeltHepoB vector u string mpeAcTaBieHbl YKa3aTesIMH, MOTYT
KCIOJIb30BaTh 3TO NpeACTaBJIeHHE JIMIIb IPH KOMITHIAI[MY OKOHYaTeIbHOM (release)
Bepcun. Bee mepedunciietnble GakTOpH IPUBOASAT K MBICJIH, 4TO IpeoOpasoBaHue const-
MTEPAaTOPOB B HTEPATOPHI He PeKOMEeHAyeTCA U AJIs KOHTelHepoB vector u string, mo-
CKOJIBKY TePEHOCHMOCTD TAKOTO pellieHusl GyAeT COMHUTEIbHOM

Ecnu y Bac uMeeTcst AOCTYI K KOHTEHRHEPY, OT KOTOPOTO OBl B3ST const_iterator,
cyuecTByeT 6e30MacHbIl, ePEHOCUMBIH CIIOCO0 MOJIYYeHHsI COOTBETCTBYIONIETO THIA
iterator Ge3 HapyureHus CuCTeMBI THIIOB. Hike MpuBeeHa OCHOBHAS 4aCTbh 3TOTO pele-
HusE (BO3MOXKHO, Mepel KOMIUJIsiiuell moTpeGyeTcsi BHeCTH HeOOJIbIIMEe H3MEHEHHS):

typedef deque<int> IntDeque: // Cn. panee

typedef IntDeque::iterator Iter:
typedef IntDeque::const_iterator Constlter:

IntDeque d:

Constlter ci;

// TpuceonTe Ci ccunky Ha d

Iter i(d.begin()): // VinuyvanuauposaTs i 3nadvenueMm d.begin()

advance(i,distance(i,ci)); // TepemecTuTs 1 B nosuuuie Ci
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Peiwrenue BBITJIIAUT HACTOJBKO NMPOCTHIM M NIPAMOJUHEHHBIM, YTO 3TO HEBOJBHO
BbI3bIBaeT MOJ03peHus1. UToGh! TOMyunTh iterator, yKasslBAIOIUI HA TOT XKe SJIEMEHT
KOHTeltHepa, uro U const_iterator, Mbl co3aeM HOBBIN iterator B Hauasle KOHTelHepa
M [TIEPEMELIAaEM €ro BIEPE A0 TeX HOP, IOKa OH HE YAAIUTCA Ha TO e PacCTOSIHHUE, UTO
u const_iterator! 3agauy ynpomator wabionsl pyHK1Hit advance u distance, 00bsiBiIeH-
HBle B <iterator>. Distance Bo3Bpaliaer paccTOSTHUE MEXAY ABYMSI HT€PAaTOPaMH B Of1-
HOM KOHTelHeDe, a advance mepeMelllaeT UTEPATOP Ha 3ajaHHoe paccrosiHue. Korna ute-
paTopbl i ¥ € 0THOCATCS K OAHOMY KOHTeliHepy, BelpaxkeHue advance(i,distance(i,ci))
NIEPEBOAUT UX B OHY NTO3UNUIO KOHTEHHEpA.

Bce xopomnio, eci 651 9TOT BAPUAHT KOMITUIMPOBAJICS... HO 9TOTO HE TIPOMCXOAHUT.
YT006bI ITOHATH IPUUKHBI, PACCMOTPHM 00bsiBieHue distance:

template<typename Inputlterator>

typename iterator_traits<Inputlterator>::difference type

distance(InputIterator first,Inputliterator last):

He obpamaiite BHMMaHUA Ha TO, YTO TUIl BO3BPAl[a€MOTO 3HAYEHUS COCTOUT U3
56 cMMBOJIOB ¥ COAEPKUT yHOMMHAHMS 3aBUCUMBIX THIIOB (TakuX Kak difference_type).
BumecTo aToro npoanajiusupyeM HCHOJIL30BaHHE apaMeTpa-Tuna InputIterator:

template<typename InputIterator>

typename iterator_traits<InputIterator>::difference_type

distance(InputIterator first, Inputlterator last):

IIpu BhI30BE distance KOMNIMIATOP AOJIKEH ONPENENUTD THII, HpeACTaBAeHHBIIT
InputIterator, 1151 Yero OH aHATU3UPYET aPryMEHTHI, TiepeiaHHble IPH BeI3oBe. Eme pas
TIOCMOTPUM Ha Bbi30B distance B IpUBEIEHHOM BbIlIE KOJE:

advance(i.distance(i,ci)): // Tepemectuts i B nosuume Ci

IIpu BBI3OBE IEpenaloTca ABa mapameTpa, 14 ci. [lapamerp 1 oTHocuTCs K THITY iter,
KOTODPbI# NpeAcTaBAAeT coboil onpenenenyie tuna ans deque<int>::iterator. Jus
KOMTIMJISITOPa 9TO O3Ha4aeT, uto Inputlterator nmpu Bri3oBe distance cooTBeTCTBYeT
iy deque<int>::iterator. OnHaxo ci oTHOCHTCS K THIY ConstIter, KOTOpBIi nipen-
cTaBisieT cofoit onpenenenue Tuna Aust deque<int>: :const_iterator. Ua smozo cieny-
eT, uto Inputlterator cooTBeTcTByeT THIy deque<int>::const_iterator. InputIterator
HHMKaK HEe MOXKeT COOTBETCTBOBATH IBYM THIIaM OXHOBPEMEHHO, [TO3TOMY BBI30B distance
3aBepulaeTCa HeyAadell U KaKUM-HUOYAb 3anyTaHHBIM coobuieHueM o6 ommbke, U3
KOTOPOTO MOXHO (M/IM HeJb3s) HOHATH, YTO KOMIHJISTOP He CMOT ONPENeNUTh THI
Inputlterator.

Yro6bl BHI30B HOPMAJILHO KOMINIMPOBAICS, HEOGXOMUMO JTMKBHAUPOBATH HEOLHO-
3HaYHOCTb. [[7151 3TOTO IpOIIE BCEro SIBHO 3aaTh IIapaMeTpP-THUTI, KCHOJIb3yeMblit distance,
1 136aBUTh KOMITUISTOP OT HEOGXOAUMOCTH ONIPEENSTh ETO0 CAMOCTOSITEIIBHO!

advance(i .distance<ConstIter>(i,ci)); // BuuHCIUTL PacCTOAHME MeWAy

// i v ci (kak aByma const iterator)
// W nepeMmecTuTb i Ha 3TO pacCToaHue

Urax, Teneps Bbl 3HaeTe, Kak mpH oMoy advance u distance noayduts iterator,
COOTBETCTBYIOLIUI 3aJaHHOMY const_iterator, HO X0 HACTOSAIETO MOMEHTA COBEPILIEH-
HO He PacCMaTpUBAJICA BONPOC, MPEACTaBISIONMN GOJIbIIONA IPAKTHYECKHUI HHTEpEC:
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HacKoJibko 3¢ dexTHBHA faHHAsA MeToauKka? OTBeT npocT: oHa 3pdeKTHBHA HACTOMb-
KO, HaCKOJIBKO 3TO MO3BOJISIOT uTeparopsl. [yt HTepaTopoB IPOU3BOIBHOIO AOCTYIA,
NoAAepKUBAaEMbIX KOHTeliHepaMu vector, string, deque u T. 1., 9Ta Onepanys BhINOJI-
HSIETCH C MOCTOSIHHBIM BpeMeHeM. /17151 IBYCTODOHHUX HTEPaTOPOB (K 3TOM KATErOpun
OTHOCSITCSI MTEPATOPHL IPYTHUX CTAHAAPTHHIX KOHTEHHEPOB, a TAKIKE HEKOTODBIX Peajiu-
3a1[Hii XMIHPOBAHHBIX KOHTEHHEPOB — CM. COBeT 25) 3Ta Onepailist BLITOIHAETCS C T4~
HeHHBIM BpEMeHEM.

[MockonbKy mosydeHue iterator, SKBUBaTIEHTHOrO const_iterator, MoxeT notpe6o-
BaTh JIMHEHHOIO BPEMEHH, U TIOCKOJIBKY 9TO BOOOIIEe HEBO3MOXHO CAeNaTh IPY HEO-
CTYTIHOCTH KOHTeltHepa, K KOTopoMy oTHocuTcsA const_iterator, npoaHamusupyiite ap-
XMTEKTYPHBIE PelIeHHUs, BCIEACTBHE KOTOPBIX BOHHKJIA HEOOXOAUMOCTD NOTyYeHUs
iterator mmo const_iterator. Pe3ysibTaT TaKOrO aHaNIM3a CTAHET AOTIOJIHUTEILHBIM 10BO-
ZIOM B MOJIB3Y COBeTa 26, pekoMeHAYIONIero OT/AaBaTh HpeANoYTeHne iterator nepen
const- 1 reverse-UTepaToOpaMH.

CoseT 28. HayunTtecb ncnonb3oBaTb (pyHKLMIO base

TIpu BBI30BE (BYHKIHY base /1 HTepaTOpa reverse_iterator GyAeT HOLydYeH «COOTBET-
cTByIOuMii» iterator, 0IHAKO U3 CKA3aHHOTO COBEPIIEHHO HE SICHO, YTO JKE IIPH STOM
NPOHCXOAUT. B KauecTBe npyMepa pacCMOTPUM CIeAYIOUIMIA DparMeHT, KOTOPBIH 3aHO-
cuT B BeKTOp 4ucia 1-5, ycranaBiuBaer reverse_iterator Ha aeMeHT 3 ¥ MHUIMAIY-
aupyert iterator pyHkiueii base:

vector<int> v;
v.reserve(5): // Cm. coser 14

for (int i=1;i<=B;++i){ // 3anecTu B BEKTOp uucna 1-5
v.push_back(i):
}

vector<int>::reverse_ijterator ri= // YCTaHOBMTb ri Ha 3neMeHT 3

find(v.rbegin().v.rend().3):
vector<int>::iterator i(ri.base()); // MpucsonTs i pes3ynbTar BLI30Ba base

// ana wtepatopa ri

[Tocae BBIMOIHEHUS STOTO (bparMeHTa CUTYAIlUs BBITJIAAWUT NPUMEPHO TaK:

rend() ri() rbegin()

[1]2]3]4]5]
begin() . end()
I

Ha pucynke BUAHO XapakTepHOe CMelleHue reverse_iterator U COOTBETCTBYIOIIENO
6a30BOro UTEpaTOpa, BOCHPOU3BOALIETO CMeLTeHUe rbegin() U rend() IO OTHOWIEHUIO
kbegin() u end(), Ho HaliTH Ha HeM OTBETHI HA HEKOTODbIE BOIIPOCH HE yaaeTcs. B uacr-
HOCTH, PHCYHOK He 00BSICHSIET, KK UCTIOJIL30BaTh i AJIs1 BBHINOJIHEHHUS OTIepaIyii, KOTO-
Pbie TOJIKHBI ObLIK BHITIOJHATHCS C I'i.
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Kak ynomunanocs B coeTe 26, HexoTopble GYHKIINH KOHTeHHEDOB NIPHHHUMAIOT
B KaueCTBe HapaMeTPOoB-UTEPATOPOB TOJBKO iterator. [loaToMy ecitu BHL, AOIYCTHM, 3a-
XOTUTE BCTABUTh HOBBIY 3JIEMEHT B IO3UIIKIO, OLIPEAEILAEMY IO HTEPATOPOM ri, CAeJIaTh
3TO HANIPSIMYIO He YAACTCS; PyHKuYs insert KOHTeliHepa vector He IPUHUMAET reverse_
iterator. Ananoruynas npob6JieMa BOSHUKAET MDY YAJIEHUY 3JIEMEHTa, OTIpefiessieMo-
ro uTepatopom ri. DyHKIWH erase He COIJIAIAIOTCS Ha reverse_iterator u IpHHUMAIOT
TONBKO iterator. YToObI BBIMOJIHUTD yAATEeHUE HIIH BCTABKY, He0OX0auMO mpeobpaso-
BaTh reverse_iterator B iterator rnpu noMoury base, a 3aTeM BoCHoJIb30BaThCs iterator
JJ151 BBITIOJTHEHWST HY>)KHOH OIlepaliu.

HonyctuM, noTpe6oBaIoch BCTABUTH B V HOBBII 3JIeMeHT B MMO3HUIIMH, ONIpefeisie-
Moii utepatopom ri. st onpeneneHHOCTH 6yAeM CYMTATh, YTO BCTABJISIETCS 4ucIio 99,
YuuThiBas, UTO I'i Ha IPeBIAYIIEM DHCYHKe HCHOIB3YeTCs AJis TepeGopa CrpaBa Hasle-
BO, & HOBbIi1 37IEMEHT BCTaBJISIETCS. Neped MO3ULMEN HTEPAaTOPa, ONPEAEIISIONIETO M03H-
IUIO BCTaBKY, MOXHO OXKUAATH, 4TO 4ucyI0 99 okxaxercst mepen yucjioMm 3 B 06paTHOM
nopsiake nepebopa. Takum o6pa3oM, TIOCIE BCTABKH BEKTOD vV OyAeT BHITJISIAETD TaK:

[1]2]3]o9l4]5]

KoneuHo, Mbl He MOXEM MCIIOIBL30BATh ' U1t 0603HAY€HHUS MO3UIMH BCTABKH, T10-
CKOJIBKY 3TO He iterator. BMecTo atoro Heo6xoxumo ucnosb3oBarh i. Kak ynomuna-
JIOCH BbIllle, KOTAA rri yKa3bIBaeT Ha aeMeHT 3, 1 (To ecTh ri.base()) yka3niBaeT Ha aje-
MeHT 4. FIMeHHO Ha 3Ty TO3ULUIO JOJKEH YKa3bIBATh HTEPATOP 1, YTOOHI BCTABJICHHBIH
3JIEMEHT OKa3aJIcsl B TOH MO3UIIMH, B KOTOPOH OH OBl HAXOAHUIICS, €CJiM 6bl A1 BCTABKK
MOXXHO OBIJIO UCIIOJIL30BATH UTEPATOP ri. 3aKa0YeHue:

e yTOOBI 5MY/IMPOBATh BCTABKY B IO3ULIMIO, 3aIaHHYIO0 UTEPATOPOM I THITA reverse
iterator, BLINOJIHUTE BCTaBKY B NMO3uuMIo ri.base(). ITo oTHOmeHuo k onepa-
IIMY BCTaBKHY ri U ri.base() sxBUBaJEHTHHI, HO r'i.base() B AefiCTBUTENBHOCTH
npezcrasisieT coboit iterator, coomeemcmeyouudi ri.

PaccMmoTpuM onepaunmio yAajaeHys djieMeHTa. BepHeMcs k B3aUMOCBSI3H MEXAY Pi
U UCXO/HBIM BEKTOPOM (I10 COCTOSIHUIO Ha MOMEHT, HpeAIeCTBYOmuil BCTaBKe 3HA-
yenus 99):

ri()

Jlns ynanenus sjaeMeHTa, Ha KOTODBIi YKa3bIBaeT UTEPATOP I, HEJIB3SI IIPOCTO KC-
[I0JIb30BATH 1, IOCKOJIBKY 9TOT UTEPATOP CChLIAETCS Ha APYyroii aneMeHT. BMecTo aToro
HY)KHO YAQJIUTb SJIEMEHT, npeduiecmeyiowuii 1. 3aKodeHue:

® yTOOBI SMYIUPOBATh yAaTeHHeE B IO3UIIMH, 331aHHOM UTEPATOPOM I'i THIIA reverse
iterator, BEITONHHTE yAaI€HHE B [TO3ULUY, IpeaLIecTBYomei ri.base(). 1o orHo-
IIEHVIO K Oonepanuu yaanenus ri u ri.base() ne sxsusanrenmnunt, a ri.base() ne
s6ns.emcs 00beKTOM iterator, COOTBETCTBYIOIIMM ri.
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OxHako K KOAy CTOHT HPHCMOTPETHCS IOBHUMATEJIbHEE, IOCKOJIBKY Bac XAET
CIOpIIpHU3: :

vector<int> v;
// Cw. panee. B BeKTOp v 3aHOCATCA

// uncna 1-5
vector<int>::reverse_iterator ri = // YcTaHoBWTL ri Ha anemeHT 3
find(v.rbegin().v.rend().3):
v.erase(--ri.base()): // MNonbiTKa CTUPaHUA B NO3UUMK,

// npepwecTsyiouei ri-base():
// nna BexTopa OObIMHO
// He KomnunupyeTcs

Pemenne BHIIAAUT BIOJHE HOpMaTIbHO. BeipaxeHue - -ri.base() npasusibHoO omnpe-
JeJIsieT 3JIEMEHT, npeAnrecTByomull yaaiseMomy. Bosiee Toro, npuseaexHblii (pparmMent
Oyzner HopMaIbHO PaGOTATh VIS BCEX CTAHAAPTHBIX KOHTEHHEPOB, 32 HCKTIOYeHHEM vector
u string. HaepHoe, oH 651 Mor paboTaTh U 4J151 STHX KOHTEHHEPOB, HO BO MHOTHX pea-
u3anuAx vector u string oH He OyZeT KOMIUIUPOBATHCS. B Takux peanusaiusx THIIH
iterator (u const_iterator) peasnsoBaHBl B BUe BCTPOEHHBIX yKa3aTesel, I03TOMY
pe3yJIbTaTOM BbI30Ba ri.base() siBjsieTcst ykasaTesib, B cooTBeTcTBHE ¢ TpeGOBaHHAMY
kak C, Tak u C++ yKasareiy, Bo3BpainaeMble (DYHKIMSIMHE, HE MOTYT MOAU(DUIMPOBATLCS,
no3TOMY Ha Takux miatgopmax STL BeipakeHus Tuma - -ri.base() He KOMIMIHPYIOT-
cs1. UTo6b! ynasuTh 3J1eMEHT B TIO3UIMK, 3aJaHHOM WTepaTOpoM reverse_iterator, i npu
BTOM COXPaHMTh IIEPEHOCHMOCTD, He0OX0AMMO U36eraTh MoAUGbUKAIIMH BO3BPAIIAEMO-
ro 3HayeHus1 base. Bpouem, 310 HecoxHO. Ecyti MbI He MOXKeM YMEHBIIUTD PE3YJIbTAT
BbI30Ba base, 3HAYMT, Hy>KHO YBEJIMYUTD reverse_iterator u mocje 3TOro BeI3BaTh basel

// Cu. panee

v.erase((++ri).base()): // YRanuTb 3NEMEHT, Ha KOTOPHI YKasuBaeT ri;

// KOMaHpa BCErpa KOMRMAMpYETCs

Taxas meTonuka paboTaer Bo BCeX CTaHAAPTHBIX KOHTeHHepax 1 MOTOMY CUHUTAET-
Cs1 IPEANOYTUTENIBHEIM CHOCOO0M YAAIEHHUS! 3IEMEHTOB, OMpeAeseMbIX HTEPATOPOM
reverse_iterator.

BeposiTHO, BB yXKe NOHsIM: TOBOPUTB O TOM, 4TO (yHKIHUS base kiacca reverse_
itrerator Bo3BpailiaeT «COOTBETCTBYIOIMI> iterator, He coBCceM MpasmabHO. B oTHOMmE-
HUH BCTAaBKH 3TO AeUCTBUTENIBHO TaK, a B OTHOMLIEHHH yAaleHus: — HeT. [Ipu npeobpa-
30BaHuU reverse_iterator B iterator BaxHo 3HaTh, Kakue Onepanuu OyAyT BHITOIHSTh-
Cs1 C oIy YeHHBIM 06BeKToM iterator. Tosbko B aTOM CJiydae Bbl CMOXETe ONpPeAenuTh,
HoROHET JIM OH [JIS BAIMX leJielt.

CoBet 29. PaccMoTpuTe BO3MOXXHOCTb
ucnonb3osaHus istreambuf_iterator
Npu“ NOCMMBOJ/ILHOM BBOAE

IIpeanonoxum, BBl XOTHTE CKOMMPOBATh TeKCTOBHLIT (hailn B 06bekT string. Ha nepserit
B3LJISI CJIEAYIOLIEE PelleH e BBITIISIAUT BIIOJIHE Pa3yMHO!
ifstream inputFile("interestingData.txt");

string fileData(istream_iterator<char>(inputFile)). // Mpoyutats inputFile
istream_iterator<char>()): // B fileData
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Ho Bckope BbISICHSIETCS, YTO TIPUBEIEHHbIH CHHTAKCHC HE KOIIHPYET B CTPOKY IPO-
nycxu (whitespace), Bxoasuwe B (aitn. 310 06bACHAETCS TeM, YTO istream_iterator
IIPOM3BOAUT HENMOCPEACTBEHHOE YyTeHue QYHKIUAMU operator<<, a aTu dyHKIHH TTO
YMOJYaHMIO HE YUTaIOT HPOIIYyCKU.

Yr1o6BI COXpAHUTH MPOMIYCKY, BXOAAIINE B (aiijl, JOCTATOYHO BKJIIOYHTH PeXKUM dTe-
HMsI IPOTYCKOB cOpocoM ¢Jiara skipws /11 BXOZAHOTO HOTOKA!

ifstream inputFile("interestingData.txt"):

inputFile.unset(ios::skipws); // BKMOUUTL DExuM

// 4TeHns nponycKos
// 8 inputFile

string fileData(istream_iterator<char>(inputFile)), // Mpouutats inputFile

istream_iterator<char>()); // B fileData.

Teneps Bce cumBoJibt inputFite xomupyloTcs B fileData.

KpoMe TOTO, MOKET BbISCHUTBCSA , YTO KOIMPOBAHKE HPOMCXOIHT He TaK OBICTPO, KaK
BaM xoTesioch Obl. DYHKUUU operator<<, 0T KOTOPBIX 3aBHCHT pabora istream_iterator,
HNpou3BOAAT (POPMATHLIA BBOZ, a 5TO 03HAYaeT, YTO KAK/AbIA BLI30OB COIPOBOXKIAETCS
MHOTOUYMCJIEHHBIMU CIyKeOHbMH onepanussMu. OHH AO/DKHEI CO3JaTh M YHHYTOXHUTD
06BeKTH sentry (crenuanbHble 0OBEKTH TOTOKOB BBOAA-BBIBO/IA, BHINOIHAIONINE Ha-
yajIbHbIE ¥ 3aBEPIIAIONINE OIEPAIUH ITPH KAKZIOM BBI30BE operator<<); OHU JOJAKHbI
TIPOBEPUTD COCTOSTHUE (DJIArOB, BAMSAIOUIMX Ha UX paBoTy (Takux, Kak skipws); OHE JOJIK-
Hb! BBITIOJHUTD JOCKOHAJbHYIO TIPOBEPKY OMMOOK YTEHHs, a B CIydae OOHapyKeHus
Kakux-m1b0o mpobieM — IpoaHaJIU3HPOBATE MACKY HCKITIOYEeHUI TIOTOKA 1 ONIPe/Ie/IUTh,
HYXHO JI MHUIMUPOBATH UCKIIOYeHNe. Bce mepednicieHHble onepanuy eiCTBUTEN! -
HO BaXKHBI IpH (OPMATHOM BBOJIE, HO €CJIY Baumy MOTPEGHOCTY OTPaHUYHMBAIOTCS YTe-
HHEM CJIEAYIOLUIETO CUMBOJIA M3 BXOAHOTO MOTOKA, 6€3 HUX MOXHO 0GOMTHCH.

Bonee adpdexTuBHOE penmieHUe 0OCHOBaHO Ha HCIIOJB30BAHUH HENIPHUMETHOIO HTe-
paTopa istreambuf_iterator. MtepaTopsl istreambuf_iterator paboTaioT aHaJIOTHYHO
istream_iterator, Ho eciiu 00BEKTHI istream_iterator<char>4uTaloT OTAENIbHEIE CHMBO-
JIbI U3 BXOJHOTO TIOTOKA OTIEPATOPOM <<, To 00BeKTH istreambuf iterator obpamratorcs
npsamMo K 6ydepy NOTOKa ¥ HENOCPEACTBEHHO YNUTAOT ClefyI0lINi CHMBOJ (BBIPAXKa-
[Cb TOuHee, 00beKT istreambuf iterator<char> uuraeT creayouMii CHMBOJI K3 BXOAHO-
TO IOTOKa S BBI30BOM S. rdbuf() ->sgetc()).

ITepeiitu Ha ucnonbzosanue istreambuf iterator mpu yrenuu (aitna Tak mpocro,
uTo fake nporpammuct Visual Basic caenaer 3To co BTOpOii OMBITKH:

ifstream inputFile("interestingData.txt"):

string fileData(istreambuf_iterator<char>(inputFile)).

istreambuf_iterator<char>());

Ha atoT pa3s cOpaceiBath yrar skipws He HyXHO, utepatophl istreambuf iterator
HUKOT/IA HE TIPOTIYCKAIOT CUMBOJIBI ITPY BBOJE U IPOCTO BO3BPAIIAIOT CJEAYIONIUHA CHM-
BoJ u3 bydepa.

ITo cpaBHeHMIO C istream_iterator 5To mpoMCXOAMT OTHOCUTENBHO ObICTPO. B npose-
JEHHBIX MHOIO IPOCTERIINX TECTaX BBIUTPBIII TI0 CKOPOCTH HoCTHTa 40%, XOTS B BaleM
caydae nudpbl MoryT 6biTh Apyrumu. He yausnsiitecs, ecnu GeictpogeiictBue Gyner
pacTH Co BpeMeHeM; UTepaTophl istreambuf_iterator HacenslOT oaMH U3 3a6POLIEHHBIX
yroaxos STL, v aBTOpBI peau3anyii ele HeAOCTATOYHO 1103a60TUIHCH 06 UX ONTUMH-
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sanuu. HanpuMep, B MOMX NPDHMHUTHBHBIX TECTaX UTEPATOPSI istreambuf iterator ox-
HOIt U3 peanu3sanuit paboTanu Bcero Ha 5% GrpicTpee, 4eM istream iterator. B taxux
peau3alMsAX 0CTaeTCA IHPOKUI IPOCTOP AJIst ONTUMHU3anuH istreambuf iterator.

Ecsin BBl mnaHUpyeTe YMTATh U3 OTOKA I10 OXHOMY CHMBOJLY, He Hy>KaeTeCh B CPe/l-
cTBax ()OpMaTHPOBAHMS BBOJA H CiieZuTe 32 3((bEKTUBHOCTHIO BBIMOJIHSAEMBIX OTIepa-
UM, TPU JIMITHKX CUMBOJIa HA HTEPAaTOP — He Takasl YK A0POrasi IeHa 3a 3aMETHBIH pocT
6ricTpozeiicTBust. [1pu HehOpMATHOM NMOCHMBOJILHOM BBOJE BCETAA paccMarpuBaiTe
BO3MOKHOCTDb IIpUMeEHeHHu istreambuf_jterator.

Pa3 yx peub 3amua o 6ydpepu3oBaHHbIX UTEPATOPAX, CIEAYET YHOMAHYTb U 06
ucnojibzoBaHuu ostreambuf_iterator mpu HedpopMaTHOM MOCHMBONBLHOM BbhIBOZE. 110
CPaBHEHHIO C ostream iterator mTepatopsl ostreambuf iterator o6azaloT MeHBUIIMYU
3arpaTaMu (NPU MEHBIIMX BO3MOXHOCTSIX), HO3TOMY OOBIMHO OHH NIPEBOCXOAST UX TI0
adpexTHBHOCTH.



ANropuTMbI

B Havasie miaBhl 1 51 ynoMuHaI o TOM, YTO JIbBHHAS Ao penytaiuu STL cBsi3aHa ¢ KOH-
TeifHepaMu, U 3TO BNOJHe 06bsicHuMo. KoHTeltHeps! 061aal0T Maccoi JOCTOUHCTB |
YIPOILAIOT TIOBCEAHEBHYI0 paboTy GecunciierHbIx nporpammuctos C++. Ho u anropur-
Ml STL ToXe mo-cBoeMy 3aMedaTesIbHEL K B TOH Xe CTeleHH 06J1eryaoT GpeMst pas3pa-
6oryuka. CymecrByeT Gosee 100 asIrOpUTMOB, M BCTPEYAETCsl MHEHKE, YTO OHH NPEAO-
CTaBJISIOT NPOrpaMMHUCTy GoJiee THOKHT HHCTPYMEHTApHIA 110 CPABHEHHIO ¢ KOHTEHHEpaMu
(XoTopHIX BCero-to BoceMb!). Bo3amMOXXHO, HeZOCTATOUHOE IPUMEHEHHE AJITOPHTMOB
OTYaCTH ¥ 0ODBACHAETCS UX KOJIUIeCTBOM. Pa3o6paThCsi B BOCbMH THITAX KOHTEHHEPOB
Hpolie, 4eM 3alIOMHHTh UMeHa U NpeHa3HaYeHHe MHOTOYMC/IEHHBIX AITOPUTMOB,

B 3T0ii ry1aBe 51 MocTaparoch pentuTh J8€ OCHOBHEIE 3a/1aul. Bo-nepBhix, st peacTas-
JIT0 HEKOTOPble MaJION3BECTHbIE AJIFOPUTMBL U MOKAXKY, KAK C MX MOMOIIBIO YIPOCTHTD
cebe xu3Hb. He Gecrokoiitech, BaM He NPHAETCS 3alIOMUAHATD JJIMHHBIE CTIMCKY HMEH.
AJITOpHUTMEL, TIpeACTaBIeHHbIE B 3TOH TJIaBe, MpeAHA3HAYEHBI AJIs PELIEHHUS IOBCEAHEB-
HBIX 33/la4 — CPaBHEHHe CTPOK 6e3 yuera perucTpa CUMBOJIOB, 3(p(PeKTHBHBIH TIOUCK N
06bEKTOB, B HAUOOJIbIIIEl CTETEHH COOTBETCTBYIOIIMX 3alAHHOMY KPHTEpHIO, 060611e-
HU€ XapaKTePUCTHK BceX OOBEKTOB B 3alaHHOM MHTePBaJle U uMHUTalusi copy if (aro-
putM U3 ucxogHolt peanusaruu HP STL, nckiioueHHsIi B Ipoliecce CTaHAAPTH3AIHK).

Bo-BTophIx, 51 Hayuy Bac u3beraTh CTaHAAPTHHIX OMIMOOK, BO3HUKAIOIHUX 1ipu pabo-
Te ¢ aropuTMamMu. HanpuMep, mpu BRI30Be JITOPHTMA PEMOVE H €r0 POACTBEHHHKOB
remove_if ¥ unique HeoGXOAUMO TOYHO 3HATH, YTO 3TH AITOPUTMBI AeJIal0T (M Yero OHH
He fenaioT). /laHHOe MpaBUJIO 0COOEHHO aKTYyaTbHO NPH BbI30BE remove AJist HHTepBa-
J1a, cofepallero ykasateaud. MHorue ajropuTMel paboTaioT TOJBKO C OTCOPTHPO-
BaHHBIMH HHTEPBAJIAMH, ¥ IPOTPAMMHCT J0JUKEH MOHUMATH, YTO 3TO 34 AJITOPHUTMBL
U nioYeMy JUISI HUX YCTaHOBJIEHO NMoA0OHoe orpanuyenue. Hakowel, oaHa u3 Haubosee
PacnpocTpaHeHHbIX OMHOOK, A0MYCKAEMbIX IIPH PabOTe ¢ AITOPATMAMH, 3aKTI0YAETC
B TOM, YTO IIPOTPAMMHCT IIpeJjlaraeT aITOPUTMY 3aTIUCATh Pe3YJIbTaThl CBOEH paboThI
B HECYIIECTBYIOILYIO 06s1acTh maMsTu. 51 MoKaxy, Kak 3TO IPOMCXOAMT U KaK NPefoT-
BPATHTH 3Ty OIIHOKY.
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Bo3MoskHO, K KOHIY [JIaBbl BB M He Oy/eTe OTHOCHTLCS K AJITOPUTMAM C TeM Ke
3HTY3Ha3MOM, C KOTODHIM OGBIYHO OTHOCSITCS K KOHTEfHEpaM, HO 10 KpaifHeil Mepe
Bynere dale MIPUMEHSITh UX B CBoeit pabore.

CoseT 30. CneauTe 3a TeM, YTo6bl NPUEMHBIN
WHTEpBan UMeN AO0CTaTouHbIM pa3smep

Konreiineprr STL aBToMaTuuecky yBenuduBaioTcs ¢ Ao6aBjieHHEM HOBBIX 00BEKTOB
(byuxuusimu insert, push_front, push_back 1 T. &.). ABTOMaTHYeCKoe H3MEHEHHE pa3Me-
POB 4Ype3BBIYANHO YAOOHO, X Y MHOTHX IMPOTPAMMHUCTOB CO3AeTCsI JIOKHOE BriedaTie-
Hue, 4TO KOHTelHep caM 060 BceM M03a60THUTCS U UM HUKOT/a He IPHAETCS CIeqUTh 3a
HalnyueM cBoboaHoro Mecra. Eciu 6bl Tax!

ITpo6ieMbl BO3HUKAIOT B CHTYAIlUH, KOTAa IPOTPaAMMUCT OyMaem o BCTaBKe 00bex-
TOB B KOHTeliHep, HO He coobmaeT o cBoux MbIC/sX STL. TunuyHbli npuMep:

int transmogrify(int x): // OyHKUMA BbIMMCNAET HEKOE HOBOE 3HAYEHUe

// no nepepaHHOMy napameTpy X

vector<int> values:
// 3anonHeHue BeKTopa values AaHHHMU

vector<int> results: // Mpumennts transmogrify K Kawgomy oObeKTYy
transform(values.begin(), // BexTopa values h NpUCOEANHUTL BO3BpAUAEMblE
values.end(), // 3Hadyewns K results.
results.end, // Oparment conepwuT ownbKy!
transmogrify);

B npuseaennom npumepe ajaroput™ transform nonydaer UHGOPMAIHUIO O TOM, YTO
NpHeMHbI HHTepBal HaYuHaeTcs ¢ results.end. C 3Tol MO3MITMM OH U HAUMHAET BHI-
BOJI 3HAYEHHH, MMOJTyYeHHBIX B Pe3yIbTaTe BBI30Ba transmogrify st KaX 0T 31eMeHTa
values. Kax u Bce anropuT™bl, HCIOJIB3yONIKE TIPHEMHBIH HHTepBAT, transform 3amu-
CBIBA€T CBOM Pe3yJIbTATHI, IPHCBAaWBas 3HAUYCHHS dJleMEHTaM 3a[aHHOTO UHTEpBaJa.
Takum obpasom, transform Berzoser transmogrify s values[0] u mpucBouT pesyasTaT
*results.end(). 3ateM pyHKuus transmogrify BeI3bBaeTcs Aist values[1] ¢ npucBauBa-
HUeM pesyJsibTaTa *(results.end()+1). IIpoucxonut karactpoda, MOCKONBKY B O3UIUU
*results.end() (1 Tem Gostee B *(results.end()+1)) ne cywecmeyem obvexmal Brisos
transform HeKOppeKTeH M3-3a MONBITKH NMPHCBOUTh 3HaYeHHE HECYNIECTBYIOUIEMY
o6nexTy (B coBeTe 50 06BSICHSAETCH, KaK OT1a/04Has peanusanus STL no3soaut o6Ha-
PYXHUTB 3Ty TIPoGJieMy Ha CTa/{iK BBHITIOJIHEHMUS ).

Homyckast nogo6Hy0 ouM6Ky, MPOrpaMMHCT MOYTH BCET/Ia PACCYMTHIBAET Ha TO, YTO
pe3yJIbTaThl BbI30BA aIrOpuTMa OYAYT BCTaBJIEHHBl B TIPHMEMHBIN KOHTelHED BLI30BOM
insert. Eciu BBI X0THTE, 4TOOH 3TO MPOM30LLIO, TaK H CKaXHTe. B KOHue KOHIOB,
STL — Bcero yiump 6u6110TeKa, X YUTATh MBICIIH e He TIONIOXeHO. B Haurem npuMepe
3aj1a4a pelaeTcs MOCTPOEHHEM HTEPATOPa, ONPEAEIIAIONIero HAYaI0 IPHEMHOTO HHTEP-
BaJia, BHI30BOM back_inserter:

vector<int> values:

transform(values.begin(). // MpumeHnTsb transmogrify K Kamgomy

values.end(), // ofvekTy BekTopa values

back_inserter(results), // u jonucaTb 3HaueHua B Kowel results
transmogrify):
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ITpu ucnosb30BaHNY UTEPATOPA, BO3BPAllaéMOTO IIPH BBI30BE back_inserter, BbI3bIBa-
eTcs push_back, moatoMy back_inserter MoskeT HCHOJIB30BAThCS CO BCeMH KOHTelHepaMH,
moaepkuBaomuMy push_back (To ecTb co BceMH CTaHAAPTHBIMH ITOCJIEA0BATEIbBHBIMU
KoHTeliHepamu: vector, string, deque u 1ist). Eciu BB npeamiounTaere, 4TOOH aJITOPHTM
BCTABJIAJ 9JIEMEHTHI B HAYaJI0 KOHTEMHEPa, BOCHOJIb3yiiTech front_inserter. Bo BHyTpeH-
Heit peasnu3anuu front inserter ucnonssyercs push_front, nostomy front_inserter pa-
GOTAET TONBKO C KOHTEHHEPAMH, HOIEPXKMBAIOIMMH 3Ty DYHKIMIO (To ecTh deque 1 11st).

// Cw. panee

Tist<int> results; // Tenepb ucnonbayetcs

// KoHTeitHep 1ist
transform(values.begin(),values.end(), // Pe3ynbTaTet Bm3oBa transform
front_inserter(results), // BCTaBnanTca B Hauano results
transmogrify).: // 8 obpatHom nopagke

ITockombky mpu ucnonb3oBaHuM front_inserter HoBbie 3JIeMeHTHl 3aHOCSTCS B Ha-
yaio results dyHkuueit push_front, nopsizok ciexosanusi 06beKTOB B results Gyaer
06pamubiM IO OTHOIEHWIO K TIOPSIAKY COOTBETCTBYIONUIMX 00BEKTOB B values. To tuuib
O[Ha U3 NPUYMH, 110 KoTopbIM front_inserter ucnons3yercs pexe back_inserter, [py-
rasg IpUYYMHa 3aKII0YaeTCs B TOM, UTO vector He moajep:uBaer push_front, noatomy
front_inserter He MOXeT UCHOJIB30BATHCA C Vector.

Yro6b! pesynbTaTsl transform BHIBOAMIMCDH B Hadasle results, HO C cOXpaHeHHeM TIo-
pAlIKa Cle0BaHYs 91EMEHTOB, JOCTATOUHO nepeOpaTh coaepxuMoe values B 06paTHOM
HOpALKE:

list<int> results; // Cn. paHee

transform(values.rbegin().values.rend(). // PesynbtaTh Bbi30BA transform
front_inserter(results), // BCTaBnawTCa B Radano results
transmogrify); // C COXpaHeHueM WCXOAHOTO nopapka
HMrax, front_inserter sacraBisieT aropuT™Mbl BCTABJIATH PE3YJIbTAThI CBOEH paboTH
B Hayaslo KOHTeitHepa, a back_inserter obecrneunBaeT BCTaBKy B KOHeIl KOHTeliHepa.
Brionne 10rv4HO NpeAnosoxkuUTh, YTO inserter 3acTaBiisieT aJTOPHUTM BbIBOJAMTH CBOH
pe3yJIbTaThl C TPOU3BOJIBHON MO3ULUU:

vector<int> values; // Cw. panee

vector<int> results; // CM. paHee - 3a WUCKIOYEHVEM TOrO, 4TO
// results Ha 3TOT pa3 COMNEPHMUT AanHbIe
// nepep Bu3osou transform.

transform(values.begin(), // Pe3ynbTaTh Bw30Ba transmogrify
values.end(), // BHBOAATCA B cepeauHe results
inserter(results,results.begin()+results.size()/2),
transmogrify):

HesaBucumo ot BeiOpanHoii popmer — back_inserter, front_inserter mnu inserter —
0OBEKTHI BCTABISIIOTCS B IPUEMHBIA MHTEPBAJ 1O oxHoMy. Kak o6bsicHseTcs B coBeTe 5,
3TO MOXXET NPUBECTHU K 3HAYNTEIbHBIM 3aTpaTaM A/l 6JI0KOBBIX KOHTelHepoB (vector,
string u deque), oxHaxo cpeacTBO, IpeAIOKEHHOE B COBeTe 5 (MHTEpBaIbHbIE (PYHK-
IMH), HEIPUMEHKEMO B TOM CJIy4ae, eCJIH BCTABKa BBINOJIHAETCS alropuTMoM. B Hatrem
rpuMepe transform3anuChIBaeT Pe3yJIbTAThl B IPHEMHBII HHTEPBAJI 10 OAHOMY 3JIEMEH-
TY, H C 5TUM HHYETO He TIo/IeNaellb.
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ITpu BcTaBKe B KOHTeHEPHI vector 1 string A COKpaIeHUs 3aTPaT MOXKHO 1oCie-
JloBaTh CoBeTY 14 u 3apaHee BBI3BATh reserve. 3aTParThl Ha CABUT DJIEMEHTOB NIPH Kax-
[0it BCTaBKe OT 3TOTO He HCYe3HYT, HO MO KpaiiHell Mepe Bl N36aBUTECH OT HEOHXOMH-
MOCTH IlepepacnpeiesieHusl TaMsITH KOHTelHepa:

vector<int> values: // Cu. panee
vector<int> results;

results.reserve(results.size()+values.size()): // 00ecneunTs Hamuune
// B BekTtope results
// emkoctu ana value.size()
// 3nemeHToB

transform(values.begin(), values.end(). // To we, 4TO W paHee,
inserter(results.results.begin()+results.size()/2), // Ho 63 NWUHUX
tranmogrify); // nepepacnpefeneHuid naMaT

ITpu ucnonp3oBaHuu QyHKUMH reserve s nOBbIIEHUS 3D PEKTUBHOCTH cepUn
BCTABOK BCer/la MOMHUTE, YTO reserve yBeJIHUHBaET TOJIbKO eMKOCMb KOHTEHEpa, a pas-
Mep OCTaeTCsl HeuaMeHHbIM. [[aXke OC/e BBI30Ba reserve npu paboTe C arOPUTMOM,
KOTOPBIN AOJKEH BKJIIOYATh HOBBIE 2JIeMEHTHI B vector uiu string, HeoOXOAUMO uC-
II0JIB30BATh MTEPaTOp BCTaBKH (TO €CTh HTepaTop, BO3BpAllaeMblii IPU BbI30Be back_
inserter, front_inserter mnu inserter).

Yr06HI 3TO CTAJI0 aBCOMIOTHO SICHO, PacCMOTPHM owinboubili Iy Th NOBBILEHUs oG-
(eKTUBHOCTH 711 IPHMepa, IPUBEAEHHOrO B Hayajie CoBeTa (C MPUCOeAUHEHUEM Pe-
3y/bTaToOB 06paboTKM aeMeHTOB values K results):

vector<int> values: // Cm. panee
vector<int> results;

results.reserve(results.size()+values.size()); // CM. paHee

transform(values.begin(},values.end(), // Pe3ynbTaTtl BbI30Ba
results.end(), // transmogrify 3anucsiBanrcs
transmogrify): // B HEMHWUMANWU3UPOBAHHYIO

// namaTh; NOCNeacTeuA
// HenpeacKasyemsi!

B atoMm ¢parmenTe transform B 61aK€HHOM HEBEAEHUMU NBITAETCA BBHIOJIHUTD NIPU-
cBavBaHHe B HEMHHULMAJIU3HUPOBaHHON NaMSTH 3a TOCJEIHUM JIEMEHTOM results.
O6b14HO 100GHBIE IONBITKY IPUBOIST K OMIMOKaM BPEMEHY BBITIOTHEHMUS, TIOCKOJIbKY
olepans NIPHCBaUBaHHUs HMeeT CMBICT JIMIIb 4715t ABYX 0OBEKTOB, HO HE MEXKAY 00beK-
TOM U JBOMYHBIM GJIOKOM C HEM3BECTHBIM COZepKUMbIM. HO faxe ecnu 3TOT KOZ Ka-
KHM-TO 06pa30M CIIPaBUTCSI € 3ajiadelt, BEKTOP results He GyeT 3HATD O HOBBIX «00beK-
TaX», SIKOOBI CO3AaHHBIX B €T0 HEHUCNoab3yemol maMsatu. C Touku 3peHHus results
BEKTOP NoCJie BbI30Ba transform coxpaHsieT IIPeXHUE pa3Mep, a eT0 KOHEYHBIH uTe-
patop 6yaeTr yKa3blBaTh Ha Ty e NO3UIMIO, HA KOTOPYIO OH YKa3biBas [0 BLI30Ba
transform. Mopaius? VicnospaoBanue reserve 6e3 uTepaTopa BCTABKM HPUBOIUT K HE-
NpeACKa3yeMbIM MOCJIEACTBUAM BHY TPH aJITOPUTMOB U HapYLIEHHUIO HEJIOCTHOCTH AaH~
HBEIX B KOHTelHepe.
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B npaBusibHOM peureHuH (QYHKIIUS reserve KCIoJIb3yeTcst B COYeTaHHU C HTepaTo-
POM BCTaBKH:

vector<int> values: // Cu. panee
vector<int> results;

;esu1ts.reserve(resu]ts.size()+va1ues.size()): // Cu. panee

transform(values.begin(),values.end(), // Pe3ynbTaTbl BbI30BA
back_inserter(results), // transmogrify 3anucsisanTcs
transmogrify): // 8 KoHey BekTtopa results
// 6e3 nuwHUX nepepacnpejenenmii
// namatu

Jlo HacCTOSIILEro MOMEHTA TIPeANOIATAIOCh, YTO AITOPHTMBI (Takue Kak transform)
3alMCHIBAIOT PE3YJIbTAaThl CBOE paboTH B KOHTEIHED B BUe HOBBIX 3JIEMEHTOB. JTa
cUTyanusl sIBJIsieTCsl HauboJiee pacpOCTPaHEHHOM, HO HHOTIAa HOBHIE JaHHBIe TpebyerT-
Cs1 3alKCaTh MOBEPX CYLIECTBYIOUINX. B TakuX Cilyyasx uTepaToOp BCTAaBKH He HYXXeH,
HO BBl OJDKHbI B COOTBETCTBHHM C JAHHBIM COBETOM MPOCJIEAUTD 32 TeM, YTOOBI MIpHEM-
HbIH HHTEPBA OBUT ZOCTATOYHO BEJHUK.

JlomycTuM, BEI30B transform ZoJDKeH 3alMCHBATH Pe3yJbTATHl B results mosepx
CYILECTBYIOLIMX 3JIeMeHTOB. EC/IH KOJIMUECTBO 3JIeMEHTOB B results He MEeHbIIE UX KO-
JdecTsa B values, 3ajiada pelaeTcsi npocTo. B mpoTuBHOM citydae npuaeTcs ubo Boc-
HOJIB30BAThCS (PYHKIMEH resize st IpuBeAeHUs results K Hy)KHOMY pa3Mepy:

vector<int> results:

if (results.size()<values.size()){ // Y6epuTbCA B TOM, 4TO pa3Mep
results.resize(values.size()); // results no kpaiinedd nepe
3} // He MeHblle pa3Mepa values
transform(values.begin(),values.end(), // TNepesanucats nepsuie
back_inserter(results), // values.size() anemenToB results
transmogrify):

60 O4UCTUTD results ¥ 3aTeM HCIOJIL30BATh MTEPATOP BCTABKH CTAHAAPTHHIM CIIOCOO0M:

results.clear(): // YpanuTe u3 results Bce aneMeHTH

results.reserve(values.size()): // 3ape3sepsupoBaTh NaMAThL

transform(values.begin().values.end(), // 3aHECTH BHIXOAHbE JaHHbIe
back_inserter(results), // transform B results
transmogrify):

B nanHOM coBeTe GBIJIO MPOAEMOHCTPHPOBAHO HEMAJIO BapHalMil Ha 3a4aHHYIO
TEMY, HO 51 HAJIelOCh, YTO B MAMSITH Y BaC OCTaHEeTCs OCHOBHasI Mesonus. Kaxapiii pas,
KOTZa BBl UCIOJIb3YeTe AITOPUTM, TpeOYoIuil OnpeaeseHus: TPUEMHOTO HHTEPBAIA,
H03260TbTeCh O TOM, YTOOB MPHEMHBIH MHTEPBAI HMEJ JOCTATOYHBIE PAa3MEPhl HIIH
aBTOMAaTHYeCKH yBeJIMYUBAJICS BO BpeMst paboThl asroput™Ma. Bropoit BapuaHT peanu-
3yeTcs IIpH MOMOIIM UTEPATOPOB BCTABKHU — TaKHX, Kak ostream_iterator, miu Bo3Bpa-
IaeMBIX B pe3yJibTaTe BEI30Ba back_inserter, front_inserter u inserter. Bor u Bce,
0 4eM He0OXOAMMO TIOMHUTb.
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Cosert 31. [lOMHUTE O CYyLLECTBOBAHUK Pa3HbIX
CpeacTB COPTUPOBKU

Korza peus 3axoaut 06 ynopsiiodeHn# 06beKTOB, MHOTHM HPOTPaMMHCTaM NPUXOAUT
B F0JIOBY BCETO OJMH JITOPUTM: SOrt (HEKOTOPhIE BCTIOMHMHAIOT O ¢SOrt, HO ocie Ipo-
yTeHus! coBeTa 46 OHM PaCKauBAIOTCS M BO3BPAILAIOTCS K MBICJISAIM O SOrt).
JleficTBHTENIBHO, SOrt — MPEBOCXOAHBIN aJTOPHTM, OJHAKO IOJIHOUEHHASA COPTH-
poBka TpebyeTcs aanexo He BcerAa. Hanpumep, eciu y Bac nMeeTcsi BEKTOP 06bEKTOB
Widget u BB XoTuTe 0TO6paTh 20 <IydIINX» 06BEKTOB C MAKCHMAJIBHBIM PAaHIOM, MOX-
HO OTPaHUYMTCS COPTUPOBKOH, IO3BOJISIIONIEH BBISIBUTH 20 HYXKHBIX 00BEKTOB H 0CTa-
BHTb OCTaJIbHBIEe 0OBEKTH HECOPTUPOBAHHBIMH, 3a/laya Ha3bIBAETCSl YACTHYHOM COPTH-
POBKOIA, ¥ /ISl ee pelIeHus CYLeCTBYeT CelHalbHbIN anroputyM partial_sort:

bool qualityCompare(const Widget& 1hs, const Widget& rhs)
// BepHyTb Npu3HaKk cpaBHenua aTpuByTos quality
// obvekToB 1hs n rhs

}

partial_sort(widgets.begin(). // PasmectuTs 20 3neMeHTOB
widgets.begin()+20, // C maKcuMancHuM panHrom
widgets.end(). // B Hasane BekTopa widgets
qualityCompare):

// Ycnonb3osanue widgets

[Tociie Be130Ba partial_sort nepBrle 20 asemeHTOB Widgets HaXoASTCS B Havale KOH-
TeiHepa ¥ PacIoJIaTaloTCs 10 HOPSAKY, TO ecTh widgets[0] comepxuT Widget ¢ HaubGosb-
IIUM DaHTOM, 3aTeM ciieayeT widgets[1] u T. A.

Ecnu BB x0THTE BBIAE/HTD 20 06beKTOB Widget u mepeaars ux 20 KjiMeHTaM, HO IpH
3TOM BaC He MHTepecyeT, Kakoil 06beKT GyAeT epeaH TOMY WIK HHOMY KJIUEHTY, JaXe
anroputM partial_sort mpesslmaer peanbHele notpeGHocTy. B onucanHoi cutyanuu
Tpebyercs BhiAesuTh 20 «iydmmux» 06bexToB Widget 6 npoussovnom nopsdxe. B STL
MMeeTCs aTOPUTM, KOTOPBIH perraeT HMEHHO 3Ty 3a1a4y, OXHAKO €ro MMs BBITJIAAUT
HECKOJIbKO HEOXKHAAHHO — OH Ha3blBaeTcs nth_element.

AsropuT™ nth_element COpTHpPYET MHTEPBAT TAKUM 00pa30oM, 4TO B 3aJaHHON BaMU
MO3HMIMK N OKA3BIBAETCS MIMEHHO TOT 3JIEMEHT, KOTOPbIil 0Ka3aJicst Obl B HEl NpH 1OJI-
HOU copTHpOBKe KOHTeliHepa. KpoMe Toro, npu Beixoze u3 nth_element Hu OZuH U3 371€-
MEHTOB B [TO3UIIUAX A0 N He HAXOAUTCA B OPSAAKE COPTHPOBKH NOCIE 3JIEMEHTA, HaX0-
JSIEeTOCs B IO3UITHY N, 2 HU OJWH U3 3JIEMEHTOB B MO3HIMSIX TIOCJIE N HE TPEeIeCTBYET
3NEMEHTY, HaxoJsAueMycs B mo3uiiuy n. Eciu Takast popMyIMpPOBKa KaXeTCs CIIMII-
KOM CJIOXKHOM, 3TO 06BSICHSIETCS JIMIIb TeM, YTO MHE IPUXOAMJIOCH TIIATENIBHO noa0u-
path cioBa. Bekope st 00DSICHIO MIPUYMHEL, HO CHAYaJIa Mbl PACCMOTPHM IIPUMED HC-
noJIb30BaHus nth_element msisi mepementenust 20 «ydmmx» 06bexToB Widget B Hauaio
KOHTeiiHepa widgets:

nth_element(widgets.begin(). // TNepenecTuts 20 «ayqwnxs 3NEMEHTOB
widgets.begin()+20, // B Hauyano widgets
widgets.end(), // B NpPOM3BONLHOM NOPAAKE

qualityCompare):
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Kax Buaute, BBI30B nth_element mpakTHYeCKH He OTIMYAETCA OT BbI30Ba partial_
sort. EAVHCTBEHHOE pa3/IyyKe 3aKJII0UaEeTCA B TOM, YTO partial_sort copTupyerT ajieMeH-
ot B Io3unusx 1—20, a nth_element sToro He aenaer. Bripoyem, 06a arroputma nepeme-
mraoT 20 06bexToB Widget ¢ MaxCHMAaIbHBIMY 3HadYeHHsIMH paHra B Ha4aslo BEKTopa.

BosHuKaeT BaxHBIH BONPOC — YTO A€JAI0T 3TH AITOPHUTMBI /ISl 3JIEMEHTOB C O1U-
HAaKOBBIMU 3HaueHusIMU aTpubyTa? IIpeanosoxumM, BEKTOp COREPKHT 12 sj1eMEHTOB
c parroM 1 1 15 sneMenTOB ¢ panroM 2. B aTom ciyuae BbiGopka 20 «iyymux» o6bex-
ToB Widget 6yaeT cocTosTs U3 12 06bexToB ¢ panrom 1 1 8 u3 15 06bexTOB ¢ paHroM 2.
Ho xax anropuT™ul partial_sort u nth_element onpefiesnsiooT, Kakue u3 15 06beKTOB cJie-
IyeT 0To6paTh B «BEPXHIOI ABaAUATKY»? VI Kak ajlropuT™ Sort BIGHPaeT OTHOCHTEIb-
HbI TIOPAZOK Pa3sMelIeHUs 3JIEMEHTOB TIPH COBIIaJIEHHH PAaHTOB?

AnroputMbl partial_sort u nth_element ynopsizouuBaioT SKBUBAJIEHTHBIE 3JIEMEH-
TBI [10 CBOEMY YCMOTDEHHMIO, ¥ CAENATH C 3TUM HUYeTo Helb3s (TIOHATHE 5KBUBAIEHTHO-
ctu paccMmatpuBaercs B coBere 19). Koraa B npuBeAeHHOM IpUMepe BO3HUKAET 3a/laya
3anonHenus obbexTamu Widget ¢ paHroM 2 BoCbMH MOCIEAHUX MO3UIUH B «BepXHel
JBaJIIaTKe», AITOPUTM BEIOEPET Takyie 00beKTh, KaKue CoYTeT Hy KHBIM. Bripoyem, Takoe
HOBEJEHHUE BIIOJHE pasyMHo. Ecim Bl sampamuBaere 20 «1ydmuxs 065ekToB Widget,
a HEKOTOPBIX 0OBEKTHI PABHBI, TO B PE3YJIbTAaTe BO3BpallleHHble 00beKTH OyAyT HO Kpaii-
Hell Mepe «HE XyXe» TeX, KOTOPble BO3BPALIEHH! He ObLIIH.

[TosHOIEHHAs! COPTUPOBKA 06JIanaeT HECKOJIBKO 60oJIbIIMMH BO3MOXHOCTsIMH. He-
KOTOpbIE AITOPUTMBI COPTUPOBKH cmabuaviot. [Ipu cTabUIbHON COPTHPOBKE ABA IKBHU-
BAJIEHTHBIX DJIEMEHTa B MHTEPBAJIE COXPaHSIOT CBOM OTHOCHUTEJIbHBIE MO3UIUH TTOCJIe
copruposku. Taxum oOpa3som, ecyiu Widget A npequrectByet Widget B B HecopTHpoBaH-
HOM BeKTope Widgets U ipu 9ToM paHTH ABYX 00BEKTOB COBNAAAIOT, CTAGUIBHBIN aJIro-
PHUTM COPTUPOBKY TaDaHTHPYET, 4TO MOCJIe COPTHPOBKH Widget A mo-npexHeMy Gyaer
npexwecTBoBaTh Widget B. HectabuibHblii alropuT™ TaKoi TapaHTHH He JaeT.

Anroputym partial_sort, kak u atroput™ nth_element, crabuiIbHBIM HE SIBJISETCS.
Anroput™m sort Takxe He 06JanaeT CBOMCTBOM CTaGUJILHOCTH, HO CYLIECTBYET CIIeilH-
aJIbHBIN anropuT™ stable_sort, KOTOPBIH, Kak CleAyeT U3 ero Ha3BaHUs, SIBJSETCS CTa-
6unbabiM. [1py HEO6XOAMMOCTH BHIIOJIHATE CTABUIBHYIO COPTHPOBKY, BEPOSITHO, CJlie-
AyeT Bocnosb3oBaThesi stable_sort. B STL He BXxoAsT crabunbHble Bepcud partial_sort
n nth_element.

CrnenyeT 3aMeTUTB, UTO aITOpUTM nth_element ype3BhIvaitHo yHHBepcasieH. [loMmumo
BBbIIEJIEHVS] N BEDXHUX 3JIEMEHTOB B MHTEPBaJIE, OH TaKXe MOXeT HCIOJIb30BaThCs AJIS
BBIYUCJIEHUS MEUAHBI 10 MHTEPBAY U TIOMCKA 3HAYeHUsI KOHKPETHOTO NPOEeHTHIIS

vector<Widget>::iterator begin(widgets.begin()); // BcnoMoraTensHbie nepeMerHbie
vector<Widget>::iterator end(widgets.end()); // BNA HAYaNLHOrO M KOHEYHOro
// wtepatopos widgets

vector<Widget>::iterator goalPosition; // WtepaTop, yka3viBaiumi Ha
// vHTepecyioumii HaC 00beKT Widget
// Cnepywouni oparmeHt HaxopuT Widget ¢ panrom median

goalPosition = begin + widgets.size()/2: // Hywnuiii 06beKT HaxoanTCA
// B cepennHe OTCOPTUPOBAHHOIO
// BexTopa

! Tepmun ynorpebuasiercsi B cratuctuke. — Ilpumeu. peo.
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nth_element(begin.goalPosition,end, // Haitu panr median 8 widgets
qualityCompare);
// goalPosition Tenepb yKa3hiBaeT
// wa Widget ¢ pavrom median
// Cnepywounit dparmeHT HaxoauT Widget ¢ yposheM 75 npoueHTunei

vector<Widget>::size_type goalOffset = // Bb4nCIuUTL ylaneHue HyWHOro
0.25*widgets.size(): // obvekta Widget oT nayana

nth_element(begin.begin+goalOffset,end, // HaiiTu panr 8
qualityCompare); // begin+goalOffset Teneps
// ykaswBaer Ha Widget
// ¢ yposHem 75 npoueHTunei

AnropuTtMmer sort, stable_sort 1 partial_sort xopouro MoAXoAAT A YIIOPSIAOYHBA-
HHS Pe3yJIBTATOB COPTHPOBKH, a alropuT™M nth_element pemraer 3asauyy uaeHTUpUKA-
[IHH BEPXHHX N 3JIEMEHTOB HJIH 3JIEMEHTA, HAXOASIerocs B 3alaHHON Mo3uiuu. MHor-
Ja BO3HUKAeT 3a/{a4a, 6JIH3Kast K aropuT™My nth_element, HO HECKOIBKO OTIMYAIOIIASCS
ot Hero. [Ipeanosnoxum, BMecTo 20 06beKTOB Widget ¢ MaKCHMATbHBIM PaHTOM MOTpe-
6oBanoch BeIAENUTD Bce 00beKTH Widget ¢ parrom 1 uiu 2. Koneuno, MoxHo oTcop-
THPOBATh BEKTOP IO PaHTy H 3aTeM HANTH IepBBIH 3JIEMEHT C PaHroM, 60JbmuM 2.
Haitnennniii aneMeHT onpeesisieT HAYa/I0 MHTEPBaIA ¢ 06bekTamu Widget, paHr koTo-
PbIX IIpeBHIMIAET 2.

[Tonnas copruposka norpebyet 60ib110ro 06beMa paGoTHL, COBEPITEHHO HEHYXHOI
AJis ocTaBJIeHHOM BesH. Bosee pasyMHoe peleHe 0CHOBAHO HA UCIIOJIb30BAHHH aJl-
ropurtMa partition, ynmopsiao4HBalONIEro 3JIeMEHTEl MHTEPBAJIA TAK, YTO BCE 3JIEMEHTHI,
YAOBJIETBOPSIIOLIHE 3aJaHHOMY KPHTEDHIO, OKa3bIBAIOTCS B HayaJie HHTEPBaa.

Hampumep, ayst mepeMentenust Bcex 06bekToB Widget ¢ panrom 2 u 6oJee B HaYasIo
BeKTopa widgets onpeaensercs QyHKIUS HAeHTUDUKALH:

bool hasAcceptableQuality(const Widget& w)

// BepHyTb pe3ynbTaT MpOBEPKM TOFO, WMEET NM OGLEKT w paHr Gombue 2

}

3aTeM 3Ta QYHKIIMSA MEePeAaeTCs IPH BBI30Be partition:

vector<Widget>::iterator goodEnd = // MepemecTuts 8ce oBvexTn Widget.
partition(widgets.begin(), // yAOBNETBOPANUME YCNOBHUI
widgets.end(), /1 hasAcceptableQuality. B Havano
hasAcceptableQuality); // widgets u BepHyTb utepatop
// ana nepsoro ofbexTa,
// He YAOBNETBOPALWEro YCIOBMI
[Tocne BpizoBa MHTepBan oT widgets.begin() no goodEnd comepxuT Bce 06BEKTHI
Widget ¢ panrom 1 u 2, a untepsai ot goodend a0 widgets.end() comepxKuT Bce OOBEKTHI
Widget ¢ Gombunumu 3HaveHusiMu panra. Eciim 651 B iponiecce AesteHus MOTPe6OBAIOCH
COXPaHUTb OTHOCHTEJIbHbIE MO3UIMH 00BEKTOB Widget ¢ SKBUBAJIEHTHBIMH PaHTaMH,
BMECTO a/ITOpPUTMa partition ciefoBasno Gl ucnosb30Barh Stable_partition.
AnropuTmbl sort, stable_sort, partial_sort u nth_element paGoratoT ¢ uTepaTopamu
POM3BOJIBHOFO AOCTYIIA, MO3TOMY OHH IPMMEHMMEBI TOJIBKO K KOHTelHepaM vector,
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string, deque u array. CopTHpOBKa 3/1eMEHTOB B CTAHAAPTHBIX aCCOLUATHBHBIX KOHTEH-
Hepax 6ecCMBIC/IEHHA, TIOCKOJIBKY 3TU KOHTelHephl aBTOMAaTHYECKH XPaHATCS B OTCOP-
THPOBAHHOM COCTOSHIY 61arofapst co6cTBeHHbIM GYHKIIUSIM cpaBHeHus. EAMHCTBeH-
HBIM KOHTEHHEPOM, K KOTOPOMY XOTeNI0Ch GBI IPUMEHUTH AIFOPUTME sort, stable_sort,
partial_sort u nth_element, siBisieTcst KoHTelHep 1ist — K coXalleHHIO, 3TO HEBO3-
MOHO, HO KOHTelHep 1ist 0TY4acTH KOMIIEHCHDYeT 3TOT HeZoCTaToK (yHKIHER sort
(uHTepecHast IOAPOGHOCTD: Tist: :sort BHIMOJHSET cTaOMIBHYIO COPTHPOBKY). Ta-
KMM 06pa3oM, MOJHOIEHHAS COPTHPOBKA 1St BO3MOXKHA, HO AITOPUTMEI partial_sort
u nth_element MpUXOAUTCS UMUTHPOBaThb. B 0aHOM U3 Takux 00X0AHBIX pelieHuit aJe-
MEHTBI KONUPYIOTCS B KOHTEHHEDP C UTepaTOpaMH MPOU3BOJIBHOIO AOCTYIIA, MOCJIE YETO
HY>KHBI aJITOPUTM TIPUMEHSIETCS K 3TOMY KOHTelHepy. /Ipyroe 06xoaHoe pereHue 3a-
KJII049aeTcs B CO3ZJaHUHU KOHTelHepa, coaepxaiuero 1ist: :iterator, mpuMeHenun airo-
PHTMa K 3TOMY KOHTEHHEPY M HOC/IeAy0IEMY O6PAIEHHUIO K 3jIeMEHTaM CIIHCKA Yepes
uTepaTopbl. TpeTbe pellleHHe OCHOBAHO Ha MCIOJNb30BAaHHH WH(MOPMAIUH YIIOPSI0-
4eHHOr0 KOHTellHepa UTepaTopOB A1 HTepaTUBHON Bpe3ku (splice) aieMeHTOB 1ist
B Hy’XHO# mo3uuuu. Kak Buaute, BHOOP AOCTATOYHO MIMPOK.

AsropuTMel partition u stable_partition otimyaltorcs ot sort, stable_sort, partial_
sort u nth_element TeM, 4TO OHK PabOTAIOT TOJIBKO C ABYCTOPOHHUMH HTEPATOPAMH.
TakuM 06pa3oM, aropuTMBI partition u stable_partition MOryT HCIOJIB30BAaTHC C JIIO-
ObIMM CTAHAAPTHLIMH MOCIEAOBATE/IbHBIME KOHTEHHEPaMH.

IMoxseaeM kpaTKuit HTOr BOSMOXHOCTER H CPEACTB COPTHPOBKH.

o [losnas coprupoBKa B KoHTeHHepax vector, string, deque u array: AJTOPUTMBI
sort u stable_sort.

» Buinesnenre n HaualbHBIX 37IEMEHTOB B KOHTeltHepax vector, string, deque u array:
ajropuTM partial_sort.

o Vaentudukaiys n HadagbHbIX 3JIEMEHTOB MJIH 371€MEHTa, HaXOASLIErocs B Mo-
3HMIIMH N, B KOHTelHepax vector, string, deque u array: aroput™ nth_element.

» PasjesieHue 371eMEHTOB CTaHAAPTHOTO IOCIEA0BATEIbHOIO KOHTEMHEPA HA yAOB-
JIETBOPSIIONIME M HE YA OBJETBOPSIOIINE HEKOTOPDOMY KDHTEPHUIO: aJITOPHTMBI
partitionu stable partition.

o Konreitnep 1ist: arropur™sl partition u stable_partition; BMecro sort u stable_
sort MoXKeT MCTI0JIb30BaThest 11st: 1 sort. Anropurmsel partial_sort wnu nth_element
HNPpUXOAMTCS UMUTHPOBaTh. CyIIeCTBYeT HECKOIBKO BAPHAHTOB MX pealu3alluH,
HEKOTOPbI€ U3 KOTOPBIX OBLIM NPEACTABJIEHB] BhILIE,

Y1068 HaHHBIE TOCTOSHHO HAXOAMJIICH B OTCOPTUPOBAHHOM COCTOSIHUH, COXPaHH-
T€ UX B CTAaHAAPTHOM acCOI[HaTHBHOM KoHTeliHepe. CTOUT Take paCCMOTPETh BO3MOXK-
HOCTb HCIOJIB30BAHUA CTaHAAPTHOTO KOHTelHepa priority_queue, JaHHBIE KOTOPOTO
TOXe XPaHSATCS B OTCOPTHPOBAHHOM Bue (KOHTeliHep priority queue TpaAHMIHOH-
Ho cuuTaercs yactbio STL, Ho, Kak ymoMuHaIOCh B IPEeIUCIIOBHH, B MOEM OMpEe-
nennu <konTeitnep STL» fomkeH moanepxuBaTh UTEPATOPH], TOTAA KaK KOHTEHHep
priority_queue uX He NMoJJep>KHUBaET).

«A 4TO MOXHO CKa3aTh 0 OBICTPOAEHCTBUM?» — CIPOCHTE Bbl. XOPOIMIKiA BOMPOC.
B o6uiem citydae Bpemst paGoTH &ITOPHTMA 3aBUCUT OT 06beMa BBIMOIHsIeMOR paboTHI,
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a aITOPUTMaM CTaOMIIBHON COPTHPOBKH NPUXOAUTCS BHIIOJHATH 60J1bIIe paBoTHL, 4eM
aJTOpPHUTMaM, HTHOPHPYIOIUM (akTop crabuibHOCTH. B cieayomem criucke anro-
PUTMBI, OTIHCAHHbBIE B JAHHOM COBETE, YIOPSIAOY€EHMI 10 BO3PACTAHMIO 3aTPayHBaeMBIX
pecypcoB (BpeMeHH U TIaMSITH):

1. partition;
stable_partition;

nth_element;

2

3

4. partial_sort;
5. sort;

6

stable sort.

IIpu BBIGOPE aNTOPUTMA COPTHPOBKH 51 PEKOMEHAYIO PYKOBOACTBOBATHCS LENBIO,
a He coobpaxeHnsAMH ObICTPoAeicTBHs. Ec/iu BbIGpaHHBIH AJITOPUTM OrPAHHYMBAETCS
CTPOTO Heo6XoAUMBIMU DYHKIHMAMY U He BHIIONHSET JHUIHei paboThl (HApUMep,
partition BMeCTo MOJIHO COPTHPOBKH a/ITOPUTMOM Sort), To iporpaMma 6yAeT He TOJIb-
KO YEeTKO BBIPaXaTh CBOE NpeHa3HaYeHue, Ho 1 HanboJiee 3 (eKTHBHO pelaTh oCTaB-
JIEHHYIO 3amady cpeacrBamu STL.

CoseTt 32. ConpoBo)AaalTe Bbli30Bbl remove-
NoA0BHbIX anropnTMOB BbI30BOM erase

Haunem ¢ kpaTkoro 0630pa remove, HoCKOJIbKY 3TOT aJITOPUTM BBI3BIBAET 60JIbIITE BCETO
Hepopasymenuit B-STL. IIpexxae Bcero HeOGXOAMMO PacCesITh BCe COMHEHMS OTHOCH-
TEIbHO TOTO, 4/Mo JeJIaeT AITOPHTM remove, a TAKXKe nouemy U Kax OH 3T0 Aeflaer.

O6mbsaBienue remove BHITIALUT CEAYIONEM 06pasoM:

template<class ForwardIterator,class T>

ForwardIterator remove(Forwardlterator first,Forwardlterator last.

const T& value);

Kax u Bce anroputMel, remove nosydaet napy UTepaTopos, ONpeNeNsIOINX HHTEP-
BaJI 3JIEMEHTOB, C KOTOPBIMH BBINOJIHSETCA onepaius. KonTeiinep npu Bol3oBe He me-
PENaeTCs, MOSTOMY remove He 3HAET, B KAKOM KOHTeHHEepe HaXO[ATCS HCKOMBIE 3jle-
MeHTHL. Bosee Toro, remove He MOXeET caMOCTOSITENILHO ONMPeAesIUTh 3TOT KOHTelHeD,
NOCKOJIBKY He CYIUECTBYET criocoba Mmepexofia OT MTepaTopa K KOHTelHepy, COOTBeT-
CTBYIOIIEMY eMy.

Honpo6yem pazobparscst, Kak NPOMCXOAUT YAATeHHE SJEMEHTOB U3 KOHTeliHepa.
CymecTByeT TONBKO OJMH €1IOCO6 — BHI30B cooTBeTCTBYIOIIel PyHKIMM KOHTERHED],
NOYTH BCETZia HEKOTOPO# Pa3HOBUAHOCTH erase (KoHTeliHep 11st coaepxut rapy dyHk-
LMi yaleHusl 57IeMEHTOB, HMEHA KOTOPHIX He CONePKaT erase). ockonbky ynanexnue
3/IEMEHTA U3 KOHTEeITHEePa MOXET NPOU3BOAUTECS TOJBKO BHIB0BOM (BbyHKIIHH JAHHOTO
KOHTEHHEPa, a AITOPUTM remove He MOKeT ONPeeIUTh, ¢ KAKUM KOHTeiTHepOM OH pabo-
TaeT, 3HAYHT, AIZOPUMM remOVe He MoXcem YOanams dNeMenmol U3 Konmetinepd. DTUM
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06BSACHSETCS TOT YAUBUTEBHBIN (baKT, UTO BBI30B remove He U3MEHSIET KOJIHYECTBA d1e-
MEHTOB B KOHTeliHepe:

vector<int> v // CospaTh vector<int> u 3anonuuTb ero
v.reserve(10); // uucnamu 1-10 (BL30B reserve onucaH
for(int i=1;i<=10;++i){ // B cosete 14)

v.push_back(i);
}

cout << v.size(): // Buwsogutca uyucno 10
v[3]=v[5]=v[9]=99; // NpuceouTs 3 3neMenTaM 3HadeHue 99
remove(v.begin(),v.end().99): // YBanuTo BCE 3MIEMEHTH CO 3HaueHueMm 99
cout<<v.size(): // Bce pasnro shiBoanTCA 10!

YT06b1 MOHATH CMBICI TPOMCXOASALIEr0, He0OXOAUMO 3aIIOMHHTD Cllefyiolnee: Anzo-
PUMM TEMOvE <NO HACTOAUEMY > HUUEZ0 He YOANSEN, NOMOMY UMO He MOXHCEN.

Ha Bcsaxuii city4ail ToBTOPIO: ...nomoMy umo He mookcemn!

AnropuTM remove He 3HaeT, H3 KaKOTo KOHTelHepa OH A0JKeH YAAlIATD SJleMeHTHI,
a 6e3 3TOTO OH He MOXKET BHI3BaTh (DYHKIMIO «HACTOSIILETO» YAATIEHHS.

Urak, Teneps BEl 3HaeTe, 4ero aJITOPUTM remove CAeNIaTh He MOXKET U 110 KaKUM IIPH-
ypHaM. OCTaeTCsi IOHSTD, YTO JKe OH BCe-TaKH AeJIaeT.

B o6mux yeprax remove nmepeMeaeT 3JieMeHTHI B 33/[aHHOM HHTEPBaJIe A0 TeX Op,
HOKA BCE «OCTaBUIHECS» 3JIEMEHTHl He OKaXKYTCs B Hadasle HHTepBala (C COXpaHeHUEM
HX OTHOCHTEJIBHOTO MOPSAAKA). AJICOPUTM BO3BPAIIAET HTEPATOD, YKa3BIBAOIIMIL HA MO-
3UIIMIO 32 OCIIEIHUM «OCTABIINMCSI» 3leMeHTOM. Takum 06pa3oM, BO3BpalllaeMoe 3Ha-
YeHHe MOJKHO MHTEePIIPeTHPOBATh KaK HOBBIH «JIOTHYECKHI KOHel(» HHTEPBAIA,

B paccMoTpeHHOM BEIllIe TIpHEMepe BEKTOD V Iepell BEI30BOM reémove BBITJISAEN Ciie-
AytomuM o6pasom:

v.begin() v.end()

[1[2]3]99]5][99]7] 8] 9]99]

ITpennosoxuM, Bo3BpalaeMoe 3HaUEHHE remove COXPaHsAeTCs B HOBOM MTEPATOPE C
uMeHeM newknd:

vector<int>::iterator newEnd(remove(v.begin().v.end().99));

IMocrte BEI30Ba BEKTOP V MPHHUMAET CJSAYIONTHIT BUL;

v.begin() v.end()

L1]2]a[s]7[s[o]?] ][]

newEnd

BomnpocurenbHBIMU 3HaKaMK OTMEUEHBI 3HAYEHHUS 3JIEMEHTOB, <KOHIENTYaJbHO»
YAAIEHHBIX U3 V, HO HPOAOJDKAIIIKX BJ1aronoydHO CynIeCTBOBAT.

Pa3 «ocTaBuiecsi» ajieMEHTH V HAXOAATCS MEXAY v.begin() u newEnd, 6b110 GBI
JIOTHYHO NPEATIOJIOKHUTD, YTO «yAATeHHbIe» dJIEMEHTHI Oy Ay T HAXOAUTHCS MEX Ay newknd
u v.end(). Ho amo ne max! IlpucyTcTBHe «ydaJleHHBIX» 3JIEMEHTOB B V BOOOIE He
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rapaHTHPOBaHO. AJITODHTM remove He H3MeHSeT MOPSAA0K 3JIEMEHTOB B HHTEPBAJe
TaK, YTOOBl «yAaJeHHbIe» 3JIEMEHTHl CTPYNINMPOBAIKCH B KOHIE — OH IepeMelIaeT
<ocTalomuecs» aneMeHTH B Hadato. Xots B Crangapre Takoe TpeGOBaHHE OTCYTCTBY-
€T, 3JIeMEHTBHI 32 HOBBIM JIOTMYECKHM KOHIIOM HHTEPBAJIa 0GBIYHO COXPANIION CEOU CTNA-
pole 3nauenus. Bo Bcex u3BeCTHRIX MHE peaM3alUsiX MOCJIe BBI30Ba remove BEKTOP V
BBITJISIAMT TaK:

v.begin() v.end()

M2I3I5|7|8l9l;l9l99l

newEnd

Kak Bunure, ABa 3nadenust «99», paHee CymecTBOBABIIMX B V, HCYE3JIH, a OAHO OCTa-
nock. B ob11eM cirydae mocsie BEI30Ba remove alieMeHTE], yAaTeHHbIE U3 HHTEPBAJIa, MOy T
OCTaTbCsl B HEM, @ MOTYT MCY€3HYTh. MHOTHe NPOrpaMMUCTHL HAXOAAT 3TO CTPAHHEBIM,
HO moveMy? Bol mpocure remove y6paTh HEKOTOPBIE 3IEMEHTHI, AJITOPHTM BHITOJIHSET
Bamry npock0y. Brl ke He pocuiiu pasmecTHTS yAaeHHbIe 3HAYeHHSsT B 0COBOM MecTe
ANs MOCJIeAYIOIET0 UCMOb30BaHus... Tak B yem nmpobGiema? (UTo6H npeaoTBpaTUTD
TOTepIO 3HAYEHUI, BMECTO remove JIyd1ie BOCIOIb30BaThCs a/ITOPHTMOM partition, omu-
CaHHBIM B coBere 31.)

Ha nepBsiit B354 OBeieHKE remove BbITISAKT 0BOJIBHO CTPAHHO, HO OHO SBJISET-
Csl MPAMBIM CJIEAAICTBUEM MPHHIMIA PaboThl alropuT™Ma. Bo BHyTpeHHeil peanusanuu
remove nepebupaeT COAEP)KUMOE HHTEPBAIA U TIePe3aNHUCHIBAET <«yAaJAeMble> 3HAYEHUS
«coxpansiembiMu». [lepesanucey peanrusyercst MOCpeACTBOM MPHCBAXBAHMUS.

AJITOpHTM remove MOXKHO PacCMATPUBATh KaK PasHOBHAHOCTb YIUIOTHEHHUS!, IIpH
STOM yRA/IeMBIC 3HAYEHUS UTPAIOT POJIb «IYCTOT»>, 3al0MHAEMBIX B IPoilecce YIIoT-
HeHusl. OnuiieM, 4To IPOUCKXOAHUT C BEKTOPOM V U3 HAIIETO npuMepa.

1. Anropurm remove aHanuaupyet v[0], BUAUT, 4TO ZAHHDIK SJEMEHT He JOJDKEH
yAanAaTbes, u nepeMennaercst K V[ 1]. To xke camoe npoucxonuT ¢ aseMenTamu v[1]
uv[2].

2. AnropuTM ompenesseT, 4TO 3JeMeHT V[3] NOANeXUT yAaNeHUIO, 3aOMUHAET
a10T dakT u nepexoaur k vV[4]. Qaktudecku v[3] pacCMATPHBAETCS KaK <«ABIpas,
HOAJIeKAIAs 3AMOJHEHHIO.

3. 3nauenue v[4] HeoOXOAUMO COXPAHUTB, MO3TOMY aJITOPHUTM IpHUCBauBaeT V[4]
sJieMeHTy V[3], 3anioMuHaeT, 4yTo V[4] NOANEIKUT Nepe3anucH, U NepexoauT K v[5].
Ecyiu npofo/KuTh aHAIOTHIO € YILIOTHEHHEM, 371eMeHT V[ 3] «3amoIHsAeTCs» 3Ha-
ueHueM V[4], a Ha MecTe V[4] 06pa3yeTcsi HOBas «ABIpa».

4. Dmement v[5] ucKnodaeTcs, MO3TOMY QJITOPHTM HTHOPHUPYET €TI0 U MEPEXOAUT K
v[6]. Ilpu atoM oH npoaoIKaeT IOMHHTD, YTO HA MECTE v[4] ocTaeTcs «AbIpas,
KOTOPYIO HyXHO 3aTIQJTHHTb.

5. OneMeHT V[6] COXpaHSETCS, MIOSTOMY AJITOPHTM npucBauBaeT vi6] sseMeHTy
v[4], BcioMuHaeT, 4TO cleayowas «Ablpa» HAXOAUTCS Ha mecTe V[5], U nepe-
xoaut K v[7].
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6. AHAJIOTHYHBIM 06Pa30M aHATHU3UDYIOTCS 3JieMeHTH V[7], v[8] u v[9]. 3HaueHue
v[7] npucsBauBaetcs ajieMeHTy V[5], a 3HaYenue v[8] npucBauBaeTcs JIEMEHTY
v[6]. dsnemeHT v[9] HTHOpHUPYETCS, MOCKOABKY HAXOAsIIEECH B HeM 3HaYeHHE
MOAJIEXKHUT YIAIEHUIO.

7. AnropuTM BO3BpalIaeT UTEPATOP AJIS 2JIeMEHTa, CJAEAYIOIIEro 3a MOoCIeJHUM
«OCTaBIIMMCS». B 1aHHOM npuMepe 3TO a1eMeHT V[7].

I[TepemeleHus 31EMEHTOB B BEKTOPE V BBHITJISLAST CIIEAYIOMIHUM 06pasoM:

[1]2]3]09] 5[99 7] 8] 9|99

Kaxk o6bsicHsieTcs B coBete 33, akT mepe3anucu HeKOTOPHIX YAAIAEMbIX 3HAYEHui
MMeeT BaKHbIe IMOCJIeCTBUS B TOM CJiydae, eCIu 3TH 3HAUYeHHUs SBJISIOTCS yKa3aTeJs-
mu. Ho B KOHTeKCTe JaHHOTO COBeTa JOCTaTOYHO IIOHUMATh, YTO remove He yAISET ae-
MEHTHl M3 KOHTeHepa, MOCKOJIbKY B HPHHIUIIE HE MOXKET 3TOTO CAEIATh, DJIEMEHTH
MOTYT YAANATHCS Kb GYHKITUAMY KOHTEHHEPA, OTCIOAA CeAYET U [JIABHOE TIPaBU-
JIO HACTOSIIIETO COBETA: YTOOH! YAQJIUTD 3JIEMEHTHl U3 KOHTeHHepa, BHI30BUTE erase
HOCJIe remove.

JJieMeHTBHI, HOAJIeXalHe (PaKTHIeCKOMY YAIEHHUIO, ONMPEAETIUTh HETPYAHO — 3TO
BCe 3JIeMeHTHI HCXOJHOTO HHTEPBAJIA, HAYMHAS C HOBOTO «JIOTHYECKOrO KOHIa» HHTEp-
BaJIa M 3aBepIIas ero «(PU3NIeCKUM» KOHIIOM. UTOOH YHHYTOXHUTD BCE 3TH JIEMEHTH,
JOCTaTOYHO BBI3BATh HHTEPBAIBHYIO GopMY erase (CM. COBET 5) U MmepeAaTh eil 3TH ABa
utepatopa. IlockoJIbKy caM aJITOPUTM remove BO3BpalaeT UTepaTop AJIsi HOBOTO JIOTH-
4eCKOT0 KOHIIa MacCHBA, 3ajla4a pPelIaeTcsi NPsSMOJIHHEHHO;

vector<int> v; // Cn. panee

v.erase(remove(v.begin(),v.end(),99),v.end()); // ®akTU4ecKoe yhaneHue
// 3nemeHToB CO 3Hayewuen 99

cout << v.size(): // Tenepb BuBOAMTCA 7

Ilepenaua B nepBOM apryMeHTE HHTEPBAIBHOM (DOPMEI erase BO3BPaNIaeMOro 3Ha-
YEHHSI remove HCIOoJIb3yeTCs TaK YacTo, YTO pacCMaTpHUBaeTCs KaK CTaHAapTHasA KOHCT-
pyKuusi. Remove u erase HaCTOJIBKO TECHO CBSI3aHBI, YTO OHM OB 06beAUHEHE B QYHK-
IIHIO remove KoHTeitHepa 1ist. Ito exuHcTBenHas Qyukius STL ¢ nmMeHeM remove,
KOTOpasi MPOU3BOAUT (PaKTHIECKOE YaIeHHE 2IEMEHTOB U3 KOHTEHHEpa:

Tist<int> 1i; // Co3paTe CMMCOK
// 3anonHUTbL [JaHHbIMMK
11.remove(99); // YpanuTb BCe 3MEeMeHThH CO 3HayeHueMm 99.

// KomaHpa npou3BOAWT (GaKTMYECKOE ypanenue
// 3neMEeHTOB W3 KOHTeHepa, noaToMy pasmep 11
// MOKET M3MEHNTHCH
YecTHO TOBOPA, BbI60p HMEHH remove B JaHHOM Cjly4dae BHIIVISIAUT HelocjeaoBa-
TesIbHO. B acconuaTuBHBIX KOHTellHepaxX aHaJOTHYHAs (PYHKIUSI HAa3BIBAeTCS erase,
IT03TOMY B KOHTeliHepe 1ist QYHKIUHMIO remove TOXKe cJieAoBajio Ha3BaTh erase. Brpo-
4eM, 3TOFO He NMPOU30ULI0, IO3TOMY OCTAEeTCS JIUIIb CMUPHUTHCS. Mup, B KOTOpOM
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MBI )KMBeM, He HealleH, HO IPYTOoro Bce paBHO HeT, Kak ymoMmuHnaercst B cosete 44, nyst
KoHTelHepoB 1ist BbI30B (yHKIMH remove 6oee appexTHBEH, YeM IPUMEHEHHE HIHO-
MBI erase/remove.

Kak TospKO BBI TIOMMETE, YTO AJIFOPUTM remove He MOXKET «IO-HACTOSAIIEMY> YaAa-
n9Th 0OBEKTHl U3 KOHTEHHEDA, IPUMEHEHHE €T0 B COYETAHHH C erase BoeT B mpu-
BeIYKy. He 3a6bIBaiiTe, 4TO remove — He eJUHCTBEHHBIH AITOPHTM, K KOTOPOMY OTHO-
cutcs 310 3aMedaHue. CyIecTBYIOT Ba APYTHX remove-MoJ00HBIX aJITOPUTMa: remove if
H unique.

CxoacrBo Mexxny remove u remove_if HacTOJIbKO NPSIMOJMHENRHO, 4TO 5 He Gyay Ha
HeM OCTaHaBJIMBAThHCS, HO AITOPHUTM Unique TOXe MOXOX Ha remove, OH IpeqHa3HaYeH
AJIS yAaTeHHs CMEKHBIX HOBTOPSIOLIMKXCS 3HAYEHU I U3 HHTepBasla 6e3 JOCTyma K KOH-
TeliHepy, CoAepXKalleMy aleMeHTHl uHTepBaia. Clea0BaTesIbHO, €CJIM BBl XOTHUTE Aeii-
CTBUTEJIbHO YAATMTH 3JIEMEHTHI M3 KOHTeiHepa, BBI30B UNique J0J/DKEH CONIPOBOMKAATD-
s NapHbIM BBI3OBOM erase. B konreiinepe 11ist Taxke mpeaycMoTpena byHKIus unique,
Npou3BOAsAIas (paKTHIeCKOe yAaleHHe CMeXHBIX aybaukartos. [1o apdexTuBHOCTH
OHa TIPEBOCXOHUT CBA3KY erase-unique.

CoseT 33. byabTe BHUMATENbHbI
MPU UCNONL30BAHUK remove-noaobHbIX
anropuTMOB C KOHTEMHEepaMu yKasaTenei

IIpenmiosnoxumM, Mbl TMHAMHYECKH CO3aeM Psil 0GbeKTOB Widget u coxpamseM noJryyeH-
Hbl€ YKa3aTeu B BEKTOPE:

class Widget {

public:
bool isCertified() const: // ®ynKuma cepTuduKaumm 006beKTos Widget
}
vector<Widget*> v: // Co3paTs BEKTOD U 3aNONHWTL Ero YKasaTenamu

// Ha pMHaMUYECKN co3faHHbe ofbexT Widget
v.push_back(new Widget):

ITopa6oTas ¢ v B TedeHHe HEKOTOPOTO BPEMEHH, Bl PelIaeTe H3GaBUTHCS OT 06BbeK-
TOB Widget, He cepTudHIMpoBaHHbIX PyHKuHKel Widget, HOCKOJIbKY OHH BaM He HY>KHBI.
C yueToM pexoMeHauui, IpUBEAEHHBIX B coBeTe 43 (110 BO3MOXHOCTH HCTIONb30BATh
ITOPUTMBI BMECTO IIMKJIOB ), H TOTO, YTO TOBOPUJIOCH B COBeTe 32 0 CBSI3HM remove H erase,
BO3HHKAET eCTECTBEHHOE >KeJIaHHEe HCIOJIBb30BaTh HAHOMY €rase-remove, XOTs B JaH-
HOM CJIyyYae HCHOJIb3YeTCsI aJITOPUTM remove_if:

v.erase(remove_if(v.begin(), v.end(). // YnanuTo yKasaTenu Ha OBLeKTH
not1(mem_fun(&Widget::isCertified))). // Widget. we npowepuue
v.end()): // cepTudmKaump.

// Wndopraumna o mem_fun
// npusegeHa B coseTe 41.

BresanHo y Bac Bo3HHKaeT 6eCoKoiCTBO 10 MOBOAY BE30Ba erase, OCKOJIbKY BaM
CMYTHO NPUHOMUHAETCSI COBET 7 — YHUYTOXKEHUE YKa3aTessl B KOHTelHepe He IPHBO-
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AMT K yAaleHHI0 06beKTa, Ha KOTOPHIi OH cChlaeTcs. BecrokoicTBO BIOJIHE OMpaB-
JaHHOE, HO B 3TOM CJIydae OHO 3ano3ano. BrosHe BO3MOXHO, YTO K MOMEHTY BHI30Ba
erase yTedka pecypcoB yxe npousouuia. IIpexae deM 6eCIOKOUTECS O BbI30BE €rase,
CTOMT 06paTUTh BHUMaHHKe Ha remove_if.

JlomycTuMm, nepex BEI30BOM remove_if BeKTOp v MMeeT CeAyouMi BUA:

Widget A
v.begin() > Widget B| Obbekt He cepTndmumposaH

Widget C| OB6bexT He cepTndMunpoBaH

v.end() Widget D
Widget E

[Mocsie BBI30Ba remove_if BEKTOP BHIIISAUT NMPHMEPHO Tak (C HTEPATOPOM, BO3Bpa-
IIAEMBIM TIPH BBI30Be remove_if):

v.begin() ———

Boaspatujaemoe
3HayeHne —P -
remove_if Widget D
vend() ———p Widget E

Eciiut nofo6HOe mpeBpanieHne KaxKeTcsl HEMOHTHBIM, 06paTuTech K coBety 32, rae
110ZPOGHO OMIKCAHO, YTO MPOMCXOAMT HPH BHI30BE r'emove (B JaHHOM ciyyae — remove_if).

[IpuyuHa yTedKu pecypcoB OueBUAHA. «Y AaleHHble» yKa3aTesn Ha 06bekTh B 1 C
ObLIH Mepe3anucaHbl «OCTaBUIMMUCS» Yka3aTessamMu. Ha 18a o6bexTa Widget He cyme-
CTBYeT HU OAHOTO yKa3aTeJisi, OHH HUKOTAA He OYAYT yAaIeHbl, a 3aHUMaeMast UMM 1a-
MSATb PACXOAYETCA BIyCTYIO.

[locsie BeinosHeHust remove_if u erase CUTyauusi BHIIVISIAUT CJIeAYIOIUM 06pasoM:

v.begin() Widget A

| Widget B |

Widget D
I Widget C I

Widget E

3aech yTedka pecypcoB CTAHOBHTCS 0COGEHHO 0YEBMAHOM, B K HACTOSIIEMY MO-
MEHTY BaM JA0JDKHO GBITh SICHO, TOYEMY aJTOPUTMBI remove u ero anajyioru (remove_if
H unique) He peKOMEHAYETCS BhI3BIBATH AJISL KOHTEHHEPOB, COMEPXKALIUX YKA3aTeH Ha
JHHAMHYECKH BBIIEJIEHHYIO MaMsTh. Bo MHOTHX Ciiy4dasix pa3yMHOH ajbTepHaTHBOH
SIBJISIETCST AITOPUTM partition (cM. coBer 31).
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Ecnu 6e3 remove HEKaK He 060ATHCH, OAHO U3 pelIeH i MPOGJIEMBI 3aKJII0YAETCS
B 0CBOOOXIeHUH YKa3aTeJlelt Ha HecepTu(UIIMPOBaHHbIE 00BEKTHI U IPUCBAUBAHUH
¥M null mepea MpUMeHEeHHEM MAHOMBL erase-remove ¢ NocJAeAyOUIuM yAJIeHHEM U3
KoHTeltnepa Bcex null-yxazareseit:

void delAndNullifyUncertified(Widget*& pWidget) // Ecnu ofvexT *pWidget
// He CepTUPMUMPOBaAH,

if(IpWidget0->isCertified()){ // ynamuTb ykasaTens
delete pWidget; // v npucsontb emy null
pWidget=0:
}
for_each(v.begin().v.end(), // YRamTo u OBHYUTb
delAndNullifyUncertified); // BCe yKasaTenu Ha

// 00beKTsl, He npolepume
// cepTuduraumio.

v.erase(remove(v.begin(},v.end(). // Ypanutb M3 v ykasaTenu
static_cast<Widget*>(0)), // null; 0 npeoBpasyetca
v.end()); // B yKasaTenb, 4TOOM

// C++ npasunbHO onpepenan
// Tvn TpeTbero napameTpa
IIpuBenenHoe pemeHye NpeAINoJaraeT, YTO BEKTOP He COMEPKHUT null-ykasareseit,
KOTOpbIe OB TpebOBaJIOCh COXPAaHUTH. B MPOTUBHOM ci1y4ae BaM, BepOSITHO, IPUAET-
sl HanucaTh COGCTBEHHBIN LMKJI, KOTOPBIA 6yAeT yAansTh yKasaTeslu B TIpolecce
nepe6opa. YaseHue 371eMeHTOB U3 KOHTelHepa B Ipoliecce nepefopa CBA3aHO ¢ HeKo-
TOPBIMH TOHKOCTSAMH, [T03TOMY II€Pe/ pealu3aiiell 3TOTo pelreHust XenaTe/bHO Ipo-
4quTaTh COBET 9.
Ecnu xonTeitnep ykasareneit 3aMeHsIeTCst KOHTEHHEPOM YMHbIX YKa3aTe el ¢ oacye-
TOM CCBUIOK, TO BCE TPYAHOCTH, CBSI3aHHEIE C remove, HCYe3ai0T, a MAHOMA erase-remove
MOXET HCIOJIb30BAThCS HEMOCPEACTBEHHO:

template<typename T> // RCSP = "Reference Counting

class RCSP{.}: // Smart Pointer"

typedef RCSP<Widget> RCSPW; // RCSPW = "RCSP to Widget"

vector<RCSPW> v; // Co3AaTb BEKTOP W 3anOfHUTL ero

- // YMHbIMU YKA3aTenaMM Ha JUHAMHYECKH

v.push_back (RCSPW(new Widget)): // co3pannpte oBbexTh Widget

v.erase(remove_if(v.begin().v.end(), // YpanuTb yKasaTenu Ha OGbeKThl

not1(mem_fun(8Widget::isCertified))), // Widget. He npoweguve

v.end()): /1 cepTuduxaumo.

// YTeuka pecypcos oTCyTCTBYeT!

Yto6b1 2TOT (DparMeHT paboTal, THN yMHOrO yKasaress (HanpuMep, RCSP<Widget>)
MOJXeH TPeo6Pa30BLIBATCS B COOTBETCTBYIOUIMI TUII BCTPOEHHOTO yKa3aTessi (Ha-
npuMep Widget*). /lesio B TOM, 4TO KOHTENHED COAEPIKUT YMHbIE YKa3aTe M, HO BBI3BI-
Baemas QyHkius (Hanpumep Widget: :isCertified) paGoTaer TOJIBKO CO BCTPOEHHBIMH
ykasaresnsmu. Eciin aBToMaTHdeckoe npeobpazoBaHue HEBO3MOXKHO, KOMITHJISITOP BbI-
zact cooburerue 06 omubke.
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Eciu B BaleM nporpaMMHOM WHCTPYMEHTApHU OTCYTCTBYeT MIabJIOH YMHOTO yKa-
3aTeJisi C MOACYETOM CCBHLJTIOK, monpobyiiTe mabioH shared_ptr u3 6ubimorexu Boost.
HauvanbHble cBefieHust 0 Boost npusenens B cosete 50.

He3aBucuMo OT TOTO, KaKasi MeToAuKa Gyzer BriOpana 1,151 paboThl C KOHTelTHepaMu
AMHAMUYECKM CO3JaHHBIX yKa3aTeJieit — yMHBIe yKa3aTelt ¢ OACYEeTOM CCBLIOK, pyd-
HOe yaneHue u 06HyIeHue yKa3aTeJieil riepes BbI30BOM refove-og00HBIX aITOPUTMOB
UM ApYTOii crnoco6 Bauero co6cTBEHHOTO H300peTeHus — IJIaBHas TeMa JaHHOTO
COBETa 0CTAeTCs aKTyaJbHOMN: 6ybTe BHUMATEIBHEI IIPU UCTI0JIB30BAaHUH remove-Tiog06-
HBIX JITOPHUTMOB C KOHTeliHepaMu yKaszareJieil. 3a6rIBast 06 310l peKoMeHAaIluH, Bl
CBOMMH DYKaMH CO3/aeTe NPeANOCHUIKH AJIS yTeYKH PeCypCoB.

CoseT 34. [lOMHUTE O TOM, KaKue anropuTMbl
NONAy4aloT COPTUPOBAHHbIE UHTEPBasbI

He Bce aropuT™bl paGoTaloT ¢ MPOU3BOIBHBIMA HHTepBaIaMu. HanpuMep, Aj1st aro-
putMa remove (cM. coBeTH 32 u 33) HeoOXOAUMEI IPSIMblE HTEPATOPH! ¥ BO3MOXKHOCTB
NpPHCBAMBAaHUs Yepe3 3TH UTepaTophl. TakuM 06pa3oM, AICOPUTM He IPUMEHUM K HH-
TepBajiaM, ONpeaeisieMbIM HTEPATOPaMH BBO/A, a TAKXKe K KOHTelHepaM map/multimap
M HEKOTOPHIM peayu3aiusiM set/multiset (cM. coBeT 22). AHAIOTHYHO, MHOTHE QJITO-
PHUTMBI COPTHPOBKH (cM. coBeT 31) TpeOyIOT HTEPATOPOB NPOHU3BOJIBHOTO JOCTYIIA U
HOTOMY HE MOTYT IIPUMEHSTHCS K 3JIEMEeHTaM CIIHCKA.

[Tpu HapymeHHu 3THX TIPABWJI KOMIM/ISATODP BBIAAET AJIMHHEBIE, HEBPA3yMHUTEIbHEIE
coobureHus o6 ommbKax (cM. coBet 49). Bripouewm, CyIeCTBYIOT u APYTHE, Hosee Caox-
Hele yciioBusi. CaMBIM PacIipoCTpaHeHHbIM CPeAH HUX SIBJISETCS TO, YTO HEKOTODbIE
aJITOPUTMBI PabOTAIOT TOJIBKO C MHTEPBAJIAMH OMCOPMUPOGAHHbLx 3HaYeHui. [laHHOoe
TpeboBaHue HOKHO HEYKOCHUTEIBHO COBJIIOAATHCS, TIOCKOIbKY HapyIIEHHE TPUBOAUT
He TOJIbKO K BbIaye IMaTHOCTHIECKUX COOOIIEHU T KOMIMJISITOPA, HO M K HENpeaCKasy-
€MOMY HOBEAEHHIO IPOrPAMMEI Ha CTAaZMK BEIHOJHEHMS.

HexoTopble atropuTMel paboTalOT KaK ¢ COPTHPOBAHHBIMH, TaK K C HECOPTUPO-
BaHHBIMH HHTEPBAIIAMHY, HO MAKCUMAJIBHYIO TI0J163Y HPHHOCST JIMIIb B IEPBOM CIydae.
YT0o6OH MOHSITD, IOYEMY COPTHPOBAHHBIE HHTEPBAJIbI IOAXOAAT JIy4IIe, HEOGXOIUMO N0~
HUMATh IPUHIIUIBL PaGOTH 3TUX AJITOPUTMOB.

51 3nam, 4TO Ccpenu uuTaTENIEel BCTPEYAIOTCS MPUBEPIKEHIBI «CHJIOBOIO 3ANIOMH-
HaHus». HuXe mepeducyieHsl anropuT™el, Tpebyiomue 06s13aTe/IbHOM COPTHPOBKH
JAHHBIX:

binary_search Tower_bound

upper_bound equal_range

set_union set_intersection
set_difference set_symmetric_difference
merge inplace_merge

includes

Kpome Toro, cienyiomue airopuTMEl OGBIYHO HCTIONB3YIOTCS C COPTHPOBAHHbIMHK
HHTEPBAJIAMH, XOTSI COPTHPOBKA U He SIBJISIETCS 0653aTe/IbHBIM TpeOOBaHUEM:

unique unique_copy
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Bcxope GyzeT nmokasaHo, YTO B onpefie/IeHHH «COPTHPOBAaHHAIN HHTEPBAI» KPOETCS
0/THO BaXKHOE OTPaHudeHHe, HO CHAYasIa T03BOJIbTe MHE HEMHOTO IIPOSICHUTD CUTYAIIHI0
€ 3TMMH anroputMaMu. BaM 6yzxeT mpoule 3anioMHUTD, KaKHie aJICOPUTMBI paboTaioT
C COPTHPOBAaHHBIMK WHTEPBAJIAMH, ECJIM BBl IIOMMETE, 17151 4er0 Hy)XKHa COPTHPOBKA.

AnroputMBI oKcKa binary_search, Tower_bound, upper_bound 1 equal_range (cMm. co-
BeT 45) TpeGy0T COPTHPOBAaHHEIE MHTEPBAJEL, IOTOMY 4YTO MX paGoTa NOCTPOEHa Ha
GUHADHOM MOUCKe. DTH AITOPUTMBL, Kak ¥ QyHKIus bsearch us 6ubnunorexu C, obecrie-
YHBAIOT JIOTapU(MHUYeCKoe BpeMs OKCKA, HO B3aMeH BB JO/DKHBI IPEOCTABHTh UM
3apaHee OTCOPTHPOBaHHEIE 3HAYEHH S,

Boo6ie rosopsi, torapugpmMudeckoe Bpemst moucka obecreynBaercs He Beeraa. OHO
FapaHTHPOBAHO JIMIIb B TOM CIy4ae, eCIH JITOPUTMAaM IEPENAIOTCA HTEPATOPDI IPOH3-
BOJIBHOTO JAOCTYMA. EciM a/lropHTM MOJIyYaeT MeHee MOUTHEIE HTEPATOPHI (HATIPHMEP,
ABYCTOPOHHHE), OH BBHIIOJIHSIET JIorapupMHYecKoe YHCIO CPaBHEHMIA, HO paboTaeT
C TMHEHHOHN CII0XKHOCTBIO. DTO OOBSCHSETCS TEM, YTO €3 MOAAEPHKKH <HTEPaTOPHOM
MaTeMaTUKH» AITOPUTMY HEOOXOAUMO JiHeHHOe BpeMst sl lepeMENIEH s MEXK Y T0-
3HLMSIME HHTEPBaJIa, B KOTOPOM NMPOU3BOAMTCS HOKCK,

Yersepxa anroput™oB set_union, set_intersection, set_difference u set_symmetric_
difference npeana3xHadeHa A5 BHIMOJHEHUS CO MHOKECTBAMH OIEPaluii ¢ IHHEHBIM
BpemeneM. [louemy 5TuM anropuTMaM HYXHBI COPTHPOBaHHBIE HHTEpBaIb? [ToTOMy
4TO B MPOTHBHOM CJTydae OHH He CIIPABATCS CO CBOel 3afadyeit 3a iuHelHOE BpeMsl.
Hayunaer npocjiexuBaThCs Hekast 3aKOHOMEPHOCTb — aJITOPHTMBI TpeByIOT iepeaayn
COPTHPOBAHHBIX MHTEPBAIOB ISl TOTO, YTOOHI 06ecrieduTs Jiyduiee GuICTpoAeHCTBHE,
HEBO3MOJXKHOe TIPH PaboTe ¢ HECOPTHPOBAHHBIMM MHTEpPBATaMH. B maibHeilem MBI
JatTb HaliAeM HoATBepsKAeHHe 3TON 3aKOHOMEPHOCTH.

AJnropuTMBI Merge u inplace_merge BBIMOJIHSIOT OAHONIPOXOAHOE CIHSHUE C COPTH-
POBKOM: OHH YUTAIOT B COPTHPOBAHHEIX HHTEPBA/IA M CTPOAT HOBBIN COPTHPOBAHHEIH
MHTEPBaJI, COEPKALIUI BCE 5/IEMEHTH 060MX HCXOXHBIX HHTEPBAJIOB, DTH aJITOPHTMBI
paGoTaloT C JMHEeHHBIM BPEMEHEM, 4TO GbLI0 6561 HEBOZMOXKHO 63 TpefBAPHTEILHOM
COPTHPOBKH HCXOJHBIX HHTEPBAJIOB.

Ilepeyensb aropuT™MoB, paboTAOIIKX C COPTHPOBAHHBIMU HHTEPBAIAMH, 3aBEPIIAET
anroput™ includes. OH mpoBepsieT, BXOAAT Jiu Bce 0OBEKTH OXHOTO MHTEPBAJA B APY-
roii unrepsai. [lockosbky includes paccuuThIBaeT Ha COPTUPOBKY 060HMX HHTEPBAJIOB,
oH obecreynBaeT JHHelHOe BpeMst. Bes 510T0 OH B 0611eM cityyae paGoTaeT Me/UIeHHEe,

B ornuune oT nepednCIEHHBIX AITOPHTMOB, Unique u unique_copy criocobHbI pabo-
TaTh ¥ C HECOPTHPOBaHHBIMU HHTepBanaMu. Ho faBaiite B3ryisiHeM Ha onucaHue unique
B Cranpapre (KypcuB Moii): «...Y RassieT U3 KaXA0H CMeNCHO TPYTINb PABHBIX BIeMeH-
TOB BCe 3JIEMEHTHI, KPOME TIEPBOLO».

Vlnaye roBopsi, ecitu BBl XOTHTE, YTOOB! QJITOPHTM UNiQuUe YAAIHI U3 HHTEPBAJIA BCE
ny6muKars (TO ecTh 06eCTednsl «YHHKAJIBHOCTh> 3HAYEHHH B HHTEpBaJe), CHAuANa He-
06X0IMMO 1103a60THTBCS O TPYIINHMPOBKe Beex AybmukaToB. Kak HeTpyaHo Aoraaarses,
MMEHHO 3Ta 3a/1a4a ¥ PEIIAETCs B poitecce coprupoBku. Ha npakTuke atropursm unique
06bIYHO MPUMEHSETCS IS HCKJIIOYEHHUst BCeX Ay6IIMKAaTOB U3 MHTEPBaIa, IO3TOMY HH-
TepBaJl, MepeaBaeMblil PH BbI30Be unique (M unique_copy), Z0JKEH GBITh OTCOPTH-
posan. [Iporpammuctsr Unix MOryT o6paTuTh BHUMaHHE Ha IOPA3HTEIbHOE CXOACTBO
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mexnay aaropurmoM STL unique u xomanzo#i Unix uniq — moxo3pesaio, 4To CoBNazie-
HHe OTHIOJb He CIydaifHoe.

CienyeT MIOMHHTD, YTO Unique HMCKJIIOYAeT SJIEMEHTHl H3 MHTEpPBAIA MO TOMY Xe
TMPUHIIHILY, YTO K IemovVe, TO eCTh OTPAHKYMBAETCS «JIOTHYECKHM» yAaneHueM. Eciu Bol
He COBCEM yBEPEHBI B TOM, YTO 03HAYaeT 3TOT TEPMUH, HeMe/JIeHHO 06paTHTeCh K COBe-
tam 32 u 33. TpyaHo Bbpa3uTh, CKOJIb BAXKHO JOCKOHATIbHOE IIOHUMAHKE IIPHHIIHIIOB
paboThI remove U remove-noAoGHBIX aropuT™MoB. OOILKX NpeACTaBIeH!H 0 TPOHCXOAs-
meM HepocTaTodHo. Eciiu Bh He 3iaeme, Kak paGoTAIOT 3TH JITOPUTMBL, ¥ Bac 6yayT
HeMpUATHOCTH.

JlaBaiiTe MOCMOTPHM, 4TO e 03HAYAET CAMO MOHSATHE «COPTHPOBAHHBIH HHTEPBAT».
IMocxonsky STL mo3sossier 3aaTh QYHKIMIO CpaBHEHHS, HCIOJb3YEMYIO B IIpollecce
COPTHPOBKH, pa3Hble HHTEPBAJIBI MOTYT COPTHPOBATHCS IO pa3HbIM KpuTepusM, Hampu-
Mep, HHTEpPBAT int MOXKHO OTCOPTUPOBATH KaK CTaHAAPTHEIM 06pa3oM (To eCTh 110 BO3-
pacTaHuIo), TaK M ¢ HCHOJb30BaHHEM greater<int>, To eCTh IO y6mBaHmo. WntepBan
06DbeKTOB Widget MOXKeT COpTHPOBATHCSI KaK 110 1ieHe, Tak u 1o Aare. [Ipu Takom uzobu-
JIMM CTIOCOGOB COPTHPOBKM OY€Hb BAaXKHO, YTOOBI JAHHBIE COPTHPOBKH, HAXOASAIIMECS B
pacniopsbkeHud KourteiiHepa STL, Gpiita sorudecku corsacosausl. IIpu nepenade cop-
THPOBAaHHOTO HHTEPBATA AITOPUTMY, KOTOPBI TaKXe MojyuaeT (PYyHKIMIO CDABHEHHS,
HpOC/eAnTe 33 TeM, YTOOH nepefaHHas (GYHKIMS CpaBHeHMs BeJsia ceGsl Tak ke, KaK
(byHK1MsI, TPUMEHSIBIIASICS] IDH COPTHPOBKE HHTEPBasIa.

PaccMoTpuM nmpuMep HeNpaBHJIBHOTO MOAXOAA:

vector<int> v: // Co3paTe BEKTOP, 3aNOMHMTL

// RaHHbIMK, OTCOPTMPOBATHL

sort(v.begin(),v.end().greater<int>()): // no ybuwsanuo.

// Onepauwv C BEKTOpOM
// (He n3MeHAnwMe CONEPKUMOrO).
bool aSExists = // Touck uucna 5 B BEKTOpe,
binary_search(v.begin().v.end(),5):; // TpeanonaraeTca, 4TO BEKTOD
// OTCOPTMPOBAH MO BO3pacTaHui!

ITo ymomyanuio binary_search mpearnosaraeT, YTO HHTEPBAJI, B KOTOPOM MPOU3BO-
JAUTCS MOUCK, OTCOPTHPOBAH ONEPATOPOM < (TO eCTh IO BO3PACTAaHHUIO ), HO B IIPUBEAEH-
HOM TpHMepe BEeKTOp COpTUpyeTcsi no yOriBauuio. Kak HeTpyAHO AOranaThesi, BHI30B
binary_search (unu Tower_bound u T. A.) AJIst MHTEPBaJIa, MOPSAOK COPTHPOBKH KOTOPO-
T0 OTJIMYEH OT 0KHAAEMOT0, IPUBOAUT K HENPEACKA3yeMBIM MOCIEeACTBHUSM.

Yro651 nporpamMma paboTasia MpaBUJIbHO, AITOPUTM binary search A0/KeH HCIOJIb-
30BaTh Ty XK€ (PYHKIHIO CPaBHEHHUS, KOTOPas HCII0JI30BAIACh IIPH BBI30BE Sort:

bool aSExists =
binary_search(v.begin(),v.end(),5, greater<int>()):

Bce anroputmsl, paboTaoinie TOJbKO ¢ COPTUPOBAHHBIMH MHTEPBaJaMH (TO €CTh
BCe &ITOPUTMEL, YIIOMUHABIIIHECS B JAHHOM COBETe, KPOMe unique 1 unique_copy), mpoBe-
PSIIOT COBIIaZIEHHE N0 KPUTEPHUIO 3KBUBAJICHTHOCTH, KaK U CTAaHAAPTHHIE aCCOLMATHBHEIE
KOHTeliHepHl (KOTOpHBIE TakXe copTupyioTcs). C Apyroit CTOpPOHEIL, unique 1 unique_copy
10 YMOJIYaHHIO TIPOBEPSIOT COBMaJeHHe MO KPUTEPUIO PABEHCTBA, XOTSI IIPH BEI30BE
3THUM aJIFOPUTMaM MOXKET MepeAaBaThCs MPeANKAT, ONpeae IO albTepHATHBHEIN
CMBICJI «COBIaJieHusI>. 32 MOAPOOHOI MH(pOPMAaIIHel 0 Pa3TUYHsX MEKAY PABEHCTBOM
U 5KBHBAJIEHTHOCTBIO 0OpanaiTech K cosety 19,
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OauHHAIIIATH AJTOPUTMOB TPeOYIOT Iepesady COPTHPOBAHHBIX HHTEPBAJIOB AJIS
TOTO, YTOGHI 06ECTIeYTh MOBHIMIEHHY0 3 (hEeKTHBHOCTD, HEBO3MOXHYIO 6e3 cobJnoe-
Hust aToro Tpebosanust. [lepenasaiite UM TONBKO COPTHPOBAHHEIE MHTEPBAJIBI, HOMHHU-
Te 0 COOTBETCTBHH ABYX (DyHKIIMiT cpaBHeHHS (MepeAaBaeMoll AITOPUTMY U UCIIOJb3Y-
€MOH IPH COPTHPOBKE) ¥ BBl H36ABUTECDH OT XJIOMOT MPH MPOBEACHHH MTOUCKA, CJUSTHUS
U OTiepai1ii C MHOKECTBaMH, a aJITOPUTMBIL UNique K unique_copy 6yAyT yAasIsth ece ay6-
JIMKATBl — YETO Bbl, BEPOSITHO, U A0GHUBAJIHKCD.

CoseT 35. Peanu3yiTe NpocTble CpaBHEHUS! CTPOK
6e3 yyera perucrpa CMMBOJIOB C MCNOJSIb30BAHUEM
mismatch nnu lexicographical_compare

OnuH U3 BONPOCOB, 4acTo 3a1aBaeMbrx HoBUYKamu B STL — «Kak 8 STL cpasHuBalor-
cst cTpoku Ge3 yuera peructpa cumsoJios?» [Ipocrora sToro Bonpoca o6manyusa. Cpas-
HEHHUs CTPOK (e3 ydeTa PerucTpa CUMBOJIOB MOTYT OBITh OYeHb MPOCTBIMK MJIM OYeHb
CJI0KHBIMH B 3aBHCHMOCTH OT TOTO, HACKOJIBKO OBIIMM JOJIKHO 6BITH Ballle PellleHue.
Ecnu uraopupoBaTh Npo6ieMs! HHTEDHAIMOHANU3AIlMM H OTPAHUYHMTHCS CTPOKAMH, Ha
KoTopele Gbi1a paccuuTana QyHKuUus stremp, 3afada mpocTa. Eciu pemenne A0mKHO
paboTarhb CO CTPOKaMH B SI3BIKAX, HE MOANEPKUBAEMBIX Stremp (TO eCTh MPAKTHIECKH B
mo6oM A3BIKe, KPOME aHIJIHIACKOTO), WK TIPOrpaMMa JOJDKHA UCIIOJIb30BaTh HECTAH-
AapTHBIH JIOKAIBHBIN KOHTEKCT, 33/1a4a Ype3BhIYaliHO CJIOXKHA,

B sTOM coBeTe paccMaTpuBaeTCst IPOCTOI BapUAHT, TIOCKOJIBKY OH JAOCTAaTOYHO Ha-
IJSIAHO eMoHcTpupyeT pojib STL B pemrennu 3agauu (6oJiee CIOKHBIA BAPUAHT CBS-
3aH He cTonbKo ¢ STL, cxombko ¢ mpobsieMamMu JI0KaJIBHOTO KOHTEKCTa, YIIOMHHAEMBI-
MH B nipunoxenun A). UTo6H MpocTast 3afaya CTaja HHTEpeCHee, Mbl PACCMOTPHM ABA
BO3MOXHBIX pemeHust. [Iporpammuctsl, paspabaTsiBaouue unTepdeiichl CpaBHeHHS
CTpOK 6€3 yyeTa perucTpa, 4aCTo ONPEAeJISIoT f1Ba PasHbIX HHTepdeiica; nepBblii 10 aHa-
JIOTHH ¢ stremp BO3BpalllaeT OTPHLIATEIBHOE YK CI0, HOJIb HIH [TOJIOKHUTENbHOE YHUCIIO, 2
BTOPO N0 aHAJIOTHHM C OTIePaTOPOM < Bo3BpauiaeT true uiu false. Mbl paccmoTpuM crio-
cobbl peanu3annn o6oux nHTepdEHCcOB BbI30Ba C IPHMEHeHHeM aTropuTMoB STL.

Ho cHayana Heo6xoauMO onpee/uTh COCO6 CpaBHEHUS ABYX CHMBOJIOB 6e3 ydeTa
perucrpa. Ecjiu npuHATL BO BHUMAaHKE aclleKThl MHTEPHAIMOHATM3AIMY, 33242 He U3
npocThix. Crexyomas GyHKUNSA CPaBHEHUS] HECKOJIBKO YIPOIIEHa, HO B JAaHHOM COBETe
npo61eMbl HHTEPHALMOHAIM3AIIUHE HTHOPUPYIOTCS, U 5Ta QYHKIHS BIOJIHE OLOH/ET:

int ciCharCompare(char c1. char ¢2) // CpasHenue cvmsonos 6e3 ydyera

{ // pervctpa. @yHKuWA Bo3Bpamaer -1,

// ecim cl<c2, 0, ecnn cl=c2, u 1,
// eciun cl>c2,

int 1¢l = tolower(static_cast<unsigned char>(cl)); // Cu. panee
int 1c2 = tolower(static_cast<unsigned char>(c2));

if (1cl<1c2) return -1;
if (1¢c1>1¢2) return 1;
return 0;
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Dynukius ciCharCompare no mpuMepy Stremp Bo3BpalllaeT OTPHUATENBHOE YHCIIO,
HOJIb MJTH TIOJIOXKHUTEJIBHOE YUCJIO B 3aBUCHMOCTH OT OTHOLIEHHS MeXay cl u c2. B o1-
nuyue ot stremp, pyHKuus ¢iCharCompare nepen cpaBHeHueM npeoGpasyeT 06a mapamer-
pa K HIKHeMY peructpy. ViIMeHHO Tak ¥ JocTHraeTcst -THOPHPOBAHHE PETHCTPa CHMBO-
JIOB TIpH CPAaBHEHMHU.

[TapameTp u Bo3BpalllaeMoe 3HadYeHue (PyHKIHH tolower, KaK ¥ Y MHOTHX QYHKIUI
<cctype. h>, OTHOCATCS K Tumy int, Ho 3T Yuciia (kpoMe EOF) Z0KHBI MPEACTABAATHCA
B Buje unsigned char. B C u C++ tun char MoxeT GBITb KaK 3HaKOBBIM, TaK U Ge33Ha-
KOBBIM (B 3aBHCHMOCTH OT peanu3aiuu). Ecnu Tum char siBiisieTcsl 3HaKOBBIM, TapaH-
THPOBaTh €r0 BO3MOXKHOE MpPeACTaBJIeHue B Bu/e unsigned char MOXHO JIMIB OTHUM
croco6oM: npeoGpa3oBaHueM THIIA TIEPE BLI30BOM tolower, STUM U 0OBSICHSIETCS IPHU-
cyTcTBHE mpeobpa3oBaHuii B MPUBEAEHHOM BhIlle (pparMenTe (B peatudanusix ¢ Ges-
3HAKOBBIM THMIIOM char mpeo6pa3oBaHue urHopupyercs). Kpome Toro, ato o6bsicHsieT
coxpaHeHHe BO3BPalllaeMOTO 3HadeHus tolower B mepeMeHHO# THMa int BMecTo char,

[Ipu Hasmyuu chCharCompare mepBast U3 ABYX QYHKIHI CpaBHEHHUSI CTPOK (C HHTep-
(eitcom B cTuite stremp) numeTcst npocTo. J1a pyHKiwMA, ciStringCompare, Bo3Bpallaer
OTpHIATEJIBHOE YHCJIO, HOJIb HJIH TOJIOXKUTEIBHOE YHCJIO B 3aBUCHMOCTH OT OTHOLIe-
HUS MEXAY cpaBHUBaeMbIMH cTpokamu, DYHKIMsA OCHOBaHA Ha aJlrOpuTMe mismatch,
ONpeAesouleM MEPBYIO MO3UIMIO B IBYX HHTEPBAIaX, B KOTOPOIA 3JIEMEHTHl HE CO-
BIIA/TAIOT.

Ho a151 BEI30Ba Mismatch moJKHBL BEIIOJHSTECS HEKOTOPHIE YC10BHs. B yacTHOCTH,
HeoOX0AUMO TPOCIERUTE 3a TeM, YToObI GoJiee KOPOTKas CTPoKa (B CJIydyae CTPOK pas-
HOI I HBI) NepeaBajIach B IePBOM MHTepBase. Bes HacTosimas paboTa BEIOIHSAETCS
¢dyuxuuei ciStringComparelmpl, a pyHxnus ciStringCompare nuuIs MpoBepsieT NPaBUIIb-
HOCTb TIOPsIiKa apryMeHTOB K MeHsleT 3HaK BO3BpAIlaeéMOro 3HaYEHHUS, €CJIH apryMeH-
THI IPHILIOCH IEPECTABJISATE:

int ciStringCompareImpi(const stringd sl, // Peanusauna npusegeHa panee
const stringd s2):

int ciStringCompare(const string& sl,const stringd s2)

if (sl.size()<=s2.size() return ciStringCompareImpl(sl,s2);
else return -ciStringComparelmpl(s2,s1);

1

Buyrpu ciStringCompareImpl BCiO TSKesnyo pabOTY BEIIOJHSET AJITOPHTM mismatch,
Ox Bo3BpalIaeT Mapy UTepaTopoB, 0003HAYAONIMX TO3UIUK NMEPBHIX OTIHYAIOIINXCH
CHMBOJIOB B HHTEpPBAJIaX:

int ciStringComparelmpl(const string& sl,const stringd s2)

typedef pair<string::const_iterator, // PSCI = "pair of
string::const_iterator> PSCI;  // string::const_iterator”
PSCI p = mismatch( // Vicnone3osanne ptr_fun
sl.begin(}),sl.end(}. // paccMaTpusaeTcs
s2.begin(), // B cosete 41

not2(ptr_fun{ciCharCompare)));

if (p.first==sl.end(})) { // ECnu ycnosue WCTHHHO,
if (p.second==s2.end()) return 0: // nnbo sl n s2 pashl,
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else return -1; // nnbo sl kopoue s2
return ciCharCompare(*p.first,*p.second): // OTHOUeHKE MEKRY CTPOKAMU
} // COOTBETCTBYET OTHOWEHWO

// Mexpy OTnMYanwuMmUcs
// cumBONamu

Haperoch, KOMMEHTapHH HOCTaTOYHO YETKO OOBSICHSIIOT NPOUCXOAsiiee. 3Has Tiep-
BYIO TIO3HIKIO, B KOTOPOI CTPOKH Pa3IMYalOTCs, MOXKHO JIETKO ONPEAE/HTDb, KaKasi U3
CTPOK MNPeAIecTByeT APYTroi (MJIH Xe ONpeNeInuTh, YTO 3TH CTPOKH paBHbI). B npenu-
Kare, epelaHHOM Wi smatch, MOXKET MOKa3aThCSA CTPAHHOM JIMIIB KOHCTPYKIHSI not2(ptr_
fun(ciCharCompare)). [Ipequkar Bo3Bpamaer true ajist COBNAJAIOLIIMX CHMBOJIOB, HO-
CKOJIBKY aJrOpuTM mismatch mpexpamaeT paboTy, KOraa npeamkar BosBpalgaet false.
Jlns 3TOH 1enu Hesb3sl UCIOJIb30BaTh CiCharCompare, nockosbKy Boaspaaercs —1, 0
Wi 1, mpudeM Mo aHAJIOTHH C Stremp HyJleBoe 3HAYEHUE 8036PAWAENCA ONs COBNAOAI0-
upux cumeonos. Eciin nepenars ciCharCompare B kKauecTse npeaukaTa Ans mismatch, C++
npeofpa3yeT Bo3Bpalaemoe 3HaueHue ciCharCompare K THILY booT, a B 3TOM THIIE HYJIIO
COOTBETCTBYeT 3HaueHue false — pe3yJibTaT NPAMO HPOTHUBOIMOJIOXKEH TOMY, YTO Tpe-
6osanocs! Ananormyno, xoraa ciCharCompare Bozspamtaet 1 umm —1, pesyaprar Oyzer
MHTEPHPETUPOBAH KaK true, OCKOJIbKY B si3bike C BCe LesIble YHUCTa, OTINYHBIE OT HYIs,
CUHMTAIOTCA MCTUHHBIMM JIOTMYECKMMH BeJIMYHHAMH. UTOObI HCIPABUTH 3Ty CEMaHTHU-
4ECKyI0 «CMeHy 3HaKas, Mbl cTaBuM not2 u ptr_fun nepen ciCharCompare u 1o6uBaeMcs
JKeJIaeMOTo pe3yJibTaTa.

Bropoit BapuanT peasuzanuu ciStringCompare ocHoBaH Ha TPaAHIIHOHHOM IIpeau-
kare STL; Takas QpyHKIHA MOXeT HCIOIb30BATHCS B KauecTBe (PYHKIMU CpaBHEHHUS
B aCCOLMATUBHBIX KOHTElHepax. Peasn3anust npocTa u npenesibHO HATIISIHA, TIOCKOIb-
Ky AocTaTo4HO MoAuGuiupoBaTh ciCharCompare st mosy4eHus: QyHKIMK CpaBHEHHSI
CHMBOJIOB C NPeAUKATHEIM UHTepdelicom, a 3aTeM MOPYYUTH BCIO paBOTY 10 CpaBHe-
HHIO CTPOK aJITopuTMY lexicographical_compare, 3aHumarommeMy BTopoe MecTo B STL 1o
JUTHHE HMEeHH:

bool ciCharLess(char cl, char c2) // BepHyTb npu3Hak TOro,
{ // npepuwectsyet nm cl
// cumsony c2 6e3 yueta
return // peructpa. B cosete 46
tolower(static_cast<unsigned char>(cl))< // oBbACHAETCA, noueny
tolower(static_cast<unsigned char>(c2)); // BMECTO dyHKUMK MOKeT
} // OKA3aTbLCA NPEANOYTUTENbHLIM
// 0BBEKT dyHKUMH
bool ciStringCompare(const string& sl, const stringd s2)

return lexicographical_compare(sl.begin(),sl.end(). // Onucanve
s2.begin().s2.end(), // anroputma
ciCharless); // npusepeHo panee

}

Her, s ne 6yay aosro xpanuthb cexpeT. CaMoe JIHHHOE HMS y asroputy™Ma set_
symmetric_difference.

Eciu BoI 3HaeTe, kak paboraer Texi cographical_compare, mpuBeeHHBIH Bblle (par-
MEHT MOHsTeH 6e3 00BSICHEHHIA, a €CITU He 3HAeTe — 3TO JIETKO MONIPaBUMO,

AusroputM Texicographical_compare siBisiercst 0606meHHoi Bepcueit stremp. Dynk-
st stremp paboTaeT TONBKO C CHMBOJBLHBIMH MacCHBAMH, a lexicographical_compare
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paboTaeT ¢ uHTEpBaJaMu 3HadeHuit soboro Tuma. Kpome Toro, ecnu stremp Bceraa
CpPaBHHBAET Ba CUMBOJIA H OTIpeieJisieT OTHOMIeHHe MeX Ay HUMH (PaBeHCTBO, MEHbIIIE,
6osibiie), To lexicographical_compare MOXeT MOJy4aTh IIPOM3BOJIbHBIN MPEAMKAT, KO-
TOpBIi OMpeAesIsieT, yAOBIeTBOPSIOT JIH Ba 3HaUYeHHs M0JIb30BaTeIbCKOMY KPHUTEPHIO,

B npenpinymem npumepe asroput™ lexicographical_compare 10keH HaliTH EPBYIO
TMO3HKIIKIO, B KOTOPOH S1 1 S2 pas/iM4aioTcs Ho Kputepuio ciCharless. Eciu asst cumBosos
B aTo#1 mo3unuu ciCharLess Bo3Bpaiiaer true, To Xxe caMmoe JejaeT U lexicographical_
compare: ecJi¥ B IEPBOM MO3MIUM, I[/Ie CHMBOJIBL PAa3JIMYaAIOTCS, CHMBOJI IIEPBOH CTPOKH
IpEeAIIECTBYET COOTBETCTBYIONIEMY CHMBOJIY BTOPOH CTPOKH, TO MepBast CTpoKa Npea-
urecTByeT BTOpoil. AsroputM lexicographical_compare, kak u strcmp, cuuTaer aBsa
HHTEPBAJIA Pa3HBIX BEJIHYHUH PaBHBIMHY, [T03TOMY JJI5l TAKHX HHTEPBaJIOB BO3BpalIacT-
cs1 3HaueHHue false: nepBBI UHTEpPBAT He npeduecmsyem BTopomy. Kpome Toro, mo
aHaJIoTMu ¢ Stromp, eciiy nepBhli HHTEPBAM 3aBEPIIAETCS A0 0OHAPY)KEHHUS Pa3IMdus,
lexicographical_compare Bo3BpauiaeT true — npeduKC NpeAlIecTBYeT JI060OMYy HHTEP-
BaJIy, B KOTOPbIii OH BXOJHUT.

JlososibHO 0 mismatch 1 Texicographical compare. XoTs B 370 KHuUTe GOJIbLIOE 3HA-
YeHHe yAeSIeTCs IEPEHOCHMOCTH TIPOrpaMM, s IPOCTO 06s3aH YIOMSIHYTH O TOM, 4TO
(yHKUHH CpaBHEHHUS CTPOK €3 y4eTa perucrpa CHMBOJIOB MPUCYTCTBYIOT BO MHOTHX
HECTAHAAPTHHIX PacIIMPeHHUsX cTaHAapTHON GubauoTexu C. OOBIYHO 3TH QYHKIMH
Ha3BIBAIOTCS Stricmp uiiu strempi K 1o aHayIoruK ¢ QYHKIUAMHY, IPHBEIeHHBIMY B aH-
HOM COBeTe, UTHOPUPYIOT Ipo6JieMbl MHTepHanMOHATH3a1uHK. Eciin BBl rOTOBEI YacTHy-
HO MOXepPTBOBaTh NePeHOCHMOCTHIO IPOTPAMMEL, €CJIH CTPOKH 3aBEAOMO He CoAeprKaT
BHYTPEHHHX HYJIb-CHMBOJIOB, a TP00JIieMbl MHTEPHAIIMOHATIM3AIMH BAaC HE BOJHYIOT, TO
npocTeifimuii CMoco6 cpaBHEHHsI CTPOK 6e3 yueTa PerucTpa CHMBOJIOB BOOGINE He CBS-
3aH ¢ STL. O6e cTpoxu npeoGpa3yioTcsi B ykasaresu const char* (cM. coset 16), nepe-
JaBaeMble IPYU BbI30BeE stricmp vy strempi:

int ciStringCompare(const string& sl, const string& s2)

{

return stricmp(sl.c_str().s2.c_str()); // B saweit cucTeme Bmecto Stricmp

} // MOMET MCnONb30BATLCA APYroe MMA

Dynkuuu strempi/stricmp, ONTHMHU3HPOBAHHbIE AJISI BBIMOJHEHUS e{HHCTBEHHOM
3azta4u, 06BI9HO 06pabaTHIBAIOT AJIMHHbIE CTPOKH 3HAUUMENbHO ObICTPEE, 4eM 06061eH-
Hble aJITOPUTMEL Mismatch u Texicographical_compare. Ecsin 6bicTpoaeiicTBIE 0cObEHHO
Ba’KHO B Balllell CHTyalluH, TePEXO] OT CTaHAAPTHHIX aropuTMoB STL K HeCTaHAAPTHRIM
¢yuxuusam C BnosHe ompasfan. VHoraa camslii apbeKTHBHBIR MyTh HCIIOJIb30BAHUS
STL 3aks04aeTcsi B TOM, 4TOOBI BOBPEMSI IOHSTB, YTO APYTHeE CIOCOGH paboTaioT JiydIle.

CoseT 36. lNMpaBunbHO peanusymte copy_if

B STL umeercs 11 anropuTMoB, B HMeHaX KOTOPHIX IPUCYTCTBYET 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 HH CTPaHHO, anropurMa copy_if cpenn Hux Her. Takum o6pa3oM, Bbl MO-
’JeTe BHI3BIBATD replace_copy if u remove_copy_if, k BaumuM ycjyram copy_backward
11 reverse_copy, HO ecJii BAPYT MOTpeGyeTcs NPOCTO CKONMPOBATh 3JIEMEHTHI HHTEPBa-
713, YAOBJIETBOPAIOLIHKE OMpeAeieHHOMY NPeAHKaTy, BaM IIPHAETCS AeiCTBOBATh CaMo-
CTOSITEJIBHO.

Ipeamnonoxum, umeercs GpyHKmst AJist 0T60pa «AeeKTHEIX» 06beKTOB Widget:

bool isDefective(const Widget& w):

Tpebyercst ckonuposaTh Bee AeekTHEE 0OBEKTH Widget U3 BexTopa B cerr. Ecu
61 anTOpUTM Copy_if CyILIECTBOBAJ, 3TO MOXHO OBLIO GBI CAENATH TaK:

vector<Widget> widgets:

Eopy_if(widgets.begin(),windgets.end(). // He xomnunupyetca -
ostream iterator<Widget>(cerr."\n"), // 8 STL ne cyuwecTsyet
isDefective); // anroputma copy_if

o uponuu cyas6st anropu™ copy_if Bxoam B ucxoanyio Bepcuio STL or Hewlett
Packard, xoropas 6bii1a 3ayioxeHa B ocHOBY 6ubnnorexu STL, craBmeit yacTeio cTan-
naprHoit 6ubymortexu C++. B npornecce coxpamenuss HP STL go pasmepos, noaxoas-
KX AJI51 CTAHAAPTH3ALMHM, AJITOPUTM copy_if ocTasicst 3a 60pTOM.

B xuure «The C++ Programming Language» [7] Crpaycrpyn 3aMedaeT, 4TO peasnu-
3anust copy_if BBINVISIUT 3JIEMEHTAPHO — U OH TIPaB, HO 3TO BOBCE He 03HAYAET, 4TO KaX-
OB MPOrPaMMHCT Cpa3y MpHAET K HyKHOMY pemrenuio, HanpuMep, HuXe rpuBeeHa
BIIOJIHE Pa3yMHast BEpCHs copy_if, KOTopyo Mpe/Jiaraiu MHOFKe IIPOrPaMMHUCTHI (B TOM
YUCJTIE U 51):

template<typename Inputlterator, // He coscem npasunbHas

typename QutputlIterator, // peanu3auua copy_if
typename Predicate>

QutputIterator copy_if(InputIterator begin,

InputIterator end,

Outputlterator destBegin,
Predicate p)

{

return remove_copy_if(begin,end.destBegin,notl(p));

}

Peutenue ocHoBaHO Ha pocToM akre; xoTsi STL He mo3BoOJIsIET CKa3aTh «CKOMUPO-
BaTh BCE 3JIEMEHTBI, /IS KOTOPHIX MPEAXKAT PaBeH true», Ho 3aT0 MOXHO MOTpeboBaTh
«CKOIMHPOBATh BCE 3IEMEHTHI, KPOME TeX, JJIs1 KOTOPBIX PEAMKAT He pagen trues», Co3na-
eTCs BIledaTIeHue, YTO AJIsI peasin3anuy copy _if JOCTATOYHO MOCTaBUTH notl mepen mpe-
IMKATOM, KOTOPHIH A0JUKeH MepeAaBaThesi copy_if, Mocsie 4ero nepeaatsh MOJy4eHHEBLH
npeaukar remove_copy if. PeayspraToM siByisieTcs MpUBedeHHEIH BEIIIE KOA.

Ecu 661 3TH paccyxaeHus GbUIM BEpHDI, KOTIMPOBaHUe AeheKTHBIX 00beKTOB Widget
MOXKHO OBLIIO GBI IPOU3BECTH CIIEAYIOIUM 006Pa3oM:

copy_1if(widgets.begin(),windgets.end(), // Xopowo 3ajymao,
ostream_iterator<Widget>(cerr,"\n"), // HO He KoMmWAMpyeTCA
isDefective);

KoMmunsitop HenoBoJieH MONbITKOM npuMeHeHust notl k isDefective (aTo mpoucxo-
T BHyTpH copy_if). Kak o6bsicusiercs B coBete 41, notl He MOXeT HAIPSAMYIO TIpUMe-
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HATBCSA K yKa3aTero Ha QYHKIIMIO — CHadasla yKasaTeJlb A0JDKEH IpoiTy yepes ptr_fun.
YT06bI BEI3BATh 3Ty peanusaiuio copy if, Heo6XOAUMO mepeAaTh He MPOCTO OGBEKT
dyHxiuy, a adanmupyemuiii 06bekT GyHkuuu. CAenarb 3T0 HECJIOXKHO, OAHAKO BO3JA-
raTh 9TH XJIONOTH Ha Gynymux KauenTos aroputma STL nenn3s. CranaapTHble aro-
purmbl STL Hukoraa He Tpe6yIOT, 4TO6OBI UX (PYHKTOPBI OBUIH afANTHPYEMbIMH, TI03TO-
My HeJb3s TIPEAbSBIATh 3T0 TpeboBanue K copy_if. [IpuBenennas Bbime pealnsanus
XOpO1LIa, HO HEAOCTATOYHO XOPOLIa.
IIpaBunbHas peatusanus copy 1T JO/DKHA BBHIIJISIAETH TaK:

template<typename Inputlterator, // NpasunbHas
typename OutputlIterator, // peanusauua copy_if
typename Predicate>
OutputIterator copy if(Inputiterator begin,
Inputlterator end,
QutputIterator destBegin,
Predicate p)

while begini=end) {
if(p(*begin)) *destBegint++ = *begin;
++begin;

return destBegin;

}

[TockosbKy anroputm copy_if 4pesBbIYatHO MOJIE3€H, 2 HEOTBITHBIE IPOrPAMMHCTHL
STL gacro noJiaraior, 4To OH BXOAMT B OMOJIMOTEKY, MOXKHO IIOPEKOMEHA0BATh pa3Mec-
THTb PeaIM3alHIo copy if — NPaBHJIBHYIO PEAIM3AIHIO! — B IOKAJILHOH BCIOMOTATe Ib-
HOit GUBIHOTEKE ¥ MCII0JIb30BATh €€ B CIydae HaJ06HOCTH,

Coset 37. Ucnonb3ynte accumulate unu for_each
ans 0606LeHnst HTepBasbHbIX AaHHbIX

Wnoraa BosHuKaeT HeOOXOAUMOCTD CBECTH L(eJIBIil HHTEPBAJ K OXHOMY YHCIY WM, B 6o-
nee obuieM ciydae, K OAHOMY o6bekry. [lJis CTaHAapTHBIX 3a7iad 0600IIeHHsA CYILECTBY-
IOT CTieliMaJIbHbIE AJITOPUTMBL Tak, aJIropuT™ count BO3BpalLIAeT KOJIHYECTBO 3JIEMEHTOB
B HHTepBaJsle, a aITOPUTM count_if Bo3BpaIaeT KOJIHYECTBO 3JIEMEHTOB, COOTBETCTBY-
IOUUX 3aaHHOMY Hpeaukaty. MuHUMaIbHOE U MAKCUMAJIBHOE 3HAYEHHE BJIEMEHTA
B HHTepBaJI€ MOXHO TOJIyYHTh IIPY TIOMOILM AJITOPHUTMOB Min_element 1 max_element.
Ho B HeKOTODBIX cUTyalusIX BO3HUKAET HEOOXOAUMOCTD 0OpabOTKH HHTEPBAIBHBIX
AAHHBIX 110 HECTAHAAPTHBIM KPUTEPHUSIM, M B TAKUX CJIy4asix HyKHEI Gosiee THOKME U yHU-
BepcalbHble CPEACTBa, HeXKeJIH alTOPUTMBL count, count_if, min_element u max_element.
[MpearosnoxuM, BBl XOTHTE BEIYHUCIUTH CYMMY JJIMH CTPOK B KOHTeiHepe, Mpou3Bee-
HHE YuCes U3 3aJaHHOTO MHTEPBAJIA, YCPEAHEHHBIe KOOPAHHATH TOYeK U T. A. B xax-
ZOM M3 THX CJIy4aeB NPOU3BOAUTCS 0606wenue UHTEPBAJIA, HO TIPH 3TOM KPUTEpHH
0600111eHYIsI BbI JOJKHBI OTIPEAEISTh CAMOCTOSTENbHO. JList mopo6HbIX cutyanuii B STL
HpeAyCMOTPEH CrielHabHEIR AITOpUTM accumulate, MHOTHMM HpOrpaMMECTaM 3TOT aJITO-
PHUTM HE3HAKOM, TIOCKOJIBKY B OTJIHYHE OT GOJIBIIHHCTBA AJITOPUTMOB OH He HAXOAHUTCS
B <algorithm>, a BMeCTe C TpeMs1 APDYTHUMHU «4UHCIIOBBIMY aITOPUTMaMu» (inner_product,
adjacent_difference u partial_sum) BeigesieH B GUOIHOTEKY <numeric>,
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Kax u MHOTHe npyrre anropuTMel, accumulate cyuiecTByeT B ABYX (popmax. [TepBas
thopMa, mosnyvaiouas napy HTepaToPOB Y HaYaIbHOE 3HaYeHHUe, BO3BpalaeT HadyalbHOe
3HaYEHUE B CYMMe CO 3HAYeHUSMH U3 HHTePBaJa, ONpeaessieMOT0 HTepaTopaMHu:

1ist<double> 1d: // CO3[aTb CMUCOK M 3ANONHUTL
// HeCKONbKuMM 3HauyeHuamu Tuna double.

double sum = accumulate(1d.begin().1d.end().0.0): // Buuncnute Cymmy uucen
// C HayanbHbM
// 3Hayennen 0.0

O6paruTe BHEMaHue: B IPUBEIEHHOM MpHMepe Hada/IbHOe 3HaUeHHe 3aaeTCA B (hop-
me 0.0. Ita moxpobHoCTh BaxkHa. Yuceno 0.0 oTHocHTCs K Ty double, oatoMy accumulate
HCIIOJIb3YeT AJIs1 XpaHeHUs BBIUKCIISIEMOM CyMMBI IepeMeHHYI0 Tuna double. IIpeamno-
JIOXKMM, BBI30B BBITJISIIUT CIEAYIOUIMM 00pa3oM:

double sum = accumulate(1d.begin(),1d.end(),0): // Bui4UCNEHUE CyMMbI YMCeN

// C Ha4anbHuiM 3HadyeHuem 0:
// HenpasuibHo!

B xayecTBe HayaIBHOTO 3HaYeHHUs ucnoab3yercs int 0, moaTomy accumulate Haxan-
JIBaeT BRIYMCIsEMOe 3HayeHHe B iepeMeHHoH Tuma int. B utore aTo 3HaueHue Oyaer
BO3BpAIIEHO AITOPUTMOM accumulate U HCNONB30BaHO AJIS1 MHUIHAIHM3AUY [TepeMeH-
Hoit sum. IIporpaMma xoMnunupyercst U paboTaeT, HO 3HadeHye Sum GyIeT HeTlpaBIb-
HeIM. BMecTO HacTosmei CyMMbl cricKa yucest THna double nmepeMeHHast COTEPKUT
CyMMY BCEX YHCeJ, TpeoGpasyeMyIo K int rmoce Kaaoro CyMMUPOBaHUSI.

Anropurum accumulate paboTaer TOJIbKO C MTEPATOPaMM BBOAA U IOSTOMY MOXKET HC-
I0JIb30BAThCS Aaxe ¢ istream_iterator u istreambuf_iterator (cm. coset 29):

cout << "The sum of the ints on the standard input is " // BuBectu cymmy

<< accumulate(istream_iterator<int>(cin), // uncen u3 BXOAHOTO
istream_iterator<int>(), // notoka
0):

W 3-3a cBOeit IepBoii, cTaHAapTHOM (POPMBI ATOPUTM accumulate ObLI OTHECEH K YHC-
JIoBBIM asiroputMaM. Ho cymecTsyer u apyras, ansTepHaTHBHas GOpMa, KOTOPOH IpU
BBI30BE TIE€PENAETCA HayaJlbHOE 3HaueHMe U NIPOU3BoJIbHAst 0600manmas GyHKus.
B aToM BapuaHTe asroput™ accumulate cTaHOBHTCS ropaszio 6osee YHHBEPCAIbHBIM.

B xayecTBe npuMepa pacCMOTPUM BO3MOXKHOCTB IpHMEHEHHsT accumulate AJISL BEI-
YUCJIEHHS] CYMMBI [IIUH BCEX CTPOK B KoHTelHepe. [lisi BBIYHCIEHUSI CyMMBbI aJITOPHTM
TOJDKEH 3HATh [BE BELIY: HAYAIbHOE 3HAUeHHe CyMMBI (B ZaHHOM ciy4yae 0) u ¢pyHK-
LIHIO OGHOBJIEHMSI CyMMBI ISl KaX 1011 HOBO# crpoku. Crenyrouras pynkuus Gepet npe-
IbIylIee 3HaYEHHE CYMMBI, IIPUOABIISET K HEMY AMHHY HOBOH CTPOKH M BO3BpAalaeT
0GHOBJIEHHYIO CyMMY:

string::size_type // CMm. panee

stringlengthSum(string: :size_type sumSoFar,
const stringd s)
{

return sumSofFar + s.size():
}
Teno dynkuuu ybexnaer B TOM, 4TO IPOUCXOAAILIEE BeCbMa TPUBHAJIBHO, HO Ha
NepBbIi B3IV CMYIAIOT 00bSIBJICHKA String: :size _type. Ha camom nejie B HUX HeT
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HMYETO CTPAaLIHOro. Y Kaxmoro cranaaptHoro koHTeitHepa STL umeercs onpeznenexue
THna size_type, OTHOCsIIEECS K CYETHOMY THITY AAHHOTO KOHTejiHepa. B yactHocTh, 3Ha-
YyeHHe 3TOTO THIIA Bo3Bpamaercs ¢pyHknuei size. /Lj1s Bcex cTaHAapTHBIX KOHTeHEPOB
onpezesieHue Size_type ZOJDKHO COBIAAATD C Size_t, XOTs TEOPETHYECKH HECTAHAAPTHEIE
STL-coBMeCTHMBIE KOHTERHEPBI MOTYT MCIOJIBL30BaTh B Size_type Apyroil Tum (x0T s
HE TIPEACTABJIAW, AJIsl 4€r0 3TO MOXET MOHAN06uThes1). 115 CTaHAapTHBIX KOHTElHe-
POB 3aNUCh KoHMelHep: : size_type MOXKHO PacCMaTPHUBATh KaK CHEI[HAIbHBIN CHHTaK-
cHc 1 size_t.

DyHknus stringlengthSum sBJIsieTCS TUMMYHBIM IpeACTaBUTeNeM 06o6uaomux
(byHKIHH, UCTI0/IB3YeMBIX TIPK BbI30Be accunulate. DyHKiIMS MOTyYaeT TeKyuee 3Haue-
HHE CyMMEI K CTIefyIONIuii 3ieMeHT HHTePBaJla, a2 BO3BpalljaeT HOBOE 3HaYeHMe HaKanIu-
Baemoit cymmel. HakannuBaeMast cymMa (CyMMa JUIMH CTPOK, BCTPEUaBIIMXCS PaHee)
OTHOCHMTCS K THITY string::size type, a oGpaGaThIBaeMBbIil 37IEMEHT OTHOCUTCS K THUITY
string. Kak aT0 yacto GbiBaeT, BO3Bpal[aeMoe 3HaY€HHe OTHOCUTCS K TOMY JKe THILY,
9TO ¥ HePBHIH napaMeTp QyHKIMH,

Dynknus stringlengthSum ucronb3yercss B CoueTaHUU ¢ accumulate caeqyoumm
obpasom: |

set<string> ss; // Co3paTb KOHTEeHHep CTPOK

- // W 3anonHUTL €ro [aHHbIMA

string::size_type lengthSum = // NpucsouTs TengthSum

accumulate(ss.begin(),ss.end(), // pesyneTaTt BbI30BA StringlLengthSum
0,stringlengthSum); // ANA KakAoOro 3neMeHTa ss
// C HYNEeBbiM Ha4aNbHHM 3HAYEHUEM

W3samno, He npasza nu? IlponaBeneHyie BBIYKCIISETCS EIIIE MIDOIIE, TOCKOJIBKY BMe-
CTO HAaNMCAHHUs1 COOCTBEHHOM (PYHKIMHU CYMMUPOBAHHS MOYKHO 0BOHTHCH CTAHAAPTHBIM
¢byuxropom multiplies:

vector<float> vf; // Cosfats KoHTeitHep tuna float
// W 3anONHMTL €ro AaHHLIMK

float product = // TpucsouTs product pesynbTaT
accumulate(vf.begin(),vf.end(), // Bmw3osa multiplies<float>
1.0,multiplies<float>()); // ana kawporo anementa vf
// € HauaneHuM 3nadennenm 1.0
Tonpko He 3a6yabTe O TOM, YTO HadaJIbHOE 3HAYEHHE BMECTO HYJIS JOJKHO GBITH
paBHO eAnHUIE (B BelecTBeHHOM (opMare, He B int!). Eciu HayanpHOe 3HaYeHME PaB-
HO HYJIIO, TO Pe3yJIbTaT Bceraa 6y/eT paBeH HyJI0 — HOJb, YMHOMKEHHBLH Ha JII060€e 4HC-
JIO, OCTAETCS HyJIEM.
[Mocnexnuit npuMep He CTOMb TpUBHAIEH. B HeM BhIuHMCsIeTCs cpentee apudMeTH-
4YecKoe M0 HHTEPBAJY TOYEK, NMPeACTABJICHHBIX CTPYKTYPaMH CIIEAYIONIErO BUAA:
struct Point {
Point(double initX, double initY):x(initX),y(initY)}{}
double X.y;
b
B atom npumepe obobmanoimeit dpynkuueit 6yner ¢pynkrop PointAverage, Ho nepen
paccMOTPeHHEM KJ1acca 3TOTO (DYHKTOpa CTOMT PACCMOTPETH €T0 HCIIQJIB30BAHUE TIPH
BBI30BE accumulate:
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list<Point> 1p:

Boint avg = // Belyncnenne cpejHero
accumulate(1p.begin(),1p.end(). // apupMeTUYECKOro No TOYKaM,
Point(0,0),PointAverage()); // BXOAAUMM B CNMCOK 1p

[TpocTo u 6eCXUTPOCTHO, KaK M AODKHO OBITh. Ha 3TOT pa3 B KauecTBe HAYa bHOTO
3HAYEHHs! UCIOJIB3yeTCst 00BEKT POiNt, COOTBETCTBYIOMIKIT HAYaly KOODAKHAT, a HaM
OCTAeTCSI JIUIIb TIOMHUTD 0 HEOOXOAMMOCTH HCKJIIOYEHHUST 3TOM TOUKH U3 BBIYHCIEHHUH,

Dynkrop PointAverage oTciexuBaeT KOJIHIECTBO 06PaGOTAaHHBEIX TOYEK, a TAKKE
CYMMBI HX KOMIIOHEHTOB X U Y. [Ipy KaXkaoM BbI30Be OH OGHOBJISIET IaHHBIE U BO3BPa-
IIaeT CpeAHHEe KOOPAMHATHI 10 06paboTaHHbIM ToYKaM. [10CKOIbKY A5t KX 0% TOYKH
B MHTepBaie GYHKTOP BBI3BIBAETCS POBHO OAMH Pa3, OH JAEJIUT CYMMBI TI0 COCTABJISIO-
VM X ¥ Y Ha KOJIKYECTBO ToYeK B uHTepBase. HavanpHas TouKa, nepefaHHast pH Bbl-
30Be accumulate, ITHOPUPYETCSL.

class PointAverage:

public binary_function<Point.Point,Point>{
public:

PointAverage() :xSum(0),ySum(0) ,numPoints(0) {}

const Point operator()(const Point& avgSoFar, const Point& p)

{

++numPoints;
xSum += p.X;
ySum += p.y;

return Point(xSum/numPoints,ySum/numPoints):

}
private:
size_t numPoints;
double xSum;
double ySum;

|5

Taxoe pemenne npekpacHo paGoTaeT, u JIMIOb U3-3a IEPHOAHYECKIX KOHTAKTOB C
HEOPAMHAPHO MBICIISIIIUMH JINYHOCTSIME (MHOTHE W3 KOTOPBIX paboraloT B Komurere
N0 CTaHAAPTH3AIMH) A MOTY NMPeACTaBUTH cebe peasu3anuu STL, B KOTOPHIX BO3MOX-
et npo6tembl. Tem He Meee, PointAverage HapymaeT naparpag 2 pasgena 26.4.1 Cran-
AapTa, KOTOPbIH, KaK Bl IOMHHTE, 3anpeiuaer noboytbie 3p(PeXTh HO OTHOUIEHUIO K
Oynxnuu, nepenapaemoii accumulate. Moauduxanus nepeMeHHsIx numPoints, xSum 1
ySum OTHOCHTCA K TO60UHBIM 3 deKTaM, IOITOMY ¢ TEXHHYECKOI TOUKH 3peHNUst TIPHBe-
AEHHBII BhILIE (PPArMEHT IPHBOAUT K HeNpeaCKa3yeMbIM roc/iecTBUAM. Ha npaxTuke
TPYAHO NPEACTABUTD, YTO IIPHBEAEHHBIH KOX MOXKET He PaboTaTh, HO 4TOOBI MOS COBECTD
6bL1a YHCTA, 51 06513aH CTENMAIbHO OTOBOPHTD 3TO 0OCTOSITEIBCTBO.

Brpouewm, y meHst nosBasiercst yno6Has BO3MOXKHOCTb YIOMSHYTb 0 for_each —
APYTOM JITOPUTME, KOTOPBIA MOXeET HCIIO/Ib30BaThCs At 06001IEHUS] HHTEPBAIOB.
Ha for_each He pacmpocTpaHsIIOTCSI OrpaHHYEHHUs, yCTaHOBIEHHBIe s accumulate.
Anroputym for_each, kak 1 accumulate, Hosydaet uHTepBaI U PyHKIHIO (O6BIYHO B BUAE
o6bexTa yHKIHI), BEIBHIBAEMYIO AJI51 KOX/O0T0 3JIeMEHTA B MHTEPBAJIE, OIHAKO (YHK-
uysi, nepegasaemas for_each, mojryyaer ToJIbKO OAMH apryMeHT (TeKyIuuii 31eMeHT UH-
TepBasia), a nocJjie 3aBepuIeHus paboTh for_each Bo3BpallaeT cBoI0 (PYHKIHIO (a TOUHEE,
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ee xonuio — cM. coseT 38). Uto eute BaxkHee, nepefaHHast (M NO3Hee BO3BpalaeMast)
byHKIUsA Moscem obnanath moboYHBIMU 3dexTamu.

ITomumo nobounsx s dexToB mexay for_each u accumulate cymecTByIOT ABa OC-
HOBHBIX pasnuyus. Bo-mepBbix, caMo Ha3BaHHe accumulate acCOIMHUPYETCs C BBIYHUCIIE-
HYeM CBOJHOTO 3HAUeHMs 10 WHTEpBALy, a HazBaHue for_each cKopee mpeamoJiaraeT
BBITIOJIHEHNE HEKOH OTepaliy ¢ KaXKIbIM 3JI€EMEHTOM HHTepBaia. Anroput™ for_each
MOXET UCTIOIb30BaTLCH AJIS BHIUMCJIEHMs CBOAHON BeJIMUMHBI, HO TAKHE DEIICHHS MO
HaIIAAHOCTY YCTYHaioT accumulate.

Bo-BTOpBIX, accumulate HENMOCPEeACTBEHHO BO3BPAILAET BHIYMCIEHHOE 3HAYEHHE,
a for_each BosspautaeT 06bekT QYHKINY, NCIIOJIB3Y eMBIi IS AaNbHEHINEro MOy eHHs
nadopmamuu. B C++ 3To o3HayaeT, 4To B Kjiacc GyHKTOpA HEOOXOAUMO BKIIOUHTD
(OYHKIUIO 415t TTOIyYeHUs HCKOMBIX AaHHBIX.

Huxe npuseeH npeabIyniui IpUMep, B KOTOPOM BMECTO accumulate BCmosb3yerT-
ca for_each:

struct Point{..]; // Cw. panee
class PointAverage:

public unary_function<Point,void>{ // Cw. coset 40
public:

PointAverage():xSum(0),ySum(0),numPoints(0) {}
void operator()(const Point& p)

++numPoints;
xSum += p.x;
ySum += p.y;

Point result() const

return Point(xSum/numPoints,ySum/numPoints);

}

private:
size_t numPoints:
double xSum:
double ySum;

list<Point> 1p:

Point avg = for_each(1p.begin(),1p.end(),PointAverage()).result():

JInuso s peAnounTa0 06001MATH MHTEPBAIbHBIE JaHHBIE TIPH TIOMOINH accumulate,
TIOCKOJIbKY MHE KaXKeTCs, UTO 3TOT AITOPUTM HanuboJiee YeTKO repeaaeT CyTh IPOUCKO-
nsutero, ogHaxo for_each Toxe paboraet, a Bonpoc no6o4HbIX a¢dexToB aAns for_each
He TaK MPUHUMOMAJIEH, Kak Aus accumulate. CioBOM, 4151 06061IEHUS] HHTEPBAIBHBIX
IAHHBIX MOTYT HCIIOJIb30BaThCst 06a aIrOpUTMa; BEIOEPHTE TOT, KOTOPHII BaM JIydmre
HOACHAET.

BoaMmoxHo, Bac UHTEpecyeT, IoueMy y for_each napaMeTp-(QyHKINS MOXKET HMETh
nobounbie a¢ekTh, a y accunulate — He Moxer? IIpencrasbre, st GBI TOXE XOTEJ 3TO
3HaTh. UTO X, ZOPOTOI1 YUTATEb, HEKOTOPbIE TAlHBI OCTAIOTCS 3a HpeAeslaMy HALINX
no3uanuii. Yem accumulate npuHnunuansso oTaudaercs ot for_each? Iloka s emre He
cabian ybenuTesIbHOro OTBETa Ha 3TOT BOHPOC. -



DyHKLMH,
YHKTOPb! )
N Knaccbl QYHKUUA

HpaBuTcst HaM 3TO UMM HET, HO GYHKIMH ¥ IPeACTaBasionye ux 00beKTol (PyHK-
Topbl) 3aHuMaloT BaxkHoe MecTo B STL. OHU HCIOJIB3YIOTCA acCCOUUATHBHBIMHU KOH-
TeifHepaMu LISl yTIIOPSI0UEHHs] 3JIEMEHTOB, YIIPaB/IAIOT paboToit anroput™oB THna find_
if, koncTpyxuuu for_each u transform 63 HUX TEPAIOT CMBIC], & AAANTEPHI TUIA Notl
u bind2nd aKTHBHO CO34aI0T UX.

Ja, dyHKTOpBL U Kiacchl GyHKTOPOB BeTpevatotcs B STL Ha xaxaom wary. Berpe-
TSITCSI OHH M B BallIMX IPOrpaMMaX. Y MEHUE CO3/aBaTh IPaBUIbHO paboTarouiue GyHKTO-
DB aGCOMIOTHO Heo6Xonumo Aast addexTuBHOTO HenosbaoBanust STL, nosTomy 60mb-
LAst YACTh STOH IJIABBI TIOCBAIIEHA OJHOMN TeME — KaK JOOUTBCS TOTO, YTOOBI PYHKTOPBI
paboTaiu HMEHHO TaK, Kak UM nojoxeno paborars B STL. Bnpouem, oaun coser 1o-
CBSIII[EH APYTOii TeMe ¥ HaBEPHSKA IPUTOAUTCS TeM, KTO 33[yMBIBAJICA 0 HEOGXOXUMOC-
TH BKJIIOYEHMsI B IporpaMmy Bbr30BoB ptr_fun, mem_fun 1 mem_fun_ref. IIpu xenanuu
HaYHUTe C coBeTa 41, Ho moxastyiicTa, He ocTaHaB/IMBaiiTech Ha 3ToM. Korzia BeI moiiMere,
VIS YEero Hy>KHb! 3TU QYHKIUY, MaTePUaJl OCTAJIBHBIX COBETOB MIOMOXKET BaM HAJIAIUTh
TpaBHJIbHOE B3auMozelicTBre Bamux GyHKTOpoB ¢ HumMu u ¢ STL B nesom.

CoseT 38. MpoekTupynTe Knaccbl (pyHKTOPOB
AN nepepayvv no 3HadeHuo

Hu C, nu C++ He 03BOJAIOT Nepeaasath (GYHKIMH B Ka4ecTBe NapaMeTPOB APYTUX (GyHK-
1uit. BMecTo aToro paspemaercst iepenasarh yxasamenu Ha Gynkuuu. Hanpumep, 06bs8-
JeHHe CTaHAAPTHOM 6U6IMOTEHOH HYHKIMH GSOrt BHITJISANT CIEAYIONIM 06pasoM:
void gsort(void *base, size t nmemb, size_t size,
int (*cmpfcn)(const void*,const void¥*)):
B cosere 46 06bsicHsIETCS, IOYeMY BMECTO (DYHKIHH qsort 06bIYHO PEKOMEHYETCS
WCII0JIB30BATh AITOPUTM SOrt, HO 1esio He B 3ToM. Hac ceifuac HHTepecyeT 0ObsBIeHNE
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napamerpa cmpfen pynkiun gsort. IIpu BHEMMaTeIbHOM aHaIM3e CTAHOBUTCA SCHO, YTO
apryMeHT cmpcfn, KOTODBIH sIBJIsSieTCs yKa3aTesleM Ha (PyHKIMIO, KONUPYeTCst (TO eCTh
niepeaeTcs 1o 3HAYEHHIO) U3 TOUKH BBI30Ba B QyHKIMIO gsort. JIaHHBINA npuMep Mosic-
HsleT MpaBuJIo, cobiofaeMoe cTanapTHbMu 6ubimotekamu C u C++, — ykasarenu Ha
(yHKIIHH JOJKHDI IEPEAABATHCS MO 3HAYEHHIO.
O6mnextn pynknuit STL coznasanuce no 06pasuy ykasareseit Ha QyHKIMY, TIOTO-
My B STL Taxxe AefiCTByeT IPaBHIIO, COIJIACHO KOTOPOMY 06beKThl (pyHKIMi mepe-
JAIOTCS TI0 3HAYEHHUI0 (TO eCTh KOMUPYIOTCs). BeposATHO, 9TO npaBHIIO Jy4lle BCEro
JleMOHCTpHUpYeT npusefeHHoe B Crannapre 00bsBieHue aroput™a for_each, koTopblid
TN0JIy4aeT U IePefaeT 1o 3HAYEHUIO 00beKThl QYHKIHIL:
template<class Inputlterator,
class Function>
Function // BosBpart no 3HaueHuio
for_each(Inputiterator first,
Inputlterator last,
Function f); // Nepepadya no 3Ha4eHvi
YecTHO TOBOPS, Nepefiada N0 3HaUeHUIO He TapaHTHPOBaHa IOJIHOCTBIO, HOCKOJIBKY
BLI3BIBAIONIAS CTOPOHA MOXKET sIBHO 33/IaTh THIIBI IAPAMETPOB B TOYKe BBI30Ba. Hanpu-
Mep, B crenyioneM ¢pparmente for_each nosyyaer 1 Bo3BparuaeT GyHKTODPHI HO CCBIJIKE:
class DoSomething:

public unary_function<int,void>{ // ba3osbiii KNAcC onucaH
void operator()(int x){.} // 8 cosete 40

typedef deque<int>::iterator Dequelntiter; // BcnowmoratensHoe onpepenenue
deque<int> di;

BoSornething d: // Co3patb OOLEKT (yHKUnK
.1;or_each<DequeIntIter, // BuiapaTh for_each ¢ tunamu
DoSomething&>(di.begin(). // napameTpos Dequelntlter
di.end(), // v DoSomething&: B pesyneTate
d): // npoucxopuT nepepava

// ¥ BO3BPAT NO CCHIIKE.

[onb3osarenu STL noyTy HUKOTAA HE HCHOJB3YIOT 3Ty BO3MOXHOCTB, a B HEKOTO-
pbIx peanu3anusix anroput™oB STL npu nepeaade 06beKTOB (hYHKIHMIA 110 CCBLIKE TIPO-
rPaMMBbI JaKe He KOMIUJIHPYITCs. B nponospkenue aToro cosera 6yneM cYUTaTh, 4TO
06beKThI HDYHKIMIA BCeraa nepesaoTest o 3HaYEHHIO, TIOCKOJIBKY Ha IPAKTHKE 3TO No-
4TH BCETaa Tak. ‘

[TockosbKy 06beKThI (hyHKIMIA IEPEAAIOTCS M BO3BPANIAIOTCSL 110 3HAYEHMUIO, BBI 0JIK-
HbI 103260THTHCS O TOM, 4TOGH 06beKT QYHKIMHE IPaBUIbHO paboTas MpH Mepena-
Ye nog06HBIM crioco6oM (To ecTh KonupoBaHueM). st 3Toro Heo6xoaAuMo cob1i0-
AeHue ABYX ycJioBUiA. Bo-niepBriX, 060beKTHI (PYHKIUI TOJKHBL GBITH HEGOJIBITHMH,
B IIPOTUBHOM CJIy4Yae KOIHpOBaHue 000HAeTCs CIUIIKOM A0poro. Bo-BTOPbIX, 06bEKTH
byHKIMA A0JOKHBI OBITh MOHOMOPGHBIMU (TO €CTH HE ITOJUMMOPGHBIMH), TO3TOMY B HHX
HE MOT'YT UCIIOJIb30BaThCS BUPTyasibHble hyHKimu. Bropoe TpeGoBaHue CBSI3aHO C TEM,
4TO NpH Tiepefade Mo 3HaYeHUI0 00BEKTOB NPOU3BOAHEIX KJIACCOB B MapaMerpax 6a-
30BOTO KJIacca IPOMCXORUT omceueHue. B IPOIECCE KONMPOBAHKS YAAISIOTCS CHielHa-
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JIM3UPOBaHHBIE COCTABJIsTIONIMeE (Apyroii npumMep nipobemsl oTcederust B STL npuse-
[IeH B coBeTe 3).

Beccriopro, adbekTHBHOCTD SIBASIETCSI BAXKHBIM (DAaKTOPOM, U TIPEAOTBPATUTE OTCe-
JeHHe ToXKe HeOBXOAUMO, OHAKO He BCe (GYHKTOPBI Masisl U MoHOMOpPGhHEL. OIHO H3
npeuMyurecTs 06beKToB (GYHKIMH nepex 0OBIYHBIME (DYHKIIMSIMH 3aKTIOYAETCA B OT-
CYTCTBMH OrpaHMueHHH Ha 06beM uHbopManuu cocrostiust. Hekotopsie 065eKThI (hyHK-
1Ml OT IPHPOABL «YTMTAHHBI», H O4EHD BAXKHO, YTOGBI OHM MOTJIM I€PefaBaThCs allro-
putMam STL Tak xe MpocTo, KaK ¥ HX «ToLMe» coOpaThsl.

CroJib ke HepeaJIHCTHYEH U 3anpeT Ha noauMopgHbie pyHKTOpE. Mepapxuueckoe
HacJleJ0BaHKe U AMHAMHUYECKOE CBSI3BIBAHHE OTHOCATCS K YHCIIY BaKHEHIIUX 0cobeH-
Hocrett C++, ¥ IpH IPOEKTHPOBAHUH KJ1acCOB (DYHKTOPOB OHM MOFYT IPHHECTH TAKYIO
XKe TI0JIb3Y, KaK U B Apyrux obiactsax. Yto Takoe kmacchl GyHKTOPOB 6€3 HacieaoBa-
HusA? C++ 6e3 «++», UTak, HeoOXoauMbI CpeACTBa, KOTOphIE 6Bl IO3BOJIAJIH JIETKO Tie-
peAaBaTh 60JibIIHE M/HIIH TOJUMOP(]HBIE 06beKTh GYHKIHHI ¢ COBIIONEHHEM YCTaHOB-
nenHoro B STL npasuiia o nepenaye GpyHKTOPOB MO 3HAYEHHIO,

Taxue cpeacTBa AefiCTBUTENBHO CYILECTBYIOT. JIOCTATOYHO B3ATh NAHHBIE U/UIIH
nosuMopgHBIe COCTaBJISIONIHE, KOTOPble TpeGyeTcsi COXPaHKThb B Kiacce PyHKTOpa,
IepeHeCTH UX B APYTOH KJIaCC M COXPaHHUTD B Kyacce PyHKTOpa yKa3aTesIb Ha 3TOT HO-
BHI Ky1acc. PaccMoTpuM mpuMep co3fanust kiacca nosumopgHoro ¢pyHkTopa ¢ 60b-
IIHM KOJIHYECTBOM AAHHBIX:

template<typename T> // BPFC = "Big Polymorphic
class BPFC: 1/ Functor Class"”
public // ba3osuiil knacc onucaw
unary_function<T,void> { // B coseTe 40
private:
Widget w; // Knacc copepwnt Gonbuoi obuem

int x; // DaHHbIX, nO3TOMy nepepava
. // no 3Hauenwio
// Gbina Gbl HeaddeKTMBHON
public:
virtual void operator()(const T& val) const; // BupTyanbHaa tyHkums,
- // co3paeT npobnemy
}: // oTcedenus

Mui BB ISIEM BCe JaHHBIE M BUPTYaJIbHbIE (DYyHKIIMM B KJIACC PeaM3al[ii U CO3/a-
€M KOMITAKTHbI, MOHOMOP(HBIH KJIacc, cofepKanuit yKasaTesb Ha KJace pealu3aliu;

template<typename T> // HoBbili knacc peanuaauum
class BPFCImp1{ // ana u3menenHoro BPFC.
private:
Widget w; // Bce panHbie, paHee HaxopuBuMecs
int x; // 8 BPFC, Teneps pa3meuantca
- // B 3TOM Knacce.
virtual ~BPFCImp1(); // B nomuMopdHyIX Knaccax HymeH

// BUDTYanbHuil ReCTPYKTOP.
virtual void operator()(const T& val) const;

friend class BPFC<T>; // Paspewnts BPFC pocTyn K faHHbiM
b

template<typename T>

class BPFC: // KomnakTHas, MOHOMOpDHAR Bepcua

public unary_function<T,void> {
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private:
BPFCImp1<T> *plmpl; // Bce panHbie BPFC

public:
void operator()(const T& val) const; // OyWkuus He asnaercs
// BMpTYanbHO#; BLI3OB NepeflaeTtca

p1Imp1->operator()(val); // BPFCImpl

}:

Peanu3zaiust BFPC: :operator() xaeT npumep TOro, Kak A0JIKHEL CTPOMTLCSA peain3a-
IIHY BCEX BUPTYaIbHBIX (DyHKuuit BPFC: OHH ZOJDKHBL BHI3BIBATh CBOU BHPTYaJIbHBIE
«IPOTOTHIIBI» 13 BPFCImp1. [Tosyuennsiil B pe3ynbrare Kiacc pynkropa (BPFC) koMmak-
TeH ¥ MOHOMOP(EH, HO IIPH 3TOM OH NPEJOCTABJISIET JOCTYH K 60JIbIIOMY 06beMy JaH-
HBIX COCTOSIHMSI ¥ paboTaeT HOJMMOPGHO.

MaTtepuan U3JI0KeH ZOBOJBHO KPATKO, IOCKOJIbKY ONUCAaHHbIe 6a30Bble IPHEMBI
xopouo ussecTHbl B Kpyrax C++. B kuure «Effective C++» atoit Teme nocssiuieH
coseT 34. B xuure «IIpueMbl 06beKTHO-OpPUEHTHPOBAHHOTO NPOEKTHPOBaHUsI> [6]
COOTBETCTBYIOIIAs METOAMKA HasbiBaeTcs «marTepH Bridge». Catrep B cBOE KHUTE
«Exceptional C++» [8] ucnosb3yer TepmuH «uauoMa Pimp1l».

C noszuuwii STL npexnae Bcero HeO6XOAUMO IOMHHTD O TOM, YTO KJIACCH! (DYHKTO-
POB, UCIIOJIB3YIOIINE AAHHYIO METOAUKY, JOJDKHBL MOAAEPXKHUBATD COOTBETCTBYIOLIHA
MeXaHu3M KonuposaHust. Eciiu 651 BbI bl aBTOPOM NIPUBENEHHOTO Bhillle Kjacca BPFC,
TO BaM MPHILIOCH ObI 103260THTHCS O TOM, YTOOBI KONUPYIOIMH KOHCTPYKTOP BBINOJI-
HSIJI OCMBICTIEHHbIe AefcTBHSI ¢ 00beKTOM BPFCIMPT, Ha KOTOPBIH OH cchbiiaeTcst. BoaMox-
HO, TIpOCTeiillee peleHye 3aKII09aeTCs B OPTaHU3aIlMK TIOACYETA CCHLJIOK IPH ITOMOLIH
ykazaresns shared_ptr us 6ubnuotexu Boost unu ero anasora (cm. coset 50).

B cymnocTy, xonupyommii KOHCTPYKTOp BPFC — eAMHCTBEHHOE, O UeM BaM IIPUAET-
cst T0GECTIOKOUTBCS B KOHTEKCTE JaHHOTO [PUMEDA, TIOCKOJIbKY TIPH Hiepeaade u Noxy-
yennu pynxropoB oT ¢pyukuwmii STL Bcerna npoucxoaut xonuposanue (MOMHHUTE, 4TO
TOBOPMJIOCH BBIMIE O Tiepefade N0 3HaueHHI0?). V13 aToro BHITEKAOT ABa TpeGOBAHMUS:
KOMOAaKTHOCTb U MOHOMOPGHU3M.

Coset 39. Peanusynte npeaukatsl B BUAE
KYUCTBIX» (PYHKLUN

ZIJIH HavaJjia pa36epeMCﬂ C OCHOBHBIMM TCpMHHAMH.

o [Ipeduxamom HasbiBaeTCs (GYHKIHMS, BO3BpaIIaoas TuI bool (umu Apyroe 3Ha-
yeHue, KOTOPOE MOXKET GBITh aBTOMATHYECKH Ipeobpa3oBaHo K bool). [Tpeauxars:
mypoko ucnoas3yiorcs B STL. B yactrocTy, GyHKIUH cpaBHeHMs B CTAaHAAPT-
HbIX aCCOLMAaTHBHBIX KOHTeHepax npeACcTaBIsIoT coboit mpeaukathr. [Tpeauxar-
Hble GYHKIMK 9acTO NepefaloTCs B BUAE MapaMeTPOB TaKUM alOPHTMaM, Kak
find_if, 1 pa3snuYHBIM QJITOPUTMAM COPTHPOBKH (0030D AJIrOPHTMOB COPTHPOB-
KM IpuBelleH B coBere 31).

o «Yucmoil» Gynkuueii HaspIBaeTCs GYHKIINS, BO3BpALlaeMOe 3HAUYeHHe KOTOPOi
3aBHCHT TOJIBKO OT HapameTpoB. Eciu f — «ducrasi> GyHKims, a X 4 y — 06bek-
ThI, TO BO3BpalL[aeMoe 3HaueHue f(x,y) MoXeT H3MEHUTHCS TOJILKO B ClIydae u3-
MeHEHHS X WK Y.
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B C++ Bce maHHBIe, HCHIOAB3yeMblE «UHCTBIMUY (DYHKUMAMY, 00 EPEAAIOTCS B
BH/e TapaMeTPoB, JIHG0 OCTAIOTCS MOCTOSIHHBIMA HA MPOTSKEHUH BCETO XKU3HEHHOTO
uuKJIa GyHKIHY (€CTeCTBEHHO, TAKKe HOCTOSHHBIE JaHHBIE 00BSIBIISIOTCS € KIIOUEBBIM
croBoM const). Ecyiu 661 gaHHEbIe, HCHIOJIB3yeMBIE «UUCTON» (DYHKIHEH, MOTJIH H3Me-
HATBHCS MEX Y BbI30BaMH, TO BBI30B 3TOH (DYHKI[MM B pa3Hble MOMEHTHI BPEMEHH C O/TH-
HaKOBBIMH TTapaMeTpaMu MOT bl 1aBaTh Pa3Hble PE3yJIbTAThI, YTO IPOTHBOPEYHT OTIPe-
IeJIeHHIO «4HCTOMH» (PyHKIIUHU.

M3 cxa3aHHOTO AOJXHO OBITH MOHSTHO, YTO HY/KHO CAENaThb, YTOOBI MPEAMKATHI
OB «4UCTBIMU» QYHKIMAMEA. MHe ocTaeTcs JIMmb yOeauTh YUTATeNs B TOM, YTO 9Ta
pexoMeHzanust 060CcHOBaHa. [IJIst 5TOTO NPUAETCA BBECTH €lIe OAWH TEPMHUH,

o [Ipeduxamuvim Kraccom Ha3bIBaeTCS KJIACC tyHkTOpa, y KOTOPOTO PyHKIHS
operator() sIBJISIETCS IPEAUKATOM, TO ECTh Bo3BpaaeT true uiau false. Kak u cre-
AyeT 0XHAATh, BO BCEX CiyYasx, korAa STL oxunaer nonyuurts npeaukar, Moxer
nepeaaBaThCs JUO0 HACTOSIIKIA TPeAUKaT, 160 06BEKT NpeaVKaTHOIO KJacca.

O6emaro, 4To HOBBIX TepMUHOB Goblie He 6yaet. Tenepsb naBaitTe pazbepemcs, To-
4eMy CJIeyeT BBIMOJNHATD PEKOMEHAAIUIO JaHHOTO COBETa.

B cosete 38 06BSCHANOCH, YTO 06BbEKTH BYHKIHI HEPesaloTCs 110 3HAUEHHUIO, TIO-
3TOMY TPH MPOEKTHPOBaHUM HEOOXOAUMO N03a00TUTBCS O BOSMOKHOM KOTIHPOBAHUH.
N5t 06beKTOB DY HKIMI, SBASIOMMXCS IPEAUKATAMHE, CYNIECTBYET H APYTOil APYMEHT
BII0JIB3Y CNENMAaIbHOM MOANEPHKKH KOIIMPOBAHUS. AJITOPUTMBI MOTYT CO3/aBaTh KONKU
¢yHKTOPOB U XpaHHUTD UX ONpefieleHHOE BPEMsL ITepell IPUMEHEHUEM, TIPHYEM HEKOTO-
pble peasn3aliuu AITOPUTMOB 3THM aKTHBHO I0JIb3yI0TCA. BaknelimmM cienctBuem
a10r0 (baKTa ABISETCS TO, YTO NPEAUKATHBIE (PYHKIHU JOKHBI GBITh <dUCTBIMHY,

IlpeanionoxuM, Bb HapyuIHIM 3T0 OrpaHudeHue. Hinke MpuBeeH MI0Xo Cipoex-
THPOBAHHBIA KJIaCC MPEAUKATA, KOTOPHIA HE3aBUCKMO OT TIePeJaHHbIX APIyMEHTOB BO3-
BpaiaeT true TOJbKO OAMH pa3 — IPH TPETheM BhI3oBe. Bo BCeX OCTaNbHBIX Cyyasx
Bo3Bpalaercs false,

class BadPredicate: // Ba3oBbiii Knacc onucas
public unary_function<Widget,bool>{ // 8 cosete 40

public:
BadPredicate():timesCalles(0){} // NepewmenHas timesCalled

// MHUUMANM3WpYeTCa HyneM
bool operator()(const Widget&)
{
return ++timesCalled == 3:
}
private:
size_t timesCalled:
}
[IpeamonoxumM, kiaacc BadPredicate HCTIOJIb3YETCS A1 HCKIIIOYEHHST TPETHETO 06hEK-
Ta Widget u3 KoHTeltHepa vector<Widget>:

vector<Widget> vw; // Co3paTb BEKTOD W 3anofHUTL ero
// oBvekTamn Widget

vww. erase(remove_if(ww.begin(), // Yranuts TpeTuit obbekT Widget.
ww.end(), // cBA3b Mewpy erase u remove if
BadPredicate()). // onucava 8 cosete 32
vw.end()):
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IIporpaMma BHITJIAAUT BIOJIHE Pa3yMHO, OHAKO BO MHOTHX peanusanusx STL u3
BEKTOPa W YAJISAETCS He TOJIBKO TPEeTHI, HO i 1IecTol sjieMeHT!

YT06bI HOHATD, MOYEMY 3TO IPOMCXOAUT, HEOOXOAMMO PacCMOTPETh OJMH M3 pac-
IPOCTPaHeHHBIX BapHaHTOB peanu3aiuu remove_if. [loMHuTe, 4TO 3Ta peanusalus He
Aeaaemcs 063aTeJIbHOM,

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);

}
}

[Toapo6HocTH Hac ceityac He uHTepecyioT. O6paTuTe BHUMaHHE: IPeIUKaT P CHaya-
na nepegaercs find_if, a sareM remove_copy_if. KoHeuHo, B 060ux cirydasix p nepeaaer-
Cs1 10 3HAYEHHUIO — TO €CTh Konupyemcs (TeopeTH4eCKH BO3MOKHBI HCKJIIOYEHHS], HO Ha
HpaKTHKe JeJI0 06CTOMT HMEHHO TaK; 3a NoApoOHOCTsIMH obpamaiitecs K coety 38).

[lepBriit BEI30B remove_if (pacnoJioXKeHHBIH B KJIMEHTCKOM Kojle, YAQIAIOEM Tpe-
Tui 3JIEMEHT U3 W) CO3[aeT aHOHMMHBIH 06bekT BadPredicate ¢ BHyTpeHHell nepeMeH-
Hoit timesCalled, pasHoit 0. ITOT 06BHEKT, H3BECTHBIA B remove_if MOX HMEHEM p, 3aTeM
xonupyercst B find_if, moatomy find_if Toxe momy4aer o6bekt BadPredicate ¢ mepe-
MeHHol timesCalled, paBHoit 0. Asroput™ find_if «BBI3BIBAET> 3TOT OGBEKT, MIOKA TOT
He BEpHET true; TakuM o6pa3oM, 0ObeKT BhI3BIBAETCS TpH pasa. 3ateM find_if Bo3spa-
1aeT yrpasJeHue remove_if. Remove_if mpomoJkaeT BEIOMHATHCS U B HTOTe BHI3BIBAET
remove_copy_if, mepeaaBas B KauecTBe IpeauKaTa odepeqHyo xonuio p. Ho nepemen-
Has timesCalled o6beKkTa p nmo-nipexxHemy pasHa 0! Beap anroputm find_if BeI3siBai
HE P, a JIMIIb x0nuto p. B peaysipTarte NpH TpeTheM BHI30Be U3 remove_copy_if mpeaukar
Toxe BepHeT true. Teneps noHsTHO, Hodemy remove_if yaansier Asa o6bexTa Widget
BMECTO OAHOTO.

Yro6bt 0G6ONHTH 3TY JIMHFBUCTHYECKYIO JIOBYIIKY, PO BCEro 00bSABUTE (DYHKIHIO
operator() ¢ KJII04eBbIM CIIOBOM const B IIpeAnNKaTHOM KJacce. B aTom ciyyae xomnu-
JIATOP He IMO3BOJINT H3MEHHUTD NIepeMeHHBIe KJIacca;

class BadPredicate:

public unary_function<Widget,bool> {
public:

bool operator()(const Widget&) const

{

return ++timesCalled == 3: // Oumbka! U3meHenve NOKanbHLIX AaHHbIX
} // B KOHCTAHTHOR (yHKUMM HEBO3MOKHO

}:

V3-3a IPOCTOTHI 3TOTO peleH s s 4y Th OBUIO He 03arJIaBUII 3TOT coBeT « OGhsIBIsIii-
Te operator() KOHCTaHTHBEIM B IpeJHUKATHBIX KJaccaXs, HO 3Toi (opMyJIHPOBKH HEIO-
craTo4Ho. /lake KOHCTaHTHBIEe (PYHKIMH MOFYT 00pamarbes K mutable-mepeMeHHbIM,
HEKOHCTAHTHBIM JIOKJIBHBIM CTATHYECKUM OODEKTaM, HEKOHCTAHTHBIM CTAaTHYECKMM
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o6beKTaM KJacca, HEKOHCTAHTHBIM 0ObeKTaM B 00JIaCTH BUAMMOCTH NPOCTPAHCTBA
MMEH U HEKOHCTAHTHBIM IJI00aIbHBIM 00beKTaM. XOpOIIO CTIPOEKTHPOBAHHBL TIpeau-
KaTHBIA KJIacC A0JDKeH 00ecreduTh He3aBUCHMMOCTh (QyHKIHit operator() u oT aTux
06bexToB. O6DbsiB/IeHME KOHCTAHTHBIX (DYHKIHMIt operator() B MpeJuKaTHHIX KjJaccax
Heo6xo0umo [UIsl IPaBUJIBHOTO TIOBEAEHMUS, HO He docmamouno. [IpaBUIbHO HaMHCAH-
Hast GyHKIH operator() sIBJISTETCS KOHCTAHTHOM, HO 3T0 elife He Bce. OHa A0/KHA GBITh
<4UCTOM» PyHKIHEH.

Panee B 3TOM COBETE YK€ YIIOMUHAIOCH O TOM, 4TO BCIOAY, Tae STL oxumaer mo-
JIy4MThb NPEIUKATHYI0 QYHKIHIO, MOXeT MepefaBaThcst aubo peasibHas QyHKIMS,
1u60 06beKT NPEAUKATHOTO KJIacca. ITOT NPUHIUI AeHCTBYeT B 060MX HaNpaBJIeHH-
ax. B mobom Mecre, rae STL paccuuTsiBaer nosyuyuTb 06bEKT IPEAUKATHOTO KJIACCa,
MONOWAET ¥ TpeAuKaTHasA QYHKIHUA (BO3MOXHO, MOLH(HUIMPOBAHHAS TIPH HOMOIIH
ptr_fun — cm. coser 41). Teneps BBl 3HaeTe, yTo pyHKUMM Operator() B IPeAMKATHBIX
KJIaccax JOJDKHBI OBITh «UMCTBIMU> (DYHKIMSMH, IO3TOMY OFPaHUYEHHE PacrpoCTpa-
HAETCs M Ha NpeAuxarHble pyHkiuy. Cirenyomas GyHKINA Takxke IJI0Xa B KAYECTBe
NpeuKaTa, KaK ¥ o6 beKThl, CO3JaHHEIe Ha OCHOBe Ki1acca BadPredicate:

bool anotherBadPredicate(const Widget&, const Widget&)
{

static int timesCalled = 0: // Het! Her! Het! Her! Het! Her!
return ++timesCalled == 3; // TpepnkaTtel JOAKHL GbiTb "YUCTbIMKM"
} // DYHKUMAMM, @ "YUCTHI" (YHKUMM

// He MMENT COCTOAHMA

Kak 6b1 BBI Hi IIPOTPaMMUPOBAIH IPEAUKATHL, OHM BCErAA AOJIKHBL GbITD «IHCTHI-
MH» QYHKIMSIMU.

Coset 40. Knaccbl (pyHKTOpOB
LOMKHbI 6bITb aganTUpyeMbiMK

IIpeanonoxum, y Hac uMeeTcs CIUCOK yKasatenei Widget* u pymHxius, KOTOpas o yKa-
3aTeJo ONpeeNsierT, ABIeTCs iu 00beKT Widget «HHTepecHBIM»:

list<Widget*> WidgetPtrs:

bool isinteresting(const Widget *pw):

Ecnu norpebyercs HaiiTu B cliMcKe nepBblit yKasaTenb Ha <«HMHTEPEeCHBlit» 00BEKT
Widget, aTo nenaercs erko;

Tist<Widget*>::iterator i=find_if(widgetPtrs.begin(),widgetPtrs.end(),
isInteresting);
if (il=widgetPtrs.end()) {
// 06paboTka nepBoro “UHTEpecHoro”
} // ykasaTena Ha Widget

C npyroit CTOpOHEI, ecii IOTPeGYeTCsl HAWTH MepBbIi yKa3aTeslpb Ha <«HeuHTepec-
HBI» 06BeKT Widget, ciienyiouiee oueBuaHOE peleHne He KOMNUJHPYETCS:

Tist<Widget*>::iterator i =
find_if(widgetPtrs.begin() ,widgetPtrs.end(),
notl(isInteresting)): // Ounbka! He kommunupyetca
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Ilepen notl x pynxiuu isInteresting Heo6XoauMO IPUMEHUTD ptr_fun:

list<Widget*>::iterator i =
find_if(widgetPtrs.begin() ,widgetPtrs.end(),
notl(ptr_fun(isInteresting))): // HopMansHo

if (i!=widgetPtrs.end()){
// 06paboTKa nepsoro
} /] "HenuTepecHoro” ykasartens
// wa Widget

I[Ipu Buze 3TOTO peleHyst HEBOJILHO BO3HUKAIOT BOMPOCHL. [I0ueMy MBI JOJKHBI IIPH-
MeHsTh ptr_fun k isInteresting nepex notl? Yo ptr_fun mis Hac AenaeT U no4eMy Ha-
YHHaeT paboTaTh NpUBeACHHAS BhIIIE KOHCTPYKIHS ?

OtBeT OKa3bIBaeTCs BechbMa HeoXXuAaHHbIM. Best pabota ptr_fun cBozuTCs K mpeno-
CTaBJIEHHIO HECKOJIBKHMX OINpe/eieHHiA TUNOB. JTH ONpeAeIeHUs] THIIOB HEOOXOAUMBI
JJIst notl, moaToMy npuMeHenue notl x ptr_fun paGoTaer, a HemoCpeACTBEHHOE TPH-
MeHenue notl k isInteresting He paGoraer. IIpuMuUTHBHBIN yKa3aTeab Ha QYHKIHIO
isInteresting He noAAepKUBAET ONpeAesIeHUs THTIOB, HeOGXOMUMEIE A5t notl,

Bupouem, notl — He equncTBeHHDIH KoMnioHeHT STL, npexbsiBiasiiomuit nogoGHble
tpe6Gosanust. Bee yernipe cTanzapTHeIX aganTepa (notl, not2, bindlst u bind2nd), a Tax-
e Bce HecTaHgapTHbie STL-coBMecTUMEIE a/ianTepbl U3 BHEUTHUX MCTOUYHHUKOB (Ha-
npuMep, Bxoasiuiue B SGI u Boost — cM. coset 50), TpeGyIOT CyIeCTBOBaHUS HEKO-
TOPLIX onpenesieHuil THOB. O6beKTh (GYHKIKH, IPEAOCTABNAIONINE HEOGXOLUMEIE
OTpeZieNIeHNs] TUIIOB, Ha3bIBAIOTCS A0ANMUPYEMbiMU; TIPA OTCYTCTBHH 3THX OlpeaeJie-
Huli 00BEKT Ha3bIBAETCSL Headanmupyemvim. Axantupyemble 00beKTH QYHKIHMIA MOTYT
HCTIOJIb30BaThCA B KOHTEKCTaX, B KOTOPBIX HEBO3MOXHO HCIIOIb30BaHNE HeajaliTUpye-
MBIX 0OBEKTOB, I03TOMY BBI JOJIXKHBI HO BO3MOKHOCTH A€JIaTh CBOM 00beKTh (PyHKIUI
ananTUPyeMbIMHU. AaNITHPYEMOCTh He TpeOyeT HUKAKHX 3aTPaT, HO 3HAYUTEJILHO YHPO-
IIaeT UCIIOJIb30BaHHe KIacCOB PYHKTOPOB KJIHEHTAMM.

HagepHoe, BMeCTO TYMaHHOTO BEIDAKEHHUSI «HEKOTOPBIE OlIpe/leJIeHUsl TUIIOBY BbI
OBl TIpeaTIOYIM UMETh TOYHHIN CUCOK? Peyb uaer 06 onpexesieHusix argument_type,
first_argument_type, second_argument type u result type, HO CHTyallus OCJIOXXHSETCS
TE€M, UTO pa3HbIe KJacchl (PyHKTOPOB JO/DKHBI HPEAOCTAB/SATh PasHble HOAMHOKECTBA
oTUX uMeH. YeCTHO TOBODSI, €CJIH Bbl He 3aHUMAeTeCh pa3paboTKoii COGCTBEHHBIX a/ar-
TEPOB, BaM Bo0oOI1Ie HUYEro He HY KHO 3HaTh 00 5TUX onpenenenusx. Kak npasuno, onpe-
NeNleHus HACTEeAYIOTCS OT 6a30BOTO Kjacca, a TOBOPSI TOYHEe — OT 6a30BOM CTPYKTY-
pot. s knmaccoB GYHKTOPOB, Y KOTOPHBIX operator() BhI3bIBAETCS C OXHUM apryMEHTOM,
B KauecTBe npeAKa BuiOupaeTcs cTpyKTypa std: :unary_function. Knaccol ¢pyHKTOpOB,
Yy KOTOPBIX operator() BbI3BIBAeTCS ¢ ABYMsI apryMeHTaMHU, HacneAyloT OT CTPYKTYPBI
std::binary function.

BripodeM, He coBceM Tak. unary_function u binary function siBistroTcst mabnonamu,
MO3TOMY HPSMOE HacleJ0BaHue OT HUX HEBO3MOXHO. BMecTo sTor0 IpH Hacjie10BaHHH
HCHOJIb3YIOTCSI CTPYKTYPbl, CO3AaHHBIE HA OCHOBE 3THX 11a0JI0HOB, a /sl 3TOT0 HE06X0-
VMO yKa3aTb apryMeHTHl THHOB. [l unary_function 3amaercs Tun mapamerpa, nosy-
gaeMoro (hyHxurel operator () Bamero ka1acca GyHKTOPa, a TAKKe THUI BO3BPAlaeMOTO
3HadeHus. /s binary_function Konu4ecTBO THIIOB yBeIMYUBAETCS AO TPEX: TUIIHL Tep-
BOI'0 ¥ BTOPOTO IapaMeTpoB operator() | THUII BO3BPAILlaéMOI0 3HAYEHHS.
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[Tapa npuMepoB:

template<typename T>
class MeetsThreshold: public std::unary_function<Widget,bool>{
private;
const T threshold:
public:
Meets Threshold(const T& threshold);
bool operator()(const Widgetd) const:

iiruct WidgetNameCompare:
std: :binary_function<Widget,Widget,bool>{
bool operator()(const Widget& Ths,const Widget& rhs) const:
}

B o6oux cirydasix THIBL, nepexasaeMble unary_function usu binary_function, coBna-
JAI0T ¢ THITAMH, TI0JTy4aeMbIMH H BO3BpaIliaeMbIMHE (yHKIHel operator () ki1acca pyHK-
TOpa, XOTS Ha MePBbIi B3TJIAA HEeCKOJIBKO CTPAHHO, YTO THIT BO3BPAIAa€MOr0 3HAYEHUS
operator() mepefaeTcs B MocieAHeM apryMenTe unary_function miu binary function.

BoaMoxHo, Bbl 3aMeTiIH, 4TO MeetsThreshold siBsisteTcst KraccoM, a WidgetNameCompare
SABJISIETCS CTPYKTYPOii. MeetsThreshold o6aziaer BHYTPEHHHM COCTOSIHMEM (TepeMeH-
Has threshold), i 17151 HHKAICYJIALUH STHX AaHHBIX JJOTHYHO BOCIIONb30BaThCS HMEHHO
kaccoM. WidgetNameCompare COCTOAHHS He HMEET, IO3TOMY U 3aKPhIThle AAHHBIE HE HY K-
HBL. ABTOPBI KJ1aCCOB (DYHKTOPOB, B KOTOPHIX BCSI MH(OPMaI¥s SIBJISETCS OTKPHITOH,
4acTO 0GBSIBIISIOT CTPYKTYPBI BMECTO KJIACCOB — BEPOSITHO, TOJIBKO IS TOTO, YTOBBI M
He MPUXOAKJIOCHh BBOIMTD «public» mepex GasoBbiM KiaccoM u GyHKIHeit operator().
Bri6op Mexy KIaccoM ¥ CTPYKTYPOii IpK 0GbsIBIEHUM TakuX (PYHKTOPOB OTIpe/ieNIsieT-
sl HCKJTIOYMTENIbHO CTHJIEM NTporpaMMupoBanus. Ecin B ene He BeipaOoTaitu co6CTBEH-
HOIO CTHJISL M CTapaeTech MMMTHPOBATbh NPO(ECCHOHANOB, YUTHTE, YTO KJIAcChl PyHK-
TopoB 6ea cocTosiHus B camolt 6ubmuorexe STL (nampumep, less<T>, plus<T> i T. 11.)
0OBIYHO 3ANMUCHIBAIOTCS B BUAE CTPYKTYP.

BepreMcs k onpeaenenuio WidgetNameCompare:

struct WidgetNameCompare:
std::binary_function<Widget,Widget.bool>{
bool operator()(const Widgetd 1hs,const Widget& rhs) const;
}

Xots aprymenThl operator() oTHOCSATCS K TUy const Widget&, mabiony binary
function mepenaercs Tun Widget. O6pYHO npu mepeaade unary_function umu binary_
function TuNOB, He ABIAIOIUXCS YKa3aTeISIMH, KIIOYEBbIE CI0Ba CONSt M 3HAKH CCBIJI-
KM yAQISIOTCSL... TOJIBKO He CIpalluBaiiTe, MoYeMy, — OTBET Ha 3TOT BONPOC He UHTepe-
CeH W He TIpUHIIMNHaIeH. Eciii Bl cropaeTe OT I0GOMBITCTBA, HANKIIUTE NPOTPaMMY,
B KOTOPOU OHH He YAATISIOTCS, U TPOaHAIH3UPYHTE NOJIYYEHHYIO0 AUarHOCTUKY KOMITH-
JATopa. A ecyi BBl U NOCIE 3M020 He YTPATHTE HHTEPEC K ITOM TeMe, TIOCETUTe CalT
boost.org (cm. coBer 50) u nouuTe Ha HeM uH(OpPManuIo 06 afanTepax 06bEKTOB
byHKImiA, ’

Ecnu operator() mosny4aer mapaMeTphI-yKasaresd, cuTyauusi medsietcs. Hirke
npuBeJieHa CTPYKTYypa, aHanornyHas WidgetNameCompare, Ho paboTalomast ¢ yka3sate-
assMu Widget*:
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struct PtrWidgetNameCompare:
std::binary_function<const Widget*, const Widget*,bool>{
bool operator()(const Widget* Ths, const Widget* rhs) const;

}:

B atom citydae Tumbl, mepefaBaemsle binary_finction, coBmaiaoT ¢ Tumamy, mne-
penaBaeMbiMu operator (). O61iee mpaBuJIO AJIs KJIAcCOB (PyHKTOPOB, T0JIYYal0 X
MJIH BO3BPAINAOIIMX yKa3aTelH, 3aKI0YaeTcsi B ToM, 4To unary_function miu binary
function mepemamTCcs B TOYHOCTH T€ THIIBI, KOTOpBIE IOJIyYaeT HJIH BO3BpallaeT
operator().

ITomHuuTe, 4T0 6a3oBbie Kaaccs unary_function u binary_function BRINOJHSIOT TOMB-
KO O{Hy BaXHYI0 (DYHKI[HIO — OHH IPEAOCTABJISIOT ONIPeAe/IeHHs TUIIOB, He06X0AuMbIe
IJ1s1 pabOTHI a/IAITEPOB, IO3TOMY HaCJIeAOBAaHHUE OT 3THUX KJIACCOB MOPOKAAET afalTh-
pyeMsle 00BeKTH QYHKIHA. JTO MO3BOMSET HCIOJIb30BATh B IPOrpaMMax CJeyouue
KOHCTPYKIIMH:

list<Widget> widgets:

1ist<Widget>::reverse_iterator il= // Haiitu nocnefuuii obbvekT
find_if(widgets.rbegin() widgets.rend(), // Widget, ne cooTseTCTByOWHi
notl(MeetsThreshold<int>(10})); // noporosomy kpuTepuio 10
// {470 6bl 3TO HW O3HAYano)

Widget w(aprymenTs KOHCTDYKTOPA) . // Halitn nepsbiii obvekT Widget,
Tist<Widget>::iterator i2 = // npeawecTBylOWAR w B NOPAAKe
find_if(widgets.begin().widgets.end(), // CODTUPOBKM, ONpEAENEHHOM

bing2nd(WidgetNameCompare(),w)): // WidgetNameCompare

Ecnu 681 ki1accel (GYHKTOPOB He ONMpeAessINCh TIPOM3BOAHEIMM OT unary_function
vy binary_function, Hu OAMH U3 3THX MPHUMEPOB He KOMITMJIMPOBAJICS Obl, IOCKOJIbKY
notl u bind2nd pa6oTaioT TOJIBKO ¢ aANTHPYEMBIMH 06beKTaMu DyHKIHIA.

O6wpextsl ¢pynkuuit STL noctpoens! no o6pasuy ¢yukuuit C++, a pyukmuu C++
XapaKTEPU3YIOTCS €IUHCTBEHHBIM HaOOPOM THIIOB MTAPAMETPOB H OAHUM THIIOM BO3-
BpauraemMoro 3HadeHus1. B pesynprate STL HesiBHO moApa3yMeBaeT, 4To KXKABLH K1acc
(hyHKTOpa COAEPKHUT EAUHCTBEHHYIO (DYHKIIMIO operator(), THUIIBI TapaMeTPOB U BO3-
BpalllaeMoro 3HaueHUs1 KOTOPOH IOJDKHEI NepeaaBaThcs unary_function muu binary
function (c y4eToM 11paBHJI Hepenayy CChUJIOK U yKasaTeJlel, 0 KOTOPHIX TOBOPHJIOCH
patee). V13 3TOTO CilefyeT OAHO BaXKHOE OGCTOSTEILCTBO: He MOARABaidTeCh COOMa3Hy U
He TEITalTech 06beMHATE (DYHKIMOHATBHOCTD WidgetnNameCompare u PtrividgetCompare
B OAHOH CTPYKType ¢ AByMsl byHKiusIMu operator(). B aTom ciyyae dynkrop 6yaer
alaliTUPYEMBIM 110 OTHONIEHHIO JIMIIb K OAHOM U3 ABYX (hopM BbI30Ba (TOM, 4TO HC-
N0JIb30BaNach MpH nepefade mapaMmerpos binary function), a mose3sl OT Takoro pe-
weHusi OyAeT HEMHOTO — HANOJIOBUHY afaNTHPyeMBI (QYHKTOD HUYYTH He Jydlie
HeafanTHPyeMOro,

WHorza B knacce ¢pyHKTOpa 6EIBAeT Pa3yMHO ONpPEAe/IUTh HECKOJIbKO (POPM BHI30BA,
TEM CaMBbIM OTKa3aBUIMCH OT aJIaNITUPYeMOCTH (IIPHMeEPH! TAKUX CUTYAIHil IPUBEAEHDL
B coBetax 7, 20, 23 u 25), Ho 3TO CKOpee UCKJII0YeH e, a He TIPABHJIO. AJAMTHPYEMOCTD
BAXHA, U 0 Hel cyleayeT TOMHUTD NIPY Pa3paboTKe KJIaccoB GYHKTOPOB.
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CoBeT 41. Paz6beputech, Ans 4ero Hy>Hol ptr_fun,
mem_fun n mem_fun_ref

3aragounsle pyHkuuu ptr_fun/mem_fun/mem_fun_ref 4acTo BBI3BIBAIOT HEAOYMEHHE.
B ofiHux cIy4asx uxX NPUCYTCTBHE 0053aTeIbHO, B APYTUX OHM He HYXHBL... HO 4TO Xe
OHH Bce-TakH AesaioT? Ha nepsblit B3T/ISA KaXKETCsI, 9TO OHK 6ECCMBICJIEHHO 3aTPOMOX -
maioT uMeHa pyHKuiA. IX HeyA06HO BBOAUTD U YUTATh, OHH 3aTPYAHAIOT MOHHMA-
Hue iporpaMMBbl. UTo 310 — o4YepenHble nepexxuTky npouuioro STL (apyrue npumepst
npuBOAMIKCE B coBeTax 10 u 18) iy cuHTakcHyeckas myTKa, MPUAYMaHHaA YIeHAMH
KomureTa 1Mo cTaHAapTH3AIMH C M3BPAIEHHBIM 4YBCTBOM IoMOpa?

JleficTBUTENBHO, MMEHA BBHITJISASIT Z0OBOJIBHO CTPAHHO, HO GyHKiuH ptr_fun, mem_fun
u mem_fun_ref BRINOJHAIOT BKHEIE 3afiadd. Eciiu yX pedb 3amia 0 CHHTAaKCHYECKHX
CTPAaHHOCTSX, HA0 CKA3aTh, YTO OAHA K3 BaXKHeHIIKX 3a7a4 3TUX QYHKIUI CBA3aHA
¢ IPEOAOJIEHHEM CHHTAKCHYECKOH HemocieaoBaTelbHocTH C++.

B C++ cymecTByiOT Tpu BapHaHTa CHHTaKCHCA BBI30Ba (pyHK1uH f 1J1s1 06DbEKTA X:

f(x); // Cuntakcuc 1: f He asndeTcsa ¢yHkumeldr knacca
// (BL30B BHEWHEH (yHKUMK)
x.fO): // CuHtakeuc 2: f asnaetca ¢yHkumeid knacca,
a x asnaerca o6bLeKToM
// WK CCLUTKOH HA OBbeKkT
p->f(): // Cuutakcuc 3: T asnaeTca dywkuwel knacca,

a D CORePHUT YKadaTellb Ha X

PaccMOTpUM THIIOTETHYECKYIO DYHKIIMIO, IPpeHA3HAYEHHYIO UL <«IIPOBEPKH»>
oObexToB Widget:

void test(Widget& w): // TNposepuTs 06beKT w. ECu 06bekT He npoxoguT
// NPOBEPKY, OH NOMEYaeTCA KaK "nnoxoi”

JlonycTuM, y Hac MMeeTCsI KoHTelHep 00beKTOB Widget:
vector<Widget> vw; // ww copepwuT 00bekTe Widget

Jluist mpoBepku Bcex 00BeKTOB Widget B KOHTeHHEPE VW MOXKHO BOCIIOJIB30BATHCS
anroputMoM for_each:

for_each(vw.begin(),vw.end().test): // Bapuaut 1 (HOpMANGHO KOMNWIMPYETCA)

Ho npeacrassbre, uTo test siBisiercst pyHKIiueil kiaacca Widget, a ve BHemHelt pyHK-
umeit (To ecTh Kiacc Widget cam oGecreunBaeTr NPOBEPKY CBOMX OGHEKTOB):

class Widget {

public:
void test(): // BuinonuuTb camonposepky. Ecnu nposepka
- // 3asepwaerca Heypadeil, oObeKT nomedyaercs
}: // KaKk "nnoxon"

B uneasrsHoM Mupe Mbl MOTJIH GBI BOCIIOJIB30BaThCs for_each sl BEI30Ba (DYHKIIHHA
Widget: : test Bcex 0GBEKTOB BEKTOPA WW;

for_each(vw.begin(),vw.end().
&Widget: .test); // Bapuant 2 (He Komnunupyetcal)
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Bostee Toro, ecu 661 Ham Mup GblJl A€HCTBHTEIBHO HAEATbHEIM, atroput™ for_each
Mor GBI HCTIOJIb30BAThCs | Vst BbI30Ba Widget: : test B KoHTeliHepe yKasaresei Widget*:

Tist<Widget*> lpw: // Cnucok 1pw CORepHWT yKasaTemnu
// na obvexTh Widget.
for_each(1pw.begin().1pw.end(), // BapuaHt 3 (He Komnunupyetcal)

&Widget: :test):

Ho noxymaiite, 4T0 L0JDKHO Gb110 GBI HPOUCXOAUTD B 3TOM MealbHOM Mupe. BHyT-
pu ynkuuu for_each B BapuaHTe 1 BEI3BIBAeTCS BHEITHASA QYHKIHKSA, I03TOMY AOJDKEH
HCTIOJIb30BAThCsL CUHTaKcHC 1. BuyTpu BrI3oBa for_each B BapHaHTe 2 CiefoBaio 6bl
HCII0JIB30BAaTh CHHTAKCHC 2, TOCKOJIbKY BbI3bIBaeTcs (PYHKIMA Kacca, A BHYyTPH QyHK-
nuu for_each B BapuaHTe 3 MPUILIOCH GBI HCIIOJIB30BaTh CHHTAKCHC 3, IOCKOJIBKY Pedb
uzeT o QYHKIMH KJacca U yKasaresie Ha 06beKT. Takum 06pa3oM, HaM NMOHAOOUIHCD
651 mpu pasHbIx Bepcuu for_each — pa3Be TaKoi MHP MOXKHO Ha3BaTh HAEaIbHBIM?

B peanbHOM Mupe CylIeCTBYeT TOJIbKO ofiHa Bepcus for_each. Herpyano mpencra-
BHTH ce6e BO3MOXKHYIO ee peali3aiHio;

template<typename InputlIterator.typename Function>
Function for_each(Inputiterator begin. InputIterator end. Function f)

while (begin!=end)f(*begin++):

}

KupHbiit mipudT Ucrionb3yeTcs AJis BeIAEJIEHUA TOTo, 4TO Py BhI3oBe for_each uc-
noJib3yercst cunrakcuc 1. B STL cymectsyer BceoGiiee npasuio, CornacHo KOTOpoMy
(dyHKIInHU ¥ 06BeKTH (PYHKIHIA BCETAA BBI3BIBAIOTCS B IEPBOI CHHTAKCHYECKO# hopMe
(xax BHemHue pyHknun). CTaHOBUTCS MOHATHO, HOYeMY BapUaHT 1 KoMIuiIupyercH,
a BapMaHTHI 2 ¥ 3 He KoMIuiupylorcs — atroputMsl STL (B ToM uncie u for_each)
3KeCTKO 3aKOAMPOBAHBI HA HCIIOJIb30BaHHE CHHTAKCHCA BHEUTHUX (DYHKIUH, C KOTODBIM
COBMECTHMM TOJIBKO BapuaHr 1.

Temnepb NOHSTHO, AJIS Y€TO HYKHBI pyHKiMM mem_fun u mem_fun_ref. Ouu obecrme-
YKBAIOT BO3MOXHOCTD BbI30Ba QYHKIHii K1acCOB (0OBIYHO BBI3bIBAEMBIX B CHHTAKCH-
ce 2 u 3) nmpu noMoIK CHHTaKcuca 1.

[MpuHuun paboTsl mem_fun u mem_fun_ref mpoCT, XOTS AJs nymell SCHOCTH JKeJia-
TENBHO PacCMOTpPETh 0GBsBIIeH e OAHOM U3 3TuX (PpyHKuui. B aeiicTBuTeNnsHOCTH OHU
HpPEeACTaBIAIOT co60i mabaoHb GYHKIMH, IPHYEM CYIIECTBYET HECKOJILKO BAPHAHTOB
mem_fun u mem_fun_ref A7 pasHOTO KOJIMYECTBA MAapaMeTPOB U HAJIHYHA-OTCYTCTBHS
KOHCTAHTHOCTH aIalTUPYeMBIX UMH (pyHK1uit KaaccoB. OaHOro 06bsIBIEHHUS BIIOJIHE
AOCTAaTOYHO, YTOOBI pa306PATHCS B MPOUCXOASLIEM:

template<typename R, typename C> // O6basnexve mem_fun ANA HEKOHCTAHTHbIX

mem_fun_t<R.C> // dyHKumii 6e3 napameTpos. C - Knacc.

mem_fun(R(C: :*pmf)(}); // R - Tun BO3BpAWAEMOro 3nadexus tyHKumu,

// Ha KOTOpy® CChwnaeTca ykasaTenb

@yuxkius mem_fun coaaaeT ykasartesib pmf Ha QYHKIIMIO KJIacca ¥ BO3BpaINaeT 00BEKT
Tumna mem_fun_t. Tun npeacrassieT co6oi Ki1acc GyHKTOPA, CoAeprKalluii yKasaTesb Ha
¢byuknuo u GyHKIHUO operator(), KOTOpast MO yKa3aTesio BBI3BIBaeT QYHKIHUIO IS
o6bexra, mepeaanHoro operator(). Hanpumep, B ceayiouem ¢parmeHnTe:

Tist<Widget*> Tpw; // Cu. paHee
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for_each(1pw.begin().1pw.end(},
mem_fun(8Widget::test)); // Tenepb HOPMANLHO KOMNWIUDYETCA

[Ipu BeI30BE for_each mepenaercst o6beKT TUna mem_fun_t, coflepsxamuil yKasaTesnb
HaWidget: :test. /I KaskAoro ykasaress Widget* B 1pw anropurM for_each «BbI3bIBaeT»
o6nexT mem_fun_t ¢ MCIONb30BaHUEM CHHTAaKCHCA 1, @ 3TOT 06BEKT HEMOCPEACTBEHHO
BHI3BIBaeT Widget: : test ayst ykasaTesisi Widget* ¢ ncnosp3oBaHHeM CHHTAaKCHca 3.

B nenom mem_fun npusoAuT cuHTaKcuc 3, Heo6xXoaumblit ans Widget: : test npu uc-
TIOJIB30BAHKH C yKasaTesieM Widget*, k cuHTakcucy 1, ucrnosib3yeMoMy alropuTMoM for_
each. ITo BOJIHE MOHATHBIM MIPUYMHAM TaKKe KIacChl, Kak mem_fun_t, Ha3bIBAIOTCS adan-
mepamu o6sexmoas ¢yniyui. HapepHoe, BB yXe AOFaajIiCh, YTO IO AaHAIOTHH CO BCEM,
0 YEM TOBOPHUJIOCH paHee, (pyHKiuu mem_fun_ref aanTHPYIOT CHHTAKCHC 2 K CHHTaKCH-
cy 1 u reHepupyIoT afanrepsl THuna mem_fun_ref t.

O06bexThI, co3JaBaeMble QyHknusivu mem_fun u mem_fun_ref, He orpaHHYHBAIOTCS
npocToii yHuduKanuein cunrakcuca aist Komrnonentos STL. OHu (a Takke 06beKTH,
co3faBaemble QyHKIKed ptr_fun) Takike IPeAOCTABJISIOT BaKHEIE OTNPeeJIeHHs] THITOB,
06 3Tux onpenesieHUsIX yoxe ObLIO paccka3aHo B coBeTe 40, 103TOMY 51 He CTaHy MOBTO-
pAaTbes. TeM He MeHee, CTOMT Pa3o0paThCs, ModeMy KOHCTPYKIHS

for_each(vw.begin(),vw.end(),test): // Cm. paHee, BapuaHT 1.
// HopMansHO KoMnunupyeTca

KOMITUJIUPYETCH, a CAeAYIONHE KOHCTPYKIIUY HE KOMITUAUPYIOTCA:

for_each(vw.begin().vw.end() &Widget: :test); // Cw. panee, BapuawWT 2.
// He Komnunupyetca.
for_each(1pw.begin(),1pw.end() .8Widget::test): // Cm. panee, Bapuant 3.
// He komnunupyetca
Ilpu nepBoM BEI30Be (BapHaHT 1) Mepenaercst HacTosiuast QYHKIMSA, MO3TOMY ajarl-
Tallusl CHHTaKCHCa BbI30Ba AJIst for_each He Hy»KHa; aITOPUTM CaM BBI30BeT ee ¢ IIPaBUJIb-
HBIM cuHTaKcucoM. Boiee Toro, for_each He ucrosbayer onpeaesieHus TUIIOB, A06aB-
nsieMble pyHkiueit ptr_fun, nostoMy npu nepeznade test ¢pynknus ptr_fun He HyXHa.
C apyroit cTopoHBI, Ao6aBJieHHbIE OTPEAEIEHUS He TIOBPEAST, 03TOMY CJleAyIoImule
¢parMeHT QYHKIMOHAIBHO 3KBUBAIEHTEH [IPHBEAEHHOMY BHIILIE:

for_each(vw.begin() . vw.end(),ptr_fun(test)): // Komnunupyetca u pabotaeT.
// Kaxk BapuanT 1,

Ecnu 8ol 3a0b1BaeTe, Koraa GpyHkiust ptr_fun o6s3aTenbHa, a B KaKuX Ciydasx 6e3
Hee MOXHO 0G0HTHC, JIy4Ile UCIOJIb3YHTE ee Npu BCeX nepeaayax QyHKIui KOMIo-
nernTaM STL. STL urnopupyer JuiiHie BEI30BbL, B OHH He OTPKAIOTCS Ha GBICTpoei-
CTBHH IporpaMmbl. BoaM0XxHO, BO BpeMst YTeHH Balleii MporpaMMbl KTO-HUGY Ab YAKB-
JIEHHO MOAHUMET GPOBH NP BUJIE JIMIIHETO BBI30Ba ptr_fun. HackosbKo 310 6eCIOKOuT
Bac? HaBepHoe, OTBET 3aBUCHUT OT IPHUPOIHON MHUTEIBHOCTH.

CyuecTByeT 1 Apyroii HOAX0J — KCIOJIb30BaTh ptr_fun B ciydae kpaiiHeit HeoG-
xomuMocty. Ecin dyHKuus oTCyTCTBYET TaM, re HeoOXOAMMEI OIPEAEsIEH S THUIIOB,
KOMIIMJISITOP BhAaeT coobuienue 06 omubxe. Torna BB Bo3BpauiaeTech K MporpaMme
¥ BKJIIOYAeTe B Hee MPOMYIIEHHEIH BEH30B,

Cmem_fun umem_fun_ref cuTyaius NpHHIMIMAIGHO HHASL. DTH QYHKIMH BCEraa A0JDK-
HEI IPUMEHSATHCS MPH Nepefade ¢pyHKuuM KomnoHeHTam STL, mockoybky MoMHMO
onpeaesieHus TUIOB (HeOOXOAMMEIX MJIM HET) OHHU aJaNTHPYIOT CHHTAKCHC BBHI30Ba,
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KOTOPBIi 06BIYHO HCIIOJIB3YeTCsl IS (PYHKIM# Klacca, K CHHTaKCHCY, npuHsiToMy B STL.
Ecinu He ncmosib3oBaTh 3TH (GYHKUMM NP Nepelade yKasaTenel Ha GpyHKIMH Kiacca,
nporpaMma He 6yaeT KOMITUINPOBAThCS.

Ocraetcst JiMib pa3o6paThesi CO CTPAHHEIMK MMeHamu afantepoB. [lepen HaMu cambiit
HacToAmui nepexuTok npouwioro STL. Koraa snepsbie Bo3HUKIa HEOGXOAUMOCTD
B anianrepax, paspabotduku STL opueHTHPOBATHUCH Ha KOHTEHHEDH! yKka3aTeeii (¢ yde-
TOM HEeJJOCTATKOB TAKUX KOHTEHHEPOB, ONMUCAHHEIX B coBeTax 7, 20 u 33, aT0 MOXeT Io-
Ka3aThCsl CTPAHHBIM, HO HE CTOMT 3a0BIBaTh, YTO KOHTEMHEDH yKa3zarejeil monaiaep-
’KUBAIOT oJMMOp(du3M, a KoHTelHepH! 06bekToB — HeT). Korna moxaxo6usics ananrep
anst pyuknuit kimaccop (MEMber FUNCctions), ero Hassau mem_fun. ToJbko mo3aHee
Pa3paboTYMKH TIOHSLIH, YTO LISl KOHTEHHEPOB 06HEKTOB MOHANOOUTCS APYTOH afanTep,
U 7151 3TOH 11e214 u3o6penn umst mem_fun_ref. KoHeyHo, BHIVISIAMT HE CJMIIKOM 3JIETAHT-
HO, HO... GbIBaeT, HUYETo He moesiaemb. ITycTh TOT, KOMY HUKOIAA He TIPHXOAKUIOCH
JKaJIeTh 0 MOCMENTHOM BhIOOpEe MMEH CBOMX KOMIIOHEHTOB, IIEPBBIM ODOCHT KaMeHb.

Coset 42. Cnegute 3a TeM, 4YT0Obl KOHCTPYKLIUS
less<T> o3Ha4ana operator<

HomyctuM, 06bexT kacca Widget o6aaet arpubyramu weight u maxSpeed:

class Widget {
public:

gize_t weight() const:
size_t maxSpeed() const:

}
Bynem cuurats, 4TO ecTecTBeHHAsI COPTHPOBKA 06BEKTOB Widget ocyiecTsIisieTcs Mo
arpubyTy weight, 4To OTpakeHO B oneparope < Kjacca Widget:

bool operator<(const Widget& Ths. const Widget& rhs)

return Ths.weight()<rhs.weight();

}

[IpeamonoxumM, moTpeboBaTOCh CO3AaTh KOHTelHep multiset<Widget>, B KoTopoM
o6bexTH Widget oTcopTupoBaHbl 10 aTpubyTy maxSpeed. M3BecTHO, 4TO AJIS KOHTeliHe-
pa multiset<Widget> ncnoJsip3yercs ¢yHkuus cpaBHeHus less<Widget>, koTopas no
YMOJIYaHHIO BEI3bIBaeT (DYHKIIHIO operator< xjacca Widget. MoxeT mokasarbcs, 9T0
eAMHCTBEHHBIH C1oco6 copTHpoBKY multiset<Widget> mo aTpubyTy maxSpeed ocHOBaH Ha
pa3spbiBe CBsI3u MeX 1y 1ess<Widget> u operator< u cnenuanusanuu less<Widget> Ha cpas-
HeHuM aTpubyTa maxSpeed:

template<> // Cneuvanuaauua std::less
struct std::less<Widget>: // nna Widget: Takoil nopxon
public // CYMTEeTCA KpaiHe HewenaTenbHbiM!
std::binary_function<Widget,
Widget, // Ba3oshii KNAacc onueaH
boo1>{ // 8 cosete 40

bool operator()(const Widget& lhs, const Widget& rhs) const
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return 1Ths.maxSpeed()<rhs.maxSpeed():
1

}

[Toctymars noaoGHBIM 06pa3oM He PEKOMEHAYETCSI, HO, BO3MOXHO, COBCEM He 110 TeM
HpPUYKHAM, O KOTOPHIX BB MOAYMaiu. Bac He yausisier, 4to 3T0T (pparmeHT BoobIne
koMnunupyercs? MHorue nporpaMMHUCTH 06paIaloT BHEMAHKE Ha TO, YTO B IIPUBEACH-
HOM (bparMeHTe CleHATN3UPYETCsi He 0OBIYHBIA 160N, a a6A0H U3 MPOCTPaHCTBA
nmeH std. «Pa3Be npocTpancTBO std He A0JDKHO OBITH MECTOM CBSIILEHHBIM, 3aPe3€PBH-
POBAHHBIM JJI51 Pa3paboTYNKOB GUGIMOTEK ¥ HEAOCTYITHBIM ISl IIPOCTHIX TIPOrPAMMU-
CTOB? — CIIPAlIHBAIOT OHU. — Pa3sBe KOMOWISTOP He AOJIXKeH OTBEPTHYTD J0Goe BMe-
IIaTeJIBCTBO B TBOpeHust beccMepTHBIX rypy C++7?»

Boob1e roBopst, monbITKE MOAKGbHUKAIMH KOMIIOHEHTOB std AeliCTBUTEIbHO 3anpe-
HIeHB], MOCKOJIBKY HX MOCIEeACTBUA MOFYT OKa3aThCsl HEMPEACKa3yEMBIMH, HO B HEKOTO-
DBIX CHTyaLusIX MHHHMaJIbHble H3MEHEHHS BCe Xe pa3peuieHbl. A UMEHHO, IPOrpam-
MHCTaM pa3pelaeTcs ClellalN3upOBaTh MaGJI0HE Std [t M01b30BATEIbCKUX TUIIOB.
[loutn Bceraa CyImecTBYIOT albTePHATHBHBIE DENIEHHUS, HO B OTAEbHBIX CIy4asx Ta-
Koii moAixoA BriosiHe pasyMeH. Hampumep, pa3paboT4uKku KJIaccoB yMHBIX yKasaTenelt
YaCTO XOTAT, YTOOBI UX KJIACCHI HPU COPTHPOBKE Besiu CeOsl KaK BCTPOEHHbIE YKa3aTelH,
NO3TOMY CrienManu3ainus std: :1ess AJisl THIIOB YMHBIX YKa3aTejiell BCTpedaeTcsl He TaK
yX peaxo. /lanee nmpuseeH (parMeHT Kiacca shared ptr us 6uGnuorexu Boost, ynomu-
Halougerocst B coperax 7 u 50:

namespace std{

- template<typename T> // Cneuvanuaauma std::less
struct less<boost::shared ptr<T> >: // nna boost::shared ptr<T>
public // (boost - nNpOCTPAaHCTBO MMeR)

binary_function<boost::shared_ptr<T>,
boost::shared_ptr<T>,  // ba3oswil Knacc onucau
bool>{ // 8 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 Bo3spauaer
} // BCTpOEHHI yKasaTens
}: // u3 obvekta shared ptr

}

B nannom npumMepe crenuanm3anms BHIJISAUT BIIOIHE Pa3yMHO, TIOCKOJIBKY CIIEIIH-
anu3anus 1ess BCEro JIMIIb FapaHTUPYET, YTO MOPSAOK COPTHPOBKH YMHBIX yKa3aTene
6yaeT coBmazaTh C MOPSIIKOM COPTHPOBKU MX BCTPOEHHBIX aHaioros. K coxaenuio,
Haula crenyanu3anus less A Knacca Widget npenoaHoCHT HENMPHUATHBIN CIOPITPHE.

ITporpammucrst C++ 4acTo OnuparoTcs Ha NpeAnonoxenus. Hanpumep, oHu npex-
NOJIAraioT, YTO KOMUPYIONUIHe KOHCTPYKTOPbI AeHCTBHTEIBHO KOMMPYIOT,(KAK MOKAa3aHo
B cOBeTe 8, HEBBITIOTHEHHE STOTO NPABUJIA TIPHBOAUT K YAUBUTEILHBIM TTOCTEACTBHAM).
OHu npeAnoIaraloT, 4T0 B pe3yJIbTaTe B3sTUs aApeca o6beKTa Bl MOJIyYaeTe yKasaTellb
Ha 3TOT 06beKT (B coBeTe 18 pacCKa3aHo, YTO MOXKET IPOU3OHTH B TIPOTUBHOM CJIy4ae).
Onu npeznosnaraior, 4To afanTeps! bind1st i not2 MOryT NPHMEHATHCS K 06bexTaM (pyHK-
umit (cm. coset 40). OHu NPeANONAraloT, 9TO ONEPATOP + BHINOJHSET COKeHue (KpoMe
06BeKTOB string, HO 3HAK «+» TPAZUIIMOHHO HCTIOJIB3YETCS IS BHIOJIHEHUS KOHKATe-
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HalMK CTPOK), YTO OTMEPATOP - BHIYMTAET, a ONEpaTOp == NMpoBepsieT paBeHcTBO. 1 emme
OHH TMPEATIOJIATAIOT, YTO (pyHKIMs 1ess 3KBUBIEHTHA operators,

B aeticTBuTesIbHOCTH Operator< npeacTasJisieT coboii HeuTo GoJbluee, YeM peaynsa-
11M10 1€SS TI0 YMOJTYAHHUIO — OH COOTBETCTBYET oxcudaemomy nosedenuio less. Eciu less
BMECTO BbI30Ba operator< feiaeT 4T0-1160 Apyroe, 3T0 HApYyIAeT OXXUAAHMS IPOTrPaM-
MMCTOB M BCTYTIaeT B IPOTHBOPeYHE C «[IPHHIMIIOM MUHUMAIBLHOTO yAuBIeHuA». Ko-
HEYHO, MOCTYTIATh TaK He CTOMT — 0COGEHHO eciiu 6e3 3TOro MOKHO 0GOHTHCH.

B STL HeT Hu 0HOTO CIyyast MCIOJIB30BaHKs 1€Ss, KOr/Aa MpOrpaMMHCTY Obl He Ipe-
JOCTaBJISLIaCh BO3MOKHOCTB 3aaTh ApyToli KpuTepuil cpaBHeHUs. BepHeMcs Kk ucxoaHo-
My [IPUMEPY ¢ KOHTeliHepoM multiset<Widget>, yniopsimodenHoMy Ho aTpuGyTy maxSpeed.
3agaya pemraercs MPOCTO: AJIS BBIOJHEHUS HY>KHOTO CDaBHEHUSI JOCTaTOYHO CO3JaTh
KJacc PyHKTOpa PaKTHYECKH C JIOOBIM MMeHeM, kpome 1ess. IIpumep:

struct MaxSpeedCompare:
public binary_function<Widget.Widget.bool> {
bool operator()(const Widget& 1hs.const Widget& rhs) const

return Ths.maxSpeed()<rhs.maxSpeed():

}
¥
IIpu cosmanuu koHTeliHepa multiset ZOCTATOYHO YKa3aTh THII CpaBHeHHA MaxSpeed-
Compare, TeM caMBIM IlepeolpeesAs THII CpaBHeHHS 1o ymordaHuio (1ess<Widget>):

multiset<Widget,MaxSpeedCompare> widgets;

CwMblIca 3TOIT KOMaH/BI aGCOIIOTHO OYEBHIEH: MBI CO3AaeM KOHTeliHep multiset ¢ ane-
MeHTaMH Widget, ymopsao4eHHBIMH B COOTBETCTBHH C K1accoM yHKTOpa MaxSpeedCompare.
CpaBHure €o cjieayoIuM 06bsBIeHHEM:

multiset<Widget> widgets;

B nem cosmaercs konTeitHep multiset o6bexToB Widget, ynopsaAoYeHHBIX 1O CTaH-
AapTHOMY KpuTepuio. CTPOro roBopsi, ynopsitiodeHue NPOU3BOAUTCS M0 KPUTEPHIO
Tess<Widget>, HO 60JIBIIMHCTBO IIPOrPAMMHKCTOB 6YET NOJIAraTh, YTO COPTHPOBKA MPO-
u3BoauTcs GyHkuueil operator<. He Hy:xHO 0OMaHBIBATh MX OKUAAHUS ¥ MOAMEHSTH
onpenesnenue less. Ecyiu BB XoTHTe HCTI01b30BaTh 1€sS (SIBHO MJIM KOCBEHHO ), IPOCTIE-
AMTE 33 TeM, YTOOBI 3TOT KpUTEpuit OBLT SKBUBaJICHTEH operator<, Eciii 06bexTh Z0m%K-
HbI COPTHPOBATLCS 10 APYTOMY KPHTEPHIO, CO3/aiiTe crenuanbHbi Kiiacc GyHKTOpa
U Ha30BHTE €T0 KaK-HUOYAb HHAYe.
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BSTL

STL TpaauiMOHHO XapaKTepU3yeTCst Kak COBOKYITHOCTh KOHTEHHEPOB, HT€PAaTOPOB,
AITOPHTMOB 1 06eKTOB (pyHKIIMi, 0AHAKO npozpammuposanue B STL 3axmodaer B cebe
Heyto GoJiblIee. ITOT TEPMHUH O3HAYAET, YTO MPOIPAMMHCT CIIOCOOEH MPABUIBHO BBI-
GupaTh MeXAY HKJIAMH, AITOPUTMaMH MM (PYHKIUAMH KOHTEHHEPOB; 3HAET, B KAKUX
carydasx equal_range mpeAnouTHTeNbHee 1ower_bound, xoraa lower_bound mpeamo4yru-
tesbHee find u Koraa find mpeBocxoauT equal_range. TepMuH 03HayaeT, 4TO IIporpaM-
MHCT yYMeeT MOBBIATh OBICTPOAEHCTBHIE ANITOPUTMA TOCPEACTBOM 3aMeHbl QyHKIuil
SKBUBAJIEHTHBIMHM (DYHKTOpPaMM M u30eraer HaNHCAHHS HETEPEHOCHMOTO MU IIOXO
yuTaeMoro koaa. bosee Toro, K 3TOMY MOHATHIO faXKe OTHOCUTCS YMeHUE YUTaTh CO06-
1eHust 06 OMKOKaX KOMIHJIATOPA, COCTOSIIIME U3 HECKOJIBKUX TBICSY CHMBOJIOB, U XO-
poiee 3nanue VntepHer-pecypcos, nocssimeHHbx STL (JokyMenTaiuA, pacuipeHust
U laKe TIOJIHEIE PeaTH3aIiH ).

Ia, nns mporpammuposatust B STL Heo6X0AUMO MHOTO 3HaTh, ¥ GOJIbIIAST YAaCTh
3Toit mHOpMaIMK pHBEAEHA B JaHHOU IJIaBe.

CoseT 43. Mlcnonb3yiTe anropuTMbl BMECTO LIMKITOB

Kaxnomy anroputMy mepenaeTcs 1o KpaiiHell Mepe ofiHa Iapa HTePaTOPOB, onpeae-
JSIOMKX HHTEPBaJ 06BEKTOB AJIsl BHIOJIHEHUS HeKOTOPOit onepauuu. Tak, anropurm
min_element HAXOAMT MUHHMAJIbHOE 3HaUEHHE B HHTEPBasle, AITOPHUTM accumulate BhI-
YHCJIsieT CBOAHYIO BeJIMYUHY, XapaKTepU3yIOIIyIo HHTePBaJ B i1ejoM (cM. coBeT 37),a
aJiropuTM partition AesuT 3J1eMEHTH HHTEPBAIA HA YAOBJIETBOPSIONINE U HE YAOB-
JIeTBOPSIIOIIKE 3a/laHHOMY KpuTepuio (cM. coBeT 31). YTOOBI aJIFOPHTM MOT BBITIOJHHTD
CBOIO 33/a4y, OH A0JDKEH IPOAHAIM3HPOBATh KX /bl 06beKT B EPENaHHOM HHTEpPBa-
Jie (MM HHTEpPBAax), AJIs 4er0 0OBEKTHI B I[MKJIE IePeOUPAIOTCs OT Hadasla HHTepBaia
K koHity. Hexoropsie anroputmst (Takue kax find 1 find_if) MoryT BepHyTh ynpasjieHue
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IO 3aBEpUIEHHUS MOJHOTO MepeGopa, HO M B 3THX aITOPUTMAaX 3aledCTBOBAaH BHYTpeH-
uull 1ukia. Beap maxe anroputmsl find u find_if JoKHBEl MIpoaHAIH3UPOBATh BCE
3JIeMEHTHI HHTEPBANA, TIPEXAE 4eM IPUHSATH pPellieHue 06 omcymcmeul VuCKOMOTO aJie-
MEeHTa.

W Tak, BHyTpEHHSIsI peain3allis aITOPUTMOB MMOCTPOEHA HA HCIIOJIb30BAHUH LIMKJIOB.
Bousee Toro, 6s1arogapst pa3Hoo6pasuio atropurMoB STL MHOTHE 3a1a4H, €CTECTBEHHO
KOAMPYeMBIE B BHAE IIUKJIOB, MOT'YT PelllaThCsl IPH MOMOIIH aIrOPUTMOB. PaccMoTpuM
KJiacc Widget ¢ dynxunueii redraw():

class Widget {
public:

.\./.01' d redraw() const;

}:
Ecsu motpebyercs BbI3BaTh (GyHKUHMIO redraw 1ist Bcex 00beKTOB B KOHTefiHepe 11ist,
3TO MOKHO CHIeJIaTh B CJIeAYIOIIeM [IHKIIE:

list<Widget> Tw:

for(1ist<Widget>: :iterator=Tw.begin():i!=lw.end();++i){
i->redraw();
}
C xpyro#l CTOPOHBI, C TAKHM K€ YCIIEXOM MOXHO BOCHOJIb30BATLCS AITOPHTMOM
for _each:

for_each(1w.begin().1w.end(). // Oynkuua mem_fun_ref
mem_fun_ref(&Widget: :redraw)); // onucaHa B cosete 41

MHorue nporpaMMucTel C++ CYHTAIOT, YTO UUKJIBI eCTeCTBEHHee AITOPUTMOB, a ITpo-
4YyTATh DMKJ TIPOILE, YeM paszbuparscs Bmem fun_ref m monydyenuu azpeca Widget: : redraw.
Ho B 3aroJyioBke 3T0r0 COBEeTa PEKOMEHAYETCS OTAABATh NPEANOYTEHUE AITOPUTMAM.
B cymmHocTH, 3aroJIoBOK 03HaYaeT, YTO BBI30B aJITOPUTMA MPeANOYTHUTEbHEE 1106020
SIBHO 3aMIPOTPAaMMMPOBAHHOTO 11KKa. [Toyemy?

[To TpeM mpuyuHaM.

o I¢dexTHBHOCTD: ANTOPUTMBI 0OBIYHO PaboTaloT 3 deKTHBHEE, YEM LUKJIBI,
OpTraHu30BaHHEBIE IPOrPAMMHCTaMH.

o IIpaBWIbHOCTG: IPH HAMKCAHUH L[MKJIOB Yalule BCTPEYAIOTCS OMHOKH, 4eM MPH
BbI30B€ AITOPUTMOB.

e Y7100CTBO CONMPOBOKAEHHUS: AJITOPHTMBI 4ACTO MOPOKAAIOT GoJiee HATJISAHDIH
M TIPSIMOJIMHEMHEBIN KOJ, YeM 9KBHBAJIEHTHEIE 1{UKJIBL.

Best ocraBiiascst yacTb copera 6yAeT MOCBsAILeHa MOAPOOGHOMY aHAIM3Y 3THX MPHYHH.
C Touxu 3penus 3¢ HEKTHBHOCTH IPEBOCXOACTBO AITOPHTMOB OGBACHSETCS TPEMS
(bakTOopaMu: 1ByMst OCHOBHBIMH M OHUM BTOPOCTeNeHHBIM. BTOpocTenenHslil hakrop
CBSI3aH C MCKJIIOUeHHEM JIMITHUX BRIYuciaeHuid. Eie pa3 B3rJsiHUTE HA TOMBKO YTO MPH-
BEAEHHBIH IIHKJL;
for(1ist<Widget>: :iterator=Iw.begin():ii=lw.end() :++i){
i->redraw();

}
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1 BBIIEIIT yCITOBHE 3aBEPIIECHUSI IIUKJIA, YTOGHI TOXYEPKHYTD, YTO MPH KKAOH HTe-
panuu UK OyaeT BHIIOJHEHO cpaBHeHue ¢ 1w.end(). CieZoBaTesbHO, P KAXKIOH
uTepanuy Oyzmer BbI3bBaThCA (PyHKuus 1ist::end. OnxHaKo BHI3BIBATh 3Ty (PYyHKIHIO
Gosblile OAHOTO Pa3a He HYXKHO, TIOCKOJIbKY 1IMKJ He Moauguuupyer cnucok. Ho ecim
B3TJITHYTH HA BRI30B AJITOPUTMA, MOXKHO 3aMETHTb, 4TO eNnd BEI3BIBaeTCSA POBHO OJHH pa3:

for_each(lw.begin().1w.end(), // lw.end() BbmmCnseTCA

mem_fun_ref(&Widget: :redraw)); // TONbKO OAMH pa3

OG6BeKTHBHOCTH Pafiu 3aMedy: aBTophl peamusanuit STL xopomio MoHUMAT, 4TO
¢dynxnuu begin u end (u Apyrue QyHKIIMM — HampuMep, Size) UCIOJB3YIOTCSA OYEHD
9aCcTO, M CTAPAIOTCS ONTUMH3UPOBATh HX C PAacYeTOM Ha MaKCHMabHYIO 3¢hdeKTuB-
HocTb. OHHU MOYTH BCerAa oObsBISIOT Takue (HYHKIMHA MOACTaBJsieMbiMu (inline) u
CTapaloTCst KOAUPOBATh HX TaK, YTOOB! GOJIBIIMHCTBO KOMIIMJISITOPOB MOIJIO M36€KaTh
HOBTOPSIIOLIMXCS BBIYUCIIEHUH, BRIBOAS Pe3YIbTATH M3 UKJIA. BripoueM, ONBIT IOKA3bI-
BaeT, YTO 3TO He BCeTAa MM YAAETCS, ¥l B TAKHX CIIyYasiX MCKJIIOUEHMS] MOBTOPSIOIHXCS
BBIYMCJIEHHI BIIOJIHE ZOCTATOYHO, YTOOBI AITOPHTMbL IMEJIH IIPEUMYIIECTBO T10 OBICT-
poAefiCTBHIO Nepex IIMKJIaMH, 3aKOJHPOBAHHEIMH BPYYHYIO,

Ho xax 65110 CKa3aHO BblLIe, BHIBOA JIMIUIHAX BEIYHC/ICHHH U3 IIUKJIA SBJISETCS BTO-
pocTeneHHbIM GaKTOPOM, CyLIECTBYIOT ABa (ojiee BasKHbIX. [1epBhIil BakHBIN dakTop
3aKJII0YAETCS B TOM, YTO Pa3paBoTYuKu GUOIHOTEK MOIYT BOCNOJIb30BAThCS 3HAHUEM
BHYTPEHHEH pealnsalui KOHTeHepa M ONTHUMU3UPOBATh epefop Tak, Kak He CMOXeT

- HH OZIMH TMOJIb30BaTesb 6ubnorexn. HanpuMep, 06beKThl BO BHYTPEHHEM NpeCTaBJle-
HUM KOHTeffHepa deque 0OBIYHO XPAHSITCS B OAHOM MJIM HECKOJIbKHX MAcCUBaX (PHKCH-
poBanHOro pasMepa. [lepe6op B 3THX MacCHBax ¢ UCTIOIB30BAHUEM YKa3aTe el Ipou3-
BOZHTCS OBICTpee, 4eM niepeGop Ha Gase UTEPATOPOB, ONHAKO OH MOXKET HCIIOJIB30BAThCS
TOJIbKO pa3paboTdukamMu GHOIHOTEKH, IOCKOBKY OHH 3HAIOT pa3Mep BHYTPEHHHX Mac-
CHBOB U cIocob nepexofa oT OAHOro MaccuBa K Apyromy. Hekoropsie Bepcun STL
cofiepXaT pealu3aluK AITOPUTMOB, HCIIOJIb3YIOIHE BHYTPEHHHE CTPYKTYPh AaHHBIX
deque; SKCIIEDHMEHTBI TOKA3AJIH, YTO OHM paboTaloT mpuMepHo Ha 20% GricTpee «06bId-
HBIX» peajiu3alki.

3nech BaXKHO He TO, 4To peayusanuu STL onruMusupyiorest anst deque (uiu Apyro-
TO KOHKPETHOTO TUIIa KOHTelHepa), a To, 9TO pa3paboTYMKH 3HAIOT 06 yCTPORCTBE KOH-
TeitHepoB 60JIbIIIe, YeM MPOCTHIE N0JIb30BATENH, M MOTYT IPUMEHHUTDH CBOH 3HAHHS TIPH
peanu3anuu a1ropuT™MoB. OTKa3BIBasACh OT AJITOPUTMOB B I10JIb3y ITUKJIOB, Bbl HE CMO-
KETe MOJIb30BaThCA MPEUMYILIECTBAMH OIITHMHU3ALHH, OCHOBAHHON HA 3HAHUH BHYTPEH-
HETO YCTPOHCTBA CTPYKTYP JAaHHBIX,

BTopoii npuHIMNHaIBHBINA aPTYMEHT 3aKJI0YAETCS. B TOM, YTO NMPaKTHYECKH BCE
anropurmbl STL (xpoMe caMbIx aleMeHTapHBIX) OCHOBAHEI HA TEOPETHYECKHUX Pa3pa-
6oTkax, GoJiee CIIOXHBIX — @ MHOTAA 20pa3do GoJiee CTIOKHBIX, — HEXENH Te, KOTOphIe
MOXKeT MPEeIOXHUTh cpeAnuil mporpammuct C++. [IpeBaoiitu sort u ero copoamdeti (cM.
coseT 31) no 3¢ dekTHBHOCTH MPAKTHYECKH HEBO3MOXKHO; CTOJIb e 3 (DEeKTUBHbL
ANTOPUTMBI TOUCKA B COPTHPOBAHHBIX HHTePBaIaxX (cM. coBeTH 34 u 45). /laxke nosces-
HEBHbIE 3a/1a4H BPOJe yAaleHus: 00beKTOB U3 GJIOKOBBIX KOHTEeHHepOB Goiee adek-
THBHO PelIaloTCs IPH MOMOIIY HAKOMEI erase-remove, 4eM IMpH IOMOIIH CAMOCTOSATENLHO
3alporpaMMHUPOBaHHBIX IIMKJIOB (CM. coBet 9).
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Eciu coobpakenuii 3(pheKTHBHOCTH HEAOCTATOYHO, CYIIECTBYET U APYTOU MPUHIIK-
NuaNbHBIA GaKTOp — MPaBUJIBHOCTD PabOTHI MPorpaMMel. B yacTHOCTH, IpU caMocTos-
TeJIbHOM MPOTPAMMHPOBAHHH IIHKJIOB IIPHXOAUTCS CIEIMTh 32 TeM, YT06b UTEPATOPHI
(1) 6bin AEACTBUTEBHBIME H (2) YKa3bIBATH HA T€ 3JIEMEHTHI, HA KOTOPbIE OHM JA0JIK-
HbI YKa3biBaTh. [IpeaNonoxKuM, y Hac UMeeTCsl MAaCCHB (BO3MOXHO, H3-32 HCIOJIb30Ba-
HHSL yHacJIeRoBaHHOTO uHTep(eiica ¢ si3prkom C — cm. coser 16), u BBl XOTHTE B3SATH
KaK/ABI 2JIEeMEHT MacCuBa, MpubaBuTh K HeMy 41 U BCTaBUTb B Hayalo KOHTelHepa
deque. IIpu caMoCTOSATEIBHOM HPOrPAMMHPOBAHHIH 1IMKJIa IPAMEPHAs DEeaH3aIUs BHI-
JISAUT MPHOJIM3UTENBHO Tak (Clleayioumil pparMeHT mpeacTasisier coboi Buaou3Me-
HeHHBIH puMep u3 coBeTta 16):

// OyHKUMs NONy4aeT yKa3aTeNb Ha Maccus,

// cofepwaumin He Gonee arraySize uucen Tuna double,

// W 3anuChiBAET B HErO AdHHbE.

// BO3BpaWAETCA KONMYECTBO 3aNUCAHHLIX YKUCeN.
size_t fillArray(double *pArray, size t arraySize):

double data[maxNumDoubles]: // OnpegeneHue NOKANLHOTO MACCHBA

deque<double> d; // Co3paTs KoHTedrep deque
- // W 3anONHATL €ro AAHHbIMK
size_t numDoubles =

fi11Array(data.maxNumDoubles): // Monydyenre panHLIX OT (yHKUMK

for (size_t i=0;i<numDoubles:++i)}{ // [na kamporo vugexca i 8 data

d.insert(d.begin() ,data[i1]+41); // BCTaBuTb B Hayano d 3Hayexve

} // data[i]+41.

// Mporpamma copepwuT ownbky!

Boo6me rosops, 3ToT MpuMep paboTaer — eciM Bac yCTPauBaeT, YTO BHOBb BCTaB-
JICHHBIE 3JIEMEHTHI CJIEAYIOT B OPSIAKE, 0GPATHOM MOPSIAKY COOTBETCTBYIOIIMX 3JIEMEH-
toB data. Bcraska nmpoussoautcs B no3unuu d.begin(), mosToMy nmocjiegHuit BCTaBjeH-
HBIA 3JIEMEHT MOMa/iaeT B HadasIo KoHTeliHepal

Ecnu uaMeHeHue mopsiaka He GbLIO IPeAYCMOTPeHO (Tpu3HaiiTech, Beab He Opuo!),
mpobJieMy MOKHO PELINTD CIEAYIOIUM 06pas3oM:;

deque<double>: : iterator insertLocation = d.begin(); // CoxpanuTb uTepaTop

// Bna HayanbHoM
// nosuumn d

for (size_t i=0:i<numDoubles:++i){ // BcTasuTe 3Hadenue datal[i]+41
d.insert(insertLocation++ data[iJ+41): // 8 nosuuuu insertLocation
} // v ysemuuuTb insertLocation.

// TMporpaMma Takwe COAEPHMUT OWMOKY!

Ha nepBbIi B3IJISIA KaXKeTCsl, YTO 3TOT (PParMEeHT pelraer cpasy ABe MpoGieMbl —
IporpamMma He TOJIbKO HAPAIIUBAET HTEPATOP, 3aAI0IMI MO3HIIHI0 BCTABKH, HO U M30aB-
JIIeTCs OT HeOOXOAMMOCTH 3aHOBO BBIYUC/IATD begin MpH KaXka0i uTepaluy; TeM CaMbIM
pelaeTcsi BTOpoCTeNneHHast mpobJieMa MOBTOPSIIOIINXCST BHIYUCIIEHHH, O KOTOPOit TOBO-
pusioch Bhimre, K coxaneHuio, BMECTO 3THX ABYX Mpo6JieM BO3HUKAET TPEThSI — IPO-
rpamMMa BooOmie niepectaet pabotats. [Ipu kaxaom Boizose deque: ; insert Bce uTepaTo-
pol deque, BK1I04as insertLocation, cranoBsITCS HeACHCTBUTEIBHBIMHE, TIO3TOMY BTOPOH
H BCe NOCJIEAYIONIKE BEI30BHL insert MPUBOAAT K HEMpeACKa3yeMbIM IOCJIeACTBUSIM.
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[ocsie o6HapyskeHust 3TOM Mpo6JIeMB! (BO3MOXHO, IIPH MOMOIIH OTJIAL0YHOTO pe-
xuMa STL — cm. coseT 50) MpUX0AUT B FOJIOBY ClleAyIOIee PelleHue:

deque<double>: :iterator insertLocation =

d.begin(}): // Ch. panee
for (size_t i=0:i<numDoubles;++i){ // Nporpamma oBHoBNAET
insertLocation = // wtepaTop insertLocation
d.insert(insertLocation,data[i]+41); // npu KaxjoM Bhi3ose insert
+rinsertlLocation; // W ysenuuuBaet ero.

}

ITporpamma fesiaeT MMEHHO TO, 4TO TPEBOBAIOCH, HO TIOAYMaiiTe, KaK MHOI'O BpeMme-
HH TIOHAZIOOUIOCh, YTOOBI IPUATH K BEDHOMY pelteHuio! A Teniepb CpaBHHUTE CO CIIEAY-
IOIUM BBI30BOM transform:

transform(data,data+numDoubles, // KonupoBaHue BCEX 3NEMEHTOB
inserter(d,d.begin()), // w3 data B Hauano d
bind2nd(plus<int>().41)): // ¢ npubasneHuen 41

Bo3amoxHO, BaM notpebyeTcst lapa MUHYT Ha aHAIU3 KOHCTPYKIuH bind2nd(plus
<int>(),41), HO IOCJIE 3TOTO BCE XJIOMOTHI C UTEPATOPAMH CBOASITCS K IPOCTOMY 3alaHHIO
Hayasa ¥ KOHIila HCX0HOTO HHTEPBAJIA ¥ BBI3OBY inserter npu onpeesieHHK HaYasIa Mpu-
eMHoro uHrepBaia (cM. coBeT 30). Ha mpakTuke uTepaTopsl MCXOAHOTO M IPHEMHOIO
MHTEpPBaJIa 0OBIYHO BHIYKCJIAIOTCST OTHOCHTEJIBHO IIPOCTO — BO BCAKOM CJIydae, 3T0 3Ha-
YHUTEIbHO MPOILE, YeM AHATHOCTHKA CIYYalHOTO NOSIBJIEHHS HeAeHCTBUTEIbHBIX HTe-
PaTopoB B TeJe 1IUKJIA,

Jannbrit npuMep y6eAuTeIBHO MOKA3KIBAET, YTO IPOTPAMMUPOBAHHE IHKJIOB YaCTO
OBIBa€eT CBS3aHO C TPYAHOCTAMH. [IpOrpaMMHUCTy MPUXOAMTCS TOCTOSHHO CIENUTD 32
TeM, YTOOBI UTEPATOPH B MPOLIECCE IIMK/IA HE CTAIH HeleHCTBUTENBHBIME HJIH C HUMH
He OBLIM BBRIMOJHEHB HEAOMyCTUMbIE oNlepaiuy. J{pyroll mpuMep CKPHITOro Mepexofa
HTEPATOPOB B HeJeHCTBHTEIBHOE COCTOSIHHE MPUBEAEH MPH OMHCAHMH I[HKJIHYECKUX
BBI30BOB €rase B coBeTe 9.

[IpuMenenne HeReliCTBUTEIBHBIX HTEPATOPOB MPHUBOAMT K HETPEACKA3yeMbIM MO-
CJIE/ICTBHSIM, KOTOPHIE PEAKO MPOSIBJISIOTCS Ha CTauK pa3paboTKu 1 TecTpoBanus. Tak
3a4eM MITH Ha PHCK, ecJii 6e3 3Toro MoxxHo oboittucs? [lopyuute paboTy anrropurMam,
IyCTb 0HY GECIIOKOSATCS O TEXHUYECKUX MOAPOBHOCTAX OMepalUii C HTEPATOPAMH.

Hrax, 51 o6bACHUI, TOYEMy aJITOPUTMBI 0GBIYHO PaBOTAIOT 5 PeKTHBHEE «PYYHBIX>
IMKJIOB U II049eMy NpH paboTe ¢ IUKJIaMH BO3HMKAIOT MHOTOYUCJIEHHBIE TPYAHOCTH,
OTCYTCTBYIOIME IPH KCTI0J/Ib30BAaHUH alropuTMOB. Eciin MHe noBesiio, BB MOBEpHUIIH
B CUJLy aJITOPHTMOB, HO Be3eHHE — Bellb HEHAJeXKHasd, a 5 X04y OKOHYATeIbHO pa-
306paThCs B 3TOM BOIPOCE MEpes TeM, KaK CIef0BaTh Aanblae. MbI MepexouM K Ciie-
Ayouemy GakTOpy: HAIJAAHOCTH KoAa. B fosrocpouHoil mepcnexTrBe NpuHIU Ha-
IJISIAHOCTH O4EHD BXEH, TOCKOJIbKY HATJIAHYIO IIPOFPaMMY IPOLLLe HOHSITh, OHA IIpolIe
YCOBEPUIEHCTBYETCH, CONPOBOXKAAETCA U aJANTHPYETCS B COOTBETCTBUM C HOBBIMH
TpeboBanusMu. IluKInyecKue KOHCTPYKIMH BbIJISAASAT TIPUBbIYHEE, HO AITOPHTMEI 06-
JIaZAl0T 3HAYUTEJIbHBIME HPENMYIIECTBAMH.

OnHuM M3 KII0YEeBBIX IIPEUMYILECTB SIBJISIETCS. CEMAHTHYECKAs CHJIA CTAHAAPTHBIX
umeH. B STL cymecrsyer 70 uMeH airoputmos, ¢ yuetoM neperpysku (overloading)
nosryyaercs 6ostee 100 pasyidnbix mabnoHOB (yHKknuit. Kaxapiii alropuT™ BBITIOIHSIET
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4eTKO OMpe/esieHHYIO 3aady, U 6N0AHe JOZUUHO 0XCUOAMD, YMOo NPoPeccuonanvhvlii
npoepammucm C++ 3naem smu 3adauu (UL 1ezKo HAOEM HYICHYIO UHPOPMAUUIO).
Taxum 06pa3oM, Ipu BHAE BBI30Ba transform IPorpaMMHICT MOHUMAET, YTO HEKOTOPast
byHKIUA TPUMEHSIETCsE Ko BceM 00beKTaM B MHTEpBaJle, a pe3yJibTaT KyAa-To 3alUCH -
Baercs. IIpu Buze BbI30Ba replace_if oH 3HaeT, 4TO MpOrpaMma MOAH(UIUPYET BCe
06BbeKThl MHTEpBAJa, YAOBIETBOPSIOIINE HEKOTOPOMY NpeAuKary. Brizos partition na-
BOJMT HA MBICJIb O TOM, 4TO 0GBEKTH HHTEPBAJIA epeMeIlaloTCs ¢ TPYNIHPOBKOR BCeX
06BEKTOB, YAOBJIETBOPAOIIMX npeaukaty (cM. coseT 31). Vimena anmroputmos STL ne-
CcyT 60JIBILYI0 CEMAHTHYECKYIO Harpy3Ky u 60Jjiee YETKO BRIPAXKAIOT CMBICI IPOUCXOAS-
IIETO, YEM JIOOBIE IHKIIDL.

ITpu Buge uuxia for, while U do MporpaMMHUCT 3HAeT TOJILKO OAHO — MporpaMma
MHOTOKDATHO BBITIOJIHAET HEKOTOPHIEe AeicTBHsL. YTOGH NOIYYUTh XOTS OBl IPUMEPHOE
IpeACTaBJIeHHEe O MPOMCXOASIIEM, HEOOXOXUMO H3y4YHTh TeJlo KKIa. C aqropurMamMu
Jeno 06CTOMT MHave, CaM BBI30B AJICOPHUTMA XapaKTepuU3yeT CYyTh MPOHCXOASILEro,
KoneuHo, st MOJHOIEHHOTO MOHUMAHKS HEOOX0AUMO NTPOAHATH3UPOBATh apryMeH-
THI, MEpefaBaeMble AIFOPUTMY, HO O6BIYHO 3TO TpeGyeT MeHbIIelt PaboTHI, YeM aHAIH3
06061meHHOM IMKINYeCKONR KOHCTPYKI[HH.

[Tporne roBOps, UMeHA aJIrOPUTMOB HHGOPMATHBHEL, a KJodeBhle cyoBa for, while
unu do — HeT. BripoueM, 3T0 OTHOCHTCS IpaKTHYECKH KO BCeM KOMIIOHEHTaM CTaHAapT-
Hpix 6ubnuorek C u C++. HukTo He 3amperaer BaM HamucaTh COOCTBEHHYIO pean3a-
nuio strien, memset uiu bsearch, Ho BeI 3TOTO He Aenaete. [loyemy? Bo-nepBuIx, KTO-TO
yoKe CIeJiall 3TO 3a BaC, ¥ HET CMBIC/Ia HOBTOPSTH YoKe BHIIONHEHHYIO paboTy; BO-BTODHIX,
UMeHa 3THX (DYHKIMIH CTAHAAPTHEL, U BCE 3HAIOT, YTO OHH JAEJAIOT; B-TPETBHX, MOXHO
TPEANOI0KHUTD, YTO aBTOP OMOIMOTEKH 3HAET MPHEMBI OITHUMHU3ALMH, HEAOCTYIHbIE JI51
BAC, ¥ OTKA3bIBATHCS OT BO3MOXHOTO MOBHIIIEHUSA 3(p(HeKTHBHOCTH GBLIO GBI HEPa3yMHO.
A pa3 Bbl He muLIeTe COOCTBEHHBIE BEPCHH Strienu T. A., TO GbLI0 Obl HEJIOTHYHO MPOrpaM-
MHPOBATh HUKJIBL, Ay6AUpyIonHe QYHKIIHOHAIBHOCTS FOTOBHIX asropurMoB STL.

Ha aToM st GBI X0TeJ1 3aBepUIMTD JAHHEL COBET, TOCKOIBbKY (DHHAII BBIMJISIAUT A0BOJIb-
Ho y6enutenpHo. K coxanenuio, TeMa He MOARAETCSI CTOJIb OAHO3HAYHOMR TPAKTOBKE.

JlecTBUTENIHO, UMEHA AJITOPUTMOB HH(MOPMATHBHEE MPOCTHIX I[HKJIOB, HO YeTKas
(bopMyIMPOBKa AeiCTBRI, BRIIOIHAEMBIX MPH KAXKAOH HTepaliiy, THOTAA ObIBaeT HATJISAA-
Hee BBI30Ba aropurMa. JlonycTuM, HaM NOTPeGOBaJIOCH HAWTH MEPBHIA 3/IeMEHT BEKTO-
pa, 3HaYeHHe KOTOPOTO JISKHUT B 33/IaHHOM JHAaINa3oHe <X, y>, B nuke aTo aesaercs Tak:

vector<int> v;

int X,y:

vector<int>::iterator i=v.begin(); // NepebupaTb 3NEMEHTH, HauWras

for(;it=v.end():++i){ // ¢ v.begin(). NO HAXOMAEHUR HYMHOTO
if(*i>x&&*i<y)) break; // anemeHTa wnu foCTUMenua v.end()

}

// flocne 3aBeplienra UMKNA
// 1 yKa3biBaeT Ha MCKOMBIA 3NEMEHT
// vnn cosnagaet ¢ v.end()
To xe camoe MOXKHO caieiaTh 1 npu oMo find_if, Ho AJist 3TOTO NpHAETCA BOCHOJb-
30BaThCA HECTAHAAPTHHIM aflanTepoM 06bekTa (DYHKIMK — HAIpEMep, COmpose2 u3 pea-
anzanuu SGI (eM. coser 50):
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vector<int> iterator i =
find_if(v.begin(}, v.end(), // HaitTu nepsoe 3Hauenue val,
compose2(1ogical_and<bool>(), // Ana KOTOPOro OAHOBPEMEHHO
bind2nd(greater<int>(),Xx).// WCTUHHB YCNOBUA
bind2nd(less<int>().y))): // val>x n val<y
Ho nake ecsiu 6bI HecTaHAAPTHBIE KOMIIOHEHTH! He HCIIOJIb30BANTHCh, MHOTHE IIPO-
FPaMMHCTHI MIOJIATAIOT, YTO BBI30B AJITOPUTMa 3HAUMTEIBHO YCTyHaeT LUKy 110 HalJAA-
HOCTH, H 51 CKJIOHEH C HUMH COrJIacuThcsi (CM. coBeT 47).
Brizos find_if MOxkHO 66110 6bI YHPOCTHTD 32 CYET BbIAeJICHUS JIOTHKH TPOBEPKU
B OTAENBHEIA Kacc GyHKTOpA.
template<typename T>
class BetweenValues:
public unary_function<T,boo1>{ // Cn. coset 40
public:
8etweenvValues(const T& lowValue,
const T& highValue)
:TowVal(lowValue) ,highVal (highValue)
{

bool operator()(const T& val) const

return val>lowVal&&val<highVal;

}

private:

T lowVal;
- T highval;
}

vector<int> iterator i = find_if(v.begin().v.end(),
BetweenValues<int>(x,y)):

OnHako y TAKOTO PelIeHHsT UMEIOTCS CBOM HEAOCTAaTKH. Bo-1nepBeIx, codnanue mab-
JioHa BetweenValues TpeGyeT 3HauuTesIbHO GoJiblIell pabOTHL, YeM MPOCTOE HAMKCAHHE
TeJsa 1uKa. JloCTaTOYHO MOCYMTATh CTPOKH B IIPOrpaMMe: TeJIo 1UKJIa — OfHa CTPOKa,
BetweenValues — deTeIpHaauaTs cTpok. CooTHOUIEHHE IBHO He B MOJIb3Y AITOPHTMA.
Bo-BTOpBIX, ONKCaHNe KPUTEPHS MOMCKa (PU3HYECKH OTAESETCS OT BbizoBa. UT0OH Mo-
HATB CMBIC] BbI30Ba find_if, HeoGxoAuMo HaliTu onpenesneHue BetweenValues, HO OHO
JO0JDKHO PACIoIaraThesl BHe QyHKIimH, coAeprxaieit Boi30B find_if. [TonbiTka 06bBUTH
BetweenValues enympu dyuxiuu, conepxamei or3os find_if:

{ // Hawano QyHKuum

Eemp]ate<typename T
class BetweenValues:public unary_function<T, bool> {.}

vector<int>::iterator i = find_if(v.begin(); v.end(),
BetweenValues<int>(x.y)):

}{n /7 Koxeu dyHKumM

He KOMIUJIMPYETCS, MOCKOJIbKY MAabIO0HB He MOFYT OOBSIBIIATHCS BHYTPH (DYHKIIHIL.
Ecnu nonpo6osaTh 060iTH 3TO OrpaHHdeHHe HOCPEACTBOM peaiu3aiiuu BetweenValues
B BHe KJIacca:
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{ // Hauano QyHKumm
E] ass BetweenValues:public unary_function<int,bool> {.}

vector<int>::iterator i = find_if(v.begin(). v.end().
BetweenValues(x,y));

}:--- // Koweu GyRKuMK

BCE PaBHO HHYETO He MOJIyYaeTcsl, IOCKOJIbKY KJIACCHI, ONpeesisieMble BHYTPH (QyHK-
Ui, SIBIAIOTCS NOKARLHBIMU, 3 JIOKAJIBHEBIE KJIACCH! HE MOTYT MepeAaBaThCsl B KaueCTBe
apryMeHToB abJioHoB (xak ¢yHKTOp, nepefaBaemslit find_if). Ilevanpno, Ho Kaacchl
(yHKTOPOB ¥ WIa6JIOHBI KJIACCOB (PYHKTOPOB He pa3peliaeTcsl ONPeAeIsaTh BHYTPH QyHK-
1uii, Kax 661 yA106HO 3TO HU OBLIO.

B xonTexcTe 60pbOB MEXKAY BHI30BAMHU QJITOPHTMOB M LHKJAMH 3TO O3HA4aeT, 4TO
BBIGOD OTpeesseTCs] HCKIHOYHTENIBHO COAEPKUMBIM 1MKIa. Ecn anroputm yxe ymeer
JAeJIaTh TO, uTo TPeOyEeTCsl, Wil HEYTO OUeHb OJIMBKOE, BRI3OB AJITOPUTMa GoJlee HATJIAAEH.
Ecau 3azaua ajileMeHTApHO PENIaeTCs B I[MKJIe, a IIPH MCIOJIb30BAaHUH AJITOPHTMA Tpe-
GyerT CJIOMKHBIX HArPOMOXKAEHHI allaNTepPOB WK ONpeesleHus OTAeIbHOTO Kacca (PyHk-
TOpa, BEPOSITHO, JIy4llle OTpaHHYMThCs 1uKiIoM. HakoHel, ecny B 1HKJIe MPUXOAHTCS
BBITIOJIHATD OYEHb JJIMHHBIE U CJIOXKHBIE ONlePallMH, BBIOOD CHOBA CKJIOHSIETCS B TOJIB3Y
AJITOPUTMOB, IIOTOMY YTO JJIMHHBIE H CJIOXHBIE OIlepalliy Jy4ure o(OpMIISTE B OTAENb-
Hbix QyHKuusx. [Tocie Toro xak Teso nukia 6y/eT nepeHeceHo B OTAEIbHYIO QyHKIMIO,
TIOYTH BCET/A YAAETCs epeaath 3Ty QYHKIIMIO aIropUTMY (0COBEHHO 9aCTO — AJITOPHT-
my for_each) Tak, 4To6bl IOJIyYeHHBIN KOA OB G0JIee HATJISIAHBIM M MIPSIMOJIAHEHHBIM.

Eciii BB COTJIACHEI € TEM, YTO BEI30BBI AJITOPUTMOB OOBIYHO NMPEANOYTHTEbHEE
IIUKJIOB, a TAKXKe C TeM, YTO HHTepPBaJIbHbIE QYHKIIHM O6BIYHO NPEANOITHTEIbHEE 1HK-
JINYECKOTO BHI30BA OAHOIJIEMEHTHBIX (DYHKIIMIA (CM. COBET 5), MOXHO CAEJIaTh HHTEPEC-
HBI{ BBIBOA: XOPOUIO CIPOeKTHPOBaHHas mporpaMma C++, ucnoas3ywomas STL, coaep-
JKHT TOpa3/o MeHblIe IIMKJINIeCKUX KOHCTPYKIIMH, YeM aHAJIOTHMYHAs! IPOTPaMMa, He
ucnons3yomas STL, u 310 xopomo. 3aMeHa HU3KOYPOBHEBBIX KOHCTPYKiuii for, while
u do BEICOKOYPOBHEBBIMHU TepMUHaMu insert, find u for_each nosblmaer ypoBeHb a6CT-
pakivy ¥ YIPOILIAeT MPOrpaMMUPOBAHKE, JOKYMEHTHPOBAHHUE, YCOBEPIUIEHCTBOBAHHUE
¥ CONIPOBOXXAEHHE MPOTPAMMEL

Cosert 44. Ncnonb3ynTte QyHKLUUN KOHTENHEPOB
BMECTO OAHOUMEHHbIX afifOpUTMOB

Hexkotopsle KoHTelHEPH coAepkaT (DYHKI[UH, MMEHA KOTOPHIX COBNAJAIOT C HMEHAMH
arroputmoB STL. Tak, B acconuaTHBHEIX KOHTeHHepax CylUIeCTBYIOT (DYHKI(MHU count,
find, Tower_bound, upper_bound u equal_range, a B KoHTeitHepe 1ist mpexycMoTpeHBL
¢dyHnkuuu remove, remove_if, unique, sort, merge u reverse. Kak npasuno, aTu ¢pyHk-
1IMM UCHOJIB3YIOTCSI BMECTO OAHOMMEHHBIX aJITOPUTMOB, YTO 00DSICHSIETCS ABYMS TIPH-
yuHaMH. Bo-nepsrix, pyHKuME KraccoB ObicTpee paboTaioT. Bo-BTophX, OHH Jyulie
HHTETPHPOBAHEI C KOHTelHepaMu (0COGEHHO aCCOUATHBHAIMH ), 4eM aJITOPUTMEL /leso
B TOM, YTO JITOPUTMEL K OAHOUMEHHEIE GYHKIMH KJIACCOB OOEIYHO PAaGOTAIOT He Co8CeM
OJIMHAKOBO.
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HauneM ¢ accoiinaTHBHBIX KOHTelHePOB. [loITyCTHM, HMeeTCs MHOXKECTBO set<int>,
cofepKallee MULIHOH 3HAUYEHHIA, ¥ Bbl XOTUTE HANTH NO3HIIMIO TIEPBOTO BXOXKACHUS
yucsia 727, ectu OHO TIpUCyTCTBYeT. Huske npuBeaeHs! 4Ba O4€BUAHBIX CIOCO0A MOKCKA:

set<int> s; // Co3patb MHOMECTBO

// v 3aHECTH B Hero
// MUNIMOH 4mncen

set<int>::iterator i = s.find(727); // Oynkuua find KouTeitHepa

if(il=s.end())..

set<int>::iterator i = find(s.begin(), s.end(), 727); // Anroputn find

if(il=s.end())..

Oyukuus kiaacca find pabotaer ¢ orapuMuIecKoi CI0XKHOCTBIO, IOITOMY He3a-
BHCHMO OT TOTO, IPUCYTCTBYET JIK YHCJIO 727 B MHOXECTBe WJIH HeT, set:: find B mpo-
1ecce MMOMCKa BRIOJIHUT He Gostee 40 cpaBHeHuid, a 06s14HO noTpebyercs e Gostee 20,
C apyroii croponsl, asroputm find paGoraer ¢ JIMHERHON CJIOKHOCTDIO, TO3TOMY HPH
oTcyTcTBUH yMcna 727 Gyaer semnosneno 1 000 000 cpasHenuit. Bripouem, maxe eciiu
ancso 727 npucyrcrByert, anroput™ find B Ipoiiecce MOKCKA BHIMOJIHAET B CPENHEM
500 000 cpaBrenuit. Peaynbrar sIBHO He B oJb3y ayropurma find,

Kcrary, 51 He coBceM TOYHO yKa3asl KoJM4eCTBO cpaBHeHuH s byHKimu find, no-
CKOJIBKY OHO 3aBHCHT OT DEaIM3alliH, HCIOIb3yeMOi acCoiMaTUBHEIMH KOHTeHHEepaMH,
B GosnpminHCTBE peausanuit UCHOB3YIOTCS KPACHO-4YEPHbIE AepeBbsi — ocobast pasHo-
BHAHOCTb COaTaHCHMPOBAaHHEIX JePeBbeB ¢ Pa3balaHCHPOBKOM 1o creniensam 2. B Takux
peau3anusaX MaKCHMaIbHOE KOJIMYeCTBO CPaBHEHUH, HeOOXOAMMBIX 151 OMCKA CPean
MHUJIIHOHA 3HaYeHui, paBHO 38, HO B NoAaBJIsAOIEM GONBIIHHCTBE CIydaes TpeQyercs
He boiiee 22 cpaBHenuil. Peanusauus, ocHoBaHHas Ha uAEATbHO COATAHCHPOBAHHBIX
AepeBbsIX, HUKOT/Aa He TpeOyeT Gostee 21 cpaBHeHuUsI, HO Ha TIpaKTHKe 110 0611eMy 6BICTPO-
AeHCTBHIO HeaTbHO COaTaHCHPOBAHHEIE A€PEBbS YCTYNAIOT «KpacHo-4epHeIM», [To 3Toit
npuyuHe B 60 buHCTBe peanu3aiiii STL HCHoIb3YI0TCS «<KpacHO-4epHbIE» EPEBbSL.

Pasnuuus Mexay pynxuuei kiacca u aropurMoM find He OTpaHHIHBAIOTCS ObI-
crpogelicrBueM. Kax o6bsicHsiercst B coBete 19, asropurmel STL npoBepsoT «ofnHa-
KOBOCTb» JBYX 0OBEKTOB 10 KDHTEPHIO PABEHCTHA, 4 ACCOIUATUBHBIE KOHTEITHEPHI HC-
HOJIb3YIOT KPHTEPHH SKBUBAIEHTHOCTH. TakuM o6paszoM, anroputym find umer 727 no
KPHTEPHUIO PaBeHCTBA, a GyHKIus find — 110 KPUTEPHIO SKBUBAJIEHTHOCTH. Pasinuyus
B KPUTEPHAX HHOTAA MPHBOAAT K H3MEHEHHIO Pe3ysibTaTa noucka. Hampumep, B co-
BeTe 19 6bLII0 MOKa3aHO, Kak NpuMeHeHHe anropuT™ma find A moucka uHboOpMaIHK
B aCCOIIMATHBHOM KOHTeliHepe 3aBepHIaeTCst HeyAauel, TOMAA KaK aHaIOTHYHBIN TOKCK
¢ynkuueit find mpusesn 651 k ycnexy! ITpu paGoTe ¢ acconuyaTHBHBIMU KOHTeHEpaMu
¢dynxuuonanbrele popMer find, count U T. A. MpeANOYTHTEIbHEE AJITOPUTMHYECKHUX,
HOCKOJIbKY HX IOBEeAEHHE JIydllle COIJIACYETCS € APYTUMH (DYHKIIUSIMHE 3THX KOHTEHHe-
poB. Beneacreue pasinunit MeX1y paBEeHCTBOM H 3KBHBAJIEHTHOCTBIO ATOPHTMHL He
CTOJIb TOCJIE0OBATENBHBI,

OcobeHHO sIpKO 3TO pasiiudde MPOsBJIsieTCs Npu paboTe ¢ KOHTeHHepaMu map u
multimap, MOTOMY YTO 3TH KOHTEIHEPBI COAEpXkaT 0OBEKTH pair, HO UX QYHKIUM
Y4YHTBIBAIOT TOJIbKO 3HaYEHHUe K04 KakA0# napsl. I1o atoit npudune GpyHKims count
CYHMTaeT TOJIBKO MApHl C COBNAJAIONIUMH KIII0YaMHU (eCTECTBEHHO, «COBINA/IEHHE OIPe-
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AessieTcst 0 KPUTEPHIO 3KBUBAIEHTHOCTH); 3HaUeHME, aCCOLIMMPOBAHHOE C KIIOYOM,
urnopupyercs. @ynxuuu find, 1ower_bound u T. A. MOCTYMAOT aHATOrHYHO, YTO6H
aJITOPUTMBI TAK)K€ OTPAHMYHBAINCH AHATH3OM KJI04Ya B K&XKIA0H Nape, BaM MPHAETCS
BBITIOJIHATH aKpobaTuyecKue TPIOKH, ONUCAHHEBIE B coBeTe 23 (YTO MO3BOJIUT 3aMEHUTD
NPOBEPKY PaBEHCTBA POBEPKOH 3KBUBAIEHTHOCTH).

C apyroit CTOPOHBI, €CJIM BBl CTPEMHUTECh K MAaKCHMasIbHOH 3 PEKTHBHOCTH, TO
doxycsl coBera 23 B cOYeTaHUH C IOTapH(PMHUIECKOH CI0KHOCTHIO MOKUCKA AITOPHTMOB
U3 coBeTa 34 MOTYT MOKA3aThCs He TaKOH yXK BHICOKOM 1leHOM 3a HOBHIIIeH e 6bICTPO-
IefCTBHS. A eCJli Bbl 04€Hb CULbHO CTPEMUTECH K MAKCUMAIBHOH 3 ek THBHOCTH,
nofaymaiite 06 HCNIOB30BAHUH HECTAHAAPTHHIX X3UIMPOBAHHBIX KOHTEHHEPOB (CM. CO-
Ber 25), XOTsI B 3TOM CJIydae BB TAIOKe CTOJKHETECH C Pas/IMUHAMM MEXKAY PaBeHCTBOM
H 3KBHBAJIEHTHOCTHIO,

TaxuM 06pa3oM, AJs CTAaHAAPTHEIX aCCOIMATHBHBIX KOHTelHEpOB IIpUMeHeHHe
dyHKIMIT BMECTO OAHOMMEHHBIX aIFOPUTMOB 00J1alaeT Cpa3y HECKOJIbKHMH IpenMy-
mecTBaMi, Bo-mepBrix, BE Hosy4aeTe JorapuMuIecKylo CJI0KHOCTh BMECTO JIHHel-
HOi1. BO-BTOpBIX, «OAMHAKOBOCTh> ABYX BEJMYUH IMPOBEPSIETCS N0 KPHTEPHIO 5KBHBA-
JIEHTHOCTH, O0Jiee eCTECTBEHHOMY AJISL aCCOIMATUBHEIX KOHTeitHepoB. B-TpeThux, npu
pabote ¢ KoHTeliHepaMu map u multimap aBTOMATHYECKH YYHTBIBAIOTCS TOJIBKO 3Hade-
HUS KJII0YEH BMeCTO MOJTHBIX Map (KJI0Y, 3HadeHue). ITH TPU (paKTopa A0CTATOYHO ybe-
AWTEJIBHO TOBOPST B MOJB3Y (PYHKIHUH KIIaCCOB.

[epeitneM k ¢yHKuuAM KoHTelHepa 1ist, HMEeHa KOTOPHIX COBHAJAIOT C MMEHAMH
anmroputmoB STL. B atoMm cirydae abpeKTHBHOCTD SIBJISETCS MPAKTHIECKH eANMHCTBEH-
HBIM (DAaKTOPOM. AJITOPHUTMBI, Y KOTOPHIX B KOHTelHepe 11St CYINeCTBYIOT CElHaIU3 K-
poBaHHBIe BepcuH (remove, remove_if, unique, sort, merge u reverse), KOMUPYIOT 00BbEK-
THI, a 1ist-BepCHH HUYEro He KOMHPYIOT; OHH MPOCTO MAHHUIYJHDPYIOT yKa3aTelsMH,
COETUHAIOIIUMH Y3JIBI criucKa. [1o aropurMudeckoit CI0XHOCTH (DYHKIMH KJIACCOB U
QJITOPUTMBI OAMHAKOBBI, HO €CJIM TIPEATOJIOKHUTD, YTO ONEpaliy ¢ yKasaTeJsiMu 00Xo-
JIATCSA 3HAYUTEJIBHO AeleBie KOMMPOBaHust 06beKTOB, 11st-Bepcuu 061a/ia10T JIYY UM
OpICTpoAecTBHEM.

Creayer noMHHUTD, uTo 1ist-Bepcuu YacTo BeAyT cebsi uHAYe, YeM MX AHAIOTH-AJ-
ropurmbl. Kax 06bsicHsiercst B cosete 32, Ans pakTHIECKOTO YAAIEHUS 3JIEMEHTOB U3
KOHTeHepa BhI30BHI AJITOPUTMOB remove, remove_if u unique JOJDKHEI COMPOBOXKAATHCS
BbI30BaMH €rase, 0AHAKO OAHOMMEHHEIe (DYHKIUH KOHTelHepa 115t YeCTHO YHHYTOXA-
IOT 3JIEMEHTEI, i TIOCJIeAYIONIHe BBI30BEI erase He HyXHBI.

[puHIMIHATbHOE Pa3IMIMe MEKAY AITOPUTMOM Sort u pyHKiHeil sort Konreiine-
pa Tist 3aKJII09a€eTCst B TOM, YTO ANTOPUTM HETIPUMEHUM K KoHTelHepaM 11st, HoCKoJIb-
Ky eMY He MOryT IepefaBaThCs ABYCTOPOHHHUE HTEPATOPEI 11st., AJITOpUTM merge Takxe
OT/MYaeTcs OT (PYHKIMHU merge KoHTeliHepa 1ist — aIropuTMy He paspelreHo MoAuGH-
1IMpOBaTh HCXOAHEIE HHTEPBAJIBL, TOTAA KaK (yHKiMs 1ist: :merge scezda Moxudui-
PYeT CIIMCKH, C KOTOPHIMH OHa paboTaer.

Tenepb Bbl pacmoJiaraere Bceit Heo6xoaumoi urdopmaimeil. CTOJIKHYBIIUCH C BbI-
6opom Mexay atroputMoM STL u ogHoMenHol ¢yHKIMeH KOHTellHepa, MpeaAnoYTe-
Hue CefyeT oTAaBaTh QyHKIMH KoHTeliHepa. OHa mouTH Beeraa 3¢ ¢exTusHee pabo-
TaeT H Jiydille MHTETPUPYETCsI ¢ OOBIYHBIM MOBeAeHeM KOHTeHHePOB.
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Cosert 45. Pasnunuante anroputMbl count, find,
binary_search, lower_bound, upper_bound
n equal_range

[Tpennionoxum, BBl HieTe HEKOTOPDIA 0OBEKT B KOHTEHHEPE WY B HHTEPBAJIE, TPaHH-
1Bl KOTOpOTrO 0G03HaYeHHl uTepatopamMu. Kak aTo caenats? B Bamem pacnopsike-
HHH 1eJIBI apceHas alTopUTMOB: count, find, binary_search, Tower_bound, upper_bound
u equal_range. Kak ke IpUHATE BepHOe penieHue?

Ouensb npocTo. OCHOBHBIME KPHUTEPHSIMHU JOJDKHBL OBITh CKOPOCTD M MPOCTOTA.

BpeMenno mpeanosoxuM, 4To rpaHUIlEl HHTEPBAJIA IOMCKA 0603HAYEHBI HTEPATO-
pamu. Cirydaii ¢ HOHCKOM BO BCeM KOHTeliHepe GyAeT pacCMOTPEH HITXKe,

ITpu BEIGOpE CTpaTerny MOKUCKA MHOTOE 3aBUCHT OT TOTO, ONPEAEISIOT JIM HTEPATOPhI
COPTHPOBaHHbIH uHTEpBasL. Ec/H 3TO yciI0BHe BHINOIHEHO, BOCIIONB3YHTECH AJITOPHTMA-
mu binary_search, Tower_bound, upper_bound u equal_range st mpoBeA€eHus GBICTPOTO
noucka (06BIYHO C JIoTapUPMUIECKON CIIOKHOCTBIO — cM. coBer 34). Ecau unreppan
He OTCOPTHPOBaH, BbIOOP OTPaHUYMBAETCS IMHEWHBIMK aITOPUTMaMH count, count_if,
findu find_if. B nanpueiimem onucanuu _1if-Bepcuu asiroput™oB count u find uraopu-
pyoTCst, Kak ¥ Pa3HOBHAHOCTH binary_search, lower_bound, upper_bound u equal_range,
KOTOPBIM IIPH BBI30BE NepPeAaeTCA NpeAuKar. AJITOPUTM HOKCKA BEIOHPAETCS 10 OAHUM
H TEM e COOOpaKeHUsIM He3aBHCUMO OT TOTO, HCTIOJIb3yeTe JIH Bbl CTAHAAPTHEIH Mpe-
AMKaT WJIH 3aJiaeTe CBOM COOCTBEHHBIN.

Wrak, B HecOpTHPOBaHHBIX HHTEPBAJIAX BHIGOD OTPaHMUMBAETCSI A/ITOPUTMAMH count
¥ find. OTu aNTOPUTMBI PENIAIT HECKOJIBKO OTJIMYAIOIIMECS 3a7a4H, K KOTOPEIM CJIeLyeT
TIPUCMOTPETHCS MOBHUMATEJIbHEe. AJITOPUTM count OTBedaeT Ha Bonpoc: «IIpucyTcTyer
71 3a/JaHHOE 3HAYEHHUE, U eCJIH IIPUCYTCTBYET — TO B KAKOM KOJIMYECTBE 3K3eMIUISIPOB?»,
s anropurma find Borpoc 3By4ur Tak: «[IpucyrcTByer iu 3amannoe 3HAYeHMe, U eCIIH
HPHCYTCTBYET — TO Ille UMEHHO?»

Honyctum, BBl MPOCTO XOTHTE IPOBEPUTD, IPUCYTCTBYET JIK B CIIHCKE HEKOTOPOE
3HayeHue WKacca Widget. [Ipu ncnosb3oBatuu atropuTMa count pereHue BBITJISIUT TAK:

Tist<Widget> Tw: // Cnucok obbekTos Widget
Widget w; // Vickomoe 3Hadenne knacca Widget

;f (count(Tw.begin(),Iw.end() .w)){
- // 3HadyeHne w npucyTCTBYET B Iw
} else {

.

B npuseznennoM (parmenTe npoAeMOHCTPHUPOBAHA CTAHAAPTHAS HANOMA: IPUMeHe-
HHe count AJist MPOBEPKH CYIEeCTBOBaHUA. AJITOPUTM count Bo3BpamaeT Ju60 HOJIb,
7160 MOJIOKUTENBHOE YHCIIO; B IPOTPaMMe HeHyJIeBOe 3HAYEHue WHTePIPETHPYETCs
Kak JIOTHYecKast HCTHHA, 2 HOJIb — KaK JIOTHYecKas JIoxb. BoaMoxHo, ciienyomas KoH-
CTPyKLHst 60J1ee 9ETKO BBIPaXKaeT CYTh TIPOMCXOMALIETO;

// 3nauenue ne HaiipeHo

if (count(Tw.begin().lw.end(),w)!=0)..

HexoTopbie mporpaMMHUCTHI IPEANOYHTAIOT 3TY 3aMUCh, HO HesIBHOE peoGpa3oBa-
HHE, KaK B IPHBEJEHHOM BBILIIe TIPHMepe, BCTPEYAeTC s JOCTATOYHO YacTo.
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Pemrenne ¢ anroputmoM find BEITJIAAKMT 4yTh CJIOXKHee, MOCKOJIBKY BO3BpalllaeMoe
3HaueHHe MPUXOAUTCS CPABHUBATH C KOHEYHBIM HTEPATOPOM CITHCKA:

1f(find(Iw.begin(),Iw.end(),w) !=1w.end() ){
} g]se {

-

B xoHTekCTe NpOBEPKH CYIIeCTBOBAHUS HAMOMATHYECKOe MCIOJIb30BaHHe count
yyTh Hpoie Koaupyercs. C ApyTroil CTOPOHBI, OHO TaKXke MeHee 3¢ (eKTHBHO NPH yc-
HEITHOM TIOKCKE, TOCKOIbKY Tind mpn oOHapyXeHHH HCKOMOTO 3HaUeHUs HeMeJIEHHO
TIpeKpalaeT MOKCK, a count MpoAoJKaeT UCKATh AOMOJIHUTE IbHBIE SK3EMILISIPHI A0 KOH-
112 unTepsaa. [lyist 6OJIbIIMHCTBA IPOrPAMMKCTOB BHIUIPHILI B 3(peKTHBHOCTH KOM-
TIEHCHUPYeT NOIOJIHUTEIbHBIE XJIOTOTH], CBSI3aHHbIe C IMporpaMMupoBanueM find,

BripoueMm, mpocToil IPoBEPKH CYIIECTBOBAHMSI BO MHOTHX CJIy4asix ObIBaeT HEAOCTa-
TOYHO; TpeOyeTCsl TaKXKe HAlTH B MHTEepBaJIe NMEPBHIN 06GBEKT C 3a/laHHBIM 3HAYEHHEM.
Hanpumep, 3T0T 06b€KT MOXHO BBIBECTH, BCTABUTD Iepel HUM APYToi 00BEKT MM
yaamuTh ero (yAaneHue B mpoiecce nepebopa paccMarpusaercs B cosete 9). Eciu
TpebyeTcs y3HaTh, KaKoit 06beKT (M 06BEeKTH ) UMEIOT 3a]laHHOEe 3HAYEHHE, BOCIIO b-
3ylitech asiroput™omM find;

list<Widget>::iterator i = find(1w.begin(),Iw.end() . w);

if (il1=1w.end()){

// YCnewHbid MOMCK, 1 YKa3blBaeT Ha nepastit axk3emnnap

} else {

}

[Ipu paboTe ¢ COPTHPOBAHHBIMM HHTEPBAIAMH CYILECTBYIOT U APYTHE BAPHAHTEL,
M UM OIpeJleJIeHHO CTOMT OTAATh IMpeAmnoYTeHue, AITOpUTMEL count u find pa6ora-
10T € JITHEHHOH CJI0XKHOCTBIO, TOTAA KAaK aJITOPHTMBL ITOMCKA B COPTHPOBAHHBIX HHTED-
Banax (binary_search, Tower_bound, upper_bound u equal_range) oGsanator jsiorapudmu-
4eCKOH CJI0)KHOCTBIO.

[lepexon oT HECOPTHPOBAHHBIX MHTEPBAIOB K COPTHUPOBAHHEBIM BjiedeT 3a CO00M u3-
MeHeHHe KpUTepUsi CPaBHEHUS ABYX BeJIMYMH. Pasinuyust Mex 1y KpUTEpHsIMH H0APo6-
HO ONHCaHEHI B coBeTe 19, M03TOMY 51 He CTaHy MOBTOPATHCS ¥ 3aMeYY, YTO AITOPHTMBI
count u find ucnosb3yI0T KpUTepHil paBEHCTBA, a AJITOPUTMEI binary_search, Tower bound,
upper_bound u equal_range oCHOBaHBI Ha KDUTEPUHU SKBHBAJIEHTHOCTH.

[IpucyrcTBre BeMYUHBI B COPTHPOBAHHOM HHTEPBAJIE NIPOBEPSIETCS AJITOPUTMOM
binary_search. B orsinune ot dbyHKiuu bsearch ua crangaprroii 6ubiauorexu C (a 3Ha-
9UT, ¥ cTaHAapTHON GubinoTexn C++), aropur™ binary_search BosBpamiaer TOJbKO
bool. AnropuTtM oTBedaeT Ha Bonpoc: «IIpucyTcrByer i 3aaHHOE 3HAYEHHE B HHTEP-
BaJie?», ¥ BO3MOJXKHBI TOJIBKO AIBA OTBETA: «/la» M «HeT». ECiiM BaM MoHaf00UTCsI AOMOI-
HHUTebHAA WHGOPMAaIKsL, BEIGepHTe APYTOl alrOpUTM.

IIpumep npumeHeHus binary search k cOPTHPOBaHHOMY BeKTOPY (IpeHMYINECTBA
COPTHPOBaHHEIX BEKTOPOB OMKCAHHL B coBeTe 23):

// 3Hayenve He HaiipeHo

vector<Widget> ww; // Co3patb BEKTOP, 3anOfHMTL
// paHHbLIMM M OTCOPTHPOBATL
sort (vw.begin().w.end()):
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Widget w: // WcKkomoe 3HaueHue

;f(binary_search(vw.begin().vw.end().w)) {
// 3Hauenne w NpucyTCTBYeT B vw
} else {

.

Ecsn y Bac uMeercsi copTHpoBaHHEIT HHTEPBAI U BHI MILIETE OTBET Ha Borpoc: «Tpu-
CyTCTBYET JIM 3ajaHHOe 3HaUeHHe B HHTEPBaJle, U eCJIM PUCYTCTBYeT — TO IJie MMEH-
HO?», CJIeAyeT KCIOJIb30BaTh AITOPUTM equal_range, XOTsI Ha TIEPBBIH B3LIAL KAKETCH,
4TO BaM Hy>KeH airoputm lower_bound. Bcxope Mbl BepHeMcs k equal_range, a oxa npo-
aHaIU3UPYeM MOKCK B MHTEPBAJIaX ¢ NpPHMeHeHHeM airopurMa lower_bound.

IIpu noucke 3ananHo BeIMUMHBI B MHTEPBaJIe arOpUTM Tower bound Bo3BparaeT
HTEPaTop, YKa3blBAIOIHMIA Ha MEPBbII 9K3eMIUIAD TOH BeIMYMHDL (B CIyYae YCHENHO-
To NOKCKA) WJIK Ha MPaBUIbHYIO TIO3ULKIO BCTABKK (B ciydae HeyAauu). Takum o6pa-
3oM, airopurtM Tower_bound oTBedaet na Bonpoc: «[Ipucyrcrsyer jin sapansoe 3HaYeHHE
B uHTepBase? EciiM pucyTCTBYeT, TO Iie HAXOAUTCS NEPBbIit SK3EMILIAP, a eCIIH HeT —
IJe OH A0JDKeH HaXoAuThesi?». Kak u B cityyae ¢ anropurmoM find, peaynbraT Tower
bound Heo6xoAUMO JOMIOHATENBHO IPOBEPUTD M YOEIUTHCS B TOM, YTO OH YKa3bIBAET
Ha ucKoMoe 3Hauenue. Ho B oTiinume ot find, ero Heb3st poCTO CpaBHUTH C KOHEYHBIM
ureparopoM. BMecTo storo npuxoautcs 6paTh 06beKT, MAEHTH(PUIMPOBAHHELH aJIro-
puT™MOM Tower_bound, 1 IpOBEPSTD, COAEPIKUT JI OH HCKOMOE 3HaUeHHe,

MHuorue nporpaMMuCTHI HCIIOJIB3YIOT 1ower_bound MpUMepHO Tak:

// 3Hauenue He HalifjeHo

vector<Widget>::iterator i=lower_bound(vw.begin(),vw.end(),w);

if (il=vw.end()&&*i=w){ // Y6epnTbCcs B TOM, yTO i yKa3wBaer
// Ha OObEKT, ¥ 3TOT OOBEKT MMEeT WCKOMoe
// 3navenne. Owmbkal!l!

// 3Hauenve HalifieHo, 1 yKa3wBaeT Ha Nepsblit
// 3k3ennnap obbeKTa C 3TUM 3HaueHnew
} else {

.

B GonbmmHCTBe CilydaeB Takas KOHCTPYKIHS PabOTa€ET, HO B AEHCTBUTEIBHOCTH OHA
conepxut omu6Ky. [IpHCMOTPUTECH K NPOBEPAEMOMY YCIIOBHIO:

if (il=vw.end()&&*i=w){

// 3HayeHve He HalijeHo

B sTOM ycnoBun nposepsiercs pasencmeo, TorAa Kak lower_bound HCIOJB3yeT TpH
TOMCKe KpuTepuil axsusarenmuocmu. Kax npaBuiio, pesysibTaTbl IPOBEPKH IO ABYM
KPUTEPHAM COBMAJAIOT, HO, KaK NOKa3aHo B coBeTe 19, 310 He Bceraa Tak. B Takux cu-
TyalusiX MpHBeAeHHEIH Bblute bparmMenT He paboTaerT.

IT06H! HCTPaBHTD OMHOKY, HEOGXOMMO YOEAUTHCS. B TOM, YTO HTEPATOP, TIOJLyYeH-
HbIi OT Tower_bound, ykasbiBaeT Ha 0GBEKT CO 3HAYEHHEM, SKBHBATEHTHBIM HCKOMOMY.
[IpoBepKy MOXHO BBITIOJTHUTB BPY4HYIO (B coBeTe 19 MOKa3aHo, KaK 3TO AeJaeTcs, a B Co-
BeTe 24 NpUBe/ieH PUMED CHTYAIMH, KOI/Ia TAKOE PElIEHHE ONPABAAHHO), OAHAKO CAEJATH
5TO HETPOCTO, MOCKOJIBKY [PH 3TOM JI0JDKHA HCIIOJIb30BATLCS Ta e (PYHKIHUS CpaBHe-
HHsl, KaK ¥ IPH BBI30Be lower_bound. B obimem cirydae Mbl uMeeM AeJ10 C MPOU3BOIBHOMN
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dbynknueit (nnu o6bextom byuxuuu). [Ipu nepenade Tower_bound pyHKIHMY CpaBHEHUS
aTa Xe QYHKIHS ZOJDKHA HCHOJIB30BaThCS U B «PYYHOI» IIPOBEpPKe SKBUBAJIEHTHOCTH;
CJIeNOBATENBHO, TPY H3MeHeHHH (DYHKIMK CPaBHEHU, lepefaBaeMol Tower_bound, BaMm
MPUETCS] BHECTH COOTBETCTBYIOIIHE U3MEHEHHUS B IPOBEPKY 3KBHBAJIEHTHOCTH. B ripuH-
IMTIE, CAHXPOHU3UPOBATh QYHKI[MM CPAaBHEHYS He TaK YK CI0XKHO, HO 06 3ToM Heo6xo-
ZUMO IOMHUTb, a IPY MPOTPAMMUPOBAHUH XJIONIOT 1 6e3 3TOro XBaTaer.

CyuiecTByeT IpoCTOe pelleHne: BOCHONb3yHTech aIropuTMoM equal_range. Asro-
PUTM BO3BpAIAET ndpy UTEPATOPOB; IIEPBHI COBIIaZaeT C HTEPATOPOM, BO3BPAIla€MBIM
Tower_bound, a BTOpOIl coBIagaeT ¢ UTEpaTOpPOM, BO3BpalliaeMbiM upper_bound (To ecTh
yKa3bIBaeT B MO3UIHIO 32 HHTEPBAJIIOM 3HAaYeHMI, SKBUBAIEHTHBIX UCKOMOMY). Takum
o6pa3oM, aropuT™ equal_range BO3BpAalaeT Mapy MTEPATOPOB, 0003HAYAOIHX HH-
TepBaJ 3HAYEHHH, SKBUBAIEHTHEIX HCKOoMOMY. CorJlacuTech, UMS AJITOPHTMA BBIGPAHO
IOBOJIBHO yAayHO. Bo3aMoxHo, npaBuibHee 6bLI0 GBI Ha3BaTh ero equivalent_range,
HO U equal_range BOCIIPHHHUMAETCS HEIJIOXO.

OTHOCUTENIBHO BO3BpalIaeMOro 3HadeHusl equal_range HeOGXOAMMO CAesaTh ABa
BaKHBIX 3aMedaHus. Ecu 1Ba ureparopa COBNAZaoT, 3TO TOBOPUT O TOM, YTO HHTEP-
BaJI yCT, a 3HaYeHue He HailAeHo. [1o aTOMy hakTy MOXKHO CYAMTH O TOM, GBLIO JIX Hall-
ZeHo copnaznenue. [Ipumep:

vector<Widget> vw;
gort(vw.begin().v.end())

typedef vector<Widget>::iterator WWiter: // BcnomoravenbHue
typedef pair<VWlter VWIter> WWIterPair; // onpepenexus tunos

VWIterPair p = equal_range(vw.begin(),vw.end().w);

if (p.first != p.second){ // Ecnm equal_range Bo3Bpauaer

// HenycToW WHTepBan..

// 3nadenue Haitpeno, p.first

// yKa3bnBaeT Ha nepsbiii INeMeHT

// wHTepsana, a p.second -

// Ha no3uuWi 338 NOCHENHAM SNEMEHTOM
} else {

// 3nauenve He HaipeHo, p.first
// v p.second ykasbiBawT Ha TOYKY
// BCTABKM MCKOMOTO 3HauYeHuq

}

B aToM ¢pparmMenTe UCIIONIB3YeTCs TONBKO KPUTEPHIl 9KBUBAIEHTHOCTH, TI03TOMY OH
BCETZa BepeH. :

Jlpyras 0co6eHHOCTh BO3BDALaeMOro 3radyeHus equal_range 3aKJo4aeTcs B TOM,
YTO PaCCTOSIHHE MEXy ABYMSI HTEPaTOPaMH PABHO KOJIWYECTBY OOBEKTOB B HHTEPBA-
Jie, TO eCTh KOJIM4eCTBY 0OBEKTOB, SKBUBAIEHTHBIX UCKOMOMY 06bekTy. B pesynbraTe
equal_range He TOJIbKO BBINOIHsET PyHK1HK find A1 COPTHPOBAHHBIX MHTEPBAJIOB, HO
u 3aMeHsieT count. Hampumep, nouck B vw 06beKTOB Widget, SKBUBAJIEHTHBIX W, C IOCJIE-
AYIOIMM BBIBOAOM HX KOJIMYECTBA MOKET BHINOJHSATHCS CJEAYIONAM 06pa3oM:

VWIterPair p = equal_range(vw.begin(),w.end().w);

cout << "There are " << distance(p.first,p.second)
<< " elements in vw equivalent to w.":
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Jlo HacTosIIero MoMeHTa IpeAIioyaraloCh, YTO B HHTePBaJle HIIETCS HEKOTOPOE 3Ha-
YyeHHe, HO eCThb CUTYyalluH, B KOTOPBIX BO3HHKaeT 3a/laya IIOMCKA ZDAHUYHONU NOSULUL.
IIpeanonoxuM, y Hac uMeeTcst Kaacc Timestamp ¥ BeKTop o6bexToB Timestamp, OTCOpTH-
POBAHHBIH OT «CTAphIX» OOBEKTOB K «HOBBIM>:

class Timestamp {.}:

bool operator<(const Timestamp& 1hs, // [lposepseT. npepwecTsyeT nu
const Timestamp& rhs); // ofvekT lhs ofvekTy rhs no spemenu

vector<Timestamp> vt; // Co3paTb BEKTOP. 3aNONHXTL AAHHbIMU
// v OTCOPTMPOBATL Tak, 4ToObI
sort(vt.begin(),vt.end()); // "cTapbie” o6beKThl NpeAwecTBOBANM “HOBbLIM®

ITpeanosnoxuM, U3 vt TpeGyercst yAaIUTh BCe 00BEKTHI, IPEAUIECTBYIOUIME HEKOTO-
POMy NoporoBoMy o6beKTy ageLimit. B nanHoM ciiydae He HYXHO HCKaTh B Vvt 06bEKT
Timestamp, sxBHBaJIeHTHBIH agelimit, nOCKOIBKY 06BeKTa ¢ TOYHO COBMAZAIIUM 3HA-
YeHHeM MOXeT  He GbITh. BMecTO 3TOT0 B Vt MILETCs rpaHHYHas HO3HIMS, TO €CTh Tiep-
BBHII 3J1EMEHT, He cTapiInii ageLimit. 3agaya pemiaerTcs sjieMEHTAPHO, TIOCKOJILKY ajlro-
puTt™ Tower_bound mpegocTasJisieT BCIO HEOOXOAUMYI0 MH(POPMAIIMIO:

Timestamp agelimit:

vt.erase(vt.begin(),Tower_bound(vt.begin(), // Ypanute u3 vt BCE 0ObEKTH,
vt.end(}), // npepwecTBylUMe 3HAYEHUID
ageLimit)); // agelimit
Ciierka U3MEHUM YCJIOBHS 3aayH. Jonycrum, Tpe6yeTc;[ YAAJIUTb BCe OOBEKTHI,
NpeaIlecTBYIOIUE UM paBHELe agelimit. [lyis sToro HeoOX0LUMO HAlTH HEPBBIf 06 BEKT
nocne ageLimit. /lns pemieHust 3azaun HACATbHO IOAXOIUT JITOPUTM upper_bound:
vt.erase(vt.begin(),upper_bound(vt.begin(), // YpamuTb u3 vt BCe OGLEKTH,
vt.end(), // npepuwecTsypuMe wunm
agelimit)): // 3ksuBanenTHwe agelimit
Ajroput™ upper_bound Takxke 4acTo IpHUMeEHSIETCS IPH BCTAaBKE B COPTUPOBaHHEIE
HHTEPBAJIBI, KOTAa 06bEKTH C 3KBUBAICHTHLIMH 3HAYEHHSIMHU JOJDKHBI CJIE0BATD B KOH-
TeliHepe B NIOPSIIKE BCTaBKH, PaccMOTPHM COpTHPOBaHHBIM ciMcok 06bexToB Person,
B KOTOPOM OOBEKTHI COPTHPYIOTCS 110 UMEHHU:

class Person {
public:

éonst string& name() const:

N

struct PersonNameless:
public binary_function<Person, Person, bool> { // Cm. coset 40

bool operator()(const Person& 1hs, const Person& rhs) const

return Yhs.name()<rhs.name():

}
}:

1ist<Person> 1p;
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1p.sort(PersonNamelLess()); // QTcopTvpoBaTh 1p N0 KpUTepui
// PersonNameless

Yro6sl CIMCOK COPTUPOBAJICS TpebyeMbIM 00pa3oM (110 MMEHH, ¢ XpaHeHHEM IKBHU-
BAJIEHTHBIX HMEH B TOPSAKE BCTABKH), MOXHO BOCIOJIb30BaTbCSA aITOPHTMOM upper_
bound anst onpeneneHus NO3UIUK BCTABKH:

Person newPerson;

1p.insert (upper_bound(1p.begin(}. // BcTaBuTh newPerson 3a nocleiHuM
1p.end(). // obveKToM 1p, npeawecTsyiouuM
newPerson, // Wnu 3KBUBANEHTHLIM newPerson
PersonNameless()).
newPerson);

[IpuBeneHHoe peleHne paboTOCIIOCOGHO U JOCTaTOUHO YAOGHO, HO He CTpO#Te M-
JIO3UH HACYET TOTO, YTO OHO KAaKMM-TO BOJIIIEOHBIM c1oco6oM obecriednBaeT MOUCK
TOYKH BCTaBKH B KOHTeliHep 1ist ¢ sorapudmudeckoit cioxuoctsio. Kak o6bsacHseTcst
B coBere 34, mpu pa6ore ¢ 11st nouck 3aHUMAaeT JHHeHOe BpeM#, HO IIPH 3TOM BBINOJ-
HsleTCs AorapudMUYECKOe KOJIMIECTBO CPABHEHHIH.

[lo HacTosILIETO MOMEHTA pacCMaTPMBAJICH TOJNBKO CIydaii, KOTa MOUCK ocyle-
CTBJISIETCS B MHTEPBAJIE, ONIPEAENISIEMOM Mapoii HTepaTopos. JJOBOIbHO 4acTo paborarsh
HPUXOAMTCS CO BCEM KOHTeHHepOM BMECTO MHTepBaia. B aToM ciryyae HeobXoauMo
pa3Jyin4aTh MoCIeJ0BaTe/bHBIE H aCCOIMaTHBHBIE KOHTeHHePHI. [l CTaHAAPTHBIX TIO-
ClefioBaTeNIbHBEIX KOHTelHepoB (vector, string, deque u 1ist) aocTaToyHO CI€AOBATH pe-
KOMEH/JAIUsIM, H3/I0KEHHBM paHee, HCIOJIb3ys HaYalbHbIH U KOHEYHBIN MTEpaTophl
KOHTelTHepa A onpeAeeHusI HHTEpPBAa,

Co cTaHIapTHEIMH aCCOLMATHBHEIMU KOHTEIiHepamH (set, multiset, map, multimap)
Aesio 06cTouT HHave, B HUX MpexycMoTpeHb! GyHKIIMHU MOKCKA, KOTOPble 0 CBOMM BO3-
MOXHOCTSIM 00bI49HO npeBocxoast anroputmsl STL. IIpeBocxoacTso gpyHKiui KOHTEH-
HEpOB Iepe]l AJITOPUTMaMH MOAPOGHO PAacCMaTPUBAETCS B COBETE 44; €CJIM TOBOPHUTH
KpaTko — oHHM ObicTpee paboraioT U BeayT cebs Gonee nocaenosarensio. K cuacteio,
nuMeHa QYHKIHI OGBIYHO COBMANAIOT ¢ IMEHAMH COOTBETCTBYIONIMX a/ITOPUTMOB, IT03TO-
MY TaM, Iie pedb uaeT 06 ajropurMax count, find, Tower_bound, upper_bound 1 equal_range,
TpH MOKCKe B aCCOLHATHBHBIX KOHTEHHEPax BMECTO HHX AOCTATOYHO BBHIOpaTh OXHO-
uMenHyo ¢ynkimo. K coxanenno, ast anropurma binary_search mapHo#t ¢yHxiuu
He cyuiectByeT. YTOOH NPOBEPUTH HAIMYME 3HAYEHHSI B KOHTEHHepe set UM map, Boc-
HOJIB3YHTECh HAHOMATHIECKOH POJIBIO count KaK YCJIOBHSA MPOBEPKH:

set<Widget> s: // Co3paTb MHOKWECTBO, 3aNONHWUTL AAaHHLIMK
Widget w: // WicKoMoe 3HayeHwe
if (s.count(w)) { // CyuectsyeT 3HaueHve, 3IKBUBANEHTHOE w

} else {

}

[Tpu npoBepke NpUCYTCTBHUS 3HaUYeHUiT B KoHTelHepax multiset wiu multimap dyHx-
nust find OGBIYHO MPEBOCXOAUT count, MOCKOJIbKY OHA OCTAHABIMBAETCS MPH 0GHADY-

’KEHHHU IePBOro 06beKTa C HCKOMBIM 3HaYeHHeM, a (PyHKIus count B XyALIEM CIyyae
HMPOCMaTPHBAEeT BCe 3JIeMEHTH KOHTeHHepa.

// JKBMBANEHTHOE 3Ha4YeHWe He CywecTsyeT
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TeM He MeHee Ipu HoACYeTe 0OBEKTOB B aCCOIMATHBHAIX KOHTelHepax count Hazex-
HO 3aHHMMaeT CBOIO Hulny. B yacTHOCTH, BEI30B count IpeAIOYTHTEIbHEE BEI30Ba equal_
range ¢ mocJieAyoIuM mpuMeHeHueM distance k nosyyeHHBIM uteparopaM. Bo-nepBsix,
caMo HazBaHHe (PYHKIINH NOACKA3bIBAET €€ CMBICJ — CJIOBO count 03HaYaeT «MOACYETs.
Bo-Bropsix, count ynpomaer paGoTy MpOrpaMMHUCTA, TIOCKOJIbKY eMy He HPHXOIUTCS
Co31aBaTh [1apy U Nepe/aBaTh ee KOMIIOHEHTHI IpX BbI30Be distance. B-TpeTsux, count
paboTaet 4yTh GBICTpEE.

ITonpo6yem moABECTH UTOT BCEMY, O 4eM TOBOPHJIOCH B HacTosi1IeM coBete. MHop-
Mais coGpaHa B ciefyomeli Tabauie.

AnropuTMm PyHKUNA KOHTeiHepa
Y10 BbI XOTUTE Y3HaTb HecoprupoBaHHblii  CopTupoBaHHbiii  [lnsa set [lna muitiset
uHTEpBan uHTEpBan ¥ map u multimap
MpucytcryeT nm 3apauHoe  find binary_search count find
3Ha4YeHne?
Mpucyrcreyer nm 3apanHoe  find equal_range find find nnn
3HayeHne? U ecnn lower_bound
NpUCYTCTBYET, TO rae (cM. paHee)
HaxoanTCs Nepsblit 06BLEKT
C 3TVM 3HaYeHneM?
Fae HaxoauTcs nepsbiit find_if lower_bound lower_ lower_bound
0BBEKT CO 3HAUYEHMEM, bound
HE NpeaWecTByIOLUM
3aAaHHOMY?
F'ae HaxoauTCs nepsbii find_if upper_bound upper_  upper_bound
0DBbEKT CO 3HaUEHUEM, bound ’
cneaylowmM nocne
3303aHHOro?
CKONbko OBGBLEKTOB MMEIOT  count equal_range count count
3apaHHoe 3Ha4YeHue?
Fae HaxopsTcs Bce equal_range equal_range equal_ find
06beKTI C 334aHHBIM range (nTepaTuBHbIi
3HaYeHuem? BbI308)

Heckosbko CTpaHHO BBITJISITUT YaCTO€ MPUCYTCTBHE equal_range B cTos1611€, OTHOCS-
LIEMCS K COPTHPOBAHHBIM MHTepBajiaM. OHO CBS3aHO ¢ 0c000ii POJIBIO IIPOBEPKY SKBHBA-
JIEHTHOCTH IIpH nioucke. Mcrosnp3oBarue Tower_bound 11 upper_bound upeBaTo omuboyHOM
NPOBEPKOW PaBEHCTBA, a IPH HCHOJIb30BaHKH equal_range 6oJiee eCTECTBEHHO BBITJISIIUT
IpOBEPKa 9KBUBAJIEHTHOCTH. Bo BTOpOIt cTpoke mpexmnoyTenue oraaercst equal_range
elne 110 OAHOM MpuyKHe: equal_range paboTaer ¢ orapiMuYeCKuM BpeMeHeM, a BLI30B
find cBsi3aH C IMHEHHBIMH 3aTpAaTaMU BPEMEHH.

s xoHTelHepoB multiset u multimap B KadeCTBE BO3MOXHBIX KAaHAMAATOB IS TO-
HCKa TepBOTo 06beKTa C 3a1aHHBIM 3HaYeHHeM yKa3aHbI 1Ba ajaroputma, find u Tower
bound. O6b1uHO AJIst peurenust 310l 3afa4u BHGUpaetcs find — BO3MOXHO, BB 06pa-
THJIK BHUMAHHE, YTO HMEHHO 3TOT AITOPUTM YKa3aH B TabJIMIE AJIs KOHTEHHEPOB set
umap. OgHako multi-KoHTeliHepH He TApaHTHUPYIOT, YTO NPH HAIHYHH HECKOJILKUX 3Jle-
MEHTOB C 33/IlaHHbIM 3HadeHueM Tind HaltaeT nepsoul aneMeHT B KOHTeHEPe; H3BECTHO
JILIB TO, 9TO OyAeT HaliieH o0un U3 3TUX 5J1eMEeHTOB. EC/H BBl AefiCTBHTENIBHO XOTHTE
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HafiTH NEepBbIA 06BEKT C 33aHHBIM 3HAYeHHEM, BOCTIOJIb3yHTeCh Tower_bound u BbI-
TIOJIHKTE BPYYHYIO BTOPYIO 4acThb IPGBEPKH SKBUBAIEHTHOCTH, ONHCaHHOH B coBeTe 19
(6e3 31Ol MpOBEpPKH MOXKHO 0GONTHCH TIPX ITOMOINH equal_range, HO BhI30B equal_range
0b6XoauTCs 1OPOXKe, 4eM BBI30B 1ower_bound).

Bui6parte Mexmxy count, find, binary_search, lower_bound, upper_bound u equal_range
Hec10XkHO. IIperoyTeHue OTAAETCS TOMy aJITOPUTMY HJH (byHKIIMH, KOTOpBIe 061a/1a-
10T HY>KHBIMH BO3MOXHOCTSIMH, 06€CIIeYHBaIOT HyXHoe GeIcTpoAelicTBHE U TPeOyIOT
MUHUMAJIbHBIX yCUJIHit npu BbI3oBe. ClienyifTe 1ol pekoMeHAaluu (wiiu obpainaiiTech
K Tabune), ¥ y Bac HUKOTAA He 6yaeT npo6JieM ¢ BEIOOPOM.

CoBeT 46. MNepenaBavite anropyutMaM o6bEKTbI
PYHKLUMM BMECTO (PYHKLUMN

YacTto roBopsT, YTO HOBbINIEHHE YPOBHS abCTPaK UK S3bIKOB BHICOKOTO YDOBHSI IpH-
BOAWT K CHWXKeHUI0 (D(eKTHBHOCTH CTEHEPHPOBAHHOTO KoAa. Alekcanap CrenaHos,
nsobperarens STL, ogHa) Al pa3paboTas HeGOMBIIONH KOMILIEKC TECTOB IS OLEHKH
«T1aTh 3a abcTpakuuioy npu nepexoge ¢ C Ha C++. B yacTHOCTH, pe3ybraTsl 3THX
TECTOB MOKA3aJIU, YTO KOJ, CTeHEPHUPOBAHHBIM A1 paBOTHI € KJIACCOM, COAEPXKAIIUM
double, mouTH BceTaa ycTynaeT Ho 3(PQeKTUBHOCTH COOTBETCTBYOIIEMY KOAY, HEMO-
cpencTBeHHO paGoTaioieMy ¢ double. C yyeTOM CKa3aHHOFO BAC MOXKET YAHUBHUTH TOT
(axr, uTo nepenaya anropuT™MaM 06bexToB pyHkiHi STL — To ecTh 06HEKTOB, MACKH-
pyoIuxcs nok pyHKuus, — o6EIYHO obecriednBaet Go.iee 3(pheKTHBHEL KO, 4eM mepe-
Jaya «HacTosAumx> PyHKIHIL.

IIpearnosno:xumM, BB XOTUTE OTCOPTHPOBATH BEKTOP Yucet THMa double o y6rIBaHHIO,
IIpocreiiniee pemenue atoii 3anauu cpeacreamu STL ocHoOBaHO HA HCHOIb30BAHMM ATl-
roput™a sort ¢ 06bexToM GYHKIIHM THNa greater<double>;

vector<double> v;

gort(v .begin(),v.end(),greater<double>()):

BcrioMuuB 0 «1uiaTe 3a aGCTPaKIMIO», IPOrPAMMHECT PelliaeT 3aMEHUTh 06beKT DyHK-
LMY «HacTosAlled» pyHKuuel, KoTopast K ToMy e o(opMJieHa KaK MOACTaBseMast
(inTine):

inline

bool doubleGreater(double d1, double d2)

return d1>d2;
}

gort(v .begin(),v.end(),doubleGreater):

Kax HE cTpaHHO, XpOHOMETPAX IBYX BBI30BOB SOrt MOKA3bIBAET, YTO BBI30B C greater-
<double> nmouTu Bcerna paboraer GpicTpee. B cBoMX TecTax st COPTHPOBAJ BEKTOP, COAED-
JKalluit MUJIINOH yHuces Tuna double, Ha YeThIpeX pasHbix maTdopMmax STL ¢ onrumu-
3alueit Mo CKOPOCTH, U BepcHs ¢ greater<double> Bcerma paGoraia 6sicTpee. B xyamem
C/ly4ae BHIUTPHIILI B CKOPOCTH cocTasui 50%, B mydmem ox gocturan 160%. Bor tebe
U «T171aTa 3a a0CTPAKIMIOS..,
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@axT 06bsicHAETCS TIPOcTO. Ecau ¢yHkius operator() ob6bexTa dyHKIMu Oblra
06bABIEHA MOACTABJISIeMOi (SIBHO, C KJIIOYEBBIM CJIOBOM inline, WM KOCBEHHO, IOCPen-
CTBOM OIpefieJIeHUs] BHYTPH OINpefeIeHus Kaacca), G0JIBIIMHCTBO KOMIIUIATOPOB
61aronoJIyYHO NOACTABIISET 3Ty (DYHKIHMIO BO BpeMSI CO3aHHs 9K3eMILIsipa abioHa
TIpH BHI30BE QJITOPUTMA. B npuBeIeHHOM BhIlIEe NPUMepPe 3TO NPOUCXOAUT C (PyHK-
nueil greater<double>::operator(). B pesynprare ko sort He COAEPXKUT HH OLHOTO
BbI30Ba (YHKIMH, a AJi1 TAKOTO KOAA KOMIHUJISATOP MOXET BHMOJHHUTbL ONTHMHU3a-
IIMI0, HEAOCTYTIHYIO NIPH HaJIMYHMH BHI30BOB (CBSI3b MEXAY MOACTAHOBKOMH QyHKIMI
¥ ONITHMHU3aIHell KOMIIHIATOPOB paccMaTpuBaercs B coete 33 «Effective C++» u rna-
Bax 8—10 xuuru «Efficient C++» [10]).

IIpu BHI30Be sort ¢ mepemadeit doubleGreater cuTyaums BbITISIAMT UHaYe. YTOOHI
y6eauThbCst B 3TOM, He0OX0MMO BCIIOMHUTB, 4TO Nepefiada (pyHKIMK B KaYeCTBe Napa-
MeTpa Apyroit ¢hyHKuuu HeBo3MoxkHa. [Ipy nonbiTKe Hepefayu GYHKINY B KadecTBE
nmapameTpa KOMIMJISITOP aBTOMAaTU4eCKu npeoOpasyeT (GpyHKUHIO B yKa3amens Ha 3Ty
GyHKIHIO, I03TOMY TIPH BBI30BE HepeaaeTcs ykasaresb, TakuM o6pa3oM, pH BbI30Be

sort(v.begin().v.end().doubleGreater);

ajtropuTMy sort mepenaercst He doubleGreater, a yxa3aresnb Ha doubleGreater. Ilpu co-
3aHUHM 3K3eMILIsIpa WabiioHa 00bsiBIeHNe CreHePUPOBAaHHOMN (DYHKIINM BBITTISIAUT TAK:

void sort(vector<double>::iterator first, // Hauano unTepsana

vector<double>: :iterator last, // Koneu uHTepsana
bool (*comp)(double,double)); // OyHKUMA CPaBHEHMA

IMockonpKy comp ABJISIETCS yKa3aTesreM Ha (QDYHKI[HIO, IPH KaXKIOM €T0 MCHOMb30Ba-
HUHU BHYTDH SOrt IPOMCXOJUT KOCBEHHBIH BBI30B (DYHKIIMH (TO €CTh BBI30B YEPE3 YKa-
3aresib). BoJIBIIMHCTBO KOMIUIIITOPOB HE MBITAETCS TOACTABJISITH BHI30OBHI (DYHKIHIA,
BBI3HIBAEMBIX Yepe3 yKazaTesH, AaKe eciu GYHKIMS 06DbsIBIeHa ¢ KIIOYEBBIM CJIOBOM
inTine u onTMu3anus BEIMISAAUT oueBuaHOM. [Todemy? HasepHoe, noToMy, 4T0 paspa-
GOTYMKH KOMITMJISITOPOB He CYMTAIOT HY)XHBIM ee peanu3osarhb. [loxaneiite ux — Ha-
PO HOCTOSTHHO 4ero-HubOYAb TpeOyeT, a yCreTh Bce HeBO3MOXHO. BripoueM, aTo BoBCe
He 03HAYAEeT, YTO Tpe6OBATh He HYXKHO.

[MoxasneHue noxcTaHoBKH KoAa PYHKIHIA 06BSICHSIET OAUH (DAKT, KOTOPBII KAXKeTCSA
HEBEPOSITHHIM MHOTHM ONBITHEIM Tiporpammuctam C: dynknust C++ sort moutu Bceraa
IpeBOCXOAMT Mo ckopoctH ¢pynkuuio C gsort. Konedno, B C++ mpuxoauTcs Co31aBaTh
3K3eMILISIPBI abJI0HOB (DYHKUMH ¥ BBI3BIBATH operator(), roraa kak B C Bce orpanu-
9HMBAeTCs IPOCTHIM BBI30BOM (DYHKIIMH, OAHAKO BCe «u3uiecTBa» C++ TepsioTcs Bo
Bpemst KoMnusiiud. Ha crazinu BRINoHeHUS sort 06palaeTcs K IOACTABIeHHOH (DyHK-
1[MM CpaBHEHHUS (MpH YCJIOBHH, 4TO DYHKIHUS Oblia 0GBSIBIEHA C KJIIOYEBBIM CJIOBOM
inline, a ee TeJIO AOCTYIHO Ha CTaIVH KOMIIMJISIIIMM ), TOTAA Kak qsort BbI3bIBaeT PyHK-
1IMIO CPABHEHHUsI Yepe3 yKa3aresb. Pesysbrar — sort pabotaet ropasao 6bictpee. B Moux
TeCTax ¢ BEKTOPOM, COAePKallliM MUJIJIMOH yuces double, MpeBOCXOACTBO MO CKOPOCTU
aocturaiio 670%, Ho 51 He IPH3EIBAIO BEPUTh MHE Ha CJI0BO. BBI JIeTKO Y6euTECh B TOM,
9TO NpH nepegade 06beKTOB QYHKIHIA B KaYeCTBe MapaMeTPOB aJITOPUTMOB «IlJIaTa 3a
abCTPaKkUHUIo» MPEBPAILAETCS B «IIPEMHIO 32 A6CTPAKIHIO.

CyuecTByeT u Apyras NpUYMHA JJisi iepefadd 00beKToB (GYHKIUIE B IapaMeTpax
AJITOPUTMOB, He UMeloLIasi HUUero oburero ¢ a(peKTHBHOCTHIO. Peub uaeT 0 KoMmnu-
nupyeMocTd nporpaMm. 110 kakuM-To 3araZIouHBIM TIPHYHHAM HEKOTOPHIE I1aT(POPMBI
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STL orBepraioT abCOMIOTHO HOPMAJIBHBII KOA — 3TO CBSA3aHO C HeAOPABOTKAMH TO JIH
KOMITMJISITOPA, TO Jiu 6M6IHOTEKH, TO JIK K TOTO 1 Apyroro. Hanpumep, oana pacrnpocr-
panennas miargopma STL oTsepraer cienytomuil (BoIHe JOMYCTHMbINR) (parMeHT,
BBIBOZISIIVIA B COUt JIMHY BCEX CTPOK B MHOXECTBE:

set<string> s:

transform(s.begin(). s.end(),
ostream_iterator<string::size_type>(cout."\n").
mem_fun_ref(8string::size));
IIpo6eMa BOSHUKAET M3-32 OMIKOKHU B paboTe ¢ KOHCTAHTHBIMH (PYHKIMAMHU KJac-
coB (TakuMH Kak string: : size) B aToi# konkperHoi wiardopme STL. O6xoaHoe pere-
HYe 3aKJI049a€TCsl B UCTIOIb30BAaHUH 00beKTa (PYHKIHHM:

struct StringSize:
public_unary function<string,string::size type> { // Cu. coset 40

string::size_type operator()(const string& s) const

{

return s.size();

}
b

transform(s.begin(). s.end(),

ostream_iterator<string::size type>(cout,"\n"),
StringSize()):

CyuiecTBYIOT H Apyr¥ie 0GXOAHBIE PEIIEHHs, HO IPUBEAEHHBINA (PParMEHT XOPOLI He
TOJIBKO TEM, UTO OH KOMIIMJIIPYETCST Ha BCeX U3BeCTHHIX MHe ntaTdopMmax STL. Ou rax-
e Zie1aeT BO3MOXHOM HOACTaHOBKY BbI30Ba String: :size, 4T0 HOYTH HABEPHSKA He-
BO3MOKHO B IIpeasiynieM pparmenTe ¢ nepeaaydeti mem_fun_ref(&string: :size). Mnaue
rOBOpSI, oTipefesieHye Kaacca pyHkropa StringSize He TOJMbKO O6XOMUT HeAOPabOTKH
KOMIIMJIATOPA, HO B MOXKeT YJIyYHIXTh OEICTPOAEHACTBHE IIPOTPAMMEI.

JIpyrast npy4KHa, 0 KOTOPO# 06beKTH HYyHKIUH TpeanoyTuTe bHee 0OBIYHBIX
byHKuMI, 3aKIII09AETCS B TOM, UTO OHH TIOMOTAI0T 000MTH XUTPble CHHTAKCHYECKHE JI0-
Byuky. MIHOTAa HCXOAHBIHR TEKCT, BRIMISIASAIMIL BIIOJIHE Pa3yMHO, OTBEPraeTcsl KOMIIH-
JIITOPOM TIO 3aKOHHBIM, XOTS ¥ HeOYeBHAHBIM Npu4uHaM, Hanpumep, B HEKOTOPHIX CH-
TYaLVsiX UMSI 9K3eMIISIPa, CO3AaHHOTO Ha 6a3e mabsoHa QyHKIMHU, He SKBUBATEHTHO
umenu ¢pynxkuuu. [Ipumep:

template<typename FPType> // Buiyucnenue cpepuero
FPType average(FPType vall, FPType val2) // aputMeTHyecKoro Asyx
{ // BEWECTBEHHEIX YuCen

return (vall + val2)/2:

}

template<typename Inputlterl,
typename Inputlter2>

void writeAverages(InputIter beginl, // Bbl4MCNUTL NonapHble
InputIter endl, // cpepnue 3HaueRmMA
Inputiter begin2, // LBYX Cepuil 3NeMeHTOB

ostream& §) // B nOTOKe
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transform(

beginl,endl,begin2,

ostream_iterator<typename iterator_traits<InputIterl>::value_type>(s."\n"),
average<typename iterator_traits<InputIterl>::value_ type> // OuuOka?

b
}
MHorHne KOMIUJSTOPS MPUHUMAIOT 3TOT koA, Ho o Cranpapry C++ oH cumuTaercs
HEJOMyCTHMBIM. J[eJI0 B TOM, YTO TeOPETHYECKH MOXKET CYILIECTBOBATD APYroli mabion
(dyHKI[MM C HMEHEM average, BHI3bIBAEMBI ¢ OAHUM MapaMeTpoM-THIIOM. B aTom ciyyae
BbIpaKEHHeE average<typename iterator_traits<InputIterl>::value type>cTaHOBHTCS He-
OHO3HAYHBIM, IOCKOJIbKY HEMOHSTHO, KaKoil 1abjIoH B HeM yIoMuHaercs. B xonkper-
HOM IpUMepe HEOAHO3HAYHOCTh OTCYTCTBYET, HO HEKOTOPhIe KOMIIHJIATOPAI Ha BIIOJIHE
3aKOHHOM OCHOBAHHH BCE PABHO OTBEPTAIOT 3TOT KOA. PelreHne 0oCHOBaHO Ha UCIOJIb-
30BaHuH 00BEKTA DYHKIIHMK:

template<typename FPType>

struct Average:
public binary function<FPType,FPType.FPType>{ // Cn. coset 40
FPType operator()(FPType vall, FPType val2} const

{

return average(vall,val2);

}
)

template<typename InputIter, typename Inputiter2>

void writeAverages(Inputlterl beginl, Inputlterl endl,
Inputiter2 begin2, ostream& s)

{

transform(

beginl,endl,begin2,

ostream_iterator<typename iterator_traits<Inputlterl>::value_type>(s,"\n")
Average<typename iterator_traits<InputIterl>::value_type()

)
}
Hosast Bepcusi 1o/KHA TPUHUMATHCS JIOOBIM KoMIUIsiTopoM. Bostee Toro, BE130BEI

Average: :operator() BHyTpH transform ZOIyCKaIOT NOACTAHOBKY KOAQ, YTO HE OTHOCHT-

CS1 K 3K3eMILJISIpaM TMPUBEJEHHOTO Bhlllte mabIoHa average, MOCKOJILKY averdge siBJseT-

cs1 wabsionoM GyHKIMH, a HE 06vexma QYHKIIMH.,

TaxuM 06pa3oM, MpeUMyLECTBO 06beKTOB (DYHKIHMI B POJIM TapaMETPOB AJITOPUTMOB

HE CBOAHUTCS K MPOCTOMY MOBHIIIEHHIO 3¢ deKTUBHOCTH. O6heKThI (hYHKIHMI TaKKe 06-

AanaioT 6oJblIel HAZEXKHOCTHIO PH KOMIMJIAIMH Koaa. BeccrnopHo, «HacTosmue»

(byHKIIMM 0YEHD BaXKHEL, HO B 06;1aCTH 3¢ exTrBHOrO nporpaMmuposanus B STL o6bek-

ThI (PYHKIIMH 9aCTO OKA3bIBAIOTCS HOJIE3HEE,

CoBeT 47. N3berante «He4YMTaeMoro» koaa

HomyctuM, uMeeTcst BekTop vector<int>, 113 aToro Bekropa Tpefyercs yAanuTh BCe
3JIEMEHTH], 3HaYeHuHe KOTOPHIX MeHBIIe X, HO OCTABHTDH 3JIEMEHTHI, IPe/IIECTBYIONIHE
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HocJie HeMY BXOX/IEHHIO 3HAYeHHs, He MEHBIIETO y. B rosloBy MTHOBEHHO NIPUXOAMT
crenyollee peretue:

vector<int> v;
int X.y;

v.erase(
remove_if(find_if(v.rbegin(},v.rend(),
bind2nd(greater_equal<int>().y)).base().
v.end(),
bind2nd(Tess<int>(),x)).
v.end());
Bcero ogna KoMaHza, ¥ 3ajada pemreta. Bece npocro u npsiMosuneiino. Hukakux
npobaem. IIpasaa?
He 6yaeM ToponuThes ¢ BeiBoAaMu. CuuTaeTe JiM BB IPHBeAEHHDBIH KOA JIOTHYHBIM
u ynobHbM B conpoBoxaeHun? «HeT!» — BOCKIMKHET GOJIBIIMHCTBO MPOrPAMMHCTOB
C++ ¢ yxxacoM u oTBpameHueM. «/lal» — ckaXyT CYUTaHHBIE eAUHHUIIBI C ABHBIM yJ0-
BOJIbCTBHEM. B 3TOM M 3axmodaercs npobiema. To, 4TO OAMH HPOTPAMMMUCT CUHTAET
BBIPA3UTENBHONA IPOCTOTOH, APYTOMY IIPEACTABIIAETCS aJICKHM HaBaXACHHEM,
HackosbKo 5 OHMUMAl0, IIPUBEAEHHBIN BhIlle (DpaTMEHT BHI3BIBAET GECTIOKOHCTBO
1O ABYM NMpUYHHAM. Bo-mepBhIX, OH COAEPKHT CIUIIKOM MHOTO BBI30BOB (DYHKIIHI.
YT06Bl IOHATD, 0 YEM MAET PeYb, IPUBEAY TY e KOMaHAY, B KOTOPOi uMeHa pyHKIuil
3aMeHeHbl 0fo3HaveHusIMu Tr:

v. fL(f2(f3(v.T4(0) . v.5() . T6(f7().¥)) . f8().v.f90) . T6(f100),x)),v.f9()):

Takas 3aNUCh BEITJISIAMT HEECTECTBEHHO YCIOXKHEHHOM, MOCKONbKY U3 Hee yOpa-
HEI OTCTYTbI, IPUCYTCTBYIONIKE B HCXOAHOM rnpuMepe. MoXXHO yBepeHHO CKa3aTh, YTO
60JIBIMHCTBO porpaMmucToB C++ coyTeT, 4TO ABEHAKIAThH BHI30BOB JECSATH PasHbIX
¢byukuuil B oqHoM KoMaHae — 3To nepebop. Ho nporpaMMuCTHI ¢ onbITOM paGoThI HA
byHKUMOHAIBHBIX A3bIKaX THIA Scheme MoryT cuurarh uHade. [To cBoeMy ombITy MOry
CKa3aTh, YTO MOYTH BCE MPOrPAMMHCTEL, KOTOPHIE IPOCMATPUBAH 3TOT (PparMeHT 6e3
MaJleHInX IPU3HAKOB yAHBJIEHHS, HMeJIH OCHOBATEJIbHBIH OMBIT MPOTPAMMHPOBAaHHS
Ha (PYHKIHOHAIbHBIX SI3bIKaX. Y GOJBIIKMHCTBA MporpaMmuctoB C++ TaKoi OmBIT OT-
CYTCTBYET, TaK YTO eCJIM BallIX KOJIJIETH He IPUBBIKJINA K MHOTOYPOBHEBBIM BJIOXKEHUSAM
BBI30BOB (DYHKIIMH, KOHCTPYKIIMH BPOA€ MPeAblAYIIEro Bb30Ba erase 6yAyT MPUBOAUTH
HX B 3aMeNIaTeIbCTBO.

Bropoii HeAoCTATOK pHBEJEHHOTO KOJAA 3aKJII0YAeTCs B TOM, 4TO AJIS eTO IOHUMA-
HHUS HyHO Xopouto 3Hath STL. B HeM BcTpedatoTcss MeHee pacIpocTpaHeHHbe if-
¢dopmsl asroputmos find u remove, o6parHbie uTepatophl (CM. coseT 26), mpeobpa3o-
BaHus reverse_iterator B iterator (cM. coser 28), bind2nd ¥ aHOHHMMHBIE O6BEKTHI
¢dyHxuwmit, a Takxke uAKOMa erase-remove (cM. coseT 32). OusrTHbtit mporpammuct STL
pas6epercs B 3T0l KoMOuHauK 6e3 0coboro TpyAa, Ho ropa3ao Gosbure GyAeT TaKUX,
KTO HajIoJITO 3a/fyMaeTcsl Hajy Heit. Eciu Bamy xoJiteryu Jajieko MPOABUHYJINCE B H3yde-
uuu STL, npucyrcrBue erase, remove_if, find_if, base u bind2nd 8 ogHolt koMaHze BIIOJI-
He JOIYCTHMO, HO €CJIM BBl XOTHTE, YToObI Bama nporpaMMa Oblia MOHSTHA IPOrpaM-
mucty C++ co cpeiHUM YPOBHEM NIOATOTOBKH, 51 PEKOMEHAYIO Pa3fielIuTh 3Ty KOMaHAY
Ha HECKOJIBKO (PParMeHTOB.
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Huske npuBefeH ouH U3 BO3MOKHBIX BapHAHTOB (KOMMeEHTapHH IMPUBOAATCS He
TOJIbKO /UJISI KHUTH — 51 GBI BKJIIOYHJI MX M B IIPOTPAMMY ).

typedef vector<int>::iterator VecInter:

// VkvumamuanposaTe rangeBegin nepsuiM 3neMeHTOM v, GONbWMM MAM PaBHbIM

// nocnegHenmy BXOwAeHWio Y. ECTM TaKoii anemenT He cywecTsyer, rangeBegin

// wHuumupyeTca 3nadennem v.begin()

VecIntIter rangeBegin = find_if(v.rbegin().v.rend(),

bind2nd(greater_equal<int>().y)).base();

// Ypanute oT rangeBegin Ao v.end 8Ce 3MEMEHTH CO 3HAYEHUEM, MEHbLWUM X

v.erase(remove_if(rangeBegin.v.end() .bind2nd(Tess<int>().x)).v.end());

Bo3MoxHO, Aa’ke 3TOT BapHaHT KOe-KOT0 CMYTHT, TOCKOJIBKY OH TpeGyeT moHUMa-
HHA HAUOMBI erase-remove, HO NP HAIMYKUKM KOMMEHTAPUEB B IPOTPaMMe K XOPOIIETO
crpaBoynuka no STL (uanpumep, «The C++ Standard Library» [3] unu web-caitta
SGI [21]) kaxasiit nporpammuct C++ 6e3 0co6bIX yCuuii pasbepercsi, 4To e MPOuc-
XOZHUT B IIpOrpaMMe.

O6paruTe BHUMaHHe: B Tiponecce MOAXMDUKAIIUHM 51 He 0TKAa3a/ICA OT HCTIONb30BaHUSA
aJTOPUTMOB M He MONBITAJICA 3aMEHHTD UX 1HKIaMu. B cosere 43 o6bsicHsieTcs, noyemy
aJTOPHTMbI 0OBIYHO IPEATIOYTHTEIIBHEE [TUKJIOB, ¥ IPUBEAECHHbIE APTYMEHThI JAEMCTBYIOT
u B 3TOM ciydae. OCHOBHas 11€JIb ITPH IPOrPAMMYPOBAHMHM 3aKJIIOYAETCA B CO3aHUN
KOAQ, MOHATHOTO KakK [JIsi KOMIIWISITOPA, TaK M AJIs YMTATEeNA-4e/I0BEKa, H 061a1alo1e-
TO MpueMJIeMBIM OBICTpoAelicTBIEM. AJITOPUTMBL HOYTH BCETAa JIydilie TOAXOAAT s
RocTKeHHUs 3ToH 1esn. TeM He MeHee, coseT 43 Taxoke 0OBSCHSET, TOYEMY UHTEHCHB-
HO€ HCTIOJIb30BAHHE AITOPHTMOB €CTECTBEHHBIM 00Pa30M IPUBOAUT K YaCTOMY BIIOXKe-
HMIO BbI30BOB QYHKIMH H HCIIOIb30BaHUIO afanTepoB QyHKTOPOB. Bepuemcsa x nocra-
HOBKe 3ajiauH, C KOTOPO HAYHHAETCS HACTOSIILIMIA COBET.

Homycrum, uMeeTcst BekTop vector<int>, 13 aToro Bektopa Tpebyerca yaaauThb Bce
DJIEMEHTEH], 3HAYEHHE KOTOPHIX MEHBIIIE X, HO OCTABHUTH 3JIEMEHTHI, IPEeJUIECTBYIONE
nocjiefHEMY BXOXKAECHHUIO 3HaYy€HHUsI, HE MEHBIIETO Y.

HeTtpyznHo npuaty K obiieli cxeMe pemesns:

® TIOHMCK NMOCJEAHETO BXOXKAEHHUS 3HadeHHs B BeKTOpe TpebyeT npumenenus find
wiu find_if ¢ o6paTHBIMHU HTEpPAaTOpaMH;

®  YyAAJICHHUEC 3JIECMCHTOB Tpe6yeT erase Wiu HAMOMEI erase-remove,

OO6benuHsist STH ABe MAEH, MBI TIOJIyYaeM CIIeYIOIMEl ICEBAOKO, TIE <HEUTO» 060-
3HAYaeT KOJ, KOTOPBHIi elile He ObLI HAaTIOJIHEH CMBICJIOBBIM CONEPKAHUEM:

v.erase(remove_if(find_if(v.rbegin(), v.rend(). Heyro).base(),

v.end(),
HEYTO)),
v.end());

IIpn HaIMYHM TAKOIl CXEMBl PACCYUTATH, YTO e KPOETCS 3a «HEYTO», COBCEM He-
CJIOXHO. Bl He ycrieeTe onoMHUTBCS, KaK IPUAETE K PELIEHUIO U3 HCXOAHOTO IPUMEpA.
Bo Bpems1 HanHcaHus HPOrPaMMBbl IOAOOHBIE PEIleHHA BBITJSAAT BIIOJIHE JOTHYHBIMY,
MIOCKOJIbKY B HHX OTPaXKaeTcs I0CIe0BaTe/IbHOe IpUMeHeHHe 6a30BbIX NPUHIIMIOB
(HanpuMep, HIHOMBI erase-remove IJIIOC KCIOJIb30BaHue find c 06paTHLIMHU UTEPATO-
pamu). K coxanenuio, ynraresnio pauieit mporpaMMsl 6yzeT 04eHb TPyAHO pa3obpaThb
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TOTOBBIH TIPOZYKT Ha T€ WIEH, U3 KOTOPHIX OH 65l cobpaH. «HedyuTaeMsliis Kof Jerko
IHIIETCS, HO Pa3o6paThest B HeM TPYAHO.

BripoueM, «<HEUMTAEMOCTh» 3aBHCHUT OT TOTO, KTO HMEHHO 4HTaeT nporpammy. Kax
YIIOMHBHAJIOCH BHIIIE, HEKOTOPEIE IporpaMMucThl C++ BOJIHE HOPMaJIBHO OTHOCATCS
K KOHCTPYKLHSIM BpoZie MPUBelleHHOH B Hadyasle 3TOro coBeTa. Eciim Takas kapTuHa
TUNIMYHA JJIS CPeNB, B KOTOPOii Bbl paboTaeTe, ¥ BB OXKHAAETE, YTO OHA OCTAHETCS
TakoBo#i B OyayuieM, He CAePXKUBaifTe CBOM TBOpYecKue nopeisel. Ho ecim Baum Kxost-
JIETH HEAOCTATOYHO YBEPEHHO BIaziel0T QYHKIMOHAIBHBIM CTHIIEM IPOrPAMMHPOBAHHS
¥ He CTOJIb Xopouno pas6upawrcsi B STL, yMepbTe CBoM aMOMIIMH M HANKIIKTE YTO-
HuOY b BPOAE AIbTEPHATHBHOTO PelleHust, IPHBEAeHHOrO BEIIIE.

BananpHblit hakT U3 061aCTH NPOrPAMMHUPOBAHUST: KOZ Yallle YHTAETCsI, YeM MHUIIET-
cs1. Xopouro u3BECTHO TAKXKe, 4T0 Ha COTIPOBOXKIEHUE HPOTPAMMBbl YXOAUT 3HAYHTEJIb-
HO 60JiblIIe BDEMEHH, YeM Ha ee pa3paboTKy. Ecyiu mporpaMMy HeJib3st IPOYMTATD M IO~
HSITh, €€ HeJIb3sl U YCIENUIHO COMPOBOXK/AATh, a TAKHe HPOrpaMMbI BOOOIIE HUKOMY He
Hy>Hbl. Yem Gosbiie Bbl paGoTaere ¢ STL, Tem yBepenHee ce0si 4yBCTBYETE U TEM CHJIb-
Hee X0YEeTCs HCIO0JIb30BaTh BJIO)KeHHbIE BRI30BHI (DYHKIHIA U CO3AaBaTh 00beKTH PyHK-
1Hii «Ha JIeTys. B 3ToM HeT HHYero MI0X0ro, HO BCET/AA CIeAyeT IOMHUTh, YTO HATIHCAH-
HYIO CETORHS IIPOTPaMMY 3aBTpa MPHAETCH KOMY-TO YMTaTh — MOXeET ObITh, JaXKe BaM.
IIpuroToBbTECH K 3TOMY JHIO.

Ia, ucnoneayiite STL B cBoeit pabote, Vicnosbayiite xopomo u 3¢ GeKTHBHO... HO
n3beraiiTe HalMCAHUsI «HEYUTAEMOTO» Kofa. B 10/IrocpoyHoll mepecnexTuBe Takoi Kox
OyZeT KakuM YTOXHO, HO TOJIBKO He 3((eKTUBHDIM.

CoBeT 48. Bceraa Bk/oHanUTeE HY)XHblE 3aro/ioBKU

[Ipu nporpamMmupoBanuu B STL Hepenko BCTPeYarOTCsl porpaMMbl, KOTOpbIe YCTeHI-
HO KOMIIMJIMPYIOTCS Ha OAHOM rnaTdopMe, HO TPeGYIOT ZONIOIHUTENbHBIX AUPEKTHB
#include Ha mpyroit. IToT pazapaxaiomuii Gaxr cssizan ¢ TeM, yto Cranaapr C++
(8 ormmuue ot Cranzapra C) He ykasslBaeT, Kakue CTaHAAPTHbIE 3aT0JI0BKH MOTYT HJIK
MOJIKHBI BKJTIOYATHCA B IPYTHE CTAaHAAPTHBIE 3aTr0JI0BKH. ABTOPbI peaIM3a1Hii I0JIb3Y-
I0TCSI IPEIOCTaBIeHHOI ¢BOOOA0M U BHIGUPAIOT pasHbIE Ty TH.

ITonpo6yro N0sICHUTD, YTO 3TO 3HAYMT Ha MpakTuKe, OXHANKABI 5 3aCEJ 32 IISATD ILIAT-
¢dopm STL (nasosem ux A, B, C, D u E) u nonpoGoBas sKkCriepuMeHTaIbHBIM ITyTeM
OnpenenuTh, KAKHE CTAaHAAPTHBIE 3aTOJIOBKH MOXHO yOpaTh, YTOGH! IporpaMMa TipH
3TOM HOPMA&JIBHO KOMIIAIHPOBaIach. [10 5TUM JaHHBIM CTAHOBHTCS SICHO, KAKHE 3aro-
JIOBKHM BKJIIOYAIOT JPYyTHe 3aT0JIOBKY AMpeKTHBOH #include. Bot uro st y3Hau:

o Ha mwiatdopmax A u C <vector> BKJiouaer <string>;

» Ha mnargopme C <algorithm> Briioyaer <string>;

o Ha matdopmax C u D <iostream> Bxiiouaer <iterator>;

o namnnargopme D <jostream> Bkiouaer <string> u <vector>;
o Ha wiardopmax D u E <string> Bxirouaer <algorithm>;

® BO BCEX ISITH pealn3anusax <set> pxiuiodaer <functional>.
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3a MCKITI0YeHHEM TIOCJIEIHETO CIIydasi MHe TaK M He yAaI0Ch IPOBECTH IIPOTpaMMy
¢ yOpaHHbIM 3ar0JI0BKOM MUMO peatudaliuu B. ITo 3axony Mapdu Bam Bcerna npuzer-
¢t BeCTH pa3paboTKy Ha takux wiatdopmax, kak A, C, D u E, u nepeHocuts nporpam-
MbI Ha TakHe IUIaThopMbl, Kak B, ocofeHHo Koraa a1o oyeHb BaxKHast paboTa, KOTOpYIO
HeoOX0MUMO CAeIaTh Kak MOXKHO cKopee. Tax GbIBaeT Bceraa.

Ho ne cToMT 0CYXAaTh KOMIMJIATOPH! MJIM Pa3paboTYMKOB GHOIHOTEK 3a TPYAHO-
crtu ¢ mepeHocoM. [IponyieHHEbIe 3ar0/I0BKH Ha Barieli oTBeTcTBeHHOCTH. Ilpu kasknoi
CCHIJIKe Ha 3JIeMEHTHI IPOCTPAHCTBA UMeH Std BB TaKOKe OTBEYAETe 32 BKJIIOYEHHE COOT-
BETCTBYIOIIMX 3ar0JIOBKOB. Ecilu 3ar0Jji0BKu ONyIIEHH], IPOrpaMMa TEOPETHYECKH MO-
JKeT OTKOMITHIMPOBATHCA, HO ApyrHe mwiatdopmel STL umeloT noJiHoe npaBo OTBEpPT-
HYTH Ball KOA,

Yrobsl BaM 6BUIO MpOLLE 3AIMOMHUTD HEOOXOAUMBIE 3aT0JIOBKH, Aajiee IPHBEAEHA
KpaTkKast CBOAKA COAEPKUMOr0 BCEX CTAHAAPTHHIX 3aT0JIOBKOB, OTHOCAIuXCSA K STL.

o Ilourn Bce KoHTeiiHEPH OODSIBISIOTCS B OAHOMMEHHBIX 3aT0JIOBKAX, TO €CTh
vector 06bSIBAISIETCS B 3aTOJIOBKe <vector>, 1ist 06bsiBIIsieTCs B 3ar0I0BKe <1ist>
u T. A. UckmodenusiMu siBiisiroTcst <set> u <map>. B 3arososke <set> 06bsABIAIOT-
cs KOHTeliHepH set u multiset, a B 3aroJI0BKe <map> OOBSIBIIAIOTCS KOHTEHHEPH
map 1 multimap.

o Bce anroputMel, 3a HCKIIOUEHHEM YeThIpeX, 0OBABISIOTCS B 3ar0I0BKe <algorithm>.
HMckmoyenusamu sBIAIOTCA atropuTMbl accumulate (cM. coser 37), inner_product,
adjacent_difference u partial_sum. JTH alrOPHTMBI OOBSIBISIIOTCS. B 3aT0IOBKE
<numeric>.

¢ CrenuanusupoBaHHbIe PA3HOBHAHOCTH MTEPATOPOB, BKJIIOYas istream iterator
u istreambuf_iterator (cM. coBet 29), 06BSBIISIIOTCS B 3aTOJIOBKe <iterators,

o CrangaprHsle QyHKTOpHI (HanpumMep less<T>) u aganrepsl PyHKTOPOB (Hanpu-
Mep notl u bind2nd) o6wsiBiIstIOTCS B 3aroJioBke <functional>.

He 3a6rIBaiiTe BKIIOYaTh COOTBETCTBYIOIIY IO AUPEKTUBY #include npu ucnop308a-
HUM JIOOBIX U3 MepednCIeHHBIX KOMIIOHEHTOB, JaXe eCliu IaTtgopMa pa3paboTku no-
3BoJisteT oboliTiCh 1 6e3 Hee. Banre npusexaHue HeNMPeMeHHO OKYTIHTCS MPU TIePEHOCE
IPOrpaMMBbl Ha APYTYIO miatdopMy.

CoBet 49. Hayuutecs unTatb coobLueHus
KoMNUNATopa

IIpu onpeneneruy BeKTOpa B IPOrpaMMe BbL MMeeTe TIOJIHOE NPABO YKa3aTh KOHKpPET-
HBII pa3Mep:

vector<int> v(10); // Co3paTh BekTop u3 10 3nemenToB

O6bekTh string MMeIOT MHOTO 061IETO € vector, IO3TOMY KaXKeTCsl, UTO CleAyIomast
KOMaHJIa TOXe AOIYyCTHMA;

string s(10); // MonuiTaTeca onpepenuTs Sstring us 10 snementos
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On#axo 3Ta KOMaHZa He KOMITHJIMPYeTCS, TOCKOJIBKY Y KOHTeliHepa string He Cyiue-
CTBYEeT KOHCTPYKTOPA, BBI3BIBAEMOTO C apryMeHTOM Tuna int. Ha oaHoit u3 miatgopm
STL xoMnuasiTOp pearupyeT Ha 3Ty KOMaHAY CIEAYIOLUAM 06pa3oM:

example.cpp(20) :error C2664:"))thiscall std::basic_string<char.struct std::char_

traits<char>,class std::allocator<char> >::std::basic_string<char,struct std::char_

traits<char>,class std::allocator<char> >(const class std::allocator<char>&)':cannot
convert parameter 1 from 'const int’ to ‘const class std::allocator<char>&'

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, sneyarnser? [lepBast 4acTb COOO1IEHUS BHIIJISAUT KaK 6eCOpsAA0YHOE Ha-
TPOMOX€HHE CUMBOJIOB, BTOPast 4aCTh CCHUIAECTCS Ha paclipelle/IuTe b MaMsITH, HU pa3y
He yIIOMHHABIIUHCS B HCXOAHOM TEKCTE, A B TPEThEH YaCTH YTO-TO TOBOPHTCSI O BBI30BE
KOHCTpPYKTOpa. KoHeyHO, TpeThs 4acTh COAEPKHT BIIOJIHE TOYHYIO HH(POPMAIIHIO, HO
AJist Hadasia pasBepeMcst ¢ IepBOil YacThIO, THUITMYHOM AJISI AUATHOCTHKH, YaCTO BCTpe-
yajomeiicst npu pabore co string.

Bcrniomuure, 4to string — He caMoCTOSATENbHBIN KJacc, a MPOCTOH CHHOHUM AJIS
CJIEAYIOIIETO THITA:

basic_string<char.char_traits<char>,allocator<char> >

ITO CBA3AHO C TeM, YTO MoHsITHE CTPoKH C++ GbL10 0606111eHO A0 HOCTIEA0BATENHHO-
CTH CUMBOJIOB IIPOM3BOJILHOTO THIIA, 00JIAAI0IIHX IPOM3BOJIbHEIMY XapPaKTePHCTUKAMHU
(«traits») U XpaHAUIHUXCS B IAMSTH, BbIAEIEHHOMH MPOM3BOJIbHBIMU PACIIPEAEIUTENSIMH.
Bce string-niogo6usie 06bekTH C++ B AeHCTBUTENBHOCTH SIBIISIIOTCS cneluaIn3ausMu
mabnona basic_string, noaTomy npu AMATHOCTHKE OMHGOK, CBSI3AHHDIX C HEBEPHBIM
HCTIOJIb30BaHueM string, GOJIBIIMHCTBO KOMITMISITOPOB YIIOMHHAET THII basic_string
(HEKOTOPbIle KOMIIUJIATOPBI JIIOOE3HO BKJIIOYAIOT B AMATHOCTHKY MMS String, HO 60Jb-
ITMHCTBO M3 HUX 3TOTO He AesaeT). Hepeaxo B AMarHocTuKe yKasbBaeTcsl HA MPHHAZ-
JIeXHOCTD basic_string (a taixe BcomoraTebHBIX abI0HOB char_traits u allocator)
K IPOCTPAHCTBY MMeH Std, M03TOMY B CO0OIIEHUAX 06 OmubKaX, CBI3AHHbIX C HCIIOJIb-
30BaHHEM String, HepPeAKO YIIOMHUHAETCS THIT

std::basic_string<char,std::char_traits<char>,std::allocator<char> >

Takas sanuch BecbMa 6JIM3Ka K TOM, YTO BCTPEYAETCA B IIPHBEAEHHON BBIIIE AHa-
THOCTHKE, HO Pa3Hble KOMIIMJIATOPE MOTYT ONIUCBIBATH String mo-pasuomy. Ha apyroii
ninargopme STL ceblika Ha string BLITIAUT HHAYE:

basic_string<char,string_char_traits<char>, _default_alloc_template<false,0> >

ViMena string_char_traits u_default_alloc_template He sBIISIIOTCS CTaHAapPTHBIMHY,
HO TakoBa xu3Hb. Hexoropsie peanusanuu STL orxionstiorest ot Cranaapra. Eciin Bam
He HPABATCS OTKJIOHEHUS B TeKyluei peanmusanuu STL, mogymaiite, He crourt Jiu nepeii-
T Ha APYTyIo peanusaiuio. B cosere 50 nepednciienbl HEKOTOPBIE PeCYPCHI, B KOTOPHIX
MOYXHO HaHTH aJlbTepHAaTUBHBIE PeATU3AIHH.

Hesasucumo oT Toro, Kak THN string ynmoMuHaeTcsi B IMarHOCTUKE KOMIUJIATOPA,
METO/MKA MPUBEACHIS AUATHOCTHKH K OCMBICJIEHHOMY MUHHMYMY OCTaeTCsl TOH Xe:
XUTPOYMHAsI KOHCTPYKMsA ¢ basic_string3aMensieTcst rekcToM «strings. Eciu BeI ucriosib-
3yeTe KOMIIWISITOP KOMaHHOM CTPOKH, 3a1a4a OOBIYHO JIETKO PEMIAETCS P IOMOLITH PO-
rpaMMsI sed uIu CleHapHBIX A3biKoB TUMNa Perl, Python wim Ruby (npumep cuenapus
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npuBeeH B craThe 3oamana (Zolman) «An STL Error Message Decryptor for Visual
C++» [26]). B mpuseaeHHOM npuMepe MPOU3BOAUTCS Ii06aTbHas 3aMeHa (pparMeHTa

std::basic_string<char,struct std::char_traits<char>.class std::allocator<char> >
cTpOKoO#i string, B pe3ysbTaTe yero GyaeT MoylydeHo cieayioliee coobmeHue:

example.cpp(20):error (2664:'))thiscall string::string(const class

std::allocator<char>&)':cannot convert parameter 1 from 'const int' to 'const class

std::allocator<char>&'

U3 5T0TO0 COOBIEHHA MOXKHO HOHATD, 9TO MPO6IEMa CBA3aHA C THUIIOM MTapaMeTpa, Ie-
PEAaHHOTO KOHCTPYKTOPY string. HecMoTpst Ha 3aragoyHoe ynoMuHaHuye allocator<char>,
BaM He COCTABUT TPY/Aa MPOCMOTPETH PasjindHble (JOPMBI KOHCTPYKTOPOB string u ybe-
JATBCS B TOM, YTO HH OfIHA U3 3THX (POPM HE BHI3BIBAETCS TOJIBKO C AaPTYMEHTOM pa3Mepa.

Kcrarty, ymoMunanue pacnipesesuresns mamsty (allocator) cBA3aHO ¢ HAIMYHEM Y BCeX
CTaHIAPTHBIX KOHTEIHEPOB KOHCTPYKTOPa, KOTOPOMY TIEpeAAETCs TOJNbKO PAacIpeaen-
TeJIb MaMsITH. Y Tuna string CymiecTByIOT TPH OJHOAPIYMEHTHBIX KOHCTPYKTOPA, HO
KOMITHJISITOP MO KAaKOH-TO MPHUYKHE PEIIAET, YTO BbI MBITAETECH NEPEAATh HMEHHO pac-
npeaenuressb. Ero nmpeamnosnoxenue ommboIHO, a AMATHOCTHKA JIMIIL COMBAET C TOJIKY.

U0 KacaeTcss KOHCTPYKTOPA, MOJIYYAIOIIETO TOJIBKO paclipeAeuTe b HaMaTH, — IT0-
XKatyHcTa, He HCTIOJIB3Y#Te €T0; OH CIIMIIKOM YacTO MPUBOAUT K NMOSBJIEHUIO OAHOTHII-
HBIX KOHTeHEPOB C He3KBHUBAJIEHTHBIMH paclpefeiuTessiMu namsTu. Kak npasmiio,
TaKas CHTyallusl Kpaiine HexesartesbHa (60see moagpobHble 00bSICHEHHUS IPUBEAEHBI
B coBete 11).

PaccMorpuM npumep 6ostee cinoxHol auarHoctuky. [Ipeanosnoxum, Bol peatusye-
Te IPOrpaMMy AJist paboThI C 3JIEKTPOHHOM MOYTOMH, KOTOpast MO3BOJISET CCLIATHCS Ha
aZipecaToB He TOJIBKO 10 afpecaM, HO H N0 CHHOHMMAaM — CKaXKeM, aJipecy Npe3ufieHTa
CIIIA (president@whitehouse.gov) craButcs B coorsercTBre cuHOHUM «The Big Cheeses».
B raxo#t mporpaMMe MoeT MCIHOJIB30BAThCS ACCOIMATHBHAIN KOHTENHED 17151 0oTOGpa-
XeHHs CHHOHMMOB Ha afipeca 3JIEKTPOHHOM MoJYTH u QyHKIus showEmailAddress, KoTo-
pas BO3BpalaeT aipec AJisl 3aJlaHHOTO CHHOHHUMA:

class NiftyEmailProgram {

private:
typedef map<string.string> NicknameMap:

NicknameMap nicknames:
public:
void showEmailAddress(const string& nickname) const:
}:
B peanuzanuu showEmailAddress norpe6yercst HaliTH afipec 5JeKTPOHHOMN MOYTHI,

aCCOIMHMPOBAHHBIH C 33JJaHHBIM CHHOHUMOM. J[JIsI 3TOr0 MOKET OBITh MPEAJIOKEH Clle-
IYIOIUHMI BAaDHAHT:
void NiftyEmailProgram: :showkmailAddress(const string& nickname) const

{

NicknameMap: :iterator i=nicknames.find(nickname):
if (it=nicknames.end())..

}
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KoMmmnmisitopy Takoe pemienuie He noHpaBuTcst. Ha To ecTh Beckas, HO He OUEBHAHASA
npuyuna. YTo66I TOMOYb BaM pa3o6paThest B MPOUCXOAsIIEM, ofHa u3 miatdopm STL
YCJIyXKJIMBO BBIAET CeAyiomee coobmenne:

example.cpp(17) :error €2440:'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: ichar_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::allocator<char> > > >:: Kfn,struct std::less<class
std::basic_string<char,struct std::char_traits<char>,class std::allocator<char> > >,class
std::allocator<class std::basic_string<char,struct std::char_traits<char>,class
std::allocator<char> > > >::const_iterator' to 'class std::_Tree<class
std::basic_string<char,struct std::char_traits<char>,class std::allocator<char> >, struct
std: :pair<class std::basic_string<char,struct std::char_traits<char>,class
std::allocator<char> > const.class std::basic_string<char,struct
std::char_traits<char>,class std::allocator<char> > > ,struct std::map<class
std: :basic_string<char,struct
std: :char_traits<char>,class std::allocator<char> >,class std::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> >, 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_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~:bas1c _string<char,struct std::char_traits<char>,class std::allocator<char> > > >
:_Kfn,struct std::less<class std: bas1c_str1ng<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> > > >::jterator’

No constrictor could take the source type, or constructor overload resolution was ambiguous

Coo6uenue cocTouT 3 2095 CHMBOJIOB ¥ BEITJISAUT A0OBOJBHO YCTPAIIAIONIE, HO
s BUAAT M moxysxe. Hanpumep, oaHa u3 Moux jo6uMex miuatdopM STL oaHax s
BblAaa coobienue u3 4812 cumsosioB. HaBepHoe, BB yiKe JOTaaIHCh, YTO 51 JTIOOIIIO
ee COBCEeM He 3a 3T0.

JaBaiiTe HEMHOTO COKPaTHM 3Ty XaOTHYECKYIO 3aTIMCh U IPUBELEM e€ K GoJtee yno6-
HoMy Buy. HauneM ¢ 3ameHbI KOHCTpPYKuMH basic_string.. Ha string. Pesysbrar BhIT/IA-
JUT TakK:

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 > >

::_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<class
string>, class std::allocator<class string > >::_Kfn,struct std::less<class string >,
class std::allocator<class string > >::iterator’

No constructor could take the source type. or constructor overiocad resolution was ambiguous

Vxe nydure. OcTanoch Kakux-Hu6yAb 745 CHIMBOJIOB, MOXXHO HAYMHATD Pa3bupars-
cs1 B coobmennu. B raasa 6pocaercs ynomunanue maboHa std: :_Tree. B Cranpapte
HHYETro He CKa3aHo o mabJioHe ¢ uMeHeM Tree, HO MBI MIOMHHM, 9TO IMEHA, HaYMHAOIIH-
ecsl ¢ CMMBOJIa MOAYEPKMBAHHS ¥ IPOMUCHON GyKBbl, 3ape3ePBHPOBAHBI IJisi aBTOPOB
peanuzanuil. [lepes HaMu OAKH M3 BHYTPEHHUX 1WIAGJIOHOB, HCIIOJIb3YEMBIX B pealn3a-
1uH HeKol coctaBistiomett STL.

OxasblBaeTcsl, MPaKTHYECKH BO Beex peaym3anuax STL crangapTHble accouuaTus-
Hble KOHTelHepH! (set, multiset, map u multimap) cTpOSITCSI Ha OCHOBE 6a30BHIX 11abII0-
HoB. [To anaoruu ¢ TeM, Kak MpH KCIOJIb30BaHUH String B AMATHOCTHKE YIIOMHHAETCS
THI basic_string, npu paboTe Co CTaHAAPTHEIMH aCCONMATUBHBIMHU KOHTEIHEpaMH Jac-
TO BBIAAIOTCS COOBMIEHHUS ¢ YIIOMUHAHHEM 6a30BhIX mab10HoB. B 1aHHOM mpuMepe atoT
1wa6IoH Ha3BIBAeTCS _Tree, HO B APYTHX W3BECTHHIX MHe DealU3alHsX BCTPEUYAIUCH
HMeHa _tree U _rb_tree, mpuyeM B HOCJIEIHEM HMEHHU OTPaXkeH (PaKT HCTOJIb30BAHUSA
KpacHo-4epHbix (Red-Black) nepesses, caMoit pacnpocTpaHeHHOH pa3HOBHAHOCTH cHa-
JIAHCMPOBaHHBIX JiepeBbEB, BCTpedarolelics B peayiusanusix STL.

B mpuBefeHHOM BHIIE COOOIIEHHH YIOMMHAETCS 3HAKOMBIM THI Std: :map<class
string,class string,struct std::less<class string>,class std::allocator<class
string> >, Ilepex HaMu THUII HCIOJIb3yEMOrO KOHTEHHEDA Map, €CJIM HE CUMUTATh THIIOB
(byHKIMH CPaBHEHUSI U PacIipee/InTe s naMsTh (KOTopbie He Obljiu 3aJaHbl IIPH OIIpe-
Aenenun Koutelnepa). Coobmenne 06 omubke craHeT GoJiee MOHATHBIM, €CIIH 3aMe-
HHUTD 3TOT THII HAIIMM BCTIOMOTaTeJIbHBIM onpeaesenueM NicknameMap. PesyspTar:

example.cpp(17):error C2440: 'initializing': cannot convert from 'class std::_Tree<class

string.struct std::pair<class string const.class string >.struct NicknameMap::_Kfn,struct
std::less<class string>,class std::allocator<class string > >::const_iterator' to 'class
std::_Tree<class string,struct std::pair<class string const,class string >, struct

NicknameMap_Kfn,struct std::less<class string >, class std::allocator<class string >
>::iterator’

No constructor could take the source type. or constructor overload resolution was ambiguous

Coobuienue cTao Kopode, HO €10 CMBICI OCTaJICS TYMaHHBIM; HY’KHO 4TO-TO CH€-
satb ¢ _Tree. VI3BecTHO, 4TO mabiioH _Tree 3aBHCHUT OT PeaIM3alKH, IO3TOMY y3HAThb
CMBICJI €TO TMAapaMeTPOB MOXHO TOJIBKO OfHHMM CIOCOOOM — YTEHHEM HCXOAHBIX TEK-
croB. Ho 3auem komaThcsi B HCXOXHBIX TeKcTax peannsanuu STL, eciu 310 He HYXHO?
ITonpoGyem MpocTo 3aMEHUTH BCe JaHHbIE, TIEpeaaBaeMble _Tree, yCIOBHBIM 0603Haue-
uHueMm «HEUYTO» u mocMoTpuM, 4to U3 aT0r0 BHIAET. Pesyabrar:

example.cpp(17):error C2440: ' initializing’: cannot convert from 'class
std::_Tree<HEYTO: :const_iterator' to 'class std::_Tree<HEYTO::iterator'

No constructor could take the source type, or constructor overload resolution was ambiguous

A BOT ¢ amum yxe MoxHO paborars. KoMnuisaTop xatyercs Ha nOMbITKY Ipeo6-
pa3oBaHus const_iterator B iterator ¢ ABHBIM HapyUI€HHEM MPaBUJI KOHCTAHTHOCTH.
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BepHaeMcsi K HCXOZHOMY NPHMeEDY; CTPOKA, BhI3BaBUIAsS THEB KOMIIWJIATOPA, BRIAEICHA
SKHPHBIM HIPUQTOM:
class NiftyEmailProgram {

private:
typedef map<string.string> NicknameMap:

NicknameMap nicknames;
public:

;oid showEmaﬂAddress(cons.t string& nickname) const;

}:

void NiftyEmailProgram::showEmailAddress(const string& nickname) const

{

ﬁi cknameMap: : iterator i=nicknames.find(nickname);
if (il=nicknames.end())..

}

Coobmenne 06 omubke MOXKHO UCTOJIKOBATh JIMIIb OAHUM Pa3yMHBIM 06pasoM —
MBI IBITAEMCS HHUI[HATM3UPOBATh NepeMeHHyI0 i (Tuna iterator) 3HaueHueM THMA
const_iterator, Bo3BpauaeMbIM Npu BbI30Be map: : find. Takas uHrepnperanus BuITIS-
JUT HECKOJIbKO CTPAHHO, MOCKOJIbKY find Bbi3biBaeTcs Ayist o6bekTa nicknames. O6bexT
nicknames He SIBJISIETCSI KOHCTAHTHBIM, H03TOMY (yHKIus find 0/KHA BEDHYTH HEKOH-
CTaHTHBIHA UTEPATOP.

Barssinute eme pas. /la, 06bekT nicknames 06bsiBiIeH KaK HEKOHCTAHTHBIIA THIT Map,
Ho ¢yHKuust showEmailAddress siByisieTcst KoHcmanmHol, a BHYTPY KOHCTAHTHOMN (DyHK-
1M BCe HECTaTHYECKHE TMepeMeHHEIe KIacca CTaHOBSTCS KoHcTaHTHEIMU! Takum 06-
paszoM, BHYTpHU showEmailAddress o6bekT nicknames sIBJIsIeTCSl KOHCTAHTHBIM OGBEKTOM
map. Coobenue 06 omubke BHE3anHO 06peTaeT cMbIC. MBI BITaeMCst CTeHEPUPOBATD
iterator nJist 06BeKTA Map, KOTOPHIT obelau He H3MeHsITh. YToOB HCIIPAaBUTH OWIHOKY,
Heo6Xx0AuMO J1b0 MPUBECTH i K THILY const_iterator, 6o 06bsBUTh showEmailAddress
HEKOHCTaHTHOH (yHK1ueil. BeposiTHo, 062 crioco6a moTpeGyroT 3HAYUTeIbHO MEHBIIHX
yCuJIHi, 4eM BBISICHEHHE CMEICJIa coolienust 06 omubke.

B aToM coBeTe GbLJIM MOKa3aHBI HEKOTOPbIE TEKCTOBHIE MOACTAHOBKH, YMEHBIIAIOIIHE
CJIOKHOCTD CO00ImeH i 06 01HMbKax, HO MOCIE HEMPOAOKUTENBHON MPAKTHKH Bbl CMO-
JKeTe BBITIOJIHATD MOACTAHOBKH B FOJIOBE, S1 He My3BIKAHT, HO MHe PacCKa3bIBaJIH, YTO X0~
polIKe My3bIKAHTHI CIOCOOHB! YHTATh MAPTUTYPY 11€/IMKOM, He IPUCMATPHBASICH K OTAEb-
HbIM HOTaM. OneiTHEIe porpaMmucTsl STL npuo6perator anarorudHble HaBBIKH. OHu
MOTYT aBTOMaTHYeCKH MpeoOpa3oBaTh KOHCTPYKIHUIO BuAa std::basic_string<char,
std::char_traits<char>,std::allocator<char> > B string, HUCKOJIbKO He 3aJyMBIBasICh
HaJ{ TPOUCXOoAAIUM. [ToX06HBIN HABBIK PA30BBETCS U Y BAC, HO X0 THX IOP CJIEAYET
IIOMHHTD, YTO AUATHOCTHKY KOMIIHJISATOPA IOYTH BCEra MOXXHO IPHBECTH K Bpa3y-
'MUTEJIBHOMY BHAY 3aMeHOM JJIMHHBIX TUIIOB Ha 6a3e 1wabioHoB 60Jiee KOPOTKUMHU MHe-
MOHHYECKHUMH 0003HaYeHUsIMH. Bo MHOTHX CIy4asx Ajist 3TOro JOCTATOYHO 3aMEHUTD
pacHIupeHHbIe ONpeesieHus TUIIOB KMEHAMH, HCII0JIb3YeMBIME B IporpamMme. MiMeHHo
3T0 OBLNIO CAEJIaHO B MPUBEAEHHOM MpHMeEpE, KOTAA MBL 3aMeHuM std: :map<class
string,class string,struct std::less<class string>,class std::allocator<class
string> > na NicknameMap.
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Iasee mpuBeaeHs! HEKOTOPbIE PEKOMEHAAIMH, KOTOPHIE IOMOIYT BaM pa3oGpaThbCcs
B COOOIIEHUSIX KOMIMJITOPA, oTHoCsmuxcsa K STL.

Jlns xoHTeliHEpOB vector ¥ string urepaTopbl 0OBIYHO MPEACTABJISIIOT COBG0M yKa-
3aTeJH, MO3TOMY B ClIydyae OIMOKHU C UTEPATOPOM B AMATHOCTHKE KOMITHJISITOPa
00BIYHO YKa3BIBAIOTCS THIH yKasaresedl. HampuMep, eciiv B HCXOAHOM KoJe
HMEETCs CChIJIKA Ha vector<double>::iterator, B cOOGILEHNH TOYTH HABEPHIKA
OyaeT ynmoMuHaThCsl yKasaresb double*. VICKiioueHHe COCTaBJISET pealn3aris
STLport B oTs1ato4HOM pekHMe; B 3TOM CJIydae UTepaTophl vector u string He
SABJIAIOTCA yKazarejasamu. 3a uHopmauueit o STLport u oTnanouHOM pexume
obpamaiitecs k cosery 50.

Coobumennst, B KOTOPBIX yIOMHHAIOTCS back_insert_iterator, front_insert_
iterator u insert_iterator, mouTu Bceraa o3Hayaror, 410 ownbKa GbLIa AOMyIIE-
Ha IpH BBI30BE back_inserter, front_inserter uiu inserter cooTBETCTBEHHO
(back_inserter BoaBpalaer o6bexT Tuma back_insert_iterator, front_inserter
BO3BpalaeT o6beKT THMa front_insert_iterator, a inserter BoaBpamaer 06beKT
Tuma insert_iterator; 3a undopmanueii 06 3THX THNAX oGparmaiitech K coety 30).
Ecnu sti pyHx1uu He BHI3BIBATUCH B IPOTPAMMeE, 3HAYHT, OHH OBLJIN BHI3BAHBI
u3 Apyrux GyHKuui (KOCBEHHO WIIH SIBHO).

Coobmenus ¢ ynomuHanusmMu binderlst u binder2nd o6br4so CBHETENBCTBYIOT
06 omn6xe npu ucNosp30BaHuu bindlst u bind2nd (bindlst Bo3Bpamaer o6bexT
Tuma binderlst, a bind2nd Bo3Bpauaer o6beKT THMa binder2nd).

HMreparophr BriBoga (HanpuMep, ostream_iterator u ostreambuf_iterator — cm.
coset 29, a TakKe UTEPaTOPE, Bo3BpauaeMble back_inserter, front_inserter
u inserter) BLIMOJHAIOT CBOM ONePaliH BEIBOJA WK BCTABKM BHYTPH ONEPATO-
POB MPHUCBAaNBaHuU, IOSTOMY OMIMOKH, OTHOCSIIMECS K 3THM TUIIaM HTEPaTOPOB,
06bIYHO MPUBOAAT K MOSBJIEHUIO COOBMEHUH 06 OIIMOKE BHYTPH ONEPaTOPOB
IPHUCBAUBAHKUA, 0 KOTOPBIX BBl U OHATHS He uMeeTe. UTOOb OHAT, O 4eM HAeT
peyb, monpobyiiTe OTKOMIUIXPOBATD CIeXYIOMHUIA (PparMeHT:

vector<string*> v; // TlonbITKa BLIBOAA COAEPHMMOrO
copy(v.begin().v.end(), // KoHTeliHepa yKa3saTene# string*

ostream iterator<string>(cout."\n")): // kak 06b»exToB string
Eciu mosyyentoe coobmenne 06 omubxe HCXOAUT U3 peaH3anuy IropuTMa
STL (o ecTb ectut KOfI, B KOTOPOM IPOU30LLIA oMb Ka, HAXOAUTCS B <algorithm>),
BEepOSITHO, Mpo6JieMa CBsA3aHa C TUTIAMH, KOTODBI€ BBI MBITAETECH NIEPEAATh 3TOMY
asroput™y. IIpuMep — nepesaya urepaTopoB HENPABUIBHOM kareropuu. [Tompo-
GyiiTe OTKOMITHIMPOBATh ceRyomuit pparMenT:

Vist<int>::iterator 11,i2; // MNepepaya ABYCTOPOHHUX MTepaTopOs
sort(il,i2); // anroputMy, KOTOPOMY HEOBXOAMMI UTepaTOphl
// npou3BOnLHOro fOCTYNa

Ecin BB McTionb3yere crannapTHeri komnorenT STL (nanpumep, KonTeitnep vector
unu string, anroputyM for_each), a KoMIUIATODP yTBEPKAAET, YTO OH MOHATHS He
HMEET, YTO UMEETCS B BHAY, CKOPee BCEro, BhI 3a0blJIM BKJIIOYHUTH HEOGXOAMMEBIH
3arosioBouHBIH daity AupexruBoi #include. Kax ob6bscHsercs B cosere 48, sTa
npo67ieMa MOXET HApYUIHTB PaGOTOCTIOCOGHOCTD KO, YCTIENHO KOMITH/IHPOBAB-
LIETOCsT B TeYEHHe HEKOTOPOTO BPEMEHH, IIPH NIEPEHOCE €T0 Ha APYTYIO ILIATGOpPMY.
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Coset 50. MNoMHKTE 0 web-caliTax, NnocBsLLEHHbIX STL

Wurepuer 6orat undopmanueit 06 STL. Eciu BBecTu B 110601 MOHCKOBOR CHCTEME
sanpoc «STL», BbI MoJIyyHTE COTHU CCBUIOK, 9aCTh U3 KOTOPBIX AaXke OyAeT CoaepxKaTh
nose3nyo nudopmanuio. BripoueM, 60abinHCTBO porpaMmuctoB STL B mouckax He
HY)KIAETCSI X XOPOIIO 3HAET CIIeAYIOUIME CARTHL:

o caiir SGI STL, http://www.sgi.com/tech/stl;

o caiit STLport, http://stiport.org;

s caiir Boost, http://www.boost.org.

Hinke s1 mocTaparock 06bsICHATD, TOYEMY STH CAThl 3aC/Ty)KHUBAIOT BAllleTO BHUMAHHSL.

Caint SGI STL

Web-caitr SGI STL He ciyyaiiHo Haxogurcs B Hauane cnucka. Ha HeM umeercs mo-
npobHas foKyMeHTa1us 1o BceM KoMmnoHenTaM STL. Muorue nporpaMmucTsi paccmar-
PHBAIOT €T0 KaK OCHOBHOM HCTOYHHK 9JEKTPOHHOM JOKYMEHTAHKUH HE3ABUCHMO OT MC-
nosns3yemolt miatgopmel STL. Joxymentanuio cobpan Matt Ocrepn (Matt Austern),
KOTOPBIi MO3/IHEE AOTIOIHUI €€ i NMpeAcTaBui B kuure «Generic Programming and the
STL» [4]. Marepuan He CBOAUTCA K MPOCTOMY OMucaHuio KomnonenTos STL. Hanpu-
Mep, olucaHue MOTOKOBO# 6e3omacHocTH KoHTelHepoB STL (cM. coseT 12) ocHoBaHoO
Ha Marepuaiax caiita SGI STL.

Ha caifre SGI mporpammucTy npeasaraetcsi CBo60AHO pacTpoCTpaHsAeMast peau-
3auust STL. Ona 6buta afanTUpoBaHa JHLIB A1 OFPAHUYEHHOTO KPYTa KOMITAIATOPOB,
Ho noctaska STL nerna B ocHoBy pacnpocrpanennoil mocraBku STLport, onucasHoNR
Hike. bosee Toro, B peannzanuio STL ot SGI BXoaaT HEKOTOpHIE HECTAHAAPTHEIE KOM-
HOHEHTHI, JeJiaolue nporpaMmuposanue B-STL He TobKo Gostee MOLIHBIM H THOKHM,
Ho u 60Jiee mHTEpPeCHBIM. HekoTopbie u3 HUX CTOHMT BBIZEMUTD.

* XbsumMpoBaHHble acCOUMATHBHBIE KOHTeiiHepbl hash_set, hash_multiset, hash_map
u hash_multimap. 3a fomomnuTenbHOM HHpOpManueit 06 3THX KOHTelHepax 06-
pamaiitecs K cosery 25.

* Ouxnoces3ubiit cmucok s11ist. Konreiinep s1ist peannsosan HanGolnee cTaHzapT-
HbIM 06Pa3oM, a HTEPATOPH! YKa3HIBAIOT Ha T€ Y3JIbl CMHUCKA, HA KOTOpble OHH U
AOJUKHEI yKa3biBaTh. K coxkanenuio, ator ¢hakt o60paynBaeTcst AOMOTHUTELHBI-
MH 3aTpaTaMy NpH peaiusanuy GyHKiuil insert u erase, mockoabky obe GyHk-
11H JOJDKHBL MOAMMUIMPOBATH yKa3aTe b HA CJIEAYIOIIMI y3€T CIIUCKA B y3Jie,
npeduiecmeyioujem TOMy, Ha KOTOPbIi YKa3biBaeT uTepaTop. B aBycBsizHOM Crivc-
Ke (HampyMep, B CTaHAaPTHOM KOHTeiiHepe 1ist) 310 He BbI3bIBaeT MpobeM, Ho
B OHOCBSI3HOM CIIMCKE BO3BPAT K MPeALIAYINEMY Y31y sIBJISIETCS Onepanueit
¢ MuHeAHOM CI0XHOCTRIO. B KoHTeitHepe s1ist u3 peanusanuu SGI Gynxuuu
insert u erase BBHIMOJHAIOTCA C JIMHEHHON CIOXHOCTBIO BMECTO MOCTOSIHHOH,
4TO SABJAETCS CYINECTBEHHBIM HefocTaTkoM. B peanusanun SGI ata mpobiema
pelmaeTcs nMpy MOMOIIH HeCTaHZAPTHHIX (HO 3aTO PabOTAOMUX C MOCTOSHHOM
CJIOXHOCTBIO) pyHKuuil insert_after u erase_after. B conposomurenpHoil mo-
KyMeHTaIllu{ TOBOPHUTCS:
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«...Ecau okaxercs, yto pyHKnuu insert_after u erase_after mmoxo NOAXOAAT AJIA
BaIIMX L€JIEH, ¥ BaM 4aCTO MPHUXOAUTCH BHI3BIBATH (DYHKIIMH insert u erase B cepeliuHe
CIIMCKa, BEPOSITHO, BMECTO S11st Jiydmie BOCHOJIB30BaThCS KOHTeHHEPOM Tist».

B peanuszanuio Dinkumware Taxie BXOAMT OAHOCBSI3HEIH CIKCOK s1ist, HO B HEM
HCIIOJIb3YETCS APYrast apXUTEKTypa HTEPATOPOB, COXPAHSIONIASA MOCTOSHHYIO CJIOXKHOCTD
TpH BbI30Bax insert u erase. 3a AOMOJHHUTENbHOM HH(popManueit o Dimkumware o6pa-
maiTech K MpUIOXKeHHO b.

o Kounreiiuep rope, anasnor string 1 o4eHp 60apuMx cTpok. B 1oKkymeHTanmu
SGI xoHTeliHEp rope ONMUCHIBAETCS TAK:

«Konreiinep rope npeacrasisier coboii MacIITaGUPOBaHHYIO PA3HOBUAHOCTD String:
OH MpeaHa3HadyeH AN 3P (deKTHBHOTO BHIIOJHEHNS ONEePaliil CO CTPOKAMH B IETIOM.
3aTpaThl BpEMEHU HA TaKHE ONEpaliiy, KaK NMpHUCBauBaHHe, KOHKATEHAI[US U Bblaese-
HHe MOACTPOKH, IPaKTHYECKH HE 3aBHCAT OT AJIHHH CTPOKH. B oTamume ot cTpox C,
KOHTeiHep rope obecrneynBaeT pa3yMHOe MPEACTABJIEHHE AJISI OYEHD JIMHHBIX CTPOK
(nampuMep, cofiepkuMoro 6ydepa TEKCTOBOTO PEAAKTOPA Wik COOBIIEHHUI 3/IeKTPOH-
HOM MOYTHI)».

Bo BHyTpeHHeM IpelCTaBlIeHHH KOHTeHHep rope pealusyercs B Buje AepeBa IMoJ-
CTPOK C MOACYETOM CCBIJIOK, IIPH 3TOM Ka)KAas CTPOKa XpaHUTCS B BUJIE MaccHBa char.
Onna u3 HHTEpPeCHBIX ocoGeHHOCTel HHTEpGElica rope 3aKII04aeTCs B TOM, YTO PyHK-
1uu begin 1 end BcerAa Bo3BpamaloT THII const_iterator. JTo caenaHo A1 mpeaoTBpa-
IIeHHUS ONepaluil, U3MEHAIOINX OTAebHbIE CUMBOJIH, TaKue onepaiuu 06X0AsITCS
cauikoM aoporo. KoxTeliep rope onTUMHU3MPOBaH AJis ONepaiiuil ¢ TEKCTOM B LEJIOM
wu 6osbinMy pparMeHTamu (MPUCBAUBAHMUE, KOHKATEHAIIUS. ¥ BBLIEJIEHHE TIOACTPO-
KH); OMEPaIKY ¢ OTAEAbHBIMYH CUMBOJIAMHU BBITIOJIHAIOTCS Hea(hPeKTHBHO.

¢ Paznuunbie HecTanaapTHble 06bexTh byHkimit u agamrepsl. Hexoropsie knac-
cpl pyHKTOpOB U3 ncxogHol peanusanuu HP STL e Bouwtu B Cranaapr C++.
OmnbITHBIM MacTepaM CTapoi WKOJIBl GOJIbIIE BCETO He XBaTaeT (PYHKTOPOB
selectlst u select2nd, upe3BryaiiHO yROGHBIX pH paboTe ¢ KOHTedHepaMu map
n multimap. OyuxTop selectlst Bo3BpallaeT NepBHI KOMIIOHEHT 0OBbEKTa pair, a
¢dynxrop select2nd Bo3BpaluaeT BTOPOit KOMIIOHEHT 06bekTa pair. Ilpumep uc-
T0JIb30BAHHS 3THX HECTAaHAAPTHHIX MAGIOHOB K1AaCCOB (GYHKTOPOB:

map<int,string> m;

// BuiBOA BCex Knioyeit map 8 cout —
transform(m.begin().m.end(),
ostream iterator<int>(cout,"\n"),
selectlst<map<int,string>::value_type>()):
// Co3paTb BEKTOp ¥ CKONMPOBATb B HErO
// BCE ACCOLMMPOBAHHLIE 3HaYeHWA U3 map
vector<string> v;
transform(m.begin().m.end() .back_inserter(v),
select2nd<map<int,string>::value_type>());

Kax Buaure, pynxrops selectlst u select2nd ynpourarT HCIOIb30BAHKUE AITOPHT-
MOB B CHTYaIUAX, Ii€ 0OBIYHO NIPUXOAUTCS MUCATH COGCTBEHHDIE UKJIBI (CM. coBeT 43).

C apyroii CTOpOHEL, BCJIEACTBHE HECTAHAAPTHOCTH (GYHKTOPOB BaC MOI'YT OGBHHHTD B Ha-
MHCaHHH HEllepeHOCHMOTO ¥ BA0OABOK ILIOXO COMPOBOXAAEMOro KoAa (cM. coBet 47).
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Hacrosmux danatos STL 310 HHUCKOJBKO He BosHyeT. OHU CYHTAIOT, YTO OTCYT-
crBue selectlst u select2nd 8 Cranaaprte camo 1o cebe sBseTCS BONMIOmEH He-
CIIPaBeIJIHBOCTHIO.

K unciy HectanaapTHbix 06bekToB hyHKNUH, BXoAAmMX B peanusanuio STL,
Takxe MpuHaayiexar o0beKTHl identity, projectlst, project2nd, composel u compose2.
MudopManuio 0 HEX MOKHO HalTH Ha caliTe, XOTs PUMED HCIOJIB30BAHMs COMPOSe2
npuBoAMJICS Ha ¢. 172 Hacrosimeit kuuru. Hazelocs, s1 yGenus Bac B TOM, 4T0 ToCeIIE-
uue web-caiita SGI mpuneceT HECOMHEHHYIO NIOJIB3Y.

Peanuzanus 6ubnuorexu or SGI soixoauT 3a pamku STL. IlepBoHavansHo cTaBu-
JIach 11eJ1b Pa3paboTKH MOJIHOM peajin3aliuy cTaHAapTHoH 6ubinoreku C++ 3a Hckio-
JeHHeM KOMIIOHEHTOB, yHacJaenoBaHHbIx u3 C (mpeanosaraercs, 4To y Bac B pacnopsi-
XKeHHuH yxe umeercs cranpapTHas 6ubnuoreka C). [To aToit mpuunne c caiira SGI
TaK)Ke CTOMT TMOJIYYHMTh peanu3aiiuio 6ubinoTexn NOTOKOB BBoAa-BbiBoAa C++. Kak
cliefyeT OXKUAATh, 3Ta PEAIH3AIUs XOPOIIo HHTerpupyercs ¢ peanusanueii STL ot SGI,
HO IIPH 3TOM I10 GHICTPOAEHCTBHIO OHA IPEBOCXOAUT MHOTHE aHAJIOTHYHbIE DeaTH3allHH,
nocrasJisieMble ¢ KoMmussiropamu C++,

Caut STLport

TnaBuHas oraudutenbHas ocobenrocTs STLport 3akmogaercs B TOM, 4To 3Ta MoAubH-
1upoBanHag Bepcust peanusanud STL ot SGI (Bri04ast HOTOKH BBOJA-BEIBOAA U T. 1.)
6buta iepeneceHa Gosiee yem Ha 20 kommusitopos. STLport, kak u 6ubiuoreka SGI,
pacnpocrpansiercsi Gecrutatio. Eciu Bal Koa JoskeH paboraTh Cpasy Ha HECKOJb-
KHX I1aTdopMax, BB u3baBuTe ceOsi 0T MHOKECTBA XJIONOT, ECJIM BO3bMETE 32 OCHO-
By yHubunuposannyio peanuzanuio STLport u Gynere ucnonp3oBats ee co BCEMHU
KOMITHJISITOPAMH,

BonpmuncTBo namenenuit xoga SGI B peanusaiuu STLport cBssano ¢ yay4mie-
HHEM HepeHOoCUMOocTH, oaHako STLport sBiseTcs eAMHCTBEHHOMN M3BECTHOM MHE pea-
JIM3aliuel, B KOTOPOH MPeAyCMOTPEH «OTJIaJIOUHBIN PEXKUM U151 AMATHOCTHKH CIIy9aeB
HETPaBHJIbHOTO HCHOJb30BaHusA STL — KOMIUIMpYyeMEBIX, HO MPUBOASILINX K He-
NpeacKa3yeMbIM MOCIEACTBUAM BO BpeMsi paboTs! nporpammsl. Hanpumep, B cosete 30
pacrnpocTpaHeHHas! ouIMOKa 3aMUCH 32 KOHIIOM KOHTeHepa MOsICHAETCS CIeAYIOLHUM
IPHUMEPOM;

int transmogrify(int x): // OyHKUMA BHIMMCNAET HEKOE HOBOE 3Ha4yeHue

// no nepepjarHoMy napameTpy X
vector<int> values:
// 3anonHedve BeKTopa values LaHHbIMU

vector<int> results;

transform(values.begin(). // MNonuTka 3anucy 3a KoHuom results!

values.end(),
results.end,
transmogrify):

ITOT (hparMeHT KOMITHIHUPYETCSI, HO BO BpeMsl BBITIOJIHEHUS paboTaeT HempeacKa3yemo.
Ecnu BaM moseseT, mpo6yieMbl BO3HUKHYT IpH Bbi3ose transform, u oTiagka 6yaer oT-
HOCHTEJIbHO ajieMeHTapHOM. ['opa3ao xyxe, ecnu BrI30B transform UCIIOPTHT AaHHEBIE
Te-TO B APYTOM MECTE a/iPECHOTO MPOCTPAHCTBA, HO 3TO 06GHAPYKUTCS JIKID TIO3THEE,
B atoM ciry4ae omnpesesieHe IPAYKHEI IOPYH AaHHBIX CTAHOBHTCS 3ajla4yell — Kax OBl
BBIPA3UTHCA? — 6€COHMA HEMPUBUANLHOU. '
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Ornanounsiit pexkuM STLport 3HaynTeNBHO YIpolaeT 3Ty 3azady. IIpu BeinosHe-
HUM [PHBEAEHHOTO BhINIE BEI30Ba transform Bbifaercst ciepyiomee coobmenue (mpes-
noJiaraercst, 4ro peasusanusi STLport ycranosiena B karanore C:\STLport):

C:\STLport\stlport\st1\debug\_iterator.h:265 STL assertion failure:

_Dereferenceable(*this)

Ha aToM nmporpamma npekpaiuaer paGoTy, MOCKOJIbKY B CIy4ae OHOKH OTJIafioy-
Hbiit peskuM STLport Bhi3biBaer abort. Ecsiu BE npeanoyuraere, 4To6bl BMECTO 3TOTO
MHMIIUHPOBAIOCH HCKIodYeHue, STLport MoXXHO HACTPOUTD U Ha 3TOT PEXKHM.

YecTHo roBops1, pHBeieHHOE coobIeHue 06 omubKe MeHee MOHSATHO, Y4eM X0TeJIOCh
651, a uMs Qailyia ¥ HOMEp CTPOKH OTHOCSITCS K BHYTPEHHEl posepke ycoBus STL, a He
K CTPOKe ¢ BBI30BOM transform, Ho 3To BCe e 3HAYUTENIBHO JIy4Ile IPOIYIIEHHONO BEI30BA
transform u mocyeAyIOMKX MOMBITOK Pa306paThCsl B IPMYUHAX Pa3pyUIEHUS CTPYKTYP
AaHHbIX. B oTsagounom pexxume STLport ocraercst siuuib 3amycTUTh MPOrpaMMy-OTiaj-
YMK, BEDHYTHCA IO COAEPKUMOMY CTeKa K HATUCAHHOMY BaMM KOAY H OIPEAEHTh, 4TO
xe npousomuo. CTpoka, cofeprkamas omu6Ky, 0GBIYHO HAXOAUTCS JOCTATOYHO JIETKO.

Otnanounsrii pexxum STLport pacnosHaer mupoKuit CIEKTP CTAHAAPTHAIX OIIHOOK,
B TOM 4MCJIe Mepefady aITOPUTMaM HeJOIyCTHMBIX HHTEPBAJIOB, MOMBITKH YTEHH U3
MyCTOro KOHTEHHEPa, Iepefiady HTepaTopa OXHOrO KOHTeNHepa B KaueCTBe apryMeHTa
byHK1MK APYroro KoHTeliHepa u T. 1. Boame6cTBo 0CHOBaHO Ha B3aHMHOM OTCJIEXKH-
BaHUH HTEPATOPOB U KOHTeHHepoB. [Ipy Ha/IM4nu ABYX HTEPATOPOB 3TO MO3BOJISIET HPO-
BEpUTh, IPUHAJIEXKAT JIK OHU ORHOMY KOHTEHepy, a Npu MoAU(UKalMK KOHTEeHHe-
pa — omnpeaAesuTh, KakKHe UTepaToOpPhbl CTAHOBSITCS HEAeHCTBUTEIbHEIMH.

B ornanounom pexume peanusanusi STLport ucrnosb3yer crienuaibHble peatnsa-
L[ UTEPATOPOB, IO3TOMY HTEPATOPHI vector u string siBJstIoTcs 06beKTaMH KJIACCOB, a
He HU3KOYDOBHEBBIMH yKazaTessiMu. TakuM o6pasoM, ucnonbzosarue STLport u xoM-
MUWSIIKS B OTIA0YHOM PEXHMe IIOMOTAIOT YOEeAUTHCS B TOM, YTO Balla MPOrpaMma He
UTHOPHPYeT Pa3/IMyusi MeXAy yKa3aTeJssMH U UTEPaTOPaMH AJISl COOTBETCTBYIOIIMX
THUIOB KOHTeliHepoB. OAHOM 3TOH MPUYMHBI MOXKET OKa3aThCs AOCTATOYHO AJISL TOTO,
4TO6BI MO3HAKOMUTRCS C OTJIa04HBIM pesxxumoM STLport.

Caunt Boost

B 1997 roay saBepmuiics mpoiecc, MpHBeALIHIA K MOSBIEHHI0 MeX/IyHAPOAHOTO CTaH-
Aapra C++. MHoOTHe y4acTHHKY OBLIM Pa3049apOBaHbI TEM, YTO BO3MOXKHOCTH, 32 KOTO-
pBle OHHU BEICTYIIAJIY, He NPOILIH OKOHYaTeIbHBI 0T60p. HexoTopbie U3 3THX yyacTHU-
KoB 6bLtH yeHaMu camoro KomuTera, oaroMy onu pemmusin pazpaboTaTh 0CHOBY AJIs0
AOTIOJIHEHUS CTAHAAP THOM 616IHOTeKH BO BpeMst BTOPOTO Kpyra cTaHzapTH3amuu. Pesys-
TaTOM HX YCUJIHH cTas calit Boost, Kgropmﬁ OBUI PU3BaH <IIPEAOCTABUTD OeCIIaTHbIE
6ubmuotexu C++. OCHOBHOE BHUMaHHE YAEJIAETCS MePeHOCUMBIM GHBIIMOTEKAM, CO-
orsercTBylomuM Cranaapty C++», 3a aToif 1es1bio KPOETCst KOHKPETHBIN MOTHB:

«ITo mepe Toro xax 6u6MOTEKa BXOAKT B “IOBCEAHEBHYIO TIPAKTHKY”, BO3PACTAET
BEPOATHOCTD TOTO, 4TO KTO-HUOY b MIPeAIOKUT ee Anst GyAymeii cranaaprusanuu. IIpe-
nocrasiienune 6ubnuorexu Ha caiit Boost.org siBiiseTcs OMHHM U3 Coco60B CO3AAHUA
“NoBCeHEBHOI MpPaKTHKH"...».

HMnaue rosops1, Boost nmpeastaraercst B KauecTBe MeXaHU3Ma, TOMOTAIOLIETO OTAEIHTD
TLJIEBEJIBI OT 3ePeH B 061aCTH MOTeHIMATbHEIX A0TIOTHEHHH CTAHAAPTHOM 6H6IIHOTEKH
C++. BrionHe aocrolinas Muccus, 3aciy>KMBAIOmas Halei 6,1aToAapHOCTH.
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Takxe CTOUT 06paTHTh BHEMAHHKE Ha MIOAGOPKY GUOJIMOTEK, HAXOASAIUXCS Ha cajite
Boost. 5 He cTaHy ONUCHIBATD €€ 3A€Ch XOTS GBI IOTOMY, YTO K MOMEHTY BbIXO/a KHUTH
Ha caiiTe HaBepH:Ka MOABATCSA HOBblE 6ubmuorexu. [lyist monb3oBareneit STL ocobbrit
MHTepec MPeACTaBoT ABe 6ubnnorexu. [lepsas comepxur mabiox shared_ptr, ym-
HBII yKa3aTesb ¢ MOACYETOM CCHUIOK, KOTODBIH B OTJIMYMe OT yKasaTess auto_ptr u3
cTaHAapTHOl 6u6IHOTEKH MOXKeET XpaHuThCs B KoHTelHepax STL (cM. coser 8). Bub-
JIMOTeKa yMHBIX yKa3aTesell TakxkKe COAePKUT WabioH shared_array, yMHEI yKa3areb
C TIOICYETOM CCBUIOK AJist paGoTH AMHAMUYECKHMHU MacCHBaMH, HO B coBeTe 13 BMecTo
AMHAMHAYECKMX MAaCCHBOB PEKOMEHAYETCS HCTI0JIb30BaTh KOHTEHHEPH vector u string;
HaJIel0Ch, IPUBEACHHbIE APIYMEHTHI IOKAKYTCS BaM YOeAUTeIbHBIMHU.

IToxnounuku STL Takxke oneHsAT 60raTblil acCCOPTUMEHT GUOIHOTEK, COAEPHKALIMX
06beKTH (pyHKIMI 1 APYTHE BCIIOMOTaTe bHblE CPeACTBA. B aTux GubsimoTekax 3aHOBO
CTIPOEKTHPOBAHHBI M PEAIM30BaHbl HEKOTOPbIE KOHIEIIMH, 3A/I0)KEHHBIE B OCHOBY 00beK-
ToB byHuknui u axantepos STL, B peaysbTare 4ero ObUIH CHATH HEKOTOPBIE HCKYCCTBEH-
Hble OrPaHHYEHHs, CHIKAIOIIME MPAKTHIECKYIO MMOJIE3HOCTh CTAHAAPTHAIX (DYHKTODPOB.
B yacTHOCTH, IpH MONMBITKaX UCNOB30BaTh bind2nd ¢ dyHximsiMu mem_fun rmem_fun_ref
(cM. coset 41) Anst npuBsi3Ku 06beKTa K MapamMeTpaM (PYHKIHM KIacCa BBISICHSAETCSI, 9TO
TpH Nepefade napameTpa Mo CChUIKE KOJ, CKOpee BCero, KOMIMIKPOBaThes He Gyzer.
AHasorudHBIH pe3yJbTaT JOCTUTAETCSI HCIOJIb30BaHKeM notl u not2 ¢ ptr_fun u pymHxk-
numelt, mostyyaonieii napameTp o cceuike. [Iprynna B 060MX CIyYasx 3aKJII09A€ETCS B TOM,
4TO B IpoLiecce CrienHatn3aiuy mabsona MHorue miatgopmsl STL reHepupyot «ccplir-
Ky Ha CCBUIKY», HO B C++ Takast KOHCTpyKius 3anpeiieHa (B HacTosimee Bpemsi Komu-
TET 110 CTAaHJAAapPTH3AallMK PACCMATPUBaeT BO3MOXXHOCTh BHECEHHUS nu3meHeHul B CraH-
AapT JJ1s perteHust 3Toi mpobiemsl). [IpuMep npobsieMbl «CCHIIKH Ha CCHIIKY»:

class Widget {

public:
;nt readStream(istream& stream): // OyHkummn readStream
- // napameTp nepegaetcs
|3 // no ccunke
vector<Widget*> ww;
?or_each( // BonbwrHcTso nnatdopm STL
vw.begin().vw.end(). // npu 3TOM BHI3OBE

bind2nd(mem_fun(&Widget: :readStream),cin) // nuTaeTca crewepuposath
) // CCHIIKY Ha CCHUIKY.
// OparmenT He KomnuiupyeTca!

O6vbexThl pyHKnuil Boost pemaor aTy 4 MHOTHE ApyTHe MPoGJIEMb, a TaKXKe 3Ha-
YHTEJIBHO IOBHIIAIOT BHIPA3HTEILHOCTD 00BEKTOB DYHKIMHA.

Ecnu BB HHTEpECyeTeCh TOTeHIHAIBHBIMU BO3MOXKHOCTSMH 00beKTOB byHKiuii STL
1 XOTHTE MO3HAKOMUTBCSI C HUMM MOGJIHKeE, TocKopee nocetute caitt Boost. Eciiu o6bek-
TBl QYHKIMIN BaC MyTalOT ¥ BB CYMTAETE, YTO OHHU CYLIECTBYIOT TOJIBKO AJISl yMHPOTBO-
PEeHHSI MAJIOYHCJIEHHBIX aloJIoreTOB Lisp, BRIHYXeHHBIX IporpaMmupoBarb Ha C++,
BCe paBHO noceTuTe caiit Boost. Bubimorexu 06bexToB ¢yuxiuit Boost BaxHbl, HO OHH
COCTABJISIIOT JIMIIB MAIYIO 9acTh 110J1€3H0M HHMOPMAaIliH, HaXoAsmelcst Ha caliTe.



JluTepaTypa

B xnure nmetorcs ccbuIku Ha GOJIBIIMHCTBO My6THKAIHI, HepPedrCIeHHBIX HIDKE, XOTS
MHOTH€ CCBUIKH MIPUCY TCTBYIOT JIMWIBb B pasfene «Biarogaprocrus. [ly6iukanun, ko-
TOpble B KHHTe He YIIOMHHAIOTCSsl, TOMeYeHbl KPY»KKOM BMECTO HUQPHL

Anpeca URL HenazexHbl, 03TOMY 5 HEKOTOPOE BpEMs COMHEBAJICS, CTOMT JIX IIPHU-
BOAUTDb UX B 3TOM pasziene. B urore s pewm, uro naxe ecm URL craner neneiicTu-
TEJIbHBIM, NIPeABIAYINee MECTOHAXOXKACHHE IOKYMEHTa IOMOKeT BaM HANTH ero Ho HO-
BOMY aJipecy.
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JlokanbHbIE
KOHTEKCThI

B coBete 35 npuBeieHa peain3aiius CpaBHEHHSI CTPOK (€3 yueTa PerucTpa CHMBOJIOB
¢ IpUMeHeHHeM aITOPUTMOB mismatch u lexicographical_compare, HO B HeM Takke
yKa3aHo, YTO HOJIHOIEHHOE peleHHe J0JDKHO YUUTHIBATD JIOKIbHEIN KOHTeKCT. KHura
nocssimeda STL, a He BonpocaM HHTEPHAIHOHAIHU3AIHH, TIO3TOMY JIOKAJIbHBIM KOHTEK-
cTaM B Hell He Hanutoch Mecta. TeMm He Menee, MarT OcrtepH, aBTop KHurH «Generic
Programming and the STL» [4], mocBsiTui 310 TeMe CTaThIo B MaiCKOM HOMEpE XKyp-
Hasa «C++ Report» [11]. TexcT aToil cTaThy NpuBeieH B HACTOALLIEM NIPHJIOKEHHH.
S1 6marogapen Marty u pupme 101communications 3a TO, 4TO OHH pa3peUIHIIH MHE
3TO CAEJaTh.

CpaBHeHU1e CTpoK 6e3 yyeTa peructpa CMBOSIOB

Martr Ocrepr

Ecsu BaM Kora-yu60 Z0BOAUIOCH MTUCATh MPOTPAaMMBL, B KOTOPHIX HCIOJIB3YIOT-
sl cTPoKH (@ KoMy, CIIDAIIXBAeTCs, He JOBOXMUIIOCH?), CKOpee BCETO, BBl BCTPEYATIHCH
C TUOHYHOM CUTYyaleil — Be CTPOKH, PA3IHYAOIIKECS TOJIBKO PETUCTPOM CHMBOJIOB,
AOJDKHBI ObLIIM MHTEPIIPETHPOBATHCS KaK paBHble. B aTux ciryyasx TpeboBaiock, 4To-
OBl Omepaliy CpaBHEHHsI — NIPOBEPKA PaBEHCTBa, GoJIbllle-MeHblIle, BHIAEIEHHE MOA-
CTPOK, COPTHPOBKAa — HTHOPHUPOBAJIH PETUCTP CUMBOJIOB. [IporpaMMHCTEL 04€Hb YacTo
CIpalIMBAIOT, KAK OPraHU30BaTh MOAOOHEIE ONEPAIlMH CPEACTBAMH CTaHAAPTHON 6ub-
smoteku C++. Ha a10T BOIpOC CyIecTByeT OrpOMHOE KOJIMYECTBO OTBETOB, MHOTHE U3
KOTOPBIX HEBEDHBL

[Ipexne Bcero Heo6XOAMMO M36aBUTHCSI OT MBIC/IM O HANTMCAHUH KJIACCA, CDABHUBA-
IoIero cTpoku 6e3 ydera perucrpa. /la, ¢ TexHHYeCKOH TOYKH 3peHuUst 310 Goee HiH
MeHee Bo3MOXKHO. Tur std: :string craHaapTHON GHONHOTEKH B AEHCTBUTENIHHOCTH 5IB-
JisfeTcs CHHOHHMOM AJIA ThMa std::basic_string<char,std::char_traits<char>,std::
allocator<char> >. Onepaiiy CpaBHEHHS OMNMpEAENSIOTCS] BTOPBIM [TaDaMeTPOM; Iepe-
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AaBast BTOPOI MapaMeTp C NMepeolpeAe/ieHHbIMH ONepPallusIMU «PaBHO» H «MEHbBIIE»,
MOXHO CHeliHaIM3HpOBaTh basic_string Takum o6pa3soM, YTO ONEpaluH < ¥ == OyayT
UTHOPHUPOBATh PETHCTP CUMBOJIOB. Taxoe pellleHne BO3MOXHO, HO MUTPa He CTOUT CBeY.

o Bl He cMoJceme 8binoNHAMS onepayul 6600a-6vl600a WA 310 OTpedyeT 60b-
IIKX JOTIOJHUTEIbHBIX XI0MOT, Kitacchl BBoAa-BbIBOAA CTaHAAPTHOMN 6ubnoTe-
ku (Taxue KaK std: :basic_istream u std: :basic_ostream) cnenuanusupyoTcs Mo
ABYM HavaJbHBIM MapaMerpaM std::basic_string (a std::ostream Bcero Jyiumb
SIBJISIETCSI CHHOHHMOM AJ1s1 std: :basic_ostream<char,char_traits<char> >). [lapa-
MeTpPHI XapaKTepUCTHK (traits) To/pkHBI CoBNaAaTh. Eciiu BhI HCTIOB3y€ETE CTPO-
Ku Tumna std: :basic_string<char,my_traits_class>, To AJis1 BEIBOJa CTPOK JO/KEH
HCIIOJIb30BaThcA THIT std: :basic_ostream<char,my_traits_class>. CrangaprHbie
TOTOKH Cin u cout 4751 3TOM LeJIH He IOAOHAYT.

o Henopuposanue pezucmpa Cumgonos Aeisemcs e ceolicmeom o6vexma, a nuus
KOHMEKCMoM e20 UCnoas3oearus. BrojiHe BO3MOXKHO, 9TO B OJHOM KOHTEKCTe
CTPOKH JAOJDKHBI HHTEPIIPETHPOBATHCS C YYETOM PETUCTPA, a B ADYTOM KOHTEK-
CTe PETHCTP AOJ/DKEH UTHOPUPOBATHCS (HANPUMeD, IPH YCTAaHOBKE COOTBETCTBY-
IOIETO PeXXUMa MOJIb30BaTENIEM).

o Pewenue ne coomsemcmeyem xanonam. Kinacc char_traits, Kak u BCe KJIacCHI Xa-
PaKTEPUCTHK!, IPOCT, KOMITIAKTEH U He coaepKuT nHdopmanuu cocrosinust. Kak
GyAeT MoKa3aHo HUJKe, IPAaBUJIbHAS Pealiu3alusl CpaBHeHUM G€3 yueTa perucrpa
HE OTBeYaeT HU OAHOMY M3 3THX KPUTEPHEB.

* 9mozo 6oobue ne docmamouno. [laxe ecyiu Bce GyHKIUM basic_string 6yayT
HUTHOPHPOBATDb PETHCTP, 3TO HUKAK HE OTPA3UTCS HA MCIOJIb30BAHHM BHENIHUX
00600111eHHEIX ITOPUTMOB, TAKUX Kak std: :search u std: : find_end. Kpome Toro,
TaKoe pelreHue rnepecraet paborars, eciiu Mo cooGpakeHusIM 3 EKTHBHOCTH
nepeiTH OT KOHTelHepa 06eKTOB basic_string K TaG/ume CTPOK.

Boutee npaBuiisHOe peliierne, KOTOPOE JIy4ille COOTBETCTBYET apXUTEKTYPe CTaHAAPT-
HOU GUBIHOTEKH, 3aKIII0YAETCS B TOM, YTOGB HTHOPHPOBATH PETHCTP CHMBOJIOB TOJIb-
KO B TeX CJIy4asx, Koraa ato AeHCTBUTENbHO HeoOxoxumo. He CTOUT BO3UTBCS C TaKHU-
MHu QYHKIUAMHE KOHTeliHepa string, xak string::find_first uau string::rfind; onu
Juup AyGaupyoT GYHKIHMOHATbHBIE BOBMOXKHOCTH, YKe MOAAEP/KMBAEMEbIE BHEIIHHU-
Mu 06001eHHbBIMY anropuTMaMu. C APyToil CTOPOHBI, AJITOPUTMBI 06J1a1aI0T A0CTATOY -
HOIi TMOKOCTBIO, YTO MO3BOJISIET PEATIM30BaTh B HUX MOAAEPKKY CPaBHEHHH CTPOK 6e3
yuera peructpa. Hanpumep, 4To6b1 0TCOPTHPOBATH KOJLIEKIIHIO CTPOK 6€e3 yueTa peruc-
Tpa, AOCTATOYHO MEePeaaTh AJITOPUTMY PABHIIBHBIN 00BEKT (DYHKIMH CPABHEHHUS:

std::sort(C.begin(}, C.end().compare_without_case);
Hamucanunio Takux 06BeKTOB 1 MOCBAILIEHA 3Ta CTAThs.

MNepBas nonbITKa

CyuiecTByeT HECKOJIBKO CII0C060B YIOpsiAodeH st CJIOB 10 ajipaBuTy. 3aliuTe B KHIK-
HBIiT MarasuH 4 MOCMOTPHTE, KaK PaCCTaBJIeHBI KHUTH Ha TIoJIKax. [IpeattecTByer jin umst

! Cwm. craTbio Anekcanzpecky A. (Andrei Alexandrescu) B Maiickom Homepe «C++ Reports 3a 2000 r. [19].
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Mary McCarthy umeru Bernard Malamud unu cieayer nocie nero? (B aefictsutens-
HOCTH 3TO JIXIIb BOTIPOC MPHBBIYKH, 51 BCTpedas1 o6a BapuaHTa.) Bnpouem, npocrefimmuit
crocob CpaBHEHHsI CTPOK XOPOIIO 3HAKOM HaM 110 LIKOJIe: pedb HAET O JieKCUKorpadu-
YECKOM, HJIH «CJIOBApHOM», CPAaBHEHHH, OCHOBAHHOM Ha [TOCJIE0BATE/IBHOM CPABHEHUH
OTAeJIBHBIX CHMBOJIOB ABYX CTPOK.

Jlexcuxorpadpudeckuil KpuTepuii CpaBHEHHS MOXKeT OKa3aThCs HEMOAXOAAIIMM /ISt
HexoTOpHX crnenuduyeckux curyanuil. Bosee Toro, eaunoro xpurepusi Boobiue He
CYIIECTBYET — HApUMep, UMeHa Jiofiell u reorpaduyeckre Ha3BaHHUS HHOIAA COPTH-
PYIOTCS TI0 pa3HBIM KpuTepusiM. C ApYToil CTOPOHEL, B GOJIBIIHHCTBE CIydaeB JIEKCH-
KorpabudecKuil KpuTepHil MOAXOAUT, IOITOMY OH OBLI 3aJI0)KEH B OCHOBY MeXaHH3Ma
CTpOKOBbIX cpaBHeHuil B C++. Crpoka npeacrapisieT cofoit Mociie0BaTeIbHOCTD CHM-
B0JIOB. Eciin 06BEKTH X B Y OTHOCSITCS K Tuiy std: :string, TO BEIpa’keHHe X<y 3KBHBa-
JIEHTHO BEIDXKEHHIO

std: :lexicographical_compare(x.begin(),x.end(),y.begin(),y.end())

B mpuBenenHoM BHpaXkeHHH anropuT™ lexicographical_compare CpaBHHUBaeT OTAENb-
Hble CUMBOJIBI OIIEPATOPOM <, OAHAKO CYIIECTBYeT ApyTasa BepcusA lexicographical_
compare, MO3BOJISIIOINAs 3a/aTh MOJIB30BaTEIbCKUI KPUTEPUI CPAaBHEHHS CHMBOJIOB.
OHa BBI3BIBAETCS C NATBIO apFyMEHTaMK BMeCTO 4YeThIpeX; B HOCJeJHEM apTyMeHTe
nepeaaercst 00beKT GYHKIMH, ABOUYHBINA MPEAUKAT, ONpeaeOWUi, Kakol U3 AByX
CHMBOJIOB TIPEAIIECTBYeT APyroMy. TakuM o6pasoM, aJisi CpaBHEHMS CTPOK 6e3 yueTa
perucrtpa Ha Ga3e Texicographical_compare A0CTaTOYHO OGBEAMHHUTD STOT AJTOPUTM
¢ 06beKTOM (DYHKIIHHM, MTHOPUPYIOLIKM Pa3TH4Ks B PETHCTPE CUMBOJIOB,

PacnipocTpaneHHbIi NPHHIMIT CPAaBHEHHS ABYX CHUMBOJIOB (€3 y4eTa PerucTpa 3a-
KJII0YaeTcs B TOM, 4TOOHI NpeoGpasoBarh 06a CUMBOJIA K BEDXHEMY PETHUCTPY U CpaB-
HUTb pe3ybTaTel. Hike npuBeneHa TpuBHaibHast opMyIMPOBKA 3TOM HAEH B BUAE
obbekTa PpyHKunu C++ ¢ MCTOJIB30BAHKEM XOPOIIO M3BECTHOM (YHKIMH toupper u3
cranpapTHoi Gubnuorexku C:

struct 1t_nocase
:public std::binary_function<char,char,bool>{

bool operator()(char x,char y) const{
return std: :toupper(static_cast<unsigned char>(x))<
std: :toupper(static_cast<unsigned char>(y)):
}

}:

«Y Kaxaol CJIOKHOM 3a/la4u eCTh PelleHHe IPOCTOe, JIETAHTHOE H... HETIPABUJIb-
Hoe.> ABTOpHI KHUT C++ 060Kal0T 3TOT KJIACC 3a MPOCTOTY M HALJISAHOCTD. S ToXe
HEOAHOKPATHO MCIIOJIb30BAJ €0 B CBOMX KHHrax. OH MOYTH HMpABUJIEH, H BCE-TaKH He
COBCEM, XOTS HeOCTaTOK BeCbMa HEeTPHBHAIEH.

Cieayomuit NpuMep BHISIBJISIET 3TOT HEAOCTATOK:

int main()
const char* sl = "GEW\334RZTRAMINER";
const char* s2 = "gew\374rztraminer";

printf("sl=%s, s2=%s\n",sl.s2);
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printf("sl<s2:%s\n",
std::lexicographical_compare(sl,sl+14,s2,s2+14,1t_nocase())

?"true”:"false");
}
ITonpo6yitTe 3anycTuTh 3TY MporpaMmy B cBoeit cucreme. Ha Moem KoMIbioTepe
(Silicon Graphics O2 ¢ cuctemoit IRIX 6.5) peaysbrar BHIJIAAEN TaK:

$1=GEWURZTRAMINER, s2=gewlirzt raminer

sl<s2:true

CrpaHHo... PasBe ipu cpaBrennu 6e3 ydera peructpa <GEWURZTRAMINER»
¥ «gewiirztraminer» He 1o/KHbI ObITh paBHBIME? Y ellle BO3MOXKeH BapHAHT ¢ He6OJIb-
1oit Mogu(UKaIKeit: eciu nepell KOMaHAoM printf BCTaBUTEL CTPOKY

setlocale(LC_ALL,"de");
pe3yIbTaT HeOXKHAAHHO U3MEHSIETCS:

s1=GEWURZTRAMINER, s2=gewiirztraminer

sl<s2:false

3azaua cpaBHEHHUS CTPOK Ge3 yueTa PerucTpa CIoKHee, YeM KajKeTcs cHauasta. Pabo-
Ta 3JIeMeHTaPHOM Ha TIEPBBIH B3IJISIA HPOTPAMMEI B OTPOMHO# CTETIEHH 3aBUCHT OT TOTO,
0 4eM MHOI'ME U3 HaC MPeANnoY/in 651 3a0bITh, Pedb HIET 0 IOKATbHOM KOHTEKCTE.

JIOKanbHbIA KOHTEKCT

CuMBOJIBHEII THII char B IEHCTBUTEIBHOCTH NPEACTABIISETCS CAMBIM OOBIYHBIM IIEIBIM
YHCIOM. JTO YHCJIO MOXKHO HHTEPIIPETHPOBATH KaK CUMBOJI, HO TaKasi HHTEPIPETALAS
HH B KOEM CJIydae He SBJISI€TCS YHUBEPCAIbHON, YTO JOJDKHO COOTBETCTBOBATh KOH-
KPETHOMY YHCJIy — OYKBa, 3HAK MPeMHHAHHUS, HerleyaTaeMblil yIIPaBJISIOMMI CHMBOJI?

Ha sToT BoIpoc HEBO3MOXKHO JaTh OAHO3HAYHEIN 0TBeT. Bosee Toro, ¢ TOUKH 3pe-
Hust 6a30BBIX 51361K0B C U C++ pasim4ust MeXy STUMH KaTerOpUsIMU CHMBOJIOB HE TaK
yX CyLIECTBEHHBI U NPOSIBJISIIOTCS JIUUIb B HEKOTOPBIX OHOIMOTEYHBIX (DYHKI[UAX: Ha-
npumep, Gynkius isalpha nposepsieT, siBasieTCs S CUMBOJI GyKBOH, a pyHKI1Mst toupper
HepeBOJUT CHMBOJIbI HHKHETO PETHCTPA B BEPXHUM PETHCTD M OCTaBJISIET 6€3 n3aMeHe-
HMI OYKBBI BEDXHETO PETHCTPA U CAMBOJIBL, He ABJistoIuecs 6ykBamu. [Tono6Has Kiac-
cuuKaiis CHMBOJIOB OTIPeaeNISIETCS 0COOEHHOCTSIMH Ky JIbTYPHOR M JIMHTBUCTHYECKOM
cpeabl. B anrnuiickoM si3bike JeHCTBYIOT OXHY NIPABUJIA, IO KOTOPHIM GYKBEHHBIE CHM-
BOJIbI OTJIMYAIOTCS OT <He OyKBEHHBIX», B IIBEACKOM — Apyrue u T. . [Ipeobpasosanue
M3 HIDKHETO PETHCTPa B BEPXHUI HMeeT ONVH CMBICI B JIATUHCKOM ajidaBuTe, Apyroit —
B KMPHJLJIHILE, ¥ BOOOLIE He MMEET CMBICJIA B HBPHTE.

ITo ymosyanuio ¢pyHKiuu 06paboTKH CUMBOJIOB pabOTaOT ¢ KOAWPOBKOH, HOAXO-
Ismelt axs mpocToro aHrauiickoro texcra. Cumson "\374' He uaMensiercst GyHKuue
toupper, IOCKOJIbKY OH He cuuTaeTcsi GyKBOM; B HEKOTOPBIX CHCTEMAaX HpH BBIBOJE OH
UMeeT BUA i, HO 1151 6ubnuoTedHoit bynkiuu C, paboraonieli ¢ aHITMHACKMM TEKCTOM,
3To HecymecTseHHO. B konuposke ASCII et cumBosa ii. Komanaa

setlocale(LC_ALL,"de");

coobuaet 6ubmmorexe C 0 nepexoze Ha HeMelKue Mpasuia (10 KpaiiHel Mepe B cucTe-
Me IRIX — uMeHa OKaNIBHBIX KOHTEKCTOB He CTaHAAPTH30BaHb). B Hemen KoM si3nike
€CTb CUMBOJI U, H03TOMY pyHKIMs toupper npeobpasyer i B U.
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Y 11106010 HOPMAJIBHOTO TIPOTPAMMHECTA 3TOT (aKT BHI3BIBaeT 060CHOBaHHOE Gecro-
KoticTBo. OKasbIiBaeTcst, Ipoctast GyHKIHs toupper, BBI3bIBaeMast C OAHUM aPTYMEHTOM,
3aBHCHT ellle U OT IJI00aNbHOM MepeMeHHON — Xy’Ke TOro, OT CKPHITOH IJI06anbHOlM
mepeMeHHO. DTo MPUBOAMT K CTaHAApPTHON npobieMe: Ha paboTy dyHKiuu, Hc-
10JIb3yI0IIelt toupper, TEOpPETUIECKH MOKET NOBIHUSTS J1106as Apyras QyHKIHA BO BCelt
Hporpamme,

I[Tpu ucrosb30BaHuK toupper AJisi CPaBHEHUSI CTPOK (€3 y4eTa PerucTpa pesy IbTaT
Moxer 6bITh KatacTpodpuueckuM. [IpeamnonoxumM, y BaC HMeeTCs aJITOPUTM, HOJIy4alo-
Ui OTCOPTHPOBAHHBIA CIIHCOK (CKaxeM, binary_search); Bce paGoTaeT HOPMAJIBHO,
KaK BAPYT HOBBIi JIOKAJIBHBIN KOHTEKCT Ha XOAY M3MeHseT NMOPSAOK COPTHPOBKH.
Takoit KoA He IIOAXOAMT AJIsi MHOTOKPATHOTO UCIoJb30Banust. Bosee Toro, on Boobime
e/iBa JIK CIOcOoGEeH IPHHECTH MPAKTUYECKYI0 MoJb3y. Ero Hesbast mpumeruTs B 6ubiiuo-
TeKe — 6MOIMOTEKH UCTIOJIB3YIOTCSI MHOXKECTBOM Pa3HBIX IIPOTPAaMM, HE TOJIBKO TEMH,
KOTOpBIE HUKOT/a He BRI3BIBAIOT PyHK1uMIO setlocale. BoaMoxHo, BaM yaacTcst npume-
HHTb €T0 B KaKoi-HUGY b 60JIbII0I IPOrpaMMe, HO 3TO IPUBOAMT K npobieMaM conpo-
BOXAeHus1. Bo3aM0oXHO, BaM yaacTcsi IPOCIeNuTh 3a TeM, YTOOBI BCE OCTAIbHEIE MOAYJIH
He BBI3BIBAIH Setlocale, HO Kak NpeJOTBPaTUTh BEI30B set1ocale MoAyJ/IeM, KOTOPHI Mo-
SIBUTCSI TOJIBKO B CJI€AYIOIel BEPCHU IPOTPaMMBI ?

B si3p1ke C npuemsieMOro peleHust 310 npobsieMsl He cymectsyeT, Bubsnorexa C
HCTIOJIb3yeT eAMHCTBEHHBII JOKAIBHBIH KOHTEKCT, U C 3TUM HUYETO He TIOAENaelllb,
Pemenue cyuectByer B si3bike C++.

JlokanbHble KOHTEKCTbl B C++

B cranmaprHoit 6ubnnorexe C++ JIOKaJIbHBA KOHTEKCT He SIBJIsSeTCS IT106aabHOM
CTPYKTYPO#l AaHHBIX, 3aNPSATaHHON IZe-TO B HEApax peanusaiuu 6ubruoTekn. ITo
06beKT THIa Std: :Tocale, KOTOPHI MOXKHO CO3/aTh M TepeaaTh ero APyrol GpyHKiuy,
Kak Jio6oit Apyroit 06bexT. IIpuMep coznanust o6beKTa st CTAaHAAPTHOTO JIOKAIBHOTO
KOHTEKCTa:

std::locale L = std::locale::classic():
JIoKayIbHBIH KOHTEKCT HEMEIIKOTO SI3bIKa CO34aeTCs KOMaHAol
std::locale L("de");

Vmena noxanbHBIX KOHTEKCTOB, Kak U B 6ubaunoreke C, He cTanAapTusoBanbl. Crin-
COK MMEH JIOKaTbHBIX KOHTEKCTOB, JOCTYIHHIX B Balllell peajid3aiiuu, CJIeAyeT UCKaTh
B JOKYMEHTAIlHH.

JlokanbHble KoHTeKCTH C++ mensrcst Ha ¢acersl (facets), cBsi3aHHbBIE ¢ pa3HBIMU
acleKTaMH HHTepHanuoHaiu3auuu. [is u3sjiedeHus 3a/laHHOTO (aceTa u3 06beKTa
JIOKaJIbHOTO KOHTEKCTa HCTIoNb3yeTcst hyHKius std: :use_facet!. Macer ctype oTBedaer

! Buumanue: B mabnone ¢yHxumum use_facet napamerp wabona NpUCyTCTBYeT TOABKO B THIIE BO3Bpallae-
MOTO 3HaU€HM, HO He B apryMenTax. [Ipu ofpaiieHun K HeMy MCHOTIb3yeTCA A3bIKOBOE CPECTRO, HA3bIBA-
€MOe A6HbIM 3A0aHUEM aPZYMermo8 Wabona, KOTOPOE He MOMIEPKUBAETCS HEKOTOPBIMU KOMITUIATOPaMH
C++. Ec/in Balll KOMITWJIATOP IIPHHAUIEXHT K HX YMCILY, BO3MOXKHO, ABTOPbI peaM3aLuu GUB/IM0TeKH mpe-
AycMoTpeJiu 06X0/HOe peliieH e, KOTOPOE [T03BOJISIET MCIIOJIb30BaTh use_facet ApyruM crocoboM.
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3a K1accH(HUKAIMIO CUMBOJIOB, B TOM YHCIe i peobpasosanus Tuna. Eciu ¢l u ¢2 ot-
HOCSITCA K THITy char, ciefyrouuil pparmeHT cpaBHHBaeT Hx 6e3 yueTa pericrpa 1o mnpa-
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 cokpaleHHas 3anuck: std: : toupper(c,L), 3KBUBaJIEHTHASA

std: :use_facet<std: :ctype<char> >(L).toupper(c)

Hcnosb3oBanue use_facet CTOUT CBeCTH K MHHHMYMY, TOCKOJIbKY OHO CBSI3aHO C
3aMETHBIMH 3aTpaTaMH.

[To aHasoruu c TeM, Kak JieKcuKorpadudeckoe cpaBHeHHe OKa3bIBAETCHA HEMOIX0-
AAILMM B HEKOTOPBIX CUTYAIIUsX, TpeoOpa3oBaHusi CHMBOJIOB «ORMH-B-OAHH» TOXe o-
AsTCA He Bcerna (HanpuUMep, B HEMEIIKOM 53bIKe CHMBOJI f3 HIDKHETO DerucTpa CooT-
BETCTBYET NMOCJIeA0BaTeIbHOCTH «SS» B BepxHeM peructpe). K coxanenuio, cpeacrsa
npeoGpa3oBaHus perucTpa B CTaHAapTHHIX 6ubimorekax C u C++ paboTaroT TOJBKO C
OTAEeNbHBIMHE CUMBOJIaMu. Ec/in 310 orpaHuyeHue Bac He yCTpauBaeT, pellieH e CO CTaH-
JapTHBIMK OH6IMOTEKaMH OTIaAeT.

dacert collate

Ecyu BBl 3HAKOMBEI C JIOKAJbHBIMU KOHTeKCTaMu C++, BO3MOXHO, BaM yKe IpHILes
B TOJIOBY APYTo# crnioco6 cpaBHeHus cTpok. Y ¢acera collate, npeAHa3HaA4e€HHOTO AJIS
HHKAMCYJISIIIUH TEXHIYEeCKUX aClleKTOB COPTHPOBKHY, UMeeTcs DYHKIMs, 1o uHTepdeiicy
BecbMa Ouuakas K Gubiuoreuroit pyukuuu C stremp. CymecTByeT Aaxke crelMagbHOE
CpenCcTBO, YNpoLIaloIee CpaBHeHHE ABYX CTPOK: Js1 06BeKTa JIOKATBHOTO KOHTEKCTa L
CTPOKH X M Y MOFYT CPaBHHBAThCS MPOCTOMH 3anuchio L(X,y), 4To M03BoJIsieT 060HTHCD
6e3 XJIOTIOT, CBSA3aHHBIX C BEI30BOM use_facet u ¢pynkiuu collate.

«Knaccudeckuii» TOKaIBHBIN KOHTEKCT COAEPXKHT haceT collate, KOTOPHII BHITOJI-
H#ET JeKCHKorpagpHyeCcKoe CpaBHeHHe TI0 aHAJIOTUH ¢ QyHKIHel operator< KoHTeliHe-
pa string, HO Apyrue JOKaIbHBIE KOHTEKCTH BHIIQJIHAIOT CpaBHEHHE, PYKOBOACTBYSICh
CBOMMHU KpHTepHsIMH. ECiu B cuCTeMe CyIlecTBYeT JIOKaJIbHEINA KOHTEKCT, 0GecneduBa-
10Kt cpaBHEHHE CTPOK (€3 yueTa perucTpa AJisi HHTEPECYIOIIUX BaC SI3BIKOB, BOCIOJIb-
3yiirech uM. Bo3MOXXHO, 3TOT JIOKANBHBIN KOHTEKCT Aake He OYAeT OrpaHHIMBATHCS
IIPOCTHIM CPAaBHEHHEM OTAENBHBIX CUMBOJIOB!

K coxanenuio, kakoii 6b1 crpaBeATuBOl HU GBI 3Ta PEKOMEHANMS, OHA HUKAK
He TIOMO’ET TeM, Y KOTO HeT TaKHX JIOKaJIbHEIX KOHTEKCTOB. Bo3aMoxkHO, Korma-Huby AL
B OyAyieM CTaHAAPTHOE MHOXECTBO TAKHX JIOKAJIbHBIX KOHTEKCTOB ByAeT CTaHAapTH-
3HPOBaHO, HO cellyac HUKAKHX CTAHAAPTOB He cymecTyeT. Eciiu dyHKius cpasHenust
Ge3 y4eTa perHcTpa Jisl Bauleil CHCTEMBI elle He HallMCaHa, BaM MPUAETCS CAeNaTh 3TO
CaMOCTOSITEJIBHO.

CpaBHeHue cTpok 6e3 yyera perucrpa

@acer ctype no3BoJIsIeT OTHOCHTEJIBHO JIETKO OPTraHK30BaTh CpPaBHEHHE CTPOK Ge3 yue-
Ta PerucTpa Ha OCHOBE CPAaBHEHUS OTAeNbHBIX CuMB0JIOB. [IpuBeeHHas HiXKe BepcHsi
He OITUMAJIbHA, HO 0 KpaiiHell Mepe OHa BepHa. B Heil ucnosb3yercs mpakTUYeCKH TOT
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JKe TIPMHIIMIL, YTO U MpeXX]e: CTPOKH CPaBHUBAIOTCA aIropuTMoM lexicographical_
compare, a OTA€JIbHbIE CUMBOJIB CPABHUBAIOTCH MOCJIe IPUBeieHNs K BEPXHeMY PeTHCT-
py. BripoueM, Ha 3TOT pa3 BMeCTO II06aIbHON MepeMeHHOM UCIOJIb3YeTCs 06DBEKT JIo-
KaJIbHOTO KOHTeKcTa. KcraTu rosopsi, cpaBHeHue nociie mpuBeAeHus: 060UX CHMBOJIOB
K BeDXHEMY DeTHCTDY He BCeTAa AAET TOT Xe Pe3yJIbTarT, YTO H MOoCje MPUBEAEHHs K
HuKkHeMy perucTpy. Hanprumep, Bo ¢hpaHIy3CKOM si3bIKe B CHMBOJIAX BEDXHETO PErH-
CTpa IPUHSATO OMYCKATh AHAKPHUTHIECKHE 3HAKH, BCJIEACTBHE YeTO BHI30B toupper BO
(bpaHIy3CKOM JIOKAIBHOM KOHTEKCTe MOXKET MPUBOAKTD K HOTepe HHGMOPMAIlHH: CHM-
BOJIBL 'é' 1 'e’ mpeobpasyioTcsi B OAMH CUMBOJI BepxHero peructpa 'E'. B sToMm ciyyae
HpH CpaBHeHHH Ha Gase PyHKIMHK toupper CUMBOJEL '€’ 1 'e’ GyAyT CYMTATHCS OLUHAKO-
BBIMH, a IPH CPaBHeHuH Ha 6a3e tolower oHu OyAyT cuMTaThCH pasHbIMH. Kakoit u3 ot-
BETOB IpaBuieH? BeposTHO, BTOpOIi, HO Ha CAaMOM Jiejie BCE 3aBHCHT OT SI3bIKA, HALHO-
HAJIBHBIX OOBIYAEB U CIENU(PHKH MTPUIOKEHHUS.

struct 1t_str_1
:public std::binary_function<std::string.std::string.bool>{

struct T1t_char{
const std::ctype<char>& ct;

1t_char(const std::ctype<char>& c):ct(c) {}

bool operator()(char x. char y) const {
return ct.toupper(x)<ct.toupper(y):

}
}:

std::locale loc;
const std::ctype<char>§ ct;

1t_str_l(const std::localed L = std::locale::classic())
:Toc(L).ct(std: :use_facet<std::ctype<char> >(loc)) {}

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));

}

}

HanHoe pemrenue He ONTHMATBHO; OHO paGoTaeT MeaJIeHHee, 4eM MOTI0 6u pabo-
TaTh. [Ipo6eMa YucTO TexHUYecKast: GyHKIMS toupper BHI3BIBaeTCS B 1uKIIe, a CTaH-
mapt C++ Tpebyer, 4T06b! 312 QyHKIMS ObLIa BUpPTYaibHOR, HexoTopblie onTHMu3aTo-
PBI BBIBOAAT BBI30B BUPTYaIbHOU (DYHKIMH U3 LIMKJIA, HO Yallle 3TOr0 He TPOMCXO/UT.
ITuknnyeckue BEI30BH BUPTYaJIbHBIX (DYHKIMH HEKeJlaTe IbHbL,

B nannoMm ciryyae TPUBHAJIBHOTO pelleHus He CymecTByeT. BosHukaeT coba3Hu-
TeJIbHast MBICJIb — BOCIIOJIb30BAThCs ORHOMN 13 QyHKIMI 06beKTa ctype:

const char* ctype<char>::toupper(char* f, char* i) const

OTa (PyHKIMA U3MeHsIeT PETHCTP CHMBOJIOB B uHTepBaie [f,1]. K coxanenuo, wis
Hauux nenelt aTor unTepdeiic He moaxoaut. UTo6b BOCHONB30BATHCS 5TOM (pyHKIHeH
AJisl CDaBHEHHA ABYX CTPOK, HEOOXOAMMO CKOIMPOBaTh 06e CTPOKHM B 6ydephl 1 3aTeM



214 punoxeHue A ¢ JIOKanbHbie KOHTEKCTH

peobpa3oBaTh UX COAEPKHUMOe K BepxHemy perucTpy. Ho oTkyaa BodsMyTCst aTH
Gydepnr? Onu He MOTYT OBITH MACCHBAaMHK (PHUKCHPOBAHHOTO pa3Mepa (HeU3BEeCTHO, Ka-
KHM J0JDKeH ObITh MAKCHMAIbHBINA pa3Mep), a AMHAMHYECKHe MAaCCHBHI TOTPeOYIOT A0-
POTOCTOSIUIETO BBIAETECHHS TAMSTH.

AJbTepHATHBHOE pellleHYe 3aKJII049aeTCs B OXHOKPAaTHOM NpeoOpa3oBaHuu Kaxkao-
TO CHMBOJIa C K3IIHPOBAHUEM Pe3yJIbTaTa. TaKoe pellieHue HEAOCTATOYHO YHUBEPCAD-
HO — B YaCTHOCTH, IIPH HUCIIOJIb30BaHuH 32-pa3psaunix cuMBosioB UCS—4 ono abco-
n0THO HepaboTocnoco6Ho, C Apyroi CTOPOHDL, IpH paboTe ¢ TUNIOM char (8-pa3psAHEIM
B GOJIBIIMHCTBE CUCTEM) uAest XpaHeHust 256 GafiT AONOIHUTENBHEIX JAHHEIX B 0OBEK-
Te (PYHKIMK CPABHEHUS! BBITJISIUT BIIOJIHE PEAJIBHO.

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]:

Tt_str_2(const std::localed L = std::locale::classic()){
const std::ctype<char>& ct = std::use_facet<std::ctype<char> >(L);

for(int i = CHAR_MIN:i<=CHAR_MAX:++i)
tab[i-CHAR_MIN]=(char)i;

ct.toupper(tab, tab+(CHAR_MAX-CHAR_MIN+1));

bool operator()(const std::string& x, const std::string& y) const {
return std::lexicographical_compare(x.begin(),x.end(),
y.begin().y.end(),
1t_char(tab)):

}

b

Kak Bupute, pasmuus Mexay 1t_str_1u 1t_str_2 ne Tak yx Bestuku. B mepsom city-
yae UCrob3yeTcst 06beKT GYHKIMK CPaBHEHHS CHMBOJIOB, HCTIONb3YIomHit haceT ctype
HalpsIMyIo, a BO BTOPOM Cirydae — o6beKT (pyHKIMM CPaBHEHHA C Tabiuuell 3apanee
BbIYMCJIEHHBIX IPe06pa3oBaHmil CUMBOJIOB K BEpXHeMY PerHCTpy. Bropoe pemenue
YCTYIAET NEPBOMY, eCJiH CO3AaTh 06beKT GYHKIMH 1t_Str_2, BOCNONB30BATHCS UM
AJIs CDaBHEHHUS HECKOJIbKUX KOPOTKHX CTPOK H 3aTeM YHUYTOXUTh. C APyTOii CTOPOHH,
npu 06paboTke 60mbIIHX 06BEMOB JAHHBIX 1t_str_2 paboTaeT 3HAUMTENbHO GBICTpee
Tt_str_l. B MouXx TecTax npeBocXoACTBO ObLIO GoJiee YeM ABYKPATHBIM: TIPH HCIIOJB30-
BaHuu 1t_str_1 copTupoBka crnucka u3 23 791 cnosa 3ansina 0,86 cexynasl, a mpu uc-
nojb30BaHuu 1t_str_2 monano6uock Toibko 0,4 CeKyHABL.
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Hrak, 4T0 e Mbl y3HaIH?

e Kiacc cTpoxu 6e3 yueTa perucTpa CUMBOJIOB Pealn3yeTcsi Ha HEeIPaBHJIbHOM
yposHe abcrpaknun. O6061eHHble AITOPUTMBI CTaHAApTHOI 6ubrnorexu C++
NapaMeTPU3YIOTCS, M 3TOT (GaKT CiieAyeT HCIOJIb30BATh.

o JlexcukorpaduuecKoe CpaBHEHHE CTPOK OCYIIECTBIISIETCS CDABHEHHEM OTAENIb-
HbIx cuMBoJioB. Eciin y Bac umeercsi 06beKT yHKIIMH, CPaBHUBAIOILHIT CHMBO-
Jibl 6e3 yyeTa perucTpa, 3azia4a (haKTHIeCKH PellleHa, a 3TOT 0OBeKT MOXKET HC-
T0JIb30BAThCA ISl CPABHEHHSI APYTUX THIIOB MOC/IEA0BATEIbHOCTEH CHMBOJIOB,
TaKuX Kak vector<char>, cTpoKoBble TaGuIbl Uiu 06bIdHbIe cTpokH C.

e 3azaya CpaBHEHHsI CTPOK 6€3 yuera PEerucTpa CJIOKHEE, 4eM KaXKETCSI Ha [ePBHIi
B3r/s1. OHa UMeEeT CMBICJI JIMIIb B KOHKPETHOM JIOKAIbHOM KOHTEKCTE, IO3TOMY
00beKT (PYHKIMM CPAaBHEHHUS JOJDKEH COAEPXKATh MH(POPMALMIO O TEKYILEM JIO-
KaJIbHOM KOHTeKcTe. Eciiu cpaBHeHHe JOJDKHO GHITh ONTUMHU3MPOBAHO 110 CKO-
pocTH, HanuuTe 06bEKT PYHKIMH TaKuM 06pasoM, 4TOOH u3bexaTb MHOTO-
KPaTHOTO BBI30Ba AOPOTOCTOSILIMX onepailuit ¢ paceramu.

[IpaBunbHOE cpaBHEHHE CTPOK Ge3 yueta CUMBOJIOB TpedyeT 6obIoro obbeMa py-
THHHOHN paboThl, HO ee HeOOXOAUMO MPOAENATH TOJIbKO oAU H pa3. Vlu BaM, kak u 60J1b-
IIMHCTBY KOJUIET, He X049eTCsl AyMaTh O JIOKAJIBHBIX KOHTEKCTax? BripoueM, jieT necsars
Ha3aJi HUKOMY He X0TeJIoch xymaTh 00 «omubke 2000 rogas. Y Bce e y Bac Gosblue
11aHcoB 060HTH CTOPOHOM 3Ty MPOBJIEMY, eCJiM Ball JIOKATbHO-3aBHCUMBIH Ko 6yner
C CaMOTo Hayasia MPpaBUAbHO paboTaTh.



3aMedaHus no
nosoay naatgopm
STL oT Microsoft

B nauane xuuru s BBeJ TepMuH <ItatdopMa STL», o3Hadamomuit KoMOHUHALMIO KOH-
KPETHOTO KOMITWJIITOPA ¥ KOHKPeTHOM peanusauu STL. Pasindue Mex1y KOMITHIA-
TOpoM 1 6U6IMOTEKOM 0COOEHHO BaXKHO MIPH HCHIOJIB30BaHMK KoMIusiTopa Microsoft
Visual C++ Bepcuii 6 1 Hioke (To €CTh KOMIHJISITOPA, BXOAUBIUIETO B KOMIUIEKT IOCTABKH
Microsoft Visual Studio Bepcuii 6 u HiKe), TOCKOJIbKY KOMIMJISTOP HHOTAA CIOCOOEH
Ha GoJblee, yeM npusaraemas peatusaiust STL. B HacTosimem MpuitoXKeHuH OMUCAHBL
BaXHBIE HeZocTaTkyu crapbix mwiatdopm STL ot Microsoft u mpeasoxensr 06XoAHbIE
peurenust, Aeanuue paboTy Ha 3THX IIaT(GopMax 3HAYUTEbHO Gostee yA0OHOM.

JanpHeiimuit MaTepyuas IpeAHa3Ha4YeH 4151 pa3paboTYMKOB, UCTOAB3YI0IKUX Micro-
soft Visual C++ (MSVC) Bepcuit 46, B Visual C++ NET nepeunciennsie npobie-
MBI OTCYTCTBYIOT.

LLla6noHb! (pyHKUMA knaccos B STL

omyctuM, y Bac ecTh 1Ba BekTopa 00bekToB Widget, TpeGyeTcst CKonupoBaTh 0GbEKTHI
Widget 13 0MHOTrO BEKTOPA B KOHEI[ APYTOr0. 3aZiada PEIaeTcs JIErko — J0CTAaTOYHO BOC-
0JIb30BAThCS. MHTEPBAIBHOM (PYHKIHE insert koHTeliHepa vector:

vector<Widget> vwl,vw2;

;wl.insert(vwl.end(),vw2.beg1‘n(),vw2.end()); // TipucoepnHuTb K vwl Konuo
// obvekToB Widget u3 vw2

AHaNOTHYHYIO ONlePaIHI0 MOXKHO BBITIOJIHUTE C KOHTeHHepaMHu vector u deque:

vector<Widget> vw;
deque<Widget> dw;

'\;w.insert(vw.end().dw.begin().dw.end()): // TIDHCOBAMHUTL K VW KOMMID
// obvekToB Widget w3 dw
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OKa3BIBAETCS], 3TY ONEPALMIO MOXXHO BBITIOTHHTh HE3ABUCHMO OT TOT'O, B KAKHX KOH-
TeffHepax XpaHATCs KomupyeMble 06bekThl. [ToaxoaaT naXke HeCTaHAApTHbIE KOHTEH-
HEpHL:

vector<Widget> ww:
Tist<Widget> Tw:

;w.insert(vw.begin(),1w.begin(),ww.end()): // MpucoeguTs K vw KONUi
// obvekToB Widget u3 Iw

set<Widget> sw:

;w.1nsert(vw.begin().sw.begin(),sw.end()): // Npucoeants K vw KONWio
// obvekToB Widget us sw

template<typename T,
typename Allocator = allocator<T> > // WlabnoH HectanjapTHOro
class SpecialContainer {..}: // STL-COBMECTMMOrO KOHTeliHepa

SpecialContainer<Widget> scw.

ww.insert(vww.begin(),scw.begin(),scw.end()); // NpuCoeauTb K vw KON
// obvekToB Widget u3 scw

[Mono6Hast YHUBEPCAJIBHOCTD OGBACHSETCS TEM, YTO MHTEPBaIbHasA QYHKIHS insert
KOHTeliHepa range Boob11ie He siBJisteTcsl GyHKIHel B 0BIIENPHHATOM CMBICIE, ITO 1rab-
JI0H (DYHKITHH KOHTeHHepa, CHel[HaTH3a1Hs KOTOPOTO C HPOU3BONLHbLM MUNOM UMepamo-
pa NOpOXAaeT KOHKPETHYIO HHTepBaIbHY0 QyHKUuUIO insert. [l koHTelinepa vector
ura6ioH insert o6bsisiien B CTanaapre cieayomum o6pasom:

template <class T, class Allocator = allocator<T> >

class vector {
public:

template<class Inputlterator>
void insert(iterator position, Inputlterator first. InputIterator last);

}:

Kasknpiit crannapTHBIN KOHTelHEp HO/KeH MOMNEPKUBATh UIAGIOHHYIO BEPCHIO MH-
TEPBAIbHOI (HYHKIUH insert. AHAJIOTHYHBIE MIAGIOHBI TAK)Ke 06513aTeNbHBI VIS HHTEp-
BIBbHBIX KOHCTPYKTOPOB H AJIsSl HHTepBAIBHOM (hopMel assign (cM. coser 5).

MSVC sepcuit 4-6

K coxanenuio, B peanusaiuu STL, Bxoasmeil B KOMIUIEKT nMocTaBKu Bepcuii 4—6,
mabioHb! GyHKIME He 06BsBIsIOTCS. BubimoTexa u3HadabHO paspabarbiBanach AJs
MSVC Bepcuu 4, a 3T0T KOMIHIIATOP, KaK ¥ 60JBIIKHCTBO KOMIIMJISITOPOB TOTO BpeMe-
Hu, He o6J1azia noanepxkoit wabioxos ¢yHKiuit Kaaccos. [Ipu nepexoae or MSCV4
Kk MSVC6 noaaepxka aTux maboHoB 6bu1a BKIOYEHA B KOMITUJIATOP, HO BCIEACTBHE
cyaeGHBIX JeJ1, KOCBEHHO 3aTparuBaBuiux ¢bupMmy Microsoft, 6ubnuoTexa ocraBasach
HpPaKTHYECKH B HEM3MEHHOM COCTOSHHHM,
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IMockonbky peasmsanus STL, nocrasnsemas ¢ MSVC4-6, mpennasnavanace s
KOMIUJISITOpa 6e3 MoAnepXKKH 1abIoHOB (DYHKIIMH KJIaCCOB, aBTOPBI OHOIHOTEKH UMH-
THPOBAIH 3TH WAOIOHB ¥ 3aMEHUJIM HX KOHKPETHBIMH (DYHKIUSAMH, KOTOPBIM IIPH BbI-
30Be MepeJaBaIiCh HTEPATOPhI KOHTelHepa COOTBeTCTRYoIero Tula. Hanpumep, ma6-
JIOH insert GbLI 3aMeHeH cieAyomel GpyHKnue:

void insert(iterator position, // "iterator" - Tun uTepaTopa

iterator first, iterator last): // pna KOHKpeTHOro KoWTefirepa

ITa orpaHudeHHas GopMa MHTEPBAIBHBIX (DYHKIHiA T03BOJIsL/Ia BHIIOJIHUTD HHTEP-
BaJIbHYI0 BCTaBKy u3 vector<Widget> B vector<Widget> uiu u3 list<int> B Tist<int>, Ho
CMelIaHHbBIe ONepanuu (HanpuMep, BCTaBKa U3 vector<Widget> B Tist<Widget> uin us
set<int> B deque<int>) He noanepxuBatuch. Bosiee TOTO, He MoAKEPKUBATIACH AAXKE UHTEP-
BaJIbHasA BCTaBKa (@ TakxKe KOHCTPYHPOBaHHe MK assign) u3 vector<1ong> B vector<int>,
IIOCKOJIBKY MTepaTophl vector<long>: : iterator u vector<int>:: iterator oTHOCSTCS K pa3-
HBIM THIaM. B pesynbraTe cenyomuii pparmeHT, npuHUMaeMbIil APYTUMH KOMITHJISA-
TOpaMH, He KoMmuiupyercss B MSVC4-6;

istream_iterator<Widget> begin(cin).end; // Co3paTe uTepaTopsl begin u end

/7 ana uTenna obvekTos Widget

// n3 cin (cm. coseT 6).
vector<Widget> vw(begin,end):; // TNpountaTs 06bekTH Widget

// w3 cin B ww (CH. coBeT 6);

// ne xomnunupyetca B MSVC4-6!
list<Widget> Tw;

.i-w.assign(vw.rbegin().vw.rend()): // Mpucsouts Tw CopepmuMoe vw
// (8 0BpaTHOM mMopAgKe);
// we komnunupyetca B MSVC4-6!

SpecialContainer<Widget> scw:

§cw.1‘nsert(scw.end(),1w.beg1‘n().1w.end()): // BCTaBuTb B KOHEU SCw
// wonnio obbekToB Widget u3 lw:
// ne komnunupyetca B MSVC4-6!

Tax 4r0 e AesaTs, eciiu Bbl paboTaete B cpefie MSVC4—6? D10 3aBHCHT OT HCTIOJTE-
3yemo#t Bepcun MSVC 1 Toro, BRIHYK/AEHH! JIM BBl HCIIOJIB30BaTh peann3anuio STL,
TMIOCTaBJISIeMY10 BMECTe C KOMIMJIITOPOM,

Ob6xoaHoe pelweHue ans MSVC4-5

Ewe pa3 nocMorpum Ha npaBusIbHBIN KOA, KOTOPbIi He KOMIIHIHPYeTCS AJIst peaiusa-
uuu STL u3 nocrasku MSVC4-6:

vector<Widget> vw(begin,end); // Otsepraetca peamuaauuenn STL
// w3 nocrtasku MSVC4-6

list<Widget> Tw;

.i.w.assign(vw.rbegin(),vw.rend()): /! To we

SpecialContainer<Widget> scw;

gcw.insert(scw.end(),1w.beg1’n().1w.end()): // To we
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HecMoTpsi Ha BHENUTHHE PAa3JIMYUs], BbIAEIEHHbBIE BbI30OBBI OTBEPTAIOTCA KOMITHJIATO-
POM HO OAHOHN H TOH ’Ke MpUYKHE: U3-32 OTCYTCTBHS 1a610HOB PYHKIMI K1acca B pea-
smzaiuu STL, CooTBeTCTBEHHO M pelreHIe BO BCeX CJIyYasX OKa3blBaeTCs OHUM H TEM
Je: 3aMeHa BBI30BOM Copy ¢ uTepaTopoM Berasku (cM. coseT 30). Hunke nipusesenst 06-
XOJAHBIE PeNIeHUs AJIA BCeX IPUMEDPOB, IIPUBEAEHHBIX paHee:

istream_iterator<Widget> begin(cin).end:

vector<Widget> vw(begin.end): // Co3faTb vw KOHCTDYKTOPOM

copy(begin,end, back_inserter(vw)): // NO yMOMYaRMIO M CKONMPOBATbL
// 8 Hero obbvekThl Widget u3 cin

list<Widget> Iw;

?w.c]ear(): // YnamuTb 13 Tw cTapble 0ObeKTH:
copy(ww.rbegin(),vw.rend(), // cKonuposaTb OOBLEKTH M3 wvw
back_inserter(lw)): // (B obpaTHOM nopaAKe)

SpecialContainer<Widget> scw;

éopy(]w.begin() w.end(), // CronuposaTb obbexTu Widget
inserter(scw.scw.end())): // 3 lw B KOHel Scw

51 pekoMeHAYIO HCIIOIB30BATE 3TH OGX0HELE pelIeHust ¢ 6HUOIHOTEKOM, BXOASIIEH
B KoMILTeKT noctaBku MSVC4-5. C apyroit cTopoHsl, 6yAbTe BHUMATEJIBHLI K HE 3a-
OBIBaiiTe O TOM, YTO 3TH PElIEHUS ABJSIOTCA 06x00HbIMu. Kak TToKa3aHo B coseTe 5, an-
TOPHUTM COpY TIOYTH BCETAA YCTYNMaeT HHTePBAIbHON (QYHKIHH KOHTEHHEpa, O3TOMY
KaK TOJIbKO NMPEACTaBUTCS BO3MOXKHOCTh 06HOBUTD MiaTdopmy STL 1o Bepcun ¢ noa-
AepxKKOH mabioHoB GYHKIMIA KJIacca, OTKAXKUTECh OT HCHOJIb30BAHMUS COPY B TEX MeC-
Tax, Ifle CIefoBaIo Obl HCMOJIB30BATh HHTEPBANbHBIE (PYHKIUH.

Ob6xoaHoe peleHune ans MSVC6

O6xoaH0e penreHne 13 NpeABIAYIIETO Pa3aesia NOAXoMuT U A1t MSV C6, 1o B 3ToM city-
4ae CyIecTByeT u Apyroil BapuanT. Komnussitoper MSVC4—5 ne 061afatoT morHOIeH-
HOH TMozziepxKoit mabioHoB GyHKUMIA Kacca, TO3TOMY OTCYTCTBHE 3THX UIabIOHOB B
peaymzanuu STL necymecrsenno. B MSVC6 aeno o6crout nnade, oCKoIbKY KOMIH-
JIAITOP 3TOM CpeAbl oAnepKuBaeT mabons! GpyHKnuit Kitacca. TakuM 06pa3oM, BO3HH-
KaeT eCTeCTBEHHOE JKeJlaHue 3aMeHuTh peannsanuio STL u3 nocrasku MSVC6 apyroii
peanu3zanueit ¢ mabsroHaMu GYHKUMIN KIacCOB, NpeAnucaHHbIMHA CTaHAAPTOM.

B coBere 50 ynomunaroTcst ceoboaHo pacnpocrpansemsle peannsanun STL ot SGI
u STLport; B cickax nozziep>KuBaeMbIX KOMIUWISITOPOB 06€UX pealu3aluiil yioMuHa-
ercst MSVC6. Kpome Toro, MosxHo nipro6pects Hogeliuryio MSVC-coBMecTumyio pea-
susanuio STL or Dinkumware. Y xa)aoro us sTux BapHaHTOB eCTh CBOM ZAOCTOMHCTBA
H HeOCTaTKH.

Peamnsanuu SGI u STLport pacnipocTpaHsiioTcs: GeCTIaTHO, IO3TOMY Kakas-1u6o
opuIHaNbHAA MOANEPXKKA B 3TUX CJIy4asiX MOIPOCTY OTCYTCTBYeT. Bosee Toro, mo-
ckosibKy peanusanuu SGI u STLport paccyutansl Ha paGoTy C Pa3HbIMM KOMIIAISTO-
paMu, BaM MPHAETCS AOMOJIHUTEIBHO HACTPOMTD MX I1s oBecriedeHust MaKCUMAILHOTO
6picTpozeiictsus B MSVC. B yacTHOCTH, MOXeET IOTPe6OBaTLCS BKITIOUEHYE OAEPIK-
K1 ma610HOB (DYHKIMI KJIACCOB — M3-32 COBMECTHMOCTH € GOJIBIINM KOJMYECTBOM
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pas3ubix KoMnussitopoB B SGI u/unu STLport sta moanep:xxa oTk/a049€eHa 0 yMOI4a-
Hu10. Bo3aMoXHO, Takxke NPUAETCs M03a00THTHCS 0 KOMIIOHOBKE C ApyruMu Gubimore-
kamu MSVC6 (ocobenno DLL), nmpocieauTts 3a MCHOJIB30BAHUEM COOTBETCTBYIOIIHX
BepCHi A7 OTIAIKK U T. 1.

Ecau mopo6Hble Bely BAC MyTalOT WJIK BBl PYKOBOACTBYeTeCh MPUHIIMIIOM «bec-
IIaTHBIE IPOIPAMMEI 0GXOIATCS CIMIIKOM AOPOTO», PACCMOTPHUTE aJlbTePHATHBHYIO pe-
anusanmto STL aynst MSVC6 ot Dinkumware. Bu6sinoreka npoeKTupoBasach ¢ pacde-
TOM Ha MAKCMMAJIBHYIO TPOCTOTY 3aMeHEH U Ha cooTBeTcTBHe Cranzapty. Peanuzanus
STL u3 MSVC6 paspabarsiBasiack uMeHHO B Dinkumware, mostomMy BIIOJIHE BO3MOXK-
HO, 4To HOBas peasu3aiusi STL dedicmeumensio erko 3aMeHsIeT OPUrHHAL. 3a JOIOJI-
HuTEIbHOM HHpopMarueit o peanusanusax STL or Dunkumware oGpamaiitecs Ha caifT
KoMmanuu http://www.dunkumware.com.

He3zaBHCHMO OT TOTO, Ha KaKOM peayn3allvu Bbl 0CTAHOBHUTE CBOH BEIOOD, BB MOJIy-
yuTe HeyTo Gosbuiee, yem STL ¢ mabiaonamu GyHKIHiA KIaccoB. B anbTepHaTHBHBIX
peanu3auusx 6yayT peweHs! npobyeMsl coorseTcTBust CTaHAapTy B Apyrux ofac-
TSX — CKaXeM, OTCYTCTBHe 00bsIBIeH st push_back B koHTeltHepe string. Bosee Toro,
B BallleM PacToOpsSDKeHHH OKaKyTCs MoJie3Hble pacupenust STL, B ToM dncjie Xamupo-
BaHHbIe KOHTeHeDH! (CM. COBeT 25) U OAHOCBSI3HbBIE CIHCKU (KOHTeltnep s1ist). Peannu-
saiuu SGI u STLport Takke comepaT MHOXECTBO HECTAHAAPTHBIX KAACCOB (DYHKTO-
PoB, BKJo4ast selectlst u select2nd (cM. coset 50).

Ho maxe ecsiu BbI BEIHY>K/AeHBL paboTaTh ¢ peaym3anueil STL us mocrasxu MSVCS,
caittr Dunkumware Bce xe crout noceruts. Ha HeM nmepeduciieHbl M3BECTHEBIE OIIHOKH
B peanusaiuu 6u6auoreku MSVC6 u npuBeseHs! peKOMeHAAIIMH OTHOCUTENBHO TOTO,
Kak MoZuGHUIUPoBaTh 6ubIMOTEKY AJIS COKpAILEHHs ee HegocTaTtkoB, He cTouT 1 ro-
BODHTb, 4TO PeaKTHPOBaHHE 3aT0JI0BOYHBIX (aiisio GubiimoTeku — Aesio BecbMa puc-
KoBaHHOe. Eciii y Bac BO3HHKHYT NP06JieMbl, He BHHHTE B HUX MEHSI.
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